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MNpenucnosue

Tpuauate JeT Hazajx MHOW0 Obl1a HamuMcaHa HebOJbIIAA
KHHKKa <«EfunHunbl H3MepeHHA (HU3HUECKHX BeJHUHH»,
B 1948 r. oHa BBIJIA BHOBb B MOJHOCTBHIO NepepaboTaHHOM
BHIE W 3aTeM C HeGOJBIIMMH HCINpPaBJEHHSIMH H YyTOuHe-
HHSIMHU fepensfaBatacs B 1949 r. u 1951 r.

He cuuras Gpounopnt O. . XBoJbcOHa, BhimeAuled
B 1887 r., ara Gblna, noxanyi, nepsasi NONBITKA CHCTEMA-
THYECKOTO H3JOMKEHHS pas3IMYHbIX CHCTeM eJUHHL H CIIOo-
co60B nepexoia OT OZHUX eduHull K ApyruM. [TorpeGHOCTh
B TaKOro pozia yueOHOM mocoOHH (a KHHTa Oblja HamHCaHa
HMEHHO Kak yueGHOe mocobue AJ CTYAEHTOB) OblJa B TO
BpeMsi BecbMa Besuka. CTYAEHTH BBIHYKAEHbI OBIIM H3Y-
yatbh cucreMbl CI'C, TexnHuyeckyio (HblHe O0603HauaeMmylo
MKTICC), MTC, MKC, na kpoMe TOro, B YY€HHH 06 3JeK-
TpHYECTBE M MarHeTH3Me pa3GHpPaThCsl B «IPOTHBOPEUHBOM»
‘cHcTeMe pasMmepHocte u exunuy CI'C3 u CI'CM. K sromy
Jobasasnoch OoJblIOe YACAO Pa3sHOOOpPa3HBLIX BHECHCTEM+
-HBIX €HHHIL

TTonoxerue cymecTBeHHBIM 00pa3oM H3MEHHJOCH Mocje
BBeleHdus] MeXKAYHaponHCH CUCTeMEI efiuHUL, 0003HaYaeMo
cumBoaom CH (SI), kortopaa cornacuo TOCT 986761, -
«[IOJKHA TPUMEHAThCH KaK MpejNouTHTeNbHasd BO BeeX
obs1acTAX HAayKH, TEXHUKH H HAPOJHOro X03fHCTBA, a TaKKe
npu rnperogaBaHuu». B cBssu ¢ BBefeHueM MexayHapon-
HOf cHCTeMbl MOXHO Oblio OBl INepeusfaTh YNOMSHYTYIO
KHHTY, BHecsl B Hee HeOOXONNMMBble H3MeHEHHS H JOIOJHe-
nus.. OgHako npeanaraeMas KHHra KOpeHHBIM ob6pasom
oTaHuaercs oT «EAHHUI M3MepeHHAA (QU3HYECKHX BEJHYHH»
H TIpecaeflyeT IpYTHe 1@, O KOTOPBIX peub OyZeT HATH
HHKe.

DeccriopHo, co3JlaHHe CHCTEMbl, OXBAaTHIBalOLled Bce
obnacTy WaMepeHHH H BKJAIOYallel B cebg 6obiloe unucao
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eJMHML, TPUMeHseMbiX Ha MNpaKTHKe, CJAEAyeT paccMaTpu-
BaTh KaK IIPOTPECCUBHBIN 11ar, OJHAKO, 110 MoeMy yb6exkje-
HHIO, 3[1eCb He cJefyer BNajgath B KpafiHoctb. Ecin manu-
uie GOJBIIOTO pas3HoOOpa3usi CHCTEM eJMHHI| co3jlaer 3Ha-
YHTEJNbHbIE HEYA0OCTBa, TO NONBITKA YJA0XKHTb BCE H3MepeHHs
B TNPOKPYCTOBO JIOXKe OJHOH CHCTeMbl BPAA JH CMOXKET
BCEX YOBAETBOPHTb. MexXay TeM IVIaBHBIM, €CJH He eJUH-
CTBeHHBIM TpeGoBaHHeM, KOTOpOe CJeAyeT NPEelbAB/IATE KO
BCSIKOH cHCTeMe e[MHHI, — 3T0 ee yA0OCTBO.

Sl mosHOCTBIO pasfensio MHeHue akajeMuka M. A. Jle-
onropuya (Becruux AH CCCP, Ne 6, 1964) o ToMm, uTo
cicreMa CI'C ponxHa ObITh COXpaHeHa, NMPHYEM He Kak
«JonyileHHas K yNoTpeb/eHHIO», @ KakK COBepIIEHHO NOJ-
HOMpaBHas CHCTEMA.

Jlas psanma uenell NOMKHBI COXPAHHTBCS M JIpyrHe, B
YJACTHOCTH, HEKOTOpble BHECHCTEMHbie eJHHMUbBl H ONAThb-
Taku 110 OAHOH eJHHCTBEHHO! TNpHYHHE — H3-3a NpakTuye-
CKOro yao0CTBa B JaHHOH KOHKpeTHOH o6sacTH.

Ecau 6bl peub wmia TOJNLKO O BOMpOCe BHELPEHHS CH-
cremol CH n coxpaHenuss win HecoXpaHeHMs ADYrux CH-
‘crem (B uactHoctd, cucTembl CI'C), To HamucaHue 3TOH
KHHIH BpSiL Ju ObL10 GBI ONpPaBJaHO M MOXKHO ObLIO Obl
‘OrPaHHYUTLCSl HeGOJILIION XKYPHAJbHOM cTaThbell. DTO TeM
‘60Jlee MOXKHO ObLTO OBl .CHleJaTh, YTO B HacCTOfALlee BpeMf
HMEeTcs PSS CIPaBOYHHKOB, B KOTODbIX COGpAHEI eHHUIBI
[IPAKTHYECKH BCeX CHCTeM M 00./bIIOe HUCAO BHECHCTEMHBIX
exunun *). OcHoBHas 3ajada 9TON KHUIH — Apyras, H OHa
OTpaxeHa B ee 3arjaBHH, O KOTOPOM CJe[yeT CKa3aTh
oco60. BHecenue B 3arsiaBHe KHHI'H CJIOBA «Pa3sMEPHOCTH»
NoJYepKHBaeT TO OOCTOATENBCTBO, YTO HApALy C BOIPOCOM
0 cucTeMax efuHull Goabllioe BHUMaHHEe y[IeJeHO CHCTeEMaM
pasmepHoctel. [lpu 3TOM ¢ camMoro HayaJsa CUHTAl0 HYAKHBIM
NONYEPKHYThb, UTO CJAOBO «Pa3MEPHOCTH» CJEAYET CBA3LIBATh
TOJIBKO CO C/JIOBOM «eJHHMIbI», 3 HE CO CJJOBOM «BEJTUYHHBI.
Kak mHe Kakercsi, B KHHIe JOCTATOYHO yOeQNTeIbHO IOKa-
3aHO, YTO TOHATHe «Pa3MepHOCTh (PU3HUECKOH BEJHUMHBI»
JIMIIEHO BCAKOTQ CMBICA H MOMET NPUMEHATbCH TOJNBKO

*) MOXHO pPeKOMEeHI0BATh BeCbMa NOJPOGHLIA cripaBounuk <Epunu-
bl H3MepeHH# K 0603HAauYeHHs (PHI3HKO-TEXHHUECKHX BEJHUHH», COCTaB-
JICHHLIH KOJIIEKTHBOM aBTOPOB Mox pykosoacTsoM H. B. Kanaunnxosa d
JI. P. Croukoro (Man-so «Hexpa», Mocksa, 1966),



TIPEAMCJIOBHE 7

KaK Pa3roBOPHOE COKpallleHHe IOHATHS «Pa3MEPHOCTb eIH-
HHLbl JaHHOH (PH3UUECKOH BEJHUHHDLI, B paMKaX JaHHOH CH-
CTeMbl eAHHHL». XOTS B KHHIe AJS KPaTKOCTH NOBCEMECTHO
NPUMEHSIETCST 9TO PA3rOBOPHOE COKpalleHHe (yuHThiBasd,
KpoMe KpaTKOCTH, €ro IIHPOKOe paclpOCTpaHeHHe), ero
HCTHHHBIH CMBICT HEOOXOQMMO HMeTb B BHIY.

Jast Toro 4toGel GOpMYJibl pasMEepPHOCTH HE OCTaBasHCh
aOCTPaKTHBIMH, B KHHTe JalOTCA KpaTKHe CBeleHUs O MpH-
MeHeHHH 3THX (opMyJ, B YaCTHOCTH B aHaJH3e pa3MepHO-
cTell U MeToAe nojpobud. DTo NpeacTaBaAseTcss MHe TeM 6o-
Jiee MOJIE3HBIM, UTO YKa3aHHBIE METOAb HaxOAAT Bce Goaee
IIMPOKOe NPHMEHeHHe, a JUTepaTypa IO 3TOMYy BOIpOCY
KpaliHe CKyAHa M He BCerja [JOCTATOYHO JOCTYNHA.

Oco6enno Gosblioe BHUMaHHE B KHUTE Y/EJEHD OGLIUM
HpHHIMNAM ITOCTPOEHHSl CHCTEM eIUHUI KW MeTOoAaM Iepe-
BOAA €IMHHMIl U3 OJHON cucTeMbl B Apyryio. Ilpu paccmorpe+
HHU 0Opa30BaHHsl OTAENbHBIX €IUHHIL § CueJl BecbMa Iefe-
coo0pa3HbIM JaBaTh He CTOJBKO (OpMajbHOE OMpeje]eHue
€JIMHHIb], CKOJLKO 0OBSICHEHHE CylIecTBa H3MepseMoil ¢u-
SHYECKOH BEeJHYHHBI H TOTO, Ha OCHOBE KaKOI'0 H3MepeHHs
ycTaHaBJUBaeTCs JaHHas eIMHULA.

Ilpu moAroroBke pyKOUHCH K I€YaTH BO3HUK/IA CBOEOG-
pasHas TpPYIHOCTb B BhriGOpe OOO3HAYeHMH AJMA PaA3IHYHbIX
BeJuYnH U eauHul. CyliecTBylolide CTaHAapThl H PEKOMEH=
JalMy J2lT JJs8 OAHHX U TeX Ke BeJHYHH pasHbie 000-
3HayeHyus, B 3aBUCHMOCTH OT TOFO, K KaxkuM obJgacTaM
HAaYKH U TeXHHKH 3TH BEJHUHHBI OTHOCATCS.

B knure, oxparbiBalomieil Bce pasaenbt (PU3NKH, NPHXO-
JUTCS MMeTb JAesJ0 ¢ BecbMa OOJBLIMM YHCJAOM BeJHYMH.
"Tloaromy BhIGOp OGO3HaueHMH U3 uHcaa cojepKauluxcs B
pasHbIX peKoMeHAAUHAX, ObITb MOXeT, HMeEeT HECKOJbKO
IPOU3BOJLHLI Xapakrep. 2TOT BbI6Op onpelessieTcs B Oc-
HOBHOM TeM, Kakue 0603HaueHHs B HauOOJbIUEH CTeleHH
NPUHATH B yueGHO#N (usuueckoil auteparype. Tak, B OTJH-
uge ot 0603HaYeHHsA MJIOTHOCTH TOKa O, NPHHATON B 3J€K-
TPOTEXHHUECKOH JuTEpAType, B KHHre, KaK ¥ B OO/NbIIMHCTBE
yueGHHKOB 10 (u3KKe, NpuHATO oGo3Hauenue j. [Tockoabky,
corgacio cymecrsyiowuM [OCT n pekoMenpalusM, AOmy-
CKaeTcsi B3aWMHas 3aMecHa MPOJIMCHBIX H CTPOYHHIX OYKB,
s BHIGpas Te uH3 HHUX, KOTOpble Npe/CTaBlsaHCch OoJee
YA06GHBIMH.
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Haxkonen, ocofo ciefiyeT YNOMAHYTL <BOJALHOCTbY, KO-
TOPYIO 1 JOMYCTHJI B Ha3BanHu H 0003HaUeHHH TEXHHYECKOH
eauHuUbl Macchl. Kak v B npexablayineit Moe#t Kuure, s BMe-
cTo 0603HayeHHS T.€&. M. HJAH onpexeaseMoro ¢opmyJaoi
pa3MepHOCTH 0GO03HAaUeHHsI KaC - CeK?/m TOJb3yloCh PeKO-
MenpoBanubiM npod. M. ®. ManukoBbIM Ha3BaHHEM «HHEp-
Ta» M COKpallleHHbIM oGo3HaueHueMm «u». Ecau, xak 3710
npeanosaraercs, TexHuyeckas cucteMa eaunun (MKI'CC)
6yJeT cO BpeMeHeM MOJNHOCTbIO JHUKBHAMNDPOBaHAa, Bompoc 06
of603HauYeHHH eNHHHIbI MacChl B 3TOH cHCTeMe caM cOOOH
ornager. Ho moka cuerema He BbIIJA H3 OOHMXOJA, MHE
npejcrabasgercs Gojee yAOOHBIM HMeTb CNEHHabHOE HaH-
MEHOBaHHe JJf eJMHHUB TakOH Ba)KHOH BeJHUYHHBl, Kak
Macca.

He craBa mepen cobofi 3apaun cosnanust CnpaBOYHHKA
No €AHHUIAM, f BCe K€ BKJIOUUA NOBOJLHO Goabluoi Tab-
JIHYHbIFI MaTepHaJs, KOTOPbIH MOMKEeT OKa3aThCHA I[0JEe3HbIM
npu NpakTHuYecKOH pabore.

B kakofi Mepe ‘MHe yZanoch paspelliiTbh BCe Te 3ajauH,
KOTOpble 51 MNOCTABHJ Inepef cobofi NpH HaMHCAHUM 3TOH
KHUTH, CMOTYT CYJUTb YATATENH.

O Bcex 3aMeéuaHHsX ¥ HeNOCTaTKaX MPOIY COOGIIUTHL
B 'naBHyl0 pefakuuio (QH3HKO-MaTeMaTHUECKOH JHTepaty-
pbl usnartenncTBa «Hayka» no aapecy: Mocksa, B-71, Jle-
HHHCKHE NPOCHeKT, 15,



F'masa 1

O6umHe NOHATHA O CHUCTEMaX OCHOBHBIX
U NPOHU3IBOAHBIX €JIHHHI

§ 1.1. dusnueckne BeAMUHHBI H eAMHHLB HX H3IMepeHHS

[loBceaneBHO HaM NPHXOAMTCH HMETh JeJO CO BCEBO3<
MOXHBIME u3MepeHHSMH., MaMepeHus TakuX BeIHYHH, KakK
IJiMHa, niolaies, o6beM, BpeMs, BeCc BCTpeyaloTcst Ha KaxK-
JOM LIar'y M HM3BECTHHl UYEJOBEKY C He3anaMATHBIX BpeMed,
Be3 HHX HeBO3MOXKHB ObLIH OB TOProBJs, CTPOHTEJLCTBO
3JMaHul, pa3fen 3eMJH H T. 1.

. OcobenHo BeJHMKO 3HaueHHe H3MEPEHHH B TeXHUKe M
HayqHOM HcciefloBaHUH, Takue Hayku, Kak MaTeMaTHKa,
MexaHHKa, ¢#u3HKa, CTaJu Ha3blBATbC TOYHBIMH HMEHHO
OoTOMY, uTO G6Jarofapst - H3MepeHHSIM OHH NOJYYHJIH BO3-.
MOXKHOCTb yCTaHaBJ/UBaTb TOUHBIE KOJH4YeCTBEHHbIE COOTHO-
HIeHUsi, Boipaxamwoliine 06 beKTUBHbIE 3aKOHBI IIPHPOABL.

Hepenko pesy/ibraT H3mepeHHH, NMPOH3BEACHHBIX B TOM
WIH HMHOM HAYYHOM ONbITe, NaBaJ pellaloluid OoTBeT Ha
DNpHHUMOKAJbHBIA BONPOC, TOCTAaBJeHHBIH HAayKOH, M03BO-
JsJ1 caenaTh BbIGOp MexXAy ABYMSI TEOPHSIMH, a mojyac
Jlaxke TMpHBOAHJI K BO3HHKHOBEHHIO HOBOH TeOpHH HJIH
Jlaxe HOBOH oTpacidd Hayku. Tak, Ha3MepeHHe CKOPOCTH
pacnpocTpaHeHus CBeTa B pasJuyHbIX cpedax CrocobeTBoO-
BaJIO YTBEPXKIEHWIO BOJHOBOH TEOPHUH CBETa, MOMBITKA H3:
MepeHHs CKOPOCTH abCOJMIOTHOrO JBHIKEHHST 3€MJIH NPHBEJNA
K BO3HHKHOBEHHIO TEOPUH OTHOCHUTEJbHOCTH, H3MepeHHe
pacnpelejeHHs 3HepPTHH B CmekKTpe abCOMIOTHO 4HepHOTO
Te1a MOCAYXKHJIO NPUUYHHON 3apOXKICHHA KBAHTOBOH TEODHH.

Hu oama orpacib TeXHHKH, HauHHAs OT CTPOHTENLHOH
MexXaHHKH d [0 CJAOXKHbIX XHMHYECKHX N[POH3BOACTB, OP
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paJIMOTEXHUKH M 1O ANEPHOH SHepreTHKH, He Morjaa Obl Cy-
LlecTBOBaTh 6e3 pa3BepHYTOH CcHCTeMBl H3MEpeHHH, ompe-
JleJdoel pasMepbl H CBOHCTBA BHIYCKAaeMOH NpPOJYKUHH,
yCTaHaBAHBaIoIllel YCJAOBUA KOHTPOJS Haj MeXaHM3MaMH H
Hpoleccamy,

Oco6edno BO3pocaa pPOdb H3MepeHUH B CBfI3H C pass
BHTHEM aBTOMATHYECKOro YIpaBaeHHs, TaK KaK aBTOMAaTH-
YecKHe CHCTeMbl W CUETHO-pellalolive YCTPOHCTBa JOJIKHbB
noJgy4yaTh B KauyecTBe HCXOAHBIX [JaHHBIX HHQOPMaLHIO O
PasIuYHLIX BeJHYMHAX, OMNpPeIEeNAOIIHX XOX peryJjaupye-
MOTO Tpouecca: TeMIepaType, AaBji€HUH [a3a, CKOPOCTH
IIOTOK& XHAKOCTH U T. Nl.

OrpoMHoe pasHooOpasue aBAeHHH, € KOTOPLIMH MNpH-
XOLMTCS BCTpPEUaThcA B TEXHUKe W HAYUHOM HCCJIe0BaHUH,
Jle1aeT COOTBETCTBEHHO BeCbMa LIMPOKHM H KDYT BEJHUYHH,
nojJexaimux uaMepenuio. Hanpsixkenne B 3jeKTpHueckKoil
€eTH, BA3KOCTh CMa3ouyHOTO Macjaa, yInpyrocTb CTajH, MOKa-
3aTe]b NpPEJTOMJEHHA CTEK/Ja, MOIIHOCTb [BUTATeNAs, CHJa
CBeTa JaMOBl, [JHHa 3JEKTPOMarHHTHOH BOJHB pajfHo-
CTaHIVH, — BOT JHIOb HEKOTOpHlEe U3 OecYHCJeHHOTO MHO=
JKeCTBa BeJHUMH, MOABEPraloliuXcs U3MEPEeHHIO B Hayke H
TEXHHKE.

UpesBuiyaliHO Pa3HOOOPA3HBl TaKXkKe M MeTOAbl H3Mepe-
Huil. IlpocrTble MepuTelbHble JHHEHKU M CJAOXKHBIE ONTHYE-
cKkHe npubopH CJOYXKaT OAS H3MEPEeHHs [JINHBI, MarHHTO-
3JEKTPUUECKHE, 3JEKTPOMAarHUTHBIE U TeNJaoBble NpHOOPHI
U3MEpSIIOT HanpAXKeHHe H CWJIY TOKa, MaHOMeTPHl pasiuy-
HBIX THHOOB H3MepslOT AasjeHune ¥ T. A. OJHAKO He3aBH-
CHMO OT MPHMEHSIEMOTO Crocofa BesiKoe UaMepeHHe Jio6oH
* (pu3MuecKONl BeJUUHHBl CBOAUTCA K CPaBHEHHIO JaHHOH Be-
JUYHHBL ¢ JApyro nopoGHo#i, npuHaATOl 3a exununy. Tax,
HanpuMep, u3Mepsig IJAHHY CTOJMa, MBI CpaBHHBaeM 3Ty
JUIMHY C JJIHHOM APYroro TeJa, UpHHATOH HaAMU 33 eIMHHIY
ANuHBl (HampUMeEp, METPOBOH JMHEHKH); B3BelIMBas KYCOK
xne6a, y3HaeM, BO CKOJbKO pa3 ero Bec GOJbUIE UIH MEHbs
e Beca JPYroro Teja — ONpelesNeHHOH eHHHUHOH THPH,
KHJIOTpaMMa» HIH «IrpaMMmas,

Hameputh Kakyw-1ub0 BeJHYUHY — 3TO 3HAUHUT, CJAELO0-
BaTeJbHO, HaliTH OTHOINEHHEe JaHHOW BEJHUHHBl K COOTBET-
CTBYIOLLEH elHHULE H3MepeHHs. JTO OTHOLIEHHE H SIBJseT-
¢s1, O4EeBUAHO, MEpPOH HHTepecyloUlel HAac BEJIHYHHEL,



§ 1.1] BEJIMYMHBI U EJMHHLB UX U3MEPEHUA 11

Tax Kak camMoe NOHATHE «GOJbIIE — MEHbIIE» NPUMEHH«
MO JIMIIb K OJHODPOJAHLIM BEJIHYHHAM, OYEBH/HO, UTO U CPaBs
HHBATh MOXKHO TOJbKO OJHOPOAHBIE BeduuuHbl. MoXHO
CpPaBHUBAThL BBICOTY 3JaHHSl C PacCTOSHUEM MeXAy Fopo-
JaMy, CWIy HaTIXKeHHs NPYXKUHBI ¢ BecOM (T. €. CHJIOH Tsi«
JKeCTH) THpH, HO OeccMBbICIEHHO CTABUTb BOMNPOC O TOM,
npeBbIIIAET JIM CKOPOCTb NOE€3Aa JJIUHY KapaHujaiila, HIH
o0beM CcTakaHa — Bec uepHHAbHULL. CTOMb Ke Heseno,
pa3yMmeeTcsi, MbITATBCA H3MEPHTb CKOPOCTb €JHHHUIEH Mac-
Cbl HJM TJOLIAJb — eIHHHIEH CUJIBL.

Muisi Toro 4TOGE M3MepeHHe HMesJ O ONHO3HAUYHMIH Xa<
pakTep, He0o6XOAHMO, UTOOBl OTHOLIEHHe HABYX OJHODOAHLIX
BEJHYMH He 3aBHCEJNO OT TOTO, KaKOH elMHHNell H3MepeHB
3TH BeauuuHbl. Ilogaeaswilee OONBIIUHCTBO (UIHUYECKHX
BEJIMYUH YNOBJETBOPSIET 3TOMY YCJOBHIO, KOTOpOe OOBIUHO
HasbIBAlOT YCJIOBUEM aOCOAFOTHO2O 3HQUERUA OTHOCUTeAb
HO20 KoAudecTsa. DTO YCJIOBHE MOXKeT ObiTb COOMIOAEHO
IpH HAJIMYHH N0 KpaliHeld Mepe NMPHHUUMHAJBHOH BO3MOXK-
HOCTH TdaKOTO KOJHYeCTBEHHOTO CpaBHEHUSI [IBYX OLHOPOJ-
HbIX BeJHMYMH, B pe3yJbTaTe KOTOPOro MNoJydyaercs UHCIO,
Bblpa)kalolllee OTHOIIEHHE STHX BEJHUYHH.

Bcerpeuatores, ognako, nojyac Takde CBOCTBA, KOTO<
pble He yJaercsi OXapaKTepu3oBaTh BeJIHYHHOH, yAOBJETBO=
pAloLed ykazaHHOMYy TpeboBaHHIO. B 3THX cayuasx BBOAAT
HEKOTOpDBIE YCJIOBHbIE YHCJOBBIE XapaKTepHCTHKH, KOTOpHIe
yKe Hesb3si paccMaTpPUBATh KaK elMHuUbl u3meperus. C pas-
BUTHEM M3MEpPHUTENbHON TEeXHHKH HHOrjla BO3HHKaeT BO3-
MOXKHOCTb 3aMEHbl TAaKUX YCJIOBHBIX XapaKTepUCTHK Ha-
CTOSIIHMH elMHULlaMH W3Mepenusa. Tak, Hanpumep, Aad
onpe/e/eHus CKOPOCTH BeTpa paHblie CJYyXKHJIa YC/I0BHAs
IKaska «cuiapl Berpa» bBodopra, KoTopyio 3aTeM 3aMeHHIH
H3MepeHHeM CKOPOCTH BeTpa B MeTpax B CeKyHAy. B Ha-
cTodlllee BpeMsi KaxjaoMmy Oanay wkanibsl bodopra npuse-
JleH B COOTBETCTBHE ONpeleJeHHbIl HHTepBajd CKOPOCTH
Berpa. K uHcay Takux YC/JIOBHBIX BeJUYHH OTHOCHTCA U
TBEpPJOCTh MaTepHa/oB, AJs CpaBHeHHs KOTOpPOH cyulecT-
BYIOT pa3iMuHble IUKaJ/bl, MeXAy KOTOpbIMH, KCTaTH CKa-
3aTh, HET Ja’Ke BIOJHEe OZHO3HAYHOTO COOTBETCTBHUS. XOTH
3TH YCJOBHble UYHCJEHHbIE XapaKTepPUCTHKH (PU3HUeCKHX
CBOHCTB H He SBJSIOTCA eAMHHLAMH H3MepeHHs, Mbl A1
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nofctBa uuTatrens Hanbojee ynoTpeOUTeNbHbIE H3 HUX
{KJIIO'-IPIJII/I B HACTOALLYIO KHHTY.

Bonpoc o ToM, Kak OnpemeNuTh €IWHHHIY H3MepsieMOR
BEJIHYHMHBI, BOOOLIE TOBOPS, MOXeET ObITh pellleH NPOU3BOJb-
fo. W jeficTBHTENbHO, MCTOPHA MAaTepHaNbHOH KyJbTYpHE
3HAeT rpoMajHOe YHC/IO pasHooOpasHBIX eluHHUI, B ocobeH-
HOCTH JAJA H3MepeHHs IJHHBE, nJaollaai, obbeMa H Beca.
JTto pasnoobpasue eIHHHI COXPaHHMJOCh B HEKOTOPOH CTe-
NeHy W A0 Hallero BpeMeHH.

Haauune Soapworo uncna pasHooGpasHbIX eAHHHL CO3-
AaBajio, €CTeCTBEHHO, 3aTPYAHEHHS B MEKIYHapPOZHBIX
TOPrOBHIX OTHOIIEHUSX, OOMEHEe pe3yJbTaTaMH Hay4YHbIX
HCCTe0BaHuil U T. I. BceaencTBHe 3TOTO YYGHble pasHbiX
CTPaH HBITAJUCh YCTAHOBUTbL OOILHE €NMHHILI H3MepeHHH,
KOTOpHe RelicTBOBaJsiM OB BO Bcex crpamax. Ilpm stom, pa-
syMeeTcs, He CTaBUJACh 3aja%a JJs KaXKAOH BeJHUHHDE
YCTaHABJIHBATh OJHY-€AMHCTBEHHYIO emuHHLY. Ilockoabky
Ha NpakTHKe NPHUXOAHTCA BCTpeuaTbess ¢ GOJMBLUIMMH M Ma-
JbIMH 3HAYEHHSIMH H3MEPsieMBIX BeJUYHH, LeJecoobpa3Ho
OLII0 HMeTb COOTBETCTBEHHO €JMHHIBI pAas3JUYHOTO pas-
Mepa — KpYNHble H MeJKHe, ¢ TeM, OJHAKO, yCJOBHEM, UTO-
0Ll mepexox OT OJHHX eJIHHHI K APYTHM OCYylecTBAAJACA
BO3MOKHO Gojee mpocto. TakuMu eAWHHIAMU CTajdH enH-
HHUIlbI MeTPHYECKOH CHCTeMBI Mep, CO3JaHHOH B 5IOXY
®panuy3cKodl peBOJIOLUHMH, CHCTEMBl, KOTOpas IO MBICJH
ee aBTOPOB JOJKHa OBlJla CJAYXKHTb <«HA BCe BpeMeHa,
JJIs Bcex Hapojos» («a tous les temps, & tous les peu-
plesy). '

C cepenunmt XIX B. MeTpuueckas cucremMa crajaa IiH-
POKO pacnpocTpaHsiThesl, OblJa Y3aKOHeHa NOYTH BO Beex
CTpaHax W JieTJla B OCHOBY TOCTPOEHHS €HUMHHUI, CIYyKallHX
MBS U3MEPEHHSI pas3JIMUHBIX BEJHUYHH B (PU3HKE M CMEKHBEIX
naykax. OT/JHUATEIbHBIM CBOHCTBOM METPHUECKOH, WJIH,
KaK ee MHOrJa HasbiBaloT, NEeCSiTHYHOH CHCTEMBI Mep, SB-
JsfeTcs TO, YTO pasHBle €JWHHHBLl OJHOH M TOH Ke BeJ-
YHHB OTHOCATCA JAPYr K JAPYry Kak nensle {MOJOMXKHTENb-
Hble WIH OTPHUATe/ bHbIE) CTENeHU J1eCsTH.

" HecmoTpss Ha sBHBIE npeMMylUecTBa M YAOGCTBA Me-
TPHHYECKON CHCTeMbl, Hapsay ¢ Hed B psiie CTPaH MpuMe-
HAIOTCS CBOM, MecTHbie eauHnns, a B Auraup, CHIA »n
HEKOTOpPHIX APYIHX CTPaHaAX [0 HACTOALIEIO BPEMEHH -MeT-
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pHuecKasi cHCTeMa He fBJfAETCA TOCYHapCTBEHHON M HC-
N0Jb3YyeTcs, U TO He Bcerja, JHIb B HayuHBIX paborax.
To o6cTOATETILCTBO, UTO A HU3MepEeHUS ONHOH W TOH
JKe BeJHUYMHBI NPHMEHSeTCH HEeCKOJbKO eAMHHNL, Tpefyer
YMEHHS MepeXOAuTh OT OJHHX eNuHHL K ApyruM. Huaue
rOBOpsi, HYXKHO YyMeTb ONpejleisiTh YHCJIO, H3Mepsioliee
JNaHHYIO BEe/AHUYMHY OJHOH eJHHHLEH, eC/IM H3BECTHO YHCIO,
usmepsomee ee apyror. Ecnu pannas seanumsa A, 6y-
Iy4d HU3MepeHa eAUHHLEN o, AaeT UYHCJAO @i, TO MOXHO

HanucaThb

4 a

a I
Ecan npy usMepenust 1oii xKe sejuuuHsl A efHHHUEH alp MBI
NOJNYYHM YHCJO @z, TO COOTBETCTBEHHO

4_,
(¢ 23 Bt
HJIH XKe

A = a[al = 02a2.
CpaBHHBaH 3TH BBIpaKeHHsA, MOXKeM Hanucartp

ag ®y
et (1.1)
3ta ¢dopMmyna BhiparkaerT XOpPOUIO H3BECTHOE HOJONKe-
HUE, YTO YHCJIEHHOe 3HauyeHde GH3WUeCKO BENHYHHL U XU+
HMLa ee M3MepeHHs HaxOAATCS B OOPaTHOM OTHOLICHHH,
T. €. BO CKOJbKO pas KpynHee efXUHHUIA, H3MepsIONlas 1aH-
HYI0 BeJHUYHMHY, BO CTOJIBKO pa3 MeHblle YHCJAO, KOTOPHIM
2Ta BeJHYHHA BbipaxkaeTcs. Tak, Hanpumep, ecCjld poct He-
JIOBEKa, W3MEPEHHBIl B CaHTUMeTpax, BHIPAXKaeTcH UHCIOM
175, TO TOT Ke pOCT, M3MepeHHHIl B AeuHMeTpax, OyAer
BbIpaxkaThCsl uuciaoM 17,5, JTo mpocroe MOJOKEHHE MHO-
rue 3a6bIBaIOT, KOTAA peub HAeT 0 GoJee CIOKHBIX U MeHee
3HAKOMBIX BeJHUYHHAX.

Jlsns toro utoBbl He 3a6biBaTh 3TO OGCTOSITENbLCTBO, HE-
06XOHMO TBEPAO YCBOHTB, YTO CHMBOJBI, CTOsLIHe B (op-
MyJie, TIPeACTaBJaAIOT cO00i He cCaMH BEJHYHHB, a 4YHCAA,
KOTOPBIMH 3TH BEJUUYMHBI BhIpa)ieHbl NPH H3MePEeHHH TOH
Wiy uHOM enunuies. Yto6u GopMyasl HMeaH OOIMIHHA cMblc,
PSIOM C CHMBOJIOM YHCJA, BbIpakawllero AaHHYIO BeJH-
YHHY, CTaBAT CHMBOJ eJMHHMIB, KOTOPOH 3Ta BelHYHHA
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u3Mepena. Tak, HampuMmep, Mbl THILEM: <«POCT Yea0BeKa
paBeH 17,5 Om», uiu xKe «pOCT uejJOBeKa paBeH 175 ca».
Bripaxenus 17,6 dm u 175 cm mpencrasasior co6oii pas-
HOlUeHHbie 0603HaueHHs OfHOH M TOH e mauubl. [TosTomy
MOZKHO HanHcaTb

17,5 0m =175 cx.

§ 1.2. TIpamble H KOCBeHHbIe H3MepeHHUs

Kak Mbl yxe rOBOpW/IH, BCAKOE H3MepeHHe 3aKJKvaer-
csi B CPaBHEHHH MAaHHON BEJMYHHBI C ApYroil, OJHOPOJHON
BEIMYHHOH, NpUHATOH 3a exununy. O[HAKO [ajeko He
Bcerja TakOe CpaBHEHHE NPOH3BOANTCA HEMOCPEACTBEHHO,
B GosnbmuHcTBe ciyuaeB H3MepsieTcsl He caMa HHTepecylo-
11as Hac BEJHUHHA, a ADYrHe BeJUUHHB], CBA3aHHBIE C HEI
TeMH HJAH HHBIMH COOTHOLIEHHSAMH M 3aKOHOMEDHOCTAMH,
Hepenko nna wusMepenusi AaHHOH BeJMYHHBI TDPHUXOAUTCS
npeaBapHTeIbHO H3MepHThb HECKOJIbKO ApPYTHX, MO 3Haue-
HHIO KOTOPBIX BBIYMCJAEHHEM ONpenesisieTcs 3Hau€HHe HCKO-
Molt BeqHunnbl. Taxk, AJaa onpegeneHHs VyAeJbHOLO Beca
H3MEPAT 06beM TeJa U €ro Bec, JJs ONpefeseHus CKOpo-
CTH — NPOHeHHBIA NYTb U BPEMSI U T. A.

B cOOTBEeTCTBUHM €O CKa3aHHBIM BCe H3MepeHHA MeJArT
Ha npsMble H KOCcBeHHB e, OObIYHO Npu 3TOM K NIps-
MbIM OTHOCHT TaKHe, NPYW KOTOPBIX HHCJACHHOE 3HaueHHe
U3MepaeMOl BeNMUMHB NOJyUaeTcst B pe3dyJbTaTe OMHOTO
HabM00eHHa WJIH oTcyera (HanpHMep, MO 1IKajle H3MEpH-
TesqpHOro npubopa). Onnaxo, no cyulecTsy, B 60JbIIKHCTBE
TAKUX CJAyuaeB TakxkKe HUMeeT MeCTO He IPAMOe H3MepeHHe,
a KoceHHOe. JlefcTBUTENbHO, pasjHuHble H3MepHTEeJbHbie
npuGOpH  (BOJILTMETpPLI, aMIePMETPhl, TEPMOMETPH], MaHO-
MeTpBl M T. I.) [al0T MOKa3aHHs B JeAeHuAX ILIKajbl, Tak
4TO MBI HeNOCpeACTBEHHO H3MepseM JHUIb JHHEHHble WJIH
yIJIOBble OTKJIOHEHHS CTPeJKH, YKasbBaimlliye HaM 3Haue-
HHE H3MepseMOH BeJMUWHBI, Yepe3 MOCPEIACTBO pAAa Mpo-
MEXYTOUYHBIX COOTHOIUEHHH, CBA3LIBAIOUIMX OTK/JIOHEHUE
CTpesIKH ¢ H3MmepsieMoil Benuuunoll. Tax, HanpuMmep, B Mar-
HHTO3JIEKTPHUECKOM aMIOepMeTpe MariuTHOe ToOJe, ompe-
nJensdemoe (opmMOil M pazmMepaMH PaMKH H IPOTEKAIOINHM
no Hefl TOKOM (KOTOPHE W NOMJIEXKHT H3MepeHHIo), B3au-
MOJEHCTBYsl ¢ MAariMTHBIM T0JeM MarsuTa, CO3JaeT Bpa-
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AU MOMEHT; ITOCJEHEMY NPOTHBOLEHCTBYET MOMEHT
MPYMKHUHBI, 3aBUCALIMI OT ee MeXaHHYeCKHX CBOHCTB, H
paMKa NOBOpaYUBaeTcs Ha yroJ, NpH KOTOpoM o6a Mo-
MeHTa ypaBHOBewMBawTCA. TakuM 006pa3oM, H3MepeHHe
3/JEKTPUYECKOH BEJHYUHBI — CUJIBI TOKA Yepe3 psjg Ipome-
JKYTOYHBIX 3BEHbLEB CBOJUTCSl K YIVIOBOMY HJIH JIHHEHHOMY
H3MepeHHUIo *).

XapakTepHO TNpH‘ 3TOM, YTO CBeAeHHe H3MepDeHHd pas-
HOOOpa3HBIX BEAHYHH K JUHEHHBIM U YIVIOBHIM H3MEpeHHAM
HMeeT MecTO B MOAaBJAIOINEeM OOJbIIHHCTBE H3MEpHTe/b-
HBIX NpHOOpPOB. DTO He CJAy4YalHO, NOCKOJBKY HauboJee
pPa3BUTHIM U3 HaUIHX YYBCTB SBJAETICS 3peHHe, HauboJee
HarJsioHel H yAOOHBI Ui HAC CpaBHEHHUS BeJHUHMH, KOTOpble
Mbl HENOCPeLCTBEHHO BOCNpUHMMaeM 3peHueM. Takumi,
€CTEeCTBEHHO, SIBJSIOTCS MNPOCTPAHCTBEHHbIE B2JIHUHHBI, B
nepByio odepeipb AJuHBL # Yrael. OGBIYHO TaM, Tle He Tpe-
OyeTcst 0c0060 BHICOKOH TOYHOCTH, H 32 HCK/IIOYeHHeM OueHb
MaJblX 4 OYeHb GOJBLIINX AJMHMH, AUHEHHBIE U3MepPeHUs Npo-
H3BOMSITCH NPHAMBIM CpaBHeHHeM H3MepAeMOH AJHHBI ¢ TOH
HWIH HHOH MepKOH; NpPH 3TOM OnNpele/sieTcsi, CKOJIbKO pa3s
3Ta MepKa YJOXKHTCH B JNaHHOH AjuHe. TOUHO Tak Xe H3-
MepeHHe yria MoxeT ObTh IPOH3BeLeHO HAJOXKEeHHEeM MOoi-
XOAflled YIViOBOH MEpKH.

OnHako AJHHBl M YTVl OTHIOAh HE ABJSHIOTCA €IHHCTBEH-
HBIMH BeJHYUHAMH, KOTOpble MOMKHO H3MEpPATb Hemocpes
cTBeHHo. Msmepenue maomaju MomxeT OHITh NPOU3BEAEHO
HajoXeHHEM Ha H3MepaeMyIo MNJAOIIaAb COOTBETCTBYMOIINM
06pa3oM BhIOpAHHOH eXMHHIB MJIOLLAAM, HANPUMEp B BHAE
KBajpaTa HUJu TpeyrojbHuka. s uamepenus o6bema
JKHIKOCTH MOXKHO BOCHOJB30BATbCH KAKHUM-THOO cocynom,
o6beM KOTOPOro HpPUHAT 3a enuHHiy. [IpomexyTku Bpeme-
HH MOTYT ObITb M3MEPEHBl MPSIMBIM CUETOM YHC/Aa NEPHONOB
Kagoro-iinGo NepHoLHUECKH uyepelylollerocd mpoliecca (Ha-
npHMep, KauaHus MasTHHKA WU CMEHbl IHS M HOYH).

OpHako W Mg KW3MepeHUs] YKa3aHHBIX BeJHYMH 4YacTo
OPUMEHSIOT KOCBEHHBIE METOJBI — H3MepeHus IJomaned Hu
o6beMOB  CBOAAT K  JIMHEHHBIM HM3MEepeHHsIM, BpeMs

*) Hanuyue ImyHTa BBOJUT [JONOJIHUTEIbHOE MPOMEXYTOYHOE 3BEHO
MeXAy MOAJEXKAlIUM H3MEPEHHIO TOKOM H HENOCDEJCTBEHHO H3Mepse-
MBbIM OTKJIOHEHHEM CTPeJIKH,
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OTCUHTHIBAIOT N0 HH(pep6aaTy yacoB (ONATb-TaKH JIMHEAHbIE
WaH yrjoBeie Mephl!) U T. A. Ecau e o6paTuThcst K APyruM
BeJHUYHHAM, TO MOXHO 6e3 Tpyla OOHApYXKHTb, 4TO A%
-GOJNBHIMHCTBA H3 HHX Mbl B Hacrosllee BpeMs U He paclo-
JaraeM MeTORAMH NPAMOTO HeMOCPeACTBEHHOTO H3Mepe-
HH4, a noJab3yeMcs JHOO choenHa’bHbIMKH TpHGOpaMH, KO-
TOpble H3MEHEeHMs NaHHOH Be/JIMYHHbl NMEPEeBOAST B H3MeHe-
HHe JApyrux BeJuYHH (B mojaBisiioileM GOJbIIHHCTBE
cayyaes JJIHH H YIJOB), JHGO pPSAOM IPOMEKYTOUHBIX H3-
MepeHHH, W3 KOTOPBIX HCKOMas BeJHYHHa [oJyuaercd ny-
TeM BbIYHCJIEHUH.

W3 Toro ¢axra, YTO MpaKTHUECKH BCE H3MEPEHHS MOTYT
OblTb CBelleHbl K JHHeHHLIM, OTHIOAb He CjAellyeT, YTO CaMu
H3MepsieMble BeIHUMHLI YTPAauHBAIOT CBOI0 KayeCTBEHHYIO
OCOGCHHOCTb M CBOAATCA K AJjuHe. B HeHCTBUTENBHOCTH,
9TO JIUWIb O3HAuaeT, YTO NOCKOJbKY Bceé HabjojaeMble B
ApUPOJie ABJIEHHA [POTEKalOT B TPOCTPAHCTBE, KaxKaoe M3
HUX MoKer "OBITH OTPaXKeHO COOTBETCTBYIOIIMM NpOCTpaH-
CTBEHHBIM TepeMellleHHeM (paclIMpeHWe PTYTH TepMo-
MeTpa, NMOBOPOT PAMKH 3JIeKTPOHM3MEpHTEeNbHOro mnpubopa,
OTKJIOHEHHEe NyyKa 3JeKTPOHOB B ocmuianorpade u T. 1.).

§ 1.3. OcHoBHbie U NPOH3BOAHDIE €AHHHULbI

BoJblIHHCTBO MpeXHHUX eNHHML, YCTaHaBJAWBAJOCh, Kak
NpaBUJIO, COBEPLIEHHO He3aBHCHMO Apyr oT apyra. Mckao-
YeHHe B psAle CAydaeB COCTABAANM JHIb eJHHHIBL AJIHHBL,
naowans u ob6bema. Hao6opor, ocHOBHOH 0COGEHHOCTBIO
COBPEMEHHMX eJHHHI fBJAETCS TO, YTO MEKAY eJMHHUAMH
pasHbIX BeJIHUHH YCTAHABJAHBAIOTCS 3aBHCHMOCTH, ONpefe-
JseMble TeMH 3aKOHaMH WJH ONpeJeNeHUsIMH, KOTOPBIMH
CBSI3aHBI MeXAy co60H uaMepsieMble BeJMYHHB. TakuMm
06pa3oM, U3 HECKOJBKHX YCJOBHO BHIGHpaeMbIX TaK Hasbl-
BaeMBIX OCHOBHBIX eJHHHL CTPOSATCS MPOU3BOAHbIE
C€IVHHIBL.

TTockosbKy npu KOCBEHHBIX H3MepeHHSiX 3HaYeHHE HCKO-
MOH BENHUMHBl OTpeAe/sieTcs Mo 3HaUYeHUAM APYTHX, CBA3aH=
HBIX ¢ Hell BeHYHH, CYIECTBYET BO3MOMKHOCTb YCTaHOBHTb
COOTBETCTBYIOILYIO CBfI3b U MEXIY eAHHHUAMH H3MepeHHs.
Te coorHoLIeHHsI # 3aKOHOMEPHOCTH, KOTOpBle ONpene/sioT
YCJIOBHA KOCBEHHOTO H3MepeHHs, MOTYT, OYEBHAHO, CJAYKHTh
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M I YCTaHOBJEHHS CBSi3H MeXJY OCHOBHBIMH M THPOHUS-
BOJHBIMH efIHHUIIaMH.

Has Toro 4ro6bl moKa3aTh, KakKUM 06Pa3oM 370 ocylle-
CTBJISI€TCH, OCTAHOBHMCS NpeXKJe BCer0 Ha BONPOCE O TOM,
KakoH CMBICA ClefyeT NpHAaBaTh (OpPMYJaM, BbIpaxal-
HIuM CBfA3b MEXAY pPasTHYHBLIMM (PH3HYECKHMH BeJHUYHHAMH.
Jli060e CcOOTHOIIEHHe MeXKAY BelMuHHAMH, GyAb TO 3aKOH
HpUPOIBI MJH ONpefeseHye HOBOH BeJHUMHBLI, NOKAa3HIBAeT,
KaK H3MeHseTcss [aHHas BeJHUWHa NpPH H3MEHEHHH ApY-
rMX, ¢ KOTOPbIMH OHa cBsi3aHa. Bo3bMeM 178 npHMepa
CBASH MeXAy INIOILAAsSIMH reoMeTpHuyeckux GHIyp U HX
JUHEAHBIMH Pa3MepaMH, YCTaHaBJHBAEMYIO TeOPeMOH «OT-
HOLIeHHe TJIolLajell reoMeTpuHuecKH MOLOGHBIX GUTYyp paB-
HO BTOPOH CTelleHH OTHOUIEHHS! HX COOTBETCTBEHHBIX JIH-
HEeHHBIX pa3MepoB». IJTa CBA3b MOXKeET ObITh 3amHcaHa

B CJIe,lIYIOLHeM BHjae:
s (k)
. _(12) . (1.2)

Ecnu noa cuMBosiaMH Sy, Sz, [ W ly TIOHHMATb COOTBETCT-
ByloliHe BeJHUYHHB, TO KOHKPeTHHIH (GH3NYeCKHH CMBICA
OYAYyT HMeTb JIHIUb OTHOWIEHHS S;/Se M Ii/lo. PopmanbHO
(1.2) moxuno mepenucaTb B BHAE
2
s 1
AL (1.2a)

2
) ly

HO Tipu 3ToM (opMyJia YTpauHBaeT CMBICJ, COAeprKalllUica
B (1.2). HefictBuTenpHO, eciu BTOpas cTenedb uucaa li/ls,
NpeacTaBisiiollero OTHOWIEHHE NAUH /i M I3, SIBJASETCS TaK<
e onpefeJeHHbBIM YHCJAOM, TO BTOpPAas CTeNeHb AJHHH,
T. €. NPOM3BeJeHHe AJMHHBI Ha JAJUHHY, He HMeeT HHMKaKOro
CMbICJIA.

Hnaue oBcTouT A€0, €CAM CUHTATh, UTO CHMBOJbI, BXO-
nawue B popmyay (1.2), o6o3gauaioT He caMH BEJHYHHbI,
a 4HCJ a, KOTOPBIMH 3TH BeJIAUHMHBI BbIPAXKaloTCs NMPH TOM
WIH HHOM BbIOOpe eNHHUL H3MepPEHHS COOTBETCTBYIOIIHMX
BeJIMUHH, B JAHHOM cJyuae [JAMHE ¥ muomanu. B sTom
cllydae KaxKAblH CUMBOJI yXKe caM IO CYLIecTBY Mpejicras-
JsieT co6ofi OTHOUIEHHE JAHHON BeAWUHHBl K JAPYro#i OgHO-
POAHOH BenHuuHe, NpHHATONM 3a efuHunmy. JIpu TtakoM
ANOHHMaHHWH CHMBOJIOB, BXOMSILMX B BbIpaeHHe J0GOM
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(usHueCKO!l 3aKOHOMEDHOCTH, K HHM MOXKHO INPHMEHHTb
onepalHy YMHOMKeHHUsi, [e/ieHus, BO3BEeJEHHA B CTeNeHb
H T. A, a caMu (Gopmyabpl MOryT ObiTb HOJBEPrHYTHl pa3-
AAYHBIM npeobGpas3oBanusaM. B uactHoctH, ¢dopmyay (1.2)
MOX(HO MPeACTABHUTD B JPYroM BHJIeE, HalpHMep

ot (1.26)

TlostomMy Bcerma mnpu MarteMaTHueckofl (OPMYyNHPOBKE
H 0pHU H3JIO0KEHUH DazJUWUHBIX (PU3NTECKHX SIBJCHMH H 3a-
KOHOB, KOTOPbIM 3TH SIBJEHMS NOJYMHSAIOTCS, U HX TeOPeTH-
YEeCKOM aHaJu3de TOJ CHMBOJaMH (H3UYECKHX BEJHYHH IO~
HUMAIOT YHC/a, KOTOPBLIMU 3TH BeJMYHHB! BBIpaXKaloTcs NDH
NPUHATHIX €IUHULAX H3MepeHus. B nasnpHelilneM MBI Takxke
Bcerga OyleM NPHAEPKUBATbCS TAKOrO TOHHMAHHA CHM-
BOJIOB.

C >s1oit Toukn 3penva dopmyay (1.26) mMoxHO BBHIpA-
3UTh CJAOBAMU CJAEAYIOIUM OGpasoM: «[Jf TeOMeTPHUYECKH
HOR0OHBIX (HUTYp OTHOWIEHHe YHcaa, BbIpaxKaloulero IJo-
mwanbk GUIype,, KO BTOPOH CTEeNeHH uHcja, BHPaXKaiollero
COOTBETCTBYIOLUIME JIHHeRHHH pasmep QUrypH, ecTb BeJH-
uyhHa moctosiHHafg». O6o3Hauast 3Ty NOCTOSIHHYIO K, MOXHO
Bmecto (1.26) namucars

s=KP, (1.3)

rae kosdduument K 3aBHUCHT, ¢ OXHOH CTOPOHBL, OT GOPMbL
H3MepsieMOH TeoMeTpuueckod ¢Hrypel, a ¢ Apyroff — or
BbIGOpA €IHHUI MJHHBL U [IOIUARH *).

Kaxk 6bl10 cKa3zaHO, B NPHHLHOE 3TH €ANMHHUIB MOKHO
BbIOpaTh COBEpILEHHO He3aBHCHMO Ipyr oT apyra. OnHako
HaJUY#e 3aBHCHMOCTH pasMepa NJOMAAM OT JHHEHHBIX
pasMepoB (QUCYpbl NMO3BOJSAET CBA3aTh €IHHHLB IJIOMLAAH
C eIMHMLAMH IJHHBL, T. €. CAeJaTh €IHHULY NJIOLIaAM Mpo-
M3BOJHOH OT eAMHWUL JUHbI, [ljas 3TOro ciepyer ycio-
BUTLCA TNPUHUMAaTh B KauecTse EIUHHUB [JIOIafu IJIO-
majb onpefleleHHON (Uryphbl, JHHEHHbII pa3Mep KOTOPOH

*) 3mech u B pasbHefiweM Mbl GyAeM HCHOJb30BaTbh cuMBoa K ans
ofwero 0603HaueHnst KO3(M@HLHEHTd IPONOPLHHORAABHOCTH B (POpMyaax
(HH3NYECKHX 3aKOHOB H ONpe/ie/ieHH He3aBHCHMMO OT er0 KOHKPETHOrO 3Ha-
yenus. B OTZe/bHBIX cayuasx, KOrAa 3TO MPEJCTABATCS LENeCO0GPasHbIM,
KO3pPuuuenT K GyfeT CHAGKATHCH FTeM EJH HHbIM HHIEKCOM.
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paBeH HEKOTOPOMY YCJOBHO IPHHSTOMY UHCAY e[HHHI
AauHbl, OGBIYHO B TEOMETPHH 3TO JleJlaeTcsl CJefYIOLIHM
o6pasoM: B3sB 33 OCHOBY KaKVIO-THGO eIMHHNY MAJHHbI,
HanpuMep MeTp, NPHHAMAIOT 33 €JUHULY I[JIOUAAH ILIO-
aAL KBajpara, CTOPOHA KOTOPOro paBHa BbiOpaHHOH enu-
HHUIle NJIUHBL, B JaHHOM cJjydyae MeTpy. dTa eJHHULA NJOoLla-
JH, KaK H3BECTHO, HAa3bIBAETCST «KBaAPAaTHBIA Merp» (K6. i),
Ilonarast B ¢popmyae (1.3) I =1mx, MoKeM HamHCaThb:

1 k6. n=K (1 #)? (1.3a)
OTKYZa
K=1 rs. m/n2,

1 CcOOTBeTCTBeHHO ¢opmyay (1.3) MOXHO TNpeACTaBUTL B
BHJe

s Ka. M=(1 Ki;z'u) (I m) (1.36)
Ecau, He MeHsiA eZuHUU AJIHHB M NJOLIAJM, aHAJIOTHUHBIM
o6pasoM nepenucate ¢opmyay (1.3) mas kpyra, TOo mo-
JYUUM

4 u?

(rne !— nmaMeTp Kpyra), TakK KaK B 3TOM cayuae Ko3dpdu-
uvent K Oymer paBeH m/4 ke.m/m2.

Pasymeercsi, npuHATas CBSI3b €IMHHLBl TJIOWAAU C elH-
HULel AJMHBL MOXKeT OBITh COXpaHeHa U TpH J000H ApY-
rofi exunule pauubl. ITpu atom dopmyay (1.3) MoxuO me-
penmucaTh AJd KBajpara B BUAE

s=1 (1.4)

S K8, M= (-£ M) (! m)? (1.38)

U 1Js Kpyra
s=—§—lz. (1.42)

®opmynst (1.4) u (1.4a) MokHO BbIpa3uTh CJOBaMU
clelyIoliUM 06pasoM: «ecau 3a eJHHHLY IJIoILlaAH MNpH-
HSITH IJIOLLAJAb KBajJpaTa, CTOPOHA KOTOPOTO paBHA eju-
HHLEe [AJMHBI, TO 4HCJIO0, Bhipajkaiollee MJIOMaAb JI060r0
KBajapara, 6yleT paBHO BTOPOH CTENleHH 4YHCJa, Bblpaxalo-
11ero AJHHY €ro CTOPOHBI, a YMCJIO, Bhipaxkaiomiee MJoulazb
J060ro kpyra, 6yleT paBHO yYMHOXKEHHOH Ha m/4 BTOPOH
CTeNeHH YHCAA, H3MEepSIOIero €ero JgHaMeTp»,
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Pasymeercs, Takoro poja  GopMyJnupOBKH Ype3BLiYafHO
FPOMO3JKH, @ MOTOMY HX 3aMeHAI0T Dojiee KDAaTKHMH: «IJio-
uaib KBajpaTa paBHa BTOPOH CTEHEHH €ro CTOPOHBI» H
«IJIOLIafb Kpyra paBHa YMHOXEHHOH Ha m/4 BTOpoO#l cTe-
neHy ero- JHaMeTpa», MOJYaJiMBO INpeAnoJaras, 4To peub
WJET O uuCJaaX, KOTOPbIMH BbipaXKaloTCcHd COOTBETCTBYIOILME
BeJHYUHBL NPH HajlexallleM BblOope eIHHHIL H3MepeHHs.

PaccmorpenHbiil npuMep HamvIssfHO NMOKashiBaer CIOCOU,
¢ MOMOlIBIO KOTOPOTO YCTaHaBJHBAeTCs NPOH3BOAHAsl €dH~
nuna. as sroro caeayer:

1) BLIOpaTh BeqUYHHBI, €AMHHLB! KOTOPHIX NPHHHMANOT-
cfi B KayecTBE OCHOBHBIX;

2) YCTaHOBHTb pa3MeD OCHOBHBIX eJMHHIL;

3) BbIOpaTh ONpeaessIOllee COOTHOILUEHHE, CBS3bIBalO-
liiee BeJHYHHBI, H3MEpSeMbie OCHOBHBIMH €JHHHIIAMH, C
BeJIMYHHOM, AJA KOTOPOH YyCTaHaB/IWBAETCH IPOH3BOAHAA
eJHHHLA;

4) npupaBHATL eAMHHUe (MJIH JAPYroMy MOCTOSSHHOMY
YHCNy) Ko3(h(UIMEHT MPONOPLUHOHANBHOCTH, BXOAALUH B
onpejensionlee COOTHOIIEHHE.

Pasymeercsi, CUMBOJIBL BCEX BEJIUUMH, BXOJAALIUX B OHpe-
Jlenaioliiee COOTHOLIEHHE, NOMXKHE 0603HAUYaTh He CaMH Bes
JIHYUHBI, @ HX YHCJAEHHbIE 3HayeHH.

B nanbueiiuieM Mbl OyAeM YCJOBHO HasbiBaThb O C H O B-
H bl M M BeJUYHHBI, H3MepAeMble OCHOBHBIMH €IHHHIAMH, a
NpPpON3BOLHB MU— H3IMEpPAEMBle TPOU3BOJHBIMH eflH<
Huuama. Ciengyer ocof60 NGAUEPKHYTD, YTO 3TH OOLIENpPHHS«
Thie HaUMEHOBAHHS — «OCHOBHBIE BENHYHHBI» H «IPOH3BOA-
Hble BEJHYHMHBI» — HH B KOeM cJyyae He CJelyeT IOHEMAaTh
B TOM CMBIC/I€, YTO NMEpBble HMEIOT KaKHe-TO MPHHIMIHAIbs
Hble TMPUBHJETHYU HJAM NpEHUMylHecTBa Nepes BTOPHIMH. Be-
JIYYHHB], KOTOpHIE NMPH OAHOM BLIOOpE TIPHHATH 3a OCHOB-
Hble, IPH APYroM MOrYT GBITh NPOH3BOAHBIMH M Hao0OpOT,

Onpejensifoliie COOTHOIIEHHS,, € IIOMOWIBIO KOTOPHIX
YCTaHaB/AUBAIOTCS NPOU3BOJAHBIE €IUHULLI, YAOOHO 3aluCHI«
BaThb B BHAe ABHOH (PYHKUHOHAJNBLHOH 3aBUCHMOCTH NPOH3-
BOJHOH BeAHUYMHBl OT OCHOBHBIX.

CTAaHOBJICHHbIE ONHCAHHLIM Bhllle 00pa3oM HPOH3BOJ~
HBIE eIHHHIL MOryT OblTh Jajiee HCMOAb30BaHBl /A BBeje-
HHUST HOBBIX NMPOM3BOJAHBIX eauHuu. ITosToMy B ompepensiio-
[iiHe COOTHOUIeHHS, HAPALY C OCHOBHBIMH BeIHYHHAMH, MO~
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T'YT BXOAHTh NPOHU3BOJHbIE, €JHHHIILI KOTOPHIX OLIIH yCTa-
HOBJIEHBl paHee.

[Tosicaum ckasanHoe npuMepamu. Jnd ycTaHOBJeHH#
eIMHUIBI CKOPOCTH MOXKHO BOCHOJb30BaThCS COOTHOHIEHHEM
MEXKLY NYTeM H BpeMeHeM, KOTOPO€ MOXKHO 3anHcaTh B
BHIE

v=KZ. (1.5)

,D,JIH HYaCTHOTO CJayuasd pPaBHOMEPHOro J[ABHIKCHHA BMECTO

(1.5) MoxHO HanucaTh

v=K+, (1.5a)

r7ie, Kak u pasbie, K — ko3¢ duiMedT, 3aBucALHd OT BB+
6opa eIWHHU IJUHBI, BpeMeHH H ckopoctH. Kak u B npu-
Mepe C yCTaHOBJIEHMEM eJUHHIBI MJAOLIAJIH, €IHHHIA CKO-
pocTH MOKeT ObiTh BhiOpaHa HE3aBHCHMO OT eJHHMU JJTHHBI
n Bpemernd. OHAKO Ha HpaKTHKE e€LHHHIIA CKOPOCTH Ompe-
JelfeTcsl KaK NMPOH3BOJHAS STHX €JHHUI, NPHHHMaeMHX B
KayecTBe ocHOBHBIX. Ilpn atom Kosdpduuuenr K nonaraer-
Ccf PaBHBIM €IMHHIE, TaK YTO €JHHHIA CKOPOCTH ONpeje-
JsleTcs KaK CKOPOCTb TaKOTO paBHOMEPHOro ABHIKEHHs, NIpH
KOTOPOM 3a €AHHMLY BpEeMEHH NpPOXOJHUTCH NyTh, paBHBIH
eninuLe AiauHblL. [Togo6HbIM e 06pa3oM MOXeT 6bITb ycTa-
HOBJIEHA €IHHMIA YCKOpeHHs ¢ NoMoLlbio GopMyJbl, onpe-
JeJqsoledl yCKopeHHe

a=K-4, (1.6)

KOTOPYIO IJIsi PaBHOMEPHO YCKOPEHHOIO IBHXKEHHS MOMKHO
mepenucarb B BHJAE

a=K2", (1.6a)
31ech pa3HOCTb Uz—v; 0603HAUAET M3MEHEHHe CKOPOCTH 3a
Bpems f. [Tomaras, Kkak W panbuie, K = 1, noJy4ys#M npous-
BOJHYIO €JHHHUIY YCKODEHHf, OnpelejseMylo KaK YCKo-
peHHEe TaKOro pPaBHOMEDHO YCKOPEHHOrO [BMIKEHHS, TpPHU
KOTOPOM B €JHHHIY BpeMeHH CKOPOCTb BO3pacTaeT Ha
eauHuny. B aToM onpejeneHuM HapsAy ¢ OCHOBHOHM eauHu-~
He#l (BpeMeHH) HCHOJIB3YETCA paHee YCTAHOBJNEHHas HPOHU3~
BofHas efuHHNA (CKODOCTH).
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PaccMoTpuMm ellle OAKH MpUMep — yCTAHOBJGHHE eLHHU-
bl cuibl. Kak eluHHANb M0OBX APYTUX BeJIHUKH, €IHHHIA
CH/IBl MOXKET OBIThb YCTAHOBJEHA HE3aBHCHMO OT ADYTHX H
Jlaxke TpUHATAa B KauecTBe ocHoBHoH. OJHako yaie BCEro
eNMHHIla CHJIbl OMpefe/sieTcsl Kak NPOH3BOJAHAs HAa OCHOBA-
HuU BTOpOro 3akoHa HeloToHa. 3amuchiBasg 3TOT 3aKOH B

BHae
[=Kma (1.7)

(rme m — Macca Martepua/bHON TOUKH) M nojarast K pas-
HbIM eJHHJIe, MOJYYUM OlpejeseHne eAMHUIbl CHJABl Kak
Taxof CHJIBbI, KOTOPAaAd MaTEpHaJbHOH TOYKE C Maccol, paB-
HOM efiMHHIle Macchl (NpHHUMaeMoi B KaueCcTBe OCHOBHOfl),
coo6llaeT yCKOpeHHe, paBHOE €IMHHIE yCKOpeHus (ompene-
JIEHHOI paHee B KaueCTBe TNPOU3BOAHON €IUHHUIBEI).
Ecnu, Hanpumep, B KaueCTBE €IMHHUIBI JJHHB NPUHATD
MeTp (M), €IMHHUB BPEeMEHH — CEKYHAY (Cex) U eqHHUIBI
Maccel — KujorpamMM (x2), TO B KauecTBe NPOH3BOJHBIX
eJIMHHL CKOPOCTH M YCKOpeHHs1 OyJeM uMeTb MeTp B ce-
KYHJIY § MeTp B CEKYHAY 3a cekyHny. [1pu stom 3a enuHuny
CUJIBl IPHHUMAETCA HBIOTOH — CHJa, Coo6llanias Macce B
ONMH KHJIOTPAMM YCKODEHHe ORMH METD B CEKYHAY 3a ce«
Kynny. B atom cayuae, oueBHAHO, KO3bhdumuedt K umeer
3HayeHue
H+CeK:* Cex
K=1 K2+ M

H BTOpOﬁ 3akoH HeoTona MOXHO 3anucaTh B BHje

fﬂ=(lw)(m rce)(a——"i—). (1.7a)

Ke- M CEeK * CeK

’

Ecnu B kauectBe eJHHUNDL! AJIHHLL NIPUHATL CaHTHMETP (cM),
Maccel — rpaMM (e), COXpaHHB B KaueCTBe €JHHHIBI Bpe-
MeHH CeKYHAY, TO COOTBeTCTBYIOWlasl eIMHHIla CHJBL -— QH-
Ha (Jun) ompenenuTcs Kak cuia, coobianilas Macce ofuH
rpaMM YCKOPeHHe OfWH CaHTUMETP B CeKYHJY 3a CEeKVHIY.
B stom cayvyae k03¢duIMEHT NPONOPHUOHAABHOCTH paBeH

Oun - cex - cex

K==

H BTOPO# 3akoH HbloroHa 3anuitercs B BHle
Oun - cex - cex cH
fnuﬂ=(1-———) (m e) (a ————) (1.76)

e CM CeK - cex
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O6byno npu sanucu Gopmysn (GU3MUECKUX COOTHOUICHHH
omyckaerca nojgo6Hoe o6o3HaueHHe KoadduuueHTa, coxep-
JKallee IO CYILIeCTBY ONpeJe/]eHHe NPOM3BONHON €NHHHIDI,
TAK 4YTO, HAnpumep, BTOpo#i 3axkon HpioToHa npuoGperaer
BIL]

[ =ma, (1.78)

Crnenyer ofHAaKO UMETh B BHAY, YTO B JEHCTBHUTENBHOCTH B
KaXX[0H TakoH ¢opMmyde Ko3hDPHUHEHT IPOMOPIUHOHAILHO-
CTH «He3PUMO» npUcyTcTByeT. 3abBerne 3TOro 0OCTOATENb-
CTBa HEpeAKO NPHBOAUT K HEAOPA3YMEHHSM U CEpbe3HLIM
OIHOKAaM.

Cnoco6 ycTaHOB/AEHHSI NPOHU3BOLHON €IHHUIILI OTPAKAET-
€A H B ee 0603HaUYEHHH, KOTOPOE CTPOUTCH MyTeM I'PYNNUPO-
BAHHA 10 OOBIYHBEIM ajsre6panwdyecKum NpaBulaM eIHHHI, Ha
KOTOPLIX OCHOBaHO ee ompejeneHue. Tak obpasyoorcs enu-
HHIBL maowany m2 (KBaapaTHBIL METP), YCKOpeHHs M/cex?
(MeTp Ha ceKyHoy B KBajgpaTe H/JIM MeTp B CEKyHAY 3a ce-
KYHIY) U T. . ’

Vickmouenue CcOCTaBASIOT €AHHHIB], KOTOPHIM HpHCBOE-
Hbl CcOOCTBeHHBle HaHMEHOBAHHS — OJUHA, HBIOTOH U T. A.
YenoBuele 0603HaueRHsl 3THX HaUMEHOBaHMH, TaK Ke Kak H
0003HaYeHHUST OCHOBHBIX €JMHHI], MOTYT BXOAMTb B CJOXKHOE
0603HaYeHHe NPOM3BOJHON eNHHUUBL. B KauecTBe mpumepa
VKaxeM eIMHHILY JaBjeHus H/u? (HBIOTOH Ha KBaIpaTHbIA
MeTp).

§ 1.4. HlocTpoeHne cHCTeM eaHHMUL

CoBOKYNIHOCTL OCHOBHBIX M NPOH3BOAHLIX €IHHHUI[ 0Opa-
3yer cucteMy eAMHHUU [iaAa nocTpoeHHs cUCTEMBI
€IMHHMI| CJelyeT, OUeBHIHO, BBIODAB HECKOJIbKO OCHOBHBLIX
eAHHUI, YCTAHOBUTL C NOMOIIBIO ONpejeNsaiolaX COOTHOMEe-
HUA [pPOM3BOAHLIE €LMHHIB BCEX OCTAJbHLIX HHTEpecyio-
mux Hac BejnuuH. Onpejensiomiie COOTHOWEHHST MOTYT
OBITH JBYX THIOB: OJHH MO CYLIECTBY NPEACTaBASIOT Co6of
ONpeesiEHHE HOBOH BEJMUMHDLI — TAKOBBIMM, HaNpHUMeEp,
apasorca  gopmyaa  yckopenus (1.6) unam  dopmyna
pabothl

dA=Kf - di cos (f, dl), (1.8)
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ApYyrue BhIpa}aloT OGHAPYXKEHHYIO 3KCOEPUMEHTANbHO HJH
TEOpeTHYECKH CBSI3b MEXAY MCCaelyeMbIMH BeJHYHHAMH.
K 3aKOHOMEpPHOCTSM 3TOTO THIA OTHOCSTCS: 3aKOH BCEMUP-
HOro TAroTeHus, 3akKoH KyaoHa O B3auMOJeHCTBHH 3JeK-
TPHYECKHX 3apAN0B M Ap. BupoueM, Takoe neneHue COOTHO-
IIeHHH Ha «OMpeleseHHsI» U «3aKOHBI» He sBjsierca abco-
JIOTHBIM H 3aBHCHT OT NCAX0Ja K JaHHOMY KOHKPETHOMY
Bonpocy. DTo, OAHAKO, HE HrpaeT CYLIeCTBEHHOH POJH B
ONpefeJeHUH HOBbIX €JUHHI, MOCKOJBKY B 0GOHX ciydasax
3aKOHOMEPHOCTH TPEACTABAAIOTCA B BHAE (POpPMYJH, CBA3BI+
BaoIlluX AaHHYIO BeJHYHHY C APYTHMH, AJS KOTOPBHIX €1H=
HHUb! YCTAHOBJIEHBl paHee.

B cBf3u ¢ H3/103KEHHO# BhiHIe nporpaMMoli o6pa3oBaHus
MPOH3BOAHBIX €IHHHI H IMOCTPOCHHS CHCTEMbl €HHHIl BCTa-
€T eCTeCTBeHHBII BOMpPOC: B KaKO# Mepe Mbl CBOGOLHH B
BLIGOpE OCHOBHBIX BeJHuMH (B WACTHOCTH, HX 4Hcaa), onpe-
JeNSIIOIMX COOTHOMIEHHH H KO3 (UIHEHTOB MPOHOPIHO-
HaJbHOCTH. Bpsig N4 BbI3bIBaeT COMHEHHE BONPOC O Npo-=
M3BOJIbHOCTH BbiGOpa pasMepa OCHOBHBIX enuHun. Cyme-
CTBOBaHHE CHCTEM, B KOTODbIX MPUHHUMAIOTCA B KayecTse
OCHOBHBIX pa3Hble eLHHHUIbl JJIHHB (METP M CaHTHMeTp) H
pastible eIMHHUB. Macchl (KHJIOTPAMM H TpaMM), HarJasanHO
WLMIOCTPUPYIOT HaJH4YHe B TNPHHIHIE MOJHOTO MPOU3BOJa
B TakoM BbIGODe.

Jlerko nanee moxkasatb, YTO MOJHEIA NMDPOU3BOM HMeeTcA
n B BbiGope KO3((UIMEHTOB NMPONOPIHOHAIBHOCTH B Ompe-
Jeasioltux coordomenusix. C aTofl 1enblo BepHEMCH K pac«
CMOTPEHHOMY BBIlIE NPHMEPY € YCTAHOBJEHHEM €XHHHIIBI
naomaau. Bpi6paB B KauecTBe €AMHHUBI JJIHHBI METP, Mbl
B KauecTBe eAMHULb! MIOUA/N NPHHSJIN KBaJpaTHBIH MeTp~>
naollafb KBajpara, CTOPOHa KOTOpPOro pasHa Metpy. On-
Hako Tako# cnocol YCTaHOBJEHHS MNPOU3BOLHON €NUHHIIBI
NJOWA/AH, XOTA W HMEeT olipe/eneHHble NPAKTHUCCKUE Tpe-
HMYIIECTBA, OTHIONAbL He fABJAsercAd obGs3arenapHbIM. MoXxHo,
HanpuMmep, 3a €JMHALNY NJIOWIAAM MPHHATH WJIOIlajAb KPyra,
IMaMeTp KOTOpOro- paBeH OJHOMY MeTpy. HasoBeM 3Ty emu-<
HHLY [IOMIafiH «KPyrablii Metp» —(xkp.u). Taxkoit cmoco6
YCTAHOBJEHHS! eAMHMIBI TJIOLLAJH PaBHOCUJIEH 3aMeHe KO-
apdpuunenra B dopmyne (1.38) c n/4 k8.n/M? Ha Kp.m/m?,
a B bopmvie (1.36) ¢ 1 x8.m/m®> wa 4/n kp.m/mu2,
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CoorsercteenHo dopmyast (1.4) u (l.4a) npumyr Bug

=":le (nJaomans KBaapata) (1.9

n
s=12 (nmomane Kpyra). (1.9a)

Caefyer 3aMeTHTb, YTO H3MepeHHe MJOLLAJH He B KBaApar-
HBIX, a B KPYIJIBIX MeTpPax He SIBJASETCH YeM-TO HeeCTeCTBEH-
HBIM HJIH, TeM 60Jiee, IPOTHBO3aKOHHBEIM. Peub 3/ech MOXer
HATH TOJNIBKO O NPAKTHYECKHX MNPeHMYyIUeCTBaX TOH HJH
vHOR exuuuus *). Pasymeercst, ecin 6Bl B KauecTBe €AHHH-
HBl OJI0IaAKX BMECTO KBajApaTHOro Merpa Gbla HPUHAT KPyr-
JAblA MeTp, To $OpPMYJB, BhIpaXKalOllUe MJIOMWIARH Pa3/uy-
HBIX reoMeTpuuecKHX ¢Guryp, usmennau 6ul cBofl BHA. Taxk,
HanpHuMep, IJI0ULab PABHOCTOPOHHEr0 TPeyrolbHHKa Bbipa-
)Kajach 66l popmynoit

S§= K§—l"’. (1.96)

Ilpn sTOM, HE3aBUCHMO OT TOro, Kak OmNpeAeseHa efH-
HHIA OJIOINAJAH: KaK KBajJpAaTHBIl METpP MM KaK KPYIJIBH
MeTp, ee oGo3HayeHue Oyaer u2 ITO NOKasbIBaeT, UTO CHM-
BOJ NPOH3BOAHON eAMHHIIBI, BKAOUaomuii B cebs 0603Has
yeHHs] OCHOBHBIX €AMHHI, caM no ce6e HHYEro He TOBOPUT
O pasMepe 3TOH NMPOH3BOJHON eUHHIBL. YMECTHO 3Jech -XKe
OTMETHTE, 4TO OOLIENPUHATOCTh KBaAPATHBIX ENHHHI[ 10+
11afH U COOTEETCTBEHHO KyGHUeCKHX eAHHHI o6beMma ompe-
IeJHUNa ¥ Ha3BaHUA BTOPOH M TPETbeH CTeNeHH YHCeN
(«kBagpat uncaa» ¥ «ky6 yHcaa»).

B paccmMoTpeHHOM NpHMepe pa3finyHble onpejensioLine
cOoOTHOmIenus (MIollafb Xpyra W IJOLIafib KBajfpaTa) HpH-
BeJlH JWIIb K H3MEHEHHIO YHCJICHHBIX KOI(DPHIHUECHTOB B
thopMynax, Tak Kak N0 CyTH fiela HaMH Obljla MCTOJb30Ba-~
Ha OJlHAa M Ta Ke reoMeTpHuUecKas 3aKOHOMEPHOCTb, CBA3hi+
Balolllafl MJIOUIAfH TONOGHHIX (UTYP € HX JHHEHHbIMH pas-<
MepaMu.

Bo3moxkHOCTh BHIGOpAa CYLIECTBEHHO pa3JHYHBIX oOmpe-
JensiIOHX COOTHOIIEHHH JJ1si YCTAHOBJIEHHS IPOH3BOAHOM

*) 3amerum kcraty, uto B CIUA kpyrvible eIunuus! nuomanu npu-
MeHSIOTC A/l M3MepeHHs njomaaelr Tpyl, Ganok KPYraoro CeveHHs
uT A
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€IUHHULbl OJHOH BeJWYMHBL Mbl IJOKaXKeM Ha NpHMepe ycras
HOBJIeHUsl efAMHHIBl cuabl. Kak MBI y:Ke roBOPHJIN, OOEBIYHO
IJs 3TOH LeJu ucmoab3yercsi Bropoit 3akor Heiotona,
KOTOpbIfl MaTeMaTudyecKd MOXKeT ObiTb MNpeACTaBIeH B
BHJE

f=Kma. (1.7)

Kosdounmenr mnponopnuonansocty K B dopmyae
(1.7), saBucsmuit ot BI6Opa eQUHUI[ AJS BXOASILHNX B HOp-
MYJy BeJIHYYH, Ha30BeM HHEPIHOHHOH MHOCTOSTHHOH; 6yneM
o6osHauath ero K;. Bo Bcex mpuMeHfeMBIX Ha NpPaKTHKE
CUCTEMax €JUHHII HHEPUHOHHYIO MOCTOSIHHYIO MosiaraioT
paBHOH elMHHLE, BCJAEACTBUE Yero ¥ CTaHOBHTCS BO3MOXK-
HOH oOlLUenpuHATas coKpauieHHasg (POPMYJHPOBKA BTOPOTO
3akoHa HpioToHa: «cuna paBHa NPOH3BEJEHHIO Macchl Ha
YCKODPeHHes.

OpHako ocTaB/fAsi B KauecTBe OCHOBHBIX €IHMHHLDLI AJIH+
HBI, MAaCChl U BPEMEHH, MbL Uil ONpejeaeHus eAHHUIbI CHIIbI
He OTpaHHYeHB TOJbLKO BTOPHIM 3akonoM Heioorona. B Ha-
IIeM pacHopsXKEHHH HMEETCst 3aKOH BCEMHPHOTO TATOTEHHS,
COTJIACHO KOTOpPOMY JIoOble Be MaTepuajlbHble TOYKH IpH-
TATHBAIOTCA JAPYr K JAPYry C CHJOW, NPAMO IIPONOPIMOC-
HaJBHOH MaccaM 3THX TOYEK U 06paTHO NPONOPLUHOHAALHOH
KBaJpaTy PacCTOSHHS MEXIY HHMH. DTOT 3aKOH MOXKHO
3alKicaTh B BHJe

f=KyT5?, (1.10)
rjae r — paccTosiHue MEXKAY TATOTCIOMUMH TOYKaMH, a K;—
TAK Ha3blBaeMasi IpaBUTANHOHHAs MNOCTOsSIHHAs *), 4Hciaed-
HO€ 3HauYeHHEe KOTOPOH 3aBHCHUT OT BhGopa eauHun. Onbit
NOKa3aJ, YTO eCaHM B KayecTBe OCHOBHBIX €IHHHL IMPHHATDH
KUJIOTpaMM, METp H CeKYHAY, a IMPOHU3BOAHYIO eJHHHLY
CHJIbLI — HBIOTOH OMpellesiuTh W3 BTOPOro 3akona HuloToHa,
TO TpaBUTAllMOHHAs TNocTosiHHAs K, OKasblBaeTcsi papHOl
6,67 - 10711 y « m2[ke2

OfHako NpH TexX K€ OCHOBHBIX €IHHHLAX JTHHBI, MacChl
H BpeMeHH (M, K2, CeK) MBI MOXeM B KauecTBe ONpejensiio-

*) O6uienpusaroe o0603HaveHWe TPaBUTAUHOHHOH mocrosnuoil G.
3xech MH coxpaHseM CHMBOA K, uTo6bl MOAUEPKHYTH MPHHALIEKHOCTD
TPABHUTALHOHHON NOCTOSHHOK K KaTeropus KO3Q(QHUHEHTOB HPONOPLHO+
HAJ/IbHOCTH B BbIDAXKEHHAX (PH3HYCCKHX 3aKOHOMEPHOCTE,
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Llero COOTHOWIeHUs] B35IThb ¢opmyny (1.10) u, nosoxus
K¢ = 1, onpejenuTb eIAMHHIY CHJIbl K&K CHJIY B3aHMHOrO
TATOTEHHS JABYX MaTepHaJbHbIX TOUEK, MacChi KOTOPHIX paB~
Hbl €MHHIE, NIPH PACCTOSIHHM MEXKAY 3THMH TOUKaMH, paB-
HoM efuHule AAuHBL. OUYeBHAHO, YTO €CJH MBI HMOHAEM IO
3TOMY IIYyTH, TO Oy/JeM BBLIHYXKJEHbl COXPAHUTb B BhlpaKes
HMM BTODOro 3akKoHa HBIOTOHA HHEPILHOHHYIO MOCTOSHHYIO,
OTVINUHYK OT €NMHHIIbL. JIerko BHEeTb, UTO HOBasl «TPaBU-
TalMOHHAfy einHuua cuanl Oyaer paBHa 6,67 10711 4, a
HHEePLHOHHAst TOCTOSIHHAST NpuMerT 3HadeHue K;= 1,50X
X 10 epas. ed. cuapi - cex?/ (ke - m).

XOoTs H3/0XKEHHBIH TPaBUTANMOHHBIA Cmoco6 YCTaHOB«
JIEHHs1 eUHULB BCTPEYaeTcs BecbMa peljKo (raaBHbBIM 06-
pasoM B acCTPOHOMHH), OJHAKO OT 3TOrO OH He CTAHOBUTCS
MeHee 3aKOHHBIM, yeM OOBIUHBIH «HHEPDUMOHHBII». B najb-
HejlneM, MpH pacCMOTPEHUH eNHHUI[ JeKTPUUEeCKHX H Mar-
HHUTHBIX BeJUYHH, MBI MO3HAKOMHMCS C TeM, KakK BBIOOp
PasJHYHBIX ONpeNeNALINX COOTHOIMEHUH AJMS YCTaHOBJE-
HHSl €JMHUOBI OAHOH H TOH e BeJMUMHBI IPHUBEJ B CBOE
BpeMsI K [OCTPOEHHIO PA3JHUYHBIX, HO BIOJIHE pPaBHONpPAB-
HBIX CHCTEM eJMHHIL.

Mbr BunuM, TakuM 0oGpasoM, 4TO B BHIGOpE ONpeessio
LIUX CCOTHOLIEHHMH, Kak H B BbI6Ope pasMepa OCHOBHBIX
CAHHUL H YHCJAEHHBIX KO3((HLUUEHTOB B ONpeAeJIdIOIUuX
COOTHOIUEHHSX, HE CYIIECTBYET MKeCTKHX orpaHudeHui. Bos
npoc, KoTopbii B HauboJbliell CTENeHH sBJAAETCH NpeamMe«
TOM CIOPa W KOTOPBIH J0JKEeH ObiTh paccMoTpeH 6oJjiee He-
TaJbHO, 3TO BONPOC O YUCJIe OCHOBHBEIX enuHuu. Ilo stomy
BONPOCY CYUIECTBYET JiBa JHaMeTPaJbHO NPOTHBOMOMOXKHBIX
MHeHus. v

CorniacHO OZHOMY W3 HUX YHC/JIO OCHOBHBIX €IHHUI{ 3a-
JlaHO HaM TIPUPONOH H ONpe/eNsieTCs XapaKTepoM TeX sBjes
HHUH, KOTOpble MOJJEXKaT paccMoTpennio. B kauectBe o6oce
HOBaHMS TAKOrO B3IJIsla NMPHUBOLATCSH faxe «(UI0COhCKHE»
coofpaKeHusi 0 TOM, 4TO Ka’X0e€ HOBOE KauecTBO AOJIKHO
XapaKTEePH30BATbCA H H3MEpATbCS HOBOH OCHOBHOH €JHHH+
neii. Ilpu 3TOM yTBepKAaerTcd, 4TO AJMs ONHCAHUSA BCeX
ABJEHUH M3 06J1aCTH MeXaHMKH HeoOXOAUMO U JLOCTaTOUHO
HMETb TPH OCHOBHBIEe efHHHIEL. [IpH HCCAenoOBaHHE XKe APy«
ruxX (QUSHUECKHX SBJAEHHII HEeOoOXOAMMO, KPOME TpEeX OCHOB-
HBIX €AHHHL, BBOXUTh AN KaxAoOH obJacty (QH3UKH IO
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KpaiiHei Mepe OJHY AOMOJHHUTENLHYIO €IHHHUY H3MepeHHA
cnenuduueckoll AnA AaHHON o6facTH BequuHHH. Tak, Ha-
npuMep, B YUeHHH O TEIJIOTE TAKOH BEJIHUHHONH MOXKET HB+
AATbCA TeMIlepaTypa, B YUeHHH 00 3JACKTPHUECTBE — JEK-
TpHUecKH#l 3apal (KONHYECTBO 3JEKTPHUECTBAa) HJHM CHJA
TOKAa H T. IL

CTOPOHHHKH TPOTHBOMNOJIOXHON TOUKH 3pEHHs, K UHCAY
KOTOPHIX NPHHAAJNEKHT M aBTOP 3TOH KHHIH, CUHTAIOT Bhi-
HICNPUBEJCHHYI0 apryMEHTalHI0O HEeCOCTOATENbHOH MO cJe-
AylomuM cooOpaxeHusaM. KauecTBa MaTepuasnibHOTO MHpa
6eckoHeuHO MHOroo6GpasHbl, H €CJH CUHTATh, YTO Kaxaoe
KauecTBO XapaKTepH3YeTc BEJIHUMHOH, eIUHHUA KOTOpOH
HomkHA OBITh OCHOBHOM, TO YHCJO TAaKHX eIHHHL OyIeT Tak-
Ke OGeckoHeuHo 6GoabliuM. JleldcTBHTE/NbHO, NMOHATHE ILIO-
Many He MoXKeT ObITh NOJYYEHO H3 NMOHATHS JHHEHHOH mpo-
TAXEHHOCTH, a CJIeJOBAaTeJbHO, €IHHHIA TJIOMAafH AOJKHA
6biTh OcHOBHOM. TO Xe, pasymeeTcs, OTHOCHTCS H K elHHHILE
o6bema. B Takom ciayuae He3aBHCHMBIMH, OCHOBHBIMH IOJ-
XHbl OBITh M €XUHHLB 3apsAfa, U HHAYKHHH MAarHHTHOTrO
10JIs, U eVHHLBI CHJIBI, ¥ SHEpPTHH, A4, BIpoueM, H 0060l
IZpyroii ¢usnyeckodt BeanunHsl. C qpyroft CTOPOHBI, BO3MOX-
HO TaKke fIKOGH «(pumocopckoe» 060cHOBaHHE TOTO, YTOOLI
OCHOBHOH Oblla TOJMBLKO OJHA €JHHHIA, TOCKOJbKY CyIIie-
CTBYET B3aWMHaf CBSI3b BCEX ABJEHMH NPHPOJBI, OTpaxalo-
masi eJWHCTBO Matepuy. TakuMm o6pas3oM, NonbITKH 060OCHO-
BaTb YHCJO OCHOBHBIX €JXHHHI, MCX0As H3 «06IUX (uJI0-
cocKHX coofpaKeHui», MPUBOAAT K ABYM JAHaMeTPaJjbHO
NPOTHBONOJIOXKHBIM BbIBOLAM: YHCJO OCHOBHBIX €IMHHI, 10J-
JKHO ObITh GECKOHEUHO BEIHKO MU, Ha006OPOT, NOMKHA GLITh
TOJIbKO OJHA OCHOBHAsl €[HHHIA.

O6a 3Tn BHIBOZa ABASAIOTCS OMMOGOYHBIMH. [lesn0 B TOM,
4T0 B TO BpeMmdA, KaKk QU3 HUeCKHE BeJUUYMHB, 0f-
pakaloliie peanbHble CBOHCTBA OKPYKaloHlero Hac Mupa,
JCHCTBHTENbHO GECKOHEYHO pa3HoOOpasHbl W HEeCBOJAMMBL
IPYr X ADYrY, eNMHALBI H3MepeHuii camu mo ceGe He HB-
JA0TCST OGBEeKTaMH TPHPOJBL, 2 HPEACTABISAIOT cOGOH JHIB
BCNOMOraTebHBIH anfapar AJs ee H3yueHHsd. 3aKOHH NpH-+
pPonbl HMKAK He M3MEHAT CBOEro 00'heKTHBHOIO XapakTepa
npyu 3aMeHe OJHHX eAMHHI ADYTHMH, NOAOGHO TOMY, Kak
He H3MEeHATCA HHKaKHe MaTeMaTHyecKHe 3aKOHOMEPHOCTH
NpH 3aMeHe AECATHYHON CHCTEMBl CUHCJEHHS Ha ABOHYHYIO.
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ITostroMy ocHOBHOe TpeGoBaHHe, KOTOpOe MOOJNIKHO OHITH
npelbsBJAEHO K CHCTEME eAHHHIl, 3aK/MIYaeTcsi B TOM, UTO
cHcTeMa JoJ/KHAa OblThb BO3MOXKHO 00Jiee ynoOHOH I
TIPAKTHYECKHX PacyeToB.

ITonarasi, 4TO YHC/JIO OCHOBHBIX E€AMHHL B HNPHUHLHNE
BIIOJIHE NPOU3BONBHO, M MOMKeT ObiTh KaK YBeJIHYeHO, TakK
N yYMEHbUICHO, MBI, Pa3yMeeTcs, OTHIOAb He MpejroJaraeM,
4TO KadeCTBEHHO pasjuyHble (HU3UYECKHe HBJIEeHHS MOryT
6LITH CBelleHbl APYr K APYry, B YaCTHOCTH K UHCTO MEXaHM-
yeCKHM sBJeHusIM. OIHAaKoO H3MepeHHU S Pa3HbX (H3H-
YeCKHX BEeNHYHH MOryT ObITh CBEJEHB K H3MEepEeHHIo
MEeXaHMYeCKUX W/ Jla)Ke TeOMeTpPHYecKHX BelHYMH, H, cle-
JOBaTeJbHO, HMEETCH BO3MOXKHOCTbL CH€1aTh COOTBETCTBYIO-
LIHe eAUHHUIB! TPOH3BOAHbBIMH.

Has toro 4ro6nl HarAsLAHO MOKa3aThb NPOHU3BOJBLHOCTb
YHC/Ja OCHOBHBIX €AWHHI,, O6GpaTHMCSi K paso6paHHOMY
BHILle NIPHMEPY C YCTAHOBJEHHEM eQMHHUBI CHJAbL. MBI BH-
JeJIH, 4TO B KauecTBe Onpeie/siioulero COOTHOIHEHHA TPH
9TOM MOTYT OBITh C paBHBLIM MPABOM HCIOJb30BaHbI BTOPOH
3akoH Heiorona u 3axoH BceMupHoro TsiroTenus. OnHako
HMeeTCH €llle U TPeTbsi BO3MOXKHOCTH, 00BeqHHHB 00a 3a-
KOHA, UCMOJNb30BaTh B KAauUeCTBE OMPEeeNsIoliero cOOTHOme:
HHA ypaBHeHHe, BbIpa)kalollee NOJYUYeHHBIH Tak#M obpa-
30M O0BEJHHEHHBI 3aKOH. JTOT MocheJHUH MOXKHO TNpej
CTaBHThb B BHJE

a=K4%, (1.11)

CMBIC/T KOTOPOro 3aKJIYaeTcs B TOM, YTO YCKOpeHHe, IpH-«
obperaeMoe /1060 MaTepHadbHOH TOUKOA MNoJ BAHAHHEM
TACOTEHUSt K JpPYroH HemoABHIXKHOM MaTepHaJbHOH TOUYKe
Maccol0 m M OTCTOsIIle# OT mepBoi HAa PaCCTOSIHHM r, NIPO-
NOpIHOHAJARHO Macce M u OOpaTHO MNPONOPIHOHAJABHO
KBajapaty paccroadus r. KosadduuuesT nmponopuuoHaJbHO-
ctu K B popmyne (1.11) npepcrapasier co6oil no CyulecTBy
OTHOIIEHHE T'PaBHTAUHOHHON TOCTOSHHOH K HHEPLHOHHOM.
Coenunenue BTOporo 3akoHa HboToHa ¢ 3aKOHOM BCEMHD-
HOTO TSTOTEHHS B OJMH 3aKOH OTHIOAb He SIBJISETCA HCKYC-
CTBEHHBIM, KaK 3TO MOXKET HOKA3aTbCA C MEePBOTO B3rasja.
Jlerko Bugersb, uto ¢opmyna (1.11) paBHO3HauyHa TpeTbeMy
3akony KenJsiepa (AB/SIIOIEMYCS ONBITHBIM 3aKOHOM NPHPOABI
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M, 3aMETHM KCTaTH, OTKPbITOMY paHblie 3akoHOB HbloToHa),
HefictBuTenbHO, Npeanosaras Js IPOCTOTH, UTO ABHKEHHE
NJIaHET NMPOUCXOLHT MO OKPYKHOCTH C IIOCTOSAHHOH YI/IOBOI
CKOPOCTbIO @ HJH mepHojom obpaileHus T, sameHsis leH-
TPOCTPEMHUTE/IBHOE YCKODEHHE ero BbipakKeHHeM

a= o, (1.12)

Mbl 43 (1.11) Ges Tpyma mosyuuM, 4TO KBajapaThl BpeMeH
nosHoro obpalieHnst nuaHer Bokpyr CoJHOA NPONOPUHO-
HaJbpHBl KyOy paxuyca ux opbur. Bosee obuee paccmorpes
HHe, YUHTHIBAIOIee ABHIXKEHHE I1aHeT IO 3JIJUICY, NPHBO-
AUT K TOMY ’Ke BBIPaX<€HHIO, ¢ TOH JHUIb Pa3HHIEH, YTO
BMECTO KBajpaTa pajuyca BXOJHT KBaApaT CpPeJHEero pacs
crosiunst miaadersl or Connua. OjHako 3akoH Kensepa
CIpaBel/uB He TOJBKO JJs1 JABHKEHUs ILJIaHeT BOKPYT
CosiHIA, HO M /ISl [BHXKEHUsI COYTHHKOB BOKDYT IJIaHeT.
Takum 06pa3oM, 3TOT 3aKOH MOXHO 3amHcaTb B BHJE

T?=KR®, (1.13)

rie go3dbunuent K OAUHAKOB AJS BCeX MaHeT, ABHXKY=
wuxcs Bokpyr CoJHIla; OJHHAKOB, HO MMeEeT Jpyroe 3Haues
HHue JJs BceX cnyTHHKOB lOnurepa, OJHMHAKOB, HO ONATb*
TaKH HMeeT OTJHMYHOE 3HaueHWe 1Js cnyTHukoB CartypHa,
OJHHAKOB H Takke HMeeT OTJAHUHOE 3HaueHHe AJs JIyHB H
HCKYCCTBEHHBIX CHYTHHKOB 3eMau u T. X. MHaue rosops,
Ko3(hduuueHT ONMHAKOB AJs JIOOLIX TeJ, Bpalllaloliuxcs
BOKPYI' OfHOro OGUIero IeHTpa, HO pasjuueH JJsf PasHBIX
HeGeCHBIX TeJl, SABAAIONIMXCH USHTPOM BpalueHus. Herpyn-
HO BHIETb, UTO 3TOT Ko3(pduuueHT ob6paTHO NMPOMNOPIHOHA=
JleH Macce Teaa, Haxo[fIerocs B LEHTPe HAaHHOH CHCTEMBL
(B mpuBeneHHBIX mpuMepax coorBeTcTBeHHo Cosuma, HOmnu-
tepa, CarypHa, 3eman). Bruigeasia maccy us KoshduuneHs
ta K, MoxHo 3akon Kennepa mepeniicaTh B Bije

72= X s, (1.14)

rae K’ siBisiercst ye yHUBEpPCANbHBIM KO3GhhHUHEHTOM, 32«
BHCAIIHM TONBKO OT BHIGOpA eXHHHL.

®opmyna (1.14) MOXKeT CAYXHTb B KauecTBe Ompefes
JISTIOILEr0 COOTHOUIEHHS JUISl YCTAHOBJIEHHS eJHHHIBI MacChl
KaKk NPOH3BOAHOMN eIMHHUDb, ecau nojdoxurb K’ = |,
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[MocTpoennass Takum o6pa3oM cucTeMa eZuHHL OypdeT
HMeTb B KaueCcTBE OCHOBHLIX HE TPH, a TOJbKO IBE €AUHU~
Ibl — MJHHB U BpeMeHu. BecbMa BaXHBIM fBASiETCA TO,
YTO IOPH 3TOM OKAa3BIBAKOTCA DaBHBIMH €JHHHIE KaK HHep+
UMOHHAs, TaK M FpaBHTAUMOHHAs MOCTOsIHHBlE. DTO, pasy-
Meercst, He ciaydaiHo. Ecam Brasperbcsi B TO, KakKHM 00«
pasoM HaM y[aJochb COKPaTHTb YHCIO OCHOBHBIX €IMHHIL,
TO JIETKO BHAETH, YTO 3TO H OLIIO JIOCTUTHYTO TE€M, YTO MBI
NPHPaBHANY e/lHHHIE o0e NOCTOSHHbIE,

TakuMm o00pa3oM, OKa3bIBAaeTcsi, YTO HYHCJIO OCHOBHBIX
€JMHHI TECHO CBsI3aHO C YUCAOM KO3 PULHEHTOB, CTOAMIMX
B BbIpaXeHusAX (PH3UUECKHX 3aKOHOB M OINpeleseHHH. ITH
K03Gh $HIHEHTH MNPONOPUHOHANbHOCTH, NOLOOHLIE rpaBHTa=
HHOHHOH U MHePIUOHHOH MOCTOSIHHOH M ONpeleNsieMble Bbl=
60pOM OCHOBHBIX €JMHHII M ONpPeLeNsioUUX COOTHOMIEHHI,
MOJIYYM/JIM Ha3BaHHE YHHBEPCAJbHBIX MJH MHDOBBIX NOCTO=
SIMHBIX HJIM KOHCTaHT. B 3TOM HMX OT/AHYME OT Tak HasklBae-
MBIX CcreuM(HYeCKHX ITOCTOSIHHBIX, XapaKTepU3YIOIIUX pas-
JIHYHBIE CBOHCTBA OT/€JbHBIX BelllecTB (MOJEKYJIspHHH Bec,
KPUTHYECKasl TeMmeparypa, J[AMIEKTpHuecKas TIpoHHlae-
MOCTb H T. IL).

B npuunune yHuBepcaJbHble MOCTOSIHHBIE (UTYPHPYIOT
B BbIpaXKeHHsX BCeX (PU3HYECKHX 3aKOHOB W OmpeseseHuH,
HO NMOAXOLSAIAM BLIOOPOM €AMHMIL MBI MOXKEM TO WUJH HHOE
HX YHCJIO TNPHPABHATH efHHHLEe (UJIH JIOOOMY APYroOMy MO-
cTostHHOMY yucay). CaegoBaTenbHo, ueM GOJbIlle OCHOBHBIX
€JHHHIl NPHHATO [Jf MOCTPOEHHS CHCTEeMbl, TeM OoJsplue
VHHUBEpCaJbHBIX TOCTOAHHBIX OyHeT CToATh B (opMmyaax.
CokpalleHue uucaa OCHOBHBIX e€IMHUI[ 00S3aTeJIbHO COMPO=
BOXKAAaeTcsd COKpallleHHeM YHCJla YHHUBEPCAJNbHBIX TOCTOSIH+
HpIX. EcTecTBEeHHO CHPOCHTb, BO3MOXKHO JIH, TaKUM obpa<
30M, JaJjibHelilllee COKpallleHHe YHCla OCHOBHBIX eJAMHHIL 10
opHOH (Mad paxe go Hyas!)?

Huxe, npu paccmoTpeHHH CrnocoGOB MOCTPOEHHS equ-
HHUIl 371€KTPHYECKUX WU MAaTHUTHBIX BEJAHYHH, MBI MOKaxkKeM,
yto 6e3 TpyJda BO3MOXKHO JOBECTH UHC/JO OCHOBHBIX €IHHHIL
no onHol. Bonee Toro, ofHO U3 ypaBHeHUH aTOMHOH (u3su-
KH, Ompejensioliee Tak Ha3blBaeMYIO0 NOCTOAHHYIO TOHKOH
CTPYKTYDPH, TNO3BOJASIET TOCTPOHTb CHUCTEMY, MONHOCTHLIO
JHIIEHHYI0O OCHOBHBIX enuHuu. Ha nepswlit B3rsg 370
npeactasasiercss mapaaokcanbHbiM. OJHAKO, Kak Mbl YBUIHM
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(§ 9.8), Takas BO3MOMKHOCTb AEHCTBHTENBbHO uMeercsi, Okas«
3bIBA€TCH, YTO €CAM APUPABHATH €JUHHLE HEKOTOpble KOH+
CTaHTBI, TO TeM CaMbIM OYAYT JKeCTKO 3a(puKCHpPOBaHb pas-«
Mepbl eJHHMIl BCeX (PUIUYECKHX BEJTHUHH.

ITpoananu3upoBaB OCHOBHbBIE NPHHLHNBI MOCTPOEHHA CH-
CTEM eRMHHI, Mbl YOEIUIHCh B TOM, UTO CYIeCTBYeT HOUTH
HeOrpaHHYEHHBIH NPOH3BOJ B BHIOOpe CNocoboOB mocTpoe-
HHSl CHCTEMHL.

OnHako 3TOT NMPOU3BOJ SIBJSETCA TAKOBHIM JIHIIb TEOpe-
THUecKH. TlocKosbKy cucTeMa efMHHI NpeActaBiaser cofoil
CBOEro poja annapar, npeiHasHaueHHbIH AJs o0JeryeHust
pacyeToB B HayKe H TEXHHUKe, OHa MOJXKHA YIOBJETBODATH
pAny npakTHuecKux TpeboBanuil. C 3TOf TOUKH 3peHHA CIIO-
co6bl MOCTPOEHHUS] CUCTEMBI €IHMHUIl M, B YaCTHOCTH, YHCIO
OCHOBHBIX eUHMI[ He 6e3pasjUuHbl H B U3BECTHOH CTenmeHH
OrpaHHYeHHI.

CauikoM 6OJbHIOE YHMCJIO OCHOBHBIX €IMHUL, HeHuabex-
HO CBfi3aHO C GOJBINUM HUCAOM YHHBEPCAJNBHBIX NOCTOSIH-
HHIX B (u3HyecKUX ¢opMysax, YTO 3aTPYJAHSIET UX 3allOMH«
HaHUe W YJAJUHSET BbiUUCJIeHHs. Kpome Ttoro, morpebosa-
Jack Obl orpoMHas paboTa MO YCTAHOBJEHHIO 3TaJOHOB
BCEX OCHOBHBIX enuHML. TOYHOCTB, ¢ KOTOpPOH YycTaHaBJH-
BaJuch OBl 3TH 3TaJIOHBI, Gblla 6bl pasjuYHOHN, BCJAEACTBHE
Yero OTJAHYaJHuCh OBl MO TOUHOCTH U YHUBEpPCAJIbHBIE NMOCTO-
siHHbIe B opMysnax (u3NUECKHX 3aKOHOB M ONpPEJeseHui.
C zapyroil CTOpOHBI, CJHIIKOM MaJioe YHCJIO OCHOBHBIX €IM-
HUIl B TaKOH CTeMeHH OrpaHHUHBaeT BO3MOXKHOCTH MOCTpOe-
HHSl TPOM3BONHBIX eNMHHI[, UTO 3HayHTeNbHAsl YacTb MO«
CJAEIHMX HeH30eXHO oKamKercsi JHOO CAHIIKOM OOJBLIIUMH,
Au60 CAMIIKOM MaJbiM{, a8 NTOTOMY HeyJOOHBIMH JJ5 NpaK-
tukH ¥). UMeloTcs ellle u ApYyrue, TakiKe NMpaKTHYECKHE CO=

*) 3aMeTHM, BIpOYeM, UTO B HaCTOsflllee BPeMS BbipaXKeHHe «pasMmep
eANHKYL, YAOOHBIA AJIst IPAKTHKHY CTAJ0 HECKOJBKO PACH/ILIBUATHIM BCJAEN -
¢TBUE TOFO, 4TO AHANa30H PA3MEPOB Be/JHUHH, BCTPEYAIOUHXCA B HayKe
U TexuuKe, upe3bbiuafino mmpok. Tak, nanpumep, B aaepsoil ¢u3nke npu-
XOJAHTCH HMeTb ReJI0 ¢ AJMHaMu nopsaka 10715 m, a B acTpoHOMHH mO-
panka 102—10% ». MomHocTH »JeKTpocTanu#ii mpesbimainr 109 sr,
a4 MOIUHOCTb CHIHAJa, BOCHPHHHMAEMOrO DPAaAMOJIOKALHOHHOH CTaHuUHeH,
MOCTHraer 3HadeHuit, MeHpuinx YeM 1071 87. B HayuHbiX HCCIeLOBaHHAK
ANANA30H AaBJeHUH npocTHpaeTcss OT 3HAUCHHH, JeXallUX HHXKe, 4YeM
10-'5 arm, ¥ 10 AapseHH#l, LOCTHTAIOLLHX AECHTKOB M COTEH THICHY ATMO=

coep.
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o6paKeHus, KOTOpBlE HENAIOT Manjo NPUTOAHLIMH CHCTe-
MBl CO CHHIIKOM ManbiM uyucioM efuHHL. O HeKOTOpHIX M3
Hux OYJeT CKa3aHo B JaJibHEHIlleM NPH H3J0XeHHH OCHOB-
HBIX NOHSITHA aHaJH3a pa3MepHOCTEH

Hcxons n3 3tux coobpakeHull, oKasbiBaercs ueaecooss
pa3HbIM CTPOHTDH CHUCTEME!, B KOTOPBIX YUCAO OCHOBHBIX €/H+
HHI GbIIO OBl MOPSAZKA TPEX-IIeCTH.

§ 1.5. Buifop OCHOBHBIX eXHHHN

B xayecTBe OCHOBHEIX BeIHUHH 1iefecoo6pa3Ho BuISpaTh
TakWe BeJHYHHBI, KOTOpHE . OTpaXkaloT Haubosee obmue
cBofictBa Matepuu. IlockOJNbRY QopMoOH CYHIECTBOBAHHA
MaTepHH FBJASETCH MPOCTPAHCTBO M BPeMf, €CTECTBEHHO
BKJIIOUHTb B YHCJIO OCHOBHLIX IMHUIILI IPOTAXKEHHOCTH (AJIH-
HBl) W BpeMeHu. Tak Kax OfHOH M3 Hanbojee OOLIHX Xa-
DPAKTEPHCTHK MaTepHH ABJASeTCs Macca, TO B OOJBIIHHCTBE
CHCTEM B KaueCTBE TPETbeH OCHOBHO¥ eIMHHUB NPHHUMAIOT
efnHuny Macchl. Ilogo6uas cucreMa, MOCTpoeHHas Ha 3THX
Tpex enMHHNax (IJHHBL, MacChl H BPeMEHI}, BrepBble Oblia
npennoxeHa [ayccoM u HazBaHa UM abCOJIOTHOH CHCTEMOH.

[ToanHee 3TO MOHsITHE TMOCTENEHHO NMOTEPSNO OJHO3HAU+
Hoctb. MHorga nop aGCcosOTHBIMY NOHHMAJH CHCTEMEH, MO«
CTpOeHHBIE Ha BIOJHE OMpeNeNeHHLIX €JMHHUAX AJUHH,
Macchl U BpeMeHH (CaHTHUMETp, 'PaMM H CeKyHZa), MHOTAa,
12060poT, NPHUAABaNd 3TOMY HasdBaHUIO Oojlee IHMPOKHH
CMBIC/, cuHTasg abCoMOTHOH N6y CHCTEMY, HMEIOmYio
HEKOTOpOe OTPAaHHUEHHOE WHCAO OCHOBHBIX €JWHHUILL M BKJIO-
yaluyl B cebi B KayecTBe NPOM3BOJAHBIX BCE OCTa/bHbIE
eAHHHIE H3 00MAaCTH reoMeTPUH, MEXaHHKH, 3/JeKTPHUECTBa
1 2JIeKTpOMarHeTH3aMa. B HacTodllee BpeMs BCE PEXKe MOJib-
3yl10TCS Ha3BaHUeM «abconoTHas cucrema», TeM Gojee, yTo,
KaK MBI BHJeNH, HeT HHKAKOrO KPHTepHus, KOTOPbI 1N03BG~
JUA OB, UICXOAS W3 TPUHIHNHAABHBIX cO00paXkeHuil, OTAaTh
npennouYTeHHe KaKOH-IH0O onpeleqeHHOH CHCTeMe H NpH-
CBOUTh €l CTOJb 06sI3bIBAIOIEE Ha3BaHHE.

Cpenu CyUiecTBYIOIUMX CHCTEM €IWHHL HauOojbluee pacs
npocTpaHeHne MOJAYYHJIH CHCTEMBl, B OCHOBY KOTOPHIX IO~
JIOXKeHbl eMHHUIB YKa3aHHBIX TpeX BEJAHUMH, NDHYEM HEKO-
TOPLIE CHCTEMB OTPAHHYHMBAIOT UACAO OCHOBHEIX EAWHHI
TOJBKO 3THMH eluHunamMu. B Tak HaspiBaeMoH TeXHHYecKOH
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cHCTeMe, OXBATHIBAIOILEH JHIIb TEOMETPUYECKHE B MeXaHHs
YeCcKHe M3MepeHHs!, TaKXKe YyCTaHaBJIMBalOTCA TPH OCHOBHbIE
eAUHHUIL, OAHAKO B KauyecTBe TpPeTbell MPUHHMaercs efu«
Huia He Maccel, a cunbl. Pemennamu X u XI Tenepanb«
HBIX KOH(epeHUHH 1o MepaM U BecaM BBeJeHa MexjyHa«
poaHas cucTeMa eaunwuI;, o6osHauaemas CH (SI) *), oxpa-
ThIBAIOLla® U3MepeHHs BCeX MEXaHHUYEeCKHX, 3JeKTpPHUECKHX,
TEMJNOBBIX H CBETOBBIX BeaH4yuH. B 3Toil cucreMe B Kaue-
CTBE OCHOBHBIX BEJHUYHH YCTAHOBJEHB!: JUIHHA, BpeMs, Mac<
ca, CHJa 3JEKTPHYECKOro TOKa, TeMrepaTypa M Cuja CBeTa.
Cornacuo TOCT 9867—61 MexxayHaponHas cHCTeMa BBe-
JeHa Kak OpeanouTuTenbHasg BO BceX 06sacTaX HayKH, TeX+
HHKH U HapOJHOro Xo3sificTBa, a TakKe NPH NPENoaBaHUH.
Oxnako mapsany ¢ MeXIyHapoiHOH cHCTeMOH JonyCKaercd
NpuMeHeHe HEKOTOPBIX JIPYTUX CHCTEM, a TaKKe pAfa eau-
HHL, He BXOJSAINX HH B KaKWe CHCTEMBL

IIpu ycraHOBJAEHHH OCHOBHBIX €IHHHI{ BECbMa BajKHOH
ABJISIETCH BO3MOXKHOCTh COXPAHEHHS MOCTOAHCTBA €IWHHUIHI,
ee MpPOBEPKH, BOCNMPOU3BENEHHS, & B CJAydYae yTpaTwl — H
BoccraHoBAeHHs. [1o3TOMY BO3HHKJIO CTpeMJIEHHe CBf3aTh
OCHOBHble €AHHHIBI C BeJHUYHHAMH, BCTPEUAIOLUIUMHUCS B IPH-
poje.

