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K uurareasam pyccrxozo uszdanus

Arto nekuun no obumell ¢U3UKe, KOTOpble YUTA] (HU3HUK-Teope-
THK. OHH COBCEM He NOXOXH HH Ha OXMH H3BECTHBIH Kypc. ITO
MOXeEeT MO0Ka3aTbCAd CTPAHHBIM: OCHOBHbIE NPHHIHUIBI KJaccHye-
CKOM (M3MKHM, Ja U He TOJBbKO KJIaCCHYeCKOH, HO M KBAHTOBOH,
JaBHO YCTaHOBJIeHBl, Kypc oOuweil (HU3MKH 4YHUTAeTCd BO BCeM
MHpe B ThiCA4axX y4yeOHBIX 3aBeleHHH yXXe MHOro JleT U eMy nopa
TpeBPaTUTbCA B CTaHAAaPTHYIO MOCJeN10BaTeNbHOCTb H3BECTHBIX
¢aKTOoB M TeopHil, NogoOHO, HampuMmep, 3JeMeHTAapHOH reoMmer-
puu B wKose. ONHAKO faXe MaTeMaTHKH CYHTAIOT, YTO MX HayKe
Ha0 YYUTb NO-APYromMy. A yX o ¢HU3HKe U TOBOPHUTb HEYEro:
OHA CTOJIb HHTEHCHBHO pa3BHUBAeTCH, YTO JaxKe JyulllHe nefaroru
BCe BpeMsl CTAJKHUBAIOTC C OOJIBIIUMH TPYAHOCTSMH, KOTa HM
HaJ0 paccKasblBaTb CTyeHTaM O coBpeMeHHOH Hayke. OHM XKa-
JYIOTCSl, YTO UM INPHXOAHUTCA JIOMAaTb TO, YTO NPHHATO Ha3bIBaTh
CTapbiMH HJH NPUBBLIYHBIMH npencrtaBaeHusMu. Ho orkyma Ge-
pyTcs DNpUBBIYHHE npenctaBieHus? OOBIYHO OHH NOMNAafalT B
MOJIOJble TOJIOBHl B UIKOJIE OT TaKHX e Mefaroros, KOTOpble
notoM O6yoyT TOBOPHTb O HENOCTYNHOCTH HIeH COBpeMeHHOM
Hayku. [losToMy mpexpae yeM NOJONTH K CYTH Jesia, NPHUXOLUTCS
TPaTUTb MHOrO BpeMeHH Ha TO, 4YTOObl YGeIuTb cJayluaTejiedl B
JIOXKHOCTH TOTO, 4TO OBbLJIO paHee BHYLIEHO UM KaK OYeBHOHAsA H
HenpeJOXHasi MCTHHA. Dbl1o Obl OHKO CHayaja paccKasblBaTh
IIKOJIbHUKAM «[JIs1 IPOCTOTBI», YTO 3eMJId IJOCKas, a MOTOM, KakK
OTKpBITHE, cOO6LIaTh O ee IAapoo6pa3HOCTH. A Tak JH Haljiek OT
sToro abcypaHoro mnpuMepa TOT NyThb, MO KOTOpoMy Oynyuiue
CHelHaTHCThl BXOAAT B COBPEMEHHBbII MHD HIell TEODUH OTHOCH-
TeJbHOCTH H KBaHTOB? OCJIOXKHSET [eJo TaKXe TO 06CTOATEJb-
€TBO, YTO 6O0JIbILIEH YaCTbIO JIEKTOP U CJAyLIaTeJH — JIOAH Pa3HbIX
TIOKOJIeHHH, M JIeKTOPY OYeHb TPYAHO YHTH OT cob6/Ma3Ha BecTH
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cayuiaTteseil TOH 3HAaKOMOHW M HaleXHOH NOpOrof, mo KOTOpOil
OH CaM B CBOe BpeMsl JOlIes 10 XeJaHHbIX BbIcOT. OQHAKO cTa-
pas nopora He Be4yHO ocraercsi Jyuuefi. du3uka pasBuBaercs
oueHb OBICTPO, H, 4TOOLI He OTCTaBaTh OT Hee, Hafl0o MEHATb NMYTH
ee u3yueHusa. Bce corsacHbl ¢ TeM, 4TO H3HKA — OJHA H3 CaMBIX
HHTepecHbIX Hayk. B To e BpeMs MHorue y4yeGHUKH (HU3HKH
HHKaK He Ha30Belllb UHTepeCHbIMH. B Takux yuyeGHHKaX HU3/I0XKeHO
BCe, UTO cJefyeT mo nporpamme. TaMm OObIYHO OOBSICHAETCS, Ka-
KYIO NOJIb3y NPHHOCHT ()M3MKA H KaK BaXXHO ee H3yyaTb, HO M3
HUX OYeHb DENKO MOXHO MOHSITb, MOYEMY 3aHHUMAaTbCsl (PUIUKOIL
HHTEpPeCHO. A Belb 3Ta CTOPOHA BONpPOCA TOXE 3acJyXKHBaeT
BHUMaHHUA. Kak e MOXHO chejaTh CKYYHBIH NpefAMeT H HHTe-
pecHbIM H COBpeMeHHBHIM? 00 3TOM NpeXJe BCero MOJXKHH IO-
aymatb Te (H3UKH, KOTOpble caMH paboTaloT C YyBJeueHHEM H
yMeloT mepenaTtb 3TO yBJeueHdHe apyruMm. ITopa skcnepuMeHTOB
yxe Hacrynumaa. lleap ux — Halith HauGosee 3pdeKTUBHEIE CIO-
co6bl 06yuyeHUs (¢H3HKe, KOTOpble NO3BOJUJH Obl GHICTPO mepe-
IaTb HOBOMY INOKOJIEHHIO BeCb TOT 3amac 3HaHHUH, KOTODHIH Ha-
KOIUIeH HaykoH 3a Bcio ee ucropuio. Iloucku HOBBIX myTell B
npenojlaBaHUH TaKXKe Bceraga OblIM BaXXHOH YacTbio Hayku. [Ipe-
nofaBaHHe, CJefys Pa3BUTHIO HAyKH, JOJKHO HeNpepLIBHO MEHATH
cBon (opMmbl, JOMaTh TPAagHLUMH, HCKAaTb HOBhHIE MeTOABl. 31echb
BaXHYK POJIb HTPaeT TO OGCTOATENbCTBO, YTO B HayKe BCe BpeMs
NPOMCXOAUT YAHMBHUTEJbHBLIH NpOllecC CBOeOOPA3HOro YIPOLIEHHS,
KOTOpHIH MO3BOJISIET NPOCTO H KPATKO M3JIOXKUTb TO, UTO KOr[a-To
notpe6oBaso MHOro JieT paGoThl.

Upes3BblyalHO HHTepecHasi MONBITKA B 3TOM HalpaBJIeHHH
6bl1a npennpuHaTa B KanudopHufickom TeXHOMOTHYECKOM HUH-
crutyte (CILIA), xoTtopniit cokpaulenHo HasbiBaloT KAJITEX, rae
rpynna npodeccopoB M INpenojaBaTesiell nocje MHOTOYHCIEHHBIX
OHCKycCcHi pa3paboTajia HOBYIO NporpaMmy mo o6uieit ¢usMke,
a OJMH M3 YYacCTHHKOB 3TOH TIpYNNbl, KPYNHBIH aMepHKaHCKHIl
tusuk Puuapn deltHMaH, npoyes JEKUHH.

Jlekuun PefiHMaHa OT/NIHYAIOTCA TeM, YTO OHH OOpallleHbl K
cJylIaTeNo, XHUByLleMy BO BTOpoi moJsoBHHe XX BeKa, KOTODBIi
yXe MHoroe 3Haer Wiau cabimaJj. [Tostomy B Jekuusax He Tpa-
THTCS1 BpeMsl Ha OOBbSICHEHHE «YYeHBIM SI3BIKOM» TOTrO, YTO M TaK
H3BECTHO. 3aTO B HHX YBJIeKaTeJNbHO paccKa3blBaercs, Kak 4yeJso-
BEK M3yuaeT OKPYXKalollylo ero NpHpoay, O AOCTHTHYTHIX CEerofHs
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rpaHHLax B NO3HaHUHM MHUpa, O TOM, KaKke npobjeMbl HayKa pe-
maer cerofHs u Oyfmer pelmaTth 3aBTpa.

Jlexuuu untanuch B 1961—1962 u 1962 —1963 yueGHBIX rogax;
OHH 3aNUCBHIBAJIUCh HAa MarHUTO(OH, a moTOoM (M 3TO CKa3aJjoch
caMo mo ce6Ge TpPyAHOH 3ajfaueil) «nepeBOAMJIHCb» Ha <IHCbMeEH-
HBIH aHrauiickuil» npogeccopamu M. Csngcom u P. JlefitoHoMm.
B 3TOoM cBoeoGpa3HOM «mepeBoJe» COXPaHEHH MHOrue ocofeH-
HOCTH XXHBOH peuH JIEKTOpa, €e XUBOCTb, LIYTKH, OTCTYNJIECHHS.
OpHako 3TO OYeHb IeHHOe KauyecTBO JIEKLHH OTHIOAb He OHLIO
IVIaBHBIM M caMopoBaelomuM. He MeHee BaXXHbBIMH OblIM CO31aH-
Hble JIEKTODOM OpHMI'HHAJ/IbHble MeTOAbl H3J0XeHHs, B KOTOPBIX
OoTpasujlacb sipKasg HayuHass HHIUBHIYaJbHOCTb aBTOpa, €ro
TOYKA 3peHHs Ha NyTH o6yyeHHUs CTyHeHTOB ¢usuke. ITO, pasy-
MeeTcsl, He cayyaiiHo. FI3BeCTHO, YTO M B CBOMX HayuHbIX paboTax
defiHMaH Bcerfa HaxOAHUJ HOBble METOABI, KOTOpble OYeHb GBICTPO
CTaHOBHJIUCh O6IIeNnpPHUHATHIMU. Pa6oThl defiHMaHa N0 KBaHTOBOH
3JIEKTPOJAMHAMHKe, CTATHCTHKE INPHHEC]H eMy LIHPOKOe NpH3Ha-
HHe, a er0 MeToJ — TaK Ha3biBaeMble «auarpaMmbl PefiHMaHa»—
HCIIOJIb3YeTCs cefiyac NpPaKTHYeCKH BO Bcex 06JacTsX TeOpeTH-
4eCKOH (HU3NKH.

UYro 6bl HH TrOBOPHJIM 00 3THX JEKILHUSAX — BOCTOPraJUCh CTH-
JleM H3JIOKEeHHs HJH COKPYLIAJHCh HO MOBOLY JIOMKH CTaphbiX
NO6pbIX TpaaHuLUH, — OAHO OCTaeTcss 6eCCOPHBIM: HaJ0 HaYUHATh
nefaroruyeckue oneiThl. HaBepHoe, He Bce corjacaTcs ¢ MaHe-
poit aBTOpa HM3JlaraTb Te WJIH UHBIe BONPOCHl, He BCe COrJacATcs
C OLEHKOH LleJefl M mepcneKTHB coBpeMeHHOH ¢usuku. Ho 3TO
MOCJHYXKHUT CTUMYJIOM K MOSIBJEHHIO HOBBIX KHHUT, B KOTODHIX MOJY-
yaT OTpaxKeHHe ApYyrue B3TAAAB. DTO H €CTb 3KCIEePHMEHT.

Ho Bompoc cocTouT He TONIBKO B TOM, YTé pacckaspiBaTh. He
MeHee BaXXeH M [PYroil BONPOC — B KAaKOM MNOPsiiKe 3TO Haao
nenatb. PacnosoxeHue pa3fesnoB BHYTpPH Kypca oluieil QU3UKH
H TIOCJIelOBATENbHOCTb H3JI0XKEHHUS — BONPOC BCeraa YCJAOBHBIM.
Bce yacTu HaykH HACTOJMIBKO CBsi3aHbl APYr C APYroM, YTO 4acro
TPYAHO peuuTb, YTO HAMO M3JaraTh CHayaJja, a YTd IOTOM.

OnHako B GOJIbIIMHCTBE BY30BCKHX NPOrPaMM U HMEIOIIUXCS
y4ye6HHKOB [0 CHX INOD COXPaHAIOTCA ONpeleleHHble TpaXHLHH.
OTkas OT NpPHUBBIYHON MOC/JEAOBATEJNbHOCTH H3JI0XKEHHS] — OJHA
H3 OTJIMYHTEJIbHBIX OcOOeHHOCTell (pellHMaHOBCKHX JeKuuil. B Hux
paccKka3aHO He TOJNIBKO O KOHKPETHBIX 3ajiayaxX, HO H O MecCTe, KO-
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TOpoe 3aHMMaeT (U3HKa B psAlle NPYTHX HAYK, O NyTAX OMHCAHUST
M U3yuYeHHsl siBJleHUH npupoasl. BeposaTHO, npeacTaBuTeNn APYrUX
HayK — CKaXeM, MaTeMaTHKH — He COIJIacATCA C TeM MecToM,
KOTOpOe OTBOAMUT 3TUM HayKam Peilinman. [Oas Hero, Kak ¢u-
3HKa, «CBOSI» HayKa, KOHeYHO, BBINIAAUT caMoi riaBHo#. Ho ato
06CTOSITEILCTBO HE 3aHUMaeT MHOTO MeCTa B €ro H3JOXEeHHH.
3aTo B ero pacckase SIpKO OTPaXalTCs Te NPHUYHHBI, KOTOPHIE
no6yxaaloT (pu3vKa BecTH TsaXKeayio paboTy HccaegoBaTens, a
TaKXe Te COMHeHHs, KOTOphle Y Hero BO3HHMKAIOT, KOTAa OH CTal-
KHBaeTCcs ¢ TPYAHOCTAMH, KaXYIIHUMHUCS cefiyac HenpeodOJUMbIMH.

Mounono#t ectecTBOHCHBITATENMb [JOJXKEH HE TOJBKO IOHATH,
noyeMy HHTEPEeCHO 3aHHMAaTbCAd HAyKOH, HO W IOYYBCTBOBATb,
KaKo# JOpOroi LieHOH AocTaloTcs mobelbl U KaK MOPOMN GbIBAIOT
TAXKeJbl JOPOTH, K HUM BedyLlHe.

Hano takxe uMerp B BHAY, YTO eC/lM CHauaja aBTOp 0OXo-
auiacss 6e3 MaTeMaTHYeCKOro anmnapaTa HJM HCIOJNb30BaJ JIHUIb
TOT, KOTOPBI H3JI0XKeH B JeKLUHAX, TO OT YHTarTe]as, N0 Mepe
NpoABUXKEHHs1 ero Bmepeld, 6yleT TpeGOBaTbCs YBeNHYEHHE €ro
MaTeMaTHyeckoro 6araxa. BrnpoueM, oneiT nokaselBaeT, 4TG Ma-
TeMaTHYeCKHH aHanu3 (mo KpaliHefi Mepe ero OCHOBBI) BBIYYM-
saercs ceilyac Jerve, 4yeM QH3HKa.

Jlekuun Peftumana Boiwau B CIIA B Tpex GoabInX TOMax.
[1epBhIil CONEPXHT B OCHOBHOM JIEKLHH NO MeXaHHKe H TEODHH
TEMJOThI, BTOPOH — 3JIEKTPOAHHAMUKY H (DHU3HKY CIUIOLUHBIX Cpen,
a TpeTHil — KBAaHTOBYI0O MeXxaHHKy. UTo6bl KHHra Oblja JOCTYMNHA
6oJIbILIEMY YHCJY YHTaTeJeldl M 4TOGH el OblJO yao6GHee MOJb30-
BaTbCA, PycCcKoe H3JaHue OyAeT BBIXOAUTb HeOOJbIIUMH BbINY-
ckamu. [lepBble uyeTbipe M3 HHUX COOTBETCTBYIOT NEPBOMY TOMY
aMepHKaHCKOro M3JaHus.

Komy 6yner nonesna sta kHura? Ilpexpae Bcero — mnpenojgasa-
TeJIAIM, KOTOpble ee INpOYTYT LEeJIHKOM: OHa 3aCTaBHT HMX 3aiy-
MaTbCsl 06 H3MEHEHHH CJIOXHBLIHXCA B3MJISAOB HAa TO, KAK HayH-
HaTb 06yyaTh ¢usuxe. [Jasee, ee mpouTyT crynentel. OHH HakAyT
B HeHl MHOLO HOBOro B JOMNOJIHEHHE K TOMY, YTO OHHM Y3HAIOT Ha
Jaekuusax. KoneuHo, ee MOMbITAIOTCS YHTAaTh M LIKOJbHHKH. BoJib-
ITHHCTBY U3 HHUX OyleT TPYAHO OLOJIeThb BCe, HO H TO, YTO OHH
CMOryT NpPOYECTb H NOHSTb, OMOXeT UM BOHTH B COBPEMEHHYIO
HayKy, NyTb B KOTOpPYIO Bcerna OblBaeT TPYAHBIM, HO HHKOrAa He
6uiBaer CkyuHoiM. ToMy, KTO He BepHT, YTO MOXET NPOHTH €ro,
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He cTOUT OpaTbCs 3a H3ydyeHHe 3TOH KHuru! U, nakoHel, ee MOTyT
YUTaTh BCe OCTaJbHble. UHTAaTh NPOCTO TaK, A/ yXOBOJbCTBHA.
3TO TOXKe OYeHb MOJIE3HO.

®efiHMaH B CBOEM NpPEeUCIOBHH OLEHHBAET Pe3y/bTaThl CBOEro
OMBITAa He OYEHb BBICOKO: CJIMIIKOM MaJsas A0Js CTYAeHTOB, Npo-
CJylIaBUIKX €ro KypcC, ycBOMJIH Bce JieKunu. Ho Tak W JOMXKHO
6biTh. [lepBHIf ONBIT pelKo MPUHOCHT NOJHBbIN ycnex. HoBble naeu
BCErfa HaXOAAT BHayaje JHIIb HEMHOTO CTOPOHHHKOB H JIHIUb
NOCTENEeHHO CTaHOBATCA NPUBBIYHBIMH.

. Cmopodunckud

Ilpeducrosue K Tpervemy u3danuio

Cefiyac ¢effHMaHOBCKHe JIEKUHH NMOJNYYHJIH LIMPOKYIO H3BeCT-
HOCTb: MX MHOro uMTaloT M 4acto uurupyior. Ilostomy BnoJHe
€CTeCTBEHHO, YTO [NaBHO BO3HHKJA NOTPeGHOCTb B MepeH3NaHUH
3TOro Kypca.

ITepBhiit TOM JeKuuit He TpeGyeT HUKAaKHX HNONOJHEHHH: KJac-
cHYecKas MeXaHHUKa He H3MeHHJach 3a 3TO BpeMsA. Mbl HcnpaBHIH
JHIIb OMeYaTKH, O KOTOPHIX HaM COOOGIUHJIH MHOTOYHCJIEHHBIE
yprateqd. Kpome Ttoro, npuselleHbl HOBbie 3HaueHHS (YHAaMeH-
TaJIbHBIX MOCTOSIHHBIX W HOBHIe JaHHble 06 3JIeMeHTapHBIX 4acTH-
nax.

H3meHunsca BHeWIHUN BHUA Kypca: NepBhIfi TOM BHIAleT B ABYX
KHHrax, OHAaKO Mbl COXPaHHJ/H CTapyl0 HyMepallHI0 BBINYCKOB.
IlepBasi kHura comepxut BeNyckH 1, 2, BrOpas —3, 4.

A. Cmopodunckuil



NMPEANCIIOBHE P. PENHMAHA »



1o — nekuuu nNO0 (U3NKe, KOTOpblE S 4YUTAJ B
TpOILJIOM M mo3anpounioM rogax B KanudopruiickoM
TexHOJOrMYECKOM HHCTHUTYTe OJIS1 CTYNEeHTOB NepBOro
1 Broporo KypcoB. Ho 3To He poc/oBHasi MX 3alHCh.
Hx npurnagunn — MectaMu OYeHb CHJIbHO, a NMOPOH He
oueHb. K TOMy ke 3TO JHIb YacTb MOJHOTO Kypca
o6yuenus. Baxael B Hefemo 180 caywarteneil cobu-
paauch B GOJIbLIOH ayAUTOPHH H, NMPOCJYIIAB JEKLHIO,
rpynnamMu no 15—20 yesoBeK NMPOBOAUJHU elle CEMHU-
Hapel NOJX PYKOBOACTBOM accHUCTeHTOB. Bmo6aBok pas
B HeJeJI0 MPOBOAMJHMCHL M JaGopaTopHBIE PaGOTHI.

Uero Mbl XOTeNH OOGHTbCA, YHTAs 3TH JeKUUH? Mol
XOTeNu YTBePAUTb HHTepec K (U3UKe Yy MOJNOABIX ee
SHTY3HaCTOB, Y BYepallHNX BBINYCKHHKOB CpeRHeH
wkoJabl. Ilepen mocrynjeHueM B HHCTHTYT OHM MHOTO
Hac/abIIIAJHCh O TOM, KaK HHTEepecHa M KaK yBJeKa-
TeJIbHA COBpeMeHHasi (U3UKa — TEOPHUS OTHOCHUTENbHO-
CTH, KBaHTOBasi MexaHuKa u T. A. Ho ecam 6b1 artor
KYPC YMTaJC TaK, KaK OH YMTAJCA paHblie, BeChb HX
SHTY3Ma3M 3a [Ba roja Mauo-moMajy YyJeTyqyuJcs
6bl — yepecuyp yX PpeAKO MNpPHU OGHIYHOM OOyueHHH
BCTpeYalTCcs AEeHCTBUTEJNbHO BeJHYeCTBEHHble, HOBBIE,
coBpeMeHHble uleH. CTyneHTOB 3acTaBuau Gbl M3y4aTb
HaKJOHHYIO IJIOCKOCTb, 3JEKTPOCTATHKY H Ipouee B
3TOM pOfle, U BCe HX MOPHIBHl OblIM OBl CBeJEHbl Ha
HeT. Becb Bompoc 6bl1 B TOM, CMOXeM JIH MBIl TakK
TIOCTPOUTb KYpPC, YTOGHl y CaMBIX CIIOCOOHBIX, CaMBbiX
rOpsiYMX CTYJEHTOB COXPAHWICA H YKPeNnHJacsi HX 3H-
Ty3HasM.
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He courure 3TH JleKUMH KakuUM-TO 0630pHbIM Kypcom. Her,
KypC 3TOT BecbMa cepbe3eH. UuTas ero, s OpPHEHTHPOBAJCA Ha
caMbIX COOOpa3UTENbHBIX, 1 XOTeJ 1O BO3MOXKHOCTH, 4YTOOH Jaxe
caMble CHJIbHblE CJYyIIATeJHd He ObIJIM B COCTOSSHUH [0 KOHLA
YCBOUTD BCe, YTO €CTb B 3THUX JeKUuAX. /s 3TOro 1 NOAKHUABIBAJI
MM MBICJH O BO3MOXKHBIX NPHUMEHEHHSIX OCHOBHBIX HAeH U NOHf-
TUH BHe OCHOBHOH JIMHHH HacTynJjeHus. [lias sToél ueam s cra-
pancs nmotoyHee (OPMYJHPOBaTh BCe YTBepXKJAEHHsS, YKa3blBaTh,
rie TOJbKO MOXKHO, KaKHe ypaBHEHHUS M HAeH YKJAIbIBAlOTCS B
(u3MYeCcKyl0 KapTHHY MHPa M KakK NpPH JaJjbHellleM yrayG6JeHHH
OHH MOTYT M3MeHHUTbCA. JI MOHMMaJ TaKXKe, YTO TaKUM CTYIeHTaM
OYeHb BaXHO yKa3aTb, YTO H3 H3y4aeMOro OHH (ecJid, KOHEYHO,
y HUX JOcTaHeT cooGpaKeHHus) MOTYT CaMH BBIBECTH H3 YXe H3-
BECTHOr0, a 4TO, Ha060pOT, AN HHUX COBeplIeHHO HOBO. Popmy-
JMpYs HOBble HJeH, s NbITaacs JHOO BLIBECTH HX, €CJH OHH
MOIJIH OBITh BBIBEJEHHI, JHOO OOBACHHUTh, YTO 3TO AEHCTBHTENBbHO
HOBasl WAes, YTO HAa yXe H3yuyeHHble NOHATHUS ee ONepeTb HHUKAaK
HeJb3sl U YTO NMO3TOMY HeJIb3sl ee CYHTATh JOKa3yeMOH, a MOXKHO
JIHIIb BKJIOYHTb CO CTOPOHBI.

Ilpuctynas K JieKuusiM, s NpeamnoJaral, YTO CTyJEHTHl BCe XKe
KOe-YTO BLIHEC/H M3 CpelHel IIKOJb — pa3Hble TaM reoMeTpuue-
CKHe ONTHKH, NMPOCTEeHbKHE MOHATHA W3 XUMHHU H TOMY mopobioe.
51 He BHIeN TakXKe CMBICJIA B TOM, YTOOBI YCTAHABJIUBATb KAKOU-TO
OnpefiesIeHHBI OPANOK B JeKLHAX, 4TOO HeJb3s ObIIO YNIOMHHATH
0 Bellax, O KOTOPbIX Moapo6HO OyAeT rOBOPHUTbCA TOJBKO NO3XKe.
Hao6opor, s yacto BKpaTlie TOBOPIO O TOM, YTO CTYyLeHT MO-Ha-
CTOsIIleMY M3YYUT HAMHOTO IO3JHee, Korja oH Oyner Jyulle
noarorosjed. Hanpumep, noHstue o6 HHAYKTaHCe WU 00 3Hepre-
THYECKHX YPOBHfIX J1aeTCsl Ha MepBbIX NOpPax OYeHb NPHOJIU3UTEb-
HOe M TOJIbKO CNYCTS MHOTO BpPEeMEHH pa3BHBAaeTcsl KaK CJedyer.

PaccunTbiBasi Kypc Ha CaMOro akKTHBHOTO cJyllaTend, si Bce
e yueJ HHTepechl M TaKOro mapHsi, KOTOPOro BCe 3TH ¢eilep-
BePKH MBICJIeH H MHOTOCTOPOHHHE NPHJOXKEHHS MOTYT TOJIbKO
BCTPEBOXKHTb H OTHYTHYTb, OT KOro BOOOLIE Heslb3si OXKHAATb, YTO
OH ycBouT O64nbuIyl0 4YacTb MaTepHana. §I xorea, 4Tolbl AJsi
Hero B JIEKIIMAX 0Ka3aJ/oCh MO KpafiHel Mepe OCHOBHOE AP0, HJIH
KOCTSIK, TOTO, YTO OH MOJXCeT MOJNYYHTb. §1 Halech, YTO OH He
oueHb GyJeT HePBHHYATh, €CJU He MoiiMer B Jekuuu Bcero. IlycTb
He NOHMMaeT BCEro, MyCThb YXBaTHT TOJbKO CaMyl0 CyTb, camoe
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Oblomlee B riasa. KoHeuHo, M Qs 3TOro OH JOJ/KeH NPOSBUTDH
HEKOTOpYI0 c006pa3uTe/IbHOCTh, NOJIKEH 3aXOTeTb MOHATH, KaKHe
TeOpeMbl W NPENCTaBJEHUS ABJAIOTCA CaMBIMH TJIaBHBIMH, a 4TO
OH CMOXET NMOHATb TOJIbKO MO3Xe U MOKa OCTaBJsAeT B CTOPOHE.
Brlna y MeHsi ofHa cepbe3Has TPYAHOCTb, KOTAA A YHTaN 3TH
JeKLIHH: He paGoTasna o6paTHasi CBA3b — OT CTYJ€HTa K Npenoja-
BaTeMio; s He BHJEJ, HaCKOJbKO XOPOLIO 3TH JIEKIHH AOXOIAT.
JTO OYeHb cepbe3Hasi MoMeXa, U s NMOHbIHE He 3HAal, XOPOUIH JIH
STH JIeKIHH. DTO MO CYLIeCTBY 3KCNEPUMEHT, H, ecju Obl MHe
NPHLIJIIOCH €ro NPoAesaTh ellle pa3, 1 6bl ero NOCTaBHJ HHAue, HO
sl HaJleloCb, YTO MHe He NMpPHAeTcs GpaTbcsl 33 3TO AeJNO BTOPHUYHO!
M Bce xe MHe KaXeTcs, 4TO B NEPBOM YacCTH Kypca, Mo KpaiHed
Mepe B OTHOIIEHUH (H3MKH, BCe BBITVIAAUT BIOJIHE NMPHJIHYHO.

A BOT BTOpO# 4YacTbiO Kypca i He O4eHb AOBOJIeH. B Hauase
3TOH yacTd, roBopsi 06 3JeKTpHYecTBe W MarHeTHaMe, s He CMOT
NpUAYMATb KaKOro-au60 0COGOro, OTIMYHOTO OT OGUIENPHHATOrO
cnoco6a M3JIOXKEeHHsI, He CMOI' HalTH TAaKOro mnojaxofa K TeMme, KO-
TOpHI BO3GyXAas Obl K Hell uHTepec. C 5JIeKTPUYECTBOM U C Mar-
HEeTH3MOM, TakKUM 006pa3oM, HeMHOroe MHe YAaJoCb CHeJaaTh.
Ilocne 3Tofi TeMbl B KOHIle BTOPOro Kypca i CHauaJjla coGupaJjics
NpoYecTb HECKOJIbKO JIEKUHH O CBOMCTBaX TBepAbIX TeJ, Kacasch
ri1aBHBIM 06pa3oM TaKHX Belllef, Kak HOpMaJibHble KoJieGaHHf,
pelleHHss ypaBHeHHS AU(PGy3uu, KosnebaTelbHble CHCTEMBI, OPTO-
roHaJbHble (YHKUHH M T. L., T. €. H3JIOXKHTb Hayaja TOro, 4To
06GbIYHO UMEHYIOT «MeTOfAaMU MaTeMaTHYecKOH (pu3uKu». 3aJAHUM
YHCJIOM MOTY CO3HATbCHA, 4YTO, ecAH OBl I PelInICH YUTaTbh 3TOT
KypC BTOPHYHO, 51 Gbl HENIPeMeHHO BePHYJICS K 3TOMY HaMepeHHIO.
Ho nockoJsbKy nosropeHHe 3THX JieKU Uil He NJaHUpyeTcs, a BMe-
CTO 3TOr0 MHe CKasaJH, YTO HemJoxo Oblio Obl JaTb BBeleHHe
B KBAaHTOBYIO MeXaHHKY, TO HMEHHO ee Bbl U OOHapyXKHTe B KOHIle
HacTosLIero Kypca.

CoBeplleHHO SCHO, YTO CTYJEHTaM, XKeJallHM XOpOWIOo pa-
306paThcs B (PU3HKe, MOXHO OblIO Obl MOJOXKAATb C H3y4YeHHEM
KBaHTOBOH MeXaHHKHM U 100 Tperbero Kypca. Ho, Bospaxkas, MHe
BBIIBHHYJIH JOBOJ, YTO MHOT'He CTYJEHTHl C MOero Kypca H3yyaroT
(GHU3UKY TOJbKO B KayecTBe OCHOBBHI A/ 3aHATHH APYrHMH Hay-
kamMu. OOGBbIYHBII Xe Crnoco6 H3y4yeHUs KBAHTOBOH MeEXaHHUKH
nenaeTr ee NOYTH HENAOCTYMHOH NJs1 GOJBUIHHCTBA CTYNEHTOB, MO-
TOMY UYTO Y HHUX HET BO3MOXKHOCTH TaK JOJro H3yyaTb ee. A B TO
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XKe BpeMs BCS MaxuHa [AH(P¢epeHLHAaNbHBIX YpaBHEHHi, 3TOT
O6LIeNnPHHATHIA MOAXOX K KBAHTOBOH MeXaHHKE DPEIKO HCIOJb-
3yeTcsl B ee TIPUMEHEHHsX, B YaCTHOCTH B TaKHX GoJiee CJIOXKHbIX
NpUMeEHEHHAX, KaK 3JeKTPOHHKA H xumus. [Tostomy s nonpoGosan
ONMUCaTh NPHHLUHUNB KBAaHTOBOH MEXaHHKH TakK, 4YTOGb 3HaHHUSA
yPaBHeHHH B 4YaCTHBHIX NPOU3BOAHBIX BHayaJje He TPe(GOBaJOCh.
Ilaxe ¢usuky, 1 aymaio, GylneT HHTEPECHO TaKOe MH3JIOXKeHHe
KBAaHTOBOH MeXaHHMKHM (IO NpPHYHHAM, KOTOpble CTaHYT SICHBl H3
caMux Jexkuuit). M Bce Xe MHe Kaxercs, YTO 3KCHEPHMEHT C
KBAaHTOBOI MeXaHUKOH He O4YeHb YJaJCs IJIaBHBIM 06pa3oM H3-3a
TOTO, YTO MHE He XBAaTHJIO BpeMeHH M KOHell MPHULIOCh CKOMKaThb
{MHe 6Bl HYXKHO Obl10 elle 3—4 JeKLHH, YTOOH MOJHEH H3JI0XKHTb
TaKHe BOMpPOCH, KAK 3HepreTHYeCKHe MNOJOCHL H MPOCTPAHCTBEH-<
Has 3aBUCHMOCTb aMmmiutyn). [a W, Kpome TOro, s HHKOraa mpe-
XKJe He M3JlarajJ MaTepHalJ TakKHM crnocob6oM M OTCyTCTBHe o6Gpar-
HOH CBA3H ollywaa oco6eHHO octpo. Tenepp i AymMaio, uyTo 3a
KBAaHTOBYI0O Me€XaHHKY Hano Gbl NPHHHUMATbCA Bce-TaKH MO3XKe.
He uckmioueHo, 4TO y MeHsI NMOSIBUTCS BO3MOXHOCTb elle pa3s
npouectb 3TOT Kypc. Torma s caenaro 310 moJayuuile.

B 3TOM Kypce HeT JekiHi, MOCBSIIEHHBIX peLIEHHIO 3afad.
Onu pemanuch Ha ceMuHapax. XOTsl Ha Tpex JNeKUHAX s perual
3aflayd, HO B Kypc oHHM He Bowutu. Ilocse Jekuuu o Bpamiaro-
IMUXCA CHCTeMaX KOOpAHMHAT OblJa NpOYHTaHa JeKUus o6 HHep-
LMaJbHONH HAaBHUrallMH, HO, K COXAJIEHHIO, NpH H3JaHHH ee Omy-
crumu. Ilatylo u wecryio Jekuun npountan Moarteio Cauic
(7 ye3axaJ Toraa u3 ropoga).

BosHukaer ecTecTBeHHBII BONPOC, HACKOJBKO 3TOT 3JKCNEpH-
MeHT yaanca. Mosi JMYHast TOYKa 3peHHs, KOTOPYIO, BIpPOYEM, He
pasnensitor paGoTaBIlIHE CO CTyJeHTAMH NpenojaBaTretid, J0BOJb-
HO MEeCCHMUCTHYHA. MHe He KaXeTCfi, YTO f XOPOLIO MOCTYMHJ CO
cryneitamu. Korma s Ha6mofan, Kak OGOJIBIIMHCTBO CTYIEHTOB
peliaer 3aJayKH Ha 5K3aMeHax,  MOAYMbIBaJ O Kpaxe BCell Moei
cucTeMbl npenofaBaHufA. IlpaBlla, MOM NpY3bi HaNOMHHJH MHe,
YTO CpedH CTYAEHTOB OKa3aJcs [ecATOK-ApPYyroil pasobpaBuIHXCH,
KaK 3TO HU CTPaHHO, NOYTH BO BCeM, aKTHBHO TPYMAHBIIMXCS Hal
MaTepHaJOM M MHOJOJrY ¢ YyBJedyeHHeM KOPNeBUIMX HaX TPyA-
HBIMHM BOTMpocaMH. DTH pebsiTa, HA MOl B3rJAM, o6lanalT cedyac
NepBOKJaCCHOH NMOATOTOBKOM MO (H3HKe, H s MNOMNHITAKCh MocJe
BCEro 3amoJyuuTb MX K ce6e Ha paGory. Bmpouem, «o6yuenue
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pedKO NMPHHOCHT IUIOAB KOMY-IHGO, KpOMe TeX, KTO Npeapacrno-
JIOXKEeH K HeMy, HO UM OHO MOYTH He HyxXHO» (['m66oHuc).

TeM He MeHee 51 He XoTes1 Gbl 6pocaTh HH OJHOrO CTYIEHTAa Ha
NpPOU3BOJ CyAbOBl, KaK 3TO, BUAMMO, OBIBAJIO NPHU YTEHHH Kypca.
Kak Bce-Taku moMoub cTyfeHTaM? Moxer OblTh, Hal0 6oJblle No-
paboTaTh HajJ COCTaBJEHHEM KOMIJIeKCa 3ajay, KOTOpble MOIIH
Obl MpPOJIUTH CBET HAa HIeH, pa3BUBaeMble B JeKUUAX? 3agau
JNafyT XOpOIIYI0O BO3MOXHOCTb PaCIIHPHUTb JEKIHOHHBIH MaTepHaJ
H NMOMOTYT clle1aTh HJeH JeKUUll 6o/ee Ocsi3aeMbIMH H NOJHBIMH,
Jiydllle yJOXHTb HX B TOJIOBe.

Bce xe a1 nymalo, 4To caMoe Jiyulllee peleHue npo6JjaeMbl o6pa-
30BaHHUS — 3TO MOHSATH, YTO CAMBIM MPEBOCXOJHBIM OGyueHHeM SIB-
JsieTcsl mpsiMasi, JUYHas CBA3b MeXIYy YYEHHKOM H XOPOLIUM YYH-
TeJeM, KOrja YyueHHK oOCyXJAaeT HAeH, Pa3MBILJAsfeT O P3a3HBIX
Bemax u 6ecenyer o HuX. HeBO3MOXXHO MHOrOMy Hay4uTbcs, NMpO-
CTO OTCHXKHBas JIeKUHM HJIM [a)e NpocTo pemwas 3agaud. Ho B
Hallle BpeMsl TaKOe MHOXKECTBO CTYAEHTOB HOJIKHO ObITb 00YuYeHO.
4TO 1J151 MAEaJsIOB NPHXOLUTCS MOALICKUBATH 3p3albl. MoxKeT ObITb,
MOH JIeKIMH NOMOryT B 3TOM. Moxer GBITH, B TeXx Kpasx, TAe
MOXKHO HAWTH OTAEJbHOTO YyuYHTe/s [IJsA KaXAOro YyueHHKa, 3TH
JEKUHH CMOTYT BJOXHOBHTb y4YHTeJsl M NOAOGPOCHTb eMy Koe-Ka-
Kde uaedH. Moxer GbITb, NOPAa3MbICJIHUB HaJ HUMH, OH TOJIbKO IO-
3a6aBUTCS, @ MOXKET, H Pa30oBbeT HX JaJjblle.

Hionb 1963 Puuapo Delinman
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B ocHOBy 35TOif KHHMrM JIeriM JIeKUHH 0o o6Lleft
¢usuxe, Koropnie npogeccop P. DeitHmaH uyuTad B
1961—1962 akamemuueckoM ropy B Kaaudopuuiickom
TexHosornueckoM HHCTHTYTe. ITO — nepBasi MOJOBH-
Ha [JBYXTOAHYHOrO BBOXHOTO Kypca, 006513aTesbHOro
nasi Bcex crypeHToB KAJITEXa. B 1962—1963 aka-
JeMHYeCKOM rofy OblJ HPOYHTAH BTOPOH IHKJ JeKUHH,
yeM 3aBepUIH/Iach OCHOBHAas 4YacTb pPacCYHTAHHOH Ha
yeThipe roga paboThl 1O NepecTpPOiiKe BBOLHOIO Kypca
¢ u3nKH.

Heo6xoqumMocTp TaKoOro KOpEHHOro mepecMoTpa
Kypca BHI3bIBAJach He TOJbKO OBICTPBIM pa3BHTHEM
(Hu3MKH 3a moclenHHe OECATHJETHS, HO H TeM, uTO
B MmocJleJHHe TOAbl NEePBOKYPCHHKH INPHUXOAMIH B
KAJITEX ¢ 6oJsee ri1yGoKoil MaTeMaTHYeCKOH mnoj-
FOTOBKOH, ueM paHbllle, — pe3yJbTaT YJyulleHHus
NpenogaBaHUsl MaTeMaTHKH B CpefHeil WKose. Mul
XOTeJH, HCNOJb3ys MNpeuMylllecTBa GoJjiee MPOYHOroO
MaTeMaTH4ecKoro ¢yHIaMeHTa, H3J0XKHTb MN0GoJblle
COBPEMEHHOr0 MaTepHalja, u4To cAenano 6wl Kypc 6o-
Jlee HHTepeCHbIM, HaBOAAIIMM Ha pasMBIIJIEHHA U
Jy4llle OTpaxawlWKUM QU3UKY HalIUX JHeM.

Uto6bl uMeTb mNpencTaBJeHHE O TOM, YTO HaJo
BKJ/IOYHTb B KYPC H KaK 3TO Cle/1aTh, NPeNnofaBaTenaM
¢usnyeckoro ¢akyabrera ObIJIO NpeNJOXKEHO BLICKA-
3aTb CBOM HJeH B BHJe KPaTKOH NporpamMmbl Kypca.
BO3HHUK/IO HECKOJIbKO NMPOEKTOB NepecTpPONKH, KOTOphIe
6binu 06Cy X 1eHb noApo6HO u ¢ npucTpactueM. IToutn
BCe COLJIHCb B OJHOM: NepPecTpoiKy Kypca HeJb3s
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HaYHHATb HU NPOCTO C NMepPefesKH yKe CYILIeCTBYIOIUX YueOHUKOB,
H{ Jaxe C CO3ZaHHUA HOBOro YyueOGHHKA; HOBBIH KYpC NOJIXKeH
CTPOHMTBCS Ha OCHOBE JIEKUHH, JIEKIHH JOJKHBl YHTATHCA NBa HJH
TpH pa3a B Hefleqio. Co3faHUe COOTBETCTBYIOIMX NeYaTHBIX DY-
KOBOACTB — 3TO OymeT yxe cCJeQylOWHA IIar; 3TH XKe JeKIHU
OonpefesSaT U cOfepxaHHe Oyayuux JabopaTopHbix pa6or. Buep-
He OBl OGpPHUCOBAHBI OOLME KOHTYPBHI Kypca, HO 3TO OblJ JHLIb
npelBapUTeNbHbIH HAOPOCOK, MHOTOE B HEM BHIIVIINEJNO CIOPHBIM
U MOIJIO H3MEHHTbCA MO YCMOTPEHHIO TOro, KTo B3sjcsi Obl 3a
YTeHHe JIeKLHH.

O6cyxaajuch ¥ MHOTOYHC/IEHHble BapHAHTH OCYLLECTBJIEHHS
npoekra. IlepBoHauanbHO mnpeanosarajaoch, 4ytro GymeT co3faHa
rpynna 43 N OCHOBHBIX YYAacTHHKOB (JIEKTOPOB), KOTOpBHIE IIO-
POBHY pacnpenensT paGoTy: KaxAblii Bo3bMeT ceGe I1/N wyactb
MaTepHaJia, NPOYTET JIEeKIHH U MOATOTOBUT HUX K meyatu. OgHaKo
OTCYTCTBHE HEOGXOJHMOrO YHCJIa YYaCTHHKOB M TPYAHOCTb BHIpa-
GOTKH CpelM HHUX €IHHON TOYKHU 3pPEHHs, CBSI3aHHAf C HHIMBH-
IyaJbHBIMH BKYCaMH, B3rJsilaMH H Jlake XapaKTepoM Kaxkaore,
CHeNaNu 3TOT IJIaH HeOCYyLeCTBUMBIM.

CuactiuBas Hes O TOM, KaK BCe Xe MOXHO CO31aTb, ObITb
MOXET, He MPOCTO HOBBIA KYpC, OTJIMYHBIA OT APYrHX, a, BO3MOX-
HO, YHHMKaJbHBIH, npuuita npodeccopy M. Csuacy. Ox mpendo-
XKuJa, yTo6el npodeccop P. defiHMaH NOArOTOBHI M MpodYes JekK-
ILUH, KOTOpBle GYAYT 3aMHUCaHbl Ha MarHUToQoHHYIO JeHTy. [loce
06paGOTKH M HM3MAHHS STHX JNeKUHH MoJayyuscs Obl HOBBIH Yy4eO-
HUK. BOT CyTb MPHHATOr0 B KOHLle KOHLOB MJaHa.

CHava/sa O0XHOaJOCh, YTO HeoOXoQMMas pefaKTOpCcKas pa-
6ota cBefeTcd K noAGOpy pDHCYHKOB, pacCTaHOBKE 3amATBIX H
HCNIPaBJIEHHI0O TPaMMaTHYeCKHX OWHOOK;, 3THM MOrJau Obl 3a-
HSITbCA MEXAY [e]0M OJHMH-ABAa CTyJeHTa cTapuux Kypcos. K He-
CYACTbIO, 3TH HajeXAnl XUIM Hepoaro. Okasasoch, 4TO Jpaxe
NpOCTOe NpHBefeHHe 3amnucell JeKUHH K NPUTOJHOMY AJA UTeHHs
BHUAY, Aaxe 6e3 nepepaGOTKH M NepecMOTpa MaTepHasa JeKUHH,
TpeGyer mMHoro BpeMeHH. Takas paGora He mojJ CHJIY TeXHHYe-
CKOMY pefaKTopy MJH CTYHAeHTY, OoHa TpeGyeT NpPHUCTAJbHOrO
BHUMaHHA ¢u3uKa-npodeccHoHasa, NpHYeM HaJ KaXAOH Jek-
1Heil OH MOJIKEH NOTPYAHMTHCH YacoB [ecATb—ABalllaTh.

TPYZHOCTb pefaKTOPCKONH paboTh, a TaKke HeOOXOLHUMOCTb
KaK MOXHO CKOpee nepefaTbh JeKUHH B PYKH CTYNEHTOB CHJbLHO
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3aTPYAHHUJH OKOHYATENbHYIO «IOBOIAKY» MaTepHana, U Mbl OblIH
BBIHYXK/J€Hbl OrPpaHHYHUTBCA CO3[4aHHEM IpPEeABapUTEJNbHOr0, HO
TOLHOrO IJi1 H3[JaHUSl BApHAHTA JeKLUHUH, KOTOPHIH MOXHO OBLIO
HCNOJIb30BaTh HEMeIJIEHHO, XOTA U HeJb3sl CYHTATh OKOHYaTe/b-
HbIM. Kpafiuss Hyx/Jaa B 6OJbIIOM KOJIHYeCTBe 3K3eMIJISIPOB JIeK-
UHH OJA HallUX CTYAEHTOB, a TaKXKe HHTepecC K JEeKLHIM CTYIeH-
‘TOB W NpernofabaTreseill APyrUX HHCTHTYTOB 3aCTaBHJIH HAC H3[aTb
JIEKLIHH B HUX NpelBapUTEJbHOM BHMe, He NOXUAAACh OKOHYATE/b-
HOH pelaKluH, KOTOPOH, MOXeT ObiTb, HUKOrga H He Oyaer. Mu
HHUCKOJIbKO He 3a06Jy:KAaeMcsl OTHOCHTENbHO MOJIHOTHI, CBA3HOCTH
H JIOTHYeCKOl CTPOMHOCTH MaTepuasa; GoJjee TOro, yxxe B GauxKai-
weM OyaymieM Mbl co6HpaeMcsl BHOBb MOJEPHH3HPOBATb KYypcC
U AymaeM, 4YTO HH (popMa, HH CONepXKaHHe ero He OCTAHYTCA
poaroe 6e3 H3MeHeHHH.

Kpome nekuuit —HaubGosiee BaxKHOH 4YacTH Kypca, — HYXHO
OblJI0 MO3a0OTHTBCA O 3ajauyaX, Pa3BUBAIOILUX ONBIT U yMeHHe
CTYAEHTOB, U O JabopaTopHbIX paboTax, 4YTOOGB CTYAEHTH MOLJH
«lIOTPOraTh PYKaMH» H3JIOXKeHHBbI B JeKuusax marepuan. Hu To,
HU Jpyroe elle He JOCTHIJIO TOH 3aKOHYEHHOCTH, KOTOPYIO HMeJ
MaTepHas JeKIHH, XOTd KOe-YyTO B 3TOM HanpaB/eHHH, KOHEYHO,
coenano. Hekotoprle 3agaun Obiid NMPHAYMAaHBL B XOJ€ YTEHHS
JIeKUUH, OHH 3aTeM ObLJIHM YJyullleHbl, a YHCJO HX YBEJHYEHO NpH
NOBTOPHOM uTeHHH Kypca. OZHAaKO MBI ellle He yBepeHB B TOM,
YyTO 3TH 3aJayd J[JOCTAaTOYHO Pa3HOOOpa3HBl H  YrAy6JdAoT
coflepXKaHue JIeKUHH HacTOJbKO, YTOOB CTYA€HTH MOTJIH CAMH NOJI-
HOCTbIO TOHSTh, KAKUM MOILHEIM anmapaToM OHH BJaageloT. Ilo-
3TOMYy 3ajgauu GyayT onyGJHKOBAaHBl OTHENbHO W B TaKOM BHIe,
KOTOpBIH Obl JOmycKasJ HX GoJjiee MM MeHee 4acTyiO IepelesKy.

IMpodeccop I'. Heep npensioxua BKJIIOYHTE B KYPC HECKOJbKO
HOBHIX OnbiTOB. Cpefy HUX OMNBITH,, OCHOBAHHHIE HAa HCIOJIb30Ba-
HUH BO3JYLIHBIX MOJIIMIHUKOB C Ype3BbIYalHO MaJ/IbiM TpPeHHeM:
HOBBIH JIMHENHBI BO3AYIIHBHIA XKejM0o6, C [OMOLLbI0 KOTOPOro
MOXXHO KOJIM4eCTBEHHO H3YYHTb OJHOMEepHOe HABHKeHHe, coyaape-
HHs TeJ M rapMOHHYeCKOe ABHXKEHHe; a TaK¥XKe NOALepXKHUBaeMblil
Ha BO3JYIIHON NMOAYIIKe W NBUXKHMBIH BO31YXOM MAaKCBeJJOBCKHH
BOJIYOK, C NMOMOLIBIO KOTOPOI'O MOXKHO H3yYHTb BpallleHHe C yCKO-
peHHeM, MNpeleccHI0 M HyTaluio rupockona. Pa3paGoTka HOBBIX
n1a6opaTOPHBIX OMBITOB OyAeT, NMO-BHAMMOMY, MPONOJKAaTbCA B
TeyeHHe 3HAYHTEJNbHOI'O BpeMeEHH.
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ATOoT nepecMOTp Y4yeGHOH mporpamMMbl BO3IVIABJSJIH mnpodec-
copa P. Jleiiton, I'. Heep u M. Canpc. OduunancHo B 3TOH pa-
6oTe mpuHuUMaau yuactue mnpocdeccopa P. ®eitnman, I'. Hoiire-
Gayep, P. Carron, I'. Cra6aep, ®. Ctpour u P. ®dort ¢ Kagenp
¢u3MKH, MaTeMaTHKH M acCTPOHOMHH, a TakxXe npodeccopa
T. Kopu, M. ITaeccer u K. Yuarc ¢ kadheapsl TeXHHYECKHX HayK.
Mbl cepneyHo 6JsiarofapuM 3a ILEHHYIO NOMOWIb BCeX TeX, KTO:
UpUHHMaJ ydyacTue B JlepecMoTpe Kypca. OcoGeHHO Mbl 06si3aHbI
¢onny ®Popna, 6es ¢HHAHCOBOH NOMOILM KOTOPOro 3ta paboTa
HUKOrJa He Obla 6Bl OCYIIeCTBJIEHA.

Honb 1963 Pobepr B. Jletitron



T'araea l

ATOMbI B I1BU)KEHHHU

§ 1. Beedenue

DTOT ABYXrOAMYHBIA Kypc (H3MKH paccuuTaH
Ha TO, 4YTO BB, YHTaTesJb, cobUpaeTechb CTaTh
¢usukoM. IlomoxuM, 3TO He Tak yX o6s3a-
TeJbHO, HO KaKOH mpenojaBaTesib He HaleeTcs
Ha 310! Ecau BHl M BNpsAMb XOTHTE GBHITh (HH3H-
KOM, BaM npuaercs MHoro mnopa6Goratb. Kak-
HHKaK, a ABeCTH JeT OypHOro pa3BHUTHUS caMoi
MOILHOH 06/1aCTH 3HaHHUA 4YTO-HUOGYAbL Aa 3Hayar!
Takoe o6Gusue MaTepuasa, Noxanyd, U He yc-
BOHUIIb 33 4YeThipe rojda; BCJed 3a 3THM HYXKHO
elle Mnpoc/yLiaTh ClellHaJbHbBle KYPCHI.

W Bce e Bech pe3ysabTaT KOJNOCCANbHOH pa-
607Hl, NMpOJeNTaHHOH 3a 3TH CTOJIeTHS, YyHdaercs
CKOHIEHCHPOBATb — CBECTH B HEGOJbILIOE YHCJIO
3QKO0HO8, KOTOpble MOJBITOXHBAIOT BCe HALIH 3HA-
Huss. OOHAKO U 3aKOHBL 3TH TOXe HeJlerko
YCBOHTb, H IPOCTO HEYECTHO MO OTHOIIEHHIO K BaM
6b10 6Bl HaYHHATH H3y4YeHHE TAKOrO TPYMHOro
npeaMera, He HMes IOJ pPYKOH KaKOH-HUOYIb
CXeMbl, KaKoro-Hu6yap ouepka B3aHMOCBSI3H Of-
HUX yvacrefi Haykun c apyrumu. Ilepseie Tpu
r1aBbl M TNPeACTaBJAIOT CO00H Takoi OuYepk.
Mbl nmo3HaKOMHMCSl B 3THX TJaBaX C TeM, Kak
cBsi3aHa (M3WMKAa C OCTaJbHBIMH HayKaMH, Kak
OTHOCATCS 3TH OCTaJIbHble HayKH ADPYr K ApYry,
la U YTO Takoe BoOOLle Hayka. IDTO TOMOXET
HaM «OILYTHTb» npeaMeT QU3HKH.

Bl cnpocure: nouemy 6bl cpa3y, Ha mepBoil
Xe CTpPaHHulle, He NPUBECTH OCHOBHbIE 3aKOHHI, a
nocse TOJbKO NOKa3blBaThb, KaK OHH pPaGoOTaIOT B
pasHbIX yc/a0BUAX? Belb HMEHHO Tak MOCTYNAioOT
B reoMeTpHH: CPOPMYNUPYIOT aKCHOMBI, a MOTOM
ocTaeTcs TOJbKO 1AesaTth BhBOAB. (Hensoxas
MBICJIb: H3JIOKHUTb 32 4 MHHYTHI TO, YTO U B 4 roza
He ynoxuwsb.) CaesaTh 3T0 HEBO3MOXKHO M0 ABYM

§ 1. BBenenue

§ 2. Bewecteo

COCTONT

H3 aTomMoOB

§ 3. Atomubie
npouecch

§ 4. Xumnueckue

peakuun
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npuyuHaM. Bo-mepBbiX, HAM H3BECTHBI He 8Ce OCHOBHBIE 3aKOHBI;
Hao6opoT, yeM OGoJblle MBI Y3HaeM, TeM CHJbHEe pacUIUPSIOTCS
TFPaHHLBl TOTO, YTO Mbl AOJKHB nNo3HaTh! Bo-BTOpHIX, TOYHas
(hOpMYJHPOBKA 3aKOHOB (PM3MUKH CBSI3aHA CO MHOTMMH HeOOHIY-
HBLIMH HAEAMH H NOHATHAMH, TPEeOYIOLIMMHU /IS CBOEr0 OMHCAHHUS
CTOJIb Xe HeoObIYHOH MaTeMaTHKH. HyXHa HeMaJjas npakTHKa
TOJIBKO [AJIS1 TOro, 4ToObl HaJOBYUTbCS NOHHMATb CMBICHI CAO8.
Tak uyro Bame npeaJyoxeHue He mpoiiger. Ilpumercs Ham nBH-
raTbCsl NOCTENEeHHO, Iar 3a Larom.

Kaxabli war B H3yYyeHHH NPHPOABI — 3TO BCerfa TOJbBKO
npubauscerue K UCTHHe, BepPHee, K TOMY, YTO Mbl CYHTaeM HCTH-
Hoil. Bce, 4TO MBI y3HaeM, —3TO Kakoe-TO MNpHOJHXKeHHe, HOO
MbL 3HaeM, 4TO He 8Ce ewje 3aKOHbL mbl 3Haem. Bce usyuaercs
JHULb AJs TOro, 4TOObl CHOBA CTaTh HEMOHSITHBIM WJIH, B JyylleMm
cayyae, norpe6oBaTh HCIpaBJIeHHS.

ITpuHU KN HayKH, MOYTH YTO ee OmpefiesieHHe, COCTOUT B CJe-
NYIOLLEeM: NPOOHbLL KaMeHb BCex HAWUX 3HAHUL — 3TO OnbLiT.
OnbiT, 3KCNEPUMEHT — 3T0 eduHcT8eHHbLl cyOsa HAay4HOH «HC-
THHBI». A B 4YeM e HCTOYHHMK 3HaHH#? OTKyna NpHXOOAT Te
3aKOHBI, KOTOpbie MBI npoBepsieM? [la H3 TOro e OMBITAa; OH INO-
MOTaeT HaM BBIBOJUTb 3aKOHB, B HeM TasATC HaMeKH Ha HHX.
A cBepx TOro HyXHO ellle 8006pascerue, uToObl 3a HaMeKaMH
YBHUAETb 4TO-TO GOJIbLIOE M TJaBHOe, YTOGH OTrajflaTh HeXMAaH-
HYIO, TIPOCTYI0 TpeKpPacHyl0 KapTHHY, BCTAOILYI0O 3a HHMH,
U MOTOM MOCTaBHTb ONBIT, KOTOPHIA yb6enun Obl Hac B NpaBHJb-
HOCTH AOTafiKH. DTOT mpoluecc BoOOpaxKeHHs] HACTOJNbKO TPYIEH,
YPO NMPOUCXOOUT pa3fesieHHe TPYAa: GbIBAIOT (HU3UKU-TEOpETUKU,
OHH BOOGpaxaloT, cooO6paKaloT H OTraJblBalOT HOBblE 3aKOHBI, HO
ONBITOB He CTaBAT, U ObIBAIOT (UIHKU-IKCNEPUMEHTATOPbL, Ube
3aHSATHe — CTaBUTb ONBITH, BoOGpaxaTb, cooOpaxaTb H OTra-
IBIBaTh.

Mpbl cKasaad, 4YTO 3aKOHBI HPUPOABl — 3TO NPHGIHKEHHS;
crepBa OTKPHIBAIOT «HENpPaBUJbHbBIE» 3aKOHBI, a NOTOM YX—«Ipa-
BuabHble». Ho Kak onbiT MoXeT GbITb «HeBepHbIM»? Hy, Bo-mep-
BbIX, MO CaMO{ NPOCTOH MNpHYMHEe: KOrja B Bawux npubopax
YTO-TO HeJNaJHO, a BBl 3TOr0 He 3aMeuaere. Ho Takywo omubky
JIerKO YJIOBUTb, HAaJ0 JIMUIb BCEe MPOBEPATb M TNPOBEPSATH.
Hy, a ecau He NMpUAMPATbCA K MeJOYaM, MO2YyT AW BCe-TaKU pe-
3yJbTaThl ONBITa OBbITb OWIMGOYHBIMH? Moryr, H3-3a HeXBaTKH
toyHocTH. Hanpumep, Macca npeamera KaxeTcsi HeU3MeHHOId;
BpalllalOUIHICS BOJYOK BECHT CTOJBKO K€, CKOJIbKO JIeXallluil Ha
MecTe. BOT BaM ¥ rOTOB «3aKOH»: Macca NOCTOSHHA H OT CKO-
pocTH He 3aBHCHT. Ho 3TOT «3aKOH», KaK BBIICHAETCS, HeBepeH.
Oxkasajioch, YTO Macca C YBeJHYeHHeM CKOPOCTH pacTeT, HO
TOJIbKO JIJI1 3aMETHOr0 POCTa HYXHBI CKOPOCTH, 6/IM3KHe K CBeTO-
Bol. [Tpasusbublli 3aKOH TaKOB: eCJIH CKOPOCTb MpeJMeTa MeHblle
100 km/cexk, Macca C TOYHOCTBIO [0 OJHOH MHJJIUOHHOH mO-
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cTtossHHa. BoT mpumepHo B TaKoil npubJiKeHHOH ¢opme 3rtoT
3aKOH BepeH. MOXHO mnoayMaTb, YTO NpPaKTHYeCKH HeT cyle-
CTBEHHON pa3HHIBI MEXAY CTapbiM 3aKOHOM M HoBbiM. W na,
1 HeT. JIJ1s OGBIYHBIX CKOpOCTell MOXHO 3a0bITh 00 OrOBOpPKax H
B XOpolleM NpHOJHMXKEHHH CUHTAThb 3aKOHOM YTBepXKIEHHe, 4TO
Macca moctosiHHa. Ho Ha GosbLIMX CKOPOCTSAX Mbl HayHEM OLIM-
6aTbcs, U TeM OOJIblle, Y4eM CKOPOCTb BBHILIE.

Ho camoe 3ameuatesnbHOe, UTO ¢ 06uwjeli Touku 3peHus A060U
npubausncennvlli 3aKoH abcoaroTHO owuboyern. Ham B3raan Ha
Mup notpeGyeT mepecMoTpa Jaxe TOrja, KOrja Macca H3MeHHUTCS
XOThb Ha KameslbKy. DTO— XapaKTepHoe CBOHCIBO oOuiel Kap-
THHBI MHPa, KOTOpas CTOHMT 3a 3aKOoHaMH. [laxe He3HAUHTe/bHbIH
3¢dekr uHorma tpebyer rayOOKOro H3MeHeHHs HaIIUX BO3-
3peHHuH.

Tak uro e HaM HYXHO M3yYHTb CHayaja? YUYHTb JH HaM
npasuibrble, HO HeOObIYHbIE 3aKOHBI C HUX CTPaHHBIMH H TDPYIA-
HBbIMH MOHSATUSIMH, HallpUMeD TEOPHIO OTHOCHTEJBbHOCTH, YeThIpeXx-
MepHOe MPOCTPAHCTBO-BpeMsi U T. A.? Mau Xe HayaTh ¢ NpoCcTOro
3aKOHa <«MOCTOSIHHOH Macchi?» OH XOTb WU NPUOJMXKEHHBIH, HO
3aTo obxoxurca 6e3 TPyAHBIX npencrasieHuii. IlepBoe, Gec-
CIOpHO, NpPHATHEeH, NpUTATaTeJbHel; NmepBoe OueHb COGJAa3HAET,
HO CO BTOpOro HayaTb Jierie, H NOTOM Beldb 3TO MEPBBHIN Liar
K yray6/JieHHOMY NOHMMaHHIO NPaBHJIbHOM HAeH. DTOT BONPOC
BCTaeT Bce BpeMs, Koraa npenopaews ¢pusuky. Ha pasubix arta-
nax Kypca Mbl No-pa3HoMy 6yneM pellaTb €ro, HO Ha Kaxuao#
craguu Mbl GyfeM cTapaTbCi H3JIOXKHTb, YT HMEHHO ceiyac
H3BECTHO M C KaKOH TOYHOCTBIO, KaK 3TO COrJacyeTrcs ¢ OCTaJb-
HBIM M YTO MOXeT H3MEHHTbCS, KOrjga Mbl y3HaeM 00 3TOM
6ouiblle.

IaBaiiTe mepeiiieM K Halledl cxeMme, K OYePKY HalIEro MOHH-
MaHHSl COBPEMEHHOH HayKH (B NepByl0 ouyepeib (HU3HUKH, HO
TakXe M NMPOoYyHX GJM3KMX K Hel HayK), TaK YTO, KOrja nosxe
HaM NpHIEeTCS BHHKAaTb B pa3Hble BONPOCHI, Mbl CMOXE€M BHIETb,
4YTO JIEXKHT B HX OCHOBE, YeM OHH HMHTEpPeCHbl H KakK YKJajbl-
BalOTcA B 0OILYI0 CTPYKTYDY.

Urak, kak oce goleaadur kapTuHa MHpa?

§ 2. Bewecrso cocrour u3 aromos

Ecin 66l B pesyJbTaTe KaKOH-TO MHPOBOH KaTacTpogbl Bce
HaKOMJIEHHbIe HayuyHble 3HAaHHA OKa3a/JHCb Obl YHHYTOXKEHHBIMH 11
K TPAAYLIMM NOKOJIEHHAM XKHBBIX CYIIeCTB nepema Obl TOJIBKO
onHa $pa3a, To Kakoe yTBepXKJeHHe, COCTaBJeHHOe H3 HauMeHb-
IIEr0 KOJIMYECTBA CJIOB, IPUHECJIO Obl HauGOJIbIIYI0 HHPOPMaLHIO?
§l cuuralo, 4TO 3TO — aromHas 2unore3a (MOXeTe Ha3bIBaTb ee
He TumoTte3off, a (HAKTOM, HO 3TO HHUYEro He MeEHSeET): 8ce TeAa
COCTOAT U3 ATOMOB — MAAEHbKUX Teaey, KOTOpble HAXO00ATCA
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Pue 11 Kansn godvr (ysesutennas
8 muasuapd pas).

8 becnpepbl8HOM OBUJNCEHUL, NPUTAUBAIOTCA HA HeOOAbLUWOM pac-
CTOAHUW, HO OTTAAKUBAIOTCA, eCAl 00HO U3 HUX NAOTHEe Npuicars
K Opyeomy. B opnHo#t stofi ¢pase, Kak Bbl YOeIHIHCh, CONEp-
XKUTCA HesepoATHOe KOJUYeCTBO HHPOpDMAUHUH O MHpe, CTOHT
JHWb NPHUJIOXKUTL K Hed HeMHOro BoOGpaXKeHus U 4yTb coobpa-
XKEHHS.

Uto6bl mMOKa3aThb CHJY HIeH aToMa, NpeiacTaBUM cebe Ka-
nejbKy Boabl padmepoM 0,5 cu. Ecau Mbl GymeM NpHCTaJbHO
pa3risabiBaTh €e, TO HUYEro, Kpome BOJbI, CIIOKOHHOH, CNJIOUIHOM
BOJbl, Mbl He yBUAMM. [laxke mop Jy4YlIUM ONTHYECKUM MHUKPO-
ckonom npu 2000-kpaTHOM YyBeJHYeHHH, KOrJa Kamjs NpHMeT
pa3Mepbl 6OJbLION KOMHAThl, H TO Mbl 8Ce euje YBUIHUM OTHOCH-
TeJbHO CNOKOHHYIO BONY, pa3Be YTO MO HeH HAYHYT IUHBIPATH
Kakue-TO «(hyTOoJbHBIE MAYH». IDTO NapaMelus — OYeHb HHTE-
pecHass wmrtyka. Ha sTom Bbl MoxeTe 3amep:KaThbCi M 3aHATbCA
napamenuein, ee pecHUYKaMH, CMOTpPeTb, KaK OHa CXKHMaeTcs W
pa3xKuUMaeTcs, W Ha JaJjibHeiilllee yBeJHYeHUEe MAaXHYTb pPYKOH
(ecmyu TONBKO BaM He 3aXOuyeTcsd pacCMOTPETb ee HM3HYTpH).
[Tapamenussmu 3aHUMaeTcss GHOJIOTHS, a Mbl NPOLIECTBYeM MHUMO
HUX H, 4YTOOBI ellle Jydllle Pa3rjsifieTb BOAY, YBEJHUYHM ee ONATHb
B 2000 pas. Tenepp Kannsa BeipacTeT A0 20 KM, H Mbl YBHIUM, KaK
B HeHl 4YTO-TO KHILUHUT;, Tenepb OHa YyXKe He TaKass CIOKOHHAasA H
CIJIOLIHAfAl, Temepb OHa HAaNOMHHaeT TOJNY Ha CTaJHOHe B JeHb
(yT60JBHOrO COCTA3aHHA C BBICOTHI NTHYbero moJsera. Uro xke
sto Kumut? UYTo6bl paccMOTpeTb NOJyullle, YBeJHYUM elle B
250 pas. Hamiemy B30opy npeacTaBUTCS 4YTO-TO INOXOXee Ha
¢ur. 1.1. dTo Kanasa BOABI, yBeNUYeHHas B MHJJIHApPA pas, HO,
KOHEeYHO, KapTHHa 3Ta YycjaoBHas. Ilpexje Bcero yacTHIBI H30-
6paxeHbl 3eCh YNpPOILEHHO, C Pe3KUMH KpasMH — 3TO mnepBas
HeTOYHOCTb. Jl/I5 NpPOCTOTHl OHH pACHOJIOXKEHbl Ha IJOCKOCTH,
Ha cCaMOM e JeJie OHH GJIYXKAAIOT BO BCEX TPeX HU3MepeHHsAX —
3TO0 BO-BTOpbiX. Ha pHCyHKe BUIHBI «KJAKCHI» (HJIH KPYXKOUYKH)
IBYX COPTOB — 4YepHble (KHcJOpod) H GeJible (BOZOPOR); BHIHO,
4YTO K KaXJAOMY KHCJOPOLY NPHCTPOUIUCH ABa& Bogopona. (Takas
rpynna M3 aToMa KHCJOpPOAa M ABYX aTOMOB BOJOpPOJa Ha3bl-
BaeTcsl MoJieKyJsoil.) HakoHel, TpeTbe ymnpolleHHe 3aKJ/I04aeTcs
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Pue. 1.2. Map nod mukpockonons.

—

G

B TOM, YFO HACTOfILME YaCTHULI B npHpofe GecnpepelBHO APOXKAT
H MOANPHITHBAIOT, KPYTACb M BepTACb OLHAa BOKPYr [pYrofi.
Bbl 10/KHBI IpeACTaBUTb ce6e Ha KapTHHKe He MOKOMH, a ABHXKe-
Hue. Ha pucyHke Hesb3s TaKKe moOKa3aTb, KaK YaCTHIBI «JHI-
HYT JIpPYr K ApYry», NPUTATHBAIOTCA, NPUCTAIOT OfHA K OMAHOIM
U T. 1. MOXHO cKa3aTb, YTO LleJible X TPYNIbl YEM-TO «CKJEEHbI».
OmHAaKO HH OJHO U3 TeJell He CNOCOOHO NMPOTHCHYTbCA CKBO3b
apyroe. Ecau Bbl nompoGyere HacuJIbHO NpUXKAThb ONHO K Apy-
roMYy, OHH OTTOJIKHYTCH.

Paauyc atomoB npumepHo paBed | uau 2 Ha 108 cm. Benu-
ypHa 1078 cm 3TO anecTpem, Tak UTO pafuyc atoMa paBeH | uasn
2 anrctpemam (A). A Bor apyro#t cnoco6 3anmoOMHHTb pasMmep
aTtoMa: ecsi siI6JIOKO YBeJHUYUTb 10 pa3MepoB 3eMJH, TO aTOMLL
A06/I0Ka CaMH CTaHYT pa3MepoM c¢ 16J10KO.

IIpencraBbTe Tenepp ceGe 3Ty KamJio BOABI C €€ YaCTHYKAMH,
KOTOpHIE MNPHUIJISICHIBAIOT, HIPalOT B MNATHALIKH M JbHYT ORHA
K apyroii. Bona coxpaHser cBoil o6beM H He pacmafaeTcs Ha
YaCTH HMEHHO M3-3a B3aUMHOTO NPHUTSXKEHUs MoJeKya. [laxe Ka-
TACb MO CTEKJY, KanJjs He pacTeKaercs, ONATb-TaKH U3-3a NPUTH-
)KeHus. M Bce BelecTBa He yJeTy4HMBAIOTCH MO TOH XKe NMPHYHHE.
JIBHKeHHe 4aCTHL B Tesle Mbl BOCIDHHMMaeM KaK TenAory; uem
BhILIE TeMIepaTypa, TeM cuJbHee ABHKeHue. [Ipu HarpeBe Boabl
TOMYess CpelH YACTHL YCHJIHMBAeTCH, NPOMEXYTKH MeXIYy HHUMII
pacTyT, W HacTymaeT MHI, KOrfa MNPHUTAXKEHHS MeXAY MOJIeKy-
JlaMH YyXXe He XBaTaeT, 4TOGHl yJaepxaTb HX BMecCTe, BOT TOraa
OHHU U YAeTY4UsaroTCs, yAAJIATCA APYr oT apyra. Tak mosayyaioT
BOASIHOH Map: NpH NOBLILIEHHH TeMNepaTypbl YCHIHBaeTcs ABH-
JKeHHe H YaCTHIBl BOCHAapSIOT.

Ha ¢ur. 1.2 nokasan nap. PHcyHOK 3TOT njox B OJHOM —
npH BbIODAHHOM HaMH YBeJHYeHUH Ha KOMHATy INpHIOETCH Bce-
ro HECKOJbKO MOJIEKYJ, MO3TOMY COMHHUTEJNBHO, YTOGB ILesbIX
2!/, MOJIeKyJIbl 0OKa3a/UChb Ha TaKOM MaJsleHbKOM pucyHke. Ha ra-
KOM MJIoL{ajflKe CKOpee BCero He OKaXeTcsl HHU OJHOH 4YacCTHILHI
Ho Beap Hafo uTo-TO HapHCOBaTh, YTOG PHCYHOK He ObIJI COBCEM
nycteiM. I'ifixst Ha map, Jlerue yBHAETb XapaKTepHbIE YepThl MO-
JNeKyJ BoAbl. Il mpocTOTHI Ha PUCYHKE YroJ MeXAy aToMaMu
sBomopoga B3aT 120°, Ha camom xe pene oH paBeH 105°3,
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a NMPOMeXYTOK MeXIy LleHTpaMH aTOMOB KHCJOPOZAa H BOAOpOa
paseH 0,957 A. Kak BuauTe, Mbl 1OBOJIbHO XOPOLIO MpeACTaBJsEM
cefe 3Ty MOJIEKYTy.

HaBaiiTe paccMOTPHM HEKOTOpbie CBOHCTBAa BOJSIHOrO napa
HJIH JpPYrux ra3oB. Pa3posHeHHble MOJIEKYJbl NMapa TO U [JeJO
yaapsawTcs o cTeHKH cocyna. IlpencraBbre ceGe KOMHATy, B KO-
TOpPO#l MHOXKECTBO TEHHHUCHBIX Msuefi (mopsigka cOTHH) Gecno-
psAnoYHO U GecnpephiBHO mphiratot nosciony. Ilox rpagom ynapos
CTEHKH pacxoiaTcs (TaK 4YTO HX HAAO NpHIAepXKHBaTb). IDTY He-
yMOJIKaeMyto Apo6b y1apOB aTOMOB Hallk rpy6bie OpraHbl 4yBCTB
(MX-TO YyBCTBHUTENBHOCTb He BO3POCJa B MHJIJUApPA pa3) BOCHPH-
HHUMAIOT KaK nocrosnnoulil Hanop. YTo6el crepkaTb ra3 B ero npe-
Jesax, K HeMy HYXHO NpPHJIOXHTb AaBJjeHHe. Ha ¢ur. 1.3 noka-
3aH OGBIYHBIA cOCYX ¢ rasom (6e3 Hero He OOXOAMTCS HHU OJMH
y4yeOHUK) — LUJIHHAP C nopuiHeM. MoJsieKy/bl AJS NMPOCTOTHI H30-
O6paxeHbl TEHHUCHHIMH MSYMKaMH, WJIH TOYE€YKaMH, NOTOMY YTO
¢dopma ux He umeer 3HaueHus. OHH ABHXYTCA GecnoOpsNOYHO H
HenpepbIBHO. MHOXKeCTBO MOJIeKY/1 GecnpepblBHO KOJIOTHT O IOp-
mweHb. FX HenpeKpaltaeMbie yaaphbi BHITOJKHYT €ro U3 LHJIHHAPA,
€CJM He INPHJIOXHUTb K MOPIIHIO HEKOTOpYIo CcHIY — JagaeHue
(cuaa, coGCTBEHHO, — 3TO JaBJIeHHe, YMHOXEHHOe Ha MJIoLlalb).
$IcHO, YTO CH/Ia NPONOPLUHOHANbHA NJIOLAAH MOPIIHS, HOTOMY YTO
€CJIM YBeJHYHTb ero IJIOIafb, COXPAHUB TO XKe KOJHYeCTBO MO-
JIeKyJ B Ka)XIOM KyGHYeCKOM CaHTHUMeETpe, TO U UYHCJIO YAapoB
O TNopllleHb BO3pacTeT BO CTOJbKO e pa3, BO CKOJbKO pacllH-
pHuJach nJolaie.

A ecau B cocye 4HCJIO MOJIEKYJ YABOUTCA (H COOTBETCTBEHHO
BO3pacCTeT HX MJIOTHOCTb), a CKOPOCTH HX (M COOTBETCTBEHHO TeM-
neparypa) OocTaHyTcs npexXHUMH? Torma ROBOJNBHO TOYHO YABO-
HTC M YUCJIO YHApOB, a TaK KaK KaXIbli M3 HHX CTOJIb Ke
«3HepruyeH», Kak M paHbpllle, TO BbIAJET, YTO AaBJeHHe NPOMNop-
IIHOHA/JIbHO MJIOTHOCTH. Ec/iM NpHHATL BO BHHMaHHe HCTHHHBIH
XapaKTep CHJ B3aUMOJEHCTBUSI aTOMOB, TO CJeldyeT OXHAAaTb H
He6OJIbIIOr0 Cnaja fAaBJeHHS H3-3a YBeJHYeHHS MPHUTAXKEHHUs
MeX1y aTOMaMH H JIErKOro pocTa HaBJIeHHS H3-3a yBeJHYeHHs
noau obuero o6beMa, 3aHATOrO caMUMH atoMaMu. M Bce xke
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B XopolleM NPHOJHXKEeHHH, KOrla aTOMOB CpaBHHTEJIbHO HEMHOro
(T. e TIpM HEBLICOKHX [aBJIEHHAX), 0agAeHue NPonopyuUorUuAbHO
NAOTHOCTU.

Jlerko moHaTb U Heuro apyroe. Eciu noBbicHTh TeMnepaTtypy
rasa (CKOPOCTb aTOMOB), He MeHsSIg ero IJIOTHOCTH, YTO NPOHU30H-
neT ¢ aaBjeHueM? [lBurasch GbicTpeil, aTOMBI HaYHYT OUTb MO
NOPLUHIO CHJIbHEH; K TOMY XKe yAaphbl NOCHIIIOTCSA Yallle — U JaB-
JleHHe Bo3pacTeT. Bbl BHAMTe, 40O Yero mpocThl HAEH AaTOMHOM
TEODHH.

A Tenmepp paccmorpuMm apyroe sBieHue. Ilyckail nopiuieHb
Me[JIEHHO JBHHYJICS BIiepel, 3aCTaBJIsA aTOMbl TECHUTbCS B MeHb-
meM o6beMe. Uro ObiBaeT, KOrga aToM yaapsieT 1O NOJA3YIeMY
nopuHIo? SICHO, 4TO mocjle yjJapa ero CKOpPOCTb INOBBILIAeTCH.
MoxeTe 3TO NpPOBEpPHUTDb, UIpast B MUHT-NIOHT: MOCJe yJlapa pakerT-
KOH LIapHK OTJIeTaeT OT paKeTKH GbICTpeHd, yeM moaseral K Hef.
(HacTHbII npuMep: HENOABMXKHBIH aTOM NOCJ]E yaapa MOPLIHS
npuobperaer ckopoctb.) Crajo ObITb, aTOMBl, OTJETEB OT
NOpUIHSA, CTAHOBATCA «ropsiuee», ueM OblaH 00 TosMyKa. [lostomy
BCe aTOMBI B cocyle HabGepyT CKOpoCcTb. DTO O3HayaeT, YTO npu
MmeOneHHOM cocaTuu 2a3a e2o Temneparypa pacrer. Korga men-
JEHHO Cxumaeluly ras, ero TeMrnepatypa nosviuiaercs, a KOraa
MeJIEHHO pacuiupseulb, TeMneparypa nadaer.

BepHemcs K Haulleft KanesnbKe BOAbI H NMOCMOTPUM, 4TO C Heil
6yner, Korga TteMmnepatypa mnoHusurca. ITosoxXum, uto ToJsves
cpeld MOJIeKYJ BOABI MOCTENEeHHO yTHXaeT. MeX HHUMH, KaK MbI
3HaeM, CYILECTBYIOT CHJbI NPHUTSKEHHS; NPHUTAHYBIUUMCS IpYr
K APYTry MOJIeKyJlaM YyXKe HeJIerkO NOKayHBaTbcsl M MpbIraTh
Ha ¢ur. 1.4 nokasaHo, uté ObiBaeT NpH HH3KHX TeMnepaTypax;
MBI BUAMM YyXe Heuto HoBoe. OGpa3oBaicsa sed. KoHneuHo, Kap-
THHKAa 3Ta ONATb YCJOBHa —Y JbJa He ABa H3MepeHHs, Kak
3Jecb H306paxeHo, HO B OOLIMX YepTax oHa crnpaBeaauBa. HHure-
PecHO, YTO B 3TOM BellleCTBe Yy KA 0020 aTOMQ eCcTb C80e MecTo,
U eCJIM KaKUM-TO 06pa30oM MBI pacCTaBUM aTOMBI Ha OJZHOM KOHIle
KAl KaXIblil Ha CBOe MeCTO, TO 32 MHOTHe KHJIOMETpPhl OT Hero
Ha JpyroM KoHLe (B HalleM YyBeJHYeHHOM Maclitabe) H3-3a
)KeCTKOH CTPYKTYpbl aTOMHBIX CBsi3efl TOXe BO3HHKHET omnpepne-
JleHHass npaBuJabHas paccraHoBka. IlosTomy ecnu nmoTaHyTb 3a
ONMH KOHell JNeJsHOrO KPHCTaJlja, TO 3a HUM, NPOTHUBACH pa3-
pbIBY, MOTSIHETCA U JPYroil — B OTJIMYHE OT BOJBI, B KOTOPOH 3Ta
npaBuUJbHAS pacCTaHOBKA pa3pyllleHa HHTEHCHBHBIMH [BHXKe-
HHSIMH aTOMOB. PasHulla MeXny TBepAbIMH H XKHIKHMH TeJlaMH
COCTOHMT B TOM, YTO B TBEPJBIX TeJaX aTOMbl PacCTaBJIEHBl B 0CO-
60M mnOpsiiKe, HAa3bLIBAEMOM KpUCTAAAUYECKOL CTPYKTYpold, w
naxe B TOM cJydae, KOrja OHH HaXOAATCA MAaJeKo Opyr oOT
anpyra, HUuero cJy4afHoOro B MX pa3MelleHHH He HalJlofaercs —
NoJIOXKeHHe aTOMa Ha OJHOM KOHIle KpHCTa/ljla ompefensercs
NOJIO)KEeHHEM aTOMOB Ha J[PYroM KOHILle, NMyCTb MeXAY HHMH
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Due 14. Mosekyaror asda.

HaXoNsATCA XOTb MHJIJIHOHBI aTOMOB. B XKHAKOCTSX K€ aTOMbI Ha
Ja/IbHUX PacCTOSHUAX CABHHYTHI Kak monaJo. Ha ¢ur. 1.4 paccra-
HOBKa MOJIEKYJ JIbJla MHOIO BbIIYyMaHa, U XOTSl KOe-KaKHe CBOH-
CTBa JbJa 31eCb OTpa)KeHbl, HO B OOIIeM OHa HenpaBHJIbHA.
BepHo cxBaueHa, HampuMmep, 4YaCTb LIECTHrPAHHOH CHMMETPHH
KpHCTaJ/10B JbAa. IlocMorpHuTe: ec/in NmOBepHYTh KapTHHKY Ha
120°, moayuutcs TO XKe caMoe pacmoJoxeHue. Takum o6pasom,
el HUMeeT CUMMETpuro, BCJeJCTBHE KOTODOH CHEXHHKH BCe
wecturpanubl. M3 ¢ur. 1.4 MOXHO ellle NOHATb, OTYErO, pacTass,
Jiel 3aHUMaeT MeHbwUN 06beM. CMOTpHTE, KAK MHOTO «IYCTOT»
Ha PHCYHKe; Y HacCTOsILero JbJaa UX Toxe MHoro. Korma cucrema
paspyliaeTcsi, BCe 3TH MYCTOTHl 3aNOJHAIOTCA MOJEKY/JaMH.
BosbUIMHCTBO NMPOCTHIX BelLeCTB, 3a HCKJIOYeHHeM JbJa M rapta
(Tunorpadckoro cnjaBa), NpH NJAaBJeHUH pacliupaercs, NOTOMY
YTO B TBepAbIX KPHCTAJJaX aTOMbl YNaKOBaHbI IJIOTHee, a MoOcJe
TJIaBJIeHHS UM MOHaJOOUTCS MeCTO, YTOObI KOJe6GaThbCsA; CKBO3HbIE
e CTPYKTYpbl, Hanofo6ue JbJa, pa3pyllasicb, CTAHOBATCA KOM-
TaKTHee.

Ho xorsa nen o6namaeT «KecTKOH» KpPHCTaJIU4eCKOH CTPYK-
TypoO#, ero TeMmecpaTypa MOXET TOXe MEHATbCH, B HeM eCTb
3amnac TerJa. DTOT 3amac MOXHO MEHSITb IO CBOEMY XKeJlaHHIO.
Yrto ke 3TO 3a Temao? ATOMBI JbJa BCe PAaBHO He HAXOMSTCS
B nokoe. OHH JapoxaT H KoseGmorcs. [axe kKorpga cyllecTByeT
ompeneJieHHBII MOPAJOK B KpHCTaane (CTPYKTypa), BCe aTOMBI
Bce Xe KoaeGaoTcs «Ha ogHoM MecTe». C MNOBBILLIEHHEM TeMIle-
paTypbl pasmMax HX KoJeGaHHMH Bce pacTeT, MOKa OHH He CTpoO-
HYTCS ¢ MecTa. DTO Ha3biBaeTcsl naagienuem. Haobopor, ¢ nane-
HHEM TeMrepaTypbl KojeGaHUs Bce 3aMHpaIOT, MOKa npu abco-
JIIOTHOM HyJIe TeMIepaTypbl OHH He CTaHyT HAaHMEHbLIHMH H3
BO3MOXHBIX (XOTSl MOJIHOH OCTAHOBKH He HaCTYIHT).

ATOro MHHHMAaJIbHOrO KOJIHYECTBAa [BHXKEHHS He XBaTaer,
yTo6bl pactonmuTh Tejo. Ho ecTb 0aHO HCK/IOYEHHe — reJil.
Tenuit Npu oxJaXXIEHHH TOXe yMeHbllaeT JBHXEHHE CBOMX aTo-
MOB [0 Npejesa, HO [axe NpH a0GCOJIOTHOM HyJle B HHX OKa3bl-
BaeTcs JOCTATOYHBIA 3amac [BUXKEHHs, 4YTOObI NpPeNOXPaHHUTb
requit ot 3aMmep3aHus. ['enunit He 3aMep3aeT M NpH aGCOMOTHOM
HyJle, €C/M TOJbKO He CXKHMaTb ero Nnoj BBbICOKHM JaBJIeHHEM.
TloBHiIast gaBJeHHE, MOXCHO NOGHUTHCS 3aTBEpPHEHHS TesHs.
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§ 3. Aromnote npoyecco

Tak ¢ aTOMHOH TOYKH 3DEHHS ONMUCBLIBAIOTCS TBEpAble, XKHIA-
KHe u rasoobGpasHble Tena. Ho aToMHas runoresa omuchiBaeT H
npoyeccol, W Mbl Tenepb pacCMOTPUM HEKOTOpble IPOLECCHI
< atoMHbIX no3utuii. [lepBoiM genom peub moiiger o mpoileccax,
TNPOUCXOAALINX HAa NMOBEPXHOCTH BoAbL UTO 31ech NMPOHCXOZMT?
Mt ycnoxHuM cebe 3agauy, npub/aU3UM ee K peaJibHOH AeHCTBH-
TEJNbHOCTH, MNPEeANOJIOXKHB, YTO HajA MNOBEPXHOCTbIO HAXOAMTCA
BO3AyX. Barasuurte Ha ¢ur. 1.5. Mbl no-npexHeMy BHAHUM MoJie-
KYyJbl, o6pa3yiolliie TOJILY BOAbl, HO, KpOMe TOro, 3fechb H30-
6pa)KeHa M ee NMOBEPXHOCTb, a HaJl HEI0 — Pa3JIHYHbIE MOJIEKYJIbI:
npexae BCEr0 MOJIEKYJbl BOAbI B BHIAE 800AH020 napa, KOTOPLIA
BCerja BO3HHKaeT HaJ BOJHOH NMOBEPXHOCTbIO (Map M BOXa HaXo-
ASITCS1 B paBHOBECHH, O 4eM MBI BCKOpe OyaeM roBoputh). Kpome
TOrO, Hajl BOJOH BHUTAIOT H JPYrHe MOJIEKYJbl — TO CKpeIJIeHHbIE
BOEIHHO [Ba aTOMa KHCJIOpoda, o6pasylolue MOAeKyaY
Kucaopoda, TO JBa aToMa a30Ta TOXe CJHNIIHECS B MoJe-
Kyay azora. Bosayx noutH Bech COCTOMT M3 a30Ta, KHCJO-
polda, BOASIHOTO mapa M MEHbIIHX KOJHYECTB YIJIEKHCJIOTO
rasa, aproHa M mnpouux mnpumeceil. Mrtak, Hag MOBepPXHOCTBIO
BOJABI HAaXOOUTCA BO3AYX — ra3, COJepKallHil HEeKOTopoe KOJH-
YyecTBO BOAsSIHOro mnapa. UTO mNPOHUCXOOHUT HAa 3TOM PHUCYHKe?
MouJekyabl BOAB HempepbiBHO [BHXKYTCH. Bpemsi oT BpeMeHH
Kakasi-Hu6yap M3  MoOJIeKysn 6JM3 NOBEPXHOCTH MOJydYaer
TOJNYOK CHJIbHee OCTaJbHbIX H BbiCKakKuBaeT BBepX. Ha pucyHke
3TOro, KOHeYHO, He BHJHO, MOTOMY YTO 3MeCb BCE HEno0B8UNCHO.
Ho nonpo6yiite npocto npeacraButh cebe, KAK OJHA U3 MOJIEKYJ
TOJBKO YTO HCHBITaJa yJap U B3/jeTaeT BBepX, ¢ APYrod ciay-
YHJIOCh TO Ke caMoe u T. A. Tak, MoJIleKyJla 3a MOJIEKYJOH, BoJa
Hcye3aeT — OHa Hucnapsiercs. Ecau 3akpbiTe cocyn, Mbl 06Hapy-
XKHUM CPeIH MOJIEKYJ HAaXOASLIErocs B HeM BO3AYXa MHOXECTBO
MOJIeKYJl BOAbL. TO W [Neslo HEKOTOpble U3 HHUX CHOBA MOMNajaioT
B Boay H ocraiotcd TaM. To, 4TO Kasajoch HaM MepTBBIM

Duez. 1.5. Moaexyarvt 8odel, ucna-
parowelica 8 8030Yx.

O
Kuenopod Badopod Asom
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U HEeHHTEepeCHHIM (CKaXKeM, NPHKPBITHIH YeM-HUOYAb CTaKaH BOMHI,
KOTOpHI#, MoxeT ObITb, 20 JieT npocTosi/1 Ha CBOEM MecCTe), Ha
caMoM feJie TauT B ceGe CJOXKHBIH M HHTepecHBIH, GecnpeprLIBHO
UAYIIHA AHWHaMHYecKHil mpouecc. [lasi Hawero rpy6oro riasa
B HEM HHYero He MPOHCXOAMT, HO CTaHb Mbl B MHJJHApJ pa3s
30pue, Mbl Obl YBHAAJH, KaK BCe MEeHAeTCS: OJHH MOJIeKYJIbl B3Je-
TalT, Jpyriue ocefaioT.

IToueMy ke Mbl He 8udum 3Tux usmerexnui? Jla moromy, uTo
CKOJIBKO B3JIeTaeT MOJIeKYJ, CTOJIbKO Xe H ocefaet! B obuieM-To
TaM <«HHYero He NpoOHCXoAuT». EcJM pacKpbiTh cTakaH U CAYTb
BJIaXKHBIA BO31YyX, HA CMEHY eMy IpHUTeYeT yXKe CyXOH; YHCJIO MO-
JIEKYJl, NOKHAAILHUX BOLY, OCTaHeTCs NpeXHHUM (OHO Belb 3aBH-
CHT TOJIbKO OT JBMXKEHHS B BOJe), a YHCJO BO3BPAaILAIOLIHXCS
MOJIEKYJl CHJIBHO YMEHBIUHTCSl, IOTOMY 4TO HX yXXe Hal BOAOH
noutu He Oygmer. UucJo yJeTaloIUX MOJEKYJ MNPEBBICHT YHCJO
OocelalOllNX, BOAA HauyHeT HcnapATbca. Mopanab: ecan BaMm
HYXXHO HCNapsATb BOAY, BKJAlOYaHTe BEHTUAATOP!

Ho 310 eme He Bce. [laBaifiTe nmoaymaeM, KakHe MOJIEKYJIbl
BblJIeTalOT U3 BoAb? Ecau yX MoJseKyJa BBICKOYHJA, TO 3TO 3Ha-
YHUT, YTO OHA cJy4yaliHO BoOGpasia B ce6s U3JHLIEK SHEPTUH; OH el
noHago6uiacsa, 4toGbl pas3opBaTh NYyThl MNPUTAXKEHHS cocefell.
DHeprus BHUIETAIOIIUX MOJIEKYJ NPEBOCXOMUT CPERHIOI SHEPTHIO
MOJIEKYJl B BOJe€, TO3TOMY 3HEPTUs OCTAIOIIUXCSH MOJIEKYJ HUdice
TOH, KoTopasi Oblsa [0 ucnapeHus. [IBuKeHUe UX yMeHbLIAETCH.
Bona or ucnapenus nocreneHHo ocrsigaer. Koneuno, korga Mo-
JeKyJla napa ONsATb OKa3blBaeTcsl Yy INOBEPXHOCTH BOJH, OHa
HCNBITHIBAET CHJIbHOe TNpPHUTAXKEHHe H MOXeT CHOBAa INONacTh
B Boay. IlpuTsixkeHHe pasroHsietT ee, U B UTOre BO3HHKAeT TEILJIO.
Hrtak, yXxoas, MOJIeKyJbl YHOCAT TelJso; BO3BpalllasiCh — MPHHO-
car. Korma crakaH 3akpeiT, 6ajlaHc CXOQHTCS, TeMmepaTypa
BOoAbl He MeHsiercsi. Ecau ke ayTh Ha BOALy, 4TOGbl HCIapeHHe
NpeBbICHJIO OCeJaHHe MOJIEKYJ, TO BOAa oxJaxaaerca. Mopaib:
4TOGBl OCTYAUTB CYyN, AyHATe Ha Hero!

Due. 16. Mosrekyasst coru, pac-
Teopsoweiica 8 gode.

Xnop O Hompui
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Kpucmann

Komewnan cono
Cunsoun

Counyoavid dnecx

Pue 17. Crpykrypa
Kpucraaasa coau.

Paccmosnue do Gnupatiwezo
coceda d=af2

Bl noHuMaeTe, KOHEYHO, YTO HA CaMOM fieJie BCe MPOUCXOOHUT
ropaszo cJOXHee, 4eM 3Jecb onucaHo. He TosnbKo Boma mepexo-
IUT B BO3AYX, HO MOJIEKYJbI KHCJOpPOJA HJH a30Ta BpeMsi OT
BPEMeHH NepexoJaT B BOAY H «TePAIOTCS» B Macce MOJIEKYJ BOMIHI
[Tonaganue aToMoB KHcJOpoaa M as3oTa B BOAY O3HayaeT pac-
TBOpeHHe BO3/yXa B BOMe; eC/JM BHE3almHO M3 COCYyAa BO3AYX
BbIKaYaTb, TO MOJIEKYJ/bl BO3[yXa HauyHYT H3 BOJbl BHIAEJSTHCS
6bICTpee, YeM NPOHHUKAIOT B Hee; Mbl YBUIHM, KaK HaBepX MOJbI-
MaTcs Ny3bpbKH. Bbl, HaBepHO, CJIbIXaJH, Y4TO 3TO SIBJIE€HHE
OYeHb BPeJHO JIs1 HbIPSJIbILHKOB.

[lepefinem Tenmepr k apyromy mpoueccy. Ha ¢wur. 1.6 mbl BH-
IHUM, KaK (C aTOMHOH TOYKH 3p€HHs) COJIb PACTBOPSETCH B BOJE.
Yro noayuaercs, ecad B BOAY GPOCUTb KPHCTalJHK COJIH?
Cosb — TBepOe TesNo, KPHCTAJI, B KOTOPOM «aTOMbl COJIH» pac-
CTaBJieHHl NpaBHU/AbHBIMH psigamMu. Ha ¢ur. 1.7 nokasaHo Tpex-
MepHOe cTpOeHHe OObIYHOH coJM (XJopucroro Hartpus). Crtporo
roBOPs, KPHCTAJI1 COCTOUT He U3 aTOMOB, a H3 UOH08. MloHBl — 3TO
aTOMBI C H3JIMIIKOM HJIM C HEXBaTKOHM 3JIeKTPOHOB. B kpucrase
COJIM Mbl HaXOAHUM HOHBI XJIOpa (aTOMBI XJIOpA C JIHIIHHM 3JeK-
TPOHOM) M HOHBl HAaTpHsl (aTOMBI HATPHs, JIHLIEHHBIE OJHOrO
37eKTpoHa). VloHbl B TBepaO#i COJIM CKpemJieHBl APYr C APYroMm
3JIEKTPHYECKHM INPHTSXKEHHEM, HO B BOJEe HEKOTODble H3 HHX,
NPUTAHYBUIMCh K MOJIOXHTEIbHOMY BOJOPOLY HJH OTPHLATEJb-
HOMY KHCJODOAY, HauHMHAIOT cBo6oAHO aBurathcs. Ha ¢wur. 1.6
BHeH OCBOOGOIMBIUMHACA HOH XJOPa H APYTrHe aTOMbl, NJaBalo-
mue B BoAe B BuAe HOHOB. Ha pHuCyHKe HapoO4YHO MOAYEPKHYTHI
HEKOTODbIe [JeTaJ/u npoiuecca. 3aMeTbTe, HalpUMep, YTO BOJOPO-
Hble KOHIBI MOJIEKY/J BOAbl OGBIYHO OOGCTYMAIOT HOH XJIOpa,
a BO3JIe MOHA HATPHA Yallle OKa3blBaeTcs KHUCJI0pod (HOH HATpHs
MOJIOXKHUTENIEH, a aTOM KHCJOPOJa B MoOJIeKyJie BOAbl OTpHIlaTe-
JIeH, MO3TOMY OHH INPHUTATHBAIOTCS). MOXHO /M H3 pPHCYHKa
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NOHATb, PACTYOPAETCA JW 3[eCb COJb B BOJE UJH XKe B8blKpUCTAA-
AU308bl8aETCA U3 BOABI? SICHO, YTO HeAb3s; 4aCTb aTOMOB YXOIHT
H3 KpHCTa/lJa, 4YacTb NpHcoefuHsieTca K Hemy. Ilpomecc sror
OJunamuueckuli, NOROGHBII HCNAapeHHIO; BCe 3aBHCHT OT TOrO,
MHOTO HJH MaJoO COJH B BOJe, B KAaKYyl0 CTOPOHY HapylleHO
paBHoBecne. Ilox paBHOBeCHHIM NOHHMAaeTCsi TaKoe COCTOSIHHe,
KOrJa KOJHYECTBO YXOISIIHX aTOMOB DPaBHO KOJUYECTBY MpPHXO-
aauux. Ecan B Boje noutH HeT cosu, TO GOJblIe aTOMOB yXOTHT
B BOJY, YeM BO3BpalllaeTcsi H3 BOABI: coJb pactBopsiercsi. Ecun
JKe «aTOMOB COJIM» CJAHIIKOM MHOTO, TO NPHXOA NMpeBbILIaeT yXO[,
H COJIb BBHINa/1aeT B KPHCTAJLJIBI.

Mbl MHMOXOJOM YNOMSIHYJH, YTO NOHSITHE MOAEKYAbL Bellle-
CTBa He COBCEM TOYHO M HMeEEeT CMBICJ TOJIbKO IJIsi HEKOTOpbIX
BUIOB BemecTB. OHO NMPHMEHHMO K BOJe, B Hell NEHCTBHTENbHO
TPU aTOMa BCerAa CKpemJeHbl MeX1y co6oil, HO OHO He OueHb
HNOAXOAUT K TBEPAOMY XJOPHUCTOMY HAaTpHIO. XJODHUCTHIH Hart-
pHH —3TO HMOHBI XJOpa M HaTpus, o6pasywllHe KyOHYECKYIO
CTPYKTypy. HeJsb3si ecTecTBeHHBIM myTeM CrpYNnmHpoBaTb HX B
«MOJIEKYJIBI COJIU».

BepHeMcsi K BoOmpocy O pacCTBOPEHMH M OCaXAEHHH COJIH.
Ecau noewicMTh TeMIepaTypy pacTBOpa COJH, TO BO3pacTeT H
YHCJIO PacTBOPSEMBIX aTOMOB H YHCJAO ocaxpaeMbix. Oxaswi-
BaeTcs, YTO B 0OOlLIeM cjyyae TPYAHO NpeacKa3aTb, B KaKyl CTO-
POHY CHBHHeTCsS mpollecc, GbicTpedl MM MelJieHHe#l moijer pac-
tBopeHue. C pocToM TeMmmepaTyphl GOJBLUIMHCTBO BeLIECTB HayH-
HaeT pacTBOPATbCS CHJbHeH, a y HEKOTOPbIX PacTBOPHMOCTb
najaer.

