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NMpenucaosue

Tpuauath JeT Hazaj MHOIO Obl1a Hamucana Heboabuias
KHWKKAa <«EAHHMOB  H3MepeHHA (DH3MUECKHX BeJIHUHH>.
B 1948 r. ona BblllsIa BHOBb B NOJHOCTbIO NepepaboTanHOM
BHJEe H 3aTeM C HeGOJbIIMMH HCNpaBJeHHSMH H YTOuHe-
HHSAMH HepeusnaBajach B 1949 r. u 1951 r.

He cunras Gpomoput O. 1. XBo/abCOHa, BhILEALIEH
B 1887 r., ara 6blna, moxasayi, nepsas IIONbITKA CHCTEMAa-
THYECKOTO H3/I0MKEHHUS pas3IMYHbIX CHCTeM eJUHHL M CIOo-
.co60B mepexona OT OJHUX eJuHUIl K JpyruM. IToTpeGHOCTb
B TAKOTO pola yueGHOM NOCOOHH (a KHHIa Oblla HanHcaHa
MMEHHO Kak yuebHoe mocobue mJs CTYAEHTOB) OblJa B TO
BpeMs BecbMa BesnuKa. CTyJEHTH BBbIHYXKJAeHbl OBIIH H3Y-
yath cucrembl CI'C, TexHuyeckyio (HblHe 00603HauaeMylo
MKI'CC), MTC, MKC, na kpoMe TOro, B YueHHH 00 3JeK-
TpHUYECTBe M MarHeTHsMe pas3bupaThcs B «NPOTHBOPEUMBOH»
‘cucteMe pasMepnocteit u eaunuy CI'C3 u CI'CM. K stomy
noGapasyoch OGAbIIOE YHCAO PasHOOGPa3HLIX BHECHCTEM-
-HBIX €AHHHUIL

TMonoxenne CymecTBeHHBIM 00pa3oM H3MEHHJIOCh TMOC/e
BBelleHHs] MeXIyHapPOIHCH. CHCTEMBI elHHHL, 0603HaYaeMoH
cumboaom CH (SI), koropas cornacio F'OCT 9867—61, -
«JOJXKHA TPHMEHAThCH Kak NpeAloyTHTeNbHass BO BCeX
o6sacTsiX HayKH, TeXHUKH H HApPOAHOIO XO3fHCTBA, a TaKxe
npH TpernogaBaHuu». B cBsasu ¢ BBeaeHHeM MexayHapon-
HOH CHCTEMBl MOXKHO Oblio Obl HepeHsfaTh YNOMSHYTYIO
KHHTY, BHeCsl B Hee HeOOXOAMMBble H3MEHeHHsl W JIOMOJHE-
nusti. OfHako npefjaraeMasi KHHFA KOPEHHHIM o6pasoM
ornHyaercs oT «ExMHMI H3MepeHUs (H3UYECKHX BEHUHH»
M TpeciefyeT Apyrue LejH, O KOTOPBIX peub OyaeT HATH
HHKe.

BeccnopHo, co3fanHe CHCTEMBI, OXBaThIBalOuleH Bce
o6nacTy U3MepeHHH W BKJIOYAOIEeH B cefs 60Jbiloe UMCIO
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e/HHUI, NPUMEHseMbIX Ha MpaKTHKe, CJIENyeT paccMaTpH-
BaTh KaK NPOTPECCUBHBIH L1ar, OJHAKO, 110 MoeMy yGex/je-
HHIO, 3/leCh He cjefyeT Bmajath B KpaftnocTb. Ecin nanu-
upe GOJBIIOTO pasHOOOpas3usi CHCTEM €[IHHHIL CO3/aeT 3Ha-
YHTe/NbHbIE HeyA0OCTBa, TO MOMbITKA YJOXKHTb BCe H3MepeHHUs
B NPOKPYCTOBO JOXKe OJHOH CHCTEMbl BPSIA JH CMOXeET
BCEX YIOBJIETBOPHUTb. Mexay TeM IJlaBHBIM, eC/lH He eJHH-
CTBeHHbIM TpeGOBaHHEM, KOTOpOe CJAeNYeT MPENbAB/IATbE KO
BCSIKO!l CHCTeMe eJIHHHIL, — 3TO ee YAOOCTBO.

1 mosmHOCTbIO pasdensilo MHeHue akajemuka M. A. Jle-
outoBuua (Becrnuk AH CCCP, Ne 6, 1964) o Tom, uTO
cicteMa CI'C posxHa ObTh cOXpaHeHa, NPHYEM He Kak
«ONyIeHHass K ynoTpeG/eHHIO», a Kak COBepLIEHHO NOoJ-
HOpaBHas CHCTEMa.

Has pspa ueneft AOJXKHBI COXPaHHTbCS W Jpyrue, B
YaCTHOCTH, HEKOTOpble BHECHCTeMHbie €JUHMIBl H ONATh-
TaK¥ N0 OJHON eAMHCTBEHHOHN NpPHUHHE — H3-32 NpaKTHYe-
CKOTO yA06CTBA B LaHHOM KOHKPeTHOH 064aCTH.

Ecnu 65l peub LI1a TOJLKO O BOHPOCE BHEAPEHHUSI CH-
crempi CH M coxpaHeHHs WM HeCOXpaHeHMS APYTUX cu-
-crem (B uyacTHocTH, cuctembl CI'C), TO HamMcaHue 3TOH
KHHTM Bpsil JH Obl10 GBI OMPaBNAHO M MOXKHO ObLIO OB
‘OrpaHHYUTBCS HeGOJBINOHA IKYPHANBHOH cTaThedl. ITO TeM
‘6oJiee MOXKHO OblIO OBl .clenaTh, YTO B HAacTosiilee BpeM#
HMeeTCs PS CHpPaBOYHHKOB, B KOTOPBHIX COOpaHbl e€JHHHILI
[paKkTHYECKH BCeX CHCTeM M 00./blIOe YHC/AO BHECHCTEMHBIX
eaunun *). OcHoBHas 3ajavya TOH KHHMIH —— Apyras, M OHa
OTpaxeHa B ee 3arjaBHH, O KOTOPDOM CJie[yeT CKasaTh
oco6o. Buecenue B 3aryiaBHe KHHIH C/I0Ba <«PasMePHOCTH»
MNOJAYEPKHBAET TO OGCTOATENBCTBO, UTO HAPSLy C BONPOCOM
0 cHCTeMax enuHul GoJibliloe BHUMaHHe YleJeHO CHCTeMaM
pasmepuoctefl. I1pu 3TOM ¢ camoro HayaJjla CUHTAI0 HYXKHBIM
NOJYEPKHYTh, YTO CJAOBO «Pa3MEPHOCTH» CJIeLyeT CBA3BIBATDH
TOJBKO CO CJOBOM «eJHHUIBI», 3 HE CO CJIOBOM «BEJIHUYHHBI».
Kak MHe KaxKeTcs, B KHHIe JOCTATOYHO yOeauTeJbHO IOKa-
3aHO, YTO TNOHATHE «Pa3MEPHOCTh (PU3HUECKOH BEJHYHHBI»
JIMILIEHO BCSIKOTO CMBICAA H MOMET NPUMEHSATbCA TOJBKO

*) MoxXHO peKoMeH0BaTh BecbMa noipoGHblil cnpaBouHuk «Exnnu-
OB H3MepeHHH# U 0603HaueHHs (PHI3HKO-TEXHHUECKHX BeJHUHH», COCTaB-
JIEHHEIH KOJIJIEKTHBOM aBTOpoB mox pykosoactsoM H. B. Kanaumnukosa u
JI. P. Croukoro (Man-so «Hexpa», Mockea, 1966),
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KaK pPa3rOBOPHOE COKpallleHHe IOHATHS «pPa3MEPHOCTb efH-
HHLBl [aHHOH (H3WUECKOH BENMUHHBI, B pPaMKax HaHHOH CH-
CTeMbl eAHHHL». XOTS B KHHIE IJS KPaTKOCTH NOBCEMECTHO
NpUMeHsIeTCsl 3TO pPa3TOBOPHOe COKpallleHue (yuHThiBasd,
KpOMe KpaTKOCTH, €ro LIHPOKOe pacnpocTpaHeHue), ero
HCTHUHHBIA CMbICJI HEOOXOLUMO HMETb B BHIY.

Has Toro uto6el QopMyJibl pasMepHOCTH He OCTaBaJIHCh
aOCTpaKTHBIMH, B KHUTEe JalOTCA KpaTKue CBeleHHs O MpH-
MeHeHHH 3THX (OpMyJ, B YaCTHOCTH B aHaJH3e pa3MepHO-
cTell U MeToie nojpobud. DTo npeacTaBaseTcs MHe TeM 6o-
Jiee TOJIE3HBIM, UTO yKa3aHHBIE METOAb! HaxoAsAT Bce Oonee
IIHPOKoe NpHMEHeHHe, a JHTepaTypa MO 3TOMY BOIpOCY
KpaliHe CKyAHa M He Bcerfa [JOCTAaTOYHO JAOCTYNHA.

Oco6enno Gosblloe BHHUMaHHE B KHHTe YJeJeHD OOuIuM
HNPHHUUNAM IOCTPOEHHSl CHCTEM eIUHUI K MeTojaM [epe-
BOAA €MHHI W3 OXHON cucTeMbl B Apyryio. Ilpu paccmorpe-
HHH 00pas3oBaHuA OTHENbHBIX eJUHHL 1 cuYesa BechbMa Iiene-
COo06pa3HBIM JaBaTh He CTOJBKO (POpMasbHOE OMNpeleseHne
eJIMHULB], CKOMbKO OOBSICHEHHe CyllecTBa H3MepsAeMol ¢u-
3HYECKOH BEJMUHHBI M TOrO, Ha OCHOBe KaKOro H3MepeHus
ycTaHaBJUBaeTCa JaHHas efUHULA.

Ilpn moarotoBke pyKOUHCH K N€YaTH BO3HUK/AA CBOEOG-
pasHasi TPYJHOCTh B BbiGope o003HaueHUd IJs pasiHUHbBIX
BeJanunH U enuHul. CyliecTBylOlide CTaHAapThl H PEKOMEH+
Jaluyu JalT AJs OAHUX U TeX Ke BeJHYHH pasuble 000-
3HAUYEHHS, B 3aBHCHMOCTH OT TOrO, K KakuM obJjacram
HAYK{ W TeXHUKH TH BeJHUHHBl OTHOCATCS.

B kuure, oxpatbiBalomieil Bce pasaenbl (PU3NKH, NPHXO-
JUTCS MMEeTh JAeJ0 ¢ BecbMa OOJbLIMM YHCJIOM BeJHYMH.
"Tloaromy BrIGOp O00O3HaueHMH M3 4HC/Ia COAEPKAHIMXCH B
pPasHBIX pEeKOMEeHAALHUfAX, ObITb MOXET, HMeeT HECKOJbKO
IPOU3BOJILHLIT Xapakrep. 2TOT BbIGOp onpelessieTcst B Oc-
HOBHOM TeM, Kakue 0003HaueHus B HaWOOJbIIEH CTeNeHH
NPHHATH B yueGHO#N (usuueckoil auteparype. Tak, B OTJH-
yhe OT 0603HAYeHHs IVIOTHOCTH TOKa O, NPHHATON B 3JeK-
TPOTEXHHUECKOH JUTEpAType, B KHHre, KaK H B OO/bIIHHCTBE
yueBHHKOB 10 (pusnke, npuusro o6o3nayenne j. INockoabky,
corsiacuo cyulectsyiownM [OCT n pekoMenpalusiM, LOMy-
CKaeTcsi B3auMHas 3aMeHa MpPOJIUCHBIX H CTPOUHBIX OYKB,
s BHI6paJ Te H3 HUX, KOTOpble INpe/cTaB/asauch Oojee
YA06GHBIMH.
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Hakonen, ocofo caefyeT ynoMsiHyTb <BOJLHOCTb», KO-
TOPYIO 5l AOMYCTUJ B Ha3BaHHH M 0003HAYEHHH TEXHHYECKOH
eAuHunpl Maccel. Kak ¥ B mpenblaylueil Moelt Kuure, s BMe-
cT0 0603HaueHHs T.€. M. HJAH onpeaeaseMoro ¢opmyJoi
paaMepHOCTH O0OO3HAUEHHSI KeC - CeKk?/M TOJb3yICh peKo-
MeHAOBaHHBIM npod. M. ®. ManuKoBHIM Ha3BaHHEM <«HHep-
Ta» H COKpallleHHbIM o0o3HaueHueM «u». Ecan, Kak 3T0
npeanoJaraercs, TexHuyeckas cucreMa eaunun (MKI'CC)
6yzeT cO BpeMeHeM NONHOCTbIO JMKBHAHPOBaHa, Bompoc 06
0603HaueHHH eJWHHUbl Macchl B 3TOH cHCTeMe caM cO0O#
ornajer. Ho moka cueremMa He Bhiia M3 o0MXoAa, MHe
npencrapasercs GoJjee yJOGHBIM WMETh CHEUHaNbHOE HaH-
MEHOBaHHE ISl €JUHHUBI TakoH BayKHOH BeJHYHHBI, KakK
Macca.

He craBs nepep coGoit sagauu cosjamusi cnpaBOuHMKA
No elMHHIAM, 5 BCe K€ BKJIIOUUI JOBOJLHO Gosbliofl Tab-
JIHYHBIH MaTepuaJs, KOTODHIH MOMKET OKa3aThCsl MOJE3HbIM
npu NpakTHuYecKOH pabore.

B kakoit Mepe MHe yaanoch paspemiuTh BCe Te 3ajauH,
KOTOPble 5 MOCTAaBMJI TepeR cobofi IpH HaMHCAHHM 3TOH
KHHUTH, CMOTYT CYAMTb YHTATENH.

O Bcex 3aMeyaHHSX ¥ HeNOCTATKAX NpPOIY COOGIHUTH
B I'naBHylo penakumuio (hH3HKO-MaTeMaTHUECKOH JHTepaTy-
pbi u3natennctBa «Hayka» no agpecy: Mocksa, B-71, Jle-
HHHCKHI npocmekT, 15,



Fnmnasa 1

O6He NOHATHA O CHCTEMaX OCHOBHBIX
¥ NPOU3BOJHLIX €IHHHIL

§ 1.1. du3uveckHe BeAMUHUHBI U eAHHHIBI MX H3MeEpeHHS

TloBcefHeBHO HaM MPHXOAHTCA HMETb JeJIO CO BCEBO3-
MOKHBIMH H3MepeHUsiMH. MamepeHHs TakMX BeJHUHH, KakK
IJIMHA, nJoIaAs, o6beM, BpeMs, BeC BCTPEUAlOTCH Ha KaxK-
LOM IIary W H3BeCTHH YeJOBEKY C He3anaMsATHBIX BpeMeH.
be3 HHX HeBO3MOKHBI ObLIH OBl TOPrOBJfA, CTPOUTEILCTBO
34aHHl, pa3fien 3eMJH H T. 1.

- OcofenHo BeJHMKO 3HaueHHe H3MeDeHHH B TeXHHKe M
HayyHoM HccaefoBaHHMH. TaxkHe Haykd, KakK MaTeMaTHKa,
MexaHuka, (H3uKa, CTajd Ha3blBaTbCAd TOYHBIMH HMEHHO
gotoMy, uto G6Jarofapst - H3MepeHHSIM OHH TOJYYHJIH BO3-.
MO3KHOCTh YCTAHABJ/IMBATh TOUHBIE KOJHUECTBEHHLIE COOTHO-
UIeHHsi, Boipaxamwoliine 06 beKTHBHBIE 3aKOHBI MPHPOIBL

Hepenko pesy/ibTaT H3MepeHHH, NMPOH3BEJECHHBIX B TOM
WM VHOM Hay4HOM OINbiTe, [JaBaj peuarolluil OTBeT Ha
NPHHIMIHKANbHBIA BONPOC, MOCTABJIEHHbLIH HAayKOH, [03BO-
JAsJ1 clenaTh BLIGOp Mexay ABYMsA TeOpHSIMH, a mojyac
Jaxe IMPHBOAHJI K BO3HHKHOBEHHIO HOBOH TEOpPHH HJIH
Jaxe HOBOH oTpaciu Hayku. Tak, H3Mepenue CKOPOCTH
pacnpocTpaHeHusi CBETa B pa3jWUHBIX CcpeAax cmocoGCTBO-
BaJIO YTBEPXK/IEHWI0 BONHOBOH TEOPHH CBeTa, MOMBITKA H3:
MepeHHsT CKOpPOCTH aGCOJIOTHOTO JBHXKEHHS! 3€MJIH NpHBeJa
K BO3HHKHOBEHHIO TEOPUH OTHOCHTE/JILHOCTH, H3MepeHue
pacnpele/NeHuss SHepPrHH B CHeKTpe abCOMIOTHO 4epHOro
Tesa MOCHYXKHIO NPHYHHON 3apOXKIACHHS KBAHTOBO! TEOPUH.

Hu oana oTpacib TeXHHKH, HauHHas OT CTPOMTENbHOR
MexXaHHKH H [0 CJAOXKHBIX XHMHYECKHX MPOH3BOACTB, OD
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pPaJMOTEXHHKH U 10 SIAEPHON SHepreTHKH, He Moraa Obl cy-
llecTBOBaTh 0e3 pasBepHYTOH CHCTeMbl H3MepeHHH, ompe-
Jleqsionlefl pasMepbl U CBOHCTBA BHIYCKAaeMOH NPOJYKUHH,
yCcTaHaBJAMBAIOLIEH YC/JAOBHS KOHTDPOJS Haj MexaHu3MaMHu H
HpoleccaMy.

OcoGedno BO3pocaa pOJab H3MepeHUH B CBA3M C pas-
BHTHEM aBTOMAaTHYECKOTC YIpaBJeHHs, Tak KakK aBTOMATH-
yecKHe CHCTeMbl M CUETHO-pellaloliye YCTPOHCTBA [OJIKHDBL
HoJyyaTh B KawyecTBe UCXOMHBIX JaHHBIX HHQOPMaUHIO O
pasJHUHBIX BeJHUYMHAX, ONpelessIoUHX XOJ peryaupye-
MOTO Tpollecca: TeMmeparype, AaBji€HUH [a3a, CKOPOCTH
IIOTOK& XXHAKOCTH U T. Il

OrpoMHoe pasHooOpasue sBJEHHH, € KOTOPBIMH IpH-
XOJMTCS BCTPEUaThcA B TEXHHKe M HAaYYHOM HCCJIEJOBaHUH,
JlefiaeT COOTBETCTBEHHO BecbMa LIMPOKHM H KDYT BEJIHUHH,
nojJexalmnx H3MepeHuio. HamnpsixkeHue B 3/eKTPHUECKOU
€eTH,. BA3KOCTh CMa30uHOrO Mac/aa, YyIpyrocTb CTajH, MOKa-
3aTe/b NPETOMJEHHA CTEK/Ja, MOILHOCTb [BUraTess, CHJIa
cBeTa JIaMMbl, AJHHa 3JEKTPOMACHMTHOH BOJHBI PajfHO-
CTAHIIMH, — BOT JHIUb HEKOTOpble H3 OGeCuncJeHHOTO MHO-
JKEeCTBa BeJHUMH, MOABEPraloliHXCsi U3MEPEHHIO B Hayke H
TEXHHKE.

UpesBniualHO pPa3HOOOpa3Hbl TakkKe M MeTOLbl H3Mepe-
uuil. [IpocTble MepuTesbHble JIHHEHKH W CJOXHBIE ONTHYe-
cKHe TNpUOOpHl CAYXKAT [Js H3MEpeHus [JIHHBl, MarHHTO-
3JEKTPUYECKHe, 3JeKTPOMarHuTHBE H TeIlIoBble NPHOOpH
H3MepsIioT HampsKeHHe H CHJY TOKA, MAaHOMeTPHl pasJjny-
HBIX THIOOB HM3MepsiloT faBjeHune u T. A. OIHAKO He3aBu-
CHMO OT MPHUMEHSEMOro crocofa BesiKOoe uaMepeHnue 1060k
* (M3MUECKO! BEJUUHHBI CBOAUTCA K CPaBHEHHIO JaHHOH Be-
JUYMHBL ¢ japyrofi nogoGHoH, npuHATOH 3a efunumy. Tak,
HanmpuMmep, HU3Mepss JJHHY CTOJNa, Mbl CPaBHHBaeM 3Ty
JUIMHY C JJIHHOM ApPYroro Teja, UPHHATOH HaMH 3a eIHHUILY
AMuHB (HAmpuMep, METPOBOIl JIMHENKH); B3BelIMBAs KyCOK
xneGa, y3aHaeM, BO CKOJIbKO pa3 ero Bec 0oJblle MM MEHbs
Iie Beca JPYroro Teja — ONpeleJeHHOH eIHHHYHOH THDH,
KKHJIOTDaMMa®» HJIU «rpamMMmas.

UsmepuTh Kakyw-iub0 BeJHUMHY — 3TO 3HAUHUT, CJAENO-
BaTe/bHO, HaliTH OTHOLLHEHHWEe JaHHOH BEeJHUHHB K COOTBeT-
CTBYIOLLEH elHHNIlEe H3MepeHHs. JTO OTHOLIEHHE H SIBJSeT-
csl, OYEBU/JHO, MepOH HHTepecylOLled HAC BEAMUYMHEL,
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Taxk Kak caMoe NOHATHE «GO/bIie — MeHbliie» NPHUMEHH-
MO JIMLIb K OJHOPOJAHLIM BeJHUHHAM, OUEBHIHO, YTO M CPaB<
HHBaTh MOXHO TOJIBKO OJHODOJAHbIC BeJH4YHHb. MOXHO
CpPaBHHUBATb BLICOTY 34aHHA C DaACCTOAHHEM MEXIY TIOpo-
AaMH, CUJIy HaTKEHHS NPYKHUHBI ¢ BecOM (T. €. CHJIOH Ts«
JKeCTH) THPH, HO OecCMBICJIEHHO CTaBHTb BONPOC O TOM,
IpeBLIIAeT JH CKOPOCTh INOe3la JAJHHY KapaHjalla, HIH
o6beM crakaHa— Bec 4YepHHJIbHHLL. CTOMb ¥Ke Heserno,
pasymeeTcsi, MbITATbCS U3MEPHTb CKOPOCTb EIMHMUEH Mac-
CBI MJH IJIOLLAJb — €AMHHILEH CHJIBL.

Hnst Toro 4toGnl M3MepeHHe HMeJNO OJHO3HAYHBIA Xa<
pakTep, He0OXOAHMO, 4TOObl OTHOILEHHE ABYX OLHOPOAHBIX
BeJHYMH He 3aBUCENO OT TOrO, KakoH eJMHMIeHd H3MepeHHl
aTH Bequuyudbl. [logaeasioniee O6OJBUIMHCTBO (U3IHYECKHX
BEJHYUH YAOBJIETBOPSET 3TOMY YCJOBHIO, KOTOpPOe GOBIYHO
Ha3bIBAIOT YCJIOBHEM QOCOAOTHO20 3HA4EHUA OTHOCUTE/b
HO20 Koaudecrsa. DTO YCJIOBHE MOXKET ObiTh COOJIOAEHO
NpH HAJHUYHH N0 KpalHed Mepe NMPHHUHNHAJIBHOH BO3MOXK-
HOCTH TAKOr0 KOJIHYeCTBEHHOIO CPAaBHEHHs JBYX OLHODPOI-
HBIX BeJHYMH, B pe3yJbTaTe KOTOPOTO MOJYUAETCs YHCIO,
Bblpax<alollee OTHOLICHHE THX BEJHYHH.

Berpeuatores, onHaxko, nmojyac TakKHe CBOHACTBA, KOTO<
pble He yjaercsi OXapaKTepH30BaTh BEIHUHHOH, YIOBJETBO-
psAlollell yKkazaHHOMY TpeboBaHui. B 3THX cIyuasx BBOLSAT
HEKOTOPBIE YCJOBHbIE YHC/OBble XapaKTEPUCTHKH, KOTOPbIS
yKe HeJb3sl pacCMaTpUBATh KaK eiAMHUIB H3MepeHus. C pas-
BUTHEM HM3MEPUTENbHOH TeXHHKH HHOTJa BO3HHKAaeT BO3-
MOXKHOCTB 3aMEHBl TAKHX YCJIOBHBIX XapaKTEPUCTHK Ha-
CTOSILIMMH eJHHHUAMH H3Mepenus. Tak, Hanpumep, s
onpeesNeHHs] CKOPOCTH BeTpa paHblle CIyXujaa YyCJAOBHas
mKasna «cuanl Berpa» bBodopra, KoTOpyio 3aTeM 3aMeHHIH
H3MepeHHEeM CKODOCTH BeTpa B MeTpax B CeKyHay. B Ha«
crosilliee BpeMs KaxkjoMmy Oanny mkaiabl Bodopra npuBe«
JeH B COOTBETCTBHE OINpefesNeHHbll HHTePBad CKOPOCTH
Berpa. K uHedy Takumx YCJIOBHBIX BEJHUMH OTHOCHTCH U
TBEpAOCTb MaTepHaJoB, AJs CpaBHEHUs KOTODOH cymiect-
BYIOT pa3/IMYHble IIKaJbl, MeX1y KOTODbIMH, KCTaTH CKa-
3aTh, HET Ja¥Ke BIOJHE OJHO3HAYHOIO COOTBETCTBHs. XOTH
3TH YCJAOBHble UHCJHEHHDBIE XapaKTePHCTHKH (DH3HUECKHX
CBOHCTB H He SBJAIOTCS €JHHHLAMH H3MepeHus, Mbl s
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noGcTBa yuTaTess HaubGosee ynorpeGUTeNbHBIE H3 HHX
{KJIIO'-IPIJII/I B HACTOALLYIO KHHTY.

Bonpoc 0 TOM, KaK ONpefeHTh EAMHHLY H3MepsieMOH
BeJIHUHHBI, BooGlIe TOBOPS, MOXeT ObITh pelleH NPOU3BOJb-
fpo. U gelicTBHTENBHO, MCTOPHS MAaTepHaJbHOH KYJbTYpPHI
8HAaeT TPOMajHoe YHUCJIO PasHOOGPasHBIX eIHHHMI, B O0COOeH-
HOCTH AJf HM3MEpeHHs JJIMHB, nJaolajg#, oObemMa M Beca.
910 pasHooGpasiie eIHHHI COXPAaHHJIOCh B HEKOTOPOH CTe-
NeHd ¥ [0 Hallero BpPeMeHH. ~

Hannuue GosblIoro uyucaa pasHooOPasHbIX eIHHHIL CO3
JAaBaJjlo, €CTECTBEHHO, 3aTPYAHEHHs B MeXKIYHAapPOAHBIX
TOPTrOBHIX OTHOLIEHHSIX, OOMeHe pesyJbTaTaMH HayYHBIX
HCCcaefoBaHuil W T. TI. Bcaencrspe 3TOro yyeHbie PasHbix
CTPaH MNbITATHCh YCTAHOBHTH O6ILMEe €IHHHIL H3MEpeHHH,
KOTOpHIe 1eficTBOBaJH OBl BO Bcex crpanax. Ilpu stom, pa-
syMeerTcs, He CTaBWJach 3ajaya AN KaxA0H BeJHYHHDE
yCTaHaBJIHBATh OAHY-eAMHCTBEHHYIO eAHHHLY. I[lOCKO/IbKY
Ha NPaKTUKE TMPHXOLUTCA BCTPeuaThCsi ¢ OOJBIIMMHM M Ma-
JBIMH SHAYEHUSIMH HW3MepsieMblX BEJHYHH, lejecoo6pasHo
6biI0 MMeTb COOTBETCTBEHHO €IMHHIBI pa3JU4yHOro pas-
Mepa — KpYIHBIE U MeJKHe, ¢ T€M, OJHAKO, YCJIOBHEM, 4TO-
6bl mepexon OT OAHHX eNHHHIl K JPYTHM OCYLIECTBJSJICH
BO3MOKHO 0Gojee TPOCTO. TakuMH efUHNAUAMHM CTalH elH-
MHIB! METPHUECKOH CHCTEMBI Mep, CO3JaHHOH B 3MOXY
®dpaHuy3cKOll PEBOJIOLHH, CHCTEeMbl, KOTOpas MO MBICJIH
ee aBTOPOB JOJMKHaA Obla CJYXKHTb <«Ha BCe BpEMeEHa,
I BceX HapojoB» («a tous les temps, & tous les peu-
ples»). '

C cepenunpt XIX B. MeTpHyeckas cHcTeMa cCraja IuM-
POKO pacnmpocTpaHATbCsi, OblJa y3aKOHeHa MOYTH BO BCeX
CTpaHaX W Jierja B OCHOBY NOCTPOEHHS €JHHMI, CHyXallnx
A M3MEPeHUsT PA3JIHYHBIX BeJHYHH B QH3UKE M CMEXKHBIX
naykax. OTJHYATENbHBIM CBOHCTBOM METPHUECKOH, WM,
KaK ee HHOIa Ha3bBaloT, NEeCSITHYHOH CHCTeMBl Mep, fAB-
JFeTcs TO, UTO pas3Hble eIMHHLBI ONHOM M TOH Xe BejH-
YHHB OTHOCATCA JPYr K HAPYTY Kak HeJble (MOJOXKHTeIb-
Hble WIH OTPHUATEeNbHBIE) CTEHNEHU JEeCATH.

" HecmoTpss Ha sBHBIe npeuMyluecTBa H YHOOCTBA Me-
TPUYECKON CHCTeMBI, Hapsjly ¢ Hell B psife CTpaH MpUMe-
HAIOTCA CBOM, MecTHble eAuHuub, a B Aurauu, CHIA n
HEKOTOpHIX APYrHX CTpaHax A0 HAaCTOAUIETO BPEMEHH MET-
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pHuecKasi CHCTeMa He HABJSeTCA T[oCyJapCTBEHHOH H HC-
MONIb3YETCsA, ¥ TO He BCerja, JiHllb B HayyHBIX paborax.

To ob6cToATenbCTBO, UTO MAJSA M3MepeHUs] OJHOH W To#
e BeJHYMHBl NDHMEHSeTCS HEeCKOJbKO eAMHHNL, Tpelyer
yMeHHsI TepexoJHTb OT OAHHX €AuHHL K ApyruM. MHaue
rOBOpSI, HYXXHO YyMeTb ONpefleisiTh YHCJIO, H3Mepsiollee
JNaHHYIO BeJUUYMHY OJHOH eNHHHIeH, eC/1M H3BECTHO YHCHO,
usmepsiiomiee ee npyrofr. Ecau manunas sennunsa A, 6y-
Iy4Yd H3MepeHa eluHHLed o, HAaeT YHCJAO &, TO MOXKHO
Hanucarh

Ecan npu usmepenuu Toii xe esuunHsl A equHuueH op MBI
[OJAYYHM YHCJAO G2, TO COOTBETCTBEHHO

A_,
(¢ 23 Bt
HJIH XKe

A = a[al = 02a2.
CpaBHHBast 3TH BbIPaKeHHsl, MOXKeM Hanucarb

ay Uy
et (1.1)
3ta ¢dopmyna Bbpa)kaeT XOpPOLIO H3BECTHOE MNOJOXKe-
HUe, UTO YHCAEHHOe 3HayeHue PU3UYECKOH BeIUYHHBI U CoH~
HYULa ee M3MepeHHs HaxOAATCS B OOPaTHOM  OTHOILICHHH,
T. €. BO CKOJIbKO pa3 KpynHee efHHHLlA, H3MepsAwoUlas NaH-
HVIO BEJIMUMHY, BO CTOJIbBKO pa3 MeHblle YHCJO0, KOTOPHM
9Ta BeJHYHHa BbipaxkaeTcs. Tak, Hanpumep, €Cjld pocT ve-
JIOBEKa, H3MEpeHHBIH B CAaHTHMeTPax, BHIPAXKaeTcsl YHC/IOM
175, To TOT e pOCT, H3MEpeHHBII B JenumMerpax, Oyaer
BbIpaXKaThCsl uucaoM 17,5, IT0 mpocToe MOJOKEHHE MHO-
rue 3a6bIBAIOT, KOTAA peub HAeT 0 GoJjee CIOKHBIX H MeHee
BHAKOMBIX BEJHYHHAX.

s toro uro6ul He 3abbiBaTh 3TO OOGCTOSITEALCTBO, He-
0GXOJAMMO TBEpPAO YCBOHTb, YTO CHMBOJBI, CTOSLIHe B (op-
MyJie, mpejacTaBafgioT cobofi He caMH BeJHYHHB], a 4YHCHA,
KOTOPBIMH 3TH BEJMYMHb! BbIpaXKeHbl NpPH H3MepeHHH TOH
Wi uHOM exunuued. Yto6s GoOpMyab HMeJH OOWMHA cMbICI,
PSAOM C CHMBOJIOM YHCJAa, BBIPAXKalolllero AAHHYIO BeJjH-
YHHY, CTaBAT CHMBOJ eJMHMIB, KOTOPOH 3Ta Be/IHYMHA
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usMepena. Tak, HampuMep, Mbl NHILEM: «POCT ueJOBeKa
paBen 17,5 Om», wiaum XKe «pocT uyesoBeka paBen 175 ca».
Beipaxenus 17,0 du u 175 cm npedcrtasasior coGoi pas-
HOLleHHbie 0003HaueHus OAHON M Toi e anauHbl. Ilostomy
MOXKHO Hamucarthb

17,56 Ou =175 cm.

§ 1.2. Mpamble H KOCBEHHbIE U3MEpPEHHsI

Kak Mbl yxe FOBOPWJIH, BCAKOE H3MepeHHe 3ak/awoyaer-
cf B CPaBHEHHH JaHHOH BEJMYMHBl ¢ JAPYTOH, OJHOPOJHOH
BEJIHUMHOH, TUpUHATOH 3a exunnny. Onpnako 1ajexko He
BCerjla Takoe CpaBHeHHe NPOH3BOAUTCA HENOCPEACTBEHHO.
B GoabmiuHcTBE ciayuaeB HaMepsieTcs He caMa HHTepecylo-
11as Hac BeJHUHHA, a ADYrHe BeJHUNHbI, CBf3aHHBIE C HEIO
TeMH HJH HHBIMH COOTHOLIEHHSMH M 3a8KOHOMEPHOCTAMH.
Hepenko nna wuaMepeHUsl JLAHHOH BEJHYMHBl TIPHXOAHTCSA
NpeiBapUTeJbHO H3MepPHTh HECKOJbKO JPYTHX, MO 3HAUe-
HHIO KOTOPHIX BHIUHCJIEHHEM OMNpeAeifercs 3HaueHHe HCKO-
Mol BeqnumHbl. Taxk, I/s OnpefeJeHHA YIeJIbHOIO Beca
H3MepAT o6beM Tesa U ero Bec, [J1s ONpeAeJeHusi CKOpo-
CTH — NPONLEeHHBI NYTb U BpeMs U T. A.

B COOTBETCTBHHM CO CKAa3aHHbIM Bce H3MepeHHs [enaaT
Ha mpsiMbie H KocBeHHb e. OObIUHO MPH 3TOM K Tps-
MBIM OTHOCST TaKHe, NPYW KOTOPHIX UMCJIEHHOe 3HaueHue
H3MepseMOl BeNMUHMHB NOJyUaeTCss B pesy/bTaTe OLHOTO
HaGI0eHUs HJIH OTcYeTa (HanmpHMep, MO ILIKale H3MEpH-
TespHoro npubopa). OgHaxo, no cyulecTsy, B GOJIBUIHHCTBE
TAaKUX CAYyuaeB TakKike HMeeT MecTo He NpAMOe H3MepeHHe,
a KocBeHHoe, JlefcTBUTENbLHO, pas/iMUHble H3MepHTEJbHBIE
npuGopel  (BOJILTMETDbI, aMIEPMEeTpPhl, TEPMOMETpBl, MAHO-
MeTpBl W T. A.) [al0T NOKa3aHUA B JeJeHHAX LIKajbl, TaK
YTO Mbl HENOCPEeACTBEHHO H3MepsieM JHUIIb JUHEHHble HJIH
YIJIOBBIE OTKJIOHEHHS CTPeJKH, YKaspiBaiolive HaMm 3Have-
HHE H3MepsieMOll BeJMUMHBI, uepe3 MOCPEJACTBO pAfa MpO-
MeXYTOUHBIX COOTHOIUEHHH, CBA3BIBAKOUIKMX OTK/JIOHEHUE
CTpeJxHu ¢ uaMepsieMoil Benmuuunodl. Tak, Hanpumep, B Mar-
HUTO3JIEKTPHUECKOM aMmepMeTpe MAariuTHOe T10Je, ompe-
Jensiemoe ¢opMOi M pa3MepaMH paMKH H NpPOTEKarInUM
MO Hell TOKOM (KOTOPHIH H MOJANEXHT H3MEpeHHIO), B3aH-
MOJEHCTBYS ¢ MArHUTHLIM TOJEeM MarnuTa, CO3LaeT Bpa-
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ILAIOUNA MOMEHT; mocjegHeMy OPOTHBOAeHCTBYeT MOMEHT
NpY’KUHBI, 3ABUCSILIMII OT ee MeXaHHUECKHUX CBOHCTB, H
paMKa NOBOpaYUBaeTcd Ha yroJ, NpH KOTopoM o6a Mo-
MeHTa ypaBHOBelMBaloTCA. Takum oO6pasoM, H3MepeHHe
3JIeKTPUYECKOH BeJHYMHBI —- CHJIBI TOKA 4Yepe3 psAl IipoMe-
JKYTOUHBIX 3BEHbEB CBOAHUTCS K YIVIOBOMY WJIH JIHHEHHOMY
H3MepeHHUIo *).

XapakTepHO NpH‘ 3TOM, YTO CBeAeHHe M3MepeHHs pas-
HOOOpa3HBIX BEJIMYMH K JHHEHHBIM H YIVIOBBIM H3MEPEHHAM
uMeeT MecTO B [OAaBaslomieM OOJbLIHHCTBE H3MEpHTeNb-
HbIX npuGopoB. DT0 He cJAy4yalHO, MOCKOJNBKY HauboJjee
PasBHUTBIM M3 HAILIMX YYBCTB SIBJSIETCS 3peHHe, Haubojee
HarJsiiHbl U YAOOGHBI JJIst HAC CPaBHEHUS BeJUYHH, KOTOphIe
Mbl HENOCPEACTBEHHO BOCMpUHHMMAaeM 3peHueM. TakuMmi,
€CTeCTBEHHO, SIBJSIOTCA TNPOCTPAHCTBEHHDbIE B2JIHUMHBI, B
nepByio odepeipb AJuHBL # yrael. OGBIYHO TaM, TAe He Tpe-
6yeTcst 0c000 BBICOKOH TOUHOCTH, U 32 HCKJIIOUeHHeM OUeHb
MaJblX 4 OYeHb GOJBLIINX AJMHMH, AUHEHHBIE U3MEpPEHHS Nmpo-
U3BOASITCA NPSIMBIM CpaBHEHHEM H3MepsieMOil JJIHHBI ¢ TOH
WIH HHOH MepKOH; NpPH 3TOM OnpejessieTcsi, CKOJIbKO pa3s
3Ta MepKa YJAOXKHTCA B JaHHO# mnauHe, TouHO Tax Xe H3-
MepeHHe yria MoxeT ObTh IPOH3BeAeHO HaJOXKeHHeM MOx-
XOAflled YIViOBOH MEpKH.

OHaKO AJHHBL M YIJIbl OTHIOAb HE SBJSIOTCA €IHHCTBEH-
HBIMH BeJHYUHAMH, KOTOpble MOMKHO H3MepSTb HENocpejls
cTBeHHO. M3MepeHHe Mmiouiajd MoxKeT ObITh NPOU3BEAEHO
HaNOXKEeHHeM Ha H3MepsieMyl NJOHIaAb COOTBETCTBYIOLIUM
06pa3oM BhIOpAHHOH eXMHHIB MJIOLLAAM, HANDUMEp B BHAE
KBajpaTa WJIH TpeyrojbHuka. Jnsi usMepennss ofbema
JKHAKOCTH MOMKHO BOCHOJIB30BAThCA KAKUM-JTHO0 COCYIOM,
o6beM KOTOPOro HpPUHAT 3a enuHHIy. [IpoMexyTku BpeMme-
HU MOTYT OBITb U3MEpPEHLl HPSMBIM CYETOM YUC/IA HEPHONOB
Kakoro-inGo mepHOIHUECKH uepelylolierocss npoiecca (Ha-
NpHMep, KauaHds MasiTHAKA WIH CMEHBI JHS ¥ HOUHM).

OpHako W Mg KW3MepeHUs] YKa3aHHBIX BeJHYMH 4YacTo
NPUMEHSIOT KOCBEHHBIE METOJB — H3MepeHus IJoianed Hu
06beMOB  CBOZAAT K JIMHEAHBIM  H3MepeHHsM, Bpems

*) Hanuyue ImyHTa BBOJUT [JONOJIHUTEIbHOE MPOMEXYTOYHOE 3BEHO
MeXAy TMOAJEXKAlIUM H3MEPEHHIO TOKOM H HENOCDEJCTBEHHO H3Mepse-
MBbIM OTKJIOHEHHEM CTPeJIKH,
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OTCUHTHIBAIOT NO HudepbaaTy yacoB (ONATb-TAKH JHHEHAHbIE
WJH yrioBpie Mephi!) U T. A. Ecan xe o6paTuThea K APYrHM
BeJIMUMHAM, TO MOXHO 6e3 Tpylda OOHApYKMTb, 4YTO AJf
- GOJBUIHHCTBA H3 HHX Mbl B HacTofllee BpeMs H He pacro-
JaraeM MeTORAMH NPSIMOTO HeMOCPeACTBEHHOTO H3Mepe-
HMfA, 4 TOJb3yeMcs. JHGO CheuuanbHbBIMU NpHOOpaMH, KO-
TOpble H3MeHeHHUs AaHHOH BeJWYHHBI NepeBOAST B H3MeHe-
HHMe JApyrux BeJuuuH (B TmomaBisiolleM OOJBUIMHCTBE
clyyaeB AJMHH H YIJioB), Au00 psSfAOM NpPOMEXKYTOYHBIX H3-
MepeHHfi, B3 KOTOPBHIX HCKOMas BeJWYHHA MOJydaeTcss ny-
TeM BLIYHCJEHUN,

Ws Toro ¢axra, yTO MPAKTHYECKH BCE U3MEPEHHS MOTYT
ObITb CBEJEHBl K JIHHEHHBIM, OTHIOAb He CJAellyeT, UTO caMi
HW3MepsieMble BeAHYHHBI YTPAUHBAIOT CBOI0 KAaueCTBEHHYIO
O0COBEHHOCTL M CBOASATCA K JJuHe. B HeHCTBHTENBHOCTH,
9TO JIUMbL O3HAuyaeT, YTO NOCKOJbKY Bce HabuaiojaeMble B
ApUPOJe ABJIEHHA [IPOTEKAIOT B IPOCTPAHCTBE, Kaxkjaoe U3
HUX MoKer "ObiTh OTPaXKeHO COOTBETCTBYIOLIMM INpOCTpai-
CTBEHHBIM TlepeMellleHHeM (pacliMpeHue pPTYTH TEpMo-
MeTpa, MOBOPOT PaMKH 3JIEKTPOH3MEpHTeJbHOro mnpubopa,
OTKJIOHeHHe TyYKa 3JIeKTPOHOB B ocuuwsjorpade u T. 1.).

§ 1.3. OcHoBHble M NPOH3BOAHbIE eAHHHLDbI

BOJIbLIMHCTBO TMpeKHHX eNHHHI, YCTaHaBJHBAJOCh, KaK
NpaBUJIO, COBEPIIEHHO He3aBuCUMO ApYr oT Apyra. Mckio-
yeHile B psAfle CAYyYaeB COCTABAANM JHIb €JHHHIBL JUTHHEL,
miowaas u obweMa. Hao6opor, ocHOBHOH 0COBEHHOCTBHIO
COBPEMEHHHX €JUHHI ABJAETCS TO, YTO MEXKAYy edHWHUHUAMH
pasHbIX BeJHUHH YCTAHABJAHBAIOTCS 3aBHCHMOCTH, ONpefe-
JAsieMble TeMH 3aKOHaMHM WJH ONpeleNeHUsIMH, KOTOPBIMH
cBfi3aHbl Mexay co6ofi HaMmepsieMble BeJHUYMHBL. TakuM
o6pa3oM, U3 HeCKOJBbKHX YCJIOBHO BHIGMpaeMbIX TaK Hasbl-
BaeMBIX OCHOBHBIX eJHHHL CTPOSTCS NMPOHU3BOJNHbIE
€IVHHIbL.

IToeko/bKy Npu KOCBEHHBIX H3MepeHHSX 3HAYEHHE HCKO-
MO¥ BEJWUMHBL OTpeeasieTcs M0 3HaUYCHUAM APYTUX, CBA3aH=
HhIX ¢ HeH BeIHYUH, CYIECTBYeT BO3MOMKHOCTb YCTAaHOBHTh
COOTBETCTBYIOILYIO CBSI3b U MeXIy eAHHHLAaMHM H3MepeHxs.
Te coOTHOIIEHHS M 3aKOHOMEPHOCTH, KOTOPbIE ONpPeiensiorT
YCJOBHA KOCBEHHOTO H3MepeHHf, MOTYT, OYEBHAHO, CAYXKHTb
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H Ji1 YCTaHOBJIEHHs CBSI3H MeX[Y OCHOBHBLIMH M THPOHU3-
BOJHBIMH eAHHHIIAMH.

Ias Toro uTo6bl MOKa3aTb, KAKHM 06PasoM 3T0 ocylle-
CTBJSIETCSH, OCTAHOBUMCS NpeXKJe BCErO Ha BONPOCE O TOM,
KAaKOH CMBICA cJefiyeT NpHAaBaTh (GOpMYJTaM, BhIpaxKalo-
LIIUM CBA3b MeXJy pPasJHYHbIMH (QHU3HYECKHMH BeJIHUHHAMH.
Jlio60oe cOOTHOLIEHHE MeX1y BeJAYHHAMH, 6yIAb TO 33KOH
HNPUPOABI MJIH OlNpejeNeHHe HOBOH BeJHUUHBI, IOKa3blBaer,
Kak H3MeHsiercss MaHHasd BeJWUUWHA TNPH U3MeHEeHHH IpYy-
I'MX, ¢ KOTOPHIMH OHAa cBsizaHa. BosbMeM JJ9 npHMepa
CBfI3b MeXIYy MJIOMaAsMH TreoMeTpUUYecKuX QUIYp M HX
JUHEAHBIMH pa3MepaMH, YCTaHABAHBAEMYIO TEOPEMOH <«OT-
HOLIEHHE INIoIajied reoMeTpHYecKH NOLOGHBIX GUTYyp paB-
HO BTOPOH CTeleHH OTHOLIEHHS WX COOTBETCTBEHHBIX JIH-
HEeHHBIX pa3MepoB». IDTa CBA3b MOXKET OBITh 3amHcaHa

B CJIEJIYIOHIEM BHjae:
s (k)
. _(12) . (1.2)

Ecau mon cumsonamu S;, Ss, !, W ly HOHHMATb COOTBETCT-
BylolllHe BeJ/IHYHHBI, TO KOHKPETHBI (hH3NUECKUH CMBICI
OyAyT MMeTb JIHIUb OTHOIIEHUS Si/Sy M [i/ls. DopManbHO
(1.2) moxuo mepenucaTb B BHAE
2
s 1
AL (1.2a)

2
) ly

HO TIpH 3TOM (popMyJia YTPAuHBA€T CMBICJ, COAEp:KALHUKCA
B (1.2). HefictBuTenpHO, eciu BTOpasi crenenb uucaa li/ls,
NpeAcTaB/soIlero OTHOUIEHHe AAUH [ M [, SIBJASETCS TaK<
e onpefesJeHHBIM YHCAOM, TO BTOpas CTeNeHb MAJHHH,
T. €. ODPOH3BeJeHHe AJMHHBI Ha JAJHHY, He HMeeT HHKAaKOro
CMBbICA.

Huaue 06CTOMT meN0, €CAM CUHTATh, UTO CHMBOJbI, BXO-
aswue B popmyay (1.2), o6o3Haualor He caMH BEJHUMHBI,
a UM CJ a, KOTOPBIMH 5TH BEJHUHHBI BBHIPAXKAIOTCH NPH TOM
WM HHOM BbIOOpe eNHHUIL H3MePEHHSI COOTBETCTBYIOILMX
BeJHYHH, B JaHHOM cJayyae [JHHBL H TIOWafH. B 3ToM
cliydae KaxKAblH cUMBOJI yXKe caM IO CYUIeCTBY NpeacTaB-
JsieT cobofi OTHOLIEHHE JaHHOM BEAWUMHBI K JPYro#l 0aHO-
ponHOH BejuuuMHe, NpHHATOM 3a enuHuny. IlIpu TakoMm
HNOHHMaHHKH CHMBOJIOB, BXOSILMX B BbIpaeHHe J0GOM
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¢$usnveckofl 3aKOHOMEDHOCTH, K HHMM MOXHO MPHUMEHHTb
onepallHyd YMHOXEHHWS, [esieHusd, BO3BeJieHHd B CTeNeHb
H T. A., a cCaMd (GOpMyabl MOTYT OBITb HOABEPrHYTHI pas-
JMYHBIM npeobGpasoBanusiM. B uactmoctu, dopmyiay (1.2)
MOXKHO NpeACTaBHTb B JPYroM BH/E, HallpuMep

S S P
'l_;=73'0 (1.20)
1 2

TlosToMy Bcerma mpu MaTeMaTHUeCKOH (OpMynHpoOBKe
H OpH M3/0KEHHH DPasJMyHbIX (DU3HUECKHX sIBJEHHH H 3a-
KOHOB, KOTOPbIM 3TH SIBJIEHHS NMOAYMHAIOTCS, U HX TeOpeTH-
YeCKOM aHash3e NMOL CHMMBOJaMH (DU3HYECKHX BEJIHUUH MO-
HUMAIOT YHCTa, KOTOPLIMH 3TH BeJIMUHHBI BBIPAXKAWOTCsl TPH
NPUHATHIX €IMHULAX H3MepeHusi. B nanpHediieM Mbl Takxe
Bcerja GyneM MPUAePHKHBATbCH TaKOro TOHMMAaHHA CHM-
BOJIOB.

C arofi Touku 3pedus cdopmyny (1.26) MOXKHO BbIpa-
3UTh CJAOBAMH CJAeIYILUM O6pasoM: «sl FeOMEeTPUUECKH
NOAOGHBIX (PUTYp OTHOMIEHHe YHCJ/a, BBIPAXKAMOIIEro nNJao-
Wwanab GUrypsl, KO BTOPOH CTENEHH UMCIa, BbIpaxalollero
COOTBETCTBYIOUMH JIMHENHbI pa3Mep (QUryphl, €cTb BeJsH-
yuHa nocrosAnHasf». O6o3Hauas 3Ty NOCTOSIHHYIO K, MOXKHO
Bmecto (1.26) nanucare

s=K=B&, (1.3)

rae Kospouunent K 3aBHCHT, ¢ OZHOH CTOPOHBI, OT (POPMBI
H3MepsieMOH TreoMeTpuueckoli ¢HIypel, a ¢ JAPYrod — oT
BHIGOpa eqMHHI MJMHBL ¥ IWIowWann *).

Kak 6b110 CKa3aHO, B NPHHIHOE 3TH €JIHHHIB MOXHO
BHIGpATL COBEDLIEHHO HE3aBHCHMO ApYr of jpyra. Onnako
HaluuHe 3aBHCHMOCTH pa3Mepa IUIOMIaAH OT JIMHEHHBIX
pasMepoB (UIypHl NO3BOJAET CBA3ATb EIWHMLB IIOILAAH
C eIMHMIAMH IJHHBL, T. €. CAenaTh eIMHULY NJOLIaAH Mpo-
M3BOJHOH OT eIHHUUL MJUHbI, [lJas 3TOro clenyer ycio-
BUTHCA TNPHHUMATL B KauecTsBe EIMHMUB MJOManH MJ0<
Iaib OnpejleleHHOH GWIyphbl, JUHEHbIH pas3Mep KOTOPOH

*) 3zecb u B masbHefilleM Mbl GyAeM HCHOJb30BaTh CHMBOJ K 441
ofmero 0603HaueHnst Ko3(hQHulLiHeHTa NPONOPIHOHAABHOCTH B (OpMyaax
(hH3UYECKUX 3aKOHOB H ONpe/ie/ieHHil He3aBHCHMO OT €r0 KOHKPETHOIrO 3Ha«
ueunst. B oTpe/bHEIX cayuasx, KOrjia 5TO NpeACTaBHTCS 1esieCO0GpasHbIM,
kospPuunent K OyneT cHaGaKaTbCs TeM HJH HHbIM HHIEKCOM.
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paBeH HEKOTOPOMY YCJOBHO IIPHHSTOMY UHCAY e[HHHI
Aaunbl, OGBIYHO B TEeOMETPHH 3TO JeJNaeTcsl CjieYIOLIHM
06pasoM: B3sB 3a OCHOBY KaKYIO-THGO eIMHMIY [JHHbBI,
HanpuMmep MeTp, NPHHHUMAIOT 33 eAMHHIY MJOILAAH IJIO-
uiajib KBajpara, CTOPOHA KOTOPOTO paBHa BHIOpPAHHOM eau-
HHLIe AJHHBL, B JaHHOM cJyd4ae MeTpy. DTa elHHULA HJOLIa-
JH, KaK H3BECTHO, HAa3bIBAETCST «KBaAPaTHHIA MeTp» (K6. i),
Ilonarast B ¢popmyae (1.3) I=1mx, MoKeM HaNHCaThb:

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

M CcOOTBeTCTBeHHO ¢opMmyay {(1.3) MOXKHO NpeaCTaBHTb B
BHJE

s Ke. M=(1 ’“;;2“) ( mp. (1.36)
Ecau, He MeHss efuHMU AJHHB H MJIOWIAAM, AHAJOTHUHBLIM
o6pasoM nepenucate ¢opmyay (1.3) mas kpyra, To mo-
JYy4UM

S Ke. M= (-Zi KB'ZM) (I m)? (1.38)
M

(rne !— nmaMeTp Kpyra), TakK KaK B 3TOM cayuae Ko3dpdu-

uvent K Oymer paBeH m/4 ke.m/m2.

Pagymeercs,, npuHATas CBA3b €IMHHIB MJOWAAK C elH-
HHIel AJMHBL MOXeT GBITh COXpaHeHa H TNpH J000H ApY-
rofi exunule pauubl. ITpu atom dopmyay (1.3) moxuo ne-
penmucaTh AJd KBajpara B BUAE

s=1, (1.4)
U LIS Kpyra
s=2n (1.42)

®opmynst (1.4) u (1.4a) Mo)kHO BbIpa3uTh CJOBAMH
clenylomuMm o6pasoM: «ecau 3a eAMHHLY IVIOLLajAu MpH-
HATH NJIOMAJb KBajapaTa, CTOPOHA KOTOPOIO paBHA e/«
HUIle JAJHHB, TO YMCJO, Bhipa)kaiollee IJIOWIaAb JHO6Oro
KBagpaTa, GyJeT paBHO BTOPOH CTENE€HH YHCJA, BhIpaxaro-
1ero AJHHY €r0 CTOPOHB!, a YMCJIO0, BbIpaxkatoiee NJomazib
Jio6oro kpyra, 6yldeT paBHO YMHOXKeEHHON Ha m/4 BTOPOH
CTENEHW YHCAd, H3MEpSAIOUIeTOo €ro AuaMeTp»,
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Pasymeercs1, Takoro poja (GopMyJHPOBKH Ype3BbIYaHHO
rPOMO3JKH, @ MOTOMY HX 3aMeHAIT Oojlee KPAaTKHMHU: <IL1O-
uiajbL KBajpaTa paBHA BTOPOH CTENEHH €ro CTOPOHBI» H
«mJoUiab Kpyra paBHa YMHOXEHHOH Ha /4 BTOPOH cTe«
NeHH ero- JHaMerpa», MOJYaduBO Npejnojaras, 4To peub
HAeT O uYHCaax, KOTOPbIMH BBIpa)KaloTcsl COOTBETCTBYIOLHE
BeIMUMHBL NPH HajajexaliieM Bb6Ope eIHHHI[ H3MEepeHHs.

PaccMoTpeHHbI!l IpUMep HAIMIAAHO NMOKa3biBAeT CIOCOU,
C IOMOUIbI0 KOTOPOrO YCTaHABJHBAETCS NMPOH3BOAHAS €M<
Huua. s sroro caenyer:

1) BbIGpaTh BeJNHYMHBI, €JAUHHIBI KOTODPHIX NMPHHHMAIOT-
¢fl B KaYecTBE OCHOBHBIX;

2) ycTaHOBHUTb pa3Mep OCHOBHBIX €IMHHII;

3) BeiOpaTh onpejaensllee COOTHOLIEHHE, CBA3bLIBAIO-
Liee BeJHYHHBI, H3MepsAeMble OCHOBHBIMH €JHHHIIAMM, C
BEJIMUHHON, AJMA KOTOPOH YyCTaHaB/IMBAETCH IPOH3BOAHAN
e HHHLA;

4) ppupaBHSTL eIHHHUe (HJH JPYrOMY TIOCTOSIHHOMY
YHCAY) KO3(GUIHEHT MPONOPLHOHANLHOCTH, BXOAAIIMHA B
olnpejeNsiollee COOTHOILICHHE.

Pasymeercs, CUMBOJIBL BCeX BEJIHYHH, BXOJAUIHX B ofnpe-
Jenslolilee COOTHOLIeHe, NOMKHE 0603HayaTh He CaMM Bex
JIMYHHBL, a8 UX YHCJEHHbIE 3HAYeHHS.

B nanbHefiuieM Mbl GyJeM YCIOBHO HasbiBaTb O CH O B-
H bl MM BEJUYHHBE, H3MepsieMble OCHOBHBIMH €IHHHIAMH, a
NPOHU3BOTHDBIMHU— H3MepsieMble TIPOU3BONHLIMH  elid~
HuuaMa. Cienyer 0co60 MOAYEPKHYTb, YTO ITH OOLIENPUHSI=
Thleé HaUMEHOBAHHS — «OCHOBHBIE BEJHYHHBI» H «IIPOH3BOJ-
Hble BEJHUHHBI» — HH B KOEM Clyyae He c/elyeT NOHHMaTh
B TOM CMBIC/IE, YTO MEpBble HMEIOT KaKHe-TO MPHHIUMIHAJb+
Hble NPUBHJIETHH MM NpeHMMyLlecTBa nepesn BTOPHIMH. Be-
JNUYHHB, KOTOpHIE NMPH ONHOM BLIOOpE TIPHHATH 3a OCHOB-
Hble, IPH JPYroM MOryT GBITH NMPOM3BOLHBIMH M Hao00pOT,

Onpejensiioniie COOTHOLIEHHS, € TNOMOIUBIO KOTOPHIX
YCTaHaBJAUBAIOTCS IPOH3BOJAHBIE €IUHULLI, YHXOOHO 3alUCHI-
BaTh B BHje ABHOH (YHKUMOHAJNBLHOH 3aBUCHMOCTH HPOH3-
BOJHOH BeAHUYMHBl OT OCHOBHBIX.

CTaHOBJIEHHBIE OMHCAHHBIM BbiIe 00pasoM NPOH3BOJ-
Hble eluHHIL MoryT GBITh Jajiee HCMOJAb30BaHBl A BBelle-
HHS HOBBIX NMPOM3BOJHBIX eauHuu. ITosToMy B ompepensio-
Li{e COOTHOUIeHHS, HapAAy 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+, (1.52)

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=K3, (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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PaccMoTpuM ellle OIMH IPHMep — YCTaHOBJEHHE €IHHM-
bl cuabl. Kak eluuuubl JOOBX JPYTHX BeJHUUH, €IUHHIA
CHJIbl MOXKET ObITh YCTAHOBJIEHA He3aBHCHMO OT APYIHX H
Jaxe TMPUHATa B KauecTBe ocHoBHOH. Onnako uaile BCero
e[HHHIA CHJDLI ONMpejensieTcs Kak NPOHM3BOLAHAsf Ha OCHOBa-
AU BTOpOro 3akona Hplotona. 3anuchiBas 3TOT 3aKOH B

BHie
f=Kma (1.7)

(rme m — Macca MatepHadbHOH ToukH) M nojaras K pas-
HbiM eJMHHIE, TOJAYYMM OnpefeseHde eIMHMIIBI CHJBL KakK
TaKoH CHJIBI, KOTOpas MaTepHaJbHON TOYKE ¢ MacCOi, pas-
HOil euHHIEe Macchl (MPUHHMAaeMOH B KayecTBe OCHOBHOI),
co06lIaeT yCKopeHHe, paBHOe eJMHHLE ycKopeHus (ompese-
JeHHOl paHee B KauyecTBe NPOM3BOJAHOH €IHHHMIBI).

Ecau, HampuMep, B KauecTBe €JMHMIUBI [IJIHHBl NPHHATD
MeTp (M), eIMHHIBl BpeMeHH — CeKyHAY (cex) u elHHULH
Maccel — KuJorpaMM  (ke), ‘'TO B KauecTBe NPOU3BOAHBIX
eJIMHALL CKODOCTH H YCKOpDeHHsl OyaeM HuMeTb MeTp B ce<
KYHIY ¥ MeTp B CeKYHAY 3a cexkynay. [Ipu stoM 3a eaunuuy
CH/IBl TIPUHHMAeTCss HBIOTOH — CHJa, coobluaiomas macce B
OIMH KWIOTpaMM YCKOpeHHe OJHH METD B CEKyHAY 3a ce«
kvi1y. B 3ToM ciyuae, oueBHAHO, Kod(pduuuedt K umeer
aHaueHue

H*CeK ' Cex
K=1 Ke-M

H BTOpOﬁ 3akoH HbloToHa MOXKHO 3anucaTb B BHJE

fﬂ=(lw)(m xe)(a—L). (1.7a)

Ke- M CeK * CeK

?

Eciu B KauecTBe eIHHUIL AJHHBl NPHHATH CAHTHMETD (cM),
Maccel — rpaMM (e}, COXpaHHB B KaueCTBe eIHHHLBl Bpe-
MEHH CexyHAYy, TO COOTBeTCTBYIOIllasi eJMHMLa CHJIbI — dH-
Ha (Oun) onpenejuTcs Kak cHia, coobllaionlas macce OJHH
rpaMM yCKOpDeHHe OJMH CAaHTHMETP B CEKYHIY 3a CEeKYHAY.
B stoM cayyae k03¢ GHLUHEHT NPONOPHUOHANBHOCTH DPaBeH

OUH - cex - cex

K=1' 2-cM
" BTOPO¥ 3akoH HbloroHa 3anHulercss B BHIE
OUuH - cex + cek M
faun= ( 1 ——————) (m 2 (a ————) . (1.76)

e CM Cex * cex
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O6biyHo npu 3anucu Gopmysn (UIMYECKUX COOTHOLUEHHH
onyckaercsi nogo6Hoe o6o3HauyeHHe KoaPpduuHeHTa, COLEp-
JKallee MO CYLIECTBY ollpefejeHHe [POM3BOIHOH €NMHHLEL,
T4K 4TO, Hanpumep, Bropol 3axkon Hbiotona npuobGperaer
BHJL

[=ma. (1.78)

CrnenyeTr oaH4ako HMETb B BUIY, YTO B JEHCTBHTETbHOCTH B
KaxkIofi Tako#l ¢opmyse KO3bDOUUUEHT IPONOPIHOHANbHO-
CTH «HE3DUMO» NPUCYTCTByeT. 3abBenne 3TOro 06CTOsATENb-
CTBa HEPeJKO NPUBOAUT K HEAOPAa3yMeHHSIM H CEpPbe3HBIM
OIIHOKaM.

Croco6 ycTaHOBJEHHS MPOU3BONHOI €AUHHUIIEI OTPaXKaer-
¢l ¥ B ee 0603HaUEHHH, KOTOPOE CTPOUTCA NMYTEM T'PYNNUPO=
BAHHA N0 OGBIYHBIM ajsreOpandyecKuM NpaBUIaM eIHHMI, Ha
KOTOPHIX OCHOBaHO ee omnpepeneHue. Tak oOpasyroTcss enu-
HUIBL MJA0OWAAM M2 (KBaApaTHbBIA METpP), YCKOpeHus Mm/cek?
(MeTp Ha CeKyHJy B KBajapare HAM MeTp B CeKyHAY 3a ce-
KYHIY) U T. L. :

Hcknoyenne COCTaBAsIOT €AMHKHUL, KOTODHIM HOPHUCBOE-
HB COGCTBEHHBIE HAHMMEHOBAHHUS — JuHQ, HLIOTOH U T. 1.
YenoBuble 0603HAUCHHS ITHX HaHMEHOBaHMH, Tak e KakH
0603HaYenusi OCHOBHBIX €JHHUI], MOTYT BXOJMTbL B CJIOXHOE
ofo3HayeHne NpoU3BOJAHON enMHUIE. B KauecTBe npumepa
yKaXeM eJMHHIY JaBjeHuss H/m®> (HBIOTOH Ha KBaJpaTHbIHA
MeTp).

§ 1.4. llocTpoeHue cHcrem ENHHML

COBOKYNHOCTE OCHOBHBIX M TNIPOH3BOAHBIX elHHHI 06pa-
ayer cucteMy efuHHW [laa nmOCTPOEHUS CUCTEMbI
eIuHHUL, CJIe1yeT, OUEeBHAHO, BbIOpaB HECKOJIBKO OCHOBHBIX
e[HHNN, YCTAHOBUTH C MOMOIIBIO ONpeeNsIouHX COOTHOlIe-
HUH TPOM3BOAHBIE ENMHHIBI BCeX OCTANBHLIX HHTEpecyio<
mux Hac Beauund, Omnpefensioniie COOTHOUIEHHS MOTYT
6LITh JBYX THIOB: OJHH MO CYIUECTBY NPEACTaBASIOT Co0Of
onpejesienye HOBOH  BEJMUMHBI — TAKOBBIMM, HanpuMmep,
apasoTcs  Qgopmyna  yckopenus (1.6) mam  dopmyna
paboTHl

dA=KF - di cos (f, dl), (1.8)
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ApYyrue BHIpa¥kaloT OGHAPYXKEHHYI0 3KCNEPHMEHTAIbHO HJM
TEOPETHUECKH CBS3b MeXJy HCCAeAyeMBbIMH BeJHYHHaMH.
K 3akoHOMepHOCTSM 3ITOrG THIA OTHOCHATCSH: 32aKOH BCEMHD-
HOro TAroTeHus, 3akoH Kysaona o B3auMOJEHCTBHH 3J/CK-
TPHYECKHX 3apAJOB M Ap. BipoueM, Takoe JejeHHe COOTHO-
IIeHHil Ha «ONpeNeJeHHs» W «3aKOHB» He sBJAerca aGco+
JIOTHBIM H 3aBHCHUT OT NOAX0Ja K JaHHOMY KOHKDETHOMY
sonpocy. JTO, OAHAKO, HE HIpaeT CYIIECTBEHHOH poNH B
ONpeNeseHHH HOBBIX €QMHHL, NMOCKOJbKY B ofoux ciaydyasx
3aKOHOMEPHOCTH INpeACTaBas0TCA B Buie (Gopmy., CBA3bI-
BaOMI¥X JAaHHYIO BeJIHYUHY C APYTHMH, JJIs KOTOPBIX €M<
HULBL! YCTaHOBJIEHB paHee.

