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[PEJUC/IOBHE K PYCCKOMY IEPEBOJY

Ydenne o pasMmepHOCTAX ¢GHM3HYECKHX BeJMUYHH OABHO BOLLIO,
Kak off3aTenbHas rnaBa, B yue6HHKH (M3HKM BucumeH mkoas, He-
IOCTATOYHOCTb M HEAOTOBOPEHHOCTh GOJIBLIMHCTBA TAKHX H3JIOMEHHH
obuien3BecTHrl. TIpMHATO paccMaTpHUBaTh PasMEPHOCTH TOJBKO Kak
yIOOHH#f MeTOm IJa mepexola OT OAHOR CHCTeMBl eIHHMI] K IPYroi

"H B JaydwmieM cjhaydae €lle Kak CpeACTBO IEPBOro KOHTPOJA Ipa-

BUIBHOCTH (H3uyeckux ypasHenu#t. CTpykTypa dopMy.n pa3aMepHOCTH,
KaK IPOM3BENEHHH IMePBUYHHIX BEIHYHH B HEKOTOPHX CTEleHSX,
TpeJsaraeTcss B BUAE aKCHOMBI; TPHANa — Macca, IJIHHA H BpeM — (H-
TYpHpYeT HnOrMaTHueckH. AHalu3 pasMepHocTed, KaK 3BPHCTHYECKH
Meron (GH3UKM, B Jy4lleM Cjayyae YNMOMHHAeTCH B CBASH C KaKHM-
HHGYIb ONHHMM INpHUMepOM 6e3 TOACHeHHH, OCTABIAIOLIMM Ble4arT-
JeHne Majno yGeaurenbHoro gokyca.

Mexay TeM ,B NMPUBATHOM mnopaake“ GH3UKH [MHPOKO MOJb-
3YIOTCS aHA/M30M DPa3MEPHOCTEN B KayeCTBe MPOCTOrO PEKOTHOCLH-
POBOYHOTO TEOPeTHYECKOTO TpHEMAa, IO3BOMAIOILErO IMpemyrafath
pellieHHe CMOKHOH 334a4YM 32 HCKJIOYEHHEM HEKOTOPOTrO MOCTOHHOIO
MHOX(UTeN. B pykax TaKMX HMCKYLIeHHBIX Hccaegosarenell, kak P a-
ne#h, Jxunc, DAAMHTTOH M IP., METOA TMPHBOAUA K DALY
BeCbMa MHTEPECHHIX Pe3y/abTaToB., B TexHHKe, B 0COGEHHOCTH B aspo-
IKHAMHMKE, aHAIH3 pa3MepHOCTeR MOJYYHJ 3a NMOCAEAHHE TOLH BeChbMa
IIMPOKOE PaCHpOCTPAHEHHE.

OdeBHOHO, 4TO MPHILJIO BpeMf IAA YNMOPAMOYEHHA METONA, MJIs
TIpeACTaB/IeHUs] €ro B Takoit ¢dopme, xoropas Oblla O6H IOCTyNmHa He
TOMBKO HCKYLIEHHOMY M ONBITHOMY HCCA€IOBATENI0, HO M HAYMHAIO-
lleMy HaydHOMY pPaGOTHHKY.

Kunra I1. B, BpumxMaHa, HACKONIBKO HAM  H3BECTHO,
ABJISIETCS NEPBOf yNayHOM MOMHITKOM B STOM HampasieH#H, JlOCTOMH-
CTBA KHMIM— B €€ NPOCTOTe, KOHKPETHOCTH M yB/eKaTenbHOCTH. [To-
MHMO OpPHMIHHAJIBHOIO, KDHTHYECKOTO H3/MOXEHHA TEOPETHUYECKHX
OCHOB MeTOAa, WHTATeNIO mpeanaraercd OGo/blioe YHCIO OUYEHB
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4 AHANH3 PASMEPHOCGTEH

HCKYCHO l'IOIl06paHHle HECJIOXKHLIX TPHMEpPOB, p3306p8HHle B noAa-

POSHOCTSX; B KOHUE KHHIH KPOME TOr0 MpHJIONEHO 32 3aiayd Ha
aHamu3 pasMEpPHOCTeH,

[TonoXuTe/IbHOR CTODOHOH KHHMIH SBASETCH TAKKE €e , HECKOMBKO

MaTepHaluCTHYECKads“ (Mo BhpameHMIO aBTOpa) ycTaHoska. [I. B,
BpuikM3H HACTORUMBO NONEMUBHDYET €O CTADHIMH M HOBHIMH (bH-
BHKaMH, TEITABIIMMHCA yCMOTpeTh B (OpMy]ax DasMepHOCTH OTKpO-
BEHHS O ,Mpefle/IbHOR  CymHOCTH® (pUBHYECKHX BeAWUHH, AHanus
pasMepHoCTeft MOMET HaTh OueHb M4OrOe, KPOMe OIHaKO TOrO,
YTO B HEM 33BEJIOMO He MOMET COAEPWAThCS. ‘

B noGasnenne k GuGnmorpad:iu mo awan '3y pasMepsocTel, npu-
BEICHHMOR B TekCTe, yxaweM Ha HeGoaburyio kHury A. W. Porter’a,
The method of dimensions, 74 ctp., London 1933, comepwauryio
noApo6HOe H3/MOXKEHHE H2CKOAbKHX MPHMEDOB arasiu3a.

Ha pycckom sasmke nomumo cratew T. A. Ada ackeBoti-Spen-
tect, UMTHPOBAHHOH B TeKcTe, BOMPCCH AHAMM3A paamepHocTeHt ras-
6upanuce H. A. MopozosuyM B knure ,OCHOBH KaueCTEeHHOro G-
3HKO-MaTeMaTH4yecKoro aHanusa“, Mockea, 1908 r.

C. Basuanos.

INPENWC/IOBUE ABTOPA K [NEPBOMY HM3IOAHHIO.

Conepxanue 9TOH KHHPH COCTaBHAM O JeKUHH, NPOYHTAHHBIX
B [apBapackoM yH#Bepcutere BecHo#t 1920 r. (Graduate Confe-
rence in Physics).

Pacuinpenne o6aactd npHMeHEHHS METOLOB aHaaM3a PasMepHO-
cTe#l B TexHHYyecKOM ¢uaHKe M ero 3HaueHHe JMANA TEOPETHYECKHX
HCCJEIOBaHUY 3aCTAaBAAIOT KeNaTb, YTOOH KawAnlh ¢U3NK oBAazen
STHM MeTOXOM aHanu3a. [lo cHx mop He 6H/0, OJHAKO, CHCTEMATH-
YeCKOr0 H3JMOKEHH MPHHUMIOB METOHA. ‘

BosmoxHOi npuyHHOR 5TOFO Mpobfena MOIIO CAYHHTL MHEHHe
0 KpadHe#t mpocToTe mpeamera, Aejawomied crneudasbHOE H3JMOMKEHHE
HEeHYKHHM, Mexny TeM 4acTO BCTPEYAIOTCA OYEHb CYIUECTBEHHLIE
OMHOKM B OTHOIIEHHH OCHOB MeTOJa M ero mnpuMeHeHH#t. IDTH
OWKOKH CTOMb pACMPOCTPaHEHHl H HMeAH HAaCTOMBKO Traybokoe
B/HAHHE Ha XapaKTep MHOTMX CMEKYAATHBHHX IOCTPOeHH# (CM. npH-
Mepbl B KHHMrE), YTO # CYMTAI0 NOMKHTKY YCTPaHEHHA TaKHX OIIUGOK
OueHb HYXHON paboTOH.

f1 npeanpHHAN MO3ITOMYy CHCTEMATHYECKOE H3/0MeHHe NPUHIKIOB
METOJa pasMepHOCTEH, WMIIOCTPHPOBAB NpPHMEHEHMS MHOTHMH MpPH-
mepaMH. [IpuMepn crmeuuanbHo nomo6paHbl Tak, YyTobm 0co6o OTTe-
HUTb T€ MYHKTH, B OTHOUIEHHH KOTODHIX OMWMOKH SBISIOTCH pacnpo-
CTPaHEHHHIMH, Sl UMeI0 B YaCTHOCTH B BHUAY BOMpPOCHI O XapakTepe
tdopMyn pasMepHocTe#t, moTpe6HOM 4YHC/AE OCHOBHHWX EIMHHIL M TpH-
poae pasMepHbIX MOCTORHHEX., B no06aBieHue K mpuMepaM B TEKCTe,
B KOHIle KHHMIH MPHAOMEHH 3afduH, KOTOpHe, AYMAal0, OKAXKYTCH
TIOJIE3HBIMH,

BBopgHast rnaBa npenHasHayaeTcsl AAs TeX JML, KOTOpHE Yie
HECKO/IbKO 3HAKOMH C OGLMM METOIOM. BepoaTHO GOJBIIMHCTBO
ydTaTeNell OKAXYTCA TakuMu, B 9TOft rnaBe HA KOHKDETHHIX NpH-
Mepax s BHIIBHTaI0 Han6ojee BaXHHIE BOMPOCH, Tpebyloune o6Cyx-
AeHusi. YuraTenb, AAS KOTOPOrO INpeIMET COBEPIIEHHQ HOB, MOXET
6e3 BCAKOTO CMYLIEHHA MPONYCTHTH 3Ty IMaBY.
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51 oco60 06s13aH cTaThaM A-pa Darapa DbskuHrama no ZaHHOMY
Bonpocy M npusHateneH Ttakwe M. I, Tepcelo, corpyauuky bBiopo
CTaHAAPTOB, KOTOPBbI HECKOJbKO /€T TOMY Hasajl H3/0KHI B psale
Jexuu# pesynbTaTh A-pa BakuHraMa.

Cenrabpb 1920 r.

NPEAVC/IOBUE ABTOPA KO BTOPOMY WM3IAHMIO.

[Mpr nepenamanuu 3TOH HeGoablIOR KHHUTH 4yeped 8 neT moTpe-
60BAIUCh TONBKO He6OMbIIHE K3MEHEHHS, YUHTHIBAIOILHE H HOBeAILIYIO
auteparypy. Haubonee cyuiecTBeHHH HCNpaBleHWs B J0OKa3are/b-
ctBe [I-reopeMbn B uerBepTOff rmaBe, §I oueHp GaaromapeH npod.
Boppen Besep u3 BuckoHCHHCKOTO yHHBepcHTeTa, OGDAaTHBILETO MOE
BHUMaHWE Ha OAHY OWKMOKY MpEKHEr0 [AOKA3aTeNbCTBA M OKa3aB-
uieMy MHe MOMOLUb INpu HOBO# dopmyasposke. 51 Bocmo/b30Bascs
TAKKE PANOM YKasaHHH nA-pa BakuHraMa, XxoTs yBepeH, 4TO OH H
TeNepb He COMMaCeH CO MHOTHM B Moeft KHHTre,

Ho6apnensl Ta6auIp pa3MepHOCTe# OOHIMHO MPHMEHAEMBIX Be-
JMYHH B OOLUENpHHATOM omnpeieneHuu. Hanewcb, 4TO 3TO OKawkercH
MOMe3HbIM MpH pelleHHH 3aJa4y, HO BMecTe C TeM AyMal, 4YTO HU
y KOTO He BO3HHKHET MBICAH, YTO STH TabJAHLLI MpeaCTaBASIOT
4yT0-TO abcontotHoe, DTu GOPMYyAH TOJABKO pe3yAbTAT NPAKTHKH,
noKazasuie MX 1n0Jb3y NPH pellleHHH B8ajad,

Mue kasaloch, HTO MOe H3/0KEHHe HCHO H YOeIHTe/bHO,
K MOeMy OOAbIIOMY YAMBAEHMIO, OXHAKO, CO BPEMEHM TNOABIEHMUA
KHHTH, f OOH4pYXH/ Y MHOTHX PacXOXIeHHE CO MHOIO II0 OCHOBHBIM
NYHKTaM M, CJeXOBATENbHO, BONPOC HE MOXET [0 CHX MOP CYUTAThCH
6eccriopusiM, Huuto H3 TOro, 4TO EBICKA3bIBANOCH 34 9TH § ZeT, He
3aCT4BHJI0 MEHs NepPeMeHHTHb [epBOHAYANbHYI0 TOUYKY 3DEHHs, KOTOpas
ocrajlack B HOBOM H31aHuM TipewHe#, IIna GecnpucTpacTus W OpHEeH-
Talld¥ 4uTaTeNs B AOGaBAEHHEe K CTAThAM, LUHTHPOBAHHEIM B KHHIE,
f YKasplBal0 3JeCb HEKOTOphle Haubosee CylieCTBeHHble paboTh
Mo 3TOMy BOIpOCY.

N. Campbell. Physics. The Elements. Cambridge University Press
ra. XIV n XV, 1920. Phil Mag. 1924; 1, 1145, 1926, Measurement and Cal-
culation. Longmans Green and Co ra. XIII, 1928, J. Wallot, ZS. f. Phys. 10,
329, 1922, E. Buckingham. Phil, Mag. 48, 141, 1924, T. A. dpen-
decT-Adbanacobesa. Phil. Mag. 1, 257, 1926,

(Ccoiikn Ha npexaue BawkHble paGote T. A, Speﬂq)ecr-AtbaHaCbeBoﬁ
MOXHO HaliTH B STOH cratke).
I1. B. b.

Kam6punwx, Maccauyaerc
fluBaps 1931 r.

F'TABA TTEPBASL

BBEJEHHE.

Kaxnomy ¢u3UKy NPUXOAHIOCH NPUMEHATL METOMbl aHANM3d Pas-
MepHOCTeH K MpOCTHIM 3a/layaM, B YaCTHOCTH B O6/IAacTH MeEXaHHKH,
Pa36epeM HECKO/IbKO TMPHMEPOB s BO30GHOBJEHHA B MaMATH CYTH
gena, a TaKwke N/ BHISCHEHHS TeX BONPOCOB, HA KOTOphie CielyeT
OTBETHTH TIPH KPHTHYECKOM DACCMOTPESHHHM TNPHEMOB M MPEANOCHIIOK
MpaBUALHOIO NpPHMEHeHHA OGLIEr0 MeTodd.

HayneM ¢ oueHb MOKa3aTelbHOR 3azayd O MNPOCTOM MAaATHHKE,
¢urypupyoLelt B kauecTBe BBe[EHHs elBa MM He B KAKIOM H3/O0-
sxeHnyu Metoma, Hama uenp — Ha#tTh Ge3 J1eTaJbHOTO pellleHHs 3a-
Na44 HeKOTOpHE COOTHOILIEHHA MEkAy DasiMYHBIMM H3MEPSEeMbIMH
BeTMYUHAMH, NPEICTABANIOMLMMH 1A Hac uHTepeC. OOHYHbIH MeTon
cocTouT B caenytouteM, IIpewae BCero BHNHCHIBaeTCA Tabianua Be-
NMYMH, OT KOTOPHX, [REANOJOXHTeJbHO, 3aBHCAT OTBeT, Hanee Co-
CraBasioTca GOPMy/bl pa3MepPHOCTH STHX BEeJIHYHH H, HAKOHel, Ha-
naraercs YcAOBHE, uyTOOB 3TH BEJHUMHH BXOAHAM B (YHKIIHO-
HaibHEE CBA3W, HE 3aBHCALUME OT EAWHMIl, B KOTOPHIX BENUUMHbLI
H3MepeHHl,

[Tonpo6yeM 3TMM MeTOAOM HalTH 3aBMCHMOCTb MephHOAa KOJe-
fauus MPOCTOrQ MAATHHKA OT MNepPeMEHHBIX, Onpefle/A0IUX ero
cBodtcrBa. QueBHAHO BpeMs KoJeGaHHA MOMKeT 3aBHCETh OT AJHHBI
MadATHUKA, €ro MacChl, YCKOPEHHS TAKECTH H aMILIHTYAB KOJEG1HHA.
BhinuiieM pasMepHOCTH 3THX BEJNHHYHH, NMDHMEHAS OCHOBHYIO CHCTEMY
BeJMYMH, T. €. MacCy, AJIMHY H Bpemsa. B dopmynax pasMmepHOCTeH
CUMBOJIB MAacchl, MJIHHH U BpeMeHH Mpl GyneM 0603HayaTb G6OJb-
WUIMMKH NPAMLIMH GYKBaMH B COOTBETCTBYOWWX CcTenenax. Tabauua
Be/lM4YHH B JAHHOM C/y4ae HMeeT TaKo# BHMA:
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Tasanua 1

Dopmyra

Ha3saHue éeauyur Cumson paneprocmu
Bpemsa koneBauus . . . . t T
IOnnea MaaTHHKa . . . . l L
Macca madatHHKa . . . . m M
YcKopeHHE CHIIL TAXECTH . g LT-?
Yraosas aMIMIHTY A KoJe-

Gamusg . . . . ... < B 6e3 pasMepHOCTH

Mel DomkHH Buipasute £, Kak QyHkuuio I, m, g ¥ 0 Takum
o6pa3oM, uyTo6H (PYHKUMOHANLHOE COOTHOLIEHHE OCTdBaJOCh HEH3-
MEHHBIM TIDH JMIO60OM HM3MEHEHHM pa3Mepa OCHOBHBIX €IMHHIL

[Tycte 3TO COOTHOWIEHHe HMEET BHA:

t=f(1, m, &g, 0)'

Qopmynn paamepHocTelt MOKA3LIBAIOT, KAKHM 06Da30M OCHOBHbIE
€IMHHIIbBl OMNpENeNsioT YHCAeHHOe 3HaueHHe NMepeMeHHmX. HucieHuas
BE/IHYMHA TEPHOAA KO/NeOaHHs 3aBUCHT TOJBKO OT H36PaHHOH enM-
HULIBl BPEMEHH M He MEHSeTCH NMPH H3MEHEHHH eJHHHLL MacChl HIH
nauHel, CllenoBaTeNbHO BEMWYMHBI, CTOSIIHE MOJ 3HAKOM f B TpaBof
YaCTH yDaBHEHWs, HOMKHH OwTb'acCOLMMPOBAHB TaK, YTOGH BCH
KOMOHHALMA OCTABa/JaCh HEM3MEHHON NpH MepeMeHe eAHHHIL Macchl
H [/IMHH. B 4acTHOCTH He HOMKHO NMPOM3OHTH H3MEHEHHs IHpH ne-
peMeHe eNHHHLE TONBKO OXHOR Macc. Ho paamep enHHMIB MacChl
BJIMSET TO/JBKO H4 BeaWYHHY m. [loatoMy, ecaum Boobiue m BXOIMT
B apryMeHT OQYHKIMH, TO YMC/EHHOe 3HaueHHe GYHKUHM O6yneT
MHHIM TpDH M3MEHEHHH OCHOBHOM €INMHHLBI MacChl, MNpHYeM 9TO
M3MEHEHHe He MOXeT KOMIEHCHPOBAThCA COOTBETCTByioUled mepe-
MEHON 3HaYeHMH NPYrMX KOJHYeCTB, MOCKOABKY mNOCIeIHHE He 3a-

BHCAT OT HM3MEHEHHS pasMepa e€ANMHHIE MaCCH, Crano 6niTh Macca -

BOOGIIE He MOXET BXOAHTbL B (bYHKllPIOHaJleOC COOTHOLIEHHE,
WHaYe ropops, Haua (bYHKLlHH NMPHHHUMAET BHA:

t:f(l, &, 6)
BeJIHqHH'bl lu £ BMeCTe OO/KHBI BXOAHTH B prHKquo TaK, 4TO-
6L YHCN0BOE 3HaYECHHE dprymMmeHTa He MEHS/O0Chb TPH MEpEMEHE €IH-
HUUB JJHHB H MOCTOSHHOM t, T. €. UBMEHEHHE YUCIOBOH BETHUHHH l,

OCYLUECTB/SEMOe TNepeMeHO# DPasMepa eIMHHUH [IMHH, LOMKHO B

TOYHOCTH KOMIEHCHPOBAaTbCA M3MEHEHMEeM 3HaueHHs g, POUCXOnALLEM
np4 Tako# nepemeHe enaumHuu. PopMmysna pasMepHOCTH TOKA3bIBAET,
YTO A/t BHIMOJHEHHS 3TOr0 HeoOGXOAMMO pa3iendTh / Ha g, T. e.

t=f(é, e).

BBEREHHE 9

Ilanee, H3MEHCHHE OCHOBHBIX €IHHHL HE€ MOXET MOBJAMUATHL HA
YHCJOBYIO BE€IAHYHHY yriaoBo# AMNOAUTYAB, TaK KaKk OHAa HE HMEET
pasMepHOCTH H, CJA€A0BaTe/NbHO, 0 MoxeT BXOIHTb B HEH3BCCTHYIO

l
¢yHkuHo M06bHIM crnoco6oM, Ho ouesuano, uro 7 om0 6BITh

NpeacTas/eHo B GYHKUMM TaK, yTO6Ll BCA KOMOMHauMs HMela pas-
MepHOCTh T, 60 TakOBa pa3MepPHOCTb £, CTOSIUEr0 B JEBOH 4aCTH

!
paBeHcTBa, OTCI0[a fCHO, UTO ra HLOMKHO HAXOAMTHCA MMOA 3HAKOM
KBanpaTHOrO KOpHH, T. €.

t=]/é_<9 (6),

rie GyHKLUHS ¢ HA OCHOBAHMM TOJNBKO TPHBEIEHHHX DaCCy:XIAEHHH
elle He TOMIEXHUT = AajbHeflleMy OrpaHuuyeHuio, <PakTHueckH U3
5/1eMEeHTapHO# MeXaHWKM HaM M3BECTHO, 4YTO JAf MalnX 3Ha-
yenn#t 0¢ moutn nocrosHHa, He 3aBuCHT OT § u pasHa npubau-
}EHHO 2.

B cBA3M C pasMepHOCTbIO f MOXET BO3HHUKHYTH CAEAYIOLIUH
Bompoc. Mul ckasanu, uro § He MMeeT Da3MEpPHOCTH, H 4YTO ee YuC-
70Basi BE/IHYHHA HE MEHsSeTCH IPH M3MEHEHHH OCHOBHHIX €IHHHLU
MAcCH, IIMHH M BpeMeHH. HecOMHeHHO 3TO BepHO, HO OTCIOAA eLle
He C/lelyeT, YTO 4YHCAOBAas BeJMYMHA O ompeleneHa OXHO3HAYHO, KaK
7erKo BHAETb XOTA OH M3 TOro, YTO O MOMET H3MepsAThLCA B rpany-
cax WIM pajlaHax,

HueeM /11 Mbl NpaBo MOSTOMy CYMTaTh 0 MOCTOAHHOR BeMMYH-
HO#t, KOTOpas MOXeT BXOAWTH B (YHKIMOHANLHOE COOTHOMICHHME
MO6EIM crloco60M?

PaccmoTpum Teneps TeM ke MEeTOAOM BOMPOC O MEPUOME MamblX
Ko/ne6aHUH Kanenexk KMAKOCTH I10j B/AWSHHEM HX MOBEDPXHOCTHOIO.
HaTsxeHus. [IycTe kane/bka HaxXOIWTC BHe I'PaBHTALMOHHOTO MOAsS
M KOJMeGaHU OTHOCATCH TOJNbKO K H3MeHeHMI0 (OpMH, HAmpuUMep
oT cdepHuecko#t K sanuncounanbHo#t u o6patHo. Ilepron KonebGaHus
OUeBHIHO GyAeT 3aBUCETb OT MOBEPXHOCTHOIO HATHKEHHS KHUAKOCTH,
ee MAOTHOCTH M pafuyca HeBO3MyILleHHOM kuiako# coepu. Cocra-
BUM Tafjuuy.

TABAHIA 2,

Dopmyasa
Hassanue sesutuns Cuxeonr paaugphyocmu
TNepuon konebanua . . . . t. T
IToBepXHOCTHOE HATsMEHHE . s MT?
[170THOCTb KUAKOCTH . . . . d ML—8
Pamayc xamiu. . . . . . . r L
* ¥
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Ham HyxHO HaliTH Takyio ¢yHKUHMIO f, 4TOGbI
t=f (S, d, l'),

roe f TakgBa, YTO COOTHOWIEHHE OCTAETCH YHCACHHO HEHBMEHHBIM
NpH M1060M BEHIGOPE OCHOBHBLIX €IMHHMIL, KOTOPHIMH H3MepsTcs £,s,d,
H r. Metol peuieHus TOT Xe, KaK W B 3amave O MaaTHHKe. $IcHO,
yTo M 10/MKHO COKPAILATLCA B NMPAaBOH YacTH ypaBHEHHA. DTO MOMKET
TPOH30HTH TO/MBKO B TOM CaAy4ae, eCl¥ S M ¢ HXOAAT B ypaBHEHHE
B BHAe OTHOLIEHHS.

Orcrona
t=f (%, I').
Hanee, L He BXoauT B pasMepHOCTb £, mo3ToMy L He Moxer
BXOAMTb M B QYHKIHMIO f, T, e. ; H r JDOMKHB HAXOAMTbCH B TAKOM

coyeraHuu, 4To6bl L cokpamanoce. Ho L ¢urypupyer B oTHOWEHHH

s ,
7 B TPeTbel cTemeum, mosToMy A1s OCBoGOkIeHWst OT L HeoGxo-

§
AMMO pasnenuTh - Ha B, T. e

N
. t=7 (F)
PaamepHocTs ds? paBHa T—2. O&yHkums f KomkHa cTaqo OHTh

HMeTh Takyo ¢opMy, 4YTOGH 3Ta pasMepHOCTL NpeBparmiack B T,
T. €. B PasMEpPHOCTb JeBOH 4acTH ypaBHeHus. OTciola OKOHYATENb-

HH{ pe3yabTat:
t = const Vq-':g-.
§

PeaynbTaT MOLTBEPXLAETCH OMHTOM M 6HA yKasaH Paneewn,
Kak 3amaya Ne 7 B ero cratee B Nature, 7. 95 crp. 66, 1915 r.
PaccMoTpum Temepp, 4TO Mbl NOAPAa3yMeBadH, rOBOpSI BHauande,
YTO MepHox KoneGauus 6yner ,3aBHCETH TOJABKO OT MOBEPXHOCT-

HOTO HaTsKEHHs, MVIOTHOCTH W paiuyca. MiMenu a1 Mbl npu’ 3TOM B

BHIY, 4YTO pe3y/bTaThl HE3ABMCHMEI HAaNpHMeP OT MOJIEKY/IAPHOH
CTPYKTYDH KHAKOCTH? Pasymeerca M BCAKOrO $ICHO, uUTO MOBEpX-
HOCTHOE HATSKEHHE OMpede]SAETCH CHAAMM MeXIy MOJAeKyaaMM Mo-
BEPXHOCTHOTO C/J0Sl XHAKOCTH M OyNET 3aBHCETh OYEHp CJAOKHBEIM
06pa3oM, He MNOAJAWMMCA €ule TOYHOMY pacuery, OT CopTa H
CTPOEHHsSI aTOMOB M OT CHJI Mexay HuMH. Ecan 310 Tak, 10 mouemy
ke (aKTODHI, ONPEAENAI0UHE MEXY-MO/IEKYAAPHBIE CH/Ib, HE MOTYT
BXOAUTh B HAWI NEpeqeHb OCHOBHHEIX BeJWYMH? OHU HECOMHEHHO Hr-
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paloT MEPBOCTEMEHHYIO POJIL B OMpelde/eHHH (U3HYECKHX CBOHCTB.
Haw BoIGOp MOXHO MuTaTbCsl ONMpPaBAATb PacCyXAEHHEM BpOIE Cie-
nytoutero: ,BepHo, 4TO CBOHCTBA KHMIKOCTH ONpEAETAIOTCHA YPE3BhI-
yaflHO CJOXHOH CHCTEeMOH aTOMHEIX CHA, OQHAKO, S3TH CH/H BIHAIOT
Ha pe3y/ibTaT JAHLIb MNOCTOAbKY, MOCKOJbKY 3TO CKa3blBA€TCH Ha
“ONHOM * CBOHCTBE — MOBEPXHOCTHOM HATAXeHMH“., ITO 3HAYMA0 GH
4yTO, NPH H3MepeHHH MepHoNa KojeGaHHN Kamenb pasTHUYHBIX KHI-
KocTe#f, CKOAb YroZHO OT/AMYAIOLIMXCA 1O aTOMHBLIM CBOHCTBaM,
Mbl TONyuanu 6Bl ONHY M Ty e BEIHYHHY, eCH TOMbKO panuyc,
MJOTHOCTh M [MOBEPXHOCTHOE HaTsXeHHe OblIH TeMH e CaMLIMH.
MoxHo npu stoM n06aBHTh, YTO CNPaBELIHBOCTb TaKOrO OTBeTa
noaTBepxaaeTcs OMHTOM. Ho Ham KPHTHK MOMET He YAOB/ETBO-
putbc U 3THM. OH MOXET CNPOCHTb, NOYeMy Mhl TpPEMJe BCETO
yBepeHnl, 4TO CpeAM pasIuuHbLIX CBOHCTB KHAKOCTEH, H3 KOTOPHIX
COCTaB/IEHA Kamnfsi, WMEHHO MGBEPXHOCTHOE HATAXKEHHME ONHO BJAHSET
Ha mepHoi KojeGaHMA? EMy MoMeT kasaTbcsi BeCbMa BO3MOXHBIM,
YTO NMEPHOA 3aBHCHT OT BASKOCTH HJH CKMMaeMOCTH, H €CIH HaM
MPHAETCA anmeJHpOBAaTh K OMHITY, TO KAKYIH0 e LeHy HMEeT Hal
aHaniu3 pasMepHocTeli? Ha 3To mpuaeTcs OTBETHTH, YTO KOHEUHO MBI
nMeeM GOJbluMe CcBeleHMs 06 SKCMepHMeHTe, YeM HAIl KPHTHK, H
YTO MPH HEKOTOPHIX YCHOBHAX JeHCTBUTENILHO NEPHOL Kone6aHHus
33BHCHT OT BA3KOCTH M CXHMaeMOCTH IOMHMO TOBEPXHOCTHOro Ha-:
TskeHHs, OIHAKO, ONMBIT MOKAa3HBAET, YTO MO Mepe YMEHBLIEHHS pa-
auyca Kamjad AOCTHIaeTcsl Takoft pasMep, HHKe KOTODOro CiHMae-
MOCTh NepecTaeT MrpaTh Kaky-au6o 3aMeTHylo pojb, To4HO Takxe
HMXKE OMNpefe/leHHOR BSI3KOCTH H3MeHEHHe MNocJedHe# B3aMEeTHO He
BAHAET Ha mepuol KoaebaHus Kanmad. Haur aHaan3 NnpuMeHMM HMEHHO
K 3THM yCJA0OBHsIM. BMecTO anmensumu K NPAMOMY OMHTY B IOAKpenN-
JeHHe HAlIKMX YTBEPKIEHHH MBI MOXKeM, NOCKOJBKY Halll KDHTHK
LOBOJMBLHO CBelyll, COCAAaTLCA Ha TO 0606lieHHe OMBITA, KOTOpOE
CONEPKHUTCA B yPaBHEHHAX rMApoAMHAaMMKH. [IpuMeHss sTH ypaBHe-
HHA K Halwel 3ajaye, MOXHO IOKa3aTh, YTO, HAYHMHAS C HEKOTOPHIX
MpefedbHHX YCJAOBHH, NOSBOMHMTENBHO TNpeHeGpeyb CKUMAEMOCTBIO
M BA3KOCTBIO, '

Takum o6pa3oM HaM yIaercs HakoHell yOeiMTb KPHTHKAa B mpa-
BHJIBHOCTH HALIEro MpHEMa, HO IJi BSTOr0 MOHALOGHTCA HCMOJb-
30BaTh 3HAYWTENBHBIE IKCIMEPHUMEHTAJbHEIE PecCypChl H KPOME TOro
notpe6yeTcs HaBhK M OMBITHOCTh IS MPaBUABHOrO Cyxiaenus. He-
O6yYeHHBIH HOBHYOK €IBa-iH OKasajcs Ob cnocob6HblM TPHMEHHTb
MeTO# aHanM3a pasMepHOCTel K Hallel 3alavye M NOAYYUTH YAOB/e-
TBOPHTE/bHLHE PE3yAbTaThl.

INepeitnem k TpeThell 3amaue. [JaHbl ABa Tena ¢ MaccaMu /my W My
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B IyCTOM TPOCTPAHCTBE, BPALIAIOI(HECS BOKPYr OGILEro LeHTpa TS~
HKECTH MO KPYTOBHIM OpGMTaM MNOL AeHCTBMEM CHIH B3aUMHOrO TH-
roteHus. Mul XOTHM 8HaTh, KakuM 06pa3oM BpeMs O6palleHHs 3a-
BHCHT OT APYTHX NepeMeHHHIX.

Kak u npexae cocTaBiseM Tabiuiy BeaHYHH.

Tasauma 3,

Popuyra
Ha3sanue seauruns Cunmsoa pasmeprocmu
Macca nepsoro Tena. . ., . my M
Macca sroporo Tena . . . . ms, M
Paccrosnne Mexny Tenamu . r L
Bpewms ofpaiienus . t T

OueBHIHO 3THM H OIPaHMYMBAIOTCH Bce (DU3HYECKHE BENWYHHH,
CBA3aHHHE C 3ajauyed, 60 korma 6W M rme Gbl MBI HH 3aCTABHJIH
ABa TeJa C MacC'MM /M H My Ha PacCTOSHUM 7 COBEPIUATH KPYro-
BOe NBHXEHHE B MYCTOM TMPOCTPAHCTBE TNOJ JAeHCTBHEM HX B3aHM-
HOTO TATOTEHHS, MH BCEria MOJAYYHM OAHO M TO Xe Bpems obpaiue-
HHA HE3aBHCHMO OT MaTepHana, U3 KOTOPOro COCTOAT Tena,  OT MX
npelbayuiet XHMHYECKOR HAM JHHAMHYECKOR HCTOPHH.

Hatinem dynkunoHanbHoe cooTHolleHHe

t=f(my, my, r).

Hanaraem ycnoBue, uTo6n 3TO pABEHCTBO BHLIIOJHS/IOCH HE3aBH-
cHMO OT BuBOpa OCHOBHbIX enuKuu. [TepsHH e B3rAA Ha ypasHeHHe
(PHBOJMT HAC B HEKOTOPOE CMYLIeHHe, TaK KakK B JIEBO}t YaCTH CTOMT
TO/BKO BpeMfl, B NPasoft xe yacTH BpeMeHH HeT coBepiueHHo. Kpu-
THK 32 HaweH cnuHOM noackaswiBaer: ,HoO BH BKAIOYHAM He Bce
BE/IHMYHHBI, OT KOTOPHIX 3aBHCHT peay/bTaT, ACHO, YTO BaMH 3al6hlTa
MOCTOAHHAA TATOreHHs“. — ,Kak 310 MOXeT 6uTh, BO3paxaeTe BH,

MOCTOAHHAA TATOTEHHA JO/KHA MOABHTHLCHA Cama COGOIO, 06 9TOM

nosaborutca mpupona. HecomHenno, uto aBa Tema ¢ MaccaMu m, H

m,; Ha pAacCTOAHHH r OJHO OT IpPYroro BCe€raia BpaMAKTC C ONHU--

HAKOBHIM NepHOfOM. MH BK/IKOUYMAM B Ta6auLy BCe ¢uU3HUeCKHe Be-
JAHYYHBE, KOTOPHE MOTYT H3MeHATbCA., KPHTHMK, OIHaKO, HacTaHBaeT
Ha CBOEM; YCTymas €My, MH BCT4BJfEM IOCTOSHHYIO TATOTEHHS
B YHC/AO TNEPEMEHHHX, Y4ToGH monpo6OBaTE, YTO H3 3TOTO BHI-
net. HasoseM sty nocrosHuyr G; OYEBHAHO, 4TO €€ pasMEPHOCTHb
6yner M—1L3T—2, tak Kak OHa onpexenseTcs 3aKOHOM TArOTEHHA
HsroroHa. ’

nym.
Cana taroreuus = G %
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»]10CTOSHHYI0“, HMEIOLIYI0 Pa3MEPHOCTb, T. €. MEHAIOWYI0 YHCIO-
BYIO BeJIHYMHY NpH Mepexoie K APYro#t CHUCTeMe OCHOBHHX €XHHHWL
Ha30BeM ,pa3MepHof“ nocrosHHOH. Hawe ¢pynKIHOHANILHOS COOTHO-
IIeHHe TPHHUMAET BHI:

t=f(my, my, G, ).