B snoxy Benuxoift OpaHIy3CKOH DEBOJIOLHH ClIeLHANb*
Hasl KOMHCCHSI B COCTaBe KPYMHEHIIHX (paHIY3CKHX Ydes
ubix koHna XVIII B. (Bopna, Konnopcee, Jlamiac u Mowxk),
cosfanHast B Mae 1790 r. no mocranoBaeHuio Hanuouanbs
HOro coOpaHust, MpejJoKuaa NPHHATL B KaueCTBe eNHHHIIbI
AJUHBL OAHY MAECATHMMJIIHOHHYIO JOJIO YeTBepPTH 3€MHOro
mepuauana. 30 Mapra 1791 r. npepsoKeHHE KOMHCCHHU
6BLI0 YTBEPKIAEHO, H OHA MPUCTYNH/IA K ONPEIEIEHHI0 NpU-
HAITOM eAuHMILL. B pesyabrate paGoThl KoMuccuu B 1799 r.
8o Ppaununu Ouii BBeseH «Métre vrai et difinitifs («merp
NOJJMHHLIA M OKOHUATEAbHbI), MOCAYXKHUBIIHE OCHOBOI
MeTpHUecKon cucteMbl. IIpoToTunoM MeTrpa fIBHJIaCh ClelH«
aJBHO H3TOTOBJIEHHAsl JiHHEHKa — IVIaTHHOBHIH CTepIKeHb,
XpaHsLIHACS B HacTosilllee BpeMsa B HauuoHanbHOM apxuBe
®panuuu («apXUBHBIA METP»),

*) B pasbHelimem BCe yCJIOBHBIe OGO3HAUEHHS CHCTEM M HA3BaHMI
ennuul GyzeM naBaTb B pPycCKON TpaHCKpHIUMH. MexayHapoansie 060+
3HAYCHHSA NPHBEJEHLI B COOTBETCTBYIOIIHX TAGVHIAX B KOHIle KHHTH,
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OxHoBpeMeHHO ¢ MeTpoM Obijla BBejJeHa €HHHILA Beca—
KWJIOTPaMM, Onpejle/ieHHas BHAYaJe KakK Bec KyGHuecKoro
neuumerpa Boxnl npu 4°C. Ilogo6Ho ToMy Kak Asist coxpa-
HeHns MeTpa Oblia M3rortosjeHa oOpasloBaf JUHEHKa, Tak
# s COXpaHeHHsA KUIorpamMma Obla H3roToBjieHa ofpas-
1oBasi TrUpsi — NPOTOTHIl KHJOrpamma.

B kauecTBe enuHHIbI BpeMeHH Obila y3aKOHEHA CEKYHe
Ja, onpejeneHHas Kak 1/86 400 cpelHUX COMHEUHBIX CYTOK,

[NoBbllleHne TOYHOCTH H3MeDEHHH, CBS-
3aHHO€ C pa3BUTHEM H3MEePHTeNbHOR Tex-
HUKH, NO3BOJHMO, OJHAKO, OOGHAPYXKHUTb,
YTO MeXAYy BbIOpaHHBIMH €IHHUIAMH U H3+
FOTOBJIEHHBIMH JJs HHX NpPOTOTHNAMH CY-
giecTByer XOTA W HeGonbuioe, HO BHOJHE
U3MepuMoe pacxoxkjaenue. VckiawueHne co-
CTaBUNla JHUIIb CeKyHJa, KoTopad Osaaro-
Japsi BBICOKOH TOUHOCTH ACTPOHOMHUECKUX Puc. 1.
U3MEPEHHIl OCTaBajach MPaKTHUECKH He-
u3MeHHo# u TpefoBaja JHUIb YTOUHEHHSI caMoil OpPMyiHs=
POBKH.

B cBA3u ¢ 3THM BCTaJ BONPOC O TOM, H3TOTOBUTh JIM HO+
Bble MNPOTOTHUNBEl MM MPUMHPHTBCS C HMEIOMHMCH pPacxos
A(AeHHEM W NPHHATb B KayeCTBe 3aKOHHBIX €IHHHI[ MEpHI,
onpenenseMble CyIEeCTBYIOWUMH MPOTOTHIAMH.

[ToMuMO TOrO, UTO H3MEHEHHE MOCIENHUX CaMo 10 cele
npeacrasuao Obl OTPOMHBlE 3aTpyAHEHHS U Heylo6CTBa, He
6610 ObI TapaHTHH, YTO HOBOE YTOUHeHHe He moTpebyer HX
HOBOTO H3MeHeuus. [1osToMy yueHbie NpPUIJIM K MBICJIH O
HeoBXOANMOCTH 32(HKCHPOBATh NPOTOTHML KaK OCHOBHEIE
3aKOHHBIE 3TaJOHB! eJHHHI] U3MepeHHH.

Takum oOpa3oM, OblIM YCTAHOBJEHB CJenyOllpe ey«
HUIBI, KOTOPble H ObUIH NPUHATEL B KayeCTBE OCHOBHBIX!

eluHHLa AMHHBl — MeTp (M), onpefenseMast Kak pacs
CTOfIHME MeX/Jy OCfMY ILITPHXOB, HaHeCeHHBIX Ha NJa-
TuHO-upuaueson muHefike npu 0° C. CnnaB muraTHHBL M HpPH=
nusi 6bl1 BHIGpaH Kak obaajamiuil oueHb MasdbiM Koa(du-
HUEHTOM TENJOBOro pacluupenusd, a (opMa MONepeuHoro
ceyeHus: quHelikn (puc. 1) orpeuasna Tpe6OBaHMIO BO3MOXK-
HO MeHbllero nporuba;

eIMHALIA MacChl — KUJAOrpaMM (MJH KujlorpaMM-macca)
(ke) — macca mIaTHHO-HPHIUEBON THDH;
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efIHHKIA CHJIbl — KuJorpamm-cuaa (xec) ¥) — Bec ToH
JKe TdpH B MecTe ee xpaHeHus B MexayHaponHofi nanare
mep u BecoB B Cespe (BOsu3u Ilapuxka);

eNHHHIA BPpeMeHH — CeKyHJa, onpeaensieMasi, Kak # pa-
Hee, Kak 1/86 400 uacTh cpefHHUX COMHEUHBIX CYTOK. B acTpo-
HOMHH H CMEXHBIX C Hell 006/1acTAX NPHHHMaNach 3Be3fHad
cekyHpa, omnpefensemas kak 1/86 400 uactb 3Be3gHBIX Cy-
tok. Tak kak Gaarogapsi ABHXKeHuIO 3eMan Boxpyr CoJH-
Ua 3a OJUH TOJ, NPOXOAHT 3BE3JHBLIX CYTOK Ha eJHHHUY
OoJiblile, ueM COJTHEYHBIX, TO 3Be3fHasl CEKYHAa COCTaB/sia
0,99726957 co/HEUHOH CEeKYHIBI.

Ha ocHoBe nepeuuc/eHHbIX eJWHHIl B HX IOJBHBIX M€«
CATHYHBIX YacTe#l OBLIH TOCTPOEHBl CJENYIOIUe CHCTEeMBbI:

cucrema CI'C; B KauecTBe OCHOBHBIX €JHHHI OBLIH NpPH-
HSITHl eAMHHIA JJIHHBI — caHTHMerp (cm), paBHHIH ONHOHN
COTOH Merpa, €AMHMIA Macchl — rpaMM (), paBHBIl OfHOM
THICAYHON KWJIOrpaMMa, M eIHHHIIA BpeMeHH — CEeKyHJa
(cex);

cucrema texuuyeckas (MKI'CC); B kKauecTBe OCHOBHBIX
eMHNI ObIIM TPHHSITH eIMHHIA IJHHB — MeTp (M); enH-
HHL@ CHJIB — KujorpamM-cuna (kec, ke®, «I'), emunuua
BpeMeHH — CekyHna (cex).

Cuctrema MKICC sBxawounia B ceGs TOVIBKO TeoMe-
TPHUECKHe ¥ MeXaHHYyecKHe eIHHMUBL, cucreMa ke CIC
pacnpocTpaHssack W Ha 3JMeKTPHYECKHE M MarHHTHBIE H3-
Mepenud. [Ipy 3TOM TNpou3oULIO pa3feneHue CHCTEMbl Ha
JIB€ CaMOCTOSiTe/IbHBIE CHCTEMBbI, B OJNHOH H3 KOTOPHIX 3a
OCHOBY NpPUHMMAJHCH 3JEKTpPOCTATHUECKHE, a B JAPYroH —
3JeKTPpOMarsuTHble B3auMoaeficTBus. COOTBETCTBEHHO nep-
Basi IIONyudsTa Ha3BaHHe 3JMEKTPOCTATHUECKON CHCTEMBI
(CTC3), a Bropas — saexrpoMaruautHoit {CI'"CM). Oanako
eJHHHLB KaK TOH, TaKk M JPYrol OKasajucb MaJao ya06-«
HBIMH [Js1 NPAKTHKH, BCJAECTBHE 4ero Obljid YCTAHOBJIEHB
BCIIOMOTAaTe/bHbBle NPAaKTHYECKHe eXMHHIB IJIsT H3MepeHHs
BEJMYHH, CBI3AHHBIX ¢ HPOLECCOM MPOXOXKJAEHHS TOKa (CH-
JIbl TOK4, pPa3HOCTH MOTEHIMAJNOB U 3JIEKTPOJABHKYVILEH
CHJIBI, CONPOTHBNEHUs!, paboOThl, MOMIHOCTH H T. 1.).

*) TlpuMensiorcs Takxke oGosHavenun xI” U ke*. as 3tofl exuHuIBl
npeasaraercsa pAjA JADYrHX HasBaHuE — KWJIOTpaB, KUJAONAYHA M T. I,
HO HM OJIHO H3 HHX He HOJYYHJIO CKOJNbKO-HHOYAb ILMPOKOr0 pacmpoct-
paHenus.
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Brayane 3TH eJMHHLbl He 00pa30BBIBAJNK CTPOHHOH Cil-
CTeMbl H Ja)ke He MOrJiH ObITh NPHMEHeHBl NSl pelleHHs
3JeKTPOCTAaTHYECKKX U JIEKTPOMAarHUTHHIX 3ajady. B 1902 r.
UTaJMbAHCKUH uH3KeHep JKODAKH NpPeANOXU1 TakKuM 006+
pPasoM pPACIIHPUTBL CHCTEMY NPaKTHUECKHX €JHHHI, 4TaGhl
ee MOXKHO ObLIO cHefaTh CTOJb JK€ YHUBEPCAJIbHOH, KaK H
cucrema CI'C, T. e. oXBaThiBallle#l BCe H3MepeHHs B 00-
JAaCTH MEXaHHKH, 3JIEKTPHYeCTBA H 3IJEKTPOMAaTHETH3Ma.
OnHako, NOCKONbKY B 3Ty CHCTEMY CJeJ0BaJO BKJIOYHTH
yie pacnpocTpaHeHHBe MPaKTHUECKH? eJHHHIBI, TO coXpa-
HeHHe TOCTeHHX OKa3aloCh BO3MOMKHBIM JHIOb NPU yCIO-
BUH BBeJleHHS MO KpafiHell Mepe o0AHO# JONOJHHUTENBHOH
VHHBEpCaJabHOH NMOCTOSIHHOH, YTO PaBHOCHUJBHO BKJIOYEHHIO
OJHOM H3 3THX €AHHMIl B YMCJIO OCHOBHEIX, B KayecTBe Tako-
BOH MpeAnaraioch NPUHATh €HHUIY OJHOM U3 CAeRYIUMX
BeJIHYMH: KOJMYECTBO 3JEKTPHYeCTBa, CUJla TOKa, pa3HOCThb
NOTEHIHAJOB, CONPOTHBJEHHE, 3JEKTPOEMKOCTb, HHAYKTHB<
HOCTb, MAaTHHTHBIA NMOTOK, MaTHUTHAsA TNPOHHILAeMOCTh ¥},

ITocne psama nAuCKyCCHH, MCXOASI M3 METPOJOIHYECKHX
coobpaxeHu#l yAO6CTBA ¥ HAJEXHOCTH BOCIPOU3BEAEHNS
eIHHHIIBI, NPHHAJN PelleHHe B KauyecTBe YeTBEPTOH OCHOB-
HOil eIMHMIBl NIPHHATD €IHHULIY CHUABI TOKa — ammep. Onpe-
JlefleHHe aMmepa Mo CBOeMY XapaKTepy CYIECTBEHHO OTJIH-
Yaercsl OT ONpEeAeJNeHHsi APYTHX OCHOBHBIX €INHMHHI[— MeTpa,
KujorpaMma H cekyHJel. [lesio B ToM, UTO BHayaje aMOep
Ol BBe/eH KakK OfHa JecsiTasl TIPOU3BOAHOH €NUHMIL .CH-
aut Toka B cucreme CI'CM. Tlosromy, X0t aMnep Bo3BeneH
B paHI OCHOBHEIX EJUHHI, OH MO CYHIECTBY ONpERENseTcs
Kak npousBojHas eauHuuna. CoriacHO NPHHATOMY ompeje-
JIEHHIO «aMTIep eCTh CHJIa HEeH3MeHSIOLerocs TOKa, KOTOPHIi,
NpOXOjAsi MO ABYM NapanjejbHBIM NMPOBOJHHKAM GecKoHeu-
HOH JJIHHBI H HHYTOXKHO MaJjIor0 KPYroBOTO CeYeHMs, pac-
TIOTIOXKEHHBIM Ha paccTosHuu | MeTpa OfMH OT JAPYIroro B
BaKyyMe, Bbi3BaJ OBl MeXIy 3THMU TNPOBOIHHKaMu CHIY,
paBHywo 21077 HbIOTOHA Ha KaXABH MeTp AJHHBEY. ITO
onpefeseHHe Mbl PacCMOTPUM Gojiee TMOXPOGHO H pasbsics
HUM B IJIaBe, MOCBSINIEHHON eIMHHIIaM HU3MEpPEHHS 3JIEKTPH-
YeCKHX ¥ MAarHHTHBIX BeJHUHH.

*) 1as eiMHMLW MATHHUTHOH NDONHMILAEMOCTH JaXe INpeAaaraioch
¢rellHabHOe Ha3BaHUE «MarH»,
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B cBsisn ¢ onpejejieHHeM MeTpa H KHJIOTpaMMa He KakK
€CTeCTBEHHDIX BEJIUYHH, a N0 NMPOTOTHIIaM YTPAaTHIOCh OLHO
U3 TPEUMYIECTB METPHUECKOH CUCTEMbBl — €e COXPAHHOCTDH
H BO3MOXKHOCTb TOYHOTO BocnpousBeneHHs. JlaabHelimee
HOBBIIEHHE TOYHOCTH M3MEepEeHHH MO3BOJIHJIO YaCTHYHO Bep-
HYTbCS K YCTaHOBJIEHHIO OCHOBHBIX E€IMHHI 10 H3MEDPEHHIO
eCTeCTBeHHHIX BenuuuH. IIpu 3ToM MJA €JMHHIBI Macchl —
KUJIOTpaMMa COXPaHH/IOCH €r0 OlIpelleJieHHe MO MexJyHa«
poAHOMY MNPOTOTHNY, a IJIHHY MeTpa OKasaJocb BO3MOXK-:
HHBIM H Haubosee Lenecoo0pa3HBIM CBSI3aThb C JJIMHOA BOJ-
HBl OTpeJe/eHHOR CIEeKTpPasabHON JNHHHU. B KauecTBe Tako-
BO#t GbiJla TpUHSTA OpaHXKeBasi AHMHAS KpuntoHa. Tak Kak
€CTeCTBEHHBIl KPHITOH COAEPKHUT LISCTh H30TONUOB, CIEK-
TpaJjibHble JINHUU KOTOPBIX XOTHA H B MaJOH CTeNneHH, HO OT-
JUYaOTC APYT OT Jpyra, TO OIpejeJeHHe MeTpa uepes
JUIHHY BOJIHBI YTOUHSIeTCH yKa3aHHeM Ha TO, 4TO B Kaue-
CTBe HCTOYHHKA Oepercss H30TON KPHITOHA € MacCOBBIM
uuciom 86 (3sKr#). [Ipunsitas cnekTpaJjbHasg JHHHUA COOT-
BEeTCTBYET NEPEXOAY 3JEKTPOHa B aTOME KPHIITOHAa MEKAY
KBAHTOBBIMH COCTOSIHHSIMH, KOTOpble B CIEKTpOCKonu# 060-
3Hayaiorcst CuMBoiaMu 2py u 5ds. Ilo ompepenenuio merp
conmepxur 1650 763,73 nauHB BOJHBI B BaKyyMe 3TOU
CNEKTPaabHOH JHHUH.

Onpenesiensie CeKyHIbl TaKikKe HECKOJNBKO YTOUHHJIOCH,
TaK KaK TNOBBILIEHHE TOYHOCTH H3MEDEHHs BPEMEHH I03BO+
JIMJIO YCTAHOBHTb HEKOTOPOE HEMOCTOAHCTBO CPEJHHX CYTOK.
B ocHoOBY HOBOTO onpepeneHms CeKyHAL OB IIPUHAT Tak
Ha3bIBAEMBEIH TPONUYECKUH roj — IPOMEXYTOK BpPeMeHH Me-
XY ABYMSI BECEHHHMH paBHOZeHCTBUAMH. COry1acHO HOBO-
My onpeaetieHnI0 cekyHjaa ecth 1/31 556 9259747 yactb
TPORNMUECKOro Toja, Hayasmerocs B 12 wvac. aus 31 pge-
Kabps 1899 r. *). Yka3zaHue Ha onpenesNeHHBIl TOJ HMeeT
LeNbl0 yyecTb TOT (PakKT, UTO CaM TPONHMUECKHEH TOJ YMeHb-
maercs npumepHo Ha 0,5 cexkyHABI 3a croJeTHe.

PaspuTHe MOJEKYJIAPHOH M aTOMHOH PalZHOCTEKTPOCKO-
[IMH T03BOJIMJO YCTAHOBHUTH JOCTATOYHO TOUYHYIO CBSI3b €M~
HHALLL BpEeMEHH C TepHoAoM KosieGaHuit, COOTBETCTBYIOUUM
Kakofi-nu6Go onpefeseHHON cnexkTpanbhoit JuHHH. [lostomy

*) Mo acTpoHOMHuECKOMY cueTy BpeMeHH MojacHb 31 nekabps
1899 r. oGosnauacres «12 wacos 0 supaps 1900 r.».
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pewennem XIII TenepanbHoli koHGepeHuun mo Mepam H
Becam (1967 r.) 6bw0 faHO HOBOE ONPERENCHHE CEKYHM,
COFJIaCHO KOTOPOMY CeKYHAa €eCTb HPOJOJKHTENbHOCTD
9192631 770 nepuoZOB H3/1YuYeHHS, COOTBETCTBYIOILEro Ie-
pexony MeXAy ABYMS CBEPXTOHKUMH VPOBHSIMH OCHOBHOIO
COCTOSIHUA atoMa 55Cs!®® (uzoToma Lesus ¢ MacCOBHIM YHC«
aom 133).

3aMeTHM NPH 3TOM, YTO M €JHHHIY MacChl B NpHHIHIE
MOXKHO Obi1o OBl ONpPEeNeJHTh He MacCOH 3TalOHHOH THpH,
a cBfi3aThb €€ C Maccoli Kako#-nu6o aTOMHO#N vacTuUibl (Ha-
npumep, He#iTtpoHa). K coxasleHHIO, B HacCTrosIlee BpeMst
TOYHOCTb ONpeJe/ieHUs AaTOMHBIX MacC YCTyNmaeT TOUHOCTH
H3MepeHHs1 MacChl MyTeM B3BeLIMBaHUSA.

Yro xacaerca cucrempl CI'C, 1o, 6yayun nocrpoenHoi
Ha TPeX OCHOBHBIX eJMHUIAX (HJHHBI, MacCh U BpeMeHH),
OHa B IOJHOH Mepe OXBaTH/la BCE TeOMeTpUYecKHe, Mexa-
HHYEeCKHe, SJEKTPHUECKHe ¥ MarHutHole uamepenus. Ilpu
3TOM OKasaJjca HauboJee YAOOGHBIM TaKOH BapHaHT CUCTEMHI,
OPpH KOTOPOM 3JIeKTPOCTaTHUECKHE BeJMUUHLl H3MepSIoTes
egununamMy CI'C3, a wMaruutHbie — eaununiamy  CI'CM.
drta cucreMa Nojy4yuia Ha3BaHue CUMMETPHYHON Wjau raycs
coBoil cucreMbl u o6osnauaercss CI'C. B npuHuune cucrema
CI'C moryia 6b1, pasyMmeercs, OblThb NpHMEHEHa H AJIst JIO+
ObIX JPYTHX, B YaCTHOCTH TEIJIOBBIX M CBETOBHIX, H3Mepe-
HH#, AJisI YETO CJeJ0BaJjlo CBsi3aThb OHPEE/SIOIHMH COOT»
HOINEHUSIMH COOTBETCTBYIOHIue BeanunHbl. OJHaKo ype3Bbls
yallHo WMPOKOE pacnpocTpaleHne, KOTOPOe HMeeT B Hayke,
TeXHHKE ¥ TOBCEIHEBHOH KU3HKH TeMIeparypa, Jenaaer
NpakTUYECKH 1ejecoo6pa3HbIM BblejdeHue ee B YHCJAO OC»
HOBHBIX BequuuH. B cBeroTexHHKe CYINECTBEHHBIMH SBJfA+
I0TCSl BeJHYUHBI, XapakTepuayioye CyObeKTHBHOE BOCTIPHS-
Tue cBeTa (cuaa cBeTa, OCBEUIEHHOCTb, ApKocTh). [losToMy
HCIIOJNBb30BAHHE IIPH ONpEJAEAEHMM 3THX BEJHUHH TOJBKO
3HEepreTHYeCKUX MapaMeTpPoB JHIIMT HX BaxKHelillero xa-s
YyecTBa — XaPaKTEePUCTUKH BO3JelCTBHS Ha Hallle 3pEeHHe.
Takum o6pasom, npu npumenennu cucreMnl CI'C ko Bcem
dhu3MUECKNM ABJIEHHSAM CIeAYyeT CUNTAaTh OCHOBHBIMH HE TDH,
a naTh ee eAMHHIl H3MepeHH.

Kak ckasano Oblo BhILE, B HAcTOAllee BpEMs B Kaues
¢TBe HauGojee NpeRnouTHTENLHON y3akoHeHa MexayHapoa-
Has cucrema (CH). Dra cucrema mnpencrasisier coboi
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pasBHTHE NMPAKTHYECKOH CHCTEMBb 3JEKTPUUYECKHX EJMHHL, B
KOTOPOH K OCHOBHBIM eJMHHIaM METPy, KHJAOrpaMMy, ce-
KyHnae H amnepy ao0aB/ieHbl ellie ABe eIHHHIbl — rPamyc,
H3MepAMIUA TepMOLHHAMHYECKYI0 TeMIepaTypy, H cBeya,
H3Mepsiowas cuay csera. OnpeneseHne 3THX eIuHHI Gyaer
JAaHo JaJjiee MPH PacCMOTPEHHUN eJHHHIl, OTHOCALUHMXCA K CO<
OTBeTCTBYIOULEH obnacTu Husuxu.

B 1919 r. Bo ®paunuu 6ul1a npunsita cucreMa MTC, B
KOTOpO# 3a elMHHIY Macchl npuHuMaJgtack Tonda (1000 ku-
jgorpammoB). OnHo BpeMs 3Ta CHCTEMa YCHJIEHHO Mponas
FaHAHPOBaJIACh U faXe Oblyia y3aKOHEHa COOTBETCTBYIOL{HMH
cranjapraMu. OfHaKO pacnpocTpaHeHUs OHa He Moay4qudaa
W B HacToslllee BpeMs MPAKTHYECKH ROJHOCTBIO BHILJIA H3
ynorpebieHns, 3a HCKJIIOUEHHEM HEKOTOPBIX ee eHHHL,
TIPHMEHsEeMBIX YiKe BHe CBSI3U C CHCTEMOH,

§ 1.6. BrecncreMHbie eAMHHUBI

HecMmorps Ha onpejieieHHBlE TPEHMYILECTBA, 'KOTOpbIe
RaeT TpPUMEHeHWe ENUHUIL UIMEPeHUR, ONpenensieMblX TOH
IH WHON cHCTeMOMH, N0 HACTOSIIEro BPEMeHH NIHPOKO pac-
NpPOCTPaHeHBl pa3JH4Hble eNHHWIbl, He YKJaJIbBaloIHECs
HH B OJHY K3 cHcreM. OT MHOrMX H3 HHX HeNb3st OTKa3aThe
cfl BBHAY yA0GCTBa MX IpPHMEHEeHHs B ONpelNeneHHbIX ofJa«
CTAX, APYTHe COXPAHUIUCh B CHJAY UCTOPUUECKHX TPaAMUHHL.

B nmopesomonuonHoii Poccun cymectBoBasna crapast
pycckas cucrema Mep, Koropas B 1924 r. Guia 3ameHena
merpuueckoi. HaspaHus enuHum 3TOf cHCTeMBl COXpPaHHU~
JIUCh B HAacTOflllee BPeMs TOJNLKO B TOrOBOPKAX H MOCI0+
pHIlaXx («<MepHTb HA CBOH apuiMH», «MaJ 30JOTHHUK, Aa N0~
por», «Kocafl caykeHb B MJeyax» W T. I.) M JHIUb €JHHHIA
nyd BCTPEHAETCS HMHOTJAA B COOOCIIGHHAX O NPOH3BOACTHE
cenbckoxos3nfeTsenubx npoayktos. B Auraum u CUIA g
cefluac KOHCePBATHBHO COXPaHAIOTCA €IUHHHE, HeyA0GCTBO
KOTOPBEIX COCTOUT He TOJbKO B TOM, UTO OHH IOCTPOEHHI He
0 AeCATHUHON CHCTEME, HO H B TOM, YTO HEPEAKO MOXA Of-
HUM Ha3lRAHHEM CKDBIBAIOTCA pa3Hble eJUHUIBI (HECKOMABLKO
MUJIb, TaJJIOHOB, HE BHOOJHE TOYHO COBIARAOUME AIOFiMBL
T OIL).

Cpenu BHECHCTEMHBIX €JHHHUII B MEPBYIO TPYINy OJK-
Hbl OBITh BbiJ@IEeHB! AeCATHUYHbIE KPAaTHbIE H JOJbHBIE elH-
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Hulibi. HauMeHoBaHue 3TUX eAHHUN 00pa3yeTcsa ¢ MOMOLULIO
COOTBETCTBYIOLLHX UPHCTAaBOK (Aeud-, CcaHTH-, MWJIJIH-,
exa-, TeKTO-, Kuio- U T. n.). Ilepeyedp THX NpUCTaBOK H
cOOTBETCTBYIOIMEe 0003HaueHUud JlaHbl B Taba. 52.

Bropyio rpynny BHeCHCTeMHBbIX eIHHHI 006pasyioT exH-
HHIB, TOCTPOEHHBIE U3 eAMHHIl CUCTEMBl HE 110 AECATHYHOMY
npuHuAny. K TakuM B nepByio ouepeib OTHOCATCH eJUHHIIbI
BpeMeHHM: MHUHYTa, yac.

Haxkonen, B TpeTbio Ipyminy BXOINAT €JHHHIIBI, HE HMEIO+
LIHe CBA3U C eIUHHMUAMU YCTAHOBJACHHBIX cucreM. K uucay
TakdX €IHHHI, B YaCTHOCTH, OTHOCATCH €AMHHUIA IJIUHB —
nofiM, eZHHHNA KOJHUeCTBA Temja — KaJiopHsl, eIHHHIH
JlaBleHusT — HOpMaJsbHas aTtMocdepa W MH/IIMMETp pPTyT+
poro crosnba u T. A.

B nmaabHeitiieM, paccmMaTpuBasi eAMHHUB! TOH HAH HHOR
BEJIMUMHBL, MBI HapPSAy C €IUHHIaMHU, BXOASUIHMH B CHCTE<
mbt CI'C, CH unn MKI'CC, 6ynem nasateh u Haubosee pac-
IpoCcTpaHeHHble BHeCUCTEMHBlE eAMHUIBI W NOKaXeM HX
CBsI3b ¢ CUCTEMHBIMH eAMHULAMH,



Tnasa 2

MepeBoa epunnn M GopMysasl pa3MepHOCTH

§ 2.1. ®opmyabl pa3zMepHOCTH

Hanuuue pasiuuHbiX CHCTEM CTaBUT 3ajauy NepeBofa
onHuX efuHuu B aApyrue. OueBHIHO, W3MEHEHHE OCHOBHBIX
€IMHUI JIOJXKHO NPHBOANUTH W K H3MEHEHMIO NPOU3BOAHLIX.
Tak, HanpuMep, ecd BMECTO MeTpa 3a eJHHHHY NYTH BO3b<
MeM KHJIOMETD, TO TMOJYUHM €JIHHHILYy CKOPOCTH <KHJIOMETD
B cexyHay», B 1000 pa3 GoJbluyio, ueM «METp B CEKYHAY».
B3siB B KauecTBe eAMHUIIBI BPeMeHH uaC H COXPaHHUB B Ka-
YeCTBe €[MHUUBl MYTH MEeTp, MOJYYHM EAMHULY CKOpoCTU
«MeTp B yac», B 3600 pas MeHbLIYIO, YEM «METD B CEeKYyH«
Ay». HakoHel, MOKHO NONYYNThb eAHHHIY CKOPOCTH «KHJIO+
METpP B uac», pasuyio 1000/3600 = 0,278 m/cex, ecnn B Ka-
yecTBe EIHHHUIIB [IJAHHBI B3ATb KHJIOMETP, a B KauyeCTBe
e/IMHMILI  BpeMeHu — yac. MBI BHIMM, UTO BCSKOE H3Me-
HeHPe OCHOBHBIX €NMHHI[ U3MEHfeT COOTBETCTBEHHO IPOH3~
BOJIHYIO €IUHHIY.

OueBnjHo, XenaTeJbHO HaHTH Takoe COOTHOIIEHHE, KO-
TOPOE MO3BOJMUJIO OBl ONpeNenuTh, KaK ¢ U3MEHEHHEM KaiKs<
IO 43 OCHOBHBIX €NHHHI] H3MEHHTCSl [POU3BOAHAS E€IHHH-
na mHTepecylollell Hac BenHUHHHB. Takoe COOTHOHIEHHE HO-
cuT Haspanue JOPMYJaA B Pa3MEPHOCTH €AHMHHUIL
JaHHOH BeJHYHHBDL

Ilnst Toro uToGbl MO3HAKOMHTBCA € MOCTpPOeHHeM (op-
Myl pasMepHOCTH M MX NDHUMEHEeHHEeM MJs1 B3aUMHOTO mepe-
BOJa €IMHUIl, PACCMOTPHM BHauaJjie ciyyall, KOrjla CHCTEME
HMET OJHM U TE JKE OCHOBHEIE BENRUUHBI ¥ MCOONAL3VIOT
OJlHM M Te 3Ke omnpejessioullne COOTHOUIeHHsd. TakuMH cu-
CTeMaMH, Hanpumep, /11 MeXaHHUECKHX M3MepPeHHH $B-
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asitorest cucremsl CI'C u CH, rak xak npa 37oM u3 oGeux
CHCTEM HCHOAb3YIOTCA JHIbL TPH OCHOBHbIE €AHHULDBI: AJIH-
HBI, MacChl W BpEMEHH, H CHCTeMbl OTJIHYAITCH APYyr OT
Jipyra TOJbKO pa3MepoM OCHOBHBIX €IHHMIL.

OrMernM, UTO ec/iu C H2MeHeHHEeM €jMHHMLBL [JHHbl B
n pa3 MPOU3BOJAHAS €AMHUIA M3MEHsieTCsl B AP pa3, TO ro-
BOPSIT, YTO JaHHasi MPOM3BOAHAsl eduHHLa objaanaer pass
MEPHOCTBIO p OTHOCHTE/NbHO eAMHHUb AJHHBL. ToyHO Tak
e, €CIM MPOH3BOAHAS €JHHHLAa H3MEHsIeTCs TPONOPUHO~
HaJbHO CTEleHH § H3MEHEHHS eJHHHUbLI MacChl H CTENeHH r
H3MeHeHUs eJHHHIL BPEMEeHH, TO TOBOPST, 4TO MPOH3BO/
nast eauuuna oO6JalaeT PasMEPHOCTBIO ¢ OTHOCHTEIBbHO
eIMHUIBl MACCHI H 7 OTHOCHTENLHG eHHHIL BpeMenu. LEcin
eIUHHUA HEKOTOpo#l BesauunHbl A obgajgaer pasMepHOCTbIO
p, § W I OTHOCHTEJAbHO €IHHHI[ JJIHHbI, MacChl H BpPEMEHH,
TO CHMBOJIMYECKH 3TO 3alHCHIBAIOT B BHIE

[A] = L?M‘T", 2.1)

rf1e KBajpaTHbie CKOOKHM, B KOTOpbleé IOCTABJACH CHMBOJ
BeJHUMHL A, 03HAYAIOT, YTO peub MAET O Pa3MEPHOCTH
eJIHHMUB 3TOH BenuunHbl, a cumBoanl L, M u T npeacra-
BJASIOT cofofi o0oOuUIeHHbie O0003HAUEHUSI EIMHHY IJIHHDI,
BpeMEHH M Maccbl ©0e3 yKasalus KOHKPETHOro pasmepa
eJAVHHL.

Gopmyay (2.1) MOXKHO TPAKTOBAThb B TOM CMBLIC/E, UTO
ec/M OTHOMIeHUS! €MHMI[ JJIMHbBI, MacChl U BPEMEHH B ABYX
cucTeMax paBHB! cooTBerctBeHHO L, M u T, To orHOlIeHuUs
POU3BOAHBIX efHHUL, OYAyT paBHbl LPMaTr,

Qopmynta (2.1) nasbiBaetcs QOpPpMYyJao#H pasmep-
HOCTH eJHHMIB JAHHOHN BeJHUUHB HIH, KaK ya-
CTO NI/ KPATKOCTH T'OBOPAT, pa3ME€PHOCTDLIO TAaHHOI
peanunHb. Jlerko BugeTs, uro (opMy.na pasMepHOCTH
MOKeT OHITh Hanucasa TOJbKO S TaKUX BeJHYHH, KOJil-
YyeCTBEHHAs XapaKTepHCTHKA KOTOPBIX YAOBJAETBODHET yCJO-
BUI0 a6GCOMIOTHOrO 3HAUEHHS OTHOCHTEJNBHOTO KOJHYECTBA.
ITpu aToM oKasbiBaeTcsi, UTO NpH JI000M BBHIGOpE OCHOBHBIX
eAHHUL (OopMyJIa PasMEPHOCTH NMPOU3BOJLHOH e IHHHUIBI Mpen-
craBJsier coOOH OfHOU/IEH, COCTABJACHHBIA H3 TIPOU3BENEHUS
CHMBOJ/IOB OCHOBHbBIX e[HHHUI] B HEKOTOPBIX CTENEHSX, HpHUYeM
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CTeNeH® 3TH MOryT ObIThb NOJOXHTEAbHBIMH K OTPHIlATEb-
HBIMH, LeJbIMH ¥ apoGHbIMHU *).
IMpu o6pasoBaHuu (GOpMy.a1 pasMepHOCTH MPOH3BOAHLIX
€MHHHUL Mbl OyJeM NOJb30BaThCA CJACLYIOIIHMH TEOPEMAaMH:
1. Ecin umcnennoe sHaueHue BennuuHbl C paBHO TPO-
H3BEJEHHIO YHCJEHHBIX 3HaueHWil BeaumuuH A u B, 10 pas-
mepHocTh C paBHa npousBejeHHIO pasMmepHocrelt A u B:

[Cl=1A4]-[B], (2.2)
HHaye ropops, €CJH
[A] = LPaM%T a

[B] = LPeM%T">,

[C] = LPa*Pop%a 907" a*"s, 2.3)

2. Ecan uncaennoe 3nayvenue Beanunsnl C paBHO OTHO-
DIeHHIO YMCJEHHBIX 3HaueHuit BequunH A u B, 10 pasmep-
Hocth C paBHa OTHOWIEHHIO pasmepHocTedt A u B:

A A
te1=[5]= 7 @4)
niau
[C] = LPaPoM%a~%T ™", (2.5)

3. Ecan uncineHHoe 3HaueHHe Beaumumbl C paBHO cre-
TIeHY 71 YHCJIEHHOTO 3HAUYEHUA BENMUUHHE A, TO Pa3MepHOCTDb
C paBHaA CTeneHH N Pa3MePHOCTH A:

[C]1=[A"}=[A}" (2.6)
B sTOM Ciiyuae, eciu
[A}= LPMT7,
T0
[Cl=LP"M"]"", 2.7

HoxasaTenbCTBa BCEX OSTHX TEOPEM OueHb MPOCTHI,
BCJIEICTBHE UEr0 MbI OTPAHHUHMCA JHIb TEM, YTO JOKaXKeM
HepBYIO H3 HHX,

*) TlpocToe nOKA3aTENLCTBO 3TOTO TNOJOKEHHS IKEAAOUUE MOTYT
paiiti B kuure: II. B, BpuaxMan, Asaans pasmepuocreli, OHTH
T'TTH, 1934,
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Ecau yucnenHoe 3Hauenue BesiHuMHbl C paBHO mpou3Bes
JEHHIO YHCAEHHBIX 3HayeHuit BesauunH A u B, 10 970 3HAYMT,
4YTO NPH U3MEpPeHHH 3TUX BENUYHH CAHHHLAMU C;, @ U by
MBl 6yJeM HMEThb

Ci =AIBIy (2.8)
Cl=£', A1=—4', Bl:%'

a;

rae
(2.9)

COOTBETCTBEHHO NPH H3MEPEHHH TeX K€ BEJHYHH eAHHHI{A<
MH Co, Q3 U bo

C2 = Ang, (2.10)
e c A B
C2=—02—, A2=E, B2=b_2' (211)

Bepsi ornomenne (2.8) u (2.10) u npuHHMast BO BHHMaHH®
(2.9) u (2.10), noayunm

22 ,’j—f (2.12)
Ecan
—;’% = LPaMeT’a (2.13)
H
—’;f— = LPoM T, (2.14)
TO
L2 — [ Pa*Pop%at T e, (2.15)

Cy

uro ©u TpeboBasoch AoxkasaTh. OueBHAHO, UTO TAKHM Ke
IYTEM JerKOo MOryT OBITh fOKa3aHbl H OCTalbHLIE TEOPEMBL

BaxHo orMeTHTB caeayiolnee o6CTOATEabCTBO. Tak Kak
cnoco0 TIOCTPOEHMS TNPOM3BOAHOA €IUHUIB BKJIOYaeT B
ce0si MpUpaBHUBaHKHE eAuWHULE (UM HHOMY NPOH3IBOJBHOMY
TNOCTOSTHHOMY YHCJY, He 3aBUCAILLEMY OT pasMepa OCHOBHBIX
e/MHHL) Ko3(HuLeHTa NPONOPHHOHAJBHOCTH B ONpeje-
JSIOILeM COOTHOIUEHHH, TO TO 03HAUAET, YTO MBI YCJIOBJH<
BaeMCsl CUHTaTh 3TOT KO3(phUUHEHT HYJIeBOH pa3MepHOCTH,
HJIH, KaK FOBOPSIT, Oe3pa3mepHbIM. Pasymeercs, Kpome To-
ro, ¥ 060 NOCTOSHHBI YUCA0BOH KOIQ(UIHEHT, MOJaY+
UCHHBI NpH KakuX-1u6o MaTeMaTHUCCKHUX ONepauHax, TaKs
Ke cAelyeT CYHTATh Oe3pasMepHbIM,



46 MEPEBOI EOWHUU N &OPMYJIBI PASMEPHOCTH ria. 2

INosicHuM CKa3aHHOe NpHUMEPaMH.
1. PasmepHocTh mioilaau KBajpara

[SKB] = [”2 = L2M°T° (2. 16)

HJIM, ONycKasi 3/1eCh, KaK H B JajbHeHuIeM, CUMBOJbLl OCHOB=
HBIX eJHHHI, CTOALLNE B HYJeBOH pasMepHOCTH,

[sys] = L2 (2.17)
2. Pa3aMepHOCTD MJIOWAAK Kpyra
[sesl = |5 | [DF = 12, (2.18)

MOCKOJBKY KO3(pGHuLHeHT /4 sBJAsSETCS HOCTOSTHHBIM KO3(s
dHUHeHTOM, HE 3aBHCALIMM OT pa3Mepa OCHOBHBIX eJUHUII,
a notoMy OespasmepHbIM. ITo3TOMY pasMepHOCTb TJIOLLAAH
A1060f1 TeOMeTPHYECKOH (UTYpH, HE3aBUCHMO OT €e GOopMBHl
oyner

[s]=L% (2.19)

3. PaamepHOCTh CKOPOCTH MOXKHO ONpeAejuTb H3 ¢op-
MYJIBl CKOPOCTH PaBHOMEDHOrO JBHXKEHHS:

o= =177, (2.20)
]
4. Pa3MepHOCTb YCKOPeHMs onpejensieTcst u3 GopMyssl
YCKOpeHHsi PaBHOMEPHO YCKOPEHHOTO JIBHIKEHUS:

[a)= el — g7, 2.21)

Jng HarafaHOCTH BOCHONb3yeMcd nociefneli hopmynoil
IAsi TOro, uTOGHl ONpeAeNHTh, KaK H3MEHHTCA eIHHHIA
YCKODEHHSI, €CJH OT H3MepeHHS [JHHB B MeTpax ¥ Bpe-
MeHH B CEKYH/JaX IepPelTH K H3MEPEHHI0 IJHHBI B KHJIOME-~
TpaX W BpeMeHu B MuHyTax. Ilpu TakoM nepexoje enuHuna
InauHbt yeenuuuBaercs B 1000 pas, a eaunnila BpeMeHu B
60 pas. Coraacio dopmysne {2.21) eauHuMna YyckopeHus
usmenutcst B 1000/602 = 10/36 pasa, T. e. HoBasi eAMHHIIA
yckopenusi 6yzer paBHa 0,278 crapoit.

5. Pa3mepHOCTP KHHETHUECKON 3HEPruM, onpejenseMoil
Popmynoi

W, =22, (2.22)
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Oyner, oueBuino, pasHa (B cucreMax CH u CI'C)
We=L"MT (2.23)

W3 nocaenneft popmyJibl, B YaCTHOCTH, BLITEKAET, YTO eCJH
mepeiiTH NPH U3MEPEHHSIX AJUHBI OT CAHTUMETPOB K MET=
paM, a NIpd MU3MePEHHH MacChl OT 'PaMMOB K KHJIOrpaMMaM
¥ COXPAHHTb €IHHHUY BPEMEHH CEKYHAY, TO eIHHHLA KH-
HeTnueckofl 9Hepruu yBesnnuuBaercsi B (100)2.1000 =
=107 pas.

6. Bropoit 3axon HpbioToHa, 3anucaHubit B ¢dopme

ft = mu, — muy, 2.29)

rie npousBefenue ff HasbiBaeTcd HMMIYJAbCOM CHJBL, a
mMUv — KONMUECTBOM JBHKeHUA *), ompe/ensieT pasMepHOCTb
CHJIDBI

[f] = LMT™ (2.25)

B nanbhefilneM, MCCAenyst eJHHULBI H3MEPEHUsST MPOU3+
BOJIHBIX BEJIMUUH, MBI Bceria 6yneM obpamiatecs K dopmy-
JaM pa3MepPHOCTH.

®opMyaa pa3MepHOCTH MNPOH3BOJHON eNHHUIBI YacTo
onpejiedsieT W ee Ha3BaHMe, H ee CHMBOJHYeCKOe 0603Ha-
yeune. Hanpumep, eauHHLa CKOPOCTH «METP B CEKYHLY»
ob6o3Hauaercqa M/cex, e€IHHHLA TJIOWAAH <KBaApaTHBIA
MeTp» — M2 U T. L.

§ 2.2. MlepeBox pasmMepHOCTH NPH Pa3aHYHOM BbIOOpE
OCHOBHBIX €JLHHHI|

Ecau, -He MeHsig OMNpejAejsiOUINX COOTHOILUEHHH, H3Me-
HUTbL TIOAGOD BeJHYHH, €IMHHUBl KOTODPbIX NPHHATHI 3a OC~
HOBHBIE, TO COOTBETCTBEHHO M3MEHHUTCH H BUJA (HOpMyJ pas-
MepHOCTH, Hanpumep npH nepexoae ot cuctembl CH unu
CI'C g cucreme MKI'CC, B x0TOpO#l B uMC/Je OCHOBHBLIX Be-
JIUYHH BMeCTO MaccChl MpHHSITA cHaa. [Tepexon ot omuoit cu-
CTEMBl K APYrofi Moxer ObITB B 3TOM CJyuae NPOH3BE[eH,
ecin B ¢opMyaax pa3MepHOCTH 3aMEeHHTh pPa3MepHOCThb

*) TepMHH «KOIM4€CTBO ABHMKEHHs!» NPHMEHSIETCSt B Hacrosllee Bpe-
Ms NpeuMyllecTBEHHO B TEOpeTHYecKoll Mexanuke. B Teopuu oTHocHTesb-
HOCTH, KBAHTOBOH MexaHmMKe, aTOMHOH H sifepHOH ¢u3kKe OGBLIYRO MOJb-
3YIOTCH TePMHHOM <HMITYJbC», )
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COOTBETCTRYIOLIEH OCHOBHON eNMHHIBI €€ pa3sMepPHOCTLIO,
BhIpaxKeHHOH B apyrofi cucreme, O6o3Hauasi pa3MepHOCThb
CHJABl B TEXHWYECKOH CHCTeMe CcuMBoJoM F, MOXeM u3
¢opmyasl (2.25) monayuHTh pasMEpHOCTb MacChl B CHCTeMe
MKI'CC

M=[m]=L"FT% (2.25)

IMoncrasass u3 atolt popmyanl pasmepHocth M B dopmy-
Jbl pa3MepHOCTel pa3siMuHbIX BelMuHH B cucreMax CU u
CI'C, nomyunM pasMepHOCTH 3THX BEJIHYHH B CHCTEME
MKTI'CC. Tak, HanpuMmep, COOTBETCTBYIOIasi Pa3MepHOCTb
KHHETHYECKOH 3Hepruu

(W =LF. 2.27)
B xauectBe TmpHMepa OGpaTHOrO MepeBONd MOMKHO TPHBe<

CTH Pa3MEPHOCTb N aBJEHHSI H MEXaHUYECKOTrO HampsKeHHs,
koropaa B cucreme MKI'CC Oyner

[pl=L"F (2.28)
¥ cooTrBercTBeHHO B cucteMax CHU u CI'C
[pl=L"'MT (2.29)

§ 2.3. IlepeBon pa3mepHOCTel NpPH Pa3NHUYHBIX
OnpeAcasIoOHX COOTHOWEHHAX

ITpu ycraHOBNEHHH NPOU3BOLHON E€IHHHIBLI C NOMOIIBIO
Onpeesoulero COOTHOIEHHS, T. €. MaTeMaTHYecKoH (op-
MYJHPOBKU ONpefeNeHHs] WIH 3aKOHA, CBA3bIBAIOLIEro JaH-
HYI0O BEHYMHY C BeJMYHHAMM, TPHHSITBIMH 3a OCHOBHBIE
WJIH paHee ONpPEIEJeHHBIMH, TNOJAralOT PaBHBIM eJHHHIE
HWIM APYroMy HOCTOSHHOMY YHCJAY CTOSLIHA B COOTHOIIE-
HHH KO3 PUUMEHT NPONOPLUOHATLHOCTH.

C TOYKHM 3PEHHS] NOCTPOEHHA GOPMYJ Pa3MEPHOCTH 3TO
3HAUWT, - YTO MBI JHIIaeM ero Pa3MepHOCTH OTHOCHTENbHO
OCHOBHBIX €IHHHUI, WJIH, YTO TO XK€, MPHAAEM €My HYJeBYio
pasmepHocTb. MHaue roBops, MBI JOroBapuBaeMCsi CUMTATh
K03 puUHeHT HeH3MEHHBIM NPH JI0O0M H3MEHEHHH OCHOB-
HBIX EJMHAL TNpPM YCJOBHH, UYTO OCTaercs HEH3MEHHBIM
onpejensdiouiee cootTHoumenne. Ecayu Xke 310 ycaoBue He CO-
6a10/1aeTCs, U Mbl IJIfl OmpejiesleHust POU3BONHON €JHHHLbE
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HCIOJIb3yeM Jpyroe ompejesiiolilee COOTHOWIEHHE, TO COOT+
BETCTBEHHO MOKET HSMEHHTHCSH H KO3((PHUHEHT NPOnopUHO-
HaJlbHOCTH. TaK, HanpUMep, ecaH JIJs onpeneseHHs eJHHH+
IBl NJIOLIAAM HOJb30BaTbC He IVIOMAJbl0 KBajpara,: a
IJIOLLAfbI0 Kpyra, To, Kak Mbl Buaeau (cM. § 1.4), xoad-
(uIEeHT NPONOPUHOHAJLHOCTH B (OPMYyJe NJAOLIAalU KBas
npaTa CTaHOBHTCSI PaBHBIM He e[HHHUE, a 4/m, MOCKOMbKY
K03hGHIKEHT NPONOPUHOHANLHOCTH NPUHHMAETCH DPaBHBIM
elHHHlEe B HOBOM ONpeleNsioleM COOTHOWeHnu (dopmyna
nnomanuy kpyra). Ilepexod ot KBajapaTHBIX K KPYIJIBIM
eJIMRHIAM TNJAOMAaAH 3aCTaBAAET COOTBETCTBEHHO H3MEHHTb
K03(pdUIUEHTH NPONOPUHOHANBHOCTH BO Bcex ¢Gopmysaax,
OTHOCAUIMXCA K H3MepeHHIo miomaned. I1pu sroM, ogHaxo,
pa3MepHOCTh NJoIlaAH

[s]= L?

OCTaHeTesl HeuaMeHHOHM, TOCKOJBKY Mbl U B 3TOM cJayuae
HCMONBb3YeM IO CYTH JeJia Ty JKe TEeOpeMy O CBA3H MJO0Inas
i TEOMETPHYECKHX (UTYP ¢ HX JUHEHHLIMH pa3MepaMu u
cunraeM KO3¢(PHUHEHT - MPONOPUHOHANBHOCTH B YaCTHOM
BhIpaXKeHud 37O TeopeMbl (dopMysna mnJjolafH Kpyra)
pPaBHBIM eJHHHIE.

Paszo6pannblii npuMep MOXHO, BIDOYEM, pacCMaTpPHBATh
JlaXke He KaK IMepexoji OT OJHOTO ONpejelsiolero COOTHO-
[eHusi K APYroOMY, a Kak 3aMeny B opMyJie miomanu Kea«
gpata KosdduuueATa IHPOHOPUUOHANLHOCTH, HPHHATOTO
paHblile 3a e{HHHLY, Ha 4/m.

Bo3MoXHO, ONHAKO, TaKOe H3MEHEHHEe ONpefeasiollero
COOTHOINEHHS, KOTOpoe cfelaerT KOSQQHLHEHT NponoplHo-
HaJbHOCTH Pa3sMEpPHBIM, T. €. 3aBHCALIUM OT pasaMepa oc-
BOBHBIX enuHuH. Haubonee HarAsfHO 3TO MOMKXHO BHIETb
Ha TpHMepe YCTAHOBJEHMS CAMHHLB! CWJIbl KaK TPOH3BOJ~
HON eJHMHHIL B CHCTEMaX, B KOTOPHIX OCHOBHEIMH BeJXHUH-
HaMH SIBJAIOTCA JJuHa, Macca W BpeMd. IIpu o6biyHoM
onpefeseHHH eNHHHIB CHJLI ¢ NOMOLIBIO BTOPOro 3aKoHA
HbioTOHa MBI NOJYYHJAH Pa3MepHOCTb CHJIBI (CM. opMmys-
ay (2.25))

[f1=LMT™

Ecnn mopmcraBuTh 3Ty pPasMepPHOCTb B BHIpayKeHMe 3aKOHa
BceMupHoro Tarortenusa (1.10), To And rpaBHTaLHOHHOH
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TIOCTOAHHON MOJYUYHTCS Pa3MePHOCTh
[G]=LM™'T7% %), (2.30)

Hasnuune pasmMepHoCcTH y TpaBHTAlHOHHOH MOCTOSIHHOH
O3HavaeT, YTO ee YHCJIEHHOE 3HayeHHe 3aBHCUT OT BhHIGOpA
OCHOBHBIX eluHHL. [lisi onpefefeHHss 3T0H 3aBHCHMOCTH
claefyerT BCIOMHHTb, 4TO (OpPMyJa Pa3MepHOCTH [OKa3bl<
BaeT, KaKk U3MeHSeTCs NPOW3BOAHAs efHHUIlA IpU U3MeHe-
HUM OCHOBHBIX e€auHHL. IlosTOoMy, BBOJASI YCJAOBHO «eARHHLY
H3MepeHHS] TPaBHTAlLIOHHONH MOCTOSHHON», MOXKEM Ha OCHO-
epanun {2.30) cxasathb, UTO 3Ta «eIWHHLA» M3MEHALTCS MpO-
TOPLHOHANBHO KYOy eQUHUUBl IJKHHBE!, 0OpPaTHO NPOMOPLHO-+
HaJbHO eJHHHIIe MacChl ¥ 06paTHO MPONOPIHMOHANBHO KBA=
Apaty enuHuIbl BpeMeHH. Ilocko/nbKy uncleHHOe 3HauelHe
BEJHYUHBl MPH H3MEHEHHH €JHHUII, €e H3MEpPSIOIIHUX, Me-
usieress B o6patHoM orHouwleHuu (cMm. (1.1)), To, caemoBa-
TeNbHO, YHCJIEHHOE 3HAYEHHE TPaBHUTALHOHHON TOCTOSHHON
Ovaer o6paTHO NPONOPLUOHANBHO KYOY €AHHUIBI IAHHBL U
NpSAMO NPOMOPLHOHANBHO eAUHMIle MacChl H KBajparty e«
HUIbl BpeMeHH. Tak, ecau IpPH OCHOBHBIX eJHHHIAX —
MeTpe, KHJIOrpaMMe U CeKyHJe — rpaBHTALHOHHAS MOCTOSH-
Hasl 4yHCJeHHo paBHa 6,67 - 10-!, To mpu mepexoxe kK oc-
HOBHBIM €IHHHIIAM — CAHTUMETPY, T'PaMMy H CEKYHJE —
OHa TpuMeTr 3HaueHue 6,67 - 1078,

Ecnu s onpepeneHusi eAMHUIB! CHAbl HCIOAB30BATh HE
BTOpOH 3akoH HpbKQTOHa, a 3aKOH BCEMHPHOTO TATOTEHHS,
TO TpPH 3TOM MBI CleJaeM TPaBUTANUOHHYIO NOCTOSTHHYIO
GespasMepHOl, T. €. He 3aBHCSIIUEH OT OCHOBHBIX €XHHHII,
a paBHOH KakOMY-HHOYAb HMOCTOSHHOMY YHCJY, HalpuMep
enunnue. I1pu TakoM olpeaeseHHH Pa3MEpPHOCTb CHJIBI CcTa-
HeT paBHOMU

[f]=L™°M?, (2.31)

M UHEPLUHOHHAS IIOCTOAHHAs, KOTOpas paHee NpPHHUManaach
paBHOH eIMHHIE H JIMIICHHOA pa3MepHOCTH, npuHobperer
pasmMepHOCTb

[K,]=L"*MT> (2.32)

*) 3aech u pajee Mel GyaeM yrnoTpeG/asiTe A/ rPABHTALHOHHON MO~
cTosHHOM ee oflenpuuaroe oGosnavense G,
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Hamenenne pa3MepHOCTH CHMJB H NOSIBJIEHHE Pa3MepPHOR
HHEPIHOHHOH INOCTOSIHHON NPH ONHOBPEMEHHOM HCUYE3HOBEs
HHM pa3MepHOH TIpaBHTANHOHHOH NOCTOSIHHOH NpHBEJeT,
pasyMeercsi, K HHOMY MaTeMaTH4YeCKOMY BLIDaXKEHHIO 3aKOs
HOB H ompeleieHyd B o0JacTH MeXaHHKH H K H3MEHEHHIO
¢dopmya pasmepHoctu. Tak, Hanpumep, pasMepHoOCcTb pabo-
ThI, ONpeeNsieMoll, Kak U paHblle, IPOU3BELEHHEM CHJb HA
NyTh ¥ Ha KOCHHYC YrJla MeXJAY HMX HanpaBJeHHAMH, Oyner
yxe He

[4] = L°MT 3,
a
[Al=[F][L]=L"*M*-L=L""M". (2.33)

D1y XKe pa3MepHOCTb PaBOTH MOXKHO MOJYUYHTb U HHBIM Ny-
teM. Ecnu nocjiefoBaTelbHO B HOBOH CHCTEME BBIBECTH
CBA3b MexAy paboTOd U H3MEHEHHEM XKHUBOH cuab *), TO
3Ta CBA3b NPUMET BU]

mvg mv%
A=K1 T—T . (2.34)

[Tomcrasasis B npaByl0 uacTb Pa3MEpHOCTH Macchl, CKOpO-
CTH U HHepPIUOHHOH NTOCTOSHHON, TIOJYUUM

[Al=L7MT M- (LT 'V =L""M~ (2.35)

Takum o6pa3oM, B TexX CAydyasix, Korja pasHble CHCTEMbI
OTJIMUAIOTCA JIPYT OT Jpyra BLIOOPOM OMpeiensiiouInX COOT+
HouleHH#t, He0OOX0AUMO YYHTHBATh, 4TO K03 HUIIHEHTH! Npo-
NOPLUHOHAABHOCTH, KOTOphle B OJHOH CHCTEME CUHTAIoTCs
GespasMepHBIMU (M OGBLIUHO PaBHBIMH €IHHHIE), B APYroi
cucreme ipuobperaloT pasdMepHocTh. Ilpu nepexome or oxs
HO!l CHUCTeMB! K APYrof cjefyer AJNd ONPENeJICHHS pasMmep-
HOCTH 3aMeHHTb 6e3pasMepHbll KO3(QQ ULHUEHT pasMepHBEIM
U Hao6opoT.

Ecam CORpaTUTh YHCAO OCHOBHBIX €IMHMIL, KaK 3TO, Ha<
npuMep, MOXKHO cJenaTb, 00benuHssas Bropoi 3akod Heioros
Ha U 3aKOH BCEMHPHOTrO TATOTEHUsI B OGIIMHA 32KOH, aHAaJ0-
THUHBIH TpeTheMy 3akoHy Kemsepa, TO B 3TOM cJyuae

*) Mbl mpUMeHsieM 37ecb CO3HATEJNbHO [/ BHIpaXeHusa mo?/2 Tep-
MUH <KHBas Cuia», a He KHHETHUYeCKasi SHEPrHsl, NOCKOJbKY BhIPaMkeHHe
JJst nocnegHell foaxuo 6ute K; mu?/2,
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CTAaHOBATCH DPaBHBLIMH €AUHHHIE, a CJejoBaTeNbHO, 6e3pas-
MepHbIMM H T'PaBUTALMOHHAA M HHEPHHOHHAS MOCTOSIHHLIE,
a B (hopMyJax pPa3MepHOCTH COXPAHAIOTCSA JHIIb pasMepHO-
CTH AJuHBI M BpeMeHH. [lepeBon pasMepHOCTH OT CHCTEM C
TPEMSl K CHCTEME C ABYMSl OCHOBHbIMH €JIMHHIIAMH MOXKET
6LITH pH TOM NPOH3BEEH, eCJIH B COOTBETCTBYOIIUX (op-
MyJaX pPa3MepHOCTH 3aMEHHTb Da3MEepHOCTb MacChl ee Bhl-
paxeHneM, MOJYUeHHBIM H3 (opMYJibl, OOBEANHAINIEH BTO-
poii sakoH HbloTOHA M 3aKOH BCEMHPHOTO TATOTEHHA. 3and-
caB 3Ty GopMmyJy B BHIE

a= riz (2.36)

u cuyurast K GespasmepHblM (HanpuMep, paBHLIM eIMHHIE),
NOJYYHM AAs eJHHHIbI Macchl (HOPMYJy pasMepHOCTH

M]= LT (2.37)

Ecau 310 BbipaxeHHe MOACTaBUTH B J106yI0 u3 (opMyda
pPa3MepHOCTH CHUJIBI, BBIBEJGHHYI0 KaK M3 BTOPOTO 34KOHA,
TaK H M3 32KOHAa BCEMHDHOTO TATOTEHHS, MOJYUaTCs, pasy-
Meercs, OAHHAKOBBIE pa3MepHOCTH. [ eficTBUTENbHO,

[F]=LMT?=L'T™, (2.38)
[Fl=L7*M*=L'T™ (2.38a)
TO XKe OTHOCHTCA H K PpPAa3MEPHOCTH e€eIXUHHI OCTaJbHbIX
BeJHUYHH, OTHOCAUWIHXCA K MeXaHHKe. HpHBELLEM AJs nJiI-

JIOCTPAlUH HEKOTOpble M3 HUX. PasmepHocts palortel
SHEPTHH

-4
[A] = L°T™,
PasMepHOCTb HMIOYJAbCa CW/IbI U KOJAWYeCTBA JBHIKEHUSA

[ft] = [mov}=L'T.

§ 2.4. Onpeaenende CBsI3M MeXKAY eAHHHLAMM
Pa3HBIX CHCTEM

[TepeBox enuHuil W3 OZHON CHCTEMBI B APYIYIO OCyule-
CTBJsieTCA HauOoJee NPOCTO B TOM cliydae, Korja ofe CH-
CTEeMbl MOCTPOEHLI Ha OMHUX M TEX Ke ONpPenelsiiolHX CO-
OTHOWEHHAX H Ha OJAHHX H TeX K€ OCHOBHBIX BeTUYHHAX,
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TaK. YTO OCHOBHbBIE €JAHHHLBI OTJHYAIOTCH TOJBKO pPasMepcM.
M3 ckaszaHHOTO Bbillle BHITEKAeT, YTO TaK KaK B 3TOM CJAy-+
yae opMyaa pa3MepHOCTH NPOU3BOJHONH eAHHHIL B 0GOMX
caydyanx OJHa H Ta e, TO JOCTAaTOUHO B 5Ty QOPMYJITY MOA~
CTaBUTb OTHOWICHUH Pa3MepOB OCHOBHBIX €JMHHI], KOTOpHIS
JOJIZKHBl OBITh 3aJlaHbl AHGO onpefeeHueM, JAOO0 ONBITHHIM
nyTeM, HampuMep CpaBHEHHEM 3TajJ0HOB COOTBETCTBYIOILUX
eIVHHL. B JonoJHeHse K NPUBENEHHBIM BEHILIE IpHMEpaM
YCTAaHOBHM COOTHOLUEHHE JIBYX eAUHHUIl CHJBI, ONpeLeseH+
HBEIX Ha OCHOBaHMH BTOPOro 3akoHa HpbioToHa HpH ciaefyio-
IIMX OCHOBHHIX €JHHMI[AX: CAHTHMeETP, rpaMM, CeKyHIAa H
¢yr, ¢yur *), munyra. CooTHOIIeHHs] OCHOBHBIX eJHHHILL
cnepywinne: 1 ¢yr = 30,48 cm (cpaBHeHMe 3TanoHOB),
1 ¢yur — 409,5 rpamma (cpaBHeHue 3TaNoHOB), 1 MuHy-
Ta = 60 cexynn (ompenenenne). Ha ocHose ¢opmyant pas-
MEepHOCTH

[F]=LMT™

onpeneasieM COOTHOUIEHHE €IHHULL CHLI

enununa cucreMsl $yr, dyur, MunyTa 30,48 - 409,56
eMHNLA CHCTEMH CAHTHMETD, FpaMM, Cekynpa  (60)2

= 3,467.

Caoxdee oOCTOUT 1eJI0 B TOM Cjiyyae, KOTJA JIPH OJHHMX
H TeX e ONpPefeNsfoUIMX COOTHOIUEeHNUsiX B KayecTBe OCHOB-
HBIX NPHHSATH €JHHHUB PA3HBIX BEJIMYHH, KaK 3TO, HanpH-
Mep, uMeer mecto B cuctemax CH u MKI'CC.

[MockonbKy MO KpaifiHell Mepe oAHa W3 BeJIMUHH, KOTOpas
B OfHOH CHCTeMe NMpHHSATa 3a OCHOBHYIO, SIBJAETCH IPOH3-
BOIHON B APYyrof cucreme H Hao6OpOT, CAEAYET YCTAHOBHTh
CBf3b MEXIY COOTBeTCTBYIOmIMMY exuHuuaMu. OuesuiHo,
3Ta CBfA3b MOXKeT GHITb YCTAHOBJEHA TOJBKO C MOMOILBIO
arcnepuMenTa. B cayvae onmpenenenust cOOTHOIIEHHH Me-
xny egunnnamu cuereM CU u MKICC, B kauectBe Takoro
3KCIEpHMeHTa MOXKeT GbITh NPHHATO cBOOOJHOE RaleHHe
ten. Ilpu »ToM MBL ucmonb3yeM TOT ¢akT, YTO eJUHHIA
cunnl B cucteMe MKI'CC ectb Bec (T. €. cHla TMPHUTSIKEHHS
K 3eMae), a B cucteme Cll — Macca OmHOrO ¥ TOro xe Te-
Jia — STAJIOHHON THpH — KuJjorpaMma. Kak H3BectHo, npH

¥} Vimerotcss B BHAY eJMHHIEI CTApOH pYCCKOH cHCTEMBl Mep.
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cBOOOJHOM MaJeHHH BCAKOE Telo (B 4aCTHOCTH, TaJOHHAs®
ripd) 1oJ AeHCTBHEM CBOEro Beca NpHobGpeTaeT yCKOpeHHe,
KOTOpO€e B KaxX/J0#l JaHHON TOYKe 3€MHOro apa OJMHAaKOBO
ISt BceX Tesi, HO B Pas/MuHBIX TOYKAX 3€MHOTO Liapa pas-
JIAYHO, Bo3pacTas or 3HaueHuss 9,7805 m/cex? Ha skBaTOpe
1o 9,8322 m/cex? Ha mosioce, MlaMepeHue YCKOpeHHs! CHJIBL
TAXKECTH B MeCTe XpaHeHHsi 3TasoHa Kumorpamma (Cesp)
nano sennunHy 9,80665 m/cex? (HOpManbHOe YCKOpeHHe)
uiH, Gosee rpy6o, 9,81 m/cex?*). B tex caydaax, Koraa
TOYHOCTb M3MEDPEHUH UM PacyeToB JONYCKaeT MOTPEIIHOCTh
Oosee 0,3%, MOXKHO BO BCeX TOUKaX 3eMHOH NOBEpPXHOCTH
CYHTaTh BEC OAHOLO KHJIOTpaMMa paBHBIM YTBEP:KAEHHOH
TeXHHUYECKOI eHHUIE CUNBl — K2C.

Taxum o6pasoM, pe3yabTaT 3IKCHEpPHMeEHTa, 3aKJOYal0-
uierocst B W3MepeHHH YCKOPeHHs: CBOOONHOTO NaleHHs Tesa
(B HauleM cJyuae 3TaJOHHOHM THpH B | Ke), MoxKer ObiTh
chopMyNupOBaH cjenyiomiuM obpasoM: «cuaa 1 kec coob-
waer mMacce | ke yckopenue 9,81 m/cex?s.

YeraHoBHM Temeph eAnnuily cuasl B cucteMe CU u exn-
uuny maccesl B cucreme MKI'CC, ucnonb3ys B oGoux cay-
uasfix BTOpod 3akoH Hpiotona. OueBuiHO, eIHHHLA CHJIBI B
cucreme CHM ecrb cuna, xoropasi Mmacce 1 ke coobuiaer
yckopenue 1 m/cex?. DTa enuHHIA CHJBI, KaK H3BECTHO (CM.
§ 1.3), naswiBaercsi HpioTOH (#). B cucreme MKICC 3za
eMHHAIY MacChl JOJI2KHA OBITh NMPHHATA Macca, KoTopas moj
nefictBHeM cuiabl 1 kec npumobperaer yckopeHue 1 m/cex?.
Jrta eQUHHIZ MacChl He TOJAy4HJIa CNerHaJbHOrO HauMeHo-
BaHud, yrBepxkiaennoro kKakum-an6o ['OCTom, Unorpa ee
HA3bIBAIOT «TEXHUHECKAs eOUHUYa Maccsl» M COKpalleHHO
oGoanauyator 1.e.M. [To TOCT 7664—61 s71a enuuuna o6o-
3Hauaercs, COIVIaCHO ee PasMepHOCTH, Kec - cex’/m, B cpoe
Bpemsi npodeccop M. B. MajuxkoB NpeatoXul HazBaTh 3Ty
eNuHuLy uxepra (u). XOTS 3TO Ha3BaHWe HE TOJALKO HHUIIE
He V34KOHEHO, HO AayKe He MOJYUWIO PAClipOCTPaHeHHs, Ml
6yneM ynorpebJasTh €ro Npu AaJbHEiLIeM HU3JI0KEHHH BBH-
JIy €r0 KPaTKOCTH M YIoOCTBAa 0603HAYeHHS.

*) B pajpuelliueM Mbl Be3je LIS YCKOPEHHs CHJBL TAKeCTH GyneM
npUHUMAaTh NpubAmXKennoe suauenne 9,81 #/cex? 3aMerum 3xech XKe, uTO
HopMaJibHOe ycKopeHHe 9,80665 a/cex? 3aduKCHDOBANO KAK He MOLAeXKa~
1A YTOUHEHHUIO NOCTOSHHAS BeAHUUHA,
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Hanumem TENnepb psaaoM Chaelyloulue TPH paBeHCTBA:

1 kece=1 u-1 mjcex?, (2.39)
1 kec=1 xe-9,81 njcex? (2.40)
1 wu=1 kel nfcex® (2.41)

TlepBce paBeHCTBO BhIpa)Kaer ONpeleNeHHe TeXHHUeCKOol
eJMHHULBI MAaCChl — HWHEPTHI; TPETbe — ONpPENeNeHHEe HbIOTO=
Ha, a BTOPOE — pe3yJabTaT OMHCAHHOTO BbILe SKCIEePUMEHTA.
B nepBHIX ABYX paBEHCTBAX ONHHAKOBbIE CHJBI COOGIIAIOT
pasHbiM MaccaMm pasHble ycKopeHHsi. Tak Kak mpuoGperae-
Mble YCKOpeHHs1 o6paTHO TPOMOPLUOHAJBHBH MaccaM, To,
KaK cjefCTBHE, TIOAyYaeM

1 u=9,81 xe, (2.42)
HJAHu Xe

1 ke u=0,102 u. (2.42a)

1
T 981

Bo BTOpOM u TpeTbeM paReHCTBaX pasHble CHUJIBI CO00-
I&10T OXMHAKOBHIM MaccaM pa3Hble YCKOpeHHsd. B stom
caydae, TaK Kak JAeHCTBYIOIUlHE CHJABI IPONOPUHOHANbHEL
coo612aeMBIM YCKOPEHHSAM, TO

1 kec=9,81 u, (2.43)
HJIH XKe
I =gy kec=0,102 xec, (2.432)
VcBoeHHE 3THX COOTHOLIEHHE IMOMOXKET H36aBHTLCH OT
MHOFOYHCJEHHBIX OLIHGOK, BO3HHKAIOUHX B HEPBOE BpeMst
OpH penieHHd 3afay M0 MeXaHHKe.
WmMesr Temepb COOTHOLIEHHS MEXAY €IHHUHAMH Macchl
n cuapl B cucreMax CH n MKICC, mBl Ge3 Tpyna Moxkem
YCTAHOBHTb COOTHOWIEHHS MEXKAY JIOGBIMH NPOU3BOXHBLIMH
elMHAIIAaMH O0EHX CHCTEM, MOMB3YACh (GOPMYJNaMH paszMep-
noctu. ITouTu cTOAb XKe JIErKO GyHer OnpeiesHTh COOTHO-
urenna ¥ mexay enununamu cuctem CIC u MKICC, no-
CKOJIbKY TepBble BeCbMa NPOCTO CBf3BIBAIOTCA € €IMHHIaMH
cucrempt CHU. Ina uanrooctpanuu npuselieM 1Ba NpHMepa.
1. Halitn cooTHollleHHe eIWHHI A&BJACHUA B cHCTeMax
MKI'CC u CI'C. BocnoabsyeMcst (opMysoil pasmMepHOCTH
ennnune gasienusi B cucreme CIC

[pl=L"'MT, (2.29)
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Tak Kak eauHuua miuesl B cucreMe MKICC (merp) B
100 pas Goabire eguauupl pauuel B cucreme CPC (canrtu-
MeTpa), eauHuna maccol B cucreme MKI'CC (uHepra) B
9,81 X 1000 = 9810 pa3 Gosbiie eqHHHUIBI MaCChl B CHCTes
mMe CI'C (rpamMma), a enuHMLa BpeMeHH (CeKyHAa) OJuHA<
KoBa B ofeux cucreMax, TO, COTJIacHO ¢dopMyne pasmep-
HocTH, enuHuuia pAabienus B cucreme MKICC 6yger B
1001 . 9810 = 98,1 pasa Gosbule eMHHLB AaBJeHHA B CH-
creme CI'C. Tor xe pe3ynbTaT MOXKeT ObITH MOJNYUEH, eCJH
BOCHOJb30BaTLCA (HOPMYNOH pasMEePHOCTH eZMHHUB JAaBje-
Hust B cucreme MKI'CC

[p]=L"°F. (2.28)

OrHOWlIeHHe eXMHHUIL AJUHB! 3[eCh, KaK W paHblue, pasio 100,
a OTHOIIEHHE eNHHHI[ CHJIBI, KaK JErKo MOMKEeT PacCuuTaTh
caM uyutatens, pasHo 9,81« 105, CoOoTBETCTBEHHO OTHOLIEHUE
eauEnl AaBaennfi 6ymer 10072.9,81.10% = 98,1, uro cosna-
iaeT ¢ NOJIyueHHBIM BBIllle Pe3yJbTATOM.
2. Hafitn oOTHoueHWe eIMHHII MOIUHOCTH B CHCTeMax
MKICC u CI'C. PasmepHOCTh €ZHHHUB MOI{HOCTH B CH-~
~creme CI'C

[p) = L’MT™®, (2.44)

Hcnonbaya m3BecTHble OTHOIIEHHS €IHHUIL AJHHBI H MAaCCHI,
HafileM HCKOMOE OTHOLIeHHe

100% - 9810 =9,81 - 107

Touno Tak e MPH HCHOAL30BaHHH GOPMYJIB pa3MepPHOCTH
MowgHocTH B cucrteme MKI'CC

[p]l=LFT™ (2.45)
OTHOUeHHe efAnHul GyleT paBHO
100-9,81-105=9,81 - 107,

Ilepefinem Tenepr K pacCMOTPEHHIO NepeBoda E€NHHHUIL B
TOM HauOosee CIOXKHOM Ciydae, KOT/la B pasHBIX CHCTeMax
s Onpefle/leHH IPOU3BOJHOH e€IHHHIB HCMOJNB3YIOTCH
pa3Hble onpegensiomue cootHowenus. Ilpu stom Myl orpa-
HHYUMCH JIHIOb TeM NPeACTaBAAKIIHM HauGoAbIIHi HHTe-
pec ciyyaeM, KOrAa OCHOBHble BeJHYHHB B o0enx cucreMax
OJIHH H Te Xe.
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[TycTh MBI HMeeM HEKOTOPYIO BeNHUHHY A, eIMHHIBl M3+
MepeHHst KOTOPOH @; U @y B JIBYX pPas3HbIX cucremax (OCHO<
BaHHBIX Ha Pa3HbIX 3aKOHAX) HMESIOT Pa3MEePHOCTH

[A]l — LplA/IqlTrl’ [A]2 — LPlehTrz’

npuuem uncaa Ay u A, Bbipaxarouue BelHyuHy A B 3THX
eMHUIAX, HAXOQSITCA B CJEAYIOLIEM COOTHOLIEHHH:

A= KA, (2.46)

3necs K — ko3ddHUMEHT NpPONOPUHOHAILHOCTH, SBJAKIO-
wufica BeqHUYMHON yiKe He OTBJeueHHOH, a 3aBHCAUIER or
BbI6Opa OCHOBHBIX eAMHHI. EnuHHOA, KOTOPOH <«u3Mepser-
csi» K, HMeeT, OUEBHIHO, pa3MepPHOCTh

(K] = b _ pperppoesprn, 2.47)

Tak kak uucia, uaMepsiiolUIe HEKOTOPYIO BeNMUMHY B pas-
HBIX €AHMHHUAX, H 3TH eIHHHIBl H3MEePEHUA HAXOIATCHA B 06-
pPaTHOM OTHOLIEHHH, TO MOXHO HamHCcaTh

@ =4 a. (2.48)
OrtHomenne pasmepHoctel BesnuuHsl A B mepBoil U BTOpPO#
cucTeMe jlaer pasMmepHoctbh Kosdpdununenra K. Takum o6pa-
30M, 3HaHHE YHCJAEHHOTO 3HayeHud ITOro KospPuuueHra B
Kaxkofi-nn60 CHCTEME eAUHHIL MO3BOJIMT ONPEALNHTD €T0 YHCs
JIeHHOe 3HadeHHe B JIOGOH ApYroll CHCTEMe U TeM CaMbIM
onpelequTh COOTHOLICHHE MEXAY COOTBETCTBYIOIHMH €«
HHIlaMHM M3MepeHHsi AaHHOi BeauuuHbl A. Tlosicuum Bee
BEHIIECKa3aHHOE Ha pPa3o0paHHOM HaMH TpUMepe CHJIbL.
Ilpu u3aMepeHuH CHIAB! WHEDPUMOHHOA €AMHHUEH 3aKOH Bce-
MHPHOTO TSTOTEHHS HMEEeT BHA ‘

_ My
f=G~—5*%.

Ecnu ocHOBHBIE eJHHHIEI B 0GeHX CHCTEMaX OJXMHAKOBH, TO
crosilliee B TNpaBOf UYaCTH BbIpaXKeHHe M My/r? mnpencra-
BjasieT coBof TY Ke CHNY B3aUMHOrQ TATOTEHHS, HO H3Me-
peHHYi0 B IpaBHTallMOHHBIX eaunuiax *). Crenosarensno,

*) T'paBuTauHOHHYW eJMHHMILY CHJBl HHOTAA HA3MBAKT acTPOHO-
MHYeCKOH,
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o603Hayas YHC/0, H3MEPSIIOLIee CHNY B HHEPLHOHHON cHCTes
Me, uepe3 f;, a B rpaBHTallMOHHON — uepe3 fz Mbl MOXKeM

Hanmnucarhb:
f,=Gf,. (2.49)

C n3MeHeHHEM OCHOBHBIX eIHHHL yucaa f; U fg 6yAyT Hame-
HATBCA, HO He B ORuHAKOBOH cremeHu. IlosTomy ko3du-
uneaTr G GyneT u3MeHsATH CBOe 4YHCJeHHOe 3HaueHue. Jas
TOr0 YToObl ONMpeNeuTb XapakTep ITOr0 u3MeHeHus, o6pas
TUMCS K GOPMYyJIaM Pa3MepHOCTH

(fle=LMT?,  [fl,=L"M
OTKYZa
[6]=10t _popir2, (2.50)
[Fg

Kak Mpl yxe Buzmenu (cm. § 2.3), uHcjeHHoe 3HaueHue
FPPAaBHTAaNHOHHON NOCTOSIHHOH 06paTHO NPONOPHHOHANLHO
KyOy eluHHUB! [IJHHBl M NPSMO MPOMOPUHOHAIBHO €IUHUIE
Macchl H KBaApaty eIMHHIbl BpeMEHH.

HanomuuM, 4TO IpPH OCHOBHBIX €JHHHIAX METpPEe, KHJO<
rpamMMe u cekyHfe G = 6,67+ 107!!, a npu OCHOBHBIX €JH-
HHlIaX CaHTHUMeTpe, rpaMMe H cexyuae G = 6,67 - 1078 Tak
KaK MHEepUAOHHASsl M IPaBHTAlHOHHAS €JHHUUBI CHIB (060~
3HAUNM HX @; U @y) HAXOASATCH B COOTHOILIEHHH

1
@ = P @2.51)

TO OpH H3MEeDEHHH MacCchl B KHJAOrpaMMaX M pacCTOSHUS
B MeTpax

1 TV 1,5 IOIO(ng (2518)

=567 100

a NpY M3MEpPEeHHH MacChl B rpaMMax W PacCTOSIHMS B CaH«
TUMeTpax COOTBETCTBEHHO

1

a1 1,5 107g,. (2.516)

P;

Brojsi o603HauyeHusA €AMHHIL CHAB, MOXeM BMecto (2.51a)
u (2.516) "HanucaTte:

l #n=1,5.10 exuuun xe/cm?, (2.518)

1 dun=1,5+107 egunun e*cmu’, (2.51r)
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Bes Gosblioro TpyAaa MOXKET, OUEBHIHO, ObiTh ONpeje-
JIeHO COOTHOLIeHHEe eAMHHIl ¥ B TOM ciydae, eciil B oGenx
cucreMax pas3Mep OCHOBHBIX eAuHul, pasauuyeH. HauGonee
NPOCTO H HaNIAJAHO 3TO MOXHO clefaTh, ec/u TNpeaBapH-
TEJbHO MEepeBecTH OAHY H3 eJHHHUI B CHUCTEMY C TeMH XKe
OCHOBHBIMH BEJHYHHAMH, HO C pa3sMepaMH OCHOBHBIX €JH-
HMI TAKHMH, KaK BO BTOpOH cucTeMe.

CaMo coGo#i pasymeeTcs, yTO Bce MONOOHBIE MEPEBOABI
MOryT OBITh OCYIIECTBJEHBI JIHIIb MPH TOM YCJOBHH, 9TO B
TOfl cHCTeMe, B KOTOPOH MPHCYTCTBYeT pasMepHblil K03 du-
HHEHT NPONOPIHOHANBHOCTH, UYHCJAEHHOE 3HaueHHe IoCc/el-
HEro H3BecTHO JHGO0 HemocpenCTBeHHO, /NGO MOXKeT ObITh
NOJIyuUeHO MepeBoJOM H3 JAPYroi CHCTeMbl ¢ TAKHMH XKe
onpeAensoIUMY COOTHOIECHHAMH.

§ 2.5. CocraBaeHne nepeBoaHbIX TabaMll

Jlng Toro uToGH He NEpeBOAHTH TPH KaXKJIOM pacuere
ONHM eNHHHUIBl B ApyrHe, nenecoobpa3dHo coCTaBUThb TabJu-
B, C TIOMOLIbIO KOTOPHIX MOXKHO BeJHUHMHY, H3MEPEHHYIO
onHofi euHHUEH, BbIpa3uTh yepes JioOYI0 NPYryi0 eUHHIY
Tofi e BeawuuHbl. IIpu 3TOM 15 KaXA0H BeJNMYUHBI MO~
Tpedyercd cnenuajbHas TabJauila nepeBoja.

CneBa B Takofi TabuHlle pacnojaraioTca eIHHHIB,
KOTOpble HYKHO BBIPa3uTh B JPYIHX eJHHHIAX, a
BBePXY — Te eJlHHHIbI, uepe3 KOTOpble OHU JOJIKHBI OBIThb
BbIDAKEHH.

BosbmeMm panst npumepa eauHuUbl AAHHB. COOTBETCTBYIO-
mast trabauna npuBeneHa B [IpuioxeHHUH 5 B KOHIIE KHHMTH
(ta6n. 2). Hucao 39,4, crosinee Ha NepeceYeHHH CTPOKH
«]l M= >» ¥ croablia «IIAMOB», IOKasbiBaeT, 4to B ! M co-
nepxurca 39,4 mofima.

[Ipu cocraBiaeHuH NEePEeBOJHBIX TabJHI HCIOAb3YIOTCH
JUO0 COOTHOLIEHHS, OCHOBAHHBIE NPSIMO MJH KOCBEHHO Ha
skcnepuMeHTe (kak, Hanpumep, 1 xec = 9,81 r), n1ubo om-
penenennsi (Hampumep, 1 m = 100 c¢m), auGo cpaBHeHHS
3TafoHoB, 100, HaKOHel, pacuyeThl, NON00HEIE MpHBENEH«
HBIM Bbillle U OCHOBaHHBIE Ha NMpUMEHEHHH (popMyJ pasmep-
HOCTH.

[MTopo6upie Tabauubl nepeBoja, COCTaBJCHHbBlE /A BaX-
HeHIIMX pacCcMaTpuUBaeMbiX BEeJIHYHH M TIpHUBefeHHble B
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KOHIE KHHTH, MOTYT OKa3aTbCsi NOJE3HLIMH NpPH pelieHHH
CaMbIX Pa3JHyHBIX 3ajay. B atu tabaunpl, Hapsay C exu-
HHIAMH Pa3HBIX CHCTEM, BKJIOUeH psl HauboJee ynoTpebu-
TeNbHbBIX BHECHCTEMHBIX €RUHUII.

§ 2.6. O Tak Ha3bIBaeMOM «cMbicie» Gopmya
Pa3MepHOCTH

Pazobpannbie B npelbliylux naparpabax NpuMepsl no-
KasblBaloT, UTO (PopMyJa DPa3MEPHOCTH €JUHHUHBI OAHOH H
TOH Ke BeJAHYMHBI MOXKeT NPUHHUMAaTb Pas3iHYHBIH BHJ B 3a-
BHCHMOCTH OT TOTO, KakKHM ONpeNesiollHM COOTHOILEHHEM
YCTaHaBAMBaeTcd HJaHHas efHHHLA. IDTO HOJOXKEHHE MBI
CYMTaeM BeCcbMa CYIIeCTBEHHBIM, TaK KaK HEpeiko B JIHTE-
paType MOXKHO BCTPETHTb NONBITKH OTBICKAHHS KaKOro-TO
«COKPOBEHHOTO cMbicia» B ¢dopMmyaax pa3mepHOCTH. Dosee
TOro, pacnpoCcTpaHEHHOE M NPUMEHSBHIEECS BBHIIIE COKpa-
LleHHOE BEIPajKEHHE «PAa3MEPHOCTb BEIHUMHBLI» HEPEAKO MO-
HuMaeTcsi B 6YKBaJbHOM CMBICIE KaK HEKOe HeH3MeHHoe
CBOHCTBO, NpHUCYyllee HaHHON (H3NYeCKoH BenuyunHe. Bos-
MOXKHOCTb MOCTPOCHHA pPasHbIX (GOPMYJ pasMepHOCTH HpH
pa3jHuYHOM BHIOOpE OmNpeesfAoUHX COOTHOIIEHHH Harsi-
HO cBHJETeNbCTBYeT 00 OLIHOGOUHOCTH TAKOrO B3TJISANA.

YMecTHO B CBS3H C 3TuM npuBectu ciaoBa M. Tlnamka:
«...SICHO, YTO pa3MepHOCTb Kako#-1u6o pusnueckoit Benuyu-
Kbl He ecThb CBOHCTBO, CBfI3aHHOE C CYILECTBOM ee, HO Ipej-
CTaBJSIET NPOCTO HEKOTOPYIO YCJAOBHOCTb, OIpeNenseMylo
BHIGOpOM cHCTeMbl H3MepeHuil. Ecau 6B Ha 3Ty CTOpOHY
BONpOCa HOCTATOYHO obpalllafii BHHMaHue, TO (HU3UUECcKas
JuTepaTtypa, B OCOOEHHOCTH Kacaloulasicad CHCTEMBl 3JIeK-
TPOMAarHHTHHIX H3MepeHuH, ocBoboamaach OBl OT MacCh
Gecnionubix pasHoraacuiis (Maxce I1aanx, Benenne B
Teoperndeckyw ¢usuky, u. 1, O6uias Mmexanuga, § 28,
M. —JL, TTTH, 1932) u «...T0 06CTOATENLCTBO, YTO KaKas-
au6o ¢usnueckas BeJMYHHA HMEET B JIBYX Pa3/JHUHBIX CH-
cTeMax eJMHHD He TOJAbKO PasHkie UHCJAOBbIe 3HAUeHHusi, HO
Jake ¥ pasiuyHble Pa3MEpPHOCTH, YacTO HCTOJKOBHIBAJOCH
KaK HEKOTOpOe JOTHUeCKoe NMPOTHBOpeune, Tpebyioliee cebe
OOBSACHEHHST M, MEXKAY TPOYHM, TOAAJN0 NOBOA K NOCTaHOB-
Ke Bonpoca 00 <«HCTHHHOI» pa3MepHOCTH (DH3NYECKHUX Be=
JAMYYH... HET HHMKakKofi ocoGofi Heo6XOJUMOCTH HOKA3BIBATH,
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yTO NOROOHBIE BONPOC HMeeT He (osee cMbIC/ia, YeM BOMPOC
00 «MCTHHHOM» Ha3BaHHU KAKOTro-Nu0o npeaMeTas (TaM xe,
y. III. DnekrpuuectBo u marHerusm, § 7, M. —JI., I'TTH,
1933).

Pasymeercs, ecnu octaBaThCs B paMKaX OnpeneeHHON
CHCTEMBI, TO JJISi €AUHHIBI KaXA0H BeTHUYHHBl OyNET coxpa+
HSITBC oOnpeneneHHass pagMepHocTs. [Ipu 3ToM B HekoTo-
pBHIX NpocTeHIIHX caydasx ¢opmysa pa3MepHOCTH [HaeT
npeacTaBldeHHe O TOM, KakKuM o0pa3oM NPOU3BONHAS EHH~
HHIla NOCTPOEHA K3 OCHOBHBIX, DTO E€CTECTBEHHO, NOCKOJb+
KY, KaK MBl y3e TrOBOPHJH, CaM NPHHIHUI MOCTPOSHHS NPO+
H3BOAHBIX €AMHHII OTPa)KaeT BO3MOXKHOCTb ONpefieNeHus
3HayeHHa (U3NYECKOH BeJIMYHHB IYTEM KOCBEHHOro H3Me-
perus. Tag, nanpumep, pasmepHocTb ckopocTH LT-! moka-
3BIBAET, YTO 7151 ONpejeJeHUus CKOPOCTH CJIEAYET H3MEPHUTh
NYTh W BpPeMs W HNOJEJHTh NPYr Ha Jpyra COOTBETCTBYOUHE
upcaeHHble 3HaveHHsa. Huxe 6yneT mokaszaHo, 4TO pasMep-
Hocth asextpoeMkoctH B cucreMe CI'C coBmajgaer ¢ pas<
MEPHOCTBIO JJHHBL. DTO MOXKHO PacCMaTpuBaTb Kak OTpas«
»KeHHe Toro (pakTa, YTO 3/EKTPOSMKOCTh M30JHPOBAHHBIX
MPOBOAHNKOB OAMHAKOBOH (OPMEI NPOMOpPLHOHAIbHA HX
JguHeliHsiM pasMepaM. OQHako MOJOGHBIX TIPUMEPOB MOXKHO
IPHBECTH HEMHOTO, ¥ B OOJLLUIMHCTBE CayuaeB QopmyJaa
pa3MepHOCTH He LaeT HATVIAAHOTO IPeJICTaBAEHHS O CBSI3H
JaHHON (DHU3HUYECKOH BEJNHUMHBEI € JPYTHMH BEJIHUYHHAMHU, B
YACTHOCTH C TIPMHSTHIMHU 32 OCHOBHBIE,

HelicTBuTenpHo, ecaH B3sTh AAA NpuMepa dopMmyay
PAa3MEPHOCTH TAKOH CTATHYECKOH BeNMMYMHBI, KaK JaBleHHe
JJIH MeXaHHUYecKoe HampsiKeHHe, Koropasi B cucreMax CU
n CI'C nmMeer Buz

[p1=L"'MT™,

TO BpPSA JM MOXHO OTBICKaTh KaKo#-1u60 cusuyeckuit
CMBICJI B CTOAIIMX B 3HaMeHaTesNe eNUHHIE HJHHB K KBai-~
pate enHHUUbl BpeMeHH. U YK, KOHEUHO, HHKAKHX KOHKpPeT-
HBIX [peJCcTaBJeHHH He BHI3BIBAIOT (OPMYJH Pa3MepPHOCTH
anextpudeckux enusun B cicreme CI'C, B KOTOpEIX cHM-~
BOJIBI Pa3MepPHOCTH OCHOBHBIX eIMHHMI[ CTOAT B APOGHBIX
CTETEeHsX,

O BecbMa OrpaHHYEHHOM CojepKaHUM (HOPMyJN pasmep-
HOCTH TOBOPHT H TO, YTO B HEKOTODPBIX CAy4aAX eXHHUILE
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PasHHIX BeJHYHMH 00/1ajal0T ONHHAKOBOHl pa3MEepHOCTLIO.
ITO0, KOHEYHO, HH B KOEM Caydyae He CJefAyeT TONKOBaTb B
TOM CMBICJIE, YTOG 3TH BE&JIMYMHH HMelOT o6yl (usnue-
CKyl0 npupoly. Dosee Toro, B uHC/le paccMaTpHBaEMBIX
BeJIHYHH Mbl GyzeM BCcTpeyaTh M TaKHe, eIMHHIBl KOTODPBIX
B onpefieeHHON cUcTeMe OKaxKyTcsl Ge3pa3MepHBIMH, T. €.
He 3aBUCSILUMM OT BBIOODa OCHOBHBIX eAMHHMIL. THIHYHBIM
NIDHMEPOM TAaKHX BEJHUYMH SIBASETCA YroJ, eIHHHUIB H3Mes
peHHS] KOTOPOro XOTSl U MOTYT ObITh pasJHuHBIMH (rpany=
Cbl, MHHYTHI, NOJIH OKPY2KHOCTH, DajiHaHbi), HO BCe OHH HE
U3MEHATCHA NPU U3MEHEHWH OCHOBHHIX eIUHHIL

Hapsangy ¢ ucnosrzoBaHueM ¢(OpPMYJa pasMepHOCTH s
nepeBoja €IHHHI H3 OJHOH CHCTEMBI B JAPYIYIO M YCTaHO-
BJIGHUS COOTHOHIEHHSI MEXAY €eAMHHIAMH HX TPHMEHSIOT
AN NPOBEPKH NPaBUJABHOCTH (DOPMYJ, MONYYEHHBIX B pes
3yJabTaTe TOTO WM HHOTO TEeOpeTHUecKOoTo BbiBOoia. Hewus-
MeHHOCTb (OpPMYJbl Pa3MEPHOCTH B pPaMKaX HaHHOH CHCTes
Mbl TpeGyer, yToObl Pa3MepHOCTH B JIEBOH M NpPaBOi uYacTH
J00ro paBeHCTBA, CBSI3LIBAIOLIEr0 pPasJHUHbE (HU3HUYECKHE
BeJUYMHBl (MJM, TOUHee, UYUCJIa, KOTOPBIMHU 3TH BEJHUHHBI
usMepsaorces), OblIM OJHHAKOBBHL. B mpotuBHOM ciyuae mpu
nepexoie OT OJHHUX €JHHMI K JIPYrMM paBeHCTBO Gbl Hapy-
magaocb. [103TOMYy, NMONYYHB B DE3YJbTATE BLIBOJA HJH pe=
miedus sanaud (GopMyny, BHIPaKAOUIYIO 3aBHCHMOCTb HHs
Tepecylolell Hac BeJWYHHBI OT JPYTUX, CAEAYET NPOBEPHTH
coBmajeHne pasMepHocTel JeBoil u mnpaBoft uacreidl. Ecau
5TH Pa3MepHOCTH He COBNAZal0T, TO MOXKHO YTBepKAaTh,
yTO TIPH BBIBOJE NOMylleHa OlUHMOKa H PaBeHCTBO siBJsETCH
HeBepHBIM. PasyMmeercs, CoBnaJeHHe pasMEPHOCTEH ellle He
SIBASETCA TapaHTHeH TOro, uYTO MOJYUYEHHOE YpaBHEHWE
BEpHO.

§ 2.7. KpaTtkue BbiROJB IO FJaBaM NepBOH M BTOPOI

B npexbinyniux naparpadax ObIH M3MOXKEHB! NPUHIUs
Nbl TOCTPOEHHS] CHCTEM OCHOBHBIX M TPOU3BOJAHBIX €XHHHIL
v (GopMyJ pasMepHOCTEH, a TaKXKe METOAb Iepexola OT
OJIHOW CHCTEMBl K ADYTOH.

Hns yno6ctBa uuraTesaell RaeTcs KpaTkas CBOAKa CO-
JlepKaHus 3THX naparpados, Kotopas Moxer OuiTh cdop-
MyJHpOBaHa B BUJIE CJIEAYIOLIHX BbIBOJOB:
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1) Hsmepeuue npeacrasiaser co6ofl cpasHeHHe AaHHOM
BEJUUHHBl C APYTrO#l OZHOPOAHOH BEJHUYHHOHN, MPUHATOH 3a
eAHHULY.

2) YciaoBueM OGBEKTHBHOTO H3MEPSHHS M YCTaHOBJe-
HHSl €JHHHIl U3MEPEHHS SBJSETCH BO3MOXKHOCTb NOJYUEHHSA
abCOMIOTHOTO 3HAUEHHs] OTHOCHTEJBHBIX KOJHYECTB.

3) B npuHIune eJHHULB U3MEPEHHs BCEX BEIUYHH MO-
ryT BuOHpaThcAd HesaBHcHMO APYyr orT Apyra. Ogsako Ha-
JHYHE Hapsily ¢ TNPAMBIMH KOCBEHHBIX H3MEpeHHH MO3BO-+
JsieT eJHHHUb H3MepeHUA pa3HbIX BeJNHUHH CBA3BIBATH
ApYT ¢ ApYroMm.

4) Tlpx nocTpOeHHH CHCTEM B3aMMHO CBSI3aHHBIX €M<
HHML €AHHHIBl HECKOJIbKHX BEeJUYHH BLIGHPAIOTCH HE3aBHCH-
MBIMH OT OCTaldbHBIX W APYr OT Apyra. Taxue eaHHHLEBI
YCJOBHO Ha3bIBalOTCH OCHOBHBIMH.

5) Jas Bcex ocTanbHLIX BEJHYHH YCTaHAB/JIUBAIOTCHA
TaK Ha3blBaeMble NPOM3BOJAHBLIE €IUHHUIIBI, KOTOPHle CBA3bI«
BaTcs JAu60 ¢ OCHOBHBIMU eJAMHHLIAMH, Au6GO ApPYyr ¢ Apy-
roM C NMOMOUIbI0 ONpefeqsdlOliuX COOTHOLUEHHH, TNpejcTaB-
Jagompx coboil MaTeMaTH4YecKoe BbipaykeHHe (H3HYECKHX
3aKOHOB U onpefgeneHul HU3HIECKUX BEeJHUHH.

6) CumBonbl (H3HUECKHX BEJHYHH, CTOALIMX B MaTeMa-
THUECKHX BBIPAaXKEHUAX (PHU3UUECKHX 3aKOHOMepHOCTeHl H
onpejeneHuil, npeacrapasior co6of He caMu BeTHYMHBI, a
UxCJeHHBIE 3HAUeHHS, KOTOPBIMH 5TH BeJHYUHBI BbIpa-
}KAIOTCH MNpPH COOTBETCTBYIOILEM BbIOOpe @AMHHUIL H3Me-
peHusL.

7) 3aBHCHMOCTbH TNPOH3BOJHOH €AMHHHB OT OCHOBHBIX
onpenensiercst GopMyJaoi paamepHocTH (HJH, KPaTKO, pass
MEpPHOCTBIO), NpeiacTaBisiollei coGolt oaHousneH, oGpaso-
BaHHbIA mpousBeneHueM 000OLIEHHOro 0GO3HAUEHHSI OCHOB-
HBIX €JMHHIl B Pa3JHYHBIX CTENeHsX.

8) MarTemMaTHYeCKOe paBeHCTBO, BbIpaKalolllee CBf3b
MeXJy pasinuHbIMH (U3HYECKHMMH BeJHUHMHAMH, NOJKHO
ofiafaTh pa3MepHOH OJHOPOXZHOCTBIO ((QOpMYJH pasMep-
HOCTY JIeBOH W NpaBoOd yacTell HOJKHBI OBITh OJHHAKODBLI»
mu). TIpu 3TOM B paBeHCTBE MOXKeT NMPUCYTCTBOBATh pas-
MepHBIH KO3 pHIHEHT NPONOPUHOHAJNBHOCTH, T. €. TaKof,
yHCJeHHOe 3HaueHHE KOTOPOro U3MEHFETCH NPH M3MEHEHHH
OCHOBHBIX €JIHHHIL,
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9) CoOBOKYNHOCTh OCHOBHBIX M TPOM3BOJAHBIX €AHHML 05~
pasyer cucremy eauHnn. CHCTeMa eZMHMI CTPOHTCH CJE-
AYIOIHUM 06pa3oM:

a) BbIOMpAIOTCH BeAHYHHBI, E€IHHHAIB KOTOPHIX MPHHH-
M2l0TCsl 3a OCHOBHBle (TaKHe BEJHYHMHBLI YCJIOBHO Hashi-
BalOTCsi OCHOBHBIMH)

6) ycTaHaBAMBAIOTCA Pa3sMEPH OCHOBHBIX eNHHHUIL

B) BHIOHpaeTcs onpelensiolliee COOTHOHIEHHE IJIA yCTa<
HOBJICHUS NPOU3BOLHON €JHHHIH; ,

r) npHpaBHUBaeTCH eIHHHLNE (Had JPYTOMY NOCTOSHHO-
MYy UYHCHY), H CcJlefoBaTeNbHO, ToJjaraercs Oe3pasMepHbIM
KO3(GHUMEHT NPONOPHUOHANBHOCTH B ONPEEsOIEM CO-
OTHOLIEHHH.

10) Iloctpoedne cucteMbl B NPHHHHNE BIOJHE MPOHU3-
BOJIbHO, [lpoH3BONBHBIMUE ABJIAIOTCH YHCAO U CaMBIH NOA-
60p OCHOBHEBIX BeJUUYHUH, pasMep OCHOBHBIX eIHHHIL H BHIGOP
onpeAenaoM s COOTHOWEHNH.

11) Uucno OCHOBHBIX €AMHHUIl CBA3AaHO C YHUCJIOM pa3~
MepHBIX K03(Q®hHUHEHTOB B MaTeMaTHYECKHX BBHIPaKEHHAX
¢u3uueckux sakoHomepHocTeld. UeM Gosiplie OCHOBHBIX €AM-
HUL, TeM GoJblle YHCI0 TaKUX Ko3(hdHuuueHToB.

12) Tlpu pasauuHOM BbHIGOpE ONpee/siiouHX COOTHOIIE-
Hult opMyna pa3MEpPHOCTH eIMHHUB OJHON M TOH JXe Be-
JIHUMHBL MOMKET MMeTb pasauunblit Bug. CiefnoBaTenbHo,
pa3MepHOCTb He SIBJASETCH HEKOTOPHIM HEN3MEHHBIM CBOH-
CTBOM JaHHOH ¢u3uuecKOoH BeJHUYHEDLI, a 3aBUCHT OT CIO-
co6a MoCTPOeHHs! CHCTEMBl eJUHHUIL,

13) IlepeBon eauHul M3 OJHOH CHCTEMH B APYrylo ocy-
LIECTBASETCS ¢ NOMOWIbI0 GOPMYJ PasMEpHOCTH, AJS yero
He0GXOIUMO MMETh CBSI3L MeXIYy OCHOBHBIMH eIHHHIIAMH,
KOTOopas YCTaHaBA¥BaeTCss B 3aBHCHMOCTH oT cnocofa mo-
CTPOEHHUS CHCTEM, a HMEHHO!:

a) ecaw ofe CHCTeMbl NOCTPOEHBLI Ha ONHHX H TeX Ke
OCHOBHBIX BeJIHUMHAX H OAHUX M TeX Ke ONpPEAeNsIOINX
COOTHOLIEHHSIX, TO CBH3b MEXKAY OCHOBHBIMH €JHHHIIAMH
onpeaenserca Jub0 CPaBHEHHEM 5TAJIOHOB, J1GO YCJIOBHBLIM
onpeneaeHueM COOTHOWEHHA eXMHHI (HampuMep, eiHHHUA
ONHOH H3 CHCTEeM ONpeJessieTc KaK KpaTHas WA AoJbHas
eIMHHIB APYTON CHCTEMH);

6) eciau omnpeledasioliye COOTHOWIEHHs B OGEHX CHCTe-
MaX OAHHAKOBB, a OCHOBHbI€ BEIHYHHBI Pas/i{uyHbl, TO CJ/e-
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AVeT IKCHEPUMEHTANbLHBIM NYTEM YCTAHOBHThH CBA3b MEXKAY
e/INHHIAMH BEJHUHHBI, KOTOpas B OJHOH cuCTeMe SiBJseTcsd
OCHOBHO{I, a B ApYyrofl — npoH3BOJHOH;

B) €CJH NPOUSBOJAHbLIE €MHUIBI NOCTPOEHBI C MOMOLULLIO
pasHbiX OmpelensioliX COOTHOUIEHHH, TO cJeayeT npexnsa-
pHTEABHO B OJHOM H3 5THX COOTHOIUEHHH, 3alHCAHIOM B
TOH cuCcTeMeE, B KOTOPOIl OHO He SIBJASIETCSl OlIPeeJsIoniHM,
YCTAaHOBHTb pa3MepHOCTh Ko3d(uIHenTa NpoNopLHOHA b=
HOCTH, ONpPefeNuTh IJKCHePHUMEHTAALHO er0 3HAaueHHe MpU
KAaKHX-TO H3BECTHBIX pa3Mepax OCHOBHBLIX eIMHHI{ H 3aTeM,
nonb3ysach GopMysoH pa3MepHOCTH, BLIUHCAHTL €ro 3Haue-
HHE TIpH pa3MepaX OCHOBHBIX €JHHWI, COOTBETCTBYIOIHX
JanHOH cHCTeMe.

14) Tlpn Haauuud TEOPETHUECKOH BO3MOKHOCTH TPOU3-
BOJBbHBIM CMOCOOOM CTPOUTb CHCTEMBbl EIHHHIL TpaKTHUC-
cKle cooOpaKeHHs HaKJIaAbIBalOT pAJ OrpaHHYeHHH Ha
YHCJ0 OCHOBHBIX €IHHHU, BHIGOP OCHOBHBLIX BEJAHUHH H ompe-
JeNgIoNX  CcOOTHOUIeHHHA. B  uacrtnocTH, unesecooGpasHo
YHCJIO OCHOBHBIX BEeJHUYHH HMeTb He CJAHMIIKOM MaJbiM H He
CAHWIKOM OOJAbIIM.



''masa 3

Mousarue 06 aHanu3e pa3MepHOCTed

§ 3.1. Onpenenenve OYHKUHOHAJNLHLIX CBA3eH NyTeM
CPARHEHHS PA3MEPHOCTEH

[lpumenenne $opmyn pasMepHOCTEli He HCUEPNBIBAETCHA
NepeBOXOM eJHHHL M NPOBEPKOH NpaBUABHOCTH (OPMYIL
B pane cnyyaeB, eclH npedBapuTeNbHO H3BECTHO, KaKue
(pH3HUeCKHEe BeJHUYHHBl YUaCTBYIOT B HCCJELAYEMOM MNpOLEC-
ce, MOYKHO NyTeM COMOCTaBJCHHUSI Pa3MePHOCTEH yCTaHOBHTb
XapakTep 3aBHCHMOCTH, KOTOpas CBs3biBaeT HaHHbIE BeJH-
yunbl. Bo MHorux o6nactsaix (pU3MKM ¥ CMEXKHBIX HayK —
TeMJIOTeXHHKE, THAPOMEXaHHKe U ApP. — TaKOH MeTOl, MoJay-
UHBWIKE Ha3BaHue aHa/lu3a pa3MepHOCTeH, Halles IHPOKoe
pacnpoctparenne. OcoGeHHO TJOLOTBOPHBEIM OH OKa3shbl-
Baercs B TeX cAydyasix, KOrAa HaXoX[eHHe HCKOMOH 3aKOo-
HOMEPHOCTH NPSIMBIM NyTeM JHOO BCTpeyaeT 3HayHTeJbHbIE
MaTeMaTHUeCKHe TPYAHOCTH, JHO60 Tpebyer 3HAHHA TaKHX
Aeranell npouecca, KoTopble 3apaHee HeHsBecTHul. ITo cyrtu
Jilela aHaJlN3 pa3MepHOCTell OCHOBHIBAETCS Ha TOM Ke Tpe-
6oBaHHH HE3aBHCHMOCTH CBA3H MEXAY (H3UYECKHMM BeJH-
YHHaMU OT BHIOOpa €JMHHI, YTO PAaBHOCHJIBHO TPeOOBaHHUIO
coBlajenyus pasMmepHocrell B o6eux yacTax ypasHeHuit. Ilo-
3BOJIAS B psAe cAyydaeB OLICTPO YCTaHOBHTb XapakTep
HCKOMO# 3aKOHOMEpPHOCTH, aHalu3 pa3MepHOCTeH OTHIOAb
He ABJSeTCA BCEMOTYHIHM METOAOM, H NOJAYac ero BO3MOXK-
HOCTH OKasbIBalOTCSl BECbMa OrpaHHUEHHBIMH.

B samauy Hactosiliefl KHHI'HM HE BXOAWT NojpoGHOe H3-
JIoJKeHHe MeTOJOB H MpPHMeHeHHH aHanu3a pasMEpHOCTEH,
KOTOPOMY MNOCBfleHb creunajbHble kKHurh. IloMumo ymo-
manyroft kauru I1. B. Bpui:kmasta, 34eCh MOXHO pEKOMEH<
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aonath kuury JI. M. CenoBa «Meroasl moao6us u pasmep-
HOCTH B MexaHHke» (u3f. 6-e, «Hayra», M., 1967). Mu
OrPaHUYHMCS JUHIb KPATKHM O3HAKOMJEHHEM TOTO, Kak C
nOMOLIbI0 OPMYJ Pa3MePHOCTH MOMKHO pellaTb NpakTHue-
CKUe 3ajayu, AJsi Uero pacCMOTPHUM HECKOABKO NPOCTERuIuX
XapaKTepHbIX NPUMEPOB.

I. Ha npyxwuHe mnoasewied rpys maccoii m (puc. 2).
Tlpu yanuHeHHH NPYXKUHBI HA 7 BO3HHUKAET ynpyras Cuia,
paBHas (no aGCoMOTHOH BesanumHe) f,

CTpeMsLLAsC BepHYTb NPYXKHHY B Mc- 000
xonHoe nonoxenue. Kpome cuasl f, Ha
rpy3s HHKaKue JApYyrue CHJBI He Jeii-
cteyior. Onpepenuto Bpems [ BO3-
BpallleHdsl TPy3a B HCXOZHOE IIOJO-
KeHue.

