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OT PERMAKTOPA

dta KeukKa BXOAUT B (H3uyeckylo cepuio OGHOTHOTEYKH
du3nKo-MaTemaTHyecKOK WIKOMW. 3amaya cepuu— pacckasarh
WKOJbHAKaM (a BMecTe C HHMH H TeM, KTO He mnepecTan HHTe-
pecoBaThCs OCHOBaMH GM3WUKH) O SABAEHUSX NPHPOAM C TOYKH
spennst Ppu3nKoB.

CoBpemennas ¢u3suka oyenb OHCTPO Ppa3BHBaeTrcf: COBpe-
MEHHAaH TEXHHKA SKCIJAyaTHpyeT Bce Gonee ray6okue u TOHKHe
cBoiicTBa BemlecTBa. Marepec k ¢u3uke HPOAOMKAeT PpacTH,
NouATH e (QU3NKY CTaHOBUTCHA Bce TpyAHee M Tpyasee. Muoro
JAeT HAeT CHOp O TOM, Kak Halo YuYuTh (m3uke B WKOJE.
Bpsin au om worma-uubynb Konyutcs. Kawercs, u Heabss npu-
AyMath Takylo CTabGuAbHYIO CXeMy, KOTOpas oTpasuina Ou
KuByio Hayky. [ToaToMy, kpome yyeGHHKa, MIKONbHUK ROMKEH
nonyyatb HuHGopMaluio u3 601ee AUHAMHYECKHX HCTOUHHKOB.

dusuyeckas cepua O6ubaunoreykn PUIUKO-MATEMAaTHYECKOH
WKoMM mocBauiesa 3toil uens. Ilo 3ammciy, oOHa 10M%Ha
BKJIOYaTh B ce6fl KHUKKM MO PasHuM BOMpocaM Gusnku, Ha-
AHCaHHHE C Pa3HHX TOYEK 3PeHHS W aJpecOBaHHbBIE YHUTATENAM
¢ pa3nuuno#t noarotoskod. Eciu onuwT OyneT yNayHbiM M KHU-
XeK CTaHeT MHOTro, TO 6uGAMOTEYKAa MACT BO3MOXHOCTH Y3HATDH
© MHOTMX Bellax, He HaNHCaHHWX B yueOnukax. Jlydmwme wu3
KauKeKk GYLYT NONONHATHCA ¥ H3[aBaThCA BHOBb; HOBHE KHUNKH
fO03BONAT JepAKaThb YuTaTenss B Kypce COBPEMEHHWX YCNEXOB
Hayk# H, yTo eule Gosnee BawHO, Paccka3aTh O HOBHX MpHMe-
HeHHAX cTapux npuruunoB. Hexoropue kHumku 6YyAYT COCTOATH
¥3 3anay. Bpemsi noxamer, OyiaeT au ONWT YARYHHIM.

Jkns ero ycrmemHoro pa3BHTHS BaXHO, YTOOW 3a 3TOH ce-
pHel — PH3nyecKON — NMOABHAMCH KHHXKH Ouonoruyecko, Xxu-
Muyeckoll, a MoxeTr OuTh, W apyrux cepui. Hayka He MoxeT
pa3BweaThcs M3OAHPOBAHHO, W NpeacTaBnaTh cebe, YTO Aena-
eTcsl B APYrHX ee BeTBfiX, KpaiiHe NonesHo.

A. Cmopodunckuil



§ 1. BBEQEHHE

Pusnyeckue BeAWYHHH, C KOTOPHMH MH BCTpeyaeMmcs B
NIOBCENHEBHON XU3HH ¥ B HayYHBIX MCCACNOBAaHUNAX, WIMEPHIOTCH
B onpene/ieHHHX eXuHulax. Hanpumep, MW roBopuM: KoM HMeeT
anny 20 m, komHata— miaomans 30 m%, Bona — TemmepaTtypy
60°C. CumBoam M, m?, °C yKa3piBalOT Ha €NMHMLK, B KOTOPHX
U3MEPeHbl MePeyHCIeHHHE BeTHYHHE, ¥ OJHOBPEMEHHO YKa3uBalOT
Ha XapakTep 3THX BeJWYHH— JUINHA, MJOLARb, TeMmeparypa.

XKenas cka3aTb, YTO N/IuHA W3MEPSeTCHs B M, a MJ/OLLANb —
B M3 MHOTIA rOBOPAT, YTO PA3MEPHOCTHIO MJIMHBI SBJASIETCS M,
a pa3MepHoCcTbI0 nomagu—m2. B 3ToM ke CMBIc/Ie TOBOPST,
4YTO 0O6beM uMeeT pa3MepHocTh M3, CKOpPocTb—m/[cex ¥ T. M.

C pasmepdocTsMu Pu3nYeCKHX BeMYMH TNPHXOXUTCH BCTpe-
YaTbCs HE TO/NbKO MPH H3MEPEHHSAX, HO W MPH BHYUCAEHUNX.
Tak, BHYMCAAS /oAb WIH CKOPOCTH, MH MHILEM

3m X 5m = 15m2,
0% o0 #
Scex ~ 7 cex *

OTH npuMepu NOKa3WBAIOT, YTO, COBEpiIasi MaTeMaTHYECKHE
ReficTBHA ¢ PuU3KYECKUMH BeNHYHHAMH, Mbl NMPOU3BOAUM HX HE
TO/NBKO Hajd YHC/IaMH, HO H Hajl pa3mepHocTaMu. B cBA3u ¢ 3THM
fiCHO, YTO CaoXenue JAByX ¢H3MYeCKHX Be/IUYHH BO3MOXHO
TOJABKO B TOM C/lyyae, KOTFAA MX Pa3MepHOCTH ONMHAKOBH.
Hanpumep, MowHo rqBoputh 0 Cymme

2m+3m
Ay
2 k243 ke,
HO, OYEBHAHO, HE HMEET CMHICIA TOBOPHUTL O CyMMe
2 m+ 3 ke,



CTonb ke OYEBHEMO, YTO €CAW HMeeTcl Kakoe-Hubynp Co-
OTHOlLIleHUe, CBA3LBAIOUIEE DHINYECKHE BEIMUNHK, TO pa3Mep-
HOCTH €ro /eBoi H nPaBoit yacTel NOMKHH GHTb OXHHAKOBLIMH.
Hanpumep, MoxHo nHcaTh

3MmX5 m=15 u?
AN
In>2 M,
HO Henb3d MNHUCATH
IMuXH5Mw=15n
U
3 m> 2 ke.

Buckazanane cooOpamensis MOTYY O©0Ka3aTbCH fOAE3HLIMA
AAR NPOBEPER DABEHCTB, NOAYYEHHHX NPH penievEd TOA HNA
ot 3aaaum. Tax, ecau aeBag 9acTo HEKOTOPOro PaBEHCTBA
EMECT PAINEPHOCTD M, 3 OPABAS — M/CEK, TO MOKHO YTBEPKAATS
94TO STO PABEHCTBO HEBEPHO.

Oanaxo &HAAE3 DPISMEPHOCTH MOXET OniTh ACNIOAL3OBAH HE
TOABKO JAS XOHTPGAS RAA BRKAAAKAMA, HO, XaxX wu cefluac
ysumms, ¥ AAs8 BLBOAAR WEKOTOpHX cooTnowernfl. Paccmarpmu
282 NPOCTHX OPRNEPA.

1. Mycre Tpebyerce BLHCASTL TAOMAAbL Kpyfa. Tax xax
OHa BrIOAHE ONPeACASETI(S BEANYAROR pamsdyca, 7O

S=f(R), M)

rae f(R)—dynxunsa, noasexanas onpexeiennto. Ho tax xax
R uamepsietca B 4, a §—B #%, TO 3ana4a CBOAWTCH K pasbl-
CKaHHI0O MarTeMaTH4yecKoH ONepauNK, <«Npespanlaowedis MeTph
Jannelinne B MeTpH KBaaparane. Kpowe TOro, ficHO, YTO C)le-
CTBY€T TOAbKO OAMa OIlepauns Taxoro poAa— Bo3BeaeHUe
B kBaapaT. OTciona 3aKAIOHAEM, HYTO HCKOMas 3aBHCHMOCTH
uMeeT BHA

S =CR?, 2)

rae C-—HeKoTOpOe OTBACYEHHOE YHCNO, HE 3aBHcsulee OT R
(noctosinnniht  Ge3pasmephnf  xosdpdunnenty Takum o06pa3om,
NoAb3ysCh TONBKO COOOPAMEHHSMA O pa3MepHOCTH AJNHHH K
NAOWAKH, Mu Cymeln YCTAaHOBHTb XapaKkrep 3aBUCMMOCTH §
oT R. W xoTe HaM He YyAaN0Ch PeHiuThL 3alayy MOJHOCTHIO
(ans 3toro wano nokasarb, 4yt0 C=1), OJHAKO MHI MONYYUAH
HEKOTOpHII coaepXaTeAbHUA PE3YALTAT: HAWAH, 4TO NAOMAAL
Kpyra nponopnuoHanbHa KBaapaTy ero paauyca.
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2. HalkRew yCKOpenne TOYKH, DIBHOMEPRO ABHXKYIMEHCS HO
OKPYXHOCTH. TdK KaK 370 ycKOpenue 3aBHCHT TONbKO OT CKO-
POCTH ¥ H pamHyca R, To

e=/(v, R), 3

rae f(v, R)—neuspecrnas QHynkuus IBYX apryMexToB.

Tax kak v umeeT paaMepHOCTb M/cex, R — paamMepHocTs M
5 @—Pa3MepHOCTh M[CeK2, TO 3ajaya CBOMMTCR K OTHCKaHHIO
TAKOH MaTeMaTHYeCKOH onepauuu Haj CHMBONAMH M/cex W M,
B pesyabTare KOTOPOH mnoaydaercs «apob6e» #mfcex?. C aroft
uenbio 06pasyeM npousBeseHue

(x/cex)™ u?

B [OCMOTPHM, MPH KaKHX 3HAYEHHAX & B [ BHIOAHAETCA COOT-
HOMIeH e
(8/cex)® uf = m/cex?,

3ammrcnBaw 9TO CooTHOMIEHRE B BRAE
u*t3cex”™ = mjcex?,

NPRXOAAM K BHBONY, 4TO yncna @ A fi Romknw ymosae BOPATE
ycaoBuaM

at+p=1 a=2,
OTKyaa
a=2 pf=—1.

Caea0BaTenbNO, ONEPallEs, KOTOPYIO Mbf HuleM, RMEET BHI
(mfcex)t ™t
H NO3TOMY 3aBACHMOCTb (3) BHpawacTcs PaBeHCTBOM
a=C'v’R“,
uAH
v?
a=C 7 (4)

rie C——HEKOTOpPOe MOCTOAHHOE yHc/aA0. Takud oOpa3om, aHanus
pa3meprocTefi NO3BONRA HAATH RCKOMYID 33BHCEMOCTB € TOW-
HOCTHIO A0 MOCTORIBHOTO X03(QdHUHEHTA.

lMpusenennnie nNpuMepH MOTYT CAYXHTH npocTelimiedt uamo-
cTpaunell Meroda pasmepHoctefl. B nanbhefiuiem Mb pacCMOTpHM
9ToT MeTOA Goaee HOAPOGHO, 8 celiyac BepHeMcs X CooGpaxe-
H#AM, KOTOPHIMH NOJb30BAANCh NPH BhHBOAE paBencTs (2) w (4).
Ha neppbifi B3rasg 918 cOOOpamenns KakyTCR OUEBBAHHMHK R
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Geccnopnumn. Oanako 6onee CTPoroe paccMOTPEHHE MOKA3WBAET,
YTO HE BCe 34eChb OGCTOHT TaK MPOCTO.

Haunem ¢ Bompoca 0 pasmepnocTsx neBoit B npapoit uyacTeh
PaBeHCTBA, Mul CYHTaNH, YTO 3TH Pa3MEPHOCTH JNOMKHH OHTD
ONIHHAKOBLIMH H [O9TOMY, BHIMHCASS NJOWAAb KPyra, yTBepx-
JAa/H, YTO MpaBas 4yacTb paBencTBa (1) AOMKHA HMETb pasMep-
HocTe M2, Ho mouemy, coGcTBeHHo, 3Ta pasMepHOCTh He MOMET
6utb Hnoi? TloueMy naowame Kkpyra He MOMeT BHpaxaThes,
HanpuMep, dopmynoii

§=R, ®)

B KOTODOH nEBasi 4aCTb WMMEET Pa3MepHOCTb M?, a mpaBas — m3?
Benr caMBON S H R 0603Ha4al0T He NpeaMeThl, a YHCAa, 3 TaK
KaK 3aBHCHMOCTb MEXIY YHC/AaMU MOXeT GbiTh M06O0H, TO MOXHO
JONYCTHTb, YTO OHA BHIpaXKaeTcs ¥ paBeHCTBOM (D). Heno cra-
HET elle MeHee SACHHIM, €ClM Mbl yuTeM, 4TO uyucao S npea-
CTaBngeT OTHOWLIEHWE NJIOWAA¥ KPYra K NJAOILaAH HEKOTOPOTO
kBazpaTta (co cropouo#i 1 ), a yucno R -—oOTHOLIEHHE AJIMHH
paauyca K I/NIHHEe HEKOTOPOTO OTpe3ka (NpOTMXKEeHHOCTbIo 1 M).
Ho Torpa uncaa S m R MOXHO paccMaTpuBaTh KaK «OTBJIEYEH-
Hue», H 3aBUCHMOCTb (D) cTaHer Tem 6oJee A01YCTHMOIL.

Jlanee, xorma BO BTOpPOM npuMepe MW WCKaN¥ 3aBHCHMOCTH
a or v u R, TO cynuTanu, yto OHZ WUMEET BHA

a=f(v, R)=Cv'R?,

T. e. sBasercs crenednoli. Ho nouemy oua He MoxeT OuTb
KakoH-unbylb MHOH, Hanpumep, TpuUronomerpuyeckod wau aora-
pudmuyeckoit? Ilpaaa, MOryT ckasath, yTO BHpaWeHHs BuAA
sinv wan 1g R we uMeOT cMhcna, HGO COBEPUICHBO He SCHO,
KaK NOHAMaTh pa3mepHocTH sin m/cex u lg m. Omdako 3To
BO3pPaXEHHe HEAb3s CYUTATh YOEeAUTENbHBIM, TaK KaK CHMBOJ
Sin m/cex HenoOHfiTEH TOYHO B TAKOW e CTemeHH, B KaKoH H
CHMBON M[cex. B camom nese, nouemy onepaiiiio

20 » -5 cex
MH CYHTaeM He mmelomiell cCMhHcCna, a OnepanHio

20 &
S cex

nonyctamo#i? Benb mbl 3mech aeaum 20 meTpoB He Ha 5 wacsed,
a na 5 cexynd, a 3TO MPEACTABANETCH CTOAbL Ke HEMOHATHHIM,
KaK, ckakeM, xeneine 20 a0n0k Ha 5 anmenbCHHOB.
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Kpome Toro, noyeMy, Hanpumep, B 3ajlaye O NJoWafM Kpyra
Ml CYHTANH, YTO YHCAO S 3aBHCHT TOAbkO OT yucra R? Benp
MOYHO AONYCTHTB, YTO S 3aBUCHT He TOJABKO OT R, HO u oOT
eduHuy, 8 Kotopolx usmepaorca S u R. Vinaye roBops, MoxHO
HAONYCTHTh, YTO Koraa R u3mepsercs B M, a S—B M2, 3aBu-
cumocth S = f(R) 6yner omuoit, a xorna R u3mepseTcs B CM,
a S— B cm?, 3Tta 3aBucuMocTb Oyamer Apyro#. Ananoruynoe
3aMeyaHue MOXHO CHenaTh W OTHOCHTENbHO 3aBHCHMOCTH
a=f(v, R), paccMoTpeHHo#t BO BTOPOM npuMepe.

Hakonen, 4ro, BooGuie, Mb MOHUMAaeM MOL Pa3MEPHOCTHIO
¢duanyeckoit BemMyMHH? B npennayuieM u30KeHHH MH N0b-
30BaAuCh 3THM MOWSITHEM, HE NaBas eMy TOYHOrO Ofnpesne/leHus.
Onnako scHo, yTOo 060CHOBaHHOE NpHUMEHEHHe MeTONAa pa3mep-
HOCTeH BO3MOXHO TO/MbLKO TOC/AE TOro, Kak NaHO 4YeTKoe omnpe-
JieJieHHe CaMOMY TMOHSITHIO «Pa3MEPHOCTHY.

Ilepeuncaennsie BONpOCH OYLYT PacCMOTPEHH B CJaeayIOLiEM

naparpade.
§ 2. METOZ} PASMEPHOCTEN

1. O6 uaMepeHnH (Pu3nYeCKUX BeEJHYHH. MerToan, KOTO-
pHIMM Mh nonb3yeMcsl npH (QU3HYECKHX H3MEpeHHsX, BeCbMa
pa3noo6pa3nni. B HEKOTOpHIX Cayyasx OuM OYeHb MPOCTH — Ha-
npuMep, Npy HU3MEPEHHH MIHHH C MOMOLLBIO AHHEHKH, a B Apy-
rux — TpebyloT MpHMEHEHUs CAOXHBIX W TOYHHX npubOpoB.
WHorpa 3T u3MepeHus SABAMIOTCA NPAMBIMH, Hanpumep, mnpu
orcyeTe BpeMeHH MO YHCAY YIAapOB MEeTpPOHOMAa, a WHOrAa — KOC-
BEHHHMH, HanpuMmep, MPH HU3MEPEHHH HANPSIKEHUS BOAbTMe-
TpoM. Ho kak 6 Hu u3mepsnach duanveckas BeAWYHHA, MHI,
npexae BCero, AOMKHHW TOYHO 3HATH, YTO MOHUMAEM MOJ ee
Mmepoit.

Huorpa roBOpAT, YTO H3MEPHUTb (PU3HYECKYIO BEAHYUHY —
3HaYyuT, HAHTH ee OTHOLIGHHE K edMHULE uU3MepeHHsi (Hau cpas-
HUTb ee C elunullefl u3amepenus). OOHaKO Takoe onpelenenne
HeNb3s CYATATh ACHHM, HOO He MOHATHO, YTO 3HAYHT «OTHOLIE-
#He (Qu3nYeCKOH BeNHYHHH K elHHWuEe ee u3MepexHsa». Ecau
3TO O3HayaeT OTHOIEHHe IBYX 4uCesl, TO HYXKHO 3HaTb, YTO
N0 3THMHM YHCNaMH MNOHWMAeTCd, T. €. YTO MOHUMAETCH NOX
YucaoM, H3MepHIouUM GU3NYECKYI0 BENHYHHY (@ WMEHHO 3TO MH
H xoTuM onpenennts). Ecam xe nol orHoulenwem AByX ¢u3u-
YeCKHX BEIHYHH MOHUMAETCH OTHOIIEHHe JBYX OARHOPOIWHIX
@%ayecTB», TO 3TO ewe Oonee HenponsTHO. B neillcTBuTenbHO-
CTH fen0 oO6CTONT C/N0XHee, W OTBETHTb HA BOMPOC, YTO MH
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norpmaem nox mepoft Pu3nvecKkoft BENHUHAH, MOXKHO THIMG 118
Kawcnoft Pn3nveckoR BeAMYMHE B OTAEAbLHOC(A.
NleRCTBHTENBHO, BCIIOMHAM, HAlIDHMEp, KaK MW ONpeReAReM
nousrre nxmun. FIOR XAwAOR oTpe3xa, KaKk H3BECTHO, MOHHAMA-
eTc® YHCN0, NO0KA3WBAWINEE, CKONBKO Pa3 B 3TOM OTpedke yK/ra-
EWBacTcA Npyroli, NpAusTLfi 32 eEnvruy u3mepeHrs. B nannoM
cIyyae Mun BBORAM Mepy (U3R9ecKofi BeaWdYHHH C NOMOUWbIO
HEMOCPeCTBEHAOrO OTKJaNMBaHUN eRAARAUM MacmTaba. Anano-
FMYHO BBONMTCS HOHATHE RMHTEPBaNa BPeMEeHW N01 BENH4UHON
9TOr0 HHTEPBANa NOANMAETCA YACAO, MOKa3mBalouiee, CKObKO
pPa3 B REeM YNAANWBAETCA WHYEPBAN, HPRAASTHA 33 exunnuy
WaMepenns spemend. ONH3KO eCAR paccMaTpmBaTh TaKylo ¢H-
3HYECKYI0 BENMUMHY KaK CKOpOCT», TO AeA0 OyRer o6CTOsTb
coBepmenno Hrave. Kak H3secTuo, MOR CXOPOCTbIO NOHAMAETCH
oTHOUIeHHe
(6)

(MMeeTCA B BHIY CKOPOCTh PAaBHOMEDHOrO JBIWEHHA). B 1aHHOM
cly4yae Mu OA MEPO# PH3HYSCKOH BEANSANL NOHUMAEM HE YHCITO,
NoKasuBaiolee, CKONbKO pa3 B He#t YK/NAANBACTCH HEKOTOpPAas
eIRHNLI2 W3MEPCHHN, 3 YHCAO, MOTYIacMOe C NOMOLHbIO pa-
sencrsa (6). (ToBopuTs, 970 CKOPOCTH OEWOTO ABRWCHNA CYK/Ha-
RLB2ETCH» HECKOJDKO Pa3 B CKOPOCTR JADYTOFro, OYEBHAHO,
HeAb3si, TaK KaK 3TO NPOCTO REAOANTHO). AHIAOTWINO OGCTOWT
Refio B ¢ ycxopennew —AOK Mepoit ITOR BEARYHHM MORUMACTCH
OTHOINENKE

=

"'l“

a rakme ¢ cwioil, nox mepoll ROTOpOR NOWAMIIOT IFPOH3IBEAEHUC
F=ma

(nps oOurenpEAFTOM CROCOGEe B3MEPEHHS).