D10 GYHKLHOHANLHOE YPABHEHHE DA3PEIIAETCH YKE HE TAK NMPOCTO
HEIIOCPEACTBEHHBIM DAaCCMOTPEHHEM, KaK [Ba MpelblAyiine; MpUIETCs
HEMHOXKO 3aHATbCA anre6pof. Ilpeanonoxum, yro GYHKUHS BbeIpa-
xaeTc B GOpMe CYMMH NpPOHM3BEAEHHH apryMeHTOB B HEKOTODHIX
creneHsx. Mbl 3HaeM, uyTO ecau 06e CTOPOHE YDaBHEHHS HO/KHH
OCTaBaTbCA PABHBIMH MPH JMI060M M3MEHEHMH OCHOBHBIX €IMHHIL, TO
pasMepHOCTh J060ro M3 npoM3seleHHH B NpaBO# 4YacTH PaBEHCTRA
A0MKHA OBITh TAaKOH e Kak W B JeBo#t uactH, T. e. T.

[lyctb THAHMYHHN 4JeH CYMMbLI NPOH3BEIEHHH HMEET BHA:

m mg G 1%,
PasMepHoCTb BCero nponsBeldeHHs nomxHa Outh T, T. e,
MM (MLeT LY =T
[pupasuuBas noxasatems y L, M n T B npaBo#t K neBoft uacTy,

HMeeM:
ab—y=0)
3y-+d =0£
oTKyna —2y=1
1 3 1

y=—4i3=3ia=—p L.
3HayeHHd & ¥ (3 MOJMHOCTBIO He OMpENe/AIOTCH, HaXOAMTCH TOJb-

KO MX OTHOLIEHHe, TdK KaK y HAC TOJAbKO TPH YD4BHEHHS NpPH
yeTHpeX HeH3BeCTHHX. OTHOWweHHe o« K [ MOKa3wWBaeT, 4TO m;

—1 [ mg\*
M Mg NOMKHE BXOAHTb B (OpMe sy /2(m—’), npHyYeM 3Haue-
1
HHE X HHUYEM HE€ OrpaHKMYUBACTCH.

Orciona
3
ri2 me \*
a2 —2)
=2 id Gl/am;/a (”11 ?

rie x 1 A MOTryT HMETb MNPOH3BOJBHLIE 3HAYEHHA.

i

ri2

—; 34 3HAaK CyMMHI, MOXEM HaMmucaTb

f= _ a4, (%)x

o

BuiHocs ——
1 1
G /’m, fa
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BupaxeHue MOX 3HAKOM CyMMbl, eCTH X M A, HHYeM He orpa-

m.
2, KOTOPYIO MBI HM306pasuM

HHYEHH, €CTb NPOW3BO/MbHAS (YHKUMSA )
1

B BHIE ¥ my
Ty T
Orciona

fa
= 2
01/7””1/2 ¢ my )’

T. €, KBajpaT nepuoia o6pallleHHs NPONOpUMOHANeH KyGy paccros-
HHA MeXIy MaccaMH ¥ 06GDaTHO MpPONMOPLHOHANEH NMOCTOSHHOM TAro-
TEHHf, €CJIM BCe MpPoyee OCTAETCH HEH3MEHHLIM,

Coo6paxennst Ipyroro poAa MO3BOJSIOT LSl YACTHHIX CJAyYaeB
Onpene/uTh BUA HeuwsseCTHOH ¢yHkuuu ¢@. [lyctb onHo us Ten 06-
Jlajaer oueHb GoablIOR Macco#f, BTOpOe ke ABAAETCH JAETKHM CHOYT-
HHKOM; B 3TOM CJIyyae C IOCTATOYHBLIM NPHGIHMKEHHEM MOMKHO CYH-
TaTh, YTO LEHTPOM BpAllleHHs ABJASETCA LEHTP MAaCCHBHOLO Teja.
SICHO, 4TO MNpH 3THX YC/IOBUAX BpeMs OGpAlleHHS He BaBHCHT OT
Maccu cmyTHHKka., Ecau Macca COyTHMKa YIBOMTCA, TO YIBOHTCA M
CHJIa TPHUTHMEHUS, CIEIOBATE/NLHO YCKOpeHHe, ONpelessieMOe OTHO-
IIeHHEM CHJILI K Macce, OCTaHeTC HEH3MEHHbIM, T. e. BpeMs obpa-
IEHHA OCTAaHeTCHd TeM ke caMuM. IIpM 3THX CrhelHadbHEIX YCIO-
BHAX HeH3BeCTHafl (yHKUHMA ¢ obpailaercs B NMOCTOSAHHYIO BelHYH-
HY, H MH Ha#lem

: s
=const ——--
G /9m2 fa

3T0 COOTHOLIEHHE, KAK H3BECTHO, COrJACYeTcs C acTpOHOMHMYe-
CKHMu (hakTamu,

TakuM 06pa3oM Hall KPHTHK OKasaics, MOBHIHMOMY, MPAaBhIM,
HacTaMBas Ha BKJIOYEHHH MOCTOSHHOM TAroTeHMs B Tabiuuy. ¥ Hac
OCTaeTcs OJHAKO, HEMpUATHOE OlllylieHHEe, MOCKOJbKY Mbl HE IOHH-
MaeM SICHO OLIXGOYHOCTH IEePBOHAYANBHOLO HAIIEro paccymIeHHs.
Hac HauuHaer TpPeBOXHTb MNpeIYyBCTBHE, YTO B Gynyinem oGHapy-
KHTCH elle Kakasf-HHGYIb pa3MepHas MOCTOSHHAA, KOTOpoH Teneps
Mbl €lle HE 3H4eM H B OTHOLIEHMHM KOTOpOK He O6ylIeT CTOML Oue-
BHIHON HEBOSMOXHOCTb MpeHebpemeHus, Kak 370 OH/I0 B cayuae
NOCTOAHHON TAroTeHus. Mm omacaeMcs, YTO MpPH TaKOM MOJOKEHHH
Oena, MOJYYHTCA HeBEDHBIH OTBET, H HE 3HaeM, He PyXHeT JH BooGuie
BCE CTpPOEHHe.

I[ToMuMoO HemoOyMeHHMs ¢ pasMepHBIMM TNOCTOSHHBIMM, ROCAEAHAN
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3aa4a eCTECTBEHHO BBIBBIBAET M APYrol Bonpoc. Ha kakoM ocHoBanuu
MOXHO [MpeInoJarath, 4TO HEH3BECTHa% (YHKIUMA NOMKHA OHITH
TMpEACTaBIEHA KaK CyMMa NpOH3BELEHHA HE3aBHCHMBIX MepeMeHHLX
B HEKOTODHIX CTEMEHHX?

Pasymeercs B martemaTHke CYWIECTBYIOT QYHKIHH, KOTODHIE He/b3st
BHIDA3UTL 3THM cnoco6oM. Heywenum npupona orpamuumia sup nefi-
CTBHTENLHO CyUIECTBYIOWMX GYHKLUMH TONBKO TOR HeGOMBIION YaCTHIO, °
KOTOpasi JIerKO yCBauBaeTCsl YeJOBEKOM?

Paccmotpum uetsepryio 3anauy, paso6paHHyio PseeM B TOM
we HoMepe Nature. DTo — sHamenuTas 3amaua o nepeHoce Temja,
KOTOpO# 10 Paitest sanumancs Byccunex, Teepioe Temo onpe-
AeNIEHHO! reoMeTPHuecKOH (OPMH, HO IIepPEMEHHEIX aBCOMOTHHX
PasMepoB, HAXOOMTCH B HENOABHIKHOM COCTOSHHUM B MOTOKE KUIKOCTH
W TIONIEDPXKHBAETCS NPH NOCTOSHHON TeMmepaType, mpeBbimaOLIEH
TEMNIEPATYPY KHAKOCTH HA HEKOTOPOM DAacCTOSHHHM OT Tema. Tpe-
6yeTcsi HaliTH CKOPOCTbL MepeHOCZ Temaa OT Tena K wuiakoctH. Kak
M Npexce, cocTas/seM Tabauiy 4 pasnnyHBIX BXOIAL(HX B 3ajgauy Be-
JIHYHH H HX pasMepHocTeH,

Tasnnua 4.

Hassanue seaununw . Cumson Popayaa:
pasueprocnu
CxopocTh neperoca Temaa. . . & HT!
JluHeltHsle pasMepH Temaa . . . u L
Ckopocrs motoka. . . . . , . v LT!
Pagnocts Temneparyp. . . . . 6 ]
TenoemkocTs xunkocTd Ha enu-
HUDy ofbeMa . . . . . ... ¢ HL %"
Tennonposoanocts xuikoetn .  k HL— T 1g—1

9710 — neppas 3ajaua u3 obnacTH TEeIJIOTH, € KOTOpPOH Mbl
BCTpEUaeMCH, M Mbl BBe/M [BE HOBLIX OCHOBHBIX EIMHHIIH, eIHHHLY
konuectsa Tenna (H) u emunmuy remneparypw (6). 3amerum, uto
Macca He BXOAMT B (OpMYJH PasMEPHOCTEH HM OXHOH M3 nepeMeH-
HEIX 9TO# 3anaun. Ecam Oul Ml 3axoTenu, ee MOXHO 60 6bl
BBECTH, OTKAa3aBIUHCh OLHOBpPeMeHHO OoT H, '

Tak xe, kak u B nocnenHem npuMepe MpeanoJaraeM, YTo HHTepe-
Cyroulas Hac CKOPOCThL mepeHoca Ten/a BHIPANKAETCS KaK CyMMa npoua-
BENEHHN apryMeHTOB B HEKOTOPHIX creneHsX. OGwHH BHI uwieHa
Tako# CyMMHn uMeeT Buz:

const a* 68 yr o3 ke
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Hanaras ycnoBne paBeHCTBA DAa3MePHOCTH 3TOLO MPOU3BEACHUS
pasMepHOCTH A, Kak M B MpexHel 3ajade, mo/ayyaeM HeTWpe yp4B-
HEHHfl, COOTBETCTBEHHO HYETHIPEM OCHOBHHIM EIHHHLAM:

d4-e=1 (ycnosue mas nokasatens npu H)

@—3 —=e =0 (ycnoBue mas mokasareas mpu 0)
%-4y—33—=e=0 (ycnoBue m1 noxasareas npu L)
—y—e=1 (ycnosue mns nokasareis npu T)

Ins NATH HEWSBECTHRIX MBl HMeeM TOMbKO YEThIpe ypaBHEHHS;
TakMM 06pasoM OJHO M3 HEH3BECTHRIX OCTAHETCH MPOH3BO/IBLHEIM,
ITycts ato Gynmer 1.

Pasperuast ypaBHeHHs OTHOCHTENBHO Y, NMeeM:

a=1-4y;6=1;3=y; e=1—1,
OTKYAa BbIUEHANINCAHHBIA OGWIMA WIEH CYMMbl MPHHHMAET BHI:
acy \7
constaOk(T) .

[TonHoe pemieHHe ‘ecTb cyMMa 4leHOB Takoro THma. Kak u

paHblle 3HA4YE€HHsA KOHCTAHTH M Y HHYEM HE€ OrpaHHUEHHI,- MOITOMY '

BCE WIEHH CYMMBl MOFYT OHITb C/AHTH B €IHHYIO MPOH3BOJBHYIO
(yHKuHMIO, W pe3y/bTaT MOXKHO 3aNMHUCaThb B TAKOM BHIE:
h=rkadF(%2).
k

CrnenoBarenbHo, CKOpPOCTb NepeHoca Temia TPOMOPUHOHA/bHA
Pa3sHOCTH TeMMEepaTtyp, HO OT APYTHX MepPeMEHHHIX 3aBHCHT HE BIIO/IHE
onpelnefieHHEIM o6pa3oM. Xora ¢opMa ¢yHKUHH F HeH3BecTHa,
OIHAKO BHJ apryMeHTa 3TOR (QyHKIHMH JaeT OYeHb LIEHHHIE CBEAECHHS.
Hanpumep, Mbl BHAMM, 4TO H3MEHEHHE CKOPOCTH MOTOKA XHIAKOCTH
NPHBOAHT K TAKOMY K€ TOYHO H3MEHEHHIO, KAK H3MEHEHHe Temjo-

€MKOCTH: yIBOEHHE CKODOCTH XMAKOCTH MPH HEH3MEHHOCTH MPOYHX’

NepeMeHHEIX OKashwBAaeT TaKOe e BJAHSIHHE HA CKOPOCTb MEpeHoca
Tenna, KaKk U yABOEHHE TETIOEMKOCTH MUAKOCTH.

3ta 3aj1aua MOXET TaKXe BHI3BaTb pal BonpocosB, OauH U3
HHX G6u1 nocrasned [, Pa6ymunckum B nuceme B Nature 95,
591, 1915 r. OH nucan: ,B Nature or 18 mapra Jopa Paneit
naer dopmyay

- h=kaef(5;?),

paccMaTpuBasg KOJHYECTBO TEMJa, TemMnepaTypy, AJHHY M BpeMs Kak
yeThlpe ,HE3aBHCHMBIX® BEMHYHHBHL

-
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Ecnu NPeAnonAoKUTb, YTO TOABKO TPH U3 STHX BeAWYMH ,Jel-
CTBUTE/ILHO HE3aBHCUMBI®, Mbl moayuyuM Apyroft pesyiasrtar. Hanpu-
MEp, €CIAH TeMMepaTypa onpene/eHa Hepe3 CPEIHIC KHHETHUECKYIO
SHEpTHI0 MOJIeKyJ, TO aHajH3 pasMepHOCTel moO3BO/AAET YTBEp-
#IaTb TOJALKO TO, YTO

v .
h:kaBF(W,caﬁ),
T. €. BMECTO HEH.BeCTHOH ¢GYHKLUHH OT OAHOrO ap‘r'ymemé no-
syyaertcs QyHKUHMA OT IBYX aprymeHToB., KoHeuHo Takan yHKUHS
3HAYHTENbHO MeHee OrpaHHyeHa uyeM GYHKIHMA TOMNLKO OLHOro apry-
meHta, Hanpumep, B maHHOM ciy4ae ymxe He/lb3d CleJaTh BHIBOAA,
YTO H3MEHEHHE CKOPDOCTH B/HAET TAK e, KAK M3MEHEeHHe TEMIo-
emkocTH. TakuM 06pa3om 3aMeyaHHe PsOyUIMHCKOIO CyLIeCTBEHHO,

Panet oretnn Pa6ymnHckomMy B ToM xe Tome Nature (cTp. 644)
caenywuiuM o6pa3oM:

»Bonpoc, noausaTH# Psi6ylIHHCKMM, OTHOCHTCA CKOpee K JIOTHKE,
uyeM K crnocofy MpHMEHEeHHs aHaaM3a pasMepHOCTEH, HHTEpPECOBAB-
weMmy MeHsi. Borpoc oueHb 3acayxuBaer danbHeRlIEro paccmOTpeHHUd.
Moe 3akmoHeHHe NOMYYeHO Ha OCHOBe OOHIYHBIX YDaBHEHHH
dypbe a8 TENAOMNPOBOAHOCTH, B KOTOPHX TeMNEpaTypa M KOJH-
YeCTBO TeIVla MPHHHMMAIOTCH, KaK BeJWuHHHl sui generis. Mbl uMenn
On €10 ¢ MapagoKcoM, ecad Obl YriAyGAeHHE HAIUMX 3HAHMH O
NpHpPOZEe Tenja B MOJEKY/SIDHOA TeOpuH, NPHBOAMAO Obl HAC® K
XyHeMy MONOXEHHIO 4Y4eM paHblleé NpH DAaCCMOTPEHMH HAaCTHOH 3a-
Aayu, Pemenne napazmokca COCTOHT MOBHAMMOMY B TOM, 4YTO 8
ypaBHeHuax ®Pypbe comepxuTCs TaKOe MPEINONOXKEHHE O MPUPOLE
Tenia M TEMMEPaTYpH, KOTOPOro HeT B apryMeHTaluH PalyiuH-
ckoro“.

Sl mymaw, uto 3TOT oOTBer Pajes exBa-1d KOTO YIOBJETBODHT.
PasyMeeTcsl HeT HUKAKMX COMHeHHH B MCKyccTBe Pajles B nese mo-
JYYeHHsi MPAaBH/LHOrO pe3y/bTaTd MpHMeHEHHEM -aHATH3a Pa3MepHO-
CTel, HO HAHZeTcs M y HAC HaBHK M dusnyecKas WHTyHuus Paines,
YTOGEI CaMHM TaKie MOyyaTh MpaBM/bHHHA pe3yabTaT? He aact am
HEKOTOPOE PacCMOTPeHHe JIOTMKH METOIa HaJeXHBI Crocol pelieH#s
BOMpoOca, fIB/ASIOTCS JH TeMmIepaTtypa H KOJAMYECTBO Tenaa ,nefi-
CTBUTEJBHOY* HE3aBUCHMHIMH €IMHHIIAMH MJAH HET, B KaK cjenyer
BLIOUPATh HAlIH OCHOBHbi€ BEJHYMHLIP

[MToMuMoO mepBoro Bonpoca O HamdexalleM BHIGOpe yHCaa elu~
HHIL MpH cocTasJeHun GopMysn pasMepHocTelf, 3Ta 3ajaya o Temnjo-
NPOBOJHOCTH BH3HBAET M Ipyrde BOMPOCH TaKxe (H3HYECKOro
Xapaktepa, Hanpumep, uMeeM /M Mb QCHOBAaHHe npe€HeGperath

BpagmuMen, 2
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MIOTHOCTBIO, BA3KOCTHIO, CXXHUMaeMoOCThlO, TEMIOBHIM paclypeHHEM

TWHIKOCTH HAKM  a6co/MoTHOR TeMmnepaTypo#? BepoaTHO MHOTHe

CKaXyT, 4TO TaKOe npeHeGpexmeHHe ONMPABAAHO, HO 3TO yTBEPMKAEHHE
6yHeT OCHOBHIBATHCA HA KOHKPETHHIX aPIyMEHTaX M OCHOBAaTe/bHHX
(pu3MuecKUX cBeleHHAX O paccMaTpuBaeMol (uBHueCKOR cuCTeMe.
[IpoGrema He Moxer 6uiTh paspewena duaocopoM Ha Kadenpe,
HEOOXONUMEle 3HAHMA NOCTHTHYTH KeM-TO, KOIZa-TO, 3aMadyKaBiinM
CBOM PYKH THDPAMLIM OMLITOM,

B 3akmouenue ocraHoBuMCA HA NATOH 3a4aye HECKONBKO OT-
AMuyHOro xapakrepa. [lonpo6yeM HafiTH, KaK 3aBHCHT 3/MEKTpPOMa-
THHTHAaA Macca 9JEKTPHYECKOro 3apsAfa, PABHOMEPHO pacrpene-
NeHHOro no cdepe, OoT pamuyca cdepbl H BendyuH 3apaga. [loma-
FaeM, 4TO 3apAl pPacMoOAOKEeH B MyCTOM NPOCTPAaHCTBE, H, CAEHO-
BATENbHO, €AMHCTBEHHBIMH TEepeMEHHHIMM SIBJSIOTCA 3apal H paiuyc
chepul. [lpumensem npexuu#t meron. PaamepHocts 3apsia (Bbipa-
EHHOTO B BJIEKTPOCTATHYECKHX eAMHMLAX) MOJy4aeM M3 3aKOHA
Kynona. Takum o6pasom umeem ta6auuy 5:

, Tasauua 5.

Ha u bopuyaa
38aHUe BEAUMUHBL Cumsoan pasmeprocmu

Bapag . ... ... e ML 7!
Pamuyc cepnr . . . . r L
DNeKTPO - MarHUTHAA

Macca .. ... . m M

Hanumem
m=f(e,r)

M Ha#aeM BUMA (YHKuuM f, OCHOBLIBAACH HA TOM, YTO COOTHOLIEHHE
AOMKHO OHTb HE3aBMCHMbIM OT pasMepa OCHOBHHWX elMHuu. SICHO,
yTo T He Moxer BxoaMI1b B npaByl0 uacTb paBeHCTBA, TaK Kak
OHO He BXoauT B Jesyw. Ho T Bxoaut B npaBylo 4acTb TONBKO
HEpe3 ¢, MOSTOMY M e He MOWeT BXOAMTH B mpaByio yacTe. OnHaxo,
€C/IH B mpaBOH yacTH HeT ¢, TO TaM He MoxerT OuTh M M, Tak
Kak M Bxoaut Tonbko uepes e, Mul BcTpeuaeMcs TakuM 06pasom
C TNpOTHBOMO/NOXHEIMH TpeboBaHHAMKM, [OENAIOLMMH DellleHHe 3a-
Aaun HeBoaMOwHLIM. Ho cHoBa Haw kpurtuHk-MedHcTodenr mnox-
CKa3hWBAET, YTO MH 3a0bAH KaKyl-TO DPasMepHYI MOCTOAHHYIO,
Mul HemoyMmeBaem: Hawa cucTema pacmonoweHa B MyCTOM Tpo-
CTPaHCTBE, KaKOH Da3MepHOH MOCTOAHHON MOMET XapaKTepH30BaThCA
fyCTO€ MpocTpaHcTBO? KpUTHK HacTauBaer, ONHAKO HA TOM, 4TO Y
MyCTOro npoCTpaHCTBA §MeIOTCA CROHCTBA, M INPH HEKOTOPOH Ha-
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CTOMYMBOCTH ¢ HAweH CTOPOHH NOACKA3HBAaeT, uTo CBeT pachpo-
CTpPaHfieTCA C OmnpelefeHHOH, XapakTepHCTHYecKOH cKopocThio. Mu
CHOBA BO3BpAallaeMcd K 3a1aye, BK/IOYMB B TabauLy CKODOCTBb

CBETa ¢ C pa3MepHOCTBIO LT, umeem:
m=f(ey, 1, c).

Ilpexnne 3aTpynHeHHa cpa3y HCYe3alOT, H Ha OCHOBE OIKITA
pelleHKs TNpeiBAyLIKX Go/ee CAOKHBIX TPUMEPOB MBI [0JydYaeM
cpasy:

e?
m=const —.
re

Ity dopmyny Mb HatinemM B J11060M Kypce 3JeKTPOAHHAMHKH,
M, Clel0BaTeNbHO, HAall KPUTHK CHOBa OKa3ajacd TnpasuM, Mn.
YyBCTBYeM Ce6fl CMYLUEHHHIMH, He SICHO NMOHHMas pOJb Pa3MepHLIX
NOCTOSAHHBIX, U HECKONbKO YCMOKAWBAEMCH, BCIIOMHHB, UTO € OIpe-
AeNfeT OJHOBPEMEHHO OTHOLIEHHE 39JIEKTPOCTATHYECKMX EIHHHMI K
9NeKTpOoMaruuTHeIM, OJHako, HaM elle He OYEHb fACHO, KaKHM
06pa3oM BXOAHT 3TO OTHOLUEHHE,

Pagmuimngas 0 peleHuAXx pacCMOTPEHHWX 3afay, MH BCTpe-
yaeMcs W ¢ OpyruM BonpocoM. [loueMy ypaBheHHe, TPaBHIBHO
CBA3LIBAIOLIEE DA3JHYHbLIE U3MepHMHIe (PU3HYeCKHEe BEMHUHHB, LOMKHO
no ceoelt dopme He 3aBHUCeTb OT pasdMepa OCHOBHbIX eIMHHU? Kak
6yATO Obf AMA STOTO HET HHMKAKOH HEOGXOAMMOCTH, AHKTyeMOH
npHpoao# caMoro ¢u3Myeckoro uaMepeHusa. Bcsakoe ypasHeHue
€CTb OMHcaHHe SABNeHHS MMM Kaacca fABAeHHH. OHO yTBepxiaeT B
KOMNAKTHOH ¢opMe, YTO Onepupys ONpeAeNeHHHM MpPelnHCaHHBIM
Cnoco6oM TaK, YTOObl MOAYYHTL PAf YUCEN, OMUCHIBAIOIINX pe3yib-
TaThl Onepauui, Mbl AOMKHK MpPH MOACTAHOBKE 3THX YHCEN B ypas-
HEHHE YIOBJETBOPHTH NOC/AenHeMy. BooGpasum ce6s, Hanpumep, B
MONIOMEHNH [anunesi, MNEITAOIIETOCS HaWTH B3aKOH TNaJeHHY Tell.
Marepuanom a5 HawMX HaGMIOJEHHA MOTYT CJIYXHTB BCe CBOGOAHO
najaomye Tela HA INMOBEPXHOCTH 3eMaH. B KadecTse H3MepHTENb-
HOrO MHCTPYMEHTa [MOJb3YeMCd HEKOTOpPOH efMHHMEH I/IHHBI, Ha-
npuMep MeTPOM, M HEKOTOpoH emuHHLeH BpeMeHH, HanpuMep MHu-
HYTOH. MBE npuMeHsieM 3TH eJHHULBE NO OMNpeNe/NeHHHM IMPaBU/IaAM
KO BceM nejaioliiM TelaM H MOAyyaeM Napbl 4HUCE]d AN Pas3NHyYHbIX
TeJ, OTHOCAIIMXCA K TPOCIPaHCTBYy, MPONIEHHOMY 3a HEKOTOpOe
BpeMs, MNpoTeKuiee OT Hayajaa majieHdsa., Muo fnemaeM mpu sTOM Be-
NIMKOe OTKPHITHE, 3aKMOYalolieecs B TOM, YTO YHCJIO, BhIpamaioliee
paccTtofnne mnajedus maw6oro Tena, Jaw6oro pasMepa M CBOMCTBA,
HaxONHTCA BCerja B NOCTOAHHOM OTHOLIEHHHM K KBaApaly uHMCNA,

*
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BHIPAXKAIOLIErO MpoTeKiee Bpems., MamepeHHwote uicnd, BcTdBaseMbie
B 3TO COOTHOLUEHHE, OBIH MOJYYEHH Mpll IMOMOLIH HEKOTOPHIX
COBEpLIEHHO oOMnpeje/eHHbIX eNHHML,. TeM He MeHee OMHCaHHE BEPHO,
H Halle OTKDhbITHE OYEeHb BAXHO jaxe MpPH YC/IOBHH, YTO paccTofi-
HHE M BpEMS [JOJKHBI M3MEpAThCA MEPBOHAYANLHO H36paHHBIMH
YACTHRIMH €IHHHLIAMH.

Haie oTkpeITHE MOXHO 3anucaTh B BHAE YPaBHEHHS:

s =const. 2,

[lycTe HekTO, o6MTaTenn APYro# CTpaHml, MOJAbL3yloUIKiica APyroi
Bong s, CHCTEMOR eMHHML, CTOAL KE HEHAYUHOW, Kak HAaIl MeTp M MHHYTA,
wocraft., MPOCABIILAE O HalleM OTKPHITHH, BOCIDPOH3BOAMT OMBITHI CO CROHMH
ree s gacw H3MEPUTENBHBIMH HHCTpyMeHTaMH, OH MOATBEPXKIAET HAll pe3yib-
Gutc Y% TaT, HO 3HAYEHME MOCTOAHHOK B ero ypaBHeHuu apyroe. 3710
‘:"m“‘j‘ 3Ha'MT, 4YTO MOCTOAHHAS 3aBUCHT OT Pa3MEepPOB NMPHUMEHEHHBIX €AHHHL,

o 22 T. €. siBIAETCA pasMepHOH MOCTQAHHOM,
ot + ¥Y3yaB o pesyabTaTtaXx nNpOBEPKM HAWIEr0 OTKPBITHR ‘B Opyro#t
afwce’ CTpAHE, Mbl HayWHaeM pasMbluaaTh, [akodHenl Mbel NMPHXOOHM K
ts e “  BHBOAY, YTO TaK M LOMKHO OHTb M HE MOIMO O6bTh HHAaue, Mu
ops ;”,.Gepemcsx NpeAcKasaTh HAMEPER, Kak H3MEHHWTCs TNOCTOfHHAas B 3a-
W1 1t BUCHMOCTH OT TOH W/IH MHOH CHCTEMBI uaMepenufi. Ecav Hac Hauu-
uuupsz"“ HAlOT pacCnpalinBaTh O [JeTansdX, TO Mbl nHaeM cOQUCTHUECKHH
o ‘P“. OTBET, YTO Mbl MEHHEM IIOCTOAHHYIO TaK, YTOOH B TOYHOCTH KOM-
"‘N,!\... NEHCHPOBaTh BCAXOE M3MeHeHHe UMCel, npeucmanmoumx IJHHY HIH
€Y1 ppems, B pesy/bTaTe MoJyyaercd Mo CYUIECTBY MPEKHee ypaBHEHHE.
Ecan enununa mivHel BIBOE MeHblle MNEPBOHAYanbHOM, TaK uTO
UHCM0, H3MEPAIOLLEe HEKOTOPOe pACCTOAHHE [afieHHsl, CTAHOBHTCH
BABOe 6OJbLIMM, TO Mbl YMHOXAaeM MOCTOSIHHYIO Ha 2, 4TOOR KOM-
NIEHCHPOBATh NMIWHNE dakTop 2 B JNeBolt yacTH ypaBHeHHa. TouHO
TaK Ke, eClM eOMHHLA BpPeMeHH BTpoe GoJjbllie MepBOHAYaJbHOH,

-

T. € 4MCIO, BHpakaiollee MHTENbHOCTb MAafEeHHA, HMEET TOMBKO o

NepBOHAYANLHOrO 3HAYeHHs, MOCTOSHHYIO MPHAETCA YMHOXHTh Ha 9,
1

4TOBbl KOMIMEHCHPOBAT: (HAKTOD gy KOTOPHIH WHaue nossuACca 6n

B MepBOR 4YacTH paBeHcTBa, MHBIMH C/IOBaMH MBI IIPHITHCBIBAEM

nocrosiiHod pasmepHocTs LT ™2 M Takum ofipazoM mosysaem ¢op-
My7ny, He 3aBWCALLYI0 OT pa3aMepa OCHOBHBIX EIWHMIL.

9ta yaaua o6oapsAeT HaC M Mbl MepPeHOCHM NpPOLECC H Ha Ipyrue
6onee cnoxHble cucTeMel. HanpuMep, Ml Ha6aioqaeM BEICOTY MpH-
JMBOB B MOPTY, MOAb3YSACh I8 M3MEpeHWd BHICOTH BOAR (PyTOBOMH
JHHEHKOH ¥ 4yacoM, Kak eAMHHUeHA BpeMeHH, B pe3yabTaTe MHOTHX
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HaGMONeHu! HAXOLUM, YTO BLICOTA BOAGI MOMET GHITb npeicTaBaeHa
cpopmynoﬂz
h=>5 sin 0,5066 t¢.

Mul nepenuceiBaeM 3TO ypaBHeHMe B TakOH ¢opMe, uTOGHI
BCAKHA Apyro#t HabGmionaTeNb, MPUMEHAOLNH A9 USMEPEHHH APYTYIO
CHCTEMY eOMHHI, MOT €I0 BOCNO/Mb30BaThedA, JIia 3TOTO BBOAMM B
ypaBHeHHe [BE pa3MepHbe MOCTOSAHHHE:

. hCl = b sin 0,5066'Czt,

rae C, uMeer pasmephocTs L™' n C, pasmepuocts T 7,

Orcrona ecTecTBeHHO ciedyeT o6obuieHne. Jlio6oe ypasHeHwe,
KaKoro YroAHO BHMd, MPABWIbHO BOCHPOM3BOAALLEe Pe3ynbTaThl H3-
MepeHHH, BLIMOJHEHHEIX TPH TNOMOIUH HEKOTOPOH CHCTEMBI €IHHMUIL
B (PH3MYECKOH CHCTeMe, MOXeT OhITh NMPHBEIEHO K TaKOMy BHIY, B
KOTOPOM OHO BepPHO H IJA APYTMX CHCTeM eAuHun. [aa srtore K
Kaxno# HabnionaeMoOM BeAHYHHE HYXKHO BBECTH B BHIE MHOXHTENS
pasMepHy10 MOCTOAHHYIO, Pa3MEPHOCTH KOTOPOH moMmKHA OH1b 06-
paTHOH MO OTHOIIEHHIO K pPA3MEPHOCTH caMoO# Hab/iofaeMOi BesH-
YMHBl. YMCNOBaf BETMYHHA 3TOH IMOCTOSHHON HOMKHA ObITh TaKOH
yTo6H B MEPBOHAYAJLHOW CHCTEME eOWHMI[ OHA HUMeja 3HayeHue 1.

Pasymeercs BO MHOrMX cayyasX ¢opMa ypaBHEHH MOXET ObiTb
TaKOR, yTo nBe, WIH 6oJbliee YHCAO TAKHX PasMEPHBIX MOCTOSHHBIX
C/IMBAIOTCA B OAMH MHOXHTeNb, DBhienpuBeseHHHIft mpuMep na-
OeHPsl Tena OTHOCHTCA K 3TOMYy cayyal. Toabko 4TO IpHBeneHHOE *
obuiee npasHao TpebyeT BBeldeHHS [ABYX pa3MEPHHIX MOCTOSHHBIX,
OmHOK npH s cnesa, Apyro#t npu (2 cnpasa; MOCPEACTBUM INepe-
MHOXEHHM HMX MOXHO, OIHaKO, CJIMTb B OIHY.

Ha Haw BONpOC nonyuyeH OTBET, Mbl BHAMM, YTO BCAKOE Ypas-
HeHHe MOXHO INPHUBECTH K TaKOMy BHIY, YTO OHO BHIIO/NHAETCH He-
3aBMCHMMO OT Da3MepOB OCHOBHLIX enuHHll, Haina HeysepeHHOCTb B
OTHOILEHHH PA3MEPHBEIX MOCTOAHHHX OT 3TOr0 He CTAHOBHTCA Ol-
Hako, wmenpwie#l. He cyiwecTByloT i CBOM pasMepHele MOCTOSHHbIE
/S KaXOooro THNA 3a4ay M KaKk MOXHO CKas3aTb Hanepel C Kakof
pasMepHO#i MOCTOSIHHOH Mbl BCTpeTHMcA? Ilo/noXeHHe KaxeTcs eiue
Gonee GeaHaleKHbIM YeM CHayana; Mol MOLMH C IpexOM TMOMO/NaM
MOHATb, MOYeMYy TIPABHTALMOHHAA IIOCTOSIHHAas ILOMKHA BXOAHThH B
3agayy O [ABYX BpALUAIOWUXCHA TeNaX, MOXHO COIVIACHTbCA C HEKO-
TOpbiM MOfO6HeM OBOCHOBAHMA MpPH BHECEHMH CKODOCTH CBeTa B
3a1auy 06 3/eKTPOMArHHTHOH MacCe, HO HECOMHEHHO O4YeHb TPYIHO {f
OTKPHTbL O6liee OCHOBaHHE WM CMOCO6 MpeNCcKasaHus A MPHCYT-||
CT8MSA WAM OTCYTCTBMl pAa3MEPHBIX NMOCTOAHHBIX B KauecTBE MHOXH-l.

adga

Tened y usMepseMbIX BEJNHUMH,
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Peuian Hauid 3amaud, MBI BCTPETW/HCH €lIe € OOHMUM 0G6CTOA-

TeNbCTBOM, TpeOymouiuM noAcHeHHH. Mel 3aMeTHaIH, yTO Kamaas
¢dopMyna pasMEpPHOCTH H3MepseMOR BeMHYHHLI CONEPXHT OCHOBHbIE
eIMHULE B BHAE MPOM3BENEHHs 3THX efHHHL B cteneHsx. Hackoabko
3TO Heo6X04MMO, M MOTYT /M CYLUECTBOBaTb Apyrue (opMyas pas.
MEPHOCTH 1N KOJHYECTB, H3MEPHEMBIX ADYTHM CHOCOGOM, a ecnu
TaK, TO KaK CJAeayeT MPHMEHATb HAIUH METORM K TaKUM KOJAHUYe-
cTBaM? . .
B wurore, B 3TOH BBOXHOH riaBe Mbl HATOJKHYJAMCb HAa DAl
BaXHBIX BOMPOCOB, HAa KOTOpHle CJenyeT JaThb OTBET, Npexie ueM
1y Hac o6pasyeTcsi yBEDEHHOCTb B MPABWIBLHOCTH Pe3y/NbTATOB, MO-
JlyyaeMblX METOLAMM aHAJANW3a pa3MepHocTeH., DTH BOMPOCH Cieny-
louye:

[pexxpe Bcero, KOraa BXOAAT PasMEpHHIE MOCTOSHHLIX H KaKOB
MX BHA? '

Hackonbko Heo6x0ZMMO, uTOOB! hOpMy/na pasMEPHOCTH 1106010

H3MEPAEMOro KoOJaHuyecTea #ABJAJNACH NIPOU3BENEHHEM OCHOBHLHIX €H-

HHML B COOTBETCTBYIOIUMX CTENMEHAX?

