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[PEJMC/IOBHE K PYCCKOMY IEPEBOJY

Yuenne o pasMepHOCTAX ¢GHM3HYECKHX BeNMUYHH OABHO BOLLIO,
Kak obf3aTenbHas rnaBa, B yuye6HHKH (M3HKM BucueHd mkoas, He-
JAOCTaTOYHOCTh M HELOTOBODEHHOCTh OOJBILIMHCTBA TAKHX H3JOKEHHH
obulen3BecTHsl. [IpMHATO paccMaTpyUBaTh PasMEPHOCTH TOJBKO Kak
yIOOHH!f MeTOm IJd mepexola OT OAHOR CHCTeMBl €NMHMI] K IPYroi

"H B JyyuleM CJy4ae elie KaK CPeACTBO MNepPBOrO KOHTPOJs IIpa-

BUIBHOCTH (H3uyeckux ypasHenu#t. CTpykTypa dopMmy.n pasamepHOCTH,
KaK INPOM3BENEHHH IMEePBUYHHIX BEIHYHH B HEKOTOPHX CTEleHSX,
TpeJsaraeTcss B BUAE aKCHOMBI; TPHAAa — Macca, IJIHHA H BpeMa — (u-
TypHUpyeT norMarHyeckd. AHamu3 pasMepHOCTeR, Kak 53BPHCTHUECKHH
Meron (H3UKM, B Jy4lleM Ciayyae YNMOMHHAeTCH B CBASH C KaKHM-
HHOGYIb ONHHMM INpHUMepoM 6e3 TOACHeHHH, OCTABIAIOLIMM Bre4art-
leHne Mano ybemurenbHoro dokyca.

Mexay TeM ,B NPDUBATHOM mnopaake“ (GH3UKH [MHPOKO MOJb-
3YIOTCS aHA/M30M DPa3MEPHOCTeN B KayeCTBe MPOCTOrO PEKOTHOCHH-
POBOYHOTO TEOPEeTHHECKOTO TpHeMa, I03BOJAIOIIELO IMpemyrafath
pellieHHe CTOKHOH 334aY 32 HCKJIOYEHHEM HEKOTOPOTrO MOCTOHHOrO
MHOX(HTeN. B pykax TaKMX HMCKYLIeHHBIX Hccaegosarenelt, kak P a-
ne#h, Jxunc, DOAMHTTOH M IP., MeTOX MPHBOAUA K DALY
BeCbMa MHTEPECHHIX Pe3y/abTaToB., B TexHHKe, B 0COGEHHOCTH B aspo-
IKHAMHKE, aHAIH3 pasMepHOCTeR MOJYYHJ 3a NMOCAEAHHE TOLH BeCbMa
IIMPOKOE PaCHpOCTPAHEHHE.

OueBHOHO, 4TO NPHILJIO BpeMf IS YNOPAMOYEHHA METONA, /A
TIPpeACTaB/IeHUs] €ro B Takoit ¢dopme, xoropas Oblia 6H IOCTyNmHA He
TOMBKO HCKYLIEHHOMY M ONBITHOMY HCCA€IOBATENI0, HO M HAYHMHAIO-
lleMy HaydHOMY pPaGOTHHKY.

Kunra II. B, BpumxMaHa, HACKONIBKO HAM  H3BECTHO,
fAB/ISIETCS NEePBO#t yNaYHOM MOMHITKOM B 95TOM HampasieH#H, JlOCTOHH-
CTBA KHMIM— B €€ NPOCTOTe, KOHKPETHOCTH M yB/eKaTenbHOCTH. [To-
MHMO OpPHMIHHAJIBHOIO, KDHTHYECKOTO H3/MOXEHHS TEOPETHUYECKHX
OCHOB MeTOAa, WHWTATeN0 mpeanaraercd OGo/blioe YHCIO OUYEHB
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4 AHANH3 PASMEPHOCTEH

MCKYCHO MOAOBDPAHHLIX HEC/AOMHHLIX MPHMEpPOB, Pa3o6PAHHLIX B MOA-

POSHOCTAIX; B KOHLe KHHTH KpOME TOrO MpHIAOKEeHO 32 3ajaud Ha
d4Ha/H3 pasMEpPHOCTEH,

[TonoxutenbHoM# CTOPDOHOH KHHMIH SB/SIETCA TaKXkKe ee » HECKOJIBKO

MaTepHa/HCTHYECKan“ (Mo BeIpakeHMI0 aBTOpa) ycraHoska. II. B.

BpumkMsH HACTOHYMBO NONEMUBHDYET €O CTADHIMH W HOBHIMH (bH-
3HKaMY, TEITABIIMMHCA YCMOTpeTh B ¢hOPMyJaxX DasMEpPHOCTH OTKpO-
BEHHS O ,MNpelleSbHOR ~ CylHOCTH® GHU3HYECKHX BeAHYHMH, AHAaTu3
pasMepHOCTeA MOXeET JaTb OYeHb MAOroe, KPOMe OJHAKO TOTO,
YTO B HEM 33BENIOMO He MOMET COMEPWKAThCS. ‘

B noGasnenne k Gubnuorpad:iu no aan '3y pasmepHocTeH, 1pu-
BeleHHOH B TekcTe, yxawkeM Ha weGoapuwyio kuury A. W. Porter’a,
The method of dimensions, 74 ctp., London 1933, comepwaulyio
NoApo6HOEe H3/MOMEHHE H2CKOJNBKAX MPHMEPOB Arasu3a.

Ha pycckom ssmie nommmo crateu T. A. Ada acwesoti-Open-
¢ect, UMTHPOBAHHOR B TeKcTe, BOMPCCH 4HAIU3A pasMepHOCTEH [aa-
Gupanncs H. A. MoposzosuM B Kkuure ,OCHOBH KaueCTaeHHOrO (-
3HKO-MaTeMaTHuecKkoro aHanusa“, Mockea, 1908 r,

C. Basusos.

[NPEJIVC/IOBHUE ABTOPA K [IEPBOMY HU3OAHMIO.

CozmepxaHue STOR KHHIH COCTAaBHAM 5 JeKUMH, NPOYHTAHHBIX
g [apBapackoM yuuBepcHTeTe BecHo#t 1920 r, (Graduate Confe-
rence in Physics).

Pacuinpenne o6aacTd NpHMEHEHHs METOLOB aHaaM3a PasMepHo-
cTe B TexXHHuUeCKOH ¢HBHKE H ero 3HaueHHe MR TEOPETHYECKHX
HCCIEIOBAaHMH 3aCTaBAAIOT KeaaTh, 4HTOOH KawARH (H3HMK oBAaden
9THM MeTOXOM aHanu3a. [lo cux mop He 6HJ0, OJHAKO, CHCTEMATH-
YECKOrO H3JIOMKEHHUs MPHHLHIOB MeToja. ‘

BoaMoxHO! npu4HHOR BTOFO mpobena MOIVIO CAYXKHTb MHEHHe
0 Kpa#tHe#t mpocroTe npeaMera, Heaawouied CcneUualLHOE H3IO0XKEHHE
HEeHyKHHM, MexXny TeM 4acTO BCTpPEYAIOTCA OYEHb CYIUECTBEHHbLIE
OMKGKH B OTHOLIEHHH OCHOB MeTOJAa M ero mpHMeHeHH#, OTH
OWKOGKH CTOMb pACMPOCTPaHEHHl M HMeAd HAacToAbKO Traybokoe
BAMSHHE Ha XaPAKTepP MHOTHX CMEKYJAATHBHBIX IMOCTpPOeHHRt (CM. mpH-
MepH B KHHrE), YTO # CYHTAI0 TNOMHTKY YCTPaHEHHA TaKHX OIIUGOK
OuYeHb HYXKHOH DaboToH.

$1 NpeanpHHAA MOITOMY CHCTEMATHYECKOE H3/10:KeHHe NPHHLHKIOB
METOJa pasMepHOCTe#f, HIIOCTDHDOBAB NPHMEHEHHS MHOTHMH IDH-
mepamH. [IpuMepH crmeunuaabHO Mogo6paHbl TaK, 4TOOH 0co60 OTTe-
HUTb T€ MYHKTH, B OTHOILLIEHHH KOTOPLIX OWHGKH SBJIRIOTCA pacnpo-
CTpaHEHHHMH. §1 WMel0 B 4acTHOCTH B BHAY BOMPOCH O XapaKTepe
dopMyn pasMepHocTett, MOTPeGHOM YHCIE OCHOBHWX €AMHHML, H TIPH-
poae pasMepHbIX NOCTORHHEX, B no6aBieHue K mpuMepaM B TEKCTe,
B KOHIE KHMTH MNpPHIONEHH 3aldauyH, KOTOpHe, AYMAar, OKAKYTCH
TIOJIE3HBIMH,

BBoanas rnaBa mpeaHasHauaeTcd A TeX JIHL, KOTODHE Yxe
HECKOMbKO 3HAKOMH C OGLUINM MeToZOM. BepOsiTHO GOJBLIMHCTBO
ydTaTenell OKAXYTCA TakuMH, B 9TOH rnaBe HA KOHKPETHHIX NpH-
Mepax s BBIIBHIal0 Hau6o/ee Ba¥HhIe BOMPOCH, Tpefyiouine 06CYyx-
AeHusi. YuraTenb, A8 KOTOPOrO NpeIMET COBEPIIEHHO HOB, MOXeT
6e3 BCAKOTO CMYIIEHHMS NPONYCTHTb 3Ty INaBY.
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51 oco6o o6a3aH cTaThsM A-pa diarapa DBakuuraMa mno QaHHOMY
Bonpocy M npusHareneH Ttakwe M. II. Tepcelo, corpyanuky bBropo
CT4HAAPTOB, KOTOPHIft HECKOJBLKO /€T TOMY HA3aj H3M0KWUA B pale
JeKuu# pesyabTaTh A-pa Bakuurama.

Centabpb 1920 r.

NMPEIWC/IOBUE ABTOPA KO BTOPOMY W3OAHHIO.

[Mpr nepeuamanuu 3TOH HeGo/bIIOR KHHTH 4Yepe3 8 JeT moTpe-
GOBAUCh TOMBKO HeGOJbILHE W3MEHEHUS, YUHTHBAIOLHE U HOBeHIIYIO
auteparypy. Haubosee cyliecTBeHHH HCIpaBleHWs B J0OKa3arTelb-
ctee [I-TeopemMbl B ueTBepTO# IMase. $I oueHb GaarozapeH npod.
Boppen Besep u3 BuckoHCHHCKOTO yHHBepCHTETa, OGDAaTHBILETG MOE
BHUM4HME HA ONHY OWMOKY MPEKHEr0 NOKA3ATENbCTBA M OKA34B-
uIeMy MHe MOMOLUb INpH HOBOH ¢opmyanposke. $1 BOCMO/b30BaCH
TaKKe PAJOM YKasaHu# A-pa DskuHrsma, xoTs yBepeH, YTO OH U
Tenepb He COrMaceH cO MHYOTHM B Moelt KHure.

Hob6aBneHs TabauIE pa3MepHOCcTe OGLIYHO MPHMEHSEMBIX Be-
JHYHH B OOLIETIPHHATOM OMpeneleHHH. Hamewcb, 4To 3TO OKaXeTcs
MOMe3HbBIM MpH PelleHHH 33344, HO BMecTe C TeM AyMaw, 4TO HU
Yy KOTO He BO3HMKHET MBICAH, 4TO 3TH TabJHULI MpeACTaB/AIOT
4T0-TO a6coMoTHOE, 3TH GOPMyAB TOJALKO pPe3ynbTaT NPaKTHKH,
nokasasillet ¥X MoJp3y NMpH pellleHHH 3alad,

MHe ka3aloch, YTO MOe H3/IO0KeHHe $CHO H YOemMTeTbHO;
K MoeMy O6OJbIIOMY YIMBIEHHIO, OZHAKO, CO BPEMEHU MOABIEHHUA
KHHUTH, 1 OGHADYXHJ Y MHOTHX DAaCXOXIEHHE CO MHOIO N0 OCHOBHBLIM
MyHKTaM H, C/eI0BATENbHO, BONPOC He MOXET AO CHX MOpP CYUMTATBCA
6eccriopusiM, HuuTo M3 TOro, 4TO BHICKA3hHIBaJOCH 34 STH 8 JIeT, He
3aCTABHJIO MeHSl NIepEMEHHTDb NePBOHAYA/IbHYIO TOUKY 3pEHHs, KOTOpas
ocralach B HOBOM HM37aHuM TmipewHel, IIng GecnpHCTpacTHA W OpHEH-
TallyM HHTaTenss B NOGAB/AeHHE K CTAThAM, LWTHPOBAHHHIM B KHHIE,
f yKa3biBal0 3MeCb HEKOTOphle HauObojee CyLlecTBeHHbe paboThl
Mo 3TOMy BOIPOCY.

N. Campbell. Physics. The Elements. Cambridge University Fress
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. 3pen-
decr-Adbanacnpesna. Phil. Mag. 1, 257, 1926,

(Ccomikn Ha npexaue Bawxuble paGotel T. A, Speﬂq)ecr-AtpaHaCbeBoﬁ
MOXHO HaliTH B STOH cratbe).
11, B. b.

Kem6punxk, Maccauyserc
fluBaps 1931 r.

FTNTABA MEPBAJL

BBEJJEHHME.

Kaxmomy ¢u3UKy NPHXOAWIOCH NPUMEHATb METOMLbl aHA/NH3a Pas3-
MepHOCTeH K MpPOCTHIM 3a/layaM, B 4aCTHOCTH B 06/AaCTH MeXaHHKH,
Pazfepem HECKONbKO NPHMEPOB A BO3OGHOBJEHHA B NAMATH CYTH
Iena, a Takke I/ BHIACHEHMA TeX BONPOCOB, HA KOTOphie ClenyeT
OTBETHTb TPH KPHTHYECKOM DACCMOTPSHHHM TPHEMOB H MNPeANOCHUIOK
NMpaBUALHOrO NPHMEHEHHA OOLIero Meroja.

HauseMm ¢ oueHbp MOKa3aTeJbHOR 3aJayd O NPOCTOM MAsTHHKE,
¢urypupyloelt B KayecTBe BBEIEHHs elBa /4 He B KaNIOM H370-
xeHuu MmeTofa, Hama uenb — Ha#iTH Ge3 AE€TAJbHOTO pelIeHHs 3a-
[aYd HEKOTOphieé COOTHOILEHHS Mem[y pas3IHYHEIMK H3MEepSEeMBIMU
BeIUYMHAMHU, TMPEACTABAAIOWMMH 11 Hac uHTepec. OOHIYHLIM MeTOX
COCTOMT B caenyloweM. [Ipexie BCEro BHINHCHIBaETCA Tabiula Be-
NMYMH, OT KOTOPHX, [REANOJOXWTEAbHD, 3aBHCAT OTBeT, Aalee CO-
craplaioTcs GOPMyabl Pa3MePHOCTH ITHX BeAHYHH M, HAKOHEN, Ha-
Naraercs yc/AOBHE, YTOOH 3TH BENHYMHH BXOAWAM B (YHKIHO-
HaAbHElE CBA3W, HE 3aBUCAIUME OT E[WHHL, B KOTOPBIX BETUUHHDLI
H3MepeHHl,

[Tonpo6yeM 3TMM MeTOAOM HalTH 3aBMCHMOCTb MepuHoAd KoOJe-
faHus NPOCTOrO MAATHHKA K OT NePeMEHHBIX, ONpeleNAoHX ero
ceoiicTBa. QueBHIHO BpeMsl K0/e6aHHS MOKET 3aBHCETh OT AJIHHBI
MaATHHKA, €ro MacChl, YCKOPEHHMsl THECTH M aMILIMTYAB! KOMEG3IHHA.
BrinuineM pasMepHOCTH 3THX BEMHHYMH, NPHMEHHAH OCHOBHYIO CHCTEMY
BeJMYMH, T. €. MacCy, AMHHY H BpeMsa. B cdopmynax pasmepHOCTeH
CHMBO/JBl MACChi, IJMHB U BpeMeHH Mbl Gynem 0603HayaTh GOJb-
WUINMH TIPAMLMH GYKBAMH B COOTBETCTBYWOW(WX cTemeHax. Ta6anua
BeJIMYMH B A4HHOM C/yuyae HMeeT TaKo# BHA:
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Tasaunuma 1

Dopmyra

Ha3ssanue seauyun Cumson pameprocmu
Bpemsa koneBaHus . . . . t T
HOnuea MaaTHHKA . . . ) L
Macca magtHHKa . . . . m M
YckopeHHE CHIH TAXECTH. g LT-?
YraoBast aMOAIHTYAA Koae-

Gamusg . . . .., . < B 6e3s pa3sMEepHOCTH

Mel DomkHH Bhoipa3uts f, Kak ¢yHkuuio [, m, g ¥ 0 Takum
06pa3oM, uyTOGH (YHKUHOHAMLHOE COOTHOIIEHHE OCTABaNOCh HEH3-
MEHHBIM TIDH JMIO60OM H3MEHEHHH pa3Mepa OCHOBHBIX €IHHHIL

TlycTe 3TO cOOTHOUIEHHE HMMEET BHA:

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

DopMy/bl pasMepHOCTe# MOKA3HIBAIOT, KAKMM 06Pa30M OCHOBHbIE
€HHHIB OnpenensioT YHUCACHHOE 3HauyeHHe [EPEMEHHBIX. YucaeHHas
BE/IUYHHA mepHoaa KOﬂe6aHHH 3aBUCHT TOJBKO OT H36paHHOH €IH-
HHALIBI BPEMEHH M HE€ MEHAETCA NPH HM3MEHEHHH eJAHMHHL MacChl HJ/AH
mauHbl, CllenoBaTe/NbHO Be/MYMHBI, CTOSILUME NOJ 3HAKOM f B TpaBof
YacTH YPAaBHEHHH, HOMKHH OWThb'acCOUMMPOBAHH TaK, uTO6H BCH
KOM6HHaU,Hﬂ 0CTaBanach HeH3MeHHOH NMpH nepeMeHe eaUHHL] Macchl
M IMHB. B 4acTHOCTH He HO/MKHO NMPOM3OHTH H3MEHEHWs MpH Tfe-
peMeHe €OHHHUB TOJIBKO onHoit maccw. Ho pasMep e€nHHHLB MAacCChl
BJAUAET TOJBKO HA BEJHUHHY m, n03TOMy, €C/H B006Lue m BXOIWT
B apryMeHT OYHKUMH, TO YMCAEHHOe 3HayeHue QyHKuMu O6yleT
HHBIM NDH H3MEHEHHH OCHOBHOH eAHMHHIIbI MaccChl, TIpHYEM aToO
H3MEHEHHE HE MOXeT KOMIIEHCHPDOBATbLCHA COOTBETCTBleU.len nepe-
MEHON 3HauyeHHH APYIrHX KOJHYeCTB, IMOCKO/JABKY TIIOC/AEIHHE He 3a-

BHCAT OT H3MEHEHHUS DA3IMEPA E€IMHMUL MACCHI, Crano 6uiTh Macca -

BoOGIIE He MOWET BXOAMTb B (YHKUHOHAILHOE COOTHOLIEHHE,
¥Haye roBops, Hama OYHKUHS NMPHHMMAaeT BHA:

t=/(, g, 9.

BenanuuHel / 1 g BMecTe [O/XHHI BXONHTb B (PYHKLMIO TaK, YTO-
6bl YHCNOBOE 3HAYCHHE APIyMeHTa He MeHWJIOCh NPH MepeMeHe en-
HHUUB JJHHH M TOCTOSHHOM f, T. €. H3MEHeHHe YHCA0BON BENHYHHH /,
OCYLIECTBIsIEMOE TepeMeHOft paaMepa eNMHHUB JJIHHBL, JOMKHO B
TOYHOCTH KOMIEHCHPOBATbCH M3MEHEHHEM 3HAYeHHS g, MPOUCXONALILEM
mp4 Tako# nepeMeHe enMHHU. POpMy/na pPasMepHOCTH TOK43bIBAET,
YTO A/t BHIMOJHEHHS 3TOr0 Heo6XOAMMO pa3iendTh / Ha g, T. €.

I
t=f (E, 6).

BBEEHHE 9

Ianee, usMeHeHMe OCHOBHLIX €[HMHHII He MOMET NOBAMATH Ha
YUC/IOBYI0 BEJAMYMHY YIVIOBOR aMIMIMTYHH, TaK KaK OHA He HMeeT
PasMepHOCTH M, C/ef0BaTe/bHO, O MOMeT BXOIHTb B HEHM3BECTHYIO

I
dyukuuio mo6eiM cnoco6om. Ho ouesnaHo, uro 7 om0 6HITH

NpencTasjeHo B GYHKUMM TaK, yTOGhLl BCA KOMOMHauus HMela pas-
MepHOCTh T, 60 TaKOBA DPa3MEPHOCTb £, CTOSIUEr0 B JEBOH 4acCTH

!
paBeHcTBa, OTCI01a CHO, YTO ra AOMKHO HAXOAMTHCA MMOA 3HAKOM
KBanpaTHOrO KOpHHA, T. €.

_1/L

rie GyHKLUHS ¢ HA OCHOBAHMM TONBKO TPHBEIEHHHX DacCyXAeHHH
eule He MOMJEXHT . JajbHefilieMy OrpaHuyeHuio, PakTHUeCKH U3
3/eMEHTADHON MEXaHWKHM HaM H3BEeCTHO, YTO A MaAnX 3HA-
yenn#t 0¢ moutn mnocrosHHa, He 3aBucHT OT § ¥ pasHa npubau-
WEHHO 2%.

B cBA3n C pasMepHOCTbIO O MOXET BOBHUKHYTb CAEAyIOLIMH
Bonpoc. Mul ckasanu, yro H He MMeeT pa3MEPHOCTH, M 4YTO €e YuC-
70Basi BEJIHYMHA HE MEHAETCH TNPH M3MEHEHMH OCHOBHHX EIHHHIL
Macchl, IJMHH M BpeMeHH. HecOMHeHHO 3TO BepHO, HO OTCi0Aa elle
He ClleflyeT, YTO YHMCA0Basi BequunHa 6 ompeleneHa OXHO3HAYHO, KaK
7erKo BHAETb XOTA OHW M3 TOrO, YTO O MOMET H3MepsThLCA B rpany-
cax WM pajvaHax,

HueeM A MBI npaBo MOSTOMY CYHMTaTh 0 MOCTOAHHOR BeaMUH-
HOH#t, KOTOpas MOXeT BXOIHTb B (DYHKIMOHaNbHOE COOTHOLIEHHE
no6HM Cnoco6oM?

PaccmMoTpuM Teneps TeM e MeTOAOM BOMPOC O MEpPUOME MamblX
KonebaHuit Kanmenex KUAKOCTH TOA B/AMSHHEM HX NOBEPXHOCTHOTO.
HatsakeHus. [lycTh kanmelbka HaXOAHTCS BHE I'PABHTALMOHHOrO MOJA
H KONeGaHHs OTHOCATCA TOJbKO K M3MeHeHMI0O (OpDMH, HAampHMep
oT cdepHuecko#t K sanuncounanbHo#t u o6patHo. Ilepron KonebaHus
OYEBHIHO GyAeT 3aBUCETb OT NOBEPXHOCTHOIO HATSKEHMS MHUAKOCTH,
ee MAOTHOCTH M paauycd HeBo3MylLleHHO# xuako#t cdepn. Cocra-
BUM Tafjuuy.

Tasnuua 2,

Dopmyara
Hasearue seautuns Cunmeoan paaugphyocmu
MNMepuoa koneGanma . . . . t. T
IToBepxHOCTHOE HATSHMEHHE . s MT?
M1OTHOCTB HUAKOCTH . . . . d ML—8®
Pamuyc xamam. . . . . . . r L

]
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Ham HyxHO naliTH Takyio ¢yHKuUHMiO f, 4TOG6bI
t=f (S, d, r),

rie f TakQBa, YTO COOTHOILUEHHE OCTAETCS YMCAEHHO HEH3MEeHHBIM
NpH /M060M BEHIGOPE OCHOBHBLIX €IMHHMIL, KOTOPHIMH H3MepsIoTcs £,5,d,
H r. Meton peuienns TOT e, KaKk WM B 3aHaye O MasTHHKE. $ICHO,
yTo M 10O/MKHO COKPAILATLCA B NMPAaBOH YacTH ypaBHEHHA. DTO MOMKET
TPOH30HTH TO/MBKO B TOM CiAy4ae, ecl¥ S ¥ ¢ HXOAAT B ypaBHEHHE
B BHAe OTHOLIEHHS.

Orcrona
t=f (%, r).
Hanee, L He BXOZHT B pasMepHOCTb £, MO3TOMYy L He MOxeT
BXOAMTb M B QYHKIHMIO f, T, e. ; H r JDOMKHB HAXOAMTLCH B TAKOM

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

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

§
IMMO pasfennTb — Ha 73, T, e,

d
§
. t=1 am)-
PasmepHocTs ds? pasHa T—2. dyukuusa f momkHa craao OHTb

HMeTb Takywo ¢opMy, uYTOGH 3Ta pasMepHOCTL NpeBpaTmiack B T,
T. €. B PasMEpHOCTb JeBOH 4acTH ypaBHeHus. OTciola OKOHYATeNb-

HH{ pe3yabTat:
t = const -l/q-':g-.
§

PeaynbTaT MOLTBEPXLAETCH OMHTOM M 6HA yKasaH Paneewn,
Kak 3amaya Ne 7 B ero cratee B Nature, 7. 95 crp. 66, 1915 r.
PaccMoTpum Temepb, 4TO Mbl NOAPAa3yMeBaNH, rOBOPS BHauande,
YTO NepHOA KoaeGaHusi 6yner ,3aBHCETH“ TOJABKO OT MMOBEPXHOCT-

HOTO HaTsKEHH?, MJIOTHOCTH H panuyca. ViMenu au MBI OpH 3TOM B

BHIY, 4YTO pe3y/bTaThl HE3ABMCHMEI HAanpHMeP OT MOJEKY/IAPHOH
CTPYKTYDH KHAKOCTH? Pasymeerca M BCAKOrO $ICHO, YTO MOBEpX-
HOCTHOE HATSKEHHE OMpede]SAETCH CHJAaMM MeXIy MOJAeKyaaMM mo-
BEPXHOCTHOTO C/J0Sl HAKOCTH M OyNET 3aBHCETh OYEHb CJACKHBEIM
06pa3oM, He MNOAJAWMMCA €ule TOYHOMY pacuery, OT CopTa H
CTPOEHHsSl aTOMOB M OT CHI Mexay HMMH. Ecam 310 Tak, 10 mouemy
ke (aKTOpH, ONPENENAI0UHE MEXY-MOIEKYAAPHbIE CHAb, HE MOTYT
BXOAUTb B HAlI NEpeyeHb OCHOBHEIX BeJWYHH? OHM HECOMHEHHO Hr-

G g

P
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paioT TMEePBOCTENMEeHHYI0 POJL' B OmpeleleHHH (U3H4eCKHX CBOHCTB.
Haw BHIGOp MOXHO MHITaTbCs ONMpPaBAATb PacCyAeHHEM BpOJe cie-
nytoutero: ,BepHo, 4TO CBOHCTBA KHMIKOCTH ONpEAENAIOTCH YPE3Bhl-
yaflHO CJOXHOH CHCTeMOH aTOMHHIX CHA, OQHAKO, S3TH CH/H BIHAIOT
Ha pe3y/ibTaT JHLIb MNOCTOAbKY, MOCKO/JbKY 3TO CKa3blBA€TCH Ha
*OIHOM - CBOHCTBE — MOBEPXHOCTHOM HATAXeHHH“. ITO 3HAYu/I0 6bl
4yTO, MPH H3MepeHHH IepHoAa KojaeGaHMH Kameab PA3THYHHIX KUA-
KOCTEH, CKOJAb YIOAHO OT/JAMYaIOLIMXCA MO AaTOMHBIM CBOMCTBaM,
Mbl TONyuanu 6Bl ONHY M Ty e BEJHYHHY, eClH TOMbKO panuyc,
MJOTHOCTE M [OBEPXHOCTHOE HaTsXeHHE OBJIH TeMH Xe CaMBbIMH.
MoxHo npu stoM n06aBHTh, YTO CNPaBENIHBOCTb TaKOrO OTBeTa
noaTBepa#AaeTcs onuToM. HoO Ham KPUTHK MO¥ET He YIOBJETBO-
puthcd M 3TUM. OH MOXET CHPOCHTh, MOUYEMy MBI MpPEXIE BCEro
yBepeHnl, 4TO CpeAM pasIH4YHBIX CBOHCTB KHAKOCTEH, H3 KOTOPHIX
COCTABJIEHA Kam/s, WMEHHO M@BEPXHOCTHOE HATAXEHHE OJHO BJHAET
Ha mepHox KojeGaHMA? Emy MoweT kasaThcs BeCbMa BO3MOXHBIM,
YTO NMEPHOA 3aBHCHT OT BASKOCTH HJH CKHMaeMOCTH, H €CIH HaM
NPUAETCA AaNMmeJUpPOBATh K OMBITY, TO KKy Xe LEeHYy HMEeT Hall
aHanu3 pasMepHocrefi? Ha ato mpuaercs OTBETHTb, YTO KOHEYHO MBI
nMeeM GOJbluMe CBeleHUs 06 SKCMEepPHMEHTe, YeM HAIl KPHTHK, H
YTO MPH HEKOTOPHIX YCHOBHAX JeHCTBUTENLHO NEPHOL Konie6aHus
33BHCHT OT BA3KOCTH M CXHUMaeMOCTH IOMHMO TOBEPXHOCTHOro Ha-
TskeHHd, OOHAKO, OMBIT MOKA3hIBAET, YTO MO Mepe yMEHBLIEHHS pa-
AMYyCa Kamju AOCTUIAeTCsl TAKOW pasMep, HHKe KOTODOro CxHMae-
MOCTb MepecTaeT MrpaTh Kakyl-1160 3aMeTHyo poib., TouHo Takwe
HHXE oOfpeneleHHOR BA3KOCTH H3MEHEHHE MOC/AeqHER 33aMETHO He
BAHAET Ha mepuol KoaebaHus Kanad. Haur aHaan3 npuMeHMM HMEHHO
K 3THM YC/AOBMAM. BMecCTO anHensiuuH K NMpPAMOMY ONHTY B NMOXKpEnN-
JeHHe HAlIKMX YTBEPKIEHHH MBI MOXKeM, MNOCKOJABKY Halll KPHTHK
IOBOJBHO CBedyll, COCAaTBCA Ha TO O6OG6leHHe OMHTA, KOTOpOE
COLEDUTCH B YpaBHEHHAX ruapoivHaMukd. [lpuMeHss 3TH ypaBHe-
HHuf K Hallef 3amave, MOMXKHO NOKa3aTh, YTO, HAYMHASA C HEKOTOPHIX
MpelenbHEX YCJA0BUH, NO3BOJAHMTENBHO MpeHe6pedb CHHUMAEMOCTBIO
H BA3BKOCTLIO. '

Takum o6pa3oM HaM ylaercs HakoHell yOeiMTb KPHTHKAa B mpa-
BH/JIBHOCTH HALIEro MpHEMa, HO I BSTOr0 MOHALOGHTCA HCMOJb-
30BaTh 3HAYWTENBHBIE IKCMEPHUMEHTAJbHEIE PecCypCH H KPOME TOro
notpe6yeTcs HaBhlK M OMBITHOCTh IS MPaBUABHOrO cyxiaenun. He-
06yyeHHHH HOBMYOK €IBa-JH OKasancd Obl cnoco6HbIM NPHMEHHTD
MeTO# aHan¥3a PasMEPHOCTef K Hallel 3alavye M NOAYYUTH YAOB/e-
TBOPHTE/bHHE PE3YAbTaThl.

INepeitnem k TpeThelt 3amaue. [laHbl ABa Tena ¢ MaccaMu /my W My
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B IyCTOM TPOCTPAHCTBE, BPALIAIOI(HECs BOKPYr OGILEro LeHTpa TS~
HKECTH MO KPYTrOBHIM OpOMTaM MNOL AeHCTBMEM CHIH B3aUMHOrO TH-
roteHus. Mul XOTHM 8HaTh, KakuM 06pa3oM BpeMs O6palleHHs 3a-
BHCHT OT APYTHX NepeMeHHRIX.

Kak u npexae cocTaBiseM Tabiuiy BeaHYHH.

Tasauma 3,

Popuyra
Haassanue seaununn Cumson pasmeprocmu
Macca nepsoro tena. . . . my M
Macca Broporo Tena . . . . m, M
PaccTosnne Mexny Tenamu . r L
Bpewms ofpaiienus . t T

OueBHIHO 3THM H OrPAaHMYMBAIOTCH Bce (DHU3HYECKHE BEMWYHHB,
CBsi3aHHEIE C 3ajayedt, u60 korna 6 M rae Gbl MBI HH 3aCTaBHIH
ABa TeJa C MacC'MM /M M My Ha PacCTOSHHUM 7 COBEPIUATH KPYro-
BOe NBHXEHHE B MYCTOM TMPOCTPAHCTBE TNOJ JAeHCTBHEM HX B3aHM-
HOTO TATOTEHHA, Mbl BCETAa TIONYYHM OAHO H TO XKe BpPeMsA ofparue-
HHA HE3aBHCHMO OT MaTepHana, U3 KOTOPOTo COCTOAT Tena,  OT MX
npelbayuielt XHMHYECKOR HAM JHHAMHYECKOR HCTOPHH.

Hafinem ¢yHkunoHalbHOE COOTHOWEHHE

t=f(my, my, r).

Hanaraem ycnoBHe, yTo6H 3TO DABEHCTBO BHIIOJHAMOCH HE3aBH-
cHMo oT BHBOpa OCHOBHLIX envNuL, [1epBHH e B3IIAN Ha ypaBHEHHe
(PHBOJMT HAC B HEKOTOPOE CMYLIeHHe, TaK KakK B JIEBO}t YaCTH CTOMT
TO/BKO BpeMfl, B NPasoft e yacTH BpeMeHH HeT coBepiueHHo. Kpu-
THK 32 HaweH cnuHOH mnoackaswiBaer: ,HoO BH BKAIOYHAM He Bce
BE/HMYHHBI, OT KOTOPHIX 3aBHCHT peay/bTaT, ACHO, YTO BaMH 3al6hlTa
MOCTOAHHAA TATOreHus“. —  Kak 310 MOxXeT 6uiTh, BO3paxaeTe BH,

MOCTOSAHHAS TATOTEHHA JAO/KHA MONBHTHLCH CaMa Co6ow, 06 3ToM

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

my Ha pPACCTORHHH 7 OAHO OT IlpyFOFO BCeraja BpawlalTCAd C OdH--

HAKOBHIM TMepHOAOM. MH BKMOUMAM B TaGauuy Bce $HU3HYECKHE Be-
JAHYYHBE, KOTOPHE MOTYT H3MeHATbC., KPHTHMK, OIHaKo, HacTaHBaeT
Ha CBOeM; YCTymas €My, MH BCT4BJf€M IOCTOSHHYIO TATOTEHHS
B YHC/JAO TNEPEMEHHHX, YTOGH monpo6OBaTF, YTO H3 3TOTO BHI-
net. HasoseM sty nocrosuuywo G; OYEBHAHO, 4TO €€ pasMEPHOCTHb
6yner M—L3T—2, tak Kak oHa onpenenﬁeTCﬁ 3aKOHOM TArOTEHHA
HsroroHa.

n,m.
Cana tarorteHus = G —L1 2

r2
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»]10CTOSHHYI0“, HMEIOLIYI0 Pa3MEPHOCTb, T. €. MEHAIOWYI0 YHCIO-
BYIO BEIHYHHY NpPH MEPeXone K APYrOR CHCTEME OCHOBHHX €IMHHIL
Ha30BeM ,pa3MepHo#“ nocrosHHOH. Halue ¢pyHKIHOHAMILHOS COOTHO-
LIeHHEe TPHHHMAaeT BHI:

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

D10 GYHKLHOHANLHOE YPABHEHHE DA3PEIIAETCH YKE HE TAK MPOCTO
HEIIOCPEACTBEHHBIM PacCMOTPEHHEM, KAaK IBa NpelbAyline; MPUAETC
HEMHOXKO 3aHATbCA anre6pof. Ilpeanonoxum, yro GYHKUHS BbIpa-
’aetcs B HOpMe CYMMH TpOM3BEIEHHH apryMeHTOB B HEKOTODHIX
creneHsx. Mul 3HaeM, uTO ecau 06e CTOPOHE YDaBHEHHS HO/KHH
OCTaBaTbCA PABHBIMH MPH MI060M M3MEHEHMH OCHOBHBIX €IMHHIL, TO
pasMepHOCTh J060ro M3 NpoM3BeleHHH B NpaBO# 4YAaCTH PABEHCTRA
A0MKHA OBITh TaKOH e Kak W B neBoft uactH, T. e. T.

[Tyctb THIHYHHA 4/eH CYMMbl TNPOH3BEIEHHH HMeET BHI:

m mg G r° .
PasMepHOCTb BCero nponsBeldeHHs AomxHa OuTh T, T. e,
MM (MLeT LY =T
[pupasuuBas noxasatems y L, M nu T B npaBo#t K neBoft uacry,

HMeeM:
a—fpf—y=0}
37—]—3 = ;
oTKyna —2r=1

1 3. 1
y=—%s 3= a=—pt1.
3HayeHHd a ¥ {3 TOJHOCTBIO HE OMpedensloTCsd, HAXOAMTCH TOJb-

KO HX OTHOLIEHHe, TdK KAaK y HAaC TOAbKO TPH YpaBHEHHs IIpH
yeTelpeX HeH3aBeCTHHX., OTHolWeHHe ¢ K [ MOKAa3HBaeT, YTO M,

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

Orciona
i
ria me \*
a7 —2)
=2 id Gl/am;/a (”11 ?

rie x 1 A MOTYT HMETb NMPOH3BOJbHBIE 3HAYEHHS.
i
ri2
BuiHocs ———— 3a 3HaK CyMMHI, MOXeM HanmucaTb

Flomd
3/a ¥
—_ " < m,
1= Gl/nm;/ﬂzAx (‘"h) )
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Bupamenue Mox 3HAKOM CyMMBI, eClH X M A, HHYeM He orpa-

m.
2, KOTOPYI0 MB H306pasuM

HH4YE€HB, €CTh MPOH3BO/bHASA Cl)yHKI.lHﬂ P
1

B BHIE © iy
oy )T
Orciona

ra/2 My
t=me ()
G'?m, 2 1

T. €, KBajpaT nepuona obpalleHHs NPONMOPUMOHANEH Ky6y paccrofi-
HHSl MeXAy MaccaMH ¥ 06paTHO NMPOMOpPLHOHAaNeH NMOCTOSHHOM TAro-
TEHHS, €CJIM BCe MpOYee OCTAETCH HEU3MEHHHIM.

Coo6paxenust IpPyroro poAa MO3BOJSAIOT L5 YACTHHIX CJAyYaes
OnpeneMuTh BUA HeudBeCTHOW QyHkumn ¢. [lycts onno us Ten 06-
Jlajaer oueHb 60/bIIOR Maccoff, BTOPOe XKe ABAAETCH /AErKHM COYT-
HHKOM; B 3TOM CJyyae C JOCTATOYHHLIM NPHOIMIKEHHEM MOMXHO CYH-
TaTh, 4YTO LEHTPOM BpAllleHHs SBJAAETCH LEHTDP MacCHBHOIO TeJa.
SICHO, 4TO HpPH B3THX YC/IOBUAX BpeMs 06paiieHHs He BaBHCHT OT
Macce cnyTHHka. Ecam macca cnyTHHKa yIBOMTCS, TO YIBOHTCA M
CHNa TNpPUTSKEHHUS, CNEN0BATE/ILHO YCKODEHHe, ONpenenseMoe OTHO-
lUeHHEM CHJIBI K MacCe, OCTaHeTC HEH3MEeHHbIM, T. e. BpeMs obpa-
IeHHA OCTAaHETCA TeM Ke caMuM. IIpM 3STHX CHEUHATBHHX YCIO-
BHAX HeH3BeCTHafl (YHKUMA ¢ OOpaliaercs B NMOCTOSAHHYIO BeJIHYH-
Hy, H MH Hallem

¥

= const —I/—rl—/°
G '%m, 1

3T0 COOTHOUIEHHE, KAK H3BECTHO, COIAACYETCH C aCTPOHOMHYe-
CKHMH (baxTaMu,

TakuM 06pasaoM Hall KPHTHK OKa3aics, MOBHIMMOMY, NpPaBhIM,
HacTaMBas Ha BK/IOYEHHH MOCTOSHHOH TArOTeHMs B Tabauuy. Y Hac
OCTaeTcs OJHAKO, HEMDHATHOE OLLylleHHe, MOCKO/IbKY Mbl He MOHHM-
MaeM SICHO OWIMGOYHOCTH IepPBOHAYANLHOTO HALIero paccymIeHHs.
Hac HauMHaeT TpPeBOXHTb MNpeIYyBCTBHE, YTO B OynyineM o6GHapy-
WHTCA ewle Kakas-HHGYIn pasMepHas MOCTOSHHAfi, KOTOPOH Temepb
MH ellle He 3HaeM H B OTHOLIEHHH KOTOpOR He OyIeT CTOJb Oue-
BHIHON HEBOSMOMKHOCTh MpeHe6pemeHus, Kak 370 GHIO B ciayuae
MOCTOAHHON TAroTeHHA. MM omacaeMcCs, 4YTO MPH TaKOM MOJOXKEHHH
nena, MOJYYHTCA HeBeDHBIH OTBET, H He 3HaeM, He PYXHeT JH Boobuie

BCce CTpOEHHe.
IToMHMO HeZOyMeHHst ¢ PasMEDHHMM MOCTOSHHMMH, MOCACIHSS
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3ajnava eCcTeCTBEHHO BBIBBIBAET H APyrol Bonpoc. Ha kakoM ocHOBaHHH
MOXHO NpeinoJarath, YTO HEH3BECTHA® (YHKIUMA LOMKHA GBITH
MpeACTaBieHa KAk CyMMa TNpOH3BELEHHA HE3aBHCHMBIX MePEMEHHHLX
B HEKOTODHIX CTEMEHSX?

Pasymeercs B MaTemaTHKe CymiecTByioT dynkunH, KoTOPHIE Heab3s
BLIDa3UTbL 3THM cnoco6oM. Heywenu npupona orpaHuumna sup neft-
CTBHTENbHO CYUIECTBYIOWMX PYHKUHH TONBKO TOR HEGOMBIION YACTHIO, °
KOTOpas JIeTKO yCBauBAETCH YeJOBEKOM?

Paccmotpum uetsepryio sanauy, pasobpaHHylo Paneem B ToMm
we HoMepe Nature. 310 — sHamenntas 3amaua o nepeHoce Temja,
KOTOPOH# 10 Paites sanumancs Byccumuex, Teepioe Temo onpe-
AeNEHHO! reoMeTpHuecKOR (OPMH, HO IepPeMEHHEIX aBCOMOTHHX
PasMepoRB, HAXOLUTCA B HEMOABHIKHOM COCTOSIHHMH B [IOTOKE MHIKOCTH
W TIOMIEDKHBACTCS NPH NOCTOAHHOW TeMmepaType, mpeBbimamoLlelt
TEMNIEPATyPy KHAKOCTH HA HEKOTOPOM DACCTOSHHHM OT Tena. Tpe-
OyeTcst HafiTH CKOPOCTb fepeHOCa Temna OT Tema K makocty. Kak
W Npexcie, cocTapseM TaGnuly 4 pasnAHUHLIX BXOLALUX B 3ajauy Be-
JIHYHH B HX DasMepHOCTeH,

Tasaunua 4.

Hassanue seauwunw . Cumaoa Popuyaa:
pasmepHocmu
Cxopocth nmepenoca Temaa. . . k HT—!
Jluneftnbie pasMep Temaa . . . u L
Cropocts nmoToka. . . . .., . o LT!
Pasnocte Temmepatyp. . . . . 6 ]
TenxsoemkocTs XUAKOCTA HA efu-
Huny ofbeMa. . . . . ... ¢ HL—%—"
TenionposogHOCTs XuAKOCTH . & HL~1T—16—1

310 — nepeas samaya u3 o6nactH TEIJIOTH, € KOTOpPOH Mbl
BCTpEHaeMCs, M Mbl BBE/M [Bé HOBHIX OCHOBHBIX EIMHHLI, eXHHHUILY
konuvectsa Tenna (H) w enunmuy Temneparypm (6). 3amerum, uto
Macca He BXOAMT B (OpMyJsl pasMepPHOCTEH HM OIHOM 3 HepeMeH-
HBIX 3TOR 3anaun. Ecam 6bl Mul 33XOTenH, ee MOXHO 610 Gbl
BBECTH, OTKa3aBUIHCb ONHOBPEMEeHHO OT H, '

Tak e, kak u B nocrensem npuMepe fNpennonaraem, 4yTo HHTepe-
Cylowas Hac CKOPOCTh MepeHoca TeMm/a BEIPAKAETCA KaK CyMMa npoua-
BEIEHHN apryMeHTOB B HEKOTODHX cCremeHsX. O6wHH BHI uieHa
Tako# CyMMHn uMeeT BuI:

const a® 68 yr % Bt
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Hanaras ycnoBHe paBeHCTBA pPa3MepHOCTH 3TOTO MPOM3BedEHHSA
pasMepHOCTH A, Kak M B MpexHel 3ajaye, MoJyyaeM HeTWpe yp4B-
HEHHfl, COOTBETCTBEHHO HYETHIPEM OCHOBHHIM €AHHHLAM:

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

@— 3 —e =0 (ycnoBue mas nmokasareas mpu 0)
%-4y—33—=e=0 (ycnoBue m1 nokasareas npu L)
—+y—e=1 (ycnosue ans nokasareas npu T)

Jnsi NATH HeM3BECTHHX MBI HMEEM TONLKO UYeThipe ypaBHEeHHs;
TakHM 06pasoM OOHO M3 HEM3BECTHBIX OCTAHETCH [POM3BO/IBLHEIM.
ITycts a0 Gyner ¥. '

Paspeuiasi ypaBHeHHsi OTHOCHTENBHO Y, HMEeM:

a=14yb=1;3=y; e=1—y,
OTKyla BBILIEHATIMCAHHEIA OGMIMA YIeH CYMMBI MPHHUMAET BHL:
1
constaek(%’) .

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

paHbllle 3HAYEHHs KOHCTAHTH M Y HHYEM HE OrpaHHYEHH,- MOITOMY
BCE UYMEHBl CYMMBl MOTYT OHITb CAWTH B €IHHYK [POM3BOJBLHYIO
(yHKuHMIO, W pe3y/bTaT MOXKHO 3anKCaThb B TAKOM BHIE:
h=rkadF(%2).
k

CnenoBatenbHo, CKOPOCTh MepeHOCa TeMIad MPONOPUHOHAAbHA
Pa3HOCTH TeMNepaTtyp, HO OT APYTMX MepeMEeHHHIX 3aBHCHT HE BIIO/IHE
ompefeneHHsIM o6pasom. XoTd ¢opMa ¢yHKUMH F HeH3BecTHa,
OIHAKO BHJ apryMeHTa 3TO# (YHKUMH JaeT OUYeHb lEHHEIE CBeACHHA.
Hanpumep, Mbl BHAMM, 4TO H3MEHEHHe CKOPOCTH MOTOKA XHIAKOCTH
NPHBOANT K TaKOMY K€ TOYHO H3MEHEHHIO, KAK M3MEHEHHE Temso-

€MKOCTH: yABOE€HHE CKODOCTH XHMIKOCTH NpH HEH3MEHHOCTH npormx'

NepeMeHHEIX OKashwBAaeT TaKOe e BJIHSIHHE HA CKOPOCTb MeEpeHoca
Tenna, KaKk U yABOEHHE TETIOEMKOCTH MUAKOCTH.

3ta 3aj1aua MOXET TaKxe BuI3BaTb pAX BonpocosB, OauH U3
HHX G6e1 nocrasned [, Pa6ymunckum B nuceme B Nature 95,
591, 1915 r. OH nucan: ,B Nature or 18 mapra Jopa Paneit
naer dopmyay :

acy

| h=ka6F(—k--),
paccMatpuBas KOJHYECTBO TEMJa, TeMNeparypy, AMHHY H BpeMs Kak
yeThlpe ,HE3aBHCHMBIX® BEMHYHHBHL

-
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Ecin NPeANncACKATb, YTO TOJIBKO TPH M3 3THX BeTHYHH ,Meii-
CTBUTE/ILHO HE3aBHCUMBI®, Mbl moayydM Apyroft pesyiasrtar. Hanpu-
MEp, €CAH TeMMepaTypa onpene/eHa Hepe3 CPEIHIC KHHETHUECKYIO
SHEeprHIO MOJeKysl, TO AaHa/M3 pa3MepHOCTelt NO3BO/JAET YTBED-
#IaTb TOJALKO TO, YTO

v .
/z:kaBF(W,czﬁ),
T. € BMECTO HEH.BECTHOH GYHKIHH OT OIHOrO apryMesTa mo-
sydaetcs QyHKuMs OT IOBYX apryMmeHToB. Koneuno rakan dyHkuusa
3HAYHTENbHO MeHee OrpaHHyeHa uyeMm GyHKIHS TOMNLKO OLHOroO apry-
meHta, Hanpumep, B maHHOM ciy4ae yxe Helb3d CIeJaTh BHIBOAA,
YTO H3MEHEHHE CKOPDOCTH B/HAET TAK €, KaK M3MEHEeHHe TEMIo-
emgoctd. Takum o6pasoM 3aMeuaHue Ps6yHmIMHCKOrO CyLIECTBEHHO.

Paneft orsetnn Pa6ymnHckomy B ToM xe Tome Nature (cTp. 644)
caenywuiuM o6pa3om:

»Bonpoc, noxHsaTHHA Pa6ynHCcKHM, OTHOCHTCA CKOpPEE K JIOTHKE,
uyeM K crnocofy MpHMEHEeHHs aHaaM3a pasMepHOCTEH, HHTEpPECOBAB-
weMy MeHsi, Bonpoc oueHp 3acay:xuBaer AalbHeHLIEro paccMOTPEHHS.
Moe 3akioyeHHe NOJYu4eHO Ha OCHOBe OOGBIYHEIX ypaBHEHHH
dypbe M8 TeNAOMPOBOAHOCTH, B KOTOPHX TeMNepaTypa M KOJH-
YeCTBO TeIJla MPHHHMMAIOTCH, KaK BeJH4HHB sui generis. Mbl uMenn
Onl 1en0 ¢ MapamoKcoM, ecau Obl yrIy6/MeHHe HAlUMX 3HaHHR O
NpHpPOZEe Tenia B MOJEKY/SIPDHOA TeOpHH, NPHBOAMAO &bl HAC® K
XyHeMy MONOXEHHIO 4YeM paHblle Np¥ PaCCMOTPEHMH HAaCTHOH 3a-
Hayu, Pemenne napazmokca COCTOHT NOBHAMMOMY B TOM, 4YTO 8
ypaBHeHuax ®Pypbe comepxuTcs TakOoe [MPEIANOJOXKEHHE O MPUPOLE
Tensia M TEMNEPATypH, KOTOPOro HeT B apryMeHTauuH PalylidH-
ckoro“.

f1 nymalo, uto 3TOT OTBeT Pajes enBa-1H KOTO YAOBJIETBOPHT,
Pazymeercss HeT HMKAaKHX COMHeHMH B HCKyccTBe Pases B nene mo-
JYYEeHHs! MpPABHJILHOTO De3y/abTaTa NpUMEHEHHeM -aHAJIH3a PAa3MEpHO-
CTeH, HO HAHZeTCs M y HAC HaBHK M du3HuecKas WHTyHuus Paines,
YTOGEI CaMHM TaKie MOyyaTb MpaBM/bHHHA pe3yabtaT? He aact am
HEKOTOPOe paccMOTpeHHe JIOTHKH MEeTOLa HalexHbfi cnocol peuieHus
BOMpoOca, fIBASIOTCS JIM TeMmIepaTrypa H KOJAMYECTBO Tenaa ,nefi-
CTBUTEJIBHOY* HE3aBUCHMHIMH €IMHHIIAMH HJIH HET, B KaK cjenyer
BLIOUPATh HAlIH OCHOBHbi€ BEJHYMHLIP

[ToMuMoO mepBoro Bonpoca O HamdexalieM BhHOOpe yHCad elu~
HHIL MpH COCTaB/JEHHH (GOPMy/n pasMepHOCTeH, 3Ta 3azaya o Temnjo-
NIPOBOJHOCTH BH3KWBAET M Apyrde BOMPOCH TaKxe (H3HYECKOro
Xapaktepa, Hampumep, uMeeM /M Ml QCHOBaHHe IpeHeGperaTh

Boaoxxusy. 2
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NIOTHOCTRIO, BABKOCTbIO, CKUMAEMOCTBbIO, TEMJOBRIM pPaclIHpEHHEM
TMAKOCTH MM a6COMOTHOH TeMmnepaTypo#? BeposTHO MHOrue
CKaXyT, 4TO TaKO€ npeHeGpexmeHHe ONMPABAAHO, HO TO yTBEPKAEHHE
6yHeT OCHOBHIBATHCA HA KOHKPETHHIX aPTyMEHTaX M OCHOBAaTe/lbHHX
(puaHuecKMX cBeNEHHSX O paccMaTpuBaeMolt (H3HYeCKOH cHCTeMme.
[IpoGrema He Moxer 6uTb paspeweHa d¢uaocopoM Ha Kadenpe,
HeOGXOnMMble B3HAHHA NOCTUTHYTHl KeM-TO, KOMAa-TO, 3aMayKaBLiMM
CBOH DYKH TPAMEIM OMLITOM.

B saknmioueHue ocraHosuMca Ha naTOH 3ajaye HECKONBKO OT-
AHYHOro xapakrepa. [lompo6yeM HaHTH, KaK 3aBHCHT 3/JEKTPOMa-
THHTHag Macca 9JEKTPHYECKOro 3apaia, PaBHOMEPHO pacnpene-
JeHHOTO no cdepe, OoT panuyca cdepu H BeauuuHe 3apaga. [lona-
FaeM, 4To 3apAl pPacrno/ioxeH B MyCTOM NpPOCTPAaHCTBE, H, CAEAO-
BATE/IbHO, €AMHCTBEHHBIMH NepeMEHHHMH fBJAIOTCA 3apal H paguyc
chepel. [IpumenseM mnpexHuit MerTon. PaamepHocTh 3apssa (Bbipa-
KEHHOT0 B BJIEKTPOCTATHYECKHX €AMHMIAX) MOJy4aeM H3 3aKOHA
Kynona. Takum o6pasom umeem Tabauuy 5:

, TaBnuuma 5.