§ 4. Xumuuecxkue peaxyuu

Bo Bcex omucaHHBIX Npolleccax aTOMbl M HOHBI He MEHSJIH
cBoux HamapHuKoB. Ho, KOHeYHO, BO3MOXHB OOGCTOATENBbCTBA,
B KOTOpbIX COYeTAaHHS aTOMOB MEHSIOTCs, 06pasys HOBbIE MOJle-
KyJabl. 910 mokasaHo Ha ¢ur. 1.8. Ilpouecc, B KOTOPOM aTOMHbIe
napTHepbl MEHSIOTCS MeCTaMH, Ha3blBAeTCs Xumuueckod peak-
yueti. OnucaHHble HaMH NpexJe Npolecch Ha3blBalOTCA (u3nye-
CKMMH, HO TPYAHO YKa3aTb De3KYI0 TpaHHIy MeXAy TeMH H
npyrumu. (IIpupoie Bce paBHO, KaK Mbl 3TO Ha30BeM, OHa MPOCTO
nenaetr cBoe jneno.) Ha kapTHHKe MBI XOTeJH IIOKa3aTh, Kak
yrojb TOPHT B KHc/IOpode. MoJieky/a KHCJIOPOAA COCTOHT U3
0syx aTOMOB, CLEMNJEHHBIX OdYeHb Kpemko. (A noueMmy He H3
Tpex WM faxe He M3 uervipex? TakoBa ONHA M3 XapaKTepHBIX
yepT aTOMHBIX NPOLECCOB: aTOMbl OYeHb Pa3GOpYHMBLI, UM Hpa-
BATCA ONpeleJieHHble MNapTHepbl, OMNpe/le/ieHHble HanpaBJ/eHHs
i T. 1 Onna u3 o6s3aHHocTed (PuU3MKK — pa3oOpaTbed, MOYEMyY
OHM XOTAT HMEHHO TO, YTO XOTAT. Bo BcfKOM ciyyae dsa aToma
KHCJIOPOAa, NOBOJIbHbiE H HAChilleHHble, 06Pa3yioT MOJEKYJy.)
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[Mpennosoxum, 4To aTOMBI yrjepona o6pasyioT TBepAbli KpH-
crann (rpadut uau anmas*). OmHa H3 MOJIEKYJ KHCJIOpOAa
MOXeT npo6paThbCcsl K YrJepoay, KaXKAblfl ee aTOM MOAXBATHT MO
aTOMy yrjepoja M yJeTHT B HOBOM COYETAHHH YIJepoJ — KHCJO+
pon. Takue MoJekysabl 06pasyloT ras, Ha3blBaeMblil yrapHbIM.
Ero xumunueckoe umss CO. Urto 310 3Hauur? BykBer CO-— 3710
¢akTHUeCKH KapTHHKA Takoil Moseky.ab: C— yriaepon, O — kuc-
gopox. Ho yrnepox npursaruBaer K cebe KHCI0pPOL HaMHOroO
CHJIbHEe, YeM KHCJOPOA MNpPUTSATHBAeT KHCJOPOX HJH YIJaepon —-
yriepon. IToaToMy KHUCJIOpPOA 111 3TOro mpolecca MOXKeT HOCTY-
nath ¢ MaJjoil 3Heprueff, Ho, CXBaThiBasCh C HEHMMOBEPHOH XKal-~
HOCTBIO M CTPACTBIO C YIJIEPOAOM, BHICBOGOXKJaeT 3Hepruio, mo-
rJIoUlaeMyl0 BceMH cocefHHMH atoMaMHu. OGpasyercs GoJblioe
KOJIMYECTBO SHEPTrUHM IBUXKEHHUS (KHHETHUeCKON 3Hepruu). 3Ito,
KOHEUHO, H eCTb 20peHue; Mbl NoJyuyaeM TenAo OT COYeTaHUs KHC-
Jopozaa u yriaepona. Tensora B OGBIYHBIX YCJOBHSIX MPOSIBJASIETCS
B BH/le ABHXKEHHUS MOJIEKYJ HarpeToro rasa, Ho MHOTAA ee MOXET
6bITb TaK MHOrO, YTO OHAa BHI3bIBaeT M cger. Tak mosyuyaercs
naams.

Bno6aBox MoJsexkyabt CO MOryT He YIOBOJIbCTBOBAThCH [0~
CTHFHYTBIM. ¥ HHX €CTb BO3MOXKHOCTb NOACOEIHHHTb ellle OIHH
aTOM KHCJIOpOJAa; BO3HHKaeT GoJiee CJIOXKHAs peaKUHsA: KHCJIOPOL
B mape C YrJepoaoM CTOJIKHeTcsi ¢ Apyroit MoJekyJo#t CO. Atom
Kucaopona mnpucoenuHurcs kK CO u B KOHeyHOM cuere obpa-
3yeTcsa MoOJIeKyJa M3 OJHOrO YrJjepoia H [ABYX KHCJIODOIOB.
Ee o6o3nauator CO, M HasblBalOT yrJeKucaoiM rasom. Korga
YLJIepod CXKHralT odellb ObICTPO (CKaxeM, B MOTOpe aBTOMa-
WIHHBI, TA€ B3PbIBBl CTOJIb YacCThbl, YTO YIJEKHCJIOTa He ycneBaer
o6pa3oBaTbcs), TO BO3HHKaeT MHOro yrapHoro rasa. Bo mHorux
TaKHX MepecTaHOBKAX aTOMOB BbIIeJISIETC OTPOMHOE KOJHYECTBO
3HEpruH, HaGJIONAIOTCs B3PbIBbI, BCIBIXHBAET MJaMs M T. M.; BCE
3aBHCHT O1 peaKIlHu.

XHMMHKM M3Y4YMJIH 3TH PacHOJIOXKEHHs aTOMOB M YCTaHOBHJIH,
4yTO J1060€ BelleCTBO — 3TO CBOH THI pacnoAoxenus aromos.

* AnMa3 TOKe MOXeET CropeTb B BO3JYXe,
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Yro6bl OGBACHUTb 3Ty MBIC/]b, PACCMOTPHM HOBBIH MpHMEP.
Y knymGel ¢HaJOK Bbl Cpa3y YYBCTBYeTe HX «3amnax». DTO 3Ha-
4HT, YTO B Balll HOC NMONAJIH MOAEKYAbL, UIH PACIOJIOKEHHS aTO-
MoB oco6oro pona. Kax onu tyna nonaau? Hy, 3to nmpocro. Pas
3amax —3TO MOJIeKYJbl 0co6oro poja, TO, ABHrasicb M CTaJKH-
BasiCb MOBCIOAY, OHH CAY4QLiHO MOTJIH Mmonactb u B Hoc. KoHeuHo,
OHH He CTPEMHJIHCb MNOMAacTb Tyda. DTO NPOCTO GECNOMOIUIHbIE
TOJMOBI MOJIEKYJ, MU B CBOHUX OecleJibHBIX OJYyXIaHUAX 3STH
OCKOJIKM BellleCTBa, CJy4yaeTcsl, OKa3blBalOTCA H B HOCY.

M BOT XHMHKH MOryT B3ATb [aXe TakKue HeOGbIYHbIE MoJie-
KyJbl, KaK MOJIEKYJbl 3ailaxa ¢HaJOK, NPOAHAJIU3UPOBATL HX
CTpOeHHe H ONHCaTb HaM TO4HOe pacnoAoX¥ceHue HX aTOMOB
B npocTpaHcTBe. Mbl, HanpuMep, 3HaeM, YTO MOJIeKyJa YrieKHc-
Jgoro rasza npsima u cuMmMmerpuuyHa: O—C—O (310 serko oGHa-
pyxutb U pusnueckumu meronamu). Ho u nns Geamepno GoJee
CJIOXKHBIX, YeM Te, C KOTODbBIMH HMe€eT [eJI0 XHMHS, pacrnojoxe-
HHH aTOMOB MOXXHO IOCJle MOJNTHX YyBJIeKaTeJbHBIX NMOUCKOB IO-
HATb, KaK BHIMVIAAUT 3TO pacnoJsioxeHue. Ha ¢ur. 1.9 nzobpaxen
BO3ayx HaA ¢uankamu. CHOBa Mbl HaXONHUM 3JeCb a30T, KHCJO-
pon, BoasiHo# map... (A oH-To oTkyna 3xech? OT 8aaxcHbIx dua-
n0K. Bce pacrenus ucnapsiior Boay.) Cpeau HHX, OLHAKO, BH-
TaeT «4yAOBHILE», CJI0XKEHHOe M3 aTOMOB Yrjepoaa, BOAOpona
H KHcjopoaa, 06/1060BaBIINX AJs ce6s ocoboro BHAA pacroJo-
JKeHHe. DTO pacnosioXkeHHe HaMHOrO CJIOXKHee, 4yeM Y YrieKHC-
JoThl. K coXa/eHHI0, MBI HEe MOXeM ero HapHCOBaTb: XOTS OHO
H3BeCTHO XHMHMKaM OYeHb TOYHO, HO OHO Befllb TPeXMepHoe, KakK
ero u3o6pasutb B 1ByXx H3MepeHusix?! Kak HapucoBaTb LIeCTb
yrJjiepoJoB, KoTopble 06pa3yloT KOJblLO, HO He IJOCKOe, a «rap-
Mo1IKoii»? Bce yriibl, Bce paccTosiHUA B HeHl M3BeCTHH. Tak BOT,
XHMUYeCKast ¢popmysa— 3TO NPOCTO KapTHHA TAKOH MOJIEKYJIBI.
Korpa xumuk numer ¢opMyny Ha AocKe, OH, rpy6o roBops, Nbl-
TaeTcsl HapHUCOBaTb MOJIEKY.Jy B IBYX H3MepeHusax. Hampuwmep,
Mbl BHAMM KOJIbLO M3 LIECTH YrJepoJoB; YIJepOAHYIO LeNOouKy,
CBHCAIOIIYI0 C OJHOrO KOHIA; KHCJIOPOJ, TOpYallHil HAa KOHIe
LIEMOYKH; TPH BOAOpPOJA, NMPHBSI3aHHble BOH K TOMY YIJIEPOAY;
IBa yraepoja W TPH BOAOPOAA, NPHJeNJeHHble BOT 3[1€eCh, H T. I.
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Kak xXe XMMHK y3HaeT, 4TO 3TO 3a pacnoJjioxeHue? Bosbmer
OH [IBe NPOGHPKH C BELIECTBOM, COJIbET HX COJEPXKHMOe H CMOT-
PUT: ecM CMecCb NOKpacHeJa, 3HaYHT, K TaKOMY-TO MeCTy MoJe-
KyJbl NPUKpeNJieH OQHWH BOAOPOA M [Ba YrJjepoia; ecau MHOoCH-
HeJla, TO.. TO 3TO HuUuero He 3Hauur. OpraHHyeckas XUMHUSA
MOXeT MOCHOPHTb C CaMbIMH (aHTAaCTHYECKUMH CTPaHUIAMH Je-
TEKTUBHBIX pOMaHOB. UTOGHI y3HaTh, KaK pacloJIOKEHbl aTOMBbI
B KaKOH-HHOYAb HeBEPOSITHO CJIOXKHOH MOJIeKyJie, XUMHK CMOTDHT,
yto OyIeT, ec/qH cMellaTb ABa pasHbix BellectBa! [a ¢usuk
HUIIOYEM He NOBEPHT, YTO XMMHK, ONHCHIBAsl PacCHOJIOXKeHHe aro-
MOB, NOHHMaeT, 0 4yeM roBoputr. Ho Bor yxe Gosbie 20 Jer,
Kak nosABWJCA (PU3MYECKHH MeTOJ, KOTOPBHIH MO3BOJISAET pasrs-
IblBaTh MOJIEKYJbl (He TaKHe CJOXKHBIE, HO NO KpaliHel Mepe
POACTBeHHblE) M OMHUCHIBATH PacCHOJIOXKEeHHe aTOMOB He MO LBeTy
pacTBOpa, a N0 U3MepeHuro paccToanull mexcdy aromamu. U yto
xke? OkazaJjloch, YTO XMMHKH MOYTH HHKOrja He omu6awoorcs!

Oka3srniBaercs,, 4TO AeHCTBUTENbHO B 3amaxe (HAJOK NMPHUCYT-
CTBYIOT TPH cJlerKa paaJiMyHble MOJIEKYJIbl, OHH OTJIHYAIOTCH
TOJIbKO PacCTaHOBKOH aTOMOB BOAOpOAA.

OpnHa u3 npo6ieM B XHMUH —3TO NPHAYMaTb TaKoe Ha3Ba-
HHe AJI BellecTBa, YTOObl MO HeMY MOXKHO OblIo Gbl Y3HATh,
Kakoe oHo. Haiitu uma nns ero ¢popmbl! Ho oHO mosKHO onuchl-
BaTb He TOJbKO (OpMY, a YKasblBaTh elle, YTO 31eCb CTOUT KHC-
JIOpOJ, a BOH TaM — BOJAOPOJA, YTOOBl ObIJIO TOYHO OTMeEYeHo, rae
yro cTout. Temepb Bbl NMOHHMAaeTe, NOYEeMy XHMHUYecKHe Ha3Ba-
HUS TaK CJOXHB. DTO He CJOXKHOCTb, a noJHora. HasBaHue
MOJIEKYJ/Ibl 3amaxa (HaJoK MO3TOMY TakoBo: 4-(2,2,3,6-rerpame-
THJI-5-LUKJIOreKcaH) -3-6yTeH-2-0H. OHO NOJIHOCTBIO OITHCBHIBAET
CTpoeHHe MoJeKyabl (H306paxkeHHO# Ha ¢ur. 1.10), a ero naunHa
OGBACHSAETCS CJOXKHOCTBIO MOJIeKyJabl. [leso, 3HauuT, BOBCe He
B TOM, YTO XHMHKH XOTAT 3aTYMaHHUTb MO3TH, IPOCTO UM MpHXO-
IUTCA pelllaThb CJOXKHeHWYIO 3aJayy OMHCAHHUA MOJIEKYJHl CJO-
Bamul

Ho oTkyza Mbl Bce-TakH 3HaeM, UYTO aTOMBI CYLIECTBYIOT?
A 3lech uIeT B X0 yXKe ONHCAaHHBIH NMpHeM: Mbl npednosazaem
HX CYILeCTBOBAaHHe, M BCe pe3yJbTaTbl OAHMH 3a ADYrUM OKas3hl-
BAlOTCSI TAKHMH, KaK Mbl NpeACKa)eM, — KaKHMH OHH JOJIXKHHI
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6biTh, ecaH Bce cocTour u3 atomoB. CyulecTByloT H Gosee mpsi-
Mble Jl0Ka3aTeJbcTBa. BoT ogHO M3 HHX. ATOMBI TakK MaJjbl, 4YTO
HH B KaKOH MHKPOCKON HMX He YBHAHIIb ([axe B 3.4eKTPOHHbLU,
a yx B cBetoBOM M nojaBHo). Ho aTtombl Bce Bpemsi mBuXyTCH,
H ecJau 6pocHTb B BOAYy Gosbwiof wwapuk (GOJbLION MO CpaBHe-
HHIO C aTOMaMH), TO U OH HayHeT MoAparuBaTb. Bce paBHO KaK
B urpe B nyw6oJ, rae GOJbIIYUIHA MSY TOJKAIOT C PasHBIX
CTOPOH Be KOMaHAbl. ToJKalOT B pa3HbIX HaNpaBJeHUsIX, H Kyaa
MSAY NMOKaTUTCSA, He yragaeub. TouHo Tak ke GyaeT ABHUraThbCS
H «6GOJIBILIOH MAY» B BOJe: B Pa3Hble MOMEHTH BPEMEHH C pPa3HBIX
CTOPOH Ha Hero 6yAyT chinmaTbcsl HeoAMHaKoBbIe yaaphl. [losTomy
KOrfla Mbl TIAAMM B XOpOLIMH MHUKDOCKON Ha MeJbyailline 4acs
CTHYKH B BOJe, TO BUAUM HX HelpepbIBHOE MeTaHHe — HUTOr GOM-
6apaupoBKH MX aTomMaMu. HaseiBaercs ato 6poyrosckum Osu-
JCeHUueM.

Hpyrue nokasartenbCcTBa CYIIECTBOBAHUS aTOMOB MOXHO H3-
BJleUb M3 CTPOEHHS KpHCTaanoB. Bo MHOrmx ciayuyasx uX cTpoe-
HHe, onpefie/leHHOe U3 ONMBITOB IO NPOXOXKAEHHIO PEHTreHOBCKHX
Jyuell yepe3 KPHUCTAJJIbI, COMVIACYeTcsl MO0 CBOEMY NpPOCTPAHCTBEH-
HOMY pacnoJioXeHHio ¢ GopMoil caMoré NpUpPOZHOro KpHcCTaJsJa.
Yrael MeXay pa3HbIMH TpaHSMH KpPHCTaJJla COMVIacyloTcsl ¢ TOY-
HOCTbIO He 10 TrpafycoB, a OO CeKYHA AYrH C YrJ1aMH, BbICYH-
TAaHHBIMH B MNPEeANOJIOXKEeHHH, YTO KPHCTAJJ] CJIOXKeH M3 MHOXe-
CTBaA «CJIO€B» aTOMOB.

Bce cocrour u3 aromos. DTo caMoe OCHOBHOE YTBepKAEHUE.
B GuoJioruu, HanpuMep, caMoe BaKHOe Npe[MNoJIOXKeHHe COCTOHUT
B TOM, 4TO 8Ce, 4TO JeaaeT HUBOTHOe, COBeplUarOT aTombl. UHBIMH
C/IOBAMH, 8 JUBbLIX CYWeCT8axX HeT Hu4eeo, 4TO He MO240 Obl
OblT6 NOHATO ¢ TOU TOYKU 3PeHus, 4TO OHU COCTOAT U3 aATOMOS,
delicteyrowyux no 3axoHam ¢pusduxu. Korga-to 370 He OBLIO elle
sicHo. [Torpe6oBasioch HeMaJIO OMBITOB K pa3MbllJIEHHH, npexne
yeM BBICKa3aTb 3TO MNpeANoJIOXeHHe, HO Tenepb OHO IOBCe-
MEeCTHO NMPHHATO M NPHUHOCHT OTrPOMHYIO MOJb3Yy, NOPOXKIas HO=
Bble UJeH B 0671acCTH OHOJIOTHH.

Hda nocynure camu! Ecan yx cranbHOl KYyGHK HJIH KPHUCTaJ-
JIHUK COJIH, CJOXKEeHHbII U3 ONMHAKOBBIX PSAOB ONMHAKOBBIX aTo-
MOB, MOXeT OGHapyXUBaThb TaKHe HHTEpeCHble CBOWCTBA; eCJH
BOJla — MPOCThle KaleJbKH, HEOTJHYHUMBIE OPYyr OT Apyra H Io-
KpblBalollHe MHUJA 3a MHUJIell NMOBEPXHOCTb 3eMJH, — crnocobHa
HOPOXKAATh BOJIHBI U INEHY, TPOM NpPHGOST U CTPaHHbIE Y30pHl Ha
rpaHuTe HaGepexXHOH; ec/i BCe 3TO, Bce OGOraTCTBO KH3HH BOJ —
BCEro JIMIIbL CBOMCTBO CTYCTKOB aTOMOB, TO CKOAbKO e euje
8 Hux cKkpoiro 803moxcHocTel? Ecau BMecTo TOro, 4TtoGbl BHI-
CTpPauWBaTh aTOMBbI MO PaHXHPY, CTPOH 3a CTPOeM, KOJIOHHY 3a
KOJIOHHOH, [lake BMECTO TOro, 4YTo6bl COOpPYkKaTb M3 HUX 3aMbIC-
JIOBaThle MOJIEKYJbl 3amaxa (HaloK, eCJH BMECTO 3TOrO pacro-
Jaratb HX Kaxcooul pa3 no-Hogomy, pasHoo6pa3si UX MO3aHKY,
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He TMOBTOPSAS TOro, 4YTO Yyxe OblIO, — NpeicTaBJisfieTe, CKOJBKO
HeOOBLIKHOBEHHOTO, HEOXKHIAHHOTO MOXeT BO3HUKHYTbh B HX MOBe-
nenuu, PasBe He MoxeT ObiTb, YTO Te «Tesla», KOTOPbHIe pasry-
JUBAIOT MO yauie u OecelylOT C BaMH, TOXe He YTO HHOe, KakK
CTYCTKHM aTOMOB, HO TaKHe CJIOXHbIe, 4TO YyxkKe He XBaTaeT (aHTa-
34U MpeAyraiblBaTh NO HX BHAY UX noBefeHue. Korga mMbl Hasbl-
BaeM cebsi CTyCTKaMH aTOMOB, 3TO He 3HAYHUT, YTO MBI — TOAbLKO
co6paHHe aTOMOB, MOTOMY YTO TAaKOH CrYCTOK, KOTOPBbI HHUKOrzaa
He MOBTOpPfETCS, NPEKPACHO MOXET OKa3aTbCS CNOCOGHBIM M Ha
TO, 4TOOLI CHIAETb Y CTOJIa M YHTATb 3TH CTPOKH.



Farasa 2

OCHOBHbBIE ®H3HYECKHE § 1. Beenenne
BOSIPEHNA § 2. dn3unka
Ao 1920 ronma
§ 3. KsauToBas
§ 1. Begedenue du3nka
§ 4. AAnpa

B sro#t rmaBe GYAYT paccMOTpeHBl caMble OcC- p-p—
HOBHble TpeAcTaBJeHuss ¢(u3uKH; 30ech Oyner
HATH peub O TOM, KakK Telepb Mbl MpeacTaBjasieM
ceGe mpupony Beulell. 1 He Gyay paccKasblBaTb
HCTOPHIO TOro, Kak CTaJo0 H3BECTHO, YTO 3TH
npeacTaBJIeHHs] TNPaBHJbHBI, 3TO Mbl OTJOXHM
0 Ipyroro pasa.

INpeamer Hayku npeicraer nepel HaMH BO
MHOXeCTBE NpOSABJEHHH, B OGH/IHH NPHU3HAKOB,
Cnyctutecb K MOpIO, BrJSAHTECH B Hero. JTO
Be/lb He NMPOCTO BoAa. DTO BOJAA M NeHa, 3TO psibb
U Haberalolue BOJIHB, 3TO 00JaKa, COJHIE H
rony6oe He6O, 3TO CBET M TEMJO, IYM U AbIXaHHE
BeTpPa, 3TO MECOK M CKaJibl, BOAOPOCJIH H prIba,
HX XH3Hb U rH6Gesb, 5TO H Bbl CaMH, BallH IJ1a3a
U MBICJIH, Ballle ollylleHUe cyacThsl. M He To Ju
B J1060M IpYyroM MecTe, He Takoe JU pa3Hoobpa-
3ue sIBJIeHUH W BJUAHUA? Bbl He HalizeTe B npH-
pole HHYero MpocToro, Bce B Heil MepenyTaHo 4
cauTo. A Hawa J1603HaTebHOCTh TpebyeT Haili-
TH B 3TOM NPOCTOTY, TpebyeT, YTOObl Mbl CTaBH-
JIU BOIPOCH], MbITAJUCh YXBAaTHTb CYTb Belleil H
MNOHSAITb HX MHOT'OJIMKOCTb KaK BO3MOXHBIl HTOr
NeHCTBUSI CPAaBHUTEJbHO HeGOJNBLIOrO KOJNHYECTBA
NpocTefllINX NMPOLECCOB U CHJ, Ha BCe Jaabl CO-
YeTaIoWUXC MeXAy coOoi.

U mbl cnpamuBaeM ce6si: OTIUYAETCS JIH Ie-
COK OT KaMHf? DBHITb MOXeT, 3TO BCero JHUIb
MHOXECTBO KaMellKoB? A wmoxer, u JlyHa—
orpoMHbli KaMeHb? Torma, MOHSIB, 4YTO TakKoe
KaMHH, He NoiMeM JIH Mbl TeM CaMbiM NPHUPOAY
necka u JIyno? A BeTep — uro 310 Takoe? Moxer,
3TO BCIJIECKH BO3/1yXa, KaK BOH Te BCIJIECKH BO-
Ibl y 6epera? Uro obuiero Mexay BCSAKHM IBH-
KeHUeM? A ecTb /M YTO-HHOYAbL ofllee MeXAY
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BCEBO3MOXHBIMH 3BYKaMu? CKOJIBKO TNOJYYHTCS, ecd [epecyH-
TaTbh Bce 1Bera? M Ttak pmasee u Tak nanee. Bor Tak MBI mocre-
nexno npobyeM NpoaHa/JHU3UpPOBaTh BCe BOKPYr, CBSI3aThb TO, YTO
KaxeTcsl HeCcBA3yeMbIM, B HaJexX/Je, YTO YAaCTCA YMEHbULUTb KO-
JINYECTBO PA3AUYHbIX SBJIEHUH M TeM CaMblM HX Jyd4lle NOHATb.

Cnoco6 noJyyaTh YacTHYHblE OTBeTbl Ha NOJOOHBIE BONPOCHI
Obll MpUAYMaH elle HECKOJbKO COT JieT Hasal. Habarodenue,
pasmbluiLeHue W ONnbiT — BOT UYTO COCTaBJIIeT TaK Ha3blBaeMblil
Hay4Hotl merod. Mbl OrpaHMYUMCS 3[1eCb TOJIBKO TOJIBIM ONHCa-
HHeM ¢QyHIaMeHTaJbHBIX HAel (H3UKH, OCHOB MHPOBO33pEeHHS,
BO3HMKILEro B ¢pHU3HKe OT NPUMEHEHHs Hay4YyHOro Merona.

Uro 3Ha4YuT <«HOHATb» 4TO-1u60? I[lpencrasbre cebe, 4TO
CJIOXKHBI CTPOH ABHXYIUHUXCA O0OBEKTOB, KOTOPHIH H €CTb MUD, —
3TO YTO-TO BPOJE TMrAaHTCKHX IIaXMaT, B KOTOpble HrparmT GOrH,
a Mbl CJIelIMM 3a HX HUrpoil. B uem mpaBusa Hrpel, Mbl He 3HaeM;
BCe, YTO HaM pa3pelIuJid, — 310 Habarodary 3a urpoi. KoHeuno,
€CJH NOCMOTpeThb MNOJAOJbIIe, TO KOe-KakKHe INpaBHJa MOXKHO
yxBaTutb. Ilon ocrosnboimu usuueckumu 8o33perusamu,non dyH-
dameHTarbHOU uaurxol Mbl TOHEMaeM npasuaa uepst. Ho, naxe
3Hasl BCe NpaBHJIa, MOXKHO He INOHATb KaKOro-To XO0Aa MpOCTO
13-3a ero CJOXHOCTH HJIM OrpaHHYEHHOCTH Haulero yma. Tor, KTo
Mrpaet B LIaXMarThl, 3HaeT, YTO NpaBHUJa BBIYYHTb JIETKO, a BOT
TIOHATb XOJI HMrpoXka HJH BbHIOpaTb HAMWAYUYIIMH XOJ NMOPOH OYeHb
TpyaHo. HuuyTh He smyumre, a TO 1 Xy:Ke OGCTOUT A€JI0 B NPUPOJE.
He ucknioueHo, 4TO B KOHIle KOHIIOB BCce npaBuya GyayT Hafize-
HBI, HO TIOKA OTHIOAb He BCe OHH HaM H3BecTHHL. To U nmeno Te6s
MOMKKNAaeT POKHPOBKA HJIH KaKOH-HHOYAb APYrofl HeNOHATHBIN
xox. Ho, nomuMo Toro, 4to Mbl He 3HaeM BCex MpaBHJ, JHILUb
OYeHb M OYEHb PEeKO HaM yaaercs AeHCTBHUTENbHO OGBACHUTD YTO-
6o Ha HX ocHOBe. Benp nmouTtH Bce BCTpevalollUecs NOJIOXKEHHS
HACTOJIbKO CJIOXKHBI, YTO HET HUKAKOH BO3MOXHOCTH, 3arJsiabiBast
B NpaBHJa, NPOCJIEeUTh 3a IJIAHOM HrphI, a TeM GoJiee mpeayraaaTth
ouepenHoit xoa. IIpuxoaurcss mo3TOMy OpraHHYHUBATBCS CaMBIMH
OCHOBHBIMH npaBunamu. Korra Mbl pa3bupaeMcs B HHUX, TO yXe
CYUTAEM, YTO <HOHAJHU» MHUP.

Ho oTkyna Mbl 3HaeM, 4TO Te mpaBHJIa, KOTOPbIE Mbl <Oy a-
€M», CpaBeAJIMBBEl Ha caMoOM JeJne? Benap Mbl He cnoOCOGHBI TOJI-
KOBO pasobparb xon urpel. CyulectByer, rpy6o roBops, TpH
cnoco6a npoBepKH. Bo-nepBbiX, MbICIUMBI NOJNIOXKEHHUS, KOTAA MpH-
pola ycTpoeHa (MM Mbl ee yCTpauWBaeM) BecbMa MPOCTO, BCETO
M3 HECKOJIbKHX YacTell; TOraa MOXHO TOYHO NpelcKasaTb BCe, YTO
CJIYYHTCSl, IPOBEPHB TeM caMbIM npasuJja. (B yray mocku moxer
0Ka3aTbCsl BCEro HECKOJbKO (Uryp, U Bceé HX ABHUIKEHHS JIETKO
ce6Ge NpeacTaBUTh.)

Ectb u BTOpO#, 10BO/MILHO HEMIOXOH, MYTb NMPOBEPKH MPaABHI:
HaJ0 W3 3THX NpaBHJ BLIBECTH HOBBIe, GoJjee obuiue. CKaxem,
CJIOH XOAMT TOJIbKO MO AHAaroHaJH; 3HAaYUT, CKOJIbLKO Gbl OH HH
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XOIMJI, OH BCerfa OKaxKeTcs, HanpuMep, Ha 4epHoM mnoJe. Crano
6bITb, He BHHMKAas B JeTaJjli, HAllH NpeNCTaBJIeHUS O [BHXKEHHH
C/IOHa BCeTrJa MOXKHO NPOBEPHUTb IO TOMY, OCTAeTcs JIH OH BCe
BpeMsi Ha yepHOM noJie. KoHe4HO, He HCKJ/IIOYEHO, YTO BHE3aINHO
CJIOH OYYTHJICS Ha 6e10M TOoJIe: MOCJIe TOro KaK ero noGuIy, nelka
npolja Ha MNOCJAEIHIOI TOPH3OHTaJb M INpeBpaTWjach B 6eJo-
nosibHoro cjoHa. Tak xe u B ¢usuke. [lojroe BpeMss Mbl pacrno-
JaraeM TIPaBHJIOM, KOTOpPO€ MNPEBOCXOJHO paGoTaeT NOBCIOAY,
La)Ke KOTAA AeTajH Npoiecca HaM HEH3BeCTHbI, H BAPYr HHOrIAa
BCIJIbIBaeT Hogoe npasuso. C TOYKH 3peHUS (U3HMYECKHX OCHOB
caMble UHTEpeCHble sIBJEHHS NMPOUCXOAAT B HOBbIX MeCTax, Tam,
rae NpaBuJia He TOAATCS, 2 He B TeX MeCTax, rie oHH Oelcrsyror!
Tak oTkpbiBalOTCS HOBBIE MpaBHJIA.

Ectb u Tperuit cnoco6 y6eauTbCsA, YTO HAIlH NpeACTaBJEHHSA
06 urpe npaBHJbHBI, MaJjo ONpaBAAaHHBbIA MO CYLIECTBY, OH, IO-
JKaJyH, caMblii MOLIHBI M3 BceX cmoco6oB. TO NyThb epyboLx
npubausceruti, Mbpl MOXeM He 3HaTb, nouyeMy AJIeXMH MoLIeN
umerHo 3Toll ueypoid. Ho B 06uyux 4epTax Mbl MOXKEM NIOHUMATD,
4TO OH, BHAHMO, co6upaeT Bce (GHUrypbl AJs 3alUUTHl KOPOJS, W
co0o6pa3uTh, YTO B CJOXKHUBIIHXCA OGCTOSATENBCTBAX 3TO CaMoe
pasymHoe. TouHo Tak ke Mbl yacTo GoJjiee UM MeHee NMOHHMaeM
NPHUPOAY, XOTH He 3HaeM M He NOHHUMaeM Kaxdoeo xoda oTdenb-
HOU ¢pueypel.

Korna-to Bce siBJleHUS NMPHPOABI rpy6o NeHIU HA KJIacChl —
TEIJIOTa, 3JIEKTPHYECTBO, MEXaHHKa, MarHeTH3M, CBOHCTBa Be-
I1eCTB, XUMHYECKHe SIBJIEHHS, CBET (MJIM ONTHKA), PEHTIeHOBCKHE
JyuH, filepHas (U3UKA, TATOTEHHe, ME30HHble SBJNEHHA H T. M.
Llenb-To, 0OHAKO, B TOM, YTOGBI NMOHATH 8CI0 Npupody Kak pas-
Hble CTOPOHBI O0HOU C080KYnHOCTU sBJAeHMA. B 3ToM 3ajgaua
¢GyHAaMeHTaNIbHOH TeopeTHYeCKOH (M3MKH HBbIHENIHero JHA:
OTKPbIT6 3aKOHbL, CTOAWUE 3a ONbITOM, 00BeOUHUT 3TU KAQCCHL.
Hcropuuecku Bcerga paHO WJIHM NMO3JHO YAaBajoChb UX CJHTb, HO
NPOXONMJIO BPeMs, BO3HHKAJH HOBble OTKPBITHS, H ONATb BCTa-
Ba/la 3ajlaya MX BKJIOYeHHd B obuylo cxemy. OmHaxpabl yxe
BO3HHKJA OBbLJIO CAMTHAsi KapTHHA MHpPa — M BAPYr ObIIH OTKPHI-
Tl yun Pentrena... Co BpemeHneM NpPOH3OLIIO HOBOE CJHSHHE. ..
U TYT OGHApYKHJH CYLIeCTBOBaHHe Me30HOB. [ToaToMy Ha m060#
CTaluM Hrpa BBIMIAAUT GeCHopsiAOYHO, He3aKOHYeHHO. MHoroe
6biBaeT OOBSICHEHO C €IMHOM TOYKH 3pEHHs], HO BCerga KakKue-To
MpPOBOJIOYKHY U HUTKH Bce e GoJiTaloTcs, Bcerfa riae-HuGyab Top-
YUT 4TO-10 HecypasHoe. TaKoBO ceroflHslHee NMOJIOXKEHHe BelleH,
KOTOpOe Mbl MOMbITAEMCS OMHUCATh.

BoT B3siTble M3 HUCTOpUH NMpHUMEpHI CIausHUSA. Bo-nepBhix, Ten-
AOTY YHANOCh CBECTH K Mmexanuxe. UeMm cuibHee NBHXKEHUEe aToO-
MOB, TeM GoOJibllle 3amac Temjla CHCTEMBI; BLIXOAUT, UTO Tenaora,
da u 6ce TemnepaTypHole 3dgexTol, mozyr O6biTo NOHATLL C
nomMoOwb10 3aKOHO8 Mexanuku. JIpyroe BeJudecTBeHHOe 0Gbeau-
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HeHHe GbLIO OTNPAa3qHOBAHO, KOrfia O6GHAaPYXHJACh CBA3b MEXAIY
3/IeKTPHYECTBOM, MarHeTusmoM H csetoM. Oxkasanoch, 4TO 3TO
‘pasHble CTOPOHBl ONHOH CYLIHOCTH; cefiyac Mbl Ha3blBaeM ee
IAEKTPOMAZHUTHOIM NOAEM. A XHUMHYECKHe SBJIEHHS, CBOHCTBA
pa3JIUYHBbIX BElIeCTB H NOBeJeHHe aTOMHBIX YacCTHI 06 beIHHUIUCH
KBAHTOBOL xumueil.

BosHuKaeT ecrecTBeHHBIH BOMpoc: GyneT 1 BO3MOXKHO B KOH-
Lle KOHILOB 8C€ CJIUTb BOEAHHO M OOHAaPYXHTb, YTO Bechb Hall MHP
€CTb TMPOCTO pa3JIHYHbIe CTOPOHBI Yero-To OJHOro? JTOro
HHUKTO He 3HaeT. Mbl TOJILKO 3HaeM, YTO MO Mepe Hallero npoj-
BHXKEHHS1 BIepel TO M [eJ0 yAaeTcsd YTO-TO C u4eM-To oObenu-
HUTb, a NOCJe ONATb YTO-TO NepecTaeT yKIaAblBaTbC B OO6ILYIO
KapTHHY, U Mbl 3aHOBO NPHHHUMAaeMCsl PaCKJafbIBaTb YaCTH TOJO-
BOJIOMKH, HaJesiCb CJIOXHTb M3 HHUX YTO-HHOYAb Lenoe. A CKOJb-
KO yacTell B TOJIOBOJIOMKe, U OyfeT JH y Hee Kpad — 3TO HHUKOMY
He H3BecTHO. M He Gyner M3BeCTHO, MOKa Mbl He CJOXHM Bceil
KapTHHBI, €C/IH TOJbKO KOrjaa-HUOYab 3TO BooOuie 6yneT cAenaHo.
31ecb Mbl XOTHM TOJbKO I0Ka3aTh, HACKOJbKO [aJjieKo 3alle
npouecc CAHSHHSA, KaK cerogHsi OOGCTOHT gaeno ¢ 00bsICHEHHEM
OCHOBHBIX fABJIEHHH 3a CYET HaHMEHbIIEr0 KOJHYECTBa MPHHIHU-
moB. My, Bolpaxkasicb mpotle, U3 4e20 8ce COCTOUT U CKOAbKO
8ce20 TaKux 31emenTos?

§ 2. Dusuka do 1920 200a

Ham 6bi10 Gbl Heslerko HayaTb MPSIMO C CErOAHSIIIHHUX B3rJs-
JoB. [TocMoTpuM syuie, KakK BbIrIffen MUp npuMepHo B 1920r.,
a 3aTeM COTPeM C 3TOH KapTHHBI JHILIHee.

Ho 1920 r. xapTuHa Gbljla npuMepHO TakoBa. «CieHa», Ha KO-
TOpON BBICTYNnaer BceJsleHHas, — 3TO TPeXMepHOe NPOCTPAHCTEO,
onucaHHoe emle EBKAMIOM; Bce H3MeHseTCs B cpejle, Ha3biBaeMOM
gpemeHem. DJIeMEHTHI, BBHICTYNAIOIIME HA CLEHe, — 3TO 4ACTUYbL,
HanpuMep aTOMbI; OHH 06/Iaflal0T M3BECTHBIMH CBOHCTBaMH, CKa-
J)KeM CBOHCTBOM HHepIMH: KOrja 4acTHla ABHXKeTCcS B KaKOM-TU
HanpaBJIeHHH, TO AeJaeT OHA 3TO OO TeX IOp, MOKa Ha Hee He
noaeicTByIoT cuabl. ClenoBaTesbHO, BTOPOH 3JIEMEHT — 3TO CU-
Abl; CYHTANIOCH, YTO OHM OBbIBAIOT ABYX COPTOB. [lepBhiil, upe3Bbl-
YalHO 3aMyTaHHBIA THUN — CHJIa B3aUMOJENCTBHS, T. e. CHJa,
CKpenJsiiollasi aTOMbl B pPa3HbIX MX KOMOHHaLMAX; OHa, HampH-
Mep, U peliaer, GbiCTpee HJIH MelJieHHee HauyHeT PacTBOPSATHCA
COJIb MpH HarpeBaHWH. [Ipyro#l ke copT CHJ— 3TO B3auMoped-
CTBHe HAa [aJieKHX DAacCCTOSIHUAX — MPHUTSAXKeHHe, CIOKOHHOe H
N/1aBHOE; OHO MeHsieTcsl O06paTHO NpPOMOPUHOHAJNLHO KBaapaTy
pPacCTOSHUA H MMEHYeTCs TAeOTeHuem, WM epasurayueti, 3aKOH
ee usBecTeH M npoct. Ho nouwemy tena ocraiorcs B ABHKEHHH,
HauaB JBHTraTbCsl, HJIH OT4€20 CYILEeCTBYyeT 3aKOH TATOTeHHs —
3TO GBbLJIO HEH3BECTHO,
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IMpononkaeM Haue onucaHue npupofabl. C 3TOH TOYKH 3pe-
HHUS ras, Kak, BIpoyeM, U B8cCe BellleCTBO, 3T0O MHpPHAAbl ABHXKY-
muxcss yactul. TakuM 06pa3oM, MHOroe M3 YBHIEHHOrO HaMH
Ha MOpCKOM Oepery Temepb 3alNpocTO YBA3HIBaeTc B eIHHOe
nesoe. JlaB/ieHHe CBOOUTCS K yAapaM aTOMOB O CTEHKH; CHOC
aTOMOB (HMX ABHXKeHHe B OJHY CTOPOHY) —3TO BeTep; XaoTuue-
CKue BHYTPEHHHE [BHXEHUS — 3TO TenAora. BoJHB — H36BITOK
JlaBJIEHHs, MeCTa, rae co6pasoch CJAHUIKOM MHOrO YacTHL; pasJe-
Tasicb, OHM HAarHeTalOT B HOBBIX MeCTaX TaKHe Xe CKONJEeHHUS
YacTHIl, 3TH BOJIHBI H36GBITKA MJIOTHOCTH CYTb 38yku. [1oHATH Bce
3TO OBLJIO HEMaJIOBaXKHBIM JOCTHXKEeHHEM (KOe O u4eM Mbl YyxkKe
nUcaau B NMpeabiayliedl riaase).

Kakue copra uactun cymectyloT? B TO BpeMsi cuHTaJOCh,
yT0 uX 92; BoceMbiecsT NeBAATb THIOB aTOMOB ObIJIH K TOMY
BpeMeHH OTKPBITH. Ka)Xablil THN HMes cBOe Ha3BaHHe,

Hanelie Bo3HHKaNa npobseMa: 4To Takoe cuabt 6auskodeti-
creusn. Ilouemy atoM yriepoga NpUTATHBAeT OAMH, B Jy4ylleM
c/lyyae [Ba aToMa KHCJOpO.Ia, 'HO He OoJiee? B ueM MexaHu3M
B3aUMOJEHCTBUA MeEXAY aToOMaMu? YK He TArOTeHUe JH 3TO?
Her. OHo uepecuyp cna6o nasi storo. Hapo npeacraButh ceGe
CHJY, CXOIHYIO C TATOTEEMEM, TOXe 06pPaTHO NPONOPIHOHAIBHYIO
KBaZlpaTy pacCTOSIHUA, HO HecpaBHEHHO GoJiee MOIUIHYIO. Y Hee
ecTb elle OJHO OT/MIHYHe. TAroreHue — 3TO Bcerga MNPHTSKEHHE;
JNOMYCTHM TeNepb, YTO GbIBAIOT «NpeAMeThl» 0808K020 COPTA, U
3Ta HOBas cuja (UMeeTcsl, KOHEYHO, B BHAY 3JEKTPUYECTBO)
o6/najgaer TaKUM CBOHCTBOM, YTO OJHHAKOBbIE COpPTa OTTAAKU-
8ar0TCcA, a pasHble npurazugarorca. «Ilpeamers, Hecylluii ¢ codoil
3T0 CHJIbHOE B3aHMOJEHCTBHE, Ha3bIBAETCA 3apA0oM.

Uro xe Toraa nonydaerca? IlosoxuMm, 4to ABa pasiHYHLIX
copra (MJIIOC H MUHYC) NPHJIOXKEHLI APYr K APYry BIJIOTHYIO.
Tperu#t 3apsang Haxomurcs Baajeke. IToyyBCTByeT JIH OH NpHTHA-
Kenue? [IpakTuuecku HeT, eCJId MepBble 1BAa OAHHAKOBHI MO BeJH-
YHHe: MNpHUTSXKEHHe OLHOr0 M OTTAJKUBaHHe ADYroro ypaBHOBe-
cATcsA. 3HAYUT, HA 3aMETHHIX PacCTOSHUAX CHJIa oueHb MaJja. Ho
KOTJa TpeTHH 3apsii npubAU3UTCA BAAOTHYO, TO BO3HUKHET
nputascerue: OTTaJKHBaHHE ONHOPOAHBIX 3apSANOB H MPHUTSAXKEHHE
pPa3sHOPOAHBIX OYAYT CTPEMHTbCA CBECTH MeXAy cOGOH pasHOpOA-
Hble 3apsibl U yRaJuTh APYr OT [pyra OLHOPOAHHe. B wurore
OTTaJIKHBaHHe OKaxeTcsl cnabee nmputsikenus. Ilo stoft npuumHe
aTOMBI, CJlaraluuecss U3 MOJNIOXHUTEIbHBIX H OTPULATENbHBIX 3aps-
0B, MaJi0 BJHSAIOT APYr Ha JOpyra Ha 3aMeTHBIX PacCTOSIHHSIX.
3aro yxe ecqu OHH COJIU3ATCH, TO CBOGOJZHO MOTYT «pa3rjsibl-
BaTb U3HYTpH» APYr Apyra, nepecTpauBaTb PacnoJOXKeHHe CBOHX
3apAAOB M CHJbHO B3auMonefictBoBaTb. B KOHeuHOM wurore
UMEHHO JAEeKTpuUvecKkas cuna o6bsCHAET B3aUMOAEHCTBHE aTOMOB.
Cui1a 3ta CTO/Mb BeJHMKAa, YTO BCE IUIIOCHI U MHHYCHl OGBLIYHO
BCTYNAIOT B MpPeAeJbHO TEeCHYIO CBSI3b APYr C APYroM: OHH CTA-

42



HYThl HAaCKOJIbKO BO3MOXHO. Bce resa, maxe Hamu coGCTBEeHHbIE,
COCTOAT W3 MeJbYaHUHMX NJIOC- H MHHYC-10JEK, OYeHb CHJbHO
B3aHMOAENCTBYIOLINX ApYyr ¢ ApyroM. KosuuecTBo miocos M MH-
HycoB xopouo c6anaHcupoBaHo. TONbKO Ha MrHOBeHHe CJy4alHHO
MOXHO COCKPECTH HECKOJbKO IIIOCOB HJHM MHUHYCOB (OGBIYHO
MHHYCBHI COCKpe6aTb Jierue); TOrfa 3JeKTpHYecKas CHJa OKaxer-
cil  HeypaeHosewleHHO W MOXHO IOYYBCTBOBATb [AeHCTBHE
3JIEKTPUYECKOrO NMPHUTSKEHHUS.

Yro6bl naTh MpeacTaBleHHe O TOM, HACKOJNbKO 3JIeKTPHYECTBO
CUJIbHEe TArOTeHHs, PAaclOJIOXKHM J[Be IeCYHHKH pa3MepoM B
munnumerp B 30 # onHa ot apyroil. IlycTh Bce 3apsinbl TOJBKO
NPUTATHBAIOTCA M HX B3aUMOZEHCTBHe Ipyr Ha Apyra BHYTPH
TIeCYHHOK He mnoramaercs B3auMHO. C Kako#l CHJIOH 5TH 1Be
NeCYUHKH NPUTAruBaJUCh ObI? C CHJIOH B TpU MUAAUOHA TOHH!
ITonumaere Tenepp, nouemy masetiuieco U3OBITKA HJIN HEXBATKH
NOJIOXKHTENbHBIX HJIH OTPHLATEJbHBIX 3apAA0B JOCTAaTOYHO, YTO-
6bl IPOM3BECTH 3aMeTHOe 3JeKTpuueckoe nefictBue? Ilo Toil xe
NpHUYHHE 3apsXKeHHble TeJla He OTIMYAIOTCH HH MO Macce, HU 1O
pasMepy OT He3apsi)KeHHBIX: HYXHO CJHIIKOM MaJIO YacTHll,
yTO6bl 3apAANTDL TeJO, YTOOBl MOYYBCTBOBATb, YTO OHO 3apSAKEHO.

3Hast BCe 3TO, JIerko GBbIJIO MpeAcTaBUTb ce6e H YCTPOHCTBO
aroma. CunuTasoCh, UTO B LIEHTPE €ro MOJIOXKUTENbHO 3apsKeHHOe
5/IEKTPUYECTBOM OYeHb MaCCHBHOE «SPO», OHO OKPYKEHO HeKO-
TOPBIM YHCJIOM «3JIEKTPOHOB», OU€Hb JIETKHX H 3apsiKEHHBIX OT-
puuarespHo. 3aberass Brmepel, 3aMeTHM, UYTO BIIOCJEACTBHH B
caMoM sfape ObliH OOHapyXKeHbl [OBa poOJa YacTHUI — MPOTOHHI
H HEeHTPOHBI, BecbMa TsxKeJible U ob6sajarmoiue GIH3KHMH Mac-
camu. TIpoTOHBI 3apsi2KeHBl NMOJIOKHTEJbHO, @ HEUTPOHBI HE 3apsi-
XKeHbl BoBce. Korga B simzpe atomMa MMeeTcsl LIECTb NMPOTOHOB H
AP0 OKPYXKEHO IIeCTblO 3JeKTPOHAMH (OTpHUATE/bHBIE YaCTH-
bl OGBIYHOrO MHpa MaTepHaJbHBIX TeJ — BCE 3JEKTPOHBI, OHH
HaMHOTO Jlerye MPOTOHOB M HEATPOHOB), TO 3TOT aTOM B XHMH-
YeCKOH TabJ/iHLe CTOMT NMOA HOMepOM 6 M Ha3biBaeTcsi YrJepoaoM.
AtoMm, umeromuii HoMep 8, HasbIBaeTCH KUCJAOPOAOM, M T. A. XH-
MHYECKHe CBOHCTBA 3aBHCAT OT BHELIHel 060404KU — 3JIEKTPO-
HOB, a TOYHEe, TOJbKO OT TOr0, CKOAbKO HX TaM; BCE XUmuuecKue
OCOGEHHOCTH BelllecTBA 3aBHCAT OT OJHOrO-eJHHCTBEHHOrO 4HC-
Jla — KOJIH4ecTBa 3J1eKTPOHOB. (CnHCOK Ha3BaHWH 3JIEMEHTOB,
COCTaBJIEHHHIH XHMHKaMH, Ha CaMOM [eJle MOXeT OHTb 3aMeHeH
HyMepauuedt 1, 2, 3 u 1. 1. BMecTo TOro yTo6bl rOBOPHTH «YyrJe-
Poa», MOXKHO OblIO Obl CKa3aTb «3JIEMEHT IIeCTb», IOAPa3yMeBas
uecTb 3/eKTpoHOB. Ho, KOHeuHO, Koraa OTKpLIBAJHM 3JIEMEHTH,
He MOJ03peBaH, YTO HX MOXKHO TaK NPOHYMEPOBaThb; K TOMY Ke
HMEHOBaTb HX MO HOMepaM He oueHb yAOGHO. Jlyuuie, yTOGHI
Y Kaxa0ro U3 HHX OblJ10 COGCTBEHHOE HMSI H CHMBOJI.)

WM ewe MHOroe apyroe crano u3BecTHO 06 3JEKTPHYECKO#H
cuite. EcTecTBeHHO GBIIO 6Bl TONKOBAaTh 3JEKTPHYECKOE B3aHMO-
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HIefCTBHE KAaK MPOCTOe NPHTAXKEHHe NBYX MNpPEIMETOB, MOJIOXKH-
TeJIbHO M OTPHLATE/bHO 3apsiKeHHBIX. ONHAKO BHISICHHJIOCH, YTO
TAKOH MOAXOA IJIOXO MOMOraeT YSICHEHHIO NPHPOABI 3JEeKTpHYe-
ckoit cuanl. TonkoBanHe, Goslee OTBeuaollee NOJOXEHHIO Bellled,
TAKOBO: KOrfa TrAe-TO HMeeTcsl NOJIOXKHTEJIbHHH 3apsii, TO OH
MCKPHBJIieT B KAaKOM-TO CMbICJle MPOCTPAHCTBO, CO3[Ja€T B HEM
HEKOTOpOe yCJI0BHEe IS TOro, yroObl MHHYC-3apAM, NMOMEIIeHHBIH
B 3TO NMPOCTPAHCTBO, OHIYTHJ JdeHCTBHE CHJb. DTa BO3MOXHOCTb
NOpOXJAaTh CHJBl Ha3biBaeTcs 3aekTpudeckum nosem. Korma
3JIEKTPOH INOMelleH B 3JeKTPHYeCcKoe MoJje, Mbl TOBODHM, 4TO
OH «mpuTsAruBaercsi». [Ipu 3ToM neficTBylOT ABa mpaBuja: a) 3a-
pALB CO3JAlOT MmoJie U 6) Ha 3apsibl B noJje AeHCTBYIOT CHJIBI,
3acTaBisf HX ABHratbes. IIpuumHaA 3TOrO cTaHer ficHa, Korja
Mbl pasbepeM cJefyloliee siBjeHue. Ecau Mbl 3apsaguMm Teuo,
CKaXeM pacyecKy, 3JeKTPHYeCcTBOM, a 3aTeM MOJIOXHM psSaOM
3aps2KeHHBIH KJO4YOK GymMard ¥ HayHeM BOAMTb pacueckodl B3aj
H Brnepel, To Gymara OyleT Bce BpeMs NOBOpPauYMBaTbCA K pac-
yecKe. YCKOpHUB JBHXKEHHE DaCyecKH, MOXKHO OOGHApyXKHTb, YTO
6yMara HeCKOJbKO OTCTaeT OT ee NBHXKEHHs, BO3HHKaeT 3anas-
Ovisarue Oelicréus. (CnepBa, KOria Mbl BOJAHM pacueckol Men-
JIEHHO, [eJI0 YCJOXHSEeTCH MasHeTu3mMom. MarHuTHble BJIMSHHUA
NOSBJAIOTCSA, KOTAA 3apsaibl 08udcyrcs Opye OTHOCUTEAbHO Opyea,
TaK YTO MAaTHUTHble U 3JIEKTPHYECKUE CUJIbI B JEeHCTBUTEJNbHOCTH
MOT'YT OKa3aTbCs NPOSABJEHUAMH OJHOrO H TOro XKe MoJjs, ABYyMs
CTOPOHAMH ONHOrO H TOTO Xe siBJeHHs. F3MeHsIOLLeecs 3/IeKTPH-
4yecKoe MoJie He MOXeT CYyLIeCTBOBATb 6€3 MarHHUTHOro AeACTBHUS.)
Ecnu Gymary otonBHHYTb, 3ama3fibiBaHHe BospacrteT. M Torna
HaOJaofaeTcsl HHTepecHas Bellb. XOTA CHJA, AeHCTByOILas
MeX1y HAByMsl 3apSXKeHHBIMH TeJaMH, H3MeHseTcd Oo6paTHO
Keadpary paccTOSHUA, NpH KoJeGaHUAX 3apsia ero BJHSHUE
npocTupaeTcs HAMHO20 Oaabule, YeM MOXHO GBIJIIO OXHIATh.
DTO 3HAYHUT, YTO OHO YMEHbIIAaeTcsl MeJJIeHHee, yeM IO 3aKOHY
06paTHHIX KBaJpaToB.

UTo-TO MoXoxKee HAa 3TO MPOUCXOIHT, €CJAU B GaccefiH C BO-
[0# GpOlIeH NOMJMaBOK; MOXHO NMOAeHCTBOBATb HAa HErO «HENMOCpea-
CTBEHHO», O6pOCHB B BOJdYy NOGJM3OCTH [PYrofl NOMNJABOK; NpHU
3TOM €CJIH BBl CMOTPeJIH TOAbKO HG nonaasku (He Ha BOAy), TO:
Bbl YBHUJMTE JIHLIb, YTO OAMH M3 HHX CMECTHJICS B OTBET Ha MIBH-
XKEHHsI JPYroro, T. €. YTO MeXJAy HHMH CYLIeCTBYeT KaKoe-TO
s3aumodelicréue., A Belb 1eJO TOJBKO B TOM, YTO Bbl B3BOJIHO-
BaJil 600Y: 3TO 8004 IleBeJbHy/Ja BTOPOH momiaBok. K3 sToro
MOXKHO Jaxe BHIBECTH «3aKOH»: eCJH IIeBeJbHYTb YYTh-4yTh
NOMJIaBOK, BCe COCeJHHEe NOMJaBKM 3auleBensitcd. Byap nomsa-
BOK Mojajibille, OH Obl eABa MOKAaYHYJCH, Beb Mbl BO3MYTHJIH
NOBEPXHOCTb BOABI OAHH pa3 U 8 o0Hom mecTe. Ho korma Mul
HayHeM HeNpepHiBHO MOKAYyHWBaTh [MOIMJABOK, BO3HUKHET HOBOE
siBJIeHHE. MOGEeryT 80AHbLL M BJIMAHHEe KoJeGaHHH MOIJIaBKa pac-
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NPOCTPAHUTCS HaMuoeo Oasvuwe. D10 OyleT KojeGaTeqbHOE
BJHUSHHE, U YXK ero He OOBACHUTb NPSAMHIM B3aHMOAEHCTBHEM
NOnJaBKoB. MBIC/Ib O HEMOCPeACTBEHHOM B3aMMOINEHCTBHH MpH-
JIETCS1 3aMeHHTb NPEANOJIOXKEeHUeM O CYLIeCTBOBAHHH BOJAHI HJIH,
AN 9JIEKTPHUYECKHX 3apsAdO0B, TOro, 4TO Ha3blBaeTcsl 34eKTpomae-
HUTHbIM noaeM.

Tabauya 2.1 [ 3JIEKTPOMATHUTHbIV CIIEKTP

YacToTH, 24 Haspanne nof&'ﬁ:,ie
102 OnexkTpuueckue Boamyte-  Ilose
HHASA
5.105—5.10° PanuosonHu ]
108 YabTpakopOTKHE BOJHH H
TeJleBUAeHHE Bosuer
1010 Panuonokanus
5.10'4 —5.1015 Caer )
1018 PeHTreHOBCKHE sy4H
102t Famma-nanyuenne (samep-
Hoe)
10%4 Iamma-nanyuenne («<ackyc- } Yactumsr
CTBEHHOEY ) '
10%7 lamma-usnyyenne (8 Koc-
MHYECKHX JyuYaX) ]

DJIeKTPOMArHUTHOE MOJIe MOXeT MepelaBaTb BOJIHBI;, ONHH
BOJIHBI — 3TO CBeTo8ble, Npyrve — paduosoatsl, obliee Xe HX
Ha3BaHHe JAEKTPOMAzHUTHble 804aHbL. YacTora KoJeGaHHE 3THX
BOJIH pa3Has. TOAbKO 3Tum OHM M OTJIHYAIOTCH OLHA OT APYroi.
Bce yaile u yamle xone6ss1 3apsil BBepX-BHH3 M HaGaionas 3areM,
4TO MOJIYYHTCH, MBI YBHAHM pa3Hble 3 deKThl; Bce OHH MOT'YT GBITh
CBefleHbl B eIUHYI0 CHCTEMY, €CJIH NPHUCBOHTb KaXXJOMY HOMep —
yucao KoseGaHuil B cekyHAy. OObl4HbIE MOMeXH OT TOKa, TeKy-
Ilero Mo MpoBOJaM B XHJIBIX JOMaX, HMEOT YacTOTy MOPSIAKa
cOTHH KonebaHu#t B cekyHay. IloBwicuB uactory mo 500—1000 xu-
aorepu (1 xey = 1000 KoneGaHuit B CeKyHAY), MBI U3 KBapTHUDPHI
BHIileM «Ha BO3AyX», MOTOMY 4YTO 3TO — 00J1acTh pPaAHO4acCTOT.
(Bo3dyx 3necb, KOHeuHo, HA npu 4eMm! PaanoBosHbl pacmpocTpa-
HAIOTCS U B 0G€3BO3AYILIHOM NpPOCTPaHCTBe.) YBe/JUYHUB ellle ya=-
CTOTHl, MBI J0oGepeMcsi A0 YJIbTPaKOPOTKHX BOJIH H TeJIeBUAEHHS.
3areM NOAAYT COBCeM KOPOTKHe BOJIHHI, X Ha3HadeHHe — paduo-
sokayus. Eme nanbllle, H HaM yXe He HYXXHO MpPHGOPOB, 4TOGHI
perucTpUpOBaTh 3TH BOJIHBI, HX MOXHO BHJAETb HEBOODYXeHHBIM
ranas3oM. B mosoce gacror or 5 - 10% go 5. 1015 ey xonebaHus
3apsXKeHHON pacdecKu (ec/JH HaJOBYHTBCS TaK OLICTPO BOAHTDH
el0) mnpeactaJu Obl MNepel HaMHM B 3aBHCHMOCTH OT 4acCTOTHI
KaK KpacHblil, rony6oii uiu ¢uoseToBHil cBeT. HacToTH ¢ OQHOH
CTOPOHBl TOJIOCH HAa3BIBAIOTCS HHQppPaKpacHHIMH, a C APyrod —
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yabrpaguoneToBeiMH. TOT ¢akt, uTo MBI CnOCOOHBH BHAETh Ha
onpeleseHHBIX 4acTOTaX, C (PU3NUECKON TOYKH 3PDeHHs He Jesaer
3Ty 4acTb 3JIeKTPOMArHUTHOro crnekrpa GoJjiee Bneyartasioulel, HO
C ueJIOBeYeCKOH TOYKH 3peHHs 3TO, KOHEYHO, camMasi HHTepecHas
yacTh cnektpa. [Ipoasurasch no yacrtore elle naJblie, Mbl NOJY-
YUM PEHTreHOBCKHe JIYYM; 3TO BCero JIMIUb BBICOKOYACTOTHBIH
cBeT. A elle naJjbllle noifer ramma-usnydyenne (ra6a. 2.1). am-
Ma-u3jyyeHHe M PEHTreHOBCKHE JIyyH — MOYTH OJHO H TO XKe.
OG6BIYHO Te 3JIeKTPOMArHUTHBIE BOJIHBI, KOTOpbIE HCXOAST OT
siflep, Ha3bIBAIOT raMMa-H3JyYyeHUeM, a Te, KOTOpble HCXOOAT OT
aTOMOB, — PeHTTeHOBCKHMH Jy4aMH, HO eCJH HX 4acToTa COBNa-
naeT, TO (U3HYECKH 3TH BOJIHHI yXKe He OTJHYHIIDb, KAKOB Obl HH
ObIJT UX HCTOYHHK. BoOJIHBI elre 6ojiee BBICOKHX YacCTOT, CKaXKeM
10% 2y, MOXHO, OKa3biBaeTcs, NOJyYaTh HCKYCCTBEHHO, Ha YCKO-
purensx; Ha cuHxporpoHe B KAJITEXe yMeloT 310 menarts.

M HakoHel, HecNBIXaHHO BBICOKHE YacTOTHl (B ThICAYy pa3
6oJbllie) OOHAapYKHBAIOTCA fAajlee B BOJHAX, NMPHCYTCTBYIOIHX B
KOCMU4ecKkux ay4ax. DTH BOJHBI Mbl yXXe He yMeeM KOHTpPOJHPO-
BaTb.

§ 3. Keanrosas pusuxa

Mbi onucanu 371eKTpOMarHUTHOE MOJie U MOHSJIH, 4YTO OHO MO-
KeT NnepefaBaTbcs KakK BoJHBL. Ceiffyac MBI YBHAMM, YTO Ha ca-
MOM JeJie 5TH BOJIHB BelyT cebs OueHb CTPAHHO: OHH OTHIOAb He
NOXOXH Ha BOJIHBL. Ha BBICOKMX yacTOTax OHHM ropas3no GoJblie
cmaxuBalT Ha 4acruybll Hayka, xoropas ymeeT OOBACHATbH Ta-
KOe CTPaHHOe [MOBeleHHe, — KBAHTO08AA Mexanuka — Obl1a H30-
6perena Bckope nocse 1920 r. Eme 10 sToro npuBbIYHYIO KapTHHY
TPEXMEPHOTO NPOCTPAHCTBA U OTAEJNbHO CYIIECTBYIOLIEr0 BpeMeHH
U3MeHH DHHUITEHH; cepBa OH NpPeBPAaTHJ ee B COYeTaHHe, Ha-
3biBaeMoOe «IMPOCTPaHCTBO-BpeMsl», a IOTOM, 4YTOOH OOBACHUTDH
TATOTEHHe, — ellle H B «UCKPUBAEHHOe NPOCTPaHCTBO-BpeMsx». Ta- .
KuM 00pa3oM, «CLieHOH» CTaJI0O yXKe NpPOCTPaHCTBO-BpeMs, a TH-
roTeHHe, NO Bceil BEPOATHOCTH, 3TO BHAOM3MCHEHHOE MPOCTPaH-
CTBO-BpeMsl.

A 3areM BBISICHHJIOCH, YTO H 3aKOHBl [BHXEHHS YacTHL
HeBepHLl. MexaHHUeCKHE 3aKOHbl «HHEPUHH» H «CHJBI», 3aKOHBI
HbloToHa — Bce OHH OKa3aJUChb HenpuzoOHbLMU B MHpE aTOMOB.
Bris10 06HapyXKeHO, YTO NoBefleHHe MeJbYailluX TeJlell Huuem He
HanomuHaeT TOBeNeHHS OGBIYHBIX, Gosbiux Tes1. KoHeuHo, ¢u-
3HKa OT 3TOr0 CTAHOBHUTCS TPyAHEe, HO 3aTO HaAaMHOTO HHTepec-
Hee. TpynHee moTomy, 4TO NoBeleHHe MaJbIX TeJlel COBepIUEHHO
«HEeeCTeCTBEHHO»; OHO NPOTHBOPEYHUT HAlleMy ONbITY, OHO BOOG-
Ile HH Ha YTO He MOXOXKe M ero Heslb3sl OMHCaTb HHKAKHM HHHIM
nyTeM, KpOMe aHaJHMTHYeCKOro; a Belb 3TO Tpebyer GOJbLIOrO
BOOGpaKeHHs.
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MHoro ocoGeHHOCTel ecTb Y KBAHTOBOH MeXaHHKHU. B nepayio
ouepeb OHAa 3ampellaeT CYUTaTh, YTO YacTHIA MOXET [BH-
raTbcs yepes onpejesieHHOe TOYHO YKa3aHHOe MeCTO C ONpejleseH-
HO{ TOYHO YKa3aHHOH cKopocTbio. UTOGH MOKa3aTb, HACKOJbKO
omun6oyHa oGbIYHAs MeXaHHKA, OTMETHM, YTO B KBaHTOBOH Mexa-
HHUKe MMeeTcs MPaBHJIO, COrJIaCHO KOTOPOMY HHKTO B OJHO U TO
JKe BpeMsi He MOXeT 3HAaTb M MeCTO U OGLICTPOTY IBHUXKEHHS ya-
ctuubl. HeonpenenerHocTh B MMIyJ/ibce W HeONpeaeNeHHOCTb B NO-
JIOXKEHHH YaCTHIBl JOMOJHAIT APYr Apyra: UX NpOH3BeJeHHe IO-
CTOSIHHO. MBI NMOKa HanuileM 3TO NMpaBuio B Buie AxAp = h/2=n,
He BHHKasg B NOAPOOGHOCTH. DTO MNpaBUJO NpeAcTaBiaseT cOGOH
oGbICHEeHHe TAWHCTBEHHOrO MNapajoKca: pa3 aTOMbl CHAeJNaHbl
M3 IUIIOC- B MHHYC-3apsiloB, OTYero OBl MHHYC-3apsilaM IpOCTO
He ycecTbc Ha NJIOC-3apsibpl (OHM Belb NPHTATHBAIOTCA), OT-
yero 6bl UM He COJH3UTBCA OO TOrO TECHO, YTO OHH IOracAr
apyr npyra? ITouemy aromoet croab seauxu? Ilouemy siipo Haxo-
IUTCA B LIEHTPE, a 3JIeKTPOHE — BOKPYr Hero? CnepBa oGbSCHAIM
3TO TeM, YTO AP0 OYeHb BENHKO; HO Bellb 3TO He TaK, OHO O4eHb
mano. [uamerp aroma npumepHo 108 cm, a sgpa — uto-TO
okosio 1013 cu. Uto6wl yBUAETH AAPO, HafO GbIIO GBI aTOM YBe-
JHUYUTBL O pa3MepoB KOMHAThl, U TO AAPO KasaJjochb Obl MaJio-
CeHbKHM, eJIBa-eflBa Pa3JHYNMbIM NATHLILIKOM; NPH 3TOM BCe XKe
NOUYTH 8ecb 8ec aToMa NMPHUXOAUJICA Gbl Ha GeCKOHEYHO MaJleHbKoe
adpo. Ho moueMy e 3JIeKTPOHBl He MajalT HAa Hero? A BOT
M3-3a TOrO XKe NMPHHUHNA HeOonpeleNeHHOCTH: eclH 6 3JIeKTPOHLI
OKa3aJiMcb B Afpe, Mbl Obl OYeHb TOYHO 3HAJH HX INOJNOXKEeHHe H,
CJIelOBaTeJIbHO, HX HMIYJbC HeNPEeMEeHHO NOJIKeH Obla Obl CTaThb
ouyeHb 60abuwium (HO HEONpeNesNeHHBIM), a, 3HAUUT, KUHETU4eCKAs
sHepeus TOXe pe3ko Gbl Bo3pocsaa. C Takoil sHeprueil oH Gbl BHI-
cKkouns M3 sgapa. HemynpeHno, urto si4po uieT Ha corjalleHHe C
3JIeKTPOHAMH: OHH OCTaBJAIOT cefe KaKoe-TO MeCTO MJId 3TOH
HeOonpefe/IEeHHOCTH U 3aTeM KOJIeGJIIOTCA ¢ HEeKOTOPHIM HaHMeHb-
KM 3aMacoM ABHXKEHUS, JIUIb Gbl He HApPYLIHUTb 3TOTO NpaBHJA.
(BcnomuuTe ellle, 4TO KOrja KpHCTa/lJ OXJaxOeH N0 abCoMOT-
HOTO HyJs, Mbl CYMTaeM, YTO aTOMBl BCe XXe He NpeKpallaioT
CBOEro ABHXKeHHS, OHU Bce elle KoseOsotca. [loyemy? [la ecau
6bl aTOMBl GCTAHOBMJIHMCH, Mbl Gbl 3HAJH M TO, YTO OHH CTOSAT, U
rje CTOAT, a 3TO NPOTHBOPEYHT NPUHLUNY HeompeneJeHHOCTH. Mbl
HE CMeeM 3HATb U Ile OHH U CKOJb GBICTPO ABUXKYTCS, BOT aTOMbI
H BBIHYX/1eHbl GeCHpephBHO APOXKAaThb!)

A BOT apyroe HHTepecHeiillee U3MeHeHHe B HAeAX M (GHIOCO-
¢GuM HayKH, OCyLIecTBJIeHHOe KBAHTOBOH MeXaHHUKOH: HEBO3MOXHO
HUKOrJa NpeacKas3aTb TO4HO, YTO INPOH30HIAeT B KaKHX-TO 06-
croAreabcTBax. Hanpumep, MOXXHO NMpPUrOTOBUTD aTOM, CIIOCOGHHII
H3JIyyaTb CBeT; MOMEHT HCNYCKAaHHsS CBeTa Mbl MOXeM 3aMeTHTb,
noiiMmaB oToH (mpuaeT BpeMs, Mbl moroBopuM 06 3toMm). Ho MbI
He MOXeM IpelcKa3aTbh, Koeda OH coGHpaeTcss H3JNYYHTb, HJIH
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€C/IH aTOMOB HECKOJIbKO, TO KAKOU M3 HHX HcIyCTHT cBeT. Moxer
GbITh, NMO-BallleMy, BCe 3TO H3-3a TOTrO, YTO B aTOMax ecTb KakHe-
TO BHYTPEHHHE «KOJIECHKH», KOTODBIX MBI ellle He pa3ryisfenu?
Her, B aTomMe Her norailHBIX KoJiec;, NMPHpPOda, HAaCKOJbKO MBI ee
CeroflHs NOHMMaeM, BefleT ce6sl TaK, UTO NPUHYUNUAABHO HE803-
MOXCHO JesNaTb TOYHble NpPENCKa3aHHSA O TOM, 4TO UMEHHO npou-
30i0eT B JaHHOM ombiTe. YXXacHO, He mpaBaa au? Benb ¢umoco-
¢b mpexje Bcerfa Hac yYuJH, YTO OJHO H3 OCHOBHBIX aTPHOYTOB
HayKH, HEOTHAEeJUMBIX OT Hee, — 3TO TpeGoBaHMe, YTOOH B OIH-
HAKOBBIX YCJOBHSIX BCerfia NPOHUCXOAHJIH ONHH U Te XKe COOHITHA.
Ho 310 npocto xesepro, 3TO 808ce He OCHOBHOe YCNOBHE HayKH.
Ha camom pmene B paBHBIX OGCTOATENBCTBAX OAMHAKOBHIE COOBI-
THS1 He NMPOHCXOASAT, NpeACcKa3aTb HX MOXHO TOJBKO B CpefHeM,
TOJIBKO CTaTHCTHYecKH. M Bce-Takm Hayka ellle He cOBceM IO-
rubaer.

Kcratn, ¢unocops nmopoit MHOro roBOpAT O Bellax, cosep-
ULeHHO Heo6xo0umblx HayKe, W ITO Bcerfa, Kak MOXHO B TOM
y6enuTbCcsl, BeCbMa HaHBHO H, MO BCeH BHIMMOCTH, OLIMOOYHO.
K upumepy, HekoTopele ¢uaocodpsl, U He TOJBKO (PHAOCOPH,
yTBepXKAaaH, YTO NJS Hay4YHBIX OTKPBITHH CYUIeCTBEHHO, 4TOOHI
ONMH H TOT XK€ ONBIT, CAeNaHHbIA, ckaxeM, B CTOKroibMe u B
Kuro, npuBonun kK odrum u Tem e pesynbrataMm. Ho Bedb 3To
abcosoTHO HeBepHO. s Hayku 3TO yCJOBHe HeO6S3aTeNbHO;
OHO MOXeT OBITb YCTAHOBAEHO NOCAE ONnbITA, HO HeJb3sl 3TOro
Tpe6oBaTh 10 onuita. Ecan, Hanpumep, B CTOKrosibMe mnpojenaH
ONBIT MO HAaGJMIOAEHHIO CEeBEPHOTO CHSIHHA, TO C KAKOH CTaTH OH
noJkeH ynactbest B Kuto? Bol TaM M cHsiIHUA-TO He yBuaure. «Ho
3TO ACHO, — cKaxere Bbl. — Huuero uHoro u He MorJio GbiTh, pa3s
BBl HCCJIefyeTe YTO-TO BHELIHee, JajJeKoe OT Hac. A BOT BH 3a-
Geputech B CTOKrosbMe B SIIHK H 3aKpOHTe B HEM LUTOPKH, OLLY-~
THTe JH BB TOrAa XOTb KaKoe-HMOyAb paaauuue?» DBeccrnopho.
IToxBecbTe B fAllMKe MasAITHHK Ha LIaDHUPHOM MOjJBece, €ro mJio-
CKOCTb BO BpeMs KauaHH# HayHeT B CTOKrojibMe MeAJIEHHO IO-
BOpauuBaThcs, a B KHTO— Her, XOTA IUTOPKH M TaM H TaM
onyueHsl. U sTot dakr BoBce He npuBelleT K rubenu Hayku. Benp
8 4em ee OCHOBHOe NpelnoJoxeHHe, ee QyHAaMeHTaJbHas ¢H-
Jocopus? Mul yxke ckasaau o6 3ToM B ra. l: eduucreennoe me-
puro cnpasedausoctu aw0boli udeu — 3ro onwvir. Ecau Bbisc-
HAeTcd, YTO OOJIBLIMHCTBO 3KCNepHMeHTOB B KHTO mpuBomsT K
TOoMy Xe, ut0 H B CTOKrojpMe, TO H3 3TOrO «GOJIBLIHHCTBA
3KCMEePHMEHTOB» MOXHO BBIBECTH OOLIMH 3aKOH, a NMPO Te 3KcCIle-
PHMEHTHI, KOTOPble He NPUBOAAT K ONHHAKOBBIM pe3yJbTaTaM, Mbl
CKaxeM, UYTO Ha HHX TNOBJHAJ XapaKrep MecTHocTH 6su3 CTOK-
ronbMa. Mbl MOXeM Pa3HBIMH COCO6aMH NMOABITOXHUBATH OMNBITHI,
HO NMYCTb Hac npex/Je BpeMeHH He yuyaT, YTé 3TO 3a crmocoOHhl.
Ecau HaM roBOpAT, YTO OJHU M Te XKe ONBITH BCerga IOJKHBI
TNPHUBOAUTD K OJHHM M TeM Xe pe3yJbTaTaM,— STO NPeKpacHo;
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HO KOrja npoBepKa MOKaxeT, YTO 3TO He Tak, CTajo ObITb, 3TO
He Tak. BepbTe TONIBKO CBOMM rjla3aM, a MpOYHe CBOH HaeH ¢op-
MyJUpYyiHTe yXKe Ha OCHOBE ONBIT2.

BepHeMcst onsiTb K KBaHTOBOH MeXaHHKe M K OCHOBaM ¢u-
3uKH. MBI He 6ymeM noka BXOAMTb B JeTajJU KBaHTOBOMeXaHHue-
CKHX NPHUHLHUIOB, UX HE TaK NPOCTO MOHATb. MBIl HX NMPOCTO MpH-
MeM, KaK OHHM eCTb, a OCTAaHOBHMCSl Ha KOe-KaKHX HX CJeICTBHSX.
BOT OXHO W3 HHUX: TO, YTO MBI OGBIYHO CUHTAEM BOJHAMH, MOXKET
BECTH ce6sl KaK 4acTHILla; YacCTHIH Xe BelyT ce6s KaK BOJIHLI; TO
J)Ke OTHOCHTCA M K JI0ObIM TesaM. MexAy BOJHOH H yacTHlel
npocTo HeT pa3nuuus. KBaHTOBass MeXxaHHKa 06vedutseT HIel0
[oJIsl, BOJIH NMOJSA M 4yacTHIl B OfHO. IIpu HM3KHMX 4YacToTax BOJ-
HOBble CBOHCTBAa MNpOABJAIOTCA G6oJiee SBCTBEHHO H INO3TOMY
0Ka3blBalOTCS MoJe3Hee A/1S1 NPHOJHKEHHOrO ONUCaHUs B o6pasax
Hallero noscegHeBHoro oneoita. Ho mo mepe Ttoro, Kak yacroTa
BO3pacTaeT, CTAHOBHUTCA BCe OYeBHIHee, UTO uepe3 NMPHOODHI, U3-
Mepsilolllle Halle sIBJeHHe, NPOXOAUT He BOJHA, a yactuua. Ha
CaMOM Jflesie, XOTS1 MBI M FOBOPHM O BBICOKMX 4aCTOTaX, BOJIHO-
Bble fIBJIEHHs, €CJIM YaCTOTa HX npeBuimaer 10'% ey, 3aMeTUTDb yKe
Helb3sl. MBI TOJNBKO npuxodum K 861800y O HaJHMYHH BBICOKOH
4acTOThl, 3Has HEPTHI0 YaCTHIl M NpeanoJsarasi, 4To BepHa HJes
KBAHTOBOH MeXaHHMKH O 4aCTHIe-BOJIHE.

Bo3HHKaeT K TOMY e U HOBBIH B3IVIiJ Ha 3J€KTPOMAaTHHUTHOE
B3auMofleiicTBue. B fno6GaBjieHHe K 3JIeKTPOHY, NPOTOHY H Heil-
TPOHY MOABJsSETCA HOBasl 4acTuya, HasbiBaeMas @oroHom. CaMo
3TO HOBOe BO33pe€HHe Ha B3aHMOAEHCTBHE 3JIEKTPOHOB H (OTO-
HOB, T. €. 3JIEKTPOMAarHHUTHYIO TEOPHIO, MPAaBUJbHYI0O B KBaHTOBO-
MEeXaHHYeCKOM CMBIC/Ie, HA3BIBAIOT KBAHTOB0U 3AeKTpOOUHAMU-
xoti. DTy ¢GyHOaMeHTaJbHYI0O TEeOpHI0O B3aHMOAEHCTBHUA CBeTa HU
BelllecTBa, HJIK 3JIeKTPHYECKOro NoJsl M 3apslo0B, CJAefyeT CYHTATh
KpYNHeAIIUM NOCTHXKeHHeM ¢usuku. B Helt omHOM TasiTCca riaab-
Hble MpaBHJa BceX OOLIYHBIX SIBJAEHHH, KpOMe TATOTEHHS H sldep-
HbIX npoueccoB. Hanpumep, U3 KBaHTOBOH 3/IeKTPOJHHAMHUKH Bbl-
BOJSTCS BCe M3BECTHBHIE 3JIEKTPUUECKHE, MeXaHUYeCKHe U XHUMHYe-
CKHe 3aKOHBI: 3aKOHBI COyfapeHuit GUIbAPAHBIX IIAPOB, ABUXKEHHS
NPOBOAHHKOB B MAarHUTHOM NOJe, yAe/JbHOH TeNJOeMKOCTH yrap-
HOrO rasa, LBeTa HEOHOBBIX OYKB, MJIOTHOCTH COJIM H PeaKUHH
o6pa3oBaHUs BOABI M3 BOAOpOZAa M KHcjaopoja. Bce sto non-
JaeTcs pacueTy, eCJH YCJAOBHS, B KAaKHX NpOTeKaeT sBJeHHe,
npocTthl. [IpakTUYecKH 3TOr0 HHKOrJa He CJydyaercsi, HO Bce XKe
Mbl 6oJiee HJIM MeHee NoHHMaeM, yTé mnpoucxoaur. M no cero
BpeMeHH He GBIIO HafileHO HH ONHOTO HCKJ/IOYEHHS H3 3aKOHOB
KBAaHTOBON 3JIEKTPOAMHAMUKH, TOJBKO B aTOMHBIX fiipax e€e OKa-
3bIBa€TCA HENOCTaTOYHO; Ja U NMPO HHX MBI HE MOXEM CKa3aThb,
YTO 3/eChb HaGMIONAIOTC KaKHe-TO HCKJ/IOYeHHsl, MPOCTO MBI He
3HaeM, YT6 TaM NPOHCXOIHT,
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Hanee, kBaHTOBasi 3JeKTPOAMHAMHUKA — B NPHHLHUIE 3TO TaK-
JKe TeopHsl Bcell XHMHH M BCeX XXH3HEHHBIX NPOLECCOB, €CJH Npej-
MOJIOXKHTb, YTO XH3Hb CBOLHTCA B KOHEYHOM cyeTe K XHUMHH, a
3HaYHT, U K QU3MKe (caMa XHMHS yXKe cBelach K QH3UKe, H Ta
yacTb QU3NKH, KOTOpash BKJOYaeT B ce6sl XUMHIO, yXKe pa3pabo-
TaHa). Masno Toro, Ta Xe KBAaHTOBas 3JeEKTPOAHHAMHKAa, 3Ta
BeJHYECTBEHHasl HayKa, NMpelcKa3biBaeT HeMalOo M HOBBIX sBJe-
HUi. Bo mepBbiX, OHa roBOPUT O CBOHCTBaX (POTOHOB OUEHb BHI-
COKHMX 3Hepruii, raMma-uanydyenuss u T. 1. OHa mpeiackasana emie
O HO OYeHb OPHTHHAJbHOE SIBJIeHHe, a MMEHHO, 4TO, KpOMe 3JeK-
TPOHA, IO/MKHA CYIIeCTBOBaTb JpPYyrast yaCTHLa C TOH XKe Maccof,
HO C NMPOTHBONMOJIOXKHBIM 3apsANOM, TaK Ha3biBaeMbIHl NO3UTPOH, H
4YTO 3JEKTPOH M NO3UTPOH, NMOBCTPEYaBUIMCh, MOTYT ApYr Apyra
HCTPeOUTDh, U3JYYHUB NPH 3TOM CBET HJIM TaMMa-KBaHTH (4ToO,
COOCTBEHHO, OJIHO M TO Xe; CBCT M y-H3Jy4yeHHe — JIMIb pa3Hble
TOYKH Ha LIKaJle 4acToT).

Ilo-BupuMoMy, cnpaBeasMBO U 0G6GOOLIeHHEe 3TOro npaBHJa:
CYylLIeCTBOBAaHHE AHTHYACTHIL AJ1s JI0GOro copra yacTHl. AHTHYa-
CTHIA 3JIeKTPOHA HOCHT HMMs NO3UTPOHA; Y IPYrUX YacTHIl Ha-
3BaHHS NMPHUCBOEHH! MO JPYroMy NMPHHLHUNY: €CJH YaCTUIY Ha3Balu
TQK-TO, TO AHTHYACTUIYy HA3LIBAIOT AHTU-TAK-TO, CKaXeM, aHTH-
NPOTOH, aHTHHEATPOH. B KBaHTOBYIO 3JIEKTPOAHHAMHKY BKJa[bl-
BalOT Bcero 0s6a 4ucsa (OHH HA3bIBAIOTCSl MAacCoil 3JEKTPOHA H
3apANOM 3JIeKTPOHA) M MOJIaraloT, YTO BCe OCTa/bHbIE YHCIa B
MHpe MOXHO BbIBECTH U3 3THUX ABYX. Ha camom nene, ogHako, 3TO
He COBCeM BepHO, HOO CYIIEeCTBYeT ellle Lies1asi COBOKYNHOCTb XH-
MHUECKHX 4YHCeJ — BeCOB aTOMHbIX siep. MiMu HaMm u cienyer
ceflyac 3aHATbCA.

§ 4. A0pa u uacruyo

U3 yero coctosaT aapa? UeM yacTu fiipa ynepKHBAIOTCA BMe-
cre? OGHapyKeHO, YTO CYLIECTBYIOT CHJIbI OTDOMHOH BeJIMYHHBI,
KOTOpHIe U VAEPXKHMBAIOT COCTaBHbIe YaCTH AApa. Koraa stu cuisl
BbICBOGOXKIAIOTCSA, TO BblAessieMass SHePrusl Mo CPaBHEHHIO C XH-
MHYECKOH 3Heprue#l OrpoMHa, 3TO BCe pPaBHO, 4YTO CPaBHHUTb
B3pPLIB aTOMHOH GOMGbl ¢ B3pbiBOM TpoTHJa. OGbscHAeTcsa 3TO
TeM, YTO aTOMHBIl B3pBIB BLHI3BaH WU3MEHEHHSAMH BHYTPH spa,
TOrfla KaK NpHU B3pblBe TPOTHJA NepecTpauBalOTCA JIHIUb 3JI€K-
TPOHBEI Ha BHelllHell 060JI0UKe aToOMa.

Tak KaKOBHl e Te CHJbl, KOTOPBIMH HEHTPOHH M NPOTOHBL
CKpenJieHbl B sijpe?

DyeKTpHUYeCKOe B3aUMOMAeHCTBHe CBA3LIBAIOT C 4YacTHLEN —
¢oroHoM. AHasoruyHo stomy KOkaBa npeanosIONKHJ, YTO CHJBI
NPHUTSKEHUS] MeXAy NPOTOHOM H HEHTPOHOM 00/1afaloT noJjeM
0co60ro poaa, a Kosie6aHHs 3TOro Nojis BeAyT ce6s KaK YaCTHLHI.
3HauuT, He HCKJ/IOYEHO, 4TO, MOMHUMO HEHTPOHOB H INPOTOHOB, B
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MHpe CYLIeCTBYIOT HeKOTOphle HHBle 4yacTuubl. HOKaBa cymen
BbIBECTH CBOMCTBA 3THX YaCTHIl M3 YyXKe HM3BeCTHBIX XapaKTepH-
CTHK afepHbX cua. Hanmpumep, oH mpenckasas, 4YTO OHH JOJKHBI
umetrb Maccy, B 200—300 pa3 OGoJblylo, uYeM 3JEKTPOH.
N — o, uyno! — B KOCMHUYECKHX JIyyaX KaK pa3 OTKPHIJIH YaCTHLY
¢ rtakoit maccoi! Bnpouem, uyTb noroas BBISICHHJIOCH, YTO 3TO
coBceM He Ta yactuua. Ha3Basu ee pn-Me30H, HIH MIOOH.

M Bce e HecKOabKO momno3xe, B 1947 uau 1948 r., o6Ha-
pYXHJIachb YacTHla — T-Me30H, HJH IHOH, — YHAOBJeTBOPSABLIAS
tpe6oBaHusaM lOkaBbl. Beixoaut, 4ToObl MOJNYUYUTh SAEPHBIE CHJBI,
K NPOTOHY H HeHTpPOoHYy Hamo Ao6aBurb nuoH. «Ilpekpacho! —
BOCKJIMKHeTe Bbl. — C NOMOIIBIO 3TOM TEOPHH MBI TeNepb COOpPY-
MM KBaHTOBYIO SAPOAHHAMHKY, H NHOHBI NMOCJAYXKAaT TeM LeJsaM,
panu Kortopbix ux BBen lOkaBa; nocMorpuM, 3apaGoraer au 3Ta
TeOpHUsl, U ecnu nAa, TO oGbAcHUM Bce». HanpacHele Hapexnbi!
BrisicHunoch, 4TO pacueTbl B 3TOH TEOPHH CTOJb CJIOXKHBI, YTO
HUKOMY ellle He yJaJochb WX NpojesaTbh M H3BJeub H3 TeOPHH
Kakue-1u60 cJeNCTBHS, HUKOMY He Bbilaja yladya CPaBHHTb ee
¢ skcnepumenToM. M taHetca sto yxe nouru 20 Jer!

C Teopueill YTO-TO He KJEHTCS; Mbl He 3HaeM, BepHa OHa UJH
HeT; BIpOYeM, MBI yXKe 3HaeM, 4TO B Hel 4ero-To He MAOCTaer,
4YTO KaKue-TO HeNpaBHJBbHOCTU B Hell Tasrtcs. [loxyna Mbl TonTa-
JIUCb BOKPYT TeOpUH, NpoGyst BBIYHUCJUTDL CJAENCTBUS, SKCHEPHUMeEH-
TaTOPHl 32 3TO BPeMs Koe-uT0 OTKpbliu. Hy, TOT xe n-Me30H, uiu
MIOOH. A MBI 710 cell MOpHl He 3HaeM, Ha 4YTO OH rogurca. OnsAtThb
J)Ke, B KOCMHYECKHX JydyaX OTBICKAaJH MHOXECTBO «JHIUHHX» 4a-
crull. K cerognsmuemy aHio ux yxe cBoiie 30, a CBA3b MEXAY
HMMH BCe ellle TPYIHO YXBaTHUTb, H HENOHSATHO, Yero mpupoga oOT
HHX XOueT M KTO M3 HHX OT Koro 3aBucHT. [lepex HaMu Bce 3TH
YaCTHUBl MOKa He NPeACTAalOT KaK pa3Hble MPOsiBJIEHHS OMHON U
TOM e CYL[HOCTH, U TOT ()aKT, UTO UMeeTCs Kyuya pa3pO3HEHHBIX
YacTHll, eCThb JNHIIb OTPaXKeHHe HaMHuus 6eccBsA3HON MH(POPMaIHH
6e3 cHocHoii Teopuu. Ilocsie HeoCHOPUMBIX yCNeXOB KBaHTOBOH
3/IEKTPOJUHAMUKH — KaKOH-TO Ha6Gop cBeleHHUH M3 siAepHON (H-
3UKH, OOpDBIBKH 3HAHHMH, MNOJYONBITHHX-NOJYyTeOpeTHUeCKHX. 3a-
JlalTCA, CKaxeM, XapaKTepoM B3aUMOJEHCTBHS NPOTOHA C HEHT-
POHOM H CMOTPAT, YTO M3 3TOr0 BbIJeT, He NMOHMMash Ha CaMOM
neje, OTKyda 3TH cuJbl Gepyrcsi. CBepX ONHCAHHOrO HHKAaKHX
0COObIX YyCNeX0B He NMPOU3OLLJIO.

Ho xuMHueckHX 3/leMeHTOB Belb TOXe ObIJIO MHOXecTBO, M
BHE3alHO MeXJYy HUMHU YAaJOoChb YBHAETb CBSI3b, BBIPAXKEHHYIO
nepuoauyeckoit tabauueit Menneneepa. CKaxeM, Kaluil M Hat-
puit — BeulecTBa, GJH3KHe MO XUMHYeCKHM cBOHCTBaM, —B Tal-
JiMlle monaju B OOHMH cTosbell. Tak BOT, monpo6oBaJu COOPYAUTH
tabauny tuna tabaunbl MeHaeneeBa M AJA HOBHIX yactul. OnHa
nogoGHas Tabauia Gblna npensoxeHa He3aBUCHUMO [enn-MaHHOM
B CLUA n Humunkumott B SIinonuu. OcHOBa HX KNacCHPHKaLHH —
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HOBO€ 4YHWCJIO, HamonoOue 3jekTpuueckoro 3apsiza. OHO mpucBau-
BAaeTCsl KaXXAOH 4YacTHlle M Ha3blBaeTCsl ee «CTPAHHOCTbIO» S.
Uucro 3T0 He MeHseTcsl (TaK XKe Kak 3JeKTPHYeCKHH 3apsi) B
peakuusax, NPOU3BOAUMBIX AHEPHBIMU CHIAMH.

B Ta6a. 2.2 npuBeaeHbl HOBHIE 4YacTHLUH. Mbl He 6yaeM moka
noapo6Ho roBoputb 0 HHUX. Ho u3 rtabGauubl no kpafiHeit Mepe
BIJIHO, KaK MaJio MHl elle 3HaeM. [Tox cHMBOJIOM KaXK 10 4acTHLbL
CTOMT ee Macca, BbIpaXKeHHas B OMNpeleJleHHbIX eIMHHLAX, Ha-
3blBaeMbIX Meras/jeKTpOHBOJAbT, HAH Mas (1 Mas — 31O
1,782-10-?7 2). He 6yneM BXomuTb B HCTOPUYECKHE NPHYHHEI, 3a-
CTaBHBILIHE BBECTH 3Ty eAMHHLY. YacTHUB NOMaCCHBHee CTOAT
B Talbaulle nosbilie. B OQHON KOJIOHKE CTOAT YacTHLBI OJHHAKO-
BOrO 3JIEKTPHYECKOrO 3apsiia, HeHTpasibHble — NOCEPeNHHKe, MO~
JIOXKHTeNbHble — HaNpaBo, OTPUIlaTeNbHble — HAJIEBO.

Yacruibl MOAYEPKHYTHl CIJIOUIHOH JIMHHEH, «Pe30HaHChI» —
wtpuxamu. Hekoropeix yactui B TabJuile HET COBceM: HeT ¢o-
TOHAa M TPaBUTOHA, OYeHb BaXXHHIX YaCTHL, C HYJeBLIMH Maccoi
M 3apaJ0M (OHHM He monajalT B 6apUOH-Me30H-JIEeNTOHHYIO CXeM
KJaccupuKalUun), HET U KOe-KaKUX HOBEHIIMX Pe30HaHCOB (o, }/,
Y* n np.). AHTHYAaCTHI Bl Me30HOB B TabJHLle NMPHBOAATCA, a [JIs
AHTHYACTHI JIENTOHOB M GapHOHOB HafO ObLIO OBl COCTaBHTH
HOBYIO TalJIMLly, CXOAHYIO C 3TOH, HO TOJIbKO 3epKaJlbHO OTpa-
JKEHHYIO OTHOCHTEJIbHO HYJIEBOM KOJIOHKH. XOTS BCe YaCTHILHI,
KpOMe 3JIeKTpOHAa, HeHTpPUHO, (OTOHA, rPaBUTOHA M MNPOTOHA,
HEYCTONYMBEl, NPOAYKTHl HX pacrnajla HamuCaHbl TOJBKO AJISI pe-
30HaHcOB. CTPaHHOCTb JIENTOHOB TOXE He HAaNHMCaHa, TaK Kak
3TO NMOHATHE K HUM HENPUMEHHMMO — OHH He B3aHMOJEHCTBYIOT
CHJIBHO C IIPAMH.

YacTulpl, CTOSIIHe HaJ HEHTPOHOM H MPOTOHOM, Ha3bIBAIOT
6apuonamu. dto «aambra» ¢ maccoit 11154 Mag u Tpu npyrue —
«CHUT'MBI», Ha3biBaeMble CHIMa-MHHYC, CHFMa-HYJb, CHrMa-IJioC,
C MOYTH OJMHAKOBBIMHU MaccaMu. [pynnel yacTHI NOYTH OXUHAKO-
BOoll Macchl (otanuue Ha 1—29;) Ha3BIBAOTCA MYyAbTUNAETAMU.
Y Bcex yacTull B MYJbTHIIETe CTPAaHHOCTb OAMHaKoBa. IlepBHiit
MyJbTUIJET — 3TO mnapa (0ybseT) mnpOTOH — HEHTPOH, IOTOM
upet cureaer (ooHHOYKA) nasamMOia, NMoToM — Tpunaer (TpoiKa)
curM, AyO6JeT Kcu W cuHriaer omera-muuyc. Haumnas c 1961 r.,
HayaJi OTKPbIBaThb HOBHIE TsxkeJble yactuibl. Ho wacruyer au
ouu? J)KMUBYT OHM Tak MaJso, pacmnafarmTcs TakK OBICTPO, YTO He-
HU3BECTHO, Ha3BaThb JM HX HOBBIMH YacTHIAMH HJIM CYHTATh
«pe30HAaHCHBIM» B3aMMOMAEHCTBHEM MeXAY HX MNpPOAYKTaMH pac-
najga, ckaxem, A U T npu HeKOTOpPOH (UKCUPOBAHHOH SHEPruu.

JJ1s1 aaepHbIX B3aUMOAeHCTBUH, KpoMe GapUOHOB, HEOGXOMHMbE
ApYyrue 4acCTHIbl — Me30HbL. DTO, BO-NEPBbIX, TPU Pa3HOBHUAHOCTH
NHOHOB (MJIIOC, HYJb M MHHYC), o0pasyioliue HOBHIH TpPHIJET.
Hatinensl u HoBble yacTuubl — K-Me30Hb (310 AyGaer K* u K°),
VY Kaxno# yacTuipl GbIBaeT aHTHYACTHIA, €CJIM TOJNBKO 4YacTHLa
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Tabauya 2.2

[ ] 3JIEMEHTAPHBIE YACTHLIbI
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He OKXa3blBaeTcad csoell COOCTBeHHOU aHTHYACTHLEH, CKaxeMm m*
M 7T — aHTHYaCTHUB APYyr Apyra, a n’—caM ce6e aHTHYaCTHLA.
Autnyactuusl 1 K- ¢ K+, u K° ¢ K% Kpome Toro, mocse 1961 r.
Mbl Haya/ld OTKpbIBATb HOBBlE ME30HBI, HJIH 8p00e-Me30Hbl, pac-
najamlldecs noutd MruHoseHHo. OfHa Takas [IHKOBHHKA Ha3bl-
BaeTcs OMera, o, ee Macca 783, OHa mpeBpalllaeTcss B TPH NHOHA;
ecTb M 1pyroe o6pa3oBaHHe, M3 KOTOPOrO IOJyyaeTcsi mnapa
MTHOHOB.

[Togo6HO TOMY Kak W3 O4YeHb ymauHO#H Tabmauibl MeHpaesneeBa
BHIAJIH HEKOTOpble pelKHe 3eMJH, TOYHO TaK XKe M3 Halel
Ta6JMLbl BbINAJAIOT HEKOTODbIe YAaCTHIB. DTO Te YaCTHILB, KO-
TOpbIe C SIAPaMHU CUJIbHO He B3aUMOJEHCTBYIOT, K SII€PHOMY B3au-
MOMEHCTBUIO OTHOLIEHHS1 He HUMEIOT U MeXAy cO60H CHJIBHO TOXe
He B3aUMOJEHCTBYIOT (MOA CHJIbHBIM MOHHMAETCs MOIUHBIA THII
B3aHMOAEHCTBHUS, JAIOLEro aTOMHYI0 3Hepruio). HaseiBaloTes 5TH
YAaCTHLBI AeNTOHbL, K HUIM OTHOCATCS 3JIEKTPOH (OYeHb Jierkas ya-
cruua ¢ maccoit 0,51 Msg) u mMio0oH (¢ Maccoit B 206 pa3 Goablie
Macchl 3JeKTpoHa). Hackosbko MBI MOXeEM CYOHTb MO BCeEM
SKCIIepUMEHTaM, 3JIeKTPOH U MIOOH Pa3/IMYaloTCs TOAbKO MacCoM.
Bce cBoficTBa MIOOHa, BCe €ro B3aHMOJEHCTBHS HHYEM He OT-
JIHYAIOTCSA OT CBOHCTB 3JIEKTPOHA—TOJIbKO OfHH TAXKeJee APYroro.
IlouemMy OH TsAXKesee, KaKasi eMy OT 3TOTO MOJIb3a, Mbl He 3HaeM.
Kpome HHX, ecTb ellle HEATpaJbHBIA JIENTOH — HelTpPUHO, C Mac-
coit Hynb. BoJsee Tore, ceilyac H3BecTHO, 4TO ecTb 08a COpTa
HeATPHHO: OJHH, CBSI3aHHble C 3JIEKTPOHAMH, a APYrHe — C MIOO-
HaMH.

M HakoHell, CYLIeCTBYIOT €Hle JBe YacTHLBbI, TOXe C AApaMH
He B3aumopeicteyowmue. OgHy MBI 3HaeM Yyxe— 3TO (OTOH; a
eCJId MoJie TArOTEeHHsl TakKxXe o6/laflaeT KBaHTOBOMeEXAaHHYECKHMH
CBOMCTBAMH (XOTS NMOKa KBAaHTOBasi TEOPHUSl TArOTEHUSI He pas-
pa6oTaHa), TO, BO3MOXHO, CYILEeCTBYeT M YacCTHIla TPaBHTOH C
Maccoi HyJib.

Uto Takoe «Macca HyJb»? Macchl, KOTOpble Mbl NPHUBOLHJIH,
3TO Macchl nokoawjuxca yactul. Eciu y yacTuusl Macca HyJb, TO
3TO 3HAYHUT, YTO OHAa He cMeeT nokoursvcs. POTOH HHUKOrjga He
CTOHT Ha MecTe, CKOpPOCTb ero paBHa Bcerga 300000 xum/cex. Mu
¢ BaMu ellle pa3bepeMcs B TeOPHH OTHOCHUTEJbHOCTH H MOIbI-
TaeMcs ri1y6xe BHUKHYTb B CMbICJ NOHATHA MacChl.