Mu BugAm, 4970 Mepa ¢H3AYECKOH BenAYMHL BBOXHTCH B
Pa3nHX cayyasx no-pasmomy. [losromy, wenas pare obimee
oHpemeneHne, MOWHO CKI3arTb, 4ro nox MepoR dusnveckon
BEAHUMHE ML AOHHMACM YHCAO, KOTOPO€ XapakrepH3yeT STy
BENUYHRY 6 KOAUILCTEeHRHONM OTHOWe Uk, YTO KacaeTcs crnocoba,
KOTOPHM BBORATCR ST2 XapaKTePRCTHKA, TO OH woweTr OmTb
Z2W006sm, RaNpRMEp, FKCAEPAMEHTAAbNBIM (K2K NPH BBEACHAH MEPH
RRRHH), RAH MITEMAITHUCCKHM (KaK NDR BBEACHAH MEPH CKOPOCTH).

2. Ocnosmne ¥ Rpon3poanbie Beansnmsl, Homepas Anuny,
MU MONMEM BHPAXATh €€ B MCTPax, canTmmerpax, AIOAMax u 7. m.
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BuGop sToll emmumun 3aBUCHT TOABXO OT HAC H ABASETCH CO
BEPIICHRO JIPOH3BOJLHBIN. TOYHO Tax Xe, H3Mepss BpPeMd, Mkl
MOWeM BHPAXaTb €r0 B MHHYTAaX, CexyAaax u T. n. [lpn 3toM
SANHHLA BPENEHH HHKAK He CBS3aHa ¢ eannuiteid aanaH. [loatomy
H3MeHES eNMHUIlY AAHHL, MW He 0043aHiW H3MeHdTh eNHHHIY
BpeMEHH, H, HAOOOPOT, H3MNEHES EAHNULY BpPEMEHH, MOXEM OCTa-
BHTb HEH3MEHHOH EAHHHUY AHHH. 3TO OOCTOATENbCTBO BuIpa-
WAIOT C/OBAMH: ANHHA H BPEeMS — BeNHIHHH OCHOBNHOIE.

[louMun0o anwnn ¥ BpeMesd, OCHOBHOH BeauunHoli apagercs
Takme H M3Cca, HO0 MACCY MOKHMO HU3NEDHTH B 2, K2, M T. M.
HE3aBHUCHMO OT TOro, 8 Xakux CIAHMHNAX H3NEPHIOTCH AaAHA
H BpeMsi. B npoTHBONONOXHOCTL ITOMY, Takasd BelIHYMHA, Kax
CXOPOCTh, yke He OyaeT ocxosnoli, 60 Mepa CXOpOCTH 3aBH-
CAT OT €lHHAL, B KOTOPHX H3MCPRIOTCE ApyrHe @u3Hyecxue
sennunny. Hanpumep, ecau s3mepsTh ANy B METPaX, a Bpe-
Mfi—B CeKyhlaX, TO Nepsas KOCMHYeCKas CKOPOCTL Oyner
BupawaTbca unciaom 7900 (Me7poB B CEKyHAy); HO €CAH INHHY
H3MepATb B KHJIOMETpax, a BpeMs —B 4acax, TO 3Ta CKOPOCTb
OyseT supaxatbcs YHCaOM 28 440 (xusometpos 8 4ac). Mu sn-
AHM, 9TO NUCAO, MIMEPRIOLEE CKOPOCTH, 33IBHCHT OT CAMAMA,
B KOTOPHX H3NEPSIOTCH APYTHE SCANUMHL —AANEA H Bpeus.
dusnyeckas BeNHYHHA, Mepa KOTOPOH 3aBHCHT OT Macwrtaba
H3MepeHHA ApyruX Be/HYHH, va3HBaercs npousgoduod. Cnepo-
BaTe/NbHO, CKOPOCTb €CTb Be/NHYHHA {IPOH3BOAHAA.

[Iponssoano#i BeamunsoR Gyaer, OuYeBHOHO, H YCKOpCHHe,
a Takxke cuna (ecnn M3MEpATh €€ npousBelenneM ma). Eme
OAHHM NDHMEPOM MPOH3BOLHON BETHYHHN MOXET CAYKHTb NAO-
wanb. JefcTButenpHo, ecau u3MepATh JUIMHY He B MeTpax,
a, CxaXeM, B ACUHNMETPAX, T0 IIOUAAD KKIAOH Prrypu Oyaer
BHPAKATLCH YHCAOM 8 CTO pa3 60abmnm. CieA0BATEABHO, MEPA
[AOULAAH  3aBHCHMT OT Mepd Jpyrol  quu3ngecxodl  Besaw-
YUHE — AARHEL

3aMeTHM, 4TO BONPOC O TOM, SBASETCH AN AAUUAR BLAHUARA
OCHOBHQH, 33aBHCHT TONBLKO OT TOrO, Kak MH BBOIAHM ee Mepy
(a He oT npupoaw 9SToH Beauwumbi). Hanpumep, ecan cuny
H3MepATb NpoM3BeleHHEM ma, TO oua OyjpeT BeAHYHHOH npo-
H3BOJHOH; HO eCnH H3MEPHATHL ee BeNUYHHOK AedopMaunn Hexo-
TOPOFO 9TaJOHHOTO AHHAMOMETPA, TO OHA CTaHeT BeJHYHHOH
ocHOBHOH (nomo6GHO Anune, BpeMeHH M Macce). AHanorHyHoe
3aMeYaHHE MOKHO CEEAaTh H OTHOCHTEAbHO NACCH: NMPH OOHYHOM
cnoco6e H3MepeHHs OHA WBANETCR BEAHIHHONA OCHOBHOH, nO
CAH H3NepSThb ee OoTnosienuer F/a, 10 ona Gyjer BeAHIHHOM
NpoH3BOAHOA (a CHNa — OCHOBHOM).

a



PactMoTpuM B CBA3H € 9THM BONpPOC 06 M3MEpPeHHH MAOUIALH.
Boo6pasum, 4TO B KayecTBe eMMHHUBL H3MEpEHHA STOH Bean-
YHHH Mbi OepeM He KBaapaT €O CTOPOHOH, paBHOR eauHuleE,
a Kakoi-uuOGynb STAAOHHLIA KBaApAT 1POU3BOALHOU BEIHYHHBL.
Torna €AHMHHUA H3MEpEeHHS MNAOWAAH OKAXKEeTCsH He 3aBHcsLLe
OT EeNHHHHb H3MepeHHs NJIHHH, W H3MeHeHHe mocnennell HuKak
He MOBJAHAET HAa Mmepy Iiomand. B sTom cnyyae naowaxbr 6y-
ReT TakOH ke OCHOBHOH BeauuyuHoM, Kak ¥ JJIHHA.

Mp BUANM, YTO NpPH OOHOM cnocoGe u3Mepenus gHaHYeCKOH
BEIMYHHH OHa MOXeT OuiTb OCHOBHOW, @ npH ApPYroM — npous-
soanoll, B § 7 stor Bonpoc Oyner paccMoTpen 6osiee NoAPOOHO.

3. PaamepHocTb ¢H3nueckoit Bennununl. PaccMoTpmM Ka-
KYIO-HHOYAb MpPOM3BOAHYK BE/AHYHHY, Hanpumep, CKOPOCTH.
BuiGpas onpenesieHnble eAHHHLb H3MEDEHHS, TOJYYHUM

=5
=%,

Hycrp Temepy eaunuun AJIHHH W BPEMEHH H3MEHAIOTCH TAKHM
06pa3oM, YTO 4HCJIa, BHpakamoue S W f, yBeJHYHBAIOTCA: nep-
Boe B A pa3, a BTopoe B T pa3. Torma B HOBHIX eIHHHUAX:

v, 7)

riae WTpuxaMu 0603Hayenb HOBHeE MepH Beduyud s, {, v. Mu
BHIHM, Y4TO €CAH Mepa JUIMHB YyBelHYHBaeTcs B A pas, a Mepa
BpeMEHH B T pa3, TO Mepa CKOpOCTH BO3pacCTaeT B A/T pas.
3T10T (aKT BHPAWAIOT CAOBAMH: (CKOPOCTH MMEET Pa3MEPHOCTH
L/T» w 3anucHBalOT B BuAe paBeHCTBa

L
[v]=7%,
HIN
[v}=LT"1,
B koTOpoM [v] 0603nadaeT pasMepHOCTb CKOPOCTH, & CHMBO-
navn L u T o0603nayenn ANMHA M BpPEMS.

B o6wem cayyae MO¥HO gath C/ejyloliee OlpeneseHue
pa3mMepHOCTH.
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MycTe uMeloTCa OCHOBHHie Benuyuun A, B, C u nponsson:
nas Beauunna P. [lpeanonoxum, yTo B pe3y./bTaTe H3MEHEHUS
MacuwiTa6oB, B KOTOPHX H3MepslOTc BesnuynHo A, B, C, ux
YUC/IOBHE 3HAYeHHS CTAHOBATCH OO/IbUINMH: Aaf BeanAuHHe A —
B a pa3, aad semmyuin B—B B pa3, aas Beanynns C—B y
pa3. [lycTb uncioBoe 3HayeHHe Beiuuunn P yBeawuuBaercs
BCleAcTBHe 3TOro B 7t pa3. Toraa, ecau

n =alﬁm n’

TO rOBOPAT, 4TO eeauxuna P umeer pasmeprocts A'B™C" or-
nocuterono eeaudun A, B, C (nau 6 cucreme ABC). 3Irot
¢akT 3anucHBalOT B BH1e PaBeHCTBA

[P]=A'B"C", (8)

B KOTOpOM cnMBoa [P] 0603Hayaer pasMepHOCTb BeqHuUHB P.

dopmyna (8) nokasmBaeT, Kax Mepa BeaHuRHb P 3aBRCUT
OT Mep ocnoBubx Beanudd A, B, C. Ona Ha3biBaeTcsl opmy-
206 pa3meprocTu. (KoHeYHO, YHCIO OCHOBHHX Be/MIYHH MOMXeT
6hITh M He PaBHO Tpem.)

PaccMOTpuM HECKOALKO NPOCTHIX TPIMEPOB.

1. Paamepuocts naowjadu. Ecan eannnuly AJHHB ChesaTh
B A pa3 MeHbllie#, TO Mepa AAHHBI YBENHYRTCA B A pa3, a
Mepa naowann— B A% pas. CienoBareinnho,

[S]=1%
2. Pa3smeprocTe 0b6vema. Paccyknas TO4HO TaK ke, npH-
AeM K BBHIBOAY, 4TO
[V]=Ls.
3. PasmepuocTe ycrxopenusa. ThycTp enunuub ANUHB H Bpe-
Medu H3MEHSIOTCH TakuM ©0pa3oM, YTO MepPa NJHHH YBeJHYH-

BaeTcss B A pa3, a mepa Bpemenn-—B T pas, Toraxa, B crapux
€0HHALAX,

a B HOBHX —

a,__é{_(x/r)Ao_x.g
TA T A T VA L

{¢c yyetom pasenctBa (7), cBasmBaomero v ¢ v). Caexosa-
TenAbHo, .

13



OTKYA3

(] = —5—;—,: LT-2

4. PaamepnocTs yesa. Yron u3MepsioT QTHOUIEHUEM
_
Q—k“’

rage /—anmHa cootsetcTylomef ayrn, a R — pasuyc. Ecau
H3Mewwih ENMHHIY JUHHH, TO 4Yucna [ u R ysenuyarcs uau
YMEWbIL2TCd B OJHO W TO e 4ucao pa3, u orTHowenue [/R
OCTaHeTC HeusMeHenHniM. CnemoBarenbHo, Mepa yraa He 3a-
BUCHT OT MePH AJAHHB (a Takke OT Mep APYruX OCHOBHWIX
BEAHYUH, HanpuMep, BpeMeHH HJAH Macech). Beauunny noso6uoro
pona Ha3kBAIOT Ge3pa3MepHod, a ee Pa3mMepHOCTb O06GO03HAYAIOT
cumBonoM [ *). Takam a6pasom,

fo}=1.

W3 Toro, uTo Mepa yrna He 3aBHCHT OT €RMHUI RABNIM, MACCH R
BpeMeHH, He CJeflyet, YI0 Yrod — BRAMUMHA oCHOBHAS. XapakTepHO#
0COBeHHOCThIO OCHOBHOM BeJIHUHHW SBAAETCA TO, UTO E€AHHALLY €e H3-
MEDERNSY MOXHO NPOHIBONBHO HIMEHATh HE3ABHCHMO OT CXUAMM H3-
Eepemms ADYrHX OCHOPWHX BEAWWMH B NpOYHBONOROWROCTE ITOMY,
eHHHLA HIMEPEHHS YFNia BOONSE ORDE/CHCEHA, B XOTH OGia RE 3amM-
CHT OT EAWHHI H3MEPeHNA ANAWHBLI,, MACCH H BPEeMEHH, OJHAKO He MO-
*eT GuTh H3MEHEHa NPOH3BO.IbNO (IOMa MEpOH yrja CUHTAeTCd OTHO-
wenne ¢=1[/R). CreposatenbHo, yron-—sejiH4HHa NPoOu3BOAHAA

5. Pasmepuocts Qaunel, maccot n epemenn. Tag xax 3TR
BENYHHB RBAAIOTCA OCHOBHHBIK, TO

[l}=L, [M}:M, [f}=T,

rde L, M, T—cumBoAN ANMHE, MAaCCH H BpEeMeHH.
Buiuncrenne pasmMepHOCTH CylleCTBEHHO O6ieryaeTcs IBYMS
CNeAYIOWUMI NPABHAAMH (KOTOpbEe Mbi He GyaeM AOKa3nBaThb
BBUAY HX OUEBHAHOCTH):
I. Ecaw R=PQ, 10

[R]=(P}-(Q].

(Pa3MephocTe npou3BexeHHs PaBHA [MPONU3BEdEHHI0 PA3MEPHO-
ciedt.)

*) O Gespaamepsolt BeARYUHE TOBOPAT TaKKe, YTO OHA HMeeT Hy-
Aegyr0 pasmeprocms. MoxHO Guixo Gm Hanucath [p]=L°.
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1 fewm R=P/Q. 1™

_1r
Rl=1q-

(Pa3mepHOCTb OTHOWIEHHS PABHAa OTHOUICHHIO Pa3mMepHOCTeH.)
BriuncanM, noab3ysicb 3THMM 1IpaBH/JIaMH, Pa3MEpPHOCTH He-
KOTOPHX BeNHYHH.

As
1. Paamepuocts ckopoctu. Tak Kak v=-, TO

At
_iA‘i_.IS_J___ -
P =@=g=r=1T"
2. Paamepioctb yckopenus. Tak xak a=:':, TO

3. Paamepeoctb cussi. Byzem wameputs CENy mposasene-
anew ma. Torma 8 cacrewe LMT (axuma, wacca, spems) wo-
Ny UHM

[F]={[m] -[a]=M LT3=LMT"2,

4. PaswepnocTs Aunerdceckod snepeun. TAK KIK XmHeTH-
yeckasi SHEPrasi pPaBHa NPONIBEAEHHO

W=—]2-— mv?,

TO
[W]=[1/2]-[m]-[v]P = 1- M- (LT~ = L2MT"2,

(Kosdduunent 1/2— penuuuna Ge3pasmepuas, H [103TOMY
[1/2]=1.)

U3 paccuoTpesunX npHMepoB, 8 HACTHOCTE, BUALO, 4TO
NnOoKa3aTeNn pPa3MePHOCTH MOTYT OwTb KaK MOJNOKHTENbHBIMH,
TaK H OTPHLATEABHWMN. BGOCAENCTRHM Mbl YBHAHM, YTO ONM
MOryT ObiTb M APOGHHMH.

CumBoant L, M, T mmorza 3aMeRSOT OGO3HASCHAAMA COOTBEICY-
BY IOULHX elHHHIL. Torna Pa3MepHOCTLIO CHAH Gyfer m-K2-cex™%, pase
MEpPHOCTHIO SHEpram —u2-k2-cex~3 u T. A.

3aMeTuM, YyTO roBOpS O pa3MEPHOCTH, Mbi BCEIAa HMeeM
B BHLY Pa3MEPHOCTb 8 HEKOTOPOL CUCTeME OCHDBHbIX BLAUNMUM.
Hanpumep, xoriaa Mu DHuleM

[m]=M, [F]=LMT"?



TO WMEEM B BHIY Pa3MepHOCTH MaccH W cund B cucreMe LMT.
Ho o pa3amepHOCTAX 3THX BENHYHH MOXHO FOBOPHTb M B APYTHX
cucTeMax, Hanpumep, 8 cucteme LTF (mauna, Bpems, cuna).
B 3atom cayuae Gyaem umeTsb
[F]=F,
[Fl__F _,-
[m]—m m—-L 1T2F,

EcrecTseHHo BO3HHKaeT BOMpOC: BCerAa JH pPa3MepHOCTH
BesinunHL P nmeer BuA (8), T. e, Bcerja JH OHa fiBAfETCA CTe-
nenné#i? B Goaee Touno#f ¢dopme ITOT BONPOC COCTOMT B Cie-
aywowem. TlycTb uMeeTcs ocHOBHas BesinuyHHa A M npousson-
Han Beanunua P. llycte, nanee, Mb H3MeHseM MacmTab, B
KOTOPOM H3MepsieTcsl BesqHYHHA A, B pe3y/nbTaTe 4ero ee Mepa
yBesnuuBaeTcs B o pa3, a Mepa Beawyusn P— B 7 pa3. Cnpa-
IIMBaEeTCA KaKoBa 3aBHCHMOCTh U OT OL?

[lpexxze Bcero 3amMeTuM, 4TO BejsnynHa P MOxeTt GHTb Ta-
KOH, 4Yto 7 BoOOwie He Oynet oadO3HaYHOK yHkIHEH o.
IMycts, nanpumep,

pP=2 9

rae /—uexortopan nauna. Torma npu /=1 u Gyzev HmeTs:
1) ecan nnnna u3mepsieTcs B MeTpax:
l=1, P=2Y
2) ecan annHa M3MepseTcs B JeuHMeTpax:
=10, P=21;
3) ecau nsiMHa M3MepAeTCH B CaHTHMeTpax:
[=100, P=210

Takum o6pa3om, nepexox OT MeTPOB K HeuHMeTpaM xaet
210
= 10, n(a):2—r=20’

a nepexoA OT JeuHMETpOB K CaHTHMETpaM —

a-——-.IO n(a)-—2 = 2%,

Mu BHIMM, Y4TO OZHOMY M TOMY e 3HAYEHHIO & 31eCh CO-
OTBE1CTBYIOT pa3finyHbie 3HaveHHs T B ganHom caywae uncno
7 3aBHCHT He TO/NBKO OT O, HO H OT NepBOHAyYalbHOW exn-
HAUB ANHHBL
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IpyrHM npHMEPOM TOTO Xe POAA MOXKET CAYKHTb BETHYHHA
P=v4, (10)

rie v— Kakas-uubyap cKopocTb. Jlerko BHIeTh, YTO 3:ech 7T
TOXe He sABAsercs oxnodHaynoft PymkumeR o (Tak kak cnara-
eMhe U ¥ U? HMEKT pa3/IHyHhe Pa3MepHOCTH).

Takum 006pa3om, BO3MOXHBLI BENHYHHH, AnS KOTOPHX 7t BO-
obuie He ssnsercs oxnoanayHoi dynkumest o. O pasmepnocTax
TaKHX BEJMYHH HeNb3sl HH4YEro CKa3aTb, WiH, BHPaXascChb TOY-
Hee, O HMX NPOCTO He MMeeT CMBIC/Ia FOBOPHTb (TaK Kak caMo
fIOHATHE DPa3MEPHOCTH NpeanonaraeT OAHO3HAYHYI0 3aBHCHMQCTb
n oT a).

Ouauvako MOXHO 1HOKa3aTb ®), yTO eCc/H T ecThb OIHO3HAY-
uas yukuus a, To STa QyHkuMs oO6si3aTenbHO ABNAETCH Cre-
neunéft, B atom cayuae BenHyHna P HMmeeT onpeleneHnyio pas-
MEpHOCTb, BHpaxaeMmywo dopmyno#t Tuna (8).

Yro kacaercd BenHyHH, nono6unx (9) u (10), To ananoruy-
HEIX NPHMEPOB MOXHO MPHBECTH CKOJBKO YrOAHO, HO, H 9TO OYeHb
CYWIECTBEHHO, BEAMYHHH TAakKOro pona B H3HKe He BCTpeyaloT-
cia. Tlosromy B nanvuefimem Mm OyleM CYHTaThb, YTO Kaxaas
(du3nyeckasn BenHYHHa 06nanaeT HeKOTOPOR pa3MEPHOCTHIO.