B cBfi3u ¢ H3J0XKEHHO# Bhille porpaMMoii 06pa3oBaHus
NPOU3BOJAHBIX €JHHHI[ H MOCTPOEHHs CHCTEMbI €JUHHIL BCTa+
€T eCTeCTBEHHBbIl BONPOC: B Kakoi Mepe Mbl CBOGOAHBI B
BBIGOPE OCHOBHBIX BEJHYHMH (B 4aCTHOCTH, MX Yucja), ompe-
JIeNAIOMUX  COOTHOIIEHHH H KO3 @HLUEHTOB MpPONOPIHO-
HaJbHOCTH. Bpsii MU BBHI3bIBaeT COMHEHHE BONPOC O TPO-<
M3BOJBHOCTH BbIGOpa pasMepa ocHoBHbX exuHuil. Cye-
CTBOBaHHe CHCTEM, B KOTODbIX NPUHHMAIOTCH B Kayectse
OCHOBHBIX pasHble eIUHHLbl AJHHB (MEeTp M CaHTHMeETp) H
pastible eIHHHLbl Macchl (KHJIOTpaMM H TPaMM), HarvsaaHO
HJMIOCTPHPYIOT HAJHUYHE B NPHHIMIE MOJHOrO NPOH3BOJA
B TakoM BbIGope.

Jlerko najee noxasaTb, YTO MOJHBIA NMPOU3BOJ HMeEETCA
u B BhiGope KO3(PUIHEHTOB NPONOPUHOHATBHOCTH B ONpe<
neasowux coordomennsix. C 3Tofl Lesbl0 BepHeMcA K pacs
CMOTPEHHOMY Bbillle NPUMEPY C YCTAHOBJEHHEM €XHHHIBI
naowany. Bri6paB B KauecTBe eJMHHIb! IJTHHBI METP, MbL
B KauecTBe €IMHUIb! TIONad MPHHSIN KBaJpaTHbIA MeTp—>
nnolaAs KBajparta, CTOpoHa KoTtoporo pasHa Merpy. On-
HaKo ‘TaKof crnoco® YCTaHOBJEHHS NPOU3BOAHONH €IMHHIBL
JOWAMH, XOTA W HMEer olpejeneHHble NPaKTHYECKHE Npe-
MMyLlecTBa, OTHIOAL He sBJAsercs ob6s3arTenpHbiM. MoxHo,
HanpuMmep, 3a eJHHULY NJIOWLAJAM TPHHATH WJIOIlaib Kpyra,
JAMaMeTp KOTOpOro-paBeH oaHoOMYy MeTpy. HasoseM 3Ty eau-
HHLY TJIOWAAH <«Kpyriabiii merp» —(kp.u). Takoii cmocol
YCTAHOBJIEHHS] €AMHUIB!I TJIOLWLAJH PaBHOCUJIEH 3aMeHe KO-
sppuuuenta B popmyne (1.38) c n/4 ke.m/m* Ha Kp.m/mP,
a B ¢opmyie (1.36) ¢ | ke.m/m®> Ha 4/n Kp.m/mi
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CoorserctBendo dopmyast (1.4) u (l.4a) npumyr sHg

= -—:—t—lz (naomanp KBanpara) (1.9)
it
s=1? (naomanb Kpyra). (1.9a)

Caiepyer 3aMeTHTb, YTO H3MepeHHe NVIOWAAM He B KBaapaT-
HBIX, @ B KPYTJIBIX MeTpax He fBJsIeTCA YeM-TO HeeCTeCTBEeH-
HBIM HJH, TeM GoJiee, IPOTHBO3aKOHHBIM. Peub 31ech MOXeT
HATH TOJBKO O HNPAKTHYECKHX MNpPeHMYIUeCTBax TOH WM
ol exnuuns *). Paszymeercs, ecan Gbl B KauecTBe €IHHHU-
UBl NJI0IAAK BMECTO KBajApaTHOro Merpa Obla HPHHAT KPyr-
bl MeTp, TO (opMyJabl, BeIpaxKaiolllie NAOLAKH Pa3nny-
HBIX TE€OMETPHUYECKHX (Uryp, usMeHuaIu Obt cBofi Bua. Tak,
HalpuMep, IJI0LaAb PAaBHOCTOPOHHErO TPEYroJbHHKa BbIpa-
)KaJjach Obl opmynoft

§= K~—l"’. (1.96)

[Mpu 5TOM, HE3aBUCHMO OT TOro, Kak onpejeneHa elu<
HHMOA TJIOINAdH: KaK KBaJpaTHBIl METP HJIH KaK KPYrJBiH
MeTp, ee o6o3Hauenne Oyner m2. DTO NMOKa3bIBaeT, YTO CHM-
BOJ NMPOU3BOJAHON eAMHHIBl, BKJIlouarowuit B cebsa obo3Has
yeHHs OCHOBHBIX €AMHHI, caM no cefe HUYEro HE TOBOPHUT
O pa3Mepe 3TOi MPOM3BOAHON €NHHHLBL. YMECTHO 3Jech -xe
OTMETHTb, 4TO OOLIeNpPHUHATOCTh KBaAPaTHHIX €NHHHI[ IO+
1aiH M COOTEETCTBEHHO Ky6uueckux ejuHHl o6bema onpe-
IenuNa H Ha3BaHUS BTOPOH M TPeTbeH CTeNeHH 4YHced
(«kBajapat uucaa» u «Ky6 yucaa»).

B paccMOTpeHHOM NpHMEpe pas3inyHble onpeaensoliHe
cooTHomenus (maowafb Kpyra W mJioliajab KBajapaTta) MpH-
BeJIM JMUIb K H3MEHeHHI0 YHCJAEHHBIX KoddduuueHToB B
¢dbopMynax, Tak Kaxk Mo CyTH jesna HaMH Oblla MCIOJNb30Ba-~
Ha OJHA M Ta e reoMeTpHUecKas 3aKOHOMEPHOCTb, CBS3bI+
BaIOINaa MJIOL{aJH TMONOOHBIX (GUTYP € HX JHHEHHBIMH pas-<
MepaMH.

BosMoxHOCTh BHIGOpa CYIIECTBEHHO PpAasJIMYHLIX oOmpe-
JensolnX COOTHOIIEHHH JAAS YCTAHOBJEHHs NPOH3BOJAHOM

*) 3amerum kcraty, uro 8 CIUA xpyrabie eiunuubl MaIoMaix Npu-
MeHAIOTCA JAf u3MepeHHs maoimlagelt TpyG, 6anok KPYI/oro CeveHHs
UT A4
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eIMHHIIbl OJHOH BeJUYMHBL Mbl [IOKAayKeM Ha NIpUMepe ycTas
HOBJIEHHS €IMHHUBI cuJbl. Kak MBI yxe roBOpusiy, o6BIYHO
IJs 3TOH Leau ucmoab3yercsi Bropoit 3akon HeloToHa,
KOTOPbI MaTeMaTHUeCKM MOXKeT ObiTb MNpejacTaBAeH B
BHJE

f=Kma. (1.7)

Kos¢pduunenr mnponopuuonansdocts K B ¢opmyie
(1.7), saBucamuit ot BI6Opa eQUHUI[ A BXOASILHX B HoOp-
MYy BEeJHUMH, Ha30BeM HHEPLHOHHOH IOCTOSIHHOH; OyaeM
obosHauath ero K;. Bo Bcex npuMeHsieMBIX Ha HpPaKTHKe
cUCTeMax eIHHHII HHEPLHOHHYIO MOCTOSIHHYIO MosiarailoT
PaBHOH eJMHHIE, BCIAEACTBHE Yero M CTaHOBHTCH BO3MOXK-
HON oOIluenpuHATass COKpallleHHas (QOPMYJHPOBKa BTOPOro
3akoHa HploToHa: «cuia paBHa NIPOH3BEJEHHIO MacChl Ha
YCKOpEeHHEeS.

OpHako ocTaBJasii B KayecTBe OCHOBHBIX €IHHHUBI JJHs
HBl, MacChl H BpPeMeHH, Mbl JUisl ONpeJe eHHs eJHHHIIbl CHIIbL
He OorpaHudeHbl TOJbKO BTOPHIM 3akonoM Heioorona. B Ha<
IeM pacCHOpPSKeHHH HMeeTCsl 3aKOH BCEMHPHOrO TATOTEHMNS,
COrIaCHO KOTOPOMY JIIOObie iBeé MaTepHaslbHble TOUKH OPH-
TATHBAIOTCS APYr K JAPYry C CHJOW0, NPAMO IPONOPIHOC-
HaJBHOH MaccaM 3THX TOYEK H 0GpPaTHO NPONOPLHOHAALHOH
KBaJpaTy PacCTOSHWS MEXIY HHMH. DTOT 3aKOH MOXKHO
3afHcaThk B BHJE

f=Kgmir?, (1.10)
riae r — pacCTofAHUe MEXKAY TATOTCIOLUIMMHU TOUKAMHU, a Kg'—‘
TaK Ha3biBaeMasi rpaBuTallHOHHAsdA NOCTOAHHAaA *), qypcsae-
HOE 3HaueHHe KOTOPOH 3aBUCHT OT BbIGopa epuHun. Onbir
[I0OKa3saJi, 4TO €CJHU B KaueCTBe OCHOBHBLIX €AMHUILL NMPHHATDH
KHJOrpamMM, MeTD H CeKyHAYy, a IPOM3BOAHYIO eANMHHLY
CHJILI — HBIOTOH ONpPeNeJHTbh U3 BTOPOro 3aKOHa HblOTOHa,
TO TpaBUTallMOHHAs mnoctosHHas K oOKasblBaeTcs paBHOM
6,67 - 10711 u « m?[xe2.

OpnHako MpH TeX K€ OCHOBHBIX eIMHHLIAX JJHHBI, MacChl
H BpeMmeHu (M, ke, cex) Mbl MOXEM B KauecTBe OMpelensio-

*) O6menpunsitoe o0603HaveHWe TpaBHTALUMOHHOH noctosiEHON G.
3necb Mbl COXpaHsieM cHMBOA K, 4TOGb! MOAUEPKHYTb MPHHALJIEKHOCTD
IPABHTALIHOHHON MOCTOAHHOM K KaTteropuu Ko3Q(QHUHEHTOB NPONOPLHO«
HaJIbHOCTH B BhIpaMeHHAX (PH3HYCCKHX 3aKOHOMEPHOCTEN,
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lero cooTHomeHuss B3ATb dopMmyny (1.10) u, nojoxuB
K¢ = 1, onpeienuTb €AMHHLY CUNIBl KaK CMJAYy B3aHMHOTO
TAFOTeHHS ABYX MaTepHaJbHBIX TOYEK, MacChi KOTOPBIX paB~
Hbl €/IMHULE, IIPH PACCTOSIHMM MEXKAY 3THMH TOUKaMH, paB-
Hom eguHuue ATuHBL. OUYEBHAHO, YTO €CJH MBI MOHAEM Mo
3TOMY NIYTH, TO OyJeM BBEIHYKJAEHEl COXPAHHTH B BbIpaxKes
HMHM BTOPOro 3akoHa HEBIOTOHA HHEPLHOHHYIO MOCTOSHHYIO,
OTJIHUHYKO OT €AUHHIBL. JIerko BHEeTb, UTO HOBasi «TPaBU-
TaUMOHHAfS» eluHuIa cuibl Gyaer paBHa 6,67 107! w1, a
HHEDUHOHHAS TOCTOSIHHAasT npuMer 3HadeHue K;= 1,50X
X 10'° epas. ed. cuavi - cex?/ (ke - m).

XOTSl M3JIOXKEHHBIl T'PaBUTAlMOHHBIH CIOCOG YyCTAHOB«
JIEHHS eJUHHLBl BCTpPeuaeTcss BeCbMa pPeNKO (rjaaBHBIM 00«
pasoM B aCTPOHOMHMH), OJHAKO OT 3TOrO OH He CTAHOBUTCS
MeHee 3aKOHHbIM, YeM OOBbIUHBIH «HHEPDUMOHHBII». B najb-
HejlneM, MpH pacCMOTPEHHH €NHHMI[ JeKTPUUYECKHX W Mar-
HHUTHBIX BE€JIUYHH, Mbl [O3HAKOMHMCS C TeM, KakK BBIOOp
pPasNHYHBIX ONpeAEeNALUX COOTHOUIEHUH 175l yCTaHOBJe-
HHS €0MHHLH OJHOM H TOH 3Ke BeJHYUHBI NMPHUBEJ B CBOE
BpeMsi K MOCTPOEHHIO DPa3JHYHBLIX, HO BMOJIHE pPaBHOIpPAB-
HBIX CHCTEM eJMHHIL.

Mui BuauM, TakuM 06pasoM, 4TO B BbIGOpE ONPENesiio=
LIMX CCOTHOLIeHHH, KaK M B BbIOOpe pasMepa OCHOBHBIX
€AMHHL M YHCAEHHBIX KO3((HIHEHTOB B ONpefeNsIomux
COOTHOIIEHHSX, He CYIIECTBYET KeCTKHX orpaHudeHui. Bos
npoc, KOTophiil B HaubGoJbHIell CTeneHH SBJSETCS Npeame-
TOM CHOPa H KOTOPBIH N0/2KeH GbITh paccMOTpeH GoJiee Je-
TaJbHO, 3TO BONPOC O 4YuCJIe OCHOBHBEIX enuHul. Ilo stomy
BONPOCY CYLIECTBYeT ABa AMAMeTpasbHO MPOTHBOMOJNOKHBIX
MHEHHS. v

CorniacHO OZHOMY W3 HHX YMCJIO OCHOBHBIX €/HHUL{ 33+
JaHoO HaM TNPHPONOH H onpejeNsieTcss XapakTepoM TeX sBjes
HUil, KOTOpHIe NOJJexXaT paccMoTpeHHI0. B kauecre o6ocs
HOBaHUS TAKOTO B3IVIsAa MPHUBOLATCSH faxe «(PUI0CODCKHE»
coobpaxeHust 0 TOM, UTO KaXj0e HOBOe KayecTBO LOJIXKHO
XapaKTepU30BATLCA H H3MEpATbCS HOBOH OCHOBHOH €JHHU+
neii. Ilpu 3TOM yTBepxKAaercs, uTo AJMsI ONHCAHHs BCeX
SABJIEHUN U3 06/1aCTH MeXaHHKH HeoOXOAHUMO M AOCTAaTOUHO
UMeTb TPH OCHOBHBble efuHuUEL. [IpH HCeenoBaHUH Xe NPy«
rux (usHuyecKux sSBJNEHHI HeOOXONHMO, KPOME TPeX OCHOB-
HbIX €JHHUL, BBONHTb AN KaxAoOH obJacty (QH3UKH IO
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KpaiiHeil Mepe OJHY AONONHHTEJbHYIO €IHHHIY H3MepeHHA
cneunduueckoll Ans RaHHOH obnacTu BeauunHbl Tak, Has
npuMep, B Y4eHHH O TEIJIOTe TaKOH BEIHUMHON MOXeT B~
JAITbCS TEMIIEpaTypa, B YUeHHH OO0 3/IEKTPHUECTBE — M€K=
TpHueckuit 3apaj (KOJIMYECTBO 3JEKTPHUECTBa) HJM CHIa
TOKAa M T. M.

CTOPOHHUKH TIPOTHBONOJOXHOH TOUKH 3pEHMs, K UHCAY
KOTOPBLIX NPHHAJJNEXKHT W aBTOP 3TOH KHHMIM, CUHTAIOT Bbl-
HIEIPHBENEHHYI0 APTYMEHTANHIO HECOCTOATENbHOR Mo cie-
IyomuM coobpaxennaM. KauecTBa MaTepHasbHOrO MHpa
6eckoHeyHo MHOrooGpasHH, M €CJH CUHTaTh, YTO Kaxjaoe
KauecTBO XaPaKTePH3YETCs BEJIHYHHOH, €IMHHUA KOTOPOi
0/KHa OBITh OCHOBHOM, TO UHCJIO TAaKHX eIMHHI OyleT Tak-
we GeckoHeuHo 6GoabuinM. JlelicTBHTe/NbHO, NMOHATHE ILIO-
HIaAd He MOKeT ObITb IONVUEHO W3 NOHATHS JHHEHHOH mpo-
TAXEHHOCTH, a CJeJ0BaTeJbHO, €IHHUIA TUIOMaAH MOJIKHA
6biTh ocHOBHOM. To Xe, pasymeercs, OTHOCHTCS H K elHHHIE
o6nema. B Takom ciyyae He3aBHCHMBIMH, OCHOBHBIMH J0JI-
XKipl ObiTh M eIMHHLB 3apsfa, W HHAYKIHY MarHHUTHOTO
NOJIS, U €VHHLBI CHJB, ¥ SHEPrHH, 1a, BOpoueM, H J1000il
Apyro# ¢usuyeckolt BeanunHbl. C gpyroH cropombl, BO3MOXK-
HO TakXKe AKOOH «dunocopckoe» 060CHOBaHHE TOTO, yTOOBI
OCHOBHOH OblIa TOJBKO OJIHA €XWUHHIA, MOCKOJBLKY CYIe-
CTBYeT B3aWMHasl CBSI3b BCEX fBJEHHH NPHPOJBI, OTPaxKaio-
masa eauHcTBo Matepuu. Takum o6pa3oM, NMOMNbITKH 0GOCHO-
BaTb YHCJO OCHOBHBIX €JZHHHII, MCXOAf M3 <«OOGIIUX (QHJIO-
co(pCcKHX CcOOGpaxKeHuils, NPHBOAAT K JABYM IHAMETPaJbHO
NPOTHBONOJOXKHLIM BHIBOLAM: YHCJIO OCHOBHBIX €IMHHL HOJ-
JKHO ObITh GECKOHEUHO BeJHKO HJH, HaoG0pOT, HOMKHA ObiTh
TOJBKO OflHA OCHOBHASI €IHHHLA.

O6a »Tu BHIBOJA ABJAIOTCS OMIHO0YHBIMH. Jleno B ToM,
4YTO B TO BpeMsd, Kak Gu3uHUecKHEe BeNlHUHHBN, 0f-
pakaloilye ‘peajbHBle CBOMCTBA OKPYXKalOUIero Hac MHDa,
LEHCTBHTENBHO GECKOHEYHO pas3HOoOOpa3Hbl H HECBOAHMBI
IPyr K JApPYIY, €IUHHLBI H3MepeHHii camu mo cebe He AB-
JAI0TCA 06BEKTaMH TIPHPOADL, a NPEACTaBAAT COG0H JAHLIb
BCNOMOraTebHBIH annapart JJs ee H3yueHHs. 3aKOHH IIpH-
POfibl HHKAK He M3MEHAT CBoero O0’beKTHBHOrO Xapakrepa
NpH 3aMeHe OJHUX ERMHMI[ IPYTHMMH, NOA0GHO TOMY, Kak
HE U3MEHSATCS HHUKAaKHe MaTeMaTHyecKHe 3aKOHOMEPHOCTH
NPH 3aMEHE AECATHUHON CHCTEMBbI CUHCJEHHS Ha ABOHUYHYIO,
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ITostroMy ocHOBHOe TpeGoBaHHe, KOTOpOE MOOJNIKHO OGHITH
npelbsBJAEHO K CHCTEME eAHHHIl, 3aK/MIYaeTcsi B TOM, YTO
chUcTeMa JoJXKHA ObITb BO3MOXHO Oojee ynoGHolt mun
NpaKTHYECKUX pacuyeToB.

ITonarasi, 4TO YHC/JIO OCHOBHBIX E€AMHHL B HpPHHIHIE
BIIOJIHE NPOU3BONBHO, M MOMKeET ObiTh KaK YBeJIHUEHO, TaK
N yYMEHbUICHO, MBI, Pa3yMeeTcs, OTHIOAb He MNpejroJiaraeM,
4YTO KadeCTBEHHO pasjuyHble (HU3UYECKHe HBJEHHS MOTyT
6LITh CBEJEHHl ADPYT K APYrY, B YACTHOCTH K UHCTO MEXaHM-
yecKHM ABJeHUaAM. OnHako u3MepeHHU s pasHbXx ¢usu-
YeCKHX BEeNHYHH MOryT ObITh CBEJEHB K H3MEepeHHIo
MEeXaHMYeCKUX W/ Jla)Ke TeOMeTpPHYeCKHX BeTHYMH, H, cJe-
JOBaTeJbHO, HMEETCH BO3MOXKHOCTbL CHI€1aTh COOTBETCTBYIO-
LIHe eAUHHUIB! TPOH3BOAHbBIMH.

Hast Toro 4to6Bl HarAsiAHO MOKa3aTh IPOH3BOJBLHOCTD
yKMcJa OCHOBHBIX eJuHML, of6paTuMcsi K pasoOpaHHOMY
BbIlle NPHMEPY C YCTAHOB/IeHHEM eAMHHUbI CHJIB. MBI BH<
JeJIH, 4TO B KauecTBe Onpeiessiiollero COOTHOINEHHS TPH
3TOM MOTYT OLITH C paBHBIM NPABOM MCIOJbB30BaHBI BTOPOH
3akoH HerloToHa M 3axoH BceMupHoro TtarotTenns. OmHAKO
HMEeTCS €lle U TPETh BO3MOXKHOCTb, OO0BEIHHHB 006a 3as
KOHA, UCMOMb30BaTh B KAaUeCTBE OMpPEeeNsIoliero cooTHome-
HHfl ypaBHeHHe, BbIpaXKalollee I[OJYUYEHHBIH TaKuM obpa-
30M O0BEeJHHEHHBIN 3aKOH. JTOT MocheJHUH MOXKHO Npej«
CTaBHThb B BHJE

a=K-4, (L.11)

CMBIC/T KOTOPOro 3aKJIYaeTcs B TOM, YTO YCKOpeHHe, NpH-<
obperaeMoe /1060 MaTepHadbHOH TOUKOA MNOJ BAHAHHEM
TACOTEHUSt K JpPYroH HemoABHIXKHOM MaTepHaJbHOH TOYKe
Maccol M K OTCTOAIIEH OT MepBOH HA PaCCTOSIHHH f, PO
NOpIHOHAJARHO Macce M # OOpaTHO MNPONOPUHOHAJABHO
KBajapaty paccrosadus r. KoadduuuesT nmponopuuoHaabHO-
ctu K B popmyne (1.11) npepcrapasier co6oil no cyuiecTsy
OTHOUIEHHE TPABHTAUHOHHON HOCTOSSHHOH K HHEPIHOHHOM.
CoennbeHue BTOPOoro sakoHa HboOTOHa ¢ 3aKOHOM BCeMHp-
HOTO TSATOTEHHSI B ONMH 3aKOH OTHIOAb He SBJISAETCA HCKYC-
CTBEHHBIM, KaK 3TO MOXKET HOKA3aTbCA C MEPBOTO B3rasija.
Jlerko Bugersb, uto ¢opmyna (1.11) paBHO3HauyHa TpeTbeMy
3akony Kensepa (ABaS10LIeMYCSl ONBITHBIM 3aKOHOM HPHPOABI
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H, 3aMEeTHM KCTaTH, OTKPbITOMY paHblle 3akoHOB HblotoHa),
HeficTBHTeNbHO, Tpeanonaras AJsi IPOCTOTH, YTO JBHKEHHE
IJIaHEeT NMPOUCXORUT MO OKPYKHOCTH C IOCTOSHHOH YIVIOBOIL
CKOPOCTbIO ® HJIH NepHoaoM obpaiueHdst T, 3ameHfif lieH-
TPOCTPEMHUTE/IBHOE YCKODEHHE €ero BhIpaKeHHeM

a= &, (1.12)

Mbl u3 (1.11) 6e3 Tpyma moayuumm, UTO KBaapaThl BpeMeH
nofHoro obpaillenuss nnaser BOKPYr CoJiHIA NPOMOPLUO-
HaJbHBI KyOy paauyca ux opour. bonee obiee paccmorpes
HHE, YYHTblBalolllee ABHMXKEHHE IJIaHeT MO 3NJLJIUICY, TPHUBO-
HAUT K TOMY e BHIpaXKeHHIO, ¢ TO#H JUUIb Da3HHIEH, uTo
BMECTO KBajpaTa pajuyca BXOIHT KBaApaT CPeJHEro pac+
crosiius miaaHetsl or Coanuna. Opsako 3axkon Kensepa
CIpaBelNUB He TOJMbKO JJIf JIBUJKEHHS TJIaHET BOKPYT
ConHua, HO M [/ JBHXKEHUS COYTHHKOB BOKDYI INIaHET.
Taxum 06pasoM, 3TOT 3aKOH MOXKHO 3alucaTb B BHJE

T?=KR®, (1.13)

rae kosdpounuent K oguHaKOB AJisi BCeX HJaHET, ABHXKY<
muxcs BoKpyr CosHIIZ; ONHHAKOB, HO HMEET JPYroe 3Haues
Hue JJs BceX cOyTHHKOB lOnurepa, OJMHAKOB, HO OMNAThb=
TAKH HMeeT OTJMYHOe 3HaueHHe a5 cnyTHukoB CarypHa,
OIHHAKOB U TakXke MMeeT OTJIHUHOe 3HaueHHe 15 JIyHbl H
HCKYCCTBEHHBIX CNYTHHKOB 3eMad W T. A. MHaue rosops,
K03 duUNeHT OAMHAKOB AAs JIOGLIX Ted, Bpaulaloniuxcst
BOKPYr OAHOro OOHIero IeHTpa, HO pasjuueH /Js PasHbIX
HeOeCHBIX TeJs, SABASIOMHXCSH LEHTPOM BpalueHus. Herpya-
HO BHJETh, YTO 3TOT KO3($HuLHEHT o06paTHO MPOMNOPIHOHA®
JIEH Macce Tela, HaXO[fIErocs B LEHTPE NAHHOH CHCTEMBI
(B mpuBeseHHEIX nmpumepax coorBercTBeHHo Cosuna, FOnus
tepa, Carypna, 3emnn). Boigensii maccy us kosddunuens
ta K, moxHo sakon Kemnepa nepenucaTb B BujIe

72= X s, (1.14)

rie K’ aBasiercst y:Ke yHHBEpCAAbHBIM KO3(h(HUUHEHTOM, 3a=
BHCSMIUM TOMIBKO OT BHIGOpA €THHHUIL

®opmyna (1.14) Moxer cIyXHTb B KauecTBe Ompefe-
JISTIONIEr0 COOTHOLUEHHS JJsl YCTAHOBJEHHS eJHHHIBI MaCChl
Kak NPOH3BOAHOHN eIHHHLBl, €ClNH NOJOXKUThE K/ == ],
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ITocrpoenHast Takum o0pas3oM cHUcTeMa eIHHHL Oyaer
HMeTb B KaueCTBe OCHOBHLIX HE TPH, a TOJbKO IBE €JAHHH~
bl — JJHHBl M BpeMeHu. BecbMa BaXHBIM fiBJAsieTCA TO,
4YTO IOPH 3TOM OKa3blBalOTCA DaBHBIMH €[HHHIlE KaK HHeps
LUUOHHAsl, TaK M TpaBHTAUWOHHAA MOCTOsIHHBIE, DTO, pa3y-
Meercsl, He cayvaiiHo. Ecam Bragnerbcss B TO, KakHM 006+
pasoM HaM yJaJocb COKPaTHTb YHCIO OCHOBHBIX EIMHHIL,
TO JIETKO BHJETb, YTO 3TO H OLIIO JIOCTUTHYTO T€M, YTO MBI
NPHPaBHANN eAUHHLEe 00e MOCTOSHHBIE,

Taxum o6Gpasom, OKasblBaeTCsi, 4TO HHCJIO OCHOBHBIX
€IMHHUIL TECHO CBSI3aHO C YUCAOM KO3DPUIUEHTOB, CTOSALIUX
B BbIpaXKeHUAX (DUIUUECKHX 3aKOHOB M ONpeleseHHH. IDTH
KO3((HLUHEHTE NPONOPIHMOHANBHOCTH, MOAOGHBIE IpaBHTa=
HHOHHOH W MHEPHUOHHOH NOCTOSIHHOW W OlpejessieMble Bbi
GOpoM OCHOBHBIX €IMHHIl M ONPELEJIAIOUINX COOTHOMIEHHH,
NMONYYHJIU Ha3BaHHE YHHBEPCAJbHBIX MJH MHPOBBIX MOCTO<
SIHHBIX HJH KOHCTAHT. B 5TOM MX oTiHuMe OT Tak HasbiBae-
MbIX ClneUM(pHYeCKHX ITOCTOSHHBIX, XapaKTepU3YIOIUX pas-
JIHYHBIE CBOHCTBA OTIE/bHHLIX BelleCTB (MOJIEKYJASpPHHH Bec,
KpuTHyeckass TeMIepaTypa, J[AHIEKTpPHUeCKas TMpOHHIlae-
MOCTb H T. IL.).

B npunnune yxuBepcaJbHblEe MOCTOSHHBIE (UTYPUPYIOT
B BbIpaXKeHHsIX BCeX (PU3HYECKHX 3aKOHOB W OmnpeneseHui,
HO MOJAXOAAIMM BbiOODOM €AMHHML MBI MOMKEM TO WJH HHOE
MX YHCJIO TMPHPaBHATL eAHHMUE (UaH JIO6OMY IPYyromy o=
crosinHoMy yucay). CienoBatenbHo, ueM GOJbIlIe OCHOBHBIX
€MHHL NPHHATO [/ MOCTPOEHHSA CHCTEeMbI, TeM Goublie
VHHBEPCAJNbHBLIX TOCTOAHHBIX OyIer CToATb B (opMyJaax.
CoxkpallleHHe YHCTa OCHOBHBIX €IMHMII 06S3aTENbHO COMPO-
BOXKAAercs COKpallleHHEM YHCJAa YHHUBEPCAJNBLHBIX IOCTOSAH«
ublX. EcTecTBeHHO CMPOCHTb, BO3MOMKHO JIHM, TakUM 06pa<
30M, AaJbHelllllee COKpallleHHe YHCJda OCHOBHBIX €IHHHIL J0
ofHOH (Msu paxe go Hyasal)?

Huxe, npu paccMoTpeHun Crnoco6OB NOCTPOEHHST eX4-
HUIL 3JIEKTPHUECKHX M MarHUTHBIX BEJHYHH, MBI MOKaXeM,
uyto 6e3 TPyJa BC3MOMKHO LOBECTH YHCJIO OCHOBHBIX €IHHHIL
no onuoit. Bosee Toro, oAHO U3 ypaBHEHHI aTOMHOH (uau-
KH, Onpefessioniee Tak Ha3blBaeMYIO NOCTOSHHYIO TOHKOMN
CTPYKTYDbI, MO3BOJISIET TNOCTPOHTb CUCTEMY, MHONHOCTHIO
JUIIEHHYI0O OCHOBHBIX enuHuu. Ha nepswlii B3mIsSA 37O
npejcrasasiercss napaaokcadbHbiM., OAHAKO, 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=

cep,
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oGpaXkKeHHA, KOTOpBlE HENAIOT Manjo NPUTOAHLIMH CHCTe-
MBI CO CJHHHIKOM MalbiM 4HcJAoM eAuHHL. O HEeKOTOPHIX H3
Hux OyAeT CKas3aHO B JasibHEHIIeM NPH H3JIOXKEHHH OCHOB-
HBIX NOHATHA aHaJH3a pa3aMepHOCTEH

Hcxoas w3 3THX coobpazkeHuil, oKasnBaeTca ueaecools
pasHbIM CTPOUTH CHCTEMBI, B KOTOPHIX YHCJIO OCHOBHBIX €]~
HAL 6Gbuto OB TIOPSIAKA TPEX-IIeCTH.

§ 1.5. Buifop OCHOBHBIX eXHHUN

B kauecTBe OCHOBHBIX BeJHUHH IenecoobpasHo BLGpaTh
TaKHe BEeJHYHHB, KOTOpblEe . 0TpaXkalor Haubojee obmue
cBofictBa MaTepuu. IlockOJNbRY QopMoH CYHIeCTBOBAHHSA
MaTEpPUH SABJSETCS NPOCTPAHCTBO M BPeM#, eCTECTBEHHO
BKJIIOYHTb B YHMCJ/IO OCHOBHbIX €IMHHUIILI IPOTSHXKEHHOCTH (MIH-
ibl) W BpeMeHu. Tak Kak oAHOH H3 Haubosee o6LHX Xa-
PAKTEPHCTHK MaTepHH ABJAseTcs Macca, TO B OOJbIIHMHCTBE
CHCTEM B XKauecTBE TPeTbeH OCHOBHO¥ eIMHHUB NPHHUMAIOT
enuHHny Macchl. [lono6uasi cucrema, MOCTPOeHHas Ha 3ITHX
Tpex efuHHNax (AJAMHBI, MAaCCHl M BpeMeHii}, BlepBbie Onaa
npeanoxeHa 'ayccoM ¥ Ha3BaHa UM aOCOJIOTHOH CHCTEMON.

[TozgHee 3TO TOHsITHE TOCTENEHHO NMOTEPSN0 OLHO3HAU+
Hocte, MHorna nop aGCcosOTHBIMY NOHHMAJH CHCTEMH!, 1O-
CTPOEHHBIE Ha BIOJHE OMpeNeNeHHLIX €JMHHUAX JJIHHH,
Macchl ¥ BpeMeHH (CaHTHMETD, IPaMM M CEKyHAa), HHOTAa,
1nao6opor, NpUAaBajd 3TOMY HasdBaHUIO Oojlee IUMPOKHH
CMBIC/I, cunTast abCoMOTHOH N6y CHCTEMY, HMEIOmYIo
HEKOTOpOe OrpaHHYeHHOEe UHCAO0 OCHOBHBIX €AMHHI] H BKJIO-
yaluylo B ceff B KayecTBe NPOM3BOJAHBIX BCE OCTaJbHble
eUHHNB H3 001aCTH IeOMEeTPHH, MEXaHHKH, 3/eKTPHUeCTBa
W 9JIeKTpOMarHeTHaMa. B HacTodllee BpeMs BCe peKe MoJib-
3yI0TCS Ha3BaHUEM «abconOTHas cucteMa», TeM GoJee, YTo,
KaK Mbl BHJAENM, HET HHKAKOrO KPHTEpHUs, KOTOpPHLI N03BG~
Jun GBI, HCXOJS U3 TIPUHIHNHAJIBHBEIX cOOGpaXKeHUH, OTAaTh
NpeAnoUTeHRe KaKoH-1u60 OnpeleNeHHON CHCTeME H NPH-
CBOHUTb el CTOJIb 00s3bIBalONlee Ha3BaHHe.

Cpely CyHiecTBYIOIUMX CHCTEM €IWHHL HauOojbliee pac-
npoctpaHeHie MOJAYYHJIH CHCTEMBl, B OCHOBY KOTOPHIX IO~
JIOJKeHB! eIMHHUB YKa3aHHBIX TpeX BeJAHUYMH, NDHYEM HEKO-
TOpble CHCTEMBl OrpPaBHYHBAIOT YHUCAO OCHOBHBIX E€AMHHIL
TOJBKO 3THMU efuHHNaMu. B Tak HaspiBaeMOH TeXHHYeCKOH
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cHCTeMe, OXBaTHIBAIOILEH JHIUIb FEOMETPHYECKHE H MeXaHHs
yecKHe H3MEpeHHs!, TaKXKe YCTaHaBJIMBAlOTCA TPH OCHOBHbiE
eAMHHUIB, OXHAKO B KauyecTBe TpPeTbell MPUHHMaeTcs €1u+
Huila He Mmaccel, a cunbl. Pemennamu X u XI Tenepanb-
HBIX KOH(epeHIHH 110 MepaM U BecaM BBelleHa MexJyHa-
poiaHasi cucteMa eaunul, obosnauaemasi CH (SI) *), oxsa-
ThIBAIOIAA HM3MepPEeHHs BCeX MeXaHHUYEeCKHX, 3JeKTPHUECKHX,
TEMJIOBBIX H CBETOBBIX Bean4yuH. B 3Toil cucreMe B Kaye-
CTBE OCHOBHBIX BEJHUYHH YCTAHOBJEHB!: JUIHHA, BpEMS, Mac«
ca, CHJla 3JEXTPHYECKOro TOKa, TeMrepaTypa M CHJa CBeTa.
Cornacuo TOCT 9867—61 MexayHapoaHaa cucTemMa BBes
JleHa KaK TpeanouTuTenbHasg BO BceX 06sacTaX HayKH, TeX»
HHKH H HapOJHOro X03sifCTBA, a TakiKe NPH NPENoJaBaHHU.
Opunako Hapsaay ¢ MexayHaponHOH cHCTeMOH JONyCKaercs
NpuMeHeHHe HEKOTOPHIX JPYTHX CHCTEM, a Takike paja efu-
HHI, He BXOJAINX HH B KaKWe CHCTEMBL

IIpu ycTaHOBJAEHHH OCHOBHBIX €AHHHI{ BECbMa BaKHOH
ABJISIETCH BO3MOXKHOCTh COXPAHEHHS MOCTOAHCTBA €JHHHIIHI,
ee MpPOBEPKH, BOCTPOW3BENEHHS, & B Clydyae yrpaThl — U
BoccTaHoBMeHHs. [105TOMY BO3HHK/IO CTPEMJIEHHE CBSI34aTh
OCHOBHbIE €HHHIBI ¢ BeJHYMHAMH, BCTPEUAIOUIUMHCS B IPH-
poje.

B snoxy Benuxoift OpaHUy3CKOH DEBOJIOLHH CleLHaNb-
Hasl KOMHCCHSI B COCTaBe KpPYMHEHIIHX (paHIY3CKHX Yde-
ueix kouua XVIII B. (Bopna, Koupopce, Jlanaac u Moux),
cospanHaf B Mae 1790 r. no mocranoBaeHuio Hanuonanbs
HOTO coGpaHusi, MPefJOKHIA NIPHHATb B KauecTBe eJHHHIIbI
IJIMHBl OAHY MECATHMMJITHOHHYIO JOJIO YeTBepPTH 3eMHOro
mepuauana. 30 mMapra 1791 r. npensoKeHHE KOMHCCHHU
6Bl10 YTBEPIKAEHO, M OHAa NPUCTYNH/IA K ONpeleaeHHIo NpH-
HATOM eAuHMIBL. B pesyabrate pa6orsl Komuccuu B 1799 r.
Bo ®panunu G6uin BBenen «Métre vrai et difinitifs («merp
NOJNMHHLIA M OKOHUATEAbHbIH®), MOCAYXKHUBIIHE OCHOBOI
MerpHyeckonl cuctembl. I1poToTUNOM METpa ABHJACh CIEIH-«
aJNlbHO H3TOTOBJIEHHast JIHHEHAKAa — MJIaTHHOBHIA CTepIKeHb,
XpaHsiuiicsi B Hacrosinlee BpeMs B HauuonanbHoM apxuse
®Opannun («apXUBHBIA MeTP»),

*) B panbHefilleM BCe YCJOBHBHIG OGO3HAUEHHS CHCTeM M Ha3BaHuit
enuuui GyzeM QaBaTb B PYycCKON TpaHCKPHNUMH. MexXayHapoaHsie 060+
3HAYCHHA NpPHBELEHH! B COOTBETCTBYIOWIMX TAGMHIAX B KOHIE KHHIH,
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OnHoBpEeMEHHO ¢ MeTpoM OblyIa BBEJEHA ef[HHHIIA Beca—
KHJAOTPaMM, OnpeJie/eHHas BHaYajJe KakK Bec KyOHYeCKOro
neuumerpa Boael npu 4°C. Ilono6Ho TOMYy Kak AaJas coxpa-
HeHus MeTpa Oblia M3rotosjeHa oOpasnoBas JuHeHKa, Tak
W IS COXpaHeHus Kuiaorpamma Oblia H3roToB/jieHa o6pas-
moBasi TUPS — NPOTOTHI KHJOTpaMMa.

B xauecTBe eIuHHIbl BpeMeHH OLila y3aKOHEHa CEKYH2
lla, onpejeneHnas Kak 1/86 400 cpeiHUX CONHEUHBIX CYTOK.

TToBhillleHHe TOYHOCTH H3MepeHui, cBf-
33HHOE C pa3BUTHEM H3MEPHTeNbHOR Tex-
HHKH, TO3BOJNWJIO, OAHAKO, O0OGHapYXKHUTh,
4TO MeXJy BBIOpaHHBIMH €IHHUIAMH U K3+
FOTOBJIEHHBIMH JJIS HHX TNPOTOTHNAMH CY-
iecTByeT XOTA M HeGoJblloe, HO BHOJHE
usMepumoe pacxoxjaenue. MckaioueHue co-
cTaBusla JHWIlb CeKyHIa, Koropas OJjaro-
aps BHICOKOH TOYHOCTH aCTPOHOMHYECKUX Puc. 1.
uU3Mepenuit ocraBajach MNPaKTHYECKH He-

U3MEHHON u TpeGoBaja JHUIb YTOUHEHHST caMoi (opMyJnus=
POBKH.

B cBfI3M ¢ 5TUM BCTaJ BOIPOC O TOM, H3FOTOBHTb JIH HOs
Bble MPOTOTHNH WJIH HPUMHPHTBCA C HMEIOHIMMCH pacXos
A(IeHHEM M TPHHSTH B KayeCTBe 3aKOHHBIX €NHHHI[ MEpbl,
onpejenseMble CyIECTBYIOMUMH TPOTOTHIIAMH.

[ToMuMO TOro, 4TO H3MEHEHHE MOCJHENHHX caMo Mo cebe
npeacTaBuio Gbl OTPOMHBIE 3aTPYAHEHHS W Heyno6CTBa, He
6610 Gbl TapaHTHH, YTO HOBOE yTOUHeHHe He morpefyer HX
HOBOTO H3MeHeHHs. [103TOMY yueHbie NPHILJIM K MBICAH O
HeoBXOAUMOCTH 3a(QUKCHPOBATh TPOTOTHNBl KaK OCHOBHBIG
3aKOHHbIE 3TAJIOHBI eJHHAN H3MepeHHH,

Taxum o6pasoM, GbliH YCTAHOBJEHBI CJledylollHe eIH~
HULBI, KOTOPble H ObUIH TPUHATEL B KauyecTBe OCHOBHBIX:

elUHMLA ANHHB — MeTp (#), ompenenseMas Kak pac-
CTOSIHHE MEXAy OCSMM WITPHXOB, HaHeCeHHbIX Ha nJaa-
tuHo-upuaueson auneiike npn 0° C. Cnnas MaaTHHBL B HPH~
nus 61 BHIOpan Kax o0/ajanlinil oueHb MajbiM Ko3¢hdu-
HMEHTOM TEIJIOBOro pacliupennsd, a (opMa NONepeuHoro
ceyeHusi JuHeliku (puc. 1) orBeuana TpeGOBaHMIO BO3MOXK-
HO MeHbllero nporuba;

eIMHALA MacChl — KuJorpamMM (MJH KujlorpaMM-macca)
(ke) — Macca WIaTHHO-UPHIMEBOH THMPH;
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efMHMLA CHJB — Kujorpamm-cuna (kec) ¥) — pec To#
JKe rMpd B MeCTe ee XpaHeHusi B MexayHaponHOH masnarte
mep u BecoB B Cespe (BOsm3u Ilapuxa);

e[MHAla BPpeMeHH — CeKyHJa, onpeaensieMasi, Kak # pa-
Hee, Kak 1/86 400 yacTb cpefHHX COMHEUHBIX CYTOK. B acTpo-
HOMHUH H CMEXHBIX C Hell 006J1aCTAX MpUHHUMAaJach 3Be3fHast
cekyHfaa, omnpenensieMas kKak 1/86400 yactb 3Be3AHBIX Cy-
tTok. Tak Kak Osarogapst ABHKeHuIO 3eMaH Bokpyr CoJH-
Ia 32 OJMH TOX NPOXOAMUT 3Be3NHBIX CYTOK Ha eJHHHIY
Gosblile, yeM COJIHEYHbBIX, TO 3Be3[Hasl CEKyHJIa COCTaBJsia
0,99726957 conHevyHOH CEKYHIHI.

Ha ocHoBe nepeuuc/ieHHBIX €IMHHI W HX JOJBHBIX M€«
CATHYHBIX yacTeil OBLIH MOCTPOEHHl CJAENYIOLIHE CHCTEMBI:

cuctema CI'C; B KauecTBe OCHOBHBIX €AMHHI OBLIH NpH-
HATHl efMHHLA JJIHHB — CaHTUMerp (cm), paBHHIH OJHOHN
COTOH MeTpa, €AMHHIA MacChl — rpaMm (&), paBHBIH ORHOH
THICAYHOH KWJIOrpaMMa, H eJHHHIlAa BpeMeHH — CEeKyHJa
(cex);

cucreMa TexHuueckass (MKI'CC); B KauecTBe OCHOBHBIX
eflMHUL, OLIIM NPHHATH eIHHMUA [IJIUHBEl — MeTp (M); exu-
HULA CHJAB — Kujorpamm-cuna (kec, ke®, xI'), emnununua
BpeMeHH — cekyHna (cex).

Cucrema MKICC Bgaouuna B ce6s TONLKO reome-
TPHUECKHe ¥ MeXaHHYyecKHe elHHMIBL, cucreMa ke CI'C
pacnpocTpaHsaiach H Ha 3JeKTPHYECKHe H MaTHHTHBIE H3-
Mepenus. Ilpu 3ToM mpou3omIo pasfieNeHHe CHCTEMbl Ha
JiBe CaMOCTOATEJbHBIE CHCTeMbl, B ONHOH H3 KOTOPHIX 3a
OCHOBY NPHHHUMAJHCb 3/JEKTPOCTATHUECKHe, a B JPYrol —
3/IeKTPOMAarHNTHEE B3auMojeficTBHS. COOTBETCTBEHHO mnep-
Basi TONAyuHZAa HasBaHHMe 3JIEKTPOCTATHUECKON CHCTEMBb
(CT'C3), a Bropasg — snekrpomarautioit (CI'CM). Onnako
eJHHHUB KaK TOH, TaKk M JPYrofl OKa3ajauch MaJao ya06-
HBIMH /151 NPaKTHKH, BCJAEICTBHE Yero Gbijid YCTAHOB/EHBI
BCIIOMOTaTe/IbHble NpaKTHYECKHe ERHHHIB IJIsi H3MepeHHs
BEeJIMYHH, CBA3AHHBIX C NPOLECCOM MPOXOXKAEHHS TOKa (CH-
Jbl TOKa, DasHOCTH TOTEHIHANOB ¥  3JIeKTPOABHIKVILEH
CHJIBI, CONPOTHBJEHHs, pabOTBI, MOIIHOCTH H T. I.).

*) IpuMensiorca Takxke ofosHavenus I u k2*. st 370l e1HHULL
npenjaraeTcs pAjA JAPYrHX HasBaHuE — KWJIOTpas, Kunonaydj ® T. I,
HO HM OJIHO H3 HHX He HOJYYHJO CKOJNBbKO-HHOY/Ab LIUPOKOro pacnpoct-
paHenus.
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Brayane 3TH eJMHHLbl He 00pa30BBIBANK CTPOHHOH CH-
CTeMBbl H Ja)Ke He MOIJIM ObIThb NPUMEHEHB AJIs1 pellieHHs
3JeKTPOCTAaTHYECKKX U JIEKTPOMAarHUTHHIX 3ajauy. B 1902 r.
UTaJMbAHCKUH HH3KeHep JKODIAKH NpeANOoXuil TakuMm 06«
pPasoM pPACIIHPUTBL CHCTEMY NPaKTHUECKHX eJHHHI, 4ralhl
ee MOXKHO ObLIO cHeNaTh CTOJb JK€ YHUBEPCAJIbHOH, Kak u
cucrema CI'C, T. e. oXBaThiBallle#l BCe H3MepeHHUS B 006-
JacTH MeXaHHKH, 3JIeKTPHYeCTBAa H 3JEKTPOMarHeTH3Ma.
OnHako, NOCKONbKY B 3Ty CHCTEMY CJeJ0BaJO BKJIOUHTb
yiKe pacnpocTpaHeHHBe MPaKTHUECKH? eJHHHIIBI, TO COoXpa-
HeHue MOCJENHHX 0Ka3aJoCh BO3MOXKHBIM JHIIb IPU YCJIO-
BUH BBeJleHHS MO KpafiHell Mepe 0AHO# JONOJHUTENbHOH
VHHBEpCaJabHOH NMOCTOSIHHOH, YTO PaBHOCHUJBHO BKJIOUEHHIO
OJHOM H3 3THX €AHHMIl B YMCJIO OCHOBHEIX, B KayecTBe Tako-
BOH MpeAnaraioch NPUHATH €HHUIY OJHOM U3 CAeAYIOUMX
BeJHYMH: KOJMYECTBO 3JEKTPHYeCTBa, CUJla TOKa, pasHOCTb
NOTEHIHAJOB, CONPOTHBJEHHE, 3JEKTPOEMKOCTb, HHAYKTHB<
HOCTb, MATHHTHHIA NMOTOK, MaTHUTHAsA TIPOHHIAEMOCTb ¥},

IMocne psga AHCKYCCHH, HMCXOAA H3 METPOJOTHYECKHX
coobpaxeHu#l yAO6CTBA ¥ HAJEXHOCTH BOCIPOU3BENEHHS
€IUHULbI, PHHAJNY pelieHHe B KaueCTBe YETBEPTOH OCHOB-
HOH eJHHUIBl HPHHATD €MHHULY CHUJIBI TOKa — aMmep., Onpe-«
JlefleHHe aMmepa Mo CBOEMY XapaKTepy CYIECTBEHHO OTJIM-
yaeTcs OT ONpEJeJeHHsT APYTHX OCHOBHBIX €IXMHHIL— METpa,
KuJorpaMMa H CekyHJbl. [leqo B TOM, uTO BHauaje aMmmep
Ol BBe/eH KakK OfHa JecsiTasl TIPOU3BOAHOH €NUHHIB .CH-
aut Toka B cucreme CI'CM. Tlosromy, X0t aMnep Bo3BeleH
B paHI OCHOBHEIX EJUHHN, OH MO CYHIECTBY ONpepensercs
Kak npousBojHas eauHuuna. CoriacHO NPHHATOMY ompefe-
JIEHHIO «aMIiep eCTb CHJa HeM3MEHSIOIerocsd ToKa, KOTOPBI,
NMpOXoJsi MO [ABYM TnapaJsjebHBIM NPOBOAHUKAM 6ecKoHey-
HOH JJIHHBI H HHYTOXKHO MaJjlor0 KPYroBOTO CEYeHHd, pac-
HOJOXKEHHBIM Ha paccTofHuu | Merpa OJHH OT JAPYroro B
BaKyyMe, Bbi3BaJ OBl MeXIy 3THMU TPOBOIHHKaMH CHIY,
paBuyio 21077 HbOTOHA Ha KaXABIH MeTp MJIHHBIY., ITO
onpefeseHHe Mbl PacCMOTPUM Gojiee TMOXPOGHO M Pasbsic:
HUM B TJIaBe, MOCBSILIEHHON eIWHHIIaM HU3MEpPEHHS SJCKTPH-
YeCKHX ¥ MAarHHTHBIX BeJHUHH.

*) Ias enmHMLEl MAarHMTHOH NPOHHIAEMOCTH JaXe INPeAAaraioch
cnennajbHOe Ha3BaHHE «MarH»,
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B ¢Bsi3n ¢ onpeje/ieHHeM MeTpa H KHJOTpaMMa He Kak
€CTEeCTBEHHDIX BEJIUYHMH, a N0 MPOTOTHNIAM YTPaTHJIOCh OLHO
H3 [PEHMYLIECTB METPHUECKOH CHCTEMBl — €€ COXPaHHOCTh
H BO3MOXKHOCTb TOYHOro BocupousBeieHus. Jlanbnefiiiee
NOBbILEHHEe TOYHOCTH H3MEPeHHH MO3BOJIKHIO YaCTHYHO Bep-
HYTbCA K YCTAHOBJEHHIO OCHOBHBIX €JHHHI| TI0O H3MEDEHHIO
€CTECTBEHHHIX BeauuuH. IIpu aTOM A4 eIUHHIB MacChl —
KHJ0rpaMMa COXPaHHJIOCh €ro olpeje/]eHHe No MexAyHa-
pPOAHOMY NpPOTOTHNY, a IJIHHY MeTpa OKa3aJoch BO3MOXK-
HBIM H HaubGosee Lenecoo0pa3HLIM CBSI3aTh C JJHHOH BOJ-
HbI ONpele/IeHHONH CHeKTpaJbHOU JIMHHU. B KayecTBe Tako-
Bo#l OblJla TMpHHATA OpaHKeBas JUHHA KpuntoHa. Tak Kak
€CTeCTBEHHBIl KPHNTOH COAEPKHUT LISCThH H30TONOB, CINEK-
TpaJibHble JIHHUH KOTOPBLIX XOTSl H B MaJ/OH CTemeHH, HO OT-
JMYaTcd APYr OT Jpyra, TO OIpeAeJqeHHe MeTpa uepes
JJMHY BOJHBL YTOUHSIETCH YKa3aHHeM Ha TO, YTO B Kaue-
CTBEe HCTOYHHKA Oepercss H30TON KPHITOHA € MAaCCOBHIM
guciaoM 86 (3sKrd6). [Tpunaras cnekrpasabHas JHHHS COOT-
BeTCTBYET HEPEXOAY 3JEKTPOHA B aTOMEe KPHMNTOHAa MEKAY
KBaHTOBBIMH COCTOSIHHSIMH, KOTOpbIE B CHEKTPOCKOMHH 000-
3HaualTCA cuMBOJaMH 2pjo U 5ds. [To ompepenenuio merp
cogmepxur | 6350 763,73 anuHBl BOJMHBL B BakyyMe 3TO#
CNEeKTPaJdbHON JIUHUU.

Onpenesense CeKyHJAbl TaKKe HECKOJIbKO YTOUHHJIOCH,
TaK KaK TNOBBIIICHHE TOYHOCTH H3MEDEHHUS] BPEMEHH I103BO-
JIMAO YCTaHOBHTb HEKOTOPOE HEMOCTOSHCTBO CPEAHUX CYTOK.
B ocHoBY HoBOro omnpefeneHnst CEKYHAM GBI MPHHAT Tak
Ha3biBaeMbI TPONUYECKUH roj — IPOMEXKYTOK BPEMEHH Me-
¥Iy AByMSsl BeCeHHHMH paBHopeHcTBUAMH. CorslacHo HOBO-
My oOIpeAejeHHI0 cekyHAa ecth 1/31 5569259747 yactb
TPOMHUYECKOro roja, HauyaBwerocd B 12 wvac. aus 31 pge-
Kabpa 1899 r. *). Yka3zaHue Ha ONpeAeNeHHBIl TOJ HMeeT
HEeNbI0 YYeCTb TOT (PakT, UTO CaM TPONHUUECKHH T'OJ YMEeHb-
niaetcss npumepHo Ha 0,5 cekyHABI 3a croJeTHE.

Paspurue MosexynapHOH M aTOMHOH pafHOCIEKTPOCKO-
NHH NO3BOJIMIO YCTAHOBUTH AOCTATOUHO TOUHYIO CBSI3b €IH-
HHLBl BPEMEHH C NMEPHOAOM KoseGaHHuil, COOTBETCTBYIOUIUM
Kako#-1100 onpeneseHHON cnekTpaJbHOi JauHHU. [TosTomy

*) Ilo acTpoHoMuueckoMy cueTy BpeMeHH [oaxeub 31 JeKabps
1899 r. o6osnauaerea «12 wacos 0 ansapa 1900 r»,
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pemwennem XIII TenepanbHoli koHdepeHuMn no Mepam M
pecaM (1967 r.) Obwio HAaHO HOBOE ONpPEAENEHHE CEKYHAMI,
COIJIACHO KOTOPOMY CeKyHAa €eCTh MPOJOXKHTENbHOCTD
9192 631 770 mepuHoJOB HM3/1Y4YEHHS, COOTBETCTBYIOILEro Ime-
PEXOJy MEXIY JABYMf CBEPXTOHKHMH YPOBHSIMH OCHOBHOIO
cocTosinusi atoMa 55Cs!®® (uM3oroma mesHsi ¢ MaCCOBBIM YHC-
aom 133).

3aMeTuM NpPH 3TOM, UTO M €RMHHIY MacChl B IpUHIKME
MOKHO Obl1o 6bl ONpeleaUTb He MacCOH 3TaJiONHOH THpH,
a CBfi3aTh €€ ¢ Maccoil Kako¥-nuGo aTOMHOH yacTHUbl (Ha-
npuMep, He#itpona). K coxanenuio, B Hacrosilee BpeMsi
TOYHOCTb Ofpe/eNieHUs aTOMHBIX MacC YCTymaeT TOYHOCTH
H3MEpPEeHHs1 MacChl IyTeM B3BeUIHBaHHS.

Yro kacaerca cucrembl CI'C, 10, 6yAyYHn NOCTPOEHHOM
Ha TpexX OCHOBHBIX €JMHHMIAX (IJHHBI, MacChl U BPEMEHH),
OHa B NOJHOI Mepe OXBaTH/Ja BCe TeOMETPHYECKHE, MeXa-
HHYEeCKMe, 3JEeKTpHUeCKMe W MarHuTHble uaMepenus. [lpu
3TOM OKa3saJjcsa Hanbojee YAOOHBIM TaKOH BapHaHT CHCTEMBI,
IpH KOTOPOM 3JEKTPOCTAaTHUECKHE BEJMUMHBI H3MEPAIOTCA
enununama CI'CO, a maruutHble — egunuiamu  CICM.
DTa cHcTeMa MOJdYyuWda Ha3BaHHe CHMMETPHUHON HJIHM raycs
coBoil cucTeMbl u obosnavaercas CI'C. B npuHuune cucrema
CI'C morsa GBI, pasyMmeercs, Obl1b TPHMEHeHa W [JAf JIIO-
GLIX APYTHX, B YaCTHOCTH TEIUIOBBLIX M CBETOBBIX, H3Mepe-
HR#, AJs1 4Ero CJef0BaJjo CBsA3aTb ONPEAEJSIOLHMH COOT=
HOLIEHUSIMH COOTBETCTBYIOlINe BejanunHbl, OJHAaKO Ype3Bhls
yaiiHoO LIMPOKOE PacnpocTpaHeHHe, KOTOPOe HMeeT B Hayke,
TeXHHKe 1} TOBCENHEBHOM MKU3HKH TeMIlepaTypa, Jenaer
NPaKTHYECKU 1enecoo6pasubiM Bbijie/eHr e ee B 4HCJI0 OC-
HOBHBIX BenuuuH. B cBeroTeXHHKe CYHIECTBEHHBIMH SBJfA+
I0TCSl BEJIHYUEEI, XapakTepusymolye cyObeKTHBHOE BOCTIpHs+
Tue cBeta (cu/aa CBeTa, OCBELIEHHOCTb, ApKocTh). [TosToMy
HCHO/b30BAHHE TIPH ONpPEIEJEHHHM 3THX BEJHUMH TOJNBKO
SHEepreTHUYeCKHX MapaMeTPoB JHIIHMT HX BaXKHEHIIero xa-
yecTBa — XaPAKTEPUCTHKY BO3JEHCTBHA Ha Halle 3peHHe.
Takum o6pasoM, npu npumenenuu cucremst CI'C ko Beem
(bU3UUECKIM SIBJEHUSIM C/elyeT CUATAThb OCHOBHLIMH HE TDH,
a NsTh €€ eAHHUIl H3MEepEeHH.

Kak ckazano Obi1o Bhlllle, B HaCTOflllee BpeMs B Kaues
cTBe Hambosiee NMPeRNOUTHTEbHON y3akonena MexnyHapon-
was cucrema (CH). Dra cucrema npencrasisier coGoit
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pasBHTHE NMPAKTHYECKOH CHCTEMBl 3JIEKTPUUECKHX €AMHHL, B
KOTODOH K OCHOBHBIM eJMHHIAM METpy, KHJOrpammy, ce-
KyHae H amnepy nobap/eHbl ellle ABe eIHHULBI — rPapyc,
H3MepAIOWUA TepMOLHHAMHYECKYI0 TeMIepaTypy, H cBeua,
u3MepsaOLlas cuay csera. OnpenesieHue 3THX eAHHHI Oyler
AdaHo Jlajiee NPH pacCMOTPEHHN eJUHHUIL, OTHOCALIUXCA K CO=
OTBeTCTBYIOUeH obnacTs (PU3UKH.

B 1919 r. Bo ®paunuun 6ui1a npunsita cucreMa MTC, B
KOTOPO# 3a eauHMLY Macchl npuHuMaJgack ToHHa (1000 ku-«
jgorpammoB). OnaHo BpeMs 3Ta CHCTeMa YCHJEHHO Mponas
FAaHAHPOBAJIACDH H Jaxe Oblia Y3aKOHEHa COOTBETCTBYIOIIHMH
crangapramu. Oguako pacnpocTpadeHus OHa He noayquia
H B HacToOsllleé BPEMS NPAKTHUECKH NOOJHOCTHIO BHIILJIA H3
yoorpebieHts, 3a HCKJIIOUEHHEM HEKOTOPBIX ee eHHHI,
NPHMeHseMBIX YiKe BHE CBSI3H C CHCTEMOIL.

§ 1.6. BrecnucreMHbie egHHUUBI

HecmoTpss Ha onpejeneHHble MPEUMYILIECTBA, KOTOPhIE
JaeT TpuMeHEHHe €NHHUIl H3MEepeHus, OmnpeaeNsieMblX TOH
HJIM HHOM CHCTeMOH, N0 HacTOfLIEro BPeMEHH HIHPOKO pac-
NPOCTPaHeHbl pa3jHYHBle eJUWHMIbl, He YKJaIbiBalolHecs
HH B OAHY H3 cHcTeM. OT MHOrMX H3 HHX HeNb3sl OTKa3aTh+
cs1 BBUAY yAOGCTBa MX NMPHMEHEHHS B ONpeeNeHHBX 06./1a+
CTAX, APYTHE COXPAHUIUCh B CHIY UCTOPHYECKHX TpPagWuuil.

B nopesosnionnonuofi Poccuu cylecTBoBasia cTapast
pycckas cuctema Mep, Kotopasi B 1924 r. 6niia 3amenena
merpuueckod. Ha3BaHusi enuHun 3TOM CHCTEMBI COXpaHH«
JIUCh B HACTOsIllee BPeMS TOJNLKO B MOrOBOPKaX H [MOCJ0<
BHIaX («MepHTb HA CBOH apuiuH», «Maj 30JOTHHK, fa N0~
pors, «kocafl caXeHb B ILIe4ax®» M T. I.) W JIMIIb eJHHHIA
nyo BCTPeUaeTCs] HHOrJa B COOGLIEHHAX O MPOH3BOACTBE
CeNbCKOX03AHCTBeHAKX npoayKToB. B Aurauy u CIUA u
ceflyac KOHCEPBATHBHO COXPaHAKTCA eIAUHHIE], HEYI06CTBO
KOTOPHIX COCTOHT HE TOJbKO B TOM, UTO OHH IOCTPOEHBI He
0 1eCATHUHON CHCTeMe, HO U B TOM, YTO HEPEeAKO MOJ O/-
HUM HaJRAaHUEM CKPBIBAIOTCS Da3Hble eIMHHULI (HECKOALKO
MWIb, TajIOHOB, HE BMNOJHE TOYHO COBHAZAIOUIME AIOMMBI
H T o).

Cpenyt BHeCHCTEMHBIX eJMHHUI[ B MEPBYI0 TPYONY NOJIK-
Hbl OBITb BbIG/MEHbl JecATHYHble KPaTHbIE H JOJbHBIE efH-
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Huipl. HanMeHoBaHUe 3THX eAHHHL 00pas3yeTcsa ¢ HOMOLUbLIO
COOTBETCTBYIOLIMX MPHCTABOK (Aely-, CaHTH-, MHJLIH-,
fieKa-, TeKTO-, Kuio- u T. i.). Ilepeyedp THX NPHCTABOK H
COOTBETCTBYIOUIMe 0003HAYeHNA JaHbl B Taba. 52.

Bropyio rpynny BHeCHCTeMHBIX ejuWHHI 0OpasyloT epu-
[HIbl, TOCTPOEHHBIE U3 eJMHHI] CHCTEMBI He {10 AECATHYHOMY
npuHudny. K TakKuM B nepByio ouepeib OTHOCATCHA €JUHHIIH
BpeMeHHM: MHUHYTa, uac.

HakoHen, B TPeTbio rpyiny BXOJSAT €AHHHUIbI, HE HME0+
[IHe CBA3HM ¢ efUHHIAMH YCTAHOBJEHHBIX cucteM. K uucay
TaKHX €JHHHI, B YAaCTHOCTH, OTHOCATCA €JHWHULA IJHHBl —
AI0fiM, eZHHHIA KOJMUecTBa Temja — KaJopHf, eIHHHIM
JlaBJeHHs1 — HOpMaJbHasi atMocdepa H MHJIJIMUMETD pTYT+
Horo cronba u T. A.

B manbHeiilieM, paccMaTpuBasi eAMHHUBI TOH HAH HHOR
BCJIMUMHBL, Mbl HAPSAY C €IUHHIaMHU, BXOASUIMMH B CHCTe«
Mot CI'C, CU unu MKI'CC, 6ynem gaBateh ¥ Hanbosee pac-
npocTpaHeHHble BHECHUCTEMHBle eIMHHILI H MOKa)KeM HX
CBSI3b C CHCTEMHBIMH €AMHULLAMH,
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Mepeson enuuuu u dopmyan pasmMepHocTH

§ 2.1. ®opmyasl pasmepnocTH

Hanuuue pasnuunbix cucrem craBuT sajauy nepesoga
ONHUX eAuHML B Apyrue. OueBHIHO, H3MEHEHHE OCHOBHBIX
€IMHHUI JIOJXKHO MPHUBOJAUTHE H K H3MEHEHUIO TPOHU3BOJHBIX.
Taxk, nanpuMep, ecii BMECTO METPa 3a eAMHHLY NYTH BO3b-
MEM KHJIOMETD, TO MOJYUHM €AHHHLY CKOPOCTH «KHJIOMETP
B cekyHAy», B 1000 pa3 Goabliyio, ueM «MeTp B CEKYHAYS.
Bssie B KauecTBe eIHHHUbl BPeMEHH 4ac H COXPAHHB B Ka-
4ecTBe eMMHHLbI MYTH METpP, MOJYYHM eXHHHLY CKOPOCTH
«MeTp B 4ac», B 3600 pas MeHbUIYIO, YeM «MEeTP B CEKyH«
ay». HakoHeu, MOXHO NOJYyYNTh €IMHHIY CKOPOCTH «KHJIO<
MeTp B yacy», pasayio 1000/3600 = 0,278 m/cex, ecan B Ka-
YeCTBe eIMHHIL! [JHMHB B3ATb KHJAOMETP, a B KaueCTBE
€IMHHLUBl  BpeMeHH — yac. MBI BHAMM, YTO BCAKOE H3Me-
HeHHe OCHOBHBIX €IHHHI, U3MEHAET COOTBETCTBEHHO NPOH3«
BOJIHYIO €IHHHIY.