B ueM CMBICT BEIMYMH, He HMEIOLMX pasMepHOCTed P

Moryt aM GYHKUHH, OMNHCHBAIOLIHE SHBJEHHA, OTrpPaHHY¥BATBCH
KJaCCOM CYMM MpOHM3BeleHHR HEKOTOPHIX Me[eMEeHHHIX B CTENeHsx?

Kakoro poma KOnMuecTBA HO/MKHB BHOHPATHCA B BHAE OCHOB-
HblX, NpPH TMOMOLUH KOTOPHX OCYLIECTBAAETCH H3MepeHHe APYTHX

* KonMyecTB? B 4acTHOCTM CKOJMBKO HO/MKHO ObiTh BHAOB OCHOBHBIX
enMHuL? [IpaBWbHO AM YMEHBILATb HACKOJIBKO BO3MOMXHO YHCIO
OCHOBHBIX €/IMHHL BBEIEHHEM ONpeNeNeHHI B COOTBETCTBHH C IKCIEPH-
MEHTaNbHBIMK (aKTaMH ?

Hakouel, B ueM COCTOMT KpHTepHH npeHeGpemeHHSs HEKOTOPBIMH
nepeMeHHBIMH B 3ajaye, HanpHMep BA3KOCTbIO B 3a4aye O TemIo-
NPOBOJHOCTH, M KaKOB XapakTep NMO/JAy4aeMOro peaynabrata? fleasercs
/4 OH MpUGIHKEHHHIM MAM TOYHBIM? Ecau peayabrat npHOaMmeH-
Hhifl, TO KaKOBO 3TO HpHOIMMEHHE? :

F'IABABTOPAS.

$OPMYVY/JIbl PASBMEPHOCTH.

B BBORHOH rNaBe PaCCMOTPEHO HECKOABKO OTAEBHBIX 3anau,
BOSOYAMBILUX DAL BOMPOCOB, HA KOTOPHE HEOSXOMHMO OTBETHUTh,
Npexae UYeM CTPEMUTbCA K JEHCTBHTENBHOMY OBJMANEHHIO METOLOM
ananusa pasmMepHOCTEH. Mul npHCTYnHM Temepp K MOCAenOBATE/b-
HOMY M3/IOKEHUIO TpelMeTa, MOMHA MOCTAaBAEHHLIE BOMPOCH M MO-
CTEMEHHO Ha HHX OTBEYad. :

Lenb ananusa paamepHocTelt naTh HEKOTOpPbIE CBeaeHMA D COOT-
HONIEHHAX, CYLECTBYIOWHX MEXIAY M3MEPHMBIMH BEJHYHHAMH, CBS-
3aHHbIMH C Das/MYHBIMH siBJEHUAMH. [IpeuMyllecTBO MeTola B ero
6bicTpoTE ; OH M36aBAfeT OT HEOGXOAMMOCTH NpOU3BOAHTL MOIHLIH
dHANN3 337a4M, HET HANOGHOCTH, HANMpHMEp, BHIIMCHLIBATL YPABHEHUS
ABMKEHHA MeXaHMueckoR cucrembl. C IpYro#t CTOpOHH, aHanM3 pas-
MEPHOCTEH naeT NaneKo He BCe CBeleHHs, KOTOpHE MOryT OHITb
NOJy4YeHb! NPU NETA/ILHOM PACCMOTPEHHH.

PaccMotpuM  npexne Bcero mpuposy coOTHOwweHHH MEXALY H3-
MCPUMBIMH BEIHUHHAMM, MHTEpeCyIOllMMH Hac. Onepupys c HeKOTO-
PbIM SBNCHHEM WJM TIDYNMOH sABAEHMH MLl NMPHMEHSEM Haui MeTon,
NPUG/IH3ATENBHO, TaK: CHAauana Mbl HM3MepsieM HEKOTOPhe KOJH-
HECTBA, B OTHOLIEHHH KOTODBLIX €CThb OCHOBAHHA CYMTaTh HX BAX-
HBIMH DU OTIHCAHUH sBNCHMHA. ITH M3MepseMble BeJHYHHE — pas-
JHUHOTO pona; A1 KawAOH BeAWYHMHHl Mb HMeeM ocobhie npasuaa
AN M3MEpeHus, T. €, OJf COMPMKEHHA HX C HEKOTOPHMH YHCIaMH.
onyuyus nocratrounoe kornuecTso Takux H3MEPEHHHX YHUCeN, Ml

. HIIEM CcBA3H MeXAy HaWIeHHBIMH BeanyudHamd, Ecnau Mul HOCTaTOYHO
OMBITHBI H YAQU/IHBH, TO HaXOAHM COOTHOLIEHHS, KOTOPHIE MOXHO

BHIPa3uUTe B MaTeMatnyeckol ¢opMe, OBOHKHOBEHHO OCOGEHHO WH-
TEPECHA OAHA M3 BeNHYHH, KOTOPYI M MNHTAIOTCA BHIPA3UTH Kak
dyHkumo octansuux. Muaue rosops, msl nwem COOTHOLIEHHS

1 =.f(x2» Xgy 00 ),
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rae xy, X; M T. A — 4uCIa, BHpaxalollhe DasJHyHbleé H3MEpPEHHHIE
¢du3nyeckne BeNMMYMHBL, Tak HampuUMep X; MOeT COOTBETCTBOBATH
CKODOCTH, Xo— BASKOCTH M T. A. JlA7 KpPAaTKOCTH 3TOT HOBOJBHO
IJMHHE# O60OpPOT peyH MOXHO 3aMEHHTb YC/OBHHIM YTBEDXICHHEM,
YTO X; — CKOPOCTb, B AERCTBHTEILHOCTH 3TO HE TaK, 3TO TOAbLKO
YHCI0, H3MepAIolee CKOPOCTh.

IlepBoe 3aMeyaHue, KOTOpOe clelyeT cAelaTb B OTHOLIEHHH
&YHKLHOHANLHOrO COOTHOUIEHHS THNA HAMHCAHHOTO, COCTOMT B TOM,
YTO APryMeHTH pacCrMafaloTcAd Ha ABE IPYNMel B 3aBHCHMOCTH OT
crnoco6a, KOTODHM 3TH uuciaa nonayyeHe cdaxtHyecku. [lepsyio
TPyNmy KOJMYECTB Mbl HA30BEeM MHEPEUMHbIMU WIH  OCHOBHBIMH,
DTo Te KOMMYECTBA, KOTOPHE COOTBETCTBEHHO CMELHAILHEIM [IPaBH-
7aM onepauuii, CONpAraloUIMM YKMCJAA C ABIEHUAMH, PACCMATPHUBAIOTCS
KaK OCHOBHHE ¥ 06/1a13I0T HecBOAHMOH 60Jiee CTeMEeHbI0 MPOCTOTHL

Tak B OOBLIYHOH CHUCTEMe MeXaHHKH OCHOBHHIMH TEDBHYHRIMU
BEHYMHAMY ABIAIOTCA Macca, IAvHa M Bpema. B ¢ynxuuax pac-
CMATPHBAEMOrO BUIA HEKOTOPHIE apryMEHTH MOTYT OHTh YHC/IaMH,
AIBNAIOUIMMUCA MepO# AJMH, Macc WM BpeMeH. Mbl yca0BHMCA Ha-
3bIBATh TAKHE BEIMYMHB MEPBHYHBIMH.

ITpn n3MepeHHH mNepBHYHBIX KOJHYECTB TOJXKHH CYLIECTBOBATh
HEKOTOpHle TMpaBHia onepauuit, yCTaHABAHBAOUHE (HIHIECKYIO
Npoueaypy, NOCPeACTBOM KOTOPOH BO3MOXHO H3MEPATh AJMHY TpH
TIOMOLIM  COeUHadbHOM AAMHB H36HpaeMOR B KauecTBe EIHHHMIIM,
MM BpeMs TIPH TIOMOLUIM CMENUaNbHOTO HHTepBaja BpeMeHH, H36H-
paeMoro craHzapToM. BooO6lile A1 MEPBHYHRIX BeJNHYMH XaPAKTEPHO,
YTO CYWIECTBYIOT mpaBH/a, NMOCPEACTBOM KOTOPHIX MEpPBHYHAA BEIH-
YHHA HENMOCPEACTBEHHO H3MepAeTC EHMHHIIAMH TOrO Xe€ poIa,
Jlerko y6ennThcd, 4TO npH BHIGOPE TAKMX MPaBHI ME MOJYA/NMBO
HanaraeM HekoTopoe Tpe6oBanue. Hanpumep npu H3MepeHHH IMHH
3T0 Tpe6OBaHHE MpH 3aMeHe TepBOHayalbHOW efHHHUB IJIHHEL, CKa-
XeM TIONIOBHHHOH eIMHMLEH, CBOIMTCA K TOMY, YTOOH 4HCJIa, Npen-
CTaBJAOILNE MepY M0G0 KOHKPeTHOH MIHHB B HOBHIX €IMHHIAX,
6uau BaBoe 60Jblie MePBOHAYANBHBIX YHCeN, MeTOHOJOTHH CHUCTEM
M3MEPEeHURt N0 CHX MOp YAe/NA/NOCh OYEHb Maj0 BHHUMaHHA; A He
3Ha, HanpuMep, GopMyaHpoOBanach JH KOTAa-TH60 TOMbKO YTO NPH-
Bell€HHAs XapaKTepHCTHKa BCeX HAIIMX CHCTeM Hu3MepeHHs. M3 pac-
CMOTpeHHs JMI060H NpaKTHYECKH NPHMEHAEMOR cucTeMH HM3MepeHHH,
OYEBHIHO, OIHAKO, YTO yKa3aHHOe CBOHCTBO MMeeT MecTo. Hasu-
Yyye 3TOro CBOMCTBA CBABAHO C YPE3BHIYAHHO BAXHBEIM CJEICTBHEM,
COCTOAILIEM B TOM, YTO OTHOIUEHHE YHCEN, BHPAKAIOUIUX H3MEPEHHA
HanpuMep [BYX KOHKPETHHX [JIKH, HE 3aBHCHT OT pas3Mepa €lIH-
HHLH, TIPH MOMOUIH KOTOPOH NPOHM3BEAEHO H3MepeHHe, ITO Clel-
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CTBHE HECOMHEHHO CDa3y OYEBHIHO, MGO, MEHsin pasMep OCHOBHOfH
CAHHHUB B 11 Pas, Mbl, COMIACHO CHENaHHOH THIOTE3e, MeHseM Mepy

: 1
KaXJIOW IVIMHH B n pas ¥ TaKum 05p330M OCTaB/IieM HEHU3MEHHBIM

OTHOLIEHHE Mep MOGbIX ABYX IIHH. DTO 3HAYMT, YTO OTHOLIEHHE
AJMH IBYX TMPOH3BOJBHHX MDEIAMETOB HMeeT aGCOMOTHOE 3HAYEHHe,
He3aBHCHMOE OT pasmepa eanuui, CnpasennuBo ¥ o6paTHoe 3aKio-
YEHHE, KK 3TO ABCTBYET MOC/AE HEGOJBIIONO PASMHIULTEHUA, ECaH Mbl
TpeOyeM, YTOOH Halia CHCTeMa W3MEPEHHH TMepPBHYHEIX KOMHYECTB
NOCPEACTBOM EAMHHIL TOrO e BHAA Oha TaKOR, YTOGHI OTHOLIEHHE
Mep ABYX MOGHX OGBEKTOB HE 3aBHCHIO OT pasmepa eIuHHI, B Ta-
KOM CJy4ae MePH KOHKDPETHHX OGBEKTOB IO/MKHb H3MEHATLCH OG-
paTHO NpPOMOPUHOHANBLHO pasMepaM edMHHMIIH.

[TomMumo nepBuuHEIX BemHuMH cyuiecTByeT Apyrass rpynna BemH-
YHH, KOTOPHE MOXHO Ha3BaThb 8mopu4usimu. WX 4YucIOBHE 3Haye-
HPsl HE  TIOJMy4alOTCA OmepauMe  HEMOCPENCTBEHHOTO CDPABHEHHS ¢
IpyroR BeMYHHOM -TOro Xe BuIa, NMPHHHUMAaeMOH 3a €IHHHIY; Me-
TOl M3MEPEHHs B 3TOM C/yyae OKOJNBHEIM M 6oJjee CNOXHbLIE, Bro-
PHUHBIE  BE/IMYHHBL H3MEPAIOTCA MOCPEACTBOM MPOMEPA HEKOTOPHIX
MEPBUYHHIX BE/HYHH, CBASAHHWIX C PacCMaTPHBAEMBIMH, COLMACHO
MpaBH/IaM, NAWIUIHM 4YHCIO, ONPENENseMOe KaK Mepa JNaHHOH BTO-
pHuHOA BenHuHHH. Hanpumep ckopocTb 06HYHO Onpenenserca Kak
BTOpWYHas BeMWYHHA. Mbl mo/JyyaeM ee Mepy, Hamepss LTHHY H
BpeMs (T. €. 1BE MEPBUYHBIX BENHYHHHI), COOTBETCTBYIOIIEE TaHHOH
AMMHE, M PASNENAs YHC/IO, H3MEPAIOLIEe AMHHY 1!d YMCIO, H3MepAIo-
ilee BpeMs (MJM, YCJOBHO roBOPS, pasieiss LEHY Ha Bpems),

CyuiecTByer HEeKOTOpOe OTPAHHYEHHE B OTHOIICHHH Tex npasun
Onepaunt, KOTOPEMH ME CBOGOLHO MOXeEM PacmopsXaThCsil NpH Ofl-
Pele/eHHM BTODHYHHIX BeNHYHH. Mbl Hanaraem To xe camoe Tpe6o-
BAHHE KaK M HA MepBHYHbE BEJIMYMHHL, T. €. OTHOLUEHHEe duCel, H3-
MEPAIOUIMX MOGkie 1pa KOHKPETHHX 06pasua BTOPHYHCH BEMHYHHBI,
JOMKHO HE 3aBHCtTb OT pPasMePa OCHOBHBEIX €IHHHI, NPHMEHAEMBIX
MPH BEIMO/HEHHH TpeGyeMbIX MEpPBHYHBIX W3Mepenu#l. Ecau, ckasem,
OLHO BewlsCTBO 06/1a1aeT BASKOCTHIO BABOE Gosbllel ueM IpyToOe,
M ONMH aBTOMOGW/IL JBHMETCH BTPOE CKOpee Ipyroroy To 3TO
YTBEDXKIEHHE NOMKHO HMEeTh a6COMIOTHOE SHAYEHHE H-3aBHCHMO OT
PasMepa OCHOBHBIX, MEPBUYHEIX eNMHHLL.

910 TpeGoBanne He ABASETCH HEOGXOLMMWM AMs NpOH3BOACTBA
H3Mepenn#t BooGuie. Jlio6hle mpaBuma onepanuft MOTYT CAYXHTb OC- ¢
HOBaHMEM CHCTEMH M3MepeHuH, CONPATAIONIMX YHCAA C SABJIEHHUAMH .
TaKHM 06pa3oM, uTo6E CBOeO6PA3He NAHHOTO BACHHS ONHO3HAUHO
UTIpenensnoc, UMCAOM B CBA3H C TMpPaBHAaMH onepauuft. Oanako,
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Tpe6GoBaHHE MOCTOAHCTBA OTHOWIEHHS, HIH, KaK MOMXHO CKasaTb,
ABCONOMH020 3HAYEHUA OMHOCUMENbHO20 KOAueCMEa, CYLIECTBEHHO
L5 BCeX CHCTeM M3MepeHH#, TpHMEHEMbX B HAyKe. AHann3 pas-
MepHOCTeH He TMPHMEHHM K CHCTeMaM, HE YLOBNETBOPSIOLIUM STOMY
Tpe6OBaHHIO, TMO3TOMY B 3TOH KHHUTE MBI paccMaTpHBalu TOJBKO Ta-
KHe CHCTEMBL.

Cnenyer B OCOGEHHOCTH 3aMETHTB, HTO JMHHS pasjena Mexny
[IepBHYHLIMA M BTOPHYHHIMHM BEIM4MHAMA HE ABJNETCH PE3KO M pa3
Hascerga yCTaHOB/EHHOM eCTECTBEHHHIMH yCNOBHAMH , OHA B 3HAUH-
TeNLHOH CTeneHM NPOM3BOJABHA M 3aBHCHT OT TOro WM MHOFO psna
ipasun onepauuf, KOTOpHE Mbl HAXOLHM yOOGHEIMH [DHHATD, OI-
penensin Hally CHCTeMy H3MepeHHs. Hanpumep B Hamefi oGHuHOH
CHCTEMe MEXaHWKHM CH/Ia ABJACTCA BTOPHYHOH BENHYHHOH, ¥ Mepa e¢
noayyaeTcsi NepeMHONEHHeM HHCIE, M3MepAIOLLEro Maccy Ha 4Hcio,
HaMepsiollee yCKOPEHHE (koTopoe K caMO ABASETCA BTOpPHYHO Be-
nuuuHo#t), Ho ¢usMuecKH cuna BMOMHE focTofiHa 3aHuMarb MeCTO
NePBHYHON BEJHUMHBI, TMOTOMY, HTO MHI NOHMMAeM CMbIC/] YTBEpXIE-
HHSi, YTO ONHA CHMA BABOE Gonbile apyro#t, ¥ HaM W3BECTEH MPOLECC,
NpH TOMOLIH KOTOPOFO CH/AZ MOMET M3MepATLCH TIPH NMOMOLUA €U~
HHLE ee ke COGCTBEHHOro BULA, TO e CaMOe MONHO CKa3aTk OT-
HOCHTE/IbHO CKOPOCTH: BO3MOXHO HAaHTH crnoco6 HEnOCPEACTBEH-
HOI'O CJOKEHHs CKOpOCTeH M TakuMm 06pasoM H3MepATh CKODOCTD
eIHHHMIAMH €e COOCTBEHHOrO BHI4, T. € BO3MONHO paccMaTpHBaTh
CKOPOCTb KaK TIepBHUHYI BEIMUYHHY ; MOXHO noxany# ycOMHHTBCA
B TOM, uTO NK0Gas (HU3HYECKAs BEHIHHA TNpUroiHa B cayuae Ha-
N06GHOCTH M yno6CTBa B KauecTBe nepsuutott, Cpasy, nHanpuwmep,
He SICHO, MOXHO ¥ TpHAyMaTh ¢uanuecKHe TIPHEMbl 1A HENO-
CPeACTBEHHOrO CpaBHEHMA ABYX Bi3KoCTe#i 6e3 usMepeHus BENHYHH
apyroro pouna? )

Ho 3ToT BOMpPOC He CyIIECTBEHEH I JajbHefiiero 4 He
TOMKEH HAC 3adepKuBaTh, XOTA CaM Mo ce6e OH OueHb MHTEepeCeH.
KorcraTHpyeM TOMBKO, UTO COTIPANKEHUE 4ucen € U3MepAeMBIMH KOJIH-
yecTBaMM TpeGyeT HEKOTOPOH CHCTEMEI npasuA onepauu# TaKoro
pona, YTO BeMHYHHEl pacnajaiorcs HA IBE Tpynnbi, KOTOpHE MBI
1asklBaeM TIEPBHYHBIMM U BTOPHUHBIMH,

Mbl TOBODHAM YXe, yTO TpeGoBaHue ,a6CONITHOTO 3HAYEHHS
OTHOCHTE/bHOH BeJMUMHB® Hajaraer ONpELeNCHHbIE OrpaHHyeHHs
Ha Omepaluy, MOCPEACTBOM KOTOPBIX BTOPHUHLIE BEJMYHHE MOTYT
6pTb M3MepeHsl 4epe3 NepBHUHEbIC. dopmyaupyeM STO OrpaHuueHue

aHaNHTHYECKH. Ha3oseM nepBUUHbIC Be/IMUNHBI, PH MOMOLUH KOTOPHIX .

H3MepAITCA BTOPHUHEIE, HePes &, 6, 7 ¥ T. 1. ViaMepeHus NMepBUUHbIX
BeJHUMH KOMOMHMDYIOTCA  OINpele/eHHBIM 06pa3oM TaK, 4TOGH M0~

R
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NyuMnach Mepa BTOpHYHOH Bennunubl, [Ipeactasum 31y KOMGHHA-
HAUHI0 (QYHKLMOHANbHBIM CHMBOJIOM f, mojarasi, c/ledOBaTe/]bHO, 4TO
BTOpHYHas BeaHuuHa = f(a, P, ¥,...). ECIM MMeIOTCA 1BA KOHKPETHHIX
ofpasiia BTOPHMUHOH BENMUMHBI, TO CBA3AHHLIE C HHMM NepBUYHBIE
BEeNHUMHBl HMEIOT pasjiHuHble YHC/IeHHbe 3HayeHus. O603HaunM 3Ha-
yeHHsl, CBA3AHHLIE C MepBLIM 06Dpa3loM, HHASKCOM 1, CO BTOPHIM —
unnekcom 2. Torma f (2, &, vy,...) Oyner Mepo#t nepsoro o6pasua
f (22, B3y Yo, +-.) — MepoH BTOPOrO. i3MeHum Terieps pazmep OCHOBHRX
eAWHHI, DBo3bMeM eIHHUIly, U3MEPAIOILYIO. & B X Da3 MeHblleH
Toraa, Kak Me BHAENH, YHMCAO, u3Mepsiowee a, OyleT B X paa'
?o:bme, uid  xa. TOYHO TaKme BO3bMEM eNHHHIY, H3MEPAIOLLYIO
% B y Pa3 MeHblUeH, ¥ COOTBETCTBYIOLIEE YMCAO CTAHET DABHBIM Y.
IlocKOMBKY TpaBHIO OMepalyH, TNMOCPEACTBOM KOTOPOrO UHCIEHHOE
3HaueHHe BTODWUYHOH BEJHYMHHI TO/JyYeHO M3 TEPBHYHBIX BETHYHH
He 3dBHCHT OT pas3Mepa NMEepPBHYHHIX IMHHI, 4YHCIO, usmepmomee:
BTOPHUHYIO BENMURHY, NeNAETCA Tenepb pasHbM f (xa, v, ...). Mepauu
IBYX KOHKPETHLIX O6pa3lloB BTOPHYHOIO KONHUECTBA Teneph 6yayT
f(xauyi'jl’"') H f(xaz,)’@z»-u)- ’
Hawe mpe6osanue ¢6coaomnoz0 3HA4EHUA OMHOCUMEALHOL
BCAUMUHB AHANUTHUECKU BLIPA3UTCA TaK: '

f oy Br) _ f(xay, Y1)
F(ag Boyw)  F (X VBas)

310 OTHOIUEHUE [AOMNKHO OblTh CHNPaBEAJUBHIM NS JIOOBIX 3HA-
yeHHHt a, B.. O, Py H X, ¥, 2,

Mo xoTHM OTCHOA HAaWTH BHIL Heu3BecTHOR dynKuun f.
[Tepennmem Hamy cdopmysay B TaKOM BHIE !

s 3 LB,
oy P2seee

HuddepeHuupys no x 1 o603Hauan uepesd f, — YACTHYIO NpoOM3-
BOAHYIO OTHOCUTEALHO TEPBOTO APryMeHTa M T. K. WMeeM:

afy (1, 9 By ) = g fr (5, Wil )X LB I )
Ao, Bgy ore
TlonoxuM Tenmeps X, ¥, £ M T. I. paBHBIMH 1, Torza

o ,L(alyﬁn D) —q ,t_l(agy Bg;-_n_)

lf(all le"':)— 2 f(“z:ﬁm---)'

3
. Ta ¢opMysna N0MKHA BLINOJHATHCA  Aad MOGLIX  3HAYEHUH
1;;)1,...ua2,@2,... ’ . |
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Ortcrona, noaarast ag, %, ... NOCTOSHHEIMH H M03BOAA oy fby,. ..

H3MEHATHCS, HMEeM:

o df

7 da_consl
HIH

1df  coenst

fdxa— oz ?

OTKyZla HHTErDHPOBAHHEM HAXOJHUM:
const
f=Ca ",

Muoxurens C; ecTb (QyHKUHS APYrHX MepeMeHHHIX B, 7, ...

OTOT mpHeM MOXHO NOBTOPHTH, 4YacTHYHO audbepeHUHPYs OT-
HOCHTEJIBHO ¥, 2,... H 8aTeM HHTerpupys.

* OKoHuaTe/NbHBIH pe3ynbTAT OYeBHIHO Gynmer:
f=Casfoye, .,
rae a, b, ¢... H C — NOCTOSIHHEIE,

Takum o6pasoM xaxcdoe emopuuHoe KOAu4ecm80, YOOB8.4€EIME0-
pAnouee yca08u0 ab6COAIOMHOZ0 3HAYEHUA OMHOCUMEAbHOU Beali~
YUHB, O0ANCHO BbLPANCAMLLS KAK HEKOMOPAS ROCMOSHHAS, YMHO-
JICEHHAR HA NepsuyHbie BeAU4UHb 8 HeKomopux cmenensx. Mul
yXe TOBODM/IH, YTO TOJIbKO BTOPHUYHLIE BeJIHUHHBI TAKOrO poja MpH-
MEHAIOTCA B HAyYHbIX M3MEPEHHAX, BEJMYMHB HHOTO XapaKTepa
3/1ecb He paccMaTpUBAIOTCA,

MTtak Mbl OTBETHJM HAa OLMH H3 BONPOCOB BBOXZHOR IVIaBHI: MO-
yeMy B ¢dopMynax pasMepHOCTEH OCHOBHbIE €IWHHMIILI BXOAAT BCEriaa
KaK NPOH3BENEHHN B CTENEHAX?

SIcHo, uTO omepaluH, MOCPEACTBOM KOTOPHIX BTOPHYHAS BeNH-
YHHA H3MepseTcs TIpH MOMOIUH MEPBUYHBIX, MATEMATHYECKH OMpeae-
NeHbl Ko3dduuueHTOM C W MOKA3aTeNsiMH cTeneHeR pasMHYHBIX Mep-
BHYHBIX BeqHYMH. Ilnf ynpolieHHsl KO3¢GHIUHEHT [OYTH BCeraa mo-
7IaTaeTCsl paBHBIM €AMHHULE, XOTS HET HeOGXOAHMOCTH HMMEHHO 14
Takoro BmGopa. CylLIecTBYIOT CHCTEMbl, HMEKOILIHE INpHMEHEHHE, B
KOTOPBIX KO3(¢QHIIHEHT He Bceraa npHpaBHHBaeTcA exuHuue. Hanpwu-
Mep TaK Ha3biBAEMbi€ PAL[HOHA/IbHBIE H OGLIYHEIE 3JEKTPOCTATHYECKHE
eIHHHUB OTIHYAITCH MHOXHUTENEM 1/4 7. Takoe pasnvuHe B YHCIO-
BOM KO3(dHLHEHTe HE CYLIECTBEHHO M BCErAa JErko YYHTHIBAEICH,
HO CTeNeHHBle NOKA3aTeNd UMEIT OCHOBHOe 3HaueHue. CmenenHol
noka3amenb nEPEUYHOU 8eAULUHB NO OnpedeseHuro s8afemcs ,pas-
MEPHOCMBIO®  8MOPUHHOIL BesUtUHB. 8 OmMHOuEHUW OaHHOW, nep-
suyrol,
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»PopmMynd pasmeproctu* BTODHYHOW BENHYHHE! €CTb COBOKYIl-
HOCTb MOKa3aTeNleRt pASAHYHBIX TMEPBHUYHBIX BENTHYHH, burypupyomux
B MpaBH/AX OMEPAaLMA, MPH MOMOHK KOTOPHIX H3MepseTcs BTOpHA4-
Has BeMMYMHA, Bo M36exaHMe myTaHuupsl mokasaTelq cTaBsTCs BCe-
raa npH CHMBOJIAX TEX NePBHYHKIX B2/IHYMH, K KOTODHIM OHM OTHO-
CATCH B BHIE CTeneHeH,

Hanpumep, ckopocrs uamepsercs, no Onpele/eHHI0, AeIeHHEM
HEKOTOPOR NAMHHM Ha HEKOTOpOE BpeMs (ue cnenyer saGuiBath, uTO
B IeACTBUTENLHOCTH 9TO O3HAauaeT gelicHHe YHCNA, ABJAKLIErOCs
MEpOH HEKOTOPOH IJIMHBI HA YHMCIO — Mepy BpeMenn), Ilosromy
SKCMOHEHT AAMHB -+ 1 M skcmoHeHT BpeMeHH — 1, a Bca dopmyna
pasmMepHOCTH umeeT Bua LT ', Cuna B  o6biuHoft HbewoToHOBOH
MEXaHHKE OMNpeleNseTcs Kak Macca, yMHOXEHHas Ha yCKOpeHHe,
Pa3MepHOCTb CHAB MOSTOMy paBHa Macce, YMHOXEHHOH Ha pas-
MEPHOCTb yCKOpeHus. Pa3sMepHOCTL yCKODEHHs MOJyyaeTcs H3 ero
ONPELE/EHHUA KAK M3MEHEHHS CKODOCTH B eIMHHIY BpEMEHH, T. €.
pasua LT~ % Orcrona pasMepHOCTL cuaml Gymer MLT 2,

3ametum, uto Pa3MepHOCTL Ni060# NepBHYHON BeAHYMHM HA
OCHOBAHHM MPOCTOro O6OGILEHHS ONpeneseHHs COBMALAET C CHM-
BOJIOM 3TOH NEPBHYHOH BENHYHHM,

HyxHo oco6o oTmernts, uro PasMepHOCTb REPBUYHOH BeaH-
UHHB Hd OCHOBAHMH NAHHOTO ONpele/eHHA He HMeeT a6cOMIOTHOrO
SHAYEHHA H OMNpeleNeHa TOJbKO NMPHMEHHUTENbHO K TeM npaBHIaM
Onepauuil, NOCPenCTBOM KOTOPHIX MBI NoJNy4yaeM 4HCNa, COMPSIKEH-
Hbie ¢ Quanueckum sBneHuem, Popmyna pasMepHocTe#t He o6s3a-
TE/IbHO NlaWe LOMMHA YKa3bIBATh . CYLIECTBEHHbE CTODOHHI npaBui
onepauuit, Hanpumep B ¢opmyane pasMepHOCTH CHJAH KaK npo-
HSBE/€HHsI MACChI HA YCKODEHHE HE COMEPMKMTCA YKAa3aHHS Ha TO,
410 CHMa W ycKOpeHHe CyTh BEKTODHl, H 4YTO CDABHMBAIOTCH MX
KOMIIOHEHTE B OZHOM W TOM € HanpaBleHHH. bosee TOro, npa-
BHAA onepaunft npu NEHCTBUTE/BHBIX M3MEPEHHAX HAXOLATCH B Ha-
WeR BNACTH H MOTYT H3MEHATHCH, M MBI pasyMeeTcs noCTynuaH 6bl
HEDa3yMHO, He MEHfAs UX B 3aBHCHMOCTH OT NPEHMYILecTB, Mpex-
CTaBAAEMBIX CELHMA/bHBIM XapaKTepOM NaHHOH dusHuecKOl CHCTeMBI
HIH npo6neMbl, B nocieayoimeM H3M0KeHHH MBI BCTPETHMCS CO MHO-
TMMH  331a4aMH, B KOTOPHIX BWIOOHO BHGPATH 0COo6yI0  CHCTeMy
U3MepeHHR, T. e. mpasua onepauufl., PasMdyHBIE CHCTEMEI HaMepe-
HHA MOTYyFT OTJAMYATBCA Kak 10 X8paKTepy BeJIHYHMH, KOTOphE
YIOGHO CYMTATL NMEPBHYHBIMH M OMpefeNAMHUMH APYyTHe, TAK H MO
HHCMy BeMHYMH, H3GHpaeMHIX B Ka4ecTBe nepBUYHHIX, Bce 3aBHCHT
OT xapakrepa 3ajgaud, W Hawa 0643aHHOCTb — BBIGPATH CHCTEMY,
Haunyymum o6pasom npucnoco6eHHy0 K 3ajave,




30 AHANU3 PA3MEPHOCTEH

BecMBICIEHHO NO3TOMY TOBOPH1b: ,TaKas TO PA3MePHOCTb u-
3M4ecKOf BeNMUHMHH®, eclM OJHOBP:MEHHO He YyKa3aHa (CHCTeMa
H3MepeHHH, B OTHOWEHHH K KOTOPOH onpeleieHa Pa3MEpPHOCTb. ITO
He Bceria fiCHO Na)ke TeM, KTO NpH ADYrMX YCJAOBHAX npH3HAeT
OTHOCHTeNbHYIO npuposy ¢opMya pasmepuccrd. Hanpumep B o -
KHHT3M B Physical Review 4,357, 1914 r. rosopur : ,Paccyxnenue
ToAbMaHa OCHOBAHO HA TNPEANOMNONEHHH, YTO A6COMOTHAS TeM-
nepaTypa WMeeT Pa3MEPHOCTh JHEPruu, 4To HemonycTumo®. To/lbMan
IONyCKaeT NpaBANBHOCTb Tako#t Toukk 3penns. (Physical Review
6,226, 1915r. [IpuMenanne). 51 nonaraio, 4yto TosbMaH MMeeT NPaBo
NOJOXUTb Pa3MepHOCTb TEMIEPATYPH PABHOM DasMepHOCTH SHEPTHH,
eCM TOMbKO 3TO COBMECTHMO C (u3uyecKMMHM axtamud (Kak 8TO
MOBBIMMOMY HMeET MECTO), M YHOGHO.

DTa Toyka 3peHHA Ha NPUPOAy (OPMYJR pPasMEPHOCTH Mpo-
THBODEYHT oOGulenpuHaTodl W uacTo BhICKasmBaeMO#. Muorue ay-
MaloT, 4TO (GOpMYAB  PasMEPHOCTE! HMEIOT HeKHH COKPOBEHHHIH
CMBIC/I, CBABAaHHBIA C ,MOCAeNHEH CYUIHOCTbIO“ TIpeAMETd M HTO,
Hamucas (OpMyay Da3MEPHOCTH, MBI HECKOJBKO 6ane MOAXOLUM
K NOCTHMEHHIO 3TOH cokposenHOM cymHocTH. C 3TOH# TOuKM 3pe-
HUsl B (popMyse pasMepHOCTe# ecTb uTO TO aG6COMIOTHOE, H C10BA
BpOle ,DeanbHOR HE3aBUCHMOCTH® B BO3pameHHAX Pa6ymmHCKOro
Paneio no nosoLy 3agau¥ O TemonmposomHocTH (r. 1) mpuoGpe-
TaloT cMbicn, C 3TOH  TOUKM 3DeHMS BAXHO HAUTH HCTHHHYIO
DA3MEPHOCTh, 4 €C/H TaKOBas HaHieHa, TO BOSHMKAET Hajewna OG-
HAPYXHTb HEUTO HOBOE OTMOCHTENLHO (HSMYECKHX CBOHCTB CHC-
Tembl. s TaKOro BO33peHMS BO3MOMXHOCTb CYLIECTBOBAHHS IBYX
dopMy pasMepHOCTH i/A OJHOR W TOH e (U3MUECKOH BENMUHHBI
apasgercd uyxpoit. IlpuMupenns ¢ QaxkrTamM HuyT Ha NyTH BBEAEHH:
TaK Ha3blBAEMHX CKPHITHX pa3MepHocTeit. Criekyasilud Takoro posa
6KAn 0COGEHHO B MOJE B CBA3H C NMpHPONOR 3¢Hpa, HO, HACKOJLKO
3Ha10, HMKOIZA 32 3THM He CeJOBA/I0 HHUKAKOFO QH3H4ECKOr0 OTKPhI-
THS, MBI 1 HE MOYKEM €TI0 0KHIATh, €CJH TOJBKO HALl B3I/IAJ NPAaBUJEH.