Jlna pewenus 3a1ayn HEOOXOAUMO I'_- -
NpefCTaBHTh BPEeMS KakK HEKOTOPYIO '

La>-
(YHKUIHIO H3BECTHBIX BeJHUHH M, fi H f
f. Xotss B npunmune 3ta  GyHRuHA

MOKeT UMeTb Pa3JU4HBIN BUJ, 1O MO- h
BOLY Hee MOXKHO BEICKA434aTh HEKOTO-
pble  ompeleseHHble  COOGpaKeHusl. *

[Ipeanosnoxum, uto B cocraB 5TO#
GyHKUHH BXOAAT Kakue-1HGO TpHTO- Prc. 2.
HOMETPHUECKHE, TOKasaTeJbHble HJH

Jpyrue Heasrebpanueckue (yHruuu, OueBHAHO, aprymei-
TOM 3THX TOCAEAHUX MOTYT ObiTh TONABKO OGespasmepubie
BeAHYUHbL. JIlerko BHAeTb, uto B cucreme eaunuy L, M, T
U3 BeJMYHH m, A u f, pa3MepHOCTH KOTOPBIX paBHBI COOT-
serctBedno M, L u LMT-2, 1eBO3MOXKHO COCTaBHTH HHKa-
Kol 6e3pasMepHoll KOMOHHALMM, TaK KaK 1 BXOAHT TOJNBKO
B Pa3MEPHOCTb CHJIbI, MOSTOMY B TaKyl) KOMOHHAIHIO CHJIA
BOHTH He MOXKET, a A W M, pa3yMeercs, He MOTYT AaTh 0e3+
pasMmepuoro coueradusi. Taxum ofpa3lom, eAUHCTBEHHO BO3-
MOXKHBIM BHJOM CBSI3U MeXay { u h, m u | aBaserca aJjre-
Gpauueckasi yukuua. IlpexcraBasercsi  eCTCCTBEHHHIM
HCKAaTb 3Ty QYHKLUHIO B BHIE

t=Cf?him’, @3.1)

rae C — Hen3aBeCTHBIH Ge3pasMepHbiil Ko3(duuueHr npo-
HOPUMOHAJAbHOCTH, & p, ¢ U r — HEH3BeCTHLle noKasaTenu
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crenenu, [1pupasusiem Gopmyssl pasMepHOCTH JeBOH U npa-
Boft uacreft ypasuenus (3.1):

T=L"MTPLM". (3.2)

Vpasuetiie (3.2) 6yxer HHBapHaHTHLIM MO OTHOLIEHHIO
K pa3Mepy OCHOBHBIX CIMHHIL (T. €. COXPaHHTCS NPH yBe-
JIHYEHHH MJIH YMEHbIIEHHW pa3Mepa OCHOBHBIX eNHHUL),
€CJIH NoKa3aTeNu CTeNeHH NPH COOTBETCTBYIOIHX CHMBOJAX
pPa3MepHOCTH OCHOBHBIX €IHHHI B JeBOH M NpaBOl YacTH
Oyayt pasHb. Mcxoms us 3Toro ycnaoBuf, TOJYy4aeM chae-
Hyiolllne ypaBHeHUs 715 mokasarteself CTeneHHu:

0=p+q, O=p+r, 1=-2p, (3.3)
OTKyAA 1
i {
p=—~~2—, q=§, f=?. (34)
COOTBETCTBEHHO L
t=C ';/ %” . 3.5)

Pasymeercs, npoBejleHHbIl aHANU3 He NO3BOJIAET HUUeE-
ro ckasatb o Bennuuue Kosdpduumenra C. Ecau cuna f
nponopuuoHabia h (Kak 3TO0 MMeer MeCcTo Npu YHpyrux
cuaax), 1o, obosHayas

f=Fkh, (3.6)

t=c]/_%7. (3.7)

3aech k — Ko3pPUUHEHT YOAPYrOCTH OPYHKHHBL, Tak 4HTO
BpeMAl OKa3hiBaeTCs He 3aBHCAWMM oT yaauHedus h. Tou-
HOE pelleHHe 3ajaul, OCHOBAHHOE HAa MPHMEHEHHUH 3aKOHOB
MeXaHHKH, NPHBOAHT K TOMY e ypaBHeHHio (3.7), Ho ¢
onpeneieibiM Ko3hGULHEHTOM, paBHbIM 7/2 ¥),

2. B nuapHApHUECKOM COCYAe NIJIOMLANbI0 CeUeHUs §; 10
YPOBHS, paciio/fO:XKeHHOTO Ha BLICOTe h OT JAHA, HanuTa

MOXEM HauucaTb

*) Jlerko BuaeTh, 4TO B CJyuae CHUMb TSKECTH (CHIA MPOMOPLHO-
HaabHa Macce [=mg) ¢opmyaa (3.5) npespaumiaerca B GopMyay Ajs
Bpemenn csoSoanoro nanenns C ]/h_/g, rae C — GespasMepaslii koypdu-
IHEHT, YUCACHHO® 3HAYEHHE KOTOPOro, KaK ussectno, pasuo ¥ 2.
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nieanbHast (He 00Jajaiouias BSI3KOCTBIO) KHAKOCTb MJOT=
HocThblo p (puc. 3). B aHe cocyaa umeeTcs oTBEpCTHE MJO-
WaAbio cevyeHuss S;. OnpenenuTh BpeMsl BLITEKAHHA >KHA-
KOCTH L.

ITockonbKy BhiTeKaHHE MPOUCXOAMT MOA JAEHCTBHEM CH-
Abl THXKECTH, eCTECTBEHHO MPeANOJOXKHTb, YTO B yHc/Ie Be-
JHYHH, onpeaensionux
npoiece, JA0JMKHO TPHCYT-

CTBOBATh YCKOPCHHE CHABI F- — — — — — — " — ]
TKecTd. B Aaudomcayyae |- - - —_—_- -
B8 TNpPHHUHME  BO3MOXHO |-~ _~_~_ - —_~_—_"_°

t
l
'
i
I
1
1
!
|
.
[ o —e

NPHCYTCTBHE . B HCKOMOH ]_(
CBA3K TPaHCUEHLeHTHOH ol
$yHKUHH, BKJAOUAOUIEH B =0
apryMeHT BejMUHHBL H, $; b
" Sy (p H g MO IpHBEEH- Puc. 3.

1BIM BbiIIE COOBpaKeHHAM

B 3TOT apTYMEHT BXOAHTb He Moryr). Tem He Menee nOmbi-
TaeMcss M 3Jech NpPeacTaBHTb HCKOMOE BpeMsl B BH/E CTe-
1EHHOro OaHOuJeHa BHAA

k

{=Cp°g'l sls3, (3.8)
rjae, xax u Bouue, C — Geapa3MepHbiil W HeolpeaensieMbin
KO3(huIlMedT NponopuuoHadbHoCTH, a p, g, r, k, [—non-

JexKaliHe onpeleseHHIo mnoxasaTenn cTeneHH. CocTaBHM
ypaBHeHue pasmepHocTeil

T=MPLPLIT2 1%L 7, (3.9)
OTKYJa, MPUpPaBHABaAs NMOKa3aTeNy CTelleHH N€Bo 1 NpaBoit
‘laCTeﬁ, IIOJIy‘{HM CHCTeMy ypaBHeHuﬁ
0= —3p+qg+r+2(k+1),
0=p, (3.10)
| = —2¢.

Ins onpepesenuss MATH TOKa3aTeJed CTEmeHH Mhl
HMeeM TOJbKO Tpu ypaBHenuda. IlpaBaa, ABa nokasarenas
OTIpeNSIOTCS HeMoC PeACTBEHHO:

1
p=0, g¢g=-—5. 3.11)



70 TIOHATUE OB AHAJIU3E PASMEPHOCTLH [ra1.3

D10 yKe npeAcTaBAfET ONpeAeJeHHBIH HHTEpeC, TAK KakK
NOKas3biBaeT, UTO BPEMs BHTEKAaHHS HE 3aBHCHT OT MJOTHO-
CTH XHAKOCTH M 0OpaTHO NPONOPHHOHAJILHO KODHIO KBaj-
paTHOMY H3 YCKOpeHHs cuibl TskecT. [lns onpegenenus
OCTAJBHEIX NOKaszaTenell cremeu Ttpebyercs aubo HMeTh
JIOTIOJHUTEAbHEIE AaHHBIE, 00 CHe/aTh KaKHe-TO Apeamno-
JIOXKEHHA, OCHOBAHHbE Ha HalleM NPeiCTaBJeHHH O XOJe
npouecca. Mpl npeanosoxKuM, 4To abGCOSIOTHAS CKOPOCTb
KUAKOCTH B OTBEPCTHH He 3aBHCHT OT ero cedyenus. B stom
cnyyae BpeMs BHITEKaHHUSI JOMKHO OBITH OOpPaTHO NIPOMOP-«
IMOHaJAbHO Sy, BMmecte ¢ TeM BpeMsi BEITEKaHHA HPH OAUHA-
KOBOM HauaJbHOM YpOBHe A HOJNXKHO OBITb HPONOPLHO-
HaJbHO OCIUEMY KOJHMYECTBY KHUAKOCTH, a CJeJOBaTeIbHO,
ceueHHIO S;. JTO fNaer ANs Nokasartedefl creneHu k W [ 3ua«
yeHHa | u —1. [1pu TakoM npeAnoNOKEHHH CPa3y onpese<
JISIETCS TOKa3aTesb 7 = 1/2, H Ang BpeMeHH BbITEKAaHUS MO~
Jy4aercs BbIpayKeHue

T s
t=C]/?;§. (3.12)

Uro kacaercs kosdduuuenra C, T0o, Kak U B NpegblAyLieM
npHMepe, aHa/IH3 Pa3MEPHOCTH HE JaeT BO3MOXKHOCTH €ro
onpefenuTtb. Pacuer nokasbiBaeT, 4TO 3TOT KOIGhGHUHEHT
pases V2.

Onpenenenne nokKasaTesNsi CTENEHH f BO3MOXHO TaKiKe
ApyruM mnyTeM. IToCKONbKY B YCNOBHH 3ajfayd HHYEro He
roBoputcst 0 GopMe OTBepcTHs M (opMe CeueHHsi cocyna,
MOXKHO eIMHHIY MJIONadH OTHECTH K YHCJY OCHOBHBIX, He
CBSI3bIBasi ee C ejuHuLed AauHBl. B 3TOM cayyae BMmecTO
ypaBHenus (3.9) cieayer HamucaTtb

T=M"LLT %L S*S, (3.13)
rae S — ycaoBHoe oGo3HaueHHe Pa3MepPHOCTH MJOUIAJH.

M3 3t0ro ypaBHeHHs] AOMOJHHUTENLHO K YCJIOBHAM p = 0
B g = —1/2 noxyunm
1

k=—1, r=. (3.14)

Taxum o6pason:, B KauecTBe pellleHHA 3aZaYd Mbi HMEEM

t=Cl/——§—-(p(%:—), (3.15)



§ 3.1} ONPEAEJNEHHE ®YHKIIHOHAMDHBIX CBSI3EN 7%

rie, npaBia, B otauune oT (3.12) @(sqfs;) aBaserca Hens-
BecTHOM (pyHKUHEl OTHOLIEHHS Sfs).

Jlerko BuIeTh, YTO MO CPaBHEHHIO C MEPBOHAYAJBHBLIM
NOJIOKEHUEM, Korja Tpe6oBajuch CHElUaJbHLIE NPeAnodo-
JKeHHS, HaM YJaJjoch AOOHThCA 60nblueH ONpeAeSeHHOCTH
penleHHst 3ajpaud Gaaroiapsi BBefEHHIO JOMOJHHTENbHOM
OCHOBHOH €AHHHILBI.

3. Ha Teno maccofi m pgefictByer mocrosiHHas cuiaa f Ha
nytan h. Ompenedutb CKOPOCTb, KOTOPYIO NpHOGpETeT TeNo -
B KOHHE IYTH.

AHaJOrHYHO TNpeAbIAYLIUM TpPHMEpaM 3anulIeM CKO-
poctThk B BHJAE '

v=Cf’m'hW (3.16)

C HeHM3BeCTHHIM KodpduuuenToM C H NOKasaTeNsiMH CTene-
HU p, g HT.
YpaBHeHHe pa3MepHOCTH GyIeT UMETb BUJ

LT = L"M°T™ "ML’ (3.17)
ConocrtaBasa HNOKasaTeaH CTENEHH, JIErKO MOJYUHM
I 1 1
P=%, q=-—5, TI=73, (3.18)
OTKYyJAa
T
v=CV L. (3.19)

m

Peutenne sToii 3afaun Ha OCHOBE 3aKOHA COXPaHEHHs 3HEp-
THH 1aeT, KaK H3BeCTHO,

v=1/—2,—{1"—, (3.192)
r.e.C=V2.

PacemotpuM Ty »Ke 3ajzauy Heckoabko HHaue. ITlompo-
6yeM HalTH HCKOMYIO CKOPOCTb C TMOMOUIbIO TOr0 K€ aHa-
JM3a pa3MepHOCTel, HO B TAaKO#l CHCTeMe €IHHHI, B KOTO-
po#l enMHHMIIa CHJBl OmpeleaseTcs He BTOPHIM 3aKOHOM
HbloTOHa, a 3aKOHOM BCeMMHpHOro TAroreHus. B 3to# cu-
cTeMe PasMepHOCTb CHJIbI

[fl= LM% (3.20)
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Ypasuenue pa3aMepHOCTH, TOCTpPOeHHOE Ha OCHOBaHHH
(3.16), Oyner

LT =L "M*PML . (3.21)

Mui npumiig kK abcypaHOMY, NMPOTHBOPEUUBOMY pe3yibTaTy.
B neBofi yactu pasMepHOCTb BPEMEHH BXOAMT B CTEneHH
—1, B T0 BpeMs Kax B mpaBo#l 4acTH BpeMsa BooOlLe OTCYT-
crayer. KakoBa ke mnpuumuna s3toro mnporusopeunsi? Pac-
‘€MaTpPHBas CYWECTBO 3ajadl, Mbl BHAHM, 4TO OCHOBHOH
3aKOH, ONpelelsIOILKH JaHHbLIE NPOHECC — YCKOPeHHe Moj
feficTBUeM BHeWIHeH cuanl — T. €. BTOpo#l 3akoH HeroToHa,
BbillaJl U3 PacCMOTPeHHsA. ITO CYLIeCTBEHHO B TOM OTHOLUe-
H{H, 4TO B NPHUHATON HaMy cHCTeMe €JHHHIL B BhIpAXKEHHH
AAs Broporo 3akoHa HblOTOHA AOMKHA CTOATH HHEPLHON-
Hasi HOCTOsIHHAS, PA3MEPHOCTb KOTOPO#

[K]=L"MT"

Beepst B8 ypaBreHHe pa3MepHOCTeHl pasMepHOCTb HHep-
HHOHHON TIOCTOSIHHOM, MBI IIOJiYUMM COBMECTHBbIE YpaBHEHH,
ONHAKO JlIA OfpefeNeHH uveTbipex cremeHefl Ml Oynem
HMeTh TOJNLKO TPH YypaBHeHHS. J[leHcTBHTEAbHO, HaMuCcaB
BMecTo (3.16)

v=C"m "W K. (3.22)
HOAYYUM CHCTEMY
l=—2p+4+r—3k,
0=2p+g+k, (3.23)
—1=2¢,
H3  KOTOPOH  HEeNoCPeACTBEHHO  ONpejessieTcsi  TOJAbKO
k = -—1/2, Tak 4TO B HCKOMOH 3aBHCHMOCTH KaKOH-HHOYb

OAHH INOKa3aTtesb CTENeHH OCTaeTcss HEeU3BECTHbIM, H ee
MOXHO 3anmucarb, HanpuMmep, B cjienyioillemM BHAE:

v=CJ’ (—’1—)2”‘% KT = (L) (-’&"i)"‘f. (3.24)

7! m? m

3ajauy MOMKHO clleslaTh TOJHOCTBIO ONpefeeHHON, eCau
BSeCTH ellie oAHY OCHOBHYIO eauHuuy. B kauectBe taxosoti
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npumem eguHuuy cunnl. O603HAYHB ee Pa3sMepPHOCTh, KaK H
paubiie, F, moayuum 08 pasMepHOCTH HHEPUHOHHOH mno-
CTOSIHHOH

[K1=L""M""T2F, (3.25)
3anucas Telneph HCKOMYIO 3aBHCHMOCTE B BHAE
v=CI"'m K", (3.26)
HOJIyl{I/II\'I AJA noxiasareneﬁ CTEleHH CUCTEMY
O0=¢g—k,

—1 =2k, l
0=p4k,

l=r—&, 1

, (3.27)

OTKYJAa JIeTKO OMPEhAe/AI0TCsT BCC MOKA3aTe/IH CTCNneHH

1 1
p=r.—=—2—, (]=k=""‘2‘,

H, C/J1ef0BaTesblo,

_ "ih
v=C)/ ey (3.28)

Jlerko BuAeTs, uTo eciaH, HAoGOPOT, YMEHBLIMTH YUCJIO
OCHOBHbIX ©JHHHI], OPHUHSIB JJf pelleHus 3aZa4yH CHCTEMY
C JBYMSl OCHOBHBIMH €XHHHUAMH IJIHHBI H BPEMEHH, B KO-
TOPO#l Pa3MEPHOCTH CHJIBL H MaccChl

[f1=L'T", (3.29)
[M]=L’T7%, (3.30)

T0 3ajiaua CTaHeT Takxe HeonpejaesnenHoil. [eficturennto,
HAaNHCaB ypaBHeHHe pa3MepHOCTell B BHIE

LT V= Lrtrp a2y, (3.31)

Mbl ODOJAYUHM AJ51 HAaXO0XXKICHHUA cTeneHe TOALKO JBa ypas-
HEHUA

l=4p+3g+r,
e } (3.32)

~1=4p—2q.
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Peittenne 3afaun BHOBb TpelyeT HONOJHHTENbHHX Npej-
NOJOXKEHHU!, He BMNOJHE OUEBMJIHBIX, HECMOTPSl Ha HPOCTOTY
caMoil 3anaud. YpaBHenus (3.32) coBMeCTHB u YJOBJe-
TBOPSIIOTCS, €CJMH MOACTAaBUTb 3HAUEHHsl IOKaszarteneil H3
(3.18).

§ 3.2. II-reopema n meron nopoOus

PaccmaTtpuBasi npuUBeJleHHBI€ NPHMEpbI, MBI TPHXOLUM
K BHIBOJY, YTO aHalu3 pa3MepHOCTeH He MOMKET SIBJISATHCS
VHHBEpCAJbHBIM METOJOM, MNO3BOJASIOIIYM aBTOMAaTHUECKH
HAaXOJHTb MHTEpPeCyloliue Hac 3aBHCHMOCTH MeXAY ¢usuue-
CKHMH BEJHYMHAMH, YYaCTBYOIUHMH B TOM HJAH HHOM Ipo-
necce. IlpuMeHenune ananu3a pasMepHocTell Tpebyer BO
MHOTHX CJAy4Yasx yAayHOTO BLIOOPA CHCTEMBI €AHHUL, yuera
pa3MepHBIX MOCTOSHHBIX, KOTOpHE MOTYT BXOJHTb B BHIpa-
JKeHUf [J151 3aKOHOB, YNPaBASIOLIMX JaHHBIM [POIECCOM,
Wad B onpejeneHus ¢usnueckux BednuuH. Hepenko Ttpe-
6yloTCsl TakHe IOMOJHUTENbHBIE NPENHOTOXKEHHS, KOTOphble
NPUXOAUTCSH NPHHUMATh HHTYHTHBHO, K T. L.

ITpuBenenHble NpUMephl MOKa3bIBAlOT, KPOME TOTrO, YTO
YeM MeHbIlie OCHOBHBIX BEJIHYHH H 4eM O6oJbiie Mapamer-
POB, YuacCTBYIOIIHX B mpoluecce (BKAOuYas pasMepHbE [MO-
CTOsIHHbIE), TeM 0GoJiee HENOJHOH ABJAAETCH CHCTEMAa YpaB-
HEeHHH, KOTOPYI0 MOMHO COCTaBUTb AJAfl HaXOX/JeHHs MOKa-
saTefiell cTeleHH NPH CHMBOJAX BEJIHYHH, BXOASIIHX B
HCKOMYIO 3aBHCHMOCTb. B TO Ke BpeMsi BO3MOXHE! H TaKHe
Clyyad, KOrjia ypaBHeHHUs pa3MepHOCTEH NPHBOAAT K HE-
COBMECTHOI CUCTEME ypaBHEHHUH JJIs1 noxaszaTesell creneHel
B (opmysnax pasMepHOCTH. IJTO, KaK Mbl BHIENH, CBHIE-
TEJbCTBYET O TOM, YTO KaKas-TO H3 BeJMYHH, CYIIEeCTBeH-
HBIX I pellieHHs 3aJaYH, OKa3ajach HeyuTeHHOH. B uucie
TaKHX BeJUUHH MOXKeT OBITb U pasMepHast MOCTOSHHAS,

CyliecTBeHHYIO NOMOIS NPH aHajM3e pa3MepHOCTel
okasplBaeT Tak HaswiBaemasi [I-Teopema, n0Ka3aTenbCTBO
KOTOPO#i MOXKHO HaHTH B YNOMSIHYTBIX KHHTaX BpuaxMsHa
u CenoBa. CorsacHo 3TOit TeopeMe, eciii QPYHKIMOHAJNbHARA
CBA3b MeXAY n (pU3HUECKUMH BeJHYHMHAMH YIOBJETBOPHET
YCJAOBHIO HHBAaPHAHTHOCTH OTHOCHTEIbHO pasMepa OCHOB-
HBIX €IMHHIl, & YHCJIO OCHOBHBIX €IHHUI PaBHO R, TO MOX-
HO COCTaBHTb 11—k Ge3pa3MepHbIX KOMOMHALHHA BeTHYHH,
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Uem MeHblle 3Ta Pa3HOCTb, Te€M oOnpeneneHuee Oyner pe-
wenune safauu. [lpu n —k =1 sanaua craHoBurca HaubO-<
Jlee OnpejesieHHOH U, KaK HpaBujio, OfHO3HauyHOH *). Brige-
Ja51 U3 OOLIEro UMCaa BEJUYMH TY, 3aBHCHMOCTh KOTOPOH
OT OCTaNbHBIX MBI XOTHM ONDEJeJMTb, Mbl CMOXEM BhIpa-
3HUTH HUCKOMYIO 3aBHCHMOCTb B BHJE SIBHOH (DYHKIHH.

[TpouamocTpupyeM ckKasaHHOEe NpPHMEPaMH, JJAS Hero
BOCIONb3YyeMCs TEMH 3afadaMH, KOTopble OLIIH paccMoTpe-
HBl B npelplaylieM naparpade.

B nepsoit 3anaue (Bo3BpallleHHe B MNOJIOXKEHHE PaBHO-
BeCHsl Tpy3a OTTAHYTOH NPYIKHHOH) CBfI3BIBAIOTCSL YeThIPE
BeJAWUHHb: Macca Tpy3a, CHla HaTsXEeHUA NPYXKHHBI, ee
yAJuHeHHe ‘M BpeMmsi Bo3BpalleHusa. CoraacHo II-teopeme,
NpH TpPeX OCHOBHHIX BE&JIHUHHAX — JJIHHE, Macce H BpeMe-
HH — BO3MOKHO M3 UeTbipex BeJHyHH o006pas3oBaTh OJNHY
HeszpazMepHyio KomOuualuio. COOTBETCTBEHHO CBSI3b MEXKAY
S5THMH BeJHUMHAMM MOXKHO 3amucaTh B BHAe (YHKIHH BHIA

@ (1Ph*m’t*) = const, (3.33)

rae aprymenT ¢pyHkuuu 6espasMepHblii u CTOALlas Clnpasa
MOCTOSIHHAS BeJIMUHHA TaKXKe He HMeeT pa3MepHoOCcTH. B ap-
TYMEHTe BCe TOKa3aTeNH CTelNeHHd MOXKHO, COXpaHfAf ero
6e3pa3aMepHOCTh, H3MEHHTh B OJMHAKOBOE YHCJ/IO pas, B pe-
3ynbTaTe 4Yero OAMH H3 TNOKa3aTenell -MoxKeT OHITh clenaH
PaBHBIM €IHHHLE. Haun6osee yaobro sto crenatb, OUeBHA-
HO, 11t HCKOMOH Be/INYMHBI, B J]aHHOM cjlyuae BPEMeHHM, TaKk
YTO, MPUPABHAB NOKa3aTeNb R eJuHHIE, MOJTYUuM

[FPR'm’t] = 1. (3.34)

VpaBHenue (3.34) paBHOCH/IBHO ypaBHenuio (3.2), ¢
TOH TOJBKO pasHMlel, 4TO BCe NOKasaTelH uMeloT obpart-
HblE 3HaKH.

BBuay Toro, uto BHIGOP OCHOBHBbIX eJMHHI TIPOH3BEJEH,
B KAayecTBe TAKOBBIX MOTYT OBITH NPHHATH KOMOHHHpPOBaH-
Hble eXMHHIB NPH YCJAOBHH, UTO HX pa3MepHOCTH OyAyT
HesaBHCHMbIMH. Jlo3TomMy B dQopmyanpoBke II-Teopembi
BMECTO YMCJIa OCHOBHBIX €AMHHIL MOXKHO NPHHHMATb YHCJIO

*) Hexoropast HEOAHO3HAYHOCTb peLUEHHS] COXpaHSIETCS JIHIIb B TOM
cayyae, oM B YHCJE BEJHUMH, BXOAAUIMX B 3afauy, HMeeTCd HECKOJbKO
O HOPORHBIX,
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BEJIMYHH, Pa3MEPHOCTH KOTODLIX B3aHMHO He3aBHCHMBL ITO
NO/I0XKeHHe MOXHO IPOHAJIOCTPHPOBATD Ha NPUMEpE BTOPOH
3afaun (0 BbITEKAHHH JKHAKOCTH U3 LHJIHHADPHYECKOIO
cocyna). B 5Toil 3ajaue Mbl HCKaJM CBA3b MEXKAY CleAyIO-
HIMMH BeJIHYUHAMIL: BpeMs BbITeKaHus {, MAOTHOCTb JKHAKO-
CTH P, YCKOPEHHE CHJIBl THMKECTH g, BBICOTA YDOBHA h, ce-
yenus $; U Sa. Cpeau pasmeprocrefi atux Beauunu 7, L3M,
LT-2 L, L? y L? nesaBucuMbiMu ssasiorca tpu: T, LM
u L. TakuM o6pa3oM, 13 NEpPEUHCIEHHBIX BENHUHI MOTYT
ObiTh COCTaBJeHbl TPH Oe3pasMepHble KOMOHHATHH:

h s

o o Sz

= o (3.35)
Buigensas na xomGuHauum h/ge? spemsi f, MOXKHO npen-

CTaBHTb €r0 B CJeAYIOIleM BH/e:

h So
t=y = cp(;), (3.36)
KaK 370 # OblL1O MoJyueHe HaMHu paHslle.

Paccmorpum eute onna npumep. Ilycre TpeGyercs onpe-
IequTh CKOPOCThR U, C KOTOPOH MafaeT Wapuxk B BA3KOH
#Kuakoctn. Haunr auamerp mapuxka d, €ro IJIOTHOCTB pi,
IJIOTHOCTh JKHAKOCTH pp H ee BA3KOCTb p. Pasywmeercs, B
YHCJA0 BEJAHYHH, OTIPEeAessioiluX Iponecc, BXOAUT YCKOpeHue
cuapt Tsikectd. Jasi pellleHHs 3ajayd Mbl HMeeM, TaKUM
0o6pa3oM, 1ecTb BEJHUMH TNPH TPeX OCHOBHBIX €ZHHHIAX,
YTO NO3BOJASIET COCTaBUThL Tpu Oe3pa3MepHble KOMOHHAIUH.
Kax MBI yXe BujesdHn, 3ajada CTaHOBHTCA TeM Gosee orpe-
JeIeHHOl, 4eM MEHLIIe pa3HOCTL MEXKAY YHC/JIOM Onpene-
JAIUNX SBJeHHe BEMUYUH U UHACAOM OCHOBHBIX eJMHMIL
B paunom caydae 3ajauy MOKHO CAenaTb 0oJjiee ompene-
JICHHOH, ecjli BBeCTH elle XOTd Obl OAHY AONOMHUTEALHYIO
OCHOBHYIO enuHHIy. B KawecTBe TakoBO#l MmpencTaBasercs
1enecoob6pasHLiM NPHHATD EJHHMLY CHAbl, PasMepHoCTH
BXOJASHIUX B 3ahauy BeJHUHH GYIVT TPU 3TOM CAEAVIOILHE:

[0]=LT—1’ [d]=L9 [91]=[92]=L‘3M,
W =L7TF, [gl=FM".

Tenepbp MBI MOMKeM COCTaBMTb YXKe JHIIb ABe Ge3paa-
Mepubie KomOunauun, B xauecTBe ofHoll M3 HHX, 110 aHaflo-
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rAH € paHee paCCMOTPEHHBIMH NPUMepPaMH, HampailiBaeTcst
otHomenne pofp;. CocraBasis ypaBHEHHS AN MOKa3saTeseil
cTeneHe#l OCTaJbHBIX BEIHUYMH, Mbl JIEFKO NOJYYUM BTOPYIO
KOMOHHAIMIO, BRIIOUAIOULIYIO, B YACTHOCTH, MI0OYIO H3 NJAOT-
HOCTeH, Hampumep plzvppfld‘Qg—‘. Orciona Ui - HCKOMOI
CKOPOCTH IajeHus Mbl HallieM

2
v=CTol (L2}, (3.37)
1 04

Dyuxuus @{p/p;) NAHHLIMH 3afauy He ONpeAeserTcs.
Pasymeercst, 3anaua Goiiia 6bl ellie Hosee HeonpepeseHHOH,
ecid Obl Mbl COXPaHHJIH JHIIL TPH OCHOBHBIE €IMHHUIIBL
HMuarepecio 3aMeTuTh, 4TO MOUYTH Takas >Ke 3ajaua O CKO-
POCTH BCIJIBIBAHHA B XKHAKOCTH BO3AYIIHOTO Ny3bIpbKa
(NJAOTHOCTBHIO KOTOPOro MOXHO rpeHeGpeub) CTaHOBUTCH
BTIOJHE ONpeAesNeHHOlN, TaK KaK YHCJA0 BXOAAILHX BETHUYHH
NpH 3TOM YMeHbluaercst Ha eAHHHLY. JIerko nokasats, 4TO
B 3TOM Cayuae 6Ge3paszMepHas KOMOHHAUHS HMEET BHJ

Up
d*p,g’
OTKyla CKOPOCTh BCAbIBallg Hy3prbKa
v=Cd’w " p,g. {3.38)

Conocraensa  (3.38) u (3.37), MOXKHO 3aK/IOYHTb, 4TO
Gyukuua @(pefp1) HmeeT BHY

L2 D R
@ ( 01 ) I g’ (3'39)
tax uto (3.37) npespaltaercs B

] (3.40)

Teoperuueckuit pacuer gaer aas C suauenue 1/18.

Jlerko sumeth, uto ¢popmyna (3.40) onucwiBaer BCe Cay-
Yau JABMMKEHMS 1lapuKka B BSSKOH (KUAKOCTH KakK NPH
P1 > P2, TaK W 0pH p; < P2, BOAOTb A0 p; = 0, NOCKOABKY U
MOXeT NPHHUMATh KaK MOJ0XHTeNbHOE, TaK M OTPHIIATeNb-
1oe 3HaueHue,

[Tpusefenunsie puMepsl elle pa3 OKA3bIBAIOT, 4TO MPH
NPUMEHEHHN aHaji3a pPA3MEpPHOCTH, Hapsily C HOCTATOYHO
OUECBHAHBIMU NpPHEMAaMH, NPHUXOAMTCA BOOpPYIKaTbCA HHTYH-
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Hy{ell He TOJAbKO NpPH ONpefejeHHH BENHYHH, CYHICCTBEHHMX
sl JaHHOR KOHKDETHOH 3aJaul, HO H NPH Hoabope OCHOB-
HbIX eJAHHHL H Aaxke 3anucH pasmephoctedl, Tak, B nocsea-
Hell 3ajaye He OUYEBHAHO OHWIO, UTO Pa3MepPHOCTb YCKOpe-
HHA CHAB TAKECTH CAefoBano sanucath He LT-2,a FM-1 #),

[pu 3ToM MOXHO OTMeTHTb, 4TO cama no cebe II-Teo-
_peMa HHUYero HOBOrO He JA00aB/fET K H3JIOMKEHHOMY Bbiilie
cnocoby NpUMeHeHHSl aHajH3a pa3MepHOCTell, XOT, BOpPO-
uyeM, B psfe c/lyuaeB OHa NO3BOJET NPOBOAHTHL aHAJH3 B
6otee YAOOGHOM BHJE H NpPEACTaBJAATb pe3yJbTaT aHa/K3a
B pasHbix GopMax B 3aBHCHMMOCTH OT TOrO, KaKHe napamert-
put Hac uHTepecyior. OCHOBHOe ee 3HaueHue, OJIHAaKo, CO-
CTGHT B TOM, YTO C €€ NOMOIBI yIOOGHO BBOAMTH TakK Ha-
3piBaeMHe 0Ge3pasMepHble KPHTEPHH Nonobust.

TaknMn KpHTEPUSIMH B OpHHUHAE MOryT ObiThb JoOble
H3 Ge3pa3aMepHBIX KOMOMHALH BeJHUYHH, ONpEAE/SIOUIHX
HceaeayeMoe sBieHHe. Ecan B Tako#t KomMOuHalUp H3Me-
HHTb 3HayeHdsi 0o6pa3yloUlHX ee BeJHYHH TakKHM o8pasoM,
yToObl CamMa KOMOHHaUUsl He H3MeHuJaCh, ee UYHCJAEHHOE
3HayeHHe OCTAHETCH HEU3MEHHBIM faKe fpu HIMeHeHHU
pasMepa ocHOBHBHIX eaudulu. CrnenoBaTelbHO, TIPH COXpaHe-
HHUH OCTAJbHBIX BEJHYHH OCTAHETCS HEeM3MEHHON H HCKOMast
BesnunHa. Tak, HanpuMep, B 3ajaue O BpeMeHM BHITEKaHHUs
JKHIKOCTH Noc]efHee siBJseTcs (YyHKIHeHd pa3MEpHOro or-
HollleHus1 h/g, 6e3pPa3sMepHOrO OTHOLIGHHS Sof$; H, MOXKHO
Takke cka3arth, OesapasMepHoii Beauuutnl p® IlocaegHee
NIONPOCTY O3HA4aeT, YTO BpPEMs BLITEKAHMs He 3aBHCHUT OT
NNOTHOCTH XUAKOCTH. B KauectBe kpurepus mnopobus B
JaHHOM cJyyae cJaefyeT CUMTaTh OTHOIIEHHe Sgfsy. Ecau B
OJMHAaKOBOE UHCJIO Pa3 H3MEHUThb IJIOUaldb CEueHHsi cocyaa
Si H CEYeHHUS OTBEDPCTHH Sg, TO MpH mocTosgHHOM A (H, pasy-
MeEeTcs, MOCTOSHHOM g) BpeMst BBITEKAHHA He H3MEHHTCS.

BBenenne kKpuTepueB Mof0GHS OKasblBaeTcs 0COGEHHO
YIOGHBIM B Tex CJAydyasix, KOTJa CBeAEeHHs LJIA MMOJHOrO OnH-
CaHUSl fABJIEHHA HELOCTATOUHbl WJIH CTPOrOe pelleHHe 3a1auu
npencrapisier 6oablive MaTeMaTHUeCKHe TPYAHOCTH.

*) Tlpuynna aTOro, Kak HEeTPYHHO BHAETh, 3aKAOUAETCH B TOM, HTO
B NEpPBOM csyyae Mbl BHIHYXKJCHH OblIH Gbi BBECTH ellle OAHY PasMepHYIO
BEJIHUHHY — HHEDLHOHHYIO MOCTORHHYIO. 3amHcaB pasMepHOCTb yCKope-
E;Hﬂ 8 Buje FM™, Mbp coxpansem sanuch BTOPoro sakona Houiorona
=ma,
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[TepBuiit kpuTepHH, C NOMOUILIO KOTOPOro OHJIH HOJyYe-
Hbl BaXKHBIE TEOPETHUYECKUE Pe3YJIbTaThl, OTHOCHILHUECS K Te-
YeHHIO peasibHOf (BA3KOH) XKuaxocTH, 6b1 Beefen O. Peii+
HOJIBACOM M HOocHT ero ums., Kpurepui, naum uucno Peii-
Honsaca Re, paseH

Re =220, (3.41)

N

rl€ U — CKOPOCTh TEUEHHS KHUAKOCTH, D — anamerp TpyoOhi,
0 — IVIOTHOCTb JKHMIAKOCTH W p — ee BAskocTh. [lociepnss,
Kak OyleT NoKasaHO HHXKe, HMeeT pasMepHocTb L-IMT-I,
H, ciaeloBaTenbHo, Re neficTBuTeNIbHO SIBJsETCA 6e3pasmep-
'HOH BEJHYHHOH. Hpu nasHoM 3HaveHun Re xapakrep teue-
HHSL DasHbIX JKHUJAKOCTeH B pasHbix Tpydax ¢ pasHBIMH
CKODOCTSAIMH OKa3blBaeTC OJHHAaKOBBIM; OJMHAKOBO pac+
npenenaeHde nasieHu#, ckopoctedl ¥ T. A. ONBITHHIM My«
TeM ObWIO HalijeHo, uTO mpU JAoctHxednu Re 3navenus,
pasaoro 2200 (rak HasbBaeMOe KpuTuueckoe uucao Peit-
HOJbJCA), YIOPSJOUEHHOe CTPYHUYaToe, WJAM JaMHUHapHOe,
TEYeHHe KHMAKOCTH CTaHOBuTC OecnopsaaouHbiM — TypOy-
JIEHTHBIM.

Beenenie KpmepueB nofobuf OKasaJoCh BecbMa MJIO-
JNOTBOPHBIM TNpPH pelleHuH pas3Hoo6pas3HbiX 3afay aspo- H
THIPOMeXaHHKH, TemJionepegaun ¥ Ap. OcoGeHHO BaKHBIM
SIBJISIETCS TO, YTO C IOMOLIBI0 METORA N0A06HS MOXKHO H3Y-
uaTh pasjiMuHble SABJeHHS Ha Mojeanx. Tak, Hanpumep,
kpurepuft PeillHosbaca (KOTOpbIA NpPHUMEHHM He TOJAbKO K
TEYEHHIO KHAKOCTeH B TpyGax, HO W K OOTEKAHHIO KHAKO-
CTbIO TNOTPYXKEHHLIX B Hee TeJ) INO3BOJISIET H3yyaTb COINPO-«
TUBJEHHE, HCIBITBIBAEMOE TEJAaMH B TIOTOKE JKHIKOCTH,
ecJH 3aMEHHTb TeJa FeOMeTPHYECKH NMOAOGHBIMH MOIeNsMH
MeHbIIMX Pa3MepoB M COOTBETCTBEHHO YBEJIHUHTb CKOPOCTb
NOTOKA.

Kpurepun nonobust B TOM BHAE, Kak OHH 00pasoBaHbl,
ABASIOTCA 6e3pasMepHBIMH TOIbKO NpPH ONpeleNeHHOM BB+
fope onpenensiioUX cooTHoweHu#A. Ecau Xe 3TH COOTHO«
IIeHHs] U3MEHUTh, TO U3MEHATCH Pa3MEPHOCTH €AMHHH, BXO=
OSIIHX B BBIpAKEHHE JAHIOro KPUTEPHs, H OH npuobperer
ONpEeAeNeHHYI0 pa3MepHoCcTh, Tak, HanpuMmep, MOXKHO [10-
KasaTb, 4TO 1pH 3aMeHe HHepUHOHHOH eJuHHLbl CHJIBL Ha
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rpaBHTaUNCHHYIO KpuTepuil Pefinosapjica npuobperer pas-
MEpROCTH

[Re]=L*M™'T™2 (3.42)

Jlerko BumeThb, 4TO KpUTEpHH MOXKET ObITh BHOBbL CAEHaH
Ge3pasMepHbIM, €C1H B HEro BBECTH HHEPLHOHHYIO MOCTOsH-
HY10, pa3MepHOCTb KOTOPOH, KaK Mbl 3HaeM, paBHa

L73MT?,

B zakaiouenHne 3aMeTHUM, UYTO cocCTaBjeHHue Ge3pasmep-
HLIX KOMOMHauuii ObiBaeT MOME3HBIM H B TOM Cjydae, KOria
sajaya 6es GONbINUX 3aTPyAHEHHH pemaeTcsl OOBIUHBIM Y-
teM. [Ipeo6pasoBaB penieHue TakuMm oGpasom, 4ToGBl onpe-
Jensiemast BesinynHa Oblla NpPEACTaBlAeHa KaK (YHKIHA OF
pAla BeqMUHH, M3 KOTOPHIX XOTs1 Obl 4acThb MOMKeT OhiTh
coOpana B 0Oe3pa3MepHble KOMOHHALMH, MOXKHO MOJYUHTh
BbIpaxKeHue, yA00Hoe A aHaan3a W 00OGHIeHHH,
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EauHuupb FrCOMETPUYECKUX W MEXAaHHUYECKHUX
BEJHUYUH

§ 4.1. Beenenune

Ina nocrpoeHHst efHHHI reOMeTPHUECKUX BeJHUMH U3
BCeX OCHOBHBIX efHHHL Tpe6Gyercs JHUlb eHHUIA IJIUHBI —
B cucremax CHM u MKI'CC — merp, B cucreme CI'C — caue-
TAMeTp. B KuHeMaTHrRe K efuHHIE MJHHB A0GaBjsercsd
BTOpasi OCHOBHasi eAMHHlA — eIUHHIIa BpeMeHH CEeKYHJAa,
OIMHAKOBaA BO BcexX cucTeMaXx. HaroHel, mpH H3J0KeHUH
IMHAMUKM BBOANTCA TPeThsl OCHOBHAsi eAHHMIA — B CHCTe-
max CH u CI'C — eaunnua Macchl COOTBETCTBEHHO KHJO-
rpaMmm H rpamMM, a B cucteme MKICC — epunnuma cuant
KWIOrpaMM-cHia. Bce 3T efuHMIEI GBUIH JaHB paHee, d
Ha HUX MBI OCTaHABJUBATbLCH He OyleM.

B nocaeayioumx naparpadax 3Tod raaBsl GYAYT pacs
CMOTpPEHB Bce BaiHefillne reoMeTpUYecKHe ¥ MeXaHuue-
CKHe eJMHunbl, HX o0pa3oBanHe, ompeneneHHe H (OPMYJILI
pasMepuoctu B cucreMax CH u CT'C (1. e. no orHouweHuio
K enununam L, M, T). ®opmynst pasmepuocts B8 MKICC
(L, F, T) npuBonarcs B obuwel ta6auue ([Ipunoxenue 5,
Taba. 1), B KOTOPYIO CBeleHbl [eOMETPHUYECKHE M MeXaHH-
yecKHe eIMHHLUb!, oTHocsmuecss K cucreme CH, CI'C u
MKTCC. Has“xaxaofl BeJMUHUHBl B TalbJHLE MPUBOIUTCA
€e HaszBaHue, CUMBOJ, dopmyna, ¢ MOMOUIBIO KOTOPOH OHA
onpepensercs, padmepHocte B cucremax CH u CI'C, pas-
meprHocTh B cucteMe MKICC, naioress pycckue oGosHaue-
HHS COOTBETCTBYIOLIMX €IHHHIl BO BCEX TpexX cHcTemax. Enu-
HRLbI, BbIIEJAEHHBIE KHPHBIM WIPHGTOM, SBISIOTCS /8 NaH-
HOH CHCTeMBbl OCHOBHBLIMH.

Huxe 6yayr npubeieHbl TaKike HEKOTOpble, Haubosee
pacnpocrpaHedHble BHECHCTEMHBIE €IHHHIBI COOTBETCTBYIO-
HIHX BEJIHYHH,
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§ 4.2. I'eomerpHuecKkue eJHHHIbI

Kpome OCHOBHBIX CHCTEMHBIX ENHHHI MeTpa W CaHTH-
MeTpa, NPUMEHSETCS psf JeCATHYHBIX KPaTHBIX U JOJbHBIX
equnny. HauGosnee 1iHpoko pacnpocTpaHeHbl cJiefylollHe
eHHHLBL:

Kumomerp: 1 xm=1000 #=10% cu

Heuamerp: 1 Ou=0,1 n=10 cn

Munmamerp: 1 mm = 107 =01 cn

Muxkponu: 1 m=10"" n=10"" c=10"" un
Hamometp: 1 =107 x=10" ca=10"" mn=10"" mx
Amrcrpem: | A=10""" u=10" cu=10"" su=10" mx

JBe U3 3THX efuHMI HYXIAlOTCA B JONOAHHTEIbHBIX
3aMeqyaHHAX. MHKPOH OOBIYHO 0003Hauascsl, KaK HaMUCaHO
Bbile, Mx. MHorma npu pycckoMm 0603HaueHHH OCTaJbHBIX
BEJMYHH MHKPOH 0G03HauaJjca rpeyeckoil 6ykBoit p (MIo),
KOTOpasi BXOAHT B COBOKYRHOCTb MEXKAVHApPOINHBIX (Kak
NpaBUJIo, JAaTHHCKUX) oGo3HaveHuil, B cBA3HM ¢ BBejaeHHEM
Mexnynapoanoit cucTeMbl NpeiOKeHO HA3BaTb €ro MH-
KpoMerp H o6o3HauHTL MKM. Enudnua, pasHas 10-° u (na-
HOMETp), paHblie HasblBaJach MHJJIHMHKPOH M of603Haya-
Nach MMK.

B peHTreHOBCKOH CHEKTPOCKONHH U PEHTT€HOCTPYKTYD-
HOM aHaJu3e NpUMEHsieTcs eduHulla AJIHHB, o6o3HayaeMast
X (1 cooTBeTcTBEHHO HasbiBaeMmas X-eamnuua). Buauane
X-enununa Owiia BBedeHa kak 1073 A (unu 1071 cm),
BCJAEJCTBHE YEro OHa OTOX/IECTBAAIACH -C MHJJIHAHrCTpe-
mMoM. OnHako TiaTeNbHOE CONOCTaBJaeHHe OOHapyXKHJIO He-
KOTOpOe pacxoxieHue Mexay X-elHHHIEH, onpenenseMoi
C BBICOKOH TOYHOCTbIO B PEHTI€HOBCKOH CNEKTPOCKONMHH, H
MusJIHaHrCTpeMOM. Tak Kak Ha NPOTSXKEHUH psijia JieT Bce
AJIUHB BOJIH ¥ TOCTOAHHBIC pelleTKH B PeHTI€HOCTPYKTYD-
HOM aHaju3e H3Mepaadch X-efHHHIIAMH H 3TH €JHHHILI
HCOOAB30BAaUbl B MHOrOUHC/AeHHHX Tabiauuax, OKasanoch
HesecoobpasublM coxpanutb X-eAMHHIY KaK CaMOCTOSITENb-
HYIO eJMHHLY JJIHHBI

1X = 1,00206 - 107%A,

Uneno enuHul AJIMHB HEMETPHUECKOro TMPOHCXOKACHHUS
ype3BbIYalHO BEIHKO M, NOXKaNYH, HE MOINAETCH YUETYy, Tak
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KaK B KaXION cTpaHe B pa3HOe BpeMs BBOJAMJIHCL pas-
JUYHBIE eJHHHUILLI, HOA4aC HUKAK He CBA3aHHble APYT C ADY-
rOM, NpHYeM TOJA OLHUM Ha3BAHWEM CYLIECTBOBAJH €IHHH+
1Bl pa3HOro pasmepa. HuyKe Mbl NpPHBEAEM /UIUb HECKO/b-
KO eIMHMU [AuHb, BHGOD KOTOpPHIX onpepeasercas aubo
TEM, YTO 3TH €AMHULBI HMelT Gojee WM MeHee LIHPOKOe
pacnpoctpaHenue, A1u60 TeM, YTO HX YNOMHHAHHE HEPEJIKO
BCTpeuaeTcsl B JUTEpAType.

B rexnuke, npeuMyuLIeCTBEHHO B MalUMHOCTPOEHHH, JO
HaCTOSIIIErQ BpPeMEeHH IIHPOKO NpUMEHsercs Orolin

17 =254 cu=0,254 au.

B Mopexonnoit npakTHKe NPHMEHSETCA MOPCKAA MUAS,
paBHas JAAHHE ONHOH YrJOBOH MHHYTH (CM. HHXeE) MepH-
InaHa, uro cocrapaser 1852 m. Opna necAitan MOpPCKOM
muau (185,2 u) HaszbiBaercst KabeavTos.

B actpouoMuH nOJAbL3YIOTCA CHelMajbHBIMH €AMHHILAMH
JTMHBL:

napcex (nc)-— paccTosiive, ¢ KOTOPOro MOJYRHAMETp
3eMHOH OpGHTHI BHJIEH NOJ YIJIOM B OAHY YIVIOBYIO CEKYHAY
(cm. Hmxke). Oaun napcek paBen 3,084 10 ku; napany
C NnapcekoM INPHUMEHSIIOTCS €ro KpaTHhle eIHHHLUB — Meea-
napcex (Mnc) u kKuaonapcex (knc);

acrponomudeckas edunuya pannu (a.e 1. wau AU),
paBHas cpennHemy paccroanuio or 3eman po Coanna:
1,496 - 10® ku (nauGosee Tounoe 3nauenue 1,495993 . 108 ku);

cgeTogoli 200 (BcTpeuaercst NPEeHMMYLIECTBEHHO B Hayy-
HO-TONYJIsipHO# JHTepaType) — pacCcTOsiHHE, KOTOpOe CBET
NPOXOJUT 3a oauH rof: 9,4605 - 10!2 xm.

B cBsa3n c TeM, uTO B PyCCKOil JuTepaType JO- BBELEHH:
meTpuueckux Mep (1924 r.) ynorpe6asiuch cTapbie pycs
CKHE eJMHHUbl AJMHE, NPUBEAEM UX 3HaueHHs:

Bepcra: 1,0668 xu (ans nepecueta BepeT B KUJIOMETPH
NOJAB30BAJHCh PaHblle NPHGIHIKEHHBIM 3HaUEHHEM — OlHa
Bepera == 15/14 xm)

Caxenn: 1/500 Bepethi = 2,134 1

Apwun: 1/3 caxenn=0,7112 »

Bepmox: 1/16 apunna=4,45 cx

@y1; 1/7 caxenn = 0,3048 u (byT nejnics Ha 12 ploAMOB,
onpepesende AlofiMa AaHO BHWE)
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W3 Gosaburioro 4ucja aHrAMNCKHX eAMHMI JJTHHBI Ha30-
BeM ToJbKO Apd: 09144 m u ThICAUHYIO wacTb MOHMa —
smun: 2,54 mx.

aowade. Bo Bcex cucreMax 3a enuHHUY HJIOLIAAM
npuHMMaercsl nJolllafb KBaApaTa, CTOPOHA KOTOPOro pasHa
enunuue anuusl. M3 hopmysst

S=1 (4.1)

nojyyaeM pasMepHOCThb
[S]=L2 4.2)

CucTeMHBle efuHHIL! mJaolaiu — B cucremax CH
MKTICC — kgadparuuiii smerp, B cucreme CI'C — ksadpar-
HOWL CaHTUMETP:

T m?=10% ca?.

Ha ocHope npuBejenHbIX eIWHHI MAJHHB 1O ¢opmynae
(4.1) crposiicsi BHecHCTeMHble €IMHHIBI TJAOLIAAM, H3 KO-
TOpBIX HauGosee ynorpeGurenbhnt 1 &m? = 108 »2, 1 Om? =
=10"2 M2 = 100 cm?,

1 un®=107 CMQ, 1 k8. moiim=6,4516 ca’.
Epnuvua naomann 8 100 m? naswiBaercda ap, B CTO pas

Gosbias eNMHHLA — eekTap (eq)— OOLIENPHHATASA €XUHU-
114 H3MEpPEeHUst 3eMeNbHOM M01aNH

9 4 2 2 9
lLea=10 ap=10 u" =107 ku
B nopesosaionuonnoii Poccun mepoil 3emMenbHOR muowia-
aH Oblia decmuua pasitag 2400 kB. caxkeHef
1 npecaruna = 1,0925 za.
OcHoBHas aHrIMiCKan eAMHHLA 3eMEeNbHON MAOWANH —
1 akp cocraBnsier 4046,86 2.

O6vem. Eaunnuna ofbemMa BO BceX CHCTEMax — 06beM
Ky0a ¢ peOpoM, paBHBIM eIHHHIIE AJHHBE

V=108 (4.3)

COOTBETCTBEHIIO Pa3MEPHOCTD
Vl=L3 (4.9
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B cuctemax CH u MKI'CC egnnnua obbwema — xybuue-
cxuli merp (#%), a B cucreme CI'C — xybuueckuii canru-
merp (emd):

1 ea® =107 52

M3 ocTanbHBIX eAHHHIL Ha30BeM

1 or®=10" 4*=10" ca®

1 ky6. miofim = 16,384 ca.

Jlurp (4), KOTOpbifi uacTO Ha3bIBAIOT <«EAHHHLEH BMe-
CTHMOCTH®, paHee omnpegeisiu xak 00BeM, 3aHHMaeMbii
OJHHM KHJIorpaMMoM Boabl nipu 4° C. dtoT ofveM cocTab-
asier 1,000028 om3.

B 1964 r. autp npupaBHeH OJHOMY KyOHYECKOMY A€uH-
metpy: 1 2 = 1 dmd.

Yeoa. Bo Bcex cucremMax eAMHHI[ YIoJl OTpeNensiercs
KaK OTHOIUeHHe AJUBH Ayru K ee paauycy. Coofpasio ¢
THM ONpefe/eHHeM 3a eJMIMUY Yyria NpHHHMaeTcd yrod,
JAJHHa OyTH KOTOPOTrO paBlia enHHIle AJWHBI NPH palnyce,
paBHOM TaKKe eQHHHLEe IJUHBL. Tak Kak, CONIAacHO 3TOMY
onpepenentio, yroi

l
q}:T, (4.5)

rae ! — pamHA AYyTH, a r— paguyc, TO, KakK HETPyXHO BH-
JA€eTb, YroJ fBJASfeTCA BeJHUHHOH HYJAeBOH PAa3MEPHOCTH O7F-
HOCHTE/IBHO BCEX OCHOBHBIX BEJHYHH, HHaue TOBOPs, €ro
e[IHHUIA He 3aBHCHT OT pa3Mepa OCHOBHBIX eIWHHU., IJTa
VHHBepCcaJbHAs eANHHIA yrjJa HOCHT HaspaHue paduan
(pad).

To ofcrostenbcTBO, YTO EAMHHIIA YIWa BO BCEX Tpex
cucTeMax He' WMEeT pasMepHOCTH, HepeiKo COBEPIUCHHO
owu6OYHO TPAKTYIOT B TOM CMBIC/IE, UTO YIoJ fIBJISETCH OT-
BJICUEHHOH BeJWYHHON. B 7AefiCTBHTETLHOCTH K€ YroJ —
NoJIHONpABHASE TeoOMeTpuuecKasi BeqnynHa. Ero MOMXKHO IOT-
BepraTh NPSIMOMY H3MEpPEHHIO C TOMOLIbIO NPOH3BOJABHOH
YIJIOBOH MepKit — eIHHHIB! YFPJia, KoTopas HHOrja jaxe
APHHMMAETC B KauyecTBe OCHOBHOW eAHHHMIBI C COBCTBEH-
noft - pasmépaocthio  (o6osnauenne ). DBespasmepuocTsb
yraa B cucremax CH, CI'C u MKI'CC osnauaer jaunib T0,
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YyTO TpH onpejedsiioileM cootHowenuu (4.5) npuusaras B
STHX CHCTEMaX eJHHHIA YIVia OKasbiBaeTcsl OJHOH M TOH
e He3aBHCHUMO OT pasMepa OCHOBHBIX eXHHUI. DTO 1MO3BO-
JIFIeT JIETKO BBECTH H HE3aBHCHMbIC BHECHCTEMHBIE €AHHHIIbI

yraa: obopor (06), paBHbili 25t paava-
D ¢ HOB, Trpamyc (1°), cocraBasowuit
1/360 vactb oGopora; rpagyc HeauTcs
Ha 60 mun:

1° =60,
MUHYTa BeauTcs Ha 60 cex:
8 1/ = 60",

Kpowme Ttoro, npumensercss npsmoi

Puc, 4, yroa (o6osnavaercs 1d uau 1-), pae-

Heii 90° unu =/2 pad, wnau /4 06.

Ilpamoit yron menwrcs Ha 100 wactelt, HasniBaeMbx 2pad
uay eon (18):

12 =0,01%=0,9" =0,0157 pad.

Onun rou cocraBaser 100 merpuueckux munyr (1°¢) u
10t meTpuyeckux cexyspg (l1e¢):

12 = 10% = 10*°,

W3 ckasanHoro BeiTekaer, uto

1 pad = 57°17/45" = 57,296°
HnJan
1°=0,017453 pad.

Ha puc. 4 usobpaxeus yrawl 1° (A0B), 1 pad (AOC)
u %y (AOD). ns HarasiAHOCTH yKaiKeM, 4TO OTPe30K MJIH-
Hoit B | ma Buaen mop yraom 17 ¢ paccroauns 3,44 m, a
nop, yrsiom 1” — ¢ paccrosinua 206 .

Teaecuoui yeoa. Tlpexpge ueM onpeReNuTb eSUHHILY T2-
JIECHOTO YIVIa, OCTaHOBHMCSI HECKOJIbKO MOApofbHee Ha ca-
MOM MOHSTHM TEJECHOr0 YIVIa, MOCKOJMBKY OHO 4aCTO OKa-
3bIBaeTCd HeNOCTAaTOYHO Xopoulo u3BecTHHIM. IlpeicraBum
cebe coepy, Ha KotopoHl oOpucOBaHa HEKOTODas 3aMKHY-
Tasi auuus (puc. 5). Ecnu Bce TOUKHM 5TOfi JHHUHM COEAM~



§42] TEOMETPUUECKHME EJUHHLILE 87

HUTb ¢ HEeHTpoM, To oGpasyercd KOHYC *), oxparmpatomnuil
HEeKOTOPYIo vacThb npocrpaHctBa. Konyc Oyaer Tem wmmpe,
HJH, KaK TOBOPAT, PacTBOP MWJH pacXoxieHue ero Oyger
TeM Gosblie, yeM GOJIBIIYIO JOJIO NMOBEPXHOCTH Chepbl OX-
BATHIBAET B3fATasl HaMH 3aMKHyTas jauHusa. Ecau Tenepp u3

Puc. 5.

TOTO e leHTPa NpoBecTH psd cdep pasnaHYHOrO paAuyca,
TO NOJIYYEHHBIH HaMM KOHYC BbIPEXKET Ha HHX YYacCTKH, NO-
n0GHBIE TOMY, C MOMOLILIO KOTOPOTro OblLT MOCTPOEH KOHYC.
ITnowmann atux y4acTkoB GYAYT, KAK 3TO ACHO U3 NPOCTHIX
reoMeTpHyYeckux coobpaxeHHH, NMPONOPLUUOHAJBHBEI KBAApa-~
taM paauycoB c¢ep, M3 KOTOPBIX 3TH YYaCTKH BbLIp€3aHHl.
ITostoMy oTHOmIeHHe NJolIafed KaXKJOH M3 HHX K KBalpa-
TY COOTBETCTBYIOULEro pajuyca OYAeT OCTaBaThCH IOCTOSIH+
HbBIM He3aBHCHMO OT paamyca cdepsl u 6yaer tem Oonbile,
yeM GoJibille pacTBOpP KOHyca. DTO OTHOIUEHHE BhIPe3aHHOMN
KOHYCOM Ha cdepe mjiouiaju K KBajapary pazauyca chepni
npuHuMaercs Bo Bcex tpex cucremax (CH, CT'Cu MKI'CC)

*) KonycoM B LUMPOKOM CMBICJE ITOTO CJCBA HasblBaeTcs BCsKad
¢urypa, o6pazoBaHHas IBHXKeHHeM MPAMOil B TOM Ciydae, eCM OJHA ee
TOYKa 3aKpenJieHa, a Kakas-iuGo apyraf TOYKa ABHXKeTCs NO 3aMKHYTOH
JHHHH,
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B KauecTBe Mepbl redecHoro yraa. Takum oGpasom, Tesec-
HpHl yroa v onpeaeasieTcst GopMyJioH
T="%. (4.6)
llosnan cdepa oOpasyer TedecHbll yrosa, paBHbli
T = 4nr?/r? = 4a.

Tax Kax npy nepeceyeHHH TpeMs B3aHMHO NeEPHEeHJHKY-
JSIPHBIMH IIOCKOCTAMH TPOCTPANCTBO cdepbl JEIHTC Ha
BOCEMb npsiMpix yraoB (puc. 6),
TO BeJHYHHA KaxAoro MApAMOIQ
yraa Oyaer 4m/8 == m/2, Tak ke
Kak H JJIS NPSIMOro yrjia Ha iuio-
CKOCTH.

W3 onpenenenns BHITEKaeT, 4TO
TQJECHBI yroJ, Tak X)e Kak 4 yrox
Ha MJIOCKOCTH, fABJASETCS BEJHYH-
HOH, He uMeoWed pa3MepHOCTH.
[fostomy 3a enpuHULY TeJeCHOrO
yTJia BO BCEX CHCTEMAaX NPHHAT CTe-

Puc. 6. paduar (crep), Takoil TesecHbIi

yroJ, KOTOpbIfl Bhipe3aeT Ha 110BepX-

HOCTH cdepbl NJOIMAAKY, PaBHYIO KBajpary pajxuyca 3Tofl
chepnl.

B acTpoHOMHH NpUMEHSIETCH €AMHHMIA TeJeCHOro yraa —
xeadparabui epadyc (J°} — renecHbiil yrod, KOHYC KOTO-
poro npeacraBasieT cofOH UeTHIPEXrpaHHYI NHPaMHAY C
yraamu Mexnay pebpamu, paBHbiMH 1%

10°=3,046 - 10™* crep = 2,424 - 1075 resnecuoro yraa
noJHofi chept,

3aMeyakHe O BO3MOMHOCTH BBEJIEHHSI CaMOCTOSITENbHON
BHECHCTEMHOHA €AMHUUB YIJIa Ha MJOCKOCTH B pPaBHOM
Mepe OTHOCHTCH H K H3MepeHHMIO TesJecHOro yrna, ¢ TOit
JIHHIb PasHHiuell, 4yTo B NocJeJHEM Cjaydyae B KauecTBe Ta-
KOI CHHMHMIB TPAKTHUYECKH NPHMEHAETCSH TOJABKO MPAMOH
yros (3a HCKJIOYeHHEM acCTPOHOMHYECKOH eXHHHIBI — KBa-
JIPATHOTO rpaayca).

B cBA3KM co ckasaHHBIM NpejcTaBAsiercs Iesnecoobpas-
HEIM clejaTs . caenyionlee 3ameuanue. B 'OCT 9867—61,
onpeaeasiioniem nocrpoenne Mexaynapoauosi cucremel CH,
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eIHHHLBl yrja H TeNecloro yrja — paauaH H crepajnad —
BuIeJeHBl B 0COOYIO TPYNNY <&IOMOJHHTEJABHBIX €THHHH».
Hawm kaxercs, uTO Takoe BbIAEJEHHE COBeplIeHHO Heo6oc-
HOBAHO M MOXKET NMPUBECTH K HEAOPa3yMEHHIO, B YACTHOCTH
3aCTaBHT HAC CUMTAThb 3TH EAHHHIIBI HAXOJSIHMHUCS BHe
Kakoit Obl TO HY ObLIO cHCTeMbl. B HeACTBHUTEABLHOCTH Ke,
KaK CKa3aHo Bblliie, TO OGCTOATENBCTBO, UTO pajMiaH H CTe-
paguHaH He HMeEIOT Pa3sMepHOCTH
N0  OTHOIIEHHIO K  OCHOBHBIM
CIMIIHMIAM CHCTeMbl, OTHIOAb He
‘03Hayaer, 4YTO OHH SIBJSIIOTCS
BHECHCTEMHBIMU eHHHLLAMY. r
Ypasuenuss (4.5) u (4.6), nawo- o
uive ompeneJeHuHs yria u Tejec-
HOTO yraa, npejicraBJsiior coboft
THIHMYHbIE Ofipele/sioliie COOT-
HOWEHHs, B KOTOPBIX Ko3dhdu-
LHEHT TIPONOPLHOHANBHOCTH, KaK Pue. 7.
‘00bIYHO,  [10M1aTAETCSI  PaBHBIM
CAMHHNE H JMIIeHIbIM pa3MepHocTH. TaxkuM ofpasom, cie-
JAyeT cyuTaTh, UTO CNUHUILI YrAa M TeJecHoro yriaa—
paanaH M crepajHad — ABJASIOTCA TOJHONPABHLIMU [POH3-
BOAHBIMH €JWHHUAMH, ¢ TOH JHIIb OCOOEHHOCTBIO, UTO 3TH
€IMHHUBL OKAa3bIBAIOTCS OJHHAKOBBIMH BO BCEeX CHCTeMax.
Ecau cyutath, uto GeapasMepubie equHULb CAELYeT Bbl-
JAeJATb B KaKyIo-TO 0co0YyK0 I'pynny <«JIOTOJHHTeIbHBIX €AH-
HHI{» — He OCHOBHBIX M He NIPOHM3BOAHBIX, TO B 3Ty rpynny
JLOJiXKHBI ObITh BKJIOUEHB H TaKHE BEJUYHHBI, OTHOCSIIHECH
K TeopuH KoJebGauuil (eM. HHXKe), KakK ¢asa, A0OPOTHOCTh
1, pasymeercs, Jwo0bte OezpazMepHble KoMOHHALMH Be-
JIHYHH, B YACTHOCTH YNOMHHABIIHECS Bbllile KPUTEPHH IMO-
nodus.
Kpusuana. Besikast kpuBasi THHHA B KaX10i cBoeil TOY-
Ke UMeeT onpeneJeHHyi0 KPHBH3HY. JJjeMeHT KpHUBOH, HpPH-
MBIKAOUIeH K AaHHOW TOUKe, MOXKHO HpeiCTaBHTh 4YaCThiO
OKPY)KHOCTH HeKkoToporo paauyca r (puc. 7). Bennunna,
ofpatHad r,

o= Tl 4.7

fr eyXKHT Mepoii KpHBH3HBI KPUBOH B Jaudlloit TOUKE, a caM
Paauyc r HasblBaeTcsl paanycoM KpuBusHbl. Taxkum obGpasow,
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eIMHHIA KDHBH3HBI ONPERENACTCd KAaK KPHBH3HA B TaKO:
TOUKe, B KOTOPOfA pajMyc KDHBH3HBI 3TOH KPHUBOi paBeH
eIUHHLE AJIHHEL.

Kpususna nosepxnoctu. Korja Mbl HMeeM JeJ0 ¢ MO~
BEPXHOCTBIO, TOHSTHE KDHBH3HBI CTAaHOBHTCSH 00Jee CI0K-
ueiM. Ecau B Kaxkof-1nb0 TOUKe NOBEPXHOCTH [POBECTH

Puc. 8.

nmepreHAMKYJISPHO KacaTenbHoil niockocTH Ny u Ny (puc. 8),
TO NepeceyeHye IMOBEPXHOCTH C STHMH IUIOCKOCTSIMH JacT
npe Kpusble munuu A MB; nu A;MB,, KoTOopEle MOryT GHITH
0XapaKTEPH3OBaHLI COOTBETCTBYIOLUMMH paAHyCaMH KpPH-
BH3HBl 71 = O\M u ry= O:M u xpusHaHaMuH py = l/ry H
P2 = 1/1’2.

B nudgdeperunanbHoll TeOMeTPHH JOKasblBaeTcs, 4YTO,
KaK 6bl HM OblIM NMPOBENEHBbl 3TH JBE CEKYIIHe MJIOCKOCTH,
cyMMma

1 {
p=p1t+pp=7+— (4.8)
1 2
GyZeT OCTaBaThCsl NOCTONHHON. JTa CyMMa HOCHT Ha3paiue

cpenHeil KpHBU3HBI B JaHHOH TOYKe nosepxHocTH. Muornaa
cpenHel] KPHBU3HOH HA3BIBAIOT BEJIMUYHHY, B/BOE MEHbUIYIO:
1/{1 1
r— 2 L
o= (” +L). (4.82)
OueBKAHO, YTO AMia chepbl CpeAHsia KpuBH3Ha Oyaer

=7 (4.9)
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HJIH
, 1
=7 (4.93)

riae r — pajauyc coepbl.

Kpowme cpeaneii KpHBH3HBI, MOBEPXHOCTh MHOTJa Xapak-
TEPH3YIOT eayccoBoli KpueusHod, KoTopasg onpeaensiercs
BblpaeHueM

1

riry

rje r| U ro MMEIOT TO JKe 3HaueHHe, uTo H B ¢opmyae (4.8).
Hns coepnt

K= (4.11)

Pa3amepHocTh Kak KPUBM3HBI KPHUBO JHHHU, TAK H Cpefs
el KPHBU3HBl NOBEPXHOCTH

lel=l1=L"\ (4.12)
PasMepHoCcTh rayccoBON KPHUBH3HBL
[K]=L"2 (4.13)

Enununueit kxpuBusuu kpusoil B cucremax CH n MKI'CC
ABJsieTCsl 00parTHbl MeTP — KPHBM3HA KPHUBOH, pajuyc
KPHBH3HBl KOTOPOH B JaHHOH TOUKe paBeH OXHOMY MeTpy.
B cucreme CI'C cooTBeTCTBEHHO ejHHHMHA KPHBH3HBEI — 00+
parneui canrumerp. Epupunamu cpegHefi KPHBH3HLI NO-
BEPXHOCTH TaKKe SIBJAAIOTCS OOpaTHbIi MeTp W o6GpaTHHIA
CaHTHMeTp, NPHYEM p paBHseTcs efuHHLe Aas cdepbl pa-
auycoM npa merpa (B cuctemax CHM u MKCA), nBa cantu-
merpa (B cucreMe CI'C) man ke Aaa LWIHHADA pajgHycoM
ONMH Merp H OAHH caHTHMeTp. COOTBETCTBEHHO p’ paBHseT-
cst efMHHLE 171 cep ¢ paiHyCcOM ORHMH MSTP M ONHH CaH-
THMETP WJIH IAs UWIMHApoB ¢ pajguycom 0,0 merpa H
0,5 caurnmerpa. Enununamu rayccoBoH KpuBH3HB (1/m?%)
" (1/cx?) aBasioTes: rayccoBbl KPHBH3HBI cep ¢ palmycaMH
OfMH MeTp U oauH cantuMerp. Ouesuano, #~' = 10-2cm~!
um?=10"cmu

MOMBHTbL naockux ¢ueyp. B conpoTHBAEHHH MaTepHas
JIOB LIHPOKO MCIOJB3YIOTCS CNELHaJbHbt reoMeTpHUeCKHE
XapaKTEPUCTHKH TJIOCKHX (uryp, mpeacTasasiomux coboi,
HanpuMep, CeUEHHst pPa3JHYHBIX 3JeMEHTOR KOHCTPYKHH,
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OTH XapaKTEePHCTHKH MMEIOT 4 COOTBETCTBYIOWIHE €IHHIIbE
u3MepeHus.

Craruueckuti MOMERT OTHOCUTEAbHO OCIL NPEACTaB/ser
c0Goil BeJIHYHHY, oNpeleaseMylo KakK

S, = jr ds, (4.14)

s

rae ds — saeMeHT TOILAAH, a r— pPacCTOsiHHE OT 3TOTO
3JIEMEHTa O OCH, OTHOCHTENIbHO KOTOPOH MOMEHT onpeje-
astercst  {puc. 9). MHnurerpupoBanic
NPOU3BOJHTCS MO Bceil nuomamn ¢ii-
rypel. PaamepHOCTb cTATHUECKOTO MO-

MEHT&
[S,] =13 (4.15)

H eAuHunbl M3 B cad,

PasmepHOCTh M 0GO3HAUEHHS €IH-
HHIL CTATHYeCKOTG MOMEHTa CoBla-
AAIOT ¢ Ppa3MepHOCTBIO u 0003Haue-
HUeM eAuHHU of6bema, XOTA MexLy

Puc. 9. obeMH BeJMUYHHAMU HeT HHUEro 06-

Hlero. DT0 MOXKET CJAYKHTb Har/siJHoM

fi0CTpaunel Toro, YTo COBNAJEHHe pa3MepHOCTEeH OTHIOAL

He O3HayaeT coBilafcHUA PU3NUECKON (UAH B AaHHOM Cjayyae
reoMeTPHUECKOH) CYLIHOCTH BeJHUMH.

Cornacno dopmyse (4.14) craTHuYecKHii MOMEHT NpsiMO-
YrobHHKa CO CTOPOHAMH @ H b OTHOCHTENBHO CTOPOHB b
paBeH

a?b
T .
TlosToMy 3a eAMHHIy CTATHYECKOTO MOMEHTAa MOMKHO NIPH-
HATH CTATHYECKHH MOMEHT HpPSIMOYTOJbHHKA CO CTOPOHaMH
I m 12 m (MAH COOTBETCTBEHHO | ¢M M 2 ¢M) OTHOCHTENB-
HO CTOPOHBI JJMHON 2 M uaH 2 cm.

CorsacHo pa3MepHOCTH CTATHYECKOr0 MOMEHTA

l M3= 106 C.M.S.

Ocesoli  (9K8aTOPUAAbHOLIL) MOMEHT uUHepyuu orpeje-
asgerca (cM. puc. 9) kak

Jo=|ras. (4.17)

s

S, = (4.16)
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PasMepHOCTE OCEBOro MOMEHTA HHEpILHH
[Jl=14 (4.18)
H eI1HHHIUBl M* 0 cm*:
I wt=10% cut,
Jasi npaMOyrosibHHKA CO CTOPOHAMH @ H b OTHOCHTE/b~
HO CTOPOHBl b OCEBO# MOMEHT MHEepLUHHM paBed
a®h
Jb= 3
H COOTBETCTBCHHO CIHHHUEH MOMKET SIBJAATBCS MOMENT HHep-
UM DPAMOYIOJbHHKA €O CTOPOHAMH ONMH H TPH MeTpa
(cauTHMeTpa) OTHOCHTe/bHO BTOPOHl M3 3THX CTOPOH.
TToaaprowi momenT unepyuy BHIYHCISIETCS TaKHM XKe 00-
pasoM, Kak H OCeBOH MOMEHT HHEPUMH, C TOil JHUIb pa3-
HulieH, 4To paccrosiHue Gepercs
He 0 OCH, a [0 HeKOTOpo#l ompe-

genenHoil Touku (puc. 10): fds
L= [rids.  (4.19) ¢

§

(4.182)

Pasymeercsa, pasMepHOCTb H
eIHHUIB  NOJSAPHOTO MOMEHTa
HHEPUHH W OCEBOIC MOMEHTa Puc. 10.
HHepuuu cosnagator. Mz ¢op-
myabl (4.19) nerko onpepessieTcss MOJsSIPHLIA MOMENT HHEp-
HHE Kpyra:

Io="-. (4.20)

Hoaromy B KauecTBe eJUHHIBI NOJSAPHOrO MOMEHTa HHEp-
HHU MOXXHO B34Thb HOJIHprIﬁ MOMEHT HHEpHUH Kpyra, pa-
4

puyc xotoporo pased V 2/m = 0,89 merpa uan cantumerpa.

§ 4.3. Kunemarnueckne eIHHHUUbI

Bpemsa. TlockonbKy B KHHeMaTHKeE paccMaTpHBaioTCA
npoueccH ABHXKEHHs, TpeGyercs eAuHHla BpeMenu. Bo Bcex
cHCTEeMAaX TAKOH eIHHHUEH ABIAETCA CeKYHAA, ONpedelieHHas
Bbilllé B KauecTBe OAHOH M3 OCHOBHBIX eaunul. DoJee
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KpyNHble BHECHCTEMHble eJUHHIUBI BPEMEHH: MUNYTA —
1 mun = 60 cex; uwac— 14 = 60 mun = 3600 cex. [onbubie
€IMHHMIBl BPEMEHH CTPOATCH N0 ACCATHMYHOMY NPHHLUMY —
MUNAUCEKYHOQ (MCEK), MUKPOCEKYHOQ (MKCEK), HAHOCeKYH-
da (Hcek).

Cxopocre. Ins onpenefeHHs eJMHHIBI CKOPOCTH HC-
noap3yercs Gopmysa PaBHOMEPHOro NMPAMOJHHEHHOTO ABH<
IKEHus

v=1. (4.21)

Cornacno stoii popmyse'sa eAHHHLY CKOPOCTH WPHHH~
Maercs CKOPOCTb TAKOro pPaBHOMEDHOIO HpPSIMOJHHEHHOTO
ABHXKEHHA, NPH KOTOPOM B eAHHHIy BpeMeHH TOYKa fepe-
Meljaercd Ha €AMHHUY JiHHBL PopMysaa paBHOMEPHOTO
JBHXeHHs onpelesieT U pa3MepHOCTh CKOPOCTH

[v]= LT, (4.22)

B cucremax CH u MKICC emuHHIla CKOPOCTH-— METP
8 cexyndy (mjcex), B cucreMe CI'C — canrumerp 8 cexyt-
Oy (cmfcex).

OtmeruM, uro 1 m/cex unorpa naswisawt mec*). Us
BHECHCTEMHBIX €IHHUI CKOPOCTH HauboJee HIMPOKO pacHpo-
CTpaHeHa B MOBCEJHEBHOH KH3HH €IHHHIA CKOPOCTH KUAO-
merp 8 uac, 1 kmjuac = 0,278 mjcex. -

B  MopexoncTBe  NpHMEHsIeTCS  y3e4 = uuaafuac =
= 1,852 xmfuac.

Yekopernue. EpnHuMUa yCKOpEHMs YCTaHaBJuBaercs Ha
ocHOBe ¢OpPMYJbl PaBHOMEPHO YCKOPEHHOrO JBHIKEHMS:

a=275 (4.23)
3neck v; — HayaJdbHasi CKOPOCTb, U — KOHEUHAss CKO-
poCTh, ¢ — BpeMs, @ — yCKOPEHHeE.

YckopeHue MOXET ObITb ONPefefeHd KaK NpupalieHue
CKOPOCTH B efHHHLY BpeMeHH. COOTBETCTBEHHO 3a eIHHHILY
yCKODeHHs NPHHHMAaeTcs YCKOpeHHe TaKOro paBHOMEpHO
YCKOPEHHOTO TPSIMOJHHEHHOro HIBHIKEHHst, TNpPH - KOTOpPOM
npupalleHue CKOPOCTH B €IMHHIY BPEMEHH PaBHO €AHHHIE

*) HasBamnune aec He y3akoneno,
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ckopoctd. Popmyna (4.23) naer nans pasMepHOCTH YCKO-
peHus :
l[a]=LT"2, (4.24)

Enununedt yckopenns B cucreMax CH u MKICC sB-
JSIeTCST MeTP 8 cekyHOY 3a ceKyHOy («meTp Ha cekyHOy 8
kgadpare»): m[cex? — yckopeHHe TAKOr0 DPaBHOMEPHO YCKO-
PEHHOro [BHKEHHS, TIPH KOTOPOM CKOPOCTh B KaXKAylO ce-
KVHAY Bospacraer Ha | m/cek. B cucreme CI'C enununa
YCKOpEHHS COOTBETCTBEHHO CAHTUMeTp 8 cexkyndy 3a ce-
KYHOy (cantumerp Ha cekyndy 8 Ksadpare): cmfcex?. D1y
e/HHHLy HHOTAa (OpeMMYLIeCTBEHHO B reodH3HKe NPH H3-
MEPeHHH YCKOPEHHS CHJIBI TSXKEeCTH) HashBaloT 2a/4 (B YecTb
I'anunesn) *). CooTHouleHHe MeXIy eAMHHIAMH YCKOpEHHS

1 mjcex? =107 cm/cex?.

Illupokoe npHMeHeHHe B aBHALMHM M aCTPOHABTHKE IpPH-
obpesia eJHHANA YCKOPeHHs, paBHasi HOPMAaJbHOMY YcKope-
HHIO cuabl TsikectH: 9,81 cmfcex?. O6GosHauaercs 3Ta efu-
HUIa g. YCKOpeHHe, H3MepEeHHOe eIHHHUAaMH g, JacTo Ha-
3bIBAIOT MEpPerpyskol, INOCKOJNbKY OHO TIOKa3blBaeT, BO
CKOJIbKO pa3 BeC Tesa, JBHKYILErocs C AaHHBIM YCKOpe-
HHeM, 0oJblle Beca TOTO Ke TeNa, NMOKOAUerocs HJAH JBH-
KVIierocs paBHOMepPHO BOJH3H INOBEPXHOCTH 3eMJIH.

Yenosas ckopocTe. Yriaopas CKOPOCTb HPH PaBHOMEDPHOM
BpallleHHH paBHa OTHOLLEHHIO YIVia IIOBOPOTa T&da K TOMY
BpeMeHH, B TeyeHHe KOTOPOro NpPOH30lIeN 3TOT NOBOPOT:

o=7F. (4.25)

PaamepHOCTb YIVIOBOH CKOPOCTH
[o]=T"1 (4.26)

3a eAMHHLY YIVIOBOH CKOPOCTH INPHHATA YIJIOBAS CKO-
pOCTb paBHOMEDHOT'O BpalleHHs, TIPU KOTOPOM B €IAHHHLY
BpPEMEHH TeJIO MOBOpauyHBaeTcA Ha ONMH panuaH (pad/cex).
Yenosoe yckoperue. YrioBoe yCKOpPeHHe Onpelelsiercs
KaK npupalieHde YIVIOBOH CKOPOCTH B €JHHHIY BPEMeHH:

g= 22700, (4.27)

*) HaaBaHue 2a.1 He y3aKOHEHO,
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3a eauilniy yraoBOro YCKOPeHUsd NMPHUHATO YIiOBOE YCKO-
peHHe TAKOr0 pPABHOMEPHO YCKODEHHOTO BpamieHus, NpH
KOTOPOM YIJIOBasl CKOPOCTh BO3PacTaeTr B eIHHHLY BPEMEHH
Ha eAMHHUY YIVIOBOH CKOpOoCTH (Ha OAHH paguad B ce-
KYHIY).

Tak Kak BO BceX CHCTeMaX 3a €JWHHLY BpeMeHH NPH-
HATa CeKyHJa, TO eJHHHIB! YIIOBOH CKOPOCTH W YIJIOBOTO
yckopeuuss GyJAyT OZHHAKOBB AJs Bcex cucreM. PasmepHo-
CTH UX onpenensiorca GopMyJaMu

[0] =T-1, (4.28)
[e] =T-2, (4.29)

BrecucreMuble eIMHHULI YIVia ONpeAeNsilOT H COOTBET-
CTBYIOIHE €IHHHUB YIJAOBOH CKOPOCTH H YINIOBOT'O YCKOpe-
Hus 1 o6/cex, 1°/cex, /jcex, 1”[cex u 1 o06]cex?, 1°/cex?,
V/cex?, 1”/cex®. CooTHOIIeHHS MeXAy STHMH EeJIHHHIAMH
TaKHEe XK€, KaK M MEXIY COOTBETCTBYIOUIMMH elMHHUAMH
yria.

B kauecrBe mpuMepa YKaxeM, 4TO MMHYTHas CTpe/Ka
YacoB ABHXKETCS C YIVIOBOH CKOPOCThIO

0,1°/cex = 6'/cex.

Ilepuoo. Beaxkuil nepuoanyeckuil npouecc caaraercsi n3
psaa uukaos. Ilox mMKJIOM MBI MOHMMAaeM MOJHYIO COBO-
KYNHOCTh TIOBTOPSIOMHXCA 3HAueHHH TNEPHOAHYECKH H3Me-
Hsioleica BeanunHbl. [TpoMekyToK BpeMeHn, HeoOXOMHMBI
I 3aBepLICHHs ONHOTO- MOJHOrO LMKJa, Ha3blBaercs me-
puosoM. PaamepHocTh nepuona

T="T, ' (4.30)
a ex1nHuna cekynoa (cex).

Yacrora. Yncao UHKIOB, YKIAALIBAIOIKXCA B €IUHHDY
BpeMeHy, HasbiBaeTcst yactotoll (v). OueBumHo, uro

v=—. (4.31)

T

v=T"1, (4.32)

3a emuHHNY YacTOTHl BO BCEX CHCTEMaxX IPHHHMAaeTcs
eepy {ey) — yactora, paBHas OJHOMY NUKAY B CEKYHAY.
Wnave rosops, repil eCTbh 4aCTOTAa TAKOr0 NEPHOJUYECKOro

Pa3aMepHocTh



§ 4.3 KITHEMATHUECKWE EIHHILE 97

npolecca, KOTOPbiii NOBTOpsieTcsl Kaxaylo cexyuiy. B pa-
*AHOTEXHHKE MPHMEHSIOTCA KpaTHbie eJHHHIIL — KUio2epy
(key) u meeacepy (Mey).

B cayuae paBHOMEpPHOTO BpalUeHHS MOXKeT OblTh ycTa-
HOBJIeHa CBfi3h MEXAY UaCTOTOW H YIJ0BOH CKOPOCTBIO, KO-
FOpasi AaeTcs COOTHOHIEHHEM

m=2nv=%1. (4.33)

IMousiTne yrjoBo#l CKOPOCTH OKasbiBAETCS, OJHAKO, BeCh-
Ma TOJE3HbIM H B NpHMelelul K APYTHM NEePHOAUUCCKHM
npoueccaM (Hanpumep, Kk npaMmoauuefluniM KogebGauuam).
B 3THX cayyasix yrJoBYIO CKODOCTb MJIM, KaK ee HHaue Ha-
3bIBAIOT, YIVIOBYIO 4aCTOTY ONPeAeqasloT HeloCPeACTBEHHO ¢
NOMOLLbLIO ypaBHenuns (4.33),

Paza. MruoBenHoe CoCcTOAHHE BCAKOTO KOJe6aTeNbHOTO
npouecca xapaxrepusyercs $asoff, xotopas TpeACTaBIAeT
cofofi apryMeHT TPHTCOHOMETPHUECKON (YHKUHH, ONHCHI-
Batoulei npouecc. Tax, nanpumep, nNpd rapMoOHHUECKOM KO-
seGaTeibHOM BHKEHHH OTKJACHEHUWe 0T NOJOKEHUS PaBHO-
BeCHsl X BLIpayKaerca ypaBHeHHEM

x= Asin . (4.34)

3nech A — aMnJnTyAa, T. €. MakKCHMaJbHOE OTKJOHEe-
Hye OT NoJnoKeHus pasHoBecus, a @ — ¢asa. Ilpu yraosoil
4YacTOTE » B MOMEHT [ OT Hayaja perucrpaluu KoaeGauufl

® = of + ¢, (4.35)

rae ¢ — navanbnaa ¢asa, T. e. ¢pasza B Haya bHBI MOMEHT.
Pasymeercsi, (asa fABJAsieTCS BeJHUMHON HYJEBOH pasmep-
HOCTH.

B snexrtporexunke ¢asy u pasHoctb a3 nHoraa usme-
pRIOT eaHHHUeH «3IAeKTPHUECKHHA TI'PaayC», KOTOPOMY COOT-
BETCTBYET NPOMEXKYTOK BpeMeH#, cooTBercTByiomui 1/360
nepHoaa nepementoro toka. [Tockosnbky uacTora mepemen-
noro Toka BO Bcex sJsekrpuueckux cerix CCCP cocrag-
ager b0 ey, TO «3AEKTPHUYECKOMY TpalyCy» COOTBETCTBYET
NPOMEKYTOK BPeMeHH 55,6 mKceK.

Ob6vemnoii pacxed. O6beM XKHIKOCTH HJIH rasa, npore-
KalolMA uepe3 nonepeynoe ceueHue B €JUHHILY BPEMeHH,
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HasbiBaerci oGbeMHEIM pacxoiaoM (Q.). Pasmepnoctsb
[Q.]=L7"" (4.36)

" eIuHHIEl M3[cex n cm3[cex.
Haornocrs 06vemnoeo pacxoda (g,) mpemcrasaser co-
601 pacxol, OTHECEHHBIN K eAWHHLE CeUeHHs
4y = 'Qsl '
PaamepHocTts
[q,]=LT"" (4.37)

COBNIaJa€T C Pa3MEPHOCTbIO CKOPOCTH. IDTOTO H CJI€]0BaJo
OXHJAaTb, TaK KaK IJIOTHOCTb O6beMHOro pacxoia ecTb He
4TO WHOE, KaK JIHHeHHAs CKOPOCTh NMOTOKA,

I'paduent ckopocru. B cayyae, Korjga TeueHHe JKHIKO<
CTH HWJH Ta3a NPOHCXOMMT TaKUM 06pasoM, YTO pasHbie
CIOM JBHIJXKYTCS C Pa3HOll CKOPOCTbIO, BBOAAT ocolyio Be-
MHYUHY — TPafHEHT CKOPOCTH

gradv—-’fi—l, (4.38)
npenctapagoiinfi  co6ofi M3MeHeHHe BEJHUHHBI CKOPOCTH
IPH Nepexoje QT OAHOrO CJIOfl K APYroMy, paccuyhTaHHOe Ha
eIMHULY PACCTOAHHA Mexay ciosmu. PasmepHocrs rpaau-
eHTa CKOPOCTH

[grad v] = [ ] T (4.39)

a eqMHULbl M/(cex+m) H cmf(cek+cm) BO BCeX CHCTeMax
COBNANAOT H MOTyT OBIThb NpeNCTaBJEHbl KaK cek™!,

O rpajveHTe CKOPOCTH MOXKHO TFOBOPUTh H B cjyuae
KDUBOJIMHEHHOr0 JBHKEeHHs TBepAoro Tesd. Tak, Hanpumep,
IpH DaBHOMEPHOM BpallleHHM AHCKa JIHHEAHas CKOPOCTDH
€ro ToueK Bospacraer OT LeHTpa K nepudepuu. Ecau yrio-
Basi CKOpPOCTb JHCKA PaBHA ®, TO Ha PacCTOAHHUM r OT UeH-
Tpa JHHeHHas cKOpocTh ¥ paBHa or. Orciona

dv )
gradv=——=o. (4.40)

Takum ofpa3om, B 3TOM cjyyae rpajHeHT CKODOCTH paBeH
YIVIOBOH CKOPOCTH BPALIEHHS AHCKA H, CTE€ROBAaTENbHO, OfH-
HaKOB JUIS1 BCEX TOYEK JHCKA.



§ 44] CTATUYECKHE M JUHAMHUYECKHE EJUHUILILI Q9

§ 4.4. Crariyeckne W JUHAMHYECKHE €IHHHLBI

Macca. Briuie MBI yKe ONpPenesisiii OCHOBHHIE €¥HHILI
maccel B cucremax CH (kuaoepamm) u CPC (epamm), a
TaK¥Ke TEXHHYECKYI0 eIHHHHY Macchl (MJIM, KaK MBI YCJI0-
BHJIHCb Ha3blBaTb €€ B 3TOH KHHUTE, UHepTYy), SIBAAIOLLIYIOCH
npousBopuol enunuuned B cucreme MKICC. Hanmomuum
JIHLb, YTO MOC/EeNHSAsT HMEET pPa3MepHOCTD

[m]= L'FT? (4.41)

u, cornacyo 'OCT, o6osnauaercs kec - cex?/m.

Cpeny enuHHI Macchl, NOCTPOEHHBIX H3 OCHOBHBIX MO
JECATHYHOMY TPHHIMIY, HauGoJsbillee pacnpocTpaHeHHe 110~
ayauan: roxwna (7), paBHas 103 k2 u aBAsiBmAasiCS OCHOB-
roit eauuunesl B cucreme MTC (merp, ToHHa, cekynpa),
yeuTHep, win Ksuntas (4), paBHbiél 100 xe, MUAAUTDaMM
{#xe), pasumit 1073 2, m muxporpamm (mxe), pasubiii 10-%e.
B HeMmeuxolf M aHIVIMACKOH TeXHHUYECKOH JuTepartype IJjst
nocJjenHero MHOTRA NpHMEHseTcd HasBaHue ramma (o6o-
3HayeHHe y). Maccy AparoueHHBIX KaMHel HPHHATO H3Me-
pPATHL cNeHUanbHOH eNuHULEH, Hocsllle HasBaHHe KapaT H
paenoit 2. 10~ ke uau 0,2 e. Xota crapag pycckas cucrema
Mep OTMeHeHa enie B 1924 r., ogHa M3 eQuHHUI 9TOH CHCTe-
MBl — ny0 — BCTpeYaeTcs NpH coollUeRnax O TPOH3BOACTBE
CeNbCKOXO3SIICTBEHHON NPOAYKUHH (IJIaBHBIM 06pasoMm 3ep-
Ha). Onun nyn paeen 16,3805 ke, ogna copoxoBsaf nyjga —
@ynt pasen 409,5 a.

B pajge ciayuaeB MOJE3HO HMETh EJHHHULY MacChl, CO-
Jep:Kallyl OnpefesneHHOe YHC/I0 Mosekyn. Pasymeercs, no-
nofHasi emuHMIA Macch OyNeT pasjuuHa s pas/IudHbIX
BeniecTB. B KauecTBe TAKOH €IMHHUUBI IPHHATA KUAOZPAMM-
MOAEKYAQ, WIH KUAOMOAb — KOJHUECTBO BEULECTBA, COAEp-+
XKalllee CTOMBKO KHJIOTPAaMMOB, CKOJIbKO €IUHHI| B MOJIEKY-
JSIPHOM Bece JaHHOro BellectBa. LEauuuna, B 1000 pas
Meliblilasi, HA3HIBAETCS 2pamMi-MOAeKYyAa WU MoAb. Kuio-
MOJIb KaxKJOro BELIeCTBa COAEPXKHT UYHCJAO MOJeKyJ] (YHcao
Aporanpo), paBHOE, COIJaCHO MHOTOYHCAEHHBIM  HCCJe-
JobamuamM, (6,0249 + 0,0002) - 102%;  mo.as — coOTBETCTBEH=
HO (6,0249 = 0,0002) - 10%8. B oxkpyrJeHHBIX UHCAAX MOJIb
BOZOpPOJA COAEPXHT 2 rpamma, KHcJopoia 32 rpaMma,
BOJB! 18 rpaMMOB U T. A



100 TEOMETPHUECKHE H MEXAHHYECKME EAVHHUbLL {ri 4

Cusa. HanomunM, 4TO NIPOH3BOAHBIE €AHHHUBI CH/BI B
cucremax CH u CI'C, onpeaensiemble Ha OCHOBaHHi BTO-
poro sakoua Heiorona, umMeloT pa3amMepuocTh

[fl=LMT? (4.42)

W HOCAT Ha3BaHuue HoiOTOH (H) u Ouua (Oun). HsloTou
onpenensercsl Kak cuja, coobuwarowan macce | %2 yckope-
uue | sm/cex?, mmua — Kak cniaa, coobiaiouian macce | e
yekopenue 1 cam/cex? Tlo3ToMy MOXHO HanucaTb

1 #H = 1kKe m/cex?,
10un = 1. cmjcex?

1 4 =105 0un.

B nurepatype uHOrAAa BCTPEYAETCH eAHHHIA  CHJLI
ynpasaHennofi cucremsl MTC. Dra emtinnna cuisl cren (cH)
onpejenifieTca Kak cHnaa, coobuwamoitas Macce 8 1 1 ycko-
penne I mfcex®:

Len=171-m/cext.

Ouesugno, uto 1 cn = 103 .
Enunnua cuiet B cucreMe MKI'CC — kec *), asasiowas -
cs B 3TOH cHCTeME& OCHOBHOH, OnpenesieTcsl 5TANOHOM

1 kec = 981 n = 9,81 - 10% un.

Ha npaxktuke npuMeHSIOTCS Tak¥XKe HIOrAa TOHHA-CHJAA
(10° kec) u rpamm-cuaa (1073 gec).

Hunyaoc cunvt, VIMnyabc cHAB H3MePRETCs Npomasefes
HHeM CHJBl Ha BpeMms ee AeficTBus ff. 3a eIHHHLY HMIIYJbe
ca NMPUHHUMAETCS UMIYJALC CUABI, PaBHOA eAuHHUe H Jef-
CTByIOUlell B TeueHue eauHHiubl BpeMend. COOTBETCTBEHHO
eAHHHIbI HMNY/AbCA B CHCTEMAX

CU: 1 n-cex=1 k- njcex,
CI'C: | Qun-cex=1 a+cmjcex,
MKICC: 1 gec - cex.

*) CornacHo CTaHAaPTHOMY ONDENGNSHRIO, KHJAOrpaMM-cHaa (kec)
ecTb  cuna, coobulaioutas Macce 1 k2 HOpMajieHOe YyCKOpedue
9,80665 #/cex?,
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Koauuecrao Osuwicernus {unnyaoc). KoauuecTso ABHMKE-=
HHS onpenesseTcs KaK NPOU3BEAEHHE MacChi Tesa Ha ero
cKopocTh (mu). 3a €AMHHIY KOJTHUYECTBA JBHXKEHHS MpH-
HHMaEeTCsl KOJTHYECTBO JABHIKEHHH Teda, 00Jalalouero enu-
HHUEH MacChl M CKOPOCTh KOTOPOTO paBHa eanbuue.

Mur yxe ykaswiBaan (cMm. § 2.1), uto B Hacrosulee Bpe-
MA B (PU3UUECKOH JHTEpaType BMECTO TepMHHA «KOJHUC~
CTBO [BHMKEHHS» 4acTO MPHUMEHNeTCS TEPMHH  <HMITYJAbCH.
H3 dopmysnsl

ft = myv, — my, (4.43)

{(HMOYJABC CHABI PABEH HM3MEHEHHIO KOJIHYECTBA ABHXKEHHS)
caeyer, 4TO Pa3MEpHOCTH UMOYJIBCA CHAB M KOJMHUECTBA
JBHAKEHHS JOJMXHBI coBnafare. Jelcrsurennio,

[[f] = LMT=2T = LMT"", (4.44)
[mo}=MLT = LMT™1. (4.45)

EnuHunpl KOJMHUYECTBa ABHIKEHIUs, pa3yMeeTcs, Te Ke,
uTo H AJA uMiyabca cuabl. B cucteme CH — ke- mfcex,
B cucreMe CI'C —ea-cmfcex, B cucreme MKICC enunuua
KOJHWYECTBA ABUMIKEHHSI MOXKeT ObiTh MNpeicTaBaeHa B BHJIEC
i - M[ceK, uTO, KOHEUHO, PABHACTCS KaC - CeK:

1 ke mfcex =10° 2. cujcex,
1 kec - cex =9,81 ke - mfcex,
Hasaenue. Jlapnenne npu paBHOMEpPHO pachpeieaeHHoN

HarpysKe ONpPeAeAseTcsl CHAOH, NPHXOAAILECcA Ha eAHHHLY
NOBEPXHOCTH,

p=1. (4.46)

3a elUHHUIY AaBJeHHA HPUHUMAeETCs Takoe paBHOMEpHO
pacnpenenenHoe LaBJieHHe, NpH KOTOPOM Ha eAHHHLY HO-
BEPXHOCTH TIPHXOAHTCH eAHHHLA Ccuabl, PasMepHocTh Aab-

Jenus
[p]=L"MT2 (4.47)

Eannnna nasnednss B cucreme CH — wororon na kea-
Oparnoii  merp*) (n/m?), B cucreme CIC—duna Ha

*) HMeeTca npennomenne HasBaTh 9TY eAHHHILY nackado (nid).
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weadparnoui canrumerp (Ounfcm?). PasmepHOCTs AaBijeHH:
yCTAHABJNMBACT COOTHOWICHME MEXAY eAMHHLAMU H/M? U
Ounfcm?:

| 1im? = 10 Oun/ca?,

B cucreme MKICC eauunna pasjaenns xec/m?, paBHas,
queunno, 9,81 u/m? = 98,1 dun/cm?. labnenne 1 Kec/m? ¢
Qo/bLIOf CTemeHbI0 TOYHOCTH PaBHO JNaBJEHHI0 BOASHOTO
¢ronGa Bbicotoft B 1 mm. [deficTBHTENBHO, C/A0H BOAbLI MO~
waneo B 1 M2 U tonuuHol 1 mm 3auuMaer 00beM, PaBHBII
1 ky6. Ox, a ciepoBaTeNbHO, €ro BeC ¢ GOBUION TOYHOCTBIO
pasen 1 xec. [103TOMY B TeXHHKe efMHHLY AaBJieHHS K¢/
YyacToO Ha3blBalOT MHJJIUMETPOM BojAsHOro croaba (M
BOA. CT.). JT0 0cOGEHHO YIOGHO B TeX cayyadx, KOraa noab-
3YIOTCA BOASHBIMM MaHOMETpaMH (Hampumep, npH H3Mmepe-
HHH CKOpDOCTH rasa B Tpybonposoaax).

Ennnunuy nasnenust cucrempl CI'C — Oun/cm? B dusnue-
CKOH JiuTepaType paHblie Ha3biBaju O6ap. B mereopoJioruu
MOA 3THM HasBaHWeM NoHaMaercd efuuuua B 108 pas Goab-
uias, paBHas cootBercrBenHo 10° #/u2?. Taxkoe 3HaueHue
umeer 6ap B 'OCT 7664—55 Ha BHecucTeMHble MeXaHHye-
CKHe eIMHMUBI; NPUMeHeHHe 3TOr0 HAa3BaHHA N[O OTHOLIe-
HHIO K Jur/cmM? He DEKOMEHIYETCH,

Hapsiay ¢ ykasaHHBIMH eAHHHIAMH B (U3UKE H TEXHH-~
Ke LIHPOKO TOJAb3VIOTCH PAAOM BHECHCTEMHBIX eZHHHIL
napaenud. M3 HMX BecbMa pacnpocTpaHeHHOH efHHHUIEH
SIBASETCA HOpMaJbHas armocepa — AaBjelne BO3AyXa,
ypaBHOBeIIWBaowee PTYTHHIH cTon6 BhicOTOH B 76 ¢m npu
naortHocTH prytH 13,595 2/cm® npu HopmanpHOM ycKope-
HuH cuabl Taxectd. Ha KaKIblH KBajgpaTHeifi caHTHMET)
Takoi cTon® oKaspiBaeTr [aBJ/eHHe, paBHOe ero Becy. Tou-
HOe 3HaueHue

1 arm=176 cu- 13,595 2fcu®. 980,665 cufcex? =
= 1,01325 - 10° Gunfcm?=1,01325 105 n/m?
Tak Kak 310 pJaBjeHue PaBHO NPUGIH3UTENBHO
1,033 Kxec/cm?, BMECTO HEFO 4acTO MOJIB3YIOTCA TEXHU4ECKOU

armocgepod (ar), pasHOit TouHO 1 Kec/cm?, OueBuiHo,
I ar = 10* Kec/m® = 9,81 - 10* u/m2, B cucreme MTC cyiite-
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CTBOBaJja ejMHHUIIA AaBjeHHN Inbesa (n3), paBHast JaBe«
HHIO OJHOrO CTeHa Ha kBajapaTHuil Merp. OueBupgiuo,

1 n3=10% u/m®>=10* dunfcm*=0,01 6ap

(3mecy mojxpasyMeBaercss Gap B TOM 3HaYeHHH, KOTOpoOe
NPHHATO B MeTeoponoruy, T. e. 108 dun/cm).

BecbMa uacTo naBieHve M3MEPSOT HENOCPENCTBEHHO B
MHJJIIMETpPax PTYTHOLO cronba (Ma pT. CT. Uau TOpax (B
vyectb Toppuuennu). [Tociennee HasBaHHe B PYCCKOH JH«
TepaType NPHUMEHSETCs CPaBHUTENbHO PEAKO.

Quepuano, | mm pt. ct. = 1073 x - 13,5695 10° xe/md® X
X 9,80665 m/cex? = 133,3 Hf/m? = 1333 dun/cm?.

B cuCTeMHBIX M COOTBETCTBYIOIUMX KPaTHBIX M JOJbHBIX
eAMHHUAX JaBJeHHsT H3MepsieTCs TakMke BCAKOe MexaHuue-
CKO€ Halpsi2KeHle,

T'paduent Gasaenusn. [IBuxkenue KUAKOCTEH H rasoB IO
KaHajgaM M TpyOam ompeznensiercsi nepelrajoM JaB/jeHHs Ha
eIHHMIY MJHHB HOTOKAa. B clyyae MOCTOSHHOPO CeYeHH$
IOTOKa 3Ta BeJHYHHA MOKeT ObITb NpejcraBieHa B BuJe

=, (4.48)
rae | — paccTosinue BAOAbL NOTOKA, OTCYMTHIBAEMOE OT €ro
nauaja. [1py HEOZHOPOJHOM CEYEHHY 1OTOKa BMecTo (4.48)

caeayer nucatb — —ZT

Beauunna
—FF;- =gradp (4.49)

Ha3bIBAETCS IPajUeHTOM AaBJEHHS.
Pa3MepHOCTb TpajMeHTa JAaBAEHHS, KaK Jerko y6e-
AMTBCA,
[grad p]= L2MT~%, (4.59)

npuuem grad p Hu3MepsieTCsi B €IMHUUAaxX NaBJEHHs1, OTHE-
CEeHHBbIX K €J1nHHle NJHHLI

K H __ Ke dun _ Oun E
Momo oMb m2.ocer?? cMZ oM cM? cm? - cex??
Kec Kec

wem M
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U BHECHCTECMIIbIEe
ara Top
n ' om
7T A
paSMepHOCTb rpajadenTta AaBJetiig onpenedaser CootTHo-
HICHHE MeXIY eAHHHIaMH

1V u/md=0,1 dunfem®, l1recis®=981 n/sd.

Pabora u suepeus. Pabora noa peficTBueM MOCTOSHHON
CHJIB! OmpelensieTcsl Kak MPOH3BeJAenHe CH/Ibl Ha NyTh H Ha
KOCHHYC Yr/la MEX/y HX HalpaB/AeHHAMH

A=Fflcos(f, ). (4.51)

3a eaunuuy paborsl NpHHUMAacTcs pabora, NHPOH3BEACH-
Has eAUMHMUEH CHABl HA NYTH, PAaBHOM €AWHHIE IJHHEl, B
cjydae, KOTAa CH/Ja H TyTb COBMNAJal0T NO HafnpasJjeHuo.
Pasmepuocts paborsl onpenenaercs u3 ee (GOpMwIb

[A]l =11 =LMT~2 (4.52)

B cucreme CH enpunuueii paboTsl asasercst dicoyib —
paboTa OAHOro HBIOTOHA Ha NMyTH B | A

1 0w=1 1 m.

B cucreme CI'C epunuga paborbl — spe — pabora o1-
HOH JiHHB Ha nyTy B | ca:

1 spe=1 Oun - cu.

B cucreme MKI'CC epuunua padotnt — Ku.a0epammo-
merp — pabota KujorpaMM-cunbl Ha nyTu B | (1 kec . m).
CoorHowtenus 3THX eauHuL paborsr nodyualorces H3 (4.52)

1 kec - m=9,81 dm, 1 O =107 spe.

o Beenenns MeknyHapoAHO#l CHCTEMB! E€AHHMI[ MpH
BCEX TEMJIOBBIX pacueTax MPHMEHAAUNCh CHeunajibHbie Ten-
J10Bble eAMHHLbI paloThi — €AUHHIBl KOJHUECTBA TeIa —
kaaopus (kaa) u Kuaokasopua (xkkaa). TlepByio w3 mmx
MOMHO NpPHOMUMKEHHO ONpPeAeduTb KaK KOJHYECTBO TEN.a,
neoGxonuMoe aasn xHarpeBainus 1 e soasl Ha 1°C; 1 kraa =
= 1000 xax. Dosee noapobHO 3TH eAMHHILI GYAYT paccMo-
TpPeHbl BMeCTe C APYTHMH TEIVIOBBIMH eAuHuuamMu. B cesisu
¢ BBefeHHeM MexAyHapoAHOH CHCTEMbl eJHHHI PEKOMeH-
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AVETCst BMECTO KaJOpHH 1 KHJAOKAJAOPHH 10Jb30BaThest 006-
HUMH eAUHHIaMU PadoThl — MUKOYJAEM i ero KPaTHBIMH H
JONBHBIMH Npou3BoAHbIMH. [l1s1 mepexoia OT KasJopuit K
JOKOYNAM YCTaHOBJIEHO COOTHOLIeHHe (UHOrAa Ha3biBaemoe
MeXaHUYeCKHM SKBHBAJIEHTOM Tera)

1 kraa=4,1868 du.

ITpu usmepeunyr paboThi, COBepHIAEMON MPH Pa3JHYHBIX
Hpoleccax H3MEHEHHS COCTOSIHHSI rasa, HHOTAA NOJb3YIOT-
¢t eluHuUell, KoTopas onpenensiercs no pabore paciuupe-
HISl I'a3a NPH NMOCTOSHHOM JaBJeHHH

A= pAV, (4.53)

rae p-— jlaBjieHde rasa, AV — usMeHenue ero oGmeMa,
Ecan p =1 arm, a AV =1 1, t0o cooTBeTcTBYyIOWas. pabo-
Ta MoxeT ObiThb Ha3BaHa AUTPO-aTMOCPEpol (A -aTm):

1 2-arnu=10"% 43.1,01325. 105 n/m?=1,01325. 10> dac.

B rex Ke enmHunax, uro M pabora, U3Mepsercs IHeprus
Kax moTeHunadbHas I, uHaue HaspiBaeMas «3Heprueii mo-
KOsi», Tak ¥ KuHernueckas E, unu sueprun apuxenns. Cym-
Ma ofeuX 3Hepruil JaeT MOAHYIO JHEPIHi0 CHCTEMBI

W=E +]11. (4.54)

[aorxocre snepeuu. ViHoria sHepriust oKasbiBaeTCsl 3a-
nacetHoll B HexkoropoMm oObeMe. Tak, Hampumep, CKaThiii
raz oGiajaer onpelesieHHBIM 3amacOM 3HEpruy, pacnpene-
JeHHOH paBHOMEpPHO B ero oObeMe. OJHeprus, NPHXOAS-
Hiancd Ha eiHHnuy o6bema, Ha3bBaeTCst MIOTHOCTBIO 3HEP-
rHH W

'
W= (4.55)
Ee pasmepHocTs
[w]=L"'MT"? (4.56)

W CHMHHUBL: Oxc/m®,  apefemd, Kec - mim®, wiau Kec/me.

Tak K4k pa3aMepHOCTh NJOTHOCTH 3HEPTHH COBnajaeT ¢
Pa3MEPHOCTBIO JlaBJieHilsl, TO COOTBETCTBEHHO OXHHAKOBBLIMH
OyAyT COOTHOIIEHHS eJHHUIL

1 kecfu®=9,81 doc/m¥y 1 Ooc/md =10 apefcmd,
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Mowrocrs, uan sddert, ecrb OGBICTPOTa COBEpHICHHUS
paGorbl. MoOuiHOCTE paBHOMEPHO paboTalolieif CHCTEMB,
HalpUMep MallMHbl, M€XaHH3Ma M T. I, paBHa padoTe, €O~
BepuaeMoil B eIHHMLY BPeMeHH:

p=4. (4.57)

3a eAMHHIY MOLIHOCTH HPUHUMAETCA MOWKOCTL Takofl pas-
HOMepHO paloramwluefl cHCTeMbl, KOTOpag B €AUHHIY Bpe-
Meny coBeplllaer eAunuly paborhl. PasMepHOCTb MOULHOCTH

[P] = L2MT™3, (4.58)

EnyunuamMu MoLHOCTH siBasiioTcsi B cucreme CH — garr,
uan Oxcoyav 8 cexyndy (6T = Oxc/cex); B cucteme CI'C —
ape 8 cexkyndy, B CHUCTEME N)KFCC—-—KU’IO“[JLIMMOMBTp 8
cexyndy (kec - mfcex). Tak kak eiuuuueldl BpeMeHU BO BCeX
cucTeMax ABJASeTCs CeKylna, TO COOTHOIEHWS MeXAy eal-
HHI[AMH MOLIHOCTH Takue Ke, KaK WU Mexiay eAHHRLaMH
paGoThl.

Ulupoxo pacnpoctpaliednt Goaece kpynHbie ¥ Gojee Mes-
KHe JeCATHUHBIE KPaTHbLE ¥ AOJBHBlE €JMHALBl MOLIHOCTH:
Kunosarr (k8t), meeasarr (Mser), muasusarr (msr), mu-
kposarr (mxsT). Pexe npumensiercs cexroearr. Bart u
€ro JEeCATHYHLIE NPOH3BOAHBIE MCTOIbL3YIOTCA Anasi o6paso-
BaHUS EJMHHU IHEPTHH, HPHMEHAIOUIUXCA TOYTH HCKJIOUH-
TeNbHO J/151 U3MEPEHHS 3JICKTPHYECKOH 3HEepruu, ITH elH-
HHUBL: 8aTT-4aC (BT« 4), 2eKTOBQTT-4ac (26T« 1), KUA08ATT-
ugc (k8T -4), meeasarr-dac (Mser-4) — npeacTaBAIOT
coGoft paboTy npH COOTBETCTBYIOICH MOILHOCTH B TeueHhe
ozuoro uaca. s storo onpeneseHus cjieryer, 4ro | 67+ 4=
== 3600 Ouc, 1 esr-u = 3,6.10% Ox¢ = 360 x0m, | Kk8r-y =
=3,6-10% 0xc = 3,6 Moo, | Mer-u = 3600 Mox.