OueBniHO, XKelaTeNbHO HANTH TaKOe COOTHOLIEHHE, KO-
TOpOEe MO3BOJNUJIO OBl ONpelenuTh, Kak ¢ U3MEHEHHEM KaiK=
RO M3 OCHOBHBIX €RHHHI[ W3MEHUTCS NMPOHU3BOAHAA eTHHMU-
ua MHTepecylolledl Hac Benuunubl. Takoe cooTHouIEeHHE HO-
CUT Ha3BaHHe OPMYJAB PAa3MEPHOCTH €AHHHUIL
JaHHOH BeJHYHUHBL

Ilast Toro ytoGbl MO3HAKOMUTBCR € MOCTpoeHHeM (op-
My PasMEpHOCTH H HX NPUMEHEHHEM JJIst B3aUMHOTO mepe-
BOJIa €IMHMIL, PAaCCMOTPUM BHauaJe cayyall, KOria CHCTEMbI
MMEIOT OJHH M T€ K€ OCHOBHBIE BEJHYHHBI U MCHOJAbL3YIOT
OJIHM M Te Xe onpejensiiouiue cooTHouenus. TakuMu cu-
CTeMaMH, HanpuMmep, g MeXaHHYECKHX M3MepeHHH fB-
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nstotes cucremsl CI'C u CH, rak xak npu stoMm u3 oGeux
CHCTEM HCIOJb3YIOTCS JHUIUb TPH OCHOBHBIE €IMHUIbI: AJIH-
HbL, MAacchl M BpEeMeHH, U CHCTeMbl OTJIHYAKTCH APYyr OT
JIPYra TOJNbKO pPasMepoM OCHOBHBIX €AMHHIL.

OrMeTHM, UTO ec/iu C H2MEHEHHEM €jMHHLB! IJIHHBl B
n pas NPOU3BOAHAS eAMHULA H3MeHseTcss B AP pas, TO ro+
BOPSIT, YTO JlaHHas MPOM3BOAHAs eAuHHLa ob/najaer pass
MEPHOCTBI0 p OTHOCHTE/NLHO eRMHMUBl JJIHHBL. ToyHo Tak
JKe, €CJIM TMPOH3BOAHAS eJHHHLA H3MEHFeTCs MPONOPUHO~
Ha b0 CTENeH#H ¢ H3MEeHEHH €JHHHUbI Macchbl U CTeICHH f
U3MEHEHHs eJHHHIbLI BPeMEHH, TO TOBOPAT, 4TO HPOHU3BOJ-
Has eAHHMIA O00/MajaeT pa3sMepHOCTbIO ¢ OTHOCHTENbHO
eMHHI(bl MACCHl H 7 OTHOCHTENbHO €AMHMILI BpeMeHH. LEcan
eIMHALA HEKOTopo#l BesauunHbl A obaajgaer pa3mMepHOCTHIO
p, W r OTHOCHTEJIbHO €IHHHL, IJIHHBI, MacChl H BPEMEHH,
TO CHMBOJIHYECKH 3TO 3aMHCHIBAIOT B BHJE

[A] = LPM*T", 2.1)

rie KBajiparTHbie CKOOKHM, B KOTOpbLIC TOCTaBJeH CHMBOJ
BedHuMHb A, 03HAYAIOT, YTO peub HAET O pa3MEpPHOCTH
eIMHULB! 3TOM BesuuuHbl, a cumBoanl L, M u T mpeacra-
BJAAIOT CoB0H 0000uUleHHBle O0003HaYeHUs eIUHHL IJHHb,
BpeMeHH H Macchl 0e3 YyKa3alHsi KOHKPETHOro pasmepa
eJIuHHII.

®opmyay (2.1) MOXHO TPakTOBATh B TOM CMBIC/E, YTO
€CJIH OTHOMWIEHUS €IHHHIl AJMHBI, MacChl H BPEMEHH B JBYX
cucreMax paBHbl cootBerctBedHo L, M u T, 10 orHouenusn
NPOU3BOAHBIX €IHHUL OyayT paBubl LPMaT™,

Qopmyna (2.1) HaswBaercss GopMynaoH pasmep-
HOCTH eJUHHIUB 1aHHOH BeJUUYUHH HIH, KaK ua-
CTO JJIs1 KPATKOCTH IOBOPAT, Pa3MEPHOCTbLIO TAaHHOI
BeJMYMHH. Jlerko BudgeTb, 4TO (PopmyJa pa3MepHOCTH
MOXKeT OHITb HamucaHa TOJAbKO I/ TaKUX BeJIHUYHMH, KOJI-
YeCTBEHHAS XapaKTepHCTHKA KOTOPHIX YZOBJETBOPHAET yCJ0-
BHIO aGCOIOTHOrO 3HAYEHHSA OTHOCHTEJNBHOTO KOJHYECTBA.
[Tpu stom oka3uiBaercsi, UTO HPH JIOG0M BbIGOPE OCHOBHBIX
efqnHUL (GOpMYJ/Ia Pa3MEpPHOCTH MPOU3BOJHON eIHHHIbI TIpes-
craBasger coGoi OZHOUJEH, COCTaB/JIEHHbIH K3 NPOH3BENeHHS
CHMBOJIOB OCHOBHBIX eIHHHI B HEKOTOPBIX CTEICHAX, IpHUYEM
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CTENEHN 3TH MOTYT OBbITh NOJIOXKHTENBHBIMH M OTPHILATEJb-
HLIMH, 1IeJBIMH H JpOOHBIMHE *).
Ilpu o6pasoBaHuu (GopMysn pasMEpPHOCTH TPOH3BOAHBIX
€MHHHUL MBI OyJieM NOJB30BAThCS CAEAYIOIIHMH TEOPEMAMH:
1. Ecau uncnensoe sHaueHwe BenuuuHbl C paBHO TpPO-
H3BEJICHHIO YHCJIEHHBIX 3HaueHH#l Beqnyud A u B, 710 pas-
MeprOCTh C paBHa Npou3BefieHHI0 pa3MepHocreit A u B:

[CT=1A]-[B], 2.2)
HHaye roBops, €Cau
[A] = LPaM%T a
H
[B] = LPoMT e,
TO
[C)= LPa*Popg%* 96T a*"s, 2.3)
2. Ecan uncnenHoe 3Hayenne BenuuuHnl C pPaBHO OTHO-

UIEHHIO YMCJTEHHBIX 3HayeHui BennuuH A u B, 170 pasmep-
nHocth C paBHa OTHOWEHMIO pasMmepHocteit A u B:

A
e1=[51=1a @4)
nIu
[C] = LPaPoM%a~%T"a™", (2.5)

3. Ecan uMcaennoe 3HayeHHe BeawuuHbl C paBHO cre«
NEHH 1 YHCAEHHOTO 3HaYEeHHs BeaMuuHH A, TO pasMepHOCTDb
C paBHa cTeneHd n pasmepHocTH A:

[C]=[A"]=[A]" (2.6)
B sToM csiyuae, ecau
{A}=LPMT",
TO
[C)=LP"M"T"", 2.7

JlokasatenbcTBa BCeX STHX TEOPEM OYEHb TWPOCTHI,
BCJIEJICTBHE Yero Mbl OTPaHHUMMCSH JHIIb TEM, 4TO AOKaKeM
NepBYIO U3 HHX.

*) TlpocToe ROKA3aTENbCTBO 3TOTO NOJONKEHHS JKeQAIOWHE MOIYT
paiiTu B kuure: Il B. Bpuaxmoan, Aiamus pasmepuoctelt, OHTU
I'TTH, 1934,
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Ecau ynciedHHoe 3HaueHne BeaHyHHbl C paBHO NpOH3BE-
JCHHIO YHCJEHHBIX 3HayeHuit BeauunH A u B, 10 970 3HAuHT,
UYTO NPH H3MEpeHHH 3THX BEIMYMH €IHHHLAMH ¢, @; H b,
MBl O6yJeM HMETh

Ci=AiBy, (2.8)
rje

(2.9)

CoOTBETCTBEHHO TPH H3MEPEHHH TeX XKe BeJHUMH eXHHHI A«
MH C3, Qg U b3

C2 = Asz, (2.10)
rjie

C A B
C2=_Cg—’ A2=E, B2=b_2' (2.11)

Bepsi ornowerne (2.8) u (2.10) u npuHHMast BO BHHMaHH®
(2.9) u (2.10), nonyunm

2= ,’j—f (2.12)
Ecau
_z_f_ = LPapaT e (213)
H
—’;f— = LPoM T, (2.14)
TO
L2 — [ Pa*Pop%at T e, (2.15)

Cy

uto u TpeboBanoch Hokasatb. OueBUAHO, YTO TAKHM XK€
IYTEM JIEFKO MOTYT OBITh fOKAa3aHbl H OCTalbHLIe TEOpeMbl.

BaxHo OTMeTHTh cjefyollee o6cTosiTenbeTBO. Tak Kak
c10oco6 MOCTPOEHUS TPOHU3BOAHOHA €IHHHIBI BKJIOUAeT B
cefst MpUpaBHUBaHKMe efHHUUE (MU HHOMY NPOH3BOJBHOMY
NOCTOSTHHOMY UHCY, He 3aBUCALLEMY OT pasMepa OCHOBHBIX
elluHul) Ko3thduureHTa NPONOPUHOHAJBHOCTH B ONpeje-
JSIONIeM COOTHOIUEHHH, TO TO 03HAUAET, YTO MBI YCJIOBJH<
BaeMCsl CUMTaTh 3TOT KO3(phUUHEHT HYJIeBOH pa3MepHOCTH,
HJM, KaxK rosopst, Ge3pasmepHbiM. Pasymeercs, Kpome TO-
ro, ¥ Jio60H TOCTOSIHHBIH UYMCAOBOH KOI((UUUEHT, MOay+
UYeHHBIH MPH KaKuX-1u60 MaTeMATHUCCKHUX ONepalHufx, TaKs
e Ccaefyer CYuTath O6e3pasMepHbIM,
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IlosicHuM cka3aHHOe npuMepaMH.
1. Pasmepuocrtb niouwanau kBaapara

[sxe] = [1]2 = L2M°TO (2.16)

HJi4, ONycKast 3[ech, KaK U B JaJbHEHIIEM, CHMBOJbBl OCHOB+
HbIX €JIMHHI, CTOALINE B HYJEBOH pasMepHOCTH,

[sks) = L2 2.17)
2. PasmepHOCTb IJIOLLAAH Kpyra
[sesl = |5 | [DF = L2, (2.18)

MOCKO/ILKY KO3(QHUUUEHT /4 ABAACTCSH NOCTOSIHHBIM KO3+
(GuuneHTOM, He 3aBHCAIIMM OT pa3Mepa OCHOBHBIX eXMHMIL,
a noromy GespasmepHbIM. ITo3TOMY pasMepnocTb miolLanu
A1060i TeOMEeTPHUUECKO# (QUIYDPEI, HE3aBUCHMO OT ee GOpMbI

O6yner
[s]= L% (2.19)

3. PaamepHOCTb CKOPOCTH MOXKHO ONpelenuTs u3 ¢op-
MYJIbl CKOPOCTH PaBHOMEDHOTO NBUKEHUS:

U .

[v]= [ LT, (2.20)
4. Pa3aMepHOCTb YCKOpEHMs] ONpeaesieTcsl W3 dhopMyanl

YCKODEHUSI DAaBHOMEPHO YCKOPEHHOTO JBHIKEHUS:

[a)=lee=od _ 2.21)
[1]

Hasi HarIsRHOCTH BOCHONB3yeMcst mocaeaneil hopmyoil
AN TOro, 4YTOOBI ONpeReNHTb, KaK H3MEHHTCA eXHHHLA
YCKODEHHsI, €CJIH OT M3MEpeHHs JUIHHbl B MEeTPaX M Bpe-
MEHH B CEKYH/laX IepelTH K U3MEPEHHIO NJHHBI B KHJIOME-
TPax W BpeMeHu B MuHyrax. Ilpn TakoMm nepexome eauHuua
AnuHbl yBenuyuBaercst B 1000 pas, a eauHnua BpeMeHu B
60 pas. CormacHo ¢opmyre {2.21) eaunuua yckopenus
usmenurcst B 1000/60% = 10/36 pasa, T. e. HOBas emmuuua
yckopenns 6ygner paBua 0,278 crapoit.

5. PasMepHOCTL KHHETHUECKOH SHEPTHM, ONpejenseMoi
¢opmydoi

W, =", (2.22)
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Gyner, oueBuaHo, paBHa (B cucremax CH u CI'C)
W= L"MT™ (2.23)

U3 nocnenneit dopmysibl, B YaCTHOCTH, BbITEKAeT, YTO eC/H
mepeiiTH NpH U3MEPEHUSIX AJIUHBI OT CAHTHMETPOB K MeT-
paM, a NpH U3MEPEHHH MacChl OT rPaMMOB K KH/JIOrpaMMaM
¥ COXDAaHNUTh €IUHHLY BPEMEHH CEeKYHAY, TO €IHHHMLA KH-
HeTHyeckoil sHepruu yBesnumuBaercsi B (100)2. 1000 =
=107 pas.

6. Bropoit 3akon HbioToHa, sanucaHHbit B Qopme

ft = mu, — muy, 2.29)

rape ImpoussejaeHue ff Ha3zbIBaeTca HMNIYyJAbLCOM CHJABL, a
mu — KOJMHYECTBOM JABHIKECHUSA >‘), onpejessieT pasMepHOCTDb
CHJIDI

[/l = LMT™, (2.25)

B xanabuefimem, uccaenysl €JHHHIBL H3MEDPEHUS MPOH3-+
BOJNBIX BEJMUWH, MBI Bcerja 6yaem ofpauiatecs K ¢GopMmy-
JlaM pPasMepHOCTH.

dopmyaa pa3MepHOCTH IIPOH3BOAHOH €IHHHIB 4YacTo
onpejensieT W ee Ha3BaHHe, H ee CHMBOJHYECKOe O00O3Ha-
yenne. Hanpumep, eaHHHLIA CKOPOCTH «METpP B CEKYHAY»
ofosHayaerca M/cek, eIHHHLA TJIOILAAH <«KBaApaTHBIA
MeTp» — M2 U T. L

§ 2.2. TlepeBoa pa3mMepHOCTH NpH pasjuuHom BbIGOpe
OCHOBHBIX €AHHHI{

Eciu, ‘He MeHss ONpejesiollHX COOTHOIIEHHH, H3Mes
HHTb MOAGODP BEeJHYHH, €IHHUUBI KOTOPbIX NPHHATHL 3a OC-
HOBHBIE, TO COOTBETCTBEHHO M3MEHHUTCH H BUJA (HopMyJ pas-
MEPHOCTH, Hampumep npH nepexone ot cucremnl CH nnu
CI'C kg cucreme MKI'CC, B K0TOpOIii B uHCJe OCHOBHBIX Be-
JNUYHH BMECTO Macchl puHsita cuma. [lepexon ot onHolt cu-
CTeMBl K APYroH MOXKeT ObITb B 3TOM CJyyae NPOH3BEIEH,
ecid B (QopMyJaax pa3MepHOCTH 3aMEHHTb DPa3MepPHOCTb

*) TepMHH «KOJIHYECTBO ABHUMKEHHsi» NPHMEHSIETCSt B HacToslllee Bpe-
Msi NpeuMyINecTBEHHO B TEOpeTHYecKoll MexaHuke. B Teopuu oTHOocHTeNb-
HOCTH, KBAHTOBON MexaHmMKe, aTOMHOH H sifepHOH ¢usnke OGBIYHO NMOMb-
3YIOTCS TEPMHHOM <HMITYJbC», :
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COOTBETCTRYIOUICH OCHOBHOH eNUHHIBI €€ pa3MepHOCThHIO,
BbIpaxenHoll B apyro#i cucreme. OGo3Hauasi pasMepHOCTb
CHJIBl B TEXHMYECKOH CHCTeMe cHMBOJOM F, MoxeM u3
¢opmyasl (2.25) monayuHTh pasMepHOCTb MacChl B CHCTeMe
MKICC

M=[m]=L"FT% (2.26)

IMoncrasass u3 atolt popmynnl pasmepHocth M B dopmy-
Jbl pa3MepHOCTel pa3siMuHbIX BelMUHH B cucreMax CU u
CI'C, nmomyunM pasMepHOCTH 3THX BEJIHYHH B CHCTEME
MKTI'CC. Tak, HanpuMmep, COOTBETCTBYIOIasi DPa3MepHOCTbH
KHHETHYECKOH 3Hepruu

(W =LF. (2.27)
B xauectBe TpHMepa OGpaTHOrO MepeBONd MOKHO MPHUBE-

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

[p]=L7°F (2.28)
¥ cooTrBercTBeHHO B cucteMax CHU u CI'C
[pl=L"'MT™ (2.29)

§ 2.3. IlepeBon pa3mepHOCTel NpPH Pa3NHUYHBIX
OnpeAcasIoOHX COOTHOWEHHAX

ITpu ycraHOB/NEHHH NPOU3BOLHON E€IHHHIBI C NMOMOMUIBIO
OTIpefleNIIOIET0 COOTHOLIEHUS, T. €. MareMaTHyecKoH ¢op-
MYJHPOBKU ONpefeNeHHs] WIH 3aKOHA, CBA3bIBAIOLIEro AaH-
HYI0O BEHYMHY C BEJMYHHAMM, TPHHSITBIMH 3a OCHOBHBIE
WJIH paHee ONpPEIEJeHHBIMH, TNOJAralOT PaBHBIM eLHHHIE
HWIM APYroMy HOCTOSHHOMY YHCJAY CTOSLIHA B COOTHOMIE-
HHH KO3 PUUMEHT NPONOPLUOHATLHOCTH.

C TOYKHM 3PEHHS] NOCTPOEHHS GOPMYJ Pa3MEPHOCTH 3TO
3HAYUT, YTO MBl JHIIAEM €ro Pa3MepHOCTH OTHOCHTEJIBHO
OCHOBHBIX €IHHHUI, WJIH, YTO TO K€, MPHAAEM €MV HYJeBYyio
pasmepHocTb. MHaue roBops, MBI JOroBapUBAaeMCsi CUMTATh
KO3(GUIHEeHT HeHM3MEeHHBIM NpPH JI060M H3MEHEeHHH OCHOB-
HBIX EJMHAL TNpPM YCJOBHH, UYTO OCTaercs HEH3MEHHBIM
onpefensioniee cooTHoMeHne. Ecii Ke 3T0 ycaoBHe He Co-
6a10/1aeTCs, U Mbl IJIfl OmpejiesleHust POU3BONHON €HHHIbE
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HCIOAb3YeM JpYroe onpeaedsiollee COOTHUIHEHHE, TO COOT+
BETCTBEHHO MOJKET H3MEHHThCH H KO3(GPHUHEHT Nponopuuo-
HanbHocTH. Tak, HanpuMmep, ecau JAJisA ONpelneeHHs eLHHH<
uBel MJOIIAAM NOJb30BaThCsi He IVIOM[AJbl0 KBaJapara, - a
UAOIAABI0 Kpyra, To, Kak MH Buuean {(cm. § 1.4), xosd-
(duUHeHT NPONOPIUHOHAJLHOCTH B (OpPMYyJe NAOLIaJAH KBa<
7ipaTa CTAHOBHTCS PABHBIM He eNHHHIE, a 4/m, MOCKOJbKY
k03P G HUHEHT MPONOPUHOHAIBHOCTH NPHHHMACTCST DaBHBIM
e/lMHHIIE B HOBOM OfpeelsiolleM cooTHowmeRun (dopmysa
naomiagun kpyra). Ilepexol OT KBaApaTHHIX K KDYTJIBIM
eAMHHIAM TJIOLIAZH 3acCTaBJsieT COOTBETCTBEHHO H3MEHHTb
K03(hHHIHEHTH TMPONOPIMOHAILHOCTH BO Bcex (opmynax,
OTHOCSILIIMXCA K M3MepeHulo miomaneii. [Ipu sToM, oxHaxo,
Pa3MepHOCTh 1o aiH

[s]=L?

ocTaHeress HeU3MEHHOM, TOCKOJBLKY Mbl U B 3TOM cJjyyae
HCMOJNIb3YEeM TI0 CYTH JeJia Ty JKe TeopeMy O CBf3H MJOlLa-
Ji TeOMeTPUUeCKHX (Uryp ¢ HX JHHeHHBIMH pasaMepaMu H
cuHTaeM KO3(pGhHUHEHT NPONOPLUHOHANBHOCTH B YaCTHOM
BHipaXKeHUH 3TOH TeopeMbl ((popMmMyna nuomagk Kpyra)
PaBHBIM eIHHHIE.

Paso6pauublil mpuMep MOMKHO, BIpOueM, paccMaTpHBaTh
Jlake He KaK IMepexoji OT OJHOTO ONpefelsollero COOTHO-
HIeHHs K JPYIOMY, a Kak 3aMeHy B (opMyJsie mIolalu KBa«
opata KosdohHIHeHTa NPONOPUUOHANBHOCTH, TPHUHATOTO
paHblile 3a eJMHHNY, Ha 4/m.

Bo3MOXHO, ONHAKO, TaKOe H3MEHEHHe ONpefensioulero
COOTHOIIEHHSA, KOTOpPOoe cheqaer KOS(D@ULUHEHT IPOnopruo-
HaJbHOCTH Pa3sMEpPHBIM, T. €. 3aBHCALIUM OT pa3Mepa oc-
BOBHBIX eauHun. Hamnbosnee HarJsagHO 3TO MOJKHO BHJIETH
Ha TpHMepe YCTAHOBJEHHS €AMHHII CWIbl KaK HMPOH3BOM-
HOJl efMHHLUBLI B CHCTEMaX, B KOTOPBHIX OCHOBHBIMH BeJHUYU-~
HAMH SIBASIOTCA JHJMHa, Macca d BpeMd. IIpu oOblyHOM
onpejeseHHd eLHHHIB CHJBI ¢ NMOMOLIbIO BTOPOTO 3aKOHA
HbloToHa MBl TNOJYYHJH pa3MepHOCTb CHABL (CM. ¢opmy-
ay (2.25))

[fl=LMT.

Ecay nmojzcTaBuTh 3TY PasMEPHOCTL B BHIpayKeHHEe 3aKOHA
BcemupHoro Tarotenus (1.10), To AnA rpaBHTAMOHHOH
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TIOCTOAHHON MOJYUYHTCS Pa3MePHOCTh
[G]= LM™'T7% %), (2.30)

Hanuune pasMepHOCTH Y TpaBUTAIMOHHOH MOCTOAHUOH
O3HAYAET, YTO €e YHCJIEHHOE 3HayeHHe 3aBHCUT OT BhHIGOpaA
OCHOBHBIX enuHul. Mas onpeneneHust 3TOH 3aBUHCHMOCTH
cleayeT BCMIOMHHTb, 4TO (OpMyJa pa3MepHOCTH IOKa3bl-
BaeT, KaK M3MeHsercs NPOH3BOAHAS €JHHUNA NMPH H3MeHe-
Hin OCHOBHBIX eAuHuIl. [lo3TOMY, BBOJAS YCJAOBHO «eJHHHULY
H3MepeHUsT TPABUTALHOHHON MOCTOAHHON», MOXeM Ha ocHo-
epanuu (2.30) cxasartb, YTO 3Ta «eIWHHLA» M3MEHALTCS MpO-
MOPUHOHANBHO KYOY eQUHUUBI IJKHHBE!, 0OpaTHO NMPOMOPLHO-+
HaJbHO eAMHHIE MacCchl 1 06paTHO MPOMOPUUOHANBHO KBa+
ApaTy efuHMIB BpeMmeHH. [TOCKOJMBKY 4HCIeHHOe 3HaueHue
BEJMYHHBl MPH H3MEHEHHH €JHHUII, €e H3MEpPSIOIIUX, Me-
ugercad B o6patHoM orHoweHuu (cm. (1.1)), To, caenoBa-
TEJBHO, YMC/JAEHHOE 3HAUEHHE TIPaBUTAUHOHHOHM MOCTOSHHOWM
Gyjer o6paTHO NPONOPUHOHATbHO KYOY eIHHHIBI JJIHHBI U
APAMO MPOMOPIHOHAJBHO €HHHIE MacChl H KBajapaTy eiH-=
Hulbl BpeMeHH. Tak, eClH TpPH OCHOBHBIX €IMHHIAX —
MeTpe, KHJIOTPpaMMe U CeKyHJe — rpaBHTALHOHHAS MOCTOSH-
Has yucJIeHHo paBHa 6,67 107!, To mpu mepexoie K oc-
HOBHBIM €AHHHIIAM — CAHTUMETPY, TPaMMy H CEKYHJE —
OHa TpuMeTr 3HaueHue 6,67 - 1078,

Ecan aas onpenenedust eMHHUIEB! CHAbI HCIOAB30OBATh HE
BTOpO#i 3akoH HbIQTOHa, a 3aKOH BCEMHPHOrO TATOTEHHS,
TO NpPH 3TOM MBI CIeJaeM I'PaBUTAlUOHHYIO TOCTOSIHHYIO
GespasMepHO#, T. €. He 3aBHCSILENl OT OCHOBHBIX eJHHHIL,
a paBHOH KaKOMY-HHOY/Ab NOCTOSTHHOMY YHCJY, HampuMep
enunnue. T1pu TakoM OnpejeNeHHd Pa3MepHOCTb CHJIBL CTa-
HeT paBHOMU

[f1=L7>M? (2.31)

M HHEpLHOHHAS MOCTOAHHAs, KOTOpas paHee NpUHHUMAJach
paBHOH eIHHMIlE H JIMIICHHOH pa3MepHOCTH, npuHobperer
pasmMepHOCTb

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

*) 3nech u nasnee Met GyaeM ynotpeGasTh AJsl rPABHTALHOHHOH MO«
cTosiHHOM ee o0LlenpuHAToe 06o3Hauenue 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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CTAHOBATCH PaBHBIMH €[HHHLE, a CJefoBaTelbHO, 06e3pas-
MepHbIMM U T'PaBUTALMOHHAA M HHEPLHOHHAsl [OCTOSHHBIE,
a B (hopMyJax pasMepHOCTH COXPAHSIIOTCS JIMIIb Pa3MepHO-
CTH AJHHB M BpeMeHH. IlepeBox PasMepHOCTH OT CHCTEM C
TpeMsi K CHCTeMe C JBYMSI OCHOBHBIMH €IMHHIAMH MOKET
6bITh IPH 3TOM NPOM3BEJEH, €CJH B COOTBETCTBYIOIUX (op-
MyJiaX Pa3MepHOCTH 3aMEHHTb Pa3MepHOCTb MacChl ee Bhi-
pakeHHeM, NOJyYeHHbBIM U3 (GOPMYJibl, OGBEANHSIOIIEH BTO-
poi1 3akoH HblOTOHA M 3aKOH BCEMHPHOTO TATOTEHHS. 3amd-
caB 3Ty GopMyJy B BHIAE

a= riz (2.36)

u cuuras K GespasmMepHblM (HanmpuMep, paBHHIM eIHHHLE),
MOJYYMM [ efAHHHIBI Macchl GOpMYyay pasMepHOCTH

[M]=L°T (2.37)

Ecau 3TO BbipaxeHHe MOACTaBUTh B Ji06yi0 H3 (hopMya
PasMepPHOCTH CHJBI, BBIBEJEHHYIO KaK M3 BTOPOrO 3aKOHa,
TaK M H3 32KOHA BCEMHPHOrO TATOTEHHH, NOJYUaTCs, pasdy-
MeeTcsl, OJMHAaKOBHEe pasMepHocTH. JleHCTBHTENBHO,

[Fl=LMT>=L‘T™, (2.38)
[F]=LM*=L'T™ (2.38a)
TO e OTHOCHTCA H K pa3MEPHOCTH €XUHHAL OCTaJbHbIX
BeJHYHH, OTHOCAUIHUXCA K MeXaHHKe. anBELLEM AJaa  HiI-

JIOCTpPAllUH HeKoTopble U3 HuX. PasamepHocts paloTel H
3HEPTHH

-4
[A] = L°T™,
PasMepHOCTb uMnyJsbCa CHJbl U KoJduyecTBa JABHXKEHUA

[ft] = [mo] = L'T™%

§ 2.4. Onpeaesnende CBA3M MEXAY eAHHHLAMYU
Pa3HBIX CHCTEM

[MepeBoa enuHHIl W3 OJHON CHCTEMBl B APYTYIO oCyule-
cTBAseTcs HauboJee NPOCTO B TOM cayyae, Korfa obe cH-
CTE€MbI MOCTPOEHLI Ha OMHUX M TeX XKe ONpelesioHX CO-
OTHOUICHHMAX H Ha OJHHX H TeX K€ OCHOBHBIX BEJIHYHHAX,
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T4K YTO OCHOBHBIE €JUHHUIB! OTJHYAIOTCH TOJBKO Pa3MepoM.
M3 ckasaHHOTO BBILIE BHITEKAET, YTO TaK KaK B 3TOM CJy-
yae GopMy/sa pasMepHOCTH NPOU3BOAHON eIHHHILI B OOOMX
cayyasix OfHa U Ta XKe, TO A0CTATOYHO B 3Ty HOPMYJTY NOA-
CTABUTh OTHOHIEHHS Pa3MEPOB OCHOBHBIX €JHHHI, KOTOphie
JOJIZKHB OHITh 3ajlaHbl Au60 onpeneneHHeM, JU60 ONLITHBIM
NnyTeM, HampHMep CpaBHEHHEM 3TaJOHOB COOTBETCTBYIOMIMX
eAvuul. B jpomosHedse X NPHBEAEHHBLIM BHIILIE MpHMepaM
YCTAHOBMM COOTHOIUEHHE ABYX E€XHHHUIl CHJbI, ONpeReseH=
HBEIX Ha OCHOBAHHHM BTOPOTO 3aKoHa HbioToHa HpH Claeryio-
HIHX OCHOBHBIX E€RMHMIlAX: CAHTHMETpP, IpaMM, CEKYHAa H
¢yr, dyur *), munyra. CoOoTHOLIeHHS OCHOBHBIX €XHHHIL
caeayompe: | ¢yr = 30,48 c¢m (cpaBHeHHe 3TaNOHOB),
1 ¢yur — 409,5 rpamMMa (cpaBHeHUe 3TaNOHCB), | MuHy-
ta = 60 ceryun (ompenenenne). Ha ocrose Qopmyant pas-
MEPHOCTH

[Fl=LMT™

onpenednsieM COOTHOLIGHHE €IHHHI CHJIbI

enuuuila cucreMst $yrt, GyHT, MUHYTA 30,48 - 409,5
eIMHHLA CHCTEMB CAHTHMETP, FPaMM, CEKYHAA (60)2

= 3,467.

Caoxdee o6CTOHT AeJO B TOM Clyyae, KOTJa IPH OJHHX
B TeX Xe OnpefensfolluX COOTHOIUEHUSIX B KauecTBe OCHOB-
HbIX NPUHSTHL €IMHHLL Pa3HBIX BEJNHYHH, KaK 3TO, Hanpw-
Mep, uMeer mecto B cucremax CH u MKI'CC.

IMockonbKy Mo XpafiHel Mepe OjHA U3 BeJHYHH, KOTOpas
B ONHOH cHCTeMe NPHHATa 3a OCHOBHYIO, SIBAfIETCA IPOM3-
BOJHOM B ApPYrofi cucteMe ¥ HaoGOPOT, CeLyeT YCTAHOBHTD
CBfI3b MEXAY COOTBeTCTBYIOUMMYU exnHuuaMu. Ouesuiso,
3Ta CBA3b MOXKeT GBITb YCTAHOBJEHA TOJbBKO € TNOMOILBIO
3KCIepHMeHTa. B cayuae ompeneneHds COOTHOIUEHHH Me-
xny enunnuamu cuctem CU u MKTCC, B KauecTBe Takoro
SKCTIEPUMEHTa MokeT ObITb NMpUHATO CBOOOAHOE MNajeHHe
teq. Ilpuy 3TOM MBI ucmosab3yeM TOT (GakT, YTO eJHHHIA
cunnl B cucteMe MKITCC ectb Bec (T. €. cuJla TMPHUTSKEHHSt
K 3emae), a B cucteme CH — macca oaHOro u TOro xe te«
J1a — 3TaJIOHHON THpH — KujorpaMma. Kak H3BecTHO, ApH

*) VmeroTca B BUAY €JMHHIE! CTApPOH PYCCKOH cHCTEMbl Mep.
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cBOGONHOM NaJeHHH BCAKOE Telo (B YaCTHOCTH, STAJIOHHAs
rupsi) Noj JeHdcCTBHEM CBOEro Beca NMpHoOpeTaeT YCKOpeHue,
KOTOpOE B KaXKAOHN JaHHOH TOUKe 3e¢MHOTro 1apa OJHHAKOBO
IS BCeX TeJ, HO B Pa3jHyHBIX TOYKAX 3€MHOrO Wiapa pas-
JIHYHO, Bo3pacTas oT 3HaueHusi 9,7805 m/cex? Ha 3KBaTOpE
10 9,8322 m/cex? ma monioce. VamMepenue yckopeHHsi CHJIBI
TAXKECTH B MecTe XpaHemus srtajsonHa Kuaorpamma (Cesp),
Aano Beauunny 9,80665 m/cex? (HOpManbHOE YCKODEHHE)
uny, 6onee rpyGo, 9,81 m/cex?*). B rex cayuanx, Koria
TOYHOCTb U3MEPEeHHH WM pacyeToOB AOMYCKaeT MOTPelIHOCTh
6osee 0,3%, MOXKHO BO BCEX TOYKAX 3eMHOH NOBEPXHOCTH
cyuTaTh BeC OJHOTO KHJOrpaMMa paBHBIM YTBEPXKAEHHOH
TeXHHUYECKOI eJHHUIE CUNBl — KeC.

Takum o6pa3oM, pe3yJbTaT 3KCIepHUMENTa, 3aKJloyaro-
1ierocs B M3MEpPEHHH YCKOPEHHs CBOOOLHOTO NajeHus Tena
(B mamem cJayuae TajJOHHON rupu B | Ke), MOXKeT ObITh
chopMyJIupoBaH CaeAyOIuM obpasom: «cuaa 1 Kec €006+
uaet macce 1 ke yckopenune 9,81 m/cex?s.

Ycranosum tenepb eaunuuy cuabl B cucreme CH u eau-
uuny Macchl B cucreme MKI'CC, ncnonib3ya B 060MX Cay-
yagx BTOpoit 3akoH HeiorToHa. OueBHAHO, eduHMua CHJBI B
cucteme CHM ectp cmna, kortopas Macce 1 ke coobuiaer
yckopenne 1 m/cex?. Dra efMHMNA CHJBI, KaK H3BeCTHO (cMm.
§ 1.3), uaswmBaercst Hporon (#). B cucreme MKICC 3a
e[AMHHIY MacChl JOJ3KHA ObITh NMPHHATA Macca, KoTopas Moj
nefictBueM cuibl 1 kec npuoGperaer yckopeHue 1 m/cex?.
Drta eJUHUIA MAacChl He IOJy4uJa CNeHHaJbHOro HauMeHo-
Banuda, yreepxjaentoro xakum-au6o FOCTom, Hnorma ee
HA3bIBAIOT <«TEXHUHECKAd eOuHuYa MQACCol» W COKpAleHHO
o6GosHaualor T.e. M. [To TOCT 766461 sta eaununa o6o-
3HauaeTcs, COrMaCHO ee pasMepHOCTH, kec - cex?/m. B cpoe
BpeMst mpodeccop M. B. Manukos npemyioxul Ha3BaTh 3Ty
epuuuny unepra (u). Xorsi 3TO Ha3BaHUE He TOJbKO HHIAE
He V3aKOHEHO, HO fa¥Ke He MOJYUYM/IO PacnpoCTPaHeHHs, Mol
6yneM ynorpeGasTb ero Npu JAaJbHEHIIeM H3J0XKEeHHH BBH<
Jly €ro KpaTKOCTH U yA06cTBa 0003HaAUEHHS.

*) B npajbueiliieM Mbl Be3je JJs YCKODEHHS CHJbl THKeCTH GyneMm
NpUHUMaThL NpubanKenuoe suavenue 9,81 m/cex?. 3amerum 3nech Xke, uTo
HopMaJsibHOe yckopeHie 9,80665 a/cex? 3apURCHDOBANG KAK He NMOAJIEHKa-~
112 YTOUHEHHUIO TOCTOSHHAS BeaHYHHa,
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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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Tax kak emmsuuna mmuabt B cucteMe MKICC (merp) B
100 pas Gonbme emuunupt paups B cucreme CI'C (caurtu-
Mmerpa), eauHnna maccel B cucreMe MKI'CC (umepra) B
9,81 X 1000 = 9810 pa3 Gosbiie eqHHHIBI MaCChl B CHCTE=
mMe CI'C (rpamMma), a enuHMLa BpeMeHH (CeKyHAa) OuHa<
KoBa B ofeux cucreMax, TO, COTJIacHO (opMyJe pasMep-«
HOCTH, eauHuua pabjaeunss B cucreme MKICC 6Gymer 8
100-1- 9810 = 98,1 pasa GoJbile eJHHAUR JABJEHHA B CH-
creme CI'C. Tor xe peaynbrar MoxeT OBITH MOJYUYEH, eClH
BOCHOJb30BaTLCA (HOPMYNOH pasMEePHOCTH eZUHHUBI HaBje-
Hust B cucreme MKI'CC

[p]=L"°F. (2.28)

OrHOllIeHHe eXMHHUIL AJUHB! 3[eCh, KaK W paHblue, pasHo 100,
a OTHOWIEHHE eNHHHI[ CHJBI, KaK JErKo MOMKEeT PacCyHTaTh
caM uyutatens, pasHo 9,81 ¢ 105, CoOTBETCTBEHHO OTHOIIEHHE
eauuny Aasaennfi 6ymer 10072.9,81.10% = 98,1, uro cosna-
iaeT ¢ NOJIyueHHBIM BBIllle Pe3yJbTATOM.
2. HaiiTn oTHolieHHe eJMHHII MOIIHOCTH B CHCTEMAax
MKICC u CI'C. Pa3mMepHOCTh €IHHHUIB! MOIIHOCTH B CH=
~creme CI'C

[p) = L’MT™®, (2.44)

Hcnonbaya u3BecTHble OTHOLIEHHS! €AUHUIL JJIMHBI H Macchl,
HafileM HCKOMOE OTHOLIeHHe

100% - 9810 =9,81 - 107

TouHO Tak Ke MPH HCNOIB30BAHHH (POPMYJIBI Pa3MEPHOCTH
MowgHocTH B cucrteme MKI'CC

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

IepefineM Tenepb K PacCMOTPEHHIO NepeBoida EIHHUIL B
TOoM Haubosee COXKHOM CJydae, KOrjla B Pa3HbIX CHCTEMax
JUI1  OmpefleneHHs] TPOU3BOJAHOH eNHHHIBl HCIOAb3YIOTCH
pasHble onpeneasionue coorHomenus. Ilpu stoM mu orpa-
HHYAMCA JIHIOb TeM NPeACTaBASIONHM HauGOAbIIMH HHTe«
pec cayyaeM, KOrja OCHOBHBIE BeNHYMHBI B 00eHX cucTeMax
OJHH U TE Xe,
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[TycTe MBI HMeeM HEKOTOPYIO BeNHUHHY A, eAMHHIH M3+
MepeHHst KOTOPOH @; U a4y B JIBYX Pas3HBIX cucreMax (OCHO-
BaHHBIX Ha Pa3HbIX 3aKOHaX) MMESIOT Pa3MepPHOCTH

[A]l = LplA/IalTﬂ, [A]Z = Lpquanz’

npuuem uncaa A; u A, Bhipaxaioume BeauunHy A B 3THX
eHHUIAX, HAXOQSITCA B CJAEAYIOLIEM COOTHOLIEHHH:

= KA2. (2 .46)

3aece K — ko3ddhHUMEHT NPONOPLUHOHAILHOCTH, HABJSAIO-
IMACA BEJHYMHOH yXKe He OTBJEUEHHOH, a 3aBHCALIEH OT
BbI6Opa OCHOBHLIX €AMHHL. EjnuHHIA, KOTOpOH «u3Mepsier-
csa» K, HMeeT, oueBHHO, Pa3MepPHOCTh

[K] [A]1 LP:—P2M41‘02T’1"'1. (2.47)

Tak kak uHc/a, H3MepSIONINE HEKOTOPYIO BEJIMUHHY B pa3-
HbIX @IHMHHIAX, H 3TH eJHHHIBl H3MePEeHUA HaXOAATCA B 06-
pPaTHOM OTHOLIEHHH, TO MOXHO HamHCaTh

@ =4 a. (2.48)
OrHomlenne pasMepHocTeli BesuunHbl A B nepBoil U BTOpO#
cucreme jaer pasMmepHocTh Kospduunenra K. Takum obpa-
30M, 3HaHHE YHCJIEHHOTO 3HayeHHs 3TOro Koagp(uuHeHTa B
KaKoH-IH60 CHCTeMe ef{HHUL| MO3BOJNT ONPEALIHTb €r0 YHC~
JleHHOe 3HayeHHe B JIOGOH ApPYroll CHCTEMe 4 TEM CaMbIM
ONpee/nTh COOTHOILIEHHE MEXAY COOTBETCTBYIOINMMH €f[H+
HHLaMH H3MepeHHs NauHoi BenuuuHol A. TlosicHuM Bce
BblllleCKa3aHHOE Ha pasoGpaHHOM Hamu npHMepe CHJBL
Ilpy uaMepeHun cu/ibl MHEPUHOHHON eIHHHIEH 3aKOH BCe-
MHDHOTO TATFOTEHHS HMEET BHA

_ My
f=G~—5*%.

Ecan ocHOBHbBIE eAHHHIBI B OGEHX CHCTEMaxX OJHHAKOBH, TO
crosilliee B MPaBOH YaCTH BbIPAXKEHHe M My/r? npencTa-
Bjaser cO60f Ty e CHJY B3aHMHOIO TATOTEHHS, HO H3Me-«
PEeHHYI0 B PAaBHTALLHOHHBIX E€XHHHIAX *). CnenonaTeano,

*) I‘paamauuouuyto eAUHHIY CHJIBI HHOTJAA HAa3HBAlOT acTPOHO-
MuYecKoll,
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0003Hauas UMC/I0, H3MEPSIIONIEE CHIY B HHEPIHOHHON CuCTes
Me, uepe3 f;, a B rpaBHTallMOHHON — uepe3 [z, Mbl MOXKeM

HalucaTh:
f,=Gf,. (2.49)

C u3MeHeHHeM OCHOBHBIX e[HHHL uucaa f; v f; GyayT usme-
HATBCA, HO He B ORMHakoBo#H cteneHH. Ilostomy ko3ddu-
uveT G GynerT u3MeHsiThb CBOe YHCJeHHOe 3HaueHue, Jlis
TOr0 4ToObl ONpPENe]HTb XapaKTep 3TOr0 M3MeHeHHs, o6pa-
THMCA K GOpMyJaM pPa3MepHOCTH

(fle=LMT?,  [fl,=L7M,
OTKYJZa
[6]=-t -y, (2.50)
[Ne

Kak mMbl yxe Bumenu (cm. § 2.3), uncieHHoe 3HAueHHE
FPaBUTALHOHHON TIOCTOSAHHON 00paTHO TPONOPIHOHAIBHO
KyOy €IMHHLB! AJHHB H OPAMO MPOMOPUHOHAJIBHO €QMHHULE
Macchl ¥ KBaapaTy eAMHHIIL BPeMeHH.

HanoMHHM, 4TO NpH OCHOBHBIX €JHHHUAX METpPe, KHJIO<
rpaMMe u cekyHie G = 6,67 107!, a npu OCHOBHBHIX ea-
HUlaX caHTUMeTpe, rpaMMe u cekyHie G = 6,67- 108, Tak
KaK MHepIUHOHHAs U IPaBHUTAlMOHHAA €NMHUIH CHJH (060«
3HAUHM HX @; U @g) HAXONATCA B COOTHOILEHHY

1
¢ =5 Vg @2.51)

TO NpU H3MEPeHHH Macchl B KHJIOTpPaMMaXx M PaCCTOAHHS
B MeTpax

1 TV 1:5 ¢ IOIO(ng (2518)

=567 100

4 NpH H3MEPEHHWH MAacChl B rpaMMax U PacCTOAHUSA B CaH»
TUMeTpax COOTBETCTBEHHO

1

= 0= 1,5 107, (2.516)

P

Bsons o6o3HaueHusl €QMHHL CHJIB, MOXKeM BMecTo (2.51a)
u (2.516) HanucaTh:

l #=1,5.10' eguuun xe?/cm?, (2.518)

1 Jun=1,5+107 egunun 2%cu? (2.51r)
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Bes 6osbwioro Tpyia MOXKET, OUEBHIHO, ObITh ONpees
JIeHO COOTHOLIeHHEe eAMHHIl ¥ B TOM ciydae, €cldl B 0GeHx
cucreMax pas3Mep OCHOBHBIX €AuHHMI, pasauyeH. HauGosee
IPOCTO M HarIAZHO 3TO MOXHO CAenaTh, €C/H HpeiBapH-
TEJABHO TepeBecTH OAHY M3 €JHMHHMI B CHCTEMY C TEMH XKe
OCHOBHBIMH BEJHYHHAMH, HO C pPa3sMepaMH OCHOBHBIX e[H-
HMI TAKHMH, KaK BO BTOpOH cucTeMe.

CaMo coGo#i pasymeercs, yTO Bce MONOOHBIE MePEBOABI
MOryT OBITh OCYIIECTBJEHBI JIHIIb MPH TOM YCJOBHH, UTO B
TOH cHCTeMe, B KOTOPOH HPHCYTCTBYeT pasMepHbIH Ko3ddu-
HHEHT MPONOPIHOHANBHOCTH, UYHCJAEHHOE 3HaueHHe MOoCc/ael-
HEro U3BeCTHO JUOO0 HENocpeacTBeHHO, Jnbo MoxerT ObiTh
MOAYUEHO [epeBOJOM H3 JADYroft CHCTEMBI C TAKHMH XKe
onpeneAsOMUMH COOTHOILCHHAMH.

§ 2.5. CocraBaeHne nepeBoaHbIX TabaMll

Jna Toro uToOH He NMepeBONMTH TMPH KaXKJAOM pacuere
OJIHH €IHHHUHBl B JPYyrHe, LeJgecoo0pa3Ho COCTaBUTh TabMH-
B, C TIOMOLIbIO KOTOPHIX MOXKHO BeJHUHHY, H3MEDPEHHYIO
onHofi euHHUEH, BBIpa3uTh yepes JioOYI0 NPYryi0 eIuHHILY
Tofi e BedawuuHbl. IIpu 3TOM I/ KaXA0H BEJMUHHBI NO~
Tpedyercd cnenuajbHas TabJauila nepeBoja.

CneBa B Takofi TabuHlle pacnojaraiTca eIHHHIHI,
KOTOpble HYKHO BBIPa3uTh B JPYIHX eJHHHIAX, a
BBePXY — Te eJlHHHIbI, uepe3 KOTOpble OHU JOJIKHBI GBITb
BHIPAKEHBI.

BosbmeM and npumepa exunuubl Aauab. COOTBETCTBYIO-
mast Tabauua npuBenexna B [IpusoKeHHH 5 B KOHIlE KHHTH
(taGa. 2). Yucno 39,4, crosillee Ha NepeceueHUH CTPOKH
«1l & =>» 1 cronbua «IHHMOB», MOKaspiBaeT, 4ro B | m co-
nepxurca 39,4 mofima.

[Ipu cocraBiaeHuH NEePeBOJHBIX TabaHI HCIONL3YIOTCA
JUO0 COOTHOLIEHHS, OCHOBAHHBIE NPSIMO MJH KOCBEHHO Ha
skcnepuMeHTe (kak, Hanpumep, 1 xec = 9,81 r), aubo omn-
penenennsi (Hampumep, 1 m = 100 c¢m), auGo cpaBHeHHS
3TafoHoB, Ju60, HAaKOHell, pacueThl, NOLOOHLIE MNpHBEEH«
HBIM BBILIE H OCHOBaHHBIE Ha NPUMEHEHHH (HOPMYJN pasmep-
HOCTH.

[Topo6upie Tabauubl nepeBoja, COCTaBJCHHbBIE VI Bax-«
HeHIIMX pacCcMaTpuUBaeMbiX BEeJIHYHH M TIpHUBeJeHHBlEe B
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KOHIle KHUTH, MOTYT OKa3aThC NOJIEC3HBIMH NpPH PECLIEHHH
CaMblX pas3/M4YHBIX 3ajady. B atu Ta6JIHI.l1:1, Hapsapy ¢ egu-
HHIOAMH Pa3HbIX CHCTEM, BKJ/IOYECH PsL HauodoJsee }’HOTp66PI-
TE€JAbHbIX BHECHCTEMHbIX €IHHHI.

§ 2.6. O Tak Ha3bIBaeMOM «cMbicie» Gopmya
Pa3MepHOCTH

PazobpaHnbie B npelbliylux naparpabax NpuMepsl no-
KasblBaloT, UTO (PopMyJa DPa3MEPHOCTH €JUHHMHBI OQHOH H
TOH Ke BeJAHYMHBI MOXKeT NPUHHUMAaTb Pas3iHYHBIH BHI B 3a-
BHCHMOCTH OT TOrO, KaKHM ONpeIessilOlIUM COOTHOINEHHEeM
YCTaHaBAMBaeTcd HJaHHas efHHHLA. IDTO HOJOXKEHHE Mbl
CYMTaeM BeCcbMa CYHIeCTBEHHBIM, TaK KaK HEpeiko B JHTE-
paType MOXKHO BCTPETHTb NONBITKH OTBICKAHHS KaKOro-To
«COKPOBEHHOTO cMbicia» B ¢dopmyaax pasmepHocTH. Dosee
TOTO, pacnpocTpaHeHHOe H TNpUMEHSBIUEECS BBIIE COKPa-
LleHHOEe BEIPajKEHHE «PAa3MEPHOCTb BEAHUMHBLI» HEPEAKO MO-
HuMaercsi B OYKBaJbHOM CMBIC/IEe KakK HCKOe HEH3MeHHOe
CBOHCTBO, TpHCyllee HTaHHOW ¢H3NUecKoli BeauyuHe. Bos-
MOXKHOCTb MOCTPOCHHS pPasHbIX (HOPMYJ pasMepHOCTH NpH
pas3jiHuYHOM BHIOOpE OmNpeesfAOUHX COOTHOIIEHHH Harasan-
HO cBHJETeNbCTBYeT 00 OLIHOGOUHOCTH TAKOrO B3TJISIHA.

YMecTHO B CBf3H C 3TuM npuBectu ciaoBa M. [lnamka:
«...SICHO, YTO pa3MepHOCTb KakKo#-1u6o pusnueckoil BeNHyH-
Kbl He eCcTb CBOHCTBO, CBSi3aHHOE C CYLLECTBOM ee, HO Npex-
CTaBJISIeT MPOCTO HEKOTOPYIO YCJAOBHOCTb, OIpelensieMyio
BHIGOPOM cHCTeMbl H3MepeHuil. Ecau 6B Ha 3Ty CTOpOHY
BONpOCa HOCTATOYHO obpalllafii BHHMaHue, TO (HU3NYecKas
JuTtepaTtypa, B OCODEHHOCTH Kacalolliasicd CHCTEMBl 3JIeK-
TPOMAarHHTHHIX HM3MepeHuH, ocBobojamaach OBl OT M&CCH
Gecnonubix pasHoraacuits (Maxce I1aankx, Beenenue B
Teoperndeckyw ¢usuky, u. 1, O6uias Mmexanuga, § 28,
M. —JL, TTTH, 1932) u «...T0 06CTOATENBCTBO, YTO KaKasd-
au6o ¢usnueckas BeJMYHHA HMEET B JIBYX Pa3/JHUHBIX CH-
cTeMax eJMHHUI HE TOJBKO pa3Hkle UHCJOBBIE 3HAUEHHs, HO
Jake ¥ pasiuyHble Pa3MEPHOCTH, YacTO HCTOJKOBHIBAJOCH
KaK HEKOTOpOoe JOTHUeCKoe NMPOTHBOpeune, Tpebyioliee cebe
OOBSACHEHHST M, MEXKAY TPOYHM, TOAAJN0 NOBOJA K NOCTAaHOB-
Ke Bonpoca 00 «HCTHHHOII» pa3MepHOCTH (U3HUECKUX Be<
AHYNH... HeT HUKakKoi ocoGoii Heo6XOAUMOCTH HOKAa3bIBATh,
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yTO MONOOGHBIN BONPOC HMeeT He GoJiee CMBIC/IA, YeM BONPOC
00 «HUCTHHHOM>» Ha3BaHHU KaKoro-nu6o npeameras (TaMm xe,
y. III. DnekrpuuectBo u marderusm, § 7, M. — JI., I'TTH,
1933).

Pasymeercs, ecnu ocrtaBaThCs B paMKaX OmnpenejeHHol
CHCTEMBI, TO JJISi €AUHHIBI KaXKA0H BeTUYHHBl OyNeT coxpa«
HSITBC OnpeneneHHass pagMepHocTs. [Ipu 3ToM B HekoTo«
pBIX NpocTeHIInX caydasx ¢opmysa pa3MepHOCTH Jaer
npejcTaBJeHde O TOM, KakuM 06pa3oM NPOH3BONHAA €U«
HHIla NOCTPOEHA K3 OCHOBHBIX, DTO E€CTECTBEHHO, MOCKOJb+
KY, KaK MBl y3e TrOBOPHJH, CaM NPHHIHUI MOCTPOEHHS MPO+
H3BOAHBIX €AMHHII OTPa)KaeT BO3MOXKHOCTb ONpefleNeHust
3HayeHHa (U3NYECKOH BeJIMYHHB IYTEM KOCBEHHOro H3Me-
penusi. Tag, nanpumep, pasmepHoctb ckopoct LT-! moka«
3BIBAET, YTO [Jisf ONpPERENEHHs1 CKODOCTH CJeJyeT H3MEPHTh
NYTh W BPeMs W MOJEJHTh NPYr Ha Jpyra COOTBETCTBYOLLHE
upcaeHHble 3HavyeHHsa. Huxe GyneT mokaszaHo, 4TO pa3Mep-
HocTh anexTpoeMroctH B cucteMe CI'C cosmapgaer ¢ pass
MEPHOCTBIO JJHHBL. DTO MOXKHO pacCMaTpuBaTb Kak OTpas<
»KeHHe TOoro (akra, YTO 3JEKTPOSMKOCTh M30JHPOBAHHBIX
MPOBOJHUKOB OJMHaKOBOH# ¢OpMbLl INpONOpIHOHAJbHA HX
suHelinpiM pasmepaM. OnHaKoO NOJOGHLIX NPHMEPOB MOXKHO
IPHBECTH HEMHOTO, ¥ B OOJLLUIMHCTBE cayuaeB Qopmyaa
pa3MepHOCTH He LaeT HATVIAAHOTO IPeJICTaBAEHHS O CBS3H
JaHHON (DHU3HUYECKOH BEJNHUMHEI ¢ JAPYTHMH BEJIHYHHAMH, B
YACTHOCTH C TIPMHSTHIMHU 32 OCHOBHBIE,

JelcTBHTEAbHO, €CJIH B3ATh IAA Tnpumepa dopMmyay
PAa3MEPHOCTH TAKOM CTATHYECKON BeNMMYMHBI, KaK JaBleHHe
NAH MeXaHHUECKoe HalpsiKeHHe, koropas B cucreMax CU
n CI'C nmMeer Buz

[p1=L"'MT™,

TO BpSA JHM MOXKHO OTBICKaThb Kako#-nu60 ¢uanyeckuit
CMBICT B CTOSIIHX B 3HaMmeHaTesne eIMHHUIE AJHHBL H KBaj«
pate enHHUubl BpeMeHH. U YK, KOHEUHO, HHKAKHX KOHKpPeT-
HBIX [peJCcTaBJeHHH He BHI3BIBAIOT (OPMYJH Pa3MEPHOCTH
anextpudeckux enusun B cicreme CI'C, B KOTOPHIX CHM-
BOJIBI Pa3MepPHOCTH OCHOBHBIX €IMHMI[ CTOAT B APOGHBIX
CTETeHsX.

O BecbMa OrpaHHYEHHOM CojepKaHUM (OPMyJs pasmep-
HOCTH TOBOPHT H TO, YTO B HEKOTODPBIX CAy4aAx eJHHUULI
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pa3HHIX BeJMYHH o001afaloT OZMHaKOBOH pPa3MepHOCTLIO.
D10, KOHEUHO, HH B KOEM Cjaydyae He CHAEAYeT TOJNKOBaTh B
TOM CMBIC/I€, YTO 3TH BEJHUMHB HMelOT oOulylo ¢Qusnue-
CKylo mpupoay. Donee Toro, B uucjie pacCMaTpuBaeMbiX
BEJHUMH Mbl GymeM BCTpeyaTh H TaKue, €IHHHIBl KOTODPBIX
B ONpele/eHHON cHCTeMe OKaxXyTca Oe3spasMepHBIMH, T. €.
He 3aBHCSIILUMH OT BHIGOPA OCHOBHBIX eAMHHI. THIMYHBIM
NPEMEPOM TaKHX BEJHYMH SIBAAETCA YTOJ, €IMHHLBI H3Mes
PEeHUS] KOTOPOTO XOTSi U MOTYT ObiTb PasJuuHbiMH (rpajiy=
Chl, MMHYTHI, JO/IH OKPY:KHOCTH, pajuHaHbi), HO BCE OHH HE
U3MEHSAIOTCS MPU U3MEHEHHH OCHOBHHIX €UHHLL

Hapsaay c ucnone3obanueM (OpMYJ pasMepHOCTH AJs
nepeBOia eAMHHI H3 OJHOM CHCTEMBI B JPYIYI0 H yCTaHo-
BJIGHHS] COOTHOLIEHHS MEXAY €eAMHHUAMH HX IPHMEHSIOT
AJsi MPOBEPKH NPaBUABHOCTH (HOPMYJ, TMOJNYyYEHHBIX B pe-
3ysbTaTe TOTO MJM HHOTO TEOPETHYEeCKOro BbiBoma. Hens«
MEHHOCTb (POPMYJIEI PasMEPHOCTH B paMKaX AaHHOHM CHCTes
Mbl TpeGyer, uTo6bl Pa3MepPHOCTH B JIEBOH M NPaBO# 4acTH
JI060r0 PaBEHCTBA, CBSI3bIBAIOLIEro pas/iHyHble QH3HYeCKHe
Be/MYHHb (MJIM, TOYHee, UHCJA, KOTODHIMH 3TH BEJHUMHDL
usMepsoTcs), OblIM OJHHAKOBBL. B mpoTuBHOM ciyyae npH
nepexoje OT ONHUX €NHHHIl K APYTUM DaBEHCTBO Obl Hapy«
mwagoch. [105TOMY, NMOJYUHB B pe3yabTate BHIBOJAA HJH pes
mieHusl 3ajgaud GOPMYJY, BHIpAXKaOUIYI0 3aBHCHMOCTb HH=
Tepecylolleil HaC BeJIMYMHB OT APYTHX, CledyeT NMPOBEPUTDb
coBmajeHHe pa3MepHOCTell JieBolt M mpaso#t wacred. Ecnu
5TH pPasMepPHOCTH He COBIAJaloT, TO MOXKHO YTBEPXKIaTb,
YTO MpH BHIBOJE JOMylleHa OWHMOKa M PaBEHCTBO SIBJAETCH
HeBepHLIM. PasyMeercsi, coBNajieHHe PasMepHOCTEHl ellle He
sBJAseTcd TapaHTHEH TOro, 4YTO MOJyUeHHOE YypaBHEHue
BEpHO.

§ 2.7. Kparkue BBHIBOJB IO rJaBam nepBoii U BTOPO#

B npeapiaymiux naparpagax OblJIH M3JIOXKEHbl NPHHIH«
Bl TIOCTPOEHHsI CHCTEM OCHOBHBIX M IIDOM3BOJHBIX €IMHHI]
u GopMyJa pa3MEpPHOCTEH, a TakkKe METOAb Mepexoaa OT
OJIHOH CHCTEMBI K JIPyTOH.

Jlns ypoOcTBa uuTaTeNed JA2eTCsi KpaTkas CBOJAKa CO-
JlepKaHHus 3THX maparpadoB, KOTOpash MOXKET OBITH Chop-
MyJHPOBaHa B BHJE CJEAYIOUIHX BbHIBOJOB!
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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) COBOKYNHOCTb OCHOBHBIX M NPOM3BOAHBIX €AMHRL 60~
pasyer cuctemy enmrnd. CHCTeMa eNHHHI CTPOHTCH cCJje-
LyoluM 06pasoM:

a) BbIOMpAIOTCH BeAHYHHBI, €IWHHIB KOTOPHIX IIPHHH-
MalOTCsl 5a OCHOBHBle (TaKHe BEJIHUYMHBI YCJIOBHO Ha3hi-
BalOTCHi OCHOBHBIMH);

6) ycraHaBAHBAWOTCA Pa3Mepbl OCHOBHBIX €AHHHL;

B) BHIOMpaeTcs onpefensiolliee COOTHOHIEHHE IJIA yCTa=
HOBJIEHUS NPOU3BOLHON €JHHHIb; ,

r) npupaBHUBaeTCs eNMHHLNE (HJIH JPYTOMY NOCTOSHHO=
MY 4HMCAY), H CJef0oBaTenbHO, moJjaraerca 0Oe3pasMepHbIM
K03 dHINEHT NPONOPLUUOHANBHOCTH B ONpPEAENSIEM CO-
OTHOLIEHHH.

10) Iloctpoedne cucteMbl B NPHHIHNE BIOJHE NPOU3-
BosbHO, [IpoH3BONBHBIMUE ABJIAIOTCA YHCAO H €aMbIH NOJ-
60p OCHOBHBIX BEAWUHH, pasMep OCHOBHBIX @HHHL( H BHIGOP
onpeAendIoWH X COOTHOWEHNH.

11) Uncno OCHOBHBIX €AMHHUIl CBA3aHO C YHCJIOM pa3~
MePHBIX KO3 HHUUEHTOB B MaTeMaTHUYECKHX BBHIPaKEHHAX
¢usnueckux 3akoHomepHocTed. Hem GoJipuie OCHOBHBIX efiH-
HU1l, TeM GOMbIIE YHCJAO TAaKMX KO3 bhHIHEHTOB.

12) Tlpn pasauuyHoMm Bblfope onpefenfAloUMX COOTHOWIE-
Hufl GopMyJia pa3MEPHOCTH eJHHHLb OJHOH ¥ TOW XKe Be-
JUUMHE MOMKET HMeThb pasiuunblii BHA. CienoBaTensHO,
pasMepHOCTb He SBJASETCH HEKOTOPbIM HEH3MEHHBIM CBOH-
CTBOM JHaHHO# ¢U3NUECKO! BeJHUMHEL, a 3aBHUCHT OT CIO-
co6a MoCTPOeHHs! CHCTEMBl eJUHHUIL,

13) TlepeBon eauHuU M3 OJHOH CHCTEMH B APYTyH0 OCy-
LIeCTBAAETCS ¢ NOMOLIbI0 GOPMYJ Pa3MEPHOCTH, HJd uero
HEOOXOAMMO HMETh CBA3L MEXKAY OCHOBHBIMH eIHHHIIAMH,
KOTOpasi YCT&HABJIMBACTCS B 3aBUCHMOCTH oT cmocoba mo-
CTPOEHHUS] CHCTEM, a HMEHHO!:

a) ecau ofe cuCTeMbl MOCTPOEHBbI Ha OZHHX H TeX e
OCHOBHBIX BeJHUMHAX H OJHHX H TeX Ke ONpeAesIOINX
COOTHOLIEHHSIX, TO CBH3b MEXKAY OCHOBHBIMH e€JHHHLAMH
onpepensercd 160 CpaBHEHHEM 3TaJIOHOB, NHOO YCJIOBHHIM
OnpeJie/IeHneM COOTHOIIEHAA eAHHNN (Hanpnmep, eIHHANA
OIHOH 13 CHCTEeM ONpeJessieTcs KakK KpaTHas WM JoJbHas
eJIMHHIB APYTON CHCTEMB);

6) eciu omnpefeasiolle COOTHOWEHHA B o6eux CHCTe-
MaX OJHHAKOBB, a OCHOBHbIE BEJIHYHHBI Pas/iduHbl, TO C/e-
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AyeT 3KCNepHMEHTAJIbHBIM NYTeM YCTAHOBHTb CBSi3b MEWKIAY
eAMHHLAMH BeJHUYHHBI, KOTOPas B OAHOH cuCTeMe siBjsiercs
OCHOBHOI1, a B APYrofi — npoH3BOAHON;

B) €CaH IIPOM3BOJAHEIE €JUHHIBI HOCTPOCHB C MOMOLIBIO
PasHbIX OMPENeNAIOUHX COOTHOWEHHH, TO CaelyeT npejsa-
pPHTEJBHO B OJHOM H3 3THX COOTHOIIEHHH, 3aNHCAHIOM B
TOH CHCTEME, B KOTODOIl OHO He SIBJSIETCH ONpeAeNsIOLHM,
YCTaHOBHTb Pa3MEPHOCTb KOS(PHUHEHTA TPONOPLHOHA b~
HIOCTH, ONpPENeNUTh 3KCHEePHMEHTA/ALHO ero 3HauyeHHe NpH
KaKHX-TO H3BECTHBIX pa3Mepax OCHOBHBIX €IHHHIL H 3aTeM,
nonb3ysich GOPMY/AOH Pa3MEPHOCTH, BLIUHCAHNTL €ro 3Haye-
HHe NIPH pas3Mepax OCHOBHBIX eIHHHI[, COOTBETCTBYIOIHX
JaHHO# cucreme,

14) Tlpu nannuun TeopeTHueCKOH BO3MOMNKHOCTH HPOH3-
BOJIbHBIM CAOCOOOM CTPOHTb CHCTEMBI €XMHHI[ MPAKTHUC-
CKHE coO0pa’keHHst HAK/aAbIBAlOT pPsij OrpamHuYeHHil Ha
YMHCJO OCHOBHBIX €[IMHHIL, BbIOOP OCHOBHEIX BEIMYHH H Olpe-
AeJAIOMUX COoOTHOmIeHHH. B uwacTHOCTH, neaecoo6pasHo
YHCJIO OCHOBHBIX BeNHUYUH HMEThb He CAHIIKOM MaJbiM H He
CJAHUIKOM GOJBIIHM.