4. OauoponsocTy ¢uavueckux ¢opmya. [lycts B Hekxoro-
poft cHcTteme mep, HanpHmep B cHcreMe LMT, Hamepsiorcs Be-
JNHYHHH P; H P,, cB3anHbHe DABEHCTBOM

P, =P, (11)

ByneM cyHTarh, 4TO BHINOJHAIOTCA IBA YCAOBHS:

1. Kaxnag u3 sTux Benuyun oGnamaer onpenenesHoRt pas-
MEpHOCTBIO.

2. Hanucannoe paBeHCTBO BEpHO B NIOGON CHCTeMe EIMHEIL,
fIpHMeHseMuX I H3MEepeHHs IJIHHB, MacChi H BDEMEHH.

OuyeBuaHOo, B STOM Cayyae

[Py]= [Pn]- (12)

He#icTBUTENIbHO, H3MEHHM NPOH3BOJbLHHIM O6Pa3OM eXHUHHIL
INHHB, MaccH H BpeMewH., ‘Torma BenHyunn Py H Py cTasyT
GOMbIIMMH HJIH MEHDBIUHMH, H TaKk Kak paBeHctBO (11) ocranercs
B CHAE, TO 9TO O3HayaeT, 4TO uyHcna P, w P, uaMeusrcs
B onHHakosoe uHciao pa3. Orcioma caeayer, YTO pPa3MepHOCTH
9THX BEJNHYHH ONHHAKOBH.

*) Cm. ctp 66.
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Mycry, nanee, Bemnynun P, P,, P, cBA3aHW pPaBeHCTBOM

P=P 4+ P,, (13)
npryeM OnNATh BHNOAHAOTCA ycaosus 1 u 2. Jlerko sumertb,
YTO TOrna .

[P ]=[P,)=[P]). (14)

Heiicreutensto, ecin Ob pa3MepnocTd Beanuns Py n P, Ouan
pasntnynb, TO cymma (13) BoOGuwe He umena 6n HHKaKoH pa3-
mepnoctn. Orciona 3akmouaem, yro [P,]=[P,] u, crenosa-
TeNbHO, CMpaBenTHBO coOTHOWeHue (14).

Mu BuauM, 4TO Bce yneHn paBeHcTBa, CBfi3WBawulero ¢u-
3MYecKHe BelMYMHB, HMEIOT OAHy M Ty ¥e Pa3MepHoCTb. ITO
cBoficTBO du3HueckHX GOPMYN HA3LIBAIOT 0GHOPOIHOCTSIO.

B § 1 MH roBOpHAH, YTO BeJHYHHA
P =20 n+ 5 cex

He HMeeT CMbicaa. Temepb MH MOXKeM BBHICKa3aTbCA 6oJjiee TOYHO® TakK
KaK 9Ta CyMMa HEOJAHOPOAHA H, C/€0BaTENbHO, He HMeeT HHKAKOfi
PasMEPHOCTH, TO OHA He Moxem Obimb pe3yAbmamom 6muuUcAeRul no
mem uru unoim usudeckum gopmyram. MoxHo cKasaTh, 4To 3Ta CyMMa
HMeeT CMbical apupMeTHYeCKufi, HO He (u3HYeCKHHA

§. Meton pasmeproctefl, [lycth Beanunsa u Haxomurcs
B (DYHKUHOHANbLHON 3aBHCHMOCTH OT BENHYHH Xy, X, ..., X,

u=f(xy, X5, ..., X,). (15)

Byaem cu4HTaTh, YTO Be/HYHHH X,, X,, ..., X,, & 061anair
onpeneneHHHIMH Pa3sMepHOCTAMH, a paBeHcTBO (15) cnpasemnuso
B N1060H cuctemMe enuHuU, npuMeHsieMOR AN H3MepeHus oOc-
HOBHHX BeJHYHH (HampHMep, AJAHHW, MacCh M BpemenH). B stom
cnydae dyunkuna (15) se MO¥eT GWTh MPOH3BONBHONH, a MONHK-

Ha OGbiTh TakO#H, YTOOH BHMOJHANOCH PABEHCTBO

[f)=1[a].

3710 06CTOATENBCTBO 3aMETHO CYXaeT KJAacC BO3MOXHHX (pyHK-
uu#t f 1 no3sonsier B KakOH-TO CTeNeHH «npeackasuiBaThy» Gusu-
yeCkHe 3aBHCHMOCTH.

PaccMoTpHM TpH npuMepa.

1) IMycTe TOYKAa HAYWHAET ABHIKEHHE M3 COCTOSIHUSA MOKOS
H ABMXETCA C MOCTOAHHLM YyckopeHuem a Torpa npofineHnwi
el0 nyth Oyner HekoTopoH dyuxunelt a u f;

s=f(a, t), (16)
18



npuueM dynkuns f 10MKHA yAOBAETBOPATL TPEGOBAHAIO
[f(a, )] =[s]=L.

B stoM npocTtom cayuae acHo, uto ¢yHkuna f(a, f) as-
asercs crenenndit, T. e. umeer Bua

f(a, )= Ca’,

rae C, a, B — nekoropwe KoucTanTw. [leAicTBuTenbHO, ecan
Ob 9Ta dyukuna Obina kKakOA-uuGyAb HHOMH, TO npaBas 4acTb
pasenctBa (16) BoOGwe He HMena Ob HHKAaKOH Pa3MepHOCTH.
CneaxosatenbHo,

s=Ca",

npuyeM a H [} TAaKOBH, YTO BHMONHAETCA YC/NOBHe
[a*#)= L. (17)

Ho nerxo nokasatb (Mb ne GyneM Ha STOM OCTaHaBIHBAaTb-
cd), 4TO paBeHcTBO (17) CnpaBeANHBO TOABKO NpH

a=1, f=2.
Takum o6pa3om, NpuxOxMM K BBIBOAY, 4TO
s=Ca#?,

rae C— HekOTOpasi HeM3BeCTHAR KOHCTaHTa (Ge3pasmepnas).

2) IlycTp MaTemaTHYeCKOMY MafiTHHKY COOGWHAM HAaYalb-
HYI0 CKOPOCTb Uy, BCIEACTBHE 4YerO0 OH OTKJOHHACA HA yrona
o. B stom cayvae

a=f(001 L, 8), (18)

roe /—AnuHa MasiTHHKa, a &— ycKOpenHe cuib TswecTH. [pu
3TOM, TdK KaK o.— Bennyuua Geapasmepnasi, dyuxuus f monwx-
Ha yNOBNAETBOPATH YCNOBHIO:

[f(vo, L, &)]=1. (19)
Ecau, kak u B npeAnAyumeM npumepe, Hckath Pyukunio f s

BHAE
f(w,, 1, &) =CulPgT),
TO BBHIICHHTCSl, YTO TPeGOBaAHHIO
[voPg'} =1
ynoBneTBOpsieT GecuHc/leHHOE MHOXECTBO CTerneHHHX KOMGHHa-
unft. Onxo# M3 HHX ABARETCH OTHOWeHHe /g, a OcCTalbhbe,
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K3K Jerko noka3sarb, HMEIOT BHI

oy k
rae R—npoussoabuoe uucno. [losromy, cyHTas 3aBHCHMOCTH
(18) crenennbil, npuxoauM K BHBOLY, YTO

k
o;)
0.=C(ET N

rae C—#ekoTopas Ge3pasmepHasi KOHCTAHTa.

OnHako HETPYNHO BHAETb, YTO STOT BWBOA CAENAH CAHIU-
KOM nocrewno. B camom pene, mnockoabky Buipaxenue (20)
sBaserca Oe3pa3aMepHuiM npu aro6om k, To TpeGosanue o Ge3-
Pa3MepHOCTH o GyneT BHMONHATLCA H NPH

a =£—E—' + 2(5,5)',
o=() (3.

H T. n. Bonee TOro, sTo0 Tpe6oBaHue OyaeT BHIMOJHATHCE H

npu
0’
a=sin (—-3>,
gl

2
a=log (;f),
n, BoOGule, NMpH
%
=9 a/l (21)

rae ¢ —npoH3BoAbHO BHOGpanHas o¢ynkuHa. CnemosaTenbHo
sasHcEMOCTh (18) Mower BhpawaTbes NIOGLM pPaBeHCTBOM BHAa'
(21) (#, xaKk MOXHO NOKa3aTh, TOALKO TAKHM PABEHCTBOM).

Wrak, HuTepecyiomias Hac 3aBHCHMOCTb MOweT OHTb H He
crenesHOR (B OT/AHYHE OT 3aBHCHMOCTH S =f(a, f), paccMor-
perHolt B npexnixyweMm npumepe). [pHynna storo B ToOM, 9TO
KOMGHHAUHS Uy/g] GeapaaMepHa, W MOSTOMY n06as yHKUHS
oT Up/gl ToXe sBaseTcss Ge3paaMepHOH.

8) Mlycrb Touka, paccMOTpeHHas B NepBOM npuMepe, Ha4H-
HaeT nBHNKeHNE CO CKOPOCTbIO ©,. Torma s 6yaner dynkumeh
Dy, @, &

s=f(v,, a, t), (22)
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NPHYEM AOJKHO BBIMNOJHSATHCA YCJIOBHE
[f(v()v av t)l=L‘

Ho 3tomy yc/0BHIO yAOB/eTBOPAIOT MHOrHe 3aBHCHMOCTH (22),
Hanpumep,

ol

s=af?, s=uyt, s=

H GecuucieHHoe MHOWecTBO Apyrux. Kpome Toro, sTo yciao-
BHE BHIIOJAHSAETCS H B Cayuyae

s=at*@ (%) ) (23)

S=7,t-9 (%) , ‘(24)

u T. n. JleficTBHTeNbHO, TaK KaK OTHoweHue al/v, Gespasmep-
HO, TO MHOXHTenb @ (al/v,) HHKAaK He BIHRET Ha PasMepHOCTH
sequunnn s. CrenoBaTesIbHO, 3aBUCHUMOCTb (22) MOXeT BhIpa-
WaTbc W PyHkuusaMu tHna (23), (24).

Mul BuHAMM, UYTO XOTSl Be/JHYHHA § SBJAAETCH pPa3MepHOH,
TeM He meHee GyHKIUHA (22) MOoweT OMTb M He CTemeHHOH.
OO6bsicHneTcsi STO TeM, 4YTO U3 apeymenTo8 ITOU (yHKYuU
MOXHO COCTasUT6 be3pasmepuyto cTeneHHy0 KOMOUHayuUO —
orHoweHne atfv,. (B cayvae sasucumoctH s=f(a, f), pac-
CMOTPEHHOH B MEpPBOM MpHMepe, apryMedTh @ H ! HE AOMyCKaau
nono6uo#t kom6unauun Hmenno nostomy dyskuus s=f(a, t)
Moraa OHTb TOJbKO cTeneHndf.) i

Teneps Mn Moxem nepeditu Kk obwemy cayuawo. [lycte

u=f(xy, Xg, -+, X,), (25)
H NO3TOMY AO/XKHO BHITOJHATHCS YCJAOBHE
[f (xl’ Koy ooy xn)] = [IJ]. (26)

TlocMOTpUM, KaKHe OTpaHHuYeHHs HaKJaXhBaeT 3TO ycioBue
Ha ¢ynkumio f. Byaem cnavana cuMTarth, YTO 4 — BEAHYHHA
Geapa3mepuas (nanpumep, yroa). Torma ycnosue (26) Oymer
BHIPaXaTbCs PaBEHCTBOM

[f(xy, X5y ..., x,)]=1 (27)
U emy OyaeT yAoBaeTBOPATH Mio6as dyHKuus BuHAA
J=F(8;, bg, ...), (28)

3 b.I0 Koran 2]



rae 8,, 6,, . .—G6e3pa3mepHbie CTeNeHHHE KOMOHHALUMH BeMH =,
YHH Xy, ..., X, (Hanpumep, B 3amaue 06 OTK/IOHEHMH MaTeMa-
THYECKOTO MasTHHKa Yron a Ona ¢ynkuneft 6Gespasmepnolt
koM6uHaunn v3/gl ) BMecte ¢ TeM MOXHO 1n0Ka3aTh*), uTO
Kawnaas ¢yHkuua f, yaoBJIeTBOpsiouias ycaoBuio (27), ecrs
an6o ¢ynkuus Buma (28), anb6o koucrauta CaenoBaTenbHo,
eciu u GezpasmMepno, TO 3aBHCHMOCTb (25) omnuchBaercsa pa-
BEHCTBOM
u=F (b, b, ...) (29)
MAM PAaBEHCTBOM
u=C (30)

MMycTh Tenepb u MMeeT MPOM3BOMbLHYIO pa3mephocTb. O6pa-
3yeM KaKylo-HHOyab CTeNeHHYI0 KOMGHHALHIO
P(xy, Xy, ..., X,)= X000 . X, (31)
YAOBAETBOPRIOLLYIO YCAOBHIO
[Plxy, xq, ..., x,)]=]u], (32)
H paccMoTpuM Ge3pa3mepHOe OTHOLIEHHE
u

T Sl ACIUEL TR B (33)

3mech MOTYT NpeacTaBUTLCH ABA Cay4Yas:

1 Beawunnw x,, ..., x, nonyckawr 6espasvepsnie CcTe-
nenngte kom6unaumu O,, 8,, ... Torma 3asucumocts (33)
Gyner uMETh BUA

u
P o) =F 6y 8, .00,
oTKyna
u=P(xy, X3, ..., £,)F(8;, 8, ...). (34)

2. Bespasmepune cTenesnile KomGuuanumum 8y, §,, ... me-
Bo3MoxHu. Torma 3aBucumocts (32) OGyzeT uMerb Bux

u =c,

P (xll Xgy coey X.)

OTKYAa
u=C-P(x;, Xg. ..., X,). (35)

Taxkum 06pasom, BaBHCHMOCTD
u=f(v1| ’fz, R ] xn) (36)

*) Cmu ctp 066.
22



OMHCHIBIETCA paBeHCTBaMH Buaa (34) uam (35) Aru pamzacrsa
NONHOCYbIO PEWal0T BOTIPOC O XapaKTepe HHTepecyomeR uac
3aBHCHMOCTR ¥),

Tpexcie yem nepexoANTb K NPHMEpPaM, OTMETHM OAHH Baw-
Huit cayyalt. [lycte Benwynsn x,, ..., X, TaKOBH, 4TO h3
HUX MOXHO COCTAaBHTb Auwlb OOHY CTeMeHHYIO KOMGHHALHIO
(31), ynosnerBopsomyio ycaosuwo (32). Jlerko Buiaern, uro
Toraa KomGuuauuu §,, 8, ... HeBo3MOXHH [leficTBuTensHo,
ecnu Onl cyuiecTBoBaia Ge3pa3MmepHash CTeNmeHHAs KOMGHMHAUMA
8, 1o, Hapaay ¢ pasencTBOM

[P)=a),
6bii0 OH CNpaBe;JMBO H PaBeHCTBO
(P8)={u],

T. €. P Gujo 66 He enuHcTBeHHOM cTemeHHOH KOMGuuaymeft,
uMeloLiell pa3MepHOCTb BeJMYHMHBL ¥ A TaK KaK 3To NpoTuse-
peYHT YC/TOBHIO O EXHHCTBEHHOCTH NOAOGHOR KoM6uHauuu, TO
NPUXOAKM K BHBOAY, 4yTO Ge3pasamepHuie crenennsie Gpynkuun §,,
8y, ... 06pasoBaTh HeJb3s

MockonbKy komGuHauny §,, 8,, .. . B pACCMOTPEHKHOM cayyae
HEBO3MOXHH, TO 3aBHCHMOCTh (36) Bmpaxaercsi papeHCTBOM
(35), comepxallHM HEOMpPERENEHHOCTb JIMIb B BHAE KOHCTAHTH
C (B oTnHuMe OT paBeHcTBa (34), cOIepXaulero Heompenenex-
Hoctb B Buge dynkuun F). [loaromy wmeton pasmepHoctelt
naer 3lecb HanboJsee mOJHOE TpelACTaBJeHHEe O XapakTepe
HCKOMO# 3aBHCHMOCTH BO/IBIIHACTBO NMPHUMEPOB, KOTOPHE MH B
AanbHedlem GyneM paccMaTpyBaTh, OTHOCATCA K ITOMY C/yvaio.

§ 3. NPUMEPHI NO MEXAHMKE

Pemas ty wium WMHy0 3aaauy MeXaHMKH, MH B KOHEYHOM
CyeTe OCHOBLIBAEGMCS HAa Tpex 3aKOHAaX" Ha 3akone F=ma, wa
3aKoHe NeHCTBHS M NPOTUBOAEHACTBHN M HA mpaswie mNapajnnie-
norpamMa cun. Ho pasencTsa, BHpawaiouiue 3TH 3aKOHH,

*) BumiBogst coorHomeHus (34) H (35), MW mnpeanosnara/iu, 9TO
KoMOGHHauusA P, yaosaerBopsiomas ychaoBHio (32), cyuecmeyem. Ira
HECTPOroCTb He HMeeT 3HaueMmWs, TaK KAaK B KaXJOM KOHKPETHOM
cJyyae NpPHMEHeHUA MeToaa pa3MepHOCTEH MH Takyld KOMGHHaRBIO
HaXOJHM.
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OCTalOTCA CMPaBe/IMBHMH NPH JMOOHX H3MEHewHsx MaciiTaba
OCHOBHBIX BelHuuH. OTCl0la c/lefyeT, YTO 3TO BEPHO HE TO/MLKO
A% TMepeYHC/NeHHHX 3aKOHOB, HO Boobule Ias Bcex ¢opmyda
mexaHuku. [103TOMY K 3amauaM MexaHHKH MOXHO 6e3GOs3HEHHO
NMpHUMEHSATL METOX pa3MepHOCTEH.

B stom naparpage mu Gynem noab3oBatbcs cucremoit LMT.
Huxe npupoAsfTcs pa3MepHOCTH psina MEXaHHYECKHX BEJIHYHH
B 9TOH cucreme (rada. 1).

PasMepHOCTH MeXaHH4eCcKHX

Ta6auna 1
BeAHYHH B cHcTeMe LMT

Benunuuna

AaMAa . . . . . . .
Macea . . . ¢ 0 v v .
Bpems . ... ... ..
Inowage « « « « o v . &
OGBEM v v v v ¢ o s s o
VYromn . ¢ v v v v v o v
CKOPOCTb « v 4 o o & «
YckopeHHe . . . . . . .
Yrnosas cKoOpocTh . . .
Yraosoe yckopenue . . .
Mepuon . . ... ...
CHNA, BEC ¢ o ¢ o o + &
TINOTHOCTD 4 « o & « . &
DasneHHe o+ & o o o 4
HUmoyase o o ¢ v 0 ..
MoMeHT KoaHvyecTBa . , .

ABHXeHUs *) ., , ., ,
Pa6ora, sHeprus , . . .
MomHoeTh . . v .. .
MOMEHT CHIN « « & o o &
Mozyab ynpyroctd . . .

*) 3Ty BE/IHYHHY HA3bIBAIOT TAKKe YIJIOBbIM MOMEHTOM.

EanHuna
Paavepuocn, H3MepeHusa
B cucieme CH
. L M
M Ke

. T cex
. L2 M2
. L3 M3
. 1 pad
. LT™? Mm/cex
. LT-2 m/cex?
. T pad/cex
. T-2 pad/cex?
. T cex
. LMT—2 H
. L=3M Ke/M3
. L=IMT"3 P
. LMT™? H-CeK
. L2MT ™! K2-M2/cex
. L2MT 2 O
. L2MT 3 em
. L2MT -2 HeM
. L=IMT~2 H/m2

Mpamep 1. Maremaruueckull MafATHUK OTK/JOHEH Ha yroa
45° u ornyues Ge3 HayaabHOH ckopocTH. MccnenoBats 3aBu-
CHMOCTb TEepHOAA KoeGaHH# OT MAMHH MasTHHKJ,
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Pewenne. Hckomu#t mnepuos T 3aBHCHAT OT AAMHH [,
Maccu MasTHMKa m W ero Beca P. (Byaem cuurarp, yro Ma-
ATHHK Ko/MeGneTCsi Ha HEKOTOpOoH MpPOHM3BONBHO BHOpaHHOH

niaanere.) Takum o6pa3oM,

T=f(l’ m’ P)‘
Hanee uuiem CTENEHHYI0 KOMOHHALHIO
1°m? P,

YAOBJETBOPSAIOULYIO YCAOBHIO
[(*md P} = [*).
Tak kak
[l] =L, [m] =M, [P]l= LMT™?,
TO
L* M3 (LMT‘*)’ =T
M paBeHCTBO (38) nmpuHHMaeT BHI

Lo+t MB+T =21 = T,

OTKy A2
a+y=0,
ﬂ+? =0,
—2y=1.

Pewns sty cucremy ypaBuenn#, nHalimem

1 1
0.=-2—, ﬂ=’2‘,1 Y=—

Taxkum oGpasoMm, yHkuus (37) umeeT BHE

1/3mri2p-1/3

(37)

(38)

[T] =T,

N
.

npuyeM STO EOUHCTBEHHAR CTeNeHHAA KOMOGMHALMA BENTHYHK
I, m n P, ynosnersopsiowas ycaosuio (38). Ciremomaresnbuo,
Ge3paamepHHe KOMOHHAlLMH 9THX BEJAHYHH HEBO3MOWHL, H M0+

sTOoMy

v=cunmnp-in—cy ™,

Yura tenepb, 40 P=mg, moayuum

—cvV L
t—C]/g .