Ha u dopmyaa

38AHUE BeAUYUH B Cumson pasMeprocm
3apﬂﬂ e e 5 4 s e e lea Lu/g T—l
Paguyc chepul . . . . ’ L
DNeKTPO - MarHHTHaA

Macca . . ., ., . m M

Hanumem
m=f(e,r)

M Ha#aeM BHA (QYHKIHM f, OCHOBLIBASCb HAa TOM, YTO COOTHOLUIEHHE
AOMKHO OHITb HE3aBHCHMbIM OT pasMepa OCHOBHHIX elMHHL. SICHO,
4T0 T He MOXeT BXOAMIb B MpaByl0 uyacTb DPABEHCTBA, TaK KaK
OHO He BXOAWT B JeBywo. Ho T Bxoaut B npaBylo 4acTb TONBKO
Hepe3 ¢, MO3TOMY W e He MOMET BXOAMTH B mpaBylo 4acTb. OIHAKO,
€C/M B MpaBO¥ 4aCTH HeT e, TO TaM He MOxeT ObITb M M, Tak
Kak M Bxoaut Toneko uepes e, Ml BcTpeuaeMcs TakMM 06pasoM
C TpPOTHBOMO/OXKHEIMH TpeGOBaHHAMM, [eNAIOLMMH pellleHHe 3a-
Aauu HeBO3MOwHLIM. Ho cHoBa Haw Kpurtuk-MedHctodenr mnox-
CKa3wiBaeT, 4TO Mb 3a6L/AH KaKylo-TO Pa3MepHYIO MOCTOAHHYIO,
Mul HemoyMmeBaem: Hawa cucTeMa pacmonoweHa B MYCTOM Tpo-
CTPAHCTBE, KaKOH Da3MepHOH MOCTOAHHON MOMET XapaKTepPH30BaThCA
fiyCTO€ NMpOCTpaHcTBO? KpuUTHK HacTauBaer, ONHAKO HA TOM, 4TO Y
NyCTOro npoCTPAHCTBA WMEIOTCA CBOMCTBA, M NPH HEKOTOPOH Ha-
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CTOWYHBOCTH ¢ HdWIEH CTOPOHH MOACKA3LIBAET, YTO CBET PACMpo-
CTPaHAETCA C OMnpefefeHHOH, XapaxkTepHCTHYecKOH CKopocThbio. Mu
CHOBA BO3BpallaeMcd K 3a1aye, BKIOYHB B TaGAHLy CKOpPOCTb

CBETa ¢ C pa3MEpPHOCTHIO LT, umeen:
m=f(ey, r, c).

[Ipexuye 3aTpymHeHHs cpa3y Hcue3alOT, M Ha OCHOBE OMKITA
pellleHHsi MpeAblAyliHX GoJiee CIOMKHHX TIPHMEPOB MBI MOJydYaeM

cpasy: .
e?

m=const —,
re

9ty ¢dopmyny Mel HaizeM B Mmo6oM Kypce 3MeKTPOAXHAMHUKH,
M, CIeJOBAaTEJBHO, HAall KPHTHK CHOBA OKAa3aAcA MnpaskiM, Mm.
YyBCTBYeM Ce6fl CMYLUEHHHIMH, He SICHO NMOHHMas pOJb pa3MepHLIX
MOCTOSIHHBIX, W HECKOAbKO YCMOKAaWBaeMCA, BCMOMHHB, YTO € Ompe-
AeNfeT OJHOBPEMEHHO OTHOLIEHHE 3JIEKTPOCTATHUECKMX EIHHHUL K
9/MeKTpOMaruuTHeiM, OJHAKO, HaM eule He OYEHb HACHO, KaKHM
06pa3oM BXOOHT 3TO OTHOILUEHHE,

Pasmblmings 0 peleHMAX PacCMOTPEHHHWX 3alay, MH BCTpe-
yaeMcs W ¢ ApyruM BonpocoM. [loueMy ypaBheHHe, TIPaBH/IBHO
CBA3bLIBAIOLIEE PA3JIMYHLIE H3MEPUMBle (HH3HYECKHE BEMHYHHRI, LOMKHO
no ceoel dopme He 3aBUCeTh OT pa3Mepa OCHOBHbIX eAMHHU? Kak
6yaTo 6B AMA STOrO HeT HHKAKOH Heo6XOAMMOCTH, HHKTyeMOH
npuposo#t camoro ¢uaHyeckoro HaMepeHHs. Bcsixoe ypaBHeHue
ecTh OMHCaHHe SABMAEHMA MMM Kaacca fsaeHHH. OHO yTBepxaaeT B
KOMOAKTHOH ¢opMe, YTO OMepHUpys ONpeAeNeHHHM MpefnHCaHHbIM
Crnoco6oM TaK, YTOOb MOAYYHTL PAN YUCEN, OMUCHIBAIOLIMX pe3y/b-
TaThl ONEPauHH, Mbl AOMKHE NDH MOACTAHOBKE 3THX YHCEN B ypas-
HEHHe yIOB/JETBOPHTH moOcHenHeMy. BooGpaswm ce6fi, HanpuMmep, B
MONOXEHNH [anunesi, NEITAOIIETOCS HAaWTH B3aKOH TaJeHHt Tell.
MatepuaioM 48 HalWwMX HaGMIONEHHR MOTYT CIYKHTb Bce CBOGOAHO
Majaomye Tela Ha NMOBEPXHOCTH 3eMad. B KadecTse H3MepHTENMb-
HOrO MHCTPYMEHTa [0/Ib3YEeMCAd HEKOTOpPOH efMHUIEH MJIHHBI, Ha-
pUMep METPOM, U HEKOTOPOH €eIHHHIEH BpeMeHH, HanpuMep MH-
HyTO#A. MB npHMeHsieM 3TH eJHHULK NO OMNpeNe/NeHHHM IMpaBuU/IaM
KO BceM NAJAIOINWM TelaM M MOJAYYaeM Napbl 4HUCEN AAs PasiHuHbIX
Tel, OTHOCALIMXCH K MPOCTPaHCTBY, NPOHIEHHOMY 3a HEKOTOpoe
BpeMs, NpOTeKulee OT Hayajla majeHus., Mul femaem mpu sTOM Be-
JIMKOE OTKDHITHE, 3aK/IOYAIOUIEEC B TOM, YTO UYMCJIO, BhIpaxalolee
paccrosHue mafenus Jaw6oro Tena, moboro pasMepa H CBOHCTBA,
HaxOAHTCA BCerja B MNOCTOAHHOM OTHOLIEHHH K KBaApaly uHMCNA,

*
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BHIPAXAIOLIEro npoTexuiee Bpems, MamepeHHsle 4iic/aad, BCTABASEMbIE
B 3TO COOTHOLIEHHe, OBLIIM TOJAYYeHH Npll TOMOLIH HEKOTODHX
COBEpLIEHHO onpeleneHHuX enuHulU. TeM He MeHee OMHCaHHE BEPHO,
H Halle OTKDbITHE OYeHb BAXHO jaxe HPH YC/IOBHH, YTO paccTofi-
HHE M BDeMA MLOJXKHB H3MepATbcA NEepBOHAYalbHO H36paHHLIMH
YACTHBIMH EIMHHLAMH,

Haie OTKpBITHe MOXKHO 3anucaTh B BHAE YPaBHEHHA:

s =const. 12,

[lycTe HekTO, o6MTaTenn APYro# CTpaHmi, MOJAL3yIOUIKicA APYro#

. CACTEMOR enMHMII, CTO/Mb Ke HEHAYUHOH, KaK Hall METP M MHHYTa,

o NPOCAbIIIAB O HALUIeM OTKPHITHH, BOCMPOH3BOAHT OMBITHl CO CROHMH

tu H3MEPDHTE/NbHBIMH HHCTPYMEHTAMH, OH MOATBEPKAAET HALl pe3y.b-

vt

.

T4T, HO 3HayeHHe MOCTOAHHOH B ero ypaBHeHHH Apyroe. IT0
3HAQUHT, YTO MOCTOAHHAA 3aBHCHT OT Pa3MepPOB NpHUMEHEHHHX €AHHHI,
T. €. ABJAfETCA p_asmegﬂgn MOCTQAHHOH,

v+ Y3HAB O peayabTaTaX NpOBEPKH HALIEr0 OTKPWTHA B IPYyroi
} CTpaHe, Mbl HayuHaeM pasMbHLIATH, HakoHen Mb TNPHXOLZHM K

BHIBOJLY, Y10 TaK M HOMKHO OHITb M He MOrI0 6bTh MHaye, Mul

"
,.6epemcsi NpeacKasartb Hamepen, Kak H3MEHUTCH MOCTOfHHAas B 3a-

+. BHCHMOCTH OT TOH MW WHOfl CHCTEMBI uaMepenutt, Ecaum Hac Hauu-

»¢ HAIOT paccnpalinBaTh O [OeTandX, TO Mbl HaeM COQUCTHYECKHH
L

]
el

“ OTBET, YTO Mbl MEHAeM [OCTOSIHHYIO TaK, YyTO6H B TOUHOCTH KOM-
. IEHCHPOBATh BCAXOE M3MEHEHHe YHCE/, MPEACTaBARIOUIHX AMHHY HIH
BpeMsl, B Pe3y/lbTaTe MOJYYaeTCA MO CYUIECTBY MpEkHee ypasHeHHe.
Ecin emnmHuma miuHel BIBOE MeHbIUE MEPBOHAYANBHON, TaK 4TO
YHCIO, H3MEpAIOllee HEKOTOpOe DACCTOSHHE MaieHHsl, CTAHOBHTCH
BABOE GO/bLIAM, TO Mbl YMHOXAeM MOCTOSIHHYIO Ha 2, 4TOOH KOM-
NEHCHPOBaTh JHIIHUA ¢dakTop 2 B NeBoit yacTH ypaBHeHHda. TouHO
TAK e, €CIH eIHHHLA BPeMEHH BTpoe GoJiblie MepPBOHAYaILHOH,
-

T. € YACIO, BHPaXaiollee LIHTEIbHOCTh MAAEHHS, HMEET TOMBKO

NepBOHAYANBHOrO 3HAYEHHs, MOCTOSHHYIO MPUIETCA YMHOXHTb Ha 9,
1

uTO6Hl KOMMEHCHPOBAaTh (HAKTOP 9 KOTOpHI#i WHaue MOABUACA Oul

B MEpBOH yactH paBeHCTBaA. HHpIMH CI0BaMH MBI IIPHITACBIBAEM

nocTosHHO# pasMepHocTs LT W TakuM ofipasoM mosysaem ¢op-
Myny, He 3aBHCALLYI0O OT pa3Mepa OCHOBHHIX €IHHHIL.

9ra yaaua o6oapseT HaC M Mbl MePEHOCHM NpPOLECC H HA Apyrue
6osee CnONHbIE CHCTeMBl. Hanpumep, Mbl Ha6ii01aeM BbICOTY MpH-
JIMBOB B MOPTY, MOJb3YSICb A H3MEPEHHd BHICOTHI BOLb (PYTOBOH
JIMHENKOH W uacoM, kak eaMHHUeH BpeMeHH, B peayiabrare MHOTMX
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HabaAeHHA HAXOAUM, YTO BBICOTA BOABI MOXET ObITb NMpencTaB/eHa
tdopmyno#:
h =75 sin 0,5066 t.

Mu nepenucolBaeM 3TO ypaBHeHMe B TakOH ¢opme, H4TOGHI
BCAKHH Apyroft HabalonaTenb, NPUMEHAIOWUH A/ H3MEPEHUH ApYTyto
CUCTEMY €OMHHIL, MOr €10 BOCHO/Ab30BaThed. JINA 3TOTO BBOAHM B
ypaBHeHHe [Be pa3MepHble MOCTOSAHHEIE:

‘ hCy=5sin 0,5066.C,t,

rae C, nmeer pasmepHocts ™' u C, pasmepHocts T .

Orcrona ecTeCTBEeHHO ciedyeT ofobuieHne. Jlio6oe ypaBHeHme,
KaKOro YroAHO BHMIA, NPaBWIbHO BOCHPOM3BOAALLEE PE3yNbTATH H3-
MEpEHHH, BBHIMO/JIHEHHBIX MPH IOMOIUM HEKOTOPOH CHCTEMBI E€QHHMUILL
B (pU3HUECKONH cHCTeMme, MOXeT ObITh NPHBEZEHO K TakOMy BHAY, B
KOTOPOM OHO BEPHO H [as APYTMX cCHCTeM efuuuu. [laa 3Ttore K
Kaxao#t HabmonaeMOH BeNMYHHE HYKHO BBECTH B BHAE MHOXATENS
pasMepHyI0 MOCTOAHHYIO, PAa3MEPHOCTb KOTOPOH moMmkHA OH1b 06-
PaTHOH 1O OTHOLIEHHIO K DPa3MEPHOCTH caMoO# HaGjionaeMoft Benu-
YHHBl. YMCn0Bas BeNMUMHA 3TON NOCTOAHHOH HOMKHA OLITH TAKOH,
yro6H B MEPBOHAYAJLHON CHCTEME eIMHMI[ OHa HUMesa 3HayeHue 1.

Pasymeerca BO MHOTHX cay4asx ¢opMa ypaBHEHHR MOXeET 6biTh
TAKOH, yTO nBe, WK 6OJibliee YHCAO TAKHX PasMEPHBIX MOCTOSHHBIX
CIMBAIOTCA B OOMH MHOXHTeJb, BrimenpuseneHHnft mnpumep na-
HeHPs Telld OTHOCHUTCA K 3TOMY cayuyailo. ToAbKO 4TO npHBeseHHoe
ofiiee npasHao TpeGyeT BBeAEHMS [ABYX pAa3MEPHHIX IMOCTOSHHBIX,
ORHO# mpH s cnesa, Apyro# npu 2 cnpasa; MOCPEACTBUM Tepe-
MHOXEHHS MX MOXHO, ORHAKO, C/iXTb B ONHY.

Ha Haw Bonpoc moiaydyeH OTBET, Mbl BHAHM, YTO BCSKOE YpaB-
HEHHe MOXHO INIPUBECTH K TakOMy BHAY, YTO OHO BHIIO/NHAETCH He-
3aBUCUMO OT PasMepoB OCHOBHLIX enwHnu. Hama HeysepeHHOCTb B
OTHOILIEHHH pAa3MEPHEIX MOCTOAHHHX OT 3TOrO He CTAaHOBHTCA Ol-
Hako, wMeHoimieH, He cyimecTByloT nH CBOM pa3MepHble MOCTOSHHBIE
IS KaWOOro THMa 3aZay¥ M KAK MOXHO CKAa3aTb Hanepel ¢ Kakoh
pasMepHoH MOCTOAHHOH Mbl BCTpeTHMCAP? IlonoXeHHe KaxeTca eile
Gonee GeaHaleHbIM YeM CHayaia; Mbl MOMMH C rpexoM IOMo/iaM
MOHATL, TOYeMy TIpPaBUTALMOHHAA TOCTORHHAA 1OJXKHA BXOIAWTb B
3agayy O [AByX BpaIAOWUXCA TeNaX, MOXHO COIVIACHTbCA C HEKO-
TOpbiM nOnO6HeM OBOCHOBAHMA MpPH BHECEHHH CKOPOCTH CBeTa B
3afauy 06 3NeKTPOMATHMTHOH MacCe, HO HECOMHEHHO OdYeHb TPYIHO |
OTKPHTbL O6liee OCHOBaHHE WAH CMOCO6 MpenckasaHus As MPUCYT-||
CT8MSA WAM OTCYTCTBHl PAa3MepHBIX MOCTOAHHBIX B KayecTBe MHOXH-l.

L

Tenefl y usMepseMHIX BeNMUMH,
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Peuias Hauid 3agayd, Mbel BCTPETWIHCh elle € OAHUM 06CTOA-

TeNbCTBOM, TpeOylouuM noAcHeHHH. Mbl 3aMeTund, yTO Kawaas
topMyna pasMEPHOCTH H3MepseMOR BENTHUHHBI CONEPXHT OCHOBHbIE
eNMHHUIbl B BHAE MPOM3BENEHHs S3TUX eIHHUL B CremeHAX. Hackoibko
3T0 He0o6X04MMO, M MOTYT /H CYLLECTBOBaTb Apyrie (GOpMy/H pas.
MEPHOCTH 11 KOJHYECTB, H3MepHEeMBbIX ADYTMM CHOCOGOM, a ecnu
TaK, TO KaK C/AeAyeT TPHMEHATb HAIH MeTOAW K TaKHM KOJHuye-
cTBaM? . .
B wurtore, B 3TOH BBOJHON Tr/iaBeé Mbl HATOJKHY/NHCb Ha psfd
BaXHLIX BOMDOCOB, Ha KOTOpble CJeAyeT [JaTh OTBET, MpexIe 4eM
1y Hac 06pa3yeTcsi yBepPeHHOCTb B MPAaBHIbHOCTH Pe3y/bTaTOB, MO-
MlyyaeMblX MeTOLAMM aHa/AM3a pasMepHocTeH. DTH BOMPOCH Cieny-
outpe:

[Tpexne Bcero, KOrAa BXOAAT Pa3MEpHLHIE MOCTOAHHBLIX H KaKOB
¥X BHA? '

Hackonbko Heo6x0AHMMO, 4TOOB! hOpMy/na pasMepHOCTH 105010

H3MepAEMOro KO/MYyeCcTBa HABJAJACH NMPOU3BEACHHEM OCHOBHBHIX €IH-

HML[ B COOTBETCTBYIOIUMX CTEMEHAX?

B ueM CMBICH BEIMYHH, He HMEIOLMX pa3MepHOCTel P

Moryt au ¢yHKUHMH, OMHCHIBAIOLIWE SBJAEHHSA, OrPAHHYUBATHCH
KJacCOM CYMM TMpOHM3BeIeHHR HEKOTOPHIX ME[EMEHHLIX B CTENeHsx?

Kakoro poma konnyecTBa HO/MKHB BHOHPATbCA B BHAE OCHOB-
HBIX, NpH MOMOIH KOTOPHX OCYLIECTBAAETCA H3MEpeHHe APYrux

" KOJIMYeCTB? B YacTHOCTH CKOJBKO JOMKHO ObITb BHAOB OCHOBHbLIX
earHuu? TIpaBHAbHO JMH YMEHbLIATh HACKOABKO BO3MOMHO YHCAO
OCHOBHBIX €/IMHHULL BBEAECHHEM OMpPEJe/eHHI B COOTBETCTBHH C IKCIMEPH-
MEHTaNbHBIMK (aKTaMH ?

HaxoHel, B ueM COCTOHMT KpHTepHil NpeHeOpexeHHs HEKOTODBIMH
nepeMeHHHIMH B 3ajaye, HanpHMep BA3KOCTHIO B 3alaye O TEMJO-
NPOBOAHOCTH, M KAKOB XapaKTep MOJMy4aeMoro peayabraTa? feasercs
/4 OH MPUGAMKEHHHIM MAM TOYHBIM? Ecau pesyabrat npHOaAMmeH-
HhIfl, TO KaKOBO 3TO HPHOIMAEHHE P :

I'JIABABTOPAS.

$OPMY/J/Ibl PASBMEPHOCTH.

B BBOZHOH rN1aBe PACCMOTPEHO HECKOMBKO OTAEBHBIX 3anavy,
BO3GYAMBIUMX pANL BOMPOCOB, HA KOTOPHE HeOHXOAMMO OTBETHUTb,
NPEKAE 4YeM CTPEMUTLCA K JAEHCTBHTE/LHOMY OB/ANAEHHIO METOLOM
anannsa pasMepHocTell. Mol npHcTynHM Temepp K MOCAeAOBATeNb-
HOMY H3/IONKEHUIO TpelMeTa, MOMHA MOCTAaBIEHHLIE BOMPOCH M MO-
CTEMEHHO HAa HHX OTBeyas. :

Lens ananusa pasmepHocTel aTh HEKOTOpLIE CBEJEHHA D COOT~
HOMIEHHAX, CYIUECTBYIOLHX MEeXAY HM3MEPHMbIMH BENHYMHAMHM, CBf-
3aHHbLIMH C Da3/HYHBIMH fABJNeBUAMH. [IpeHMyllecTBO Merofla B ero
6bICTpOTE ; OH M36aBAfeT OT HEOGXOAMMOCTH NPOH3BONHTbL NOTHHLIHA
dHANN3 3anauy, HET HafOGHOCTH, HANpHMep, BHIUCHIBATL YPABHEHUS
ABHXKCHHA MeXaHMueCKoR cucTembl. C mpyro#t cTOpoHu, aHanus pas-
MEPHOCTEH LaeT NaneKo He BCE CBENEHHs, KOTODHE MOIYT OHITb
NOJyYeHb NPH [eTaJbHOM DPacCMOTDPEHHH,

PaccmoTpuM npewpe Bcero mpupoay cooTHoOweHH# MEXIy H3-
MCPHUMBLIMH BEHUHHAMH, MHTEDECYIOIIMMH Hac. Omepupys ¢ HeKOTO-
DhIM SIBJCHHEM WM TPYNNOH sBMeHHH MB NpPHMeHseM Hawl MeToUn,
NPUGIH3NTENbHO, TAK: CHAYana Msl H3MEPAEM HEKOTOPhE KOJH-
HECTBA, B OTHOLIEHHM KOTOPLIX €CThb OCHOBAHHA CYHTaTh MX BAX-
HAIMH DN ONIHCAHWM sBJCHMH. ITH M3MepAeMble BeJMYHHB! — pas-
JHUHOrO pona; A1 KamAOH BenWYHHH MLl MMeeM OCo6he npasuaa
ANA HU3MEpEHVSAl, T. €. AJA COMpPAMEHHA HX C HEKOTODRIMHM YHC/aMH.
[lonyuns nmocrarounoe Ko01HYecTBO TakHux M3MEPEHHHX YHCeN, Ml

g HUIEM CBA3H Mexay HaWaeHHBIMH BennyudHaM, Eciu M AOCTATOYHO

"OIBITHH H YA44YNHUBH, TO HAXOOAHUM COOTHOLIEHHA, KOTOPHIE MOXKHO

BHIDA3UTb B MareMatnyeckol ¢opme, OBGHIKHOBEHHO OCGGEHHO HH-
TEPECHA OAHA M3 BeNHYHH, KOTOPYK M MBITAIOTCA BHLIPA3UTH Kak
dyHKUMIO OcTANbHEIX. MHaue rosops, bl nuem COOTHOLLIEHHS

X1 =.f(x2) Xgs . '))
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rie Xy, X B T. I. — YUC/a, BHPAXKAIOIIHE DA3JIMYHBIE H3MEDEHHHIE
dusnueckue BeaMYMHE. TaK HanpuMep Xx; MOXeET COOTBETCTBOBAThH
CKODOCTH, Xo— BASKOCTH M T. A. Jl17 KPATKOCTH 3TOT HOBOJBHO
LJUHHHE O0GOPOT peyH MOXHO 3aMEeHHTb YC/JOBHEIM YTBEDXKIEHHEM,
YTO X, — CKOPOCTb, B HEHCTBHTEILHOCTH 3TO HE TaK, 3TO TOAbKO
YyHC/I0, M3MepAIolee CKOPOCTb,

[lepsoe 3ameuanne, KOTOpOe CJEAyeT CHeNaTe B OTHOLUEHHH
($YHKIHMOHA/ILHOTO COOTHOLIEHHH THNA HAMHCAHHOTO, COCTOHT B TOM,
YTO apryMeHTH paclMafaloTcs Ha JBe Ipynnsl B 3aBHCHMOCTH OT
crnoco6a, KOTOPHM 3TH uHucia noayyeHe ¢axtHyecku. [lepsyio
TPynmy KOJMMYECTB Mbl HA30BEM NEPEUMHGLMU HIH  OCHOBHHIMH.
3To Te KOAMYeCTBA, KOTOPhle COOTBETCTBEHHO CHEUMANLHEIM IIPABH-
naM oMepalMH, CONPATAIOIIMM YHCJA C ABJIEHUAMH, PACCMATPHBAIOTCA
KaK OCHOBHHE ¥ 06/1a13I0T HecBOAHMOH 60Jiee CTENEHBIO MPOCTOTHL

Tak B OOBLIYHOH CHCTEMe MeXaHMKH OCHOBHHMH TEDBHYHRIMU
BeMTHYHHAMH fBAAIOTCA Macca, AaMHA ¢ BpemA. B dyHkuuax pac-
CMaTpUBaEMOro BHId HEKOTODHIE apryMEHTH MOTYT OHTb YHC/IaMH,
AIBMAIOLMMUCA MePOH AJMH, Macc WM BpemeH. Mbl ycaoBumcs Ha-
3bIBATh TaKHE BENHYMHBE! NEPBHYHLIMU.

[Tpn naMepeHHH mNepPBHYHBIX KOJHYECTB IOXKHH CyILECTBOBATh
HEKOTOpHE NpaBWIa oOnepauult, yCTaHABJHBAIOUIHE (H3HYECKYIO
NpoLenypy, NOCPeACTBOM KOTOPOH BOSMOXHO H3MEPAThL AJIMHY TNpH
TOMOLIM  CcOeuHatbHO# IAHHH H36MpaeMOR B KauecTBe EIHHHMIIH,
HAN BpeMs TIPH TIOMOLIH CMenUanbHOTO HHTEPBasa BPeMeHH, H36H-
paeMoro craHzapToM. BooGlile NS MEPBHUYHEIX BEMTHYHMH XapaKTEPHO,
YTO CYLIECTBYIOT TpPAaBH/IA, NOCPEACTBOM KOTOPBIX MEPBHuHAS BEJH-
YHMHA HENMOCPeACTBEHHO H3MepsieTcd eIMHHLAMH TOFO Xe poia,
Jlerko y6enuThcsi, 4TO MPH BLIGOPE TAKHX MNPABHA MBI MOJYaIMBO
HanaraeM HekoTopoe Tpe6oBanue. Hampumep npH nsMepeHHH LiHHE
3TO TpeGOBaHME TMPH 3aMEHE TepPBOlAYAbHOM €IHWHHIIE IJIHHBI, CKa-
’KeM TMOJIOBHHHOH elNMHMUeH, CBOIMTCA K TOMY, 4TOOH uHMcna, npen-
CTaB/A0IINE Mepy 060 KOHKPeTHOH IUIMHLI B HOBRIX edHHHIAX,
Ouin BIBOe GoJibllle MepBOHAYaNbHBIX YHcen. MeTomomoruu cucrteM
M3MEPEHHR 10 CHX MOP YIeNsOoCh O4YEHb Mal0 BHHUMAHHA; A He
3Haw0, HanpuMep, GOPMYJIHPOBANACH JH KOTAA-THOO TOMLKO YTO MPH-
BelleHHasds XapaKTepHCTHKa BCex HAllMX CHcTeM H3MepeHus. M3 pac-
CMOTpeHHs M0G0 MpaKkTHYECKH NpPHMEHAEMOR cucTeMH HM3MepeHHH,
OYeBHIHO, OIHAKO, YTO yKa3aHHOE CBOHCTBO HMeeT MecTo. Hanu-
YHe ITOrO CBOMCTBA CBA3AHO C YPE3BHIYAHHO BAXHEIM CJAENCTBHEM,
COCTOfILlIIEM B TOM, YTO OTHOLUEHHE YHCEN, BHIPAXAIOLIHX HU3MEPEHHA
HanpuMep IBYX KOHKPETHHX IJWH, He 3aBHCHT OT Pa3Mepa €IH-
HHLH, TPH MOMOUIH KOTOPOH MPOHM3BEAEHO H3MepeHHe, ITO clel-
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CTBHE HECOMHEHHO CDa3y OYEBHIHO, MGO, MEHSIR DPa3Mep OCHOBHOH
GAHHHUB B 11 Pas, Mbl, COTIACHO CHENaHHOH THIIOTE3e, MeHseM Mepy

: 1
KQXIOH VIMHB B —— Pas W TaKMM O6PA3OM OCTABEM HEM3MEHHHIM

OTHOLIEHHE Mep JIOGbIX LBYX IIHH. DTO SHAYHMT, YTO OTHOLICHHE
AMMH IBYX TMPOH3BOJLHLIX MDEIAMETOB HMeeT aGCOMIOTHOE 3HaueHHe,
He3aBHCHMOE OT pasMepa exnuul, CnpaBeiinBO M 06paTHOe 3aKIO-
YEHHE, KK 3TO ABCTBYET MOCHE HEGOJBIIONO PASMHLIULIEHHA, ECIH Mbl
TpeGyeM, 4TOOH Hallla CHCTeMa H3MepeHHH MEPBHYHHIX KOMHYECTB
NOCPEACTBOM eAHHHI TOro e BHAA Gbla TAKOH, 4TOGHI OTHOMIEHHE
Mep IBYX NMOOKX OGBEKTOB He 3aBHCHIO OT pasmepa enuHuL, B Ta-
KOM C/y4ae MePH KOHKDETHBIX OGBEKTOB AOMKHEI H3MEHATHCH 06-
paTHO NMpPOMOPUHOHANBLHO pPa3MepaM eIHHHLM,

IToMHMO MepBHUHBLIX BeMHuMH CyliecTByeT Apyras Tpynna BelH-
YHH, KOTOphHIE MOXHO HAa3BaTb 8mopuynsimu. WX 4ucloBhle 3Haye-
HPS HE TOMy4YalOTCH OMepauved HEMOCPENCTBEHHOTO CPABHEHHSI C
IpyroR BelMYHHOM -TOrO Xe Buia, NMpHUHHMaeMoH# 3a €IHHHLY; Me-
TOL H3MEPEHHA B 3TOM C/y4ae OKOJMLHHH M 6oMee ClOXHuLE, Bro-
PHUHBIE  BE/IMYHHBl H3MEPAIOTCH MOCPEACTBOM MPOMEPA HEKOTOPHIX
NEPBUYHHIX BE/HYHH, CBA3AHHWIX C pacCMaTPHUBAEMBIMH, COLMACHO
MpaBuiaM, HAIOMHM YHCIO, OMpelenseMOe KaK Mepa HaHHOH BTO-
pHuHOH BenwunHbl. Hanpumep cxopocTb 06muHO onpenenserca kak
BTOpWYHAd BeMW4YHHA. Mbl ToayuaeM ee Mepy, HaMepss LTHHY H
Bpema (T. €. [ABe MEPBUYHBIX BE/IHYHHBI), COOTBETCTBYIOUICE NAHHOH
ANMHE, M PA3NeNAs HHCIO, H3MEPAIOLIEe AMHHY 1!a YHCIO, H3MepsIo-
liilee BpeMs (WM, YCNOBHO TOBOPS, pasnenss AMMHY Ha Bpems),

CyluiecTByer HEeKOTOPOE OTpAHHYEHHE B OTHOLIGHHH Tex npaBun
Onepauntt, KOTOPEMH ME CBOGOLHO MOXeM PacmopskaThCsil NpH Ofl-
PeleleHHH BTOPHYHHX BeNHYHH, Mpl Hajaraem TO ke camoe Tpe6o-
BdHHe KaK M HA NepBUYHHE BEJMYMHE, T. €. OTHOLIEHHE dHucel, us-
MEDAIOLMX MoGsie AP KOHKPETHHX 06Pa3ua BTOPHYHCH BEMHYHHE,
JOMKHO HE 3aBHUCtTb OT pPasMepa OCHOBHHIX €IHHHI, NPHMEHAEMBIX
P BHINOMHEHHH TPeGYeMbIX MepBHYHHIX M3MepeHu#t. Ecim, ckaxen,
OXHO BewicCTBO 06/1aKa€T BSIBKOCTHIO BABOE GOJbILEH yeM Ipyroe,
1 OnMH aBTOMOGWIB IBHXETCA BTPOE CKOpee JPYrOroy TO = 9TO
YTBEpKIEHHE NO/MKHO HMETh a6COMOTHOE 3HAYEHHE H-3aBHCHMO OT
PdaMepa OCHOBHBIX, MEPBHYHKIX eIVHHLL.

OTo Tpe6GoBanue He sIBARETCS HeOGXOLMMWM A/ NPOH3BOACTBA
3Mepennit Boo6we. JIio6le npasuna onepauuft MOTYT CIYXHTB OC- ¢
HOBaHWeM CHCTeMbl M3MepeHMH, COMPATAIOLIAX YHCAA C ABJCHHAMH .
TaKiM 06pasoM, uTo6b CBOEOGpa3He NAHHOTO SIBJAEHHS ONHO3HAYHO
OTPenenAnOCh UMCAOM B GBA3M C MpaBHIaMH onepauuft. OnHako,
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Tpe6GoBaHHE MOCTORHCTBA OTHOWIEHHH, HIH, KaK MOMXHO CKasaTb,
ABCONOMH020 3HAHEHUA OMHOCUMENbHO20 KOAUHECMEa, CYLLECTBEHHO
L5 BCeX CHCTeM HM3MepeHuiH, TpHMeHieMbiX B HAYKE. Ananu3s pas-
MepHOCTeH He MpHMEHHM K CHCTEMaM, He YIOB/ETBOPAIOLUM 3TOMY
Tpe6OBaHHIO, NMO3TOMY B 3TOA KHHUTE MHI paccMaTpuBalM TOJMBKO Ta-
KHe CHCTEMBL.

Cirenyer B 0COGEHHOCTH 3aMETHTb, HTO JANMHUS pasgena Mexay
[IePBHYHLIMA M BTOPHYHEIMH BEMUHHAMH HE ABNAETCA Pe3KO H pa3
HABCErfa YCTAaHOB/JEHHOM eCTECTBEHHBIMH yCIOBHAMH, OHd B 3HA4H-
TeNLHOH CTeneHM TMPOM3BOJBHA M 3aBHCHT OT TOrO HJIH MHOro psna
[pagua Omepauu#l, KOTOPHE MblL HAXOLWM ynOGHBIMH TDPUHATH, OO~
penenss Hally CHCTeMy W3MEPEHHH. Hanpumep B Hawe#i 0GbIYHOHA
CHCTEME MEXaHMKH CWIa siBJAeTCS BTOPHYHOH BEeJIMYMHOH, ¥ Mepa ee
foJyyaeTcs MepeMHONKEHHeM HHCIa, M3MepAIOILEro Maccy Ha 4HHMCIO,
HaMepalolllee yCKOPEHHE (xoTopoe M caMO ABNAETCA BTOpHuHOH Be-
nuuuHo#t), Ho QusMuecKH Cuna BMOMHE pocrofiHa 3aHUMATh MeECTO
NepPBHYHON BeJHYHHB, MOTOMY, UTO Mbl MOHMMAaeM CMEICH YTBEpMie-
HHf, 4TO ONHA CHJA BIBOE Goable 1pyroft, v HaM W3BECTEH MPOUECC,
NpH MOMOILA KOTOPOrO CHAA MOXET M3MEPATLCH TIPH NOMOWLA €U~
HHLbl ee e cOGCTBeHHOro Buza, To e camoe MOXHO CKasaTb OT-
HOCHTE/JbHO CKODOCTH: BOSMOXHO HAHTH cnoco6 HEnocpencTBEH-
HOI'O C/JOKEHHs CKOpocTeH M TakuM 06pasoM H3MepATh CKOPOCTD
eIHHMIAMK €e COOCTBEHHOTO BHIZ, T. €, BO3MONKHO paccMatpHBath
CKOPOCTb KaK TIEPBHUHYI0 BEIMUYHHY ; MOXHO noxanyH ycOMHHTBCA
B TOM, uTO N0Gas (UsHHECKas BEIHIHHA NpUrosHa B Ciyuae Ha-
N06HOCTH M yLOOCTBA B KauecTBe nepsuutott. Cpasy, nHanpumep,
He ICHO, MOXHO /M TNpHAYMATb ManUECKue TIpHeMsl IS HEMo-
CPeACTBEHHOr0 CpaBHeHHs ABYX B3KOCTeHl Ge3 M3MepEeHHsl BEJHYHH
apyroro pouna? .

Ho 3ToT BOMpOC He CyIIECTBEHEH I JaJbHEHero ¥ He
TOMKEH HAaC 3adepxuBaTh, XOTH CaM no ce6e OH QueHb MHTEpeCeH.
Kon:craTHpyeM TOMbKO, YTO COTpsXKeHHe Jucen C M3aMepseMBIMH KOJIH-
yecTBAMM TpeGyeT HEKOTOPOH CHCTEMBI MPaBHJ] onepalufi TaxKoro
pona, 4TO BeMHYHHEl pacnajaiorcs Ha IBE rpynne, KOTOpHE MBI
14a3biBaeM YIEDPBUUHBIMU N BTOPHUHEIMH,

Mbl TOBOpHAM YXe, 9TO TpeGoBaHHE ,a6COMOTHOTO 3HauYeHHUs
OTHOCHTE/bHOH BeJMUMHB® HAjaraer ONpeLeNCHHbIE orpaHH4yeHHs
Ha OnepaluHu, TOCPEICTBOM KOTOPHIX BTODHUHEIE BENMYHHB  MOTYT
6RTL W3MepeHsl 4epe3 TepBHuHbe. dopmynupyem 3TO OrpaHuueHHe

aHaMTUTHYECKH. HasoseM nepBHUYHBIC Be/IMUHHBI, IPH MOMOLLUH KOTOPHIX .

H3MepAIOTCA BTOPHUHbIC, 4EPE3 d, £, 1 1 T. 1. Vi3mepeHus NIEPBHUHBIX
BeJHUYHH KOMOMHMDYIOTCA  OINpele/eHHBIM 06pa3oM Tak, 4TOGH M0-
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nyuMnach Mepa BTOpHYHOH Bendunubl, [Ipeactasum sty KOMGHHA-
HALMIO (YHKIMOHA/BHEIM CHMBOJIOM f, mojaras, c/l1el0BaTeNbHO, 4TO
pTOpuuHas Benanuuna =f(a, 3, v,...). ECAM MMEIOTCA 1BA KOHKDETHHIX
06paslia BTOPHYHOH BEJMUMHB, TO CBI3aHHHIE C HUMH IIepPBHYHbBIE
BeNHYMHBl UMEIOT pas3/HuHble YHC/IeHHbe 3HayeHus. O603HauWM 3Ha-
yeHHsl, CBAI3AHHLIE C MepBLIM O6GDPAa3lOM, HHASKCOM 1, CO BTOPHIM —
unnexcom 2. Torma f(«,, 3, Y1,..) Oyner mepoti nepsoro o6pasua
f (a2, B3y Yo, .-.) — Mepo#t BTOPOTO. Mi3MeHUM Tereps pazmep OCHOBHHJZ
elHHHI, DBoabMeM eIHHHMLy, H3MepPAIOLIYID. & B X Da3 MeHbIleH
Toraa, Kak Me BHAENH, YHMCA0, u3Mepsiowee a, OydeT B X paa'
?onbme, uan  xo. TOYHO TaKxke BO3bMEM eaMHuIY, M3MEpAOLULY!O
' B y pa3 MeHblUeH, ¥ COOTBETCTBYIOLIEE YHCAO CTAHET PABHHIM Vi
IlockonbKy npasua0 OMepalHH, NOCPeACTBOM KOTOPOro qucnem-lo‘e.
3HaueHHe BTODWUYHOH BEJHYMHHI TO/JyYeHO M3 TEPBHYHBIX BETHYHH
He 3aBUCHT OT pas3Mepa NEPBHUUHHIX eJUHUL, 4uCho, namepmomee:
BTOPHYHYIO BENHUKHY, Ae1aeTCA Tenepb paBHbIM f (Xxo, V¥, ...). Mepamu
I8YX KOHKDETHHX 06pa3loB BTOPHYHOrO KONHYECTBA Teneph GynyT
f(xal’yi'jly-") H f(xa2|y[.j2v--‘)‘ ’
Hawe mpe6osanue a6coAONMHKO20 3HAUCHUA OMHOCUMEAbHOU
8¢AUMUHE aHANUTHUECKH BBLIDA3HUTCH TaK: '

f (a1, BI"") — f(xal’yla]!"')
F(ag Byw) F(Xay YBg)

310 oTHomeHue JOMKHO ObITh CrpaBenNvBHIM AJs JIOBHIX 3Ha-
YEHHH &, By, %y Ppyeee U X, Yy 2500

Mo xOTHM OTCHONA HAaHTH BHI Heu3BecTHOR ¢yukuun f.
llepennwem Hawy GopMyny B TaKOM BUAE:

flxay, Yy ) =F (X%, Y. ) X fi(’(a}" gl_;
ag» Qpeee

Huddepenuvpys no x u o603Hauas uepesd f, — 4acTHYO TpOU3-
BOIAHYI0 OTHOCHTENLHO TEPBOr0 apryMesTa M T. . WMEEM !

oy fy (xay, ¥ By, .. ) =ay /i (g, Yoy . ) X %%
Aoy Pay o0
[MonomuM Tenepp X, ¥, 2 ¥ T. 4. paBHEIMHU 1, Torza

Ji(asByy o) o fi(% By.ll)

lmb B])-":)_ 2 3'(“2»32,---) ’

3
o Ta ¢opmyna AOMKHA BHINOJHATHLCA AAd  MIO6GHIX  3HAYEHUH
iy .. H agy Py ... : ' |
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Orciona, nonaras og, s, ... NOCTOSHHHIMH H TO03BOAAS oy fbf,. ..
U3MEHATLCH, HMEEM:
a df

7 da_consl
HaY

1df _ const

fda— o ?

OTKyZla HHTErDHPDOBAHHEM HAXOJHUM:
const
f=Ca ",

Muowurens C; ecTb (QyHKUHS APYTHX MepeMeHHHIX B, ¥, ...
OTOT MpHEM MOMXHO NOBTOPHTH, HacTHYHO AuddepeHUHpPys OT-

HOCHTE/ILHO ¥, Z,... H 3aTeM HHTErpHpYH.
* OKOHYaTelbHbI# Pe3yJbTaT OYEBHIHO OyZeT:
f=Casfsye. ..,

rae a, b, ¢... H C — IOCTOSHHBIE,

Takum 06pasoM xa@xcdoe 8moputHoe KOAu4ecmso, Y008.4em8o-
pAIOlee YCA08UIO QOCOAIOMHOZ0 3HAYEHUA OMHOCUMEAbHOU 8eal-
YUHB, O0ANCHO BBLPANCAMBLS KK HEKOMOPGS NOCMOAHHAS, YMHO-
HCEHHAR HOA NEPBUHUHLE BEAUHUHb, 8 HeKOMOPuX cmenensx. Mul
ye TOBODHJIH, YTO TOJbKO BTOPHUYHLIE BeJIMUHHBI TAKOTO poJa MpH-
MEHAIOTCA B HAay4YHoIX H3MEPEHHAX, BEJHYMHBI HHOrO XapakTepa
3/1eCh He pacCMaTPUBAIOTCA,

WTak Mbl OTBETHIH HA OAWH H3 BONPOCOB BBOJHOH [VABHI: MMO-
yeMy B ¢GOpMynax DasMepHOCTEH OCHOBHHIE E€IWHHIILI BXOAAT BCEraa
KaK NPOH3BENE€HUs B CTENEHAX?

SlcHo, uTO omepauuu, NOCPENCTBOM KOTOPHIX BTOPDHYHAA BeJH-
YHHA H3MepAEeTCH [IpH NMOMOIUH MEPBUYHBIX, MATEMATHYECKH OINpele-
AeHbl Ko3dduuueHTOM C H MMOKa3areasiMH CTeneHeR pasJHYHBIX Mep-
BHYHBIX BeMH4HMH. Has ynpolueHus k03 ¢HLHEHT MOYTH BCeraa mo-
JaraeTcs paBHBIM €AHHHLE, XOTH HeT HeO6XOAHMOCTH HMEHHO 14
Takoro BmGopa. CyLIecTBYIOT CHCTEMbl, HMEKOILIHE INPHMEHEHHE, B
KOTOPLIX KO3 HIIHEHT He BCeraa NpHpaBHUBaeTcs eauHuue. Hanpu-
Mep TaK Ha3bIBAEMBIE PALHOHAJIEHBIE H OGLHIYHBIE 3MEKTPOCTATHYECKHE
eIMHHUBl OTJIHYAIOTCH MHOXUTEJIEM 1/4 m. Takoe pasjiuuHe B YHC/IO-
BOM KO3(dHLHEHTE HE CYLIECTBEHHO M BCErAa JErKO YYHTHIBaeIcH,
HO CTeneHHBle NOKAa3aTeNH UMET OCHOBHOe 3HaueHue. CmenexHol
noxasamend NEPEUYHOU 8eAULUHS NO OnpedeseHuro s8afemcs ,pas-
MEPHOCMBIO"  8MOPUUHOL Besutuns. 8 omHouleHuu Oannodl, nep-
8uyHol,
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»Popmyna pasmepnocrn* BTODHYHOW BENHYHHB €CTb COBOKYIl-
HOCTb MOKa3aTe/1ed -PA3/IHYHBIX MEPBUYHBIX BEJIHYHH, burypupyomux
B MpaBHJIAX OMepauuit, MPH MOMOIM KOTOPLHIX W3MepseTcsi BTOPHY-
Has BelnuHHa, Bo n3bemaHue nyrauuupl moxasaTemd cTaBsTcs Bce-
raa npH CHMBOJIAX TeX NMEPBHYHHIX BRIHYMH, K KOTODHM OHM OTHO-
CATCH B BHIe CTeneHel,

Hanpumep, ckopocrs uamepsercs, no OMNpeleNeHHI0, AeJEHHEM
HEKOTOPOR JIHHE Ha HEKOTOpOe BpeMs (se cnemyer 3abuiBath, uTO
B IeACTBUTENLHOCTH 9TO O3HAauaeT JeleHHe YHCIa, ABJAKLIErOCs
MEPOH HEKOTOpOH nIJHHE Ha YHCI0 — Mepy Bpemenu), Iloatomy
SKCMIOHEHT MMHBI -1 M SKCMOHEHT BpeMeHu — 1, a Bcs dopmyna
pasmMepHOCTH uMeeT Bua LT ', Cuna B  o6biunoft HbewoToHOBOH
MEXAaHHKE OMpelenseTCcs KaK Macca, yMHOXEHHas Ha yCKOpeHHe,
Pa3MepHOCTb Cu/Bl  n0sTOMY paBHa MacCe, yMHOXEHHOH Ha pas-
MEPHOCTb yCKOpeHWs. PasMepHOCTL yCKODeHMs MoayyaeTcs M3 ero
ONPELE/IEHUA KaK M3MEHEHHS] CKODOCTH B eOMHHIY BpEMEHH, T. €.
passa LT~ Orcrona pasMepHOCTb cuanl Gymer MLT 2,

3ameTHM, 4TO paamepHOCTb Mo6of NepBHYHOH BeAHYHUHMW HA
OCHOBAHHM NPOCTOr0 O6OGILEHHS ONpefeNeHus COBMALAET C CHM-
BOJ/IOM STOH NEepBHYHOM BEJHYHHH.

HyxHo oco6o oTmernts, uro PasMEPHOCTE REPBUYHOH BeNH-
HHHEl Ha OCHOBAHMH NAaHHOTO OMNpEIENEHHA He HMeeT a46COJMIOTHOrO
SHAYEHHA H OMNpeleneHa TOJbKO NMPHMEHHUTENLHO K TeM npaBHIaM
Onepauuil, nOCPescTBOM KOTOPHIX MBI NONy4aeM YHCAA, COMPSIKEH-
Hble ¢ (U3HYECKHM sBJIEHHEM, dopmyna pasmepHocTeft He 06s13a-
TE/IbHO NaWe NOMKHA YKA3bIBATh . CYUIECTBEHHBIE CTODOHHI npaBui
onepanu#t, Hanpumep B ¢opmyae PasMEepHOCTH CHJIBl KaK mpo-
HSBELCHHS MACChl HA YCKODEHHE HE COLEPMHTCA YKA3aHHA Ha TO,
410 CH1a M ycKopeHHe CyTh BEKTODH, H YTO CPAaBHHBAKTCH MX
KOMIIOHEHTE B OLHOM W TOM )€ HaNnpaBleHHH. bBosee TOro, npa-
BHMA onepauui npu eHCTBHTENBHLIX M3MEPEHHAX HAXOLATCH B Ha-
WeR BNACTH H MOTYT H3MEHATHCHA, M MBI pasyMeeTcss NOCTYNHIH 6bl
HEDa3yMHO, He MeHfsl UX B 3aBHCHMOCTH OT NPEUMYILECTB, Mpea-
CTaBAAEMBIX CELMABHBIM XaPAKTEPOM NaHHOH du3HUECKOR CHCTeMbI
HIH npo6neMel, B noc/eayioimeM H3M0KeHHH MBI BCTPETHMCA CO MHO-
TMMH  3a1ayaMH, B, KOTOPHX BWIOZHO BHOPATH 0cobyi0  CHCTeMy
U3MepeHH#t, T. e. npasua onepauufl. PasAuuHBle CHCTEMBI HaMepe-
HUA MOTYFT OTJAHYAaTBCA Kaxk 10 X8paKTepy BEJHYHMH, KOTOpHE
YIOO6HO CYHTaTh MepBUYHBIMH U OMpENeNAIOMMUMH APYTHe, TaK M MO
HHCy BeNHYHH, M36HMpAEMBIX B KayecTe nepBHYHLIX, Bce 3aBHCHT
OT Xapaktepa 3amaud, M Hawma 00513aHHOCTb — BHIGPATh CHCTEMY
Hauayymum o6pasom npucnoco6eHHy0 K 3agave, ,
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BecMbIC/IEHHO TO3TOMY TOBOPH1bL: ,Takas TO Pa3MepHOCTb u-
3M4ecKof BeNMUHMHH®, ec/M OJHOBD:MEHHO He YyKa3aHa CHCTeMa
H3MepeHHuH, B OTHOWEHHH K KOTOPOH onpeleieHa Pa3MEpPHOCTb. ITO
He BCErad SICHO JAaxe TeM, KTO MpH ADYTHX YCAOBHAX nNpH3HAET
OTHOCHTeNbHYIO npupoay ¢opMya pasmepuccrd. Hanpumep B o -
KHHT3M B Physical Review 4,357, 1914 r. rosopur : ,Paccyxnenue
ToNbMaHa OCHOBAHO HA TPEANONONEHHH, 4TO A6COMOTHAS TeM-
nepaTypa WMeeT Pa3MEPHOCTh JHEPruw, 4To HeaonycTumo“. TolbMan
HOMycKaeT NpaBANBHOCT, Tako#f Toukk 3penns. (Physical Review
6,226, 1915r. [Mpumewanne). S nonaraio, 4to TonbMaH UMeeT NpaBo
NOJOXKHTh Pa3MEPHOCTb TEMIEPATYPhl PAaBHOM DPa3MepPHOCTH SHEPTHH,
eCM TOMBKO 3TO COBMECTMMO C (u3uyecKMMM axramud (Kak 8TO
NOBHAMMOMY HMEeT MECTO), M yLOGHO.

dra Touka 3peHun Ha NPUPOAY (OPMYAR PasMEpPHOCTH Npo-
THBOpEYHWT oOOGulenpuHsTodl W uacTo BhICKaskBaeMOH. Muorue ay-
MaioT, YTO GOpPMyAH  Pa3MEPHOCTER HMEIOT HeKHH COKDPOBEHHBIN
CMBIC/I, CBABAHHRIM C ,moclelHedl CYIIHOCTbIO“ mmpeAMeTa MU 4TO,
Hamucas (OpMyay Pa3MEPHOCTH, MB HECKO/JBbKO Ganie NMOAXOAUM
K MOCTHXEHHIO 3TOH CcOkposeHHOM cymmocTH. C 3TOH# TOuKM 3pe-
HUs B (opMyse pasMepHOCTe# ecTb yTO TO aG6COMIOTHOE, H C10BA
Bpojie ,DeajbHOH HE3aBUCHMOCTH® B BO3PAXEHHAX Pa6yminHckoro
Paneio no nosoLy 3agau¥ O TemomposomHocTH (r. 1) mpuoGpe-
taloT cMblcl, C 3TOM  TOUKM 3DeHHS BAXHO HAUTH HCTHHHYIO
DA3MEPHOCTb, 4 €C/M TAKOBas HallleHa, TO BO3HMKAET Hajewna OG-
HAPYXHTh HEUTO HOBOE OTMOCHTENLHO (HSMYECKHX CBOHCTB CHC-
Tembl. s TaKOro BO33peHMS BO3MOMXHOCTb CYLIECTBOBAHHS IBYX
¢dopMys pasMepHOCTH 1A ONHO# M TO# e (PHUSHUECKOH BeIUUMHBI
aBasgercd uywpoit. IlpuMupenHsa ¢ QaxkrTamMu HUyT HAa NyTH BBEAEHH:
TaK HAa3bIBAEMHX CKPHITWX pa3MepHocTe#t. CrieKyasilud Takoro posa
GraM 0cO6EHHO B MOJE B CBA3H C MPHPOAOR 3¢upa, HO, HACKOJBKO 5
3Ha10, HMKOIZA 32 3THM He CeJOBA/I0 HHUKAKOFO QH3H4ECKOrO OTKPhI-
THS, Ml 1 HE MOXEM €r0 OXHUAATh, €C/TH TO/IBKO Hall B3IVIAA NPABHJACH.

B npunioxeHnu K 3TOM raBe NpuBeldeH psA LHUTAT, XapaKTepH3yio-
IUX 3Ty TOYKY 3PeHH#, unu OJn3Kme K He#,

T[IPHJIOKEHHE K 'JIABE BTOPOH.

IluTaTe, HANWOCTDPUPYHWUIHE pasluyHule pacnpo-

CTpaHeHHHE TOYKH 3DEeHHMRs Ha TNPHPOAY Gopmyd
' PA3MEDPHOCTH.

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

" cTH BeJAHIHHEI, KAk O CHATOH (popmynupoaxe €e onpenencHHd H, C.’le}IOBE-
71eJ1bHO, KdK O BbIPAaXXCHHH CYLUECTBEHHBIX 4EPT €€ Q)HBquCKOl‘:( npupoast ™.

HOPMYNBI PAZMEPHOCTH 3i

A. Piokep (Philosophical Magazine 27,104, 1889): ,[Ipn BHuHCIEHHH
pa3MepHOCTEH (H3HYECKMX BEJAMYHH MBl HEPelIKO BCTpPeyaeMcs ¢ Heonpene-
JeHHbBIMH YPAaBHEHHAMH C ABYMS H GOJBILUHM YHCAOM HEH3BECTHHX. B Ta-
KUX CAy4YasX HYXKHO CAaeaaTb 106aBOLHOE NPERNOAOKEHHE, KOTOPOE COCTOUT
OGbIKHOBEEHO B TOM, YTO OAHA M3 BeJHYHH €CTb OTBJEHYEHHOE YHCAO. VIHBIMH
C0BAMH 5Ta BeIHYHHA HE UMEET PasMepPHOCTH.