Tennosble epunuipl paboTH, OTHECEHHBIE K eaulyLe
BPEMCHH, N2I0T COOTBETCTBYIOILHE eAuHHLb MouHocTH. M3
HHX HanboJice ynoTpeSuTeNbHEl Kaiopusa 8 Yac (Kaa/dac) u
kuaokazopus 6 yac (Kxaafwac). CoOOTHOWeEHHE MEXAY KII0-
Kajopueft ¥ BaTTOM:

lkkaafuac = 1,163 er.

Jlo naciosiero BpeMeHH BechbMa IIMPOKO pacupocTpa-
eHa eJUHLlla MOIHOCTH C HeJeNbiM HasBaHHeM <A4ctuadu-
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nas cuaa» (oGosnauaemas 4.c¢., HP wan H’), pasHas
75 ket - mjcex:
1 4. ¢c. = 736 8.

B Auraud npumensiercs 6/M3kas K Hell «aHrJuiickas
napoBas Jollaib» WJIH «aOlIaAuHadA cuna Yarra» (0603Has
yaerca PS), paBHas 746 sr.

Koagppuyuent tpenus. Tlpu nBuKeHHu TeIa BAOJb Kas
KOi-1u60 TOBEPXHOCTH BO3HHKaeT TOPMO3fAllas CHJIa —
cwia TpeHus. BenuuuHa 2TOH CHJBL frp 3aBHCUT OT TPHPO<
JBl CONPUKACAUUXCH MOBEPXHOCTEH H MPONOPUHOHAJbHA
HOpMaJbHOH CHJle AaBaeHHd [y, NPUNKHMAIOLIEH TeNO K 10<

BEPXHOCTH,
=W (4.59)

Kosdpruuent p HasbiBaercs KO3(pPHUHEHTOM TPEHUS H,
COIVIACHO ONpee/leHHI0, sBaseTca Oe3pa3MepHOl BeaHUHs
HOM, OJJHHAKOBOH BO BCEX CHCTEMax.

Koappuyuenrol conporussenus. Eciu IBHXKeHHe Teaa
NPOHCXOLHT B KaKOH-Iu00 BSI3KOH cpefe (rase, XKHAKOCTH),
TO BO3HHKAeT CHJ/a CONPOTHBJAEHHs, 3aBHCAILAsl OT CKOPO-
cTd. TlpH OTHOCHTENBHO MaJjIbIX CKODOCTAX 3Ta CHAa NPo-«
NOpuUHOHA/bHA CKOPOCTH

f=ro. (4.60)

Koadgduuuenr r, HasuBaeMblyl Ko3dPrIMEHTOM CONPOTUBRIES
HHsi, 3aBUCHT OT CBOHCTB Cpejbl, pasMepoB U ¢GopMHl Teda.
Ero paamepnoctb
[r]=MT"! (4.61)
H eAHHHuUb!
H - cexfm =refcek, OuH - cexlem =2/cer, Kec . cex/s.

CooTHOIeHHs MEXKAY eIHHHIaMH Te 2Ke, UTO U MexXAy
CAHHUIlaMH Macchl

1 u.cex/m=10% Qun . cexfem, 1 kec + cexfm =9,81 u - cexinm.
lFubkocto. Ecau sHewmHsisi cuia TNPUIOXKEHA K Yynpyroit
CHCTEMe, TO Nocaeidsas aedopMupyercs, NPHYEM B cayuyae

NPHMEHMMOCTH 3aKoHa I'yka suHefiRas nedopMauusi npos
NOPUHOHAJIbHA NPHJIOKEHHOH CHJe

Ax = kf. (4.62)
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Kospdunuenr & naswiBaercsi rubKocTbio cHCTeMBl, Popmy-
aa (4.62) ompenenser pa3MepHOCTb MrHOKOCTH

[k] = M™1T? (4.63)

H ee eNHHULBL M/H, cm[OuH u M/Kec.
Corzacto (4.63)

1 min=10"° emfOun, 1 mjxec=1/9,81 s/ =0102 sm/n.

Moment cuaot. MOMEHT CHJBl OTHOCHTEIBRO HEKOTOPOI
TOUKH WJIH OCH M3MEpPSIeTCH Npou3BejeHHEM CHJABl Ha NJIevo,
T. €. Ha paccTosiHMe MeX<Ay HanpaBJjeHHeM CHJAL U TOH
TOYKOH, OTHOCHTENBHO KOTOPOH B3AT MOMeHT cHabl. [lo-
3TOMY 33 eQHHYY MOMEHTa CHJBl MOMXKHO B3sTb MOMEHT
CHJBI, PaBHOH edHHHLE, NPU TJIeue, PaBHOM eZHHHIE AJl-
Hbl. M3 dopmyabl MOMeHTa CHJbI

M = fh, (4.64)

rae M — MOMeHT cHaB, [ -— cuia, A — njeuo, creayer, 4ro
pa3MepHOCTb MOMEHTA CHJIbl

M]=LMT2 (4.65)

Mbl BujuM, YTO Pa3MEPHOCTb MOMEHTA CHJLI COBMajaer
¢ pasmepuocTbio pabothl u sHeprau. Hyxno, oanako, otme-
THTh, UTO BeJHUYMHBI 3TH COBEpIIEHHO Da3JIYHOH NMPHPOADL.
B 1o BpeMsi Kak paGoTa W SHEPrusA He HUMEIOT HanpaBb/e-
HHS — ABJASIOTCA BEJHYHHAMH CKaJsiDHBIMH, MOMEHT CHJbI
obGJanaer HanpaBIeHUEM, T. e, npeacTasiseT coboil pexTop-
HYIO BeJHYHHY.

Enunnubsl mMoMeHta cuant o6pasyioTcss Tak JKe, Kak H
eMHNIbI paBoThl, HO HAa3BaHUA IPT, IKOYAb W T. [I. MO OT-
HOMIEHHMI0 K €AHHHIAM MOMEHTa CHJABl HE [PHMEHSIOTCS,
TakuMm of6pasom, AR MOMEHTA CHJABL Mbl HMeeM eTHHHILI
H-M, OUH - CM, KeC - M.

Momenr unepyuu tesa {Ounamuyveckuii momenr). B me-
XaHuKe, 0COGEHHO TIPH PAaCcCMOTPEHHH BPAallaTeNbHOr0 ABH-
KeHus Tena, BecbMa YA0OHo@ siBjafercd 0cofaf BeaAHUH-
Ha — MOMEHT MHepUMH Teja, KOTODLIi BLIUHCAAETCH OTHO-
CHTENIbHO HEKOTOpOil oCH.
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Iasi HarnsgHOCTH ONpefenuM CHavaia MOMEHT uuep-
UM OfHON MaTepHaNbHOl TOYKH OTHOCHTeAbHO ocH. O
paBen

I=mr? (4.66)

rae m-—Macca MaTepHanbHON TOYKH, a r—ee paccTosi-
Hue RO OCH, OTHOCHTEJNBHO KOTOPOil ONpEeNensieTcsi MOMEHT
MHePHHH.

Jas cucTembl KeCTKO CBSI3aHHBIX MAaTepHANbHBIX TOYEK
HAH AJf TBEPLOro TeJa MOMEHT HHEePUHH MOXKHO oOfipeje-
JUTh KaK CyMMYy INPOH3BejeHHiI Mmacc oOr-
JAEeAbHBIX MaTephajbHLIX TOUYEK, H3 KOTOPHIX
[OCTPOEHA CHCTEMA MM HA KOTODPbHIE MOXKHO
pa3buTs Teso, Ha KBaAPAaThl COOTBETCTBYIO-
LIHX paAiycoB — PacCTOSIHUI 10 ocH Bpalie-
Husa (puc. 11}:

J=2Zmr? nas CHCTEMB! TOYEK, (4.67)

J= f r’dm pasi cniowHoro teaa, (4.68)
v

B npouecce usyueliss BONpocos, CBA3aH-
IbIX € BpallleHHeM TeJ, BbIICHSAETCH Cyll-
HOCTb H pOJZib MOMeHTa wuHepunu. Okasbl- Puc. 11,
Baercd, 4To Bce (OPMYabl, ONUCHIBAIOLLME
BpallaTe/bHoe JABHXKEHHE TBEPAOro Tejaa, HMEIOT BHA, aHaa0+
THYHBIH COOTBETCTBYIOWIUM (opMy/aaM Ajsl NOCTYNATENbHOrO
IBHXKEHHUs, ecayd B NOCAeJHHX 3aMEHHTh JHHeiHble BeJH-
4HHB (CKOPOCTb, YCKODPEHHE) COOTBETCTBYIOULIUMH YIVIOBBLIMHU
BejayuuHamMi  (yrjoBas CKOPOCTb, YIJIOBOE YCKOpeHue), a
Maccy — MOMCHTOM HHEPUHH OTHOCHTE/IbHO OCH BpalleHHs.
M3 onpesenenun MOMeHTa MHEPUHH BbiTEKaeT ero €AHHHLA.
3a eauHnny MOMEHTA HHEPUHH MOXHO MPHHATH MOMEHT
HHEpLHH MaTepHaJbHON TOUKH, o0.aajalolmieli Maccod, pas-
Hoft eAUHULE, C PACCTOAHHEM JO OCHM, PABHLIM eAHHHNE LJH-
nbl. PasmepHocTb MOMEHTa MHEpPUHH COOTBETCTBEHHO

U] = LM (4.69)

# efHHHUbl: K&+ M2 2ecm2 o u- M2 (U M2 = Kec. M. CeK?),
CooTHOIEHHA MEXAY HHMH

I ke - m?=10" 2. cm?, | Kec- m-cex®=9,81 ke m,
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Hmnyavc momenra cusot. MMnyabcoM MOMEHTA CHJBI
OTHOCHTEJNBHO HEKOTOPOA OCH Ha3HBaercs. NpoH3BeleHHE
MOMEHTa CHJIbl OTHOCHTENbLHO MaHHOA OCH Ha BpeMs JAei-

CTBHS CHJbI
Mt =[ht. (4.70)

<Dopmyna, onpexensonias HMNIYJAbC MOMEHTa CHJABl, RAET
A1 ero pasMepHOCTH

Mt)=L’MT™". (4.71)

Momenr koauwecrsa Osuxcenus. MoMmeHTOM KoOJHuE-
CTBA ABHKEHHS] MaTepHaJbHON TOYKH, Bpalllaloulefcs BOKPYT
HEKOTOpPOH OCH, Has3blBaercsi npOH3BeleHHe KOJHYecTRa
JABiKeHus 5TOH TOUKH Ha paccTosiHie JO OCH  Bpaiie-
Hua

& =mur. 4.72)

Tak xak JuneilHag CKOPOCTb NPHU BpalleHWH MOxeT OHTb
BblpaXkeHa 4epes YMJIOBYIO CKOPOCTb Mo ¢opMyJe

v = or,

TO MOMEHT KOJhuecTBa ABHXKeHUs MOXeT ObITb npeacras-
JICH B BHAC

Z = Jo. (4.73)

Mupr Buansm, rakuM o6pasom, YTO MOMEHT KOJHYeCTBa JBH-
JKEHR DaBEH MNpPOHM3BENCHHIO MOMEHTAa HHEePUUH Bpallaio-
1eHicsl TOYKY OTHOCHTENBHO OCH BpALUEHHA HA YIJIOBYIO CKO-
poctb. M3 dopmya (4.72) n (4.73) BbiTekaer, 4ro pasmep-
HOCTb MOMEHTa KOJHYECTBA JBHXKEHUf, TaK e KakK U
HMIIyJbCa MOMCHTA CHJLI, paBHA

L= LMT", (4.74)

PapeHcTBO pa3MepHOCTEH MMMYJAbCa MOMEHTa CHJIB H MO-
MEHTA KOJIMYeCTBA JBHXKCHHSl, €CTECTBEHHO, BLITEKAeT u3
34KOHa «HMNYJbC MOMEHTa CiJibl OTHOCHTEJIBHO OCH Bpa-
LielHs paBeH H3MEHEHHIO MOMEHTA KOJIMYECTBA IBUMEHUSM»:

Mt=.Z,— 2, (4.75)

ToyHo Tak Xe COBMajgaioT W eNHHHIb uMnyJabca Mo-
MEHTa CHJAbI U MOMEHTA KoJauduecTBa JABHXKEHHA, KOTOpLie
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MOXHO ONpeJenTb KaK HMIYJbC MOMEHTA CHJibl, PaBHOIO
e[MHUNE 3a eAMHHLY BPEMEHH, HJIH KaK MOMEHT KOJHye-
CTBa [ABHIKEHHA Tesla, 00jajalliero MOMEHTOM HHEPHUHM,
paBHBIM elUHMIe, U BPallaloerocsi ¢ YrjaoBoll CKOpOCThIO,
paBHO! eJHHHUE. DTH eAHHHLBL:

HoeM-CeK=Ke M- Mmlcex = ke - M*/cex,
Our - cm-cex=2-cm-cmfcex = - cu’leex,
Kec - M- cex=1u- M- M/CeK = U - m*[cek.

CooTHolIeHHs] MeXJy HUMM TakKHe XKe, Kak H MeXJy €O«
OTBETCTBYIOLUMMH €JUHHIAMH PaboThl HIH eIHHHIAMHM MO-
MeHTa HWHEPLUHM, MOCKOJbKY eJuMHHLA BPEMEHH BO BCEX
CHCTEMAX OZHA W Ta XKe.

Heiicreue, B aHaiuTHYeCKOH M KBAHTOBOI MeXaHHKe H
B psje Apyrux o6/actell PU3HKHN HTPaeT CYIlecTBEHHYIO POJIb
Be/JMUHHA, Ha3biBaeMas ACHCTBHEM H HMEKIlasi Pa3MepHoOCTb
npousBefieHHsl SHeprun Ha Bpemsa. He ocranasnupasnch Ha ee
(dhu3NYeCKON CYHIHOCTH, 3aMeTHM, YTO Pa3MEPHOCTb AeHCTBHUA
COBMAfaeT C Pa3MepHOCTbI0 MOMEHTA KOJHYeCTBA JABHIKEHHS
WIH MMOY/AbCa MOMEHT@ CHJIBI H COOTBETCTBEHHO H3MepseTCs
TAKUMHU 7K€ eJMHHLaMU.

Maccoeoti pacxoo. Ilpu uccieoBaHHH Hpouecca Teye-
HUAl JKUAKOCTEH M Tas30B, Hapsily C PacCMOTPEHHbIM Bblfle
0o6beMHBIM DacXOAOM, UPHMEHSETCA BeTUYMHA, Ha3hiBaes
Masi MacCOBBIM PACXOLOM MJH pacxoxom Macchl (Q,). Pas-
MEPHOCTb Pacxoja MacChl

[Qnl=MT"" (4.76)

M COOTBETCTBEHHO eIUHMIBL: Ke/cek, efcek, ijcek (kec -cexim).
CooTHOIIEHHST MEKJAY HHMH, OUEBHJIHO, T€ K€, YTo U Me-
KIY eIHHHIAMH Macchl.

Maccosas ckopocTe ROTOKA. AHAJOTHYHO IWIOTHOCTH
OG'bEMHOrO pacxofa ONpeleNseTcsi W MaccoBasi CKOPOCTh
NOTOKa MJIYM MJOTHOCTb PacXOfa MaccChl ¢, Kak pacxoj Mac-
CBbl, OTHECEHHBIH K eJHHHLE IJOHIANH TONepPeyHOro CedeHHs
noroka, COOTBETCTBEHHO PAa3MEPHOCTb G

lg.]=L"’MT"" (4.77)

u efuHuUpl: K2/ (ceK - M%), ef{(cek - cM?) u uf(cek - m?),
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Nunamuueckue xaparTepucTuxi Korebaresvrozo 0su-
wcenus. Hapsiny ¢ KUHeMATHUYECKMMH BeJHYHHAMH: 4acTo-
TOH, nepuonoM, asoil, aMnanTyAcH, KoaeGaTesbHad cHCTe-
Ma XapaKTepuayeTcsi PsAOM AHHAMHYECKHX BEJHYHH, CPeRH
KOTOPbLIX KHHeTHYeCKas M [OTEeHLHa/bHAs JHePrud U HX

Pue, 12,

eINHHLBI, pacCMOTPeHHble Bhile. BamxHoe 3HaueHHe HMEIOT
Be/UYHHDBI, XapaKTepuayloulHe cBOHCTBa peanbHOHl KoaebHa-
TeabHol cucreMbl. Tlockonbky Kaxkaasi Takas cucrema o6-
JajaeT 3aTyxaHueM, ee ABUKEHHE NIPU OTCYTCTBHH BHEIIHEH
CHABl MOXeT ObiTb npeacras/ieHo B sHge (pHc. 12)

x = Age ¥ sin (ot + @). (4.78)

3hech X — OTKJIOHEHHE OT MOJOXKEHHA pasHOBecHsd, Ay —
Haya/lbHas aMIJHUTYAA, ©® — YrJI0BAA 4acTOTa, ¢ — Hayajib-
Haf ¢asa, P — koadpduuuenT 3aryxanus. PasmepHocTs f

Bl=71" (4.79)

onpejensier ero eaununy cex-l. OOwyHO 3aTyXaHHe OpH-
HATO TaKXKe XapaKTepusoBaTh Jorapu@MHuecKuM JHexpe-
MEHTOM 3aTyXaHus §, KOTOpHI paBeH

4 = P, (4.80)
rae t— nepuon koaebanng. M3 onpenenenus (4.80) smano,

4yTo 8 — Besnunna OespasmepHan. M3 dopmya (4.78) u
(4.80) MOxHO JierkO NOKa3ath, YTO JOrapuMHuUECKHA je-
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KPEMEHT 3aTyXaHHfl paBeH HaTypaJbHOMY JOrapupmy ors
HOIIEHHA JBYX TMOCAENOBaTENbHLIX aMIIUTYA. BTopof BaKs
HOIl XapakTepUCTHKON KoJe6aTesbHON CHCTEMBI ABJAfETCH
ee N06POTHOCTh, onpeaeasieMass GopMynon

— o Vi
Q=2n - (4.81)

3necb W, — noinas sHeprusi CHCTeMBbl NpH pe3oHaHce, a
Wy — noteps 3neprun 3a oanH nepuoi. OuesuiHo, YTO
Q — peanunHa Oe3pasmepHas. MoKHO noka3ath, YTO

Q= (4.82)

1
BVem’

rae kB — rubroctb cucreMbl (cM. (4.62)).

§ 4.5. Epvndubl n3MepeHUs] MeXaHHYECKHX
B MOJCKYAAPHLIX CBOWCTB BeliecTBa

Kak B HayuHBIX HCC/€JOBaHUAX, TaK H B LIIHPOKOH mpak-
THKE MBI NOAb3yeMCSt CAMBIMH pPa3HOOOPA3HBIMH CBOHCT-
BaMH TeX MaTEpPHA/IOB, C KOTODbIMH HaM NPHXONHTCH UMETb
1en0. DTH CBOHACTBA, KaK MPABHJIO, XAPaKTePH3YIOTCS ompe-
Je/eHHBIMH BeaMuYWHAMH U MOTYT OHITb TaK WJIM HHAYE KO-
JIHYECTBEHHO u3MepeHbl. Pasanunble martepuanst 061analor
pas3jiMyHOA MeXxaHHUYeCKOH MNpPOUHOCTBIO, pasAHYyHOl ympy-
TOCTBIO U T. A

KpoMme toro, BeulectBo o6najnaer H pAJOM MOJEKYASp-
HBIX XapaKTEPUCTHK, CBA3aHHBIX Jau00 C €ro CTpoeHHEM,
au00 ¢ TeMU NpoueccaMy, B KOTOPHX TPOABAAETCS  €r0
MoJIeKyAsipHas mnpuposa. B macrosmem mnaparpade pac-
CMaTpPHBAIOTCA [JIaBHBIM OOpPa30M eAHHHLILI H3MEpPeHHs TeX
MeXaHHuecKHX W MONEKYJSPHHX CBOMCTB BEUIECTBA, C KOTO-
PLIMH NPHXOANTCA MMEThb Jen0 B (GU3HKEe U CMEXHBIX JHC-
IUIJIHHAX.

Ilaornocre. TlnortHocTs onpepensiercs Kak OTHOUIEHHE
Macchl ORHOPOJHOIO Tesa K ero ofbeMy

0= - (4.83)

3a C€AHHHLY NJOTHOCTH HNpHHHUMAETCA TWIOTHOCTB TAaKoro
ORHOPOAHOrO  BellleCcTBA, -KOTOPOE B €AHHHIIE o0bema
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COAEPIKUTCA B KOJHYECTBE, PABHOM eZHHUIle Macchl. B cu-
creme CH enuuunesi NAOTHOCTH fiBasgerca xKe/m3, B CHCTEMe
CI'C —e2/cm® u B cucreme MKI'CC — u/m® unm kec - cex?/mt,
Yacro, B 0cOGEHHOCTH KOTJA Peub HAET O rase, INIOTHOCTb
#3MepsioT B 2/4. [110THOCTD, BbIpaxKeHHast B e/4, cOBHajaer
¢ BbIpaXkeHHeM MJIOTHOCTH B ke/m%, PasMepHOCTh eIUHMIbI
IJIOTHOCTH

[o] = L™°M (4.84)

[I03BOJIfAET JIEFKO YCTaHOBHTH CBA3b MEXKAY Pas/juYHBIMH ee
efuHHUIaMHy *).

YOeavnvii o6vem. BenuuuHa, obpaTHasi NJIOTHOCTH, Ha-
SHIBAETCS YAEJIbHBIM 00beMOM:

1 vV :
U= 'p— = (485)
Bce eauHHIbl yAEIBHOrO 06beMa SIBJAAIOTCA OGpaTHRIMH CO-
OTBETCTBYIOLIHM €JUHHUIIaM IJOTHOCTH, TOYHO TaK Ke U
pPa3sMepHOCTh

[v] = LM, (4.85a)

Yoenvnoui sec mpencrasaser coboft OTHOLIEHHE Beca
Tesa K ero o0bemy

=

Tak kax BecC Tesa U ero mMacca CBsi3aHbl COOTHONIEHHEM
f=mg, (4.86)

rae g — YCKOpPEHHE CUJIbl TANKECTH, TO CBA3b MEXAY IJ10T-
HOCTBIO p U YJ€JIbHBIM BECOM Y HMEET BHNI

Y= p4. (4.87)

3a eAUHHIly VIEJNbHOr0o Beca [oJxKed ObITb MPHHAT
y/eJbHbIi BeC TAaKOro OLHOPOJHOFO BeIllecTBa, eAHHHIA
o0beMa KOTOPOTO NPHUTATHBAETCHd K 3eMJe C CHJIOH, paBHOH
efuHule cuabl. COOTBETCTBEHHBIM 0GpPasoM MBL MOJYYHM
efMHHUbl H3MepeHusi: H/m3, Junfcm® u xec/m3, Tak, Hampu-
Mep, yaeawHbid Bec BoAbl B cucreme CI'C 6yzer pasen

*) Tlpu u3Mepenitit NIOTHOCTH MKUAKOCTH aPeOMETPOM paHee NpH-
MEHSVIHCD pasnauuHbie ycaosHble wkaaw (cM. [IpHaoxkenue 2),
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981 Oun/cmd. Hacto BCTpeuaercst M3MepeHHe YIEJbHOro Be-
ca B acfca® u B kec/a. O6e 5TH BeIHYHMHB COBNAAIOT H
NpaKTHUeCKH paBHHl YJeNbHOMY Becy Boxabl npu 4° C. Umc-
JEHHOEe 3HAueHMe YJeJbHOrO Beca, BHIpPaiKeHHOro B ec¢fcmd
WIH Kec[A, cOBNajfaeT C YUCJAEHHBIM 3HAYeHHEM MJIOTHOCTH,
BHIpaKeHHOM B 2fcmd nau kafa.

Moaexyasprotii gec (MosexyasapHas macca, OTHOCU-
TEAbHQA MOAEKYAAPHAS MQACCA)— OTHOIEHHE MAacCh M-
JEKYJbl RAHHOTO BeuwlecTBa K TakK HasniBaeMmofi aroMHuoil
eluHHIle Macchl. B kauvecTBe mociefHefl B XHMHM paHee
NpHHUMAJU OAHY LIECTHAJLATYIO MacChl aTOMa 3JeMEeHTa
KHCI0pona (cpesHeil M3 Macc Tpex H30TONOB M KHCJAOPOAA

y4eTOM HMX npoLeHTHoro cogepxkauus). B 1961 r. sa
4ATOMHYIO eIMHHIY Macchl TpHHATA OJHA [BeHaJlaTa:
uyacTb MacChl H30TOMa YIVIepoja ¢ MaccoBbIM uuciom 12
(1. €. comepxalliero B fAJpe ILeCTb INPOTOHOB U IIECTh
‘HefiTpoHOB). Bonee noapo6HO 06 aTOMHBIX efMHHLAX MaccLi
cM. B §9.2.

Kaxk 6n10 ckasano soiwe (§ 4.4), macca BemecTBa, CO-
JlepKallasg CTONLKO KWJIOFPaMMOB WJIH TPaMMOB, CKOJBKO
eUHAIL B MOJIEKYJISADHOM Bece JAHHOrO BelleCTBa, Hasbl-
BaeTcsi KUJIOMOJb M COOTBETCTBEHHO MOJIb.

Mounexyarapuoui o06vem — o6beM, KOTOPbIH 3aHHMaer
OIMH KHJOMOJb MJAH MOJb BelllecTBa. Mosiekyasipubiil 06bem
NpH HOPMaJbHHIX ycaoBusix, T. e. npu 0°C u pasaeHnu
1 aTm, HA3BIBAETCS HOPMAJIBHBIM MOJEKYJISPHBHIM O6BEMOM.
Ou paBen 2242 M3 ana xunomons u 22,420 cm® (22,42 1)
IS MOJIS.

HQucao kuromoarell (usu moareid), coaeprKallnxca B AaH-
HOfl Macce BelleCTBa, MOXET OBITb ONPeNeeHO KK OTHO-
nieHHe 3TOMl MacChl K Macce OJHOTO KHJOMOJIA HAH MOJISL
Onpenensns nocjeHIO KaK KOMMYECTBO KHJIOIPaMMOB Ha
KHJOMOJIb HAH FPAMMOB Ha MOJb M 0603Hauast ee Tak Xe,
KakK MOJ]eKyJ]ﬂprIH BEC, MOXKeM onpe,aeﬂmb YHCAO KHJO-
MoJielt uJIH MoJelt u3 BhlpaXKkeHusd

zZ=—. (4.88)

Kosppduyuenror pacramenus u modyau npyeocru u
cdsuea. Ecnu TRepablii o6pasen MNoABEPrHYTb OJHOCTO-
pPOHHEMY pacTfAXKEHHIO HJH CXaTHio, OoH JAedopMupyercs
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(pacTaruBaercst WA CxKHMaeTcs), npuueM ero aedopmauns
ROAUMHAETCA B M3BECTHHIX lpegenax saxouy [yka

Al = a—’sﬁ. (4.89)

B aroii dopmyne Al — nedopmauusi, | — nepsonauanbHas
IAuHa, [ — Harpyska, s — IVIOLIaAb MONMEPEUHOro CeyeHud.
Kosddunuedr o Hocut Hazpawue Ko3bduuuenTta pacraxe-
Hua marepuana. Ou npeicrabiser coGofi Ty AedopMauuio,
KOTOpYio npuobperaer obpasen, UMEIOIHHA NAHHY, PaBHYIO
elHHHIle, ¥ TIOWAAb MOMNEepeYyHOro CeueHHd, PaBHYIO efiu-
uuue, npu Aedopmupyiowiell cuie, pasHoll eanuuue. Pas-
MepHOCTh KO3 dHIHeHTa pacTaKeHHs

[a] = LM™'T°, (4.90)

enununa ero nsMepenus B cucreme CHU — m?/n, B cucreme
CI'C — em?foun, B cucreme MKICC — m%/kec. O6biutio B
COTPOTHBACHHU MATEPHAJIOB MOJb3YIOTCH BeJUYHHON, 006~
patHoi

E=—, (4.91)

Q|-

KOTOpasi HOCUT Ha3BaHHe MOIYJAS YUPYrOCTH HAH MOIYJ/Ss
[Oura. Eaunnust Moavaa HOHra aBasitoTess 0OpPaTHRIMH 1M~
puam Kkosdbduunenta pactskenus: B cucteme CH — njnm?,
B cucreme CI'C — dun/cm?, B cucreme MKI'CC — kec/m2,
B rtexnuxke uwacto moiyib IOHra usmepsior B Kec/cm? u
keclum®. Mopyaw IOura npeacraBaser coboit Ty Harpysky,
KOTOpYI0 Heo0XoaHMo Oblio Obl DPUAOKHTE K oOpasuy ¢
N0 AaAbI0 NONEePeYHOro ceyents, paBioro 1 m2 1 cm? wau
1 mmM2, 15t TOTO UTOGH ero AJAWHA YBeJHUHNAAch BABOE (ecan
Obl MpH 3TOM Bce BpeMs coxpansancd 3akox ['yka u ofpa-
3el| He paspyuwiaJcs).

Ananoruuio KO3 HUHEHTY pPaCTSKeHHA M MOAYJIO
IOHra Moryt ObiTe onpegeneHsl Kodppuyuent u MoOyab
cdsueq. CooTHoweHHs MexAy eauHuuamu moayas IOura
HJAH MOLYJS CABHra Te e, UTO H MEXIY eIHHHUAMU 1aB-
JieHus.

Kosgppuyuenr scecroponneco cacarus. Ecnu - obpasen
TO1BEePraercs BCECTOPOHHEMY CXKATHIO MOA HEKOTODBIM
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IaBjAeHHeM p, TO 00beM ero ymelblnaercd Ha seasuuuy AV,
ornpesensieMyo Gopmynoi

AV =kpV, (4.92)

rae k-— ko3dduuuenT BcecTopoHuero cxartusg. OudeBuuio,
eJMHHIA H PasMepHOCTb KO3 (PHIlIEHTa BCECTOPOHHErO CXKa-
THA COBNAAAIOT C e€AHHHUEl H Pa3MepHOCTbIO KOs dHuuHeH-
Ta pacTsxkeHus. B orauune or mocjegHero moHsATiie Koad-
(pULHEHTA BCECTOPOHHETO CKATHA NPUMEHHMO HE TOJAbKO A5
TBEPABIX TeJ, HO W LJf KHAKOCTeH H rasos. B sTom ciy-
uae ero OGBIYHO Ha3bIBAIOT KO3(QGHUHEHTOM CHHMAEMOCTIL.
Ilnga rasoB, yuMTbIBast HX OTHOCHTE@/JbHO OO0/BHIYVIO CHH-
MaeMoCTb, KOIQQHUHENT CHKHMaeMOCTH ypoOHee 3anHcarb
B BHJE

1 dV
k= — Ve (4.93)
3HaK MHHYC NOKa3biBaeT, UTO YBEJHUEHHIO AaBJEHHS COOT-
BETCTBYET yYMeHblIeHHE oObema,

Teepdocrv. Conporusiiedue Test paspylieHuio uid of-
pasoBaHuio ocTaTouHoH jedopMauuy NPH BO3JEHCTBHH Ha
HX MOBepPXHOCTb JOCTATOYHO OOJAbLIHX Ae(pOpMHDPYIOIHX
CHJI XapaKTepH3yeTcs TBePAOCTbIO. TaK Kak npH pasinuHom
xapaRrepe BO3JeHCTBHA HA INOBEPXHOCTb Tesa OHO BEAET
cebd pasauyHeiM  00pa3oM, TPYAHO YKazarb MOCTATOYHO
OOBEKTHBHYI0 H OAHO3HAUHYIO XapaKTEPHCTUKY TBepaO-
cru. Tlpu paspyuienny TBepiAOro Tesa MOXHO MbITaThCst
OLICHHBaThb TBEPAOCTb PabGOTON paspylieHud, OTHeCEHHOH K
eHHHIIe MIOUIAAH BHOBb 06Pa30BaHHON MOBEPXHOCTH (yuH-
THIBasf, YTO NPH pa3pyLIeHHH NPOHCXOAHT YyBeJHUeHUE HO=
BepxHocTH Tena). Ilpn Takom onpepereHHH TBepAOCTb
JIOIXKHa H3MEPATBCH TEeMH e eIMHHUAMH, 4TO U Ko3ddu-
LUMEeHT HOBEPXHOCTHOTO HaTsXeHHA (CM. HIKe), ompene-
JsieMbIll 10 ¢BOGOHOM 3HepruH, NpuXoAsiUlelcs i1a eAnHHUILY
noepxHoctd. Cuaenyer, ofHaKO, OTMETHTh, 4TO HCTHHHas
pabora paspyllieHHS 3HAYHTEIbHO OoJgbllle  yBeJAHYEHHS
cBOGOAHON 3HEPIMH T[OBEPXHOCTH, TAK KakK [MOJABJISIOLLAs
yactb 3arpayuBaeMoii paboTul paccenBaercd B BHIE Tela.
CymecTBeHHO TaKXKe M TO, 4TO NPH PasaHuHbiX cnocobax
o6paboTky (hakTHUECKH 3aTpaunBaemas pabora MoxKeT ObiTh
BecbMa pa3nnyHofi. T103TOMY B TeXHHUYECKOi NPaKTHKE MOy~
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YHJIM PAclpoCTpaHeHHe PAas3jiM4Hbie YCJAOBHbLIE METOALI OLeH-
KU TBEpPAOCTH MarTepHaJsoB.

B muHepanoriu NpHMEHSIIOTCA WKaJabl TBEPIOCTH, B KO-
TOPBIX YHCJAMH B BoO3pacTaionleM Mnopsake oO603HAYEHbB
MarepuaJtbl, PacloJOXKeHHble TaKuM o06pa3oM, UTO KaxKIblH
nocAenyiolui cnocofed ocTaBAATb LapanHHy Ha Npeablay-
mweM. KpaliHHMH B 3TUX HiKaJaX ABJIAIOTCA TaJdbK H aaMas.
Pacnosoxenue MHHepaJoB B IIKajax TBepAocTH Moca u
Bpefitraynra nano B tTata. 49.

B TexHHKe NPUMEHSIOTCS METOJbl OmpejeseHuss TBEpAO-
CTH, OCHOBaHHBIE Ha W3MEPEHHU Pa3MepoB JYHOK, nojyiae-
MbIX NpPH BJaBAUBAHUK B IOBEPXHOCTb HCHBITYEMOro Marte-
pHa/ia CTa/JlbHBIX IIAPHKOB, aJMa3HbIX KOHYCOB WJH HpPH3M
(TBeprocte mo DBpunennmio, nmo Poxsenny, no Buxkepcy).
CoOoTBeTCTBEHHO AJISl WJJIIOCTPALlUM TIPHBELEM MeToj] ompe-
JieJIeHusi TBepPJIOCTH no BpuHennio, B XOTOPOM onpejgeneHue
TBEPAOCTH INPOU3BOAUTCH  BJaBiAUBaHHEM  3aKaJeHHOTO
CTaJbHOTO 1NAPHKA B NOBEPXHOCTh HCIBITYEMOro Tesa NoJ
peficTBHeM onpejesieHHol Harpysku. [1pu 3toM usaMepsiercs
nuamerp ob6pasosanuoi ayaku d. Ecan nuamerp wapuka D,
a Harpyska P, To Mepoll TBEPLOCTH CJYKUT BequuuHa g,
onpenensemasn GopMysoh

2P
o= o vo=a)

(4.94)

npuuem P usmepserca B kec, D u d — B mm. CoorsercrBeH-
Ho Hp nsmepsiercs B xac/m2.

¥dapnas saskocre. Hapsiny ¢ TBepPAOCTBIO CONPOTHB-
JeHHe MaTepHata Da3pyUIEHHI0 XapaKTePH3YyeTcda yAapHo#
BA3KOCTBIO, KOTOpast H3MmepsieTcsi paboTol, pacxomyemoft
AJsl yRapHoro W3noMa ofpasna, OTHECeHHOH K eJHHHuUe
oA €ro MOMEPeyHOro ceueHuss B Mecte uanoma. Enu-
HHUIbI YAapHOH BSI3KOCTH

Oxc/m?,  spefcm®,  kec . mim?,
COOTHOIEHHS MeXAY HHMH
1 Ooc/m®=10% apefem?, 1 kec . m/m*=9,8 duc/m.

Baskocte (koagpuyuent enyrpennezo Tpenus). Ecnu
B XHAKOCTH H/JIM rase TPOMCXOJHT JlaMHHAapHoe (cTpyHua-
TOEe) TeueHUe OTAENbHBIX CJI0EB JAPYr OTHOCHUTENBHO ApYra,
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TO MEXIYy C10fMH BO3HHKA€T CHJa, HamnpaBjieHdasn Kaca-
TeJbHO K MOBEPXHOCTH 3THX cjoeB. Hannune Bsi3KoCTH NpH-
BOJUT TaKXKe€ K BO3HUKHOBEHHIO CHJBI, JAEHCTBYIOIiEH Ha
KaXkKJoe TeJo, JBHXKYLleecsd B XKHAKOCTH WJIH Tase WJIH Xe
o6TeKaeMoe NMOTOKOM KHJIKOCTH WJH rasa. Jra cuja, Ha-
sbiBaeMasi CHJIOH BHYTPEHHEro TpeHHd, Bblpaykaercst ¢op-
MYJIOR *)

f=—nZs, (4.95)

rae du/dl — rpafiHeHT CKOpOCTH, §-— MJOWajib, Ha KOTQ+
pyio ne#crsyer cuaa f, p — Baskoctb. M3 dopmyasr (4.95)
SIBCTBYET KaK ONpefe/eHHe, TaK W PasMepHOCTb eIHHHILI
BsiskocTd. [locnefHsig H3MepsieTCs CHJIOH, KOTOPYIO HCHBIe
THIBACT €IMHHIA TIOBEPXHOCTH OJHOTO H3 B3aHMOJEHCTBYIO=
IIUX C/10€B CO CTOPOHEI APYrOro CJOS, eClH PAacCTOSTHUE Me-
KAY CJIOSMH PaBHO €IHHHWIIE NJHHBI ¥ CJAOH JBHXKYTCH IApPYyr
OTHOCHTEJIbHO JDYra CO CKOPOCTbIO, PaBHON eIUHHLE CKOs
poctu. PasmepHOCTh BSIBKOCTH

w]=L"'MT"", (4.96)

B cucreme CH eauHuna BA3KOCTH He uMmeer ocoboro
HauMeHoBaHusl M obo3Havaerca H - cex/m2. B cucreme CI'C
enuHHUa BS3KOCTH HasblBaeTcs nyas (n3) W onpenensercs
KaK BSI3KOCTb TAKOH KHIKOCTH, B KOTODOH NIPHU rpajueHTe
ckopocTH 1 emfcex Ha ¢m Ha KaXAblil KBaApaTHHIA CaHTH-
METD TEeKYyUEero ¢Jos AefCTBYET CHJia TPEeHus, paBHad Of-
Ho#t nune. M3 dopmyssl pasmMepHOCTH BA3KOCTH HAH ee 0060-
sHauenus B cucreme CH MOXKHO A€rkO NOJAYYUTH, YTO

1 #.cex/m®=10 ns.

TouHO Tak Ke MOMKHO MOKa3aTh, YTO TEXHHUECKAs elHHHUIA
easkoctH  (kec/m?) B cucreme MKICC cocrasnser
9,81 # - cex/m? uan 98,1 na.

Baskocte Boan mpu 20,5°C [OBOJBHO TOYHO paBHa
0,01 n3, 1. e. 1 cantunyas (cn3). [Ipn nouuxeuun temmes
paTyphl BASKOCTb JKHJKOCTH pacTeT. B uacTHOCTH, BA3KOCTD

*) 3uak MHNYC MOKa3BIBAaeT, YTO CHJIA HANPaB/ieHa HABCTPeuY CAOI0,
JABHXKYlLleMycs ¢ Gospineli CKopocTbIO.
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Boabl npu 0°C cocrasaser 1,79 cn3. Oruolienne BSI3KOCTH
XHAKOCTH K BSI3KOCTH BOJABI IpPH TOH JKe Temmeparype Ha-
3BIBACTCH OTHOCHTEIbHOH BsizkocThbio. OTHOLIEHHE BA3KOCTH
HUAKOCTH K BfA3KocTH BoAb npu 0°C HasplBaeTcst yae/b-
HOfl BA3KOCTBIO. PasyMmeercs, Kaxk OTHOCHTeNbHAs, TaK H
yAeJabHash BA3KOCTH Pa3MepPHOCTH He HMEIOT.

Ins npakruyeckoro onpenesieHHs BASKOCTH MPeJNo-
KeHo 00JblIoe YHCJI0 PasHOOO6pas3HBEX mpHOOPOB, HOCAILHX
ofililee Ha3BaHHe BHCKO3HMeTpoB. Hexoropele M3 HHX HO-
3BOJIAIOT ONPEAe/ATh BA3KOCTb B JI000I H3 TpHBEEHHBIX
Boitie eguHuu. OAHaKo Hapsaay ¢ HUMHA NPUMEHSIOTCA H Bi-
CKO3HUMEeTpPbl, KOTOPble A4l0T 3HauyeHHe BA3KOCTH B YCJOB-
Hbix eaunuuax. Cpean tagux Buckosumerpoe B CCCP no-
Jy4uJ pacrpocTpanende (B OCOOGEHHOCTH /ISt H3MEpPEHUS
BA3KOCTH HedTENpOLYKTOB) BHCKO3IIMeTp JHIVIepa, B KO-
TOPOM HENOCPEACTBEHHO H3MepsAeTcs BPeMs BBHITEKAHHA
200 ¢ xUAKOCTH. DTO BPEMA CJAYKHT Mepoit BA3KOCTH B TaK
Ha3piBaeMbix cekyroax Iuesepa. OTHOIIEHHE 3TOTO Bpe-
MeHH KO BpeMCHH BbITeKaHHA TOro e 06beMa BOAB Npu
temneparvpe +20°C onpepensieT BASKOCTb XHIKOCTH B
Zpadycax Iueaepa (CE). OrHowenne MeXTY Trpagycamu
3uraepa 1 nyasamy paercss npubsaikedunoil Gopmysioi

= (0,0731 °E ~ 2 ) 0. (4.97)

3aech pu—— BA3KOCTh B fiyasax, °E — BA3KOCTH B rpagycax
dursepa, p — MIOTHOCTb XKHAKOCTH B 2fcm3.

- Texyuecro. Bennuuna, o6parTHast BS3KOCTH, Ha3biBaeTcs
TeKy4ecThbIO:

(4.98)

=1
Q=1

pa3MepHOCTb TeKleGCTlI
[¢]=LM™'T. (4.99)

Enuunua tekyuectu B cucreMe CH usmepsiercst B M%/H - cex,
B cucremax CI'C rtexkyuectp H3MepsieTcsi B 0OOPaTHBIX
nyasax. Huoraa sTa exunuua HaspiBaeTcst H o0603Hauaer-
csl pe. v
Kunemaruueckan ss3kocrs. Kpome paszobpaHHO#l Bhilue
BRI3KOCTH, KOTOPYIO YACTO HA3LIBAIOT AUHAMHYECKOH BfA3KO-
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CTbi0, B THAPOAHHAMHKE WHPOKO NOJALB3YIOTCA "KHHEMATH-~
uyecKoi BA3KOCTHIO, KOTOpas olnpenesasercs Kak OTHOLueHue
JUUHAMHYECKON BA3SKOCTH K MJAOTHOCTH XKHAKOCTH

M
v=t (4.100)

pa3M€pHOCTb KHHEMATHYECKO# BA3SKOCTH
2 —
[vl=LT"" (4.101)

coBmajaer ¢ pasMepHOCTbIO Koddduuuenta AHGOy3un
(cM. HUXe). B COOTBETCTBHY C Pa3MepHOCTbIO elUdHUIA BRA3-
koctu B ccreme CH oGosnauaerca a%/cex. Takosa ke emu-
uyuia BsAskoctu H B cucreMe MKI'CC. Eaunnna BsiskocT#
B cucreme CI'C cm?/cex, pasuas 10~' m%/cex, uasmBaercs
croke (cr).

Koaghhuyuenr nosepxHoCTHO20 HATANEHUS KHAKOCTH
ONpeaeInercs CHIAOH, KOTOPVI0O HCNBLITHIBAET Ka){aas elu-
HHUA JAauubl rpaHuibl Kuako# miaenku. Kosdduauenr no-
BePXHOCTHOTO HATAKEHHS MOXHO TaKKe ONpemeNuTbh Kax
cBOGOMHYIO 3HEPruio *) eIHHUIBI ITOBEPXHOCTH MKILAKOM
nienky. K3 ofonx aTux onpefenenuil soiTexaer Qopmydaa
pa3MepHoctH Koa(gHUHEHTa NOBEPXHOCTHIOrO HATSKEHNs

-2

Exnnuna ko3ddnuuenTa NnOBEPXHOCTHOrO HATHKeHHA oOlpe-
neaserTcs Kak Ko3(Q@UUUEeHT MOBEePXHOCTHOTO HATSMKEHHS
TaKOl KUAKOH INICHKH, Kaxjas eJHHHUa NJHHBL FPaHHLbl
KOTOpO#! HCNbITBIBACT CHJY, DaBHYIO eJuUHHLIe, HJIH Ke
Ka)Kasi e1HHHLUA TOBEPXHOCTH KoTopofi of.axaer cBoboa-
HOHl 3Hepryell, paBHO! eANHHUIE.

Onpenenedde xo3(huiuentTa NOBEePXHOCTHOrO HaTsAkKe-
HHA H €ro CAHHMIBI Kak CBOOGOAHON IHEPruy eJUHHLBI 10-
BEPXHOCTH TO3BOJSET pPacOpOCTPAHHUTh IOHATHE Ko3(hdu-
[UeNTa TOBEPXHOCTHOIO HATSKEHHST M Ha TBEpAOe TeJo,
NOCKOABKY MOJCKYJAb, HAXOASILMECT B IOBCPXHOCTHOM

*) CpoGoanas sueprus npHOMIKEHHO ompeieilsdercd Kak Ta 4acTb
SHEPTHH CHCTeMB, ‘KOTOpas MOXeT ObiTh npeBpatiena B pagory. bBoaee
CTPOroe onpegeneste 4aeTCa B Kypce TepMOAHHAMUKH,



122 FEOMETPUUECKHE W MEXAHHUECKUE EJIMHULBI [rJa. 4

caoe Tena, 06JaNalOT NOBLINIEHHOH NOTEHUHaJbHOH 3Hep-
raeft 0O CpaBHEHHIO € MOJEKyJaMH, HaXOASUIUMHCA BHYIpH
TeJa.

Enunupa ko3¢ uuHenTa NOBEPXHOCTHOIO HATSMEHUS B
cucreMe CH wfm uwnu Owm/m?, B cucreMe CI'C dunfcm
wiau apefem® u B cucreme MKICC kec/m wuam kec- mfs2.
B rTa6nuunax wuHorzma ¢urypupyer koadduuuesT nosepx-
HOCTHOrO HAaTsIKEHMS, BBIPAXKEHHbIH B MWJIJAHTpaMM-CHAax
Ha MuaanMerp (mec/ma). Jierko cocunratb, 410 1 mec/mm=
= 9,81 durn/cm.

Pasmeprocts «uwacruya». B monekyasipHOl M aTOMHOI
thusnKe, HaPAAY € MaKPOCKONHYECKUMHU BeJIHUYHHAMH (IJIOT-
HOCTb, BASKOCTb W T. N.), MPHXOAUTCA HMETh Ael0 C Bevsii-
YMHAMU, XapaKTePU3YIOUIUMH CBOHCTBa OTHENBHBIX ud-
CTHIl — MOJIEKYJ, aTOMOB, 2JIEKTPOHOB, HOHOB M T. 1. Takne
BeJUUHHDBl, KaK SHEPrdsi MOJEKyJ, Macca aroMa, 3apst
3/eKTPOHA, [OJKHBl BHPaXaTbCst EJHHHI[AMH 3HEpruu,
Macchl, KOJUYeCTBa  2JEKTDHUECTBA, OTHECEHHBIMH «Ha
IHNTYKY», T. € Ha OTACJIBHYIO YacTHIy. XOTS pasMepHOCTh
«yacTHua» oOLIYHO He BBOJAMTCS B ODO3HAUEHUS COOTBET-
CTBYIOUMX €AHHHH, HO B CKPBITOM BUJE OHa MPUCYTCTBYET
B u3MepeHuu psga BeqauunH, OueBUJHO, NEPBOH TakoH Be-
JUYHHON SBJAETCS MPOCTO 06llee YHCJAO YACTHIL B HEKOTO-
poM oObeMe MM HeKOTOpPOH Mmacce,

Kornyenrpayus. OtHecs 4HC/IO YacTHI K eIHHHUE 00BE-
Ma, Mbl IIONYYUM BEJHYHHY, HOCAILYIO Ha3BaHue KO H Il € H-
Tpauuu PasMepHOCTh KOHLEHTpaluy

[n]=L"" (4.103)

ee euHHNb M~ ¥ cu~3. Beoxs ynomanyTyio Bbillle pasmep-
HOCTb «YaCTHIA», MOXHO 3alHCaTb

1 wacruya/s® = 107° ttacmt;a/cms.

B XUMHM KOHLIEHTpauHIO H3MepsIOT He UYHCJIOM HacTHIL,
a YHCJOM KWioMoJsiell uau MoJsiell HAa enuHHny o6bweMma. 3nas
KOHIIEHTPALUI0 B KHJIOMOJSX Ha KyGuueckui Merp WM B
MOJIIX Ha KyOuueckuil CaHTHMETP, MOXXHO ONpeleauTb Kou-
LEHTPAHHIO YaCTHI, €CJAH INOMHOXHTb 3TH KOHLEHTpPalK4
Ha YHCJI0 ABOraapo, BhIpakKeHHOE B TIEPBOM c/yuae YHCJIOM
YacTHIl Ha KHJIOMOJb, a BO BTOPOM — YHCJOM 4YacTHL Ha
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mosib, [lpu aTom uallle Bcero H3MEpHIOT KOHLEHTPALHIO B
Monsx Ha Jaurp. KoHueHrpamusa 1 mo.as/a HasbiBaercs
HOpPpMaJAbHOH KOHIeHTpPaUuueH.

Kosppuyuenr Ougpgpysuu. Tipn HepaBHOMEpPHOH mJIOT=
HOCTH HJIHM KOHUEHTPAUHH >XHUAKOCTb, Ta3 HJH DPacTBOPEH«
Hoe BellecTBo GyayT nugdyHANPOBATE B HaNpaBJEHHH, IPO-
THBOMOJIOXKHOM TPafMEHTY IVIOTHOCTH WJIH KOHUEHTpAallUH,
npudeM KOJHUECTBO BeltectBa Am, nuddyHaupyoollee 3a
Bpemsa Af, onpeaenserca popmysoh

Am =~ D40 s AL, (4.104)

3aecy dp/d! — rpaaueHT MJAOTHOCTH, §— MOBEPXHOCTh, Ye-
pe3 KoTopyio npoHcxofuT Auddysus, D — xosdpduuuent

audbysnm.
To :xe ypaBHeHHe MOXKHO HamHcaTb H B BHJE

AN =~ D2 sAt, (4.105)

rie AN —upcno  npoAudPyHAHPOBAHHBIX  MOJEKY.a, &
dn/dl — rpanueHT KOHUEHTPaLHH.

O6e ¢opMyanl HAEHTHUHBE, TaK KaK NEPBYI0 U3 HHX
MOXKHO MOJYYHTb W3 BTOPOH YMHO:XKeHHeM o0eHX yacTell Ha
maccy MoJexyanl. Kaxkpasd u3 3THX (GOpPMYJ MOMKeET Cay<
XKUTb 1M onpefeneHus kodpouuuenta aucdpdysuu. O us-
MepseTcs MacCOH MM YHCIOM MOJEKYJ, KOTopoe mpoaud-
(byHaupyeT B €IMHHIY BpeMeHH yepe3 IVIOMIAJKY, PaBHYIO
efMHULIe NpH TrpajHeHTe IJIOTHOCTH HJH KOHUEHTpaIlUH,
paBHoM enuHuue. JlioGas us dopmya (4.104) u (4.105)
JaeT ORHMHAKOBYIO pasMepHOCTb KO3(oduuuenta Aupdysuu

_ [ _ yep
D] = i = L'T (4.106)

UJIH XKe

S 02 1 U S
[D]l= Tn_]—[s—][—t]——' LT, (4.107)

yro, KaK Mbl YKasblBaJH, COBIajaeT ¢ KHHEMATHUYECKOH
Bsiskoctbio. B cucremax CHM u MKI'CC eaunuue#t kosd-
dunuenta puddysuu ssagerca m2/cex, B cucreme CI'C —
cmécex,
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DPynkyuu pacnpedeienus. CraTHCTHYECKHH XapakTtep
MOJIEKYJAAPHBIX TIPOLECCOB TPOABJAAETCH B TOM, YTO BEJH-
YHHBL, XapaKkTepu3ylollllie [OBeJeHHe MOJAeKYJ W JAPYTHX
ATOMHBIX YaCTHIl, He SIBJASIOTCS OAMHAKOBBLIMIH M1 BCeX
YaCTHI, BXOAALLUX B JaHHYIO CHCTeMY, a HMeT caMmble
pa3MuHbie 3HauYeHHs, paciipefejennbie MO onpedeleliHOMY
3akoHy. B kauectBe mpumepa Ha pHc. 13 mokasano Makc-
BEJJIOBCKOE pachpeje’enHde MOJeKya [0 cKopocTaM. 3a-
WTPHXOBAHHASA TJIOIAAKa TOX KPHBOH MeMKIY 3HAYCHHAMH
CKOPOCTH MOJIEKYJ Uy H Us NIPeAcTaBafeT coboil uieao mole-
Kya, CI\OpOCTH KOTOPbIX OOJblIe YeM U; U MEHblIe YeM Ug.

B maJom HHTepBaJge Mex1y CKo-
ftv) poOCTAMH U U U -+ (U 3aKJII0UEHO
YHCJA0 MOJEKYJ

dN = F (v)dv, (4.108)

rae F(v), apasowasicss opanHa-
TOH KpPHBOH, Ha3sbBaeTcad QyHK-
Huel pacnpefeseHuss MOJEKY 110
ckopoctaM. CoraacHo omnpeje.e-
v HHIO

Puc. 13. F(v)= —(—r\o . (4.109)

PasmepuocTs (yHKUHM pacnpejefieHuss 1Mo CKOPOCTAM
[F (v)] = (vact.) L7'T. (4.110)

ITonoGHo dyikunyu pacnpeneneHust o CKOPOCTAM MO-
TyT ObiThb ONpedeneHbl QPYHKUHH paclpeneeHHs No Jaw060i
APYrOH CTAaTHCTHYECKOH XapaKTePHCTHKE — 3HEPTHH, AJHHE
cgobopHoro npodera H T. 1.

Jlerko BHAeTh, UTO BCe 3TH (PYHKLUHH pacnpeleseHHs
HMEKT Pa3MepHOCTb, NpeiCTaBAfdOWYI0 c060il OTHOLIEHHE
pPa3MepHOCTH «UacCTHIa» K pa3MePHOCTH TOR BeJHYMHEI, pac-
npejesicHe MO KOTOPOil XxapaKTepuayercs [LaHHOH (yHK-
uel.

B psze cayuaeB (QYHKHHIO pacnpeleicHHs OTHOCHT K
obieMy uucny uvactiu, OnpepenedHan TakuM 00pasoM
(yHKUHS pacnpeneseHusi Ha3bIBaeTC «HOPMHPOBaHHOMN
Ha epunnny». OG6o3Hauasgs HOPMHPOBAHHYIO Ha eZHHHILY
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GYHUKUHIO pacnpelejeHHsT 10 . ckopocTam f(v), MOXKuO
HANKCATH

f(v)—w (v), (4.111)

rae N — obiee uncao yacruu. OuesHiHoO,
[ Hwydo=1. (4.112)
0

Jlerko BuJeTb, YTO Pa3MEPHOCTb HOPMHPOBAHHOH dyuk-
Ui pacnpejiesieHHs npocTo o6patHa pasMepHOCTH TOH Be-
JHUHHBL, pacnpejeneHde 0O KOTOPOil onpenensiercd AaHHON
q)ym«:uueﬁ.



I''masa 5

Tenjaosbie e AMHUIIbI

§ 5.1. Temneparypa

OcHOBHOH BenMHYHHON B YUeHHH O TeIJOTe SiBJsETCS
TeMilepatypa. IloHsiTHe TeMmmepaTypel M3BECTHO Ka)XKAOMY
yeJOBeKY € AeTcTBa. DoJee Toro, oHo «3HaAKOMO» BCAKOMY
JKUBOMY CYLIECTBY M HaKe KaXXAOMy pacteHuio. Hecmorpst
Ha 3TO, a, BIpOYeM, MOXKeT OblThb HMEHHO NO3TOMY, AAaTh
onpefeseHle TEMOEpaTypbl 0Ka3blBAETCS BeCbMa CJOKHBIM.
B snemeHTapHbiX yyeOHHKax TeMmmeparTypa HHOTZa ornpefe-
JISeTC KaK «CTeNeHb HAarpPeTOCTH Tesa», MHOTa Kak <IpH-
UMHA OILLYIMEHHS Temjaa H XOJ0Aa». DTH OnpejlescHus npi
H3BECTHOH HAaIrASRHOCTH He [JaloT, pa3yMeercs, KoJHye-
CTBEHHOH XapaKTepHCTHKM teMmepatypbl. Takomy Tpe6GoBa-
HHIO MOTYT Y/JAOBJETBODHTb CTDOTHE OIDEIENEeHHst, CBSI3bI<
BAIOLLHE TeMNepaTypy C JPYFMMH TepMOAMHAaMHUYECKHMH
¢dyukuusimd. OHAKO OHH CTPAfalOT APYIrHM HENO0CTATKOM:
OHH MeHee HarfgAHBl H TpeOyIOT NpelBapHTENBLHOTO 3HA-
KoMCTBa € GoJiee CIOKHBIMH H aOCTPAKTHBIMU TIOHATHAMIL,
[TosToMYy B CBfI3H C 3ajaYaMH HacCTOfliled KHUTH Mbl MOCTY-
UM CJefYiolUM ob6pa3oM: GyJeM CuuTaTh MOHSTHE TEMIiE-
paTypbl KauecTBeHHO 3HAKOMBIM YHTAaTeNI0 H NMOCT2BHM BO-
npoc o crocobe uax cmnocobax H3MepeHUs TEeMOepaTtyphl.
He npuxoauTcst [OKa3blBaTh, UTO KaXKJAOMY 3HAKOMBI MOHS-
THS «XOJCAHOE», TEMI0e», «ropsyee», 3HAKOMbl H CHOCOOLI
H3MEpeHHs TEMIepaTypbl OOLIYHBIM JKHAKOCTHBIM TEPMO-
METPOM.

Jlerko, ofHaKo, BUAETDb, YTO NPH ITHX H3MEPEHHHAX HeJb~
351 IIOCTABUTh BONPOC O TOM, BO CKOJIbKO pa3 ojHa Temine-
parypa Ooubllie UM MeHpuie Apyrofi. Beiap mo npuusTol
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B OOBIYHOM JKH3HH CTOTPajyCHOH IIKaje Mbl HMeeM M I0JO-
HKUTENbHBIE M OTPHIlATE/bHBEIE TeMIIEPATYPBl, TaK 4TO OTHO<
IIEHHe ABYX TeMIepaTyp MoxeT ObiThb W I10JOXKHTENbHBIM,
M OTPHIATEJNbHbIM, H Jaxe PaBHBIM OeCKOHEYHOCTH.

JloBOIbHO HWIHPOKO H3BecTHa BBeleHHas Y. KeabBHHOM
«abconOoTHAs LiKana TeMmmepatyp» (o6o3Hauaemas °K), B
KOTOPOH BCe€ TeMIepaTyphl MOJIOKHTENbHB, H TpPHBEJCHHOE
comHeHHe KaK 6ynro ornafaer. TeM He MeHee OCTaeTcs BO-
npoc 0 TOM, B KaKOH Mepe Temmeparypa, usmepeHuad no a6-
COJIIOTHOM IlKaJje, SIBJISeTcs IeHCTBHTENbHO «abCOJMIOTHOHY
H KaKOB KPHTepHH TOro, uto mpu stoM 600° K BaBoe 60.b-
ute, vem 300° K, uau uto unrepsaa or 1000°K no 1500° K
B nATh pa3 Goabiue, yeMm uHTEpBad oT 400°K mo 500° K.
Jdeno B ToM, 4TO XOTH Mbl 06/ajaeM CHOCOBHOCTBID BOC-
NpHHHEMATh TeMnepatypy (TepMHueckoe QcA3aHMe) H- Kaue-
CTBEHHO CPaBHHBaTh TeMMOepaTypH B AOCTYNMHOH HaM obaa-
CTH, MBI He pachnojaraeM HHKaKUMH MeTOAaMH TNPSIMOro
usMepeHusi Temmeparypsl. J[Jas Toro e, uroObi HMeTb
KOCBEHHBIH MeTOX, HaM HeoOXOAHMMO CBfi3aTh TeMIepary-
py ¢ APYIHMH BeJHYHHAMH, H3MepeHHe KOTOPBIX HaM HO-
CTYITHO,

[Ipexxne Bcero 3jech caeayer o6PaTHTLCS K TaKUM
CBOMCTBAM OKDPY¥KAIOLHX Hac Tes, KOTOpHEe N0 HalluM Ha-
OJI0)IeHHSIM  H3MEHSIIOTCA ¢  M3MeHeHHeM TeMmepaTypbl.
EctecTBeHHO NPH 3TOM HCNOJAB30BATh pacliypeHye Ter NPH
HarpeBaHnd. Tak pPOAMINCH TEpMOMETPbI, H3MepAOIHe
TeMIepaTypy mo uaMeHeHulo o6bema KuIKocTu. IIpu Gouze
TIaTeJbHOM HCCIEJOBAHHH 0Ka3ajoch, YTO B 3TOM crnocole
CKpBIBaJlaCh CYIUHECTBEHHAs HEOJHO3HAYHOCTb, KOTOPYIO
MOX@HO HaIVIALHO NpoOHJJIOCcTpHpoBaTh. IIpencraBuMm cebe,
UTO M3TOTOBJAEHO HECKOJIbKO TEPMOMETPOB, 3aNOJHEHHbIX
pasHbiMH XKuAxocTsAMH. OTMETHM Ha HHX OJHHAKOBbIE
«ONMOpPHBIE TOYKH», HallpUMep TeMOepaTyphl MJaB/jeHHs Ka-
Kux-au60 NBYX BeillecTB. Paspenum ma Bcex TepMoMerpax
[IKaay MexAy 3THMH TOUKaMH Ha OJHHAKOBOe UHCAO paB-
HOOTCTOAUMX uacTedl. Ecau remepsr Bce TepMoMeTpHl moMe-
CTHTb B cpely, 0GJajaiolyio KaKOH-TO NPOMEeXYTOYHOH
TEeMMepaTypol, TO, KaK 5TO NOKaXKeT ONMT, NI0KasaHHug pas-
HBIX TEPMOMETPOB GYAYT pasanyHbiMH. OCO6EHHO KypbesHo
Benn Gbt ceGsi MpPH STOM TEPMOMETP, KOTOPHIA Mbi PELIHJIH
6 3anosHuTh BojoM, Ilpd TeMmepaType HeCKOAbKO Goiee
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BLICOKOH, 4eM TOYKa MAaBJIeHHR JbAa, €ro CTOJAOHK CTORJ
6Bl He Bbillle, 4 HHXKE 3TOI TOUKH.

Takum 00pa3oM, pasHblil 3aKOH H3MeHeHHst o0beMa pas-
HBIX JKHAKOCTeHl (BIIOTb A0 H3MEHEHHS 3HaKa 3aKOHA) Kak
6yATO JnlIaeT Hac BO3MOMKHOCTH AaTh OJAHO3HAUHbBIA CHO-
co6 u3MepeHusi TeMmnepatypni. [losowenue CyLIECTBEHHO

. yJayuinuaoch, Korja [eii-Jhioe-
pv cakoM 6bi10 0BHAPYIKEHO, UTO

rasul Opd OBbILIEHUH TeMmme-

paTypsl pacLIHPSIOTCS NPAKTH-

yeCcKd OJUHAKOBO. Bwecre ¢

4 ONBITHHM 3akoHoMm boiftis—

4 MapuorTa 23TOT TaKiKe ONLIT-

S HbIl 3aKOH OJIHMHAKOBOTO pac-

t* mupennsi rasoB (3axkon [eit-

Jlioccaxka) Mengeneesy u Kaa-

Puc. 14, neilpoHy yaaJjoch OGbEIHHUTD

B o0muil 3aKoH, BhIpa)aio-

IMUA 3aBHCHMOCTb 00be&Ma rasa OT JaBJEHUA H TeMmepa-

Typol. Ilpuuss, ytTo 00bEM raza Opu MOCTOSTHHOM AaBJEHHH,

nan, Gosee obuio, mpousBefeHne o6beMa JTaHHON Macchl

rasa Ha ero japJjeHue, ABIfETCA JUHEHHON XapaKTEPHCTH-

KON TemmepaTypbl, MOXKHO ObO 00BEAMHEHHLI 3aKoi
NpeICTaBuTL B CAEAYIOUIEM Bije:

pV =C(1+at), (5.1)

rie p — aasjeHde rasa, V — ero o6weM, { — teMneparypa,
OTCUHTHIBaemMast OT JA10060H HauanbHON TOYKH, o — MOCTOAH-
HBIH KO3 gHUHEHT, 3aBHCHIIUA OT BBIGOpA HavajbHON TeM-
nepatypHoil TOUKH ¥ Macmitaba H3MepeHHs TeMIeparyphl,
C — Kosdduuient, 3aBUCSIIMH OT Macchl JTaHHOTO rasa,
eiHHUI n3MepeHus p u V U or maciitaba u3MepeHnus TeMm-
nepatypel. I'paduueckn (5.1) wmomer ObITh H306paxeHa
npaMoil auuueli (puc. 14), mepecexalouiefi 0oChb OpAHHAT.
[lpencraBusoce uenecoo6pasHbIM 3KCTPanoJIHpPOBaTh Mps-
MYI0 0 nepeceueHHsi ¢ Ocblo abcuucc # BuIGpaTh TOUKY ne-
peceueHust 3a HayaJao OTCHeTa Temnepartyp. Takum obpasom
n ObLTO BBeleHO NoHATHE 06 «aBCOJIOTHON TeMmmepartype».
Yro kacaercsi MaciiTaba U3MepeHusl 3TOH TeMNepaTyps, TO
OH, pasymeeTcs, Mor GbITb BIOJHE TIPOH3BOJBHBIM. Ero Bhi-
6panayn TakuM,; uTOGH HHTEPBAJ MEXIY TOUKOH TasHHS AbAa
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N KHOEeHWeM BOAL Obl1 pasjencd Ha 100 vacrelt — rpany-
coB. IIpu Takom Maciitale. TOUKA IepeceueHHst MPAMOH ¢
ocblo abcuuce Ha puc. 14 okaspiBaerca oTcrosilleit nmpumep-
HO Ha 273 rpajyca. drta TOUKa, KaK H3BECTHO, Gblia Ha3Ba-
Ha «aGcosiotHeIM HyseMm». CooTBeTCTBEHHO Oblia mpeobpa-
3oBaHa ¢opmyna (5.1), koTopast npuHsiia BU

rae T — abconoTHas TeMneparypa, m — macca rasa, M —
Macca KUJIOMOJS WJIH MoJisl, R — Taxk HasnBaemasi yHHBep-
caibHast ra3oBasi NOCTOAHHAS, YHCACHHOE 3HaYeHme KOTo-
poil 3aBUCHT OT BbIOOpa €AHHHIIL BEJHYKH, BXOAAMUX B dop-
myay. B rakoit ¢opme Hapsiny ¢ 3akoHamu bBofina—Mapuor-
ta u lefi-Jlioccaka ypasHenue (5.2) BrJIOUAET U 3aKOH
ABoranpo. D10 ypaBHeHHe, 10 CYILIeCTBY, MOMKHO TPakTO-
BaTb KaK OfipefesieHHe TeMnepaTyphl B Ka4ecTBE BesJIMUHHDL,
RPOTNOPUMOHANLHON NPOU3BEJeHHI0 XaBJeHHs Ha 06BbeM 01~
HOTO MOJIsl Tasa.

YpaBuenne (5.2) nosposseT NPOH3BOANTH H3MepeHHe
KOHIIEHTPAUHH rasa Tak HA3BIBAEMbIM «MPHBEAEHHBIM RaB-
aenneM», Ecan ypaBhenue nepenucatb B BiljJe

m . L
MV T RT? (5.22)

TO CTOflliee B JIeBOH 4acCTH Bhipaxkenue Gyaer MMeTb CMBICI
YHCAa MoJeli WAl KHJaoMmosel B eanHHLe ob6nema, T. €. MO=
agpHoll xouunentpaunyu. OueBnjpHO, TaKast Ke KOHIEHTpa-
nua 6yner u B TOM cayuae, ecan npu TeMiepatype Tg =
= 273° K nasneuune rasa 6YyIeT paBHO

po="4To. (5.26)

JlaBnenne p, HasbiBaeTcsi NpHBeZEHHBIM AaBJeHHEM H
OHO OJIHO3HAauUHO ONpejessieT MOJASPHYIO KOHUIEHTPaLHIOo, a
cle0BATENEHO, H KOHUEHTPALHIO MOJEKYyJ rasa, HaXoAs-
erocs npu AaBaeHun p u temnepatrype I. CooTBeTcTBYIO-
11a8 CBfi3b MOXeT OBbITh JIEFKO HalijeHa, €CJH.YyuecThb, 4TO
1 KmMoab Taza npu HOPMaJbHBIX YCIOBHSX 3aHHMaeT o6beM
22,42 »3, Taxkum o6pasoM, NpH NPHBEIEHHOM JILaBJIEHHH,
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paBHOM OfHOMN aTMocdepe, Mo#pHas KOHUEHTpallus rasa
paBra 0,044616 kmoso/m3,

YuuTHIBasg, YTO B OZHOM KHJIOMOJE COJEpKUTCA
6,023 - 10%6 momeryn, Haitaem, wro NpH Takoi KOHUIEHTpa<
nuu cogepxutcs 2,687 « 102 mosexya/m®, Suauenus moasp-
HOH KOHHEHTpalii¥ H KOHIeHTPalHH MOJEKYJ NIpH [pube-
JeHHOM. HaBJeHHH, BEIPAXKEHHOM B pa3JHYHBIX eIHHHIAX,
npusefeHb! B Ta6j. 18,

PasBuTHe KHHETHUECKON TeopHH HJAeaJbHBIX ra3oB TO-
3BOJIHJIO. BHIBECTH. ypaBHeHue: (5.2) npu psje ynpollaoukx
ROTIYUIGHHA. H UPH NPELNOJOMKEHHH, UTO AGCOMIOTHAS. TeM-
neparypa HPoNOPLUUOHAJLHA CpejHel KHHEeTHYLCKOH 3Hep~
MW AOCTYNATeNbHOLO ABHXKEHHS: MOJEKYA. ITa 3aBHCH-
MOCTb MOXeT OBITh BhpaxkeHa dopmynoft Dosbumana.

B m;” ~=KT, (8.3)

rae K — ynuBepcanpHasi NoCTOSHHAs (He 3aBucauias OT
rasa).

B oGwenpunstoi dopme ypasuenue (5.3) 3anucbiBaer-
¢Sl B Bule

L mo* 3 o
w= p) =§kT’ (538)

BOCTOsIHHAA £ B 3TOM ypaBHEHMH HOCHT Ha3BaHHe MOCTOAH-
Hoii BosbuMana.

YpaBrerne (5.3) mo3BoaAET OpHAATL TeMmeparype
ofnpefeseHHBN (PUIHUCCKUH CMBICJA KaK BeJUYHHe, [pPONop+
IHoHaJbHOMl cpefHeli KHHETHUECKOH 3Heprun MmoJeKkysa. Oxa-
3bIBaeTCA, OJHAKO, UTO TAKUM OMNpelejeHHeM He HCUepMbl-
BalOTCA BO3MOXHLIE CBfI3H TEMNEpPaTypel ¢ APYrHMH DH3H-
YecKHMH BelHYyMHaMH. PaccMoTpuM HeKOTOpHle H3 3TUX
CBfi3el. :

[IpencraruM ceGe 3aMKHYTYIO O0GOJOUKY, H30JUPOBAH<
HYIO OT OKPYXKaloUlero NPOCTPAHCTEa H HAXOAAILYIOCH MNPH
HIOCTOSIHHON TeMiepaTtype, HpudeM' BHYTPH 0GOSIOUKH —
uaeanbHbll’ BakyyM:. Heemorps Ha 3ro, ona He: Gyaer co-
BepuieHHo «nyctofiy. OrpannyenHast oGONOUKOf MOJOCTH
6yler 3anojiHeHa 3JE€KTPOMATHUTHHIM H3JyueHHeM, o0nem-
Ha#l MJIOTHOCTL 3HEPIHH KOTOPOT® W, COIVIACHO 3aKOHY
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Crepana—bBonbuMana, 1pONOPIHOHANLHA -UETBEPTOR CTemnes
HH aBCcooTHOH TeMAenaTyphl 06OMOUKH

w,=oT" (5.4)

TA€ 0 — ROCTOAHHAsSA, 3aBHCAIas ©OT BHOODa -eAHHHLL
Hsnyuyenye BHYTPH TNOJOCTH HMeeT pacnpefeieHHe no
AJNHHAM BOJIH, NpeACTaBJeHHOe Ha pHC. 15 mias Tpex pasHbix
']raemneparyp.‘ Kak ycrgﬂonﬂ'n Wy
HH, MakcuMyM SHeprHH B
STOM DpacnpeigJeHHH TPHXO-
JUTCA HA AJHHY BOJHBL A,
00paTHO NPOMOPUHOHANBHYIO
TeMmmeparype,

b .
hn=2,  (55)

rie b — noCTosiHHas, TaKKe
3aBHCALLAS OT BEIOOPA € AHEHIL,

OGe Qopmyas  (54) Puc, 15.

(5.:5) Moryr ObiTb HCIOBR3O-

Banbl JUIS H3MepeHHs U OmnpeleneHus TeMUepartypnl B Takoh
XKe Mepe Kak i (5.2) u (5.3). Taxoe onpenpeitedue remnepa-
TYpHl 110 GOpPMYJIaM H3JIydeHus ABAseTcs Name 6Gojee 05-
LIMM, MOCKO/bKY OHO TIPHTOJHO Kak fAJf IPOCTPAHCTBA, 3a+
NOJHEHHOTO BeHIeCTBOM, Tak M jas Bakyyma. [lostomy
pacnpocTpaHeHHOEe ONpeneNeHiHe TeMNEpaTyphl KaK BeJHYH<
Hbl, NPONOPHHOHAJLHOH CpefHeH KHHETHUECKOH 3SHepru
NMOCTYNaTeALHOrO IBHIKEHHS MOJEKYJ, CjAellyer paccMaTpu-
BaTh KaK YaCTHOE ONpefleIeHHe TeMuepaTypel, a HMEHHO
TeMmepaTypel Teja, COCTOMHEr0 H3 MOJIEKYJ, aTtOMOB H
snekTpoHoB. KsaHroBasi MeXxaHHKa, ORHAKO, OrpaHHUHBaer
Aazke 3TO onpejieNeHue, Jgenas ero HempUroAHLIM NPH HH3-
KUX TeMmneparypax. B To ke Bpemsa dopmyna (5.4) oka3sbi«
BaeTcA CHPaBeNHBOH NPH JIOOBIX YCIOBHSAX.

CorsiacHO BTOPOMY Hauajly TepPMOAHHAMHKH HHKaxas,
caMmasi HjeaJbHas TemoBasd MaiidHa, paGotaioHlas G6e3
TPEHHS] H TOTEPhb TemJa HapyXy, He MoXeT HMeTb Kovddu-
HHEeHTa NOJIe3HOro OeHCTBHA *), PABHOTO €lMHHHE, TaK KakK

4

*) Koa@duuuent nojesHoro JjeHctBust v (K. 1. A.) — OTHOILEHHE
noqe3oll paGoTsl KO BCel 9HEPTHH, NOJYYEHHOH CHCTEMOI,
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M4ACTh TeJia 00M13aTebHO JOMIKila HePeXOAUTh OT HUCTOUHU-
Ka Temsa (HarpeBaTe’fi) K XOJOAwJIbHHKY. Ecan temueépa-
Typa narpesateas T, a Temnepatypa XosojuabHuka Ty, TO
MakcUMaJblibifi KO3((HLHEHT TNOoJe3Horo AeficTBHA Malln-
Hbi (MpaKTHYECKH, Pa3yMeercsd, HeJOCTHKHMBIT) paBen

7~ T,
n= ”1—7—1—“ . (5:6)

Ounpejensisi abCoMOTHBI HYAb KaK TAKYI TEMOEpartypy,
KOTOpO#M HOMKeH Obli 6bl 00/MaaTh XOMOMHJABHHK ¥), uTO-
OBl HAeasbHBIT K. 1. JI. DPaBHAJCH eAHHHIE, Mbl MOMKEM,
npaBAa TeOpEeTHUECKH, HCMOAb30Bath dopmyay (5.6) aan
YCTaHOBJIEHHA TeMIepaTypHONH LIKaJbl.

B repMonuHaMuke noKa3biBaeTcs, UTO BCe MpPHBedEHHbIE
Bbllle GOpMYyJbl ONpPEAESTSIOT OAHY W TY Ke TeMmeparypy,
KOTOpasi 103TOMY HOJYYHJIa Ha3BaHHe TepMOAHHAMHUECKOI
TeMnepaTtypbl. JlioGoft ua crofumx B dopmynax (5.2),
(5.3a), (5.4) u (5.5) koapduuuentos R, k, ¢ U b MoxKHO
ObuI0 OBl npu JKeJaHHH c/eaTh PaBHBIM eJUHHIE, YTY
onpeneanio Gbl pasHbple pasmepHocTH TeMnepatypnl L2MT-2,
L-M'UT-"5 Lt Bonee TOro, MOKHO Oblio OBl Jame HaMme-
HHTB CaMoOe ofipejleseHHe TeMOepaTypbl, ClenaB ee Mponop-
IIHOHAJBHOR He cpeanell KHHETHUECKOW 3IHEPTHH IOCTYMa<
TEJIbHOrO ABIXKEHHS MOJEKYJ, a8 IJIOTHOCTH SHEPTHH H3Jy%
YeHisi B 3aMKHYTOH 00010uke. COOTBETCTBEHHO M3MEHHJHUCH
6 Bce (opmy.abt, B KoTopble BXOAUT Temnepartypa. [lpu
5TOM, Hanpumep, InpoussexeHde o0bemMa Ha JgaBJjaeHue
rasa M CpeiHsAsi KHHETHUeCKasd 3SHEPTHA MOCTYHATeNbHOTO
JABHIKEHHA MOJAeKysa 6blmH  Obl MPONOPIHOHAABHBI  KOPHIO
qeTBepTOf CTemeHH H3 ONpe/eNeHHOH Takum o6pasoMm TeM-
nepatypel. PasyMmeerca, Takoil mar cosfan 6bl BecbMa Cys
niecTpeHHble Heyao6cTBa. Heymnobuo TakKe 3aMeHSITb TeM-
nepatypy Kakofi-inbo OpomoOpHHOHANbHOM ell BeJHUHHOI,
HanpuMep npousBeieHHeM pV 0AHOrO KHUIOMOJIA HJIH MOJA
HIeanbHOTO ra3a WM KHHETHUeCKOH dHepruell ofHOH Moje-
KYJbI H T. . '

HckaountebHo BaXKHOE MECTO, KOTOPOE 3aHHMAeT TeM-
nepatypa B coBpemeHHofi (u3uke, onpeaensist B MakKpoCKo+

*) Bametum, uTO aGCOAIOTHBIA HY/Ab (PHHUHNUAILHO HELOCTHIKHUM,
HO K HEeMy MOMKHO MOAOATH BeCbMa G/AH3KO,
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RHYECKOH cucTeMe (T. e. cucTeMe, coiepiauiell GoOJbHIOS
YHC/I0 MOJIEKYJ 1 APYTHX HacThi) OOJbIIHHCTBO €€ CBOHCTB
N NPOTeKalOWHX B Hell sBJeHHIl (IJAOTHOCTb, 3JEKTPONPO-
BOAHOCTb, CKODOCTH XHMMHUECKHX peakuuil, ¢azoBbie mpe-
BpalleHHsl M T. 1.), AeJaer lejaecooGpasHbiM  BLUIEJIeHHE
TeMIepPaTypsl B paspsijl BeJHUHH C COOCTBEHHOH pa3MepHO-+
CTblO €HHHL H COOTBETCTBEHHO € HHHIY H3IMEDPEHHS TeMnes
paTyphl kKeJaTeJbHO BKJIIOUHTh B UHC.10 ocHOBHLIX. O6o3Ha-
UCHHME PasSMEpPHOCTH TeMmepatypul 0.

CornacHo MexaynapogHoit cucreme eguiul, aGcoor-
nas TeMIepartypa ONpejesieTcsi Kak TepMojAuHaMuyeckas
TeMneparypa, HNpHueM Trpalyc 3TOil TemMOoepaTypsl yCTaHa-
BJAHBaeTCA TakuM o6pasoM, 4TOGB TPOHHAST TOUKA BOJBI
uMesna temneparypy touuno 273,16° K. Tpoizofi Toukofi Ha-
3LIBAETCA Takas TOYKa, NPH KOTOPOH HaxoJsTcss B paBHO-
BecHH BCe TpU (a3bl BOABL: Jies, XKiHAKasd BoJa H HaChHIleH=
nuit nap. B To Bpems Kak paBHOBecie MeXay AByMs ¢a-
3aMu (BOja — map, Jea -—— Bojla, Jiel — 1ap) Momer ObiTh
NpH pasHBIX TeMmepatypax, paBHoBecHe Bcex Tpex (a3
BO3MOXHO JIHHIb [PH BIOJHE ONpelesenHoil TeMieparype,
KOTOpasi ¥ HasblBaetTcs Tpoinod Toukol. TTo o6plunol WKa«
Jie TeMmIrepaTyp TPOAHAs TOUKa BOJALI jOBOJBHO TOYHO DaB-
Ha +0,01° C, tak uro HyneBasi Touka oObIYHOI cTOrpamyc-
HOW LIKaJbl, COOTBETCTBYIOULAA TeMlepaType TastHHA JbAa
npu papaeunn 1 ara, paua 273,15° K.

§ 5.2, TemnepatypHble WiKaAbl

AGconioTHast TepMOAHHaMMUecKas MIKaaa TeMOepaTyp
(wkana KeapBrHa) npuMeHseTcst B HAy4HBIX HCCaeno-
PAUHAX NPU YCTAHOBJEHUH CBSI3H MeXKIY TEMOepaTypod H
ApyruMu GHU3HYeCKUMH BeauunHaMmiu. B ofnxoge, B TeXHH-
YECKON M AaKe B NabopaTOPHOH NMPaKTHKE MOJb3YIOTCH Tak
a3blBaeMol CTOrpajyclofl 1Kajoil, BrepBble -BBEJCHHOM
1lenbcuem. Temnepatypa, uamepeninasi no mkanae Llerbcus,
o6osnauaerca °C. Jlns TemnepaTypHbiX HHTEPBAJOB, H3MeE-
penHbx B rpanycax Llenwcus nau Keabsiua, npHMEHSIETCS
c6o3nauenne 2pad, KOTOpPOe BXOJAHT Takxe B o0o3HaueHHsd
KOMOHHHPOBAaHHBIX HaHMeHOBaHUH TNpPOU3BOAHBIX €NHHHIL
... B nexoropmlx crpanax coxpanuiach wkajaa Peomiopa
(°R),. B KoTOpoii muTepBaJ MEMJY TOUKOH Taslusl Abja H.
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TOUKOH KHICHHS: BOABL BPH. RamnaeHuu | arm pasjened Ha
80 yvacrcic B wxane: ®apenrefita- (°F), npumensemoit B
Aurauu w CIUA, rouke: Tasuus:ibJa TPHCBOEHa TeMiepas
rypa 32°F, a rouxe xumeums Bopw 212°F, tak uto 3TOT
TeMueparTypHsiit; nHTepsaa: xesures Ha. 180. vacteir*).

Mgt MOXCeM: Temepb. JerKe. YCTAHOBUTH CBABb MEXAY
pa3nMuUHBMK TeMAepatypauIMu: xagamu: eleTBuTtensHo,
0603HaYNB TEMAGPATYPHBIH :HHTEPBAA MEXKAY TOUKAMH Tafd-
HHSl JIbJla W KUMEHHSI BOJABL uepes: O, MoXyyuM Aas rpapy-
coB: abcomoriux (°K), Uenscus. (°C), Peomiopa (°R) u
Dapeunreiira (°F)  caenyomume. 3Havesys:

o _om__ B op_ 9 op_ 8-
K= C“Téﬁ' R"so.’ F=z5 (5.7)

a caenoBaTe]bHo, MI060f Apyroit nHTepBan Al 6yier Boipa«
¥KaTbCA HHCAAMU
At

At°K = At°C = 5 100,
At°R =80, (5.8)
o AL
At °F = - 180, ,
OTKyZAa
At °K Af°C ALR” At°F
100~ 100 8 180 (5.9)
Hivd xe
At °K At°C At°R At °F
PR AT AR _ AT, (5.92)

[MoauepkuBaem, uro cumponni Af °K, A1°C, Ai°R n Af°F
IpeAcTaBAsioT cobOH unCla, H3Mepsaioue OAUH H TOT ¥Ke
TeMnepaTypHbil HHTEpPBaA B pa3JHuHBIX Tpajycax — eay-
HHLUAX TeMOepaTypHOTO WHTEPBasa. OTH HHCIa MOXKHO
NpeacTaBUTh KaK Pa3HOCTb MEKAY TEMNEpaTypaMu T'paHHIL

*) Wlkasna, B xoTopofi. pasMep.Tpaayca paseH rpaaycy mxaan Pa-
penrefita, HO OTCUET BeJeTCA OT aBCOJMIOTHOrO HYJs, Ha3biBaeTCs WKaaoH
Penxnna. o srofi wkane Hyap QapeHredTa COUTBETCTBYET TeMaepatype
459,67°, Touka 3amepsanus BoAbl 491,67° u TouKa Kunenus Bojbi 671,67°%
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BHI6paHHOTO HHTEPBaJla, H3IMEPEHHYIO IO COOTBETCTBYIOILEH
1HKaJe, -UHaye rOBOPH,

At°K=1°K—~1°K, A°C=1°C—1°C,

At°R=1°R—1,°R, At°F=1°F —4°F.
Tlpunas 4 °C = 0, a caenoBaTeabHo,

t,°=273°K*), #°R="0°R,#°F =32°F,

NOJMYUHM

t—273)° t°C £° t—-32)°F
G2 L8 LR _U3TF . o)

ITocneanee -BoipaXkeHHe NO3BOJSET BeCbMa HNPOCTO TEPEBO-
JIWTh TeMNepaTypy U3 ONHOM IIKaJbl B JPYTYIO.

§ 5.3. Onopuble TeMneparypHblie TOYKH

TepmoaunaMuyeckasi LiKala TeMIeparyp onpejefiser
TEMAEepaTypsl Kak H3MEpPAEMYIO (PHIHYECKYIO BEJHUHHY U
VCTaHaBJIHBAeT ‘€€ €JUHULY H3MepeHns. JTa eAHHHLA FIpH-
HHMaeTCsl B |KauyecTBe OCHOBHOH M ONpeleNseTcs CleAylo=
M obpasom: -«rpanyc KenbBuHa — efMHHIA H3MEpEHUS
TeMIepaTypsl MO TEPMOAHHAMHYECKOH LIKaje, B KOTOPOH
JAAs TeMieparypbl TPOHHOH TOURH BOAB YCTaHOBJIEHO 3HA«
uenue 273,16° K {(reuno)». TTocaennee cA0BO «TOUHO» 060-
3Hayaer, YTO 3Ta TOUKA (PUKCHPYETCH KaK HeH3MeHHas.

Ha npakrTuke HemocpeACTBEHHBIE H3MEPEHHA B TEPMO«
JHMHaMHYeCKOH iUKafie .OKa3blBAIOTCS CJAUIIKOM CJIOMXKHBIMH,
BCJEACTBHE UYETO JKEJATENBHO UMETh BO3MOXHOCTH CPaBHH«
BaTb pasJjuyHbie MpubOpPLl, CryXKallue A8 H3IMEPeHUs TeMs
nepaTyp B OTHOCHTENbHO Y3KHUX TEMIEPaTYPHbIX HHTEDBas
JaX, COXpaHsii IPH 3TOM JIOCTATOYHO BBICOKYIO TOUHOCTD.
Hasi s1oit uenn MoxHO 6bL10 Gbl IPHMEHHTb I'a3oBbIH Tep+
MOMETp, NPEANOUTHTENbHO BOAOPOAHBIH HJIH TejHeBbIH, No-
"CKOJIbKY 3TH ra3bl HO CPaBHEHHUIO C APYruMy B HauboJbinef
‘CTeleHH MOAYUHSAIOTCH 3aKOHAM HAeaNbHBIX ra3os. OxHaxo
NoJ1b30BaHKe TFa30BbIM TEPMOMETPOM fIpeicraBasieT 60.b-
1Me NpaKTHYECKHe Heyjao0cTBa, NO3TOMY Oblio BbiOpano

#} 3aece 0° C nprbsasenno npupasuusaercs 273° K,
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HECKOJIbKO TMOCTOSAHHDLIX OHOPHBIX TOYEK, BOCMPOH3BEjeHUe
KOTOPBIX B Ja0OpaTOPHBIX YCJAOBHAX He cocraBsiser GoJib-
mioro tpyna.  OaHa ‘M3 3THX TOUEK 3a/laeTcs CaMuUM oOmpe-
JIeJIeHHEM TePMOIHIaMHUeCcKoll WKaJbl -—— 3T0 TPOHHAA TOU+
Ka BOJbI, KOTODOH TpunucaHa Ilen3MeHHas TeMIepatypa
273,16° K. Ocra/bhble TOYKH YCTAaHOBJAEHbl Ha OCHOBE BO3-
MOXKHO Oosiec TulaTedbHBLIX HaMepenuil. Bce 3T TOYKYU
apejacTaBaAsior coboft  TeMmmepatypi  (asoBbIX INEpexo-
OB npiu nopmajbiioM paasiedusr | arm. Touku 3TH cie-
Aylouie:

Touxka kuneuusi Kuejopojga . . . . . — 18297°C
Touka KHUEHHSI BOABL » . « + . . . . 100* C
Touyka saTBepjeBaHust LUHKA . . . . 419,505° G
Touka KUMEHHS CepBl + & + o « . . . 444,6° C
Touka saTsepmeBanusi cepebpa . . . 960,8° C
Touxa szarsepjeBanus sosora . . . . 1063°C

§ 5.4. Ipoune TenjoBbie exMHHUDI

Koauuecreo Ttenaa. T'oBopst 0 ¢AMHUIAX H3MEPEHHS KO-
JIHYeCTBa Tell1a, HeoOXOAUMO NPeXK/JE BCEro OTMETHTh, UTO
KOJIHYECTBO TelJa MO CYUIeCTBY SIBJSIETCH MepOif TenJa0Bo#H
paboTel, a He 3Hepruy, Kak 3To yacro cuurarwt. Hleficrsu-
TeJABHO, €CjH Mbl OyAeM H30TepPMHYECKH pacilUpATb ras,
6/1M3KUI 110 CBOMM CBOHCTBAM K HaeaJbHOMY, TO IIPH 3TOM
11aM NpHAETCs COOOLIHTB eMy HEeKOTOPOoe KOMHHEeCTBO TenJa,
KOTOpOe OTHIOAb HE NOHAeT Ha YBeJHYeHHe ero «TenioBoi»
3HEePruy, a LeJHKOM OyAeT M3pacXOA0BAHO lia coBeplieHue
BuerHell pa6otsl. MBI moCTaBW/IN CIOBO «TelJOBO#» B Ka-
BBLIUKY, TaK KaK Ha CaMOM Jese HHKakol crneuuduueckof
TENJ0BOH 3Hepru¥ Kak ocoBoro BuAa 3HEPTIH He cyuje-
CTBYyeT.

HHoraa, no HauieMy MHEHHIO HEeyJa4HO, TEPMUH «Tesio-
Basi HEPrHA» MPUMEHAIOT 110 OTHOLIEHHIO K KHHETHUECKOMN
3Heprud MoJjekyn BewlectBa. OIHAKO MOJABeNEeHHOE TeII0
MOXKeT IepexoidTh B TOH H/AH HHOH CTCHEHH BO BHYTpeH-
HIOI0 3HEPTHIO CHCTeMbl Aa’ke TPH MOCTOAHHOH TeMnepaty-
pe, ecu NMPH 3TOM NPOUCXOAAT Kakne-anbo W3MEHEHHA BO
BHYTpEHHEHl CTPYKTYpe CHCTeMBbI, HanpuMep HMeeT MEeCTO
tbasossiil nepexoa. HanbGosee W3BeCTHbIM TPHMEPOM MoOMKeT
CAYXHTb TJiaBJeHne Tes, TpeOylollee NpH NOCTOANHOHA TeM~
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nepatype mnojsoja TellJia, KOTOpPOe Hexkorja HasbBaad
«CKPBITOH TenJa0TOM>.

[lepBoe Hayano TepMOAHHAMHKH [03BOASIET YCTAHOBHTD
Mepy KOJHuecTBa TelJa COrJacio H3BEeCTHOMY COOTHOILIEHHIO

AQ =AU +AA4, (5.11)

rie AQ— KoaMuecTBO TemJa, MOJABEJEHHOTO K CHCTEMe,
AU —u3MenenHe BHyTpenueil 3Hepruu cucrembl, AA — co-
BepureHHas cuctemoin BuewHass padora; AU MOXeT BK/IO-
uaTh B ceGs pasdnuHble BHAbLI 3SHEPriM — U YBEJHUCHHE
KUHETHYECKOl 3HepruM pasiaHyHOro xapakrepa JBHIKEHUSA
MOJIEKYJ  (MOCTYMaTe/bHOro, BpallaTte/bHOro, KoJjebaTednb-
HOTO), ¥ H3MEHEHHe SHEPTHH CBAZH MeMK/Ay OTHEbHBIMH MOs
qaekyiami. Ciojla Ke MOKeT BXOAHTb W IHEPTHs AUCCOIHA-
MM, HOHH3aNuy ¥ T. A.-¥YpaBHeHue (5.11} moxassiBaer, UTO
KOAHYeCTBO Telsia MOXKeT U3MepATbCH B TeX JKe eAHHHIIaX,
B KOTOPBIX H3MepsieTcsl Jio0Gast 3Heprusi u Jio6oit BHA pa-
60Tbl, B uyacTHoCTH Mexauudeckoil. I[Tostomy pa3mepHOCTH
KOJHUECTBA TemJsa

[Q]=L*MT"* (5.12)

Ta XK€, YTO H pa3MepHOCTb paloTbl, U TAKHMH IKE, KaK H
U1 B3MepeHust paboTbl, JOMAKHbBI OblTh W eNHHULB H3Mepe-
Hust KoauuectBa temina. CoorsercrBenHo B cucreme CH ko-
JIMYECTBO TemJa u3MepsieTcsl equHuled paboTbl H 3Hep-
THH — JUKOYJeM.

Opanaxko BecbMa paclIpoCTPaHEHHbIMH SIBJASIOTCS crie-
IiHaJbHble €1MHUIBI KOJAWUYECTBA Temsa, YNOMAHYTbie Bbille
(§ 4.4) — xasopusi U KWJIOKAJODHS. IDTH eInHULB OBLIU
YCTAHOBJIEHBl B CBS3M C KaJlOPUMETPUHUECKHMH H3MEpeHHs«
Mi KOJIMUECTBa TelJja 1o npoueccy rennoobmena. [Tockonb-
KY OCHOBHbIM BeIleCTBOM, IPHMEHSABILUMCHA NpPH CpaBHEHHH
KOJIHUeCTBa Temya, Oblia BOLA, TO COOTBETCTBEHHO Oblia H
YCTAHOBJIEHA €JWHHIA KaK KOJHUECTBO TenJja, HeoOXxonu-
MOro JJIst HarpeBahusi 0AHOrO rpaMma Boist Ha 1°C, u Go-
Jlee KpyIHble eIHHHIB — Kiaokagopus, pasHas 1000 kano-
puit, u repnus, pasHas 108 xamopuii. OpHaxo Todnbie H3Me«
‘peHHsl TOKa3a/u, YTO 3TH KOJHYEeCTBa Telsia He fIBJIAIOTCH
IOCTOSIHHBIMY U 3aBHCAT OT TOTO, B KaKOM TeMhepaTypHOM
dHTepBaje npoucxoauT narpesanue. ITostomy Ouisia BBele-
Ha CPefHAA Kaaopisl, KOTopas ONpelesieTcsa KaK ojHa coTtas
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TOIO KOJIMUECTBa ‘TenJa, KOTOpoe HeoOXOAUMO Coo0LHTHL
OJHOMY TPaMMy BOibl /6. TOTO, YTOObI Harperb ee OT TOUKH
nJaBJieHHs JO TOYKH KHnenus. (3JTa Kaaopusi COOTBETCTBYET
HarpeBaHHIo Boxbl ot 14,5 no 15,5°C.)

Korpa Obiia ycraHoBJeHa 3KBHBAJEHTHOCTb TENJOTH H
paGoThl, OBIIH NpOBejAEHbI CreLHAa/bHble ONEITH € Ueblo
YCTAHOBJEHUS CBA3U MEXAY eHHMLIAMH KOJHYECTBA Temja
H paboTbl. DTHMH ONbITaMH Obli ompejenel Tak HasblBae-
Mblii «MeXaHHUECKHH 3IKBHUBAJIEHT Tellay — COOTHOLICHHE,
COrJIaCHO KOTOPOMY OJHA KHJIOKanQpusl .paBHa 427 Kec-M.

YuutbiBas, 4TO MeXJy 3HAYEHHSIMM KaJOpHH MJIH KHJO-
KaJ0pHH, onpeje/ieHHbiMY Pa3iudHbiMu cnocobaMu (Kalo-
PHMETDHYCCKHM, TEpMOXUMHYECKHM), CYLIECTBYET 3aMerHoe
pacxoxeHue, UTO NPHBOAHIO K HeoOXOJLHUMOCTH BBEACHHHA
AONpaBOK NPH TOYHBIX pacHerax, pEIWIH -OTKa3athCs OT
onpejeneHHsl €AUHML KOJHYECTBA TEMJA TEMH HJM HHBIMH
TENJIOBLIMH H3MEpPEeHUsIMH H YCTaHOBWFb HEU3MEHHOEe COOT-
HOIIeHHE MeXKAYy 3THMH eJHHHUAMH H eJHHUIaMH palboThl,
KOTOpO€e OBlI0 MPHHATO CAeAYIOLIHM:

1 xka.1=4,1868 Jux.

Tlpu sTOM Tpeanosnaraercd, YTO H3MEPeHHE KOJHYECTBA
TeNJa KaJOPHAMI H €€ KPaTHHIMH H JOJbHBIMH €AHHHLAMH
coxpaHdeTcsl KaK BpeMeHHasf Mepa M B OylylieM L0JXKHO
6LITb 3aMeHeHO HaMepeHHeM eaunuuell paborsl Mexnyua-
POJIHOI CHCTEMBI — IKOYJIEM.

B sakmaiouedne ygaxkeM, UTO B XOJOAHJILHOH TeXHMKe
AONB3YIOTCA NOHSTHEM «KOJUYECTBO XO0J013», KOTOpOE
npepcrasjasier co0ofl 1o CyllecTBY KOJIHYeCTBO TeNaa,
Moryutee ObiTh OTHATBLIM XOJOAUABHOH YCTAHOBKOH OT OKpYy-
Kawliledl cpefbl. 3a eAMHHILY «KOJHYECTBa X0J101a» HPHHU-~
MaloT .pucopuro, KOTOpas YMUCJEHHO PpaBHA OAHOH KHJO-
KaJopuH, HO NO cMbicay umeer ofpatHmifi 3uak. Moxho
rOBOPHTb, YTO OAHA (QPHrOpUA PaBHA MHHYC OAHOH KHWJO-
KaJIOpUH.

Temneparyproui epaduent. Anasoruuto BBegeHnbLIM pa-
Hee TpPaJAHEHTY [AaBJEHHA U TPAAHERTY CKOPOCTH MOXKHO
BBECTH TeMIepaTyplblii TPaAHEHT

dT

gradT=~l—, {5.13)
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KOTOPBI' B CJlyyae PpaBHOMEPHOTrO pacnpeje/neHus TeMnepa-
TYPbi MOKET ObITb NpeAcTaB/eH B BHAE
T, —Ty
12 _ ll *
Pasmepuocts
[grad 7] =L""9, (5.14)

a eMHUUBL ere H3MepeHus: epad/m u epadfcm, eciu TeMies
paTypa u3MepeHa IO TePMOJHHaMHUYGCKOH HJAH CTOFpagyc<
HOH' LIKaJie.

Tenaosoii norox ompemeisiercst Kak KOJUUECTBO TeiJa,
IpOXoJfAlliee B eJUHHUY BpeMeHH B: HAllpaBJSHHH NafcHUdA
TeMnepaTypbl:

o=, (5.15)
PasmepHocTs:
[0} =[S ]=12mMT ™ (5.16)

COBNANAET C PAa3MEPHOCTLIO MOILHOCTH.

B 3aBHCHMOCTH OT €fHHMI| M3MEDEHHs KOJIHYECTBa Tell-
Jla TeI/IOBOH NOTOK M3MepsieTcsl B BarraX, KH/A0BaTTax, Me-
raBaTrax M T. 1. WIH KaJOPHSIX M KHJOKaJOpPHAX B CEKyH-
oy, MuHyty uad gac. CooTHOlIEHHe MeXJIYy BCEeMH ITHMH
eIHHHUAaMH NPUBEACHO B Taba. 13.

Hoeep,wocmaﬂ NAOTHOCTL Tenaosozo nOTOKA (yodeso=
Holl Tenaosold noTok) npeacrasaser co6ofl OTHOLIEHUE Tems
JIOBOTO MOTOKa K MJAOUlajii MOMepeyHoro CeyeHHs IMOTOKA,
T, €. MOTOK, NPHXOAAUIMECA HAa eAHHHIY NJOLAaAH CeyeHHus,
RNEPHEHJHKYASPHOTO K HalpaBJaenuio mnotoka. Corvacho
onpeneneHuio

d®
q= “a? (5.17)
H pa3MepHOCTDb
[g]=MT? (5.18)

CooTBeTCTBEHHO, CAMHHLL paBHbl €AHHHIAM NOTOKa, OTHe-
CEeHHBIM K KBaJApaTHOMY MeTpy HJIM KBaJPaTHOMY CaHTH-+
MeTpy.

Aurponus. TepMoauHaMuKa pas3feseT npoueccs Ha 06-
patumbie U HeoGpatumble. K uuc/Ay OOpaTUMBIX OTHOCSITCH
H30TEePMUUECKOE M aJHabaTHueckoe N3MeHeHHst COCTOSHUSA:
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ujeanbHoro rasza. OfHaKo HleasnbHO 06paTHMblE NPOLECCH
Ha nNpaxTHKe HeocyulecTBuMbl, Bce mnpoillecch, cONpoBo-
AJanllgecd TpeHueM, TemjooOMenHoM, Aucdysued v T. I,
HEe MOTYT OLITh MOJHOCTBIO NPOBeNEeHb B O6paTHOM Hampa-
Baennu. Craticrudeckas H3UKa CBA3bIBAET 3Ty HeoOpaTH«
MOCTb € TIepexoJ0oM CHCTEMbi OT Melee BepoATHOro K Gosee
BepOATHOMY pacnpefeseHHio 3J4eMeHTOB, 0o0pasyloluXx cH-
cTeMy. B kauectBe mpuMepa MOXKHO pacCcMoOTpeTbh Hponecc
CMelleHHsl ABYX Ta3oB, pa3/ieJleHHbIX BHauaJje B HEKOTOPOM
COCYAe MNEeperopoiKof, Mnocje TOro Kak mneperopojika Oyner
yaaneda. JIpyruM npnmMepoM MOMKET CNYXKHTb BeIpaBHHBA-
HHE TEMNEPaTyp HECKONbKHX CONPHKACalOUIMXCs Tes, HMEB-
UIMX BHayaJ/e PasjuyHble TEMIEpPaTyphl.

YcraHoBjeHa KOJHUeCTBEHHAst Mepa, [03BoJsIOLas Cy-
JUTb O CTeNn¢HH HeoGpaTHMOCTH TOTO MJAM HHOTO fpouecca.
ATa BeNnuMHa HOCHT HasBaHue aurponuu S. Eciau cucrema
NEePeXOAHT M3 COCTOAHMS, KOTOPOE Mbl OTMETHM HHIEKCOM
«1», B COCTOsIHME, OTMEUEHHOE HHJEKCOM «2», TO, COMMIacHO
ONpefe/IelIHIO SHTPONKH, ee M3MeHEHHe NPH 3TOM MHpolecce
paBHo

AS = [ 49, (5.19)

—~

B TCPpMOJHNHaAMHKE JOKa3biBaeTcCd, 4TO

as =42 (5.20)

npepcTasaser coboft noaumii auddgepenunan, Tak 4To HH-
Terpas cT dS 1no 3aMKHYTOMY KOHTYpPY paBeH HYJ0. 310
3HAUMT, YTO IHTPONHA sBIfAETCH hyHKUMeH cocroanus. s
4acTHOR HEU3ONHPOBAaHHOH CHCTEMBl H3MeHEHHE 3HTPONHH
MOXKeT UMeThb Ji0060e KaK NOJOXKHTeNbHOE, TaK M OTpHla-
Te/bHOE 3HAYEHHE M, B YACTHOCTH, paBHATbCA Hymo. Opuna-
KO, Kak CJeAyeT M3 BTOPOro Hauasa TEPMOAUHAMHUKH, B
3aMKHYTOH cucreme

AS = 0. (6.21)

Benuununa AS xapakTtepusyer npu 3TOM CTeneHb HeoGpaTH«
MOCTH NPOTEKAIOUWIHX B 3TOH CHCTEME MPOLECCOB,



§ 8.5] EQHHITUBI H3MEPEHUA TEMJIOBLIX CBOMICTB 141

Vpasuenue (5.19) onpeaensner pa3sMepHOCTb IHTPONUH
[S}=L*MT 07, (5.22)

W ee eguHuubl: 0x/epad, spefepad, rec-mjepad, xaalepad
HT. A&

§ 5.5. ExMHMUB H3MEPEHHUN TENJIOBBIX CBOACTB BellECTBA

Tennoemrocrs. TennoeMKOCTL H3MEPAETCH KOJIMUYECTBOM
TenJja, KOTOpPOe Halo COOBUMTHL Teay IJA TOTO, YTOOHI Ha-
rpeth ero Ha 1° Pasnuvaior yaenbpHYI0 TeNa0eMKOCTb (Ko-
JIHYECTBO TenJa, Heo6XoAuMOe JJIs HarpeBaHusi OJHOTO
rpaMma) # MOJEKYJAAPHYIO HJIM MOJSPHYIO TelJOeMKOCTb
{xosmuuecTBO Temsja, HeoOXOAMMOe JJsi HAarpeBaHHS OJHOTO
MOASA uAH KuAomoas). TemmoeMkocTs omnpegenasietcsi dop-
MyJao#

1 dQ
rie m-—Macca Teja, ¢ — yAe/dbHasn Tema0eMKocTh, Q — Ko-
JiuyecTBo Tensa, I — teMmeparypa.
PasmepHocTs yaeibHON TeN10eMKOCTH

[cya] = n[]Q[]T] =1’ T"%, (5.24)

Cea3b MeKAY VAEABHOH H MOJEKYISAPHON TelI0eMKOCTAMHU
Onpeaensiercss MPOCTbIM COOTHOHICHHEM

Cron = CynM- (5-25)
Yacto npuMeHsieTcsl MOHATHE 06bheMHOM TEeMJI0EMKOCTH,
npefcTaBisiomell cobofi KOAHYeCTBO Tensia, HeoGXOIMMOe

A/ HarpeBaHUS elWHHIbI 06beMa AaHHOTO BelllecTBa Ha 1°
OfbeMHast 1 yaenbHas TENJIGEMKOCTH CBfizaHbl GopmyJsoH

Cus = 330, (5.26)

rjae p — MJIOTHOCTh BeLIeCTBa.
PasMepHOCTh 060BbeMHOA TEM10eMKOCTH

L™'MT 7%, (5.27)
Eaununbl u3Mepenus yAeNbHON TeJI0eMKOCTH!
Oxc/(ke - epad), ape/(2 - epad), kaa/(e - epad), kkaaf(ke:epad).
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Ouesuano,
1 Oucf(ke - epad) = 10* apef(e - epad); 1 kaar/(z - epad)=
=1 kxaa/(xe - epad) = 4,19 dxc/(xe - pad).
EavHuubl M3MepeHHs MOMEKYASIPHOH TEMJIOEMKOCTH:
Oxc[(xmoas « epad), apef(moars - 2pad), kar/(moas - epad),
kxasf(kmoas - 2pad).

COOTHOIIEHHE MEXAY STHMH €IMHMHAMH TO e, 4TO H
MEXJY COOTBETCTBYIOLIMMHU €AHHHLUAMH VAEALEOH Tem10+
€MKOCTH. :

ExgHune asMeperys oGbeMHO TenroeMROCTH:

Oac/(m? - 2pad), apel(cmu® - epad), kar[(cu®- epad),
gxasf(a - 2pad).

CooTHOmIEHHE MEXAY HHMH:
1 Quc/(m3 - epad) = 10 ape/(cm® - epad); 1 kaa/(cm® - epad) =
= | xxa4f(1 - epad)= 4,19 dxf/(ke - epad).

Tenaora nepexoda. Tlpu mepexoze BellecTBa W3 OJHOTO
arperaTHOro COCTOSIHHS B Ipyroe Tpedyercst npH HEH3MEH-
HOH TeMIlepaType 3aTPaTUTh HEKOTOPOe KOJAHYECTBO TeMJa,
H43bIBaeMOe Tem1oTol mepexoja. TennoTy nmepexoia, Kak M
TENJ0EMKOCTb, MOXKHO OTHOCHTb K €JMHHIE MaccChl, K MOJIO
HIH KWIOMOJIO HJAH K equHule o0bema. COOTBETCTBYIOILHE
pa3sMEpHOCTH OTJIHYAIOTCH OT Pa3MepHOCTell TEemJi0eMKOCTH
OTCYTCTBHEM CHMBOJa pa3MEpPHOCTH Temueparypol. TouHO
TaK JKe eIHHMIB, M3MepsIoliHe TemIOTy Hepexoja, OTIH-
YaTCH OT €NMHUL TEMJIOEMKOCTH OTCYTCTBHEM B 3HaMeHas
Tejle CHMBOJA eZMHHUbI TEMIIEPATYPHOro HHTEepBasa — 2pad.