HTak, Mbl BCTPETHJIHCD C LeJILIM CTPOEM YacCTHIl, KOTOpble BCe
BMeECTe, N0-BUJIUMOMY, ABJAIOTCA O4YeHb (yHIaMEHTaNbHOH! YaCTbIO
BeltecTBa. K cyacTblo, 3TH YaCTHIB He B8Ce OTJHYAIOTCA MO
CBOEMY B3aHMONEHCTBHIU IpPYr OT Apyra. BuAuUMO, ecTb TOJIBKO
YeTblpe Tuna B3aumopedcTBuit Mexay uuMu. Ilepewncnum ux
B nopsjake yObiBaioUlefi CHJIBL: siepHble CHJIBI, 3JIEKTpUYEeCKHe
B3aUMOJEHCTBHUsA, [-pacnajHOe B3aUMOIEHCTBHE H TATOTEHHe.
®oTOH B3aUMOJEHCTBYeT CO BCeMU 3apsXKEHHbIMHU YacTHULAMH C
CHJION, XapaKTepH3yeMoli HEKOTOPHIM NOCTOSIHHBIM uucsoM 1/137,
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JleTanbHBI 3aKOH 3TOM CBA3HM HM3BECTEH — 3TO KBAHTOBasl 3JeK-
TpoauHamuka. TaroreHne B3aMMOJEHCTBYET CO BCSIKOH 3Hepeuell,
HO 4pe3BbIYalHO cJabo, Kyna caabee, yeM 3jekTpuuectBo. M srot
3akoH H3BecTeH. [TotoM MAyT Tak HasbiBaeMble ciaGhie pacnajhi:
B-pacnan, M3-3a KOTOPOro HeHTPOH pacnajaercsi AOBOJILHO Men-
JIEGHHO Ha NMPOTOH, 3JIEKTPOH H aHTHHeATPUHO. TyT 3aKOH BHISICHEH
JHIIb YacTHYHO. A Tak HasbiBaeMoOe CHJbHOEe B3aHMOAEHCTBHE
(cBA3b Me30oHa ¢ OapHoHOM) o6JajfaeT MO 3TOH LIKane CHJIOH,
paBHOH eqUHMIE, a 3aKOH €ro COBEpIIEHHO TeMEeH, XOTb H H3-
BeCTHBl KOe-KaKHe NpaBuJa, BPOJe TOro, YTO KOJHYECTBO Gapuo-
HOB HH B OJIHON peaKi U He MeHSeTCs.

Tabruya 2.3 o 3JIEMEHTAPHBIE B3AUMOJAEVICTBUS

BaaumoneficTBue Cnna * 3akoH
DOTOH C 3apsIKEHHBIMH ~107? HsBecTten
YacTHLAMK 0

Tsrorenne ¢ 3Hepruet ~lO"; »

Caa6rble pacnagmbl ~10" YacTHYHO H3BeCTeH

Me3oHbn ¢ 6apuoHaMu ~1 HeunaBecTen (kpome
HeKOTOpHX  mpa-
BHJI)

* «Cusa» —Ge3apaaMepHasi MEPa KOHCTAHTHI CBSA3H, MPOABJNIO-
WasAcAd B KaXKOM B3aHMOJAeHCTBHH (3HaK ~ O3HAYAET «NPHMEPHO»).

ITonoxenne, B KOTOPOM HAaXOAUTCA COBpeMeHHasi QU3HKa, Cle-
AyeT CYHTaTb YXKAacHbIM. §1 Obl MOABITOXKHJ €ro TaKHMH CAGBAMHU:
BHe fipa Mbl, BHAMMO, 3HaeM BCe; BHYTPH Hero crnpaBelJHBa
KBaHTOBas MeXaHUKa, HapylleHUH ee NPHUHLHUIOB TaM He HaHJeHO.
ClueHa, Ha KOTOPOH [JeHCTBYIOT BCe HallU 3HAHHUS, — 3TO PeJISATH-
BHCTCKO€ MpPOCTPAHCTBO-BPeMSA; He HCKJ/IOYEHO, YTO C HUM CBA-
3aHO W TAroteHne. Mbl He 3HaeM, KaK Hauajacb BcesneHHas, u
MBI HH pa3y He CTaBHJH OINBITOB C LeJIbIO TOYHOM NPOBEPKH Ha-
IWIUX [pelcTaBJeHHl O NPOCTpPaHCTBe-BpeMeHM Ha MalblX pac-
CTOSTHHAIX, MBI TOJIbKO 3HA@eM, YTO BHe 3THX DPACCTOSIHHA HallH
BO33peHuss Ge3omwnO604Hbl. MOXHO Gbino Obl ele A00aBHUTb, UYTO
NnpaBuU/a Urpbl — 3TO NPHUHLUHUNBI KBAHTOBOH MeXaHHKH; U K HOBBIM
4acTHIaM OHH, HAaCKOJIbKO HaM H3BEeCTHO, NMPHJOXKHMBI He XyXKe,
yeM K ctapbiM. [IOHCKH NMPOHUCXOXKAEHHS SIePHBIX CHJI NMPHBOIAT
HAaC K HOBBIM YaCTHIlaM; HO BCE€ 5TH OTKPBITHA BBI3BIBAIOT TOJIBKO
3aMellaTeNbCTBO. ¥ HAC HET NMOJIHOrO NMOHUMAaHHS HX B3aHMHBIX
OTHOLIEHHH, XOTS B HEKOTODBHIX NOPA3HTENBbHBIX CBA3AX MEXIy
HHUMH Mbl yXe y6enuaucb. Mbl, BHAHUMO, MOCTeNeHHO MNpPHOJIH-
JKaeMcsl K MOHMMAaHHIO MHPa 3aaTOMHBIX YacCTHI[, HO HEH3BeCTHO,
HaCKOJIbKO MBI YIIJIH 110 5TOMY NYTH.



F'aasa 3

®U3UKA U IPYTHE HAYKH

§ 1. Bsedenue

®usuka — 310 caMasi ¢yHOaMeHTaJbHas, ca-
Mmasi BceoObeMJollast M3 BCeX HayK; OTPOMHBIM
6bls10 ee BJMSIHME Ha BCe pa3BUTHe HayKu. [leit-
CTBUTEJIbHO, Belb HbIHEWIHAS (H3NKa BIOJIHE

§ 1

Beeaenune

§ 2. Xumnsa

§ 3.
§ 4.
§ 5.
§ 6.

Broaorus
ActpoHoMHua
Feonorusa

Mcuxonorus

paBHOlleHHA JaBHULIHeH HaTypasvHol ¢husroco- § 7. C uero sce

¢uu, U3 KOTOPOH BO3HHKJO GOJIBLIMHCTBO COBpe-
MeHHbIX HayK. He 3ps ¢&u3uKy BbIHYXJeHbl H3Y-
4aTbh CTYJEHTHl BCEBO3MOXHBIX CHEelHaJbHOCTeI;
BO MHOXeCTBe SIBJeHUH OHa HrpaeT OCHOBHYIO
pOJIb.

B sroit rnaBe Mbl NMONBITaeMCsl paccKasaThb,
Kakoro popna ¢yHAaMeHTa/JbHble NpPOGIEMBI
BCTAIOT Nepel COCENHHMH HaykaMu. )KaJjb, 4TO
HaM He NpHUIETCS MO-HACTOALIeMY 3aHATbCA 3TH-
MU HayKaMH, HX npob/jeMaMH; Mbl He CMOXeM
NPOYYBCTBOBATh BCIO HMX CJIOXKHOCTb, TOHKOCTb H
Kpacoty. M3-3a HexBaTKH MeCTa MBI He KOC-
HeMCsl TaKXe CBfI3U (HU3UKH C TEXHHKOH, ¢ Npo-
MBIIJIEHHOCTbIO, C OOLIECTBEHHOH MXH3HBIO H
BOEHHBIM HMCKYCCTBOM. [la)Xe Ha 3aMedaTesNbHOM
CBA3H, oObeauHAmO Ul (HU3UKY C MaTeMaTHKOH,
MB He 3agepxuMcsi. (MaremaTuka, ¢ Hawed
TOYKH 3pEHHs, He HayKa — B TOM CMBICJIE, YTO OHA
He OTHOCHTCA K ecTecT8eHHuim HayKaM. Bexb Me-
PHJIO ee CHpaBelJIMBOCTH OTHIOAb He OMNHIT.)
Kcrat, He Bce TO, YTO He HayKa, yX o00s3a-
TeJbHO mI0x0. JIo6oBb, HampuMmep, TOXe He
nayka. CJ0BOM, KOraa Kakylio-TO Belllb Ha3bl-
BalOT He HayKoil, 3TO He 3HAaYUT, 4YTO C HEW 4TOo-
TO HeJaJHO: MPOCTO He HAayKa OHa, W BCe,

§ 2. Xumua

XuMusl UCTIBITBHIBaeT Ha cebe BJAUSIHHE QU3MKH,
NnoXaJay#, cujbHeH, 4eM Ji06ast apyras Hayka,
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Korpna-to, B cBOM MJajieHYeCKHe TOfIbl, KOTAa XMMHS NMOYTH LeNH-
KOM CBOAWJIAChb K TOMY, YTO Mbl ceffyaCc Ha3biBaeM HeOpraHuue-
CKOH XuMuell (T. e. XHMHH BellecTB, He CBSI3aHHBIX C JKHBBIMH
TeJaMH), KOrjaa KpONOTJIMBHIM TPYAOM XHMHKOB OTKpPbIBAaJHCh
MHOrue XMMHYECKHE 3JIEMEHTBbI, UX CBS3b APYr ¢ OPYyrom, usyua-
JUCb HX COelMHEeHHS, aHAJU3HPOBAJCA COCTAaB MOYBHI H MHHEpa-
JIOB, B Teé TOAbl XMMHSl Chirpajla BaXHYIO POJib B CTAaHOBJIEHHH
¢u3uKU. DTH HaYKH B3aUMOMENCTBOBAJNH OYeHb CHJbHO: BCS Teo-
pus aTOMHOTO CTPOEHHSl BelleCcTBAa NOJYYHJIAa OCHOBAaTE/bHYIO
MNOANEPXKKY B XUMHYECKOM 3KcnepuMmeHTe., XMUMHYECKYIO TEOPHIO,
T. €. TEOPUIO CaMHX DeaKIHH, MOABITOXH/IA NepPUOLHYeCKass CH-
creMa MenpeneeBa. OHa BhIIBUJIa HEMAJIO YIAHUBUTEJbHBIX CBfA3ell
MeXAY pa3HbLIMH 3JeMeHTaMH — CTaJio ACHO, YTO C 4YeM H Kak
COeqnHsAeTCA; BCe 3TH MpaBHUJA COCTaBH/IM HEOPraHUYECKYIO XH-
muto. CaMU OHM B CBOIO ouepenb OblJiIM B KOHEYHOM cyeTe 06bsc-
HeHbl KBaHTOBO# MexaHuko#i. Ctajio ObiTh, HA CaMOM JeJie Teo-
peTHyecKass XUMHs — 310 ¢pu3nuka. OqHaKo oObiCHEeHHe, JaBaeMoe
KBaHTOBOH MeXaHHKOH, —3TO BCe-TaKH OOGBSICHEHHE 8 RpuHyune.
Mbl yXe roBopuJIH, YTO 3HaHHE IIAXMATHHIX NMPABUJ — 3TO OJIHO,
a yMeHHe HrpaTb — coBceM Jpyroe. MoXHO 3HaTb NpaBuJa, a
UrpaTh HeBaXXHO. TOYHO TakK Xe OYeHb M OYeHb HENPOCTO TOYHO
npeackasaTb, YTO NPOU3OHAET B KaKOH-TO XHMHYECKOH DeaklUH.
U Bce ke B caMbiX IVIyOHHAX TEOPeTHYECKHH XHUMHH JIEXKHT KBaH-
TOBasi MeXaHHKa.

EcTb K TOMY Xe BeTBb GH3MKH H XMMHUH, 1 OUeHb BaXKHast BETBb,
K KOTOpO#t oHM 06Ge NMpUJIOXKUJIH PYKH. Peub uaeT o nmpuMeHeHHH
CTaTHCTHKH K TeM CJydasiM, Korja QeHCTBYIOT 3aKOHbl MeXaHHKH,
T. €. 0 CTaTucCTuueckol mexaxnuke. B mM0GOH XHUMHUECKOH peak-
LMK JeHCTBYeT MHOrO aTOMOB, a ABHXEHHS HUX CJyyadHbl U 3a-
MbicioBaThl. Ecau 6Bl MBI MOIJIM NpOaHaJW3UpPOBaTh KaxKaoe
CTOJIKHOBeHHe, MOAPOGHO TNpOCTeqUTb OBHXKeHHe KaXKAoH Mo-
JIeKyJIbl, TO Mbl Obl Bcerga 3HaflH, 4To cayuutcsa. Ho HyXHO Tak
MHOrO 4HceJ, 4TOGbl OTMETHTb NYTb BCeX MOJEKYJ, YTO HHKaKOH
€MKOCTH BBIYHC/AHTENbHOH MAILIHHBL M YXe BO BCAKOM cCJyuae
€MKOCTH MO3ra He XBaTHT. 3HAUHT, BaKHO HayuuTbcsi paboratb
C TaKUMH CJOXHBIMH cHcTeMaMu. CraTHCTHYecKas MeXaHHKa,
KpOMe TOro, JEXHUT B OCHOBE TEOPHH TENJIOBHIX SIBJIEHHH, HJIH
TepMOJHHAMHKH.

B naille BpeMs HeopraHuMyeckas XUMHsS KaK HayKa CBeJjach B
OCHOBHOM K (H3HYeCKOH M KBAHTOBOH XHMHH, NepBas H3yyaer
CKOPOCTH peaKLHuil ¥ Npoyue HMX OeTanu (Kak momajgaeT MoJie-
KyJa B MOJIeKyJy, KaKasi M3 yacTeil MOJIeKYJbl OTOPBETCS MepBoi
M T. 1.), a BTOpas MOMOraeT NMOHHMaTb NPOHCXOAslIee HA sI3biKe
(G H3HYECKHX 3aKOHOB.

Ipyrasi BeTBb XUMUH — OP2AHU4ECKASL XUMUSA, XUMUS BEILECTB,
CBS3aHHBIX C XHM3HeHHBIMH mpoueccaMu. OfHO BpeMs nyMaJ,
yTo noJoGHEIe BellecTBa CTOJb HEOOBLIKHOBEHHBl, YTO CBOMMH
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PYKaMH U3 HeOpraHUYeCKHX BellecTB HMX HU3rOTOBHTb Hesb3si. Ho
5TO OKa3aJloCb He TaK: OpraHHUyecKHe BelllecTBa OTJIHYAIOTCA OT
HEOpPraHHYeCKHX TOJIBKO OOJIbllIeH CJ0XKHOCTBIO pPacCHoJIoXKeHHS
atomoB. OpraHnueckasi XUMHsl, eCTECTBEHHO, TECHO CBsi3aHa ¢ GHO-
Jiorueii, cHa6xamwollell ee BelleCTBAaMH, U C NMPOMBILIIEHHOCTLIO;
Ja’ee, MHOroe M3 (U3WYeCKOH XMMHHM H KBAHTOBOH MeXaHHKH
CTOMb XK€ NPUIOKHMO K OPraHUYeCKHM COeJHHEHHAM, KaK H K
HeopraHuuyeckuM. BmpoueM, riaBHble 3afayd OPraHUYeCKOH XH-
MHH BOBCe He B 310M, a B aHa/iM3e U CHHTe3e BellecTB, o0pa3ye-
MBIX B OHOJIOTHMYECKHX CHCTEeMaX, B XKHUBHIX Teaax. OTcioga MOXKHO
MOCTENEeHHO MNepeHTH K OHOXMMHHM H K caMOi OHOJIOTHH, T. €.
K MOJIEKYJSIpHOH GHOJIOTHH.

§ 3. Buoaozun

Hrtak, Mbl NpULIJIN K HayKe, KOTOpas 3aHATa H3yYyeHHEM XKH-
Boro, — K 6uosoeuu. Korga oHa menana cBou nepsbie miard, 6Ho-
JIOTH pellajii YHCTO ONUCATRJbHBIE 3aa4H; UM HYXKHO OBbLJIO BHI-
SICHHUTb, KaKum ObIBAaeT XXUBOE, UM NMPUXOLUJIOCH, CKaxKeM, MOACYH-
THIBaTb, CKOJIbKO y GJIOXH Ha HOre BOJIOCKOB, H T. X. Korma Bce
5T0 (¢ GOJIbLIUMM HHTEpecoM) OBIJIO H3yueHO, OHH OOpaTHIHCH K
mexanusmy GYHKIHOHUDOBAHUA KHBOTO, CIepBa, e€CTECTBEHHO,
oueHb rpy6o, B OOIIHUX YepTax, MOTOMY YTO B Pa3HBIX TOHKOCTAX
pazo6paTbcsl GBHIJIO HEMpOCTO.

Korpa-to mMexay O6uoJioruelt U GH3UKOH CYyLIeCTBOBAJH HHTe-
pecHble OTHOLIEHHs: MMeHHO OHOJIOrHsl nomorJa (H3HKe OTKPHITb
30KOH COXDAaHeHUsn 3Hcpeuu; Belb Mafiep yCTAaHOBHJ 3TOT 3aKOH
NpH M3Y4YEHHH KOJIHYeCTBA TenJa, BHIAENSEeMOro M MOrJolaeMoro
KHUBLIM OPraHH3MOM.

Ecau Brasgetbcd B OUOJIOTHIO JKHBBIX OPraHH3MOB, MOXKHO
3aMeTHTb MHOXECTBO YHCTO (H3HYECKHUX SIBJIEHHH: LHUPKYJALHIO
KpOBH, HaBjeHHe M T. N. B3sAre, k npumepy, HepBb. Hactynus
Ha OCTPBIM KaMellleK, Mbl MTHOBEHHO y3HaeM 00 3TOM: YTO-TO HaM
O TOM TOBODHT, Kakafi-To HHGOpMaLHs NOZHHMAETCA BBEpPX IO
Hore. Kak ke 3To nmpoucxoaur? Msyuas Hepsbl, 6HOJOrH MpHLLJIH
K BBHIBOJy, YTO 3TO OYeHb HeXXHble TPYOOUYKH CO CJIOXKHBIMH, OYeHb
TOHKMMH CTeHKaMH. Uepe3 3TH CTEHKH B KJIETKY NOCTYNAIOT HOHHI;
TIOJIy4aeTcss HeuTo BPOJAE KOHIEHCAaTOpa C MOJIOXKHTENbHBIMH HO-
HaMH CHapyXH W OTPHLATENbHBIMH BHYTPH. Y Tako#i MeMOpaHbI
€CTb 3aMeyaTeJIbHOe CBOICTBO, €CJIM B OJHOM MeCTe OHa «pa3ps-
JKaercsi», T. €. €CJM B KaKOM-TO MeCTe HOHBl MPOHAYT HACKBO3b,
TaK 4TO 3JeKTPHYECKOe HampsiXKeHHe 3[eCb ymajieT, TO COCeRHHe
HOHbl TMOYYBCTBYIOT 3TO 3JICKTPUYECKOE BJIMSHHE, 3TO TaK IO-
JNeACTBYeT Ha MeMGpaHy B COCeqHEM MecTe, YTO OHa TOXe MpO-
TNYCTUT CKBO3b ce6f HOHB.. B CBOO ouepenb 3TO CKaxeTcsd Ha
caefyiouleM Mecte W T. A. BO3HUKHeT BOJIHA <«IIPOHHIIAeMOCTH»
MeMOpaHBl; OHa MOGEXHUT BAOJb HEPBHOTO BOJIOKHA, €CJH ORHMH
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KOHell ero «B036yauTcsi» ocTpeiM kKaMHeM. CJ0BHO [JIMHHAs
lenoyKa KOCTAIIEK [OMHHO, INOCTaBJEHHBIX TOPYKOM; TOJIK-
Helllb KPaHHIOIO, OHAa — cJefyoulylo u T. A. KoHeuHo, 6oJblie
OJITHOrO cooOLleHHUsl TaK He mepefalllb, Hafl0 CHOBA MOLHATbL BCe
KOCTSILIKH; U B HEPBHOH KJIeTKe TOXe MoCJje 3TOro HAYT Hpolecchl
MeJIEHHOrO HaKOIJIEHHs HOHOB H MNOATOTOBKH HepBa K HOBOMY
umnyabcy. Tak Mbl y3HaéMm, u4TG Mbl fesaeM (WIH MO KpaiHew
Mepe I'fie Mbl HAaXORUMCS). DJIeKTpUYeCKHe IBJEHHS NMPH NPOXOK
JleHHH HEepBHOTO HMIY/IbCa, KOHEYHO, MOXKHO PEerncTpHpOBaTh
3JIeKTpHYeCKUMH npu6opamu. IlockosabKy 3TH fIBJIEHHA cyuie-
cT8YroT, T0 6e3 (PU3UKH 3JIEeKTPHYECTBA HeJNb3s MOHATH MPOBOAH-
MOCTb IO HEpBY.

OGpaTrHoe siBJleHHe NPOHMCXOLHMT, KOrja OTKyAa-TO M3 MO3ra
no HepBy nepenaercs cooGuieHue. UTo fenaercs TOrAa Ha KOHIe
HepBa? HepB TaM pnaer pasBeTB/eHHs,, KOTOpble CBfI3aHBl C MbI-
IIeYHOH CTPYKTYpPOH; Ha3bIBAlOT UX KOHYesble oTseTdaexus. Ilo
NpHYHMHAM, TOYHO He H3BECTHHIM, B MOMEHT, KOrja HMOYyJbC H0-
CTHraeT KOHIIa HepBa, H3 HEro BHIJIETAIOT MaJleHbKHEe NMaKeTHKU
peaKkTHBOB, Ha3niBaeMble ayeruaxoaurn (5—10 monekys 3a pas);
OHU BJIMAIOT Ha MBbIIIEYHOE BOJIOKHO, H OHO COKpallaercsi — BH-
nute, Kak Bce npocto! Ho 4TO e Bce-TakM BBIHYXKZaeT MBbIILIIY
coKpamaTbcsa? Mplla — 370 60JbIIOE YUCJIO NMJOTHO PacnoJo-
JMCEHHBIX BOJIOKOH; B HHX COJepXKaTcsi [Ba pa3HbIX BellecTBa —
MHO3MH H aKTOMHO3HMH; U BCe e MeXaHH3M, NMPU MOMOLIH KOTO-
pOro XMMHYecKas peakilusl, BbI3BaHHAs AaLETHIXOJHHOM, MeHsSeT
pasMep MoOJIeKyJbl, IOKa elle He BbisicHeH. MHaye rosops, Heus-
BECTHHl CaMble OCHOBHble NpOIlECCH, OTBETCTBEHHbIe 3a MeXaHH-
YyeCKHe ABHXKEHHUs MBILIL.

BuoJiorus — HacTOIbLKO IHPOKOe NoJe AesiTebHOCTH, YTO eCTh
yiiMa npo6JieM, O KOTOPBIX Mbl Jaxe He YNOMHHaeM; CKaxeM,
BONPOC O TOM, KaK OCYILeCTBJseTCs 3peHHe (YTO CBeT [HeJsaer
BHYTpU rJja3a) WM Kak paGoraer yxo U T. A (Kak paGoraer
Mmbicab, MBI 06CYyAUM, Korga OyaeM rOBOPUTb O NMCHXOJIOTHH.)

Tak BOT, BCce 3TH BONpPOCH, CTOsIlMe mepes OuoJorued, Ha
caMoM Jeje 1y 6Hosora OTHIOAb He TIJIaBHble, OTHIOAb He OHH
Jexar B ocHoBe xXH3HU. Ecin MBI X W noiiMeM, HaM Bce PaBHO
He TMOHATb CYLIHOCTH XH3HU. BOT BaM mnpumep: JM0AH, H3yyalo-
IMe HepBbl, NOHMMAIOT, YTO HX paboTa OYeHb HYXKHa, Belb
JXMBOTHbIX 6e3 HepBoB He OniBaeT. Ho scusno Ge3 HepBOB 803-
moocHa. Y pacTeHMH HeT HH HepBOB, HH MBILIL, U BCe XK€ OHHU
paboTaloT, XKHBYT (YTO OAHO M TO Ke). 3HA4HT, caMble QyHAa-
MeHTaJibHble Mpo6JeMbl GHOJIOTMH HYXKHO HCKaTb riybxe.

IIpn 3TOM MBI YCTAaHOBHM, YTO Yy BCeX JKHBBIX CYILECTB eCTb
MHoro o6uiux uyepr. Camoe ke obliee MeXAy HHMH TO, YTO OHH
COCTOAT M3 KAETOK, BHYTPH KaX/I0H 3 KOTOPBIX NeHCTBYeT CJI0XK-
Hbll MeXaHHM3M XHMHYeCKHX TnpeBpauleHHd. B pactTurenbHbIX
KJeTKax, HampuMep, eCTb MeXaHHM3M MOIJIOIIEHHS CBeTa H BHI-
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Due 3.1. Quka Kpebea.

paboTKH caxapo3bl, KOTopas NOTOM B TEMHOTe IOIJIOIIaeTcs,
ToAepKUBasi XKHU3Hb pacTeHusi. Koraa XUBOTHOe mnoegaer pa-
CTeHHe, Caxapo3a INOPOXAAaeT B KHUBOTHOM LeNMb XHMHYECKHX
peaklui, TeCHO CBA3aHHBIX ¢ (OTOCHHTE30M pacTeHHil (M ¢ 006-
paTHOM eMy LI€NIOYKOH B TEMHOTE).

B KJeTKax KHBBIX OPraHU3MOB NPOUCXOIHT MHOXKeECTBO
XHUTPO 3ayMaHHBIX XHMHYECKHX peaKLHUi: OJHO cOeJHHEHHE Mpe-
BpalaeTcs B Ipyroe, 3aTeM B TpeTbe, 3areM ele H emte. dur. 3.1
NlaeT HeKoe NpeACTaBJieHHe O THraHTCKUX YCHJIHAX, NpeNNpHHA-
ThIX B H3yYeHHH OMOXHMHUH; TaM CBeJeHbl BOEIMHO HALIM 3HAHUSA
O Majioll JoJie TOrO MHOXeCTBa llenoyeK peaKUHid (ImpUMepHO
1% o6uiero KosnuyecTBa), KOTOPHIE MPOHUCXOAAT B KJETKE.

Bel BuguTe 3mech psii MoJieKyJ, NOCJefOBaTeJbHO INpeBpa-
LA0UXC OfHA B APYryio, — UHKJ C NOBOJbHO MEJKHMH Mia-
ramMu. dto —uuka KpeGca, uau peixatenbHblit nukia. Cyas no
H3MEeHEeHHsM B MOJIeKyJaX, KaxK[o0e BellecTBO M KaxAblil war
B IHK/Ie JOBOJbHO mnpocthl. Ho aTu u3merenus oTHoCUTeAbHO
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TpYyOHO B80CNPOU3BOOATCA AA6OPATOPHLIM nyTeM. DTO OTKPHITHE
HeOOBbIKHOBEHHOH BaXXHOCTH B 6MOXHUMHUH. [eso BoT B ueMm. Ecau
eCTb f[Ba CXOAHBIX BelleCcTBa, TO KaK pa3 HX-TO YacTO He/Mb3s
TpeBpaTUTh APYr B ApYyra, noToMy 4To 3TH ABe ¢GOpMbI OGBIYHO
OTHeNIeHbl SHepreTHyeckKuM GapbepoM, «mnepeBajsoM». Benp, xe-
Jiasi epeHecTH NMpeJMeT Ha HOBOE MeCTO Ha TOM e YPOBHe MO
IPYTYI0 CTODOHY mepeBaJia, Bbl CepBa JOJKHbBI MOAHATL €ro Haj
nepeBajioM. 3T0 TpebyeT no6aBoyHOH 3aTpaThl 3Hepruu. Ilo To#
e NpUYMHe MHOTHe peaKLHH He MPOHUCXOIAT, HM He XBaTaeT TaK
Ha3bIBaeMo# aHepeuu axrusayuu. Ecau BBl XOTHTE NMPUCOEIHHHTD
K XMMHYECKOMY CO€JHHEHHIO JIMIIHHHA aToM, TO AJs TOre, 4TOOHI
OH MpHCTaJ Kylda Hafo, ero cjeayeT NPHABHHYTb 6nAOTHYO,
HHaye HYXHas NMepecTaHOBKA He NPOHM30HIET, OH JHIIb HEMHOTO
B30EXHT N0 «CKJIOHY» W cKaTuUTca o6patHo. Ho ecan 6 Bbl Morauy,
6yKBaJbHO MOBEPTEB MOJIEKYJNY B PyKax, pa3[lBUHYTb €e aTOMBHl,
BBeCTH B 0Gpa3oBaBIIYIOCS [LIPY Balll aTOM H 3aTeM 3aKpHITh
OTBEPCTHE, TO Bbl Obl MUHOBaAU MOLLEM, HUKAKOH 3aTpaThl 3Hep-
THH He NOHafo6ua0ch Obl M peakuus npowaa 6bl Jgerye. Tak BoT,
B KJEeTKaX U BOPSMb CYILECTBYIOT O4eHt OOJIblIHE MOJIEKYJIbI
(xyna GoJibllle, 4eM Te, YbH U3MEHEHHs H306paxeHbl Ha ¢wr. 3.1),
KOTOpbIE KAaK-TO YMEIOT PAacCCTAaBUTh MaJible MOJIEKYJbl TaK, YTOOHI
peakuus nporekasa 6e3 tpyma. OHu, 3TH GoJblHe CJOXKHBIE
YCTPOMCTBA, Ha3bIBAIOTCA hepmenTb. (MM 3aKBACKa; Ha3BaJH HX
TaK NOTOMY, YTO OOHapyXuau ux npu cOpaxuBaHHUM caxapa.
Kcratn, nepBble M3 peakuuit nukiaa KpeGca OblIM OTKPBHITHI
HMEHHO npu cOpaxuBaHuu). Peakuuu HUKJIa HAYT TOJBKO B MpH-
CyTCTBHH (E€pPMEHTOB.

CaM ¢epMeHT COCTOUT M3 Apyroro BeliecTBa — beska. Moue-
KyJibl GepPMeHTOB BeJIMKH U CJI0XKHBI. Bce depMeHTH oTJHYAIOTCSH
ApYr OT JApyra, NpHYeM KaxAbli npeJHa3HayeH MJIf KOHTPOJS
HeKOTOpO#H onpegeneHHoil peakuuu. Ha ¢wur. 3.1 Bo3ne kaxpoil
peakuun o603HaueHbl Ha3BaHUA HyXHoro ¢epmeHnra (a HHoOraa
OIMH (epMeHT KOHTpPOJMHpPYeT U ABe peakuuu). [loguepkHeM, uTO
caM ¢epMeHT B peakiuio He BoBJekaeTcss. OH He H3MeHseTcs,
€ro JeJ0 TOJbKO NepeiBHHYTb aTOM C OJHOI'O MecTa B JApYroe.
[TepenBuHeT B OQHOH MOJIEKYJle M TOTOB YyXKe 3aHATbCA CJelyio-
med. CoBceM KaK CTaHOK Ha ¢abpuke, mpuueM NOJIKEH HMETbCS
3amac Hy>XHBIX aTOMOB U BO3MOXHOCTb H36aBJIAITbCA OT HEHYXK-
HbiX. BosbMuTe, HampuMep, BOIOPOA: CYILECTBYIOT (hepMeHTH,
HMeloll[Me cnelHaJibHble fAYefiKH NJIf mepeHoca BOLOpOAAa B JIO-
6oil xumuuyeckoit peakuuu. CkaxeM, UMEIOTCH TPH HJIH YeThIpe
¢depMeHTa, KOTOpHIEe MOHHXKAIOT KOJHYeCTBO BOJOPOJA; OHH HC-
MOJIb3YIOTCA BO MHOTMX MecCTax IHKJa. VIHTepecHo, uTO Mexa-
HHU3M, BBICBOGOXKIAIOUIUA BOAOPOA B OJHOM MecCTe, MpPUIEPKHU-
BAa€T 3TOT aTOM, YTOGHl HCIOJBb30BATh €ro ee rae-HUGYyIb.

BaxHefilass getasp UHKJIa, npuBegeHHoro Ha dur. 3.1, 3to
npespauenne [J® B 'T® (ryanasunaudocdar B ryaHasHHTpH-
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tdocdar), notomy uto Bo BTOpoM BeurecTBe — I'T® — sHepruu
HaMHoOro 6oJbliue, 4yeM B nepBoM. [10n06HO TOMY KakK B HEKOTO-
pbix ¢epMeHTax HMeeTCs <«SIIHK» [OJs NepeHoca aTOMOB BOJO-
pona, OblBalOT elte OcoOble «SAWIHKH» MAJS NEpPeHoca sHepauu,;
B HHX BXOAHMT TpHdochaTHas rpynna. B I'T® 6Gosbue sHeprum,
yem B ['I®, 1 Korma LMKJ HAET B OXHY CTOPOHY, CO3Mal0TCA
MOJIEKYJIbl ¢ U3OBITKOM HEPTHH; OHH MOTYT NPHBECTH B AeHCTBUE
ApyTHe LHKJIBI, KOTOPBLIM TpebyeTcs SHEPrusi, HANpUMep LHKJI
cXaTus Mblipl. Mbla He cokpatutes, ecau Het [ T®. MoxHo
NOMECTHUTb B BOAY MbllIe4HOE BOJMIOKHO U pob6aButh tyna I'TO,
TOrga BOJIOKHO cokpaTuTcsi, mpeBpaumas ['T® B I'Id (ecan
TOJIbKO TNPHUCYTCTBYIOT HyXHble ¢epmeHThl). Takum o6Gpasom,
npollecchl B MbIlINax ecTb B3aumomnpeBpawmeHune ['TO u I 0;
HakonJeHHbl1 B TeyeHue nHA ['T® ucnosb3yercs B TeMHOTe A/
TOro, 4To6bl MyCTHTb BeChb LHKJ B 06paTHyl0 cTopoHy. Kak BH-
nuTe, (GepMeHTy Bce pPaBHO, B KaKyl0 CTOPOHY HIeT peaKlHs;
ecin 6 310 OBIIO He TaK, HapywaJcsi Obl OLHH H3 3aKOHOB
(H3HKH.

EcTb n npyro#i pe3oH, no KoTopomy AJs GHOJNOTHH H OPYTHX
HayK Ba)XHa HMMeHHO (U3HKA, — 3TO TeXHUKA IKCnepumenTa.
Hanpumep, HapucoBaHHasi O6HOXHMHYecKas cxeMa He Obiia Obl
eule 10 cero BpeMeHH HM3BeCTHa, ecaH Obl 3a HEl He CTOAIH
GoJibIlINe JOCTHXEHHs! SKcnepuMeHTanbHO!M ¢u3nku. Jesno B Tom,
YTO 1JI1 aHa/Nu3a 3THX HeBOOOPa3UMO CJOXKHBIX CHCTEM HeT Jyu-
IIero CpeiacTBa, HeXeJH CTaBHUTb METKU HAa aToMax, y4acTBYIO-
mux B peakuud. Ecau BBeCTH B LUKJI HEMHOTO YrJIEKHCJOTHI
C «3eJIeHOH MeTKOH» Ha Hell M NMOCMOTPeThb, Ile MeTKa OKaXKeTcs
uepe3 3 cek, moToMm uepe3 10 cex M T. I, TO MOXKHO NPOCJIEAHUTH
TeyeHHe Bcel peakunu. Ho kak choenatb «3esneHyio MeTKy»? Ilpu
MOMOULH pa3JIMYHbIX U30TON08. HanoMHUM, 4TO XHMHYeCKHe CBOi-
CTBa aTOMOB ONpefeJIIIOTCA YHCJIOM 34eKTPOHO8, a He Maccoi
aapa. Ho B arome yrnepoma, Kk npumepy, Moxer OHTb JaH6O
mectb, JHOO ceMb HEHATPOHOB Hapsiny ¢ 00si3aTeJIbHBIMHU [JIst
yrjepoaa IecTbio MPOTOHAMH. B XHMHYeCKOM OTHOLIEHHH aTOMLI
C#2 y C!3 He OT/IMYAIOTCH, HO MO Macce W fIJE€PHBIM CBOHCTBaM
OHH DPa3JIMYHBI, a 3HAYUT, M pas3juuyuMbl. Mcnoab3ys 3TH wu3o-
TONbI, MOXKHO NPOCJAeAUTb XOi peakuuu. Eume nayuime aaa sroro
paguoaktuBHbiil u3oton C'4; ¢ ero nomowpbio MOXH(Q BecbMa
TOYHO MPOCJEAUTb 32 MaJbIMH NMOPIHUSAMH BeleCTBa.

BepHeMcs, ogHaKo, K onucaHuio ¢epmeHToB U GenkoB. He Bce
6enkn — pepMeHTBl, HO Bce ¢epMmeHTH — Geaku. CylecTByeT
MHOXECTBO O€JIKOB —TaKHUX, Kak OeJIKH MBI, CTPYKTYypHHIE
6eskH, CKaxeM, B XpfllaX, BOJOCAX, KOXe— He SABJSIOWHXCSA
¢depmenTamu. U Bce-Taku GeIKH— OYeHb XapaKTepHas IJ1s1 XKH3HH
cy6CcTaHIUsA; BO-NEPBBIX, 3TO COCTaBHasl 4acCTb BceX (EPMEHTOB,
a BO-BTODHIX, COCTaBHasi 4acTb MHOTHX HHBIX XHBBIX BeILeCTB.
CrtpykTypa GelKOB MpocTa M QOBOJNBbHO 3aHATHA. OHH npeacTas-
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JSI0T cO60i pslbl, WM LENH, pasauyHbIX amurokucaoT. Cyile-
CTBYeT [Ba [eCATKa pa3HbIX AMHUHOKHCJOT, U BCE OHH MOTYT
coyeTaTbCcs APYr ¢ JApyroMm, o6pa3ys lenH, KOCTAKOM KOTOPBIX
apasiores rpynnel CO—NH u 1. n. Besok —3T0 Bcero auimb
LIEeNnoYKH, cloxeHHble U3 3THX 20 amuHOKHcIOT. Kaxnas aMuHo-
KHCJIOTa, MO BCeil BePOATHOCTH, CJAYKHT AJs KAKUX-TO ClellHalb-
HBIX Lleslell. B HEKOTOpPBIX aMHHOKHCJIOTaX B ONpe/e/leHHOM MecTe
HaXOJUTCS aTOM cepbl; ABa aToMa cepbl B OZHOM H TOM Xe
6enke 06pas3yiOT CBA3b, T. €. CXBAaTHIBAIOT lleNb B JBYX TOYKaX H
COCTaBJIAIOT NeTao. B apyrux ectb H3GHITOYHBI aTOM KHCJIO-
pola, MPHAAIOMUHA MM KHCJOTHble CBOHCTBA; XapaKTepPUCTHKH
TPEeTbUX — IeJOUHble. B HekoTOpHIX ObIBalOT O6OJIbIIKHE TPYMNbI
aTOMOB, CBHCalOUlHe C OJHOH CTOPOHB M 3aHHUMaIOIlHe MHOro
mMecta. OgHa W3 aMHHOKHCJIOT — NMPOJIMH — B J€ACTBHTENbHOCTH
He aMHMHO-, a UMHHOKHCJOTa. DTa HeGoJbllasi pasHHUIlA NPHBO-
JHUT K TOMY, YTO KOrJa B LleNH ecTb NPOJIHH, TO Ienb HepeKpy-
ypBaetrcs. Ecau Gbl BBl 3axoTesu co31aTb KaKOH-TO omnpejesieH-
HBlll 6esloK, TO BaM NpHIIIOCh Obl KaTh TaKHe YKa3aHHA: 31eChb
NIOMEeCTUTe CepHBbIl KPIOK, 3aTeM pno0aBbTe 4ero-HHOYIAb, YTOOLI
3aMO0JIHUTh MECTO, Temepb MNpPHBSXKHTE UYTO-HHOYNb, YTOGH Ilenb
nepekpyTunacb, H T. OA. [lonyunmnuce Obl CKpemJieHHble MeXIy
co60if 3aMbIC/IOBAaThle 1LEMOYKH CO CJOXKHOH CTPYKTYpOH; Bce
¢GepMeHTbl, NO-BUAMMOMY, YCTPOEHH HMeHHO Tak. OgHumM u3
TpuyM($oB cOBpeMeHHO!N HayKu Oul1o oTkpbitHe (B 1960 r.) Tou-
HOrG MNPOCTPAHCTBEHHOTO PacHOJIOXKEeHHUs aTOMOB HEKOTOpHIX Ges-
KOB; B HUX 56—60 aMHHOKHCJOT NOAKJ/IOYEHBH APYr 3a APYroM.
B0 ycTaHOBJIEHO TOUYHOE MecTonoJioxeHHue cBoime 1000 atomoB
(naxe po 2000, ecau cYMTaTh H BOJOPOA), BXOASLIHX B CJIOXK-
HYI0O CTPYKTYpPY ABYX OeNKOB (OOHMH M3 HHUX — reMOrJNIoGHH).
A onmHa M3 nNevyaJbHBIX CTOPOH 3TOr0 OTKPHITHS NPOSIBHJACH
B TOM, YTO M3 3TOH KapTHHbl HHYEr0 YyBHIETb HEJb3sl; Mbl He
NOHUMaeM, noyeMy OoHa Takasi. FIMeHHO 3Ty mpo6JieMy H clefyer
celyac aTakoBaTh.

Ectb ¥ gpyras npo6Giema B OHOJOrHH: OTKyna (epMeHTHI
«3HalOT», KeM UM ctatb? OT KpPacHOIJa30# MYXH pOXaaercs
OonsiTh KpacHOrJasas MyILIKa, 3Ha4yMT, Bca HMHGopMauus o dep-
MEHTaX, CO3JalLHX KPaCHBbIl MUTMEHT, NOJKHA NMepefiTH K oue-
pentoit mymke. Ilepenaer sty uHpopMalHuo He GeJIOK, a Belle-
ctBo B sape Kiaetkd, JJHK (mesokcupu6oHyk/nIenHOBast KHCJOTA).
D10 — Ta KioyeBas cyOCTaHLUS, KOTOpas nepegaercsi OT OAHOM
KJEeTKH K JpYyroil (moJioBble KJeTKH, HampHMep, MOYTH LEJHKOM
cocroar u3 JIHK) u yHocuT ¢ co6oit MHCTpyKuUMIO, KaK JdenaTb
¢epmento. JTHK —3T0 «kanbka», neuaTHas Matpuua. Ha urto
TOX0Xa 3Ta KaJjbKa, KaK OHa JNoJkHa AedctBoBaTh? IlepBoe —
OHa J0J/DKHA BOCIPOHM3BOAUTH caMoe cebsi; BTOpOe — OHAa JOJKHA
ObIThb cmoco6Ha paaBaThb 3anaHusa Oenky. Uto po mepBoro, ToO
MOXHO Obl10o 6Bl AyMaTb, YTO 3TO NPOMUCXOAHT TaK Xe, Kak
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Pubosa D_B;A_C Pubosg Pue 32. Cxema DHK.
0
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0
AR Puosq BOCTIPOH3BEleHHE KJETOK: KieT-
Pubosa Y=—A:B < KH TOAPACTAIOT M AEJATCS MOMNo-

00 0 .o a1aM. Moxer ObiTb, MOJIEKYJHI
NP 87 OHK Toxe pactyt u Toxe Ie-
Ho” & oy nATca?  Her, 3To uckmoueHo.

Benb arombt HaBepHsKa He pa-

Pudoaa O—A:B—G Pubosa ctyT u He pnenarca!l Bunumo, nis
pPenponyKUHH MOJIEKYJ HYXeH

[ 0 o ApYyro# nmyTh, MOXHUTpeEeE.
N pZ Crpykrypa JHK noaro usy-
7~ N\
Ho” & (|) OH  ygajach cnepsa XHUMHYECKH (CO-
, CTaBHble YaCTH), 3aTeM peHTre-
Pudosa Q-D‘C_ Pudosa HOorpaguyecku (MPOCTPAHCTBEH-

{ Hasg cTpykTypa). B pesyabrare
OpHLUVIM K CJeyllleMy 3HaMe-
Ho” ]l o\OH HATeJbHOMY OTKDBITHIO: MOJIEeKY-
aa JJHK —3to mnapa uemouex,
Pubosa O—C:D—-O Pudosa HaBuTHIX Apyr Ha apyra. Ckener
| Ka)XJ0M IEeMOYKH, XOTSl H MOXO-
0 0 Xuil Ha GeJKOBble LEAH, HO XH-
MHYECKH OTJHYHBIH OT HHX, —
9T0 psAA caxapHeix H ¢ochaTHBIX Trpynn, KaK NOKa3aHO Ha
¢ur. 3.2. U3 3T0il cxeMbl BHOHO, KaK B LENH MOXET XPaHHUTHCA
HHCTPYKIHA, 0O, pa3HsB LEMOYKYy Ha JBe HHUTKH, Bbl MOJydaeTre
pan Bewects BAADC...; He MCKIOYEHO, YTO 3TOT P Y KaXKAOro
opraHuaMa CBOH. 3HaYuT, MOXKHO AYyMaTh, YTO KaXAblil 0COGBIH
psad OHK conpepxur B ceGe ocobble ykasaHus, Kak MPOU3BOAHTH
Genku.

Ha cxeme BHIHBI mapbl NomnepeyHblX 3BeHbEB, NPHCOENUHEH-
HbIX K CaxapHbIM TpynnaM M CTATUBAIOLIUX MeX1y co6oii nBe
HUTH. DTH 3BeHbS] HEOJHHAKOBEHI, €CTb YeThipe COPTAa 3BEHbEeB —
aJleHHH, THMHH, UMTO3HH, r'yaHHH, o6o3Hayaemble A, B, C u D.
HHTrepecHo, 4TO He BCAKHe 3BeHbsl cnapuBaiorca. Hanpumep,
Bo3MOXHBl mapel AB u CD; oHM pasMellleHbl Ha [BYX HHTSX,
TaK, UTO «MOAXOHAT APYT K APYry», 06JlafalOT CHJIbHON 3Hepruen
B3aumopeictBusas. Ho C k A uan B k C He NOAXOOHUT; eC/H
B 1ienu ctout C, TO B APYro# LenH B 3TOM MeCTe HOJXKHO GBITb
tonbko D. Kaxpoi GykBe B OQHOH LlenH COOTBETCTBYET OmNpee-
JieHHast 6ykBa B IPYroH.

Kaxk Xe MbIcAHTCS npu 5ToM BocnpousBeneHue? Ilycrp uenb
pacmiensiena Ha gaBe. Kak cpenath apyrylo Ttakywo xe? Ecaw
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B BellleCTBe KJeTKH ecTb (abpuka, BnlpabaTniBalouias ¢ocdar,
caxap u 3BeHbs1 A, B, C, D (noka He npuBsizaHHble K LenH), TO
K Hallell NOJIOBHHKEe LENOYKH MPHCOENUHATCA TOJbKO NOAXOASA-
mue 3BeHbs, nonoanswouune BAADC, 1. e. ABBCD.... Ilpu pene-
HUH KJIETKH LleJb Pa3HUMaeTrcss NOCPefHHe Ha JBe HUTKH, KaX-
asi MepeXOfAHT B CBOIO KJETKy H TaM Habupaer ceGe nomoJ-
HeHue.

HakoHell, mnocjiegHH#i BOMpoc: Kak MNOPSALOK CJeJOBaHHUSA
A, B, C, D B IHK onpenensier pacCTaHOBKY aMHHOKHCJIOT B OeJ-
kax? OrBera mokKa HeT. DTO OCHOBHasl HepelleHHas NpobGJema
coBpeMeHHolt Ouosoruu. Iloka MBI pacmosnaraeM TOJIBKO Ka-
KHUMH-TO OoGpbiBKaMH HHQopmauuu o6 3TOM. B KJeTke uMeloTcs
MeJbYaflliie YacTHYKH — MUKDPOCOMBI; cefYac H3BECTHO, YTO
B HUX M Bbipa6GateiBaloTcsl 6eskH. Ho MuKpocoMBl HaxomsATcs He
B A1pe, He TaM, rae Haxoautrca JHK co cBouMu MHCTpyKUMAMHU.
ITo-BuaMMOMY, B 3TOM €CTb KaKOH-TO CMBICJ. M3BecTHO, OfHAKO,
uyro oT JJHK oTphIBalOTCS KYCOYKH MOJIEKYJ, HE TaKHe NJIHHHBIE,
kak JIHK, Hecymas B cebe Bclo HHpOpMaLHIO, a HEYTO Bpoje
HekpynHbix ee posek. HaswiBator ux PHK, Ho He B 3tom geJo.
drto Heuto Bpome yMeHbuieHHo#l konmuu [HK. HsBectHo, uto
PHK kak-To nepeHocuT B MHKpPOCOMY coolllieHHe O TOM, KaKOi
cOpT 06e/NlKa HYXHO H3rOTOBHUTb. (DTOT (aKT yxKe H3BeCTeH.)
Ilocne storo B MuKpocoMme oGpasyercs OesloK. ITO TOXe H3-
BecTHO. Ho passiuyHble geTanu TOro, KaKk aMHHOKHUCJIOTHI BXOAST
B 6eJKM M KaK OHHM pacnoJiarailoTcs B COIJIaCHMH C KOJOM, 3a-
mu¢ppoBanHbiM B PHK, noka He usBecTHbl. Mbl He yMeeM YHTaTh
stot Kold. Ecau «Hamucano», Hanpumep, ABCCA, 10 MB He
3HaeM, Kakoil 6esloK 6yaeT NMPHUTOTOBJIEH.

IlpaBo Xe, HM OQHA HayKa, HH OJHA OTpac/]b 3HaHHH He
INBHXKYTCA TaK OYpPHO 1Mo BCeM HanpaBJIeHHSIM Bnepel, Kak GHO-
qaorusi. Ho ecau 6 Mbl 1OIXKHBI GbIIM HAa3BaThb TO CaMoOe IJIaBHOE,
uTO BeJeT Hac cefiyac Bce Brnepel M Brepel B HAUIMX MOMbITKax
NOHATb ABJIEHHE XH3HHM, Mbl 005i3aHbl OblIM OBl CKa3aTb: «8ce
TeAa COCTOAT U3 aTOMO8», BCe, YTO NMPOUCXOAHMT B KHBBIX CYIle-
CTBaX, MOXeT ObITb MOHATO Ha f3bIKe ABUXKEHHUA H NOKAYHBa-
HHH aTOMOB.

§ 4. Acrponomusn

B Hamem crpemHuTeNbHOM 00630pe Bceil BceseHHo# odepenb
aouiia 10 acCTPOHOMHH. ACTpOHOMHSA — crapiue puauku. Pakru-
yecKH (H3MKa M BO3HHKJAa H3 Hee, KOTla aCTPOHOMHs 3aMeTHJa
TIOPA3UTEJbHYIO NPOCTOTY [BHXKEHHS 3Be3]l H NJaHeT; OGbACHe-
HHe 3TOH MpPOCTOTH M cTano Hawasom ¢pusuku. Ho cambim BEHI-
NaloIUMCS OTKPBITHEM AacCTPOHOMHH OBIJIO OTKpHITHE TOrO, YTO
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38e30bL COCTOAT U3 TaKux gce aromos, 4to u 3eman*. Kak 310
6b1710 10Ka3aHO? KaxKablfi aToM HCHYCKaeT CBEeT OMNpeleseHHBIX
4acToT, NOJOGHO TOMY KaK Yy KaXKA0ro My3bIKaJbHOrO HHCTPY-
MEHTa €CTb CBO€ 3BYy4YaHHe — OnpejieJieHHbII Ha6op 4YacCTOT, HJIH
BbICOT, 3ByKa. CJIblllla OJHOBPEMEHHO HECKOJIbKO TOHOB, MbI MO-
XeM Da3Je/IMTb HX; HO CIOCOGHOCTH Hallero rjasa B 3TOM OTHO-
IIeHNH JaJIeKO He CTOJb BeJIHKH, OH He MOXET pa3[e/uThb CMeChb
1BeTOB Ha cocTaBjsouue 4acTd. OHAaKO ¢ NMOMOILbIO CNEKTPO-
CKONa CTAHOBUTCA B03MOJCHbLIM aHAJIH3 YAaCTOT CBETOBHIX BOJIH,
OH NO3BOJISIeT BHAETb HCTHHHBIE TOHA aTOMOB Pa3J/IMYHBIX 3BE3[.
Benb 1Ba XHMHYECKHX 3JileMeHTa OblIM Haxe OGHapyxKeHbl Ha
3Be3flax npexne, 4eM Ha 3eMJe: rejauil (0OH OBIT OTKPHIT Ha
CoJiHLle, MOTOMY OH TaK M Ha3BaH) W TexHelHuil (ero oGHapy-
KHJM Ha HEKOTOPBHIX XOJIOZHBIX 3Be3fax). Ho pa3 3Be3mml co-
CTOSIT M3 TeX XK€ aTOMOB, YTO U 3eMJs, TO 3TO CHJbHO NPOABH-
raer Hac BHepel B NOHHMAaHWH CYIMHOCTH 3Be3n. Ham xopomo
H3BECTHO MOBeJeHHE aTOMOB NPH BLICOKHX TeMIepaTypax H He-
BBICOKHX MJIOTHOCTSIX, U 3TO MO3BOJISIET NpPU NMOMOLIH CTAaTHCTH-
YeCcKOH MeXaHHKH aHaJNH3HPOBaTh IMOBeJeHHE 3BE3[JHOro Bellle-
crBa. Jlaxe He yMes BOCIPOH3BOAUTbL 3Be3HOE COCTOSHHE Ha
3eMJie, HO ONHPasiCh Ha OCHOBHEIE PU3MYECKHE 3aKOHBI, Mbl 4aCTO
yKa3biBaeM COBEpIIEHHO TOYHO (a HHOrJa INOYTH TOYHO), 4TO
NPOUCXOAUT Ha 3Be3fax. Tak (H3HKA NOMOTaeT acTPOHOMHH.
3To MOXKeT MOKa3aTbCH CTPAHHBIM, HO pacnpe[eseHHe BellecTBa
BHYTpu CoJIHIA MBI 3HaeM Kyjaa Jiyyllle, YeM €ro pacnpegeseHHe
BHYyTpH 3eMmau. Kasansocp Obl, 4T6 MOXKHO Yy3HaTb, B3IJSHYB
CKBO3b TeJeCKON Ha NATHHILIKO cBera? OpnHako Hedpa 3Be3f
M3BEeCTHBI HaM Topasjo Jydulle, YeM 3TOr0 MOXHO GbIIO Gbl OXKH-
natb, H60 MBI yMeeM pacc4uTsl8ars, YTO NMPOU30OHIAET C aTOMaMu
3Be3[l IPU MHOTHX 00CTOATENbCTBAX.

* Kak nuxo s ynpaBuacsa c¢ stum! Kak MHOro ckpuito 3a kaxmoit ¢pasoit
3TOrO0 KOPOTKOTO pacckasa., «3Be3fbl M 3eMJs CAeNaHbl M3 ORXMHAKOBHIX AaToO-
mMoB». OGHIUHO MHe ONHOH TakOoil TeMBl XBaTaeT Ha Leaylo Jekuuio I[ToaThl
YTBEPKAAIOT, YTO HAyKa JIHIIaeT 3Be3fbl KPacOThl, MJS Hee, MOJ, 3Be3Jbl —
npocto rasosble wWwaphl. Huuero He «npocto». S TOXe mo6yloch 3Be3gaMu M
4yBCTBYIO MX KpacoTy. Ho k1o M3 Hac BuauT Gosbwe? OGmHpHOCTL HeGec mpe-
BOCXOLHT Moe BOOGpaXkeHWe... 3aTepsiHHBIA B 3TO Kapycead, MOl MajeHbKHi
rjaas cnocob6eH BHAETb CBeT, KOTOPOMY MHJJIHOHBI JeT. Be3bpexkHoe 3penuuie
BceneHHOM... ¥ 1 caM — ee YacThb... DHITh MOXeT, BelleCTBO MOEro Teja H3-
BePrHyTO Kakoi-HHOGYAbL 3a6HITOR 3Be3NOH, TaKOH XKe, KaK BOH Ta, uell B3pHIB
A BHXY cefigac. i 8 cMOTpIO Ha 3Be3[Abl FHraHTCKMM OkoM I[lamomapckoro
TeJIeCKONa, BHIKY, KaK OHH YCTDeMJSIOTC BO BCe CTOPOHBI OT TOH NepBOHa-
yaJIbHOH TOYKH, TAe, GBITb MOXET, OHH Hekoraa obutanu 60Kk o 60k. Uro ato
3a KapTHHa u KakoB ee cMuicn? M 3auem ece aro? TamnctBy BcesenHol e
NPHYHHHT yulep6a Hallle NPOHHKHOBEHHe B KakHe-TO ee TalHBl, W60 npaBia
Gosee NMOpa3uTeNbHA, HeXeJH BCe TO, YTO ObIJIO HAapUCOBAHO BOOGpaXKeHHEM
XYROXHHKOB npouuioro! IToueMy >ke HbIHelIHHe NMOSTH He TOBOPAT 06 3TOM?
Yto 3a HApOX 3TH JHPHKH, eCid OHH CNOCOGHH roBoputb 0 IOnuTepe TOMBLKO
€CJIH OH NMoAoGeH YeJOBeKYy, H MOJIYAT, eCJH 3TO OrPOMHBIA BpallalOWHKHACA Wap
U3 MeTaHa W aMMHaka?
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OpHo u3 HauGoJsiee BNeYaT/AIOUIHUX OTKPHITHH acTPOHOMHH —
3TO OTKPBITHE MCTOYHHMKA SHepTHH 3Be3l, NMOAJepKHBAIOLIEr0o HX
ropesde. OIHH H3 TeX, KTO OTKpbJI 3TO, OTNPaBHJCA Ha MpO-
TYJKY C [J€BYIIKOM KaK pa3 B HOYb IOCJIE TOrO, KaK MOHAJ, YTO
Ha 3Be3JaX NMPOHUCXONHUT A0epHas peaxkyus, 4TO B 3TOM NPHYHHA
ux cBeueHuss. OHa ckaszana: «BarisiHH, Kak YyJecHO CHAIOT
3Be3nbi!» A oH orBerus: «[a. UymecHo. A Beab cerogHs f—
eIUHCTBEHHbI! 4YeJOBeK B MHpe, KOTOPHIH 3HAaeT, nouemy OHHU
cusor!» OHa TOJBLKO paccMessack. Ha Hee He npousBeso Bme-
YaT/eHHUs, YTO OH — eIUHCTBEHHBIHl YeJIOBEK, NMOHUMAIOIIHUH, NO-
4eMy 3Be3fbl cBeTAT. UTO X, KaK 3TO HU NeyaJbHO, ObITb OJHHO-
KHM U HemNoHATHIM — B MOpPSAKe BelleH.

Tak Bor, CosHIle MOJy4YaeT SHEPTHIO OT SILEPHOTO KCrOpaHUA»
BOJIOPOZla, KOTOPHIH NMepexomut npu 3ToM B reauiti. U3 Bogopona
B F1y6MHaX 3Be3l BbipabaTblBalOTCA jJajee APYrue XUMHYeCKHe
sneMeHTHl. BellecTBo, U3 KOTOpOro cienaHbl Mbi, GBIIO KOTJa-ToO
«HCIeYeHOo» B 3Be3[e U BHINJIECHYTO HapyxXy. Ho otkyma 3TO
u3BectHo? A Bor oTkyna. CopmepkaHHe pa3JIMYHBIX H30TONOB
B BemectBe — C!'?, C!3 u 1. 1. — HUKOra He MEHSIeTCS NPH XUMU-
yeckux mpeBpalleHuax, 160 anaa o6oux m3oronoB C xuMuYecKHe
peakuud OAMHAKOBBl. DTH MPONOPUHUH eCTb pe3yabTaT JHIb
A0epHbix peakuuil. Mayyas npomopuuio H30TONOB B OCThIBLIEH,
MepTBOH 30Jle, KAaKOBOH fBJIIeMCA Mbl, MOXKHO AOrajaTbcs, Ha
4yTO OBIJIa MOX0XKA Ne4b, B KOTOPOH cHOpPMHPOBANOCL Halle Be-
mectBo. OHa GbljIa MOXOXKa Ha 3Be3fbl, U NMOITOMY OYeHb Bepo-
SITHO, YTO 3JIEMEHTHl «CAeJaHbl» B 3Be3[laX U BHIOPOLIEHbl OTTYy[a
npH B3pbiBax, HasbiBaeMbix HaMu HoBeiMH u CBepXHOBBIMH
3Be3aMH. ACTPOHOMHS cTOJb G6/M3Ka K (H3HKe, YTO elle He
OJMH pa3 B 3TOM Kypce Mbl 06paTHMCS K Heil.

§ 5. T'eonozun

Ilepefinem Tenmepb K Tak Ha3biBaeMbIM Haykam o 3emae, HIH
eeosnoeuu. K HUM OTHOCATCHA MNpeXje BCEro METEOPOJIOTHSA, HJIH
HayKa o noroje. MereopoJioriyeckas annaparypa — 3To ¢pusuue-
ckue npubOphl, TaK YTO MeTeopoJIorus cHaGxkeHa mnpuGopamu
Gnaromapsi pa3BUTHIO SKCIepUMeHTaJbHON GH3UKH (MBI yXe 06
3TOM roBopuau). VHoe neso Teopus MeTeOpOJIOrMH, OHa HH-
Korja He Oblla YJOBJETBOpUTENbHO pa3paGoTaHa HHKEM H3
¢u3ukoB. «CTpaHHO, — CKaxeTe Bbl, — BeJb 3TO BCErO JIHLIb BO3-
IyX, pa3Be Mbl He 3HaeM ypaBHeHHMH [BIXXeHHs Bo3nyxa?» [la,
sHaeM. «[ToueMy xe, 3Hasl, B KAKOM COCTOSTHHH BO3AYX CErojHs,
Mbl He MOXeM INpelCcKa3aTb €ro COCTOSIHHe Ha 3aBTpa?» Bo-mep-
BBIX, MBI He 3HaeM, KaKOBO Ha camom dese CETOAHS COCTOSIHHE BO3-
nyxa, 160 OH TO H [eJI0 r[e-TO 3aBuxpsercsd U cTpyurcsa. Boanyx
OYeHb YYBCTBHUTENEH K JIIOOBIM H3MEHEHHSIM, OH NONPOCTY HEYCTOH-
quB. UToObl NOHATH, O KAaKOH HEYCTOMYHBOCTH S TOBOPIO, B3rJsd-
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HUTE KaK BOJAa CNOKOWHO TeyeT HajJ NJIOTHHOH WM BApYT, majas,
npeBpalllaeTcss BO MHOXeCTBO Ny3bIpbKOB H KaneJb. Bbl 3Haere
COCTOsIHHe BOJbl B MOMEHT, KOTJla OHa IepeBaJIMiBaeT yepe3 IJIO-
THHY, — OHa COBepLIeHHO CNOKOHHAa; OTKyHa e OepyTcsi KanJju
B MOMeHT mnageHusi? OT uyero 3aBHCHUT, Ha KaKHe CTPYH pa3so-
6beTcsl MOTOK, Te OHH BO3HHKHYT, Kyaa ynanyt? Bce 3to He-
HU3BECTHO, NMOTOMY YTO TedeHHe BOABI HeycToHYHBO. TOuHO Tak
XKe [axe CNOKOHMHBIA NMOTOK BO3AYXa, MPOXOAA MeXAy rop, mpu-
XOTJIMBO pacmnajaercs Ha OTHeJbHble BUXpU. Bo MHorux o6aa-
CTAX HAayKH MBI CTaJKHBaeMCs C TeM, YTO HOCHT Ha3BaHHe TYp-
O6yneHTHOe Teuerue, He TMOAJalOlleecss NOKa aHaaudy. Tak 4To
nepeiiieM-Ka Jydllle OT TeMbl «MOroja» K CaMOH reoJoruul

I'naBHBI BOMPOC reoJIOTHH 3aKJAI04YaeTcsl B TOM, UTO CjesaJjo
3eMs10 TakoW, Kakasd OHa ecTb? CaMble OYeBHAHblE M3 TaKHK
NpPOLECCOB NMPOUCXOJAT y Hac Ha IJla3ax: peKH NOAMBIBalOT Ge-
pera, noJisi 3aHOCHT NbLJIbIO U T. A. DTO NMOHATH JOBOJILHO JIETKO,
HO Be[b KPOME 3pO3HH, NMOMHUMO paspylIeHHs JOJKHO YTO-TO H
o6paTHOe MpPOUCXOAUTb. B cpenHeM ropnl ceiiuac He HHXKe, YeM
B npoutiom. CregoBaTesnbHO, NOJKEH NPOHUCXOOUTb M Hpolecc
2opoobpasosanun. Vdyuas reojoruto, Bbl y6eauTech, 4TO [ei-
CTBHTEJbHO MPOHCXOQUT U ropooGpa3oBaHHe, W BYJKAHU3M, HO
HUKTO WX He MOHHMAaeT; He MNOHHMMaeT TOro, 4YTO COCTaBJseT
TIONIOBUHY reoJioruu. [leficTBUTENbHO, TNpPHpPOJA BYJKAHOB He
noHATa. Otyero GLIBAIOT 3eMJIETPSICEHHUS, TOXKE B KOHEYHOM cUYeTe
He noHATO. [loHMMalOT, KOHEYHO, YTO eCJAH 4YTO-TO C 4YeM-TO
CTOJIKHETCS, TO YTO-TO TPeCHeT, YTO-TO CABHHETCA — BCe 3TO XO-
powo. Ho ur6é TonkHymno, mouemy TOJKHYJn0? CyliecTByeT Teo-
pus, YTO BHYTPH 3€MJIH UMEIOTCS TEYEHHS — NPOUCXOMUT LHUDKY-
JALHUA M3-3a pasNMuMUs TeMnepaTyp CHapyXH M BHYTPH — H OHH
B CBOeM [BHXEHHH CJerka NOATAJKHBAIOT MOBEPXHOCTb 3eM.JIH.
A ecnu rme-To BCTpevalTCs ABa NPOTHUBHBIX TEYEHHA, TO TaM
IOOJIXKHO HAaKaNJHBaTbCsl BEILECTBO, NMOSABJATHCA TOPHBIE XpeGThl,
OHH OKaXyTCd B CHJbHO HampsiXkeHHOM COCTOSIHHH, BO3HUKHYT
BYJIKaHbl, IPOU30OAAYT 3eMJIeTPsACEHHUS.

YTto MOXKHO CcKasatb 0 Heipax 3emJju? XopoLlo H3BeCTHA
CKOpOCTb BOJIH 3eMJeTpsiceHHlt B 3eMJie U pacnpefesieHHe MJOT-
HOCTH BHYTPH Hauwell nuaHerbl. Ho ¢u3uku He cmorau cospathb
Xopouel TeOpHH MJOTHOCTH BelllecTBa NMPH AABJEHHAX, OXHOae-
MBIX B LeHTpe 3emJu. VHbIMH cl0BaMH, MBI He MNpeACTaBJisieM
ce6e CJHIIKOM XOpDOLIO CBOHUCTB BellleCTBa B TAaKHX YCJOBUAX.
Co cBoell mJaHeTOH Mbl CIpPaBJaseMCs Kylda XyXe, HeXeJH ¢ CO-
cTosiHUeM BelllecTBa B 3Be3gax. Heobxoaumblft nns 3Toro mare-
MaTHYeCKHH anmnapat He paspaboTaH, OH, NO-BHAHMOMY, Ypes-
BbIYAaHHO CJIOKEH; He HCKJ/IOYEeHO, OHAKO, YTO Haijgercd KTO-TO,
KTO MO#MET BaXKHOCTb 3TOi npoGseMul U pa3pabotaer ee. [lpyroe
JeJo, 4TO, na)e BBIYHCJIHMB IJIOTHOCTb, Mbl He CMOXeM mnpen-
cTaBUTb ce6e LUPKYJIUpYIOLHe TeYeHUs UK pa3obpaThcs B CBOM-

68



CTBAaX TOPpHBIX MNOPOA INPHU CBEPXBbICOKHX OaBJICHHAX. Mbl He
yMeeM MnpeanckasbiBaTb, HaCKOJIbKO 6bICTpO 3TH NnopoAabl «noana-
AYTCA» NAaBJIEHHIO; TOJIBKO ONBIT OTBETUT HAa 3TH BOINPOCHI.

§ 6. Icuxonozun

PaccmMoTpuM, HaKOHell, elle OOHY HayKy — NCUX0A02UIO.
Cpasy e yMeCTHO 3aMeTHTb, YTO NCHXOAHAJHU3 — 3TO He HAYKa;
B JIy4llleM cJiyyae 3TO MeJUIMHCKHN NpOLecC, a CKOpee BCEro —
3HaxapcTBo. B ncuxoaHanu3e cyulecTByeT TeOpHsl NMpPOHCXOXKJe-
HUsl OoJsie3Hell — pasHble TaM <«AyXH» H npouyee. 3HaxXapb TOXKe
MMeeT TEOPHIO, MO KOTOPOH G6OJie3Hb, CKaXKeM MaJisipUio, BbI3bI-
BaeT AYX, BUTAIOUIUA B BO3yXe; ee He BBIJIEUYHILD, €CJIH NOTPACTH
3Meell HajJ roJioBoil OOJbHOrO, a BOT XHHHMH nomoraer. Mrak,
ec/qd Bbl 3a00JieeTe, COBETYI0 BaM OTNPaBHUTbCA K 3Haxaplo, Io-
TOMY YTO OH Jyullle BceX B NJeMeHH pa3bupaercid B GOJIe3HAX;
OJIHAKO €ro 3HaHHe — 3TO He Hayka. IlcuxoaHanu3 He Obln [0O-
CTAaTOYHO NpPOBEPEeH 3KCMEepPHUMEHTAaNbHO, U HEBO3MOXKHO NPHBECTH
nepeyeHb CJyyaeB, KOrja OH INOMOTraeT, a KOrjga He NOMOTraer
HT I

Jpyrue BeTBU NCHUXOJIOTHH, a B Hee BXOJIHUT, Hanpumep, ¢u-
3HOJIOTHS OILyL[eHHS (4YTO MPOHUCXOJHUT B IJa3e, a YTO B MO3re),
TOXaJnyi, He CTOJb HHTepecHB.. HO B HUX GBbIIM HOCTHUTHYTHI XOTH
¥ MaJjible, HO BIOJIHE peaJsibHble ycrnexH. BoT omHa M3 uHTepec-
HeHlIMX TeXHHYeCKHX 3ajay (XOTHTe Ha3blBalTe ee NCUXOJIOTHeH,
xotute — Het). LleHTpanbHas npobjseMa B H3yYeHUH MBILIJIEHHUS,
WM, €CJIM YroJHO, HepBHOH CHCTEMBI, TaKOBa: MYCTb XKHUBOTHOE
4eMy-JH060 Hay4YHJIOCh, NYCTb OHO YyMeeT JeJaTb YTO-TO, Yero
npexje He yMmeJsO; 3HAYUT, KJIETKH ero MO3ra, ecjld OHH COCTOAT
M3 aTOMOB, H3MEHHJHCb. B uem oce COCTOUT 3TO u3meHeHue?
Mpbl 3aneuatsieJd 4TO-TO B cBoelt mamsatu. [pe 3to? Urto Ttam
MOXHO YyBHUIETb Tenepb? IDTOro Mbl He 3HaeM. Mbl 3aNOMHUJH
Kakoe-To yucsao. Uro 3to 3Hauut? UTO H3MEHHJOCHh B HepBHOH
cucreme? HensBecTHo. DTO OueHb Ba)KHas npoGJjeMa, COBep-
IIEeHHO MPUTOM He pelleHHas. [laxe ecqM JONYCTHUTb, YTO B Hac
HMeeTCs KaKOH-TO MeXaHH3M MaMATH, TO BCe PAaBHO MO3r — 3TO
CTO/Ib HeBOOGpa3uMasi Macca NepeceKalolluXcsl NMPOBOAOB U Hep-
BOB, 4TO, MO BCefl BEPOSTHOCTH, NPSIMOH aHA/NHU3 HEBO3MOXEH.
AHanor 3TOro — BBIYHCJAHTEIbHBIE MAaIIMHBI H HX 3JIEMEHTHI;
B HHX TOXe€ MHOXEeCTBO MPOBOJOB, €CTb U 3JIEeMEHTHI, NOXOXHe
Ha cHHanchl (HepBHBle CBfI3H). )KaJsb, YTO y Hac HeT BpeMeHH
pa3o6paTh HHTEPeCHbii BONPOC 06 OTHOIIEHUH MEXAY MBICJbIO
M BBIYHCJIHTENbHBIMH MalinHaMu. CjieyeT NOHUMAaTh BCe XKe, UTO
3TOT BONPOC OYeHb MAaJO CKaXXeT HaM O DeasIbHOH CJIOXKHOCTH
MOBCEHEBHOI'0 INOBedeHHsl uesoBeka. JIIOAM CTOJb pasau4HbI!
W noHamo6uTcsi HeMaslo BpeMeHH, YTOO B 3TOM pas3o6paThbCs.
Chnenyer HauaTh usfaneka. Ecam Obl jgaxe HaM  yRajoch
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NpeACTaBUTb, KaK JedcTByeT cobaka, To 3T0 GblIO Obl 3aMeua-
tesabHo! Co6aKy MOHATb Kyla Jierde, HO H TO HHKTO He MOXeT
OOBSAICHUTD, KaK OHa JeliCcTBYeT.

§ 7. C uezo ece nowno?

Yto6nl ¢u3MKa MorJja ObITb MOJNE3HOH NPYrHM HayKaM B OT-
HOILIEHHH Teopuu, a He TOJbKO CBOUMH npuGopaMu H H3o6pere-
HUSIMH, 3TH HAayKH [NOJKHBI CHaGOUTh (H3HKA OMHUCAHHEM HX
o6beKTa Ha ¢usndeckoM f3bike. Ecsin 6uosor cnpocut: «Iloyemy
JATYLIKA MpeIraet?», To (GU3UK He cMoxeT oTBeTHTb. Ho ecam
OH pacckKaxer, YT6 Takoe JIATYLIKA, YTO B HeH CTOJBKO-TO MOJe-
KYJ, 4TO BOT B 3TOM MeCTe Yy Hee HepBbl M T. A., TO 3TO YXKe
coBceM uHOoe peno. Ecau reosmor Gosee HIH MeHee TOJNKOBO
OOBACHUT HaM, 4TO Takoe 3eMJisl, a acTPOHOM —4YTO TakKoe
3Be3[bl, TOra MOXHO MOnpo6oBaTh B 3TOM pa3obpaTtbcad. UToGHI
6bl71 KaKOU-TO TOJK OT (PU3UYECKOH TEOpHH, HYXKHO 3HATb, rae
pacnoJioxkeHbl aTOMbl. UTOGbI NOHATb XUMHIO, Mbl JOJIKHbBl TOYHO
3HaTb, U3 KAaKHX aTOMOB COCTOSIT MHTepecylolllie Hac BellecTBa,
HHaYe MBI HUYero He nmpoaHaausupyeM. KoHeuHo, 3TO JHIIb OXHO
U3 OrpaHHYeHHUH.

CyuecTByeT U Jpyroil Tun 3agaiy B COCeIHHX HayKax, KOTO-
puiit B pusnke orcyrcrByer. Ha3osem ero, He uMes Jsyuiuero Tep-
MHuHa, BompocoM uctopuu. C 4ezo sce nowano? Kak Bce crajno
TaKHM, Kak oHO ectb? Ecuu, Hanpumep, Bce B GHoJsoruu Gygmer
HaMH MOHATO, BOSHHKHET eCTeCTBEHHBI BONPOC: KaK MOSBHJUCH
BCe cyulecTBa Ha 3eMJie? DTHM 3aHHUMAeETCs TEOPHS 3BOJIIOLHH —
BaxKHasf 4Yactb Ouojiorud. B reosiorun Ham XxoueTcs 3HATh He
TOJIbKO, KaK 06pa3yloTcsl rophl, HO U KaK BHauaJie BO3HHKJIA caMa
3eMss, coJiHeYHas CHCTeMa H T. A. DTO, €CTeCTBEHHO, NMPHUBOAUT
Hac K XKeJIJaHHIO y3HaThb, U3 KaKOro pojla MaTepHH CKJaJbiBalach
torga Bcenennas. Kak passunuch 3Be3npl? KakoBbl 6blaH Ha-
YaJIbHble YCAOBUA? DTO — npobjeMa acTPOHOMUYECKOH HCTODHH.
Ceflyac MHOroe mnpOSICHUJIOCH B MPOHCXOXJIEHHH 3Be3[, 3JeMeH-
TOB, U3 KOTOPBIX Mbl COCTOHM, M [laXe YYTOYKY CTaJo fICHe# mpo-
HCXOXeHHe caMoil BceneHnHoi.

B Hacrosiiee BpeMs ¢H3MKa He H3yyaeT BONpPOCH HCTOPHH.
Mbl ne 3amaem Bompoc: «BoT 3aKoHBl GH3MKH, KAaK OHH BO3-
HUKJAH?» Mbl He CUHMTaeM B HacTosllllee BpeMs, YTO 3aKOHb ¢H-
3HKH CO BPeMeHeM KaK-TO U3MEHSIIOTCH, UTO OHH npexpae OblJIH
HHBIMH, HeXeJH HblHe. KOHEYHO, 5TO He UCKArO4eHO, H eCJIH Bbl-
ACHHUTCS, YTO 3TO U BNPAMb TAK, TO UCTOPHYECKHE BONPOCH (H-
3UKH MEepemnyieTyTcsl ¢ ocTalbHO# HcTopueit Bcesennol, u Toraa
¢u3uk Oymer o6cyxkiaTh Te Ke NMpo6J/eMbl, YTO M aCTPOHOMBI,
reoJIord ¥ GHOJIOTH.

Haxkonen, cymectByer ¢usnueckas mnpobaema, oblas MHO-
MM HayKaM, oYeHb CTapas K TOMY Xe, HO O C€ro BDeMeHH He
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peweHHass. DTo He npo6J/ieMa NMOHCKA HOBBIX 3JE€MEHTAapHBIX Ya-
CTHI, HeT, 3TO APYrod BONPOC — BOMPOC NAaBHO, CBbIIE CTa JeT
Hasajl, OTCTaBJIEHHbIH HayKo# B cTopony. Hu onun ¢usuk eue He
CMOr MaTeMaTHYeCcKH G6e3ynpeyHO IpOaHAJH3UPOBATb €ro, He-
CMOTDS Ha ero BaXXHOCTb [JIfl CONpeeNbHBIX HayK. TO — aHaJIHU3
yupkyaayuu, unn suxpesod scudkoctu. Ecau npocieauts 3BO-
JIIOLHIO 3Be3/lbl, TO PAHO HJIM NMO3JAHO MBI MONOHAEM K TaKOMY MO-
MeHTY, Korjia B 3Be3Jle HaUYHHAETCA KOHBEKLUHS; H C 3TOr0 MO-
MEeHTa Mbl yXe He 3HaeM, 4To Oyaer AaJblie. Yepe3 HeCKOJbKO
MHUJIJIHOHOB JIeT MPOMCXOAHUT B3PbLIB 3Be3[bl, HO NPHYHHA 3TOTO
IJIT Hac OCTaeTcsl 3arajkoil. Mel He ymeeM aHaJM3HPOBaTbH NO-
rogy. Mel He 3HaeM KapTHHBI [BHXKEHUH, KOTOpPble JOJ/IKHBI MPO-
HCXOAUTh BHYTPH 3eMJju. B npocreiiieit popme 3agaya Takosa:
NpONyCTHM 4Yepe3 OYeHb AJIMHHYIO TPYOKYy Ha OOJIbIIOH CKOPOCTH
Boay. CnpamuBaercsi: Kakoe HYXXHO [aBJIeHHe, YTOGHl NpPOTHATh
CKBO3b TPYOKY JaHHOE KOJIM4eCTBO BOAbI? 11 HHUKTO, OCHOBLIBAsICh
TOJIbKO Ha NEPBHYHBIX 3aKOHAaX H Ha CBOHCTBAax caMOH BOMBI, He
yMeeT OTBeTHTb Ha 3TOT Bompoc. Ecsan Bona TeyeT HeTOpOMIHBO
HJIM KOT[la COYHTCS B3Kas XKHXKa BpOJde Mela, TO MBI IPeKpacHO
Bce yMeeM. OTBeT BHl MOXKeTe HaHTH, HaNnpHMep, B JIOGOM BaleM
yuyeOHHKe. A BOT C HacTosLeH, MOKPOH BOLOH, ODBbI3XKYILEH H3
LIJIaHTa, CNIPaBHUTbC Mbl He B CHJaX. DTO — LleHTpaJibHasg MNpo-
6/1eMa, KOTODYIO B OIMH NpeKpacHbI JeHb HaM MOHanoOuTcs pe-
LIHTb, 2 MBIl 3TO He yMeeM.

IMosT ckasan ogHaxab: «Bech Mup B GokaJjie BHHa». Mbl, Be-
POSAITHO, HUKOTla He MoiiMeM, KaKOf CMbIC/] OH B 3TO BKJaJbIBall,
60 MOS3TH MUIIYT He AJS TOro, YTo6nl GuiTh nmoHsAThIMH. Ho Gec-
CIHOPHO, YTO, BHUMAaTeJbHO B3TJIsIHYB B GOKaJl BUHA, Mbl NOHCTHHE
OTKpOeM LeJblii MHP. B HeM u ¢u3nueckue ABJeHHsA (HCKpALlas-
cA XKHUAKOCTb, HCIIapeHHe, MeHsIoLeecs: B 3aBUCHMOCTH OT MOTO/bl
M Balllero JbiXaHud, GJeCK CTeKJa) U aTOMBI (O KOTOPHIX HaM ro-
BODHT yXe Haule BooGpaxeHue). CTeKs0 — 3TO OYHIIEHHAs Trop-
Hasl MOpoJa; B ero CocTaBe KPOIOTCSl ceKpeThl Bo3pacTta Bcesen-
HOM M pa3BHUTHS 3Be3ld. A H3 KaKOro YAHMBHTeJNbHOro Habopa
peakTHBOB cOCTOHT 3T0 BHHO! Kak OHM BO3HMK/IH? Tam ecTb 3a-
KBacKa, (epMeHThl, BHITAXKKH H pa3Hble Jpyrue npoayktel. Beap
B BHHe CKpbiBaeTcsi 6oJiblioe 06oGlieHHe: BCS KU3Hb ecTb Opo-
)Kenue. M3yuass XUMHIO BHHA, HeJlb3s He OTKPBITb, KaK 3TO H cle-
Jan Jlyn Ilacrep, npuuuHbl MHOrHX GoJsesHe#. CKOJIbKO XH3HH
B 3TOM KJjapeTe, €CJM OH HaBf3blBaeT HalleMy CO3HAHHIO CBOH
IyX, €CIH MBI JQOJIXKHBI GBITH CTOJIb OCTOPOXKHBI ¢ HUM! Ham or-
pPaHHYeHHBIH YM 1J151 ynoOcTBa Je/HT 3TOT 60KaJ BHHA, STOT MHP
Ha 4acTH: (H3HUKy, GHOJIOTHIO, I'e0JIOTHIO, aCTPOHOMHIO, TNICHXOJIO-
THIO U T. ., HO Bellb MPHUPOJA HA CaMOM JeJle HUKAKOro HeJIeHus
He 3Haet! JlaBaiiTe Xe M Mbl COJIbeM 3TO BOEAHHO, He 3abpiBas
Bce XKe, yTé Mbl yBuaeau. Ilyctb sTor 60Kaj AOCTAaBUT HamocJe-
IOK ellle OJHO HacJaXJAeHHe: BHIIHUTb ero U 060 BceM N03abbiTh!



Faasa 4

COXPAHEHHWE 3HEPIuH

§ 1. Yro rakoe 3nepeus?

C 5TO# rsiaBbl, TOKOHYUB ¢ OOILIMM OMHCAHH-
eM MpUpOAbl Bellell, Mb HauyHeM MOApPOOHOe
H3yueHHe pa3JIMYHbIX (HU3HUYECKHX BONPOCOB.
YTo6bl MOKa3aTh XapakKTep HAeH M THIN paccyx-
INeHU#, KOTOpble MOTYT NPHUMEHSTbCA B TEOPETH-
4ecKoi ¢u3uKe, Mbl pa3bepeM OXHH U3 OCHOBHBIX
3aKOHOB (PU3MKH — COXPaHEHHE 3HEpPrHHu.

CyuectByer $akT, UJH, €CJH YrOLHO, 3QKOH,
YOPaBJAAKILNA BCEMH SIBJEHHAMH TNPUPOXDI,
BCEM, YTO ObLJIO H3BECTHO N0 cux mop. Hcko-
YeHHH W3 3TOr0 3aKOHa He CYIeCTBYeT; HaCKOJb-
KO Mbl 3HaeM, OH a6co/ioTHO ToueH. HasBaHue
ero — coxpanernue nepeuu. OH yTBEPKIaeT, YTO
CyLIeCTBYeT OnpejelieHHass BeJHYHHA, Ha3blBae-
Masi 3Hepruel, KOTopas He MeHSeTC HH MpH
KaKHX NpeBpalleHHsIX, NMPOUCXORAUIUX B NMPHUPO-
ne. CaMO 3TO yTBepXKJeHHe BecbMa M BeCbMa
OTBJIEYEHHO; 3TO MO CYIIECTBY MaTeMaTHYeCKUH
NPHUHLHIN, YTBEPXAAIOLIUH, YTO CYLIeCTBYeT He-
KOTOpasi YHCJIeHHasl BeJIMYHHA, KOTOpas He H3Me-
HfIETCA HH NPU KAaKUX 0OCTOsITeNbCTBAX. DTO OT-
HIOAb He OMHCaHHe MeXaHH3Ma sIBJICHHS HJIH Yero-
TO KOHKPETHOro, NpPOCTO-HANpPOCTO OTMeyYaercs
TO CTpaHHOe OOGCTOSITEJNbCTBO, YTO MOXKHO NOA-
CUYUTATb KaKOe-TO YHCJIO U 3aTeM CIOKOHHO ciie-
OUTb, KakK Inpupoja OyIeT BLIKMIBIBATb JIOGHIE
CBOM TpPIOKH, a MOTOM ONSTb NOACYMTATH 3TO
4UCJI0O — U OHO ocTaHercs npexHuM. (Hy, Bce paB-
HO, KaK CJIOH Ha YePHOM IIaXMaTHOM MoJIe: KaK Obl
HH Pa3BOpPAYMBAJHUCh COOBLITHS Ha JOCKe, KakHe
Obl XOABl HH [eJ1aJINCh, CJIOH BCe PaBHO OKaX<ercs
Ha yepHOM noJe. Ham 3akoH Kak pa3 Takoro TH-
na.) M nmocKo/ibKy yTBepiKieHHe 3TO OTBJIEYEHHO,
TO MBI BHISIBUM €r0 CMBICJ Ha HEKOTOPO# aHAaJIOTHH.

ITo3znakoMHUMCS ¢ MaJIbYHKOM, 3TaKUM MOHTH-
roMo $lcrpe6uneiit Koroth; y Hero ectb GoJbluine
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KyGHKH, KOTOpBIE Jla)ke OH He MOXEeT HH CJIOMaTb, HH Pa3MeJHTb
Ha dYacTH. Bce onM oaunakoBb. Ilyckait ux y Hero 28 wTyk.
Mama ocraBaser ero yTPOM [0Ma HaeQHHe K 3THMH Ky-
6ukamu. Kaxpbiii Bedep OHa NOACYMTHIBAeT, CKOJbKO Yy Hero
KyOHKOB, — OHa HeMHOro Jio6onbiTHa! —Hu OTKpbIBaeT noOpasu-
TeJbHYI0 3aKOHOMepPHOCTb: 4TG Obl ee CBHIHMIIKA HH BBITBO-
pAN ¢ KyOHMKaMH, UX Bce paBHO okasbiBaercs 28! Tak 3to T1-
HeTCs [OBOJILHO [JOJNr0, U BJPYr B OAMH NpeKpacHbIl [eHb
OHa HacuuTbiBaer TOJbKO 27 mtyK. Ilocne Hemoarux mowuc-
KOB KYyOHK OOHapyXKHBAalOT MNOA KOBPOM: eil NPUXOAHUTCA BCe
o6bicKaTh, 4TOObl yOeAuTbC B HEHW3MEHHOCTH YHCJa KYyOUKOB.
B npyroit pas ky6ukos okasbiBaercss 26. CHOBa TulaTeNbHOE HC-
cJle]OBaHHEe NMOKA3bIBAEeT, YTO OKHO OTBOPEHO; B3IJISHYB BHH3, OHA
BUIMT IBa KyGHKa B TpaBe. B Tperuit pas moacuer paer 30 Ky-
6uxoB! JTO NMPUBOAMT MaMy B INOJIHOE 3aMeLIaTeJbCTBO, HO IO-
TOM OHa BCIIOMHHAeT, YTO B IOCTH NMPHUXOAMJ coceAcKuit Koxa-
Helit UyJiok, BUIUMO, OH 3aXBaTUJ C COOOH CBOM KyOHMKH M MO3a-
6ol ux 3nech. OHa y6upaetr nuUIHHE KYGUKH, 3aTBOPSiET MJIOTHO
OKHO, He MmycKaer 6OJiblile rocTeil B OM H TOrZa BCe ONSTb HIAET
KakK CllefiyeT, NOKa ONHaX bl MOoACcYeT He naeT 25 KyGuKoB... [IpaB-
a, B KOMHaTe HMeeTcCsl SIIUK A/ UrpyllIeK, MaMe XO4eTcs H B
HEro 3arJsHyTb, HO MaJb4YHK KpUYHT: «He oTKpbIBa#i MO AIMHKK!»
M HayHHaeT peB; MaMa K SIIMUKY He gonycKaercs. Kak xe ObITb?
Ho mama moGoneiTHa M XHTpa, OHa npuayMmbiBaerT Boixox! Ona
3HaeT, 4T0 KyOHuK BecuT 500 2; OHa B3BellHBaeT SLIMK, KOrga Bce
28 Ky6ukoB Ha moJay, oH BecuT | x2. Korpa B caepyrouuii pas
OHa TmpOoBepsieT KOJIHYEeCTBO KYOGHKOB, OHa ONSTh B3BelIHBaer
SAWMUK, BLIYHTaeT | ke u geautr Ha 500 2. OHa OTKpHIBaeT, 4TO

Yucno rmeloumxca) + Bec smuka — 1 k2 _ [Tocrosinnas @.1)
KyGHuKOB 500 2 " BeJauuuHa. '

Ho onsiTe BO3HUKAIOT OTKJIOHeHHS H OT 3TO#l ¢opmynbl. CHOBa
B pesysbTaTe KPONOTJHBBIX H3bICKAHMH BBIAICHAETCA, 4YTO IPH
3TOM ypOBeHb BOJbl B CTHPaJ/JbHOH MallHHE NOYEMY-TO H3MEHHJ-
ca. Iutd, oKa3biBaercs, IIBbIpsieT KYOHKH B BOLY, a4 MaTb He
MOXET HX YBHAETb—BOJAa MblIbHafA; HO OHAa MOXeT Y3HAaThb,
CKOJIbKO B BOJle KyGHKOB, 106aBUB B ¢opMyJy HOBBHIH uJeH. [Tep-
BOHauya/bHbI ypoBeHb BOAH 40 cx, a Kaxablii KyOHK NMOAbBIMAaeT
BOAY Ha !/3 cm, TaK YTO HOBasi GOpPMyJia TAaKOBa:

Yucno nmelomnxm) + Bec smuka — 1 k2 +
KyOHKOB 500 2
Yposetb BoAbl — 40 cm INoctonnnas
+ P l/ = (4.2)
3CM BeJIHYMHA.

MHp HpellCTaBJleHPlﬁ MaMbl NOCTENEHHO paclupsaeTcd, OHa
HAaXOOHUT BeCb pAL Y4/JICHOB, MO3BOJIAKIUIHUX PAaCCYUTBIBATDL, CKOJIbKO
KY6HKOB HAaXOJAHUTCA TaM, KyJda OHa 3arJsaHYyTb HE MOXET. B Hrore
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OHAa OTKPBIBAaeT CJIOXHYI0 GOpMyJy AJs KOJHYeCTBa, KOTOpOe
00AMHO GblT6 pPACCHUTAHO W KOTOPOe BCerfa OCTaeTcs TeM Xe
caMbIM, 4YTG Obl €e AUTS HU HAaTBOPHJIO.

B ueMm e aHajorus MeXAy 3THM NPHUMEPOM M COXPaHEeHHEM
sHeprun? CaMmoe cCyllecTBeHHOe, 4YTO HaJJIeXKHT NOMHHTb B
3TOH KapTHHKe, — 3T0 4TO Kybukos He cyujecrsyer. Or6pocbTe
B BbipaxeHusix (4.1) u (4.2) nepBble 4sleHbl U Bbl OGHapyXHTe,
4yTO cyuTaere 0oJiee MM MeHee OTBJeYEHHble Ko/uyecTBa. AHa-
JIOTHS Xe B cjelyoueM. Bo-nepBbix, npu pacuere 3Hepruu Bpe-
MeHaMM 4acCTb €€ YXOIHT U3 CHCTeMbl, BpeMeHaMH Xe KaKas-To
3Heprus nosibjasercs. UtTo6pl NpoBepHUTb COXpaHeHHEe SHEPrHH, Mbl
IOJIXKHBI OBITb yBepeHbl, UTO He 3a6blIH YyuyecTb ee yOblIb HJH
npuGelib. Bo-BTOpBIX, 5HEPrus HMeeT MHOXECTBO pasHblx (popm
U AJIS Ka)KJOH U3 HHUX eCTb CBOSI (OpMyJsia: SHeprusi TATOTEHHs,
KUHeTHYecKass JHeprus, TelJoBas 3Heprus, ynpyras 3Heprus,
3JIEKTPOSHEPTHs, XHMHYecKas 3SHepPrus, SHeprus H3JyyeHHs,
silepHasi 3Heprus, sHeprus Macchl. Korga mbl o6beluHHM ¢op-
MyJBl IJIS BKJaja KaxX[IoH H3 HHX, TO HX cyMMa He Gyner Me-
HAATbCA, €CJIM He CYHUTaTh YObIIM SHePTHH U ee NMPHTOKaA.

BaxHO noHHUMaThb, YTO (H3UKe CErOJHSLIHEro [HA HEeHU3BeCT-
HO, 4TO Taxkoe 3Heprusi. Mel He CUHTaeM, YTO SHEPrus nepegaercs
B BHAe MaJleHbKHX nuaoab. Huuero momoGHoro. Ilpocro umeror-
c ¢opMmynbl IJs pacyera OnpeleseHHBIX YHCJEHHBIX BeJHYHH,
CJIOXKUB KOTOpble, MBI NOJyYyaeM 4YHCJI0 28 — Bcerja OfHO H TO
e 4YHCJO0. DTO HeuTo OTBJIeYeHHOe, HHYEro He roBOpslllee HaM
HU O MeXaHH3Me, HH O npuyurax NosiBJeHUss B GopMmyse pasjny-
HBIX YJIEHOB.

§ 2. Iloreryuanrvran 3nepzus TA20TEHUR

CoxpaHeHHe 3HEPrHH MOXHO MOHATb, TOJBKO €CJIH HMEIOTCS
¢opMyJibl 1J1 Bcex ee BUAOB. I ceituac paccmorpio popmyay pis
SHepruy TATOTeHHs O6JIM3 3eMHOH NOBEPXHOCTH; S XOYY BBIBECTH
ee, HO He TakK, KaK OHa BMepBbleé HCTOPHYECKH OblJa MOJyuYeHa,
a MpH NMOMOIUU CNellHaJbHO NPUAYMAHHON M/ 3TOH JIEKUHH HHTH
paccyxieHuii. I xouy BaM 1MoOKasaTb TOT JOCTONpPHMeuaTeJbHbIH
¢ akKT, YTO HECKOJNbKHX HAGJIONEHHH M CTPOrOro pasMblllJIEHHs
JOCTaTOYHO, YTOOGHl Y3HATh O NPHUPOJE OYeHb H oYeHb MHOroe. Bel
yBHIHUTE, B UeM COCTOHT pabora (u3HKa-reopeTHKa. BriBoa nmoa-
CKa3aH 6/ecTALIMMH paccyxAeHHaMH KapHo o K. m. 1. TensoBbiX
MalluH *.

PaccmMoTpuM rpysonogbeMHble MalMHBI, CNOCOGHBIE NOMbI-
MaTb OOMH Tpy3, omycKas npu stoMm apyroil. Ilpeanosoxum eute,

* Hac 3gecp nHTepecyeT He CTOJbKO HTOoroBas ¢opMyna (4.3) (oma Baw,
ROJXKHO OHITH, 3HAKOMA), CKOJIbKO BO3MOXXHOCTh NOJNYYHTb €€ TeopeTHYeCKUM
nyTem.
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Due 4.1. pocras 2py3onodsem-
HAA MAWUHA.

4TO 8e4HOe OsusceHue ITUX MawUH Hego3moxcHo. (FIMeHHO Heno-
NMYCTHMOCTb BEYHOTO [BHXEHH H ecTb o06was (GopMyJHpPOBKa
3aKOHa coxpaHeHHs1 sHepruu.) Onpefensis BedHOe [BHXeHHe,
HYXXHO OBITb O4YeHb OCTOPOXHBIM. CresnaeM 3TO cHadajaa [1Js
TPY30NOAbeMHBIX MaluH. EcJH Mbl MOXHAJNH W ONYCTHUJIH KaKHe-
TO Tpy3bl, BOCCTAHOBHJ/IM IIpeXHee COCTOSIHME MAIUHHBI H IOc]e
3TOro OGHApYXHJH, YTO B UTOTE 2pYy3 NOOHAT, TO MBI NMOJYYHJIH
BeUHbI ABHraTesb: NMOAHATHIl IPy3 MOXeET NMPHUBECTH B JBHXKe-
HHE YTO-TO Jpyroe. 3/eCb CYLIeCTBEHHO, YTOOb MallHHA, MOA-
HsBIUAsl TPY3, BepHYJach B nepg8OHA4aLbHOE NOAOK EHUE HUTOOH
OHa HU OT 4e20 He 3asucesa (UTOOBI He NMOJyyasa OT BHELIHEro
HCTOYHHKA 3HepPruio A/ MOoAbeMa rpysa, cJ0BOM, YTOOHl He NpH-
xoxnua B roctd Koxaneiit UyJIOK co cBOMMH KyGHKaMH).

Ouenp mnpocras rpysonoJbeMHass MallMHAa MOKa3aHa Ha
¢ur. 4.1. OHa nogeimaer TpoitHON Bec. Ha oaHy uamKky BecoB
NOMeILaloT TPH eNHHHLUB Beca, Ha apyryio—oanny. Ilpasaa,
4yT0oOB OHA W BNpsIMb 3apaboTaJa, ¢ JeBOH YallKH Heo6XOAMMO
CHATb XOTb MaJ/oceHbKHH rpysuk. M1 Hao6opor, 4yTO6BHl MOAHATDH
€IUHHUYHBIA TPYy3, ONycKas TPOHHOH, TOXKEe HYKHO HEMHOrO CIJy-
TOBaTb U yOpaTh C NPaBOH YalIKH 4acTb rpy3a. Mbl noHHMaeM,
4YTO B HacTosillell MOABLEeMHOH MallMHe HAalo CO3JaTh HeOOJblIYIO
neperpy3Ky Ha OJHY CTOPOHY, 4TOObl MOAHATBL Apyrylo. Ho moka
MaxHeM Ha 310 pykoi. Mpuea/bHble MallMHBL, XOT HX M HET Ha
caMOM Jlesle, He HYXJawTcid B nepeBece. MalIMHBI, KOTOPBIMH
Mbl (HaKTHYECKH MOJIb3yeMCsl, MOXKHO CYHTAaTb B HEKOTOPOM CMBI-
cse noutu 06paTUMBIMH, T. €. €CJH OHH MOJZHUMAIOT TPOHHOH Bec
TpH NOMOUIH eJHHHYHOrO, TO OHH MOTYT NMOXHATH TaKXKe IOUYTH
€IMHHYHBIHA Bec, ONycKas TPOHHOH.