(39)



PapencTBo (39) nokaswBaer, 4To mepHOA Konebanuil mare-
MaTH4YeCKOTrO MasiTHHKAa MpPONORUHOHaNeH Vi u o6paTHO npo-
nopusonanes Vg .

Ecan 6u HayanbHHH Yron OTK.IOHEHHS MaATHMKA Gbll paBeH
ne 45° a, ckawem, 60°, To 3aBHCUMOCTH (39) 6nAa G TOUHO
TakoH we, HO kOHCTaHTa C uMena 6w apyroe sHaueHue. Cne-
AOBaTeNbHO, B O6UIEM Cly4yae MOXHO HamuCaThb

v=Figa ) L. (40)

rae @,—ammiuTyna koaeGauui wmaarhuka. Pynxuna F(g,)
OCTaeTcs MPH ITOM HeonpedeleHHOH. (Kak u3BeCTHO, ecan @,
HeBennwy, 10 F (@) &~ 27.)

MpamMep 2. OanoponHuil UHAHHAD
KaTHTCS N0 TOPH3OHTaNbHOH MJIOCKO-
CTH nOA AelcTBueM cuan F (puc. 1).
Cyutasi, 4TO CKO/NbXEHHE OTCYTCT-
Puc 1. BYyeT, HCC/I€A0BATh 3aBHCHMOCTb YCKO-

pednss Toukn O OT BeJHYHHH CHAB F.

Pemenne. HckoMoe yckopeHHe @ MOXET 3aBHCETb OT

Tpex BeAHYHH: OT Cuan F, OT MaccH UWAMHApA m H OT €ro

~pamnyca R:

F

a=f(F, m, R)
TMonbaysice MeTOmOM pasmepHocrel, noabupaem yHKumuio
F'mP RY,

YAOBAETBOPAIOULYIO YCAOBHIO
[F*mPR'} =[a).
VyuThpas, uTO
[Fl=LMT"2, [m]l=M, [R]=L, [a]=LT"2,
nosy4aem
(LMT-3)"MPLY = LT™?,
LM +BT-2 T2,

at+y=1,
o+p=0,
—20 = —2,

Peuins STy cucremy, Halinem
a=1, ﬁ=—], Yy=0,

%



F.MBR7=FM-!=£-.
m

Tak waxk nallnennas CTemeHHaw KOMOGHHAIHS — eXHHCTBEHHAS,
MpUXOAMM K BHWIBOAY, YTO ‘

F
a=CF, (4‘)

rae C— HEKOTOpas (Heu3BeCTHas)) KOHCTAHTA.

[Monyuennnit pe3ynbTaT NOKa3wBaeT, YTO YCKOpeHHEe STOrO
HHJIHHADA HE 3aBUCHT OT €ro paguyca (MipH 3anaHHOM 3HAUCHHH 1),

Mpamep 3. Boo6pasum, yto na Ce-
BEPHOM noJIioce 3eM/IH BHPHT KOJloael,
poxoxsuiMit 10 ee uewTpa (puc. 2).
flycts u3 TO4KM A 3TOrO KonoAua
HayMHaeT magaTh KameHb, HE BCTpeya-
Iowuit Ha cBOeM NYTH CONPOTHBJEHHA
Bo3ayxa. HccremoBaTb 3aBHCHMOCTH
BPEMSHH €ro naaeHds OT BHCOTW /1.

Pemenne, Hckomoe Bpems T
MOXET 3aBHCETb JHLb OT BHCOTHW /7
H OT YCKOPEHHS, C KOTOPhM ABHKETCS Puc. 2
kamenb., Hallmem 3710  yckopenne

Paccmorpum cuny F, ¢ KoTOpOH Kamewn mNpPUTACHBaeTcCH
K ueHtpy 3eman MaBecTHO, uTO BHYTpPH 3eM/H 3Ta CHJA H3Me-
HAGTCA MO 3aKORY

F= kx, (42)

rae k— ko3hduitnedT nponopunoHanbHocTH Beanuuny ero aerko
Haiiu, nonaras x = R. Tak kak F AOMKHO OWTHL B STOM cay-
4Yae p4BHO mg, TO

RR=mg,
OTKyza
E="%8
R
Moncrasus 9TO 3Hauenue & B (42), noayyum
_mg
=R
M, CJ1eIOBATENbHO, YCKOpeHHe, C KOTOPWM ABHIKETCS KaMehb,
F_ g
a =— "—n- = —1—?- X.



Mul BHAMM, YTO 33KOH, MO KOTOPOMY H3MEHSETCS YCKOpeHue
KamHs B Tpoilecce mnafeHus, XapakrepudyeTcs KO3IPdHiHeHTOM

g/R. CaenoparensHo,
= £
'_f (Ha R ) .

Janee, nonb3ysich METOAOM pa3MEPHOCTeH, MOJTyYuM

1 (&)=t

[fﬂ= L, :[-%] =72, [T]= T,
L(T™?)P=T,

sl
p____

f -1/3 _
H* ﬁ.) _—_( ) ’/_
R
YaurniBas, uYTO HaldeHHas cTeHeHHas KOMOMHAUKA SBAAETCH
€IHHCTBEHHOH, NMPHUXOAHMM K BHRIBOLY, YTO

‘t=\C l/g, (43)

rae C— Hexorophi#t ko3 duiment. PaseHcTso (43) nmokasmsaer,
YTO BpeMs NajeHHs STOrO KaMHAi He BaBHCUT OT BHCOTH H.

Npumep 4. J[lokasaTh, 4TO BTOpas KOCMHYECKas CKOPOCTb
nponopuuonasbia V' Rg, rae R—paauyc niaHeTs, a g— ycKo-
peHue CHIB TKeCTH Ha ee nosepxHocTH. ([Ipexnonaraercs, uto
Takas CKOpocTb cyuwiecTsyeT. MHaue roBopsi, cuuTaercsl H3BecT-
HHM, 9TO €C/MH HaualbHas CKOPOCTb TeJa AOCTATOYHO BEJHKA,
TO OHO YyZHanfeTcH B GECKOHEYHOCTh.)

Pewenue. Ilycts Tenmo GpouieHo ¢ MOBEPXHOCTH IWIAHETHI
BepTHKaAbHO BBepX (puc. 3). Torma Ha pacCTOsIHUH X OT ee
LeHTpa

OTKyza

Takum 06pasom,



Mbl BMAMM, YTO 3aKOH, MO KOTOPOMY H3MEHieTCH YCKOpeHHe
jTOrO Tena, onpenesisercs Koagpduuuentom gR? Orcioga cae-
AyeT, 4TO MCKOMas CKOpOCTb 3aBHCHT oT R u gR? T. e. OT
R u g. OG6Go3nauas BTOPYK KOCMHYECKYIO CKOPOCTH 4epes s,
MOXEeM HamucaThb

’02 =f(Ra g)'

Ilanee, cornacko meTopy pasmep- F 9
HOCTeH, Mmoayuum

[Ragﬁ] = [02]' x
[R]=L’ (€] =LT"% [v,}]=LT"}, R
L* (LT %= LT",
atp=1, }
—2p=—1.

OTciona
1

_2‘)

R¢g9=VRg.
Tax Kax HalpeHHas CTemeHHAR KOMOMHAUMS ABJAAETCH €JHHCT-
BEHHOH, TO

o= ﬂ:
Puc. 3.

"’2=CV§E

Mpumep 5. Teso 6pouieHo BepTHKAIbHO BBEPX CO CKOPOCTDLIO,
MeHbuiel, yem BTOpas Kocmuueckas. Ilycrs /7 06031avaer BHCOTY,
Ha KOTOPYI0 mogHHUMeTcs 3T0 Tejo. HcciaemoBath 3aBHCH-
mocts H ot vy, g u R. (Conporus/ienne aTmocdepn He yuHTh-
BaTh.)

Pemenne. [Ilycts P(v,, & R) o0603Hauaer crenennyio
KOMGMHALHIO BEJHYHH Uy, & H R, YHAOBJETBOPAIOULYIO YC/I0BHIO:

[P)=[#H])
Taxk Kax HemoCpeACTBEHHO BHAHO, YTO 3TOMY YC/IOBHIO YIOB/IET-
sopsier P= R, a Taxxe P=v:/g, TO MPHXOAMM K BHBOAY,
YTO BENHYUMHH Uy, £ R ZIomyckaloT Ge3pa3MepHuie CTemeHHEle
komGunHauuu. Haiinem ux.
MycTb
[v%gPRY]=1.
Yyurngas, uto
— -1 —_ -2 —_
[vo] =LT7', [g]=LT"% [R]=L,



noayvaem
(LT-Y* (LT-%)PLY =1,

a+ﬁ+ y=0, }

—a—2p=0,
OTKYyAa

=—2y, f=y,

rae y—npou3sosipio. CrexoBaTenbHo,
v
WgPRY =0y Yg"RY = (gg) .
[]
Takum o6pasom, Kaxgas Gespa3mepHas KOMOMHAIMA pPaccMaTPH-

saeMuix Bennunn umeer sua (gR/v})Y. Otcionma cremyer, uto

AMLIb ONHA M3 STHX KOMGHHauu#, Hanpumep, gR/v], sBaseTcCH
He3aBucumoll. Tlostomy

H=P F(gR )

1)

rRe B KauecTBe P MOXHO B3Tb, Hanpumep, vp/g. Takum 06-

pasom,
=" p( 2R 44
z (v,> (44)

Yro kacaetcs dynxunn F(gR/v3), To meton pasmepHocTeht
He MO3BOJAET CJenaTb O He#t HuKakux 3akmoueHu#t. Tem we

Puc 4

Menee, MNOJyYeHHWHR pe3yabTaT MpeaCTaBASeT HEKOTOpwA mar
pnepen, w60 paBenctBo H= f(v,, & R) comepxuT HeU3BeCTHYIO
¢ysKnuIo Tpex apryMenToB, a paBeHcTBO (44)—O0AHOr0 aprymenTa.

Hpumep 6. Totox HecxuMaemolt nmeaabHOH XHUIKOCTH 0OTe-
kaet wap (puc. 4). IlycTb cKOpoCTh MOTOK4 paBHa U, JaBAEHHE
WHAKOCTH BHAJAM OT LIapa pasHO HY/II0 M HaBjexHe B Touke A
paBHo p. McanegoBaTp BaBHCHMOCTL p OT 7.
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Pemenne. Tak Kak KHAKOCTb ABJASAETCA HAEaNbHOM, T.'e.
COBepIEeHHO HEBSA3KOH, TO TedeHHe GylneT JAMHHAPHHM, U AHHHH
ToKa OyayT BHIAANETb TaK, Kak MOKa3aHO Ha puc. 4. Wickomoe
AaBjeHHe, OMEBMIHO, 3aBHCHT OT MAOTHOCTH MXHAKOCTH O, OT
CKOPOCTH MOTOKAa v M, MOXeT OWTb, OT paauyca mapa R:

p=f(p,v,R)
Hanee, nonb3ysach MeTOAOM pa3MepHocTel, Moayunm
[p**R] = [p],
[p)=L"3M, [v)=LT"!, [R]=L, [p)=L"'MT"?3,
(L=3M)* (LT-1)8LY = LI MT"3,

a=1,
—p=—2.
CnenoBatenbHo,
a=1, p=2, y=0,
H
P VPR = pr.
Tak Kak nafifieHHas cTeneHHds KOMOMHALHSY — eAMHCTBEHHaS, TO
p=Cpri. (45)

PaBeHcTBO (45) nokasnBaer, YTO HCKOMOE 1aBJEHHE NPONOPLHO-
HaAbHO P2 W He 3aBHCHT OT paxwyca wiapa.

(B H3.10%eHHOM DElIEHHH YYHTHBANOCH NHIIb GUHGMUYECKOE
AaBneHHe KHIAKOCTH; €CH ke Y4eCTb H CTAaTHYECKOe AaBaeHHe,
TO PaBEHCTBO (45) npuMmeT BHA

p=po+Cp??, (46)
rAe p,— AaBjeHHe KHAKOCTH BLAAH OT Miapa.)
Nprmep 7. Hatitu cuay F, ¢ xotopo#t nokasanumii wa puc, 4

noTox neHcTByeT na wap.
Pemenne. Kax u B npenwnyuieM npumepe

sz(Pa v, R),
[p*PR"] =[F],
[p)=L~M, [o]=LT-%, [R)=L, [F]=LMT",
(L=3M)* (LT Y)BLY = LMT"2,

— Tﬁ_" Y= 11
a=1,
—p=—2.
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Takum 06pasom,
a=1, ﬂ-——-?, y=2,
p“v’R" = pv?RE,
F=Cpv’R?, (47)

rae C—mnen3pecTHHH Ge3pasmepHui Ko3dPHiMeHT.
CooTtnomenue (47) mosponseT clHesaTh HHTEPECHHH BHBOA.

Tak xak 9TO paBeHCTBO BepHO NPH JIOOGWX 3HAYEHHSX U, TO
€CTeCTBEHHO MPEANONOKHTb, YTO OHO OCTAETCA CNpPaBEMJIHBHIM
M B Cayyae, KOTOa v OTpPHIATENbHO- (T. €. KOrma CKOpOCTb
HanpaBieHa B NPOTHBOMONOKHYIO CTopony). Ilestomy moxHo
HAanNUCaTh:

F (v) = Cpv*R?,

F(—v)=Cp (—v)*R,

OTKyna

F(—v)=F (7). (48)

OnHako, ¢ ApYro# CcTOPOHH, SCHO, YTO €CAM H3MEHHTH 3HaK
CKOPOCTH, TO HOJIKEH M3MEHHTHCA M 3Hak F (u6o Torma cuna F
OGyneT Hanpaslesa B NPOTHBONOJOXHYIO cTopoHy). [losTomy
JOMKHO BHIMONHATHLCH TaKkKe PaBEHCTBO

F(—v)=—F (v). (49)
CpasuuBas Tenepp (48) n (49), monyuaem
F(v)=0, (50)

¥An, 4yTo TOo *ke camoe, C=0.

Takum 006pa3oM, MOXHO O0XHAATh, 4YTO CHJIA, C KOTOPOH
paccMaTpHuBaeMmuifi NOTOK pelcTByeT Ha wap, paBHa nyao. TouHud
pacueT MOATBep:kmaeT 3To npexnonoxenue (Fudpodunamudeckud
napadoxc [arambepa — 3iizepa).

B saknouenne cuenaeM ogHO 3aMeyaHue.
[lycTb Toyka mBHKETCH C NOCTOSHHONR CKOPOCTBIO v=1 m/cex.
Tora® popmyna
s=ut
NpUMEeT BHI
s=t,

H, Tak Kak [s]5%(¢], To sTo paBencTso, oueBMmHO, He MOXeT
OGuTbh nMoayyero metogom pasmepHocrteft. [Ipnunna storo scha:
OHA COCTOHT B TOM, YTQ Be/JHYHHA U SBIACTCHA pasmeprod,
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M MO3TOMY PAaBEHCTBO U= | BHLIMONHAETCHA He MNPH NIOOHX EAH
HHLAX INHHB W Bpemenu. [lpuBemeHHbi npumep nNoOKa3HBaeT
YTO, MPHMEHNAS K 3aBUCHMOCTH

uzf(xla xﬂn o0 ey x,.)

METOA pa3MepHOCTelt, M He BhpaBe GUKCHPOBATH YHCAOBOE
3HayeHHe ONHOTO H3 €€ PA3MepHblX APTYMEHTOB (HAH HeCKOJb-
KHX Pa3MepHRX apryMeHTOB).

B cBA3M ¢ 3TuM BO3HMKAET BOMPOC: NOYeMy B NpHMEpax
1 n 3 (0 xoneGaHHN MasiTHHKA M MajeHAH KAMHA) MbH CUHTANH,
YTO PACCMATPHBAEMOE JABHMKEHHE HAYHHAETCA M3 COCTOSHHA M0-
Kosi? Benp nocrynas Takum 06paszom, Mbl (PHKCHPOBAAHM YHCAOBOE
3HayeHHe pa3MEPHOrO0 apryMeHTa v,, a ITOTO, KaK Mbl 3HaeM,
nenats Henpas. ONHaKO HeTpynHO BHAETH, YTO, mosaras v, =20,
Mbl He BCTymaeM B MpPOTHBOpEYHe C MeTONOM pa3MepHOCTef.
Heno B TOM, 4TO XOTH BeJHYHHA T, H ABAAETCH Da3MepHOi,
ONHAKO pasencT80 vy = 0 sbinoanserca npu awboix edunuyax
Oaunbt U 6peMenu (B OT/INYHe OT paBeHcTBa v=1 B dopmyre
s=of). ChenoBaTenLHO, HAYaNbHYI0 CKOPOCTb NBHKEHHS ~MH
HMeNH NPaABO CYHTATL PaBHOM HYJIO.

Boo6we, ecan cooTHOlIeHHE

u=f(xy, «oo, X o0y X,) (31)
BHNOJIHAETCS NpH JOOHX eNHHHIIAX H3MePeHHS OCHOBHLIX BeaH-
YHH, TO ITO BEPHO M IAA COOTHOWIEHHS

Uu=f(xy, ..., 0, ..., %)), (52)

noayvaiowmerocs #3 (51) npn x, = 0. [losToMy MeTon pa3mepHo-
cTelt NpUMEHNM HMe TONBKO K 3aBACUMOCTH (51), HO M K 3aBu-
cuMocTH (52).

§ 4. PASMEPHbLIE KHOHCTAHTDI.
PA3MMMHLIE CUCTEMbI OCHOBHbIX
M NPOM3BOAHDLIX BEAMYMH

1. Paamepnme koncTanThi. [lonpoGyem mpumenntb merton
pa3mMeprOCTel K BHBOAY 3aKOHA BCEMHPHOTO TAroTexus. Ilyctsb
MacCHl NPHTATHBAIOUIMXCA TOYeK PAaBHM m; H m,, pacCTosiHHe
MEXAy HHMM pPaBHO r H CuAa npuTaxednus pasia F, Torpa
HCKOMafl 3aBHCHMOCTb GylleT MMeTh BHI

F=f(my, my,r). (53)
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Hanee, cornacio MeToAy pasmepHOCTef, noayuHM
(i (),
[ mEmS Y] = [m]e+8 [r]v =LY Ma+8,
[F]=LMT-2

H, CAeA0BATEe/bHO,
L'M**8 = LMT-?

Ho Tak «ak B npaBOfl 4YaCTH 3TOrO PABEHCTBA HWMEETCH YMACH
T-% a B nesolt yacTn cuMBoa 7 OTCyTCTByeT, TO MNOJy4eHHOe
COOTHOWEeHHE He BHINO/MHNeTcA HM npu kakux a, §, y Caexo-
BaTeAbHO, METON Pa3MepHOCTeH He nO3BOANET HAHTH 3aBUCH-
MocTb (53).

Mbi  BUAMM, UYTO 33aKOH BCEMHPHOTO THATOTEHHH OKa3ajacs
«BHE KOMMeTeHUHH» Metroga pa3meproctefl. [Ipuuuna 3rtoro
CTaHeT NOHATHOH, €clH y4ecTb, YTO PaBeHCTBO (53) HMeeT BHA

F=G

myme

_,T— ’ (54)

rae G— KOHCTaHTa, 3aBHCAWAS OT eAMHHU JJHHB, MacCH W
speMenn Hanpumep, B cucTeme M, K2, Cek 3aKOH THTOTeHHS
BLIPAKAETCA PABEHCTBOM

- mym
F=6,67-10-1 78
a B CHCTeME CM, 2, CeK— DABEHCTBOM
F=6,67-10-% Tils
r

oTanyaomwumcs ot npeannywero CrenosatenbHo, 32KOH Bce-
MHPHOIO TArOTeHHs He yIOBJETBOPAET OCHOBHOMY TPeGOBaHHIO
MeTona Pa3mepHOCTell — cnpasedausocTu uccredyemozo pasencrsa
8 0606 cucTeme OCHOBHOIX eOunuy

To, 4TO MeTOX pa3mepHocTefi He MO3BOAAET HONYUHTH 3aKOM BCe-
MHPHOTO THAPOTEHAN, NPEACTABJIAETCA OYEBHAHHM W C APYrodl TOUKH
spenus. Jeno 8 Tom, ato popMyna

[Fl=LMT™3

6una BMBefeHa Hamd n3 sakoHa F=ma. [lo3toMy, nurasics uafitu
¢yaxumio (53) c NOMOUBIO ORHOTO TOALKO METORA Pa3MepHoCTed, Mu,
B CymMHOCTH, NHITaEMC BLIBECTH 33aKOH BCEMHPHOrO TATOTEHAA K3
paBenicTBa F=ma Ho Tak KaKk fCHO, YTO 3aKOH TArOTEHMA He
fBASieTCA CJEJCTBHEM BTOPOro 3aKoHa JHHAMHKH, TO He YRUBHTeAbHO,
9TO HaM He yaaeTcs 3TOro cAenathb.
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MOXHO, OIHAKO, CAeNaTh TaK, YTO PaBEHCTBO, BHpaxaomee
SaKOH BCEeMHpHOTO THATOTEHHA, OyaeT cnpaBeAnHBO Npu JiI06HX
€NHHHLAX I/JIHHH, MacCH H BpeMenn Jla1s 3TOro MOCTATOYHO 3a-
nucarts ero B Bune (54) n cyntarb ko3pduunent G pasmepusim.
JeficTBuTeAbHO, TaK Kak

2
G=-12 (55)

T mymy’®

TO 3TOT KO3(PPHUHEHT MOWHO pacCMaTPHBATL KaK HEKOTOPYIO
du3nveckylo BesHynny, 3aBucsmyio ot F, r, my n m, Toraa
H3 (55) noayunm

[F1[r)? _LMT-%.L2
[m]’ - M2

[G)= = [IM™T-3, ¢56)

Ecan cunrats, yto G umeeT HalileHHYIO pa3MepHOCTh, TO pa-
BeHCTBO (D4) GyneT BepHBM, OYEBHAHO, NMPH MOOHX eaMHHNAX
LJIHHB, MacChl H BPEMEHH

Takum 06pa3om, 3aKOH BCEMHDHOrO THATOTEHHS BHpaKaercs
paBeHCTBOM, B KOTOPOM COJIePKHTCH pa3MepHar koucTanta @,
PaccmatpuBas ee kak onHy H3 (PH3HYECKHX Be/NHYHH, OnNpexe-
asomux cuny F, MoXHO HanucaTb

F=/(m1’ m‘zr f, G) (57)

MM moMeM Teneps CK&3aTb, Yro Heypaya, DOCTHIIIAZ HaC NPN
BLIBOJAE 33KOHA BCEMHDHOro TArOTeHHs, OOBACHAETCH TEM, YTO MM
MCXORHRM Me H3 pasencrea (57), a u3 pasencrtBa (53), 1. e He yuam,
910 F 3aBHCHT Takie ¥ OT IPaBHTANHONHOH nNocTosHROA G.