B npunoxeHuu K 3TON r1aBe NpHUBENEH DAL LUTAT, XapaKTepHayio-
LMX 3Ty TOYKY 3PeHHn, unM OJn3Kme K He#,

T[IPHJIOKEHHE K I'JIABE BTOPOH.

IluTaTe, HANWOCTDUPYWUIHE pasluyHule pacnpo-

CTpaHeHHWE TOYKH 3DEHHR HA NpHPOAY dopmya
' PA3MEDPHOCTH.

P. Toabmau (Phys Rev, 9, 251, 1917). ,... Hawa uaes o pasMepHo-

" cTH BEJIHIHHBI, KaK O CXaTOH cpopmy.nupoake ee OnpeneleHHd H, C.’le}lOBe-
TeJ1bHO, KdK O BbIPAaXXCHHHU CYLUECTBEHHBIX 4EPT €€ (;)HBquCKOl"'( npHpoOAb ™.

HOPMY/NBI PABMEPHOCTH 3i

A. Proxep (Philosophical Magazine 27,104, 1889): ,[Ipu BHUHCAEHHH
pasMepHOCTEH PH3HUECKHX BEIMYHH MH HepeJKO BCTPeyaeMcs ¢ Heonpele-
NeHHLIMM YPAaBHEHHAMH C ABYMSl H GOJbLUHM YHCAOM HEH3BECTHHX. B Ta-
KUX CAYyYasX HYXHO cAelaTh 1062BOLEOE NPEANONOKEHHE, KOTOPOE COCTOMT
OGbIKHOBEEHO B TOM, YTO OAHA W3 BEAHYHH €CTb OTB/JEUEHHOE YHCAO. VIHBIMH
C0BAMH 5Ta BEIHIHHA HE UMEeT PasMepPHOCTH.

Pa3MepHOCTH 3aBHCHMHX Mexay c000I0 eXHHHL, BHBOAMMbIE Ha OCHOBE
TAKOTO NPERNONOKEHHS, OIEBHAHO MCKYCCTBEHHE! B TOM CMLIC/E, 910 OHH HE
006532a1€1bHO OOHAPYXHBAIOT CBOI0 HCTHHYIO CBA3b C JaMHOM, Maccol M
BpeMeHeM. OHH MOTYT CAYXHTb AJSl IPOBEDKH NPABHABHOCTH OGEHX gacTel
ypaBHeHHsl, HO He YKa3blBAlOT HAa MEXaHHYECKYI0 NPUPOAY NPOH3BOAHHIX
eNMHHI, K KOTOPHIM OHH OTHOCATCA. [lo 9TOHt MpUuUMHE CMBICA MX YacTo
HesCeH*,

B. Buabsamc (Phil. Mag. 34, 234, 1892): ,MicKyccTBeHHOCTb STHX CH-
CTeM (31eKTPOCTATHIECKOH M 3NEKTPOMATHHTHOH) SABCTBYIOT M3 TOrO, YTO
KaXRas M3 HHX Kak 6yATO-6bl BHIPaXaeT aGCOMIOTHBIE pa3MEPHOCTH pas-
JHYHLIX BEAHIHH B TepMuHax L, M u T. Mexay TeM MH oxHIaeM, 4TO
a6coaoTHas pasMepHOCTb PH3HYOCKOH BEAHIHHE MOXET GHTh TOAbKO €1HH-
crBeHHoH, M3 3akona and MexaHumueckoit CHAB MEXAY ABYMS NOJMIOCAMH
Mbl NOJYYaeM :

1 m2 - /
HIHU m=r'/ wi,

f= w7
9TO MMeeT KaK KaueCTBEHHOE, TaK M KOIHUECTBEHHOE 3HaUeHHe, H CTalo
6bITh, JOMKHO UMETb MeCTO PaBeHCTBO pasMepHocTe#t obenmx cTopoH. Ta-
KM CIOCOGOM Mb NnoAyYaeM 1Be PasAHYHBlE a6COTIOTHHE PA3MEPHOCTH 45
OfHOK M TOM ke (H3Hueckol BelHUMHL, TpuHueM KawAas AONMYCKAET CBOK
$hH3HYeCKYI0 HHTEPIPETALHIO,

PopMyna pa3MepHOCTH (PH3HUECKON BEIHUYHHH BHPAKAET THCICHHYIO
3aBRCHMOCTh €IMHHMIb AaHHO! BeJHUHHH OT MEPBHYHHX M BTOPHUHBIX €lH-
HUI, H3 KOTOPHX OHa BhBeAeHa, [IokasaTean pasAMYHHX eAMEML B dop-
My/le M HashlBAOTCA PAa3MEPHOCTHIO BENHIHHH B OTHOILEHHM K 3THM €IH-
HHuUaM, B aToM yaskoM cMbicae ¢oOpMyJAB YKasbiBalOT TOAbKO YHCAECHHbIE
CBA3H MeXAy pa3THYHLIMU eAHHHLAMH. Bo3MOxHO, OAHAKO, paccMaTpUBaTh
BONIpPOC M ¢ 6ofee IIMPOKOX TOUKH 3peHHs, Kak OH/J0 Yka3aHO B CTaTbe
npodeccopa Piokepa. POPMYJAH PasMEPHOCTH MOTYT HHTEPNPETHPOBAThCH
KaK BhIpaXeHHe (HH3UYECKHX TOXAECTB PA3IHYHHIX BeJHYHH, KaK [OKa3a-
Telb HAalIRX NpeAcTaBAeHHN 06 Mx ¢usHyeckod nmpupoae (pasyMeercs B
TEDMHHAX APYTuX, Gojee OCHOBHLIX NMPEACTABIEHHH), OHH NMOCTPOEHbI TaKMe
KdK XMMHYeCKHEe (GODPMYJABI, YKa3hBAIOWIME COCTAB H XMMHYECKOE TOXAECTBO,
Taxag Touka speHus Gonee ray6oka H (GyHAaMeHTaAbHa, H NPHMHTHBHOE
YHCA0BOE 3HAUEHHE POpMYJA PA3MEPHOCTH, KaK IPOCTOTO OTHOLUEHHS Mexny
€AHHHIAMH, CTAHOBHTCA BTOPOCTENEHHHIM,

BoagHkaeT BOMpoc, KaK YAOCTOBEDHTbCA B NPABUABHOCTH BbIPaKEHHS
$H3Hueckol BeMHUMHH P Y3HATh 3TO BOAMOXHO NO (BHYTpPEHHEMY) CTpoOe-
HHIO efMHHMLUb AaHHON BeAHUHHK U3 OCHOBHBIX eAHHHIl L, M u T, a ue Toabko
MQ H3MeHEHRIO BEJHYHHH B 3dBHCHMOCTH OT ITHX €XHHHII.

To, uTo dOpMyAH pasMepHOCTH OeHCTBHTENBHO pacCMaTpHMBak TCA C
3TOH Gonee BLICOKOH TOUKM 3peHHA Kak HeyTo 60abluee, 4eM TNPOCTHE
»OTHOIIEHHS H3MEHEHHA® MEXAy €AMHHIAMM, BHRHO M3 OILYIUEHUS 3aTPy-
AneHHs, KOTAA Pa3MepHOCTH ABYX PAa3NMUHEIX BENHUHH, HANPHMED MOMEHTA
H pa6oTH, coBMagaoT®.
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C. ToM R ¢o i, DIeMEHTapHblE YPOKH MO JAEKTPHUECTBY H MArHetHaMy
crp. 352: ,Kaxercs 6eccmmcneuﬂmm, YTO MOTYT GbiTb IB€ PasiHYHBIE ENH-
HHUBl 3JEKTPHYECTBA".

P. deccennon (Phys. Rev. 10, 8, 1900): ,Pasnuuse wMexay ¢op-
MYJ0#f PasMEPHOCTH M KadecrBeHHOH GopMy/aoH HAH KayecTBOM HekoTOpO#
BEIW COCTOHT COT/NaCHO ONpEeJe]eHHUAM Bhlllle UHTHPOBAHHbHIX AaBTOPOB B
TOM, 4TO Pa3MEePHOCTH ,NIPOH3BOJBHAI®, ,ABASIOTCA TOABKO DESYAbTATOM Of-
peneneHHs M NMOJHOCTbIO 3aBHCAT OT NMPHHATOH CHCTEMH eXuHHML®. Mexny
TEM KaueCcTBO €CTh BbiPaKeHHE aGCOMIOTHOM NMPHPOAK, OHO HHKOTHA HE Me-
Haerca npu awo060# cucreme exwHuu, Had Toro, uroGel 31O GEINO Tak, MBI
HE JOMKHBI NpeHefperaTh HH OZHHM KAadeCTBOM®,

TNABA TPETHSL.

O NMPUMEHEHUN $OPMVYJ/I PASMEPHOCTH [IPH
- ’BMEHEHHWHW EJIMHHULL

Mu Buzenu B mocienHef riaaBe, Kak moay4arTca GopMmyab pas-
MEPHOCTH HEKO1OpOH BelHYHHBI NMPH TIOMOUIM BeNHYMH, M36DAHHLIX
no ONpefeseHHI0 nepBMYHHIMH, Ham MeTon aHanmsa nokasan TaKme
CBf3b MEXAY YHCIOBBIM 3HAYEHHEM NPOH3BOXHOM BEJHYHHEI M BETHUHH
nepsuuHuXx. Ecau Hanpumep miuHa BXOZMT B GODPMYNy pasMEpHOCTH
B NepBOH CTEMeHH, TO Mbl 3HAaeM, YTO YHCJIO, H3MEPAIOLIEE ITY BEU-
Yy¥Hy, yABaHBAETCA, eC/H eAHHHIA JIMHH YMEHBILAETCA BABOE; HHAye
rOBOpPS, YHCIOBHE MepH HAXOAATCA B O6GpaTHOM OTHOLIEHHH K pas-
Mepy eIWHHUH, BO3BEIEHHOR B CTeNeHb, YKa3aHHyl0 B dopMyne
PasMepHOCTH,

PaccMoTpuM KoHKpeTHuIfl npumep. Kakoso 6yneT 4MceHHOE 3Ha-
yeHue ckopocTH 88 ¢yroB B CeKyHAy, €ClTH ee BHDasHTh 4Yepes
unan B yac. Popmyna pasmepHoctu ckopoctH — LT—1, Ecan enu-
HALA AJHHEl YBE/NMYHBAETCH B OTHOWIGHMH MUAM K dyTy, T. e.

5280:1, TO CKOpPOCTb HALO YMHOXHTH Ha TAK Kak JUIMHA

1
5280°
BXOAHT B (OPMyNy pasMepHOCTH B HepBo# cTemeHH, TouHo TaKwe,
€C/IM eAMHHIA BPSMEHH . yYBeJIHYeHa B OTHOLIEHHM uaca K CeKyHIe,
T. e. Kak 3600:1, To ckopocTs AO/MKkHA GbITb yMHOMeHa Ha 3600,
6o BpeMa BXOAMT B GOPMYTy pasMepHOCTH B cTemeHH — 1. llnﬂ
nepexona OT GYTOB B CEKYHAY K MH/AAM B 4ac Mbl LO/MKHEI Clelo-

3600
BaTe/bHO YMHOXHTb YUCIOBYIG BEIHYHHY CKODOCTH HA -, B Ha-

88 ¢ 3600 280
X —
—8___._. = 60 Muap B 4ac.

Peayabrar stux AefcTBHH MOXeT OHITb 3HAYUTENBHO KOHIEHTPH-
POBaH M YNpPOWEH NC BHAY cAeAylolied 3amuchIo !

88 $yTH 88 > Hﬂ=88xl/5280 LLUL IS 3600 muan
CEK. 1 cexk,

lIeM ciydae CKOpPOCTb BHIDA3HTCH Kak

1/3600 maca 5280 wacw
MHAH

qacHl *

Bpumsxumer, .8
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Heckonsko BAyMHEBasice B cBf3b GOPMYJHN DPa3MePHOCTH C Oeft-
CTBHAIMH, MOCPEJCTBOM KOTOPHX NO/MY4YaKTCH YHCAA, H3MEpAIOLIHe
nobyio Pu3uyeckyio BeJHUYMHY, MBI Cpa3y BUAMM, YTO YKa3aHHHIH
npueM fBAseTcs o6wHMM. MoxuO MOAyyHTh N1060€ HOBOE 3HAYEHHE
B HOBBIX €IMHHIAX M3 MNpEMHHUX 3HauYeHWH, npumeHssa dopmynay paa-
MEPHOCTH TOYHO TEM e CIocoO6OoM,

DT10T MeTOL mnpHMeHeHMs (OPMya PAa3MEPHOCTH Y4CTO BeCbMa

ya06eH M ABAAETCA MPOCTEHIIMM H HauGONee HALEXHHM CMOCOGOM

M3MeHeHHs €NMHHI] H3 TeX, KOTOPhle MHEe H3BeCTHH.

Omnepupys TakuM 06pa3aoM ¢ GOpPMynaMH Pa3MepHOCTH, MbI MIPH-
MUCEIBAEM UM HEKOTOPYH BeIUECTBEHHOCTb, MOACTABJAS BMECTO CHM-
BO/IA MePBHYHOH EeAMHHI KOHKPETHYIO NPHMEHSEMYI0 eIMHHLY H
3aMeHss ee ApyroH, e ¢uanyeckd skeMBajJeHTHOW. MHaue romops,

MB o6painaeMcs ¢ GopMyJoi pa3MepPHOCTH Tak, Kak 6yATQ OH OHa H30- |

OpaxkaeT onepauuH, AeACTBUTEJbHO DPOM3BENEHHHE Hal (H3HYECKH-
MH npeaMeTaMH, KaKk O6yato Gnl MH B3f1H OlpeleieHHOE uucio ¢y-
TOB M MOIEJUIM €ro Ha OMpeleneHHOE YMCIO CeKyHH. PasyMeercs
Ha caMoM [Jeje Bce 3TO He jenaaercd. He uvMeeT cMBICIa TOBOPHTDH
O JeNeHHH IMHHH Ha Bpems ; B JeHCTBUTENBHOCTH MEl OMEPHPYeEM C
YUCAaMH, ABAAIOUMMHACT MEPOI0 3THX BEeJHYHH. DTOT YCJAOBHHHA Cno-
€00 BHIPAXEHHUA MO3BO/IHTENEH, OIHAKO, B TOM Ciayuae, €C/M OH AaeTr
3HauMTeNbHHIE MPEHMYILECTBA; He C/JelyeT BOPOUEM AyMaTh, 4TO
NpPH 3TOM MBI ONepuUpyeM ¢ (pH3HYeCKUMH NpeIMEeTaMH He CHMBOAH-
YecKH, 4 Kak-HMGyAb HHaue!).

Oro cBOHcTBO (hOpMysn pa3MepHOCTER YKasnBaTh H3MEHEHHE M-

CJ1I0BOro 3HAYEHHS B KaXIOM KOHKDETHOM Cjaydae, Koraa H3MEHsl~ |

eTcs pa3Mep nePBHUHBLIX eAHHUL, N03BOJASeT GOPMYIHPOBATh Clenyo-
LYK TOYKY 3peHHi Ha nmpHpody (QOpMy/bl DPa3MepHOCTH, BbICKA3aH-
Hywo Hauboaee mpocTpanHo J[lxemcom Tomconom B Tpynmax
Bpuranckoit accouuauun 3a 1878 r. ctp. 451. Ero Baraan corna-
cyerca ¢ GOpMyIHPOBAaHHHM Bhillle B CAEAYHLIEM : HE HMEeT CMBICIA
roBopuTh GYKBaqbHO, YTO, HAMPHMEp, CKOPOCTL PABHA IJIMHE, Ne/eH-
HOR Ha BpeMsa. MH He MoxeM NpOM3BOIMTL aiareGpadyeckue one-

pauuK Haxg q)HBH'-XECKHMH ONHHAMKH, TOYHO TaKX€ KaK Mbl HHUKOrAa |

He MOXEM Da3leluTh 4ro-uubyIb Ha GH3HYecKoe Bpems. [lxemc
- JAHH&
TOoMCOH NpeAnoyuTaeT 3aMEHHThL BHIPAXKEHHE: CKOPOCTb = h‘

6oJee NPOCTPAHHBLIM YTREPHKACHHEM :
H3MEHEHHEe OTHOIUEHUSA AJUH

HN3MEHEHHE OTHOLIEHHA B pemeu'

H3MEeHEHHE OTHOILEHHA CKOPOCTel —=

1D. L.Webster, Sclence 46 187,1917:0. Lo dge, Nature 38, 281,

1888,
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Pasymeercs ToMCOH He cTan 6n HacTawpaTh Ha IIpHMEHEHHH
9TOrO IIHHHOTO W HEYKIOMEro BHPAXKEHHA HA MPAKTHKE, HO AOrOBO-
PUBLUHCE OIMH pa3 Hasceraa, paspewnn OH HAaM MHCATh (OPMYyA
pasMEPHOCTH NPHUBHIYHEIM CHOCOGOM.

Takas TOUka 3peHuss KaxeTca BNOJIHe BO3MOXHOH, a B OTHOMIE-
HHH QE3YJ/bTATOB €€ HE/Nb3Sl OTAMYHTb OT B3MMAAOB, H3/OMKEHHHX
mHow. OIHAKO, MHE KaXETCH, YTO PacCMaTPHBATL CHMBOJIEL dopmya
PA3MEPHOCTH, KaK HANOMHHAHHE O NMpABU/IAX omepauwi, GU3HYECKH
MPUMEHEHHBIX NPH TONY4EHHH YHCAOBON MepH BeAHYHHH, — 3TO SHa-
YHT YIEPHKHBATL HECKONLKO 60/Mee TECHYW CBA3b ¢ AeHCTBHTENbHON
¢usnxolt nonoxenus. Cyntath cuMBOAL GOPMY. PasMEpHOCTH TO/BKO
NpeACTABUTE/IAMH MHOXWTeNeH, NPHUMEHAEMBX NMPH H3MEHEHHH OIHHX
€AHHHL Ha Lpyrue, eCTbB GOJbILER MAM MeHblueH cTenenu coduam,
HENOCPENCTBEHHO HE HHTEPeCyIOLMH HAC NPH NepBOM O3HAKOM/IEHHH
C sIB/ICHHEM.

TloMumMo knacca u3aMeHeHus emuHuL, PaccMOTPEHHOro BRILE, rAe
USMEHSIOTCA TOJLKO PasMEpPEl NMePBHYHHIX ENMHHL, HYXHO paccMo-
TPETb H IDPYTO# K/ACC W3MEHEHHH, B KOTOPOM NePBHYHBlE eNHHHLH
MEHAIOTCA He TOJBKO MO pasMepy, HO H MO XapaKTepy 1), Hanpumep,
B HailleA OGHIYHOM CHCTeMe eNMHHII HbLIOTOHOBOH MEXALHKH MBI CYH-
T4EM NMEPBHYHBIME  €AMHHLAMHM MAcCCy, IVIMHY H BpeMs, Mexny TeM
X0pOLIO H3BECTHO, YTO MW C DPAaBHHM NPABOM MONEM CYMTATh nep-
BHIHHIMH Cidy, LHHy 4 BpeMs. TakuM 06pasom MOXHO BCTpeTHTbCH,
HANpHMeEP, C 3anayed TAKOro pola: Kak BHPA3UTH KHHETHUECKY0
sHepruio B 10 2 cx? cex.~% B cucTeMe, B KOTODOH enMHHLAMH 7B-
JAIOTCA: OuKa, cM v cex?

3nech o4esumHO mepenseTaloTcs Ise 3amaun. OnHa COCTOHT B
ToM, YTOGH Ha#ttH dopmyny Pa3MEPHOCTH KHHETHYECKOH sHepruu
OTHOCHTE/JILHO CHJIEI, MIMHBL H BDEMEHH, IPYras 3akAiouaeTcs B Ha-
XOMUIEHHH HOBOTO 3HAYEHHS YHCNOBOTO KOS(QHLHEHTA m1a Tof
HaCTHO# CHCTEMBl, B KOTOPOH €NHHMLIA CHAB ecThb AHH3, eaMHHUA
IVIMHEL ~— CAHTMMETD M €IMHHLA BPeMeHH — CeKyHia.

[Tpeo6pasosannan (opMyaa paaMepHOCTH NMOAYuaETCH JIerKo, eciau
PACCMOTpeTb Moc/en0BaTe/IbHHE CTaAMH NMEPEX0Za OT ONHOM CHC,TEMH
K Zpyrolt. Tlepexon pasymeercd mOMKEH NPOUSBOTHTLCH TAKHM OF-
Pa3oM, 4To6n mBe CHCTEMH GH/IM COBMECTHH OHA C apyro#t, Tak
€CM CHna paBHAa Macce, yMHOMEHHOH Ha yCKOpeHHe B onHoH cu-,
CTéMe, OHA NO/KHA PABHATHLCA TOMY e NPOH3BENEHHIO H B APyroi
Cucreme. Ecan 6m 310 6mA0 He TaK, MBI MMEnH OB JeN0 TOJBbKO
¢ hopmanbHEIM H3MEHEHHEM, U BeIHYWHA, Ha3HBAEMas CHAOH B OHOH

—_—

1) A, Buchholz. ‘mnalen der Physik, 51, 678, 191,
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CHCTEME, HE COOTBETCTBOBANA OHl TOMYy e CaMOMy (H3HYECKOMY
KOMIIeKCy B Apyroft cucteMe. 3Ta CBi3b CHJIM M MaccH B ABYX
CHCTEMAX BHITIONHAETCH NMPHMeHeHHeM mpocTo# aiarebpu. B mepso#t
CHCTEME MHl OTpeleifieM CHIy KaK Maccy, YMHOXEHHYIO Ha ycKope-
HHE, BO BTOPO# — Macca OTpelensieTcs Kak CHIa, fe/leHHas Ha ycKO-
peHHe. TakuM 06pasoM BTOPHYHAA BeJHYHHA B KaXIOH CHCTeMe
BBIPAXKAETCA Yepe3 MepBHYHbE BEJHYMHH CHCTeMBl H 06€ CHCTEMBI
COBMECTHBI. .

[TpaBunbHOe coOTHOLIEHHe Mexay GOpMYyNaMH pasMepHOCTH ABYX
CHCTEM MOXHO MPOCTO YCTAHOBHTH CaelylollHM o6pa3oM: CoCTa-
BAseTcd (GoOpMyJa PasMepDHOCTH B NMepBOH CHCTeME M paspellaercs
OTHOCHTE/IbHO BE/HYHHE, KOTOPas BO BTOPOH CHCTeMe CUMTaercs
BTOPHYHOH, ’

B HaileM 4acTHOM CJaydae

B nepBo#t cucteme: cuna = MLT—2,
BO BTOpOH cucreme: Macca— FL™' T2, ¢

[Tpeo6pa3oBasue YMCIOBOrO 3HAYEHHs MPOMCXOANT TOYHO TaK Ke

K4aK H B PaCCMOTPEHHOM NpHMepe, eClH CYHTaThb CHMBOJL pasMep-
HOCTH Ha3BaHMA HCTHHHHX BEJHYHH H BeMTHYHHY, TOLNENALLYIO
MCKJ/IIOUEHHIO, 3AMEHHTh €€ 3HaueHHeM B HOBBIX efMHMuax. [lonHoe
peuieHHe HMeeT C/eNOBATENLHO TAKOH BHA:
10 12 (1 cu)? —>
(1 cex.)?
HaM HyxHO mpexje BCero 3HaTh DasMEpPHOCTb 1 2 B efMHHIAX
OuHa, c# u cex.

Umeem: ' 1
_ 2 1lcu
1 Juna = — ey
T. €.
12— 1 duna (1 cerc.)ﬂ'
1cx
OTtkyna:
12 cx)? 1 0una (1 cex.)? (1 cayr
10 (1 cex.? =1 1 cu X (1 cex)r 10 ou. cu.

PeayanaT—B NPaBUALHOCTH KOTOPOro Ml y6emnaemcn HEno-

CPeACTBEHHO.,

Paccotpum Tenepp o6mui  cayyalt, korma HaM HyXHO OT CH-
CTeMbl C OCHOBHHIMH eIHHHLAMH X;, Xp, X, nepedTn K CHCTeMe
U OCHOBHhIMM eauHuuamyu Y, Y,, Yi.

TIpexxae Bcero HyHO HaHTH GOPMYJbi pasmepHOCTH Yy, Yo, ¥g
B eauHmuax X, X,, X,
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[MycTb pa3mepHOCTb Y, 6yneT ay, Qs Qs Yo — by, by, by Y3—
¢y, C3, €3 OTHOCHTENBHO Xy, X5, X3.
B kaxaoM ompeleneHHOM CJydae MOXHO HAMmWCaThb:

G Yi=X" X" Xy",
G Y2=X1b1 Xzb' X3b“,
G Ys=X" X,° x5%
rne C— YHCNOBLIE MHOXHTENH. DTH ypaBHEHHs Heo6XOOMMO pas-

pelath OTHOCHTeNbHO X &
Jlorapudmupyem:

a,1g X, +a, 1g Xo4-a5 Ig X;=1g C, Y,
b, 1g X~ by 1g Xo—b, 1g X;=1g C, Vs,
¢ 18 X106 1g Xat¢5 1g Xy=1g C3 V3.
DTO — /IETKO Pa3peWMMBIE. JHHEHHHE YPABHEHUS OTHOCHTENBHO
norapudMoB,
Ons X, nonyuaem:

b, b,l [c, ca‘ Qs a.l
G &l 185 8, 1by byl
Xi= (Cl yl) (CL’ Ya) 4 (Ca ys)

B 3toM peuiennn A 0603HayaeT [AETEPMHHAHT,
a; s Qg
A: bl b2 bs
€1 €y Cq
3Hayenns X, H X, MONYy4aiOTCH KPYyroBoH MOICTRHOBKOH,
Paccmotpum npumep. Kakoe 3HaueHMe npHMET KO/JIMYeCTBO HABH-

MH
WeHus B 15 moxn (Macca), yMHOXEHHBIX Ha

JIc
c B CHCTEME, OCHOB-

HHIMH e[HHHWLAMH KOTOpOA ssagiorTcs 2 HP  (JomwamuHbX CHAR),
3 dyra B cex. u 5 apr. D10 — ZOCTaTOYHO CAOMHHIE Cayual,

O603HayuM:
Yy =2 HP;
Yy=3 ayr [V, —2HP. =2 X 3 3000 B¥¥T (cuna) 1 ¢yt ,
ceK 1 MHH.
Y;=2>5 apr.

CHauana HyxHO mepeBecTH (yHTH (cuabl) B GyHTH (Macchl),
®yHT CHAM 3TO eCTb CHAa, coobuialouian Macce B ORMH (yHT
byr

cex?®

yckopenue B 32,17
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T. e ’
I ¢dynr (cuan) = 32,17 1 dynt (Maccw) 1 ¢yt
. ' (1 cex.)?
Jlanee:
Y, = 66000 . 32, 171 dyuT (Macen). 1 by 1 ¢yt
(1 cex. »3 1 MuH =
OHHEI M
=32,17 - 66000 5280 (5?80 HJIH) — —9962.10¢ TOHH MHJB?

(3600 qac, ), 60 qac. ac®

WIH B 0o6blyHOM dopme
3,380 - 107° ¥, = ToHnu™

Toyno Takxe

1 -
MuaH® yacw "S-

Y,—3 byr _ 4 5280 Muan __ 45 Mpau
cex. 1 cex T 22 gacw
3600 ’

Hiu
0,4889 Y, = ToHHn® muan! wacw ™,
ToyHo Tak e

Y;=>563pr=5 Lz (leup o 2103-10-¢ romn—5 (6,214-10—5 muau)?
(1 cex.)?
<3sod "ac)
HIIH
3,622 - 108 YS — TOHHH! MHJIH2 uacu_z’

Iepenuwen ewe pas Hawy cucreMy ypasHeHui:

3,380 . 107° ¥, — TonHn' Muam?
0,4889 Y, = TOHHHLI® MHAM! yacH ™
3,622 . 10® Yy = ToHHH! Muan? vach™

yacw

1
)

’

PewaeM ypaBHeHus OTHOCHTENBHO TOHHM, MHMH M 4aCOB, Bbipa-
Xag ux uepea Vi, V,, V.

Hafinem cHavana geT:pMMHaHT nokasarenelf;

12—3
A= |01—1| =1
12—2

[Monyuaem ouehb oTpamgHWK mPOCTOA peayabTar,
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Ha ocMoBaHMM 06luero MeToja pelieHHs HMeeM:

1 Tonna = (3,380 X 1073 Y,)° (0,4889 Y,)™° (3,622 105Y,)'

. 1 Muaa = ( ” )—1( ” )+1( » ) +
1 vac =( » )7 ( o, )+
HIH, YNpoluas, HaXOIMM:
1 Tonna = 15,16 - 108Y,2 ¥,,
1 mans =5,223 - 1012, ¥, Vs,
| vac =1,069.108Y," ¥,

OKoH4aTenLHO MOJyyaeM:

|5 JOME MHTH . 15,16 X 5,223 X 107 y,7ty, v, Y,
qachl _ © 1,069 X 1018 Y"1y,
= 1,112 X 10107, ¥,
5 apr
— [1 i <l
1,112 10t Byt
3 cex.

B 3TOM M COCTOMT HCKOMHI#f OTBET. 3aMeTHM, YTO B pe3y/abTaTe
CONEpPHATCA TOABKO [BE HOBHIX EAWHHMILb BMECTO TpEX, BHIIAN0
,2 H., P“ PasyMeeTcs 3TO BO3MOMNKHO TOJBKO B Y4CTHOM CJy4ae.
MoxHo 6nio 6Bl AyMaTb, 4TO 3THM OGCTOATENLCTBOM CJEAOBANIO
BOCMO/B30OBATECA /S COKPALIEeHHs BBIYMCAEHHH; 3TO OOHAKO He TaK,
BCe MHOMMTE/]H, CBA3bIBAIOILINE TOHHY, MWIIO H 4ac C HOBBIMH €[H-
HHUaMH, QUTYDHDYIOT B pesynbTaTe.

Cnenyer caenarth ABa 3aMEuaHusi MO MOBOAY YKA3aHHBIX 1peod-
pasoBaHuii. Bo-mepBhix, He BCErJa BO3MOMEH MepeXxol OT OJHOH
CHCTEMb EIMHHLUB K APYro#, Heo6XOAHMO YTOGH BEIMOMHANOCH Ofpe-
ZeneHHoe ycnoBHe. OHO COCTOMT MPOCTO B TOM, 4YTO YypaBHEHHS,
BRIDAXKAIOIIME eNHHHUILI ONHOH CHCTeMbi ueped eIMHHUBI APYroH,
HO/MKHE MMeTh pelleHue. DTO YCAOBHE DPABHOCHALHO TOMY, uTO
mpeo6pa3oBaHHbie YpaBHEHHs HOCAe JOrapuQMHPOBAHHA HMEIOT pe-
HIEHHe, elle MHAYE 3TO YC/NOBHE COCTOMT B TOM, YTO CHCTeMa JIH-

HeflHHIX yDaBHGHMH uMeeT pellieHHe, T. €. YTO JETeDPMHHAHT K03(¢u-
UHEHTOB 3THX JMHEHHBHIX YpaBHeHHR He paBed Hymo. Tak Kak
KO3(pHUHEHTE HAWHX AWHeHHBIX ypaBuenu# (nocne orapudMupo-
BaHMs) ABJAIOTCA MOKA3aTeNsMM B MepPBOHAYaibHbIX (opMynax pas-
MepHOCTel, TO Haule YC/IOBHE DPABHOCH/IBHO CleLylouieMy: Jemep-
MUHQHM noxazameéenell GopMys pasmepHocmel; OCHOBHbIX BeAUHUH
O0HOI cucmeMu He QOAMCEH PABHAMBCA HYAK 8 OpYeolk cucmeme,
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[Toatomy, xenass BuNOMHMTL NPeo6Pa3OBaHHE, MBI AGIXKHbI CHA- |

yajna y6edUTbCS, BO3MOXHO JH OHO BOOOGILE, A5 HYEro HYXHO CO-

CTaBUTb ZETepMUHAHT moxasaTenelf. Ecau mocaepuntt pasen uymo, TO |

npeo6pa3oBaHME HEBO3MOXKHO. DTO 3HAYXUT, YTO OJHA H3 HOBHIX eIHHHUL,
Ha KOTODHIX Mbl XOTMM MOCTPOMTb HOBYI CHMCTEeMY H3MEpeHHH, He
IBNSETCS He3aBUCUMON OT OCTajuHBIX, Ecau 6bl, HampuMep, B Haule

3ajmaye Mb B3SAM BMECTO ,5 3pr* B KauecTse TpeThed eNMHHIE

HOBOH cHCTeMbl ,5 AMHY, Mbl OBl HAlK, YTO MAETEPMHUHAHT paBeH
Hy/JI0, U Mpeo6pasoBaHue CTano Gbl HEBO3MOXHEIM, ITO ACHO H M3
IpYruX coOGpaKeHWH: NOUIAAHHAs CHJA ecTb paGoTa B EOMHHUY
BpeMEHH M HMeeT PASMEPHOCTb MPOW3BENEHHS CHUABl HAa CKOPOCTb,
NO3TOMY mMpeanaraeMass TpeThl €IMHHMLA, HUMEIOLIaA pPa3MepHOCTb

CHbI, MOXeT GHTb [OJyyeHa HENCHHEM INepBOH HAa BTOPYIO elH- .