ITpencraBuM, 4YTO HMeIOTCS [OBa KJacca MalUIMH — HeobparTu-
Mble (CIOLa BXONSIT BCe peaJsibHble MAIIUHBI) U 06parumbie, KOTO-
pBIX Ha caMOM JeJie He CYyIIecTByeT; Kak Obl TILATE/JbHO HH
H3roTaBJUBaTh MOAIUMMNHHUKH, pblYard U T. X., TAKMX MALIHH BCe
paBHO He moctpouiib. Ho MBI mpeamosioxxuM Bce e, 4TO obpa-
THMas MallMHA CYIlecTByeT M cnoco6Ha, ONMYyCTHB €IHHHUYHBIH
rpy3 (KHJIOrpaMM HJM IPaMM — BCe PaBHO) HAa eIUHHUUYHYIO [IJIH-
HY, NOJHATb B TO XXe BpeMs TPoiHO# rpy3. Hasosem sty o6Gpatu-
mylo MampHy MampHoi A. Ilojoxum, uto naHHasi oGpaTuMmas
MallMHa noJbiMaeT TPOHHON rpy3 Ha BeicoTy X. 3areM mpeamno-
JIOXKHM, YTO HMeeTcs Apyras MawuHa B, He o6s3atenbHO o6pa-
THMasi, KOTopas TOXe ONyCKaeT eXMHHYHBIH BeC Ha eNHHHILY
AJMHBI, HO MOJAHHMMaeT TPOHHOH Bec Ha BeicoTy Y. Tenepb MoxHO
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0Ka3aTb, 4T0 Y He GoJbuie X, T €. YTO HeJb3s COOPYAHUTb Ma-
IIHHY, KOTOpas cMorja Obl MOXHATH I'PY3 gbluie, YeM oOpaTHMasi.
[Mouemy? ITocmotpure. Ilyctb Y Bbime X. Mbl GepeM eXHHHYHBIH
BeC M ONYyCKaeM €ro Ha eIHHHUIy AJIHHBI MalIHHOH B, TeM caMbiM
NOAHUMAsl TPOHHON rpy3 Ha BbIcOTy Y. 3aTeM MBI MOXeM Omy-
CTHTb TPYy3 ¢ BBICOTH Y 10 X, noayuus c80600rYyt0 3Hepeuio, u
BKJIOYUTb 0GpaTuMyi0 MamiuHy A B 0GpaTHYIO CTOPOHY, YTOGBI
ONYCTHTb TPOHHOH Ipy3 Ha X W MOOHATH €IUHHYHBIA BeC Ha elu-
HHYHYIO BHICOTY. EAMHUYHBIA Bec OUYYTHTCS TaM, Iae OH ObLI
npexne, 4 o6e MalIMHBI OKaXXyTCsl B COCTOSHHHM HayaTb paGoTy
chizHoBa! Mrak, ecan Y Goabiue X, TO Bo3HHKaeT BeuHHIH [ BHra-
TeJb, @ MBI NPEANOJIOXKHIH, YTO TAKOro He ObiBaeT. MBI mpHXo-
IHUM K BBIBOAY, UTO Y He gbuuwe X, T. e. U3 BCeX MallUH, KOTOpbIe
MOXKHO COOpPYIUTb, OOpaTUMasi — HauJyuLIas,

Jlerko NoHATb TaKxKe, YTO Bce oOpaTHMble MAaIUHHBI JLOJIKHBI
NOJHUMATb T'PYy3 Ha 00nYy u Ty oce 8bicory. [Tonoxum, 4ro ma-
wHHa B takxe ob6patuma. To, uro Y He Goabue X, ocraercs, Ko-
HEYHO, BEPHBIM, HO MBI MOXeM NyCTUTb MAalUIHHY B OOpaTHYIO
CTOPOHY, NOBTOPHTb T€ XK€ PacCyXIAeHUs H MOJYyYHTb, 4TO X He
6oabwe Y. 3To oyeHb 3HaMeHaTeJibHOe HalOJoaeHHe, HG0O OHO
N03BOJISIET Y3HaTh, HAa KAaKyl0 BHICOTY pa3Hble MalIHHB MOTYT
NOJHUMATb TPY3bl, He 3A2AA0bI8AA 8 UX BHYTPeHHee YCTPOLiCT8O.
Ecnu KTo-HMOYAL NpHAYMaJ HeBepOSTHO 3aNMyTaHHYI0 CHCTEMY
pblYaroB AJs NogbeMa TPOMHOrO Beca Ha KaKyl-TO BBHICOTY 3a
CYeT ONYCKAHUS eNHMHHYHOTO Beca Ha EeQHHHIY BBEICOTH H €CJIH
Mbl CPaBHHM 3Ty MalIMHY C NPOCTHIM OGpPaTHMBIM PBIYAaroM, CHo-
COGHEIM NMpOJeJaTh TO XKe cCaMoe, TO NepBas MallMHA He NMOXHH-
MeT BecC Bblllle BTOPO#l (cKopee HaoGopoT). A eciu ero mMauuHa
o6paTuMa, TO Mbl 3HaeM TOYHO, Ha KaKyr0 BBICOTy OHa Oyner
NOAHUMATh T'PY3HL .

Bbigoo: kaxpas o6paTHMas MallMHa, KaKk Obl OHa HH Jeil-
cTBOBaJa, onyckas | xe Ha 1 m, Bcerga mogbiMaer 3 Ke Ha OIHY
u Ty xe BbicOTY X. SICHO, YTO MBI [OKa3a/jH OY€Hb MOJIE3HBIH
BceoOmuil 3akoH. Ho Bo3HHKaeT Bompoc: yeMy paBHO X?

ITycte y Hac ecTb o6paTHMasi MallHHa, COCOGHASA MOAHUMATH
3 ke 3a cuer | k2 Ha BeicoTy X. [ToMecTuM Tpu 1Iapa Ha CTeNax
(kak Ha ¢ur. 4.2). UeTBepThil JMeXKHT HAa NOACTaBKe B OJHOM
MeTpe OT moJsia. MamnMHa MOXeT NOJHATb TPH Liapa, ONYCTHB
onuMH map Ha | m. YcTpouM NOABHXKHYIO NJIAaTHOPMY C TpeMms
NOJIKaMH BEICOTON X, U MYCTh BHICOTA MOJIOK CTeJMaxa Toxe Oy-
ner X (¢wur. 4.2,a). [lepekaTuM cnepBa waphl CO cTeJJaxa Ha
nonaku naardopmel (¢ur. 4.2,6); npeanosoxuM, 4to AJs 3TOrO
SHEPruH He NOHAOOUTCS, MOTOMY YTO NMOJIKH H CTeJJaX Haxo-
IATCST HA OJHOH BbicOTe. 3aTeM BKJIOYHM 0OpaTHMYI0 MAILHHY:
OHa CKAaTHT ONHHOYHBIH IIAap Ha NOJ H NOAbIMEeT NJaTtdopMy Ha
Bbicotry X (¢ur. 4.2,8). Ho mMbl ckoHcTpyHnpoBaju niaatdhopMy
CTOJIb OCTPOYMHO, YTO LIAphl ONATb OKa3a/JHCh B TOYHOCTH Ha
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D ue 42. O6parumas mawuna. l% 1—\

a—Ha4asbHoe noaoxceHue; 6—3a- + O
2py3ka wapos; 6— I Ke nodHumaer n

3 k2 Ha eeicory X; z—paszpyska _L X Q
wapos; 0—60cCTanoBAeHuUe; €e— KO- —r

HedRoe noaodxcenue. a 5

ypOBHe MOJOK CTesasaxa.
Pasrpysum e 1wape ¢
n1atgopMbl  Ha  CTeJIax 6
(pur. 4.2). Ilocae pas-

TPY3KH MallliHa BepHeTcs

B NlepBOHaYaJIbHOE MOJIOXe- “‘—_%

Hue. Tenepp yxe Tpu 1wapa _\
JexXaT Ha Tpex BepXHHX
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NMOJIKaX CTe/axa, a 4eT- (y > ¥ X
BepThiit Wap—Ha noay. Ho — ——a
CMOTpHTE, KaKasi CTpaHHas d €

Belllb: MO CYLIecTBY [Ba
mapa Mbl He NOJHHMAaJIH BOBCe, Belb Ha Mojkax 2 U 3 wapsl Kak
JiexKaJli BHayaJle, Tak JiexaT U Tenepb. B urore nmoaHsaacs ToNbKO
00uH wap, HO 3aTo Ha BeicoTy 3X. Ecan 6bl BhicoTa 3X oKasanach
G6osbiie 1 #, TO MOXKHO ObLIO Obl ONYCTUTH 1Iap, YTOOH BEPHYTHb
MallHHy K HayaJbHbIM ycaoBusiM (¢ur. 4.2,e) u Hauatb paGoTy
cHavaJsa. 3HauuT, Beicota 3X He Moxer ObiTh Gosbme 1 M, H6O
HayHeTCsl BeuHoe JBHKeHHe. TOUHO TaK Ke MOXKHO [0Ka3aTb, YTO
1 M He moocer 6biTo Goavwe 3X: maminHa obpaTHMa, NMyCTHM ee
Hasan U pokaxeM. Mrak, 3X Hu 6Goavwe, Hu menbuwe 1 m. Mbl
OTKPBIJIK TNpPH MOMOLIM OJHHUX TOJbKO pacCyXKAEHHH 3aKOH:
X = /5 m. O6o6wuth ero Jerko: 1 ke nmagaer npu pabore oGpa-
THMO# MallMHBI C HEKOTOPOH BBICOTHI; TOrJa MallMHAa cMOCoOHa
nofHATL p k2 Ha l/p BuicoTel. Ecam, apyrumu cinosamu, 3 ke
YMHOXHTb Ha BBICOTY HX nofbeMa (X), To 310 paBHO | K2, yMHO-
XKeHHOMY Ha BHICOTYy ero nageHus (1x). [IoMHOXHB Bce rpy3nl B
MallHHE Ha BBICOTY, Ha KOTOPOH OHH JexaT, falTe MallMHe MO-
pa6oraTh M ONATb NOMHOXbTE BCEe BeCa Ha HX BHICOTHI NOABEMA;
B HTOTe OO0ANHO B8bLITU TO e camoe. (Mbl nepelliu OT ciayyas,
Korja [BHrajicsi TOJbKO ONHMH TpPy3, K CJAyyalo, KOrja 3a cuyer
ONMyCKaHHs OJHOro rpy3a NOAHHMAaeTcs HeCKoJbko rpysos. Ho
5TO, HaIeloCh, MOHATHO?)

Hasosem cyMMy BecOB, yMHOXEHHBIX Ha BBICOTY, NOTEHYUANb-
HoU 3Hepeuell TA20TeHus, T. €. 3HeprUel, KOTOPOH 06GJamaeT Teslo
BC/Ie[ICTBHE CBOErO MOJIOXKEHHS B NPOCTPAHCTBE MO OTHOLIEHHIO
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Frue 43 Hakronnas naockocrs.

K 3eMJie. (Dopmy.na IJIA 3HEPru” TATOTEHHs, TOKa TeJNO He CJIHLI-
KOM OaJI€eKO OT 3€MJIH (BeC npu noanreme oc.na6.nﬂerc;1), TaKoBa:

[ToTeHunanvHass SHeprusi TArOTEHHs

A5 OLHOTO Tea )= (Bec) X (Buicora). (4.3)

He nmpaBaa /iy, oyeHb KpacHBOe paccyxleHHe? Bompoc ToJbKO
B TOM, CIpaBelJIMBO JH OHO. (Benb, B KOHIle KOHLOB, NpHpoaa He
o6sa3ana cJefoBaThb HaWIMM paccyxkiaeHusam.) Hamnpumep, He
HCKJIOYEHO, 4YTO B [eHCTBHTEJNbHOCTH BeYHOe [BHXEHHe BO3-
MoxHo. Man ppyrue npeanosioxkeHuss own6ouynbl. Miau Mbl mpo-
CMOTpeJNH 4TO-TO B CBOHX paccyxpeHusax. Ilostomy Hx Hempe-
MEHHO HYXHO npoBepHuTb. M1 BOT — cnpaBelJIMBOCTb HX nOOT8ep-
Jcoaer onwiT.

ITorenyuasvran sHeprusi — 370 oblllee Ha3BaHUe [/I1 SHEPTHH,
CBSI3aHHOMH C pacnoJioXKeHHeM MO OTHOLIEHHIO K ueMy-1u60. B naH-
HOM YaCTHOM CJlyyae 3TO — NOTEHYUAAbHAS IHepeus TA20TeHUA.
Ecan ke mnpousBoguTcss pa6oTa NPOTHB 3JMEKTPHYECKHX CHJ, a
He CHJI TATOTEHHs, €C/IU Mbl «MOJHHMaeM» 3apsaflbl «Haa» OpV-
rUMH 3apsflaMH C TNOMOILBIO MHOTOYHCJIEHHBIX pbIYaroB, TOrJa
3amnac Heprud UMEHYeTCsl 3IAeKTPpU4ecKol noTeHyuasbHol 3Hep-
eueti. OGWKA NPUHLUN COCTOMT B TOM, YTO HU3MEHEHHS SHeprHu
paBHBI CHJle, YMHOXEHHOH Ha TO pacCTOsIHMEe, HA KOTOPOM OHa
LeHCTByeT:

Msmeﬂeﬂne) — (Cuna) X (Paccroanne.u Ha Koropom). (4.4)
9Hepruu OHa neliCTBYyeT

ITo mepe uTeHuss Kypca Mbl ellle He pa3 GyAeM BO3BpallaThbCs K
IpYruM BHAAM NOTEHLHAJbHON SHEPrHH.

IIpuHLMN cOXpaHeHHs 3HEPTrMH BO MHOTHX OOGCTOSITENbCTBAaX
CKa3blBaeTcsi OYeHb NoOJie3eH NMPH NpelcKa3aHHH TOro, 4rd Mo-
JKeT NMPOH30HUTH. B cpenaHel mKoMe Mbl YYH/IM HeMaJO MPaBUJM O
6J0Kax u pbiyarax. Mbl MoxeM Tenepb yGeIHTbCS, YTO BCE€ 3TH
«3aKOHBI» C800ATCA K 00HOMY, ¥ HET HYX[bl 3aOMUHATb 75 mpa-
pua. Bor Bam mpocroll mpumep: HakJOHHas nuaockoctb. IlycTte
3TO TPeyroJibHHK co cropoHamu 3, 4, 5 (¢ur. 4.3). Ilogsecum
K GJIOUKY rpy3 BecoM | K2 M MOJIOXKHMM ero Ha NJIOCKOCTb, a C APY-
r0fi cTtopoHsl noasecuM rpys W.

Mper xoTHM 3HaTh, KaKoBa [0/MXKHA ObiThb TsXKecTb W, uTOGHI
ypasHoBecuTh rpy3 | ke. Paccyxknaem tak. Ecau rpysnt W u | ke
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duz. 44. 3ro sbiepasupngano na nao-
2pobuu Cresuna.

ypaBHOBellleHbl, TO 3TO — oGpaTH-

MO€ COCTOSIHME, M BEPEeBKY MOXHO

IBUraTh BBepX — BHH3. [lycTb xe Q
BHayane (¢ur. 4.3,a) | x2 Haxo-

IUTCS BHHM3Y IJIOCKOCTH, a TIpy3

W — naBepxy. Korza W cockonbs-

HeT BHH3, rpy3 | ke oxaxercsa HaBepxy, a W onycrurca Ha
NJUHY cKaoHa (¢ur. 4.3,6), T. e. Ha 5 u. Ho Beab Mbl nodraiu
1 k2 ToJNBKO Ha BBICOTY 3 M, X0oTs onycTuan W Ha 5 m. 3Haumr,
W =3/s ke. 3aMeTbTe, YTO 3TOT JIOBKHH BBIBOJ NOJy4YeH He H3
Pa3JIOXKEHHUSI CHJI, a U3 COoXpareHus 3xepeuu. JIOBKOCTb, BIpOUEM,
oTHocurenbHa. CyulecTByeT Opyro#l BbIBOA, Kyaa kpacupee. OH
npuayman CTeBHHOM M [JaXe BbiCeYeH HA ero HaarpoGum.
®ur. 4.4 o6bscHAET, mMoYeMy [OOJIKHO MOJYuHTbCsl 35 Ke: Lemb
He BpallaeTcsl M HUXKHSS ee YacTb ypaBHOBellleHa caMa coG6o#,
3]1a4YUT CHJIa TATH NSATH 3BEHbEB C ONHOM CTOPOHBI JNOJIXKHA ypaB-
HATb CHJIY TATH Tpex 3BeHbeB C ApPYrof (mo AJHHE CTOPOH).
Inans wa guarpammy, Mbl moHuMaeM, uro W = 3/5 xe. (Hensoxo
6b1710 GBI, ecau Obl Korga-HUOyAb 4TO-HUOYAb NMOAOGHOE BHICEKH
M Ha BalleM HaArpOOGHOM KaMHe.)

A BOT 3aj1aya noc/0XKHee: JOMKpAaT, NOKa3aHHBIA Ha ¢ur. 4.5.
ITocMOTpHM, KaK B TaKOM cJyyae NPUMEHSATb 3TOT MpHHUHUN. [las
BpalleHHs [IOMKpaTa CJAyXKHT pyuKa [IJIHHOH | M, a Hapeska
BUHTa HMeeT 4 BHUTKa Ha | cm. Kakyio culy HYXKHO NPHJIOXKHTD
K pyuKe, 4To6bl noaHsate 1 m? J)Kenas nogusare 1 m nHa 1 cm, MBI
NOJIKHBI OOOHUTH NOMKpAT ueTbipex[bl, KaXAbIH pa3 Aenas Mo
6,28 m (2nr), a Bcero 25,12 m. HMcnonb3ys pasiuuHbie GJIOKH,
U T. ., Mbl AeHCTBHTEIbHO MOXEM MOAHATH | m ¢ MOMOLIbIO He-
p3BecTHOro rpysa W, mpHJIOXKEHHOro K KOHILY pydkH. SIcHo, 4TO
W paBHo npumepHo 400 2. T0 — cjeACcTBHE COXPAHEHHs SHEPTHH.

U ewme G6onee caoxubliy npumep (¢dur. 4.6). ITononpem oaun
KOHell cTepxHA (unu peiku) pauHoit 8 m. IlocpenuHe pefiku

4 gumra
“'T %
Duez 4.5 Homkpar.

In

79



"5"‘—’4;4_——:_3

% l'_ f<—2m Pue 46. Hacpymenunod crep-
) a0\ [0 dcenb, nodnepToui ¢ 00HO20 KOHYA.

[

1

UL

NOMeCTHM rpy3 BecoM 60 xe, a B 2 # OT mMOANOPKH — rPy3 BeCOM
100 xe. CKOMIBKO HagO CHJIBI, YTOOBI yaepkaTb peHKy 3a ApYro
KOHell B paBHOBecHH, npeHe6peras ee BecoM? IlycTb MBI mpHKpe-
nuau 6JI0K M NepeKHHYJ/H Yepe3 Hero BepeBKy, NpPHBA3aB ee K
KoHIy pefiku. KakoB ke nomxeH 6biThb Bec W, ypaBHOBelIHBalo-
IHA cTepXeHb? [lpencraBuM, 4TO BeC ONMYCTHJACA HAa NPOHU3BOJb-
HOe paccTossHHe (IJs MPOCTOTHI MycTh 3TO Oyxer 4 cm); Ha
CKOJIbKO TOTla NMOJHHUMYTCS Halu ABa rpysa? CepeauHa peHKH
Ha 2 cm, a BTOpO# rpy3 (OH JIEXHT Ha YeTBEPTH MJIHHBI PEiKH)
Ha | cx. 3HAYHT, B COrJIaCHMH C NPaBHJIOM, YTO CyMMa BECOB,
YMHOXEHHBIX Ha BBICOTBHI, He MEHSIeTCs Mbl [OJIXKEbl HamhcaTh:
Bec W Ha 4 cm BHH3 mitoc 60 ke Ha 2 cm BBepx miawc 100 xe Ha
1 cm BBepX, YTO mocJe C/I0XKEHHs JOJIKHO AaThb HYJb:

—4W 42X 60+ 1X 100=0, W =55«e. (4.5)

Brixonut, utoOnl yaepxkaTbh pedKy, XBaTUT 55 xe. Takum xe my-
TeM MOXHO pa3paloTaTb 3aKOHbl «PaBHOBECHS» — CTATHKY CJIOX-
HBIX MOCTOBBIX COOPYXKeHUH U T. 1. Takoli noAXOA MMEHYIOT NnpuH-
yunom euprTyasvbusol (T. e. BO3MOXKHOHM UM BOOGpaxkaemoil) pa-
60Tbl, TOTOMY YTO AJIS €r0 NPHMEHeHHs! Mbl 00s13aHbl nPedcTasuTsb
cebe, UTO Hallla CHCTEMAa YyTb CABHUHYJACh, aXKe eC/JIH OHa B Jel-
CT8UTEeAbHOCTU He [BHrajachb WJIM BOBCE Hecnoco6Ha NBUraThCs.
Mbl ucnojb3yeM HeGosblliHe BooOpaiKaeMble NBHXKEHHS, YTOOBI
IPUMEHUTb MPHHIUN COXPAHEHHUsS SHEPTHUH.

§ 3. Kuneruueckan sHepeun

Uro6bl paccka3aTb O JPYroM BUAE 3HEPTrHH, PacCMOTPHM Ma-
ATHUK (¢ur. 4.7). OTBegeM ero B cTOpoHYy M 3aTeM otnycTHM. OH
HayHeT KauaTbCsl B3aJ M Brnepel. JlBurasch OT Kpasi K cepelUHe,
OH TepsieT BbICOTY. Kyla Xe neBaeTcsi moTeHUHaJbHAs SHEPrusi?
Korna o omyckaercs 00 caMOro HH3a, SHeprusl TATOTEHHS NpO-
najaer, OJHAaKO OH BHOBb B30OHpaeTcs BBepX. BhIXoguT, uTO
SHeprus THArOTEHHs [OJIKHA INpeBpaulaTbcs B ApPyrywo ¢opmy.
slcio, 4TO cnOocOGHOCTh B36GHpPAThCsl HaBepX OCTaeTcsl Y MasiTHHKa
6narogaps TOMY, YTO OH O8udeTcs; 3HAYUT, B HaUHHU3LIeH TOYKe
KayaHUsl 3Heprus TATOTEHHUs NepPeXOJUT B APYrodl BHI SHEPTHH.

Mbl [OMXKHB MONY4YUTH (GOPMYJY AJIS SHEPrHH [BHKEHHS.
BcnomuHas Halp paccykIeHHsi O HeoGpaTHMBIX MaUIMHAX, MBI
JIETKO MOfiMeM, YTO, ABHrasicb MHMO HaWHHU3IIEeH TOYKH, MASTHHK
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Due. 4.7. Maarnuk. I
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NOJKeH o6GJafaTb HEKOTOPHIM KOJHYECTBOM 3SHEPruH, KOTopas
NO3BOJIUT €My NMOJHATbCA Ha ONpeleseHHYIO BHICOTY, H NpPH 3TOM
He3aBHCHMO OT MeXaHu3ma nojbeMa HJIH nyTu mnoabveMa. BosHu-
Kaer ¢opMyna, Bhpaxalollas paBHOLEHHOCTb 060X BHIOB 3Hep-
rHH, nogo6GHas TOH, KOTOPYIO NHcaja MaMa, MOACYHTBIBAS KY-
6uku. ITonyuaercs apyras ¢opma npeacrasieHusi sHepruu. Jler-
KO MOHATb, Kakoil oOHa po/xkHa ObiTb. KuHeTHueckas sHeprus
BHH3y paBHA Becy, YMHOXEHHOMY Ha BBICOTY, Ha KOTOpPYIO 3TOT
BeC MOXET MOAHSATbCS M3-3a CBOEH CKOPOCTH: K. 3. = WH.

Ham HyXHa ¢opmyna, npeackasbiBaiollasi BbICOTY NoabeMa
no GeicTpoTe ABHXKeHHs Tena. Ecau MBl TONKHeM 4TO-HHGYAb C
OTipefleIeHHON CKOPOCTbIO, CKaXKeM, NpsIMO BBepX, TO 3TO TeJO
IOCTHTHET OmNpefieJIeHHON BBICOTHI; Mbl He 3HaeM I0Ka, KaKoBa
3Ta BHICOTA, HO HAaM SICHO, YTO OHA 3aBHCHUT OT CKOPOCTH M YTO
OHa BOHIET B HYXKHYIO HaM ¢opMmyny. 3HauHuT, yToObl HAHUTH GOp-
MyJay OJf KHHEeTHYeCKOH >HepruM Teja, ABHXKYILErocss CO CKO-
pocTbio V, HYXXHO BBIYHCJHTb BBICOTY, A0 KOTODOH OHa MOXeT
no6GpaThCcsl, H YMHOXHTb Ha TAXeCTb Tesa. B opHo#t M3 caenyio-
IMUX r1aB Mbl y6eauMcs, 4TO HoJiyyaercs

wy?
K. 9. =——. (4.6)

Koneuno, Tor (pakr, uro nBHKeHHe obJlajaeT SHeprueht, HH-
KaK He CBSI3aH C NoJieM TATOTEHHS, B KOTOPOM HaXOHUTCS TeJIo.
HeBaxHo, orkyoa asunoch aBmKeHue. dto obuwias dopmyna aas
Jobbix ckopoctell. Kcratu, m (4.3) u (4.6) — ¢popmyanl npu-
6/1MKeHHble; nepBasi CTAHOBHTCA HENpPaBHJIbHOH Ha GOJBIIHX Bbl-
cotax (HacTOJNbKO OGOJBIIMX, YTO TSXKECTb TeJa ocaabJsercs),
a Bropasi—Ha OGOJBIIUX CKOPOCTAX (HACTONbKO GOJBLIMX, YTO
TpeOyIoTCsl peNsITUBUCTCKHe monpaBKu). OQHAKO, KOrga Mbl BBO-
IUM TOYHble QOPMYJbI AJST 3HEPrHH, 3aKOH COXPaHEHHS SHepruH
onsTbh cob/0gaercs.

§ 4. Ipouue opmot snepeuu

B TakoM BOT poJe MOXHO M JaJibllle NMOKa3blBaTb CYyLIeCTBO-
BaHHe 3Hepruu B pa3HbiXx ¢opmax. OTMeTHM, BO-NEepPEHIX, ympy-
rylo sHepruio. PacreiruBas npyXHuHy, Mbl [OJ/KHBI COBEpLIHTHb
KaKylo-TO pa6oTy, Belb pacTAHyTass NPyXKHHa CMOCOOHA MOAHATH
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rpy3. [locse pacTsakeHuss oHa nosy4yaer BO3MOMXHOCTb BBINOJIHUTD
pa6ory. Ecau 6bl Mbl Tenepb COCTaBHAH CYMMY NpOM3BeNeHHIH
BeCOB Ha BBHICOTHI, TO OHa OoJblle He colljiach Gbl, © HAM HpH-
JIoCh Obl B Hee YTO-TO BCTABHUTb, YTOOHBI yUecTb HANPSIXKEHHOCTb
NPYXKHUHKH. Ynpyrasi 3Hepruss — 310 U ecTb popMyJia pacTaHyTOH
npyXuHbl. CKOJMIbKO Ke B HeH SHepruu?

Korza BB OTnyckaeTe mnpyxXuHY, TO YOpyras SHeprusi npu
nepexo/ie NpyKHHbl Yepe3 TOUKY paBHOBecus oOpallaercs B SHep-
TR0 KHHETHYeCKYIO; M Jlajlee BCe BpeMs COBEpLIAIOTCA MepeXOl bl
OT CXKAaTHA M pPaCTAXEHHS MNPYXKHHBI K KHHETHYeCKOM SHepruu
NBUXKEHHS (B Mmepexoibl 3TH 3aMelIHBAIOTCS ellle H3MEeHEHHsS 3Hep-
UM TATOTEHUS, HO eCJH 3TO HaM MellaeT, TO MOXHO MPYXKHUHY
He MOABEIIMBATb, a MNOJOXHTb). M Tak npomo/skaercsi 40 Tex
nop, noka norepu 3Hepruu... [locroiire! Beixoaur, Mbl Bce Bpems
XKYJbHHYAJIHU: TO cOBepllaju o6Bec, 4TOOB pbiYar HaKJIOHHJICH,
TO TFOBOPHJIH, YTO MAaUIMHBI OGPAaTHMBI, TO YBEpsSiNH, 4TO OHH OY-
OyT paboTaThb BeyHO. A MallMHa B KOHEYHOM cCuYeTe OCTaHaBJH-
Baercs. ['1e Xe Tenepb, KOrja NMpyKHHA NepecTana CXKHMaTbC-
pas3xuMaTbcs, HaxonuTcsl dHeprus? OHa mepellyia B HO8YHO ¢op-
My 3HepPruu — Ten.o.

B npyxHHe uJM ppluare HMEIOTCS KPHCTaJJbl, COCTOSLLHE H3
MHOXeCTBa aTOMOB; M npH cOopkKe yacTeil MalHHB Tpebyercs
oco6asi TOYHOCTb M TUIATENbHOCTb, YTOOB B paboTe MAaUIMHBI HH
OMIHH M3 aTOMOB He CIBHHYJICSl CO CBOEro MecTa, He mokoJebaJcs.
HyxHo GbITb OYeHb OCTOPOXKHBIM. Belp O6bIYHO, KOrga MallHHA
BEPTHTCS, TO M [€JI0O NPOUCXOAAT KaKHe-TO yaaphl, TOKaYHUBaHHUS,
BbI3BAHHbIE HEPOBHOCTSIMM MaTepHaJja, H aTOMbl HaYMHAIOT APO-
*KaTb. Tak TepsAOTCS MaJieHbKUe NO0JIH SHEPrHU; MO Mepe TOro Kak
NBHXKEHHe 3aMelJisieTcsi, BCe CHJbHee CTaHOBATCH CJay4aHHble,
HeOXH/JaHHble JIPOXKAaHHA aTOMOB BelllecTBA MallHMHLI. KoHeuHo,
3TO BCe ellle KHHeTHUYecKast SHEPTHsi, HO He CBSI3aHHAas ¢ BUAHUMBIM
IBHXKEHHEM.

IlosBosibTe, Kakass KHHeTHYecKass 3Heprusa? Uro 3a ckaska?
OTKyzna H3BEeCTHO, 4YTO 3TO BCe ellle KHHeTHYeCKas 3SHeprusi?
OxkasbiBaercsi, TepMOMeTpP Cnoco6eH OGHapyXKHTb, YTO NPYyKHHA
HJIM PBIYAT HA2PesaroTCs, T. €. UTO H BNPSAMb NPOHUCXOJHT Ompeje-
JIEHHBbI!l MPUPOCT KHHETHYeCKOH >Hepruu. Mbl ee HasblBaeM Tefi-
A080(i, a CaMH NMOMHHM, YTO HHKaKas 3TO He HoBas (opMa 3Hep-
CHH, a BCEro JHLIb KHHETHYeCKas, HO BHYTPEHHero [ABHIXKEHHS.
(OnHa u3 TPyRHOCTEH BCeX ONBITOB C GOJIBIIHM KOJHYECTBOM Be-
IecTBa B TOM M COCTOHT, UTO HEBO3MOKHO B3amnpaBAy MOKa3aTb
COXpaHsSeMOCTb 3HEPTHH, cleNaTb HacTOAIllyld O6paTHMyIlO Ma-
IIMHY; KaXHAbf pa3, KOrga NoBOpayuBaeTcs OOJbILION KOMOK
Bell(eCTBa, aTOMBI He OCTAIOTCS B NPEXHEM COCTOSHHH, B MX CH-
CTEMY BKJ/IOYaeTCs HEKOTOpOe KOJIHYeCTBO CJYYaHHOro IBHXKe-
HHUs. YBHAETb 3TO HeNb3sl, HO U3MEDUTb TePMOMeETPaMH U ApPY-
rHMH NpHGOPAMH MOXKHO.)
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CyutecTByer ellle HeMasno APYrux GOPM SHEPruM, HO OMHCATDb
HX CeHyac CKOJIbKO-HHOYAb MOAPOGHO Mbl, KOHEYHO, HE CMOXKEM.

HmMeercst sHeprus sJjeKTpHuYecKas, CBSI3aHHAsl C NMPHUTFKEHHEM
1 OTTaJKHBaHHEM 3JIeKTPHYeCKUX 3apsI0B.

EcTb 3Heprus H3nyyeHHs, HIM 3SHeprus cBeTa, — OflHA H3
¢dopM s/eKTpHUECKOH 3HEpruH, HGO CBET MOXKeT ObITb NpeaCcTaB-
JIeH KaK KOJIe6aHHsl 3JIeKTPOMArHUTHOTO MOJIA.

BbiBaer 3Heprus XuMHYeCKasi — SHeprus, BHICBOGOXKIaeMas
B XMMHYECKMX peakUHUsX. Ynpyras SHepPrus B HEKOTOPOM poje
NOX0XKAa Ha XMMHYECKYIO; M XMMHYECKass SHEPrus eCTb SHeprus
NPHTSXKEHUST aTOMOB APYr K APYry, H Yynpyrasi SHEpPrusi TOXE.
B Hacrosiulee BpeMs Mbl 3TO NOHHMaeM CJeAYIOUIMM 06pa3oM: XH-
MHYEeCKasi SHeprus CKJaJblBaeTCs M3 ABYX 4acTeldl — 5HEPrUHU JBHU-
JKEeHHS 3JIeKTPOHOB BHYTPH aTOMOB, T. €. U3 KMHETHYECKOH 4acCTH,
M 3JIEKTPUYECKOH SHEPrHH NMPHUTSKEHUS 3JIEKTPOHOB K NMPOTOHAM,
T. €. U3 3JIeKTPHYECKOH YaCTH.

HNanbue, GoiBaeT siiepHast SHepPrus, CBsI3aHHasi C PacCTaHOB-
KOM YacTHIl B siipe; OJs1 Hee TOXe CYIIeCTBYyeT (opMmyJa, XoTs
OCHOBHbIE 3aKOHBI HAM M ReBeOMbl. MbI 3HaeM, YTO 3TO He 3JIeK-
TPHYECTBO, He TArOTeHHe, MPOCTO XHUMHUS — CJOBOM, HEH3BECTHO
yto. Buaumo, sTo fo6aBoyHasi Gopma SHepruu.

W nakoHnel, TeOpPHSI OTHOCHTEJIBHOCTH BHAOU3MEHSET GOPMYTY
KHHeTHYeCKOM SHEPruH, TaK UTO Ha3BaHHe 3TO CTAHOBHTCS YCJOB-
HBIM, coYeTasi ee C JPYrHM INOHATHeM: 3Hepeueld maccol. JIo6o#
o0beKT o6JajlaeT SHepruell yxe MOTOMY, YTO OH cywecrayer.
Ecsu 5/1€KTPOH ¥ NO3UTPOH CMIOKOHHO CTOSIT PSAAOM, HHYEM He 3a-
HUMasAchb (HU TATOTEHHEM, HH YeM HHBbIM), a NMOTOM CJHBAIOTCHA H
UCYe3alT, TO OCBOOGOXKIaeTcsi onpefeseHHas MOPIHSA SHEPrHH
H3/y4eHHs, H 3Ty NOPIHI0 MOXHO NoAcuuTath. Bce, uto npuaa
3TOr0 HYXKHO, — 3TO 3HaThb Maccy o6bekra. HeBaxHo, uTo 3TO Ta-
KOe — IBa 1eJla HCYe3JIH, OmnpejeseHHass 3HePrus NOSBHJACD.
dopmyay BnepBble mpuayMaJs JiHwTelH: 310 E = mc2

M3 namux paccyIeHHH SICHO, YTO NpPH aHaJHU3e sIBIEHHS 3a-
KOH COXpPaHeHHs 5Heprud He3aMeHHM; Mbl YyXKe MOKa3aJH 3TO Ha
pAde npHUMepoB, AJs KOTOPHIX Mbl He 3HaJH Bcex popmy.a. Baa-
nefi Mbpl GopMmysnaMH [Jsi BCeX THIOB 3HEPrHH, Mbl MOIJH Obl
y3HaBaTbh, He BJaBascCb B [eTaJHd, CKOJbKO NMPOLECCOB MPOHCXO-
IUT B TakKoM-TO fBJeHHH. OTTOro 3aKOHB COXPaHEHHS CTOJIb
BaxKHbl. BcTaeT ecTecTBeHHBIN BOMPOC: KakHe elle ecTb B QU3NKe
3aKOHBI COXpaHEHHs.

CyulecTBYIOT ellle ABa 3aKOHa, CXOAHBIX ¢ 3aKOHOM COXpaHe-
Husl sHeprud. OfMH Ha3biBaeTcsl COXpPaHeHHeM HMMyJbca (HJIH
KoaMyecTBa ABHKeHMs). Jlpyroit — coxpaHeHHeM MOMeHTa Ko-
JuyecTBa JBHKeHHA. [lo3xke MBI noapoGHeH NO3HAKOMHMCS
C HHUMH.

B xoHeyHOM cuyeTe Mbl He MOHHMaeM 3aKOHOB COXPaHEHHs [0-
CTaTOYHO r1y60Ko. HaM HenmoHsATHO coxpaHeHHe 3Hepruu. Mel He
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BIpaBe NpPEACTaBUTb cefe SHEPrHi0 KaK HEKOTOpOoe KOJHYeCTBO
HelleJIUMbIX MOpIHH. Bbl, BeposiTHO, CJ/bILIAJNH, YTO (OTOHBI BbI-
JIeTaloT NMOPLHUSAMH H YTO 3HePrus HX paBHa mocrosiHHO# [lnaHKa,
YMHOXEHHOH Ha 4acToTy. DTO npaBaa, HO TaK KaK 4acToTa cBeTa
MoOXeT ObITb JMI060H, TO HET HHKAKOro 3aKOHa, 0 KOTOPOMY nop-
IIUs 5HepruH 00s3aHa HMeTb HEKOTOPYIO ONpefle/eHHYIO Be/HYH-
Hy. 10 yxXe He Ky6uku MoHruromo $flcrpe6unoro Korrs: JsoGeie
KOJIM4eCTBa 5HePruH JONMYCTHMBI, N0 KpallHeH Mepe B HacTosllee
BpeMs. [l Hac 3Heprus — 3TO He TO, YTO MOXKHO NEPeCYHTaTh,
a BCero JIMIlb MaTeMaTHYecKas BeJH4YHHa, abcTpakuus, — o6cTos-
TeJbCTBO [OBOJBHO CTPpaHHOe. B KBaHTOBOH MexaHUKe BHISB-
JsieTcs, 4YTO COXPaHseMOCTb 3HePrHH TeCHO YBs3aHa C JPYruMm
BaXXHBIM CBOMCTBOM MHPa — C HE3A8UCUMOCTbIO OT abCOAOTHOZ0
épemenu. Mbl MOXeM INOCTaBHTb ONLIT B HEKOTODbIH MOMEHT,
a NOTOM elle pa3 B APYrod MOMeHT; OH OydeT NMpoTeKaTb OJH-
HaKoBO. AGCOMIOTHO JM BEPHO 3TO YTBepXKIeHHe HJH HEeT — MHI
He 3HaeM. Ho ecau MBI npuMmeM, YTO OHO A6COAOTHO BEpHO, H
J06aBUM NpPHMHLUHUNB KBAHTOBOH MeXaHHKH, TO H3 3TOr0 MOXKHO
BBIBECTH NpPHMHLHN COXPAHEHHS 3SHEPruH. ITO NOBOJBHO TOHKas
M HHTepecHas Belllb, KOTOPYIO HeJIerko MOsCHUTb. [lpyrue 3akoHbl
COXpaHeHHs TaKXKe CBA3aHBI MeXAY co00H: coXxpaHeHHe HMIYJbCca
B KBAaHTOBOH MeXaHHKe —C YTBepX/JeHHeM, YTO HeBaXHO, ade
NPOHCXOAMT OMNBIT, €r0 HTOr OT 3TOro He MeHsercda. M nmomo6Ho
TOMY, KaK He3aBHCHMOCTb OT MeCTa CBfI3aHa C COXpPaHEHHEM HM-
nyJbca, a He3aBUCHMOCTb OT BpeMeHH — C COXpaHeHHeM 3Hepruy,
TOYHO TakK e OT NnosopoTa HallUX NPHOOPOB TOXKE HHYEro He
JOJIXKHO H3MEeHATbCSA; He3aBHCHMOCTb OT OPHEHTAllu¥ B MPOCTpaH-
CTBe HMeeT OTHOLIeHHe K COXPaHEeHHI0 MOMEHTA KOoAuuecTsa Osu-
HCEHUSL.

Kpome 3Toro, cymecrtsyioT ellle TpH 3aKOHa COXpaHeHHs; OHH
TOYHBIE, HACKOJNIbKO HbIHE HaM H3BECTHO, H NOHATb MX HaMHOTO
Jlerye, Tak Kak IO CBOeH NpHpoje OHH GJH3KH K MOACYETY KyOH-
KoB. IlepBbift U3 HUX — cOxpaHeHue 3apada; OH NPOCTO O3HAYaer,
YTO €CJIM NMOJCYHTATb, CKOJNBLKO €CTb MOJIOXKHTEJbHBIX 3apsloB, H
U3 3TOTO BHIYECTb KOJIMYECTBO OTPHIATEJNbHBIX, TO YHCJO 3TO HH-
KOrfa He U3MeHHTCs. Bbl MOXKeTe H36aBHTbCS OT MOJIOXKHTEJIbHBIX
BMeCTe C OTPHLATEeNbHBIMH, HO He CO3JaAHTEe HUKOTAAa YHUCTOTO
n36bITKAa ONHUX Haj Apyrumu. M nmpoume JBa 3aKOHAa MOXOXKH Ha
stor. ONUH Ha3HIBAIOT COXpaneruem uucia 6apuonss. Vimeercs
HEKOTOpOe KOJINYeCTBO YIHBHTEJbHBIX YacCTHI (NMpHMepbI: HeHT-
POH M NMpPOTOH), Ha3biBaeMblXx GapuoHaMH. B mo6o# peakiuu, rae
6l B NpHpoJde OHa HH NPOHUCXOAHJA, €CJHH NOACYHTATb, CKOJBKO
6apHOHOB 6BIJIO B HayaJje mpolecca (cyuras aHTHOapHOH 3a —1
6apHOH), TO B KOHIle HX YHCJIO OKaxercsi TeM Xe. Jpyroi 3a-
KOH — coxpaxeHrue 4ucaa Aentonos. I'pynna yacTull, Ha3blBaeMbiX
JIENTOHAMH, BK/IIOYaeT 3JIeKTPOH, MIOOH H HEHTPHHO. AHTH3/IEKT-
POH, T. €. NO3UTPOH, cuuTaercs 3a —1 senton. [Toxcuer o6iuero
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4KCJIa JIENTOHOB B peakllHH oO6Hapy>XHBaeT, 4TO Ha BXOAe M Ha
BbIXO/le peakIHH 3TO YHCJIO OJHHAKOBO, MO KpaiHeH Mepe Ha-
CKOJIbKO HaM cellyac H3BECTHO.

BoT BaM wecTb 3aKOHOB COXpaHEHHs: TPH 3aMBICJOBAThHIX,.
CBSI3aHHBIX C NPOCTPAHCTBOM H BpeMeHeM, a TPH NPOCTHIX, CBS-
3aHHBIX C OOGBIYHBIM CYETOM.

K coxpaHseMocTH 3Hepruu GOCTYNHOCTb U NOAE3HOCTb 3Hep-
rMu He HMeeT HHKAaKOro OTHolleHHs. B aTomMax Mopcko#l BOmbI
HeMaJjl0 3HeprHH JABHXKEHHs, TaK KaK TeMmmepaTtypa Mopsa [o-
BOJIbHO BBICOKa, HO HeT HHMKaKOH BO3MOXHOCTH HampaBHTL 3Ty
SHEpruio0 B ONpelesieHHOe pycsao, He OTo6paB ee OTKYAAa-HUOYIb
eme. MHaue rosops, XoTsi HaM H3BecTeH TOT (aKT, YTO SHeprus
COXpaHsieTCs, HO He TaK-TO NMPOCTO COXPaHHTb SHEPTHIO, NPHUTOA-
HYIO AJ5 4esoBeKa. 3aKOHbBI, YNpaBJsiOLlHe KOJHYECTBOM IMpH-
FOHOMH AJIS1 YyeJloBeKa SHEPruH, Ha3blBAIOTCS 3AKOHAMU TePMOOU-
HAMUKU W BKJIOYAIOT NMOHSTHE, Ha3biBaeMoe 3HTponueli Heobpa-
TUMbLX TePMOOUHAMUYECKUX nPOYeCcCOos.

Hakoneln, ocTaHOBUMCS HAa TOM, OTKyJa MBI CErOLHS MOXeM
nojyyatb HeoOXONMMBIH 3amac 3Hepruu. DHepruell Hac cHab-
kator CoJiHLe M AOXIH, Yroab, YypaH H BOAOpoA. Bmpouem, u
INOXAH, M yrolb B KOHLe KOHIOB Ge3 CosHuLa 6bliu Obl HeBO3-
MOXHBI. XOTSl 3Heprus coxpaHsercs, NpHpojaa, NO BceH BUIH-
MOCTH, 3THM HHMYYTb He HHTepecyeTcs; OHa OCBOOOXKIaeT M3
CoJ/iHIla MHOXKeCTBO 3HEpPryuH, HO TOJNBKO OfHA ABYXMHJJIHApAHAsA
yacTb ee nagaer Ha 3emuaio. Ilpupoma coxpaHsieT 3Hepruio, HO
B [IeHCTBUTEJHHOCTH O Hell He 3a6OTHTCS, pacToyasi ee HanmpaBo
H HasneBo. MBI yKe noJyyaeM 5Hepruio M3 ypaHa, Mbl MOXeM IO-
JyyaTb ee W W3 BOJOPOLAE, HO NMOKAa 3TO NOJYYeHHe CBSI3aHO CO
B3pbiBaMH, ¢ 6o0JblIOH onacHocTbio. Ecau Obl MBI CMOrJIM Ha-
YYHTBCA YNpaBJATb TepMOSJEPHBIMH peaKUHSAMH, TO 3Heprus,
KOTOPYI0 MOXXHO noJy4aTtb, Tpats no 10 4 BOABl B CeKyHLY, paB-
HAJachb Obl BCeH 3JIEKTPOSHEPrHH, NMPOMU3BOAUMOH ceHyac 3a 3TO
BpeMs B Coepunennbix Illtarax. lllecTHCOT JIUTPOB peuHOil BOABI
B MHHYTY XBaTHJIO Obl, 4TOGH CHa6GXXaTb 3HepTHeH BCIO CTpaHy!
HNMeHHO ¢u3MKaM npujaercs NpHAyMaTb, Kak H306aBHTb Hac OT
HYXK bl B 3Hepruu. M sro, 6eccnopHo, JOCTUKHUMO.



Tfaaea 5

BPEMSA U PACCTOSAHHUE

§ 1. Meuxenue

B sTOl rsniaBe Mbl pacCMOTpUM MOHSITHA 8pe-
MA ¥ paccToanrue. Mbl yxXe TOBOPHJH, YTO ¢H-
3HKa, Kak, BnpoueM, Jiobas npyras Hayka, OCHO-
BhHIBaeTcad Ha Habarodenusx. MOXHO naxe cKa-
3aTh, YTO pa3BUTHe (PH3HUECKHUX HAYK OO HX CO-
BPEMEHHOTO YPOBHSI B OTDOMHO# CTemeHH 3aBHU-
ceJoO OT (aKTOB, OCHOBAHHBIX Ha KOAUHECTBeH-
Hbotx HabuoneHUsAX. TOMbKO C MOMOIIBIO KOJIHYe-
CTBEHHbIX HaGJIIONEHHH MOXHO MOJYYUTb KOJIH-
YeCTBEHHBIE COOTHOIUIEHHS — CepAlle COBpeMeH-
HOH (PU3UKH.

MHorue cyuTawT, 4TO PU3HUKa GepeT CBOE Ha-
4yaJjo ¢ onbiTa, npoBeaeHHoro anuneem 350 jer
Ha3an, a caM [anuneit aBnsiercs mnepBbIM (puU3M-
KoM. Jlo 3TOro BpeMeHH H3yuyeHHe [BHIKEHHUS
66110 YHUCTO (GHUIOCO(YCKHMM H OCHOBBIBAJOCH Ha
IOBOLAX, KOTOppie OblIM MJOAOM (aHTa3uH.
BONBbIINHCTBO 3THX NOBOJOB ObIM NpPHAYMaHbI
ApucroreneM H APYrUMH TpedyecKHUMH ¢HIOCO-
¢baMu M paccMaTpPHUBAJIUCh KaK «IOKAa3aHHLIEY.
Ho Tanuneit Obln CKENTHKOM H TNOCTaBHJ CJle-
NYIOIHHA ONMBIT: MO HAKJIOHHOH NJIOCKOCTH OH My-
CKaJg Wap U Ha6Jiofaln 3a ero JABHXKEHHEM
(pur. 5.1). Tanuneét He mpocTo cMOTpesa, Kak
KaTUTCA 1Iap, a MU3MepsAN TO paccTosxue, KOTO-
poe npoiies IIap, U ONpelenss 8pems, B Tede-
HHME KOTOpOro UIap MPOXOAHJ 3TO pPacCTOSHHE.
Cnoco6 u3MepeHHs pacCTOSTHUH OBl XOpOLIO H3-
BECTEH ellle 3ag0aro A0 [anuies, ofHAKO TOY-
Horo crnoco6a M3MepeHHUs] BpeMeHH, 0COGEHHO KO-
POTKHX HUHTEpBaJoB, He OblL10. XOTS BHOCJENCT-
BuM [anuseil u3o6pen 6osee coBeplIeHHbIE YaACH
(OTHIOIb He TNOXOXHe Ha COBpPeMeHHbie), HO B
CBOUX NepBbIX ONbITAaX NJs1 OTCYeTa PaBHBIX MPO-
MEeXYTKOB BpPEMEHK OH HCMO0Jb30BaJ COGCTBEH-
Hulll nyJbc. JlaBaiiTe cienaeM TO Xe camoe,
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due 51. Uapuk karurca no nlea"
HAKAOHHOE naockocTu. PR S

ByneM oTcuMTBIBaTH ynapel myJabca B TO BpeMs, Kak INapHK
KaTtutcs BHH3: «OMMH.. [OBa.. TPH... YeTblpe.. MATh... LIECTb...
ceMb... BoceMb...». TIycTb KTO-HHOYAb OTMeYaeT NOJIOXKEHHe Ila-
pUKa Ha KaXAbH cyer. Temepp MOXHO H3MepHTb paccrosxue,
KOTOpOe IIapHK NpolleJ 3a OAWH, ABa, TPH MU T. A. PaBHBIX WH-
TepBasa BpeMeHH. [anunelt copmynupoBas pesysbTaT CBOHX
Ha0/0eHH# caeyoUuM 0o6pa3oM: ecqH OTMeuYaTb MOJIOXKEHHUS

wapuka vepes 1, 2, 3, 4, ... eAUHHUB BPeMeHH OT Hayaja JQBHU-
KEHHUs, TO OKaXeTCs, 4YTO 3TH OTMEeTKH yJdajleHbl OT Haya/bHOro
MOJIOXKEHHs NMponopuUHoHaAbHO uucaaMm 1, 4, 9, 16, ... . Ceituac

Mbl CKa3aju Obl, YTO PacCTOsIHHe MNpPOMOPLHOHAJBHO KBalApaTy
BpeMeHH:
s~
Takum oGpa3om, H3yuyeHue mpouecca OsusceHus (OCHOBHI CO-
BpeMeHHO! (H3MKH) HayMHaeTCs ¢ BONPOCOB: rie M Korma?

§ 2. Bpems

Pas6epem chauyasa, 4yT0 Mbl NOHHMaeM MOA CJOBOM 8peMms.
Yro xe aro rakoe? Hennoxo 6b0 Gbl HaliTH MOAXOASILEE OMpe-
JeJleHHe MOHATHSA «BpeMs». B TosakoBOoM ciioBape BeGcrepa, Ha-
TpHMep, «BpeMs» OmnpejeaseTcd KaK <«NepHOA», a caM «me-
pHol», — Kak «BpeMs». ONHaKO MOJb3Bl OT 3TOrO OMNpeleseHHs
mano. Ho u B omnpemeneHHn «BpeMsi— 3TO TO, UTO MEHseTCH,
Korja OOJibllle HHYero He H3MeHsieTCs» He O0oOJibllie CMBICJA.
BeiTh MOXeT, cilefyeT npH3HaTb TOT (AaKT, 4TO BpeMs — 3TO
OHO M3 MOHATHH, KOTOpOe ONpele/]HTb HEBO3MOXHO, U MPOCTO:
CKa3aTb, 4TO 3TO HEYTO M3BECTHOE HAM: 3TO TO, YTO OTAEJSAET
[Ba NocJ/e10BaTeNbHBIX COObITHSA!

Heno, ogHaKo, He B TOM, KakK JaTb onpedeieHue TOHATHS
«BpeMsi», a B TOM, KakK ero usmeputb. OfuH H3 cnoco6OB H3Me-
pHTb BpEMf -—3TO HCNOJNb30BaTh HEYTO PEryJspHO NMOBTOPSIO-
meecsi, HeuTo nepuoduueckoe. Hanpumep, meub. Kasanoch 6,
IOHH PEryJaspHO cjelyloT OAHH 3a ApyruM. Ho, nopa3ambiciuB He-
MHOT0, CTaJIKMBaellbCsl C BONPOCOM: NMEPHOJAHYHBI JH OHH? Bce
JH JHH HMEIOT OQHHAKOBYIO AJHTeNbHOCTb? Co3Jaercsi Bheyar-
JIeHHe, YTO JIeTHHe JHH NJHHHee 3UMHHX. BmpoueMm, HekoTOphble-
3MMHHE [HH KaXYTCl YXKacHO IJMHHBIMH, OCOOEHHO eC/lH OHH
ckY4Hbl. O HHX OOBIYHO FOBOPSAT: «YKACHO AJIMHHBIHA J€Hb>»!
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OnHako, no-BHAHMOMY, BCe CYTKH B CpeJHeM OJIHHAKOBBI.
MOXHO 1M NPOBEPHUTb, AEHCTBUTENbHO JIH OHH OJHHAKOBBI H OT
OJIHOTO AHA A0 APYroro, Xors 6bl B CpeJHeM, NPOXOAHUT JH OLHO
u TO Xe BpeMsa? [lns 3TOro HeO6XOAMMO NMPOHU3BECTH CPaBHEHHe
C KaKHM-TO APYrMM NepHOAHYecKHM mnpoueccoM. Jlapaiite no-
CMOTPHM, KaK Takoe CpaBHeHHe MOXHO, HanpuMmep, NPOBECTH C
TMOMOLIBIO MecOYHbIX 4acoB. C mOMOLIbI0O TaKHX 4acOB Mbl MO-
XeM CO31aThb NepPHOAHYECKHH npoiuecc, ecau 6yfeM CTOATb BO3Je
HHUX NeHb W HOYb M NepeBOpPaYMBaTh KaXKAbIH pa3, KOrha BBICHI-
NATCA MOC/JeIHHe KPYNHHKH MecKa.

Ecan 3ateM NOACYHTAaTh YHCJAO MepeBOPayHBAHHH MNECOYHBIX
YacOB OT KaXMAOro yTpa [0 cJelylollero, TO MOXHO O6GHapy-
XHTb, YTO YHCJO «4acoB» (T. €. YHCJO NepeBOpAYHMBaHHH) B
pasHble QHH pa3aHyHO. KTO Ke BHHOBaT B 5TOM? MoxeT GHITb,
CouaHue? Moxer ObiTh, yachl? A MoxeT, U TO U apyroe? Ilocie
HEKOTODbIX Pa3MblIIJIEHHA MOXHO NMPHHATH K MBICJH, YTO CJefyeT
CYHTAThb «4acbl» He OT yTpa [0 yTpa, a OT MOJYAHS OO MOJYIHS
(nmonaeHp — 3TO, KOHe4yHO, He 12 yacos, a MoMeHT, Korga CoJH-
Ile HaXOAMTCA B HauBbiclleM nosoxeHuu). Ha stor pa3 okasw-
BaeTcs, YTO B KaXKAbIX CYTKaX YHCJIO «4acOB» OJHHAKOBO.

Tenepb MOXKHO yTBepXKIaTh, YTO «Yac» U «CYTKH» HMEIOT pe-
TyJSpHYI0 NEepHOAHYHOCTb, T. €. OTMEYaloT INO0CJel0BaTe/bHbIe
paBHble HHTEepBaJbl BPEeMEHH, XOT HaMH H He 00KA3aHO, 4YTO
KaX/[bll U3 NpolleccoB deHCTBHTeNbHO mepHoauyeH. Hac moryr
CIPOCHTb: a BAPYr ecTb HeKOe BCeMOrylllee CYILECTBO, KOTOpoOe
3aMelJIseT TeyeHHe MecKa HOublo M yGeicTpser AHeM? Ham skc-
TepHMEHT, KOHeuHO, He MOXeT AaTb OTBeTa Ha TaKOro poja BO-
npockl. OYeBHAHO JHIIL TO, YTO NEPHOAMYHOCTb OJHOrO Npo-
lecca COrJacyeTcsi ¢ NepHOAHYHOCTbIO Apyroro. Ilostomy npwu
onpedeseruu TIOHSITHSI «BPEMs» MBI NMPOCTO OyJeM HCXOAUTb H3
NOBTOPEHHS] HEKOTODHIX OYEBHAHO NEPHOMHYECKHX COOBITHH.

§ 3. Koporkue eépemena

3aMeTuM, 4TO B IpoLecce MPOBEPKH «BOCIPOU3BOIHUMOCTH»
OHeH Mbl HallJIH MeToJ H3MepeHHsl 4acTu [HS, T. €. METOHd H3-
MepeHHsi MeHbIUHX NpomexyTkoB BpemeHH.Henp3s au stor mpo-
1eCC MPOMO/IXKHTb H HAYYHThCA H3MEPATH ellleé MeHbIUHe MpoMe-
XKYTKH BpeMeHHu?

Fanuiell nmpeanosioXMJ, UYTO KaXAbIH MasiTHHK OTKJOHsETCS
¥ BO3BpallaeTcs Ha3aJ 3a pPaBHble MHTEPBAJbl BPeMeHH (ec/H
OTK/IOHeHHs1 HeBenHKH). CpaBHeHHe YHCJA OTKJIOHEHHH MasT-
HHMKAa C «4acOM» IOKa3biBaeT, YTO 3TO JEHCTBUTEJbHO Tak. Ta-
KUM Crnoco60M MOXHO H3MepsATb HOMH «udaca». Ecaum Aas mog-
cueta uYHCJaa KoJeOGaHMH MasTHHKAa NPUMEHHTb MeXaHHYeCKHi
CYETYHK, TO Mbl MOJYYUM MasSITHHKOBBIE Yachl HAlUHMX deNOB.
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D ue 52. lee ocyusrozpammeot,
CHATble ¢ 3Kpana ocyuasozpaga.
a—npu ocyusrrozpade, noOAKAIOUEHHOM
K 00HOMY ocyuararopy; 6—npu ocyua-
a0zpaghe, NOOKAIOHEHHOM K OCLUNNATODY,
nepuod koaebaHuli KOTOpo20 8 OAeCATY
pa3 meHowe nepeoezo.

JloroBopuMmcst Tenepb, 4TO
€CIH MAasATHHK OTKJIOHHUTCSH
3600 pas B uyac (u ecyu B
CyTKax 24 vaca), TO mepuon
KoJleGaHUI TaKOro MasTHHKA
Mbl Ha30BeM  «CEKYHIOM».
Mrak, Hamy mnepBoHayalb-
HYIO €JHHHUIY <«CYTKH» Ml
pasfieJuaH  npHOJH3HTENbHO
Ha 105 vacreir. MHcnosbsys
TOT XKe NPHHLHUN CpPaBHEHHS,
MOXHO H CeKYyHIy pasge-
JUTb Ha BCe MeHblIHe M MeHblIHe yactH. [l 3TOro OKashbl-
Baercsl 6GoJjiee yNOOHBIM HCNOJIb30BaTb HE TNPOCTONH MeXaHHye-
CKMH, a 3/eKTpuvecKkuli MAATHUK, HA3bIBaeMblll OCLHJIATOPOM,
nepuos Kome6aHHH KOTOPOro MoxeT ObITb OueHb MaJbiM. B Ta-
KHX 3JIEKTPOHHBIX OCHH/JASTOPAaX pOJb MAasiTHHKA BHINOJIHAET
3JIEKTPHYECKHH TOK, KOTOPBHI TeyeT TO B ONHOM, TO B IPYrom
HarnpaBJIeHHH.

HaBafite npencraBuM cebe HeJbiH pAA TaKUX OCHHJJIATOPOB,
4TO MepHoj KosneGaHHH KaxKAOro mocJAefyiollero B HeCATb pas
MeHbllle TpeAbAylUlero. OTO MOXHO NPOBEPHUTh NMYTeM IMPOCTOroO
nojcyera yucsaa KosneGaHHUB NOCJeNYIOUEro OCHUAJASATOPa 3a
ONHO KoJe6aHHe mNpeIblAYLero; TOJbKO Temepb 3TOT MOACYET
TPYAHO mNpoBecTH 6e3 YCTPOHCTBA, PAacCLIMPSIOIIErO BO3MOXKHO-
CTH HabJIoeHHUs, CBOeoOpa3HOTO «MHKpPOcKonma BpeMeHH». Ta-
KHM YCTPOHICTBOM MOXET CJYXHTb 3JEeKTPOHHO-JyYeBO#l OCLHJI-
gorpad, Ha cBeTsUleMCS 3KpaHe KOTOPOro CTPOMUTCA rpaduk
3aBHCHMOCTH 3JIEKTPUYECKOrO TOKa (MJIM HanpsiKeHHs) OT Bpe-
MEeHH.

CoenuHss ocuuanorpad cHayasa ¢ ONHHM OCLH/JIATOPOM, a
3aTeM C [JPYrdM, Mbl NMOJYYHM Ha 5KpaHe rpad®HUKH 3aBHCHMOCTH
TOKa OT BpeMeHH B OLHOM H B JpPyroM ocuuaiasrtope (¢wur.5.2).
A Temepb HETPYIHO MOACYMTATh, KAKO€ YHCJO MEPHOLOB «Obl-
CTPOro» OCHHANATOPA YKJaAblBaeTcss B OJHOM MNepHOLEe «Mef-
JIEHHOT O,
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CoBpeMeHHasi 3JIEKTPOHMKA MO3BOJISET CO3[aBaTb OCLHUJSA-
Topel ¢ mepuogamu 10 cex, xoropnle BbIBepsiOTCA (KaJHG-
PYIOTCS1) METOJOM CpaBHEHHs, MOJOGHBIM BBILIEONMHCAHHOMY, Ha
CTAaHAApTHYIO eIHHHIY BpeMeHH — CeKyH1y. B mociennue He-
CKOJIbKO JIeT B CBSI3U C H300peTeHHEM H YCOBeplUEHCTBOBaHHEM
«Jlazepa», WJIH YCHJIHUTENs CBeTa, MOSBUJACh BO3MOXHOCTb Cle-
JaThb OCLUMJNATOPH C ellle GoJjiee KOpoTKMM mnepHomoM. Iloka
elle HEeBO3MOXHO Ka/JUO6pPOBaTb HX TeM Xe METOIOM, OIHAKo,
HECOMHEHHO, 4YTO H 3TO CKOpO 6yaeT JOCTHUTHYTO.

MOXHO H3MepATb NPOMEXYTKH BpeMeHH, ropasno 6oJiee KO-
poTkue, yem 10~!2 cex, HO AJA 3TOrO HCNOJIL3YIOTCS COBEPLUEHHO
Apyrue MeTOABl. B CYIIHOCTH HCNOJB3yeTCs ApPYroe onpedesexue
NMOHATHA «BpeMsi». OIMH U3 TaKUX METOINOB — 3TO H3MepeHHe
DACCTOAHUA MeXAY ABYMSI COOBLITUSIMH, MPOHUCXOAALIMMH Ha [ BH-
xkyuemcss ob6bvekte. Hanpumep, nycTb B ABHXKYIEMCS aBTOMO-
6use cHauaJla BKJIOYAIOT, a 3aTeM BbIKJwOualoT ¢apel. Ecan us-
BEeCTHO, 20e ObIIM BKJIOYeHBl Gapel M KakoBa Obljla CKOPOCTb
aBTOMOOHUJIS, TO MOXHO BBIYHUCJ/IHTb, CKOJIbKO BpEMEHH OHH Tro-
pean. [lns 3TOro HYXXHO paccTosHue, Ha NMPOTSXKEHHH KOTOPOro
ropeau ¢dapbl, pa3feJHUTb Ha CKOPOCTb aBTOMOOHJS.

VIMeHHO TaKMM MeTONOM B MNOCJeJHHe TOAbl H3MepsI0Ch
speMs KH3HH n’-Me3oHa. IIpu Haba0feHHMH B MHKPOCKON MeJb-
yafIIUX CJel0B, OCTaBJEHHBIX Ha (OTOSMYJbCHH, B KOTOPOH poO-
auncs n'-Me30H, OblJI0 OGHApYXKeHO cienywllee: n’-Me30H, [BHU-
rascb CO CKOpPOCTblo, OJIM3KOM K CKOPOCTH CBeTa, Npexiae 4eM
pacnactbcsl, IPOXOAHUT B cpefHeM paccrosiHue okoJso 10~7 m. Ta-
KHUM 006pa3oM, BpeMs XH3HH m-Me30Ha COCTaBJsieT BCero JiHilb
1018 cex! Heo6xonuMoO nOQYepKHYTb, YTO 3[e€Chb OBLIO HCIOJIb-
30BAHO HECKOJIBKO [pyroe omnpejejeHHe NOHATHA «BpeMs», HO,
MNOCKOJIbKY OHO He MNPHBOAUT K KakKHM-JHG0 NPOTHBOpPEUHsM,
MOXHO OBITb YBepeHHBIM B TOM, YTO 3TH OnpejeseHHss B AOCTa-
TOYHON Mepe 5KBHBAJIEHTHH ADYT ApPYTYy.

Pa3BuBasi TeXHHKY 3KCnepHMeHTa, a ecJH Heo6XOZHUMO, Me-
HAA ONpeleJieHHe MOHSATHS «BpeMs», MOXKHO OOGHApYXKHUTb elle
Gosiee ObicTpble (H3HMUecKHe npouecchl. Mbl, HanpuMep, MOXeM
rOBOPHTb O MepHoAe BHOpPAUMA SIAPA HJH O BPeMEHH XH3HH He-
NaBHO OGHapYMKEHHBIX «CTPaHHBIX» DE30HAaHCOB (YacTHI), KO-
TOpbIE yXKe YNOMHHAJHCb B IJ. 2. BpeMs XHM3HH 3THX 4acTHI
JUlIL HeHaMHoro Gosbuie 1072 cex! TIpu6GMH3HTENBHO CTOJBKO
BpeMeHH TpeGyeTcs cBeTy (KOTODHI/i MMeeT HauOOJbLIYIO CKO-
pOCTb pacrnpocTpaHeHHs), 4TOObl NPOATH pPacCTOsIHHE, paBHOE
AHaMeTpy siipa BOAOpoAa (HAMMEHbLIMH H3 HM3BeCTHbIX O6bek-
TOB).

UTo MOXKHO CKa3aTb O ellle 60/lee KOPOTKHX HHTepBaJax Bpe-
meHu? Mmeer su cMbicn BooOlle TOBODHTb O HHX, €CJH HeBO3-
MOXKHO He TOJIbKO H3MepHTb, HO Na)Ke Pa3yMHO CYAHUTb O MpO-
Ieccax, NPOHUCXOAAILMX B TeyeHHe CTOJb KOPOTKHX HHTepBa-
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70B? BO3MOXHO, HeT. DTO ONMH M3 TeX BONPOCOB, Ha KOTOpHIE
HeT oTBeTa. MoxeT ObiTb, KOMY-HHOYAb H3 BaC MOCYACTIHBHTCS
OTBETUTb Ha Hero B Ouxkaiimue 20—30 JerT.

§ 4. Boavuwue spemena

PaccmoTpuM Tenmepp npoMeXyTKHM BpeMeHH, OOsbliHe «Cy-
TOK». M3MepsaTh GoJiblliMe BpeMeHa JIerKO: HYXKHO NPOCTO CYH-
TaTh [JHH, NIOKAa He mpHAyMaeM 4To-HHOGYAb Jyumero. Ilepsoe,
C YeM MBI CTAaJKHBaeMcCsl, 3TO rojJ — BTOpasl €CTeCTBEHHas Ie-
PHOLHMYHOCTb, COCTOSAILAs NPHUOMHU3UTeNbHO M3 365 nHelt. Mure-
pPecHO, YTO B NpPHPOJE CYILEeCTBYIOT €CTeCTBEHHble CYETYHKH Jer
B BHJe FOJOBBIX KOJIell y [epeBbeB HJIH OTJOXEHHH peyHoro uija.
B HekOTOpBHIX CJyuyasiX MOXKHO HCNOJ/Ib30BaTb 3TH eCTeCTBEHHbIe
CYETYHKH A/ OnpeleieHHs BPeMeHH, OTAeJSAIOLIero Hac OT Ka-
KOro-u60 OTAa/JeHHOTO COOLITHS B NMPOLIJIOM.

TABJIHIA

BPEMEH IMepuon
Toan CeKyHAB nonyppacnana

1018 2?29?
Bospact Bcenennoit
. Bospact 3eman U2
10 1018
) IMepBrIit wesnoBeK
10
- 10'2  BoapacT nupamup Ra220
a
Bospacr CIIIA
10° Yenoseueckas XKH3Hb H3
1
106
CyTru

10° Cser mnpoxopur paccrosuue or Heiitpor
ConHua xo 3emau
1 OpuH ynap cepaua
10': ITepuon 3BYKOBOi BOJIHH
10~ Ileprox paanoBOMHBI W-Me30H
0 T+ -Me30H:
107, Ceer npoxonaur paccrosnve 1 x
107 ° Ilepuox MOJeKY.sipHHIX BpalleHHH

10717 Tlepuox aTomuix koreGannuii 10-Me30H
}0: ,; CBeT NPOXOXHMT 4epe3 aTOM
0
_gq [Ilepuon simepHbix KoseGauni
10 CBeT NpoXoaHuT yepes AAPO CrpaHHH €
qacTHLI
P77

HO, Korja HeBO3MOXHO CYHUTATb TroAbl AJsA OYE€Hb 6OJIbIINX
OTPE3KOB BpeMeHH, HYXHO HCKAaTb KakKHe-TO Jpyrue crnoco6sl
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APaduoaxmuorocms

1k Pue 53. Ymenswenue padun-
\ AKTUBHOCTYU CO 8P eMeHeM.

Paduoaxrusnocre nadaer 8 dsa pas3a
3a KaxcOoui nepuod noaypacnada T.

12
v =
y8p----- - i
1 I o
0 T 2T 3T Bpemn

usmepenusa. OgHuM u3 HaubGosnee 3 (PeKTHBHBIX METONOB SB-
JISIeTCS HCINOJIb30BaHHE B KayecTBe <«YacoOB» paJHOAKTHBHOTO
BeIleCTBa. 3[€Cb Mbl CTaJKHBaeMCS C «DPeryJspHOCTbIO» HHOrO
pona, yeM B cJayuae, CKa)XeM, MasTHHKAa. PaqHOaKTHBHOCTb JIIO-
6oro BemecTBa [JJs1 MNOCJAeOBaTeJbHBIX PaBHBIX WUHTEPBAA0S
BpeMeHHM H3MeHseTcsl B OZHO M TO Xe yHcJo pa3. Ecam Havep-
THTb TPaQUK 3aBHCHMOCTH PaJHOAKTHBHOCTH OT BpPEMeHH, TO
Mbl MOJYYHM KPHBYIO THMa H306pa)KeHHOW Ha ¢wur. 5.3. Mnl BH-
IMM, YTO ecJH paJHOaKTHBHOCTb 3a I nHe#l (mepuon mosypac-
najga) yMeHbluaercs BABoe, TO 3a 2T [Hell OHAa YMEHbIUUTCSH
B yeTbipe pa3a U T. A. [1pou3BOJIbLHBIH HHTEpBaJl BpeMeHH ! CO-
nepxut /T «nmepuomoB moaypacnana», H, CJef0BaTeJ]bHO, KOJH-
YeCTBO HAYaJbHOrO BellecTBa yMeHbLIHTCS B 24T pasa.

Ecnu MBI 3HaeM, 4yTO KaKOH-TO MaTepHaJ, HanpuMep AepeBo,
TpH cBoeM O0pa30BaHHUH COAEpPXKas HeKOTopoe KoJsuyecTBo A
PagHCAaKTHBHOIrO BellleCTBAa, a NpsIMble H3MepeHHs MOKa3blBAloT,
YTO Tenepb OH CONEPXKHT KOJIHYeCTBO B, To BospacT 3Toro Ma-
TepHasla MOXHO NPOCTO BLIYHUC/UTH, PELIHB ypaBHEHHE

1\t _ B
('2‘) - A
A Takue ciyyaH, Korja Mbl 3HaeM NepBOHaya/JlbHOe KOJHYe-
CTBO paJMOAaKTHBHOIO BelllecTBa, K CYACTbIO, CYyulecTBYoOT. H3-
BECTHO, HampuMep, YTO YIJIEKHCJBI ra3 B BO3JyXe COHNEPKHUT
Manyw NOJI0 paguoakTHBHoro uzorona CM, mepuox mnoaypac-
nmaga Kotoporo cocraBiasier 5000 jer. KoJanuectBo ero GJaro-
naps JefCTBHIO KOCMHYECKHX JIyyeHl MNOCTOSTHHO IONOJHSAETCS
B3aMeH pacnaBulerocsi. Eciu Mbl H3MepsieM noaHoe cojepika-
HHe yrjepoja B KAaKOM-TO NpeaAMeTe M 3HaeM, YTO ONpeneeH-
Hasi J0JiA 3TOTO Yyrjepoaa Obla NepBOHAYaJbHO PaJHOAKTHB-
HeiM C!% TO HaM H3BeCTHO M NepBOHAYaJ/bHOE KoJnyecTBO A H
Mbl MOXEM J10J1b30BaThbCsl NpHBeAeHHOHN Boille opmyJoi. Ecaun
Ke MyTeM TOUYHBIX H3MePeHHH YCTAaHOBJIEHO, 4YTO OCTaBlIeecs
koaudectBo C'* coorBerctByer 20 nepHomam noJypacnapga, To
MOXHO CKa3aTb, YTO 3TOT OPraHHUYeCKHH NpeaMeT XKHUJ NpHOJH-
auteabHo 100000 net Ha3an.
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Xotenob Gbl, OQHAaKO, y3HaTb BO3pacT eule O6oJiee JPEBHHX
Bellleil. DTO MOXKHO crenaTh, U3MEDHB COJEpXKaHHe APYrHX pa-
JNHOAKTHBHBIX 3JIeMEHTOB ¢ OOJbLUIMMH NepHOgaMH mnoJypac-
najga. YpaH, HanpuMep, HMeeT H30TON C NMepPHOAOM MoJypacnaja
okoso 10° ;er, Tak 4TO ecJH KaKOH-TO MaTepuHasJ MPH CBOEM
o6paszoBanun 10° et Hasax comepkasj ypaH, TO CErodHsl OT
HEro ocCTajlach TOJNBKO INOJIOBUHA IepPBOHAYaJbHOIO KOJHYECTBA.
IIpu cBoem pacnage ypaH mpeBpaiiaercs B cBHHel. Kak ompe-
JeIUTh BO3pacCT FOPHOH noponbl, KoTopas o6pa3oBalach MHOro-
MHOrO JeT Ha3aj B pe3yJbTaTe KaKOro-T0 XHMHYECKOro Ipo-
necca? CBuHell M0 CBOMM XHMHYECKHM CBOHCTBAM OTJIHYAETCS OT
ypaHa, NMO3TOMY OHHM NepPBOHAYaJbHO BXONHJIHU B Da3Hble BH/BI
ropueix nopox. Ecau B3siTh Tako#l BHA MOPOABI, KOTOPHIA BHa-
yaJjie QOoJKeH OblJI COJepXKaTh TOJbKO ypaH, TO Mbl OOHapyXHuM
B HeM HeKOTopoe Ko/aHyecTBO cBHHIA. CpaBHHBas [0JIH CBHHLA
M ypaHa, MOXHO ONpeIe/NHTb Ty 4acTb ypaHa, KoTopas B pe-
3yJbTare pacnaja npeBpaTH/ach B CBHHeN. IDTHM MeETOAOM
6BLIO YCTAHOBJIEHO, YTO BO3pPacT HEKOTOPbIX TOPHBIX MOPOX CO-
CTaBJIseT HECKOJbKO MHJIHAapHoB JerT. [lpuMeHsis wiupe 3TOT
MeTOJ NyTeM CpaBHeHHS COJepKaHHA ypaHa M CBHHLA He TOJb-
KO B HEKOTOpHIX TOPHBEIX NMOpPOAax, HO U B BOJE OKeaHOB, a 3a-
TeM YCpPelHAs paajiMyHble [TaHHbIe MO BCEMY 3eMHOMY MLiapy,
YCTAaHOBHJIM, 4YTO Hallefl IJIaHeTe MCHOJHUJIOCh MPHUMEDPHO
5,5 Munanapaa Jer.

HHTepecHo, 4TO BO3pacT MeTeOpHTOB, NaJalIUHX Ha 3eMJIo,
BBIYHCJIEHHBII N0 yDaHOBOMY MeTOAY, COBMajgaeT C BO3PacTOM
camoft 3emau. Bonee Toro, okasajnoch, 4TO M METEODHUTBI, U rop-
Hble Mopoabl 3eMJH COCTaBJeHbl M3 OJHOrO M TOro Xe Mare-
puana, NMOSTOMY CYILIeCTByeT MHeHHe, 4To 3eMJss o6Gpa3oBanach
M3 TOpOJ, <«MJaBaBLIHX» HEKOrJa B <«OKOJOCOJHEYHOM®» Ipo-
CTpaHCTBe.

Hekorna, Bo BpeMmeHa, eue G6oJiee [peBHHe, 4eM BO3pacT
3emau (T. e. 5 MHJJHApPAOB JeT Ha3aj), HayaJla CBOI HCTOPHIO
Bcenennasi. Cefiuac cuHMTaloT, YTO BO3pacT N0 KpalHel Mepe
Haweil yactu BcesnenHolt gocturaer npumepHo 10—12 muanauap-
noB Jaer. Ham HeusBecTtHo, uTO 6blIO 00 3TOro. B cyuiHocTH
ONATb MOXKHO CIIPOCHTb: «A eCTb JIH CMBbICJ TOBOPHUTb O TOM, 4YTO
6bl10 00 3Toro! M mMeer /M CMBICA CaMO NOHATHE «BpeMsi» M0
«poxaeHHus» BceneHHOH?»

§ 5. EQunuyot u crandaprol épemente

Mbl yxe TOBOPMJIM, YTO CYeT BPeMeHH yNOOGHO BeCTH B Ka-
KUX-TO CTaHZApTHHIX €IHHHIAX, CKaXXeM B IHAX HJHM CeKYyHIaXx,
M U3MEepATb AJHTENbHOCTH B KOJIHYECTBAX 3TOH eNMHHIBI HJIH ee
ponax. Ho uto xe BrIGpaTh 3a OCHOBHYIO CTaHAapTHYIO elH-
HULY? MOXHO /M, HanmpuMep, NPHUHATb 3a OTNPABHYIO €IHHHUIY
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yesioBeueckuil myabc? OueBHAHO, HeT. YK OueHb HENOCTOSHHA
sta eauHuua. Jlyume o6cToHT meno ¢ yacamu. JBoe yacos co-
rJ1acyloTcs ropasfo Jydile, yeM nyJec. Bbl ckaxere: /nagHo, Aa-
BaiiTe Bo3bMeM 4acel. Ho ubu? CyuiecTByer npemanue o6 ogHOM
LIBeHLlapCKOM MaJlbidKe, KOTOPOMY XOTeJNOCb, YTOGbl BCE Yachl
B €ro ropofie OT3BaHHBAJIM NOJIEHb U B OXHO U TO XKe BpeMs.
OH XomM1 MO rOpPOAY M AOKa3blBaJ BCeM, HACKOJIbKO 3TO BAaXKHO.
Kaxabli cydTtad, 4TO 3TO JQeHCTBUTENbHO OblIO 6Bl 4YydecHO,
ecan Gbl Bce [Jpyrue yacel B ropoje 3BOHH/IHU MNOJIEHb MO e20
yacam! B camom pesie, oueHb TPYAHO PELIUTb, YbH Ke€ Yachl MBI
NOJXKHBl BbIOpaTh B KauecTBe cTaHgapta. K cuacreio, cyue-
CTBYIOT Yachl, KOTOpble NMPU3HAIOT Bce,— 3T0 Hama 3emjs. Joua-
roe BpeMsl B KauecTBe CTaHZapTa BLIGHpAJICS MEpHUON BpalleHHS
3emau. OgHako MO Mepe TOro, Kak H3MepeHHs CTaHOBHJHCH BCe
6oJsiee TOYHBIMHM, OOGHAPYKHMBAJOCh, YTO BpalleHHe 3eMJIH He
CTpPOro NepHOAMYHO, €CJIH CPaBHHBAThb €ro ¢ JYYLIMMH YacaMH.
A 3TUM «JyuYlIUM YacaM» MOXHO HOBepsiTb, HOO OHM COrJa-
cyworea apyr ¢ apyroMm. Celiyac M3BeCTHO, YTO IO Pa3HbIM IpH-
YMHAM OJHHM [IHH OKa3blBalOTCA NJHUHHee APYrHX H, KpOMe TOro,
CpelHHN NepHONd BpalleHUs 3eMJH Ha TNPOTAXKEHHUH CTOJEeTHH
HECKOJIbKO YAJHHSeTCA.

Bnjote 10 caMoro nociefHero BpeMeHH He Obl0 HaHaeHO
Huyero 6oJiee TOYHOro, 4eM BpalleHHe 3eMJH, U NO3TOMY Bce
yachl CBEPAJHCH C [JMHOM acCTPOHOMHYECKHX CYTOK, a CeKyHAa
onpenensinacb Kak 1/86 400 uactb cpegHux cytok. OgHako ceii-
yac Mbl HayuyuJHCb paboTaTh C HEKOTOPbIMU €TEeCTBEHHBIMH OC-
LUIIATOPAMH, KOTODble SBJAIOTCA 06oJiee TOYHBIMH CTaHAap-
TaMH BpeMeHH, 4yeM BpalleHHe 3eMJH. DTO TaK Ha3blBaeMble
«aTOMHBble Yacekl». B ocHOBe HX JexaT KoJeGaHHA aTOMOB, Ile-
pPHOIL KOTODBIX HEYYBCTBHTEJIEH K TeMIepaType M APYyruM BHell-
HUM BO3JeHCTBUAM. IDTH uYachl MO3BOJISIOT H3MepPATb BpeMs
¢ TouHocThlo, ayuuell 10-7%. B mocaenuue aBa roga mpogeccop
FapBapackoro yuuBepcurera Hopman Pamaseft cnpoektHpoBas u
MOCTPOMJI YJIyYlIeHHble aTOMHble Yachkl, paboTalollHe Ha KoJe-
GaHuAx atoMoB Bogopoja. OH CuHTaeT, Y4TO 3TH Yachl MOTYT
ObiTh elle B cTo pa3 OGoJiee TouHbiMH. Cellyac BenyTcs H3Mepe-
HHsl, KOTOpbIe MOKaXYyT, HACKOJIbKO OH NpasB.

A nocKoJIbKY 0Ka3ajochb BO3MOXKHBIM CO3[aTh Yachkl ropasio
Gosiee TOYHblE, YeM acCTPOHOMHYECKHe, TO YyuyeHble [0roBapH-
BalOTCA ONpelessATh €AUHHIy BpeMeHH C MOMOIIbIO HOBBIX CTaH-
NapTOB — aTOMHBIX 4acoB *.

§ 6. Boavwue paccroanun

BepHeMcsi Tenepb K Bompocy o paccrosaruu. Kak maneko ort-
CTOSIT OT HAaC OKpYXKalolllie npeaMeTbl U Kak BeJHKH OHH? BceMm

* O6 TOM YyueHHE AOroBOpHJHCH B KOHLe 1964 r., KOrxa roToBuJOCh pyc-
CKOe H3faHue 3Toi KHuru. — ITpum. ped.
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Duez 54. Onpedesenue soLcOTOL V4 ~<

UCKYCCTBEHHO20 CRYTHUKA METOAOM s S~
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H3BECTHO, UTO [JIs H3MEPEHHs PacCTOSHUA HYXKHO B3ATb KaKyio-
TO €QHHHIY AJHHBI H CYHTaTh, CKOJbKO 3THX eIHMHHL YKJajibl-
BaeTcs Ha fnaHHOM orpe3ke. Ho Kak uaMepurb Te npeaMeThl, Ko-
TOpble MeHbllle eAMHHIBl AMUHBI? Kak noapasgenuts BHIOpaH-
HYIO eIMHHIY AJIMHBI? A TOYHO TaK XKe, Kak H BpeMs: Mbl GepeM
MEHbLIYIO €IHHHIY NJHUHBI U CYHTAeM, CKOJbKO TaKHX eJHHHL
yKkJaaabiBaetrcd B Gosblieli. TakuM MeTOOOM MBI CMOXeM H3Me-
PATb BCe MeHbllIMe H MeHblUHe IJHHbI.

OnHako noj paccTosiHUeM Mbl NOHUMaeM He TOJbKO TO, YTO
MOXHO H3MepHUTb MeTpoM. Kak, HanpuMmep, H3MepHUTb MeTPOM
paccTosiHHe MexX1y BepLIMHaMH ABYX rop? 3aech Ha NoMoulb
NPHUXOAUT yXXe NPYyrod MeTod H3MepeHHsl PAaCCTOSHHH — TpHaH-
ryasauus. XoTs 3TO O3HAayaeT HCMOJNb30BaHHe JPYyroro omnpeje-
JIeHHsI TOHSTHS «PacCTOssHHE», HO B TeX cJyyasiX, KOrga ecTb
BO3MOXHOCTb NpPHMEHUTb 006a MeToja, OHM [AIOT ONHHAKOBBLIH
pesyJabratT. IIpocTpaHcTBo Bce e OoJiee WJIH MeHee COOTBeT-
cTByeT npeacraBieHusam EBknupa, nostomy o6a onpeneneHHs
skBuUBaJeHTHH. Hy, a pa3 oHu corsacyiorcs Ha 3eMmie, TO Mbl
6GoJiee yBepeHbl B 3aKOHHOCTH NPHMEHEHHs TPHAHTYJSALHMH H 14
6O/NBIIMX PacCTOAHUH. DTHM MeroaOoM Oblja H3MepeHa, HanpH-
Mep, BbICOTa nepBoro cnyTHHka (¢ur. 5.4). OHa okaszamnach pas-
Ho#l npubausutespHo 5-10° x. Ilpu GoJblied THIATENBHOCTH H3-
MEpeHHH TeM Xe CaMblM MEeTOLOM OINpefessiloCh PacCTOSHHE A0
Jlyubl. HanpasjieHHs HABYX TeJeCKONOB B Pa3J/IHYHBIX TOYKAaX
3emau pamoT aBa Heo6xomuMbix yria. Okasanocb, uyto JlyHa
yaajneHa oT Hac Ha paccrosinue 4-108 m. Ognako pas CosHua
TaKUX HM3MepeHHH NpOBeCTH HeJb3f, NO KpaiHed Mepe A0 CHX
nop HHKOMY He yaaBanocb. [leso B TOM, YTO TOYHOCTb, C KOTO-
Po¥t MOXHO cOKycHpOBaThb Teseckon Ha AaHHYyl Touky CoJsHua
M C KOTOPOH MOXKHO H3MEpPHUTb YIJIbl, He JOCTAaTOYHA [Js1 BBIYMC-
JeHusi paccrosHusa no Conanua. Kak ke Bce-Takd ONpeleJHTb
ero? Heo6xoaumo Kak-To pacUIMPHUTb MPHHILHUN TPHAHTYJSLHH.
ActpoHOoMHYecKHe HaO6JIOJeHHs MNO3BOJIAIOT H3MEDHTb OTHOCU-
TeabHOe paccTosiHMe Mexay niaaHeramMu u CoJiHLEM U onpefe-
JIUTb HMX OTHOCHTeJbHOe pacnonoxeHue. TakuM 06pa3oM, MBI
noJlyuaeM IJIaH COJIHEYHOH CHCTEMB! B HEH3BECTHOM MacuiTtaGe.
Yro6wl onpexenuTb Macurab, Tpe6yercsi TOJLKO OAHO abcoaroT-
Hoe paccTOsiHHe, KOTopoe Obl0 HalAeHO MHOTMMH pa3JHYHbIMU
crnoco6amu. OguH u3 cnoco6oB, CYMTABUIMHCH AO CaMOro Io-
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cJle[lHEr0 BpeMeHH HauGoJiee TOUYHBIM, 3aK/IIOYaeTcs B ONpeje-
JIEHUH PacCTOSHUS OT 3eMJd 10 Dpoca — MaJsoft MJaHeThl, KOTO-
pasi mo BpeMeHaM NpPOXOAUT Hepasneko oT 3emjad. C MNOMOLIbIO
TPHAHTYJSALLHH MOXHO OMNpeNeJUTh pacCTOsiHHE [0 3TOro He-
Gosiblioro o6LeKTa M MONYYHTb HeoOXooHUMbI Maciutab. 3Has
OTHOCHTEJIbHbIE PACCTOSIHHSA, MOXHO ONpeleJNHTb, HaNpUMep, Bce
a6GcosoTHele paccTosiHus oT 3emiu go CoJiHIIA MM [0 MJaHeTHl
[TnyroHn.

B nocnennuit rog RocTUrHyTHl GOJIbIIHE YCNIEXH B OMNpefeJe-
HUM Macurtaba cosHeyHOH cucTeMbl. B JlaGopaTopuH paKeTHBIX
NBHraresedl ¢ TOMOUIbI0 MNPAMOH PpPagHOJOKALHMOHHOH CBA3H
OblJIM NPOBeleHbl OYeHb TOYHbIE M3MEPEHHS PacCTOSIHHA OT 3eM-
au no BeHephl. 3nech Mbl HMeeM [1eJI0 elle ¢ OXHHUM OINpejelne-
HHeM NOHATHA «paccrosHue». HaM H3BecTHa cKopocTb pacmpo-
cTpaHeHHs cseta (a cTasno ObITb, H CKOPOCTb PAaCNpPOCTPAHEHHUSA
pPafHuoOBOJNH), H MBI NpeanoJaraeM, 4YTo 3Ta CKOPOCTb NOCTOSIHHA
Ha BceM nporsxeHuH Mexnay 3emneir u Benepoii. IlocnaB pa-
IHOBOJIHY MO HanpaB/eHHIO K BeHepe, Mbl cuHTaeM BpeMs [0
NPHUXOJa OTPaXKE€HHOH BOJIHBL. A 3Hasi 8pems U CKOPOCTb, Mbl NO-
JyyaeM paccroadue.

A KakK H3MepHUTb paccTOsHHE J0 emie GoJjiee OTHasIeHHBIX 00 b-
eKToB, HanpuMmep nao 3Be3n? K cuacTplo, 34eChb CHOBAa MOIKHO
BO3BPATHTbCA K HallleMy METOAY TPHAHTYJALHH, HOO IBHXKEHHe
3emau Bokpyr CoJsHIA 103BOJeT H3MEPHTb PaccTOsIHHE O
00bEeKTOB, HaXOAAIHUXCS BHe COJNHeYyHOH cucTeMbl. Ecaum Mbl Ha-
NpaBHUM TeJecKOoNl Ha HeKylo 3Be3lly OALHH pa3 3UMOH, a Apyro#
pa3 Jetom (¢ur. 5.5), TO MOXKHO HageATbCA NOCTATOYHO TOYHO
H3MEepHUTb YIJbl U ONpefesNHTb PacCcTOsIHHe N0 3TOH 3Be3Mbl.

Ho uto menath, ecqu 3Be3fa HaXOQHTCA HACTOJNbKO [aJIeKO
OT Hac, 4TO YK€ HEeBO3MOXHO INO0Jb30BaTbCSl METOAOM TDHAHrYy-
JAUHH? ACTpPOHOMBI Bcerga H3006peTaioT Bce HOBble M HOBbIE
cnocoObl onpefeneHdss paccrosHu. Tak, OHH HayYHJHCb oOmpe-
JeNIATh pa3Mep M sIpKOCTb 3Be3[ no ux uBery. OKasajoch, 4TO
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D ue 56. Ckonaenue 38e30 8b6au3un
yenrpa wnawei [asaxktuku, yoa-
NeHHOe OT HAC HA PacCTOAHUE
30000 cgeerosbix seT, uAU 0KOAO
31020 m.

UBET H HCTHHHAs SPKOCTb MHOTHX OJIH3/IeXallHX 3Be3l, pac-
CTOSIHHE 10 KOTOPBHIX ONpeaessiochb MeTONOM TPHAHTYJSIHH, B
OOJIbIIMHCTBE C/yYaeB CBsiI3aHbl MeXAY co6Ol rIaaKoH 3aBHUCH-
MocTeio. Eciu Tenepb H3MepHTh IBET OTAAJIEHHOM 3Be3[bl, TO
no 3TOH 3aBHCHMOCTH MOXKHO ONpeJe/IUTh €€ HCTHHHYIO SIPKOCTb,
a u3MepAs suduUMYro APKOCTb 3Be3lbl (BepHee, MO TOMY, Ha-
CKOJIbKO 3Be3[la HaM KaXXeTCA TYCKAOL), MOXHO BBIYHCJIHMTB pac-
cTosiHde g0 Hee. ([l maHHOH HCTHHHON SPKOCTH BHAMMAs sp-
KOCTb yMeHblLIaeTcsi KaK KBaapar paccrosinus.) IlpaBHIbHOCTDL
3TOr0 MeTOJa Hallljla HeOXHJaHHOe MOATBEpPXK/EeHHe B pe3yibTa-
Tax H3MepeHH#, NpPOBeJeHHBbIX NJ TpPyNnbl 3Be3l, H3BECTHHIX
NoJ Ha3BaHHeM «ILIApOBOro CcKomjaeHus». Pororpadpus stoit
rpynnel 3Be3q npuBefgeHa Ha ¢wur. 5.6. [locTaToyHO B3rJISAHYTH
Ha ¢otorpaduio, yTo6bl yb6equTbCs, YTO BCEe 3TH 3Be3[bl paclo-
JoXKeHbl B OflHOM MecTe. TOT Xe pe3yJjbTaT noJyyaercs H ¢ Io-
MOLIbIO MeTOJa CPaBHEHHS 11BeTa H SPKOCTH.

H3yueHre MHOTMX LIApOBBIX CKOMJIEHHH NaeT ellle OJHY Baxk-
Hyl0o uHpopmauuio. OKa3anoch, YTO CyLlecTByeT y4yacTok He6a
¢ 6OJbIION KOHIEHTpalHeHdl TaKHX IIAPOBBIX CKOMJIEHHH, MNpH-

Due. 57. Cnupassnas 2araxtuka,
nodobras Hawed.

Ecau npednoaoscurs, 4To duamerp 3TOL
2aAaKTUKU paceH OJuameTpy Hawed
Tanrakruku, 710, UCX008 U3 ee Ka-
KYyueeoca pasmepa, MoIHO nodcuuTaTy
paccTosHue; OHO 0Ka3bléaeTCA paBHbLM
30 muanruosam ceeroeotX ser (3 - 102 m).
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bPue 58 Haubosee ydasrennbili
oT Hac o6vext 3C295 8 co3ee3duu
Bosonaca (yxasaun crpeaxoi), xo-
Topotil uamepasca 8 1960 2. ¢ no-
mouwjbro 200-0i0iino8020 Teseckona.

yeM GOJIBLIMHCTBO M3 HHMX HAaXOAMTCS Ha OJHOM M TOM Xe pac-
crosiHud oT Hac. CpaBHHBas 3TH [aHHBIe C HEKOTOPBHIMH IpY-
THMH, MBI NDHUXOAHM K 3aKJIOYEHHIO, 4YTO 35TH CKOINJIEHHs
ABJAIOTCA leHTpoM Haweill I'anmakruku. Takum o6pa3oM Mbl OI-
penessieM, UYTO pacCTOsiHMe 10 leHTpa [aJlakTHKH cocTaBJsier
npubausutensio 1020 u,

JaHHbBle 0 pa3Mepe Halleft 'allaKTHKHM QAIOT KJIOY K Onpefe-
JleHnlo ele GOJBIIMX MeXraJakKTHuecKuX paccrosHuil. Ha
¢ur. 57 npusenena ¢ororpadus rajJakTUkH, Kotopas no ¢opme
OyeHb MOX0xXa Ha Hawy lamakTuky. Bo3MoxHO, 4TO M pa3mep
ee ToT Xe. (Ectp eme pax coobpaxkeHHH, COrJIaCHO KOTOPBIM
pa3Mepbl BCeX TajJlakTHK NPUGJH3HTEJNbHO OIMHAKOBBL) A ec/H
3TO TaK, TO MOXKHO Y3HaTb paccTOsiHMe N0 Hee. Mbl H3MepsieM
YyrJIOBOH pa3Mep TaJJaKTHKH (T. €. YroJ, KOTOpbIi OHa 3a-
HHUMaeT Ha HeOeCHOM CcBOJe), 3HaeM ee JAHaMeTp, a CTaJjo
ObITb, MOXEM BBIYHCAMTb paccTosiHMe. OmATh Ta ke TpPHAH-
ryasuus!

HenasHo ¢ nomompio ruradrckoro Ilamomapckoro Tesne-
ckona ObIJM MoOJyyeHsl ¢oTorpaduu HEHMOBEPHO AaJNeKHX ra-
aaktTuk. OgHa u3 stux ¢otorpaduit mpuBefeHa Ha ¢ur. 5.8,
Cefiyac noJjaraloT, YTO pPacCTOsiHHE N0 HEKOTOPBIX U3 HHX INpH-
6/1M3UTENbHO PaBHO MOJNIOBHHe pa3Mepa Bcesennoit (10% u) —
HauGo/bIIEro pacCTOSIHUSA, KOTOpPOe MOXHO ce6e NMpeAcTaBHTh!

Duez 59. Poroepapun
8UPYCOB,  NOAYYEHHAR C
nOMOWbI0  INEKTPOHHO2O
Mukpockona.

Budna «6oabwan» Cepepa, no-
Ka3aHHaa OAR CpaBHEeRUA:

duameTp ee pasen 2107w,
uau 2000 A.




§ 7. Manote paccroanusn

O6paTtuMca Temepb K MaJblM paccTosiHusAM. IToapasmenutb
meTp npocTto. bes 0cobbix TpyAHOCTEH MOXKHO pa3fle/uTh €ro Ha
ThICSIYY PaBHBIX 4yacTed. TakHUM »Xe nyTeM, XOTSl U HECKOJIbLKO
cloXKHee (HCNOJIb3ysl XOPOLIMA MHKDOCKON), MOXKHO pas3iesHuTb
MHJIJIUMETP Ha TBICAYY YacTed M MOJYYHTb MHUKDOH (MHJIJIHOH-
Hylo joyio MeTpa). OZHAKO NpPOXOMKATH 3TO [eJNeHHE CTaHo-
BHTC TPYIHO, IOCKOJNBKY HEBO3MOXHO «YBHAETb» OOBEKTHI,
MeHbllIHe, YeM AJUHA BOJIHBI BUAUMOro ceta (okono 5-10-7 u).

Bce ke MBI He ocTaHaBJHBaeMcsl Ha TOM, YTO HeNOCTYNHO
rnazy. C nomoubio 3JeKTPOHHOIO MHKPOCKOMA MOXKHO IOJY-
yuth ororpaduH, nomoramllue yBUAeTb H H3MEPUTD ellle MeHb-
mue 06beKTel — BIJIOTE A0 10-8 x (dur. 5.9). A ¢ nomouwbio
KOCBEHHbIX H3MepeHHH (CBOero poja TPHAHTYJALHU B MHKpO-
CKONMMYecKOM MaciutaGe) MOXKHO H3MepsSTb BCe MeHblIHe H
MeHblIHEe 06beKThl. CHauasa u3 HaGMIONeHHH OTpaXKeHHs cBeTa

TABNHLUA
PACCTOSIHH N CeeToBLIE M
roab! eTPhl
102" ??P??
109 1024 Pasmepn BcenenHoit
0
108 1o o 6muxaiimedt cocennedt [anakTuku
10° Io uentpa Haume# anaKTHKH
1018
1 Mo Gauxafitwel 3Be3qH
]015
Paaguyc op6utn ITnytoHa
1012
Oo ConHua
10°
106 Ho Jlynmt
108 BricoTa HCKYCCTBEHHOTO CNYTHHKA
0
BricoTa TeneBM3HOHHOH GamHK
: PocT pe6eHka
1072
10-* Kpynunka coan
o=
10=° Paamep Bupyca
0

10—'2 Paguyc aToma
10~'% Paanmyc sapa
0P
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PRI Duez 510. Boobpamaemasn
NAQCTUHKA Y2Aepo0a TOAUUHOU
lcm npu cunrsrom yseauuenuu
(ecau 6ot Gotauw 8uUOHBL TOABKO
adpa aromoas).

KOPOTKOH JJIMHBI BOJIHBI (PEHTreHOBCKHX Jiyyeil) or o6Gpasua c
HaHeCeHHbIMH Ha H3BECTHOM pAacCTOSHHUH MeTKaMH H3MepseTcs
IJIMHA BOJIHBI CBETOBBIX KoJleOaHHH. 3aTeM NnO KapTHHe pacces-
HHUSl TOrO K€ CBeTa Ha KpHCTaJ/lJle MOXKHO OINpefeNUTb OTHOCH-
TeJbHOE pacnoJioXXeHHe B HeM aTOMOB, NpHYEM pe3yJabTaT Xo-
poulIO corsacyeTcs ¢ JaHHBIMH O PaclOJIOXKEHHH aTOMOB, NOJY-
YeHHBIMH XHUMHYECKHM mnyTeM. TakuM cnoco6oM omnpejeJsieTcs
auHameTp aToMoB (okKoJso 10-10 ).

Hanbuie B mKajde pacCTOSHHR HMeeTcsi NOBOJBHO GoJbluast
He3anoJIHEHHAs «ILeJb» MeXAY aTOMHbIMH pa3Mepamu 10-10 x
u B 10° pa3 MeHbWINMH sAfepHBIMH pa3MepaMu (okoso 10-15 ),
Jas onpenesieHHs1 sNEpPHBIX Pa3MepoB IPUMEHSIOTCH YXKe CO-
BepLIEHHO [pYrue MeTOAbl: H3MepsieTcs sudumas naiouwjade o,
HJH TaK HasbiBaeMoe 3dgexTusnoe nonepeuroe ceuerue. Eciu
e Mbl XOTMM ONpeleNHTb paguyc, TO MNoJb3yeMcsi ¢GOpMYJIofi
0 = mr?, MOCKOJbKY $SiApa MOXHO NpHOJHXKEHHO paccMaTpH-
BaTb Kak cepuuecKue.

d¢pdekTHBHbIE CeYEHHUS Sep MOXKHO ONpeleJHTb, NPOmy-
CKasi MYYOK YacTHL BBICOKO# 3HEPruu yepe3 TOHKYIO NJIACTHHKY
BelllecTBAa W M3Mepsis YHCJO YaCTHIl, He NMpOIIeJUINX CKBO3b Hee.
OTU BBICOKOSHEPreTHYeCKHe YacTHLUBl MPOPHIBAIOTCA  CKBO3b
Jerkoe 06J/1aYKO 3JIEKTPOHOB, HO MpPH INONafaHHH B TsAXKeJoe
PO OCTAHABJIMBAIOTCA HJAH OTKJOHAIOTCA. [Ipeanosioxum, 4ro
y Hac HMeeTcs nJjacTuHkKa touiuHo# 1 cm. Ha rtakoit tonuiuue
ykJageiBaercs npubJusutejpHo 108 atomHbeix cioeB. OpHako
siipa HacTOJIbKO MaJbl, YTO BEPOSITHOCTb TOrO, YTO OJHO SAPO
3aKpoeT [pyroe, odeHb He3HauHuTeJbHa. MOXHO ceGe mpeicTas-
JISITb, YTO BBLICOKOSHEpPreTHYecKas 4acTHLA, HaJjeTamollas Ha
NJIaCTHHKY YIJIepofa TOJLIHHOH | ¢M, «BUAHT» NpPUOJIH3UTE/BHO
TO, YTO B CHJbHO YBeJHYeHHOM Macuitafe NOKa3aHO Ha
¢wur. 5.10.