Tenaorsopras cnoco6rocTe. BeAkoe TOMJIHBO XapaKre-
pH3YeTCs TENMAOTBOPHOH CHOCOGHOCTHIO, T. € TEeM KOJuue-
CTBOM Teljia, KOTOPOE NpPH CTOpPaHHH MOXeT [aTb Omnpeje-
JIeHHOe KOJHUECTBO JAHHOTO BeilectBa. TemIOTBOPHYIO
croco6HOCTE MOMKHO OTHOCHTD, KAK H TENJIOEMKOCTb H Telio-
Ty Mepexoxa, K elHHHIE MAacCChl, MOJIO HAH KHJIOMOJIO, I K
exunune ofwema. OGrheMHas TeIOTBOpHAs CHOCOGHOCTB
IpPUMEHSEeTCA MCKJIIOUUTENbHO JAJSi TOPIOYHX rasoB, NpHUeM
ee TpH 3TOM OOBIYHO OTHOCAT K O06LeMy rasa, B3ATOro NIpH
HopMa/bHBIX ycaoBuax (t° = 0°C u p = 1 arm), Eaunnusl
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H3MepeHus TemJIOTBOPHO# COCOGHOCTH Te 2Ke, UTO H TEII0«
TH! Iepexoja.

Koagpuyuenr rensronposodrocru. Tlpu Haawuuu pas-
HOCTH TEMIIepaTyp: B HeX0TOpO# cpeie oT ciios ¢ GoJee Bbi+
COKOli Temmeparypoll x cioio ¢ Goiee HH3KOH TeMmeparys
poOll yCTaHARIMBa®TCH TeMIOBOH NOTOK, KOTOPHIH MOXHO
ISl CTalUORAPHOYO OAHOMEPHOro c/yuyasd BHIPasuTh Gop+
MyJo# .

4 _ _,dr
R (5.28)

riae dQ/df — tenneBah norox, dT/dl — TeMnepaTypHsii Tpa«
JUIEHT, S — IUTOHiafi WOREPEUYHOro CeyeHHds NOTOKA, A —
KO3(ppHUHEHT TemaIQapPOBOLHOCTH CpPelihl,

3a eauduny ko3 QHLHEHTa TEILIOAPOBONHOCTH CJeLyeT
IPHHATD KO3(G(dHUMEHT TEemJIONPOBOLHOCTH TaKOH cpeibl, B
KOTOPOH CKBO3b eMHHIY MOBEPXHOCTH, NMePNeRAHKY/ISIPHYIO
HanpaBJIeHHIO NOTOKZ, ITPH TeMIepaTypHOM rpajyeHte, paB«
HOM €JHHHIE TeMIepaTyphl Ha eJUHHLY AJHHBI, YCTaHaB/IH-
BaeTcA TeNnJoBOH NOTOK, PaBHHIH eJHHHIE KOJHYECTBa Tell-
Ja B eIHHHLIY BpeMeHH. JTO onpejencHue H Gopmyaa
(5.28) naioT pasmMepHOCTh M eZMHHUB KOdYQOdHUHEHTa Tem«
JI0TIPOBORHOCTH

M =LMT%", (8.29)
Enunnuet koadgunuenra Ten10npOBORHOCTH!
e1/(m - 2pad), spel(cm - cex + epad), kaa/(cm - cek - epad),
Kxaaf(m - 4 - epad).
CooTHolweHHs MexX1y HUMHE:
1 erf(sm - epad) = 10° spe/(cm - cex + epad),
1 knasaf(n -« u . 2pad) = 1/360 xaa/(cm - cex « 2pad).

Koagppuyuentor tenaonepedauu. Tlpu Haauuuu TeMne-
patypHoro ckauka AT Ha rpamnue pasjeisa ABYX Ted
CKBO3b 3Ty PPaHMIY YCTAHOBUTCS TemJIOBOH MOTOK, Ompeje-
aseMbiit gapmynod

dQ _
S =K ATs. (5.30)
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Kosdpdunuenr K HasbiBaercs Kosdpuyuentom Ttenaonepe-
dauu. OH 3aBUCHT OT YC/IOBHI Ha rpalulie pasjiena, B4acrt:
HOCTH, HA TPaHHUIle COMPHKOCHOBEHUS TBEPJOTO TeAA C KHA-
KOCTBIO (MJIH Ta3oM), OT CKODOCTH IIOTOKa MKHIKOCTH.
Kospdnuuent Tensonepesayn MOXKHO ONPEAENHTH KaK Ten-
7 JIOBOH MOTOK Yepe3 eXHHULY
: IJIOLLA/TH TPAaHHUE! TIPH TeMTAe-
r parypHoMm ckauke 1°
! PaamepHocTb

[K1=MT %" (5.31)
Enununiint - koadduumenra
TenJonepenayi:
; 81/(M? - 2pad),
Iy ' = apef(cm? - cexlepad),
xaaf(cm? - cex - 2pad),
kkaa/(m? -« - 2pad).

Puc. 16.

COOTHOWIEHHS MEXKAY HMMH:
1 8r/(x® -+ epad) = 10° ape/(cu? - cex - epad),
1 kxaaf(s® - 4 - epad)=1/3,6 - 10* ape/(cu? - cex - epad).

Koagppuuyuenr remneparyponpogodrocru. Tak Kak Mo-
HATHE TeMNEpPaTyPONPOBOAHOCTH SBJNETCH NMOAYAC HEAOCTa~
TOYHO XODOLIO 3HAKOMBIM, Mbi OCTAHOBHMCS Ha Hem
tieckoabKo noapoduee. [1peacraBum cebe oaHopoaHbIi crep-
}KeHb, OOKOBBIE CTEHKH KOTOPOTO MJA€aJbHO TelJOH30JHpPO-
BaHpl, T. €. He OOMEHHBAIOTCS TEMJAOM C OKDPYXKalollled cpe-«
noh. Ilycts BHavasie Bce TOUKH CTepxHS 00ManadT OAMHA-
Kool Temnepatypoll To. Ecaid Tenepb OJHH 13 KOHLOB
CTepKHS OPUBECTH B ZONPHKOCHOBEHHE CO CPENO¥, HMElo-
el Temnepatypy 7T (nmycte fuisi onpegnenennoctn Ty > Ty),
TO BAOJb CTEPXKHA YCTAaHOBHTCA TENJOBOH MOTOK, NpHuYEM
TeMIepaTypa BCeX TOYEK CTepPXHH Ha4yHeT [OBBINATHCS
{puc. 16); xpusbie f¢, £, ..., o COOTBETCTBYIOT pa3HBiM
noc/1e/0BaTeIbHLIM MOMEHTaM BpPEMEHH.

Yacrb T1enaoBoro noTtoka, NPOXOAAUIEr0o CKBO3b CTep-
JKeHb, OYAeT pacxojioBaThCH Ha NOBBLIIIEHHE TeMIepaTyphl
Pa3NNUHBIX TOUEK CTEPXKHH, W BAOADL TNOCAEAHEr0 HAUHET
yCTaHaB/InBaTbCH TEMNEPATYPHLIA rpajHent. DT1oT npoiece
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YCTAHOBJIEHHSI TeMNepPaTypPHOro rpajuedra U HOCHT Ha3Ba«
e remneparyponposodnocry. QueBuAHO, TPOLECC TeMe-
paTyponpoBOJAHOCTH dBJAAETCA HeCTAUHOHapubeiM, HOO npu
CTaLMOHAPHOM TEMJ0BOM IIOTOKE CKBO3b CTeprKeHb Temie-
paTypHBIl PPAfMEHT BO BCEX TOUKAX CTEPIKHS AOJKEH ObiTh
NOCTOSIHHBIM, He MEHSIOIHMCS BO BpeMeHH. bhlcTpora nH3-«
MEHEHHS TEeMIepaTypbl B KaxKAOH TOYKE CTepKHHA B O~
CaHHOM cJayyae (KOTOpbifi HOCHT Ha3BaHHEe JIHHEHHOro HJ/H
OJIHOMEPHOro CJjiydasi) ONpejesieTcst ypaBHeHHeM
or a*T dgrad T

—=a =aqa

ot o al !

(5.32)

néo
9T dgradT
or . al ’

T. €. NPOH3BOJAHAf TpajieHTa IO OCH NpeicrtaBaferT coboi’
N3MeHeHHe TrpajiHeHTa Ha eIUHHNy JiuHbl crep:kus. Koad-
duument a wocutr HazBauume xo3dduuuenra rtemmeparypo-
NPOBOAHOCTH H, KaK MOKa3bLIBaeT TEOPHsA, CBA3BIBAETCA ¢
TEMNOEMKOCTHIO ¢, KOIPPUUVEHTOM TENAONPOBOAHOCTH A U
IJIOTHOCTBIO @ COOTHOILIEHHAEM

A A

aq =  —=
. cp €06
Popmyaa (5.32) onpeneaser kospduiienT TeMnepary-
PONPOBOAHOCTH KaK MOBBLILIEHHE TEMIEPATYPH B EIHHHLIY
"BpPEMEHH B cjyyae, eCH U3MeHeHHe TpajlueHTa Ha eAUHHIY
AJIMHB paBHo eamHuiie. Bosee mpocroe onpenenenne jgaer
dopmyaa (5.33), coriacHo xoTopoil KO3QpHIMEHT Temnes
paTyponpoOBOAHOCTH paBeH TOMY MOBBIILIEHHIO TeMOepary-
pPbl, KOTOpPOE NMPOH3OHIET Y eJuHHIB o0beMa AaHHOrQ Be-
HilecTBa, €CJH eMy COOOUIMTB KOJHYeCTBO TEmIa, YHCJIEHHO
paBHoe ero KO3IG@PUIHENTY TEIJIONPOBOKHOCTH,
Pasmeprnoctbh ko3dpHIHEHT2 TeMIEPaTYpPOIPOBOAHOCTH

o imMrTeTt
[a] B {c] [p] Lr—2%9-1.1-3M LT (534‘)

. » (5.33)

cOBnajaer ¢ pasMepHOCTbIO Kovbhduienta Juddysun (cM.
dopmyay (4.106)). D10 coBnascHie He caydaliido. Jas rasa
Jaxe YHCHeHHble 3Hauennsa o60ux Ko3dhUiMeHTOB A0BOABHO
6113KH. 2TO MOXKHO TOHSITD, €CJAH yUeCTb, YTO KHHETHUCCKan
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TeOPHA Ta30B JaeT CJACAYIOIIYl0 NpHONHKEHHYIO CB#3b
MeXRy Koa(phHUMeHTaMH TEIIONPOBOAHOCTH H Au(Oysuu

A= Dpc,, (5.35)

A

pcy !
T. €., 10 cyluectBy, dopmyay (5.33). Bosee cTporas Teopust
Aaer B ¢opmyne (5.35) woaduuHEHT, HECKOJLKO OTJHU-
HBIY OT QHHHILL. '

Temneparyprole koapguyuentol, BonblinHcTBO pHIHTE~
CKHX CBOMHCTB BeIlECTBAa 3aBHCHT OT €ro Temmeparypbl. Ecin
npu Hekoropofi remmeparype To mHTepecyioliee Hac CBOH-
CTBO HMeeT 3HayeHHe Ao, TO NpK Apyroi temnepatrype T
9TO CBO#ICTBO OyJeT uMeTb 3HauyeHHe A, KOTOpoe MOIKHO
Bbipa3uTh B BUJE psafa

A=Ay (1 + oyt + ot + azt>+ .. .), (5.36)

et =1 —T,.

Kostduuuents oy, ag, o3... H T. I. MOTYT HMETb Ca-
Mble pa3jiyuHble 3HAYEeHH!H, KAK TOJIOXKHUTeJbHEIE, TaK U OT-
punare/nbHble, H 3aBHCAT OT BHIOOpa HauyalbHOH TeMIepas<
Typrt 7.

AGcommioTHble 3HAYEHHI 3THX KOI(PPULHEHTOB HACTO
YAOBRETBOPRIOT YCJADBHIO

>l |>]oi>ta > ..

B psne ciyuaeB MOXKHO CUHTATb Gy, Oy H T. A. HACTOJb=
KO MaJibiMH, 4TO

OTKYyJa

A=Ayl + at). (5.37)

B uactnocTH, Ana ofbeMa rasza 1o jaet ypaBHedue I[efi-
Jlioccaka, mpuueM, ecnu Ty = 273°K = 0°C, 10, Xak us-
BecTHO, oy = 1/273. Tax Kak mpousBefeHHe o;f €CTb Beliki«
YHHa OTBJICUEHHAs, TO o) H3MepNercss B eAMHHIaxX epadl.

IMocnenyowue koapdunuesTH UIMEPSIOTCH, €CTECTBEH-
HO, efuHMUAMH 2pad-?, 2pad= u T. A

Koaghguyuenrot ypasuenus Ban-Oep-Baaasca. Ypasue-
HHE COCTOSIHUSl peajibHOTO rasa no Bau-zep-Baanbkcy umeer
BUJ

(P+%) (v = 6) = RT. (5.38)
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3aech p — nabaenue - rasa, V- 3aHuMaeMulil UM o00BeM
(o6vem cocyma), m-— macca, I — abcomiotuas TeMnepa-
Typa, M — Moaeky/sipHE#i BeC, R — yHHUBepcalbHAs Tra3o-
Bast nocrosuHas (cM. § 5.1).

Beauuuno @ U b — mocrosuuple AMA JaHHOH Macchl
JaHHOrO rasa, BBEAEHB JJIfi ydeTa CHJA CHEIJICHHA MEXAY
MOJIeKY/JJaMH U o0beMa caMHX MoJekyld. Beauuuna

V=P (5.39)

0o6YCIOBJIEHHAA CHJIAMH MOJIEKYASAPHOrO CUENNCHUS, HMEET
pPa3MepHOCTb JAaBJieHHsd, NMOYEMY ee HacTo (XOTs H Heyaay-
HO)} Ha3BIBAIOT BHYTPEHHHM HaBINCHHEM.

EaununaMu, usMepsiolluMH HaBjieHHe H 0OBEM, Ofpes
JleseTCs M efAMHHIA H3Mepenns a. Tax Kak

V==,
a npu p = const p; = const, 1o
a=V2p,= %;— m?, (5.40)
T. €. @ NPONOPLUHOHANBHO KBAJAPAaTy MacCChl.
Eciau KoHCTAaHTY Al KHJAOMOJIA WJIH MOJsI 0GO3HAUUTH

epes3 dg, TO MOXKHO HalUuCaTh
m

2= ao(,ﬁ)ﬂ (5.41)

KoHcranra b, nponopunonaJbias NOAHOMY 00BeMy Beex
MOJIeKYJ1, JOMKHA ObITh MPOTIOPHHOHAJbHA Macce rasa, T. .

b= bq (7"’2) , (5.42)

The bo— 3HauyeHHE KOHCTAHTHI HJASi OJXHOIO KHJAOMOJS HiH
moJst. Pasmepuocts a u3 popmyast (5.40)

[a] = L°MT ™% (5.43)
Paamepnoctb b paBHa, pasymeercsi, pasmMeprocTH ofbeMa
[6] = L3 (5.44)

PasmepHocTH @, @, b u by ompenensiror ux eauHuusl. Ha
NPakTHKE YacTO H3MEPSIIOT @& B arm/a® U b — B JHTPAX,
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AKycTHYECKHE eAHHHLb

§ 6.1. O6beKTUBHBIE XAPAKTEPHCTHKY MEXAHWUYECKHX
BOJIHOBBIX NPOLECCOB

Mexannueckue pedopmaliuy B cpepax, o6JasarOLIHX
VIOPYrocTbio, pacupocTpaHsIOTCs CO CKOPOCTHIO, 3aBHCALIEH
OT YNpyrux CcBOMCTB M MaoTHocTH cpeabl. Ecnu nedopma-
uus siBasieTcs NEpPHONHYECKOH, To B Cpefe pacnpocTpa-
HSIIOTCS BOJHBI, JAJHHA KOTOPHIX CBA3aH4 C 4aCTOTOH KoJje-
GaHHil v M CKOPOCTBIO PAclpPOCTPAHEHHS ¢ COOTHOUIEHHEM

4
=5 6.1
CornacHo cka3aHHOMY Bblll€ YacTOThl KoJsieGaHMi HaMe-
pawoTcest repuaMy (2y), a IIHHBL BOJH eIHHHIAMH AJHHB —
MeTpaMH, CaHTHMeTpaMu ¥ T. II.

Kone6aHust, yacToTl KOTOPBIX JeKaT B MNpejesax or
16 2y no 15—20 xey, BOCIPUHHMAIOTCS CHYXOBBIM annapa-
TOM YeJ0BeKa M HAa3blBAOTCA 3BYKOBBIMH HMJH aKyCTHUe-
ckuMu KoseGanusaMu. KorneGanusi MeHbIIMX YACTOT Hasbl-
BaOTCsl MH(PA3BYKOBBIME MJIH HHPPAAKYCTHUECKHMH, a
O0bIIHX YacCTOT — YJbTPA3BYKOBBIMH HJH YJIbTPAaKyCTH-
YECKHMH.

XapakTepucTukn kojebaHuii, cBsisaHHbIE ¢ OCOGEHHO-
CTbIO MX NCHXO(PHIHOJOTHUECKOT? BOCIIPHATHS, OMHCaHbI B
caenyoleM naparpade; 3jiech de MBI DacCMOTPHM Te Be«
JHYHHDL, KOTOPbie HMeIOT OOBbeKTHBHBI Xapaktep W onpeje-
JIAIOTCST COOTBETCTBYIOLMMH, yiKe H3BECTHbIMH HaM oflile-
MeXaHHYeCKHMH BenwuynHaMH. Xots MexnAyHapOAHAsl CH-
CTeMa eAHHHL PeKOMeHAyeTcs Ui YrnoTpebjeHusa BO Bcex:
00siacTsiX HAyKH H TeXHHKH, B aKyCTHKe Haubojbluee pacs
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npocrpauenne coxpauuna cucrema CI'C. IlpaxkTuuecku co-
Bcem He npumensercs cucrema MKICC. Huxke bl nmepe-
YHCAHM BaxKHeilile BeJIHUYMHB! M CAMHHIBI HX H3MEpEeHHHA
B cucremax CH u CI'C.

3s8ykosce dasaerue. Bo3HHKHOBEHHE 3BYKOBBIX KoJeba«
Hufl B Ta3e Win XKUIKOCTH CONPOBOXKAaeTcd KoaeOanusMu
naBieHusi cpeibl. Taxkum obpa-
30M, JaBjeHue B JAHHONH TOYKe
B Ka)XIbl JAHHBIH MOMEHT MOX-
HO NpeJACTaBHTb KaK CYMMY JaB<
JeHNUs B HEeBO3MYIUIEHHOHl cpere,
T. €. B OTCYTCTBHEe KoJebaHyui
i NepeMeHHOTo HONOJHUTENbHOIO
JAaBJeHHUS, KOTOpOe HOCHT Ha-
3BaHHE 38YKOBO20 WJU QKICTIL-
4eCKO20  JRABJEHHSA.  3BYKOBOE
JlaBjieHHe B TeueHHe HepUoia
KoJaeOaHuA H3MEHSiET CBOIO Be- Puc. 17,

JUUHHY ¥ 3HAK MEXIy M0J0-
MHUTENBHBIMH M OTPHUATEJbHBIMH aMIJIHTYIHBIMH 3Haue-
HUSIMHA.

3ByKOBOe jaBJjeline, Kak H BCAKOE APYroe, HaMepsiercs
B H/m? u Odunf/cm? TlocnenHee B aKyCTHKe NPHHSITO ObiiO
naswiBath GapoM. OngHako, MOCKONbLKY HasBaHpe Gap ycra-
HOBJEHO AJAA JaBaeuusi 108 Qun/cm?, npuMeHdaTb ero Aas
ApaBjennsi 1 Qunfcm? He peKOMeHIyeTCs.

Ob6vemnan ckopocro. B 3ByKOBOH BOJIHE aCTHIBI CPEJibL
COBEpIIAIOT KoJebaHHs CO  CKOPOCTbIO, 3aBHCSIHIEH OT aM=
NJAUTYAb KoneGaHu#, yactorhl M (pasbl. IlpeacraBum ceGe
pacnpocTpaHsouylocss BAoJAb ocu x (puc. 17) maockywo
NPOJOAbHYI0 BOJHY (HMEHHO HPOAOABHBIMH U fBJAAIOTCH
3ByKoBble EOJIHBI). TlycTs B HekoTOpoii miockoctHn M uga-
CTHUBI Cpeibl B AaHHBI MOMEHT HMEWT ckopoctb v. [Ipo-
BeaeM Ha ManoM paccrosnuu Ax or M mnockocts N, 3a
BpeMs Af = Ax/u Bce uyacTHUB, 3axkjal04eHHble MexKAy M u
N, npofinyT ckBo3w N. Ecau Ha nsockoctd N BoIGpath mio-
HIaJKy pa3MepoM S, TO CKBO3b Hee 3a Bpems Af npoitner
obbem Axs = v Afs, a 3a efAMHHIY BpPeMeHH US. DTa BEJIH«
Yyii{Ha H HOCHT Ha3BaHHe 00LeMEOH CKOPOCTH. Jlerko Bu«
JeTb, YTO €e pa3sMepHOCTb M eJUHHILI HW3MEDEeHHT Te XKe,
YTO M s OOBEMHOro pacxojia, T. €. m%/cex n cm3[cex.
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3eykosasn sHepzun. JIioGofi oGbeM cpeibl, B KOTOPOH
pacnpocTpaHsiioTCs BOAHH, oGlajaer sHepruel, ckiajbiBa-
IouleHc H3 KHHETHUYECKOH HEePTrHH KoJAeOnioluxca 4acTHIl
H TOTeHIHaNbHON 3»HepPrHM YHpyroit aedopManuu. 3BYKO~
Bast HepPTruf; Kak u Jwobaa Apyras sHeprus, usMepsiercs B
JKOYJISIX U 3prax.

IlaorHocTe 38yK0806 drepeuy. 3BYyKOBas 3Heprus, oOT-
HeceHHasl K efuHHLe o(beMa: CPejlbi, HA3biBAeTCH TJOTHO=
OTbI0 3BYKOBOH 3HEPrud W COOTBETCTBEHHO H3MepdAerca B
Ooc/m3 u apefcmd.

ITorox 38yKo601 3xepeun. Bomubt, pacnipocTpaHsiolHect
B Cpelle, HeCYT ¢ cOOOH NOTOK: SHeprus. IJHEPrus; nepe-
HOCHUMasi B eJAUHHIY BpeMeHH: Yepes: JaHHYI0 MAOILAaAKY,
neprHenUKYNSPHYIO K HanpaBleHHID pacfipoCTPaHeHHs, H3-
MepsieT BeJIUYHHY 9TOro noToka. OueBHHD, Pa3MepHOCTb H
eIMHHUB TIOTOKA 3BYKOBOH 3HEPTHA COBNZA4IOT C pasMep-
HOCTBIO H eJHHUIAMH MOIIHOCTH— 8T W 3pe/cex.

Hnurencuenocrs 38yka (cura 38yxka) —IJIOTHOCTD 110TO-
Ka 3BYKOBOH 3HEpPTuH, T. €. TOTOK 3HEPTHH, OTHECeHHHH K
edHHHIle TOBEePXHOCTH, MEPNEeHAHKVASPHON HanpabBaeHHio
notoka. Pa3MepHOCTh MHTEHCHBHOCTH 3BYKa

[[1=MT"3 (6.2)

CootBercTByOLIHe efuHHNb: 6T/M? n ape/(cm?- cex). Coot-
HOUICHHE MeKIY HUMH

1 er/m® =103 apef(cm? - cex).

AkycTuseckoe conporugaenue. AMuauTyfa KoseGaHHit,
a COOTBETCTBEHHO H CKOPOCTh KOJIEOJIOLIMXCA TOUEK 3aBH-<
CAT OT MEXaHHUYECKOrO HampsiKeHusi, BOZHUKAIOILETo B cpes
Jie, a B cyuae BONH B rase HJH XKHIKOCTH.— OT aKyCTHYe-
CKOTO JaBJieHHs. MrHoBeHHOe 3HayeHHE CKOPOCTH Ompeje-
JIIETCA COOTHOWEHHEM
.
= (6.3)
T/le p — aKyCTHUYECKOE NaBJeHHE, p — MJIOTHOCTb CPeJibl.
Ecau seBywo' u npaByio 4yactd ypasHenus: (6.3) nomuo-
KUTb Ha MJOWajb NoToKa (HampuMmep, Ha cedyeHue TpyObi),
TO MOXKHO HalHCaTh

__P
s = ‘)C/S . (6'4)
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Crosluad cjeBa BeIHYHHA MPENCTaB/sAET €o60il -0GBEMHYIO
ckopocTh KoJdeGanuil, OTHoiueHHe [RaBieHuA K  06beMHOH
CKODOCTH HAa3blBA€TCl AKYCTHYECKUM CONPOTHB/EHHEM, TNO-
CKOMbKY ¢opmyna (6.4) BHemHe HamoMuHaer 3akOH Owma,
€Clld 3BYKOBOE NaBJeHHe YROJOOHTb Pa3HOCTH MOTeHHua-
J0B, a 00BbEMHYI0 CKOPOCTh — CHJIE TOKA,

B ofuiem cayuae nepeMeHHoe 3BYKOBOE JaBJjeHHE M Me-
- pesensasi o6beMHas CKOPOCTh MOryr mo ¢ase He coBna-
AaTbh, NO3TOMY B TakKHX CJAydYafX NO aHAJOTHH C MOJHBHIM
CONMPOTHBJ/IEHHEM NMepeMeHHOMY TOKY (MMhelaHIleM) BBOAAT
MOHATHE KOMIIJIEKCHOTO aKYyCTHYECKOro CONPOTHBAEHHS KU
aKyCTHYECKOro HMilefaHua.

Coryaco onpefeneHHio aKYCTHYECKOFO :CONpPOTHBJIEHH
€ro pPa3MepHOCTh

[R=L"*MT7", (6.5)

EXuHHLBl  aKyCTHYECKOrO ~CONPOTHBJEHMS: H - ceK/M® R
-Oun - cexfcms. CorsracHo pasMepHOCTH

5 -5 .
1 # - cex/n’= 107" un - cexfcr’,

Has eqnauub Oun - cex/cm® cylsecTByeT pacnpocTpaHeHHOe,
Ho He pexomenayemoe I'OCT naspaHue -axycruvweckui oM
HJIH QKOM.

AkycTHueckoe CONPOTHBJIEHHE €JHHHIBI MOBEPXHOCTH
HasblBaeTcsl yJeAbHbIM QKYCTUMECKUM CONPOTUBAEHUEM W
ABJASIETCSI XapaKTepHCTUKON paHHOA cpenwt. M3 dopmyan
'(6.4) BbiTeKaer, YTO YAENbHOE AKYCTHYECKOE COIMPOTHBIE-
HHE PaBHO NPOH3BEJEHUIO TIAOTHOCTH Cpefiibl Ha CKOPOCTh
pacnpocTpaHeHHns KoJeGaHHH

N = pc. (6.6)
Pa3M€pHOCTb YACJbHCTO aKYyCTHUYECKOIro COHpOTHBJIEHI/m
m]=L"’Mr"". (6.7)

VaenbHble aKyCTHUECKHE CONPOTHBJEHUs HEKOTOPhIX
‘cpel mpuBeaeHbl B Tabu 7.

Mexanuueckoe conporusaenue, Kpome aKyCTHUYECKOroO
_COMPOTUBJIEHNS, B aKYCTHKE NPHUXOAMTCA MMETb JIeJI0 € TaK
Ha3biBaeMbiM  MEXQHUYECKUM  CORPOTUBAEHUEM, KOTOPOE
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onpefensercst KaK OTHOLIEHHE MEePHOAHYECKOR CHJABL K KOJes
GatensHoft ckopocti. CoraacHo onpeleneHuio

R,=1%, (6.8)
pa3MepHOCTb
[RJ=MT"". (6.9)

EAunuusl  MeXaHHYECKOTO  CONPOTHBJGHHS H-CeKklsm U
Jun - cexfcm. TlocnenHiod eAMHHIY HHOTA HA3LIBAOT Me-
XAHUHCCKUL OM UH MEXOM.

- ®opmyaa (6.9) onpesesnser CooTHOLIEHHE

I necex/m=10% dun + cexfcm.

YposHu UHTEHCUBHOCTU 38YKaQ U 38YyK0B8020 OasieHus.
Jnsd XapakTepHCTHKH BEJHUHH, ONpeleAIONHX BOCIPHSTHE
3BYKa, CYLIECTBEHHBIMH ABJAIOTCA HE CTOJNBbKO abBCOMIOTHDLIE
3gauyenussi HHTCHCHBHOCTH 3ByKa H 3BYKOBOro AaB/eHHHA,
CKOJILKO HX OTHOILEHHS K HEKOTOPbIM MOPOroBHIM 3Haue-
nuaAM. [To3TOMy BBeaeHB! MOHATHS OTHOCHTENbLHHIX YPOBHeH
HHTEHCHBHOCTH ¥ 3BYKOBOro JAaBJieHHsi. Ecly UHTEHCHBIO-
CTH JBYX 3BYKOBBIX BOJH paBubnl [» u [;, TO pasHOCTbIO
YPOBHER 3THX HHTEHCHBHOCTEN HasbiBaeTcs JorapHpm or+
vowenus I/1;:

L,=1g§—j. (6.10)

3a enwHHLY pasHOCTH ypoBHell npunnmaercs Gea (6),
onpede/sseMbifi Kak pasHOCTb YPOBHEH ABYX HHTEHCHUBHO-
cTell, OTHOIIEHHE KOTOPHIX PaBHO AECATH, U COOTBETCTBEHHO
AeCATHUHBI norapudM OTHOIIEHHST paBeH eawHHUe. [lecs-
Tasi yactp Oena, COOTBETCTBYIOUAas JOrapupMy OTHOILEHHS,
pasuomy 0,1, HasbiBaerca Odeyubea (30), Ilpu pasuoctd
yposHeil | 06 oTHoweHue

% =10%' = 1,259, (6.11)
Viamepeunan B jgeun6enax pa3HoCTb yYpOBHe#d HHTEHCUBHOA
CTH onpesensercs GopMyon

L(36)=101g . (6.12)
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Tag e Kak ¥ Pa3qHOCTb YyPOBHEH WHTEHCHBHOCTEH, MO-
WeT U3MepPATbCA U PasHOCTb YpOBHEA MOTOKA 3BYKOBOI
SuHepruu (3BYKOBOH MOILHOCTH).

MexKay HHTEeHCHBHOCTBIO 3BYKa M 3BYKOBBIM JaBJeHHeM
CyulecTByeT COOTHOUIeHHE

. (6.13)
Ilostomy
!
lgﬁ=2lg%. (6.14)

Crnoco6 uamepeHHs pasHOCTH YPOBHeH 3BYKOBBIX jAasJe-
HUH yCTaHaBJAUBAeTCAd TaKuM oOpasom, YTOOB 3Ta pasHOCTh
coBfiajgana C pasHOCTbIO YPOBHEH MHTEHCHBHOCTEH TeX Ke
kosieGanufi. COOTBETCTBEHHO M3MEDPEHHYIO B feuubenax pas-
HOCTb YpPOBHEH 3BYKOBBIX AaBJEHHH MOMKHO OMNPEIENUThH MO
tpopmyae

L,=20lg %- (6.15)

Hapsiny ¢ uamepennem pasHoctH yposHell B Genax
Aeunbenax NPHMeHsieTcsl H3MepeHHe pPasHOCTH ypOBHel B8
Henepax (xen). Paszuoctb ypoBHEeH HHTEHCHBHOCTH B OJHH
Herep COOTBETCTBYET OTHOLUEHHIO HHTEHCHBHOCTEH, paBHO-
MY OCHOBaHLIO HaTypaJbHBIX jorapudmon. M3 storo ompe-
AefeHus BLITEKaeT, UTo

16 = 2,303 wen. (6.16)

Yacto ypoBeHb HUHTEHCHBHOCTH 3BYKa M 3BYKOBOTO JlaBae-
HHAl OTHOCSIT K YC/JOBHOMY MOPOTY, COOTBETCTBYIOILEMY 3BY-
KoBoMY gaBienuto 2- 1075 a/m? nau 2 - 10°* Qunfcm®*).

§ 6.2. CyObeKTHBHBIE XapAKTEPHCTHKH 3BYKa

Cy0ObekTHBHOE BOCHIpHSTHE 3BYKa XapaxkrepHayercs psi-
JOM BeJHYHH, KOTOpPble MOTYT OBITb. B TON HJ/JH MHOH CTe-
[eHH COMOCTABJEHBl C HEKOTOPbIMH H3 OOBLEKTHBHBIX BeJH-
YMH, PACCMOTPEHHBIX BbiIle,

Boicora 3syxa. OcHoBHAas KauyecTBEHHAsT XapaKrtepii-
CTHKA 3BYKa olnpejenasieTcsi ero uacToToil. Pasuble 3ByKH

*) TlonpoGuee o aorapudmuuecknx eannuunax o, llpuaoxenue I,
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BOCIPHHHMAIOTCA HAMM - KAK DPaBHOOTCTOAIKE TO BHICOTE,
eCJIM - PAaBHbI OTHOMICHMA - MX 4Y4CTOT. TaKuM - 06pasoM, Mbi
BBOAHUM [OHATHE UHTEPBAAQ B6ICOTHI, ONPLAELAIEMOr0 OTHO-
HleH¥eM KpajHHUX YAaCTOT COOTBETCTBYIOILHX 3BYKOB. Tak, Ha-
npuMep, MHTepBaJ, orpanudeHHblil yacroramu 200 -u 500 xy,
paBeH HHTepBaNy ¢ rpaHMYHBIMH yactoramu 100 u 250 ey.
-JInsi u3MepeHHs HHTepBaJga BLICOTHl NMPHMEHSETCH PAK
€IHHHL, NOCTPOEHHBIX 1O JOrapH(pMuuecKOMy NPHHIHMIY.
B Mysbike OCHOBHBIM fIBAsIeTCS  MHTepBaJj, OrpaHHuEHHBIH
YaCTOTaMH, OTHOIIEHHe KOTODPBIX PpaBHO [BYM — OKTABA.
OxraBy genar Ha 1000 munawoktas uan 1200 yexros.
Hpyras eauHuna uHTEpBata — casap (cag) onpenensercs
KaK HHTEPBaJ, 4751 KOTOPOrO AECSTHUYHBIA JOrapHdM OTHO-
mienusi kpainux vacror pased 0,001. Benwumna wnTepBada,
H3MEpPEHHOTO B CaBapax, Belpaxaercd QOPpMyJoH

A= 10001g-:-f—. (6.17)

CoOTHOMIEHHsI MeXAYy HHTepBalaMH BBICOTBI 1 COOTBET-
CTBYIOILME 3THM HHTEpBaJiaM OTHOWIEHHS KpafHHX YacToT
npHBefieHs! B Taba. 22.

IMocaenoBaTeqbHOCTE TOHOB, M3 KOTOPHIX HEpBLIfi M MO-
caesHUll 00pa3yloT HHTEpBaJ B QNHY OKTaBY, Ha3biBaeTcs
2ammoil. st mosyuyeHus rapMOHHYECKMX MY3BIKa/lbHBIX CO-
3Byunil Tpebyercs, YTOOHB OTAEIbLHBIC MPOMEXYTOUHbIE CTY-
NeHd TraMMbl — TOHBl — 00JIafia’d YacTOTaMH, OTHOCAULH-
MHUCST JPYT K APYI'Y Kak Ioc/JefoBaTelbHble HEGOAbIINE Iie-
Jble yucna. I'aMMa, TOHBI KOTOpOH YAOBJAETBOPSIIOT 3TOMY
YCJOBHIO, Ha3blBAeTCs HUCTOU WIH HATYPAAbHOL TaMMOH.

OpHako aj5 nepexoja U3 OJHOR TOHAJNbHOCTH B APYIYO
Heo6X0UMO, UTOOH, HaynHas ¢ J100ro TOHa, MOXKHO OBLIO
06pa3oBaTb HOBYIO TaMMy C TAKUMH K€ OTHOLUEHHAMH Ya-
CTOT TOCJAeNoBaTeNbHLIX CTYNEeHeH, Kak U B OCHOBHOH raM-
me. CornacoBath 06a TpeGoBaHMst B paMKax OOBIYHBIX MY-
3bIKaJIbHBIX HMHCTPYMEHTOB M - OOBIYHOH HOTHOH 3amlHCcH
HpefCTaBIseTCs COBEPIIEHHO HEeBO3MOXKHBIM. [lostomy Obi-
Jia yCTaHOBJeHa TeMIepHpOBaHHag raMMa, B KOTOPO# Hil-
TEPBaJ B ORHY OKTaBy pasfiefieH Ha 12 noJayToOHOB ¢ pas-
HBIMH HHTepBaiaMd Mexay Humi. CorjlacHo CKa3aHHOMY
BLILle WHTEPBaJ MeXJy COCEJHHMH INOJYTOHaMH paBeH
100 uenram,
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B ta6a. 23 npusenenn MY3biKaJbHBIE HHTEPBaJbl, 06pa~
3YIOLlHE UHCTYIO H TeMNEPHPOBaHHYIO rammbl. Ha puc. 18
NpeAcTaBdeda 4acTb KAaBHATYDbh DOSf, OXBATHIBAIOULAS
OAHY OKTaBY, C O0O3HAYEHHSMH APOMEKYTOUHBIX CTYIeHeH.

Tembp 38yxa. PasinuHble 3BYKH Haxe OJHON BHICOTHI
OTJIHHAIOTCH ADYT OT ApYyra OKpackoit miu temdpom. TemGp
3BYKA  3aBHCHT OT HAJHUHA
OTHOCHTE/IbHOH  HWHTEHCHBHOCTH
JOTIOMHHTEBHBIX KoseGaHn i
006BIYHO  Goviee - BEICOKHX YacTor,
ueM OCHOBHAS YacToTa, olpele-

JsIolas  BBICOTY: 3ByKa, Hero-

CPENCTBEHHEIX  KOVIHYeCTBEHHBIX D EFCART
NapaMeTpoB, KQTOPHe CAYKHAU- 0 ]
Obl  O/IHO3HAYHON" XAPAKTEPHCTH- |7] R B £
Kofi Tem6pa, He: cyulecTByer: D—H j;‘};,;,,""@——"
Ilpu anannse mysbikanbubixapy- s A

KOB' H3MEPHIOT OTHOCHTEJIbHYIO a F
HHTEHCHBHOCTb  OTAEJNBHBIX  CO- Puc, 18.

crapiadamomux. Hpave  Moxno
CKa3aTh, 4TO TeMOp onpepensercs BHAOM ¢GhyHkuun pacnpe-
ACTCHHST HHTEHCHBHOCTH 3BYKa 10 YacTOTaM.

Tpomrocre ssyxka. Xors BOCHIPHATHE 3BYKa 3aBHUCHT OT
€ro MHTEHCHBHOCTH, ORHAKO CBfA3L 3Ta HR SABJSETCSH npo-
CTOH W onHo3Haunoi. [Ipexkme Bcero spech clnegyer yka-
8aTh Ha TO, 4TO UYBCTBHUTENBHOCTb UENOBEUECKOTO yXa K
3BYKaM pPas/MYHOH 4acToThl pasnuyna. Ha pue. 19 nuxuas
KpHBast u300paxaer TaK Ha3blBaeMbill NOPOT CJABILIMMO-
CTH — Ty MHHHMAaJIbHYIO HHTEHCHBHOCTb 3BYKOB Pa3HOf 4ya-
CTOTLY, KOTOPYIO HOPMAJBbHBIl CAYX crocoGeH BOCOPHHH-
Matb. lllkajbi Ha 9TOM pHCYHKe Kak mo ocH alcuuce, Tak
H 10 OCH OpAMHAT A4HBl B JIOrapudMHYECKOM MacluTaGe.
Ha wxane opausar caesa YKa3aHbl. MHTEHCUBHOCTH B
apefceK - cm? U YPOBHH HHTEHCHBHOCTH B AenuGenax, npH-
UEM 3a HYJEBOH NPHHAT YPOBEHb.3ByKa MHHHMAJbHO BOC-
NPUHUMaeMOH HMHTEHCHBHOCTH npu uyacTore 1000 2y. Ha
NpaBoii LIKajle YKa3aHbl COOTBETCTBYIOLIHE 3BYKOBLIE JaB-«
JeHus B Oun/cm2

BepxHss KpHBasi COOTBETCTBYeT BO3HHKHOBEHHIO MEXaHH«
UECKOTO  0CA3aHHS, IEPEXOAALLETO B GoNeBoe OLIyUIEHHeE. Ipu
YBEJIMUEHHY HMHTEHCHBHOCTH 3ByKa MHaHHOH olpeje/eHHON
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YacTOTHE * OLIYIlEHWE TPOMKOCTH 3ByKa Boapacraer. Kpu-
Bhie, NpeficTaBjeHHble Ha puc. 19, nocrpoeHbl TakuM
o0pa3oM, 4YTO KaKAOA KPHBOH COOTBETCTBYET OJHHaKO-
Basl TPOMKOCTb BOCITPHHHMAaeMblXs 3BYKOB pa3HOH BbICOTHL
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Puc., 19,

Taxny obpa3oM, 3ByKaM papHOl rpOMKOCTH, HO OTAHYAIO-
ILUMCSL 110 4acCTOTe, COOTBETCTBYIOT pasnble YPOBHH HHTEH-
cuBiocTH. KpuBbie Ha puc. 19 nposenenst TakuMm oGpasoM,
gyto npu gacrore 1000 ey oHYM CABHHYTHI LAPYT OTHOCHTENbLHO
apyra na 10 06. Ilpu ppyrux yacrotax pasHocTb ypOBHeM
COCeIHHX KPHBBIX pasjuyHa.

3BYKH CUHTAIOTCA DAaBHOOTCTOSILL{HMHM 1O TPOMKOCTH,
€CJH pa3HOCTH ypOBHEH 3BYKOB TaKHX K€ TFPOMKOCTEH, HO
ob6aagawowux yacroroir 1000 ey, pasunl 10 96. ITockoabky
paBHLIM HHTEpBanaM YpOBHA TPOMKOCTH COOTBETCTBYIOT
pa3dble HHTEPBajbl YPOBHA MHTEHCHBHOCTH, JAJsI XapakTe-
PHCTHKH YpPOBHH TPDOMKOCTH BBeJeHA chneluasibHas eAHHH-
ua — ¢on. OoH onpeneseTcs KaKk pasilocTb YpOBHeH rpoM-
KOCTH JBYX 3BYKOB JaHHOH 4acTOTbl, paBHOTPOMKHE KOTO-
pbiM. 3ByKH ¢ uactotoli 1000 ey orinuaoTcs MO WHTEHCHB-
Hoctn Ha 10 86. Tlpunrumast ypoBeHb, COOTBETCTBYIOUIHH.
npefesy CABLHUHMOCTH, 3a HYJEBOH, Mbl MOMKEM.Henocpea-
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CTBEHHO H3MEPHTh YPOBeHb I'DOMKOCTH 3BYKa B (pOHAX Kak
pa3HoCcTb MeXAYy YPOBHEM IPOMKOCTH JaHHOI'O 3BYKa H HY-«
JeBbIM.

Bce npusenentbie Bblihe eIHHHIIB!, OCTPOEHHDbIE HA J0-
rapuMuyeckoil ocHose, SABJSIOTCHA, pa3ymeercsd, 6Gespas-
MepHBIMH.

§ 6.3. Hexkoropsie BeanuHHBI, CBA3AHHBIE
¢ aKyCTHKOH noMmeleHHi

Ilpu naneHuu 3ByKOBOW BOJIHB! Ha Kakyw-1460 TOBEpX-~
HOCTh YaCTh 3BYKOBOH SHepPrHH OTPax<aercs i 4yacTb NOIJIO-
1aercst. CoOTBETCTBEHHO BBOJASIT aKyCTHUECKHEe Kod(phu-
LMEHTbl OTpaXKenusi U noriolnenus. Axycrudeckuil kosppu-
HUEHT OTpaseHus p eCTb OTHOILIEHHE KOJHYeCcTBa 3BYKOBOM
3HEpPrHH, OTpaXKeHHo#l B CTOPOHY MNaleHHf, K KOJHYEeCTBY
3Hepruy, najaioileil 3a TOT Xe NPOMeKYTOK Bpemenn. Axy-
crudeckud Kosgpguyuenr noeaoujeHuss o PaBeH DPAas3HOCTH
MeXAy efuHHIeH H akycTHUeCcKHM Koxdduuuedtom orpa-
KeHus

a=1-—op. (6.18)

Axycruueckan nporuyaenocto nepeeopodxiu d ectb OT-
HOLIEHHE KOJHMYeCTBa NpoXoisileli uepea mneperopoiky
SHEPIHH K KOJHYECTBY JHEpPruu, najaalonieil 3a ToT xKe npo-
MeXYTOK BpCMEHH.

Bce Tpu Benauuunwt (p, o, d) sBAAIOTCA BeJIHUHHAMH
Oe3pa3MepHBIMU. AKyCTHYeCKasi MPOHHILAEeMOCThb MEPEropoi-
K OnpejeasieTcsl HaJoXeHHeM I[POLeccOB TONMIOUIeHUS B
BellecTBe, M3 KOTOPOIO H3TOTOBJEHA MNeperoponka, MHoro-
KPaTHOTO OTPAXKEHHs OT repenHell H 3ajiHeli ee NMOBEPXHO-
crefi ¥ YaCTHYHOTO NPOXOXAEHHS Hepe3 3TH IOBEPXHOCTH.
Ilps 3TOM OPHXOAUTCS YYUHTBHIBATH W SIBJEHHS UHTEp(EpeH«
I{MY BOJIH, HaJaraloliuxcs APYT Ha Jpyra B pasIHylBIX
dasax. Yucroe norsowenue Habaiofaercs B TOM cJaydae,
ecJH TOJIIHHA CJA0f HACTOJAbKO BeJUKa, UTO HHTEHCHBHO-
CThIO BOJIHBI, OTPaXKeHHOH OT 3ajHell CTEHKH, MOKIO mpe<
nebpeub. Ecjiu npu 3toM Ha CJIOH majaeT IJOCKasl BOJHA,
MHTEHCUBHOCTb KOTOPOIl NMOC/e BXOXKLEHHS B cloit paBHa [y,
TO {fa HEKOTOPOM PAacCTOStHHH X OT TpaHuibl C/JOS HHTEH-
CHBHOCTL Gyner

I =%, (6.19)
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Koshduunent 6 HasbiBaeTcsl AUHelHbLM nOKA3aTEAeM 10+
eaowenus. P asmMepHOCTD €To

=17, (6.20)

elMHUIbl H3MepeHust M7! U cul,

s xapakrepucTuku norjolaiouel cnocoGHOCTH OTe
LEeNbHBIX TeJ BBOJUTCH HOHSITHE 06wez0 38YyK0B020 no2A0+
uienua Teaa, KOTOPOE ONpejiefeTcss MPOH3BENEHHeM MnJo-
waay Tesa Ha ero kosdduuuent noraouienusn. Mamepsercs
oflee morsoHieHNe NAOHIEAbI0 aGCOMIOTHO NOTAOMAIOLIEr0
TeNa, HMEIOUIETO TaKoe >Ke TOrIoUieHne, KaK M JaHHoe. 3a
eAHHHIYy OOGIEr0 MOrIOUIEHHS NPHHHMAIOT K8adparHblil
METP OTKPLITOS0 -OKHA, TaK KAK OTBEPCTHE B CTeHE NMpakTH-
HEeCKHM He OTpaXaeT 3ByKa.

Pesepbepayun. Tlpu npousBojicTBe 3BYyKa B MOMELIEHHH
B030yKAeHHbIE BOJAHB MHOTOKPATHO OTPa)aioTcsl OT CTEH,
noJa, NOTOJKAa ¥ BCeX NPEeJMETOB, 3aNOJHAINX ToMerte-
aue. T1pu KaXa0M OTparkeHHU YacTb 3BYKOBOH 3HEPrHH MO~
FJIOLLAETCA, TAK YTO MOCJ€ NPEKPALICHHA H3JYYEHHs KOJEe«
6aHill HCTOUHMKOM TUTIOTHOCTH 3BYKOBOH 3HEPruu BO- BCEX
TOYKAaX NOCTeneHHo yObiBaer. ECIH B MOMEHT NpeKpalleHust
M3JYUYEHHS JIOTHOCTb 3BYKOBOH SHEPTHH paBHA Wo, TO CMy-
CTS NPOMEXYTOK BpeMEeHH { OHa CTAHOBHTCS DaBHOH

w = wee~1". 6.21)

Ipouecc BocnpousBenenns 3ByKa C TNOCAENYIOHIUM €ro
3aTyXaHHeM HasbiBaeTcs peBepbepauuefl. XapakrepHas Mo«
CTOSIHHasl BpeMeHH T, Kak nokasan Cs6un, paBHa

4V
¢ as !

rie V—o0beM noMemeHus; Xas-—— CyMMa OGIIMX 3BYKO«
BbIX TOIVIOHIEHHH BCeX TeJ, HaxoiAdIuuxcd B ToMenie-
HHH, BKJOUas CTEHbl, NOJ, NOTOJOK, Mebean, mwoaeh
H T A

Bpems 1 mpencraBasier co6ofi To BpeMs, B TedeHHe KO+
FOPOTO IJIOTHOCTh 3BYKOBOH 3Hepruu mnajaer B e pa3. Ha
BPAaKTHKE NPHMEHSIOT APYTyilo BeaunuuHy 71, HasHBaeMyl
BPEMEHEM CTaHAapTHOH peBepOepalud M ONpeleaAeMyio

T =

(6.22)
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KaK BpeMs, B TeueHHe KOTOPOro MJIOTHOCTb 3BYKOBOH SHep-<
rHH yMeHbllaeTrcs Ha 60 06, T, e, B 108 pa3, Hanucas

pclosT
-6 3y
107 =e )
N0JYYHM

T=23-6v=>552—— 2 —, (6.23)

Bpems peBepbepanuu onpeielsieT aKyCTHYECKME CBONCTBA
nomeltenusi, Eciu 3To BpeMsl CJAMHIKOM MaJlo, 3BYKH IOJIY-<
YalOTCA TAYXHMH, «TYCKABIMU». Ilpn caumkoM GOJbLLIOM
BpeMeHH peBepOepaluH 3BYKM HajaraloTcs APYr Ha Apyra
H peub cTaHOBHTCA Hepa3bopuuBofl. OnTHMAa/bHBIE BpEeMeHa
peBep6epaliuy 3aBHCAT OT Ha3HauyeHUH NOMelUleHHH H Je-
KaT B HApefeqax oOT HECKOJNBKHX JAeCATHIX CEKYHAB A0
1—3 cer,



F'masa 7

S.nempuqecxne H MArHHTHbBIC €HHHIbI

§ 7.1. Bpenenue

CHeTeMBl 3JEKTPHYECKHX H MAarHuTHBIX eAHHUI, NPOUIH
CMOXKHBIA H 10 HEKOTOPCH CTEeMeHH MPOTHBOPEUHBHIH NyThb
cBoero o6pasoBadus, o6YCJaOBJAEHHBH OCOGEHHOCTAMH Pas-
BUTHS HalU¥X 3HaHuil 00 3/eKTPUUECKUX H MarHUTHHIX fBJE-
Husax. o orkpeitus dpcreaom B 1820 r. maruuTHOro pnefi-
CTBUSL 3JEKTPHUYECKOrO TOKa 9JIEKTPHUECKHE U MarHHTHbIE
ABJEHHS H3Y4aJHCh HE3aBHCHMO APYT OT Apyra, XOTA HMHU
3aHUMAaJUCh OAHOBPeMeHHO OAHM H Te Ke yuenble (I'nmib-
6ept, Kyson). CyliecTBeHHYI0 posib B HCTOPHH DPas3BUTHA
HALIMX 3HAHWH O MAarHUTHBIX SIBJAEHMSX Cchirpajo 10 ©O-
CTOATEJNBCTBO, YTO YEJNOBEK BHEPBLIE MO3HAKOMMJ/ICH C HHMHU
eure B ryb6okol ApeBHoCTH 6Jarogaps OTKPBITHIO MarHut-
HbIX CBOHCTB KeJse3a.

Korna Hacrynuiaa mopa KOJHYECTBEHHOTO H3YyueHHs
9JEKTPHUECKHX # MAarHHUTHBIX fABJACHHH, TO, HCIOAb3YA
BHEIlIHee CXOACTBO MEXAY B32UMOJACHCTBHEM NOCTOSHHBIX
MAarHHTOB H B3aHMOAENCTBUEM 3JEKTPHUYECKHX 3apPANOB,
I ONMUCAHHA 3THX B3aUMOAEHCTBHHA CTaMu NPUMEHATH OJH-
HAaKOBYI) TEPMHHOJOTHIO, KOTOpasi COXpaHmJach H 1O Ha<
CTOALLETO BPEMEHH, XOTH OHa M .HE COOTBETCTBYET HAIUWM
COBpeMEeHHLIM mnpefcraBiaeHuaM. Hemano yueHbiX, OCHOBHI-
BafCb Ha YKAa3aHHOM CXOACTBe, 0e3ycClellHo MbiTanuch Hai-
TH O0LLYIO NMPHPOAY 3JEKTPHUECKHX H MarHHTHBIX fBJEHHH.
Xorsl mocie OTKPBITHA Dpcrekha U NOCJAENYIOUIMX HCCIAE0-
BaH{# CTaJO SICHO, YTO 3JIEKTPOCTATHUECKHE H 3JEKTpoMar-
HUTHBIE ABJEHHS HMEIOT CYIUEeCTBEHHO pasjiuuHbIfl Xapax-
Tep, ONHCAHUE 3THX SIBJEHHI B Kypcax (pu3uKu CTPOH.I0CH
JO CpaBHHTENbLHO HeLaBHEro BPEMEHH B CJAeNYIOEeM Mo-
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pAAKe: BHauaJje H3jarajacb 3JeKTpPocTaTHKa, 3aTeM Mar-
HHTOCTATHKA, T. €. ydeHHe O B3aHMOIEHCTBHH MOCTOAHHBIX
MAarHHTOB M MX NMOJAX, 3aTeM 3aKOolbl MOCTOAHHOIO TOKa H
JHIb B KOHNE NMOABAAJMCH MariHTHble AECHCTBUA 3JEKTpH-
yecKoro Toka. Ha oOcHoBe MaruuToCTaTHKH OBLIH MOCTpPOC-
Hbl WM eAMHHUbI MArHUTHBIX BeaHdlill, M3 KOTOPBIX 3atecM
00pa30BbIBAJMUCh €IHHHUILI BeJHUNI, XapaKTepublX AJs Mar-
IIHTHBIX JEHCTBHIl 3JEKTPUUECKOTO TOKAa, IMEKTPOMATHUTHOM
MHAYKIMH B T. n. Taxo#i TOPA1OK M3NOXKEHHS Cco34aBad
TPYAHOCTH AJS MOHHMaHUs CYWICCTBA SIBJACHHH, NIPUBOAWI K
NyTaHHIle OCHOBHBIX TOHSTHI.

B HacTosiiiee BpeMsi B 0O0JbUINHCTBE KYPCOB  (PHIUKH
NPHHATH APYTHE CHOCOBBI H3J0KEeHII 3JeKTpoMarueTHaMma,
B KOTODLIX B KaueCTBe OCHOBHOrO MaTlUTHOTO SIBJEHUS
NpPUHHMAETCs TO HJAH APYroe MarsuTHoe aefdctsue Toka. Ha
5TOW K€ OCHOBE BBOJUTCH H eJIUHHIIA CHABI TOKa CHCTEMBbl
CH — amnep, koTopasi B paMgax 3TOH CHCTEMBI YCJIOBHO
CYHTaeTCsl OCHOBHOI.

Onnaxo u B 5TOM HanpasjeHiH HeT eAnHoro, ofienp-
3HAHHOIO MeTOAAa M3J0MKEeHHs, Aa, Mokanyd, yKkasarh Takol
METOJ BpAJ JH NPeACTaBAfeTcsl Bo3MOXHBIM, IlosTOoMy B
caeaymwuleM naparpade Mbl paccMOTPHUM Das/dnyHble BHALI
NEeKTPUYECKUX M MarHHTHBIX B3auMOJEHACTBHIl M MOKaxKeM,
KaK Ha HX OCHOBE MOTYT ObLITb NOCTPOGHBI PasNHYHBIE CH-
CTEMbl eIHHHH.

§ 7.2. Bo3MoskHble CNOCOOLI NOCTPOEHHUS CHCTEM
9JEKTPHYECKHX M MArHHTHBIX €JHHHL

B 3aBHCHMOCTH OT TOTO, KakHe B3aWMOIEHCTBHA 11 B Ka-
KOM BHA€ NPHHHMAIOTCA AJAs onpejeneHust HH3NYECKHX BC=
JUYHH, CAYXKAWUX JJIsl OMHCaHUs SJAeKTPUUeCKHX U Mmar-
HUTHBIX BJEHHH, YCTaHaBAWBAETCH COBOKYIHOCTbL onpejae-
JNIOWHX  COOTHOIIEHMH, C NOMOU[LIO KOTOPHIX BBOJSATCS
COOTBETCTBYIOLILE NPOU3BOAHLIE exudulbl. Huke B marema-
THYECKHX Bblpa’KeHHNAX, ONHCHIBAIOWIHK KOJHUECTBEHHYIO
CTOPCHY B3auMOJAEfiCTBHHA, MBI, Kax W paHbile, kodpdnu-
IHEHT NPONOPUHOHANBHOCTH OyideM B 00O0OIIEHHOM BIje
o003Hauarbh CUMBOJIOM K, HE3aBHCHMO OT KOUKDPETHOTO ero
UHCJEHHOIO 3HAYeHWsl, ¥ JHIUb B HEOOXOMHMBIX cCJAyUasix
6ynem cHaGKaTh ero TeM WJIH HHBLIM HIILAEKCOM.
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Suexrpocraruneckue s3aumodelicraus. JlBa saexTpuie-
CKHM 3apsiKeHHBIX TeJa B3aHMHO NPHTATHBAIOTCA HJH OT~
TAJTKHBAIOTCA C CHJIOH, 3aBHCALLEH OT 3HAKOB, BEAHYHHH H
pacnpeneneHdss 3apsAi0B Ha 3THX TelaX, HX B3aUMHOTO pac-
TIOJIOXKEHHUSA, IPUPOAB! CPENH, B KOTOPOH BPOHCXOAHT B3aM-~
mopmeticteue. B ofmiem caydae, eciid Ha OJHOM HJIH O060HX
TeNax NPUCYTCTBYIOT 3apsilbl pa3HbiX 3HAKOB, KPOME PaBHO:
JeficTByIolIe# CHJIbl, BO3MOXHO Ha/MyHe BPaIlaIonlero Mo-<
Mmenrta. HauGosee npocTo BBINVIAAUT B3aUMOJEHCTBHE B TOM
cayyae, €M TeJa MaJbl 110 CPaBHeHHIO C PaccTOsIHHEM
MeX/]y HHMH M COOTBETCTBEHHO MOXKHO CUMTAaTh 3apsijbl TO-
ueyHBIMH. B 3TOM cayuae, mpeamosarasi, 4ro B3auMoged-
CTBHE MPOUCXOAHT B MYCTOTE, CHAY B3aUMOJEHCTBHA MOMKHO
3anucaTh B BHAE ¢opMyabl 3akoHa KyJaoHa

=KL (7.1)

ITpunumasi B dopmyne (7.1) f=1,r=1u g1=¢g; 4,
Kak oObIuHO, mosarasi, uto K = 1 u uMeeT HYJEBYIO pasMep-
HOCTb, Mbl NOJYYHUM NPOU3BORHYIO €IMHHIY 3apsga (Kosau-
YeCTBO 3JIEKTPHYECTBA), C MNOMOIIBI0O KOTOPOH MOMXKeM Mo-
CTPOUTHL EIMHMITBl BCEX BEJHUHMH, OMKCHLIBAIOIIUX CBOMCTBA
3/IEKTPHUECKOTO TIOJIS, IPOBOJHUKOB U AU3JEKTPUKOB. [lep-
Basd W3 3THX BeJIHUWH — BEKTOPHasl XapaKTepPHCTHKA 3JeK-
TPHYECKOTO MOJIST — HANPANCEHHOCT noas £ uaMmepsiercs cu-
JIOM, KOTOPYIO HCNBITHIBAET B JAHHOM MOJE NOJOXKHTENbHbBIH
3apsn, paBHbi enunuue. Vcnonbayst 370 onpeneneHye H 3a-
OUMCHIBas €ro cpasy 6e3 kosdduuHeHTa MPONOPUHOHANBHO-
CTH B BHJIE

I
E=—, (7.2)

MOXKEM OMNpeJeNHTb eJHHULY HANPSXKEHHOCTU 3JeKTPHYEs
CKOTO TMOJIl KaK HalNpaXKeHHOCTb TAaKOro MoJs, B KOTOPOM
eRUHUYHBIA 3apa] MCOLITBIBAET CHJY, PaBHYIO eanuune. Jla-
Jee, HCNOJb3YH COOTBETCTBYIOLIHE ONpeleNeHHs, MOXKHO
YCTAHOBUTH €[HHHLBI APYTHX BENHYHH: NMOTEHLHasa, eMKO-
CTH, ToJfipu3yeMocTH H T. A. BBeleHHas enuHHna 3apsja
NO3BOJIIET YCTAHOBHTb H EAUHHIY CHJBEI TOKa MO ¢opmyne

1=+, (7.3)
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COTJIaCHO KOTOPOH CHJa HEH3MEHSIIOLIerocsi TOKa Ompejie-
JSeTCA KaK KOJHUYECTBO 3JIEKTPHUYECTBa, ITpOTeKalollee ye-
pes MoNepeuHoe ceueHue MPOBOJHHKA B €AHHHUIY BPEMEHH.
Crporo rosopst, ¥ B dopmyne (7.3) caenosano 6wl nocra-
BHTb KO3((HIHKEHT NMPONOPUHOHANLHOCTH, MOCKOJIbBKY 3JeK-
TPUYECKHH TOK NpeicTaBaseT co00fl HOBOE SIBJICHHE H ero
perucTpaunua U H3MepeHHe MOryT ie ObiTb CBS3aHHBIMH C
H3MepeHHeM 3JexkTpuueckoro 3zapsana. OfHaKo TaK Kak BO
Bcex cucremax dopmyaa (7.3) pacemarpuBaercsl Kak onpe-
JlefieHde CHJIBl TOKa, MBI 3TOT KO3)QPHLUHEHT OMYCTHJIH *).
BocnonbzoBaBiikch 3akoHoM Oma, MBI MOXeM JHaJiee onpe-
JEJUTb €IUHULY CONPOTHBJAEHHS M TaKHUM oO6pa3oM mo-
CTPOHTb 3JIEKTPOCTATHYECKYI0 cucteMy eauuul. [lpuuss B
KayecTBe OCHOBHBIX €JMHHIbLl IJHHB — CAHTHUMETp, Mac-
Cbl — IPaMM H BDEeMEHH — CEeKYHAY, Mbl MOJYYHM CHCTEMY,
KOTOpasi MOJIyUH/1a HasBaHHe abCOJIOTHOH 3JeKTPOCTaTHye-
cko#t cucremsl H o6osHauenne CI'C3, B KotopoM 6ykBa 3
He fABJAETCH CHMBOJIOM JAONOJNHHTENLHOH OCHOBHON eIMHH-
Ibl, 8 CAYKHUT JHIIb JJA YKa3aHHS1 TOrO, YTO B OCHOBY CH-
CTEMbl TIOJOXKEeHb! 371eKTPOCTATHYUECKHE B3aMMOAEHCTBUA.

Baaumodeiictreue nocroaunsix  mazruros.  Hccnenys
B3aMMOAEHACTEMe MarduToB, Ky/noH YCTaHOBWJ, 4TO €ClH
JUTHIINBIe TIPSIMOJIHHEHHble MarHUTHl PachnoJOXKeHbl TaK, 4TO
paccTosiiie MeXJAy HX NOJICaMH MHOTO MeHblUe HX JUIH-
HBl, TO CHJIa B3aWMOJIEHCTBUS MEXAY HNoJiocaMn 06paTHO
nponopuuonanbua r2 [lpoBoasi aHajoruio ¢ YCTaHOBJAEH-
HBHIM HM JXe 3aKOHOM B3aHMOAeHCTBUS 3JIeKTPHUUECKHX 3a-
PsIOB, OH EBeJI HOHSITHE MQ2HUTHO20 3apada, KoAudecrsa
MOA2HeTU3MA WJIN MQA2HUTHOI Maccol M, KOTOpOe JOJMKHO
GbiTh aRaJIOTHYHBIM 3JIEKTPHYECKOMYy 3apsily. 3anuchiBas
3akoH KysoHa a5 B3aMMOAEACTBHA  MAarHHTOB B BHIE,
cxoxuom ¢ gopmynoit (7.1)

fymsy
f=K—7, (7.4)
MOXHO 6blLI0 YCTaHOBUTh  €IHHHLLY MAarsuTHOR Macchi

nono6HO TOMY, Kak 6nlia yCTaHOBJM€Ha 3JEKTpocTaTtuye-
CKast eIHHHUAa KoJIHueCTBa 3IJEKTpHUECTBA. [To awmaxorun

*) 3ameruM, BnpoueM, uTo A6paramoM 6nisia MpPeAJIONKEHA CHCTEMA
eRuHuL, B KOTOpoll B npasoll 4actH ¢opMyan (7.3) cToan OTAMYHBIA OT
€QHHHIN Pa3sMepHHH KOs dHIHEHT,
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¢ HanpsKeHHOCThIO 3JEKTPHYECKOro noJst b0 BBEAeHO Mo-
HSTHE TAKKE BEKTOPHON BeJHUHMHbLl HANPSDKEHHOCTH Marmnmt-
Horo noas H, oupenessieMoe TOM CHJIOH, KOTOpyle B JHa-
HOM TOJle HCNBLITHIBAET eAHHHUHBIE MATHUTHBIH MOJIOC, T. €.
TAKO# MOJIOC, «MalHHUTHAf Macca» KOTOPOro paBHa exdi~
Hule ;

H= ol (7.5)

Brime Mbl ykasblBaJ, YTO auajoTHA MeXAY 3JIeKTpo-
CTATHUYECKUMH M MAaTHUTHBIMH B3aUMOAEACTBUAMH HMeCT
UHCTO BHEUWIHMH XapakTep, He OTBeYas CyULeCTBY ABJCHH.
370, B 4aCTHOCTH, NMPOSIBUJIOCH H B TOM, 4TO, KaK MBI YBii-
JHM jgafblie, COBHaJeHHe Ha3BaHHH «HATPSKEHHOCTb M0-
ad» anaa BektopoB £ u H He COOTBETCTBYET TOH pOJIH, KO-
TOPYIO 3TH BEKTOPLI HUTPAIOT.

Tak Xe Kak B sJekTpocratHke Obija BBEAEHA eNHHHIA
HaNpsKEHHOCTH 3IJeKTPUUECKOro MOJAfA, B MarHHTOCTaTHKE
BBEJIH eIHHHIY HafMpsiKeHHOCTH MarHHTHOrO MmoJs Kax tua-
NPSKEHHOCTb TAKOTO NOJA, B KOTODOM VOJIOC, MarHHTHAaf
Macca KOTOPOI'e paBHa eJHHHIle, HUCHBITHIBAGT CHJAY, paBs
HYIO eZHHHIE,

Xors caMo HOHSITHe MaTHHTHOH MacChl 0Ka3asndoch €O-
BepUIeHHO (UKTUBHBIM, C €r0 MOMOUIBI0 YAaJOCh YCTaHO-
BHTb Olipefe/eHue BCeX BEMHUUN, ONHCHIBAIOIAX MarHUTHOE
TioJie ¥ MarsHTHbie CBOICTBA BEIeCTBa, W Ha OCHOBE 3THX
onpeaeseHHl NMOCTPOUTh CHCTEMY MAarHHTHBIX eAHHHL. JTa
cicTeMa, B KOTOPO¥ B KauyecTBe OCHOBHBIX ERMHHL ODITH
TaKMe NPHHATH CAHTHMETpP, FPaMM H CeKyHAa, HOXYYHIa
Ha3BaHue AGCOAIOTHOL INEKTPOMACHUTHOE CHCTEMBI eIHHHIL
n obosuauenne CI'CM *). 3necy 6yxkBa M, rax ke kax B
obosuauenun cucrempl CI'CI 6yksa 3, cayXut A o6osua-
© YeHHs] TPOHCXOKAEHHS CHCTEMBl — B JaHHOM CJayyae Ha
OCHOBE MAYHHTHBIX B3aHMOAEHCTBUI.

Saexrpomacrurble s3aumodelicraus. s nemoHcrpa-
UHH MarHUTHOTO NOJAS 3JEKTPUUECKOr0 TOKAa MOTYT OHITh
HCTIOAB30BAlB BHeUIHe pasJHUYHblE ONbITH, XOTS H HMeo-
uine ofumyo npupony. flepsniM ouLITOM Takoro poja Gulio

*). CucreMa HassaHa 371eKTPOMArHATHOf, Tak Kak oHa BKJAIOU&CT
B cefs eNHHHIL BEJAHYHH, XaPAKTEPHIYIOMHX MariiHTHLIE CBOHCTBA TOKA,
# Ha e¢ OCHOBE HOCTPOEILl TAKMe eANHHEB! BCEX 3MEKTPHUECKHX BeAHUMH,
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naGmioaenioe JDpCTEAOM OTKAOHEHHE MArHHTHON CTPeaKH
IR NeiCTBHEM 3JIEKTPHYECKOro Toka. 3Has, KaKoe Mars
HHTHOE UOMe [OCTOAHHOTO MAarHWTa BLI3LIBAET TAKGE IKe
OTKJOHEHHE CTPeaKH, MOMKHO O6blJO YCTAHOBHTH 3aKOH,
onpefeasiomufl maruuTHoe nose Toka. CoOOTBETCTBYIOHINE
onbiThl Gblin mpoBenensl Buo u Casapom. CloXHOCTH 110+
JYUycHMS HA OCHOBE 3THX OMNBITOB
ofulero 3aKOHa 3akaouajach B
TOM, 4TO, B TO BpeMs KaK B3aHMO-
JleficTBHe 3JEKTPHUYECKHX 3apfJoB
MOJKHO ObLIJIO H3y4YaTh H4 BecbMa al

MaJbiX 3apsKeHHBIX Teaax, KoTo-

pbie Bean ce6s Kak ToueuHble, CO3- A

JATb  «TOUEURBLIH TOK»  NPHHIU-

1IHaJbHO  HEBO3MOX(HO, TaK Kak

BCAKHAN TOK ACJXKEH NPOTEKaTb no

3aMKHYTOMY KOHTYpy. 3Ty TpyI-

nmocte obomen Jlanaac, xoropwbiii Puc. 20.
npeasgoxua  opmyay, npeiacras-

J5HOLLYI0 MAariHuTHOe 1oJje J60ro 3aMKHYTOTO KOHTypa
KdK TEeOMETPHUeCKYIO CYMMy MoJjeil, CO3JaHHBIX OTAEJbHbl~
MH 3/J€eMEHTaMH, Ha KOTOpble MOJKHO MBICJAEHHO DasbHTh
Aanubtl KoHTYp. Popmyna Jlanaaca (3axon Buo, Casapa d
Jlannaca) mag aseMeHTa TOKa HMeET BHI

aH =K L4s5ne (7.6)

3ncenr dl— anuna 3jeMmeHTta KOHTYpa, r— paccTosiHHe Me-
JAY 3THM JIEMEHTOM M TOH TOuKoil, B KOTOPO{l ompeje-
JSIeTC HaNPSAXKEHHOCTb MOJsl, o — VIOa4 Mexay r u dl
(puc. 20). HanpaBaeHnue Bexktopa di{, coBmajawliee ¢ Ha-
IPaBNEHHEM CHJDI, AeHCTBYIOUIEHl Ha CeBepHBIN MOoJIoC Mar-
VUTHOR CTPEAKH, onpeaesnsieTcsl OJHHM H3 U3BECTHBIX MHE=
MOHHYECKUX MpaBWJ, HanpuMmep npasuiom OypaBuHka.

Ias onpenesedust MarHuTHOrO MOAA 3aMKHYTOTO KOH-
TYpa MNpPOU3BONBLHOR (dOpMBL CJaenyeT INPOHHTErpHPOBaTh
{7.7) no BceMY KOHTYPY

Idlsina
H=K § — (7.6a)
(cumBon § o6o3Hayaer HHTerpas MO 3aMKHYTOMY KkOH-+
TYpY).
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Popmyaa (7.6) B oTHOLIeHHA €XHHHII CTABHT HaC NepeA
HEeCKOABKHMH BO3MOXHOCTAMH. Ecanm Mbl npupaBHsieM €1H-
udile K u 6ynem u3MepsATe CHJAY TOKa B 3J€KTpOCTATHUE-
CKUX efuHHMIlaX, TO HaM NPHIETCS BBECTH HOBYIO eAMHULY
AJsl HaNpSKEHHOCTH MArHHTHOTO MOJS, KOTOPYIO Mbl JOJIK~
HBl OyneM Ha3BaTb abCOMIOTHON 3JEKTPOCTATHUECKON enu-
Hune# MarautHoro nossi. COOTBETCTBEHHO H3MEHATCS H BCe
OCTa/IbHBIE eAHHHILI, XapaKTepusywollie MaTHHTHble sBJe-
unfi. Bropasi Bo3MOXHOCTb, Takxke npu K, paBHOM elHHH~
e, COCTOMT B TOM, YTOOBI, U3MEpPsHA HaNPAKEHHOCTD Mar-
HHTHOIO NOJst 2a0COJIOTHOH 3JeKTPOMarduTHOH exuBHuell,
YCTaHOBUTb HOBYIO 3J€KTPOMArHUTHYIO €IMHHUIY CHJ/Bl TOKa.

HaxoHen, Mbl MoMxeM COXpaHHTH aGCOJIOTHYIO 3JE€KTPO«
CTATHYECKYIO €AMHUIY CHJBl TOKAa M abGCONIOTHYIO 3JCKTPO-
MATHUTHYIO €JIHHULY HANpPSiKEeHHOCTH MAarHUTHOTO MNOJAst H
ONBITHBIM HJIM TEOPETHYECKHM HyTeM ONPEASJHTb YHCJCH«
Hoe 3HayeHHe (M COOTBETCTBEHHO Pa3MepHOCTb) KOhdi- -
nuenra K. Taxkoff nyTh BegeT HaC K MOCTPOCHHIO TaK HAa3bl<
BaeMO# CHMMETPHUYHON MU TayCCOBOH CHCTEMbl €IHHHUIL, KO<
Topas B Hacrosiilee BpedMsi npuobpesa HanGoJbllee pacHpo«
crpanenue cpeau ¢uaukos. IloguepkHem 3xech Ke, uTO BCe
nepeuncienHbie cucremn sBasores CIC-cucremamu, Tax
KaK MOCTPOEHbl HA OJHHUX M TeX K€ OCHOBHbIX eQHHHIlaX —
CaHTHMETpe, TpaMMe M ceKyHze. B otawune or cucreMm

CI'C3 u CI'CM rayccosa cucrema ofosnauaercss CI'C.
: HeoGxonumo Takke 00paTuTh BHHMAaHUE Ha caenyioliee
BecbMa Baxiioe 00cTosiTe/beYBO. Eclu Mbl HDHMeM cuCTe<
my CI'C2 kak mjsa 3JeKTPHYECKHX, TAK H AJS MarHUTHBIX
BeJJHYHH, TO B YPABHEHHSX MarHeTHaMa IOSIBHTCS pajMep-
Hbif Ko3ddHUMeHT nponopuHodanbHOcTH. Ero mel cpasy
o0HapyxuM, 0o0paTHUBUIHCh K MarHdTHOMY 3akony Kyaona
(7.4). TocxoabKy eqHHHLbL CHIBI U PACCTOSHUS YCTaHOBJIE-
Hbl, 8 €fUHHLA HANPAXKEHHOCTH MArHHTHOrO MOJSI, olpene-
Jaennast gopmysoit (7.6), 3amaer Ham, cornacHo (7.5), enu-
HHUIly MarHHTHOH Macchl, OTJIHYHYIO OT BBEJICHHOH Bhbllle, TO
dopmyna (7.4) MOMKeT COXPAHHUTBLCS TOJBKO B TOM Cjayuae,
ecitt K oxaKerc OTJAMYHBIM OT €IHHHUBI H, KaK MOXKHO
JIETKO YOennTbCs,, HMEIOIUMM ONpelesieHHy0 Pa3MepHOCTb.
Ilpn ycraHoBjeHUH SJEKTPOMATHUTHOH €RMHHUIBI JJISi CHJIBL
TOKa M, coraacHo (7.3), n/as 2JeKTpHYeCKOro 3apsifa, Mbi
JOKHBL OygeM BBeCTH Ppa3MepHBI, OTJHYHBIA OT efdu-
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HHLBL, Kod(duuuedt B dopmyay (7.1). O uuciaeHHBIX 3HA-
YeHHAX H pasMepHOCTAX Ko3pduuuentoB Oyler cKasa-
HO HHUXe.

Jlerxo BHAETH, YTO NIEpPEUHCHEHHBIMH CMOCOGaMH HE HC-
UepNLIBAIOTCA BCE BO3MOMKHOCTH NOCTPOCHHUS CHCTEM 3JIEK-
TPHYECKUX M MATHUTHHIX eJMHHUI, JlaXKe eCJIH OCTaBaThCsd B
paMKax TeX Ke TpeX OCHOBHBIX equHull (cM, e, cex). Mu
Morau Ob BBOAUTL KO3 QHUHMEHTH B J100YI0 H3 (opMya
{7.2), (7.3), (7.5). Bo3amoxkHO, HanpHuMep, Takoe NOCTpoe-
HHe eJMHHU, NpPH KOTOPOM Mbl, HCXOASl H3 KaKUX-1160
NPaKTHYeCKHX c000pakKeHHui, YCTaHOBHM 3TaJOH OJHOH H3
3JIEKTPHUECKHUX MJIH MATHHTHBIX €JIMHUN, U TIOCTPOHM CHCTE-
MY, OCHOBAHHYIO He Ha TpeX, a Ha YeThipeX CCHOBHBIX €]H-
HHUAX.

JNeKTPOMAarHuTHOe ABJeHue, oOpaTHOE NeHCTBHIO TOKA
Ha MAaTHUTHYIO CTPeJKY, — AeHCTBHE MOASf HOCTOSAHHOrO
TOKA Ha 3JEKTPHUYECKHH TOK JaeT TakHe Ke BO3MOXKHOCTH
AN TIOCTPOEHHUA CHCTEM 3JIEKTPHYECKHX M MarHUTHHIX ely-
HHIl, KaK H TepeyrcaeHHble Bhlile. MOXHO Jau60, HMes equ-
LAY HANpsIXKEHHOCTH MarHUTHOrO MOJAsl, ONPefeNUTh 3JeK-
TPOMATHHTHYIO €IMHHLY CHJBl TOKa, Jii00, UMes eAuHHULY
CHJIbl TOKa, ONPEeNeNHTb 3/EKTPOCTATHUECKVIO €NHHHLY Ha-
NpsSXKEHHOCTH MArHUTHOro noJjsi. B o60ouX cayyasx Mbl Boc-
noanzyemcsa ¢dopMmyaoil Amnepa ans cuibl, AeHCTBYOLIel
Ha 3/ieMeHT TOKa, PACNOJIOKEeHHbIH B MAarHMTHOM MHoJe:

df = KHI dl sin (H, dl). (7.7)

Ecnn B3fTb NpAMONHHERHBI TPOBOAHHK, PAaCIOJNOMKEH-
HBlfl B MarHUTHOM IIOJIe MEpPNeHAHKYJAsPHO HampabJeHHIO
CHJIOBHIX JUHHH noas, U npuHsath K = 1, To KaXAawil yua-
CTOK 3TOTO NPOBOAHHKA C AJNHHOH, paBHOH efuHuUIe, Gyaer
NCMBITHIBATDL CHJIY, PAaBHYIO €IHHHIE, €CJIM: a) HampsKeH-
HOCTh noJisi paBHa eaunuue B cucreMe CI'CM u cuna Toxka
paBHa 3JIEKTPOMACHHTHOH eJHHMLE TOKa MIu 6) cuna Toka
pasia CI'CD epuHHUIE U HanpsAKEHHOCTb MOJA PaBHa 3JeK-
TPOCTATHYECKO!N eNHHUIEe Hanps:KeHHocTH. Eciw ke cuny
toka usMepatb B CI'C enununax, a HanpsiKeHHOCTb Mar-<
uutHoro noisi B CI'CM emguHuHIax, TO T€M CaMBIM MBI BhI=
HYXJeHb OyleM BBECTH pa3MepHbIH, OTVIHUHbIA OT €JHHHIbI
‘koappunuent K.
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Heckonbko OTAHUHBIH TYTh YCTailOBJACHUA €AHHHIL [0-
SIBHTCH, ecJy OTKa3aThCsd OT HCMOJb30BAHHA B3auUMOefi-
CTBHSI MAariiHTOB MJH MarHuTa H TOKa H 0OpPaTHTbCA K B3a-
“uMojeficTBHIO ABYX TOKOB. Mmeercss pocratouno dusnye-
CKHX OCHOBAHHH AAg TOTO, uTOOB HMEHHO TakKOW NyTb
NPUHATL B KauecTBe OCHOBHOro. BaanmojeHcTBHE TOKOB ¢
MOJHBIM [IPABOM 3MOXKHO OTHECTH K 4HCAY (yHIaMeHTadh-
HBIX ABNEHHH NpHPOIB, TAKHX, KaK BCEMHUPHOE TATroTeHue,
B3aHMOJEHCTBHE 3JeKTPHUECKHX 3apsifoB. B To ke Bpemsd
MarHuTHBlE CBOHCTBA 2KeJe3a M JAPYTHX (peppoOMarHuUTHBIX
BeleCTE NPHCVINI TOJBKO 3THM BelecTBaM H OTpaxkalor
0COG2HHOCTH HX CTPYKTYpH. PeppoMari#eTH3M TpHHALIE<
XKHUT K ulicay HauboJsee CA0XKHBIX ABJCHHR, U ero oOmbscHe-
HHe CTaJO BO3MOMKHO TOJBKO Ha OCHOBE KBAHTOBO-MeXxaHH-
YeCKOTO paccMOTPEHHS B3aHMOAEHCTBUSt 3JEKTPOHOB.

[TpuHumast AJasl NOCTPOEHUSA CHCTEM 3JEeKTPHUYECKHX
MarHUTHBIX eMHUI] B3aHMOAEHCTBHE TOKOB, MBI MOYKEM 3TO
B3aHMOJeHCTBHE 3aMHCaTh Pas3jinyHbiM 06pa3oM B 3aBiCH-
MOCTH OT KOH(UIypalH¥ H B3aHMHOTO pPAacCIOJOXKEHHS TO-
KOB. MoXKHO, Hanpumep, paccMaTpuBaTb B3auMoJelcTBHE
BecbMa JIIHHHBIX  TPSMONHMHERHBIX TNPOBOJHHKOB MaJbiX
NJOCKHX KOHTYPOB Ha PaCCTOSIHHM, GOJIBIIOM I10 CpaBHEeHHio
C UX JUHEHHBIMH pa3MepaMH H T. M.

Mgl Bocmonb3yeMcsi BbIpaXKeHdeM /LI MeXaHWUYeCKoTo
MOMEHTa, HCTILITHIBAEMOr0 MaJjbiM I[IJIOCKMM KOHTYpOM B
noae J1060ro mPOH3BOJBLHOTO KOHTYpa. DTO BBIparkeHHe MO-
)et ObiTh NOAYYeHO H3 ¢Gopmysabl Ammnepa, ecanm paccmo-
TpeTh CHJbI, HEHCTBYIOLIHE Ha OTHE/bHble 3JeMeHTH 3aM-
KHYTOFO KOHTYpa, PaclloN0KEeHHOTO NPOH3BOJIbHLIM 06pa3om
B OJTHOPOAHOM MaruutHOM noJse. [ast Toro utobs! moJe, co-
- 31aBaeMoe INPOHM3BOJbLHBLIM KOHTYPOM, MOXKHO Obljl0 cud-
TaTh ONHOPOAHBLIM, Mbl H BbIGHpaeM «npoBGHBIAY KOHTYP Ma-
qabiM. B 3TOM caydae /s HCHIBITHIBAEMOTO MM MOMEHTa
MOXKHO HalHCaTb

M==K§—[~'jir§i—“—a—125cos<p. (7.8)

3neck [y — TOK Majoro Kodrypa, § — ero mromane, [y —
TOK B IIPOH3BOJILHOM KOHTYpe, SIBJASIIOHIEMCA HCTOYHHKOM
110151, BHEUIHETO [0 OTHOIUGHHIO K MAaJoMy. YToa ¢ -— yroa
MEXAY HanmpaB/ieHHeM HOpManW K MJAOLIAAH MaJjoro Ko
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Typa B IaHHOM MOJOKEHUY U B MOJ0KEHHH, B KOTOPOM MO«
;- MEHT MaKCHMaJ/ell.

Ilo cux nop Mbl OCTaBJASIH B CTOPOHE BOMPOC O POJH
cpeani, BKJIKUAs napaMerp, XapakTepH3YIONIiHil CBOHCTBa
-cpean, b koypduunent K nubo npeanosaras, HTo BCe B3aH-
MOJEMCTBHSI NMPONCXOAAT B BakyyMe. 3anuiueM Tenepp sa<
kou  Kyvaoua n Qopmvay (7.8) takum obpasom, utoObl
CBOHCTBa Cpeibl, B KOTOPOH MPOHCXOAHT B3auMoAelcTBHe,
OblnM npeacTanJdeHbl B ABHOM Buae. [as pasanuenus mo-
CTABHNM TaKMe NOPSAIKOBbE HHAEKCH Yy Ko3hdiineutos
NPONOPILIOHAABIOCTH

1 99
e K L2 (7.9)
M =K2M§ L'ﬂ;sziﬂl—[gs cos Q. (7.10)

XapaxTeplHCTHKH CPeAbl & H u HOCAT, Kak H3BeCTHO, Ha-
3Banye J1H3JeKTPHUECKON W MarHWTHOH TIpoHHuaeMocTefl.

[TocKOABKY /15t OMHCAHUSA 3JACKTPHUECKHUX H MATHHTHLIX
siBsenuil BBOAATCA ROHSITHS HANPSKEHHOCTH 3JeKTPHUCCKOTo
noqas ., 3J€KTPHYECKOTO cMelleHHs (MHAYRUuM) D, mar-
HUTHON MIAYKUNY B 1 HampsixkeHHOCTH MarHuTHoro mous H,
ypaptiennst (7.9) u (7.8) MoXKHO 3aMeHuTh ciaenytouefl co-
BOKYIIHOCTEIO YpaBHEHHH.

DJIeKTpocTaTHUCCKHE DJIeKTPOMArHHTIIbIE
BiauMoneicTBUA B3aUMOeHCTBUS

[=K\Eq, (7.11) M = K,Bl,s cos g, (7.12)
D=K:%, (113 H=K 5 (71

E=K.Z, (7150 B=KguH. (7.16)

€

ITops0K BBHINHCAHHLIX HaMH ypaBHEHHNI He c/ayYaeH.
Ypapuenusa (7.11) u (7.12) npencrasiasior coboll T0 Mexa-
EHUeCKOe AeiCTBHe (CHJY HJM MOMEHT), KOTOPOe HCIBITH-
BaIOT 3apsJ WAM KOHTYP B JAHHBIX KOHKPETHBIX YC/IOBUAX
. € yueToM BJHMSHHA cpeasl. YpaBHeHus (7.13) u (7.14) xa-
. PaKkTepH3yIOT noJs 3apsja ¢, u Toka /; Ge3 yuera Baus-

Hus. cpexsl. Hakoseu, nocaensue aBa ypassenus (7.16) u



170 SJAEKTPHUECKHE W MATHUTHBIE EOMIHIIN ra. 7

(7.16) cBsi3LIBAlOT XapakKTEPHCTHKH fiona E n B, Koropbi-
MH ONpefeNsieTC MexaHM4YecKoe AeHCTBHe, CO CBOHCTBAMH
cpeasl # yepes BennunHbl D w H —c 3apanamu n ToKamy,
ABJSIOUHMHUCA UCTOUHHKAMH TOJIA.

TaxuM 06pa3om, MOXKHO YCTaliOBHTb HEKOTOPYlO aHano-
TRIO MEXJAY CJACAYVIOWHMMH MapaMH BeJHYHH!

E u B,
D u H,
e u 1/

OT1a aHanorus NOKasbiBaeT HEYAAyHOCTb HaHMEHOBAHUA Xa-
PAKTEPUCTHK MarHuUTHOTO nodasd. {Ipoucxoxnenue sTux Hau-
MEHOBaHHH CBfI3aHO C TEM, YTO BO3HHUKJIM OHH NIpH pa3BH-
THH YYEHHSl O CBOMCTBaX MOCTOSIHHBIX MAarHuToB. Maruut-
bt 3akon Kysona ¢ yueroM BJAMSIHUSI CPeAbl 3aMUCHIBAJCH

IPU 3TOM B BHJAE
niynty

= “l—:,“r . (7.17)
Bueuinee npotuBopeyne Mexay dopmyaamu (7.10) u (7.17)
obbsicHsIeTcst T€M, 4TO B MAarUHHTOCTaTHKe Hpeanogaranach
HEe3aBHCHMOCTh «MarHHTHBIX Macc» OT CBOiCTB cpeant. Kax
NOKa3biBaeT aHaJM3 3TOr0 BONpOCA, «MArHUTHBIE MacChl»
HOJIOCOB TIPH H3MEHEHHM CPEAbl H3MEHSIOTCA Tak, UTO eCsH
0603HAYNTb «MATHHTHYIO Maccy» B BakyyMe fl, TO B cpeae
C MarHuTHON NPOHHMIAEMOCTBLIO | «MaTHUTHAaa Macca» Oy-
JeT mgfp, Tax yro BMecto (7.17) MOXKHO Hanucath

Mor | Moz

frpt b, (7.18)

Cosoxynuocts ypasaenuit (7.11) — (7.16) nospoasier
CaMbIMH PasJHYHBIMH CHOCO6aMH CTPOHTb CHCTEMB! E€AKHUIL
9JeKTPHUECKHX H MAarHUTHBIX BeJMYHH, ecau jao6aBuTh
ypaBHenue (7.3), cBsisbiBatoliee CUay TOKa ¢ 3apsifoM. Kak
CKa3aHO ObuIOo Bbhille, KO3(PQUUHEHT NPONOPLUMOHAJBHOCTH,
KOTOPBIH MOXKHO ObIIO Gbl TOCTaBHTb B 3TO YpaBHEHHe, Mbl
onycKaeM, Tak Kak BO BCEX CHCTEeMaX OH NPUHHMaercs pas-
HBIM eTHHHIIE,

H3 Bcero muorooGpasusi BO3MOMKHOCTEH NOCTPOEHHA
CHCTEM, TDPeiCTaBAAEMOro COBOKYNMHOCTbIO  YpaBHEHH
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(7.11) — (7.16) u (7.3), MBI pacCMOTPHM TOJNLKO T€ KOM-
Ounandd Ko3QOULHEHTOB, KOTOPblE Peasu3yloTCs Ha Mpak-
THKe, 3aMETHM IIPU 3TOM NpPEJBapHTENbHO, YTQ MblI He MO+
JKEM O/IHOBPEMEHHO pacnopsixKaTbCsl BCeMU KOdhhuLHeHTa-
MH, MOCKOJBKY 10 KpailHe#l Mepe OAWH H3 HUX ONpelesuTCH
B pe3yJbTaTe SKCIEPHMEHTA.

Husnexkrpuueckass ¥ MardHHTHaf NMPOHHILAEMOCTH, COTIAC<
HO HX OMpejeteHHIo, BuIOHpaloTcsd TakuM o6pasoM, 4TO B
Bakyyme ¢ = u = 1. [lo caMoMy CMBIC/IY OHH SIBJSIOTCS Be<
auuuamu OGe3pasmepHniMu. Kpome Toro, Bo Bcex cucremax
K; = 1. B pesy.ibrare y Hac oCTaeTcsi NATb KO3 hHUUEH-
TOB, U3 KOTOPBIX UETHIPbMS Mbl MOXKEM PaCHOPSAHTBLCA MO
cBoeMy npousBoay. Mbt MOriH Obl NpH KeJaHHU 3adHK<
CHPOBATb MPON3BOJABHO W NATBHIA KO3((HIHEHT, HO AJsT 3TO-
ro, Kak MbLI YBUAHM HHKe, HeOGXOZUMO YMEHBIIHTH UHCJO
OCHOBHbBIX €JHHHII.

PaccMoTpum B mepBylo ouepeib BapHAHTHI NMOCTPOEHHS
CHCTEM C OCHOBHBIMH efMHHIAMH CM, & U cex. B cucremax
CI'C u CIC3 Ks=Ks;=1. Ilpu 3TO0M, Kak MOKasbiBaer
OnbIT, NPOU3BEAEHHE KO(PHHIUHEHTOB

Ko=Ki- K3+ Ko= 2, (7.19)

rie ¢ — CKOpPOCTb CBeTa B mycToTe. B Tom, 4TO ¢ MMeer
pPa3MEpHOCTb CKOPOCTH, MOMXHO YyO0eauTbCs, COMOCTaBHB
pPa3MepHOCTH BeJIHUYMH, BXOASIIIHX B TPHBEJICHHBIE BhIllE
dopmynbl.

B cucreme CI'C3 Bribupaiorcst KO3QPHUUUEHTH CaACAYIO-
MM 06pasom:

K4=K6=l, Ksz'c-lz‘-

Koadduuuenr Ks B cucreme CI'CD vacro o603Hauaior .
B cummerpuunoit cucreme CI'C

1
K4=K6=‘C“» Kg=
B cucreme CI'CM

s

K4=K6=Ks=l»

Taxum BEI6OPOM KO3)PHUHEHTOB OUPENEARIOTCH €XHHH-
ma cHasl TOKa M efMHuunl usmeperuss B u H. Coorber-
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CTBEHHO OKa3bIBAETCA YCTAHOBACHHON M efHHHUA 3apsija.
O6venuuna dopmyaet (7.11), (7.13) u (7.14) u obpamancek
K 9KCNMEPHMEHTY, MBI Halljem

Ks'Ks‘K7=K1=02- (720)

CoranacHo ckasandoMmy Boiiie Ks = 1. Kpowme rtoro, nosaa-
raercsi paBHbIM eaunuie kodpouunent K Taxum obpa-
3oM, K7 = ¢% Itor Kosdduiuuent obbiuio ofoznavaior 1/e,.

Bee 1pu cucremwvi: CI'C, CI'C3 u CI'CM — moryr 6biTh
ofbeautensl B OAHY, eCaH MOJOKUTE ¢ = |, Ajd uero, ode-
BHAHO, HEOOXOJAHMO YMEHBUIHTh YHCJO OCHOBHBIX elHHHIL
IMockonbxy ko3 duuiest ¢ npeacrapaser cofofi CKOpPOCTb
cBeTa, 3TO BO3MOMKHO B TOM CJaydae, eCaH Oy H3 efu-
HUL — BpeMeNH Wl AJAullbl ~— CAeNaTh He OCHOBHOII, a POH3-
Boauofi. B cBoe Bpems (§ 1.4), obeyxias BOupoc o uucae
OCHOBHbLIX €IHHHI B CHCTEME, Mbl TOBODHJIU O I[IPOH3BOJIb-
HOCTH 3TOTO u4HCJda H yKasbiBaJu, YTO, KpOMe BO3MOXK-
HOCTH NpeBpalledns eauHHUbl MacChl H3 OCHOBHON B HpO-
H3BOAHYIO (MyTeM [pupaBHUBAHHWS eAMHHIE OIHOBPEMEHHO
WHEDUMOHHOH M TPaBHTAUHOHHON TMOCTOSHHBLIXK), HMeercs
BO3MOMHOCTb [LaJbHelero yMeHbIIeHHs uuc/jia OCHOBHBIX
€IHHUIL TPUPABHUBANHEM eIHHHIE CKOPOCTH CBeTa B Mmy-
crote. 31ech Mbl HENOCPEACTBEHHO y6equsuch B Takoil Boa-
MOYKHOCTH.

Pasrutas Maxkcseasom 3/eKTpOMarHHTHAS TCODHA CBE-
Ta [103BOJNET BHIUHCAHTb CKOPOCTH CBETA, UCX0Ad H3 OOLHUX
ypaBHEHuUl 3JeKkTpoMari{utHoro noas (ypasHenuili Makc-
Bessa). B 3aBHCHMOCTH OT TOTO, B KaKOH CHCTEME 3amuca-
bl atu ypasuienns (CIC, CI'C3 uam CICM), ckopoctb

CBeTa OKa3LiBAaeTCs PaBHON COOTBETCTBEHHO ¢, 1/ po wan
1/eq, uro, pazyMeercs, faeT olHO u TO XKe 3uauenue. Ecau
NOCTPOHTH CHCTEMY, B KOTOPOH HMeoTcs KO3GhOhHIHEHTH g
I o, HO HH TOT, UH JAPYTFOH B OYCTOTE HE paBlbl €JUHHULE
(nmenno Ttakoit cuctemofi u siBaserca CH), 1o cKopocTh
cBeTa okaswiBaetcs pasHofi 1/} eqo.

B nanbuefiliemM u3 Bcex nepeuucJeHHBIX TPEX CHCTEM MBI
paccMoTpuM noipobHo toabko cucremy CIC (cummerpuy-
Hy10), ob6patiasch K cucteMam CI'C3 u CI'CM auup B TO#
Mepe, B Kakofl 310 6yaer HeoO6XOAMMO B OT/€bHBIX UYacT-
HLIX CJIyUasnx.
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3xech Mbl JIHIIb 3aMETHM, YTO EAUHHIBI 3JAEKTPHYECKHX
BeHUNH (3apsifia, HaNPAKEHHOCTH 103, TIOTeHHAaAa, CHABL
TOKa, €MKOCTH, CONPOTHBJIeHHS M T. n.) cicreMbsl CI'C cos-
najaT ¢ GOOTBETCTBYIOLIUMu efnHunamu cucrempt CIC3,
a eJMHHUBl MaTHHUTHBIX BeJWYHH {(UHAYKUMS, MaTHHTHBIA
HOTOK, HHAYKTUBHOCTD H T. 1.) — ¢ exunnuamu CICM.

O6parumca Tenepb K NOCTPOGHHIO 3JEKTPHUECKHX W MAr-
HuTHBIX Benuund cuctemel CH. B cosganuu 370# cHCTeMBI
I1aBHYIO POJb CHIFPAaJ0 TO OBCTOSITENBCTBO, YTO IIHPOKas
3NeKTPOTeXHIUeCcKas, paAMOTexlnyeckas H (u3Hueckaf
IpaKTHKa AaBHO MOJL30BaaCh TAaK Ha3biBAGMBIMH IPAKTH-
YEeCKHMH eAMHMIaMII: KYJIOHOM, aMIEPOM, BOJbTOM, JIKOY-
aeM #4 1. 1. OnHako NpH YCTAHOBJIEHWH 3THX eIHHHI OHH
He OblH 06beAHHEeNbl B CTPONHYIO CHCTEMY, KOTOpas mo3Bo-
Jaana 6bl WX TPHMEHATh HENOCPeNCTBEHHO MAJH 3JeKTpPOo-
CTATHYECKHX M 3JIEKTPOMAaTHUTHBIX pacueroB. [lostomy
BO3HHKJa 3ajauya BBECTH B CHCTEMY TakHe Ko3(p(HHHEHTHI,
KOTOpBIE TMO3BONHJAH OBl NpPUMEHATH ee BO BCeX ob6aactax
yuenusi 06 3JeKTpUYeCTBEe U JMEKTpPoMarHeruame M, o6beaH-
HUB C MeXaHHYeCKHUMH, TEMJIOBHIMH M APYFHMH eJiHHIlaMH,
co37aTh CHCTEMY, OXBATHIBAWOIYI0 Bce obmacTH (QU3HKH H
texuuxku, Hass toro uro6bl Gbla BO3MOMKHOCTH CBA3aTh
NpaKkTHUECKHE eAMHUIIbB 3TeKTPHUECKHX H MATHHTHBIX BeJH-
YHH ¢ MeXaHuYecKHMH eQHHHIIAMH, HMes Y)Ke TOTOBYIO elu-
HUIY 3HEPTHU — JKOYJb, PH OAHOBPEMEHHOM TpeGoBaHul,
uyTOGB eTHHULB JJIMHB M Macchl OBIAM ASCATHUYHLIMH KpaT-
HoiMH Bl foabHbIMH enuHil CI'C, Heo6XoAHMO BBINOIHHTD
caenyiollee yCJIOBHE:

1 9o = 107 ape = 107 2 - cu?/cex? = 10° 2(10°)2 cu?/cex?.
Orciona nosyuaercs ycJoBHE
a+2b="T. (7.21)

Brinu npeanoxXeHbl CHCTEMBI C Pa3iMYHBIMU KOMOHHALUSAMHU
poxasareneit a u b:107 2 uw 1 cm (cucrema Baoupensn),
1071 2 u 10% cm (cucrema Makcsenna, B KoTOpoi Ko3(pdH-
ITHeHT pp paBeH eauHuue) u Ap. Haubosbiiee BHUMaHIie
NPUBJEKIa CUCTeMa, npeanoxenHas Jxopaxu: a =3,
b=21¢e 1 ke ul m O6e 3TH elUHHUB LIS TIPAKTHKHU
yAOOHB H HENOCPeJCTBEHHO HPEeACTaBAeHbl MeXKAYHapORHbI-
mu 3Taionamy. Ilockoabky cuctema npH 3ToM o0pasoBaHa
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TaKEM 00pasoM, 4TO B Hee NPUHYAUTENbHO OHLJIa BBeAEHA
oJHa HoBas eAuHHNA (JI06as M3 INEKTPHUECKHX HIIH
MaTHUTHBIX €JHHUI, HalpUMep aMnep, BOJBT, OM), B BhIpa-
WKEeHUsAX aNA 3akoHa Ky/noH2 M 2JeKTPOMATHHTHOTO B3aHMO-
JeCTBYS Hen30eXHO AOMNKHBI GbliM MOABUTBCS JBa HOBBIX
KoabhduueHTa BMECTO 0JHOro B Kaxao# u3 cucrem CI'C3,
CIrcM u Crc.

Uro kacaercsi pa3aMepHOCTEH COOTBETCTBYIOIIUX €XMHHII,
TO 37eCh CYLIEeCTBOBAJH TPH BO3MOXKHOcTH. MoXHo GblIO,
cuutas ofMH H3 Ko3h¢duuuentoB (B 3akoHe KysoHa unu
B3aMMOJEHCTBUS TOKOB) UHCJAOBHIM MHOXHTENEM, JIHIIEH-
HbIM pa3MepHOCTH, MOCTPOMTb CHCTEMY pasMepHOCTed Tak
XKe, Kak B ogHo#t u3 aByx cucreM CI'C3 uan CI'CM, nubo
JKe CYHTATh OJHY M3 3JeKTPUUECKHX HJIM MATHHTHBIX €jH-
HHIl OCHOBHOI M COOTBETCTBYIOIHHM O06pPasoM CTPOHTH CH-
cTeMy pasMepHOCTEH He Ha TpeX, a Ha YeTbIpeX OCHOBHBIX
enuHuuax *). MeHHO 3TOT mocsneqHuil myTh H GBI MPHHAT
NpH NMoCTpoeHHu cucreMbl pasMepHocteit CH. Onunm us ero
NpeuMyliuecTB sipasiercss 6osiee MPOCTOH BUX, KOTOPHIH NMpH-
ob6peraloT ¢opMyanl padMepHocTd. Kak MBI yXkKe 3HaeM, B
KauecTBe YeTBEPTOH BeJIHYHHBI, PAa3MEPHOCTb eNhHHIbI KO-
TOPOH BKJIOYAETCH B YHUC/IO OCHOBHBIX, Obl1a NPUHATA €RH-
HHLa cuibl ToKa amnep. [Ipu stoM B dopmyae (7.25), Ha
OCHOBE KCTOpO# omnpejensercs ammnep, NOCTOAHHas [o CYH-
TaeTcsi pasMepHON, XOTH YHCAEHHOe ee 3HaueHue 3adHKCH-
poBano. Ecnu Obl ObLIO NPHHATO CYUTATh 3TY MOCTOSIHHYIO
6eapasMepHoit (pasMepHOCTH [ M r cOKpallaloTcs), TO pas-
MEepHOCTb €IHHHIBl CHJBl TOKa Gblia OBl

=L"m"r7", (7.22)
OTKyJa pa3MepHOCTb 3apsija
[q1=L"M™. (7.23)

JTa pasMepHOCTh OT/iMYAeTcsl OT pasMepHOCTH 3apsja B
cucreme CI'C (7.30) MHoXHTeNeM, pasMepHOCThL KOTOPOTO
ofpatHa pasmepHOCTH cKOpOCTH. OueBHAHO, TaKHMH Xe

*) 31eChb MBI, pasyMeeTcs, He YUHTLIBAEM Pa3MEPHOCTH TeMIepaTyphl
M CHJBl CBEeTa, KOTOpbie Ii¢ BXOJAT HU B OHY M3 3/ICKTPHYECKHX M Mar-
{HTHLIX eLUHHIL,
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P33MepHOCTSIMH 004aJaloT eRMHHUB cuibl ToKa (7.22) o
KosauuecTBa anekrpuuectBa (7.23) B cucreme CI'CM.

fTockosBKY B 3JIEKTPOTEXHHUYECKOH U pPaAvOTEXHHYECKOH
JUTEPATYpe TOJYuYHJa LIHPOKOe pacnpocTpaHeHHe TaK Ha-
apiBaeMasi paUHOHAJW30BaHHas (opma HamucaHus ypas-
HeHHH 3JeKTpOMarHeTH3Ma, NpelJoKeHHas Brepsble XeBH-
caéimoM, 3Ta ¢opMa Oblia NpPHHATA NpPUH TNocTpoeHHH Me-
JKAyHapoxHoit cucteMbl. [Ipu paunoHajusoBaHHON (opme
B 3HaMeHaTeau ypaBHEHHH B3aMMOJEUCTBHA JMEKTPHUECKHX
sapsagoB (3akon KynoHa) u TokoB craBurcs kosdodu-
uueHt 4n. B pesyabrarte 3TOrO0 B pAAe ypaBHEHHH, OTHO-
CHTeNbHO 00Jlee 4acTO BCTPeYalolllUXCsl Ha NMPaKTHKe, 3TOT
K03 UIMEHT HCYe3aeT M ypaBHeHHA npuobperaior Oojee
CHMMETPHUHBII BuJA. B mnepBylo ouepenp 3TO OTHOCHUTCS K
ypaBHEHUAM MakcBesla, OMNHCHIBAIOIIMM 3JIEKTPOMATHHUT-
HOe ToJe.

B coorBercTBUM CO CKa3aHHBIM B MexayHapoaHO#l cH-
CTeMe MPHHUMAIOTCA CJenyIoliHe 3HavyeHHs KO3(durueHTOB
B ypaBHeHusx (7.11) — (7.13):

Ki=Ki=1, Ks=Kg==-

Kosdduunenr Ks B nanpHeliliem obo3znayaercs pio.

Ilpoussenenne kosppuumentoB K Ksuo BeIOUpaeTca Ta-
KdM o0pa3oM, YToObl npu H3MepeHUd cust Toka I u [y B am-
nepax, paccTOsiHH# B MeTpaX M [MJoLiaZ# B KBaJpaTHBIX
MeTpax MOMEHT MNOJYYHJACA Obl U3MEPEHHHIM B HBIOTOHAX
Ha metp (H-m). Hasi ymoGcTBa pacuera BO3bMEM BMECTO
(7.10) cuny B3auMonefiCTBHST ABYX MapasefbHBIX MNPAMO-=
JIMHEHHBIX MPOBOJHUKOB C TOKOM. DTO Iesecoobpas3sHo Tak-
)Ke W Mo TeM coo0pakKeHHSM, UTC OfnpedeseHHe amiepa
no 'OCT 9867—61 naercs Ha OCHOBe TaKOro B3anMOJei-
CTBUS.

Ha ocHoBanun sakodHa Buo, Casapa u Jlanaaca (7.14)
ONpeNeNuM HANPsXKEHHOCTh MATHUTHOTO NoJAsi GECKOHEUHO
JUIMHHOTO TNPSMOJHHEHHOro TNPOBOJHHKA C TOKOM:

= L4, (7.24)

21 r

Hcnonp3ys 310 BHIpaKeHHe, MNOJYYHM U3 (POPMYJbl
Awmnepa, sanHcaHHOH C Yy4YeTOM BJIHSHHA CPEAbl, CHIY,



176 SNERTPUUECKHUE M MATHUTHBIE EAMHHUIB! [rh. 7

KOTOPYIO HCHLITbIBAET OTPE30K AJAMHON [ NPOBOJHHKA C To«
KoM /o, napan/ie/bHOro NPOBOJAHHKY C TOKOM /i
_ ep Lyl
=<5 —F"" (7.25)
Ecnn 6b1 37a ke cuna Oblia 3anucana B cucreme CICM
(npu HepanyuoHasn30BaHHON ¢opMe 3anucH ypaBHeHu#),
MHl uMean 66l GopMVIY
214141
f=u—'r?—. (7.25a)
Ilpu BBemenun NpakTHYECKHX €IHHHI aMiep Obl1 ompeje-

aen kak 0,1 CTCM ennnuupt cuawl Toka. Ilpunumas l=r
nly=1I,=1a=0,1 CICM, nonyuum

F=2.10"0un=2.10"°

Mexkaynapoanas cHcTeMa NPUHAMAET 3TO  COOTHOILHe-
HUe KaK OnpejeseHle aMmmepa, y:xe He CBs3biBas ero ¢ eju-
muuefi CITCM. Tounas c¢opmynauposka ammepa mo [OCT
986761 nana Obina B § 1.5,

®opmyaa (7.25) nosBonsier Tenepb ONPEAETHTh 3HAYeE-
Hue xosdduuuedTa po==4mn.107. Ecau, Kak 3TO0 mpuHM-
Mmaetca ycaoBHo B cucreme CH, cunrtaTh amMmnep OCHOBHO#M
efuHHUel, TO pasMepHOCTb Kodduuuenta po Oyaer, oue-
BRAHO,

ol = LMT 172, (7.26)

rae I — cumBoa pasmepHocTH cuabl Toka. Kosbduumuent po
NOAYUHJ Ha3BaHUe MAESHUTHOU NOCTOAHHOU.

Xotst u3 dopmyan (7.25) BeITekaeT HaMMCHOBaHHE AAA
Mo : H/a? OGRYHO TNpPUMEHSIOT HaUMEHOBaHHe eHfM, rae
24 — o003HaueHue eJMHHUBl WHAYKTHBIOCTH TEHPH, KOTO-
pas Gymer onpeiaenena HHKe.

3aMeTuM, 4TO, COrAacHO ompeaesneHuio, uucjao 4mx- 107
NPHHAMAETCS Kak TOUHOE, KOTOpOe He MOMIKHO MeHsThCH
PR YTOUYHENHH KH3MepeHHH.

Mocrosinnas K7 B ypaBuenun (7.14) Moxer GuiTh onpe-
JejseHa pasiuunbiMpu cnocoGamu. Tlpnmensas nanee Bme-
cto K; oGosHauenue 1/ey, MOkHO 3akon Kysona samucatb
B BHJe

e (7.27)

4ne, er? *
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Kak cxasano Gblio Bbiwe, B cucreme CH ckopocts csera B

NYCTOTE pakHa
1
€= e, (7.28)
V eao

370 COOTHOIIEHHE, Pa3yMEeTCs, PaBIOCHJIBLIIO YKA3AHHOMY
BhIIle 3RCNEPHMEHTAAbIIOMY OnpejedeHio KodhhuueH-
Ta Ko (bopmyna (7.19)). YuuteiBas, uto ¢ = 3+ 108 s/cex,
onpenesum

1 {

£, = ==
07 45 10779.10  47.9.10%"

PasmepHocTb
[e]=L*M™'T' (7.29)

HanwmenoBanue g, BMecTO caeayouiero U3 gopmyan (7.27)
a? . cex?
Min

KOCTH — ¢hapadst.
Takum o6pasom, npuHuMas npubJHiKenHoe sHaveHHe,
MOXKHO HamnUCaTh

NPHHATO ¢p/m, TAe ¢ — obo3HauenHe eIMHHILI €M-

e, =28,85- 107" /.