Hully, W, C1el10BaTeNbHO, 3aBHCHT OT HHX,

BTOpOC 3aMEe4YaHHE COCTOHUT B TOM, 4YTO HOBAasg CHCTeMa e€IHHHIL
OO/MKHA COAEPKATb TAKOE e UYHCI0 OCHOBHBHIX €IHWHHIL, KaK U Nep-

Basg cucreMa, Ecau 3To He Tak, TO, 332 HCKIIOYEHHEM OTAEJbHHX

CnyyaeB, MH OyneM HMeTh GOfbliee WM MEHblUEE YHC/IO yDaBHEHHH,

4yeMm Tpe6ye'rcn I BHIpAXEHHA HOBHIX EIHHHII 4epe3 rMpexHue,
B NMepBoOM Cjly4yae pelIeHHe HEOMpPEeAE/N€HHO, BO BTOPOM pELICHHA
BOBCE HET,

I'TABA YETBEPTA
[TI-TEOPEMA,

Bo BTOpO# r/aBe MHl BHAEMH, 4TO (OpMy/Tn pasMEPHOCTH BCEX
BEHYMH, C KOTODHIMH MPHXONMTCA MMETh 1e10, MOTyT OuTh npel-
CTABJEHH KAaK MPOW3BENEHHUA OCHOBHBIX €IHHUL B HEKOTOPHIX CTEME-
nax. [lepefimeM Teneps K DACCMOTPEHHIO BHIBOZOB, KOTOpDhIE MOXHO
CIeNaTh Ha OCHOBAHHH 3TOTO OTHOCHTEJbHO (OPMBI COOTHOLUCHHH
Mewdy PAasTUYHBIMH HM3MEDHMEIMH BEIUYHHAMH sie/leHHH MPHUPOIHL

Bo BTOpOH raBe Mbl BHIAENH TaKiKe, YTO 3TH (PYHKUHOHANbHBIE
COOTHOLIEHHs MOTyT, NO KpalHe# Mepe B HEKOTOPHIX Cay4asx, mo-
MHMO H3MEpUMbIX BENHYMH, CONEPXKAaThb TaKXKe TAK HA3bIBAEMble pa3-
MepHEE MOCTOfHHBE, Mbl BCTPETH/IMCh C ABYMs TAKHMH TMOCTOSAH-
HBHIMHM — MTOCTOSHHOR TATOTEHHA M CKOPOCTBIO CBETa B MyCTOM NpO-
CTpPaHCTBE— M PUMACATH UM TAKXKE PasMepHOCTb, OueHb CyLecTBEHHO
OTMETHTB, YTO (HOPMY/Il PA3MEPHOCTH STHX MOCTOSHHBIX GLIIH TOTO
)K€ THMa, KAK W y W3MepAEMHX BENHYHH, T, €. OHH HMEIH BHI IpO-
H3BeNEHHH OCHOBHBIX .BE&/MYMH B HEKOTOPHIX CTemeHAX. JTO He cny-
ua#HOCTb, HO SABASETCA MPABHAOM AAd M0GLIX PasMepHEIX MOCTOSH-
HHIX, C KOTOPHIMH MPHXOIMTCA MMeTh neno. JlOKasaTelnbCcTBO STOro
MBI NaIMM [MO31HeE, MOJYUMB HeCKOAbko Gonee OTYETIHBOE Mpen-
CTaB/leHHe O MPHPOLE PAa3MEPHHX MOCTOAHHBIX. TOYHO TaK e nosa-
Hee Mu pas6epeM M Kaxyluieecd HCKIOuYEHHe, TaK HA3BIBAEMYIO JO-
rapudMuyecKylo nocrosHHyio. OIHAKO, yKe TEenepb MOXHO 38METHTD,
YTO OAMH K/IACC PA3MEPHHIX MOCTOAHHBIX NOMKEH ObHTb HECOMHEHHO
yxasauso# ¢opmbl. Mel 3HaeM, 4TO 3MIMHPHUECKOe ypaBHEHHE, 3KC-
NepPHMEHTANbHO MPOBEPEHHOE U3MEPEHHAMH B OMpEAE/IEHHON CHCTEME
eNMHMI, MOXET OHTb PACTPOCTPAHEHO HA eNUHUIL N06OTO pasmepa,
eUIH K KAX10H M3MEpeHHOH BENTHYMHE BBECTH MHOXHTENb — PasMep-
HYI0 MOCTOSHHYI0 C Da3MEpPHOCTbIO, OOpaTHON pasMEpPHOCTH H3Me-
pennoll BeanuuHel. [1OCKOALKY (OpMyJa PasMEPHOCTH KaXKOH U3ME-
PeHHOH Be/IMYHHH €CTh MPOW3BEACHHE NEPBHYHEIX BEHYMH B CTENC-
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HAX, MOCTOMBKY HMX O6paTHble BeJHYHHBI JOMKHE 06131aTh TaKHM
e cBOHCTBOM, T. e. TeopeMa [0Ka3aHa X IZAHHOTO CMEUHAILHOTO
Knacca pasMepHHIX MOCTOAHHBIX. Mbl npeanonoxuM, noka 6e3 Koka-
3aTe/NbCTBA, YTO 3TO MOJOXKEHHE BEPHO B OTHOLIEHHH BCEX pasMep-
HBIX MOCTOSIHHbLIX,

[Tycte nmeerca (yHKUMOHANLHOE COOTHOLUEHHE MEXIY HEKOTO-
PHIMH H3MepPEeHHHIMH KOJMYECTBAMM M DPa3MEPHHIMH MOCTOAHHBIMH.
[Tpennonaraem, uro ¢OPMYJnl pasMepHOCTH BCEX 3THX BEJHYHH,
BK/I0YA8 M PasMepHble MOCTOSHHbIE, HW3BeCTHbl. [Ipednosoxcunm oOa-
Aee, 4MO COOMHOUWERUE umeem maroil eud, xomopuiil HopMasLHO
OCMAEMCR HEUIMEHHBLM NPU 21000 M UIMEHEHLL PA3MEPOS NEPBULHBLY
eQuruy. YpaBHeHue Takoit popMel Gy/eM Ha3biBaTh ,noAHbM" 1). Mbl
BHIE/IH, YTO BOBCE HeT HEOGXOAMMOCTH, YTOGH ypaBHeHHe MPaBH/IBHO
M a[3KBaTHO Bhipaxaiollee dusnuveckue ¢akThl, GbLIIO MO/IHBIM, XOTH
ofparHoe mnoO/NOWeHHe JHeNaeTcs MNOYTH BCeraa M YacTo CYMTAeTCs
OCHOBaHHMEM IS NMPOBEPKH IPHHIMMNA OIHOPOIHOCTH ,PU3NUECKHX"
ypaBHeHuft. XOTH au3KBaTHOE YypaBHeHHe He 0643aTeJbHO IONKHO
6bITh MOJHBIM, OLHAKO, KaK MH BHIENH, KaxJOe aA3KBaTHOEe YpaB-
HEHHe MOXeT GHTb OYeHb MPOCTO CHEJN3aHO MOAHBIM. TakuM o6pasoM
MPeLANONONKEHHe O NOJIHOTE He HBJIAETCA LA HAC CYIIEeCTBEHHBIM Orpa-
HHYEHHEM, XOTH OHO W BHI3bIBAET HeOOXOAUMOCTH GoJsee TIATE/b-
HOTO HCC/efOBAHUA BOMPOCA O PA3MEPHHIX MOCTOSIHHHIX,

[Ipednocoiara o noaHome ypasrenus abécosromHno Heobxoousa
048 3aday Haweli KHUL, AHAAUS PAIMEPHOCMEN NPUMEHUM MOABKO
K YpaéHenuam marxozo muna, CnefyeT 3aMeTHTb, YTO H3MEHEHHS
MepBHYHOR eNHMHHIL B TMOMTHOM YPaBHEHHH HECKONbKO OrpaHHYeHBI,
MoXHO H3MeHATE TOJMbKO DasMep MePBHYHLIX E€IWHHI, HO He HX
xapaktep., Tak Hanpumep, NOJMHOe YpaBHeHHE, CMPaBELJIHBOE UPH
"MOBHIX M3MEHEHHSX pasMepa MepPBHYHBIX ENUHHML MacChl, MIHHH H
BPEMEHH, mepecTaeT OHITb BEpPHHIM U TepHeT CMBICA AAs Apyroh
CHCTEMHl €IMHHI, B KOTOPOR NepBMYHBLIMM SBASAIOTCA Macca, CHaa,
ANMHA W BpEMs.

Crenas 5TH OroBOPKH, TMPEAMNOJOKHM, YTO Mbl HMeeM HEKOTOpoe
MONHOE ypaBHEHHe C OMpeJeNeHHEIM YHC/IOM H3MEPHMEIX BENHYHH - H
PasMepHLIX MOCTOSHHLIX, CMPaBefIHBOE L5 JAHHON CHCTEMb NEPBHY-
HpIX ednHHU. HWMes neno ToAbko ¢ ¢dopMy/naMH pa3MEpPHOCTH BeJH-
YHH, BXOJSLIMX B ypaBHEHHe, MBI MOXEM He pasnyyaTb H3MEPHMBIX
BeTHYHH OT Pa3MepHHX NOCTOAHHLX. O603HaynM mnepeMeHHBle 6Y-
KsaMu a, B, y,... U NPEANO/OKHM HanHuHe (YHKUHOHAIBHOTQ COOT-

HOILIEHNA:
¢ (a" p;. Y;-'-) =0,

1) TlpumMeuaHMa CM. B KOHL® FIaBL,

[1-TEOPEMA 43

CMbicT 3TOFO BHIPAXEHHA COCTOMT B TOM, 4YTO MpH fOACTa-
HOBKE UYMCesn, ABAAILIMXCA Mepo#t BeaHudH &, B,.., GyHKUHO-
HaJBHOE COOTHOIIEHHE yHOBIeTBopseTcd, Mul npuMeHseM CHMBOT &
KaK A 0603HAaYeHH CAMOR BeAMUMHB, TAK W LA ee YHCAEHHOH
MepH, Kak 06 3TOM roBOpHJOCH Bhiue. [1071HOTA ypaBHEHHs 3H4UHT,
yro (YHKLUHOHANLHOE YP3BHEHHE OCTAeTCA CMPaBeATHBRIM MPH MOA-
CTAHOBKE B HEr0 YHCeN, U3MEpHIOUIHX o, B, ¥,... B CHCTeME eIMHMIL,
KaK YrOZHO OTJHMYAIOLIMXCA MO PasMepy OT EIMHWIL OCHOBHOR CH-
cTeMbl. Mbl yXe TNpUMEHSIH MeTOA, OCHOBAaHHMR Ha (opmynax
pasMepHOCTH, A8 ONpeie/eHHs H3MEHeHWs TOH MM HHOW BEHUHHEI
MpH Mepexoie K IAPYTMM MePBHYHBIM eIHHHLAM., DTOT BOMPOC pas-
6upanca BO BTOpPOR riaBe.

HasoBeM OCHOBHBlE €NWHHLBI M, Mg, Mg,.. M OGO3HAYMM pas-
MEDHOCTH @ Yepe3 ay, &, Oy, .., pasmeprocTH B uepes By, By Boree
(OTHOCHUTE/IbHO BETHUHH My, My, MMy,...).

YBeHUUM pasMep OCHOBHBIX eIMHHIU /My, Mg,... My, B X1y Xgy Xgy
W T. A pa3. Torma uucieHHble 3HayeHus a, B3,... B HOBBIX eNWHMIAX,
KOoTOphie Ml 0603HauuM uyepes o', B',.. 6yayT, KaK L0Ka3aHO B
TpeTbeN rnase:

a = (X" X, L) @
Br — (xlﬁnxzﬁq ) B

L T T S S S S

Ypasuenne ¢ (a, 8,...) =0 sABafeTCS MOJHHIM, OHO AOJXHO BbI-
MOJHATLCA MOSTOMY M TNpPH NoxcTaHoBke o, {,.. HA MecTO 2%, B...,
T. ¢

¢ (@, B)=0 (A)
HIH
o (-’51“1"“'2&""' a, xlﬁl xzﬁs..___p’_‘_‘)z 0.
310 ypaBHenue LOMKHO GbiTh CIPaBEMIWBLIM AAs BCEX 3HAUEHHH
¥, X;.. BO3bMeM YacTHYK MNPOU3BOAHYI OTHOCHTENBHO X, NMONO-

wuB .nocne IuddepeHUUpOBaHUs BCe X paBHbMH 1. Mbl monyuum
Crenyioiee ypaBHeHHe

o 288 Fb=0. (B)

BeeneM HOBHE He3aBHCHMHIE MMepeMeHHBIE!
. 1 '
ol = a® [5” — @ﬁn’"”
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3HayeHye 3TOH MOACTAHOBKH COCTOMT OUYEBHAHO B TOM, 4YTO Be-

Anunbel o', §7,... 3aBUCAT TOMABKO OT MNEPBHIX CTeneHel HCXOZHBIX
nepBuuHbiX BeauuuH. Ecam Kakue-nu6yap w3 penumumn o, By,..

PaBHHl HY/MI0, TO COOTBeTCTBYIOLIHe uieHnl (B) Bhmajaor u Her Ha-
ZoGHocTu B mepexogme K o”, B,....

Ilpu ato#i 3aMeHe mepeMeHHBIX ypaBHeHue (B) npunHuMaer BuIL:
) 0% O¢
o —57,+ g’ W‘i—"" = ©)

Hasosem vuepes ¢’' mociemniolo u3 7 nepemeHnmx a', (.. H
BBEIEM 72— 1 HOBHIX MEPEMEHHBIX Zi, £),...2,_,, ABMAIOUUKCA OTHO-
/)
wenuamu a’, B”,.... k &
Hxaue rosops:

a” e zl E”, pﬂ = 2220,.“' E” = aﬂ.
[ToncranoBka B (YHKUHMOHA/AbHOE COOTHOIIEHHE IaeT:
? (a”, B”’.". E//)E‘(P (215”, 225”,...5”).

Tenepn MOXHO mOKasaTk, 4TO (PYHKUHS C NPaBOH CTOPOHHI pa-

BEHCTBA He 3aBUCHT 0T §’. D10 c/lefyeT M3 TOro, YTO MPOHM3BOAHAsA
OTHOCHTENLHO £ paBHa Hyiio,

HelicTBuTENbHO

99
g =19+ 2090 e+ 209, 1 9=
e e o T

. =
14 *
5

[Tocnennee BhIpaXEHHE DABHO HY/IO, TAK KaK YHCTHTENb ABAAECTCHA

. MPOCTO JeBo#t yacTtbio ypasueHus (C) B Apyro#t dopwe.

[Tostomy oyukuua ¢ (2,8, 2,8",....) HAeficTBuTeNbHO 3aBHCHT
TOMBKO OT #— 1 2-0B W, MBI MOXEeM HamHCaTh:

@ (al/’ {”,--.-E”) =0 (215”, 225”,.---5”) :4/ (21, 2y ..Zn—l),

rie ¥ ecTb (QyHKuMA TONBKO 72— 1 apryMc¢HTOB, B TO BpeMf KaK ¢
3aBHCHT OT 7 aprymeHToB. Bosiee Toro, Tak kak Bce BeauunHH &’,...5"
MO ONpeneNeHHI0 3aBUCAT TOABKO OT [MepPBOH .CTeneHH — NepBok
NEPBMYHON BE/MUMHEI, TO BCE OTHOWIEHWS 2, Z,... HE MMEWT pa3-
MEpPHOCTH OTHOCHTE/NLHO NEPBHYHOR BENHYHMHH,

Paccyx/eHHe MOXHO Temepb MOBTOPATh CHAyana, €CAH MOMO-
XKHTB:

!“f (21, 32,....2,,_1)_—"‘0,

4yTO cenyer u3 (A), MOCKOABKY AOKA3aHO, HTO ¢ TOMIECTBEHHO §,
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Ho ypassenne =0 ecTb ypaBHeHHe TOro xe THna Kak (A)
¢ TeM OTJAHYMeM, 4YTO OJAMH apryMeHT HcYe3 H3 (yHKUUM H OAHA
fiepBHYHAs BeJMYMHA H3 aprymentoB. ITOBTOpeHHe MpexHero npxema
¢ nuddepeHUHpoBaHHeM ¢ OTHOCHTENBHO Xy HCK/IIOYaeT BTOPYIO
NepBHYHYI0 BEJMYHHY M3 apPryMEHTOB M CHHXKAET YHC/IO APTYMEHTOB
elne Ha ogHo, [Tpouecc, OYeBHAHO, MOMET MOBTOPATHCA RO NMOMHOIO
MCKMIOYEHNs TepBHYHHIX BeanuyHH. Kaxnoe uckaioyeHHe nepBUYHOR
Be/IMUMHBL CONMPOBOMNIAETCA YMEHbLICHHEM YMCAA APTyMEHTOB Ha
OOHO, M TAaKHM O6PAa30M OKOHYaTe/bHasw (YHKUHMA CTAHOBUTCA PYHK-
uveft n—m aprymeHTOB,

PaccMOTpeHne xapakTepa NMOACTAHOBOK, NPHMeHAEMuIX MPH OCY-
IECTB/IEHHH DeIyKUHH O6HAapy:KHBaeT XapaKTep apryMeHTOB OKOH-
yaTe/ibHOH GyHKUMH. Mbl HMENH 1e10 C ABYMA THUMAMM 3aMEHH Me-
peMeHHbIX, C BO3BENIEHHEM B CTeNeHb WM C COCTAB/leHHEM OTHOLIe-
yuA, SICHO, uTO KOMOMHAUMA TAKHX NMOACTAHOBOK MOMET AaTb TOJBLKO
[IPOM3BEEHHsI NePBOHAYAILHHX NEPEMEHHBIX B HEKOTODBIX CTEMEeHsX.
" Orclofa Mbl N0JAyYyaeM OKOHYaTelbHHI pe3yabTar.

Ecau ypasHeunue ¢ (o, B, y...)=0 ecTp monaHoe
ypaBHeHHe, TO PEUIeHHE HMeET BHI

F (Hls H21'-') = 0’

rae I—aBAd0TCA HE3aBUCHMBIMH NPOM3BEREHHAMH
apryMmeHT o8 a, B, 7,..,, KOTOpHE He HMEIOT pasaMmep-
HOCTH OTHOCHTEJNbHO OCHOBHHX €AMHHUIL

PeayabTar, (OpMyn+pOBaHHWA TakuM 0GpasoM, W3BECTEH MOL
HaspanveM II-TeopeMu u B BHOM dopme OuiA BuickasaH, NOBUAM-
MOMy, BriepBhie D3KWHISMOM (4), 9KBUBAMEHTHHH pe3yabTaT MnpH-
mensanca Jhxmucom (3), omHako Ge3 OTYeTAMBOH (HOPMYNTHPOBKH.

[Toc/ienHee ypasHeHHe MOKeT OuiTh paspelieHO OTHOCHTENRHO
nwoboro M3 npousseleHui, M HoBas ¢opMa NpexHero pesy/nbTaTa
Gynet: -

ol =p" "0 (I, I0,,..),
rme x Takossl, uTo aB” 'y ""... He HMEET DA3MEPHOCTH.

B sto#t ¢opme pe3y/bTaT €CTh MaTeMaTHueCKOe BBIpAXEHHE
pHHUMNa pasMepHOH oxHopoaHocTH. [1pou3BO/bHAS DYHKUWS B npa-
BOH YacTH ecTh (PYHKUWR aPTYMEHTOB C HyJeBOM DPa3MEPHOCTLI0, H
TakuM 06pasoM KawAWi ujAeH pe3yibTHpyiowed (YHKUHMH NOMKEH
caM mo ce6e He WMeTb pasMepHOCTH, Kaxamiit uieH aTOH QyHKUUH
foMKeH ObITh YMHOMEH Ha uieH TOH e Ppa3MepHOCTH, KAKOBYIO
HMeeT JeBass CTOPOHA ypaBHeHus, C TeM, 4TOOHW KaxIu#t 4aen mnpa-
BO# YAaCTH MMea TAKYIO e PasMepHOCTb KaK M /leBas 4acCTb. “/eHH
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MOTYyT OHTb TNeperpynnupoBaHbl AO6GLIM croco60M, HO NMpPH Kaxkoh
YTOZHO TeperpynnupoBKe pa3MEpPHOCTL BCEX WIGHOB OyneT Ta ke
camafg. DTO II0J0XeHHe H3BECTHO NOX Ha3BaHWeM T PHHIKNA
paaMepHOHX OZHODPORHOCTH.

Yacro nenadTCa MOMBITKH IAT. HENOCPeACTBEHHOE IOKAa3aTelb-
CTBO NPHHLMNA pa3MepHON OJHOPOAHOCTH C TOYKH 3peHHs Ha dop-
My7y Ppa3MepHOCTH, KaK Ha BHpaxeHHe ,(H3HueCKOH CYUWIHOCTH®
HexoTopol BenuuuHu. Tak I'GBOPAT, HANMPHMEP, YTO ypaBHEHHE, AB-
NAOILEECH aN5KBATHHIM BhIpaXeHHeM (H3UueCKHX (PAKTOB, MOMKHO
ObTh BEpHHIM NpPH NIO6GOM H3MEHEHHH Da3MepOB OCHOBHHIX EAMHHIL,
160 ¢H3NYeCKOEe COOTHOLIEHHE HEe MOXET 3aBHCeTh OT MPOU3BOJL-
Horo seifopa eauuuu. Ecau xe ypaBHeHHe BepHO NpH A060M BH-
6ope enMHHI, TO Pa3MEPHOCTh BCeX WIEHOB AO/MKHA OmTh OAHOR H
TOH e, WHAYe MH TPHPaBHMBaAH Obl IPYr APYTY BeAWUHMHHl pas-
JHYHOTO (DM3MYECKOro xapakTepa. Hampumep, COrnacHo 3TOMY
B3[VIAAY MBI HE MOXEM WMETh C OIHOM CTODOHH YDaBHEHHS Beiu;
YUHY ¢ DPa3MEPHOCTBIO /UIHHE # BEJIHYHHY C Pa3MEPHOCTBIO IIIO-
Wand Hi IApyro#ft CTOpOHe YypaBHeHHA, W60 DABEHCTBO MAOLIALH
IAHHE sBasercs abcypaom. lllatkocTe 3TO# TOuKM 3peHun Oyner
ICHOK, €CH BCIIOMHHTb, YTO ypasHeHHe MOXeT OHTb TOJBKO YDaB-
HEHHEM MeXIy YHCAaMH, ABAAOLIAMHCA Mepolt HEeKOTOpeX (H3Hue-
CKMX BeAHYHH.

. Oco60 BaXXHO OTMETHTb, UTO BhILUENPHREEHHBIE PACCYKALHHS O]~
A€XANH KpaiHe CYIIeCTBEHHOMY, He BBICKa3aHHOMY SBHO OTPaHHYEHHIO.

[Tonaras ¢ («, B,...) =0, MBI HeiBHO NpeanoJaranH, 4TO 3T0—
€IMHCTBEHHOE COOTHOIIEHHe Mexay &, 8,.. H UTO NMO3TOMY YacTHHE
NpOM3BOLHLHE MOryT GHTbH HalleHs o6biuHbIM O6pasoM. Eciu a, B, 1,...
CBA3aHEl W HHHIMH ypaBHeHusmu nomumo ¢ (a, B,...)=0, To Ha-
WM PacCyXIeHHs MNepecTaioT GHTh CHPaBelNHBHMH H DESYAbTAaTH
He BepHel, B o6uieM chyyae He Ba¥HO, YTO MO/JHOE YDAaBHEHHE,
T, 'e. ypaBHeHHe, OCTalpolLleecs CNPaBel/HBWM NPH H3MEHEHHH Da3-
Mepa TMepBHYHBIX E€IHHHL, pasMepHo OLHOpPoaHO. Takoe ypaBHeHwe
Heo6X0AMMO Pa3MEPHO OJHOPOJHO TONBLKO B TOM C1y4ae, eCH HeT ApY-
THX YHCJIEHHBIX CBA3eH MeXAy nepeMeHHRIMM KPOME CaMOTo ypaBHeHHS.

PaccMoTpuM B BHIe npuMepa najenue tena. Ilycte v — erocko-
pOCTh, § — NyTh, NPOHAEHHHH nNajalOMKM TeNOM, f-—BpeMs mnaje-
HUH, g— YCKODEHHE CH/Ibl THNECTH, JTH BeAHYHHE CBA3aHH MEeXay
co00I0 M CyLIECTBYeT He TOJbKO OOHO YPAdBHEHHE CBfA3H, TaK Kak
© M S OnpejeNeHH, ecan AaHsl ¢ ¥ g. COOTHOWIEHHA, CBA3LIBAIOIIKE
3TH BEIHYHHBI, CYThb:

2
v =gl s=g7t.
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Ha ocrosaunu Beitieckasannoro, msi moxem OXHIaTh, 4TO MNOJ-
HOE ypaBHeHKe, CBA3WBAIOLICE U, S, & U f, He OKamercs pa3mepHo
OLHOPOLHHM, PesynbTar nonyuaercs cpasy, umenso:

£2
v +s:gt+52-—.

OTO O4EBHEHO nOMHOE YP4BHEHHE, [IOTOMY 4TO OHO BEPHO H
OCTAaHETCS BEPHBIM NIPH JIOGOM H3MEHEHMM DPa3Mepa OCHOBHHIX e/d-
HAL MIMHH B BpeMenH. Ha ocHOBaHMM 3THX 5/eMeHTOB MOXHO mo-
CTPOHTbL YDaBHEHHe 3HAYUTENLHO GoJiee HEOBBYHOE H OYEHB CIOMN-
HOe; HA IDHMep:

hle - Z—

(%)
v [sin S-i—TgJ =gt ch (v —gt).

910 —cHOBa Tmo/HOE YPABHEHUE, OHO He AAB/RETCH PA3MEPHO
ONHOPO.HHIM ¥ HApYWAeT Haile NpPEAB3ATOE MHeHWe O BO3MONKHMIX
TPQHCUEHAECHTHHIX (DYHKLHRX.

BoamoxHocTs ypasHenu# Takoro pona caMa no ce6e omposep-

T2eT HHTYWTHBHBIH MeTOHN NOKa3aTeshe
TBA NMPHHIMMNA pasMe -
HOPOZHOCTH, P P prof ox

12
YpaBHenwe v | s :gt-l—‘% HaNlOMHMHAeT OOMH W3 TNPHEMOB,

NMPHMEHSEMHX B BEKTODHOM aHANH3e, B KOTODOM TPH CKanAfAPHHIX
YPaBHEHHS MOTYT - 6HTb 3aMeéHEeHW OLHMM BEKTOPHHM, PasyMeercs
MOXHO CKNAaNLIBATL BMECTE JA060e UHCAO MONHLIX ypasHennHl, noay-
438 TpaBHALHBIA pesyantar. Ecau  pasmepuocTH nepBOHa:laanux
JPABHEHUH BCe DAsAUYHE, TO TNONYYaeMOe CHAOKHOE ypaBHeHHe
(nonHoe; Ho paamepHo HEOJHOPOJHOE) MOKET GhTh PA3JOKEHO MO-
NOGHO BEKTOPHOMY yDaBHEHHIO Ha HEKOTOpOoe YHCI0 GoJee Npocrux
YPaBHeHHH, ecn BMOHDATh HAaCTH C PaBHHIMH pasMepHOCTAMH. § He
22&::;;,!05:1‘?:%1\4, MOXET /1 TAKOH MeTOA CBelleHHMs Pe3y/]bTaTOB B
MITAKTHY IO
oy yio dopmy npuHecTH Kakue 1u60 npakTHYECKHe

Bepu mcs Teneps k nepso#i dopme Hawero pe3yasTara:
F (II;, O, ..)=0.

Paccmorpum  npowasesenus I u wx CTPYKTYDY M3 nepeMeHHHIX,
Hannmem twnnunoe 1T 8 dopwe,

ac 8° Yoo

z, b, c..... nonmxHB 6uThb BhIG6paHB Tak, 4TOGH STO BhiDaX(EHHE He
MEN0 pasmepHocTH. [loACTaHOBKA pasMepHEIX cHMBOIOB a, &
k . .
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JaeT CTOMBKO e ypaBHeHu# Meay a, b, C..., CKONBKO HMEETCH BH-
JOB OCHOBHHIX €LHHHIL
DTH ypaBHEHHH TAKOBH:

- wa 8ot yet = g
tg@ - PBob Yol + e =
a,a + Bub + o =0
MMeercd m ypaBHEHMH, Kawujoe C i 4IEHAMH. TeopHto pelLieHHs
TaKOH CHCTEMBl yPaBHEHHH MOXHO Ha#TH B Kypcax anre6pHl.
Boo6uwe resops, n>m. [lpu 3TOM yCJOBHH B ofiieM ciayuae
6yzeT n — m HE3ABUCHMBIX peuteHuft, T. €. Gyner n— m Hesa
BHCHMHIX MNpOH3BeleHuH 6e3 pasSMEPHOCTH, H npousBoabHas QyHK
— €HHBIX.
uua F GyneT dyHkuue# n— m nepeM
B HekOTOpHX CMEUHAALHBIX Clyyasx 3TO . 3aK/MI04eHNe nomdxﬂc;
6mTb BUIOM3MEHEHO, ECaM HanpHmep n==m, TO PpEUICHHH, BOO :ua
rosops, He OyneT; OHO HMEETCH, ONHAKO, B TOM Cly4ae, KOTX
JeTepMUHAHT MOKasaTeseH

&y ?)1 e
agfy . . . 0
Ul + o -

Jlanee, Moxer OuTb Gojee ueMm n—m He3aBHCUMBIX pemex—u«nz;
1o nmpousofleT B ToOM cayuae, Koraa 6ce m - panHLE zle'repMﬂ
HaHTH MOKa3aTenel paBHH HYJIO. PasymeeTcst 3T0 — pelkult ciydah,
HO Mbl BCTPETHMCH C ONHHMM TaKuM -MPHMEPOM. .

B o6ueM clyuae, KOTAa MMeeT 1 fn—1m Hesizx;l;?;b;xape:linun,
b N1 —m U3 s bycy e
BOO6ILE TOBOPSA, BO3MOXKHO BHIOPAT D e s 3.
yeHud M pA3PEWHTh OTHOCHTE/IBHO OCTAMOLIMXCH BEJMUYHH, Taxu:
06pa3oM Moyyaercs n—m 3liaueHHH, ONpeNensIOWuX s — nt TpoH )
BeJeHHH!, HEe HMEIOLHX Pa3MEepHOCTH. Wsorga 70 He BO3MOXHO,
cHcTeMa BeJMUMH 4, b, C,..., KOTOPOH MOMXHO MpUNACATH npoua-
BOMbHBIE 3HAYEHHS, He MOXeT OHTh BHGpaHA BrONHE csofonHo. ST_o
AMeeT MeCcTO B .TOM C/yuae, KOTAa HEKOTOphle NETEPMAHAHTH W3
paia mokasaTeledl paBHE HYJIO. Msl He OyaeM pa3BMBaTb 3M1&Ch
o6iefl TeOpHH, TaK KaK HCKOUYEHHR nosaborarca camd o cebe, Kak

MOAXOAAIMM 06pa3oM, MPUMHCATL HM

3TO BCerja 6piBaeT NMpH pelIEHHH KOHKpETHHX 3alad.

3ameruM, uTo [1-TeopeMa He COAEPHHT HHUETO CYLIECTBEHHO
HOBOro, OHa He HAa€T HaM HOBBIX cnoco60B aHanIu3a 3ajad, cnoco-
608, OTAUYHBIX OT TeX, KOTOPbIMA MH yke 10/1b30BAAKCh BO BBEAEHHH.
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[TpeumyllecTBa TEOpeMbl—B ee YHOOCTBE, OHA NPEACTaBASET Peay/b-
taT B Tako# c¢opve, B KOTODOH MM MOXHO MOAB30BATHCH C MEHb-
UMM YMCTBtHHLIM Hanps)KEHHeM H B BecbMa TrHOko# dopme. [Ipu
OMOLLM 3TOHR TeopeMbl pPesynbTaThl aHajAu3a DAa3MepPHOCTEH MOryT
fLTb MNPEACTABAEHH B Pa3HOOOPa3HbHIX (OPMAX, 3aABHUCAIMX OT
nepeMeHHBIX, KOTOpbIE HAac HauGonee WHTepecywT. Bce aTo cocTas-
nfieT BAXHOE MpPEeHMYIIEeCTBO.

PesyibTsT 3TOrO aHaiH3a pa3MepHOCTEH He CTABHT Kakux-aH60
OrpaHHYEHHH B OTHOWeEHNH GOPMBI (YHKLHH, BHIPAXAIOUHX Pe3Y/lb-
TaThl ONHITOB, OTPAHHYUBAETCE TOABKO ¢(opMa aprymeHToB, Kak 6ol
HH CI0XKHA GblIA YHKIMA, €CIM OHA TOMBKO YAOBJETBOPiHET OCHOB-
HEIM TPeGOBAHWAM pa3BUTOH BhLE TEOPHH, TO BCerZa BO3MOXHO
neperpynnupoBaTh uieHs TaKUM 06PasoM, uTOOH (YHKLHA 3aBHCeNA
TONBKO OT AapryMeHTOB, He HMEIOHIHX pasMePHOCTH. [loabaysace
TeopeMO#, MBl OGLIYHO 3aHHTEPECOBaHbI B TOM, 4TOObI BEIPA3HThH
OIHy W3 BEJIHYHH B (QYHKUHMM OCTaJbHHX. DTO [NOCTHraercs pelie-
HueM (YHKUKH I/ YaCTHOTO NpOH3BeleHHA 6e3 pa3MepHOCTH, B
KOTOPOM CONEDXHMTCS MHTepeCylollass HaC MepeMeHHas. 3ateM 3TO
npousBeieHHe Ge3 PasMEpPHOCTH YMHOMAeTCs (TaK e KaK W apyras
CTOPOHA ypaBHeHWs) Ha OODaTHYIO BEIMYHHY TeX MNepPEMEHHHX, KO-
TOpHle COSAMHEHb B MpPOHM3BelAeHHH 6e3 pasMepHocTH, B peayis-
TaTe HA OJAHOH CTODOHe YPABHEHHS OCTAeTCA ENHHCTBEYHas Mepe-
MeHHass, B TO BPeMS Kak Ha [IpYyroff pacmonaraldTcs MpOH3BENEHHA
OCTa/ILHBIX MEPEMERHBIX B HEKOTOPHIX CTeNeHAX, YMHOXEHHbIE Ha Mpo-
U3BOMLHYI0 (DYHKIHMIO IPYyrHX NpoM3BeleHHH 6€3 pasMepHOCTH. ITa
NPOH3BO/MbHAY (DYHKIHA MOXET OBITh CKOJb-YTOINHO TPAHCLEHACHTHA;
OHa HMYEM He OrpaHM4eHa, TOJbKO e apryMeHTH He AOMKHH 06-
7ajaTh DPasMEPHOCTHIO, 3TO COIMIACYeTcA C HAUIMMM [P :BHIHBIMH
CBEACHUAMH OTHOCHTENBHO BO3MOXHBX (YHKIHOHAbHLIX COOTHO-
uieHHH. Mml NMPHBBIKAH K TOMY, uTO BCAKHH apTYMEHT MO 3HAKOM
TPaHCUEHACHTHOH ¢YHKIUHH He INoJxeH UMeTh pasMepHocTH, OGBIYHO
TOBOPAT, YTO GECCMBIC/IEHHO 6parth, HanpuMmep, TrHnepGoaHYecKult
CHHYC OT BPEMEHH, BO3MOMXEH TOJbKO THUNepOONHYECKHH CHHYC OT
ypcaa °. 3aMeyaHue O TOM, 4YTO OOGBIYHO & TYMEHT Tunep6OJH-
YECKOTO CHMHYCa B HalueM aHajin3e He HMeeT PasMePHOCTH, BePHO,
ONHAKO NPUBEJIEHHOE TOJNBKO YTO OGDBACHEHHE 3TOTO — HEMPaBHABHO.
Her ocHOBaHMsl, MO KOTOpOMY Mel He MOrad Obl cOcTaBuTh sh OT
yucia, HM3MEpSIOIIero HEKOTOPHH TNpOMeXyTOK BpEMeHH B uacax,
UIH OT YHCIa s6/0K, mnomewmiaiomuxcs B Mepke, (O6e onepauuu
BIOJIHE MBICIMMBEL, ONHAKO OrpaHKyeHus, HanaraeMule II -Teopemod,
TaKOBHE, YTO ME O4YeHb PeAKO BCTPeYaeMcs ¢ Sh OT  BeJHuHHB,
vMelomme pasMepHoCTb., Ecnu G MBI HATOJKHYIHCh BCe XK€ Ha

BpapsMeH, ¢
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Tako# cay4all, TO neperpynnHpOBKO# 4YNEeHOB, KaK yKe OOBACHEHO,
MOXHO OCBOGOJHTBCA OT TPAHCUEHAEHTHOR (YHKUMH C pasMepHbIM
apryMeHTOM, CJHB [Be WM OOJblliee YHMCAO TaKux ¢yHKuu# B sh
eIHHCTBEHHOrO0 apryMeHTa, He HMEIOWIEro pasmepHOCcTH., Tak Ha-
npuMep, HeT HUKAKUX MPENATCTBUR K HANHCAHUIO ypaBHEHHR MAajfalo-

umero Tena B Tako# Qopme:

shv=shgt,

HO 3TOr0 HMKTO He CTaHeT [e/laTh, MOTOMy 4TO Takaa ¢opma
MHOTrO CJ0KHee OOBIYHOMH,
D 0 ypaBHeHHE MOXHO HAanWCcaTb W B TAKOM BHIE:

shochgt—chwvshgi=0.

B stom cayuae nep rpynnupoBka, Tpefyemas Is OCBOGONIEHHA
OT TPAHCLUEHACHTHO# (YHKIMH pa3MepHOro aprymeHra, yme He
CTO/Mb fICHA, OCOOEHHO ecnu . OB TPHrOHOMerpHyeckas dopma craza
npuasbivHOA, OnHaKo, 1 3Ta HopMa BNOJHE NPHIOAHA AJA HHCIEH
HEIX DAacyeTOB B TOM CMBicJie, YTO OHA Bcerza Gyfer JapaTb BepPHBIH
pe3ynbTaT M OCTaeTcsl CrnpaBelMBO# NMpPU HM3MEHEHHH pa3vepa oOc-
HOBHHX eIBHHLL,

Ewe oanH BbIBOA B OTHOUIEHMH IOKa3aTeJel B CBA3H C 3TUMH
3aM.4aHUAMH O TPAHCLEHIEHTHBIX (YHKUMAX, $SICHO, 4YTO B O6uUieM

‘cJyyae He MOXeT OHTb IIOKa3aTens, MMeEIlero paaMepHocTth, Ecau

TAKOBOM NpPHCYTCTBYeT, €ro BO3MOWHO KOMOHMHMDOBATL C APYFHMH
TaK, 4YTO pA3MEPHOCTb HcuesHeT. Ho He cyuwecTRyeT HHKaKoro
OrPAaHMYEHHS B OTHOLIEHHH 4YHCJOBHX 3HayeHH} nokasarened, OHH
MOTYT ObiTb UeTsIMH, APOGHBIMH MM HppalHOHanbHEIMM. Yacro
LYMAOT, uyTO $HOPMy/Na PAaSMEPHOCTH HEKOTOPOH BENMUHHLI HE MOMKET
COZepXaTk OCHOBHHX EAMHHI B HPOGHBHIX cTeneHsx (6). Drto 3akio-
Y.HYEe CBA3aHO ¢ ofwel TOYKOH 3peHHs HAa GO MyJB Pa3MepHOCTEH,
K4K H4 BhIpaXeHHe ONepaun#t ¢ KOHKPETHBIMH (U3HUYECKHMHU Mpen-
METAMH: NpH TaKOM B3IJsge HA Jel0o TPYAHO NPUNUCATb, HANPHUMED,
KaKo#-1u60 CMBHICH BpeMeHM B CTereHM ABYX TpeTedl. Mue kawmercs,
O1HJIKO, OLMHAKOBO TPYAHHIM HAHTH (PH3HYECKHH CMBICA AN BPeMEHH
B CTENeHH MHHYC [1Ba, MEXAY TEeM BO3MOXHOCTb TAKMX CTeneHel
LOMNYCKAeTCA BCEMH, .