BeposAiTHOCTb TOrO, YTO OYeHb MaJas YacTHIA CTOJKHeTCS
C SApOM, PaBHAa OTHOLIEHHIO IIOIIAAH, 3aHHMaeMOH sApaMHu
(uepHble TOYKHM) K obwell niaomaau pucyHka. Ilycte Hag 06-
JacThl0 ¢ MJaowanpio A mo Bcei. TOJUIHHE NMAACTHHKH HaXOMHTCS
N aromoB (pasymeercs, Kaxawi#t ¢ ogHuM sapom). Torma poas
nJowany, 3akpeitas sapamu, 6yner paBHa No/A. Ilycte Tenepn
YHCJIO YaCTHIl B HallleM NMyyKe 00 NJACTHHKH GyldeT paBHO N, a
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Tioc/ie Hee PaBHO Mg, TOrJa NOJS YaCTHL, He NpOLIENLIHX Yepe3
MJIacTUHKY, O6yneTr (n1— Ng)/n;, 4TO MOJKHO OBITb PaBHO AOJE
nJouany, 3aHuMaeMoil sigpamu. Paguyc Xe simep BbIYHCJIsAeTCS
Y3 paBeHcTBa *
2 __ A n—n
nr —U_Wn_l'

M3 TakuX SKCHEpPUMEHTOB Mbl HAaXOIHM, 4TO PaaHYChl siep
Jsexar B npenenax ot 1:10-'5 no 6-10-'5 u. Kcratu, eannnua
aauabl 1015 u HaswiBaercsi ¢hepmu B yecth DHpHUKO Depmu
(1901—1958).

Uro MOXKHO 0XHAATb B 00JIaCTH ellle MEeHbLUIMX PacCTOSTHHH?
MoxHo 4 ux usmepsitb? Ha 3TOT Bonmpoc moka eie HeT OTBera.
Moxer ObITb, HMEHHO 3[1eCb, B KAaKOM-TO H3MEHeHHH MOHATHSI
NPOCTPAaHCTBA MJH H3MEPeHHs Ha MaJbiX PacCTOSIHHAX, Kpoercs
pasrafka TalHbl I€PHBIX CHJI.

Heckosbko cJI0B 0 cTaHAaprte AJHHBL. Pa3yMHO B KauyecTse
CTaHJapTa HCMNOJNb30BaTh KaKYIO-TO €CTeCTBEHHYIO eIHHHUIY IJIH-
Hbl, HanpUMep paguyc 3eMJH HJIH HEKOTOpYIo ero poJjio. MMeHHO
TaKUM 06pa3oM BO3HHUK MeTp. IlepBOHauaJbHO OH ONpemeNscs
Kak (m/2)-10~7 moas pamuyca 3emuau. OgHaKO TaKoe onpefeJe-
HHe HeJb35l CYUTATh HH OCOGEHHO TOYHBIM, HU ya06HBIM. [TosTOMy
B TeYeHHe JOJIrOro BPeMeHH N0 MeXAYHapONHOMY COTJIallleHHIO B
KayecTBe 35TajloOHa MeTpa NpPHHHMaJach AJHHA MEXAY [AByMs
MeTKaMH, ClleJJaHHBIMH Ha 0co60M G6pyce, KOTOPBIH XpaHUTCH B
cnenuajbHo# na6opatopun Bo ®@paHuuu. TolbKO MHOro mosjgHee
NOHSJIN, YTO U TaKOe ONpelesieHHe MeTpa He CTOJb YK TOYHO, KaK
3TO HeOOXONMMO, H He TaK yX YHHBEPCaJbHO H MOCTOSIHHO, KakK
3TOro xotesaoch Gbl. I[losToMy ceifiyac NPHUHAT HOBBIA CTaHAApPT
IUITMHBl KaK HEKOTOpOe 3apaHee YCTaHOBJIEHHOE YUCJIO AJIHH BOJIH
olnpeJe/leHHOH CNMeKTPaJbHON JIHHHH.

PesysbraThl M3MepeHHs pacCTOSHUH W BpeMeHH 3aBHCAT OT
Ha6monarens. [IBa HaGuaogaresss, ABUXKYIIHECS APYT OTHOCH-
TeJbHO APYra, H3Mepsis OAMH M TOT e NpeAMeT HWJH IJHTE/b-
HOCTb OLHOTO H TOrO XKe MNpollecca, NOJydYyaT pa3Hble 3HAYeHHS,
XOTsl, Ka3aJocb 6bl, MEPHJIH ONHO H TO XKe. PaccTosiHUSI U HHTep-
BaJibl BpeMeHH B 3aBHCHMOCTH OT CHCTE€Mbl KOOpAHHAT (T. €. CH-
CTeMbl OTCYeTa), B KOTODOH NPOM3BOAAT H3MEpeHHs, HMEIOT
pas3JHYHYI0 BeJHYHHY. B nocienyrowmwux riaBax Mel 6ynem Gosee
noapo6Ho pasGuparb 3TOT BOINPOC.

* OTo paBeHCTBO CNpaBeNJHMBO TOJbKO TOI'KA, KOraa mjolajgb, 3aHHMae-
Mas sAPaMH, COCTaBJjseT Majylo Jomo o6wed mnjowany, T. e. (m— n2)lmy
MHOrO MeHblle eXMHHIB B npoTHBHOM e caydyae Heo6XOAMMO YYHTHIBATh MO-
TpaBKy Ha 9acTHYHOe «3aropakKMBaHHMe» OLHOrO fiApa APYTHM.
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3aKOHbI MPHPOIBI He MO3BOJISAIOT BBHIMOJHATH aGCOJIOTHO TOY-
Hble U3MepeHUs] PACCTOSIHMH WJIM UHTEPBAJIOB BpeMeHH. Mbl yxe
YNIOMHHAJH paHee, 4TO OIIHGKA B OMpeleJIeHHH MOJIOXEHHs npe -
MeTa He MOXeT ObiTb MeHbllIe, YeM

h
AX—E,
rae h — MaJjas BeJIMYHHA, Ha3biBaeMasi «noctosHHO# IlnaHka», a
Ap —omnb6Ka B W3MepeHHH HMNyJbca (MaccChl, YMHOXEHHOH Ha
CKOpocTb) 3TOro mpeaMerta. Kak yxe roBopuJoch, 3Ta Heonpeze-
JIEHHOCTb B H3MePEeHHH NOJIOXEeHHs CBsf3aHa C BOJIHOBOH NpHpO-
IO 4acTHIL.

OTHOCHTENBHOCTb NMPOCTPAHCTBA U BPEMEHH NPHUBOAHUT K TOMY,
4YTO U3MepeHHs UHTepBaJiOB BpeMeHH TaKe He MOryT ObiTb TOY-
Hee, yeM
h

M=3F

rae AE —omnbka B U3MepeHHUH SHeprud TOro mnpoiecca, npopoJ-
JKHTEJbHOCTbIO KOTOPOro Mbl HHTepecyeMcsi. UTo6bl 3HaThL 60.ee
TO4YHO, KO20a 4YTO-TO NPOM30LLJIO, Mbl BBIHYXAEHbl MOBOJbLCTBO-
BAaTbCsl T€M, YTO MeHbllle 3HaeM, 4T6 e uMeHHO NMPOU3OLLJIOo, MO-
CKOJIbKY HallM 3HaHUA 00 3Hepruy, yyacTByllleHd B mpolecce,
OYyRYyT MeHee TOYHBIMH. DTa HeonpeLe]eHHOCTb BpeMeHH, TaK XKe
KaK M HeONpefle/leHHOCTb MOJIOXEeHHs, CBS3aHa C BOJIHOBOH NpH-
pOmOi# BellecTBa.



TFaasa 6

BEPOSITHOCTDb

Hctunnas soruka Haiero
MHUpa — 3To MojxcYer
BEepPOATHOCTeH.

HOocemc Kaapx Makceean

§ 1. Bepoarnocro u npaeédonodobue

«BepOsATHOCTb», HJHM «IIAHC», — 3TO CJOBO
Bbl CJABIIIMTE NMOYTH exeAHeBHO. Bor mo paauo
nepefaT NPOrHO3 NMOrojbl Ha 3aBTpa: «Beposrt-
HO, OyZeT HOXAb». Bbl MOXeTe cKa3aTh: «Y MeHs
MaJio LAHCOB JOXHTb A0 CTa JeT». YUeHble TOXe
yacto ynorpe6Jsior 3Tu cjoBa. CeficMoJiora HH-
TepecyeT BONPOC: KAKOBa BEPOSATHOCTb TOr'O, 4TO
B caenymoumem rony B lOxuoit KanudopHuu npo-
H30MeT 3eMJIeTpPsiCeHHe TaKOH-TO cHUIbI? DHU3MK
MOXET CIPOCHTb: C KaKOH BEepOSTHOCTBIO 3TOT
cyetuyuk [efirepa 3aperucTpupyer nBaauUaTb HM-
NyJbCOB B JIOCJefyiollne AecsTb ceKyHa? u-
njomata HJIH TOCYJapCTBEHHOrO JesiTesid BOJI-
HyeT BONpPOC: KAaKOBBbI IIAHChl 3TOTO KaHAMAATa
6biTh H36paHHbIM npe3sugeHtoM? Hy, a Bac, Ko-
HeYyHO, HHTepecyeT: eCThb JIH LaHChl YTO-JIH6O Mo-
HAATb B 3TOH rjaBe?

Ilox e6epoaTHOCTHIO MBI TNOHHMMAaEM UYTO-TO
BpOZe NMpeAnoJoKeHUus uiau goragku. Ho mouemy
W KOrfa Mbl rajaeM? OTO JeJaeTcss TOrga, Korjaa
Mbl XOTHM BBIHECTH KaKoOe-TO 3aKJ/IOYeHHe HJIH
BbIBOJI, HO He HMeeM J[OCTaTOYHO HHGOpMAalUUHU
HJIM 3HAHUH, uyTOOBI CHeJlaTh BIOJIHE ONpeleJeH-
HOe 3aKJloueHHe. BOT U npuxoaurcs rafaTtbh: Mo-
XeT ObiTb, TaK, a MOXeT OhITb H He TaK, HO
6oJibllle NMOXOXEe Ha TO, YTO HMeHHO Tak. OueHb
4acTO MblrafiaeM, KOrja HYXKHO NPHHATb KaKoe-
TO pellleHHe, HanpuMmep: «BpaTb U MHe ceromHs
¢ co6oil naaul HAH He cTouT?» «Ha kakyio cuay
3eMJIETPSICEHHS NOJIXKEH § PacCYUTBHIBATb MPOEK-
THpyeMoe 3faHHe?» «HyxXHo nu MHe menaTb 60-
Jee HalexHylo 3amury?» <«Creayer Ju MHe

§ 1

§ 2

§ 3.

§4

§ 5.

BeposiTHocTb
H
npasponopodue

Paykryaunu

Cayuaiitble
OayxKpaHusa

Pacnpenenenne
BeposTHOCTEM

MpuHuun Heomn-
pefleleHHOCTH
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MEHATb CBOIO NO3HIIHIO B NPEACTOALIHX MeXIAYHAapOAHBIX mepe-
roBopax?» «MaTH /1 MHe cerofiHsa Ha JIeKLHIOP?»

HMuorna Mbl cTpOMM AOTaiKH MOTOMY, YTO XOTHM NpPH OrpaHH-
YeHHOCTH CBOMUX 3HAHMH CKa3aTb KaK MOXHO 6o4buie O JaHHOH
curyauud. B cymHoctd Befb JM060e 0006lLeHHEe HOCHT XapaKrep
noranku. Jlio6asi pu3uyeckas Teopus — 3TO CBOEro poja Joraji-
ka. Ho noragku ToxXe GBIBAIOT pa3Hble: XOpOLIHe M MJIOXHe, 6JIU3-
KMe u panekue. Tomy, Kak fAenaTh HauwJayullde IOTAfKH, YYHT
Hac TeopHsi BepOsITHOCTeH. SI3bIK BepOSTHOCTEH NO3BOJIAET HaM
KOJIUYECTBEHHO TOBOPHTb O TAaKUX CHTYyallMsiX, KOTa HCXOA BeCcbMa
M BecbMa HeoNpefleJleHeH, HO O KOTOPOM BCe Ke B CpPellHeM MOX-
HO YTO-TO CKa3aThb.

JlaBaliTe pacCMOTPHUM KJjacCHYeCKHH npuMep ¢ moadpachiBa-
HueM MOHeTH. Eciim MOHeTa «uecTHasi», TO Mbl He MOXEM 3HATb
HaBepHsika, KaKoil cTopoHO# oHa ynaneT. OfNHAaKO Mbl Mpexyys-
CTBYyeM, YTO npu O6OJIbLIOM YHCJIe OpPOCAaHHH 4YHUCJIO BbiMageHHH
«OpJ1a» U «pPelKH» JOMKHO ObITb NMPHOJIH3UTENbHO OAUHAKOBBIM.
B 3TOM cayuae roBopsiT: BepOSITHOCTb BbINaJleHHs «OpJa» paBHA
MOJIOBHHE.

Mp MOXXeM roBOPHUTb O BePOSITHOCTH HCXOMA TOJBKO TeX Ha-
6aofieHuil, Kotopele co6upaeMcs npopenats B Gyaywem. [Tod
BEPOATHOCTbIO OAHHO20 4ACTHO20 Pe3yabTara HAbAro0eHUs NOHU-
Mmaetca oxmudaemas Hamu Hauboaee npasdonodobras 00AL UCXO-
008 ¢ OaHHbLIM Pe3YyAbTATOM NPU HEKOTOPOM HUCAe NOBTOPeHuit
nabarodenun. Boo6pasute ceGe nosropsitoieecss N pa3 HaGawone-
HHe, HanpuMep noabpachiBaHie BBepx MoHeThl. Ecau N4 — rawa
oyenxa HanbGoJjiee NpaBAONONOGHOIO YHCJA BHIMALEHUH C Pe3yJib-
TaTOM A, HanpuMep BbIMaJleHHH «OpJa», TO MOA BEPOSITHOCTBHIO
P(A) pesyabrata fbel MOHUMaeM OTHOLIeHHe

P(A)=4. (6.1)

Hame onpenenenne Tpebyer HEKOTOPHIX KOMMeHTapueB. [1pex-
Jle BCero Mbl OBOPHM O BEPOSITHOCTH KAaKOro-TO COOBITHS TOJIbKO
B TOM CJ1y4ae, eC/Ii OHO NpeAcTaBJsieT CO00H BO3MOXHBIH pe3yb-
TaT UCOBITAHHSA, KOTOpOe MOXKHO nosropurs. Ho oTHIOAb He sicHO,
HMeeT JIH CMBbICJI TaKOH BONPOC: KaKOBa BEPOSITHOCTb TOTO, YTO B
3TOM JO0Me MOCeJHJIOCh NPUBUAEHHE.

Bbl, KOHEYHO, MOXXeTe BO3Pa3UTb, YTO HHKAKas CHTyallHsd He
MOXET NOBTOPUTBbCA B TO#HOCTU. DTO BepHO. Kaxknoe HOBoe Ha-
6JIf0leHHe JOJ/IXKHO MPOHCXOAUTD MO KpaliHelt Mepe B Ipyroe Bpe-
Ms uauM B Apyrom Mecrte. [lo 3ToMy moBoAy s MOry cKasaTb
TOJIbKO OJHO: He06XOZHUMO, uyTOOBl KaXKJoe <«MOBTOPDHOe» HabJiio-
JleHHe Ka3aJioCb HaM IKBUBAAEHTHbIM. MBbl [OJXKHBI NMpeanoya~
raThb No KpaiHell Mepe, YTO KaXIblil HOBBIA pe3ysabTaT Habmawoae-
HHUSA BO3HHMK M3 PaBHOLEHHBIX HaYa/bHbIX YCJOBHIl H U3 ONHOTO H
TOrO XK€ ypOBHSl Haua/bHbIX 3HaHUH. [locnenHee 0CO6EHHO BaXHO.
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(Ecin BBl 3arJIIHYJIM B KapThl NMPOTHBHHKA, TO, KOHEYHO, BallH
NMPOTHO3bl O IAHCaX Ha BBIMIPHIL GYyAYT COBCeM IPYTHMH, YeM
ecJit 6Bl Bbl MIPaJIH YecTHO!)

Xo4y OTMeTHTb, YTO s He co6uparoc paccMaTpUBAThb BeJH-
yuHbl N u N4s B (6.1) TOJNBKO Kak pe3y/abTaT KaKHX-TO AeHCTBH-
TeAbHHIX HabOmiopeHu#t. Uucno N4 —3TO npocto Haunyymas
OyeHKa TOTO, YTO MO240 Obl NPOU3OHTH NPH 8006paNAEMbLX HA-
6.1toneHusix. [103TOMY BepOATHOCTb 3aBHCUT OT HALIMX 3HAHUH H
Cnoco6HOCTeH OBITH MPOPOKOM, B CYIIHOCTH OT HAalUEero 3IpaBoro
cmbicaal K cuacToio, 31paBbiil CMBIC/ He CTOJIb YX CyOBheKTHBEH,
KaK 3TO KaXeTcs Ha nepBblfl B3rasi. 3ApaBbIM CMBICJIOM 06Ja-
IalOT MHOTHe JIIOOH, U HX CYXAEHHS O CTeneHH NpaBaonono6us
TOrO WJIM HHOrO cOGbLITHS B GOJBLUIMHCTBE CJydYaeB COBNAJaloT.
OnHako BepoAITHOCTb BCE XKe He SBJSETCA «aGCOJNIOTHBIM» 4H-
cioM. ITockoJNbKY B KaKOM-TO CMBbICJIE OHAa 3aBHCHT OT CTeNeHH
Hallero HeBeXeCTBa, MOCTOJNBKY C H3MeHeHUeM HalluX 3HaHHiH
OHa MOXeT MeHATbCS.

OTMeuy elle OOHY «CyGHEKTHBHYIO» CTOPDOHY Halllero ompene-
JIeHUs1 BePOSITHOCTH. MBI roBOpHJH, 4YTO N4 — 3TO «Hallla OLleHKa
HauboJiee BEPOATHOrO uHcJaa ciayuaeB». IIpu 3TOM, KOHEYHO, MBI
He HaJeslICb, YTO YHCJIO HYXKHBIX HaM cjydaeB OyHeT 8 TO4HO-
cTu paBHO N4, HO OHO NOJIKHO GHITb Ile-TO 6AuU3KO K N.a; 3TO
qucao 6osee sepoarrHo, ueM moboe apyroe. Eciu moabpachiBaTh
MoHeTy BBepXx 30 pas, TO BpAL JH MOXKHO OXHIAATb, YTO YHCJIO
BhiNaJeHUH «opsa» OymeT B TOYHOCTH 15; cKopee 3TO 6Gymer Ka-
KOe-TO YHCJO O0KoJo 15, moxer Owith 12, 13, 14, 15, 16 uau 17.
OpnHako ecan Heo6xo0umo BbIGPATh M3 3THX YHUCEJ KaKoe-TO OJHO
YyHCcno, TO MBI OBl pellMsH, YTO 4HcAOo 15 Haubosee npasdono-
0dobwo. ITostomy Mbl ¥ nuieM, yro P (open) = 0,5.

Ho nouemy Bce ke yucno 15 6osee npaBaonogo6HO, yeM Bce
ocTanbHble? MOXHO paccyX/aThb CJAeAyIOIUM 06pa3oM: ecJId HaH-
GoJlee BepOSITHOE YMCJIO BhiMajJeHHH «opsa» 6yner No, a nmoJsHoe
yucno nogbpaceiBaHuil N, To Han6oJiee BepOATHOE YHCJO BhiNaje-
HU# «pewek» paBHO N — No. (Begp npeanosaraercs, Yto npH
KaXXIoM noAGpachiBAaHUH [OJIXKHBI BHINACTb TOJBKO AUOO «OpeJI»,
aubo «pelka» ¥ Hudero apyrorol) Ho ecan MoHera «uyecTHasy,
TO HET OCHOBAHHUA NyMaTb, YTO YHUCJIO BbiMAJeHUN «OpJa», HaNpH-
Mep, AO/KHO ObiThb 6OJibllle, YeM BbiMajdeHHH «pewku»? Tak uTo
[0 TeX Nop, NMOKa y HAacC HeT OCHOBaHHHl COMHEBATBbCS B YECTHOCTH
noa6pachiBalOLIero, Mbl AOJXKHB CYHTaTh, YT0 Np = Ny, a cie-
noBateibHo, Np = No = N/2, unun P (open) = P (pewmka)= 0,5.

Hamn paccyxaeHus MOXHO 0GOGLIMTL HA 406410 CUTYALHUIO,
B KOTOPOH BO3MOXHBI M DPa3/IMYHBIX, HO «PaBHOLEHHHIX» (T. e.
pPaBHOBEPOAITHHIX) pe3y.abTaToB HabmioneHus. Ecau HabmonmeHue
MOXKeT NPUBECTH K M Pa3JIMYHBLIM pe3y/bTaTaM H HU K ueMy 6OJIb-
ile U ecad Yy HAC HeT OCHOBaHHH JayMmaTh, YTO OAHH H3
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pes3yJIbTaTOB NMpeANoYTHTEJbHEe OCTAJbHBIX, TO BEPOATHOCTDb KaXK-
IOTO 4acTHOo20 ucxona HaGmogeHuss A 6yner 1/m, 1. e. P(A)=

ITyctb, HanpuMep, B 3aKPHITOM SIIMKe HAXOAATCA CeMb WIAPOB
pas3HOro 1UBeTa U Mbl Hayraf, T. . He IJsAas, 6epeM ONMH H3 HHX.
BeposATHOCTD TOro, YTO y HaC B pyKe OKaxeTcsl KpacHbI# wap, paB-
Ha !/;. BeposATHOCTBL TOTrO, YTO MBI H3 KOJMOABI B 36 KapT BHITALIUM
naMy MUK, paBHa /3, Takad e, KaK W BbimaJeHHe IBYX IecTe-
pOK npH GPOCaHHH ABYX HrpajbHbIX KOCTeH.

B ra. 5 Mbl onpefenssu pasMep sfigpa ¢ NOMOIUBIO 3aTeHAEMOH
UM IJIOWIAQ¥ HJIH TaK Ha3biBaeMoro s¢¢exkTHBHOro ceuenus. Ilo
CyLIeCTBY peub wI1a O BeposiTHOCTAX. Ecaiu MBI «o6cTpenuBaemMs
OBICTPBIMH 4aCTHIAMH TOHKYIO IJIACTHHKY BelIeCTBa, TO HMeeTCs
HeKas BepOSITHOCTL, YTO OHH MPONAYT uyepe3 Hee, He 3afeB sfep,
OJHAaKO C HEKOTODOH BEPOSITHOCTbIO OHH MOTYT MOMAacTb B AAPO.
(Benpb snpa cTosib MaJibl, 4YTO Mbl He MOXeM 8udeTb UX, MbI, CJe-
IOBaTeNbHO, He MOXKeM NpPHIENUTbCs, U <«CTpenbbas BeaeTcs
Besenylo.) Ecau B Hawedt niacTHHKe UMeeTcss n aTOMOB H PO
KaX/O0ro U3 HUX 3aTeHseT NJOILAAb O, TO MOJHAS MJOIAalb, 3aTe-
HeHHas siapamu, Gyner paBHa no. IIpu GoabuwoM uuciae N cay-
YaHHBIX BBHICTPEJIOB MBI OXHAaeM, YTO YUCJO nonagaHuii N¢ Gy-
JeT TaK OTHOCHTbCS K NOAHOMY 9UCJIY BBICTPEJIOB, KaK 3aTeHeH-
Has AApaMu IVIOWAAb OTHOCHTCS K MOJIHOH MJIOWAAH NJIaCTHHKH:
N, nec
¥=7 62
ITosTOMY MOXKHO CKa3aTb, YTO 8epOATHOCTb NMONMANaHKA KaXIOH
H3 BLICTPEJIEHHBIX YaCTHL B SIAPO NPU NPOXOXKJIEHHH CKBO3b IJa-
CTHHKY OyfeT paBHa

Pc="o, (6.3)

rae n/A —OpocTO YHMCJO aTOMOB, NMPHUXOAALIMXCA HAa eNHUHHIY
IJIOIAAH TJIACTHHKH.

§ 2. Paykryayuu

Tenepp MHe 6Bl XOTeJIOCh HECKOJIBKO NOJApOOHEee MoKa3aTh, KaK
MOXHO HCNOJIb30BAaTh HUAEI0 BEPOATHOCTH, YTOOH OTBETHTb HA BO-
NpOC: CKOJBKO Ke B CaMOM [lesie 51 0xcudaro BbIMaJeHHU «OpJax,
ecau nogbpaceiBaio MoHety N pa3? OmHako, mpexie ueM OTBe-
THTb Ha Hero, JaBaiTe MOCMOTPUM, 4TO BCe-TAKH JaeT HAM TakoH
«3KcnepuMeHT». Ha ¢ur. 6.1 nokasaHel pe3yjbTaThl, NOJydeHHBIE
B NepBBIX Tpex cepusx ucnbiTaHuil no 30 HCNBITAHHH B KaX1OMH.
ITocsienoBaTeIbHOCTH BhIMafeHUH «OpJia» 11 «PELIKH» NOKa3aHb B
TOM MNOpskKe, KaK 3TO NpoHcxoauno. B mepBbiii pa3 nosyuunochb
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X X X XXX X XX X X
Due. 6.1. ITocaedosarersrocrs XX X X XXXXXXXXXK XX XX X X
a6inaldeHus «opaa» U «peuiu». P 19

Tpu cepuu onbiTo8 nodb6pacviéanus Mmo- 11
HeTot no 30 pas 8 Kaxcdoid cepuu. X X X X XXX X X X X

XXXX XXXX X X XXXX XX X XX
p 19
16

Q

X XXX XX X XXX XX X XX X
X XX X XX XX XX X X XX

p 14

11 BbimafieHuit «opsa», B0 Bropoit —Toxe 11, a B Tpernit — 16.
MoXXHO JIM Ha 3TOM OCHOBAaHHH NOJO3PeBaTh, YTO MOHeTa Oblsa «He-
uyecTHOl»? Miu, MoxKeT GbiTh, MBI OWIMG/IHCH, MPUHAB 15 3a Hau-
6oJiee BEpOSATHOE YHCJIO BBIMAJEHHE «OpJja» B KaXAOH CcepHH
ucnbitaHuit? Cnenaem euwte 97 cepwuit, T. e. 100 cepuit no 30 wuc-
nbITaHU B Kaxao#. Pesysbratel ux npuseleHbnl B Taba. 6.1%.

Tabauya 6.1 [ ] YUCJIO BBIMAJEHHUM «OPJIA»

INpoBeaeHo HECKOABKO CepHiM HCHBLITAHHH,
no 30 moaGpacLIBaHHA MOHETH B KaX Ao

11 16 17 15 17 16 19 18 15 13
11 17 17 12 20 23 11 16 17 14
16 12 15 10 18 17 13 15 14 15
16 12 11 22 12 20 12 15 16 12
16 10 15 13 14 16 15 16 13 18
14 14 13 16 15 19 21 14 12 15
16 11 16 14 17 14 11 16 17 16
16 15 14 12 18 15 14 21 11 16
17 17 12 13 14 17 9 13 16 13

BarasHuTe Ha 4Hcaa, NpUBefeHHLIE B 3TOH Tabaune. Bbl BH-
aute, yto GOJIBIIHHCTBO pe3yJbTaToB «6iu3KH» K 15, Tak Kak
MOYTH BCe OHH pacnoJjioxkeHbl Mexay 12 u 18. Uto6bl nyuiie npo-
yyBCTBOBATb 3TH Pe3yJ/bTaThl, HADHUCYeM rpadHK UX pacnpedese-
nusn. [lna 3TOro moAcyMTaeM 4YHCJO MCNBITAHHI, B KOTOPHIX MOJY-
YHJIOCh R BBIMAJEHHUH «OpJa», H OTJIOKHM 5TO YMCJIO BBEpX Han k.
B pesyabrate nmosyuum ¢ur. 6.2. HefictBurenbHo, B 13 cepusx
6bly10 MOJIyyeHO 15 BbhimajeHu#l «opJa», TO XKe YHCJO cepHil naJjo
14 BoimapgeHuit «opJsax; 16 u 17 BbimajeHuil nmosyyaJuch 604bule
yeM 13 pa3. [Io/KHBI 1M MBI U3 3TOrO AejaTh BBHIBOJ, UTO MOHe-
TaM GOJibllle HPABUTCS JIOKUTBCS «OPJIOM» BBEPX? A MOXeT GbITb,
Mbl HenpaBbl B BeIGope uucsa 15 kak Han6GoJiee npaBAONOA06GHOro?

* Otn nocneguue 97 3KCNEPUMEHTOB NPOBOAMJHCH CJAERYIOLMM 0Gpa3oMm,
Slmuk, B xoTOpOM Haxoauauch 30 MOHeT, SHePrHUHO BCTPAXUBAJICH; 3aTeM NOX-
CYHTHIBAJOCh YHCJIO BHIMAXEeHHH «opJa»,
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Moxer ObiTb, B HeHCTBUTEJbHOCTH OoJsiee mpaBAoONOfoGHO, 4TO
3a 30 ucnbiTaHuét nosyvaercs 16 BemageHu#t «opna»? MuHy-
TOuKy TepneHus! Ecau MBl CJ10XXMUM BMecTe pe3yJabTaThl BCex
cepuir, To obulee uuca0 HcnbiTaHuil 6yner 3000, a obuwee uucao
BbIMAafleHUH «OpJia» B STHX HCMBITAHUAX AocTHraeT 1492, tak uTo
OISl HCMIBITAHHUH ¢ BbiMajleHHeM «OpJiax» B pedynbrare Oyaer 0,497.
ATo0 ouyeHb OJH3KO K IOJIOBHHE, HO BCe Xe HeCKOJIbKO MeHbule.
Hert, Mbl Bce-TakH He MOxcem NPeNNoJaraTh, YTO BEPOSITHOCTb BbI-
nageHus «opnaa» Goabwe, yeM 0,5! Tor ¢dakr, 4T0O B OTHENBHBIX
HUCOBITAHUAX «OpeJs» yalle Bboimajgan 16 pas, uem 15, aBasiercs
NPOCTO CAY4aliHbIM OTKJIOHEHUEM, UJIH PaykTyayueld. Mbl Xe no-
NpexHCMy OXHJaeM, 4TO Haubosee npasdonodobHbIM HUCIOM
BbINaJeHU# NOJKHO ObITh 15.

MOXHO CHpOCHTBb: a KaKOBa BepOSITHOCTb TOr'O, YTO B CEpPUHU
u3 30 ucneiTaHuil «opes» Beinager 15 pas uau 16, uam Kakoe-to
Apyroe 4ucjo pa3? MBI rOBOPUM, YTO BEPOATHOCTb BHINANeHHUS
«OpJlay» B CepUHM U3 00HO20 ucnbiTaHUA paBHa 0,5; cooTBeTCTBEH-
HO BepOSITHOCTb HeBBINajdeHHs Toxe pasBHa 0,5. B cepuu u3 aByx
MCNIBITAaHUH BO3MOXHHI #eToipe ucxoma: 00, OP, PO, PP. Tak
KaK KaXXIbli W3 HUX paBHOBEPOATEH, TO MOXKHO 3aK/IIOYHTL: a) Be-
POSITHOCTb ABYX BhbiMaJeHUi «opja» paBHa !/4; 6) BepOATHOCTb
OIHOTO BBIMAaJEHHUs «OpJia» paBHa 2/4; B) BEPOATHOCTb HEBHIMaje-
HUS «OpJia» paBHA /. ITO MPOUCXOAUT MOTOMY, YTO CYLIECTBYIOT
06e BO3MOXKHOCTH U3 YeThipeX PaBHBIX MOJYYHTb OJHO BhiNafleHHe
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Due 6.2. Csodrka pesyassraros 100 cepuii no 30 ucneiranud
8 kandoi.
BepTukaabvHble AUHuW NOKA3bLLBAIOT 4UCAO Cepuil, 8 KoTOpLLX Bbthadas k pas

«opea», ITYynkTupHasa kpueéas nokasviéaeT Oxcudaemoe 4uUCAO Cepull ¢ sbina~
Oenuem k pas «opaa», nory4eHHoe U3 BbLULUCAEHUA 8ePOATHOCTeld.
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ebinadenul
Boamonrocmu ,,opna”  BepoamHocme
N
Boamawrocmuy ’1

Bosmonocmy 0 1 3 1/8
0 1
o1 P> 2 3/
P
0 2
P~ P> 1 3/8
R 0
L
lepaoe
noéﬁp;cueaﬂue P / 1 0 8
Bmopoe
nodbpacsieanue
pemese

nodbpacsicanue

Pue. 63. Quaepamma, urrocTpupyrowyas 4ucao
pa3audHoLx 803moxcHocreld noaywenus 0,1, 2 u 8
gotnadenuil «opaa» 8 cepuu U3 TPex UCNOLITAHUL

«OpJia» M TOJbKO OfHAa BO3MOXHOCTb NMOJYYHTb JBa BbiNaaeHHS
HJIM He MOJIYYHTb HH OIHOrO.

PaccMOTpUM Tenepb CepUI0 U3 TpexX HcObITaHHH. TpeTbe UCHbI-
TaHHe C PaBHOH BePOSITHOCTbIO MOXeT AaTh JHOO «opeJ», JHG0
«pelIKy», MO3TOMY CYIIEeCTBYeT TOJLKO OAHH CNOCO6 MOJydYeHHs
TpeX BblaJeHUN «OpJa»: Mbl OANHbL MOJYYHTb ABa BbiNageHHs
«OpJia» B IBYX NEPBbIX HCMbITAHHAX U 3aTeM BhINAJEHHE «OpJa»
B nocjenHeM. OQHAKO MOJNYYHTb IBa BHIMAJEHUA «OpJa» MOXKHO
yXe Tpems cnoco0aMH: Mocje ABYX BbiMaJeHHH «OpJa» MOXeT
BHIMACTb «pellka» H elle ABa cnoco6a — mocje OJHOrO Bhimaje-
HHUS «OpJia» B TNepPBbIX ABYX HCNBITAHHSIX BHIMAJET «OpPEJa» B
TpeTbeM. TaK 4TO YHCJO PaBHOBEPOSTHHIX CMOCOGOB MOJYYHTb
3, 2, 1 u 0 BoinageHuit «opJja» GyneT COOTBETCTBEHHO paBHO 1, 3,
3 n 1; mosHOe Xe YMCJIO BCceX BO3MOXKHbBIX cnoco6oB paBHo 8. Ta-
KHM 06pa3oM, NOJy4aloTcs claenyoLHe BepOSTHOCTH: s, ¥s, ¥/s, Ys.

OTH pe3ynbTaThl YAOOHO 3amucaTb B BHAE [HarpaMMbl
(¢wur. 6.3). flcHo, YTO 3Ty nMarpaMMy MOXKHO NPOLOJIKHUTb, €CJIH
Mbl HHTepecyeMcs emle OOJbLIMM 4HCJIOM HcnbiTaHui. Ha ¢wur. 6.4
NpHUBefeHa aHAJIOTHYHAs [AHarpaMMma [Jsl IIeCTH HCIbITaHHH.
Yucno «cnoco6oB», COOTBETCTBYIOIIHX KaXAOH TOYKE AHarpaM-
MBI, —3TO NPOCTO YHCJIO DPA3JUYHBIX «myTeil» (T. e., NMONPOCTY
roBOps, MOC/AENO0BATENbHOCTb BLIMAJEHHS «OpJa» M <PELIKH»),
KOTOPBLIMH MOKHO NPHHTH B 3Ty TOYKY M3 HayaJbHOH, He BO3Bpa-
Iasich NMPH 3TOM Ha3aj, a BLICOTA 3TOM TOYKH JaeT obliee YHUCJIO
BbIaJleHHH «OpJia». DTOT Ha6Op YHCes HM3BeCTeH O] Ha3BaHHEM
TpeyzosvHuka Ilackaas, a caMu YHCJa HA3LIBAKOTCA GUHOMUANL-
HbLMU KOI(PuyuenTamu, OCKOJIbKY OHH MOSBJAIOTCS NPU Pasio-
JKEHHH BbipaxkeHHs (a -+ b)™. OGLIYHO 3TH yMCJIa HAa HaLleH AMA-

rpaMMe  0603HAYalOTCA  CHMBOJOM (Z), uau Ci  (uMcI0
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Yuepo
ssinadenull

0paa” bue 64. Huaspamma. no-
1 6 dobnaa u3oboaxennod Ha
{ due. 6.3, 314 cepuu u3 wectu
1 6 5 ucnotranui,
1 5
! 4 15 4
1 3 10
< 2 6 20 3
! 3 10
1 4 15 2
1 5
1 6 1
1
1 o

COYeTaHMH M3 M MO k), rae n — NMOJHOE YHCJIO UCMBITAHUM, a kB —
YUCJIO BbiMafieHU# «opJja». OTMeuy MOMyTHO, YTO GHHOMHAJbHbLIE
KO3 (GHUHEHTHI MOXKHO BBIYUC/ATb NG GopMmyJe

n nl
(D)= w—R1" (6.4)
rae CUMBOJ n!, HasbiBaeMHll «n-paKTopHasoM», 0603HayaeT mpo-
H3BeJeHHe Bcex ueabix yucena or 1 gon,t1.e.1-2:3 ... (n—1)-n.

Tenepb yke Bce rOTOBO L/l TOTO, YTOOBI C MOMOLbIO BhIpazKe-
Hus (6.1) nomcuurate BeposTHocTb P(k, n) BhinageHus k pas
«opJa» B cepuH M3 n ucnbiTaHu#. [losHOE 4HC/IO BceX BO3MOXKHO-
creit 6yneT 2™ (NMOCKOJbKY B KaXXJOM HCNBITAHHM BO3MOXKHBI JBa
HCXO0[a), a YHCJIO PAaBHOBEPOSITHBIX KOMOHHAL U, B KOTOPHIX Bbl-

najger «opes», 6yner (';) TakK 4To

()

2!1

Pk, n)= (6.5)

Iockoabky P(k, n) — nons Tex cepuil UCMLITAHUH, B KOTO-
pHIX BbialLeHHe «OpJla» OXHIaeTcs k pa3, TO U3 CTa cepHit k Bhl-
najgeHusi «opya» oxunaercs 100 P(k, n) pas. [lyHkTHpHas Kpu-
Bas Ha ¢ur. 6.2 nposeneHa Kak pa3 uyepe3 TOYKH (PYyHKUHH
100 P(k, 30). Bugure, Mb oxudasu nonyuutb 15 BuinmageHui
«opia» B 14 uau 15 cepusix CNbITaHHH, a NOJYYHIH TOJbKO B 13.
Mbl oxudaasu nonyuuth 16 BeimageHuit «opsaa» B 13 uau 14 ce-
pusx ucnbiTaHui, a nojyyuau B 16. Ho takue daykryauuu BnoJte
JONMYCKAIOTCS «IPaBUJIAMH HIPbI».

Hcnonbz0BaHHBIN 31€Ch METON MOXHO NPHUMEHATh U B GoJee
oblel CUTyalHH, Ie B KaXX10M €IHHHYHOM HUCHLITAHHH BO3MOX-
Hbl TOJIbKO 1Ba HCXOHa, KOTOpble naBaiite 0603HauuM uepe3 B
(Buiurpuim) u I1 (mpourpwuim). BooGuwe rosopsi, BepositHoctH B
n Il B KaXaoM OTHEJbHOM HCNBITAHHH MOTYT ObITb DPa3HbIMH.
ITycts p, Hanpumep, GyaeT BeposATHOCTbIO pe3ynabraTa B. Torma ¢
(BeposTHOCTL pe3ysabrata II) Jo/mkHa OwiTb paBHa (1 — p).
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B cepuM u3 n HCObITAaHHH BEPOSITHOCTb TOro, 4YTO pe3yJbTaT B
NnoJayyuTcs k pa3, paBHa

P(k, n)= (:) prgn—*k, (6.6)

OTa QYHKUHA BePOSATHOCTEHl Ha3bIBACTCH GUHOMUAALHbIM 3AKOHOM
pacnpedesenus 8epPOATHOCTU.

§ 3. Cayuaiinote 6ayndanus

CyuiecTByeT elle ofHa MHTEpecHast 3ajauya, NPH pPelIeHHH KO-
TOpPO# He OOOHTHCL 6e3 MOHATHA BEPOATHOCTH. DTO npobJaema
«cJyyalHbIX 6ayxaaHuii». B mpocreiileM BapuaHTe 3Ta 3ajmauva
BHIMVIAUT cjeaylomuM o6pasoMm. Boobpasure ceGe urpy, B Koro-
poil MrpoK, HauHMHasl OT TOUKH X — 0, 3a KaXKAbIA XOI MOXET po-
ABHHYTbCA Au60 Bneped( A0 TOYKH x), Au60 Hasan (IO TOUKH
— Xx), NpHUYeM pelleHHe O TOM, Kyla €My HATH, NPUHUMAETCs CO-
BepUIEHHO CAYy4QliHo, HY, HaNpUMep, C MOMOILBLIO NOAGpacHBaHHSA
MoHeTHl. Kak onucath pesyabTaTt Takoro nBuxeHus? B Gosee 06-
wei ¢opme 3Ta 3ajauya ONHCHIBAeT IBHXKEHHE aTOMOB (HJH ApPY-
THX 4acTHL) B rase — Tak Ha3biBaeMoe GPOYHOBCKOE JBHKeHHe —
HWJIH 00pa3oBaHHe OINMOKH NpH H3MepeHHsX. Bbl yBuaure, Ha-
CKOJIbKO MNpo6jeMa «CaydyalHbIX GJyXKOaHWH» TeCHO CBfi3aHa C
ONHCAaHHBLIM Bbile ONMBITOM C MOAGPachIBAHHEM MOHETHI.

[lpexne Bcero naBafiTe PacCMOTPHUM HECKOJNbKO NPHMEpOB
cayyadHbiX 6ayXaaHu#. MIX MOXKHO ONHCaTb «YHCTHIM» MPOABH-
xenueM Dy 3a N maros. Ha ¢ur. 6.5 nokasannsl Tpu npumepa
nyteit npu cayvyaiiHom 6ayxnpanuu. (Ilpu nmocTpoenun ux B Kauye-
CTBe CJY4YaHHOH MOC/NeN0BaTeJbHOCTH PelIeHHH O TOM, Kyaa cie-
JaTh CAEdYIOUHHA Lar, HCNOJb30BATHCh Pe3yJabTaThl MOAGPAChHI-
BaHHs MOHETHl, NpuBefeHHble Ha ur. 6.1.)

Yro MOXHO cKka3aTb 0 TakoM aBuxeHuu? Hy, Bo-mepBuix,
MOXHO CINPOCHTb: KaK [aJeKo Mbl B CpeJHeM MNpOABHHEMCA?
HyxHo oxudars, uto cpeanero npoasuxkenus Boobuie He Gyner,
MOCKOJIBKY Mbl C PaBHOW BEPOATHOCTbIO MOXeM HIATH KaK Bhepes,
TaK u Hasal. OnHaKO YyBCTByeTCs, 4TO ¢ yBenuueHHeM N Msl BCe
¢ GoJbllell BEPOATHOCTBIO MOXKeM 6JyXIaTh rae-TO BCe AaJblie
M Nlanblle OT HayaJbHOH TOYKH. [ToaTOMy BO3HHMKaeT BOMpoOC: Ka-
KOBO cpeiHee ab6CcoA0THOe paccTOAHUe, T. e. KAKOBO CPelHee 3Ha-
yeHHe ?Dl? Brpouewm, yno6xee umets aeno ve ¢ |D|, a ¢ D?; ata
BeJIMYUHA MOJIOXKHTEJbHA KaK AJS MOJIOXKHTENbHOrO, Tak M IJ
OTPHLATENbHOrO [BHXKEHHS H MO3TOMY TOXE MOXET CJYXHTb
Pa3yMHO# mepou TakuxX caydyalHbIX GJYKAaHH.

MoxHo nokasaTb, 4yTo OxHaaeMas BeauunHa D% paBHa mpo-
cto N — uncaly caenanHbix mwaroB. KcTaTo, nox «0KHEaeMmoli Be-
JHYHHON» Mbl IOHMMaeM HanGoJlee BePOSITHOE 3HayeHHe (yramaH-
HOe HaulyyuwuM 06pa3oM), O KOTOPOM MOXKHO AyMaTb Kak 00
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Yucno wazos N

Pue. 6.5. Tpu npumepa cayuainozo 6aymdanun.

ITo 20pu30HTaAU OTAONCEHO 4ucaro waz08 N, no eepTukaiu—KoopouHara
D (N), T. e. 4ucroe paccroanue OT HA4AAbHOL TO4KU,

oxcudaemonm cpenaHeM 3Ha4YeHHH 604bU020 YuCcia nosroparouuxcs

npoueccoB OGJayxaaHHsl. DTa BeJlHMYHHA 00O3HayaeTcsl Kak (D?v)
M Ha3biBaeTcs, KPOMe TOro, «CpeJHHM KBaJApaTOM DaCCTOSHHSY».
ITocae onnoro wara D? Bcerna paBHo -1, nosToMy, HECOMHEHHO,
<D?>= 1. (3a emumnuuy paccrosiHus Bclony 6ymeT BHIGHpaTbCs
OWH IlIar, U MOSTOMY s B AajbHellleM He 6yay nHcaTb eIHHHL
IJTHHBL.)

Oxupnaemasi BeauuuHa Dy aas N > 1 MoxeT GbTb noJiyueHa
13 Dy_y. Ecan nocae (N — 1) mwaroB Mbl 0KasajHCb Ha paccTos-
vun Dy_y, TO eme omud mar pact Au60 Dy = Dy_y+ 1, aubo
Dy = Dy_y— 1. lnu s KxBagparos.

2
. Dy-1+2Dn-1 + 1,
Dy = aubo (6,7)
2
Dy-y—2Dy-+ 1.
Ecau npouecc nosropsiercst 60Jb1IOE YUCJIO pa3, TO Mbl OXKHIAeEM,
4TO KaXJas M3 3THX BO3MOXKHOCTEH OCYIIEeCTBJsIETCS ¢ BEPOSATHO-

CTbIO !/, TaK YTO CpelHAS OXHAaeMasi BeIHYHHA OydeT NMpOCTO
CpenHHM apH(QMeTHYeCKHM 3THX 3HAY€HHH, T.e. OXKH1aeMas BesHu-

2 2 2
ypia D'y 6ymet mpocto Dy_;+ 1. Ho kakoBa BenuuuHa Dy-i,
BepHee, KaKoro 3HayeHus ee Mbl oxupaem? Ilpocto, mo ompene-
JIEHHIO, SICHO, YTO 3TO JOJIKHO OLITb «CpellHee OXKHaaeMoe 3Haue-

HHe» <D3v_,>, TaK 4TO
(D) = (Div-) + 1. 6.8)
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Ecau Teneps Benomuuth, uto {D}) =1, T0 nosyuaerca oueHsb
NIPOCTON pe3y/abTarT:

(D)= N. (6.9)

OTKJ/IOHeHHe OT HayaJbHOrO MOJIOXKEHHS MOXKHO XapaKTepU30-
BaTb BeJHYHHOH THNA pacCTosHHs (a He KBajpaTta pac-
CTOSIHHS) ; 1JIs1 3TOTO HYXHO MPOCTO HU3BJIeYb KBaAPaTHLIA KOPeHb

uz D () u nonyuuTb Tak Ha3biBaeMoe «CpeJHee KBalpaTHYHOE
paccrosinue» Deg:

Do =+/(D% =+/N. (6.10)

Mel yxe rOBOPHJIH, YTO CJy4aiHble 6/yXKAAHHS OYeHb IOXOXKH
Ha OmbIT ¢ noaGpachiBAHHEM MOHET, C KOTOPOrO MBI HayajH 3Ty
raaBy. Ecnu mpencraButh cebe, YTO Kaxaoe NPOJBHKEHHE BIle-
pen WM Ha3an o6yC/IOBIHBAeTCs BhIMaJeHHEM «OpJa» WM «pell-
Ku», 10 Dy Gyner npocto paBHO No — Np, T. e. pa3HOCTH yHc/a
BbIMafleHHH «opsa» U «pewku». Wau nockombky No + Np= N
(rone N —mnosiHoe yucJyo nop6paceiBaHuit), T0 Dy = 2No — N.
BcnoMHMTe, YTO paHblle Mbl YyXKe MOJYy4YaJii BbIpaXKeHHe MJIA
OKHIaeMOoro pacnpepenenus BeauunHnl No [oHa o06Go3Hauasach
Torga yepe3 k; cM. ypaBHeHue (6.5)]. Hy a nmockosmbky N — npo-
CTO MOCTOSIHHAS, TO TeNepb TAKOe XKe pacnpejeseHHe MOJYYHI0Ch
u ansa D. (BbinageHue Kaxaoro <opJia» O3HayaeT HeBbiMaieHHE
«pEeLIKH», N03TOMY B CBs3H MexAay No u D nosBasieTcss MHOXH-
teab 2.) Takum o6pa3om, Ha ¢ur. 6.2 rpaduk npeacraBasieT of-
HOBpPEMEHHO W paclpefesieHHe PAacCTOSIHHH, Ha KOTOpble MbI MO-
xkeMm yitH 3a 30 cayvafineix wmwaroB (k= 15 coorBeTcTBYyeT
D=0, a k=16 coorBerctByer D =2 u T. 1.).

OtksnoHeHHe No OT oxugaemoil BeauuyuHbnl N/2 Gymer paBHO

N D

No— 5= 6.11)
OTKYyaa AOJia CpeaHero KBaApaTHYHOrO0 OTKJ/IOHEHHS noJjgyyaem
N 1 -
(N0—7)0K=51/N. (6.12)

BcnomHum Tenepb Ham pesdyabTaT Aas Dex. MBI oxuaaem,
YTO CpefiHee pacCTOsIHHe, npoiiaeHHoe 3a 30 waros, N0MKHO GbITh
paBHO 4/30=5,5, OTKyZa cpellHee OTKJOHeHHe B oT 15 noJkHO
6biTh 5,5:2 ~ 2,8. 3ameTbTe, YTO CpeAHAs MOJYUIHPHHA Hallei
KpuBO# Ha ¢wur. 6.2 (T. e. MOJYIIHPHHA «KOJIOKOJIa» TOe-TO I1O-
cpeanHe) Kak pa3 NMpHOJH3UTENbHO paBHa 3, 4YTO corJjacyercs C
3THM Pe3YJbTaTOM.

Tenepp Mbl CnocOGHBI paccMOTpeTb BOMPOC, KOTOPOro H3Ge-
raau go cux nop. Kak ysHath, «uecTHa» /M Hama MoHera? Ceil-
Jac Mbl MOXe€M, MO KpalWHed Mepe YaCTHYHO, OTBETHTb Ha Hero.
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Yucao nodbpacsisanud
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Pue 66. Hors soinadenuti «opara» 8 HeKoTopoll wacr-
Hotl nocaedosaressnoctu N nod6pacoieanuti MoHeTeL.

Ecan MoHera «4eCTHasg», TO Mbl OXKHOAAa€M, UYTO B NOJIOBHHE CJYy-
YyaeB BbInageT «opeJd», T. €.

<A,'V°> =0,5. (6.13)

OnHOoBpeMeHHO OXHIaeTcs, 4TO [eHCTBHTENbHOE 4YHCJIO Bbinaje-
HHI «OpJla» [OJ/IKHO OT/NHYaTbCd OT N/2 Ha BeNHMYHHY NOPANKA

'\/W/Q, HJIH, €CJIH TOBODHTL O odose OTKJ/IOHEHHs, OHA paBHa
1 YN 1

N 2 T 24N

T. €. yeM GoJble N, TeM OJuXe K NOJOBHHE OTHOLIeHHe Ng/N.

Ha ¢ur. 6.6 otsnoxenb yucina No/N nis tex nogGpacbiBaHHi
MOHETbIl, O KOTOPbIX Mbl F'OBOpHJIH paHbiue. Kak Bugure, npu yse-
JUYeHHH uucaa N KpuBasi Bce Gauxe W Gamxe nogxogut K 0,5.
Ho, k coxaJneHuio, HeT HUKaKHX 2apauTuii, 4to Qs KaxAOH JaH-
HOH cepuUH MJH KOMOHMHalUHUH cepuii Hab/al0naeMoe OTKJOHEHHe
Oyner 64u3K0 K oxudaemomy OTKJIOHEHHIO. Bcerga ecTb KOHeu-
Hasi BEepPOSITHOCTb, YTO npousofifer Gosblias ¢GJAYKTyalus — no-
sBJIeHHe OOJIbIIOTO 4YHCJIA BbINAJEeHUH «OpJa» WU «PEeLIKH», —
KOTopasi JacT NpPOH3BOJBbHO GOJblloe OTKIOHeHHe. ENHHCTBeH-
HO€, YTO MOXKHO CKa3aTb, — 3TO eCAU OTKJOHEHHsS GJHM3KH K OXHU-

JfaeMoMy 1/2'\/N (ckaxeM, ¢ MHOXHTeNeM 2 UK 3), TO HET OCHO-
BAaHHH CYUTATH MOHETY «NOAAEJIbHOM» (MK YTO NapTHEpP NJYTYeT).

MBIl He paccMaTpHBaJU elle CJAy4yaH, KOraa Qs MOHETHl HJIH
KaKoro-to Apyroro oGbeKTa HCNbITaHHSA, NOJOGHOrO MOHeTe (B
TOM CMBICJIE, YTO BO3MOZKHBI [ABa H/IH HECKOJBKO NOCTOBEPHO He
npenckasyeMblX HCXOda HaGJIOfeHUs, HanpUMep KaMeHb, KOTO-
pblil MOXET ynacib TOJbKO Ha KaKYIO-TO M3 IBYX CTODOH), HMe-
eTcs JOCTAaTOYHO OCHOBAaHMH NOJIaraTh, YTO BEPOSITHOCTH Pa3HBIX
HCXO0J0B He paBHb. Mbl onpenenunn BeposTHocTh P (O) Kak or-
Howenue (No)/N. Ho uro npuuath 3a Bennunny (No)? Kakum

114



006pa3oM MOXHO Y3HaTb, uTO oxudaercs? Bo MHorux ciaydasx
camoe Jiyulllee, YTO MOXKHO CHeJaTb, 3TO MOJACYHUTATb YHUCJIO BHI-
najfeHuil «opJjia» B GOJbLION cepHH HCNBITaHHH U B3sATb (No) =
= No (HaGmoneHHoe). (Kak MOXHO 0XHIAaTb 4Yero-to elle?)
Ilpu sTOM, OZHAKO, HYXXHO MOHUMATb, YTO pas3jHYHbIe HabJIona-
TeJU M pas3jiHyHble CEepUH HUCMBITAHHH MOTYT JaTh APYroe 3Haye-
Hue P(O), ornuunoe ot Hauero. Crenyer oxudars, OIHAKO, YTO
Bce 3TH Pas3jiMyHble OTBETHl He OYAYT PacCXOAUTbCs GoJiblue YeM
Ha 1/24/ N [ecru P(O) 61u3KO K NOJIOBHHE). dusuku-3Kcnepu-
MEHTAaTOpbl OGBIYHO TOBOPST, YTO «3KCINEpHUMEHTAaJbHO HaiileH-
Hasi» BepOSITHOCTb MMeeT «OWHOKY», H 3aMHCBIBAIOT 3TO B BHME

P(0) No , 1

N = 24/N °
Ilpu TakoW 3amuUCH noapa3yMeBaeTcCs, 4YTO CYILeCTBYyeT HeKas
«HUCTHHHaA» BepOHTHOCTb, KOTOple B I'lpHHllPll’le MONMCHO nodcttu-
TaTb, HO 4YTO pa3JHYHble (QJYKTyallUM NPUBOAAT K OLIMOKe NpH
SKCHepPlMeHTaJIbHOM ee onpene.neﬂnn. OIILHaKO HeT BO3MOXHOCTH
caenaTtb 3TH paccy}KIILEHHH JIOTHYEeCKH COorJacOBaHHBIMH. JIque
BCe-TaKH, llT06bl Bbl MOHAJH, YTO BQpOﬂTHOCTb B KAaKOM-TO CMBbI-
CcJie — Belllb Cy6‘beKTPlBHaH, 4YTO OHAa BCerjga OCHOBBIBaercsd Ha
KaKOl':I-TO Heonpeneneuﬂocm HAIUuXx nosuaunﬁ H BE€JIUYHUHA ee KO-
Jle6JleTCﬂ l'IpH HX H3MEHEHHUH.

(6.14)

§ 4. Pacnpedenenue sepoarrocreii

HaBaiiTe BepHeMcs K mpoGJjeMe caydailHbix 6JyXKOaHU#, HO
Telnepb yXke ¢ HEKOTOPbIM H3MeHeHHeM. [lycTh B nonoJHeHHe K
ciayyalHOMy BeIGOpY Hanpasserus mara (4 WIH —) HEKOTOPBIM
HenpelcKa3yeMbIM 06pa3oM MeHsieTCsl TaKXe H ero 0AuHa, NpH-
yeM TpeOyeTcs BLINOJHEHHE ONHOrO-eJHHCTBEHHOTO YCJOBHS,
yTOGbl AJIMHA IIara 8 cpeOHem Gblla paBHA eIHHHIle. DTa 3anaya
yxKe GoJbllle NOX0XKa Ha TENJIOBOe [BHXEHHe MOJIEKYJ B rase.
O6o3HayuM AJIMHY L1ara BeJIHYMHOH S, KoTOpasi, BooGle roBops,
MOXeT ObITb JMI060H, HO Hanbosee yacTo 6yaeT NMpPHHHUMATh 3Ha-
YeHUs1 T1e-TO «BOJH3U» enuHUlbl. {15 Gosblieit onpeneseHHOCTH
naBaiiTe MmoJoXUM (S?) = 1, WJH, YTO 3KBHUBAJNEHTHO, Scx = l.
BeiBon BbipaxeHus nas (D2?) mpu 3TOM OCTaHeTCs TeM Xe, 3a
HCKJIIOYEHHEM TOro, 4rto ypaBHeHHe (6.8) U3MEHHTCS Temeppb cJe-
Ayomum o6pasoMm:

(D) = (Diy-1) 4 (S°) = (Diy-1) + 1. (6.15)
Tak uro, Kak U mpexne,

2
(Dy)=N. (6.16)
KakoBo e B 3TOM cJayyae Gyner pacnpejeseHue pacCTOSHUMN?
Kaxkosa, Hanpumep, BeposTHOCTb TOro, yto mocje 30 wmaros D
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OKaXeTcs paBHbIM HyJ0? BeposaTHocTh 3TOro paBHa Hyawo! Bo-
o6uie BepOSITHOCTb A4/000i 3adanroi BenuuyuHbl D paBHa HyJIIO.
JeficTBUTENBHO, COBEPILLIEHHO HeBepOATHO, YTOObI CyMMa Bcex Lia-
roB Hasaj (NpH NPOH3BOJBLHOH JJIMHE KaXAOro0 M3 HHX) B TOYHO-
CTH CKOMIIEHCHPOBaJlach IIaraMu Brnepel. B stoM ciyuae Mbl yxe
He MOXeM NOCTPOUTb rpadpuk THma H3o6paxkeHHoro Ha ¢wur. 6.2.

Ecan xe, onqHako, He TpeGoBaTb, 4TOGEl D GBIIO B TOYHOCTH
paBHO, CKa)KeM, HYJIO, HJIH eJHHHLE, HJIH JBYM, a BMeCTO 3TOro
TOBOPHTb O BePOSITHOCTH NoJydeHus D rpe-to 664u3u HyJs, HIH
e[IMHHUILB], HJIH ABYX, TO NPH 3TOM Mbl MOXKeM HapHCOBaThb rpadHxk,
nogoGHBIl npuBeieHHOMY Ha ¢ur. 6.2. Haszosem P(x, Ax)
BEPOSATHOCTBbIO TOro, 4yro D OymeT HAaXOAMTbCA THe-TO BHYTPH
HHTepBaJia AX B OKPeCTHOCTH BeJHUYHHBI X (CKaxeM, rjae-To Mex-
ay x u x4+ Ax). Ecaun Ax 1octaTouyHo Mano, To BepOATHOCTb TOTO,
yro D monmajer B 3TOT HHTEpPBaJ, NOJ/KHA OBbITb MPOMOPLHOHAJb-
Ha ero IHpHHe, T. e. Ax. [loaToMy Mbl MOXKeM yTBepXAaTb, YTO

P(x, Ax)=p (x)Ax. (6.17)

®dyHkuUA p (X) HA3BIBAETCS NAOTHOCTbIO 8ePOATHOCTU.

Buj kpuBoil p(x) 3aBHCHT Kak OT uucja maroB N, Tak H OT
pacnpefeleHus IIAaroB no QJHHAM (T. €. OT TOro, Kakyi [OJI0
COCTaBJAIIOT IIard JaHHOW AJauHBI). K coxaseHuio, 1 He MOry
3[1eCb 3aHUMATbCA [0Ka3aTeJbCTBOM 3TOrO, a TOJNBKO CKaXy, 4TO
NpH A0CTAaTOYHO GOJIbIIOM YHcae wmaroB N NMJIOTHOCTb p(x) odu-
HaKo8a AJs BCeX Pa3yMHBbIX pacnpefeseHHH WIaroB mo AJHHAM
U 3aBHCHT Jaumb oT camoro N. Ha ¢ur. 6.7 nmokasaHsl Tpu rpa-

1 p)
Tnomiaemy veposmrocmy

=700 =600 -500 -400 —300~200 <100 0 100 200 300 400 500 600 700

D ue. 67. ITA0THOCTL 8ePOATHOCTH 0KA3ATHCA NPU CAYHALHOM OAY=
scdanuu wepes N wazoe na paccroswuu D
D usmepaeTca 8 edunuyax cpedreli keadparusHoi diurbl waza.
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A p(z)
due. 6.8. Bepoarnocte [3awrpu-
xo8anHaa o6aacte nod Kpusou
p (x)] 1020, 4O npu cayuainom
6ayamcdanuu  npoidenHoe pac-
croanue D okaocerca meuwdy x;
u XxXa.

alk 3
Y
5

SN SSSS TSR RRITLY

K]
N
sy

¢uxka p(x) nas pasnauuHbix N. 3aMeTbTe, YTO «MOJYIIHPHHBI»
3THX KPHUBBIX, KaK 3TO H AOJXKHO GbITh MO0 HALIUM TNpeAbIAYUIHM

pacueTaM, NpUGJ/H3HTENbHO PaBHbI A/'N.
Bbl, BepOsITHO, 3aMeTHJIM TaKXKe, 4TO BeJHYHHA p(x) BOJIH3HM

HyJist 06paTHO NPOMOPLHOHANbHA 4/'N. 310 NPOUCXOIHUT NOTOMY,
4YTO BCe KpHUBbIe MO PopMe OueHb NMOXOXKH, TOJNBKO OJHH «pa3Ma-
3aHbl» 6oJbllle, a 1pYyriue — MeHbllle, H, KpOMe TOro, JOLaaH, Or-
paHUYeHHble KaXXOOH KPUBOH M OCbIO X, NOJIKHBI OBITH PaBHBI
HeiictButensHo, Beab p(x) AX—3TO BepOATHOCTb TOro, yro D
HaXOJIHMTCA rje-TO BHYTpPH HHTepBasna Ax (Ax mano). Kak ompe-
I0eJUTb BEPOSITHOCTb TOTO, 4TO D HaxXxOOHTCA TIe-TO MeXAY Xi
H x? [lns sToro pa3ob6beM UHTEpBaJ MEXIAY X; H Xp Ha Yy3Kue
NoJIOCKH MmupUHOH Ax (¢ur. 6.8) M BBHIUUCJIUM CYMMY UJIEHOB
p(x) Ax ngns kKaxno# Takoi mojocku. ['eomerpuuecku 9ta Be-
posiTHOCTb [3amuiueM ee B Buae P (x; << D << Xx;)] paBHa mnJjo-
IaaH 3alITPUXOBaHHOH obaacTu Ha ¢ur. 6.8. [Ipu 3ToM yem yxe
OYAYT HAalIM NOJIOCKH, TeM TOouHee pe3yiabTaT. [1oaTOMy MOXKHO
3anucarhb

X3
Pr<D< x2)=2p(x)Ax=Sp(x) dx. (6.18)
Xy
[Miaowanb xe orpaHHYeHHs Bcelfl KPHBOH NPOCTO paBHA Bepo-

ATHOCTH TOro, 4To D NpUHUMAET KaKOe-TO 3HAYEHHEe Mex 1y — 00
H + oo, ;ICHO, YTO OHA JOJIKHA ObITh paBHa eaHHHLE, T. €.

+o0

S p(x)dx=1. (6.19)

- 00

Hy a mocko/bKy mupHHa KpHUBBIX Ha ¢ur. 6.7 nponoplHoOHaNbHA
A/ N, To, 4To6bl COXPAaHHTH Ty K€ MJIOWA/b, HX BHICOTA NOJKHA

6bITh NPONMOPLIHOHAIbHA l/r\/ N.
[TnoTHOCTL BEPOSITHOCTH, KOTOPYIO MBI TOJIBKO YTO OMHCAJH,
BCTpevaeTcss HauGosee uyacto. OHa H3BeCcTHa TaKxke IOA
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Ha3BaHHEM Hop)na/umod, HIIH 2(1!/(’0060&, MJIOTHOCTH BEPOATHOCTH
U 3anucbiBaeTcsd B BHIE

_ 1 —x%/26*
p (x)——aﬁn. e , (6.20)

npuyeM BeJIMYHHA O Ha3biBaeTrcs CTaHdapTHblM OTKAOHEHUeMm.

B HauieM cayuae o= A/'N um A/ N S, ecan cpennss KBaapa-
THYHAsA AJIMHA LIara OTJHYHA OT eJHMHHI(bI.

Mpl yKe rOBOPHJIH O TOM, YTO ABHXKEHHS MOJIEKYJ HJIH KaKHX-
TO NPYrMX YyacTHUL B rasde INOXOXH Ha cJjyyaiHble OJyXIaHHS.
TlpencraBbre ceGe, YTO MbI OTKDLIIM B KOMHATe Ny3bIpeK C 1y-
XaMH HJIM KaKHM-TO APYrMM OpraHHYecKHM BellecTBOM. Tordac
Ke MOJIEKYJIbl €r0 HaYHYT HCnapATbca B Bo3nyX. Eciiu B koMHaTe
€CTb KaKHe-TO BO3[YIUHble TeYeHHs, CKaxeM, UHMPKYJSUHA BO3-
JAyXa, TO OHH GyAyT NepeHOCHTb ¢ cO6Oi Maphbl 3TOro BellecTBa.
Ho naxe 8 cosepwerno cnokodrHom 8030yxe MOJEKYJbl GyayT
pacnpocTpPaHATbCS, NMOKa He NPOHUKHYT BO BCE YroJIKH KOMHATBHI.
ATo MOXKHO ompefeNuTh MO 3amaxy WM usery. Ecan HaMm usse-
CTeH CpelHHH pa3Mep «Ilara» H YHUCJO LIATOB B CEKYHAY, TO MO-
JKHO MONCYHTATh BEPOSATHOCTb OOHAPYKEHHUA OQHOH HJIH HECKOJb-
KHX MOJIEKYJ BelleCTBA HA HEKOTODOM PacCCTOSIHHM OT NMy3bIPpbKa
yepe3 KakOH-TO MNPOMeXYTOK BpeMeHH. C TeueHHEM BpeMeHH
YHCJO IIarOB BO3PAacCTaeT M ra3 «pacrnoji3aeTcs» No KoMHaTe, Mo-
NOGHO HAIIUM KpPHBbLIM Ha ¢wur. 6.7. JInMuHa WaroB U HX 4acrora,
KaK Bbl Y3Haere BIIOCJEICTBHH, CBS3aHbI C TeMIEpaTypodl U AaB-
JIeHHEeM BO3/yXa B KOMHarTe.

Bbl 3HaeTe, uTO naBJieHHe ra3a BbI3LIBAETCS TeM, YTO MoJe-
KyJibl ero 60oM6apaUpYIOT CTeHKH cocyaa. [lo3aHee, Korga Mbl 1o-
IOMeM K KOJIMYECTBEHHOMY ONHCAHMIO 3TOTO fIBJIEHHs,, HAM [OHa-
NOOGHTC 3HAaTb, C KaKOHM CKOPOCTbIO JIBHXKYTCS MOJIEKYJIbI,
yaapssacb O CTEHKY, MOCKOJbKY CHJAa HX YAApoOB 3aBHCHT OT
ckopocti. OZHAKO TOBOPHUTb O KaKOH-TO onpedenenroti CKOPOCTH
MOJIEKYJ COBepIUEHHO HeBO3MOXHO. B 3ToM ciyyae He0o6xoauMo
HCNOJIb30BaTh BEDOSITHOCTHOE onmucaHHe. MoJsieKyJla MOXeT UMeTb
MOOYI0 CKOPOCTb, HO HEKOTOpble CKOPOCTH nNpeanouTHUTeNbHee
apyrux. Bce npoucxosnsulee B rase MOXKHO OmMcaTb, CKa3aB, 4TO
BEPOSAATHOCTb TOrO, YTO AAHHAsl MOJIEKyJa JBHKETCH C KaKOH-TO
CKODOCTbIO MeXAy ¥ H U -4 Av, 6yner paBHa p(v)Av, rae p(v)—
NJIOTHOCTb BEPOSITHOCTH, KOTOpPast 3aBHCHT OT ckopocTH v. Ilo3n-
Hee 1 paccKaxy, kKak MakcBeJss, UCNOJbL3Ys OOLIHe NOHATUA H
HIeH TEODHH BepPOSTHOCTH, Halle]l MaTeMaTHYeCKoe BblpaXKeHHe
s yukuuu p(v)*. [IpumepHbiit BUA QYHKUUH p (V) NMOKa3aH HA
¢dur. 6.9. CKOpPOCTb MOXKET HMeTb JIOOYI0 BeJHYHHY, OXHAKO

—_— 2
* MakcBenn nonyuun Buipaxcenue p (v) = Cov? ™%, rpe a — Hexoropas
CBA3aHHAA C TeMnepaTypoHl noctosiHHas, a C BLIOMpaeTCA TaKWM 06pa3oM,

9TO6bl NONIHAS BEPOSITHOCTh GhblJia paBHA efUHHLE.
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due 6.9. Pacnpedesenue
MONEKYA 230 RO CKOPOCTAM.

pw) um N-plv)

W) v, U v

6oJible IIAHCOB 32 TO, YTO OHA OKAaXeTCH Tle-TO B OKPECTHOCTH
Hau6oJsiee BEpPOSTHOTO MM OXKHIAeMOro 3HaueHus (v).

O kpuBO#, NOKa3aHHO! Ha ¢ur. 6.9, 4aCTO rOBOPAT B HECKOJIBLKO
HHOM cMbicjie. Ecii Mbl BO3bMeM ras, 3aK/IOYeHHbII B KaKOM-TO
cocyne (ckaxeM, o6beMoM | 4), TO OKaxeTcs, 4TO B HEM HMeeTCs
OrpoMHOe KoJsnuecTBO MoJjiekysa (N = 1022). [Tockosabky p (v) Av —
BEPOATHOCTb TOTO, YTO MepBas MomnaBlascid MoJekynaa Gyner Je-
TeTb CO CKOPOCTbIO, HaxoAsllleicss B HHTepBaJe Av, TOo, IO ompe-
HeNeHu0, oxcudaemoe yucao monekyn (AN) co CKOPOCTbIO, Ha-
XOAsUIeHCsT B 3TOM XKe HHTepBaJe, GydeT paBHO

(AN)= Np(v) Av. 6.21)

IMostoMmy Np(v) MOXKHO Ha3BaTh «paclpeleseHHeM MOJIEKYJ 1O
ckopocTsAM». Iliaomans nmox KpuUBOH MeXAY ABYMs 3HaueHHAMH
cKopocTell U; M Ua [3amITpHxoBaHHas o6saacTb Ha ¢ur. 6.9 aasa
kpuBoil Np(v)] mnpemcraBasieT oXuoaeMoOe YHCJIO MOJIEKYJ] CO
CKOPOCTAIMH MeXAy Us u V2. Ho B rase, Kotopblit comepXHUT 06bly-
HO OTPOMHOE YHCJIO MOJIEKYJ, OTK/JIOHEHHS OT 0XKHA3aeMOro 3Haue-

HHUs GyayT OyeHb MaJjbl (nMopsigka l/\/ N), nosToMy 4acTo Mbl
BbIGpacbiBaeM CJIOBO «OXHAaeMoe» M roBOpUM npocto: «Yucio
MOJIEKYJI CO CKOPOCTSIMH MEXAY U; U Uz PaBHO IJIOLIANH 3alITpPH-
XOBAHHOr0 YyuyacTka». OJHAaKO HYXHO BCe-TaKH NOMHHTb, YTO
peuyb B TAaKHUX CJyyasiXx BCerga HAET O 8epPOATHOM UYHCJIE.

§ 5. IIpunyun neonpedenernocru

TToHATHS BepPOSATHOCTH OKa3aJIHCh OYeHb MOJIE3Hbl IPH OMHCa-
HUH NOBEJeHHs rasa, COCTOALIEro M3 OrPOMHOrO KOJIHYeCTBAa MO-
JekyJ. HembiciuMO e B caMOM [esie MBITaTbCSl ONpefe/HTb No-
JIOXKEeHHe U CKOpOCTb Kaxno# u3 102 moxekyn! Korpa snepBbie
TeopHsl BePOSATHOCTH Obljla MPHMEHeHa K TaKHM SBJIEHHSM, TO 3TO
paccMaTpHBaJOCh NMPOCTO KaK yAOGHbI# croco6 pa6GoThl B CTOJb
cJ0XKHOI o6cTaHoBKe. OHAKO Temepb Mbl MoJgaraeM, YTo BeposiT-
HOCTb CYWecT8eHHO Heo6xoduma [ ONHCAHHS  Pa3JIHYHBIX
aToMHbIX mpoueccoB. CorsacHo KBAaHTOBOH MeXaHWKe, 3TOH Ma-
TeMaTHYeCKOH TEODHH MaJblX YacTHYeK, NPH onpedetenul TOJO-
KEeHHs YaCTHYKH M ee CKOPOCTH BCerfia CYILecTByeT HEKOTopas
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‘Pt(m) a

Due 6.10. [TroTrocTu 8epoar-

1 HocTu KoopOuwnaTte. (a) u cKo-
pocru (6) wacruyesl.

|

~ 4z

I

1

T Zz

HeonpeJeNeHHOCTb. B syumem
cyyae Mbl MOXeM TOJBLKO CKa-
Apy) § 3aTh, YTO CYLIECTBYeT KaKafi-TO
BEPOATHOCTb TOTO, YTO YaCTHLA
! HAXOQUTCS BGJM3H TOYKH X.
| IlJsi  ONHCaHHS MeCTOMNOJIO-
. (8] KEHHsI YaCTHUbl MOXHO BBECTH
: IJIOTHOCTH BEPOATHOCTH p (X),
i

4 y.  TaK 410 p1(x)Ax 6yner BepoAT-
0

HOCTbIO TOrO, YTO 4YacTHUA Ha-
XONHUTCS TAE-TO MeXAYy X U X +
—+ Ax. Ecau nonoxeHue 4acTHUbl YCTAHOBJNEHO NOCTaTOYHO XO-
poLlO, TO MPUMEPHBIH BUA GYHKUHMH p;(X) MOXKET HJIIIOCTPHPO-
BaTb rpaduk, npuBefeHHblt Ha ¢wur. 6.10, a. TouHo Takoe xe mo-
JIOXKEHHe M CO CKOPOCTBbIO YaCTHLbI: OHa TOXe Heu3BeCTHa HaM
ToYHO. C HEKOTOPOH BEpPOSTHOCTbIO P2(V)AU 4YacTHUA MOXKET JBH-
raTtbCsl €O CKOPOCTBbIO, HaxXoA4sule#ics B HHTepBaje MeXAy U H
v+ Av.

OnuH M3 OCHOBHBIX pe3y/bTaTOB KBAHTOBOH MeXaHHKH CO-
CTOHMT B TOM, YTO 3TH [B€ MJOTHOCTH Pi(X) U p2(V) He MOTYT ObITb
BbIOpaHbl HE3aBUCHMO B TOM CMbICJIE, YTO OHH 00e He MOTryT GHITb
CKOJIb YyrogHo y3KuMH. Ecau Mbl BO3bMeM <«HOJYUIMPHHBI» KpHU-
BHIX p1(x) u ps(v) u 0603HAYUM HUX cOOTBeTCTBeHHO [Ax] u [Av]
(cM. ¢wur. 6.10), To npupona tpebyer, yToObl npousdsedenue STHUX
IBYX TMOJYLHPUH ObLIO He MeHblle BeJWYHHbl A/m,rae m — Mac-
ca yacTHubl, a h— HeKoTopas ¢yHEaMeHTalbHas (GH3HYECKas
NOCTOSIHHAS, Ha3biBaeMasi nocrosanxod [lranka. DTO COOTHOLLe-
HHe 3anHcbiBaeTcd cjaeyrouum o6pasom:

[Ax] [Av] > — (6.22)

W HasbiBaeTcs npuryunom neonpedesennoctu [elizenbepea.
YTo6bl 3TO COOTHOLIEHHE BLIMOJNHAJIOCH, YaCTHIA QOJMKHA cebs
BECTH OYeHb Kypbe3Ho. Bbl BUauTe, YTO mpaBas 4acCTb COOTHOLLe-
Hus (6.22) nmocTosiHHA, a 3TO O3HAYaeT, YTO €CJIH Mbl MONbITaeMCH
«MPHKOJIOTb» YaCTHLY B KaKOM-TO ONpeleJleHHOM MecTe, TO 3Ta
MOMbITKA OKOHYHUTCS TeM, UTO MbI HEe CMOXeM yrajarb, KyJa OHa
JIETHT U C KaKoil cKkopocTbio. TOUHO TaK Ke eC/IH Mbl NMONBITAEMCS
3aCTaBHTb YaCTHUY [IBUTraTbCA OYeHb MeNJIEHHO HJH C KaKOH-TO
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onpedenenHoli CKOPOCTbIO, TO OHa OyJeT «pacn/biBaTbCA», H MBI
He CMOXeM TOYHO YKa3aTb, IIe OHa HaXOQHUTCs.

[IpuHUMN Heompene/NleHHOCTH BbIpa’KaeT TY HESCHOCTb, KOTO-
pasi RO/DKHA CYIeCTBOBATb NPH JIOGOH NMONBITKE ONHCAHHA NpPH-
ponn. Haubosee TouHOe M moJHOe OmHCaHHE NPHUPOABI JOJIKHO
OLITb TOJILKO BepOSATHOCTHbIM. OIHAKO HEKOTODHIM ()H3MKaM Ta-
KO#H croco6 onucaHUs NpUXoAuTcA He mo aywe. MM Kaxetcs, 4To
0 peasbHOM TIOBEJEHUH YaCTHLbLI MOXXHO TF'OBODHTb TOJIbLKO, KOTJa
OZIHOBPEMEHHO 3aJlaHbl UMNYJbChl U KOOpAHHATH. B cBoe Bpems
Ha 3ape pa3BHUTHSA KBAHTOBOH MeXaHHKH 3Ta mnpob6JieMa OYeHb
CHJIbHO BoJIHOBaJa JDiHwreliHa. OH yacTo KayaJs rosioBoH H ro-
Bopua: «Ho Bexb He ragmaer e rocnoib GOT «OpeJ — pellKa,
4yTOGBl PellNTb, KyJa NOJXKeH IBHraThCs 3JEeKTPOH!» DTOT Bonpoc
6ecroKOUJI ero B TeyeHHe OYeHb AOJIOro BpeMeHH, W 1O KOHLA
CBOHWX [IHel OH, NO-BHAMMOMY, TaK U He CMOT NPHUMHPHTLCA C TEM
($aKTOM, YTO BEPOSATHOCTHOE OMHCAHHE MPHPOIBl — 3TO MAKCHMYM
TOro, Ha 4YTO Mbl NOKa cnocoGHbl. EcTb (HU3MKH, KOTOpLIE HHTYH-
THBHO YYBCTBYIOT, YTO Hall MHpP MOXHO ONHCaTb Kak-TO MO-ApYy-
rOMY, YTO MOXHO HCKJ/IOYHTb 3TH HeOnpeJe/eHHOCTH B NOBeJeHUH
yactuy. OHM npoponkKawT paboraTh Haj 3Toi nNpobaemo, HO 10
CHX MOpP HH ONHH U3 HUX He NOOGHJCA CKOJNBbKO-HHOYAb CYLIECTBEH-
HOro pesyJibTara.

dra npucywas MHPY HeoNpedeNeHHOCTb B OINpelesIeHHH
NOJIOXKEHH yacTHUBl sBJsercss Haubosiee BaXHOH YepTOH
ONMHCAaHUA CTPYKTYpbl aToMoB. B arome BOAOpOJa, Hamnpumep,
KOTOpBLIH COCTOMT H3 OJHOrO NPOTOHa, o6pasymoulero sApo, U
3JIEKTPOHA, HaXOJALLErocss rjae-r0 BHE €ro, HeonpeleNeHHOCTb B
MeCTOHAXOX/eHHH 3JIeKTPOHA TaKas XKe, KaK U pa3Mepbl CaMoro
aroma! Mbl He MOXeM NO3TOMY C YBEDPEHHOCTbIO CKa3aThb, e, B
KaKOH YacTH aTOMa HaXOJQHUTCS Halll 3J1eKTPOH, H YK, KOHEYHO, He
MOXeT GbITb M Peud HH O KaKHX «op6utax». C yBepeHHOCTbIO MO-
KHO TOBOPHTb TOJILKO O 8ep0ATHOCTU p(r)AV O0GHAapYXHTb 3J]eK-
TPOH B 3J1eMeHTe 06beMa AV Ha paccTosHHM r OT npoToHa. KBaH-
TOBasi MeXaHHKa [MO03BOJIAET B 3TOM cCJyuyae BHIYHCAATL IJIOT-
HOCTH BEPOSITHOCTH p(r), KoTopas O/ HeBO3MYLIEHHOrO aToMa

@Pue 6.11. Boobpaxaemoui arom
8odopoda.

ITroTHOCTL («6eausnas) obrauka nponop-
YUOKAALHA NAOTHOCTU BePOATHOCTU 00-
HapyceHUR 9AeKTPOHQA.
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Bomopona paBHa Ae—2/22, JT0 — KO0JOKOJN006pa3Hasd (yHKUHA
Hanofo6He u306paKeHHo# Ha ¢wur. 6.8, mpuueM uucJI0 a npen-
craBJsieT co60il XxapaKTepHYIO BeJIHYHHY paanyca, nocje KOTOPOro
¢yHKuHusa oyeHb GbicTpo yObiBaeT. HecMOTpA Ha TO 4TO cylect-
BYeT BEPOSITHOCTbL (XOTS1 U HeGoJsblllasi) OGHAPYXHUTb 3JIEKTPOH Ha
6oJibllIeM, YeM @, PACCTOSIHUM OT siApa, Mbl Ha3biBaeM 3Ty BeJH-
YHHy «paauycoM artoma». OHa paBHa npubausutenbHo 10-10 u.

EcJM BH XOTHTE KaK-TO NpeaCTaBUTL ceGe aToM BOJOpOAaA, TO
BoOGpasuTe 3TaKoe «06/1aKO», MIOTHOCTb KOTOPOTrO MpPOMOPLHO-
HaJbHa MJOTHOCTH BeposTHocTU. IIpuMmep Takoro o6Jiaka nokasaH
Ha ¢wur. 6.11. Takas HarasgHas KapTHHKa, NoXaJayil, Hau6oJee
6/1143Ka K HUCTHHe, XOTA TYT XKe HYXXHO MOMHHTb, YTO 3TO He pe-
AAbHOE «3JIEKTPOHHOE 06J1aK0», a TOJbKO «06GJAaKO BepOSITHO-
creft». ['1e-TO BHYTDH Hero HaXOMHUTC 3JEKTPOH, HO NpHpoaa
N03BOJISIET HaM TOJILKO rafaTb, I'Je XXe HMeHHO OH HaXOZMTCH.

B cBoeM cTpeMJ/IeHHMH y3HaTb O NPHPOIdE Belleil KaK MOMKHO
6osblie coBpeMeHHas (H3MKAa OGHapyXHJa, YTO CYUIeCTBYIOT
BelllH, O3HATh KOTOPbIe TOYHO eil HUKOrjaa He ypacrcs. MHoromy
M3 HAlMX 3HAHUH CYXJEHO HAaBCerha OCTATbCS HEONpede/eHHBLIM.
HaM naHo 3HaTh TO4bKO BEPOSITHOCTH.



I'arasa 7

TEOPHUS TATOTEHMHA

§ 1. qeusenue nraner

B stoit raaBe peub noizer o6 OAHOM M3 ca-
MbIX JlalleKo HAYUHX o600uieHud, CAeNaHHbIX
Korjga-nu6o uyenoBeyeCKMM pa3ymMoM. Mbl  3a-
CJYXKEHHO BOCXHILlaeMCsl YMOM uYesJlOBeKa, HO He-
nJjoxo Obl0 6Gbl NOCTOATL HEKOTOpOe BpeMs B
6J1aroroBeHHH M nepen npupodol, MOJHOCTbIO H
6ecnpeKocI0BHO noa4uHAKLIeHCs TaKoMy
H3SIIHOMY M TAKOMY NPOCTOMY 3aKOHY — 3aKOHY
TArOTeHUs. B ueM e 3akK/IOYaeTcss STOT 3aKOH?
Kaxnabli o6beKT BceseHHOW npHTAruBaeTcss K
M060My Apyromy oGbeKTY ¢ CHJIOH, nmponopuHo-
HaJbHOM HX MaccaM M 06paTHO MNpONMOPUHO-
HaJbHOH KBaJpaTy PacCTOSHHUA MeXAYy HHMH,
MaremaTHyecKkass 3alHChb 3TOTO YTBEPXKAEHHUS
TaKOBa:

F=GF.

Ecnmu K atomy po6aBuThb, yTo Jio6oe TeJo pea-
rUpyeT Ha NPHJOXKEHHYI0 K HeMy CHJY ycKope-
HHeM B HanpaBJIeHWH STOH CHJIbl, MO BeJHYHHE
06paTHO MNpPONOPUHOHAJNLHBIM Macce TeJa, TO
crnoco6HOMY MaTeMaTHKY 3THX CBeleHHH JdocTa-
TOYHO AJ5 BbIBOJA BCeX JAaJbHEHLIHX CJen-
CTBHH.

Ho mnockosbKy, Kak Mbl npejnoJsiaraeM, Bbl
elle He CTOJIb TAaJaHT/IHMBBLI, Mbl He OCTaBHM Bac
HaeJllUHe C OBYMs roJbiMU akcHuoMmamu. [laBaiite
BMecTe pa36GepeM CJeACTBHS K3 HuUX. Mbl H3J0-
JKUM BKpaTle HCTOPHUIO OTKPbITHS 3aKOHA TAro-
TeHHs, OCTAHOBHUMCS Ha HEKOTOPbIX BbIBOJAX H3
Hero M Ha ero BJHSIHUM HA HCTOPHIO, Ha 3aral-
KaxX 3TOro 3aKOHa W HAa YTOYHEHHH ero DHHIUTel-
HOM; Mbl XOTHM emle OOGCYyIUTb CBsi3b 3aKOHa
TATOTEHUN ¢ APYruMHu 3akoHamu ¢usuku. Bcero,
KOHeYHO, B OJHY [JIaBy He YJOXHWb, HO B

§ I

§ 2

§ 3.

§ 4.

§5

§ 6.

§7.

§ 8.

N suxkeunne
nrawer

3aKOoHbI
Kenaepa

PazButune
NMHAMHKH

HsloTonos
3aKOH
TACOTEHHA

Bcemupnoe
TArOTEHHE

OnbiT
Kasenauuwa

Y10 Takoe
TAroTeHHe?

Tarorenue
H OTHOCH-
TENAbHOCTb
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HaJJeXalux MecTax APYrux rjJaB Mbl CHOBa OyleM Bo3Bpa-
WAaThCA K 3TOMY.

Hcropus HaumHaercsi ¢ ApPeBHHX; HalUH MpeaKH HaGJonau
JBHXXEHHe NJaHeT CPeAU 3Be3X U B KOHUE KOHI(OB MOHSJIH, 4TO
njaHeTsl ABHXYTc BOKpyr CoJsiHma — (aKT, 3aHOBO OTKDHITHIMH
nosxxe Konepuukom. Hemuoro Goubuie Tpyna mnorpe6oBaJocCh,
4TOOBI OTKPbITh, KAK UMEHHO OHH BpaaioTcsi. B nauane XV cro-
JeTHs WJan OoJbliMe ge6aThl O TOM, AEHCTBUTEJbHO JH NJaHETHl
ob6pamatorca Boxpyr CosHua uau HeT. ¥ Tuxo Bpare ma srtot
cyer ObLIO CBOe NpeiCTaBJ/ieHHe, faJileKoe OT TOro, YTO AyMaJ{
I peBHHE: MBICJIb €ro COCTOAJa B TOM, YTO BCE€ CHOPbI O NMpHpOIe
JBHXKEHHUS NJIAaHeT pa3pellaTcs, ecJH JOCTATOYHO TOYHO H3Me-
pPHUTb NOJIOXKeHUe NJaHeT Ha HeGe. EciiM W3MepeHHs] TOYHO YCTa-
HOBAIT, KaK JBHXKYTCH NJAaHEThl, TO HE HCKJIOYEHO, 4TO H3 [BYX
TOYeK 3peHHs ymacTcs oTto6paTh OAHY. DTO Oblla HecJbIXaHHas
Hlest — 4yToObl OTKPLITb YTO-TO, Jy4llle-fe MNpoAeJaTh TLIATEJb-
Hble ONbITHI, YeM NPHUBOAUTHL r1yOoKue ¢pusocopcKkHe NOKa3aTelNb-
ctBa. Cnenys eir, Tuxo Bpare MHOrue roabl H3ydaJs NOJIOXKEHHSA
nJjaHeT B cBoell o6cepBaTopuH Ha ocTpoBe PioH, 6/au3 KoneHra-
reHa. OH cocTaBH 06beMHCTbIe TAaGJHUbI, BIOCAEACTBUH, MOCJE
cmeptu Tuxo, usyyenHole MatematukoM Kensepom. M3 ero pas-
HblXx Kensep u uM3BJeK 3aMeuaTe/bHble, OYeHb KpPacHBbIE U NpO-
CTble 3aKOHBI, YNPaBJSAIOLUIHE ABHXEHHEM MJIAHET.

§ 2. 3axoner Kenaepa

[Tpexne Bcero Kensep noHsi1, 4To Bee MaHeThl JBHXYTCS BO-
kpyr CoJsiHIla MO KPUBOH, Ha3biBaeMoil 3aauncom, npuueM CoJiHue
HaxoauTca B (OKyce 3JJHNCa. DJJIHIC — 3TO He COBCEM OBall,
3T0 0coGbIM 06pa3oM TOUHO onpenensemas Kkpusas. [lonyunts ta-
KYI0 KPUBYIO MOXHO, BOTKHYB B (OKYCH N0 GyJ1aBKe, K KOTOPBEIM
TIpUBsI3aHa HUTb, HaTSAHYTas KapaHgawmoM. Breipaxasch martema-
THYECKH, 3TO — FreOMEeTPHYECKOe MEeCTO TOYeK, CyMMa pacCTOSHHH
KOTOPbIX OT ABYX 3a/llaHHBIX ToueK (¢poKycoB) nocrosiHHa. Huw,
€CJIM YrOJHO, 3TO — OKPYXKHOCTb, BHAMMAs MOA YIJOM K CBOeH
miaockoct (¢ur. 7.1).

Hpyroe Habmonenne Kenjepa cocTosijo B TOM, YTO IJIaHETHl
JIBHXYTCS He C MOCTOSIHHOM CKopocTbio: no6susoctn oT CoJH-

il BN

[

bue 7.1. darunc.

nt1rp=2a
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D ue. 7.2. Kensepos 3akon naowaded.

ua — ObicTpee, a ypaissach — MelJeHHee. BoJiee TouHO: IIyCThb
nj1aHera HaGJiofaeTcs B [ABa IOCJef0OBaTeJbHHIX MOMEHTa Bpe-
MeHH, CKa)XeM Ha NpOTSKeHHH HeJleslH, H K KaXKI0MY NOJIOXKEeHHIO
nJjaHeThl TNpoBeqeH panuyc-BeKtop *.Jlyra op6uthl, NpoiaeHHas
TIJIaHeTol 3a HeleJlio, M IBa pPafHyc-BeKTOpPa OrpaHHYHBAIOT HEKO-
TOPYIO NJIOILAfb, 3aIUTPUXOBaHHYI0 Ha ¢ur. 7.2. Ecau takue xe
Hab/oeHUs B TeueHHe Heflesu NpoOjesnaTb B [pyroe BpeMs, Kof-
Ja nJaaHeTa JBHXKETCH MO NajJbHEMY Y4acTKy OpOHUTHl (T. €. Mel-
JieHHee), TO MOCTPOEHHAst TaKHM e crnoco6oM ¢durypa oxaxerca
1o nJouany paBHoi npexHeill. MTak, B COOTBETCTBHH CO BTOPHIM
3aKOHOM OpGHTa/NbHAsA CKOPOCTD JIIOGOH NJaHeThl TaKOBa, YTO pa-
JMYC «3aMeTaeT» paBHbBle IJIOIWlAAX B DaBHble HHTepBaJbl Bpe-
MeHH.

Tperuit 3akoH Obl1 OoTKpHIT Kensepom ropa3go mnosxe; OH
JApPYroro pojna, HexeJid NepBble JBa: OH YyXKe KacaeTcsli He OJHOM
MJIaHeThbl, a CBA3bIBAET MeX1y co60H pasHble NMaHeThl. 3aKOH YT-
BepXKJaeT, YTO eCJH CPaBHUTb Mexny coboil mepuon oOpauleHus
Y pa3Mepnl OpOUTH ABYX IJIAHET, TO NEePHOAbI NPONOPLHOHANBHEI
TIOJIyTOPHOR CTeneHH pa3mepoB oOpOUT. 34echb MNepHOL — 3TO
BpeMsi, HyXHOe MJaHeTe /s TOro, 4ro6el OGOHTH BCIO OpPOHTY;
pa3mep Ke u3MepsieTcsl QJHHOH HauboJbLIero JHaMeTpa 3JIHII-
THYecKol OpOuThl, ee Gosabwof ocH. Cuuras OpOUTHI Kpyramu
(yeM OHH NMOYTH U fABJAIOTCA), MOXKHO CKa3aTb INpollle: BpeMs OJ-
HOro o6opoTa MO KPYry NpONOPLHOHAJbHO €ro QHaMeTpy (HJil
paauycy) B crenenu 3/,. Utak, Tpu 3akona Kenjepa TakoBbi:

1. Bce naaHets aBuKYyTcst Bokpyr CoJiHLA IO 3JIJIHICY, B Of-
HOM Hu3 ¢OKycoB KoToporo Haxoputcs CosHLe.

2. Papuyc-ektop or CoJiHIla 10 IJIaHETHl «3aMeTaeT» pPaBHbIE
nJIomla i B paBHble HHTepBaJbl BpeMeHHU.

3. KBagpats BpeMeH o6palleHuss [BYX IJIaHET MPONOPIIHO-
HaJbHB Ky6aM GoJbIIHX mosyocell HX opbut: T2 ~ ad,

§ 3. Pa3surue dunamuxu

B To Bpems, korga Kensep orkpniBan 9TH 3akoHw, lauan-
Jiel M3yuasl 3aKOHbl [BHXKeHHA. OH mNbITalACs BBISICHUTb, 4TO

* Otpesok, coepunsiiominit CoaHle ¢ TOYKON OPOUTHL.
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3acTaBJ/fieT NJaHeTH JABUraTtbca. (B Te mHM onHa M3 mpegsaras-
IIHXCA TEOPHH YTBEpXKAaJa: NIaHeThl ABHXKYTCA MOTOMY, 4YTO 3a
HUMH JIETAT HeBHIUHMble aHreJbl, KOTOpDble B3MaXxaMH CBOHX
KpPbIIbeB TOHAT NJaHeTH Brnepend. HeiHe 3Tta Teopus, Kak Bbl BCKO-
pe yBHAHTe, HECKOJIbKO BHAOU3MeHeHa! [To-Buaumomy, utobnl 3a-
CTaBHTb MJIaHETHl BpAIAaTbCs, HeBUAUMble aHreJol 00sI3aHbl BH-
TaTh BO BCEBO3MOXKHBIX HaNpaBJIeHUSAX H 06XONUTbCSA 63 KPHIJIbeB.
B octanbHoM 3tH Teopuu cxoxu!) UM Tanuieit oTkpoin oqHO 3Ha-
MeHaTeJIbHOe CBOWCTBO ABHXEHHS, AOCTAaTOYHOe, 4TOGH MOHATHL
3TH 3aKOHBl. DTO — NPHUHUUIN UHEPYUU: €CJIH NpPH ABHUKEHHH Teja
€ro HH4YTO He KacCaercsl, HUYTO He BO3MYILAeT, TO OHO MOXKeT Je-
TeTb BEYHO C MOCTOSHHOH CKOPOCTbIO M N0 npsiMod. (A nowemy
3TO TaK? Mbl 3TOro He 3HaeM, HO TaK YXX OHO MOBEJOCH.)

HeloToH 3aTeM BHIOM3MEHHJ 3TY MBICJb, FOBOPS, YTO €IHH-
CTBEHHBIl cnoco® H3MeHUTb MABHXeHHe Teja—35TO NPHMEHHTb
cuay. Ecau Teslo pasroHsercs, 3HaYMT cuja OblIa NPHJIOXKeHA
8 HanpasieHuu Osuscenus. Ecnu Teso MOBEPHYJIO 8 CTOPOHY, TO
cuna Obla npusioxkeHa c6oxy. Ecau, HanpuMep, nmpHuBf3aTh Ka-
MeHb K GeyeBKe W BepPTeTb MM IO KPYry, TO, YTOGbI yIepKaTb ero
Ha OKDYXKHOCTH, HYXHa cuja. Mbl JOMKHB BCe BpeMs Harseu-
8arb 6eyeBKY. 3aKOH COCTOUT B CJENYIOUIEM: YyCKOpeHue, npous-
gooumoe cuaoil, 06paTHO NPonopyuoHasbHo macce. Ylau uHade:
cuaa nponopyuoHasbHa macce U yckopenuro. UeM MaccHBHee
Teso, TeM G6sbLIas cuna Heo6XxoAHMMa, YTOOH CO3AaTbh HYXKHOE
yckopeHne. (Maccy MOXKHO M3MepHTb, NPHBA3aB K BepeBKe IApy-
roii KaMeHb H BepPTSl UM IO TOMY e KPYry ¢ TOH Xe CKOPOCTbIO.
Tak MOXHO OGHApYKHTb, UTO MAacCHBHBIM TesJaM HyXHa G60Jb-
wasi cuna.) M3 3Tux paccykaeHu#t nociaegopasna OaecTsuias
MBIC/Ib: 4TOOBl yIAepXKaTh NJAHeTy Ha ee opOuTe, HUKaKo# Kaca-
TeAbHOU cuAbl He HYXKHO  (aHrejaM HeT HYXKAH JeTaTb MO Kaca-
TeJIbHOH), MOTOMY 4TO NJaHeTa W Tak OyneT JeTeTb B HYXHOM
Hanpas/eHud. Eciu Gbl HHuero el He MelaJso, OHa OBl yaa/u/1ach
no npamoii aunuu. Ho HCTHHHOe ABHXKeHHe YKJIOHAETCS OT 3TOH
npsIMO¥ U OTKJIOHSIeTCS KaK pa3 nomnepek JBHXKEHHs, a He MO ABH-
)enuro. UHBIMH cloBaMH, Garofapsi NPHHIUNY HHEPUHH CHJA,
notpeGHasi AJisi ynpaBJeHus ABHKeHHeM nuaHer Bokpyr CoJHua,
5TO He CcHJa, Bpauwamwowas ux eokpye CoaHya, a cula, Hanpas-
sennas ¥ ConHuy (Hy, a pa3 cusia HanpasiaeHa k CoJHuy, TO,
GeccnopHoO, OHa M €CTb TOT caMblii aHren!).

§ 4. HotoTono6 3aKon TA20TeHUR

Jlyuue Apyrux NoHsB NPHPONY ABHKeHHUs, HbIOTOH NPHKHUHY,
uyTo UMeHHO COAHYe MOXKET SIBUTbCA HCTOYHHKOM, WITa6-KBapTH-
poil cuJ, YNpaBJSIOUIMX JABHXeHHeM mnuaHeT. OH  yGeamics
(Bckope, GbITb MOXKET, Y6eAUMCS B 3TOM H MBI), 4TO «3aMeTaHHe»
paBHBIX MUIOIlafell B paBHble HHTepPBaJbl BPEMEHH eCTb BEepHBIH
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3HaK TOro, 4YTO BC€ OTKJ/JOHEHHS OT NpsAMO#l B TOYHOCTH pajH-
aJIbHbl, HJIH YTO 3aKOH MJouiajel ecTb NMpsMoe CJIeJCTBHE TOrO,
YTO BCE CHJIbl HanpasJieHbl TOYHO Kk COAHYY.

Kpome Toro, u3 aHanu3a Tperbero 3akoHa Kemjepa MOXHO
BBIBECTH, 4TO 4eM Aanblie oT CoJsHUA MJIaHeTa, TeM cjabee CHJA.
W3 cpaBHeHHs 1BYX NJIaHET Ha Pa3HBIX pPaCCTOSTHHUAX CJeaYeT, 4YTO
CHJBl 06paTHO MNPOMOPLUUOHANBLHBI KBajgpaTaM OTHOCHTEJNbHBIX
paccrosuuii. Couetas o6a 3akoHa, HbloTOH mpuiesn K 3akJwoye-
HUIO, YTO JOJ/IXKHA CYIIeCTBOBATb CHJa, o6paTHas KBaApaTy pac-
CTOSIHUS M HampaBsJleHHass no npsiMmod Mexnay CoJHIEM H mJja-
HeToM.