FT'maBa 3

MousiTHe 06 aHaju3e pa3MepHOCTEH

§ 3.1. Onpenenenve QYHKUHOHANBHBLIX CBSidell MyTeM
CPaBHEHHSI Pa3MEPHOCTE

[Tpumenenne ¢GopmMysn pa3MepHOCTeHd He HcCuepnbiBaeTcs
nepeBoAOM €JMHMI[ H [POBEPKOH NPABHIBHOCTH (QOPMYIL.
B page cayuaeB, eclH NpeaBapHTeNbHO H3BECTHO, Kakie
(Qu3HUeCKHE BeJHYHHBI yuaCTBYIOT B HCCJIELyeMOM Mpouec-
ce, MOXKHO NyTeM COMOCTABJCHHS pa3MePHOCTEH YCTaHOBHTD
XapakKTep 3aBHCHMOCTH, KOTOpasi CBSI3piBa€T JaHHbiE BeJu-
yunbl. Bo MHorux obnacrsix (pU3MKM ¥ CMEXHBIX HAYK —
TEIJIOTEXHHKe, THAPOMEXaHUKE H Jp. — TakKOo# MeTol, noay-
UMBLIMI Ha3BaHMe aHaJM3a Pa3MEPHOCTEH, Hallles MHPOKOe
pacnpocrpatieine. OcoGeHHO TJIOAOTBOPHBIM OH OKa3bi-
BaeTcsl B TeX CAyuasiX, KOIJa HaXoxJeHHe HCKOMOH 3aKOo-
HOMEPHOCTH MpPsIMBIM TyTeM Jin00 BCTpeuaer 3HAUHTeNbHbIE
MaTeMaTHUYECKHE TPYAHOCTH, JHO60 Tpebyer 3HaHHS TaKHX
JeTajeil mpolecca, KoTopble 3apaHee HeuaBectHbl. [lo cyTH
Jilela aHaJn3 pasMepHocTell OCHOBHIBAETCH Ha TOM Ke Tpe-
GOBAaHHH HE3aBHCHMOCTH CBSI3H MEXKAY (PH3HUECKHMMH BeJH-
YHHaMH OT BHI6Opa €NMHHI, YTO PAaBHOCHJIBHO TPeGOBAaHUIO
coBnajieHusl pasMepHocTell B oGeHx yacTax ypasHeuuit. Ilo-
sBoasii B psle cJaydaeB OLICTPO YCTAaHOBHTb Xapakrep
MCKOMOfi 3aKOHOMEDHOCTH, aHalh3 pa3MepHOCTedl OTHIOAb
He sIBJsIeTCS BCEMOTYLIHM MeTOJOM, M NOJAuac ero BO3MOXK-
HOCTH OKa3biBalOTCsS BeCbMa OTPaHHUYEHHBIMM.

B sajauy HacTosilllell KHHTH He BXOAMT NOJAPOGHOE H3-
JIOXeHHe MeTOJOB H TpHMEHeHHH aHaju3a Da3sMEepHOCTEH,
KOTOPOMY MOCBAALEHB! ClelHalbHble KHHTH. [lomMumo ymno-
manytoit kuuru I1. B. Bpumxmsna, 34eCh MOXKHO peKOMeH«
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nopath Kuury JI. M. CenoBa «Mertoan mopo6us u pasmep-
HOCTH B MexaHuke» (usa. 6-e, «Hayra», M., 1967). Mul
OrPaHUYUMCS JIHUb KPAaTKHM O3HAKOMJIEHHEM TOrO, KaK C
MOMOLIBIO (OPMYJI PAa3MEPHOCTH MOKHO pelliaThb NMpaKTHye-
CKHE 3aJ1auH, /sl 4ero PacCMOTPHM HECKOJAbKO MPOCTeRMIHX
XapaKTepHbIX NPUMEPOB.

I. Ha npyxuse mopsewen rpys maccoii m (puc. 2).
Tlpu yanuneHus npyXKuHbl Ha f BO3HHUKaeT YRpyras cuia,
paBHas (no aGCoMOTHOH BesnuHHe) f,

CTPeMsillasiCsl BepHYTb APYRHHY B HC- 00
xoaHoe nonoxenue. Kpome cuibl f, na
TPy3 HHKaKue Apyrue CHJbl He Aeli-
crBylor. Onpeneauts Bpems ! Bo3-
BpalleHdsA Ipy3a B HCXOLHOE I0JO-
KeHue.

Jlns pewenust 3afaun HeOGXOAUMO "_- -7
NPeJACTaBHTh BPEMsl KaK HEKOTOPYIO

Lo>o
(GYHKUIHIO U3BECTHBIX BEAHYHH M1, I H f
[. Xotas B npunuune sta dysxuns

MOXKET HMETh paSJIH‘{HbIﬁ BHI, 1O MO- h
BOAY HeCc MOXKHO BBICKAa3aTb HEKOTO-
pble onpenaeJseHHble C006pa}K6HI/lﬂ. *

ITpeanosoxum, uto B coctaB 3T0il
GyHKUMH BXOAAT Kakue-nu6o Tpuro- Pnc. 2.
HOMETPHUECKHe, TOKasaTeJbHble HJH '

Apyrue HeasdreOpanueckne ¢yHkuuu, OueBHAHO, apryMeH-
TOM 3THX MNOCAEAHHX MOTYT ObITb TOJbKO OGespasMepHbie
BenHyuHbl. Jlerko BHAeThb, uto B cucreme eauuuun L, M, T
U3 BeJMUYHH m, h ¥ [, Pa3MePHOCTH KOTOPbIX PaBHBI COOT-
sBerctBeHHO M, L u LMT-2, HeB03MOXKHO COCTABUTH HHKa-
KOH Ge3pasMepHOi KOMOGHHAUMH, TaK KaK I BXOAUT TONBKO
B Da3MEPHOCTb CHJIbl, IOSTOMY B TaKyi) KOMOHHALHIO CHJIA
BOHTH He MOXET, a A U m, pasyMeeTcsl, He MOTYT AaTh 6e3+
pasmepHoro couyeranus. Takum oOpa3oMm, eAMHCTBEHHO BO3-
MOXKHbIM BHJAOM CBA3H MexXAy ! u i, m u | asasiercs adare-
O6pauueckasi ¢yukuua. IIpeacraBasiercsi  eCTECTBEHHBIM
HCKaTb 3Ty ¢QYHKIHIO B BHIe

t=CfPhim’, 3.1)

raie C — HeuaBecTHbIH Ge3pasMepHblil KosdduuUHeHT npo-
NOPUHOHAJbHOCTH, @ P, § H I — HEH3BECTHLIE TOKa3aTea
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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:

O=p+gq, 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 00J1ajaiouias BSI3KOCTBIO) KHAKOCTb IJIOT-
HocTblo p (puc. 3). B aHe cocyaa umeeTcs oTBepCTHE MJO-
Haabio ceueHuss Sp. Omnpenesnnts BpeMs BbITEKAHHA XKHA-
KOCTH L.

ITockonbKy BhiTeKaHHE MPOUCXOAMT MOA JAEHCTBHEM CH-
Abl TSHXKECTH, €CTeCTBEHHO TPeANONOKHTh, YTO B UHCAe Be-
JIHYMH, onpeaensionux
npouece, J0MXKHO TPUCYT-

CTBOBATh YCKOPEHHE CHABI F- — — — — — — — — |
taxecTd. B nanHoMcenywae | _-_-_—.—_- -
B TpHHUHAE  BO3MOXHO |-~ _~_-
NPUCYTCTBHE . B HCKOMOH
CBA3H TPaHCLEHAEHTHOH
$yHKuUMH, BKJIIOUYAIOUIeH B
aPTYMeHT BeJAHYHHBL A, §)
" Sy (p H g MO IpHBEEH- Puc. 3.

HbIM BblUie cooOpaxKeHUAM

B 3TOT apTYMeHT BXOAHTb He MOryT). TeMm He Melee HOnbi+
TaeMcsl M 3/leCh TNpPeACTaBHTb HCKOMOE BpeMsi B BHJE CTe-
NIEHHOTO OHOUJeHa BHAA

k

{=Cp°g'l sls3, (3.8)
riae, kak u Boile, C — Geapa3MepHbil W HeompeaensieMbin
KO3(hulMedT nponopuuoHadbHoCTH, a p, ¢, r, k, [—mnon-

Jexauige onpefejeHHi0 NokasaTequ crenedd. CocTaBum
ypaBHeHue pasmepHocTeil

T=MPLPLIT 2% 2, (3.9)

t
l
'
i
I
1
1
!
|
.
[ o —e

OTKYZAa, NpUpaBHUBas TOKa3aTeN| CTeNeHW JEBOH U Npaso
yacrel, NONYYUM CHCTEMY ypaBHeHHi

0=—-3p+g+r+2(k+D,
0=p, (3.10)
| = —2¢.

Hns onpepesnenuss MATH TOKa3aTeJed CTEMeHH Mhl
HMeeM TOJbKO Tpu ypaBHenuda. IlpaBaa, ABa nokasareisi
OTIpeNSIOTCS HeMoC PeACTBEHHO:

1
p=0, g¢g=-—5. (3.11)
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310 yiKe NpeACTABAAET Ofipefie/ieHHBIH HHTepec, TAK KakK
IIOKA3bIBaeT, UTO BPEMs BHTEK3aHHs HE 3aBHCHT OT IJIOTHO-
CTH KHJAKOCTH M OOpaTHO NPONOPLHOHANLHO KOPHIO KBaji-
paTHOMY H3 YCKOpeHHs Cuabl Tsectd. Jlns onpenenenus
ocTaJbHBIX MOKasaTenell cremeHu Tpebyercss n1ubo HMeTh
JIONOAHUTEAbHEIE AaHHBIE, JHU00 CHe/aTh KaKue-TO npeamo-
JIOXKeHHA, OCHOBAHHblE Ha HalleM NpeiCTaBJeHHH O XOJe
npouecca. Mbl NpeAno/oXKHM, 4TO abCOMIOTHAs CKOPOCTb
KHUAKOCTH B OTBEPCTHH He 3aBHCHT OT ero cevenus. B srom
cnyuae BPeMs BEITEKaHUs JIOMKHO ObITb 0o6paTHO RPOMOP-
IIMOHaJbHO Sg. BmecTe ¢ TeM BpeMms BbITEKaHHA HPH OJHHA-
KOBOM HauyaJbHOM YpOBHe A HOJMXKHO OBITb [PONOPUHO-
HaJbHO o0UieMy KOJUYECTBY XHAKOCTH, a CJefOBaTENbHO,
CeueHH10 S;. DTO Aaer AJs NMOKasatedeil creneHu k u [ 3Ha<
yeHHa | u —1. [Ipu TakoM npeAnoNOKeHHH CPpa3y onpefe-
JISIETCH NOKasaTelb 7 == 1/2, u AN BpeMeHH BbITEKaHHA MO~
JIY4aeTcs BhIparkeHue

T s
‘=Cl/??§- (3.12)

Uro kacaercs kKosdpduuuenra C, To, Kak ¥ B NPeAbIAYLIEM
npHMepe, aHaJH3 Pa3MEPHOCTH He JaeT BO3MOXKHOCTH €ro
onpenenutb. Pacuer mnokasbiBaer, uTo 3TOT KO>hHIHEHT
pases V2.

Onpenesiensie noKas3aTeNs CTEHEHH 7 BO3MOXHO TakKikKe
apyruM . myteM. IlockKonbKy B YCAOBHM 3aflaud HHUYEro He
rosoputcs o (opme OTBepCcTHS H (opMe CeueHHs COCyAa,
MOXHO eIMHHIY MJIONaAu OTHECTH K YHCAY OCHOBHHIX, He
CBA3LIBag €€ C eAMHHLEH JuuHBL. B 3TOM caydae BMecCTO
ypaBHenus (3.9) ciepyer Hamucartb

T=M"LLT %L S*S, (3.13)
rie S — ycnoBHOe 0G03HaueHHe PasMEpPHOCTH HJOLIAJH.

M3 aT0ro ypaBHeHus IONMOJHHTENBHO K YCJIOBHAM p = 0
H g = —1/2 nowyuum
1

k=—1, r=. (3.14)

Taxum o6pasonr:, B KauecTBe peuleHHA 3aJa4yd Mbl HMeeM

t=Cl/——§—-(p(%:—), (3.15)
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rhe, npasia, B orauane ot (3.12) @(sqfs;) sBnserca Hems-
BeCTHOH (yHKUHel OTHOLIEHHS S»/S|.

Jlerko BuIeTb, YTO MO CPABHEHHIO C NEPBOHAYAJbHBIM
MOJIOKEHHEM, KOrAa TpeGOBaNHCh ClelHasbHble NPeAnono-
JKEHHS, HaM YZaJjoch AOOHThCA Goabluell OmpeaeseHHQCTH
pemieHuss 3afaud Gaarofapsi BBeXEHHIO AONOJHHTEJAbHOMN
OCHOBHOW eRWHHILBI.

3. Ha teno maccoli m geficTByer noctosinHast cuaa f Ha
nytu h. OnpejednTb CKOPOCTb, KOTOPYIO IPHOGPETET TeJo -
B KOHHE IyTH.

AHa/NOTHYHO TPENbIAYWIHM [PHMEpaM 3amHLIeM CKO-
poctk B BHJAE '

v=Cf’mn’ (3.16)

C HeH3BeCTHHM KO3dobHnuuertom C H MOKasaTeNsMH Crene-
HH p,gHuT.
YpasHeHune pasMepHoCTH GyAeT UMETb BHJ

LT = L"M°T™*ML", (3.17)
COHOCTaBJIHﬂ MOKa3aTe/NH CTeNeHH, JIerkKo Noay4Ynm
I 1 1
p='§') q=_'2—1 f=‘§, (3'18)
OTKYJAa
T
v=CYl =, (3.19)

m

Pemenue 31oi1 3ajayH Ha OCHOBE 3aKOHA COXDaHeHusl 3Hep-
THH paeT, KakK H3BECTHO,

v=1/—2§’—, (3.192)
r.e.C=V2.

PaccmorpuM Ty Xe 3afauy HeckoJabko HHaue. ITompo-
OyeM HafiTH HCKOMYIO CKOPOCTb C NOMOIIbIO TOrO XKe aHa-
JM3a pa3dMepHOCTell, HO B TaKOH CHCTeMe eIHHHI, B KOTO-
pPOH enMHHMIIA CHABLl ONpelesseTcd He BTOPHIM 3aKOHOM
HbloToHa, a 3akOoHOM BceMupHOro TAroreHus. B ato#t cu-
CTeMEe Pa3MepPHOCTb CHJBI

[fl=L7*M>% (3.20)
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YpaBHeHne pa3mepHocm, HOCTpOQI{H()e Ha OCHOBaHHu
(3.16), 6yner
LT =L7?M*ML". (3.21)

Mut npumiig K aGcypAHOMY, TPOTHBOPEUHBOMY pe3yabTary.
B neBo#i wacTH pasMepHOCTb BpEeMeHH BXOAUT B CTENEHH
—1, B TO BpeMs Kax B NpaBoil 4acTH BpeMs BooOile OTCYT-
crByer. KakoBa ke mnpuuuna 3Toro mporusopeuusi? Pac-
-eMaTpPHBasi CYWIECTBO 3ajaui, Mbl BHAHM, UTO OCHOBHOH
3aKOH, ONpelesoilyil JaHHbI Tpouecc — YCKOPeHue noj
AeficTBHEM BHeIIHefl culbl — T. €. BTOpo# 3akon Hetotona,
BbillaJ H3 PacCMOTPeHHs. ITO CYLIECTBEHHO B TOM OTHOILE-
HUH, YTO B NPHHATOH HaMM CHCTEME €JHHMIL B BhIpaXKeHHH
AAn BTOPOro 3akoHa IploTOHA MOMIKHA CTOSTH HHEPLHON-
Hasl NOCTOSHHASA, Pa3MEPHOCTb KOTOPOH

[K]=L"MT".

Beeast B ypaBHeHHe Da3MepHOCTell pa3sMepHOCTb HHep-
HHOHHON TNOCTOSIHHOM, Mbl NIOJAYYHM COBMECTHbIE YpaBHEHHA,
ONHAKO JIsl ONpejesieHHs ueTbipex cremeHelt Mbl Gyjaem
MMeThb TOJNLKO TPH YypaBHeHust. JleficTBuTE/NbHO, Hanucas
Bmecto (3.16)

v=CPmW K. (3.22)
HOMYUUM CHCTEMY
1=—2p+r-3k,
0=2p+ qg+&, (3.23)
—1 =2k,
H3  KOTOPOR  HENMOCPeICTBEHHO  OMpPeeNsAeTCs  TOJIbKO
k= —1/2, Tak YTO B MCKOMO# 3aBHCHMOCTH KakOH-HHOYAb

OAMH I10KAa3aTeJb CTENeHH OCTaeTCsA HEH3BECTHBIM, U €e
MOXKHO 3aMnHcaTh, HanpuMep, B CJAeNyiOlleM BHAE:

v=Cf° (i),_,,,_% KiT=C (ﬂf)" (—K—"’i)—%. (3.24)

m m? m

3afauy MOMXHO clesaTb MOJHOCTHIO ONpele]eHHOH, ecan
BBECTH elle OAHY OCHOBHYIO eauHuuy. B kauectse taxeso#
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npumeM eguHuny cunbl. OOO3HAYHB ee pa3MepHOCTb, KakK H
panbiue, F, nmoayuuMm Jjs pa3MepHOCTH HHEPLUHOHHOH NO-
CTOSTHHOH

[Kl=L"'M"T2F. (3.25)
3anucas Telneph HCKOMYIO 3aBICHMOCTL B BHAE
v=Cf"m'WK~, (3.26)
HOJIy‘HdM AJA noxiasareﬂeﬁ CTEleHH CHCTeMy

=r—k, 1

O0=¢g—k,
o l (3.27)
O0=p+k,
OTKYyJAa JIeTKO OMPEeAC/AIOTCH BCC IOKA3aTeaAH cTeneHH
1 1
p=r=—2—, q:k:-—-—2—,
H, ¢JeJoBaresblo,
_ "ih
v=C}/ - % (3.28)

Jlerko Bupaern, uTO eciu, HAO0GOPOT, YMEHBLUIHTH YHCJIO
OCHOBHbIX ©JHHHI], OPHHAB /i pelleHus] 3a4a4YH CHCTEMY
C JABYMSl OCHOBHBIMH €JAHHHLAMH [JUHBI H BDEMEHH, B KO«
TOPO§i Pa3MEPHOCTH CHJIBL H MacChl

[f1=L'T", (3.29)
[M]=L’T"%, (3.30)

TO 3ajlaya CTaHeT TakKe HeonpenedaeHHoil. JleficTBHTENbHO,
HanncaB ypaBHeHHE pa3MepHOCTell B BHIe

LT = prrtrpar—2ayr, (3.31)

Mbl NOJAYUHM /7 HAaXOXKIAeHHUA cTeneHel TOMNbLKO ABa ypas-
HEHUA

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

~1=4p—2q.
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Pemrenne 3afaun BHOBbL TpefyeT HNONOJHHTENbHHX Npej-
NOJOXKEeHHUl, He BINOJHE OUEBHIHHIX, HECMOTPS Ha HPOCTOTY
caMmoii sajaud. YpaBHerus (3.32) coBMecTHB M YZHOBJe-
TBOPSIIOTCH, €CJH IOACTaBUTb 3HAUEHHA TNOKas3arteneidl H3
(3.18).

§ 3.2. II-reopema H MeToA MOAOGHA

PaccmatpuBasi npuBe/JeHHbiE NPHMEPDb!, Mbl NPHXOLNM
K BBIBOAY, UTO aHaJH3 Pa3MepHOCTeH He MOXKeT SBIATHCA
VHHBEpPCANBHBIM METOJOM, NO3BOMSAIOIMM aBTOMAaTHUECKH
HAXOAHTh MHTEPECYIOLIME HAC 3aBHCHMOCTH MeXAy ¢usuye-
CKUMH BeJIMYMHAMM, YUaCTBYIOILUMH B TOM HJIH HHOM IIpO-
necce. IlpuMeHeHHe aHanu3a pa3MepHOCTeH TpebGyeT BO
MHOTHX CJyyasix yAayHoro Bbi6opa CHCTEMBI eAHHHL, yuera
pa3MepHBIX MOCTOSHHBIX, KOTOPble MOTYT BXOJHTb B BbIpa-
JKeHHfl [/ 3aKOHOB, YNpaBJAOUIMX JAaHHHM [POIIECCOM,
WM B onpenenenusi (usuyeckux Bennuud. Hepemko Ttpe-
6yIOTCSl Takue NOTOJHHTEJbHBIE MPEANOIOXEHHA, KOTOphie
NPUXOAUTCS NPHHHMATh HHTYHTHBHO, H T. .

[TpuBeneHHble MPUMEPHI MOKA3bIBAIOT, KPOME TOroO, 4TO
yeM MeHbllle OCHOBHBIX BeMMUMH H 4YeM OoJ/blile Mapamer-
POB, yyaCTBYIOWIHX B mpouecce (BK/IIO4as pasMepHble Mo-
CTOSIHHBIE), TeM GoJiee HENOJNHOH SBJAAETCS CHCTEMAa ypaB-
HeHHH, KOTOPYI0 MOXXHO COCTaBUTb JSl HaXOXJeHHs MOKa-
saTedell CremeHd NpH CHMBOJAx BeJIMUYHH, BXOASILKX B
MCKOMYVIO 3aBUCHMOCTb. B TO Ke BpeMsi BO3BMOXHB! H TaKkHe
cayyaM, KOTJa YpaBHEHHS pa3MepHOCTEH NPHUBOJAST K He-
COBMECTHOfI CHCTEeMEe YpaBHEHHil /s MOKasaTellell cTeneHel
B ¢Qopmysax pa3MepHOCTH. ITO, KaK Mbl BHEJH, CBUIeE-
TENbCTBYET O TOM, YTO KaKas-TO H3 BeJAMUHH, CYNIECTBEH-
HBIX 1J1fl pelleHHsl 3aflayH, OKa3ajach HeyuTeHHOH. B uucie
TaKHX BEeJHUHH MOXKeT ObITh U pasMepHas MOCTOsIHHAsL.

CyulecTBeHHYI0 NOMOLUb NPH aHaJu3e pasMepHOCTeR
okasbiBaeT Tak HasbiBaemasi [I-Teopema, 10Ka3aTenbCTBO
KOTOPOH MOXHO HaHTH B YNOMSHYTHIX KHHTaxX BpumkmaHa
u Cenosa. Coraacuno 3TOH TeopeMe, €Ciu (YHKIHOHaNbHAas
CBSI3b MEXAY 1 (PU3HYECKHMH BEJMUYHHAMH YIOBJETBOpPSET
YCNOBHIO HHBapPHAHTHOCTH OTHOCHTEJNbHO pasMepa OCHOB-
HBIX €IMHHI, a8 YHCJO OCHOBHBIX €JHHHI PaBHO R, TO MOX-
HO COCTaBUTb n — Kk Ge3pa3MepHbIX KOMOMHAUMH BeTHYHH.
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Uem meHblile 3Ta pa3HOCTb, TEM onpejeneHHee Gyaer pe-
wedune sagauu. [lpu n —k =1 sanaua craHoBuTCA HaHOO<
Jlee OnpejieseHHo! u, KaK NpaBujio, ofHO3HauHOH *). Buize-
g5 M3 O6LIEro uucaa BeJHYMH Ty, 3aBHCHMOCTb KOTOPOH
OT OCTa/IbHBIX MBI XOTHM ONpEJeJMTb, Mbl CMOMXEM BhIpa-
3UTH HUCKOMYIO 3aBHCHMOCTb B BHJE SIBHOH (DYHKIHH.

IMpounmocTprpyem cxkasaHHoe NpPHUMeDPAMH, JJS UYEro
BOCIIONIb3YEMCSi TEMH 3ajJauyaMu, KOTOpble OblIH paccMOTpes
HBl B HOpelblylieM naparpadge.

B mepBoit 3anaue (Bo3BpallleHHE B MOJIOXKEHHE PaBHO-
BECHsl TPy3a OTTSIHYTO! TNPYKHHOH) CBA3LIBAIOTCHA YEThIpe
BeJMUHHb: Macca Tpy3a, CHla HaTSXKEHHA NPYXKUHBI, ee
yAnuHeHHe M BpeMsi BosBpauleHus. CoraacHo II-teopeme,
NpH TpPeX OCHOBHHIX BeJIHUHHAX — JJAHHE, Macce M Bpeme-
HM — BO3MOKHO M3 UYeTbipex BenHyHH o6pa3oBaTh OJHY
He3pa3mepHylo koMOuHanuio. COOTBETCTBEHHO CBA3bL MEXKIY
S5THMH BeJHYHHAMM MOXKHO 3amucarh B BHIe (GYHKUHMH BHAA

@ (1Ph?m’t*) = const, (8.33)

rae aprymeHT ¢yHguuu 6e3pasMepHbl W cToAlllas ClipaBa
MOCTOSIHHAS BeNMYKMHA TaKXKe He HMeeT pa3MepHocTH. B ap-
TYMEHTe BCe TOKa3aTeNH CTelNeHH MOXKHO, COXpaHfAd ero
6e3pa3MepHOCTb, H3MEHHTh B ONMHAKOBOE YHCJO pas, B pe-
3ynbTaTe Yero OAMH H3 TNOKa3aTeneil -MoXer OHThL cjenad
paBHbM enunuue. Hanbosnee yaobHo 31O chenarth, OUEBH/I-
HO, I/ UCKOMOH BE/THYMHBI, B JJAHHOM CJyuae BPeMeHH, TaK
YTO, IPHUPABHSB T0Kas3aTeNb kK elHHHIE, MOJY4HM

[FPR'm’t] = 1. (3.34)

Vpasuenue (3.34) paBHOCcHIBHO YypaBHeHuio (3.2), ¢
TOH TOJIbKO PasHuLEH, Y4TO BCe NOKa3aTean HMelOT o6paTt-
Hbie 3HAaKH.

BBuay Toro, uto BBIGOP OCHOBHBIX €JAHHHIL TIPOMU3BEJEH,
B KauecTBe TAKOBBIX MOTYT OBITH NPUHATH KOMOHHMDOBaH-
Hble eJHHHIB TPHU YCJAOBHH, UTO HX pasMepHOCTH OYAyT
HesaBHCcHMbIMH. Ilo3TOoMy B ¢QopMysnHpoBKe II-Teopembi
BMECTO YMCJIa OCHOBHBIX €AMHHIL MOXKHO DPHHHMAaTh YHCJIO

*) Hexoropast HeOAHO3HAYHOCTb pelUeHHS COXPAHSETCS JIHIIb B TOM
clyyae, ecJM B YHCJE BEJHUMH, BXOAAUIMX B 3aRauy, HMEETCA HECKOMbKO
O HOPORHBIX,



76 MOHATHE OB AHAJIM3E PASMEPHOCTEM [F71. 3

BEJIHYHH, Pa3MEPHOCTH KOTOPLIX B3aHMHO He3aBHCHMBL ITO
HoJIOMKeHHe MOMKHO TpOHAJIOCTPHPOBATD HA IPUMEDPE BTOPOH
sdagaud (0 BOITEKAHHH MKHAKOCTH U3 LHJIHHIDHYECKOTO
cocyna). B 3Toft 3ajaue Mbl HCKAJH CBA3b MEXKIY CAeLyiO-
HIMMH BeJHUYUHAMII: BpeMsi BbITEKaHHS f, MAOTHOCTh JKHIKO-
CTH p, YCKOPEHHe CHJBl THMKECTH g, BBHICOTA YDOBHA h, ce-
yerns s, U Sy, Cpeau pasmepuocrefi 3tux senuunn T, L-3M,
LT-2 L, L? u L? nesaBucuMmbimu siBasiorcs tpu: T, L-3M
u L. Taxum o6pa3oM, W3 NEPEYMCTASHHBIX BeJHUHH MOTYT
ObITH COCTaBAEHB TpH Geapa3mepHble KoMOUHAHH:

h s

N o Sz

e o 2 (3.35)
Bruinenss us xkomOuHauun h/gi? Bpems f, MOXKHO HpeX-

CTABHTB €0 B CJeAYIOIIEM BH/E:

h So
t=y = cp(;), (3.36)
KaK 3TO # OblLIO MOJYy4eHe HaMHu paHsblle.

Pacemorpum eute onna npumep. ITycre TpeGyercs onpe-
LEeJIHTh CKOPOCTh U, C KOTOPOH MNajaer WAapHK B BA3KOH
kugkoctn. [aubl auamerp mapuxka d, €ro IJIOTHOCTB i,
MJIOTHOCTb JKHAKOCTH pp H ee BA3KOCTb p. Pasymeercs, B
YHCJO BEJHYHH, OTIPEAessioiluX Iponecc, BXOAUT YCKOpeHue
cuant Tskectd., Jas pellleHHs 3ajadyd Mbl HMeeM, TaKHM
06pa3oM, 1WeCcTb BeJWYMH NPH TPEX OCHOBHBIX €AHHHIAX,
YTO NO3BOASIET COCTaBUTh Tpu Oe3pa3mepHble KOMOWHAIUH.
Kax bl yxKe Bujedn, 3ajadya CTaHOBUTCS TeM Oogee ompe-
JeJeHHO, ueM MeHblle pa3HOCTh MEXAY YHCJAOM olpeje-
JAIOUMX gBJeHHe BEAHYMH H UWCAOM OCHOBHBIX eJMHMIL
B pandom crhydae 3afauy MOMXKHO cienats 6Gonee ompene-
JIeHHOH, ec/yd BBeCTH elle XOTf OB OJAHY AOMOJHUTENBHYIO
OCHOBHYIO enuHHIy. B KawecTBe TakoBO#l MmpencraBAsercs
uenecoobpasHbiM NPHHSITH eNHHHUY cuabl. Pasmephocri
BXOJASHIMX B 3aJauy BeJHUHH GYIVT TpPU 3TOM CJAEAYIOILue:

[l=L7", [dl=L, [p]=I[p]=1"M,
Wl=L"TF, [gl=FM".

Tenepp MBI MOXeM COCTaBHTH YXKe JHllb ABe 6e3pas-
MepHble KoMOuHaluH, B KadecTBe 0AHON W3 HUX, [0 aHaj0-
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r'HH C paHee PACCMOTPeHHBIMH HpUMepaMy, HalpallHBaeTcs
oTHOIEeHHe pofp;. CocTaBassi ypaBHeHHS Afs mOKasaTedeil
creneHeil OCTaJbHBIX BEMHYHH, Mbl JIETKO NOJYYHM BTOPYIO
KOMOUHALMIO, BKIIOUAIOLLYIO, B YaCTHOCTH, /MIOGYI0 M3 NAOT-
HOCTeH, Hampumep plzvupfld_Qg—‘. Orciona s - UCKOMOI
CKOPOCTH NajeHHus Mbl Hallgem

2
v=C Tl (L), (3.37)
n [

Dyuxuus @{p/p;) NAHHHIMH 3afauy He OUpeAeNsieTcH.
Pasymeercs, 3anaua Goiia Obl ele Goslee HeonpeeneHHON,
ecauy Obl Mbl COXpaHWAM JIMIIL TPH OCHOBHBIE €IMHUIBL
HMurepecHo 3aMeTHTb, YTO MOYTH Takas »Ke 3ajaua O CKO-
pPOCTH BCIVIBIBAHHSL B KHJAKOCTH BO3AYIIHOTO MY3bIpbKa
(MJIOTHOCTBIO KOTOPOTO MOJKHO MNpeHeGpeub) CTAHOBUTCH
BTiOJHE onpeneneHHoﬁ, TaK KaK UHCJ0 BXOAAIIHX BEJAHYHH
Npu 3TOM YMeHbllaeTcst Ha eAnHMLY. Jlerko nokasats, 4TO
B 3TOM CJlydyae GeapasmepHas KOMOHHAUMS HMEET BUA

Up
d?p,g’
OTKy,Ila CKOpOCTb BCIIJbIBalilA Hy3prbKa
v=Cd’w ' p,g. (3.38)

ConocraBnsa  (3.38) wu (3.37), MOMHO 3aK/JIO4YlTh, YTO
dyukuua @(pefp1) HmeeT BHf

L2 D R
@ ( 01 ) I g’ (3‘39)
tax uto (3.37) npespaltaercsa 8

v=CLE (p,—p). (3.40)

Teoperuueckuit pacuer gaer aas C suauenue 1/18.

Jlerko Bumeth, uto popmyna (3.40) onucwiBaer BCe Cay-
Y4 JBHKEHHS llapuKa B BA3KOH KUAKOCTH KaK TMPH
p1 > P2, TaK W NpH p; < P, BAAOTb A0 p; = 0, NOCKOABKY U
MOXKeT {IPHHHMATh Kak MOJ0XHTeIbHOe, TaK H OTpHIlATe/b-
1oe 3HaueHue,

Ilpusesenusie npuMepsl eule pa3 MOKA3bIBAIOT, YTO MPH
NpUMEHEHHH aHalu3a Da3MepHOCTH, HapfAdy C AOCTATOYHO
OYEBHAHBIMH TpHEMaMH, NPHXOAMTCS BOOpPY:KaTbCAd HHTYU-
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Huel He TOJAbKO NpH onpejeneHnH BEJHYHH, CYHMIECTBEHHBIX
I LaHHOM KOHKPETHOH 3ajllaud, HO M NpH HOAGOpe OCHOB-
HbIX eAHHHL H Aaxke 3anucH pasmephoctedl, Tak, B nocaea-
Hell 3ajiaye He OuYEBHAHO OHIO, YTO Pa3MepPHOCTb YCKOpe«
HHfl CHJABl TRKECTH CAefOBato sanucath He LT-2 a FM-' %),

[pu 3ToM MOXHO OTMeTHTb, uTO cama no cebe II-Teo-
_peMa HHMYero HOBOro He Jo6aBisier K H3J0XKEHHOMY BbliLe
cnocoby npuMeHeHHs aHa/aH3a pa3MepHOCTell, x0T, BNpo-
4eM, B PAAC cAyyaeB OHa MO3BO/sIeT NPOBOAHMTL aHAJAH3 B
6o/iee ynOOGHOM BHJE H NpPEACTaBJAATb Pe3yJbTaTr aHa/jH3a
B pa3Hbix GopMax B 3aBHCHMMOCTH OT TOrO, KaKHe napamert-
pul Hac uHTepecyior. OCHOBHOe ee 3HaueHue, OAHAKO, CO-
CTOHT B TOM, YTO C €e NOMOWBIO yIOGHO BBOJAHTBH Tak HA-
3pBaeMble GeapasmepHble KpHTepHH NOKOGHS.

TakumMr KpuTepusiMH B ApHHUHOE MOTYT GbiTh Ji006bie
H3 Oe3pa3MepHbX KOMOWHAaUMH BeJMYHH, ONpelessIouiBX
Hcenegyemoe spiaeHHe. Ecau B Takoft komMOuHanup H3Me-
HHTh 3HayeHHud 0o6pasywolLUX ee BeJTHYHH TakuM o8pasom,
yroful cama KOMOHHaUMs He M3MEHUJach, €e UYHCIeHHOe
8HaYeHHe OCTaHeTCAd HEH3MEHHBIM JakKe OPH H3IMEHEHHH
pasmepa ocHOBHbIX eauHul. ChaegoBaTesNbHO, PH COXpaHe-
HMH OCTaJbHBIX BEJHYHH OCTaHETCs HEeH3MEHHOH M HCKOMas
Beaununta. Taxk, HanpuMep, B 3ajaue O BpeMeHM BLITEKaHHUs
JKHAKOCTH MOCNEAHee ABIAETCH (QYHKUMEH pasMepHOro OT-
HolleHHs1 h/g, Ge3pa3sMepHOro OTHOIIEHHS SgfS; H, MOXKHO
TaKXe Ccka3arth, OesapasMepHoii BeauuuHnl p® [locaeguee
NONPOCTY O3HauaeT, UTO BpPeMs BLITEKAHMS HE 3aBHCHT OT
IIOTHOCTH XUAKOCTH. B KauectBe kpurepus mopobus B
JAHHOM cJayyae cJeiyeT CYHTAaTb OTHOLIeHHe Sofs;. Ecau B
OJlMHAKOBOE UHCJO Pa3 H3MEHUThb NJOUIAlb CeYeHHs Cocyaa
§1 H CEYeHHUS] OTBEPCTHA Sz, TO NPH MOCTOSHHOM A (M, pa3sy-
Meercs, NOCTOSHBOM g) BpeMs BHITEKaHHs He H3MEHHTCA.

Beenenne kpHTepueB mojo0Hs OKa3blBaeTcss 0COGEHHO
yJOGHHM B Tex CJyuasix, KOTLa CBeAEHHs AJIA MOJHOIO OnH-
CaHHs fIBJEHHA HeZOCTATOUHBI WJIH CTPOTOE PEelIeHHE 3ajlaul
npejcrasisier 6oablie MaTeMaTHUeCKHe TPYAHOCTH.

*) Tlpuynna sTOro, Kak HEeTPYAHO BHIETD, 3aKNIOUAETCR B TOM, YTO
B [IEPBOM C/ydae Mbl BRIHYMKJAEHH ObIB Gbl BBECTH ellle OAHY pasMepHylo
BEJIUYHHY — HHeDLHOHHYIO MOCTORHHYIO. 3amHcaB pasMepHOCTb YyCKope-
E;Hﬂ 8 Bujge FM™, Mp coxpansem sanuch BTOPoro sakona Huiorona
=ma,
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[Tepsbifi kpuTEpHil, C TOMOUIBLIO KOTOPOro GHLIH HOJyYe-
Hbl BaXKHble TEOPETHUECKUE PE3YTbTaThl, OTHOCSIIHECSH K Te«
UYeHHIO peaibHOH (BsI3KO#) KuakoctH, O6bul BeBesed O. Peii«
HOTbACOM M HOCHT ero umfa. Kpurepu#, wau uuciao Pefi«
HoJbAca Re, paseH

vDp

Re=222, (3.41)

rle v — CKOPOCTh TEUeHUS KHIAKOCTH, D — ganamerp Tpy6si,
0 — IJIOTHOCTb XKHAKOCTH U W — ee BsizkocTh. Ilocnenuss,
Kak Oyaer NMoKasaHO HHXKe, HMeeT pasMepHocTh L-'MT-!,
H, clefloBaTenbHO, Re neficTBHTeNbHO siBAsieTCH Ge3pasmep-<
‘Ho#t Benuuunol. Ilpn nanHOM 3HaueHun Re xapakrep Teue-
HHSl Da3HBIX »KHIAKOCTeH B pasHbix Tpybax ¢ pasHBIMH
CKOPOCTSIMH OKa3blBaeTCs OJHHAKOBBIM; OJHHAKOBO pac+
npejenenne nasieHH#, ckopocrell ¥ T. A. ONbITHHIM mys
TeM ObWIO HalfleHo, YTO MNpH AOCTHXKEHHM Re 3HaueHus,
paBHoro 2200 (rak HasblBaeMOe KpHTHUYECKOE uHcjo Peii-
HOJb/ICA), YNOPSITOYEHHOE CTpYiAYaToe, WM JaMHHAPHOE,
TeYGHHE MKHUAKOCTH CTAHOBUTCA OECHOPSIOYHBIM — TYpOY-<
JIEHTHBIM. :

Beenenne xputepues mogoGusi 0Ka3aJoch BecbMa MJO-
JOTBOPHBIM MPH pelIeHMH pasHooOpasHBIX 3ajJay aspo- H
THIPOMEXaHHKH, TemJonepenaun u Ap. OCOGEHHO BaKHBIM
SIBSIETCS TO, YTO C NOMOIUBIO METOAA TNOA0OHS MOXKHO H3Y-
uaTb pasjuuHble ABJAeHHS Ha Mojeanx. Tak, Hanpumep,
kputepufi PefiHosbaca (KOTOPLIH NPHMEHHM He TOABKO K
TE€YEHHIO XKHAKOCTeH B TpybGaX, HO M K OOTEKAHHIO KHAKO-
CTBIO NOTPYKEHHLIX B Hee Tes) MO3BOJSET H3yyaTh COMPO-<
TUBJICHHE, HCNbITHIBAEMOe TeJlaMH B IOTOKe >KHIKOCTH,
€CJH 3aMEHHTb Teja reOMEeTPHYECKH NMOAO0GHBIMHM MOAEAAMU
MEHbIINX Pa3MepPOB H COOTBETCTBEHHO YBEJIHUYHTb CKOPOCTb
NOTOKaA.

Kpurepun nopo6ust B ToM Bujae, KaK OHH 06pa3oBaHBl,
ABNAIOTCA 0e3pasMepHBIMH TOJbKO TPH ONpelesieHHOM Bbl«
Gope onpemensiolux cooTHoweHHA. Ecau ke 3TH COOTHO+
III€HHS] H3MEHHTb, TO U3MEHSATCSH Pa3MEPHOCTH €JWHHH, BXO-
AAIHX B BBIpaKeHHE [aHIOr0 KPUTEPHS, H OH npuobperer
ONpeJeJeHHYI0 pa3MepHocTh, Tak, HanpuMmep, MOXKHO [0-
Ka3aTb, YTO NPH 3aMeHe MHePUUOHHOH eIHHHIBI CHJIBI Ha
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rpaBHTaUMOHHYIO KpuTepuil Peiinonbica npuobperer pas-
MEpHOCTb

[Re]=L°M™'T™ (3.42)

Jlerko BHAeTb, YTO KPUTEPHI MOKeT ObiTh BHOBb CAedaH
Ge3pa3MepHbIM, €CJIM B HETO BBECTH HHEPUHOHHYIO TOCTORM-
HYIO, Pa3MePHOCTb KOTOPOH, KaK Mbi 3HaeM, paBHa

LMT2

B sakaoueHne 3aMeTHM, 4TO cocTaB/ieHue Gespasmep-
HbIX KOMOHHAUH} ObiBaeT MOJAE3HLIM H B TOM Clydae, KOria
sajaya 6e3 GONbIIMX 3aTPyAHEHHil pemaercsi OOBIYHBIM TY-
teM. [Ipeo6pasoBaB peileHue TaKiuM 00pasoM, 4ToGbl ompe-
AensieMasl BeJluunHa Oblia NpejcTaBlieHa Kak (YHKIHs OT
psila BeAMuHH, U3 KOTOPHIX XOTA Gbl 4acTb MOKeT OhiTb
cobpana B Geapa3MepHble KOMGHHALMH, MOXKHO [ONY4HTb
BLIpazKenue, yA06HOe /A aHaau3a 0 000OLIeHHH.



F'masa 4

Enunnub Fr€OMETPUUHECKUX H MeXaHHYECKHUX
BEeJAHYUH

§ 4.1. Beenenue

Ina nocTpoenMsl eNuHHL TeOMETPHUECKHX BEJIMUMH H3
BCeX OCHOBHBIX eAHHUL TpebyeTcs JHUlb eIHHUIA JJAUHB —
B cuctemax CH u MKI'CC — wmerp, B cucreme CI'C — cau-
TAMeTp. B KuHeMaTHKe K eAuHHNE AMHHB A06aBjsercHd
BTOpasi OCHOBHaf eAMHHIA — eIHHHIA BPEMEHHM CEKyHAa,
OMHAaKOBasi BO BCeX cHCTeMaX. HakoHel, npH H3J0XKeHHH
JMHaMHKH BBOAMTCS] TPeTbsl OCHOBHAsl €IHHHLA — B CHCTE-
max CH u CI'C — eaunnua Macchl COOTBETCTBEHHO KHJO0<
rpamMm u rpamMMm, a B cucteMe MKICC — empuunua cuant
KuaorpaMm-cuna. Bee aTh efumHuubl GBLIM gaHbl paHee, d
Ha HUX MBI OCTaHABJAHBATLCH He GYIAEM.

B nocaenyiomux naparpadax stoil raaeel 6yayT pace
CMOTPEHBI Bce BaiKHefillne TeoMeTpHYECKHe ¥ MeXaHuye-
CKHe eMHUIbI, X o0pasoBanue, onpeneneHne u GopMysbl
pasameproct# B cucreMax CH u CI'C (1. e. no orHouleHHIO
X emununam L, M, T). ®opmyast pasmepnoctu B MKI'CC
(L, F, T) npusoasrcs B obutedr tadauue ([puaoxenue 5,
Tabn. 1), B KOTOPYIO CBefeHbl TeOMETPHUECKHE M MeXaHH-
UeCKHe eNHHMLbI, oTHocsAwuecss K cucreme CH, CI'C u
MKTCC. Hnas~xaxaofi BeTHYUHB B TabJaule NPHBOAHTCA
ee HasBaHHe, CHMBOJ, (GOpMyJa, C IOMOLILIO KOTOPOH OHa
onpeneasercs, pasmeprocth B cucremax CHU u CrC, pas-
meprHocth B cucteMe MKICC, naiorest pycckne o6osHaue-
HHSE COOTBETCTBYIOINX €IHHHUIL BO BCeX TpeX cHcTemax. Enu-
HHLbI, BbiJCJEHABIE JKHPHBIM WPH(TOM, ABJIAIOTCA IJs LaH-
HOH CHCTEMBI OCHOBHBIMM.

Huxe 6yayr npuseneHbl TakiKe HEKOTOpbie, HauGosee
pacnpocTpaHeHHble BHECHCTEMHBIE €IHHHIIBI COOTBETCTBYIO-
HIHX BEJIHYHH,
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§ 4.2. T'eomeTpHyeCcKHEe eIHHHIbI

Kpome OCHOBHBIX CHCTEMHBIX €IHHHUL MeTpa ¥ CaHTH-
MeTpa, NPHMEHSAETCS Psif NEeCATHYHBIX KPaTHBIX M JOJBHBIX
equauy, HauGosee WHPOKO pacHpoCTpaHeHbl CleAYIOlHe
eHHHIBL:

Kumomerp: 1 xm=1000 #=10° ca

Heuumerp: 1 dx=0,1 =10 cn

Munnmamerp: 1 mm = 107 %=0,1 cx

Mukponu: 1 k=10 =107 ca=10"° sum
Hanomerp: 1 am=10" n=10"" cu= 107% wa=10"% ux
Aurerpem: | A=10"" 4=10" ca= 10" nu= 107" e

JBe H3 5THX eJuHME HYXIAlOTCA B JONOJHMUTENbHBIX
3aMeuaHHsIX. MHKpPOH 0GbIYHO 0603Hauascs, Kak HaMHCaHO
Bhllle, Mk, VHorfa mpu pycckoM 00O03HaueHUH OCTAJBHBIX
BeJMYHH MHKPOH 0G03Hauajcs rpeyeckoil 6ykBoil p (Mi0),
KOTOpasi BXOAMT B COBOKYMHOCTb MEXIYHapOAHBIX (Kak
NpaBUJIo, JATHHCKUX) o6Go3Hauenuid. B cBA3M ¢ BBeJeHHEM
MexayHaponHO# CHCTEMBl NDEANOKEHO Ha3BaTb €ro Mu-
KpOMeTp H 0603HauuTh MkM. Epudnua, pashas 107 u (na-
HOMeTp), paHblie Ha3blBaacb MHJHMHKDOH u ofosHaya-
nach MMK.

B pEHTFeHOBCKOH CHEKTPOCKONHH M PEHTIeHOCTPYKTYP-
HOM aHaJH3e NpPUMEHseTCs eIMHHLa LJIMHBI, 0Go3HayaeMas
X (4 cooTBeTCTBeHHO HasbiBaemas X-eqununa). Buauase
X-enpnuna 6nna BBedesa kak 10°A (uam 10710 cm),
BCAENCTBHE Yero OHa OTOMKAECTBAANACh:C MHJJHAHICTpe-
moM. OHako TIHATENbHOE COMOCTaBJeHHe OOHapYXHJO He-
KOTOpOe pacxomieHHe Mexay X-enuHHLel, onpenenseMol
¢ BBICOKON TOUHOCTBIO B PEHTI€HOBCKOH CNEKTPOCKONMHH, M
MmuanuanrcrpeMoM. Tak Kak Ha TPOTAXKEHHM psAja JieT Bce
IJUHBE BOJH M TOCTOSHHBIE pelleTKH B PEHTIEHOCTPYKTYP-
HOM aHa/K3e H3Mepanuch X-efHHHUAMH H 5TH €JHHHILI
HCOOAB30OBAaHbl B MHOrouHc/JAeHHHX Tabiauuax, OKa3anoch
nenecooBpasHbiM COXpaHUTh X-eAMHHIY KaK CaMOCTOSITe/b-
HYIO eIHHHLY JJIHHBI

1X = 1,00206 - 107°A.

Yueno eauHul JJIHHB HEMETPHUYECKOTO NPOHCXOMKACHHS
ype3BpluafiHo BENHKO H, MOXKaJdyH, He MOAJLALTCHA Yyery, Tak
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KaK B KaxIO# CTpaHe B pa3HOE BpeMsi BBOAUJHCH pas-
JIUUHBIE €JMHHUILI, I0A4aC HHKAK HEe CBA3aHHbIe APYT C ApY-
TOM, NpuyeM NOJ OAHHUM HA3BAaHMEM CYLIECTBOBANM €IXHHH~
ubl pa3Horo pasmepa. Huixe Mbl mpHBeaeM JMHUIL HeCKO/b-
KO eIMHMU [JJAuHbL, BbHOOp KOTOPHIX onpefeaserca JauGo
TEM, UTO 3TH €AHHHLBE HUMET 6oJee HIH MeHee IHPOKoe
pacnpocTpaHenue, AH60 TeM, 4TO HX YNOMHHaHHe HepeJKo
BCTpEUaeTcss B JUTEpaType.

B rtexHuke, npenmylllecTBeHHO B MAalIHHOCTPOEHHH, IO
HaCTOAILEro BpeMeHH WIMPOKO NpuMeHsercss Oroiin

1”7=2,54 cn=0,254 u,

B MopexonHo# mpakTHKe MpUMEHSETCA MOPCKAL MUAS,
paBHas AaHHE OJHOH Yra0BOH MHHYTH (CM. HHIKE) MepH-
AnaHa, uto cocraBaser 1852 m. Opua pecsitas Mopckod
Muau (185,2 #) HasbiBaeTcs KabeavTos.

B actponomun mosbsyioTcs cneuuadbHBIMH €IHHHUAMH
JUTMHEL:

napcek (nc)— paccTosiHHe, ¢ KOTOPOTO MOMYXHAMETP
3eMHOH OpPGHMTHI BH/EH NOJ yrjiOM B OJHY YIVIOBYIO CEeKyHaY
(cM. Huxke). Opud mapcex pasen 3,084 - 108 Ka; mapany
C NapceKkoM MNDHMEHAIOTCS €ro KpaTHble €IHHUILI — Me2a-
napcex (mnc) u xuaonapcex (knc);

actponomudeckas edunuya pnnnbl (a.e. n. wan AU),
paBHasi cpexnemy paccrogHuio oTf 3emaH po Coanua:
1,496 - 108 km (HanGosiee TouHoe 3nauenue 1,495993. 108 KM);

c6e10804 200 (BCTpedyaeTcsl NMPEHMYILECTBEHHO B HAyu-
HO-NIONYJISIPHON JIMTEpaType) — paccTosiHue, KOTOpPOe CBeT
NPOXOJAHMT 3a oauH roa: 9,4605 . 102 gum.

B cBsisH c TeM, 4TO B pyccKoO# JiMTepaType AO- BBeAEHHs
meTpuyeckux Mep (1924 r.) ynmorpeGasauch craphie pyce
CKHE €JIMHUUb AJHHBL, NPHBEAEM HX 3HAUYEHHR:

Bepcra: 1,0668 «u (n1s nepecuera BEPCT B KUJIOMETPH
NONB30BAJHCE PaHblle NPHOIHKEHHEIM 3HaYeHHEM — OHA
Bepera == 15/14 xm)

Caxens: 1/500 sepern = 2,134 &«

Apmmun: 1/3 caxenn = 0,7112 »

Bepmok: 1/16 apmuna= 4,45 cu

Dyt /7 caxenn = 0,3048 & (byT neanaca na 12 aiofimos,
onpeae/eHde AlofiMa JaHO BHIlE)
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W3 Ooabuioro wHcjIa aHrAuACKHX e€JMHML ATHHH Haso-
BeM TOJbKO Apd: 09144 » u THICAYHYIO uacTb AOHMA —
smun: 2,54 mx.

Iliowads. Bo Bcex cucreMax 3a eXHHHNY MJOIATH
npuHMMaercsl nJolllafb KBaApara, CTOpoHa KOTOPOro paBHa
enunuue anuusl. M3 hopmyant

S=1 (4.1)

nojyyaeMm pasMepHOCTb
[S]=12 4.2)

CucrteMHble eguMHHUGI mioulagd — B cucremax CH n
MKI'CC — ksadparneii aetp, s cucreme CI'C — kgadpar-
HOWL CaHTUMETP:

I m?=10* ca?,

Ha ocHope npuBefelHbIX €IWHHI MAJHHB 1O ¢opmynae
(4.1) cTpositcsi BHecHCTeMHble €AHHHUbI IJIOUIafH, H3 KO-
TopBIX Haubosee ynorpeGurenbhnt 1 &m? = 108 »2, 1 Om? =
=10"2 M2 = 100 cm?,

2 -2 2 o
1 ma®=107 ca®, 1 xs. moiiv =6,4516 ca’.
Epunvua niouiagu 8 100 m? naseiBaercda ap, B CTO pas
oabilas eAMHHlla — ceKrap (e@)— OOLIEHPUHATAA €JUHU-
114 H3MEpPEeHUst 3eMeNbHOH MJI0LaAH
2 4 2 -2 2
lea=10" ap=10 " =10 gu".
B nopesosouyonuofi Poccun mepolt semMenpHOH miaolia-
o Ovliia decartuna, pasitag 2400 KB, caxeneit
1 necatuna = 1,0925 ea.
OcHoBHas aHruiickas eAudiua 3eMeJbHON MIoWANH —
1 akp cocraBasier 4046,86 x>

Ob6vem. Eannnna obbeMa BO BCeX CHCTEMaX — O06beM
KyBa ¢ peOpom, paBHBIM eAHHHIE AJHHBL

V=108 (4.3)
COOTBQTCTBSHHO pa3MepHOCTDL
[V]=L53 (4.4)
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B cicremax CHU u MKI'CC egunnua obbema — Kybuue-
cxui merp (%), a B cucreMe CI'C — xybuueckuii canru-
merp (emd):

1 ea® =107 52

M3 ocragabHbiX €AHHHIL Ha30BEM

1 on®=10" 4° =10 ca’

1 ky6. mioiim = 16,384 ca’.

Jlurp (4), KOTOpbifi uacTO HA3BIBAIOT <«EAHHHLEH BMe-
CTHMOCTH», paHee oOpeiedsu Kak 00beM, 3aHHMaeMbiil
ONHNM KHJIorpamMmom Bogbl nipu 4° C. dtoT ofLeM cocTab-
asier 1,000028 om3.

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

Yeoa. Bo Bcex cuctemax eAMHHI[ YroJl Olpexensercs
KaK OTHOIleHHe AMMBBL AyTH K ee paauycy. Coobpasto ¢
THM onpejeTeHdeM 3a eJHHWLY yIvia TPHHHMAaeTCs yrod,
AJHHA AYTM KOTOPOTO paBlia enHHie AJWHBI NPH palanyce,
paBHOM TaKxe efHHHIE AAHHBL. Tak Kak, COrTacHO 3TOMY
onpenenelutio, yroi

l
q}:T, (4.5)

roe ! — pJpHa AYTH, & r— pagHyc, TO, KaK HEeTPYRHO BH-
JA€Th, YroJ fBJASETCA BEJIUHHOH HYJMEeBOH PasMEPHOCTH O7-
HOCHTEJbHO BCEeX OCHOBHBIX BeJIHYHH, HHauye TOBOPS, €ro
e[HHUIla He 3aBHCUT OT pa3Mepa OCHOBHBIX efuHull. Ita
VHUBEpcaJbHAsA eQHHHUA YyrJaa HOCHT HaspaHue paduan
(pad).

To obcrositenbeTBO, UTO eIMHHIIA YIVIa BO BCeX Tpex
cuCTEMaX He' MMEET pPa3MEPHOCTH, HepeiKo COBEPIUEHHO
owu6OYHO TPAKTYIOT B TOM CMBICJe, YTO YIoJ fIBJIAETCS OT-
BJIEUEHHOH BeJHUHHOW. B AeHCTBHTEJNBHOCTH - XKe yron —
NOJIHONIpABHas reoMeTpHueckasl BeJHyHHA. Ero MOXKHO NOA-
Beprath NpPSIMOMY H3MEpeHHIO C MOMOLIbIO NPOH3BOABHONM
YIJIOBOH MepKH — e€AHHHIBl yIJia, KOTOpas HHOTa JAawke
NPHHMMAETCAd B KauyeCcTBe OCHOBHOH eAHHHILI C COGCTBEH-
Hoit - pasmépuocthio  (o6osnauenne ). DBespasmepuocTsb
yraa B cucremax CH, CI'C n MKI'CC o3Hauaer aumsp T0,
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yTO NpH ONpeaeisiouleM cootHowenud (4.5) npuHsTas B

5TUX CHCTEMaX efuHHlla yrja OKasbiBaeTcsi OAHOH M TOH

e HE3aBHCHUMO OT pasMepa OCHOBHbBIX eJHHHI. JTO M03BO-

JISIET JIETKO BBECTH H HE3aBHCHMbIC BHECHCTEMHBLIE €LHHHIIbI
yraa: oGopor (06), paBHbIl 27 pajua-

c nos, rpaayc (1°), cocraBasoOUIHK
1/360 wactb oGopoTa; rpanyc AegHTCs
Ha 60 mun:

i

1° =60,
MHHYyTa neauTcs Ha 60 cex:
17 = 60",

Kpome Ttoro, npumensgercss npsiMoh

Puc. 4, yroa (oBosnavaercs 1d uau 1-), pae-

Huii 90° unu m/2 pad, waum fy 06.

Ipamoit yron peamrcs Ha 100 wyacteli, HasniBaeMblx epad
iy 20d (1#):

=
-]

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

Onun rou cocraBasier 100 merpuueckux Mmunyr (1°) u
10* meTpuyeckux cexyupg (1¢¢):

18 = 10 = 10",

W3 ckasaHHOro BHITEKaeT, uTO

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

Ha puc. 4 uso6paxennt yrawl 1° (40B), 1 pad (AOC)
u %y (AOD). [1na HarAsAHOCTH yKaxkeM, YTO OTPE30K MJH-
Hoft B | Ma BHien pmoj yraom 17 ¢ paccroaunst 3,44 M, a
noa yraoMm 17 — ¢ paccrossus 206 a.

Teaecuoui yeoa. Tlpexpe ueM onpefenuTb eLUHULY T2-
JIECHOTO VIVia, OCTaHOBHMCH HECKOJbKO mojpobHee Ha ca-
MOM [OHSITHH TEJECHOro YIJa, IOCKOJbKY OHO 4acTo OKa-
3bIBAETCHS HELOCTATOYHO XOpoulo H3BecTHBIM. IlpeicraBuM
cebe chepy, Ha KOTOpoH oOpHCOBaHa HEKOTOpas 3aMKHY-
Taa aunaua (puc. 5). Ecnn Bce TOUKH 3TOH AHHHM COeAM-
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HHTb C LEHTPOM, TO o0pa3syercsa KOHYC *), oxBarTripatolnuf
HeKOTOpYI0 wacTh npocrpanctBa. Konyc Gyazer tem mmpe,
HJH, KaK TOBOPAT, PAacTBOP WJM pacXoxIeHHe ero Gyaer
TeM GoJblue, yeM GOJIbLIYIO JOMIO NOBEPXHOCTH Chephl OX-
BATHIBACT B3ATast HaMU 3aMkHyTas JuHHA. Ecau Tenepb u3

Puc. 5.

TOrO Xe LEHTPa NPOBeCTH psaA cdep pasauYHOrO paguyca,
TO NOJYYEHHBI HaMH KOHYC BBIPEXKET Ha HHX YYacTKH, MO-
AOGHBIE TOMY, C MOMOLIBLIO KOTOPOro Gbld MOCTPOEH KOHYC.
Ilomanu sTuX y4acTkoB GYAYT, KaK 3T0 ACHO M3 IPOCTHIX
T€OMETPHYECKNX COOOpaKeHHH, NMPONOPLUUOHAJIbHEI KBaApa«
TaM papuycoB cdep, W3 KOTOPHIX 3TH YYaCTKM BLIDE3aHB.
Hostomy oTHOwenHe miaomageli KaXa0H H3 HHX K KBaipa-
Ty COOTBETCTBYIOWIErO pajuyca GYIeT OCTaBaTbC$ IOCTOSIH<
HBLIM He3aBHCHMO OT paauyca cdepbl U GyJer TeMm Gojblue,
yeM GoJbilie PacTBOP KOHYca. DTO OTHOLIEHHE BHIPE3aHHOM
KOHycOM Ha cdepe IIOWAAH K KBajapaty pamuyca cdepsl
npuHuMaercs BO Bcex Tpex cucremax (CH, CI'Cu MKICC)

*) KonycoM B IIMPOKOM CMBIC/E 2TOTO CJCBA Ha3blBaeTcs BCAKAs
durypa, o6pasoBanHas IBHMeHHEM MPSMOHl B TOM C/Iyude, eC/IH OJHA ee
TOUKa 3aKPENJeHa, a Kakas-iHuGo Apyrad ToUKa ABHIKETCA N0 3aMKHYTOM
JUHEH,
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B KAayecTBe MepBL TejecHoro yria. Takum oOGpa3om, Tedec-
uptil yroa v onpejensierca Gpopmyson
T=-. (4.6)
r

llonnan cdepa o6pasyer TejecHbfl Yrod, paBHblit
T = 4nr/r? = 4n.

Tak Kax npy nepeceyeHHH TpeMs B3aHMHO NEpPHeHAHKY-
JAAPHBIMH [IOCKOCTSIMH [POCTPAUCTBO Cepbl JNeauTcs Ha
BOCEMb MNpsMBIX yraoB (puc. 6),
TO BeJHYHHA = KaXKAOro MAPAMOIQ
yraa Oyner 4n/8 = m/2, Tak ke
KaKk H JIf 1psSMOro yrjia Ha Iio-
CKOCTH.

U3 onpenesienus BbiTEKaeT, UToO
TeJIECHBIH YroJ, TaK Xe Kak U yrod
Ha TJOCKOCTH, SBJSIeTCS BEJHUH-
HOll, He uMeollell pa3MepHOCTH.
[losTomy 3a eAWHHLY TeJeCHOro
yIJa BO BCEX CHCTeMAaX NPHHAT CTe-

Pic. 6. paduan (crep), Taxoil TeJecHHl

yroJ, KOTOpbiil BHIpe3aeT Ha noBepx-

HOCTH cdepbl NAOIMAAKY, PaBHYIO KBajpary pajunyca 3Tofl
chepnl.

B acrpoHoMHE nPUMEHSIETCH €AMHHIIA TEJeCHOro yriaa —
ksadparabid epadyc (J°) — Teqecublil yroJ, KOHYC KOTO-
poro npeacraBasieT cofOH UeTHIPEXrpaHHYIO NUpaMHAy C
yriaamu Mexay pebpamu, paBHbiMu 1%

103°=3,046 - 10™* crep = 2,424 - 1075 renecHoro yraa
noJHofi chept,

3ameuarie O BO3MOMKHOCTH BBeJCHHS CaMOCTOSITENbHON
BHECHCTEMHON eAMHMUBl yraa Ha IJIOCKOCTH B paBHOf
Mepe OTHOCUTCS KW K H3MePEeHHI0 TeJecHOro yraa, ¢ ToH
JMHIL pasHHued, YTO B NOCJAeLHEM c/Jyyae B KauecTBe Ta-
KON EAUHMIB TPAKTHUSCKH NPHMEHSETCH TOJAbKO MPAMOfl
yroa (3a UCKAIOYeHHeM acCTPOHOMHYECKOH eJMHHIbI — KBa-
JIPATHOTO rpaayca).

B cBfism co cKasaHHBIM TNpeACTaBasiercd lesecoobpaa-
HBIM clenars . caenyiollee sameuanue. B 'OCT 9867—61,
onpejeasiomemM nocrpoenne Mexnaynapoanost cucremel CH,
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€AMHHUBI yraa H TeNecHoro yrja — pafgHaH H cTepajua —
BuIeJeHBl B 0COOYIO TPYNNY <&IOMOJHHUTEJABHBIX €THHHIY.
Hawm kaxercs, uTO TakOe BBbIAEJEHHE COBEpIIEHHO Heo6oC-
HOBAHO M MOXKET NPUBECTH K HeJOopa3yMEHHIO, B YACTHOCTH
3aCTABHT HAC CUHTAaTh 3TH €JHMHMIIBI HAXOASILHMHCS BHe
Kakol Obl TO HY ObLIO cHCTeMBbl. B HEACTBUTEABHOCTH ¥Ke,
KaK CKa3aHo Bblliie, TO OGCTOATENBCTBO, UTO pajMiaH H CTe-
paguHaH He HMeEIOT Pa3sMepHOCTH
N0  OTHOWEHHIO K OCHOBHbBIM
CAMHMIAM CHCTEMBl, OTHIOAb He
‘'03HAYAET, UTO OHH SIBJISIOTCSH
BHECHCTEMHBIMHU e IMBHLIAMHU. 4
Ypasuenuss (4.5) u (4.6), nawo- o
1He onpejpeNeHHs yria u Tejec-
HOrO yrJaa, MnpejacTaBJsiioT cobofi
THOHYHbIE Ofipele/sIonile cooT-
HOWEHHs, B KOTOPBIX Ko3dhdu-
IIHEHT TPONOPUHOHAJNBHOCTH, KakK
‘00bIYHO,  [10M1aTAETCSI  PaBHBIM
eAHHHIE H JHUDIeHNBIM pasMepHocTH. TakuM ofpasowm, cJje-
JAyeT cyuTaTh, UTO CNUHUILI YrAa M TeJecHoro yria—
paanaH M crepajgHad — ABJASIOTCA TOJHONPABHLIMH MPOH3-
BOAHLIMH €JMHUUAMH, ¢ TOH JIHIIb OCOGEHHOCTHIO, UTO ITH
€MHHIbLI OKA3bIBAIOTCS OJHHAKOBBIMH BO BCEX CHCTEMAX.