II- TeopeMa B u3noweHHO# GOpME COOEPKUT BCE 3SJIEMEHTH,
Hea6xoauMble aaa Hawux Leaedt, OaHaKO B NMPHMEHEHHMAX HMeeTcs
6onblioit mpocTop AAf BeI6Opa apryMeHTOB GYHKLUHM, YTO ABCTBYeT
M3 BO3MOXHOCTH PAa3/MTHYHBIMH CnOCcO6aMH BHLIOPATh HE3ABHCHMblE
pellleHUA CHCTeMB anare6pauueckux ypasHeHHH, M36paHHHA nyTb
onpefenser ¢GopMy NPOM3BEIEHHH, HE HMEIOIMX pPAa3MEPHOCTH, W
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HAWTYHIaA (OpMa A9 STOTO HAXOAUTCH B 34BHCHMOCTH OT Xapak-
repa NpoG/eMbl, B raase wiecTo# Ml pPaccMOTPUM HECKO/JBLKO KOH-
KpeTHHX NPHMEPOB, KOTOPHIE MOKAXYT, KAKHM 06DA30M HYKHO BHI-
61paTb MPOHU3BEJEHHA B CHEHAANLHLIX CTyuvasix.

JIHTEPATYPA,

. Buckingham. Phys Rev. 4, 345, 1914,
outh Dynamics.
.H. Je ans. Pr.c. Roy. Soc. 76, 545, 1905,
- Buckingham cm. (1), rakie Journ. Wash. Acad, 4, 347, 1914.
5. E. Buckingham em, (1), ctp. 346: ,Takue Bpra)KEHH;I KaK
ig Q uax sin Q He BCTpeuawTCa B PUIHYECKUX YPaBHeHHAX, H60 HUKaKOH
YHCTO apHPMETHYECKHH ONEPATOP 83 MCKAIOYEHHEM npocroi‘o YHCJIOBOTO
MHOXHTEASA, HE MOMET OhThb NPUMEHEH K BE/HUHHe KOTOpas caMma He fB-
A5eTCA YHCAOM 6€3 pPasMepHOCTA. Mul He MOKeM npm’mcan, HVKaKoro onpe-
AETEHHOr0 CMHICAA PE3YabTaTy TAKOH omepaumu.c P
6 ESS c%ﬁagrﬁ 3THM CM. Tagme crp. 266 kHHMru Tommcona.
. S. P. ompson
warsermy orp. 352'p AEMCHTAPHBIE YPOKH MO 3AEKTPUYECTBY H

»TaKke KaweTcs a6CYPAHWIM, yTO Pa3MEPHOCTh eAMHHUH 3AEKTPHYe-
1

LN S
m—=xm

CTBa ,Cl(iﬂ)KHa HUMETb IlpOGHble MToKkasatenu, H60 Takue BEJIUMYHHBI, Kak Nl7

WK Lzﬂe.ume}oT cMbIcaa®,

W. Willams. Phil Mag. 34, 23 , 1892: »[lockonbky L, M u T se-
A2107CA OCHOBHHIMH EIMHMLAMH, Mbl HE MOKEM OXHIATh npobHux cTene-
nedt... Teneps BCe aMHAMHYeCKHe KOHLENnu CTPOATCA B KOHEYHOM CueTe
Ha OCHOBE 3TUX TPEX MOHATH{: MAcCH, AIMHLI W B| eMeH#, a NOCKOALKY
NIPOLECC ABAAETCA CHHTETHTECKUM, CTPOIOILUM CAOXKHOE M3 ’npocroro BCE
gpoucxonuﬁ* B COOTBEICTB iM C NPUHNANAMH aAreSPH MOCPECTBOM HeabIX
ﬂ;(;neﬂeﬂ » M u T... ' asymeercs, ecan Macca, OJIHHA M BpeMs — npe-

bHHE (USHYECKHE KOHLENUMH, MK He MONeEM UCTONKOBATh APOOHLIE
crenedn L, M n T, notomy uto Mm He B cocTosHum CBECTH 3TH NOHATHA
K ueMy~1u6o Gosee mpocromy.

OcraBancb wa nouse amw60i pusuyeckolt Teopum, Mn mHe MO)KC.M

ep € p aTbh (pOpMyJIH coﬂep)ﬂalu“e Hp 6ﬂb]e [IoKasareapn OCHOB-
HHT npeiupos ) .
HbIX [SF10%0: 17 )4 Al °
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PA3BMEPHLIE TOCTOAHHBIE U YHUC/IO OCHOBHbIX
EJVHHUILL

CyuecTBeHHuH pesynbtar Il-TeopeMH COCTOHT B OrpaHHYEHHH,
HalaraeMoM €0 Ha YKCAO 4pryMeHTOB MpPOU3BOMBLHOH (byHKUHMH.
Uem MeHblue aprymMeHToB, Tem Oojlee OrpaHuyeHa (yHKUMA, TeM
Gosiee McuepnHBAOWKMKA OTBeT Mbl noayuaeM. Ecau B 3ajaue uersipe
NepeMeHHbIX M TPH OCHOBHBIX €IHHHMLIE, TO Hall aHA/H3 MOKAa3bl-
BdeT, 4TO MMEeTCl EAMHCTBEHHOE MNpOM3BefeHHe 6e3 PasMepHOCTH,
KOTOPOE MOXHO ONpeNe]uTh, M UTO HEeKOoTOpad (YHKUHS 3STOTO
NpOM3Be/leHH paBHA HyMoO. DTO — 3KBHBANEHTHO YTBEPHIEHHIO,
YTO B NAaHHOM YAacTHOM CJyyae CaMo MNpPOM3BEJEHHE HB/IAETCA HEKO-
TOPOHA NOCTORHHOH, W MH HMEEM TNOJHHE CBEIeHHs O XapakTepe
pElIeHHs 32 MCKJIOHEHHEM YMCJIEHHOH BeJMYMHH mocTosuHo#. Taxoe
pellieHHe MBI HMeJH B TMePBOHM IaaBe MPH PACCMOTPEHHMH 3a1ayH O
MasTHUKe., Be3 npUMeHeHHs aHanM3a DasMepHOCTeH BCAKOE He MpPO-
THBODEUMBOE COOTHOUIEHHE MexAy UEThIPhMA dpPryMeHTAMH MOIVIO
KA3aThCS BO3MOXHEIM, M Mbl He MONJH Ol 10TanaThbCi 06 WCTHHHOM
pemeddy, Ecyu unCI0 mepeMeHHBIX HA ABa 6OJblle YEM YMCJIO OCHOB-
HBIX, TO 6ymer IBa npOM3BendeHHs 6e3 pa3MEPHOCTH, pELUEHHEM
SyneT npou3BOJbHAs (YHKUHA NBYX STHX [POM3BENeHHH, DaBHas
Hy/mo, D1a GyHKUHS MOxeT OHTh pa3pellleHa I OLHOTO W3 Mpo-
u3geneHnit B @yHkuuu Apyroro. C TaKHM ClyyaeM MH  BCTpe-
yagucb B 3ajaye o  TemIonposBofHOCTH. Pasymeerca  cyule-
CTBEHHO 3HATh, YTO DEIIECHHE HMEeT HMEHHO Takyko ¢opmy. He npu-
MeHAf aHalt¥33a pA3MepPHOCTeH, MBI MOIMM OB TOJLKO YTBEPWAAT,
YTO CYyUIECTBYeT HeKOTOpas (YHKUMA NATH MePeMEHHbIX, pasHas
HYJI0.

OueBHAHO B HalllWX HHTEpecaX, 4ToOnl YHCJAO apryMeHTOB,
CBA3aHHBIX cpyx-fxuuouanbﬂbm COOTHOILIEHHeM, OHJIO MHHUMAIbLHBIM.

Hf‘peMEHHbIe_, BXOAfIIME B ypaBHEHHs, K KOTODBLIM NPHMEHANCA Hall
L)
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aHA/MH3, U HBJAIOTCA BCEMH MEPeMEHHLIMH, KOTODEIE MOTYT H3MEHSAThCA
UNCAEHHO MO YC/AOBHAM 3alaud. Smu nepemerHsie Mozym Obvimb
pa3lesensl Ha Ose 2pynnw. IlepBas rpynna — gusuueckue nepe-
MEHHbBE, ABNAIOMKECT MepPOH HEeKOTODHX (H3HYECKUX BeJIHYMH H
MOTYLIHe H3MEHATHCA MO BelMudHe BO BCel obaactu, K KOTOPOH
MPHMEHHMH HAIUM pe3yabTaTel. “YHCHa, H3MepaOllMe 3TH (H3HYe-
CKHE BE/IMYMHEI, MOTYT MEHNTbCA IPH HM3MEHEHMH pa3mepa OCHOB-
HbIX €JHHHIL

Ko BTOpo#f rpynme OTHOGATCA HApYrHe apryMeHTH, HMelOLIHe
XapaxTep xosgghuyueHmos 8 YpasHeruw, OHY He H3MEHSIOT YHCJIO-
BOR BeJHMYMHBI, €CNM MeHSeTCH TOJAbKO. QU3HUecKas CHCTEMA, HO
JIPHOGPETAIOT HHOE 3HaueHMe NMPH MepeMeHe pa3MePa OCHOBHBIX H3-
MEPAIOIINX eNMHHU, Mhl Ha3Ba/M MX pasMEpHBIMM TOCTOSHHEIMH.
B peanbHHX cayyasx Mbl HHTepecyeMcs TOJBKO (pH3MueckOoR 3a-
HaYeH M CTpeMHMCA HafTH CBA3p Meway GH3UYeCKHMH NepeMeHHEIMH
BelMyHHaMH., PasMepHble MOCTOSHHBIE JOMKHH  PaCcCMaTPMBAThCA
TONBKO KaK HeudGewHoe 3710, TepPHUMOe MOCTOMBKY, MOCKOAbKY OHH
€rno "06CTBYIOT MOJAYHMTb HYKHHE CBENEHHS O PH3HYECKHX NepeMeH-
HHIX, :
WUrax wmer  supuM, uyro Il-teopema mnpumensercas K arrperary
¢$H3HYECKHX MepeMeHHBIX M pa3MepHBIX MOCTOSAHHHIX, NMPHYEM HaC
MHTEPECYIOT MPEXae BCEro TOMbKO (M3HUECKHEe MepeMeHHHE. Ecau
YHCNO Pa3MePHHIX MOCTOSHHBIX CTOJIb BEMHKO, YTO YHCJIO apryMeHTOB
Npou3BOJbHON dyHKUMH, xonycTuMoe II-TeopeMo#t, paBHO MM

-60/blIe YHCAd ONHAX (U3UHECKHX MEPEMEHHHX, TO MNpPHMEHEHHe

I - TeopeMbl HMuero He naer.

Mu yxwe BHZeTH, YTO B HAMXYZLIUEM BO3MOMHOM CJydyde YHCIO
Pa3MepHBIX MOCTOAHHBIX HE MOXET MpEeBhLIATh YHcaa (U3UUEecKHx
nepeMeHHnlX, W60 /1060e SMIHPHYECKOE YpABHEHHE MOWET G6HITh
CA€NaHO MOJHBIM BBeJ€HHEM [0 OINHOK paaMepHOH MOCTOAHHOW Ha
Kawnywo ¢usnyeckyto nepemeHHyo. llanee moytu Bceraa uyucio ¢u-
3HYECKHX TIepeMeHHBIX PaBHO M O6ojblie YeM YHCJAO MEPBHYHBIX
eaunuu. [loatomy, ecan 4MCIO pasMepHMX MOCTOSHHHX DPaBHO HJIH
6o/plwie yncaa (PUBMYECKHX MepeMeHHBIX, TO 4MCA0 TPOU3BELEHHH
€es paaMepHOCTH 6oJbllie WIH PAaBHO YHCIY (H3HUECKHX MEPEMeH-
HhX, B ofmwem cayyae I1-Teopema He IaeT, CleIOBATENbHO, HOBHIX
csenenut, [losToMy KpalHe BaXHO CBECTH /[0 MHHHMYyMa YHC/IO
Pa3MepHBIX MOCTOSHHLIX B YPaBHEHHH,

Korza ke crlenyeT OMHAOATL PasMEPHHX IOCTOAHHEIX H KAKHUM
00pa3oM B KOHKDETHOH 3ajdaue Y3HAThb, YTO OHM COGON MPeACTaB-
A9I0T M KakOoBH WX (PopMy s paamepHocTH? OTBET TeCHO CBfI3aH €
BHOOpOM TabaMusl (QH3HYECKHX BEAHYKH, MEXAY KOTOPHIMH MHI
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HileM CBA3H. MH yxe BHIend, YTO HELOCTATOYHO COPOCHTh: ,3a-
BHCHT /M Pe3yIbTaT OT TOH WaM npyro#t ¢U3HUECKOH BeTHYUHBI®,
Mp Buzenu, nanpumep, B OJHOH 3ajaye, 4YTO XOTA pe3yAbTaT He-
COMHEHHO 3aBHCHT OT JeHCTBHS aTOMHHWX CHJ, OXHAKO Mbl OGOLIIHCDH
6e3 BK/IOYEHHd WX B Haul aHAJAH3, M OHM He BOUWIM B (DYHKLUH-
OHANLHYI0 3aBHCHMOCTS.

OTBeT Ha BOMPOC O TOM, KaKHe MNepeMeHHHe ClefyeT BKIIOYATh,
Tpe6yeT Goiblioit ¢uaHyeckolt onmbiTHOCTH., Ecau Mel x0THM paso-
6paTtb HEKOTOPYIO IPOGAEMY METOAAMH MEXAHMKH, MBI IO/KHH HMEThb
JNOCTaTOYHYI0 YBEPEeHHOCTh, 4TO 3amaua MAeHCTBUTENBHO MeXaHH4e-
CKas ¥ He CONEPKHT 3JEMEHTOB, M0 CYUIECTBY HE pa3pelliuMbIX
npu NOMOIY OOGHIYHBIX YpaBHeHHMH MeXaHHKM, Mbl IOMKHBI TOHATH,
KdKHEe CTOPOHBEl SBJAEHHS MOTyT OBITb OCTaB/leHH Ge3 BHUMAHHA, a
KakHe, Hao60pOT, CYLIECTBEHHW 118 AaHHOro Bonpoca, HukTo,
KOHE4YHO, He CKa}XeT, 4TO B MeXaHHYeCKOH 3ajaye aTOMHbIE CHJIBI
He MMEIOT 3HAYEHMs, HO OMbIT MOKA3LIBAET, YTO 3TH CHJH CAAraloTCA
B HEKOTODEIE KOMIJIEKCH, TOCTATOYHO XIPAKTePH3yeMble AHANU30M,
He ONYCKAWUIMMCE 10 PacCMOTpeHHs neraitedt, Pesyabtarsl Takoro
aHANX3a, NpeHeOperaioiero MHOTMMH JaMe CYHUIECTBEHHEIMH CTOPO-
HaMH TIO/IOMEHHS, MMEIOT CHIY NPH HEKOTODHX YCAOBUAX, He CAMLI-
KOM CTeCHUTE/IbHbIX, OMBITHOCTb, NMPOABATEMas B CYMAEHUAX TaKOro
pola, TpPOCTHpPAaeTcs CTOJMb [JAaAeKO, YTO MEl MOYTH HMHCTHHKTHBHO
3HaeM, NOCTyMHa M JaHHAd 3ajaya MeXaHMuYecKOH TPaKTOBKe, WM
Her. Ecau 3ajnaya mommaeTcs MeXaHHYECKOMY peILEHHIO, MBI 3HaeM

YK€ MO CAMOMY OMNpENE/NEeHHIO CMbICAA MEXaHWYeCKOH CHUCTEMHl, Ka-.

KOro pona ypaBHEHHsl COOTBEICTBYIOT IOBHXEHHIO COCTAaBHBIX 4acTeit
CHCTEMH M KakoBa (OpMa STHX ypasHeHHH.

Touno TaKkKe MO MHCTHHKTY Mbl YraimiBaeM, sIBASETCH JH CH-
CTeéMa TepPMOAHMHAMHYECKOH, 3/EKTPHUUECKOH WM XUMHYECKOH, M B
KQXIOOM C/y4ae, 3Hasd CMBICA YTBepwIeHHs O TOH HIM UHOH npH-
pone sB/EHHS, MLl TPENyCMAaTPHBaeM 3aKOHbLI, YMpas/isiolmiye H3-
MEHEHHAMH CHCTEMH, M 9JIEMEHTH, KOTODHE HYXHO MpPHHATH BO
BHHMaHHe npH PopmyanpoBke cooTHowenus. IToTpe6oBanock orpom-
HOE HaKOIJIEHHe OIBITA HEeCKOALKHX TOKOJeHHH, mnpewne uyeM
CTajo BO3MOXHBIM CKa3aTb, YTO AAHHAS KOHKPETHad rpymna ssieHui
€CTb MeXaHHuecKas, 3JeKTpHYECKas MM Jawe Boobuie ¢uU3HU-
yeckad,

S nmomaralo, 4YTO B CYUIHOCTH Te e CBENEHHs, KOTOPhIe
TPE6YIOTCA IS pelIeHHA BOMPOCA O MeXaHHYeCKOM M 3/ieKTpH-
YeCKOH INpHpONE CHCTEMBl, HYXKHH M IS aHaAW3a pasMepHOCTeH,
OTH ceeneHus MOICKASEIBAIOT HAM MpeXJIe BCero, Kakue duamueckue
BEAHYHHH NOMKHBHI OHITB BKAIOYCHH B TAOMHIY H 3aTeM MQ3BOAMIOT
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onpelenHTb, KaKHe PAa3MepHbe MOCTOsSHHbBIE TPe6GYIOTCA B AaHHOH
zagaye,

3abyneM Ha MHHYTYy BCe, 4TO Mbl B8HaeM 06 aHajiH3e pa3Mep-
HocTed M npeacraBuM cebe, YTO Mbl MOAXOIMM K HOBOH mpobaeMe,
[Tpexne Bcero, 1a OCHOBE HAKOM/EHHOrO BeKAMH OMEITA MKl peluaew,
KaKoBa mpupoia mnpoGiembl. [IpenmonoxuM, 4YTO MH pelIHaH, YTO
nepel HAMM MexaHuyeckas 3amada. Mbl 3Haem Gojee Toro, YTO
ABMXEHHE CHMCTEMK YNpABAAETCS 3aKOHAMM MEXaHMKH, M HaM W3-
BECTHB CaMBle 3aKOHbI. Mbl BHIMHCHIBAEM ONpElEEHHbE YDABHEHHS
ABYKEHHA CUCTeMbl. Mbl 3260THMCA O BK/IIOHEHHH BCEX YpaBue-
HU# JBHXKEHHA, TaK YTO CHCTeMa ypPaBHEHHH, MPH IMOMOLIH KOTOPOH
YCTaHAB/MBAETCA CBA3b MEWIY 4YacTAMM CHCTEMBl, KMEeT eIHH-
CTBeHHOe pelleHHe, Mul y6exeHbl, HA OCHOBAHHUH HAIIEro MpPEXHEro
OMBEITa, YTO B CYLIECTBEHHOM -HAMHM MNDEACTABIEHH BCE 3JIEMEHTHI
3a/la4YM, YTO HAIUH YpPaBHEeHHSl COOTBETCTBYIOT NeHCTBHTENLHOCTH MO
Kpa#lHe#! Mepe B OTHOUWEHHH HEKOTOPHIX CTODOH ABJEHHA H UYTO
pelleHNe YypaBHEHHWH NPaBWAbHO ONHILET CBOHCTBA pa3o6paHHON
HaMM CcHCTeMbl, [IpeAnonoxuM, YyTo Mul He ownbauce. Pakr BHNOJ-
HeHUS HAIIMX MpenckasaHUi SHAYHT TOMLKO TO, YTO MHI OBJALENH
HEKOTOpOR Ipymnnoi ssjaeHHd MPHPOMLI.

[Iponnuatensumih Ha6awonarTens (TakuM HCTOPHUYECKH BriepBhle’
okasanca Pypbe (1) sameuaer, 4TO ypaBHEHHE, MOCDEACTBOM KO-
TOPOTO aHAJH3HPYETCHA CBA3b MEWIY 4aCTAMH CHCTEMBI, BRHIDAMAETCA
B ofwe#t ¢opme, ocrawulefics crpaBeliyBOX MPH M3MEHEHWH pas-
Mepa OCHOBHHX eaHHHu, Hanpumep YypaBHeHHe, YTBEDXKIAIOUIEE,
YTO CHJa, AEHCTBYIOUlAS HAa Ty MAM HHYIO 4acClb HailleA MexaHHYe-
CKOR cHCTEMBl, paBHAa MacCe, YMHOXEHHO{ Ha YCKODEHHE, CrnpaBel-
JAHBO /1 /IIOOHIX OCHOBHHIX €IHHHL, MOTOMY YTO B KaXJIOH CHCTEMe
elMHHL, MNpUMeHseMOH 1A MeXaHHYECKHX UeAeH, eduHHLA CHJH
onpenenseTcd HMEHHO TaK, YTO BLIMOJHAETCA YKA3aHHAA CeA3b CHIB,
MacCel M ycKopeHus. Jlio6oe M3 OCHOBHEIX YPaBHEHHH [IBHKEHHR
SIBJAETCA B TOM e CMbicie MOJHbBIM., OKOHYaTeNbHOe pelleHne no-
JyYyaeTcq U3 YPaBHEHHH IBMIKEHHS YHCTO MaTeMaTHyeckH, 63 KaKoro-
1160 OTHOLIEHHs K pasMepy OCHOBSHHIX enuHull. Orciola crenyer
BOOGIile, YTO OKOHUATENbHHIH pe3y/abTar TOXe O6yldeT MOJHHM, T. €,
ypPaBHEHHe, BbIpaxkaloliee OKOHYaTeNbHHIH pe3ynbTaT €CTh MOJIHOE
ypaBsHeHHe.

TakuM 06pa3oM aHaAd3 Da3MepHOCTeH MOMET NPHMEHATBCH K
pesyJnTaTaM, MOMyYaeMbIM NP PeilleHHH YypaBHeHHH ABHxeHHA., (Mul
rOBOPHM 06 ypaBHEHMAX IBUXKeHusd B O6uieM CMbIC/Te, NPHMEHAd MX
K TepMONMHAMHUYECKHM, 3/1eKTPHYECKHM, TaK M MEXaHHYECKHM CH-
creMaM). AprymeHTaMH (YHKUHH, KOTOPYK Mbl OKQHYATEIbHQ MQJY -
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144EM, PELIast yDABHEHHS NBHXKEHHA, MOTYT GWTh OYEBHIHO BETHUHHK
TTO/IOXEHHbIE B OCHOBY MEPBOHAYA/IBHEIX yPaBHeHHH LBHXEHMUS, 160
MAaTeMAaTHYECKHE ONEePALMH CaMM TO cebe He MOTYT BBECTH HOBbIX
apTyMeHTOB.

B wacmuocmu pasmepusie  nocmosunse OKOHYAMEAbHOZ0 pe-
ayabmama 00AxcHo. Guims memu e u mMosbKO memu xce Komo-
puie ueypuposasu 8 ypasHenusx Osuxcenus. B 3mom aé}z cyuy-
HOCMb 80RpOCA 0 PA3MEPHBIX NOCMOAHHBLY.

B orHoueHun dopmyn pasmeproct Pa3MEpHHIX MOCTOSHHLIX
Mbl MOXEM TOJBLKO ONHpaTbCA HA OMMIT, NOKa3bIBAIOILHI, YTO Bce
TaKHE MOCTOSHHHIE MMET (OPMY NPOM3BefEHHH OCHOBHWX Be/d-
4HH B HEKOTOPHLIX CTemeHsiX. HeGo/blioe pasMumiieHHe MoKasblBaer
0AHaKO, 4TO NIOGOH 3aKOH MPHPOIH MOXKET GHITH BRIPaXeH B cbop-’
M€, B KOTOPO# (OpMy/sl pa3MEPHOCTH MOCTOSHHBIX 6ynyT ot-
HOCHTLCA HMEHHO K 3TOMy THRy. I8 5TOTO HYKHO BOCNO/IB30BATHCS
JMKE HIBECTHEIM HAM NPUEMOM, BBOAS PAa3MEPHHIE MOCTOSHHbE B Ka-
HECTBE MHOXHTe/NEH NDM H3MeDSEMHIX BEJIHUMHAX TaKUM obpasom
4YTOGH NOCTHTHYTh MOJHOTH yPaBHEHMs. Ioaromy mm npnﬂumaem’
B JaJbHEAINEM, YTO ypaBHEHHS IBMKEHHS (Belpakarouine 3axKonm
NPHPOXL!, yMpaBAIONIMe HBJCHHAMH) YK€ NpHBESEHH K Takoft
dopme, 4TO paaMepHbie MOCTOSHHBIE OTHOCATCH K yKas3aHHOMy Tuny.
Jlerko BHIETh, YTO STO He BHOCHT HHKAKHX peasnbHEIX OrPaHHYERuH,

Orciona sicho, yt0  araaus pasmepHocmel no csoemy cyuwe-
Cmey ecms GHAAL3 QHAAu3Q. MBl JOMKHBI NOCTATOYHO MOHMMATH
CATyalHo, yToOw Cyauth 06 o6uieM XxapaxTepe npobieMbl H 06
S/AEMEHTAX, KOTOpbe IO/MKHE OWTh BBeN€HH NpH COCTABAEHMM
YPaBHEHUH, onpene/slOWHUX NBHkeHHE (B 06wiem CMEHIC/IE) CHCTEMBI.
3Has XapaKTep a/EMEHTOS, MOXHO NOMY4YNATb HEKOTOPHE CBeneHUS
O HeOGXOIMMHX CBOHCTBAX COOTHOMIEHHH, KOTOPhIE MOTYT 6HTb
BBIBE/CHE MyTeM MATEMaTHYECKHX MAHMUNYJALUA C SleMeHTamy,

Mu moxem mosepsrb pe3ynbTaTaM, MOCKO/JBKY NOCTOBEDHH Ha-
LA CBENEHH O BAKOHAX MPHUPOAH, C KOTOPHIMH TIPHXOAMTCH HMeTh
A€I0 B 3alaye, HO pe3yabTATH HE MOTYT COXEPHKATH 4ero-au6o, He
HMEIOLIETOCH B YDaBHEHHAX [BHMEHWS, U HY YeM He OTAHYZIOTCH
OT NpPO4MX HAUIMX 3HAHMH. DT Pe3y/LTATH MPHOIUKEHHN HACTOMD-
KO e, HACKO/bKO MPHOG/AHXEHHH 33aKOHH NBHXEHHS.. Taxoe orpa-
HUUCHHE ONMpENCAAETCA CaMOH CYIIHOCTBIO HAWIHX 3HAHMA,

IlpuMenss ananna pasmepHocTel, Hemb3s 3azasaTecs BOMPOCOM:
»wOT KAaKHX BeNHYUH 3aBHCHT Pe3yabTaT*, HG6O 9TOT BOMPOC HMKyaa
HE NpHBENET W HEnossonuTeneH. BmecTo 3toro Hamo mpeactasuTh
ceGe, 4TO MEl NEHCTBHTENEHO COCTaBAsEM YDaBHEHUHA NBMKEHHA MO
KpagHel Mepe A0 TaKOH ¢Ta0HY, YTO B COCTQAHHH NEPEYUCANTE
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pXOMAWIHe 3jeMeHTH. HeT HamoOGHOCTH (akTHHeCKH COCTABJAATH
ypasHeHHs U TeM GOflee WX paspewars. AHanu3 pa3aMepHOCTeH
JaeT TOTIA ONpefe/eHHble CBENEHHs O HeOGXOLMMOM XapakTepe pe-
3y/1bTATa.

B 3TOM HeCOMHEHHOE MPEMMYLIECTBO MeTOJAa, MO0 €ero pesyib-
TaThl MPHUMEHHMBl K TAKHM CJAOKHBHIM CHCTEMaM, I/l KOTODHIX MHI
He B COCTOSIHHH . HaNUCaTh YPaBHEHHS ABHXEHHS CO BCEMH Jera-
TAMH. '

Heo6xonuMo 0ocoGeHHO TNOAYEPKHYTH, UTO pe3y.smanms. aHa-
AU3Q pa3mepHocmell He Mmozym Owumb HNPUMEHERS K CUCINEMAM,
OCHOBHBlE 3QKOHb. KOMOpuX 00 Cux HOp He 8upajxdCeHb. 6
gopme, Hezagucumol om padmepa OCHOsHux edunuy. Hanpumep,
aHaM¥3 Pas3MepPHOCTeH HECOMHEHHO OKasaacs Obl HEeNpUMEHHMHLIM K
GOMBILMHCTBY Peay/ibTarToB GHOMOTHYECKHX H3MeDEeHHMit, XOTH B5TH
pe3yabTaTHl MOryT 006/JanaTh MOAHOH (H3MueCKOH 3HAYMMOCTHIO, Kak
onucaHue sBneHuit, Ham kaxercs, 4TO B Hacroduiee BpeMs GHOMO-
TMYecKHe #ABJEHHS MOTYT ObITb OMHCaHBl IOJHBIMM YDABHEHHAMH
TONBKO C NMOMOUIbI0 CTOJIBKHX K€ Da3MEepHMX MOCTOAHHBIX, CKOJIBKO
uMeercs (H3HYECKHX MepeMeHHbX, Mbl BHIENH, OZHAKO, YTO B 3TOM
¢llyyae aHaja¥3 pasMepHOCTEH He 1deT K HUKAaKHX HOBHIX CBEfEHHH.
OsnapgeHne rpynno#t sasnenu#t npHpoIH H (GOPMYJHPOBKOH HX B
BHJE 3aKOHOB IO M3BECTHON CTelNeHH PaBHOCHJALHO OTKPHITHIO Orpa-
HHUEHHOR TpyNNel pPasMepPHHIX NOCTOAHHHX, MPUTOAHHIX LIS KOODAU-
HallUW BCEX SBJEHHHA,

[TpuMeHHM STOT B3ral4 Ha MPHPOLY Ppa3MepPHLIX MOCTOSHHBLIX
K Yxe 3atposyTo#t 3anaye o006 371eKTDPOMArHUTHOH Macce ChepHyeckH
pacrpeneneHHOr0 9MeKTPHYECKOro 3apsna. 3710, pasyMeercs, —
3/MeKTpOAMHAMHYECKas 3a/auya, KOTOPYI0 HaZo pellarb, NOAb3YACh
YP4BHEHUSIMHU 1O/, YPaBHEHHdA MOMA COLEPKAT HEeKOTOphle MaTeMa-
THYECKHE OMepaTophl, IMPHMEHSieMele K OTNpPEeNeHHBM COYETAHHAM
3MeKTPHUECKOK H MarHUTHOR CHJIBl M K CKODOCTH CBeTa, B Hae#
YaCTHOH 3amaye Mbpl XOTHM DELIHTh ypaBHEHHs B TaKoH ¢opme,
4TOGH ONpele/NUTh 3IeKTPOMATHHTHYIO Maccy. 310 — OGbeMHEIA
HHTEerpajq OT HEKOTOPO# MOCTOSHHOH, YMHOXEHHOX Ha IIOTHOCTD
3HEPruH, TNpHYEM IOCJAeNHAA ONPENeNseTCS paclpene/eHHEeM ChJ,
06yc/a0B/MBaEMBIX pacrnipeneneHueM 3apsafa, EcauM uMeeTcsi COOTHO-
LIeHHe, NMOno3peBaeMol HaMH (ODMB, TO CHJABl LO/HHE HCKIIO-
YATbCH B OKOHYaTeAbHOM pe3yiabTaTe. Her, onuako, ocHoBaHn#t ny-
MaTh, 4TO XAPAKTEPHCTHYECKaA TOCTOSHHAs ¢ ypaBHEHHH TaKixe
dMMUHWPYeTca, Mbl JOMKHBI CA€N0BATE/IbHO UCKATh CBA3H MEXIY
O6LIKM 33apPANOM, MaccOH, P3IAHYCOM M KOHCTAHTOH ypaBHeHHS 1O,
T. €. CKOPOCTHbI0 cBera, Takoe COQTHOUIEHHEe HAMH yXe HAHIEHO H
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CBEPEHO C pE3Yy/AbTaTAMH [JE€TAaALHOTO pellleHWs YPABHEHHUH moJsl,
NPUMEHEHHBX K NaHHOH mpobieme.