3ameTnM, 4T0o B pasencTe (57) kouctanta G urypmpyer
KaK BEAHYHHA nepemennas. JTo OGBICHACTCE TeM, YTO, HU3MEHSS
eAHHHLE AAMHH, MacCH ¥ BPEMEHH, MHW H3MEHieM M YHC0BOE®
3HauenHe 3Toft KoHcTanTu. B 3ToM OTHOmMEHHH Ona cyuwiecTBenH@
OTAHYAETCHA OT Tawofl KOHCTaHWTH, Kak, ckaweM, kodpduunent &
B popuyre S=mnR?: XoTs npaBas yacTh 3Tol GopMynH coxep-
WHT BeJRYHHH 3% H R, oasaxo paBencTBo S=f (R, %) He umeer
CNHICMA, TaK kak Ko3(uIuenT 5t— Oe3apa3mepHuilt n MOITOMY
€F0 YMCAOBOE 3HAYEHWE HEH3MEHHO.

3aKOH BCEMHPHOrO TSTOTEHHS —OTHIOAD HE EeNHHCTBEHHHE
ApHMep PH3NYeCKONR 3aBHCHMOCTH, coiepwaulefi pa3mepnhie no-
cTofnHbe. B kauecTBe Apyroro npHMepa MOXHO B3ETb 33KOH

W =mc?,
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CBAI3BIBAIOWHIH SHEPrHIO ¢ Maccoll; 3xech PUTyPHPYET KOHCTAHTA ¢?,
uMeloulas pa3MepHOCTb KBaapaTa CKOpPOCTH, MOXHO Takwe yKa-
3aTb Ha (opmyny

W=hv,

CBA3HBAIOWLYI0 KBAHT 3HePruM C 4acToTofl H3/NyyeHus —B ITOH
dopmyne npHCYTCTBYeT KOHCTaHTa f, HMelOWas pPa3MepHOCTb
LEMT-! (noctosunas [lnanka). Hakoneu, moxHo npusectn cie-
aylownsi npocTo#t npumep. Boanmem ¢opmyay

T=2mn ]/—l—,
g

n Gynem cyuTaTh, YTO KoaeGaHus cOBEPLIAIOTCH 8 (huUKCUpPO8aH-
Hoil Touke 3emHoeo wapa. Torma g GymeT HEKOTOpOH KOHCTaH-
TO#t ¥ NPUTOM— pasMepHOM.

[TpuBenensnie npuMepn nOKa3pIBalOT, YTO HapsAAy C pasmep-
HbIMH NepeMeHHBIMH (H3nyeckne ¢opMy/IH MOryT comepxaTh M
pa3MepHHe NOCTOMHHHE,

B dopmynax eBkangosofi reoMerpun pasmepHHE KOHCTAHTH OT-

cytcTsylor. OnHako B reomeTpud Jlo6aueBCKOro Takas KOHCTaHTa
umeetcq. Hanpumep, niomane TpeyroibHHKa onpenesifiercd 3iecb mo
dopmy se

S=a2(n—a—p—1y),

rie a—KOHCTaHTa, MMeoUlas Pa3MEPHOCTb AJIHHM, a &, B, y—yrau
TPeyrojibHuKa.

(U3 3Tolt OPMYAL, MEKIV NPOUHM, CledyeT, YTO B NPOCTPaHCTBe
Jlo6auesckoro miomane TpeyrolbHHKa He MOKe1 OHTh Gosbuie na2.)

Pasymeercs, 3aBHCHMOCTb, ABASIIOWASICH CAEICTBUEM PpaBeH-
CTBa, COLEPXalLlero pa3MepHYI0 KOHCTaHTY, Toxe OyxeT comep-
WaTb 3TY KOHCTAHTY (B o6lUeM cay-
yae). D10 06CTOATENBCTBO HYXKHO
YYHTHBATb, MPHUMEHsS MeTON pas-
MEpHOCTEH K HEKOTOPHM 3alayam.

lNMpumep 8. [Ba oauHakoBmIX
ONHOPOAHHX Ky6a pacnoNoKeH

a | TaK, KaK [MOKa3aHO Ha pHC. D,
IMycts macca xawmoro xy6a pasua
Puc. 5 m, pe6po paBHO 4@ M CH1a HUX

TPaBHTALHOHHOrO B3aHMOXEHCTBHSA
pabia F. hccneposate dyskumwo F= f(m, a).
Pewenne. Cuna F moKeT 3aBuceTE OT m, OT @ H OT
rpasutanHoHHoft nocrosnuod G:

F=f(m, a, G).
3¢



[Monb3ysach meromom pasMepnocTelt, 3anuiuem:
[m*a*G!| = [F],
[m)=M, [a]=L, [G)=LM"T™, [F|=LMT,
M3 (L3MIT-2) = LMT-2,

B+3y=1,

a— y= l|
—2y=—2,
a’=2’ ﬂ=——21 Y,=])
m"af‘G7‘=sz

az *

Tax kaxk uvalinewnas CTeneHHass KOMOMHAlMS SBAHETCH €AUHCT-

Bento#l, TO
Gm?
F =C—a2 , (58)
rae C—uexoTopuit Geapasmepunit Ko3dHIHEHT,

Mpumep 9. llnanera nsmercsd sokpyr Condua mo sanuncy.
HUccnenosath 3aBHCHMOCT T= f(a@, b), rne a u b—noayocu
9Anunca, a T—nNepHoA OOpalleHHs NAAaHETH.,

Pemenne. Yckopenne nnaseTh pasHo

Mm
FP_S7 _am
m- m e

rne M—wmacca Coanna. Tak kak 3aBucumocTs F/m oT r co4
HEPKHUT paamepnylo Kouctanty GM, To

v=/(a, b, GM), (59)

rue
k=T, [a]=[6)=L,

(OM) = BM T3 M= 5.

-

TO paBeHcTBo (59) umeer BUI

@
T= ‘/mq)(alv Bgy oo )s

Hdanee, nockoabky



rie §,, §,, . .. —6e3pa3mepunie KOMGHHAIMK BeauyHn @, b u GM.
Ho rak kak pasmepHoctb [GM] comepxur cumson T, a B pas-
mepHocTaX [a] u [6] aTor cumBOA OTCYTCTBYyET, TO W3 BenH-
yuH a, b 1 GM MOKHO COCTaBMThH JMMb™ OAHY HE33aBHCHMYIO

- 0
6e3pasMepHYI0 KOMOHHANHIO — OTHOLIEHWE § = alGM] =2 Cne-

b b
AOBATE/bHO,
-1 &, 1)
= zm‘*’(b»
HAK
?=a’F (%) , (60)

rie F—muexkoropas Hen3BeCTHas QYHKuMA.

Pasenctso (60) nokasniBaer, 4TO ecin OpOHTH IABYX MJaHver
2eoMeTpudecku nodobrot, TO KBaAPaTH BpeMeH oOpaLieHus I1aueT
mponopuuoHanbh Ky6am OGonpmux noayoce# mx op6ur. (Co-
rnacno TpeThemy 3akony Kennepa 3To Bepno ne TOABKO Aas
FEOMETPHYECKH NOAOOHHX, HO H AAfl Ar00bLX N1aHeTHHX OpGHT.
CnepgoBatenbno, cootHomenne (60) maeT HeCKO/NbKO MeHbiue,
yem tpeThit 3akon Kennepa. MomHO CKa3aTh, 4TO, B KOHEYHOM
cyeTe, TOT 3aKOH CBOAMTCA K paBeHCTBY F (a/b) = const)

-

2. Pa3nHunble CHCTEMB OCHOBHbIX H MPOM3BOAHBIX BeJIH-
aun. Kak yxe roBopuaoch, Kakiaam CHCTEMa Mep CTPOUTCS Ha
HELKOJIbKUX OCHUBHWX BeiHuWHax. Hampumep, B Mexanuke TakMMH
BEHYHHAMH OGHINHO  CAYXAT ANHHA, Macca H Bpems. Onmuako,
KaK B MeXauuke, TaK H B ADYFHX 06nacTax (PH3HKH, CHCTeMy
OCHOBHBIX BEJIHYUH MOMNHO BHOHPATL COBEPIIEHHO MPOH3BOABHO
(no Kpaiinefi Mepe npunuUKMHAILHO). YTO KacaeTcs BenHyHH npo-
H3BOAHHIX, TO 31eChb TOXe HMeeTCH 3nauHTelbHas cBo6ona, TaK
XaK, BHOpaB OnpeaeneHHyld CHCTEMY OCHOBHHWX BEIHYHH, Mb
MOXeM NO-PasHOMY BBECTH Mephl NPOH3BOAHKWX BENHYHH.

PatcMoTpuM HECKO/NIbKO NpHUMEpPOB.

I. Cucrema LTF. BuGepem B KauyecTBE OCHOBHMWX BeAHYHH
Osuny, spems u cuny. Toraa maccy MoxHO 6Gymer paccMmaTpu-
BATb KaK Be/JHYHHY MPOM3BOAHYIO H HM3MEPATb €€ OTHOLUEHHeM

F
m=—
a



B sre#t cucreme mep

[F]=F, 61
[m] = {7%] = [y = L7IT?F, (62)
(W] =(m]{o]t = L1 T*F(LT-1)* == LF. (63)

EcrecTBenno, 4TO pa3MepHOCTH 3THX BeNHYHH OTIHUANOTCH OT
COOTBeTCTBYIOLIHX pa3mepsocTe#t B cucreme LMT.

H. Cucrema LMTF. Br6epem B KayecTBe OCHOBHHX BeNHYHH
Oauny. maccy, epexa W cuay. Torma mepa cuasl e Gyaer 3a-
BHCeTh OT MepH MAacCCH, ¥ MO3TOMY paBeHCTBO [ =ma craser
ueBepunM. Bropo#t 3akon awuamnku GynerT Tenepb BhIPAKATHLCR
paBeHCTBOM

F=kma, (64)

rae R—HekoTOpHH KLO3d@HUNEHRT NPONOPUHOHANBHOCTH (TakK
Ha3nBaeMas HMHepPLHOHHas mocTosuHan). M3 pasencrsa (64) nony-
qaem

__In __F
[£] = [m){a] ™ M.LT3

= L= IM-IT?F (65)

CnenoBaTenbHo, KOHCTaHTa R ABASETCA pa3MepHOR.
3aMeTHM, 4YTO €CAH NOAb30BATHCA STOW CHCTeMO#, TO KOH-
cTanTa k& GymeT MPHCYTCTBOBATh He TOJABKO BO BTOPOM 3aKoHe
NHHAMHKH, HO H B HEKOTOpHWX APYrHxX (uanyeckux c¢opmyadx.
Hanpumep, paseucTBO
2
my2 mv
Fs =% ——~
2 2
6yneT Tenepb HMETb BHI

_ ”‘02 mv:)
Fs=*k (2——2— :

Yrobs CHJIZ 6biNa Takofi e OCHOBHOW BeJNHYHHON, KAk Macca,
BYXHO €AHHHIL H3MEPEHHA MACCH H CHAL CYHTATH [POHIBOALALIME
R He 2aBACAMMUMA APYr oT Apyra. Muaue rosops, epununy usmepe-
HHA Maccul CAEAYeT CHHTATh PaBHOK @ KHAOTPAMMOB, 2 €XUHULY H3Me-
pehusa cuaH—b MbIOTOHOB, rie a W b—npoH3BOALHO BHGAPREMMIE
YHCAS.

ill. I'pasurayuonnan mepa cuvi. BoapMem B kayecTBe OCHOB-
HhX BENHYHH GAuNYy, maccy n 8pema, a Cuny 6ynem H3MepaTh
C NOMOWLBIO 3aKoHA Bcemuprozo Tazotenus. C aToh Lenbio BuGe-
PeM TaKYi0 eAHHHIY CHAW, TIpH KOTOPOR rpaBHTALHOHHAN
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noctosHHas o6GpautaeTcs B exunnily. Torma 3akoH THAroTeHus
DpHUMET BHI

__mym,
F= 2

W NPOM3BelleHHe m m,/r? MOXHO GYylIeT paccMaTpHBATh KaK Mepy
cun, B 3sTom cnyyae cuna Gymer uMeThb pa3MepHOCTH
[m}? _ m? -212
CpaBuuBas MONYYEHHOE COOTHOLUEHHE C H3BECTHHM paBeH-
CTBOM

[F]=LMT"?,

BHAHM, YTO Pa3MEpPHOCTb MPOH3BOAHOH BeJAHUHHH MOXeET OWThb
pasnHYHON Haxe B OAHOM H TOH e CHCTEME OCHOBHWIX BENHYMH,

HBMepﬁﬁ CHJy B IrpasuTalHOHHBIX eJnHHLUAX, Mbl, B CYUIHOCTH,
cpaBuMBaeM ee C CHJIOl BCeMHpHoOro TtaAroTeHus. Tak, Hampumep,

paseHctso F=22%/cu® o3Hnauaer, 4TO cuna F 8 183 pasa GoJbule
CHAbl BCEMHDHOrO TACOTEHHSA B cayuae my=my=12 H r=1 ca.

Tak KaK cuna u3MepsieTcs Tenepb He NMPOM3BENeHHeM ma,
TO PaBeHCTBO F==ma CTaHOBHTCH HEBEPHbHM, W BTOPOH 3aKOH
JAMHAMHUKH TIDHHHMAeT BUA

F=Fkma.

M3 Hanucannoro paseHcTBa ¥ paBencTRBa (66) naxonum pa3mep-
HOCTb MHEpDUHOHHON KOHCTAHTH &:
[F] L—2M2

(¥} = {mria = aror=i = L7°MT*

IV. Pa3smepuocto Temnepatypor. TemnepaTypy oOHuyHO H3Mme-
pAIOT B FPajycax W CYHTAIOT BeJHYHHOM oOcHOBHOH. B artom
C/yyae OHAa HMeeT Pa3MepPHOCTDb

[6]=6, (67)

rae ©—cumBos TemnepaTyphi. Jlo6aBuB 3Ty BEIHYHHY K IUIHHE,
Macce W BpeMenH, nonyyum cucremy LMTO, cocTosumyio U3 yeTh-
pex OCHOBHBX BEJHYHH.

Ho rtemnepaTtypy MOXHO paccMaTrpuBaTh W KaK Be/IHYHHY
NpOH3BOAHYI0. DTO MOXHO ClenaTh cienylouiuM oGpasom.

Kax wu3BecTHO, ans HEEanbHOTO ra3a CnpaBeJIHBO paBeH-
CTBO
u?

3

18,

¥l
o] w
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rke m-—mMacca OJHOH MOJICKynu, #—ee CpedHAiA KBaapaTH4Had
ckopocTb, ©-—abcOmoTHas TemnepaTypa H R-—nocTosHHad
boabumana (He 3aBHcsmmas ot poaa rasa). CrenoBatennHo,
TeMneparypa ra3a nponopuHoHasbHa KHHETHYeCKOH Ineprun mu?/2
M MO3TOMY MOXeT H3MepAThcs B €AHHHUAX IHepPriu. B sTom cay-
yae oHa OydAeT HMETb pa3MEpPHOCTH

[6] = ['"2—‘”] = L2MT2, (68)

Tak’'kak Teno, HaxoAslleeCA B TeNJOBOM paBHOBECHH C ra3oM,
HMeeT TeMnepaTypy 3TOFO ras3a, TO B 3HEPreTHYeCKHX eAHHHUAX
MOXHO H3MepfThb Temnepatypy 206020 tena. Hanpumep, dppasa «ptyTh
nMeeT Temnepatypy 10720 dx» osnauaeT, 4TO 3Ta PTYTh MOXeET HaXo-
AHTbCA B TENJOBOM paBHOBECHHW C HjAeaNbHHIM Fa3oM, Y KOTOpPOro
mu?/2=10720 ox

Ecan u3mepsite TemilepaTypy B eAHHHUAX YHEPTHH, TO CTAHYT
MHBIMH M Pa3MepHOCTH APYFHX TemnoBmX Beanyns. Haiinem,
HanpHMep, pa3MepHOCTb YHE/JbHOH TeMI0eMKOCTH.

Tak kak

AQ

C = —7—m
mA®’

rae AQ—xkonnyecTBo TemnoTh, a AO—mu3meHenue Temnepa-
TypH, TO

YyurhiBasi, YTO Pa3MEpHOCTb TEIVIOTH PaBHA PA3MEPHOCTH SHep-
rH®, TIONYYHM '
[c] _L2mMT-* LT
ToM[8] T [e]

H, CleA0BaTe/]bHO:
1) B cucreme LMTO:

() = Sg—=1701, (69)
2) B cucreme LMT:
L2T—3 -
[C] =W—T—.-; =M"1, (70’

Mbl BHAMM, YTO STH Pa3MEpPHOCTH CYLLECTBEHHO pPa3/IHYHA.
PaccMoTpennne npumepH fiCHO NOKa3WBAlOT, 4TO pa3mep-
HOCTb (PH3HYECKOH BeJIHYHHH 3aBHCHT OT cnocoba ee H3MEPEHHS,
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[109TOMY rOBORHTHE O Pa3MEPHOCTH, TON MAH HHOH BEJHUHNEL MOXKHQ
AHWb NOCJAe TOTO, K4aK YyKa3aHa oOmnpeleneHHas CHCTeva Mep.

3. O BuGOpe OCHOBHBLIX BeJMYHH. Mb BHIE/nH, YTO pa3mep-
HOCTh (PH3HYECKOH BE/MYHHHW CYUIECTBEHHO 3aBHCHT OT BHOOP]
OcHOBHLX BesuuuH. EcTecTBeHHO BO3HHKaeT Bompoc: Kak 3TO
OTpaXaeTCHi Ha NPUMEHEHWH MeTONA pa3MepHOcTell K Tem
HAH HHWM 3amayaM? [las oTBeTa Ha 9TOT BONPOC pacCMOTPHM
HECKONbhO NPHUMEPOB

1) Ha crp. 25 mbn pewmanu 3anayy o mMaTeMaTHYeCKOM Masfit-
wake, nonbsysch cucteMod LMT. Cnenaem Teneps 9TO, nonb-
3yswcn cHereMont LTF (dauna, epemsa, cuaa).

Kak n panbue, umeem

T=f({, m P, ‘Po).
[emePT) = (1], -
[f)=L, [m)=L"'T*F, [P}=F, [1]=T7
(¢ pasenctBa (61) n (62) wa crp. 39). CnenosartennbHo,
LY (L 'T*Fy¥F' =T,

a—p=0, ]
26=1,
p+v=0, j

1 1 1

=3, P=3. v=—3

Hosromy
1= 1/3mV2P-V2F (@g) = F (¢,) ]/ 5,'; = F(qo) ]/% .

Mu Buaum, uto B cucteme LTF 3r1a 3azava pewmaercs Tak
Xe nerxo, kak B cucree LMT. (B Tom u 8 apyrom cayyae
NO#afo6GHIOCH PEIUHTh CHCTEMY TpeX YpaBHEHHH C Tpems Heus-
BECTHHIMH.)

2) Pewnm npesnaywyio 3alayy, noap3ysaceh cucremoi LMTF
(0Auna, macca, 8pems, cuia).

Tak KaK HBHXeHHE MafATHHKA ONpPENeNRETCH BTOPHIM 3aKOHOM
AHHAMHKH, a NOCNelHHH HMeeT Tenepb BHA

F=kma, (71)
70 HcxOMnB nepHon Gyner 3aBuceTb u oT R. Tanum 06pasom,
T=f(, m P, k, 4y,
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B 3ala4a CBOXMTCA K OTHCKaHWIO cTenenHOR dyukuun
I'mP PR,
YROBNETBOPsiOlLed PaBeHCTBY:
(FmP PR} < [7].
Danee, c yuerom (65), nonyunm
(=L, [ml=M, [Pl=F, (k]=L"M'T*F, [1]=T,
LMBFY(L-IM™IT?F)° = T,

a—§=0,

ﬁ_6=0v

26=1,

y+8=0,
1 1 1 1
a=3, B=§v Y=—5, 6=5.