Hazpauue storo xkosdduuuenura s4exrpuieckas nocro-
ARHAs. 3aMeTHM, uTO paHblile KO3hODHUHEHTE €y H o Hes
32BHCHMO OT HX YHCJEHHOTO 3HaveHuss (B TOM YHCJE pg B
cucteme CI'C3 u gy B cucreme CI'CM) uasblBaauch COOT-
BETCTBEHHO JMANCKTPHYECKOW M MariduTHOH NPOHHILAEeMO-
¢Thi0 nycTtoTel. HasBanusg 3TH BechMa HeyaauHbl, H OT HHX
B HacTosilee BpeMs orkasdanuch. OaHako B JHTEpaType HX
MOXKHO HHOTJA BCTPETHTb, OCOBEHHO B KHHIaX OTHOCHTE/b-
HO CTaporo H3fxaHus.

§ 7.3. daexTpuyeckue U MArHUTHbIE €LUHHLBI
cucremnt CI'c

MoapoOublfi pasfop enAuHIL IEKTPHUECKHX M MAarmuTs
HBIX BeJHYHH Mbl HayneM ¢ cucrembl CI'C (cuMMeTpUUHOH,
rayccoBoit). Takoil 1mopsAA0K ONpaBAbBIBAETCS, BO-MEPBHIX,
UCTOPHUECKHMH CQOODaKeHHAMH, WOCKOALKY B KayecThe
CTPO#HON CHCTEMbl OHA CIOXKMJACch PaHblle APYTHX, a, BO-
BTODbIX, TEM, UTO €€ OCTPOEHHE NPOLLe U MOCJAeR0BaTeNbIIee,
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yeMm noctpoenue cuerembl CH, noapoGnoe uafioxkedue Ko-
Topoit 6yner naxo B caepyiomlem naparpade. Tam xe Mmbl
npuseieM M COOTHOLICHHS, CBA3blBalOLIHe EIHHHUBI oGeux
CHCTEM,

JaexTpuseckuii sapad (koauwecrso 3dsexrpudecrsa). Co-
rjacHo 3akoHy Ky/oHa eIuHHIA KOJMHYECTBA 3JEKTpHUe-
crBa cucrembl CI'C *) ecTb Takofl 3apsifi, KOTOpHI C paB-
HbIM €My Ha pacCTOstHHH | ¢ B mycToTe B3auMojeHCTBYeT
¢ cuaoit B 1 puny. M3 onpenenenust BuiTeKaeT PasMePHOCTh

lq] = L¥M"17", (7.30)

ITogepxHocTHan naotHOCTe 3apada. TloBepxHocTHAR
IJIOTHOCTb 3apfila eCTh KOJUYECTBO 3JEKTPHUECTBA, NPUXO-
Jsiiieecsl Ha eaWHHUy nosepxuoctu. CoriacHo ¢Gopmydae

o=% (7.31)
8
HOBEPXHOCTHYIO IIOTHOCTh 3apsifia, PaBHYWO enuHHIe, Mb
6yzeM uMeTb NpPH TaKOM PaBHOMEDHOM paclpejieseHnH
3apsAjla Ha TOBEDPXHOCTH MPOBOJHHKA, NIPH KOTODOM Ha
KasK/Jpiii KBaJlpaTHBIH CAHTUMeTP NPUXOIUTCH €IMHHIA 3a+
psina.
PasMepHOCTh NMOBEPXHOCTHOH MJIOTHOCTH

3/2pq1/2p—1
ol =L iy, (7.31a)

Hanpsascennocts anexkrpudeckoeo noas. W3 onpenenes
HHSl Hanps?KEHHOCTH TOJIs

E=L, (7.32)
q

rae f— cunia, AeHCTByOLLAs Ha 3apsijl ¢, BbITEKAeT, COOT-
BETCTBYIOLIAA efHHHLA. 3a €HHHUY HaNpAMKEHHOCTH 3JeK-
TPHUECKOTO 10/ (CHia TOJSA, 3AeKTpudeckutl 2paduent)**)
NpHHUMAaeTCA HampsXKeHHOCTb B TAaKOH TOYKE 3JIeKTpHYe-
CKOro MoJifA, B KOTOPOH Ha eAWHUUYHBIN TOJOXHTENbHBIH 3a-
paA JeficTByeT cHJa, paBHas | pauHe. YKasaHHe Ha 3HAK

*) B nanbHeiiiiem Mul B onpefeseHHsx GYAEM ONYCKaTh CJOBA «CH-
creMbt CI'C», Kak caMu o608 pasyMeroluecs.
**) Ha3panue «371eKTPHUECKUA I'PAJHEHT» OCHOBAHO HAa BHIPaKeHHU
CBA3H MEXAY HaNPAKEHHOCTHIO NOJAA H MOTEHIHAJIOM (CM. HUIKe),
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3apsanxa Tpebyercs JenaTb, NOCKOJbKY HalpsiXKeHHOCTh MuJd
SIBJSICTCST BEJIMYHHON BEKTOPHOH, M HEOOXOZMMO B ONpEAELs
JIeHHH yKas3aTb ee HampabJaenue. V3 dopmyabl HanmpsiaeHs
HOCTH BBHITEK3eT TaKikKe H Pa3MepHOCTb

[E}=L~"*M"7~", (7.32a)

Cuewjenue. Eciu B3auMoelCTBHE NPOUCXOJUT HE B Ty-
CTOTe, a B HEKOTOPOH cpeae, TO CHJAa B3aHMOJAEHCTBHA

yMeHbllaeTcAd B e pas, e, Kak M Bbllle, &€ NpeJCcTaBaser
coBOi AU3NEKTPUUECKYID NpoHHIaeMocTb cpeanl. [Ipousses
nenue eF Ha3biBaeTCl IAEKTPUHECKUM CMeLjeHuem HIH
s.aex” pudeckoil undykyuel u obosnavaercst D. [TockoabKy €
He HMEeT pa3MepHOCTH, To pa3MmepHoctH D u E coBnajaior.

ITorok cmewerun (curosoii norox). Ilotox cmeleHus
dN yepe3s aseMeHT noBepxHOCTH dS mnpencraisier cobOH
npousBefeHHe CMELeHUsl Ha Niomaib JeMeHTa U Ha KOCH-
HYC yrja MeX[y HalpaBJeHHEM BeKTopa CMeIUeHHs H HOop+
MaJbio K nosepxHoct# (puc. 21)

dN = D ds cos (D, n). (7.33)

CorniacHO 3TOMY ONMpeNEJEHHIO 3a €QMHMIY MOTOKA NPHHH-
Maercss MOTOK 4Yepe3 | cs? mOBEPXHOCTH, PaCHONOXKEHHOH
NepneHANKYAAPHO BEKTOPY CMEIeHHs, MPH CMeLleHHH, pab-
HOM eJHHHIe. .

Tak kak no Teopeme 'aycca NOTOK CMELleHHs Yepes Jo-
6yl0 3aMKHYTYIO0 NOBEPXHOCTb, OXBaTblBaloIlyl0 3apai ¢,
paBeH

N =4ayq, (7.34)
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TO, OYEBHIHO, YTO ejHHHLA [OTOKA CMellieHusl paBHA [O-
TOKY, HMCXOAsilieMYy M3 3apsijia, paBHOro eAuHHle, CKBO3b
TeJecHblli Yrodq, paBHbiil oanoMy crepaduady. Kak u3 Bwbipa-
Kenus reopembl [aycca, Tax ¥ HEHOCPeACTBEHHO H3 olipe-
JleneHnss NOTOKA CMCLUEHHS CAeAYeT, YTO Pa3sMEePHOCTh TOo-
TOKa CMellleHHsl COBnajaeT ¢ pa3MEPHOCTbIO 3apsja:

[N] - [6/] — L3/2M1/2T—1. (735)

Iorenyua.r. Tlotenuuan uaMepsieTcss TNOTEHUHANBUON
gHeprueil, KOTopoil obsaaaaeT efHHHIA 32psiaa, DOMeEIUCHHAS
B JAHHOH TOuykKe mnoas. EaHHHiell noTeHunyuaga MABJASETCS
NMOTEHIHAM TAKOfl TOUKM IJEKTPHUYECKOT'O NOJs, B KOTOPOil
CIHHUYHBIA MOJ0XKHTCABHBI 3apal 0bJajaeT NOTeHUHAb-
HOM 3HEepTrHeil, paBuoil oAHOMY 3pry

U= _qu . (7.36)

Popmysna pa3zMepHOCTH NOTeHIHANA

g

L2MT 2 12y g 12—t -

Enunnua noreHuMana MOXKET CHAYXHTh, pasyMmeercsi, H
st H3MEPeHUS Pa3HOCTH NOTEHLHAJI0B, YacTo Ha3biBaeMol
HanpsKEeHHEM.

B s1TOM cayuae efpHHHLA HANPSKEHHS MOKeT ObITh Onpe-
JesieHa Kak pasiocTb NOTEHUHAJOB MEXKAY TaKHMH [IBYyMA
TOUKAMH, MEKAY KOTOpHIMH IMepeHecehue €AMHHYHOIO 3a-
pAAa CONpOBOXIAeTCS COBepllenHeM padoOTHl, DaBHOH OA-
HOMY 3pTy.

Enuxnueff mnoreuutiaia H3MEPAETCH H 3AEKTPOIBHAKY-
Hiast cuJia MCTOYIHKA TOKA.

JaexTpuneckuli moment Ounoaf. Junonem HaswpiBaercs
CHCTEMa, COCTOsIIAN 13 JBYX OJMHAKOBLIX II0 BeJHYHHE M
NPOTHBONOJIOXKHBIX 110 3HAKY 3apafoB +¢ U —¢g, HAXOAdA-
muxed Ha paccrosiHuu [ apyr ot apyra. Mosenrom dunoaa
Ha3bIBAETCSl NPOW3BeNEHIe BeJHUMHDI 3apsiia Ha paccrof-
nue MexIy 3apsigamH. MOMEHT JAHIOJIS PaBeH eNHHULE,
ec/li NpOW3BeAeHUE BEJHUMHBI 3apsja Ha paccTosHue Me-
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KAY 3apsjaMu paBno eanunue. k3 dopmyast MomenTa au-

noJs .
Ps = gl (7.38)

noJjyuaemM H €ro pasMepHCCTL
[p]= LM, (7.39)

Exnnuny MoMeHTa AuTONs MOXKilO TaKiKe ONpelesHTh
Kak MOMeT TAKOro JMMNOJs, KOTOPbli B OJHOPOAHOM 3JeK-
TPHUECKOM NOJE ¢ HANPSIKEeHHOCTbIO, paBHOil eauHHue, Gy-
AVYUH Pacrofnoxken IepleHAHKYJAPHO [0JI0, HCHLITHIBAeT
MeXaHHYECKHH MOMEHT, PaBHbLI elunHLe.

M3 popmynn ana mMexaHHYeCKOro MOMEHTa, HCIBIThIBAE-
MOro ARMOJEM,

M = p,Esin(E, ps), (7.40)

NnoJyd4uM, €CTeCTBEHHO, TY 2K€ pa3MepHOCTb, UTO HanHcaHa
Bbille,

Emkocre. OtHowenie 3apstia Npos3C HIKA K ero noreH-
npajy onpelnenaer eMKOCTb NPOBOJHHKA

C=%. (7.41)
PasMepHoCTb €MKOCTH
L,’%/L’MHL’T—I
[C] = W =L, (7.42)

3a eauHHIY EMKOCTH [IpHHMMAETCSl ©MKOCTh NPOBOJHHKA,
npu cooBiieHHH KOTOPOMY €IHHHHBI 3apSAAa NOTeHIHaa 110~
BbillaeTcsa Ha eMHUIY TOTEeHLuana.

Tak kak eMKOCTb WIapa B MYCTOTe YHCJAEHHO paBHa ero
paanycy, TO 3a €AHHHILY eMKOCTH MOKeT ObITb IpHHSITA €M-
Koctb mapa ¢ pazuycom B | ca. Tlosromy CI'C epmnuna
€MKOCTH YaCTO Ha3blBaercsl «CAHTHMETP».

Hoaspusosannocry (unrencusrocTs noaspusayui) Ou-
anexkTpuka, JW3JeKTPUK, HAXOARUIMNCH B 3JEKTPHUECKOM
noJe, noJAgpuU3yeTcs, IpHueM KaxKAblfl 37eMenT ero ofGbema
npenctTasasier cob6oil nuNogab, 06aafaloWHi onpefeseHHbBIM
3JIEKTPHUECKAM MomeHTOM. [loa noNsipH3cBaHHOCTBIO JH-
3/eKTPHKa P NOHHMAIOT 3JEeKTPHYECKHH MOMEHT, KOTOPBIM
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obnanaer efuHHIla o6BbeMa MOASIPH3OBAHHOIO AM3IEKTPHKA.
Ecau o6bem obaamaeT MOMEHTOM P, TO

= EV- (7.43)
COOTBETCTBEHHO
[P]=L—l/2M1/2T-1. (744)

Takum o0Gpa3oM, pa3MepHOCTb NOJSAPH30BAHHOCTH COB-
najaet c PasMEPHOCTbIO HANpAXKEHHOCTH MOJA M cMelle-
HUs. '

CpoficTBa 1U3JTeKTPHKA XaPaKTEPU3YIOTCH JBYMS CBR<
3aHHBIMH NpPYT ¢ APyroM O6e3pa3MepHBIMH BeJIHUYHHAMH —
OUINEKTPULECKOE NPOHULGEMOCTEIO & U OUINEKTPUYECcKOL
socnpuumuusocToto ky. O nepsoll GBLIO A0CTATOUHO CKA3a-
HO B mpenwiniyluem naparpade. Uto kacaercs BTOpofi, TO
OHa onpejensiercsl Kak OTHOIUEHHEe NOJSIPH30OBAHHOCTH JH-
3JeKTPHKA K HANDPSIKeHHOCTH moJs

P

ky =% (7.45)
CoorHoweHue MexAay & u ky naercss hopMyJoi
e =1 4nk,. (7.49)

Cusa roka. Tlpy ABUXKEHHM 3apsIA0B 1O NPOBOJHHKY MBI
HMeeM JeJo C CHUJ0Hd TOKa, aHAJOTHYHOH pacXody >KHJKO-
CTH W/IM Ta3a WM TEIVIOBOMY NOTOKY M H3Mepsolueics Ko-
JIHYECTBOM 5/1€KTPHUYECTBA, NMPOTEKAIOIIWM CKBO3b Nomepey-
HOe ceueHue TMPOBOLHMKA B eJHHUNY BpeMeHH. B obuem
BHIE BbIpaXKEHHE A CHJIbl TOKa HMEeT BHN

d
1=2%. (7.47)

Eaunuuedl cuibl TOKa fBJAsETCS CH/Ia MOCTOSHHOTO TOKa,
IpH KOTOPO# CKBO3b TMONEpedyHOe ceyeHHe MPOBOAHHKA B
ONHY CEeKYHHy MNpPOXOAMUT eAMHHIA 3apana. PasmepHocTs
eMHHIB CHJABI TOKa, COMVIACHO 3TOMY ONpeREJeHHIO,

l=L"M"r2 (7.48)

IlaotHocTe Toka, OTHOMIEHHE CHJBL TOKA K MJIOWARu
NOonepeYHoOro CeYeHusa NMPOBOAHHKA HAa3bIBaeTCA IJIOTHOCTLID
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toka. CooTBeTcTByWOILAs €IMHHLA — €IUHHLA CHJAbl TOKA
Ha KBajpaTHbili cantuMeTp. PasMepHocTthb

I — 128 g~ 1[2m—
[ =L = L2y, (7.49)
[s]

Conporueaerue. CornacHo sakony Oma cuia Toka 1po-
nOpuMOHaJbHa PasHOCTH MOTEHIHAJIOB HAa KOHLAX NPOBOA-
HHKa ¥ obpaTtHo nponopuuoﬂanbﬂa €ro CONPOTUBJEHHIO

[=—. 7.50
- (7.50)

EjuAubeii conpotuBaeHHs SBJASETCs  CONPOTHBJEHHE
NpPOBOJHHKA, MO KOTODOMY TeueT TOK, PaBHHH eJuHHue
CHJIBI TOKa, NPH PAa3HOCTH MOTEHUHaN 0B Ha KOHIAX 3TOro
NpOBOJHNMKA, PaBHON eiMHHUE noreHuuana. M3 dopmyanl
3akoHa OMma nonyuaeM pa3MepHOCTb.

[R]=L"'T. (7.51)

IIposodumocts. Benuwunna, obpaTHasi CONPOTUBJIEHHUIO,
Ha3bIBaeTCa NMpPoOBOAUMOCTDLIO!
1
Ge = 'ﬁ .
3THM BbipaXKeHueM ONpPRAeNsieTcst eAMHMIA TIPOBOAMMO-
CTH H ee Pa3MepHOCTb

(7.52)

[G]=LT" (7.53)

Ydeavroe conporussenue. ConpoTusieHne OXHOPOIHOTO
IPOBOJHHKA MOCTOSHHOTO NOMEPeyHOro CeYyeHMsl BhIpaXKaer-
cs GopMyaon

R=p%, (7.54)

rge [ — IAMHA NPOBOAHYKA H §— ero MONepevyHee ceueHHe.
Koadduuuenr p, xapaxTepH3yloWuil cBOACTBA NPOBOJHHKY,
Ha3blBAeTCsl  YAEIbHBIM  CONpPOTHBJAeHHeM. PasMepHocThb
YAeJBHOrO CONPOTHBAEHHS

l[p]=T. (7.55)

Enurnuefl yaenbHOro CONPOTHUBJEHHS SBJASETCS Y/elbHOe
CONMPOTHB/JCHHE TAKOro NPOBOASALIEIO MaTepHana, KaXKabli
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caiTHUMeTp AJIHHBI KOTOPOTO NpH nonepedHoM ceuennu l cm?
o0aajaer CONPOTHUBJIEHHEM, PABHBIM €JHHHLE.

Yoenrvran npoaodumccrs (34eKTponposodxocTs). Aia-
JIOTHYHO ONpefeseHHIo NPOBOAMMOCTH YAE&AbHAS HPOBOIH-
MOCTh WJIH 3/1eKTPONPCBOJHOCTL O NpeacTaBiser cobok se-
nuuugy, obpaTHyio yaeiabHoMy conporusaeuuio, Coraaciio
OnpenesSeHuIo

[e]=T"" (7.56)

Maenurnan undykyus. OcHOBHAS X&paKTePHUCTHKA Mar-
HUTHOTO MNOJIS — MarHdTHAS MHAYKUHA B Haubosee Ha~
IA90HO MOXKeT OLITh OfpejeficHa N0 MexaHHUECKOMY Jefl-
CTBHIO, KOTOPO€ HCMbLITLIBAGT 3JCKTPHUECKHH TOK B MAarHMT-
HOM noJe. Bocnosbayemes st s1oit wenu popmyaoi (7.12),
B Kotopoil noaoxum ¢ = 0%, s = 1 cm? Hanomunm, kpome
Toro, uro koddduunent Ky = 1/c. Tlpu srux ycaoBusx 3a
AMHHLYY MArHUTHON HMHAYKUMH MOXKHO NPHHATH HHAYKLHIO
TAKOro MoJs, B KOTOPOM MaKCHMagdblblil MOMEHT, HCHOBITLI~
BaeMblil KOHTypoM mioutagpio 1 cu? u obrekaemblit TOKOM,
YHC/leHHAasl BeJdWuHlia KOTOporo pasHa ¢ (T. e. CKOPOCTH
" CBeTa B NOYCTOTe, H3MepeHHo#l B ca/cex), cocraBiasier
1 dun - cm. Dra eauumila HHAYKUHHE HasbiBaercst eaycc (2¢).
HMnaue MOXKHO OfpesesdTh raycc Kak HHAYKLIUIO TaKoro
nojs, B KOTOPOM KaXKABIl CaHTHMETP [PAMOJHHEHRHOrO
NPOBOJHUKA, DACHO.I0KEHHOTO MepPHneHAHKYJAAPHO MO0 H
N0 KOTOPOMY [POTEKAeT TOK ¢ €JUHUIL[, HCUBITHIBACT CHIY
B 0auy auHy. PasMepHocrb MHAYKUHM, coraacHo JioGomy
U3 OnpejeseHuH,

—1/2

[B]=L~""mM"r~" (7.57)

Hanpsanceunocre mazrutrnozo noas. ®opmansto Hanps-
JKEHHOCTb MarHuTHOTO HOJA MoXeT OblTh olpepeneHa U3
dhopmyan (7.16), B koropoil Koshdunuent Ks npuHsAT pas-
HbIM egunune. B stom cayuae

H=2, (7.58)

n
3a efuHUIYy HaIpPSIXKEHHOCTH MaTHATHOrO MOJA OpPH Ta-
KOM ONpeje/eHUH TPUHUMAeTCS HaNpSKeHHOCTh NOJS B Iy«
CTOTE NPH MHAYKUHH, PABHOK 0AHOMY rayccy. JTa eHHHIA
HasbiBaeTca 9pcred (3). Ilockonbky MarHuTHas NpoHHUae-
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MOCTb ~— BeJiMyHHa Oe3pasMepHasi, pa3MepHOCTh HallpsizKeH-
1IOCTH TOJISE COBMajaeT C Pa3MepHOCTbIO HHAYKIMU.

Maenurnoui norox (norox undysyuu). Ecaun uzobpa-
8UTb MArHUTHOE F0JE CHJAOBBIMH JHHHAMH, T'YCTOTa KOTO-
PBHIX HPONMOPUHMOHANBHA HHAYKUMH B JaHHOH TOUKEe TMOJSI,
10 ofHlee YHUCAO CHJIOBBIX JIHRIH, TPOHH3BIBAIOIUX AZHHYIO
MIOBEPXHOCTh, MOXHO OXapaKTEepPH30BATh MArHUTHBIM MOTO-
KOM. MariuTHbll MOTOK H/AH TOTOK MarHHTHOU HHAYKUHU
onpeaessiercs MpoussereHHeM HHAYKIMH B AaHHOH TOuke
Ha 3JeMeHT IVIOMaAn H Ha KOCHHYC yryia Mex/y HanpasJje-
HHeM BEKTOPa HHAYKIMH H HOPMAaJabio K IJO0LLAJNH

d® = Bdscos (B,/\n). (7.59)

Eaunnna MardHHTHOro notoxa — Makcgedl (MKC) npeacras-
JAgeT co60oil NOTOK CKBO3b ILIOLLAJKY, PABHYIO OZHOMY KBa-
JAPAaTHOMY CaHTHMETpPY, DACIONOXKEHHYIO TepHeHAHKYAAPHO
ONHOPOAHOMY MAarHUTHOMY mosio ¢ uHAyknueé 1 ec. Pas-
MEPHOCTb MarHHTHOIO 110TOKA

[D] = LM, (7.60)

Ecau mMaruuTibiil NOTOK NPOHH3bIBART KOHTYP, COAepka-
LiHHA HEKOTOPOe YHCAO NOCAEJ0BaTe]bHO COCJIHHEHHBIX BHT-
KOB f1, TO B PsAe cayuaen NPUXOAMTCH TOJAL30BATHCA MOHS-
THEM norokocyenaenus W, koTopoe onpeensercss Kax npo-
3BefeHHe NOTOKa Ha YHCJA0 BHTKOB

W = Dn. (7.61)

Pasymeerc, pasMepHOCTb M @AHHHMLA NOTOKOCURIIEHHA Te
2Ke, 4TO ¥ MArHUTHOrO NOTOKA.

Maenurnowi moment. B dopmyay (7.12), Bepaxaiouyo
MOMEHT, HCNLITIBAEMbIHl KOHTYPOM B MarnHuTHOM I10Jie, BXO-
JUIT TIPOM3BEJEHHE Cu/bl TOKA Ha IJOWATh KOHTYypa. 31O
NPOU3BeleHHE, XapaKTCcpH3YyIOUlee JaHHbIN KOHTYD M e 3a-
BHCSILIlEE HH OT BHEINHEro MarHHTHOTO NOJS, HH OT OpPHEH-
TALHKH KOHTYpa, BMecTe ¢ pa3MepHbIM KO3(pduuuesTom, pas-
HBIM CKOPOCTH CBeTa, Onpejesfer Tak Ha3biBaeMbii MarHuT-
Ubli MOMeHT KOHTypa. CoriacHo 3TOMY ONpeAe/eHHIO

pu=r Is. (7.62)
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MarauTHbII MOMEHT paBeH MaKCHMAa/JbHOMY MeXaHHYeCKo-
MYy MOMEHTY, KOTOPHI# HCNBITHIBA€T NAHHLIA KOHTYD, O6YAyddl
HOMELleH B MAUHUTHOe noJie ¢ HHAykume#l 1 ec. MarHur-
HBIlI MOMEHT fBJsSieTCs BeKTOpHOH BenuunHo#l. Hampasuie-
HHE 3TOTO BekTOpa BhlGHpaercs coBNafalolluM C HOPMaJblo
K NJIOLaiM KOHTypa B TOM CJydyae, eciH, IV BLOJIb 3TOH
HOpMaJd, BHJETh TOK OOGTEKalOIHM KOHTYp NO 4YacoBOil
CTpeJxe.

CorsacHO onmpeneseHHI0O MarHMUTHOIO MOMEHTa €ro ejH-
HHUel SIBASIETCA MaTHUTHBIH MOMEHT KOHTYpa, KOTOpPbIl B
MariuTHOM TOJe ¢ MHAyKUWe# | ec ucnbiThiBaeT MexaHu-
yecKMH MOMEHT, paBHbH | Oun-cm. BBoms yron wmexnuy
BeKTOPOM MHAYKUMH H BEKTOPOM MAaTHHTHOTO MOMEHTA,
MoxHO (7.12) 3amucath B BujJe

M = Bp,sin (B, P,). (7.63)
pa3MepHOCTb MAarsuTHOro MOMeEHTa
[pul = L¥?M"*T, (7.64)

IToHsITHE MaTHMTHOTO MOMEHT4 MOXKeT 6LITb NPHMeHeHO
HE TONBKO K KOHTYPY TOKa, HO H K NOCTOSHHOMY MarHHTY.
B rnaBe, nocBsILEHHOR €IHHUIIAM AaTOMHOH (PU3HKH, MBL 1O-
3HAKOMHMCSl TakXe U ¢ MarHATHBIMH MOMEHTaMH 3JeMeH-
TapHBIX YACTHIL.

Maenurodsumcywan cunra (YUPKYALYUS HANPAILEHHOCTY
maenurnozo noas). CornacHo 3akOHY TOJHOTO TOKa HHTE-
rpaJj 1no 3aMKHYTOMY KOHTYPY OT CKaJ/iipHOrO fiPOM3BEAEHHS
H dl, rpe dl-— sneMenT KOHTYpa, NPONOPIIMOHAJEH ajare-
6paHuecKOH CymMe BCEX TOKOB, OXBATHIBAEMBIX KOHTYDOM:

§ H dicos(H, dl) =+ 4n W 1. (7.65)

Crosiuufi cneBa uHTErpan TpeicTaBiasieT COOOH UHPKYJs-
HHI0 HaNpAXKEHHOCTH MAarHUTHOro nojs. Ee npHHSATO Ha3bl-
BaTbh MazHurodsuscyuwed curofi F. Hassauue 3710 cBA3aHO
¢ ynoMsAHyTOH Bhie OWIMOOYHON aHasiorxHell MeXny Hampsd-
JKEHHOCTBIO 5JIEKTPUYECKOTrO TOJISi M HaNPSKEHHOCTBIO Mar-
HUTHOrO monas. LiupxyJasiuus nmo 3aMKHYTOMY KOHTYpY Ha-
OPSIKEHHOCTH 3J1eKTPHYECKOro foJist, oOyC/oB/eHHAs Aeks
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CTBHEM CTODOHHHX CHJI HE3JEeKTPHUECKOTO MPOHCXOMK/CHHS,
npeactaBaseT Co00H 3JEKTPOABUKYLIYIO CHJAY B JaHHOM
KoHType. OHa paBHa paGoTe mnepeMelleHHs IO KOHTYPY
edHHUIbl 3apafa. LIMpKyasinus HanpsXKeHHOCTH MarHHTHO-
IO TIOJst HH ¢ KaKUM MepeMellleHHEM W HH ¢ KaKOH paGoTo#
1e CBfi3aHa, Tak YTO Ha3BaHHE «MAarHUTOJBUIKYILAasl CHJIa»
ABJASIETCS TAKHM JKe aHaXPOHM3MOM, KaK U HEKOTOPHIE JPY-
rue coxpaHuBIlHecs Ha3BaHWsl (KHMBas cHJa, JomajnHad
cuaa n T, I,

®opmyaa (7.65) cnpaseasusa Kak B OLHOPOIHOMH, Tak
I B HeoxuOpojHON cpere. Yro Kacaercs TOKOB, TO 3a IO-
JOXHUTEIbHOE HanpaBjeHHe BHIOHPAETCH Takoe, KOTOpOe
00pasyeT ¢ NOJNOXKHTENbHbIM HalpaBJieHHeM HOPMAaJlH K Bbl-
GpanHOMY KOHTYPY yroJ Menbuie 90°.

Uz ¢opmyant (7.65) BuiTeKaeT Pa3MepPHOCTb MAarHHUTO-
JBHXKYULIEH CHJBI

[F]=L""M"T"", (7.63)

EnuHula MarHUTOABHIKYILEH cuabl eu.1vb6ept (e6) ompe-
Jefnsercd Kak MarHWTOABHXKYIAfl CHJAa NPH OZHOKPATHOM
cOXome NMPOBOJAHHKA, MO KOTOPOMY TeueT TOK, PasHBIA cf4n
eaunun. [loHATHe MATHUTOABIXKYIIEH CUJBl HAXOAUT MNpPH-
MEHeHHe TpH pacueTe MarHHUTHHIX ueneil. Ecau mpeacra-
BUTh cebe Topou] (3aMKHVTBIH COJNEHOHA) C MJIOLajJbI0 ce-
yeHHs S, COIEpKAallHA A BHTKOB, TO MarHHTOABMKKYIIAs

. 1
cilia BAOJAbL OCeBOfi JUHUM TOpPOHAa OyAeT paBHa —C—4n1n,

rae [ — TOK, MpOTEKAIOWHA MO BHTKaM Topouia. B To ke
BpeMst UUPKY/SALHS HANPSAXKEHHOCTH MAarHUTHOTO MOJisg paB-

Ha HI, rae [ — panna ocepoil auHuu. OTCIOfa HampsiKeHs

1 4nin
HOCTb Tioa1 H = - [lepexonst oT HanpsXKEHHOCTH NTOJA

K HHAYKUHMH, MOMKeM ONpefe/HTh NOTOK, NPOHH3bIBAIOIIMI
TOPOHL

(D='———]-I’=—— (7;67)

rae g — MarHyTHas NOPOHUIAeMOCTh CpefnHl, 3anoausouen
TOpOH . Croswas B 3HaMeHaTe/e BeJHUHHA:
11
Rn=133

(7.68)



188 ANCKTPITUECKIIE ¥ MATHHTHBIE EMMHUWLIBI Ira. 7

HA3BIBAETCH MQ2HUTHGLIM CONPOTUBAGHUEM, TAK Kak (op-
myaa (7 67) BHeure HanomuHaer 3axkon Oma. Pa3mepHocTth
MarHUTHOTO COMPOTHBAEHUS

[R,]=L"" (7.69)

Exaunuuedl MarduTHOTO CONPOTHBJEHHS SIBJSIETCH MAarHMi-
HOE€ CONPOTHBJEHHE HENH, B KOTOPOIl MAarHHTOJBUKYILAf
cuna cosfaer nmotok B | makcBeas. Beawnuuna, obparsas
MAaTHUTHOMY COTPOTHBJIEHHIO, HA3LIBACTCS MASHUTHCUE npo-
800UMOCTbI0.

Hudykrusnocte u s83aumuas unHoykTugHocts., Ilpn u3-
MEHEHHH MarduTHOrO MOTOKA, CHEMJEHHOrO C JAHHBIM KOH-
TYPOM, B MOCHNEJHEM BO3HHKaeT 3JAEKTPOABHAKYILAf CHjIa
(3. & c.) unaykiMu, onpejpenseMasi 3akonoM Papanes

1 dv
Sy=— - | (7.70)
Ecnau MBl MMeeM JIeno ¢ TOPOHAOM, WJIH, 4TO TO XKe, ¢ coje-
HOWAOM, AJHHA KOTOPOr0 BECbMa BeAHKa 10 CPABHEHHIO C
ero AMaMerpoM, To, HCmoab3ys (7.67), MOXKHO [Jis1 MOTOKG-
cuenJeHus HamucaThb

qr ___1‘ 45'[,[’1,2
- c

. (7.71)

o |~

1
2
TMonaras, uTo TOpOUJ 3anonHelt cpeaoil, MarHuTHas NPONN-
114eMOCTb KOTOPOH He 3aBHUCHT OT HaNpSIKEHHOCTH Mo,
MOXHO BMecTo (7.70) Hanucathb
9, = 1 4ma? dl
Py dr e
s
Dopmyant (7.71) u (7.72) npexactaBnsior coboil yacTHLIN
cJyuail, Koraa NnoTok, H3MeHeHHe KOTOPOTo NOPOoXKAaeT 3. /. C.
HHAYKLHH, CO3J1aH TOKOM B TOpPOHAe HJAH AJHHHOM coJe-
House. B Gonee obuem cayuae KouTypa Ji0060l ¢dopMbl €
N00BIM  YUCJIOM TPOH3BOJBHO DPACMNOJOMXKEHHBIX BHTKOB
MOJXHO0, OoCiloBBIBasick Ha 3akoue buo, Casapa u Jlannaca,
BHIDA3UTh NOTOKOCLEMNJIECHHE € 3THM KOHTYPOM B BHJIE

W= L1, (7.73)

(7.72)
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riae ko3 duunedt L 3aBUHCKT OT KOHUIypauuy 1 pa3Mepos
NPOBOJHHKOB, 00pasyiollUX KOHTYP, H OT 3anojHsIollel
ero cpeabl. IToT KO3(QQHUHEHT Ha3bIBaeTcsi UHOYKTUBHO-
cT610 KoHTypa (nipekHee HasBaHHe — KO3 dHILHEHT caMo-
nuaykuuu). HMoacrasasa W us (7.73) B (7.70), MOXHO Has

nucatb

1

&z_?Lm

e (7.74)
B Go.ee obieM BuAe, eCJH HHAYKTHBHOCTL HE OCTAeTCsl Mo-

CTOSTHHOJI, CJeAyeT HalKucaTh
I df dL -
9i= = = (L4 +15F). (7.75)
M3 (7.71) cacayer, 4TO HHAYKTHBHOCTH TOPOHAA HJH JJIHUH-

HOro CojseHnonza paBHa

4nn®
L=p——s. (7.76)

Jlio6as u3 GOpMYJ, B KOTOPYIO BXOJAHT HHAYKTHBHOCTD,
MOKeT OuIThb HCMOMb30BaHa /s ONpelesnelus ee pasMep-
HOCTH ¥ eJWHHLbI

[L]=L. (7.77)

EauHuuy HHAYKTHBHOCTH MOXHO ONpelesqdTb KaK HH-<
JAYKTUBHOCTL TAaKOrO KCHTYpa, KOTOPHIH CHEnJieH ¢ NOTOKOM
B | MakcBess1, npu MpoTeKaHHH 10 HEMY TOKa, PaBHOTO ¢
eauddl. CoryiacHO ApPYroMy ONpefe/eHHIO efUHULeH HHAYK~
THBHOCTH SIBASIETCS MHAYKTHBHOCTBL TAKOTO KOHTYpPa, B KO-
TOpPOM BO3HHKAaeT 3. A.C. HHAYKUWH, paBHas eAHHUUE NPU
M3MEHEeHHH TOKa B KOHTYype Ha ¢% eIuHHI{ B CekyHAay. B co-
OTBETCTBHM C Pa3sMEPHOCTHIO HMHOTAA YKa3aHHYIO EeINMHHIY
HHAYKTHBHOCTH HASLIBAIOT CAaHTHMeTP.

Ecnu mbl nmeem 2iBa koHTYpa, Gostee wiy meHee G/H3KO
PACHOJIOXEHHBIX APYT OTHOCHTENBHO ADPYra, TO UPH NpOTe-
K4HHH TOKA 0O OAHOMY H3 KOHTYDPOB YaCTb MOTOKa HJAH
Bechb TOTOK OKa3biBaeTCs CUEMNIEHHBIM CO BTOPBIM KOHTY-
pom. M3meHeHMe TOKa B NEepPBOM H3 KOHTYPOB BHI3bIBAET
BO3HHKHOBeHHE 3. . C. HHIYKUHK Bo Bropom kourype. [lo-
TOKOCHENJIeHHe B OJIHOM KOHTYpE B 3aBHCHMOCTH OT TOKA
B ApYroM HMeeT BHA, aHaJorHuHbli (7.73)

W, =L MI,, (7.78)
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rae M, B otiinuue ot L, HasuiBaeTcsl 63auMHOl UHOYKTUS-
nocroro. TIpn nporekaHHMH TOKa BO BTOPOM KOHTYpe MOTO<
KOCLEMJIeHHe B MepBOM BBIPAXKaeTcsl COOTBETCTBEHHO

1='£‘M12, (7.78a)

npHueM B3aUMHAd HHAYKTHBHOCTb B O0OMX C/yyYasX O#HA H
ta xKe. M3 cKa3aHHOTO SICHO, 4TO (DH3UUECKHH CMBICA HH-
JYKTHBHOCTY M B3aHMHOH HHAYK-
THBHOCTH OJHH H TOT K€ M CO-
OTBETCTBEHHO OJIHU M Te Xe pas-
MEpPHOCTH W €IHHHIbI.
Hurencusnocte  HoamazHuuu-
y y Banus (namaenuennocrs). Tlpu
¢ NoMelleHHH Kakoro-iubo Tena
B MArsdTHOe NHoJe KaXAHH 3Je-
MEHT o6beMa 3TOr0 Teja MNpPHO-
OperaeT  MArHUTHBIA  MOMEHT.
Ecan rteno o6aanaer ¢eppomar-
Puc, 22, HHTHBLIMH CBOHCTBAMH, TO HaMar-
HHYEHHOCTb MOXKET OCTaThCH H
noc/ae YCTPAHEHHS BHEUIHero HCTOYHHMKA MAarHUTHOTO HOJIS.
MaruuTHBIl MOMEHT, NPHXOAAWIMACA Ha eAHHHLY o0GbeMma,
HAa3bIBAETCH UMTEHCUBHOCTHIO HAMASHUYUBAHUS UAL HOMaA2-
HUYEHHOCTbIO:

J=t. (7.79)
Ero pa3MepHOCTD
[J]=L""?m'"2r1, (7.80)

MarHuTHEIE CBOHCTBa BELECTBa XapaKTEPU3YIOTCH Mae-
HUTHOU NpOHUKAEMOCTb!0, KOTOpas OIpejeleHa BhLille X
ABJAETCA 710 CaMOMY OnpefesesHio Ge3pazMepHON BeHyuH-
HoH. JIns onmucaHusl THCTEPE3HCHBIX CBOWCTB (eppOMarHur-
HBIX MaTepHaJiOB ClyXKaT OCTATOYNas uHOykyus B, u ko-
apyutuanaa cuie H., cMmbica KOTOpBHIX siceR W3 puc. 22,
Hsmepsiores oHH, pasyMeerca, B rayccax (B,) u spcre-
nax (H.).

C marHuTHOM NPOHHIAEMOCTBIO CcBf3aHa Jpyras Xxa-
PAKTEPHCTHKAa MAarHHTHLIX CBOHCTB BELISCTBA — MA2HUTHAA
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BOCAPRUMYLUBOCTL, KOTOpaAfd OnpeaendeTcs KaK OTHOHIEHHE
UHTCHCUBHOCTH HaMardH4YHBaHuA K HaNpPsKEHHOCTH NOJA

b= (7.81)

Jlerko yGenutbesi, uto Ry — BenuyuHa Ge3pasMepHas. Mar-
HHTH&A NMPOHHIAEMOCTb W MAarHHTHasi BOCIPHHMYHBOCTb CBS-
3aHBl COOTHOLIEHHEM

w=1+4nk,. (7.82)

§ 7.4. DaexkTpHuecKHe ¥ MarHUTHbE eXUHHI{BI
MexayHapooHON CHCTEMBbI €QUHHIL

Panee (§ 1.5 u 7.2) Gmro mokasauo, yYTto NOCTPOEHHE
CHCTEMBl €IWHMI, B KOTOPYIO BXOJWJIH OBl NpaKTHYECKHE
eHHHIbl CHJIBI TOKA, [OTeHIMaAa, 3apsiaa, paboThl, MOLIHO-
CTH H T. J., BO3MOXXHO DPas/M4YHBIM 06pa3oM, MyTeM BBefe«
HuA NONOJHHTENbHOA OCHOBHOM enuHuuul. Ilpu paspaboTke
TaKolf CHCTeMbl, KOTOPYIO HasblBalu «abCOJMIOTHOH cucTe-
MOH NPaKTHYECKHX €JHHHI», NpPEInoJarajoch BHayane B
KayecTBe JAOMONHHUTEIbHOH OCHOBHOH €IMHHIE YCTaHOBHTH
eJMHHLY MarHuTHOM NpOHHNaeMocTd. TeM caMbiM B ¢op-
MYJaxX pPa3MepHOCTH JOJXKeH OB MOSIBUTBCS YeTBEPThIH
3JIEMEHT — CHMBOJI CaMOCTOSITEIbLHOH Pa3MepHOCTH MariuT-
HO!l MPOHHMILAEMOCTH, KOTOPBIA 0003Hauunu uo. B atoft cu-
creme, ob6oanauaBuiefica MKCM, ¢opmyas pasMepHOCTH
BCEX ENWHHI BKJIOUand B CceGf COOTBETCTBEHHO CHMBOJIBL
pasMepHocrefi anunsl L, maccet M, Bpemenu T M Marsur-
HOH TPOHMIIAEMOCTH Mo. BKJIIOUEHHE YETBepTOro 3/1eMeHTa
B (DOpPMYJILI Pa3MEpPHOCTH He OBLIO HOBHIECTBOM, NOCKOJBKY
paiee B pamkax cucteM CI'C (CI'C2 u CI'CM) wunorpa
TaKXKe BBOJHMJCH YETBEPTHIHl dneMeHT: gy B cucteme CI'CI
u o B cucreMe CI'CM. CooTBeTCTBEHHO 3TH CHCTeMbl 060+
sqauanucb CI'Cey u CI'Cpgo. Jlerko BHIeTb, u4TO MO CyILe-
CTBY 3TH CHCTeMBl HHYeM, Kpome 3amdcu (opMmy.a pasmep-
HOCTH, He oTsnyaauch ot cucrem CI'CI u CI'CM. Ouesun-
HO, uT0 GopMyasl pazmeprocTy B cucteme MKCM nosiHocThio
coBnaganT ¢ ¢popmyaamu pasmeproctH cucreMbl CI'Cu,.

B rta6a. 24, B xoropoii co6paHB eJHHHUB! BCeXx HauHGo-
Jiee ynoTpeGHTeNbHBIX 9JEKTPUUECKHX ¥ MArHHTHBIX BeIHUHH
B pa3HLIX CHCTeMAaX, AaHB Takxke (GOPMy/bl pasMepHOCTH
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COOTBETCTBYIOUIHX eaunul, npHueM miag CI'C cuctem 31H
dopmyan npeacrasiaennl B Tpex Bugax: CI'Cey, CI'C (rayc-
coBoit) u CI'Cpo. Paamepuccru B cucremax CI'C3 u CI'CM
MOTYT ObITh MOJYyueHL! M3 {IepBOH M H3 TpeTbel, ecam ony-
CTHTb CHMBOJbI €5 B COOTBETCTBEHHO o

[Tpu ycranoBnenun MeXKAYHAPOAHOH CHCTEMBI, KakK MLI
3HaeM, B KauyecTBe UYETBEPTOH OCHOBHOH eJUHHUBI Obiaa
BbIPaHa equHuuia cuabl Toka amnep. COOTBETCTBEHHO 4YeT-
BEPTHIM 3JeMeldToM B (OpMyJax pa3MepHOCTH sIBJASETCH
CUMBOJ pasMepHocTd cuabl toka [, [lostomy dopmyast
pasmepHnoctu B cucreMe CH umelor apyroii BuA, 4eM B CH-
creme MKCM. Pasganune mexay oBGedMH cucTeMaMu TOJb-
KO B 3TOM M 3aKJI0YaeTcs, MOCKOJbKY, pa3yMeeTcs, BCe efil-
HWIBl B HHX OZHH U Te xe. Uto kacaercst nepexona ot dop-
MYJ Pa3MepHOCTH U3 OJHOH CHCTeMBl B APYIYIO, TO OH 0e3
TPVila MOKeT GLITh NPOU3BENEH NyTeM 3aMeHBI B COOTBET-
CTBYIOIHX (HOPMYJIAaX Pa3MEpPHOCTH OCHOBHOMH eMHHIIBI Aal-
HOIt cHcTeMLI ee BblpaeHueM B Apyro#. as wantoctpaunu
B dopmyae (7.83) npuBeseHa pa3MePHOCTb €AMHHUBI CHJbI
tToxa (aBasiomasicss B cucreme CH ocuosuoit (/)) B cu-
creme MKCM

I=[N=L"M"T""uy " (7.83)

Ecan BO BCeX npHBeIeHHBIX HMXKe (hopMynax pasMepHOCTH
ennuny MexayHaponHOil cHCTeMB 3aMeHHTh | npuBenen-
HbiM B (7.83) splpaxkenuem, TO moayyarcs GOpMyJbl pas-
MepitoctH B cucreMe MKCM.

Cesnizb Mexay ammepoM u enuuuuei cucremel CI'C mMox-
HO YCTaHOBUTBH ciaeiyiouuM obpaso. IlBa mapannenbubix
Toka cHJofi 1 a KaxMAblil AeHCTBYIOT ApYr Ha Apyra ¢ cH-
aoii 2+1077 n# Ha KaXJAbtil OTPe30K, PaBHBLI pacCTOSAHUIO
Mexay npopoxHuxkamu. 3anucauiias 8 cucreme CI'C sra
CHJia B3aUMOJefiCTBHS HMEeT BHI

1 211,

¢t r

. (7.84)

Hoacrasasa Iy =1, u [ =r u Buipaxasa cujay B3auMojeii-
cteua B tunax (107% #) npu I =1 a, noayuum

2.1077 0uu=—15 212,
4
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Orciona 1 a=0,1 ¢ CI'C emunnu. toka., CaeloBaTesibHO,
npubanxenuo 1 a = 3-10° CI'C.

Iuekrpuveckul  3apad (KOAUMECTBO 3AEKTpUHEcTea).
Enunnuna 3apaga — kyaon (k) onpepensieTcs, - COMMacyo
dbopmyse (7.2), Kak KOJHYECTBO 3JeKTPUUECTBA, NpoTe-
Kaloliee uepes {ONepeyHoe ceueHHe [POBOJAHHKA [PU NO-
CTOSIHHOM TOKe CHJIOI B OAMH ammep. CBA3b MEXKAY Ky/ao0-
HoMm M CI'C enunuueii sapsga, OueBHIHO, Ta »Ke, 4TO H
MeXJy COOTBETCTBYIOIMMH €JHHUIaMU CHAB TOKa. Pas-
MepHOCTh 3apaja B cucreme CU

lq]=TI. (7.85)

VkaxeM, UTO [/ H3MEPEHUS EMKOCTH aKKyMYyJAsTOpOB
NpUMeHseTca eAuHulua aumnep-4ac, papHaa 3600 k.

otenijuar (pasHocTo NOTERYUAAO8, HANRPANCEHUE, JACK-
Tpodsuscyuian cuaa). Jlns onpepeseHusi eUHALD BOCIOJMb-
3yeMcst GoOpMYJa0#l MOLIHOCTH TOKa

P=Ul (7.86)

Cornacuo 31ofi QopMyne €AuHHIA Pa3HOCTH NOTEHIIUANOB
80A46T ONpPENEASETCS KaK Pa3HOCTh NOTEHUHAI0B HA KOHHAX
NPOBOJAHHKA, B KOTOPOM NpH TpOTeKaHHWH Toxka | amnep
BbiAeasercs mMownocts |1 Barr. PazmepHocTh

[Ul=L"MT%7". (7.87)

flogcrasasis B (7.86) wmownocts 1 8r = 107 apefcex n
la=20,1c¢CrC, nonyunm
107 1

3hech Ke OTMETHM, YTO B 3JIEKTPOTeXHHKe NJs H3MepeHus
«KaXKyUleHcss MOINMHOCTH», T. e, mnpousBeneHuss Usplon B
(dhopMyse aKTHBHOM MOWHOCTH MEPEeMEHHOro ToKa P =
= Upglog COS ¢, TPUMEHAIOT YaCTO BMECTO BaTTa Ha3BaHue
goAbT-amnep (8a).

Hanpaxcennocry noas. Enuuuua HaupsiKeHHOCTH 0OAA
MOXKeT ObiTh ompefedena au6o us Qopmyan (7.32), nubo
13 BbIpaKeHUs AJst HANPAKEHHOCTH TOJs TOUEUHOro 3aps-
Na, Aub0o, HaKOHEl, W3 CBS3H MEXLY HaNlpPsiKeHHOCTHIO NOJA
H MOTEHUHAJIOM

= — grad U, (7.88)
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Jlioboe u3 olpeneneHUl AaeT NJs €IHHULB! HaNPAKEHHO-
CTH II0JIS1 Pa3MePHOCTb

[E]l=LMT™%"\. (7.89)

CneunanbHOro Ha3BaHUA eJHHMIA HaNPANKEHHOCTH HOJA
He uMeeT. Ee MOMXKHO HasBaTh JUG0 HOIOTOH HA KYA0H (H/K),
6o soabT Ha meTp (8/m). O6UIENpUHATHIM ABJISETCA BTO-
poe HaszBauue, lIlHpoKo NpPHUMEHSIOTCS BHECUCTEMHbIE €aU-
HHUBL 80AbT HQ CAHTUMETP (8[CM), KUAOBOALT HA CAHTU-
merp (xs8/cm) u 1. A. OueBUIHO,

107 1

Tor ~ 310¢ CTC

1 /m=

Chuewenue (arekTpocratuveckas uHoyxyus). Bekrop

aJexTpuyeckoro nodsi D no-pasHoMy onpepensiercs B CH-

creMax CI'C u CH. Buiue Mbl Bujeas, yro B cucreme CI'C
cBsisb Mexkay D u E umeer Buj

E =

mlb

H, CJAeJ0BaTeNbHO, Pa3MepPHOCTH OOOMX BEKTOPOB COBNa-
nator. UHaue obcrour aeno B cuctreme CHU. 3pecs E u D
CBSi3aHbl COOTHOUIEHHEM

D (7.90)
H COOTBETCTBEHHO
[D]=[EHe = L7271, (7.91)

Pasgas pa3aMepHOCTb ABYX BeIMYHH B paMKax OJHO# H
TOfl e CHCTEMBl NpeAnosaraer HalHude PasiHIHOTO (DH3H-
Yyeckoro cmbicja sequunH. Hamomuum, uto, BooOllie roBops,
B TO BpeMsi KaK pasHble BEIMYHHB MOTYT HMeThb ONMHAKO-
Bble Pa3MepPHOCTH B TNpefenax KakK ONHOH, TaK H pasHbiX
cHCTEM, pa3HBle pa3MepHOCTH Yy BEJHYHH ONHON (H3Mye-
CKOl TPHPOAB BO3MOXHBEI JHLIL B pa3HbX cHcremax. Ilo-
9TOMY (U3HYECKHE ONpeJeNeH s BeKTopa D B cucremax
CI'C u CH moryr uMeTb pas/HYHBIH XapakTep, MOCKOJIbKY
pasmeproctd E u D B cucreme CI'C coBnapaior, a B cu-
creme CH pasauuHbL

Mul paccmoTpuM 3TH onpenesieHHst Ha CAEAYIOLIEM TIpH-
mepe (puc. 23), Tlpeacrasum cefe ABa OJMHAKOBHIX MJIOC-
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KHX KOHJEHCcaTopa, COEIUHEHHHIX NapaJsjenbHo, 3apsKeH-
HbIX H OTKJIOYEHHBIX OT HCTOYHMKAa HanpsixKeHusa. Hanps«
*KEHHOCTH Nnoast B 060X KOHJeHcaTopax GyayT, pasyMmeercs,
O/IMHAKOBBI ¥ OJMHAKOBBl 6YAYT CMelleHHs. 3anoJHUM NPo-
CTPAHCTBO MeXAY MJIaCTHHAMH OJHOTO U3 KOH[EHCAaTODPOB
JAU3JEKTPUKOM C JAHIIEKTPHYECKOH TNPOHHUIAEMOCTbIO &
(puc. 23,6). Jnsa panbhefinmero paccyxaenust yno6o,

£, £ £
DU Dl Df
i
€ £ £
Dl) DZ DZ
a) 6) )
Puc. 23.

U4TOOL! 5TOT AMINEKTPHK OBl KUIAKHM. PasHOCTb MOTEHUHAS
NOB MeXKAY MJIAaCTUHAMH KOHJEHCATOPOB TPH 3TOM YMeHb-
WIMTCH, HO OCTaHeTCs OJAUHAKOBOH [/1s 0DOHX KOHJAEHCATO-
poB, MOCKOJAbLKY OHHM coeAnHensl BMecte. OnnHakoBoi Oyiet
N03TOMY M HampsiKeHHOCTb MOJa B 0GOHX KOHJeHcaTopax.
Onnako sapsanel Ha O6KNafKaX KOHAEHCATOPOB TeMepb Gy«
JYT Pa3HYHBIMH H COOTBETCTBEHHO OYAYT paajHUUHbLIMH i
sHaveHusn BexTopoB cMemeHuss D. Tlyctb 1o coeauneHud
KOHJEHCATOPOB HANPAMKEHHOCTH Mo B HHUX Owlin Eg, a
cmewenne Dy [locne BBeneHHsT Au3/MeKTPHKA HanpsxkKel-
HocTh noss craver E. CMmelleHus B KOHIOeHCATOpaX CTAHYT
Dy =¢f u Dy=E B cucreMe CI'C u Dy = goeL u Dy = gF
& cucreme CH.

Ecnu Tenepb OTCOEIHHHTb KOHIEHCATOPB! APYT OT APY-
ra, a 3aTeM YyIaJuTb U3 KoHieHcatopa C; AHIJEKTPUK, TO
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-HAMpsKeHHOCTb TI0ASA ‘B HEM Bo3pacTeT B & pa3 (puc. 23, 8),
‘a cMedleHHe He wu3Mmenurca. Ecin HOBYIO HanpsiZKeHHOCTb
B 3TOM KOHAeHcaTope o0OGosHaunts E’, To MoxHO Ha-
NnucarThb:
B cucteme CI'C
E'=D,, (7.92)

B cucreMe CH
E = EODI' (7.923)

Hanpsaxenuocts noiss E B kougencatope C; po yaane-
HHSl JH3JIEKTPHKA MOXKHO OBL1O CYMTATh CKJajblBaiouiefics
M3 HanpsKEeHHOCTeH ABYX noJell — noas 3apsja Ha 1Jja-
CTHHAX (KOTOpoe, OueBHAHO, pasHo £’) W nons CBA3aHHBIX
3apAnoB JAuneKkTpuxa. Ilocie ypaneHusa AH3MEKTPUKA OC-
Taercs TOMBKO TioJe CBOOOAHBIX 3apsf0B Ha mjacTHHAX
KOHJIeHCATOPA.

Byaem paccmarpuBaTh 00a KOHJAEHCaTOpa A0 pa3beAHd-
HeHHs KaK OJKEY 3JeKTpocTaTHuecKyl cucreMy. Muw mo-
dKeMm Tenepb B pamkax cucteMbl CI'C onpemedntb BexkTOp
CMellleHHsl KaK HaNpsKeHHOCTh HOoJsA CBOOGOAHBIX 3apAnOB
(r. e. Ges yuera CBSI3aHHBIX 3apAAOB AMIJIEKTPHKA) OpH
TAKOM pacho/ioXKeHHH 3THX 3apsjoB Ha NPOBOAHHKAX, KO-
TOpoe 0B6YyCAOBMEHO NPHCYTCTBHeM AH3JeKTpuka. IleiicTBu-
TeAbHO, cordlacHc (7.92), cmelledHe npeiactaBaser co0Oi
noje CMELIeHHBbIX 3aps/ioB, NepepaclpefeseHne KOTOPLIX
MEXIY KOHAEeHCaTOpaMH Obl10 BLI3BAHO BBeNEHHEM AHIJIEK-
TPUKa B KOHJeHCaTop.

s onpejeneniisi Bekropa D B cucreme CH momecTum
BHYTPb AM3JEKTPHKA TaK Ha3biBaeMble «IHCTO4KH Mu» —
ABa MaJbiX Pa3MEPOR MJOCKMX BeCbMa TOHKHX MpPOBOJHHKA,
C/IOKeHHBIX BHayase BMecte. Ha 3TH JHCTOUKUM HaBemercs
3apsij, NAOTHOCTL KOTOpOro GYAer 3aBHCeTh OT 3HaueHus D
B JaHHOHM TOUKE W OT OPHUEHTALUMH JHUCTOUKOB. MaKCHMaJb-
Hasl INJIOTHOCTh 3apsiaa OyjleT, OYeBHEHO, B TOM cCayuae,
KOTJa MJOCKOCTH JUCTOYKOB OyAyT NEepReHAHKYASAPHBI Ha-
MpaB/JeHuio CHJIOBBIX JuHHEA Bekropa D. B paccmartpusae-
MOM CJlydae 3TO HalpaBAeHHE NapajiesbHO MJaCTHHAM
KOHJeHCaTOpa, a IJIOTHOCTh HaBEAEHHOro 3apsna- Oyaer
paBHa NJIOTHOCTH 3apsila Ha MJaCTHHAX, MNOCKOJNbLKY MNpH
paunoHann3oBaHHOfl ¢dopMe HanucaHus YypaBHeHHH cMe-
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lieHHe B IJIOCKOM KOHAEHCATOPE PaBHO IVIOTHOCTH 2apsia
Ha ero faacTuHax
D=o. (7.93)

3apsja, HaBeleHHBI Ha JMCTOYKaX Mu, MoxeT ObiTh
H3MEpPEH, €CJaH HMX CJerka passecty, a 3aleM YAaJHUTh H3
JuIsiekTpuka. B obuem ciyyae HeoIZHOpPOAHOro TMOJS JAOT-
HOCTb 3TOrO 3apsija, KOHeurHo, He OyJeT paBHa MJOTHOCTH
3apsja Ha NPOBOAHMKAX, OAHAKO, HE3aBHCHMO OT pacnpes
Jenenus noas, 6yrer pasHa D. Takum o6pasom, B CHcTes
mMe CH cMellleHHe MOXKHO ONpele]HTb KakK MaKCHMAaJbHYIO
IJIOTHOCTb 3apsifia, HaBeJeHHYIO Ha JucTtoukax Mn B Aai-
HOA Ttouxke noad. To, yTo MJOTHOCTH HaBeNEHHOTO 3apsjia
3aBHCHUT OT OpHEHTAHWH JHCTOUKOB Mu (ans yero H Tpe«
OyeTcsl yKazaHHe Ha MaKCHMaJbHYIO IVIOTHOCTb), OTpakaer
BEKTOPHBIA xapaKkrep cMeuleHus D.

Pasnnunpifi xapakrep ¢H3HUECKOro oOnpejeseHHs DBeK-
topa D cospaer psaa HeyaoGCTB NpH H3JNO0XKEHHH Kypca
(PU3NKH H CMeXHBIX AMCUMIIuH. TIpoTHB Takoro pasfiecsie-
HUA MNOHSITHH BO3pakKajdu MHOTHE YyueHble, B TOM YHUCHE
akaj. M. A. Jleoutosuu, npod. M. I'. Knaukus, npod.
JI. B. Cnenau. He ocranasiuBasch Ha TPHBOLUMOH uMHU
Cepbe3HON apryMeHTallHH, YKa)eMm JHHUib, UYTO OLHODOJ-
HOCTb BekTopoB E n D wmorsa OBl GbITb OCYLIECTBNEHa
B cucteme CH, ecan coxpaHurb cBsisb Mexay £ u D B
dopMe D = eE, a K03ppULHEHT gy BBOAHTb B BbIpaKeHHs
NIt Bblunchenuss D no paHHOMY pacnpeseseHnio 3apsifios.

X 1
Tax, HanpuMep, AN TOUEYHOro 3apaga BMECTO D='E_:75
I g
ciepoBano O nucate D = Taey 7T

Enunnny cmemennsn B cucteMe CH u ee ¢BsA3h ¢ equnu=
nefi CI'C MOXHO nmOJIyunTh, HCNOMB3YS JM060e BbiparKeHHE
ans D, wanpumep (7.93). Corsnacno 3toit dopmynae enu=
HUOE# CMEUIeHHs ABARETCH CMEIleHHe B [JIOCKOM KOHJAeH-
caTope NpH MJIOTHOCTH TOKZ Ha mJactuHax | xyaon Ha 1 m?
(x/m?). B cucreme CI'C npu stom

D = 12 105 CT'C.

[Tpu nepecuere MHl 34eChb yXKe€ HCHO/bL30BAIH €JMHHIY [0+
sepxHocTtell maotHoctn sapaga CH «/m?, koropas pasna
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3. 10% eaunun CI'C. ITorox cMmelnenusi, onpeaensieMbiil npo-
u3BeeHHeM BeJHYMHLI BEKTODa CMeLleHUs Ha IJIoWanb H
Ha KOCHHYC yrJa MeXAy HalpaBijeHdeMm Bekropa D u HOp-
Mali K miaowazu (puc. 21), uMeer pa3MepHOCTh, COBHA-
AAOIYI0 ¢ pa3MepHOCTHIO 3apsijia

Npl=TI. . (7.94)

HussekTpuneckas nNPoHUYaeMocTo onpefensiercs Tak
#e, kak u B cucreme CI'C. 3pmech, 0AHAKO, HEOOXOZHMO
clenatb cjAeAyiolliee 3aMeuaHue. B sneKTpoTexHHUECKOH
JIUTepaType BBELEHHYI0O HaMM JM3JEKTPHUECKYIO NMPOHHIlae-
MOCTb HAa3bIBAIOT OTHOCHTE/JbHON JU3JE€KTPHUECKOW MPOHH-
I[2€MOCTBIO M, KPOME TOTO, TOJb3YIOTCHA MOHATHEM abcoioT-
HOF JM3JIeKTPUUECKON TIPOHHIIAEMOCTH €,, KOTODPYIO ompe-
JENSII0T BhlpaXKeHHeM

£, = gyE. (7.95)

Pasmeprnocts a6coRIOTHOH AHIJIEKTPHYECKOH MPOHHLIASMO-
CTH, pasyMmeeTcs, COBMAJaeT C Pa3MepHOCTbIO 3JEKTpHue-
CKOH MOCTOSIHHON &), H €IUHKIIA €e H3MePeHHs Takxe 000-
aHauaercs p/m

[eo] = LM ~'T'% (7.952)
Jaexrpuueckull moment dunoasn. Popmyaa
ps=gql

onpejensieT pasMepHOCTb
[psl= LTI (7.96)
H eIWHHLY KYAOH - meTp (K M)
I k«m=3-101CIC.
Hoaspusosannocto usrexTpuxa (UHTEHCUBHOCTb nOAA-

pusayuu) — 3JMEKTPHUECKHHl MOMEHT eauHHus ofbeMa MO-
JIPU3OBAHHOTO AHIJIEKTPHKA

= P
v
Pasmepuocts
[P]=L7*TI (7.97)
M elHHuua

l x/m*=3.105CIC,
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,ZZuafteichuttecrcaﬂ BOCHPUUMUUBOCTL ONpPEAEAseTCsa OT-
HOoweHHeM

pP
ks = E .
CBsi3b MKy K H € MOJYYHM M3 CJAEYIOMIHX COOTHOLIEHHH:
D= EoE -+ P = SoE + kgE = 808E (7.98)
H, CJe10BaTe/J bHO,
eole—1)=F, (7.99)
nJin
e=1+-2, (7.99a)
€9

Tak Kak oTHollenue R,/eq HE MMeeT Pa3MepHOCTH, TO pa3-
MepHOCTb K, COBIaflaeT C PAa3MEepPHOCTbIO 3/EKTPHUECKOH
TMOCTOSIHHOH ¥ ee e[HHHILY TaKXKe NMPHUHATO 0003HAUaTh (/M
(dbapana na merp).

ConocraBasis BelpaxkeHne (7.99a) ¢ aHaJOTHYHBLIM BHI-
pamenuem B cucreme CI'C

=14 4nk,,
HajieM, 4To efHHHIA JHIJEKTPHUECKOH BOCIPHAMUYHBOCTH

1 ¢/n=9-10°CIC.

Emxocrs. Epununa eMxocTH ¢apada (¢)— eMKocThb
TAKOTO NPOBOJHHMKA, NOTEHIMAJ] KOTOPOTD YBeJHYHBaeTCs
Ha OJMH BCJABT NpPH CCOOGIIEHHH eMy 3apsijla B OfHH KYJOH.
Tak kKax

c=4%, (7.100)
paSMepHOCTb
[Cl=L"*M~'T'/% (7.101)

CooTHOmeHne M CHAY eJnHuaMH

I ¢=20 =9.10nCTC,

[Ha npakTuke o6blyHO MONL3YIOTCA LOJBHBIMH €AHHUI@MH—

murpogpapadold (Mxg) u nuxogapadoii (ng).
Conporusaenue. Enunuua CONPOTUBJEHHS OM — CONpPO-

THBJEHHEe NPOBOJHHKA, B KOTOPOM TNIPOTEKaeT TOK OJHH
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aMiep 1pH -Pa3sHOCTH {IOTEHHHAJI0B HA €ro KOHUAX OJHuH
BOJibT. 3akOH OMa onpefe/sier pasMepHOCThb

[R]=L*MT %2, (7.102)

3ameruM, uto mpousBesenne RC umeer B 06eux cHCTeMax
pasMepHOCTb BpeMeHH. B KOHType, cojepixauieM eMKOCTb
W CONMpPOTHBJEHHe, nNpousselenne RC xapakrepusyer mo-
CTOSIHHYIO BPEMEHH 3aTyxaHusl paspspa. Jlerko moJayuurb,
yTo

1
1 0M=W CIrcC.

[Tposodumocre. Epunuuer npOBOAUMOCTH, OUYEBHIHO,
fIBJISIeTCsl POBOAMMOCTb POBOAHKUKA, COMPOTHBJIEHHE KOTO-
Oro paBHO | oM. DrTa eAuMHHLA Ha3biBaeTCs cumenc (cuM).
% JAUTEpPATYPe WHOTAA NpUMEeHSeTCS Ha3BaHHe MO, & Tak-
ke oGo3HayeHHe OM™!, KOTOPble COOTBETCTBYIOUMMH CTaH-
JlapraMu He pekoMeBAyioTcs. PasMepHOCTb NpPOBOAMMOCTH
o0paTHA Pa3MEePHOCTH COMPOTHUBAEHUSA

[G]=L"M™IT°P, (7.103)
¥Oenronce conporusnenue p HIMEPSETCT eHHHILEN OM « M
1 <
l ost- = T Crc.
PasmepHocTb
[o] = L*MT 312, (7.104)

Ha npakTuke yacTto u3aMepsiioT yAeMbHOE COMNPOTHBIEHHE
eNHHUILAMH OM - MM2[M W OM - CM, KOTOpBIE, OueBUHO, B 108
y 10?2 pa3 MeHbile, YeM OM « M.

BenununHa, o6paTHas yAeJABHOMY CONPOTHBIEHHIO, —
VAeJdbHaA  NPOBOJMMOCTD  (9MEKTPOMPOBOAHOCTb)  H3Me-
psieTcs eAMHHUSH, KOTOPYIO MOXKHO Ha3BaThb CUMEHC HA
metp (cumlmy.

Maenurras unOyxyus. EnMHELa MATHHTHOR WHIYKD#HH—
TecAq (T4) — MHAYKUHS TaKOTO 1NOJsl, B KOTOPOM KaXKiblil
MeTp MPOBOJAHHKA C TOKOM OAMH aMhep M PacHOJOXKEHHOro
NEepPNeHAHKYsIPHO HAOpPaB/eHUIO BEKTOPA HHAYKUHH HCIBI-
TBIBAET CHJIY OAUH HBIOTOH. M3 3toro onpenpenenus BuiTe-
KaeT pasMepHOCTb HHAYKIHH

[Bl=MT %", (7.105)
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[Toxacrapasis B BbipaKcHHE JJAA HHAIYKUHH, CBfI3aHHOe C
3THM onpefeiexnem, Ho 3anucanHoe B cucreme CI'C, yka-
3aHHble €IHHHIIL, MOJYYHM

Fe 105 dun -3 - 1010 cu/cex

B == "00cx-3-10°CrC

= 10* ac.

Takum oGpasom,
1 ra=10" ec.

Maerurnoui norox. EqgHuLa MarHUTHOro f0TOKa 8ebep
(86) ompepensiercsi Kak MOTOK NpU HHAYKUMK | T4 yepes
naowaaky | m?, pacnofoXeHHYIO NMepneHAHKYJISPHO BEKTO-
py uuaykuuu. M3 artoro onpeneneHds BbLITEKaeT pasmep-
HOCTh

[0] = L°MT ™! (7.106)

H COOTHOLUEHHME MeXKAY CAHHHIAMH

166=1r71a.1 #*=10% 2c- 10* cm®>=10% mxe.

Hanpsaxcennocto maeHutrnozo noas. Idaa onpeaenenus
€AHHHUbLI HAmpsXKeHHOCTH MATHHTHOTO NOJSL YLOOHO BOC-
NnoJb30BaThCst M0GBIM U3 CaeAcTBHil 3akoHa Duo, CaBapa u
Jlannaca, namolux BbipaXeHHe HANPAKEHHOCTH MarCHHTHO-
ro nojAs TOKa AJMS% KOHKPETHHIX KOHTYpOB. BosbMmem nast
3TO# uenu GOPMYJNY HAGPSANKEHHOCTH MATHUTHOTO MOJA B
LEHTPe KPYroBOro TOKa

H=— (7.107)

CornacHo 310#t hopMysie HANPSIKEHHOCTH NOAA GyAeT paBs«
HATbCS eAMHUILE, ecH MO KOJAbLY PaAUYCOM OAHH Metp Oy«
JET NIPOTEKATh TOK CUJIOI0 2 @ HJH, 4TO, pasyMeercd, TO Xe,
TOK CHJIOI0 OAME aMmep OyAeT MpoTeKaTb MO KOJABUY pa-
anycom 0,5 m. Creuwa/JibHOr0 HaHMEHOBAHHUA 3Ta eMHULA
ne umeer. Coraacho ee pasmepuoctu B cucreme CH ee na-
3LIBAIOT amnep Ha merp (a/m). VMeerca npepoxeHue Ha-
3BaTh 3Ty equHuny sexy (8 uects 3. X. Jlenua).
PasmepHOCTh HAMpPAMCHHOCTH MATHHTHOrO MNOJSA

[(Hl=L"'I (7.108)
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Ias ycraHoBieHnsl cBSA3W MeXIY eNHMHHLIAME amnep HQ
meTp u 3pcred nepenuiiem ypasnenue (7.107) B cucreme
Crc:

1 20

H=—-5 (7.109)
W MNOACTaBHM COOTBCTCTBYIOUlHE 3HAUEHHS, NepeBeis X B
epudnys CTC
2r-2-3-10°

-3 -2
m=4ﬂ'10 3%1,26-10 3.

1l a/m==

Ilpn u3MepeHHMAX MarHUTHOTO noAa 3eMJid, HeOecHBIX

TeJ W MeXIJaHeTHOro NPOCTPAHCTBA NpUMeHsIeTcsl eAUHUIA

HanpPsXKEHHOCTH MarHuTHoro mnoas eamma (y), paBHas
1075 2. COOTBETCTBEHHO

[ a/m=1,26.103%.

YMecTHO 31€Ch 3aMeTHTb, YTO, B TO BPEMS KaK B CHCTe-
me CI'C pasmepuoctu BekTOpoB B nm H coBnagawor, B CH-
creMe CH onu okaspiBalorcsi passiuuHbiMu. [lomoGHyo cu-
TYaUHI0 Mbl HME&IH H B 3JEKTPOCTATHKE NPH PACCMOTPEHHH
BekTOpoB E u D. Bo3paxKeHns, KOTopbie NPUBOAUIUCH TIPO-
THB HeoAHOpOAHOCTH Bekropos E n D, umeloiieil MecTo B
pamkax cucrembl CH, B paBHOR Mepe OTHOCATCA M K BeK-
Topam B u H. YcTpaHuTb 3Ty HEOLHOPOAHOCTb MOXKHO
6bli0 OBl 6e3 TPyHda, €Cjii BBECTH MarHATHYIO NMOCTOSIHHYIO
lto B YpaBHeHHW JJSl HAampsKEeHHOCTH MATHHTHOTO NOJS.
B sToMm cayvae 3akon buo, CaBapa u Jlanaaca umen Oul
BHIL

1

_ B £ Idising
T An r?
a cBfi3b Mexy B u H Obina Obl Tako# XKe, KaK H B CHCTE-
me CI'C, 1. e.
B=uH.

Maenurnoul momenr. ENMHHIY MaTHUTHOTO MOMEHTA
MOXKHO ONPEAeNUTh ABOSKUM 06pa3oM, HCHOAB3YSA JAHOO Bbl-
paxkenme I/ MeXaHHYECKOr0 MOMEHTa, HCIBITEIBAEMOTO
KOHTYpPOM € TOKOM B MaTHMTHOM mnoJje, nu60 Hemocpen-
CTBEHHOE BhIpajKeHHe JIJ11 MarsuTHOIO MOMEHTa KOHTypa.
CorslacHo nepBOMY OIIpefCIEHHIO. eIHHUIEH MarHHTHOTrO
MOMEHTA SIBJASIETCA MCMEHT KOHTYPa, KOTOPHIH B NOJe ¢ HH-
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JYKLHEH OJMH TecJa HUCMBITHIBAET MaKCHMaJbHBIH Bpaliato-
uiuii MOMEHT, paBHBIH HBIOTOH + METP, a COIJIACHO BTO-
pPOMY — MOMEHT [JIOCKOTO KOHTypa C MJOWAJAbI0 OJUH
KB. MeTp, o6TeKaeMoro TOKoM ojauH amnep. Oba omnpenesne-
HUS TIPUBOASRT X OJAHOM M TOH Xe dopmyJie pa3MepHOCTH

[pu] = L. (7.110)

EauHMUa MarHUTHOrO MOMEHTA He UMeeT CMeluaJsbHOro Ha-
3BaHusl ¥ obos3Hauaercs a-m? (amnep - keadparuolii merp).
3anucaB paBHO3HAUYHOe eMy o0O3HaueHHe H - M[TA, JIETKO
nonyunte cBasp mexay enunuuamu CH u CI'C

Hem 105 Qun- 102 cm 103 Qun-cm

. 2=
La-u 1 TA 10% e¢ 2c

Maenurodsuscyuian cura. Lupkyasauusi HanpsiKeHHOCTH
marauTHoro noas B cHcreMe CH 3anuceiBaercss B BHJe

F=%§Hdlcos(Hj\dl)=21. (7.111)

Efununell MarHUTOIBHIKYIIEH CHJB SBJASIETCA LHPKYAALHSI
HanpAXEeHHOCTH MACHUTHOrO MNOJSt NPU OAHOKPATHOM 0O-
X0J€e TOKa CHJOI0 OAMH ammep. Pa3mepHOCTb MarHMTOJBH-
Kyllefl CHAB COBNajaeT C Pa3MEePHOCTbIO CHJIBL TOKA H eH-
HHIlA ee Takxe HasbiBaercd amnep. Ilockoabky npu pac-
YeTe MarHUTHHIX Lenedl TNoJHas MarHUTOABHIKYILAA CHJa
paBHa cuHJe TOKa B KaXKIOM TNPOBOJHHUKE, YMHOXKEHHOH Ha
YHCJO BHUTKOB, HaCTO BbIpaXaiOT MarHUTOABHKYUIYIO CHIY
B amnep-gurkax (as)
4n

La=1as=51w

+3.10°=1,26 26.

Maerurnoe conporusaserue. EfnHuIia MarHdTHOTO CO-
NPOTUBJAEHHS ONpeReJsieTcss M3 3aKOHa MAarHUTHOH [enu
(7.67) kak MarHuTHOe CONPOTHBJEHHE MAarHUTONPOBOZA, B
KOTODOM MardHuTOJBHXKYIIAs cula | @ co3paer notok | g6.
Dopmyaa (7.68) ompenenser pasMepHOCTDb

R =L7*M™'T*1, (7.112)
Coornoternue mexcdy eQuruyamy

1 a/66=-12820 _ 1 96.10™® e6/mxe.

108 mxc
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HHOYKTUBHOCT U 83aUMHAA UHOYKTUBHOCTL, Jlns onpes
AeNeHHs eAMHUIIBI U Pa3MEPHOCTH MOMKHO BOCMOJbL30BaThCA
#uGo BbIpaMeHHEM ANs CB3W TOKA B KOHTYPe W CilefJeH-
HOTO C HUM NIOTOKa

W= L], (7.113)

21160 BbipaXeHHEeM HAA 9JI€KTpOJlBH)KyLU,€}';l CHJibl. CaMOHH-
AYKILHH

dl ,

L (7.114)

Vpapueune (7.114) nanucano B NPEANOJOIKEHMM NOCTOsII+
cTBa nuaykrusHoctn. Cornacho (7.113) eamnuna uHAyk-
THBHOCTH eceHpu (2H) onpejenseTcs Kax HHAYKTUBHOCTD
TAKOTO KOHTYpa, KOTOPbIA NPH NPOTEKaHWH MO HeMy TOKa
1 @ oxasbiBaerca cueMIeHHHM c¢ notokoMm 1 66. CornacHo
{7.114) renpyn ecTb MHAYKTHBHOCTb TakKOro KOHTYypa, B KO-
TOPOM BO3NWKaeT 3, A.C. CAaMOMHAYKUHH, paBHas OAHOMY
BOJBTY NpPH DPaBHOMEPHOM H3MEHEHUM TNPOTEKAIOLEro Mo
HeMy TOKa na oaun amnep B cekyupy. O6a onpegenenus
Aal0T Pa3MepHOCTh

[L}=L’MT 172 (75.115)

Conoctapneune ¢ Qopmynamun (7.73) wn (7.74), sanucan-
itiMi B cucreme CI'C, nerko Raet cooTHourenne

1 en=10° CI'C (cauTuMeTpa HHAYKTHBHOCTH).

JTHMH JKe efHHHIAMH H3MepsieTcs, pa3yMeeTcsl, u B3auM-
#an HHILYKTHBHOCTD.

Hurencusrnocte  Hamazruuusanus (HAMQSHU4EHHOCTD),
Cornacno dopmyne (7.79) eannnuelt 6yjaer takas Hamar-
RHUEHNOCTD, NIPH KOTOPOH Kaxabill kybudeckuit Merp obna«
1aeT MarHUTHBIM MOMeHTOM a - m? Haapanue sToft enuw-
1Ithi COOTRETCTBEHHO amnep ra smerp (a/x) coBnanaer ¢ Ha-
3BaHHEM eAMHNUBL HANpPSKeHHOCTH noJis, TOuHO Tak xe
PA3MEPHOCTD

[1=L""1 (7.116)
flepenucar (7.79) B Buge
J=2, (7.117)



§ 7.4} EOHHIIDI MEXKAYHAPOHHOFM CHCTEMbL 205

MOMKEM JIerKO conocrasurts afs ¢ egunnueir CPC

3.10%. 10

g = 107 CrC.

1 a/ln=

Ilosesno agech o6paTuTh BHHMaHHE HA caefyounee oG-
croaTeqasctso. HecMoTpst Ha TO, 4TO eAUMHULBI HANpPSKEH-
HOCTH MAarHMTHOTO TOJS H HHTEHCHBHOCTH HaMarHu4HWBaHHA
COBMAAaOT 10 DPasMePHOCTH H JAaxXe OAMHAKOBO 0003Ha-
YaloTCsl, COOTHOLUEHHE MeXXAYy STHMM eJHHHIAMH H COOT-
sercTByOIMMH eguHuliaMi CI'C pasnuyno, 4TO B JaHHOM
clyqae CBSI3aHO C TeM, YTO B OJHOM cjayyae (HanpsikKeH-
HOCTBb MOJIf1) YPaBHEHHS B PalliOHAJM30BAHHOM H Hepaluo-
HA1H30BAHHOM BHJAE HMEIOT pasJIMuHbIH BUA, a B IPYyrom
cosmafator. JlaHHBI npuMep emle pa3 JeMOHCTPUPYeT OT-
MeueHHOe paHee O6CTOSATENbCTBO, UTO CJOMXKHOE HaHMeHOBa-
Hie NPOM3BOJHOM CAMHHIL HUYEr0 HE MOXEeT CKa3aTh O ee
(paKTHUECKOM pa3Mepe, €CJH He YKa3aHO TO KOHKPeTHOe
onpejensoilec COOTHOLIEHHe, ¢ TMOMOLLbID KOTOPOro AaH-
Has eAuHHNA Oblla yCcTaHOBJeHA.

MarsuTtHbie CBOHCTBA BELUECTBA — MASHUTHAA RPOHU-
HaeMOoCTb, GCTATOYHAS UHOYKUUSL W KOIPYUTUBHARA CUAG —
He HyHKAAIOTCA B CIEUHAJbHOM pa3bACHEHUH. 3aMerHM
JIHUIB, 4TO B JJEKTPOTEXHHUECKOH JHTepaType, MNOA00HO
TOMY KaK 370 JAejaaercsi B OTHOIUEHHH AHIJIEKTPHUYECKOH
NPOHKIAEMOCTH, Oe3paszMepHass MarHMTHAA TPOHHLAEMOCTb
[ Ha3bIBAETCS OTHOCUTEAbHOL MACHUTHOU NPORUYAEMOCTHIO,

a npousBeneHHe
Mol = H, (7.118)

Ha3bIBAIOT AOCOMOTHOL MACHUTHOL RPOHULACMOCTHIO.

Maenurnas socnpuumuusocrs. Ypasnenue (7.81) onpe-
JiensieT MarHUTHYIO BocnpuuMuuBocTbh M B cucreme CH. IMo-
ckoabKy J u H HMMeT OZMHAKOBYIO DPa3MEPHOCTb, TO Ky,
Tak e kak U B cucreme CI'C, saBasieTcs BenuudHOH 6e3-
pasmepsoit. OnHaxo pauuoHa/du3oBaHHas Qopma ypasHe-
HHH TPUBOJUT K CBSI3H MEXAY p U Ry B BUje

p=1+k. (7.119)

BcaejacrBie 3TOTO €lHHHIA MAarHHTHOH BOCHPHHMUYHBO-
cti CU B 45 pa3 menpuie egunnun CI'C.
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§ 7.5. O rax Ha3uBaeMOM <BOJHOBOM COMPOTHBICHHH
BaKyyma»

B npenniayulem naparpade Ha npumepe enuHHIl Hanpsi«
JKEHHOCTH MarHHTHOrO M0J5 U HHTEHCHBHOCTH HaMarHHuHs
paHusl, pasMepHocTs M o003HAueHHe KOTOphIX (a/#) coB-
najaior, 6blI0 RPOMAJIOCTPHPOBAHO BLICKAa3aHHOE paHbllie
noxoxKeHue 06 OTCYTCTBHH OAHO3HA4YHOM CBSI3H MexxAy (hops
MYJiofi PasMepHOCTH €AMHHUILI H €e KOHKPETHbIM pPa3MepoM.
Ocobenno HarSIHOH HAJIOCTpaliell 5TOr0 MOJNOMKEHHS MO-
JKEeT CAYXKHUTb PacCMOTPeHHe EJHHHI, H YMCAEHHBIX 3Haue-
HuHl KOMOMHMPOBAHHON KOHCTAHTHI, MOJYYMBILEH Ha3zBaHue
BOAHOB020 U XAPAKTEPUCTUYECKO20 CONpOTUGBAeHUs 6a-
Kyyma.

[Tpu pacnpocTpaHeHun 3/eKTPOMArHUTHOH BOJIHBI B Cpe-
Je C JAHIMEeKTPUUECKOW M MArHMTHOH IPOHHUILAEMOCTSAMU &
¥ M aMIUIATYAHble 1 MrHOBEHHbie 8HAueHUsl HalpsAMXKEeHHOCTH
3JIEKTPHYECKOrO TOJS ¥ HANpPsKEHHOCTH MATHHTHOMO MOJs
CBsi3aHbl COOTHOMIEHHEM

Ve E =V H. (7.120)
D70 BLIpaXKEHHE MOXHO NpelCTaBUTh B BHAE
E _ /bt
-7 -]/%a . (7.121)

Orhowenne E/H npuHATO Ha3bBaTb BOAHOBbLIM CONPOTUG-
A€HUeM CPefibl, MOCKOJNbKY CyllecTBYeT (opMalpHas aHaJlo-
rist Mexay ypasHenueM (7.121) u saxonom Oma. B cayuae
BaKyyMma

. —_
Rx=7=]/—‘;0i. (7.122)

31y Besuunny OOLIYHO H HA3LIBAIOT BOJIHOBHIM HJHN Xa-
paKkTepHCTHYECKHM CONPOTHBIEHUEM BakyyMa. Paccmorpum
sHauenne Ry B pastblX cucteMax eiunuu, B cucreme CI'C,
TAE gg = o = | U He HMEIOT pasMepHOCTH, Ry = 1 n takxke
sipasercst GespasMeproii Benudunod. Hanmomuum, uto B 310#
cucteme pasMepsoctb conporusinenuss L-1T. B cucreme
CIC2 gg =1, a wo = 1/c B 3r0it cucreme Ry = 1/c nero
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pPa3MEepPHOCTh COBHAJaeT C PasMEPHOCTHIO COMPOTHBJCHHS.
B cucreme CI'CM pg=1 u ego==1/c2 CoOTBETCTBEHHO
R. = c. PasmepHocTe R, cOBmajaeT ¢ pa3MepHOCTBIO CO+
[POTHBJIEHHS U B 3TOH CHCTEME.

Paccmorpum, HakoHen, 3HaueHue R, B cucreme CH,
[loacrasass sHayeHus

o =4+ 1077 en/m

1
"~ 4m.1077.9. 10

pln

&

B (7.120), nangem
R, =120n (en/p)" (7.123)

3amensiss eH/m Ha 8-cexfa-m u P/m Ha a-cex/s-m, MO-
2KEM Hanucarb
R, = 120n g/a. (7.1232)

ITocko/sibKy oTHOLUeHHe BOJIbT/amMnep onpelenseT €AHHHLY
CONPOTUBJIEHHS OM, TO TIPHHATO CYHTaTh, UTO «BOJHOBOE CO-
NpOTHBJIEHHE BaKyyMa» coctasader 120n = 377 om.

Ecau, omnako, Bocnosnb3oBatbes cucrenmoit MKCM B ne-
pallMOHA/NM30BAHHOM BHJE, B KOTOPOH OCHOBHBIE €JUHHIIbL
T Xe, uro u B cucreme CH, u exquHuIa CONPOTUBIEHHS OM
olpejensieTc TaK Ke, KaK BOJbT-aMiep (MOCKOJLKY He3a-
BUCHMO OT (opMbl 3anucu ypaBHenuii 3akoH Oma umeer
OJIMHAKOBLI BHI), TO, yUUTHIBasA, UTO B 3TOM Cjydae

po=10"7 en/m
H
&= 5157 I,
HalgeMm
R, =30 g/a, (7.1236)
T. e. 30 om.

[IporuBopeure mexXay sHaueHHAMH R, onpeje/eHHBIMH
pasnuuyHbIMu crioco0aMu, UMEHHO TeM H OODBACHAETCHA, 4TO
HaHMEHOBaHHE CJOXHOM eIMHHUIEl OTHIOAbL He fABJsAeTCH
onupejeneHneM caMoil 5ToH eguHunb. B yactdocTH, B pac-
CMOTPEHHOM CJayuyae HauMeHOBaHMe 6/a, MONy4YeHHOe B pe-
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3yAbTaT€ COOTBETCTBYIOIEro npeobpa3oBanus €IMHML HJIH
KAK OTHOIIEHHE €AMHHUIL HAMPSIKEHHOCTH 3JeKTPUYECKOro H
marsuTHOro noseir (8/m u a/m), Henb3A TPaKTOBATh Kak
eavAuny conporusnenus. IloaroMy camoe NoOHSITHE «BOJMHO-
BOE COMPOTHBJIEHWE BAKYyMa» MNpPeACTaBJIseTcsl JHIIEHHBIM
(DM3NUECKOTO CMEICA, XOTS B HEKOTOPHIX C/AyuasxX pacuera
H MOMeT 0Ka3aThCsl yuoé}mM obosHaueHHe OJHUM CHUMBO-

ZOM BHIDaXKeHHs 1 uo/ao 3aMeTHM 3J€eCh JKe, 4YTO €CJill CBSi-
3atb BMecTO BektopoB E u H sexropnt E u B*), To BMe-
cro (7.120) mpl 6ynem nmerhb

— B
VSQE E = (7. 124)
Vo

HITH
1
Veqs Vep
310 BblpaxKeHue, Kak JACrko y6e1meCﬂ, HE H3MEHAeTCHd npH
H3MEHCHHHU € HHHILL.

E= (7.125)

§ 7.6. Mexaynapoinbie eIAMHULDE

Kax Mbl yKe yKasblBaJH, NPaKTHUECKHS edHHHIIb, KOTO-
puie Jeran B OCHOBY MeikayHapoAHOA CHCTEMbl eAHHHIL
(CH), Buauane ye o6pa3oBbiBajiv e€JHHON CHCTEMH, a CO-
CTaBJANH M30JHPOBAHHYIO TPYMNNY eNHHHL, CBA3AHHBIX Me-
KAy co0oii HECKOJAbKHMH COOTHOHieHHsiMH. Bpemenue 3THX
€AMHNY CHITPaJo CYUECTBEHHYIO POJAb B Pa3BUTHH TEXHHKH
3NCKTPHYECKUX W MAarHHUTHBIX H3MepeHHi, BCAEJNCTBHE Yero
BCKOpE JIOCJie CBOEro RO3HHKHOBEHHN MpaKTHUeCKasw CHCTEe-
- Ma npuofpena MeXAYHAPOAHBIA XapaxTtep. buita npogena-
Ka 6oabmaa paloTa 1O YCTAHOBJEHHIO ITAJOHOB NpPakTH-
YeCKHX eIMHHIL CONpPOTHBJEHHS, CHIBl TOKa M pPasHOCTH
NOTeHUHAJ0B, PHYEM BHadasae 3TH 3TaJOHbl AOMKHB! OBLIH
CAYUTh JAJ51 BOCHPOM3BELEHHS OMa, aMmiepa U BOJbTA,
onpenenenubix Kax 10% 0,1 u 10® COOTBETCTBYIOUINX €IHHMHIL
cucrempl CI'CM. B jagsbHefimieM BBLISICHHJIOCH, KaK 3TO,

*} Nosesno otMeTHTh, uTO CcBsA3b BekTopoB E 1 B uanm cooTeer-
ctenno D w H seasercn Gojee JOrHuHON ¢ TOYKM 3PEHMS  ypaBHeHi]
Makxcseana.
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BIpOYEM, MOXKHO OLWIO NPENBHIAETb, UTO MEXKLY YCTaHOB-
JeHHBIMH 3TAJOHAMH H HX Npoobpasamii, OCHOBaHHBIME Ha
abcoJIOTHOR CcHCTeMe, HMEITCH X0Td M HeboJibilHe, HO BCe
e OUYTHMble pacxoxiaeHus, Toraa Goliio peileHo, noao6-
O TOMY KaK 3To OBLIO B CBOE BpPEM#A CAe/aHO C METPOM H
KHJIOTPaMMOM, NPUHSITh 3TAJIOHBI B KAYecTBE 32KOHHLIX Me-
JKAYHAPOJIHBIX E€RMHUIL JCKTPHUECKUX BeldwuuH. T wme-
JKIYHAPOAHBIE €HHUIB OblIH ONpeAesennl cieayiouum o6-
pasom: .

MeXCOYHapOOHbIL OM — CONPOTHBJAEHKHE TIPH HEH3MeHsI0-
IIEMCH 3JEKTPHYECKOM TOKe W TPH TEMIEepaType Talouiero
Jblla PTYTHOro ctos16a anuuolo B 106,300 cm, nmewilero
ONIMHAKOBOE TIO BCell N/HHE ceueHHe TpH Macce B 14,4521 e;

MEMOYHAPOOHBUL — aMiep — CHla  HEH3MEHSIOUIerocH
3J€KTPUYECKOrO TOKa, OTJaraloulero npu NpoXOXKIeHHH ue-
pe3 BOAHBLIK pacTBOpP a30THO-Kucaoro cepebpa 0,0011800 2
cepebpa B CeKYHLY;

MEHOYHAPOOHDL BOADT — IJEKTPHUECKOE HaNpPsiKeHue
H  3JeKTPOABHIKYLIAd CHJa, KOTOpas B TNPOBOJHHKE,
MMerllleM CONPOTHBJAECHHe, PABHOE OAHOMY MEXKAYHapoOXL-
HOMY OMY, BBI3HIBAET TOK CHJIOH B OJIHH MEKAYHaPOIHbIH
amrep; .

MeNOYHapOOrsLd BaTT — MOILHOCTb . HEH3MEHAIOIerocs
3J€KTPHUECKOTO TOKA CUJIOH B OOMH MEXAYHAPOJHbI aM-
nep NpH HalPsXKeHHH B OAMH MEKIyHapOAHBI!L BOJBT.

OcTanbHble MeXAYHapPOJHble €NHHHIIB, KaK M MeXAy-
H1aPOJHBIE BOJABT H BATT, ONPEIEAAIOTCHA COOTBETCTRYIOUMMH
OCHOBHBIMH MEXJYHAPOAHBIMH eIHHHLAMH,

3HaYUTeAbHO BO3POCIIAS TOYHOCTL  3IJEKTPUYECKHX N
MarHHTHBIX H3MepeHH NO3BOJMMJAA TPOH3BECTH obpaTHHIil
nepexon ¥, YCTAHOBHB oONpejeNeHHbBIM 00pa3oM TOUHYIO
BDOpMYNHPOBKY OAHOM 13 eAMHUL (KaK Mbl yKE 3HAEM, aM-
iepa), noCTponTh cucremy eautng MKCM, koropaa sartem
Jiersga B OCHOBY NpHHSITOH cefluac BO MHOru#x cTpaHax Me-
waydapoasolt cucrembl (CH). [daa orjauuus oT npHBeAEH-
HBIX BHILE MEXKAVHADPOAHBIX €HHHI, eLHHHLbl CHCTEMbI
MKCM 6binu HasBanbi «aGCOMOTHBIMEY C 11eJdbI0 MOXHEPK-
UYTb, UTO OHH [OCTPOEHBl MO TOMY K€ [PHHLUMNY, UTO U
eanuunpl cucrempl CI'C. C teM, uytoOB B TeueHHe HEKOTO-
POTG BPEMEHH, NOKa HMEeNH NpHMEHeHHe MeKAyHapopubie
eAHHHIB!, Gbiia BO3MOXKHOCTH MEpPeBONHTh Pe3yabTaThl M3-
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Mepexmﬁ, NPOU3BEACHHBIX C HCNOJR30BAHUECM I3THX €JHHUL
B eauaunsl MKCM, 6blnH ycTaHOBJAEHB COOTHOLIEHHS Me-
XAy TEMH M APYTUMH:
CpeaHHil MexjyHapoausil amnep = 0,99985 abc. ammepa
cpeguui MexnyHaponuslii oM = 1,00049 a6c. oma
cpenuufi MexayHapoxuni KyJon = 0,99985 abc. xy.ona
cpegHui MeXAyHapoaHuol#t BoapT = 1,00034 abc. BosbTa
cpennuit MexayHapoIHblil redpu = 1,00049 a6c. renpu
cpexusas MexayHaponuast papapa = 0,99951 abc. hapanst
cpeaunit MexnayHaponusil rebep = 1,00034 a6c, Bebepa
cpefHuil MexayHapoausit Bart = [,00019 abc. BaTTa

TlpunararenpHoe «cpepHuil» BBI3BAaHO TEM, UYTO TPH
YCTaHOBJIEHHH COOTHOIWICHHSI MEXKAY MEXIYHAapOAHBIMH H
abCOMIOTHBIMH €IHHHLaMHJ 0Ka3aJoCh, UTO MEXAy UMEIoLHn-
MHUCA B Pa3HBIX CTpaHaxX 3TaJOHaMH MEXKAYHAPOAHBIX €fu-
HUH CylLacTBYeT HeGoJblIoe pacXOxKAeHHe, U AJAs1 CpaBHe-
Husi B34THl CpeAHHe 3HaueHHss 3TaJOHOB. 3aMeTHM 3nech
XKe, 4To MeXKAYy MeXAYHapOAHLIMM eJuHHIlaM{, KOTOpbie
6ot npuasitet B CCCP, u cpeaunMn MeXAyHapoRHBIMH
eJHHHIIaMH CYHIeCTBOBAJ/JIO COOTHOIIEHUE!

1 mexyg. oM CCCP=1,000010 cpenn. mexa. oMa
1 mexa. Boast CCCP =.1,0000075 cpeaH. MeXA. BOAbTa

B HacCTodlliee BPEMsI MCXKIAYHAPOIAHbIC EJAHHHHBI I0J-
HOCTBIO HUCKJIOUYEHBI H3 yn0Tpe6neHm{ U 3ameHeHbl «abco-
JIOTHBIMH>» €JIHHHLIAMH, T. e. equHunamu cucremsl CH.

Ornpenenedye OCHOBHON €IMHMUBI 3TOH CHCTEMBI aMiepa
yepe3 MexaHHYeCKHe eJHHHIB ¢ ¢UKcanued TOYHoro 3Ha-
yeHus KosdouiuedTa o B ONpPeeNSIOIlEM COOTHOLUICHUH
TO3BOJINJIO BKJIOUHTb NPaKTHYECKUE 3JEKTPHYECKHUE U Mar-
HUTHBIE eJUHHUBbl B OOIIYI0 CHCTEMY EZHHHI (PHIHMYECKHX
BCIHYHH,
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Enuunupl M3nyueHus

§ 8.1. lllxana aneKTpOMarHMTHLIX BOJH

O6nacth HCCNEAOBAHHBIX 3/1€KTPOMAarHATHHIX BOJIH mpo-
cTupaercsa noyrd 6e3 nepepuiBOB OT BOJH JJHHOIO THICAYH KH=
JOMETPOB, H3/y4aeMBIX HU3KOUACTOTHLIMH SACKTPHUCCKUMH
MaIIHHAMH, A0 KOPOTKOBOJIHOBOTO Y-H3JYyueHHs PajHo-
aKTHBHBIX 3/J€MEHTOB H KOCMHYecKHX Jayuyeil. PasiuyHbie
YYaCTKH 3TOro cnexrtpa 06/afalT pasjiHYyHBIMH CBOHCTBa-
MH, NMO-Pa3sHOMY paclpoCTpPaHsloTCd, No-pa3HoMy ceba npo-
ABAAIOT. ¥Y3Kasi NOJOCKAa, 3aK/MIOUEHHAS MeXJy AJHHaMH
pond ot 0,38 mx no 0,76 mx cnocoGHa BO3AEHCTBOBaTh Ha
Hall Tv1as; B ONpeleseHHBIX HHTEPBaJ/JaX n3aydeHue cnocob-
HO BBLI3bIBATb XHMHYECKHe peaxuuu, ¢oTtosddpekr, HOHU3A-
M0 rasos. Haunbosiee AIMHHOBOJHOBLIE H3JyUeHHUS MOryT
6T OOHapyKeHBl ¢ MOMOIUbIO 27EKTPOMarHHTHBIX KoJe-
fOatensHbIX KOHTYpoB. [loatromy mnapany ¢ ofuMH xa-
paKTepHCTHKAMH H3JYyYeHHsl, B HepBYIO ouepelb 3Hepre-
THYECKHMH, HMEIOT MecTo cHenvprueckne XapakTepHCTHKH
LJsl  OTHeNbHBIX ofjacTefl cnekTpa  3/J€KTPOMAarHHTHBIX
BOJIH.

Vlamepenue nauH BOJMIH M COOTBETCTBYIOIIHX KM 4acToT
NPOH3BOAHTCA OGLIYHBIMH €JHHMLAMH JJHHBL H YacCTOTH,
NpHYEeM €CcTeCTBEHHO, YTO B 06J4acTH AJNKHHHBIX BOJH elUHU-
UaMH AJHHB ABJSIOTCA METD ¥ CAHTHMETP; CBETOBHIe H 60-
Jlee KOPOTKHE BOJIHBI H3MEPAIOTCA B MHKPOHaX, aHrCTpeMax
¥ HKC-eAMHUHaX. HacToThl 0OLIYHO H3MEPAIOT B repuax; Aas
PanMOBOJIH NMPHMEHSIOTCS Kuaorepubl u Merarepubl. IlTomu-
MO [IJMH BOJH H YaCTOT, B CIIEKTPOMETPHH YacTO MOJb-
3YIOTCSl  BOAHOBLIM HUCAOM ¥, NDPEACTaBIASIONHM COGOH
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YHCIO0 BOJH, MNPUXOASULHXCH HA eauHnuy Aauab. QOue-
BH/HO,

.1
v = i (8 l)
,‘lacro BOJITHOBOE YHUCJO ONPEARIAIOT Kak:
- 2n
V=", (8.2)

A

EauuunaMy U3MepeHust BOJHOBOIO yucaa SABJAAIOTCA 00-
paTHsie MeTpsl, OGpaTHble CAaHTUMETPBI, OOpPaTHbIE MUKPO-
HB U T. .

§ 8.2. 3HepreTnHyecKHe XaPAKTEPHCTHKH HIAYUeHHS

Benuyusbl, XapakTepusyolline 3HePreTHULCKYIO CTOPOHY
U3JYUEHHS 3JIEKTPOMATHUTHBIX BOJIH, H3MePATCH OOUIMMU
JHEPreTHYECKUMH eJHHULAMH, KOTOPBIMH H3MEpPAIOTCA 3Hep-
rusi, o6beMuas MJIOTHOCTH IHEPTHH, MOTOK SHEPTHU M T. 1.
B HasBaHHM HEKOTOPBLIX M3 ITHX BEJHUHH OTPA3HIOCH TO,
YTO OHM ABHJIMCH PaCIUHPEHUEM MOHSTHH, MPUMEHAIOUIHXCH
B CBETOTEXHHKE, XOTA OHH MOTYT OTHOCHTBCA K TaKHM 00-
AACTAM ClieKTpPa, KOTOpPbie HAUIHM TIJda30M He BOCHpHHH-
MAatoTCH.

florok u3ayuenus (notox ayyucrofi suepruu) @, — KO-
JIUUECTBO IHEPTHH H3JAYYeHHs, NpoXoisiliee B JaHHOM Ha-
npaBAeHIiM B eAMHMLY BpeMeny. Kak mno ¢usunueckomy
CMBICTY, TAK W IO €IMHHIAM M Pa3MEePHOCTH MOTOK H3Jjiyye-
HHS COBEPIIEHHO aHaJoriyeH MOTOKY SHEPruu, PacCMOTpeH-
HOMY B rv1aBe 00 aKkyCTHYECKHX eauuunax., HanoMuum, uto
eJAUHHIbI 1 PAa3MEPHOCTh [OTOKA 3HEPruM COBNAJaloT C efH-
HHLAMH H Pa3MEePHOCTBIO MOILHOCTH. 3aMeTHM JHilb, YTO
HAPALY C €IHHHUAMH 8T W Ipe/cex npu M3MepeHHu NoToka
H31Y4eHUS TIONB3VIOTCA TeNJIOBBIMM eJMHHMIAMH Kai/cek,
KKkaafuac v T. 0.

[losepxrocTiana naoTHOCTo noroka usdayuwenusn ddjds
npelcTasiser co60# HOTOK, NPHXOAAWMIACH HA eAHHHLY TO-
BEeDXHOCTH. 3/eCh NPHUXOAUTCH PAa3NH4YaTh HECKOJNbKO NOHS-
THH. XOTAl eJHHHUbl H Pa3MEpPHOCTb HX COBMNAAAIOT.

Hurencusnocre S8 — notok sHeprun u3nydeHus, POXO-
AslER B NaHHOM HanpaBJeHHM M NPUXOAALMACS Ha egu-
HHLY IIOBEDXHOCTH, pPacHo/OXKeHHOH MepnCHAHKYJIAPHO Ha-
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NPaBAEHHIO W3AYyeHHSl. VIHTEHCHBHOCTL M3/NYYEHHR DJEKe
TPOMarHHTHLIX BOJH NpeicraBisier co6oii BekTop (BeKTop

IlofinTHHTA):
=[E X H] (CH} (8.3)
HaH

S= —f; [E X H] (CTC). (8.3a)

Hcrounnx manyuenus XapaxkTepH3yeTcs JHepeerudeckotd
ceeTHoCToI0 R, (mpexHee Ha3BaHue — C6ETUMOCTb), T. e.
NOJAHBIM TOTOKOM  H3/JYYeHHS C eJIHHHUBLI MOBEPXHOCTH
HeTouHuka. [IpuMeHsIOTCA TakkKe HAa3BaHUA UBAYHATEALHAR
HIAH AYHEUCnYcKaTesbHas CIoCOGHOCTh.,

AHepeeruueckan oceewjennocts E, uamepsier NJAOTHOCTS
NOTOKA H3JYyYeHHs, Nafalollero Ha MAaHHYIO TMOBEPXHOCTb.
Kak nerko BuIeTh, NpH OJHON M TOH K€ HHTEHCHBHOCTH
H3/y4eHHsl SHEPreTHYECKas OCBELIEHHOCTb MOXET OblTh pa3-
JUYHON B 3aBHCHMOCTH OT OpPMEHTAUMH MNOBEPXHOCTH, Ha
KoTOpylo nanaer usnyuenue. [Ipu nansoit unTeHcusHocTn S
JHEpPreTHUecKas OCBEeUIeHHOCTb OYAeT NpOonopiuHoHaNbHA
CHHYCY yrJa MeXKJAy HanpaB/eHHeM IIOTOKa W HampasJe-
HHEM HODMaJIH K TIOBEPXHOCTH, Ha KOTOPYIO nanaer MOTOK.

PasmepHocTH Beex Tpex Beanuun S, Ry n

[S1=[R,] =[Es]=MT", 8.4)

Eaunuubt B cucremax CH n CI'C coorBerctBenHo 8T/M2 i
spef(cex - cm?). KpoMe CHCTEMHBIX €AMHMI, KaK H AJNfA H3-
MepeHHst NOTOKa, NMPUMEHSIOTCA TAaKXKe TEeNJOBble eJIHHAUM
Kaal(cex « cm?), mcan/(wa.c M%) uTom,

OGiee KOMHUECTBO 3HEPrUH H3JIYyueHun, nafaicied 3a
HEKOTOpOe BpeMsl Ha eJUHHIY HOBEPXHOCTH, H3MepseTca
3HepeeTudeckum Koaudecréom oceewenus H, xoropee on-
pejlesisieTcs BhIpaXKeHueM

t
Hy= [ E,at. (8.5)
[
PaamepHocTb

[H]=MT". (8.6)

KpoMe sHepreTHueckofi CBETHOCTH, HCTOUHHK H3JIyuEHHS
XapaKTePH3YeTCA  9Hep2eTuveckol <CuAowy ¢6eTa W anep-
eeTuveckol  APKOCTLIO. JHepreTuueckass CcHaa cBeta /,
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onpefensieTcss Kak NOTOK M3JAy4YeHUS HCTOUHHKA, NMPHXOIs+
uufics Ha eJMHHULY TeJECHOro yrja B JaHHOM HampaB/eHHHU.
Jlaa oxgHoro M TOro ke HCTOYHMKA 3HepreTHyYecKas CHJa CBe-
T4 MoXeT OBITh Pa3/MYHON B Pa3HbIX HanpasJeHusax. PasMep-
HOCTb JHEPreTHYECKOH CHUJIbl CBeTa  COBINAAaeT ¢ pasMepHOo-
CTBIO MOTOKA M3JYYEeHHH, T. €. C Pa3MepHOCTbI0 MOINHOCTH,
nockonbky B cucremax CH u CI'C y renecHoro yroa uy.e-
Basg pasMepHocTh. B HauMcHOBAaHWHM €IMHHL 3HepreTuue-
CKOM CH/BI CBeTa YKas3blBaeTcs eIMHHLA TeJecHoro yraa
crepaaunan. CoOTBEeTCTBYIOUIHE eNUHUUBl 6T/cTep, ape/cTep.

Inepeeruueckan apkocte B, npeacraBasier cofolt smep-
reTHYECKYI0 CHJIY CBEeTa, NPUXOAAILYIOCH Ha €AMHHIY MJ10-
Hiafy NPOEKUHUH MOBEPXHOCTH HCTOYHHMKA HA HampaBJeHue,
NEepHEeHANKYAIPHOe HANPaBJeHHIO DACNPOCTPAHEHHUS H3JY-
yeuusi. CorsiacHO 3TOMY ONpene/eHHIo

dl
B,= d_; ] 8.7)
3aech

ds’ =dscosa,

rie ds — pasMmep 3JeMEHTa MJAOIAJKH, a o — YroJ Mex1y
HanpaBjleHUeM HU3JIyueHHS W HanpaBjieHHEM HOPMAaJH K J10-
nanke. ‘

Ecnu nanydyeHue HCTOYHUKA CBeTa Y/OBJAETBODAET 3aKO-
ny JlamGepra, COracHO KOTOPOMY

Iy=1Iycosa (8.8)

(rne I, — 3HepreTuyeckas cuJa CBeTa B HaNpaBJeHUH,
NEPHEeHANKYNIPHOM K TOBEPXHOCTH HCTOYHHKA), TO IHepre-
THUeCKasi SPKOCTh HCTOYHMKA OJMHAKOBa BO BCEX Hampa-
paennsx. Taxue HCTOUHHMKHM HasblBalOTCs 1ambeprosbimi.

PasmepHoCTh 3HepreTHUecKoil sIpKOCTH Ta K€, YTO U TO-
BEPXHOCTHOH MNJAOTHOCTH H3JyYeHHS

[B,]=MT"3, (8.9)

eauunubl: 87/ (m?-crep) u apef{(cex - cm?- crep),

Ob6vemnan na0THOCTG 3Hepeuu U3AY4eHus u. DHeprus
H3JYYeHHS, TPUXOASAILASCA Ha eJuHUIY oObeMma, Hasbi-
BaeTcsl 0OBEMHON MJOTHOCTBIO 3Hepruu uanyuennsi. O6nem-
Has NJOTHOCTb 3Heprud (cM. § 4.4) uamepsierca duwc/m3,
apefcud u T. A
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Oco6rlit uHTEpec nNpejcTabaser oObeMHas MAOTHOCTDb
SHEprHM W3JIyUeHHsl, €CJAH 3TO H3Jy4yeHHe COCPeJOTOYEHO B
3aMKHYTOM 00BeMe. B aToM ciyyae usdyuenue NOgUUHAETCH
3aKOHAM H3JyYeHHs] aGCOAIOTHO UEPHOTO Teja, B YaCTHOCTH
sakony Credana — Bosabumana, coraacHo XKOTopoMy o6beM-
Hasg TMJOTHOCTL H3JyYeHHSI MNPONOPLHOHAIbHA YEeTBEPTOH
crenend abconoTHoii Temmepatypel. Ecau B oGosouke, B
KOTOpOH 3aKJII0YeHO H3JAyUeHHe, cleaaTbh MaJoe (o cpaBHe-
HHIO ¢ 00Llell NOBEpPXHOCTbIO) OTBEPCTHE, TO 9TO OTBEPCTHE
Oyner abCOJIOTHO UYePHBLIM H3aJyuaTesaeM, IHepreTHyecKkas
CBETHOCTb KOTOPOro CBsi3aHa ¢ 00beMHOH IJIOTHOCTbIO 3HEp-
THH H3JyYeHHS COOTHOWICHHEM

1
Ry = uc, (8.10)
rie ¢ — cKopocTh ceera B nycrore. Ilo sakony Credana —
Bonsumana

R, =aT", 8.11)
rie ¢ — nocrosindaa Credana — Boabnmaua:
0="5,669- 107" a7/(#* - 'K) = 5,669 - 107° spe/(cex - cx* - 'K).