Bynyun uyesoBeKOM, CKIOHHBIM K 0606uieHusiM, HeloToH, Ko-
HEeYHO, MNpeaNoJIOXHJ, YTO 35Ta CBS3b NPUMEHHMa He TOJbKO
K CoJHUy, VIepKHBAIOLUIEMY NJIAHEThl, HO YTO OHa HOCHT GoJiee
obwuil xapaxkrep. Yxe OBbIJIO H3BECTHO, K NMPHUMEpPY, YTO BOKpPYT
IOnurepa o6pamarTcad JyHb, NMOZO6HO TOMY Kak JIyHa XOmHT
BOKpyr 3eMan, u HbloTOHY Kasajoch ecTeCTBeHHBIM, YTO M mJa-
HeTHl CHJION JepKaT CBOM JYHBI Bo3Je cebs. Torna oH yxe 3Han
O CHJe, ylepKUBalIeld Hac Ha 3eMJe, H NPEANOJOXKUI, YTO 3Ta
CHJIa 8ceobuyasn U 4TO 8Ce NPUTA2UBAETCA KO 8Cemy.

Torpa oH cnpocun ce6si: mpursruBaer Ju 3eMJas Jiofell Tak
ke, Kak JIYHy («TaK XKe» 3HaUYUT OGpPaTHO MNPOMOPIHOHANBHO
KBajapaty pacctosinusi). Ecan tesio y noBepxHoctu 3eMsn nanaer
B NEPBYIO CEKYHAY (M3 COCTOSIHHA MOKOs) Ha 4,9 M, TO HAa CKOJIb-
Ko napaetr JlyHa? MoxHO BO3pa3uThb, uto JIyHa BooOlle He ma-
naet. Ho ecan 6b1 Ha JIyHy He peficTBOBaJla CHJIa, OHa Obl yHec-
Jlach MO NpSMOH JIMHUH, a Ha caMOM feJe oHa o6pamtaercs mno
KpyroBoil op6ure; cjiefioBaTe/JibHO, OHa nadaeT ¢ TOrO MeCTa, rie
OHa MO0JIXKHa Obljia Obl ObITb, €caM Obl CHJIa Ha Hee He AeHCTBO-
BaJa. 3Has paguyc op6urel JIyHbl (okoso 384 000 kM) u BpeMms
ee o60opoTa BOKpyr 3eMau (0KoJo 29 nHel), MOXKHO NOACYHTATD,
CKOJIbKO OHa NpOXOAMT 3a | cex M 3aTeM Ha CKOJIbKO 3a 3TO
BpeMsi OHa najaet *. Oxa3biBaeTcsi, YTO 3TO PacCCTOSIHHE NpHU-
MepHO paBHO 1,36 mm. DTO XOpowIO yKIaabiBaeTrcsi B 3aKOH 00-
paTHBIX KBaZpaToB, NOTOMY 4To paauyc 3emuu 6370 xm, u ecau
Ha 3TOM DAacCTOSIHHM TeJa, Mmajas, NMpOXOLAT B NEPBYIO CEKYHAY
4,9 m, TO Ha paccTosiHud B 384 ThC. KM, T. €. B 60 pa3 ganbuie OT
LeHTpa 3eMJIH, OHHM NOJIKHB magath Ha 1/3600 ot 4,9 M, nin Kak
pa3 Ha 1,36 mm. )Kenasi NOATBEPAUTb CBOI TEOPHIO TArOTEHHS
nofpo6HbIMH pacyetaMH, HbiOTOH HX akkypaTHO MNpopesaas H..
NnoJyuus cuJibHelllee HecoBnaneHue uudp. OH cues, YTO TEOpHs
npotuBopeudT ¢akraM, U He onybaukoBan ee. lllectoio rogamu
no3xe HOBbIe H3MepeHHs paguyca 3eMJH NOKa3aJd, YTO NpHU-
HATOE B Ty INOpPY AacTPOHOMaMH paccTtosiHHe 10 JIyHbl OblIO

* MHave roBops, Ha CKOJbKO OKPYXHOCTb (op6utra JlyHH) OTXOAHT OT
KacaTeJbHOH K Hell Ha NMpPOTSIKeHWH nyTH, npoxoauMmoro JlyHo# 3a 1 cex.
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Due 7.8 Ilpubop Ora desox-

Snexmpomazrum cTpayuu He3asucUMocTu 8epTu-
- KAABHOIX U 20PU3OHTANbHLLX
I - Odsuoenuli.

&Cmoannocenve! h,
h
¢ l
HeBepHbIM. Ycabimab 06 3ToM, HbloTOH mpoBen HOBbII pacuyer
C UCHpaBJIeHHBIMM UHM(pPaMU M MOJYUHJ Y¥Ke NMPEeBOCXOAHOe COB-
najneHue.

Mbeicab, uto JIyHa «magaeTr», HECKOJBKO CMYILIAeT; NOUYeMy X<e
OHa TOrja He npubauscaercsa? Ta MbICJb HaCTOJbKO HHTepecHa,
4TO 3ac/]yxXHBaeT JafbHeillero moscHeHus: JIyHa «majgaer» B
TOM CMbIC/IE, YTO OTKAOHAETCA OT NPAMOL AUHUW, MO KOTOPOl
oHna 6bL dsuearace, He 6YyOb 6oAbULIE HUKAKUX CUA.

PaccmoTpuM apyro#, yke uncto 3eMHO#l mpumep. Teso, BHI-
NylleHHOe M3 PYK y 3eMHOH NOBEPXHOCTH, ymaleT B NMEepBYIO Cce-
KyHay Ha 4,9 x. Teso, GpoulerHoe 20pU30HTAAbHO, TaKXKe ma-
naetr Ha 4,9 M.

Ha ¢wur. 7.3 nokasan npu6op, NeMOHCTPUPYIOLUIUN 3TO sBJIe-
Hue. M3 ropusoHTanbHOro xesno6a BBICKAKHMBAeT U JIETUT BIle-
pen mapux. C TOH e BHICOTH BePTHKAJbHO NajaeT BHU3 APYrof
mapuxk (UMeeTcsl 3JIleKTpHYeCKas CXeMa, BHINyCKawollas BTOPOH
IIap Kak pa3 B TOT MOMEHT, KOrja nepBhlil COCKa/lb3bIBAET C Ke-
n06a). OHU CTaJKHBAIOTCA B BO3AYXe, 3TO 3HAYUT, UYTO OHH 3a
ONMHAKOBOE BpeMs CHUXKAIOTCA OAHHaKoBo. Ilyas, BHIMyuieH-
Hasi TOPH30HTAJbHO, MOXET MpOHTH 3a | cex paxe MOJKHIO-
MeTpa, a BHM3 3a 3TO BpeMs OHa ynajer Ha 4,9 s#. Uro cayuuTtes,
ecsid nyJas OyaeT BulleTaTb H3 cTBOJA Bce OnicTpee? He 3abynbTe,
4YTO MOBEPXHOCTL 3eMJM KpuBas. [lynsa MoxeT BblleTeTb C TaKOH
CKOpPOCTBbIO, UTO, ynaB Ha 4,9 M, OHa BCe paBHO OCTaHeTCs MO OT-
HOUIEeHHI0O K 3eMJle Ha NMepBOHaya/lbHOM BbicoTe. MOXKeT JIH TaKoe
ObiTh? [a; XoTs1 OHa majaer, HO U 3eMJI1 HCKPHBJSETCS, BOT H
noJjiyyaercsi majgeHue «Bokpyr» 3emuau. Hano Tosabko ysHaTh, Ha
KaKOM pacCTOSIHUH MOBEPXHOCTb 3eMJIH OKaxeTcs Ha 4,9 m HHXKe
ropusoHta. Ha ¢ur. 7.4 wusobpaxkeHa 3eMmisi C ee paguycoMm
(6370 kM) u KacatenbHbIi NpsIMO# mNyTb NyJau (B OTCYTCTBHe
cun). OctaeTcsi BCIOMHHTb OAHY M3 3aHATHBIX TeOMETPHUYECKHX
TeOpeM O TOM, YTO AJIMHA NMOJYXOpAbl, NepHeHAHUKYJIspHOH QHa-
MeTpy, paBHa CpelHeMYy reoMeTpHYECKOMY MeXAy AJMHAMH OT-
pe3koB AHaMeTpa. 3HAYHT, PacCTOSAHHe, NpPOHAEHHOe NyJeH, ecTb
cpeaHee mponopiuHoHadbHoe Mexay 4,9 s nagenus u 12740 kn
AnaMeTpa 3eMJH, T. €.

4/0,0049 - 12740 ~ 7,9 &u.

’7,= hz

128



Hrak, ecau nyns psuxercs ¢ 6wictpoTolt 7,9 km/cex, oHa Gymer
no-npexHeMy najfaTh KaXAYIO CeKyHAy Ha 4,9 M, HO HUKOria He
NpuOIU3UTCA K MOBEPXHOCTH, YXOAsLIel OT Hee BCJEeNCTBHE CBOEH
KpuBHM3HBL. Tak OblJIO M ¢ KOCMOHaBTOM larapuHEIM, KOTOpBIi
HepXaJjicsi Ha ONHOH BbICOTe, fesas NMPUMepHO 8 KM B CeKYHAY,
T. e 40000 k» 3a o6opoT (Ha camMoM fHeJe uyTb noGoJblie, Tak
KakK M JieTeJsl OH INOBBILIe).

JI1060e OTKpbITHe HOBOrO 3aKOHA MOJe3HO JIHUIb TOTAa, KOria
M3 Hero MOXKHO H3BJeub 6oJibllle TOro, 4YTO B HEro Obl10 BJIOXKEHO.
HbioTOH npumenus BTOpPON M TpeTHit 3akoHBH Kensepa gns Toro,
yTOGHl BbIBECTH 3aKOH TAroteHus. Uro xe oH npedckasaa? Tlep-
BbIM NpeNcKa3aHHeM Obla1 ero aHaau3 aBHXKeHUA JIyHBI: OBHXKe-
HHe 3TO YBA3bIBAJOCh C MafeHHeM Tel Ha 3emJje. BTopbiM Oblnt
OTBET Ha BOINPOC, ABAAOTCA AU 0pbuTst 3aauncamu. MOXKHO
TOYHO pacCYHTaTh MABHXKEeHHe, MOXKHO [0Ka3aTb M TO, YTO 3TO
sJaJunc *; crano 6bITb, HHKaKUX J00aBOYHHIX (aKTOB Jf AOKa-
3aTeJbCTBA nepsoezo 3akoHa Kensnepa He HyxHo. Tak HeloToH
clenaJ CBOe MepBOe MOLIHOe NpejcKa3aHHe.

3aKOH TAroTeHHs OODBSACHHI MHOTHe fIBJIeHHs, Npexie Hero-
HaTHble. Hanpumep, npursxernue JIyHbl BhI3bIBaeT Ha 3eMJie NpH-
JIUBBl — siBJIeHHe [NOTOJIeé TauHCTBeHHoe. Jllogu W paHblle aora-
JbIBAJIUCh, 4TO JIyHa NpUTAruBaeT BOAY NOA cO60H M nosaydaercs
NpUJIHB, HO OHH He GBI Tak YMHBI, Kak HbloTOH, U nymanu, 4to
JNOMXKeH OBITh TONBKO OAMH mpuauB B cyTKH. CuuTanoch, 4TO
JlyHa mnpuTAruBaeT BOAY, BBHI3bIBasi MPUJHMB, HO TaK Kak 3eMJus
BpallaeTcs, TO B KaXXJOM MecTe BoJa AOJXKHa pa3 B CYTKH Moj-
HATBCA M ONMYCTHTbCHA. A Ha CaMOM fesie MPUJIUB GHIBaeT KaxXKIble
12 yacos. Beina u apyras mkoJia nepefoBO#l MBICJH; MO ee MHe-
HHUIO, NMPHUJHB [JOJKeH ObITh M Ha NPOTHBONOJIOXKHOH CTOPOHe
3emsu, notomy uto JlyHa Bcerga orpeiBaer cywy ot Bogbl! OGe
3TH TeopHH HeBepHbl. HacTosilee o6 bsicHeHHe NMPHUMepPHO TAKOBO:
nputsxKeHue JIyHol cyly U Boobl «ypaBHOBellleHO» B IeHTpe. Ho
npursaxkeHue JIyHOH Tex Macc BOJBI, KOTOpPble HAaXOAATCA Ha

* B nauieM Kypce HeT 3TOro J10Ka3aTeJbCTBa.

Due 74. Yckopenue k yenrpy
Ha KpYyzosom nyru.

H3 naanumerpuu x/S=(2R— s)/x~2R/x,
2d0e R—paduyc 3emau (6370 km); x—pac-
CcToAHUE, <npOlideHHOe 20PU3OHTAAbHOD
sa I cex; s—Oauna nyru <nadeHus»
3al cex (4,9 m).
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P Pue 7.5 Cucrema 3eman —
7 W Tyna ¢ npuausamu.

Toura, GoKpyz Komopot
spaujaromcs u 3emas U lyna

Jemnn

«JIYHHOH» CTOpPOHe 3eMJIH, CuAbHee, YeM CpefHee INPHUTSKEHHe
Bcell 3eMJIH, a NpPHUTSXKEeHHe Macc BOAbl Ha OGpaTHOH CTOpPOHe
3eman caabee cpennero. Kpome Toro, Boga B OT/IHYHE OT CYIUH
MOXeT Teub. McTuHHa# npuYHMHA TNPHJIHBOB H onpegessieTcs
3TUMHU 1BYyMs (HaKTOpaMHu.

UTo Mbl MOHHMaeM NOJ CJOBOM «ypaBHOBelleHO»? UTO HMEHHO
ypaBHoBewnBaerca? A BoT urto. Ecau JIyHa npursruBaer K ceGe
Bclo 3eMmuio, TO moueMy 3eMJd He mnajgaer «BBepx» Ha JIyHy?
ITo Toit e npuumune, nouemy u JlyHa He nagaer Ha 3eMmJuo:
3eMJsa BpallaeTcs BOKPYr TOYKH, KOTOpash HaXOOUTCA BHYTPH
3emau (Ho He B ee meHTpe). He Jlyna Bpamaercss Bokpyr 3emJy,
a o06e OHM BpaIalOTCS BOKpPYr o6llero LeHTpa H o6e MajaroT Ha
Hero, Kak NnokasaHo Ha ¢wur. 7.5. 910 ABHKeHHe BOKPYr o6liero
LleHTPa H ypaBHOBELIHBAeT NafieHHe KaXAO0ro M3 ABYX HeOeCHBIX
Tesq. Tak yTo U 3eMJsA TOXe [BHXKeTCH He MO NPAMOH JIMHHH, a
no Kpyroso#l op6urte. Macchl BOAb Ha Aa/lbHeH CTOpoHe oT6Gpa-
CHIBAIOTCA H3-3a <«IeHTPOOEXKHOH CHJBI» CHJbHee, 4YeM LEHTP
3eMmJ, KOTOPBI Kak pa3 ypaBHOBelleH npHUTsxKeHHeM JIyHBI
INpursxkenue JIyHbl Ha gaJjbHelt cTOpoHe cjlabee U «UeHTPOOex-
Has cuja» GoJblle. B urore paBHOBecHe BOABI HapyllaeTcs: oHa
ynanasiercs ot uenrpa 3emau. Ha 6amxuedt cropone Jlyna npu-
TATUBaeT CHJIbHee, HO H3-3a MeHblllell BeJHYHHBI pajilyc-BeKTOpa
OKa3blBaeTcsl MeHblIe M «LeHTpoOGexKHas CHl1a», paBHOBecHe Ha-
pyuwaercas B 0OpaTHYIO CTOPOHy, HO IO-IpeXHeMy OT IeHTpa
3emau. B urore mosiBAsOTC 06a NPUIMBHBIX «ropba.

§ 5. Bcemupnoe tazorenue

UTo Xe ellle MOXHO MNOHATb, 3Hasg O CYLIECTBOBAHHH TATOTe-
Hua? BceM u3BecTHo, uto 3emas kpyrias. A mouemy? Hy, 3To
NOHATHO: KOHe4Ho, 6/1arofapst TAroTeHHo. 3eMmJsl Kpyraas npo-
CTO NMOTOMY, YTO MEXAY BCEMH TeJaMH CYILeCTBYeT NPHUTIKEeHHe,
W BCe, M3 Yero BO3HHMKJIA 3eMJsi, TOXKe B3aUMHO NPHTATCHBAJIOCH
IO Tex mop, nmoka Owulo kKynaa npursaruBarbes! Tounee rosops,
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due 7.6. Cucre-
Mma dsodinoti 38e306L.

3eMJa He coscem 1lap; OHa Belb BpallaeTcs, U LeHTpoGexHas
CHJIa Ha 3KBaTope NPOTHBOJEHCTBYeT TAroTeHH0. Breixoaurt, 4TO
3emMas1 [0JKHA OBITb SJJIHICOMAOM, U MOXKHO Ja)Ke NOJYYUTb
npaBuabHYI0 ero ¢opmy. Mrak, u3 3aKOHa TATOTEHUSA CJEAYeT,
yto u Connue, u JlyHa, U 3eMas OOJMXKHB ObiTb (MpUGIU3N-
TeJIbHO) IIapaMH.

Uto ke ewe ciaenyer U3 3akoHa TtaroreHusi? Habmopas 3a
cnyTHHKaMu lOnuTepa, MOXHO NMOHATDH BCe 3aKOHBI MX JBHXKEHHS
BOKpDYT nJaHeTh. B 3To#f cBSA3M CTOMT pacckasaTb 06 OxHOH 3a-
MHHKe, KOTOpas BHILLJIA Y 3aKOHA TArOTeHHUs ¢ syHamu KOnurepa.
OTU CNYTHUKH OvYeHb MoApo6GHO u3yuyanucb PémepoMm, U BOT OH
3aMeTHJ, YTO BpeMeHaMH OHH HapyWAIOT paclUCaHHe: TO Onas-
INBIBAIOT, TO NPHUXOAAT B Ha3HaueHHOe MeCTO paHbllle BPEeMEeHH
(pacnmucaHHe MOXHO COCTaBHTb, MOHaGJIONaB 3a HHMH JOCTa-
TOYHO JOJITO M NMOACYHUTAB MO MHOTUM O06OPOTaM CpeHHH NepHoi,
ob6paienusn). BoJsee TOro, oH 3aMeTH], YTO ONO3JaHUA CJy-
yamres, korga lOnurep ynanen or 3emau, a Korga Mel ot IOnu-
Tepa GJIM3KO, TO ABHXKEeHHe JIyH omepexaer pacnucanue. Takyio
Belllb OYeHb TPYAHO OBbLIO YJIOXKUTb B 3aKOH TATOTEHHUS, H eMy Obl
yrpoxana Ge3BpeMeHHasi KOHUHHA, He HaWAKCh APYroro oO6bsAcHe-
HuA. Belab ecsid 3aKOHY MPOTHBOPEYUT XOTA OBl OQMH cayyait, TO
3akoH HeBepeH. Ho mnpuunHa pacxoxpaeHus okKa3ajnachb OuYeHb
€CTeCTBEHHOH M KPaCHBOMH: [eJI0 MPOCTO B TOM, YTO HEOOGXOQHMO
KaKoe-TO BpeMs, YTOObl yBHAETb JYHY Ha HYXXHOM MecTe, Belb
CBeT OT Hee N0 HAacC AOXOOHUT He MrHOBeHHO. Bpems 3T0 He6o0Jb-
woe, Koraa lOnutep Haxoautcs 6JH3KO K 3eMJie, HO OHO 3aTArH-
Baercs, koraa lOnurep ynanutrcs ot Hee. BoT mouyemy Kaxetcs,
YTO JNIYHBI B CpeJHEM TOPOMATCA WJH OTCTAIOT B 3aBUCHMOCTH OT
TOoro, GJIN3KO JIM WJIH JaJieKO OHH HaxogATcs OT 3eMJu. ITO AB-
JleHHe J[0Ka3aso, YTO CBeT PACNpPOCTPaHSETCS He MTHOBEHHO, H
cHabau/I0 Hac nepBoil OlLleHKO! ero ckopocTH (6bly10 3T0 B 16767T.).

Eciu Bce niaHeThl NPUTACMBAIOTCA IPYr K IpPYry, TO CHJA,
ynpasjsiowas, ckaxeM, obpauenuem Onurepa Bokpyr CosHia,
3TO He coBceM cuja nputskeHus Kk CoJsHIY; Belb ecTb elle H
nputsxenne, Hanpumep, CatypHa. OHo HeBesuko (CoJHIe KyAa
Goabume CaTypHa), HO OHO ecTb, n notoMy opbura lOnurepa He
MOKeT GbITb TOYHBIM 3JIJIMICOM; OHa 4yTb KoOJeOJaeTcsi OTHOCH-
TeJbHO SJIMITHYECKOH TpPaeKTOpPHHM, TaK 4YTO JABHXKEHHe He-
CKOJIbKO YCJIOXKHsieTcA. BeliM npeanpuHATH NONBITKH NpOaHalH-
3upoBaTh ABHkKeHHe IOnurepa, CatypHa M YpaHa Ha OCHOBe 3a-
KOHa TAroteHUus. UToObl y3HATh, YAACTCA JH MeJKHe OTKJIOHEHHs
M HeNnpaBHJIbHOCTH B [BHXEHHUH NJIAHET NOJHOCTbIO OOBACHHTH
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TOJILKO Ha OCHOBe OJHOTO 3TOro 3aKOHa, PacCYHTaNU BJIHSHHE
KaxJ0# u3 HUX Ha ocranabHbele. Jas KOnurepa u CatypHa Bce
COLLIO KaK CJAefyeT, HO YpaH —uTo 3a uygecal —moBesa ce0si
oueHb cTpaHHo. OH ABHraJIcsl He MO TOYHOMY 3JIJIHICY, Yero, BpPO-
yeM, U CJe[0BaJI0O OXHAATb H3-3a BJHUAHUA NpUTAKeHua lOnu-
tepa u CarypHa. Ho u ¢ yyeToM HX NpHUTSKEHHUS ABUXKEHHE
YpaHa 8ce pasHo GBHIIO HENPaBUJIbHBIM; TaKUM 06pa3oM, 3aKOHbI
TATOTEHUA OKAa3aJUCh B OMACHOCTH (BO3MOXKHOCTb 3Ty HeJb3s
6b1710 HCKMOUYHTB). [IBoe yueHwbix, Agamc u JleBeppbe, B AHriuu
u ®DpaHiuH, HE3aBUCHMO 3aAyMaJHChb 06 HHOH BO3MOXHOCTH:
HeT JIU TaM euwje OOHOU TNJaHeThl, TYCKJOH W HEBHIHUMOH, NOKa
elle He OTKPBITOH. DTa NJaHeTa, Ha3oBeM ee N, MorJja NpUTArHU-
BaTb YpaH. OHH paccyuTany, rAe 3Ta NJIAaHETAa [JOJIKHA HAaXo-
IUTbCs, 4YTOOBI MNpPUYHHHTL HabJIOaeMble BO3MYLIEHHS MNYTH
YpaHna. B coorBercTByIoLIHe 06cepBaTOPHH OHH Pa3ocJ/ajy MUCh-
Ma, B KOTOpDBIX roBopuJoch: «[ocnona, HanmpaBbTe CBOH TeJie-
CKOMBI B TaKO€-TO MECTO — M Bbl YBHAMTE TaM HOBYIO INJIaHETY».
O6paTaT ¥ Ha Bac BHUMaHHUe HJIM HET, YaCTO 3aBUCHT OT TOro,
¢ KeM Bbl paGoraete. Ha JleBeppre oGpaTuiu BHHUMaHHe, 110CTY-
mwaJuch ero u o6Hapyxuau njadery N! Torga u apyras o6cepBa-
TOpUS TMOCMelIMJa HayaTb HaOMIOJEeHHS —U TOXe YyBHIe-
na ee.

DTO OTKpHITHE MOKA3bIBAET, YTO B COJIHEYHOH CHCTEMe 3aKOHBI
HbloToHa a6comoTHO BepHbl. HO BepHBbI 1M OHM Ha pacCTOSTHUAX,
60/bIINX, YeM OTHOCHTEJIbHO MaJible pacCTosHUsA A0 nJjaHer? Bo-
HepBbIX, MOXKHO NMOCTABUTb BONPOC: NPUTATHBAIOT JIU 38e30bL Opye
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Dy 7.8. Llaposoe agesdnoe ckonaetue

Jpyea Tak xKe, Kak nuaHetbl? [losoxuTeNbHBIE
IOKA3aTeNbCTBA 3TOTO Mbl HaXOAHUM B OBOUHbLLX
36e3dax. Ha ¢ur. 7.6 nokasana nBofiHas 3Be3-
na— aBe O6/nn3KHe 3Be3lbl (TpeTbsl 3Be3[qa HYX-
Ha, 4ToObl y6enurbcs, 4To ¢ortorpadus He nepe-
BepHyTa); Bropas ¢ororpadus chaenaHa uyepe3 HECKOJIbKO JIET.
CpaBHHBasg ¢ «(pHKCHPOBAHHON» 3Be3q0H, Mbl BHAHMM, YTO OCb
mapbl MOBepHyJach, T. €. 3Be3dbl XOASAT OQHAa BOKPYr ApYro.
Bpamalorcss au oHU B corjacuu ¢ 3akoHamMH Helotona? Tma-
TeJbHble 3aMepbl OTHOCHTENbHOH MO3MUHMH ABoHHON 3Be3nbl CH-
puyc naHbl Ha ¢ur. 7.7. [Tonyuaercs nMpeBOCXOAHBIA 3jaunc (H3-
MepeHust HauaTel B 1862 r. u nosenenst 1o 1904 r.; ¢ Tex nop Gbla
clenaH ele oauH o6opot). Bee cxonutcsa ¢ 3akoHamu HbioToHa,
xpoMe Toro, uto Cupuyc A nonydaercs He 8 ¢oxyce. B uem xe
Jneno? A B TOM, YTO MJIOCKOCTb 3JIJIMIICA He COBMajgaer C <«IJIO-
cKocTbio HeGa». Mbl BuauM CHpHyc He NMOA NpPSAMBIM Yrjiom K
TIIOCKOCTH ero OopOGHTHl, a ecqU Ha 3JUIHIC NOCMOTpeTb COOKY, TO
OH He mepecTaHeT OBITb 3JJIHNCOM, HO (POKYC MOXKeT CMeCTHTbCH.
Tak 4TO M [QBOIHBIE 3BE3Jbl MOXKHO aHAJH3UPOBATL B COTJIacHH
¢ TpeGOBAHHUAMH 3aKOHA TATOTEHHS.

CnpaBefJIMBOCTb 3aKOHA TATOTEHUS Ha OOJBIINX JUCTAHIHUAX
BuaHa u3 ¢ur.7.8. HyxHO ObITh JHIIEHHBIM BOOGpaX<eHus, 4TOObI
He yBHIeTb 31ecb paboThl TAroTeHHsl. 31ecb NMOKa3aHO OJHO M3
KpacHBeHIIHX HeGeCHBIX 3peJIHl — L1apOBOe 3Be3[JHOe CKOIJIeHHe.
Kaxnas touka — 3to 3pe3na. Ham kaxercs, 6yaTO y LleHTpa OHH
HaOHUTBHl BNJIOTHYIO; NMPOUCXOAUT 3TO H3-3a cJa0OH YYBCTBHUTEJb-
HOCTH TeJIeCKOINa; Ha CaMOM [eJie NPOMeXYTKH MeXIy 3Be3fdaMu

Due 7.9. laraxruka,
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Dyue 7.10. Obaako earaktuk.

llaxe B cepefluHe OYeHb BeJIMKH, a
CTOJIKHOBeHHs KpaliHe penkH. BoJb-
e Bcero 3Be3[ B LIEHTpe, a MO Mepe
ylaleHus K Kpalo HUX Bce MeHblue H
MeHblle. $IcHO, YTO MeXAy 3Be3gaMH
NeHACTBYeT MpPUTSAXKEHHe, T. € 4YTO TATOTEHHE CYLIeCTBYeT H Ha
TaKUX THraHTCKHX paccTosHuax (mopsinka 100000 puamerpos
COJIHEYHOH CHCTEMBI).

Ho ornpaBuMcsi panablile B PacCMOTPUM B8CIO  2AAQKTUKY
(dur. 7.9). ®opma ee AABCTBEHHO YKa3blBaeT Ha CTpPeMJIeHHe ee
BellecTBa CTAHYTbcS. KOHeuHO, A0OKa3aTh, YTO 31ech AeHCTBYeT
3aKOH oOpaTHBIX KBaJApaToB, HeJb3sl; BUJHO TOJBKO,YTO U Ha Ta-
KOM NpOTSI)KEHHH €CTh CHUJIBI, YAepKUBAIOIUe BCIO TalakTHKY OT
pa3Basna. Bbl Moxere ckasaTh: «JlagHO, Bce 3TO pa3yMHO, HO
noyeMy e 5Ta LITYKa, rajlakTHKa, yXKe He INOX0Xa Ha wap?»
[a notomy, 4TO OHA 8epTUTCA, UTO Yy Hee eCTb MOMEHT KoAuue-
cT8a Osuscerus (3amac BpalleHHs); €CJH OHA COXMMeETCH, edl He-
Kyna Oyaer ero [eBaTb; el OCTaeTcsd TOJbKO CIJOCHYTBCA.
(Kcrary, BoT BaM xopollas 3agaya: Kak o6pa3yloTcs pykaBa ra-
Jaktuku? YeM onpenenserca ee ¢opma? JlerajapHOro orsera Ha
3TH BOMNpPOCH elle HeT.) SICHO, 4TO OYepTaHUSA TaJIAKTHKHU ompeje-
JAIOTCA TATOTEHHEM, XOTS CJIOXKHOCTH ee CTPYKTYyphbl NOKa He-
BO3MOXHO INOJIHOCTbIO OOGBACHUTb. Pa3Mephl rajakTHK — OKOJIO
50 000—100 000 cBeTtoBbIX JeT (3eMJ/sT HAXOAUTCA HA PACCTOSAHHH
8!/; cBetoBbIX MUHYT OT CoJHLIA).

Ho troTeHne nmposiBsieTcss M Ha GOJbIINX npoTsxKeHUuax. Ha
¢ur. 7.10 nokasaHbl KaKHe-TO CKOIJIEHHSI MEJKHX NATEH. IDTO

Puea 7.1. Mewsseadnoe noiresoe
obrako.
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Due 7.12. O6paso-
8anue HosbLx 38e30?

06aaxo 2anrakTux, nogo6Hoe 3Be3nHOMY cKomeHHo. Crano GObIT,
H rajJlakTHKH NPHUTATHBAIOTCA MexXay co6Golf Ha Takux paccrosi-
HHAX, UHaue Gbl OHH He co6Gpajuch B «06sako». [To-BuauMOMYy, H
Ha DacCTOSHHAX B 0eCATKU MUAAUOHOS8 CBETOBBIX JIeT MPOSIBJSET-
cfl TArOTeHHe; HAaCKOJIbKO HblHE U3BECTHO, 3aKOH OGPaTHBIX KBall-
paToB JeHCTBYeT MOBCIOAY.

3aKOH TArOTEeHUS BelNeT He TOJbKO K NMOHUMAHHIO MPHPOIBI
TYMaHHOCTeH, HO H K HEKOTODbIM HJefM O NMPOUCXOXKIEHUU 3BE3N.
B GoJbiiom o6sake MBIMM M rasa, noJo6HOM H300paxkeHHOMY Ha
¢ur. 7.11, npuTaxKeHUe vyacTHL NbIH coGepeT HX B KoMKH. Ha
¢urype BUAHBI «MaJleHbKHE» YepHble MATHHIIKH — GBITh MOXKET,
HayaJo CKOIIEHHs: rasa M IbLIM, H3 KOTOPHIX OJjarofaps HX
TIPUTSXKEHHIO HauHHaeT BO3HUKATh 3Be3fa. [lpuxoausoch U HaMm
Korga-nu6o BHAETb pOXKIeHHe 3Be3[bl — Bonpoc cnopubiii. Ha
¢wur. 7.12 1aHO HEKOTOpOE CBUIETENBCTBO TOTO, YTO MPUXOLHJIOCH.
CneBa mnoOKas3aH CBeTAILMACA ra3, a BHYTPH Hero— HeCKOJbKO
3Be3l. Jto cHUMOK 1947 r. CHUMOK cmpaBa CHesaH 4yepe3 7 JeT;
Tenepb BHAHBI YXXe [Ba HOBBIX SIPKHUX MATHA. YK He CKONMHJICHA JIH
3[ech ras, He BBIHYAMJIO JIH €ro TATOTeHHe cobpaThecsl B wIap, 140-
CTaTO4YHO 6OsblIONH, 4TOGHI B HeM HauaJjachb 3Be3/lHas fiflepHas
peaklus, npeBpamias ero B 3Be3ny? Moxer ObTb, 1a, a MOXET,
1 HeT. Ma/loBepoOATHO, YTO HaM MOBe3JIO YBHAETb, KaK BCero 3a
ceMb JIeT 3Be3Jla CTaJjla BHAHUMOH, HO ellle MeHee BEpPOSITHO yBH-
IleTb pOXK/JeHHe cpa3y d8yx 3Be3N.

§ 6. Onewr Kasenduwa

Hrak, TAroreHue pacnpocTpaHsieTcs Ha OrPOMHbIE paccTosi-
Husi. Ho ecim cyutecTByer NpHTAXKeHHe MeXAY Ar06bimu IBYMS
06beKTaMH, TO JOMKHA CYIIECTBOBAaTb H BO3MOXKHOCTb H3MEpHTb
Cuy, NeACTBYIOILYI0 MeXAy HuMH. M He o06s3aTe/lbHO ClaeIHTb
3a JIBHXKeHHeM 3Be3]l; NoueMy Gbl He B35Tb [Ba llapa, CBUHIOBBIA
H MPaMODHBIH, H He MNPOCJEAHTb, KaK OAHH OyleT ABHUraTbcs
K apyromy? TpyaHOCTb CTOJIb MPOCTOro MO HJee ONMbITA 3aKJIo-
yaeTcs B Kpa#iHell cmabocTH, HesaMmeTHocTH cuda. IlpoBoauth ero
cefyeT ¢ HCKJIOYHTEeNbHOH OCTOPOXKHOCTBIO: CHAayajla BblKayaThb
U3 annaparta BO3[yX, y6edHTbCs, YTO HHUTde HeT 3JeKTPHYECKHX
3apafoB U T. A., H TOJbKO TOrJa MOXKHO MOMBITATbCA H3MEPHThb
cuny. BnepBreie oHa Gbli1a u3MepeHa KaBeHAHLeM NPH NOMOILH
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Pue 7.13. Ynpowennan cxema
npubopa, ucnoassosarnnoeo Kasen-
Ouwem dan nposepklt 3aKoHa 8ce-
MUPHO20 TA2OTEHUA OAA MAAbLX TeA
U u3IMEpeHUS NOCTOAHHOL TA20Te-
rnua G.

yCTPOHCTBA, CXeMaTHYecKH H3o6Gpa)keHHoro Ha ¢ur. 7.13. OnsiT
KaBenauiia qoKasaJ, 4TO CYILECTBYET CHJIA, AeHCT1BYIOLIas MEXAY
NBYyMsI GOJIbLIMMH 3aKpenJieHHbIMH CBHHIIOBBIMH IIaDaMH H ABYMs
MeHbIIUMH (TOXe M3 CBHHIA); B ONbITE LIAaphl pa3MellaJHChb Ha
KOHLaX KOPOMLIC/IA, BHCSILEro Ha OYeHb TOHKOH YNpyro#l HHUTH.
H3amepss, HACKOJIBKO 3aKPYyTHTCA HHTb, MOXKHO ObLIIO Yy3HATb Be-
JIUUUHY CHJBI U YOEeIUTBhCS, YTO OHa OOpPaTHO NMPONMOPLHOHAJbHA
KBaJpaTy paccTosHusl. TakuM o06Gpa3oM TOYHO ONpenenscs
Kosdunuent G B popmyne
’
F=G6Z2Z-,

r

nb0 BCe Macchl U PACCTOSIHUS 3[eChb M3BeCTHBL. BBl MOxeTe BO3-
pasurb: «Bce 3Tto ana 3emMau GblIO H3BECTHO M paHblue». Bce,
KpoMe maccor 3emau. OnpefenuB U3 3TOro onbiTa BelHuuHy G
U 3Hasf CHJy NPUTAXKeHHA 3eMJIH, MOXHO OBblJIO KOCBEHHO onpe-
neauth ee maccy! OnbIT MO3TOMY Ha3bIBAIOT «B3BelIHBaHHEM 3eM-
au». KaBeHOuIl yTBepxKIaaJ, 4TO OH B3BecHJ 3eMJI0, XOTA OH
TOJIbKO U3MepHa KoadduuueHT G; HO 3TO €IHHCTBEHHBIH Cnoco6
onpeneautb Maccy 3eman. Koadpduuuenr G okasancs paBHbIM

6,670 - 10~ "usroron - m?[k2.

TpyaHo npeyBeqHYHTb CUJAY BJHSHUS TEODUH THATOTEHHS, ee
BeJIHYeCTBEHHBIX YCIEeXOB Ha HCTOPHIO HaYKH. BMecTo mapuBuIMX
B NpeXHHe BeKa HeyBEePEeHHOCTH, COMHEHHH, HeNMOJNHOTH 3HAHHH,
6eCKOHeYHBIX CNIOPOB M MapafOKCOB Nepef JIOAbMH MpeacTaa HO-
BB 3aKOH BO BCcel cBOell 4eTKOCTH U mpoctoTe. Kak BaxHO 6GblI10
TO, YTO BCe JIYHbI, BCe IJIAHETHI, BCe 3Be3/bl MOAYHHSAIOTCS CTOJb
npocromy npasusy! Ho eme BaxHee TO, YTO 4YesJI0OBEeK OKasaJcs
B COCTOSIHHH MOHATbL 3TO MPAaBHJO M NpelcKa3blBaTb Ha Oyayllee
1yTH njaaHet! OTO omnpefe/naO OGBICTPBIA, YCHEIHbIH [OCT HayKH
B MOCJEAYIOlUIHe TOABl;, Y JIodeil NMOABHJAACh Halexnaa, YTo U B
NPYruX sIBJEHHSAX MHPa NpSAYyTCA TaKHe Xe MPOCThie 3aKOHOMEp-
HOCTH,
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§ 7. Yro rakoe tAzorenue?

Ho nouemy 3akoH Tak mpocT? UTO MOXKHO CKa3aTb O NMpHUYHHE
storo? Jlo cux mop MBI TOJNbKO ONMHCHIBAJH, Kak 3eMas o6pa-
mwaercs BOKpyr CosiHIIAa, HO HHM CJI0OBA He CKasajlu O TOM, 4T0
3actaganer ee dsuzarvcsa. HploTon He cTpous Aorafgok o6 3TOM;
eMy Obl1I0 AOCTaTOYHO OTKPHIThb, #TG NPOHUCXOLHT, He BXOAS B Me-
XaHU3M npoucxonsuiero. Ho u HUKTO Opyeoii ¢ Tex NOP HUKAKO20
Mexanuzma He OTKpoia. Bece du3nyecKkHe 3aKOHBl OTJIMYAIOTCS B
5TOM OTHOLUEHMH CBOMM alCTPAaKTHBIM XapaKTepoM. 3aKOH CO-
XpaHeHHs 3Hepruu — 3TO TeOpeMa O BeJMYHMHAX, KOTOPble HYXKHO
BBIYHCJIUTDL H CJOXKHTb, He IyMas O NPHYHHE 3TOr0; TOYHO TaK XKe
H BeJIMKHMe 3aKOHbl MeXaHHMKH NMPeACTaBJSIOT CO60M KOJHYEeCTBEH-
Hble MaTeMaTHYeCKHe 3aKOHOMEpPHOCTH, O BHYTPEHHEM MeXaHH3IMe
paboTBl KOTOPbIX HHUKAKUX JaHHBIX HeT. [loueMy MBI MOXEM I10Jb-
30BaTbC MAaTeMAaTHKOH [1Js1 ONHCAHHBIX 3aKOHOB, He 3Has HX
npuuuHel? Hukro u 3Toro He 3HaeT. Mb mpomo/sxkaeM MATH
Nmo 3TOH JAOpore, MOTOMY 4YTO Ha Hel Bce ellle MPOHUCXOAAT OT-
KPBITHSA.

Ilpepnaranucy MHOrme MexaHH3Mbl TAroTeHusi. MHTrepecHo
paccMOTpeTb OAHH H3 HHX, HOO N0 Hero BpeMs OT BpeMeHH MOAY-
MBIBaJHUCh TO ONMH, TO Apyro# ydeHblil. [IpuuemM Kaxkaw#i cnepsa
BOCIPSIHET AYXOM ¥ XOJHT OCHACTJHBJIEHHBIH CBOMM «OTKPBITHEM»,
HO NMOTOM HAYHHAeT MOHHUMATh, YTO TYT YTO-TO He TaK. BnepBbie
5TO OTKpbITHEe mpousouwio npumepHo B 1750 r. I1pencrasbre ceGe,
4YTO B NPOCTPAHCTBE HOCHTCA B pPa3HbIX HaNpaBJIEHHSIX C OTPOM-
HOl CKOPOCTbIO MHOXKeCTBO 4YacCTHIl, JIHUb CJerka MorJoliaeMblx
semtectBoM. [lorsomasics, OHH HepefarT CBOH HMNYJBC 3eMile.
Ho Tak Kak BO BceXx HampaBJIEHHSIX X KOJHYEeCTBO OJHMHAKOBO, TO
BCce MMIYJbCHl ypaBHOBewuBaloTcsa. Korjga ke HemopalleKy Haxo-
nutca CoJiHLe, TO 4acTHLbl, npubJMXKamliecs K 3eMle CKBO3b
CosHle, Y4acTHYHO HM morjowiaioTcs, Tak yro or CosHua Hx
NMPOXOAUT MeHblle, YeM ¢ 0o6paTHOH cTopoHb. CJlefcBaTeNbHO,
3eMJ1s OLLYTHT HMNYJIbC, HampaBJjeHHbI K CoOJIHLY, H HeTPyIHO
BUIETb, YTO OH GyneT o6GpaTHBIM KBaJpaTy PAacCTOSHHUsS: TaKOB
3aKOH H3MeHeHHs NPOCTPAHCTBEHHOro yria, Moid KOTGPLIM BH-
aumo CoJsHLe, ¢ pocToM paccTosiHus. UTO Ke INJOXO B 3TOM
mexaHuame? HeBepHbl Te BBIBOABI, KOTOpble M3 Hero CJedyioT.
TlosiBasieTcsi HoBast 3a6GoTa: 3eMJst B CBOeM [BHXXEHHH BOKpYT
ConHua 6yaeT HCNBITHIBATH GOJblie CTOJKHOBEHHH C 4acTHLUAMH
cnepefd, ueM c3axu (korga OexHIIb HaBCTPeuy NOXK[IIO, JIHLO
MOKHeT GouJibllie, ueM 3aTbuioK!). [TosToMy cnepenu 3emis moJy-
4dT GOJibllle HMMIYJbCOB, 4eM C3aAH, M [OJNKHA MOYYBCTBOBATb
conporugaenue ceoemy O8udceHuro, a 3T0 CKas3aJocb Obl Ha 3a-
Me/JIeHHH ee JBHXeHUs no op6uTe. MOXKHO NOACYHTATD, CKOJILKO
BpeMeHH NMoHajno6urcs 3eMJe, 4TOOL B pe3yJ/bTaTe TAKOro COMpo-
THBJIEHHS OCTAHOBHTbCS; OKAa3bIBaeTCs, He TaK YX MHOro; a pas
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Ipasumayuonsoe npumamenue 1 -
O/IEKITIPUYECKOE OMMARKUGAHUE 1477-70"2 -

Due 7.14. OrHocuTesbHan cuUIX
=7 /4 170 000 000 000 9/MeKTpUYECKO020 U 2PABUTAYUOHHO20
% @3aumodeldcreusn 3eyx 3/eKTpPOHOB.

3eMJs1 BCe XKe ABHXKETCS MO cBoell op6uTe, TO BCA 3Ta MeXaHHKa
He mpoxoAuT. M He O6blIO NpeNsioXeHO HH OZHOrO MeXaHH3Ma,
«OOBACHAIOILEr0O» TATOTEHHe, KOTOPhI Gbl He MpeacKasbiBaJj [10-
6aBOYHBIX, HECYWecT8yrou ux siBJeHHMH.

Paccmorpum enle BO3MOXKHYIO CBSI3b TATOTEHHSI C NPOYHMH
culaMHu. B HblHelllHee BpeMs He yAaeTcs CBECTH TATOTEHHE K IpYy-
ruM cuiaM. TsroreHHe OTHIOAb He MpPOsBJEHHE 3JIEKTPUUYECTBA
HJM Yero-qH60 nogo6GHOro; 3THUM ero He o6bsAcKHIIb. M Bce xe
TATOTEHHE MOXO0Xe Ha APYrHe CHJbl, H JIIOGOMBITHO NMOCMOTPETH,
B ueM. K npumepy, snekTpHueckas cuja MeXAYy ABYMs 3apsiKeH-
HBIMH TeJlaMU 4Ype3BblYallHO MOX0Xa Ha TATOTEEHe: OHa PaBHA CO
3HAKOM MHUHYC NOCTOSIHHOH BeJIMYMHE, YMHOXXEHHON Ha BeJHYHHBI
3apsJoB TeJ, M H3MeHseTcsi OoOpaTHO KBaApaTy pacCTOSHHA.
IlpaBna, oHa aelicTByeT B 06PAaTHYIO CTOPOHY, T. €. OTTaJKHUBaeT.
Ho 3ameuaTe/sbHO He CTOJBKO 3TO, CKOJBKO OJHHAKOBasi 3aBHCH-
MOCTb OT pacCTOsHHs, BXoAswass B o6a 3akoHa. He uckmoueHo,
4YTO TArOTEHHE H 3JIEKTPHUYECTBO CBS3aHbl 3HAYHTEJbHO CHJIbHEE,
yeM Mbl AyMaeM. DblIO cle/laHO MHOTO MONMBITOK OGBLENIHHHTHL HX;
TaK Ha3blBaeMasi e[ MHasi TeOpUS MNOJS — JIHIIb OJHA H3 OYeHb
M3AIIHBIX MOMBITOK COYeTaTb 3JIEKTpHYeCcTBO ¢ TsaroteHuem. Ho
camasi MHTepeCHas Belllb B COMOCTAaBJEHHH HX APYr ¢ APyrom —
3TO OTHOCUTEAbHAS BeAutuHa 3THX cua. Jlio6ass Teopus, B KOTO-
poit nosBsAITC 06Ge CHJbl, 06s13aHa OyAeT Takxke OOBACHUTb BeJH-
YHHY TATOTeHUus1 (KoHcTaHTy G).

Ecan Mbl M3MepHUM B eCTeCTBEHHbIX €IHHHMLAX OTTaJKHBaHHe
IBYX 3JIEKTPOHOB (BO3HHKalolllee M3-3a TOrO, YTO Y HHUX eCTb 3a-
pAl) ¥ HUX NPUTAXKEHHe (BO3HHKAIOllee OTTOrO, YTO Y HHUX eCTb
Macca), TO Mbl MOXEeM MOJIYYUTb H OTHOLIEHHE 3JIEKTPHYEeCKOrQ
OTTaJKMBAaHHS K rPaBHTAllHOHHOMY NpUTSKeHHIO. OTHOLIEHHE 3TO
He 3aBHCHT OT PacCTOSIHUA, 3TO ¢yHNaMeHTa/bHasg MHUpPOBasi KOH-
craHTta. M3o6paxeHa oHa Ha ¢ur. 7.14. I'paBHTallHOHHOE mpH-
TsXKeHHe coctaBiser 1/4,17-10%2 oT 3/MeKTPHYECKOrOo OTTaJKHBA-
Husa! OTKyda Ke MOXKET BO3HUKHYTb TaKoe HCIOJHHCKOE 4YHCJIO
B 3HaMeHaTese? OHO Xe He CJydYafiHO, Beb 3TO He OTHOIlIEHHE
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o6bema 3eMJH K 06beMy TJH. MBI paccMaTpUBaeM Ba eCTeCTBEH-
HBIX CBOHCTBA OJHOrO M TOTO e MNpelMeTa — 3JIeKTpoHa. ITO
daHTacTHYeCKOEe YHCJIO eCTb eCTecTBeHHAash KOHCTaHTa, ¥ B HeM
TasATCA KakHe-TO TyGHHHBIE CBOHCTBAa mpHpoabl. OT KakHX Xe
CBOHCTB OHO 3aBucHT? HekoTopnie HajgeloTcs, YTO €CIH KTO-
HUGYIb OJHAaXIbl HaNHIIET «yHHBepPCaJbHOE ypaBHEHHE», TO OJ-
HUM H3 ero KopHeli Gynxer 310 uucjo. Ho ouenb TpyaHo HaiTh
ypaBHeHHe, B KOTOPOM KOpHeM ObIJI0 Gbl TAKOE HEMBICJIHUMOE UHC-
Jio. BelM mpuaymMaHbl U Jpyrde BO3MOXHOCTH; O[lHA CBSI3bIBaeT
ero ¢ Bospactom Bcenennoil. MlHaue roBopsi, He06X0AUMO HaHTH
B NpUPOJe eufe OJHO TaKoe orpoMHoe uucJjo. IIpu stom He cobu-
paloTcsi BhIpaxaTb BO3pacT B 200ax, HeT, Belb TOX— He «ecTe-
CTBeHHasl» BeJHYNHA, OHA BBeleHAa JIOIbMH.

Kak npumep uero-to ectecTBEeHHOro BbIOepeM BpeMs, 3a Ka-
KGCe CBEeT NMPOXOAMUT CKBO3b NMpoTOH, 1024 cex. PasnenuB 3TO yHc-
Jo Ha Bo3pacT BcenenHo#t (2-10' jger=10'8 cex), noayuum
10-*2—4Hc/I0 CO CTONBKHMH K€ HYJSIMH; MOTOMY H NpeLjaraloTt
CUMTAThb NMOCTOSHHYIO BCEMHPHOrO TArOTEHHs] CBA3aHHOH C BO3-
pactoM mupa. Ecam 6bl 370 6BIIO TaK, TO OHA H3MeHsJAaChb Obl
€O BpeMeHeM: N0 Mepe cTapeHUs BcesieHHO! OTHOILeHUe ee JeT K
NPOMEXYTKY, B TeueHHe KOTOPOro CBeT NPOHOCHTCS MHMO HpPOTO-
Ha, BO3pacTaJjio Obl. BO3MOXHO JIH, YTO NMOCTOSIHHAS TATOTEHHS H
BNPSAMb MeHsieTCA ¢ rogamu? $ICHO, YTO M3MeHEHHsl CTOJIb MaJlbl,
YTO B 3TOM YOeIHTbCS HeJerko.

BoT oauH u3 cnoco60B NpOBEpPUTb 3Ty MBbICAb. 3aJafHM BOI-
pPOC: Y4TO MpH ITOM HOJNKHO GBLIO H3MEHHTbCs 3a mocjefnue 10°
JeT (BpeMs MOsIBJIEHHS XH3HH Ha 3eMJse), T. e 3a !/jp Bo3pacra
BceneHHo#i? 3a 3TO BpeMsi NMOCTOSTHHAas TATOTEHHs1 BbIpociaa Gbl
va 10%. Oka3sbiBaercs, 4TO ecau paccMoTpeTb cTpykrypy CoJH-
na — 6ajlaHC MeXAY ero Maccoil M CTeNeHblO reHepallUH H3Jyya-
TeJbHOH 3Hepru BHYTpH COJIHIIA,—TO NPH pOCTe TSXKECTH Ha
10% Couanue oxaszamocb 6bl He Ha 109, sApue, a 3HAYUTEJbHO
Gouiblile: IPKOCTb €ro BO3pocsaa 6l KaK wecrtas creneny NOCTOSH-
HOIl TAroTeHUs! MOXHO MOACYHUTATL M TO, Ha CKOJILKO NpH Ta-
KOM H3MeHeHHH TsKecTH 3eMmas npubausutcs k Connny. B urore
BBIACHsIeTCs, uTO 3eMJs cTtaja Gbl Gosee uem Ha 100° ropsiuee
H, CJle[l0BaTe/NbHO, BCS BOJa M3 Mopeil mpeBpaTunach Gbl B map.
TlosToMy MBI cefiuac He 8epum, UTO MOCTOSTHHAS TATOTEHHs H3Me-
HfIeTCS O Mepe TOro, Kak MHp cTapeeT. Bce ke npHBeleHHBIH
HaMH apryMeHT He O4eHb yGelHTesleH, H BONPOC A0 KOHLA He
BbISICHEH.

Kak u3BecTHO, cH/a TArOTEHUS NPONOPLUHOHAJNbHA Macce,
T. €. Mepe uHepyuu Tesia, WJIH Mepe TOro, HACKOJBKO TPYAHO
yAepxKaTb TeJo, Bpallatomeecs no kpyry. IlostoMy nBa Tena,
TsXKeJI0e M Jierkoe, ABHXKYIIHecss 60K 0 GOK BOKPYTr MaCCHBHOrO
Tesla MO OJHOMY M TOMY e KDYry ¢ OJXHOH CKOPOCTbIO MOJ Ael-
CTBHUEM TArOTeHHs, GYAyT BCe BpeMsi OCTaBaThCs PAAOM, MOTOMY
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YyTO JBHXKEHUE MO Kpyry Tpebyer Ans GoJsbliero Teaa U Gosbluei
CHJIBL.

Hnaue roBops, TsxKecThb y OGoJbliell Macchl GoJblle Kax pas
8 HYNCHOU nponopyuu, TakK 4YTo ABa Teja OyAyT BpallaThbCs, He
ypanasscb ofHO oT apyroro. Ecaum e OdHO TeJO HaxoQUTCA
BHYTpH APYroro, T0 OHO H OCTAHETCA TaM; PaBHOBeCHE SBJISETCA
cosepiueHHbiM. TTostomy Tarapun u TutoB Ha6moxann HeBeco-
MGCTb BCEX MpPEAMETOB BHYTPH KOCMHYECKOro KopabJsi; BhINY-
L(eHHBI M3 PYKH KapaHJall, HanpuMep, Bpalllajcsi BOKPYr 3eM-
JIM 10 TOM XK€ TPaeKTOPHH, YTO H Becb KopabJb, NO3TOMY OH 3a-
MHpaJ, NOBUCHYB B Bo3Ayxe. JIIOGOMBITHO, UTO 3Ta CHJA 8 TOU-
110CTY TPOMOPLUHOHAJNbHA Macce; ecaH Obl 3TO OBLIO HE TakK, TO
JOMXKHBI ObIH Obl HaGMIOAATbCA SIBJEHHs, B KOTOPBIX HMHepLHA
H Bec orinyaroTcs. OTCyTCTBHE MONOOBIX ABJEHHUH GbLIO C OrpOM-
HON TOYHOCTBIO NMPOBEPEHO Ha OMNBITE, BHINOJHEHHOM BhepBble IT-
peuieM B 1909 r., a nosxe noBropeHHoM [lHKKe. ¥ BceXx BellecTB
Macca M BeC TPONOPUHOHAMbHBI ¢ TOYHOCTbIO 171000000 009
KM jaxe Gosee toro. He nmpaBma .M, 3ameuaTesbHBIN 3KCHepH-
MEHT?

§ 8. Tazorenue u oTHOCUTENBHOCTD

3acayxuBaer eume OGCYXKIeHHS BHIOHM3MEHeHHE HBIOTOHOBA
3aKOHa TATOTEHHs], clenaHHoe DiHITelHHOM. OKasblBaeTcsi, He-
CMOTpPS Ha BbI3BaHHOE MM BOOAYIIEBJIEHHe, HbIOTOHOB 3aKOH Ts-
rOTeHHUs1 Bce Ke HeBepeH! YuTs TpeOGOBaHHS TEOPHH OTHOCHTEJb=
HOCTH, DUHIITEeHH BUAOU3MeHHUJ 3TOT 3akoH. CorsacHo Helorony,
TArOTeHHe NeACTBOBAJO MTHOBEHHO. DTO 3HAYHUT BOT YTO: CABH-
HYB MaccCy, Mbl JOJKHBl B TOT XK€ MHI IOYYBCTBOBAaTb U3MEHEHHUeE
CHJIBlL B pe3yJibTaTe CMeIleHHs; CTaJ0 ObiTb, TAKUM CIIOCOGOM
MOXHO MNOCBHLJIaTh CHrHaMbl ¢ GEeCKOHeYHOH CKOpPOCTblo. A iiH-
IITeHH BBIABHHYJ [JOBOIbl, UTO HEBO3MONCHO NOCHLIAATL CUSHAALL
6bLCcTpee CKOPOCTU c8eTa; 3aKOH TATOTEHHUs, TaKUM 06pa3oM, L0J-
)KeH ObITb OWIHOOYHBIM. Ecsm ucnpaButh ero, yurs 3anasjbiBa-
HHe, TO MOJIYYUTCS] yXKe HOBBIH 3aKOH, 3aKOH TATOTEeHH iiH-
wreiiHa. OQHa u3 0COGEHHOCTeHl HOBOrO 3aKOHA JIETKO YKJaibl-
BaeTCd B roJjioBe: Mo TEOPHH OTHOCHUTEJbHOCTH IDHHINTEHHA Bce,
J060f 06BeKT, obJajaloliuil 3Heprued, o6GaafaeT H Maccol
B TOM CMBICJIe, YTO OH [JOJIKEH TAroTeTb K JAPYyruM OGBEKTaM.
Haxe cBeTOBO# Nyy UMeeT «Maccy», 160 OH o6J1aflaeT 3Heprueil.
W korma nyu cBera, Hecsi ¢ coGO#l 3HEPruo, NMPOXOJUT MUMO
Connna, o CoJHue ero mputsaruBaeT. M nyu yxe uger He no
npsMo#, a uckpusasercsi. Hampumep, Bo Bpems COJIHEUHBIX 3a-
TMeHHH 3Be3lbl, okpyxaitomue CoJiHIle, KaXyTcsd CHABHHYTHIMH
C TOro MecTa, rae OHM Hab6aomanuch Obl, ecau 6bl CosHLIA He
6u1s10. M1 5T0 siBJIeHHe W BNpsiMb Ha6J/I01a/10Ch.
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W HakoOHell, CONOCTaBHM TArOTeHHe C JPYTMMH TeODHUAMH.
B nocneaHde roabl BBISICHHJIOCH, 4TO Jio6Gasg Macca o0Os3aHa
CBOHM INPOHCXOXIEHHEM MeJb4YallllUM YacTHLaM H 4YTO Cylle-
CTByeT HECKOJIbKO BHIOB B3aMMOJEHCTBHs, HampuMep sifepHble
cuabl U T. n. HU 0llHa M3 3TUX fepPHBIX HJIH 3JIeKTPHUUECKHX CHJ
MOKa TATOTeHHs He 0ObsicHsieT. KBaHTOBOMeXxaHHYeCKHEe CTOPOHBI
NpHPOALI MBI ellle NTOKa He pacnpocTpaHU/IH Ha TAroTeHHe. Korza
Ha MaJblX pAacCTOSHUSAX HAYHUHAIOTCS KBaHTOBble 3(¢eKTh, TO
TATOTEHHEe OKAa3blBaeTCsl ellleé HACTOJbKO CJMa6GblM, YTO HYXK[bI
B KBAHTOBOH TeOpDUH TATrOTeHHUs He Bo3HHKaeT. C apyroil cro-
POHBI, [1JIsI MOCJENOBAaTeJbHOCTH HAaUIMX (H3HYECKHX TeOopHH
6bL10 Gbl BaXXHO MOHATb, NOJXKeH Ju 3aKOoH HbioTOHa ¢ BHeceH-
HblM OHHIUTEHHOM BHAOHU3MEeHeHHeM OBbITh H3MEHEH W JaJibllie
¢ TeM, 4TOGbl COrjIacOBBLIBATbCS C MPHUHIUIIOM HeOnpedeseHHOCTH.
OT0 nocJeAHee BUIOU3MEHEHHE NMOKa He CAeJNaHO.



Traga 8

ABH)XEHHE

§ 1. Onucanue dsuxnenusn

Uto6bl HaATH 3aKOHBI, YIPABJSIOIULIHE Pa3JHy-
HbIMM H3MeHEHHSIMH, NPOHCXONAIIHMH C Tede-
HHeM BpeMeHH, HYXHO CHauaJja onucart 3TH
H3MeHeHHs M NpPHAYMaTb KaKoH-TO cmocob Hx
3anucu. HayneM ¢ camoro mpocroro H3MeHeHUs,
KOTOpPO€ NPOHUCXOOHUT C TeJOM,— C H3MEHeHHs
€ro MoJIOXeHHs B NMPOCTPAHCTBE, T. €. TOrO, 4YTO
Mbl HasbiBaeM Osudcenuem. PaccMOTpUM JIBHXKY-
LIMHACA MpeAMeT, Ha KOTOpHIH HaHeceHa MaJleHb-
Kasi OTMeTKa; ee Mbl OyneM Ha3blBaTb TOYKOHM.
HeBaxHo, Oyner /M 3TO KOHYMK paguaTtopa
aBTOMOGHJIA WJHM IEeHTp najamooulero mapa. Mol
6yfeM NBITaTbCA ONHCaThb TOT (aKT, YTO OHa
JBHXKETCS, U KaK 5TO NPOUCXOIHT.

Ha nmnepBblii B3rasg 3TO KaXeTcsd COBCEM
NpPOCTO, OOHAKO B ONHCAHHUM H3MEHEHHS eCTb
MHoro xurpocteit. Hekoropeie u3MeHeHus onu-
caTh TPYyIHee, HeXeJlM JBHXKeHHe TOYKHU Ha TBep-
noM npeamere. Hanpumep, kak onucath ABHXKe-
Hue 00J1aKa, KOTOpOe He TOJIbKO MeIJIEHHO mepe-
MmeuiaetTcsi, HO BIOOABOK elle H3MEHsSeT CBOH
ouepTaHus HJH Hcnapsierca? Maum kKak onucath
Kanpu3bl KEHCKoro yma? BmpoueM, HOCKOJbKY
H3MeHeHHs] 06J/laka XOTA Obl B NPHUHIUNE MOXKHO
ONHCaTh C NMOMOUIBbIO [IBHXKEHHS BCEX OTAEJbHBIX
MOJIEKYJl €ro COCTaBJIAOIIUX, TO BIOJIHE BO3-
MOJXHO, YTO U H3MEeHEHHS MbICJIeH 06YyCJIOBJIEHBI
TOXe KaKHMH-TO NMepeMelleHHSIMH aTOMOB B MO3-
Ty, XOTSl MBI ellle He 3HaeM NPOCTOro crnoco6a HX
ONHCAHHA.

Ilo 5Tofi nmpuuuHe MBI HayHeM C ABHXKEHHSA
touek. [Toxkany#, elre MOXHO CUHUTATh STH TOYKU
aTOMaMH{, HO CHayaJa, BepOATHO, Jyylle He
FHaTbCSl 3a TOYHOCTBIO, a NMPOCTO MpPEACTaBJATb
cefe TOYKY KaK KaKOHU-TO MaJIeHbKHH OOBEKT,
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MaJleHbKH# MO CpaBHEHHIO C TeM PaCCTOSHUEM, KOTOpOe OH Mpo-
xonutr. Hanpumep, ecnn roopsat o6 aBTOMOOGHJE, NpolleflIEM
100 kM, TO KaKasd pa3HHLla, HMeeTCs JHU B BHUAY €ro MOTOp HJH
6ara:kHUK. KoHeuHo, HeGoJiblllass pa3HHLlAa €CTb, HO OOLIYHO MBI
IpPOCTO TOBOPUM «aBTOMOGHJ/Ib», H TO, YTO OH He fBJseTcs a6co-
JIOTHOH TOYKOH, He HMeeT 3HaueHHs. [lia Hamux Leseil He
HyHa a6coJioTHast TOYHOCTb. Pagu npocToTh 3a6yneM Ha BpeMs
TaKXe M O TOM, YTO HAll MHD TpPeXMepHBIH, a CKOHIEHTpHpyeM
BCe CBOe BHMMaHHe Ha JBHXKEHUH B OJHOM HampaBJieHUH (aBTO-
MOGH/Ib ABHXKETCH MO mpsAMo#l gopore). Mul ellle BepHeMcs K MO-
HATHIO TpeX M3MepeHUH, KOrja mnofiMeM, KaK ONHCBHIBaeTcs JXBH-
JKeHHe B OJIHOM H3MepeHUH. Bb, BepoATHO, CKaxere, 4TO 3TO
TpuBHasbHO. [leiicTBUTENBHO, 3TO TakK. Kak onucaTtb aBHXe-
HUe B OJHOM H3MepeHHM, CKaxKeM [BUKeHHe aBTOMOGH/A. ITO
npoite npocroro. IlpuBeny oauH U3 MHOTHX BO3MOXKHBIX CIOCO-
60B. UTo6Bl onpefesNuTb NOJOXEeHHe aBTOMOOHJSA B pa3JHYHbIE
MOMEHTBHl BpeMeHH, Mbl H3MepsieM pacCTOSIHHE ero OT HavaJbHOM
TOYKM M 3anucbiBaeM Hauu HaGjiogeHus. B Tta6n. 8.1 6ykBa s
03HaYaeT pacCTOsIHHe aBTOMOOHJS OT HayaJbHON TOYKH B MeT-
pax, a t—Bpems B MHuHyTax. [lepBas cTpokKa — HyJeBOe pac-

Tabauya 8.1 o PACITUCAHHUE JBW)KEHUA ABTOMOBUJIA
t, Mun S, M t, muu S M
0 0 5 3150
1 380 6 4050
2 1350 7 5550
3 2550 8 7050
4 2850 9 7500

CTOSIHHE H HYJIeBOH MOMEHT BpeMeHH. ABTOMOGHJb ellle He HayaJ
nBuratbes. Uepe3 MUHYTY nocJle HauaJla ABHXKEHHS OH MPOXOMUT
yxe 380 m. Uepes nmBe MHHYTH OH NpOROJKAeT IBHraThCs.
3aMeTbTe, YTO 32 BTOPYIO MHHYTY OH mpolueJ 6oJiblliee paccTosi-
HHe, YeM 3a MNEepPBYIO, — aBTOMOOHJb YCKODSIET CBOe [BHXKEHHe,
HO MeXJy TpeTbefl M 4eTBepTOH MHHYTaMH YTO-TO NPOH3OLLIO,
GoJsiee TOro, Ha MNATOH MHHYTe OH ocTaHOBWJCH. [lo-BHEHMOMY,
y cBetodopa, MOTOMY 4YTO fAaJjblle OH ONATb HabHpaeT CKOPOCTb
W K KOHIy lIecTOH MHUHYTH mnpoxoaut 4050 M, K KOHLY celb-
Mmo#t — 5550, a K koHuy BocbMo#t — 7050. Ho B TeueHHe meBAATOIl
MHHYTH ONATb MPOUCLIECTBHE — aBTOMOGU/Ib NpOILLEeJ BCEro JHIIb
450 m u ocraHoBuJcs. BomuTtenb Hapymusa npaBHJa [BHIKEHHS
U OblJ OCTAHOBJIEH MOJIMLEHCKUM.

drto oauH cnocob onucaTh ABHXKeHHe. EcTb M apyro#t cmo-
co6 — rpaduueckuii. Ecaim mo ropu3oHTaNM OTKJIaAbIBaTH BpeMd,
a no BepTHKAaJH — PacCcTOsIHHE, TO MOJYYHM KDPHBYIO, MOAOGHYIO
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7500 - Pue 8.1. TIpadux 3asucumocru

PACCTOAHURA, nPOUGEeHHO 0 Mawu-

6000 HOU, OT 8pemeHU.

N
g 2
Q Q
1)

Paccmosrue, m

1500

1 1 ] ] ]
0 2 4 6 8 10
Bpems, mur

u3ob6paxeHHon Ha ¢wur. 8.1. M3 pucyHka BHIHO, YTO C yBeJHYe-
HHeM BpeMeHH pPacCTOsHHe TOXe yBeJHYHBaeTcsl, CHayasla OYeHb
MelJIeHHO, a 3aTeM Bce GbicTpee M GhicTpee. B pafioHe ueThipex
MHHYT NPOHCXOQHUT 3aMelJieHUe, a 3aTeM pacCTOsHHe ONATh YBe-
JIMYUBAETCH B TeueHHe HECKOJbKHX MHHYT, H, HaKOHell, Ha JeBs-
TOH MHHYTe MalllMHA OCTaHaBJaMBaeTcs. Bce 3TH cBe@HUS MOXKHO
HOJYYUTb NMpsIMO U3 rpaduka, He ucnosab3ys Tabauubl. KoHeuHo,
LI IOCTPOeHHs Hallero rpaguka Heo6GXOAMMO 3HATh, Tle HaXo-
IUTCA aBTOMOOMJIb He TOJNBKO KaXAY0 MHHYTY, HO H KaXIble
HNOJIMHHYTH, a MOXeT OBITb, M ellle TOYHee. Kpome TOro, Mol
npeanoJiaraeM, YTo MallMHa Ile-TO HaXOAMUTCH B JIOGOH MOMEHT
BpeMEeHH.

Tak 4To ABMXKeHHe aBTOMOGHJA BHIMJIALHUT BCE XKe CJOXHO.
HaBaiite paccMoTpuM uTO-HHGYAb nonpoule, ¢ GoJiee NPOCTHIM
3aKOHOM [IBHXKEHHA: HampuMep, najaowmuit mwap. B rtaba 8.2

Tabruya 8.2 () PACIIUCAHHE ABUKEHUSA MAJAIOLIErO IIAPA

t, cex Sr M

0

5
20
45
80
125
180

DA W= O

NaHBl 3HaueHHs BpeMeHH B CeKyHJaX M pacCTOSIHHUA B MeTpax.
3a HyJeBO#l MOMeHT BhiGepeM MOMEHT HauaJjla najeHus. Yepes
1 cex mocne Havyana najeHUs WIAPMK npoJeraeT 5 M, uyepe3
2 cex— 20 m, uepe3 3 cex — 45 m. EcJan OT/MIOXKHUTDL 3TH YHCIA HA
rpaguke, TO NOJYyYHM mnapaboJHYecKyl0 KPHBYIO 3aBHCHMOCTH
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Due 82. TIpapux 3asucumocru
paccroanua. npoiidennozo nadato- gl
1M Wapom, OT 8pemeH.

Pacemosinue, m
5 8 8
1 [} 1

n
o
I

1 1 | 1.
0 1 2 3 4 5
Bpems, cex

pacCTOSIHUA OT BpeMeHH 1Js magawoiuero tena (¢dur. 8.2), Koro-
past onuceiBaercsa popmyson

s =52 @.1)

dra popMysa No3BOJAET BBHIYHCIHTL PACCTOSIHHE AJS JI060ro
MOMeHTa BpeMeHH. Bbl ckaxere, uto A/nd mnepsBoro rpaduka
(cM. dur. 8.1) Toxe HoMKHA ObITh Kakas-to gopmyna. [leficTBu-
TeJbHO 3TO Tak. Ee MOXHO 3anucaTh B TaKOM aGCTpPaKTHOM
:39) CH

s=Ff(. (8.2

ATO O3HayaeT, YTO S — BeJHUYHHA, 3aBHUCAILAsA OT {, WJIH, KaK ro-
BOPST MaTeMaTUKH, S ecTb ¢yHKuus f{. OqHAaKO Mbl He 3HaeM, 4TO
9TO 3a (YHKIHA, TOYHee, Mbl He MOXeM 3amHcaTb ee yepe3 Ka-
KHe-TO M3BeCTHble HaM (YHKIHH.

Ha sTux 1Byx npuMepax BUIHO, UTO JM060e NBUXKEHHE MOXKHO
nucath B o6uieit u mnpoctoit ¢opme. Kasamoco Ob, HEeT HHYEro
xurporo! OZHAKO XHTPOCTH BCe XKe eCTh, U He oqHa! Bo-mepshix,
YTO Mbl MOHUMaeM MOJ NPOCTPAHCTBOM U 8pemerem? DTO, OKa3bl-
BaeTcs, OYeHb riy6oKue pusocopcKkue BONPOCH, KOTOPble HYXKHO
BHHUMAaTeJbHO NpPOAHAJU3UPOBaTh, YTO He TakK-To Jerko. Teopus
OTHOCHTEJIbHOCTH TOKa3blBaeT, YTO NOHATH INPOCTPaHCTBA H
BpeMeHU He TaK NPOCTHl, KaK 3TO KaXKeTCs Ha NepBBIfl B3I,
BrnpoueM, cefiuac A/ HauaJa HaM He HYXHA Takas CKpymyJes-
HOCTb B ONpeJeJeHHH 3TUX MOHATHH. B03MoXHO, BBl CKaxere:
«CTpaHHO, MHe Bcerja roBOpHJIH, YTO B HayKe 8ce JOJIKHO Ompe-
IeJIATbCA TOYHO». DTO He TaK. MBI He MOXeM OnpelesUTb TOYHO
Bce 6e3 ucKJouyeHHus! Ecau Obl MBI NBITAJHCh 3TO CHeNaTh, TO
NOJMYyYHa0Ch Gbl HEYTO NOXOXKee Ha CMmop ABYX «(HI0COPOB», rie
OIMH TOBOPHUT: «Bbl caMu He 3HaeTe, O yeM TOBOPHTE»; a BTOPOIi
oTBeuaeT: «A YTO Takoe «3HaTb»? UTo Takoe «roBopuTb»? UTo
TaKoe «BH», HaKoHeu?» Hy u Tak no GeckoHeunoctdu. Tak uro
IJIS TOJb3bl JeJa Jydlle CHayasJa YCJAOBHTbCA, YTO Mbl OyneMm
rOBOPUTb XOTH Gbl MpHGAH3UTENHHO 06 OJHHX U TeX XKe Belllax.
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Cefiyac BBl JOCTAaTOYHO MHOTO 3HaeTe O BPEMEHH, HO NOMHHTe,
YTO 3[1eCb €CTb HEKOTOPhle TOHKOCTH, KOTOPHIe Mbl eule 06CynuM
B JlaJibHeHLeM.

Hpyras XuTpocTb (MBI yXXe YNOMHHAaJH O Heil) — 3T0 mnpa-
BHJIbHO JIM AyMaTb, YTO HabJoqaeMast HaMH JBHXKYILAfACA TOYKa
BCErjla HaXOJHTCHA B KaKOM-TO OnpejesleHHOM MecTe (T. €. Iae-TO
JoKanu3oBaHa). Pasymeercs, Korga Mbl CMOTPHM Ha Hee, OHa
HaxXONMTCA B ONpeflleIeHHOM MecTe; HO MOXHO JH 3TO YTBep-
KJIaTb B Te MOMEHTHl, KOTAa Mbl OTBepHYJHCb. M BOT OKa3bl-
BaeTcs, 4YTO NPH H3y4YeHHH ABHXKEHHS aTOMOB TaK AyMaTb HeJb3l.
HeB0o3M0OXHO nocafuTh MeTKy Ha aTOM M Ha6J/l0OfaTh 3a €ro ABH-
xeHneM. C 3TOH TOHKOCTbIO MBI BIJIOTHYIO CTOJKHEMCSl B KBaHTO-
Boil MexaHuke. Ho cHauasa naBafiTe paccMOTPHM Te npoGJeMbl,
KOTODHIE€ BO3HHMKAIOT N0 BBEJEHHUS 3THX YCJIOXKHEHHH, a yX mocJje
3TOrO y4yTeM Te NMONPAaBKH, Ha KOTOpble Hac BHIHYXXHAIOT HOBeH-
IIHe CBelleHHsl o mpHpoAe Bewled. Mrak, npumem HauGosee mpo-
CTYI0O TOYKY 3DeHHs O MpOCTpPaHCTBe U BpeMeHH. Mbl NpUGJIH-
3UTEeJIbHO TOHHMMaeM, 4YTO O3Ha4yaloT 3TH NOHATHA, a TOT, KOMY
NOBOJHIOCL YNMPaBJATb aBTOMOOHJEM, 3HaeT M YTO TaKoe CKO-
poCTh.

§ 2. Cropocre

XoT MBI npuUMepHO nNpeAcTaBisieM ceGe, YTO TaKoe «CKO-
poCTb», OJHAKO 3ech eCTb OJHa OYeHb BaXXHas TOHKOCTb. 3a-
MeTbTe, YTO JApPeBHHE TPeKH TaK M He CMOIJIH 10 KOHIA pa3so0-
6paTtbcsa B npo6jeMe cKOpocTH. TOHKOCTb, O KOTOPOH HAET peub,
naeT ce6s 3HaTb, KOrfla NbiTaellbcs TOYHO OMPENEJHUTb, UTO XKe
noApa3yMeBaeTcsl MOJ MOHATHEM «CKOPOCTb». DTOT BONpPOC GBLI
KaMHeM NpeTKHOBeHHs A/ APeBHHUX TI'PeKOB, M NOTpPeGOBaJOCH
OTKpHITHE HOBOH 06/1aCTH MaTeMaTHKH, MOMHMO TIeOMETPHH H
anreGpel, KOTOpele GHIJIM H3BECTHH M rpeKaM, U apa®aM, U BaBH-
JoHssHaM. [lonpoGy#iTe-ka ¢ NOMOINbIO OAHOH JHLIbL aJre6phl
pelluTb cJaejylolyo 3agayy. Bo3aymHell map HagyBaeTcs Ta-
KMM 00pa3oM, 4TO €ro O00beM YBeJHYHBAeTCA CO CKOPOCTbIO
100 cm¥/cex. C kakoH CKOPOCTbIO YBEJHYMBAETCS €ro paguyc,
Korga o6beM mapa jgocturaet 1000 cu3? 3apmauu Takoro pona
OblJIM Hepa3pelIMMBl 1JIA APeBHHUX rpekoB. Kpome Toro, ux c6u-
BaJIM C TOJIKYy MHOTOYHCJIEHHBIE «MapafoKchl». BoT oauH M3 HHUX,
NpUAYMaHHBI 3€HOHOM, KOTODHIH XOpOLIO MOKa3biBaeT, Ha-
CKOJIbKO OBlJIa CJIOXKHA B TO BpeMs mpo6JjieMa CKOPOCTH [BHXKe-
Hus. «[Ipeanosoxkum, — roBOpUT OH, — YTO AXHJ/iec Geraer B Je-
cATb pa3 ObicTpee yepemaxd. Ho TemM He MeHee OH HHUKOTHa He
neperoHUT ee. JleficTBUTe/NbHO, NYCTh B HayaJje COCTA3aHHA yepe-
naxa Haxogunacb B 100 merpax Bmepeau Axuineca. Torga ko
BpeMeHH, Koraa Axuanec npo6exut st 100 MerpoB, yepemaxa
okaxetcs B 10 merpax Bnepenu Hero. [1poGexaB u atu 10 mert-
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PoB, Axusanec yBUIHT yepenaxy B | MeTpe Bnepeau ce6sa. 3a To
BpeMsi, IOKa OH NMpo6exHT 3TOT MeTp, yepenaxa npo#ger 10 caH-
THMETPOB H TaK JaJfee.. 00 OGecKoHeyHOCTH. CJie0BaTeNbHO,
B J1060OK MOMeHT yepenaxa Oyner Bnepeau Axusjeca, H OH HH-
KOrjla He CMOXeT neperHartb ee». B dem 3gech omudka? KoHeu-
HbIi HHTEpPBAaJ BpPEMEHH MOXHO pa3leJuTb Ha OeCKOHeyHoe
4YHCJIO YacTedl TOYHO TakK XKe, KaK M KOHEYHBIH OTPE30K MJIHHBHI,
€CJIM MOCJIeloBaTeNbHO JeJuTh ero nomosaM. Ho GeckoHeuHoe
YHCJI0 3TAnoB 40 TOTO MecTa, rae AXujec nMopaBHSETCS C yepe-
naxod, BOBCe He O3HayaeT OeCKOHEYHOe KOJIHYECTBO 8pemeHlU.
DTOT NpHUMep XOPOLIO NMOKa3biBaeT, ¢ KAKUMH TPYAHOCTSIMH MpPH-
XOJHJIOCh CTAJIKMBaTbCd B npo6JeMe onpejesieHHs CKOPOCTH.

Uro6bl ellle sicCHee NMpeaCTaBUTb ceGe 3TH TPYXHOCTH, BCIOM-
HUM CTapylo IIYTKY, KOTOPYIO Bbl HaBepHAKa cJablllaju. Bul nom-
HHTe, 4TO aBTOMOOH/Ib, O KOTOPOM MBHl T'OBOPHJIHM B HauyaJe 3TOH
JIeKIHH, Obly1 ocTaHOBJeH mnoJuieifickuM. OH MoaXoAHMT K Ma-
wWHHe U roBopUT: «Manam (u6o 3a pyJem Obl/a XeHIUHHA), Bhl
HapyLWHJAH NpaBHJIa YJIHYHOrO MABHXKeHHA. Bbl exanau co cko-
poctbio 90 KanOMeTpoB B uac». )KeHuwuHa orBeuaet: «[Ipocture,
3T0 HeBO3MOXHO. Kak s Mmoraa pmenate 90 KuJOMeTpOB B 4ac,
ecnu 51 efy Bcero JulIb 7 MUHYT!» Kak Gbl Bbl OTBETH/IH Ha
MecTe noJuueiickoro? KoHeuHo, ecqn Bbl JeHCTBHTENbHO HacCTOSA-
L(HMH TOJHULEACKHH, TO TAaKMMH XHTPOCTAIMM Bac He 3amyTaellb.
Bbl 661 TBepoo ckasanu: «MagaM, onpaBABIBaTbCA GyneTe mepen
cynbeit!» Ho mnpeamosoxum, 4ToO y Bac HeT TaKOro BHIXOZaA.
BBl XOTHTE YeCTHO NOKa3aTh HapyIIUTEJbHHUIlE ee BUHY M NbITae-
Tecb OGBSCHUTb e, 4TO O03HayaeT cKopocTb 90 xm/uac. Kak 3to
caenatb? Bol ckaxere: «$ uMer0 B BUAY, MajaM, YTO €CJH GHl
Bbl NPOJOJIXKAJNH eXaTb TAaKUM XKe o6pa3oM, TO uyepe3 yac Bnl
6bl npoexanu 90 Kunomerpos». «[la, HO s Beb 3aTOPMO3HJIa H OC-
TAaHOBHJIA MAlUHHY, — MOXET OTBETUTb OHA, — TaK 4YTO TENE€pPb-TO
A YX HHKaK He Morsa Obl npoexaTb 90 KHJOMETpOB B 4ac».

AnanoruyHass npo6GJeMa BO3HUKaeT W B Cjyyae MaJaollero
wapuka. [lpeanosoxum, 4TO Mbl XOTHM ONpeNeJHUTb €ro CKo-
pocTb uepe3 3 cex, ecid Gbl OH ABHraJcsi TaKHM e 06pa3oM.
Ho uro o3Hauaer «aBurajcs TakuM xe o6pa3oM»? CoxpaHaa Obl
yCKOpeHHe, nBHraJcsa Obictpee, uto Ju? Koneutno, Het! CoxpaHsan
66l Ty Ke caMmyio ckopocTs. Ho Beap 3TO Kak pa3 To, 4TO MHI
neitaeMcs onpefenuts! Ecau 6bl mapHK npomo/Kaga [IBHraThCA
«TaKHM Xe o6pa3oM», TO OH magan OBl Tak Xe, Kak najaer.
Tak 4TO HyXHO NpHUAYMaTb 4YTO-TO Jy4llee IJs OnNpeleJeHHs
ckopoctd. UTo Ke Bce-TakH JOJKHO cOoXpaHsATbcs? Hapymuresns-
HHLla Morja Gbl BaM elle OTBeTHTb M Tak: «Ecau Obl f mpopmoJ-
JKajla exaTb, Kak exaJja, elle 4ac, TO HaJjereja Obl Ha CTeHY
B KOHIle yJaulbl!» B ofuiem, Kak BuauTe, MONULEACKUN OKa3aJcs
Obl B OueHb TPYIHOM IOJIOXKEHUH, NBITafAChb OOGBACHHUTb, YTO OH
HMeJ B BHAY.
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MHorue ¢u3HKH AYMAIOT, YTO €JHHCTBEHHBIM OnpejeJieHHeM
JN060ro NOHATHA sABAsieTca cnocob ero u3MmepcHusa. Ho toraa npu
06 BbACHEHHH BB JOJXHBI NpPHOErHyTb K mpHOOpPY, H3MepsIoleMy
ckopocTb. «CMOTpHTe, — CKaxKeTe Bbl B 3TOM CJyyae, — Balll CH-
noMeTrp nokassiBaetr 90». «Mo#H cnuaoMeTp CJIOMaH M JQaBHO He
paboraeTr», — otBeTuT OHa. Ho mocraTouHo Jau storo, 4yto6nl no-
BEepHTb, YTO MallHHA He JABUrajsacb? MH nosaraeM, 4TO KaK-TO
HYXXHO OblJIO Obl OnpejfefiTb CKOpOCTb M 6e3 MOMOIUHM CNHIO-
merpa. TosbKO NMPH 3THX YCNOBHAX MOXKHO CKa3aTb, YTO CIHIO-
MeTp He paboTaer, 4YTO OH cJOMaH. 10 Obl10 Obl aGCYpPAHBIM,
ecJsin 6Bl CKOPOCTb He MMeJia cMbicsa 6e3 cnupomerpa. OueBHaHO,
YTO MOHSATHE «CKOPOCTb» He 3aBHCHT OT cnuaomerpa. Cnupo-
METP HYXeH TOJNIbKO 1Js Toro, utoGbl u3mepsth ee. [laBafite
NOCMOTpPHM, HeJb3fl JIU NPUAYMATH Jyulllee onpefeseHHe MOHATHS
«CKopocTb». Bhl cKaxere: «Pasymeercs, MagaM, ecau Obl BBI
exa/Jid TaKuUM Xe o0pa3oM B TeyeHHe yaca, TO HaJerend Obl Ha
CTeHy, HO 3a | ceKyHay BBl Obl mpoexaJsi 25 MeTpOB, TaK YTO BHI
nejanu 25 MeTpoB B CEKYHAY, M ecld Obl NMPOJOJKAJH eXaTb
TaKHM e 06pa3oM, TO B CJeLYIOLlyI0 CeKYHAY ONfATb NMpoexaJu
6bl 25 MeTpOB, a CTeHa CTOMT ropas3fo Aajblue». «Ho npasuaa
3anpemator fgenatb 90 KujaoMeTpoB B Yac, a He 25 MeTpoOB
B cekyHay». «[la Bemp 3T0 TO Xe camoe, yTo H 90 KuJIOMETPOB
B 4ac», — OTBETHTe BB. A ec/H 3TO TO XKe camoe, TO K HeMy
TOrjga BCe QJHHHBIE PAa3roBOpHl 0 25 m/cex? B pmelicTBUTENBHOCTH
Ke MajaoUuil Wap He MOXeT ABHraThcsl OJHMHAKOBHIM 06pa3oM
naxe | cex, Tak Kak OH NOCTOSIHHO YCKOpsieTCs, H, CJlefoBa-
TeJIbHO, HY>KHO ONpefleJIUHTh CKOPOCTb KAaK-TO TOYHee.

Ho rtemepp MBI, KaxkeTcs, HaXoQWMCS Ha NPaBHJIbHOM NYyTH,
KOTOpHIAl MPHUBOAMUT HAc BOT K yeMmy. Ecau 6bl MaluHa npogoJ-
)KaJja [BUraThCAd TaKUM Xe 06pa3oM CJeLYIOUYI0 ThICIYHYIO
JI0JII0 Yaca, TO OHa mpouaa 6ul ThicsuHywo oo 90 xm. dpyrumu
CJI0BaMH, HeT HUKAKOH Heo6XOAMMOCTH eXaTb LeJbl yac C TOH
JKe OBbICTPOTOH, AOCTATOYHO KAKOr'O-TO MOMERTA. DTO O3Hayaer,
4TO 3a KaKOH-TO MOMEHT BpPeMeHH MallMHa NPOXOJHT TaKoe Xe
pacCTOsHHe, KaK M HAyIllas ¢ NOCTOSAHHOH cKopocTtbio 90 xa/uac.
Hawn paccyxpmenus o 25 m/cek, BO3MOXKHO, H NpPaBHJbHBI, MBI
OTMeyaeM, CKOJbKO MalllHHA mNpollia B CJAeAYIOIIYIO CeKYHIY,
H ecJM MOoJIyyaeTcsl pacCcTosiHHe 25 M, TO 3TO O3HayaeT, YTO CKO-
pocTb mocturaet 90 km/4ac.

JpyruMu cjoBaMH, MOXHO ONpeNeJHTb CKOPOCThb CJedYIOIUM
o6pasoM. OmnpenensieM paccTOsiHHe, KOTOpoe OBbIJIO NMpoHAeHO 3a
OYeHb MaJiblii OTPe30K BpEMEeHH, H, pPa3/leJIUB €ro Ha 3TOT OTPe30K
BpeMeHH, moJyyaeM CKopocTb. ONHAaKO 3TOT OTpPe30K [OJIXKEeH
ObITb KaK MOXHO MeHbllle, U 4eM MeHbllle, TeM Jyulle, NMOTOMY
4TO B 9TOT MePHOJ MOT'YT NPOU3OHTH CHOBA H3MeHeHUs. CMellHo,
HanpuMep, [/ Najalollero TejJa B KauecTBe TAKOro OTpe3Ka
npuHATh 4Yac. [IpuHATE B KauecTBe OTpe3Ka CEKYHAY, MOXeT
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6bITh, yIOGHO 1JI11 aBTOMOGHJIA, TaK KaK 3a CEKYHIY €ro CKOPOCTb
HU3MeHsIeTCS He CJIHIIKOM CHJILHO, HO 3TOT OTPe30K BeJIMK IJIfl
nagampoinero tena. Takum o6pa3oM, 4TOGBI BBIYHCJIHTL CKOPOCTb
60J1ee TOYHO, HYXKHO GpaTb Bce MeHbIUHe U MeHbIIHE HHTEPBAJbl
BpeMeHHu. Ec/iM Ha MHJINHOHHYIO [NOJIIO CeKYHABl Mbl pa3iesuM
paccrosiHde, KOoTopoe OblJIO MPOHAEHO B TeuyeHiHe 3TOr0 BPEMEHH,
TO NOJIYYHM DPacCTOSIHME B CEKYHAY, T. € KaK pa3 TO, YTO Mbl
NOHUMaeM NOA cKopocTblo. MMeHHO 3TO HyXHO OBLIO CKasaTb
Hallell HapyuUIHTe/JbHHLE, T. €. JaTh TO OMNpelesNeHHe CKOPOCTH,
KOTopoe Mbl H 6yJeM HCIOJIb30BaTh.

Takoe onpesneneHue CONEPKHT HEKYIO HOBYIO M€, KOTOpas
6blJ1a HeIOCTYIIHA TpeKaM B ee obueill ¢popme.

Ona 3ak/04aeTcss B TOM, YTOObl Maablie PacCTOSHUS pase-
JUTb HAa COOTBETCTBYIOILME MA/Able OTPE3KH BPeMEHH H INOCMOT-
peTb, UTO NMPOHU30HAET C YACTHBIM, ecJH OTPe30K BpeMeHH OpaThb
BCe MeHbllle H MeHblle (MHBIMH CJOBaMH, 6paThb Npejes OTHOLIe-
HUSl NPOHAEHHOr0 PacCTOSIHUA K UHTEpBaJly BpeMeHH NpH Heorpa-
HHYEHHOM YMeHbIIeHHH noc/enHero). Bnepsole 3Ta naes Gblna
BbICKa3aHa He3aBucuMo HbioToHoM u Jleii6Huuem H sBHIACDH
OCHOBO# HOBOH 06J1aCTH MaTeMaTHKH — Jugdepenyuarbrnozo uc-
yucsenus. OHO BO3HHKJIO B CBSI3H C ONHUCAHHEM ABHXKEHHS, H mep-
BEIM €ro npujoxeHueM OblJ OTBeT Ha Bompoc: «Urto oO3HauaeT
90 xm/uac?»

[TonbiTaemMcss Temepp TOYHee ompenes]uTb cKopocTb. ITycTb 3a
HEKOTOpOe MaJjioe BpeMs ¢ MallMHA HJH KaKoe-TO IPYyroe TeJso

NpolIVIK MaJioe pacCTosAHHE x; TOraa CKOpPOCTb U omnpenenaseTrcs
KakK

v_x
=

npuieM TOYHOCTb Oyaer Tem OoJblle, 4yeM MeHblle & Marema-
THKH 3aNUCBIBAIOT 3TO CJIelyIOUIUM 06pasoMm:

v=lim =, (8.3)
e->0 &

T. € CKOPOCTb €CTb NpeJes OTHOLIEHUS X/e NPH g cTpeMslleMcs
K Hymo. [Ina Hame# MalMHBI-HAPYLIHTENbHULBI HEBO3MOXKHO
TOYHO BBIYHCJIMTb CKOPOCTb, TaK Kak Tabjuua HenoJHasa. Ee no-
JIOXKEeHHe H3BECTHO HaM TOqbKO uyepe3 uHTepBaJbl 1 mun. Ilpu-
6JIMXKeHHO, KOHEYHO, MOXHO CKa3aTb, YTO B TeYeHHe celbMOH
MHHYTbI, HApUMep, OHA MLlJa cO cpelaHell ckopocTbio 90 km/uac,
OIHAKO O ee CKOPOCTH B KOHIle IIeCTO# MHHYTH HHYero cKasaTb
HeBO3MOXHO. MoxeT O6bITb, OHa YCKOpsiJacb U CKOPOCTb
¢ 40 km/wac B Hauase LIeCTOH MHHYTH Bo3pocia a0 90 xm/uac
B KOHLe ee, a MOXeT ObiTb, OHA ABHrajach HHaue. Mbl He 3HaeM
3TOrO TOYHO, TaK KakK y Hac HeT JeTa/lbHOH 3amuCH ee JBHXKEHH
MeXAy lecTod M ceabMONH MuHyTaMH. Toabko Korjga Ttabauua
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6yner nonosiHeHa GECKOHEYHBIM YHCJIOM N aHHBIX, H3 Hee MOXKHO
Oynmer MEeHCTBHTENbHO BBHIYHCJIHTL CKOpocTb. Ecsu, omHako, HaM
H3BeCTHa INOJIHAs MaTreMaTHyeckas ¢OpMyJsa, Kak, HalpuMep,
B cJyyae najaioutero tesa [ypaBHenue (8.1)], To ckopocTh MoOA-
cyuTaTh MOXHO. Benb mo ¢opmysne MOXKHO HaHTH MNOJOXeHHe
TeJa B JIIOGOH MOMEHT BpeMeHH.

B kauecTBe nmpuMmepa pgaBaiiTe HafigeM CKOPOCTb NajaoLlero
mapa depe3s 5 cex mocsie Havasaa nageHuss. OguH cnoco6 — 3To
HocMOTpeTh no TabJ. 8.2, 4TO MPOUCXOAUJIO C LIADUKOM Ha MATOH
cekyHre. B TeueHue 3TOH ceKyHAH OH mnpouien 45 M, Tak 4TO,
KasaJjocb Obl, OH Mmagaj co CKOpocTbio 45 m/cex. OgHaKo 3TO He-
BEPHO, MOCKOJIbKY CKOPOCTb €ro Bce BpeMsl U3MeHsach. KoHeuHo,
8 cpedHem B TeueHHe 3TOH CEKYHABl OHA cocTaBJsa 45 m/cek, HO
B JNEHCTBHTENBHOCTH LIap YCKOPAJCH U B KOHIE NATOH CEKYHIBI
napgan Geictpee 45 m/cex. Hama 3amaua coctoutT B TOM, YTOGHI
onpenesuTh ckopocTy Tourno. Cuenaem 3To cienyouium o6pasom.
Ham u3BecTHO, rae mapuk Haxonuscs depe3 5 cex. 3a 5 ceK
oH mpouues paccrosiHue 125 m. K momeHnty 5,1 cex oGuiee pac-
CTOSIHHE, KOTOpOEe Npolles WapHK, COCTaBHT, COIVIacCHO YypaBHe-
Huto (8.1), 130,05 »#. Takum o6pa3oM, 3a AOMOJHUTENbHYIO Hde€Csi-
TYIO JOJII0 CEKYHIBl OH MPOXomuT 5,05 #. A nockosbky 5,05 m 3a
0,1 cex To xe camoe, uto u 50,5 m/cex, TO 370 U GymeTr ero cKo-
poctb. OnHako 3TO Bce emle He coBceM TOyHO. [l Hac coBep-
IIEHHO HeBaXHO, GYHeT JI1 3TO CKOPOCTb B MOMEHT 5 cek, WJH
B MoMeHT 5,| cek, nau roe-to mocpenuse. Hama 3agaua Beymc-
JIUTb CKOPOCTb TOYHO 4epe3 b ceK, a 3TOr0 Mbl MOKa He CHEeJaJH.
Ilpugercss yJAyyIIHTb TOYHOCTb M B3SITh TeNepb Ha TBHICAYHYIO
noao Gosblie 5 cex, T. . MomeHT 5,001 cex. [TosHoe paccrosHue,
npofiieHHOe 3a 3TO BpeMs, COCTaBJseT

§=25-5,001>=5-25,010001 = 125,050005 ».

Crie0BaTeNbHO, B NOCJEJHIOI THICAYHYIO NOJIO CEKYHIABI LIapHK
npoxoaun 0,050005 », u ecnu pasgenutb 310 yucjo Ha 0,001 cek,
TO moJay4uM ckopocTb 50,005 #/cex. 310 yxke ouyeHb GJNH3KO, HO
Bce XKe elte He To4Ho. OXHAKO Temepb yxkKe CHO, KaK MOCTYNHTD,
4yTo6b HaHTH CKOPOCTb TOYHO. YI0oOHee peliaTh 3Ty 3agayy B
HecKo/bKO GoJjiee o6ureM Buze. [1yctb Tpebyercsi HalTH CKOPOCTb
B HEKOTOPHIl MOMEHT BpeMeHH fo (Hanmpumep, 5 cek).Paccrosnue,
KOTOpOe MNpOHAeHO K MOMeHTY !y, (Ha3oBeM ero Sp), Oyaer 52
(B HameM cayuae 125 ). Uro6nl ompegenuTh pacCTOSHHE, MBI
3afaBaJli BONpPOC: TJe OKaXeTcs TeJo cnycTs Bpemsi £0 - (He-
Goabuioit no6aBok), uau to -+ e? HoBoe mosoxenne Tena Oymer
5 (to + €)® =5t; + 10toe + 5e’. (310 paccTosiHMe GoJbLIe TOrO pac-
CTOSIHUSI, KOTOpPOe ILIapUK mnpouien 3a fp cek, T. €. 0OJblle St%.)
Ha3zoBem 310 paccrosiHue so+ (He6oabioll 106aBOK), HJIH So-X.
Ecnu Tenepp BbluecTb M3 HEr0 pPacCTOSHHE, NMPOHAEHHOE K MO-
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MeHTY fp, TO NMOJYYHUM X — JONOJIHHTENbHOE PACCTOSHHE, KOTOpOe
IIapHK mpoulea 3a Ho6aBouyHOe BpeMs g, T. e. x = 10¢oe + 5e
Taxk uTo B nepBOM NpHOJIHKEHHH CKOPOCTb GyeT paBHA
X

v=— = 10, + 5¢. 8.4)
Tenepp MBI yKe 3HaeM, 4TO HYXKHO [eJaTh, YTOGH MOJYYUTb CKO-
POCTb TOYHO B MOMEHT fp: HY2KHO OpaTh OTPE30K & BCe MeHblle H
MeHbllle, T. € YCTPEMJSTb €ro K Hyao. TakuM nyteM U3 ypaBHe-
Hus (8.4) noayuum

v (B MOMeHT {g) = 10¢,.

B Hameft 3anaue fp = 5 cek, cjaemgoBaTeNbHO, CKOPOCTb PaBHa
v = 10-5 = 50 #/cex. D10 u ecTb HYXKHBIH OTBeT. Panblue, Koraa
¢ 6paJsoch paBHeIM 0,1 u 0,001 cex, nonyyanacb HECKONBKO GOJIb-
masi BeJUYHHA, 4eM 50 m/cex, HO Temepb MBI BHAHM, YTO Ha ca-
MOM JeJle OHa B TOYHOCTH paBHa 50 m/cek.

§ 3. Cropocre kakx npoussodnas

ITpouenypa, KOTOPYI0 MBI TOJIBKO YTO BBINOJIHUJIM, HAaCTOJbKO
4acTo BCTpevyaeTcs B MaTeMaTHKe, YTO IJs BeJHYHH € U X GBLIO
NMPUAYMAHO crnenuanbHoe o0o3HaueHHe: ¢ 0603HAYaeTcs Kak Af,
a x— Kak As. BeanunHa Af o3HauyaeT «HeOOJbIIOH J00AaBOK K !»,
npHieM mNoJApa3yMeBaeTcs, 4TO 3TOT A0GaBOK MOXHO [eNaTs
MeHblle. 3HAaYOK A HH B KOeM cJyyae He O3HayaeT yMHOXeHHE
Ha KaKylo-TO BeJHYHHY, TOYHO TaK XKe Kak sin 0 He o3Hauaer
s-i-n-0. DTo NpocTo HEeKOTOPHIH NOGABOK KO BpeMeHH, NpHYEM
3Ha4YOK A HamoMHHaeT HaM O ero ocobom xapakrepe. Hy, a ecan
A He MHOXHTEJb, TO €ro HeJb3sl COKPaTHTb B OTHOIIEHHH AS/Af.
dto Bce paBHO, YTO B BhIpa)KeHHH sin O/sin 20 cokpaTuTth Bce
O6ykBel H moay4yuTb !/y. B 3THX HOBBIX 0603HaYeHHSIX CKOPOCTEH
paBHa npefeny oTHoweHus As/At npu Af, cTpeMsileMcs K HYJIO,
T. €.

v=lim —. (8.5)

drto no cyutectsy ¢opmyaa (8.3), HO Tenmepb fCHee BHIHO, YTO
37leCb BCe H3MEHseTcs, a, KpOMe TOro, OHa HaloOMHHaeT, KaKHe
MMEeHHO BeJHYHUHBI H3MEHSIOTCS.