Ecau cyutath, uto GeapasMepubie equHULb CIELyeT Bbl-
JAeJATb B KaKyIo-TO 0co0Yy I'pynny <«JIOTOJHHTeIbHBIX exH-
HHI{» — He OCHOBHBIX M He NIPOHM3BOAHBEIX, TO B 3Ty rpynny
JOJIKHB! OBITb BKJIOUEHB H TaKHe BeJUUHHBI, OTHOCSLIHECH
K TeopuH KoJebGauuil (eM. HHXKe), KaK ¢asa, A0OPOTHOCTh
i, pasymeercs, Jolble Oe3pa3MepHble KomOHuauun Be-
JIHUHH, B YACTHOCTH YNOMHHABIIHECS Bbllile KPUTEPHH TO-
nodus.

Kpusuana. Besikast kpuBasi THHHA B KaX10i cBoell TOY-
Ke UMeeT onpeneJeHHyi0 KPHBH3HY. JJeMeHT KpHUBOH, HpH-
MBIKAOUIeH K AaHHOW TOUKe, MOXKHO HpPeICTaBHTb 4YaCThi0
OKPY)KHOCTH HekoToporo paauyca r (puc. 7). Beanunna,
ofpatHad r,

Puc. 7.

o=+ (47)

fr eyXKHT Mepoii KpHBH3HBI KPUBOH B Jaudiloit TOYke, a caM
Paauyc r HasblBaeTcsl paanycoM KpuBusHbl. Taxkum obpasow,
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eMHHIa KPUBHM3HBI OMNpEAeJACTCA KAaK KPHBH3HA B TaKOM
TOYKe, B KOTOPOM pajHyc KpHBH3HBI 3TOH KpHBOit pasen
eHHULE JJHHHI.

Kpususna nosepxnocru. Korga Mb HMeeM JeJo ¢ mo-
BEPXHOCTBIO, MOHSTHE KPUBH3HbI CTAaHOBHTCH Gojee CJO0XK-
HbiM. Ecau B Kakoi-1mb0 TOUKe NOBEPXHOCTH MPOBECTH

Puc. 8.

nepreHAUKYASIpHO KacaTeabHol naockoctd Ny u Ny (puc. 8),
TO MepeceyeHne MOBEPXHOCTH € 3THMH INIOCKOCTAIMH A4cCT
npe KpuBbie aunuu A MB, u A,MB,, Kotopble MOTyT ObITh
DXapaKTEPU3OBaHLl COOTBETCTBYIOLIMMH pajHycaMH KpH-
BH3HBl 71 = O\M u ry= OsM u xpusHaHamu p; = l/r, H
P2 = 1/1’2. ‘

B rnudpepenuyaabHoil T€OMETPHH JOKa3blBaercs, 4TO,
Kak bl HM GBbLIM NMpPOBeJEeHbl 3TH JBE CeKyllHe MJIOCKOCTH,
cymMma

1 1
p=pt ="+ (4.8)
GyJer OoCTaBaThCsl NOCTOSIHHON. JTa CyMMa HOCHT HaspaHue
cpenHedl KpuBU3HBI B JaHHCH TOYKe noBepxHoctu. MHorna
cpeiHel] KPUBH3HOH Ha3bIBAIOT BEJHYHHY, BABOE MEHMIIYIO:
11 1
r— [ 1
=3+ ++). (4.82)
QueBnaHO, YTO AJA cepwl CpefHsia KpuBU3Ha OyJer

p=— (4.9)
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HJIH
, |
pf=— (4.9a)

rae r — paauyc coepbl.
Kpome cpeaneiéi KpHBH3HbI, NOBEPXHOCTh HHOTAA Xapak-

TEPU3YIOT 2aYyccoGol KpususHold, KoTopas onpepensieTcs

BblpaKeHuem

1

I'ire

K:

) (4.10)

rjae ry H rs UMEIOT TO JKe 3HaueHHe, 4yTo U B QopmyJe (4.8).
Hns coepnt

K=}’lf' (4.11)

PaamepHOCTh KaK KPUBH3HBI KPHUBO JIHHHU, TaK H CPes
HeH KpPHBU3HBI NMOBEPXHOCTH

[el=[o]=L"" (4.12)
PasMepHocTh rayccoBoil KPUBH3HBL
[K]=L"2 (4.13)

Enunnueit kpususubl kpusoit B cucremax CH u MKT'CC
ABJsieTcsl O06paTHbl MeTpP — KPHBM3HA KPUBOH, pajuyc
KPHBH3HBL .KOTOPOH B [aHHOH TOUKE paBeH OXHOMY METpY.
B cucreme CI'C cOOTBETCTBEHHO €AHMHHIIA KPHBH3HBI — 00+
patreui canrumerp. Epupunamu cpeagHefi KPHBH3HLI TO-
BEPXHOCTH TaKiKe fBJSIOTCH obGpaTHbifi MeTp M oOpaTHbifl
CaHTHMeTp, NpPHYEM P paBHsieTCH eAMHHLE Aad cdepb pa-
auycoM npa merpa (B cucremax CHM u MKCA), nBa cantu-
metpa (B cucreMe CI'C) uan ke Aaa LWIHHADA PaaMyCcoOM
ONMH METp H OfHH caHTHMeTp. COOTBETCTBEHHO p’ paBHseT+
¢l enuHuue Aas chep ¢ paguycoM OJHH MSTD M OJHMH CaH-«
THMETP HJIH A UWIMHAPOB ¢ paaumycom 0,5 MeTpa H
0,5 cantumerpa. EnununaMu rayccoBoil kpuBu3Hb (1/m?)
H (1/cm?) aBnsioress rayccoBbl KpHBH3HbE cdep ¢ pagHycaMmu
oauH MeTp M oauH cantuMerp. Ouepuaxo, ™' = 10"2cn!
am2=10"cmu

Mowmenror naockux gueyp. B conpoTHBAEHHH MaTepHas
JIOB IUHPOKO HCHOJBb3YIOTCSI CNEelHasbHbi® reoMeTpPHUeCKHe
XapaKTePUCTUKH TJIOCKHX (DUTYp, TPeACTaBAsIOIHX cO6Oi,
HanpuMep, CeueHHs pAasJHYHBIX 3JIE€MEHTOB KOHCTPYKHHH,
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ODTH XapaKTEePHCTHKH MMEIOT 4 COOTBETCTBYIOWIHE eIHHIIB
u3MepeHus.

Craruueckuti MOMERT OTHOCUTEAbHO OCIL NPEACTaBiser
c0Goil BeJIHYHHY, oNpeleaseMylo KakK

S, = jr ds, (4.14)

s

riae ds — saeMeHT IJIOIMAAH, a r— pacCTOsAHHe OT 3TOTO
3JIeMeHTa 0 OCH, OTHOCHTENbHO KOTOPOH MOMEHT olpeje-
aseress  (puc. 9). Murerpuponaniie
NPOU3BOJHTCS HO BCeil nJiomagn ¢ii-
rypol. Pa3mepHOCTb ¢TaTHUECKOTO MO-

MEHT&
[S,] =17 (4.15)

H eAuHunbl M3 B cad,

PasmepHOCTh M 0GO3HAUECHHS €IH-
HHI[ CTATHYeCKOTG MOMEHTa COBRna-
AT C pasMepHOCTbi0 H obo3Have-
HHeM eJUHHI o6bema, XOTS MEKAY

Puc. 9. oGedMH BeJAMUHHAMH HeT HHUYero o6-

HIero. DT0 MOXKET CJAYMKHTb Har/si/HOol

HIMOCTPauKell TOro, YTO COBMajeHHe pa3MepHOCTEH OTHIORL

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

Cornacno dopmyse (4.14) craTHYeCKHiI MOMEHT NPSAMO-
YrobHHKa CO CTOPOHAMH @ H b OTHOCHTENBHO CTOPOHHEL b
paBeH

2

Sp=2%L. (4.16)
Tlostomy 3a eMHHHIly CTATHYECKOTO MOMEHTA MOMKHO MpH-
HSTh CTaTHYECKMH MOMEHT NPSIMOYTOJIbHHKA CO CTOPOHaMH
I M1 2 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  (9K8aTOPUAAbLHBIL) MOMEHT UHepyull ofpeje-
asgerca (cM. puc. 9) kak

Jo=|ras. (4.17)

s
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PasMepHOCTE OCEBOro MOMEHTA HHEpILHH
[J.]=L* (4.18)
W eANHHIbL M4 U cmt:
1 mt=10% ot
Jasi npaMOyrosibHHKA CO CTOPOHAMH @ H b OTHOCHTE/Ib~
HO CTODOHBI & OCeBO#l MOMEHT HHEepLHH paseH
a’h
Jp= 3 (4.18a)
H COOTBETCTBEHHO CAMHHULCH MOXKET SIBAATbCS MOMENT HHep-
UMM [IPIMOYTO/MbHHKA CO. CTOPOHAMH OAHH H TPHU MeTpa
(cauTHMeTpa) OTHOCHTe/bHO BTOPOHl M3 3THX CTOpOH.
IToanprowi MOMEHT UHepyUL BBIYHC/ISIETCS TAKUM Ke 00-
pasoM, Kak H OCeBOH MOMEHT HHEePUMM, C TOil JHlUb pa3-
HulieH, 4To paccrosiHue Gepercs
He 0 OCH, a [0 HeKOTOpo#l ompe-

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

§

Pasymeercsa, pasMepHOCTb H
eHHUIBI TNOJSIPHOTO MOMEHTA
HHEPUUN U OCEBOT0 MOMEHTa Puc. 10.
HHepuuu cosnagator. Mz ¢op-
myabl (4.19) nerko onpepessieTcss MOJSIPHLIA MOMEUT WHEP-
HHH Kpyra:

Io="-. (4.20)

IMosTOoMy B KauecTBe eIUHHIbI NOJAAPHOTO MOMEHTa HHep-
HHE MOYKHO B3SiTh MOJAfPHBIT MOMEHT MHepHHUH Kpyra, pa-
4

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

§ 4.3. Kunemarnueckne eIHHHUUbI

Bpemsa. TlockonbKy B KHHeMaTHKE paccMaTpHBaloTCA
npoueccH JBHXeHust, TpeGyercs eauHHIA BpeMenH. Bo Bcex
cHCTEeMAaX TAKOH eIHHUUEH ABIAETCA CeKYHAA, ONpejelienHas
Bbilllé B KaueCcTBe OJHOH H3 OCHOBHbIX ejunull. Dojee
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KpPYyNHbBlE BHECHCTEMHble €IMHHLBI BpEMEHH: MUNYTA —
1 mun = 60 cex; wac— 14 = 60 mun = 3600 cex. Hoabubie
eAMHHIBI BPEMEHH CTPOATCH M0 AECATHYHOMY NPHHLMUNY —
MUAAUCEKYHOQ (MCEK), MUKPOCEKYHOQ (MKCEK), HAHOCeKYH-
da (Hcek).

Ckopocre. [na onpenefeHHst eIUHHIBI CKOPOCTH MHC-
nonbayercs ¢GoOpMyna pPaBHOMEPHOTO NMPAMOJHHEHHOTO ABH<
HEHHUs

v="1. (4.21)

Cornacro stofi opmyse'sa eAUHHLY CKOPOCTH HPHHH-
Maercsi CKOPOCTb TAKOr0 pPaBHOMEDHOIO MHpPSIMOJHHEHHOTO
JABHKEHHUS, NpPH KOTOPOM B €AKHHHIY BpPeMeHH TOuKa mepe-
MeliaeTcss Ha eAuHuuy JJaHHb. PopMysa paBHOMEPHOro
JBHKEHHUS! onpeJlesieT H pa3MepHOCTh CKOPOCTH

[v]= LT, (4.22)

B cucremax CY 1 MKI'CC enuHuna CKOpOCTH-— METP
8 cexyndy (mjcex), B cucreme CI'C — canrumerp 8 cexyn-
Oy (cmfcex).

Ormerum, uto 1 M/cex unorna wHasmsawr Mec *). U3
BHECHCTEMHBIX €HHUI CKOPOCTH HauboJee HIMPOKO pacHpo-
CTpaHeHa B MOBCEAHEBHOH KH3HH €IHHHIA CKOPOCTH KUAO-
merp g wac, 1 xkmluac = 0,278 njcex. -

B  MopexoncTBe  TpHMEHsIETCS  y3ea = uuasafuac =
= 1,852 xmfuac.

Yexkopenue. EpuHnua yckopeHusi ycTaHaBjauBaercss Ha
ocHOBe (OpPMYJibl PaBHOMEPHO YCKODEHHOIO JBHXKEHHSI:

a=275 (4.23)
3aeck v;— HayaJgbHasi CKOPOCTb, U — KOHEUHAs CKO-
pocTh, ¢ — BpeMs, @ — YCKOPeHHe.

YcexopeHue MOXeT ObITb ONPEeNeReHO KaK NpupalieHue
CKOPOCTH B efHHHLY BpeMeHH. COOTBETCTBEHHO 3a eIHHHILY
YCKODEHHs NPHHHMAaeTcs YCKOPeHHe TaKOoro paBHOMEpHO
YCKOPEHHOTO MNPSMOJHHEHHOr0 IBHXKEHHS, NpPH - KOTOPOM
npupallenye CKOPOCTH B €MHHLY BPeMEeHH paBHO eAMHHIE

*) HasBamnune aec He y3akoheRo,
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ckopoctd. Popmyna (4.23) naer mas pasMepHOCTH YCKO-
peHus :
l[a]=LT"2 (4.24)

Enunnneii yckopenna B cucreMax CH n MKI'CC gB-
JdeTCs MeTp 8 cexkyHOy 3a cexyHnOy («meTp Ha cekynly a
Kgadpare»): mfcex? — ycKOpeHHEe TAKOTO PaBHOMEPHO YCKO-
PEHHOFO JBUMKEHHS, IPH KOTOPOM CKOPOCTh B KaXKIAYIO Ce-
KYHAY Bospacraer Ha | M/cek. B cucreme CI'C enununa
YCKOPEHHsS COOTBETCTBEHHO CAHTumerp 8 cexkyndy 3a ce-
KyHOy (canTumerp Ha cekyndy 8 keadpare): cm/cek?. DTy
eMHHIY HHOPAA (MpPEeMMYILECTBEHHO B reodH3UKe NMPU H3-
MEPEHHH YCKOPEHHSI CHJIBI TSXKeCTH) HasbBaloT 2a4 (B 4YecThb
I'anunes) *). CooTHouieHHe MEXIY €IMHHIAMH YCKOPEHHs

1 mfcex? = 10% cm/cex?,

lllupokoe npHMeHeHHe B ABHAIMH M ACTPOHABTHKE IMPH-
obpefia €JHHHLA YCKOPEHHS, paBHAsik HOPMAJbHOMY YyCKOpe-
HHIO cuabl TsixectH: 9,81 cmfcex?. O6GosHauaercs 3Ta efH-
HHDA g. YCKOpeHHe, H3MepEeHHOe eIHHHUAaMH g, JacTo Ha-
3BIBAIOT MNEPErPY3KOH, INOCKOJAbKY OHO TOKa3blBaeT, BO
CKOJIbKO pa3 Bec Tesa, JBHUKYILETOCA C JaHHBIM YCKOpe-
nueM, 6osbllle Beca TOTO K€ TeNa, MOKOSUIErocss WU JBH-
XKVIUErocss paBHOMepHO BONH3H NOBEPXHOCTH 3eMJiH.

Yenosasn ckopocts. YrioBas CKOPOCTb IIPpH PaBHOMEPHOM
BpalleHHH paBHa OTHOLIEHHI) yryla NMOBOPOTA TeJd K TOMY
BpeMeHH, B TeYeHHEe KOTOPOro IPOU3OLIeN 3TOT NOBOPOT:

(4.25)

® = -~

t L4
PazaMepHOCTb YIVIOBOH CKOPOCTH
[o]=T"1 (4.26)

3a emMHMLY YIJOBOH CKOPOCTH NPHHSITA YIJIOBAS CKO-
pOCTb paBHOMEDHOTO BpalleHHs, TIPU KOTOPOM B eIXHHULY
BpEMEHH TeJIO NMOBOpayHBaeTcss Ha OAMH panuad (pad/cex).
Yenosoe ycxopenue. Yriosoe ycKOpeHHE OlpepelsieTcs
KaK npupalieHue yrJioBOfl CKOPOCTH B €JHHHIY BpPEMeHH:

g= 1oL, (4.27)

*) HaaBaHue 2a.1 He y3aKOHEHO,
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3a eauHuLy YIJ0OBOTO YCKOPEHMA NPHHATO yryioBO€ YCKO-
peHHe TaKoro DAaBHOMEPHO YCKODEHHOro BpalleHud, Mpu
KOTOPOM YIJIOBast CKOPOCTb BO3pacTaer B €IUHHIY BpeMeHN
Ha eNMHHIy YIVIOBOH# CKOPOCTH (Ha OAMH pajHaH B Ce-
KYHAY).

Tak Kak BO BCeX CHCTeMaX 3a €JWHHUY BpeMeHu NPH-
HATa CEKyHla, TO e IHHHIbI ymosoﬁ CKOPOCTH H YyrJjioBoro
yCKOpeHHs 6yAyT OJMHAKOBb 14a BceX cucreM. PasmepHo-
CTH uX onpeaensiorcs GopMynamu

[0] =T, (4.28)
[e] = T2 (4.29)

BuecucTeMHble €IMHHLBI VIja ONpeAeNsioT H COOTBET-
CTBYIOUIHE €IHHHIB! YINIOBOA CKOPOCTH H YIVIOBOrO yCKOpE-
nus 1 06/cex, 1°/cex, 1'[cex, 1”[cex u 1 06[cex?, 1°/cex?,
1/cex?, 1"[cex?. COOTHOIUEHHS MEXKAY 3THMH CIHHHLAMH
TaK#e JKe, Kak M MEXJy COOTBETCTBYIOUIMMH eIMHHIaMH
yriaa.

B xauecTBe mpuMepa YyKaxeM, 4TO MHHYTHas CTpe/Ka
YacoB JIBUXKETCS C YIJIOBOH CKOPOCTHIO

0,1°/cex = 6'/cex.

ITepuod. Besixuit nepuoAMYeCKHil MPOUECC craraercs us
paga uukaoB. [log HMKJIOM Mbl MOHHMAaeM IOJHYIO COBO-
KYNHOCTh TIOBTOPSIIOIUHXCA 3HaueHui NEPHOAHUYECKH H3Me-
HAIOlIeHca BeJanuuHbl. [1poMeKyTOK BpeMeHH, HeOoOXOnuMEIH
IJis 3aBePUICHHS] OIHOTO- MOJHOTO 1IHKJ/a, Ha3plBaeTcs me-
puosoM. PasmepHocTh nepuoja

T=T, | (4.30)

a exuHuLua cekynoa (cex).
Yacrora. YUncno UHUKIOB, YKAaAbIBAIOWIHMXCA B eAMHULLY
BpeMeny, HasbiBaeTcst yacToTolt (v). OueBHIHO, uTO
v=—. (4.31)

PasmepnocTts
v=T"1 (4.32)

3a eAuHHNY YaCTOTBI BO BCeX CHCTeMaXx MpHHHMaeTcs
zepy (ey) — wactoTa, paBHas OJZHOMY IHUKIYy B CeKyHAY.
Hnaue roBops, repi, eCTbh 4acTOTa TaKOro NepHOAHYECKOro
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Tpouecca, KOTOPBI NMOBTOPsieTCSl KaxKAylo cexyuiay. B pa-
*AHOTEXHHKE MPHMEHSIOTCA KpaTHble eLHHHIL — Kuio2epy
(xey) n meeacepy (Mey).

B cayuae paBnoMepHOro BpallleHHst MOXKET ObiThb ycTa-
HOBJIeHA CBA3b MEXy 4acToTOl H YIVIOBOH CKOPOCTBIO, KO-
TOpas AaeTcs COOTHOUIEHHEM

m=2nv=%1. (4.33)

Iousitne yrioBoit ckopocTn okasbiBaercs, 0JHAKO, BECh-
Ma MNOJEe3HBIM H B MPHMENRNHH K APYIHM NEPHOXHYECKHM
npoueccaM (HanpuMep, K NpsMOAHHENHBIM KoJe6aHuaM).
B 9THX cayuyasix YIVIOBYIO CKOPOCTh MJIH, KaK €e uHaue Ha-
3bIBAIOT, YIVIOBYIO YaCTOTY ONpPeeNsioT HENOCPeACTBEHHO C
NOMOILbIO ypaBHeliHsa (4.33).

daza. MruopenHoe cOCTOAHHE BCAKOTO KOJe6aTeNbHOTo
npouecca xapaxtepusyerca ¢asoil, xoropas TnpeacTaBIAeT
¢000fl apryMeHT TPHTOHOMETPHUECKOH (DYHKLHH, OMNHChI-
Baiolled npouecc. Tax, nanpumep, npu rapMOHHYECKOM KO-
nebaTeNbHOM JBHIKEHHH OTKJAOHEHHE OT MOJOKEHHS paBHO-
BECHfl X BLIPAYKAeTcsl ypaBHEHHEM

x=Asin®, (4.34)

3necb A — aMnanTyAa, T. €. MaKCHMaJbHOE OTKJOHE-
Hue OT NoJoKeHus pasHoBecHs, a @ — ¢asa. [1pu yraosoir
YacTOTE ® B MOMEHT [ OT Hawajla perucrpauun KosaeGauuil

O =of+q, (4.35)

rie ¢ — navyanenas ¢asa, 1. e. Gpasa B HayaIbHBIH MOMEHT.
Pasymeercsi, (asa apaserca BelHuHHON HyneBoH pasmep-
HOCTH,

B s1exrporexunke a3y u pasuoctb a3 HHOrZA H3Me-
PRIOT eAHHHUEN «3MeKTPHYECKHH IPajyc», KOTOPOMY COOT-
BETCTBYCT NPOMEKYTOK BPEMENH, COOTBETCTBYOMUH. 1/360
nepuola nepemexHoro toka. ITocko/bKy uacrora nepemen-
HOro TOKa BO Bcex ajekrtpuueckux cerax CCCP cocras-
ader 50 ey, TO «3MEKTPHYECKOMY TPafycy» COOTBETCTBYET
NPOMEXKYTOK BpeMenn 55,6 mkcex.

O6vemnoii pacxod. O6beM KHAKOCTH HIH rasa, npore-
KaIOUIUA Uepe3 MOMepeyHoe ceveHue B ENUHHIY BPeMEHH,
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Ha3biBaeTci o6beMHBIM pacxoiaoM (Q.). PasmepHocts
[Q.]=LT"1 (4.36)

" enMHuuBl M3/cex u cmd/cex.
Haornocre 06vemnoeo pacxoda (g,) npemcramaser co-
60#l pacxoj, OTHECEHHBIH K elHHHUIE CeyeHHst

_ 9
L2
S

v
PaamepHocTts
lgo]=LT"! (4.37)

COBNaJaeT ¢ Pa3MEPHOCTBIO CKOPOCTH. DTOTO H CJAELOBAJO
OXHJATh, TaK KaK IJIOTHOCTh OOBEMHOT0 pacxofa eCTh He
4TO MHOE, KaK JHHefHas CKOPOCTh NOTOKA,

Ipaduent cropocry. B cayyae, Koraa TeueHHe KHUJIKO<
CTH WJIH Ta3a NpPOUCXOAUT TakMM 0O0pa3oM, YTO pasHbIe
CJIOM JBHXKYTCS C PasHOM CKOpOCTbIO, BBOAAT OcoOyio Be-
JNUYHHY — TPajHeHT CKOPOCTH

d
gradv-—--d—l[’, (4.38)

npencTapAsoUUi coG0fi M3MeHeHHEe BeJHUYHHBI CKOPOCTH
IPH 1epexo/ie QT OAHOrO CJIOsl K JIPYroMy, paccunTaHHOE Ha
eIMHUIY PACCTOAHHA MexAy closmu. PasmepHocTs rpaau-
eHTa CKOPOCTH

[grad v] = [—?,—] =TI (4.39)

a equHUIbl #/(cex+m) H cmf(cek+cm) BO BceX CHCTEMax
COBNAZaloT M MOryT OBIThb NpeacTaB/]eHbl Kak cex™!.

O rpajveHTe CKOPOCTH MOXHO TOBOPHTb M B cjydae
KPUBOJIHEHHOr0 ABHKEHHUS TBepIOro tesia. 1ak, HANpUMeEp,
npH paBHOMEPHOM BpallieHMM JuCKa JHHeHHas CKOPOCThb
ero Toyek Bospacraer oT IeHTpa K mepudepuu. Ecan yrio-
Basi CKOPOCTb JHCKA paBHAa ®, TO Ha PaCCTOSHHM r OT UEH-
Tpa nuHeflHasa cKopocTh ¥ paBHa or. Orciona

graduv = %’- =@, (4.40)
TaxkuM ofpasom, B 3TOM cjiyuae rpajiMeHT CKOPOCTH PaBeH
YIVIOBOH CKOPOCTH BpaLIEHHA AHCKA H, CI€A0BaTENbHO, OJH-
HaKOB /IS BCeX TOYEK JHCKa,
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§ 4.4. Crathueckue ¥ HMHAMHYECKHE €IMHHMIIBI

Macca. Brinie Mbl yKe ONpefeysiid OCHOBHBIE €NMHHIEL
maccel B cucreMax CH (kusoepamm) u CTC (epamm), a
TaKXKe TeXHHYECKYI0 eIHHHHY Macchl (Wi, KaK MbI yCJ0-
BHJIHCb Ha3biBaTb ee B 3TOH KHHTe, UHepTy), SIBASIOULYIOCS
npoussofuol eaununueii B cucreme MKICC. Hanomuum
JIHILIb, YTO MOCJEJHAS HMEET Pa3MEePHOCTD

[m]= L™'FT? (4.41)

u, cornacgo 'OCT, oGosnauaercs kec - cex2/m.

Cpean euHHI MacChl, NOCTPOEHHBIX H3 OCHOBHBIX IO
JAecATHYHOMY TIPHHIMNY, HauGoJblllee pacnpocTpaHeHHe 11o-
Nyauad: Tona (T), paBHaa 10° k2 W aBasBmAsics OCHOB-
roit epunupeil B cucteme MTC (merp, ToHHa, cexkynma),
yenTHep, wau Keuuraa (y), pasHbit 100 xe, MuanMrpamm
(#e), paBumit 1073 e, u Mukporpamm (mxe), paBubiii 10-6e.
B nemeukolt M aHIVIMHCKOH TeXHHUECKOH JHTepaType mJs
Noc/IefiHero HHOTa MNpPHMeHseTcd Ha3BaHue ramma (o06o-
3HaueHne y). Maccy nparolueHHbIX KaMHel NPHHATO H3Me-
psAThL cHeluaJbHoH eJUHHIeH, HOCSIUell HA3BaHHE Kapar H
pasuo#t 2- 107 ke mau 0,2 e. Xora crapaa pycckas cHcTeMa
Mep OTMeHeHa elile B 1924 r., ofHa M3 eZuHUI 3TOH CHCTe-
MBI — r1yyd — BCTpeyaeTcsl NPU COOGIUEHHAX O NMPOH3BOACTBE
CeJNHCKOXO3SIMICTBEHHON NPOAYKUMH (IVIaBEBIM 06pa3om aep-
na). Onud nyx paeen 16,3805 k2, oaHa copoxopas nmyma —
¢yur pasen 4095 e.

B psane cayyaeB nosmesHo WMeTb €JMHMILY MacChl, CO-
Jlep:Kallyo onpefeneHnoe yuc/a1o Mosaekyn. Pasymeercs, no-
JloGHas eiuHMIIA Macchl OYAeT pasJMuHa Aas Pas/HYHBIX
BeniecTB. B kauecTBe TaKOil eIMHHUBI HPHHSTA KUAOZPAMM-
MOALEKYAQ, HIH KUAOMONbL — KOJIHUECTBO BelllecTBa, COjep-
XKalllee CTOJNBKO KHJIOTPAMMOB, CKOJNBKO €IHHHII B MOJIEKY=
JSPHOM Bece JaHHOro BellectBa. LEauuuna, B 1000 pas
Melbllasi, Ha3bIBAETCH epaMm-MOAeKyra uad MoAb. Kuno-
MOJIb KaXKJOTo BellecTBA COAEPKHUT UHCAO MOJEKyJ (YHCI0
ABorazapo), paBHOE, COIIACHO MHOTOYHCJEHHBIM  HCCJe-
Jopanuam, (6,0249 = 0,0002) - 102%; w046 — cOOTBETCTBEH=
HO (6,0249 = 0,0002) - 10%. B OKpyr/iieHHHIX UYHCJAAX MOJb
BOZOpOJdA COAEPKUT 2 rpamMma, KHcaopojaa 32 rpaMma,
Bonb! 18 rpamMmoB u T. I
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Cusa. HanoMmHuM, 4TO 1IPOU3BOAHBLIE €JHHHUBI CHJBI 8
cuctemax CHU u CI'C, onpeneasieMble Ha OCHOBalUHH BTO-
poro sakoua Helotona, uMel0T pasmMepHoOCThb

[fl=LMT™? (4.42)

W HOCRAT HasBaumne HoroTon (H) u Ouuna (Oun). Hsiotou
onpelenseTcsl Kak Cia, coobuwaiouasn Macce 1 x2 yexope-
nue | m/cex?, IMHa — Kak cujaa, coobulaiouwas Mmacce 1 2
yekopenue 1 cam/cex? Tlo3TOMY MOMHO HAMHCATb

1 n = 1Ke-m/cex?,
1 0un = 1 2+ cnfcex?

1 1= 1050un.

B nurepatype HHOrZa BCTPEUaeTCs eIUHHLA CHJLI
ynpasaHentoil cucreMbl MTC. Ita ejtHiina CHBI CTEH (c#)
onpejeifieTca Kak Cuia, coofluaioias macce B I T ycxos
penne 1 mfcex:

1en=171-mcex?

Ouesugno, uto 1 cu = 103 4.
Enunnua cuan B cucreme MKICC — kec *), apasiouas-
¢s1 B 5TOl CHCTEME OCHOBHOH, ONPEAEASETCA 3TANOHOM

1 kec = 9,81 1 = 9,81 - 105 Sun.

Ha npaxTuke NPHMEHAIOTCS TaKkyKe HIOria TOHHA-CHJA
(10% kec) u rpamm-cuia (1073 kec).

Hungaoc cuav.. imoyabe cHabl H3MepsaeTcs nponssene-
HHEeM CHJbl Ha Bpems ee AeHicTBHA ff. 3a €AMHHIY HMIYJb«
ca TNPHHHMAETCA WMIYJLC CHJABI, paBHOM eauHuue u Aeil-
creyiomell B Teuenie eaununus spemenu. COOTBETCTBEHHO
€MHHIB! HMNY/IbCA B CHCTEMAX

CHU: 1 n-cex=1 k2. mjcex,
CI'C: 1| Oun-cex=1 2. cmfcex,
MKICC: 1| kec - cex.

*) CorflacHo CTaHAapPTHOMY OmpeAeneHuio, kmaorpamm-cuaa (kec)
ecTs CHAa, coobulawuiasg Macce 1 Ke HOpManpHoe yCKopeuue
9,80665 #/cex?,
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Koauuecrso deuncenus {(umnyaoc). Koanuectso aBumKe-
HHA ONpeAensercss Kak NpPOW3BeJeHHe MacChl Tesa Ha ero
cKopocTb (mv). 3a €AMHHLY KOJIHUECTBa ABHXKEHHS MpH-
HHMAercsi KOJHYECTBO JABHIKelHH Tesa, 00/141al0UIeT0 elH-
Hiuefi Maccbl M CKOPOCTb KOTOPOTO pPaBHa eAHHHIE.

Mbr yxke ykaswiBaan (cM. § 2.1), uTo B Hacrosilee Bpe-
Mfl B (DM3HYECKOH JIHTEpaType BMECTO TEPMHHA «KOJIHYC-
CTBO MABHXKEHHA» HAaCTO MPHMEHSCTCS TEPMHH KHMITYJbC»,
H3 dopmysnsl

ft = muv, —mu, (4.43)

{HMIyJBC CHJBI PABEH H3MEHEHHIO KOJIHYECTBA ABHXKEHHS)
CJNeAYET, YTO PA3MEPHOCTH HMMOYJIbCA CHIAB U KOJHUECTBA
IBMIKEHHS AOJXKHB coBnafath. JleficTBurennHo,

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

EAHHHUB KOJHYECTBa ABHJKEHIs, pa3yMeeTcs, Te XKe,
YTO W AJs1 uMmnyabca cuabt, B cucreme CH — ke- mfcex,
B cucreMe CI'C — - cafcex, B cucreme MKICC enununa
KOJAMUECTBA ABHMIKEHHSI MOXKeT ObiTh MpeACTaBACHA B BHALC
U+ M/ceK, uTO, KOHEUHO, PABHACTCS KaC - Cek:

1 ke mfcex =10° 2. cujcex,
1 kec - cex =9,81 ke - mfcex,
Hasaenue. [Lannenne npu pasHOMEPHO pachpelesaeHHol

Harpy3Ke ONpPeAEAseTCsl CHAOH, NPHXOAAENCA Ha eAHHHUY
NOBEPXHOCTH,

p=1. (4.46)

3a eJUHHLY JaBJeHHA HPUHUMAaeTCs Takoe paBHOMEpHO
pacnpeneneHHoe LaBJeHHe, NpH KOTOPOM Ha eAHHHIY HO-
BEePXHOCTH TPHXOAHTCH eAHHHLA Ccuabl, PasMepHocTh Aan-

Jenus
[p]=L"MT2 (4.47)

Ennnnua nasnedus B cucreme CH — wororon ua xsa-
dparnoii  metp*) (n/m?), B cucreme CI'C—Ouna Ha

*}) VMeeTes mpensomeniie Ha3BaTh 9TY eAHHHIY AACKAd6 (nid).
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weadparnoui canrumerp (Ounfcm?). PasMepHOCTH AaBjeHHI
yCTaHaBJHBAeT COOTHOUIEHHE MEXKAY eAHHHLAMU H[M® U
Ounfem?:

| 1im? = 10 Oun/ca?,

B cucreme MKI'CC eaunnua maBiaeHH Kec/m?, paBHad,
queunHo, 9,81 u/m? = 98,1 dun/cm?. labnenne 1 xec/m® ¢
QoNbHIOH CTeNeHbl0 TOYHOCTH paBHO JAaBJEHHIO BOAAHOTO
¢ronGa Bbicotoft B 1 mm. [deficTBHTENBHO, C/A0H BOABI MJIO-
paneo B 1 M2 U tonumHol 1 mm 3auuMaer 00beM, PaBHBII
1 ky6. Om, a caepoBaTeNbHO, €ro Bec ¢ GOJBIIOH TOYHOCTHIO
pasen | Kec. [TosToMy B TexHMKe eIMHHLY AaBaeHUs Kec/i?
YyacTo Ha3blBalOT MHJJIHMETPOM BOASHOro crosnba (s
BOA. CT.). D10 0cOGEHHO YIOGHO B TeX cayyadx, KOrja noab-
3YIOTCA BOASAHBIMH MaHOMETpaMM (Hampumep, npH H3Mmepe-
HHH CKOpDOCTH rasa B Tpybonposoaax).

Ennnunuy nasnenust cucrempl CI'C — Oun/cm? B dusnue-
CKOH JuTepaType paHbhle Ha3bBanu Oap. B mereoposioruu
NOA 3THM HasBaHHeM NMOHHMaercsl eiunuua B 10° pas 6oab-
was, paBHas coorBercTBeHHO 10° #/m2. Takoe sHaueHue
umeer Gap B 'OCT 7664—55 Ha BHecicTeMHLie MeXaHMYe-
CKHe eIMHMIBI; NPUMeHeHHe 3TOr0 HAa3BaHHA MO OTHOLUe-
HHIO K Jur/cmM? He DEKOMEHIYETCH,

Hapsiay ¢ ykasaHHBIMH eAHHHIAMH B (U3UKE H TEXHH-
Keé UIHPOKO IIOJb3YIOTCS DPSAOM BHECHCTEMHBIX eTHHHi]
napaenud. M3 HHX BecbMa pacnpocTpaHeHHOH enHHHUIEH
SIBAAETCA  HOpMaJbHasi armocdepa — HaBJieHHe BO3AYXa,
ypaBHOBeIIWBaowee PTYTHHIH cTon6 BhicoTOH B 76 cm npu
naortHocTH prytH 13,595 2/cm® npu HopmanpHOM ycKOpe-
HUH cuabl TAxXectH. Ha kaXAblli KBaapaTHLI caHTHMETD
Takol cTon6 OKasbiBaeT JaBJeHHe, paBHOe ero Becy. Toy-
HOe 3HaueHue

1 arm=176 cu- 13,595 2fcu’®. 980,665 cufcex? =
= 1,00325 . 10% Junfem®=1,01325 . 105 n/m?,
Tak Kak 310 pJaBjeHue PaBHO NPUGIHIHTENBHO
1,033 Kxec/cm?, BMECTO HEFO 4acTO MOJIB3YIOTCA TEXHUYECKOU

armocgepod (ar), pasHOi TouHO 1 Kec/cm?, Ouesugso,
I ar = 10* Kec/m* = 9,81 - 10* n/m2 B cucreme MTC cyuie-
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CTBOBaJla eJMHHIA JaB/JeHHA MNbe3a (n3), paBHas AaBie<
HHIO OJHOrO CTe€Ha Ha- KBaapaTHb Merp. OueBHpHO,

| n3=10% n/u?=10* dunjcu®*=0,01 6ap

(3necp moapasymesaerci Gap B TOM 3HaueHHH, KOTOpOE
NPUHSATO B METEOPOJOruH, T. e. 108 dun/cm).

BecbMa uacto naBieHHe W3MEpSIOT HENOCPeNCTBEHHO B
MHJIMMETPax PTYTHOLO crosiba (mm PT. CT. HIM TOpax (B
vectb Toppuuennn). ITocienHee HasBaHHe B DYCCKOH JH«
TepaType NpUMEHsAeTCs CPaBHHTEJBHO PEIKO.

Quenuano, 1 mm pr. cr. = 1073 #.13,595- 103 xe/m® X
X 9,80665 m/cex? = 133,3 nfm? = 1333 dun/cm?.

B cHCTeMHBIX H COOTBETCTBYIOLUMX KPaTHBIX M JOJbHBIX
€LAMHUIEX JaBJeHHs] H3MEPSEeTCs TakXKe BCAKOE MeXaHuye-
CKOe HaIpsKeHHe,

Cpaduent Oasaenus. JIpuKeHue KUAKOCTeH W ras3oB IO
KaHajgam M TpyOam Ompenensiercsi nepenanoMm AaB/JeHHs Ha
€IHHUIY AJHHB HOTOKAa. B c/lyyae MOCTOAHHOrO ceyeHHs
NOTOKa 3Ta BEJNNYHHA MOXeT OEITb NPEACTaBjieHa B BHME

P1— P2 !

L (4.48)
rpe ! — paccrosdue BJOJb NOTOKA, OTCYHTHIBAEMOE OT €ro
navaja. [1pu HeopHoponnom ceuennu notoxka Bmecto (4.48)
cae/lyer nucathb ——‘;Tp.

Benuuiina

—%— =gradp (4.49)

Ha3blBAeTCH TPajHEHTOM JAaBJeHHS.
PasmepHnoctp rpajuenta JaBieHus, Kak Jerko y6e-
IUTBCA,
[grad p] = L™2MT?, (4.59)

npuueM grad p H3MepsieTcs B eIMHMUAX [AABJEHUsI, OTHe-
CEHHBIX K eJHHHLE JJHHLI

H _ H __  Ke dun  Oun _ 2
Mmem M mPocext'  cmPocm cad cm? e cex??
Kee Kec

Mem o M
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H BHECHCTEeMIiIbIE
arM TOp
T
HT A
paSMGPHOCTb rpajadenTta AaBJetig onpenedqaser CootTHo-
HieHHe Mexny eAnHuiaMu

I wu/mP=0,1 Sunfen®, 1rxecis®=9,81 n/sd.

Pabora u anepeus. PaGora noa AeficTBUEM MOCTOSHHOMN
CHJIBL ONpeje/sfieTcsl Kak NMpoH3Bejenue Cuibl Ha NyTh H Ha
KOCHHYC Yr/la MEX/y HX HafpaBJeHHAMH

A=Fflcos(f, ). (4.51)

3a eaunuuy pabortel NpuHUMAacTcs pabora, NHPOH3BEACH-
Has eAUHMUEH CHJBl Ha NyTH, PaBHOM €AMHHIUE IJHHEl, B
caydae, KOTAa CHJa H TyThb COBMNA/Jal0T NO HanpasJjeHuo.
Pasmepuocts pafotbl onpenensercs U3 ee (GOpMy./ant

[A]l=1/1=LMT~2 (4.52)

B cucreme CH eapunnueii paborsl asasercst dicoyib —
paboTa O/HOTO HBIOTOHA Ha UyTH B |

1 =1 n-m

B cucreme CI'C eaununa paborsl — spe — pabora 01-
HOW JHHB Ha nyTH B | ca

1 spe=1 Oun-cm.

B cucreme MKI'CC ennnnua paborbl — Ku10epammo-
merp — pabora KuJorpaMM-Cusibl Ha nytu B | (1 kec - m).
Cootnouwlenus 3THX eaunuy paborts noayuaiorcs n3 (4.52)

| kec- u=9,81 0w, 1 0 =10" gpe.

Ho BBenenuss MexnyHapoOAHOH CHCTEMbBl €QMHUI TpH
BCEX TeMJIOBLIX pacueTax NPHUMEHAJUCh CreunajbHbie Tel-
J0Bble eAHHHLL pabOoThi — eAUHHIBl KOJHUECTBA TeIjia —
karopus (kar) u Kuaokasopua (xkkaa). TlepByio w3 mmx
MOMHO NPHOJHKEHHO OHpelesiuTh KaK KOJUYECTBO TENAa,
neoOxoauMoe anaa HarpesBainusi 1 e soasl Ha 1°C; 1 kraa =
= 1000 xaz. Bo/jee nonpobHO 3TH eAMHHILI GYAYT pPaccMo-
TPeHbl BMECTe ¢ APYTUMH TEIVIOBbIMH eAHHHHaMH. B cBsi3u
¢ BBejeHHeM MexAayHapoAHOH CHCTEMbl eJMHHI, 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
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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Mownocrs, nau saddext, ectb OBICTPOTa COBEPIIEHHS
paboThl. MowHOCTE paBHOMepHO paboTalollel CHCTEMB,
HalpuMep MaullMHbl, MeXaHH3aMa U T. I, paBtia padoTe, co-
BepilaeMOll B elHMHULY BPEeMeHH:

p=1. (4.57)

3a eAMHHIY MOLIHOCTH MPUHHMAEETC MOWIHOCTb TaKOH pas-
HoMepHO paborawowmefl cHCTEMB!, KOTOpasi B €LUHHLY Bpe-
Meny copepliaer eaunnny paborol. PasMeprocTb MOLLHOCTH

[P] = L2MT™3, (4.58)

ExuuunaMy MOLIHOCTE sipasiorces BcHcreMe CH — sarr,
unn Owcoyas 8 cekyndy (81 = dxjcex); B cucteme CIC-—
spe 6 cekyndy; B cucreme MKI'CC — kuacepammonmerp 6
cekyndy (kec - mfcex). Taxk Kak epuunued ppeMend BO BCeX
cucTeMax fABJasercs CeKyHuja, TO COOTHOWeHnHs MeXny eju-
HHL@MH MOLIHOCTH TaKie Ke, KaK M MEKLYy eJHHHIAaMH
paGoThl.

Iupoko pacnpoctpatient Goee KpynHbie M Oojee Mea-
KHe JeCATHUHBbIE KPaTHbE ¥ AO/JBHBIE eJHHHLB MOLIHOCTH:
kunosart (ker), meeasarr (Mer), mussusarr (msr), mu-
kposarr (mker). Peme npumenserca eexrosearr. Barr u
ero JEecATHUYHblE MPOH3BOJHBIE MCIOAL3YIOTCA Aas o6paso-
BAHHA €JYMHHI FHEPrHH, IPHMEHAIOWHKXCA TOYTH HCKJIIOUH-
TEJBHO ]Sl H3MEPEHHS SJICKTPHYECKOH 3Heprun. 2DTH elu-
HHUBL: BOTT-4aC (BT - ), 2eKTOBQTT-4aC (26T - u), KUAOBQTT-
wac (ker-4), meeasarr-uac (Mser.4) — npeacTaBaAAIOT
coGoft paboTy npy COOTBETCTBYIOLICH MOILHOCTH B TeueHHe
oxauoro yaca. Fla atoro onpenesienus cjienyer, 4to | 67- 4=
== 3600 Ooc, 1 esr-u = 3,6-10% Ooxc = 360 KkOw, | K8T-u =
= 3,6 108 dx = 3,6 Mdac, 1 Mar-u = 3600 Moox.

Tennosule enunullbl paboTH, OTHECEHHBIE K eQuliHLe
BPEMEHH, JHAIOT COOTBETCTBYIONIHE €AUHHLbI MOWHOCTH. W3
niux Hanboace ynorpeGuTenbHbl Karopus 6 uac (kaafwac) u
kuaokazopus 6 wac (kxaafwac). COOTHOWEHHE MEXAY KHJI0-
KaJjopHell U BaTToM:

lxkxanafuac = 1,163 ar.

Jlo Hacrtodiuero BpeMeHH BeCcbMa UIHPOKO pacmpocTpa-
HeHa eJuMHnLa MOHIHOCTH C HellellbiM Ha3BaHHEM cactadu-
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naa cusas (obosnavaemast 4.c¢., HP wan H’), pasHas
75 ket - mjcex:
1 a.¢c.=736srT.

B Aurnnd npumensiercs 6iimskas K Hell «aHrauiickas
napoBas JOLIaAb» WJH «JOLIafUHAaA cuja Yarra» (oGo3Has
yaerca PS), pasHas 746 sr.

Koagppuyuenr tperus. Tlpn nBusKeHHH TeMa BAOJb Kas
KO#-1H60 NOBEPXHOCTH BO3HMKaeT TOPMO3siulas CHJIa —
cuja TpeHus. Bennuuna 3TOH CHJBL fp 3aBHCUT OT TPHPO<
JBl CONPHKACAIUUXCH MOBEPXHOCTEN W NPONOPLHOHAIbHA
HOpMaJIbHON CHjle AaBAeHHS [y, NPHKHMAWOUEH TeNO K 10+

BEPXHOCTH,
o=l (4.59)

Kosdduunent n naspiBaercs k03¢pPUUHEHTOM TPEHHS H,
COTJIACHO OMNpeAe/leHHIO, sBAseTcA Oe3pa3MepHON BeaHUHs
HOH, OIHHAKOBO! BO BCEX CHCTEMAX.

Koappuyuenror conporusrenus. Eciu ABHKEHHe Teaa
NPOMCXOAUT B KaKO#-N1u60 BSI3KOH cpefe (rase, XKHAKOCTH),
TO BO3HHKaeT CHJa CONPOTHBJEHHS, 3aBHCAILAs OT CKOPO-
cTd. Ilpy OTHOCHTENBHO MaJjIbIX CKOPOCTAX 3Ta CHJIA MPO-~
NOPUHOHA/BHA CKOPOCTH

f=ro. (4.60)

KoapduurenT r, HaspiBaeMbiii KO3PDHIHEHTOM CONIPOTHBIE:
HHsi, 3aBUCHT OT CBOHCTB CpeZbl, pasMepoB U ¢GOpMHI Tefa.
Ero paamepnoctb
[r]=MT1 (4.61)
H eAHHHuUbI
K« Cexim =Kefcek, Oun - cexfcm =zfcex, Kec - cex/m.

CoorHoeH s MEXKAY eINUHHIaMH Te 2Ke, YTO H MexXAay
CAHHUIlaMH Macchl

1 u.cexfm=10% Qun . cexfcm, 1 kec + cex/m =9,81 . cex/n,
T'ubkocto. Ecan sHewHsi cunia TpWioXKeHa K ynpyroi
CHCTEME, TO MocaelHsAs nedopMupyercs, nNpHYeM B cayuae

NPUMEHUMOCTH 3aKoHa I'yxka JuHefiHas nmedopmauus mnpos
NOPUHOHA/IbHA NPHJIOXKEHHOH CHJe

Ax = kf. (4.62)
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Koadduunent £ naswiBaercss rubKoCcTbIo cHCTeMBl. Popmy-
ga (4.62) onpenenser pa3MepHoCTb THOKOCTH

[k] = M™1T? (4.63)

U ee eHHHULDBL: M/H, cm/Oun 1 m/Kec.
Cornacto (4.63)

1 mfn= 107% cm/oun, 1 mjkec=1/9,81 a/u=0,102 s/n.

Moment cuaot. MoMeHT CHABL OTHOCHTEIBRO HEKOTOPOH
TOUKH WJIH OCH M3MEpPSieTCH NpOoM3BeleHHeM CHJAbL Ha MJeYo,
T. € Ha pacCTOsiHHE MeXAYy HampaBJeHHeM CHJDL H TOH
TOYKOH, OTHOCHTENBHO KOTOPOH B3sT MOMeHT cHibl. [lo-
3TOMY 3a €NHHYIY MOMEHTa CHJBL MOXKHO B3ATb MOMEHT
cwibl, PABHOH eAmHHUE, NPH TIeye, PaBHOM EAHIHLE A~
Hbl. M3 hopmMyabl MOMEHTa CHJIbI

M= fh, (4.64)

rape M — moMeHT cuabl, [ — cuja, A — mJeuo, cae1yer, uTo
pPa3MepHOCTb MOMEHTa CHJb

M]=LMT2 (4.65)

Mgl BUMM, YTO Pa3MEpPHOCTb MOMEHTA CHJLI COBNafaer
¢ pasMepHOCTbIO paboThl u sHepruu. Hyxuo, onnaxo, oTme-
THUTh, YTO BEJHYMHBI 3TH COBEpIIEHHO Da3JNyHOH MPHPOIBL
B 1o BpeMsi kak paGoTa M IHEPTHs He HMEIOT Hampapjae-
HHS — ABJSTIOTCA BENHYHHAMH CKa/lfPHBIMH, MOMEHT CHJbl
obianaer HanpaBAeHHeM, T. e. IpeAcTaBasieT coO0l BEXTOp-
HYIO BeJIHUYHHY.

Exnauupl MoMeHTa CHJALE 06pasyloTcs Tak Ke, Kak H
eIMHUIBE paBoThl, HO HA3BaHUA IPT, JKOYIL U T. II. O OT-
HOIIEHMI0 K €AHHHIAM MOMEHTa CHJABl He MPHUMEHSIoTCS.
Takum 06pasoM, JJIsi MOMEHTa CHJBL Mbl HMeeM eJHHHILI
H-M, OUH « CM, KeC + M.

Momenr unepyuu reaa (Ounamuveckuii moment). B wme-
XaHuKe, 0COGEHHO TpPH PacCMOTPEHHH BpAalllaTebHOro ABH-
JKeHust Tena, BecbMa YA0OHOH snBJfeTcd ocobaf BeAHUH-
Ha — MOMEHT MHEpIMH Teaa, KOTOPBI BLIUNICJseTCA OTHO-
CHTEJBHO HEKOTOPOH OCH.
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Jast HarnagHOCTH ONpeAeNiM CHauajia MOMEHT HHep-
it OJAHOH MaTepuaibHOH TOUKH OTHOCHTeIbHO ocu. OH
paBen

J=mr (4.66)

rie m-— Macca MaTepuasibHOH TOYKH, a r—ee paccTof-
Hue A0 OCH, OTHOCHTEJNBHO KOTOPOil ONpEeNeNsieTcsi MOMEHT
MHePHHH.

Jas cicTeMbl KeCTKO CBSI3aHHBIX MAaTepHANbHBIX TOYEK
uAH AAA TBEPAOro TeJa MOMEHT HHEDUHH MOXKHO omnpeje-
JHTh KaK CyMMYy INIPOH3BejeHHiI Mmacc oOr-
AEABHBIX MATePHaJbHLIX TOUYEK, H3 KOTOPHIX
nOCTPOEHa CHCTEMA MM HA KOTODPbHle MOXKHO
pa3buTe Tes0, HA KBAAPAaThl COOTBETCTBYIO-
LLHX PajlycoB — paccTOsiHuil 10 ocH Bpalle-
Husa (puc. 11}:

J=Zmr? nas cuCTEMBI TOYeK, (4.67)

J= f r’dm pas cnjomHoro tena, (4.68)
14

B npouecce uzyueuus BONpocos, CBs3aH-
HbIX € BpallleHHeM TeJ, BbICHSAETCH Cyll-
HOCTL H pOJib MOMeHTa uHepuuu. Oka3sbl- Pue. 11,
paercst, uyTto Bce (OPMYJbl, ONUCHIBAIOULHNE
BpALIATENbHOE JBHXKEHHE TBEPAOro Tejaa, HMEIOT BHA, aHaJl0+
THYHBL COOTBETCTBYIOMUM GopMy/aaM s NOCTYHaTeNbHOIO
DBHKEHUS, eCAH B NOCAeJHHX 3aMEHHTh JHHEeiHble BejH-
YuHB (CKOPOCTh, YCKOPEHHE) COOTBETCTBYIOULUMH YIVIOBHIMHU
peaduntamMu  (yrjoeasi CKOPOCTb, YIVIOBOE YCKOpeHHe), a
Maccy — MOMEHTOM KHEPU#H OTHOCHTEJNbHO OCH BpalleHHS.
M3 onpenenenna MOMEHTa HHEPUHU BhITEKAaeT ero eAMHHLA.
3a eauHHLY MOMEHT2 HHEDUHH MOXHO NPHHATD MOMEHT
HHEepUHH MaTtepHaNbHOi TOuKH, oOjajaiolleli maccofl, pas-
HO#l €AMHKULE, C PACCTOAHHEM AO OCH, PABHBIM eLMHHLE AJIH-
1ibl. PasMepnocTb MOMeHTa HHEPLHH COOTBETCTBEHHO

Ul=LM (4.69)

H eIHHHUBL: K2+ M2 2-cm? u u-m2 (u-m2 = Kec. M. Cek?),
CootHoulenust MeXAY HHMH

L ke - m?=10" 2. cm2% | Kec- m-cex®=9,81 ke xi
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Huynyave momenra cuavt, MMnyabcoM MOMEHTa CHJbI
OTHOCHTEJNLHO HEKOTOPOH OCH Ha3BIBaeTCsi. NPOH3BEACHHE
MOMEHTa CRJbBl OTHOCHTEJbHO AAHHOH OCH Ha BpeMs Aeil-
CTBHS CHJIBI

Mt =fHht. (4.70)

dopMyaa, onpeiensiolias HMIYJbC MOMEHTa CHJBI, RaeT
JUIi er0 Pa3MepHOCTH

Mt =L’MT™". (4.71)

Moment koauwecrsa Osuscenus. MomMeHTOM KoOJHues
CTBA ABHIKEHHs] MATEpHaIbHOH TOUKH, Bpallaiomleficss BOKPyr
HEKOTOPOH OCH, Has3blBaercsi MNpOH3BeJeHHe KOJHYeCTBa
JBHIKERHS 3TOH TOUKH Ha paccTosHMe JO OCH  Bpalle-
Hua

& =mor. 4.72)

Tak Kak JuneilHag CKOPOCTb NPU BpalleHUHM MOXKeT OuThb
BbIpaXKeHa 4epe3 YIVIOBYI0 CKOPOCTb MO (opmyine

v = Qr,

TO MOMEHT KOJIHUYeCTBa MABIXKEHHA MOXKET OLITh npeacras-
JIEH B BHAE

Z = Jo. (4.73)

Mu Buaum, takum obpa3omMm, 4TO MOMEHT KOJHYeCTBa JBH-
JKEHYUS paBeH NPOU3BENEHHIO MOMeEHTAa HHePUMH Bpalllaio-
1ieficss TOYKY OTHOCHTENBHO OCH BpALl€HHS HA YIJIOBYIO CKO-
poctb. Ha cdopmya (4.72) u (4.73) BbiTekaer, 4TO pasmep-
HOCTb MOMEHTA KOJHYECTBA JBHXKEHUf, TaK e KakK i
KMIIyJbCa MOMCHTA CHJLI, paBHA

[Z2]=L*MT", (4.74)

PapeHcTBO pasMepHOCTeHl MMNYJbCa MOMEHTa CHABL H MO-
MEHTA KOJIMYecTBa JBHXKEHHS, €CTeCTEEHHO, BbiTexaeTr u3
34KOHA4 «HMNYJbC MOMEHTAa CHJbl OTHOCHTE/BHO OCH Bpa-
LIeHHA PaBeH H3MEHEHWI0 MOMEHTA KOJIMYeCTBAa IBHIKEHH»:

Mt=e..?2'—egpl. (4.75)

Touno Tak Ke cOBNajaloT M €AUHHLLL HMIyJibCa Mo-
MEHTa CHJQbI MU MOMEHTA KoJu4YeCTBa JABHXKEHHA, KOTOphie
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MOXHO ONpENeNUTb KaK HMIYJbC MOMEHTAa CHJbl, PAaBHOTO
€IMHHIE 3a eJUHHIY BPEMEHH, HJIH KaK MOMEHT KOJHYe-
CTBA JBHXMEHHS Tesa, 00Jafalollero MOMEHTOM HHEPIHH,
PaBHBIM eJUHHLE, U BPallalOLIerocs ¢ yrJaoBoH CKOPOCThIO,
paBHOi ejHHHUE. DTH €AUHHILL:

HeM:CEK=EKe- M- mlcek = ke - MYcex,
Oun - cm-cexk=2-cm-cmfcex =2 - cmleex,
KeC + M- CeK =1t - M+ mjcex = u - m*/cex.

CoorHowennsi MexJAy HUMH Takhe e, KaK H MeKAy co-
OTBETCTBYIOLIUMH eJHHHLaMH PabOThl WAH eNHHHIAaMH MO-
MEHTa MHEpLMH, TMOCKOJNbKYy eIAHHHIA BPEMEHH BO BCEX
CHCTEMAaX OZHA W Ta Xe.

Heilicteue, B aHaJHTHYECKOH M KBAHTOBOH MeXaHHKe H
B psifie Npyrux obsactedl GU3HKH HrPAET CYLIECTBEHHYIO POJIb
BeJINYHHA, HasbiBaeMas AeHCTBHEM H MMeollasi pasMepHOCTDb
NpOH3BeACHHS SHepruy Ha Bpemsa. He ocranaeiuBasch Ha ee
bu3n4eCKOH CYHIHOCTH, 3aMETHM, YTO Pa3MePHOCTh AeHCTBHUA
COBIAJaeT C Pa3MePHOCTBIO MOMEHTA KOJHYECTBA ABHIKCHUS
WM MMIY/bCa MOMEHTa CHJ/Ibl ¥ COOTBETCTBEHHO H3MepseTcs
TAaKHMH e eHHHIaMu.

Maccoeoui pacxod. Tlpu uccaesoBannu npouecca rteye-
HUSL XKUJAKOCTEH W TasoB, HapaAy ¢ PacCMOTPEHHBIM Bhiile
00BbEMHBIM PacXOfOM, INPHMEHSETCS BeJHUYMHA, Ha3biBaes
Masi MacCOBBIM PaCXO10M MJIH pacxofoM Macchl (Q,,). Pas-
MEPHOCTb pacxofia MacChl

[Qul=MT"" (4.76)

M COOTBETCTBEHHO ~eIUHHLbL: K2/ceK, efcek, ucek (Kec -cex/m).
CooTHoweHHsI MeXKAY HHMH, OYEBHIHO, T€ K€, YTO H Me-
XKAY eHHHIIAMH MAaccChl.

Maccosas cKopocTe noToka. AHAIOTHYHO IIOTHOCTH
O0BEMHOTO pacXOfia OMNPE/eNseTcs W MaccoBas CKOPOCThb
IIOTOKA WJIH TJIOTHOCTb PacXOfia MacChl ¢, Kak pacxoj Mac-
Cbl, OTHECEHHBIH K €IMHHLE IVIOIAJLH MONEPEYyHOro CeyeHHs
noroka. COOTBETCTBEHHO PasMEPHOCTb G,

[9.]=L7*MT™! (4.77)

H eIUHHUBL: Ko/ (ceK - M), e/ (ceK - cm®) u u(cek - m?),
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Aunamuieckue xapaKTepucTuky Koaebareavrozo o0eu-
ocernusn. Hapsgy ¢ KHHEMATHUECKHMH BETHUHHAMM: 4acTo-
TO#, mepuonoM, dasofl, aMIIUTYAOH, KoJebaTesbHas cHCTe-
M3 XapaKTepH3yercs pAjaoM AHHAMHUYECKHX BEJHYHH, CPeaH
KOTOPBIX KHHeTHYecKasi H IIOTEHUNA/bHasi SHeprus K HX

A

~
~

0 N
Aj AZ \h\\i'\‘“ = ?
s

-

-~

Pue, 12,

€JINHHLBI, pacCMOTpPeHHbIe Bhile. BamxHoe 3HaueHHE HMEIOT
BEJIHUHHDBI, XapaKTepU3yioUlHe cBOficTBa peaJsbHOl Koaeba-
TeabHON cucteMbl. [lockosibKy Kaxiaas Takas cHcremMa oG-
JajaeT 3aTyXaHHeM, ee ABUKeHHE [PH OTCYTCTBHH BHeIHEH
CHaBI MOXeT GbiTb mpeAcTaBgaeHo B suge (pHc. 12)

x = A~ sin (of + @). (4.78)

3hech X — OTKJIOHEHHE OT MOJOXKEHHs paBHOBecHsd, Ay —
Haya/lbHasi AMIVINTYAQ, ® — YIJIOBAsA 4acToTa, ¢ — Hauyalb-
uHas ¢asa, p— ko3pduuuent 3atyxauud. PasmepHocts ff

Bl=71" (4.79)

onpeaensier ero eaununy cex~!. OOplyHO 3aTyXaHHe DpH-
HATO TaKKe XapakTepusoBaTh Jorapu@MHuecKuUM Jgexpe-
MEHTOM 3aTyXaHHsl §, KOTOpHIl paBeH

4 = P, (4.80)
rle T — nepuod koaebGanus. M3 onpenenenus (4.80) suano,

uyTo 8 — Benuunna GespasMepHas. U3 dopmyn (4.78) u
(4.80) MOKHO nerko noxKasatb, YTO JOTapHPMHUUECKHRA Ae-
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KPEMEHT 3aTyXaHusi paBeH HaTyPaJbHOMY JIOrapupMy Of+
HOILEHHA JIBYX TNOCAEAOBaTENbHLIX aMIIUTYA. BTopoh Bas
HOM XapaKTepuCTHKOH KoneGaTeslbHON CHCTEMBl SBJASETCH
ee 106poTHOCTh, onpenesseMasn GOpMYNoi

—o-. Vi
Q=2n -t (4.81)

3nech Wy — nonnas sHeprusi CHCTeMbl NpH pe3oHaHce, a
Wy — notepst aueprun 3a oxuu nepuopa. OueBHAHO, YTO
Q — Bennunna GespasmepHas. MOMHO nokasaTh, 4TO

R S
Q—‘Qﬁvfws

rae k — rubroctb cucremnl (cm. (4.62)).

(4.82)

§ 4.5. EnvHHuLI M3MepeHHs MeXaHHYeCKHX
H MOJIEKYASPHBIX CBOACTB BellecTsa

Kak B nayunbix HccseloBaHHsX, TaK H B LIMPOKOH npak-
THKE Mbl TNO0Jb3yeMCsl caMbiMH pPa3HOOOPAasHbLIMH CBONCT-
BAMH TEX MAaTEpHaJOB, C KOTODHLIMH HaM HPUXOAUTCS HMETh
1ea0. ITH CBOACTBA, KaK MPABHJIO, XaPaKTEPHIYIOTCA ONlpe-
Je/IeHHBIMH BEeJHYHHAMH M MOIYT OBITh TaK HWJIM HHAY€ KO-
JIHYeCTBEHHO u3MepeHol, Passnubble MaTtepaadst 061analoT
Pa3/iHYHOA MeXaHMYECKOH NpPOYHOCTBIO, pPas3JHYHON ympy-
FOCTBbIO H T. A.

Kpome toro, BemectBo 06n1agaetr u pAAOM MONEKYAsp-
HbIX XapaKTePHCTHK, CBABAHHLIX JAHGO C €ro CTpOeHHEM,
160 C TeMH npoueccaMid, B KOTOPbIX NPOABJAETCS €ro
MOJIeKyAsipHas npupoxa. B Hacroamem mnaparpade pac-
CMaTPHBAIOTCS [JIaBHBIM 00pa3oM eIHHHIBI U3MEPEeHHS Tex
MeXaHHYecKHX M MOJIEKY/IAPHBIX CBONCTB BEILeCTBA, C KOTO-
PBIMH NMPUXOAUTCA UMEThb JeN0 B (GU3HKE H CMEXHBIX JHC-
IHIJIHHAX.

laotnocte. TlnoTHOCTH onpenensieTcss Kak OTHOUIEHHE
Macchl OHOPOJHOTO Tejla K ero o6bemy

m

p="1r. (4.83)

3a €JHHHIY TMNJOTHOCTH MNPHHUMAETCHA TJOTHOCTh TaKOro
ONHOPOAHOrO  BellECTBA, -KOTOPOE B e€auHHile . o0bema
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COAEPIKUTCS B KOJHYECTBE, PAaBHOM eJHHHIle MAacChl. B cu-
creme CH enunuuefl MUIOTHOCTH ABasercs Ke/m3, B CHCTEMe
CI'C —2fcm3 u B cicreMe MKI'CC — u/#® min Kec - cex?/mt.
Yacto, B OCOBCHHOCTH KOria peub HIAET O rase, IVIOTHOCTH
13MepsatoT B 2/4. I110THOCTD, BbIpakKeHHas B 2/a, coBnagaer
¢ BolpakKeHHeM IJIOTHOCTH B xe/m3, Pa3MepHOCTb eJIMHHLbI
NJOTHOCTH

[o]=L"*M (4.84)

[IO3BOJISIET JerKO YCTAHOBUTH CBA3b MEXAY Pas/inyHbIMH €€
enuHHIaMu *).