Hapsngy ¢ mnepeudcaeHHBIMH Bbille JHEPreTHYECKHMH
XapaKTepuCTHKAMH H3JyUeHHS!, UMEIOUIMMH HHTerpaJbHbIH
XapakTep, T. €. He OTHOCSIIIHMHCS K ONpeJeleHHOMY y4acTKy
CIEKTPa H3JYyYeHHS, BayKHOe 3HauCHHE HMMEIOT CHEeKTpajib-
HBble XapaKTEPHCTRKH, NPEACTABAIIHE MO CYyWecTBY GyHK-
UM paclpeeneHds JaHHON BeJUUYUHBI HO JJHHC BOJHBI HIH
N0 yacTore.

[TockonbKY H3/ay4YeHHE BCSKOTO HCTOYHHKA HE SIBJISETCS
HAealbHO MOHOXPOMAaTHUECKHUM, a TaK WJAN HHaue pacrpe-
JIeNIEHO TIO CHEeKTPY, JefcTBUE H3JMYUEHHS MOXKET GblTh BECh-
Ma pa3Hoo6pasHbIM, B OTHEeNbHBIX CIyuyasix Mbl HCIOJAB3YEM
0CcOGEHHOCTH pacnpejiesieHHd JaHHOrO HCTOYHHKa, B JApY-
rux — npeobpasyeM H3JIY4eHHE OJHOIO CIEKTPAJBHOIO CO<
cTaBa B ApYroit (kKax, Hampumep, yabTPa(HONETOBOE H3JAY-
yeHHe B BUJAUMOE B JIOMHHECHEHTHBIX JaMllax), HakoHel,
HMHOrJa OT ONpejieJeHHOl YacTU H3JydYeHHs MPHXOAUTCS 3a-
IQUIIATBCA U T. 1.

B cBf3u ¢ rtem, 4TO nOHsATHEe (YHKUHHE pacrupeneaeHus
Opl10 mocTaTOYHO noApoOHO pasobpano B § 4.5, saech Mb
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OTPAHHYNMCH JIMIIb MATEMATHYECKUMH BbIpaXKCHHSIMH COOT-
BETCTBYIOIUMX CIEKTPa/bHBIX XapaKTepPHCTHK, (opMyaaMu
Pa3sMEpPHOCTH W eJUHHILAMH.

ChnekTpanbHasi TJIOTHOCTE MOTOKA U3JAYYEHHS MO AJHHE

BOJIHBI

d®;
Dgp =~ (8.12)

pasMepHOCTb
[@,] =LMT >, (8.13)

Emunuupt B cucremax CHM u CI'C 8r/fs u apef/(cek - cm).
B coexkrpockonuun OOBYHO OTHOCAT MOTOK K HHTEpBaly
LJUH BOJIH, W3MEpPEHHOMY TeMH elMHHLAMH, KOTOpbie MHpH-
MEHSIOTCA NpH H3MEePeHHUAX B JaHHOA 06JacTH CleKTpa.
Tax, HanpuMep, 4Jis BUAUMOH M OPUMBIKaiomed K Heit 006-
JACTAM COEKTPa MoJab3yioTes eauHuuamu 67/8, ape/(cex « A).

CrexkTpassnas RAOTHOCTS HOTOKA U3AYHEHUS 1O 4acToTe

dd,

Pov="7"

(8.14)

pasMepHOCTh
[@s,] = L*MT %, (8.15)

B panbheiiiem Mbl He GyxeM AIsl CHEKTPaJbHbIX pac-
npejeJeHHil CenuadbHO yKa3piBaTh, MO AJHHE HJH A0 4a-
CTOTE JAaercsl pacnpejeleHne, MOCKOIbKY 3TO SiICHO H3 MaTe-
MaTHYECKOTO OnpeAeseHus.

CnekrtpasbHast T/IOTHOCTb BEJIHUWH, ONpejessieMbIX IO0-
BEPXHOCTHON ILIOTHOCTBIO MOTOKA H3JYy4eHHst (CmeKkTpalibe
Hasi JIOTHOCTh MHTEHCHBHOCTH, SHepPreTHUecKOH CBETHOCTH,
SHEPreTHYeCKOfl OCBELIEHHOCTH) paBua

as adR, dl,
Si=7ir Ra=75 Ea=—7- (8.16)

dS dR, _ dF,
Sv’:W’ Ravz'&;a Esv”W: (817)
[S}] = [Rax] = [Eakl = L_!‘MT—S) (8 18)
[S\]=[Ra] =[Es] = MT ™", (8.19)

Enuanunt S, Ry, E, onpegensiiotes pasMepHoCTsiMU 8T/M3,
ape/(cex - cm®). Enuuuumt S,, R,,, E,, — 0xc/u2, ap2fcm?.
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CnekrpaibHasi NJAOTHOCTb JIHEPreTHUECKOR CBETHOCTH
u31VYeHHs abGCosoTHO yepHoro Tena M, mpeiacraBieHa Ha
puc. 24. PasMepHOCTb CHEKTPaAbHOIO. - paciipe/e/eHus
SHepPreTHYeCKOH CHJBI CBeTa COBMAajAaeT C.  PasMEpHOCTHIO
CMEKTPAJBbHOrO pacnpejfiesieHusi TOTOKAa H3ayyeHus. Uro
KacaeTcs COOTBETCTBYIOLMX €AMHHN, TO, B OT/]dYHEe OT
enunuy @, wu @, B HX HA3BAHHAX py
yKa3blBaeTcsl OTHeCeHHe K efuiuue Te-
JIECHOTO yIja, 4YTO OTpa)Kaercs TaKxke
B 3HaMeHaTeje O0O3HaueHUs 3STHX €AH-
HHLL.

Touno TaK e pasMepHOCTb CHEKT-
pajdbHOTO pacnpeieseHusi SHepreTHye-
CKOH SIDKOCTH COBNAafaeT ¢ Pa3MepHOCTHIO
TOBEPXHOCTHON - MJIOTHOCTH TIOTOKa (T. €.
MHTEHCHBHOCTH, 3HepreTHYeCKOH CBeTHO-
CTH U 3HePreTHYecKoii OCBEUIeHHOCTH),

a eJHHHUILI TTOJIyYaloTCs U3 COOTBETCTBYIO- e A
IIHX eJHHHL OTHECEHHEM HUX K €IAHHHUS Puc. 24.
TCAECHOTO yraa.

PasmepHceTh cnexkTpanbHbIX pacnpefiefieHuit 00beMHOM

NJIOTHOCTH SHEPTHH H3JYYeHHS

[, ] = L7*MT %, (8.20)
[u=L""'MT" (8.21)

Kaxk u3BectHo, Aas aBcoaiotHo uepsoro teaa U, n U,
onpenenasiorca gopmynoi Ilnaunxa:

8mhe 1
U= A5 ( he o ’ (8'22)
s 55
u, =22 L (8.23)

3pecy h — nocrosinnas [lmauka, k — nocrosinHaa bBoasbu-
mana, I — a6coai0THasd Temuoeparypa.

CnekTpanbHble paclpeleneHus 3JHepreTHYecKod CBeTHo-
¢TH "abCOMIOTHO YEPHOro TeMa. MOTYT ObiTh MNOAYYEHBl M3
(8.22) u (8.23) ymHoxeHueM Ha c/4.
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§ 8.3. CreroTexHHuECKHE €ANHKLbI

CBeroBble H3MEpPEHHA HMEIOT TY OCOOGEHHOCTD, UTO B HHX
O4YeHb GOJbLIYI0 POJib HI'PAET HeMOCPeACTBEHHOE OLLyLIeHue.
TaxkuMm oOpasoMm, CBETOBble U3MEPEHUs, CTPOro ropops, He
BIOJMHE OOBEKTHBHBL, Tak Kak NPH CBETOBLIX HM3MEPeHHAX
Hac HHTEPeCyeT TOJBKO Ta 4acTtb OO0lIEro mnoToka JYYHCTOH
3HEPTrHM, KOTOpasi HEMOCPEeNCTBEHHO BO3JAEHCTBYeT Ha Hall
I1a3, TO OObIYHbie 3HepreTHYeCKHe XapaKTePHCTHKH fIB-
Jag10TCA  yxKe HegocratoynbiMu. [eficTBuresnbHO, M3 Beefl
rpoMafHoit 06JacTy H3yUYCHHBIX 3JeKTPOMATHUTHBIX KoJe-
Ganuil AulUb y3kas MOJOCKA BHAMMOIO CHEKTpa C AJHHaMH
BosiH mpumepuo ot 0,38 mx no 0,76 mx sBasiercs Anasa Hac
ONITHUECKH I[eHHOI» WJIH, KaK roBopsAT, obnanaer pocTas
TOYHOH BUAHOCTBIO.

Mbl pacrnonaraeM pasiHUYHBIMH TEXHHUECKUMH Cpel-
CTBAMH, KOTOpBiEe NO3BOJAAIOT OOHapyXuBaThb ¥ HU3MepATh
U3Jy4eHHE 3JIeKTPOMATHHTHBIX BOJH Mi000ro AuanasoHa ot
IJUHHBIX, TIPHMEHAEMbIX B pajAMOTeXHUKe, A0 KpaTuaflmux,
PErHCTPUPYEMBIX CYETYMKAMH [POHHKAIOMNX H3JIYUEHHH,
HO, KaK Obl HH OblAa BeAMKAa MOWWHOCTb M3JIY4eHUs, MBI 1O
OTHOLIEHHIO K HeH «CJenbl», €CJH AJUHBI BOJH 3TOTO H3MY-
YeHHs BBIXOASAT 3a rpaHullbl yKa3adHoro uHteppaja. boaee
TOTO, Jla’Ke BHYTPH 3TOTO WHTepBa/ja UyBCTBUTEJNBHOCTH Ha-
uiero ryas3a pasiHuHa H, CJeA0BaTEeNbHO, Pa3/IMYHBIE yyacT-
KH BUAUMON 001acTH chnekTpa obJafaroT pasyindyHON BHI-
HOCThIO.

[pakTuueckas CBeTOTEXHHKa BLIABHTAeT MHOTO BONPO-
COB: KaKOH CHeKTpafdbHBI COCTaB cBeTa CJEAYeT CUYUTAThb
Haubosee «ecTecTBEHHbIM», KaK CPaBHHBAaTb UCTOYHHUKH C
pPasaHyHbIM CIEKTPaJbHBIM cOocTaBoM u 1. 1. OueBHAHO, He-
06X0[UMO JIOTOBOPUTBCS O KaKHX-TO eJHHBIX crocobax
CpaBHeHHSl U H3MepeBUs BeNHYHH, KOTOphie JOMKHBl XapakK-
1epHU30BaTh HCTOUHHMKH CBETAa ¥ YCJAOBUS OCBELEHUS.

Kasanoch Onf, 4yTo npu 3TOM Haubosee ueaecooBGpasHo
o6paTUTBCSl K ECTECTBEHHOMY COJHEUHOMY CBETY, B3§iB €T0
3a o6paszen aas cpaBHenusd. OQHAKO, KaK JETKO BHJETH, Ta-
KO€ MOHATHe, KaK eCTeCTBEHHbI! AHeBHOH CBeT, OKAa3LIBaeT-
csl BECbMAa pacl/blBYaTLIM. Bpems roga, BpeMs CyTOK, reo-
rpaduueckast WHUPOTA, NOroja, BHICOTA Hajl YPOBHEM MOPS,
YHCTOTA aTMocdepnt — BCce 3TH (PAKTOPE B BecbMa HPO-
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KHX IpejenaX H3MeHsIOT KOJHYeCTBEHHbIH M KaueCTBeHHDIA
coctaB cosHeyHoro cBera. IlosTroMy npuxoaurtcs AOroBo-
pUTBCST 0 BbISOpPe HEKOTOPOTO HCKYCCTBEHHOrO HCTOYHHKA
cBeTa, KOTODbIH fo/KeH ObITh NMPUHAT B KayecTBe Mex/y-
HapojHoro obpasua. B cBoe BpeMsi GbLIO NPeNJOXKEHO MHO-
ro nogoOHBIX o6pasuoB (cBeua [eduepa, enunuuna Buoas
M Jp.), KOTOpblE B HAcTOsIllee BpeMs HMEIOT JUIUb HCTOPH-
yeckoe 3HaueHne, OCHOBHBIM HEJOCTATKOM 3THX 00pasuoB
Oblia TPYAHOCTL MX BocHmpousBeneHusi. KenarenpHo 6wu10,
OueBHJHO, BHIOpaThb TAaKOH HMCTOUHHK, CBETOBOE H3JYyUeHHe
KOTOPOro OHpene/syioch Obl BO3MOXKHO (osee oBwuMu (u-
3HUYECKUMH 3aKOHaMH.

IMockonbky yHHBepcanbHBIM H3ayuaTesdeM siBasiercss al-
COJIIOTHO YEepHOe TeJ10, ero uajyueHHe W Oblio NPHHSTO B
KadecTse 3TajoHHoro, TeMmmepaTtypa, IpH KOTOPOH NOJIXKHO
HAXOJHTLCS H3Jyuawllee Teso, AoJKHa OBITh 3aduxcupo-
BaHa C BO3MOKHO OoJibliiefl TOUHOCTBIO, TAK KaK H3JyuyeHHe
KPYTO pacreT ¢ teMmnepatypoil. B xauectBe Takoit Temnepa-
TYpH 6blla NPHHATA TeMlepaTypa 3aTBepAeBaHHA IJaTHHbI
(2042°K). Ilpu 3TOM OCHOBHOH CBETOTEXHHUUECKOH eTHHU-
ueif, BXoasmie#i B uucao ocHoBHbIX eguuun CH, ycranas-
JUBaeTcsl eJUHULA CHJABl cBera cgeda (cg) *), 3HaueHHe
KOTOPO#l [NPUHHUMAaeTCs TaKHM, UYTO SIPKOCTb  MOJHOTO
u3jayuaTe]a [MpPH TeMnepatype 3aTBepAEBAHHUA IJIATHHLE
paBHa 60 cBeuam Ha OJHH KBaapaTHbN caurumerp. [Ipu-
MEHABUIAsiCA paHee MEXJAyHapogHas CBeya COCTaBJ/seT
1,005 cs.

IlpyHuMas cBeuy B KauyecTBe OCHOBHOH €IHHHIBL, OMNpe-
eS0T OCTaJjbHblE CBEeTOTeXHHUYECKHe eqUHHLBL. B cBAsu C
TEM, UYTO CHJIa CBeTa BK/IOYAETCH B YHUCJAO OCHOBHBIX BeJH-
udH, B QOPMYy/1ax PasMePHOCTH MOABJSIETCA ee CHMBOJ, 060-
3HavyaeMbi

Ceerosoli noTok onpefensieTcsi NPOUIBEJEHHEM CHJIBE
CBeTa Ha TeJeCHBIA yrod, B KOTOPOM paclipoCTpaHserca
notok. B ofiiem ci1yuae HepaBHOMEDPHOrO H3JyUeHHS

©= [ Idr. (8.24)

*) Tlpeanosaraercs 3aMeHHTh HA3BaHHE CBEYH MEKAYHADOAHBIM HA-
3BanueM Kandera (K0).
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B cJiyuae paBpHOMEDHOrO HCnyCKaHuda B Mpepeaax yriaa t

® = It. (8.24a)
inl pPaBHOMEPHOM HCHYCKaHHWH IO BCEM HaNpaBJACHUAM
@ = 4xl. (8.246)

Jo seepenus CH ocHOBHOH CBeTOTeXHHYECKOH BeJIHYH-
HOM fIBJSAJICSE HMEHHO CBETOBOH NOTOK, KOTOPHIA onpenelsi-
€A KaK MOUHOCTb CBETOBOIO H3JyueHusl, OlleHHBaeMmas 1o
NPOM3BOAHMOMY HM OMIYINEHHIO. DTO ompenesieHHe MOAYEp-
KknBaeT CyGbeKTHBHBIH, (PU3HONOTHYECKHH XapakTtep CBETO-
TEXHHYECKHX BEAHUHH.

3a epuHHULY CBETOBOTO MOTOKA MPHHUMAETCS AHOMEH
(im)— NOTOK BHYTPH TEJECHOro yrJa B OJWH cTepanvau
NpH CHJIe CBeTa B OJHY cBeuy. EjuHuna cBeToBOro NOTOKA
JIOMEH BXOAHT B KaueCTBe OCHOBHOH B CHCTEMY CBETOBhIX
€[HHUL, OCHOBAHHYI0O HA CAHTHMeTpe, TpaMMe M CeKyluie,
BCJIEACTBHE Y€ro 3Ty cHereMy npuHsito ob6osnauats CI'CJL
PasMepHOCTb CBETOBOrO MOTOKa COBNAJaeT C pasMepHOCTLIO

CHJIbl CBeTa ‘
[®]1=4. (8.25)

Koauuecrso csera (31y BeJMuMHY Ha3bIBAlOT TaKikKe, He
oueHb YAa4HO, CBETOBOR 3neprueil) mpeactasiaser coGoit
NpoW3BeieHe CBETOBOTO NOTOKA Ha BpeMs ero . felcrBus

Q= wat. (8.26)
i

PasMeprocTh

[Ql=T49. (8.27)

Exvnuna usMepenns aromen-cexynda (am . cex),

[Mono6Ho 3HepreTHYECKHM  BeNMUMHAM, H3MepsieMbiM
NJOTHOCTBIO NOTOKA 3HEPrHH H3JYy4YeHHs, MOTYT GbiTh ompe-
JieleHbl  COOTBETCTBYIOLLHE CBETOTEXHHYECKHe BEeJHYMHBI U
uxX eaunuusl. [Nockosibky 3TH onpeneneHusi COBepileHHO HO-
JIOGHLI onpefefeHHAM aHaJAOTHYHBIX JHEPreTHUECKHX BeAH-
YHH, Mbl OrpaHHuYuMcsi HOpPMyJaaMH ONpENeAOUIEX COOTHO-
IUEHHH U OnpefeeHusiMH e AMHHIL,

CaeTHocre.

ad
R=". (8.28)
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3a eAuHHNY CBETHOCTH HPHHWUMAaeTcs CBETHOCTb MCTCYHHKA,
Ka’KAbiH KBAaApaTHbI{l METP KOTOPOTrO AA€T CBETOBOH MOTOK
OMMH JiIoMeH. DTa eIMHHIA Ha3bIBAETCH A/OMEHR Ha K8ao-
partoui merp (am/m?). Panbuie 3Ta efiMHMIIa HasblBajach
padawke (pax). Eannuua cucrembl CI'CJ1 anomen na ksad-
patHoil cantumerp (amj/cm?), oueBupno, B 10* pa3 GoJb-
ute, ueM am/m2. Tlpexnee HaszBauue enuuuns CICJI—
paddgor. '

HHTeHCuBHOCT (8ETOB020 NOTOKA, KAK W CBETHOCTh, U3~
MepsieTcst B AM M 1 amfem,

OcBeieHHOCTh

_ D
E= s (8.29)

Enuauna OCBelEHHOCTH AKC (AK) — OCBEIeHHOCTh noO-
BCPXHOCTH, Ha KaX/blfi KBaJpaTHbIi MeTp KOTOPOH Majaaer
CBETOBOH NOTOK B oauH JioMeH. B cucreme CI'CJI enunnua
OCBELeHHOCTH (POT — OCBEIIEHHOCTh NOBEPXHOCTH, HA KBaj-
paTHBIH CaHTHMETp KOTOpOil majaer NMOTOK B OAMH JIOMeH

1 ax=10""* ¢b.

Hcnonb3ya Bolpa:keHue [/ OCBCIICHHOCTH MOBEPXHOCTH
JICTOYHHKOM cBeTa cHiofi / cBeyed, paCHONOMKEHHBIM Ha
PacCcTONHUM 7 METPOB OT OCBElaeMOH MOBEPXHOCTH

E=—cosa (8.30)

(@ — yroa Mexay HamnpabJieHHeM CBETOBOTO NOTOKa H HOPp-
MaJibl0 K OCBEIEHHOH NOBEPXHOCTH), MOXKHO OHPEAENUTH
JIOKC KaK OCBELICHHOCTb MOBEPXHOCTH, Haxojsulefica Ha
paccrosaHud 1 M OT HCTOYHMKA CHJAOH B OJHY CBeuy M pac-
NOJIOKEHHOH NeprneHJIHKYJASpHO NMajalouleMy CBeTy.

Aprocre. Exnnnna spKoCTH HUT (HT) — SIPKOCTb HCTOU-
HHKA, Ka’XAblH KBaJpPaTHbI MeTp H3JYYaiolleH HNOBEPXHO-
CTH KOTOPOTO MMeeT B JaHHOM HalpaB/JEHUM CHJAY CBera,
paBuyio oaHoi cBeue. B 104 pa3 Goabwasd egununa (cBeua
¢ KBagpathHoro cantuMmerpa) cucrembl CI'CJI nasbiBaercst
cTured (c6).

Jinst u3aMepeHus HeCaMOCBETALIMXCA NOBEPXHOCTEH HMHO-
FAa NpUMeHsIOTCA CHelHasbHble efuHHibl. Ecau nosepx-
HOCTH HMJealbHO pacceHBaeT CBeT 110 BCEM HalpaBJEHHSIM,
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COBEepUIEeHHO ero He MNorJjollag, To Takas NOBEPXHOCTL 06-
JajlaeT CBOHCTBOM JIaMéepTOBa HCTOUYHHKA, APKOCTB KOTO-
poro, OlHHAKoBaf BO BCEX HanpabBJICHHsX, PaBHA

_ 1
B=—F. (8.31)

SIpkocTh HAeanbHO 6enofl NMOBEPXHOCTH, OCBEHMIEHHOCTb KO<
TOPOH pasHa oAHOMY (OTy, Ha3blBaeTca aambepr (46). M3
dopmyam (8.31) caenyer, yto 1 26 ="1/n ¢6 = 0,318 cb.
SIpkocTh TaKoil Ke IOBEPXHOCTH NPH OCBEIIEHHOCTH OJIHH
JIIOKC Ha3bIBAIOT HHOrjaa anocruasf (ac6), CoOTBETCTBEHHO
1 ac6 = 10~* 26 = 3,18 1073 ¢6 = 0,318 ur.

Enunnns Bcex nepeunc/aeHHbIX BeJUUNH (CBETHOCTb, MH~
TEHCHBHOCTD, OCBEIEHHOCTb, APKOCTb) B KRaXI0H CHCTEME
COBMafaloT ¢ TOH JUlb ocobeHHOCTHIO, uto B cuctemMe CU
B OpPMYJIB DA3MEPHOCTH BXOAHT CHMBOJ Pa3MepPHOCTH CH-
ael ceera (9), a B cucreme CI'CJI cumBOn pa3MepHOCTH
cBeroBoro noroka (@). Dtu pazMepHOCTH

[R1=[E]=[B]=L"%9 = L. (8.32)

KpOMe nepeyucyI€HNblX BSJIUYHH, B CBETOTCXHUKE MpH-
MEHAIOTCH Ocsedusanue — NMPOH3BeACHHE CHJbl CBeTa Ha

BpeMsa OCBelIleHnd
C=1t (8.33)

H KOAUuecT80 0c8euUiéHUA — NPpON3BecHHe OCBCUICHHOCTH
Ha BpEMs OCBelienuda

H = Et. - (8.34)

OceeyuBanne u3MepsieTcsi B €8+ (€K, KOJUUECTBO OCBellle-
HUA — B AK « cek 1 ¢ - cex.

§ 8.4. Cpasb Mexay CyObeKTHBHBIMH U OO DbEKTUBHBIMH
XapaKTepuCTHKaMil CBETa

BennuuHb, elMHHUB KOTOPHIX OBIIH PACCMOTPEHH B
npeAblAyUINX ABYX mnaparpadax, pe3xo OTanYaloTcd Apyr
OT JApyra mno cnoco6y ux perucrpauud. Ecam sueprernue-
CKHE BeJIHUMHLI NOoAJIeRKaT 0GbeKTHBHOMY H3MepPEHUIO ¢ Ho-
MOIIBIO TEX WIH HHHX npubopoB, TO OCHOBHEIM <«npuGO-
pOM», C HOMOHIbIO KOTOPOTO MOXKHO H3MEpSITh CBETOTEXHH=
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yeckue BEJHUYMHLI, B KOHEUHOM CUeTe SIBJIAETCS uejoBeye-
CKHH r1a3.

BosHnukaer Bompoc, KakuM o6pa3oM INPHBECTH B COOT-
BETCTBHE CYGBEKTHBHBIE BEJHUHUHBI, OlleHUBAaeMble O IIPOHU3~
BOANMOMY OUIYIUIEHHIO, ¢ NPAMBIMU 3HEPreTHYECKHMH H3Me-
penusiMu. [1asi 9TOr0, OUEBHJHO, CJEAYeT YUHUTHIBATH TOJBKO
«I[eHHYIO» YaCTb, a He BCE H3JyUeHHE SHepruH HCTOUHHKOM
CBeTa, MOCKONbKY BCAKHH MCTOYHMK, B OCOBEHHOCTH TeIIO-
BOH, MOAABJAIONIYIO YacTh 3HEPrHH H3Jy4YaeT BHE BUILHMOH
objacta crexkrpa. BnibpaB onpeineseHHbH Y3KHH yuyacTOK
CIIeKTPa, CelyeT H3MEePUThb HEPruio, U3JAyuaeMyi0o B 3TOM
y4yacTKe, 4 TOT CBETOBOH IOTOK, KOTOPHIH MPU JaHHOH 3Hep-
THH mosiyyaercs. 3ajaya OCHAOXKHACTCS TEM, UTO U3MEpPEHHS
IIPUXOAUTCS COYETaTh ¢ CYGBEKTHBHBIMU HaGJIONEHHSAMH, a
TaK KakK Yy pasHbIX JIOJEH 3aMeTHO OTJHYaeTCAd YYBCTBH~
TEABHOCTb K DA3JHYHLIM 1BeTaM, TO NPHXOAUTCH MPOH3BO-
JAMTb HM3MEepeHHs, NpHuBJeKas O6oJblloe 4uCI0 Habaropare-
aeit ¢ rteM, uyToOGBl TOJYUHTb JOCTATOYHO OOOCHOBAHHBIE
CTaTHCTHUECKHE CPe/lHUe BEeJINUUHDI.

HcenenoBanusa mokasanau, uTo «CPeTHHE TJ1as» M0-pasHo-
MYy peardpyer Ha pasHble YYAaCTKH crnekTpa. UyBCTBUTENb-
1I0CTb IJ1a3a PacTeT, HauMHasi OT CaMblX KOPOTKHX BOJH
(mopsinka 0,4 mx), gocTuraeT MaKcuMyMa TpH JIJHHE BOJI-
bl okosio 0,554 mx u 3aTeM cHoBa yObiBaeT. DTy 3aBHCH-
MOCTb XapaKTEepU3YIOT CleHHAJbHOH BEIHUUHOH, KOTOpas
NMONYYHIa Ha3BaHUE BUOHOCTU.

[Ipn 31oM nmon abcosr0THOU 8UOHOCTBIO, WM, KAK HHAauUe
roBOPAIT, CBETOBOH OTHAueH, Mbl MOHUMAEM OTHOUIEHHE CBe-
TOBOTrO HOTOKa (T. €. OIEHHBAEMOM HAIIHM IV1a30M MOLLHO-
CTH) K COOTBETCTBYIOLIeH HCTHHHON, MOJHON MOIMHOCTH JY-
YHCTOH 3HEPrUu

V=§s-, (8.35)

rae V — BHAHOCTh, a Dy — MOIIHOCTH JYYUCTOH SHEPTHH.
Oo6biyno @, usmepsieTcsi B Barrax, H Tak Kak @ usme-
psieTcst B JIIOMEHAaX, TO €AHHHIEeH BHIHOCTH SIBJASIETCSI AM/ST.
OTHolenye MOJIHOTO CBETOBOrO MOTOKa (eNoro cBera K €o-
OTBeTCTBYIOWEel MOLIHOCTH JYUYUCTOH 3HEPrHu OOLIYHO Ha-
3BIBAIOT NOAHOU BUOHOCTH!0, B TO BPeMs KAK COOTBETCTBYIO«
lilee OTHOLIeHHe I/ CBeTAa ONpeAeNeHHOH MAJHHBL BOJIHBI
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HA3bIBAIOT MOHOXPOMATUUECKOU 6UOHOCTLIO WAH BUOHOCT6I0
MOHOXPOMATUYECKO20 CBETq.

Buanocts npegcrasiasier coboll ocobyio, cnemuduueckyo
BeJIMUHHY, TMO3BOJSIOILYI0 NEPEXOAHTL OT 3HEPreTHYecKHx
BeJIMYHH K CBeToBbIM. [109TOMY BHAHOCTD 4acCTO BHASIAIOT

V)\ K Y
amafm
700

5004
500 4
4001 0.6
3001 9.4

2001 \
w0 %2

03 04 05 06 47 48

- 1.0
-0.8

Puc. 25.

B KauecTBe OCHOBHO! BeJHUMHEI, HMeoliell ocobyi0 pa3mep-
wocte (V).
B 3TOoM cayuae pasMepHOCTb CBETOBOTO HOTOKa Oyaer

[®] =[®,]}[V]=LMT"'V. (8.36)

Ornocureavran suorocts. Kak Mbl yKe roBOPHJH Bbi-
e, BHAHOCTE B OTHE/BHBIX YUACTKaX CHEKTPa pasivyHa.
OTHOWeHHe BHIHOCTH JaHHOH AJUHDBI BOJAHBI K MaKCHMAanb-
HOH Ha3blBaeTcsl OTHOCHTENbHOH BHIHOCTBHIO

4
Ky =2 (8.37)
max

Ha puc. 25 npencrapneHa KpuBasi CHeKTpajbHOHA 4yB-
CTBUTEJIbHOCTH TJ1a3a, MPHYEM MO OcH aOCLUCC OTJAONKEeHbLI
JUIHHBL BOJIH B MHKPOHaX, a NO OCH opauHar abcomoTtubie
M OTHOCHTEJbHbIE BHJHOCTH. Kak BHIHO M3 pHCyHKa, Ma-
KCHMajibHa BHMJHOCTh TpPH AJHHE BOJHBI A = 0,554 mim,
Jexauiefi B 3eneHofi 006JacTH  CHEKTpa, COCTaBjaAer
683 anm/ar.
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HcToyHHK, KOTODPHIH BCIO CBOIO 3HEPrHi0 OTHABald Obl
TOJBKO B BHJAE H3JyueHHs ¢ JJIWHOH BoaHbl 0,554 mrm, 00-
Jajaja Obl Haubosabuief 3KoHOMHUYHOCTbIO. OjaHako Tako#l
MCTOYHHK HAaC COBEPUIEHHO He YAOBJETBOPsa Obl, TaK Kak
BCE OKpyKalolllMe Hac npeaMery Obolin Obl OKpalleHbl B
OAUH 3eNledblll BET W OTAMYAJHCh Obl J{lIb TEM, YTO OJAHM
oI OBl cBersiee, a JApyrue — temHee. Hauayquum 6bii
Obl TAKOM UCTOYHHK, KOTODLIA H3Jayyan Obl SHEPTHIO TOIBKO
B BHJAHMOHR 006JIacTH, MPHUYEM C TaKUM pacHpejeseHHEM MO
JA/A¥HaM BOJH, KOTOPOE COOTBETCTBYET YCJOBHOMY «CpeJHe-
MY COJIHEUHOMY CBeTy», Ec/u NpuHSTH 3a efMHHUY 3KOHO-
MHYHOCTh HJAeaJIbHOIO MCTOUHHKA, T. € TAKOro, KOTOPHii
1H3JlyyaeT TOJBKO CBeT C JAuHONA Boadbl 0,554 MK, TO 3KO-
HOMHYHOCTb HMIEAJBHOr0 «JIHEBHOTO» HCTOYHHKa 6blla Obl
0,35. McTOuHHKOM TEnJIOBOTO H3Jydenus, Hanbosee npubJIu-
KAKUIUMCS 110 COCTaBy H3JyUeHHS K COJHEUHOMY CBeTy,
sBJasieTcst a6COIOTHO YepHOe TeJO APH TeMmliepaType OKOJo
6000° K. Ero skoHoMmuuHocTb cocraBasier okojo 0,14. Ixo-
HOMHMYHOCTb JIAMIIOUCK HaKanuBanusa okosao 0,02, aomune-
CUEeHTHBIX Jamn — okono 0,00.

Mexanuueckuii sxeusaaent caera. Kax Buano us puc. 25,
s MAKCHMAaJbHOH BHAHOCTH Mbl HMeeM 3HaueHHe

Vmax = 683 am/er.

Benuununa, obpatHad Vmay, Ha3BIBAaeTCHd MEXaHHYECKUM
9KBHBAJICHTOM CBeTa

1
M=

Vmax

= 1,466 - 10™° ar/ax. (8.38)

Tlo cywecTBy 3TO — MHHHMAaJbHBI MeXaHUYEeCKHII 3KBHBa-
JIeHT CBETa, T. €. Ta MHHMMaJbHafd MOLIHOCTb B BATTaX, KO-
Topas crnocobHa co3laTh MOTOK B | 4 B HaubGosee BOCHpH-
HHMaeMOH HalllUM TIJ1a30M CIEeKTPanbHOH 06JacTH.

§ 8.5. Enunuupl u3mepenus napaMeTpor
ONTHYECKHX NPHOOpPOB

B srom naparpade Mbl paccMOTPUM €JHHHILBI BeJH-
UMH, XapaKTepU3yIOLIUX ONTHYECKHe CBONCTBa NpPUGOPOB.
ITo cymecTsy 35TH BeNHUHHBI CJ€A0Ba’0 OBl OTHECTH K
TPyNne TeoMeTPHUECKHX BE/HYHMH, HO, MOCKOJbKY ¢ HHMH



228 EQVHULBI U3NYUYEHUS {rj. s

OPHUXOOUTCA  BCTPEUATLCA B ONTHKE, MB COWIH Oojee
Les1eco00PasHpIM BKJIOUHTL HX B pasfied eAHHHI, OTHOCH-
HIAXCA K TEOPUH H3JyUYEeHHs,

Onruueckas cusra. Ecau Ha npuBop majgaer mnJockas
CBETOBasl BOJMHA (napaJniespHbie Jy4yd) U npubop coobuiaer
et KpHBH3NY, PaHYC KOTOPOR paBeH [, TO MbI rOBOpPHUM, UTO
3TOT NpHOGOpP 06/1agaer ONTHUECKOH CHaOIT

D= —; (8.39)

3a eQUHHLY ONTHYECKOH CHJIBI NPUHEMAETCA ONTHYECKast
CHJIa TaKoro mpuOopa, KOTOPb coo6iliaer MIOCKOH BOJHE

A

1

i

; i

V i

e f
Puc, 20,

KPUBU3HY, pajuyc KOTOpoit paBen ogHomy wmerpy. Takas
ONTHYECKasl CHJla HOCHT Ha3BaHHe ONOATPUL ¥ B 3aBHCH-
MOCTH OT HanpaBJieHHs] paguyca KPUBU3HBI CUHTAETCH JIHGO
NOJOKUTRIbHON (CXOAAIHECH Jydil), JAHGO OTPHIATEeAbHOMH
(pacxopsmecst syun).

Paamepnocts anontpun

(D]=L"". (8.40)

Trasnoe gorycroe paccrosnue. Beanunna f, o6paruas
ONTHYECKOH CHJle, HOCHT Ha3BaHHe [JABHOIO ¢okycHoro
paccrosuua npuGopa M H3MepsieTcss OGBIYHO B MeTpax Hiu
B CAHTUMETPaXx.

B cayuae tonko#t muH3b raaBuoe (doKycHoe paccTosiHUe
NPEACTaBAACT COGOH paccTOsiHHE OT JMH3BL A0 T[JIAaBHONG
dokyca, 1. e. 10 TOUKH, B KOTOPYI0 CoOupaloTCst JyuH, ma-
Jzammg%)ﬂa JAUHBY napa/aniefibHO TJVIaBHOH ONTHYECKOH och

puc. 3
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Hast pacceMBaloOmHX JKH3 TJaBHBIM (POKYCOM fBJsieTCH
TOYKa, B KOTOPOH MNepeceKaloTCs NPOJNOJNIKEeHH pacxons-
MUXCa Jyueil, NONYUeHHbIX B pe3yJbTaTe NajeHus Ha JHH3Y
nyuka napajaenbHbix aydeit (puc. 27).

fme [
|
I

e

-

&
// -
Pt
b= 7%
N
N>~
>~

—

~

Puc. 27.

Jlns cnoXKHOA UEHTPHPOBAHHOA ONTHYECKOR CHCTEMbI
rnasioe (OKYCHOE paCCTOSIHHE H3MepsieTcsl OT IJaBHOTO

Tnabras
nnacKkocmy

thokyca, T. e, TOUKH [efiCTBHTENbHOIO HAM MHHUMOTO mepece-
uenHa Jyyel, BHIXOASLIMX H3 NpuGOpa, Npu BXOAE HX B NpH-
6op napaajesnbHo TIJaBHOH ONTHYECKOH OCH, AC TI/aBHO#A
IIOCKOCTH ~ TIJIOCKOCTH, B KOTOPOH NEepeceKaloTcs Hampas
BJCHHSI Malalowero H BHIXOASILIEro Ayueil (puc. 28).
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Ceerocuna — OTHOLIEHHE JMaMETpPa BXOJHOTO OTBep-
cTHsl npubopa K €ro IJaBHOMY (POKYCHOMY pacCCTOSHHIO.
OO6bIYHO CBETOCHJY HPEACTaBJSIOT B BHJe NPOOH, B UHCIH-
TeJI¢ KOTOPOH CTOUT eauHula. Tak, HamnuMep, roBOPSAT, YTO
«cBerocHna ¢oroannapara pasHa 1/4,5». Ceerocuna ss-
JseTcsd BeJIHYUHOH OTBJCUEHHOH, HYJE€BOH Pa3MEpHOCTH.

§ 8.6. Eaunuusl HamepeHus
ONTHYECKUX CBOWCTB BEMECTBA

llokazarear npesomaerus n. Tlpu npejsomieHnu Cpera
Ha TpaHulle pasjeja JABYX H30TPOMHBIX Cpell OTHOLUeHHe
CHHyCa YIJla MafeHUsl K CHHYCY yIvia npejoMyeHHs (yribt
OTCYMTHIBAIOTCA OT NepHeHjuKyJsipa K IDaHUNe pasfena)
OCTAeTCHA BEJHYMHOH IOCTOSIHHOH. 3TO OTHOUIEHHE HOCHT
Ha3BaHHe TI0Ka3aTels NpeJOMJIeHHS BTOPOH Cpelb Mo OT-
HOUIEHHIO K TepBO#, WJIH OTHOCHTEJNbHOTO MOKasaTess npe-
JIOMJIEHHUS.

B Tom ciyyae, Korga cBeT majgaet M3 OVCTOTH B JaHHYIO
Cpeny, Mol Ha3blBaeM 9TO OTHOLIeHHe aOCOJIOTHLIM MOKasa-
TeNeM NpeJOMJIeHHs], NloJlarasg TeM caMbIM TOKa3artesb npe-
JOMJIEHHS TyCTOTH paBHBIM enuHuie. M3 omnpenenenus chie-
AYyeT, UTO MOKa3aTe/b NPEJOMJEHHS eCTb BEJHUHHA OTBJe-
YyeHHasl.

Jyuenoeaowareavnana cnocobuocre (xo3dpduient no-
TJIOLEHUsS] JIYYHCTOH 3Hepruu) npeiacraBiaser coboll OTHO-
lIeHHe MOTJIoLaeMOfl TeJOM 3HEpTHH KO BCell majatwuieil
Ha Hero suepruu. Pasymeercs, JydenorjolllatejbHasi Cro-
COOHOCTDb fIBJAAETCA BEJMYHHOH OTBJEYEHHOM.

Cserosbie kKoa(hpuyuentor. [1py nameHuu CBETOBOrO MO-
TOKa Ha NOBEPXHOCTh KAaKOro-HOO Tesaa yacThb 3TOrO CBe-
TOBOFO II0TOKA HEMOCPEACTBEHHO oTpaxkaercsi (mo 3akouy
oTpaxKenus), yacTb GoJice WM MeHee PaBHOMEPHO pacceu-
BaeTcs BO BCE CTOPOHHI, YaCTh MOIVIOMaeTcd H 4acTb MPOXO-
AuT HackBo3b. OTHOLIEHHS 3THX CBETOBBIX TIOTOKOB KO BCe-
My TafalplieMy CBETOBOMY IHOTOKY HOCAT Ha3BaHHS COOT-
BEeTCTBEHHO Kkoaghdpuyuenra orpaxcesus R, Koappuyuenra
paccesnusn S, kosdpuyuenra noearowienus K u kosppuyu-
enTa nponyckanus T (npoaspaunocrs). Ilocaennue nsa
ko3¢ dulHeHTa OOLIYHO NOJNE3HO OTHOCHTL K €JUHHIE TOJ-
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muKebl cnosi. B gactHocTH, KO3dduuMEeHT NOrJoIeHHs, OT-
HECeHHHIl K eAnHule AJHHB, MOXeT ObiTh ONpefeneH fo
dopmyne

S = Spe~Kx, (8.41)

rae Sg— MHTEHCHBHOCTb NAafAIOWLEro CBETa; S — HHTEHCHB-
HOCTb CBETa, NPOLIEAIEro Yepes TONLHMHY X.
OueBnnHo, pazMeprocTb Ko3hdulenTa

[Kl=L"", (8.42)

TaK Kak NOKasaTenb CTENeHu [ojxeH 06,anath HleeBOﬁ
Pa3sMepROCTLIO.



Fmasa 9

Hekoropble eauHuubl aTOMHOU (DH3UKH

§ 9.1. Brepenne

Paseutne aToMHOH GHU3HKH TNOPOAMNO 3HAUYUTEJALHOE
uyKCa0 cnelu(uIecKHX MeTOAOB H3MepeHHH CBOHCTB aToOM-
HBIX YaCTHI, BEJIHUYHH, XapaKTepHU3YyIOWHUX MPOUECCH, B KO-
TOPBIX OHM YYacTBYWOT, 4 T. N. Ilpr 3TOM BO MHOrHX Cay-
yafx oKas3ajoch YACOHBIM BBECTH CIELHaJbHble €LHHHIIB
HM3MepeHull, YaCTHUHO OCHOBaHHbie Ha €JHHHUIAX CHCTeMb
CI'C, yacTHuHO CMeIIaHHOTO XapakTepa, a MoAYac H He
CBsi3aHHblE HEMOCPEACTBEHHO ¢ KakOH-n1ubo onpeneeHHON
CHCTEMOIL.

B nocaexnee Bpems B JUTepaType HHOTJa BCTpedaeTcs
CTpeMJ/IeHHe CBECTH BCe NOJo0Hble M3MEpEHHsA K eIHHHLaM
oxHoi M3 obmux cucreMm (uaite scero CH), omHako B 1o-
LaBASIIOIEM uKkCJie Hay4YHBIX CcTaTedl COXPaHAOTCHA Te enu-
HHUIIBI, KOTOpble Bcerfa NPUMEHSJIUCh B aTOMHOH (H3HKe.
He craps nepea coGoft 3ajauy M3M0KHUTh BCE 3TH eIHHHIBI,
MB paccMoTpuM Haubojee BaXKHBIE U T€, KOTODble MMEIOT
Haubonbliuee pacnpocTpaHeHHe.

§ 9.2. OcHOBHBIE CBOWCTBA ATOMHBIX
M 3JEMEHTAPHBIX YacTHil

Maoaca. Macca yacTull MoXKeT H3MepATbCsT Kak B abeo-
AIOTHOH, Tak M B OTHocuTeabHo# wmepe. Ilox aGcosioTHO#
Mbl TIOHMMaeM 3/eChb H3MepeHHsi OAHON M3 OOIUUX eqHHMI
Macchl (Ke, &), MoK OTHOCUTEJNBHOH — 10 OTHOUICHHUIO K Mac-
ce OJHOH M3 YacCTHl, YCJI0BHO NMPUHUMaeMOM 3a eIUHHLY.
BuiGop Takoit elHHHLBI, KOTOPAs HAa3bIBAETC aTOMHOMN efH-
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HMIlel Macchl (e) Ha NpPOTAXKEHUHM psiia JieT NpeTepresn He-
KOTOpbie H3MeHeHHs. PaHbllle B XUMHUM 3a €AMHHIY MacChi
NpHHUMAJach OJHa UIeCTHaAuaTash aTOMHOTO Beca 3JeMeH-
Ta KHCIOpPOJa, a B (U3HKe — OJHA HIECTHAALATas Macchl
CaMOr'0 JIETKOTO M3 H30TONOB KHCJODOAA, MacCOBOE YHCIO
KOTOPOTO paBHO 1lecTHajllaTH. HamoMHUM, YTO MacCCOBHIM
YMCJIOM Ha3bIBAETCS le0e YHUCJIO, PaBHOe OOLIeMy YHCIY
HYKJOHOB (T. €. IPOTOHOB U HEHTPOHOB) B AApE.

Tak Kak eCTecTBeHHBIH KHCJIODOZA  COAEDXKUT TPH
YCTOHUMBBIX HM30TONA C MacCOBLIMH uuciaamu 16, 17 #
18, ¢ npouenTHbIM copepxkanuem 99,76%, 0,04% u 0,20%,
TO XUMHUECKass aTOMHas eJUHHLIA MacChl OKasajach B
1,000272 pasa OoJblie (PU3HYECKOH AaTOMHOH eXHHUIBI
Macchl.

[IpumeHeHue onpeneneHHON Bbliie (PH3UYECKOH aTOMHOM
eJVHUNBl HMeJ0 Pl HeyaoOCTB, 0OYCAOBJEHHBIX TEM, UTO
TOYHble OlNpefesNeHUsl aTOMHBIX MacC 3IKCIePUMEHTaJbHO
CBA3LIBAJKCh He C aTOMaMH KHCJI0DPOJa, a C aTOMaMH yriie-
poza. Iloatomy B 1961 r. MmexayHapoiHuble opraHH3alHH
(Cowo3 uyucrofi u mpukaanuoii ¢usukd u Coio3 4ucTOH M
NPHKAAAHON XUMHU) HDHUHSAJH DelleHHe YCTAHOBHTb B Ka-
yecTBE ATOMHOH €AMHHUBl Macchl (Kak B (pH3MKe, TaK H B
XMMHH) ONHY JABEHAJUATYI0O MacChl H30TONa YrJepoia C
MaccoBbiM uHcaoM 12, Irta eauHuua pasHa 1,0003179 cra-
poll «xkucioponHofl» ¢usnyeckoli epuHuuel. OHa oueHb
0JM3Ka K CTapoH XUMHYeCKON eAMHHIle Macchl, OTJHUYASCh
OT Hee JHIIb Ha HECKONbKO eIHHHI B NSATOM 3Haxe nocje
3ansiTol.

AToMHbasi eamHMma Macckl paBHa 1,6604 10727 ge. ITo
OTHOIIEHHIO K dTOMHOH eIUHHLE MacChl ONpeaessiorcs
ATOMHBbIE Beca 3JeMEHTOB, MOJEKYJspHbie Beca (OTHOCH-
TeJbHbIE MOJIEKYJSIpHble MacChl) XHMHUECKHX BeIIecTB H
mMacchbt sigep. Maccbl a/eMeHTapHbIX uacTHUL OOBIYHO OTHO-
CSIT K Macce 3JeKTpoHa M., pasHofi 9,109. 103! ke win
5,486 - 10~* aTOMHO¥ €JMHHUIILI MAaCCHI.

3apad. AtoMHble M 3JeMeHTapHBIE YacTHUB JUGO NH-
IeHsl 3apsifia, AH00 HMEIOT NOJOXKHTEAbHBIH WU OTPHUA-
TeNbHBIA 3apAn, KpaTHBLIA 3apany 3jaexktpora. [locnaepuuit
pasen

1,6021 - 107" x = 4,803 . 107'° CT'C.
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Momenr rkoaruuecrsa dsuscenus (MOMEHT uMnyasea, me-
xauudeckuli MOMEHT) MHKDOYACTHU MOAYMHAETCH 3aKOHaM
KBAaHTOBOH MEXaHHKH, COIVIACHO KOTOPbIM OH MOXKET MpH-
HUMATh JUIIb onpelelieHHble AMCKPeTHble 3HauyeHud. IOTH
3HAYEHUS ONpPee/ISIOTCsl BhipaXKeHHeM

L= ViG+D, 9.1)

rae h — nocroannas [liasvka, a j— kBanTOBOE UMCAO NOJ-
HOTO MoMeHTa KoaunuecTBa ABmxkeHust. Ilocrosaunas Ilnanka
paBHa

-3 —o7
h=6,626 - 107> 9o - cex = 6,626 - 1077 ape - cex.
OrtHoweHue
h —24 -7
== 1,0545 - 107 9o - cerc = 1,0545 - 107" ape - cex,
KOTOPHIM OOBLIYHO ROJIB3YIOTCH B KBAHTOBOU MeXaHHKe BMe-
cro h, obosHauaerca h. KBaHTOBOe 4MC/IO j MOMKET NMPUHH-
MaTb 3HaueHHsl Jubo Henble, 1UOO Noayuenavle (1. e. Heuer-
Hble KpaTHble 1/2), nuGo paBHATbCA Hyadi0, [ast 3/MeKTpOHa
KBaHTOBOE YHC/JIO0 MOMeHTa ofo3Hauaercsi S=1/2 u HasH-

BAeTCsl CIUHOBBIM YHCJAOM. ITo3TOMY COGCTBEHHBII MOMEHT
KOJIMYEeCTBa JIBUIKEHUS SJEKTPOHA

L =%]/—i—=0,913- 107 Goic- cex = 0,913+ 1077 ape- cex.

(9.2)
Beanunna
h

h=—5— 9.3)
CJAYXKHUT B aTOMHON (PH3HKe eAMHHUIedl H3MepeHHA MOMeEHTa
KOJHUECTBA JBHIKEHHSL,

Maenurnoui momenr. B xaaccudecko#t Tteopun bopa
3/JEeKTPOH, JBHrasch Mo Kpyrosoft opbure BoOXpyr fapa,
npejcrasaser cob0i 3aMKHYTBIi TOK, KOTODBIl, CJ/eloBa-
TenbHO, o06siajgaer COOGCTBEHHBIM MAarHHTHbIM MOMEHTOM.
KBaHTOBast MexaHMKa, OTKA3bIBasiCh OT HarJAAHbIX MOJE/b-
HbIX TpeacTaBAeHul («opGuTa» 3JMEKTPOHA B aTOMe, «Bpa-
LAIOLIHACS 37eKTPOH»), COXPaHsieT HaNHYHE TaKHX BEIH-
YUH, KaK pacCMOTPEeHHbIH Bblllle MOMEHT KOJAHYECTBa ABH-
KEeHHA U COOTBETCTBeHHO MAarHHTHBIH MOMEHT.
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B kaaccuueckoi MOJean MarHUTHBIT MOMEHT atoMa BO-~
J0poAa B HOpMaJabHOM (HEBO3CGYKAEHHOM) COCTOSIHMH Jer-
KO pacCcyuTHIBaercs cjeaywomum obpasoMm. OTHoleHHe 3a-
psila 3JeKTPOHa K MepHody ero oOpalleHHus B aToMe npel-
cTaBasier co60H «Cuay TOKa»

e e
= 7= o . (94)
Coraacao nocrynary bopa
meag = —2/—11—, - {9.5)

rjae ap — pajuyc opouthl (Tak HasbiBaeMblii GOPOBCKUI pa-
nuyc). CaegoBaTenbHo,

e
4n2ma§ ’

[:

H MarHdTHbIl MoMeHT (0603HayaeMblfl B JaHHOM C/Iyyae ug)

h
hy= e (CH), |

eh i (9.6)
B~ dmme (CTC). j

MaruutHeit MoMelT, onpeaenstemblit dopmyaoir (9.6), Ha«
3LIBAETCSl Ma2HeTOHOM bopa u cayxut eiuHnuei usmepe-
HHSl MaTHUTHBIX MOMeHTOB. Ero suauenue

Ry =9,273. 107 a . 4*=9,273 107" Qun - cmfec. (9.7)

[Onsi uaMepeHHss MarHUTHBIX MOMEHTOB fiZePHLIX YacTHIL
110M1b3YIOTCH TAK Ha3blBAeMbIM A0EPHOIM MASHETOHOM, KOTO-
pbifl onpenensiercss no To# ke ¢opmyae (9.6), Ho ¢ 3ame-
HOfl Macchl 3JEKTPOHA Ha Maccy MNpoOToHA, KoTopas B
1836 pa3 Goabwe Macce 3jaexkrpoHa. OTciofa siaepHbilt
MarieToH

-2

py="5051-10"" a. 4" =5051-10""" dun - cmfec. (9.8)

3aMeruM 3Jechb e, 4TO MarHATHble MOMEHTBHI siiep He
SIBJASIIOTCST IeAbIMH KPaTHBIMH SIXEPHOTO MAarHETOHa, a B«
YHC/ISIIOTCS O JOBOJIBHO CJOXKHOH topmyne. B yactHocTH,
MATHHTHBI MOMEHT NMPOTOHA paBeH

#,=2,7928 1 =1,4105-107" a-4"=1,4105-10"" dun-ciec.
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Hunorsuoii moment. Hoaspusyemocrs. DaekTpuyecKue
3apsfibl B MOJIEKYJ1aX MOTPyT ObITh pacnpefeneHbl HECHM-
METPHYHO, B PE3YJbTATe YETO MOJIEKYJa B 1eJ0M NpuHobpe-
TaeT 3JeXTPUYECKHH JUOOJLHBIH MOMeHT. JIHMONbHBIA Mo-
MeHT uaMmepsiercsi kak eauHunamu cucrem CI'C nau CH
{cm. §§ 7.3 u 7.4), Tak M crenuasbHOll enuHullel Jebal
(D), pasro# 107'® enununs CI'C.

ATOMBl W MOJEKYJBI, Jaxe He uMes COOCTBEHHOIO M-
NOJbHOTO MOMeHTa, MOryT erc npuobperarb nox mAei-
CTBHEM BHEMIHEro noJisi B pe3yJabTaTe AeKTPOHHOH MOJs-
pH3aLUU.

OrHouenre npHOOPETEHHOrO JUIOJIbHOTO MOMEHTA K Ha-
OpPAKEHHOCTH MOJs1 Ha3biBaercs noasipuayemoctoio o. Co-
IJ1aCHO OIpeAeJeHHI0

o=L, (9.9)

Pasmepuocty o B cucreme CI'C
[a] = L3 (9.10)

onpeneiser ¢IHHUILY CAaHTHMETP B Ky6e.
B cucreme CH pasmeprnocTts o

[a] = M7'T'P 9.11)

U3 onpenenenuss « no dopmyie (9.9), noacrasaas
po=1x-m u E=186/m 1 npoussols COOTBETCTBYIOIHE
3aMeHbl, JIeTKO HaijeM, 4To efuHuua noaspuayemoctu CH
B 9-10 pas Goabume eguruubt CI'C. To xe oTHomweHne
MOXKeT ObiTh HaligeHo W u3 opMmy/asl pazMepHoctd. [Toas-
pH3YeMOCTh CBs3aHa ¢ MHJIEKTPUYECKOH NPOHHILAEMOCTHIO
(ecsiut MOCJEAHAS ONPENESCTCA TOAbKO 2JEKTPOHHON MoJs-
pu3anuell) COOTHOHICHHEM

a= ) (9.12)
rAe # — KOHUEHTPaIHA MOJEKY/ AAaHHOTO BENIECTBA.
Bpemena ocusnu. Muorme snemeHTapHble U aTOMHbIE
YaCTHLBl He SBASIOTCA CTaGUABHBIMM W uepe3 HEKOTOpoe
ppeMsi aubo pacmajgaiorcs, aAubo OEpexoadAT B JAPyroe co-
crosuye, Jas xapakrepHCTHKH YCTOHUMBOCTH ATOMHBIX pa-
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JAMOAKTHBHBIX Si/IeD MPHMEHSIIOT MOHATHE nepuoda noaypac-
nada, T. e. BpeMeHH, B TEUEHHWE KOTOPOTO pacnajaercs Mo-
JNIOBHHA MCXOAHOTO YHCIa aTOMOB. Tak KakK H3MEHeHHe YHC-
Jia PaJIMOAKTHBHBIX aTOMOB IPOUCXOJHT MO 3KCIOHEHIHA/b~
HOMY 3aKOHY

N = Nge™™, 9.13)

rae No— ucxoaHoe uyucao aromoB, N — uucjao Hepacnas-
MXCS aTOMOB CHYCTsi Bpems f, A — Tak Ha3biBaeMasi HO-
CTOAHKAA pacnada, TO Nepuoi noaypacnaga I onpeendt-

csl ypaBHEHHEM
No

=== Noe 7, (9.14)
OTKYAa
In2 0,693
T=—==—". (9.15)

J1s XapakTepHUCTHKH YCTOMUHBOCTH aTOMOB B B030y-
XKJEHHOM COCTOSIHHM HOJIb3YIOTCS TOHSITHEM cpedHeeo 8pe-
MEHYU HU3HU T, KOTOPOE onpejeasercs H3 SKCIOHeHIHaJsb-
HOrO 3aKOHA

N = Noe~1I%, (9.15)

1 paBHO TOMY BpPEMEHH, B T€YEHHE KOTOPOro HHUCJIO aTOMOB
B BO36y}Kﬂ,6HHOM COCTOSIHHH YMECHBHIHUTCA B € paas. BpeMH
nojypacnajga g cpenHee BpeMs 2KH3HH CBSI3aHbl OUeBUIHBIM

COOTHOLIEHHEM
T =0,6931. (9.17)

Junelinole pasmepol. B paMrkax KBaHTOBOH MeXaHHKH
He HMEeIT CMbic/ia TakKue I[OHSTHS, Kak <«paguyc opOu-
Thi» 3JEKTPOHA, pajHyC Kakok-n1n6o 3/71eMeHTAapHOH 4acTH-
bl (Hampumep, TOro e 3jaekrpoHa) u T. n. OgHako
B psiie caydaeB yAOOHO BBOAUTH ONpefeseHHbIE JIHHEeHHble
MacmiTabbl, B KauyeCcTBe KOTOPBIX NDHHHMAIOT Te HJH
uible BEJMUUHBI, NOJYYeHHble Ha OCHOBE KJIACCHUECKHX
pacuetoB. Hanbosee pacmpoCTpPAHEHHBIMU ABJSIOTCS «KJ4C-
CHUYeCKUHl pamuyc 3JeKTDPOHA», ONpeleJsieMbli COOTHOLIE-
HueM

e? -13
ro=—3=2818.10" " cm (9.18)

mce
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K «paauyc nepsoi 60poBCcKOl opOUTLI»
Gy ="y = 0,5202. 107" cu. 9.19)

Kpome Toro, B snepuoil ¢u3nke npHMeHseTcs ennHHua
AAMEL hepmu, pasHas 10713 ca.

§ 9.3. dddexTHrnbIe Ccevenus B3ANMONEHCTBUSA

Knaccuueckas KUHeTHYECKasn TEOPHs rasoB BBesa NOHs-
THe AAHnb csoboHoro npobera, CBa3aB €e ¢ NOHITHEM MO-
NepeyHoro CeyeHHA CTaJKHBaA-
joutuxcst yactui. Aromuas ¢u-
3HKa paclihpujia NOHSITHE [o-
NnepevHoro  cevueHUs B ONHO-
BpEMEHHO  pacuieHHaa  ero,
yCT@HOBHB NOHSATIE 3ddheKTnB-
HOTO TNOHEPEUHOI0 Ceuenus Nno
OTHOMIEHHIO K  TOMY HRJd
HHOMY KOHKDETHOMYy lipouec-
Cy B33aKMOAEHICTBHA aTOMOB,
NONOB, MOJIEKYJ, SiLepHBLIX ua-
ctan v 1. 0. Tlousitue aghghex-
TUBRO20 NONEPLUHO20 CEHEeHUR
(B «nabopatopuom obuxone»
KPaTKO TIOBOPAT «CeYeHHe»)
n0 OTHOILEHHUIO K KaKoMY-1ub0

npoueccy npolle BCCrO MOACHUTL HA Cedyioliefi noayknac-
CHYECKON CXeMe, KOTOPYIO Mbl PAaCCMOTPHM HO OTHOWIEHHIO X
KOHKDETHOMY MPHMEPY BO3OYX/AEHHA aTOMa 3MEeKTPOHHBIM

- yaapom (puc. 29). [lycTb 3aexTpoH 3aaaHHON CKOpOCTH
JeTHT NCPNEeRAHKYJSAPHO NJCGCKOCTH uepTexa Mo Hamnpasie-
HHIO K ATOMY C «IpuUleNbHbIM paccToAanueM» r. TTox npu-
LENBHLIM PAacCTOSTHHEM, HAY NapaMeTpPOM CTOJNKHOBEHHS M
OyseM NOHUMAaTh JLJHHY NEPNEHAHKY/spa, ONYUIEHHOTO H3
HedTpa aToMa Ha NPAMYIO HanpaB/AeHHs TEPBOHAYaNbHOMN
CKOPOCTH 37eKkTpora. lIlycT, nanee, npu AaHHOM fpHUENb:
HOM paCCTOfIHHMH BePOSTHOCTHL BO3OYXKAEHHS aToMa paBHa
w(r). Hzofipazum KoJbLO, OFpaHHYEHHOE PARUYCAMH 7 W
7 4 dr, n BhIeTHM H3 HEM [0J0, PaBHYIO

do = w(r)2nar dr. (9.20)

Puc. 26.
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BenruuHy, KOTOpYi0 Mbl [10My4HUM, NPOMHTErpHpoBaB do mo
BceM 3HaueHusiM r o1 0 10 oo,
oo
0=2nf w(r)rdr, (9.21)
0

Ha30BeM aQpexTUBHOIM RONepeunblM Cceveriem 80301yicoe-
Hus aroMa 3JaekTponoMm jzaHHol ckopoctu. To, uto ¢ umeer
pasMepHOCTh NJOLajAd, BHAHO H3 onpejersouleid ¢opmy-
apl. Yro kacaerca $H3HYECKOro CMbiCAa ¢, TO, KaK JIErKo
BUACTb H3 ONpefeneHHss, 3¢ddexkTHBHOe cedyeHHe Mpejcra-
BJAeT Co6Oil Takoe CeuyeHHe, KOTOPLIM JOJIKeH 66l Obl 06-
JajaTtbh aToM, YTOOB HPH Ka)KAOM TOMaJaHHHU 3JEKTPOHa
BO36GYyXKIeHHe [NPOUCXOIHIO CO CTONPOUSHTHOH BepoAT-
HOCTBIO.

Ilousitne 5¢¢heKTUBHOrO NONEPEYHOro CeyeHHs UYpe3Bbi-
4alHO LUUPOKO HCIIONb3YeTCHA B aTOMHOH M A4epHOH (usn-
Ke U B 00/1aCTAX QU3HKH, HCCACAVIONHNX MaKPOCKOTHYECKHE
1poilecChl, CBA3aHHBIe C B3aUMOJLHCTBHEM aTOMHBIX UaCTHIL,
Ono npuMedsiercsi AJs KOJMUYECTBEHHON XapaKTePHCTHKH
BCEBO3MOXKHBIX YHOPYFHX M HEYNPYruX MNpOILEcCcoB B3aHMO-
JIefiCTBHUA.

Has usmepennsi 3(dbexkTUBHBIX NOMEPEUYHBIX CeueHUH
N0JAB3YIOTCA pasubiMi efuuunamu. B sinepHoit ¢dusuke co-
OTBETCTBYIOILeH eaunuueil sasaserca Oapu: 1078 u® wau
10-2¢ ¢x?,. B dhuszuke aTOMHBIX CTOJKHOBEHMH NMPUMEHAIOTCA
cw?, pexxe M2 § eauuHunbl af w nmal (riae ap— pajuyc nep-
BOi1 GOPOBCKOH OPOHTHI):

as=0,2800 - 107 ¢4’
nas = 0,8797 - 107" cul.

Hnorga B HayuHOfl JHTepaType MOAb3YIOTCSI npusedet-
HolM IPPerTusHbIM Ccederuem, KOTOPOe MpecTaB/sier Co-
60l CYMMYy COOTBETCTBYIOWHUX 3(PEKTHBHBIX CeYeHHH Bcex
aTOMOB WJH MOJeKyJa, 3akioueHunx B 1 cu® npu 0°C wu
[ mm pr. cr. Tag Kax OpH TAKUX YC/IOBHSIX YHCJIO MOJEKY.]
B 1 ¢M® pasuo 3,54 - 1015, To npusesnentoe >3pdheKkTUBHOE Ce-
yegHe Mbl NOJAYUYHM, YMHOXKHB Ha 3TO uyucao sdbdekrussoe
ceuenue, usmepennoe B cu?/ (cm® - mm pr. c1.). O6o3nauator
00LIYHO eAMHHIY MNPHBEAeHHOTO 3(hGeKTHBHOIO ceuenua
calemd e mm pr. CT.
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§ $.4. Ennununl sneprun aToMHoR Gu3uku

Saexkrpon-60461. Ecnn anextpon npoberaer pasHOCTb
NOTEHIHAJNOB, He nperepneBass Ha NYTH HHKAKHX MNOTEPb
SHepPruy, T0 O npuobperaerT KMHETHUECKYIO SHEPTHIO

2
(nonaras vy = 0).
[1pu npoGere 1 8 sueprus Oyner pasHa

196=1,60207 - 10" k-1 =1,60207-10"" e =
=1,60207-10"% spe. (9.23)

Ovyenb wacTo YAOOHO H3MeEpsATh 3TOIf 3Hepruesl, Kak eau-
HHLEeH, HEpPTHIO He TOJbKO 3JEKTPOHA, HO U APYTUX YacTHIL
WU 3HEPreTHuecKHX ypoBHEell B aToMax H MoJekyJaax. Ita
elUHHIA SHEeprBU HasblBaeTcad 3IAEKTPOH-GOAGT ¥ 0003Ha-
yaercn 38 (eV). Hacto moab3yloress eAMHHLAaMH SHEPTUH
B 108, 105, 10° pa3 Goabiiumu — k38, Mss, bas.

CxopocTts, KOTOpPYIO 1puOBpeTaeT 3JeKTPOH, mpobexkas
pasHocTh norteHuuanos U BoabT, Takke MOXKeT ObiTh onpe-
Jenena us popmyan (9.22)

b 1/ 2;(/ =5,932. 10° VU mfcex = 5,932 - 107 V Ucn/cex.
: (9.24)

Takum o6pasom, CKOPOCTb SJEKTPOHA OJAHO3HAYHO oOmpeje-
AsieTcs TOH pasHOCTBIO NOTEHUKANOB, KOTOPYI0 OH mApobe-
raer. [loaToMy 4acTo roBOpSIT «3JeKTpPoH o06JajgaeT CKoO-
pocteio U BoabT», mojapasyMeBas NOA 3TUM, 4TO OH o6aa«
JaeT Takofl CKOpOCTbIO, KOTOpYlo npuoGpen Obl, npolexas
pa3HoCTh norextinanos B U soabt. [lna mepeBoja cKopocTH
5/EKTPOHA B BOJBTAX B CKODOCTb, BLIPAXKEHHYIO B CM/cex,
cayxut dopmyaa (9.24).

Caa3b mendy 8AeKTPOH-80A6TOM U epadycom Kenvsuua.
Ecnn ras waxoaurcs npu teMmnepatype T, To cpeadsia KH-
HeTHUecKas SHEpPrHsi NOCTYNaTeJabHOrO ABHIKEHHS €ro MoJe-
KyJ paBHa

muy? 3



§ 94] EOVUHHLLI DHEPTUHN ATOMHONM ®U3NKU 239

Ecau 6l ¢ KaXKA0H MOJeKya0# Obisl CBA3aH 3JeMeHTapHBbIT
3apsA, TO CBOIO 3HEPTHIO MOJIEKY/IBl MOIIM Obl npuobpecTy,
npobexkaB pasHOCTb NoTeHuHanosB U, ompepensieMyio coot-
HOUIEHHEM

S kT =eU. (9.26)
Ecnu U =1 8, TO cooTBeTCTBYIOLas TEMIepaTypa

2:-138 2-1602.-1071° o
= ey =T3P K. (9.27)

Tae =

Bo mHorue ypaBHeHHS] CTATHCTHYECKOH (PH3HKH, TEepMO-
NUHAMUKH, CIEKTPOCKONHMH H Jpyrue BXOAHT 3KCIOHEH-

LIHAJbHbIH MHOXHTENb
eVIeT,

rie W — sHeprusi nepexoia H3 OJHOIO COCTOSIHHSI B JPYyroe.
Hamepsast 3Ty SHepPruio B 3AEKTPOH-BONbTAX, YAOOHO mpel-
CTaBUTb B 3JIEKTPOH-BO/ILTaX W 3HaMEHaTesb, KOTOPHIH OY-
IeT paBeH OJHOMY 3JeKTPOH-BOJBTY, eClH

T =~ 11600°K.

Cea3b MeHOy 3AeKTPOH-B0ATOM U Kaaopuell HA MOAb.
Ecau Bce MOJexyJ/El, copepKaliuecss B OLHOM MoJie, NpuoG-
peraloT sHepruio B 1 98 Kaxjas, To obLias SHeprusi Bcex
MOJIEKYJT YBEJIUYHUTCH HA

196+ N, =1,602-107".6,023-10% =23 053 xas. (9.28)

Csa3b mexcdy 3Hepeuell, uamepaemoli 8 3NEKTPOH-B0Ab-
TaX, U OAUHOL c8eTo80l goarbl. Kaxpas cnexTpasbHast Ju-
HUSl XapaKTEPU3YETCsl ONpe/e/leHHOH IHHOH BOJIHBI HJIH
YaCTOTOMH, @ CJIEOBATENBHO, OpeNeJeHHbIM KBAaHTOM 3Hepruu

v =—. (9.29)

TTosToMy MOXKHO YCT2HOBHTL CBfI3b MeEXAY H3MepEHHOH B
AHTCTpeMAaX IJHHON BOJHBI JaHHOH CeKTPa/JbHOH JIMHUH M
COOTBETCTBYIOILEH el 3Hepruefi, U3MepeHHOH B 3JEKTPOH-
BOMbTaX. DTo TeM 6ojee HMEeT CMBICJA, YTO 4acTo BO306Yy-
XKJeHue atoMa Ha 6osiee BHICOKMH 3HEepreTHUYECKHH ypOBeHb,
NpH nepexoje ¢ KOTOPOro B HOPMAJbHOE COCTOSIHME OH H3-
JiyyaeT KBAHT HEPI'HH, IPOH3BOAUTCS JIEKTPOHHBIM YAAPOM.
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W3 coorhnonienns
he

eU=hv= - (9.30)

MOZKHO JIEFKO NOAYUHTDH
AU = (12395 = 2) Ag. (9.302)

Ce8a3b MexcOy CKOpOCTHIO JAEKTPOHA, UBMEPEHHOI &
INEKTPOH-8OALTAX, I OAUHOL e20 OcOportresckoll B04HbL.
C 2J1eKTPOHOM, JIETAIWHM €O CKODOCTBIO ¥, CBfI3aHa IJIHHA

BOJIHbL

L (9.31)

mev

Boipaxasi CKOpPOCTb 3JIEKTPOHa B 3JIEKTPOH-BOJbTaX (CM.
{9.24)) ¥ nmoACTaBJAAS COOTBETCTBYIOLUHE 3HAYEHHUS AlA A M
n, NOJYUHM

A= —i= (9.31a)

3necb U nsmepsiercs B BoJbTax, a A — B aHrCTpeMax.
Yno6HO NoAb30BATBCS NPHONUIKEHHBIM BbIPaXKEHHEM

A~ V150/U, (9.316)

B3 KOTOPOro BHAHO, YTO 3JE€KTPOH ¢ 3Heprueit 150 3s umeer
neGpoileBekyIo BOJHY AauHol 1 A,

Cenzv mewcdy maccoli u anepeuedi. COryacHO TeOpHH
OTHOCHTEJBHOCTH Macca W Heprus CBA3aHBI COOTHOILEHHEM

W =mc2 (6.32)

Kak H3BeCTHO, MO H3MepeHHI0 Pa3HHUILl MeXAY Maccof
TOTO WJIHM HHOrO ATOMHOIO f/pa M CyMMOil MacC o6pasylo-
LIMX €ro NpOTOHOB M HEHTPOHOB MOXKHO BBIYHCJIUTL dHep-
THIO CBSI3W HYKJOHOB B sixpe. HuXXe Mbl mpuBoauM uan6o-
Jee ynoTpeGuTeNbHble NPHONNKEHHBIe COOTHOIEHHST MEeX 1Y
€IMHHLIAMH Macchl U 9HEPTHH.

Jas Makpockonuueckuwx tena *)

1 2 A 910 o,
12A9.10% spe.

*) A — 3HaK COOTBETCTBUI.
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OHeprusi, COOTBETCTBYIOULAH OAHOH aTOMHON eJuHHile
Macchl, paBHa

le A 1,493 - 107" 0o =931,7 Moe. (9.33)
Jlist anleMeHTapHBIX 4acTHIL
Ime A 8,18 107" 9= 0,511 Mse,
1my A 1,50 - 107" 9o = 938 Mos.

Enunnua sHeprum pudbepe. CnexrpadjbHble JUHHA BO-
JIOPOJOTIONOGHBIX ATOMOB PaclofiaraloTCs B CEPHH, YAOBJe-
TBOpSIOLIHE (popmylie

~7=R(-‘2'——‘2—), (9.31)
ny ny
rfe %— BOJIHOBOE YHCJI0 JaHHOH JIMHUH, Ry H Mg — KBaH-
TOBbIE YHCJ1a SHEPTETHYECKHX YPOBHEH, MepPEXOA MeXLY KO-
TOPBLIMH COMPOBOXKIZAETCA M3JAYYEHHUEM COOTBETCTBYIOUIENO
KBanta, R — rTak HasbBaeMmas noctosinHast PunGepra.
B cayuae siapa GeckoHeuHo GOJBUION MacCH

R, =109737,3 cxu~ 1.

Iast nmerkux atoMoB 3Hauehus mnocrosHHodl Puabepra
Hecko/MbKO Menblle, Tak, Hanmpumep, AJs aToMa BOJOPOAA

Ry = 109677 cu 1, (9.34a)

Ymuoxas o6e uacti ypaBaeHusi (9.34) Ha hc, Mbl NOAYIUM
3HaueHHE 3HepPrHM u3jayyaemoro kBaHTa. Crosiliee B mpa-
BOH YacCTH IpousseaeHue

R, = Rch, (9.35)

Ha3blBaeMoe pudb6epe n oGosHauaemoe R,, npuMedsiercs B
KauecTBe Mephbl 3ZHEPruu 3JeKTpoHHBIX yposHed. [Tosnaras
ni=1Hu ny = oo, MOXKHO onpejpeuTs punbepr Kak 3Hep-
THIO, KOTOPYIO HYXKHO OblIo Obl 2aTpaTuTh JJIA MOHH3ANUH
aToMa BOLOpOJa, ecau Gbl ero Macca paBHsaJach GeckoHey-
HocTn. Tlojcrasaas snauedus R, ¢ u A, HaiizeM, uto

IR, = 13,60 s6. (9.36)

dakTuyeckass 3HEPruA HOIK3alUHM aTOMa BOAOPORA, pace
CudTaHHas mo 3Hauenuio Ry, paBHa 13,57 3s.
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§ 9.5. Enunuusl u3MepeHus MOHHIHPYIOMIUX
H3Jy4eHu i

[Ipu moctaTouHo GONBIIOH 3HEPrHH ATOMHBIE YaCTHIIBI
(3/1eKTPOHDI, aTOMBI, HOHBI, SIAEpPHbIE YACTHUB) H (OTOHBI,
norJiolasick B rase, CnocoGHB BBI3BATH €ro HOHH3ALMIO.
Dra cnoCcOGHOCTh ONpeae/sieT 3KCIepHMEeHTalbHble CI0COOb
perucTpalud noAoOHBIX H3JAYYEHHH H HX KOJHUYECTBEeHHbIe
xapakrepucTuku. [To3TOMy Hapsiy ¢ 3HEPreTHUYECKHMH eJlu-
HHUAMH, ONpeZeNdOUMH MOLIHOCTL H3JYyYeHHsi, NOTOK
SHePrHH H T. I., NPUMCHAIOT H HEKOTOPble crelHduUecKHe
eAMHHUIbI, B YAaCTHOCTH TaKHe, KOTOPBIMH H3MepseTcd Ccro-
COGHOCTD AAHHOTO H3JYUeHHS NPOU3BECTH ONpeNeseHHYIo
HOHM3aluio rasa. Hexoropele H3 3THX €IVHUI IOCTPOEHH
Ha 6ase exunun CH, gpyrue Ha 6ase egunun CI'C.

Ilotox wacTuy uau KBAHTO3 — YMCJIO YACTUI HAH KBaH-
TOB, MPOXOASUIMX CKBO3b JaHHYI0 NOBEPXHOCTb B €IHHHUY
BpeMeny. OObIYHO MOTOK OTHOCAT K ONHOHM CEKyHIe U COOT-
BETCTBEHHO OIIPEAeIAIOT €r0 UHCJAOM COOTBETCTBYIOIIMX ya-
crunt (o, B u T. A.) HIM KBaHTOB B OAHY cekynuy. Ilorox
YACTUH, NPHXOASINMACA Ha EIMHHIY MOBEPXHOCTH, Paco-
JIOKEHHYIO NEepNeHAHKYJSPHO HalpaBJieHHIO MOTOKAa, Hasbl-
BaeTcsl IJIOTHOCTbIO [OTOKa. B 3aBHCHMOCTH OT TOro, B
KaKoH cHCTeMe eJMHHI[ HNPOM3BOJUTCA H3MepeHHe, NOTOK
OTHOCSIT K OJHOMY KBaAPaTHOMY MeTpPy HJH OJHOMY KBaj-
patHoMy caHtumeTpy. IIOTOK H3JyyeHHS HJIH IJIOTHOCTb
NOTOKA H3AyUYeHHS, U3MEPEHHbe He YHCJOM YacTll, a mepe-
HOCHMOH 3Hepruell (BaTThl M 3PrH B CEKYHAY) HJIH COOTBET-
CTBEHHO BaTThl Ha KBaJpaTHH METP H 3PrH Ha KBajpart-
Hbil CaHTHMETD M3MepSIOT MOTOK 3HEPTHH H3JYyYeHHs U
IVIOTHOCTh TMOTOKA 3HEPrHH H3JYy4eHHs, HIH ero MHTEHCHB-
HOCTb. JTH 00e BeJUYUHB M HX €JUHHLBI HOJHOCTBHIO
COBMAfAIOT C ODLIMMH SHepPreTHYeCKHMH CAMHHLAMH H3Jy-
YeHHH.

Panbiie HaM OpUXOAUJOCH BCTpeyaTbCd € 0O0BbeMHOH
HJIOTHOCTBIO 3HEpruu M ee eiuHuuamu. [Ipu uccnenoBauuu
HOHH3HDPYIOIINX H3Jy4eHHH 3Ta BeauuuHa lpuobperaer oco-
0oe 3HaueHHe, XapaKTE€PU3Yysl JHEPTUIO, NOTJOWIEHHYIO B
eIMHULEe 00beMa B pe3ynbTaTe Nepexofa SHepruu HaJjyuye-
Hust B jpyrde Buasl. OOuiee KOJHYECTBO MNOIMIOUIEHHOH
9HEepPrUU H3MepsieTcs -O0IMMH SHEPTeTHUECKUMH eNUHHIAMHU
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(Oxc, ape), a oGbeMHAass NMJAGTHOCTb HOIJIOLIEHHOH 3HEpPruu
TEeMH Ke eJAMHHUAMH, 4To U 00beMHAd MJAOTHOCTb SHEPIrHH
(Oxc/m3, apef/cm?®). OpHako NpH M3MEPEHHU NPOH3BEAEHHOMH
H3JyUeHHEeM HOHM3alUH OoJiee CYLIECTBEHHON BeNUUHHON
ABJsETCS OTHOLUEHHe MNOIVIOUEHHOH 3Hepruu He K o0beMy,
a K Macce MOINIOMIAIOUIEro BellecTBa. DTO JIETKO IOHSTD,
€CJIH PacCMOTPETh Morjoulenne B rasze. Tak Kak MOHH3aUHUSA
NPOUCXOAUT NPH B3aUMOAEHCTBHH YacCTHI[ MM KBAHTOB U3+
JYUEHHA ¢ aTOMaM{d W4 MOJEeKYy/J1aMu rasa, 10, O4eBHHO,
nNpH BABOE MeHBbIIEM AaBjieHuu norpebyercs BABoe GOJb-
mul o6beM rasa, yToObl MOJAYUYHTH OAHHAKOBYIO HOHM3a-
UHIOo. DHepruio, MOIIOLIEHHYIO eIHHHLefi MacCchl JaHHOTO
BEIECTBA, HA3bIBAIOT MOIVIOLIEHHOH [A030# wu3aydeHus D.
Ee paamepHocTh

[D]=LT"? (9.37)
H efuHRUB Oxc/Ke, apele:
1 duc/re = 10* apefe.

TlpuMensiercs Takxke enusuuna pad, pasnas 10?2 Ow/ke =
= 102 ape/e. Tlornouiennas n03a U3AY4Y€HHs1, OTHECEHHAs KO
BPEMEHHU MOIJIOLIEHUA, HA3BIBACTCH MOULHOCTLIO ROBAOWEH~
notl dosel uaayuenus p. Ee paamepHoCcTb

[p]=LT"® (9.38)

H eIUHULEL 8T/Ke u ape/(cek - K2).

Hasi xapakTepuCTHKH H3AYyYEeHHH N0 NMPOH3BeJeHHOH HM
HOHH3AUMH CAYKHT BeJNHYHHA, Ha3blBaeMasi 3IKCNO3ULUOH-
Hoti dosoil usayuenus. B cucteme CH coorBercTByIOULEH
elUHHOeH #ABJAsSeTCA KYJIOH Ha Kuwiorpamm {x/ke) — npo3sa,
NPOH3BO/JALIAA B OAHOM KWJOTPaMMe CyXOro BO3JyXa 4uC-
JO HOHOB, CYMMapHBIH 3apsil KOTOPBIX COCTaBJ/SET OAHH
KyJaoH Kampaoro 3Haka. Exunnua cucremot CI'C penreen {p)
onpefenserTcd KaK JKCHO3UIMOHHASA J03a PEHTTeHOBCKHX
WIH ramma-ayuell, NpH KOTOPOH B peayJjbrare MOJHOTO
MOHH3AIMOHHOIO MOTJIOUIEHHA B OJHOM KYGHUECKOM CaHTH-
MeTpe BO3JyXa NpPH HOPMAaJbHBIX YCJIOBUSIX 00pasyiorcs
#oHbl ¢ obuyum sapsagoMm | CI'C ezmHun kaxaoro 3naka.
dtomy coorBercTnyer 2,082-10° pmap uonos B 1 ¢m® unau
1,61 102 nap nonos B | ¢ posayxa.
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Tak kak Macca KyGHUECKOro CaHTUMETpPa BO3/yXa HpH
0°C u 760 mm p71. cr. paBHa 1,293 - 1075 ke, TO, yuuThBas
cooTHoweHue Mexay kymaoHom u CI'C enunuued sapsna,
HaliieM

Ip=2058-10"k/ke, | kfke=23,88-10%p.

Ha npaktske 06BIYHO MPUXORMTCA [OJB30BATHCH NOJBHBIMU
efHHHIIAMH MKK(Ke (MUKDOKYJOH Ha Kujiorpamm), Mmp
(Munnupentred) u Gonee METKHMH.

Ha ocHoBe enuHHI 9KCHO3ULHOHHOH JO3bl H3JyueHHS
006pasvIoTcst eNUHHIB MOU{HOCTU 0036l — KYJOH Ha KHIO-
rpaMM B CEKYHJY U PEeHTreH B CeKyHJY.

MaMmepennie 1036l H3JYYEHHS MO €€ HOHU3UDYIOUIEH CIO-
COOHOCTH MO3BOJsIET YCTaHOBHTb (DU3HUYECKHI SKBHUBAJEHT
eIHHHIBI 103bl, YUHTHIBAS CDENHIO SHEPruio, 3aTpaudBae-
MYI0O Ha HOHH3aUHI0O MOJeKyanl Bo3nyxa (oxono 33 28),
MOXHO paccyuTath, 4To | p 3kBuBajeuTeH 85 ape/e. Dra
BeJHUHHA HAa3bIBACTCH MEXAHUUYECKUM WU  QuaU4eCKUM
IKeusarenTom penTeena (obosHauaeTcs pagh wan ¢ap). [pu
OLEHKE W3JyueHHs] 10 ero GHOJIOrHYeCKOMY NeHCTRHIO TpH-
MeHsieTcsl GHOJOTHYECKH 5KBHBaJIeHT peHTreHa, o6o3Hauae-
Mblit pab wan 63p.

Hapany ¢ penrtreHom A/asi u3MepeHus oOilefl sHepruy,
norsoilenHofl enqUHUIEH Macch BelllecTBa, TNDPHMeHseTcs
pad, pasuwpiii 100 ape/e.

K eauuunam HOHH3HUPYIOLIHX H3JAYyUYeHHH B HEKOTOPO#H
CTeNeHyu NMpUMBIKAeT CrielnadbHas efiuHuna dnwredn (E),
npHMeHsieMasi MHOTAA NPH HCCNefOBAaHHH (DOTOXHMHUYECKHX
npoueccoB, dTa eauHHna onpeneasiercss kak Nqhv, rie
N 4 —uncno ABorampo, a hv— sHeprus kBaHTa. U3 srtoro
onpenejeHus BHAHO, YTO €IMHHIA SHHINTEAH He ABAAETCSH
obuiefl eguHuLell 3HEPIHH, a UMeeT pPasHOe 3H&UeHHe, 3aRH-
cAulee OT AJMHHLI BOJHBI CBeTa.

§ 9.6, EnuHYUBE PANMOAKTHBHOCTH

OCHOBHBIM MPOLECCOM, TIOAIEKAMUM PerHCTPALUNHH U U3~ -
MEepeHHIO I1IpH paAMCAKTHUBHBIX I[IpeBpalleHusX, SIBASETCH
pacnad, CONpPOBOXKAAIOUIMICS MHcOyCKanneMm asnbda- 1ad
Geta-yactuil, HefiTpOHOB W raMma-KBaHTOB. [lostomy enu-
Hitue#, xapakTtepusyolieil akTHBHOCTb HCTOUNHKA, ABASET-
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cs omMH pacnad 6 cexyndy (pacn/cex). Epunnuia axtus-
nocty, coctaBasionas  10% pacn/cex, nasbiBaercs peaep-
¢opd (pa).

Hapsay ¢ eanHunaMu pacnaj B CEKYHAY H PeHTreH mpi-
MEHSETCA elHHHIA Kfopu (ee MoJibHble [IPOH3BOJHbIE), Onpe-
neasemas kak 3,7-10'" pacn. [lpoucxoxnenne 3TOoH eau-
HHIBI cAepylollee.

Ecan B 3akpuiThill COCyL MOMeCTHTb pajuil, TO BHaua.e
KOJIHYeCcTBO pajJioHa (3MaHauuu paausa), siBasoUlerocss Opo-
JYKTOM pacnaja pajfun, OyAer BO3pacTath, HO TaK KaK CaM
paloH Taxkxke pacnagaercsa (¢ nepHoJOM noJaypacnajpa, pas-
#biM 3,82 cyTOK), TO B KOHHIe KOHUOB YCTaHOBHTCA paB-
HOBecHe MeXJy BHOBb BO3HHKalOLIHM pajJoOHOM M pacna-
JtarouMcn. T1pH 9TOM UHCNIO eXXeCceKyHIHO COBepIIAIOHHXCH
aKToB pacnaja OyleT OCTaBaTbCsl NPAKTHUECKH INOCTOAH-
HLIM, €CJH He YYHTHIBATb H3MeHeHWe MacChl CamMoro pa-
NLUsl, KOTOpOE MPOMCXOAHT BechbMa MelJielHO, C MEePHUOAOM
noaypacnana okono 1600 ner. Tlo3ToMy paaHOAKTHBHOCTb
paiua MoxeT OBITb CpaBHEHa C PafAHOAKTHBHOCTBIO pPaloHa,
HaXOAALIeroCcs B pPaBIIOBECHHW € HEKOTOPBIM KOJHUECTBOM
paaus. Eqnuuna pajgnoakTHBHOCTH K/OpU UPeACTABISET CO-
6ofi palMOaKTHBHOCTb pajiOHa, HAXOAAIIErocs B paBHOBe-
Ccu¥ ¢ OfHHM rpaMmom paaus. KoausectsBo panona, coor-
BETCTByIOLIlee DAAHOAKTHBHOCTH | Kiopu, HMeeT Maccy
6,51 +10%¢ 2 u conepxur 1,78 -10' artomos. Aabda-uactu-
ubl, MCIYCKaeMble DPafiOHOM (He YYHTHIBasl TOCJHEAYIOWHX
IIPOAYKTOB €ro pacnaja), cnocoOHBI €03/1aTh B BO3jyxe
WOHU3AUUOHHBIN TOK Hacuuenns 0,92 ma.

Jasa uaMepeunss KOHUEHTPAlUMH PafHOaKTHBHOro npena-
paTa MHOra TNPHMEHSAETCH eNMHHIA IMAH — KOHIUEeHTPalua
B 10710 xopu Ha AUTP KHUAKOCTH WJIH Fasa.

Panee npuMeHssiach euHHUA KOHLeHTpauun Maxe, pan-
naa 3,46 smana u xapakrepusyemasi TeM, HTO aibGa-4acti-
1ibl, HCTIYCKAeMbleé Pa/loHOM, HAaXOAALKUMCA B ORHOM JIHTPE,
cnocoOHH €O31aTh B BO3/1yX€ HOHM3ALHOHHHIA TOK HacCh-
wenns 103 CT'C epuuuusl TOKA.

Henyckaemble pannOakTHBHBIM NpENapaTtoM  4acTHILG
06pa3yioT 10TOK, U3IMEpSieMBIl YHCJOM YacTHIL B CEKYHAY.
Yneao yacTul, BPUXOSLMXCH Ha EJHHHLY TJOBEPXHOCTH
(KBaapaTHLIi MeTpP HNM KBaApaTHHII CAHTHMETp), npejcra«
Baser co00f NJOTHOCTb NOTOKA yacTHIL
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§ 9.7. KoapduumenTs: HOHH3ALUHH, PEKOMOHHALHH,
NOJABHKHOCTH

CBoiicTBa 37€KTPOHOB, HOHOB, aTOMOB # APYTHX 4acCTHl]
XAPAKTEPU3YIOTCA PAa3JUYHBIMH  BeJMYHHAMH, NPHCYUIUMH
JAHHBIM 4aCTHUAM W ONHUCHIBAIOLWIMMU OT/Je/]AbHbIE aKThbl
B3aUMOJEHCTBHUSL ITUX YACTHLL APYr ¢ APYIOM, C KBaHTaMH
usnydeHust ¥ T. A. K dHCly TakuX BeJHYHH OTHOCATCH, B
YACTHOCTH, PacCMOTpPeHHble Bblle 3P bheKTUBHbIE ONEpeyHble
ceyenuss. OfHAKO B psijie CAyuaeB /51 ONUCAHHUA sIBJEHHH, B
KOTODHIX ydyacTByeT GoJibllOe UHCJI0 UaCTHL, YAOOHO MoJb30-
BaTbCH CPeIHUMH MakpocKonunueckumu penauuyuHamu. C rno-
JIOGHBIM 110JIOXKEHHEM, HampuMep, NPHXOAUTCA BCTPEUaTh s
B KHHETHYECKOH TEOPDHH Tas3oB NPH ONHCAHHUHU HBJEHUH nepe-
Hoca (auddysus, BAZKOCTb, TENJIONPOBOIHOCTL) — SIBJICHHUI,
XapakTepu3yeMblX MaKPOCKOMHUECKUMH KO3(h(HUMEeHTaAMH,
3HAUYEHHE KOTOPbIX MOXKET ObITb PACCUYHTAHO C INOMOIIBIO
MoAeKyaspHoil Teopuu. B Hacrosliem naparpade Mbl npuse-
JieM HeCKOJbKO MOAOGHBIX BEJNHUHI M €IUHHI HX H3MepeHHHA
NPUMEHHTENbHO K JBHXKEHHIO 3aPSDKEHHBIX YAacTHIl B rase.

Koagpguyuent o6vemmori 3.0eKTpoHROG woHu3ayuu. J1Bu-
rasicb B 9JE@KTDHUECKOM I[10Je, 3JeKTPOoH mnpuobperaer co-
coBHOCTD HOHH30BATHL ras. Uuc/ao HOHM3AUME o4, KOTOpbIE
B CpeJHEeM NPOU3BOAHMT 3/JEKTPOH Ha eJMHHUIE CBOEro MmyTH
B HANpaBJeHUU NOJSA, HasblBaercs KoddduuueHToM o0beM-
HOl 2/IeKTPOHHOH HOHH3AUMH HAH TMepPBbHIM KOI(POhHIHEHTOM
Tayucenga. Bropoe HaszBaHue 00YC/IOBJIEHO TeM, YTO 3ITOT
Ko3¢gpuureHnT Obil BpefeH TayHCeHAOM B €ro TeopuH He-
CaMOCTOSITENLHOrO pasdpsna B rase. Mamepsercda a; elHHH-
LaMu, oOpaTHBIMU equHuile IIHHBL (M~1, cmt).

IMonobuble KOIDDHUHSHTBI C TAKHM K€ HU3MEPEHHEM MO-
ryT ObiTh BBEACHBI Uil XapaKTePUCTUKM HOHHU3ALUHU [PY-
MM yactulaMu (HanpuMep, HOHAMH).

Koagpppuyuenr pexombunayuu. Eciu B rase HaxomsTCSA
3apsKeHHble YacTHIBI 00OUX 3HAKOB C KOHHEHTPAUHSIMH My
H N, TO MOXKET HMeTb MeCTO Ipouecc pekoMOHHAUHH (BOC-
COelHHeHUs) 3THX YaCTHL B HeHTpajbHbie ATOMBl HJH MO-
JAeKyapl. YHcno Takux akTOB peKoMOMHAUMH, IPOHCXOAA-
H{HX B eJUHULY BpeMeHH B elHHULe 00beMa, OnpeaessierTcs
YpaBHeHHEM

N=an.n_, (9.39)
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rie o, — Kospopruuent pexomOunauuu. PasmepaocTs
o) =LT"" (9.40)

onpeneisieT eAMHULY H3MepeHusi: m3/cex n cmd/cex.

Koagppuyuenr nodsuscnocru (nodsuzcnocrs). CKoOpocTb
3apsiKEeHHOA YaCTHLbI, ABUXKYIIEHCS B HEKOTOPOH cpele B
3/JEKTPUUECKOM ToJe, 6Glarofaps MHOTQYHCAEHHBIM CTOJK-
HOBEHHSIM YCTdHABJMBAETCSt HAa HEKOTOPOM CpeAHEeM YpOB-
ne. TlpH 3TOM pasAHuaiOT XaOTHUECKYIO HEeHalpaBJIEeHHYIO
CKOPOCTb U HANpPaBJeHHYIO WIH APeidOBYIO CKOPOCThH BJOJb
HanpasjeHus noJd. ITocaenusas onpenensier NpoXoxKAeHHe
5JEKTPUUECKOTO TOKa. B 06llem cayuyae HanpaB/ienHasl CKoO-
POCTb &t MOXKET CJOXKHBIM 06pa3oM 3aBHCETh OT HATPANKEH-
noct noss. I1pn onpegenenHbIX YCJAOBHSIX MEXAY Hampas-
JIEHHOB CKOpPOCTBIO M HanpsKeHHOCTRIO noss E cyllectByer
npsMast NpPONOPUHOHANEHOCTD

u=bE, (9.41)

rae b — xo3dduureRT NOABMMHOCTH, WM, KaK valle roBo-
psIT, NOABHXKHOCTb II@HHOH 3apsKeHHOR YacTHObL.

Kak noxasas DiHwrreiin, MOABUKHOCTL CBf3aHa ¢ Ko3d-
dunuentoM audoysuu D ypaBHenunem

2 =4, (9.42)
rne k—nocrosiHHas DogbumaHa, e — 3apsji 3JEKTPOHA,
7 — aGcosfoTHas TemMneparypa.

Ypasuenune (9.31), B 9aCTHOCTH, yAOHNETBOPsIETCSI TIPH
JEMXKEHHH 3JEKTPOHOB B MeTaJsne, oGecrneynBas TeM CaMbIM
HPHMEHHMOCTh 151 MeTasana 3axkona Owma. Ilomeuxmnocrs
MOXKeT OBITH ONpefeseHa KaK CPefussl HanpaBJeHHas CKO-
pocTb, mpuobperaeMast UacTHUEH I[IpH JBMIKEHHU B ToOJe,
HampsKEeHHOCTh KOTOpOro pabBHa enuuuue. PasmepHocTs
NOJABHAKHOCTH B cucreMe CH

[6] = LMT %! (9.43)

1 B cucreme CI'C
[6] = LM~ (9.433)

Ha npaxTuke MOABHKHOCTb U3MEPAIOT €AUUULAMU M2/6 - cex
u cm2/8 - cex.
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[MoasukHOCTL KaK U KoagpdHuuueHT nudGy3HH npH npo-
YKHX PaBHBIX YCJ0BHSX OOpaTHO NPOMOPLUUOHAJNBHA IAOTHO-
CTH rasa HWJH npHBeNeHHOMY Aasaenuto. IlosTomy uacto
NONb3YIOTC HOHATHEM MPHBEAEHHOH TOJABHAKHOCTH, oOmpe-
AeNAEMOH COOTHOUIEHHEM

b =2, (9.44)

OO6blYHO TPUBEAEGHHYIO TMOABHXKHOCTL OTHOCAT JHGO K
I mu pr. cr., 1160 K HOpMaJbHOH aTMocdepe.

§ 9.8. EcTecTBeHHble CHCTEMbI €IMHHIY

B 370l KHHre HEONHOKPATHO YKAa3biBaJOCh, YTO MENAY
YUCAOM OCHOBHBIX €JMHMIL U YHCJOM YHHUBEDPCAJALHBIX T0-
CTOSIHHBIX CYINECTBYEeT OAHO3HauHas CBA3L — yeM OoJbilte
OCHOBHBIX eJHHML, TeM OOJbUIE TIOCTOSIHHLIX B QopMynax
thusnyeckux 3akouoB # onpenenexufl. IlpHpaBHAB rpasura-
HHOHHYIO MOCTOSIHHYIO €JMHMIE C COXpaHeHHeM OJHOBpE-
MEHHO paBeHCTBAa €JMHHIE HHEePIUOHHOH HOCTOAHHOH, Mbl
VMEHBIUXW/IH YHCJO OCHOBHBLIX €HHHIL B CHCTEMAaX reoMeTpu-
YECKHX U MeXaHHYeCKHX eJHHMIL ¢ TpeX A0 ABYX. [Ipupas-
lifB euHHUe HocTosiHHYI0 BosbumaHa, MBL JefaeM Npous-
BOJHON eNHHHIY TeMIlepaTypbl. B cucreMax sjaexkTpuyecKux
It MAUHHTHBIX €RMHHIL MBI MOXKEM HPOH3BECTH HajibHeliliee
COKpalleHUe OCHOBHBIX €AUHUI, eCJH NPUPABHSEM eNUHHIE
3/JeKTPHUUYECKYI0 M MAarHUTHYIO INOCTOSTHHBIE B CHCTEME, M0-
cTpoeHHOl mo npuHuuny cucreMst CH, uin cKopocth caera
B CHCTeMe, MoCTpoeHHOH mo npHHuuny cucrembl CI'C. Mut
ocTaeMmcsl, TaKuM o06pasoM, ¢ ABYMsS eIHHHIAMH, M3 KOTO-
PHIX O/HA eJHHULA — CHJIbl CBeTa — OTpa)KaeT (H3UYeCcKyid
cnelthUKy BOCHPHSITHS CBETa, 4 B KAUeCTBe BTOPOH MOMKET
OBIThb 110 HaUIeMy BBIGOPY TpPHHATA JUOO eIHHUIA JJIHHBL
JHO0 eAMHHIA BpeMECHH.

CrnpamuBaercs, B KakOH CTEHEHH MBI UCNOJNb30BaAU BCe
BO3MOXKHOCTH COKpAllleHHs] VHHUBEPCAJbHBIX TIOCTOSIHHBIX,
Xots ofuiee YHCAO TAKHX MOCTOSHHBIX CPABHHUTENBHO Bei-
KO, OJHAaKO, KAK MOXHO MOKa3aTh, MPOaHa/AH3MPOBAB MpoO-
HCXOXKJIeHUe COOTBETCTBYIOUIMX YypaBHeHUil, B pe3yabTate
IPOU3BEAECHHOTO COKpALLeHHsl uucaa eIHHUIl NOYTH BCe MO-
CTOAINHBIE CTAaHYT AuGO0 paBHBLIMU e/MHHUE, JAU60 KaKOMY-~
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Jaubo 6e3pasMepHOMY MOCTOSHHOMY YHCAY, MOJNYUHBLIEMYCH
B utore Kakofl-nubo mMareMaTUuecKo#l omepauuu.
Oka3sbiBaeTca Bce e, YTO JaKe [ocjie COKpallleHusl
YHCJA OCHOBHBIX e[UHHIl BCEX BeJAHUMH JO OAHOH (ocrTas-
JIIf B CTOPOHE eJHHULY CHJIbl CBETa KaK HEe CBA3aHHYIO He-
NOCPEACTBEHHO ¢ ofnledH3UYeCKHMH BendduHaMu) y Hac
OCTAIOTCHl ellle «HEHCNOAbL30BaHHbley NOCTOAAHHEIE. TaKOBHI-
MU SBJSIOTCS noctosidHas IlnaHka b u 2apsaf 3JekTpoHa e.
Jlerko ybemuTbcd B TOM, YTO B CHCTEME C OAHOH OCHOBHOM
eAuHHLeld AJHHBI Pa3MEPHOCTb 3THX KOHCTAHT OYAer

[h] = L2, (9.45)
[e] = L. (9.46)

Mbl uMeeM BO3MOXKHOCTh PacnopaiuTbCs elle OJHOH KOH-
cTaHnToli, nanpumep A, H BEIGPaTh eIHHHLY JIJAHHBI TaK, YTO-
651 nocrosiHHasn IlnaHka 6bta paBHa epguHuue. B srom
cjryyae Mbl NOJNYYMM CUCTeMy BooOule GespasmepHylo, T. €.
TAKYi0, B KOTOPOA MBI MOJHOCTBIO JHIIeHB CBOGOALI B Bbl-
6ope pasmepa Kakux OBl TO HH OBLIO €XUHHL.

Bumecro npupaBHHBaHHS efuHuue nocrosinHofl Ilnanka
MOXKHO NpHPaBHATH €AHHAUIE 3apH/ 3NeKTPOHA; TOrjla oHo-
3HayHO onpenenurcss nocrosHeEas I[lnanka. Moxuo, Hako-
Helw, NPpUPaBHATb eAHHHIE H MOCTOAHHYIO [lnaHka, W 3apag
3JeKTPOHA, HO TOTa «BbLIe3eT» Jpyrad NOCTOSHHAsg — CKO-
pPOCTH CBETA, KOTOpast B 3TOM C/lydae OKaXXercf OTJIHYHOH
OT elHHHUIHL.

CucreMsl, B KOTOPLIX MaKCHMaJlbHO BO3MOXKHOE UHC/IO
yHHUBEpCadbHBIX TIOCTOSHHBIX APHPABHEHO eIMHHUIE, MOJYUH-
JIi HAa3BAHHE <ECTeCTBEHHBIX cucTeM». HasBaHHas Bblile
cucTeMa, B KOTOpoill fi = 1, Geula npeanoxena ITTaaHKOM.
B s1ofi cucteMe eguanued aaunel  okaswiBaercs 4,02 - 10733 o,
mMacenl ~- 5,43 - 1075 2 u BpeMenun — 1,34 - 10743 cex. Kpowme
cucremnl [1nanka, 6blJIH IpeNOKeHB W APYrHe «ecTecTBeH-
Hble CHCTeMBI», TpPUpPABHUBAIOLINE eINHUIle ADYrHe YHHBep-
cajbHble nocToflHble. Tak, Hampumep, B cucreMme XapTpu
NPHpaBHEHbl eAMHUIe 3aDAR M Macca 3AeKTpPoHa, pajuyc
nepsoii 60poBcKOH opOuTHl U moctosiHHas [lnaHka, jenen-
Han Ha 2n (T. e. nocrosHuan h). B 3TOf cucTeMe enuHMUa
BpeMeHd coctasaser 2,419 10717 cek, efuHuna >Hepruau —
4,359 - 10" spe u 1. 1.
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HeBo3MoXHOCTh NpUpaBHHBAHHA €JHHHLE BceX YHHBEp-
CaJIbHbIX TIOCTOSIHHBIX O0OYCJOBJ€Ha TeM, YTO MeXAYy HEeKo-
TOPLIMH M3 3THX NOCTOSHHBIX CYLECTBYIOT ONpejeeHHble
ceasu. Taxk, Hampumep, 3apsi 3JeKTPOHa, NOCTOSHHAaN
Ilnauka n ckopoctb ceera obpasylor He3pasmMepHyo KOMGH-
HAIMIO ~— TaK HA3bIBAEMYIO IOCTOSIHHYIO TOHKOH CTPYKTYpH

Q= 5= === (9.47)

W3 snaueHnsi o BuiTekaeT, 4ro B cucteme IlmaHka sapsia

anexTpoHa Gyner pasen 1/} 2m- 137. Touno Tak ke GyayT
3a/laHHBIMM M 3HAYeHHA INOCTOAHHBIX B 3akouax Creda-
Ha — boapumaua, Buna u ap.*).

HecMoTpsa Ha TO, UTO B €CTECTBEHHBIX CHCTEMaXx BCE elu-
HUIIBI OKA3BIBAIOTCA BeCbMa JaleKHMH OT Da3MepOB BeJH-
YMH, C KOTOPbIMH TPHXOAUTCHA HMETh [E€J0 Ha MNDaKTHKe,
3TH CHCTEMEI C OOJBIIMM YCIeXOM NPHMEHSIOTCA B TEOPEeTH-
uecko#l (u3auxe, Tak KakK upe3BblHalfiHO YNPOLLAOT 3alHCh
OCHOBHBIX ypaBHEHHH, 0cBo60XK1aa MX OT JHIIHUX Kodpdu-
UHEHTOB.

3aMeTHM B 3aKJiOUeBHe, YTO ECTEeCTBEHHBIE CHCTEMbI
eHHUIL MOKHO pacCMaTpPUBATL KakK TaKHE CHCTEMbl, B KO-
TOPHIX B KauecTBe OCHOBHLIX EAMHHUIL TIPHHATBI HPHPAB-
HEHHBle GAHHHLE TOCTOSHHBIE, UTO TO3BOJAET NOCTPOUTH
cucTeMy pasmepHoctelt, B (opMyJdax KoTopoii O6yayT
(urypuporath YCJIOBHBIE CHMBOJLI PasMepHOCTEH 3THX IO-
CTOSIHHBIX.

*) Cwm. Ilpunoxenne 4,



ITpunrosxcenue 1
Jlorapudmnyeckne eruHMIb!

B ra. 6 paccMoTpennl norapudMudeckye eARHHIBLL, XapaKTepH3yoniue
HHTEHCHBHOCTb 3BYKA ~— GeJ/Ibl, X AecATast YacTb — JeHuGe/bl 0 Hemephl.
Ilo norapudMudeckoll Wkaje GblIa MOCTPOEHA H YACTOTHAA XapaKTepd-
CTHKa BLICOTHl 3Byka. IlpuMeneHne Jorapudmuueckofl WKaJbl, OAHAKO,
OTHIOAb He OTPAHHYHBAETCs aKyCTUKOH. B page ciayuaeB AManasoH us-
MeHeHHs TOH WM WHOH (H3MYeCKOM BeJIHUMHBI CTOJb IUHPOK, YTO npei-
CTaBJieHHe ero JIMHEeHHEIM MacluTaGoM OKa3biBAETCH NPAKTHYECKH He-
BO3MOXHEIM. TaK, HanmpuMep, B COBpeMeHHOH BaKyyMHOH TexHHWKe B NpO-
necce oTkayky npubopa paBAeHHE rasa MeHsieTcs OT aTMoChepHOro v
10-9—10"!! arm, a B HEKOTOPLIX J1AGOPATOPHHIX HCCIEAOBAHUAX 10 10718 —
10715 arm. BpemenHoft Xod 3TOro mpoliecca Ge3HAZEKHO MBITAThCA H30"
Opa3uTh NpH JaHHelHoM Maciutabe japgeHnil. [lono6Hoe moJj0XKeHHe Mbl
MMeeM B aCTPOHOMHH H BO MHOTHX JAPYFHX cayyasix. [IpumeHneHue jnora-
pumuyecKoro mMaciitaGa 103BOJAET H300Pa3UTh NPOLECCH H 3aKOHOMEp-
HOCTH IIPH IPaKTHYECKH HEOIDAHHYEHHOM JUamasoHe H3IMeHEeHUS MHTepe-
Cylolle# HaC BeJMUMHEI, NPHYEM KaK MaJjible, Tak ¥ GOJblMe ee 3HaUeHUs
OyRyT npeAcTaB/eHel AOCTATOYHO HArJISIAHO.

CMbIC/ NpuMeHeHUs1 morapudMudecKoil WKaJjbl, 0LHAKO, 3HAYUTENBHO
wrpe. Hepeako camo CyHIeCTBO sIBJEHHS NMOACKA3BIBAET HaM Lejecoos-
Pa3HOCTb €0 OMHCAaHHS ¢ MOMOLBIO JorapudMuuecknx enudaun. Mo yxe
rOBOpHJIH O JorapH(MHUecKOM Xapakrepe INCHXO(HU3HOJIOTHUECKOTO BOC-
NPHATHS IPOMKOCTH H BBHICOTH 3ByKa. B TakKoi e cTeNeHH 3TO OTHOCHTCSH
H K BOCHDUATHIO ADYTHX BHEUIHHX pa3ipaxeHHd, YA0B/JeTBOPHTE]bHO
yKnaabiBaomuxcs B 3akoH DBeGepa — Pexnepa, corsacHo XOTOpOMY
OLIyIleHHEe NPONOPLUHOHANBHO Jorapu@pMy pasjipaxKeHHs.

Ilpu sTOM Aas KakAoro pasjpakeHHs CYIeCTBYeT MHHHMAJbHOE OT-
HOLIeHHe ABYX 3HaueHHH xapakrtepusyiollefl ero BEJHYHHBI, KOTODOE MO-
JKeT GBITb 3aperMCTPHPOBAHO COOTBETCTBYIOHMIMM oOpraHoM uyscTB. Tak,
HanpuMep, ABe SPKOCTH MOTYT OBITb PAa3JHYEHB! 4eJOBEYECKHM I/1a30M,
eC/M HX OTHOLIEHHe paBHO NPHOAH3UTEBHO 2,5. DTO OTHOMIEHHE onpeae-
nuao jorapuMuieckufi Maciitab usMepeHus «APKOCTH» 3Be3[d — TaK Ha-
3BIBAEMYIO «3Be3JHYIO BeJHUMHY». MBI MOCTABHIH CJIOBO «APKOCTb» B Ka-
BLIYKY, TIOTOMY 4TO B LAHHOM cayyae B JefiCTBUTeJBHOCTH HM3-32 Kpaiied
YAa/ieHHOCTH 3BE€3Jl peUb HAET 006 OCBELUEHHOCTH, CO3jaBaeMod JaHHOH
3Be3/10H Ha rpauune armocdepsl. Uenoseueckuli rias BoCHpPHHMMAaeT Mo-
3TOMY 3Be3jbl KaK CBeTsiilldecss TOYKH Da3Hofi spkocTH. PoTO3A€KTpHUE-
CKag perncTpauusi NMO3BOJseT BBOJAHTL ADOOHbIE 3HAUEHHA 3BE3AHBIX Be-
auymn. [lpu 3ToM HauGosiee ApKUe 3Be3nbl H, pasymeercd, Jlyna u Coanie
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XapaKTepH3ylTCsl OTPHIATENIbHBIMH 3HAYEHHAIMH 3BEe31HON  BEJAAYHHDI
(—12,54 n —26,59 3Be3aHON BeAHUMHRE).