CyuiecTByeT elle OIHH 3aKOH, KOTOPHIA BBINOJHAETCS C XOPO-
et ToyHOCThI0. OH IJIacHT: M3MeHeHHe PAacCTOSIHHS PaBHO CKO-
POCTH, YMHOXXEHHO! Ha MHTepBaJ BpeMeHH, 3a KOTOpOoe 3TO H3Me-
HeHHe npousouyno, T. €. As = vAf. DTo npaBUJIO CTPOro cmpa-
BEIJIUBO TOJILKO TOTZa, KOIJa CKOPOCTb He H3MeHseTCs B TeYeHHe
uHTepBana Af, a 3T0, BooOuie roBOpsi, MPOUCXOMHT, TOJbKO KOrJa
At poctatouHo MaJjio. B Takux ciayuasx o6bl4HO nuyT ds = vdt,
rae noja dt mogpasyMeBalOT HHTepBaJ BpeMeHH Af nmpu ycJOBHH,
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YTO OH CKOJIb YrofHo MaJ. Ecsn uHTepBan Af DOCTaTOYHO BeJIHK,
TO CKOPOCTb 3a 3TO BpeMs MOXeT H3MEHHTbC H BhbipaXKeHHe
As = vAt 6yner yxe npubamxeHHbIM. OIHAKO ec/qH Mbl NHIEM
dt, To npu 3TOM NOApPa3yMeBaeTcs, YTO HHTEpPBaJ BPEMEHH He-
OrpaHUYeHHO MaJ W B 3TOM CMbIC/e BeIpaxeHue ds = vdf TOY-
Hoe. B HOBbIX 0603HauYeHHAX BbipaxkeHue (8.5) mMeeT BUI

- bs __ds
at>o A dl”

BeaunuuHa ds/dt HasbiBaeTcs «NMPOM3BOAHON S MO f» (Takoe
Ha3BaHHe HaNOMHHAaeT O TOM, YTO M3MeHSeTCsA), a CJOXHBINA Npo-
11eCC HaXOXJIEeHHS MPOM3BOJHON Ha3blBaeTcs, KpoMe TOro, Au¢-
tdepenunpoBanneM. Ecau xke ds u df noaBasIOTCS OTAENBHO, a He
B BHJe OTHOLIeHHS ds/df, TO OHU HOCAT Ha3BaHUA duggepenyua-
408. Uto6el moJsydille NO3HAKOMHTbL Bac ¢ HOBOH TepMHHOJIOTHEH,
CKaxy emle, 4T0 B NpeibiaylleM naparpade Mbl HaUIH NPOHU3-
BOIAHYI0 OT QYHKIUHMH 52, UIM NPOCTO MPOU3BOAHYIO OT 5f2. OHa
okasanacb paBHo#i 10f. Korna Bul 6oJblile NpUBBIKHETE K HOBBIM
cJoBaM, BaM cTaHeT 6oJiee MOHSITHA camMa Mbicab. /s TpeHH-
POBKH [aBaiiTe HaliJeM NMPOU3BOAHYIO 6oJjiee CJ0XKHOH (GYHKIHH.
Paccmorpum Boipaxenue s = At + Bt + C, KOTOpoe MOXeT ONu-
celBaTh JBHXeHHEe TOuKH. BykBu A, B, C, Tak Xe KaK U B 006bly-
HOM KBaJpaTHOM YypaBHeHHH, 0003HA4alOT MOCTOSHHBlE 4YHCJA.
HaM HyXHO Ha#WTH CKOpPOCTb [BHXEHHs, ONHCHIBAEMOro 3TOH
¢dopmysoit B MI060f MOMEHT BpeMeHH f. PacCMOTpUM OJisi 3TOro
MoMeHT - Af, npuuem K s npubaBuTCcA HekoTopas nobGaBka As,
u HafiieM, Kak BbipaxKaercsi As yepe3 Af. [Tockoabky

s+ As=A({t+AMP+B(E+A)+C=
— AP+ Bt + C 4 3AL At + B At + 3At (A1 + A (ALY,

s=AR+ Bt+C,
TO
As = 3A£2 At + B At + 3At (AH® + A (At).

Ho nam HyXHa He cama BeJH4YMHa AS, a OTHOIIeHHe AS/Af.
Tlocae penenuss Ha Af moJsy4YyuM BbipaxkeHHe

A =34+ B+ 3At(A) + A(ALY,
KOTOpOe nocJe ycTpeMmJaeHuss Af K HYJIIO NpeBpaTHTCS B
ds

B 3TOM COCTOHMT npoiecc B3ATUS NPOH3BOAHOM, UMH AU depeHIU-
poBaHusi ¢yHkuuit. Ha caMoM nesie OH HECKOJIBKO Jierye, 4eM 3TO
KaXKeTcsl Ha MNepBBIl B3rjsi. 3ameTbTe, YTO €CJIM B pasjoxe-
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HUAX, MOAOGHBIX MNpeabAyUHM, BCTPeYaloTcs YJeHbl, NpOmop-
nHoHa/nbHble (Af)?2 unu (Af)® uam eme 6ojee BLICOKHM CTemne-
HSIM, TO MX MOXHO Cpa3y BbIYePKHYTb, MOCKOJbKY OHM BCe PaBHO
oGpaTaTcs B HYyJb, KOrZa B KOHUe MH Oyaem Af ycTpeMJATb
K HyJ10. [Tocsie He6oJIbIIOH TPEeHUPOBKH Bl cpa3y OyaeTe BHIETh,
YTO HYXHO OCTaBJfATb, @ 4TO cpa3y or6pachiBaTh. CyliecTByeT
MHOrO mpaBuJ ¥ ¢opmysn pist AuddepeHIHPOBAHHA Pa3JHYIHBIX
BUIOB QYyHKuUMA. X MOXHO HGO 3aNOMHHTD, 10O MOJb30BATHCSH
cnenuaJbHeiME Tabaunamu. He6oabLIoH CHHCOK TaKHX mpaBHT
npuBoauTcs B TabJ. 8.3.

Tabauya 8.3 ® HEKOTOPHLIE ITPOVM3BOAHBIE

S, U4, U, W—TPOu3BOJbHbIe DYHKUHH,
a, b, ¢, n—nNpPOU3BOJNbHbIE NMOCTOSIHHbIE,

PyHrUus IMponasonuasn
ds
—n _as __,n—l1
s=t a7 ni
ds du
s=cu ar "¢ ar
ds du dv dw
s=utvtote =gt ata Tt
ds
= ar ="
—uybue. .. s _ (8 d4 | b dv
s=uvw at o \w at Tu dt
¢ dw
toat)

§ 4. Paccrosanue kax unrezpan

O6cynum Temepb ob6paTHylo mnpoGaeMy. Ilyctb Bmecto Ta6-
JIUIBl PACCTOSTHUN HAM HaHa TalJulla CKOPOCTeldl B pa3JMyHbIe
MOMEHTH BpPeMeHH, HauHHas ¢ HyJjsa. B rtabn. 8.4 mpexacraBieHa
3aBHCHUMOCTb CKOPOCTH MNajalollero mapa OT BpeMeHH. AHaJjo-
TMYHYI0 TaGJUIy MOXKHO COCTaBHUTb H [Js MallUHB], €CJH

Tabruya 8.4 [ ] CKOPOCTBb MAJAIOIIETO LIAPA
t, cex v, m/cex
0 0
1 10
2 20
3 30
4 40
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3alTUCHIBATH NOKA3aHHS CNHAOMeTpa Yepe3 KaxXAyl0 MHHYTY HJH
noaMuuyTel. Ho MOXXHO /M, 3Hasi CKOPOCTb MalIKHBI B JIIOOOH MO-
MEHT BpPeMeHH, BBIYHUCJIUTb DPAaCCTOsHHE, KOTOPOe el GblI0 NpoH-
neHo? Dt1a 3afaua o6paTHa TOH, KOTOPYIO MBI TOJIBKO YTO PacCMOT-
penu. Kak e pewnTb ee, ec/H CKOPOCTb MalIMHbl HEMOCTOSIHHA,
eca1u OHa To yckopserca mo 90 kmfuac, To 3aMennsieTcs, 3aTeM
rae-Tro ocraHaB/auBaercs y cBerodpopa u T. 1.? Cnoenarb 3TO He-
TpyaHo. Hy»Ho ucnoJsb30BaTh Ty XKe MAEI0 W BbIpaXKaTb MOJIHOe
paccTosiHHe Yepe3 GecKOHeuHO MaJble ero yactH. [1ycTs B nepByio
CeKYHAY CKOpOCTb 6yaeT vy, Toraa mo gopmyJe As = v;Af MOXKHO
BBIYHCJIUTh PAcCTOsIHHE, NMPOHIEHHOe 3a 3Ty ceKyHAy. B ciaenyio-
ILYI0 CEKYHLY CKOPOCTbL OYyIeT HeCKOJbKO APYrod, XOTs, MOXKeT
6bITb, U O6JHM3KOH K NepBOHayaJbHOH, a PacCTOsIHHE, NMPOHAEHHOe
MaIMHON 3a BTOPYIO CeKyHAy, OyIZeT paBHO HOBOH CKOPOCTH,
YMHOXEHHOH Ha wuHtepBaJ BpemMeHH (1 cex). dToT mpouecc
MOXHO NpPOLOJIKHUTBL JaJjbllle, 10 CAMOro KOHIa nyTd. B pesy.b-
TaTe Mbl NMOJIY4YHUM MHOTO MaJjleHbKHX OTPE3KOB, KOTOPble B CyMMe
nanyT Becb myTb. TakuM o6pa3oM, nyThb SIBJASETCA CYMMO# CKOpO-
CTel, YMHOXEHHBIX Ha OT[eNbHbBle HHTepBaJbl BPeMeHH, HJHU
s= ) vA¢t, rpe rpedeckas GykBa Y. (curMa) o3HauaeT CyMMu-
poBanue. TouHee, 3T0 GyaeT cyMMa CKOpOCTe#l B HEKOTOpbIe MO-
MEHTHl BpeMeHH, cKaxeM f;, yMHOXXeHHble Ha Af:

s= ; v (t) A, (8.6)

TpUYeM KaXJblfi MOCJeAYIOUHA MOMEHT f;;; HaXOAUTCA 1O mpa-
Buay t;, = t; + At. Ho paccrosinue, nojiyueHHOe 3THM METOIOM,
He OyIeT TOYHBIM, NMOCKOJBKY CKOPOCTb 3a BpeMs Af Bce Xe H3-
MeHAeTCA. BbIXo[ M3 3TOro NOJIOXKEeHHsI 3aK/IIvaercs B TOM, YTO-
6bl 6paTh Bce MeHblIHe M MeHblIHe HHTepBaJb Af, T. e. pa3bu-
BaTb BpeMs JBHXXeHHS HAa Bce 6oJiblllee YHCJIO BCe MEHbUIMX OT-
pe3koB. B KOHIle KOHIIOB MBI NPUIEM K CJefyIOLIEMY, TeNepb yKe
TOYHOMY BBIPAXKEHHIO [JI1 NPOHJEHHOrO MYTH:

s=lim ), v(t)At. 8.7)
At>0 1

MarteMaTHKH NPUAYMaJH I/ 3TOrO Npeaesta, Kak U 1is aud-
(jepeHUnana, cnenuaJbHbI CHMBOJ. 3HAYOK A mpeBpaulaercs B
d, HAaOMHHAst O TOM, YTO HHTEpPBaJ BPEeMEHH CKOJNb YrOJHO MaJ,

a 3HaK CYMMHDOBaHHS NpeBpallaercd B \ — HCKaXXeHHOe 60JIb-

woe S, nepBast €ykBa JATHHCKOro CJI0Ba «Summa». STOT 3HAY0K
Ha3BaH UHTerpajoM. TakuM o6pa3oM, Mbl MHILEM

s— S v (t) dt, 8.8)
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rae v(f) — ckopoctb B MoMeHT £ CaMa ke omepauusi CYMMHPO-
BaHUS 3THX YJIEHOB Ha3biBaeTcsl HHTerpupoBaHueM. OHa MpOTUBO-
HOJIOXKHA onepauuy audpepeHUNPOBAHUS B TOM CMBIC/Ie, YTO HpO-
H3BOJHAs 3TOrO HHTerpaJjia paBHa v(f), Tak YTO OJHH OMeparop

(d/dt) «yHuuTOXKaeT» Apyro (S) D10 DaeT BO3MOXKHOCTb IIO-

JydaTb (OpPMYJBl A/ HHTerpajoB nyreM ob6pauieHus ¢opmyn
s quddepeHanoB: HHTerpaa oT GyHKIHUH, CTOSILEH B npaBoi
KosoHKe Ta6J. 8.3, Oyner paBeH (pyHKUHH, CTOsleld B JIEBOH KO-
JaoHke. [dunddepeHuupys Bce Buabl QYHKLUHH, Bbl CaMH MoOXeTe
COCTaBHTb TalJIHIy HHTErpaJos.

Jlio6asn QyHKIMA, 3aaHHAs B aHAJHMTHYECKOM BHJE, T. €. BbI-
paxaioulascs yepes KoMOHHALHIO H3BECTHBIX HaM QYHKUHi, Aud-
¢depeHIHpYyeTC OYeHb NMPOCTO — BCS ONePALUS BHIMOJHAETCH YHC-
TO anre6pauyecKH, U B pe3yJbTaTe Mbl BCEra MOJy4yaeM KaKyio-
TO M3BeCTHyl0 QyHKUHI0. OHAaKO HHTerpas He OT BCSAKOH (yHK-
LIMH MOXHO 3amucaTb B aHaJuUTHYecKoM Buiae. Pasymeercs, mis
KaXk10ro 4acTHOTO HHTerpajla BCerja CHayaJjia NMbITAOTCA HaHTH
TaKylo (QYHKUHIO, KOoTopas, 6yayuu npoauddepeHUnpoBaHa, na-
BaJjia 6bl QYHKIHIO, CTOSILYIO NOCJe 3HAaKa UHTerpaJja (OHa Ha3bl-
BaeTcs moAbiHTerpasbHoit). OQHaKO 3TO He Bcerna yaaercs cae-
JaTh. B Takux cayuyasx HHTerpaJs BbIYHCJAIOT NMPOCTO CYMMHpPOBa-
HHEM, T. €. BBIYUCJAAIT cyMMbl THna (8.6) co Bce MeHBUIUMH H
MeHbIIHMH HHTepBaJlaMH, MOKa He MoJy4yaT pe3yJabTaT ¢ JOCTa-
TOYHOHN TOYHOCTBIO.

§ 5. Yckopenue

Crnenylomuii 1mar Ha OYTH K YPaBHEHUSIM [BHXKEHHS — 3TO
BBeJleHHE BeJHYHHBI, KOTOpas CBfi3aHAa C U3MeHeHUeM CKOPOCTH
nBuxeHHs1. EcTeCTBEHHO CHPOCHUTB: a Kak H3MEHSIeTCH CKOPOCTb
NBHXeHUA? B npeapiayliux rnaBax Mbl pacCMaTpHBAaJM CJOyyaH.
Korja [JefcTBylOIlasi CHJa NPHBOAWIA K H3MEHEHHI0 CKOPOCTH.
BHIBalOT JlerkoBble MalIMHBL, KOTOpPhHle HabuUpalOT ¢ MecTa 3a
10 cex ckopoctb 90 km/uac. 3Hast 3TO, MBI MOXEM ONpeNeJHTb,
KaK H3MEHSeTCs1 CKOPOCTb, HO TOJILKO B CpeJHeM. 3aiiMeMcs cJe-
nyouuM 6oJjiee CJI0XKHBIM BONPOCOM: KaK y3HaTb OBLICTPOTY H3-
MeHeHHsl CKOpocTH. [IpyruMu cjoBaMH, Ha CKOJIbKO MeTPOB B ce-
KYHIy H3MeHseTcs CKOpPOCTb 3a | cex. MBI yxKe yCTaHOBWJIH, YTO
CKOPOCTb NMajalollero Teja H3MeHseTCs CO BpeMeHeM Mo ¢opmyJe
v =9,8f (cMm. Tab6s. 8.4), a Tenepp XOTUM BBHIICHHTb, HaCKOJIbKO
OHa M3MeHseTcs 3a | cex. DTa BeJMUYHHA HA3BIBAETCA YCKOPEHHEM.

Takum o6pa3oM, ycKopeHHe ompefessieTcsi Kak ObLICTPOTa H3-
MeHeHHs1 CKOpPOCTH. BceM cKa3aHHBIM paHee MBI yXe JOCTaTOYHO
NOATOTOB/IEHH K TOMY, 4TOGHl cpa3y 3amnucaTh YCKOPeHHE B BHAE
NpPOHU3BOJHOM OT CKOPOCTH, TOYHO TaK XKe KaK CKOPOCTb 3alHCHI-
BaeTcs B BHJe NPOM3BOAHOH oT paccrosuus. Ecaum Tenepb

158



mponuddeperuupoBaTe popmyay v = 9,8/, To noayuyuM yckope-
HHe majalouero tesaa

d
a==-=98. (8.9)

(ITpu nuddepeHUHPOBAHUN 3TOrO BbIPAXKEHUS HUCNOJH30BAJNCHA pe-
3yJIbTaT, MOJYYEHHBI HaMH paHblie. Mbl BHIENIH, YTO NMPOHU3BOA-
Has orT Bt paBHa npocto B (nocrosinno#t). Ecau xe BoiGpath 3Ty
NOCTOSIHHYIO paBHOU 9,8, TO cpa3y HaXOQUM, YTO NPOHU3BOAHAS OT
9,8 f paBHa 9,8.) DTo 03Hauaer, YTO CKOPOCTb MaJalolIEro Tesa
TIOCTOSIHHO Bo3pacrtaeT Ha 9,8 m/cex 3a KaKnyl0 ceKyHn@y. DTOT
JKe pe3yJbTaT MOXKHO MOJy4uThb W u3 Tabu. 8.4. Kak Buagure, B
clyyae Majfalollero Tesja BCe MOJyYaeTcsl JOBOJBHO NPOCTO, HO
yCKOpeHHe, BooOlle roBopsi, HemocTostHHO. OHO MOJy4YHJIOCH MO-
CTOSTHHBIM TOJIbKO MOTOMY, YTO MOCTOSHHA CHJa, NeHCTBYyKOLIas Ha
najaiolee Tesno, a Mo 3akoHy HbloToHa yckopeHHe NOJXKHO OBITh
NPONOPIHOHANBHO CHIIE.

B KkauecTBe cJjlefyloulero npumepa HaileM yCKOpeHHe B TOH
3ajaye, ¢ KOTOpO# MBI yXKe HMeNH [JeJO NPHU H3yYeHHH CKOPOCTH:

s=AB+Bt+C.
HOnsa ckopocTt v = ds/dt Mbl nonyuuau gopmyay
v=3A#+ B.

Tak Kak yCKOpeHHe — 3TO NPOH3BOAHAasA CKOPOCTH MO BPeMeHH, TO
JJsA Toro, YToObl HANTH ero 3HauyeHHe, HYKHO npoauddepeHiH-
poBaTb 3Ty ¢opmyny. BcnoMHHM Temepb ONHO H3 MpaBHJ
Ta6s. 8.3, a UIMEeHHO 4TO NPOM3BOJAHAsA CYMMBI paBHa CyMMe MpO-
u3BoaHbIX. UT0OB npoand¢epeHUHpPOBATh MEPBBIA H3 3THX 4Je-
HOB, Mbl He OyJeM NpojeJbIBaTh BCIO NJIHHHYIO NMPOLENypY, KOTO-
pylo Henanu paHblle, a MPOCTO HaIOMHHM, YTO TaKOH KBaapaTHY-
Hbll 4JIeH BCTpeyaJscd HaM NpH AH(PepeHUUPOBAHUH (PYHKLUHH
5¢2, mpuueM B pe3yabraTe KO3(QHLUHEHT yaBauBaJjcs, a t? mpe-
Bpalllasioch B f. BH MoxeTe camu y6eauTbCs B TOM, YTO TO XKe
camoe mpousoiner u ceiiyac. TakuM o6pa3om, NMpPOU3BOZHAA OT
3At? 6yner paBHa 6Af. IepefineM Temepb K AU (epPEHUHPOBAHUIO
Broporo cnaraemoro. Ilo onHomy u3 nmpaBuJ Ta6J. 8.3 npousson-
Hasi OT NOCTOSIHHOH OyneT HyJsem, CJelOBaTeJbHO, 3TOT YJIeH He
JNacT B YCKODeHHe HHUKaKoro Bkjaaga. OKOHYaTeJbHbIH pe3yJbTaT:
a = dv/dt = 6At.

BriBeneM ellle nBe noJie3nble (GOPMYJbI, KOTOPbIE MOJMYYalOTCsA
HHTerpupoBaHueM. Ec/iM Teso M3 COCTOSHHS NMOKOA IOBHXKeETCA C
NOCTOSIHHBIM YCKOpeHHeM g, TO ero CKOpocTb ¥ B JI0OOH MOMEHT
BpeMeHH ¢ OyaeT paBHa

v=gl,
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a pacCTosiHHe, MPOHJeHHOe UM K 35TOMY MOMEHTY BPeMeHH,
o

3aMeTuM elle, YTO MOCKOJbKY CKOPOCTb — 3TO ds/df, a ycko-
peHHe — NPOU3BOAHAs CKOPOCTH MO BPeMeHH, TO MOXHO HamHcaTb
d (ds d’s
a=2(5)=5" (8.10)
Tak uro Tenmepp MBI 3HaeM, KaK 3aNUChIBaeTCs BTOpas INPOHU3-
BOJHaA.
CylecTByeT, KOHeUHO, U 00paTHas CBSA3b MEXAY YCKODeHHeM
H PacCTOsIHHEM, KOTOpasi MPOCTO CJedyeT U3 TOoro, 4to a = dv/dt.
TToCKO/IbKY paccTOsHHE SIBASIETC HMHTErpajioM OT CKOPOCTH, TO
OHO MOXeT ObITb Hal[JeHO JBOHHBIM HHTErPHPOBAHHEM YCKODEHHS.
Bce npepbinyuiee paccMoTpeHHe ObLIO NMOCBSILIEHO [BHXKEHUIO
B ONHOM H3MepeHHH, a Termepb Mbl KOPOTKO OCTaHOBHMCS Ha MBH-
JKeHHH B NMPOCTPAHCTBe Tpex u3MepeHuil. PaccMoTpuMm aBHKeHHe
yacTulbl P B TpeXMepHOM INpoCTpaHcTBe. DTa IJaBa Hayasach ¢
06CyKIeHHs1 OHOMEPHOro JBHXKEeHHs JIErKOBOH MAaIUUHBI, 3 HMEH-
HO C BOMpOCa, Ha KaKOM PacCTOSTHHM OT HayaJa JBHXKEHHsl Haxo-
AWTCSA MallliHA B pas3/iMYHble MOMEHTH BpeMeHH. 3aTeM MH 00-
CY’KAaJH CBSI3b MEXJY CKOPOCTbIO H H3MEHEHHEM PAaCCTOSHHS CO
BpeMeHeM H CBA3b MEXAY YCKOpPeHHeM H H3MeHeHHeM CKOPOCTH.
JlaBa#iTe B TOM Xe MOCJeNOBaTeJbHOCTH pasbepeM [BHXKeHHE B
Tpex Hu3MepeHusx. [Ipoiue, oqHako, Hauath c GoJiee HarJIsAHOro
JABYMepHOTO ciydas, a yxe NMOTOM 0OGOGLIMTH ero Ha CJydaid Tpex
naMmepenuil. Hapucyem nBe mepecekaolinecss noj NpsAMbIM yIrJoM
JuHMH (OCH KOOpAHMHAT) U GyneM 3aJaBaThb MOJIOXEHHE YaCTHIIbI
B MoOGOH MOMEHT BpeMeHH PACCTOSHHSIMH OT Hee N0 KaxKAOH H3
oceft. TakuM 06pa3oM, MOJIOKEHHe YaCTUILB 3ajaeTcs ABYMs 4YHC-
JaMu (KOOpAMHAaTaMH) X M Y, KaxJ0e U3 KOTOPHIX ABJSAETCH CO-
OTBETCTBEHHO PaccTOsiHHEM 10 OcH y H 10 ocH x (¢ur. 8.3). Te-
nepb Mbl MOXEM OMHCAaTb JBHXKEHHe, COCTaBJsAsA, Hanpumep, Ta6-
JIMIly, B KOTOPOH 3TH JBe KOOPAHHATHl 3aJaHbl KaK QyHKIHU Bpe-
menn. (OGoOlLieHHe Ha TpexMepHHIi cayyail Tpe6yeT BBeleHHS
ele OJHOH OCH, MEPINEHIHKYJISPHOH ABYM MePBbIM, H H3MepeHHs
eule OQHOMH KoopauHaThl 2. OMHAaKO Tenepb pPacCTOAHHA OepyTcs
He N0 Ocel, a JO KOOpPAHHATHHIX naockocred.) Kak onpeneautb
CKOpOCTb YacTHUUBI? JI/s1 3TOro Mbl CHayaja HalleM COCTAaBJAIO-
I(He CKOPOCTH MO KaX[OMY HanpaBJIeHHIO, HJH €e KOMIOHEHTBI.
TCopu3oHTa/NIbHAsE COCTABJAIOLIAA CKOPOCTH, HJIM X-KOMIIOHEHTa,
GyneT paBHa NMPOM3BOJHOH MO BPeMEHH OT KOOPAHHATH X, T. €.

d
= 8.11)

a BepTHKaJbHafdg COCTaBJAIOIIAsA, HIH Y-KOMIIOHEHTA, PaBHA

d
v = 5 (8.12)

Uy
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As=\ /(Azf+(ay*

Pue 83. Onucanue Adeumxenus
Teaq HA NAOCKOCTU U 8blyUCAeHUe
e20 cKopoctu.

Ay =y At
t

Ya

B cayuyae Tpex u3sMepeHufi Heo6XxoaUMO elle 106aBUThb

V=2, 8.13)

Kak, 3Hasd KOMIOOHEHTH CKOPOCTH, ONpeNeJUTb MOJHYI CKO-

pPOCTb B HanpaBJIeHHU IBHKeHHA? PaccMOTpUM B ABYMepHOM CJy-

yae [Ba MOCJeNOBATENbHBIX MNOJIOXKEHHS YacCTHUb, pa3jeNeHHBIX

KODOTKMM HHTepBaJoM BpeMeHH Af = fy — f; U paccrosHueM As.
U3 ¢wur. 8.3 BugHo, UTO

As ~ A/ (AxY + (Ay) . (8.14)

(3HaYOK = COOTBETCTBYET BBHIPAXKEHHIO «NPUGIH3HUTENILHO paB-
HO».) CpenHfis CKOpPOCTb B TeueHHe WHTepBaJa Al nojyuaercs
npocteiM AesneHueM: As/Af. UTo6bl HaHTH TOYHYIO CKOPOCTb B MO-
MeHT f, HY>XHO, KaK 3TO yXe [eJaJloch B HauaJie IJaBhl, yCTpe-
MHuTb At K Hym 0. B pe3yabraTe okasbiBaercs, 4TO

. As ds dx \2 dy \2
v=lim 5 =—= (_) (_y) =AJE L2
At>0 OF — dt /\/ ) T\ % v+ (B.19)
B TpexMepHOM cjlyuyae TOYHO TaKUM Xe COCCOOM MOXHO IO-
JYYHTD

v=y/2 + 2+ 2. (8.16)

YcKopeHHs MBI OnpenelsieM TaKHM Xe 06pa3oM, Kak H CKOpO-
CTH: X-KOMIIOHEHTA YCKOPEHHSA Q, OnpeleJsieTcs KaK NPOHU3BOAHASA
OT X-KOMIIOHEHTHl CKOPOCTH Uy (T. €. @y = d?x/dt> — Bropas npo-
M3BOJHAsl 1O BPeMeHH) H T. ..

HaBaiiTe paccMOTPHM ellle ONMH HMHTEPeCHbBIH NpHMep CMe-
IIAHHOTO JABHXEHHs Ha MIocKocTH. ITycTh mapuk ABHXKeTCs B ro-
PHM30HTAJbHOM HaNpaBJIeHHH C MOCTOSHHOH CKOPOCTBIO & M B TO
e BpeMsl NajgaeT BePTHKAJbHO BHHU3 C NOCTOSHHBIM YCKOpeHHeM
g. YUto 3to 3a aBuxenue? Tak Kak v, = dx/dt = u u, ciaenosa-
TeJIbHO, CKOPOCTb Uy MOCTOSIHHA, TO

x=ut, 8.17)
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Pue. 84. IMapabora, «koTOpYO >
onuceoieaer nadawujee Teao, 6po-
WeHHOe C 20PU3OHTANbHOU RA4ANb-
Hol cKopocTbro.

X

a TMOCKOJIbKY YCKOpeHHe [1BHXKEeHHS BHU3 MOCTOSAHHO U PaBHO —{,
TO KOOpAHMHATa y nmajairoulero mapa gaercsa Gpopmynon

1
=—?gt2. (8-18)

Kakyio e KpHUBYIO ONHCHIBaeT Halll IIAPHK, T. €. KakKas CBfA3b
MeXAy KoopauHatamMu x u y? M3 ypaBHeHus (8.18), corsacho
(8.17), MOXHO HCKJIOYHTb BpeMs, MOCKOJbKY ¢ = x/u, nocje 4ero
HaxoIuM

y=— 72 (8.19)

A1y cBA3b MeXAYy KOODAMHATaMH X M Y MOXHO paccMaTpPHBaTh
KaK ypaBHEeHHe TPaeKTOPHH ABHKeHHS mapuka. Ecan usobpasurs
ee rpadHyecKd, TO MOJYYHM KPHBYIO, KOTOpasl Ha3blBaercs mapa-
6oJioit (¢pur. 8.4). Tak uro J06Goe cBOGOAHO MNajawliee Telo,
Gynyud OpOLIEHHHIM B HEKOTOPOM HampaBJIeHHH, OBHXXeETCH MO
napaboue.



T'aasa 9

AHWHAMHUYECKHE 3AKOHbDI
HbIOTOHA

§ 1. Hmnyaoc u cusra

OTKpHITHE 3aKOHOB NMHAMHKH HJH 3aKOHOB
JABHXEHHS CTaJO ONHHM H3 Haubojiee ApaMaTH-
YeCKHX MOMEHTOB B HCTOpHH HayKH. Jlo HbloToHa
IBHXXEHHe DAa3JIMYHBIX TeJ, HalpHUMep IJaHeT,
NpeICTaBJAJOCh 3araflkoil AN yueHBIX, HO nocje
oTkphiTHA HbloTOHa Bce BApYr cpasy craso mo-
HATHO. CMoriu OHITh BBHIYHC/AEHH [Jaxe OYeHb
cnabble OTKJIOHEHHS OT 3aKOHOB Kemnepa, o6yc-
JIOBJIEHHBIE BJIMSIHHEM APYTHX NJaHeT. [[BuxKeHHe
MasATHHKA, KoJleGaHHsA rpy3a, NMOJBEIIEHHOro Ha
NpyKHHe, U APYrHe HENOHATHBE 1O TOrO sBJle-
HHS1 PacCKpHIJIH CBOU 3aragku 6jarogapst 3aKOHaM
HeloTona. To ke camoe MOXHO CKasaTb M 00
3To# raBe. J1o Hee BBl HE MOIJIH PAaCCUMTATh, KaK
IBUXKETC T'PY3HK, NPUKPEINJIEHHHH K NpYXHHe,
He TOBOpS yXe O TOM, YTOObl ONpefeUTb BJIHA-
Hue lOnurepa u CaTypHa Ha [ABHXKeHHe YpaHa.
Ho nocne 310t rmaBel BaM GyaeT AOCTYNHO H TO
u ppyroe!

IlepBhiit 60/bLIOH WAl B MOHUMAHHH JBHXKe-
HUSl Obl1 chenaH [anuieeM, KOrxa OH OTKpPHII
CBOH npuryun uxepyuu: TeJO, NpeLoCcTaBJIeHHOe
camoMy cebe, eciu Ha Hero He JQeHCTBYeT HUKa-
Kasi CuJla, COXpaHsieT CBOe INpsIMOJIMHeiHOe [BH-
XKeHHUe C MOCTOSIHHOH CKOpOCTbIO, KaK JBHraJjioch
0 3TOrO, WJIM OCTaeTcsi B MOKOe, ecJH OHO M0
3TOro MOKOUJ0Ch. KOHeuHo, B NpuUpoie TaKoro He
6uiBaer. [lonpo6yiiTe TONKRYTb KyOHK, CTOSLIH
Ha ctosne. OH ocraHoBuTcsl. [IpHunHa B TOM, 4TO
KyOUK TpeTcs O CTOJ, OH He NpefocTaB/]eH caMo-
my ce6e. HyxHo umeTb oueHb Goratoe BoobGpaxe-
HHe, 4TOObl YBHAETb 3a 3THM NPHHLHUN HHEpPLHUH.

EcTecTBEHHO HYXHO elle pa3peluTb cJaelylo-
IHUA BOMPOC: a KAaK W3MEHAETCA CKOPOCTb TeJa,
ecJIM Ha Hero uTo-T0 Oelictgyer? OTBeT ObIT OaH
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Helotonom. OH cdopmyaupoBan Tpu 3akoHa. [Tepswii 3axkoH
npeacrapJsier CO60H NPOCTO NOBTOPeHHe NMPHHUKNA HHepuuH ['a-
aunesi. Bropoid 3aKoH rOBOPUT O TOM, KaK H3MeHsercsi CKOPOCTb
Tesla, KOrjla OHO MCNBLITHIBAeT pas3JHyHble- BJIUSHHUSA, T. €. KOrja Ha
Hero NeHCTBYIOT cuast., TpeTud 3aKOH B KaKOM-TO CMBICJE OMH-
ChIBaeT CHJIbI, HO O HeM MBI NOTOBOPHUM HECKOJIbKO mo3xKe. 3jech
6yzer uatu peub 0 BTOpOM 3aKOHe, COrjlacHO KOTOPOMY NojA Aeil-
CTBHEM CHJB JBH)KEHHE TesJ H3MeHseTcs ClelyoUuM o6pa3oM:
CKOPOCTb U3BMEHEHUS €O BPeMeHeM HeKol BeAUdUHbL, HA3b!8ae-
MOU KOAUYECTBOM OBUNCEHUSA, WIH UMNYAbCOM, NPONOPYLONAALHA
cuse. TlosaHee Mbl 3anHIIeM KOPOTKYI0 MaTeMaTHYeCKyl ¢op-
MYJHPOBKY 3TOTO 3aKOHa, a cefiyac naBaiiTe pasbepemcs B €ro
cozlepKaHHH.

Hmnyave u ckopocts — Ben pasuuie. B ¢usnke ynorpe6-
JIeTCsl MHOro CJIOB, M KaXKJ0e M3 HHX B OTJuuMe OT CcOBIYHOTrO
pasroBOpHOrO fiI3blKa HMeeT TOYHHIA cMbica. [IpumepoM Mmoxer
C/Iy)KHMTb CJIOBO «HMIYJbC», H Mbl JOJMKHB ONpPEeIeJHTb €ro TOoy-
Ho. ToaxkHUTe cllerka pyKo# KaKoH-HHOYIb JIeTKHH npeiMeT — OH
TOTyac HayHetr ABHMraTbcs. Ecnu ¢ Tako# xe CHJIOH TOJNKHYTb ro-
pa3go 6oJiee TsiXKeJbH NpeiMeT, TO OH OyneT ABHUraTbCsl 3HayH-
TeJIbHO MeMJIeHHell. B CYIHOCTH HY>KHO FOBODHTb He O «JIETKOM>»
HJIH «TSIXKeJIOM» NpenMeTe, a O MeHee MACCUBHOM Wi 6oaee mac-
CUBHOM, TaK KaK MeXIy 6ecOM W uHepyuei npeaMera ecTb pas-
HHIlA, KOTOPYI0 HYXHO NOHHMAaTb. (CKOJBKO BECHT TeJsO — 3TO
OfIHO, a HAaCKOJNbKO TPYAHO pa3orHaTb ero— COBCEM MAPYroe.)
OnHaKoO Ha NMOBEPXHOCTH 3€MJIM BeC U UHEPUHs NponopyUoOHasbHbl
IpPYyr APYTY M 3a4acTYiO PacCMaTPHUBAIOTCA KaK YHCJEHHO pasHule.
Arc 4acTo MPUBOAHUT K HENOHMMAHHMIO Pa3HHUH MexAy HHMH. Ha
Mapce, HanpuMep, Bec npeaMeToB GYACT OTJHMYATLCA OT Beca Ha
3eMJle, HO HHEPTHOCTb OCTAaHeTCs TOH XKe caMoil, T. e. moTpe-
GyeTcsi TO e KOJHYeCTBO CHJIbl, YTOOb NpPeofoJeTb HHEPIHIO
TeJsa.

KonnuecTBeHHONH Mepoli HHEPTHOCTH siBJseTcs Mmacca. Ee
MOXXHO H3MepsiTb TaK: NPOCTO NPHUBs3aTh NMpelMeT Ha BepeBOUKE,
KPYTHTb €ro ¢ OINpeJeJleHHOH CKOPOCTbIO M H3MepsTb Ty CHJY,
KOTOpasi Heo06XOAHMa, 4TOObl yHepxKaTb ero. IDTHM cHnoco6oM
MOXKHO H3MepsiTb Maccy JIOGBIX MpeaMeToB. A Mnyasc — 3TO Npo-
CTO NPOU3BeeHHEe MACCbL Teja HAa ero CKOpocTsb. Temnepb MOXHO
sanucatbh Bropo# 3akoH HbloToHa B MaTeMaTHueckoH ¢opme:

F=-2 (mv). ©.1)

JaBaiite pasbepeM monpoGHee HeKOTOpble ero cTopoHbl. IIpu Ha-
NHCaHUH 3aKOHA, NOJO0GHOr0 3TOMY, OOBIYHO HCMOJB3yeTCs MHOTO
HHTYMTHBHBIX HJeH; 4YTO-TO MOApa3yMeBaeTcsi, YTO-TO MpearnoJa-
raetcs M KOMOGUHHpYyeTcs B npuOMMKeHHbIH «3akoH». Ho mocie
3TOro He0GXOAHMMO CHOBA BEPHYTbCSA Hasaf M NMOAPOOGHO H3YUHTb,
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YTO O3HauaeT KaXAbl# ujeH. Ecim ke nbiTaThes cpenath 31O C
€aMoro HayaJja, TO MOXHO Ge3HaJeXXHO 3amyTaTbcs. Tak uyTo MbI
CYHTaeM HeKOTOpble NMOJIOXKEeHHs caMO cOOOH pa3yMelLUMUCT H
He Tpe6YyIOUIMMH HHKAKOrO N0OKa3aTeJbCTBAa. Bo-mepBbiX, Mbl CYH=
TaeM, YTO MacChl TeJl NOCTOAHHbL. ITO, BOOGILLEe TOBOPS, Hempas
BHJIbHO, HO Mbl HauHeM C HbIOTOHOBCKOIO NpPUONHXKeHHs, KOraa
Macca CYHTaeTcsl MOCTOSIHHOM WM He H3MeHsIOUleHCcsi C TeueHHeM
BpeMeHH. BO-BTOpBIX, eClH CJOXKHTb BMecTe fABa INpeameTa, TO
Macca o6pa3oBaBILUerocst Teja paBHa cymme HX Macc. DTO MOJO-
XeHHe HesiBHO npeanoJjarajaock HbioTOHOM, KOra OH nucasa CBOU
ypaBHeHHsl, B NMPOTUBHOM cJjyiae OHH ObliM Obl GeCcCMbIC/HEHHBI.
Ilycth, HanpuMep, Macca HU3MeHsieTCss OOPATHO NPONOPUHUOHANBHO
CKOPOCTH, HO TOT1a HMNYJbC HuK020a Gbl He U3BMEHAACA W 3aKOH
nortepss1 Gbl BCIKOe COMepxkKaHHe, 3a HCK/IOYEeHHEM TOJNbKO TOTO,
YTO Bbl 3HaeTe, KaK M3MeHsieTCsi Macca cO CKopocTblo. Tax 4To
CHayajla Mbl CUHTAEM MACCY HeU3MEeHHOU.

Heckonbko cnoB 0 cuie. B KauectBe mepBoro rpy6oro npu-
G/HXKEeHHsT Mbl PaCCMaTPHUBAJH CHJIY KaK HEKUIl TOJYOK HJIH THATY,
KOTOpasi MOxeT OblTb MPOH3BE/leHa C NMOMOLbLI0 HAIUKUX MbILIL, HO
Tenepb, MOMb3YSAChb ypaBHeHHeM [BHXX€HHsS, Mbl MOXeM OInpe[e-
JUTb ee Gojiee TOuyHO. OueHb BaXKHO NOMHHTb, 4TO 3aKOH Hbio-
TOHA BKJ/IOYaeT He TOJIbKO H3MeHeHHe BeAuUtUHbl UMNYJIbCA, HO H
H3MeHeHHe ero Hanpasaenus. HMrtak, ecinm macca nocTosiHHA, TO
ypaBHeHHne (9.1) MOXHO 3anucaTb B BHIE

F = m‘:;_v =ma, (9'2)

t

rie a — YCKOPeHHe, T. € «CKOPOCTb H3MeHeHHUs CKOpocTu». Bro-
poii 3akoH HploTOHa O3HayaeT He TOJbBKO TO, YTO H3MEHEHHS,
BbI3BaHHbIe JaHHOH CHJIOH, 06paTHO NMPONOPLUHOHANBHBEl Macce, HO
H TO, UTO Hanpasierue U3MeHeHHs] CKOPOCTH COBNAfaeT C Hanpas-
AeHuem NeiCTBUS CHJbl. BaXKHO NMOHHMATb, UYTO TEPMHH «yCKOpe=
HHe» HUMeeT B (u3uke OoJsiee IIMPOKUN CMBICJ, YeM B OOBLIYHOH
pasroBopHoil peur. OH 03HayaeT He TOJILKO YBeJIHUeHHe CKOPOCTH,
HO H 3aMelJieHHe (B 3TOM CJy4ae Mbl FOBOPHM, YTO YCKOpeHHe
OTpHLATe/bHO), H NepeMeHy HanpaBJleHHs ABHXeHHs. B ri. 7 mur
y3Ke MO3HaKOMHJIUCh C YCKOPeHHeM, HaNnpaBJeHHbIM MO NMPSAMbIM
YIJIOM K CKOPOCTH, H Mbl BHAEJH, YTO MpeaMeT, ABHXKYLIHHACA 1O
OKDYXXHOCTH pafHycoM R co CKOpPOCTbIO v, 3a MaJsibli HHTepBaJ
BpeMeHH ! YKJIOHSeTCS OT CBOero NMpsiMOro NyTH Ha pacCTOsSHHe
1/o(v?/R) 2. Tak 4TO B 3TOM CJyyae YCKOpPeHHe HampaBJ/IeHO NOJ,
NpSMBIM YIJIOM K HanpaBJIeHHUIO ABHUXKEHUS M PaBHO

a =%° 9.3)

Takum o6pa3oM, CHJa, JeHCTBYIOLIAsi MOJ NPSIMBIM YrJIOM K CKO-
POCTH, BBI3LIBA€T WCKPHUBJIEHHE NYTH, NMpHYEM paguyC KPHBHU3HBI
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Pue 9.4. Marce nepemeuenue
Tenq.

&L

MOXHO HaWTH, e/l CHIy Ha maccy Teaa (MpH 3TOM Mbl MOJY-
uaeM yCKOpeHHe) H HCNoJb3ys 3aTeM ¢opmyay (9.3).

TepMHH «CKOpPOCTb» TOXKe HMMeeT B (H3HKe GoJiee LIHPOKHH
CMBbIC/I, YeM B OObIAeHHOH XH3HH. DTO He MPOCTO HEKOTOPOe KO-
JINYeCTBO METPOB B CEKYHAY, T. €. aGCOJIOTHAs BeJIHYHHA CKOPO-
CTH, HO H HanpasAerue nepeMellleHHs B KaX bl MOMEHT BPeMeHH.
MarteMaTHYeCKH Mbl MOXKEM ONMHUCATb H BeJIMYMHY, H HampaBJieHHe
CKOPOCTH, ecaM OyneM 3afiaBaThb H3MeHeHHe KOOpDAMHAT Tesja C
TeyeHHeM BpeMeHH. [lycTb, HanpuMep, B HEKOTOPLIH MOMEHT TeJIO
NBHXKETCSl TaK, Kak 3TO moka3aHo Ha ¢ur. 9.1. Torna 3a Maablit
NPOMEXYTOK BpeMeHH Af OHO MpOHIeT HEeKOTOpOe pacCTOsiHHe
Ax B HampaBJIeHHH OCH X, Ay B HampaBJIleHHH OCH Y U Az B Ha-
npaBJieHHH ocH 2. Pe3ysnbTaToM XKe 3THX M3MeHeHHH KOOpAMHAT
O6yner nmepeMmedieHHe AS BIOJb [JHAaroHajHd mnapaJjiiesenunesa co
cropoHaMH Ax, Ay, Az, KoTopble CJedylOIUM 06pa3oM CBf3aHbI
C COCTaBJISIOLIMMH CKOPOCTH M MHTEPBAJIOM:

Ax=v,At, Ay=uv,At, Az=u,AtL. 9.4)

§ 2. Komnonentst cxopocrtu, YyckopeHus u cuavt

B ypaBHeHun (9.4) Mbl pasAosuAu CKOPOCTb HA COCTABAAIO-
ujue (MMM KOMNOHEHTbL), KOTOpble TOBOPSIT HAaM, HACKOJLKO Obi-
CTpPO NPOJABHraercss TeN0O B HanpabieHHsiX x, y H 2. CkopocTb
6yneT MOJHOCTBLIO OMpefieJieHa KaK B OTHOLIEHHHM ee Hampabjie-
HUs, TaK M a6GCOJIIOTHOH BeJIMYHHBI, €CJIM 3aJaTb YUCJIOBble 3Ha-
YeHHs] TPeX ee KOMIIOHEHT:

dx d dz
U=gr. Uy=-gr+ V2=rgr (9.5)

Ilpu stom aGcomoTHasi BeMHYHHA paBHa

L —lvl=A/EF 2T 2. (9.6)

Tenepb mycTb noa AeACTBHEM CHJIbI MeHSETCS He TOJbKO Be-
JHYHHA, HO M HanpasjeHHe ckopocTH (¢wur, 9.2). Xota sTO
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bue 92. Crkopocts uamensercs
KaK no éeiutune, TaK U O Hanpa-
6.1eHUI.

/ >
Vz

LOBOJIbHO CJIOXKHBIH CJIy4all, HO C NMOMOILBIO MOJACYeTa H3MEeHeHHs
KOMIIOHEHT €ero pacCMOTPeHHe CHJbHO ymnpouaercs. MameHeHue
X-KOMIIOHEHTHl CKOPOCTH 3a uHTepBan At Oygmer Av, = a,Af, rae
@y TO, YTO HA3bIBAeTCs X-KOMMOHeHTO# yckopeHuda. CoBeplleHHO
aHgasnoruyHo Av, = a,At u Av, = a,At. B takoit ¢opmyauposke
Bropoi#t sakon HblotoHa ¢akTuyecku npespallaercs B TPH 3a-
KoHa. [e#icTBUTEILHO, Mbl FOBOPHUM, YTO CHJIA HMeeT TO Ke Ha-
npaBJieHHe, YTO U YCKOPEHHe, TaK UTO KaxJAas H3 COCTABJSIOUIHX
CHJIbl B HamnpaBJ/IeHHsIX X, Y U 2 paBHA Macce, YMHOXeHHOH Ha u3-
MeHeHHe COOTBETCTBYIOILLEHl KOMIOHEHTbl CKOPOCTH:

du
Fx=m( d;‘)=m dt2)='max’

Fron(%)—n(8)—ma, 6
e (42) = (£5) =,

IToxo6110 CKOPOCTH U YCKOpPEHHIO, CHJIA TOXe MOXeT ObITb pasJio-
deHa Ha KOMIIOHEHTbl, MPHYeM KaXKJAas M3 HHUX ABJSAETCS Npoek-
uMeil OTpe3Ka NpsMOMH, YHCJEHHO PaBHOrO abGCOMIOTHOH BeJHYHHe
CHJIbl U YKa3blBAaIOLIero HanpabjleHHe ee NeHCTBHs, Ha OCH X, Y
uz

P

F, = Fcos (xF),
AN

F,= Fcos (yF), (9.8)
A\

F,= Fcos (zF),

-~ P P
rae F— aGconoTHas BeqMYMHA cuabl, a (xF), (yF) u (2F) —
yrabl MeXJAy HampaBjJeHHeM CHJBbl H OCAMH X, § H 2 COOTBeT-
CTBEHHO,
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Ypasnenus (9.7) npegcraBasior coboi nosnuywo dopmy Bro-
poro 3akoHa HbioTOHa. 3Has cuJbl, AeHCTBYWOIIME HA Teao, H
pas/iaras UX Ha KOMITOHEHTBbI, MOXHO C MOMOILbIO 3THX YPaBHEHHUM
HaiTH HBUXenue Tena. JlaBaiiTe pacCMOTpMM MOpPOCTON TpHMEp.
IMyctb B HanpaBieHHAaX X W y He LeACTBYIOT HUKAKHE CHJbI, a
€CTb CHJ1a TOJIbKO B HampaB/jleHHH 2 (CKa)eM, BePTHKAJbHO).
Torpa, cornacHo ypaBdeHaio (9.7), H3MeHAeTCA TONbKO OOHA
BePTHKa/lbHasl COCTaBJAOILAA CKOPOCTH; YTO K€ KAcaeTcsi ropH-
80HTa/IbHBIX, TO OHH OYAYT OcTaBaTbcs HeM3MeHHEIMH, [Ipumep
TAaKOTO [IBUXKEHUA YyKe paccmaTpusaJcst B r. 7 (cMm. ¢ur. 7.3).
Takum 06pasoM, ropu3oHTa/lbHOE ABHXEHHE Nalaiollero Tesa
OCTaeTCsl HEW3MEHHbIM, TOra Kak B BePTHKAJbHOM Hampas/eHHH
OHO ABHMXKETCA TakK, Kak OYATO HUKAKOTO FOPHU3OHTAJNLHOrO [BH-
)XeHHa BooOule HeT. JIpyrumu c/aoBamu, €c/M KOMIOHEHTH CUA
He CBs3aHbl IPYr € APYroM, TO H [ABUMEHUS B HamNpaBJeHHAX
ocell X, Yy u 2 OYAYT HE3aBUCHMBI.

§ 3. Uro rarxoe cunra?

Yr06b1 N0Nb30BaTbCA 3aKOHAMH HbioTOHA, MBI HOMXKHB HMETb
KaKkyo-10 GOpMyny A CuMl; Belb 3TH 3aKOHbI TOBOPST HaM: no-
Oymuirte o curax. Ecan Teno yckopsercs, ctano GbiT, Ha Hero
yTo-TO AeHCTBYeT. A Kak HalTH 310 «4To-To»? Haweil nporpam-
MO#l Ha Oyayltee [NOJMKHO OBITL OTbiCKAHUe 3AKOHO8 0af CUA.
HekoTopele M3 Takux 3aKoHOB Gblin Haigenbl camum Herotonom.
Hanpumep, ¢dopmyna ans cuabl Tarotenus, Yactb ceedenuii o
CH/1aX [APYroro poua Coaepxutcs B TperbeM 3akoHe, KOTOPbIH
yTBEpXK/IaeT PaBEHCTBO CHUA [eHCTBHA M MPOTUBOAEHCTBHs, HO 06
aToM 6oJiee monpoOHO mo¥neT pedb B CJAeAylOleH TaaBe.

[Mponomxum Haw npeabiaywuii npumep. Uto 3a cuabl gelcT-
BYIOT Ha TeJIO BO/MM3HM MOBEPXHOCTH 3eMIH? DTO — CHJIA TAXKECTH,
HanmpaB/IeHHAas BEPTHKaJbHO BHHM3, MNpPOMOPLHCHAJbHAs Macce
TeNa ¥ AJS BBICOT, MHOTO MeHbLUHX, YeM paauyc 3eMJin R, MoyTH
He 3aBHCsLIAs OT BLICOTH; OHAa paBHa F = GmM/R* = mg, rae
g = GM/R? — tak Ha3biBaeMoe yckopexue cuabvt Taxectu. B ro-
PH30HTAJIbHOM HaNpaBJleHUH TeJO Mo-npexHeMy OyaeT OBHUrartbest
C MOCTOsIIiHOW CKOPOCTBbIO, ONHAKO NBHXKEHHEe B BePTHKAJbHOM Ha-
mpaByieHun Gosiee uHTepecHo. Ilo Bropomy szakony HbioToHa

mg=m{Z%). (9.9)

ITocne cokpauleHnss MacChl m noJywuaeM, 4TO YCKOPEHHE B Ha-
npasjieHHy X TMOCTOSIHHO M PaBHO g. DTO XOPOLIO H3BECTHOE [BHU=
2KeHue CB06011H0 Nnapawpliero rtena, KOTopoe ONUCHIBAETCH ypaB-
HEeHHUAMH

Uy =10, + gt,

0 (9.10)
x=x0+Uot+‘2—gt2.
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Due 93. I'pysuk na npysxcunke.

Monomenue
pasuaaecuﬂ

X
et
PaccMotpuM apyroit mpumep. IlpexcraBuM, 4TO MBI CMOTJIH
cosnath ycrpoiictBo (¢pur. 9.3), B KOTOPOM CHJIAa MPSAMO Mpomnop-
I[HOHAa/bHA OTK/JOHEHHIO OT TMOJIOXKEHHS PaBHOBeCHA W Hampas-
JieHa MPOTHBOINOJIOXKHO eMy, —3TO MPYXKHHA ¢ rpy3ukom. Jle#cr-
BHTEJIbHO, NMOCKOJIbKY CHJIA TAMXKECTH KOMIEeHCHPYeTCs HayaJbHbIM
HATSXKEHHEeM INPYXHHBI, TO HMeeT CMBICJ T'OBOPHTb TOJILKO 06
usboirourodi cune. EcqH NOTAHYTb TPY3HK BHH3, TO NpYXKHHA
pacTAHETCS W NOTSHET ero BBEpX, ec/d Xe TOJNKAaTbh IPY3HK BBEpX,
TO NMPYXKHHA coxMeTcs M OYyAeT TOoJNKaTb ero BHH3. [Ipu 3TOM Bce
YyCTPOEHO TakKuM 06Gpa3oM, YTo 4yeM Gosblile CH/IA M 4YeM CHAbHEe
Mbl OTTATMBaeM TpY3HK BHH3, TeM GoJbllle pacTAruBaetcs Mpy-
>KHHA U TeM CHJbHEe OHA TSHET ero BBepX, H HaoGopot. Habumo-
nasi 3a pabGoToi 3TOro ycTpoicTBa, Mbl BUAHUM JNOBOJIBHO HHTEpec-
HOe [BHXKeHHe: BBepX — BHM3, BBepX — BHH3... Bo3HHKaeT Bompoc,
MOryT Ju ypaBHeHuss HbloToHa mpaBuabHO omucaTtb ero? Ecau
npuMeHuTb 3akoH HbloToHa (9.7) A/ TaKoro nepHOAHYECKOro
OCIHJLISITOPA, TO MOJIYYHM CJlefylolllee YPaBHEHHE:
duy
—kx_m(W , (9.11)
T. € 3/1eCb Mbl BCTpPeYaeMCsl C TaKHM NOJIOXKeHHeM, Korja X-KOM-
NOHEHTAa CKOPOCTH HM3MeHseTcssi ¢ OBbICTPOTOH, MPONMOPLHOHAJIb-
Ho# x. Her cMbics1a ceffuac BBOAMTH MHOTOYHC/IEHHbIE KOHCTAHTHI;
B lleJX MPOCTOTHI NPEAMNOJIONKHM, YTO MO0 H3MeHH/ICA MaciuTab
BpeMeHH, JH60 UYTO-TO MPOM3OLLJIO C APYrMMH €JHHHLAMU H3Me-
peHus, CJOBOM, OHH BHIGpaHBI TaK, 4TO k/m paBHO eNHHHIe.
Urak, 6yneM NbITaThCs pelllaTh ypaBHeHHE

=—1x. (9.12)

UTo6bl MOHATH Aafbllle, HYXKHO CHayaja pa3o6parbcs B TOM, YTO
TaKoe Uy; TO, YTO 3TO OBICTPOTAa H3MEHEHHS INOJIOXKEHHs, HaM,
pasyMeercs, yKe H3BECTHO.

§ 4. Cmoica Ounamuueckux ypasueniiii

IoneiTaeMca Tenepb MOHATb, 4YTO Ke O3HAuyaeT YypaBHEHHe
(9.12). Ilycte B maHHBIE MOMEHT BpeMeHH ! TeJIO HAXOAHTCA B
TOYKE X H JBHKETCS CO CKOPOCTbIO Uy. KakoBel 6yayT ero moJio-
JKEeHHE M CKOPOCTb CNYCTS HeGOJbLIOH MPOMEXKYTOK BpeMeHH, T. €,
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B MOMeHT £ €? Ecau Mbl cMOMKeM OTBETHTb Ha 3TOT BOIpOC, TO
npo6jeMa pelleHa, TaK KaK, HCXONs M3 Haya/bHbIX YCJOBHI,
T. €. NMOJIOXKEHHA H CKOPOCTH B HEKOTOPBbIH Haya/IbHbII MOMEHT
BpeMeHH, MOXHO CKa3aTb, KaK OHH H3MEHSIOTCS B NepBbIH MO-
MEHT, a 3Hasl MOJIOXKEHUe U CKOPOCTb B NEPBbI MOMEHT, MOXHO
HAaNTH UX U B caenyowuit U T. A. Takum o6pa3omM, war 3a MIarom
BbICTpaUBaeTCcsl BCS KapTHHa ABMxKeHHsA. [na Gosblueit ompefe-
JICHHOCTH NPEANOJIOXKHUM, 4TO B MOMeHT ! = 0 mnosioxkeHue rpy-
suka x = 1, a ero ckopoctb v, = 0. [louemy BoOGILEe ABHXKETCS
rpy3uk? Jla moTomy, 4TO Ha Hero B J060M NOJIOXKEHHH, 3a HC-
KJIIOUeHHEM TNO0JIOXKeHHusl paBHaeecus x = 0, nefictByer cusa. Ecan
x >0, To 3Ta cuaa HanpaBJeHa BBepx. CiieoBaTe/NbHO, CKOPOCTb,
KoTopasi BHayaJsie Obljla HyJeM, 6Jlarofapsi ypaBHEHUSM [BHKe-
HUsl HayMHaeT u3MeHATbcs. HO Kak TOJNbKO CKOpPOCTb HauyHHaeT
BO3pacTaTh, TPY3MK NPUXOAUT B ABHXKeHue. Has moboro Mmo-
MEeHTa BpeMeHH { NpPH OYeHb MajJOM € MOXKHO C JOCTAaTOYHO XO-
polllell TOYHOCTBIO HAHUTH NOJOXEeHHe B MOMEHT { - & uepe3 CKoO-
POCTb U NOJIOXKEHHe B MOMEHT f:

x(t+¢e)=x(t) + ev, (¢). (9.13)

KoHeuHO, 3TO BbIpaXKeHHE TeM TOYHee, YeM MeHblle g HO OHO
MOXeT OBbITb AOCTATOYHO TOYHBIM, fa)Ke KOrja WUHTepBaJ & He
Hcyesawoule MaJj. Uro Tenepb MOXKHO CKa3aTb O cKOpocTH? UToG6bl
Onpefe/uTb CKOPOCTb B MOMEHT f - g, OYeBHAHO, HYXKHO 3HaTh,
KaK OHa M3MEHSeTcsl CO BpeMeHeM, T. €. HyXKHO 3HaTb YycKopeHue.
A Kak y3HaTtb ero? Bor 31ech-TO HaM Ha NOMOIIb NPHXOAAT
ypaBHeHHs JHHAMUKHU. IMEHHO OHM NO3BOJIAIIOT ONpefeNuThb, YeMy
paBHO YyCKopeHHe. B Hamell 3asaue ypaBHeHHe NMHAMHKH TOBO-
PHT, YTO ycKopeHue paBHo —x. [ToaTomy

v, (t + €) = v, (f) + ea, (1), (9.14)
=u, (f) —ex (f). (9.15)

VpaBHeHue (9.14) ewle KuHeMaTHyecKoe; OHO NPOCTO TOBOPHT O
TOM, YTO H3-32 HAJIHYUA YCKOPEHHs CKOpocTb H3MeHsiercs. On-
Hako ypaBHeHue (9.15) yxe Ounamuueckoe, MOTOMY 4YTO OHO
cBA3biBaeT yCKopeHHe ¢ cunoll. OHO TOBOPHT, YTO B JAHHOH 4acT-
HOH 3ajaye AJA NAHHOrO MOMEHTa BpeMeHH YCKOpeHUe MOXKHO
saMeHutb Ha —x(f). CienoBaTenbHO, €CH B KAaKON-TO MOMEHT
BpeMeHH HaM H3BECTHHI N0JIOXKEeHHEe X H CKOPOCTb Uy, TO MBI 3HaeM
H YCKOpeHHe, KOTOpOe JaeT BO3MOXHOCTb HAaHTH CKOPOCTb B CJle-
LyIOUHil MOMEHT, a CKOPOCTb B CBOIO OYepellb OMpefesseT HOBOe
noJoxXeHue H T. A. Bor kakumM o6pa3oMm [peiicTByeT Becb 3TOT [H-
HaMmuyeckuil mexanuam! [leficTBylomas cuja HEMHOro F3MeHseT
CKOPOCTb, @ CKOPOCTb NPHUBOAUT K HeOOJIbIIOMY H3MEHEHHIO IO-
JIOXK EHHUS,

167



§ 5. Yucaennoe pewenue ypasuenui

HaBaiite Temepb NeHCTBUTENbHO peIIMM Hamy 3agady. [o-
nyctuM, uto Mbl B3sau € = 0,100 cex. (Ecau nocse Toro, Kak Mbl
nponenaeM Bce BBIYHUCIEHHS, OKAXKeTCH, YTO ITOT HMHTEepBal He
LOCTAaTOYHO MaJl, TO HeOGXOAMMO NOBTOPUTb BCE CHayasla C MeHb-
MM HHTepBasoM BpeMeHd, Hanpumep 0,010 cex.) Uemy Gyner
pasio x(0,1), ecnin B HauanbHblfi MoMeHT BpemeHn x(0)=1?
OHo paBHO cTapoMy moJsioxkennio ¥ (0) nuaroc cKOpocTb B HauaJb-
HbIf MOMEHT (KOTopas paBHa HyJo), yMHOxeHHas Ha 0,10 cex.
Takum o6pasom, x (0,1) paBHo 1,00, n6o rpy3uk euie He Hayaun
nsurathcsi. Ho HoBas ckopoctb B MoMmeHT 0,10 cex Gyner paBHa
crapo#i ckopoct v (0) = 0 muoc €, yMHOXKEHHOS Ha YCKOpPEHHe,
A camo yckopenue paBHo —x (0) = —1,00. Tak uro

v(0,1)=0,00+0,10-1,00=—0,10.
B momenrt 0,20 cex
x(0,2) =x(0,1) 4+ v (0,1)=1,00—0,10-0,10=0,99

v(0,2) =v(0,1) 4+ €a (0,1) =—0,10—0,10 - 1,00=—0,20.

[Tpomomkasi 3Ty mpouenypy eue u emie, MOXXHO HaHTH INOJIO-
JKeHHe U CKOPOCTb B JIOOOH MOMEHT BpPeMeHH, a 3TO KaK pa3 To,
4TO HaM HyXHO. OJHaKO NpaKTHYECKH Mbl HCIHOJb3YEM HEXHT-
pblil MpHeM, KOTOPBIH NMO3BOJHUT YBEJHYHTE TOYHOCTb BBLIYHCJIEHHI.
Ecau Ob1 MBI Mpogo/mKasu HauyaTble HAMH pacyerbl, TO OHHM OKa-
3ajuchb Gbl JOBOJIbHO TpyObIMH, MOCKOJBKY HuTepBat € = 0,10 cei
NOBOJIbHO Oousbwioil. Ilpuuyioch Gbl YMEHBIIHTH €0, CKa)KeM, 10
0,01 cex. Ho Torma, uto6bpl NmpocJefAuTb NBHKEHHE 32 KAKOH-TO
pa3yMHBIN OTPe30K BpeMeHH, NoTpe6oBanoch Obl clenaTbh MHOXe-
CTBO WaroB. Mbl e OpraHu3yeM NpoLecc TakKMM 06pa3oM, UYTO
CMOXEM YBeJIHYHTb TOYHOCTb, HCMOJb3Yys TOT XKe HHTEepBaJ
¢ = 0,10 cex. dToro MOXHO 40CTHYb, HECKOJBKO H3MEHHB METOJ
pacuera.

3ameTbTe, UTO HOBOE NOJIOXKEHHE TeJa PaBHO CTAPOMY IIOC
MHTEPBAJ BPEMEHHU &, YMHOXEHHBIH Ha cKopocTb. Ho uTo 370 3a
cKopoCcTb? B Kaxout momenr? B Havane MHTepBasa OfHAa CKO-
pocTb, a B KOHUe OHa coBceM apyras. IlpueM cocTouT B TOM,
yTO6bl GpaThb CKOPOCTb B cepedure uxTepsasa. Ecnu usBectHa
CKOPOCTb B HACTOAIIMH MOMEHT M H3BeCTHO, YTO OHa MeHseTcs,
KaK e MOXHO HalesTbCsl IOJYYMTb YIOBJETBOPUTENbHBIH pe-
3yJIbTAT, CYUTAfA, YTO TeJO BCe BpeMs IBHIKETCH C TOil Xe CKOpo-
CTBIO, YTO U B HACTOALLIMHA MOMeHT? BoJiee pa3yMHO HCNOJIB30BATh
KaKyl0-TO CPeJHIOI CKOPOCTb MeXJy HauajJoM U KOHIIOM HHTep-
BaJsa. Te e pacCyX[eHUsI NPUMEHUMBI K H3MEHEHHIO CaMoil
CKODOCTH: MJIsl MOJCYETAa €ee H3MeHEHHH HYXKHO HCIOJb30BaTh
yCKOpeHHe B CpellHell TOUKe MeXAY ABYMS MOMEHTaMH BpeMeHH,
B KOTODBIX HeoO6X0AMMO HalTH cKopocTb. Taxkum obpasoMm, pe-
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aJIbHO Mbl 6ylleM MOJIb30BATbCA CAEAYIOUIMMH YPaBHEHHSIMH: MO-
JIOXXEHHe B KOHLle MHTepBaJia PAaBHO MOJIOXKEHHIO B HayaJje IJIOC
UHTEPBAJ &, YMHOXEHHbIH Ha CKOPOCTb B cepedure uuTepsaa.
OTa CKOpPOCTb B CBOIO Oyepelb paBHa CKOPOCTH B CepelHIle Mpe-
ABIAYLIEro HHTepBaJa (T. €. Ha OTPE30K & MeHblIe) IJIIC YCKope-

HHE B HayaJie HHTepBaJia, YMHOXKEHHO€E Ha &.

Tabauya 9.1 ® PEIIEHUE YPABHEHUS (du,/df) =—x
Hutepsan € =0,10 cex

t

0.0 1,000
0, 0,995
0,2 0,980
0,3 0,955
04 0,921
0,5 0,877
0,6 0,825
0,7 0,765
08 0,696
0,9 0,621
1,0 0,540
1,1 0,453
1,2 0,362
1,3 0,267
1,4 0,169
1,5 0,069
16 —0,030

0,000
—0,050

—0,150
—0,248
—0,343
—(,435
—0,523
—0,605
—0,682
—0,752
—0,814
-—0,868
—0,913
—0,949
—0,976
—0,993
—1,000

—1,000
—0,995
—0,980
—0,955
—0,921
—0,877
—0,825
—0,765
—0,695
—0,621
—0,540

—0,453

—0,362
—0,267
—0,169
—0,070

+0,030

Takum o6pa3oM, Mbl GyneM MOJb30BaTbCsl ypPaBHEHHUSIMHU

x(t+e)=x(t)+ev(t+%),

v(t+%)=v(t——;—)+ea(t), a(t)=—x(f).

(9.16)

Ocraercs elte oauH HeGOJBIIOHA BONpoC: yTto Takoe v(e/2)? Bha-
yase y Hac 6b10 v (0), a He v(—e/2). Ho Teneps, uTo6bl HauaTh
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Halll BBbIYHCJIEHHA, HeOOXOAHUMO HCNOJb30BaTh NOMOJHHTENbHOE
ypaBHeHue v(e/2) = v(0) + (&/2)a(0).

Hy, a Tenepb Bce rotoBo ana pacuetoB. i1 yno6¢TBa MOXKIIO
HX BBINOJIHUTb B BHAe TabJHuLbl, B CTONGLAX KOTOPO#H CTOAT Bpe-
Ms, TOJIOXKEeHHe, CKOPOCTb M YCKOpeHUe, NMpHUYeM CKOpOCTb NH-
meTcsl B MPOMEXYTKax Mexnay ctpokamu (taba. 9.1). Takas Ta6-
JHLA eCTb, KOHEYHO, NPOCTO YAOOGHBIN crnoco6 3alMHUCH pe3yJbTa-
TOB, NOJyYeHHbIX U3 ypaBHeHu# (9.16), U PaKTHYECKH MOJHOCTHIO
3aMeHsieT uX. Mbl MPOCTO 3amoJiHsieM OfHO 3a APYruM CBOGOXHBIE
MecTa B Hell M NOJyYyaeM OYeHb HHTEPECHYIO KapTHHY ABHXKEHHS:
CHayasa IPYy3HK HaXONMUTCS B IOKOe, 3aTeM NMOHeMHOry mpuoGpe-
TaeT OTPHLATEJIbHYIO CKOPOCTb (BBEpX), a 5TO NMPUBOAHT K YMeHb-
IIEHUIO €ro pacCTOsiHMA OT TOYKM paBHOBecus. Ilpu stom xoTs
YCKOpeHHe U CTAaHOBHUTCSI MeHblle, OHO BCe elle «MOATOHSIeT» CKO-
poctb. OnHaKo N0 Mepe NMPHOJIHKEHUS K NOJIOXKEHHIO PaBHOBECHS
(x = 0) yckopeHHe CTaHOBHTCS BCe MeHblLIe H MeHblle, CKOPOCTb
HapacTaeT Bce MelJieHHeH W MeJlJleHHell, HO BCe Xe elle Hapa-
CTaeT BIJIOTb A0 TOYKH x = 0, KOTOpas QOCTHraercss NPHMeEpHO
yepe3 1,5 cex. CKaxeM MO cekpeTy, YTO NpPOH30HIET Hajblie.
['py3uK, KOHeYHO, He OCTaHOBHTCA B Touke x = 0, a moizer
Jajblie, HO Tenmepb Bce OyaeT HaOoGOPOT: €ro MOJIOXKEHHe X CTa-
HEeT OTPHLATEJNbHBIM, a YCKOpeHHe — T0JI0XKHTelbHbIM. CKOpOCTDb
HayHeT YyMeHbIIaTbCcsi. VIHTepecHO CpaBHUTb MOJYyYeHHble HaMH
yHcaa ¢ GyHKUuell cosf. PesysbTaT 3TOro cCpaBHEHHSl mpeicTaB-
Jen Ha ¢ur. 9.4. OkaspiBaeTcs, 4TO B Npejenax TOYHOCTH HalUX
pacueToB (TpH 3HaKa nocJe 3ansiToit) cosnafenue mouHoe! Ilo3n-
Hee BBl Y3Haere, YTO (QYHKIHA COS ! — TOYHOE pellleHHe Hallero
ypaBHEeHHs, TaK YTO y BaC Telepb eCTb HarJsiJHOe NpejcTaBJeHHe
O MOLIM YHUCJEHHOTrO aHaJM3a: CTOJb MPOCTOH pacyeT AaeT CTOMb
TOYHBIH pe3yJbTar.

§ 6. Qeuxenue naaner

ITpuBeneHHBI aHAMM3 OYEeHb NOAXOAMT K ABHXKEHHIO OCHMJI-
JUpYIOLIEeH NMPYXHUHKH C TPY3UKOM, HO MOXHO JIH TaKHM Ke My-
TeM BBIYHCJIATb ABHXKeHue MiaHeTol BOKpYr Coanua? [laBaiite
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Fe  [Tnavema (z,y)

due. 95 Cunra npuramenus, v
Jeiicreyouan Ha naawrery.

Contiye z

MNOCMOTPUM, MOXKHO JIH NPH HEKOTOPHIX MPUOJHKEHHUSIX NMONYUYUTD
sanuntuyeckyio op6uty. Ilpennonoxum, uro CosHue GeCKOHEUHO
TAXKeJ0e B TOM CMbICJIe, YTO ero ABHXeEHe He OyHeT NpHHH-
MaTbCs B pacuyer.

IlonycTuM, 4TO B M3BEeCTHOH TOYKe NJaHeTa HauaJja CBOe JBH-
JKeHHe M uMeeT OnpelesieHHYI0 cKopocTb. OHa ABHIKETCA BOKpPYD
CosHla MO KaKOA-TO KPHUBOH, M Mbl IOMBbITAEMCsS ONpeNesUThb
¢ noMoubio ypaBHeHHP ABHxXKeHus HbioToOHa M ero e 3akKoHa
BCEMUDHOrO TATOTEHHS, YTO 3TO 3a KpuBasA. Kak 310 chenatb?
B HekOTOpBI/i MOMEHT BpeMeHHU IjiaHeTa HAaXOAWTCH B KaKOM-TO
ompefeJeHHOM MecTe, Ha pacctosiuu r or CosiHLIA; B 3TOM CJy-
Yyae M3BECTHO, YTO Ha Hee JeHCTByeT cHJa, HampaBJ/ieHHas IO
npsamoi k CoJHily, KOoTOpas, COrJIacCHO 3aKOHY TATOTEHHs, paBHA
onpeaeeHHOl NOCTOAHHOH, YMHOXEHHON Ha NpOoU3BedeHHe Macc
nnaHersl 1 Co/HLA M JeJeHHON Ha KBaJpaT PacCcTOSHHS MEXIY
HuMH, UToObl paccyxpaaTh [JaJjblle, HYXHO BBHISICHHTb, KaKoe
YCKOpeHHe BbI3bIBaeT 3Ta CHJA.

OpnHako B OT/IMYME OT MpeAbIAYIeH 3ajayd HaM moTpebyioTcs
Tenepb KOMINOHEHTb. YCKOPDeHHs B JBYX HamnpaBJIeHHSX, KOTOpbIe
Mbl Ha3oBeM X Hu Y. [losoxxeHue nJjaHeThl B JaHHBIH MOMeHT Oy-
IeT onpenensiTbcsl KOOpAMHATAMH X H Y, NMOCKOJbKY TPeTbsl KO«
OpAMHATa 2 BCerjga paBHa HYy.JIO.

JleficTBUTENIbHO, KOOPAMHATHASl IJIOCKOCTh XYy BbI6paHa HaMu
TaKUM 006pa3oM, YTO 2Z-KOMIIOHEHThl KaK CHJbI, TaK M HayaJbHOH
CKOPOCTH paBHBI HYJIIO, @ IO3TOMY HeT HUKAKHX NPUYHH, KOTOpBIE
Obl 3aCTaBW/IKM MJIaHeTy BBHIATH M3 31Ol njockoctd. Cuia npu
3ToM Oyaer HampaBJeHa MO JHHHM, COeQUHAIOLIEH NUIaHeTy C
CousHueM, Kak 3TO MOKa3aHO Ha ¢ur. 9.5.

M3 storo pucyHka BHIHO, YTO TrOPH3OHTaJIbHasi KOMIIOHEHTa
CUJIBI TaK OTHOCHTCS K NOJIHON ee BeJHYMHE, KaK KOOpANHATa ¥
OTHOCHTCSI K PAcCTOSIHHIO r. DTO cpasy cJjeayeT M3 nogobus tpe-
yronbHHKOB. Kpome TOro, eciiu x NoJIOXKHTe/dbHAa, TO F, OoTpuLla«
TeJIbHA, U HA06OPOT.

Takum o6pasom, F,/|F| = —x/r, uwan F.= —|Fl|x/r=
= —GM mx/r* u coorBercrBeHHo F, = —GM my/r3. Teneps
MOXXHO BOCNOJIb30BaTbCA AMHaMHYeCKHMHM 3akKoHamu (9.7) ©
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HanHucaThb, 910 X- HJIM Y-KOMIIOHEHTA YCKOpeHHd, YMHOXEHHada Ha
MacCy mnJianerbl, paBHa COOTBETCTBEHHO X- HJIH Y-KOMIOHEHTE

CHJbIL
m ( dvy ) — Gme ,
m(dvy )_ GMmy ' (9.17)
r=4/2+4 + Y-

DT0 WMEHHO Ta CHCTeMa YpaBHEHHH, KOTOPYI Mbl JOJAKHBI pe-
wHTh. a3 TOro YTOOLl YIpOCTUTb BBLIYHMCJIEHHUS, NPedNOJIOKHUM,
4yTO NGO eAUHHUIB U3MepeHUS BPeMeHH HJIM MacChl BhIOpaHBI CO-
OTBETCTBYIOLUM 00Opa3oM, Ju60 HaM NPOCTO MOBE3JO, CJOBOM,
noJiyynJioch Tak, 4o GM = 1. [las Hawero ciyuas npeanoJo-
JKMM, YTO B HauyaJbHbIH MoMeHT ! = 0 mJaHeTa HaXOJHjacb B
Touke ¢ koopiuHatamu x = 0,500 u y = 0,000, a cxkopocTb ee
B 3TOT MOMEHT HalpaBJeHa NapaJJenbHO ocH y u paBHa 1,6300.
Kak xe B 3TOM ciyuae nenaroortcsa pacyetol? CHOBa cocraBisercs
tabiuua co CToabuaMu O/ BpeMeHH !, KOOPALHATH X, X-KOM-
NOHEHT CKOPOCTH Uy M YCKOPEHHRI aQy. 3aTeM HIYT OTAEJeHHble
yepTO TPH KOJIOHKH: A/l KOOPAHUHATHl Y, Y-KOMIIOHEHT CKOPOCTH
u yckopenus. OQHaKo, Q17 TOro 4TOOBI MOACYHUTATb YCKOPEHHS,
MBI JOJIXKHB BOCNOJIb30BaThc ypaBHenueM (9.17), corsmacHd ko-
TOPOMY €ro KOMMNOHEHTH PaBHB —x/r® U —y/rd, a r=A/x"+ Y2
Tak 4TO, NONYUYHB X U Y, Mbl JOJKHH I'le-TO B CTOPOHKE MPOBECTH
He6OoJIbUIHEe BBIYHCJIEHHUS — H3BJIeUb KBaJpaTHBIA KOPeHb H3 CyM-
Mbl KBaZpaTOB U NOJYYHTb pPacCTOsiHHe. YIOOHO TaKXKe OTAENbHO
BHIYKHCJANTD W 1/r3.

ITocne 3TOro BCe roOTOBO, YTOOBLI OMNpPENENUTb KOMIIOHEHTHI
yckopeHus. Bcio 3Ty paboTy MOXKHO CUJIbHO O6J€ryuTh, ecian
N0/b30BaTbCsl TabaulaMU KBaapaToB, KyGOB M 0OpaTHBIX BeJH-
ypH. Ha namwy nomo ocTaHeTcs TOrAa TONMBKO YMHOXEHHE X Ha
1/r%, KOoTOpOoe Nerko BLIMOJHAETCS Ha JOrapupMHYeCKOH JH-
HeflKe.

[epeiinem K pnanbuelmeMmy. BosbmeM uHTepBan Bpemenn
¢ = 0,100. B HayanbHbIl MOMeHT ¢ = 0

x(0)=0,500, y (0)=0,000,
v, (0) =0,000, v, (0)=+ 1,630.

OTcloga HaxoauM
r (0) = 0,500, 1 —8,000,

a, = — 4,000,  a,=0,000.
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r{)o(c):ge 3TOr0 MOXKHO BBIYHCJSITb KOMIOHEHTH U, (0,05) u vy
(009 v, (0,05) = 0,000 — 4,000 - 0,050 = — 0,200,
v, (0,05) = 1,630 4 0,000 - 0,100 = 1,630.
A Tenepb HauHeM Hall OCHOBHOH pacuer:
x(0,1) = 0,500 — 0,200 - 0,1 = 0,480,
y(0,1)= 0,00+1,63-0,1 =0,163,

r=4/(0,480)>+ (0,163;> = 0,507,

1

=l =7’67r
a, (0,1)=0,480-7,67 = — 3,68,
4,(0,)=—0,163-7,70 = —1,256,

v, (0,15) = — 0,200 — 3,68 - 0,1 = — 0,568,
v, (0,15)=1,630—1,26-0,1 =1,505,
x(0,2) =0,480 — 0,568 - 0,1 = 0,423,
y(0,2)=0,16341,50-0,1 =0,313
H T A

B peayiabTate Mbl NMOJNy4YuM 4HHCJIA, NPUBENEHHbIEe B Taba. 9.2,
rae npuOaM3NTebHO 3a 20 wWaros mpocseXXeHa noJIOBHHA nNyTH
Hamwet naanern Bokpyr Coauna. Ha ¢ur. 9.6 otnoxeHs koopau-
HaThl NJaHeTHl X H y, npuBeleHHble B Tab6a. 9.2. Touku npea-
CTaBJAIOT COGOM MOc/efOBaTebHbE MOJIOXKEHUsS MJaHeThl yepes
KaXIylo [ecATylo AO0MI0 BbHIODAaHHOH HaMM eIUHMUB BpPeMEHH.
BuaHo, 4TO CHayaJjla OHa JBUrajach OBICTPO, a 3aTeM — BCe Me[-
JieHHell W MelJyieHHel. BuaHa Takxe u ¢opMa KpPHBOH ABHKEHHS
nnaHeTobl. MTak, Bbl Temepb 3HaeTe, KaK peaAbHO MOXHO BblYH-
CJSATb IBUXKeHHe miaHeT!

IlaBaiiTe NOCMOTPUM Temepb, KaK BBHIYUCJIUTbL ABHKeHHe Hen-
tyna, lOnuTepa, Ypana u ocranbHbIX miaHeT. MOXHO /i clenaThb
noApOGHbie pacueTbl CO MHOXECTBOM NJIaHEeT, YUYHUTBIBasg K TOMY
xe u aBuxenue CosnHua? Pasymeercs, moxuo. Halinem cHavana
cuay, AeHCTBYIOUIYIO Ha KaXXAYIO JaHHYIO NJIaHETY, HanpuMep Ha

¥
t=l,0-,. e s /=05
t=1s— 65 °
M L]
Due 96. Tpapuc Osudcenus t=g0-. 420
naaneter 8oxpyz Cosrya. A O B A N B I L1
-10 ~05 Cotnye 05 ®©
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Ty, KOTOPYIO Mbl 0GO3HauHM HOMepOM i M KOODAMHATHI KOTO-
poit x;, yi 1 2; (i =1 moxer o3HauaTb CoJHlle, i = 2 — MepKy-
puii, i = 3 — Benepy u 1. 1.). Hamma 3anava — Ha#iTH KoOpAHHa-
Thl Bcex mnJjaHer. [lo 3aKoMy TAroTeHHs X-KOMIOHEHTa CHJIbI,
IeficTByoLIas Ha i-10 IJIAHETY CO CTOPOHBI MJaHEeTH HOMep j ¢
KOOpAMHATaMH X;, Yi, Z; OyNerT paBHa —Gmiml (x,—xl)/r';?].
Ecnn xe yyecTb CH/IBI CO CTOPOHBI BCeX IJIAHET, TO MOJYYHM
CJIeYIOLlyI0 CHCTeMY YpaBHeHHuH:

N -
m.(dvix)___z _ Gm,'m]-(x,—xj)
"\ at ol '?1 ’

N 'y -
dv,, iy T Gmym; (4 — ) (9.18)
mi dt —I_J f?l ) .

=1t

N -
m.(dv,-z)=z _ Gmimi (z,—z’.)
: dt | r?]

i=1 -

re rij — PAcCTOsHHE MexXAy i-H U j-i mIaHeTaMHu:

rij=a(x; — Y+ (g —yp)? 4 (2, —zp)%» (9.19)

a ), 03HauaeT CyMMHPOBaHHME MO BCEM OCTaNbHLIM MJAHETaM,
T. €. N0 BCeM 3HAYeHUSIM j, 3a HMCKJIOYeHHeM, KOHeuHo, j = .
Takum o6pa3oM, yToObl pEWIHTb 3TO YPaBHEHHe, HYXHO JIHlilb
3HAYMTEJNbHO YBEJHUUTb KOJHYECTBO CTONOLOB B Haue# TabJuLue.
J1a neuxenus IOnurtepa moHagoOuTcA O€BATb CTOJAGLOB, A5
CarypHa — Toxe JeBATb U T. A. EcM HaMm 3amaHBl BCe Hayalb-
Hble [0JIOXKEeHHST M CKOPOCTH, TO H3 ypaBHeHus (9.18) MoxkHO
NOACYATATL BCE YCKOPEHHS, BLIYHCJ/IUB, KOHEUHO, NPeABaPUTEIbHO
no ¢opmyse (9.19) Bce paccTOSIHHS r;j. A CKOJILKO e BpeMeHH
norpebyercss Ha BCe 3TH BbluHcaeHHs? Eciau Bbl Oymere nenaThb
HX CaMH JoMa, To oueHb MHoro! OmHaKoO ceffuac yxe HMeIOTCA
MaluHMHb, HEMMOBEPHO OLICTPO BLINOJIHSIOILHE Bce apu¢MeTHue-
ckue pacyetsl. C/l0KeHHe, HANpHUMep, TaKasd MallMHA BBINOJHSET
3a 1 MKcek, T. e. 32 OIHY MHJIJIMOHHYIO AOJIO CEKYHIbl, a YMHO-
xeHue —3a 10 mkcexk. Tak 4TO ecaM OOMH LHUKJ pacyeToOB CO-
crout u3 30 omepauuil YMHOXEHHS, TO 3TO 3afMeT BCEro JIHIlb
300 mkcex, uan 3a 1 cex MmoxHO crenatb 3000 nukaoB. Eciu Mol
XOTHM CYHTaTb C TOYHOCTbIO A0 OJHOH MHJJHAPDAHOH, TO IJs
TOTO, YTOGHI NOKPHITh BCe BpeMsi OOpalleHHs MNJIaHEThl BOKDYT
Cousnua, tpe6yercss 4 - 10° uukmaos. (OkasbiBaercs, uTo ounGKa
B pacyeTax npuGJH3UTENLHO INPONOPLHOHANbHA KBajapaTy e.
Ecau 6paTh uHTEpBan B THICAYY pa3 MeHblUM#, TO OwHGKa
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YMEHBIIHUTCA B MHAMHOH pa3. Tak uro ans oGecneuyeHHss Haluef
TOYHOCTH HYXHO B3siTb HHTepBaJ B 10 000 pa3 menbue.) Ha ma-
wnHe 310 3aimer 130 cek, uam okoso 2 MUH. Becero auip 2 MuUH,
IJ1s TOoro utoGul «nporHath» lOnutep Bokpyr CoJiHIa U MPH 3TOM
elle C TOYHOCTHIO N0 OJHOH MHJJIHApPJHOH YyyecTb BCe BO3MY-
IeHUs1 OT APYrux NJjaHet!

Hrak, B HauaJe 3TO# rJaBHl AJis1 Bac ObIJIH 3arajfkoil IBHXKe-
HUSl TPY3HKa Ha NMpPYXUHKE, ONHAKO Tenepb, BOOPYXKEHHbIE TaKHM
MOUIHBIM OpYAHEM, KaK 3akOHb HblOTOHA, Bl MOXKeTe BLIYHC/ATh
He TOJIbKO TaKHe MNpOCTHle fABJEHHS, KaK KauyaHHe Tpy3HKa, HO
U HEHMOBEDHO CJIOXKHBIE [ABHXKEHHS NJIaHeT, NMpHYeM C J0OO0MH
xenaemol TouyHocTblo! HyxXHa TosbKO MawuHa, 3Hamowas apud-
METHKY,



TF'aasa lo

3AKOH COXPAHEHHA
UMINIYJbCA

§ 1. Tperuii 3axon Horotorna

Bropoit 3akon HbioroHa, KoTOpbli CBS3bI-
BaeT YCKOpeHHe JIOGOro Tesa c AeHCTBYIOLIeH Ha
Hero CcHJOH, NO3BOJsAeT XOTA Obl B INpPHHLHUIE
pewuTth JIO6YI0 MeXxaHHYecKylo 3agady. MoxHo,
HanpuMep, ¢ MOMOIIbIO YHCJOBOrO MeToJa, 3Ha-
KOMOTO BaM yXe IO NpeAblAylled rjase, Onpe-
IeJUTh [BHXKEHHEe HeCKOJNbKHX vactull. OnHako
HUMeeTcs ellle AOCTAaTOYHO MPHYHH, YTOOHI Tpo-
NOJKHTb HM3yueHHe 3akoHOB HbwioToHa., Bo-nep-
BbIX, CYILECTBYIOT TaKHe CPaBHHTEJbHO MPOCTHIE
cayyaH [BHXKEHHS, KOTOpPble MOXHO H3yYaTb He
TOJIbKO YHUCJIOBBIM NyTeM, HO M C NMOMOIIbIO Tpsi-
MBIX MaTeMaTHYeCKHX MeTO#OB. Bl 3Haere,
HanpuMep, 4TO yCKOpeHHe CBOGOLHO Mafamollero
Tesla MOCTOSIHHO W paBHO 9,8 m/cex? Hcxons u3
3TOro, MOXHO OblJIO Gbl YHCJIEHHO BOCCTaHOBHTb
BCIO KapTHHY ABHXKEeHHd, ONHAKO ropasfio mpoiue
H yHZoOHee C MNOMOLIbI0 MaTeMaTHYeCKOro aHa-
JAu3a Halitn ofllee peweHHe: S = So -+ Vof 5
+ 492 To xe camMoe OTHOCHTCA H K rapMOHH-
YeCKOMY OCLHJ/ISAITOPY, PacyeTy KOTOpPOro Oblia
NOCBAIlEHA yacTb NpeAblAylied raaBbl. MOXHO
6b1J10 G MPOCTO aHAMUTHYECKH [0Ka3aTb, UTO
QYHKIHSA COS [ SABJIAETCSH TOYHBIM PellleHHeM 3TOi
3ajauy, NO3TOMY HeT HeO6XOAMMOCTH B apudMe-
THYECKHX YNPaXKHeHHUsX, eCJH OTBET MOXKHO TMo-
JyuyuTb GoJiee MPOCTHIM H CTPOTHM METOMAOM,

OnHa u3 TakuX 3afay— JBUXKEHHE MNJAHEeThl
BOKPYTI COJIHIA. MOXHO, KOHEYHO, TaK Xe, Kak
MHl 3TO AeJaJHu B TJ. 9, nmocreneHHo Haitu 06-
myro ¢opMy OpOMTH, ODHAKO M 3Ta 3ajaua pe-
maercs TOYHO, MPHYEM B pe3yJbTaTe NMOJydYaeTcs
CTPOro 3JIMITHYECKass opGUTa.

Ho, k coxaseHuio, Takux 3ajad, KOTOphie
MOryT OBITb TOYHO pelleHbl € IOMOILIbLIO aHae
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JIn3a, o4eHb MaJjio. B ToM e rapMOHHYeCKOM OCLHJIsITOpe, Ha-
NpUMEp, €CJM CHJIa NPYXHHbI He GydeT MponopLHOHAa/JbHA OT-
KJIOHEHHIO OT IMOJIOXKEHHS PAaBHOBECHS, a OKaXKeTCd HEeCKOJIbKO
C/I0XHee, Mbl YyXe He CMOXeM HH4Yero MnojesaTb W BBIHYXIEHHI
o6pamatbca K YHCJIeHHOMY pacuyery. WMau, Hafipumep, ecau Bo-
kpyr Cosndla Bpallaercs He OfHA MNJaHeTa, a ABe (T. e. BCEro
TPH Tejla B3aUMOMEHCTBYIOT APYr C APYroM), TO HaM He ymactcs
HaWTH aHAJHUTHYECKYiI0 (HOpPMY TAKOro ABHUXKEHHS M Ha [ese 3a-
llaya TOXe pellaercss YUcJeHHO. DTO 3HaMeHHTas npobieMa Tpex
TeJ, Hall KOTOPOH B TeyeHHe NOJIrOrO BPeMeHH OUJIMCh Jydilue
YMbl yeJioBeueCcTBa. MHTepecHO, YTO, NMOKa JIOAH MOHSIJH OTPaHH-
YeHHble BO3MOXXHOCTH MAaTE€MaTHYeCKOro aHaju3a H Heo6XoaH-
MOCTb HCMOJIb30BAHHS YHCJOBBIX METOJOB, NOTpeGOBaJOCh He-
mMano BpemeHH. Cefuac ¢ NOMOIUBIO 3THX METOAOB pellaercs
OrpOMHO€ KOJIHYeCcTBO 3a1ay, KOTOpble He MOIJIM GbiTh pelleHb!
aHanuTHYecKH. Ta Ke 3HaMeHMTass npob/eMa Tpex TeJs, peLIeHHe
KOTOpOH, KakK M0Jarajii, OueHb CJOXHO, B YHCJIOBOM METOAE Bhl-
IJIAAUT CaMOH 3aypsilHOH 3aJayKoil M pewaercs cnoco6om, omu-
CaHHBIM B NpeAbIAYIIed rjaBe, T. €. ¢ NOMOUIbIO GOJBIIOrO YHCIA
apudpmernueckux pedctBuii. OZHAKO HUMEIOTCS CHTYallHH, KOria
06a MeTONa OKa3blBalOTCS GeCCH/IbHBI: POCTHIE 3a1a4H PELIAIOTCS
aHAaJMTUYeCKH, a 3aJayd [MO0CJ0XKHee — YHUCJOBLIM apudMeTHye-
CKMM MeTOIOM, HO OYeHb CJIOXKHble 3aJlaYd HEeBO3MOXHO PeLIUTb
HH TakK, HH 3Tak. Bo3bMuTe, HaApUMep, CJIOXKHYIO 3afauy CTOJK-
HOBEHHUS [BYX aBTOMOOHMJIel MJIM [axe HBHXXeHHe MOJIEKYJ rasa.
B Ky6ruecKkoM MHJJHMeTpe ra3a COAepXKHTCA GeCUHC/IEHHOE KO-
JIMYECTBO 4acTull, U Obln0 Obl Ge3yMHeM NbITAaThbCA pellaTh 3a-
Jady cO CTOJbKMMH nepeMeHHbIMH (okojo 10Y, T. e. cTo mMua-
auoHoB MuasnuapaoB!). CToJb Xe CJOXKHA 3ajaya O JBHXKEHUH
3Be3Jl B L1apOBOM CKOIUIEHHH, Tle BMECTO ABYX HJIH TpeX IJIaHeT,
JBuxkymuxcs Bokpyr CoJsHua, co6paHO rpoMajgHOe KOJHYECTBO
3Be3l. ITH npobJeMbl He/Mb3d PelWHTb NPAMBIMH METOJAaMH, H
HYXHO H3bICKaTb KaKHe-TO ApYrue myTH.

IIpu TakoM NOJIOXKEeHHH, KOrJa [eTajlbHOe PacCMOTPeHHe He-
BO3MOXHO, MOJIe3HO 3HaTb HeKOTOphle oOOlHe CBOMCTBa, T..e.
o61iHe TeOpeMbl HJIM NMPUHIUNBI, KOTOPbIE SIBJSAIOTCA CJeACTBHEM
3akoHoB HbloTona. OauH 43 TakKMX NPUHOUNOB — 3TO 3aKOH
COXpaHeHHs 3HepruH, KOTOpbiii Mbl 06cyxXaaau B ria. 4. Bropuim
NPHHILUNIOM SBJAETCA 3aKOH COXPaHeHHS HMIYyJbca, KOTOPOMY
MOCBsIllleHa HacToslIas rJaaBa. Jlpyras npuyuHa HeOGXOXMMOCTH
NaJibHeflllero H3yyeHHss MeXaHHKH — 3TO CYLIeCTBOBAHHE HEKO-
TOPBLIX OOIIMX CBOHCTB [BHXE€HHSl, KOTODHle NOBTOPAIOTCS MNpH
pasqHYHBIX OO6CTOATENbCTBAX; TaK YTO IMOJIE3HO H3YYUTh 3TO
CBOHMCTBO Ha KaKOM-TO OJHOM 4acTHOM caydae. Mul, Hampumep,
6yneM u3yuyaTb CTOJIKHOBEHHS; pa3/iM4YHble BHIbl CTOJKHOBE-
HHH HMeT MHOro obuero. Mau Bo3bMeM TeueHHe KUIKOCTH,
HeBaXXHO KaKOH; 3aKOHbl TeYeHHs pa3HbIX XKHUAKOCTEH HMEIOT
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MHoro o6utero. Eile oauH mpuMep, KOTophifi Mbl GyleM H3yyaTb,
9TO KOJMeOaHUS, UM OCUMJIALMS, B YAaCTHOCTH CBOHCTBA Mexa-
HHYECKHX BOJIH: 3BYKa, KOJeOaHHs CTEPXKHeH H T. [1.

Korna Mbl o6cyxnann 3akonbl HbloToHa, TO yXe rosopuiu
0 TOM, YTO OHHM SIBJISIOTCS CBOEr0 poja nporpaMMmoii, Koropas
npusbiBaeT Hac o6paTHTb 0co60e BHUMaHHe Ha CuJbl. Ho o camux
cunax Hbloton ckasan Tonbko ase BeitH. OH moJHOCTBIO cdop-
MyJIMpOBaJl 3aKOH A/l CHJ TATOTEHHsS, HO MOYTH HHYero He 3HaJ
0 6oJiee CJIOXKHBIX CHJIAX, HalmpUMep O CHJAX MeXIy aTOMaMH.
OpHaKoO OH OTKpBLI ONHO MpaBHJO, ORNHO OOLlee CBOHCTBO BCeX
cua, kotopoe cocraBasieT Tperuit 3akoH. Takum ob6pasom, Bce,
yto HbIOTOH 3Hanm O NpUPOAE CHJ, —3TO 3aKOH THATOTEHHS H
O6GUIN{I MPHHIUN, KOTOPLIH IJIaCHT:

Cuaa Oelicteus pasHa cuse nporusodelicrsus.

OsHauaer 3TO npuUMepHO caenpyiomee, Ilyctb umerorca aBa
MaJleHbKHX TeJsa, CKaXKeM [Be YaCTHIlbl, ¥ NYCTb NepBas H3 HHX
TOJIKaeT BTOPYIO C HeKOTOpo# cuJyoi. Torma B COOTBETCTBHHU C
Tperbum 3akoHoM HbloToHa BTOpas wactuma O6ydeT TOJKaThb
nepBylo C TOil XKe CHJIOH, HO B NPOTHBOMNOJIOXHYIO CTOpOHY. Bo-
Jiee TOro, 3TH CHJbl GYyAYT AeHACTBOBaTb BAOJIb ONHOH U TOH XKe
JUHUH. DTa THNOTe3a, WJIH, €CIH XOTHTe, 3aKOH, MpelJIOXKeHHbIH
Hbi0TOHOM, BbINOJIHSAETCA € GOJBLILOA TOYHOCTBIO, XOTS, BIPOYEM,
OH He a6COJIIOTHO TOYEH (C HapYIIEHHSIMH ero Mbl MO3HAKOMHMCS
nosauee). Cefluac, OHAKO, Mbl Gyl€M CYHTaTb €r0 COBEPIUEHHO
TOYHbIM. Pasymeercs, ec/iM ecTb elle TpeTbs YacCTHLa, KOTOpast
pacmoJsioKeHa He Ha TOH e JIHHHH, YTO [Be NepBble, TO 3aKOH
BOBCE He 03Ha4aeT, YTO CHJA, NEHCTBYIOLIAs HA MEPBYIO yacTHIY,
paBHa NOJIHOH cHJe, NeHCTBYIOUleH Ha BTOpYi0. Belb sTa Tperbs
YacTHLA MOXeT TOJIKaTb ABE€ MepBble, B pe3yJbTaTe Yero noJjHas
cusa, NefcTBYlollas HAa NepBYIO 4YacTHIy, 6yneT HampaBJeHa Mo-
ApYroMy H, BooGlle roBopsi, He OyneT HH paBHA, HH NMPOTHUBOMO-
JIOXKHa CHJe, NelCTBYIOIEeN Ha BTOpYyOo yactuly. OQHaKo nojHas
cHJa, OefcTByIOUlass Ha KaXXAYI0 M3 4acTHIl, MOXeT GhITb pasJo-
JKeHa Ha [Be COCTaBJfIOLIHe, KOTOpble MNpeACTaBJsT c06Ooft
CHJIbI, NEHCTBYIOIHE MeXAY KaXXAOH Mapod yacTHU. DTH KOMIO-
HEHTBl CHJIBl Il KaXJOH napbl 4aCTHL AOMKHbH ObITb paBHbI
MO BeJHYHHE M NMPOTHBOMOJOXKHLI MO HaMpaBJIeHHIO.