Mel BHRENH, YTO pa3MepHbIE NOCTOSHHBIE BXOAAT B OKOHYATE/b-
Hblff pesy/bTAT MOCTONBKY, MOCKOABKY OHH HMEIOTCA B ypaBHEHWAX
nemxenus. Ho paamepHas mocTofHHAS B ypaBHEHHH [BHXKEHHS €CTb
BbIpAXKEHHE YHHMBEpPcanpHOH (H3MYECKON CBfA3M, XapaxkTepHOA AJ4
BCEX fBJEHMH, BXOIALIMX B paccMaTrpuBaeMyio rpymny. MoxHO IBO-
IKO TpaKTOBaThb TAKHe yHHMBepCaibHbie (U3Hueckue cBA3M, MoxHO
OCTaBHTb PA3MEPHYIO MOCTOSHHYIO B YpaBHEHHAX, KaK ABHOE BhIpa-
*KEHHE CBHA3H, MOLOGHO TOMY KakK 3TO AeJNd€TCAd B ypaBHEHUAX 2/eK-
TpoavHaMukn. C Apyro#l cTODOHH MOKHO OMPENE/HTb HAIUM OCHOB-
Hble EIMHHIE, MMed B BHIY STy CBsI3b; TaKMM 06DAa30M MOMYy4HTCH
CHCTEMA eNMHHUIL ¢ HCUE3HYBIleH pa3MepHOH MOCTOAHHOR, B KOTO-
pOH, OAHAKO, YHCIAG €NHHHL, KOTOPbIE MOMXHO CHUHTATb MEPBHYHLIMAH,
OTPaHUYEHO TEM, YTO BCE ENHMHHIIE, OTHOCAIUMECH K CHCTeMe, aBTO-
MATHYECKH TAPAHTHDYIOT SKCTIEDUMEHTAILHYIO CBA3L APYT C APYTOM.
CncTema eIMHMIl TaKOrO pOJa MMEET LEHHOCTL TOJBKO MPH pac-
CMOTPEHHH TDYyNMbl fABJEHUH, K KOTOPOH HaHHBIA 3aKOH NpHUMe-
HAEeTCH,

Tak HanpuMep, HAa OIMBITE MB HAXOAHM, YTO Macca, YMHOMXEH-
Hafg Ha YCKOpPEHHE, MPOMNOPIHOHAMBHA CHJE, AeHCTBYIOLIE!l HA Hee.
B 3TOM sKCMepUMEHTa/bHOM YTBEDKIEHHM HE COAEPIKUTCA OTPaHH-
YEHHH B OTHOINEHMH eNMHHLL MAcCH, IJIMHB, BpeMeHH H cuibl, Pak-
TOD NpPONOPLUHOHAILHOCTH OyleT MeHATLCH 110 YHCIOBOMY 3Hauye-
HHI0 [pH HM3MEHEHHH pa3MEPOB KaXIOH M3 OCHOBHBIX eIHHHII.
BmecTo Toro, uro6n 3aHMMAThcs CKYYHBIM O€JOM HENpPEPLIBHOTO
M3MeHeHHa (aKTOpa NPOMNOPLHOHAMLHOCTH, MOXHO MPOH3BOJBHO MO-
Tpe60oBaTh, YTOGbl OH PABHWICH €NMHKLIE BO BCEX CHUCTEMAX, KOTO-
prie Mb 6yneM paccMaTpPHBATL; STOFO Pe3YAbTATA MOKHO LOCTHI-
HYTb, ONpele/HB €IMHHLY CHUJIbl B Halel HOBOM CHCTeMe TaK, 4YTO
6bl cuna, DeHCTBYOWmas Ha TeaO, PABHA/IACh MACCE, YMHOXEHHOM Ha
yekopenue. Takum 06pasoM Mbl NOJAYYHM CHCTEMY €IMHHUL, TNPH-
CrnocoG/eHHy0 K OnepaluaM CO BCeMH (GU3HYECKHMH CHCTEMaMH,
B KOTOPBIX 3aKOHH [IBHXEHHA COAEDPKAT yTBepkIeHUe 0 HHU3HYECKOH
CBA3H MeXAy CUIoH, Mmaccolt M yckopeHumem, Ho ecam 6u dusn-
yeckad cuCTeMa Ol/a TaKOBOHM, YTO YKA3dHHOE COOTHOILEHHE He
BXOOWIO B IBHXEHHE CHCTeMBl, MH OB OeCrose3Ho OrpaHUUUJH
ce6fl, NPUMEHA MEXaHHUYECKYI0 CHCTEMY €NMHHIL

It coo6pameHusi 0 BO3MOKHbLIX CHCTEMAaX eOMHHMI OTBEYaioT
Ha DaHee MOCTABMEHHLIH BOMPOC B CBA3H C yeTBepTOH 3amaveit Bae-
ACHUA O 4YMCIE eNWHMI, KOTOphHE HYXHO BHIOpaTb B KayecTse
nepBHuHbX, OTBET LETMKOM 33BMCHT OT XapakTepa 3adaud H ON-
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penensieTc (HU3UUECKUMH CBASAMH, HEOGXONMMLIMH 1718 MOJHOTO
Bbipa}eHns yactedl, Hampumep B m060H 06bIuHOM 3anaue IWHAMHKH
CBA3b MEXAY CHJOH, MacCOR H YCKOpeHHeM CYILECTBEHHO BXOIHT B
ypaBHEHHs HBHMKeHHs. OTa CBfI3b MOXET ObITb BHECEHA B ypaBHe-
HUS JH60 TPUMEHEHHEM YeThipeX MEepPBUYHHX eIMHHU CHJB, MaCCHI,
IAMHB M BpPEMEHHM C COOTBETCTBYIOLIEH pa3MepHOH MOCTOAHHON
MPONOPLMOHANLHOCTH, IN60 Ha OCHOBE NPHBHIYHHIX MEXAHHYECKHX
eNMHUL MacChl, NJAMHH W BpEMEHH, B KOTOPHX CHJAa oOMNpeneneHa
TaK, YTO SKCNEPHUMEHTAIBHOE COOTHOIUEHHE BCErIa BHITOJIHAETCH, H
pasMepHas TOCTOSHHAaA Mcue3aeT. B o6oMX cayuasx pe3yabTaThl
aHa/M3a Pa3MEPHOCTH OOHH M Te e, HGO pa3HMLA MexAy 4HUCAOM
MePBHYHBIX EIMHHII H YUCJIOM IN€DEMEHHHX, ONpele/qollas 4HUCa0
4pPryMeHTOB HEM3BeCTHOH (yHKUMH, 'Ta ke caMmas B OOOHX Ciy-
yayX, Korma 4yuc/io eaMHHMI[ YBeJNHUMBAETCS HA OAHY BKJIOHEHHEM
CH/El, TO YHC/NO TEPEeMEHHBIX TaKMe BO3pacTaeT Ha OJHO, BKJOYaf
pa3MepHYI0 NMOCTOSHHYIO, Pa3HHLA MPH STOM OCTA€TCA MNOCTOAHHOMH,
Ecau 6n, omHaxo, mpo6ieMa Oblia TakOH, YTO IKCNEpUMEHTALHAA
CBA3b CWIB, MacChl M YCKOPEHHS He BXOAW/I4a B YPaBHEHHA ABHKe-
{149 (CHCTEMBl, TO OObIXHbBIE MEXaHHYeCKHe eRHHKWUB 6ol OHl He-

IAMMHA, H60 C HHMH MBI NOJMY4YHAH Gbl MeHblle CBeIeHUH,
B aroM ciyuae MOXHO TOJb30BATHCS YETHIPbMS MEPBHYHLIMH €1H-
HWIAMH, HE BBOJS COOTBETCTBYIOLIEH pasMepHOH nocTosnHOH B Ta-
6/MULYy TepeMEHHBIX, TAK YTO PpAa3HHLA Me}XIY YHCIOM NMepeMeHHBIX
H GOHHYL CTAHET MEHbINE HA €XHHHIY, M YHCAO APTYMEHTOB QYHK-
IMH CTAHET MeHble, YTO iKeaaTeqbHO. Mol BcTpeTHMCd Oalblue
C TIPUMEPOM, HJIIOCTPHPYIOUIUM 3TO.
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F'TABA HIECTAA.

' [MPUMEPH AHAJIM3A PA3SMEPHOCTEMH,

[ToBTOpHM mpesne Bcero pesyibTaTsl MNPeAUIECTBYIOIIEH FAaBHI.
Ilpucrynas k aHanuay pasMepHOCTeH, MW LOMKHH NpeACTaBHTH cebe,
YTO Mepel HAMH 3afaya OGBHIYHOTO 3HANM33, KOTOPYIO HAAO BHIMNO.I-
HHTb MO KpaHHe# Mepe DO CTalAWu CyXIeHH O npupofe Ipobremul
M [0 BHIACHEHMS BCeX (PHU3NUECKUX TMePEeMEHHBX, KOTOpHE IOXKHbI
BOUTH B ypaBHEHHs IBWXeHHS (B OOILEM CMHIC/IE) H TaKKE gBCeX
pa3MepHHX KO3 (HLHEHTOB, TPeGyeMuX IS HAMHCAHHA ypasﬁn—mﬂ
ABHXEHHA, 3aTeM HYXHO BHIMHCATb PAa3MEPHOCTH BCEX NepeMeHHHIX
OTHOCHMTENBHO OCHOBHHX €IMHHML., DTH eIHHHIHW 18 Kaxa0H KOH-
KpPeTHOH npo6ieMH NOMKHE BHIGHPATHCS TaK, YTOOBI YHCIO HX GhLIO
BO3MOXHO OGO/MbIIMM TNPH YCAOBHM OTCYTCTBUSI KOMIGHCHDYIOLIMX
pa3MepHLIX TIOCTOSHHHIX B ypaBHEeHHAX IBMKeHus, [lanee, B COOT-
BeTcTBHHM C II-Teopemofl HoMmkHb GHITb 0GDAa3OBaHLl IPOU3BELEHHS
fnepeMeHHbX, He HMeollHe pasMepHOCTH, DTH NPOH3BeldeHMH CJle-
nyeT BHIGMpaTh M3 GOJbIIOIO BO3MOXKHOIO pa3HOOGPA3HAl TAKMM
crmoco6oM, 4TOGEl MepeMeHHHe, B KOTODbIX Mbl 3aHHTEPECOBAHMH
0co60, GHrypHpoBaM BnoAHe OTHYeTIHBO. Ilocae cdopmupoBaHus
npoussenenuit II-TeopeMa HenmocpeACTBEHHO NMPHUBOAMT K (DYHKLKO-
HaIBHOMY COOTHOILEHHUIO, .

B HmkecnedylomuX mnpHMepax Mel 0c000 OCTaHOBMMCS Ha BO-
npocax O MOIXONAIIEM YHC/Ae OCHOBHBIX eIWHHI M Hau6osnee ymob-
HoM BhHGOpe NPOH3BeleHMH Ges Da3MEPHOCTH. Bonpoc 0 pa3Mep-
HBIX FOCTOSIHHBIX MBI CUHMTA€M BHISICHEHHLIM,

B xauecTBe mnepBOro mpvMepa BO3bMeM IEpBYIO 3agadyy, paso-
Gpaunylo Paneem B Nature (1). PaccmoTpuM BoAHY, pacnpocrpa-
HAOILYIOCA MO I1YGOKOBOAHOMY pe3epByapy NOL IHeHCTBHEM THxe-
CTH. ITO — OYEBHAHO THAPOAMHAMHUECKAs NpoGaeMa, T. € HPOCTO
MEXaHHYeCKas B TMPHMEHEHMM K KHAKOCTH. 3Iechb MPHUMEHHMH, CJe-
J0BaTeNbHO, YPABHEHHS MEXaHMKH. ECAR KUIKOCTB CMelleHa W3 Mo-
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JIOXKEHHA PABHOBECHS, OHA BO3BPALIAETCA B Hero noAd HAeHcrBHEM
TaecTd. Taxkum 06pia3oM B 3alauy BXOAAT IJIOTHOCTb XKHUAKOCTH H
cuna TaxecTH. OUYeBHIHO 3TH Ke BEJIHYHMHBI LO/NKHB BOHTH M B
ypaBHeHHd uBMKeHHS., HHKakme Apyrue CBOHCTBA XHAKOCTH BpOZLE
CKHUMaeMOCTH He BOWAYT, NMOTOMY YTO H3 PacCMOTPEHHS YyDaBHeHUH
rMADOAMHAMHKK HaM H3BECTHO, YTO TaKHe CBOHCTBA He CYLIECTBEHHHI
oS aBlAeHHH 3Toro Macwraba. PH3MYeCKH, pasyMeercs, CHHMAe-
MOCTb NO/JKHA 0O H3BECTHOH CTENEHH BAMATH HA Pe3yibTaT, TaK 4YTO
Hall BuIBOJ 6YyIeT HeTOUHBIM, OH GyAeT NPHOJIMNKEHHHM B TakoH xe
CTENEHH, KaK M YPaBHeHHs FMAPOAMHAMHKH., B ypaBHeHus TMAPOIM-
HAMHKM He BXONAT pasMepHbie NOCTOSHHEIE, €CAM TOJbKO [PHMEHATH
o6blyHbIE MeXaHMuecKue eIHHHLB, B KOTOPHIX Macca, 1J.HHA U BpeMd
ABISIOTCA OCHOBHBHIMH BEIHYHHAMH ; 3aKOHbl ABMMEHHA BOIUAH B 3TY
CHCTEMY EOMHHML 4epe3 onpeleeHHe CHJIB, YpaBHeHHsd, KOHEYHO,
CYTh yPaBHEHHS MEX1y CMEUIeHHAMH M IDYTHMH 3jeMeHTaMH. MoxHO
npenctaButh cebe, YTO MBl B COCTOFHHH HCKJIOYMTL M3 YPaBHEHHH
pa3nuuHble CMELIEHHA H B KOHIE KOHIOB MNOJYYHTb CBA3b TOJMBKO
CKOPOCTH DPacrnpoCTpPaHeHHs, MIOTHOCTH H HAMPSIKEHMA THOKECTH, MO-
J06HO TOMY, KaK 3TO ObI0 B 3aJaye O MAasTHHKe,

Tlonpo6yem 3T0 caenaTh, BumuiweM repeMelHbie W HX GopMyan
Pa3MepHOCTH, KaK 3TO YXe [el1ajoch BO BBEJAECHHH.

Tasauua 6.

Ha3zsarnue geauntinsl Cunson bopmysa
pasmeprocmu
CKOpOCTh BOJHH . . . . v LT !
[110THOCTD MHAKUCTH . . d mL—3
YCKOpeHHE CHIIbI THXECTH g LT —?2

[Tpumenum Tteneps Il-teopemy. Y Hac TpH mepeMeHHHIX W TPH
OCHOBHBIX emuHHIM. PasHuua Mexny 3THMH 4YHCIAMM DaBHA HYJIO
M, CIeLQBATEJbHO, COMIACHO TeopeMe, He MOxET OhTh NMpoHM3BedE-
HHH 6€3 pasMEPHOCTH. DTO 3HAYMT, UYTO MH CHAENAIH KaKyio-TO
OWIHOKY, M COOTHOUIEHHS He CYyLIECTBYeT, €CJAH TOJbKO 31eCh HeET
OOHOrO M3 TeX HCKIOYHTENLHBIX CIy4yaeB, B KOTOPLIX MpPOH3BeleHHE
MOXeT 6LITb 06pa30BaHO Y3 MEHBbILEr0 YeM HOPMaNbHOE YHUCIO MHO-
Kutenei. Bonee BHUMaTenbHOe paccMOTPeHHe MOKA3bIBAET, ONHAKO,
YTO 3TO He HCKIIOUYEeHHe, a 4YTO OeHCTBUTENbHO He CyllecTByeT NpoO-
u3BeIeHHsi 6e3 PasMepPHOCTH. JTO MOKA3BIRAET, YTO Mpelmo/araeMas
3/]MMHMHALUA HEBO3MOXKHA, ¥ YTO B OKOHUATENbHBI! Pe3ybTaT HOMKHEI
BOUTH ApyrHe SJeMeHTH WAM KOMOuHaIMA 3n1eMeHTOB, HecoMHeHHO
LeTajbHbI aHaNMH3 [OOMKEeH MPHBECTH B MTOTe K IOJHOMY OINHCa=
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HHIO [BHXXEHHA BOMALl, HA OCHOBAHHM KOTOPOrO TOJYYHTCH BOJNHOBOE
ABHXEHHE W €r0 ckopocTh. MHaue roBops, NOMHMO CKOPOCTH B
OKOHYATE/bHAI Pe3ynbTaT NOMKHO BOHTH elle HeYTo, XapaxkTepH-
3yiolee AaHHHE BoJHB. CKOPOCTb BCeX BOJIH He 06f13aTeABHO JOMKHA
OuTb TOM 3e CaMoM, OHAa MOXET 3aBHCETh OT AMMHB BOMHH. PH3U-
YECKH, DasyMeeTcss, Mul 9TO 3HAJH 3apaHee W MNPHTBOPANMCL HeBe-
MAAMH TOBKO [/ AMOAKTHYECKHX nedelt, Hawmu ceeneHns mo stomy
BOMPOCY [LO/KHbI OBI/IM 34CTaBUTh MCKATh CBSI3W MEXAY CKOPOCTHIO
H NIHHOI BOJHHE, BBeneM mnosToMy B Hawy Tabiuuy BeJHYMH
AJHHY BOJIHH A, DasMepHOCTb KOTOpoH L.

Tenepp y Hac uyerthpe mepemeHHbix. II-Teopema ykasmpaer, 4TO
HMeETCH OXHO mnpoM3BeJeHHe 6e3 DPa3MEpPHOCTH, KOTOpOe HO/MKHO
PaBHATLCH MOCTOSHHON BesaMuHHe,

Hokasatennctso II-TeopeMB MOkasano Taxxe, YTO OAMH M3 110-
Kasarened B npomsBefieHMH 6e3 pa3MepHOCTM MOWeT OHTh M36paH
NPOH3BOJbHO, Mbl 0CO6€HHO 3aMHTepeCOBaHH B CKOPOCTH @, MO-
TOMy BhIOepeM rnokasateneM LS Hee ENMHHMLY M COCTABMM MPOH3-
BeneHue Ge3 pa3MepHOCTH B dopMe

wd P g TP,

Ilonaras Bce 3to paBHbIM MOCTOAHHONW BeNHYHHE H paspeuias
OTHOCHTE/ILHO ¥, TOJYyvYaeM

v=constd g’ \7.

PasMepHocTs MHOXHTeNeH B npaBo#l CTOpOHE NOMKHA OHTb B
UTOre TaKOW He KaK y CKOPOCTH, CTOfILUEA H30/HPOBAHHO C JeBOH
CTOPOHHI,

[MoncTaBuM ¢opMyasl pasMepHOCTEN MEPEMEHHbLIX :

LT ~'=(ML %) (LT~ ?)° L.

BuinumeM nocnenoBaTeNbHO YCAOBHA DABEHCTBA  OKasaTesel
M, L 1 T ¢ ofeux cTopoH ypaBHeHus.

910 naer:
a==0 (ycnosue mnra M),
—3a4-§-}-y=1 (ycnosue mna L),
—2%=—1 (ycnosue am T),
OTKyZa

_ w1 1
.a__OJ 9_2"]/_2_
OXOH'1aTe/IbHO HMEEM :

v =con.t Jag.
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CxopOCTb TPABHTALMOHHON BOMHBI B ITyOOKOBOJHOM pe3epByape
(rny6MHa He BXOAMT B KOHEYHBI! pe3y/abTaT, NOTOMY 4YTO Mbl MO-
CTY/AMPOBANM, YTO BOAA OYeHb TIy6O0KA) NPOMOPLHOHAALHA TAKUM
06pa30M KODHIO KBaAPATHOMY M3 [JIMHH BOJHBI H YCKODEHHfl CHJIb
THKECTH WK NPOMOPUHOHANbHA CKOPOCTH, NpHOGpeTaeMoli TenoM, CBO-
60AHO MajalouluM TOA AeHCTBHEM THXeC1H Ha PACCTOAHHH, DaBHOM
JAMHE BONHbI,

3ameruyM, YTO IVIOTHOCTb KHAKOCTH HCHE3/Ja B OKOHYATE/NbHOM
pe3yabTate. DTO MOXHO COblO MpEABHAETh: €C/H TVIOTHOCTh YABAaH-
BAETCA, TO YABAaHBAETCA H CHAA THXKECTH, NEHCTBYIOILAA HA KaXKABIM
3/IEMEHT, IM03TOMY YCKOPEHHE, a C/leOBaTEILHO U BCE CKOPOCTH
OCTAalOTCA HeM3MEHHBIMHM, TaK KaK yABOEHHad CHJIa KOMIMEHCHpyeTcd
yABOEHHEM MACCHl KaXAOTO 3JEMEHTa.

[TockoibKy NAOTHOCTb He (GHTYPHPYET B OKOHYATEAbHOM De3YJb-
TaTe, MHl HMeeM [POK3BeleH e Ge3 PasMepHOCTH, COCTAB/IEHHOE TOMbKO
w3 @, &, g. D10 — Mpou3sBeleHHe 6e3 pa3MEPHOCTH TDPEX MEPEMEH-
HhIX, BHIPaXEHHOE 4epe3 TDH OCHOBHHIE BeIH4MHH. B obuieM ciy-
yae 3TO HEBO3MOXHO, L/l 9TOro Tpe6GYIOTCH CrelHanbHHE COOTHO-
WeHHs Mexpy (OPMYyJaMHd PasMEPHOCTEH MepeMeHHHIX.

Cocrapus npousBefeHHe C HEM3BECTHHIMHM MOKA3aTelAMH U Ha-
n4caB 3aTeM anare6panyeCKWe ypaBHEHHs, KOTODHIM AOMKHB YAOBAE-
TBOPATb TOKA3aTeNH, Mbl MOXeM cpasy BHAETb, YTO YCIOBHE Cylle-
CTBOBAaHHA mNpOM3BefeHHS 0e3 pA3MEePHOCTH C YMCIOM MHOXHTENEH,
P4BHBIM YHCJIY OCHOBHHIX E€IMHHIL, COCTOMT B TOM, YTO JAETEPMHHAHT
110Ka3aTeJedl B GOpPMynax pasMepHOCTeH MHOXHTeNeH paBeH HYJO,
SlcHO, 4TO 3TO HE OrpaHH4uBaeT(d CJydYaeM TpeX OCHOBHHX €lH-
H4L, HO NpHMEHMMO K J06oMy ux uucny. O6patHo, yc/a0BHE TOTO,
4TO TOT WM PHOH 3/MEMEHT BXOAUT MHOXMUTe/leM B NMPOU3BEAEHHE
Ge3 DAa3MEPHOCTH € YHCAOM JDYrHX MHOXHTeNeH, paBHBIM HHCAY
OCHOBHBIX €IHHHI[, COCTOMT B TOM, YTO [ETEPMHHAHT TOKa3aTe/eH
OPYTMX MHOXHTeNEH HE HO/XKEeH pAaBHATBCA HyA0; B TNPOTHBHOM
Clyuae OCTaJbHbHIE MHOMMHTENM camu no ce6e cocTaBuaIM Owl npo-
u3geaeHMe Ge3 pasMEpHOCTH, B KOTOpPOe He BXoAua1 Ol HHTEpe-
CYIOLIHH HAC MHOXHTENb,

DTOT npuMep — NPeBOCXOAHAA WITIOCTPALMS BEeOGXOMHMOCTH CO-
deTaHud 310pOBOH (PH3HUECKOH MHTYHLUMH C 4HMCTO (POPMAIbHBIMH
ManunynasunaMu. Ilpene6peras ray6uHOH, Mbl apryMeHTHPOBANH TeM,
YTO NPy GECKOHEYHOM BO3DACTAHMM TIYGUHBL CKOPOCTh CTPEMHTCH
K mpefelbHOMY 3HAYEHHIO, He 3aBHCSILEMY OT rayGuHb. EcTh danee
Apyroft ¢akTOp, KOTOPHM Mhl NpeHeGpErIH B HallleM aHAaIW3e, — 3TO
AMNIMTYRa £ BONHH, KOTODAasi QYEBHAHO aHAJOrWYHa AMIVIHTYAE KO-
Ne6aHua B npocTOoM 3amaye o MaaTHHKe. EcaH 6W MB  BKJIOHWIH
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€e B Hamly MepBOHAYANBHYI0 Tabauly BelHYMH, 6bl10 OBl eule OAHO
A
Ipon3BeneHne 6€3 pasMEpPHOCTH, 75 ecau 6bl HaM 3TO CO 3JOCTHhIM

HaMepeHWeM MOoIACKa3anaH, Mbl MOAYUUIH 6b1 pe3ynbTart.
e —
v "’f\ h_ th!

rie f— NpOM3BO/ILHAA GYHKUMSA.
dra ¢dopMa cOBepLIEHHO He MPOTHBODEUHT (ePBOH, KaK MOMHO

BHIETb, MOMNOMKHB
2\ consty /X
j(h) == const l/ =

HO pasyMeeTcsa OHa AdeT 3HAYMTENBHO MEHEe CBeNeHHH.

PaccmorpuM Teneps apyryio 3agauy. Mmeerca ynpyru# MasTHHK,
OCYUIECTBIEHHHH M3 HEBecOMO! NMPYXHMHH C YNpyrof nocTosHuoH &
M C TMOABEIWIEHHBIM SUHMKOM 06BeMa @, HAMOJHEHHKIM XHIKOCTHIO C
mioTHOCTBIO d, Ha Mmaccy »XMAKOCTH B silMKe AEHCTBYeT TSKECTb.
Tpebyerca HaliTu Bhlpawende 1ad nepuona kojebanuit. Kak Bcerna,
cocTaBifeM Tabauuy BelM-MH H HX pasMepHoCTel.

Tasnruua 7.

Hassanue seaununs Cumson Qopryra
pasmeprocmu
Ynpyras nocrosHHas (cuaa

Ha eAHHHIY CMeIeHHA) k mr—?
Bpems xonebanus . - . {
O6rem amMKAa . . » . . v L3
[110THOCTb KHUAKGCTH . . d ML 3
Yckopenue cuanl TAKECTH g LT—2

3anaua — OueBHIHO MeXaHaueckas, W Mbl HMEEM MO/HOE OCHO-
BaHHE MPHUMEHATb MEXaHHUYECKYI0 CUCTEMY eIHHHL, TPHYEM pasmep-
HbIX HOCTOAHHHX He Gyner. [lepemeHHble Ta6MWLB ABAAIOTCH, TAKHM
06pa3oM, €IHHCTBEHHBIMH, OHM COBMANalOT C [EPEMEHHBIMH, MpPY MO-
MOLIM KOTOPHIX 3a1auya popMmyaHpoBaHa, Mbl WMeeM MATL BEMUYHH
TpH TPeX OCHOBHHIX edWHHlaX. [TosToMy LOMXHBI CYLIECTBOBATH ABa
npousBeleHus 6e3 pasaMepHocTdH. M3 mpepbiayieit IVIaBnl Mbl 3HAEM,
YTO O/ HAaXOMIEHHA Mpou3sefeHH# 6e3 Pa3MEPHOCTH MBI NOMKHBI
pewath cucTeMy anre6pauyeckux ypaBHeHrR. HexoTophie u3 peme-
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uu#t MOryT OHTh BHIGDAHH NMPOA3BOJBHO, OCTA/NbHLIE OMpPENEAAKTCH
yepe3 HMX. B nanHOA 3anaye Hac 0co60 HHTepecyeT f, u, 110J0-
KHuM, k. BoiGepeM N0O3TOMY lOKa3aTenu DA ¢ M 2 B MPOW3BENEHHAX
6e3 Pa3MepHOCTH TNPOH3BOJBHO, KAK OCHOBY I/ pPacueTa OCTa/bHHX.
Anre6panuecKan TeopemMa NOKa3ana HaM, 4YTO CyIECTBYIOT ABEe JH-
He#HO He3aBHUCHMbIe CHCTeMbl MoOKkasarenelt, KOTopole MoryT ObiTh
npafucaHel £ U k, MpHueM STH IBe CHUCTEMBI MOTYT GhiTh BuIGPAHb!
6eCKOHEYHBIM YHCIOM crnocoboB, Ilonpobyem Bmbparh XBe MpocTei-
wux cHcreMbl, [MpunuiieM nokasatenio f 3HayeHrne 1 M nmokasarento k
3HaueHHe 0 s OAHO# cuCTeMbl, W O6DaTHO, T. €. ANA f HYAb H
a1a k enuHuuy B Opyrolt cucTeme. Pasymeercs 3TO oueHb mpo-
CThle Mapsl, KOTOpble MO3BOMANIOT f M k£ (UrypHPOBATH TOABLKO B
OIHOM TpOou3BeleHHH Ge3 pa3MepHOCTH. TakUM 06PaszoM MBI TOMKHB
HaHTH IBa TpoM3BeleHHs 6e3 Pa3MepHOCTH:

58 1 n %
to dh gt kvid7gh,

Mu uMeeM Tenepn aBe rpynnmbl anre6panyecKuX YPaBHEHHR 1A
ABYX TPYNN HEM3BECTHBIX MOKa3aTedel o, &y, Y| H %y B, T

STH yPaBHEHHA TAKOBHI

Oa, 41 —|—071+o=ol 02,y 4 {52_|_0Y2-|-1=0]

32, — 3%+ 7,+0=0 30, —38,4+ 1.4+0=0

Ocy + 0y — 27, -1=0 | 02,405 — 2y, —2=0 |

Petuenns TakKoBH! !

1 2
i S I
1= é] 7;2—1

[TostoMy mpou3BeneHus Ge3 Pa3MepHOCTH MMEKT BHI:
w0 g By kg g™l

H pelleHHe BhIPA3UTCA TaK:

Yo p—'ia kv_ﬂn
t=v g f(_’:g'_d—>’
rae ¢yHKuna f HeonpeneneHHa.

[MonyueHHnt pe3yAbTaT HECOMHEHHO TpaBH/EH, KAaK ACHO H3
BBIBOZKA; MBI MOXEM JOCTHFHYTb, OXKHaKO, H Jy4YHIero ¥ JO6HThCA
¢dopmel, rae He OCTaHercs HeonpeleneHHOM GyHkuun. Takoe yiayd-
lWeHHe MOXeT GHITb MOJYYEHO YBEIHYEHHEM YHCAA OCHOBHLIX €ILH-
Huy. Mbl Obuid MpAaBbl, MPUMEHAA OOBIYHAEIE MEXAHHYECKHE EAHHHLb:,

BpugmMaH. b
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TOTOMY, YTO YPaBHEHWf [IBHXKEHHS MOAPA3yMEBAIOT NHHAMHYECKYIO
CBA3b MeXIy CHJIOR, MAcCOH W ycKopeHHeM. M3meHeHHWe Hajo BHe-
CTH B HaNpaBs/IeHHH, He Cpasy 6pocaloieMcs B 171a3a, TUCKOJbKY Mbl IPH-
8BIKJH K MeXaHHuecKHM eiMHMUuaM. OnHAaKO, MoOcC/le HEKOTOPOro pas-
MBILLJIEHHS CTaHOBHMTCSl SICHBIM, YTO B YPaBHEHHMAX IBHXKEHUs, yrpa-
BAAIOLWMX CHCTEMOH, Mbl HE BOCMO/b30BAIHCh TeM (PAKTOM, YTO UHC-
JeHuas Mepa ofbeMa LKA paBHAa Ky6y LIHHbI OJHOrO M3 €ero pe-
6ep. @®U3MYECKH BIOJHE BOSMOXHO H3MepATh OOBEMHl uepe3 TOT
HIH MHOA 06beM, M306paHHHY B KauecTBe eIMHHLB, 1 3TOro Haao
pa3pesaTb 6o/bUIOH O6beM HA MeHbLUME, KOHTPYSHTHbIE C eIHHHLEH,
M COCHMTAThb YHCAO TaKHWX IONYYHBIUHXCS OOBEMOB. 3aTeM MOKHO
Jl0Ka3aTh, YTO NOJy4YeHHOE TaKHM 06pa3oM UHC/I0 NPONOPUHOHANLHO
Ky6y uucia, H3MepAIOLIEr0 JuHeHHble pasmepsl. Jle#cTBUTENbHO, B
3TOM COCTOMT METOJA /AOKa3aTeJbCTBAa, NDHHATBHIA MEPBOHAYaNbHO
DBKIUAOM T1NpH pACCMOTPEHMH mnoBepxHocTeH u ob6beMoB, [locae
TOTO KaK reOMeTPHYeCKHH (haKT AO0KAa3aH, €CTeCTBEHHO ONpeleiHThb
elHMHHLY o6beMa KaK O06beM, paBHBI# Ky6y €O CTODOHaMM, PaBHLIMH
enuaule. OnHaKo, TaKoe ONpele/eHHE W OrpaHKuYEHHe HMEET LeHy
TOMbKO LNl 327184, B KOTOPLIX CBA3b Mex1y o6beMOM M LJIHHOR MO
CyHIeCTBY BXOIWT B pe3dyibTaT. B HalleM c/ayuyae 3TO He Tak Mo-
TOMY, YTO O6btM fLUMKA BaXEH TOJBKO B COYETAHUH C TUIOTHOCTHIO
KHIKOCTH s Orpele/leHHsl Macchl silliHKa. Mel BHOJHE MOMXeEM H3-
MepATh [AJHHY B 9TOHf 3ajade B JI0OHMaX, a 0oO6beM B . KBapTax,
€C/IH TO/JBKO ONHOBPEMEHHO ONpelNe/HTh MJAOTHOCTb, KaK Maccy Ha
KBapTy.

Bepnemca onsiTo K Hawel 3amave, cyuTas tenepb o6beM He3a-
BHCUMOH enuHuueld. Mel moayuaem : :

Tasaunua 8.

Popmyaa

a3eéarue éeauyu I
H HUe 8eAUMUHBL Cuneon pazmeprocmu

Ynpyras nocrifHHas . k MT—?
Bpems kone6amus . . . . . t T
O6beM Ammuka . . . . . . . v \Y%
[110THOCTD KHAKOCTH . d Mv—!
YcKopenue CHlibl TAKECTH . g LT—?

Tenepr y HAac naTh NepeMeHHLIX, HO YeThlpe OCHOBHBIX €IMHHIIH,
U, Cl1efOBaTeJbHO, HMEETCA TOJbKO OLHO HpOHM3BeneHHe 6e3 pasMep-
HOCTH. Hac oco6eHHO MHTepecyeT f, Mbl BHIOMpaeM MOKas3aTeab NpH
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HeM DaBHEIM eluHHUe; TpeGyercs HAHTH TNpOYMEe TIOKA34TeAs, Tax
4106B NMpOU3BENEHNE
th* vb di g

He HMeno pasMmepHocTH. ITpo6rema HacTONBKO MPOCTA, YTO HeU3Be-
CTHBIE MOXHO YKa3aThb Cpasy M3 MNDOCTOr0 DAcCMOTPEHHs MIH IXKe,
€C/H YroAHO, MOXHO BBIIIMCATh yDaBHEHHE:

14-y=0

3=0
—200—2041=0
f—y=0

Peulenne aTo#f rpynnel ypaBHEHHH TaKoBO:

1 1 1
a.:—Q-—; p=—7; = 3 =0.

[lponsBeneHne 6e3 pasMEpPHOCTH NPHHMMAET BHI:
¢ R g g
H MBI HMeeM
¢ == const V’.ﬂ’,

Csenennsi, comepxallyecs B 3TOM DEILEHHH, OYEBHMIHO, 3HAYH-
TeJAbHO 6Onblile, YeM B MeHee OMpeleNeHHOM pe3yabTaTe, MONyueH-
HOM C TpeMs elMHHUAaMH, M3 HOBOro pelleHHs BHIHO HampuMmep,
YTO BpeMs KOneGaHHS He 3aBHCHT OT YCKODEHHs TskecTH, Pusu-
YeCKH 3TO KOHEYHO 3HAYHT, YTO TAKECThH BAMAET TOMLKO HA H3Me-
HeHHMe CpelHEro mojOXeHHA paBHOBeCHs, [IpH BO3pacTaHHM TAKECTH
Ipy3 TOHHXAEeTC U KoJae6/eTcs OTHOCHTENLHO MonoXeHHs, Gonee
6/IM3KOrO K LEHTPY nNpHTsKeHud. [lepHox koneGaHus npu SToM,
OIHaKO, He MeHAeTCd, ITOT pe3dyabTaT GBI BOBCE HEe OYEBMAEH,
und Heofxoaum npu nepBoit opMe pewenus, Bmecre ¢ Tem nep-
BOe pellleHHe He MPOTHBOPEYHUT BTOPOMY, MONHO ILOCTUTHYTH HX
TOX/ECTBA, €CAH MONOXHTb HEH3BECTHYI0 OYHKUHIO PaBHOH HEKO-
TOPOH MOCTONHHOM, YMHOXEHHOHR Ha O6GpaTHHI KBanpPATHHHE KOpEeHs
M3 aprymeHTa.

BmecTo yBenHueHHs uMCAa OCHOBHMX EAMHHL C TPeX HO de-
TeIDEX, MBI MOIIH Gbl MOAYUHTH TOT e pesyabTaT, 3aMETUB, 4TO
B ypaBHeHHAX [IBHXEHHS GHIYDHUDYET TOMbKO TMOJHAa% Macca Ha
KOHLE CTpynbl, @ CJ€LOBATENHHO OGBEM M MAOTHOCTb MOTYT BJHATH
Ha pe3ynbTaT TO/bKO B BUIE NMPOM3BElEHHA, T. €. Macchl. [lpu 'ta-
KOM cnocofe pewleHHA Mhl MOIIM 6H CBA3aThb ¥ H d B OLHY Be/H-
%
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HHHY U MMeJH Ohl JeN0 TONBKO C YETBIpbMS BeJHYHMHAMH M TPEMR
OCHOBHBIMH eIMHHUAMH. Mbl MOAyuuaM Obl MPH 3TOM MPEWHHH pe-
3ynbTaT. Takum 06pasoM, noAb3ysch CHelNaTbHBIMU JaHHBIMH, Kaca-
IOUMMHUCA 33[a4H, 4aCTO MOKHO NOJMY4YHTh 60jee AeTajabHbIE cBexe-
HHUS, YEM NpPH NMOMOWIA 06Llero aHananaa.