Yoenoroii ob6vem. Besuunna, o6paTHas IJIOTHOCTH, Ha-
SHIBAETCS YA&JIbHBIM 00beMOM:

1 Vv )
Q= —=-—, (4‘.85)
P m
Bce efuHHLB! YAEMBHOrO o0beMa SIBAAIOTCA oBpaTHBIMH CO-
OTBETCTBYIOILHM €IHHHI@aM IUIOTHOCTH, ToyHO Tak Xe U
pasMepHOCTb

[o]=L*M"", (4.852)

Yoeavnuotii sec mpeicraBaseT cob6oA OTHOLIEHHE Beca
Tesa K ero oopemy

1=,

Tak Kax Bec TeJa H ero macca cBsi3zaHbl COOTHOILUCHUEM
f=mg, (4.86)

raie g — YCKOpEHHE CHJ/IbI TAXKECTH, TO CBA3b MEXAYy IJIO0T-
HOCTBIO p H Y/eJ/bHBIM BECOM Y HUMeeT BHI

Y =p4. (4.87)

3a eMHHIly VIAENAbHOrO Beca Jo/Ked OBITb MPHHAT
yie/ibHbI BEC TAKOro OJHOPOJHOTO BeIeCTBA, EAHHULA
o6beMa KOTOPOro MPUTArUBaeTcd K 3emie C CHJIOH, paBHOM
equnple cuabl. CoOTBETCTBEHHBIM 00pasoM MBI MOJNYYHM
edMHHLBl HaMepenus: #/m3, Ounfcm® u xec/m® Tak, Hanpn-
Mep, yaeabuuiit Bec Boabl B cucreme CI'C Gyzer paseH

*) Ilpn u3MepeHHH NJIOTHOCTH MKHIAKOCTH apeoMeTpPOM paHee INpH-
MEHSIACh PasiuuHble ycaoBube WKamsl (cM. Ilpunoxetne 2).
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981 Qun/cmd. HacTo BeTpeuaercss usMepeHde yHeNbHOTO Be-
ca B ecfcu® u B Kec/a. O6e sTH BeMYMHBl COBNANAIOT H
NpakTHYeCKH paBHBl YAeabHOMY Becy Boasl npu 4° C. Umc-
JEHHOE 3Ha4YeHHE YJeNbHOrO Beca, BbIpaXKeHHOro B ac/cmd
WIH K2c{a, cOBNajfaeT C WHC/JAEHHBIM 3HAYEHHEM MJIOTHOCTY,
BLIpaXKeHHOH B 2fcM® uan ka/a.

Moaekyaaproul 8ec (MosekyaspHas macca, OTHOCU-
TEAbHAS MOAEKYAAPHAS MACCA)— OTHOMIEHHE MAaCChl MG-
JIeKyJbl JHAaHHOrO BellleCTBA K TaK HasbiBaeMoOH aTOMHOIl
eluHHie Maccel. B KauvecTBe .mociefHel B XHMHH pamec
NpHHUMAJH OJHY MIECTHAAUATYIO MacChl aToMa 3JeMeHTa
Kucaopoaa (cpeanefl M3 mMace Tpex H30TONOB U KHCJIOPOAA
C y4YyeTOM HX InPOIEHTHOro cogep:kanusi). B 1961 r. 3a
aTOMHYI0 eIMHHIYY MAacchl HOpHHSATA OJHA& JBeHajllaTas
YaCcTh MacChl H30TOMa@ YIVIepoJa ¢ MAaccoBbIM uyucjaom 12
(1. e. comepxallero B SAPe LIeCTb NPOTOHOB M IIECTbH
‘He#TpoHoB). Bonee nogpo6HO 06 aTOMHBIX eJMHHLAX MacCLi
cM. B § 9.2,

Kak 6bl1o ckaszaHo Boie (§ 4.4), macca Bemecrsa, co-
JepxKallas CTOABKO KHJIOFPAMMOB WJIH IPaMMOB, CKOJDbKO
eIMHALL B MOJIEKYJAPHOM Bece NAHHOIrO BelEecTBa, HasH-
BAeTCA KUJAOMOAL H COOTBETCTBEHHO MOJIb.

Monexyaapuoui 06vem — o6beM, KOTOpBI 3aHHMaer
OJIHH KHJIOMOJIb UK MOJb BelecTBa. Mosiekyasipublil o6bem
NpH HOpMaJbHBHIX ycaoBusix, T. e. npu 0°C u pasaednu
1 aTm, HAa3BIBaeTCA HOPMAJBHBIM MOJIEKYJASPHBIM 06HEMOM.
Ou pasen 22,42 m® naa kmioMons u 22,420 cmd® (22,42 1)
LIS MOJs,

Hucao kuromonetd (uru moseid), copepixallixcs B AaH-
HOfl Macce BellecTBa, MOXeT OBIThb ONPEReJEHO KAK OTHO-
HIeHHe 3TOH MacChl K Macce OJHOTO KHJAOMOJA WAH MOJSI
Onpeaensnsi MOCAENHIOD KaK KOJHUECTBO KHJIOIPAMMOB Ha
KHJIOMOJIb HJIM TPaMMOB Ha MoJb u oGo3Hauas ee Tak xe,
KaK MOJIEKYJADHBIH Bec, MOXKEM ONPEeAeJIHMTb YUCJIO KHJIO-
MOJiefi WIH MOJECH U3 BblpaKeHud :

V4 =—A"—;—. (4.88)

Kosppuyuenror pacramcenus u modyau npyeoctu u
cdsuea. Ecau TBepabll o6pasen NoABePrHYTb OJHOCTO-
POHHEMY pAaCTSKEHMIO HJH CXaTHio, OH JAedopmupyercs
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(pacTaruBaercs MAH CXKMMaeTcd), npuueM ero aedopmauus
HOAYMHAETCA B M3BECTHBIX npejgenax sakoHy [yka

Al = a—’sﬁ. (4.89)

B sarofi dopmyne Al — nedopmauus, ! — nepsonauanpHas
AJauHa, [ — Harpyska, s — IVIOLIalb MONMEPEUHOrO CeyeHusl.
Koadduuuedr o Hocut HaszBawue koddduiHeHTa pacrsixke-
Husa marepuana. Ou npeicraBasieT cobofi Ty nedopMauuio,
KOTOpYI0 npuobperaer obpasen, UMEWOINHH NIHHY, PaBHYIO
eAMHHIEe, M TJIOLlAJLb MOMEepPeyHOro CEueHHs, paBHYIO enH-
unie, npu Aedopmupyloweli cune, pasHOi eannuye. Pas-
MepHOCTh KO3 dhHIHeHTa pacTaKeH!s

[o]=LM™'T°, (4.90)

eAuHuna ero usMepenud B cucreme CU — m?/u, B cucreme
CI'C — cm?foun, B cucreme MKICC — m¥xec. OOwiuno B
COTPOTHBJICHUH MATEPHaJOB NOJb3YIOTCH BeJHYHHOM, 00«
paTHOfi

E=—, (4.91)

Q|-

KOTOpas HOCUT Ha3BaHHE MOIYJAS YUPYrOCTH HAH MOMYJ/Ss
I0dra. Enunnust moayas IOura aeasiioress 06paTHBIMH eu-
Hunam kosboduunenta pacrtsxenusi: B cucreme CH — u/u?,
B cucreme CI'C— dun/cm?, B cucreme MKI'CC — gec/m2.
B Texnuke wacto moiyip IOHra usmepstior B Kec/em? u
kec/mm®. Mopyaw IOHra npencrasiser cobGoft Ty Harpyaky,
KOTOPYI0 HeOoOXO0AHMO Obiio Gbl WPHAOXKHTL K 00pasuy C
NI0WaAblo onepeyHoro ceuewns, pabuoro 1 s2, 1 cm? uau
1 mM2, g5 TOro uTOGH €ro AJHHA yBeJAuuHaach BaBoe (ecau
Obl fipd 3TOM BCe Bpems coxpausaica 3akon ['yka u ofpa-
3el He paspyuwiaJcs).

Ananornuio  Ko3(hQOUUHEHTY pacTSKeHHS W MOAYJIO
lOnra moryt Guith onpegenenbi Kodgguyuenr u modyb
cdsuea. CooTHoulennss Mexay eamHHuaMu Mmoayas IOura
WIH MOAYJSl CABHra T ¥Ke, UTO H MEXIY eIHHHIAMU AaB-
JieHus.

Kosppuyuenr scecroponneeo cacarua. Ecnu - ob6pasen
NN1BEPraeTcs BCECTOPOHHEMY CXKATHIO MOA HEKOTOPHLIM
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IaBienneM p, To o0beM ero ymelbluaercd Ha pesHuuuy AV,
onpenensieMyio Gopmynoi

AV = kpV, (4.92)

rae k — kosp@uuuenr BcecTopoHHero cxatis. OueBuuno,
eAMHHIla H Pa3MepHOCTb KO3(PPHUIEHTA BCECTOPOHHEr 0 CXKa-
THAl COBNAJAIOT C eAHHHUEl H Pa3MepHOCTbIO KO3 duiHeH-
Ta pacraxenusa. B orinume or mocsiegHero TNoOHATHE KO-
(HIIHEeHTa BCeCTOPOIHETO CKATHA NPUMEHHMO HE TOJBKO AJjs
TBEPABIX TeJ, HO H AJf XKHAKOCcTefl H rasoB. B atoMm cay-
yae ero oOBIYHO Ha3biBalOT KO3 QHULUHGHTOM CHHMAEMOCTIL.
Ilna rasoB, YuHTbIBast HX OTHOCHTENBHO GOJBLIVIO CXi-
MaeMoCTb, KOIPQHUHENT CHKHMaeMOCTH ypobHee 3amnucarb
B BHJE

1 dV
k= — Ve (4.93)
3HaK MHHYC 10Ka3biBaeT, UTO YBEJHUEHHIO AaBJIEHHS COOT-
BETCTBYET YMeHblleHHe oObema,

Tsepdocre. ConporupiieHde Tell paspyllenHio uag o6-
PpasoBaHuIo ocTaTouHoil aedopMmaiiiy NPH BO3JTEHCTBHHM Ha
HX [OBePXHOCTb JOCTATOYHO OOJAbLIHX HZepOpMHPYIOIHX
CHJI XapaKTepH3yeTcsl TBePAOCTbIO. Tak Kak npH pasinuiHom
Xaparrepe BO3JeHCTBHS Ha NOBEPXHOCTb Te/a OHO BEAET
ce0d pasIMYHBIM 00pa3oM, TPYAHO YKaszarbh JOCTATOYHO
O0OBEKTHBHYI0O H OJHO3HAUHYIO XapaKTepPHUCTHKY TBEPRO-
cru. Tlpnm paspyweniu TBepioro Teda MOXKHO MNbITaThes
OLIEHHBATb TBEPLOCTb PabOTOH pa3pyLieHHd, OTHECEHHOH X
¢HHHLE NIONaAN BHOBb 06pa3oBaHHON nmoBepxHOCTH (YuH-
ThiBas, YTO NPH pa3pyLIeHHH NPOHCXOAHT YBeJHYEHHE MO~
BepxHocTH Tena). Ilpn TakoMm onpexeieHHn TBepAOCTb
JOJIKHA H3MEPATBCA TEMH Ke eIHHHLUAMH, YTO H KO3 bu-
UHEeHT TOBEePXHOCTHOTO HaTAXeHHA (CM. HHIXKe), onpefne-
JisleMBIi 1o ¢BOGOAHON IHEPruH, NpUXOAAUleHCs Ha e HHHIY
nopepxHoctH. Chenyer, 0OAHAKO, OTMETHTb, YTO HCTHHHAS
pabora paspylleHHs 3HAUYHTEIbHO ~Goablile  yBeJAHYEHHSN
cBOGOJIHON 3HEPLHH TOBEPXHOCTH, TaK KaK [0JaB.Js0Last
yactb 3arpayuBaeMoi paboTul paccenBaercd B BHE Temia.
CyulecTBEHHO TaKXe H TO, YTO NPH PAasjHuHbIX crocobax
o6paboTKn (GakTHUECKH 3aTpaunBaeMas pabora MoKeT ObiThb
BecbMa pasanunoit, [lo3ToMy B TexHHUeCKO NpaKTHKE MoAy-
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YHJIH pacnpocTpaHeHHe PasjiH4Hbie yCJaOBHbLIE METOAbI OLeH-
KM TBEPJOCTH MarepHasos.

B muHepanorun NpHMEHSIIOTCA WKaJbl TBEPAOCTH, B KO-
TOPHIX UYHC/JAAMH B BO3pacTaiolleM TNopsiake o003HaueHb!
MarepuaJsibl, pacrno/oXKeHHble TaKHM 0Opa30M, YTO KaXKAbli
nocAeAYIOIHi cnocoGeH OCTaBAATh LAapanuHy Ha Npeibiay-
weM. KpaliHuMH B 3TUX HiKaJaX fBJIAIOTCA TaJdbK H aaMas.
Pacnonoxenne MHHepaioB B IIKaaax TeepaoctH Moca u
Bpefitraynra paro B Tata. 49.

B TeXHHKe NPUMEHSIOTCS METOJbl OmpejesleHHs TBEPAO-
CTH, OCHOBAHHBIE Ha M3MEPEHHU Pa3MepoB JYHOK, Nojayuyae-
MbIX [PH BJaBJIUBAHUK B IIOBEPXHOCTb HCHBITYeMOrO MaTe-
pHaa CTaJbHBIX IIAPHKOB, aJMa3HbIX KOHYCOB HJH HpPU3M
(tBepnocts mo DBpunennmio, mo Poxsenny, no Bukkepcy).
CoOTBETCTBEHHO /151 WJIOCTPALlWH MPHUBENEM MeToJ ompe-
JieJIeHHsi TBEPAOCTH 10 BpuHeano, B KOTOPOM onpefeseHHe
TBEPAOCTH INPOU3BOAUTCH  BJaBiAUBaHHEM  3aKaJeHHOTO
CTaJbHOTO LIapPHKa B HOBEPXHOCTb HCHBITYEMOTO Tesla NOJ
nefictBueM omnpejesieHHoll Harpysku. [1pu stoMm usmepsercs
auameTp o6pasosanuoil ayuku d. Ecau guamerp wapuka D,
a Harpyska P, To Mepoil TBEPLOCTH CJAYXKUT BeauunHa Hp,
onpejeasiemas GopMyJoH

oP
H,= S —
B wp(p-VDT=a%)’

npuueM P usmepsiercs 8 kec, D u d — B mm. CoorBercrBen-
Ho Hp nsmepsiercst B xec/m2.

¥0apnas ea3zkocre. Hapany ¢ TBepROCTbIO CONPOTHB-
JeHHe MaTepHasta Da3pyUIEHHI0 XapaKTepH3yercda yRapHo#
BA3KOCTBIO, KOTOpast H3MepsieTcst paGoToH, pacxomyeMoil
AJsl yRapHoro H3noMa ofpasna, OTHECeHHOH K eJHHule
MJoUlafid ero MOMepeyHoro ceueHus B MecTe uaaoMma. Enu-
HHUIb! YAapHOH BA3KOCTH

Oxc/m?,  spefcm®,  kec . mim?,

(4.94)

CoortHolIeHHA MeXAY HHUMH
1 Ooc/m®=10% spefem®, 1 kec - m/m*=9,8 Ooc/m®.
Bsaskocte (koaguyuent eHyrpennezo Tpenus). Ecnu

B XKHIKOCTH HJH rase TNPOMCXOAWT JlaMHHapHOe (cTpyHua-
TOE) TeueHUe OTAENbHBIX CJHOEB APYT OTHOCHTENbHO ApYra,
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TO MEXIYy CJAOAMH BO3HHKaer cuJja, HanpapJeHdan Kaca-
T&JbHO K IIOBEPXHOCTH 3THX CJOEB. Hannune BaskocTu npu-
BOJAUT TaK¥Xe€ K BO3HHKHOBEHHIO CHJIBI, llefICTBy}Omefl Ha
KaxJ0€e Teno, ABHXKYILeeCsd B KHIAKOCTH HWJH Tase HJIH XKe
00TeKaeMoe JOTOKOM XKHJIAKOCTH HJH ra3sa. JTa CHJia, Ha-
3biBaeéMas CHJIOH BHYTPEHHEro TPeHHf, Bblpaykaercsi Qop-
MYJI0# *)

f= — WS (4.95)

rie dv/dl —rpaaueHT CKOPOCTH, §— MJOLLaAb, Ha KOTO+
pyto jeiictByer cuna f, p — Baskoctb. M3 dopmyasr (4.95)
SIBCTBYET KakK ONpejie/eHHe, TaK W PasMepHOCTh eXHHHIbI
BsiskocTd. [locnennsss uaMepsieTcss CHJIOH, KOTOPYIO HCIble
ThiBaeT €JHHHIlA MOBEPXHOCTH OJHOTO M3 B3aHMOJEHCTBYIO=
I{HX CJIOEB CO CTOPOHBI APYrOTO CJIOS, eC/H PACCTOSHUE Me-
KAY C/IOSIMH PaBHO €HHHUILIE AJHHBI H CJIOH JBIXKYTCS ApYyr
OTHOCHTEJIbHO JPYra cO CKOPOCTbIO, PaBHOH eIMHHLE CKOs
pocTH. PaaMepHOCTb BA3KOCTH

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

B cucreme CH eaununa BsskocTH He wuMeer 0coBoro
HauMeHoBaHUsl u obo3Hauvaercs H - cex/m2. B cucreme CI'C
eJMHHLA BSIBKOCTH HasbiBaercsl nya3 (n3) H onpenensiercs
KaK BSI3KOCTb TakKOH 2KM/KOCTH, B KOTODO MpPH rpajHeHTe
ckopocTH 1 cm/cex Ha ¢m Ha KaXkAbli KBAaApaTHBI CAHTH=
MEeTp TEKYILIero CJosi AeHCTBYET CHJAa TPeHus, paBHaa Of-
Ho#t aune. Ma opMysibl pasMepHOCTH BSI3KOCTH MJH ee 060-
sHauenus1 B cucreMe CH MOXKHO J1erko nmosyuuTs, 4To

1 #-cex/m?=10 na.

TouHO TaK 3Ke MOMKHO MOKa3aTh, YTO TEXHHUECKAs elHHHIA
easkocrn  (kec/m®) B  cumctreme MKICC  cocrasaser
9,81 # . cex/m? unn 98,1 na.

Baskocte Boanl npu 20,5°C  JOBOJBHO TOYHO paBHa
0,01 n3, 1. e. 1 cantunyas (cn3). Ilpn NoHuwXKeHuH TeMmie-
parypul BASKOCTb JKHMJKOCTH pacTeT. B 4acTHOCTH, BA3KOCTD

*) 3HaK MiHyc MOKa3BIBaeT, TO CHJA HANPAB/ieHAa HABCTPEUY A0,
ABHXYIeMYyCs ¢ Goibliefl CKOpPOCTLIO.
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Boabl npu 0°C cocrasaser 1,79 cns. OrHollenne BA3KOCTH
MHAKOCTH K BSI3KOCTH BOJAB!I IPH TOH JKe Temmeparype Ha-
3nIBAETCH OTHOCHTENbHON BsizkocThio. OTHOLIEHHE BA3KOCTH
HKUAKOCTH K Bsizkoctu BoAwl npu 0°C HasplBaeTcst yae/b-
Hoifi Bs3KOCThIO. Pasymeercs, Kak OTHOCHTeNbHAs, TaK H
yAeAbHas BA3KOCTH Pa3MepPHOCTH He HMEIOT.

Hast npaxrnueckoro onpeneseHdst BA3SKOCTH MHpeaJo-
KeHo GOJIblIoe YHCA0 Pa3sHoOGpasHBIX nPHOOPOB, HOCHILIX
ofillee Ha3BaHHe BHCKO3MMETpoB. Hexoropele M3 HUX HO-
3BOJIAIOT ONpEAeIATh BA3KOCTb B JI000I H3 TpHBEEHHBIX
Boitie egunuu. OaHako HapaAAy ¢ HUMH HPHUMEHSIOTCA M Bil-
CKO3MMETpbl, KOTOpPble AAIOT 3HauyeHHe BS3KOCTH B VYCJAOB-
Hbix eaunnuax. Cpenn tagux Buckosumerpoe B CCCP no-
ayqus pacnpoctpanende (B 0COOGEHHOCTH /I H3MEpeHHUS
BH3KOCTH HedTENPONYKTOB) BHCKO3HMETp JHIVIEpa, B KO-
TOPOM HENOCPEACTBEHHO H3MepsAeTcs BPeMs BBHITEKAHHA
200 ¢ XUAKOCTH. DTO BpeMA CJAYKHT Mepoit BA3KOCTH B TaK
HasbiBaeMbix cekyrdax Iuesepa. OTHOIIEHHE 3TOTO Bpe-
MeHHl- KO BpPeMCHI BbITeKaHHA TOro Ke 06beMa BOABI Npu
temneparype +20°C onpepensier BA3KOCTb XKHAKOCTH B
Zpadycax Iueaepa (CE). OtHolueHie MeXIy rpaaycamu
Auraepa H nyasami gaercs npubauxennoll gopmynaoi

0,0631
)0

= (0,0731 °E —~ (4.97)

3aech p— BA3KOCTb B nyasex, °E — Bsi3KocTs B rpajycax
Buraepa, p — MJAOTHOCTb KUAKOCTH B 2/cmM>.

- Texyuecrs. Bennuuna, o6paTHast BSI3KOCTH, Ha3biBaeTcs
TEKy4eCThio:

Q= (4.98)

L

i1

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

Ejaunuua tekyuectu B cucreMe CH usmepsiercs B M2/H - cex,
B cuctemax CI'C Tekyuectb H3MepsieTcsi B OOpaTHHIX
nyasax. HMuorga sTa exunuua HaspiBaeTcst H o0603Hauaer-
e pe. v
Kunemaruueckan ssskocrs. Kpome paszobpalHofi BHue
BSI3KOCTH, KOTOPYIO YacTO HasblBAIOT JHHAMHUYCCKOH BH3KO-
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CTbiO, B THAPOAHHAMHKE WIHPOKO MOJAB3YIOTCH KHIeMaTH«
YeCKOH BfA3KOCTBIO, KOTOpast ONpeaesIsieTCs1 Kak OTHOLIeHHe
JUHHaMHYECKOl BASKOCTH K IJIOTHOCTH IKHAKOCTH

u
=—, 4,
V=" (4.100)

PasMepHOCTs KHHEMATHUYECKOH BA3KOCTH
2 —
[v]=LT"" (4.101)

coBOajaer C  pasMepHoCcTbIO  Kosthouuuedtra Audpdysun
(cM. Huxe). B coOTBeTCTBHH € Pa3MepHOCTBIO eIUHHIA BA3-
xocru B cicreMe CH o6osnauaerca x2/cex. Takosa xe emu-
uga BsAskocTH H B cucreMe MKICC. Epunupna Bf3KoCTH
B cucreme CI'C cm?/cex, pasHas 10-* m?/cex, naswipaercs
croke (cr).

Kosgppuyuenr nosepxunocrroeo narsmenus mupkocts
ONpeaedsieTcsi CHWIOH, KOTOPYIO HCHOBITBIBAGT KaXKaas eNi-
HHUA AJAHHBL rpaHuubl kuako#t niaeHku. Kosdouuuent no-
BEPXHOCTHOIO HATS’KEHHA MOXHO TaKXKe ONpPedesqHTb Kak
cBOGOANYIO 3HEPrHio *)  eAHHHIbI NOBEPXHOCTH JKHAKOI
niaenky. M3 oGoux stux onpemenenuii BblTekaeT dopmy.ia
pasMepHocTd KoaphHUHEHTA NOBEPXHOCTIIONO HATANKEHNS

i _ IF] -2
[o] = i =MT". (4.102)
Eaununa ko3dduiuenta noBepXHOCTHOrO HATAKEHHS onpe-
AeaseTcss Kak Ko3(QpHMUUeHT NOBEPXHOCTHOTO HATSMKEH S
TAaKOW JKIAKOH IJICHKH, Ka)Xas €IHHNUA IJIHHBL IPaHHLbl
KOTOPO# HCTILITBIBAGT CHJY, DPaBHYIO eMUHHIE, HJIH M
Kaxnast ¢AHHHIA TIOBEPXHOCTH KOTOpofi obaanaetr cBobO-
HOM 3Hepruefl, paBHOH eMHHIE.

Onpeaenenne Ko3pduIKEHTa NOBEPXHOCTHOTO HATAIKE-
HHSL H €To C/IHHMIBI KaK CBOGOAHON SHEpPruu exuHuupl mo-
BEPXHOCTH [103BOJAAET PACHPOCTPAHHTL MOHATHE KO3((pu-
UHEHTA TIOBEPXHOCTIOIO HATSXKEHHST H Ha TBepaoe TeJo,
LOCKOIBKY  MOJCKY/Ibl, HaXOAsIIHeCH B IOBEPXHOCTHOM

*) CpoGopmas sueprus NPUGMIIKEHHO OMpefejfeTcd KaK Ta 4acTs
SHEDPIHH' CHCTEMBl;, KOTOpas MOXeT GuiTh MpeBpaiiena B paGoTy. Bosee
CTPOroe onpeiedente AaeTca B KypPCe TepMOAHHAMUKH,
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cjoe Tena, 06JafaloT MNOBLIMIEHHON NOTEHLHAJbHOH 3Hep-
rHefl 0 CPAaBHEHHIO ¢ MOJeKy/JaMd, HaXOXALMMHCA BHYTPH
Tesa.

Eaununa ko3dduuuenta NOBEPXHOCTHOTO HATsKEHHS B
cucreme CH w/m wiau Oom/m?, B cucteme CI'C dun/cm
wiu apefem® u B cucreme MKICC kec/m wnam kec-m/u®
B ra6aunax usorga Gurypupyer Ko3(pOHUMEHT NOBEpX-
HOCTHOTO HAaTSKEHHS, BBIPa*KeHHBII B MUJ/JIHTPAaMM-CHAaX
Ha MuaanMmerp (mec/ma). Jierko cocuntaTh, yto 1 mec/mm=
= 9,81 dur/cm.

Pasmeprocts «uactuya». B MosekynspHOH M aTOMHOI
dusnKe, HAPALY C MaKPOCKOMHUECKUMH BeIHUMHaMH (IJIOT-
HOCTb, BA3KOCTb W T. N.), MPHXOAUTCS HMETh Je/l0 C Bejil-
YHHAMH, XapaKTEPH3YIOUIMMHM CBOHCTBa OTJE/NbHBIX ua-
CTHI, — MOJIEKY/, aTOMOB, JI€EKTPOHOB, HOHOB M T. 1. Takne
BeJIMUHHBI, KaK SHEeprusl MOJeKyJd, Macca artoma, 3ap:il
3/1eKTPOHa, [OJIKHBI BHDaXKaTbCd €IUHHLAMH SHEPTHH,
Macchl, KOJMYecTBa  2JEKTPHUECTBA, OTHECEHHBIMH «Ha
IITYKY», T. €. Ha OTAeJDbHYI0 HacCTHly. XOTsl pasMepHoCThH
«4JacTHILay OOLIYHO He BBOJAMTCST B 0O0O3HAUEHMsT COOTBET-
CTBYIOLIMX €JMHHL, HO B CKDBITOM BHJE OHA IPHCYTCTBYET
B uM3Mepenuu psifa Beanuud. OueBHAHO, NEPBOH Takoi Be-
JUUMHOH SBJSETCS MPoCcTo ofllee YHCAO YaCTHIL B HEKOTO-
poMm o0beMe H/IH HEKOTOPOH Macce.

Konyenrpayusa. OtHecs UMCJIO waCTHI K efuHnie obbe-
Ma, Mbl IOJIYYUM BEJUYHHY, HOCALLYIO HasBaHHe K O H I € H-
Tpauuu. Pa3aMepHOCTh KOHLEHTPAUUH

in]=L"° (4.103)

ee eauHuUbl M3 B cmu~3. BBOAs yMOMSAHYTYIO BLILIE pa3Mep-
HOCTb «YaCTHIa», MOXKHO 3alHcaTh

1 wacruqa/m3= 107° uacruz;a/cms.

B XHMHM KOHIEHTPALHMIO H3MEPSIOT HE YHCJIOM YacTHIL,
a YMCJIOM KHJIOMOJIEH Mau MoJeil Ha eauHHLy o6beMa. 3Has
KOHIEHTPAlHIi0O B KHIOMOJSAX Ha KYGHUeCKHH MeTp Ham b
MOJIIX Ha KyGHUeCKuil CAHTHMETP, MOXHO ONpeReaHTh KOi-
LHEeHTPALHIO YaCTHl, €CAH MOMHOXHTb 3TH KOHIEHTpalxu
Ha 4HCcJ0 ABOrajipo, BhIpaKeHHOe B TIePBOM cJ/yude UHC/I0M
YacTHI Ha KHJIOMOJb, a4 BO BTOPOM — YHCJIOM HYACTHIL Ha
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mostb, [lpu sToM waule Bcero M3MepsioT KOHUEHTPALHIO B
Moafix Ha Jautp. KoHumenrpamusa 1 x0.16/4 HaabiBaercs
HOPMAaJNAbHOH KOHNEeHTpauue.

Kospuyuenr Ouppysuu. Ylpu nepaBuOMepHOH moT+
HOCTH MM KOHUEHTPAUHH XXHAKOCTb, Ta3 HJH PaCTBOPEHs
Hoe BellecTBO GyAyT AMPQYHAHPOBATL B HANPABJEHHH, IPO-
THBOMNOJOMXKHOM TPafMEHTY IUIOTHOCTH HJH KOHUEHTpAalluH,
NpUYEM KOMHUECTBO BewectBa Am, auddyHaupyolee sa
BpeMa Af, onpeaenserca GopMyJoi

Am =~ DI s At, (4.104)

3aece dp/d! — rpajeHT NJIOTHOCTH, §— MOBEPXHOCTD, Ye-
pes KoTopyio mnpoucxoautr aAudpdysua, D — xosbduuueHt

audbysnn.
To xe ypaBHeHHe MOXHO HanmucaTb U B BHAE

AN = — D%;ism, (4.105)

rae AN —uucno  npoauddyHAHPOBAaHHBIX  MOJEKYA, a
dn/dl — rpazueHT KOHUEHTpALMH.

OGe (opmyasl HIGHTHYHBI, TaK KakK NEPBYI0 M3 HHX
MOKHO NOJIYYHTb M3 BTOPOH YMHOMKeHHeM 06eux yacrefl Ha
maccy monexyanl. Kaxias M3 3THX (GOPMYa MONKET ciy-
XKUTb 141 onpefenenus ko3pobuuuenta audpdysuu. O us-
MEepsieTCsl MacCOM HJHM YMCJIOM MOJIeKYJ, KOTopoe mpojud-
GyHaupyer B enMHHIy BpPeMeHH yepe3 MJOLIAAKY, PaBHYIO
elUHHLe TNPH TpajHeHTe IVIOTHOCTH HJIH KOHUEHTPaluH,
paBHom eaunuue. JlioGas u3 ¢opmyn (4.104) u (4.105)
7laeT OJMHAKOBYIO pa3MepHocThb Ko3dduuuenra nuddysuu

__ml e
[Dl= oy = LT (4.106)

WJIH XKe

NI et
[D]= rpstir = LT (4.107)

yT0, KaK Mbl YKasblBaJii, COBIAJaeT ¢ KHHEMaTHYecKoil
Bsizkocrbio. B cucremax CH u MKI'CC emunune#r kosg-
¢unuenra Ludpdysuu sBaserca m?/cex, B cucreme CI'C —
cméfcex;
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Dynkyuu  pacnpedeierus. CraTUCTHUECKHII XapaxTep
MOJIEKYAAPHBIX TIPOLECCOB TPOABIAETCH B TOM, YTO BEJH<
YHHBI, XapaKkTepH3yiollllie NOBeJeHHe MOJEeKyJa H JAPYruX
ATOMHBIX UYACTHU, He HABJSIOTCH OXHHAKOBBbIMH ISt BCEX
YacTHL, BXOAAILKHX B HAHHYIO CHCTEMY, a HMEOT camble
pasjaiuHbie 3liauenHs, paclpeie/eHHble MO OIpeielelHOMY
3aKoHy. B KkauecTBe mpuMepa Ha puc. 13 nokasano Makc-
BEJJIOBCKOE pacnpefetenie MOJEKyd [0 CKopocTaM. 3a-
IITPHXOBAHHAS TUIOWIAAKA NOX KPHBOI MEXK1y 3HAUEHHAMH
CKOPOCTH MOJIEKYJI U1 H Us MPEACTaBaseT coGoil uHea0 Moic-
Ky, cnopocm KOTOPBIX OOJblle YeM U; H MeHblle 4eM Us.

B MaJloM HHTepBaJje MEXKLy CKo-
ftv) poctamMu v U U+ dv 3aKaioueno
YHCJIO MO.IEKYJ

dN = F (v)dv, (4.108)

rae F(v), apasowasics OpAHHa-
TOH KDHBOH, HasbBaeTcd OyHK-
1Hell pacnpeneseHuss MOJEKY 110
ckopoctam. CoraacHo ompeje.ie-
v HHIO

Puc. 13, F (v) =—dl. (4.109)

PasvepHocTb (QYHKUIN pacrpeieseHus 10 CKOPOCTHM
[F (v)] = (dact.) L™'T. (4.110)

[logoOGHo dyHKUIM pacnpefeNeHust [0 CKOPOCTSAM MO-
TyT ObiThb onpeiejeHbl MYHKUHU pacipeiejeHHs no J1000H
ADYTOH CTAaTUCTHUECKOH XapaKTePUCTHUKE -— JHePruH, AJIHHE
cso6GopHoro npodera H T. 1.

Jlerko BuaeTb, UTO BCe 3ITH (PYHKUUH pacnpejeseHHs
HMEHT Pa3MepHOCTb, NPEJACTaBAdIoONlYI0 c00oil oTHOmEeHHne
pPasMepHOCTH «UaCTHLa» K Pa3MEPHOCTH TOH BeJIHYMHBI, pac-
npeneseHe MO KOTOpoil xapakrepuayercs HJaHHOH (yHK-
uel.

B psize cayuaeB (QYHKHHIO pacnpeieieHHs OTHOCHAT K
obiemy uucay uacruu. OnpespenenHas TtakuM o6pa3oM
¢YHKUHA pacnpelesesnss Has3biBaeTcd «HOPMUPOBAHHOH
Ha epuunny». OG6o3Hayasgs HOPMHMPOBAHHYIO Ha eRHHHIY
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OyuKuuIo pacnpejieseHHsa  no . ckopoctsim [(v), Moxuo
HaNHCaTh

Fo) =5 F (o), (.111)

rie N — obiee yucno yacruu. OuesugHo,
ff(v)du= 1. (4.112)
0

Jlerko BHJeTb, UTO Pa3MEPHOCTb HOPMHPOBAHHOIN Pyuk-
LiH pacnpelesieHHa NPOCTo 06paTHa pasMEPHOCTH TOH Be-
JIHYMHDL, pacnpejesneHne 00 KOTOPOH onpeaensiercs AaHHON
q)ym«:uueﬁ.
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Tenaosbie eAHHHIIbI

§ 5.1. Temneparypa

OCHOBHOH BeNMUHHOH B YUEHHH O TeIVIOTE SiBJACTCS
temMnepaTypa. [IOHSITHE TeMIepaTypel H3BECTHO KaXXAOMY
yesoBeKY C JAeTcTBa. Dosee TOro, OHO «3HAKOMO» BCAKOMY
JKHBOMY CYIIeCTBY U Aaxke Kaxjaomy pacrenuio. Hecmorps
Ha 3TO, a, BNPOYEM, MOKeT ObITb HMEHHO I03TOMY, AaTh
onpejeneHne TeMIIepaTyphl OKa3blBaeTcs BeCbMa CJOXKHBIM.
B snemeHTapHbIX yyeGHHKaX TeMmeparypa HHOrJa onpefe-
JisleTcsl KaK «CTeleHb HarperocTH Tesa», MHOTJAa Kak «MpH-
YMHA OULYIIEHHS TEMJa W XOJOAa». IDTU ONpe/leseHHus Npl
H3BECTHOH HaIVISIAHOCTH He [aloT, pasyMmeercs, KoJjude-
CTBEHHON XapaKTePHCTHKY TeMnepaTyphl. Takomy Tpefosa<
HHIO MOTYT y/OBJIETBODHTb CTPOTHE OIIPELENEHHs, CBA3bL-
BalOI[He TeMNepatypy ¢ JpPYTHMH TePpMOAHHAMHYECKUMH
¢dyukmusamu. OJHaKO OHM CTPajaloT APYIHM HEJOCTaTKOM:
OHH MeHee HaTIAAHBI ¥ TPeOYIOT NpeABapHTeNbHOrO 3HA-
KOMCTBa C 6oJiee CJOKHBIMH H aOCTPakTHHIMM IOHATHAMH.
ITo3TOMY B CBfI3M C 3aJauyaMH HacTOsIUE# KHUCH Mbl MOCTY-
UM caepyiolM o6pasoM: OyAeM CUMTaTh MOHSITHE TeMIe-
paTypbl KaueCTBEHHO 3HAKOMBIM YHTATENIO H NOCT2BHM BO-
npoc o crocobe uauM cnocobax H3MEPEHHs TeMOepaTypsbl.
He npuXoJuTCst JOKa3blBaTb, YTO KaXK/IOMYy 3HAKOMbI MOHS-
THSL «XOMGJHOE», KTEIIOoe», «ropsiyee», 3HaKOMbl H CIOCOOHI
N3MepeHHs TeMIEepaTyphl OOBIYHBIM KHAKOCTHBIM TEPMO-
METPOM.

Jlerko, ofHaKo, BUAETh, UTO HPH ITHX H3MEPEHHAX HENb~
af NMOCTaBHTh BONPOC O TOM, BO CKOJIbKO pa3 OfHa Teme-
parypa Goublie MIM MeHbiue ApPyrod. Beap mo NpUHATOH
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B OGBIYHON KM3HH CTOTPaJyCHOM IIKaJe Mbl HMEEM H IHO0JO-
UTEJIbHBIE H OTPUIATEJNbHBIE TeMIepaTypbl, TaK YTO OTHO=
LIeHne ABYX TEMOEPaTyp MOXKeT ObiTb U IOJIOXKHTETbHBIM,
W OTPHLATEJbHbIM, M Aaxe PaBHBIM OeCKOHEYHOCTH.

HoBoabHO DIHPOKO M3BecTHa BBedeHHan VY. KejbBHHOM
«abcosoTHAst IIKajaa temmepatyp» (oGosHauaemas °K), B
KOTOpOfi BCE TeMIepaTyphl HOJIOKHTENbHB, H TpPHBEJCHHOE
cOMHeHHe KaK Oynro ornafaer. TeM He MeHee OCTaeTcs BO-
npoc O TOM, B KaKO#l Mepe TeMmeparypa, usmepenuad no at6-
COJIIOTHOM ILIKaJe, SIBJSETCH NeHCTBHTENbHO «alCOMIOTHO»
U KakKoB KpHuTepuil Toro, uto mpu 3toM 600° K BaBoe 6o.b-
ute, veM 300° K, uau uto unrepsaa or 1000°K no 1500° K
B nmAThb pa3 Goabine, yeM uHTEpBad or 400°K mo 500° K.
Jdeno B ToM, 4TO XOTH MBI oOsajaeM CHOCOGHOCTBI BOC-
NpHHHEMATL TeMOepaTypy (TepMHueckoe QcA3aHMe) H- Kaue-
CTBEHHO CPaBHHBATbh TEMMEPaTypPH B JOCTYNHOH Ham obJaa-
CTH, Mbl He pacnojsaraeM HHKakKHMH MeTOAaMH NPAMOTro
usMepeHusi Temmeparypnl. Jas Toro e, uroObi HMeTb
KOCBEHHBI MeTOA, HaM HeoOXOAHMMO CBfi3aTh TeMIepary-
Py ¢ HAPYTrHMMH BeJMYHHAMH, H3MepeHHe KOTOPBIX Ham Jo-
CTYITHO,

[Ipexkpe Bcero 3jech ciaefyeT OOGPATHTLCH K TaKuM
CBOHCTBAM OKpYyXaIOIUHX Hac Tes, KOTOpHe N0 HalluM Ha-
OJMIONEHHAM H3MEHSIIOTCA ¢  M3MEeHeHHeM TeMIepaTyphl.
EcrecTBeHHO MpPH 3TOM HCHOJb30BATh paciiipeHHe Tel NpPH
HarpesaHud. Tak pOZMINCH TEpPMOMETPbI, H3MepHAIOIIHe
TEMIepaTypy No H3MeHeHHI0 obbema XKuAKOCTH. IIpu 6osze
TIATEILHOM HCCHAEN0BAHHH 0Ka3ajoch, 4YTO B 3TOM crocobe
CKpbiBajiaCh  CYIECTBEHHAf HEOJHO3HAYHOCTb, KOTOPYIO
MOXKHO HaIVISSHO NpoHAJIocTpupoBaTh. IIpencraBum cebe,
UTO M3TOTOBJAEHO HECKOJbKO TEPMOMETPOB, 3aNOJHEHHbIX
pasubiMi  XuAxocTsiMH. OTMETHM Ha HHX OJHHAKOBblE
«OTIOpHbIE TOYKHM», HapHMEp TeMOepaTyphl NJiaBJACHHS Ka-
Kux-nu6o JABYX BeutectB. Pasnenum na Bcex TepMoMeTpax
[IKalAy MeXAy 3THMH TOUKAaMH Ha OJHHAKOBOE UHCAO paB-
noorcrosmux yacreil. Ecau remepbh Bce TepMOMETPH IoOMe-
CTHTh B cpely, 006/ajaimoinyio KakKOoH-TO IPOMEeXRYTOUHOH
TeMIepaTtypoii, T0, KaK 3TO NOKaXKeT OMNHIT, OKa3aHHs pas-
HBIX TEPMOMETPOB 6yAyT pasnnyHbiMH. OCOGEHHO KypbesHo
Besl 6bl ceGsi mMpH 3TOM TEPMOMETP, KOTOPBIH Mbl pPellH/IH
Ou 3amonHuTb BoJo#. IIpH TeMmepaType HeCKOAbKO Goiee
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BbLICOKOfI, UeM TOYKAa NAaB/eHust JbJa, ero CTOJAOHK CTOR
6B He Bbillle, 4 HHXKE 3TOI TOUKH.

TakuM 00pa3soM, pasHbiil 3aKOH H3MeHeHHsi 00beMa pas-
HBIX JKHAKOCTE (BIJIOTH 0 H3MEHEHHs! 3HaKa 3aKoHa) Kax
6yATO AMLIAeT HAaC BO3MOMHOCTH AaTh OAHO3HAUHBIA CHO-
co6 usMepennss rtemnepartypbi. [losomxerne CylUEeCTBERHO

. yayumnaoch, Koraa [eii-Jhoc-
pv cakoM 6bi;10 0BHAPYIKEHO, YTO

rasul Opd [OBbILIEHNH TeMie-
parypsl paclinpsioTCs NPaKTH-
YeCKH OAMHAKOBO. Bwecrte ¢

e ONBITHEM 3akonoM bBohas—

e Maprorta 3TOT TaK:Ke ONBIT-

e _ HbIl 3aKOH OJUIHAKOBOTO pac-
wrT t* mnpeHns raszos (3axkon Teit-

Jlioccaxa) MeunpesneeBy u Kaa-

Puc. 14, neilpoHy yaajoch OGBEIHHHTD

B o0muil 3aKOoH, BHIpaAXKAIO-

Uil 3aBHCHMOCTb oObeMa raza OT JAaBJjeHus H Temmepa-

Typhl. Ilpuuss, yto 00bEM rasza Npi NOCTOSIHHOM AaBJEHHH,

uau, Gojsee obILO, Mpou3Belenne oO0beMa MaHHON Macchl

rasa Ha ero jaBieiue, 9BJASETCA JHHEHHOR XapaKTepHCTH-

KOH TemmepaTypel, MOXKHO Oblio ofbeauHeHHbLI] 3akon
npeacTaBuTh B CJAEIYIOUIEM Bie:

pV =C(l +af), (5.1)

rie p — Aasjenue rasa, V — ero obbeM, {-— remneparypa,
OTCUHThIBaeMast OT 1000 HauanabHONH TOYKH, o — NOCTORH-
HBIi KO3 QHINEHT, 3aBUcsilUufi OT BpI6OpA HAUaAbHOH TeM-
nepatypHOil TOUKH M Macmraba H3MepeHHs TeMAepaTyphl,
C — ko3¢ uuent, 3aBHCSAMIHI OT Macchl JaHHOTO rasa,
eauHui nsMepenus p U V u or macwitaba H3MepeHus TeM-
nepatypel. I'paduueckn (5.1) wmoxer ObTh H3006paxieHa
npsMoil auuueli (puc. 14), mepecexkalouiefi 0oCb OpJIHHAT.
IpencraBusoce uenecoobpasHbiM 3KCTPanoIHpOBaTh mnps-
MYI0 10 MepeceueHust ¢ OCcbl0 abcuuce H BLIOpaTh TOUKY Me-
peceuenus 3a HauaJo orcyeTa TeMmrneparyp. Takum obpasom
n 6blJ0 BBeJeHO NOHATHE 06 «aBCoMIOTHON TeMmepatype».
Yro kacaercst MaciuiTaa U3MepeHusl 3TOH TeMmepaTypH, TO
OH, pasymeercsi, MOI' GbITb BIIOJIHE TIPOH3BOJMBHBIM. Ero Bbi-
6panu TakuM, YyTOGBI HHTEPBAA MEXKY TOUKOH TasHHSA AbAA
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W KHIIEHHeM BOALI Obl1 paspenen Ha 100 wacrefi — rpaay-
coB. Ilpu Takom macwrtaGe Touka mnepeceueHus mpsMoll ¢
Ocbio abcuuce Ha puc. 14 okaspiBaeTcs OTCTOsIUell TpHMep-
HO Ha 273 rpaayca. 31a TOUKa, KaK M3BECTHO, Oblia Ha3Ba-
Ha «abcosoTHBIM Hysem». CooTBeTcTBeHHO Oblia mpeobpa-
30BaHa ¢dopmyna (5.1), koTopasi npuHsIa BHA

m

rae T — abconioTHas Temnepatypa, m — Mmacca rasa, M —
Macca KWJIOMOJSt WIH MOJs, R — Tax HasuiBaeMast yHuBep-
CajbHasi rasoBasl IOCTOSIHHAS, YHCJEHHOE 3HayeHHe KOTO-
poii 3aBUCHT OT BHIOOpa €HIULL BETHYHH, BXOAAIHX B dop-
myay. B rakoit ¢popme napsiny ¢ sakonamu Bofins—Mapnor-
ta u lefi-Jlioccaka ypasHenne (5.2) BKIIOUAaeT H 3aKOH
ABoranpo. DTo ypaBHeHHe, 10 CYUIECTBY, MOYKHO TPaKTO-
BaThb KaK onpejesieHHe TeMOoepaTyphl B KayecTBE BeJIMUMHDL,
APONOPUHOHANLHOA NPOU3BEJEHHIO NaBlieHHsl Ha o6beM O~
HOTO MOJIst Ta3a.

YpaBuenue (5.2) mnosBoiseT NPOM3BOANTL H3MEPEHHE
KOHUEHTPAUHH Ta3a Tak Ha3biBaeMbIM «MIPHUBEJEHHBLIM AaB-
JenneM». Ecaun ypaBueHue mnepenucaTtb B BlLe

m _—E_
MV T RT? (5.2a)

TO CTOslllee B JIeBOH 4acTH BblpaykeHue GYAeT HMeTh CMBICJ
upcsa MoJieH WM KuJoMoJeli B eluMHHIlE 06beMa, T. €. MO-=
ASPHOH KouueHTpauud. OueBHAHO, TaKash ke KOHIEHTpa-
una 6yIeT u B TOM cayuae, ecan npu Temneparype Ty =
= 273° K nasnenue rasa Gyner paBHO

po="4To. (5.26)

HaBnenne po HasbiBaeTcsi NpHBeJeHHLIM jJaBJeHHEM H
OHO OJIHO3HAYHO ONpejensieT MOJSIPHYI0 KOHIEHTPAalHIO, a
C/1€10BATENEHO, H KOHUEHTPALHIO MOJEKyJd Ta3a, HaXons-
nerocst npu Jasaenny p u remneparype 1. CooTBercTBYIO-
111351 CBA3b MOXeT ObITh JIETKO HaljleHa, e€C/H . yuecTb, uTo
1 KM04b raza npu HOPMaJbHKIX YCJAOBHAX 3aHiMaeT 06bLeM
22,42 »3. Takum o6GpasoM, npH TNpPHBEICHHOM JaBJEHHN,
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paBHOM OZRHOW aTmocdepe, MouspHas KOHUEGHTpalUus rasa
paBHa 0,044616 xkmonb/md.

YuuthiBa#, 4TO B OZHOM KHJIOMOJE COAEpPIKHTCH
6,023 - 1026 mosexy/1, Haitzem, WTO NPH TaKOl KOHUEHTpa-<
uuu copepxutcs 2,687 « 10% mosexyas/ms. IHaueHuss MONAP-
HOHl KOHUEHTPZIMM H KOHIEHTPAaUWH MOJeRYJsT NIpH [pubse-
NMEHHOM JIaBJEHHH, BHIPAXKEHHOM B pasJHYHBIX eIHHHLAX,
npusejensl B Taba. 18,

Pa3BuTHE KHHETHUECKON TEOpPHH HJAEAJbHHIX rasoB I0-
3BOJIHJIO. BHIBECTH. YpaBueHue: (5.2) npH paje ynpoilaouEx
JONYIIEHAN. U TUPE NPEANOJONKEHHH, YTO abCOMOTHAS TeM-
nepatypa NPONOPLHOHAJNbHA CPeJHEeH KIHETHULCKOH 3Hep~
rHH NOCTYNATeNbHOrO ABHIMKEHHS: MOJEKYd. ITa 3aBHCHs
MOCTb MOXKeT ObITh Bhipadkeua qopmynoii Doabumana.

B= T KT, (5.3)

rie K — ynuepcanbnasi mocrosHHas (He 3aBucaulas OT
rasa).

B o6mwenpuusaToli ¢opme ypaBHenue (5.3) 3anucbiBaer-
csi B BUZE

_ mot 3 o
D= =5 kT; (5.3a)

noCTOsIHHAA kB B 3TOCM ypaBHEHUH HOCHT Ha3BaHUe MOCTOSAH-
Hoit BosbuMaHa.

YpaBHenne (5.3) no3BOJAET NPHAATH TeMmieparype
onpeiefeHHbl (U3HUECKHH CMBICT Kak BeJIMYHHE, TPOMNOP-<
IMOHANBHOI cpeaHell KHHETHUECKOH SHeprun monekys. Oxa-
3pBaeTCA, OJHAKO, YTO TAKUM Onpeje/eHHeM He HCUEpIbl-
BAlOTCSl BO3MOXKHBIE CBSI3W TE€MNepaTyphl ¢ APYrHMH (usu-
yecKUMH BelMyMHaMH. PaccMOTpuM HEKOTOpble M3 3THX
cBfizel. :

[MpeacraBuM ceGe 3aMKHYTYIO O6OJIOYKY, H30JHPOBAH-
HYIO OT OKDYXKalOIero NPOCTPAHETBA H HaXOJAIlylOCs NpH
IIOCTOSIHHOH TeMneparype, HpudeM' BHYTPH 00010UKH —
uieanbHnii BakyyM. Heemorps Ha 370, oHa He Gyaer co-
_BepuieHHO «mycToi». OrpauuyerHast 0GOICUKOH MOMOCTH
Gyler 3amO/HEHa 5JEKTPOMATHWTHHIM H3/yYeHHEM, 06DbeM-
Hafd NJOTHOCTD 3HEPIHH KOTOPOTG Wy, COIVIaCHO 3aKOHY
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Crepana—bBonbiMata, NpoNopIHOHAILHA -UETBEPTORH CTenes
HH a6CcOIOTHOH TeMnepaTyphl 06GOMOUKH

w,=oT" (5.4)

rae o — HOCTOAHHAs, 3aBUCAINaA OT Bui6Opa “RHHKIL.
HMsnyyenne BHYTPH NOMOCTH HMeeT paclpefieleHHe 0o
IJIHHAM BOJIH, NIPeACTaB/JECHROE Ha pHC. 15 ;A Tpex pasHbiX
']raemneparyp.‘ Kax YCTaHOBH.I Wy
HH, MakCHUMyM 3HeprHH B
STOM pacnpeieaeHHH TPHXO-
JUTCH HA AJNHHY BOJHH Ap,
06paTHO  NPONOPELHOHAJIBHYIO
TEeMIeparype,

b .
}"m = T (55)

rie b — noCTosiHHasA, TaKXKe
3aBHCALIAN OT BEIGOPA CRHHEHY,

OGe ¢opmyasl  (5.4) Puc, 15.

(5.5) Moryr GuiTb HCROML3O-

BaHBl JIUI1 M3MEPEHHS Y -OnpefesieHnss TeMACparypbl B Takoi
e Mepe Kak H (5.2) u (5.3). Taxoe onpenreitedue remnepas
TYPbl 1O GopMysiaM HIIyUCHHA ABJAETCA Naxe Ooree 006-
LIMM, MOCKO/IbKY OHO TIPHTOJHO Kak fAJf IPOCTPAHCTBA, 3a+
HOJHEHHOTO BellecTBOM, TakK M jas BakyyMa. [lostomy
pPacnpocTpaHeHHOe OnpenelleHie TeMIepaTyphl KaK BeJHYH+
Hbl, NPONOPHHOHAJLHOH CpefHeH KHHETHUECKOH 3Hepruu
NMOCTYNaTEeALHOTO JIBUXKEHHS MOJEKYJ, Ciellyer paccMarpu-
BaTb KaK YaCTHOE ONpefiesIeHHe TeMuepaTypel, a HMEHHO
TeMAepaTypbl Tesla, COCTOAIEero H3 MOJEKYJ, aTOMOB H
suekTpoHoB. KBauroBasi MexaHHKa, OXHAKO, OTPaHHUHBAET
Baxe 3TO ONmpejelleHHe, Hesasd €ro HempUrOAHBIM TPH HH3+
K#AX TemnepaTypax. B 10 xe Bpemsa dopmyna (5.4) oKasbls
BaeTcsl CIpaBeNJUBOH TpH JIO0BIX YCJAOBHSHX.

CoryiacHO BTOPOMY Haually TEPMOAHHAMHKM HHUKaKas,
caMasl HjieaJibHasi TelJoBas MalluHa, paboraioHias O6e3
TPEHHUs1 H TOTepb TellJla HapYXKYy, He MOXeT UMeTh Ko3ddu-
IIHeHTa [0JIe3HOTO JeHcTBHSA *), paBHOTO €JHHHIlE, TaK KakK

*) . Kos@duuuenr mnosesnorc pefcrBusi 1 (K. 1. 4.) — OTHOIUIEHHE
noJe3noli paoTsl Ko BCell SHEPTHH, NOJYYCHHOH CHCTEMOl,
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YACTh TelJia 00fA3aTeabHO AOMMKHA NEPEXOAHTD OT HCTOUHH-
Ka Temsia (marpemaTenst) K Xouaoauabuuky. Ecam temuépa<
Typa narpesateas Ty, a TeMnepatypa XoJoiuabhuka Ty, TO
MaKCHMaJbibli K0o3(QULIIEHT ToJje3Horo JAeHCTBHS Mallu-
Hbi (IpaKTHYECKH, Pa3yMeeTcsi, HeloCTHAKHMbI) paBen

n=T (5.6)
1

Onpegenstst aGCOJIOTHBIA HYJAb KaK Takyio TEMIepaTypy,
KOTOPOH HOJKeH Obli Obl 06/Ma4daTh XOJOAWIBHHK *), UTO-
6L HAeatbHBI K.1. . DaBHSAJCA e€AHHHIE, Mbl MOMKEM,
mpaBja TEOPETHUECKH, HCMO/B30BaTh dopmyay (5.6) aas
yCTaHOBJEHUA TeMIepaTypHOH WIKaJbl.

B repMoauMHaMuKe 10Ka3biBaeTcs, UTO BCe MpHBeACHHbIE
. Bhiie hopMyabt ONpeaetsioT OAHY W TY JKe TeMmneparypy,
KOTOpasi MO3TOMY MOJIyuYH/Ia Ha3BaHHe TePMOAHHAMHYECKOil
TeMmmepatypbl. Jlio6oii u3 crosmux B dopmynax (5.2),
(5.3a), (5.4) n (5.5) koapduuuentos R, k, ¢ u b MOKHO
Gpl10 Obl NpH JKeJaHHH cAeqaTh PaBHbIM ERHHILE, UTo
onpeeangao Gbl pasHble pasmepHocTH Temuepartypot L2MT-2,
L-1MUT-5, L', Bonee Toro, MoXHO Obl10 OBl JaxKe Hame-
HHTBL caMoe onpejeneHHe TeMOoepaTypbl, cjenas ee npomnop-
HHOHAJAbLHON He cpeanell KHHETHUECKOH 3HEPrHH MOCTyna-
TeJIbHOrO ABHXKEHHS MOJEKYJ, a8 IIOTHOCTH 3HEPTHH H3Jy
yeHns B 3aMKHYTOH 060a04ke. COOTBETCTBEHHO H3MEHHHUCH
6bl Bce GOpMYabl, B KOTOpble BXOAuT Temnepartypa. Ilpu
3TOM, Hamnpumep, TNpOU3BedAeHHe o0bema Ha [aBjeHHe
rasa M cpelHss KuHeTHueckas 3SHeprHs MOCTYHATENbHOTO
JABHKEHHS MOJAeKysn 6bin  Obl MPONOPIHOHAJIBHBI  KOPHIO
geTBePTOil CTEneHH H3 ONpelesleHHOH TakuM 00pa3oM TeM-
nepatypbl. Pasymeercs, Takoit mar cosfaa Gbl BecbMa Cy-+
miecTBeHHble HeynoOcTBa. Heyno6HO Tak:Ke 3aMeHATb TeM-
nepaTypy KakoW-1n6o TPOMOPLHOHAbHONH el BeJHUHHOM,
HafpuMep npoussefeHneM pV 0AHOrO KHIOMOJA HJIH MOJS
HAeaqbHOTO rasa MJIM KHHETHUEeCKOH sHeprueft ogHo# mone-
KYJbl H T. . '

M CKII0YHTEILHO BaXKHOE MECTO, KOTOPOe 3aHHMAeT TeM-
nepartypa B coBpeMeHHOfl (hu3nKe, onpenensas B MaKPOCKO+

*) BameTnm, 4TO aGCOMIOTHBIH HYJAb MDHUIHANAMLHO - HEJOCTHKUM,
HO K HEMy MOMKHO NoAofiTH BecbMa O/M3KO,
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RHYECKOH cucTeMe (T. e. cHCTeMe, coAepiauiell GoJbHIoe
YHEJI0 MOJIEKYJ 1 APYTHX HacThi) OOJbIIHHCTBO €€ CBOHCTB
1 NpoTexalolnX B Hell siBjeHHH (HNOTHOCTb, 3J1EKTPONPO-
BOJHOCTb, CKODOCTH XHMMHUECKHX peakuuil, ¢asosbie mpe-
BpalleHHsl M T. 1.), AeJaer 1leaecooGpasHbiM  BblAeJIeHHE
TeMIepPaTypsl B paspsijl BeJHUHH C COOCTBEHHOH pasMepHOs
CTblO €HHHL H COOTBETCTBEHHO €HHHIY H3IMEDPEHHUS TeMIes
paTyphl KeJaTeJbHO BKJIIOUHTH B UHC.10 0cHOBHBLIX. O603Ha-
UCHHME PasSMEpPHOCTH TeMmepatypul 0.

CornacHo MexayHapoIHoit cucreme eguiul, aGeosaior-
nast TeMmiiepartypa OnpeneasieTcsl Kak TepMOJHHaMHuyecKas
TeMneparypa, HpHueM Trpalyc 3TOil TeMOepaTypsl ycCTaHa:
BJAHBaeTCA TakuM o6pasoM, 4TOGB TPOHHAS TOYKa BOJBI
uMesna temneparypy touuno 273,16° K. Tpoixof Touko#i Ha-
3LIBAETCA Takas TOYKa, NPH KOTOPOH HaxoJsTcsl B paBHO-
BecHH BCe TpU (a3bl BOABL: Jies, XKHAKasd BOJa H HacChieH=
nuiit nap. B To Bpems Kak paBHOBecie MeXay AByMs ¢a-
3aMu (BOja — map, Jea -— Bojla, Jiel — 1ap) MOXKeT ObiTh
NpH pasHBIX TeMmepatypax, paBHoBecHe Bcex Tpex (a3
BO3MOXHO JIHIIb [PH BIOJHE ONpelelenHoil TeMrepartype,
KOTOpas ¥ HaswlBaeTcst Tpourol Touskoll. 1o obuluHON 1IKa-
Jie TeMIepaTtyp TpofHas TOYKa BOALI JOBOJIBHO TOYHO paB-
Ha +0,01° C, tak uro HyneBasi Touka oOBIYHOI cTOrpanyc-
HOW LIKaJbl, COOTBETCTBYIOULAA TeMlepaType TasHHA Jdbla
npu pasjedun 1 aru, pasua 273,15° K.

§ 5.2, TemnepatypHble WiKaAbl

AGconioTHasi TepMOAHHaMMuecKas IKaaa TeMaepaTyp
(wkana KeapBrHa) npuMeHseTcst B HAYYHBIX HCCJeNo-
BaUHAX NPU YCTAHOBJEHHH CBSA3H MeNAY TeMmmeparypoi H
ApyruMu GHU3HYeCKUMH BeauunHaMmiu. B ofnxoge, B TeXHH-
YECKON M AaKe B NabopaTOPHOH NMPaKTHKE NMOJb3YIOTCSt TaK
Ja3blBaeMoOl CTOrpanyciioll 1ikajoll, Brepsble  BBeJCHHON
1lenscuem. Temnepatypa, usMmepennas no mkajie leabcus,
o6osnauaerca °C. Jlns TemnepaTypHbiX HHTEPBAJOB, H3Me«
penHbx B rpanycax Llenwcus nau Keabsiua, npHMeHseTcst
c6o3Hauenne 2pad, KOTOpPOe BXOJAHT Takxe B 00O3HaueHHd
KOMOHHHPOBAHHBIX HaHMEHOBAHUHA TPOH3BOAHBIX €AHHUIL.

.. B HexoTopblx cTpaHax coxpaHujach wWwxajga Peomiopa
(°R),.'B KoTOpoOii mHTepBaJ MEMJNY TOUKOH Tasliusl JAbja H.
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TOYKOH KHIEHUS BOALH npH. gaBaeHuu | arm pasjened Ha
80 uacreiic B wkane: Papenreiita- (°F), npumensemoil B
Auranu o CLLIA, Touke: TasHus JIbJa- IPHCBOEHA TEMIepa<
typa 32°F, a: touxe: xumenmst' Boaw 212°F, tak uto 27TOT
TeMOepaTypHELi nnrepsan nequres ‘Ha 180. vacrtehr. ™).

Mbi. MOXEM: TEHePb. JEPKO. YCTAHOBUTB CBSI3b MEXKAY
pas/IMUHBIMU: TeMIepaTypHbiMu: mxatamu: JleficTBuTENbHO,
0603Ha4NB  TEMIRPATYPHBII (NHTEPBAT MEXKAY TOYKAMH Taf-
HMS JIbJa M KHMEHHSI BOJABL uyepes: O, moayuyuMm: Jas rpapy-
coB. a6comotasix: (°K), Leascus. (°C), Peomiopa (°R) u
dapeunreiira (°F) caenyrouye. sHavesus:

oY __ o™ __ 6 [} ___9_ o _,ﬂ_
K= C“Téﬁ' R"so.’ F=-g5 (6.7)

a caefoBaTe/bHO, JI060# Apyroi nHrepBan Af Gyaer Bbipa<
IKaTbCH HUCIAMU
At

At OK = At °C= T 100,
At°R =580, (5.8)
o AL
At°F =5 180, j
OTKyna
Af °K At°C AR At°F
100 100 8 180 ! (5.9)
Hnavd xe

At°K  At°C _ MR _ AL°F
5 &5 4 9 °

(5.92)

TToauepkusaewm, uto cumpodn At °K, Af°C, At°R n Af °F
npejacTaBaAsioT coOoi uHeaMa, W3MEPATOUIME OAMH H TOT Ke
TemnepaTypHBfl HHTEpPBaM . B pPa3/idyYHBIX Tpajycax — enu-
HHLaX TeMIepaTypHOro HHTEpBaja. OTH 4YHCAa MOXKHO
NpeacTaBHTh Kak PAsHOCTb MEKAY TeMllepaTypaMu rpaHHL

*) Llkana, B KOTOPOH pasMep Tpajayca pased rpasycy wikajnl Pa-
penreiiTa, HO OTCUET BeAeTCH OT AGCOJMIOTHOrO HYJIf, Ha3HIBACTCH WKaJol
Penxuna. ITo sroii wkane Hyas PapeHrelita COUTBETCTBYET Temnepatype
459,67°, Touka 3aMepsanus BoAw 491,67° u Touka Kunemus Boant 671,67%
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BHOpPAHHOTO HHTEpBasa, HIMGPEHHYIO IO COOTBETCTBYIONLEH
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 —1°F.
Tlpunas 4 °C = 0, a caenoBaTeabHo,

t,°=278°K*), #°R="0°R,{;°F =32°F,

NOJMYUHM

(t—273)°K _ 1°C _ 1°R _ ({—=32°F

= === g (56.10)
ITocnennee -BoipaXkeHHe NO3BOJSET BeCbMa HNPOCTO TEPEBO-
JIWTh TeMNepaTypy U3 ONHOM IIKaJbl B JPYTYIO.

§ 5.3. Onopuble TeMneparypHblie TOYKH

TepmonuHaMuyeckast Likana TeMmepaTtyp olpejelaser
TEMNEpaTypbl KaK H3MEpsAeMYI0 :(pU3HUECKYI0 BEJHYHHY H
VCTaHaBJHBaAeT ‘€€ €JUHULY H3MepeHns. JTa eAHHHUA TIPH-
HHUMaeTcst B /KauecTBe OCHOBHONH U onpejensercs Cjlelylo=
M obpasom: -«rpanyc KenbBuHa — efMHHIA H3MepeHH?
TeMIepaTypsl MO TePpMOAHHAMHUYECKOH IIKaJe, B KOTOPOH
Jis TeMIepaTypbl TPORHOH TOUKH ‘BOLBI YCTaHOBJIEHO 3Ha«
uenue 273,16° K (reuno)». TTocaennee c10BO «TOUHO» 060«
3Hayaer, YTO 3Ta TOUKA (PUKCHPYETCH KaK Heu3MeHHas.