I*mP PR = 11/2 mi2 P-1/3 ks — ]/ TT”'—’.

Tax Kkax Hallennas CTeneHuads KOMGHHAUHA SBAACTCH eNAHHCTBEH-

HO#, TO
kml
r—F(g,) } *2L.

Ho u3 (71) caeayer, yto P=rkmg, Tlostomy

T=F(p,) l/g

Mu Buaum, yto B cucteme LMTF pemeune 3stoft 3anaum
0K23a/10Ch HeCKONbKO Go/ee CNOMHMM (YeTHpe ypaBHeHHS C ye-
THIPbM$i HEH3BECTHHMH).

3) Paccmorpum 3amauy o npHTsKenHH ABYX KyGoOB (npumep 8
Ha ctp 36). Byaem, Kax H paxbluie, N0/ib30BaTbCa cucTemol LMT,
HO cuny F Oynem H3MepaTh He B NHHAMHYECKHX eAMHHUAX, &
B FpJdBHTIMOKKBIX. Torma oHa GyaeT 3aBHCETb TOALKO OT M H @
(TdK Kdk B 3akOHe BCeMHPHOrO THrOTEHHss Tenepb He GyaeT
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rpaBHTauHoHHON nocTtosinHo# G). Takum o6GpasoM,
F=f(m» a),
[m“aﬁ]-—-[F].
Hanee, yunTniBas cooTHowenue (66), Halinem
[ml=M, [a]=L, [F]=L",
MOLB= L7202,
o=2, pf=-—2
CnenosarenbHo,
m2
F=C—.
a
M3anoxenHoe pellieHHe Npoule NpUBEAEHHOrO Ha cTp 37.
PaccmoTpennbie npuMeph noKasnBaloT, Y10 B 0JHOH gHCTeme
¢dH3HUeCKHX BeNHYMH pelleHHe 3a4aYyH MOXET Oka3aTbCs Goiee
npocTuM, a B Apyroit—o6ojee caoxHuM. B cnenyiomem napa-
rpade M BCTpeTHMCS C HeCcKOAbKHMH 33a/laYaMH, peilienue KoTo-
phX yn0GHO NPOBOAHThL B CENHa/]bHO BOPaHHON CHCTEME OCHOB-
HbiX BeNHYHH.

§ 5. NPMMEPBI NO S NEKTPHUECTBY

B snexkTpHyecTBe, TaK e KAK B MarHeTH3ME€, MOXHO MNO/b-
30BaThCfl PA3NHYHLIMH CHCTEMAMH OCHOBHHIX BeaHyun. Onmoit
u3 Hux apasercs cucrema LMT, ynoGuas npu peltienun 3anay
YHCTO 9JeKTPHYECKHX (a He 9/1eKTPOMarHHTHEX). B 3Toji cucreme
pa3MepHOCTh 3apfina onpeneasiercs H3 (GopMyJn

019
Fe 0%

?
pPa3MepHOCTh TOKa—H3 paBEHCTBA
g=1t,

paamepnocrb NnoTeHIHana — u3 paaencma
9= A
q

u 1. 4. Hwke npuonstcs pasMepHOCTH HEKOTOPHIX S/eKTpHye-
CKHX BeNHYHH B 3To# cHcTeme (Taba. 2).

B 3ajzauax 3/ekTpOMaruuTHeIX YyM0OH4 c(ncTeva LMTI, B
KOTOpPOH OCHOBHHMH BeJHUMHAMW CcayxaT Odauna, Macca,
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Ta6auuna 2

Pasmepuocru HEKOTOPBIX SACKTPHUYCCKHX BEAHYHH

B cHcreme LMT

Benuunna

Pa3mepHoOCTb

dnexTpuyeCkuit 3apan . . . . .
TloBepxHOCTHAA NJOTHOCTH 3apaAka
Jlunedinan naoTHOCTb 3apajaa . .
Ilusnextpuyeckas NpoOHHUAEMOCTb

HanpsaxeHHocTb 31eKTpH4eCKOro
1T 1 T

ToTenunan, HanpsaxkeHue . o « .
EMKOCTD + v ¢ ¢ o o ¢ ¢ o o o« &
TOK « 4 v v v o 0 0o o oo o
ConpoTHBIEHHE . . « « « o o &
AneKTpuyecKas SHeprus . . . .

’Bnempuqecxan MOILHOCTD . . .

L3/2pmr/2—1
L-l/zM 1/3T-1
LyYEpmriar—1
1
L~YeipmVep=-1
LV2pmr/er -1
L
L3z MV 272
LT
L2MT ™3
L2MT -3

g=1t,

PO AL
F er? ?

pPa3MePHOCTb MArHUTHOM TNPOHHIAEMOCTH—
H3 COOTHOILEHHA

1,1,
Fop %

n T. & %). B taba. 3 npusoasrcs pas-
MEPHOCTH HEKOTOPHX S1eKTPUYECKHX H Mar- ‘_L..).(
HHTHHX Be/UYHH B STOH CHCTeMe.

IMpumep 10. DnekTpuyeckoe noJje co3-
IaHO 3apfAJ0M, PABHOMEDHO pacnpeleeHHbIM
B10AbL OGeckomeytoit npamoit AB (puc. 6) Ilycts HanpsikeHHOCTD
aroro noas B Touke S pasua E. Uccnenosars 3aBucuMocts E ot 7,

A

—0
I Y

spems u Tok. Pa3mepHoCTh 3apana onpenensieTcs 3iech H3 pad
BeHCTBa

pa3MepHOCTh AHINEKTPHYECKOH MPOHHLAEMOCTH —H3 COOTHO4
ueHnn

Puc. 6.

*) CHMBOJ ~ 03Ha4aeT NPONOPIHOHA/bHOCTD.
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Ta6auma 3

PasMEPHOCTH HEKOTOPSIX SACKTPNMCCKEK N MATWHTHMX BeaNYN®
® cucreme LMTI

ERukuga
Beananna Pasweprocrs H3MepRHHN
s cHcteme CH
Tox . . . . ... . ¢eeeoan 1 a |
OMNeKTPHYECCKHE 3ADPAA . . . « « o o TI k
JlusnexTpuueckas nponunaemocts . .| L=3M™IT4/3 @/n
Hanpskennocrs ssekTpuyeckoro noas{ LMT~3[~1 /n
Motenunan, uanpskeuue ., . . . . .| L*MT~3[~1 s
EMKOCTB . v v v o o v o o o oo .| LTEMTITY o
ConpoTHBAEHHE . . . « o o o o o »| L3MT™3/2 ox
IneKTpHUECKAT SHEPTHA . o o o o » LEMT 3 dxc
DneK1pHUECKAN MOIHOCTD o o o o o L2MT ™3 sm
MaruurHaa npounuaeMoctb ., . . . .| LMT™8["% /M
HanpskenHOCTs MarHMHTHOro moas . L=y - a/m
MaruurHas WHAYKOHA . . . . o o o MT™3/71 ma
Florox MaruutHol WHAyKumwd . o o .| LEMT~3/"1 ]
VIHAYKTHBHOCTD . . . + o 4o o » & o] L*MT™2]"% 2n

1-e pemenne Tak kak paccmarpuBaemas 3a1aya — YHCTO
sneKkTpHyeckas, TO Oyaem noab3oBaThca cuctemon LMT.
M3 cooGpaxeHuil CHMMETPHH cleayeT, 4TO

E=f(x, 1),
rae tT— auHefinas NAOTHOCTHL 3apsaga. Manee,
[=r?)=[E),
[t)=LvaMVaT-Y, [r]=L, [E}=L-VaMv2T-!
(cu. Taba. 2). Tostomy
(LY2MVAT- V) L8 = L-Vvapp/aT— L,
OTKyZa

1

1
7ot

_f’

I

1

™
| ol

p
a
a

I



[Monyyennad CcHCTEMa TPex YpasHenH# C ABYMSA HEU3BECTHHIMH
HMeeT eAHBCTBEHHOE peolieHHe:

a=1, B=—1.

Cienopatenbho,
©°rf=r-1,

T
E=C—. (72)

2-e pemenune. B paccmarpuBaemolt 3amave yaoGuee ncxo-
AHTb M3 INpYro#f CHCTeMH OCHOBHHX BenHuMH. B xauecrtse Tako-
BOH MOXHO B3ATh chcTeMy QL, B KOTOpOR ocHOBHMMH Benm-
YHHAMH BAAIOTCA dnexTpuyecKkud 3apsd u dauna. Toraa T Gyaer
HMeTb pa3MepHOCTD

= [#] -er (73)
a pa3MepHocTb E MoxHO Oymer naliTh H3 3akowa Kynoua
919
F=11
H paBEHCTBA
=L,
q9

Caenas 3710, noAy4um

(Fl ==L,

(e === (74)
Hanee,
[+*rf]=[E],

((1=QL7, =L, [E]=QL™y
(QL™1)"LP=QL"?,

a=1],
—a+pf=—2.
Taxknm 0Gpa3om,
a=1 f=—1
H
E=C>.
r

3ameuanne. Cucrema QL apasercs saexmpocmamuyecxod H Ro3TOMy
He OXBATHBAeT TaKHX (H3HUECKHX BeNHuHH, KaK, HanpHMep, Maccg
uau BpeMa OnHaxo 370 ne CYILeCTBEHHO, TaK KaK PacCMoTpeHuasn
3afaye He BHIXOAAT 32 DPefeAb SNEXTPOCTATHKH.
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Mpumep 11. Tlone ob6pa3oBaHo 3apsanoM, PaBHOMEPHO pac-
npeaeneHHniM Ha G6eckoHeuHodl naockocTH, MccaeaoBath 3aBHCH-
moctb E oT r (r— paccTosinMe OT JaHHOM TOYKH 10 NJIOCKOCTH).

Pemeunne, B mannom cnyuyae

E=f(0) r),
rIe O— NOBEPXHOCTHas MJIOTHOCTh 3apsaa. [lazee, noab3ysich
cucremolt QL, noayymum:

(0°rf]=[E],

[o]= =L, [r]=L, [E]=QL™
(cMm. paBenctBO (74), mnony4YeHHoe NpH pelIeRHH Npelbayuielt
3anayn). Tloatomy

(QL™?)*Le=QL™?,

OTKylna
a=1, p=0,
o’rf=o.
CnenoBatensHo,
E =Ceo, (75)

T. €. HaNPMHKEHHOCTh 9TOrO MOAS NPONOPUHOHA/NbHA TAOTHOCTH
3apsija M He 3aBHCHT OT PacCTOAHHS 7.
Mpamep 12. TlpoBoanuk umeer dopmy ky6a co cTOpPOHOH a.
Hccnenosats pynkuuio C = f(a), rae C—3neKTpoeMKOCTb Ky6a,
1-e pemenue, Bygem noabsoBarbcs cucremolt QL. [lo-
CKONbKY
—{C] g _ gl _ Q@

Il (EnTIEIL!
rae @-—mnoTexuuan, a £— HanpsmeHHOCcTs, TO, coraacio (74),
MoNy4YHM
=2 _
C = ’Qﬁ == Lo
Torna
C=f(a), [a"]=[C],
L*=L aa=1,
Takum oGpasom, a®=a H
C=Ra, (76)



rae k—mnekoropuil ko3pduuuenr. CnemxoBaTenbHo, eMKOCTh
ky6a nponopuuoranpsia ero pe6py.

2-e pemenune. bByaem noap3oBathcs cucremoii LMTL
B 3rom cayyae uckomaa 3aBucumocth OyjaeT uMeTb BHJ

C=f(80’ a)’

riae g,— AH31eKTPUYeCcKas NpoHullaeMocTs Bakyyma. [lanee uuiem
CTENeHHYI0 KOMOUHAUMIO €g af, yAOBIETBOPRAIOULYIO yCAOBHIO

[¢3a%] = [C].

YuyurniBasi, 4T0
[eo)=L~3M™ITP, [a)=L, [C]=L":M"IT'P,
(cM. Ta6a. 3), nonyuum
(L™3M-1T42)° L8 = L™2M™1TH]2,

U3 3rtoro PaBEHCTBA HENOCPEACTBEHHO BHAHO, YTO

a=p=1.
CuenoBaTenpbHo,
goaf == g0
"
C=ke,a. (77)

Mpumep 13. PaccMoTpuM npousBOAbHYI0 TOYKY A 3/1€KTpH-
yeckoro noasi. [lpumem ee 3a UeHTp ¥ onHieM BOKPYr Hee
cihepy neGonbmoro o6bema V. O6osnauum uyepes W suepruio
NnoJas, 3aKNI04EHHOro BHYTpH 3TOH cdepbl W BHYHCAHM npegen

W
w= lim v
Voo
SToT npenen Ha3LBaeTCS NAOTHOCTLIO SHEP2UU INEKTPUHECK020
noas 8 rouke A.

Ecau none o6pasoBako B Cpeae C AHINEKTPHYECKOHl NpoHH-
11aeMOCTHIO €, TO €CTECTBEHHO OXHAATh, YTO W 3aBHCHT TOABKO
oT ¢ u E, rae E—HxanpsxeHHocTh noas B AauHoH touke. [pumem
3Ty FUNOTE3y W HCCAeAyeM 3aBICHMOCTh W = f (e, E).

l-e pemwenue. DBymem nosnb3oBarbes cuctemoi LMT,
Torna e 6yner Beauuuunoil Ge3apaamepHoO, W3 yYero 3ak/aioyaem,
YTO 3aBHCHMOCTh W = f (€, E) uveer Bus

w = E*p e). (78)
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Banee nmeen:

[E7] =[w},
[51 = L=1/sp1/s T1
w LsMT —s - -
[w]=%=——L—,—=L IMT-s,
Caenosarenso,
(L=YVsM/s T4 = L= MT"2,
OTKyAa
a=2
M 3aBUCHMOCTb (78) npunumaeT BUX
w = Ep (g). (79)

dyuxuHa @ (E) ocTaeTcd UPH ITOM HeoMpexeaeHHOA,
2-e pemwenune DBynem nonbsoBaThcs cuctemoft LMTI.
B stoit chcTeme noayunm
w=f(e, E)v
[e°EP] = [w],

[e] = L=3M-1T*[2, [E]=LMT-3Y, [w]= [[‘L]‘ =L IMT"?

(cm Ta6n 3). CnemoBatenbho,
(L73M™IT2) (LMT3]7 18 = L™IMT?,

—3a+p=— 1)
_a+B= l)
40a—3f=—2,
20—B=0,
oTKyaa
a=1, pf=2
H
e’Ef=¢eF?,
Taxam o6pa3zowm,
w=CeE?. (80)

Papencteo (80) maer Gosee monHoe peiwseHue STOR 3aAauH,
Hewenn pasexctso (79).

Mpamep 14. [To GeckoneyHo RAMHHOMY CONGHOHAY pazHyca
R aporekaer Tox [ [lycts 1 o0603Hauaer HampsHKeHHOCTD
MarHHTHOTO MO/ KA OCH coleHoupa. Viccaenosath 3aBHCHMOCTE

Hor InR.
@0



Pemeune. Hckomas uanpsxeunocts H, ouepuauo; npo-
MOPUMOHA/IBHA YUC/TY BHTKOB, MPHXORAWHXCA HA €NHHHUY IJIHHH,
O603HayuB STY BENHYHHY 4Yepe3 /1, MOMKEM HaMHCATh

H=nf(, R)

Hdanee Gynem HMeTb

(2] [I*R?]) = [H],

[1)=L7%, [)=1, [Rl=L, [H]=L"Y,

L L =L~
OTKyAa

a=1, f=0.
Cnenosatenbho,

H=Cnl. 81)

Mu BHAHM, YTO HCKOMasi HanpskeHHOCTb He 3aBHCHT OT
panaHyca COJIeHOHAJ

fpamep 15. HccnenoBath 3aBHCHMOCTh HHAYKTHBHOrO CO-
NpOTHBAEHHS OT ® H L ¥ e€MKOCTHOTO COMNPOTHBAEHHS OT ©
H C(®—4acToTa nepemeHHOr0 CUHYCOHIANBHOTO TOKA)

Pemwenune. B nandom cayyae yA0OHO noAb30BaThCH He
cucremoft LMTI, a npyro#, cneunanbto nOCTPOEHHOHA nasi pe-
INeHHs 3TON 3anayH v

[lycTb B uenu mepeMeHHOro TOKa
(e 06%3aTENBHO CHHYCOHIAABLHOTO)
HMEETCH Y4YacTOK C OMHMYECKHM, HH- L — |
IYKTHBHHIM HAH €MKOCTHHM COMpPOTHB- 7
nennem (puc 7) Toraa B nepsom u3
3THX C/yyaeB v
U=IR, (82)
BO BTODPOM e ~——_—
=14 (83) L
At v
H B TpeTbhbeM —
Q=CU,
AQ _ (84) $———ff———tdt
At ’ 4
npudem paseuctsa (82)—(84) noa- Puc. 7

HOCTBIO OMpEeAeAsIOT 3aKOHOMEPHOCTH

U3MEHeHHSI TOKAa Ha paccMaTpHBaeMHX yuyactkax. [lostomy s
peuleHny NOCTaBAEHHOX 3aaun 1enecoo6pa3Ho BBECTH CHCTe-
My IUT, B KOTOpPOH OCHOBHLIMH BENTHYHHAMH ABURKTICH TOK,

3 4



nanpamenue W eépema. Torna m3 pasencts (82)—(84) nonyunm

Ul_ -
[R]=H_1 1y, (85)
(L} = [’UTH—”_ YT _ -, (86)
_la_mi_ g,
1= == T . (87)

Tenepb, MOABb3YACh ITHMH Pa3MEPHOCTSMH, Haiaem:
1) Jas 3asucumMocTH R, oT © u L:

Ryn=/(e, L),
(0°Lf}=(R],
rre [0]=T"1, a (L] u [R] onpenensiorca pasencrsamu (86)
u (85). Cnenosarenbho,
(T (qWUTR =170,

—p=—1,)
p=1, }
—a+p=0, )
a=p=1,
'L} =wl,
Ry =FkoL, (88)

rae k—nocroautnit ko3pdHLHEHT.
2) JOas 3asHCHMOCTH R, 0T ® H C:

Remc:f(wr 0),
[0*C?]=[R],
(T-Y* (JU-1TP =I-U
([C)—nu3 paseuctsa (87), nonyuennoro suute). Crenosatennno,

=—1,
—B=1,
—a+p=0,

a= B=—l,
aCﬂ_mC’
k
Rem::o)'fo (89)

rne k= const,
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Tipn pewennn »70f 3ajawn npeanonaranocs, 9T0 Ry, 3aBHCHY
TOHBLKO OT ©® ‘B L, & Reyy—TONBKO 0T @ ¥ C, T. e. CIATANOCH Ove-
BHRHGIM, 9T0 Ryy, # Ry,y HE 33BHCAT OT NPHAOKEHHOro Han psixenns U.
Moxuo 6slno aToro NpeAnoOXKEeHHRN He AesaTe H CYHTATH, 9TO paccmar-
pHBaeMble CONPOTHBJERHS 3aBHCAT Takxke H or U. B sToM cayuae Mm
nonyuwm Onhl CHCTEMY Tpex YypaBHeuult c
TpeMA HeH3BeCTHHIMH B, B KOHEYHOM cuere, 4
npuian OH K TOMY Xe pe3yJpTary. "

Npamep 16. Hafitn nepuoa xoxe-
Gahnit B xonebaTeabHoM KOHTYpe, H3o6pa-
WeHHOM Ha puc. 8. . P

Pewenue. Bynem onsts noabso- \__ v
Bathes cuctemoft IUT, Beenennoft B npean- Puc. 8
nymew npumepe. Vickomuft nepHon kone- c. &
Gaunft mower 3aBucerb oT L, C H, BO3MOXHO, OT NepBOHa4ajib-
HOro 3apana ¢, kospescartopa. Takum oGpasom,

T=f(l‘» C’ qO)r
[LCPqi]=(x],
rae T—nepHon koneGanuft, Ilallee HMEeM:
(L1=1"WT, [Cl=1U"'T, (g])=1T, [t]=T,
(WU U TP ITY =T,

r

—a+f+y=0,
a—p=0,
at+p+y=1,
oTKyna
o= b=—l- y=0,
2’ ’
LciqY=VILC.
CnengsarenbHo,

1=k V'LC, (90)

rae. k— HEKOTOPHA MOCTORHHHA kosdduument.

§ 6. NPUMEPBHI U3 fIPYIMX OBNIACTERA ®HUIUKH

B stom mnaparpade Mn paccMOTPHM HECKOJABKO NpPHMEPOR
#3 MOJAEKYAApHOH H3HKH, TENNAOTH H ONTHKH.

Mpamep 17. Cocyn nano/iHen HueatbHHM ra3oM. Kakosa
3aBHCHMOCTb J1aBJeHHS STOTO Ta3a OT CpeAwell CKOPOCTH ero
MOJIeKy?