PasmepHoCTH 3aBHCHMHX Mexay c060I0 €IHHHL, BHBOAMMbLIE Ha OCHOBE
TAKOTO NPEANOJOKEHHS, O9EBHAHO HCKYCCTBEHHB! B TOM CMBICJE, 910 OHH He
00653a1€1bHO OOHAPYXHBAIOT CBOI0 HCTHHYIO CBA3b C MaMHOM, Maccol M
BpeMeHeM. OHH MOTYT CAYXHTb LSl IPOBEDKH NPABHABHOCTH OOGEHX gacTel
yDPaBHeHMs, HO He YKashiBalOT Ha MEXAaHHYECKYI0 NPHUPOLY NPOHM3BOLHLIX
efHHHI, K KOTODbIM OHH OTHOCATCcA. [lo 3TOH NMpHUMHE CMBICA HX 4acTo
HEsCeH*,

B. Buabsamc (Phil. Mag. 34, 234, 1892): ,MicKyccTBeHHOCTb STHX CH-
cTeM (24eKTPOCTATHHECKOH H 3N1eKTPOMArHHTHOH) SIBCTBYIOT M3 TOTO, YTO
KaX/Jas# H3 HHUX Kak GyRTO-OBl BHIpaMaerT abCOMIOTHEIE DPa3MEPHOCTH pas-
JAHYHBIX BEAMIHH B TepmuHax L, M u T. Mexay TemM MH oxHIaeM, 41O
abconioTHasl pa3MEpPHOCTb GH3HUECKON BEHIHHE MOXET OLITh TOALKO €IHMH-
crBeHHoH, M3 3akona and MexaHumweckoit CHAB MEXAY ABYMS NOJIOCAMH
MBI NOy4aeM:

1 m2 /
f=P-_fT HIH m=rV wi,
9TO HMeeT KakK KayeCTBEHHOE, TaK H KOIHYECTBEHHOE SHaYeHHe, H CTalo
6bITh, JOMKHO UMETb MECTO PAaBeHCTBO pasMepHocTe#t o6enx cTopoH. Ta-
KUM cmoco60oM MBbl noJsydaeM 1Be Pa3aH4Hbe a6COIIOTHLIE pA3MEPHOCTH Aas
OJHOK M ToH e QHuaHueckolt BEJAHYHHH], OpHYEM KaxXAas AONYCKaeT CBOIO
$hH3HYECKYI0 HHTEPNPETALIHIO,

PopMyna pasMepHOCTH (H3HUECKOH BETHYMHH BHPaKaeT YHCIEHHYIO
3aBRCHMOCTh €IMHHMIb AaHHO! BeJHUHHH OT MEPBHYHHX M BTOPHUHBIX €]H-
HUI, H3 KOTOPHX OHa BhBeAeHa, [IokasaTean pasAMYHHX eAMEHLI B dop-
MyJ€ H HasHBalOTCA Pa3MEPHOCTHIO BEAHYMHH B OTHOLUEHHH K 3THM enH-
HHUAM, B 3TOM y3kOM cMuici€ ¢OpPMYJABl YKa3bBalOT TOAbKO YHCAEHHBIE
CBA3H MexXAy Pa3THYHbIMH e€AWHHUAMH. BOaMoxHO, ogHaKo, paccMaTpHBaTh
BONPOC M ¢ 6onee IIHPOKOR TOUKH 3peHMs, Kak ObIO YKa3aHO B CTaTbe
npogeccopa Piokepa. POPMYJAB PasMEPHOCTH MOTYT HHTEpPNPETHPOBATHCH
KaK BhIpaeHHe (OH3UYECKHX TOXAECTB PA3IHYHHIX BeJHYHH, KaK [OKa3a-
TeAb HalRX NpeAacTaBAeHHi 06 Mx ¢usHyeckod nmpupoie (pasyMeeTcs B
TEPMHHAX APYTuX, 6oJee OCHOBHHX NpPEACTaBIeHHH), OHH NOCTPOEHbI TaKxKe
KaK XUMHUeCKHE GOopMyabl, YKashBalOIHE COCTaB H XMMHUECKOE TOKAECTBO.
Takas Touxa speHHs Gesee rAyGoka M GyHIAMEeHTaAbH3, H NPHMHTHBHOE
YnCI0BOE 3HaYeHHE HOpMYya Pa3MePHOCTH, KAK NMPOCTOrO OTHOLIEHHS Mew1y
€1UHHIIaMH, CTAHOBHTCA BTOPOCTENEHHBIM,

BoaaukaeT Bonpoc, KaKk YAOCTOBEDHTbCA B NPABUAbHOCTH BbIPaKEeHHS
(H3HYecKOH BeAHIHHH P Y3HAaTh 3TO BOAMOXHO NO (BHYTPEHHEMY) CTpoe-
HHIO egMHHMLbl JaHHON BEAMYMHL H3 OCHOBHBIX eAHHHI L, M u T, a ne Toanko
NQ H3MeHEHKIO BEJHYHHH B 3aBHCHMOCTH OT 3THX EIMHHIL

To, uTo dopMyan pasMepHOCTH OeHCTBHTENBHO pacCMaTpHMBak TCA C
3TOH Go/ee BLICOKOM TOYKH 3peHHS Kak Heul10 Goabuiee, "UeM NPOCTHE
nOTHOIEHHA H3MEHEHHA* MeXAy eAHHHLAMH, BHAHO M3 OLIYILLEHHMS 3aTpy-
AtleHHs, KOr4a PAa3MEPHOCTH ABYX PA3MHUHBIX BEAHYHH, HAMPHMED MOMEHTA
H paboTH, COBNARAIOT®.
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C. ToMnco i, DIeMEHTaPHbIE YPOKH N0 3AEKTPHUECTBY M MArHeTH3My
cTp. 352: ,Kaxercs 6eccmmcneuﬂmm, YTO MOTYT GbiThb [B€ PasaH4HbIE efH-
HHLbl 3J1EKTPHYECTBA".

P. deccennen (Phys Rev. 10, 8, 1900): ,Pasnuuyde Mexay dop-
MYJ0# DasMEpPHOCTH M KadueCTBEHHOM (popmynon HAH KauecTBOM HeKOTOpOH
BEWM COCTOMT COMMACHO OMPENE]EHHAM BhILIE UHTHDOBAHHHX aBTOPOB B
TOM, 9TO Pa3MEPHOCTH ,IIPOM3BOJABHE®, ,ABASIOTCH TOABKO PesynLTaToM of-
peneneHHs M NMOJHOCTbIO 3aBHCAT OT NMPHHATOH CHCTEMH eXMHHML®. Mexay
TEM KauecTBO e€CTb BbiPaKeHHe abCOMIOTHOM NMPHPOAK, OHO HHKOTHA HE Me-
HfeTca npu ao6of cucreMe eguHuu. Jas Toro, 4yro6el 3TO GHIO TaK, MbI
He JO/MXHbl NpeHeO6perats HY OZHHUM KATEeCTBOM®,

TAABA TPETHSA.

O NPUMEHEHUN $OPMVY/I PASMEPHOCTH [IPH
- 'BMEHEHWW EJIMHHULL,

Mu Buzenu B mocienHeft riase, kak noJy4aroTca Gopmyan pas-
MEPHOCTH HEKOIOpOH BelMHYHHbI NPH TOMOUIM BeJH4YMH, H3OPaHHX
no ONpegeseHHI0 nepBMYHHIMH, Ham MeTond aHanusa nokasan TaKwe
CBA3b MEXKAY YMCJIOBBIM 3HaYEHHEM NPOU3BONHON BeJTHUHHH U BENTHUHH
nepeuyHux. Ecau Hampumep AMMHA BXOAMT B HGOPMYNY Pa3MEPHOCTH
B NepBOft CTeneHH, TO MBI 3HAaeM, YTO YHCJIO, U3MepsAlolilee 3Ty BeaH-
YHHY, YABAHBAETCH, €C/H €IHHHUA AAMHB YMEHBILAETCA BABOE; HHAye
rOBOPA, YHC/IOBHE MepH HAXONATCA B OODAaTHOM OTHOIUIEHHH K pas-
Mepy eIWHHUH, BO3BEIEHHON B CTeMeHb, YKa3aHHyld B ¢dopMy’e
Pa3MEPHOCTH,

PaccMoTpuM KoHKpeTHufl npumep. Kakoso 6yneT 4YMCIeHHOe 3Ha-
yeHHe ckopocTH 88 ¢yroB B cekyHAy, €ClTH ee BBIDa3HTh 4Yepes
wuiM B yac, Popmyna pasmepHoctd ckopoctd — LT—!, Ecan enu-
HHLA IJMHB YBEeNUUHBAETCH B OTHOLIEHMM MUAM K dyTy, T. €.

5280:1, TO CKOpOCTH HaZO YMHOXHTHL Ha TaK Kak AJHHA

1
'5280°
BXOAHT B ¢OpMyJy pasmMepDHOCTH B nepBoit cTemenH. TouHO TaKKe,
€C/IM eIMHHMLA BPSMEHH YBelHueHa B OTHOLUEHMH 4Yaca K CEKYyHIe,
T. e. Kak 3600:1, To ckopocTs momxHa 6T yMHOXeHa Ha 3600,
n6o Bpems BXOOMT B GoOpMyady pasMepHOCTH B cremeHd — 1, Jas
nepexona OT (YTOB B CEKYHAY K MHJAM B 4YaC M LOJMKHH CIel0-

BATe/bHO YMHOXHTb YUCIOBYIOC BEJHYHHY CKODOCTH Ha %%, B Ha-
WeM cayyae CKOPOCTb BHIDA3UTCH Kak 88;;:50—0_-60 MHIb B yac.

PeayabTaT aTux AeMcTBHA MOKeT GbITh 3HAYHTENLHO KOHLEHTPH-
poBaH W ympolleH NC BHAY CieAyiOlleR 3amuChIo :

byTH 1 oyr 1/5280 muau 3600 muam __
88 ek CEK. =88 >‘ CeK, =88 ><1/3600 gaca 88 5280 wacm
— go MuaH
77 gqacH *

Bpugxuen, .8
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Heckonsko BAyMHBasick B CBs3b GOPMYyJH DPa3MepHOCTH C Heft-
CTBHAIMH, NMOCPEICTBOM KOTOPHX MO/JAY4YaKTCA YHCAA, H3MEPAIOIIHE
n:00y10 Pu3MYecKyl0 BeJHYMHY, MH Cpa3y BHINM, YTO YKa3aHHHIH
npueM fBasercs obwuM. Moxuo moAyyHTh /1060€ HOBOE 3HAYeHHE
B HOBBIX eIMHHLAX M3 MPEXHHUX 3HAYEHUH, mpumeHas HopMmyay pas-
MEPHOCTH TOYHO TEM Xe CIOCOOOM.

OTOT MeTOA mnpHMeHeHHs (OPMy] PasMepPHOCTH HaCTO BeChMa

yaobeH M sBiseTcs MpPOCTeMLIHM M HaHOOJee HANEXHEIM CMOCOGOM
H3MEHEeHHA EIMHHII H3 TeX, KOTOpbleé MHE HM3BECTHHL.

Onepupys TakuM 06pas3oM ¢ ¢GopMysnaMH Da3MEPHOCTH, MbI MPH-
MHCEIBAEM UM HEKOTOPYIO BeleCTBEHHOCTb, MOACTAB/sAS BMECTO CHM-
BOJa MePBMYHOH eNMHHMIL KOHKPETHYIO MPHUMEHSEMYIO EIMHHIY H
3aMeHss ee apyrofi, et ¢dmsudeckd skBHBajeHTHOH. llnaue rosops,

Mb! o6paiiaeMcs ¢ GOpMyJoH pa3MepHOCTH TaK, Kak 6yATQ OH OHA H30- |

GpaxkaeT omepalMH, JeHCTBUTENLHO DPOU3BENEHHHIE Hal (H3HUECKH-
MH [peaMeTaMH, Kak GyaTo Obi MBl B3A71H ONpeNeNeHHOE YHCAO Y-
TOB M MOJENNIM €ro Ha ONpeleNeHHOE YHMCIO CeKyHn. PasyMeercs
Ha CaMOM Jeje Bce 3TO He gejaercd. He uMeeT cMeicia TOBOPHTb
0 He/eHHH IJIHHH Ha BpeMs ; B IeHCTBHTENLHOCTH MK ONEPHPyeM C
YUCIaMy, SBIAIOUIMMHCS MEPOK 3THX BEeJIMYMH. DTOT YCJOBHHHA cro-
co0 BHIPAXKEHHA MO3BOJHTENEH, OIHAKO, B TOM Cayuae, e€C/M OH AaeTr
3HAUYMTENbHBlE TPEHUMYLIECTBA; He C/ledyeT BIPOYEM JAyMaThb, 4TO
IpH 3TOM MHl OMNEPHPyeM ¢ (QH3HYECKHMH MpeIMETaMH HE CHMBOAH-
YecKH, 4 KaK-HHOyIb MHaue!).

D10 cBOHCTBO dopMyn pasMepHOCTEH YyKashnBaThb H3MEHEHHE YH-

CJ1I0BOro 3HAYEHHS B KaXIOM KOHKDETHOM Cjayd4ae, Koraa H3MeEHs- [ ]

eTcs pa3Mep NePBHUHBLIX eAHHUL, NO3BO/SET GOPMYNHPOBATL CleNy!O-
LIyI0 TOYKY 3peHHs Ha nmpHpoLy (OpMy/sl Pa3MEPHOCTH, BBICKa3aH-
Hyto HauGonee mpocrpaHHo Jlxemcom Tomconom B Tpynax
Bpuranckoit accoumaunu 3a 1878 r. crp. 451. Ero Barasn corna-
cyeTcss ¢ HOPMyNHPOBAHHEIM Bbillle B CJAENYIOLUEM . He HMEET CMbICAA
rOBOPUTL GYKBANbHO, 4TO, HAMpPHMEP, CKOPOCTb PaBHA JJIMHE, AeNeH-
Ho# Ha Bpems. Mm He MOXeM NpOM3BOAMTHL alre6paHyecKHE oOne-

pauxy Hajg q)HSH'-XECKHMH INHHaAMH, TOYHO TaKX€ KaK Mbl HHKOrAA |

He MOXeM pas3leluTh 4ro-Hubyib Ha dusuueckoe Bpema. Jlxkemc
AAHH&

TOMCOH MpeANOYHTAET 3AMEHHTE BHPAKEHHE: CKOPOCTb = Bpews

6oJsee NPOCTPAHHBLIM YTBEPHKACHHEM :
H3MEHEHHE OTHOIUEHWS AJUH
M3MeHEHHe OTHOLUEHHA BreMeH’

H3MEeHEHHe OTHOLEHHA CKOPOCTel —=

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

1888.
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Pasymeercs ToMcoOH He cTan 6n HacTaWpaTh Ha NpHMEHEHHH
9TOrO LIMHHOTO M HEYK/IOXEro BHPAXKEHHA HA MPAKTHKe, HO AOTrOBO-
pUBIUACE OIMH Pa3 HaBcera, paspewwa 6W HAM NHCaTh GOPMyaAHl
pasMEPHOCTH NPHBHIYHEIM CHOCOGOM.

Takan TOuKa 3peHWs KaxeTcs BROJIHE BO3MOXHOH, a B OTHOLIe-
HHM QE3Y/bTATOB €€ He/Mb3Sl OTAHYHTL OT B3MAAAOB, H3/MOMKEHHHX
mHow. OnHaKo, MHe KaweTcd, yro paccMaTpuBaTh CHMBOJBL (OPMy.
pasMEPHOCTH, KK HAMOMHHAHHE O MPABHNAX oOnepauuil, QU3HYECKH
MPUMEHEHHEIX TIDH TIO/JY4eHHH YHCI0BOH MepH BeAHYHHH, — 3TO SHa-
UHT YAEPHKHBATHL HECKOAbLKO 60Jee TECHYW CBA3bL ¢ AeHCTBHTENbHON
¢pusnKolt nonoxenus. Cuutath CHMBOME GOPMy PasMepHOCTH TOJLKO
NMPeACTABHTENIAMH MHOXWTENeH, NPHMEHAEMBIX NPH H3MEHEHHH ONHHX
eIHHHI HA Ipyrue, ecTbB GOJbILER MAM MeHblueH CcTeneHu codusm
HeMOCPEACTBEHHO HE HHTEPECYIOLIHA Hac Npu nepBoM 03H3KOMJ]€HHP;
C sBJICHHEM.

TloMumo kaacca uaMeHeHHs exuHHL, PaccMOTPEHHOro BHILUE, rae
MSMEHSIOTCA TONBLKO PasMEpHl NMePBHYHHIX ENMHHL, HYXHO paccMo-
TPETb W IPYrO#t KJ4CC M3MEHEHHs, B KOTODOM MePBHUYHbE eIHHHLE
MEHAIOTCA He TO/LKO NO pasMepy, HO M 1O Xapakrepy 1), Hanpumep
B Haulefl OGLIYHON CHCTeME eNMHML HBLIOTOHOBOH MEeXaHHKH MBI cnm-’
TaeM MEPBUYUHLIMM EAMHHLAMH MacCy, AMHHY H BDEMS, MeXIy TeM
XOpOHIO H3BECTHO, YTO MH C PaBHHIM NPABOM MOXEM CUMTATDH nep-
BHYHLIMH CUAy, LIHHy 1 Bpems. TakuM 06pa3oM MOXHO BCTpeTHTHCH
HANPHMED, C 3anauell Takoro poja: Kak BHPA3HTH KHHeTH‘{ECKyK;
oHepruio B 10 2 ex® cex. % B cucTeMe, B KOTODOH enMHHLAMH 7B-
TAOTCA: 'OuHa, cx U cex?

3nech oyesMmHO mepenseTaloTcs IBe 3ajaun. Onua COCTOHT B
ToM, YTOGH Ha#tti dopmyny Pa3MEPHOCTH KHHETHYECKOR SHepruu
OTHOCHTE/IbHO CHJIB, AMMHBI H BpEMEHH, APYrad 3ak/AiouaeTcs B Ha-
XOMIEHHH HOBOTO 3HAYEHHS! YHCJOBOrO KosdQuUHeHTa 18 Toft
HaCTHO# CHCTEMBl, B KOTOPOH €NHHMLIA CHAB €CThb AHH3, eIHHHuA
ATAHLL -— CAHTMMETD M €IMHULA BPEMEHH — CeKyH1a.

[TpeoGpasosannas dopmyaa Pa3MepHOCTH NMONYHAETCA JIErKO, €CAH
PACCMOTpeTL Moc/en0BaTe/IbHHE CTaAMH NEpPeXoja OT ONHOMN CHC,TeMbI
K Apyrol. [lepexon pasymeercs momkeH NPOH3BOAUTLCA TaKWM 06-
Pa3oM, 4TO6H aBe CHCTEMB GHIM COBMECTHH OIHA C apyro#t, Tak
€CIH Cuna pasHa Macce, yMHOXeHHOH Ha YCKOpeHHe B onHOH cu-,
CTeMe, OHA NO/MKHA DABHAITHCA TOMY e NDPOHSBENCHHIO H B apyrofi
CHcteme, Ecin 6 310 6wisio He TaK, MBl HMeIH OB [el0 TOJLKO
¢ dopManbHEM H3MEHEeHHeM, H BEIHYWHA, HA3WBAEMas CHJAOH B OHOH

_—

') A. Buchholz. “nnalen der Physik, 51, 678, 191.5.
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CHCTEMe, HE COOTBETCTBOBAJAa GH TOMY e CaMOMY (PU3HUECKOMY
KOMIVIEKCY B ApYro#f cucreme, 3Ta CBA3b CHAW M MaccH B IBYX
CHCTeMaX BWTOJHSAETCH NpUMEHeHHeM mnpocTo# aiare6pu. B mepso#t
CHCTEME MH ONpelelsieM CHIY KaK Maccy, YMHOXEHHYIO Ha yCKoOpe-
HHe, BO BTOPOM — Macca onpelensieTcH Kaxk CHja, NeNeHHAas Ha yCKO-
peHHe. TakuM 06pa3oM BTOpPHYHAA BeJHYMHA B KaXIOH CHCTeMe
BBIPAXAETCA Yepe3 MepBHYHbIE BEJHYMHBI CHCTEMBl H 06€ CHCTEMBb
COBMECTHBI. .

[IpaBunbHOE COOTHOLIEHHE Mexay GOPMY/aMH PasMEPHOCTH ABYX
CHCTEM MOXHO MpPOCTO YCTaHOBHUTB CJeNyIOLIHM O06pasoM: cocTa-
gasiercs QopMysa pasMepHOCTH B MepPBOH CHCTeME M pa3pellaercs
OTHOCHTENbHO BENHYHHBI, KOTOpPas BO BTOPOH CHCTeME CYHTAeTCH
BTOPHYHOH, :

B namem yacTHoM cayuae

B nepBo#l cucTeMe: cuma = MLT—2,
BO BTOpOM cucTeme: Macca= FL™' T2, ¢

ﬂpeo6paaoaaﬂne YHC/JOBOIY 3HAYECHHUA MPOUCXOAHUT TOYHO TaAK XKeE -

KaK ¥ B PaCCMOTPEHHOM NpHMepe, €C/M CYNTaTb CUMBOJE pa3Mep-
HOCTM Ha3BaHMA HCTHHHHX BeJHYHH H BETHYHHY, MNOMLTEHALLYIO
MCK/IQUEHHIO, 3aMEHHTh ee 3HaYeHHeM B HOBHIX eiuHMuax, [TosHoe
pellieHHEe MMeeT CJefOBATENbHO TAaKOH BHI:
pole@em? _
(1 cex.)?
Ham HyXHO fpefae 8cero 3HaThb DPa3MEPHOCTb 1 2 B e[HHHIAX
Ourna, cM N cex.

Hmeem: .
' 2 1lcu
1 duna = e
T. €.
12— 1 duna (1 cerc.)2'
1 cu
Orkyna:
12 (1 cu) ., 1 Ouna (1 cex.)? (1 cu)?
10 (1 cex.? =1y 1 cx X @ cex.)? 10 odux. ca.

PeayabTaT — B NpaBHABLHOCTH KOTOPOro Mul yGexaaeMcs Heno-
CPeaCTBEHHO.

PaccMotpum Tenepp o6wmi cayyalf, KOrma HaM HYXHO OT CH-
CTEMbl C OCHOBHHMH enHHuliaMH X, X,, X, nepedATH K cHCTeMe
C OCHOBHRIMK eiMHuLamMu Y, Y,, Vi,

Ipexne scero Hy)I(HO HalitH GOpMyJbl pasMepHOCTH Yi, Y2, ¥4
B eAMH#uIax X,;, X, X,
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[Tycts pasmepHOCTy Y| 6yaeT ay, as, asi Yo— by, by, b V3—
¢y, C3y €3 OTHOCHTENBbHO Xy, Xy Xj.
B xamIooM onpefefeHHOM C/Ayuyae MOXHO HAMHCATh:

C, Y, =X" X" X3,
G, }’2=X11J1 X2b' X.ab“,
Cq y.%:X10l ch’ X'
rae C— YHCIOBHIE MHOXHTEAH. DTH ypaBHeHHs HeOOGXOAMMO pas-
peliath OTHOCHTeNbHO X &
JlorapudMupyem:
a, lg X,~}ta, lg Xo4a; Ig Xy=1g C, 1y,
by 1g X6, 1g Xo-+05 1g Xg=1g C, Vs,
¢ 1g X1 1g Xatc5 1g Xy=1g8 C3 V3.
DTO — JIETKO Da3pelMMble. JHHEHHHE YPABHEHUS OTHOCHTENBHO

norapucMoB.
Ona X; monyuaem:

b, b, Jc, [ a, a,]
€3 Ca) 8y 8y b) ba
H _A—’
X1=(C, YY) (CoYy) G 1) *
B sToM pemennus A 0603HayaeT AeTEPMHHAHT.
al g Qg
A= bl b2 bs
€1 €y (g

3Hayenus X, U X; Moay4aioTcs KpPyroBo#t MONCTAHOBKOH,
Paccmotpum npumep, Kakoe aHaueHHe TPHMET KOJHYECTBO HBH-

' MH
xeHHa B 15 monn (Macca), yMHOXEHHHX Ha

aic
S B CHCTeNe, 0CHOB-

HHIMH e[HHWLAMH KOTOpO#A #aBasiorcd 2 HP (JOmamgHHLX CHAR),
3 dyra B ceK. ¥ 5 3pr. DTO — HOCTATOYHO CJIOKHHLIN Ccayuah,

O603Hauum:
Y1=2 HP;
Yp=3 oyT ¥, = 2H.P. =2 X 3 3000~ BT (cnaz) 1 ¢yt
ceK 1 MHH.
Y;=135 apr.

CHavana HyxHO nepeBecTH ¢YHTH (cuab) B GyHTH (Macchr),
PyHT CcHAW 3TO ecTb CHaa, coobulalomias Macce B ONMH GYHT
byt

cex?®

yckopenue 8 32,17
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T. e ’
! dynr (cuasr) = 32,17 1 dyur (Maqcu)l dyr.
(1 cek.)?
Hanee;
Y, = 66000 - 32,171 $YHT (waccu)-1 dyr 1 dyr
(1 cek.)? 1 Mul -

1 1
#5gn TOHHBI | =5 MHJIN )?
52810 i (5?80 )_ — 2,962 10¢ TOHH MHAB!
3600 qac. ): ) qac, i
uan B o6blyHOH GopMme

= 32,17 . 66000

3,380 - 10™° ¥, — Touuu ™" Muan? uacu ™.
ToyHo Takme :
| -
y,—3®T 3 5280 muan __ 45 Mpau
) = = =
22 nacw

cexK, 1
- 3600 CeX-
0,4889 Y, = toHHn® muan! vacw ™',
Touno Tak e

Y;—=53pr—5 12 (1 en) —5 2,103-10— ronn—¢ (6,214-10—6 Muau)?
(1 cex.)? <

_1__ ac)?2
3600 ° C)

HJIH

3,622 - 108 Yy = ToHHW! MuAM? +ach

Iepenuwen ewe pas Hawy cucTeMy ypasHeHui:
3,380 - 107° ¥, = ToHHm! MuaM® uacu ™
0,4889 Y, = ToHHH® Munu! vack " |
3,622 . 10® Yy = ToHHb! MHan® uace >

’

Pewaem ypaBHenus OTHOCHTENBHO TOHHW, MMM M 4acoB, Bbipa-
Mas ux uepes Y, Y, V,,.

Hafinem chavana meT:pMuHaHT nokasarene:

12—-3
A= |01—1| =1
1 2—2

Monyyaem ouenb oTpaaum# mpocroit pesyabTar,
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Ha ocmoBaHMM 061uero MeToa pEeUIEHHA HMeeM:
1 TonHa = (3,380 X 107°¥,)0 (0,4889 Y,)™? (3,622 < 108Y,)
]‘ MH”H =( » )—1( ” )+1( ” ) +1
1 vac =( , G L , ) T
WIH, YMNpouas, HaXOAMM:
1 touna = 15,16 - lOf*Y{2 Ys,
1 Mans ==5,223 - 102, ¥, Vs,
| wac =1,069 .10y, ¥,
OKoH4aTenLHO nOJyYaeM:
TomA. man __ (o 15,16 X 5223 X 10° v,7, v, Y,
qachl _ © 1,069 X 1013 ' Y, Y,
=1,112 X 10107, ¥,
_ 5 spr
= 1,112 1010 S0

3 cek.
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B 3TOM M COCTOMT HCKOMBIf OTBET. 3aMeTHM, 4TO B peayJbTare
COLEPATCH TOABKO [BE HOBHIX €IMHHMILB BMECTO TpEX, BHIIAN0
.2 H. P¢ Pasymeercs 5TO BO3MOXHO TOJbKO B YaCTHOM CJjyuae.
MoxHo 6nio 66 IyMaTb, YTO 3THM OOGCTOSATENbCTBOM CJ€L0BaN0
BOCMOJB30BATECA LI COKDAIIEHMA BHUYMC/IEHHH; 9TO ONHAKO HE TaK,
BCE MHOXHTEIHM, CBA3BIBAIOIME TOHHY, MHIIO M 4YaC C HOBHIMH €lH-
HHLAMH, (QHUTYPHPYIOT B pe3yibTarTe.

Cnexyer caenars ABa 3aMEuaHHsi MO MOBOAY YKA3AHHBIX 1peod-
pasoBaHuy, Bo-nmepBhix, He Bceria BO3MOXEH MNepeXoi OT OAHOH
CHCTEMbl eIMHHLUB K APYro#f, Heo6X0AMMO YTOGH BEIMOMHAJNOCH Ofpe-
meneHHoe ycnoBHe. OHO COCTOMT NPOCTO B TOM, UYTO YpaBHEHus,
BBIDAXKAIOIIME eJHHHIB OJHON CHCTeMH uyepes eAMHMUBl ApYro#,
LOMKHB HMETh pellleHHe. DTO YCJAOBHE PABHOCHILHO TOMY, 4YTO
npeo6pa3oBaHHbie ypaBHEHHs HOCAe JIOrapuMHPOBAHHS HMEIOT pe-
HIEHHE; €LIe HHAYE 3TO YCJIOBHE COCTOMT B TOM, YTO CHCTeMa JIH-
HEHHBIX ypaBHEHWH HMeeT pPellleHHe, T. €, YTO JeTePMHHAHT K03(du-
LUMEHTOB 3THX JIHHEWHBIX YypaBHeHu# He paBes Hymo. Tak Kak
KO3(PUUHEHTH HAWHX JHHeRHbIX ypaBHenu# (mocne Jnorapudmupo-
BaHMs) ABJSAIOTCA MOKA3aTeNAMM B MEpPBOHAYAIbHBIX (opMynax pas-
MepHOCTelt, TO Hallg YC/IOBHE DPABHOCHIBHO CleLylouieMy: OJemep-
MUHQHM noxazamenell GopMys pasMepHOCMEr OCHOBHy X BeAUHUH
00HOU cucmeMu He OOAMCEH PABHAMLCA HYAK 8 Opyeol cucmene.
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[ToaTomy, xenass BRIMOMHMTL NPeo6pasoBaHHE, MBI AGIXKHBI CHA- |

yajna y6eduTbCS, BO3MOXHO /M OHO BOOOGIUE, A5 HYero HYXHO CO-

CTaBUTb ZETepMUHAHT noxasaTenelf. Ecau mocaepuntt paseH Hymo, TO |

npeo6pa3oBaHME HEBO3MOXHO. DTO 3HAYXUT, YTO OHA H3 HOBHX EIHHMUL,
Ha KOTODHIX Mbl XOTHM MOCTPOMTh HOBYI CHCTEeMY H3MEDEHHH, He
IBAeTCH He3aBHCHMOH OT OCTajeHuX, Ecau 6H, Hampumep, B Haulel

3ajmaye Mbl B3SAM BMECTO ,5 3pr* B KauecTse TpPeThEM ENMHHIE

HOBOH CHCTeMbl ,5 IMHY, MBl OH HAlIM, YTO JETePMHHAHT paBeH
Hy/0, H Npeo6pa3oBaHHe CTANO0 Obl HEBO3MOMXHHIM., DTO fICHO M M3
IOpyrux coOGpaxeHUit: JNOWANNHAS CHAa ecTb pAaGoTa B edUHHLY
BPEMEHH U HMEeT PA3MEPHOCTb MPOM3BENEHUA CHUJAH HA CKOPOCTh,
NO3TOMY TpepnaraeMas TPETbl €AMHHLA, HMEKOIAsds Pa3MePHOCTb

CH/bI, MOXeT GHITh [OJyyeHa HeNEHHEM IepBOH Ha BTOPYIO elu-

HHUY, M, CEN0BATeNLHO, 3aBHCHT OT HHX.

BTopoe 3ameyaHue COCTOMT B TOM, YTO HOBas CHCTEMa eIHHHL
DO/KHA CONEPHKATb TAKOE e YHCAO OCHOBHHIX €AMHMIL, KaK H TNep-
'Bas CHcTeMa, Ecan 3TO He TaK, TO, 33 MCKIIOYEHHEM OTHENBHHX

cnyyae, MH OyneM MMeTb GO/blUee WM MeHbliiee YHC/IO yPaBHEHHH,

yeM Tpe6yeTcs Aif BHIPAKEHHS HOBHIX EIOMHHMII 4Yepe3 MpEWHHe,
B nepsoM ciyuae pelueHMe HEONMpelNeNeHHO, BO BTOPOM pELUEHHS
BOBCE HET.

F'TABA YETBEPTA A
[TI-TEOPEMA,

Bo BTOpOH r/aBe MBI BHIENH, uTO HOPMy]bl Da3MepPHOCTH BCEX
BEHYMH, C KOTODHIMH MPHXONMTCA MMETh Nel0, MOTyT OuTh npel-
CTaBMeHH KAK NMpOU3BENEeHHA OCHOBHBIX ENHMHHML B HEKOTOPHIX CTEme-
nax. [lepe#izeM Tenepe K PacCMOTPEHHIO BHIBOZOB, KOTOPble MOXHO
CHeNaTh HA OCHOBAHWU STOTO OTHOCHTENBHO (GOPMH COOTHOLUEHHH
Mewly pAas/UYHEIMH HM3MEDHMEIMH BEIUYHHAMH siBeHHH MPHUPOIHL

Bo BTOpOH T/aBe Mbl BHIENH TaKiKe, YTO 3TH (YHKUHOHANbHBIE
COOTHOILEHHS MOTYT, MO KpaliHet Mepe B HEKOTODBIX Cly4asx, mo-
MHMO H3MepHMBIX BEJIHYHH, CONEpPKaTh TaKke TAK HA3LIBAEMHIE Da3-
MepHEE MOCTOAHHEE, Mbl BCTPETH/IMCh C ABYMS TaKHMH TMOCTOSAH-
HHIMH — TOCTOSIHHON TATOTEHHS ¥ CKODOCTHIO CBETA B NYCTOM MNpo-
CTpaHCTBE— M NPHMHKCATH KM TAKiKe PasMepHOCTb, OUeHb CylwecTBEHHO
OTMETHTB, YTO (HOPMYJBI PA3MEPHOCTH STHX MOCTOSHHBIX GhLIIH TOTO
e THMA, KAK M y HM3MepAEMBIX BeJHYHMH, T. €. OHM HMEIH BHI Npo-
W3BEIEHUH OCHOBHHIX .BE/MYMH B HEKOTOPHIX CTemeHax. DTO He cay-
ua#HOCTb, HO ABASAETCA MPAaBHAOM AAd M0GHX PasMepHEIX MOCTOSH-
HBIX, C KOTOPHIMH MPHXOIWTCA MMeTb neno. JlOKasaTelbCcTBO STOrO
Mbl HaguM TO31Hee, INOJyUHB HECKONbKO 60/ee OTYETIMBOE Mpel-
CcTas/leHHe O MPHPOIE Pa3MEPHHX MOCTOAHHEIX. TOYHO Tak xe nosa-
Hee MH pa3fepeM M Kaxylieecd HCKAIOUEHHE, TAK HA3RIBAEMYIO JIO-
rapudMuyeckyo nocrosHHyio. OIHAKO, yKe Tenepb MOXHO 38METHTb,
YTO OAMH KIACC PA3MEPHLIX MOCTOAHHBIX JAOMKEH ObHTb HECOMHEHHO
yxasauHo# cdopmbl. Mpl 3HaeM, 4TO IMIHPHUECKOE YypaBHEHHE, 3KC-
NEPUMERTANLHO NPOBEPEHHOE W3MEPEHHAMH B OMpEie/eHHOR CUCTEME
eIMHHII, MOXET OHITb PacnpOCTPaHEHO Ha eAMHUIH /11060ro pasmepa,
ey K KaX10H H3MepeHHOH BEJIHYMHE BBECTH MHOMXKHMTENb — pasMep-
HYIO MOCTOSHHYIO C Pa3MEPHOCTHIO, OGPaTHOM pasMepHOCTH H3MeE-
pennoll BeamuuHl. [TockOALKY (OpMyJa PasMEPHOCTH KaXKOR U3Me-
PEHHON Be/IMUMHEI €CTh NPOM3BEACHHE NIEPBHYHMX BEJHYHH B CTENC-
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HAX, MOCTOMBKY HMX OGpaTHble BeJHYHHBI JOMKHE 061a1aTh TaKHM
e CBOHCTBOM, T. e. TeopeMa N0Ka3aHa AA LaHHOTO CHeHalbHOro
Knacca pasMepHbIX MOCTOMHHHIX. Mbl npeanosoxuM, moka 6es goKa-
3aTe/bCTBA, YTO ITO MOJOXEHHE BEPHO B OTHOLIEHHH BCEX pasMep-
HbIX MOCTOSHHKIX,

[Tycte nmeercs GYyHKLUMOHANLHOE COOTHOLUEHHE MEM(IY HEKOTO-
PHIMH H3MepPEeHHBHIMH KOJMYECTBAMH M DPa3MEPHHIMH MOCTOAHHBIMH.
[TpennonaraeM, yTo ¢GODMYJAB DPas3MepPHOCTH BCEX STHUX BeJHYHH,
BK/I0YAS M PasMepHEIE [OCTOSIHHbIE, HW3BecTHbl. [Ipednosodxcun oOa-
Aee, ¥Mo coomHouienue umeem maroll aud, xomopwl gHopMaALbHO
OCMAemca Heu3IMeHHbM npl 21000 M UIMEHERUL PA3MEPO8 NePBULHHLY
eGuruty. YpaBHeHue Takol GopMbl GyneM Ha3biBaTb ,704HBM" 1). Mbl
BHENH, YTO BOBCE HET HEOOGXOAMMOCTH, YTOGH ypaBHEHHe MPaBUALHO
H aI3KBaTHO Bhipaxamollee dusnueckue (akTsl, ObIIO MOMHBIM, XOTH
ofpaTHoe TONOWeHMe He/aeTcs MNOYTH BCeraa M YacTo CYHTAeTCs
OCHOBaHHMEM 115 NpPOBEpKH MPHHIMMNA OIHOPOIHOCTH ,dU3nUecKHX"
ypasHedu#t. XoTa an3KBaTHOE YpaBHeHHE He 00673aTe/NbHO MOMKHO
6bITh MOJHBIM, OLHaKO, KaK MH BHIENH, KaxIOe aA3KBaTHOE ypaB-
HeHHe MOXeT ObTb OUYeHb MPOCTO CHEN3AHO MOJHBIM. TakuM 0O6pa3oM
NMPELNONONKEHHE O MOJHOTE He SIBIAeTCH LIS HaC CYIECTBEHHBIM Orpa-
HHYEHHEM, XOTS OHO M BHI3LIBAET HeOOXOAUMOCTH 6oJsiee TILATE/b-
HOTO HCC/eNOBAHUS BOMpPOCA O PA3MEPHHIX MOCTOSIHHHIX,

[Ipednocoiara o nosnome ypasrenus abGcosromHno Heobxoouisia
048 3a0a% Hauel KHUL, AHAAUS PAIMEPHOCMEN NPUMEHUM MOALKO
K YpasHenuam marxozo muna. CnenyeT 3aMeTUTb, YTO H3MEHEHHH
MepBHYHOM eNHWHHUH B TMOJMHOM YPaBHEHHH HECKOJIbKO OrpPaHHYEHBI.
MoXHO H3MeHATh TOJbKO Das3Mep MEPBHYHLIX E€IWHHI, HO HE HX
xapaktep., Tak Hanpumep, NOJMHOe YpaBHeHHE, CMPaBELJIHBOE UDH
"MOBHIX M3MEHEHHAX pasMepa MEPBHYHBIX ENUHML MacChl, MIHHB H
BPEMeHH, mnepecTaeT OHITb BEPHHIM M TEPAET CMBICA [ APYroH
CHCTEMHl €IMHHI, B KOTOPOH NepBHYHBLIMM SBASAIOTCA Macca, CHAA,
LMNHA H BpeMs,

Crenas 3TH OroBOPKH, TPEAMNOJOKHM, YTO Mbl HMeeM HEKOTOpoe
MOJHOE YpaBHEHHe C OMpefe/NeHHBIM YHCIOM H3MEPHMBIX BEeJHYHH - U
PasMepHLIX MOCTOSHHLIX, CMPaBeMIHBOE L5 JAHHON CHCTEMbl NEPBHY-
HbIX ednHHU. HMea meno Toibko ¢ ¢GopMy/naMH pa3MEPHOCTH BeJH-
YHH, BXOAfLLIMX B yp4BHEHHE, MBI MOXeEM He pa3iHyaTh H3MEPHMBIX
BeTHYHH OT Pa3MepHHX NOCTOAHHBX. O603HayuM nepeMeHHBle 6Y-
KBaMH @, B, v,... M NPELNONOKHM Haiuuke YHKUHOHANBHOTQ COOT-

HOUIeHHS:
¢ (% B, v,) =0,

1) TlpumMedanus CM. B KQHUE FABL,
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CMbic 3TOFO BHIDAXKEHHA COCTOMT B TOM, YTO MpH fOACTa-
HOBKE uMcesn, ABIAIOLIMXCA Mepo#t BeaMuMH d, BP,.., QyHKIHO-
HaNbHOE COOTHOILEHHME YLOBAeTBOpsieTcs. Mbl fpuUMeHseM CHMBOM &
KaK AAs 0G03HAYEHHUS CAMOM BeNMUMHB, TAK H MM ee YHCAEHHOH
MepH, KaK 06 3TOM roBOpHaOCH Bhiiue. [101HOTA ypaBHEHHA 3H4UHT,
yro (YHKLUHOHANbLHOE YpaBHeHHe OCTAeTCA CMPaBEATHBRIM NMpH MOI-
CTAHOBKE B HETO YHCEN, U3MEpSIOLIHX o, B, ¥,... B CHCTeME eIHHHL,
K4K YTFOIHO OTJHMYAIOLIMXCA MO PasMepy OT ENUHHMIl OCHOBHO# CH-
cTeMbl. MB yXe NpHMEHAIM MeTOl, OCHOBaHHMH Ha opmynax
pasMepHOCTH, /15 ONpeie/eHHS H3MEHEHWs TOH MM HHOW BETHYHHEI
MpH Mepexoie K IAPYTMM MePBHYHBIM eIHHHLAM., DTOT BOMPOC pas-
6upanca BO BTOPOR rnaBe.

HasoBeM OCHOBHBIE €NMHHMUB M, Mg, M,.. M OGO3HAYMM Dpas-
MEDHOCTH & 4epe3 a,, &, &g, ., pasmepuocti B uepes By, By T
(OTHOCHUTE/ILHO BEJHYHH M1y, My, My,..).

VBenHYUM pasMep OCHOBHLIX eNHHHIL My, My,... M3,.e. B X1, Xg X,
W T. A pa3. Torma uucieHHsle 3HayeHus a, B3,... B HOBBIX eNUHHLAX,
KOTOphie Ml 0603HauuM uwepe3 o', 3',.. 6yayT, KaK IOKa3aHO B
TpeTbeN rnase:

a = (X" Xy ) &
B! — (xlﬁlxzsq "') B

Vpasuenne ¢ (o, B,...) = 0 aBAfeTcs MOJHHIM, OHO AOMKHO BbI-
MOMHATLCA MOSTOMY M NpPH MOACTaHOBKe o', {',... HA MecTo 4, B....y
T. e

¢ (“’J p':"")=0 (A)
HIH
® (xlmx;:““ a, x1ﬁl xzan.._“p’“")z 0.
3T0 ypaBHeHWe NOMKHO GHITh CNIPaBelMHBEIM L1f BCEX 3HAaYeHU#
¥{, X;.. BO3bMEM YaCTHYI NPOU3BOAHYI OTHOCHTENBHO X, MOJO-

®uB .Mocle IuddepeHuUpOBaHUs Bce X paBHbivM 1, Mbl nonyynm
Clenyomiee ypaBHeHHe:

e 2B =0 (B)

BeeleM HOBHeE He3aBHCHMBHIE I1€pPEMEHHBIE!
. 1 '
prg— [5” — @ﬁn"m
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3HayeHue 3TOH MOACTAHOBKH COCTOMT OYEBHAHO B TOM, YTO Be-
Anupnpl o', 87,... 3aBUCAT TOMABKO OT TePBHIX CTeneHe HCXORHBIX
MepBHYHLIX BeAHYHH. Ecanm Kakue-HMGymp M3 BenuuMH o, By,...
PaBHH HY/MI0, TO COOTBeTCTBYIOLIHe uieHn (B) BhnajaoT u Her Ha-
noGHocTu B mepexogme K o”, B,....

Ipu aTo# 3aMeHe mepeMeHHBIX ypaBHeHue (B) npuHumaer BHIL
” aﬁo " a(P —_—
S =0 ©)

Hasosem uepes ¢’' mocnennioo u3 n nepeMeHnmx o', B,...
BBEIEM /1 — | HOBHLIX MEPEMEHHHIX 2, p,...2,_,, ABAAIMIMXCA OTHO-
/
wenuaMu o', B”,... x .
Hxaue rosops:

d.” — 21 E”, ;5” — z2€rl’“" El/ — gll.
[ToncranoBka B yHKUHMOHAALHOE COOTHOIIEHHE JAET:
? (au, Bll’.". E”)E(P (zlsll’ zzsll,.“all).

Tereps MOXHO NOKasaTk, YTO (YHKIMS C NPaBOR CTOPOHH pa-
BEHCTBA HE 3aBUCHT  OT §’. D10 c/lefyeT M3 TOrO, YTO MPOM3BOAHAsA
OTHOCHTENLHO £’ paBHa Hyiio,

JeAcTBUTENLHO

9y
g =191+ 2590 e+ 219, -1 9=
e 8+ ot

. =
z"” *
5

[TocnenHee BHpadteHHe PaBHO HYMIO, TAK KaK YMCTHTe/]b ABASETCH
. POCTO JeBoit yacTtbio ypasueHus (C) B apyro#t dopme.

[Tostomy dynkuna o (2,8, 2,8,...) nefictBurensHo 3aBuCHT
TOMBKO OT 72— 1 2-0B W, Mbl MOXeM HamHCaTh:

¢ (@) Frnk) = (@) 28 E) = (21 2 w2n),

rie ¢ ecTb (QYHKUHMA TOMBKO /2 — 1 apryMcHTOB, B TO BpeMs KakK ¢
3aBHCHT OT 7 aprymeHToB. Bosiee TOro, Tak kak Bce BeAHUYHHH &',... 5"
Mo OnpeseNeHHI0 3aBUCAT TOABKO OT MePBOH .CTeMeHH — nepBoi
MePBHYHON BENHYMHEI, TO BCE OTHOLIEHWS 2, Z3.... He HMeOT pas-
MEPHOCTH OTHOCHTE/NLHO MEPBHYHO# BETHYHHBI,

Paccyxpiende MOXHO Terepb MOBTOPATh CHAuaja, €CIM [MOMO-
XHUTB:

dr‘ (zl’ 22,....2,,_1)—_"‘0,

yTo cnenyer u3 (A), MOCKOMBKY AOKA3aHO, YTO ¢ TOMMECTBEHHO 4.
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Ho ypasHenue =10 ecTb ypaBHeHHe TOTO xe THnma Kak (A)
¢ TeM OTJAHuMeM, 4YTO OJHH apryMeHT ucYe3 M3 (PyHKUMM H O4HA
fepBAYHAA BeJMYHHA M3 aprymentoB. ITOBTOpEHHe MpeXHero npueMa
¢ nuddepeHuupoBaHveM ¢ OTHOCHTENLHO Xy HCKIIOYAeT BTOPYIO
NepBHYHYI0 BeHYMHY M3 apryMEeHTOB M CHHXK2eT YHC/O apryMEHTOB
eme Ha ogxo. Ilpouecc, OueBHAHO, MOMKET MOBTOPATHCA [0 MOJHOrO
MCKAIOYEHHs TNEpPBHYHHX BeluyuH. Kaxpoe uckmogeHue nepBayHOH
BeqMYHHH COMPOBOMAAEGTCH YMEHbIIEHHEM 4YHUCAA APTYMEHTOB Ha
OOHO, M TAaKHM O6Pa3oM OKOHYaTe/bHas (YHKUMA CTAHOBHTCA (PYHK-
uvefl n—m aprymeHTOB.

PaccMoTpeHHe xapaKTepa MOACTAHOBOK, NPHUMeHAEMbIX NPH OCy-
LeCTBNEHHH pPedyKuHd OGHApyHBaeT XapaKTep apryMeHTOB OKOH-
yaTe/bHOH GyHKUMH., Mul HMenH Ae10 ¢ ABYyMA THNAMHM 3aMEHH me-
DEMEHHBIX, C BO3BEJIEHHEM B CTeNMEHb HJM C COCTaB/leHHEM OTHOLIe-
uud. SICHO, 4TO KOMOHHAIMS TaKHX MOACTAHOBOK MOXET RaTh TOJBLKO
[IPOM3BELEHHs IEPBOHAYAILHBIX IEPEMEHHBIX B HEKOTOPHIX CTEMEH:X.
" Orciofa Mbl N0yYyaeM OKOHYaTelbHHIA pe3yabrar.

Ecau ypasHenue ¢ (o, B, y...)=0 ecTb monHoe
ypaBHeHHE, TO PELIEHHE HMeeT BHIL

F (II, Ty,..)=0,

rape II—aBAsOTCH HE3aBHCHMBIMH NPOHM3BEREHHAMH
apryMeHT OB a, B, Y,..,, KOTOpHE HE& HMEIOT pasaMep-
HOCTH OTHOCHTENAbHO OCHOBHHX €AMHHUIL

Pesyabrtar, (opMyn+poBaHHWH TakuM 0GpasoM, W3BECTEH MO
HasBanWeM I[-TeopeMbl M B ABHOM dopme Onll BulCKasaH, MNOBHAHU-
MOMy, BrepBbie DakuHrsMOM (4), IKBMBAJEHTHHH pe3yabTaT MpH-
mensica Jhxmucom (3), odHaKo Ge3 OT4ETAHBOA (OPMY/IHPOBKH.

[Tocieanee ypaBHeHMe MOMeT OniTh paspelieHO OTHOCHTENLHO
no6oro M3 npoM3BeeHUH, M HoBaw ¢opMa TNpPemHEro pe3ynbTaTa
Gymet: :

a_l =§x, 'Yx’ P (HZ, Hs:-'-),

rme X TaKkoBel, 4To aB 7'y ... He HMEET Da3MEPHOCTH.

B stoff ¢opme pe3y/bTaT €CTh MaTeMaTHueCKOe BbIpAXEHHE
fpUHUMNA pa3MePHOH oaHOPOAHOCTH. [Ipou3Bo/bHAS (YHKUWS B Mpa-
BOH YaCTM eCTh (YHKLHMs apryMeHTOB C HyJIeBOH pa3MepHOCTbIO, H
TaknM 06pa3soM Kaxaui uAeH pe3y/nTHpyioued (YHKUHH NOMKEH
caM mo ceGe He HWMeTb PasMepHOCTH, KaxInlit uieH 3TOH (YHKUHH
LoMieH OHITh YMHOMEH Ha u/eH TO#H )Ke DPa3MepHOCTH, KAKOBYIO
UMeeT /NeBas CTOPOHA ypaBHeHud, C TeM, YTOOH KaxIHHA 4aeH mpa-
BOM YaCTH MMeJ TaKyl e pasMepHOCTb KaK H jieBag 4acTtb. Ynensl
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MOTYT OHTb MNepPerpynnupoBankl AO6GHM CNOCOGOM, HO NPH KaxkoH
YroZHO TIeperpynnupoBKeé pa3MepHOCTh BCeX u/eHOB Oyner Ta ke
caMag., ITo I107I0XeHHe H3BeCTHO NOJ Ha3BaHWeM T PHHIKNA
pasMepHO® OXHOPOLZHOCTH.

YacTo menaloTCA MOMBITKM AT HEMOCPENCTBEHHOE 10Ka3aTels-
CTBO NPHHLMNA Da3MepHO# ONHOPOAHOCTH C TOYKH 3peHHs Ha ¢dop-
Myly pa3sMepHOCTH, KaK Ha BHDaxeHHe ,(H3H4eCKOH CyuHOCTH®
HeKOTOPOH BenuuuHb, TaK roBOPAT, HaNMPHMEp, HTO YPaBHEHHE, AB-
NAOILEECH aN9KBATHHIM BhIpaweHHeM GH3dueCKHX (PAKTOB, MOMKHO
ObTh BEepHHM NpPH N060M H3MEHEHHH Da3MepOB OCHOBHHIX EAMHHIL,
160 ¢H3HYECKOE COOTHOILEHHE HEe MOXeT 3aBHCeTb OT MPOU3BOJb-
Horo Bu6opa emuuun. Ecan ke ypasHeHHe BepHO NMpH JIOGOM Bhl-
6ope enHHHI, TO PA3MEPHOCTb BCEX YIEHOB AO/MKHA OWTh OAHOH H
TOW e, WHaue MB TNPHPaBHHBAAH Ol APYr ADYry BeJHUHHGLI pas-
JHYHOTG (PH3HYECKOro xapakTepa. Hampumep, cornacHo 3TOMY
B3IAIALy Mbl HE MOXEM HMEeTh C OIHOH CTODOHH YDaBHEHMS BeJH;
YHHY ¢ Da3MEPHOCTRIO JUIHHH U BEAMYHHY C PAa3MEPHOCTHIO MJIO-
wiagd Hi Apyro#t CTOpOHe YpasHeHHA, W60 DABEHCTBO MAOWAIH
AduHe fBAseTca abcypaom. IllatkocTe 3TOR TOUKK 3peHus Gyner
ICHOH, €c/M BCMOMHHTB, YTO ypaBHeHHe MOMeT OBTb TOJBKO ypasB-
HEHHEM MEXIy UYHCAaMH, ABIRIOLIMMHCA Mepo# HeKOTOpHX (H3HUe-
CKMX BEJHYHH.

. Oco60 Ba¥HO OTMETHTD, UTO BHILENPHBEIEHHBIE PACCYKACHUS N0~
Nexanu Kpa#tHe CyI1eCTBEHHOMY, HE BHICKa3aHHOMY IBHO OIPaHHYEHHIO.

[lonaras ¢ (a, B,...) =0, MBIl HefiBHO MpeanoJaranu, 4ro T0—
e[IMHCTBEHHO® COOTHOIUEHWe Mexay o, $,.. H UTO MOITOMY YaCTHEIE
NPOU3BOAHLIE MOIYT OHTh HalleHsl o6buHEIM O6pasoM. Eciu a,f, 1,...
CBA3aHEl W WMHBHIMH ypaBHeHuaMu noMumo ¢ (a, B,...)=0, To Ha-
WK pacCyXAcHHA TNepecTaloT OGHTb CAPABENNHBHMA H DESYALTATH
He BepHh. B ofuleM cAyuae He BaXHO, YTO MOJHOE YDAaBHEHHE,
T. ‘e, ypaBHeHHe, OCTAlOlleecs CNpaBelNHBmWM NDH H3MEHEHHH paa-
Mepa NepBHYHBIX eZHHHN, pasuepHo oaHopoano. Takoe ypaBHeHue
Heo6X0MMO Pa3MePHO OJHOPOAHO TOJMLKO B TOM C1y4ae, eCH HeT ApY-
TUX YHCACHHKX CBA3eH MexIy nepeMeHHBIMH KpOMe CaMOTO yPaBHEeHHS.

PaccMoTpuM B BHIe npuMepa nanenue Tena. Ilycte v — erocko-
pOCTb, §—NyTh, NPOHAEHHH NAAAIOIIHM TeaOM, f—BpeMs nane-
HUS, &— YCKODEHHE CH/L THANKECTH, JTH BEAHYHHB CBA32HE MEXIY
co60I0 M CYUIECTBYeT HE TOJBKO OOHO YPaBHEHHE CBfIdH, TaK KakK
v M § onpeneneHs, ecan AaHsl ¢ H g. COOTHOWIEHWA, CBASBIBAIOILNE
ITH BEAHYUHBI, CYTh!

2
v =gt; s——-th.
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Ha ocrosauny BhitzeckasaHnoro, mbl Moxem OXMAATB, YTO MOA-
HOC ypaBHEHHE, CBA3MBAOLIEe U, S, & U £, HE OKANEeTCA pa3mepno
ORHOPOLHHLM, PesynptaT nonyuaercs cpasy, umenso:

£
v—}-s:gt+%-,

910 04EeBHAHO moOMHOE YPpaBHEHHE, [OTOMY YTO OHO BepHO H
OCTAHETCS BEPHHIM NIPH I06OM H3MEHEHMM pPa3Mepa OCHOBHBIX €/U-
HAL AIHHH # BpeMeHH. Ha OCHOBAHMM 3THX 9/1€MeHTOB MOXHO mno-
CTPOKTL ypaBHEHHe 3HAYMTENbHO 60/1ee HeOOGWYHOE W OYeHL CHON-
HOE€; Ha IPHMep:

3
sh(s - q—z)

. 84 gt”
v {sm TJ =gt ch (v —gt).