Ha npakrTuke HemocpeACTBEHHBE H3MEpPEHHA B TEPMO«
JHMHaMHYeCKOH iUukafe .OKa3blBAIOTCS CJAUIIKOM CJOMXKHBIMH,
BCJEACTBHE UYETO JKEJATENBHO UMETh BO3MOXHOCTh CPaBHH«
BaTh pasJjiHysble TIPUOOpPH!, CjayxKauiye 18 H3MEpPeHUs TeMs
nepaTyp B OTHOCHTENBHO Y3KUX TeMMepaTyPHLIX HHTepBas
JaX, COXpaHsii IPH 3TOM JIOCTATOYHO BBICOKYIO TOYHOCTD.
Hasi stoit uesn MoxHO 6bL10 Gbl IPHMEHHTb T'a3oBBLIH Tep«
MOMETp, NPeANoOYTHTENbHO BOIOPOJHBIH HJAH TEJIHEBLIH, NO-
"CKOJIBKY 3TH rasbi IO CpaBHEHHIO C IPYruMy B HauboJbiefi
‘CTENeHH MOAYMHSAIOTCA 3aKOHaM HieasnbHBX razos. OgHaxo
N0/1b30BaHKHE Ta30BbIM TEPMOMETPOM IpeicTaBafeT 60.b-
He TNpakTHUECKHe HeyjI06cTBa, NMO3TOMY Oblio BbiGpano

#} 3aece 0° C nprbsasenno npupasuusaercs 273° K,
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HECKOJIbKO MOCTOSHHDLIX OHOPHBIX TOYeK, BOCMpPOH3BeeHue
KOTOPHIX B J1aGOpaTOPHBIX YCJAOBHAX He cocTaBiser 00Jb-
aoro Tpyia.  OaHa H3 3THX TOUEK 3aJaercs caMuM ompes
JleneHHeM TepMo,mnawmecxou WKajabl — 3TO TPOHHAA TOU~
Ka BOJbl, KOTOpOH TpulHcaHa HeH3MeHHas TeMmIepartypa
273,16° K. Ocra’buble TOYKH YCTAHOB/JGHD Ha OCHOBE BO3-
MOXHO 6oJiee TLIaTeNbHBIX u3MepeHuil. Bce 3TH  TOUKH
npeiacrasasior coboft  TemnepaTtypni  (as’oBbiX  Mepexo-
ROB TpH uopMasgbiioM napiennu | arm. Touku 3TH CAe-
Aywollye:

Touxa Kunenus kuedopojga . . . . . — 18297°C
Touka KUIEHHST BOAB « . « « + + » 100* C
Toyka 3aTBepieBaHUST LUUHKA . . . . 419,505° C
Touxka KHDGHHS CEPBl + + &+ &+ . « . 444,6° C
Touka saTseppeBaHus cepebpa . . . 960,8° C
Touka 3aTBepiesauus soiora . . . . 1063°C

.§~ 5.4. Mpoune TenjoBbie eXHHHLDI

Koauuecrso tenaa. I'oBops o eAMHHIAX H3MEPEHUS KO-
JHYECTBA Te1a, HeoOXOAUMO NPeXKJe BCEro OTMETHTh, UTO
KOJIHUECTBO Telja MO CYLIeCTBY SIBJSIETCA Mepoi Tenaosoi
paboTbl, a He 3MepPrHu, Kak 3T0 yacto cuuraiot. [eitctsu-
Te/IbHO, e€cju Mbl OyAeM H30TePMHUECKH pPacHIupsitTh ras,
6/1M3KHI 110 CBOMM CBOHCTBaM K HiealJbHOMY, TO NPH 3TOM
1faM npujpercs COOOLIUTb eMy HeKOTOPOe KOJHYECTBO Tennia,
KOTOPOE OTHIOAL He NO#JeT Ha yBeJHUEHHR €ro «TelyioBO#H»
BHEPTHH, 2 UeTHKOM Oyaer H3pacXoA0BaHO Ha cOBEplUielue
puewHell pa6otel. Mbl HOCTABU/IM CJI0OBO «TEIJIOBOH» B Ka-
BLIUKH, TAK KaK Ha CaMOM Jeje HHKAaKoil Creunpuueckoi
TENJ0BOH SHeprud Kak ocoboro BHAa 3HEpPruH He cylue-
CTBYyeT.

Hnorpa, no HamemMy MHEHHIO HeyAa4HO, TEDMUH «Temsio-
Basi SHEPrus» NPUMEHSIOT N0 OTHOWIEHHIO K KHHETHUYEeCKOH
sHepruy MoJdekysa BeitectBa. OaHako NOABeAEHHOE TENJO
MOXeT [epexoAnTb B TOI HJIH HHOH CTeneHun BO BHYTpPEH-
HIOK0 3HEPTHIO CHCTEMBI jfaKe NMpPH MOCTOAHHOH TeMnepary-
pe, €CJH NPH 3TOM MPOHCXOAAT KakHe-inbo H3MEeHEHHs BO
BHYTpeHHEN CTPYKTYpe CHCTeMBbi, HanpuMep HMeeT MecTo
basosmit nepexoa. Hanbotee H3BECTHBIM MPHMEPOM MOKeET
CAYXUTD NJaBJieHHe Te1, Tpebyloliee npi MOCTOANHOH TeM-
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nepatype nNOABOAA - TelJia, KOTOPOe HeKorja HasblBaau
CKPBITOH TeNJI0TOM>.

[TepBoe Haua 0 TepMOAHHAMHUKH IO3BOJSIET YCTAaHOBHTH
Mepy KO/JHuecTBa TelJa COracio H3BEeCTHOMY COOTHOILIEHHIO

AQ =AU +AA4, (5.11)

raie AQ — KoJaHUECTBO TeMia, MOABEAEHHOTO K CHCTeMe,
AU — H3aMeHeHHe BHYyTpenHeil suepruu cucremsl, AA — co-
BepureHHas cucremoit BHewsas pabota; AU MoXKeT BK.IO-
yaTh B ceBs pasdnuHble BHAbLI 3SHEPrHH — M YBEJHUEHHE
KHHeTHUECKOlt 3Hepruu pasJuuyHOro Xapakrepa ABHKEHUA
MOJEKYJ (mocTynatebHOro, BpalllaTesibHOro, Kosebareb-
HOTO), U H3MeHeHHe SHEepPrHH CBARY MeKAy OTIACAbHbIMH MO«
gekyjgami. Ciofla JKe MOMKeT BXOZWTb M IHEpPrHst JUCCOLHa-
ILHH, HOHH3ANMY ¥ T. A.-¥YpaBHeHue (5.11) moxasbiBaer, UTO
KOJNHYEeCTBO Tellvia MOXKeT H3MepATbCH B TeX JKe eAHHMIaX,
B KOTOpPbIX H3mepsiercsi AloGasi 3Heprusi u Jjioboil BHA pa-
60T, B uyacTHocTH Mexauuwdeckoil. ITosTomy- pasmepHoCTh
KOJHYeCcTBa TenJa

[Q)=L*MT™? (5.12)

Ta e, YT0 H pas3MepHoCTb paloThl, ¥ TAKUMH JKe, Kak H
Jiisi H3MepeHHst paboThbl, AOJKHBL ObITh W €IHHHIB H3Mepé-
Hust koauuectBa temia. CoorpercrBenHo B cucreme CH ko-
JIMYECTBO TeMJa u3Mepsiercsl eauHullei paboTbl H 3Hep-
IHH — JIPKOYJIeM.

OpaHako BecbMa pAaclpoCTPaHEHHbIMH SIBJAAIOTCA Crie-
IHaJdbHble €1HHMIBI KOJHYeCTBa Telsia, YIOMAHYTbie Bbille
(§ 4.4) — xasopusi U KWJOKAJODHS. ITH eIHHUUBI OblIH
YCTAHOBJEHBl B CBSI3H € KalOPHMETPHUECKHMH H3IMepeHus«
MH KOJIMYeCTBa Temja o mpolieccy tenyoofmena. [ockoab-
KY OCHOBHBIM BElleCTBOM, NPHMEHSBLINMCA [PH CPaBHEHHH
KOJTHUeCTBa TemJja, Obla BOJA4, TO COOTBETCTBEHHO Oblia H
yCTaHOBJIEHA €[MHHI{a KaK KOJMHYeCTBO Temja, Heobxoju-
MOro AJst HarpeBaHus oaHOro rpamma soist Ha 1°C, u Go-
Jlee KpynHble eAuHHIB — KizioKasgopusi, paBias 1000 kamo-
puit, n repmus, paBias 105 xansopuit. OgHako ToUHbIE H3Me«
‘peHHsi TOKa3aju, YTO 3TH KOJHYECTBa Ten/a He SIBJISIOTCH
MOCTOSHHLIMU H 3aBHCAT OT TOro, B KakKOM TeMlepaTypHOM
wHTepBaJe npoucxoaut narpesanue. Ilostomy Obiia BBefie-
Ha CPeJHAA KaJopHs, KOTopas ONpe/essieTcs Kak ofHa coras
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TEFO KOJHuYECTBa Tenjaa, KOTOpoe HeoOXoNuMO coo0iuuTh
O/IHOMY TPaMMy BOjbl A/ TOTO, YTOObI HArperb €e OT TOUKH
NJaBJeHHsA MO TOYKH KHneHus. (IJTa KalopHus COOTBETCTBYET
HarpeBaHHIO BoAbl oT 14,5 no 15,5°C.)

Korja 6bi1a ycTaHOBJIeHa KBHBAJAEHTHOCTb TENAOTH H
paGoTbl, ObIM NPOBEIECHbI CHEeLHaNbHbie ONBITHI C Leblo
YCTAHOBJIEHUS CBA3M MEXAYy €IHHHIAMH KOJIMYECTBA Temja
v paGorhl. JDTHMH onbiTaMu ObL1 onpejesen TaK HasblBae-
Mbili «MeXaHHUECKHH 3KBHUBAJEHT Telja»— COOTHOLIeHHE,
COrJIaCHO KOTOPOMY OJHA KHJIOKa/lopufl paBHa 427 Kec-M.

YuuThiBas, 4TO MEXKJIY 3HAYEHHSIMH -KaJOpHy WIH KHjo-
KaJOpHH, ONpEeNe/IeHHbIMH Pa3NuuHbIMUH cnocoBamu (kaJjo-
PHMETPHYECKHM, TEPMOXHMHUYECKHM), CYUIECTBYET 3aMeTHoe
pacxoxjeHue, 4TO NPHBOAHIO K HEOOXOHHMOCTH BBENCHHA
NONpaBoK NpPH TOYHBIX pacHeTax, PeHiuad -OTKa3aTbCs OT
onpeneneHusl €1UHHIL KOJHUECTBA TeMJa TEMH WJIH HHBIMII
TENJIOBLIMH H3MEPEHUSIMH ¥ YCTaHOBHWTh HEU3MEHHOe COOT-
HOIIEHHE MEXIy 3THMH eJHHHUAMH H eAMHHHaMH paboThl,
KOTOpPO€e GLI0 MPHHATO CJAeAYIOLIHM:

1 ka.1=4,1868 dxc.

T1pu 3TOM mpejanodaraercs, YTO H3MEPEHHE KOJIHUECTBA
TenJa KaJOPHAMIl U €e KPaTHBIMH H NOJIbHbIMH €AHHHIAMH
coxpaHsieTCsl Kak BpeMeHHas Mepa H B Oynyiem JOJXKHO
6LITb 3aMeHEHO H3MepeHHeM ejpuuuieil paborsl Mexayua-
POJIHON CHCTEMBI — JKOYJEeM.

B sax/iouenne YKa)eM, 4YTO B XOJOJHIbHOI TeXHHKE
ROJB3YIOTCA TOHATHEM <«KOJHYECTBO X0J0ja», KOTopoe
npeiacrasasier coboit 10 CYUIeCTBY KOJIM4ECTBO Temaa,
Mmoryulee ObITh OTHATBLIM XOJOAUJbLHOH YCTaHOBKOH OT OKDY-+
XKalollell cpeibl. 3a eAHHUILY «KOJHYeCTBa XO0N0[a» MPHHH-
MaloT pucopuro, KOTOpas YHCJIEHHO paBHA ONHOA KHJ0-
Ka/JOPHH, HO IO CMbicay HMeeT oOpaTubii 3Hak. MoxHO
TOBOPHTb, UTO OfHA (PHrOpPUSA PaBHA MHHYC OAHOH KHJO-
KaJlIOpUH.

Temneparyproui epadient. AHanoruuso BBeJEHHbIM pa-
Hee TpajMEHTy JAaBJeHHsi U TPAJAHEHTY CKOPOCTH MOXKHO
BBECTH TeMIepaTypliblii TPajAHeHT

- dT
grad? = =, (5.13)
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KOTOPBI' B CJIyyae PpaBHOMEPHOTrO pacfpejeneHus TeMnepa-
TYPbi MOKET ObITb NpejacTaB/eH B BHIe
Ty—Ti
12'—'11 *
Pasmepuocts
[grad 7] =L""8, (5.14)

a eIMHUUBL ero H3MepeHus: epad/m u epadfcm, eciu TeMies
patypa u3MepeHa Mo TEPMOLKHAMHUECKOH HAH CTOFPamdyc+
HOH UIKaJe.

Tenaosoii. notox onpemesnsiercst Kak KOJHUECTBO TemJa,
MpoXo/filiee B eAUHHIY BpeMeHH B: HanpaBieHHu nafeHud
TeMIepaTypbi:

o=, (5.15)
PasmepHocTs:
(@} =[5 |=12mMT ™ (5.16)

coBnafaer C Pa3MepHOCTbIO MOWHOCTH.

B 3aBHCAMOCTH OT eAHHHI{ U3MCDCHHA KO/JIHYECTBA Tefl~
Jla TEMIOBOH NMOTOK M3MepsieTcsl B BAaTTax, KHJAOBATTax, Me-
raBaTTax M T. Il. WIH KaJOPHAX H KHJIOKaJOPHAX B CEKyH-
oy, MuHyty uad gac. CooTHOlIeHHe MexK1y BCEeMH 3THMH
eAHHHIIaMH NpUBeeHo B Taba. 13.

Hoeep,wocmaﬂ NAOTHOCTL Teniosozo nOToka. (yoesb=
Holli TenaosoLll noTok) npeacTapasier coO00H OTHOLICHHE TeN+
JIOBOTO MOTOKa K IJAOUIaJH NONepeyHoro CeyeHHs IMOTOKa,
T, €. MOTOK, NPHXOASAUIMICA Ha eAMHHUY MJOLAaAH CEeYeHHH,
NepneHAnKyJasiPHOTO K HanpasJeHuio Tnotoka. CoraacHo
onpefeneHuto

d®
H pa3mepHocTb
[q]=MT2 (5.18)

CooTBeTcTBEeHHO, eAMHHLBl PaBHbl €IHHHUIAM NOTOKa, OTHe-
CEHHBIM K KBaJpaTHOMY MeTpy HJH KBaJPaTHOMY CaHTH-
MeTpy.

Inrponusn. TepMoauHaMUKa pasie/sneT npouecch Ha 06+
paTuMble W HeoOpaTHMble. K yuCay OOpaTUMBIX OTHOCSITCH
H30TepMHUECKOe M ajnabarnueckoe N3MeHeHHst COCTOSHUSA:
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ujeanbHoro rasa. OfHaKo HleasnbHO 06PaTHMbIE MPOLECCH
Ha TpaxTHKe HeocyulectBuMmbl. Bce mpoiteccr, conposo-
AJanllgecd TpeHueM, TemjooOMenHoM, Aucdysued v T. .,
HE MOTYT ObITh TOJHOCTBIO NpOBelJeHbl B 06paTHOM Hampa-
Biaennu. Craticrudeckas H3UKa CBA3bIBAET 3TY HeoGpaTH-<
MOCTb C IIepex0oJ0oM CHCTEMBI OT MeHee BeposiTHOrO K Oosee
BePOATHOMY pacnpefeseHHio 374eMeHTOB, 00pasyiolux CH-
cTeMy. B kauectBe mpuMepa MOXKHO pacCMOTpETb HpoHecc
CMelleHHsl ABYX Ta3oB, pa3/ieJleHHbIX BHauaJje B HEKOTOPOM
cocyne reperopojKoi, nocje TOro Kak mneperopoika 6yner
yaaneda. JIpyruM npnmMepoM MOMKET CNYXKHTb BBIpaBHHUBA-
HHE TEMNEParTyp HECKONbKHX CONPHKACalOUIMXCS TeJs, HMEeB-
IKMX BHayaJ/e Pa3jauyHble TeMIOepaTyphl.

YcraHoBjeHa KOJHUeCTBEHHAst Mepa, M03BoJsIOUast Cy-
JUTb O CTeNn¢HH HeoGpaTHMOCTH TOTO MJAM HHOTO fpouecca.
JTa BeNnuMHa HOCHT HasBaHue auTponuu S. Eciau cucrema
NEePexXOAHT M3 COCTOAHMS, KOTOPOE Mbl OTMETHM HHIEKCOM
«1», B COCTOsIHME, OTMEUEHHOE HHJEKCOM «2», TO, COMVIACHO
ONpefe/IelIHIO SHTPONKH, ee M3MeHEHHe NPH 3TOM MHpolecce
paBHO

AS= [ 22 (5.19)

B TCPpMOJHNHaAMHKE JOKa3biBaeTcCd, 4TO

as =24 (5.20)

npepcTasaser coboft noaumii Auddepenunan, Tak 4ro HH-
Terpas cT dS 1no 3aMKHYTOMY KOHTYPY paBeH HyJi0. 31O
3HAYUT, UTO BHTPONHUA sBJAeTcs PyHKUHeH cocrosnug. Ias
YaCcTHOH HEU30JHUPOBAHHOH CHCTEMbl H3MeHEHHe SHTPONHH
MOXKeT UMeThb Ji0060e KaK NOJOXKHTeNbHOE, TaK H OoTpuua-
TeJbHOe 3HAYeHWe M, B YACTHOCTH, PAaBHATHCA Hymo. OpHa-
KO, KaK CJeiyer M3 BTOPOro Hauala TEPMOAHWHAMHKH, B
3aMKHYTOH cucreme

AS>0. (5.21)

Benuununa AS xapakTtepusyer npu 3TOM CTeneHb HeoGpaTu«
MOCTH NPOTEKalOUiHX B 3TOH CHCTEME MPOIECCOB,
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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
C= (5:23)
rie m-—Macca Teja, ¢ — yAe/dbHasn Tema0eMKocTh, Q — Ko-
JiuyecTBo Tensa, I — teMmeparypa.
PasmepHocTs yaeibHON TeN10eMKOCTH
[Q] 2p~2n~1
c =LT""07", 5.24
Cea3b Mexay ynenbﬂoﬁ U MOJEKYAfIPHOH! TemaoeMKOCTAMH
onpeaensiercs NMpPoCTbIM COOTHOWIEHHEM

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

Cos = Cyx0 (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 Ocf(xe - epad) = 10* apef(e - epad); 1| kaa/(z - epad) =
=1 kxas/(xe - epad) = 4,19 dxc/(xe - 2pad).
EavHuupl M3MepeHHs MOMEKYJASIPHOH TemJIOEMKOCTH:
Onc/(xmoase « epad), apef(moas - epad), kaarf(moas - epad),
kxasf(kmoas - 2pad),

CoOTHOLIEHHE MEXAY 3THMH €IMHUNAMH TO XK€, 4T0 H
MeXJIY COOTBETCTBYIOLUIMMH €NHHHIAMH VAEABHON Temno-
€MKOCTH. ,

Easuuis sMepennss 00 beMHO TeToe MROCTH

Oxc/(M3 - 2pad), spef(cu® - 2pad), karf(cu® - epad),
gxarf(a - 2pad).
CooTHomIeHHE MEXAY HHMH:
1 Qucl(m® - epad) = 10 ape/(cu® - epad); 1 kaaf(cm® - epad) =
=1 xkaaf(2 - epad)= 4,19 ducf(xe - 2pad).

Tenaora nepexoda. Ilpu mepexoze BellecrBa H3 OJHOTO
arperaTHOro COCTOSIHUS B Jipyroe TpeGyeTcs MpH HEeH3MeH-
HOM TeMilepaType 3aTPaTUTh HEKOTOPOe KOJHUECTBO Tenja,
Ha3hIBaeMOe Tem1oTOl mepexoja. TenmoTy mepexoja, Xak M
TENJI0EMKOCTb, MOXKHO OTHOCHTb K €JUHHIE MacChl, K MOJIO
A KHJIOMOJIO HJAH K equHule oObema. CoOTBETCTBYIOILIHE
pa3MepHOCTH OT/IHYAIOTCA OT Pa3MepHOCTeH TEMJ0eMKOCTH
OTCYTCTBHEM CHMBOJA Pa3MEpPHOCTH TeMmmepaTyphl. TouHo
TaK Ke eIHHHIIbI, M3MepsIollHe TelJOTy Mepexoja, OTaH-
Yal0TC OT €AHMHUI TEIIOEMKOCTH OTCYTCTBHEM B 3HaMeHa-
Tejle CHMBOJA €NHHHIDLI TEMIEPATYPHOTO HHTEPBaia — 2pad.

Tenaorsopras cnocobrocTy. Besikoe TOMIHBO XapakTe-
pHU3yeTCHd TENAOTBOPHOH CIIOCOGHOCTLIO, T. €. TeM KOJHue-
CTBOM TeIjia, KOTOPOE NpU CrOpPaHHH MoXeT faThb onpefe-
JIeHHOe KOJHUYECTBO JAHHOTO BelllecTBa. [eIJOTBOPHYIO
CnocoGHOCTb MOXKHO OTHOCHTb, KaK H TeIJIOEMKOCTb H TeIIO-
Ty Nepexofa, K eJHHHIE MacChl, MOJIO HJIH KHJOMOJIO, H K
exunule o6bema. O6peMHast TEMNOTBOpHAs CHOCOGHOCTB
NpUMeHsIeTCs] UCKJ/IOYHUTENBHO IJIsi TOPIOYHX rasoB, [pHYeM
ee TpPH 3TOM OOGLIYHO OTHOCAT K 06bEeMy rasa, B3ATOrO IpH
HopMaJbHbIX yeaoBuax (t° = 0°C u p = 1 arm). Ennnnusl
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H3MepeHHus TeJIOTBOPHOr CocOGHOCTH Te Ke, YTO H TEIIO«
TH! IEepexoza.

Koaguyuenr Tenﬂompo&odnocru ITpn waawunu pas-
HOCTH TEMIIEpaTyp: B HEXOTOPOH cpeie OT ¢/iosi ¢ Gosiee Bbi+
COKOH Temneparypoft x cieio ¢ Goaee HHSKOH TeMmnepatys
pofi ycTaHABIMBAgYCH TEMAOBOH NOTOK, KOTOPLIH MOXKHO
JI CTAUORAPHOTO: ONHOMEPHOTO CaAyqas BHIPASHTD dop-+
MyJo#

4 _ _,dr
R (5.28)

rae dQ/dt — rennenah nortox, dT/d! — TeMnepatypHblfi rpa-
JIHEHT, S — IUIOMaAb MOHEPEUHOro ceyeHHds NOTOKa, A —e
K03(ppHUHEHT TeNaQaPOBOJHOCTH CPelhl,

3a eausuny rosddHUKHeHTa TENJIOHPOBONHOCTH CACAYyeT
IPHHATD KO3((HUMEHT TEMJIONPOBOAHOCTH TakoH cpendl, B
KOTOPOH CKBO3b eIMHHILY HOBEPXHOCTH, NMEPNEHIHKYJIAPHYIO
HanpaBJIeHHIO NOTOK4, ITPH TeMIepaTypHOM TrpajHeHTe, paB+
HOM eJHHHULE TeMIlepaTyphl Ha eJHHHHY AJHHB, YCTaHaB/IH-
BaeTcsl TENJIOBOH MOTOK, PaBHBIH eJHHHIE KOJHYeCTBa Tel-
Ja B eIHHHIY BpeMeHH. JT0 onpejencHue H GdopMmyaa
(5.28) naioT pasMepHOCTL M eAMHHIB KO3GOdHLHEHTa Ter«
JIOTIPOBOHOCTH

M =LMT%", (5.29)
Enunnnsl koadguuuenra ten10npoBOAHOCTH?
er/(m « epad), apelicm - cex - epad), kar/(cu - cex - epad),
Kxaaf(m - 4 - epad).
CoOTHOLIEHHA MKy HHUMH:
1 erf(x - epad) = 10° spe/(cm - cex + epad),
1 kxarf(s -« u - 2pad) = 1/360 xar/(cm + cex « epad).

Koaghpuyuentor tenaonepedauu. Tlpu Hamuuuu TeEMOe-
patypHoro ckauka AT Ha rpaHulle pasjeira JABYX Tea
CKBO3b 3Ty PpaHHIY YCTaHOBHUTCS TENJOBOH MOTOK, ompese-
aseMbiit gopmynoi

=K ATs. (5.30)
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Koapduunenr K nasbiBaercs kosgduyuenrom renonepe-
Oauu. OH 3aBHCHT OT YCJOBHH Ha rpaliiie pasfena, B4acT-
HOCTH, HA TPaHHUILE CONPHKOCHOBEHUS TBEPJAOTO TeJa ¢ JHA-
KOCTbIO (MJIM Ta3oM), OT CKOPOCTH T[IOTOKa XKHAKOCTH.
Kospduuuent Ttensionepenaun MOXKHO ONpefeaHTh KakK Tef-
1 JIOBOIl TIOTOK uepe3 eduHHLY
: [JIOILA/TH TPaHHUE! TIpY TeMIIe-
r patypHoM ckauke 1°
! PasMmepHocTh

[Kl=MT"%"" (5.31)
Ennnnnbt - Kosgpduumenta
TenJonepeaum:
A 81/(mM? - 2pad),
L = apef(cm? - cexlepad),
Kaaf(cm® - cex - epad),
kxaa/(m? .« - 2pad).

Puc. 16.

COOTHOMIEHHS MEXKAY HUMH:
1 er/(s? - epad) = 10° spef(cn? - cex - epad),
1 kcaaf(m® - 4« epad)=1/3,6 - 10* apef(cu? - cex - epad).

Kosagppuyuent remneparyponposodnocru. Tax Kak no-
HSTHE TEMNEePaTyPONPOBOJHOCTH ABJSETCHA [10]uaC HeAOCTa=
TOYHO XODOWIO 3HAKOMBIM, Mbl OCT2HOBHMCS Ha Hem
eckoabKo noapoouee. [TpeacraBum cebe oanopoaiiniii crep-
¥KeHb, OGOKOBble CTEHKH KOTOPOTO HA€aJbHO TEelJIOH30JHPO-
BaHbl, T. €, He OOMEHHBAIOTCS TEMJAOM C OKPyKatoiied cpe-
noit. Ilyctb BHauajie BCe TOUKH CTep:KHS 061aial0T OjuHa-
KOoBOH TemmepaTypoil To. Eciu Tenepb OJHH H3 KOHLOB
CTEPXKHfA NPUBECTH B ZONPHKOCHOBEHHE CO CpejoH, HMewn-
wed temnepatypy 7 (nycte i onpenenednoctn Ty > Ty),
TO BJLOJb CTEPXKHS YCTAHOBHTCA TENJOBOH TNMOTOK, NPHYEM
TeMIepaTypa BCeX TOYEK CTEPXKHS HAYHET NOBBIIATbCH
{puc. 16); kpusnle fo ¢, ..., o COOTBETCTBYIOT pa3HLIM
NOC/1e]0BaTeIbHLIM MOMEHTAaM BpPEMEHH.

Yacte TennoBoro MoTOKa, NPOXOAALIETO CKBO3b CTep-
XKeHb, GyJeT pacxojoBaTbC Ha NOBHIIEHHE TEMNepaTyphbl
pPasNUuHbIX TOYEK CTEPIKHA, W BAOAL TOCJENHEro HAYHET
YCTaHABANBATLCA TeMNEPATyPHLIA IpajHent. DTOT mpouece



§ 5.5] EAHHMWLIDI H3MEPEHHS TEIJVIOBBIX CBOIICTB 143

YCTAHOBJIEHHs] TEMIIePaTypPHOro rpajHeHTa M HOCHT Ha3Ba<
e remneparyponposodnocry. QueBuAHO, TPOLECC TeMIie-
pPaTyponpoBOAHOCTH SBJAETCH HECTAUHOHAPHBIM, HGO npu
CTaLMOHAPHOM TEMJ0BOM IIOTOKE CKBO3b CTep:KeHb Temme-
paTypHBIl PPAfMEHT BO BCEX TOUKAX CTEPIKHS AOJKEH OHTh
NOCTOSIHHBIM, He MEHSIOIHMCS BO BpeMeHH. bhlctpora H3-
MeHeHHsi TEeMIepaTypbl B KaxKAOH TOYKE CTepPZKHS B OMNI-«
CaHHOM cJiyyae (KOTOPbI HOCHT Ha3BaHue JUHEHHOro HJH
OJIHOMEPHOro cjydasi) ONpefeNsieTcss ypaBHEeHHeM

oT T rad T
H—all o280l (5.32)
néo
9T dgradT
I TR

T. €. IPOM3BOJAHAA IpajneHTa MO OCH Npeactabaner coboi’
H3MeHeHue rpajiHenTa Ha eAHHHNY JIuHbl crepxHsd. Koad-
duument a wocutr HazBauume xo3dduuveHra TeMmneparypo-
NPOBOAHOCTH H, KaK MOKa3bLIBaeT TEOPHsA, CBA3BIBAETCH C
TENJOEMKOCTBIO €, KO3(PPUNMEHTOM TEeNJIONPOBOJHOCTH A H
IJIOTHOCTBIO @ COOTHOILIEHHAEM

A A

aq =  —=
. P €06
Popmyaa (5.32) onpeneaser kospduiienT TeMmnepary-
PONPOBOJHCCTH KaK MOBBILIEHHE TEMIEPATyPsl B elHHUUY
"BPEMeHH B clyyae, ec/H u3MeHeHue rpajiHeHTa Ha eAuHHIY
AJMHbLl paBHO eauHuile. Bogee npocroe onpenenenne jgaer
dopmyna (5.33), coriacHo xoTopoil KO3QpHIMEHT Temnes
paTyponpoOBOAHOCTH paBeH TOMY MOBBIILIEHHIO TeMOepary-
pPbl, KOTOpPOE MPOH3OHIET Y eJuHHIB 00beMa AAHHOTG Be-
niecTBa, ecan eMy COODUIMTh KOJNHYECTBO TEM/A, YHCJIEHHO
paBHoe ero KO3IG@PUIHENTY TEIJIONPOBOKHOCTH,
Pasmepnoctbh ko3dpHIHEHTa TEMIEPATYPOIPOBOXHOCTH

o imMrTeTt
”—lc}[p] L2291, L3y Lr (5.34)

. » (5.33)

coBnajaer ¢ Pa3MepHOCTbIO Kodhduienta Auddysun (cM.
dopmyay (4.106)). Dto coBnascH'te He cayyaityo. [das rasa
JaXe YHCHAeHHble 3HaueHus 060ux KoadhPuLUeHTOB JOBOABHO
6113KH. 2TO MOXKHO TOHSITD, €CJAH yUeCTb, YTO KHHeTHYecKas
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TeOpHS Ta30B JaeT CJACAYIOYI0 TNpPHOJHKEHHYIO CBSI3h
MeKRy KoahHIHEHTAMH TEIONPOBOJHOCTH M Au(dysHH

A= Dpc,, (5.35)

A

pcy !

T. €., 0 cylecTBy, dopmyay (5.33). Bonee crporas reopus
Aaet B Qopmyae (5.35) rosdpdHUHEHT, HECKOABKO OTJIHY-
HBIfl OT eJHHHIBL. '

Temneparyprole koapguyuentol. BoAbILINHCTEO (PHIHYE<
CKHX CBOHCTB BEIeCTBa 3aBHCHT OT ero temmeparypbl. Eciu
npu HekoTOpo#l Temieparype T, HHTepecyiolliee HAC CBOM-
CTBO HMeeT 3HaueHHe Ao, TO TpH Apyroil temneparype T
970 cBOiicTBO OYJAeT HMeTb 3HayeHHe A, KOTOpOe MOKHO
BbIpa3uTh B BUJE pAfa

A=Ag (L + ot + aP+ o+ o), (5.36)

rae t =T —T,.

Kostdbuuuenrsl oy, ag, o3... H T. 4. MOTYT HMETb Ca-
Mble pa3/iMuHble 3HAYEHHs, KaK TOJOKHTeNbHBE, TaK H OT-
punaTenbHbie, H 3aBUCAT OT BbIGOpa HayaJbHOH TEMIepas
Typst To.

AGcomoTHble 3HAYeHHA 3THX KOI(PPULHEHTOB 4acTo
YAOBAETBOPRIOT YCJIOBHIO

1>l [>le|>la (> ...

B pane caiyyaeB MOXKHO CUHTATh G, O3 H T. A. HACTO/b+=
KO MaJlbiMH, UTO

OTKYZa

A= Ay(l + ab). (5.37)

B uactHocTH, Ans oGbeMa rasa 310 jiaer ypashenue Ieii-
Jlioccaka, npuuem, ecnin To= 273°K = 0°C, 1O, Kak wus-
pecTHO, a; = 1/273. Tax xaxk mpomaBejfeH#e o;f €CTb BeJiH<
YHHa OTBJeUeHHasi, TO o) M3MEpNercs B eAMHuuax epad-l.

IMocnenyiowuie KoaQPUOHEHTH HIMEPSIOTCH, €CTECTBEH-
HO, eluHNNAMU 2pad-2, 2pad= u 1. A

Koapppuuyuenror ypasuenus Bawn-Oep-Baaavca. YpasHe-
HHE COCTOsHUS peasibHOro rasa no Bau-nep-Baanbey umeer
BHJ,

(p + —;,’—2-) (V — b) =5 RT. (5.38)
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3aech p — naBnenue  rasa, V —3anuMaeMbli HM oOBeMm
(o6wem cocynma), m— macca, T — abconlotHasi TeMnepa-
Typa, M — MosnekyaapHHi# Bec, R — yHHBepcaJabHdsi raso-
Bast nocrosuHas (cM. § 5.1).

BenuuuHbel @ u b — mocrosnuble AN JaHHOM Macchl
JaHHOTO Ta3a, BBEeJeHbl M y4eTa CHJA ClelJieHHs MeXAY
MoJieKynaMH U o0beMa caMHX MoJekya. Beanuuna

Vr="Po (5-39)

06Gyc/IOBJIEHHAS CHIaMH MOJEKYAAPHOIO CIENAEHHS, HMEeT
Pa3sMepHOCTb AaBJeHHd, MOYEMY ee HacTo (XOTs# H Heyaay-
HO)} Ha3BIBAIOT BHYTPEHHHM HaBAEHHEM.

EannunaMu, usMepsiolluMH AaBjieHue H o0beM, onpes
Je1feTcs U eAMHHUIA H3Mepehus a. Tax Kak

m

V= re

a npH p = const p; = const, to

=V P
a=Vy? = T’F m2, (540)
T. €. a NPONOPIHOHAABHO KBA#pPATy MacChl.
Eciau KoHCTaHTy AAfl KHJAOMOJA WJIH MOJsI 0GO3HAUUTH
y

Hepes3 dg, TO MOXKHO HallUCaTb
m

2= ao(ﬁ)z. (5.41)

Koncranra &, nponopunonaibHas NONHOMY 00BeMy BCex
MOJIEKYJ, JoNKHa OblTh MPOMOPUMOHAJbHA Macce rasa, T. €,

b= bq (7"’2) , (5.42)

The bo— 3HauyeHHE KOHCTAHTHI ZJAf OXHOrO KHJAOMOJS HiH
moas. Pasmepuoctb a us dopmyas (5.40)

[e] = L’MT ™% (5.43)
PasmepuocTb b paBHa, pasymeercsi, paamMepHocTH o0beMa
[6] = L3, (5.44)

PaamepHocTH a, @, b u by ompenensiror ux eauHuusl. Ha
NpaKTHKE 4acTo H3MepsiioT a B arm/a* © b — B qHTpax,
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AKyCcTHYECKHE eAHHHUDb

§ 6.1. OObekTHBHBIE XAPAKTEPHCTUKH MEXAHUYECKHX
BOJHOBBIX NPOLECCOB

Mexanuyeckue nedopmauud B cpejax, obsafaiouiHx
VIIPYrocThio, pacipoCTPaHAOTCS CO CKOPOCTHIO, 3aBHCAUIEH
OT yApYrux CBOHCTB u naoTHocTH cpenbl. Ecnu nedopma-
UHS ABASETCS NepHOANHYecKol, To B cpele pacmopocTpa-
HAIOTCA BOJHLI, AJMHA KOTOPHIX CBfI3aHa C YacTOTOH Kouies
GaHuli v M CKODOCTBIO DAacIPOCTPaHEHHSi ¢ COOTHOLIEHHEM

4
== 6.1
CoraacHo CKa3aHHOMY Bbillle YacTOThl KoseGaHmit name-
psitoTest replaMu (ey), a JUIHHBL BOJH eIMHHLAMH AJUHB —
MeTpaMH, CAaHTHMeTpaMu U T. 1.

KoneGanus, 4acTOThl KOTOPBIX JexaT B npeaenax or
16 2y no 15—20 xey, BOCIPUHUMAIOTCA CAYXOBBIM amnnapa-<
TOM YeJ0BeKa M HasblBalOTCA 3BYKOBBIMH HJH aKyCTHUe-
cKHMH KoaeGaHusMd. KosebGanus MeHbWIMX YacCTOT Hasbi-
BalOTCsl WH(Pa3BYKOBBIMH HJIH HH(pPAaKyCTHUECKHMH, A&
GOABIINX YaCTOT — YJbTPA3BYKOBLIMH MM YAbTPAAKYCTH-
YECKHMU,

XapaxkTepucTHKH KoJeOauuii, CBsi3aHHBIE ¢ OCOGeHHO-
CThi0 WX MCHXO(PHIHOJOTHUECKOT? BOCIIPHSTHSA, OIIHCAHbI B
crenyiollieM naparpade; sjiech XKe MB pacCMOTPHM Te Bes
JHYHIBL, KOTOPbie HMeIOT 00beKTHBHBIH Xapakrep H onpeje-
JIAIOTCS COOTBETCTBYIOUIMMH, yXKe H3BECTHbIMM HaM ofuie-
MeXaHHUEeCKUMH BennunHamu. Xots MexAyHapoaHasi CH~
cTeMa eANHHI PEeKOMEHAYeTCs JUIf YnoTpebJieHHs BO BCex:
00J1aCTSIX HAYKH M TEXHHKH, B aKyCTHKe Haubojbluee paca
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npoctpanenne coxpanuia cucrema CI'C, Ilpaxtuuecku cos
vcem He npumensercs cncreMa MKI'CC. Huxe bl nepe-
YHCTHM BaXKHefllIHe BEJIWUHHBI M eJHHHIBI UX H3MEepeHHd
B cuctemax CH u CI'C.

3syrosoe Oasaenue. BosHuKHOBEHHE 3BYKOBBIX KOJe6a«
HUH B rase WM XHIKOCTH CONPOBOXAAETCH KO/JIe6aHusMH
naBjieHus cpexbl. Taxkum ofpa-
30M, JIaBJeHHe B JNAHHOH Touke
B Ka)XAbIH JAHHBIH MOMEHT MOMXK-
HO NMPEACTABHTb KaK CyMMY JiaB<
JeHNSl B HEBO3MYUIEHHON cpejfe,
T. €. B OTCYTCTBHE KO/Je6aHN
H ePeMEHHOro AOMOJHHTEALHOIO
ZaBJEHHSA, KOTOpPOe HOCHT Ha-
3BaHUE 38YKOB02O0 WM QKYCTIL-
46CK020  JaBaeHHs.  3ByKoBOe
AaBJIeHHE B Te4yeHHe MepHOAA
KoneGaHH H3MEHsieT CBOIO Be- Puc. 17,

JHUHHY H  3HAK MexAy MoJo-
’KHUTCJDHBIMH M OTPHUATEJIbHBIMH aMIUIHTYIHLIMH  3Haye-
HUSIMH.

3BykoBOe naBJielne, Kak W BCSIKOE ADYTOe, Hamepsiercs
B #/mM%? u Ounfcm?. Tlocnennee B aKyCTHKE MNPHHSITO Oblio
HasbiBath GapoM. OnHako, MOCKOMLKY HasBauue Gap ycra-
HOBJEHO AnsA paaeuust 108 dunfcm?, npumedsTs ero pas
Aasaenusi 1 dunfcm? He pekoMeHayeTcs.

Ob6vemnan ckopocro. B 3BYKOBO# BOJIHE YaCTHILLI cpejibt
COBEpUWIAIOT KOJIEOaHHA CO  CKOPOCTHIO, 3aBHCSILIEH OT aMs
NAWTYAbl KoNMeGaHui, yacTothl M (asbl. IpeacraBum cebe
pacnpocCTpahsiiomylocs Baosb ocu x (puc. 17) naockyio
NPOAO/BHYIO BOJIHY (HMEHHO MPOJAOJbHBIMH M SIBIAIOTCA
3ByKoBbie BOJHBI). IlycTh B HekoTOpoii mrockoctn M wa-
CTHLBI Cpelbl B JaHHBIA MOMEHT HMeIOT CKopocTh v. IIpo-
BelleM Ha MaJjioM pacctosHuM Ax or M naockocts N. 3a
BpeMsi Af = Ax/v Bce yacTHUBI, 3aK/JIIOYEHHDIE MexXAy M n
N, npoiiayr ckBosb N. Ecan ma nsockoctu N BLIGpAaTh MJI0-
llanky pasmepoM s, To CKBO3b Hee 3a BpeMsi Al npofiner
obbem Axs = v Als, a 3a €JHHHLIY BpeMeHH US. DTa BeIH+
UYHHa H HOCHT Ha3BaHHe OOBEMEOH CKOPOCTH. JIerko pus
A€Th, 4TO €€ Pa3MEpPHOCTb M eJMHHIII H3MEpEeHHS Te Ke,
4TO H ANA OGBEMHOrO pacxopa, T. e. M3/cex n cm3/cex.
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3syrosan sHepzusn. JlioGofi 0oGbeM Cpebi, B KOTOPO#
pacnpocTpaHsiioTcs BOJMHBI, 00/MajfacT 3Heprued, CKaaabiBa-
I01eHCs- U3 KHHEeTHUECKOH 3HEepPrHH KoJeOJIoLIuXCcs YacTHIL
M NOTeHLHANbHON 3HepPruH ynpyroit aedopmanuu. 3BYKO-
Basi SHEPrHs, Kak M Jiofas Apyras sHeprus, usMepsiercs B
AKOYJISX U Iprax.

[1aoTHOCT 38YyK0804 3repeur. 3BYKOBasl SHeprus, OT-
HeceHHasl K eauHune obGbeMa: cpejlbl, HA3LIBAGTCS TIOTHO-
OThI0O 3BYKOBOH 3HEPrMH W COOTBETCTBEHHO H3MepsieTcs B
Onc/m® u apefcud.

ITotox 38ykosoii anepeuu. Bonun, pacnpocrpaHnsiomyect
B cpele, HeCyT ¢ COGOR NOTOK: SHEPrHu. IJHEPrHs; Inepe-
HOCHMasl B eIUHMUY BpeMeHH: 4Yepes: AaHHYIO NAOILANKY,
NepreHHKYASPHYIO K HanpaBJeHHIO pacnpocTpaHeHus, u3-
MepsieT BEeIMYMHY 3TOro noToka. OueBHAHD, Pa3MepHOCTb H
eIUHHUB TIOTOKA 3BYKOBOH 3HEPrHA COBIAJal0T C pasmep-
HOCTBIO H €JMHHIaMH MOILHOCTH — 68T W ape/cexK.

Hurencusnocts 3syka (cura 38yKaj) —-TAOTHOCTD [OTO-
Ka 3BYKOBOH 3HEpTHHM, T. € TNOTOK 3HEepTHH, OTHECEHHBH K
e[MHHIE TOBEPXHOCTH, NEPNeHAUKYASPHON HanpaBleHHIO
notoka. PasMepHOCTh HHTEHCHBHOCTH 3BYKa

[[1=MT"3 (6.2)

CooTBeTcTBYIOIHE eAUHALL: 8T/M? n ape/(cm?- cex). CooT-
HOUICHHE MeKIY HUMH:

1 er/m* =103 apef(cm? - cex).

Akyctudeckoe conporugaenue. AMuauTyAa KojeGaHHit,
a COOTBETCTBEHHO H CKOPOCTb KOJEO/IOIIMXCA TOUEK 3aBH-«
CAT OT MEXaHHUECKOTO HampSKEHHS, BOZHUKAIOILETo B cpe-
Jie, a B C/iyyae BOJIH B rase HJIH XKHIKOCTH — OT aKyCTHYe-
CKOTO AaBJeHusi. MrHOBeHHOe 3HAyeHHE CKOPOCTH ONpeje-
JISIeTCA COOTHOIIEHHEM

.
U= -6-0-, (63)

rie p— aKyCTUYECKOE JaBjieHHe, p — IJIOTHOCTb CpeJibl.
" Ecau Jesyo' u mpaByio yacTH ypasHenus: (6.3) nomHo-
KHTb Ha TIJIOMIafb NMOTOKa (HampuMep, Ha ceyeHue TPYObI),
TO MOXKHO HalHCaTb

__P
s = pc/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 y,I[eJIbHOI‘O aKyCTquCKOI‘O COHpOTHBJIEHI/m
[n)=L"*MT"". (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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onpefensiercst KAK OTHOLUGHHE MePHOAHYECKOM CHJbL K KoJe-
Batenbrofi ckopoctu. CoracHo Onpeaeennio

R.=I, (6.8)
pasMepHoOCTb
[RJ=MT"". (6.9)

EAunuisl MeXaHHYECKOTO CONPOTHBJIEHHS H -Ceklum U
dun - cexfcm. TlocaedHo eJHHHUILY HHOrJa Ha3biBAOT AMe-
XQHU4LCKUL OM UL MEXOM.

~ ®opmyna (6.9) ompenensieT cooTHoULleHH®

1 1« cex/m=10% Oun - cexfcm.

Yposru uHTEHCUBHOCTU 38YyKA U 38YK08020 dasrenuf.
Jast xapakTepuCTHKKH BEIWUHH, ONpeJeNsion{HX BOCIPHsTHE
3BYKa, CYLIECTBEHHBIMH ABJISIOTCA HE CTOJbKO abCoJioTHbIE
3uavenuss MHHTEHCHBHOCTH 3ByKa H 3BYKOBOro JAaB/eHHH,
CKOJILKO HX OTHOIIEHHA K HEKOTODhIM M[OPOroBbHIM 3Haue-
HusiM. TT03TOMY BBeleHb MOHATHA OTHOCHTENbHBIX YPOBHEH
MHTeHCHBHOCTH M 3BYKOBOTO AaBiieHHd. Eciu HHTEHCHBIO-
CTM JBYX 3BYKOBBIX BOJH paBHbl [p M [}, TO Pa3HOCTbIO
ypoBHeli 3THX HHTeHCHBHOCTefl HasblBaeTcsi Jorapupm or-
rowenus [off:

L,=1gj—j. (6.10)

3a emHHULY pasticcTH yposHel npunHumaercst 6Oea (6),
onpeje/sieMbiii Kak pasHOCTb YPOBHeil ABYX HHTEHCHBHO-
cTeil, OTHOMIENHE KOTOPBIX PABHO AECATH, U COOTBETCTBEHHO
ACCATHUHBI JOTapudM OTHOLIeHHs paBeH eaunuue. Ilecs-
Tas yacTb Geqaa, COOTBETCTBYIOMLAs JOrapupMy OTHOLIEHHH,
pasuomy 0,1, HaswiBaercs Oeyubea (d0). Tlpu pasuoctu
yposHeil | 06 oTHOlIeHue

% = 10" = 1,259. (6.11)
Hsmepennast B gennfenax pasHOCTb YPOBHEH HHTEHCUBHO<
CTH onpeaeasiercs GopmyJaon

L(36)=101g . (6.12)
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Tax Xe kKak H Pa3HOCTb YPOBHEH WHTEHCHBHOCTEH, MO-
MeT H3MEpATbCS N PasHOCTb YpPOBHEA MOTOKA 3BYKOBOl
3HepPruH (3BYKOBOH MOIIHOCTH).

Mexy MHTEHCHBHOCTBLIO 3ByKa H 3BYKOBBIM [aBJeuueM
CyulecTBYyeT COOTHOUIeNHe

[= P ﬁ_. (6.13)
pe n
ITostomy

1
@ﬁ=2@%. (6.14)

Cnoco6 usMepeHHst pasHOCTH YpPOBHeil 3BYKOBBIX AaBJe-
HHH yCTaHaBAMBAETCH TakuM 00pa3oM, 4ToOB! 3Ta Pa3HOCTb
CcOoBfajata ¢ PasHOCTbIO YPOBHEH HHTEHCHBHOCTEl TeX Ke
kojseGanuii. CoOTBETCTBEHHO M3MEPEHHYIO B Aeuubenax pas-
HOCTh YPOBHEH 3BYKOBBIX AABJEHH{l MOXKHO ONPEAEIHTH M0
popmyie

%=%@%. (6.15)

Hapsiny c namepennem pasnoctn yposueii B Gerax n
Reuubenax npHMeHsieTCs H3MepeHHe Pa3HOCTH YpOBHell B
Henepax (xen). PasuocTb YpOBHEH HHTEHCHBHOCTH B OXHH
Hemep COOTBETCTBYET OTHOLIGHHIO HHTEHCUBHOCTEH, paBHO-
MY OCHOBAaHHIO HaTypaJibHuIX Jjorapugmon. M3 atoro ompe-
Ae/NieHus BBLITEK4eT, uTo

16 =2,303 wen. 6.16)

Hacto ypoBenb HHTEHCHBHOCTH 3BYka H 3BYKOBOLO JaBie-
HHA OTHOCSIT K YCJOBHOMY MOPOTY, COOTBETCTBYIOLIEMY 3BY-
KOBoMy aasienuio 2- 1075 n/m? wau 2. 10-* Qunfcm?*).

§ 6.2. CyGnekTHBHBIE XaPAKTEPHCTHKH 3BYKA

CyGbekTHBHOE BOCHPHSITHE 3BYKAa XapaKTepH3yercss Dsi-
JIOM BEJHYHH, KOTOpbIE MOTYT ObLITb. B TON WJH HHOH CTe-
NeH# COMOCTABJIEHBl C HEKOTOPbIMH H3 OOBLEKTHBHBIX BeJii-
YHH, PACCMOTPEHHBIX Bbille,

Boicora  ssyxa. OcHoBuast KauecTBeHHAsT XapaKTepi-
CTHKa 3ByKa ormpejesasiercss ero uacroroii. Pasubie 3Byku

*}) TlogpoGuee o morapugMuueckux. ejnnuuax cM, [lpuaoxenue 1,
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BOCHPHHUMAIOTCH HAMHM KaK paBHOOTCTOAIIHE MO BHICOTE,
ec/ - PaBHbLl OTHOLIEHMS : HX YacTOT. . TaKuM - 006pa3oM, Mbl
BBOAHM [IOHATHE UHTEPBAAR BbLICOTHL, ONPEACAIEMOro OTHO-
HleHHeM KpaiHHX YaCTOT COOTBETCTBYIOLIHX 3BYKOB. TakK, Ha-
npEMep, MHTEPBAJ, orpaHndeHHblil yacroramMu 200 -u 500 xy,
paBeH MHTepBaJy C IpaHuyHbIMH yactoramu 100 u 250 ey.
JInsi uaMepeHHs HHTEpPBajsa BBICOTHL NMPHMEHAETCA DAX
€IHHHL, NOCTPOSHHBLIX MO JorapHQMHYECKOMY NPHHUULY.
B My3bike OCHOBHBIM SIBJSIETCH . HHTEPBaJ, OrpalHuYEeHHBIH
YacToTaMy, OTHOLIEHHe KOTODHIX PaBHO [BYM — OKTaA64.
OxraBy jaeast Ha 1000 muanuoktas wan 1200 yenros..
Hpyras equHulla uHTEepBata — casap (cas) onpeaensercd
KaK HHTepBaJj, AMs KOTOPOTO NECATHUHHBIH JIOTapHPM OTHO-
nienus gpaiinux vacror pased 0,001. Benwunna wnrepsadja,
M3MEpEHHCr0 B caBapax, Bhipaxaercs GopMynon

A= 10001g-:-f—. 6.17)

CooTHOMIEHHA MeXKAY HHTepBa/laMH BBICOTHI U COOTBET-
CTBYIOlilUE 3THM HHTEpBajaM OTHOIIEHHH KPaWHHX YacToT
npHBefieHsl B Taba. 22.

[MocnenoBaTeNbHOCT TOHOB, W3 KOTOPHIX MepBbiii W IMO-
caennufi o6pasyioT HHTEpBaJ B ONHY OKTaBY, HasblBaeTCs
eammodll. [Ias1 monydyeHud rapMOHHUECKUX MY3bIKaJbHBIX CO-
3Byuuit TpeGyercs, YToObl OTAEALHbLIE IPOMEXYTOUYHLIE CTY-
NeHd TraMMbl — TOHB — 00JIafia/i¥ YacTOTaMH, OTHOCALLH-
MHuCS APYT K APYTY KaK NOCJaejoBaTelNbHble HeGoablune Iie-
Jble udcaa. 'aMMa, TOHBI KOTOPOH YAOBJAETBOPSIIOT 3TOMY
YCJOBHIO, Ha3blBAaeTCs HUCTOU WIH HATYPAAbHOL raMMOH.

OjaHako g nepexojna M3 OJAHOH TOHAJNBHOCTH B APYryio
Heo6X011MMO, YTOGB!, HaunHAas ¢ Ji06Oro TOHa, MOXHO ObLIO
o6pa3oBaTh HOBYIO TaMMy C TaKHMH € OTHOLEHHSMH 4a-
CTOT TOC/EN0BATEIbHbIX CTYNeHed, KaK U B OCHOBHOH raM-
me. CornacoBaTh o6a TpeGoBaHHsA B paMKaX OObIYHBIX MY-
3blKaJlbHBIX HHCTPYMEHTOB 4 OOBIYHOH HOTHOH 3amHcH
npeAcTaBAsieTcs COBepIeHHO HeBO3MOXKHbIM. [Tostomy Obi-
Jia yCTaHOBJeHAa TeMIepPHPOBAaHHasi raMMa, B KOTOPOH HH-
TEpPBaJ B OJHY OKTaBy pasfeneH Ha 12 NOAyTOHOB ¢ pas-
HbBIMH MHTepBajaMu Mexay HuMiA. CoOrjlacHO CKa3aHHOMY
BHIIIE HHTEPBaJ MEXJAY COCeIHHMH IOJYTOHaMH paBeH
100 menram.
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B ra6a. 23 npusefeHsl My3bikaJbHble. HHTEPBadH, o6pa~
3yIOllHe YHCTYIO. M TeMuepupoBaHHy0 rammbi. Ha puc. 18
npeacTaBgeHa yacTb KJAaBHATYPBE: POSiS, OXBATHIBaIOWAH
OJHY OKTaBYy, C 0DO3HAUEHUAMH HPOMEXYTOUHBIX CTYIeHe.

Tenbp zeyxa. PasnuuHble 3BYKH HAaKe OAHOH BBICOTHI
OT/JIHYAIOTCH APYr OT Apyra okpackoii uiau temopoMm. TemGp
3BYKa 3aBHCHT OT  HaJH4HA
OTHOCHTE/bHOH  HHTEHCHBHOCTH
JOHOMHUTETbHBIX KoneGaHufl
06blYHO Goviee ' BEICOKHX YacToT,
yeM OCHOBHAS “acroTa, onpefe:

Jasiowas  Beicory: aByka., Hemno-

CpEeACTBEHHBIX KOVIHYECTBEHHBIX CDEFGAHTE
o

NapaMeTpoB, KOTOpble ClyRuau- ) —

Obl OJHO3HAYHON" XAPAKTEPUCTH- |7 . P i
koft Tem6pa, me: cyumecrsyer. [R4) I gro st
Ipi aHank3e MysbiKaJbHBIX 3BY- &) gl ® M P0

KOB' H3MEPSIOT OTHOCHTEJIbHYIO a "
HHTEHCHBHOCTh OTAENBHBIX  CO- Puc. 18.

crasasiiomnx. HMnave  mMoxno
CKa3aTh, 4To TeMOp omnpexessercs BuioM (YHKUHUA pacnpe-
Jie/IeHHsl HHTEHCHBHOCTH 3BYKA N0 YacTOTaM.

T'pomkocre 3syxa. Xors BocnpusTHe 3BYKa 3aBHCHT OT
€ro HMHTEHCUBHOCTH, OJHaKO CBSI3b 3Ta He SIBJASETCS Mpo-
CTOf ¥ ojHo3Haunofi. Ilpexne Bcero sgecp chaexyer ykKa-
3aTh Ha. TO, 4YTO YYBCTBUTEJbHOCTH UEJIOBEUECKOT0 yXa K
3ByKaM Pas/HYHOH yacToThl pasnuvna. Ha puc. 19 HuxHAsA
KpHBasi u3obpasaeT TaK Ha3blBaeMbiH NOPOT CJABIHIMMO-
CTH — TY MHHHMaJIbHYIO HHTEHCHBHOCTb 3BYKOB DPasHOH ya-
CTOTLI, KOTOPYIO HOPMAJbHBIH CAYX CIOCOGEH BOCHPHHH-
matb. Hlkanpt Ha 3TOM pHCYHKe Kak no ocu abBcmuce, Tak
M 10 oCH OpAMHAT JAaHbl B JorapupMuyeckoM macurabe,
Ha uwixane opauHar c/aeBa YyKasaHbl HHTEHCHBHOCTH B
apefcek - cm? WM YDPOBHH MHTEHCHBHOCTH B JAeuubenax, HpH-
yeM 3a HYJeBOHd NPHHAT yPOBEHb . 3BYKa MHHHMAJbHO BOC-
NpUHHMaeMONl HHTEHCHBHOCTH npu uacrore 1000 ey. Ha
NpaBoi LIKale yKa3aHbl COOTBETCTBYIOLUHE 3BYKOBBIe [aBs
JIeHHA B OuH/cMe,

BepxHsis KpHBAsi COOTBETCTBYeT BO3HHKHOBEHHIO MeXaHH«
YECKOrO - 0CsI3aHHA, epexosliiero B 6onesoe omyueHue. [1pu
yBeNHYeHHH HHTEHCHBHOCTH 3ByKa JaHHOH onpejeseHHOMN
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yacTOTHE OIylIEHHe FPOMKOCTH 3ByKa Bo3apacraer. Kpu-
Bule, MpefcTaBieHHbie Ha puc. 19, nocTpoenpl TaKHM
06pa3oM, uTO KaKAOH KPHBOH COOTBETCTBYET OJHHAKO-
Bas TPOMKOCTb BOCIPHHHMAEMbi¥ 3BYKOB Pa3HOil BEHICOTHL

Bun
sz g cu?
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5 /4216’
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0+ 20 \:\\ —~J AT / 210
-0 N /r [ i
10r 0 ™ A 407
~ 210
10 100 500 1000 5000 10000 TU
Puc. 19,

TaxuMm oGpa3oM, 3ByKaMm paBliofl FPOMKOCTH, HO OT/HYaIO-
IHMCS 110 4aCTOTE, COOTBETCTBYIOT pasnble YPOBHH HHTEH-
cuBioctH. Kpusble Ha puc. 19 nposenenbt TaxuMm obGpasoM,
yto npu yacrore 1000 ey OHM CABHHYTBHI APYT OTHOCHTENLHO
apyra na 10 06. Tlpu Apyrux uacrorax pasHocTb ypoBHed
COCEeIHHX KPHBBIX pas/nyHa.

3BYKH CUHTAIOTCA PABHOOTCTOSLUMMIL 10 TPOMKOCTH,
ecan PasHOCTH YPOBHEN 3BYKOB TaKHX JKe rPOMKOCTEH, HO
o6aanaomux gacrotoit 1000 ey, pasuer 10 96. ITockoabky
paBHbIM HMHTEPBasaM YpOBHA TPOMKOCTH COOTBETCTBYIOT
pasHble MHTEpPBa/Abl YPOBHA HMHTEHCHBHOCTH, JAJIS Xapakre-
PHCTHKH ypPOBHS TDOMKOCTH BBeJeHa CHelHalbHAs eAuHH-
1a — (ox. PoH omnpesesseTcs KaK pasiocTs ypOBHel FpOM-
KOCTH JBYX 3BYKOB JaHHOH 4acTOTBI, paBHOrPOMKHE KOTO-
pbiM. 3BYK# ¢ uacrotodl 1000 ey ornnuaiorcss mo MHTEHCHB-
nocti Ha 10 06. Tlpunumas ypoBeHb, COOTBETCTBYIOLIMII.
npeneny CALHIHMOCTH, 3@ HYJAEBON, Mbl MOXKEM . HENoCpei-
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CTBEHHO M3MEPATh yPOBEHb I'DOMKOCTH 3ByKa B (poHaX Kak
pa3HoOCTb MEX/y YPOBHEM IDOMKOCTH JaHHOrO 3ByKa H HY-
NeBbiM.

Bee npusenenubie Bblifie efHHHIIB, OCTPOEHHbIC Ha JO-
rapudMuyeckofi OcHOBe, SIBJASIIOTCS, pasymeercs, Gespas-
MepHBIMH.

§ 6.3. Hekoropuie BeaMUHHBI, CBA3AHHbLIE
¢ aKyCTHKOH nomeiueHHit

Hpu nanennn 3BykoBoil Bosibl Ha Kakylo-1i60 TOBEPX-
HOCTb 4aCTh 3BYKOBOH 3HepPrHH OTPaXKaercs i 4acTb NOIJIO-
uaercsi. COOTBETCTBEHHO BBOASIT aKyCTHYECKHE KOIDPH~
LHEHTB OTPaxKeHus U noraoulenusi. Axycruteckuil Kosgpdu-
HUEHT OTpaXCeHus p eCTb OTHOILIEeHHE KOJHUECTBA 3BYKOBOM
SHEDPrHH, OTPaXKEHHOH B CTOPOHY MNAaleHHA, K KOJNMYECTBY
3Hepruy, najaioleil 3a TOT Ke NPOMEKYTOK Bpemenn. Aky-
crudeckutl Kosppuyuenr noeaoueHus o papbel Pa3HOCTH
MeXJy elHHHIEH H aKyCTHYeCKHM KoddduuueHtoMm orpa-
KeHus

a=1—p. (6.18)

Axycruneckan nponuyaemocre nepezopodxku d ects oT-
HOlIEHNE KOJNHYeCTBa NIPOXOAsIlell uepes MEPeropoaky
BHEPTHH K KOJNHYECTBY 3HEPruH, Najalouleil 3a TOT XKe npo-
MEXKYTOK BPECMEHH.

Bce tpu Bennuunust (p, o, d) SBAAIOTCS BeqHYHHAMH
GespazmepHbIMH. AKYCTHYeCKast MPOHHLAEMOCTb eperopos-
Kd onpejensieTcs HaJoMeHHeM TIPOLECCoB TOIMONIEHHS B
BelileCcTBe, H3 KOTOPOIO H3TOTOBJAEHA MEePeroponka, MHOro-
KpaTHOTO OTpa){eHHsi OT nepejiHefl u 3ajiHeli ee MOBEPXHO-
Crefl M YaCTUYHOTO NPOXOXAEHHS Yepe3 3TH TOBEPXHOCTH.
ITpr 3TOM NMpHXOAMTCA YUHTHIBATH M SIBJAEHHS MHTepdepeH«
I{H¥ BOJIH, HaJaraloligxcd ApPyr Ha Apyra B pasiHylbIX
tdasax. Yucroe norsomenne Habaionaercs B TOM cayuae,
€CJIH TOJHIHHA CA0A HaCTOJNbKO BeJHKa, UTO HHTEHCHBHO=
CTbIO BOJIHBI, OTPAXKEHHOH OT 3afHeHl CTeHKH, MOXKIO mpe-
neopeub. Ecau npu 3toM Ha cioit majaer maockas BOJIHa,
MHTEHCHBHOCTb KOTOPON HOC/e BXOXKi€HHS B cNOi paBHa o,
TO 114 HEKOTOPOM pAacCTOSHHH X OT TPaHHIbl CJOSI HHTeH-
CUBHOCTL Gyjer

[=1Ie~0%, (6.19)
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Kosthduunenr & HasbiBaeTCsl AUMeliHbIM noKa3arTesem no-
enouenin. PasMepHOCTb €ro

[B]=L" (6.20)

eMHULBI H3MepeHus M7l 0 cM™L,

Hns xapakTepuCTHKH [OIVIOLLAIOLIeH CNOCOGROCTH OT+
IeNbHLIX TeJ BBOAMTCE NOHsTHE 00uec0 36yKk08020 no2A0-
Wenua Tejaa, KOTOPOE OMNpeielseTcs NPOU3BeJCHUeM NJo-
maax tena Ha ero koadduuuent noraouienusn. Mamepsercs
oflliee MOrJOHIEHNE TIOHIEAbI0 aGCOMIOTHO NOTAOIMAIOUIErO
TeNa, HMEIDLIETO TaKoe e TONIoUIeHNe, KaK Y JaHHoe. 3a
euHHIy OOGMIEr0 NOTIOLIEHHA NPHHHMAIOT K8adparHblil
METP OTKPHITO20 -OKHA, TaK KAK OTBEPCTHE B CTeHE NPaKTH«
YeCKH He OTpaKaeT 3BYKa.