Pemwenne. Tak kak ras ssasercs MWACA/NLHHM, TO €ro
MOXHO pPaccMAaTPHBATL KAaK COBOKYNMHOCTb MaTEPHANbHHIX TOYEK,
Xa0THYECKH NBHIKYyU(HXCA BHYTpH cocyaa. [losTtomy - uckomoe
N4BJIEHHE MOXET 3aBHCETb OT TPEX BEJHYHH: OT MacCcH OAHOH
MOJIEKY/IH, OT ee cpeaHel CKOPOCTH H OT YHCAA MOJIEKYJ]
B eauHuue o6bema. O603HAUHB STH Be/NHYMHH uepe3 m, U, n,
NoNyYuMm:

p=1/(m,u,ny),
[meutnt] =),
[m}=M, [u)}=LT"!, [n)=L"3 |[p)=L"'MT"3
(8 cucreme LMT). Cnesosarennso,
M (LT 1B (L3 = L"MT““,

B_3Y=_17
a= l,
—ﬁ=_2’

OTKYyAa
(l=1, ﬂ=2, Y=],

m°ufn) = mutn,.

Tak kak naliaeHnas creneHHiss KOMOHHALHS SBASETCH eAHH
cTBEHHOHR, TO
p=Cmu’n,. (91)

TonyueHHnlli peaysbraT nOKa3uBaeT, YTO AaBAeHHE HAEANBHOTO
rasa fpofopIUHOHAALHO KBAAPATY CKOPOCTH €ro MOJEKy..
O6o03uaynm o6bem raza uepes V. Toraa

ny= —'—;— , (92)

rae n—oOwee uucno Monekya. [loacrasus (92) 8 (91), no-
Ay4HM
pV =Cmu®n. (93)

Ecas cyntath M3BecTHWM, 4TO a6COMOTHAs TeMnepaTtypa
rasza npOTNOPUHOHANBLHA KHHETHYECKOR SHepruH mu?/2, To pasen-
cTB0 (93) MOXHO 3anHcaThb B BHIe

pV = nkT, (94)

rae k—HekoTopuil ko3adHUHEHT nPONOPUHOHANLHOCTH (MIO-
crosunas Boabumana),
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Mpuamep 18. Mlokasatb, 4TO CKOPOCThb 3ByKa B rase fpo-
noputonansua V' T, rae T— a6conoTuas Temneparypa.

Pemenne. CkopocTp 3ByKa ecTb CKOpPOCTb pacnpocTpa-
HEHHS BOAHH CXKATHR HAH paspexenns. Tak kak sta ckopocTb
BE/IHKA, TO MNPOUECC CKATHR H paCIIMPeHHs Tasa npoTekaer
odeHb GHICTPO H MOSTOMY He CONPOBOXKIAAETCH TENA00OMEHOM
MeXAy cocelnHMH y4actkamH. CrepoBaTenbno, STOT npouecc
fABageTCA aaHAGATHYECKHM.

HMckomasi ckopocTb, O4EBHAHO, 3aBHCHT OT MJAOTHOCTH rasa,
OT ero Aasiedds ¥ OT ero ynpyroctH. Ho nocaennsis onpene-
AKEeTCH COOTHOLIEHHEM:

£-(2)
Po Qo !

CBSISHIBAIOIHM H3MEHEHHE IAB/JEHHA C HM3MEHEHHEM MJIOTHOCTH
npu apnaGatuyeckom npouecce. Crenosatesbuo,

v=/(p, p, k),

rie k—nokasarenn anuabaTH NaWHOTO rasa (WAs BO3AyXa
k=17/5). Yunrupas, yTo k—BenHuHna Ge3pasMepHas, MONyYHM

[P*pf]=(v],
[p)=L-1MT-2, [p|=L"3M, [v]=LT",
(L7IMT=2)* (L=3M)P= LT-1,

—a—3f= 1,
a+} = 0,
—2a=—1.
CnenoBaTenbto,
1 1
a =§'t B=__2' )
wi— 1/ L
pp r
H nosToMmy

o=9® ) L,

rae ¢ (k) —uekoropas (#enssectuasn) Qpyukuus or k. Ho

p
= RT
p RT,



rae R—ra3osas nocrosusas, a .T'— aGconoTnas TtemnepaTypa-
Toatomy
v=9k)VR VT,
o=AVT, (95)

tne A— pa3Mmepsnll kospduuHerT, 3aBucAMA oT R n &, T. e.
OT poja rasa.

Mpumep 19. CropocTb 3ByXa B TBepaOH cpeae, OYEBHIHO,
sagucut ot p B E, rae p—naoTHocTh cpenu, a E—ee wo-
ayabp ynpyrocTd. HUccneaosatbh STy 3aBHCHMOCTD.

Pemewnne., Tak kax

v =f(P» E)’
[p*E") = o],

(p)=L~3M, [E}=L"'MT-%, [v]=LT"*
([E}—cMm. B Tabn. 1 na crtp. 24). Crenosarenbro,
(L=3M)* (L-MT-?)* = LT,

TO

rae

—3a—P=1,
a+B=0,
-2ﬁ=_])

1 1
a=—'§'t ﬂ=§-,
« E
pm: F'

V= C]/f: . (96)

B sToM npuMepe, Tak XKe KaK B NpeAHAyleM, NMPeAr0aarajocsh
H3BECTHHIM, YTO CKOPOCTb SBYK& SaBHCHT TOJIbKO OT CBOACTB cpejm,
a He xapakTepa CaMOro sBykKa.

Mpamep 20. Kpyraas kannanspnas tpy6ka onyuiesa 8 cocyn
€ WHAKOCTHIO. Bucora moxbeMa wHaxocTH pasHa h, BHyTpeH-
HHA paamyc TPyOKH paBeH r, yneabsH#t Bec wuaxoctH d, a ee
DOBEPXHOCTHOE HaTaXeHHe paBHO 0. Hccnenosarh 3aBHCHMOCTH
k=f(r, d, o) (kpaeBoit yron meHucKa NnpennoNaraeTCs paBHLIM
nymo).



Pewenne. B cucreme LMT umeem:

r)=L, [r}=L, [d]=L"MT"?, (97)
[0]:%:%:/‘47‘-{ (98)

Tak kak [h)=[r], To 3aBuchmocTb h=f(r, d, 0) HMeeT BHI
h=rF(§,, 8,,...), (99)

rae 8§, 8,,...—6espasrepunie crenennnle KOMOMHAUHH BeH-
uun r, d u o. Hatinem ux.
Myctb
[rtdPe’)=1.

Toraa u3 (97) n (98) noayunm
L (L=2MT-23 (MT~2) =1,

a—2p=0,
B+y=0,
—2p—2y=0,
oTKyAa
=_2Yt ﬁ=—Y$

rie y—nponsBoabHo. CnexoBarenbo,

1
e gBo¥ = r-2g-Tg! = ( 2
r'dbe'=r-?d" 7o —(7,7) .
Tak kak kawaan KOMOHHAUHA TaKOrO BHAA BHPAXKAETCR 4epes
o/r%d, To 3aBHcumocTb (99) Hmeer BHA

h=rF(7§7) . (100)

GbynkuHa F ocraercs NpH 3TOM HeonpeneneHHoH.

TNMpumep 21. Toukaa packanensas npoBONOKA pacnosaoxea
BAOJAb OCH LHIHHAPA H OCBEWAeT €ro BHYTPEHHIO MNOoBepx-
Hoctb. CuHTan nPOBONOKY H UHAHHAD GeCKOHEUHO N/IHHHBIMH,
HaliTH 3aBHCHMOCTH OCBEWEHHOCTH OT pagHyca UHIHHADA.

Pewmenne. Byaem nonb3osarbca chcremoli JL, B koTOpoi
OCHOBHHIMH BeNHYHHAMH SABAKIOTCA CUAG C6eTG H pAccTORKUe,
Torpa ocBewenHocts 6yaet HMeTb PasMepPHOCTS.

J -
[£) = F=JL
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OcreulennocTh LHIMHAPA, OYEBHAHO, BIBUCHT OT erD PAENUYCI
H OT CHAH CBETa, M3/yyaeMoro eAMHWUEH AJHHH TPOBOJOKH.
O6o03nayuB STy cHay CBeTa wepe3 I, YIONyuuw

E=f{(R, i),
[Rei®}=[E],
Ly
(RI=L, @=l=u-i, (g)=sL-.
Caeaosarensuo,
L*(JL Y =JL-3,

a—p:l—,& }

u=_‘) $=1|
R#=

OTKyaa

2
R ]
E.—_C-T",-. (101)

TaknM 06pa3om, OCBEUIERHOCTH STOFO LHAWHAPaZ O6GpPATHO TIPO-
NOPUHOHAABHA ero PAIHYCTY.

[Ipumep 22. Toukuii mywox aapassesssmx aywed maaaer ma
NOBEPXHOCTh CTeKIAAIHHOTO Wapa, Kak nokasawo Ha puc. 9,

2%
4

e I

Pnc. 9.

Cewras, w70 nopexoMresnwbic Aywn COGRPIWOTCH B Touwe S,
HaliTH 3aBHcumocts d or R.
Pemenue. Ouesunno,

d=f{(R, n),



FAe B —BOK23aTeNs UpeAOMAcRES Crexas Ho var xax [d)={[R}
w [a)=1, 10
d =Rgq (), (102)

T. e. paccrosinve d mponoplHOHanbho paanycy R.

§ 7. O YMCNE OCHOBHbLIX BENUUMH

Mur 3HaeM, 9T0 CHETEMY OCHOBHWX BENHYHH MOXHO BLGH-
patb pa3nnysbiM 00pa3zoM. Hanpumep, B MexaHHKE MOXHO MO/b-
308aTbcs Kak cucremoit LMT, rar u emctemoft LTF uau LMTF.
Tak kaK nociAenHsil CTPOHTCS Me HA TPeX OCHOBHHX BeJIHYHHAX,
a Ha yeTHpex, TO BO3HHK3ET BOMPOC: CKOJbKO BOOOGLIE OCHOB-
HHX BEJHYHH JOJAKHA COMEepHKaThb CHCTeMa (QH3HyYecKHx Mep?
Mb ceflyac yBHAHM, HTO 3TO YHCAO SBAAETCA COBEPILIEHHO
NPOH3BO/IbHEIM M MOXeT ONMTb KK YBeIHYEHO, TAK H yMetibe
UleHo (Mo KpaHe# Mepe DPMHMHORA/IBHO).

[lpexxne Bcero scHo, 4yTO nOOylo u3NYecKyl0 BeAHYHHY
MOXHO MpH XENaHHH PACCMATPEBATH KaKk OCHOBNYI. Boassewm,
Hanpumep, ckopoctb. UYToOn clenaTb 3Ty BeAnyHHY OCHOBHOH,
NOCTATOYHO €AHHHUY H3MepeHHd CKOPOCTH CYHTAaTb MPOH3BOJb-
Ho#f H HE CBA3HBATHD €€ C CXMERNAMNE H3MEDEeHHN JIUHH H
BpEMEHH (Hanpumep, H3Mepss JUIHHY B M H BpCMi —B CeK,
CYNTaTS CXAHMIY MIMEPEHUT CKOPOCTH paBHoR 2 cmiman wrw
5 xmfx). AmarOrmINEM ITyTEM MOKHO UOCTYNMUTH B € JMoGofX
apyro#t ¢u3nyecko# BeAHYHHOH — ycKOpeHHeM, CWIOA, sShep-
ree w 7. n. Crenopareasuo, IACAO QCAOBHHX BETHUHH MOKET
6rTs NpOU3BOABHKLM 06Pa3OM yBEJIMYEHO,

TNps 370M B @wanuecEwx GOopMySsaX Momswtca paMepmste KOH-
CTaHTh, KOTOPHIX™ 4O 3TOro He 6uio. Tak, eCAH CKOpOCTb CumrarTs
BEAWYMEOR OCROBEOR, 1d| paEeRcTBo

- s=ul
3aMeHNHTCA Ha
s = kot,
rie k—Ko3pduiiueHT nponopuHoHasbHocsH. Tak Kak uHCJIOBOe SHa-
yeHHe 3TOro KospduuHeHTa 3aBUCHT OT EIHHHU, B KOTOPHIX H3Me-
paloTcg  ANMHA, BPRME B CKOPOCTS, TO Ok fABercs Besuwmmold
paiMepuoRk

Ho 4yHCAO OCHOBHBIX BEAHYHH MOWHO H YMEHbILUHUTD. Hanpu-
Mep, B 3a0auax MeXaHHKH WOWHO [0/1b30BATbCS CHCTEMOR,
cocrofutedt He M3 Tpex OCHOBHBIX ReMHYHH, & TOAbKO H3
ABYX. OTO MOXHO CAeNaTb CAGRYIUIHM 06pa3oM. Bubepem
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B KayecTBe OCHOBHHX BEJHUHH OAUHY W 8pemMA, a CHIY H MacCy
Oynem H3MepATb TakHM 06pa3oM, YTOGH BHIMONHANHCH PAaBEHCTBA

F=ma
H
F ="M
ra

(t. e. 4TO6H ¢opMysH BTOPOro 3aKoHa IHHAMHKH H 3aKOHa
BCEMHPHOTO TATOTEHHSA HE COAEPNKANH pa3MepHHX Ko3dPHuH-

eutoB). Toraa
[F]=[m][a],
3
Fl=T5
uau, Gonee noapoGho,

(Fl=[m]-LT~2,
[F]=[m]?- L2,
M3 stolt cHcTeMH ypaBuenHil HaXOAHM
[m] = L3T~2,
[F]=LAT~4,

T. €. KaK Macca, TaKk H CHna CTanH Tenepb BenHUHHAMH Npo-
M3BOIHHMH, HMEIOIHMH OMNpene/NeHHHe pPa3MepHOCTH OTHOCH-
TEJAbHO IJIHHH H BPEMEHH.

Monyuennas cucrema, KOTOPYIO MOXHO HA3BaTh CHCTEMOM
LT, conepxHT Bcero nBe OCHOBHHE BEeNHYHHW — NJHHY H BpeMs.

Hafizem cBAsb Mexay Mepamu Macc B cucreme LT u B cu-
creme LMT.

flycts nBe oaHHaKoBHIe MacCH MPHTATHBAOTCH APYT K ApYyry H
npuobpeTaoT BCJAEACTBME ITOr0 HEKOTOPoe ycKopenue. Torza B CH-
creme LMT (uanpumep, B cHcTeme M, k2, cek)

mi
F=mﬁ,}

F =ma.

(103)

Ilepefinem Tenepn Kk cucteme LT (M, cex). Torpa Macce m mykuo
Gynetr npunucate BenuunHy m’, a cune F—Benpunny F’, npuuem
TaK, YToOH BHNOJHAJHCH COOTHOIWEHHS:

P=@T, (104)
F'=m'a. (105)



Ho n3 (103) eaexyert, uto
m
a=G ﬁ ’
A mo3toMy pasexctso (105) mpuoGpeTaer BmA
4 ’ m
F'=m'G rE (106)

Cpasuusas Tenepb (104) u (106), noayunm
(m’)
r2

m

’
=m GF N
OTKyAa

m’=Gm. (107)

nOJIY'-IEHHOE COOTHOlEHHWE NAdeT CBA3b MeXNYy MepamMH MaccChl

B cucteMe LT u B cucteme LMT Ha Hero, B yactHocTH, caenyer, 4To
[m’')=[G) [m]=L3M™'T~2. M =3T3

Mut BumuM, uTO mocTpoeHue cHcTeMn LT MOXKHO ocyliecTBHTH
nocpencTsoM ¢opMaabHOro npHMeHeHus paBeHcta (107), T. e. mo-
CPEACTBOM YMHOXEHHMs Macchl m Ha Kodppuuuent G, umelowufi pas-
mMepHocTp L3M 1T ™2,

Yao6ua au cucrema LT? B yexkotopoMm orHowenHH—na,
160 3aKOH BCEMHDHOTO THAroTeHHs Bhipaxaercs B He#l mpoiue,
yem B cucreme LMT. Onnako npumenenne metona pasmepHocreft
MOXeT oka3aThc 3xech mexee sddexTHBunmM. IlycTs, Hanpu-
Mep, HYKHO HAATH yCKOpenHe UHAHHAPa u3 mpumepa 2 (ctp. 26).
Pewas sty samauy B ciucreme LT, OGyazem HmeThb

a=f(F1 m, R)»
[F'mPR"]=[a],
[F1=LT-%, [m]=L3T"3 [R]=L, [a]=LT"?,
(LAT-4)* (L3T~2)f L= LT-2
40+3fp+vy=1,
—4a—2p =—2. }

Takum o6pa3om, MB MOAYYHAH CHCTeMy IHBYX YpaBHeHHH
C TpeMs HEeH3BeCTHBIMH M, C/ieNOBaTeJbHO, HE CMOXEM HaHTH
a, B, y. (B cucreve LMT st nokasatenn onpenensnuces
ONHO3HAYHO.)

[NpHyuHy 3Tero HeTpyRHO NOHATL. [Jleno B TOM, uTO paccMar-
puBaeMas 3ajmaua-—uYHCTO AHHaMHueckasi H HWKaK He CBA3aHa c fdJe-
HusaMd rpaBHTauuH. [lo3TOMy TakHe BeNHUHHH, XaK pJHHA, BpeMs
H Macca ABJAI0TCA 34ech, MO cyuiecTBy, He3daBucuMuMH. [loab3ysch
e cuctemo#i LT, MH ycTaHaBnuBaeM MeXny HHMH pasMepHylo CBA3b,
npUHueM ResaeM: 3TO C NOMOLILI0 3aKOHA TACFOTEHHS, KOTOPHA 8 NaH-
HOW chyyae qBasfeTcs «nocTopouHuM». B pesyabrarte, pasauune
MeXXy 3TUMH BeNHYHHAMH OKa3HBaeTcs B KaKOH-10 CTENeHH CTepTHIM.
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Bo3moxHO nu  manwHefiniee COKpauteHie YHCAZ OCHOBAWMX
Beanyun? HeTpyawo Buzerb, uto 2a

¥YcnoBUMCH H3MepAiThb PAacCTOsiHHA B CBETOBHX lOAdX, CBe-
TOBHX MHHYT4X W T.HN. Toraa kamaas anuna 6yAeT H3MepATHLCH
HEKOTOpHIM WHTEPBA/NIOM BPeMeHH M, CJel0BaTelbHO, Oyner
uMeTy pasmepHocTb 7. Takam oGpa3oM, MH MONY4YHM CHCTEMY,
COCTOAIIYI0O W3 ORNHOH OCHOBHOH BeNHYHHH — BPEMEHH.

flcuo, omnako, 4To mnopoGHas cucreMa HeynoGHa, k6o B
Hell Bce «H3MepsieTCa HA omM# apmHu». MHorne ¢uanyeckie
BeJHYHHH OYAyT 31€eCch HMETh OJAHHAKOBYIO pa3MepHOCTb (0.4u-
Ha., epema, macca, pabora), a MworHe apyrHue ctanyt Oe3spas-
MepHLIMH (CKOPOCTb, CUAG, MOWHOcTb). [lonsiTHO, 4TO MeTOX
pa3mepuocTelt Gyner B 9T0H cHcTeMe Man0 PQPeKTHBHHM.

Cucremy LT Mm cTpouasm, WCMoab3ys 3aKOH BCEMHDHOrO TAroTe-
HHA, a cucTeMy T —acnoab3ys cKopocTh ceeta. ORHAKO MOXHO CHiJO
6H NOCTYNATHL fpome. -

YcaoBHMCA TaK BHOHPATL EAHHEIY H3MEPEHHs MacChl, 9TOOH O!
3aBHcesa OT EAMHAN W3MEePeRus ANnHu W spemend. Ilycrb A obosma-
YaeT YHUCNO CAaHTHMETPOB B eAWHHUE NNHHH, T—YHCAO CEKYHA B eaH
dHue BPEMEHM H U—YHCJAO TPAMMOB B €AUHHUE MACCHL Tarpa mnono-

XHB
p=f@A, v)=~rAPd,
TA® R, p A g—NPOM3BOALHMHE YHCAA, MH TNOJyuUM CACTEMY, B KOTO-
poft macca ABAsEICH BeANSHAOR Npoussoanofi. Jlerko sameTs, 91O OWa
GyReT UMETL Pa3MEPHOCTD
{m)=1rT9.

TakuMm ¢noco6oM MOXKHO NOCTPOHTh CKOALKO YFOAHO CHCTEM C ABYMS
OCHOBHHIMH Benuuuamu. (B uacTHocTH, MOXHO B3t p=¢=0. Torna
€AWHHIA H3MepeNHS MacCH OyAeT QHKCHPOBAHHON H Macca CrTaHer
BenLudHOA Ge3pa3MepuOf.) AHANOrHYHHM fNyleM MOMEO TNOCTPOHTH
H tHcremy c oaHofi OCHOBHOR BeJHYHHOR. .

Wrak, 4HCAO OCHOBHLIX « BeTHYHH MOXeT OhTb YyMeHbUIEHO
0 AByX W Aawxe Ao oaxof. JlanbweMuiee cokpaimenue uucaa
OCHOBHHX BenHYHH npmBeno OW nac X cHCTeme, He cojepwa-
weHh HH ONHOR OCHOBHON BEAHYHHH. B rtako#i cucreme eAHHHUL
H3MepeHUS BCeX BeJH4HH OYAYT pa3 H HABCerAa 3aAaHH, H
ROSTOMY NOHATHE Pa3MepHOCTH BOOGuie NOTepseT CMHCA.

3AKMOYEHME

Mo paccMOTpend pPSX NPHMEPOB, HAJNIOCTPHPYIOWHX MeTOX
pasuepuocTeii. B 3aknoueHHe XOpPOTKO OCTAHOBUMCS HA BO3-
MOXHOCTAX STOr0O METOAA.