9T0 —CHOBa moaHOe YPaBHEHHE, OHO He SBJNETCH Da3MepHO
OLHOPO.IHHM ¥ HapyIIaeT Haule NpPeNB3ATOE MHEHHe O BO3MONKHHX
TPaHCUEHACHTHBIX (DYHKLHSX,

BosmoxHocTs ypasHenu#t Taxoro pona camMa no ce6e onposep-

rdeT HHTYWTUBHHIH MeTOH [NOKa3aTe/bLCTB
4 MPHHLKNA Pa3MEPHOH oa-
HODOIHOCTH. P P >

12
Ypaerenwe v |- s :gt-]—‘% HAarlOMUHAeT OOMH M3 TNPHEMOB,

MPHMEHAEMBIX B BEKTOPHOM aHANM3e, B KOTOPOM TPH CKANAPHHIX
YPaBHEHHS MOTYT - OHTb 3aMeéHeHW OLHHM BEKTOPHHIM, Pasymeercs
MOXHO CKNANbLIBATL BMECTE JIOGOE YHCAO NOMHBIX YDaBHeHHH, noay-
438 TpaBHIbLHBIA pesyabtar. Ecau  pasmepuocty MEPBOHAYA/IbHBIX
YP4BHEHWH BCe DasAWYHE, TO NOJYYaeMOe CAOKHOE ypaBHeHHe
(nonHoe; Ho pasmepHo HEOJHOPOJHOE) MONKET GHTh PA3I0KEHO MO-
IOGHO BEKTOPHOMY ypaBHeHHIO Ha HEKOTOpOe YHCAo Gonee NPoCrux
YPaBHeHUM, eC/H BHOHPATh YAaCTH C DABHHME pasMepHocTaMH. § He
SHaI0, BMpO4YEM, MOXET AW TaKOH MeTo; CBEleHHs pe3ynbLTaTos B
O6LLYI0  KOMNAKTHYIO opMy MpHHeCTH Kakue MMG0 npaKTHUECKHe
NPENMyILllecTBA.

Bepu mcn Teneps k nepso#t ¢opme Hawero pesynvTara:
F (I, O, ..)=0.

Paccmorpum  npoussenenns I u ux CTPYKTYDY M3 NepeMeHHHX.
Hannmem twnnunoe II 8 dopue.

ac 8 Yoorne

a, b, c.... DONKHB 6WTD BHIGpaHL Tak, yTo6H 5TO BhIDAXEHHE He
HMeso paamepHocTd. [loacranoska Pas3MepHuIX CHMBOMIOB @, ...
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JaeT CTOMLKO )Ke YDABHEHUH MeXAy a, b, €...; CKONIBKO MMeeTCs BH-

OB OCHOBHHX €IHHHIL
DTH ypaBHEHNA TaKOBh:

: 0@ G0 130+ e = 0
R nlh Pl
Gnd 4 Bd + e =0
UmeeTca m ypaBHEHHH, Kawujoe C /i YICHAMH. Teopuio peuleHus
taKofl CHCTEMH ypaBHeHHH MOMHO HAfiTH B Kypcax anreGpeL.
Boo6uie resops, # > m. [lpu 3TOM yCJOBHH B o6uieM cny'-;e
6yleT n — m HE3ABHCHMHX pelieHufl, T. €. 6yner n—m HeHK
BUCHMBIX MpOH3BeleHHH 6e3 pasMepHOCTH, H npousBoasHas dy
— MEHHBIX.
uua F Gymer ¢yHkuue# n— m nepe
B HekoTOpHX CHEUHAILHBIX CAyYasx 3TO .3aKJIOYEHHE nomﬁxuc;
6T BUIOM3MEHEHO., ECaAM Hanpumep n==rm, TO PpelIeH!d, 3020:1;3
roBops, He G6yLeT; OHO HMeeTcs, OAHAKO, B TOM cnyyae,
JeTepMUHAHT MoKasaTeleH

oy Bl e
agfa . . - 0
Ul o -

Jlanee, Moxer OuTb Gojee ueMm n— m He3aBHCHMBIX pemeﬂ::z;
1o mpoMsOALET B TOM cayuae, Koraa 6ce m-pnnﬂueﬂneTep "
HaHTHl MOKasaTeneli PaBHB HYJIO, Pasymeenscl) ;To — penkuit ciy4ah,

eTHMCH C OJHHM TaKuM -[IPHMEPOM. .

" Euogingm cllyuae, KOTAa uMeeT s #— m HE3aBUCHMBIX pe;nemm,
BOO6IE TOBOPA, BOMOXHO BbOpaTh 72— Mt H3 BeNHYUH &, ,c,.;
MOAXONAIWMM O6pa3OM, TNpHOKCATL MM 7L—m HeaaBHCHMHxT 3H
yeHull M pa3pewdTh OTHOCHTE/IBHO OCTAMOLIMXCH BEJHYHH. a:::
06pa3oM moy4aeTcss # — M 3HaueHuH, onpelensIomux 2 —m np0 -
BeJeHHH!, He HMeEIOLIHX Pa3MepHOCTH. Msoraa 370 He BOSMOXHO,
cHCTeMa BeJMUMH 4, b, C,..., KOTOPOH MOXHO MDHNHKCATH npo;s-
BONbHbIE 3HAYEHHsS, HE MOXeT GHlTb BHIGpaHA BHOJHE co6onxo. IT0
AMeeT MECTO B .TOM CIy4ae, KOria HEKOTOphe NETEPMHHAHTH W3
pala MoKasaTeled pPaBREl HY/IO. Mo He OyneM passmaan,6 3zech
o6mel TeOpHH, TaK KaK HCKIIOUEHHs noaaboTaTca camu O cebe, Kak
570 BCErja OhiBaeT NMPH pelIeHHH KOHKPETHHIX 3a1ad.

3amerum, uto [1-Teopema He COIAEPHHT HHUETO cymecmem::
HOBOTO, OHA He [AeT HaM HOBBIX cnoco60B aHaiaW3a 3anady, cr:i)i::m
60B, OTIMUHBIX OT TEX, KOTODBIMH MBlYXe nogsaosanucs BO BBE/l .
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[TpeumylIecTBa TEOpPeMbl—B ee yHOOCTBE, OHA NPENACTAaBASET Pesylb-
tat B TakoR ¢opve, B KOTOpPO# KM MOXKHO MOAB30BATBCA C MEHb-
MM YMCTBeHHBIM HanpameHdeM 4 B BecbMa rubGko# dopme. [Ipu
[IOMOLIM 3TOH TeOpeMBl pe3yibTaThl aHaJH3a pasMepHoOCTe# moryr
GuTh MPENCTABAEHH B Pa3HOO6pa3HLHIX (OPMAxX, 3aBHUCAIHX OT
nepeMeHHEIX, KOTOpbieé Hac Haubonee MHTepecyloT. Bce 3To cocras-
JSeT BaX(HO€ MpPEeHMYINECTBO.

PeaynbTaT 3TOro aHaiM3a pasMepHOCTEH He CTABMT KaKMUX-AHGO
OTPaHHUYEHHHA B OTHOLWIEHHH (POPMBI (PYHKUHH, BHPAKAIOMHX pe3yilb-
TAaThl OMBITOB, OTPaHHYHBAETCH TONbKO (GopMa aprymeHToB. Kak 6ul
HH CHOXHAa 6bl1a QYHKIHS, eC/H OHA TOJNbLKO YLOBAETBOPiET OCHOB-
HEIM Tpe6OBaHMAM pa3BHUTO!M BhLIE TEOPHH, TO BCerfa BO3MOXHO
neperpynnupoBaTs uleHH TAKMM 06PasoOM, uTOGH (YHKLHA 3aBHCeNa
TOJNBKO OT apryMeHTOB, He HMEIUIHX pasMepHOCTH. [loab3ysch
TeOpeMOH, MEI OGBIYHO 3aMHTEPECOBaHBl B TOM, 4YTOGHI BHIPA3HTH
OIHy M3 BEJIHYMH B (YHKUHMH OCTaAbHHIX. DTO [NOCTHraercs peuie-
HHeM (YHKLUKH I8 4aCTHOTO NpOH3BeleHHA Ge3 pPa3MEpPHOCTH, B
KOTOPOM COREPXHMTCS WHTepecylomas HaC mnepemeHHas. 3areM 3TO
npousBeleHHe 6e3 PasMEPHOCTH YMHOMNAETCA (TAK e Kak W Apyras
CTOpOHAa ypaBHeHHsI) HA O6pAaTHYK BEeIHMYHHY TeX MNePEMEHHBIX, KO-
TOpHEe COsAMHEHH B MNpOM3BeleHHH 6e3 pasMepHocTH. B peayis-
TaTe HA OJAHOH CTODOHE yPAaBHEHHS OCTAETCA ENHHCTBEYHas Mepe-
MEHHasl, B TO BPeMS Kak Ha [IpYyrof pacmonaralTcs MpOH3BENEHHA
OCTa/IbHBIX MepeMEHHBIX B HEKOTOPEIX CTEMEHAX, YMHOXEHHEIE Ha npo-
U3BOMLHYI0 (PYHKUHMIO IPYyrHX Npou3BeleHHH 6€3 pasMepHOCTH. ITa
NPOU3BONbHAA (YHKIHA MOXKET OHITb CKO/b-YTOLHO TPAHCLUEHAEHTHA;
OHa HHYEM He OrpaHHYeHa, TOJbKO €€ apryMeHTH He IOMKHH 06-
AajaTh DAasMEPHOCTBIO, IDTO COIACYETCH C HALIMMH MD !BBI'tHBIMH
CBELEHHAMH OTHOCHTENLHO BO3MOXHHX (YHKIHOHAJbHLX COOTHO-
weHnH, Mul NMPHBEIKAM K TOMY, uTO BCAKHH apryMeHT NOJ 3HAKOM
TPAHCIEHAEHTHOH (QYHKIHH He NOMxeH HMETh pasMepHOCTH. O6HYHO
TOBOPAT, YTO GeCCMBICIEHHO 6parth, Hanpumep, runepGoaHYecKult
CHHYC OT BpEMeHH, BO3MOMXEH TOJBKO Tunepboanueckuft C¢uHyc OT
uMcna 5. 3aMeuande 0 TOM, 4TO OOGHYHO ajTyMeHT TunepGoJH-
UECKOr0o CHHyCa B HalIEM aHajH3€ HE MMEET pAa3MEPHOCTH, BEPHO,
OLHAaKO NpPHBENEHHOE TOMLKG YTO O0O6DBACHEHHE 3TOr0 — HENPaBHIBHO,
Her ocHoBaHust, MO KOTODOMYy Mbl He MOIMH OBl COCTaBHTL Sh OT
44caa, HM3MEpSIOIEr0 HEKOTOPHH MPOMEXYTOK BpeMEHH B uyacax,
UIH OT uHCaa f6J0K, mnomemiamomuxcs B Mepke, O6e onepaunu
BIOJIHE MBICAHMMEL, ONHAKO OrpanuyeHus, HanaraeMule II -Teopemof,
TaKOBHl, 4TO MHl OYeHb DEIKO BCTpeuaeMcss ¢ Sh OT  BelHYHHEH,
uMeome pasMmepHoCTb., Ecnu Gu MBI HAaTOMKHYIHCh BCE Xe Ha

BprosMaH, ¢
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TaKo#l cay4afl, TO nmeperpynnupoBKO# U/eHOB, KaK ye OGBACHEHO,
MOXHO OCBOGOAHTBCA OT TpPAHCUEHAEHTHOR (QYHKUMH C pasMepHbIM
apryMeHTOM, CJMB OB€ WM OOJblliee YHCAO TakuXx GYHKUHE B sh
eIHHCTBEHHOr0 4pPryMeHTa, He HMEIOLUEro pa3MepHOCTH. Tak Ha-
NpHMep, HET HHUKAKUX MPENATCTBUR K HANHCAHUIO ypaBHEHHR Majfaio-
uero rena B Takol ¢opme:

shv=sh gt,

HO 3TOr0 HHKTO He CTaHeT Jenats, MOTOMY 4TO Taxas (opMa
MHOTO CJOXKHee OOLIYHOH.
D 0 ypaBHeHMe MOXHO HanuWcaTb ¥ B TaKOM BHIE:

shochgt—chwshgt=0.

B 3sToM cayuae nep rpynnupoBka, TpeGyemas nns 0cBOGOMKIEHHA
OT TPAHCUEHIEHTHOR (YHKUMH paaMepHOro AapryMeHra, yixe He
CTOMb fICHA, OCOOEHHO ecnu . OB TPUrOHOMeTpHueckas ¢opma crana
npuasbivHOA. OnHaKo, U 3Ta HopMa BNOJHE NPHIOAHA AJA HHCIEH
HEIX DACYETOB B TOM CMbicJe, 4TO OHA Bcerda OyReT AaBaTh BEDPHAIH
pe3ysbTaT M OCTaeTcs ChpaBelJHBOR NpU M3MeHEHWH pa3vepa oOc-
HOBHHX eIWHHI,

Eute oavH BHBOA B OTHOWIEHHH ITOKa3aTeJed B CBA3H C STHMH

3aM.4aHMAMH O TPAaHCUEHAEHTHBIX (YHKUHAX, SICHO, YTO B OGIEM
‘clyyae He MOWeT OWIThL ITOKa3aTens, HMelollero pasMepHocTb, Ecan
TAKOBOW NpPHCYTCTBYyeT, €ro BO3MOWHO KOMOGHMHHDOBATL C APYTHMH
TaK, YTO Da3MepHOCTb uc4eaHeT. HoO He cyuiecTByeT HHKaKoOro
OrPAHHYEHHST B OTHOLUEHHH YMCJIOBHIX 3HAYEHHH nokaszaTtenedt, OHU
MOTIYT OhiTb LeJbIMH, APOGHLIMM HJIM MPPALMOHABHEIMH. 4acTo
IYyMaioT, 4TO (POpMYJIa PAa3MEPHOCTH HEKOTOPOH BENHYMHLI HE MOXET
CollepaTh OCHOBHHX €IMHHIL B APOGHBIX creneHsx (6). drto 3akiio-
Y.HUE CBA3AHO ¢ ofuiel TOYKOH 3peHHs Ha GO My/B PasMepHOCTed,
KAK HA BHIDaXXeHHMe ONepaluit C KOHKDETHBHIMH (PHUINYSCKUMM Mpel-
MEeTaMH:. NpY TAKOM B3IMIAJ€ HA 1el0 TPYAHO MpPUMHUCATh, HANPUMED,
KaKo#-1n60 CMBICT BpeMeHH B CTereHu IBYX TpeTed. MHe kaxercs,
OIHJIKO, ONMHAKOBO TPYAHHIM HARTH (H3UYECKUH CMBICT AR BPEMEHH
B CTEMEHM MHHYC [Ba, MEXIY TE€M BO3MOMHOCTb TAKHMX CTemeHeH
LOMYyCKaeTcs BCeMH, .

II - Teopema B u3n0KeHHOR (OpME COLEPIKUT BCE 3JIEMEHTHI,
Heo6xoauMble s HawMx Uenedt, OOHAKO B NMPHMEHEHHAX HMeeTcs
6onblIOH mpocTOp AJf BeIGOpa apryMeHTOB (GYHKLHM, YTO ABCTBYeT
M3 BO3MOMHOCTH Das/iHyHbMM cnocobaMu BLI6paTh HEe3aBHCHMbIE
pelieHUsl CHCTEMB ajareGpanueckux ypasHeHu#t, M36paHHHIA myTb
onpefenser ¢opMy npOu3BEeIEHHH, HE HMEIOIMX pPAa3MEPHOCTH, W
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HAWAYYllas QOpMa 1A 3TOTO HAXOAUTCH B 3ABHCHMOCTH OT Xapak-
tepa NpoGieMu. B rnaee wectoll Mui paccMOTPHUM HECKOMbKO KOH-
KpETHBIX NDHMEPOB, KOTODbIE MOKANKYT, KAKMM 06PA30M HYKHO Bl
6upaTh MPOU3BENCHHS B CIEUHATLHBIX CIy4asx.

JHTEPATYPA,

E. Buckingham. Phys Rev. 4, 345, 1914,
Routh Dynamics.
J. H. Je ans. Pr.c. Roy. Soc. 76, 545, 1905,
.E.Buckingham cm. (1), takxe Journ. Wash. Acad. 4, 347, 1914,
5. E.Buckingham cm (1), ctp. 346: ,Takue Bpra)KEHH;I KaK
lg Q uayu sin Q He BCTpeuawTCa B PUIHYECKUX YpaBHenHsx, ubo Hukakoi
YHCTO apHPMETHYECKHH ONEPATOP 8a MCKAIOYEHHEM npocroi‘o YHCJOBOT O
MHOXHTENf, HE MOXET OHTh NPHMEHEH K BeJHYMHe KOTOpas €aMa He AB-
A5eTCA YHCAOM 6€3 pasMepHOCTH. Mul He MOKeM npuﬁucarb HYKaKoro onpe-
AETEHHOrO CMHCAA Pe3yabTaTy TaKo# omepaumu.c

6 E;cn;)ﬂaqrﬁ 3TUM CM. Tagme CTp. 266 kHHMru Towmmcona,

. S. P. ompson
vararmy o 352’p MEMEHTAPHBIE YPOKH 1O 31EKTPUYECTBY H

»TAKIKE KaWeTcsd a6CypAHBIM, YTO Pa3MEPHOCTh EAMHHUK 3AEKTpHYe-
1

1
2.
3.
4

CTBRa IlOlﬂ)KHa HUMETb IlpOGHble MTOKasatenu, ubo Taxue BEJIUYHHBI, KaK M?

win L2ue uumeror CMbICaa,

W. Willams. Phil Mag. 34, 23, 1892 »[Tockonbky L, M u T se-
IAIOTCA OCHOBHMMH €IMHHIAMHM, Mbl HE MOKEM OXHIATh npobﬂux cTene-
ved. .. Temeps Bce aMHaMHSeCKHe KOHLENUHH CTPOATCA B KOHEYHOM CUeTe
Hd OCHOBE 3TUX TPEX TOHATHH: MacCH, AIMHAI U B} EMEHH, 4 NOCKOAbKY
NIpoNeCC ABAFETCA CHHTETHIECKUM, CTPOIOLIUM CAOXKHOE M3 ’npocroro BCE
NPOMCXOAUT B COOTBETCTB:M € NPHHIHNAMH anredpe MocpeacTsoM neanx
crenenet L, M u T.., ' aBYMEETCs, eCaAM Macca, OJMHA U BpeMd — npe-
ACNLHHE (PUSHUECKHE KOHLENLUH, MH He MOMkeM HCTONKOBATh APOGHBIE
crenedd L, M u T, notoMy uto MM He B cocTosHuu CBECTH 3T MOHATUA
K ueMy-1u6o 6osee npocromy.

Ocrasancy wa nouse awboi ¢usuyeckof TeopuM, Mm He MO)Ke.M

UHTepNpe 1 HPOBATL (OPMYAK, COXEDHKALIH
bk babe R ’ PMYabi, PHALIHEe . IPOGHBIE NOKA3ATENH OCHOB-



JTABA NATAA

PA3BMEPHLIE TIOCTOSIHHBIE M 4YKMC/IO OCHOBHBIX
EJAWHULL

CyiuecTseHHuH pesynbrar II - TeopeMbl COCTOMT B OTPaHHYEHHH,
Ha/laraeMoM el Ha 4YUCIO dpryMeHTOB [POH3BOMBbHOR (DYHKUMH.
UeM MeHblue apryMeHTOB, Tem Oojee OrpaHHyeHa (yHKUUA, TeM
6o/lee MCUEPMHBAKIWIKA OTBET Mbl noayuaeM. Eciu B 3ajaye ueThipe
nepeMeHHbIX M TDH OCHOBHHIX €IMHHIIB, TO Hall aHaAu3 MOKa3hl-
B4eT, UTO MMEeTCs eIWHCTBEHHOe Npou3BeneHue 6e3 pPasMEpPHOCTH,
KOTOPOE MOXHO ONpeneJuTh, M YTO HEKOTOpas (YHKUMS STOro
Npou3BelleHHs pABHA HyMO. DTO — SKBHBANEHTHO YTBEPKIEHHIO,
YTO B NAHHOM YacTHOM CJyyae CaMO MNpOH3BEJEHHE HB/IAETCA HEKO-
TOPOH NOCTOSHHOH, W MB HMeeM MOJHHE CBELEHHS O XapaxTepe
pellleHHs 33 MCK/IOYEHUEM YMCNEHHOH BeJHYMHH mocroauHo#t. Takoe
pellieHHe Mbl HMeNH B MepBOH IaaBe NPH PACCMOTPEHHUH 3a1ayH O
masTHHKe. Be3 mpumedenus aHanuM3a DasMEPHOCTEH BCAKOE HE MpoO-
THBODEUMBOE COOTHOUIEHHE MexIYy YEThpbMS apryMeHTaMH MOIJIO
Ka3aThCH BO3MOXHBIM, M Mbl He MOIMM Gnl jorafaTecsi 06 WCTHHHOM
pemennd, ECay 4nCI0 mepeMeHHHX Ha 1Ba O6OJbIIE YeM YHCIO OCHOB-
HEX, TO OymeT nBa NpoM3BeneHHs Ge3 pa3MEPHOCTH, pEIUEHHEM
ByleT MpPOM3BOJbHAsA (YHKUMS JABYX STHX MpOH3BeleHHMH, DaBHas
Hy10, D12 QyHKuua MOxer ObITh pa3pellieHa L OXHOTO M3 Mpo-
u3geneHnit B @yHkuuu gpyroro. C TakHM CiyyaeM MH  BCTpe-
yaquchb B 3ajaye O  TEWIOMPOBOAHOCTH. Pasymeerca  Cyllle-
CTBEHHO 3HATh, YTO PEUIEHHE HMEET HMMEHHO Takyw dopmy. He npwu-
MeHAs aHan¥3a pa3MepHOCTe#t, Mbl MOIMH OB TOJBLKO YTBEpPXAATh,
YTO CyLIeCTBYeT HeKOTOpas (YHKUMA MATH [1ePeMEHHHX, pasHas
HYJIO.

OuyeBuAHO B HAIWX HHTEpecdx, 4ToOnl UMCJAO apryMeHTOB,
CBA3AHHBX (YHKUMOHANBHLIM COOTHOLIEHHEM, G0 MHHUMA/LHEIM.

I[lepeMeHHble, BXOASUINE B YPABHEHHA, K KOTOPHIM MDHMEHS/ICA Hall
-
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aHA/MH3, U ABJAAIOTCA BCEMH MEPeMEHHHLIMH, KOTODhIE MOTYT HSMEHSAThCA
YHCAEHHO MO YCAOBHAM 3alaud. Imu nepemenHsie Mozym OGvimb
pa3denenst Ha Ose zpynnw., llepBas rpynna — gbususeckue nepe-
MEHHbBlE, ABIAIOMMECT MePOH HEKOTODHX (HSHUYECKHX BEIHYMH H
MOTYIHe HSMEHATECA MO BedHYMHe BO Bce# o06aacTH, K KOTOPOH
MPUMEHMMH HAIUM pe3yaAbTaTel, “MC/a, uaMepsiomue sTH usuye-
CKHE BEJHYHHE, MOTYT MEHATbCA IpPH H3MEHEHHH pa3Mepa OCHOB-
HbIX eJMHMIL

Ko Bropo#f rpynme OTHOGATCA IPYrHe apryMeHTH, HMeOLlHe
XapaKTep xo3ggbuyuennos 8 YPAsHEHUN, OHH He H3MeHSIOT YHCIO~
BOR BeJHMYMHEI, €CNM MeHSeTCA TOJAbKO. QU3MuecKas CHCTEMa, HO
1IpHO6PETAIOT HHOE 3HaueHHe NMPH MepeMeHe pa3Mepa OCHOBHLIX H3-
MepAIOIIHX eIHHHU. Mb! Ha3Ba/H HMX pasMEpHBIMH ITOCTOSHHEIMH.
B peaibHHX caysasx Mb HHTepecyeMcs TOJAbKO ¢uauueckolt 3a-
zayeR W cTpeMUMCH HafTH CBA3b Meway GHM3HYECKHMH MepeMeHHBIMH
BeJMYHHAMH. PasvepHble MOCTOAHHBIE JOMKHEl DPacCMaTPUBATBCH
TONBKO KaK Heu3bewHoe 310, TEPHHMOE MOCTOMBKY, MOCKOABKY OHH
crno "06CTBYIOT MOJMYHYMTb HYKHHE CBeNEHHS O (HU3HYECKHX NepeMeH-
HHIX. :
Wrax wmer  sumuM, uto II-teopema mnpumensercas Kk arrperary
(H3MYECKHX MepeMEHHBIX M Ppa3MepHHIX MOCTOSHHHX, NPHYEM Hac
MHTEPECYIOT MpEeXJe BCEro TONBKO (U3HYeCKHe MepeMeHHHE, ECaH
YHCNO Pa3MEPHHIX MOCTOSHHBIX CTOJIb BEMHKO, YTO YHCIO apryMeHTOB
npou3sosbHOH ¢yHKumMM, nomycTumoe II-Teopemo#t, paBHO HaH

- GoJblIe YHCAA OAHHUX (I)Hauqecxux NepeMeHHbX, TO IPHMEHEHHE

II - TeopeMEl Huuero 'He maer.

Mt ywe BuZen, 4TO B HAMXYAIIEM BO3MOXKHOM CJy4ae 4YHUCTO
PASMEPHEIX MOCTOSHHHIX HE MOXET MpPEBLIUIATE YHCAa (PH3HUECKHX
nepeMexHrlx, u60 /moG0Oe BMINPHYECKOE YDaBHEHHE MOXET OHTh
CHeNaHO MO/JHBIM BBeJEHHEM IO OAHOH pa3aMepHOH MOCTOAHHOH Ha
Kawaylo ¢usnyeckyto nepemeHHywo. llanee mouru Bcerna yucno ¢u-
3HYECKHUX TIEPEMEHHHIX PaBHO HAM 6oJblle YeM HHCIO MEPBHYHBIX
enunul,. [JoaToMy, ecniM 4YHCIO pasMepHbIX MOCTOAHHHX DAaBHO HIH
Go/plle yMcla (PHU3MYECKHX MNepPeMeHHHX, TO 4MCIA0 TPOU3BELEHHH
€es paaMepHOCTH GoJbllle WIH PaBHO YHCIY (GH3HYECKHX NepeMeH-
HuX, B o6mwem cayyae Il-Teopema He IaeT, Cle1OBATeNbHO, HOBHIX
csenenut, T[losToMy KpaltHe BaXHO CBECTH 10 MHHHMYMa YHCIO
PasMepHHX MOCTOAHHBIX B YDaBHEHHH,

Korma ke chaemyer OXHIATL Pa3MEpHHIX IOCTOAHHEIX M KaKHM
06pasoM B KOHKDETHOH 3axadYe Y3HaTb, YTO OHH C060I0 MpeACTaB-
A910T M KaKOBH WX opMyJn pa3mepHocTH? OTBET TeCHO CBf3aH ¢
BHGOPOM TaGaMuN (PH3HYECKMX BEAHYKH, MEXAY KOTOPHIMA Mb
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MILeM CBA3H. Mul yXe BUIeNH, YTO HEZOCTATOYHO COPOCUTB: ,3a-
BHCHT JIM Pe3yabTaT oOT TOH wiaM ApyroR ¢uanyeckof BeqHUHHBIY,
Mu BHMmenu, Hanpumep, B OAHOH 3alaye, 4TO XOTHA Pe3yabTaT He-
COMHEHHO 34BHCHUT OT JeHCTBHS aTOMHHWX CHJ, OXHAKO Mhl OGOLLIMCDH
6e3 BKAWOYEHHA HX B Hall AHAJAH3, M OHH He BOWJIM B (PyHKUH-
OHA/ILHYI0 3aBHCHMOCTS.

OTBeT HAa BOMPOC O TOM, KakKue NepeMeHHHEe ClefyeT BKIIOYATh,
Tpebyer 60/bluoH ¢H3HdYecKOH ombITHOCTH., Ecaum MBI X0oTUM paso-
6paTe HeKOTOPYIO 1pOGJAEMYy METOAAMY MeXAHHMKH, Mbl JOJKHEI MMEThb
DOCTaTOYHYI0 YBEDEHHOCTh, YTO 3alaya HeHCTBHTEIBHO MeXaHHue-
CKaf ¥ HE CONEPXKUT 3/EMEHTOB, MO CYHIECTBY HE DaspelluMbIX
NpY NOMOILYA OGBIYHBLIX YpPaBHEHHH MeXaHHKH. Mbl LOJKHBI TOHATH,
KaKHe CTOPOHH HABIEHHS MOTYT OHITb OCTaB/€HH (€3 ‘BHUMaHHA, a
KakHe, Hao60pOT, CYLIeCTBEHHW A NaHHOrO Bonpoca, Hukro,
KOHEYHO, HE CKaXeT, YTO B MeXaHMYeCKOH 3agaue aTOMHbIE CHJIEI
He HMEIOT 3HA4eHHs, HO OMNHIT MOKA3LIBAET, YTO 3TH CHJM C/Aaralorcs
B HEKOTODHIE KOMINIEKCHI, HOCTATOYHO XapaKTepH3yeMble aHATH3OM,
HE OMyCKAWUMMCA 10 PacCMOTpeHHs jerajiedl, PesyabraThl Takoro
aHanu3a, npeHe6peraioilero MHOTMMHM Jaxe CYUIECTBEeHHEIMH CTOpPO-
HaMH MOJOXEHHsH, MUMEIOT CHIY NPH HEKOTOPHIX YCJAOBHMAX, He CAMUI-
KOM CTeCHWTENbHbIX. ONBITHOCTb, MPOSBASEMas B CYMIEHUAX TaKOro
pOla, MpOCTApaercs CTOMb HaNeKO, YTO MBl MOYTH HHCTHHKTHBHO
3HaeM, NOCTYMHA JM JaHHasd 3ajaYa MeXaHUYecKo# TPAKTOBKe, WIH
HeT. Ecau sajaya nonmaeTcd MexaHHYeCKOMY peLIEHHMIO, MBI 3HaeM

YK€ IO CAMOMY OMNpEAE/NEHHIO CMbICAA MeXaHW4YeCKOH CUCTEMBl, Ka-.

KOr0 pola ypaBHEHHs COOTBEICTBYIOT IBHXKEHHIO COCTaBHBIX HacTeH
CHCTEMH M KaxoBa (opMa STUX ypasHeHui.

ToyHO Takxe MO MHCTHHKTY MB YyraihiBaeM, fB/JSETCH JH CH-
CTEMa TEePMOJAMHAMHYECKOH, 3/EKTPHYeCKOR HJIH XHUMUYEeCKO#, M B
KaXIOM CJyyae, 3Has CMEHICA YTBep@IeHus O To# MiIM uHOH mpy-
pOLe #BJEHMsi, Mhl TPENyCMATPHBAEM 3aKOHHl, YNpPasisiouiHe W3-
MEHEHHAMH CHCTEMbl, M S/EMEHTH, KOTOPHE HYXHO [pPHHATL BO
BHUMaHHe Tpu dopmyauposke cootHoweHus. [Torpe6oBanocs orpom-
HOE HAKOIJIeHHe OMBITA HECKOJAbKHX TOKOJeHHH, Mpewkae YeM
CTajo BO3MOXHBIM CKasarb, YTO NAHHAS KOHKPETHas rpynna asieHuft
€CTb MeXaHHuecKas, 3JeKTPHYecKas MM Jawe BooGuie ¢u3u-
yecKas,

Sl nonaralo, H4TO B CYHIHOCTH Te 3Ke CBENEHHs, KOTODEIE
TPeGyIOTCA /IS pelleHUs BOMPOCa O MeXaHHueCKOH U 3/eKTpH-
YeCKOH TnpHpOdEe CHCTEMBl, HyxHBI M [Af aHaAu3a Pa3MepHOCTeH,
OTH cBelleHUd NMOJCKA3BIBAIOT HAM MpeX.1e BCero, Kakue Quanueckue
BEAHYHHH LQ/KHBI OHWTB BKAIOYCHH B TAGMHIY H 3aTEM MO3BOANIOT
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OMpelenHTb, KaKHe pasMepHHe MOCTOSHHEIE TPeGyloTc B AaHHOM
3anayve.

3abyneM Ha MHHYTYy BCe, 4TO Mbl 3HaeM 06 aHanmse pasmep-
HocTe#t M mpeactaBuM cebe, 4TO MBl MOAXOAHM K HOBOH mpobieMe,
IMpexnie Bcero, 1a OCHOBE HAKOM/JEHHOIO BeKaMH OMEITA MHl peluaew,
kaKoBa MpHpoda npo6jemsl. IIpeanonoxuM, 4HTO MBI pelHAH, YTO
nepel HAMM MeXaHuyeckasd 3amaua. Msl 3xaem 6ojee TOIO, YTO
ABMXEHHE CHCTEMH YNpABAAETCA SaKOHAMM MeXAHMKH, M HaM W3-
BECTHbHl CaMble 3aKOHHl. MBI BHIMHCHIBAEM ONpELETEHHLIE YDABHEHHS
IBYKEHHA cHUCTeMbl. Mbl 3260THMCA O BK/IIOHYEHHH BCeX YpaBue-
HA# IOBHKEHHMH, TaK 4YTO CHUCTeMa YpaBHeHHH, NMPH NMOMOLIH KOTOpoi
YCTaHaB/MBaeTCA CBA3b MEWIy 4YacTAMM CHCTEMBl, KMeeT €IHH-
CTBeHHOe pelteHHe, Mol y6exaeHbl, Ha OCHOBAHHH HAIIEro MpPEXHEro
ONbITd, YTO B CYLIECTBEHHOM -HAMHM MNpPEACTAB/IEHB BCE 3JIEMEHTHI
33/ia44, YTO HALIM ypaBHEHHH COOTBETCTBYIOT AeHCTBHUTENLHOCTH 1O
KpallHei Mepe B OTHOWEHHH HEKOTOPHIX CTODPOH fABJMEHHA H YTO
pellleHMe YpaBHEHWH [PaBHILHO ONHILCT CBOHCTBA pa3oGpaHHON
HaMH cuCTeMu, [IpeAnonoxuM, yTo Mbl He OWHGAHCh. PaKT BHINOJ-
HeHMsl HAlUMX MPeNCcKasaHHM SHAYHT TOMLKO TO, YTO MhI OBJIA/ENH
HEKOTOPOR rpymnno# #BJAEHHA MPHPOIHI.

[IponHuatensHu Habaonarenp (TaxuM HCTODHYECKH BriepBhle’
okasancs Pypbe (1) sameuaer, 4TO ypaBHEHHe, MOCDEACTBOM KO-
TOPOTrO aHAJM3MPYETCHA CBASL MEXIY YacTAMH CHCTEMBI, BBIDAXAETCH
B ofwe#t ¢opme, ocrawulefics CrpaBeliMBOX MPH M3MEHEHHWH pas-
Mépa OCHOBHHX enuHul, Hanpumep ypaBHeHHe, YTBepKIalOHIEE,
YTO CcHsa, AeHcTByOUAT HAa Ty MAM HHYIO 4Yaclb Halled MexaHW4e-
CKOR CHCTEMBl, paBHA Macce, YMHOXEHHOH Ha YCKOpEHHE, ClpaBel-
JHBO AJs JIIOGBIX OCHOBHBIX eNMHHIL, MOTOMY 4YTO B Ka¥IOH CHCTEMe
eNHHHL, MNpUMeHAeMON I/ MeXaHHYeCKHX ueaeH, eAMHdLA CHIH
OnpenensieTcs MMEHHO TaK, YTO BHIMOJHAETCH YKA3aHHAA CuA3b CHIB,
Maccel M yckopeHusa. Jlio6oe M3 OCHOBHEIX YDaBHEHHH [BHKEHHA
IBIAETCA B TOM e CMBICAe MOJMHHIM. OKOHYaTe/NbHOE pelleHHe rno-
7y4yaeTcA M3 YPaBHEHHH IBHIKEHHS YACTO MATeMaTHYeCKH, 6€3 KaKoro-
TH60 OTHOLIEHMS K pasmepy OCHOBHBIX eanHHi. Otciona crexyer
BOOGLile, YTO OKOHUYATENbHHN pe3yiabTar TOMe GyIeT MOJHHIM, T. €.
ypaBHeHHe, BbIpaxkalollee OKOHYaTeNbHBIH PE3y/NbTaT €CTb MOJIHOE
YpPaBHeHHe.

TakuM 06pa3oM aHaAW3 pa3MEPHOCTEH MOMET NPHMEHATHCH K
pe3y/NbTaTaM, MOAYYaeMbIM NMPU DellleHHH ypaBHeHHR HBMxeHHA. (Mul
roBopuM 06 ypaBHEHHAX ABHKEHMS B OOWEM CMBIC/®, MPHUMEHHA HX
K TepMOAMHAMHUYECKHM, IMEKTPHYECKUM, TaK M MEXaHHHYECKHM CH-
creMam). AprymeHTaMH (YHKUHH, KOTOPYK Mbl OKQHYATENbHQ MQJy -
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1aEM, PELIA ypABHEHHS NBHXKEHHA, MOTYT GHTh OUYEBHIHO BETHUHHK
[I0/IOMEHHbIE B OCHOBY MM€PBOHAYANBHEIX yPABHEHHH NBHMKeHHs udo’
MaTeMaTHYECKHE OMepauMH CaMu Mo cebe He MOTyT BBECTH éonmx
apryMeHTOB,

B wacmuocmu pasmepnsie nocmosnuse OKOH4AMEAbHOZO pe-
3yAbmama O0AXHCHu ObiMb meMu e U MoAbKO meuy Jce, Komo-
puie dueypuposasu 8 ypasHenusx Osuxcenus. B smon aé;z cyuy-
HOCIMb B0ADOCA O PA3MEPHBIX NOCMOAHHULX.

B orHowenun dopuya P3a3MEPHOCTH DAa3MEPHHIX MNOCTOSHHBIX
Mbl MOXEM TOJbKO OMMDATBCA HA OMMT, NOKa3wBaOILAA, 4TO Bce
TAKHE MOCTOSHHHIE MMET (OPMYy NPOM3BENEHHH OCHOBHWX Be/U-
4HH B HEKOTOPHLIX CTemeHsiX. HeGo/blIoe pasMulieHHe MOKasbBaer
0AHaKO, 4TO /M0G0 3aKOH MPHPOIB MOXeT GHITH BHIDAXXEH B (bop-’
Me, B KOTOpOH QopMyin Pa3MEPHOCTH MOCTOSIHHALIX Gynyt or-
HOCHTbCH MMEHHO K 3TOMy THMy. JInsi 5TOTO HYXHO BOCIO/MB30BATHCS
YK€ M3BECTHLIM HAM NPHEMOM, BBOIA DasMepHKIE MOCTOSHHbE B Ka-
HECTBE MHOXHTe/NEH NDH H3MeDAEMHIX BE/HUWHAX TaKuUM o6pazom
4TOGH NOCTHTHYTh MONHOTH ypPABHEHHs, HNostomy wmm npuﬂumaeM’
B JaAbHEHINEM, YTO ypaBHEHHA [BHXKEHHS (BeIpakatomme saxonm
MPUPOLH, yNpaBAfiOLIHe FABACHHAMH) ye NpPHBELeHH K Takoft
QopMe, uTO pasMepHHE NMOCTOSHHbE OTHOCATCH K yKasanHOMy Tuny.,
Jlerko BuAeTh, 4TO 3TO He BHOCHT HHKAKHX PeanbHBIX OrpaHHyeHul,

Orciona sicro, yt0  awaaus pasneprocmel no csoemy cywe-
CMey ecmb GHAAU3 QHAAU3Q. MBl IOMXHB NOCTATOYHO MOHMMATH
CHTyauu1o, yToOu cyauTh 06 OGuiem XapakTepe npo6/ieMu H 06
S/IEMEHTAX, KOTOPHIC [HOMKHEI OHITh BBENCHW NpPU  COCTABAECHHH
YPaBHEHHH, OMpele/sOWHX LBHKeHHE (B 06wen CMBIC/IE) CHCTEMBI.
3Has XapaKTep 3/EMEHTOS, MOXHO NOMYy4YNATb HEKOTOpHE CBeneHUs
0 HeoGXOIMMHX CBoMHcTBax COOTHOLIEHHH, KOTOphHE MOryT 6bITh
BHIBELEHH MyTeM MaTeMaTHYECKHX MaHHNyasuui# ¢ saeMeHTaMy,

Mu moxem nosepsrb pesynbraTaM, MOCKO/MLKY NOCTOBEDHH Ha-
LN CBEJeHHA O 3aKOHAX MPHUPOAH, C KOTOPHIMH NPHXOLMTCH MMeTb
A€10 B 3anaye, HO De3dyJbTAaTH HE MOTYT CONEPKATH 4ero-au6o, He
HMEIOWEroC B YDABHEHHAX [BHXEHHH, H HM YeM He OTIHYZIOTCSH
OT MPOYHX HAUIMX 3HAHHA. DTH DPe3dy/bTaTHl NPHGAHKEHHB HACTOMD-
KO €, HACKOJABKO NpHUG/MXEHHB 3aKOHH IBHxeHHA.. Takoe orpa-
HUUERAE OMPENCAACTCH CaMOH CYWIHOCTBIO HALIHX 3HAHHM,

Ilpumenss ananua pasmeprocTel, Hembas 3azasaTncs BOMPOCOM:
»wOT KaKMX BelHYMH 3aBHCHT pesyabTaT*, M60 STOT BONPOC HMKyaa
HE NpHBeNeT u HENO3BOJHMTeNeH., BMecTo storo mamo MPeNnCTaBUTh
ceGe, YTO Mbl NEHCTBHTENEHO COCTaB/seM YPaBHEHHS IBHXKEHHA IO
kpafine#i Mepe K0 TAKOW ¢TalmM, YTO B COCTOAHMK NePEYHCHTD

PA3MEPHLIE TTOCTOSHHLIE H YHC/IO EAHHHL 57

gxodaUMe 3jemeHTH. Her HamQOHOCTH (PaKTHYECKH COCTaBAATD
ypasHeHus M TeM O6ojee WX paspemats. AHaius pasMepHOCTeH
jaeT TOTIa OnpeneleHHbIE CBEAEHHS] O HEOGXONUMOM XapaKTepe pe-
3y/bTaTa.

B 3TOM HeCOMHEHHOE NPEHMYLIECTBO MeTOAa, H6O ero pesyib-
TaThl [IPHUMEHHMH K TaKHM CIOMHBIM CHCTEMaM, O/ KOTODBIX MHI
He B COCTOSHHHM . HANHCATh YPAaBHEHHS NBIKEHMs] CO BCEMH JeTa-
TAMH, '

Heo6xonuMo 0CO6eHHO MOAYEPKHYTh, YTO pe3ytsmame QHa-
AU3A pa3mepHocmell He Mozym Owmb HNPUMEHEHB. K CUCIEMAM,
OCHOBHBlE 3QKOHb. KOMOpuX 00 CUX NHOP He B8upaAdXdCeHb 6
gopme, He3asucumol ont pa3mepa OCHOsHuX edunuy. Hanpumep,
aHaMu3 pas3MepHOCTe! HECOMHEHHO OKasaiacs Obl HeNpPUMEHHMHIM K
GOJIBIIMHCTBY pe3y/i1bTaTOB GHONOrHYECKHX H3MEeDeHH#t, XOTd 3TH
pe3yJbTaTH MOryT 06]anaTh MOAHON (pH3MuecKOf 3HAUMMOCTBIO, Kak
onucaHue fBAeHHH. HaM kaxercs, yT0 B HacTOsIee Bpems GHOMO-
rMyecKHe #ABJMEHHS MOrYT ObITb OMHCAHBl MOJHBIMH  yDABHEHHAMH
TOABKO C MOMOLLUBI0 CTOJNbKHX XK€ Da3MEepHMX MOCTOAHHEIX, CKOJIBKO
uMeeTcs (PH3UYEeCKHX rnepeMeHHbX, Mbl BHIENH, OAHAKO, YTO B 3TOM
¢lydae aHaJW3 pasMePHOCTEM He JaeT K HHKAKHX HOBLIX CBefeHuH.
Osnapgenne rpynno#t saBaeHu#t NpHPOIH H (POPMYJHPOBKOH HX B
BHIE 3aKOHOB N0 HM3BECTHOH CTeleHH PaBHOCH/LHO OTKDHITHIO Orpa-
HHYEHHOH Tpynmnbl pasMepHHX NOCTOHHHX, MPHTOZHHX [/ KOOPAH-
HallMH BCEX SIBJEHHH,

[TpuMeHHM 3TOT B3IMIAL HAa MPHPOLY Ppa3MePHLIX MOCTOSHHBIX
K yXe 3aTpOHyTOH 3aaaue 06 3MeKTDOMAarHHTHOY Macce ChepHyecKH
pacrnpeeseHHOr0  97eKTPHYECKOro 3apsaza. 70, pasyMeercs, —
3/IeKTPOIMHAMHYECKasl 3ajaya, KOTODYI0 HalO pellaTth, IOJb3YsCh
yP4BHEHUSIMH 1O/, YpaBHEHHsA MOJA COLEPKAT HeKOTOphle MaTeMa-
THYECKHE ONepaTophl, MPHMEeHfieMble K ONpedeJeHHHM COYETAHHAM
9JIEKTPHUYECKO! M MarHMTHOH® CHABl M K CKODOCTH cBeTa, B naureft
YaCTHOM 3alaye Ml XOTHM DELIMTb YPaBHEHHs B TaxkoH ¢opme,
4TOGH OMpERENHTb 3AeKTPOMATHHTHYI Maccy. 3T0 — O6BeMHHHA
HHTErpaJ OT HEKOTOPOH MOCTOHHOM, YMHOXEHHOM Ha IIOTHOCTh
3HEPrHH, TpPHYEM MOC/eHAA OMNPENENSeTCS DAacrpeleneHHEM CuJl,
ofycaoB.uBaeMHIX pacrnpeleneHdeM 3apafa, Ecau uMeercsi COOTHO-
IIeHHe, MOoa03peBaeMoft HaMH (GOpPMBI, TO CHJABI  LOJIKHBE HCKIIO=
YMTBCS B OKOHYaTeJbHOM pesyibTare. Her, oaHaxo, ocHoBaHnit ny-
MaTh, YTO XAPAKTEPHUCTHYECKAs TOCTOSHHAA ¢ YDAaBHEHHH TaKie
dAMMUHUDYeTCs, Mbl DOMKHE! CI€0BATENbHO HCKATb CBA3H MEXIY
O6LIKM 33apALOM, MaccOH, P3AHYCOM M KOHCTAHTOH ypaBHEHHS NOJH,
T. €. CKOPOCTHI0 ¢BeTa, Taxkoe COQTHOUIEHHEe HAMH YXe HAHIEHO H
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CBEPEHO C peE3yabTaTaMH JETANbHOTO pelleHWA YDaBHEHWUH mnoJsl,
NpHUMEHEHHHNX K NAHHOH mpob.eMe.

Mbl BHAENM, YTO pasMepHbIE MOCTOSHHBIE BXOAAT B OKOHYATENb-
HbI pe3yabTaT MOCTO/NBKY, MOCKOABKY OHM HMEIOTCS B ypaBHEHHSX
newxenusa. Ho paamepHas nocTosHHAS B yDaBHEHMH JBMMEHHS ECTh
BbIDa)KEHHE YHHBEpCaJIbHOM (H3HYECKON CBA3W, XapaKTepHOH IJf
BCEX fBNEHMH, BXOAAWHUX B paccMaTpuBaeMyio rpynny. MoxHO OBO-
IKO TPaKTOBaThb TAKHe yHHBepcajbHbie (u3uyeckue CBA3H, MOxHO
OCTaBHTb PAa3MEDHYIO MOCTOAHHYIO B YPaBHEHHUAX, KAK SBHOE BHIpA-
JKEHHE CBA3H, NOAOOGHO TOMY KaK 3TO HeJdeTCs B YPABHEHHAX 3/eK-
TpoanHaMuKkH. C Ipyro#t CTOPOHB MOXHO OMPENeNHTh HAIH OCHOB-
Hble eIMHHMIIE, UMeA B BHMAY 3Ty CBA3b; TaKMM 00pasoM MOJYqHTCH
CHCTeMa eNHHHIL ¢ HCYesHyBllleH pa3MepHOH MOCTOSHHOR, B KOTO-
POH, OmHAKO, YHCAOG €IMHHIL, KOTOPble MOXHO CHUHTATh NMEPBHYHBIMH,
OTPAHHUYEHO TEM, YTO BCE EAMHHIIE, OTHOCAIIMECH K CHCTeMe, aBTO-
MATHYECKH rapaHTupleT SKCNEPHUMEHTANBHYIO CBA3b APYr C APYroM,
CricteMa eIMHMIl T4KOTO pPOAA MMEET LEHHOCTh TOMBKO MPH pac-
CMOTPEHHH TPynnbl fABJACHUH, K KOTOPOH HNaHHBIA 3aKOH IpPHMe-
HAeTCA.

Tak Hanpumep, Ha OMNBITE Mh HaXOAMM, YTO Macca, YMHOMKEH-
Hasg Ha yCKOpeHHe, MPOMOPLIMOHAMBLHA CHJe, ONEHCTByIOUie#l HA Hee,
B aTOM 3SKCMepUMEHTa/lbHOM YTBEDKIEHMM HE COAEPKUTCH OTPAHH -
YEHHH B OTHOIUEHHMH eIMHMI[ MaccChl, AJIUHB, BpeMeHH u CHabl, Pak-
TOP TMPONOPLHOHAABHOCTH OyNeT MeHATbCS [0 HMCAOBOMY 3Haye-
HMIO TpH HM3MeHeHMH Pa3MEPOB KaXKA0H H3 OCHOBHBIX EIMHHIL.
BmeCTo ToOro, uro6H 3aHMMATBHCS CKYYHBIM O€JOM HENpPEPLIBHOTO
u3MeHeHUs (aKTopa NPONOPIHHOHAILHOCTH, MOXHO IPOM3BOJBHO MO-
Tpe60BaTh, YTO6GHL OH PABHSAJICA eNHHMLE BO BCEX CHCTEMAX, KOTO-
peie Mbl 6yneM paccMaTpHBATH; STOTO Pe3yJbTaTa MOXKHO AOCTHI-
HyTb, OMpeneNuB eIMHHLY CHJBl B Hallel HOBOM CHcTeMe TAK, UTO
Oni cuna, DeHCTByoWas Ha Te/o, PABHA/NACL MACCE, YMHOXEHHOM Ha
yekopeHue. Takum 06pasoM Mbl MNOJAYYHM CHCTEMY €IMHHUL, TNPH-
CnocoG/eHHYI0 K OMepauyuaM CO BCEeMH (PHU3HYECKUMH CHCTEMAMH,
B KOTODBIX 33KOHBI OBHXEHH CONEPKAT YTBEPWAEHUE O PUBHYECKOMH
CBA3H MeXAy cuioH, Macco#t M yckopenumeM, Ho ecan 6u duar-
yeckas CHCTeMa OwhJia TaKOBOH, YTO YK4a3dHHOE COOTHOLUIEHHE He
BXOOM/IO B IBHXEHHE CHCTeMbl, MH Oh 0GeCrose3Ho OrPaHHUUJIH
cebs, NpUMEHAS MeXaHMYECKYI0 CHCTEMY eIMHMIL

OtH cOO6pameHHs O BO3MONHBLIX CHCTEMaX EHMHHMI OTBEY4loT
Ha paHee IMOCTaB/MEHHBIH BOMPOC B CBA3M C yeTBepTOH 3amaveit Bae-
HAEHUA O YHCIE €OMHMI, KOTOPHEe HYKHO BHI6pAaTh B KayecTse
nepeuuHLIX, OTBET LeMHKOM B3aBUCHT OT Xapakrepa 3azayy M of-
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penenseTca (U3HUECKUMH CBA3SIMH, HEOOXOAMMLIMH IS NOAHOTO
ppipaxceHns uactedl, Hanpumep B a060# 06bIuHOH 3anaye AWHAMHKH
CBA3b MEXIy CH/JOH, MacCOR H YCKOpeHHeM CYILECTBEHHO BXOIMT B
ypaBHEHHs HBHMKEHHA. OTa CB3b MOXET OHITh BHECEHA B ypaBHe-
HHA AH60 MpHMEHEHHEM YeThlpeX MEPBHYHBIX ENHHHU CHJB, MaccChl,
IIMHEL 1 BPEMEHM C COOTBETCTBYIOLIE# pa3MepHOH MOCTOAHHOHN
TIpOMOPIHOHANLHOCTH, IGO0 Ha OCHOBE NPHBBIYHHIX MEXAHHYECKHX
elMHUL MacCh, LJAMHH W BpEMEHH, B KOTOPHX CHJA OMNpeneneHa
TaK, YTO SKCMEPHMEHTA/NBLHOE COOTHOIUEHHE BCErNa BHIITOJHAETCH, H
pasMepHas NOCTOAHHasd Hcue3aeT. B o6oHX CiywasX pesyabTarhl
aHanM3a PasMepHOCTH OAHM M Te Xe, H60 DA3HHLIA MEXIY HUCIOM
MePBHYHBIX €IHHHIL H YUCAOM [EPEMEHHHX, OMNpPENeJAIoas YHCIOo
apryMeHTOB HEM3BECTHOH (YHKUMH, 'Ta ke caMag B OOOHX Cay-
yagX, Korma yucio eAMHHIL YBENMYMBAETCA HAa OJHY BKJIOYEHHEM
CHUJIH, TO YHUC/IO TEPEMEHHHX TAKKE BO3PACTAET HAa ONHO, BKJIIOYAs
Pa3MEPHYI0 NMOCTOSHHYIO, Da3HHLA NPH 3TOM OCTaeTC INOCTOAHHOH.
Ecau 6u, omHaxo, mpo6ieMa Oblia TakoH, YTO 3KCNEpUMEHTA/LHAA
CBA3L CWIH, MacChl M YCKOPEHHMSl He BXONMJ4 B yPaBHEHHA ABHKe-
HYd ,CHCTEMBl, TO OObIYHBHIE MeXaHWYecKue ENMHMIB OblTH OH He-

N9IMMH, H60 € HUMH MBl NOJy4ywad Obl MeHbIle CBEIEHHH,
B 3TOM cayuae MOXHO NOMB30BATHCE HETHIPhMS MNEPBHYHLIMM €M~
HUIIAMH, HE BBOJS COOTBETCTBYIOLIEH pasMepHOH mnocTosnHOH B Ta-
6aULy TepeMeHHBIX, TAK YTO PAa3HULA MEXIY YHCAOM NEepeMEHHBIX
M eJWHMI[ CTAHET MEHble Ha €NHMHALY, M YUCIO aprymMeHTOB QyHK-
MM CTAHET MEHbIUE, YTO KeJaTeabHO. Mbl BcTpeTHMCH ladblue
C TNPUMEPOM, H/NIIOCTPHPYIOLIHM 3TO.
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FTABA HIECTAM.