Jpyroft 0o6aacTeio npuMeHeHHs JorapuMudecKoro Macwraba ap-
NSIIOTCH DPOLECCH, PR KOT1OPLIX M3MeHeHHe BeJHUMHEI MPOROPLIHOHAJLHO
camofi Beanuute. K 4ucay TakHX MpoueccoB OTHOCSATCR MOTJOUIEHMe CBeTa
OHOPOAHON cpenol, anepHOAHYECKHH pa3psj KOHIeHCaTOpa Ha COMpo-
THBJIEHHE, 3aTyXaHHe CHIHAJa BIOJb TPAHCASLHOHHOA JIMHUH, UENHAS XH-
MuuecKas wan aAepHas peakuus. B nepBHIX mpHMepax cooTBeTcTBYylOLlast
BeJIHYHHA YOHBAET C PacCTOSHHEM WJH BpeMeHeM, B NOC/AeLHEM — BO3-
pacraer. B ofileM BHAE 3aKOH HW3MEHEHHs COOTBETCTBYIOWeH BeNUUHHE
MOXKeT ObITh NPeaCTaBaeH Kak

A= A", (I 1)

31cch Ag— HawajbHOe 3HaYende aHHON BeauuuHs; A — ee 3HaueHue
NPH 3HAaYeHUHW aprymeHta (paccTOsHHS, BpPeMeHH H T. N.), PABHOM 2, k—
KkosdduurenT, xapaxrepusyomufi «reMm» JaHHOro npouecca (xKosdpdu-
IIHEHT TOTNOIIEHHS, 3aTYXaHHs, YCHIEHHA H T. 1.), @ — OCHOBaHUe Jora-
pudMOB, KOTOPOE NPHHATO AJsl Onucanus nawxoro npouecca. Kosddu-
neHT £ MoXeT ObiTb KaK OTPHLLATC/bHBIM (noTJloLleHue, 3aTyXaHue), TaK
B NOJOXKHTeNbHHIM (ycuaeHHe, pasButae). OveHb YacTo B KayecTBe 3Ha-
UeHHs a4 NPUHEMAIOT OCHOBaHHe HATypaJbHbIX sorapudmos e, oanako,
pasyMeercs, MOXeT OHITb NPHHSTO J1000Ee LPYroe 4HHCJO, Hanpumep 10
HiH 2 IpH COOTBETCTBYIOIEM Bhifope KOshhuIHEHTa k.

Jast xapakTePHCTHKH BLICOTH 3BYKa, KaK yXe€ YKa3biBajnock B [J1a-
Be 6, mpHMeHseTca Jorapudmuueckan WKaja ¢ ocHoBanueM 2, Takas xke
1IKaja NPUMEHSETCS NP ONHCAHHH PAaAHOAKTHBHOrO pacnaja B cJayyae
HCMONb30BaHUA B KauyeCTBe Mephl BpeMeHM NepHoOja nosaypacmaga. ypo-
BeHb HHTCHCHBHOCTH 3BYKa (3BYKOBOH MOUIHOCTH) H3Mepsercsa JuGo B
Gegax (ocnl%saﬂue aorapudpmop 10), auGo B meunbenax (ocHoBaHHE JO-

rapapmos V' 10=1,259 ...), au6o » Henepax (oCHoOBaHuWe norapmbMoa——
uneao e=2718 ..).

Pacnpocrpaueﬂue npuMeHenHs 10rapuMHUECKHX eAHHHL He npoumo
BHOJNHE TNAaJKO H COMPOBOXKJAAJNOCh HeKOTOpOoH myTanuiuedi. B 1o Bpems
KaK B aKycTHKe Kak Gesni M JleluGedbl, TaK W HEMepul CAYXHIH AN U3-
MepeHHsl PA3HOCTH YPOBHeH MOUIHOCTH, B 3JEKTPOTEXHHKE M pajfHOTex-
HHKE NIPH ONHCAHHH 33aTYXaHHst BAOJb SJEKTPHUECKON JiHHIH lenubenaMu
H3MEpSNIOCh H3MeHeHHe YPOBHS MOLIHOCTH, a HenepaMu — H3MeHeliHe
ypoBHA HanpsenHocTH nosd. Tak Kak MOMIHOCTL [PONOPUHOH3ALHA
KBaAPATy aMIANTYAb HANDSHKEHHOCTH MOJR, TO AJs OTHOUIEHHS ABYX
MOINHOCTeH MOXHO HaNHCaTh

p, E
—_—=— (I1.2)
Py E;
nau, norapudmupys
E,
log?..=210g73_=2 -0,4343 In <L 52 (1. 3)

IMosromy, ecan B akyctuke 1 Ges pasusncs 2,303 nn (cM. (6.16)) wan
1 3?386002303 Hn, TO B 3aeKkTpoTextinke 1 96=0,1151 an nau 1 an=
= 6
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HpoiictBennocTs MorapudpMuueckKHX efMHUL PACIPCCTPAHKAACH Ua-
CTHYHO M Ha CaMble Jenu6esbl, KOTOPHIMH CTAJH U3MEPATh KAK H3MeHeHHe
MOMIHOCTH, TaK H H3MeHeHHe HANPSKEHHOCTH IOJf, HanpsiKeHHs H T. I
Sta nyraHana noGyquaa BBeCTH OGLIYIO JorapupMHUecKYIO eIHHHUKRY, ipu
NpHMEHEHHH KOTODOH KaxAblil pas cjelyeT YKaseiBaTh, K KaKOil HMe:HHO
BeJHYHHE OHA OTHOCHTCS. DhlJ BhicKasan psAj IPeJONKeHHH O xapakricpe
¥ HasBaHWH 5Tol exunHupl. HanGosblilee MpH3HAHHE MONYYWJIA eIMHHLUA,
KOTOPYIO Ha3Bajn deyliaoe, UHCJEHHO COBHAajawlias ¢ JeuHbenoM, HO
NPUMEHAIOHIASIC ¢ COOTBETCTBYIOIIMM YKa3aHHEM K JIOGHIM BeJHIHHAM.
TlpuMeneHue 1eUUNOTOB NO3BOJIAET 3aMEHHTD ONEPallHH YMHOMKEHHH H
JIQICHHA CJ0XKCHUEM H BoluuTaHueM. IIpn sTOoM na)Ke okoHuaTenbHBHI pe-
4yJbTaT MOXKHO BbIDaXKaTb HEMOCPEACTBEHHO B jelujorax. Urto kacacrtcs
Nenubesa, TO ero peilleHo COXPaHHUTh TOJABKO AJs H3MepeHHs YpoBHeil
moutHocTH. [IpH TakoM onpejefeHHH ACUMIOra MOXHO, HalmpHMep, CKa-
3aTh, 9T0 OJ(MH JELMJIOT CHJBI TOKA PaBeH OXHOMY ACUHMJIOry HanpsiKelns
MHHYC OAMH Jeuusor comporks/ienud. CoOrjacHO CKa3aHHOMY HeUHAOr
MOMHO onmpejennTh ni6o kak 10 pecsTHUHBLIX Jorapudmos ﬂﬂﬂllaoﬁ BeJIH-

“IHHBL, 60 Kak norapudm 3TOH BeJMYMHB NPH OCHOBAHHH V1o Tpu
AANHCH BeJHYHMHBI, U3MEPeHHOH B jeuu/aorax, 06f3aTelbHO CJaelyeT yka-
3biBaTh HHAEKCOM, O KAKOH eJHHHUEe HIeT peub., Tak, HanpuMep, Moiy-
HOCTb, M3MepeHHasi B KU/IOBATTAaX M 3anucaHHas AEHHJIOraMH, ROJAKHA
06o3HauYaTHCA

dig g

TlpomanmiocTpupyeM cKasaHHoe mnpuMepoM. OnpeneauM MOIHOCTH
TOKa NpPH HanpsiKeHud 2 k8 u Toke 10 a:

x= dig,,, =301 dlg,, + 10 dlg, = 13,01 dlg, .

Hecko/abKO 0COGHSIKOM CTOUT ChenHasibHas ABOMYHas sAorapudmuue-
cKRag eAauHHua Our, npuMeHseMas B Teopud uHdopMauuu. Ecam maunas
uudopManusi onpejesfsiercs H3 BO3MOXHOIO HHCJAA N PABHOBEPOSTHLIX
COOBTHA, TO Mepa 3TOH HHPOPMALUUK AaeTCs BblpaKeHHeM

N =log; n. (1. 4)

B kauecTBe npuMepa pacCMOTPHM caeaywulyio sajavy. Ilycrb umeer-
ca koJsona, comepxainas 32 kaprel. Ckosmbko TpeGyercsi BONDPOCOB, HA
KOTOpHIE MOXeT GHTh AaH OTBET «1a» WM «HeT», UTOGH Y3HaTh 3a1y-
Maunyo Kapty. Kaxiabill oTBeT, oueBHAHO, YMeHblIaeT HeonpeleleHHOCTh
B s1Ba pasa. [IpeanmosiokuM, yto 3aiyMaHa «fama nuk». Cxema Bonpocos
¥ OTBETOB MOXeT GBiTh, HAapHUMep, CAeAYIOLAs:

Bomnpoc OTrBert
1. Yepnas mactp ? Jia
2. Tpedosast Macib? Het
3. Uucaompan xapra? Her
(necsiTKa, HEBATKA U T. A.)
4. Myxckan kapta? Her

(xopouib, BaJseT)
5. Java nuk? Ja
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Jlerko BuieTh, YTO BO BCEX CAy4asix JOCTATOUYHO 3a1aTh NSITb BONPO-
€OB, 4To0b HOAYUNTH MPABHABLHBLIH OTBeT. DTO MOXKHO BBHIPA3HTb YTBEPK-«
JlenueM, UTO 3HAHHe ONpe/ieleHHON KapThl H3 ofllero uncaa 32 conepxuT
Hagopmauuio 5 6ur. 3HaHue KJeTKH MAXMaTHOH JOCKH, HA KOTOpo#d Ha-
XOJHTCA AaHHas (uUrypa, conepkur, OUeBHAHO,

N =log;64=6 6ur n 1. m.

TIlpunroxenue 2

MBMCPCHHB NJOTHOCTH XHIAKOCTH apeoMeTrpom

Ilna u3MepeHHR NAOTHOCTH MKHMJKOCTH TPHMEHSIOTCS apeoMeTphl.
Cxemartuueckui veprex npubopa noxasan Ha puc. 30. B HHxHeR yacTH
WaxoAuTCs rpy3 [, yZepxuBaionii apeo-
M MeTp B HCOBITYeMOH HIKOCTH B BEpTH-
KajapHoM noaoxenun Ha Tonkofi TpyOke
2 2 HAHOCSATCA AesieHUsi, COOTBETCTBYIOUIHE H3-
- MepsieMofl NJIOTHOCTH, TOCKOMBbKY Taybuna
MOrPy’KeHHsl 3aBHCUT OT IIOTHOCTH XKHA-
KOCTH. B HacToslee BpeMsi 3TH JeJ€HHS
npaMo  NMOKA3WBAOT MJCTHOCTb {06bIYHO
B TIpaMMax Ha KyGuueckuii caHTuMeTp).
Oanako paHee TPHMEHSJIMCh YCIOBHBIE
UIKaJLl ‘¥ OJOTHOCThH ONpejessAsach B rpa-
Lycax COOTBeTCTBYIOImEH wkaasl. [Ipa sTom
JlenedHss Ha TpyOKe HAaHOCHJIHMCb Ha DPaB-
HBIX PacCTOSHHAX APYT oT apyra. Ecau B
KHJAKOCTH, TWJIOTHOCTb KOTOPOf paBHa Qo,
apeoMeTp MOrpyKeH A0 OTMETKH, YC10BHO
npHHHMaeMoOR 3a HYJeBylo, M 00beM [O-
rpy}eHHofi uactu pased V, a npH norpy-
JKeHHH B KHMIKOCTb C IVIOTHOCTBIO P ypo-
BEeHb H3MEHsieTcsi Ha n JeneHufi H oObeM
y3Kofi TPYOKH MeXAy ABYMS OEJSHHAMH
paBeH U, TO

T T

—_ - [
O=Poy i (I1.5)

rje 3Hak ILIIOC COOTBETCTBYeT GoJjiee JerKoH, a MHHYC — GoJee TsKenoil
KUIKOCTH, B pasHbix apeoMerpax persaMeHTHPOBAJIOCH OlpeAeseHHoe
OTHOLICHHE

Vv

N=—Z,
v

Torza nas nepeBoja NJAOTHOCTH B rpaaycax (ZejeHust WKaaw) B
OTHOCHTE/IBHYIO IJIOTHOCTh OyleT cayXKHTb Gopmyna

N
P=Fn (11.6)

B KOTOPOH TUIOTHOCTD P¢ BPHHATA 3a €AHHHLY,
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HauGossiee pacmpocTpaHerdne uMes B CBoe BpeMs apeoMerp Bowme,
B KoTopoM N=1443, a 3a ejuHHUY [JOTHOCTH NMPHHUMANACh MJIOTHOCTb
soanl mpn 15° C. OGosnauanach miotHocts B rpasycax Bome °Be’.

Hpunoocenue 3

BojpopoaHbliii noxkasateds

AKTHBHOCTD DACTBOPOB 3/EKTPOJHTOB 3aBHCHT OT KOHLEHTPalUHK
HOHOB B pactBope. OqHAKO 3Ta 3aBUCHMOCTb He BIOJHE OJHO3HAUHA H3-3a
B3aUMOJeHCTBUST Mex Ay HoHaMH. IT03TOMY XapaKTepHCTHKOH aKTUBHOCTH
KOHLEHTpAlKss MOXKET CJYMKHTb JHIIb B CHJIbHO pa3GaB/ieHHLIX pPacTBO-
pax. Ilpu Gonbmux 3nauyeHHAX KOHLEHTPAUHH BBOJAHMTCSI NOHSTHE 3KBH«
BaJIGHTHOIl KOHLEHTpAaUUN, NpejcTaB/isiollell co6oi npousbejeHne HCTHH=
10H KOHHUEHTPAUUH HA KOPDOhHUHEHT aKTHBHOCTH, MEHBINHH equHHnb. [To-
CKOJIbKY KaK HCTHHHAsi, TaK ¥ 5KBHBAJIEHTHAs KOHLEHTPALHH HOHOB MOT'YT
H3MEHATHCA B BECbMa LUHPOKHX Npefesiax, NMONb3YITCH J0rapH(MHYecKoi
wkanoit, MamepseMeit nmo sTo#i WKame BONOPOAHBIH moOKasaTeab (060-
snayaetcst pH, paBen BasiToMy ¢ oOpaTHBIM 3HAKOM JIOTApPH(PMY AKTHB-
HOCTH WJH 3KBHUBAJEeHTHOH KOHUEHTpalUHM HOHOB BOAOPOJA, H3MepeHHON
8 rpaMM-3KBHBaJeHTax Ha JHTP). Tak Kak KOHLEHTPAUHUs HOHOB BOJO-
poja B BOJe (M XMMHYeCKH HeHTpaspHbIX Cpefax) pasra 1077, To aas
Boasl pH=7. B Kuc/abIX cpefax KOHUEHTpauMs HOHOB BOAOPOIA Bblllle H
coorsercTBentio pH < 7, a B WenoyHbIX — HaoGopor — pH > 7,

Ipuroxcerue 4

Koucranrst

B HactofleM NpHIOKEHHH TPUBOAATCH 3HAYCHHS HandoJee BasKHbIX
YHHBEPCAJLHBIX HNOCTOSTHHBIX («MHpPOBBIE KOHCTAHTHI»). Te M3 HHX, CMBIC
KOTOPBIX JOCTATOYHO O4YeBMAEH, AaloTcs Ge3 mosicHenuid. B apyrux ciay-
4yasx NPHBOAMTCH RHGO CCHIIKA HA COOTBETCTBYIOLLME (OPMYJbl OCHOB-
HOTO TEeKCTa KHHTH, auGo OOBACHSETCA NPOUCXOXKJeHHE K (u3uyecKuil
CMbICJ KOHCTAHTBI. KpoMe Toro, MOCKOJIBKY HEKOTOpbie KOHCTAHTLI B3aUM-
HO CBSi3aHbl, JAIOTCS H (POPMY/LL, B KOTOPBIX OJHH KOHCTAHThHI BhIpaXKeHbl
uepes Jpyrue.

Ujic/ienHbie 3HAYeHMs KOHCTAHT JaHbl C TaKHM UHCIOM 3HAKOB, UTO-
66l NPy BO3MOKHOM HX YTOUHEHMH H3MEHEHHE MPOH30WLIO He GoJjee yeM
HAa eAHHMLY B Npenmnoc/iennedt 3uauamnefi nudpe. Bce 3sHauenns panbt
B cucremax CHM u CI'C u B oTaenbHBIX Clydasix B HEKOTODBIX BHeCH-
CTEeMHBIX €XMHHIAX.

Cropocte ceera

¢ =2,997925 - 108 m/cex = 2,997925 - 101 cm/cex.

B cBA3u ¢ TeM, YTO B PS4 BbIPaXKeHUH, B UACTHOCTH B HEKOTOpHE
ypaBHeHusi snekTpomarsHetusma B cucreMe CI'C, ckopocTb cBeTa BXOAHT
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B creneHsx 2, —1 0 —2, OpHBOAHM COOTBETCTBYIOUIME 3HAYCHHA C TOUY-
HOCTBIO A0 eJMNHIL B NOCJEAHEM 3HAKE:

c?=18,98726- 10!® u2/cex? = 8,98726 - 1020 xn2/cex?,
—l— =3,33572- 1077 cex/m=3,33572- 10711 cexfcn,

Cl2= 1,11270 - 10717 cex?®/m? = 1,11270 - 102 con®lem’.

un/lO Aeoeadpo—uncno MOJIeK)’Jl B KWJIOMOJE HJIH MOJIC
— - 9 -
N, =6,0225- 10% kmoao™! = 6,0225 - 102 moss™ L.
l‘pa’eurauuouuaﬂ NOCTOAHHAR

G=6670-10""" n-1x*/x® =6,670-107% dun - cn?/E

3apad srexrpora

e=160210-10"1 £ =14,8030-10"1° crc.
Macca srexrpona

me=9,1001 - 1073 x2=9,1001 - 10 ..

Macca nporona

mp=1,67252-107% ke =1,67252- 1072 2,
Macca nedirpona

m,=1,67482-107% xe=1,67482-107% ¢,

HQucao Papades — KONMMUECTBO SAEKTPUYECTBA, NPU NPOTEKAHHN KO-
TOPOro Yepe3 3MEKTPOJHT Ha KaXKIOM 3J€KTPONe BhLAEJSETCS OXHH FPaM -
9KBHBAJICHT BellleCTBa

F=eN,=9,6487-10* x =28926- 10" CrC.
Tlocrosnnaa Iaanka

h=6,6748-107%* 9ac - cex = 6,6748 - 1027 spz - cex,
h

h=gg=

1,0545 - 1073 9o - cex = 1,0545 - 10727 ape - cex.

Mocroannyio i uvoraa HaswlBalOT nocroaxxodl Hupaxa.

Hocroaunan Tomkod crpyktyper. WccaenoBaHHe cneKTpasibHHX JAH-
HUI BOLOPO/A ¢ MOMOLIBIO NpHOOPOB BHICOKOH paspellarpmeli cnocofHo-
CTH TOKasajo, YTO 3TH JHHHHY 00/1a1al0T TOHKOH CTpPYKTypo#, T. e. co-
CTOST W3 HECKOJbKHX JAuHAMA, BecbMa OJH3KO PACNOJNOMNeHHBHX IPYFr K

Apyry.
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Toukas crpyxkTypa anunfi oGbscuseTcs NpH yueTe TEOPHH OTHO-
CHT@AbHOCTH H COGCTBEHHOr0 MarHUTHOTO MoMeHTa sjektpona. Hlo6aBou-
Has 3Heprusa, cosjawmilas paclienjieHHe JHHHH, onpefenneTcs BhpaXe-
HUEM, B KOTOpOe BXOAHT Ge3pa3MepHBlii MHOXKHTENb ¢, HasbiBaeMblil mo-
CTOAHHO! TOHKOH CTPYKTYDbI H UMCJIEHHO DaBHBIA

2
0= =7,2970-1077,
e
O6paTran Besmuuna
L 137,039.
a

OtHowenue 3apada 32eKTPona K e20 macce
% = 1,75880 - 10!! x/ke = 5,27274 - 101 CT'C/e.

Komnronosckes dauna soanet, TIpn paccessHHM PeHTIeHOBCKHX Nyueld
Ha  CBOGOJHBIX ~ JiEKTPOHAX TPOHCXOIHT H3MEHEHHEe [JHHL BOJHHI,
oGycaoBaennoe oOMEHOM 3HeprHefl M uUMOYJAbCOM Mexay QoTouoM
i agekrponon  (3tdext Komnrona). Iro u3MeHeHHe onpenessiercs
(popmy.aoht

Ak =hy (1 —cos 0), (. 7)
rae 8 —yroa oTkaoHeHWsi (oOTOHZ OT NEPBOHAYANBHONO HanpaBjeHHA,
}o — KOMITOHOBCKASA AJHIA BOAHBL

h

ho=——=242621 - 10712 5 =2,42521 - 10710 cu

Wworna B ypasHeHus BBOASAT BEJIHYHHY, B 27 Pa3 MeHbINYIO:

2= ’“f; =3,86144. 10718 4 =386144- 107 .

2

ITocroannan Puddepza. @opmyaa (9.34) onpeaejisier BOJHOBHIE UMC-
Ja  CHEKTPAaJbHbIX JHHAK BOLOPOJONOAOOHHIX aTomos. Bxonsawas s
37Ty Qopity nocrofHHas PpaGepra R HECKONbKO pasaHyHa AAR Pa3HLIX
aTOMOB BCJeACTBYe pasiuwiss Macc saep. Jas saapa  Geckoneunod
Maceot

mee*

=€ 10973731107 571 =1,0073731 - 105 cx” L
4nhie

Ra

Paduyc Bopa — panuyc ocHOBHOIl OpGHTH 3JAeKTpoHa B aToMe BO-
RopoJa 1o «kaaccHyeckoit» Teopuu Bopa

=5,29187 . 10™1 4 =529187-107% o= 0529187 A,

Q==
07 et
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Maeneron bBopa. Onpepeneune wMarserona Dopa O6bio jpano B
§ 9.2 (9.6). Bosee To4HOe ero 3Hauenne ¢ OOBIYHO NPUHATOH 3aMHCHIO
€/IHHULL

pp=92732. 1072 gy 7271 =9,2732- 1072 5pz- 20l

Hopmaaenoii o6vem 2a3a — 06bEM KHAOMOJS WIH MOJsl rasa MpH
HopMadabHblx yedaoBuax (0°C u 1 arm)

Vo=22,414 s¥/kmonrs (a/monrs) =2,2414.10% cu®/moass,

Ynusepcasvnan 2azosas nocroaxsas. Corsacno ypasHeuuio Kuna-
nefipona — Mengeneesa (5.2) yHuBepcasbHas rasosas MOCTOSIHHAA MoO-
XKeT OblTh onpejesieHa BolpakeHHeM

pVs
7

(11.8)

TloacTaBasis COOTBETCTBYIOLLHE HOPMAJIbHLIM YCJAOBHAM 3HAUSHUN
u T, noayuuM sHaueHdue R, KOTOpOe BbIPasUM B PAa3HbIX €AHHHLAX:

R =8,3143 - 10® Jxc/(k M08 » 2pad) =9,3143 « 107 apef(moab « epad) =
= 1,9858 kaa/(#so.16 - epad) = 8,2053 - 1072 4. arn/{moas < epad).

Mocrosnnana Boavymana MoXKeT OHTb onpefeseHa Kak OTHOUIeHHe
yHUBEDCaNbHON ra3oBoit noctosHHol K yncay Asoraapo

k= Ni = 1,3805 - 10°% One/epad = 1,3805 10716 apezfepad.
A

Iocrosnnas 8 3axone Cregrana — Bboavymarna (popmyant (5.4)
(8.11))

o = 5,669 - 10~8 BT/(M2 . epa64) =5,669.107° ape/(cm2 . epa64).
ITocroannan @ 3axoHe cmewenus Buna (popmyna (5.5))
b=28978 1073 s .2pad =0,28078 cu - epad.

3akon usaydenus [lianka M03BOASET BHIPA3HUTH MOCTOAHHLIE O H O
yepes nocrosuuble i, k u ¢

o= 108232080, (1. 9)
bl __ (1. 10)
T,9651%

{xosdbuunentu 1,0823 n 4,9651 noayuaioTcs 8 peayabTaTe COOTBETCTBYIO-
IWHX MaTeMaTHUeCKHX onepanuii).
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Il puroscerue 5
Ta6anuw

B ra6a. | gaHa cBOAKA €QHHHIL reOMETPHUECKHX H MeXaHHUECKHX Be-
. B 1aba. 24 — nogo6uas Ke CBOIKA 3/eKTPHUECKHX M MarCHHTHDLIX
exnnnl, TlpuBenennt eanHRUBI W PasMepUOCTH B YeThIpeX CHCTEMaX.
Ta6n. 25 npeacraBaser coGoit 3amich YpaBHeHWH 3eKTpoMarHeTu3Ma
TaKkKe B yeThipex cucreMax. Taba. 2—23 u 26—45 aaioT cooTHOMmEHHA
MEeXAY €AMHMUAMH Pa3auulblX BEAIYHH B Pa3HbIX CHCTEMAX H YaCTHUHO
MeX Y BHEeCHCTeMHbIMH egduuuamu. [leperoiubie MHOMUTEAN AAHBI, Kak
NpaBuJo, ¢ TOYHOCTBIO A0 TpeTwell 3Hauvawledd wndpu. o uerBeproit
1gpbl OPHBOAATCA MHOXKHTEAN JHIIL AJA edHHHL BpeMenH. Taba. 46—
53 ABJAAIOTCH BCIIOMOraTeabHbIMH M BKAIOUAIOT HEKOTOPLIC aHrtickue o
aMepuKaHCKHe eIHHHUbLI, eAIHHUb, Il YTBepKAeHHLie CTaljapTaMu,
mKaabl TBEPAOCTH H CKOPOCTH BeTpa, 0603HAUCHHSA CIMHHL H JECSATHUHBIX
npucTaBok M 1. u. Tada. 54—59 aBAAIOTCA HHCTO WIOCTPATHRHBIMA H
UMEIOT UeAblo NMOKa3aTb, KAKOTO MOpfiiKa YHCAA TOMYYAloTCA Npi d3Me-
peHill HEKOTOPbIX CBOACTB MatepnajoB eANHHIAMH PasHYHLIX  CHCTEM
i gHanbojee pacnpoCTPAHEHHBIMN BHECUCTEMHBIMH €AUHHIAMM.

TMIEPEYEHD TABJIHLL

1. Cpoanasn TaGanua reoMeTpUIECKHX H MeXaHUUYECKHX BeJIHTHH

2. Csf3b MEXKAY eAHINIIAMH JLIHHBE

3. Cssisb MeXKAY eAHHUIIAMU NIOWALH

4, CBA3b Mexay eaHHHuaMi odbema

5, CBA3b MekIYy equiuiaMi TeJecHoro yraa

6. CpA3b Memjy eaHHHUAMH yrJa

7. CBAi3b MeR1y eRHHHLAMH. BPEMeHH

8. Cesisb MeMK1Y eIHIHIAMA CKOPOCTH

9. CBA3b MEXKAY €LUHANAMH yCKOpeiud

10. CBAa3b Mexay enHHHHAMH YIJIOBOH CKOPOCTH

11. Css3p Memay einHHILAMI MacCHl

12. CBa3b Me:xKAYy eqHHHIAMH CHDL

13. Cpa3b Mexy eadiiuuaMH JaBjenis

14, Cea3b Mexay eanHunaMu paloTsl u sHEPruf

15. CAsb MemAY €AUHINIAMI MOULUOCTI

16. CBA3b Mexny eautHilaMH AMOMeHTa HHEpIH

17. Cpasp Mexay egguHuaMi MoayJell ynpyrocTH H CABHTa

18. C#3b Mex 1y NpHBeISHHBIM AaBJEHHEM H KOHUeHTpauHeil

19. Cea3p Mexay eAUHHLAMH yAeJNbHOH TelaoeMKOoCTH

20. Ceasb Mexay eanuunaMu Ro3pdHILMeHTa TENAONPOBOAHOCTH

21, Ceasb mexay eauunnaMy xosdgHilienta Teljonepesayn

22. CeA3b MeXay eAHHHUAMH dHTepBana 4acroT

23. MysblRaablible HHTEPBaJb

24, CpoaHas Tabnuna 3JeKTPHUECKHX M MATHATHLIX @IHHHI

2b. YpaBHenHs sneKTpPOMarueTnaMa, 3anucaHible B PasHbIX CHCTeMax
€ THHHL

26. Cpasb MEXKAY €AHHULAMH 328PAiAa
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NPUNTOXREHUSA 5

CBs3b MEXKAY eAHHHUAMH HanpsxXeHHOCTH N0Jist
CBasb MexXAy €XHHHUAMH ﬂOBerHOCTHOfl nAOTUOCTH 3apsaaa

. CBsA3b MeXAy eRMHHIAMH OGBEMHOI [IOTHOCTH 3ap#jAa
. CBSiab MEXKAY €QHHHLUAMH CMeLieHHs

. CBfab MeX1Y eHHHLAMH IOTOKA CMELUeHHS

. CBs13b MeXJly e/JHHHIaMH MOTeHllHaaa

. CB53b MeXAY eAHHHUAMH eMKOCTH

. CBsiap MeXAY eAHHHUAMH CHJIBI TOKA

. CBf3b MeXJy eRHHHIAMH CONPOTHBJEHIS

. CBsiab MeXAY eAMHHIAMH YeJbHOTO CONPOTHBJENHS

Cssab Mexpay €AHHHIlaMH MAarduTHOR HHAYKIUHH

. Cassp MEXKAY €ANHHUAMH MarHiuTHOIrO NOTOKa

. Ces3b MEXAY €AHHHLAMH HanpsXCeHHOCTH MArHHTHOTO 0047

. CBsiab MeXAYy eAHHHIaMH Marmno;(mnxymei’i CHbL

. Csizb MEXAY €eAHHHUAM{ HHAYKTUBHOCTH H B3aHMHOM HHAYKTHUR-

HOCTH

. CBf3b MekKAy €AMHHLAMH FPKOCTH
. 3uavenus OTHOCHTENbHOM W aGCOMIOTHON BUIHOCTH NpH Pa3AUUHBIX

AJiHHaX BOJH

. CBf3b MEXKAY JIEKTPOH-BOJILTOM H JAPYTHMH eIHHHIAMH

. Casi3b Mexay efuHHUaMi 3(deKTHBHBIX HOMEpeUHbiX CeueHHi

. HIxana Bodopra

. Hlkans TBEpaOCTH

. Hekotopeie nauGosiee 4acTo BCTpedaloliHecss aurjauiicKue H avepu-

KAaHCKne €AMHUIB

. HeKOTOpre €JMHHIBI K HAa3BAHWA €AHHHU, HMeIolHe OrpaHuvyennoe

npumenenne H He pomefmne B N'OCT

. TemnepatypHble TOUKH

. Pycckie n MexAyHapoAHble 0003HAYCHHA eLHHHUIL

. JlecsiTuuHbie MPHCTABKH

. OGosnauenus pU3HYECKUX BeJHUHH

. Moayab ympyrocti (moayap IOHTa) HeKOTOPLIX MAaTepHalos
. BsA3KkocTh HexoTOpHIX kHAKocTel npu 20°C

. TennoeMKOCTH HEKOTOPHIX BeLIEeCTB

. Koo ¢puuuenr TenjonpoBOJHOCTH HEKOTOPHIX MaTepHasios

. YIe/bHoe akycTHIECKOe CGHPOTHB/JEHHE HEKOTODBIX Cpet

. ¥YaenpHoe cCONPOTHBJCHNE HEKOTOPBIX MPOBOAHHKOB



Ceognas raGauna CEeOMETPHYECCKHX H MEXaHHYECKHX eAMHHI

Tabawuwa 1

dopmyaa pa3mMepHOCTH EanHuIB
Besnunna or?;:zggl}::ng
CH u CIc| MKrcc CH crc MKTICC
Iausa 1 L L M o A
Macca R 1y M L=FT? Kz 2 u (1. e. M)
a

Bpems H T T cex cek cex
IMnomaan s=i L? L? »? el T
O6bem V=i L® L? M e’ u
Yron @=lr 1 1 pad pad pad
TenecHnfl yroa v=Sir? 1 1 crep crep crep
KpHpH3Ha p=Llir L~! ! Pt cn™! =1
l'ayccora KpHBH3Ha K=1r? L? L2 P en™? e
CraTuyeckuft MOMEHT 0JnQ-

cKol  QUrypsl S,= J' rds L® L® n® en® #®

s

QOcepoll ¥ NOAAPHbIA MOMEH- 2 4 4 . 4 A

Tel NAOCKOHR GuUTYyph Jz = J' reds L L M oM M

s

Cropocts o= _.f_ Lr-! Lr~! Micex calcex Micex

5

KIUyavL

196



Ta6auna | (npodormenite)

————— e

)y ®opmyna onpesenenns B cucreMe MKICC.
%) ®opmyaa onpefenenns B cucreMax CU u CI'C,

dopMyna pasMepHOCTH ExuusUn
dopMyaa
Beanunna onpenesieHns
CH u Crc¢{ MKrcc CH crc MKrcc
v, —v _ -
Yckoperue a= _2._?_1 Lr—* LT™2 M/Cefcz c,u/cetc2 .u/r:erc2
-1 —1 —-1 -1 -1
YrioBasg CKOPOCThH O=0/t T T cex cexk cex
@, —© - _ - - -2
YrieBoe ! YCKOPeHHe g —2 7 ! 7t 7?2 cex ™2 cex™? cex
Tlepuon T = 27/® T T cex cex cex
YacroTa N=YT 71 71 2y 2y 2y
TpanaMeHT CKOPOCTH grad v =dv/dl ! 7! cex™! cex™! cex™!
- - 3
OGBemHblll pacXon Q= dVids Ler—i L3r—? #3/cex cen®/cex u3/cex
— -1
T110THOCTE OGBEMHOTO pac- q,=Q._/s Lt LT Micex cum/cex Micex
Xona 4 el
—1 —! T. & M./cex)
MaccoBas CKOPOCTL 110TOKa Q= ‘Z’tn MT LFT Kefcex efcex uleek (
CHaa f=ma? LMr—? F # Sun ‘K2C
MoMent cuasl M= LimMr—? LF HeM dun-cH Kec M
VMOyasc CUJABI ft LMT™! FT HCer Gun-cek Kec-cex
KONHYecTBO NBHMKEHHS mo LMT™! FT Kz Micex | e-emlcex | u-micex (T. e. M. mfcex)
b -
Pa6ora H 3HEPTHA A=fl cos(f, ) Lmr—? LF Qo 8pa Kac M
OfvzeMHast NAOTHOCTb SHEp- w=W/V L~ Imr—? L= docin® spaes® Kkec/m®
TuR
MomnocTs P=Aft L2mr—3 LFT™! er apzjcer Kec- Micer
HMuoyase MOMeNTa cManl Mt Limr—! LFT Hecer dun-cex K2c-cex
MouMenr KosH4ecTBa  ABH- L =mor=Jo Limr—? LFT Ke-Micex | 2-cmicex | u-mjcex (T. e. M, -m/cex)
SKeHHs
dasnenne p=fls L='mMr—? L% uim? dunfen® xecin?
Fpaguent nabnenns grad p = dp/dl L™2pm72 L~%F ain® dunfcu® kac/m®
MoMenT HHepuHM Tena J= J‘ % dm LM LFT? ke M 2-cu® wem? (e mcex?)
v
Maotnocts p=m/V L™ L~%rT? xe/u® 2/em® uin® (kece-cex?/u*)
Moayas ynpyrocta u casura E=fl{sAl L= lyr=2 L™ Hin? Sunfem® xzc/n®
{03 - -
K cx?gri[;l;ﬂem BCECTOPOHHEro Ko :/ Z;’ LM 172 L2F—! Mz/u el oun o7 -
Bsizkocts f b1 —2 2 R
W=——<awa |LT'MT LTFT | n-cex/n na K2 ceRIM
Kosdbduunedr norepxHocT- 0= f/l M2 L='F HIM Junfcn Kecim
HOrQ HaTsXKeHHs (00c/n?) apefcs?)
A - -
Kosddbunnenr zuddysun D= ———A-?S:‘W Lir=! Lir—! Mz/CeK‘. CMz/CelC ?/cex
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Ta6auna | (npodormenite)

————— e

)y ®opmyna onpesenenns B cucreMe MKICC.
%) ®opmyaa onpefenenns B cucreMax CU u CI'C,

dopMyna pasMepHOCTH ExuusUn
dopMyaa
Beanunna onpenesieHns
CH u Crc¢{ MKrcc CH crc MKrcc
v, —v _ -
Yckoperue a= _2._?_1 Lr—* LT™2 M/Cefcz c,u/cetc2 .u/r:erc2
-1 —1 —-1 -1 -1
YrioBasg CKOPOCThH O=0/t T T cex cexk cex
@, —© - _ - - -2
YrieBoe ! YCKOPeHHe g —2 7 ! 7t 7?2 cex ™2 cex™? cex
Tlepuon T = 27/® T T cex cex cex
YacroTa N=YT 71 71 2y 2y 2y
TpanaMeHT CKOPOCTH grad v =dv/dl ! 7! cex™! cex™! cex™!
- - 3
OGBemHblll pacXon Q= dVids Ler—i L3r—? #3/cex cen®/cex u3/cex
— -1
T110THOCTE OGBEMHOTO pac- q,=Q._/s Lt LT Micex cum/cex Micex
Xona 4 el
—1 —! T. & M./cex)
MaccoBas CKOPOCTL 110TOKa Q= ‘Z’tn MT LFT Kefcex efcex uleek (
CHaa f=ma? LMr—? F # Sun ‘K2C
MoMent cuasl M= LimMr—? LF HeM dun-cH Kec M
VMOyasc CUJABI ft LMT™! FT HCer Gun-cek Kec-cex
KONHYecTBO NBHMKEHHS mo LMT™! FT Kz Micex | e-emlcex | u-micex (T. e. M. mfcex)
b -
Pa6ora H 3HEPTHA A=fl cos(f, ) Lmr—? LF Qo 8pa Kac M
OfvzeMHast NAOTHOCTb SHEp- w=W/V L~ Imr—? L= docin® spaes® Kkec/m®
TuR
MomnocTs P=Aft L2mr—3 LFT™! er apzjcer Kec- Micer
HMuoyase MOMeNTa cManl Mt Limr—! LFT Hecer dun-cex K2c-cex
MouMenr KosH4ecTBa  ABH- L =mor=Jo Limr—? LFT Ke-Micex | 2-cmicex | u-mjcex (T. e. M, -m/cex)
SKeHHs
dasnenne p=fls L='mMr—? L% uim? dunfen® xecin?
Fpaguent nabnenns grad p = dp/dl L™2pm72 L~%F ain® dunfcu® kac/m®
MoMenT HHepuHM Tena J= J‘ % dm LM LFT? ke M 2-cu® wem? (e mcex?)
v
Maotnocts p=m/V L™ L~%rT? xe/u® 2/em® uin® (kece-cex?/u*)
Moayas ynpyrocta u casura E=fl{sAl L= lyr=2 L™ Hin? Sunfem® xzc/n®
{03 - -
K cx?gri[;l;ﬂem BCECTOPOHHEro Ko :/ Z;’ LM 172 L2F—! Mz/u el oun o7 -
Bsizkocts f b1 —2 2 R
W=——<awa |LT'MT LTFT | n-cex/n na K2 ceRIM
Kosdbduunedr norepxHocT- 0= f/l M2 L='F HIM Junfcn Kecim
HOrQ HaTsXKeHHs (00c/n?) apefcs?)
A - -
Kosddbunnenr zuddysun D= ———A-?S:‘W Lir=! Lir—! Mz/CeK‘. CMz/CelC ?/cex
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Cesss MEXAY ¢HHHUAMH RJHHb

Ta6auwuna 2

L}P;Eggla Kn Y ‘ oM Mu | (k) ‘)‘ P ' A ' X ’moimos dyTon (Moﬁ}“{ﬁm
1 km= Tl 10° 10° 108 10° 1012 10'8 108 f304-10* |3,28-10° | o540
1 age= 1073 1 10 10° 10° 10° 10!° 108 39,4 3,28 5,40-107%
1cn= 1078 102 1 10 10% 10’ 10 10"t Jo,304 3,28-1072 | 5,40-107°
1 ma= 107" 107° 1071 1 10% 108 10 10'°  1304-1072 | 3281072 | 54.1077
g ,u;m= 107° 1078 107t 1073 1 10 10* 107 1394-107% | 3,98-107% | 5.4.1071°
MK .
1 Ha= 10712 1070 1077 1078 |08 1 10 10*  |394.107% | 3,28.107° [ 5.4.10713
1A= 10712 10710 1078 1077 |17t 0,1 1 10°  [3.94-107° | 3,28-107'% | 5.4.1071*
1 X= 10718 10713 1071 10710 1077 10! 1078 1 3,04-10712) 328.10713 | 5.4.107%7
1 mioftd =| 2,54:107°) 2,54-107% 2,54 25,4 254-10* [2,54.107 |2,54.10° | 2,54-10"" 1 8,33.107% | 1,37.107°
! dyr=|3,05-10"% 0,305 30,5 305102 | 305105 30510 |3,05.10° |3.05 102 12 1 1,65-107*
1 Mz =~ 1,85 | 1,85-10% | 1,85-10° | 1,85.10° | '1,85.10° |1,85-10' [1,85-10'3] 1,85.10'% |7 ,29.10* | &,08-10° 1
{MopcKas) .
1) pexoMenfoBanuoe 0Go3Ha eHHE MHKPOHA MKM (MHKDOMETD).
CBﬂSh MEeX1y eiuHUIlaMH njomanu T abnu ua

Sl 2a a » cu’ ui® | poiios | KB OYTOB | (0 )
1 am? = 1 100 10t 10° 101° 1012 1,55-10° 1,08-107 0,292

1 2a= 1072 1 10° 10* 10 10'° 1,55.107 1,08-10° 2,92.167°%

1 g= 1074 1072 1 10 10° 108 1,55-10° 1,08-10° 2.92.107°

1 w?= 1078 1074 1072 1 10* 10° 1,55.10° 10,8 2,92.1077

1 cut= 1010 8 1078 107t 1 10° 0,155 1,08.107% | 292.107U
1 un®= 10712 19710 1078 1076 1072 1 155-1073 | 108107 | 2,92.10713
1xb. moiim = | 64510710 | 6,.45-107% | 645-107% | 6,45.107* 6.45 6,45.1072 1 6,94.107% 1 188.10710
1k yr= |929-107% | 9920.107% | 9,20-107* | 9,20.1072 | 9,20-107 | 9,20.10* 1,44-10% { 2,71.1078

1 XB. Muast = 3,43 3,43-10 3.43-10% 3.43.10% | 343.101° | 3.43.10'2 | s532.10° | 380107 1
(Mopckast)
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Ceda3p Mexny exununamu obvema
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a6auna 4

Exnnuna 3 3 3 3 Ky6. Ky0.
06peMa » 2 {ax®) cH R MOITMOB dyToB
1 1 10° 10° 10 61100 1353
1a= 1072 1 16° 10 61 3531072
(a.u‘)
1 cn® = 1078 1073 i 10® 6,1-1072 | 353-107°
1 wn® = 107° 1078 103 1 6,1.107% | 353.107°
1 ky6. 1,64-107%)  1,64-107% 164 1,64-10* 1 5,79-107*
RIORM =
1 xys. | 2831072 283 28310" | 2,83.107 1,73-16° 1
Gyr =
TaGauwua 5
Cea3b MeXK1Y ¢AHHRUAMHR TEJeCHOro yrJaa
Eaunnua NOJHBIX HPAMbBIX e
TEAECHAro crep TEAECHBIX TeneCHhix (KBaﬂ' aribix
yraa yraos yiJI0B rpanycog)
1 crep = 1 7961072 0,637 3,28-10%
| noaHbiil
TeJecHbli 4
yroa = 12,6 1 8 41310
(copepa)
1 npavoii
TeJecHsiil 3
yro = 1,57 €125 1 5,16-10
10°= 3,05-1074 242-107° 1,94-107* 1
(kBapaTiblii
rpaayc)




Crsass MeXy eInHHuaMH yria

TaGaunua 6

Enunnua yriaa

pad ° 4 ” o6 _ g c ce
1 pad = 1 57,3 3.44-105 | 2,06-10° 0,159 0,637 637 6,37-10> | 6,37-10°
o= 1,75.1072 1 60 3,6-10% 2,78-1073 | 1,11-1072 L1 L1102 | -0t
1= 291-107* | 167.1072 | . 1 60 463.107% | 1,85.107* | 1,85.1072 1,85 1,85-10%
= 4,85-107% | 278.107* | 1,67-1077 1 7721077 | 3,00.107% | 3,00-107* | 3,00.1072 3,09
(l 0GopoT = , 6,23 3,60-10% 2,16-10* 1,30-10° 1 4 “4-10° 4.10* 4.10%
OKPYXKHOCTB
‘1L= D vrom | 157 90 5,40-10° | 3,24.10° 0,25 1 102 10t 10
npsiMoil yroJ
1€ (zoR) = 1,57-1072 0,900 54,0 3.24-10% 251073 1072 1 10? 10*
1= 1,57-107* 9.107° 0,54 32.4 2,5.107° 10~ 10~2 1 192
{MeTD-MHHYTA)
166 1.57.107° 9-107% | 5,4-1073 0,324 251077 1076 107* 102 1
(MeTp-CexyHaa)
Ta6auuma 7
Cesi3b MEXAY eIMHWHAMH BPEMCHH
iégs:;}; cex MUH uac CYTOK Heleab JeT
1 cer = 1 1,667-1077 2,778-107* 1,157-107° 1,653-107° 3,169-107%
1 aun = 60 1 1,667.1672 6,944.107% 9,921.107% 1,901-107%
1 wac= 3,6-10° 60 1 4,167-1072 5,952-1073 1,141-10‘;
1 cyrin = 8,64- 10* 1,44-107° 24 1 0,1429 2,738-10”2
1 Hemens = 6,048.10° 1,008-10* 168 7 1 1,915-10
1 ron= 3,156+ 107 5,259-10° 8,766- 10 65,2 52,18 1

[sv
[=2]
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TaGauwna 8
CBﬂSb MEXKRY €AHHHUAMR CKOPOCTH

f;;‘;,’;‘;;‘f} I micex I M MUR cujcex Km/uac I Y308
1 mjcex = 1 60 10? 36 1,94
1 simun = 1,67-1072 1 1,67 61072 3,24.1072
1 emfcek = 1072 0,6 1 3,6-1072 1,94-10"2
1 kmfuac = 0,278 16,7 27,8 1 0,540
1 ysea= 0,514 30,9 51,4 1,85 1
TaGaupa9
CBs3b MEXAY €IHHHUAMH YCKOPEHHS
EAHHNIA YCKOpeHHA M/cex2 cmicex? g
1 sjcer® = 1 10 0,102
1 cajcen? = 1072 1 1,02-1078
1 g= 9,81 9,81.10% 1

Tadauuwa 10

CBfI3b MEeXAY €IHHHIAMM YrioBoil CKOPOCTH

ERunvua yraosoi

CKOPOCTH padicex o6/cex 06/ mun °fcex
I pad/cex = 1 0,159 9,55 57,3
1 06/cex = 6,28 1 60 3,610
1 06/mun 0,105 1,67-1072 1 6
1 °fcex = 1,75-1072 2,78.107°% 0,167 i

Ta6anua 11
CBA3b MeXAY €IHHHUAMH MAacCChl

Eanunna maccer Ke 2 u (T. e. M) T

1 ke = 1 10° 0,102 1678
1z= 1073 1. 1,02-107* 1078
Fu(re m)= 9,81 9,81-10° 1 9,8-1073
1 7= 103 10" 102 1

TaGauua 12
CBs3b MeXIY €JHHHUAMH CHJABI

Exnnsua cnam H dun Kece CH
1= 1 10° 0,102 1073
1 Qun = 1075 1 1,02-1067° 1078
I Kec= 9,81 9,81-10° 1 0,81.1073
1en= 108 108 102 1

{cTen)




Cee3b MeXJy €ANHHUNAMH NaBJACHUS

TaGanua 13

EAuHHIA JaBJeHHS aln? unlem® xec/u? xeclom? ! noes (rngggbea) arsm MM PT. CT.
1 n/im? (mackaap) = 1 10 0,102 1,02-1075 1073 1075 9,87-107% | 7,50-1072
1 dunjes® (wxbap) = 01 1 1,02:1072 | 1,02.10~% 107 1070 9,87.1077 | 7,50-107%
1 xec/m® (Ma BoL. cr.)= 9,81 98,1 1 10t 9,81-107% | 9,81-107% | 9,68-107% | 7,35-1072
1 xzcien® (a7) = 9,81-10* | 9,81.10° - 10t 1, 98,1 0,981 0,968 7,85-10%
1 nvesa= 108 10* 1,02.-102 | 1,02.1072 1 10~2 9,87-1073 7,50
! 6ap (rekTonbesa) = 105 108 1,02-10% 10,2 102 i 0,987 7,5-10%
1 gt = 1,01-10% | 1,01-10% 1,03-10% 1,02 1,01.102 1,01 1 7,6-10%
1 MM DT. CT, = 1,33.10 1,33-10% 13,6 1,36.16™2 0,133 1,33.107% | 1,31.10™% 1
Ta6auna 14
CBf3b MeXAY eRMHHIAMH PaGoTH M SHEPrHm
EAuHHna Gane apz Kec-M xaa KKQA K8T 4 A Co Y A+AQTH
1 do = 1 107 0,102 0,239 2.39-107* | 2,78.1077 | 378-16™7 | 90,87:1072
1 spe= 1077 1 1,02-1078 | 2,39.107% | 2.39.107'1 | 2,78.1071*| 3,78.1071*] 9,87.1071°
1 Kac-m= 9,81 9,81.107 1 2,34 2,32-107% | 2,72-107% | 3,70-107% | 9,68.1072
1 xkas~ 4,19 4,19.107 0,497 1 1078 1,16:107% | 1.58.107% | 4,13.1072
| xkaa= 4,19-10° 4,19-10'° | 4,27-10° 10 1 1.16-107% | 1,58.1073 41,3
1 xer-4 = 3,6 -10° 36 -101% | 3.67-10° 8,6-10% 8,6+10° 1 1,3 3,55-10*
{KxnI0BaTT-4aC)
1ac u= 2,65-10° 2651013 | 27.10° | 6,32.10° ] 6,32-10 0,736 1 2,61-10
(/nomanKuHas CHJA-Yac)
1 2arm= 1,01-10% 1,01-10° 10,3 24,2 242.1072 | 2,81-107% | 3,83.107% 1
(anTp-armocdepa)

WUNUKIvL



51 TABJIMLIBI 269
TaGnuia 15
CBﬂ3b MEKAY CAHHANAMH MOMIHOCTH
ﬁi‘::g&& 8T spelcer k8T  |Kec-mlcek| Kanlcex | Kkaalu 2. ¢
7 -3 . -3
tar= { 10 10 0,102 0,239 0,860 | 1,310
Lopelcex =| 1077 1 10710 | 1,02.1078 2,39.107%| 8,60-1078] 1.35-1071°
| kot = 10 10'? 1 1,02:10% | 2,39-10% | 8,60-10% 1,3
| EEER g8 | ost-107 | 9811078 2,34 8,43 | 1,33-1072
cex
| kaalcex =] 4,19 | 4,19-107 | 4,19.107% 0,427 1 360 | 5691072
Lxkaafu=| L6 | 1,16-107 | 1,16-167% 0,119 0,273 1 1,58-1072
La e 7,%6-10% 7,36-10° | 0,736 75 175.,5 6,32-10° 1

Tadéanua 16

Ces3p MEXKARY eXHHHLIAMH MOMCHTA HHEPLUHH

E:mu]:t;xeap[l;lnol:/leHTa P P uon?
1 ke-m® = 1 107 0,102
1 2ecm® = 1077 1 1,02 168
Vuw= 9,81 9,81-107 |
(1. e, M.-a?)

Ceasp Mexay

Ta6auua 17

eJHHHUAMH MOAYJell YNPYrocTH M CABHTa

Eausnua uim? Sunfcm® kecin? keclen® xacisn?
1 os/m? = 1 10 0,102 1,02-1078 1,02-1077
1 Junfeu® = 0,1 1 1,02-1072 1,02-107* 1,02-1078
1 xec/n® = 9,81 98,1 1 10t 1078
1 keclen® = | 981.10* | 9,81-10° 10t 1 1072
1 kec/nu®= | 9,81.10° | 9,81-107 10° 10? 1




270 TFABJIHL b I5
Ta6anma 18
CBA3L MeXIY NpPHBEIEHHHM AaBJACHHEM
H KOHUEHTpalHeil
Eanunua
npUBeAeHHOTO -3 -1 -3 MOAb_ [ KMOAL
AaBJeHHS K M 4 oM P 3
KOHUEeHTpauuu
1 = 2,66+ 10%¢ 2,66-10"7 2,66- 1014 4,42.1077
1 dunicmn® = 2,66-10'9 2,66-10'° 2,66-10° 4421078
L arm= 2,69-10%% 2,69- 1022 2,69-10'° 4,46.1072
I mmpr. cT. = 3,54-1022 3.54-10!° 3,54.10'8 5,87.107%
Ta6auua 19
Cga3p MEX Y eINHHHRaAMu ,ZleJIbHOﬁ TENJ0EMKOCTH
y
Enuunua .
yieabRON daxcike-epad spela-epad K&Zﬂ,,//xee.:pz%a)
TENAQEMKOCTH
1 dac/xz-2pad = 1 10* 2.39.507%
1 spefa-2pad = 1074 1 2,39.107%
1 kran/kz-2pad = 4,19-10° 4,19.107 1
(kaale-epad)

Ta6auua 20

CBa3b MeXny enuHHIAMH KO3(QHIHEHTA TENJIONPOBOIHOCTH

Kosg:;:ftz::é?na gr/mrepad | apefcm-epadl kxar'm-u-epad| Kaslem-cex-epad
Tennonposo,!lnoc’m
1 8r/at-2pad = 1 16° 0,860 2,39-1073
| opzcmecex-2pad = 1078 1 £,60-107° 2,30.107%
| kKaA/M-4e2pad = 1,16 1,16-10° 1 2,78.1073
| Kasfem-cex-zpad = | 4,19-10% 410.107 3,610 1
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TaGnuna 21
Cas3b Mexny eiHHUUAMH KoddduUHeHTa TenJonepesadn
uu‘ezlfl;':;l:r?ngﬁz%’g)una‘q" 8T/M%-2pad [apejens ce-2padikranr/m*u-epadicar/cm-cex-2pad
| ar/M-2pad= 1 10° 0,860 2,39.1075
L spelcm?-cex-epad= 108 1 8,60-10* 2,39.10~8
U kkas/m4-2pad= 1,16 1,16-10% 1 2,78.10~%
|  kaslcutcex-zpad= 4,19 4,19-107 3,60-10* 1
TaG6auuma 22
Ca3b MeXIY €IHHHUAMH HHTEPBANOB YacTOT
Eaununa uurepsana
4ACTOTH caBap OKTaB MUJJIHOKTAB UEHT .
1 casap = 1 3,32-107° 3,32 3,98
| okrasa = 301 1 1000 1200
| musauokrasa = 0,301 1672 1 1.2
! yenr = 0,251 | 833-107* 0,833 1

TaG6uuma 23
MyanblkajibHble HHTEPBAJbI

YucThlit cTpoit Temneg:g:;auuuﬂ
Haspanue
Haspa- | O6o- | nHTEDBAMA| yaerora
Hie |3Haue- | ‘1O OTHO- | o ormo
TOHA | mHue WeHHIO wenyo |HHTEpBaN| HUTEPBAN yyrepan | umHTepBaA
K «10% K ya- B caBa- B lEH- B casapax B UEHTax
crore pax Tax
<10»
Jite] C TOHHKA 1 0 0 0 0
pe D cekyuna 9/8 51,1 204 50,2 200
MH E Tep LU 5/4 96,9 386 100,4 400
da F KBapTa 4/3 125,0 498 125,56 500
cons | G KBHHTA 3/2 176,1 702 175,6 700
s A ceKeTa 5/3 | 221,9 884 2958 900
cu H | centumal| 15/8 | 273,0 1088 276,0 1100
o C oKTaBa 2 301,0 1200 301,0 1200
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TABJIALIbL 5 TAGJHIELB 973
Tadauuwa 24
Cpojnas Tabanua SJAeKTPHYECKHX W MATHATHBIX €JHHHI
!
Gopuyisl OHPENENEHHS B CHCTEMAX PopMY. bl PASMEPHOCTH B CHCTeMaX I'I‘WMQ"O?"”’EG 1 o6osuave
[— Cirspon IIKe B CHCTEMax
CH n CI'CM crc cH CIC u, cre Cre g CH cre
KoJanuyectno saek- q q= It g=r ]/-I‘. € TI L%A/"/ZHO_‘/R Ls/zM',/zT'_l L3/3M|/2T-leg’z KYJ0H (K) -
TpuyectBa (3a-
pan)
Hanpskeunoctsb E E=]lq IMr—3-1 L%M‘/’T_ng2 L™ Vepptep =1 L“'/’/\/f‘/’T_‘gO—‘/2 BOJILT Ha —
3JIEKT PHUECKOTO merp (8/x)
HOJISt
Cuemenue (s1ek-| [ D =¢eeE D=c¢E L7271 L= Mg ey L—I/2A1‘/2T~le(l)’,2 KV.JI0H Ha -
TpHyecKas HH- KB. MeT]
JYKUHST) (x/x%)
Motok cmewenns | p N=Ds Tl LYy L=t | LMAT el | kyaon (k) —
IIOTeHuHaJI U U= l[/q L2A/!T—3I—l LVzM‘,/zT ‘2“';)/2 Ll/zﬁ/f"lzT_l ]llle"[l/QT_lﬁ_(i)/Z BOALT (B) _
SJleKTpﬂqecmixﬁ P, Py=ql LTI Ls/’}\/l'/’po"/2 Lyl LMt _'g,(')"z KYJIOH * MeTP —
MOMEHT MO- (k- 1)
MEHT AHIIOJs)
ITosepxnocTHAA o o=q/s L7%11 L_"/l/t’ll"’zpo"‘/z L= pmthrt L“'/’A/I'/’T“egﬂ KYJOH Ha —
IJOTHOCTL  3a- KB. METp
psaa (k/m?)
Oo6beMHas IMJOT- o p= q/V L"‘3T1 L;f?/;Ml‘/gul;—!,/z L_J'/“‘/\/I"‘/zT—l L—R';A’I‘/zrmlpe—)-!l"-_\ KYJ0H T1a -
HOCTh 3apsjia Ky6. mMeTp
(k) M%)
. _ —2y 0~ 14,2 —172 —1
EMKoOCTh I C=qlU LM T L™ T g L Le, dapana () | cavrnverp
(cn)
Tosapusopau- p Pe=py/V L7271 F ATV R O A A L"”m’/’T“g:;ﬂ KV.JI0H Ha -
HOCTb  JAH3AEK- KB, MeT
TpUKa (MHTEH- (KV‘,MQ)p
CHBHOCTb HOJSI- |
pH3auHH)
—3p—~17p4;2] 200
M mcpmecnn | 1| T S R B L R R
MeT /M
NpOHHIAEMOCTD p ()
— —~3pq~174;2 [T,
Husnextpuueckasi | K, | Ks=go{e—1) Ky= &2 1 VLT°MTTr L7pg! 1 €o hapana na _
}}:g(c:IT]];J)IquH- 4n meTp (gh/m)
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TABJIALIbL 5 TAGJHIELB 973
Tadauuwa 24
Cpojnas Tabanua SJAeKTPHYECKHX W MATHATHBIX €JHHHI
!
Gopuyisl OHPENENEHHS B CHCTEMAX PopMY. bl PASMEPHOCTH B CHCTeMaX I'I‘WMQ"O?"”’EG 1 o6osuave
[— Cirspon IIKe B CHCTEMax
CH n CI'CM crc cH CIC u, cre Cre g CH cre
KoJanuyectno saek- q q= It g=r ]/-I‘. € TI L%A/"/ZHO_‘/R Ls/zM',/zT'_l L3/3M|/2T-leg’z KYJ0H (K) -
TpuyectBa (3a-
pan)
Hanpskeunoctsb E E=]lq IMr—3-1 L%M‘/’T_ng2 L™ Vepptep =1 L“'/’/\/f‘/’T_‘gO—‘/2 BOJILT Ha —
3JIEKT PHUECKOTO merp (8/x)
HOJISt
Cuemenue (s1ek-| [ D =¢eeE D=c¢E L7271 L= Mg ey L—I/2A1‘/2T~le(l)’,2 KV.JI0H Ha -
TpHyecKas HH- KB. MeT]
JYKUHST) (x/x%)
Motok cmewenns | p N=Ds Tl LYy L=t | LMAT el | kyaon (k) —
IIOTeHuHaJI U U= l[/q L2A/!T—3I—l LVzM‘,/zT ‘2“';)/2 Ll/zﬁ/f"lzT_l ]llle"[l/QT_lﬁ_(i)/Z BOALT (B) _
SJleKTpﬂqecmixﬁ P, Py=ql LTI Ls/’}\/l'/’po"/2 Lyl LMt _'g,(')"z KYJIOH * MeTP —
MOMEHT MO- (k- 1)
MEHT AHIIOJs)
ITosepxnocTHAA o o=q/s L7%11 L_"/l/t’ll"’zpo"‘/z L= pmthrt L“'/’A/I'/’T“egﬂ KYJOH Ha —
IJOTHOCTL  3a- KB. METp
psaa (k/m?)
Oo6beMHas IMJOT- o p= q/V L"‘3T1 L;f?/;Ml‘/gul;—!,/z L_J'/“‘/\/I"‘/zT—l L—R';A’I‘/zrmlpe—)-!l"-_\ KYJ0H T1a -
HOCTh 3apsjia Ky6. mMeTp
(k) M%)
. _ —2y 0~ 14,2 —172 —1
EMKoOCTh I C=qlU LM T L™ T g L Le, dapana () | cavrnverp
(cn)
Tosapusopau- p Pe=py/V L7271 F ATV R O A A L"”m’/’T“g:;ﬂ KV.JI0H Ha -
HOCTb  JAH3AEK- KB, MeT
TpUKa (MHTEH- (KV‘,MQ)p
CHBHOCTb HOJSI- |
pH3auHH)
—3p—~17p4;2] 200
M mcpmecnn | 1| T S R B L R R
MeT /M
NpOHHIAEMOCTD p ()
— —~3pq~174;2 [T,
Husnextpuueckasi | K, | Ks=go{e—1) Ky= &2 1 VLT°MTTr L7pg! 1 €o hapana na _
}}:g(c:IT]];J)IquH- 4n meTp (gh/m)
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Ta6auua 24 (npodorncenue)
©OpMy.pl ONpeACAEHHA B CHCTEMAX | Dopmyanl Pasﬁepﬂocm B CHcTeMax Ha“":’;gﬂaﬂm n oGosnave-
Beanundb Cumpoan P cucremax
CH n CICM cre cu Crec gy Cre CrC g cu cre
e LMBT =gt | plagthr2 | plarthp=2els | g, -
1 Cuna toxka I 1.=‘/2’"); [=gft I 0 €, | amnep (a)
Uolt
[lyaoTHOCTh TOKA . ] . != I/S L—21 L_alﬂﬁdllzT_ p(;‘--1/2 L-l/le/zT‘—2 L_lleJ'sz—QE(;/z amnep ¥a -
KB. MeTp
1 (aln?)
Couporupiaenue R R=Ujft 2mMr—32 LT pg L7 L_ITS(;] oM (o) -
[1pOBCRIMOCTE G G=1/R L7MirsR L7'Tig! Lrt LT ey |cuMenc (cus) -
, T _ _ _ ~

Marnuthas  nuu- | B B= [/il ool Mr¥-t LM~ | LMt L= hes % | recna (ra) | rayee (ec)
AYKUHS - 11 . 1 . _

Maruutnudi notok | © ® = Bs L*Mr—31t O T AT L"M"%es"h | peep (66) | maxcsenn

N N 1 (mxc)

Hanpakennocts H H = B/iop H = B/u LY L= MBIy g e | L= pthy L'l’M'/’T"%(’{2 amnep Ha |apcren (3)
MATHATHOTO metp (ajm)
~HO.'"I i ! 8o agamr~1, =1, b2 elom—1 7/ x gl '

MarHuTnel  Mo- Pp \ Pp=M[B=1Is |P, == == L2] LPMBT ™ ug 2 (LM eT L'k /’T*"’go/s ammep - Kn. -
MeHT 4 , MeTp (a- M%)

H — -l —

MaruuTonBHKY - F F Xl F = —4n5J b LM%t lwog'a | Lepter=1 L”-”Ml/“T‘Qe(')/2 amnep (a) | ruasGepr

mas ¢una aMpep-BHTOK (e6)
v W : (as)

Huayxtusuocts | L(M)] 1 = - = L=« L2MT7%72 Ly, L L%t renpu (2x) | cautnmerp
H B3aHMHaA BH- r , (cx)
AYKTHBHOCTD _ O o .

arjdr drjdi
— ~] - _ _

MurercHpHOCTD I I =pmlV LY LM AT gk | =Ygt LaMb7~2)s | amnep na -
HaMarHHYHBa- MeTp (a/m) b
uyus (Hamafuu-

YEHHOCTD)

AGcojpoTHas Mar-| i, Ha = [ojt mn LMT™2 2 Po 1 L7225 TCHDH Ha -
uwinas npouu- MeTp (au/m)
naemocts

MaruuTHas  Boc- | kg kp=pn—1 p—1 1 1 1 1 ~ -
NIPHHEM9HBOCTD km = 4n
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MMpuMeuanne,

1. Bece dopmyan onpeienenHs NpUBeAeHb 1A Hanbosee IPOCTHX

9. 4. C. MEJYKIHH) B T, I,

2. Pasmepuoctn B cucremax CICug u CI'C e orainuaiorTcs ot dop
BJACHHEM DAa3MEpHOCTeH [g H 8.

C€lyyaen — OAHOPOJHBIE NOJ, HE U3IMEHAIOHECT TOKH (3& HCKITIOYenneM

MyJ ' pasMepHOCTH Tex e eRuHui B cactemax CI'Cd u CI'CM no6a-
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274 TABAHLbE 5 8 TABJHLG 97:
Ta6auua 24 (npodorncenue)
©OpMyAbL ONPENLASHHA B CHCTEMAX | POPMYIB PAIMEPHOCTH B CHCTEMax Ha"":’;gﬂaﬂﬂﬁ u 0603nage-:
Beanundb Cuampon B cucTemax
CH n CICM cre cu Cre i, Cre CrC g cu cre
e LMBT =gt | plagthr2 | plarthp=2els | g, -
1 Cuna toxka I [= ‘/ 2“’); [=gft I 0 €, | amnep (a) |
Uolt
[liotHOCTE TOKA i j=1ls L7y L™epty— ”6'1/2 L= ep—2 L—'IzM'hT“Qsé/’ amnep Ha -
KB. MeTp
- (aln?)
Couporupiaenue R R=Uft 12Mr 32 LT p, L7r L"Tso‘] oM (om) —
[IpoBCR1MOCTD G G=1/R L™2Mire3 L7'Tpg! Lrt LT,  [cuMenc (cun) -~
o 1 — - - - —
MarnutHas  HH- B B=f{1l Bee _f_ MT 21 L=kt lu:)/; L="php=11 %M’/’Go | recna (r4) | rayee (zc)
RyKu#s I o l
Maruutumfi norox | ® ® = Bs Limr=?t LM pde | Ly L'hMhe;' | peGep (a6) | maxesean
N _ ] (mxc)
Hanpsasxenkocrs H H = B/uou H =By LY LM l‘«oN!’/z L=yt L'I’M'/’T"%g2 aMmep Ha |spcren (3)
MACHHTHOTO metp {(aju)
~HO.'"I i ! 8o agamr~1, =1, b2 elom—1 7/ x gl '
Marsutett Mo~ | Pp | Pp=M/B=1Is|P, = == s 12] LUM™T " ug 2 | LM eT L'hp /’T"280/3 ammep - K. -
MeHT 4 , MeTp (a- M%)
H — -l —
MarniTonBHKY - F F=3 F = 4n3J Ji LM 'uo | phptlr=1 L”-”Ml/“T‘Qe(')/2 amnep {(a) | runsbepr
was ¢ufa aMnep-BHTOK (26)
4 ¥ (as)
Huaykrusuocte | L(M)| f = 5= L= o 2MT™22 Ly, L L%t renpu (ex) | caHTHMeTp
M B3auMHafl HH- 1 ) (cx)
AYKTHBHOCTD _ O o
dildt difdi
-1/, _— -— - -
VluTeHCcHPHOCTH J J=pmlV L™ ALY ST DA VEE o LaMb7~2)s | amnep na -
HaMarHHy¥Ba- Metp (a/m) |
uyus (Hamafuu-
YEHHOCTD)
AGcojpoTHas Mar-| i, Ha = [ojt mn LMT™2 2 Po 1 L7225 TCHDH Ha -
uwinas npouu- Metp (eu/m)
naemocts
MaruuTHas Boc- | kg kp=pn—1 p—1 1 1 1 1 ~ -
HPHHMYHBOCTD km = in




Tabauuwa 25

YpapueHHs] 3NEKTPOMATHETH3MA, 3ANHCAHHBE B PAIHbBIX CHACTEMAX EXHHHN ')

Beanynubi

3akon Ky.ona

Cuna, peiicTeyoilas wa
3apua B 3IEKTpHYe-
CKOM NoJe

Cisisp Mexay Hanpsa-
KEHHOCTBIO HOJAH H
CMeIeHHeM

Teopema [aycea (norok
CMEUIeHHS CKBO3b 3aM-
KHYTYIO NOBEPXHOCTD)

Hanpmxenﬂocn; noJast
TOYEYHOI'O 3apdjia

Hanpsaxennocrs  noas
B IIJIOCKOM KOHAEeHCa-
TOpe

Hanpsixkenuocts - nodst
B UHJIHHIPUUECKOM
KOHAeHcartope ?)

HanpaxeHHOCTL M0/s Ha
ocu gunonas 3)

DAeKTPHUECKHE MOMEHT
Aunoas

&

Ccrea crc
i
49192
f er?
D=¢FE

9
E er?
E= 4no

€
F=2%
er
2ps

E ers

IRHLYVE

g}



Cnaa B3aMOIZeHCTBHSA
ABYX AHmoJed, pacno-
JOKEHHBIX Ha OJHOH
ocH %)

[ToaspusoBannocTs IH-
AeKTPHKA (HTEHCHB-
HOCThH {IOJAPU3ALHH)

CBfI3b MeXKAY [HIJICK-
TPHYECKOR IIPOHHIAE-
MOCTBIO H JIH3JEKTPH+
uyecKoli  BOCHPHHMUH-
BOCTBIO

Cps3p Memay Hanps-
KEeHHOCThIO NoJaa  H
HOTEH (IHAAOM

[Toreunwiaa nouas Touey-
HOTO 3apana

ITorenuxa.T BHYTPH K-
JHHAPHUECKOTO  KOH-
nencaropa )

Cas3b MEALY €MKOCTBIO,
3apAJIOM H NoTeHuua-
JI0M

EMKOCTh  YeAHHEHHOro
mapa

EMKoCTbh 1JI0CKOrO KOH-
JleHcaropa

£q = Bo = €9 + K>

R
T 4me,  er
C = 4ZTBOER
 2e8S
€= !

f= — _‘?__ Pa1: P2
€9 ert
p=.’%/1=1(35

E=—gradU
LI
€p er
U=U,~Erln ﬁr;
q=CU
C =geeR
_ B8
¢ 4aul

6 it
f=— 2P2iPoz

ert

8=1+4ﬂK;
U=

er
C=¢R
. 8BS

4

1]

HHLr9vL

LLT



Tadauuna 25 (npodoanenue)

BeJHYHHB CH Crcm creca crc
EMkocrs  umauHIpHUe- C= 2neqel C= &gel C = o
CKOTO KOHAEHCATOpa T InR,/R, 2In Ry/R, 21inR,/R;
EMmkocts pByxupomog- neqel eqel el
HOH JHRHH 3') €= a/R =T a/R ‘= a/R
Dneprus  3apAKEHHOTO _9U _UC _ ¢
NPOBOAHIKA 2 2 oC
OGbeMEas  MJIOTHOCTb _ED w—ED _ _ED eE* D?
SHeRrHH  daeKTphge- | £ o T8 =8 T 8T Bae
CKOro noJs g,8E2 D7 eeE? _ D?
) 2e08 8 8nege |
Onpenesenne CHIL TOKA _ dq
TPOBOAHMOCTH T
3akon Oma I=-[i
R
MourocTs TOKa P=y}
Cuna, nefictsyiowas Ha | df = pouHIX df =pHIX df = popHI X g M <
SNEMENT TOKA B Mar- X dl sin (H, dI) Xdlsin (H, di) Xdlsin (H, dl) ¢

HHTHOM moxe (Popmy-
saa Awmnepa)

Momenr, Henu THBaEMBH
KOHTYPOM C TOKOM B
MArHHTHOM [OJie

X H1 dl sin (H, dl)
M= Bppsin (B, py)

anMIravl

‘al



MarauTHHE MOMEHRT KOH-
TYPa C TOKOM

PaGora nepeMeilieHHs
KOHTYPA C TOKOM B
MATHHTHOM [IOJIe

3akon B#o, Casapa u-
Jlanaaca

Cra3p MEXAY HHIYKIH-
efi ¥ HalPHIKEeHHOCTHI>
MaPHH‘l‘I:IOl‘O noad

HanpaxkesBocTh MaruuT-
HOTr'o oA GeCKOHEeUHO
AJAHBHOTO  NPAMOJAH-
HeflHOPO NTPOBORHHKA
¢ TOKOM

Hattpaxkennocrs moas
B LERTPE KOAbila, 06-
TeKaeMoro TOKOM

Hanpaxearocts noas
Ha OCH AAHHHOTO CO-
senomna %)

Cuaa p3apmozneficTBus
BBYX apanieibHex
TOKOB

Caa3b MelRAYy Marant-
HEM- BOTOKOM H MarRaT-
HOM HHAYKnMed

Marautonpxymas cuia

!
H="4—;{X

I si )
X§ Id smz(r dl)

r

B = popsH
I
"=
; I
H==x
f= pop  Iylo!
2n 2
F=3]

Pu=1Is

A=[AY

_ £ Idtsin (r. dl)

H >
uH ‘ B = popH
=2
r
2nl
H=2E
R
H=4nl -’l‘- = 4nln,
21,151 B 21,1,
T f=non - r

d® = B dscos (B{,\n)

F = 4nZ%]

=Ly
c

A~
[ ditsin(r, di)
XE——F

B=uH
1o

o
1 2nl

H=Z""%
= -— 4nln,
p 211121

=g =
)

F=— 4731
¢

ig

MTHIrIY L

67T



Tabanua 25 (npodoanenue) %

Beanunisl

CH

CIrCMm

crea

crc

Havarnuuentocts  (HH-
TeHCHBHOCTb HaMar-
HHUHBAHIIS)

Ce3b Mexay MarHuT-
KO [IPOHHLAEMOCTRIO
H MArHuTHOM BOCAPH-
HM4HBOCTHIO

CBsi3b MeXIY NOTOKO-
cUelJeHHeM, cHaoH
TOK& H  HHAYKTHB-
HOCTHIO KOHTYP&

Hnaykrusnocts
Hotiaa 7)

Coae-

HMHayKTUBHOCTS JBYX-
NPOBOAHOH JHHHH

DK TPOABHKYLIAS CH-
8 HHAYKIHH

ANeKTPOABUKYUIAN CHAa
CaMOHHAYKIMH

O6neMuan NJA0THOCTD
SHEePruH MarHHuTHoOro
s(abiize

[le"l‘km

- BT penH?
2pop 2

= 4npn,V

J= %’L—-:k,,,H

L=4/Ina/R

d\W
Si= g

Ssi:""L

dl

dt

_ uhH?

=144k,

2

L = 4mpop f—li =
= 4np0ungV

L=4pellna/R

W = e =

8n

B*  uouH?

8n

T Buon 8

vl
[

nis

L=
4z i

2
= 4npng

L=4l1na/R

Mnuravl

=
5
gl




BexTtop TMofinTuura
(MJIOTHOCTD oToKa
/IEKTPOMATHHTHOR
SHEPTHH)

CkopocTb pacnpoctpa-
HeHHs  2JeKTpoMar-
HHTHBIX BOJIH

¥Ypasnenus Maxceeara
l. 3akon Papajnes

2. 3aKOH IOJHOTO TOKa
(3akoH Amnepa)

. ¥pasuenne Ilvaceco-
Ha {reopema I'aycca)

. HenpepnBHOCTE CH-
JIOBBIX JUHHA MATHUT-
HOH HHIYKUHH (Teo-
pema ["aycca)

S=EXH

1

ey ————
VSOSMOP«

ab
rotH=j+W

divD=p

-l S=-EXH
S i ExH i
1 1
- Y = —— Y == —
V esen Vepon Vien
0B __ 1. 0B
rotE=~7 rot E = 5
rot H =
rotH=4nj+9-—D— 1 ab
c y a¢
div D = 4np
divB=0

1} Bee BesqHUHHBL JOJIKHB H3MepSiThCS €AHHHUAMH COOTBETCTBYWWeER cHereMtd. B uacrHocTH, AAd
- —12 ~6

€y H Wp AOJKHHE MOJACTaBAATHCA 3HAaueHHus: B cHcreme CH e, =8,85-10 G/m, po=1,26-10 er/M;
8 cucteme CICM go= 1,11-107%, pp=1; B crereme CIC. go=1, po=L,11- 1072,

2) T — WIOTHOCTH 3apsija HA eAMHHIY AJHHB KOHIEHCatTopa.

3) Ilpeanoaaraercs, uto r>» [ ([ —naeuo aunodas).

4) U, — noteruuas, R, — pagHyc BHYTPEHHEro HHJHHApA.

) [ — pauHa JuHHE, R — paqdyc IPOBOJOB, a — PACCTOsSIHHE MeXAy nposoaamu (a>> R).

6) n — ofiee yHCJO BHTKOB, Mo — UHC/O BHTKOB Ha EQHHHLY AJHHRL

7) § — oI alb CedeHHS COJNeHOUAa, 1 — O6Llee YHCIO0 BHTKOR, 77g — YHCJIO BHTKOB Ha AMHHUY JJIHHH.

ls

MNHIYVL

182
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TALJANUN

Crfi3b MEK)Y eIKHHUAMHA 3apara

3

Tadauua 26

Eanuuua Ccrc

aapaua K (CFCD) CreMm
L K= 1 3-10° 0.t
ICIC = 3,34.1071¢ 1 3341671
(CIC9)
} CrCM = 10 3.10'0 1

Tabauga 27

Cassb MeXAYy eAHHHIAMH HANDAKEHHOCTH NOAf

e L elw slcx (Chch) crem
1 6/n= 1 1072 U078 16%
I 6lcx = 10° 1 3341073 10®
1 CrC= 3104 3.10% i 3,34-107 1
(CFC3)
1 CFCM = 1078 1078 3103 1

Tabauna 23

Cra3b MEXAY CAMHULAMU NOBEPXHOCTHON MJOTHOCTH 3apsaa

ExunsB1a HOBepXHOCT- 2 Crc
HOM DJOTHOCTH 3apAIA KM (Crea) crem
1 k/m? = 1 3-10° 1075
1 CIC= 3,34-1078 1 334107
(Crea)
1 CrCM = 10 3-10%0 1
Ta6auna 29
Cesiab MEXKAY eIMHHUAMH o0GbeMHOR NAOTHOCTH 3apaja
Eausnua o6beMuoi 3 Ccrc
NJIOTHOCTH 3ayfia KW (Creay CIeM
1 r/nd = 1 3.10° 1w’
CrC= 3,34.107* 1 3,34- 16~
(CTC3)
CI'CM = 107 3.10!° i




Caa3b MEXAY eAHHHUAMH CMeEUeHHS

TABJIHUBI

283

TaGaunuwa 30

Eaunuya 2 crc

CMJEIJLQHL:{S{ x/u (CFeCa) crem

1 x/n? - 1 3,77-10° 1,%-107*
1 Cr¢= 2,65-1077 1 334-10711
(Crc3)

1 CrcM = 7,96 10° 3-10'° 1

Tadauma 31

Caasp MEKAY CAMHHINAMH HOTOX2 CMelleHHus

E Aunnpa notoka crc
CMemeHnn x (Crea) Crcm
t k= 1 3,77-10'° 1,2
1 CTC = 2,65-107 11 1 3,34.107H
(CTC3)
| CICM= 0,79 3-10'° 1
Tabaunuwa 32
CBHBB MeXAy €IHHUIlAMH NOTCHUHAAA
C
Efuxuua norenauaia 8 (C(}‘EZS) CIrcm
1= i 3,34-1072 10
1 crc= 300 1 3-10'°
(CrC3)
1 Crcm = 1078 3,34-107 1! 1

Ceasp Mexay eiHHdlaMH €MKOCLTH

Tabannua 33

Ennuuna eMKocTH & (CFC‘,:MCFCS) Crem
1= 1 8,99-10!! 107°
1 = 1,11-10712 1 11072t
{CT'C, Crca)
1 CrCM = 10° 8.99-102° ]
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<TABJHHILE

{5

Tadauuwa 34

Crfidb MEMAY eAMHHIUAMH CHJALI TOKa

ERHHEHA CHILI TOKA (C(]:-I;;%) CrcM
la= 3-10° 0,1
1 CI¢c= 3,34-10719 1 3341071
(CI'C3)
1 CrCM = 3.1010 1

Ta6aumna 35

CBa3b MeXINY eXHHHHAMM CONPOTHBJEHHS

Exnuuna Crc

conpoTHBeHIA oM (CI'C) Crcm
1 om= L1712 10°
[ Cre= 8,99- 10! 1 8,99-10%°
(CrCa)
1 CIPCM = 1078 1,11-1072! 1

Ta6auna 36

Ceasb MEXAY eRHHURAMMU YReJbHOTO CONPOTHBJACHHA

N 2 .
EanHRlE@ yAelnHOro 0AM-MM CI'c
CONPOTHBIEHHR oK M oM-CH — Crey) Crem
| om-m= 1 10? 108 1,11.10710 10!t
1 omecm= 1072 1 10 L1072 10°
) om-un? _ 1676 1074 1 1,11-10718 10°
M
1 CPC (€TC) = | 899.10° | 899-10'! | 8.99.10"° 1 8,99.10%°
1 CTCM = ! 107° 1070 | e 1

Tadaunma 37

CBA3b MEXAY eIHHHUAMH MATHHTHON HHAYKIHH

Eanniia MarinuTuoit

2c

Crcs

HRAYKHHI

tra= 10t 3,34-16™7
1 ec= 1 3,34-10711
1 Crea = 3-108 3-10'° 1




TAGJHLILT
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Ta6auyga 38

Caaan MEXAY CAHHHHAMH MATHHTHOIO NMOTOKaZ

Eaunaua . .
MAFHATHOTO HOTOKA 86 MEC crea

1 86 = 1 10 3,34-10°

1 ukc = 16% 1 3,3¢-107 11

1 Crca = 3.10% 3.10'0 1

TaGauuna 39

Cra3b MEeXAY eAMHHUAMH HANDHAXKEHHOCTH MATHHTHOIO NOJAH

Bogs o | g |y | ores | anen
| afu= i 1,2%-1072 | 377.10% 1072
1a= 79,6 1 3-1010 0,796
1 Crea = 265-107° 3,3¢-1g7 41 1 2,65-10711
| asfoa = 162 1% 3771010 1
(amuep-BHTOK 1A CAHTHMETD)

Ta6auwa 40

Cesi3s MeXAY eAHHHUAMH MATHHTOABHKYWIER CHJbI

Enjdunga maruyuro-

ABHKYeH Cuabl a 26 crca
ta~= 1 1,9 3,77-101°
1 26= 0,796 1 3.10'0
1 CICO= 2,65-107 11 3,3¢-107 1! t

Ta6auuwa 41

Cea3s MeXJY eARHULUAMH HHAYKTHBHOCTH H B3aHMHON HHIYKTHBHOCTH

Eanunua 2K (CI‘C,CgFCM) Ccrca
o= | 10° 1110712
1 o= 1070 1 IRTB
(CTC, CTCM)
1Crea= 8,99-10'! 8,99-10%° 1
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Ta6anupa 42
CEfas MEAAY GAMHHIAME SPKOCTH !)
E’;zgﬁ;‘: NT c6 ach 40
1 Hup = 1 107* 3,14 3,14-167*
1 cTHARG = 104 1 3,14.10* 3,14
1 anocTiast = 0,318 3,18-10% 1 104
1 namGepr = 3,18-10° 0,318 10% 1

l) B Ta6aduax wacTo 3HAaqeHus cTHab0a, anocrdabba n sambepra APHBO-

1 Aarce Me Ha octiope cpeuyn cucreMs CH («HoBOA» cBeun), a HA OCHORE Mexay-
napoauoft cseyd, B 1,005 pasa Gosbuieft (cM. § 8.3). B sTOM cayuae uncsaa nepe-

BOJAA HHTA B ¢6, @c6 H A6 NoAmHHW GHiTh pasAesenH ua 1,005 (9,95-10"5 o,
3,13 ac6 u 3,13-!0‘4 46), a ymEceTa Mepesosa crHanfa, anoctuanGa n JaaMGepra
B AT YMHOMeHw Ha 1,005 (1,005-104 w1, 0,320 T H 3.20~103 m').

Ta6auua 43

3Havenns OTHOCHTEJbHON H a6COMIOTHON BHIHOCTH NMPH PAIAHYHHIX
AJABRHAX BOJH )

A (&) K3, V3 (1u/87) A ) Kj, Vy (amfer)
3800 0,00004 0,03 5800 0,870 594
4000 0,0004 0,27 6000 0,631 431
4200 0,004 0,73 6200 0,381 260
4400 0,023 15,7 6400 0,175 120
4600 0,060 41,0 6600 0,061 41,7
4800 0,139 90,2 6800 0,017 11,6
5000 0,323 221 7000 0,0041 2,8
5200 0,710 485 7200 0,00105 0,72
5400 0,954 652 7400 0,00025 0,17
5600 0,995 680 7600 0,00606 0,04

Ta6anua 44

Censb MEX]Y 2JEKTPOH-BOJLTOM M JPYFrHMH eJHHHINAMH

Q6paTHoe yHcgao
Onpexeasionas Eaunun a 3naueHne s
bopmya H3MEpeHHs ORHOrC 36 Bbl pgﬁﬁiﬁ;eangguym
I 1,60-10719 6,24-10'8
W=el {spe 1.60-10712 6,24-10'
-,} kT =eU oK 7.73-103 1,20.1074
RT = el °K 1,16-10* 8,62-107%
Q=eUNy4 KaA[Hoab 2,31.10* 4,3-1075
he {KkKar/KmoAb)
——=eU en”! 8,07-10° 1,24-107%
hv=eU cex! 2,42.1014 4,13-10718
la e.M.cl=elU e 1,07-107° 9,32-10°
m o =el m, 1951078 5,11.10°
Reh=eU Ry 7,36.1072 136
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; TaG6auua 45
Cea3b Mexqy exuaunamy SPhexTdnusx NoNepedHniX CeYeHH N

1
Enunnua
sdrdexTHEHOrO »2 cnt Gapn a: ﬂag cn2/ CMaX
CedeHHA , X MM DT, CT
1l 1 10! 10% 1357-10%° | 1,15.1020 | 3.54.10%°
1ca’= 1074 1 102 [ 357:10'% | 1,15-10'% | 3.54.10'8
1 6apu = 10728 1024 i 3571078 | 1,15.107% | 354.107% .
al= 2,80-1072! | 2,80.10717 | 2,80.30" ] 1 0,318 0,991
naﬁ - ' 8:80-10721 | 8,80-10 8,80-10 3,14 1 3,1
2
LE¥ wmpr.cr| 2831072 | 28310717 | 283107 | 101 0,321 1
(2]
Tabanuna 46
ikaaa Bodopra
ng;;ﬁa Ckopocts, Mlcex Bﬁ?{f{;‘a Ckopocrs, m/cex
0 0~ 0,5 7 12,5—15,2
1 06— 1,7 8 15,3—18,2
2 1,8~ 3.3 9 18,3215
3 34— 5,2 10 21,6-—-25,1
4 53~ 74 11 25,2-23,0
5 75~ 9,8 12 > 2
6 9,9-12,4
Ta6auua 47
IllkaJasl TBEPpROCTH
IMokasarens Hoxasaren
: TBEPAOCTH TBEepPIOCTH
Munepamt Munepaau —————
o no Bpefir- no no Bpeitr-
Mocy raynry Mocy rayary
Tamwk o « o 0 W . 1 1 . AmaTHT . . ... 5 6
Fume ... ... 2 2 Porogpast o6MaHKa C— 7
Cmoma .. ... - 3 HMoaesofi mnar . 6 8
H3BecTKOBbI# Kpapn, . . . . . 7 9
WHAT . o . . . 3 4 Tonaz ., . . ... 8 10
INMaasukoBbif Kopyua . . . . . 9 1
WHAT . « o o & 4 5 AaMas., . .. .. 10 12
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Tabauniua 48
Hekotopsie nanboniee 4acTo BCTpeyaloiiuecss anraufickue
H aMePHKAHCKHE €XHHHIBI

Axp — eguHnpa naomann, passas 4046,86 a2,

Bappeab — egniiniia o0bema. Pasanvalor cyxoli Oappenb, papHuiH
115,628 2, 0 HedrsaHolt Oappesan — 158,988 4.

Bymeas — eauunua o6bema. AHrauiickuil 6yueas pane 36,3687 2, aMe-
puKkaHCcKRil Gyens — 35,2393 ..

Tajmon — epuunna obbema, Anramfickuii raaion — 4,54609 .1, amepu-
KaHCKHA rasiod — 3,78543 ..

Mua — ThicsyHas yacth moiMa — 2,54 mkm,

Muusi (anramiickas) — 1609,344 4.

INvHTa — equuuna o6bema. B Anuraun 1/8 rastona — 0,56826 .. B CIIA
Pa3AMYalOTCa: JKHAKAs nHHTa — 1/8 aMepuKaHCKOro raJsioHa,
T. e. 0,47318 », n cyxan nuurta — 1/64 avepuxaunckoro oy-
mead, T. e. 0,550614 2,

Vuuus — eaununa maces (1/16 anrsmiickoro dyHra), pasnas 28,3495 2.

Dyur (aHraHiicknii) — egnHHNA Maccsl — 453,56924 2.

Apa — eaunnua aomun. Pasen tpem gyraMm, uam 0,9144 a.

Ta6anuma 49
HekoTopbie enuHuilbl H HA3BAHUS €JHHHI, MMelOUHe OrpaHHYeHHOE
npumenenne u ne pomeamue B FOCT

ARoM — akycTHuecknil o — CI'C esHHHUA aKYCTHUECKOTO COIIPOTHB-
NeHHs.

Buo — CI'CM eaunnna cuast ToKa, papHas 10 a,

Bap — cokpaiieHHOe Ha3paliHe BOJBT-aMIepa PeakTHBHOM MOIHOCTH,

Tan - enunuuna yckopenus, paBHas | ca/cex?.

Hnepra — rexHuueckan egusuua macco, pagHaa 9,81 xe.

Keftsep — equnHLIa BOJHOBCIO uMcda, paBHas cu™!,

Kusonayuj — npuMeHsicMoe B HeMeuxoH JuTteparype Ha3paHHe KMO-
rpaMM-CHJIb,

Jlenu — euHnlA HANPSIKEHHOCTH MATIHTHOTO N0, paBHas | alx.

Mary — equHuna «aGCoMIOTHON MarHHTHON NPOHMUAEMOCTH», paBHas
107/4n ¢b/m.

Mec — epunnua ckopoctH 1 afcex.

Mo — eannuna nposojuMoct, To xe, uTo cumeinc,

IMackaab — eAnHENa JAaBJeHHsA, paBHad | w/m2

Pe - CI'C emnnuna tekyuecTH. TeKyuecTh KHAKOCTH, 00Japawoniei
BA3KOCTbIO B | myas,

Pym6 — npaMeHsieMast B MOPex0ACTBe eXHHUIA yIaa, pasrast 1/32 nox-
Horo ofoporta, 1. e. 11,25°

Ypanosas eguHNIa — €AHHHILA H3IMEPEHHUS (L-aKTHBHOCTH — aKTHBHOCTh
okucu UyOg npH NIVIOTHOCTH HOKPHITHA NOBEPXHOCTH 20 ,ue/c.ul
ypaHOBaﬂ eJHHHLA CO3/laeT B BO3AYyXe HOHH3ALHOHHBIH TOK
maoTHACTBIO 5,78 - 10713 ajcm?.

®pankand — CI'C ennnnua 3apsna, pasuas 3,34 1010 «.

SrtBew — eAMHHNA H3MEPEHHH IpafieHTa CHJbl TAIKECTV, PABHAA H3-
MEHEHHIO YCKOpeHHR CHn TsKecTH Ha | cmfcek® ma Kax-
LB caHTHMETD,
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TeMmneparypHbie TOUKH

283

Tadaunpa 59

Jl.ast npakTHYeCKOro BOCIPOH3B:AEHUS OTAEbILIX YYACTKOB
TePMOAUHAMMYCCKO LIKAJAbl TeMIeparyp olpegeTeH psj TeMie-
PaTyPHBIX TOUEK, MONOAHSIOWHNY np1BeseHunte B § 5.3 onopusie
Touky. JlomoJHHTeIbHBIE TeMITepaTypHuie TOUKH, KAK W OlLOpHHE,
IPeJCTaBAAIT CO00/ TeMuepaTypsl PaBHORECHH  ABYX H.IM Tpex
¢$a3 nannoro BelfecrBa. Hike mpusoaurca pajg COOTBeTCTBYIO-
HIHX TOYeK, MPHUYEM YKa3niBaeTcsd, MeKIy KakHuvi (azamd pas-
HOBeCHe CJYMHUT A YCTAHOBICHUA RaHHOH touku. B cayuae
paBHOBecHs JBYyX $a3 gasieHie pasHO HOpMaJnHOH arTMocdepe.

Temneparypnt ykasaunl

JAByoruch  yrieporia —
-— TBepAas ¥ napnl

Pryre—TBepmas H xKua-
Kas

Jlea u BOpa

Oxuch gudenunaa — tpoii-
Has TOYKa

DensoiiHass  KHCJI0Ta —
TpOfiHast Touka

VHauii — TBEpABIA H KB~
Kui

Hadraann — xuaxui
1 Haps

QJ10B0 -- TBEPAOE H IKHI-
Koe

bensodenon — xuaKui
H Haphl

Kagmu# — TBEpAntil
H OKHAKHH

B °C.
—~785
—38,87

0,000
26,88

122,36
156,61
218,0

231,91
305,9
321,03

Caumen — tepani
H OKHAKHA

Pryte — skuaxkan u napa 336,58
Amovuunit — TBep Bl

U KHAKHI

Meap — tBepaast u xuy- 1083

Kas

Hukean — tB2pnil

HKHAKHA

KeGaapT — TBEpbiil
HOKIAKAH

ITaaaa guit — e p apiil

" KHAKHIT
ITaartuna — Teepian
H KHIKASK

Ponnit — tBeputil it :xin- 1960

Kuft

Wpunanit — tep 1wt
H XKHAKHI

327,3
650,1"

H 1453
1492

1552
1768

2443

Pycckue H MeXKAyHapoinHble 0603HAYEHHS €TUHNL

Tadawua 51

OGo3navenne O6oanayene
Ennnnua N— Eanaunpa N—
PycCccKoe ponlioe pycckoe porHoe
Awmnep a A Arvocdepa ar at
Aunrcrpem A A texunuec- | (xec/cm®) {(kgl/em?)
Anoctuasb ac6 asb Kas '
Ap a a Bap 6ap bar
Armochepa arm atm Bapu Gapu barn
(ropMan- Bea 6 B
Has) Barr a7 W
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Ta6auua 51 (npodosmenue)
O6osnanenne O6oananente
Eaauuua Eanunua )
 bycexoe M onos | pycexoe | MU |
Bebep 86 Wh Mumntyta ! !
BovibT 8 \V/ yraosas
Taux ean Gal Mo MOAD mole
Faycc ec Gs Henep fin n
Feupn en H Har KT nt
Tepu oy Hz Heoton H N
Ipanyc °K (rpan) °K (deg) Om oM Q
Ipamu e « Hyas na P
Heunben 06 4B Tlbesa na pz
Hxoyan. e 3 Papnan pad rad
Tnna dun | ayn [Pesepdopa}  pd rd
Huontpus onrp 1/m Peurren p r
Kanopus KaA cal CaHTHMeTp oM cm
Kunorpaum Ke kg Ceeua ca (kd) od
Kyon X c (kauxena)
Kiopu Kropu Ci gexy:ma Cfl" S’
- eKyH1a "
Jliiufrepr 40 b yraoan
1 Hrp ! ? ! Cumenc cuM S
ouéiignax A, ¢, HP (PS) Cren ox n
JTioKe K I Crepaguan crep sr
Tomen e Im Cruis6 ch sb
Maxcsenn MEC Mx Croxe T St
MeTp M m CyTKH cyr d
Tecaa TA T
Mux {
(Mﬂxgg}.l e (s ) i (um) Tounna T t
MeTp) Top (ropp) TOp tor
Muanmerp MM mm H,0 ¥Yaea y3ea kn
BOAAHOTQ BOJ. CT. Q)apalla d) F
cro/i6a Qo
orT tp ph
Munanverp MM mm Hg Uae ‘ h
pTyTHOrO pT.CT. )
cronba SNeKTPOH- 38 eV
Muas MHAT | n.mile BOJBT
(Mopckas) Spr ape erg
Munyra MUK min Sperex a Oe
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Ta6anna 52
JecaTHIHbIE NPHCTABKH
H OTnome- Q6o3nauenne
e | | T —
CAHHHNE | cgoe | napoxnoe

Tepa 1012 T T TepafHKOY Ab Téx | Tj

Tura 10° r G THTaHbIOTOH I'n { GN

Mera 108 M M MeraoM (mMeroMm) | Mom | MQ |

Kuno 103 X k ~ KHaoraycc xe2e | kGs |

Tekto 102 2 h rexTeBaTT 28T 4 hW

JHexka 10 da da LEKATHTD Baa | dal

Jeun 0.1 d d IEHHMETD dn | dm

Canrn 10:2 ¢ K CcaHTHTYa3 cna | cP

Muyrin 10_4G M m MHMAHAMIED Ma mA

Muxpo 10 MK W MHXDOBOABT Mme | pV

Hano - 1'0_]2 H n HaHOCEKYHAA tcek | As

ITnko 10_15 n p nukodrapana ng pF

demto 10_, i/ f demTOrpaMym e ig

Arrto 10 a a aTTOKY IOH ax aC
TaGam na 53

OGo3naveuusn (GUIHYECKUX BEJUUHH

IMepeuens BrJioyaer B ce0a B OCHOBHOM Be/IHUMHE], BCTPeuaomuecs
B o0meM Kypce HIHKH H CMEXHHIX AMcuyinHax, [IpuBognMeie B ne-
peute 0003HAUEHMA 3AUMCTBOBAHLI H3 O0ILIECOIO3HBIX CTAHAAPTOB, PeKo-
MeHjgauyi, OTHOCAUIHXCS K PpAsAHYHBIM 00facTAM HAayKH H TeXHUKW,
a Takxe H3 HanboJiee pacnpocTpaHeHHWX yueGHHKOB (H3HKH,

Cor/acHO CylIecTBYIONHM NPABH/IaM JOMYCKAETCH B3aHMHAas 3aMeHa
HPONHCHEIX H CTPOYHBIX OyKB, TaM Tl 3TO NpeACTaB/JIgeTCH ILesecoos-
pasHelM H He IDHBOJHT K HEA0Da3yMEHHAM,

Besuunnua 06o- Beauunua Oo-
Jdayesie IHaqYcHue
AKTHBHOCT:  pajHOaK- BoCOpHUMYHBOCTD AH3-
THBHOTO HCTOUHHKA . . A JeKTpAYecKas . R
Bektop [lofintaara . .| II, § | BocnpaumunBocTs Mar-
Bunnocts abcoJoTHas 14 HUTHA" . . . . . . . Ry
Buanocts oTHOCHTEb- Bpems . . . . ... .| 47
Hag . . . . . ... K BsskocTh AMHaMHueckas | H, 1
BogoponHnli  mOKasa- BsagocTs KHHeMaTHue-
TEIb . .« v v e e . s pH CKaM . . . . . . . ¥
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Ta6auua 53 (apodoancenue)

O6as- Obo3-
Beanmuua HaveHue Beaununna HaveHHe
Hasnenue . . . . . . . r Mowent unepuuu (guna-
Hedicrsue . . . . . . .} S H MHyecku#t) . . . . . ]
Hoawga . . . . . . . . ! Mowmenr KOJIHUeCTBA
Jiauna cBerosoil BOJAHH A ABuxeunst . . . . .| L, <
Jlmuna csoGojHoro npo- || MomeHT MarHdTHnA . . Pu
Gera . . . . . . .. 1, A Mowuent ocesoit (3kBa-
Jio3a waavuedns . . . D TOpHAMBHME) ., . . . J.
EMkocts 3.JeKTpuueckas C Mowmenr noaspumit . . Iy
3apas  3JAeKTpHYECKHH Q Momenur cuaet . . . . | M
Hmnyibe  (K0JIAYECTBO Mowenrt cratuyeckult . . S
mprkeuust) . . . . .3 p, K | Moment 3jexTpuuecKuil Pa
HWapyxtusHocts . . . . L Momuoers . . . . . .| P,
MuayKTHBHOCTh B3aHM- Hanpaxennocts  mar-

Has e e e M HHTHOrO NOJR . . . . H
Unpykupns  Mariurpas B Hanpsixensocrs  aJjex-
HurtedcuBHOCTD  3BYKa 1 TPpHYECKOro HoJas . . E
Huretcusnocth Hamar- Obrvem . . . . ... 14

HH4lBaHus (HaMarmu- OcseweHuocTs . . . . E

UeHHOCTB) . . . . . .§ I, M Iflepuwog . . . . ... .| It
HMuredcnauocts 1019pu- IMaothoetn . . . .1 e, 6

3auuy {1oJspH3oBan- [Tnotnocrs 3apm1a -

HOCTB) . o &« o . . P HeHHas . . . . T
HuTepsa. BeICOTH 3BYKaA A TTnoTHOCTS 3apﬂ11a 06+
Kouaunectso ocpenienns H eMHas . . . . . . . [
KoAnuecTBo TENJI0TH . . Q ITnotnocrs 3apsina mo- ‘
Kouuentpauya . . . . f BePXHOCTHAA . . . . c
Kosdduunenr nuddy- IlaoTHOCTS  SJIEKTpHYE-

3dd . . N D CKOPO TOKA . . . . 8, j
Koaq)q»mncm nouepx- IMaoTROCTDL 3HEPritK 061,-

HOCTHOTO HaTAXeHus o eMHas . . . . .. .]u w
KosdpduuneHT noxsux- Muowans . . . . . .. S

HocTH (IOABHKHOCTD) b, IMoaspusyemocts Mose-
Kosdpdunnent remnepa- KyJdBE . . o o v 0 . . o

TYPOTNPOBOAHOCTH . . Q Tlocrosnuas rasosas . . R
Kosdpduunenr  reno- Ilocrosnanas - maruur-

NPOBOAHOCTH . . . . A Had ... . ... Ko
Kpusuana ., . . . . . . P [Toctosinuan flaanka . . h
KpuHaila rayccona K [Tocrosimuasn IMaauka —
Macca . . . .. ... m HMupaka . . . . . . . h
Macca  Mogekyasipuas IMocrosinnan aJexTpuye-

oTHoCHTeAbHA (MOJe- cKaT ... .. .. L] B

kyaspunii Bee) . . ] M,p [ HDoreamrar . . .. ..| V, ¢
Moayas casura . . . . G Morok usayueuns . . . F,0, P
Monyas yapyroety (Me- Motox MaruuTHLIR . . @

ayas KOwura) . . . . E
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TaGanuuna 53 (npodoanenue)

Od6o3-

Be.inynHa HAuCHHE Beaununa Hg’.d“‘
1€HHE
ITorok ceeroBolt . . . (1 COnpoTHBJIEHHE  SJeK-
IMorox Temnosodt . . . . @ TpHYECKOE . . . . . . R
Ilorok 3neKTPHUECKOTO ConpoTHB/IeHHE  3JeK-
CMEIeHHs . . . . . . N TpHuecKoe (KoMmieKe-
IMorokocuenienne . . b4 HOE) . v .. oL .. z
IIposopumocts . . . .| G ConpoTuBieHHEe  BJieK- :
TIponnnaeMocts  au3- TPHYECKOe YAe/bHOe P
JeKTpHueckas . . . . e Texyuects .. . . .. ¢
ITponnnaeMocTb MarHuT- Temnepatypa . . . ., .| %9
Hafl o . o 0 0 w0 s "] Temneparypa abcomor-
Padota . . . ... . .|A WL 1313 S T
Passoctb HOTeHHa- Tennoemkoets . . . . . c
JOB . . . .. L U | Temnora da3osoro mpe-
Pacxon Maccosnift . . Qu, M BpatieHus (1J1aBJIeHN,
Pacxon ob6beMHuil . . QV’ Q ucnapenus n r. ) | Loroh
CBeTHOCTD . . .+ . . R Yron . ... . L 9, a,
Cuna . ... .. .. F, P, ¥,
Q, R Y¥poreHn FPOMKOCTH L
Cuna  MarHHTOJBHKY- 3ByKa . ... B A
mast ... ... . F, 6 YpoBeHb 3BYKOBOI'O AaB-
Cusa ontuueckas . . @, D JEHUH . . . . . . . L,
Cuaa cBera . . . , . J Yekopenue . ... L L 6]
Cuma Toka . . . . . . i Yckopenne yriogoe . R
CHia  37€KTPOJBHIKY- Yacrota . . . . . . f,v
mass . . . . . . . .1 E 3 | Yacrora yraosas . . ®
CxopocThb . . . . . v Yucno BOAHOROE . . k, v
CKopocTh yraosas . ® Dueprusa . L EW
Cumeinetze 3JICKTpHYE- Sneprﬂﬁ BHYTDEHHAS U
ckoe (RHRYKIHS 3JaeK- Bueprust. kunernueckan | K, T,
TpHUECKas ) ) ‘ , Ey, Wy
CoNpOTHBAECHHE aKYCTH- Bueprus notenyHaapnan | I, U,
yecKoe . . RN R, Ey, Wy
ConpornpicHue  Mexa- Bueprust enoboasas F
Hugeckoe (aKyctuye- Aurporst . S
CKOH cHCTeMDl) R, SpKocTh B




Jnf nosnyuyeHHA 3HavTeHUs MOAyad B ulﬁﬁocnenyeT uyneaa croabua E ym-
HOKHTb Ha 10", B Qunfcm® —ua 10V, B xae/u® —na 10°, B Kzc/cm? —ua 105

B Kac/Mm?—na 10%

bot TABJIHUDF @
TaGaunya 54
Moayas yopyroctd {moayas HOura) siexkoropuix MaTepuanos
(cpemue OKPYr/IEHEHE 3HAueHus)

Marepnadn E ‘Ma'repuan E
Amomusnd , 7 Pespma . . . . . . . 0,5
Megb 12 Keapw . . . . ... 5
Crans . 20 Ceuren . . . . . . . 1.6

Ta6anua 55

B#3KOCTh HEKOTOPHX KHAKOcTeH npu 20° C

BA3KOCTh B : BazkocTh B
JKrAKOCTS Hcek o JKuzxocrh Rk
e
Boja 1,01 DrTuioBHi
Pryrs . 1,59 CnHpT . . . 119
bensona .. 0,65 Dpup . . . . 0,23
MerHaoBu#t cnupr 0,59 Fmauepun . . . 850

TaG6aunua 56

TennoeMKOCTH HEKOTOPHX BCIRECTB

TenJioeMKOCT b TenaoeMKocTh
Bewecrso O/ (ke: Kaal Bewecrzo Bacf{ra- rarf
-2pad) 10~ % /(z:2pad) .epad)-10"2| {(2-2pad)
AnoMuuni 8,8 0,21 Boga . . . 41,9 1,00
Boandpau 1,5 0,036 Pryms . . 1,3 0,033
Tepmanui 3,1 0,074 Ksapu . . 8,4 0,20
Keaeso . 4,6 0,11 CrexJo . 6,3 0,15
Mens 3,8 0,091
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TaGauua 57
TenaonpoBOAHOCTH HEKOTOPHX MaTepHANOB
Ten.lonpoBoLHOCTD TenNonpoBOAHOCTD
Mare- Mare-
pHAI 8T Kan KKQA puada 8r Kans KKaa
M-2pad| cex-cM-epad -wn-epcd( M-2pad| cex-cm-epadiv-m-2pad
Mexs | 390 | 092 | 330 |Uemenr |29 | 7-107525
Amomu- Kupmaa | 1,7 14,1-10 1 1.4
HHH 210 0,51 199 || Crexkao | 0,84 2,!0_s 0,7
I'pagur| 130 0,30 110 Boaa 063 {1,6- 10__4 0,54
Jlatyus| 110 0,26 94 | Bara 0,25 6-10_, 0,22
Bouan-  Hepeno | 0,21 5. 10_5 0,18
ppam| 76 0,18 65 [ Bohaok | 0,038 9-10 0,032
Cianp 46 0,11 _ . 40
Piyts 67 1,6-10 58
TaGauua 58
YnenbHOE aKycTHUECKOe CONPOTHBACHHE HEKOTOPMWX Cpex
YrennHoe Yaennuoe
aKycru#yeckoe . aKycruyeckKoe
Cpena CONpPOTUBACHHE B Cpend COTPOTHBIEHHE B
2leex cm? 2lcex - cM?
Boanyx (npn Menp 3,2- 108
HOPMaJIbHEIX Craan . . 4,1 - 108
YCJOBHSAX) . 43 Peanna 2,9.108
Boja . 1,4-10%
Pryte . . . . 2,0- 108
Ta6auuna 59
YaeabHbie CONPOTUBACHH HEKOTOPHIX NPOBOAHHKOB
Yaeawtioe conpo- Yiennuoe conpo-
_ THBJEHHe THBJeHHe
ITpoBoxHuK ‘w cre- 10 ITpoBoilHK _uomans cre. 1o
Aauua ANHHa
AmoMuHHE 3,2 3,6 Menn . 1,8 2,0
Buemyr . . 120 130 Mosmbnen 4,8 53
Cranp 20 22 CauHel . . 2,1 2,3
Cepebpo 1,6 1,8 Huxpowm 110 120
Tanran . . 15 17 Marrannn 43 48
Jlatyus . 8 89
Hana no.uyﬂegum 3HAYEHHA YAeIpHOIO CONPOTHB/ICHHS HIMEPEHUOID B OM: M,
OM CM H OM cjaenyeT YyHcaa CTO.’I6[(8 «Oﬂ'm» NTOMHOXKHTL COOTBET-.
M . AJaia
erBeno na 1075, 107% w1072
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