§ 2. 3axon coxpanenusn umnyaoca

[ aBaiite mocMOTpHUM, YeM HHTepeceH Tpernii 3akoH HbloToHa,
I1peanosioxumM A/ OPOCTOTHI, YUTO HMEIOTCS TOJBKO JBe B3aHMO-
JefiCTBYIOIIHe YaCTHIIBl — YacTHIa | M yacTHLa 2, Macca KOTOPhIX
MOXeT ObiTb pa3/inHyHa. K KakoMmy C/eACTBHIO NMPHUBOAHMT PaBeH-
CTBO M NPOTHBOMOJIOXKHAsl HaNpaBJEHHOCTb CHJ MeXAY HHMH?
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CornacHo BTopomy 3aKOHy, cuja paBHAa CKOPOCTH H3MEHeHHA
HMIYJIbCa CO BpeMeHeM, TaK YTO CKOPOCTb H3MEHEHHs HMIYJibca
yacTHIBl | paBHa CKOPOCTH H3MEHEHHS MUMNYJbCa YaCTHUH 2, T.e.

dpt dps

Ho ecnu cxopocTu usmenenus Bce BpeMsl paBHH IO BeJIHYHHE U
MPOTHBOMNOJIOXK Kb MO HANPABJEHHIO, TO U NOAHOE U3MeHeHUe HM-
nyJbca YacTHIbl | paBHO H NPOTHBONOJOXHO NOAHOMY U3MeHe-
HUIO MUMMYJbCa 4aCTHUH 2. DTO O3HAYaeT, YTO €CJH Mbl CAOHCUM
5TH HMMINYAbChl, TO CKOPOCTb H3MEHEHHs CyMMbl MO BO3MEH-
CTBHEM OIHHX TOJbKO B3aHMHbLIX CHJ (MX OOGBIYHO Ha3bIBAIOT
BHYTpPEHHHMH CHJaMH) OyldeT paBHa HyJIo, T. €.

d (pL + pg) —0

- . (10.2)

HanoMHMM e€llle pas3, Yro B Haliefi 3ajflaye Ml TNpelrnoJiaraem
OTCYTCTBNE@ KaKHX-NHGO APYrHX CHJI, Kpome BHyTpeHHux. Ho pa-
BEHCTBO HYJIIO CKODOCTH M3MEeHEeHHSl 3TOH CyMMbl O3HayaeT Mpo-
CTO, 4TO BeJHYHHA (P1 -+ P;) HE H3MEHAETCS C Te4eHHeM BpeMeHH.
{3Ta BeqMuMHA 33aUMCHIBAETCA TaKXe B BHAE MiVi -+ maVy H Ha-
3LIBAETCS MOAHbIM UMRYAbCOM [BYX dacrui.) Takum oGpasowm,
Mbl MOJIyYHJIH, YTO MPU HAJHYHH OLHHX TOJBKO BHYTPEHHHX CHJI
NOJIHBIH HMIYJbC NOBYX YaCTHI OCTAaeTcsl HEH3MeHHbIM. ITO yT-
BepKJeHHe BHIPaXKaeT 3aKOH COXpaHeHHsl MOJIHOrO HMMyJbca B
naHHoM cayuyae. M3 Hero cjienyer, uro ecaM Mbl H3MepsieM HJIH
NOJCUHTHIBAEM BEJHUYHHY MyVy 4 MaVe, T. €. CYMMY HMNYJbLCOB
ABYX HacCTHI, TO MJs JOObIX CHJ, NEACTBYIOIMX MEXIAY HHMH,
KaK 6bl CJOXHBI OHH HH OblJIH, Mbl JOJXKHbI NMOJYYHTb OQHHAKO-
BbIfi pe3y/ibTaT KakK MO0 NEHCTBHs CHJ, TakK H NOCIe, T. €. MOJ-
Hbli HMIYJIbC OCTAeTCs MOCTOSTHHBIM.

PaccMoTpuM Tenepb KapTHHY NMOCJIOXKHEE, KOrfla eCTb TPU HJIH
GoJbllee UYHCJIO B3auMojaelcTByrowux uactuu. OueBHAHO, 4TO
€CJIM CYLUEeCTBYIOT TOJIbKO BHYTDPEHHHE CHJIbI, TO MOJIHBIA HMIYJIbG
BCeX YACTHI OCTaeTcs MOCTOSHHBIM, NMOCKOJbKY YBeJHYEHHE HM-
nyabca ONHOH 4YaCTHLBLI MOJ BO3JAEHCTBHEM MAPYroM YacTHUB B
TOYHOCTH KOMIEHCHPYETCsl yMeHbLI€HHEM HMIyJbCa 3TOH BTOPOH
YaCTHIbI M3-3a MPOTHUBOLAEHCTBUSA NMEPBOH, T. € BHYTPEHHHE CHJIbI
tak cOaJJaHCHPOBAHLI, YTO NOJIHBIH HMNYJbC BCeX YacCTHI H3Me-
HUTbCA He MoxeT. TakuM o6pa3oM, eclid HeT CHJI, JeHCTBYIOLUX
Ha CHCTeMY HM3BHe (BHEIUHHX CHJI), TO HHYTO HE MOXKET H3MEeHHTb
ee MOJIHBIA HMIYJILC H, CJEAOBAaTeJbHO, OH OCTAeTCS MOCTOSHHBLIM.

Ho HyXHO ellle cKa3aTb O TOM, YTO NMPOH30HIET, ecan GyayT
elre CYyLUeCTBOBATb KaKHe-TO Apyrue CHJbl, KpOMe CHJI B3aUMO-
AeHcTBUS Mexnay vactuiamu. Ilpeanosoxxum, 4to Mbl H30JHPO-
BaJHU CHCTeMY B3aMMOAEHCTBYIOIIUX 4YacTHl. Ecau uMewoTcs
TOMbKO B3aMMHblE CHJIB, TNOJIHBIE HMNOYJbC, KaK M [pexne,
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MEeHSITbCST He OyaeT, CKOJIb Obl CJIOXKHBI HH ObLIK 3TH cujbl. Eciw,
OIHAKO, CYLLECTBYIOT CHJIbI, 06YCJIOBJIeHHblE YaCTHLAMU BHe 3TOMH
HU30JIUPOBAaHHON TPYNNBl, TO, KaK Mbl [JOKa)keM MO3[Hee, CyMMa
BCeX 3THX 6hreWHUX CHJ paBHAa CKOPOCTH HM3MeHEeHHsl MNOJIHOro
UMIYJ/IbCa BCeX BHYTPEHHHUX YacTHL. DTO OYeHb MNoOJe3Hass Teo-
peMma.

3aKOH COXpaHeHHs MOJIHOIO HMIYJbCa HEKOTOPOro 4YHcJa
B3aMMOJEHCTBYIOIUX YAaCTUL, B OTCYTCTBHE BHELIHHX CHJI MOXHO
3amnMcaTth B BHJE

mv, + mgv, -+ myvs -+ ... = const, (10.3)

rfe m; U V; — IPOCTO Macca U CKOPOCTh YaCTHLbI COOTBETCTBYIO-
utero Homepa. OmHako A KaXAOW M3 3THX yactHl Bropoi
3akoH HploToHa

=2 (mv) (10.4)

nuuercs As Mo6o#l cocTasasroueli NOMHON CHIB U UMNYJbCA B
J060M 3aJaHHOM HaNpaBJIeHUH, TaK 4YTO X-KOMIIOHEHTa CHJIBI,
nefcTByloLlell Ha YacTHLY, paBHAa CKOPOCTH M3MEHEHHs X-KOMIIO-
HEHTBl HMNYJbCA 3TOH YaCTHIbI

fe =2 (mv,). (10.5)

ToyHo TakHe Xe (POpPMYJbl MOXKHO HANHCATb OJA Y- H Z-KOMIO-
HeHT. DTO O3HauaeT, uto ypaBHeHHe (10.3) ¢dakruuecku npen-
craBjseT coGoil TPH YpaBHEHHs: MO OZHOMY Ha KaXAylo H3
KOMIIOHEHT.

CyllecTBYyeT ellle ONHO HHTepecHoe cjeacTBHe Btoporo 3ako-
na HblotoHa, KpoMe 3aKoHa coxpaHeHHs1 uMnyJsbca. JlokasaTesb-
CTBOM ero Mel OyneM 3aHMMAaTbCi NO3JHee, a cefiyac s NPOCTO
pacckaxy Bam o HeM. CjiencTBHe HJH, CKOpee, NDUHLHUI COCTOHT
B TOM, YTO 3aKOHbl QHU3UKH He H3MEHSIOTCA OT TOro, CTOUM JIH
Mbl Ha MeCTe HJH [BHXKEMCs PaBHOMEPHO H NPSIMOJIHHEHHO.
[Tycrb, HanpuMep, Ha OBICTPO JeTslleM caMmosere peGeHOK Hr-
paer ¢ mauukoM. Ha6monatenpubii pe6eHOK Cpa3y 3aMeTHT, 4TO
MSYHUK NpHIraeT TOYHO TaK Ke, KaK M Ha 3emJge. MHaue rosops,
3aKOHbI [BHXKEHHs HJs pebeHKa B caMoJjere (eCHH TOJbKO
NOC/NeIHUA He MeHseT CKOPOCTH) BHIIIAAAT OAMHAKOBO KaK Ha
noJie a’poipoMa, Tak M B moJete. DTOT HAaKT U3BECTEH MOJ Ha-
3BaHHEM NPUHYUNA OTHOCUTeAbHOCTU. B TOM BHIE, B KOTOPOM OH
jpaccMaTpHBaercsi 3[eCb, Mbl OyldeM Ha3blBaTb €ro «NPHHIOHUNIOM
OTHOCHTEJNBHOCTH ['anujess» HJAH «raJUIeeBCKONl OTHOCHTEJb-
HOCTbIO», YTOGHEI HE NMyTaTb ero ¢ 6oJiee TUIATEJNbHEIM aHAJH3OM,
NPOAeNaHHbIM DHHLITEAHOM, HO 06 3TOM HECKOJIbKO MO3Ke.

Takum o6Gpa3om, U3 3akoHa HbioToHa Mbl BHIBEJH 3aKOH CO-
XpaHEHHs HMIyJbCa, a Tenepb JaBaHTe NMOCMOTPHUM, KaKHe cre-

182



nu¢uuecKHe 3aKOHBl ONMHCHIBAIOT COYRAapeHHe M paccesHHEe 4a-
cruil. OnHaKo Ans pa3HooGpasusi, a TaKkKe YTO6bI IPOAEMOHCTPH-
pOBaTh THNHYHbIE PACCYXK/EHHs, KOTOPBIMH Mbl 4aCTO MOJIb3yeMcs
B (U3MKe B JPYrux c/ay4asiX, KOrjaa, ckaxkeM, He H3BeCTHBI 3aKOHBI
HbloToHa U f0/KeH GBITh NMPHHAT UHONH METOX pacCMOTPeHHUs, aa-
BaiiTe OGCYAUM 3aKOHBI paccesiHHUs M COYAAapeHHs C COBepLIEHHO
IPYyroft TOYKH 3peHUss. Mbl GyleM HCXOAHUTb U3 MPHUHLHIA OTHOCH-
TeJNbHOCTH ['anuyes M B KOHLe pacCyXKAeHHH NpPUAEM K 3aKOHY
COXpaHeHHs MMIyJbca.

Hrak, HayHeM ¢ yTBepKIeHHs, YTO 3aKOHBI NMPHPOLBI He H3-
MEHSIIOTCS OT TOTO, YTO MBI JBHXKeMCS IPSIMOJMHEAHO C HEKOTOPOH
CKOPOCTBIO HJIM CTOMM Ha Mecre. OfHaKo npexpe ueM o6cyKaaTth
Npollecchl, B KOTOPbIX [JBa TeJa CTAJKHUBAIOTCA M CJHNAIOTCA HJIH
pasJfeTaloTcsa B CTOPOHBI, JaBafiTe pPacCMOTPUM cJaydaH, KoOraa
5TH [Ba TeJa CBSI3aHbl MeXAY COGOM MPYXKHUHKOH HIH YEeM-TO B
3TOM pOJle, a 3aTeM BAPYr OCBOGOXKAAIOTCS M pa3feTaloTcs NMOA
JelcTBHEM 3TOH NPYXXHHKH HJH, GBITb MOXET, He6OJbILOTO B3PhI-
Ba B pasHble CTOpPOHBH. Kpome TOro, paccMOTpUM [BHXKeHHe
TOJILKO B OJHOM HanpaBJieHud. [Ipexmosmoxum cnepBa, 4TO 3TH
J(Ba TeJla COBEPLIEHHO OJHHAKOBBI U PaCMONOXKEeHbl CHMMETPHYHO.
Korna Mexay HUMH NpOH30HAET B3pbIB, OJHO H3 HHX TOJNETHT
HanpaBo C HEKOTOpO#H cKopocTbio v. Toraa ecrecTBeHHO, YTO ApY-
roe MoOJIETHT HaJleBO C TOH Xe CaMOH CKOPOCTbIO U, MOCKOJIbKY
o6a Tesa nomoGHBI M HeT HMKAaKMX NPHYMH CUYMTATh, YTO JeBas
CTOpPOHA OKaXeTcsl NpednoytHTesnbHee npaBoi. Mrak, ¢ Tenamu
IO/MKHO MPOHCXOAHTb HEYTO CUMMeTpPHYHOe. DTOT NpHMep MOoKa-
3bIBaeT, HACKOJIbKO NOJIE3HBI PacCyXKAEeHHS TAaKOro poja B pas-
JUuHbIX 3ajJavyax. Ho oHu He Bcerga croJb siCHBI, KOrAa 3aTyMa-
HeHbl (popMyJaMHu.

Takum o6pa3oM, nepBbifi pe3y/bTaT HAalero 3KCnepUMeHTa —
ONMHAKOBbIe TeJa HMEKT OLHHaKoBYyK ckopocTb. Ho mpemmoJo-
JKHM Tenepb, 4TO Teja cAelaHbl U3 Pa3JHYHOTO MaTepHana, CKa-
€M OJHH U3 MelH, a IPYroil U3 aJIOMHHHSA, HO MACCbL UX PaBHBIL.
Mpr 6yaeM npelnoJararh, 4TO €CJH NPOAeNaTh Haml OMBIT C JABY-
Msi PaBHBIMM MaccaMH, TO HECMOTPSl Ha TO, YTO TeJa He OJHHa-
KOBbI, CKOPOCTH HX TeM He MeHee OYAYT paBHbH. B 3TOM MecTe
MHe MoryT Bo3pasutb: «Ho Beab BBl MoXeTe clesaTh U 06paTHOe,
Bam He3zaueMm OblJIO 3TO HpeamoJiarath. Bel Moxere onpedeaurs
Macchl Kak paBHBIe, €C/IM OHH B HalleM 3KclepuMeHTe mpuobpe-
TalOT OJMHAKOBYIO CKOpPOCTb». [laBaiiTe XKe mpHMeM 3TO mpemJo-
KEHHe M YCTPOUM HeGOJIbILIOH B3DHIB MEXIYy KYCOUKOM MeEIH H
OuyeHb GOJIBLIMM KYCKOM aJIIOMHHHSI, KOTODbIH HaCTOJBKO TsXKe,
YTO €Ba MOXeT ObITb CABHHYT C MeCTa, TOrAa KakK Melb CTpeMH-
TeJbHO OTJIeTaeT. JTO FOBOPHT O TOM, YTO AJIOMHHHS CJMLIKOM
MHOTO. ¥ MEHbIUHM ero KOJIMYeCTBO U OCTABUM JIHIIb COBCEM Ma-
JIeHbKHA Kycouek. Ec/iM yCTPOUTb B3pHIB CHOBA, TO OTJIETHT yXe
aJIOMHHHH, a MeJb MNOYTH He CIABHHeTCs, 3HAuuT, ceilyac
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CJMUIKOM MaJo agioMuHUsi, OQueBHIHO, YTO [OJIXKHO CYLLeCTBO-
BaTb KAaKoe-TO NPOMEKYTOUHOE KOJHYeCTBO, KOTOpOe MOXKHO
nea6upaTh, IOKAa CKOPOCTH pasjieTa He CTaHYT paBHuIMU. Tenepb
Mbl MOXKEM CKa3aTb, 4TO Pa3 paBHbI CKOPOCTH 3THX KYCKOB, TO
Macchl MX Mbl TOXe GyaeM CYHTATb PaBHBIMH (T. €. (aKTHUECKH
Mbl epeBOpayuBaeM CHelaHHOe paHee yTBepxAeHHe, YTO paBHbIe
Macchl 6yIyT UMETb OJMHAKOBYIO cKopocTb). CaMoe HHTepecHoe
3/lecb, YTO (PM3UYECKHIl 3aKOH NpeBpallaeTcs NpocTo B onpeleJe-
Hue. Ho TeM He MeHee KaKOi-TO (PM3UYECKHH 3aKOH 3[€Chb BCe Ke
ecTb, M €CJIH MBI IpUMeM TaKoe onpejejieHHe paBeHCTBA Macc, TO
3TOT 3aKOH MOXKHO HaliTH cjenylolluM o6pa3oM.

ITycTe U3 npeblAyllero 3KcnepuMeHTa HaM H3BECTHO, YTO 1Ba
Kycka BelllectBa A u B (Melb U aNIOMHHHH) HMEIOT paBHbie Mac-
col. BosbMeM Tenepp TpeTbe TeJIO, CKaXKeM KYCOK 30J10Ta, H Bbl-
paBHsieM ero Mmaccy (TOYHO TaK Xe, KaK 3TO [eJajoCh paHplie)
¢ Maccoii MenHu. Eciu temepb B HalueM 3KCNepHMEHTe 3aMEHHTb
Mellb 30JI0TOM, TO JIOTHYECKH Yy HAac HeT HHKAKHX OCHOBaHHH yT-
BepXIaTh, YTO 3TH Macchl (aJIOMHHHSA H 30s10Ta) paBHb. OpHaKo
OnbIT MOKA3bIBAeT, YTO TaKOe paBeHCTBO HMeeT MecTO. TakuM 006-
pa3oM, ONMBITHBIM NMyTeM Mbl OOHAPYKUJH HOBBIH 3aKOH: eCJIH JBe
Macchl OPO3Hb PaBHBI TPeTbell (T. e. B HallleM OMNbITE OHH pas3Je-
TAlOTCS C PaBHBIMH CKOPOCTSIMH), TO OHH PaBHbl MeXAY coboii.
(3TOT 3aKOH BOBCE He c/edyeT U3 MOJOGHOrO yTBepKAEeHHs O Be-
JUYHHAX B MaTemaruxke, TaM OHO MpPOCTO mocTy/aHpyercsi). Bu-
JIUTE, KaK JIETKO MO HEOCTOPOXHOCTH CAesNaTh Ge30CHOBaTeNbHOe
3aKJl0ueHHe. YTBepXKAeHHe, UTO MacChl DaBHbI, KOrJa paBHHI
CKOPOCTH, — 3TO €llle He onpedeferue; Belb NMPH 3TOM MBI Npen-
noJilaraeM CrnpaBelJMBOCTb MaTeMaTHYeCKHX 3aKOHOB paBeHCTBa,
YTO B CBOIO O4Yepellb NPUBOAMT K NMpeACKa3aHHIO pPe3y/bTaTOB He-
KOTOPBbIX 3KCNepHMEHTOB.

Bo3spbMem eme omun npumep. Ilycte npu HekoTopo# cuie
B3pbIBa YCTAaHOBJIEHO, 4To Macca A paBHa Mmacce B. A uro npou-
30MeT, €CJIH YBeJIMYHUTDb CHIY B3pbiBa? BynyT /1 paBHBI CKOPOCTH
pasnera B 3TOM cJjayyae? Jloruka 3gech cHoBa GecCHJIbHA, HO
ONBIT TOBOPHUT, 4TO 3TO delicTguresbrno Tak. CHOBa MBI moJyuyaem
3aKOH, KOTOPBI yTBEPXK/aeT: eC/IM U3 PaBEHCTBA CKOPOCTEH ABYX
TeJ JeJaeTcs 3aK/JioueHUe O paBeHCTBE HX Macc, TO 3TO paBeH-
CTBO He 3aBHCHT OT BeJMYHMHBI CKOpocTH. M3 3THX nmpuMepoB BHI-
HO, YTO TO, YTO CHayaja Ka3aJoCb MPOCTO OmpeleieHUeM, B Aeii-
CTBUTEJIbHOCTH MpeJIoJiaraeT CnpaBelJUBOCTb KaKUX-TO 3aKOHOB
HPHUPOADL

Hrak, B nanbHeHINX paccyXaeHUsaXx Mbl OymaeM CYHTaThb, YTO
paBHble MacChl Pa3JeTaloTCs B NPOTHBONOJNOXKHbIE CTOPOHBI C PaB-
HBIMH CKOPOCTSIMH, €CJIH MeXIy HHUMH NMPOUCXOILHUT B3pbiB. A 4rO
npousokijer, ecau Mbl o6paTHM 3ajgauy, T. €. ecJqu [ABa OJHHAKO-
BBIX TeJa, JIeTALUUX HaBCTpPeuyy Apyr APYry C paBHbIMH CKOPOCTS-
MM, CTaJKHBAIOTCA M caumaipTcs BMecte? Kak Gyayt oHM ABH-
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ratbcsi? 34ecb ONATb Ha MOMOLIb NMPHXOAAT COOOPaXKeHUs CHM-
MeTpuu (T. €. YTO MeXJy JIeBOil W TNpaBOH CTOPOHAMH HeT
HUKAaKOro pasJjiMyus), U3 KOTOPHIX CjeayeT, uyro o6pa3oBaBllieecs
TeJIO JO/IKHO CTOSIThb Ha MecTe. Mbl GyleM Takxke NpelarnoJsararsb,
YTO [BA TeJNa C PaBHON Maccoil, JeTALIHNX HaBCTpeuy OPYr ApPYry,
JlaXke eCJI OHH CleJIaHbl U3 Pa3JIHYHOrO MaTepHaJa, nocjae CTOJK-
HOBEHHS M CJHMIAaHUSI OCTAHOBSITCA.

§ 3. Hmnyaoc ece-raxu coxpanserca!

MoOXXHO 5KCnepHMeHTAaJ/JbHO NPOBEPUTh HALIH MpPeanoJOXKeHUs
0 TOM, YTO, BO-NE€PBbIX, ABA MOKOSILIUXCS TeNa C PaBHOH MaccCoH,
pa3opBaHHble B3PbLIBOM, IOJIETIT B Pa3Hble CTOPOHBl C paBHOM
CKOPOCTBIO M, BO-BTODHIX, 4TO [Ba TeJa, o6Jajfalollie paBHLIMH
CKOPOCTSIMH H MaccCaMH, NpPH COyAapeHHH U CIUNAHUH OCTaHaB-
ausalTcAd. Takylo MPOBEepPKY MOXHO CAeJNaTh C MOMOILBIO 3aMe-
yaTeNbHOrO YCTpPOHCTBAa — BO3AywHOro xemoba (pur. 10.1).
B 3TOoM YCTpOHCTBe HeT HUKAKHX TPYUIHXCHA [eTaslel — BONpOC,
KOTOpHIi oueHb Oecnokous [anunes. OH He Mor mnoCTaBHTb
SKCMEpHUMEHTa CO CKOJBb3SLIHMH TE€JaMH, H60 OHH He CKOJIb3HJIH
CBOGOIHO, HO C NMOMOILBIO YYAEeCHOro xenob6a Mbl MOXeM Temnepb
u36aBuTbcsl oT TpeHusa. Hamm tenma 6ynyr serets Ge3 mnomex,
a CKOPOCTb HX, corjacHo npeiaBufenuto [anunes, 6yner ocra-
BaTbCA MOCTOSTHHOH. DTO NOCTHUraercsi TeM, YTO TeJO MOAMEPKH-
BaeTca BO3AYIIHOM NOAYIIKOH, a NOCKOJbKY TpPeHHe O BO3AYyX
OYeHb MaJjo, TO TeJO NMJAHHPYET NPAKTHYECKH C NMOCTOSHHON CKO-
POCTbIO, €C/IM Ha Hero He NeHCTBYIOT HHKaKHe CHJbL. BosbMeM
CHayana [Ba CKOJb3sAUIMX Opycka, BeC HJIH MacChl KOTOPBIX
¢ 6OJbLION TOYHOCTBIO PaBHBl APYr APYry (MPakTUYECKH H3Me-
psieTcs BeC, HO OH, Kak Bbl 3HaeTe, MPOMOPLHOHAJEeH Macce),
M MOMECTHM MeXIy HHMH HeGOJIbIIOH B3pHIBaTeNb B 3aKPLITOM
uuaunape (¢ur. 10.2). Beio 3Ty cucteMy ycraHaB/IMBaeM B LEHTpe
xkeqo6a M 3JEKTPHYECKOH HCKPOH MOJXKHraeM B3pbiBaTesb. UTo
ke npousoiner? Ecan maccsl 6pyCKOB ONHHAKOBBH, TO OHH, pas-
JIETEBIIUCb B CTOPOHEI, ONHOBPEMEHHO JOCTHrHYT KOHLOB Xxeso6a.
TaMm OHM OTCKaKHBAaIOT OT OrpaHHuHTeNeH, CTAJKHBAIOTCH H CJH-
nalwTcs B LEHTPe, TOYHO B TOM XKe MecTe, OTKYAa pasJeTelHchb
(¢ur. 10.3). dto uHTepecHbllt onbT. M B AelicTBHTENBHOCTH MPO-
HCXOIHUT BCe TaK, KaK Mbl pacCcKa3aJH.

Manersnue

omgepcmust

(conna)
¢u%. 10.1. )Bosaywnbtﬁ acenod W?%, %;aﬂr;;m
(6ud ¢ Topya). %
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TlpysunnbIf Kanctons om uepyweyrozo
amopmu3amep nucmodsema

Due 10.2. IIpodoabuetii pas-
pe3 cxoav3suwezo 6pycka, ckpen-
A 1eHHO20 €O B3PBIBHOIM YUAUH-

Opon.
/ % /IJ

Tucmon  Tlpysunnioid
aniopmusamop

Uuﬁum?p

Tenepp Ha ouepenu mnpoGsema mnocjoxHee. [JoTycTHM, MBI
HMeeM [IBe MacChl, MpHYEeM OJHA MABHXKETCS CO CKOPOCTbIO U,
a Apyras CTOUT Ha MecTe. 3aTeM MepBas yaapsieT NnO BTOPOH H
oHu caunaworcs. Uro npousoiimer manbume? OGpasyercsi 0LHO
TEJIO ¢ Maccoit 2m, Kotopoe Kak-To Gyner aBuratbes. Ho ¢ kako#t
ckopoctbio? Bot B ueMm Bompoc. UTto6bl OTBETUTH HA Hero, mpef-
TIOJIOXKHM, YTO Mbl €leM BAOJb xejnoba Ha aBToMoGuie. Bce 3a-
KOHbI (OH3HMKH JQOJ/DKHBI NPH 3TOM BHIVIAAETb TOYHO TakK XKe, Kak
M Opexje, KOra Mbl CTOSIJIH Ha MecTe. MBI Haya/JH C TOrO, 4YTO
€CJIM CTOJIKHYTb [Ba Tesja C PaBHBIMH MacCaMH H OQHHAKOBBIMH
CKOPOCTSIMH U, TO IOCJIe CJMNAHUS OHHM OCTAaHABJIMBAIOTCA. A Te-
nepp NpeacraBbTe, YTO B 3TO BpPeMsi Mbl KaTHM Ha aBTOMOOGHJe
co ckopocTbio —v. Kakyio e KapTHHY Mbl yBHAHUM? fIcHO, uTO
OMIHO M3 TeJl, MOCKOJIbKY OHO BCe BpeMsi JIETHT PSIIOM C aBTOMO-
6usem, GyaerT Ka3aTbCsl HaM HeNOABHXKHBIM. Bropoe e, KoTopoe
JBUXKETCS HaBCTPeuy CO CKOPOCTbIO U, MOKa)eTcs HaM Hecy-
IHUMCsl ¢ YABOeHHOH cKopocTbio 2v (¢ur. 10.4). Hakonen, o6pa-
30BaBllieecs MocJje COYLapeHUsl U CAUNAHHUs Teso OYIeT KasaTbcs
HaM JIeTSUUM CO cKopocTbio 0. OTCiofa MBI JeJaeM BBIBOM, YTO
eCJIM TeJo, JIeTsillee CO CKOPOCTbIO 2U, yHapsieTcsi O MOKOsIeecs
TEJO TOH XKe Macchl U NpHJAHNAeT K HeMy, TO o6pa3oBaBlIeecs
TeJio 6yleT IBUraThCs CO CKOPOCTBIO U, HIM (YTO MaTeMaTHYeCKH
TO e CaMoO€) TeJO CO CKOPOCTbI U, YAApsisicb O MOKosIleecs
TeJIO TOH XKe MacChl M NpHUJHnNas K HeMy, o6pa3yeT Teso, ABHXKY-
leecsi CO CKOPOCTbIO U/2. 3aMeTbTe, YTO €CIH YMHOXHTb MaccChi
TeJl Ha HMX CKOPOCTH H CJOXHTb HX, TO NOJIYYHM OJHHAKOBHIi
pe3y/bTaT KakK [0 CTOJIKHOBeHHs (mv +0), Tak u mnocse
(2m-v/2). BoT Kak OGCTOHT MeJ0, eC/IM Teso, o6Janapuiee CKO-
POCTbIO U, CTOJKHETCS C TeJOM, HaXOAAUIMMCS B MOKOe,
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52 1] e ez Pue 10.3. Cxema skcnepus
v=0 MEHTA ¢ PAGHOIMU MACCAMU.
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Bud u3 dousity-

B cucmeme wedicsa mawuksl
Pue 104. Heynpyzoe coyda- YeHmpa macc (cKopocms = -v)
peHue pasHblx Macc, Y > v 2 - 0

=] [m] @ coydaperua [m ]

y=0 v B

nocse coyfapenus [m | m |

To4yHO TaKHM e 06pa3oM MOXKHO ONpPENEUTb, YTO MPOU3OM-
JleT, KOrjla CTaJKHMBAlOTCS [ABa ONMHAKOBBIX TeJsa, KaAoe H3
KOTODPBHIX IBHXKETCS C NPOU380AbHOL CKOPOCTDIO.

ITycTe omHO Tesl0 JIETHT CO CKOPOCTBIO U, a APYroe — CO CKO-
POCTBIO Uy B TOM Xe HalpaBJleHHH (U, = U,). KakoBa Gymer ux
CKOPOCTb mocJie coylapeHusa? [laBaiite CHOBa cileM B MauUIHHY
H ToefleM, CKaXXeM, CO CKOpOCTbio U,. Toraa omHo u3 Ten 6Gyner
Ka3aTbCsl HaM CTOSIIIMM HAa MecTe, a BTOpPOEe — HaJIeTAIOIUM Ha
HEro CO CKOPOCTbIO U;— U;. ITa CHTyaUusl yxe 3HAKOMa HaM,
H Mbl 3HaeM, YTO NOCJe COyNapeHHs CKOPOCTb HOBOrO TeJaa Mo
OTHOILEHHIO K MalluHe 6yner paBHa !/3(v;— ;). Uto ke Ka-
caercsd [eHCTBHTe/IbHOH CKOPOCTH OTHOCHTENBHO 3eMJIH, TO €e
MOXHO HaiTH, MpH6aBHB CKOPOCTb aBTOMOGUIA: U = !/, (v; —
—Uy) 4+ v, nau Yy (vy + vy) (¢pur. 10.5). OGpaTute BHUMaHHE,
YTO CHOBa

mu, + mv, =2m - -;— (v, + vy). (10.6)

Takum 06pa3oM, NPHHIHUN OTHOCHTeJbHOCTH [ajnuiess nomo-
raetr HaM pasobpaTbcsi B JMIOOOM COydapeHHH PaeBHBIX Macc.
Ho cux nop mMb paccMaTpHBaJ/JH IBHXKEHHE B OJHOM H3MEpEHHUH,
OJIHAaKO Ha OCHOBE €ro CTAHOBHUTCS SICHBIM MHOrO€ M3 TOro, 4YTO
6yner MNpPOHCXOAUTb B G6oJiee CJOXKHBIX CJydasX COymapeHHs:
HYXKHO TOJIbKO NMYCTHTb aBTOMOGHJ/Ib He BIOJIb HanpaBJ/eHHs [1BH-
XKeHHs TeJl, a MOA KakuM-TO yrjoM. IIpuHuun ocraercs teM xe
CaMBbIM, XOTSl J€TaJIH HECKOJIbKO YCJIOXHSAITCS.

UTto6bl 3KCNEePpUMEHTaNbHO TNPOBEPUTb, NEHCTBUTENBHO JH
TeJIo, JIeTslllee CO CKOPOCTBIO ¥ IOCJe CTOJKHOBEHHS C IOKOf-
IUMCS TeJIOM TOH e Macchl, 06pa3yeT HOBOe TeJIo, JieTsllee CO
CKODOCTBbIO U/2, mpojieJlaeM Ha Halllell 3aMeuyaTeJbHOH YyCTaHOBKe

B naboparmopyoi Bud
cucmeme U3 MauuHet
Yy VD> U-U,—» a

Due 105 Opyeoii cayuaii He- [m] [ docoydapeua

ynpyeoeo coyoaperus pasHblx
Macc. 14

Uy (U=1,) 9=
[ Im] merecopboperss [rilm]
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caenymowui onbiT. [ToMecTuM B xe106 TpU Tesla ¢ OJHHAKOBBIMHU
MaccaMH, IBa H3 KOTOPbIX COeAMHEHbl LUMJIHHAPOM CO B3pbIBaTe-
JieM, a TpeTbe HaXoAWTCs BOJIM3H OLHOrO M3 HHX, XOTA H He-
CKOJIbKO OTHesneHo OT Hero. OHO cHaGXeHO KJIeHKHM aMOpTHU3a-
TOPOM, TaK YTO NpUJIUMAET K TOMY Tely, KOTOpoe yaapsieT ero.
B nepBoe MrHoBeHHe MoOcCJie B3pblBA Mbl HMeeM JBa 00beKTa
C MaccaMH m, OBHXYUWHUMHCA CO CKOPOCTbIO U Kaxpaoe. B nocie-
Jlylolllee MrHOBeHHe OJHO H3 TeJ CTaJKUBAaeTcd C TPeTbUM H
o6pa3yeT HOBCe TeJIO C Maccoél 2m, KOTOpOe, KaK Mbl IoJiaraem,
IOJKHO [IBHraTbCl CO CKOpocThlo v/2. Ho kaK npoBepuThb, yYTO
CKOPOCTb ero meiicTBuTebHO v/2? [l 3TOro Mbl BHayajie yCTa-
HOBHM Tejla TakKHM 006pa3oM, uYTOOGbl PacCTOSAHUA [0 KOHLOB
xejqob6a OTHOCHJIMCL KaK 2:1, Tak 4TO mnepBoe Te/a0, KOTOpOe
NpPOMOJIXKAET ABHraTbCs CO CKCPOCTBIO U, JOJIXKHO MpoJieTeTb 3a
TOT K€ NMPOMEXYTOK BpeMeHH BaBoe OoJiblllee pacCTOsIHHe, ueM
CKpenuBIIMeCcA ABa APYrHX Teja (C y4eTOM, KOHEYHO, TOro Ma-
JIOro paccTofiHHs A, KOTOpPOe BTOpPOe Teso MpPOIIJIO 40 CTOJNKHO-
BeHHsaA ¢ TpeTbuM). EcaiM MBI mpaBbl, TO MacChl m W 2m OOJKHBI
JOCTHUb KOHLOB Kesjo6a ONHOBPeMEeHHO; TaK OHO W MPOHCXOAMT
Ha camoM aene (¢ur. 10.6).

Cnenyomas npo6jiemMa, KOTOPYIO Mbl JOJNXKHBI DelIMTb: YTO
MOJIyYUTCs, €CM TeJa MMeloT pa3Hble Macchl. [laBaiiTe Bo3bMeM
MaccChl m ¥ 2m W yCTPOMM MeXAy HHMH B3pbiB. UTO npousoiger
torna? C Kakoi CKODOCTbIO MOJIETHT Macca 2m, eclM Macca m
JIETUT CO CKOPOCTbIO U? (PaKTHYECKH HaM HYXXHO MOBTOPH1b
TOJIbKO YTO NMPOJEeJNaHHBI SKCIEePHMEHT, KO C HYJeBbIM 3a30pOM
MeX1y BTOPbLIM M TPeTbHUM TeJoM. Pasymeercs, 4T0 npu 3ToM
Mbl MOJYYHM TOT K€ pe3yJbTaT — CKOPOCTH TeJl C MacCcaMH m
U 2m [OJMXKHB ObITb COOTBETCTBEHHO DaBHH —U H v/2. Hrak,
npu pasjeTe TeJ ¢ MacCaMU m U 2/ NOJNyYaercs TOT XKe pesyiib-

B cucmeme Bud
yenmpa macc U3 Mauune!
v -v/2 3u/2 0
Pk —>

-—>
2 ] 2
2 8o coydaperu [ bue 107. Heynpyeoe coyda=

pexue Mealcay Teaamu ¢ mace
0 /2 > camu m u 2m.

n0cae coydapeus
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TaT, 4TO H NPH CHMMETDHYHOM pa3JjieTe [JBYyX TeJl C MaccaMH m
C NOCJelyIOIIHM HEeYNnpyrHM coylapeHHeM OJHOro H3 3THX Ten
C TpeTbHMM, Macca KOTOpOro toxe paBHa m. bBosee rtoro, orpa-
SUBIUKCb OT KOHIIOB, KaXl0e U3 3THX Tes Oyjaer JIeTeTb C MOYTH
TOH 2Ke CKOpPOCTbIO, HO, KOHEYHO, B OOGPAaTHOM HampaBJIeHHH,
W [OCJIe HeYNpYyroro COoyaapeHHUs OHM OCTaHaBJIHBAIOTCA.

[MepeiineM Tenepp K ciaepymoleMy Bompocy. UTo mpousoiijer,
€CJIH TeJIO C MacCOM M U CKOPOCTBbIO U CTOJIKHETCS C ITOKOSILIUMCS
TeJIOM C Maccoil 2m? Bocmosb30BaBLINCH NPUHIIUNIOM OTHOCH-
TenpbHocTH [ajiMjies, MOXKHO JIerKO OTBE€THTb Ha 3TOT BOMNMpOC.
Ilonpocty roBopsi, HaM HYXHO ONATb CaAUTbCA B MalIHUHY, HOY-
Iy cO cKopocThio —v/2 (¢ur. 10.7), u HaGMOAaTh 3a TOJBKO
YyTO OnUCaHHbIM mnpoueccoM. CKOPOCTH, KOTOpble MbI NPH 3TOM
yBUAUM, OYAYT paBHBI

v 3v
v v v
05_—_._5__()“‘“":__.54_?:0'

[Tocne coynmapeHHst Macca 3m NOKaXKeTcs HaM JBHKyLIeHCs
co ckopoctbio v/2. Takum o6Gpa3oM, Mbl MCJYYHJIH, YTO OTHOLLE-
HHe CKOpOCTeH 1O M mocJie coymapeHus paBHO 3:1, T. e. o6pa3so-
BaBllueecsl TeJo ¢ Maccoit 3m Gymer ABHUraTbCsl B TPH pasa Mel-
JeHHell. 1 B 3TOM cJilyuae CHOBa BHINMOJIHSIETCA OOILee IPaBHJIO:
CyMMa NpOH3BeleHHH MacChl Ha CKOPOCTb OCTaeTcs TOH XKe Kak
110, TaK U mocJse coynapeHusi: mv + 0 paBHo 3m-v/3. Bul BuguTe,
KaK MOCTENEeHHO IIar 3a IIaroM YCTaHaBJHBaeTcs 3aKOH coxpa-
HEHHUs] UMIYJIbCa.

Hrak, Mbl paccCMOTpeJIH CTOJKHOBEHHEe OJHOrO Tela C JABYMS.
Hcnosb3ys Te Xe pacCyXIeHHs, MOXKHO IpeacKa3aTb pe3yJb-
TaThl CTOJNIKHOBEHHSI OJHOTO TeJa C TpeMs TeJamH, ABYX Tel
c Tpemsa Tenamu U T. A. Ha ¢ur. 10.8 Kak pa3 nokasaH cayuait
pasyieta Macc 2m ¥ 3m U3 COCTOSIHUS MOKOSI.

B KaXa0M M3 3THX C/lyyaeB BBINOJIHSIETCSI OMHO H TO e INpa-
BHJIO: MacCa NepBOro TeJla, YMHOXKEHHasl Ha €ro CKOpOCTb, MJIOC
Macca BTOPOro Tejla, YMHOXEHHasi Ha ero CKOPOCTb, PaBHBl NpPO-
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M3BeJEHHIO MOJIHOM MacChHl Ha CKOPOCTh ee ABHXeHHs. Bce ato —
npuUMepbl coXpaHeHus uMnyJbca. MTak, HauaB ¢ MPOCTOro CJay-
yasgi CHMMETPHUYHBIX PaBHBIX MacC, Mbl YCTAHOBHJIH 34KOH COXpa-
HeHUs1 1 GoJiee CJIOXKHBIX cJydyaeB. B CYUIHOCTH 3TO MOXKHO
caenaTtb s JoGoro palHOHAJbHOrO OTHOLIEHHS Macc, a IMo-
CKOJIbKY J11060€ 4YHCJO MOXeT ObITb CO CKOJIb YrOLHO O60JIbILOH
TOYHOCTbIO 3aMEeHEHO palMOHAaJbHbIM, TO 3aKOH COXpaHeHHA
HUMIy/bCa CIpaBelJUB AJs JIOObIX Macc.

§ 4. Hmnyaoc u anepeusn

Bo Bcex mpeabIAyLIMX MpUMepaX Mbl pacCMaTpPHBAJH TOJBKO
CJyyaH, KOrja [Ba TeJa CTAJKHBAIOTCH M CJAHMAIOTCA HJIH C ca-
MOro HayaJja ObIM CKpemJieHbl BMecTe, a NOTOM pa3fesioTCs
B3pbiBOM. OHAKO CYIIeCTBYeT MHOXECTBO NPHMEDOB COyaape-
HHH, B KOTOPBIX TeJa He CLUEeMJSIOTCS, KaK, HanpUMep, CTOJKHO-
BeHHe [BYX TeJ PaBHOM MacChl U OJMHAKOBO# CKOPOCTH, KOTOpBIE
3areM pasJsieTalOTCd B pa3Hble cTOPOHB. Ha Kako#-To KpaTKui
MHT OHH CONMPHKACAIOTCA H CXKHUMaloTca. B MOMeHT Haubosbluero
CXKaTHs OHH OCTAHaBJHBAIOTCA M MX KHHETHYeCKash SHeprus moJ-
HOCTBIO NEPeXOJUT B JHEPrHI0 YNpYroro cxkaTus (OHHM Kak JBe
CXKaTble NPYXKHUHbI). ITa 3HEPrus onpefesseTcs H3 KHHETHYECKOH
9Hepruu, KOTopoil o6GJlafialy Tesla A0 CTOJKHOBEHHS M KOTopas
paBHa HyJI0 B MOMEHT HX OCTaHOBKH. OQHAaKO KHHeTHYecKas
SHeprusi TepsieTcsl TOJbKO HAa ONHO MrHoBeHne. CxkaToe COCTOfA-
HHe, B KOTOPOM HaXOJSATCA HAlM TeJa,— 3TO BCE PaBHO 4TO
3apsil B NpeAbIAYIIHX NpHMepax, KOTOpbIl NMpH B3pbiBe BhIIe-
JsieT 3Hepruio. B cienyollee MrHoBeHHe NPOHCXOQUT HEYTO IO-
no6GHoe B3PHIBY — TeJla Pa3XHMalOTCsl, OTTAaJKHBAIOTCH APYr OT
ApYyra W pasjeTalTcsi B CTOPOHBL. DTa 4acTb NMpolecca BaM TOXe
XOpOLIO 3HAKOMa: Tesla NMOJIETAT B Pa3Hble CTOPOHBI C OLHHAKO-
BBIMH cKopocTsiMH. OZHAaKO CKOPOCTH OTAAuH, BOOOLle rOBOPS,
OyAyT MeHbllle TeX Haya/JbHBIX CKOPOCTeH, NMPH KOTOPHIX OHH
CTOJIKHYJIHCb, 60 A/ B3pbIBa HCNOJb3yeTcs He BCS SHEPrus,
a TOJIKO KaKasi-TO ee 4aCTb, HO 3TO yXKe 3aBHCHT OT CBOKCTB
MaTepHaJla, U3 KOTOPOro cienaHbl Teja. Ecau aTo Msrkuit mare-
pHaJ, TO KHHeTHYeCKas SHeprus NOYTH He BBIAEJSETCS, HO eCsH
aTO0 yTO-TO GoJlee ympyroe, To Tesna Gojiee OXOTHO OTCKAKHBAIOT
Apyr or apyra. Heucnosnb3oBaHHBII OCTaTOK 3HEpPrHu INpeBpa-
Lmaercs B TemIo M BHOGpaLMI0, Tejla HarpeBalOTCA M APOXKaT;
BOpOYeM, SHeprus BHOpPallMM TOXKe BCKOpPe MpeBpallaercs
B Temjo. B npHHIHNe MOXHO cHeJaTb TeJa H3 CTOJb YNPYroro
MaTepHasa, 4TO Ha Tem1o0 M BHOpauHIO He OyHeT PacxOmOBaThbCs
HHUKAaKOH 3HepPruM, a CKOPOCTH pa3jieTa B 3TOM cJydae OymyT
NpaKTHYeCKH PaBHbl HauaJbHbIM, Takoe coynapeHHe Mbl Ha3bl«
BaeM ynpyzum.
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Tor $aKT, YTO CKOPOCTH 00 H nocAe COyNapeHUs paBHBbI,—
3ac/Iyra He 3aKOHa COXPaHEHHsl UMIYJbCa, a 3aKOHA COXPAHEeHUs
3Hepeuu, HO TO, YTO CKOPOCTH pasjera IOCJe CHMMETPHYHOrO
coynapeHHsl paBHbl Opye Opyay, B 3TOM yiKe NOBHHEH 3aKOH CO-
XpaHeHHs1 HMNYJIbCa.

Touno TakuM ke cnoco60M MOXKHO pa3o6GpaThb cjayuyail coyna-
peHHs TeJ C pa3JHYHBIMH MaccaMH, Pa3JHYHBIMH HadaJbHBIMH
CKOPOCTSIMH, Pa3/IHUYHBIMH YNPYTrOCTSIMH H ONpele/UTb KOHeuHble
CKOPOCTH H MOTepi0 KHHETHYeCKOH 3HepruH; HO Mbl He Oynem
ceiluac nogpo6HO pa3bupaTh 3TH SIBJEHHUS.

Ynpyroe coynaperHe OcO6eHHO 4YacTO BCTpPeYaeTcsl MeXIy
CHCTeMaMH, Yy KOTOPBIX HeT HHKaKHX BHYTPeHHHX MeXaHH3MOB,
HHKaKHX «lllecTepeHOK, MaXOBHKOB MJIM APYrHX yacTei». B Takux
cayuasiX KMHeTHYeCKas 3HepPrus He MOXeT HM Ha 4YTO pacTpa-
THTbCAA: Beflb pasJfeTalollliecss Tesla HaXOAATCA B TeCX Xe ycJo-
BUSIX, YTO M HaJjerawouue. [TosToMy Mexay 3JieMeHTapHBIMU
o6beKTaMH cOyfapeHHe Bcerja HJH NOYTH Bcerga ynpyroe. ['oBo-
pAT, HaNpUMep, 4TO COyJapeHHe MeXIy aTOMaMH H MOJIeKyJlaMH
aGcoMoTHO ynpyroe. XOTA 3TO HeHCTBUTEJBHO OYeHb Xopollee
npubJauKeHHe, HO M 3TH COyJapeHHs He aOCOANOTHO YNpYrHe;
B NPOTHBHOM cJiydae TPYAHO Obl10 Obl MOHATb, OTKYAa Y rasa
Gepercsl 3Heprus Ha H3Jy4yeHHe TenJa M cBera. MHorma mnpwu
CTOJIKHOBEHHSIX MOJIEKYJl ra3a HCNycKaloTcs HHQpaKpacHble JyuH,
OHAaKO 3TO cJydaeTcsli KpallHe pellkO M K TOMY e H3JIyYeHHas
3Hepruss O4YeHb Maja, TaK 4YTO A/ MHOTHX ILeJeH CTOJKHO-
BeHHs MOJIEKYJ ra3a MOXHO pacCMaTpHBaTh KaK aGCOJIOTHO
ynpyrue.

JaBaiite pasbepeM HHTepecHBII NMPHMeEpP YnPYya020 CTOJKHO-
BeHHs ABYX Tell pasnobix macc. Ec/n Takue Tesa yNapsilOTCs Apyr
0 Ipyra ¢ KakKoH-TO PaBHOH CKOPOCTbIO, TO MO COOGpaKeHHAM
CHMMETPHH OHH [OJIXKHBI pa3jieTeTbCd B CTOPOHBI C TOH K€ CKO-
pocteio. Ho maBafiTe mocMOTPHM Ha 3TOT NpOLECC B HECKOJBLKO
JIPYroit CHTYalMH, KOTAA OQHO H3 TeJ ABHXKETCS CO CKOPOCTbIO v,
a japyroe mokoutca. Urto npousoimer B 3TOM cayyae? Takas
3ajaya He HoBa 1as Hac. HyxHo mocMoTpers M3 aBTOMOGHS,
JIBHKYLLErocsi psoM C OJHOH M3 4acTHL, Ha CHMMeTPHYHOEe co-
ynapeHue. Mbl yBUAHM, KaK [JBHXKYILEeCs TeJO CTOJKHETCS ¢ MO-
KOAIIMMCS M OCTAaHOBHUTCH, a TO, KOTOpOe paHbllle NOKOHJIOCD,
NOJIETHT BNepejl, NpHYeM B TOUYHOCTH C TOH XKe CKOPOCTBbIO, ¢ KO-
TOpoil NBHrajoch nepsoe. Teja mompocTy OOMEHSIOTCH CBOMMH
CKOPOCTSAIMH. DTO JIerkO MOXHO NMOATBEPAHTH SKCNEPHMEHTANbHO.
BooGuie ecnu fBa Tejta ABHXKYTCS HaBCTpeuy APYr APYTy C pas-
JIMYHBIMH CKOPOCTSIMH, TO NPH YNPYrOM COyAapeHHH OHH MpPOCTO
0GMEHHUBAIOTCS CKOPOCTSMH.

Hpyroii npumep nouTH a6COMIOTHO YNPYroro B3aUMoaeiCcTBHS
naet HaM MarHetusM. Ilosoxure napy U-o6pa3HbiX MarHHUToOB Ha
HallK CKOJIb3silllHe 6PYCKH B BO3AYLIHOM XKeJobe TaK, YTOObl OHH

191



OTTaJIKMBaJauch APYr or Apyra. Eciu Tenepb NOTHXOHBKY NOA-
TOJNKHYTb ONHH M3 OpyCKOB K ApYyroMmy, TO OH, He Kacaschb, OT-
TOJMIKHET €ro, a CcaM OCTaHOBHTCS. BTopo#l Xe 6pycOK MOJETHT
BIepes.
3aKOH COXpaHEHHs HMIYyJbCa — O4YeHb moJie3Has wrtyka. OH

N03BOJIsIeT pellUTh MHOrHe Nnpo6JieMbl, He BXOAA B AeTajH INpo-
necca. Hac, Hanpumep, cOBeplIEHHO He HHTEpeCcOBaJH MHeTaJsH
IBHXXEHHUS ra3a NpPH B3pbiBe 3ap7ALa, HO TEM He MeHee MBI MOI/H
npefcKa3aTb, BO CKOJIBKO pa3 OJHO Tes0 OYyHeT OBUraTbCs Obl-
CTpee BTOpOro npu HxX paaJjere. Ilpyroii uHTepecHb!i npumep —
3TO paKeTHBII ABHratesb. Pakera Gosbwoii Maccel M ¢ orpom-
HOH CcKoOpocTblo V (OTHOCHTEe/NIbHO caMoil paKeThbl) H3Bepraet
CpaBHUTE/IbHO He(oJblloe KoJHuecTBO m rasa. Urobwl coxpa-
HHTb HMIYJbC, PaKeTa HayMHaeT ABUTaTbcd ¢ HeGOJBLIOH CKO-
poctbio v. Micnosb3yst 3aKOH COXpaHEeHHs HMNYJbCa, MOXHO MO~
CYHTATh, UTO

m

M V.

OnHako mno Mepe H3BEPXKEHHUA CKOPOCTb PAKEThl CTAHOBHUTCA BCE
6oablie u GoJjbiie. MexaHH3M AeHCTBHUSA PaKeTHOro AaBHrartenas
B TOYHOCTH CXOAEH C fABJIEHHEM OTAauyH PpYXKbf; 3[JeCb HE HYXEH
BO34YX, YTOOBI OTTAJIKUBATLCS OT HErO.

§ 5. Peasarusucrckuii umnyarse

Ve Ha Halle#l MaMATH 3aKOH COXpAaHEHUs HMMYJbCa mpeTep-
neJ HeKOTOpbl€ H3IMEHEHHS. OHH, ONHAKO, HE€ KOCHYJHCb CaMoOro
3aKOHAa KakK TaKOBOro, MpoOCTO H3MEHHU/IOCh MNOHATHE HMIYJbCa.
B TEOpHH OTHOCHTEJILHOCTH, KaK 0Ka3aJoChb, UMNYJIbC YK€ He CO-
XpaHfAeTcd, eCJH ero NOHHMAaTb TaK 2Ke, KaK H Ipexnae. Ileno
B TOM, YTO MaccCa He OocCTaercs HOCTOHHHOﬁ, a UBMEHAETCA 8 3a8uU-
CUMOCTU OT CKOpOLTH, a NOTOMY H3MEHAETCA H HMMNYJbC. 10
HU3MEeHEeHHEe MAacCChl MPOUCXOAUT MO 3aKOHY

Mg

m =i (10.7)

rle #ilp— Macca MNOKOAILerocss Tesla, ¢— CKOPOCTb pacrnpocTpa-
HeHHusl cBeta. M3 3To#l opMyJibl BHOHO, YTO NPU OOBIYHBIX CKO-
pocTax (ecau v He O4YeHb BeJHKO) 1 OYeHb Majo OTJHYaeTcs OT
Mo, a HMMIYJbC NMO3TOMY C OYeHb XOpOLIeH TOYHOCTBIO BHIpa-
JKaercsl cTapoit GopMyJIOH.

KoMnoHeHTBl UMIV/IbCa AJIS OJHOH YacCTHIEI MOXHO 3aMMCaThb
B BHJE

meUy meUy myvz

px-_—T/—l_—vz/z—z-' py=7—1—_—ﬁv pz=W—TW': (108)
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rae =10+ 02+ 02, Ecam NpoOCyMMHpOBaTb X-KOMIOHEHTHI
HMIYJ/IbCOB BCeX B3aMMOMAEHCTBYIOUUX YACTHL, TO 3Ta CYMMa Kak
[0 CTOJKHOBEHHS, TaK H MOCJe OKaxKeTcs ORHOH U Toll XKe. DTO
H eCTb 3aKOH COXpaHeHHsi HMNYyJbca B HaNpaBJIeHHH OCH X.
To e MOXKHO caenaTb U B JIOGOM APYrOM HampaBJ/IEHHH.

B rn. 4 Mbl yXe BHAeNH, YTO 3aKOH COXPaHEHHS SHepruu
HeBepeH, eCJH Mbl He NpHU3HaeM 5KBHBAJEHTHOCTH 3HEPrHH BO
Bcex ee ¢opMax, T. e. 3JeKTPHYECKOH 3SHepruH, MexaHHYeCKOH
SHEpruH, SHeprul H3JyyeHHus, Temn1oBoit u T. A. [Ipo Hekoropble
M3 3THX (OopM, HanmpHMep TeIJO, MOXKHO CKa3aTb, YTO SHeprus
«CKpbiTay B HHX. HanpammuBaercs Bompoc: a He CYyIeCTBYIOT JIH
TaKXe «CKpbITble» (OpMBI HMIYJAbCa, CKaXXeM <«TENJOBOH HM-
nyanc?» Jleno B TOM, 4YTO HMIYJbC YTAHTh HEBO3MOXKHO; CKPBITh
€ro OYeHb TPYIHO MO CJIeNYIOUIUM NPUYHHAM.

Mepa Ten/jioBOH 3HEpPrHH — CJAYYaHHOrO [OBHXKEHHS AaTOMOB
TeJla — NpejcTaBasseT COO0H NPOCYMMHUPOBaHHbIE K8adpaTo. HX
cKkopocTed. B pesysnbTaTte mosyyaeTcs HeKOTOpasi MOJIOXKHTeEJb-
Has BeJIMYHMHa, He MMelolluast HalpaBJEeHHOrO Xapakrepa. Tak uTo
TemJI0 Kak Obl 3aK/MIOYEHO BHYTPH Teja HE3aBUCHMO OT TOTO,
IBHXKETC JIMW OHO Kak Lejoe uau HeT. IlostoMmy coxpaHeHue
SHEPTHH B TeIJIOBOH (opMe He oueHb oyeBHAHO. C 1Apyroil cro-
POHBI, €CJIH Mbl NPOCYMMHPYEM CKOPOCTW, KOTOpble HMEIOT Ha-
npaBJieHHe, U B pe3yJbTaTe NMOJYYHM He HYJb, TO 3TO O3HAyaer,
YTO CaMO TeJIO LEeJHKOM [BHXKeTC B HEKOTODOM HamnpaBJIEHHH,
a Takoe MaKpOJBHIKEeHHe Mbl yKe cnocoGHbl Habaongars. Tak uto
HMKAKOH cJy4YallHOH BHYTPeHHell NOTepH HMMYJbCa He CYlle-
CTBYyeT: TeJlo 06J1aflaeT onpeleJeHHBIM HMIYJ/IbCOM, TOJBKO KOT[a
OHO MABHXKETCA LEJHKOM. B 3TOM M COCTOMT OCHOBHAasfi NpHYHHA
TOrO, 4YTO HMMNYJbC TPYAHO cKpHiTb. HO TeM He MeHee CKphHITH
€ro BCE XK€ MOJXHO, HallpuMep B 3JIEKTPOMAaTHHUTHOE IoJje. DTO
ellle OfHAa M3 0cOOGeHHOCTell TeOPHH OTHOCHTENbHOCTH.

HBbIOTOH CUHTaJ, YTO B3aHMOJEHCTBHE HA PAaCCTOSHHH JOJKHO
6bTb MrHoBeHHbIM. Ho 3710, okasbiBaeTcs, HeBepHO. BosbMewm,
HampuMep, 3JIEKTpUueckHe cuiabl. IlycTb siekTpuueckuit sapsan,
pacrnoJIoXXeHHbIH B HEKOTOPOH TOuKe, BAPYr HAaYMHAeT ABHraThCs,
TOrfa ero [AeHCTBHe Ha JpYro#l 3apsn B Opyroil tTouke He Gymer
MTHOBEHHBIM: CyLIeCTBYeT He6o/blOe 3anmazabiBaHue. [Ipu Takom
MOJIOXKEHHH, Jaxe ecqH CHIbl JeHACTBHS M NPOTHBOAEHCTBHSA
paBHbB MeXAy cO0OH, MMNyJbChl He GYAYT KOMIEHCHPOBATLCA.
CyuiecrByeT HeGOJIBLIOK NPOMEXYTOK BpeMeHH, B Te€UeHHe KOTO-
poro GyIeT MPOHUCXOAMTH HEYTO CTPAHHOe: B TO BPeMsl KaK rmep-
Bblil 3apfll HCMBITBIBAET KAKOe-TO BO3JEHCTBHE CHJBI H pearupyer
Ha Hee HM3MeHEHHEM CBOero HMMMNYJbCa, BTOPOH CTOHT KaK HH
B yeM He ObIBaJIO M He H3MeHseT uMmnyJbca. Ha nepegauy Baus-
HHUS BTOPOMY 3apsilly yepe3 pasieJsiolllee HX PacCTOSHHe Tpe-
O6yercsi HEKOTOpOe BpeMsi: «BJIUSIHHE» pAaclpOCTpaHsIeTcss He
MTFHOBEHHO, a C HEKOTOpPOH KOHeYHOH (XOTS H OueHb GOJbLIOH)
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ckopoctbio 300000 km/cex. B TeueHHe 3TOrO KPOXOTHOrO mpome-
XKYTKa BpPeMeHH HMMYJbC YACTHI He coxpaHsercsi. Ho, pasy-
MeeTcs, MocJe TOro KaK BTOPOH 3apsii HCNBITAeT BJIMSIHHE
NepPBOro, MMNYJbChl KOMIEHCHPYIOTCS, HAacTynaeT MOJIHBIA nopsi-
IOK, HO BCe-TaKH B TeYeHHe HEKOTOPOrO MOMEHTa 3aKOH OBl
HapylleH. Mbl mpeacTaB/sieM [esl0 TaKHM 06pa3oM, 4TO B Teye-
HHEe 3TOr0 HMHTepBaJa CYIIeCTBYeT HMMYJbC APYroro pojaa, yem
HUMIYJbC YaCTHI, MV, U 3TO UMNYJbC 3JeKTPOMArHUTHOrO MOJS.
Ecan coxuTb ero ¢ MMmy/bcaMH 4acTHI, TO 3Ta CyMMa B JIO-
6oit MOMeHT coxpaHsierci. OZHaKO TOT (aKT, 4TO 3JEeKTpoMar-
HHTHOE MOJle MOXeT 06JlalaTh HMIYJbCOM H 3Hepruel, nesaer
€ro peasIbHOCTbIO, a YTBEpPXKAEHHE O TOM, UTO MEeXAY YaCTHIaMH
JeHCTBYIOT CHJIBbl, IEPEXOJHUT B YTBEpPXKAEHHE O TOM, YTO YacCTHIA
co3laeT moJie, KOTOPOe B CBOIO Ouyepelb AEHCTBYeT Ha IpPYryio
yactuny. CaMo Xe moJie UMeeT MHOrMe CBOACTBA, aHAJOTHYHbIE
YaCTHIAaM; OHO MOXeT HeCTH SHepruio u ummyJbc. Jas HiIO-
CTPallMH PacCMOTPHM ellle OXMH NMpPHMEp; B 3JIEKTPOMarHHTHOM
noJjie MOTYT CYLIeCTBOBaTb BOJIHBI, KOTOpble Mbl Ha3blBaeM CBe-
ToM. M1 BOT okasblBaercsi, 4TO CBeT TOXe HeCeT KaKOH-TO HM-
MyJbC, TaK YTO KOTJa OH MajaeT Ha NpeaMeT, TO MepelaeT eMy
HEKOTOpPOe KOJIHYECTBO CBOEr0 HMMYJbCa. DTO 3KBHBAJEHTHO HeH-
CTBHIO KAaKOH-TO CHJIbI, Belb OCBEIeHHBbIH MNpeAMeT H3MeHseT
CBOH MMNYJbC, KaKk GYATO Ha Hero JAeHCTBYeT HEKOTOpas CHJa.
Hrak, magas Ha mpefMeT, CBET OKa3blBaeT HAa HEro JaBJIeHHe.
XoTa 3TO NaBJIeHHe OYeHb MaJlo, HO JCCTaTOYHO TOHKHMH IpH-
GopaMH ero BCe e MOXKHO H3MepHTb.

Oka3sbiBaeTcsl, YTO B KBAHTOBOH MeXaHHKe HMIYJbC TOXe He
mv, a HeYyTo COBCeM Jpyroe. 31ecb yxe TPYLHO ONpeNeNHTb
TOYHO, YTO e TaKOe CKOPOCTb YaCTHIbl, HO MMMYJbC BCe-TaKH
cymectByer. PasHuua e COCTOHT B TOM, YTO KOrAa 4YacCTHLBI
HOeACTBYIOT KaK YaCTHLbl, TO HX HMIYJbC MO-NPEXHEMY mv, HO
KOrJa OHH NeHCTBYIOT KaK BOJIHB, TO MMNYJbC yXKe H3MepsieTcs
YUCJIOM BOJIH Ha | cm: ueM Gosblue BOJIH, TeM 6OJbLIE€ HMNYJbC.
OnHaKo, HeCMOTpP Ha 3TO pa3/M4yHe, 3aKOH COXPAaHEHHS HM-
nysabCa CNpaBelJqHB M B KBaHTOBOH MexaHuke. HeBepHbIMH oKa-
3anuch ypaBHeHue HbloToHa f= ma u Bce ero BHIBOAbl 3aKOHa
COXpaHeHHs] MMMyJbCa, TeM He MeHee H B KBAaHTOBOH MeXaHHKe
B KOHIle KOHILIOB 3TOT 3aKOH NPOJOJIKAeT AeACTBOBATH!



TFarasa ,l

BEKTOPbI

§ 1. Cummerpun 8 ¢u3suxe

B sTo#l rmaBe Mbl BBOAMM NOHfITHE, KOTOpOE
cpenu GHU3NKOB M3BECTHO NOJ Ha3BaHHEM cumMe-
Tpus 3axkonos ¢usuxu. CJ0BO «CHMMETpPHUS»
ynoTtpebJsiercl 3[eCb B HECKOJbKO HEOOBIYHOM
CMBICJIe, H IO9TOMY HYXKHO ero onpefeantb. Kak
e OnpelleJJUTb CHMMETPHIO KaKoro-nubo mnpen-
mera? Koraa Mel roBopuM, u4TO H300paxKeHHe
CHMMETPHYHO, TO 3THM Mbl XOTHM CKa3aTb, 4TO
OlHa ero 4acTb TakKas e, Kak apyras. [Ipodec-
cop 'epman Befinb nan takoe onpenejieHHe CHM-
METPHHU: NpeIMeT CHMMETPHUYEH, €CJIH er0 MOXKHO
NOABEPrHYTb KaKoH-AHO60 OmepalHH, NMOCJe KOTO-
poit oH 6yzaeT BHINIAAETb KaK U BHauaJsJe. Hanpu-
Mep, ecqM Mbl nmoBepHeM Ba3dy Ha 180° Bokpyr
BEePTHKAJ/JbHOH OCH H OHa He H3MEHHT CBOEro
BHeIIHero BHAa, TO MBI TOBOpHM, uTO 06e CTO-
POHBI Ba3bl CHMMeTpPHYHBl. Mbl OyfeM MOHHUMaTb
onpepenenne Beiia B Gosiee IIHPOKOM CMbIc]e
U TOBODHTb O CHMMETPHH 3aKOHOB (PH3HUKH.

[IpennosoxuM, 4TO rae-TO Mbl YCTaHOBHJIH
CJOXHYI0 MallHHYy C MHOXeCTBOM 3allenJeHHi,
C KaKMMH-TO MaxOBHKaMH, IIaTYHaMH H T. I
IIpeanosoxxuM Tenepb, YTO B KaKOM-TO OApPYrom
MecTe Mbl co6paJu TaKoe e YCTpPOHCTBO, Bce
4aCTH KOTOPOTO fABJAIOTCA TOYHOH KOMNHeill yacTein
NpeXXHeld MalIHHbI, NPHYEM COXpaHEHH Bce pas-
Mepbl H OpHeHTallUsl OTHeJNBbHBIX ee yacTeH, Bce
TO XKe caMoe, TOJIbKO NepeHeCeHO Ha HEKOTOpoe
paccTosiHMe. 3aTeM Mbl 3anmyCcTHM o0e MallHHBI
B OAHMHAKOBBIX YCJNOBHAX H NOCMOTPHM, OyAyT
JIM OHH paboTaTh COBEpIIEHHO OAHHaKoBO? ByayT
JIM JBHXKEHHs! OTAeJbHbIX YacTeH OJHOH MallHHBI
NOBTOPATb B TOYHOCTH COOTBETCTBYIOLIHE ABHXKe-
HuA Apyroil? Boo6uie rosops, OTBET MOXeT ObITh
OTpuUYaTeAbHbIM, TIOTOMY YTO MBI MOXEM Belb
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BoIOpaTh OJI1 BTOPOH MalUHHBI HeyJayHOe MecTO, CKaxeM MOCTa-
BHUTb €e TaK, UTO KaKHe-TO ee yacTH GyAyT npu pabore yaapaTbCcs
O CTeHKY, TOrJla MallliHa BOoBce He OyJeT paGoTarTh.

Jliobass ¢usnueckas uaes TpeGyeT 3ApPaBOro CMBICJA INpPH
CBOEM OCYUIECTBJEHHH, Belb 3TO He YHCTO MaTeMaTHYeCKHe HJH
a6ctpakTHole uaen. HyxHo noHumatb, 4ré Mbl MMeeM B BHAY,
KOrja TOBOPHM, YTO NPH IepeHeCeHHH KaKOro-jaubo ycTpoicTBa
B Jpyroe Mecto HabmiogaioTcs Te ke fBjeHus. Ilom aTum Mol
OHHMaeM, YTO Mbl NepeJABHUraeM BCe, YTO MOXKHO MepeIBHHYTb.
Ecnu e npy 3TOM fiBJleHHE B YeM-TO H3MEHSeTCs, TO Mbl Npef-
NOJIOXKHM, 4TO YTO-TO MOCJYXKHJO NOMEeXOH, H 3aiiMeMcs H3yde-
HHeM npHuYuH. EciM MBI HHYero He o6HapYXKHM, TO OOBABHM, UTO
¢u3nNyecKHe 3aKOHbI He 00/1a0al0T OXHAAeMOH CHMMeTpHeH.
Ho ecin ¢usanueckne 3akoHBl BCe-TakH 006/1aflalOT CHMMeTpHeH,
TO MBI HafileM NMPHYHMHY NOMeX, BO BCIKOM CJaydae Mbl HajeeMcs
Haiith ee. OCMOTpeBIINCh, Mbl OGHAapyXHM, HampuUMep, 4YTO pa-
6ore MalHHBI MewaeT creHa. OCHOBHOH BOMPOC COCTOMT B CJe-
LyIOLEM: eCJH Mbl JOCTAaTOYHO XOPOLIO HM3YyYHM HAIIH YCTPOH-
CTBa, €CJIM BCe OCHOBHBIE HUCTOYHHKH CHJI MMEIOTCS BHYTpPH amma-
paTa M ecJHM Ha Jpyroe MecToO NnepefBHHYTb BCe, YTO CJeJOBaJO
nepeaBHHYTb, TO OYAYT JIM 3aKOHB MeHATbCA? Byner ju mauuHa
Ha HOBOM MecTe paboTaTb TakK, KaK paHblle?

$IcHO, 4TO MBI XOTHUM nepeABHHYTb CaMO YCTPOHCTBO U HUCTOU-
HUKH OCHOBHbIX BJIUSIHHI, a BOBCE He 6Ce Ha CBeTe — IJIAaHeTH,
3Be3dbl U T. M., H60 ecau Obl Mbl U COBEPIUHJH 3Ty I'PaHAHO3HYIO
pa6oty, To HabapAaau Obl MpexHee sBJEHHe MO TOH NPOCTOH
NpUYMHe, YTO Mbl OKa3aJHchb OBl Ha TOM Xe caMoM Mmecte. Ho MBI
U He MOXeM NepeABUHYTb 8ce Ha c8eTe. OKa3bIBAeTCA, YTO €CJIH
nepeaBUraTh Halle YCTPOHCTBO 06oJiee WM MeHee pa3yMHO, TO
OHO 6ynet paGoTaTb OAMHAKOBO. [IpyruMu cj0BaMH, eciH Mbl He
OyneM BJIaMbIBaTbCl B CTeHKY, OyleM 3HaTb INPOHCXOXKIEHHe
BHELIHUX CHJ H NOcCTapaeMcsi, YTOGbH OHH OBIJIH NepeiBHHYTHI
BMecCTe ¢ MalUMHOM, TO OHa GymeT pa6oTaTb Ha HOBOM MecCTe TakK
e XOpollo, KaK U nmpex/je.

§ 2. Ilepenocor nauara

Mu OrpaHHYMM Hallle pacCMOTpeHHE€ 3aKOHAMH MeEXaHHKH,
KOTOpYIO AOCTAaTOYHO XOpOLIO H3YYHJIH. B npeabiAyluX rJaBax
Mbl YCTAHOBHMJIH, YTO 3aKOHbBl ME€XaHHKH MOXKHO CBE€CTH K TpeM
cnpaBeAJIUBbIM A5 JII000H YaCTHILBI YPaBHEHHUSAM:

d?x d%y d?z
mw=Fx, mw=Fy, mﬁ-= 20 (ll.l)
OTO 03Hayaer, 4To CylUecTByeT TaKoOH cnocob usmepenus pac-
CTOSIHHUA X, Y U 2 BAOJIb Tp€X B3aHMHO MNEPNEHAUKYJIAPHBIX oceit
H CHJ BAOJb 3THX HanpaBJIeHHﬁ, Nnpu KOTOPOM omnpene/nsaeMmbie
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r
AY 1
Due 111. [se napaanressroie
KOOPOUHATHLIE CUCTEMbL. Ino | mux
l—a T
T z

ypaBHeHHsIMH (11.1) 3aKkoHbI BepHBI. PaccTosiHHMS NOJIXKHBI OTCYH-
TBIBATbCA OT HEKOTOPOro HauyaJga, HO 20e caedyer PACNOAONKCUTb
270 Hauwaao? HblOTOH CKasaJ HaM TOJBKO, 4TO TaKas TOYKa, OT
KOTOpOIl MOXHO HayaTb OTCYeT, CYwjecTéyeT, MOXKeT GbITb, 3TO
ueHTp BceseHHOH, M NpH HM3MepeHHH DacCTOSTHHH OT Hee ero
3aKOHbI BepHbl. Ho MBI MOXeM HeMelNJIeHHO NOKa3aTb, YTO He3a-
yeM HCKaTb UeHTp BceneHHo#, 60 6e3pa3aUuyHO, KaKYyl0 TOYKY
B3AThb 33 HayaJoO KOOpPAMHAT. MHBIMH c/l0BaMHu, NpeNNoOJIOXKHM,
YyTO HMMelOTCA ABa uyedoBeka — JI2ko, KoTopwli BbiGpas Havalo
cBOell CHCTeMBl KOOPAMHAT B KaKOH-TO TOuke, H MHK, KOTOpHIH
TIOCTPOHJI CHCTEMY KOOPIAMHAT, MapaJlleJIbHYI0 NepBOH, HO NpH-
HAJ 3a Hauasto JApyryio Touky (¢wur. 11.1), pacnosoxkeHHyw Ha
PacCTOSIHUM @ 1O OCH X B €ro CHCTeMe.

Korna I1xko0 onpegneisieT NOJOXeHHe NPOU3BOJBHOH TOYKH
B TNpPOCTPAHCTBE, OH HAaXOAUT TPU ee KOOPAHMHATBL X, Yy U 2
(06BIYHO MBI OmMycKaeM OCb 2, K60 ee TPyAHO H306pa3UTb Ha Ha-
meM ueprexe). B cucreme Muka sta Touka GyneT UMeTb Apyroe
3HaueHHe x (4TOObI OTJHMYHTb €ro, BBefeM oGO3HaueHHe x’) H,
BOOGIIEe roBOps, APYroe 3HayeHHe Y, XOTS B HallleM NpPHUMepe OHH
YUCJIEHHO paBHbl. TakuM 06pa3oM, Mbl HMeeM

X=x—a, Y=y, 2=z (11.2)

YTo6bl cAeNaTh HAlll aHAJIU3 MOJIHBIM, HYXKHO 3HaTb, KaKUe CHJIBI
usmepsier Muk. Ecan cuna neficTByeT BIOJb NMPOHM3BOJIBLHOH JIH-
HHH, TO NMOJ CHJOH BAOJb HAamnpaBJIEHHS X Mbl OHHMaeM HEKO-
TOpYIO 4YacCTb o6LleH CHJIBl, KOTOpPAast paBHA NMPOU3BENEHHIO BeJH-
YMHbl CHJII Ha KOCHHYC YyrJia MeXAy HampaBJIeHHEM CHJbl H
0cbl0 X. JIerko BuAETb, YTO MUK MOJYYHT Te Ke NMPOEKLHH CHJIBI,
KakHe noayuua ko, T. e. Mbl HMeeM CHCTeMYy ypaBHeHHH

Fe=F, Fy=F, Fy=F.. (11.3)

Ypashennsa (11.2) u (11.3) onpenensioT COOTHOLIEHHSI MeXIy
BeJHYNHAMH, Hcronb3yeMbIMH [I:k0 u MuKoM.

Tenepr nocraBuM Bompoc Tak: ecau [xko 3HaeT 3akoHbl Hbio-
TOHa, TO GYAYT JIM OHH BEPHbl, KOrAa HX MOMpPoOyeT HCHOJb30-
Batb Muk? lMmeer Ju 3HaueHHe BbLIOOp HauaJla KOOpAHMHAT?
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HOpyrumu cjaoBaMH, npeanoJioxuM, uro ypaBsHenus (11.1) Bephp,
a (11.2) u (11.3) ompeneasioT COOTHOIIEHHS MeXAy H3Mepsie-
MBIMH BeJIHYHHAMHU; BEPHO JIH, YTO

m ($5) =Fu, (11.42)
(‘f:g )=Fu, (11.46)
m(‘f:; )=F.? (11.4)

UTo6bl npoBepHTb 3TH YypaBHeHHs, ABaxAbl npoauddepen-
IupyeM BbipaxkeHue AJs x’ no BpemeHu. Ilpexne Bcero

dx’ __ dx da
= D=y — 5

Ilpeano/ioxxum Tenepb, YTO HayaJO CHCTEMbl KOOPAHHAT, KOTOPOH
nosb3yercd MUK, QUKCHPOBAHO (He IBHIKETCA) OTHOCHTEJIbHO
cucteMbl KoopauHaT [Ixko, T. e. @ nocrosHHa u da/dt = 0; Tta-
KM 06pa3om, noJjyyaem

a _ax
dt ~ dt
H, CJe0BaTeJbHO,
a?x" __ d’x
dt? dtz :

Ecau npeanosoxutb, 4to u3Mepsiemole JI:ko 1 MHKOM MacchL
paBHbI, TO ypaBHeHHe (11.4a) npuHHMaeT BHL
d*x
mgE = Fr-
Takum o6pa3oM, NMpOH3BedeHHs MacChl Ha YCKOpeHHe OJHHa-

KOBBl Yy 000UX npy3eil. MOXHO NOJY4YuTb H Gopmyay mias Fi,.
Ucnoab3osas (11.1), Mbl 06HapyxuM

Fx’=Fx.

CienoBaTe/lbHO, 3aKOHbl MEXaHHKH, C TOYKH 3peHHsT Muka,
TOYHO TaKHe Xe: OH nuuerT 3akoHbl HbploToHa B Apyrux koopau-
HaTax, U 3TH 3aKOHBl OKa3bIBAIOTCA BEPHBHIMH. DTO O3HAYaeT, YTo:
neHTpa BcesleHHONH HeT M 3aKOHBI JBHXKEHHS BBIMJIAAAT OJHHA-
KOBO, C KaKoro Obl MecTa OHH He HAOGJIIOAJHCh.

BepHo 1 Takoe yTBepKJeHHe: eCJH B KaKOM-IHOO MecTe ycTa-~
HOBHUTb YCTPOHCTBO € KAKHM-TO MEXaHH3MOM, TO U B JIOGOM
NpYroM MecTe 3TO YCTpPOHUCTBO Oyner paboTaTb OJHHAaKOBO.
ITouemy? IloToMy urto Ji06ass MallMHA, KOTOpYIO H3ydaeT MUK,
NOAYMHAETCS TeM XKe YpaBHEHHSIM, KOTOpble ONMHCHLIBAIOT paboTy
MalluHbl, KOHTpoaupyemol [xo. Tlockonbky ypasuenus onuna-
KOBBI, TO H s8AeHus ofHU U Te xe. Takum ob6pa3oM, mOKa3a-
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TEJNBCTBO TOTO, YTO aNnapaT B HOBOM MecTe 6yleT paboTaTh TakK
JKe, KaK Ha NpexHeM, CBOLUTCA K J0Ka3aTeJNbCTBY, 4TO OTHeCEH-
Hble K HOBOHM TOYKe NPOCTPAHCTBA YpPaBHEHHS BOCIPOU3BOAAT
ce6s. [103TOMY MBI TOBOPHM, 4TO 3GKOHbL PUBUKU CUMMETDUUHbL
OTHOCUTEAbHO nepemewjerull 8 npocTpancrée, CUMMETPHYHBI B
TOM CMBICJIE, YTO 3aKOHBl He M3MEHSIOTCS MpU NMepeMelleHUsX Ha-
YyaJa CHCTeMbl KOOpAMHAT. KOHeuHOo, KaxXblli MHTYHTHBHO 3HAeT,
4YTO 3TO BEPHO, HO HHTEPECHO H NO0JIe3HO OOCYIUTb MaTeMaTHUKY
3TOrO IBJIEHHUS.

§ 3. Bpawenusn

Pasobpas Bompoc 0 mepeHeceHHH Hayasla KOODAHMHAT, MbI pac-
CMOTpesIH NepBYIO 3ajadyy M3 cepuu Gojiee CJHOXKHBIX TeopeM O
cumMmeTpuHn usndeckux 3akoHoB. Cienymoouas TeopeMa yTBEpK-
JlaeT, 4TO W HanpaeAexus KOOPAHMHATHBHIX OCell MOXKHO BHIOpaThb
npou3BOJbHO. JIpyruMu cjoBaMH, €ClH Mbl COOpPYyXKaeMm Trle-TO
KaKoe-TO YCTpPOHCTBO M HabJronaeM, Kak OHO paboTaer, a 3aTeM
N0 COCeACTBY COOPYAHM aHaJ/JIOrH4HOe YCTPOMCTBO, HO pacroJIo-
JKHM €ro moj JObIM YrJIOM OTHOCHTeJbHO NepBOro, To GyaeT Ju
BTOpOe YCTPOHCTBO paboTaTb TaK XKe, Kak M nepsoe? Boobuie
TOBOpS, HET, €CJM 3TO, HaNpHUMep, CTapble Yachl-XOIHKH, U3BECT-
Hble ellle HamuM AefnaM. Eciu MasiTHHK XOIUKOB pacIOJIOXeH OT-
BECHO, OHH OyAyT BeJMKOJIENIHO HATH, HO €CJIH HX NMOBEepPHYTb TaK,
4TOOBl MasiTHHK ynepcsl B CTEHKY, BEDHOrO BPpEeMEeHH OHH yXKe He
MOKaXKyT. 3HAYUT, HAllly TeOpeMy HeJb3si MPUMEHHTb K MasiTHH-
Ky, ecJid 3a6HITh O CHJIe, KOTOpas 3acTaBJjisieT ero Kadatbcs. Ecan
MBIl BCe-TaKH BeDHM B CHMMETPHIO (pU3HUECKHX 3aKOHOB OTHOCH-
TeJbHO BpallleHHH, TO Mbl [JOJXKHBI CHeJNaTb KaKHe-TO BIIOJIHe
onpefeJieHHble NpeNoOJIOXKeHHsT O paboTe XOQMKOB, HampHMep
yTO /151 X pabGoThl BaxKeH He TOJBKO YaCOBOH MeXaHH3M, HO H
YTO-TO, JIeXKalllee 3a ero mnpefejaMH, YTO-TO, UTO cJeayeT oGHa-
pyxKutb. MOXHO TaKXe mnpefcKa3aTb, YTO XOAHKH OYAyT HITH
10-pa3HOMY, €C/IH OHH MOMajayT KyJda-TO B [pYroe MecTo 1o OT-
HOUIEHHIO K 3arafloYyHoOMy NOKa HCTOYHHKY acHMMeETpPHH (MOXKeT
ObiTb, 5170 3eMus). Tak U ecTb Ha camMoMm gene. Mbl 3HaeM, 4TO
XOIMKH Ha HCKYCCTBEHHOM CNYTHHKe, HanpuUMep, BOOGIlle OCTaHO-
BATCS, U60 TaM OTCYyTCTByeT 3(pdekTHBHas cuna, a Ha Mapce
CKOpPOCTb MX x0fa OyAeT coBceM HHOH. MasTHHKOBBIE Yachl CO-
HepxaT, MOMHMO MeXaHH3Ma, ellle HedTO BHe HX. OCO3HaB 3TOT
<¢bakT, Mbl YBUAUM, UTO BMeCTe C XOAMKAMH HaM NMPHAETCS MoBep-
HyTh 1 3emsaio. Ho HaM, KOHeyHO, He3aueM GeCHOKOHTBCA — Cjie-
J1aTh 3TO OYeHb Jerko. Mbl NpOCTO MONOXKAEM MUHYTY WIH IBE, U
3eMJ/ caMa MOBepHeTCS, a XOAUKH 3aTHKAIOT YXKe B HOBOM I10JI0-
JKeHHH TaK Xe Beceso, Kak M paHblue. [loka Mbl noBopaunBaemcs
B NPOCTPAHCTBE, H3MePsieMble HAMH YrJIbl H3MEHSIOTCS TOXE; 3TH
H3MEeHeHHs He NPHYHHAIOT OCOGBIX OGeCNOKOHCTB, MOCKOJbKY B
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Due 11.2. Jee kroopdunarnole
CUCTeMbL, OPUEHTUPOBAKHbLE NO-pA3~
HOMY.

HOBBIX YCJIOBHSIX Mbl YYBCTBYyeM ce6s TOYHO TaK XKe, KaK U B CTa-
pbIX. 3lleCb MOXeT .CKPLIBaTbC HCTOYHHK OWIHGKH; BEpHO, UTO B
HOBOM, MOBEDHYTOM OTHOCHTEJbHO CTAapOro MOJIOXKEHHH 3aKOHBI
0CTalOTCA MPEXHUMH, HO HEBepHO TO, UTO 80 spawjarouelica cu-
cTeMe KOOpAHHAT CHpaBe[JMBBHl Te XXe 3aKOHbl, YTO H B NOKOA-
weiics. Ecau mpomenaTh HOCTAaTOYHO TOHKHE ONBITHI, TO MOXHO
YCTaHOBHTD, YTO 3eMJI 8pau,aercs, HO HU OJHMH U3 3THX OMNbLITOB.
He CKaXeT HaM, 4yTo 3eMJs noseprysacs. [Ipyrumu c1oBaMH, Mbl
He MOXKEM MPH MOMOLIH 3THX ONBITOB YCTaHOBHTb OPHEHTALHIO
3eMJH, HO MOXEM CKa3aTb, YTO OpHEHTALHs H3MEeHsEeTCs.

O6cynuM Tenepb BJHSHHE OPHEHTAIlMH CHCTEMBbl KOODAHHAT Ha
¢usnueckue 3akoHol. [laBafiTe mocMOTpuUM, He OyayT JU HaMm
cHoBa noJjieaHsl MUK u JI>ko0. UTO6b H36eXKaTh HEHYXKHBIX CJOX-
HOCTeH, NMPeAnoJOXHUM, YTO 3TH MOJOAbIE JIOAH HAaXOAATCA B Of-
HOH TOYKe NMPOCTPAaHCTBA (MBI yXKe INOKa3aJH, YTO HX CHCTEeMBbI
KOOpPAMHAT MOXHO nepeMemats). [lycTb ocH cuHCTeMBl KOOpAH-
HaT MHKa NOBEpPHYTHl OTHOCHTE@JbLHO CHCTeMbl KoopauHaT JIxKo
Ha yroa 0. OGe cucTeMbl KOOpAHMHAT M306paxeHbl Ha ¢ur. 11.2,
rfie Mbl OTDaHHYMINCH ABYMs H3MepeHHsMH. [IpousBosbHas ToU-
Ka P cHaGxaercs KoopauHatamu (x,y) B cucteme dxo u (x’,y’)
B chucteMe Muka. Kak u B npexmiayilleM cjydyae, HauHeM C TOro,
uTO BHIPa3UM KOOpPAHMHATH X'y’ uepe3 x, y u 0. s storo omy-
CTHM U3 P nepneHIHKYJspbl Ha Bce YeThbipe KOODAHHATHBbIE OCH U
nposefeM AB nepnenaukyaspHo PQ. M3 ueprexa scHo, uto x”
MOXHO MNpEeICTaBUTb KaK CYMMY OBYX OTPe3KOB BAOJb OCH X', a
Yy’ — KaK pa3HOCTb ABYX OTPe3KOB BROJb AB. [IMHHBEI 3THX OTpe3-
KOB BHIpAXaloTCsi yepe3 X, y U 0; Mbl 106aB/isieM elile ypaBHeHHe
LJIS TpPeTbel KOOpAHHATHI:

x’ =xcos 0+ ysin0,
Yy’ =ycos® —xsinb, (11.5)
=z,
Tenepsb (MBI NOCTYNaJH TakK H paHblle) YCTAaHOBHM COOTHOLLUEHHS

MeXJy CHIaMH, H3MepsieMbIMH ABYMsl HaGmogateasmu. Ilpeamo-
n0XxuM, 4to cuna F, umeromas (c touxku spenus ko) cocrapis-
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Due 113. Cocrasasawowue curot
8 dsyx cucremax.

jouwe F, u Fy, neficTByeT Ha pacrnoJ/IOXeHHYI0O B Touke P Ha
¢ur. 11.2 vactuny maccel m. Ilns npocToTel cIBHHEM O6e CHCTe-
Mbl KOOpAHHAT TaK, YTO Hayaja HX mepeMecTaTcs B TOYKY P, Kak
TOKa3aHO Ha ¢wur. ll 3. MUK CKaxeT HaM, YTO CHJIa, IO ero MHe-
HHUIO, UMeeT cocTaBastomue Fy, u Fy, Booub ero oceil. CocraBis-
owmas Fx, Kak U Fy, uMeeT cocraBisouine BLOJAL 06enx oceil x’
u y’. Urobnl BbIpa3uth Fy, uepe3 F, m Fy CJI0XKHM COCTaBJSAIO-
IIHe 3THX CHJ BROJb OCH X', TOYHO TaKHM Xe 06pa3oM MOKHO
BHIpa3uTb U F uepe3 F u F,. B pesyjbrarte noayunum

Fy=F,cos0+4 F,sin0,
Fy = F,cos®— F,sin0, (11.6)
Fz'=Fz.

ViHTepecHO OTMeTHTb ClYy4alHOCTb, KOTOpas B JaJjbHeHllleM OKa-
XeTcs o4eHb BaxHoH: ¢opmyanl (11.5) u (11.6) mnsa KoopauHat
P u coctaBnsoWux F COOTBETCTBEHHO TOMOecT8eHHbL no (opme.

Kak u paHbllle, NpeanoJoxuM, 4To 3akoHbl HbloToHa cnpa-
Be[JIUBH B cCHCTeMe KOOpAMHAT J[2KO M BbIpaXkaloTcs ypaBHEHHS-
mu (11.1). CHoBa Bo3HHMKaeT Bompoc: MOXeT MM MHK moJb30-
BaTbCsl 3aKOHaMH HpioToHa, GyAyT /M HX NMpeNNHCAHHS BBITIOJN-
HATbCA B TNOBEPHYTOHM cucTeMe KoopauHaT? pyruMu cjoBamy,
eCJIM MpeanoJNoXHuTh, uro ypaBHeHus (11.5) u (11.6) maror cBsA3b
MeX1y u3MepsieMbIMH BeJHYHHAMH, TO BEPHO JH, YTO

(dt’) F,

d2

m d—j’z = Fy, (11.7)
2
m(%5) =Fer

Yro6bl NPOBEPHTDb 3TH YPaBHEHHs, BLIYHUCJ/IUM JIeBble H MpaBble
4yaCTH He3aBHCHMO, a 3aTeM CpaBHHUM pe3yJabTaThl. UTo6bl BHIYHC-
JIUTDb JIeBble YacTH, YMHOXKHM ypaBHenusi (11.5) Ha m u npoaud-
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(epenuupyeM HX ABaXAbl MO BpeMeHH, cyuTas yroa O MmoCTOsH-
HBIM. DTO paeT

dl2 )_m(dtz)cose-l-m(w)sme

m(%)=m(% cos®—m(ZF)sing,  (11.8)

d%2’y _ d*z
drr ) ( dt*)
Bbiuncum npasble yactu ypaBHeHuit (11.7), noacrasus (11.1)
B ypaBHeHus (11.6). ITonyuaem

Fy=m ‘;t‘:)cose-!—m(zg sin 0,
F,,r=m(dt,)cose——m(dtz)sme (11.9)

2
Fe=m(42).

Fnanute! TlpaBbie wactu ypasuenuit (11.8) um (11.9) TOX-
HNEeCTBEHHBbI; 3HAYHUT, €C/MH 3akoHbl HbioTOHa BepHbl B OHOH CH-
CTeMeé KOODIHHAT, TO HMH MOXHO MNOJIb30BaThC U B APYrOH CH-
creMe. DTH PacCyX/eHHs 3aCTaBJAIOT HAac Cle1aThb HEKOTOpble
BaXXHble BbIBOMAbI: BO-NEPBbIX, HUKTO He MOXET YTBEPXKAATb, YTO
u30paHHass HM CHCTeMa KOODAMHAT €JHHCTBEHHa, OHa MOXKeT
6bITb, KOHeuHO, Gosiee YOOOHOU NP pPelIeHHH YacTHhIX 3afay. Ha-
npHMep, yuoéﬂo, HO He 006513aTeJbHO B3ATh HampaBJ/IEeHHE CHJIBI
TSXECTH 3a OJHY M3 Ocell KOOpAHHAT. BO-BTOpBIX, 3TO O3HAyaer,
4TO JMI06OH MeXaHH3M, eCJH TOJNbKO OH SIBJSETCA CaMOCTOATE/Nb-
HBbIM YCTPOHCTBOM M 06JlaflaeT BCeM HeOGXONUMBIM [JISI CO3MaHHS
cusbl, 6yneT paGoTaTh OQHHAKOBO, KaK Obl €r0 HH NMOBEPHYJIH.

§ 4. Bexropot

Hackonbko HaM H3BecTHO ceifyac, He TOJNBKO 3aKOHB Hplo-
TOHA, HO U BCe (H3HYeCKHe 3aKOHBI 06J1aJaloT ABYMs CBOHCTBAMH,,
KOTOpble Ha3blBAalOT MHBADHAHTHOCTBIO (MM CUMMeETpHell) OTHO-
CHUTEJIbHO TepeMelleHHi U MOBOPOTOB KOOPAMHATHHIX oOcejl. AT
CBOHCTBA CTOJb BaXKHbI, YTO AJIA yYeTa HX NMpPHU H3YYeHHH (H3HUe-
CKHMX 3aKOHOB Obllia pa3paboTaHa cneuHa/ibHas MaTeMaTHuecKas
TeXHHKa.

Pemenne mocraBieHHBIX B NpeNbIAYIUMX Naparpadax 3amad
notpe60Baso J0BOJbHO AJHHHBIX pacueToB. UToGbl CBECTH HX K
MHHHMYMY, H3006peTeH MOryuuil MaTeMaTHYecKHHl ammapaT. JTta
CHUCTeMa, Ha3biBaeMas 8eKTOPHLIM AHAAU3OM, ONpelNesna Ha3Ba-
HHUe IJ1aBbl, XOTSl B Hell, COOCTBEHHO rOBOpPs, peub HIeT O CHMMeT-
puu PHU3HYeCKHX 3aKOHOB. KoHeuHO, MOXHO MOJYYHTb HCKOMBIH
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pesyJbrar, MOCTynas Tak, Kak OblJIO OMHCAaHO paHblie, HO, YTOGHI
O6JIerYuTb H YCKOPHTb Hally 3ajadyy, Mbl NPHMEHSIEM TeXHUKY
BEKTOPHOrO aHaJ/H3a.

3aMeTHM, YTO B (HU3HKe BAXKHO 3HATb BEeJMYHHBI ABYX THIOB
(Ha camoM fese ux 6oJiblile OBYX, HO JdaBaiiTe HayHeM C JBYX).
BeJMYHHBI N€PBOrO THNA, HANPUMeEP YHCJIO KapTodenHH B MeLIKe,
Mbl GyfeM Ha3blBaTb OOBIKHOBEHHBIMH UYHCJAAMH, HJIH CKAAAPAMU.
Eule ofHUM NpHUMepOM TaKOH BeJMYHHBI MOXET CJAYXKHTb TeMne-
patypa. Jlpyrue oueHb BaxHble B (H3HKe BEJHUYMHBI HMEIOT Ha-
TpaBJieHHe, 3TO, HampHMep, CKOPOCTb; Mbl JOJIKHBI 3alaThb He
TOJIbKO GBICTPOTY NepeMellleHHs Tesla, HO U MYTb, MO KOTOPOMY
OHO ABHKeTcsl. MIMOyJabC ¥ cH/la TOXKe HMEIOT HampasjeHHe, KakK
H CMelleHHe: KOrga KTo-HHOYIb JesaeT LIar, MOXHO CKa3aTb He
TOJIbKO, KaK JaJleKO OH IIarHyJ, HO H Kyda OH Iuaraert, T. €. omnpe-
JeJIUTh HamnpaBleHHe ero IBHXKEHHUS.

Bce BenuunHbI, UMeOUINE HanpasJieHHe, NOAOGHO IIary B Mpo-
CTPaHCTBe, HAa3bIBAIOTCA BEKTOPAMU.

Bekrop onpemensiercs TpeMsi uucaaMu. YToGel onMcaTh wiar,
CKaXkeM M3 HayaJla KOODAHHAT B TOYKy P, onpenenseMylo KOOp-
JIUHATaMHu X, Yy U 2, Mbl (aK1M4eCKH NO/KHBEI 3aJaTb TPH 4YHC/IA.
Ho Mbl GyaeM HCO/Nb30BaTh AJIS 3TOM LMW OLWH-€XHHCTBEHHBIN
MaTeMaTHYeCKHH CUMBOJI I, C KOTOPEIM HaM Yalle BCEero MpHIETCH
HMeTb fes0 B AajbHelieM *. DTO He O0HO 4uUCAO: CHMBOJ I 3a-
HaeTcst TpeMs yucaaMu: x, y U 2. CHMBOJ r 03HayaeT TPH YHCJA,
HO He TOJIbKO 3T TPH 4YHCJA, NMOTOMY 4YTO NpH mepexole K ApY-
ro¥ CHCTeMe KOOpPIAHMHAT HYXKHO 3aMeHHTb HX uucjaaMu x/, y' u 2’.
OpnHaKO Mbl XOTHM KakK MOXHO GoJiee YNPOCTHTb Hally MaTeMa-
THKY H HCNOJb3yeM OOUH U TOT %e CUMB0A B KauyecTBe MpeicTa-
BHTEJISA TpeX uuces X, y, 2 U Tpex uucena x’, y’, 2’. TouHee rosops,
MBI HCIOJb3yeM OIHH H TOT XK€ CHMBOJI B KayecTBe NpeacTaBH-
TeJsd nepBoro Habopa 4Hces B OQHOH CHCTeMe KOODAHHAT H Ie-
JlaeM ero npeacTaBHTEJEM BTOPOro HaGopa uHces, €CJH 3aXOTHM
CMEHHUTb CHCTEMY KOOpAMHAT. DTO YAOOGHO MOTOMY, YTO HaM He
npuiercss U3MeHATb (OPMBbI ypaBHEHHH MPH mnepexole OT OLHOH
CHCTEMBl KOOpIAHHAT K Apyrod. Ecau MBI 3anuchiBaeM ypaBHEHHS,
HCNOJb3Yysl KOODAHHATH X, Y U 2, a4 3aTeM MeHseM CHCTeMy OT-
cyeTa, TO MOSBJAIOTCA KOOpAMHATHI ¥', y' M 2/, HO MBI NHLIEM
MpPOCTO I, YCJIOBHUBIUHCH, YTO 3TOT CHMBOJI CJYXHT NpeJCTaBHTe-
JIEM X, Y, 2, €CJIH Mbl MOJb3yeMCSl MepBOil CUCTEMOH OTcueTa, H
x’, y’, 2/, eciv MBI mepeulIH K ApPYyrod cucreme. Tpu 4uciaa, Ko-
TOpble OMNHCHIBAIOT BEKTOPHYIO BeJHYMHY B 3aJaHHOH CHCTeMe
OoTcueTa, HAa3bIBAIOTCS cOCTagAsrowumu (KOMIOHEHTAMH) Bek-
TOpa B HampaBJIeHHH KOOPAMHATHBIX OCeH CHCTEMBI OTCYeTa.
HWnave rosopsi, Mbl MCNOJIb3yeM OAMH CHMBOJ [Js1 0603HayeHHs

* B knurax Bex'rop_)o6osnaqae'rcﬂ NONYXHUPHON GYKBOH; B DYKONMHCAX e
HCNOJIb3yeTCH CTpeJsKa: .
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rpex GYKB, H OH COOTBETCTBYeT HaGJIOQEHHI0O O0HO20 U T020 e
00BeKTa ¢ Tpex pasHblx Todek 3peHus. [1poH3HOCS CJIOBA «OMUH
H TOT Xe 00beKT», Mbl obpauiaeMcss K Hauell (H3nYeCKOl HH-
TYHIHH, KOTOPasi TOBOPHT HaM, UTO LIar B NPOCTPAHCTBE He 3aBH-
CHT OT TOro, KaKMMH COCTaBJISIIOIIUMH MBI €ro onucbiBaeM. Mrak,
CHMBOJI I NpeJCTaBJAsieT OAHH U TOT XKe OGbEeKT He3aBHCHMO OT
TOr0, KaK Mbl OPHEHTHPYeM OCH CHCTEMBbI OTCYeTa.

IMpennoJyioxXuM Tenepb, YTO CYLIeCTBYeT Apyras HamnpabJieH-
Hasi BeJIMYMHA, HanpHMep CHJa — elle OJHA BEJHYHHA, KOTOPYIO
MOXHO ONpefeNHUThb, 3a1aB CBsI3aHHbIE C Hell TPH uyuciaa. DTH TPHU
yycJa mepexoAAT NPH H3MEHEHHH CHCTeMbl KOOPAMHAT B ApYyrue
TPH YHCJIA MO CTPOrO ONpefesieHHBIM MaTeMaTHYeCKHM MpaBHJIaM.
OTH npaBuJa AOKHBI OGbITb TEMU Ke CaMbIMH, KOTOpDble ONpene-
JISLJIY NIepexo] TPOUKH 4Hcea X, Y, 2 B X', Y/, 2’. JIpyrumu cjoBamH,
BEeKTOD — 3TO BeJIMYHHA, OmpejenseMas TpPeMsl 4YHCJIaMH, KOTO-
pble mpeo6Gpa3yloTcsl NMPH H3MEHEHHSIX CHCTEMBI KOOPAHHAT Tak
e, KaK COCTaBJsIOILHe 1Iara B NPOCTPaHCTBe. YpaBHeHUe THNA

F=r

CIpaBeJIMBO B 40606 cCHCTeMe KOOPAHHAT, €C/IH OHO BEPHO XOTL
Gbl B OfHON M3 HUX. OHO 3a