' [MPUMEPH AHAJIM3A PASMEPHOCTEM.

[ToBTOpHM mpewkae Bcero peayabTaThl NpeAUIECTBYIOLIEH TAaBLHI.
[lpucrynas k aHanuay pasMepHoCTeH, Mul LOMKHHI NpeAcTaBUTH cebe,
uTO Mepel HAMH 3amaya OOGBIYHOIO aHANM33, KOTOPYIO HAAO BHIMNO.I-
HHTL MO KpaliHeH Mepe 4O CTAaiHM CyXJAeHHsl O npupome TpoGreMul
¥ [0 BHIACHEHHS BCeX (PHU3NYECKUX MEePEMEHHBIX, KOTOpPHE LOJXKHLI
BOHTH B ypaBHEHHs ILBWXEHHS (B OOIIEM CMEICAE) H TaKXKe,gBCeX
pasMepHbX KO3 (HLUHEHTOB, TPeGyeMuX LN HAMHCAHHS ypasﬁx—mﬂ
ABHXEHHA, 3aTeM HYXHO BHIMHCATb PasMEPHOCTH BCEX MepeMeHHBbIX
OTHOCHMTENBHO OCHOBHHX €IMHHML., ITH €IHHHIH a8 KaxaoH KOH-
KPeTHOH Npo6aeMH NOMKHEI BHIGHPATHCS TAK, YTOOLI YHCIO WX GhLIO
BOBMOXHO GOMbIIMM TNPH YCAOBHH OTCYTCTBUS KOMIEHCHDYIOIHX
pasMepHLIX TOCTOSHHHX B ypaBHEHHAX ABHKeHus. [lanee, B COOT-
BeTCTBHH C Il-Teopemofi Ho/mkHBl GHITb 06pasoOBaHB [IPOH3BENEHHS
epeMEHHbX, He HMeEIOIlHe pasMepHOCTH. DTH NMpPOH3BelEHHs CJle-
IyeT BHIOMpaTh M3 GOJBLIIOrO BO3MOXKHOLO pa3HOOGPA3HA TAKMM
crocoGoM, 4To6Bl MepeMeHHHe, B KOTODbIX MBI 3aHHTEPECOBAHM
oco6o, GHrypHpoBaaM BHOAHE OTYeTMHBO. [locae cdopMupoBaHus
npousseneHut Il-TeopeMa HemoCpPeACTBEHHO NMPUBOAMT K (DYHKLKO-
HABHOMY COOTHOIIEHHUIO.

B HMKECleNyOWMX TPUMEPaX MEl OCOGO OCTAHOBUMCH HA BO-
npocax O MOIXOAfAIIEM YHC/Ie OCHOBHBIX ENWHHMI H Hau6onee ymol-
HoM BLGOpe MPOM3BeleHHH Ge3 DasMEPHOCTH. Bonpoc 0 pasMep-
HBIX MOCTOSHHBLIX MRl CUHTAeM BHISICHEHHBIM,

B xauyectBe nepsoro mpuMepa BO3bMEM IMepBYI0 3anady, paso-
Opannyo Paneem B Nature (1). PaccmoTpum BoaHy, pacnpocrpa-
HAOILYIOCA MO I1YGOKOBOAHOMY pe3epByapy INOA IHeHCTBHEM Tsxe-
CTH. 3TO — OYEBMIHO THAPOAMHAMHYEcKasi npo6jaeMa, T. € NPOCTO
MEXaHH4eCKasn B MPHMEHEHHH K XKHUIOKOCTH. 3ZeCh NPHMEHHMEl, cCie-
JOBaTENbHO, YPABHEHUS MEXaHMKH. ECAH MKUIKOCTB CMellleHAa W3 MQ-
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JOXEHHS DABHOBECHS, OHAa BO3BPALLAETCS B Hero MNOA JedcTBHEM
TaecTd, Takum 06pa3oy B 3alauy BXOAAT IVIOTHOCTb XKHUAKOCTH H
cula TAXeCTH. OUeBHIHO 3TH Ke BEMHUYHMHBl JTOMKHBI BOHTH H B
ypaBHeHUs UBMKeHUA, HUKaKue Apyrde cBOHCTBA IKHIKOCTH BPOIE
CKMMAEMOCTH HE BOHAYT, MOTOMY YTO M3 DPACCMOTDEHHs ypaBHeHHH
rHAPOLMHAMHKKA HaM H3BECTHO, YTO TAKHe CBOHCTBA HE CYLUECTBEHHEI
A8 ABAEHH# 3roro Maciwrtaba. PH3WYeCKH, pasyMmeercs, CxHMae-
MOCTb AO/IKHA 1O H3BECTHOH CTEReHH BJAMATH HA Pe3yabTaT, TaK YTO
Haw BoIBOJ 6yldeT HETOYHbIM, OH O6yleT UPHOIMKEHHHIM B TaKOH e
CTeNeHH, KaK M YpaBHeHHs TMAPOIMHAMHKH. B ypaBHeHus ruaponm-
HaMMKH He BXOJAT pa3MepHbie ITOCTOSIHHEIE, €CAH TOJbKO MPUMEHSATH
O6biUHEIE MEXaHWYECKHE eNHHHMLE, B KOTOPHX Macca, [/.MHA H BpeMmd
ABJASIOTCS OCHOBHEIMH BENHYHHAMH ; 3aKOHbl IBHKEHHS BOIUAK B 3Ty
CHCTEMY €OMHHIl 4epe3 OnpeleNeHHe CUabl, YpaBHeHWs, KOHEYHO,
CyTb YPaBHEHHA Mex1y CMeIUeHHAMH M ADYTHMH 3/eMeHTaMHM. MoxHO
npeacTaBuTh cebe, YTO MBI B COCTORHHH HCKJIOYMTL M3 yPaBHEHUH
pasNuuHble CMeleHHs H B KOHIle KOHIOB MOMYYHTb CB3b TOJBKO
CKOPOCTH DPacripoCTpPaHEHHsS, MOTHOCTH H HAMDPSKEHHA THOKECTH, MO-
A06HO TOMY, KaK 3TO 6b10 B 3ajaye O MasTHHKe,

Tlonpo6yeM 3To cAenaTh. BuinmuueM nepeMeHHnie M HX dopMysl
Pa3MEpPHOCTH, KaK 3TO yXe Ael1aloch BO BBEIEHHH.

Tasauiua 6,

Ha3ssarnue geaunuinvl Cunéoa bopuyaa
pasmeprocmu
CKopoCTb BOJHH . . . . v LT !
[110THOCTD XKHIKUCTH . . d ML 3

YcKOpeHHe CHIbl TAXECTH g LT —?2

[Tpumenum Tteneps Il-Teopemy. Y Hac TpH mepeMeHHHIX H TPH
OCHOBHBIX emMHWIM. PasHuua Mexny 3THMH 4HCIAMH DaBHA HYJIO
M, ClelQBAaTeNbHO, COIVIACHO TeopeMe, He MOxeT OHTb mpoM3Bene-
HHi 6es pasMepHOCTH. DTO B3HAYHT, 4YTO MH CHEJI4IH KAKYIO-TO
OWIHOKY, M COOTHOUIEHHS HEe CYyLIeCTBYeT, €CIAH TOJbKO 31eCh HeT
OOHOTO M3 TeX HCKIOUYHTENbLHBIX CIy4YaeB, B KOTOPLIX NMpOH3BeNeHHE
MOXeT 6LiTb 06pa30BaHO Y3 MEHBbILEr0 YeM HOPManbHOEe YHUCIO MHO-
Kurteneli. Bonee BHUMaTenbHOe paccMOTpeHHE MOKAa3EIBAeT, ONHAKO,
YTO 3TO HE HCK/IOUEHHe, a YTO JIEHCTBUTEIBHO He CyLUIeCTBYeT Ipo-
u3BefleHHss 6e3 pasMepPHOCTH. JTO MOKA3BIRAET, YTO MpeimosaaraeMas
3/AMMHHALMA HEBO3MOXKHA, K YTO B OKOHUATENbHEIR PE3YNbTAT AOMKHEI
BOUTH Ipyrue sjeMeHTH WIH KOMOGMHaIMA 37eMeHTOB. HecOMHeHHO
OeTajbHbI aHalMu3 HOJKEeH [PHBECTH B MTOTe K INOJHOMY ONHCa=



62 AHAJTH3 PA3MEPHOCTEH

HHIO ABHKEHHA BOMLl, HAa OCHOBAHHH KOTOPOro MOJYYHTCH BOJHOBOE
ABHXEHHE H ero CKopocTb. MHaue roBops, NMOMHMO CKOPOCTH B
OKOHYATE/IbHBIA pPe3ynbTaT AOMKHO BOHTH ellle HeyTO, XapaKTepH-
3yioliee AaHHHIE BOMHB. CKODOCTb BCEX BOJIH He 0613aTeABHO JOK:A
GuTb TOR xe caMO#, OHA MOMKET 3aBHCETh OT IMHE BOMHH. PH3H-
YECKH, Da3yMeeTcCss, Ml 9TO 3Ha/JW 3apaHee W MNPUTBOPAIMCL HeBe-
MAAMH TONBKO 1)1 AMIAKTHYECKHX ueaeft. Hawu csemeHns no stomy
BOMPOCY NO/KHBI GBIM 3aCTaBUTh HCKATb CBA3H MEXAY CKOPOCTHIO
H LIMHOW BO/MHH, BBegeM mnosToMy B Hamwy Ta6auLy BeXHuMH
ANMHY BOJIHH A, Pa3MepPHOCTb KOTOPOH L.

Tenepp y Hac uerthipe mepemeHHbix. Il-Teopema ykasmBaer, yTO
HMeETCH OXHO mnpOoM3BeJeHHe (€3 DPa3MEDHOCTH, KOTOpOE IOMKHO
PaBHATLCH MOCTOAHHON BeIHYHHE,

HoxasarensctBo II-TeopeMm nokasano Takxke, YTO OLHH M3 MO-
Kasarened B npomsBefleHuH 6e3 pasMEpHOCTM MOweT OHTb M36paH
NPOH3BO/IbHO. Mbl 0COGEHHO 3aMHTepecOBaHK B CKOPOCTH ¥, NO-
TOMY BuiGepeM NoKasaTeneM I8 Hee EOHHUIY H COCTABMM MPOM3-
BelleHHe Ge3 pa3MepHOCTH B opMe

wi g TP,

[Monaras Bce 370 paBHbiM MOCTOAHHOR BeAMuHHe H paspewas
OTHOCHTEJIEHO ¥, TOJy4aeM

v=constd g’ \7.

Pa3aMepHocTs MHOXHTeNeH B npaBo#l CTOPOHE [OMKHA OHTHL B
UTOre TaKOH ke KAK y CKOPOCTH, CTOALIEA M30/HDOBaHHO C JeBOH
CTODOHBI, ‘

[MonctaBuM ¢opMy.au pasMepHOCTEH MepeMEeHHBIX

LT " '=ML~%)* (LT~ )’ L7,

Buinuulem mocnenoBaTeNbHO yCAOBHS  PaBeHCTBAa  MOKasaTenreh
M, L u T ¢ ofeux cTopoH ypaBHeHus.

10 naer:
a==0 (ycnosue mnra M),
—3a-+p-{-y=1 (ycnosue ana L),
— 2% =—1 (ycrosue ama T),
OTKYyIa

. w1 __ 1
a=0, b=, y=}.
OKOH'1aTeIbHO HMEEM :
v = con.t J/Ag.
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CxopocTh TPABHTALMOHHONA BOMHBI B ITyOOKOBOJHOM pe3epByape
(rny6uHa HE BXOAMT B KOHEYHHI! pe3y/IbTaT, NMOTOMY 4YTO Mbl MO-
CTY/MPOBANH, YTO BOAA OYeHb IY60K3) NPOMOPLHOHAAbHA TAKHM
06pa30M KODHIO KBaAPATHOMY M3 [JIMHH BOJHBI H YCKODEHHfl CHJb
THKECTH WM NPOMOPIHOHANbHA CKOPOCTH, NPHOGPETaeMOl TeloM, CBO-
604HO MajfalouMUM TMOA NERCTBHEM THAXeCTHd Ha pPAcCTOAHHH, DaBHOM
LJA¥HE BONHHI,

3amerHM, YTO IVIOTHOCTb KHAKOCTH HMCYE3/d B OKOHYATEJIbHOM
pe3yabTate. ITO MO¥HO Obl/O MpPEABHAETh: €CAH MJIOTHOCTL YABaH-
BAETCH, TO YABAMBAETCH H CHMAA TAKECTH, AEHCTBYIOILAA HA KaXABN
3/IEMEHT, NO3TOMY YCKOPEHHE, a C/leOBATEJIbHO U BCe CKOPOCTH
OCTAOTCAd HEH3MEHHBIMH, TaK KaK YABOEHHas CH/IA KOMMEHCHDYyeTcH
y/ABOEHHEM MACChl KaXAOTO 3/IEMEHTa.

[NockoiibKy MAGTHOCTb HE (GHTYPHPYET B OKOHYATENbHOM pe3y/b-
TaTe, Mbl HMeeM MPOH3BEAEHUE Ge3 Pa3MEPHOCTH, COCTABJIEHHOE TOJbKO
us @, &, g. D10 — mpousBeleHHe 6e3 pa3MEPHOCTH TpeX MEPEMEH-
HHX, BbHIDaXEHHOE Yepe3 TPH OCHOBHbIe BelHuuHE. B ofwem ciay-
yae 3TO HEBO3MOXHO, AJfl 3TOro TpebYIOTCA CrellHaJbHbHE COOTHO=-
WweHus Mexny GOopMynaMd PasMEpPHOCTEH MNepeMeHHHIX.

Cocrapus npousBefeHHe C HEM3BECTHHIMHM MOKA3ATENIAMH U  Ha-
n4caB 3aTeM anare6paniyeCcKWe ypaBHEHHs, KOTODHIM AOJKHB YAOBJE-
TBOPATb TMOKA3aTe/NH, Mbl MOXEM Cpasy BHAETb, YTO YCIOBHE Cylle-
CTBOBAHMA TNpOM3BefeHUA 6e3 pasMepHOCTH C YUC/IOM MHOXHTENEH,
PABHLIM YHC/NY OCHOBHHX €OHHMIL, COCTOMT B TOM, YTO AETEPMHHAHT
110Ka3aTeJefl B GopMynax pasMepHOCTeH MHOXHWTeNeH paBeH HYJIO.
SlcHO, YTO 3TO He OrpaHHYMBaeT(d CJydYaeM TpeX OCHOBHHX €lH-
H4L, HO MNpHMeHMMO K J06oMy ux uucny. O6paTHo, yc/a0BHE TOTO,
4TO TOT WM PHOH 3/MEMEHT BXOAMT MHOXUTE/NEM B NMPOU3BEAEHHE
6e3 Da3MEPHOCTH ¢ YHCAOM [OPYTHX MHOXHTENEeH, DaBHBIM HHCIY
OCHOBHHIX €IMHHL, COCTOMT B TOM, 4TO AETEPMHHAHT nokasaresed
AODYTMX MHOXHTeNeH He NO/MXKeH paBHATbCH HYMO; B TNPOTHBHOM
Clyuae OCTaJbHHIE MHOMMHTENH camu no ce6e cocTaBuaIM Owl npo-
u3BeneHHe 6e3 Da3MepPHOCTH, B KOTOpOE He BXOAWA OH HHTEpE-
CYIOUIHH HAC MHOXHTENb,

DTOT npuMep — NpeBOCXONHAA WMIOCTPALMA BEeOOGXOMMMOCTH CO-
HeTaHHA 310POBOH (PH3HUECKOH MHTYHLUMH C YUCTO (POPMAIbHBIMH
ManunynasuuaMu. Ilpene6peras rayOuHOH, Mbl apryMeHTHPOBANH TeM,
YTO MpPH GECKOHEYHOM BO3DACTAHHH TIAYGHUHE CKOPOCTb CTPEMHTCH
K mpelelbHOMy 3HAYEHHMIO, He 3aBHCSuieMy OT ray6uHb., Ectb danee
Apyroft ¢aKTop, KOTOPHM MBI NpeHeGperaH B HallleM aHAIW3e, — 3TO
aMnauTyAa A BOJHH, KOTOpas OYEBHAHO aHAJNOrHYHA AMIIHTYAE KO-
1e6aHHA B npocTof 3ajaye O MaATHHKE, EcCAH 6H MB BKJIOUHIH
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€6 B Hally NEPBOHAYA/BHYI0 Ta6AWIy BeNHUYMH, GbIIO OBl €LIe O4HO
I3
NPOM3BENCHHE Ge3 PA3MEPHOCTH, 75 ecin Gnl HaM 3TO CO 3M0CTHRIM

HaMepeH’eM MOIACKa3anaH, Mbl TMOAYUHAH 6bi pe3yabTaT:
I —
v "’f\ h_ th!

rae f— npou3ponsHas QYHKIMSA,
dra ¢opMa cOBEpUIEHHO He NPOTHBOPEYHT (1€PBOH, KaK MOMXHO

BHIETb, MONONHB
j(;‘l> =. const l/i,

HO pasyMeeTca OHa AdeT 3HAYMTENBHO MEHee CBeJeHHH.

PaccmoTpum Temeps Apyryio 3ajauy. MmeeTcs ynpyru#t masTHHK,
OCYLIECTBIEHHHH M3 HEBECOMO! NMPYXKHMHH C YNpyrof nocTosHHOH &
M C MOABEWIEHHBIM SUHMKOM 06beMa @, HAMOJHEHHKIM XHIKOCTBIO C
mAoTHOCTBI0 d, Ha Mmaccy »XUAKOCTH B silMKe NEHCTBYeT TSKECTb.
Tpebyerca HafiTu Bhlpaxende aad nepuona koJaebanuit. Kak Bcerna,
cocTaBifeM TabauLy BeJdH-MH H HX pasMepHOCTel.

Tasnauna 7.

Hassanue seaununs Cumson Popmyra
pasmeprocmu

Ynpyras nocrosaHHas (CHaa 9

Ha EeAHHHLY CMEIIEHHA) k MT—
Bpems xonebanus . - . {
O6bem amuKa . . - . . v L3
[TA0THOCTD HUAKCCTH . . d ML —3
YcKopeHHe CHAB TAKECTH g LT 2

3anaua — OueBHIHO MeXaH.uecKas, W Mbl HMEEM MO/HOe OCHO-
BaHHE MPUMEHAThL MEXaHHYECKYI0 CHCTEMY eIHHHL, TPHYEM pasMep-
HBIX TIOCTOAHHBIX He Oyfer. [TepemenHble TaGaHUB ABAAKTCH, TAKHM
06pa3oM, EIHHCTBEHHHIMH, OHH COBMAJAIT C MEPEMEHHBIMH, MDY MO-
MOLIM KOTOPHX 3anaya ‘hopMynaupoBaHa. Mbl MMeeM NATb BEJIHYMH
TPH TPEX OCHOBHHX eaWHHuaX. [1osToMy MOMKHBL CYLUIECTBOBATL ABA
npousselfieHds 6e3 pasmMepHocTH. Y3 mpenmayielt rnaBbl Mbl 3HAeEM,
YTO I8 HaXOwIeHHA NpOoHM3BeeHHA Ge3 Pa3MEPHOCTH MBI IO/MKHBI
pewiats CHCTEMy anrebpanuecknXx ypasHeHrR. HexoTopmie u3 peure-
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Hu#t MOryT ObTb BHIODAHB MPOA3BOMBHO, OCTA/bHLIE ONPENENATCHA
yepe3 HMX. B naHHOA 3anaye HAC 0co60 HHTepecyeT f, u, 110J0-
wuM, k. Boi6epeM N0O3TOMY TnOKaszaTenu DA { M 2 B MPOH3BEIEHHAX
6e3 Pa3MepHOCTH NPOH3BO/BHO, KAK OCHOBY IJA pacyeTa OCTa/bHHX.
Anre6padueckas TeopeMa MoOKa3ana HaM, 4TO CyIECTBYIOT OBe J/d-
He#HO He3aBHUCHMbIe CHCTeMbl MoOkasarenelt, KOTopole MOryT ObiTh
npufdcaHsl ¢ u k, MpHueM STH IBE CHUCTEMBI MOTYT GhiTh BHIGPAHbI
6ecKOHeYHbIM YHCIOM crnocoboB, Ilonpo6yem Bebparh XBe NpocTei-
mux cHcreMbl, [MpunuuieM nokasatenio f 3HaueHrne 1 M nmokasarento k
aHaueHne 0 s OAHO# cucTeMbl, W O6DaTHO, T. €. ANA ¢ HYAb H
a1a k enuHuuy B Opyrolt cucTeme. Pasymeercsa 3TO OueHb mpo-
CThle Mapsl, KOTOpble MO03BOMAIOT £ M k& (ULypHPOBATE TOALKO B
OIHOM TpOoHU3BeleHHH 6e3 pa3MepHOCTH. TakUM 06PazoM MBI TOKHB
HalTH NBa (pOoM3BeneHHs 6e3 Pa3MepHOCTH:

58 1 n % o
to dh gt kvid7gh,

Mu uMeem Temepn IBe rpynnmbl anre6pauyecKuX YpPaBHEHHR 1A
AByX TDYNN HEM3BECTHBIX TOKasaTenel o, 5, 7y H %y, 5, T2
STH ypaBHEHHA TAKOBHI

Oal-|-f$1, -|—0‘(1+0=Ol 0oy -+ {'52-|—0']'2—{—1=O]
3uy — 3+ 71+0=0[ 3“2—352‘1“ 7°+g=8

0oy 0% — 27, -~ 1=0 02y -0 — 2y, — J
Petuenns TaxKoBH! !
1 2
i Ol B N
1 — (z ‘ ?J,Z—_l
= 9 To=—1

[Tosromy mpou3sBeneHuss 6e3 Pa3MepHOCTH HMMEIOT BHI:
tv“l‘“g”” noky g ! g b

H pelleHHe BhIPABUTCA TaK:

t=,vl/s —’i‘af (_E_v__ﬂn>
g )"

rae dyHKuna f HeonpeneneHHa.

[MonyueHHnt pe3y/bTaT HECOMHEHHO TpAaBH/EH, KaK ACHO H3
BHBOZA; MBI MOXEM [OCTHFHYTb, OXKHaKO, H Jy4YHIero H JOGHThCA
dopmel, rae He OCTaHeTcs HeonpeleneHHOM GyHkuun. Takoe yiayd-
IIeHHe MOXeT GOBITb MOJYYEHO YBEIHYEHHEM YHCAA OCHOBHHIX €ILH-
Huy. Mb! ObuiM MpAaBbl, MPUMEHAA OOBIYHAEIE MEXAHHYECKHE ENHHHL:,

BoromM3H. D
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10TOMY, YTO YPaBHEHWf IBHXKEHHS MOAPA3yMEBAIOT NHHAMHYECKYIO
CBA3b MekJy CHAOR, MAaccoit W yckopenueM. llameHenue Halo BHe-
CTH B HarnpaBs/IeHHH, He Cpasy 6pocaloiieMcs B 171a3a, TUCKOJbKY Mbl IPH-
8bIKJIH K MeXaHHuecKHM eiMHMuaM. OOHAaKO, MoOc/e HEKOTOpPOro pas-
MBILLJIEHHS CTaHOBHMTCHl SICHBIM, YTO B YPaBHEHHMAX IBHXKEHUs, yrpa-
BARIOLIMX CHCTEMOH, Mbl HE BOCMO/b30BAIHCh TeM (PAKTOM, YTO UHC-
JeHHas Mepa ofbeMa filMKA paBHAa Ky6y LNHHbI OJHOrO M3 €ero pe-
6ep. Pu3MueCKH BIIOJHE BO3SMOXHO H3MepATh OODBEMHI Yepe3 TOT
WA MHOA 06beM, M306paHHHY B KauecTBe eIMHHLB, 1 3TOro Haao
paspe3sarb 6o/bUIOH O6beM HA MeHbLUHE, KOHTPYSHTHbIE C eIHHHLEH,
M COCYUTAThb YHCAO TaKHWX INONYHYHBIUHXCS OOBEMOB. 3aTeM MOKHO
IOKa3aTb, YTO IOJy4YeHHOE TaKHM 06Da3oM UHC/I0 NPONOPUHOHANLHO
Ky6y uuCla, HU3MepSIOILLEro JHHeHHble pasMmepel, Jle#CTBUTENbHO, B
3TOM COCTOHT METOJA /AOKa3aTeJbCTBAa, NDHUHATBHIA MEpBOHAYaNbHO
DBKAMIOM nNpPH pacCMOTPEHHH TNOBEpXHOCTeH H o6bemoB. [locae
TOTO KaK reOMeTpHYeCKHH (hakT A0KAa3aH, €CTeCTBEHHO ONpelenHThb
eqMHULY o6beMa KiK 06DbeM, paBHbIH Ky6y €O CTODOHAMH, PaBHBIMH
enunuue. OnHako, Takoe ONpele/eHHE W OrpaHKuYEHHE HMEET LeHy
TOMbKO AN 327184, B KOTOPLIX CBA3b Mex1y o6beMOM M LJIHHOR MO
CYWeCTBY BXONWT B pe3yibTaT. B HalleM clyyae sTO He Tak Ino-
TOMy, YTO O6btM fLUMKA BaXEH TOJBKO B COYETAHUH C TUIOTHOCTHIO
HKHAKOCTH A5 Orpele/eHUsl Macchl silliUKa. Mel BHO/MHE MOMXeEM H3-
MepsiTb AJMHY B STOH 3ajnade B [J0HMax, a o6beM B  KBaprax,
€CJH TO/JBKO ONHOBPEMEHHO ONpelNe/HTh MJOTHOCTb, KaK Maccy Ha
KBapTy.

BepHemcss onATh K Haiueit 3ajave, cuMTag Temepb o6beM Hesa-
BHCHMOH eIuHMued. Mel moayuaem : ‘

Tasaunua 8.

dopuyaa
Hassanue seaununst Cumsoa paaué)pu%cmu
Ynpyras nocrsHaas . k MT—?
Bpems koneGamna . . . . . t T
O6beM AmWMKAa . . . . . . . v \Y%
M10THOCTD KHAKOCTH . d Mv—!
Y CKOpeHHUe CHAIbI TAKECTH . g LT—?

Tenepe y HAC NaThb NepeMeHHLIX, HO YeThlpe OCHOBHBIX €IHHHUM,
M, Cl1ef0OBaTeJbHO, HMEETCA TOJbKO OLHO HpoHM3BeneHHe 6e3 pasMep-
HocrH. Hac oco6eHHO MHTepecyeT f, Mbl BHIOMpaeM MOKas3aTeab NpH
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HeM DaBHbIM eIuHHUE; TpeGyercs HAHTH TNpOYMEe TIOKA34TeAHs, Tax
4106B NMpOU3BENEHN®
th* v¢ di g’

He HMMeno pasMmepHocTH. ITpo6rema HacTONBKO MPOCTA, YTO HeU3Be-
CTHBIE MOXHO YKa3aThb CPasy M3 MNDOCTOr0 DAcCMOTPEHHs MIH XKe,
eCcM YrOAHO, MOXHO BLINHCAThb ypaBHEHHE:

14y=0

3=10
—200—20+1=0
f—y=0

Pellende 3TOH rpynnel ypaBHEHHH TaKoBO:

1 1 1
9= 7 p=_7’ N=—5 3 =0.

[lponsBeneHne 6e3 pasMEpPHOCTH NMPHUHMMAET BHI:
t R oy g
H Mbl HMEEM
¢ == const V’.ﬂ’,

Csenenusi, colepxalldecs B 3TOM peIUEHHH, OYEBHIHO, 3HAYH-
TeAbHO Gonblile, YeM B MeHee ONpeNeNeHHOM pe3yabTaTe, MONyYeH-
HOM ¢ TpeMs eIMHHUAaMH, M3 HOBOro pelleHHs BHIHO HanpuMmep,
YTO BpeMs KoneGaHHS He 3aBHCHT OT YCKODEHHsl TxecTH, Pusu-
YeCKH 3TO KOHEYHO 3HAYHT, YTO THAKECTh BAMAET TOMLKO HA H3Me-
HEHHMe CpelHero Mo/OXeHHA paBHOBeCHs. [IpH BO3pacTaHHM TAKECTH
IPY3 TOHHXAeTCA M KO/Ae6/AeTC OTHOCHTENBHO INOJAOXeHHs, Gonee
6/143KOr0 K LEHTPY TNpPHTNKEHHA. [lepHon Ko/eGaHMsl TPH STOM,
OIHAKO, He MeHAeTCd, ITOT pe3dyabTaT GBI BOBCE HEe OYEBMIEH,
wiy Heo6xoaum npu nepsoit dopme peiweHus. Bmecte ¢ Tem mep-
BOE pellenue He MPOTHBOPEYHUT BTOPOMY, MONHO ILOCTUTHYTH HX
TOXIECTBA, €C/M MOJOXHTh HEH3BECTHYI (YHKLUHIO paBHOH HeKo-
TOPOH MOCTOAHHOM, YMHOXEHHOH Ha O6GpaTHHIH KBanpPATHHH KOpEHs
M3 aprymesra.

BmecTo yBenuueHHs uiMc/a OCHOBHMX €NMHHL, C TpeX XO Ye-
TBIDEX, MBI MOIIH Gbl MOAYUMTH TOT e pesyabTaT, 3aMETUB, 4TO
B ypaBHeHMAX [ABHXEHMS (HIypHDyeT TONbKO IOJHas Macca Ha
KOHUE CTpyHbl, a CNEI0OBATENLHO OOGBEM M MIOTHOCTH MOTYT BIHATH
Ha pe3ynbTaT TOMbKO B BUIE NMDOM3BENEHHA, T. €. Macch, [Ipu ‘ra-
KOM cnocofe pewleHHA Mhl MOIIHM 6H cBA3aTh ¥ H 4 B OAHY Be/H-
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YHHy M MMeaH Obl DENO TONbKO C YEThIpbMS BENHYHHAMH M TPEMSA
OCHOBHRIMH eIMHHUAMK. Mbl moayuuau Obl MPH 3TOM MPEWHHH pe-
3ynbTaT, Takum 06pasoM, MOAb3ysch CHElNATbHBIMH NaHHBIMH, Kaca-
IOUIMMHCA 33[a4H, YaCTO MOXKHO MONY4YHTh 60jee NeTalbHhle CBexe-
HHA, YEM MpPH MOMOWH o6llero aHanuaa.

Ec.rm BHOpATb Maccy, Kak OJHY M3 TIepeMEHHbIX, pe3ylbTar
NpUHKUMAET GOpMY:

t =const V/ m

Euwe pa3 Msl monyuaem npouasefeHue 6e3 pa3MEPHOCTH C YHCIOM
MHOXUTENeH, MeHbIIHM HODMaALHOTIO,

PaccMoTpum Temeph 3ajauy, WIMIOCTPHPYIOWIYIO HEH3MEHHOCTBb
pesy/ibTaTa NPH yBeMHYEHUH YHCIAa €IMHHL, €ClTH OIHOBPEMEHHO
YBe/HYHBAETCA HUCIO PASMEPHBIX NMOCTOAHHMX. Bo3bMeM Ty xe 3a-
nady, KaKk M paHsllle, C TeM pasiMuMeM, YTO Tenepb Mnl OGyaem
TOBOPHTb MPOCTO O Macce HA KOHUE MPYXHHb, He AETaAH3UPYH ee
KdK TNpPOM3BENEHHE MAOTHOCTH Ha o6beM, [lepeMeHHBIMH 6yayT
Macca m, BpeMs KoJAe6aHHA { M YOPYrocTb MPYXHHB k. YCKoO-
peHHe TAXECTH MOXKHO OMYCTHTb, TAK KaK Mul YXe BHIEIH, 4TO
OHO He BJWAET Ha pe3ynbTaT. Bo3pMeM mNATL OCHOBHLIX €AHHHL,
BEIGpAB MOMHMO OOGBIYHBIX MAacChl, AJHHBI M BPEMEHH eulle CHIY H
CKOpOCTh, 3anaya — OYeBAJHO MeXaHH4eCKasl, H B3aHMOOTHOLIEHHe
MEXIY 4YaCTAMH CHCTEMbl JO/DKHO OMNpPEeNensiThbCsA IKCNEePHMEHTAMLHBIM
3aKOHOM MPONMOPLMOHAIBHOCTH CWJIbl Macce, YMHOXEHHOH Ha YCKo-
peHHe. POPMYNHPYa ypaBHEHUS NBHIKEHMSl, MB! [O/KHBI, Cl€L0Ba-
TeNbHO, BBECTH (aKTOp NPONOPUMOHANBHOCTH, KOTODHIA mMOABUTCA
B BHIE HOBOM pasMepHO# NOCTOSHHOH., IDroT (akTop cBA3bIBAET
cHay, Maccy M ycxopenue, Ho yckopeHume poaxHO 6biThb oOmpene-
JleHO TMO-HOBOMY, €C/IH MBI MOJb3YEeMCH CKOPOCTHIO, KAK OCHOBHOMR

eAdHMLEeH, ero pasMepHOCTh OyHeT vt YpaBHeHHe HBHKEHHS,
HanmuCaHHOE TAaK, BEIpAXAeT CBA3b Meway CHIOH, CKOPOCTHIO H Bpe-
meHeM, Ho cHna cBA3aHAa cO cMelleHMeM Uepe3 yNpyryw MOCTOSH-
Hy!0 M [/ PEIUeHHA YpaBHEHHA TPeOYeTCA COOTHOIICHHE MeXny
CMeLIeHHeM, CKOPOCTbI0 M BDeMeHeM. PasyMmeeTcss MOXHO HCXOAMThb
U3 3KCNEPUMEHTANbHOro (PaKTa HaMHYUA MPONOPUHOHAIBHOCTH MEXIY
CKOPOCTbIO M OTHOLIEHHEM TYTH KO BpeMeHM. B OKOHyarelbHOM
pe3y/ibTaTe (DaKTOp NMPONOPLHOHAIBHOCTH TIONBUTCA B BHIE pasMep-
HOH MOCTOAHHOMH,

Tenepp Hamwa TabauUa BEAHYHH 3aKOHYEHA, OHA COCTOMT H3
Tpex ¢H3HYECKHX MEePEeMEHHBX M IBYX DAa3MePHBIX MOCTOSHHBIX.
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Tasanua 9,

Dopuyara
Hazsanue seautursi Cumgoa paa,ufpl;‘:)cmu
Bpems rkoae6aumn . . . . . ., t T
Macca Ha ROHUE NPYXHHB . m M
YNpyrocTo NpyXMEH . . . . . . . k FL—!
PasMepHas MOCTONHHAA CHAR « . . . f EM~! Ty—!
PasMepHas MOCTOAHHAA CKOPOCTH , v L7l TV

. 3necb F— pasMepHHH CHMBOJ Culibl, H3MEpAeMO# B eJHHHUAX
CHAW H V — pagMepHmIt CHMBOA CKOPOCTH. PODMYAH pasMepHOCTH
COCTaB/IeHH MO OOLIYHLIM MPAaBWIAM, MOXHO OTMETHTb TO/MBKO, YTO
YNpYrocTh NMPYKWHHW ONpeleNeHa KaK CHAA, MpOABAAeMas MNpykKu-
HOW MpPH PaCTAKEHHH HA ELHHHILY.

Mspl 10/MXHB Temepp HaWTH npousBeleHds 6e3 Pa3MepPHOCTH,
COCTABJIEHHBIE M3 ITHX MATH nepeMeHHBX. [lpexae Bcero 3ameuaem,
4YTO y HAC NATb NEPEeMEHHWX MpPH NMATH OCHOBHBLIX eAMHHLAX, T. €.
BOOG6IE TOBOPS, He MOXET OuTb NPoM3BeleHMs 6€3 pasMEpPHOCTH.
MoxXHO y6enuTnCsl, OOHAKO, COCTABMB NETEPMHHAHT TOKa3aTesek
(opMys pasMePHOCTH, YTO OH paBeH HYMIO, T. €, B DaHHOM YACTHOM
c/yyae CyILeCTByeT Mpou3BeleHUe 6e3 Pa3MEPHOCTH ¢ YMCIOM MHO-
KUTeNed MEHbWHM HOpManbHOro. Pasymeercs, Mbl 3Haiu 06 3TOM
3apaHee, Ha OCHOBAHHM mNpEALIECTBYIOLIErO aHann3a. Kak M mpexne,
Hac Hanbojee MHTepecyeT BeNMYMHA f, H MBl BHIHCHIBAEM [POH3BE-
nenve 6e3 pasMepHOCTH B TakOH ¢opwme:

tm* B f oo

Hanaras ycnosue OTCYTCTBHS DA3MEPHOCTH, HAXOLHM:

3

o.—y=0 (ycnosue nns 1{&)

_ﬂ_a_ ,
Y+a+l_0 » T
p+f—0 * F
s43=0 . v
Pellass 9TH ypaBHeHus, moyuyaew:
1, . __ 1, 1, ¢ 1
@ = 7; p=?, Y=_7’ b__Q

IlpousBenenne 6e3 pasMepHOCTH NPHHUMAET BHI:

) i, — i

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

Ecau nonoxuTs pasMepHsie mocTosiHHbE f K @ paBHLIMH efiH-
HHILE, KAaK 3TO HMEeT MeCTO B OOLIYHOH MexaHuyecKo#f cHcTeMe
€IMHHL, MBI MOJYYHM TIPEXHHR pe3ynbTar.

XOTH 5TOT NpUMep He Jad HOBBIX Pe3yibTaTOB, HO OH MOYYHTENEH
TEM, 4TO NOKAa3bIBAET HOMYCTUMOCTL MIOGOH CHCTEMb! OCHOBHBIX €IH-
HHIL NpH yC/OBHH BBENEHHA COOTBETCTBYIOIIMX DPAasMEPHEIX MOCTO-
AHHBIX,

Teneps paccMOTpHM 3afady, B KOTOPOH BHIOZHO paccMarpHBaTh
CHly, KaK [epPBHUHYIO BeMHYHHY. 3ITO — 8amaua Crokca O Ma-
JeHbKOH Cdepe, majaiowelt mon AeHCTBHEM TAKECTH B BASKOH WHI-
koctH. Cdepa HACTONBKO Manma, YTO ABHIKEHHe BCIONly MeIJIeHHOE,
Y HHTAE 8 XUIKOCTH HE BOSHHKAET TypOY/NeHTHOCTH. DIeMeHTH,
¢ KOTODBIMH TIPHXONHTCA HMeTh 1e/0 B 3TOH Baiaye, 3TO — CKO-
POCTe naneHus, NAOTHOCT, cdepbl, AHaMeTp Ceps, NAOTHOCTD
HHIKOCTH, BA3KOCTb MUIAKOCTH M YCKOPEHHE CHJbI TaxecTH. 3anaua,
O4YEBHAHO, MEXaHLYeCKasd H, MPHMEHAA OOHYHBIE MEeXaHHYeCKHe elH-
HHLBI, Mbl He 6yneM WMeTb Da3MepHBIX MOCTOSHHBIX. Mu 3aMeydaeM,
0lHAKO, 4TO 3afayd WA MEXAHUKH HECKO/JBKO Heo6blyHas, JIBHmeE-
HUE MENICHHOE M CKOPOCTb TNOCTOAHHAs, CHJIL, HeHCTByOmMe Ha
chepy W KHIKOCTb, BCIOAY YpaBHOBEIIMBAIOTCS CHNAMH, BBI3LIBAE-
MBIMH BA3KOCTBIO MHIKOCTH, T. €,, XOTA MH HMEEM [deNO C IBHKE-
HHEM, OIHAKO, 3a1a4a OTHOCHTCS K C/IYYal0 HEYCKOPEHHOTO IBHKe-
HHUA, KOTZa CHAH BCIOJY yPaBHOBEIIMBAIOTCH.

ITosatoMy, mo cywecrtBy, samauya — craTuyeckas H, paspemas ee,
Mbl He O0f13aHbl MO/b30BATHCS (DAKTOM MPOMOPUHOHANBLHOCTH CHJBI
NPOM3BENEHHIO MACCHl HA YyCKOpeHHe, Mbl MoOxeM paccmarpnéaTb,
cTano ObiTb, B 3TOH 3alaye cuay, Kak NIEPBHUYHYIO BENHYHHY, HeE
BBOJA KOMIECHCHPYOLUIEH Pa3MEPHOH MOCTOAHHOR. )

[Tepexonum K aHanusy:

Tasauwua 10.

Hassanue seaunums Cunson Popuyaa
paaMeprocmu
CKOpoCTb MaieHHA o . . . . . . . . v LT!
HOuametp chepst . . . . . . . ... D L
MnotHocTb Cdepnr + . . . . . ., . d, mL—8
MA0THOCTb WHAKOCTH . . . . . , . . d, ML—3
BA3KOCTH MUIKOCTH . + . . . . . . . - FL—T

YckopeHHe CHAB TAWECTH . . . . . . g Fm—!
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dopMy/Ta pasMepHOCTH BA3KOCTH IIOJy4aeTc HENOCPeACTBEHHO
¥3 ee ONpelefieHHA KAK CHAbl Ha €IHHHLY IJIOIAAH W HA €IMHULY
rpalveHTa CKOPOCTH. YCKODEHHE CH/Ibl THXKECTH BXOOHMT C yYKa3aHHOH
pa3MEPHOCTbIO, MOTOMY YTO B YPABHEHHAX [BHIKEHHA, OYEBHIHO, He
HaflmeT OTpameHHA YCKODUTENLHBIM XapaKTep NEeHCTBHSI THKECTH, U
BOMIET TO/MbKO CHJA, MPOAB/AAEMAs TAKECTBIO Ha €IHHHIY MaCCH.

Mu uMeem Tenepb 6 mnepeMeHHBIX H 4 OCHOBHHIX eaBuLb, Cre-
LOBATENbHO CYIeCTBYIOT 1Ba TpOM3BeneHus Ge3 pasmepHo:TH. OnHO

d
H3 HHUX CDa3y OUYEBHIHO H DAaBRHO —d—g. U3 ocTaloIuXCA B THUHH MBI
1
0co60 3aHHTepeCcOBaHbH B CKOPOCTH v, JAf MOJAyYeHHA [1pOH3Bene-
Husi 6€3 PasMepHOCTY MKl IO/KHBI TONbKO KOMOWHHDOBATH €€ C de-
THIDbMSl IDYIMMH BeIHYHHAMH,
BruiGepem D, dy, @ ¥ g M COCTaBHM TpOHM3BEN8HHE B Qopme:

v D* d13 i ga.
Cpasy BHMIHO, YTO 110Ka3aTequ DPAaBHBI:
a=—2; 3=—1;, v=1; 8=—1
¥ npox3BeleHus 6e3 PasMePHOCTH MPHHUMAIOT BHJ

B . s
vD ™ d, vg Mg

OKoHYaTebHOE DeLlIeHHe TaKOBO;

Dd g ( dy
V= '_"(," - f Tl .

dyukuusa f HeonpeneneHHa, M Mbl HE MOXKEM CKa3aTb, Kak 3a-
BUCHT pe3yJIbTAT OT MIOTHOCTeH cepbl U KUIKOCTH, HO Mbl BHAHM,
YTO CKOPOCTH MaAeHHA MPONOPIUHOHAAbHA KBAAPATY AHaMeTpa cdepsl,
YCKODEHHIO CHABl TAXECTH U O6paTHO NMPONOPUHOHANbHA BA3KOCTH
*KUAKOCTH.

Sra 3azaya, pasymeercs, NABHO pelleHa METOLAMH [HAPOLHHA-
MUKH, MpHyeM oTBeT HMeeT By (cp. Hanp. Millikan, Phys. Rev.
2, 110, 1913);

8 g Dt
Y = — d —d .
9 v ( 1 2)
TouHoe peleHHe monydaeTcs H3 Oojee O0OIETo, €CaAH TOMO-
8 a,
WHTh GYHKUHIO f paBHOH 5 (1 — d—2->
1
Ecau 6bl Mbl pelianu 9Ty 3afayy C OGhIYHRIMH MEXaHWYECKHMH

€IMHMLAMH, B KOTODbIX CHJIa OmpeleneHa, Kak Macca, YMHOMKEHHas
Ha YCKOpEeHHe, Mbl WMenu 6kl BMEecTO OBYX TPH TMpOH3BeleHHs Ge3
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Pa3MEPHOCTH, H OKCHYaTelbHHH pe3y/bTAT BHPA3Wicd Obl B TakoH

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

KoHeuHO 10 TaKomy pesyinTaTy Heab3s GhIO 6bl CKA3aTh HH-
4ero O B/AHMAHHM HA CKOPOCTb KaXAOrO 3/1€MeHTa B OTAENLHOCTH,
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 pellleHHsi, 4eM H2 OCHOBe OJIHOTO TOJbKO aHaau3a
pa3MepHOCTel, N HECOMHEHHO HMKTO HaM He 3amnpeluaeT KOMOHHH-
poBaThb aHa/H3 pasMepHOCTeH C IPYrMMH HaHHBIMH, HMEIOLIHMHUCH
B HalleM pacClOpAXEHUH.

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
MeXaHMKH, 3THM ONpeNe/seTCs . MeXaHHYeCKas CHCTEMa €QMHHLL
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-
CTyMaeM K aHa/H3y.

Tasnnua 11,

Haas:Hnue seaununu Cumeon pa?::;;%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
El’
H OKOHYAaTeJbHOE pElLieHHE anHHMaeT BHA .
b d p
s=ef (7. 4 £):
Takoe pemeHHe He 1aeT BO3MOXHOCTH clenaTh BbLIBOALI O 34BH-
CHUMOCTH XEeCTKOCTH OT paamepa GaJlKH. HO H3 SﬂeMeHTaprlx 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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4TO pelueHHe N7 GanK¥ ABOMHOM WIMPHHBI TNPHOMMIKEHHO MOXKET

SBITh MOJMY4YeHO NPOCTHIM PACHOJOMKEHHEM DALOM IBYX OOHWHAKOBBIX

6a/lOK MepBOHAYaAbHOM wupHHLI, [loaTOMy f HOMKHO MMETh TaKyio

b d d u

OpMy, uT0bH [f({—, -, =) NPHUBOLHJIOCH D —, =
b d

OYEBHIHO [ NO/MKHO PABHATHLCH 7"7’(7’ 5 )

Bosee orpanuuenHoe pellleHHe HMeeT, CeLOBaTelbHO, TAKOH BHI :

S=Ebcp( a9 i),

LT, e

E

3ITO pellleHWe NOKA3bIB2ET, YTO 6aJKa YaIBOEHHOH IJMHBI GyIer
HMETh TMPEKHIOK WECTKOCTD, €C/TH ONHOBPEMEHHO YIBOUTH €€ BHICOTY.
JleraneHoe peuleHMe, MOMyyaeMoOe B TEODHH YNPYTOCTH, MOKa3blBaeT,

YTO OTHOILUEHHE T BXOIHT B Ky6€, B BMIE€ MHOXHTensd, H, CJ1e1OoBa-

TE/bHO, KECTKOCTs OalKH MPAMO NPOMOPLUOHANBbHA KYG6Y BLICOTH H
IIMPHHE, 06PATHO MPONOPLHOHANLHA Ky6y MIHHB H MPSAMO NMPONOP-
UHMOHA/NLHA HEKOTOPOH Hen3BeCTHOH QYHKUMM YHPYr¥x TNOCTOAHHHX.

Tako#f MeTOX TMONONHEHNs De3y/NbTATOB aHAAH3a DPasMepHOCTel
IDYyr¥MH CBEJCHHAMH HMHOIJA OuYeHb MoJeseH. Y Paled wumerrcs
MHOTOYHMC/IEHHBIE MpUMepw 3Toro, Panefi He Bcerpa pasjensier ada-
JIH3 Ha pasMepHelff ¥ Kako#-mM60 HHOW W FOBOPHT, WUTO Pe3y/bTaT
MOXeT OHITb NOKa3aH aHAIM30M pa3aMepHOCTe#d, XOTA B JeHCTBHTeNb-
HOCTH TPeGYIOTCA Te WM MHBle no6aBounsie cBefenus. Xopoiuui
TNIpMMep 3TOrO MOMHO HaTH B ero pabore o pacceanuy ceera HeGoM (2).
BbiBOZ, 4TO paccesHHBI CBET H3MeHAETCS OBGPATHO NPONOPLUHOHANBHO
4eTBEpPTOft cTEMEHW AAMHBI BOJHHI NMAAAIONIEro CBETA, TOJyYaeTcs HO -
‘6aBAeHHEM K aHA/MM3y pasaMepHocTed cienywoiuero ¢akra: ,Ha ocwo-
B4HHK TOTO, 4TO HAM M3BECTHO O AMHAMHKe Bompoca i (OTHOIWeHHe
AMIVIUTYLN MajaioIiero W PACCERHHOrD CBETa) W3MEHSIETCs TPOTOp-
udoHaapHo T (o6weM pacceMBaiomielt yacTHLbI) H OGPATHO NMPOMOP-
UHOHBaNLHO 7 (PacCTORHWA TOUKM HaGMIODEeHHs OT pacceMBalouled ya-
CTHLH),

Jo cux mop Mu pasGMpanH ToAbKO MEXaHHYECKHE 3adayu, HO
pasyMeeTcs METOJ He OrPaHHUYMBAETCHA TOJbKO 3TOR 06/aCTbIO, OH
TIDMMEHHM K /IOOHIM CHCTEMaM, 3aKOHBl KOTOPHIX MOMHO BbIDa3HTh
B dopMe, HE3aBHCHMOH OT pa3Mepa OCHOBHBIX €IHHHII H3MEPEHHS.

PaccvMorpuM, HampuMep, 3anayy M3 KHHETHUYEeCKOH TeODHH rasos
W HajileM nNaB/IEHHWE HAEAJBbHOTO rasa. ATOMbl B KHHETHYECKOM Teo-
PHHM paccMaTpHBAIOTCH, KaK coBepiieHHble cdephl, HAeaJbHO Ympy-
rde ¥ 06/1amalolIHE MCUE33IOUIe MadbIMH pa3MepaMH B CPaBHEHHH C
HX B3aMMHBIMH paccTOsHUsAMH, EInHCcTBeHHas pasMepHas MOCTOSHHAI,
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Tpebyolanca s OTNpeneneHus MOBEIEHHT aTOMOB, 3TO — HX MACca.
Cpo#icTBA arrperata TakMX 4aTOMOB OYEB'IIHO XapaKTepuUsylTCs
NAOTHOCTHbIO Ta3a M 4MUCIOM aToMOB Ha eluHuiy ob6bema. flpo-
61eMa — SIBHO MeXaHMuYecKas, W HaBI€HHE MOXET 6bITb HaMOEHO
W3 pACYeTa H3MEHEHHA KOJIMYECTBA ABHKEHHS aTOMOB, yAapsIOIIHX-
csi O CTEHKH COCyAd B elMHHMUY BPEMEHH H Ha EIHHHLY MJIOWANH.
MexaHHyeckas CHCTeMa eIMHMUI, C/JeXOBATENBbHO, IPENMO4THTENLHA.
Ontako, B n06asieHHe K OOGBIYHBIM MEXaHHYECKMM CBOHCTBAM 3IE€CH
NPUXOAMTCA PACCMATPHBATL 3TEMEHT TEMIEPaTyphl.

KaK BXOZMT TeMnepaTypa B yPaBHeHHs LBHKEHHS CHCTEMBl?

Ou4eBHIHO 3TO OCYUIECTBASETCA MMOCPEACTBOM ra30BOR mMOCTORH-
HOM, KOTOpasi ONMpefensieT CPeAHIO KHHETHYECKYK SHEDPIHIo KdX-
ZOro aToMa B QYHKIMHM Temnepatypu. Ham ananus pacnojaraercs
103TOMY TaK !

Tasauua 12.
Dopmuyasa

Ha3sarue seauvusl Cumeon pasmeprocmi
JIABNEHHE T232 + « « « ¢ « v . o o D ML~ T2
Macca aTOMa . « « « * 4 o+ o v . s m Mg
Uucao aToOMOB B e€IHHHLUE obmema . . N L
A6coqoTHad TeMmepartypa . . . . . . f ] .
Ta30Bas NOCTOAHHAHA HA ATOM . . . . k ML2T—26—

Mu uMeeM naTh MepeMeHHsiXx H ueTeipe eauHHusl. CymiecTsyer,
C/en0BaTENbHO, OIHO Tpou3sesenue Ges pasmepHocTd. Hac muTepe-
cyeT p, MOITOMY €°O MOKa3aTelb BHIGUPAETCHA PaBHMM eIMHHLUE. Mu
JOMKHBEI HANTH TMpOM3BELEHHE !

pr"NPYTE.
Pewiedue fOCTHrAeTCA KaK BCeraa, 3HaueHWda Toxasatenedt Ta-
KOBHI -

o=0; f=—1; y=—1; 8=—1
[poussenenue 6e3 pasMepHOCTH npuo6peraer BHI:
' pN—]e~ 1 k—l’

¥ OKOHYaTeldbHOe peuleHne GymeT:
p = const- Nkf,
T. €. IasjdeHHe TPONOPUUOHANLHO Fa30BOH MOCTOSHHOH, MIOTHOCTH

rasa, aGcoMIOTHON TemNepaType M HE 3aBHCHT OT MAcChl OTAG/BHOrO
atoMa. dopMyna INA NaBIEHHS, IONY4AEMAR B KAHETHUECKON TEOPHH,
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OT/MYAETC OT HAMUCAHHOM TOJBKO TeM, 4TO BMNOJHE ONpeneIsercs
YHCNOBOE 3HAYEHHE KOHCTAHTHI.

B aroft- 3axaue, kKak M B APYrHX npobjeMax TOro xe THNA, Mbl
Mornu Obl, ecH 3aXOTe/H, HCK/AIOUHTb TeMNneparypy, Kak He3aBHCH-
MYIO TepeMeHHYyIo, OTpeleNHB e€e, KaK JHEeprHio aroMa, 3TO BH30-
BET TOJbKO M3MeHEHHe pa3Mepa rpaayca, HO HE M3MEHHT OTHOlUe-
HHR Kakux-1460 NBYX TeMmepaTyp, Kak 5TO M TpeGyercs HallHMMH
HCXOOHBIMM Mpeanocwi/AKaMH. [IpH TakoM onpene/eHHH TeMIepaTyphl
ra3oBas NMOCTOAHHAA, pasyMeeTcd, LOMKHA OHThb NOJOXKEHA paBHOMH
eNHHIE.

Mu Gyzem uMeTb B TaKOM Clyyae TPH OCHOBHHIX €NHHHLBEI H
YeThiPE MEpPEMEHHBIE, T. €. CHOBAd CYUIECTBYET TOABKO OOHO NPOH3-
BeleHHe 6e3 pasMepHOCTe#, H MBHl MOJyYHM MpexHHH pesynbraT.

[Tpocneaum, onHako, 9TO B AeTajadX, YTO AOCTATOYHO MOYYH-
TEJbHO.

Tasauua 13.

Dopmyia
Ha3sarue seaununw Cumeoan pas .ulz; pio emu
Hdaprenne rasa . . . . . . . ..., p ML—IT—2
MaccaatoMa. . . . « v « v v v o W m M
Uueao aToMOB B eguHHUe o6beMa . . N L3
A6coaloTHas Temneparypa . . . . 6 ML2T—?