Mpewae BCero creAyer MOAYEPKHYTh, 4TO METOR pa3mep-
ROCTel coBepulenno He 3aTparMBaeT Qusuveckod cTOPOHbL pac-
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cwaTpupdevoro WBAEAWS. B CYWHOCTW, STO WMCTO MaremaTn-
YeCKHH mnpHeM, OCHOBAaHHHA HA HCKOTODHX COOOpaXKeHHAx
«macmrabuoro xapakrepa». [losromy cam no cebe os Hukorna
He MOXeT MPWBECTH K YCTAHOBNEHHIO KaKOro-nH6o #HoBOro d¢u-
3MYECKOrO 3aKOHa.

IeAAcTBHTENbHO, MH 3HaeM, YTO METOA pasMepHoctedh npu-
MEHHM TOAbKO K TaKUM 3aBUCHWMOCTIM, KOTOpHE cnpaBeiiHBu
npy A00HX €NHHHLAX H3MEPEeHHS OCHOBHHIX BEAWYHH (HHBApH-
aHTHH OTHOCHUTRNbHO H3MeHenus STUX eaunuu). [lostomy, nm-
TafACh HCCNENOBATH METOLOM pA3MepHOCTEHd 3aBHCHMOCTD

u=f(xy, X5, ..., X,), (108)

MB NOMKHB ObITh yBepeHu, YTO Ans Hee 3TO TpeGopaHue BH-
nonuserca. Ho wumeTs Taxkylo yBepeHHOCTb MOXHO TOAbKO 8
00HOM CAywae: KOTAAa H3BECTHO, 4TO 3aBucumocib (108) moxer
OuTh NOAYYEHA U3 parge U3BECTHLIX COOTHOWEHUD, YyAOBRETBO-
PHIOWMX BHICKA3aHHOMY TPeOOBAHMIO KHBAPHAHTHOCTH. QTci0Aa
cnelyeTr, 4TO METOA pa3mepHOCTeRi NO3BOARKET DOAYHaTh JAUlL
T€ COOTHOMICHHE, KOTOpHE SBIAIOTCH MATEMATUYECKUMU CAed-
CTOUAMU Yace u3BeCTHbX 3ax0HO08. (MOXHO CKa3aTh, %TO METOA
pa3mepHocTe NO3BOASET NOAYY4aTh TOALKO TO, YTO MOWKET
OuTh ycrawosaewo H Ge3 wero.)

- OnHaKo, HECMOTPS HAa BECbMa OrpaHHYeHHbE BO3MOXHOCTH
STOFO METOMA, OH BCE W@ HEPeAKO OKA3HBACTCR [(I0AE3HbIM,

Bo-nepsuix, MeToa pa3mepsocTeil O4eHb NPOCT B MaTEMATHYGC-
Kow otHowewun. M xo7s noayuaemne c ero nomowiplo pe-
3yAbTaThl  BCerla COAGPKAT HEKOTOPYM HEOMpeAeIeHHOCTD
(B BHAE HEH3BECTHON KOHCTAHTH HAH HEH3BeCTHOH (YHKuHH),
TeM He MeHee OHW MO3BOJAAIOT MOAYYHTb HW3BECTHOE NpencTaB-
AeHHe O xapakTepe HckoMoH 3aBHCHMOCTH. B pane cayuaes
NONYYEeHHAs TakHM fyTeM HHPoOpmMauus okaswBaeTcs  JOCTa-
TOYHOR,

Bo-sTOpHIX, MeTtOon pasmepHocTell MOWET GWTb HCMOAb3OBAH
NpH SKCMEePHMEHTANbHOM OMpeleNeHHH HEKOTOPHIX 3aBHCHMOCTER,
Ilyctp, nanpumep, Hy¥HO HafATH CHAY CONPOTHBACHHA KHIAKOCTH
ABmxyueMycs B selh wapy. B stom cayuae

F=f(R, v, o, M), (109)

rae F—uckoMas cuaa conporwBaesns, R—paanyc mapa,
V—ero CKOpoCTb, P—MJOTHOCTb WHIAKOCTH H T)— ee BA3KOCTh.
Tak kak ¢ynxkuna (109) conepxuT ueTnpe apryMeHTa, 10 ee
HEMOCPeNICTBEHHOE 3KCMEpHMeHTanbHoe onpenenenHe Tpebyer
oueib 60AbWIOrO 4Wcaa onutes, OAnako, MpuMeHHB K SToH
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SaBHCHMOCTH MeTON pasMepHocTell, mpuIeM K BHBOAY, YTO OHA
HMeeT BH1
T. €. BHPAXAaeTcs Yepe3 HeW3BECTHYIO (QYHKUHIO OIHOTro JHIUB
aprymenta Roup/v (Tak Ha3usaemoe umcno Pefinonbmca). Taxum
00pa3oM, MeTONl pa3mepHOCTell MO3BOASET 3HAYHTENbHO COKpa-
THTb YHCJO0 OMHTOB, HYXKHHX 1A% ONpefeaetHs 3aBHcHMocTH (109).
B-TpeTbux, MeTonm pa3MepHOCTed MOXKHO HCITONB30BATH AAS
OlleHKH MOPANKa HeKQTOpHXx (pH3uueckux seanuns. Hanpuwmep,
ofipenenss Ha ctp. 49 91eKTPOEMKOCTb Ky6a, MK MOAYHHIH
Ang Hee BHpaxeHHe

C=ke,a,

rae k—mnekoTopuii Ge3dpaamepunii xoshduument. U xora sror
Kosh@HUHEHT HeH3BecTeH, ONHAKO OH, HECOMHEHHO, SBAfETCH
BenH4HHON, cpaBHHMO# ¢ eaunnueds. (OueHb Mano BepOATHO, 4TO
YHCJI0, XapaKTepHayioulee CTOAb MNPOCTYIO KOHCTPYKUHIO, Kak
Ky6, MOXeT B MIECATKH H/AH COTHH Pa3 OTAHYATBCA OT eaH-
Huunl.) TlosToMy MOkHO yTBepkaaThb, 4TO SNEKTPOEMKOCTH Ky6a
HMEeT BENHYHHY NOPANKA €44.

TaxoBr~” B o6mHx uyepTax BO3MOXKHOCTH METONA Pa3MepHO-
cref.

B 3akaioyenne ewe pa3 noAdepKHeM, 4TO Pa3MepHOCTb ecTh
4YHCTO MAaTeMaTHYeCKasd XapaKTepHCTHKa GHU3HYeCKOH BenHYHHB
H HH B KOEM CAyyae He MOWeT pacCMaTpHBATbCA KAk oOTpaxe-
e ee «(H3HYecKOR CYWHOCTHY.



NPUNOXKEHUE

1. O cremenHémM xapaxkrepe ¢OpMy/Nb Pa3MEepPHOCTH,
Ha crtp. 17 ykaswBanoch, 4TO ecaH It ecTb OAHO3HauHAg
dynxuns a, To ona sBaserca crenenuén. Jokaxem 3sTo.

Ilyctp w—onxo3naunan yHKuns o

=7 (a).
IpeanonoxuMm, 4TOo Beanuuna P HMena 4HCAOBOe 3Hadenue p.
YBenuunm Mepy OCHOBHOH BenwuuHh A CHayana B @ pa3, a 3aTeM

emwe B B pas. Torna npoussonnas senwumna P cxayana npuMeT
3Hayenue

p, =p-n (a)7
a 3aTteM— 3Haueude
p'=p -n(B)y=p-n(a)n(p). Q)]

Ho Tak kak mepy BenMuMHb A MB yBenu4HAH B OoOuled CAOXK-
woctH B aff pa3, To uHcno p” NOmMKHO GHTb PaBHO

p"=p-n(af). )
CparnnBas Temepb paBesctBa (1) M (2), BHAUM, 4TO
7w (aP) =n(a) - n (). (3)

Taxum o6pasom, ¢ynkuMs 7 (a) yZomieTsopfeT ¢ynkumno-
HanbHOMY YpaBHeunio (3), ¥ 3anaua CBOAHTCHE K pEIUEHHIO
STOrO ypaBHeHHS.

Iubdepenunpys (3) no a u no P, noayunm

P’ (aB)=n'(a) n (f),
an’ (aB)=x (a) n’ (B).

Pa3sneans tenmepb nepBoe paBeHCTBO HAa BTOpOe, Haiaem
B_ (@ =B

a a@ a'(p)°




uan

(@) __gn (B)

(@) ap) *
Ho Ttak xak uncaa @ u B mpoH3BOAbHH, TO TPHXOAHM K BH-
BONy, 4TO

@

a(ax)

=const=2~%,
OTKyHNa nocje HHTErpHpPOBaHHA NoayyeHuworo Aud¢eperunann-
HOro ypasueuuss Oynem umerb
n(a) = Ca*.
Taxum abpa3on,
n (a) =Ca®, = (B)=CB",
n (af) =C (af)*
IonctaBHB Temepnb STH Buipawexus B (3), nMOAyuHM
C (ef)* =Ca’p",
orkyna C=1, CaexopaTeanHo,
n(a) =ak (4)

PaBenctBo (4) nokaswBaeT, 4TO pa3MepHOCTb BeaHYHun P
OTHOCHTENbLHO BenuyHHn A HMeeT BHA A", # Tak Kak STO
BepHO Aaf n1060# OCHOBHOM BeNHYHHH, OT KOTOPOit 3aBHCHT P,
TO B oOmeM cayiae

[P}=A'B"C"
{ecan uHCIO OCHOBHHX BEAHYHH PaBHO Tpem).
p

2. O dynKkumoHAMLAON CBA3H MeKAY (PR3ATECKUMH BeJNe
asmpama. Ha ctp. 22 ykasweanoch, 4ro ecan

u=f(xli xz' cey xn)r (5;

npuyem u— Ge3pa3MepHo, TO 3aBHCHMOCTH (5) ecTh 3aBHCHMOCTH
BuIa

u = const

HAY BHAA
u= F(ﬁl’ 62’ .o ,), (6)

rae 8,, 8;, ...—Ge3pasmepnbie cTemedHile KOMGHHALHH Be-
ARYHH Xy, ..., X, Jlokaxem sTO.



Bynem cmavana cumtarb, uTO aprymewt X,, ..., ¥, uMe-
10T pasmepuocTd suna L* (aadua, haomaas 4 T. 0.) TiycTs
[x1]=l‘a"

[x2]=1‘a'»

e o o s+ o

[%,] = Lo,

(7

YBeanuuuw B A pa3 eaunuuy miuns. TorAaa mepa kaxaolt
A/HUB CT3HET B A a3 MeHblle, H BeNHYHHH Xy, Xy, eeey X,
NPHMYT 3HAYEHHUS

ad W Zn_
R R

Cnenosarenspo, Hapsaay ¢ pasenctsoM (5) Gyaer cnpaBeainso
paBeHCT80: ’

_ 5 O m S
“—f(—xa;-s FCIIRERE l."")’ (8)

NPHYEM OHO BEPHO nPu A06bIX SHAYERUAX M.
MycTs Tenepn

A= xyxe... X, 9)
rae 33, 8, ..., S, BuOpann Tax, uT0
fAl=L*). (10)
Torma u3 (7) u (10) noayuns:

Xq "'g—’l
PO BT

*) Ecan xota 6H ORHO @y OTANYAO OT HYJR, TO YAOBJAETBOPHTH
ycnosawo (10), oueBunHo, MoxHO Ecau ke xakpoe ap pasHo uyam,
TO pOKashBaemads TEOpeMa OueBHAHA, HGO B STOM Clyuae BCe Xy
Gespa3Mepun, W paBeHcTBO (5) npespamaercs 8 paseHctso (6).
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Tawum 06pa3om, aprymentd ¢ynxuuu (8) Gespasmepuu.
Mpu stom u3 (8) u (9) BHAHO, YTO OHH npencTaBAfIOT CTe-

nexnple KOMOWHAUMH BeAMuMH X,, ..., Xx,. Caenoratenbuo,
3aBHCHMOCTb (D) MOXHO MpencTaBHTb B BHAE
’ ’ ~ ’
u=f(%1, %2y «--y %), an

rae £y, ..., X, — Ge3pa3MepHbie CTeMeHHEE KOMGHHAUMH me-
PEMEHHHX Xy, ..., X,

Tlonyuyennbifi BHlle pe3yabTaT OTHOCHTCH X CJyyalo, Koraa
MCXOAHBIE BeAHYHHH X;, ..., X, HMEIOT Pa3MepHOCTH BHAa L%
[MokaxeM, 4yTo OH BepeH Takxke H AR JIOOHX NPYTHX pa3mep-
HocTei.

IMycts umeercs 3aBHcHMOCTb (D), npHyeM u Oe3pasmepHo,
a x4, X;, ..., X, HMEIOT NPOHM3BOJbHLIE PA3MEPHOCTH B
cucteme LMT. Bynem ux paccmarpuBatbh B clicteme L, T. e.
3apHKCHpYeM eNHHHUW MacCh H BPEMEHH, a eJNHHHIY IJIHHH
Gynem cuuTaTh mepemeHtoii. Torna BeAHYHHH X;, X3, ..., X,
6ynyT uMeTb pa3MepHoCTH Buaa L%, T. e. M mpuieM K chay-
4alo, KOTOpbH TOAbKO 4TO paccMoTpenH. [lostomy coraacuo
(11) MoxHo Hanmcatb

U=f(Xy, X3 ..., Xn), (12)

’ ’ ,
rae X, ..., X,—O6e3pa3mepHne CTeneHHble KOMOGHHAUHH Be-

JIHYHH X ..., x.. Ho Tak kak €NHHHIIN MAaCcChHl H BpEMEHH
11 ' n

MB CYHTANH (UKCHPOBAHHWIMH, TO BEJAHYHHH Xy, ..., X, Oy-
AyT Oe3pa3MepHHMH TOAbKO OTHOCUTeAbHO Oautei, VInaue ro-
BOpsA, B HX pa3MepHOCTAX OyneT OTCYTCTBOBaThb cHMBOA L, HO
6ynyT nmpucyTcTBOBaTb CHMBosi M n T.

[pumennB temepp k paBenctBy (12) Takoe xe mnpeoGpaso-
BatHe, xaKoe MH MPHMeHSAH K paBeHCTBY (D), moaydyum

~ » Ld
u=f(xly x!r ety xn)) (]3)
rae X,, ..., X,—BeAHYHHH, pPa3MEPHOCTH KOTOPHX He co-
AepKaT CHMBOAA M (a Taxe L), a conepxar Anwb chmson 7.
IMpu smel, ceny X, GYAYT CTENEHHEMH KOMOMHALHSMH Be-
DHMUHH Xy, ..., Xp, @ TAK KAK MOCAELHHE SBAIOTCA CTemed-
HEIMH GYHKUHAMH HCXOAHWX aPTYMEHTOB Xy, ..., X,, TO KOMGH-
HAUHH Xy, ..., x,, TOXe OyAyT CTemeHHLIMH q)ynxummu ne-
PEMEHHHX Xy, ..., X,
Hakoneu, noeTopHB 5Ty onepauuio ewe pa3, npunem K
paBeHCTBY:

U=f (X1, X3, -oey Xn), (14)
68



B KOTOPOM BCe aprymenTH Ge3pa3vepH. Tpn stom x; y, een
ceny x,, GynyT CTeneHHHMH KOMGHHAUHAMH BEJWNHH Xp, ...

eee, Xn, & CACNOBATENABHO, W CTEMEHHLEIMH KOMOHHAUHSMH ne-
PEMEHHHX X3, ..., X,.

Takum o6pa3om, ecnu u 6e3pasMepHO, TO 3aBHCHUMOCTb (3)
MOXHO npencTtaBHTb B Buae (14), rae Bce aprymeHTH —Ges-
pa3mepHnie cTeneHHule KOMOHHAIMH BEAHYHH X,, ..., X,. Kpome
TOTO, MOKET CAYMHThCR, 4TO 3aBHCHMOCTD (5) HMeeT BHA ¥ =const.

Mockoabky aprymedTw Xry oer, Xu CyTb  CTemeHHHe
KOMOHHAUHY MepeMeHHWX Xy, ..., X,, TO HeKOTOpHe H3 HHX,
BO3MOMHO, BHpAaXalOTCH 4epe3 ocranbhue. [losTomy uncao
He3aBHCHMHX aprymedToB ¢Qynkuuu (14) moxeT OniTh MeHblue,
yem 7, M STy GYHKUHIO Ayylle 3aMHCHBAaTh B BHAe

u=F(8,, 8,, ...).

W3 nokasaunoh TeopeMb BuTekaer (cM. cTp. 22), 4TO ecnH i
HUMeeT MPOHU3BONBHYIO PA3MEPHOCTb, TO 3aBHCHMOCTH

=f(Xy, Xg, .o, x,)

MOXHO MNpeacTaBUTh B BHAe
u=P(x,, x5, ..., x,)F(8;, 8, ...). (15)

3necs P(x,, ..., Xx,)—npousBonbHas cTeneHHas ¢yHKuHS,
MMelowas pa3MepHOCTb BeJHYHHM u, @ aprymedTH &, §,, ...—
GespaamepHHe CTereHHHe KOMGHHALHH  HCXOAHBIX BeJNHYHMH
X eeny X,

MoxHO yKa3aTh 3aBHCHMOCTH, KOTOpPHe KaK 6yATO NpPOTHBOPe-
"aT JoKasaHHoi teopeme. Hanpumep, pa6orta, coBepmaeMas Haealb-
HLIM Tra3oM NpPH H30TePMHUYECKOM paciuupenud, paBHa

A=pVy(inV;—InVy)

¢ 1 oTHOCcHTCA K HaYyalbHOMY COCTOSAHUIO, a8 HHAEKC 2—K Ko-
HeyHoMy). OnHako, ecnu 3anucath ee B Buje

v
A=pV,ln5?,
Vy
TO nox 3HakoM In Gyaer ctosaTh ne pasmepHas BequuuHa V, a Ges-
pa3smepHoe oTHouWleHue V4/V,.
MoxHo npHBecTH 4 GoJee npoctoﬁ npuMep — paBeHC rBO
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Ha nepautds s3rnsa 310 COOTROMENNE WP WBENETC N 33BECHMOCTLIO TRFE
(15), u60 B npasofi uacTIy HaNUCAKKHUrO PABEHCTBA HeT MPOH3BENeHUN
aByx dyukuuN. Ongnako, ecnu 3amucatbh STy PopMyay B BHIe

1 at
s=vgt (l +5 :’.)

70 EPaBaw 2aCTh Oyaer BponiBemesiitest crenexvok PyRKRRE U,f B2
Bexotapylo QyHkiuHio or Geapaimepmoro aprymenia ef/vg.
Anamoruauso o6CTOHT fedo U ¢ GoPMy Ao

c= Y #+b%

Buipaxgiowmedl teopemy IMuparopa. Ee moxno 3anucath B BHAe

s
c=a ]/-I + ( %) .
€. e. TaK, 9To B npapofl wactH Gyner cromrs npon3BeNeHHE BeJHYH-
HH a Ha AEeKOoTOpylo pyuKiHio OoT Ge3pasMepHOro orHoulewHs b/a.
B 970ii TEODEmME peIn BRT EE G TOM, YTC KaAKE3IS 3a-
BUCHMOCTh uMeem 6ué (13), a o TOM, 4TO KANKAYID 3I2BUCHNOCTE
MONCHO 8 9mod opme npedcmasums.

3. HekoTopnie ¢maugeckne kouctautni. Hue npusonsrcs
BHayeHus pana (U3HYeCKHX KOHCTan B eausuuax CU.
I'paBUTaNMOHHAA NOCTOSHHAS

G=667-10"1 4.u%k22,
¥Yexopewwe cnmr THRECTE (ROPMINBMOE)
£=9,807 u/cex®.
AGconoTHuift Hyab TeMmepaTypHOH WIKanu
0°K=—273,15°C.
¥nusepcarsias ra3oBaw NOCTONHRAS
R =8320 0x/kmoab-2pad,
Yucno Asoranpo
N=6,02.10% xmors~3,
[Mocroannas Boabumawna
=R —1,38.10-% dac/zpes.

OGbex ORBOTrO MOSN HAEANBROTO Fasa NPA HOPMAAHLMLIX
ycaoBusx

V =0,0224 u3,
»



CxopocTs 3BYKa B CyxoM Bo3anyxe npu 0°C
v=2330 m/cex
3apsan 94€KTPOHA
e=1,602-10"1 ¢
Macca snexTpOHa
m,=9,108.10"3" xa.
Ynenbnpdt 3apan snexTpona

mi= 1,759 10" k/ke.

e
Macca nporona

m,=1,672-10"%" e,
DNeKTPOHBONBT
1 36=1,602.10"1 gx.
Yncno dapanes
F=9,65-107 x/xmoas.
JlnsnexTpnyeckas NpPOHMILAEMOCTb BaKyyMa
£, =28,85-10"12 gh/u
MarHnTHad NpoOHNUAEMOCTb BaKyyMa
Po=1,257-10"° an/m.
CxopocTb CBeTa B BaKyyme
c=2,998-10% m/cex.
MocTtonxnas [lnauka
h=6,625.-10"34 gac.cex,
TMocroannans Credana— Bonbumana
0 =15,67-10"8 dac/m?. cex-2padt.
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