Ec:m BLI6pATb MacCy, Kak OAHYy M3 TEePEMEHHhX, pe3yabTar
NPUHKUMAET HOPMY:

t=const V/ mn

Euie pas Msl monayyaem npouaBeleHHe 6e3 PA3MEPHOCTH C YUCAOM
MHOXUTENeH, MEHbUIHM HODMaAbHOTO,

PaccMoTpuM Tenepb 3afauy, WMIOCTPHPYIOWYID HEH3MEHHOCTD
pe3ynsbTaTa MpH YBeMHYEHWUH WUHCAA EINHHHML, €CAH OXHOBPEMEHHO
YBETMUUBAETCH YMCAO PA3MEPHHIX TIOCTOSIHHBLIX. BosbMeM Ty ke 3a-
Jady, KaK M paHelle, C TeM pasiMyMeM, YTO Tenepp Mul Gynaem
TOBOPHTb MPOCTO O MAacCe HA KOHUE MpPYXHHH, He AETaAU3HPYd ee
KaK TNpOHM3BENAEHHe NJOTHOCTH Ha O06beM. [lepeMeHHmMH 6yayT
macca m, BpeMs KojdeGaHus { U YOPYrocTb NPYKHHB K. YcKo-
peHHe TAXECTH MOXHO OMyCTHTb, TAK KaK Mbl YXe BHIEIH, 4TO
OHO He BAMSET Ha pe3yabTaT. Bo3pMem nATb OCHOBHLIX €IHHAKL,
BbIGpAB MOMHMO OOGBIYHBIX MacChl, AJIHHbI M BPEMEHH eulle CHIy o
CKOpOCThb, 3ajaya — OuYeBUJHO MeXaHHueCKaf, H B3aWMOOTHOLIEHHE
MEXIy 4acTAMH CHCTEMbl JOJDKHO ONDelensiThbCs SKCNEPHMEHTANbHbIM
3aKOHOM [MpONOPUHOHANLHOCTH CHJIbLI Macce, YMHOXEHHOH Ha YCKO-
peHre. POpMynHpys ypaBHEHHS ABMKEHUA, MBl [O/KHbB, Cle10Ba-
TeAbHO, BBECTH (AKTOp MPONOPUHOHAIBHOCTH, KOTOPHIH TOABHTCA
B BHIE HOBOH pa3MepHO} nOCTOAHHOH. ITOT (haKTOpP CBA3LIBAET
cuay, maccy M ycxopeHue, Ho yckopeHuwe nOAXKHO 6biThb Ompene-
JIEHO MO0-HOBOMY, €C/IH Mbl M0/1b3yeMCA CKOPOCTHIO, KaK OCHOBHOH

eAUHHLEH, ero pasMepHOCTb OyHer vTl. YpaBHeHHe [BHXKEHHS,
HanucaHHOe TaK, BbIpaxaeT CBA3b MEKIYy CHIOHR, CKOPOCTbHIO H BpeE-
meneM. Ho cuna cBA3aHa cO CMeLIeHHEM uyepe3 yAPYryr MOCTOSH-
Hyl0 M [O1A pElleHHA YpaBHEHHS TpebyeTcs COOTHOIUIEHHE MEXIy
CMenleHHeM, CKOPOCTbIO M BpeMeHeM. PaayMmeeTcss MOXHO HCXOAMTH
W3 3KCMEPUMEHTANbHOr0 (haKTa HaMMyHsa NPONOPHHOHAILHOCTH MEXIY
CKOpOCTbIO M OTHOLIEHHEM TYTH KO BpeMeHH. B OKOHyarelbHOM
pe3yabTaTe (AKTOP MPOMOPLHOHATBHOCTH TMOSBHUTCA B BHAE PasMep-
HOH MOCTOAHHOH.

Tenepy Hama Ta6aulla BeJTHYHH 33KOHYEHA, OHA COCTOHT M3
TpeX GU3HYECKMX MEePEMEHHBX U [BYX Da3MEPHBIX MOCTOAHHBIX,
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Tasauua 9,

Hassanue seauyuns Cumgo P af:f;;fg;fm
Bpema xoae6anus . . . . . ., t T
Macca Ba ROHUE NPYXMHH . m M
YNpyrocts Npy®MEnl . . . . . . . k FL—!
PasMepHasi NIOCTOSHHAA CHAH « . . . f EM~! TV}
Pasmepuasd noCTOSHHas CKOPOCTH , v LlTv

. 3necb F— pasMepHHH CHMBOJ CuJibl, H3MEPAEMOH B eAMHHIAX
CHAW U V — pasmepHbiit cuMBON cKOpOcTH, DopMyan pasmepHOCTH
COCTAB/IEHHW MO OOLIYHLIM MPaBHIAM, MOXHO OTMETHTB TO/MBKO, YTO
YNpYrocTh NMPYKWUHW ONpeleNeHa KaK CHAA, MpOfBAAeMas MNpykKu-
HOB NpH pacTsKeHWM Ha eAHHHLY.

Mspl IO/MKHB Temepb HaWTH npoU3BeleHHs 6e3 pPa3MEPHOCTH,
COCTABJIEHHBIE U3 9THX MATH mepemeHHHX. [lpexnae Bcero 3ameuaeM,
YTO y HAC NATH TIEPEMEHHHIX NDH NATH OCHOBHBIX EAMHHIAX, T. €.
BOOGIE TOBOPS, He MOMET OHTb NPOU3BeleHHs 6e3 pa3MepHOCTH.
MoxHO y6exuToCs, ONHAKO, COCTABHB [ETEPMHHAHT TOKa3aTenek
($OpMy1 pasMepHOCTH, YTO OH paBeH HYMO, T. €, B NAHHOM YaCTHOM
¢Tyuyae CYILECTBYeT MpousBeleHne 6e3 Pa3MEPHOCTH C YHCJAOM MHO-
KUTeJeH MeHbIUMM HOpManbHOro, Pasymeercs, Mbl 3Hann 06 3TOM

3apaHee, Ha OCHOBAHHH NpPEALLECTBYKOLIErO aHAanAHU3a. Kak # npexne,

Hac Hanboslee MHTepecyeT Be/NMYHHA £, M Mbl BHINHCHIBAEM [POH3BE-
nenve 6e3 pasMepHOCTH B TakOH ¢opMme:

tm' B f oo

Hanaras ycnoBue OTCYTCTBUS Da3MEpPHOCTH, HAXOLHM:

3

o —+y =0 (ycaosue ans M)

—f—8=0 . L
v+841=0 ” T
fry=0 . F
w3 =0 . v
Pewan 3TH YPaBHEHHH, NO/Ny4aeM:
1, . 1, 1, 1
u=—qi b=qgi y=—qg I=—15.

Ilpousserenne 6e3 pasMepHOCTH NPHHHMAET BUI:

3! 1, —1

tm_’kf v
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OTKyda OKOHHYATE/bHO;
t = const ]/ mfv
k

Ecin non0XKHTL pasMepHbie NMOCTOSHHEIE [ § o paBHLIMH elH-
HULe, KaK 3TO HMeeT MeCTO B OOBIYHOH MeXaHHuYeCKo#f cHCTeme
€IMHHL, MbI NMOJYYHM TIPEXHHR De3ynbTar.

XOTA 5TOT NpHMEP He Ja7 HOBBIX Pe€3yibTaTOB, HO OH MOYYHTENEH
TEM, YTO MOKA3bIBAET JOMYCTUMOCTL MIOGOH CHCTEMb! OCHOBHBIX €IH-
HHLl NPH YC/MOBHH BBENEHHS COOTBETCTBYIOIIMX DPAasMEPHEIX MOCTO-
SIHHBIX,

Teneps paccMOTpHM 3adaduy, B KOTOPOH BHICOLHO paccMarpHBaTh
CHly, Kak TMepBHYHYI0 BeMHYHHY. DTo — 3amaua Crokca O Ma-
JMeHbKOH Cdepe, majaiowelt nom AeHCTBHEM TAKECTH B BASKOH -
kocru, Cdepa HACTOMBKO Mana, YTO NBHMMKEHHe BCIONy MeNJeHHOe,
M HWTAE B MHUIKOCTH He BO3HMKAeT TyDPOYJIeHTHOCTH. SnemeHTH,
¢ KOTOPBIMH NPHXONWTCA HMeTb 1eJ0 B 3TOH Baiaye, 3TO — CKO-
POCTe najeHus, nAOTHOCTL cdepbl, AHaMeTp Ceps, NAOTHOCTH
HHIKOCTH, BASKOCTb MHAKOCTH M YCKOPEHHE CHABI TsKecTH. 3aiaua,
O4YEBHIHO, MeXaHhLYeCKad W, MPHMEHAA OOHYHBIE MEeXaHHYeCKHe elM-
HHLBL, MBI He 6yIeM HMeTb Da3MepHBIX MOCTOAHHEIX. Mul 3aMeydaem,
OlHAKO, 4YTO 3a/aya MIA MEXAHHKH HECKO/JbKO Heo6blyHas, JIBHe-
HUE MEN/IEHHOE M CKODOCTb TNOCTOMHHAs, CHJIb, HeHCTByOmMe Ha
chepy H KHIKOCTb, BCIOLY YPaBHOBEIIMBAIOTCS CHNAMH, BBI3LIBAE-
MBIMH BH3KOCTBIO MHIKOCTH, T. €,, XOTA MH HMEEM AeNO C IBHKe-
HHEM, OIHAKO, 3a1a4a OTHOCHTCS K C/YYal0 HEYCKOPEHHOTO IBHKe-
HHUA, KOTZa CHAH BCIOJY yPaBHOBEILNHUBAITCH,

ITosatomy, mo cymwecrtBy, samauya — craTHyeckas M, paspewias ee,
Mbl He O6fI3aHbl MO/ML30BATHCA (PAKTOM MPOMOPHUHOHANLHOCTH CHJBI
NPOM3BENEHHIO MACChl HA ycKopeHHe, Mbl MOxeM paccmarpnéaTb,
cTano OuiTe, B 3TOH 3amaye CHAy, Kak NepBHYHYI0 BEAHYHHY, He
BBOIl KOMIIEHCHUDYIOLULEH Pa3sMepHOH MOCTOSHHOM.,

[Tepexonum K aHanusy:

Tasaumua 10.

Hassanue seaununs Cumson Popuyaa
_ paameprocmu
Cxopoctb magedus . . . . . . . . . v LT}
HOuametp chepst . . . . . . . ... D L
MnotHocTb Cdepnr + . . . . . . . d, mL—8
MA0THOCTb WHAKOCTH . . . . . . . . d, ML—3
BA3KOCTb MUIKOCTH . + . + . . . . . - FL—T

YckopeHHe CHAN TAKECTH . . « . . . g Fm—!
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dopMyna pa3MepHOCTH BA3KOCTH TITOJY4aeTcs HeNOCPeACTBEHHO
¥3 €€ OMNpeleneHHS KaK CHAb HAd €NHHHLY IMIOWIAAM U HA €IUHHLY
rpaIveHTa CKOPOCTH. YCKOPEHHE CH/Abl TAXKECTH BXOIMT C yKa3aHHOH
Da3MEPHOCTBIO, MOTOMY YTO B YPABHEHHAX IBHMXEHHS, OYEBHIHO, He
HallIeT OTpaxeHus YCKODUTENbHbIW XapakTep AeHCTBHA TAKeCTH, H
BOHAET TONLKO CHAA, TPOABAAEMAs TAMECTBIO HAa €IHHHIY MacCH.

Mul HMeeMm Temeph 6 mepeMeHHBIX M 4 OCHOBHBEIX efgunMibi, Cre-
LOBATe/NbHO CYILECTBYIOT [1Ba Npou3Befenus 6e3 pasmepHocTH. OnHO
H3 HUX CDa3y OUYEBHIHO H DAaBRHO —Z—?. M3 ocTaoIuuxcs e THUHH MBI

1
0C060 3aMHTEPECOBAaHb B CKOPOCTH v, JAs MOJNy4yeHHA TIDOH3Bexne-

HHS 6e3 pasMepHOCTY MKl IO/KHBI TONbKO KOMOHWHHDOBaThb €e C ye-
THIDbMA JPYTHMH BeTHYHHAMH,
Bri6epem D, di, w ¥ g H COCTABHM MPOHM3BEN8HHE B opMme:

v D* d13 i ga.
Cpasy BMIHO, YTO 110Ka3aTequ DAaBHbI:
a=—2; 3=—1;, v=1; 8=—1
W npon3seleHHs 6e3 PasMePHOCTH MPHHUMAIOT BHJ

—, -1 = d
vD ™ d, vg Mg

OKoHYaTeIbHO® pellleHHe TaKoBO:
Draig (ﬁ
& d /"

dyuxuus f HeompeleneHHa, M Mbl HE MOXEM CKa3aTh, Kaxk 3a-
BUCHT DE€3YJbTAT OT MJOTHOCTeH cdepbl M XUAKOCTH, HO MBI BHAHM,
4TO CKOPOCThb MaleHHs MPOMOPUHOHANbHA KBANPATY nuaMerpa cdepsl,
YCKOPEHHIO CHABI TAXECTH M O6paTHO NMPONOPUHOHAJBHA BA3KOCTH
XHAKOCTH.

Sra 3agaya, pasyMmeeTcs, DABHO DeIeHA MeTONAMH [HAPOIHHA-
MUKH, npuyeM oTBeT HMeeT Byl (cp. Hanp. Millikan, Phys. Rev.
2,110, 1913):

8 g Dt
v=—= 2" (d,—d,).
9 v ( 1 2)

TouHoe pelleHHe monydaeTcs H3 Oojgee O0OWEro, eCAH TOMAO-
8 d,
#HTb YHKIHIO f paBHOH o (1 — ‘72->
1
Ecau 6bl Mbl pelianu 9Ty 3amayy C OGhIYHRIMH MeXaHWYECKHMH
eIMHULAMH, B KOTODBIX CHJIa OMpelefieHa, Kak Macca, YMHOXeEHHas

Ha YCKOpeHHe, Mbl WMenu Gl BMecTO [BYX TPH MpOH3BeleHHR Ge3
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Pa3MEPHOCTH, H OKCHYaTelbHHH pe3y/bTAT BHPA3Wicd Obl B TakoH

popme:
P A\ d,
v=atpe (3] pe 2]

KoHeuHO 1O TakoMy peaynnTaTy Heab3d 6uino 6bl CKa3aTh HU-
Yero O BJHAHMM Ha CKOPOCTb KaxJIOro 3jeMeHTa B OTIAENbHOCTH,
TaK KaK BCE 3/IEMEHTHI BXOAAT 2pryMeHTaMM HeonpefeieHHOR ¢yHK-
HHH.

EcTe MHOro 3anay, B KOTOphIX KOHKpeTHbe N06aBOYHEIE CBEle-
HHSL O npHpoile PuU3N4UeCKON cuCreMbl Tak [OMOJHAIT Pe3YNbTaThi
aHanusa pasMepHoCTeff, uTO MOxeT GbniTb nojyyeHa 6ojee omnpene-
7eHHas ¢opMa pelleHHs, 4eM Ha OCHOBe OIHOro TOJbKO aHanu3a
pa3MepHOCTel, N HECOMHEHHO HMKTO HaM He 3amnpeluaeT KOMOHHH-
poBaTb aHAaNH3 Da3MepHOCTE C JADYrHMH [aHHHIMH, HMEIOLIHMHCA
B HallleM pPacIOPAKEHHH.

B Buze npocToro npHMepa paccMOTpMM Bompoc O TnporuGe
Ganku. Oro 3amaya w3 Teopuu ynpyroctd, [lommTaemcsa HalTH Kak
3aBUCHT ,ECTKOCTb* 6ajKH OT ee pa3MepOB H APYTHX BEJHUMH.

YpaBHeHNs ynpyroctu — 4acTHH{ ciyyail ypaBHeHHH OGHIYHON
MeXaHHKH, 3THM ONpelenseTcs . MeXaHHWYecKas CHCTEMa eIMHHL.
YpaBHeHUs! YOPYroCTH, W3 KOTOPHX MOxeT OblTb IOJYYeHO peiue-
HHe, JOMMHB BKAOYaThb B ce6e NOCTOAHHHIE YNPYrOCTH MaTepHana.
Ecan matepnan uzoTponHui, TO BOMAYT NBe YNpyrue MNOCTORHHBIE,

KaKOBHIMH MOXHO Bhi6paTh Moayab fOxra u momyaws casura, Ilpu-
CTyildeM K aHajlusy.

Tasnnua 11,

-~ 'u
Haas:Hnue seaununu Cumeon pa?::pt%ﬂcfnu
cHaa
Kecrrocrs (n—por_uo) e S MT—?
Jama. . . .. .. ... .. 4 L
Wpprra . . . . . . o o 4 . . b L
Bumcora . . . . ... ... .. d L
Monyap FOnra . . . . . . . .. E ML~ T2
Moayap cagura . . . . . 0L B ML™1 72

Mmerorcs 6 nepeMeMHmXx M TpPH OCHOBHbIX eduwHHun, CoorBer-
CTBEHHO OOlIeMy NpaBWJy IO/MKHO GHTL TpH NMpoH3BeleHus Gea pas-
MepHOCTH. OHM MOryT 6mITh COCTaBJeHH cpasy B pe3y.1bTate Mpo-
CTOTO PaCCMOTPEHHSI

b, d.
AR

|
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HH 0mHO M3 9THX MPOM3BEIEHMH He CONEPWMT S, KOTOpas Hac
panbosee MHTEpECyeT M, C/lelOBATENbHO, B 3a4dye eCThb Kakada To
ocobentoctb. OHAa NEHCTBUTENbHO M OOHApY:KMBAeTCHd, €CAH Bep-
HyTbCSl K CHCTeMe anre6paHyecKuX ypaBHEHHH, OT KOTOpHIX 3aBH-
CHT pelleHHe,

Ecau cocTaBuTh MaTpuuy H3 Ko3(pHUHMEHTOB, MOJYYEHHHX H3.
nioxkasarenel ¢opMyn pa3MepHOCTEH, TO OKa3LIBAETCH, UTO Kaw ab#
{13 TPeX-PAAHbIX AETEPMHHAHTOB, TIOAYYEHHBIX H3 MaTPHIlL, DaBEH.
HYI0

1000 1 1
011 1—1-1
—2 00 0—2—2

D710 3HAYMT, YTO B JAHHOM YaCTHOM cJy4ae HMMeercs Goabliee
YMCIO0 TPOM3BeNeHH# 6e3 Pa3MEPHOCTH, YeM YKasblBaeTCs O6LMM
NpaBHAOM. DTO MOXHO 6mIO nperBuneTh 3apanee, [lpewae Bcero
paccMoTpeHHe OPMy/ PasMEPHOCTH nokasmBaer, yto Mu T Bcerna
BXonsiT B Buae couetanus MT—2, u, caenosareibHO, 3Ta KOMOHHA-
lIMsl BMECTE MOXET CYMTaThCl 34 OCHOBHYIO elIMHMLy. Takum ofpa-
30M B 3a71aye. MMEIOTCA BCEro JBE OCHOBHBIX €IMHMIBI BMECTO Tpex
M yeTHpe MpOM3BENEHHs Ge3 pasMepHOCTH BMecTO Tpex. [lanee aman-
Has 3a71aya OTHOCHTCS K CTaTMKe, B KOTOpPOH Macca M BpeMs B pe-
3yAbTaT BXOLMTb He MOryT. Pa3MepHOCTH BCeX BEJHUYMH [O/KHBE
6LITh HANMHCAHB B TEPMHHAX CHJbl H MJIMHB, KaK OCHOBHHIX €lMHHII.
OTo 3aMeuaHue ABAAETCA PH3HUECKHM SKBHBAEHTOM MATEMaTHUECKOMY'
coo6paxennio o ToM, uTo M u T Bcerna BcTpevaioTcs B KOMGuHa-
uun MT-% (cuna paaa MT—2, yMmHoxenHoMy Ha L).

3Has Tenepb, YTO CYLIECTBYET ellle ONHO TPOM3BeleHHe Ge3 pas-
MEPHOCTH, MOXHO HAHTH mMpo6OH, 4TO OHO PaBHO

S
Er’
M OKOHYATENbHOE pelieHHE TPHHHUMAET BHA:

s=ef(7. 4 £)

Takoe pelueHHe He JaeT BO3MOXHOCTH CAeNaTb BBHIBOAHI O 3aBH-
CHMOCTM eCTKOCTH OT pasMepa Gankd. Ho M3 3/eMEHTAapHBIX CO-
06paeHUit TEODHHM YNPYTOCTH SCHO, YTO MR TOHKMX G6ajoK KecT-
KOCTb JOMKHA OHTb TNPHUGAM3HUTENLHO MNPOMOPUHOHANBHON ee M-
PHHe, TNPH NpPOYHX PaBHBIX YCIOBHAX. ['paHMyHBE YC/OBHS TaKOBbI,
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4YTO pelieHHe 17 6anky ABOHHON IMHPHHBI TNPUOMIHMKEHHO MOXKET
OBITh MOJMY4YEHO TPOCTHIM PACHOJOMEHHEM DANOM IBYX OOHHAKOBBIX
6a/loK MepBOHayYaAbHOM WuDHHLI, [loaTOMy f HOMKHO MMETh TaKyl0

. b d (a4 p
topmy, utobL lf< T T E> npuBogMaOCE K by (7, BT e
QUEBHIHO [ NOMNHO PABHATHCHA —Il’—np(il, j;)

Bosee OrpaHMYEHHOE pellieHHe MMeeT, C1e10BaTebHO, TaKOU BHI :

d
S-—Ebcp(-l--, F).
3To pelleHHe MOKA3LIBAET, YTO 6aNKA Y.ABOEHHOR IMHHM GydeT
HMETb TNPEKHIOIO XKECTKOCTD, €CJ/TH OAHOBpDEMEHHO YIBOHUTBH €€ BBICOTY.
JleranbHoe pellleHue, MOMy4aEMOe B TEOPHM YNIPYTOCTH, MOKABHIBAET,

d
YTO OTHOILUEHHE T BXOIHT B Ky6e, B BMIE€ MHOXHUTensd, H, CJ1eL0Ba-

TE/IbHO, KECTKOCTs OalkH MPAMO NPOMOPUUOHANBbHA KYGY BLICOTH H
IIMPKHHE, 06PATHO NPONOPUHOHANLHA Ky6y MIHHB H MPSAMO NMPONOP-
UHMOHA/IbHA HEKOTOPOH Hen3BeCTHOR (YHKLUHH YNPYTHX ITOCTOSHHAHIX.

Taxo#t MeTod mMOMONHEHHS Pe3y/NbTaTOB AaHA/NM3a DPA3MEPHOCTEH
IPYrdMH CBEJEHHAMM HHOrJAa OYewb mnojeldeH. ¥ Panesda wuMeworcs
MHOTOYMC/IEHHBIE NpHUMepn 3Toro, Panefi He Bcerna pasnensier aHa-
JIH3 Ha pasMepHelff ¥ Kako#-1M60 HHOW W FOBOPUT, WUTO Pe3y/bTaT
MOeT ObIThb NOKa3aH aHA/JH30M DPA3MEpPHOCTeH, XOTH B JEHCTBHTENb-
HOCTH TpeOYIOTCA TE€ H/IH MHble 106aBoYHble CBEREHHA. XOpouruit
NPUMEp 3TOrO MOWHO HatTH B ero paGoTe o paccesHuM cera HeGom (2).
BbiBOX, 4TO paccesHHBI CBET H3MeHAETCS OGPATHO NPONOPLUHOHAIBHO
YeTBEPTOH cTeneHH MIMHE BOJHH NMAafaloiIero CBeTa, Mosy4yaercs IO -
‘6aBneHHeM K aHanuay pasMepHocTedt crenywomero dakra: ,Ha ocuo-
B4HHUM TOTO, 4TO HAM M3BECTHO O IMHAMHUKe Bompoca i (OTHOlIeHHe
AMIVIATYN MajaioLIero W PACCesHHOrD CBETA) W3MEHSeTCs MpOMop-
udoHaneHo T (o6beM paccenBammiedt uyacTHibl) ¥ OGPATHO npomop-
UHOHANLHO 7 (paccToAHusA TOUKM HAO/IOLEHHA OT paccedBaroule ya-
CTHLR) .

JIo cux 1op ™Mbl pa3bupanu TOABKO MeXaHMYeCKHe B3aJauM, HO
pasyMeeTcs METOJ He OrPAHHUYMBAETCH TOJBKO 3TOH O0G6/JacThIO, OH
TPHMEHHM K JIOOGBIM CUCTEMaM, 3aKOHB KOTOPEIX MOMKHO BBHIDa3HTh
B (hopme, HE3aBMCHMOH OT pa3Mepa OCHOBHBIX EAVWHHIl W3MepeHus,

PaccmorpuM, Hanpumep, 3afayy U3 KHHETHYeCKOH TEODHH ra3os
W HajlleM naBJeHME HIeaJbHOro rasa. ATOMbI B KMHETHYECKOft Teo-
PUM paccMaTPHBAIOTCH, KaK COBeplileHHble cdephl, MAealbHO Ympy-
THe W 06/afalomye HCHe3alIIe MAJAbLIMM Da3MepaMH B CPABHEHHH C
‘MX B3aMMHBIMH PacCTOSHHUAMH. EIMHCTBeHHas pasMepHas NMOCTOSTHHAY,
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Tpe6yioLanca 11 OTpeneNeHHs MMOBEJAEHHS aTOMOB, STO — HX Macca.
CpoficTBa 4rrperaTa TaKHX 4TOMOB OYEBUIHO XapaKTepH3yHOTCH
NAOTHOCTBLIO Ta3a M 4MUCIOM aToOMOB Ha eluHuiy obGbema. flpo-
61eMa — SIBHO MeXaHMuyecKas, H IHaBlI€HHE MOXET 6biTh HalIEHO
W3 pacyera H3MEHEHHA KOJIMYECTBA IABHKEHHS aTOMOB, yAapsilOIIHX-
¢l O CTeHKH COCyAa B elMHHLY BPEMEHH H Ha ENHHHIY [JIOLIANH.
MexaHuueckass cUCTeMa €IMHMIL, CJeN0BATENbHO, MPEANOYTHTENRHA.
OgxHako, B no6asieHHe Kk OGBIYHBIM MeXaHH4eCKHM CBOACTBAM BIeCh
NPUXOAMTCS PACCMATPHBATB 3TEMEHT TEMMEPaTyphl.

Kak BXOAMT TeMnepaTypa B YPaBHEHHS IBMKEHHS CHCTEMBI P

Ou4eBHIHO 3TO OCYUIECTBASETCA MMOCPEICTBOM ra30BOR mOCTORH-
HOM, KOTOpasi ONMpefeasieT CPeAHIO KHHETHYECKYH SHEDPIHIo KdX-
ZOro aTomMa B QyHKuMM Temneparypu. Ham anamus pacnosaraercs
T109TOMYy TaK @

Tasauna 12.

1}
Hassaxue senuturst Cumeon p aﬁé)ﬁ%ﬁiu
JIaBNEHHE T232 + « « « « ¢ « v « o+ D ML~ T2
Macca aTOMa . .+ « « =+ « « + o « = m Mg
Yycao aTOMOB B €AHHHLUE of6peMa . . N L™
A6coqioTHAS TeMrepaTtypa . - . . . . f ] .
Ta30Baf NMOCTOAHHAR HA 4TOM . . . . k ML2T—26~

My uMeeM naTh repeMeHHsiX H ueThipe eauHHusl. CyuiecTsyer,
C/efoBaTENbHO, OIHO TMpou3Besenue Ges pasmepHocTd. Hac mutepe-
CyeT p, TMOITOMY €:0 MOKA3aTelb BHIGUDPAETCS DABHMM EIHHHLE. Mu
IO/KHBl HANTH TPOH3BELEHHE !

pr"NPYTE.
Peiiedye {OCTHIAeTCH KaK BCeraa, 3HaueHWd mokasareqedt Ta-
KOBH! :

0=0; g=—1; v=—1; §=—1.
TIpouasenenue 6e3 pPasMepHOCTH NPHOGPETAET BHI:
‘ pN——le-lk——l’

¥ OKoHYaTeAbHOe peuteHue Gyner:
p = const- Nkf,
T. €. HasjieHue MPONOPUUOHANBHO [a30BOH MOCTORHHOH, MIOTHOCTH

rasa, aGcoMIOTHOH TemNepaType M He 3@BHCHT OT MAcChl OTAG/IBHOrO
aToma. dopMyna 1A NaBTEHHs, IONy4aeMas B KHHETHYECKOH TEOPHH,
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OTJIMYATC OT HAMUCAHHONH TOJBKO TeéM, YTO BMOJHE ONpeneIserds
YUC/0BOE 3HAYEHHE KOHCTAHTHI.

B arolt- 3agave, kak W B Apyrux npobieMax TOTO ke THMA, MBI
Mornu Obl, eCTH 3aXOTe/NH, HCK/IOYHTb TEMNEepatypy, KaK He3aBHCH-
MYIO NepeMeHHyio, ONpeleNHB €e, KAK SHEprHio aroMa, 3TO BH30-
BET TOJbKO H3MeHEHHe pa3Mepa rpagyca, HO HE M3MEHHT OTHOlle-
HHR Kakux-1460 NBYX TeMmepaTyp, KaKk ST0 M TpeGyercs HalIHMH
HCXOOHBIMH MpPeanocki/AKaMH. [IpH TakoM onpene/eHHH TeMIepaTyphl
ra3oBas NMOCTOAHHAA, pasyMeeTcd, LOMKHA OHThb NOJOXKEHA pPaBHOM
eqHHHLE,

Mu GyzeM MMeTh B TAKOM CIyyae TPH OCHOBHHIX E€AHHHMLEI H
yeThiP€ NepeMeHHble, T. €. CHOBA CYyUIECTByeT TOMbKO OJHO NpPOH3-
BeleHHe 6e3 pasMepHOCTEN, H Mbl MO/JAYYHM MpEKHHR pe3yabTart.

[Tpocaeaum, onHako, 3TO B AeTandX, 4YTO HOCTaTOYHO MOY4YH~
Te/ILHO.

Tasaunua 13.

Dopmyaa
Ha3sarue seaununm Cumeon pas .u!; p;[yo emu
Hdaprenme rasa . . . . . . . ... J7 ML—IT—2
MaccaatoMa. « « . « v « v v v o s m M
Uueao aToMOB B eguHHUe o6beMa . . N L3
A6coaioTHas Temneparypa . . . . 6 ML2T—?

Ham HyxHO HatTh npousBeseHyue 6€3 pasMepHOCTH :
pmNPOT,
Haxoanm o6HYHEIM CHOCO60OM MMOKAa3aTelH :
u=0; B=—1; y=—1,
W pellleHHe 33JaYM HMeeT BHI: .

p = const.Nb.

OTO pelleHve COBMagaer C MpPeNLIAYUIMM 33 MCK/IIOYEHHEM OT-
CYTCTBHSl Ta30BOH NOCTOAHHOR, HO NOCKOJBKY B HOBOH CHCTeMe elH-
HHIl ra30Bas MOCTOfHHAs paBHA eluHHIe, 064 PeleHHA TOXIECTBEH-
HB, KaK 5TO W CJeNOBa/J0 OXHAAThb.

Takan npoueaypa npuMeHHMa, OYeBHAHO, K /060 3ajaue, B
pelleHne KOTOpO! BXOOHT ra3oBad MOCTOsHHadA. TeMrepaTypy MOXKHO
CYMTATb HE3aBHCHMON eIMHHMLEH, €C/H iKenaTelbHO, YTOOH rasosas
TIOCTOsIHHAA (purypupoBana B ABHOH ¢opMe, H HAO60POT TeMNEPATYPY
MOXHO OMpeNeJHTb TaK, YTO Fa30Bas MOCTOAHHas Oyner paeHOH
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elMHHMUE, A Temneparypa GydeT UMeTh DasMEpHOCTb 3Hepruu, ToT
ye TpHeM TO3BOJUTENEH M B 3a1a4aX, PELIEHHME KOTOpPHIX He Colep-
AUT rasosof mocrosHHo#, OnHako, onperenfs B TakMX 3amayax
TEMNePaTypy KAK KMHETHYECKYIO 3Hepruio aTtoma (WM, obuuee, sHep-
[HI0, NPUXOIALLYIOCA HA OLHY CTeneHb CBOGOAMW), M Monaras TeM
CaMbLIM Ta30BYI0 NOCTOSIHHYIO paBHON €IHHHMIE, Mbl OrPaHWYUBAEM
OCHOBHblE eIHMHHLUL 6e3 KommneHcauuH. [loaToMy pe3yabTaT XOoTd H
6yaeT BepHbIM, TMOCKOJbKY TeMNepaTtypa IEUCTBHTENbHO MPOMOp-
LIMOHANMbHA 3HEPTMM ONHOH CreneHH CBOGOIH!, OJHAKO OH Oyner aa-
BaTb MeHbIUE CBeNeHH#, YeM MpPH MeHbIIEM OrPaHHYEHHH EeNMHHUIL

SICHO, YTO 3TM 3aMe4yaHUs HENOCPEACTBEHHO [MPUMEHHUMH K 3a-
naye Panes o TennonpoBOAHOCTH, pa3o6paHHOR B BBOLHOM Ti/aBe.

MHorie 4YyBCTBYIOT KaKyi0 TO HEOMPEHE/NEHHOCTb B OTHOIIEHHH
pa3MepHOCTH TeMnepaTypsl, JTO MPOHUCKOAHT BEPOATHO OTTOrO, HTO
H1 GOpMy/ay PasMepDHOCTH CMOTPAT KaK HA HEKOTOPOE YTBepmie-
HHEe O (PA3MYECKOH MPHpONEe BeIMUHHEL, CONEpKalleecds B Onpele-
AeHUH. AGCOJIOTHaA TeMIepartypa, KOTOPYIO Mbl TOJAbKO 4YTO [MpH-
MEHs/H, eCTb TepMOAMHAMMUecKas abGCO/IOTHAA TeMmepartypa, Onpe-
genfeMas Ha OCHOBAHMM BTODPOTO Hayajaa TepMOAMHAMMKH. Tpynno
npeacTaBuTh ceGe, KakuM 06pA30M CAO0KHbIA KOMIIEKC (U3MyeCKUX
onepauu#t, CBA3AHHBIA C MPHMEHEHHeM BTOPOro Hayana (B To# ¢opme
KaKk 310 JaHO KeabBHHOM MpH onpeieneHun abCoOMOTHOR TeM-
nepaTyph) MOXeT HAaHTH OTPaXKEHHe B NMPOCTOH popMyne pasMepHO-
cti., C Ipyro#i CTOPOHH OYEeBHIHO, YTO, HAMPHMED, H3MEPEHHs IHED-
THY BXOIAT B MPHUMEHEHHS BTOPOrO Hayala, H OOHYHEHIE MeXaHHye-
CKME eNHHHLL MOXeT OuTb BOKIYT TeM WIM HHEIM ImyTeM B ¢op-
Myasl pasmepHoctd. Ho Mbl Buaenu, uTo Qopmyna pasMeEpHOCTH
TOJIbKO BECbMA OTpaHHYeHHO O0TOGpaxaeT pas/uuHble PH3HYECKHE Ore-
pauyn, BXOAUIME B OMpeleleHHe, YKA3bIBaA TONbKO H3MEHEHHS Y-
CNOBOH Mephl BEHYMHB TPH BAPHALHK OCHOBHBIX €IMHHL. Jlerko
TOHATb, YTO BCAKHE ONEPALMH TOrO Xe pOoAa, Kakue npuMeHan Kenp-
BHH, onpeaenss a6CONIOTHYIO TeMmepaTypy Ha OCHOBe BTOPOrO Ha-
yana, He HanaralT HUKAKOrO OrpaHMYEHHH® Ha UHMC/IO, H3MEpslollee
HaHHYI0 KOHKPETHYIO TeMIepaTrypy MOoCpeACTBOM eQuHHL, B KOTOPLIX,
HAMpPUMED, BBIPAXEHO TEIIO HJIH SHEPTHA.

Be/uunHa rpagyca TepMOAHHAMHYECKOH TEMMEpPATyPH MOMeT BHK-
CHPOBATHCA BIMONHE MPOM3BOMBHO ; MEXIY TOUYKOH 3aMep3aHHAl M TO4-
KOM KUIeHNs BOAK MOXHO, HalIpUMep, PACTONOXUTL Moboe YUC10 Ipa-
IyCOB, COBEPUIEHHO HE CBA3WBAA 3TO C PAa3MEPOM KAKHUX-THGO ApYy-
rUX envHMu. B ¢opMyné pasMepHOCTH Mbl HMeeM HeJO C oOmpéle-
JeHHEM HAa OCHOBE BTOPOIO 3aKOHA JHIUb MOCTOMbKY, MOCKOJbKY
3TO OMpEIeNeHHe yIOBIETBOPSET MPHHIIUIY aGCOMIOTHOrO 3HAYEHHA