Ham HyxHO HatTh npousBefeHyue Ge3 pPasMEPHOCTH :
pmNPoT,
Haxoaum o6uiyHeiM cnoco60M MoOKasaTe/u :
u=0; B=—1; y=—1,
H pellieHHe 3ahayy HMeeT BHI: °
p = const. Nb.

ITO peuieHHe COBMAZaeT ¢ MPEAbLIAYUIAM B33 HCK/IOYEHHEM OT-
CYTCTBHSl ra30BOH NOCTOAHHOR, HO NOCKOJBKY B HOBOH CHCTeMe elu-
HULl Ta30Bas NOCTOAHHAA paBHA elMHMIle, 06a pelleHHA TOXAECTEEH-
HH, KaK 3TO W CJENOBaNO OXHAATh.

Takaas npoueaypa npuMeHHMa, OueBHAHO, K /060 3ajaue, B
pelleHne KOTOpPO! BXONHT ra3oBad MOCTOsHHadA. TeMmnepaTypy MOXHO
CYMTATb HE3aBHCHMON eIMHHMLEH, €ec/M »KenaTelbHO, YTOOH rasomas
NOCTOsIHHAaA ¢(urypupoBana B ABHOH dopMe, H HAOGOPOT TEMMEPATYPY
MOXHO ONpeleJHTb TaK, YTO Fa30Bad MOCTOAHHas Oyner paeHoH
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elMHHMUE, A Temneparypa GyAeT UMeTh DasMepHOCTb 3Hepruu, ToT
e TIpHeM T03BO/MTE/NEH M B 3aIayaxX, PElIeHHe KOTOPBIX He COAep-
WHT rasoBod nocrosHuo#f, QOJHako, omperenss B TaKMX 3amayax
TEMNEPATYpPy KAK KMHETHYECKYIO 3Hepruio aTtoma (WM, obuiee, sHep-
[HI0, NPUXOAAULYIOCA HA OLHY CTeneHb CBOGOAMW), M Monaras TeM
CAMBIM Ta30BYI0 MOCTOSHHYIO DABHOH €IHHHLE, MBI OTPAHHYMBAEM
OCHOBHBIE eIHHMIE 6e3 KoMrneHCauuH. [JosToMy pesy/abTaT XOTd H
6yaeT BepHbIM, MOCKOJbKY TEMNepaTypa [AeHCTBHTENbHO MPOMOp-
LHOHa/bHA 3HEPTHH OAHOH CreneHH CBOGOAL, ONHAKO OH OyneT Aa-
BaTb MeHbIUE CBeNEHH#, YeM MPH MeHbIIeM OTPaHHYEHHH ENMHHUIL

SICHO, YTO 3TH 3aMe4yaHUs HENOCPEACTBEHHO [MPUMEHHUMH K 3a-
naye Panes o TennonpoBOAHOCTH, pa3o6paHHOR B BBOLHOM TiaBe.

MHorHe YyBCTBYIOT KaKyK TO HEOMpPENENEHHOCTb B OTHOLIEHHH
pa3MepHOCTH TeMnepaTypsl, JTO NMPOHUCKOAHT BEPOATHO OTTOrO, HTO
H1 GOpMy/ly pasMeDHOCTH CMOTPAT KaK Ha HEKOTOPOE YTBepmie-
HHEe O (A3MYECKOH MpHpOREe BeIMUYMHEL, CONEpKalleecds B Onpele-
AeHuH. AGCOJIOTHAA TeMIepaTypa, KOTOPYK Mbl TOJAbKO 4YTO [MpH-
MEHsH, eCTb TepMOAMHAMMUecKas abGCco/IOTHAA TeMmepartypa, oOnpe-
gendemMas Ha OCHOBAHMM BTOPOrO Hayala TepMoAWHaMHKH. Tpyauo
npeacTaBHTh cebe, KakuM 06PA30M CAO0MHbIH KOMIIEKC (U3MyeCKUX
onepauuf, cBA3aHHBIA C MPHAMEHEHHeM BTOPOro Hayana (B To# popme
KaK 370 JaHO KeaAbBHHOM MpH onpeleneHun abCOMOTHOR TeM-
nepaTyph) MOXeT HAaHTH OTPaXKEeHHe B NMPOCTOH dopMyne pasMepHO-
cti. C Ipyro# CTOPOHbI OYEBHAHO, YTO, HAMPHMEP, U3MEpEHHs 3Hep-
THYM BXOOAT B [PHMEHEHHs BTOPOrO Hayana, H OO6HIYHHIE MEXaHHue-
CKHe eNMHHUH MOXeT GHITb BOHIYT TeM MM HHuIM myTeM B ¢op-
Myasl pasmMepHoctH. Ho Mbl Buaenu, uTo ¢opMyna pa3MEpHOCTH
TO/IbKO BECbMa OrpaHHYeHHO 0TOGpaxaeT pas/aHYHbIE PU3HUECKHE Ofe-
pauyn, BXOAUIME B OMpeleleHHe, YKA3bIBAA TONbKO H3MEHEHHS Y-
CNOBOH Mephl BeHYMHB TPH BAPHALHK OCHOBHBIX €IMHHL. Jlerko
TOHATb, YTO BCAKHE ONEPALMH TOrO Xe poaa, Kakue npuMeHan Kens-
BHH, onpeaenss a6CONIOTHYIO TeMmepaTypy Ha OCHOBE BTOPOrO Ha-
yana, He HanaralwT HUKAKOrO OrpaHMYEHHH HA UYHMCIO, H3MEpslollee
HAHHYK0 KOHKPETHYIO TEMMepaTypy MOCPEICTBOM €IHHHL, B KOTODBIX,
HalnpuMep, BLIPAXKEHO TEMI0 WIH SHEPTHA.

Be/uunHa rpalyca TepMOAHHAMHYECKOH TeMMepaTypH MOmeT duK-
CHPOBATLCA BIMONHE MPOM3BOMBHO ; MEXIY TOUYKOH 3aMep3aHHAl M TO4-
KOM KUIEeHNs BOIK MOXHO, HalIpUMep, PACTIONOXHTL Moboe YUC1o Ipa-
IyCOB, COBEPIIEHHO HE CBA3WBAA 3TO C PAa3MEPOM KAKHUX-THGO ApYy-
rUX el¥HHI. B ¢opMy/né pasMepHOCTH Mbl HMEEeM [1eJO C oOmnpele-
JeHHEM HA OCHOBE BTOPOTO 3aKOHA JHIUb MOCTOMBbKY, MOCKOJbKY
3TO OMpEIeNeHHe yIOBIETBOPSET MPHHIIHMY abCOMIOTHOrO 3HAYEHHA
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OTHOCHTE/NbHOH BENHYMHBE, T. €. [PHHIHINY, YTBEPKIAOLUIEMY, UYTO
OTHOLLIEHHE Mep [BYX KOHKDETHhLIX OGBEKTOB He 3aBHCHT OT pas-
Mepa eIHHHU. §ICHO, OIHaKO, YTO TepMOIWHAMHYECKOE OMNpeje/ieHHE
a6coMIOTHON TeMmepaTypsl COXPAHseT OTHOLIEHHE ABYX KOHKPETHHX
TeMnepaTyp He3aBUCHMLIM OT pasmepa exuuun. <Popmyna pasmep-
HOCTH TEMIMepaTyps MOITOMY MOXET H He COLepKATh KaKux-1H60
MHHX 5/1€MEHTOB, W TEeMNEPaType MOXHO MPUMKCATb ee COOCTBEHHYIO
pa3MepHOCTb.,

Her Heo6x0OHMMOCTH NMpHMEHATh HMEHHO abCOMIOTHYIO TeMmepa-
Typy. MoxHo, Hanpumep, ONpENeIHTb YHCIO TPadycoB B HaHHOM
TEMMEPATYPHOM HHTEpBale KaK YHUCAD €IHHHUL LJHHH, Ha KOTOpOe
nepeMeuiaeTcss N0 KamuAspy KePOCHH H3 OyTblJIH NpPH H3MeHeHUH
temnepatypsl 6yThiid. OnpelenenHas TaKHM crnoco6OM TeMnepatypa,
OYEBHIHO, YIOBJETBOPSET NMDHHLIHIY a6CO/IOTHOrO 3HAYEHHs OTHO-
CHTEJbHONH BeNYYHHBI, HGO €CAM YMEHBIUHTb BIBOE€ €IMHHILy NJHHHI,
H3Mepswolled KANUAIAD, TO YHCAO IPALYCOB B KaX/AOM TeMmepaTyp-
HOM HHTEpBajde COOTBETCTBEHHO yIBOWTCH. [IpeMMyniecTBO TepMOIM-
HaMHYeCKOH 1iKansl — B ee npoctoTe. CBOKCTBA HIea/bHOro rasa
Hd OCHOBE KEepOCHHOBOH IIKajel He MOryT OhTb XapaKTePH30BaHHI
C MOMOLIBI0 OJHO! TOMBKO MOCTOSHHOH K ypaBHEHHS TEMJIONPOBOLL-
HocTH Dypbe MOryT GLIThb HAaNUCaHHI C €IMHCTBEHHBIM KO3(HLH-
€HTOM TEMJOMPOBOLHOCTH TOJBKO A/ OYeHb OrpaHHueHHO!t 06/acTH.

[ToMuMO pasmepHOCTH TeMmepaTypul, ecTb Apyroi sonpoc, cas-
3aHHBII C MpUMeHeHHeM aHanu3a pa3MepHOCTeH K mpo6aemam Tep-
MOIMHAMHMKM, KOTODHH CHNOCOGEH MpPHBECTH B CMYLUEHHE, STO —
BOMPOC O TdK HasbiBaeMHX JOrapHpvMYeCKHX KOHCTaHTaX. B kyp-
CaX TePMOAWHAMHKW YacTO BCTDPEYAIOTCA YpABHEHHS, Ha !epBHH
B3IVl He SABIAIOIUIMECH MOJHRMH H DPA3MEPHO OZHODOAHHIMH. ITH
yDaBHeHHsI COIEPKAT NMOCTOSAHHBIE, KOTODHIE HE MOTYT H3MEHSAThCH
M0 YMC/JIOBOH BEIHYHHE HA HEKOTOPHIH MHO XU TEN b NPU MepeMeHe
pa3Mepa OCHOBHbLIX €IHHHUI, HO H3MEHSIOTCS CJIO0XKEHHEM C HEKOTO-
po#t BennuuHoit. [NpuMep MOXHO Ha#iTH Ha cTp. 6 jekuu# HepHcTa
»[IDHMEHEHUs] TEePMOAMHAMHMKHY K XuMuH“. TaM HanucaHO ypaBHeHHE :

A

0 a b € g ,

B sToM ypaBHeHHH C — KOHIEHTpPallHA NAHHOTO rasa, i,— He-
KOTOpOE KOJHYECTBO Temna, &, b, ¢— pa3MepHble MOCTOSHHEIE B
OGBIYHOM CMbic/e (XapaKTepHaoBaTb HMX MOAPOGHO HAM HET HAZOG-

lgC=—

a
HOCTH, MOXHO TOJbKQ yKasaTb, UTO 5 HE HMEeT pasmepﬂocm), a

R
[ eCTb MOCTOAHHAA MHTETPUPOBAHHUS, $ICHO, 4TO B HanuCaHHOH ¢opme
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370 ypaBHeHMe He IOMYCKaeT H3MEeHeHHs pasMepa OCHOBHBIX elH-
UL MyTeM OOMYHBIX MepeMeH pasNHyHbX BeAnuMH, O[HAKO, MOXHC:
TaK neperpynnnpoaa'rb y/igHEl, 4TO (POpPMyna NMPHUMET OOGHBIYHBINA BHI.

CoellMHHM UsleHB! lgC lg 7T 1 { B OIHO BHIPANEHHE:

o C
8 T
Tl

rie i’ — HoBay MOCTOsAHHAadg. MB moiayyaeM TakuM 0Opa3OM MOJHOE
VpdBHeHHe B OOBIYHOM CMBIC/E CJIOB3, NMPHYEM [' MMeeT PA3MEPHOCTH
TaKylo e, Kak
@
cT "

[MeperpynnupoBKH T4KOrO DOJA BCErfa BO3MOXKHEI, €C/H TOJBKO
(pOpMyna BhiBeleHa TeOPETHYEeCKH, KaK 3TO HMeeT MeCTO B OTHO-
UIEHHH BCEX (JOPMYN YKA3aHHOH KHUTH, M TMO3TOMy Jorapudmuyeckas
N0CTOSHHAA fABJAETCS TOAbKO (DOPMAa/LHBIM HCKJIOUEHHEM.

JlorapugmuyecKye MOCTOSHHbBIE 4acTO BCTpPeyaloTcs B TepPMOIH-
HAMHYECKHX (hOpPMy/ax BC/eICTBHE TOrO, YTO B GC/BIIMHCTBE TEPMO-
AMHAMHMYECKNX BHIpaXKeHMH GUrypupyer NpOH3BO/JbHAA MOCTOSHHAR
WHTErpUpOBAHHA, [OSB/SICUIAACS MOTOMY, 4TO 3Heprus, palorTa,
SHTPOMHA WM TEPMOAHHAMAYECKHH MOTEHILHan He MMeEOT a6ComoT-
HOTO 3HQUEHMsi, & CYTh TOMbKO PAa3HOCTH IByX 3HaueHHH; KOOpIH-
HATH HayaabHOM TOUKH, GHUKCHPYOllleH 3HAYEHHe SHTPOMHH, MOTYT
6HTH Hanpumep, BolOpaHel MO NMPOH3BOJY.

GopMyas TEPMOLHHAMUKY [O3TOMY YaCTO MMEOT chaHHuﬂ BHL,
3aK/II0Yyas KOHKPETHhIe BEJMYMHB C Pa3MEPHOCTAMH B apryMeHTax
TpaHCUEHAEHTHBIX $yHKUHRA. Ha.cTp. 5 To#t we kuurn HepHcTa
MB HaxOIHM H4npHMep Takyw dopmyay:

N dlgp
— 2 57,
%= R7 o7

3ra ¢dopmyna monydaeTcsi npHMeHeHHeM ypasHenns Kanane it-
POHA K BelecTBy, Map KOTODOTO MOMYHHAETCA 3aKOHY HIEa/bHOTrC
rasa u umeerT o6beM 3HaunTeasHO GoJbliHA uem y XuaxocT. He-
CMOTpS Ha TO, 4TO JaBjieHHe CTOMT NOJ 3HaKOM lg, 5T0 ypaBHe-
HHe, KAaK HeTPYNHO BHIETb, [OJHOE M COPABENNWBO IS JIOGHX
pasMepoOB OCHOBHHX eIMHMU., ITO #ABCTBYeT Cpasy, eC/u BMECTO
d;grp Hamucarhb ; ::;, OTKyIa BHIHO, 4YTO DPa3MEPHOCTh BhIpaXeEHWsH
OTHOCHTEJBHO p DaBHA HYyJIO.
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BuipaweHusi TAaKOro pond, B KOTOPHIX HUrypupyer jorapudu
OT pasMepHO# BeAHUHHB, OGBIYHB B TEPMOAWHAMHKE H YACTO MONB-
ASIOTCA TPH NPAMEHEHWH ypaBHEHuR wupeansHoro rasa, Hanuuue
STHX /0rapu(PMHYECKHX UIEHOB, MHE KaweTcs, TPYyAHO OGBACHUMO
18 TeX, KTO CKJOHeH paccMaTpuBath GOp.yly DasMEPHOCTH, Kak
BHIpAXEHHE KOHKDETHOM (hH3HYECKO# OnepauuH Hal KOHKPETHbIM
-hH3HYECKHM fIBJIEHHEM.

OrcyTcTBHE NMPOTHBOpPEUHS MEXIy TAKMMH BrpameHusMH H II-Teo-
peMOd BUAHO K3 npeoﬁpaaoaauux—;-:—;f . Haknon xacatennuoft,
-gfr-,.ﬁyner ONHOM M3 ' MepeMeHHbX, Yepe3 KOTOPble BHIPANAETCA

ripou3BefieHHe 6e3 pa3MepHOCTH, M 3TOT Cayyalh He COCTaBJaseT
Kakoro-au6o wuckmovends. Hawa teopema emuHCTBEHHO yTBepwaaer,
4TO Pe3yabTaThl MO2Ym Obvims BulpadCers. B BHAE MNPOH3BedeHUH
6e3 paamepHOCTeH. Y HacC HeT HUKAKMX OCHOBAHMH MpPEAINONATATh,
yTo6bl yenoBeK, nomyquBuivé GopMyay, cpasy Hamucal ee B TaKOM
gHae, YTOOB 3TO HOCTHraJoch (e3 HEeKOTOpOH meperpynnupoBKH
4JIeHOB,

33aKOHYHM [V1aBy HECKOJBKMMH TNpHMepaMu H3 06JACTH 3JEKTPH-
qeCTHa.

[Mpexne Bcero pacCMOTPHM 3SJEKTPHUYECKYIO LEMb € eMKOCThIO
M CaMOMHAYKLHMeH; B Hell BO36YymaaeTcs SMeKTPHUYECKHH paspsal.
Kak 3aBHCHT nepHod paspsia OT MOCTOSHHBIX LEMH?

PeiueHue 3TOH 3amaud nmosyuaeTcs U3 MOAPOGHOrO paccMoTpe-
HHA ypaBHeHHH 3/EeKTpHYecKoft Iienmu, HANMCAHHEX B O06LIYHOM dopme
B 3NeKTDOMATHUTHHX eAHHHUAX. B ypaBHeHHMM He yuHTHIBAKOTCA
9/IEKTPOCTATHYECKHE NEHCTBHA TOKA H B3aUMONEHCTBHA C MATHHTAMH.
YpasHueHne MMeeT TakOH BUI:

di idt
L+ [ =0

[lpn ycTaHOB/NEHHH OCHOBHBIX EIMHHL IJA 3TOrO ypaBHEHHs,
OYEBHAHO, NOCTATOYHO PACCMOTPETH TOJMLKO TPH BEIHYHMHBI, UMEHHO
KO/IHYeCTBO 3JIEKTPHUECTBA, BpeMsa M 2Heprur. Tok onpenensercs
KaK KOJMYeCTBO 3/JeKTDHYeCTBa HAa eIHHULY BpeMeHH, Ko3ddu-

ILIHEHT CaMOMHAYKLIHAH ONpeneaseTcs TeM, UYTO TMNDPH YMHOXEHHH
{2

Hd 7, OH [1aeT SHEPIHIO; AHA/IOTHYHO eMKOCTb, Ae/leHHad HA KBa-
opaT 3apsia, AaeT SHePrHIo.
[Mpucrynaem K OGBIYHOMY 2HA/M3Y:
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Tapnuua l4.

Dopmyra
Hassarue 8eAudunbl Cuméon pasMeprocmi
KoangecTBo aMeKTpHUYecTBa . . . . - q .
TOK « . v v v o v o o s e e i QT22
Kosdpduunent CaMOHHIYKUHMH . . . . L Q2E;I‘_1E
EMKOCTD + » o * v « o » 0 ¢ ¢ o o« s ¢ ?
TIGPHOL .+ « « « v « s v 0 0 = 0 o s t

MMeproi KoneGauus NOMKEH, OYEBHIHO, 33BHCETb OT KOHCTAHT
LeNH M HAauaJAbHOrO 3apsia KOHIeHcaTopa. Muaue roBopd, HYXHO
uMeTb CBA3b Mexnay ¢, L, ¢ u f. Hac naTepecyeT £, noaTomy no-
npo6yeM HaiTH mpou3BeneHHE Ge3 pasMepHOCTH TaKOro BHIa:

tL & g,

Cpasy nonyuaem TNOKasaTeu:

OTKyla -
t=const V Lec.

Aro, pasyMeeTcd, TO e DpellieHHe, KOTOPOE Mkl Haua  6H,
JeHCTBUTE/IBHO pelnas ypaBHEHHe UenH, 33 HCKIOueHHeM Heonpe-
Je/IeHHOr0 3HaYeHHs MOCTOAHHOA HAlliero pelleHHs. 3ameTuM, 4TO
HAauaMbHBIR 3apaAn B pelleHHe He BXOMHT. Dra 3adaya, OUeBHIHO,
4B/AETCH 9/eKTPHYECKHM aHAJOTOM MeXaHWUYeCKOH 3ajauH O MaaTHHKE.

[Moae3Ho OTMETUTH ewie Pa3, 4TO A/Ms MPHMEHeHHs ananusd pas-
MepHOCTel ¢ no/B30H H B 3TOM Ciaydae notpe60BaKCh HEKOTOPHIE
ceneHus O XapakTepe pemenns. oBuyoK, npucTynas K sTOM 3a-
fadye BmepBhle, NTaAcs Obl MCKAaTh COOTHOLIEHHE pa3MepHOCTH Bpe-
MeHHW C MNOCTOSHHBIMH ueml, MTHOBEHHBIM TOKOM H 33paaoM B KOH-
if.— TaKwe
UMeeT DAa3MepPHOCTb BpEMeHH, M ero pelleHHe HMEI0 61 TaKyio
dopmy:

geHcarope. M3 Ta6auLel NEPEMEHHBIX OH HaUle] 6b1, 4TO

S ile
t=VLlcf (_qT )

D10 MpaBHAbHO, TAK KAk MPHBOIMT K MNPeXHEMY peayJbTaty,
ecaM MONOKHTh f nocrosuHo#t. Ho Takoe peiende 13€T MEHBIE
CBeJeHUHA YeM TNpexHee.

Tenepn pacCMOTPHM OAHY 3anaiy H3 anekipocTathkd, KoHuen
uMst cpensl, BBeleHHas (PapaneeM, MO3BOAAET CUMTATH Cpely MecTOM

: P
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OCHOBHBIX CBOHCTB 3/IEKTPOCTATHYECKOrO [0/, TNpPHYeM YCJI0BUA
B Cpeze B JIOGOH MOMEHT ONHO3HAYHO OMNDENENAIOTCH 3JEKTpHYE-
CKHMM BEKTOpPOM B 3TOR TouYke, Halizem cBA3b MeXIy NMPOCTPaHCTBEH-
HOM MN/IOTHOCTBIO 3HEPrHH B 3/1eKTPOCTATHYECKOM MMOJe M CHJIOH
noas. [lockoasky 2Ta 3amaua CcTaTHYeCKasd, fABJAeBHe MoxeT ObITb
ONHCAHO MNPHU MOMOWM [BYX OCHOBHHIX €IMHHI — CHJbl M AJHHBHI.
Ilanee ypasHeHus mnods B 3MeKTPOCTATHKE He COLEPKAT PaiMepHbLIX

NNOCTOAHHLIX, H CKOPOCTb CBETa He NOMKHA BXOIHTH B pesy.ma'r,‘

KaK 3TO Hao6opoT O6bI10 B 3adauye O Macce CPepUuecKH pachpene-
JeHHoro 3apsnd. Ha ocHOBe HByX €INMHHMI, CHAR ¥ LJHHBI MBI MO-
KeM BBeCTH cjeldyloltiye onpenenenns., EannuLa 37eKTpocTaTHYE-
CKOro 3apaia ecTb 3aps, KOTOPbIK HA PACCTOAHHM, DPABHOM e€NMHHLE
OT TaKOro e 3apanaa B NYCTOM MPOCTPAHCTBE, TMPOSBASET CHIAY,
paBHYIO edHHHUEe. IDAEKTPHYEeCKHH BEKTOP, eCTh BEKTOp, KOTOPHH
NpH YMHOMEHMHM Ha 3apAj [aeT Cuay, AEACTByIOU(yl0 Ha 3apsaa.
IlnanexTpuueckas noOCTOAHHAA €CTb OTHOWEHHE CHJB MeWNLy AByMs
3apsnaMd COOTBETCTBEHHO B MYCTOM NPOCTPAHCTBE M B paccMaTpH-
BaeMO# cpene, PasaMepHOCTh AH3/1eKTPUYECKOH MOCTOAHHOR OUEBHIHO
paBHa HyMo. PasMepHOCTb 3HepPruM MNpH 3TOH CHUCTEME €AUHHL
pasymeercsa paBHa CHJIe, YMHOMEHHON Ha paccTosHHMe.
dopMyaupyem Tenepb 3anady:

Tasanua 15,

bopuyara
Hassanue sesununu Cunmson pasmeprocmu
3apAR . v e v e e e FhL,
21 —_
CHna moas o » + » » « . . . E FL—}
NaoTHOCTL SHEPTHU . . . . . . u F L

Msbl numem cessb Mexay £ u u. Boobule rosops, rakoi cssisu
He [0o/MkHO (bl CyLIECTBOBAaTb, MOTOMY, YTO Y HAC MMeIOTCH [Be
OCHOBHHIX Be/HYHEH NIDH NBYX TepeMehHuX, Ho npu crneunnansHbx
yc/lOBHAX 3TOR 3amayH Takas CBA3b BCe e CYMEecTBYeT, U Pe3yiib-
TaT, KaK ABCTBYeT CPasy, BRIDAWAETCA TaK:

u = const. £2,
1
B snexrpocratuke 10Ka3hIBaeTCA, HTO NOCTOSHHAA PABHA ;.
Ecay 6bl B¥ECTO NJIOTHOCTH SHEPIHH B MYCTOM MPOCTPAHCTBE
Mbl TOXenaad Gbl HAWTH MAOTHOCTb BHEPrHM B cpefe ¢ AUBIEKTPH-
YeCKOR TNOCTOAHHOM &, TO NPHBEAEHHBHIl pe3yabTaT M3MeHwWCs Obl

BC/E[ICTBME MOSIBJEHHS HOBOTO MHOXHUTENs, HEexOTOPOH MPOU3BOJbHOM
(YHKUMK OT & AHAAH3 pasMepHOCTel He MOMET PACKPHITL BHI
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ato# YyHKUWH. V3 #pyrux HCTOYHHKOB MBI 3HaeM, ch'> byHKLHe
paBHd CaMOR NM3NEKTPHUECKON MNOCTOAHHOM.

dTa 33maya nNOyyMTeNbHa TeM, 4YTO MOKA3HBAET pasHOOGpasHe
ci1oc060B, KOTOPWMH MOTYT ObTh BbIOPaHbl OCHOBHbBIE €NWHHMIIM.
IMockonbky 3apaua MoxeT GbIThb CBeAgHa K (DOPMYJHPOBKE B Mexa-
HIYECKUX TepMHHAX (OMpenc/ieHHe 37eKTPHUECKHX BEJHYHH AAITCH
HElIOCPEACTBEHHO Yepe3 MeXaHHyecKHe BeJHYHHB), MBI MOXEM MQJb-
30BATHCA OOGLIYHBIMM TPeMfl MeXaHHUYeCKMMH eIVWHULIAMH, KaK OCHOB-
HHIMH M MHCAThb (OPMY/H DPA3MEPHOCTH B TEDMHWHAX MACChl, IJIHHBI
u BreMeHH. B Taxom caydae, Mbl nmoayuuau O6u Takylo (QoOpMyJu-
POBKY:

Tabauuna 16.

Ha3ssanue seauu Popuyaa
arue BeAlHUH Cumson pasueprocm
38pAR . . . . e Mt
Chaamoma. . ... .. ... E MLl
[lnotHOCTS 3HepruW . . . . . . u ML—Iir?

CHOBa HuleM COOTHOLUGHHS MeXJy IIOTHOCTHIO 3HEPTHUHM M CHIOMN
nons. Teneps y Hac NBe MnepeMeHHbie W TPH OCHOBHHIX EXMHHIEL
M 1o o6uNM NpaBHIaM NMPOHU3Be/ieHNe 6e3 Pa3MepPHOCTH HEBO3MOXHO,
4 Ce/0BaTebHO, HEBO3MONHO H HCKOMOe COOTHolieHue. OmHaKo,
CBfI3b MEXIy MOKAa3aTeNsAMM TaKOBa, 4TO NpPOH3BeleHHe 6e3 pas-
MEPHOCTH OCYLIECTBJSETCH, OHO TAaKOe Ke, XKaK H paubiwie. Hosas
(hopMyMMpOBKA B APYTHX OCHOBHBIX €JMHULIAX HE H3MEHHAET Desy/h-
Tata, KAK 3TOrO H CJeJIOBA/I0 OXHIATH.

Muorne 6ynyT KpMTHKOBATb HaNMKCaHHbIE GOPMYNB PaaMepHOCTEH
479 3JIEKTPOCTATHYECKHX BEAMYMH HAa TOM OCHOBAaHWH, YTO IH3JIEK-
TPHYECKasi MOCTOAAHHAA MYCTOr0 NPOCTPAHCTBA TPOHSBOJBHO MOMO-
J€Ha paBHOM enuHMLe, XOTA MB HUYero HE 3HaeM O ee ApHUpoIe.
Bcnencteue 3atoro Mbl ONycKaem HeKOTOphIE Pa3MEPHOCTH, KOTOPHIE
CYyUIeCTBeHHH I/ MOMHOR nocTaHoBKM npobiemnl. Takas Touxa
3peHHs He coGbeT uMTaTens 3TOR KHWIM, YCBOMBILEro, 4TO B pa3-
MEPHOCTAX HeT HHYero abCOMIOTHOrO, YTO PAa3MEPHOCTH MOTYT OHITh
MOGLIMH, MuIIb OBl OHM COMMACOBaNMCh C ONMpENENeHHSMH, COOTBET-
CTBYIOIUMMH 3KCNIEPHMEHTAJbHLIM (pakTaM. Pasbepem 3rtoT BoOmpoc,
OIHAKO, HA KOHKDETHOM NPMMepe, BKJIOYAIOIEM AHINEKTPHUECKYIO
MOCTORHHYI0 TDYCTOrO MNPOCTPaHCTBA B ABHOR ¢opme KaK HOBHIH
BHI OCHOBHOH BENMYHHBI, KOTODYIO HeAb3sl BhIPA3HThb Yepe3 Maccy
anuny, u BpeMa. OGoO3HayuM ee uepes R, NpHMeHsa Ty Xe GYKBY
M B (opMyle pasMepHOCTH,
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EnuHuud  37eKTPOCTATHYECKOrO 3apsla ONMpPENe/MTCR  Temeps
ypaBHeHUeM: .
e?
e

Cuna noas ONpeNeNuTCH, KaK M paHbLIE, BHIPAXKCHHEM

CHlIa —

eE = cuna.

Ecan ¢opmyanposate 3azayy B TePMHHAX STHX OCHOBHBEIX BeJIH-
YuH, TO % ABHO MOABMTCS B YPaBHEHHSX 3/1€KTPOCTATHYECKOTO MOJS,
M pa3MepHas MOCTOSHHAS & Bofizer B Ta6nuly mepeMeHHRIX. 3azaua
dOpMyIMpYyeTCs Teneph TaK:

Ta6anua 17.

. Hasganue seaununs Cumsos pafzgmenu
BAPIL « « v . e e ML AT gl
Cana moast . « .« . . . . o v v ..o E ML Tk
TInOTHOCTD SHEPTHH . . .+ « + + « 4 & u ML—IT2
JusnekTpuueckan NOCTOAHHAA RYCTOrO

NPOCTPAHCTBA . « + + « & ¢ + ¢ k k

CHOBa CcOCTaB/isIeM NMpPOM3BeAeHWe Ge3 Pa3MEPHOCTH M3 BEJHUMH
E, u, k. '
[Monyuaem pesynbrat:
u = const- & EZ,

DT0 CBOZWTCH K MpPEXHEMY BHBOAY, €CAH MOJOXUTh k= I,
KaK ¥ Jenanoch B npeabiayuiedt ¢opmyanpoBke 3agaud. Ha mepreifh
B3rA4 HOBas (opma Kawercss G6osee ofmel, Tak kak OHa cozep-
KHT MHOXHMTeNb K. OIHAKO, 3TOT MHOXHTENb HHYEro HOBOrO He
FOBOPHT O MNpPHPOJE MOCTOAHHONH, OH TMOKA3LIBAET TOJMBKO, Kak
MeHsieTc JOPMajlbHOe BhIpAXEHWe pe3y/bTara MpH W3MEHEHHH OIlpe-
AeNleHHH, MOJOMEHHBX B OCHOBY Halllel CHCTeMbl ypaBHeHH#. Bkio-
YyeHHEe MHOXHTENS R B Pe3y/bTaT H B ONPele/leHHs He HMEeT NO3TOMY
A9 Hac IIPeHMYIUECTB W He MOMXET HX HMeTb, eC/lH TONBKO HAUlH
c006paXeHa NpaBUIbHbI,

OueHb MHOro mucanocb 06 ,MCTHHHOH“ pasMepHOCTH &2 H ObLIO
BHICKA3dHO HE Mano JOF4A0K O PA3AHYHBIX (PH3HUYECKHX MOAENAX
MEXaHHYECKOH CTPYKTyps 3(QHpa, BHITEKAIOUWHX H3 TeX WIH HHBX
npennonoxeHut 06 ,ucTHHHOA Y paameprocTH. HO, HaCKOMBKO 5 OCBe-
LROMJIEH, HHKEM HHKOrAd He ObJIO NMDEMNOXEHO 3THM METOAOM De3Y.b-
Tata, KOTOpHH npueen 6n K OTKDHTHI HOBHX (DaKTOB, XOTH M
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HeJb3% OTPHLATb, YTO COOOpaeHHs TAKOro poaa nobyxianH K
psily ONBITOB, KAK HANPHMEDP B5TO MMEIO MeCTO B OnmTax Jlomxa,
KacaoIINXCAd MeXaHHYEeCKHX CBOKCTB admpa. '
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llpuBomMM 1NOJHYI0 OMTAaTy M3 nocaeaHell CcTaTou: ,3a lOCAeAHEE
RPEMS HEKOTOpOe BHHMaHHe Obl10 00pailieH0 Ha BONMPOC O PASMEPHOCTH
SJEKTPOMarHHTHbIX EIHHHL, ONHAKO NMOBHIMMOMY 326bl1M clenylollee:
Snempocraquecxaﬂ CHCTEMa EeNMHHIL MOXET OHTb OmpejeNeHa Kak
fdKas, B KOTOPO# NPEANO/J0XEHO, 9TO AU3JIeKTpPUYECKasd NMOCTOSHHAA HMeeT
HyJIe8yi0 PA3MEPHOCTb, @ 3AEKTPOMArHHTHAT CHCTEMA, KaK Takas, B KOTOpPGi
MATHATHAas TNPOHHIAEMOCTb TIOJOKEHA HMelowell HyJeByl DasMepHOCTD.
Ecan BaaTh cHCTeMy, B KOTODOH pasMepHOCTH O6EMX STHX BEAHUHH OLH-

HAKOBHI H PABHb Pa3MEPHOCTH BeMYHHH obpatHolt ckopoctu (TL™Y), To
06e CHCTEMbl 1€]1a0TCS TOXIECTBEHHBIMH B OTHOIUEHHH DPa3M:PHOCTH, OT/H-
4aaChb TOABKO UYHCAOBHIM KO3dduuHeHTOM, TOuHO Takke K3K OTAHYANTCS
CAHTHMETDH M KH/JOMETPHl, JTOT Pesy.ibTaT KameTcsl eCTECTBEHHHM M Onpas-
TBIBAIOINYM “NPEANOJONKEHHE O TOM, YTO AMMICKTPUUECKAS MNOCTOAHHas# M
MariuTHag NPOHHMUAEMOCTb ( 64afalT mpHponolt BEAWYNHB!, O6PATHOH CKO-
pocTH. Bo3aMOXkHO, 49TO OHM CBA3AHBI C 06paTHOH BEAHUHHON KBAZPATHOTO

KOpHS 13 SHepruy 3dMpHOro Buxpa“.



rTABA CEIAbMAfJL

[NPUMEHEHHWSI AHAJIM3A PA3MEPHOCTHM K MOJIEJIBHBIM

OlBITAM. IPYTME TEXHWYECKHWE TNTPUJIOYXKEHMUS,

Jlo cux rop Mbi MPHMEHSNAM aHanW3 pasMepHOCTed K 3azauam,
KOTOphle MOTYT OWTb paspelleHbl U APYTHMH CNOCOGaMH, MO3TOMY
¥MeJaChb BO3MOMXHOCTb MPOBEPATH HAIIK Pe3yibTaTh. B HHeHepHOH
NpaKTHKe BCTpeYaeTcs GOJbLIOE’ YHCAO 3alay, HACTOMBKO CHOXHHIX,
Yro TOYHOE pELIeHHe MX HeocyulecTBMUMO. [IpM 3THX yCAOBMAX aHa-
/13 pasMEPHOCTeH NaeT BOSMOWHOCTb MOJYYHThH HEKOTODHE CBele-
HHA O dOpMe pesy/bTaTa, KOTOPOr0 MOXHG AOCTHIHYTh HAa Mpak-
THKE, TOJbKO KCMEPUMEHTHPYS ¢ HeoObLYa#HO O6OJbIUMM KOJHYe-
CTBOM apryMeHTOB HeH3BeCTHHX (YHKUHA. [Ina npumeHeHus ke
aHanuaa pasMepHocTelt TpebyeTcs TOJbLKO 3HATh, C KakOH CHCTeMOfl
Mbl MMeEM 1€J0 M KaKOBb TiepeMeHHhle, BXOAfIIWE B YpaBHEHUE;
HeT HaZoOHOCTH AaMe BLIMHCHBATL YPABHEHHA B Pa3BEPHYTON (opMe,
ellle MeHee HYXKHO MX pewlatb., Bo MHOrMX cay4asx Takoro poza
YACTHYHBIE CBEAEHMA, NOCTHTaeMble MOCPEACTBOM aHaiH3a pasMepHoO-
cTe#t, MOXXHO KOMOWHHDOBATh C M3MEPEHHAMH, KACAIOLIMMHC TOJBKO
YacTH Bcel (HU3MUECKOH CHCTEMH, OXBaThiBagMOR aHanu3oM. Takum
0o6pasoM BCe HYXHble IaHHbIe TMOJyuYaloTca C 3HAYUTENbHO MEHb-
ILMMH 3a60TaMH M 3aTparaMu, yeM 6e3 aHaau3a pa3MepHocTed, DTOT
MeToa npuobperaeT Bce GoJbluee 3HAYEHHE NMPH TEXHHYECKHUX HCCIe-
JOBAHHAX H 32 MOCAeNHEe BPeMA MOJYYHI 0co6oe PA3BUTHE B CBA3M
C HYXIAMH CaMOJeTOCTPOeHHsA. MeTod WHPOKO npuMmeHsercs B Ha-
nHoHaNbHON (uanuecko#t nabopatopun B AHraum u B Biopo craH-
napros CAIIl u HanomeH B MHOrOYMCIEHHHX CTaThiaX. B Bwopo
CTaHAAPTOB OCOGEHHO AaKTHBEH B S5TOM HamnpaBieHWH Ap. IAarap
BaKuHraM, eMy yaanoch 1aTh pe3yilbTaTraM aHalu3a pa3MepHO-
creft Takywo GopMy, KOTOpas J/erko NpUMEHHMa M YXKe TNpHBena
K psay BaHbIX pe€3yJbTaTOB.

XapaxkTep TOMyYagMbIX 3THM METOLOM De3ylbTaToB, MOXHO
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HAMIOCTPHPOBATL OYEHb NPOCTHIM npumepom. [lonoxuM, Tpebyercs
NIOCTPOMTh OueHb 60JbIIOH MAATHHK C BECbMA TOYHO OlpeneseH-
HBIM T1E€pHOAOM KOJdeGaHu#t. Axanua pasMepHOCTed mnOKa3blBaeT, 4TO
BpeMf Kone6GaHus Bce CHCTeMbl MafTHMKA ONpefe/sieTc:! dopMyof

1
e tv 1
cons 2

[losTOMy AnA Onp2LeNeHHs TIEPMOAA KAKOTO YroaHO MasTHWKaA
AOCTATOYHO ONpelequTh HA OfkiTe TOJNBKO 3HAYEHHE KOHCTAHTH,
sxoddiiel B ypasHeHue. OueBHIHO, YTO 3Ta KOHCTAHTd MOXeET OHITh
HalileHa M3 ENMHCTBEHHOTO OMKTA ¢ MasTHUKOM JIOGOH ANHHEL
DKcnepuMeHTaNbHbI MAsTHUK MOXeT ObiTh CA:/JaH OYeHb TNpPOCTLIM,
M MO M3MEPEHHIO NMepHoad ero KojeGaHHs MOMYMMTC MEPHOL NPOEK-
THPYEMOro GOJbIIOrO MaATHHKA.

Cnyyalt MaaTHHKa 0cO6eHHO M[pPOCT TeM, 4TO B DE3yJbTaT He
BOLIA NMPOM3BOJbHAA (ydKums, Temepp paccMoTpuM Gonee o6winh
clydal, ycnowHeHHb# HanvuuveM Tako# dyuxuuu. O6o3HaynuM mepe-
MeHHule 3agauu OykBamu @, @, Uy ¥ T. 4. H MPEANONOKHM, UTO
NpOM3BeAEHHUs, HE HMEIOllHe PasMEPHOCTH, HaHAEHH M NpUBEfeHH!
K TaKoMy BHLY

Q=Q Q" . . . AQPQ". . Q@M. . L)

[Tpx 3TOM aprymeHTH (YHKUHH ¥ MHOWWTENb, CTOAILMH OTAEALHO,
OXBATHIBAIOT BCE MNpOM3BeleHWss 6e3 pasMepHOCTH, T. €. pe3yabTaT
nad B oBweM suge. [Ipu nepexode oT 0AHOH (PHIHUECKOH CHCTEMBI
K Apyro#f mpoussonbHas (yHxuwusa, BoOOLIe TrOBOpPH, MeHseTCH He-
M3BECTHHIM HaM o6pa3oM. Iloaromy onsiThl ¢O Ciay4aHHBIMH MOje-
nAMM JanyT Mano nosesdsix cseaenuil., Ecau, ognaxo, mogenb BBHI-
6paTh - Tax, 4TOGbI BCe AapryMEeHTbl HEM3BECTHOR QYHKUHH HMenu
ONHO M TO X€ 3HaueHHe KaK OJA MOJeNH, TAK W [N OpHUrMHana,
TO npu TMepexoae OT MOAeAM K OpuruHany OyayT MeHATbCA
TOABKO MHOXMTEAH, CToslve Nepel cuMsoaoM Oyukuuu, Croco6
M3MEHEeHHUA 3TUX MHOXKHUTENeHl NaeTCH aHANIM30M PasMEPHOCTEH.

Jlge cucTesnl, CBA3aHHule OHI C /JAPYroft TaKk, HTO apryMeHTbl
HEU3BECTHOH, GYHKUMH B O6EUX OAMHAKOBH, KA3LIBAIOTCA (H 3 H-
YeCKH MOAOOGHBIMH CHCTEMAMHU,

QueBMAHO, YTO OMLITHI C MOIE/bi0 MOTYT AaTh LEHHBE CBeje-
HHAl, €C/IM MOLEMb KOHCTPYMpPOBaHA (HU3HUECKH MnoA06HOH oOpuru-
Hany. Ycnosue dusuueckoro nonofua BKAKYAET, BOOGLIE FOBODS,
yie TOAbKO pasMepnl MOAeNH, HO M BCEe MpPOYME (uauyeckde nepe-
MeHHHe,
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B Bune npumepa paccMoTpHM COMPOTYBJ/IEHHE, HCNLITHIBAEMOE
TE/IOM HEKOTOPOH OMpene/seHHOH (GOPMB NPH IBHXEHHH B Gecko-
HEUHOR Macce KHIKOCTH, YACTHHIMH cryuasMu 3Tol 3aayy ABARIOTCH
COMpOTHBJIEHHA, BCTPEHAEMLE CHAPANOM, aIDOMAAHOM, [OAROXHOMN
nonko# B r1yGOKOM MOpe HAM najamoliedl BOASHOH Karief. [Tpo6-
f7eMa, OYeBHIHO, MEXAHWYECKas M CBA3aHA C YyPABHEHHAMY THAPO-
AMHAMHMKH. YCAOBUS 3a1auH 4PE3BHIYAHHO CNOMHBI, HX ThyaHo ¢op-
MyJMpOBaTL B TOYHOH MATeMaTHUeCKOA (GOPME, HO MOXHO BOOGpa-
3UTh cebe, YTO OHH KEM-TO OCYILECTBJEHH. BamHO OTMeTHTb. uTO
B YDaBHEHHSIX THIAPOAUHAMHKM HET DasMepHHIX HOCTOﬂHHbIX, €ClH
TO/LKO MPUMEHEHH! OOBIYHBIE MEXAHHUECKHME eXHHMIL MACChl ’J.'lJlHHbI
¥ BPEMEHH; pe3y/IbTaT OyAET COAEPKaTh MOITOMY TOJle,O H3Me-

_pAembie PH3NUeCKHE NepeMeHHbe, .

TaknMK nepeMeHHLIMH SBIAIOTCA: COMPOTHBAEHHE NBHKEHHIO
CKOpOCTb IBMXKEHHS, QODMa Tesa, KOTOpas MOXeT OwTh xapax‘re:
pH30BaHA HEKOTOPLIMH a6COMIOTHBIMH Pa3MEPaMH M HX OTHOLIEHHEM
K HeKOTODHIM ADYrHM LJMHAM (HANpHUMep (OPMA JAHNICOMAA MOMET
ObITE XapaKTEPH30BAHA I/MHOM HaMGOAbIIEH OCH M OTHOLIEHHEM
K Hell Ipyrux oceft) ¥ NMOCTOAHHBIMH XHIKOCTH, T. €. TJIOTHOCTBIO,
BASKOCTBIO M CHHMaeMOCTbi0. BMecTo mocienHel BeNHYHHBL MOMHO
BBECTH CKOPOCTb 3Byka B XWIKOCTH. Mul rpeamonaraem, uyro T4-
HECTb B pPE3yJbTaT HE BXONMT, T. e, YTO TeJIO HAXOLHTCH B CO-
CTORHMM DaBHOMEDHOTO [BWXKEHHS HA MOCTOAHHOM YPOBHe, W pa-
60OTHl MO HEHCTBHEM CHJIB THXECTH He cosepuaetca, DopMyan-
pyeM 3anavy.

Tasnuna 18,

Hassanue seauuuns Cumeon Dopuyra
: pasMeprormu
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CxopocTh 3BYKa B XMAKOCTA . . . . . .¢' LT-1
PakTopn popMH, Puxcupyowme dop- L.

My7Tema . .. .. .. ... Fiy Payen 0

Mul umeeM crenoBaTenbHO 6 mepeMeHHHIX, He CuMTas daktopnl
GOpMEI, YHCIO KOTOPBIX MOKET GHTb KAKMM YrOAHO B 3aBHCHMOCTH
OT TeOMETPHYeCKOH C/MOoKHOCTH Tesa, Takum 06pPasoM 40:1xHbI cy-
UIECTBOBATL TPW MPOHM3BEAEHHs 63 pa3MEPHOCTH IOMHMO dakropos
HOPMEI, KOTOPHE CaMH MO Cebe He HUMEeI0T pasMepHocTH. QpmHo 13
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U,
TAKHX TPOM3BE[EHUH, KAK HENOCPEACTBEHHO BHIHO, eCTb—- . Mer

JOJIKHBI PA3HICKATL OCTaJbHble NMPOH3BELEHHA 6e3 pa3aMepHOCTH Cro-
cob6oM, Hanbosee MOAXOASLIMM K KOHKpeTHOM 3anave, Hac uure-
pecyeT COMPOTHBIEHHE NBHIKEHHIO, MB BbiGEPEM I HETO MO3TOMY
nokasaTteab, paBHbI eAHHHLE, H BolAe/IHM R H30JAHMDOBAHHO B JIEBOH
yacTH ypaBHenus. [Tpy MOMOILK MeTOIa, KOTOPHM MBI Yxe M0J/b30-
BalUCh MHOTO pa3, Mh HaXOAMM NPOM3BENeHHS Ge3 pPa3MEPHOCTH
B BHIE TAKHX BHpaXeHHH:

Ro gty puv_l r d_l;
OKOHUYATeNbHOE pellleHHe MMeeT TaKylo (opMy:
'
R=vldf(-—, Y

.‘%; ?r Ty, r‘z;-")'
3ra ¢>opmy.r1a BeECbMa 0611[3 KW OXBaThIBaeT LIIHpOKyIO rpymnny
IKCIEPHMEHTANbHUIX yCJlOBHﬁ. ECJIH CKOpOCT, MaJja, TO npo6nema
CBOIMTCA K 3amadye O pPaBHOBECHH CHJ, JleﬂCTBlelllHX Ha TBEpPLOE
TEJNO B XHUAKOCTH, H CHJ, ONpEAENAEMBIX BASKOCTHI0 XKHUAKOCTH. CO-
NPOTHB/IEHHE B 3TOM (Jiy4ae HE 3aBHCHT OT MJAOTHOCTH HKHHUIAKOCTH
H OT CKODOCTH 3BYKd B Hel, ECJ]H MAOTHOCTb MCYE3deT H3 ypaBHe-

HHSl, TO aPTyMeHT OUEBHAHO AO/MKEH BHIHTH M3-3a 3Haka (yHK-

B
old
LMH B BHAE MHOXHTENA, H A/ MELJEHHOI'O IBHXXEHHA 3d4KOH COmNpo-
THB/IEHHS MPHHMMAET caegyouyo ¢Gopuy:

R=1lpf(ry rye).

TakuM 06pasoM NpH MAaAHX CKOPOCTAX COMPOTUB/IEHHE MPOMOP-
LHOHA/IbHO BASKOCTH, CKOPOCTH W JHHeHHHIM pasMepaM M [TOMHMO
3TOTO 3aBHCHT TONbKO OT reOMeTpudeckod ¢opMnl Tena. Mol yxe
MMeJH HeN0 ¢ 4YacCTHBIM CcayyaeM 3TOH 321a4YH B BBOJAHOH r/aBe
npu pasbope npobaemMn CTOKCAa O IBHMKEHHH CdeEpHl.

B o6nacTé 60abLIKX CKOPOCTEH MAOTHOCTb MHAKOCTH HIPAET
BAXKHYI0 POMb, TAK KaK 4acTb CHJH, JeHcTBylouled Ha Teno, ompe-
neasieTcsi MOMEHTOM, OTBOJALIMMCS OT MOBEPXHOCTH TeJA XHAKOCTBIO
B (opme BUxpeH (3TOT OTBOAMMHIY MOMEHT, OUY€BHIHO, 3aBHCHT OT
MAOTHOCTH KHAKOCTH). IlpH STOM CKOPOCThL 3BYKa elle He CKashl-
BAETCA HAa pe3yJ]bTaTe, T. €. Cpela BegeT cebs BCe elle MOJOGHO

HeCXKHMaeMOH KHIAKOCTH. 3ta 06nacTh CKOpOCTeﬂ 0COG€HHO BaXHa
. o
IJ8 CaMoOJeTOB, an 3THX YCAOBHUAX APrYMEHT _U_, OY€BHAHO, BLI-~

najgaer U3 QYHKLMM, U PE3y]bTar npuoGperaeT BHMI:

R=W‘212(7rf(z§d', r“ r2,..')
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OcraHoBUMCA HA 3TOH CTagHH H NOCMOTPHM, KaKHe CBEICHHA
IaeT HaM 3TO ypaBHEHHE OTHOCHTENbHO BO3MOXHBIX OIBLITOB C MO-
nensmu, Hawma uenb’——nsmepmb CONPOTHBAEHHKE, HCTBITHIBAEMOE MO-
LeNbI0 APH OMPEIACNEHHBIX YCAOBUAX, H BHIBECTH OTCIHOAA 3aK/AKUYEHHE
O COMpPOTHBAEHUM, BCTpEeYaeMhIM MOMLIHHHEM 06 BEKTOM, ﬂpe)«ne
BCEro ACHO, 4TO HeH3BeCTHAA (byHKL[Hﬂ, a ClefoBaTe/LHO H BCE €€

apryMeHTH, T. €, ¥y, f5,... H OTHOULIEHHE v—};&, AOMKHBI HUMETh OJAHO

M TO e 3HaueHWe LA MoIelH H opuruHana. M3 omnnaxkosoctH
4, ... BBITEKAeT reoMeTpHueckoe noaobue MogeaM H OpHUIHHANA,
M3 onmnakoBocru ;}% ClielyeT, HYTO €CAM OMHT ¢ MOIENbld Npo-
M3BOIHTCH, KaKk OOHYHO, B BO34yXe, TO . H d ONMHAKOBH A%
MOJeNH M OpHruHana, noatoMy o/ NOMKHO ObHTb OLHHUM U TeM
Ke, IDTO 3HAYUT, YTO eCcAM MOZeAb MO JUHEHHBIM pasMepam
B IeCATb pa3 MeHbllle OPHrHHa/ld, TO €€ CKOPOCTb HOMKHA GbiTh
B nAecaTh pa3 Goabwe, 10 Tp:6OBaHHe nNPaKTHYECKH KpafHe
3aTPYAHHTENLHO, OHO pABHOCH/IBHO OCYIIECTBAEHHIO  CKOpOCTeH
Molesl ! TOPAAKA TelcAd KAJIOMETPOB B 4ac, NO3TOMY Ha nepshuift
B3TVIAA KAaXeTcfl, 'yTO Mul [OKAa3ald HEBO3MOXKHOCTb MOJE/bHBIX
i
vld

obnajamoued TaKUMHU CrnelManbHLIMM CBONCTBAMH, UYTO BCE XK€ H3
OMKITA C MOIENbI0 MOMXHO TOAYYHTb BaXKHHe naHHble. Ecau npo-
M3BOLHTb M3MEPEHHT CONDPOTUB/EHHSA, HCTIBLITHIBAEMOrO MOAE/BIO, TIPH
Pa3/IMUHLIX CKOPOCTAX W BHIYHCAATE COOTBETCTBYIOLIHE SHAYEHHS
(dyHKUHK (pasaensst H3MepeHHble COMPOTHBAeHHA Ha v*/’d), TO OKa3H-
BaeTcs, YTO NPH GOJBIIMX CKOPOCTAX (PYHKUMA f acCHMNTOTHYECKH
npU6ANKAETCd K MOCTOSHHOMY 3HAYeHHI0, DTO 3HAYMT, 4YTO NP
60bINMX CKOPOCTAX COMPOTHBJEHWE CTAaHOBHTCA [1OCTENEHHO Tpo-
NOplUMOHANBHBIM KBanpaty ckopocTH. [Toatomy npocraTtouHo ocy-
IECTBHTb MOJENLHBIA ONLIT MPH CKOPOCTAX, NMPH KOTOPbIX MOXHO
HaWTH acHMNTOTHYECKOE 3HaueHMe (YHKUMH, TaK KaK TeM CaMbiM
nosyyaTcd Bce HeoGXOIHMMbie CBelEeHHs O CBOHCTBaX opurvHana. 3to
BO3MOXHO MOTOMY, YTO HAM HM3BECTHA MPOMOPIHOHANLHOCTL CONPO-
THRIEHHA KBalpaTy CKOPOCTH, a MOIENbHBIE ONKT OaeT 3Ha4yeHue
thakTopa MpPOMOpPUMOHANLHOCTH. ENUHCTBEHHBIH COMHUTENbHBIA MYHKT
npennaraeMoro MpHeMa 3akAI0YaeTcs B TOM, BO3MOXHO JH JO-
CTUIHYTh C MOLENSIMH CKOpOCTeH, NOCTATOYHBIX AAA OIPeleseHHs
ACHMNTOTHYECKOro 3HaueHus, OQIMKT NOATBEPKAAET 3TY BO3MOKHOCT,

ToT hdaKT, 4TO TpH CKOPOCTAX COBPEMEHHLIX a3PON/IaHOB CO-
NPOTHB/CHHE CTAHOBATCH HPONOPLHOHANBHLIM KBALPATY CKOPOCTH,

ONBITOB TaKOTO pona. Ho npakTHYeckn QyHKUMA OT —— OKa3bIBaeTcd
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MOKA3bIBAET HA OCHOBAHMM AHANH3E, YTO BASKOCTbL MEPECTAET MIpPaTh
AOMHHUDYIOIYIO pOAb, ITO 3HAYHT, YTO BCH paboOTa MNepeMelleHHs
a3pOMJIaHa TPaTHTCA HA CO3JaHWE BO3NYIUHBIX BMXpeH. B auanuse
HE3aBMCHMOCTb OT BA3KOCTH M TOMHAsA TypOY/NEHTHOCTb DPAaCCMATDH-
BAIOTCHA, KAK IKBMBANEHTH, T3 TOYKA 3PEHMSl HA ABJAEHHE MOATBEP-

. WA3eTCA OMBITOM C pA3JUYHBIX CTOPOH.

PaccMoTpuM BOSMOMHOCTb OCYIIECTBACHHA MORELHHX OMBITOB

B ADYruX cpenax, MOMHMO BO31yxa. Bribpas B kauecTse cpennl as

MOAenH BOAY, MBI NO/IKHB AAaTh MOJENH TAKHE PA3MEPH H CKOPOCTh,
L P

vl A7 MOZenH paBHANOCH —-; M1 OpHrHHana. I Boaw

-2 —

u~10"% d=1, B 10 BpeMs Kak a1 Bosgyxa p=1,7.10""

-3

u d=129.107" (npu KoMHaTHO# Temueparype). [lpu noxcia-

HOBKE 3THX 3HAyeHHH Mw mnoayuum, uro ol 1019 MOZeIH NOMKHO

COCTABAATL OKOAO !/;; TOR e BenMYMHB 119 OpHrUHANa, STOT

yTOObI

.aKTop MOAXOIMT A8 COKPALIEHHBIX Pa3MEPOB MOLE/H, OLHAKO APH

5TOM MOZeab HO/XHA 6bl ABMraThCA B BOAE C TAKOH KEe CKOPOCTHIO,
KaK OpuruHan B Bosayxe. Takue G6onbliHe CKOPOCTH B BOZe 3a-
TPYyLHUTE/bHB H MO3TOMY, MOBHAHMOMY, HET MNpPEHUMYILEeCTBA MpHMeE-
HEHHsS BOAbl B CPABHEHHH C BO3AYXOM NpH NOJb30BAHAM BhIUIEYKa-
3aHHBIM TIPHEMOM,

TMepefinem Tenepsb K eule 6GAbIIAM CKOPOCTAM, KAK HAapHMep CKO-
pocTh cHapaaa, KoTopas MOxet GuTe Goablue, 4eM CKOPOCTb 3ByKa
B cpefe. Ilpu atom cpena ¢ 7TpydoM ycmeBaeT pasOHTHCh [iepen
T€IOM, H BO3HHKAIOT 3¢QdeKTH HOBOro xayaxkrepa. IIpy TakuX cKo-
pOCTAX BA3KOCTh COBEPIIEHHO MHCYE3ae€T W3 peay/ibTaTa, KOTOpHIf
Teneps npuHuMaeT dopwmy:

R=vl2df (—1;, . r2,...).

Ecnu naa 31ux  ycnoBU# NPOH3BOAWTL MOLEAbHBLIA ORKT, TO
ICHO, YTO MOAENbHLIH CHapA IHO/MKEH WUMeTb (POPMy OpMraHana,

!

v
H MOMHMO TOT'O o LO/MKHO HMETL OIHO H TO e 3HaueHHe aasg

Mozeny M opuruHana. Ecin MO lenbHWH OMbIT MPOU3BOAMTCA B BOS3-
LyXe, TO ¥’ 4ns MOAe]H GyaeT TeM e CAMWM, KaK H AA8 ODHUIH-
Hana, clen0BaTelbHO M U NOMKHO OWTh Takoe ke, Muaue romops,
OpHUrHMHAN M MOAENb LO/MKHBI JABHTATbCH C OAMHAKOBOH CKODOCTLIO.
[Ipy 3THX ycaoBuAX HOpMyna MOKA3BIBAET, HTO COMPOTHBAEHHE MpPO-
NIOpUHOHANLHO MOTEPEYHOMY CeueHHIO cHapsna. Tpe6osanue paseH-
CTB3 CKOPOCTeH MomeNd ¥ ODUrHHANA NPAKTHYECKH O03Aayaer, uTO
MOJENbHLIE ONWTLI HYXHO NPOM3BOAHTL TaKXKe ¢ JeHCTBUTEIbHBLIMH
CHapaAlaMH, HO MeHbLuero Kanubpa,
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MoxHo nmTathcd u36exaTb STOrO 3aTPyILHEHHS, MPOM3BOAA
ONuWT B Apyro#t cpene, Hanpumep B BoZe. HO CKOpocTb 3ByKa
B BOZE, MPKMEPHO, B NATb pa3 GoJjblle 4HeM B BO3AyXe, C/ENOBA-
TeJbHO TOTpe6OBanack 6bl CKOPOCTb CHapsAd, B NATh Pa3 MpPeBOCXO-
AALIas CKOPOCTb CHapsia B BO3AyXe, Tpe6OBaHHEe — IBHO HeOCylLue-
CTBHUMOE,

[MoMuMO npHMeHeHHH K MOZENbLHHIM ONLITaM, pe3yJbTaThl aHa-
AW3a pasMepHOCTe#t MOryT ObiTb NPWUMEHEHB M K ADYIUM TEXHH-
yeckuM o6nactaM. B Biopo cranaaptoB OHHM MHOTOKDAaTHO mNpuMe-
HAJMCh TIDH H3YYEHMHM Da3JHYHLIX BHIOB TEXHHYECKHX HHCTPYMEH-
TOB, ['pynna MHCTPyMEHTOB, NMPeAHA3HAYEHHLIX 1A OAHOH M TOH we
1end, UMEET MHOro OOLIMX YepT, H 4YacTO BO3MOXHO HPOMU3BECTH
HeTaNbHHH aHAJH3, NPHMEHUMBI® KO BCeEM HHCTPYMEHTaM AaHHOIO
THNa. AHanH3 pasMepHOCTEY naer HEKOTOphle CBefEeHHA O BO3MOMK-«
HBIX pe3y/abTATaX TAaKOTO JHeTaJbHOTO aHaAH3a, ¥ Ha OCHOBaHHU
CBOHCTB OZHOTO MHCTDYMEHTa MOXHO CHAeNaTb BBIBOAH, KacaloliHecs
IPYTHX HHCTPYMEHTOB HECKOJbKO WHOH# KOHCTPYKUMH., ITOT BOMPOC
pa3obpaH ¢ 604bUIOH NONHOTOR ¥ PAAOM NPHMEPOB B LHTHPOBAHHON
HHUxe BTOpOH pabore epces.
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TABA BOCbMAM .

MPUMEHEHUY AHAJ/IM3A PA3MEPHOCTEW K TEOPETMYE-
CKOW ®U3UKE.

MeToan aHanu3a pa3MepHOCTEd HOMKHH UrpaTh 60J€e BAXKHYIO
po/lb B TEOPETHYECKOM HCCNEe0BAHUH, YEM 3TO HMENO MECTO HO CHX
nop. Hu omun uccnenosarens He po/xeH 6bl M0O3BOAATH cebe rme-
PeXOIMTb K HETAaNTLHOMY pEIIeHHI0 3ajaud, He TNPOU3BeAs Mped-
BAPHTE/ILHOTO aHANM3a pa3MepHOCTe#t, Kacalollerocs xapaxTepa pe-
WeHHsA, HHe yGeIMBUIMCh OOpalIeHHEM K NaHHHIM OIMBIT4, YTO TOYKA
3peHHsl, MOJIOKEHHAR B OCHOBY COCTABAfEMBIX YpaBHEHHH, AOoNyCcTHMA.

BepoaTHo HauGo/bllee 3aTpynHEHHe B TEOPETHHECKMX 3afauax
BBI3BIBA/I BONPOC O PasMEPHHIX nOCTOsHHEX. Ho uMenHo B 06nacTH
TEOPETHYECKHX HCCAENOBAHHI CKOpee BCEro MOXHO OXHAATh [O-
AIBIEHH Pa3MepHHIX MOCTOAHHBIX. He uMed fCHOro mpexcTaBieHHsA
O NPHPOIe 3THX MOCTOSIHHEIX M O TOM, KOrga cilefyeT XAarh HX no-
fIBICHHA, eCTeCTBEHHO COMHEeBaThCi B TNpUMeHMMOCTH Mertoaa, Ho
nocae pasbopa Ha NpeALIECTBYIOUIMX CTPaHMLAX BOMPOC O pasMmep-
HBIX MOCTOAHHBIX MOXeT 6e3 3aTpyiHeHHMH peluatecd B JIOGHX crie-
LMaNbHEIX 3afayax.

Heonpenenennocte uucnoBoro ¢akTopa NPONOPLHOHANBHOCTH
TaKKE 4acTO BOCHPUHHMMAETCH KaK HELOCTATOK aHa/lu3a pasMEpHO-
cTeff, OAHAKO, BO MHOTHX TEODETHUECKHX 3a4ayax 4acTO BO3MOXHO
NOJY4HTL CBefleHHA o MOPSAKe BeJWYMHB pe3yibrata, Hame pac-
CMOTDEHHE aHANN33a PA3MEPHOCTEH MOKA3LIBAET, YTO YUCIOBHE KO3(-
(GHLHMEHTH B KOHEYHOM pe3y/hbTaTeé CyTh UTOTM MAaTeMaTHYECKHX Ome-
pauMfi Haja MOMAMMHHLIM ypaBHeHHeM ABH:eHusl (B OGIIEM CMHICTE)
cucteMsl. M 3BecTHO, ONHaKO, Ha OCHOBAHHUU 6GONbWOMN
NPaKTUKH, YTO TAKHE MaTeMaTHYEeCKHE OMNEPALMUH
He TMPOBOAAT K MOABJAEHHUIO HH OYeHb GOMBIIHUX, HU
OYeHb MAaJBX YHCAOBHX $GakKTopoB. DoabuwiHe H Maine
YHC/ad B HAIUMX YPABHEHHSX MMOYTH BCErEa fIBAKIOTCH MTOTOM MONCTA-
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HOBOK 4YMCJOBBIX 3HAaUeHHUH HEKOTOPWX (GH3HMYECKHX BeNHYUH, Ha-
npHMep 4HUCAA aTOMOB B KyOHYeCKOM CaHTHMeTpe, IEKTPOCTATH-
YECKOro 3apsAa 3JEKTPOHA MWIM CKOPOCIM CBeTa. Ecau COXpaHuTh
32 3THMH BeTMYMHAMH GyKBeHHOe 0603HaueHHe, TO, NPHMEHAS aHa/In3
pasMepHoOCTE!, MOXKHO PACCYHUTBIBATE HA TO, YTO UCTAlbHble UH-
cnosble KOahdHUUMEHTbl He OyAyT GOMbLWIKMMH WY MaJbIMH.

310 HabniofeHMe MOWHO M 06patuTh. [IpeanoNOKMM, UTO Mbl
NOAO3PEBAEM HATHUME CBASH MEXAY HEKOTOPHIMH BEMTHYMHAMH, HO
eule He AOCTAaTOYHO 3HaeM (H3MYeCKyl0 CUCTeMy, 4TOOW Hanucathb
COOTBETCTBYIOLEE YPABHEHHE, HAM [AWe He YBepeHhl B TOM, KaKHe
3/EMEHTHl JOMKHB BORTH B ypaBHehue, Ml mpeanosaraeM, 4TO Me-
MLy HEKOTOPBIMM BeJMYHHAMH CyLLeCTBYeT COOTHOILEHHe, a 3aTeM
npH NOMOLIM aHAAH3a pa3MepHOCTe HAXOAMM GOPMY 3TOrO COOT-
nowenun, [loacTaBasieM 3aTeM B COOTHOILEHHE YMC/AOBbIE 3HAYEHHS
(bH3HHECKHX BETHYMH H TaKUM OOpa3oM HAaXOAHM UHCJOBYIO BeJH-
4YHHy Hen3BecTHoro kosbduuuenra. Ecau ator koadduuuer umeer
BEJIMYMHY NOPAAKA eIHHHLB (YTO HHOTA3, NMPH LOCTATOYHON CHH-
CXOANTENLHOCTH, MOXET O03HaYaTh TOJbKO, YTO K037 @UUUEHT He

SIBNSETCA BeIMUHMHOIO NOPHAKA 1010), TO NOJAO3PeBAEMOE COOTHO-
lIEHHe CuHTaeTCd NpaBUONOAOOHHM, H MBl NPOXODKAEM paboTaTh
B 3TOM HAamMpaB/JeHUH, PA3LICKKBAA TOUHYIO CBA3b MeXAy 3/IEMEHTaMH.
Eciad, Hao60poT, KO3 UIIMEHT OKA3LIBAETCH OYEHb OOMBIUMM MM
OYeHb MajlbiM, Mbl OTKA3bIBAEMC OT HALUEro MPEANoJOMKeHHs, KaK
HEBEPOATHOTO.

H3noxenne 3TOrG MeTOAAa M OLHH MHTepecHmH mpumep OuIM
Zansl JHHwTeHHoM (1) HA 3ape W3YYeHHMH yHENbHBIX TEMIOT
TBEpPALIX TeN M CBA34 WX C KBAHTOBLIMH SIBJICHHAMH.

Bonpoc 3axaiouancs B TOM, He CIAYKAT AW MEXIYaTOMHBIE CHIBI,
onpejensiioliiie Oo6bluHbE yMpyrve CBOHCTBAa TBEPALIX Tel, TAKKE H
CHNaMH, OT KOTOPHIX 3aBUCHAT XapaKTepPHCTHYECKHe YacTOTH B HHpa-
KPaCHOM CnekTpe. DTO MPEANOJOKEHNE, DA3YMELTCs, MMENO BaXHOe
3HaueHWe a7 BCeHl KOHLENUWH CHUJI B TBEPAOM Teie M MId BOIPOCA
O NpHpole TEMJOBHX U ONTHYECKHX Ko/jeGaHHH.

Ilns rpy6oro, npuGanKeHHOrO aHanM3a MOXKHO TMpelCTaBHThb
cebe TBepAOe TeJO, KAaK YyepeJOBAHWE ATOMOB, PACMONOXKEHHHX MO
BepilHHAM Ky6OB. [lnf aHann3a HaM, OYEBHAHO, HYXHO 3HAaTb Maccy
4TOMOB H KX paccrosHde Apyr oT Apyra (MAH HHCIO aTOMOB B
ky0. cau.). Jlanee, ecau Haille NPeAnoJOXeHHe O NPHUPOXE CHA Npa-
BHJBHO, TO 3TH CHIB JOCTATOMHO XapaKTepH3oBaTh HEKOTOPOH
ynpyroff nocTosHHOH, B KayecTBe KaKOBOH BhiGEpeM CHHMAEMOCTb,
OTH 3/eMeHTHl JOCTATOMHH [/ onpelaeieHusn uHdpakpacHol xa-
pakrepuctHueckoft wactoTel. [lpcusBoaum obwunkft aHaian3 3anaum
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Tasnnya 19,

Ha3saHue gesusunsl Cumson bopuy.a
pa3meprocmu
XapakTepucTHYeCKas 4acToTa . . v T-!
CHHMEEMOCTL . « =+ « « . & K M-l LT?
Yneno aToMoB B kY0, oM N L8
Macca atoma . . . . . . . . L, m ‘M

JlomxHo CywecTroBaTh OAHO TIpOM3BelleHHe 6e3 Pa3MepHOCTH
OTHOCHTENbHO 3THX henuund, OHO paBuo K v2 N °m.
[ToaTOMy OKOHUATE/NbHLI Pe3yAbLTAT HMEET BHA:

9 1/ _
K = const-v_ 2 N~ om 1,

Bo3bMeM UHC/IOBHE BEAWUHHBI, OTHOCAILMECH K KaKOMY-HHGYIL
HeACTBUTE/BHOMY BeLIECTBY, W, MOACTAEMB B ypaBHeHHe, Hailem
aHauenne mnoctosHHo#t, Ins menn K=17-10""2 y — 7,5+ 107,

m=1,06 . 10 2y N= 7,5. 102 [Ipu noxncraHoBKe sTHX umcen
noayuyaem 0,18, T. e. BeIMuUMHY [IOpPAAKA eNHHULE B COMIACHH C
npeanoomeHueM,

Koneuno, B HacCrosiliee BpeMs 3TOT pe3yaAbTaT MPEACTaBAAET
TOJILKO HCTOPHYECKHH HHTEPEC; KaK 0CHOBA TEOPHH TENNO0EMKOCTH TBED-
aoro Tena [eGasi, OH maMaTeH GecTAIUM NOLTBEPHACHHEM HA OMKITE,

Ipyroit npumep apryMeHTannd TaKOro poaa OTHOCHTEBHO Be-
AUYHHBL NOCTOAHHMX HaH JIxuncoMm (2). Bonpoc 3akiouancs B TOM,
nepexusana Au 3eMas 3a BpeMA CBOeH HCTOPMM COCTOSHHE paBH-
TALHOHHOW HEYCTOHYHBOCTH M MMENa /W 3Ta HEeyCTOHYMBOCThL Ka-
xoe-HuGyab NEeACTBHTE/NLHOE OTHOLIEHHE -K XOMy 3BoMouMH, [Ipex-
BAPUTE/BHOE HCCIEN0BAHHE T:0 MeTOAYy pasMePHOCTeH MOKAa3ano
Ixuucy, xakosa NO/MKHA ObITb (OpPMAa CBA3M MEXAY TAKHMM nie-
PEMEHHBIMH KaK CPenHAs NAOTHOCTb, DALUYyC, YNDYFHe MOCTOSAHHBIE
W Np, B MOMEHT IPaBHTALMOHHOH HeycToHumBocTH, [locaenylomasu
MOACTAHOBKA HYMC/OBHIX 3HaueHu# A 3eMan Rana xosdduiueHT
OPAAKA eNMHHULB. JTO NpefrapuTe]bHOE PacCMOTpEHHe, TAKMM 06-
Pa3oM, MOKa3alo HaAMYWE OCHOBAHUN B NPEATNONONEHHH O POJH
IpaBUTaLIHOHHOR HeycTOHuMBOCTH B HCTOpHu 3eman. Ha aTolt ocHoBe
MOXHO Ob/IO NPHCTYNMTb K [€TaJbHOMY HCCAEIOBAHHIO Mpo6/embl,

PaccmoTpuM eile npuMep Taxo# e apryMeHTauWH, Ha 3TOT pas
C OTpHlIATE/NbHLIM pe3ynbTaToM. [lOMHITaeMcs LOCTPOHTL 3/IEKTPO-
{ MHAMHYECKYIO TEOPHIO TATOTEHKH, MOJAras, uTO TIPaBUTALHORHOE
nofe, CBA3AHHOE HEM3BECTHHIM HAM 06pPaszoM CO CBOHCTBAMU 3JEK-
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TPOH4, MOMET GOHITh NOMYYEHO NMPUMEHEHHEM 3JIEKTPOJHHAMHYECKUX
ypaBHeHHRt MoaA. B aTHX ypasHeHUAX HMeeTcd OAHA pasMepHas IMo-
CTOfIHHAA ¢, OTHOIUEHME SIEKTPOMATHHTHHIX EIHHHII K 3]eKTPOCTa-
THYecknM. M3BecTHO, 4TO ¢ HMeeT pPa3MepHOCTh CKOPDOCTH H YHC-
JIEHHO COBMajaeT CO CKOPOCTbIO CBeT4.

B nouckax npeimonaraeMo#t cBA3M Mbl paccMaTpHBaeM 3apail H
Maccy 3/eKTPOHa, XapaKTepH3ylolllHe ero CBOHCTBA, CKODOCTb CBeTa
H rPaBHTALHOHHYIO NOCTOSHHyI0. [Ipou3BOAMM aHAIHB.

Tasauma 20,

Has3sanue seausuns Cumson s afﬁfﬁ@fnu
ocToSHHAA TATOTEHHA . . . . G M-1p3 12
3apAx SAGKTPOHR . . . . . .. @ M/ L’hT!
Macca aaextpona . . . . . . . m M
‘Ckopoctb CBETA . . . . . . ¢ LT !

Y Hac uyeThipe mepeMEHHBIX M TPH OCHOBHBIX €IHHHIb, CAelO0-
BAaTeJbHO MBI - OHIdeM eIHHCTBEHHOE NpOu3BeleHHe 6e3 pa3mep-
HOCTH. ODTO OYEBHMIHO sze_2, CKODOCTL CBeTa B THOOTETHYe-
CKOe COOTHOLueHHe He BX0AMT. OKOHYaTeNLHBIl pesynabTaT HMeer
MHOTO3HAYUTE/bHYIO NMPOCTYIO dopmy &

2
G = const - (i) .
m

[ToacraBiseM yHMCAOBEE 3HAYEHMS :

—8 e 17
G=6,658-107", = =53 .10,

ClleIOBATENLHO  MoCTOAHMAs paBHa 2,35 - 107, ‘

MocTosiHHas OKa3LIBA€TCA HEMO3BOMNMTE/NLHO Mano#, H Mbl OTKa-
3bIBAEMCA OT MpEANo/1araeMoro COOTHOWEHHMA, XOTH MPOCTOTAd Pas-
MEDHOTO COOTHOMIEHHS W OCTAHABNWBAET BHHMaHHe 1),

t Tabamua, noJoMEeHHas B OCHOBY pPaccyXI€HHS, He DOAHA, He BKIWO-

9€H ,CINHH" 3JEKTPOHa pasHbH -5 o (h — xBaHTOBag INOCTOAHHAs), OMN-
e

pexeaswomnft MarHutHele ero cBofictBa. Jlo6aBaenue ,CrniuHa“ JAaer
MPOCTOP COCTABAEHHIO APYTHX NpPOH3BeAcHHH Ge3 pasMEpHOCTH, CBA3AHHBIX
HAH HECBA3aHHWIX C IOCTOSHAON TATOTEeHHA, HanpuMmep €?/hc (BeaUYIUHA
nopajka 10‘8) hem™2 g~ (seamynsa nopsaaxa 10"49) u 7. . Cocraeas-
eMble NPON3BENEHHS OKa3nBAOTCH HAH BEChbMA JAAEKHMH OT €IHHHILB MO

he
9GHCAOBOMY 3HaUeHHW, MAU ke 6AH3KHMH K Hell (manphMep Smge ), HO UMe-

IOLIMMA pasMmepHOCTh, [Tpum. ped.
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[To3TOMy HOEHTHYHOCTb (OPMyJ pPa3MEPHOCTH He NOMKHA CYH-
TaTbCA AMPHOPHRIM MOKA3aTeNeM CyUIeCTBOBAHHA (H3HYECKOH CBA3H.
[lpy CylIECTBOBAHUM CTO/MBKMX Pa3HOOGPA3HEIX BHAOB (U3HYECKHX
BeJIHYHH, BhLIDAMEHHBIX MPH NOMOMIM HEMHOTHX OCHOBHBIX ENHHHL,
BIO/HE BO3MOXHH BCAKME ClyYaHHbie COOTHOUIEHHS Meway HUMH.
Bea nHanpHeHulero HCCAeNOBaHHS HeMb3n CKa3aTh, PEANLHO Pa3MepHOE
COOTHOIIEHHe WM cayyafiHo? Tax Hanpumep, cam mno cebe dakr
COBMNA/ICHHS Pa3MePHOCTH KBaHTA NeHCTBHS M YIVIOBOrO MOMEHTA elle
He JaeT npaBa TPeANnojaraTb HaJMYMe MeXaHH3Ma, OGBACHAIOLIEro
KBAHT TEM W/AM HHBIM BPAIUATE/NLHBIM ABHXEHHEM,

OG6patHoe yTBepxAeHHe, ONHAKO, BCErha CnpaBelaWBo., Eciau
CYIIeCTByeT MCTHHHA (DM3HYECKAd CBSI3b MEXIY HEKOTOPHMH BeJH-
YMHAMH, TOTAA MMEET MeCTO M COOTHOLIEHME pasMepHOCTEH, IroT
BHIBOJ MOXeET C/AY:KHTb MOJIE3HHIM OPYAHEM HCC/IeIOBAHHS.

PaccmoTpum samauy, mOKaswBaoliyl0, 4TO BCAKOE NeHCTBHUTE/Nb-
HOe (v3HYecKee COOTHOIUGHHE MpPENNOoJaraeT 1 pa3MepHOE COOTHO-
weHue, [IpeInonoXHUM, YTO MHl MHITAEMCH MOCTPOMTH TEOPHIO TEMAO-
MPOBOJZHOCTH M PAa3LICKHBAEM CBA3b MEXIY MEXaHH3MOM TEI/Onpo-
BOJHOCTH M MEXaHHM3MOM, OINpeienaioUM OGHIYHHIE TEPMOAHHAMMU-
YeCKHe CBOHCTBA BellecTBA, DTH CBOHCTBA MOXHO KOHKPETH3HPOBATh
KaK CXKHMAEMOCTh, TEm/IOBOE pacIiHpeHHe, YAEMbHYIO TEIOTy (BCe
Ha eluHuly o6BeMa) M a6COMOTHYIO TeMmepaTypy. Ecam Toabko
STH CTOPOHH MeXaHH3Md, Pery/JHpyIOLIHe TepPpMOIMHAMHYECKHE CBOM-
CTBAa, OJIHOBPEMEHHO ONPEAEMAIOT M TEMMIONPOBOJHOCTh, TOTAA BO3-
MOXHO HaliTH pasMepHyl0 CBfi3b MeXIy TepMOAHHAMHUE CKHMU 37ie-
MeHTaMH M Ten/IONpOBOAHOCTBIO. DopMyaHpyem 3amauy.

Tasauua 21,

Hassanue seausuns Cumsoar o afzg,;‘f{::mu
TenIONPOBOAUOCTD  « « « + 4 + . & " MLT® ¢!
CHMaeMOCTh Ha eRHHHMIY MacCel, . . k M—2L42
TennoBoe pacwHpenne Ha eauHULLY

MACCHL + + « + v v e v v e e A M-t
YiensHas TenaoTa HA €XMHHIY MacCHl ¢ L1291
AGcomorhas Temnepatypa . . . . . ] ]

Hano na#iTh npousseneHne Ge3 Pa3MEPHOCTH W3 3THX MepeMeH-
HBIX. Y HAC MATH . IEPEMEHHBIX H YETHPE OCHOBHBIX EAHHHLE, NO-
3TOMy MOXHO OXHJATh ELHHCTBEHHOTO MpOM3BeneHHA 6e3 pasMep-
Hoctn., Hac uHTepecyeT m, mojardeM II03TOMY fOKasaTelb €ro B
Npou3BeleHHH DaBHEIM efuH 1e., [IpoM3BeleHHe HMMeeT BHA:

phAPo18 Y,

L - P



98 AHAJIH3 PASMEPHOCTREH]

[Mpo6yem ONMpeneauT, NOKasared OOBIYHBIM MyTeM. Mu BCTpe-

yaemCs, ONHAKO, C 3aTPyIHeHHeM: YPaBHEHHMs OKa3HIBAIOTCH He
COBMECTHbLIMH APYT € ApyroM. Mu npoBepsieM 3TO, COCTaBisf Ag-
TePMHMHAHT MOKa3aTene# B.hOpPMynax pasMepHOCTed k, ¢ uf.
JleTepMHHAHT OK43bIBa€TCA paBHEIM HYJI0, T. €. NpOX3BENEHHS Ges
pa3MepHOCTH He CyliecTByeT. [103TOMYy MOKHO 33K/IOYATb, 4TO TH-
NOTETHYECKOH! CBA3H MEXAY TEMIONPOBOAHOCTBIO H TEPMOAHHAMH-
yeCKMMHM CBOMCTBAMM HeT, W TBeploe Telo MNOMKHO 06naiarh eule
APYTHMH CBOHCTBAMM TIOMMMO T€X, KOTOphie IOCTATOYHBI A1 TepMO-
AHHAMHMKH.

TMepexonuM K NMPOCTOMY aHANH3y NpoGneMbl H3NyueHHS HEPHOTO
tena. Donee moipo6Ho 3amaua paccmortpeHa y Jikuuca(3). Crarss
JKMHCA MHTEPECHa TaKkKe TEM, YTO OH TMOJB3YeTCH CHUCTEMOH
3/EKTPHYECKHX €JMHML, B KOTOPOH aM3JIeKTPHuecKas MOCTOSHHaA
NyCTOro MpOCTPAaHCTBA BBOAHMTCA B ABHOH fopme. Jlerko Buzets,
OQHAKO NOC/AE HEKOTOPOTO PAa3MHILINEHHS, YTO OH MOMYuna Obl TOT
e pe3y/bTaT M C CHCTEMOR eIMHHU, B KOTOPOH NH3JeKTpHuecKad
NOCTOSIHHAS MyCTOrO MPOCTPAHCTBA ONpeleseHa KaK eAMHHLA,

PaccMoTpuM  MOJOCTb €O CTEHKAMM, He HMEIOUIMMH HHKaKHX
crieluHUeCKHX CBOACTB M TNOJHOCTBIO OTPAXAIOWMX BCAKYlo nana-
,IOILYI0 pajHauuio. BHyTpM nonOCTH HAXOAHTCH paspexeHHuit 3ne-
KTponHHHA ra3. Ecam raa paspexeH NOCTATOYHO, TO Mbl 3HaeM H3
paccyxaenutl, aHATOTHUHBIX TeM, KOTOpsle MpHBeleHs Puuapaco-
HOM NPH PaCCMOTPEHHH TEPMOHOHHOH SMMCCHH, YTO SMEKTPOHHI
BefyT ce6s MogoGHO MOJeKy/aM HAeanbHOro rasa. SddexTom mpo-
CTPAaHCTBEHHOTO DACTpenefeHys 3apfila MOXHO MNpeHeOpeub B CPas-
HEHHH C CHIaMM, OMpefeNsieMbMH CToJKHOBeHuamu uactuil. Ilycts

5/EKTPOHHLIM Tra3 B TOJOCTH HAXOMMTCA TPH TeMmmepatype B

Ha snexkTpoHH AeHCTBYIOT CHJA ZBYX POJOB: CHIN CTOJNKHOBEHH:
C APYTHMH S5/eKTPOHaMM, MPUPOAd KOTOPHIX TaKas Xe, KaK y aTo-
MOB B OGHIYHOH KHHETHYECKOH TEODHH H CHAB NOJA palHauyH B
shupe., ODNEKTPOHE MOCTOSHHO YCKOPSIOTCA, TMOSTOMYy OHH He-
NPEpPHBHO H3NY44l0T M MOIMOLIAKT IHEPrHi0 U3 SQHPHOrO no.s pa-
avauud. ChcTeMa JO/KHA PaHO WAH MO3JHO MNPHATH B PaBHOBECHE,
JOCTHTasi HEKOTOPOH MIOTHOCTH SHEPrHH B SdUpe, NPHYEM SAEKTPO-
HbHl JOMKHB 06/3aJaTh KMHETHUECKOW SHeprued, cBOACTBEHHO# aro-
MaM rasa npu Temmeparype nosocTH. [ToapoGHoe peluenne safatH
TpeGyeT, pasymeeTcqd, BecbMa C/OXHOIO CTATHCTHYECKOro aHa/u3a,
HO M aHAMH8. PasMEPHOCTEH MPHMBOAMT K HEKOTOPHIM 3aK/IOUEHHAM
o dopwme pesyabTata. ' '

Pemas STy 3ajauy, Mu AOMKHE NOJb30BATbCA YPABHEHHAMH
SNeKTPOAUHAMUKH, CNeN0BaTe/bHO, CKOPOCTb CBeTA BOMAET kak pas-
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MEPHAH NOCTOfHHAA B peayibTaT. HywxHo yunTneaTs 3apsg, Maccy
3/1EKTPOHA, a6COMIOTHYIO TeMnepaTypy W ra3oByio MOCTOSHHYIO, OI-
PEAL/SIOIIYI0 KHHETHYECKYIO SHEPrHio ABHKEHHS anempona,’ Kak
YHKUHIO TeMmepaTypel. Yucno 3MeKTPOHOB HA KY0O, CM. He BOH-
AeT, TaK KaK Ml 3HaeM M3 KHHETHYECKOH TEOPHM, 4TO CPEAHSA
CKOPOCTE 3/tKTPOHOB He 3aBHCHT OT MX uucaa, Bropoe Hayano
TePMOIMHAMUKH TaKKe MOKA3BIBAET, YTO IIOTHOCTh, SHEPTHH B 110-

NQCTH €CTh Q)YHKuHﬂ TeEMNEpaTypul, HO He IJIOTHOCTH 3JEKTPOH-
HOro rasa,

Tasauua 22,

Has3ssarnue seaununs . Cumson Popuyara
pasmeprocmu
Ia0THOCTH 3REprUK . . . . .. u ML—1T—2

CKOPOCTL CBETA .. . . . . + . « 4 » ¢ LT
Macca saekTpoHa . . . . . . .. . m
3apam BMEKTPOHA « . . .« . . 4 . . e
A6conioTRaa TeMmeparypa . . . . . 6
lasoBast nmocToAHHAA .. « . . . . . k

M
M LT~
]
MLET 261

[MpuMensieTca OGBIYHAS  5/EKTPOCTATHYECKAR CHCTEMA ENMHHMIL,
B 3ajgaye 6 mepeMeHHHX NpPH 4 OCHOBHHX eAHHHLAX, MOSTOMY
HOMKHE CYLIeCTBOBaTh 1B MPOH3BelleHHs G6e3 Pa3MePHOCTH, -€CH
TOMLKO HE UMEETCH CNelLMalbHOR CBA3H MexAy nokasatensmu. Ilo-
CKO/IbKY HAC MHTepecyeT 4, Mbi BHIGMpaeM ee KaK 4leH C TMokasa-
TeneM, PaBHHIM eJHHMLE B TMpousBeleHHH. OOHLIYHHIM TyTeM MH Ha-
XOIHM [Ba MPOHM3BEIEHHA :

w0 u ROmT
TMostoMy pe3yabTat MpUHUMAeT caeayiouyio Gopmy:
u=kie~Sh4f (k0 m_lc_z).

‘Mul HHYiro He suaeM o npupoge pyukuun f. OAHaKO, BUAHO, UTO
4pryMeHT GYHKLIMH HMeeT ONpejeseHHoe (HBHYECKOE 3HAYUEHHE,
k0w~ cocrasaser NOJOBMHY KBajfpaTa CKOPOCTH SJEKTPOHA, MO-
3TOMY apryMeHT B LieJIOM COCTaBJASieT KBaApaT OTHOLIEHHS CKOPOCTH
S/IEKTPOHA K CKOPOCTH cBeTa. B mpakTHuecko# obnacTi Temnmepatyp
STO OTHOLIEHHE OCTAeTCH YPE3BLIYAHHO Ma/lkM M, CAeLOBaTeIbHO,
He3aBUCHMO OT ¢GOpMel QYHKUHH HaM H3BECTHO, YTO Nepel HaMH
yHKuus BechMa Manoro aprymenta, PaccnpocTpaHsin paccymaeHus,
TIPHMEHSBLIMECS HAMH OTHOCHTEIbHO YHC/AOBOX BeAHYMHB JOOBIX
K09pDULHEHTOB, C KOTOPHIMH MOMHO BCTPETHTbCA TMpH a&Hanu3e

N [ ]
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'

pasMepHOCTEH, MOXKHO yTBepXIaTb ¢ GO/blllefi BEPOATHOCTHIO, YTO
YUCIOBOE 3HAaYeHHe Hauled YHKIMH NPAKTHYECKH HMEET TO XKe
3HaYeHHe, KAK M AN9 HyAeBOH BeAH4YHHB AapryMeHTa, T. €, !n‘:
¢$yuxuua Moxer OHTbL 3aMEHEHAa HEKOTOPOH MOCTOAHHOW s Bce0
NpakTHYeCKo# 0O6naCTH H3MEHEHHA MepeMeHHyX. ﬂos'romy MOXH
OXHMIaTh, YTO PEe3yAbTaT GYAET HMeTh crenylouyl ¢Gopmy:

—6
4 = const kie 04,

6 — eauHcTBeHHAas (H3HueCKad NepeMeHHas NMpaBOf# CTOPOHH ypaB-
HEHHs, MOSTOMY MOXHO HaTMCaTh:

u =_a04.

Mu, pasymeercs, y3HaeM B 3TOH ¢opmyne 3aKOH CTeQ)naHi
OnpgBALIBAIOWIMACA Ha onuiTe. [[03TOMY pesy/nbTaT 4O M.BECTHOR CT
NeHH OMNpaBAbIBAaeT HAIUK YMNPOLIEHHS.

Hamu coo6pamenns o0 pasMepax uMCAOBHX KO3(hOUIMEHTOB
NO3BONAIOT MPEANONOKHTh, UTO KOHCTAHTA B mMepso# ¢opMe pesy/ib-
TaTa He MOXeT GuITh HH CIHWIKOM GOAbMIOH, HH CRHIIKOM Majlof,

Hnaue rosops, nonaras
' 6

a = const kte” ",
MOXHO OXHIATh H3BECTHOM MPOCTOTH pe3ynbTaTd, K KOTOPOMY
npuBenH Obl KOHKDETHhie MaTeMaTHYecKHe onepaunu. JIpwHC H
ApmaMc ofpaTMi¥ BHMUMAHHE Ha TO, YTO B npenenax ouHGOK
OfMuMTa nocroAHHail 3akoHa CrTedana Moker OHTh HanHCaHa
B caenywomest dopme: "

% = ey * '

Xota (4me)® maneko He Manoe YHCAO B CMbICAe MEPBOHAYANBHOR
¢dopMyauposkH O HHWTeHHA O BEPOATHOM KDHTEDHH IS YHCAO-
BHX KO03()(QHUMEHTOB, TeM He MeHee €ro MOXKHO CHHTATh MaibM
€C/IK yueCTh 3Ha4yeHHe MOKasaTteJel BeNHYHH, C KOTOPBIMH OH acco-
unuposad. Heabsa oTpuuaTs, uto peaynntar o6nagaer Gonabluoh
NPOCTOTOH H NMO3TOMy SBJAETCA BEPOATHHIM, YTO YKa3aHHHIH KO3(-
GHLUHEHT MOXeT ObiThb Pe3y/AbTATOM MaTeMATHYECKHX omnepauuf, a He
TONBKO CAy4aHHOHR KoMOHHaLHeH S/MEeMEeHTOB B .Q)opmyne, KOTOpas
npaBH/AbHA TOABKO B OTHOWIEHHH Da3MEPHOCTH.

Bo BcAkoM ciayyae, kakoBo 661 HM GhI0 Halue MHEHME O Mpa-
BUIBHOCTH apPryMeHTallHH, YAHBMTENBHHIR XapaKkTep pe3ynbTaTa
OCTaeTCA B Hauwled NAMATH, H MH BO3JAEpKUBAEMCA OT OKOHYaTeNb-
HOrO CYXAGHHA A0 MOMYYeHMd MNOJIHOTO pelieHHA. TOYHO TaKKe
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[IEPHOLH 1€CKAA CHCTEMA 3JEMEHTOB CyIIeCTBOBana NPy U3BeCTHOH
CIEPKAHHOCTH CYXKIEHM O Hel 10 TeX mOp, nmoka He Haspeno
nonHoe peuienne. Cnenyer ynomanyTs, uro JlopeHu u ero yye-
HUKH Ge3yCIEWHO MLITaANCh TPOM3BECTH IeTaNbHEIH aHaiu3 BOMpoca,

IMpusenennnie coobpaxenns narwT MOBOJ K pasMbUIIEHHIO, 3Ha-
MEHATENLHO, 4TO KBAHT MEHCTBMA A He durypupyer B pesynbTare,
XOTA, NMOBHAHMOMY, OH HEPa3leNbHO CBA3AH, C ABACHUSMH H3AYYeHuUd,
No kpafiHe# mepe B BewlecTBe. Mu 3Haem, uro 4 BXOAHT B dop-
Myldy QNS CHEKTDANbHOrO PACMpeNeNleHHs SHEPrMH, HAM H3BECTHO
TAKKE H3 TePMONMHAMHYECKHX PACCymAeHHH, uTo pacnpenenenne
SHEPTrMH B CMEKTPe B MOJNOCTH, HaNOMHEHHOR SAEKTPOHHEIM Ta3oM,
TaKOE e, KaK M B YePHOM Tele, NMOCTPOEHHOM M3 ATOMOB, Mosromy
B 37KOHE PACTIpENIe/IeHUA IHEPIHH B CMIEKTPe HAlleH CHCTEMM NOMKHO
¢$urypupoBate k. 3HaunT M 3TO, uTO A MOWET OLTh  BbIpAXKEHO
4€PE3 S]CKTPOHHHIE NMOCTOSHHBIE, Ia30BYI0 MOCTOAHHYI0 H IOCTOSH-
Hole 3QHpa, M uTO NS OGBACHeHHs A He TpeGyeTcs - HIKAKOrO HO-~
BOrO Me€XaHW3Ma, HaM 10 CHX NOP HEH3BECTHOTO} Pazymeercs
JIboHC npuUpaBHaN maaHKOBcKOe BHIPAXEHHE ANA k HanucanHOMY
BbILIE, U1 MOJYYEHHA YMCAOBOTO 3HAYEHMA £ HA OCHOBAHHM IPYTHX
MoCTOAHHLX 1), BosbMeM eme omuu: NpUMep npwMeHeHHa aHaan3a
Pa3sMepHOCTEH B TeOPETHHYECKHX HCC/Ie10BAHHUSAX. Pas6epem Boamox-
HOCTb OGBACHEHHS MEXaHHYECKHX CBOHCTB BewlecTsa. Ha OCHOBe cCre-
UManbHOR GOPMLI CHNOBOTO 3aKOHa MexIy aToMamu, MoxHo npeano-
JIOXHTH, YTO ITOT 3AKOH HMEET C/ELYIOLLYIO dopmy:

F=Ar?4 Br
A —Bceria oTpumaTebHO M mpeacTaBafieT MpuTAraTemBHYIoO cHay,
B — nonowurensho u cootsercrayer otrankmpanuio, CTaHOBsWEMyCS

. 8mbpt

') KsantoBas reopus H3nydeHHMs paer % (cp. M. Planck.

Wiérmestrahlung crp. 1§3, 1921). Mpupasuusas sto 3naveHne BbIBEICHHOMY
B TEKCTe, T.€. :(4—“)6- ». HAXOMM

Va 59
h = 312— ’ﬂ _e . .
Vs ¢
he ‘
Muaue rosops g7 OKA3LIBATCH NOCTOSIHHON BENHYMHOH, He caAMILKOM
CHABHO oTaHYarouteficn o1 1 (cp. npumeuakue na c1p. 96). 3a nocrenuue roaw
Ta_NOCTOSHHAA Hrpana GOABIIYI POAb B CNEKyAATHBHHX NOCTPOEHHAX

A. DxAMHTTOHa, NpuYeM cAenaHa nommrTKa ee TEOPETHYECKOr0 BHBOAA.
he
AmpupHsecky o= 137.3, no dxauurr oy royno 137.

TTpun. ped.
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OYeHb 3HAYMTENLHHIM MPU TECHOM COMMMKEHHH aTOMOB. Artombl pas-
JHYHBIX BEWIECTB MOTYT OTIHYaThCH MO Macce H IO 4YHCI0BOMY
3HaueHuio ko3dduumentoB A u B, HO nokasatenn 72 MyCTb GyneTt
ONHHM M TeM e Ana Bcex Bewects. Ilpeamonaraem Takxke, 4TO
TeMrepaTypa HAacTONBKO BHICOK3, HTO KBaHT [eHCTBHSA h ne umeer
CYLIECTBEHHOTO 3HAYeHHs B DACTIpENe/IEHUH SHEPrHH {10 pasnyHBIM
cTeneHsM CBOGOIH, HO YHO LISl 9TOTO XOCTATOYHO OXHOM rasosoft no-
CTOMHHOM. BHeulHue nepeMeHHHE, HMelOMe 3HAYEHHE 1A CBOHCTB
CHCTeMb: QaBaeHde H Temnepatypa. Eciu oHuM ZaHel, TO ONpele/leH
o6beM M npouue ceofictBa. Mbl moayyaeM MOITOMY TaKyto Tabnuuy
MepeMEeHHHX, H4 OCHOBAHMHM KOTOPHX HYXHO OMpPEIEIHTH Jo6ke
cBoficTBa BeleCTBa.

Tabnuua 2_3.

Hassarue seautunsl Cumsoan » ggﬁ;‘%ggmu
JIABACHHE .« o « « o « v o o v e o P ML—IT?
TeMNEepaTYPa . « « « « « + » & » » "6 6
Macca aToM@ . .« . .« . ¢ . m M o it
[a3soBas MOCTOSHHAA .. . . . = k ML I_20
A (u3 33KOHA CHABI) .+ « « « + + »+ - A ML3T -
. B i W e e e B ML H1T-

B n06aB/ieHHE K 3THM BEIHYMHAM MH GyAeM HMETb TO HIH KHOE
CBOACTBO BellecTBa, MNoANexayiee aHanusy. B Tabanue 6 Bennumu
np¥ 4 OCHOBHuIX enuHHuax. IlosTOMy M3 3THX NEPEMEHHHIX MOXHO
COCTaBHTb IBa NpOH3BeleHusi Ge3 PasMepHOCTH. Haitnem ux, Oxxo
M3 HHX Bu6epeM COIEpKALIMM p, HO He BKIIOYAIOLIHM f, mpyroe
Ha060pOT, TaK Kak p H O ABAAIOTCS (QU3MYECKUMH NEPEMEHHHIMH,
HAXOLAUIWMHCA B HallleM pacrnopsikeHuH. Jlerko cpasy HaHTH STH
NpOM3BELEHHA:

_n+t2 4
p.4 n—?Bn—2,
n-—1 1
A_n—2Bn—'2k6

DTH npousBe/ieHHs CPasy NaAlOT HAM CBEAeHH O CBOACTBAaX Tel
B T€X Cayyasx, Koria ZIaBNEHME H Temneparypa He ABAAIOTCA He3a-
BUCHMBIMH, HanpuMep, 1S KPHBBLIX NaB/JeHHS Napa, KPUBHX MNiaBNACHHA
HIU KPHBBIX paBHOBECPfﬂ MEXNy MAByMs a/110TpOMHLIMH MOlIHd)HKa-
[(MIMH TBEpAOTrO Tena, an ITHX yC.’lOBHﬂX Mbl HMEEM!
n+2 4-

- A _n=1 1
PA n-—2Bn—2___f<A n—2Bn_2k9),
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rae f onHa M Ta ke GYHKUHMA A48 BCeX Bewlects, A U B MeHAOTCA
B 3aBHCHMOCTH OT BeulecTBa. Hawr aHanna mnoka3sulBaeT nosToMy,
YTO ec/M BBECTH HOBhle NepeMeHunle pC; As nasienua 4 6 C, ans
TEMNepaTypsl, TO yPaBHEHHs N/ KPHBHX PAaBHOBECHS IJs BCeX Be-
mecTB O6yoyT OOHMMH M TeMH e, HoBhe mnepeMeHHbe NaBNEHUS W
TEMNEpaTypsl MOMYYAIOTCH [MEPEMHOMEHHEM OOGLYHOIO [AB/EHHS M
TEMNEepPaTyphl Ha NMOCTOAHHBE (GaKTOPh! H MOI'YT OLITh HA3BaHB! I p H-
BBEJEHHHMH JaB/leHHEM M TemMmepatypol. YpaBHeHHe
Ban nep Baanbca sBnsieTcs 44CTHHIM CAy4YaeM TaKOro ypaBHeHHH, cTa-
HOBSILErOC YHHBEPCAAbHBHIM B MPUBEIEHHBX MEPEMEHHBIX,

PaccMoTpuM Temeps Kakoe-HuGyab HHOe ¢H3HuecKOoe CBOHCTBO
BEIECTBA, KOTOPOE KeJaTelbHO BHIDA3UTL Yepe3 HALIM TiepeMeHHHe.
Mu fomKHH COCTaBHTb [/ 3TOrO HOBOe NpOM3BeneHHe 6e3 paa-
MEPHOCTH, COJepiKalllee paccMatpHsaemyio Beruuuny. HauGonee
yI06HO BLHIPa3UThb 9TO MpPOM3BEIEHHE uepe3 BReMHuMHH m, R, A, #
B, TaKk Kak OHM (U3MYECKM HE M3MEHAIOTCA AJf NAHHOTO BellecTBa,
Buipaxenne no6o#t pu3HUeCKOH BeNHUMHB G TOUKH 3DEHHUS pasMep-
HOCTEH Hepe3 9TH BeNHYHHH BCET1d BO3MOXHO, €CMH TOJBKO A€Tep-
MHHAHT nokasarenelt m, k, A 1 B He paBeH HYMO, DTO PaBEeHCTBO
KaK JIeTKO BHIETh, HMeeT MeCTO TOMbKO B cayuae n= -2, 1. e.
B TPHBHalbLHOM ¢llyyde OLHOIO TOJbKO MNpuTskeHHd. [losToMy
B OOLIEM Clyuyae Kaxnoe ¢usMueckoe CBOHCTBO, HasoBeM ero @,
MOWeT GHTh BhpPaxeHo B dopme:

_nd2 4 -l 1
Q=const-F<pA n—igt—i o4 "—23”"‘%0)’

rie const Mower comepwath m, k, A 1 B, HO He BKJawouaer p u 6.

Onpenenum -

const KaK ,MPHBENEHHOE" 3HaueHue Q. Torma mu! npH-

XOIHM K BaKHOMY BBIBOLY O TOM, YTO [Jf BCEX BELIECTB 3ITOrO
THNa ypaBHeHHe, CBA3HBAWIlee NPHBENEHHOe 3HAaueHMe @ ¢ npuBe-
JEHHBIMH [a3/IEHHEM H TeMIepaTypolt, 0AHO ¥ TO XKe. IDTO mnpuMe-
HHMO He TONBKO K TEDPMOAHHAMHYECKHM CBOHCTBAM, HO H KO BCEM
CBOMCTBAM, 3aBHCALIMM OT TOR e CTPYKTYpH, HANMpHMep K TEm/o-
NPOBOJHOCTH HJIM BA3KOCTH.

3naHHe MHOXUTeNeH, MePEBOAAILMX H3MEPAEMHE BeJHYHHBL GH3H-
YeCKHX NePeMeHHHX B ,MPHBEIEHHHIE®, MO3BOAAET BHYHCIHTL A,
B u m nna paccMaTpHBaeMbiX BELLECTB, €CH TOJBKO 7 ONpPEeneNeHO
M3 IPYTMX MCTOYHHUKOB,

M3 npHBeneHHOro aHanu3a BUIHO, YTO eIMHCTBEHHOE MPELMONIO0-
*KeHHe OTHOCHTE/BHO 7 COCTOS/IO B TOM, 4YTO # He HMeeT pasmep-
ocTd. MH He NOJb30BAaJAHCH NO CHX TNOD MPEANOJNOMEHHEM, BhICKA-
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3aHHRIMH BHauyaje, YTO 7 OOHO M TO e 1A Bcex BeuwectB. OT Hero,
CJIEl0BATENLHO, MOXHO OTKA3aThCA, U MBl NMPHXOAHM K Cjemyiouleh
TeopeMe: 044 scex geujecms, C8ulicmea Komopwx onpedeifomces

amomMaMu ¢ Maccoli m u ¢ 3axoHoM 83auModelicmsus Ar~*--Br~"
0an awbux 3Haenuli A, B u n cywecmsyem 3axon coomsem-
CMBEHHMX COCMOAHUE 0AR 8cex usudeckux cgolcms.

PasymeeTcs MOXHO TIOBTOPHTb T€ K€ DaCCyKASHHf, 3aMEHHB
BHEIHHE MepeMeHHBle p W § MoGLIME ABYMS JIDYTHMH, NOIXOIS-
IHMH 1J18 Hallel UenH, HalpHMep, HEKOTOPHIMH TEPMOAMHaMKye-
CKHMH moTeHuuanaMu. [1oJIyuHTCH TOT XKe pesynbTaT, €CAHM TOJLKO
HET CTelHabHEX COOTHOLIEHHR MexIy Pa3MEpPHHIMH TNOKasaTelaMH.
Hanuuue MAM OTCYTCTBHE TaKMX CMeHaNbHBIX CBA3elt Jerko omnpe-
JeNAETCA B KaxKIOM OTAEALHOM Cay4ae.

KaxnoMmy, OpHCTYNaioLleMy K JH€TaTkHOMY PAasBUTHIO TEODHH
CTPYKTYpHl BeLlecTBa TaKOro pofa, I0Jie3HO BHIMOJHKTL MpenBapu-
TEJAbHOE HKCC/eNOBaHWe, BBIICHATb TNOIYMHANOTCA JH B AeHCTBHTE/b-
HOCTH CBOWCTBA BeLIECTBA 3aKOHY COOTBETCTBEHHBIX COCTOSHHH, H
B 33aBHCHMOCTH OT pe3y/bTaTa INpEANpHHMMATL CJEAYIOLIME LIaru,
3HayeHue TakOH NfeIBApUTENLHOH 'pa3Beiku GecCOPHO.

[IpuBeeHHBIE pacCyAeHHA B HEKOTODBIX CBOMX 4HacTAX HaMoOMH-
HaloT aHanus Mecasna (5), HO OHM 3HauMTeNBHO ofwée.
Mec/a5H MNpUMEHAN CBOK aHAIH3 TOABLKO K YPaBHEHHIO COCTOAHHS,
npeanonaras  CyuweCTBOBaHHE KDHTHYECKOH WJIM IOPYTHX OCOO6BIX
TOYEK.

B kayectBe mnoCnenHero NpHMEHEHH AaHaNM3a pasMepHOCTeH
K TEOPETHYECKOH (bH3MKe pacCMOTPHM OmNpeleneHHe TaK Ha3biBAEMBIX
a6CO/MIOTHBIX CHCTEM eXHHHIL. ‘

A6comoTHrHe pasMepsl OOBYHHIX EXMHHIL (PHKCHPOBAHH NPOU3-
BOJIbHO, MpPHYEM MOTFYT CYyUIECTBOBAaTh JOTHHYECKHE CBASH MEKIY
Pas/MYHLIMH BuIaMH exuHul. Eauduna anudsl, caHTuMeTp, Ohuia,
HanpuMep, NEpPBOHAYANLHO OMpEre/eHa B CBASH .C YETBEPTHIO MIHHbI
3eMHOr0 MepHAHaHa, a eAHHHUA Macchl Oblia. BbIOpaHa, Kak Macca
KOJIHYECTBAa BOJMbI, 3aHHMAaWOLlel eauHHily o6iema. BuGop 3emau H
BOABE, KaK OGBEKTOB, (GHUKCHPYIOIUHX pasMep eAHHHLB, KOHEYHO,
COBEPILEHHO NPOH3BOJIEH,

B HauleM M3M0MeHHH Mbl MHOTOKPATHO BCTPEYATHCh C pasMep-
HpIMH mocTOAHHBIMH, OOBIYHO B3TH NMOCTOSHHHE BXOIAT B KaKoH-
HH6yab (DakTOpP UPOMOPUMOHANBHOCTH B BEIPAKEHHM SMITHPHYECKH
OTKPHITOr0 3aKOHa NMPHPONH. TaKHMH TOCTOSHHBIMH ABJAAIOTCA: MO-
CTOSIHHAA TATOTEHHA, CKOPOCTb CBETA, KBAHT HefiCTBHA, NOCTOSHHAA
aakona CredaHa u T. A. UHCroBas BeAMYHHA Da3MEPHHIX MOCTOAH-
HBIX 33BHCAT OT BEJMYMHH OCHOBHHX €IMHHL, MPHuEM BHA STOH 3a-
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BHCHMOCTH BhIpaxaercs ¢opMynaMu pasMepHOCTH. MeHss BEJHYHHY
OCHOBHBIX EAMHMIl, MB MOMEM H3MEHATb KaK YrOAHO YHC/OBYIO Be-
JHIAHY DaSMEpHHX MOCTOSHHHWX, B 4acTHOCTH, npumucmBas ocHOB-
HHIM €IHHHUAM TONXOASIIHE BE/NMYMHM, MH MOMEM NPHPABHATL
IMC/IOBbIE 3HAYEHHR HEKOTOPHIX Da3MEPHEIX TOCTOSHHHX eIWHHMILE,
Ho pasmepHuie nocTosHHHE OGHIKHOBEHHO #BIIOTCH BRIPaXeHHeM
HEKOTOpOro yHugepcaabHozo0 3aKOHa NPHPOAM, Ecnu OCHOBublE edn-
HHUW BRIGPaHB TaK, YTO pasMEPHWE NOCTORHHLIE PaBHH eIMHHILE,
TO TEM CaMBIM MLl OMNpefeNnsieM pa3Mep E€AWHHI 1O OTHOWEHHIO
K YHHBCDCANLHEIM SIBJIEHHSM BMECTO TOrO, 4TOGB CBA3BIBATL MX
C TAKHMH Cly4adHLIMH SIBJIEHHAMH, KaK, HAalpUMep, MAOTHOCTb BOIbI
NpH aTMOCHEPHOM 1aBJeHHH M ONpeleNeHHOH TeMiepaType. Bcnexa-
CTBHE STOr0 HallXM eAMHHUM CTAHOBATCA (OJiee 3HAUMTE/NbHBIMH,
Befikasi cucTeMa enMHML, ONpene/eHHa® TAKHM CnOCOGOM oT-
HOCHTE/ILHO iBNEHNH YHUBEPCANBHON PACNPOCTPaHEHHOCTH H 3HaYEHHS
MOXeT 6bITh Ha3BaHAa a6 COMIOTHON CHCTEMOH €AMHHUIL I'Iep:
Bas Takas cucrema naHa Ilnanwkom (6) B ero xrure o temiosoM Hany-
yeHHH. OH CBA3aN CBOIO CHCTEMY C KBAHTOM ReHCTBHS, W MO W3/OMNe-
Huo [l1aHKa MoxeT MokasaTbcsl, YTO 1O OTKPHTHA KBAaHTA He 6hulo
M3BECTHO ZDCTATOYHOrO 4YH(/A Pa3MEPHHIX MOCTOAHHHX MOAXOASLIEro
XapaKTepa, 4TOGH MOCTPOHTL YHHBEPEANbHYIO CHCTEMY eNMHHL. ITO
e TaK. [lnanky npuHamiexuT nepeas uies 0 BO3MOKHOCTH a6Co-
MOTHEIX €IMHHN, W OH MDUMEHW] KBAaHT NeHCTBMR 118 WX Ompe-
AEACHAR, ONHAKO HHKAKOM HEOOGXOAMMOCTH ONEpPUPOBATH MMEHHO C
KBaHTOM HeT, Kak GyAeT BHAHO H3 JanbHeHINErO W3/A0MEeHHs.
Onpezeanm - no ¢opmysam pasmepHocTH rpynny a6CcoMOTHbIX
eNMHMl, naHHbX [InawkoM. s (uKcalMM eIMHHI Mb BrGHpaem

NMOCTOAHHYIO TATOTEHUAl, CKOPOCTb CBeTa, KBAaHT NEUCTBUS H raso-

BYI0 MOCTOsIHHYI0. Mbl Tpe6yeM, uyTO6H OCHOBHME eIHHHIN O6aa-
Za/l4 TAKUMM Dpa3MepaMM, 4TOGH OSTH YHHBEDCANbHbLIE TMOCTOSHHbIE
BCE uMean pHaveHwe 1 B HOBOH cucTeMe. 3ajayy MOXHO yNpOCTHTH
AN HAWEro W3/IOKEHHS, ONYCTHB rasOBYI0 MOCTOSHHYIO, NOTOMY
4TO TONBKO B Hee BXONMT eIMHHLA TeMNepaTyp. $cHo, omHaxo,
ITO nOC/le" OTIpeNeleHHs €AMHHIL MACCH, MMHHK W BDPEMEHH MOKHO
CARENATH T430By10 MOCTOAHHYIO DABHOH €IHHHIE COOTEETCTBYIOUIMM
BHGOPOM BeAWYMHH rpaiyca. IIpH ONpeneNeHMH BeHYHHH HOBLIX
CAMHHL MBl monaraeM yROGHEIM MO/NB30BATHCH MpHeMaMM riasbl 111,
NIDUMEHSBIIMUMHCS MDH H3MEHEHHH eIMHHIL :
Hanuiwen: mocrosunas taro-enna= G— 6,658-107% 21 cu8 cex. ™2
Urcnosoe 3naueHde B HOBOM CHCTeMe . eAMHULl HafizeTrcs mnon-
CTaHOBKOH B QopMyny ans G BWpameHHH HOBWX eIHHHL depes
crapwe. Ecm HOBaR eIMHHLA MacCH TakoBa, 4TO OHa paBHa x 2,
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HOBafl €IHHHUA J/JINHB p4BHA Y (M, a4 HOBas €IHHULA BPEMeHH
paBHAa 2 CeK., TO Mbl TNOJYYHM YpPaBHEHHE IAS OMpelencHHa x, y
M 2, B KOTOPOM 4YHCAOBO€ 3HAYEHHE NMOCTOSHHOW TATOTEHHA TMpH-
PaBHEHO elIHHHIE B HOBOH CHCTEME:

- —1 —2 — —2
6,658.107° 27 ead cex. P =1(x2)" (v cH)® (2 cex.) >
Ile npyrue pasMepHele NMOCTOAHHBIE NAEyT ABAa R06aBOYHLIX Yypas-

HeHHst, TpeGyeMblX NS OMpeleneHuss X, ¥y H 2. 3Hasd UHCIOBBIE
3Ha4YeHHs M ¢OpMYyaH pas3MepHOCTEH CKODOCTH GBeTa H KBaHTa
OeHCTBHA, Cpasy HanulleM:

3.1010 cx cex. '=1 (vem) (2 cex.)™
6,55-1077 2 cu? cex.'=1(x2) (ycu)? (z 'cek)”

Dra cHcTeMa TpeX yPaBHeHHH Nerko paspeluaeTcs, W Mbl HMeeM:
x=5,43.10"%; y =4,02.107%; 2=1,34.107%,

310 3HauMT, YTO:

«

HOBas eJMHHMLIa MAcChl DaBHA ‘5,43-10_53
InHHR 4,02 10~ %cx
BPEMEHH ,, 1,34-10_43

”, "
3 ‘ L
o cux mop Mbl [BHT3JHCh Blepeld, BCe SCHO H HE BO3HH
KaeT HHKakux BOompocos. OOHAKO, MHOTLA AeNAI0TCH MOMBITKH HTTH
Janbliie B MOWCKaX HEKOTOPOro abCcONIOTHOTO 3HAYEHHS Y TOJyHeH-
HHX 1Mdp; HA HAX CMOTPAT KAaK HA XapaKkTepUCTHKY CaMOro Mexa-
HW3Ma, CBA3AHHOTO C YHHBepCaJbHHIMH MOCTOSHHBIMH. IAAUHITOH (7),
HanpuMep, nuuer: ,CymecTsyT TPH MHOCTORHHBIX TNPHPOAH, 3a-
HUMAOWHUX JOMUHHDYIOLIEE TOMOMEHHe: CKOPOCTh CBETd, MOCTOAH-
Has TACOTEHHA M KBaHT JelicTeda. Ha X OCHOBE MOXHO NOCTPOHTH
eMHHLY AJTHHB, DaBHYIH0 4.107% ¢, CyuwecTByIOT U JpyrHe ecTe-
CTBeHHHE eIHMHHIB IJHHB, PaldyChl MONOXHTEAbHHX H OTPHLATENb-
HBIX 3apAlOB, HO MX Da3MepH COBEPLIEHHO APYroro, BHICIIErO MO-
palka BEJTHYHMHH. 33 BO3MOXHLIM HCKIIOYEHHEM TEODHH MAaTepHH
Oc6opHa PelHOMBb1ca HH OJHA TEOPHA HE NLITANACh NAOHTH 10 CTO/b
TOHKOTO ApoGaeHkA. Ho, 04eBHAHO, 4TO 3Ta AMMHA HOMXKHA CAYXHTD
K/I040M K HEKOTODOH, BechbMa CYLUECTBEHHOH CprKType“
CnexkynsuMd TaKOrO poja He MOTYT BO3GYyAHTb CHMNATHH B
,Tex, KTO pa3jenseT HEeCKONBLKO MATEPHANMCTHYECKVIO TOUKY 3peHus
MOEro HM3noxeHusi. EIHHCTBEHHHIM (AKTOM HEKOTOPOrO 3HAYEHHS

B

P O TP KB R N Ry he

2%
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BO BCEM 3TOM fBJAAETCA TOJBKO TO, YTO pasMepHeie (GOpMYyanl Tpex
MOCTOAHHKX MO3BOJNHJH ONDPENeNNTh HOBhHE EAHHHIE, BMECTE C TeM
3HayeHHe 3Toro ¢axkTa He MOXeT OHTb GOJbIUMM, MOTOMY YTO
€CTh IUAHCH TP A060H KOMGHHALMH TpeX Pa3MepHHX MOCTOMHHBIX,
H36paHHBIX Hayfauy, HOCTHTHYTb TOTO Xe camoro. o Tex rop,
NOKa He GyHeT DACKPHTAa BHYTPEHHSAS CBA3b MeXAy MeXaHU3MAMH,
OTPEAEAAIOWMMH TOCTORHHYIO TATOTEHHS, CKODOCTE CBETa M KBaHTA
DeficTBHA, pa3MepH eOMHML, HAWIEHHRIX YKa3aHHBHM crnocoboM,
elBa /¥ MOTYT HMETh KaKkoe-TH60 HHOE 3HAYEHHE IOMHMO CBA3H
3THX eIMHHI ¢ YHHBEpPCAJbHBIMH HBJECHUAMH.

[pononkuM Tenepr BHBOL abCOMOTHHX eNHHHIL M nepeitneM K
razoso#t mocrosaHuoit. Ina Hee Mbl KHMeeM ypaBHeEHHe:

Ta3oras nocTosnHas 1) = k= 2,06.10""%. cu? cex. 2§71 =

=1 (x2) (ye#)? (z cex.)™ (wb)™';

X, ¥, 2 yxe onpeleieHw, W, CAELOBATe/]bHO, M3 ypaBHeHHf cpasy
HaxonuTcs w. [lonyuaem 2,37-1032, 5TO 3HAYMT, YTO HOBHIH rpanyc

IO/KEH PaBHAThCA 2,37,-1032 O6LiyHRIX rpanycoB lleabcus.,

Haxe B caMbx (AHTACTHYECKHX CHEKYNAUHAX aCTPOQH3IHKH
HHKTO HHKOTZa He TIOBOPHJ © TaKHX TeMnepatrypax, U GyHer au
npod. DAIMHITOH yTBepKIaTh, YTO 3TA TeMneparypa JOMKHA
OHTb KAIOYOM K KAKHM TO OCHOBHBIM KOCMMUYECKHM SIBJIEHHM?

Teneper nomxHA CTaTh OueEBMAHOH BO3MOXHOCTb MNOJAY4YEHHA
CHCTEM aGCOJIOTHBIX €MHHI Pa3HOOGPA3HHIMH NYTAMH B 38BHCHMOCTH
OT YHHBEDCANbHbLIX MOCTOAHHLIX WM ABJNEHHH, UHCIEHHOE 3HayeHHe
KOTOpHIX )XeAaTeAbHO ympoCTHTh. [Ipu mo6oM BhHIGOPE NMOCTOAHHBIX

‘MeTOX B o6weM 6yleT TeM XKe CaMblM, Kak H B paso6paHHOM

cny4ae. Boo6uie roeops, AOMKHH GHITh YETHIPE OCHOBHBIX EIHHHILHL,
€ClM  TOMBKO MBI YJIOBJNETBODAEMCS 3/IeKTPOCTaTHuYeCKOH cHCcTeMoH
H3MEpeHHA 3aPRIOB U ONpenenseM BEAHYHHY 3apAaNa TeM, YTO CHAA
MEeWAy JABYMs 3apsiaMi paBHa HMX MPOHM3BENEHHIO, NENEHHOMY H4
KBAJPAT PACCTOAHHA MexAay HuMH. EcAn MH He xenaeM OTDaHHUH-
BAaTbCSl 9JIEKTPOCTATHUYeCKOH cucTeMOH, TO MOryT CylIECTBOBAaTh
nATh BHAOB OCHOBHHX eAmHMu, HHuero cywecTBeHHOTO B 9TOM
ydcie 5 HeT, OHO BO3HHKAET TOJABKO TMOTOMY, HTO OGBIYHO MBI
NPHMEHAEM MEXaHHYECKYl0 CHCTEMY eNMHMI, B KOTOpPOH* dakTop

1) Fa3oBass MOCTOSHHAN, MpUMEHAEMas 31eCh, OTAHIAETCH OT NPHEATOH
3

Ha MBOXHTEIb §", T, €. COOTBETCTBYET TPEM CIEMNEHAM cBOGOnb, Hptm.ped.
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NPONOPUHOHANBEHOCTH MEXAY CHIOH M MNPOM3BELEHHEM MacCH Ha
yCKODEHHMe BCerna NpUPABHHBAEeTCA eldHHIE, YA0GCTBO TakoH CH-
CTeMbl B C/yuae MeXaHMYeCKHX HBJNeHHH oueBHiHO, Graroaaps Hx
yHMBepcaneHON pacnpocTpaHeHHOcTH, Ho ecam 6wl TevmepaTypHule
addekTl 6HTH OB CTOJb Ke PACNPOCTPAHEHB H MPHBRIYHLI, TO MbI
C paBHBIM NpaBOM MOrA¥ Ow HacTauBaTb HA CHCTEMe eIMHMIL, B
KOTODO# rasoBast MOCTOAHHAA MMeEeT 3HAYEHHE eIHHMLIH.

JloroBOpHBIUKCH TaKUM 06pasomM O Haumbojee YAOOGHOM HHCAe
OCHOBHHIX €IHHHI H BHODAB Te YHCJIOBHE MOCTOAHHBIE, 3HAYEHHH
KOTOPHIX Ke/MaTeNbHO YNPOCTHTb, MH MOCTYNaeM KakK H DpaHblie.

OueBKIHO, YTO HaM HYXHO BHIOpaTb CTOJBKO e MOCTOSHHBIX,
CKOJIbKO HMMEETCA OCHOBHHIX €NHHMII, MHAaye He XBAaTUT yDaBHEeHHH
LM onpeneneHHs HewsBecTHHX. ‘Tak Hampumep, B TOJMBKO 4TO pa-
306paHHOM ciayyae Mbl GHKCHPOBANH 4 KOHCTAHTH: IPaBUTALMOHHYIO,
MOCTOAHHYI0, CKOPOCTh CBET4, KBAHT NeHCTBHS M Ia30BYI0 MOCTOSH-
HYI0; B COOTBETCTBHH C 3THM Yy Hiac G6BIO 4 OCHOBHBIX €IMHHLHI,
CyllecTBeHHO NMOMHWTb OAHAKO, 4TO He BCAKHE 4 anre6paHyecKHx
ypaBHeHH € 4 HEeH3BECTHHIMH HMEIOT pellieHHe, A8 ITOT0 HX
K03 UIMHTE LO/MKHBI YNOBJIETBOPATE HEKOTOPOMY yc/oBHIO. B
NPUMEHEHHH K ¢opMynaM pasMepHOCTH, B KOTODHIE BXOXAT HEH3-
BEeCTHBIE, 3TO YCIOBHE CBOJAMTCH K TOMY, 4TO JNE€TEPMUHAHT Mokasare/eft
He JOMKeH paBHATbCH HyM0, Boolblue roBops, Helb3s O0XUAATh,
YTO CAyYaHHO B3fATH# HETHIPEXCTPOUHHIH NeTepMHHAHT Oyrer pas-
HATBCA HyMO. B cnyuae meTepMMHaHTOB, COCTABJAGHHHIX H3 NMOKa3a-
Tened GopMyn pasmepHOCTeit NMOCTOAHHHIX TPHPOIL, 3TO OLHAKO,
He Tak. CooTBercTaywouine GOpMyasl pasMepPHOCTH TOYTH BCerna
O4YeHb NPOCTH H MOKa3aTel¥ TMOYTH BCErda MaJjue lejhe YyHCaa,
Mpu TaKux ycNOBHAX PAaBEHCTBO HyMIO AETEPMHHAHTA MOKasaTeleH
ABAEHHe O6HYHOe, M HYACTO TNpPELAOKEHHAA CXeMa ONpefeneHus
a6COMOTHLHX €NHHHL OKashBAeTCA HeBO3MOXHOH. WcuesHoBennue
IeTePMAHAHTA YKA3HIBAET, 4TO BCE BEJHYMHB HE ARJAIOTCA DA3MEPHO
He3aBHCHMBIMH, T, €, BMECTO 4YeThIDeX HE3aBHCHMBIX BENHMYHH, NPH
MOMOUIH KOTOPHIX HAAO OMpENe/HTh HEH3BeCTHhle, MBI UMEEM MeHb-
wee uucao. Hanpumep, MH HawaM, 4YTO NOCTOSHHAs TArOTEHHS
umMeeT ¢OpPMyNy Dpa3MepHOCTH, COBMANAIOMIYI0 C pPa3MEPHOCTHIO
KBaNpaTa OTHOILEHHS 3apsafa K Macce 9/MeKTpoHa, IJTO 3HAYHT, 4TO
Mbl HE MOXeM MOCTPOHTb CHCTEMY aGCOMIOTHEIX EAHHHL, B KOTOPO#
HpHpaBHEHbI CAMHULE MOCTOSHHa#A TArOTEHMA, 3apAl M Macca sne-
KTPOHA.

BoinuieM TabAHUy HEKOTOPHIX BaXHHX [OCTOSHHBIX npuponu
H MOCMOTDHM, KaKHe MMEIOTCA BO3MOMHOCTH B OTHOIUEHHH OMpe-
NeNleHHst CHCTeM aGCOJIOTHRIX €RHHULL,
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TAasaHLA 24,
Yucrosasn seauxuna

Ha3sanue nocmosrHol Cwueo4 8 CH 2 cex.
[locTofHHAA TATOTEHHA . . . . G 6658:1078 771 cu3 cex. ™2
CKOpOCTb CBETA . . + . . + + » ¢ 3101 cm cex”

Kpant meficreus . . . . ... h 63471077 2 cu? cex”!
lasosas mocrosmmas 1) . . .. R 2,058-107% 2 cu? cex.™2°C™1
Mocrosmuas Credana . . . .. a  71,60-107% 2 ey ~1 cex. ~2°C~*
Iepsan cnekTpaibHAas MOCTOSH-

Hag . . .« 0. L C 0,353-2 cM* cek. ™8
Bropas cnexkTpanbHas MOCTOsSH-

Ha .. o v v o o o0 oo @ 1431 exC
Moctosnnaa Pun6epra .. . . . R 8290.10" cex. !
3apan anektpoHa . . . . . . . Jje 4,774.10_10 2 ocu’lh cex!
Macca anekTpoRa . . . . . . . m 8,8-10—28 z
Yucno Asoragpo . . . . . . . N 6,06-108;

Bropoe wacio Asoragpo .. . . N 7,29.108 ;7! ca2cex.s °C

Hexoropue us l'lpHBE}J.eHHHx BEITHYHH nymo noAcHuTh, [TocTosH-
Hag CredaHa a ompenenseTcs COOTHOWeHHeM u#=a §4, Tae a4 ecTh
INIOTHOCTb SHEPIHH B MO.JOCTH MPH PAaBHOBECHH €O CTEHKAMH MpH
Temneparype §. ,Ilepsas“ um ,Bropas“ chneKTpajbHHIE MMOCTOSHHEIE
CYyTb KOHCT4HTH (HOpPMY/HI

cl &
EA=)\5[6M_1:|
AR pacnmpefeNeHns SHeprdu B CrlekTpe yepHoro Tena. Yucao Aso-
ragpo N ompenenseTcs Kak Yyucao Mojdekyn Ha 1 rpaMm-Momexyny
BEIIECTBA H €ro PasMepHOCTb MoJayuyaeTcs H3 (GOPMyJn:
Macca MOJEKY/hl
macca aToMa sBopopona '

PasmepHocTe Gyner, oueBHaHO, paBHa o6paTHO# Macce, a yMc-
70BOE 3HaueHHe DaBHO OGpaTHOK Macce MOJEKya BOAOPOAA.

Btopoe uncno Asoraapo N' ompenensercs, KaK YHCIO MOJEKY]
Ha Ky6. CM B HIealbHOM rase [P TeMnepaType W IaBlNeHHH pas-

HuXx 1, Mbl 3HaeM, yTo 3TO 4HCIO He 3aBHCHT OT IPHPOAH Tasa H
TNOSTOMY MOXET CYUHMTAIbCA YHHBEPCAMbHOM MOCTOAHHOM, PasMepHOCTH

N', ouesunHo, Gyner ofzes ', dassenue™ , meunepamypa, uncio-
BOe e 3HaYeHHe Cpasy HaxoauTcss H3 N.

N = (uncn0 Monekya Ha 2) X

1) [TocToRHHAAs, NPHBOAMMAA B p & 1 % M 3 H O M OTAHTAETCA OT npHEATOH
nocrofnHo# BonbTNMaH Ha Ha MHOKHTEND % , T. €. COOTBETCTBYET TpEM

creneHam csoboubl, [Tpum ped.
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Mepen namu Tabnuua H3 IBEHALLATH pasMepHBIX MOCTOSHHBIX,
Ha OCHOBE KOTODHIX HeJaTelbHO ONpEISIHTh a6COMIOTHYIO CHCTEMY
enuuuiL, [TOCTOSHHBE Onpefefieds yepe3 4 OCHOBHBIE ENHHHIH, no-
3ToMy, BoOGLle rOBOpS, HOCTATOYHO HETHIPEX N06LX KOHCTAHT M3
IBeHALATH LS OnpenejeHHs a6COMIOTHOM CHCTEMEL Onuako, no-
Ka3aTeH HACTONBKO MPOCTH, 4YTO B AEHCTBHTENLHOCTH BO MHOTHX
cayyasx IeTepMWHAHT Mokasatenel paseH Hy:lo, U 1aHHOe COueTaHHe
KOHCTAHT OKa3HBAaeTCs He NMPUroAHHM. Tak, HanmpuMep, Cc 'roqxzu
SpeHHsl Pa3MepHOCTH ONpeneaferca To#t e ¢opmynolt; Kak M hc?,
Mo3TOMy HE NPHrolHa HH OIHA KOMOHHAlIMA, B KOTOPYIO OIHO-
BpeMenno Bxomar C, k u ¢ IMocTosnHas K HMeeT KaKylo XKe paa-’
MEpHOCTh, Kak cha"", H, CleIOBaTeNbHO, COYeTaHue k,c, hna

Toxe He romutcs. N' H k_lpaaﬂopaamepﬂu, Cnenoaa'l;enbﬂo, HCKJIIO-
yaloTCA BCe KOMOGHHAILIMH, B KOTOpPBIE BXOAAT £ u N'. 3Tumn mpH-
MepaMH YMC/IO HEMPUTONHBIX Cay4aes He orpannuuBaerca. Mopanb
3aK/II0Y3ETCH B TOM, YTO He ClielyeT NHTaTbC CTPOHTH a6COMIOTHY IO
cHCTeMy eIMHMIl H2 OCHOBE KaKo#H-TH60 KOMOMHALHH MOCTOAHHBIX,
He yGelWBIUMCh CHAuala B BO3MOXHOCTH 3TOTO, Heaoamom;umu
' MOFYT OKa3aThCA COYETAHHS, KAKYLIMECH HA nepBufl B3MHA OCOOGEHHO
nonxonswkmn. Henp3d, HanmpHmep, OXHOBPCMEHHO NpHPAaBHATh elH-
Hulle CKOPOCTh CBET4, KBAHT nefcTBHS, 3apajd 3JEKTPOHA H Tas0BYIO
nocgﬂﬂ;ge?ﬁeﬂue NpHBENEM HEKOTOphe BO3MOXHEIE CO‘leTaHHS:
Oka3nlBaeTcs, 4TO AeTePMHUHAHTH CELYIOIHX koMGypauu#t He pasHal U:

G,c, h, k

G,¢c, e, k

N,c, h k

N, ¢, e k
Ecnn y xoro-HMGylb MOABHTCA npeayGexaenue mo omomeﬂ:;)
K HeKOTOPHM H3 Hauux 12 NOCTOSHHEIX, # ogﬂ 6ynyl._T[ chmoq;w,
10 MOryr noay¥uThcs HEOKHIAHHBIS pe3yibTaTH. penn}c:lno ,
YTO Mbl OTKAa3WBAaeMCi DacCMaTPHBATh MOCTOSHHHE R, m, N u N,
Ocrawores G, ¢, h, k&, a, C, a', e. OxasnBaercs, 4TO M3 celmfl\nl?l’-l
CAeHHMX, HAMUCAHHWX B 3TOH CTPOKE, HEBOBMOXHO nOCTpOH’;b ;
ooHOH KOMGMHAUMM, I KOTOPOH IeTepPMHHAHT nokasarene e
pasHanca Gul HYJIO. CrnenosaTelbHO M1060€ NPHIOAHOE COUETAHME
W3 yKa3aHHBIX BOCbMH JIOJHO BK/IOHATH rpaBUTalHOHHYO noc‘rg::;
Hyi0. DTHM (aKTOM 06 BACHAETCH BOMOXHOCTD ,[1puHIHMNa no6110 ua’
Tonbmana (8). MHe Kaxercs Henb3fl NDHMHCHIBATH KaKoe~/n OHHMH
yende CyLIECTBOBAHUIO TAKHX COOTHOLICHHH MEXIy pa:-muqﬂbcﬂ
pasMepHHMH TOCTOAHHBIMH, BroT (aKT OOMKEH DPACCMATPHB J

b
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KaK yucTas caydaHOCTh, OOBACHSEMAas OTPaHHYEHHHIM UYHCIAOM 9Jle-
MEHTOB, KOTOPHE BXOAAT B COcTaB (QPMy/ PasMEPHOCTA M HX OT-
HOCHTENBHOR NDPOCTOTOH. .

Ilpyras uHTepecHas cuekyaslMs, Kacaiouascs NpHpoan aGcomoT-
HHIX enuHul, TpebyeT KommeHrtapues; [. H. Jibionc (4) yTBepxmuaer,
YTO N0 ero yG6exIeHHI0 /A1060e coyeTaHue abGCOMOTHHX €IHHHIL
IOMKHO HaXOMHThCA B MPOCTOM YMC/IOBOM OTHOLIEHHH KO BCAKOMY
IPYrOMy BO3MOXHOMY COYETAHHIO aGCOMIOTHHX eNHHuIl. DTa TouKa
3peHHs B HAcTOsllee BPeMs He MMeeT KaKoro-1M60 onpaelaHus Ha
OCHOBE TOYHEIX Pe3yNbTaTOB HM3MEPeHHH W MO CBOEMy XapakTepy
AIBJIAIETCA TMOYTH MHUCTHYECKOH. YKasaHHOEe npednofoxeHHe NPHBENO
Jlblouca K oO6HapyXeHHIO 3aMeyaTe/bHO MNPOCTOTO COOTHOLIEHHSA
Mexay noctrosHHO# CredaHa, 3MeKTPOHHMM 3apAiOM M Tra30BOH
NOCTOAHHOM, HO, HACKONLKO MHE M3BECTHO, 3Ta TOYKa 3peHHs OKa-
3anach OecnoAHO# B IODYrHX HAMpPaBleHHAX, U A yme yKasuBal
HHOE BO3MOKHO€ 3HayeHHe MPOCTOTH HAKJNEHHOTO COOTHOLIEHHS.

Pas6epem 3Ty runoresy JIbioMca Ha YHCIOBOM mnpuMepe. Mbl
yXe ONpele/HIH BEIHYMHY OCHOBHLIX eNHHHIL, MNOJy4yaeMHX Ha
OCHOBe TMNOCTOAHHOH TATOTEHHsA, CKODOCTH CBeTa, KBaHTa AeHCTBHA
H rasosoyt mocrosHHo#. Hafinem Temepb KakWe efMHMUN NoMyyaTcs
Ha OCHOBe ¢, ¢, K M e? 3ajaya BO BCEX LeTaldX Takas Xe, KaK H
npexe, ¥ HET HEOGXONMMOCTH CHOBA BHITIHCHIBATH YPaBHEHHS.

Mul HaxoauMm cleaymouIue eJHHHLE! ’

HOBasg eZHHHLA MacChl . . . . 1,849'10_63
» , IMHHH . . . . 1,368.10 ¢y
" , BpeMeHn . . . 4,66 .10~ cex.
. » Temnepatypw , 8,07 .10%°C

OTHoUIeHHE BCEX ITHX €IMHHIL K paHee OMNpefe/eHHBIM OKashi-
Baercsl pasHeiM 1/29,36. CaMo no cefe umcno 29,36 He MOmer Ka-
3aThCA OYEHb NMPOCTHIM, HO TNPOCAENMB MyTh €ro MOfBJAEHHMS B ¢op-
My/1aX, MOXeM Haf{TH, YTO MPHUGIHKEHHO

3
so_
29,36 — 4= (%)2 -

DT0 HECKOMBKO CTOXHOE YMCIOBOE BHPANKEHHE [ONYYaeTcss H3
NIAaHKOBOrO COOTHOLlIEeHHs Mexay mnoctosHHo#l Credana M cmekrt-
panmbHEIMH KOHCTaHTAaMHM wW3nydyeHus. J[eHcTBHTENbHO, NPHMEHss
dopmyay Jlbionca mas al) nosyuaem:

3
z el
¢

‘h=(4 =)? (%)

1) Cp. npuMevanue Ha c1p. 101. /Tpum. ped.
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MHe Dymaercsl, YTO TOMLKO ¢ GO/BUIAM COMHEHHEM MOKHO HA3BaTh
3TOT uMCcn0BOK KO3ddULMEHT ,MPOCTHM®,

Ecau sto ,npocro®, TO TPyOHO MOHATs, KAKOB Xe KPHTEpHH

NpocTOTH ¥ MpuHUMN JIbIOHCA [axe B KAYeCTBE 3BPUCTHUECKOrO,
npuo6peTaeT BecbMa COMHHTe 1bHyI UeHHOCcTh, Cam Jlbiouc (9)
He CYMTaeT NpHBeJeHHHIR KO03dDGHUUUEHT MNPOCThIM H BUAUT B ITOM
o6cToATeNbCTBE BO3MOXKIOE YKa3aHHE HA TOMbKO MPUGTHKEHHYIO
npaBWABHOCTL GopMyabl [nawka; xoraa-uubyiab CTaHET BO3MOXHOM
Gonee cTporad Teopud, B KOTOPOH UYHCAO, MDUPABHUBAEMOE TeMeps,
B npegenax owu6ok omsita, 29,36, oKaXercd MNOCTPOEHHBLIM H3
MPOCTOrO COYETAHHS ® H MPOCTHIX NE/ABIX YHCes. '
. Takum o6pasom olpaBiaHHe NpHBEJEHHON CheKy/lAUHH OTKna-
IpiBaeTca Ha Gydyluiee. Xapakrep TaKuX CHeKyaslH#t, OYeBHAHO,
NMPOTHBOPEYUT XapaKTepy HaIUEro HM3/0XKEHHA, U MH IPOLOMHAEM
TBEPAO CTOATh Ha CBOEH TOYKe 3peHHd, ¢ KOTOpOH He ycMaTpH-
BaeTcs 4TO-1160 MHCTHYeCKOe, HJIH 3arafioyHoe B aHanH3e pas-
MepHocte#t (10),
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JOBABJIEHHE PEJAKTOPA K I'/IABE BOCHMOH.

CncreMn a6CONWOTHHX €IHHHU ANd ATOMHOM
busuku

MoxXHO NOCTPOMTL 6O/MBUIOE YHC/AO eCTeCTBEHHBIX a6COMIOTHHIX
CHCTeM eAMHHML (CP. TeKcT). [IpHHUMMHAABHEIE MPeMMYLIECTBa OAHOH
TaKoW CHCTeMbl Mepel APYroi 1o cero BpeMeH# He fAcHLL [Ipu TakoM
NoNoXKeHHH Aena Mp.HMYLecTBa, OYEBHAHO, NOMKHK HMETh CHCTEMBI,

s e e T S
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NpeacTaBjAoLIde NpaKTHYECKHe BHIOAW, CucréMa [1naHka oXMHAKOBO
Heya06Ha KaK Ins o6nacTd aroMHOM (HM3NKH, TAK KW 113 Kpyra
MOApHUX fABMeHHH, Epundpa AnuHm [InaHka npuMepHo B 10%
pa3 MeHbslllé DPa3MepOB CaMNX MaAbX OGBEKTOB H3BECTHBIX RO CHX
nop (ATOMHHIX fNEP H 3/EKTPOHOB); €JNHHHLA BPEMEHH IMpPaKTHUe-
CKH HECOH3MepHMAa C CAMbIMH HHHYTONKHBIMH MEPHOAAMH, C KOTOPHIMHU
MPHXOAUTCH HMeTb Me/0, IOCTATOYHO CKa3aTh, YTO NEPHOJ BHIHMHX
CBETOBHIX Ko/e6GaHHI BrIpa3u/ica 6bl B eAHHHUAX [lnaHka BeauuHHOM

nopsaaka 10®. Ensnuua maccs y [lnanka morsa 6w 6nith peanu-
30B4HAa BoAAHOM Kamenekoft ¢ pamuycom oxoao 0,15 mm, Gecrones-
HOW B KauecTBe 3TajOHa B I060R 067acTH 3HAHMA,

"HenasHo Pyapx (A. E. Ruark. Phys. Rev. 38, 2240, 1931)
MIPENNOKH OB eCreCTBeHHble aGCOMIOTHblE CHCTEMbl EXMHAJIL, Npei-
CTaB/AIOMIME HECOMHEHHO DAl NPEUMYLIECTB N0 KpalHe#d Mepe min
atoMHoRt ¢usuki. B nepsBoft cucreme (A) enuHHMLUE MPHPaBHHBAIOTCA
CKOPOCTb CBeTa ¢, pamiuyc NepBoi op6um, aroMa Bojopona (c mpe-

He6peraeMuM IBHKeHHeM 14pa) pasHuI W Macca 9/IeKTPOHa m,

4 72 me?
Bo Bropo#t cucreme (B) 3a eauHuuy NMMHE H36DaHO KOMOTOHOB-
CKOE M3MeHEeHHe NANMHH BOJHH fIDH DPACCEAHAH CBETA SACKTPOHOM
h
Ha yron 90° menennoe Ha 2%, T. €, 5——; TOYHO TAK XK€, KaK M
27 me

B cHcreMe (A), ¢ W m npupaBHeds enuH4ue. B pesyabrare nony-
YAIOTCA TAKHE 3HAYEHMA AN HOBHX €AHHHL,

Hasaanue s2auywinee Cucmema A Cucmema B Cucmena
. ITranka
Omwga. . . ...  5.107° 3,9-10~1 4.107%
Bpema: . . . .. 1,7.10 7% . 13.107% 1,3.1074
Macea . . . ... 3.107%® 9.107%®  54.107°

Jlerko BMIeTb, YTO €IHHHLB! CHCTEMH A OCOGEHHO YAOGHH NJisi
XapaKkTepACTHKH MNepHdepHuecKof CTPYKTYPHl aTOMOB M MOJEKY/] H
CAeKTpOB onTHueckux obnacreit., Cucrema B Goaee ynobua ans
AZEPHEIX fABNGHHM, BHYTDEHHMX BJAEKTPOIOB M MECTKHX pamHaUHA,
OTH CHCTeMB! NeHCTaHTeNbHO YIPOILAIOT CHMBONHKY TEOPETHUECKHX
ypasHeHu#t M pacyersl, Hanpusep, B cucreme B axcroHeHuuans-

Et

Huit dakrop B BOJAHOBOH (yHKUHH YNpOULaeTcs, BMECTO e~

cleAyeT mucath e
Ypasuenue Llpenunrepa

My I (E—0) 4 =0
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B cucTeme B rnpuHuMaer sul
_\q/—lr—Q(E—fu)d,/:O.

Tor xe Bua ypaBHeHue lllpeautrepa npuHuMaeTr B nonyunBueH
asecTHOCT cucTeme Xaprpu (Proc. Cambr. Phil Soc. 24, 89, 1928),
e TOJIOMEHHE! eIMHHNE 3apsl 31eKTPOHa, ero Macca ¥ paanyc 60-
POBCKOH ODPOUTHL

Tpeumywecrsa cucreM Pyapka u XapTpH OUEBMIHH, NPH HEM H3
3TOTO MpHMEPA ACHO, 4TO KOMGMPOBAHHEM TeX WH HHEIX MOCTOAHHRX
MOXHO CTPOHTb €CTECTBEHHHE a6COMIOTHHIE CHCTEMB, CrelHalbHO
1pHCnocobaeHHsle IS SABIEHHA NAHHOTO macwta6a. HecomHeH10
M3BECTHOE NpAKTHYECKOE 3HAYEHHE MOrna Gl HMETh Ue1dA CHCTEMA
eCTECTBEHHWX aGCOMIOTHLIX CHCTeM EAHHWLL, NMOC/EN0BATENbHO oxsa-
THBAIOWAA MPOLECCH PasHBIX MacmTaGos. Ias 370rO0 MOTYT TMOHA-
NOGUTbCA HOBble yHHBEPCA/IbHble MOCTORHHBIE, HO OHW MOBHAHMOMY
eCTb He TONLKO B 06/JACTH MAKDO-MHpd, HO H B aCTPOHOMHUYECKHX
06acTSX (NOCTOSIHHAs® KPACHOTO CMELICHUS CTIHPAJBHEIX TyMaHHO-
ctet). Enunas aGconioTHas €CTECTBEHHAR CHCTEMA BCETAa OKAXKETCSI
TYT WAM TaM HeynOGHOH.

3A0AYH.

1. Tasopas NocToAHHAad B ypaBHeruu pov = RT HMMeeT BeIHHHIlY
0,08207, paBaexue p BHPAXEHO B atMocdepax, ofneM v B METpax, 3auk-
Maembix 1 rpamm-Monekyioft, u T B a6conoTHBIX Trpagycax. Kakoso 6yner
sgagenne R, €CAH p BbHIPaXeHO B AYHAX Ha cM3, a v B CME?

9. TennompoOBOLHOCT MeAu pasHa 0,92 xas. uepes cM? B CeK. Iipu
TeMmepaTypHOM rpajueHte 1° Ha . Kakosa GymeT Tef0NPOBOAHOCTD
B B.T.1, (6putauckaa Temionad exunuua) 1) 4yepes KBajipaTHHH ¢yT B Yac
UpH TeMUEpaTypHOM TpARMEHTE B 1° dapeureiita Ha ¢yT (aHrauhckas
TEXHHIECKan eIHHHNA)?

e2
3. Ecau uncieHHOE 3HACHHE o pasuo 0,001161 B cu 2 Cek., Kakoe

anavenne 6yLeT MMeTb 3TO BHIPAXEHHE B TOHHAX, MHJASX ¥ yacax? e — 3a-
pAL 3MeKTPOHA B 3. C. CAHHUUAX, ¢ — CKOpOCTb CBETA B MyCTOM MPOCTpal-
cTBe, 1 — KBaRT AeHCTBHA. : ’

' 4, Hamnop, NpOM3BOAUMBIH  BO3JYIIHEIM nponennepoy, H3IMEeHAeTCH
B 3ABUCHMOCTH OT uuCia 0B6OpOTOB B CEKYHIY M OT CKOpOCTH nepemeue-
HHA BROMb OCH Bpamenud. [lokasars, 4TO KpHTHICCKaR CKOPOCTb Mepe-
MellleHNs, pH KOTOpOH HAanmop Hcuesaet, npolopuHOHaNbHa qHCLY o60po-
TOB B CEKYHAY.

1) BpHTAHCKAA TEMIOBAA SAUHHMUA (PN 60°; pasa 1054,6 mxoynelt nau
1034,6-107 spros. [Tpuy. ped. :
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5.
[lokasate, 4TO yCKOPeHHE K UeHTDY, HCABITHBAEMOC wHACTHIEH,
paBHOMEPHO Bpawalowesica 10 Kpyry paaHyca 7, paBno const v

7

6. Ilokasate, 4TO mepHON MOMEPEUHBIX KOAeOaHMi TAMENON HATAHYTON
NPOBOJOKH paBeH const )X 1avHa X Annedtuan MOTHOCTB)

HaTfKEHUE
7. Tokasarb, 4TO MEPHOA NPOOABLHBIX KoaebaHuil 6ankn pancn

const X 1amHa M [ 06bemas “"’OTHOCTb)l/z

N
7> \ynpyras nocrodHuas
8. Ilokasars, 4TO CKOPOCTb 3ByKAa paBHa

const X (

NA0THOCTB
MOAYTb CKHMaeMOCTH |

! or?c; u?:::)xﬂ;;}}flquaaﬂue UHIHHIPA HA eNHHUIY JLAMHBI H3MEHACTCA obpaTtno
P P bHO YTIDYTOM NMOCTOSHHON WIM IPAMO LPOMOPLKHOHANLHO MO-
MCHTY NPUIOKEHHOH Cuan. [(OKa3aTh Ha STOM OCHOBaHMH, YTO 3aKpYuuBa-
Hue rgmegﬁercyi 06patio NMPONOPLHOHAALHO YeTBEPTOH CTEMEHH AHAMETpA.
Koropo'ﬁ Mgfcucl:cgzz':(r HEKOTOpas KPHTHY.CKag CKOPOCTb BpaLIEHHA, NPH
P okaaas on UMaeMOH THXENOH# MKHUAKOCTH CTAHOBHTCH HeyCTOHYH-
poit. , YTO YII0Bag CKOpPOCTh HPH HEYCTOHYHBOCTH HE 3aBHCHT
nli'm?:rpa M MPONOPUKOHAILHA KBALPATHOMY KOPHIO H3 MIOTHOCTH.
m"ﬁcﬂ.mgmgg:g;; HEKOTOPLII pasMep, Npu KOTOPOM TBepALIll HE Bpalualo-
ics I[(?Kasarb TCA HEYCTOWYHBLIM NOJ ZeHCTBHEM COGCTBEHHOTO TATG-
nponobunonanbuo' :;: pPalHyc HEyCTOHYHBOrO Iuapa H3MEHSETCH NpAMO
P onOpIli oA ThC RpaTHOMY KOPHIO H3 OTHOLUEHHS ynpyroﬂ rocrof-
or .3.1-712};H CxopocTb pacnpOCTPAaHEHHS BOJH B MENKOH BOXE .HE 3aBHCHT
B BoAHM. IlokasaTh Ha 3TOM OCHOBaHMM, YTO OHa MIMEHsETcH
nponlopuuouanbuo KODYI0 KBafpaTHOMY H3 TAyGHEBL
o ng. Hokasath, 4YTO CKOPOCTh KAaNHJNAPHHIX BOJH MPOMOPUHOHANLHA
p KBaJPaTHOMY H3 OTHOIUEHYS MOBEPXHOCTHOIO HATAXEHHS K JUIHHC
BOJIHBl, YMHOXEHHOH Ha MJOTHOCTb.

14, Macca, npuBf3asHas K HEBECOMOfl CTpyHe, UCMHHITBIBAET TOPMO3A-
Wy CHAY, NPONOPLUKLOHANBHYIO €G CKOPOCTH, B TO K€ BpPeMS Ha Maccy
medcTByeT nepuogmueckas cuaa. [lokasaTth, 4TO B YCTaHOBHMBLIEMCS CO-
cromlmn aMmnanTyna koae6aHMR MPONOpLHOHANBHA CHAE.
nopmffma%gggﬁu COTNPUKOCHOBEHHR NBYX DaBHBIX IIaPOB NPH ynape npo-
nopuk X pamuycy. Ilanee paHo, 4yTo 3TO EpeMs 06paTHO MpPOMOp-

ALHO KOPHIO MATOH CTEMeHX U3 OTHOCHTEAbHOM cxopocTd cOammeHust
wapos. [lokasaTe, 4T0 BpeMs COMPHKOCHOBEHHA MPOMOPUHOHANBLHO

(___ IIOTHOCTh 3y
ynpyras nOCTOSHHas

16. [lokasaTb, 4yTO yIeabHas TENA0Ta HAEaJbHOTO rasa, aTOMBl KOTO-

gg;‘;p);apamepnsymca T0JbKO Macco¥, He 3aBHCUT OT NaBJICHUA M TeMme-
17. [okasarts, 4YTO ccad ras

MOTEHy T Kooune  Paahame, He paccMaTpuBaercs, KaK COBOKYMHOCTb

p poB, MPOABASIOUINX B3aUMHBIX CUJ TOMHMO

MOMEHTOB CONMPHKOCHOBEHHSA, TO BA3KOCTh GyAET He3aBUCHMOMl OT AaBaeHNA

I MPOMOPUWOHANABRHOH KBaJAPAaTHOMY KODHIO H3 a6COMIOTHOH TeMmcparypst.

’
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18. [oxasaTb, YTO ecny TEMIONPOBOAHOCTh Fasa 3aRauu 17 He 3aBH-
CHT OT AaBAEHHA, TO OHA TaKKE MPONOPUHOHATLHA KOPHIO KBaJPaTHOMY
: IOTHOH TEMNepaTypbhl.
" 361%?” l—}a TBEPAOE prenyog 6eCKOHEYHO TpOoCTHpalllleecs B OAHY l_;:ropon{,
HAKAAILIBAETCS TNEPHONHUECKH HIMeHApoiuascs TeMneparypa. oxaaa;d:
4TO CKOPOCT PACMPOCTPAaHEHHS BO3MYIUEHUS B TBEPAOM T%ne nponogﬁo .
HanbHA KOPHIO KBALPATHOMY H3 YacTOTH, 8 LAMHA BOJHHI o6paTHO :p lPe
IMOHaAbHA KOPHIO KBaJPaTHOMY M3 WACTOTHI. BoamyienHe majae nom;m
(e — ocHOBaHHE HATYp. JOrapu¢MOB) HacTH CBOETo 1avaabHOIO :auaqe1 "
Ha ACCTOSHMM B TaKkoe YHCIO BOIH, KOTO[Oe HE 3aBHCUT OT YacTOTH
1 KHX MOCTOSHHHX MaTepuana.
repu;&ecnn“ﬂu TOHKas NPOBOJAOKA MNOTpYyXeHa B Cpedy, KoTopas nog:
I€pKHUBaET BHEWHIO MOBEPXHOCTH MPOBOIOKH npu NOCTOSHHOR reane)gn.
Type. Harpesanne mpoBOJOKH NMPOM3BOAMTCH nlepeMeHHbBM TOKOM Teagxou
Holl YaCTOTHI, IPH YeM NMOABOAUMOE KOMTHIECTBO Ten1a H3MeHseTca Mo KH};{
Q cos wt Ha eNHHHLY o6bema, [loxa3atb, 9T0 aMIIHTYAA nepuonnqece}o_
xoneGanuit cpefHed TeMnepaTyphl NPOEONOKH H3MeHneTcd IO 3aKOHY, UM
uieMy BHA: .

d a?
6=Q'—k2f (CD(,‘ —k'),

vie @ — I4aMeTp NpOBOAOKH, £ — KO9¢ PHUKEHT TEeNnAONpOBOAHOCTH H € —-
TelA0eMKOCTs Ha eiMHMuy o6bema. [lokasaTh, npeamnonaras npoaonoxﬁy
TOHKO/, HA OCHOB2HHH YHCACHHMX 3HaueRHN k M ¢ BAS METaAloB, 4TO U,
ye 3aBHCHT OT @ H ¢ ¥ NpHHUMaeT crenyloilee 3HAUEHHE!

2
§ = const Qi.

21. BryTpemHsd 9HEptus OlPENeNEHHOTO KOAHueCTBa Hneanbﬂogo
rasa, oTCIHThIBAEMas OT abCOAOTHOTO Hyis N AaBICHHA 0, H[_elaanucuua“;
1aBJIeHHA M TPONOPUHOHANbHA a6COMIOTHOM TEMNeparype. oxaaa:z,mm
BHYTPEHHSA SHEPris, OTCUHTHIBAEMan OT M060T0 HAYaNbHOTO cocPl v
(DpOHM3BONbHAA TEMNEpaTypa H JaBJeHHE) He 3ABHCHT OT naBJleH;ﬂ oux% o
NOPUMOHANbHA H36HTKY a6COMOTHON TEMMEpaTypsl Hak HagaabHOR T kol

29, TMouemy BuBoA 3ajaud 21 Hem;sﬂ NPHAOKHTD K SHTPONHH ONP

yecTBa MAeanbHOTO rasa
nene;go r% :O!:l :11 pac (Journ. Amer, Chem. Soc. 37, 1915) smnupuqeciu'
Hamien CAeAyiollee COOTHOWIEHWE A/ PA3NHUHBIX XHMHIECKHX 3NIEMEHTOB :

A .
= 000021 7 (T — 50%),

rie f=-— a7 eCTh CKHMaeMoCTh, A — aTOMHBIH BEC, D — nAOTHOCTb
v o ]
Tpy — TEMTEpaTypa MAaBACHHA 110 a6comotHofi mxane. Kakoe MHI-EHM&;IBO
HO€ KOMHYeCTBO DPAa3veEpHBIX nocmﬂuﬂw?( Tpebyertcs As ,NOMHOTH® 3TOT
aBHEHHA, 1 KAaKOBL MX Pa3MEpHOCTH ‘
P 24, Il’oxasa'rb, YTO CHAAa MAarHHTHOTO MOJAA BOKPYT MarHMTHOTrO nu:ogn
NponopuUMOHaAbHA MOMEHTY AHNOAA H 06paTHO NPOMOPUHOHANBHA KYOY
acCTOAHMA.
P 25, KakoBa pa3MepHOCTb EMaNIEKTPHuecKOH nocrosuHo#t B nycc;:M_
npocTpascTBe B 3/€KTPOMAr HUTHOH CHCTEME equnnn? KakoBo ee UHCICH
HOe 3HaueHHe ?

1 (av

*
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26. KakoBa pa3MepHOCTb MATHMTHOH N[POHHIAEMOCTH B MYCTOM Lipo-
CTPaHCTBE B 3MEKTPOCTATHUECKOH CHCTeMe exHHHL? KakoBo ee gucieHHOE
3HaueHHe ?

27. Ha naockolt MOBEPXHOCTH ,NMONYGECKOHEYHOTO* NPOBOAHMKA HHAY-
u4pyetcs nepemeRHHR TOK. [lokasaTh, YTO CKOPOCTh PacMpoOCTPaHEHHS
BO3MYILUEHHsS B CPeLy NPOMOPIUHOHAIbHA KBAaJADATHOMY KOPHIO H3 yAEAbHOrO
CONPOTHBAEHUR, NEACHIOr0 Ha NEPHOA, a PACCTOAHME, HA KOTOPOM aMnan-
Tyla yMeHbllaeTcs B € (OCHOBaHHWe HaT. AOrapudMoB) pas NPOnOPLUHOHANBHO
KBAJIPATHOMY KOPHIO H3 TPOHSBENEHUA YAEARHOIO CONPOTHBAEHHS Ha
nepHoa. - .

28. [llokasath, 9TO CaMOMHAYKUHS /uHeH#HO!l Leny nponopuHOHaNbHA
auHeRHEM pasMepaM.

29, CuHyconuatbHas 3. A. C. IPHIOXEHA K OAHOMY KOHLY 9J]€KTpH-
decKoft JAHHHH € pacnpelleNeHHHM CONPOTHBICHUEM, €MKOCThIO H CaMoO-
Huaykuuett, [lokasats, 1TO CKOPOCTb PACNPOCTPAHEHUS BO3MYILUEHHSA 06PATHO
NpONOPLHOHA/bHA, 4 TOCTOSHHAA 3aTYXaHHA NPAMO MPONOpUMOHANbHA KBAX-
PAaTHOMY KODHIO H3 €MKOCTH HAa eMHHMIY IAHIbI

30. DnekTpoH, ABMKYWHKHACA CO CKOPOCTHIO U, MONajaeT B MarHHTHOE
noae, HanmpasjAeHHOE MOJA MNPAMHIM YIVIOM K CKOPOCTH. 3Has, 9TO pagHyc
KDHBH3HH OPOHUTH 91€KTPOHA NPSMO NPONOPUMBOHANEH €r0 CKOPOCTH, MOKa-
3aTh, 4TO OH OJHOBPEMEHHO MPOMOPLUHMOHANEH Macce SAeKTPOHA H 06paTHO
NpoNOpUHOHA/EH MO H 3apaay.

31. B aneKTpOIMHAMHUECKHX 33aJavax, B pelleHHe KOTOPHX BXOAWT
CKOPOCTb CBeTa, €IMHHIA BpeMeHH MOXeT GObiThb ONpejeneHa TaK, YTOGH
CKOPOCTb CBETa pPaBHAAACh 1, M JOCTATOUHBIMH OKa3HIBAIOTCA ABE OCHOBHEHIE
€IMHHIb, MACCH M AJHHM. HanuuuuTe pasMEpPHOCTH PA3NHIHBIX BJAEKTPH-
YeCKHX ¥ MarHWTHWX BEIHYHH B BTWX eNuHHuUaX. [loayuuTe dopmyay
LA Macchl 3JEKTPOHA uepe3 ero Maccy M paiuyc. 3ajauH, BKAOUAIOIIHE
MOCTOAHHYI0O TATOTEHHA, MOTYT GObTh TOUHO TaK e pPelleHB TOABKO npu
NOMOLUM eNHHHI Macchl H AJHHBI B KadecTBe OCHOBHHIX. PasGepure top-
MyJny AASl MacChl 3JeKTPOHA C I'PABHTAUHOHHBIMH €JHHEIAMH. .

3l. Tloctosnuas Pug6epra, uMeowas pasMepHOCTb YacTOTH I10
Teopun Bopa, n1a aToMa BOAOpOAA HMeeT BHX:

met

h—a .

Ilokasath 9To, HMes B BHAY, YTO €, M 33PA4 H Macca 9AEKTpOHa, h — no-
crosiaHas [lnanka,

v
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