Pesepbepayusn. Tlpu npoussoicTBe 3ByKa B NMOMEIMIEHHH
BO30YXKREeHHBIE BOJHB MHOTOKPAaTHO OTPaxaloTcd OT CTeH,
AOJa, NOTOJAKA W BCeX MPeIMETOB, 3aNOJHAIOIINX TOoMelle-
nue. I1py KaXa0M OTparKeHHU YacTb 3BYKOBOH 3HEPrHH No-
FJOILAETCA, TAaK UYTO MOCAe NpeKpallleHHs H3JAYYEHHA KoJe«
GaHiil HCTOUHMKOM TIIOTHOCTH 3BYKOBOH 3HEPruH BO- BCeX
TOYKax IocTeneHHo yObiBaer. Ecan B MOMEHT NpekpalueHus
M3JIyueHHs IJIOTHOCTb 3BYKOBOMA SHEPTHH PaBHA W, TO CIIy-
CTA NPOMEXYTOK BPeMEeHH ! OHa CTAHOBUTCH PaBHOH

w = wee~1". 6.21)

Ilponecc BocnpousbefieHus 3ByKa € NOCAENYIOUIUM €ro
3aTyXaHueM HasbiBaeTca peBepOepauneii. XapaxTepHasd mo«
CTOslHHasi BpeMeHH T, Kak nokasan CabuH, paBHa

4V
¢ as !

rae V—o0neM nomemeHusi; as§-— CyMMa OGLIHX 3BYKO«
BbIX TOIVIOHIEHHH BCeX TeJ, HaxoAsdluuxcsd B TOMelie-
HHH, BKJIOYasi CTeHbl, NOJ, NOTOJOK, Mebenb, Jwiei
T I

Bpems v mpexncrasasier co6oii To Bpemsl, B TeYeHUE KO+
TOPOro MJOTHOCThL 3BYKOBOH 3Hepruu najaer B € pa3. Ha
NpPaKTHKE NPHMEHAIOT APYrywo BeauuuHy 7T, HasbiBaeMyio
BpeMeHEeM CTaHJapTHOH pepepOepallid M OnpelenseMylo

T =

(6.22)
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KaK BpeMs, B TeueHHe KOTOPOro MJIOTHOCTb 3BYKOBOH JHep-<
ruM yMmeHbulaercs Ha 60 06, 1. e. B 10° pa3, Hanucas

. pclosT
10— = @ k14 »
IoJIYYHM

T =23 67 =552 ——— 2 —, (6.23)

Bpems peBepbepauud onpejensieT aKYCTHUECKHE CBOHCTBA
nomenieHus. Ecay 3To BpeMs CAHIIKOM MaJio, 3BYKH IOy«
YalTCA TJAYXUMH, «TYCKAbIMH». IIpu cauIIKoM GOJIbIIOM
BpeMeHH peBepOepalluH 3BYKM HaJjaraloTcs XPYr Ha Jpyra
H peub cTaHoBHTCA HepasOopuuBofl. OnTHMAa/bHBIE BpeMeHa
peBepGepannyu 3aBHCAT OT Ha3HAueHUi NOMelleHHA H Jie-
}Ka’lé B fApefenax oOT HECKOJbKHX JAeCATHIX CEKYHAB A0
1—3 cer,



F'masa 7

S.nempuqecxne H MArHHTHbBIC €HHHIbI

§ 7.1. Bpenenue

CHeTeMBl 3JEKTPHYECKHX H MAarHUTHBIX eAHHUI, NPOUIIH
CMOXHBIA H 40 HEKOTOPCil CTENeHH NPOTHBOPEYMBBI NYTh
cBoero o6pasoBadus, o6YCJAOBJAEHHHH OCOGEHHOCTAMH Pas-
BHTHS Hall¥uX 3HaHUH 00 2JEKTPUUECKUX H MATHUTHBHIX ABJC-
Husax. o orkpeitus dpcreaom B 1820 r. maruutHOrO nefi-
CTBUSL 3JEKTPHUYECKOrO TOKa 9JIEKTPHUECKHE U MarHuTHble
ABJEHHA H3YYaauCh UE3aBHCHMO APYT OT Apyra, XoTa HMH
3aHUMaJUCh OAHOBPEMEHHO OAHH H Te ke yueHble (I'uib-
6ept, Kyson). CyliecTBeHHYI0 posib B HCTOPHH pPa3BUTHA
HallWX 3HaHU# O MArHUTHBLIX SBJAEHUAX CHIrpajo TO 0F-
CTOATEJNBCTBO, YTO YEJNOBEK BHEPBLIE MO3HAKOMMJ/ICA C HHMH
~eute B riy0oxkoll npeBHOCTH 6Jarofaps OTKPBLITHIO MarHur-
HbIX CBOHCTB KeJse3a.

Kornpa Hacrynuiaa mopa KOJHYECTBEHHOTO H3YUEHHs
9JEKTPHUECKHX # MAarHHUTHBIX fABJACHHH, TO, HCMNOAL3YA
BHEIllHee CXOACTBO MEXIY B3aHMOJCHCTBHEM NOCTOSHHbIX
MAarHHTOB H B3aHMOAENCTBUEM 3JEKTPHUYECKHX 3apAAoB,
I ONMHUCAHHA 3THX B3aUMOAEHCTBHHA cTaNu NPUMEHSTH OAH-
HAaKOBYI) TEpMHHOJOTHIO, KOTOpasi COXpaHmJach W A0 Ha-
CTOALIETO BpPEMEHM, XOTs OHa H .He COOTBETCTBYET HAlUM
COBpeMEeHHLIM mnpefcraBiaeHuaM. Hemano yueHblX, OCHOBBI-
BafCb Ha YKAa3aHHOM CXOACTBe, 0e3yClellHo MbITaauch Hai-
TH OOILYIO NPUPOAY 3IJEKTPHUECKHX H MAaTHHTHBIX fBJAEHHIL.
Xorsl mocie OTKPBITHA Dpcrekha U NOCAENYIOUIMX HCCAE0-
BaHHH CTaJO ACHO, YTO 3JEKTPOCTATHUECKHE H 3JIEKTPOMar-
HUTHBIE SBJIEHHS1 HMeIOT CYIUECTBEHHO pa3auuHBIff Xapax-
Tep, ONHCAHUE 3THX SIBJEHHI B Kypcax (pU3UKU CTPOH.IOCH
JO CpaBHHTENbLHO HeLaBHEro BPEeMEHH B CjeNyloleM mo-
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pAAKE: BHauaJje H3jarajacb 3JeKTPOCTAaTHKA, 3aTeM Mar-
HHTOCTATHKA, T. €. YYeliHe O B3aHMOAEHCTBHH [OCTOSHIIBIX
MAaruuTOB H MX MOJAX, 3aTeM 3aKOHDLI HOCTOAHHOrO TOKAa H
JRWb B KOHUE NOSBJSIHCE MarnHTHble AeHCTBHA 3JEKTPH-
yeckoro toka. Ha ochose maruurocratuku Gbin moctpoc-
libl W CIHHHUbl MarHHTHBIX BeJHYNH, U3 KOTOPbIX 3aTCM
00pa30BbIBANKCH eAUHNIbI BEJIHUHI, XapaKTepHblX /s Mar-
HHTHBIX IEeACTBHIl SJ€KTPHUECKOTO TOKA, 3JEKTPOMArHUTHO
MHAYKIHH M T. 1. Takofi mopsiiox u3aoXKeHHs co3gaBad
TPYAHOCTH 111 IOHHMAaHHUS CYHIeCTBA SBJACHHII, NIPUBOAHA K
NyTanuile OCHOBHBIX NOHSITHE.

B Hactosuiee BpeMs B GOAbHINHCTBE KYPCOB (HUBHKI
NPHHATBl JPYTrHe CIOCOOBI H3J0KeHIi 3.1eKTPOMarHeTHaMa,
B KOTOPHIX B KauecTBe OCHOBHOrO MAaCHUTHOTO SIBJEHHSH
NPUHHMAETCH TO WJIH APYroe MarHuTHoe gelicTsue Toka. Ha
3TOM K€ OCHOBE BBOAWTCH H €IHHHIA CHIBLI TOKA CHCTEMbL
CH — amnep, koTopast B paMkax 3TOfl CHCTEMBI YCJOBHO
CUHTAETCS1 OCHOBHOH,

OnHako n B 3TOM HampaBJenii HeT eAHHOro, oGlenpH-
3HAHHOTO MeTONa M3JIOKEHHUd, Aa, MokanyH, yKasaTh Takoi
METOA BpAJ JIH MPEJCTABAAETCS BO3MOXKHBIM., [lo3TOoMy B
caeaywueM naparpade Mbl PacCMOTPHM DasdduyHble BHALL
3JeKTPHYECKUX H MArHHTHBIX B3auUMOJICHCTBHII M MOKaXKeM,
KaK Ha HX OCHOBE MOTYT OBLITb MOCTPOGHHB PasAluHLIE CH-
CTeMbl eHHHL,

§ 7.2. Bo3aMokHBIe COCOGHLI HOCTPOEHUS CHCTEM
9JEKTPHYECKMX W MArHHTHBIX e€JIMHHL

B 3aBHCHMOCTH OT TOro, KaxkHe B3aHMOILEHCTBUA I B Ka-
KOM BH/E NPHHHMAIOTCS AS ONpejeeHust hH3NYECKHX Be-=
JUYHH, CHYXKAUHX M/ ONHCAHMA 3JeKTPHUECKHX M Mar-
HHTHBIX SIBJEHHH, YCTaHABAUBAETCS COBOKYNHOCTbL Onpeje-
JAIOWHAX  COOTHOUIEHHH, C INOMOLLbI0 KOTOPLIX BBOJSTCH
COOTBETCTBYIOUINE NPOU3BOAHbIE exuuullbl. Huxe B mMarema-
THYECKMX BBIPAXKEHHAX, OMNUCHIBAIOIIHX  KOJHYECTBEHHYIO
CTOPOHY B3aMMOJEHCTBHH, MBI, KaK H paHbie, Ko3pdi-
UHEHT NPONOPUHOHANBHOCTH OyieM B 0OOOGHIEHHOM Biljle
o6o3Hauarhs cuMBoJoM K, He3aBHCHMO OT KOUKPETHOTO ero
UHCJEHHOrO 3HAUeHHsl, W JHIIb B HEOOXOTHMbBIX cJydasix
OyneM cHabKaTbh ero TeM WJH HHLIM HILIEKCOM.
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duexrpocratuveckue 83aumoldedcreun. JiBa 3JeKTpHUe-
CKH 3apsfXeHHbIX Tela B3aHMHO MNPUTATHBAIOTCA HJH OT<
TAJKHBAIOTCS C CHJIOH, 3aBHCALIEH OT 3HAKOB, BEeJHYHHB H
pacnpeaeneHusi 3apaj0B Ha 3THX Telax, HX B3aUMHOrO pac-
TIOJIOZKEHHs, PHPOIbl CPeNbl, B KOTOPOH NPOHCXOAHT B3aH~
mojeficTeHe. B ofulem ciayuae, ecli4 Ha OAHOM M/ OOOHX
Tenax MPUCYTCTBYIOT 3apsijibl pas3HbiX 3HAKOB, KPOME PaBHO-
JeHiCTBYIOLIEH CHJIbI, BO3MOXHO Ha/iiyue BPAILlalolero Mo«
menTa. Haubosee npoCTO BBITISAUT B3auMOJEHCTBHE B TOM
cayuae, €CAM Tela MaJdbi IO CPaBHEHHIO C pacCCTOsHHEM
MEXK/]1y HUMH U COOTBETCTBEHHO MOXHO CUHTaTh 3apsijbl TO-
yeyHbiMH. B 3TOM cayuae, Tmpeanosaras, 4TO B3auMOAeH-
CTBHE MPOHCXOJHT B NYCTOTE, CHAY B3aMMO/EHCTBHA MOXHO
3anucath B BuAe GopMyuasl 3akoHa KysaoHa
f=K1&, (7.1)
[punumasi B dopmysne (7.1) f=1,r=11u qg1=q: 1,
Kak ob6LIuHo, nojaras, utro K = 1 1 HMeeT HYJEBYIO pasMep-
HOCTb, Mbl TIOJIYYHM [POM3BOJHYIO €IMHHIY 3apana (KOJH-
YeCcTBO 9JIEKTPHUECTBa), C MOMOLIBIO KOTOPOH MOMKeM Mo-
CTPOHMTH €JMHUIL BCEX BEJHUHH, OMHMCHIBAIOLIHX CBOACTBA
5JI€KTPHYECKOTO MO0JIst, IPOBOJHHKOB H 1H3JeKTPUKOB. Ilep-
Basl W3 STHX BeJHYHH — BEKTOPHAast XapaKTepUCTHKa 3JeK-+
TPHYECKOTO MOJIst — HANPAIEHHOCTs noas E uaMepserca cu-
J10fi, KOTOPYIO HCTIBITHIBAET B JaHHOM MOJIC MOJOKHTENbHBI
3apsi, paBHbIl eanHuue. Mcnonbsys 370 onpeje/neHue u 3a-
nuceBas ero cpasy 6e3 kodpPHUHEHTA NPOMOPUHOHANBHO-
CTH B BHIE

- L
E=-— (7.2)

MOMKeM onpeie/HTb €JUHHIY HANPAXEHHOCTH 3/AeKTPHYE-
CKOTO 10Ji KaK HalnpAXEeHHOCTh TAKOro mojisg, B KOTOPOM
eIUHHUHBI 3apsA] HCIBITHBAET CHNY, paBHYyIO exnuuue. [la-
Jiee, HCNOJb3ys COOTBETCTBYIOIHE ONpejieieHns], MOXKHO
YCTAHOBUTL €IHHHILI APYrHX BeIHYHH: NOTEHILHajna, eMKO-<
CTH, TOJISAPH3YEMOCTH H T. A. BBeleHHasi elMHHNa 3apsja
No3BOJIACT YCTAHOBHTb H €IHHHIY CHJIBI TOKa IO tdbopmyae

= ‘qi' ’ (7.3)
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COTJI2aCHO KOTOpPOH CHAa HEH3MEHSIOUIerocs TOKa oOmpeje-
JSIeTCA KaK KOJHUECTBO 3JEKTPHUYeCTBa, ITPOTEKalollee de-
pe3 NomepeuHoe ceyeHHe NPOBOJHHKA B €IHHHIY BPEMEHH.
Crporo rosops, u B dopmyne (7.3) cnenosasio Obl Hocra-
BHTb KO3((HIHKEHT MPONOPUHOHANbLHOCTH, NOCKOJbKY 3JEK-
TPUYECKHH TOK NpeicTaBgasieT co00fi HOBOE SIBJICHHE H €ro
perucTpauud H u3MepeHue MOTYT HC ObiTb CBSI3aHHBIMH C
H3MepeHHeM 3JekTpuueckoro 3apaaa. OAHako Tak Kak BO
Bcex cucremax dopmyaa (7.3) paccmaTpuBaercs Kak omnpes
JeJieHHe CHJIbl TOKa, Mbl 3TOT KO3(DPUIUMEHT omycTHaH *).
BocnoabsoBaBitnch 3akoHoM Oma, MBl MOXKeM jaJjlee onpe-
JIeJUTh €AUHHULIY CONMPOTHBJEHHA H TakKHM o006pa3oM Ho-
CTPOHTB 3JIeKTPOCTATHUECKYI0 CHCTeMy eaunull. IIpuHsAB B
KauyeCcTBE OCHOBHBEIX €JHHHIbLI IJHHB — CAaHTHMETP, Mac-
Chl — TPaMM H BPeMeHH — CeKYHAY, Mbl MOJTYYHM CHCTEMY,
KOTODast MOJyUH/a HasBaHHe abCoJIIOTHOH 3/1eKTpocTarHye-
CKo# cucreMbl H oGosnauyenne CI'CD, B KoTopoM 6yKBa 3
He fIBJIAETCA CHMBOJOM JONOJHHTENLHOH OCHOBHOM eNHHHM-
Lbl, @ CAYKHUT JHIIb JJIA YKa3aHHs TOro, YTO B OCHOBY CH-
CTEMBI TIOJIOXKEHb! 3/JE€KTPOCTAaTHUECKHE B3aNMOJEHCTBUS.

Baaumodeiicrsue nocrosnuelx  mazsuros. Hccneaya
BsaumoselicTeue MaruuroB, KymoH ycTaHOBHJ, 4YTO eCaH
JUTHINIbIE TIPSIMOJIHHEHHbBIE MArHUTHl PacloJOXKeHbl Tak, YTO
paccTosiHue MEXAY HX NOJIIOCaMH MHOTO MeHbllle HX JUJIH-
HBl, TO CHJIa B3aMMOJEHCTBHS MEXAY TNoJocaMi o0paTHO
nponopuuonansHa r2. IlpoBoas aHasloOrHi0 ¢ YCTaHOBJEH-
HBIM MM JX€ 3aKOHOM B3aUMOAEHCTBHSI 3JIEKTPHYECKHX 3d-
PAI0B, OH BBEJ HOHSITHE MA2HUTHO20 3apada, KOAUHECT8q
MAZHeTU3MA WIN MQA2HUTHOI Maccel M, KOTOpoe IOJIXKHO
ObIThb aHaJIOTHYHBIM 3JEKTPHUYECKOMY 3apsiay. 3anuceBas
3axod Kyaoua s B3auMOJEHCTBHA MAariluTOB B BHJE,
cxonHoM ¢ gopmynoit (7.1)

ml’"z
f=K—*+ (7.4)
MOKHO 6blI0O YCTaHOBUTb €IUHHUY MAarHHTHON® Macch

nofo6HO TOMYy, Kak Oblia ycTaHOBJEHa 3JeKTpocraTHye-
cKasn eJHHHLA KoJjuuecTBa 3JeKTpuuectBa. [lo amanorum

*) 3amernm, BnpoueM, uTO AGparamoM Guinia TNpejsioXeHa cHCTeMa
CRHHRL, B KOTOpOH B npasoil uactd QopMmyan (7.3) cTOAN OTAMYHLIA OT
€NMHHIN pasMepHHH KOs dHIHeHT,
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¢ HanPSKEHHOCTHIO 3EKTPHUECKOro NoJst Obl0 BBELHO 10
HSITHE TAKIKC BEKTOPHON BeJHUMHL! HANPSIKEHHOCTH Maruut-
Horo noas H, oupejessieMoe TOM CHJIOH, KOTOpYyiC B nal-
HOM TIOJe HCMbITbiBaeT eJHHHUYHBI MarHUTHBIH TOJIOC, T. €.
Takofl MOJIOC, «MarHHTHas Macca» KOTOPOro paBHa el
HHUe ' ;

H=-—. (7.9)

Boie Mbl YKa3biBajdd, UTO anasioTHA MEXAY 3JIEKTPO-
CTATHUCCKMMH M MarHHUTHBIMH B3aUMOJEHCTBHAMH HMCCT
uHCTO BHOUIHWH XapakTep, He oTBeuasi CYULeCTBY SBJICHIL.
D710, B 4aCTHOCTH, MPOSIBUIOCH H B TOM, YTO, KaK Mbl YBIi-
MM Hadblile, CoBnajeHue Ha3BaHHH <«HATPAMKEHHOCTb M10-
ast> 44s BexTopos E u H He coOTBETCTBYET TOH pOJH, KO-
TOPYIO 3TH BEKTOPLI UTPAIOT.

Tak e KaK B aJeKTpocratike Obiia BBeJeHa CAHHMUA
HANPAKEHHOCTH 3JeKTPUUYECKOro [0/, B MarHHTOCTATHKE
BBEIX EAHHHLY HaMpsAKeHHOCTH MarHHTHOro MoJs Kax Ha-
NPsKEHHOCTh TAKOTO NOJA, B KOTOPOM TOJIOC, MarhuTHAas
Macca KOTOPOrG paBHa eJHHHIE, HCUBIThIBaeT CHJAY, paBs
HYI0 efnHHIE.

XoTs caMo NOoHsATHE MaTHUTHO# MacChbl 0Ka3aJjoCh COo-
BepUIEHHO (QUKTUBHBIM, C €ro IOMOIBIO YAAJA0Ch YCTaHO-
BMTH ONpEJe/eHue BCeX BelUdHl, OMHCHIBAIOWKMX MArHuTHOe
[ojie ¥ MarHHTHbie CBOMCTBa BEIULeCTBA, H Ha OCHOBE 3THX
ONpeneNeHHii OCTPOHT CHCTEMY MATHHTHBIX eAHHUL. JTa
cHcTeMa, B KOTOPOM B KauecTBe OCHOBHBIX ENHHUL OLLTH
Tak)Ke NPHHSATH CAHTHMETP, TPAMM M CeKyHZa, moJayduia
HasBaHue abCoAOTHOU 3NEKTPOMACHUTHON CHCTEMBl eTHHHIL
1 obosuauenne CI'CM *). 3necy 6ykBa M, Tak e Kak B
o6o3nauennn cucrempl CI'CD Gykea I, cayKuT aas oBo3Ha-
- yeHMs] TPOHUCXOIKAEHHS CHCTEMbl-— B JaHHOM Cayuyae Ha
OCHOBE MarHHTHBIX B3aHMOAEHCTBHH.

JaexTpomacnuThole s3aumodeiicteus. Jlas jnemoHcrpa-
Wi MArHMTHOTO MOJs SJEKTPHUYECKOTO TOKAa MOTYT OBITh
HCIMOAb30BAUE BHEWHe pasjyuHble ONBITHl, XOTA H HMeio-
e o6myio npupoay. IlepBbIM ONBITOM Takoro poaa Gbiio

#) CucTeMa HaBaHa 31eKTPOMATHHTHON, TaK Kak oua BRAIOHACT
B CeBs eMUMHHIL! BeAWIHH, XAPAKTEPH3YIOMHX MATHHTHbIE CBOHCTBA TOKA,
 Ha eg OCHOBE MOCTPOEHH TaKe eANHHLBI BCEX 3MeKTPHUECKHX BeAH1HLL,
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nabalofeHioe IJpCTeAoM OTKJOCHEHHE MAarHHTHON CTPeaKd
0N AeHCTBHEM 3JIEKTPHYECKOro Toka. 3Hasl, KaKkoe Mar-
HHTHOE NOJe MNOCTOSHHOrO MAarHMta BLI3LIBAET TaKce Ke
OTKJOHEHHEe CTpeaKH, MOMKHO O6blJI0 YCTAHOBHTL 3aKOH,
onpedeasnionyft MaruuThoe nose Ttoxa, CoOTBETCTBYIOLIHE
onbiTel 6blin mpoBenensl Buo u CaBapom. Ciaoxuocts 1o«
AYYCHHA HA OCHOBE 3THX ONbLITOB
ofulero 3akoHa 3akada’nach B
TOM, 4TO, B TO BpeMs KakK B3auMo-
JeficTBHe 3JEKTPHUYECKHX 3apfjJoB
MOJRHO ObLILIO HM3yuaThb Ha BeCbMa al
MaJbIX 3apsyKEeHIBIX TeJjax, KOTo-
pbie Bean ce6s Kak ToueuHble, CO3- A
JATb  «TOUEURBLIH TOK»  NPHHIHU-
1HAJbHO HEBO3MOXKHO, TaK Kak
BCAKHH TOK AOJXKEH NPOTEKaTb no
3aMKHYTOMY KOHTYpy. 3Ty TpyI-
nocTe  obomen Jlanaac, Kotophiii Puc. 20.
npeajgoxua  Gopmyay, npeiacras-
JASI0IYI0 MarhHTHOe [oJde Ji06oro 3aMKHYTOrO KOHTYpa
KdK TeOMETPHUeCKYIO CYMMYy MoJefl, co3JaHlbIX OTAeNbHbi«
MH 3J€MEHTaMH, Ha KOTOpble MOJXKHO MbICJAEGHHO pasbuTth
raunplii kourtyp. ®opmyaa Jlanaaca (3axon bBuo, Casapa u
Jlannaca) masa sjeMeNTa TOKa UMEET BH[
[ dlsin

dH = K 5=, (7.6)
3ncer dl— anuna sgemenTta KOHTypa, f— paccTosiHHe Me-
AAY 3THM JIEMEHTOM H TOH TOUKOil, B KOTOPO{l ompeje-
JSISTCA HanpsXKeHHOCTb MHOJs, o - YTon Mexay £ n dl
(puc. 20). HanpaBaeHnue Bextopa dl{, coBmapaioniee ¢ Ha-
"PaBJEHUEM CHJIbI, ACHCTBYIONIEH Ha cenepHbId MOJIOC Mar-
UTHOH CTPENKH, ONpeflensiercsl OAHIM U3 H3BECTHBHIX MHE-
MOHHYECKHX MpaBu/, HalpuMep OpPaBuioM OypaBuHka.

Ias onpeneneuss MarHUTHOrO O/ 3aMKHYTOTO KOH-
TYpa INPOU3BONLHOH (OPMBl CJaelyeT INPOHHTErpHpOBaTh
{7.7) no Bcemy xouTypy

H=K§ e (7.6a)
(cumBOA § o0o3nayaer HHTerpas N0 3aMKHYTOMY KkOH«
TYPY)-
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dopmyaa (7.6) B oTHOLIEHHH €AHHHL CTaBUT HAC Oepex
HECKOJbKHMH BO3MOXHOCTAMH. Ecau Mbl npHpasHsieM e€nu-
nuile K u 6yneM u3MepsATe CHJIY TOKa B 3J€KTPOCTATHYE-
CKUX efMHHLlaX, TO HaM NPHIETCS BBECTH HOBYIO €AMHHILY
AUl HANPSMKEHHOCTH MArHHTHOTO MOJA, KOTOPYIO Mbl AOJIK~
Hbl 6yaeM Ha3BaThb abCONIOTHOH 3/1€KTPOCTATHUECKON eau«
HHLeH MarautHoro nojsi. COOTBETCTBEHHO H3MEHATCS! H BCe
OCTa/JbHBIE €AHHHIBI, XapaKTepusywile MariuTHble siBJje-
uus. Bropasi BO3MOXKHOCTB, Takxe npu K, paBHOM eLHHH~
e, COCTOMT B TOM, YTOOBI, M3MepAs HaNPsKEHHOCTb Mar-
HUTHOTO NOAs aGCOMIOTHON 3JEKTPOMArHHTHOH eauHuted,
YCTAHOBHTD HOBYIO 3JeKTPOMArHHTHYIO €IHHUIY CHJIBI TOKA.

HaxoHen, Mbl MOMEM COXPaHHTH aGCOJIOTHYIO 3JIEKTPO-
CTATHYECKYIO €AMHUIY CHJIBl TOKAa M abCONIOTHYIO 3JICKTPO-
MaTHUTHYIO €JHHULY HaNpsiKEeHHOCTH MAarHUTHOTO NOAs H
ONBITHBIM HJIM TEOPETHYECKHM IHyTeM ONPEASJHTb YHCJCH<
Hoe 3HaueHHe (M COOTBETCTBEHHO Pa3MepHOCTb) KO-
uuenta K. Takoil nyrb Befer HAC K MOCTPOEHHIO TakK Hasbl«
BaeMOll CHMMETPHYHON WM TayCCOBOH CHCTEMBl eAMHHL, KO«
TOpas B HacTosiliee BpeMs npuobpesna HauboJbliee pacHpo-
crpaneHne cpeay ¢usnko. IToguepkHem sjgech xe, uTo BCe
nepeurcnenHbie cucrembl sBasgorcs CIC-cucremamu, Tak
KaK NOCTPOeHbl HA OJHHUX M TeX e OCHOBHBIX eAMHHIaX —
caHTHMETpe, TpamMMe H ceKyHxe. B ortanuHe ot cHcTem
CI'C3 u CI'CM rayccosa cucrema obosnauaercs CI'C.
: Heo6xoauMo Tak:Ke o0paTuTh BHHMaHHe Ha caeayioliee
BecbMa Baxiioe 00CTOsITesbcTBO. Ecu Mbl HDHMEM cHCTe<
my CI'C2 Kak A5t 37eKTpHYeCKHX, TaK H AJfl MarHHTHBIX
BeJIMUHH, TO B YpaBHEHUAX MarHeTH3Ma NOSIBUTCS pa3Mep-
bl xo3hduuMeHT nponopuHoHanbHOCTH. Ero Mer cpasy
o0HapyKuM, o6paTHBUIHCE K MarHUTHOMY 3akoHy Kyaona
(7.4). HockoAbKY eIHHHLUBI CHIBl U PACCTOSHHSA YCTaHOBJE+
HBl, 4 eIHHMLA HalPsKEHHOCTH MAaTHUTHOrO MOJs, onpene<
aennast popmyaoi (7.6), sajaer Ham, cornacHo (7.5), enu-
HHIly MarHHTHOH Macchl, OTJIHYHYIO OT BBEJeHHOH Bbliie, TO
dopmyna (7.4) MoKeT COXPaHMTLCS TONBKO B TOM Clyuae,
ecau K oxaxercs OTJHYHBLIM OT ©AHHHUALL M, KaK MOKHO
JIETKO YOeNUTbCs, HMEIOINM OnpejeseHHYi0 Pa3MepHOCTD.
Ilpu yCTaHOBJIEHNH JEKTPOMATHUTHOH €AHHHUIBI AN CHJBL
TOKa H, cornacHo (7.3), A/ 2JIeKTPHYECKOro 3apsja, Mbi
DO/MKHBL OyaeM BBeCTH pa3MepPHBIH, OTJIHYHBIA OT efu-
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HHULBL, Ko3dduunedtT B ¢popmyay (7.1). O uuciaeHHBIX 3HA-
YeHHAX M pasMepHOCTAX Ko3pduuuentoB Oyler cKasa-
HO HHXe.

Jlerxo BHIETh, YTO NEpPEUHCJIEHHBIMH CMOCO6aMU He HC-
4yepbIBAIOTCS BCE BO3MOMKHOCTH NOCTPOCHHUSI CHCTEM 3JeK-
TPHUYECKHX H MaTHHTHBIX €QMHHUI, JlaXKe eCJId OCTABAaThCS B
paMKax TexX JKe TpeX OCHOBHBIX eluHuil (cM, e, cex). Mu
Moray OBl BBOAUTb KOI(POULHMEHTHI B JOOGYI0 H3 (GOopMmyda
(7.2), (7.3), (7.5). B0o3MOXHO, HampHUMeEp, TAKOE MOCTpoe-
Hue eJIMHHL, NPH KOTOPOM Mbl, HCXOASl H3 KaKUX-1u60
NpaKTHYeCKUX cOo0OparkeHHH, YCTaHOBHM 3TaJOH OJHOH H3
3JIEKTPHUECKHX MJIH MarHHTHBIX €JIMHUL, U TIOCTPOHM CHCTE-
MY, OCHOBaHHYIO He Ha TpeX, a Ha YEThipeX CCHOBHEIX €JH-
HHUAX.

JNeKTPOMarHuTHOe sBJeHHe, oOpaTHoe NelCTBHIO TOKa
Ha MATHUTHYIO CTpeJaKy, — AeHCTBHE TMOASf HOCTOSAHHOrO
TOKA Ha 3JeKTpPHYECKHH TOK JaeT TakHe Ke BO3MOXKHOCTH
JJI MOCTPOEHHS CHCTEM 3JeKTPHYECKHX M MAaTHUTHBIX efM-
HHL, KaK H OepeyucieHHble Bbllle. MoXHO Ja1ub0, HMes efu«
HANY HampsiXKeHHOCTH MAarHUTHOrO MOJAsl, ONPefeNUTh 3JEeK-
TPOMATHUTHYIO €JHHUIY CHJIbl TOKa, Ji00, uMes eNHHHUIY
CHJIbI TOKa, ONPEeNeNUTh 3/JEKTPOCTATHUECKVIO €IHHHLY Ha-
HPSKEHHOCTH MAarHUTHOro noJsi. B o6oux cayuadax Mbl BOC-
nosibayeMcs ¢opmyaoit Amnepa Aaf CHIH, AeHcTBYIOlLeS
Ha 3J€MEHT TOKa, PAcroJIOMKEHHbIH B MarHUTHOM ToJe:

df = KHI dl sin (H, dl). (7.7)

Ecnu B3siTh npsSIMOMHHENHBIA NPOBOJHUK, PAaCIONOXKEH~
Hbifl B MAarHHUTHOM NoOJe TepHeHIUKYJASpPHO HanpabJenuio
CHJIOBHIX JIMHHE mosist, H npuHsath K = 1, To KaXAawil yua-
CTOK 3TOTO MPOBOAHHKA C AJNHHOH, paBHOH eiuHuUIe, Gyaer
HCOBITHIBATL CHJAY, PAaBHYIO €IHHHUIIE, eCIu: a) HanpsKeH-
HOCTE 110415 paBHa eaunuue B cucreMe CI'CM u cuna Toka
paBHa 3JIeKTPOMATHMTHOM €JHHMIE TOKa HIH 6) cuia ToKa
pasia CI'CD epuHHUE U HanpAXKeHHOCTb IOJA PaBHA 3JeK-
TPOCTATHYECKO/ eNHHHIle HanpsukeHHocTH. Ecanm xe cuny
toka usMepatb B CI'CY enununax, a HanpsxXKeHHOCTb Mar<
HuTtHoro noiasi B CI'CM efuHHIIaX, TO Te€M CaMbIM Mbl BHI=
HYX/JeHbl OyIeM BBECTH pPa3MepHbIH, OTJIHUHbIA OT €JHHHIbI
‘koappunuent K.
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Heckonbxo oT/iHUHBbIH OyTh YCT4lOBAEHHS €AMHHI [O-
SABHTCA, €cJdd OTKa3aTbCsl OT HCMOJb30BaHHA B3aHMOJEH-
CTBHS MAariiHTOB HJH MarHuTa H TOKAa H OOPaTHTbCA K B3a-
“HMOJEeHCTBHIO ABYX TOKOB. Flmeercsas nocratouno ¢usmue-
CKHX OCHOBAHHH /st TOTO, uTOOBI MMEHHO TaKOH mNyTh
IPHHATL B KaueCTBe OCHOBHOrO. B3anMojeHCcTBue TOKOB C
HOJHBIM [IPABOM MOXKHO OTHEeCTH K UHCIY (yHiaMmeHTab-
HBIX SIBA€HUH NPHPOIbl, TAKUX, KaK BCEMHDHOE TATOTEHUE,
B3aUMOIEHCTBHE 3/eKTPHYECKHX 3apsfoB. B To XKe Bpems
MarHHTHBIE CBOICTBa »Kejes3a H APYrHX (eppoMarHHTIbIX
BEUIECTB NPHCYILI TOJABKO 3THM BeUiecTBAM H OTpaxKaior
0CcOBEHHOCTH HX CTPYKTYphl. DeppoMardeTusM MpHHAAIE~
JKHT K uncay HaubGosee CAOKHBIX SBJICHHH, U ero oObsicHe-
Hue CTaJI0 BO3MOXKHO TOJbKO Ha OCHOBE KBaHTOBO-MEXaHH-
YeCKOTO PaccMOTpPeHHS B3aUMOJCHCTBHS 3JIEKTPOHOB.

[Tpunumasi AJAST TOCTPOEHUSI CHCTEM 3JEKTPHUECKHX H
MariMTHBIX €{HHHI B3aHMOACHCTBHE TOKOB, Mbl MOXKEM 3TO
B3aMMOJeHCTBHe 3anucath pasjauyHbiM o6pa3oM B 3aBHCH-
MOCTH OT KOH(UIypalW¥ H B3aHMHOIO PAacCHOJOXKeHHS TO-
KOB. MOXHO, Hanmpumep, paccMaTpHBaTh B3aHMO/LHCTBHE
BeCbMa JUIHHHBIX TIPSAMOJUHEAHBIX MPOBOAHHKOB MaJbiX
IJIOCKHX KOHTYPOB Ha paccTosiHHM, O0/bIIOM IO CPaBHeHNIO
C UX NHHEHHBIMH pa3MepaMH H T. L.

Mpl BoCrONb3yeMCsl BbIpaXKeHHEM /1A MeXaHHYeCKoro
MOMEHTa, MCILITHIBAEMOr0 MaJbiM IIJIOCKHM KOHTYPOM B
noae J11060ro MPOH3BOJBHOTO KOHTYpa. DTO BhIpaykeHue Mo-
KeT ObITh [OAyueHo H3 dopmydast Amnepa, ecam paccmo-
TpeTh CHJbl, HEHCTBYIOLIHE Ha OTAe/NbHble JEeMeNThl 3aM-
KHYTOTO KOHTYpa, PAclo/I0KeHHOI0 NMPOU3BOJbHEIM 00pa3om
B OJHOPOAHOM MAarHUTHOM noJe. das Toro urtobul node, co-
. 3]aBaeMOe TIPOM3BOJIbHBIM KOHTYPOM, MOXHO Obl10 CuH-
TaTh OANOPOAHBLIM, Mbl H BhIGHpaeM «npOGHBLIA» KOHTYP Ma-
qabiM. B 3TOM caydae /s HCHIBITBIBAEMOTO HM MOMeEHTa
MOXHO HamHCaTb

M=K §LEE fo5 cos g, (7.8)

3mech [, — Tox MaJjoro Kourypa, §— ero miaomwanb, [y —
TOK B IIPOH3BOJILHOM KOHTYype, fIBJASIOIEMCA HCTOYHHKOM
110/151, BHEUIHETO 110 OTHOINEHHIO K ManoMy. ¥YToa ¢ — yroa
MeX Y HAnmpaB/jeHHeM HOPMAaH K IVIOWIAAH MAa/a0ro KOH-
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Typa B AaHHOM IOJIOXKEHHU U B IOJOZKEHHH, B KOTOPOM MO«
;- MEHT MaKCHMaJ/ell.

o cnx mop Mbl ocTaBJs/ii B CTOPOHE BONPOC O POJH
Cpeabl, BKJIOUas napaMerp, XapakTepH3YIOIiHil CBOHCTBa
cpeabl, B ko3pduuvent K aubo npeanoaaras, uto Bee B3aH-
MOJIEACTBUS NPOHCXONAT B BaKyyme. 3anmuiueM Tenepp 3a-
wou  Kyvaoua n Qopmvay (7.8) Takum o6pa3oMm, u4to6bl
CBOMCTBA CpEAbl, B KOTOPOH MPOHCXOAHT B3auMoAelcTBHe,
Oblin mpeacTasieHbt B ABHOM Buae. Jas pasanuenus mno-
CTABHM TaKKe TNOPSAJIKOBble HHACKCH Y KO3 PHIICUTOR
NPONOPILIOHAABIOCTH

f= KL (7.9)
M=K2M§I~'ﬂ;w—lgscoscp. (7.10)

XapaxTeplHCTHKH CPeAbl & H p HOCAT, Kak H3BeCcTHO, Ha-
3BaHie 113JeKTPUUEeCKON W MarHWTHOH TIpoHHuaeMmocTefl.

[TocKoabKY 1/ OMHCAHUA 3JACKTPHUYECKHX H MATHHTHLIX
ABseKll BBOASTCA ROHSITHS HANPSKEHHOCTH 3JeKTPHUCCKOTO
nods E, 3JeKTpHUeCKOro cMelleHust (MuAyKUuu) D, mar-
HUTHOMN MIIAYKUNY B 1 HampsixKeHHOCTH MarHuTHoro mous H,
ypaptiennst (7.9) u (7.8) MOXKHO 3aMeHHUTh caeaywoolledl co-
BOKYIIHOCTEIO YpaBHEHHH.

DJIeKTpocTaTHUCCKHE DJIeKTPOMArHHTIIbIE
B3auMONEHCTBHSA B3aUMOeHCTBUS

[=K\Eq, (7.11) M = K,Blsscos g, (7.12)
D=Ksdk, (1.13) H=K6§\i¥’—‘§;’i‘i, (7.18)

E=K2, (.15 B=KuH. (7.16)

[TopsAOK BHINHCAHHLIX HAMH YypaBHEHUI He cJaydaed.
Vpasuennsa (7.11) u (7.12) npexcrasasior cobolt To mexa-
EHUeCKOe AeiHCTBHe (CHJY HJH MOMEHT), KOTOPOC HMCHBITHI-
BAIOT 3apsij WAM KOHTYD B HAHHBIX KOHKPETHBIX YC/IOBHAX
. € yueToM BausiHHR cpeasl. YpaBHeHnus (7.13) u (7.14) xa-
. paKTepH3YIOT NoJas 3apana ¢, u Toka [, Ge3 yuera Baus-

Hus cpensl. Hakonen, nocaenuue nBa ypasHenus (7.16) u
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(7.16) cBsi3biBaloT XapakTepHcTHKH nons E un B, xoropwi-
MM omnpefesisieTcsl MexaHHUYeckoe jelcTBUE, CO CBOHCTBAMH
cpeanl u yepes BeqnupHbl D u H — c 3apsnamMu H TOKaMH,
ABJASIOMHMUCH HCTOUHHKAMHU NOJISA.

TaxuM 06pa3om, MOXKHO YCTaliOBHTb HEKOTOPYIO aHalo-
TRIO MEXJAY CJACAYVIOWHMMH MapaMH BeJHYHH!

E u B,
D u H,
e u 1/

DTa aHanorusa NOKasbiBaeT HEYMAUYHOCTh HaMMEHOBAHUSA Xa-
pPaKTEePUCTHK MarHHTHOro modas. ITpoucxoxaenne 3Tux Hau-
MEHOBaHHUH CBSI3aHO C TEM, YTO BO3HMK/M OHM IPH PasBi-
THH Y4EHHSI O CBOHCTBAX TMOCTOSHHBIX MarHutoB. Marsut-
bt 3akon Kysona ¢ yueroM BJAMSIHUSI CPeAbl 3alHChIBAJCS
IPU 3TOM B BHJAE
nynty

= ~—~—u’,2“ . (7.17)
Buewmnee nportuBopeune Mexay dopmynamu (7.10) u (7.17)
oObsicHsIeTCs TeM, 4YTO B MaCHHTOCTaTHKe HpejnoJarasnack
HE3aBHCHMOCTb «MAarHHMTHBIX Macc» OT CBOHCTB cpeapl. Kax
NOKa3hiBaeT aHajJM3 3TOr0 BONpOCA, «MArHUTHBIE MacChl»
HOJIOCOB TIPH H3MEHEHHM CPEAbl H3MEHSIOTCA Tak, UTO eCau
0603HAYNTb «MArHUTHYIO Maccy» B BaKyyMe fip, TO B cpeje
C MarHMTHOH IIPOHHLAEMOCTBIO | «MarHUTHas Mmaccay» Oy-
JeT Mgfp, Tax yro BMecto (7.17) MOXKHO Hanucarth

Mor | Moz

f=p—r (7.18)

Copoxynuocts ypasaenuit (7.11) — (7.16) nosBoaser
CaMbIMH PasJHYHBIMH CHOCO6aMH CTPOHTb CHCTEMB! CAHHHI
9JeKTPHUECKMX H MAarHUTHBIX BeJMYHH, ecau J06aBHTb
ypaBHehue (7.3), cBA3biBaloliee CUJy TOKa ¢ 3apsiioM. Kak
CKa3aHO Obl10 Bbille, KOS(MEUUHEHT TPONOPLUHUOHAJIBHOCTH,
KOTOPBIH MOXHO ObIIO Gbl TOCTaBHTb B 3TO ypaBHEHHe, MhI
onycKaeM, Tak Kak BO BCEX CHCTeMaX OH NPUHHMaeTcs pas-
HBIM eJHHHLIE.

H3 Bcero muorooGpasusi BO3MOMXKHOCTEH NOCTPOEHHA
CHCTEM, DpEeNCTABASEMOr0 COBOKYNHOCTBIO  YpaBHeHMH
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(7.11) — (7.16) u (7.3), MBI pacCMOTPHM TOJNbKO T€ KOM-
Ounauuu Ko3¢p(UIHEHTOB, KOTOPblE PeasH3yloTCs Ha TpaK-
THKe, 3JaMETHM IIPU 3TOM NpPeJBapHTENbHO, YTQ MBI He MO+
JKEM O/IHOBPEMEHHO pacnopsixKaTbCsl BCEMU KOd(huIUeHTa-
MH, MOCKOJBKY 110 KpailHe#l Mepe OAWH H3 HUX ONpefeuTCs
B pe3yJbTaTe IKCliepuMeHTa.

Husnexkrpuueckass ¥ MardHHTHas NMPOHHILAEMOCTH, COTIAc+
HO HX OMpejeteHHIo, BEIOHpaloTcsd TaxkuM oGpasoM, 4TO B
Bakyyme ¢ = u = 1. [lo caMomy CMBIC/IY OHH SIBJSIOTCS Be«
auuuamu OGe3pasmepHbniMu. Kpome Toro, Bo Bcex cucremax
K; = 1. B pesyaprare y Hac ocTtaercst nath Ko3(opHuiueH-
TOB, U3 KOTOPBIX UETHIPbMSA Mbl MOXKEM pPaCHOPSAAHTBCH IO
cBoEMy mOpousBoay. Mpt Mopid Obl NPH XejaHHu 3aduk«
CHPOBATb MPOM3BOJABHO W NATBHIA KO3((HIHEHT, HO AJS 3TO-
ro, Kak MLl YBUAHM HHKe, HeOGXOZUMO YMEHBIIHTh UHCJIO
OCHOBHBIX eJHHHIL

PaccMoTpum B mepBylo ouepeib BapHAHTHI NMOCTPOEHHUS
cHCTEM C OCHOBHBIMH eMHHIIAMH CM, & U cex. B cucremax
CI'C u CICd Ks=K;=1. Ilpn 310M, KaK [OKa3biBaeT
ONbIT, NPOU3BEACHHE KOIDDHIHEHTOB

Ky=K;- K5 Ke= =, (7.19)

rie ¢ — CKOPOCTb cBera B mycrote. B ToM, 4to ¢ umeer
pPa3MEpHOCTb CKOPOCTH, MOMHO YyO0eauTbCs, COMOCTAaBHB
pPa3MepHOCTH BeJIHUYMH, BXOASIIIHX B TPHBEJCHHBIE BhIlle
dopmynbl.

B cucreme CI'C3 Buibupaiorcst K03QPHUUEHTH CALAYIO=
MM 06pasom:

K4=K6=l, Ksz'c-lz‘-

Koagpduiuenr Kz B cucreme CI'C3 yacro 06o3Hayaor .
B cummerpuunoit cucreme CI'C

s

1
K4=K6=‘C“» K8=
B cucreme CI'CM
K4=K6=Ks= 1

Taxum BEI60POM KO3)PHUHEHTOB OUPENEARIOTCH €XHHH-
ma cuasl TOKa M efMHuunl usmeperuss B u H. Coorber-



172 SAEKTPHUECKHE U MATHUHTHBIE ENWHMIILI [ra.7

CTBCHHO OKa3biBAGTCA YCTAHOBJACHHON M elHHUUa 3apsiia.
O6mvenunsas dopmyast (7.11), (7.13) u (7.14) u ob6pautasce
K 3KCMEePHMEHTY, Mbl HalieM

ll<3'K5‘K7=K1=02. (7.20)

CornacHo ckaszanHoMmy Bbiine Kz = 1. Kpome toro, nosa-
raercsi paBHbIM eaunuue Kodppuuuent Ks. Taxunm obpa-
3oM, K7 = ¢% Jtor KosdduiHent obbiui0 o6o3nauaior 1/e,.

Bee tpn cucremb: CI'C, CI'CO u CI'CM — noryr 6biTh
obbeauiensl B OLHY, eCau MOJOKUTE ¢ = |, Ajd yero, ode-
BHIHO, HeOOXOMHMO YMEHBUIHTh YIHCJIO OCHOBHBLIX e1HHHUIL
Hockoabky ko3 @uuuedT ¢ npeacrapaser codoil CKOpoCTh
CBETa, 3TO BO3MOMKHO B TOM Cjaydae, eCaH Oy H3 eu-<
HUIL — BpeMelH HaH AJHNB — CAeNaTh He OCHOBHOI, a NPous-
Bonnofi. B cBoe Bpema (§ 1.4), obBcyxiana BONpoc o uuc.ae
OCHOBHbIX EAHHHI B CHCTEMe, Mbl FOBODHJIH O NPOH3BOJb-
HOCTH 9TGTO 4YHCAA W yKasbiBaJu, YTO, KPOME BO3MOK-
HOCTH TpeBpallenus eIWHHULI MaCChl M3 OCHOBHOH B MpO-
H3BOAHYIO (NyTeM NpHPABHHBAHUS €IMHHIE OIHOBPEMEHHO
HHEPUKOHHOH W rpaBUTAUMOHHON TOCTOAHHBIX), HMeercH
BO3MOXKHOCTh LaJbHeAlIero YMeHbIIeHUsT yuc/ida OCHOBHHIX
€IMHUIL NIpUPABHHBAHHEM eJMHMIE CKOPOCTH CBera B ny-
crote. 31ech Mbi HENOCPEACTBEHHO YOENUAHCh B Takoil BO3-
MOKHOCTH,

Paspuras Makcsensnom 3seKTpoMarduTHas TCODHS CBe-
Ta {103BOJSET BHIUHCAHTL CKOPOCTb CBETA, UCXO0Is H3 OOLIMX
ypaBHeHl 3JaexkTpoMmariautHoro noas (ypasHenufi Makce-
Besana). B 3aBucHMOCTH OT TOrO, B_KaKOW CHCTEMe 3aruca-=
ubl 3tH ypasuenus (CIC, CI'C3 wuan CI'CM), ckopocrs

CBETa 0Ka3blBaeTcss DaBHOH cooTBeTcTBEHHO ¢, 1/V o wau
1/eq, uro, pasymeercs, faeT OQHO u TO XKe 3Hauenue, Ecau
NOCTPOUTH CHCTEMY, B KOTOPOH HMeoTCa KO3I(DDHUHEHTH £
H o, HO HH TOT, IH APYTOH B AYCTOTE HE DABHLI €JUHHULE
(umenno takofi cuctemofi u sBasercs CH), To ckopoctsb

CBETA OKa3biBaeTCsl paBHOMA I/Veguo.

B nanbuefiliemM u3 BceX nepeyHCAENHBIX TPEX CHCTEM MbI
paccmoTpuM noApo6Ho Tosabko cucremy CIC (cummerpuy-
Hyl0), obpaiascs Kk cucteMam CI'C3 u CI'CM auws B TO#
Mepe, B Kakofl 370 6yAeT HeoOXOLMMO B OT/JEJbHBIX YacT-
HBIX CAyuasnX.
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3pech MBl JHIIb 3aMETHM, UTO €AUHHLbLl 3AEKTPHUECKHIX
BeJIHUIHH (3apsia, HanpsA:XKEeHHOCTH 10151, TIOTeHIHa a, CHJbl
TOKa, €MKOCTH, CONpoTHBJeHHs H T. n.) cucrembl CI'C cos-
najaioT ¢ GOOTBETCTBYIOLHMu ennnunamu cucrempt CIC3,
a eJHHHUB MarHUTHBIX BEJWYHH {(MHAYKUMS, MaTHHTHBIA
OTOK, HHAYKTMBHOCTD M T. M.} — ¢ eauupnuamu CICM.

O6patumes renepb K NOCTPOGHHIO 3JEKTPHUECKHX U MAr-
nutHblX Benuund cucrembl CH. B cospanuu 370# cHcTeMBb
DJ&BHYIO POJb CHIFPato To OOCTOSTENBCTBO, UTO IIHPOKas
3NeKTPOTEeXHIuecKas, paAHoTexinyeckas H (Qu3nueckad
NpaKkTuka AaBiO NOJb30BaNachb TaK HA3bIBAEMbIMH IPaKTH-
YeCKHMH eAMHMUAMIl: KYJOHOM, aMIEPOM, BOJbTOM, JIKOY-
geM d T. 1. OaHako TpH YCTAHOBJEHWH 3THX eNHHHI[ OHH
He Oblan o6beAuHebl B CTPOUHYIO CHCTEMY, KOTOpas Ho3Bo-
Jsina Obl WX NPHMEHATh HENOCPeNCTBEHHO [Jsi 3JeKTPo-
CTATHUECKHX M  3JIEKTPOMArHUTHBIX pacueroB. [lostomy
BO3HHKJIa 3ajaua BBECTH B CHCTEMY TakHe Ko3(p(HHHEHTHI,
KOTOpblE MO3BONMAH OBl NPUMEHATH ee BO BCeX o6aactax
yueHusi 06 3JeKTpUYecTBE U JMEKTPoMarHeruame M, o6beau-
HHB ¢ MEeXaHHUECKHMH, TEIJIOBBIMH H JPYFHMH efHHHLAMH,
CO3AaTh CHCTEMY, OXBATHIBAWOILYI0 Bce obmacTH (GU3HKH H
texnuxu. Jlast rtoro utoOnl Oblla BO3MOMKHOCTb CBSI3aTh
npakTHUECKHE eHUILBI JeKTPHYeCKHX H MAaTHHTHDLIX BeJH-
YHH ¢ MeXaHMYeCKHMH eIHHHIIAMH, HMes Y)Ke TOTOBYIO elu-
HUIY 5HEpPTHM — JMKOYJb, IPH OAHOBPEMEHHOM TPeOOBaHHH,
4yTOOL eIHHHUE AJUHB M MacChl OBLIM ASCATHUYHLIMH KpaT-
Boivy 1an foabusiMu equnuy CI'C, Heo6X0auMO BBHIIOTHUTD
caenyiollee yCJIOBHE:

1 9o =107 gpe = 107 2 - cu?/cex? = 10% 2 (10°)2 cu?/cex®.
Orcioia noayyaercst ycaoBHe
a+2b=7. (7.21)

Buiny npeanoxMeHbl CHCTEMBE C PA3JIMUYHBIMU KOMOHHALHAMHU
poxazarteneit @ u b:107 2 u 1 cm (cucrema Baonpensn),
1071 2 u 10° em (cucrema Makcsesna, B KoTopoi Ko3(pdH-
THeHT po paBeH eauHuue) u Ap. Haubosbiiee BHUMaHIie
npuBjexda cuctema, npemnoxenHas Jxopaxu: a = 3,
b=2 1 ¢e 1 keul x O6e 5TH eAuHHUbl 1% TIPAKTHKU
yI0OHE H HENOCPeACTBEHHO TMPEeACTaBJeHbl MeNAYyHAPORHDI-
mu stanonamu. Ilockonbky cucteMa npu 5ToM obpasosaHa
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TakgM o0pasoM, 4TO B Hee NPHHyAHTENLHO ObLIa BBeleHA
olHa HOBasg exuHuna (J06ast U3 3JEKTPHUECKHX HIH
MATHHUTHBIX €IHHHU, HalpUMep aMInep, BOJbT, OM), B BHIpa-
JKEeHUAAX Ajd 3akoHa Ky/noH2 U 2/JeKTPOMarHHTHOTO B3aHMO-
JiefiCTBYS Hen30eXHO AOMKHBl GblIM MOABUTBCS JBa HOBBIX
ko3¢ pHUHEHTa BMECTO ofHOro B Kaxjo# u3 cucrem CI'CI,
CrcM x CrcC.

YUro Kacaercsi pa3sMepHOCTEH COOTBETCTBYIOIIMX €IHHHIL,
TO 3/ieCh CYIIECTBOBAJH TPH BO3MOXKHOCTH. MoXHO GBLIO,
cyurasi ONMH H3 Ko3(Q¢uuneHtoB (B 3akoHe Kymona uau
B3aMMOJIEHCTBUS TOKOB) UYHCJAOBLIM MHOXHTENEM, JHIIeH-
HBIM pa3MepPHOCTH, MOCTPOMTb CHCTEMY pasMepHOCTell Tak
XKe, KaK B oguofi u3 asyx cucreM CI'C3 uau CI'CM, nubo
e CUHTAThb ONHY M3 3JEKTPUUECKHX HJIM MATHHTHBIX €IH-
HHI[ OCHOBHO# M COOTBETCTBYIOINHM 006pPa3sOM CTPOHTb CH-
cTeMy pasMepHOCTEH He Ha TpeX, a Ha YeThblpeX OCHOBHBIX
enuunuax *). MMeHHo ator nocaeqHuil nytb # GblI MPHHAT
npH nmoctpoenun cucreMmbl pasMepHoctei CH. Onuum us ero
HNPEHMYIIECTB ABAsSETCH GoJsiee NPOCTOH BHA, KOTODHIH NpH-
obperaloT ¢opMyasl pas3mepHocTd. Kak Mbl yK< 3HaeM, B
KauecTBe YeTBepTOH BEIHYHHBI, PAa3MepPHOCTb eIuHHIBI KO-
TOPO# BKJIOMAeTC B UHC/IO OCHOBHBIX, Oblna NpHHATA K-
HHIla cuibl ToKa amnep. [Ipu stom B dopmyne (7.25), na
OCHOBE KOTOpOH onpenensercsi aMmiep, HOCTOfHHasH [o CYH-
TaeTcsi pasMepHON, XOTH YHC/JEHHOe ee 3HaueHHe 3a(DHKCH-
poBano. Ecau 6bl GBLIO NPUHATO CYUMTATh 3TY TOCTOSHHYIO
6e3pasmepHoOH (pa3mMepHOCTH [ M r COKpallaloTcs), TO pas-
MEepPHOCTb €HHHIbBI CHJIB TOKA 6bl1a OBl

1 =L"m"™r", (7.22)
OTKYJa pasMepHOCTb 3apsja
[q]1=L"M"™. (7.23)

JTa pasMepHOCTb OT/IHYAeTCs OT PasMepPHOCTH 3apsia B
cucteme CI'C (7.30) MHoXuTeJeM, PasMepHOCTL KOTOPOTO
obpaTHa pasmepHOCcTH ckopocTH. OueBHAHO, TaKMMH Xe

*) 3iechb MBI, pasyMeeTcs, He YYHTHIBAEM PasMEpPHOCTH TeMIepaTypht
M CHJLI CBETA, KOTOPLi€ ¢ BXOANT HU B OHY M3 3/ICKTPHYECKHX M Mar-
{HTHLIX eLHHHL,
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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,
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KOTOPYIO HCHLITLIBAET OTPE30K MAJIHHOH [ NpOBOJHHKA ¢ TO+
KoM /o, mapannenbHOro NPOBOAHHKY C TOKOM [g:

_ op 4]yl

] = o Tt (7.25)
Ecan 66 31a ke cuaa Obiia 3anucaHa B cucreme CICM

(npy HepauuoHa/u30BaHHON (pOpMEe 3amUCH YpaBHEHHIl),
Mbl HMenu 6bl Gopmvay

f=n

Ilpu BBemenun NpakTHYECKHX €JMHUI amiep Obl1 ompeje-
aen kak 0,1 CI'CM ennnuun cuabt Toka. Ilpunnmas [=r
uly=1,=1a=0,1 CITCM, nonyuum

F=2.10"70un=2-10"° 4

MexayHapoanas cucreMa NPUHEMAET 3TO  COOTHOLLe-
HHe KaK onpejeeHne amnepa, yxe He CBA3LIBas €ro C egH-
nuuefi CICM. Tounas ¢opmyaunposka ammnepa mo [OCT
9867—61 nana 6osa B § 1.5,

®opmyaa (7.25) nosBossier Teneph OHPEAETMTL 3HAue-
Hye xodPduuuedTa po=4mn.107. Ecau, Kak 370 npuHM-
Mmaetca yeaoBHo B cucreme CH, cunrtath ammep OCHOBHOR
eAnHNUeH, TO pa3MepHOCTb Koddduuunenta pe Oyaer, oue-
BHIHO,

21,1,
—,

(7.252a)

ol = LMT 172, (7.26)

rae I — cumBoa pasmepHocTH cuael toka. Kosddumuenr po
NOJYUHI HA3BAHHE MACHUTHOU NOCTOARHKOLL

Xots u3 dopmyan (7.25) BbiTekaeT HauMeHOBaHMWe AAA
Mo : #/a?, OGBHIUHO TNPHMEHSIOT HauMeHOBaHHe eH[M, rie
2H — 0003HaueHue eJUHUIbl WHAYKTHBIOCTH TEHPH, KOTO-
pas Oyner onpejenena HHKe.

3ameTuM, uTO, COrAacHO oOmpeaesnenuio, uucao 4w - 107
NPUHUMAETCS Kak TOYHOE, KOTOpOe He HOJMIKHO MeHSIThCS
NPH YTOUHENHH H3MepeHuH,

Mocrosinuas K7 B ypaBuenun (7.14) moxker 6viTh onpe-
JencHa pasnHunbiMu cnocobamu. [lpumensa nxanee Bwme-
cto K; oBosnauenue 1/ep, MOKHO 3akon Kysona sanucars
B BiHje

f= o D12 (7.27)



§ 7.3 EJAMHHLIB CHCTEMH CTC 177

Kak ckasano Gouio Bbiwe, B cucreme CH ckopocts csera B

NyCTOTE paBHa
1
e L (7.28)
V eao

D70 CooTHOWEHHE, Pa3yMeeTcs, PaBHOCHJBLIO YKA3aHHOMY
BLIIlE 3RCIEPUMEHTANbIIOMY ONpefeIeHiio  KosdduuneHs
13 Ko (popmysa (7.19)). YuurniBas, uto ¢ =~ 3 - 108 s/cex,
onpefenHm

1 1
£y = s
07 4n-10779.10%  47-9.10%"

PasmepHocTb
le]) =L~ °M™T'A (7.29)

HanmenoBanue g BMecTo caeaywouiero u3 gpopmyan (7.27)
a? . cex?
Min

KOCTH — ¢hapadst.
Takum oOpasoM, nDpunuMasi npub/HKeliHoe 3HaveHue,
MOXKHO HamnUCaTh

OPHHATO ¢h/m, The ¢ — obo3Hauenne eIMHUILL eM-

e, =885 107" /.

Ha3spauue 310r0 K03duunenTa 31exTpuveckas noCTo-
AInHAA. 3aMETHM, 4TO paHblle KOIpOHUHEHTB eg H [lp HEs
32BUCHMO OT HX YHCJEHHOTO 3HaueHuss (B TOM YHCJE pg B
cuctreme CI'CO n g5 B cucreme CI'CM) wnasblBajgHCch COOT-
BeTCTBEHHO JHA3NEKTPHYECKOH M MariduTHOH NPOHHILaeMO-
¢Tbi0 nycToThl. Hassanua 3TH BechMa HEYIauHBI, H OT HHX
B HacTosliliee BpeMa orkasdanauch. OaHako B JHTEpaType HX
MOXKHO HHOTAA BCTPeTHUTb, OCOBEHHO B KHHIaX OTHOCHTE/b-
HO CTaporo H3nxaHus.

§ 7.3. daexkTpHuecKHe U MAarHUTHbIE eTUHHILI
cucrempt CI'C

TMoapoOublfi pasfop enAniHIL JEKTPHUECKHX M MAarCHHT»
HbiX BEJHYHH Mbl HauyHeM ¢ cucrembl CI'C (cHMMeTpUUIHOH,
rayccoBoit). Takoit n0opsiiok onpasjabiBaeTcs, BO-TEPBHIX,
UCTOPHUECKHMH COODpaxXKeHUsiMH, MOCKOALKY B KavecTre
CTPOAHON CHCTEMBLI OHA CIOXKMJACh PaHblle APYTHX, a, BO-
BTOpPHIX, TEM, UTO €C IOCTPOEHHe NPoLle U MOCJAeR0BaTeNblIee,
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yeMm noctpoenue cucrembnl CH, noapoGnoe uafioxkedue Ko-
Topoit 6yner naHo B caepyiomlem naparpade. Tam ke Mol
npuBefeM M COOTHOIUCHHS, CBf3blBalOLIHe eIMHHLBI 06enx
CHCTEM,

Jaexrpuneckuli 3apsad (koauuectso sexrpudecrsa). Co-
raacHo sakony Kysona eluHHIA KOJHYECTBA 3JEKTpPHUeE-
crBa cucremnl CI'C *) ecTb Takofi 3apsij, KOTOpH# C paB-
HbIM €My Ha pacCTOsIHMH | cM B MycTOTE B3aUMOJEHCTBYET
¢ cuaoit B 1 puny. M3 onpenenenust BuiTekaeT pasMepPHOCTH

lq] = L¥M"17", (7.30)

ITogepxHocTHan naotHOCcTe 3apada. TloBepxHocTHaf
IJIOTHOCTb 3apfila eCTh KOJUYECTBO 3JEKTPHUECTBA, NPUXO-
nsAuieecs Ha eauHuuy nosepxnoctu. CorsacsHo gopMyae

o=2< (7.31)
8
TIOBEPXHOCTHYIO [JIOTHOCTb 3apfja, PaBHYI0 eIHHHLEe, Mbi
6yzeM uMeTb NpPH TaKOM PaBHOMEDHOM paclpejeneHnH
3apfija Ha TNOBEPXHOCTH MPOBOJHHKA, INIPH KOTOPOM Ha
KaXK/Ablii KBaJDATHbIH CaHTHMETP NPUXOAUTCA €JMHHLA 3a<
pana.
PasMepHOCTh NMOBEPXHOCTHOH MJIOTHOCTH

3/2pq1/2p—1
ol =L iy, (7.31a)

Hanpsaxcennocro 3aektpuueckoeo nois. W3 onpepenes
HHS Hanpsi?KeHHOCTH MOJR

E=L, (7.32)
q

rae [— cusia, neHicTByooLias Ha 3apsijl §, BbITEKAeT COOT-
BETCTBYIOLIAA eXHHHLA. 3a €HHHUY HaNpAMKEHHOCTH 3JeK-
TPHUECKOTO NOJs (CHJIa moJs, 3AeKTpuueckuti epaduenr)**y
NPUHHAMAETCA HANpSXKEHHOCTb B TaKOH TOYKE 3JeKTpHue-
CKOro MoJifA, B KOTOPOH Ha eAWHUYHBIN TOJOXHTENAbHBIHA 3a-
psaA JeficTByeT cHJa, paBHas | fauHe. YKasaHHe Ha 3HaK

*) B nanbHeiiiiem Mul B onpefeseHHsx GYAeM ONyCKaTh CJIOBA «CH-
creMbt CI'C», Kak caMu o608 pasyMeroluecs.
**) Ha3panue «371eKTPHUECKUA I'PAJHEHT» OCHOBAHO Ha BHIPAKeHHU
CBA3H MEXAY HaNpsXKeHHOCTHIO NOJA H MOTEHIHANOM (CM. HUXKe),
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sapsfa Tpebyercs AenaTh, MOCKOJbKY HallPsXKeHHOCTh NoJsd
SIBJISICTCSI BEJHYHHOH BEKTODHOH, ¥ HeoOXOAMMO B olpeics
JIeHHH yKasaTb ee HampaBJjenue. V3 dopmyabl HampsiaeHs
HOCTH BLITEKAeT TakKXkKe H pa3sMepHOCThb

[E]=L~"*M"77", (7.32a)

Cueuwjerue. Eciu B3anMOZeHCTBHE NPOHCXOAUT HE B Ty-
CTOT®, a B HEKOTOpol cpele, TO CHjia B3aHMOAEHCTBHA

yMeHbIIaeTcAd B g pas, Tle, Kak M Bbllle, & MNpeJCcTaBaser
co00l JNH3NEKTPUUECKYIO NMpOHHIaeMocTb cpeasl. [Ipousses
nenve eF HasbiBAeTCsl IAEKTPUHECKUM CMeLjeHuem HIH
aaexpudeckol undyxyueil u obosnauaercs D. [Tockoabky &
He MMeeT pa3MepHOCTH, TO pa3MmepHoctH D u E coBnajaior.

Ilorok cmewerun (curosoii norox). Ilotox cMmeleHus
dN uepes snement mnosepxHocTH dS mnpejacraBager coboit
Npoy3BefieHHe CMellleHHsl Ha TJoMalb JeMeHTa U Ha KOCH-
HYyC yrja MeX/y HanpaBJeHHEM BeKTopa CMeIUeHHs H Hop-
MaJbio K noBepxHoctd (puc. 21)

dN = D ds cos (D, n). (7.33)

CornacHo 3TOMY ONpeneseHHIO 3a eAHHMLly MOTOKa MPHHH-
Maercst NOTOK uepe3 | cs? MOBEPXHOCTH, PACNONOXKEHHOH
NepneHArKYAAPHO BEKTOPY CMEIeHHs, MTPH CMeLleHHH, pab-
HOM eJHHHIe. .

Tak gak no Teopeme 'aycca NOTOK CMelLleHHs Yepes Jio-
6yi0 3aMKHYTYIO NOBEPXHOCTb, OXBaTblBAIOLLYI0 3apan ¢,
paBeHd

N = 4agq, (7.34)
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TO, OYEBHJHO, YTO ejHHHLA [OTOKA CMellieHusl paBHa MO-
TOKY, HCXOAAWIeMY H3 3apsiia, paBHOTO eAUHHLE, CKBO3b
TeJecHbl yrod, paBHbiil oaHoMy crepaduady. Kak M3 Bbipa-
sennsl Teopembl [ayeca, Tak M HEMOCPeACTBEHHO H3 OMpe-
JeneHis TMOTOKA CMELUEHHS C/AeAYeT, 4TO Pa3sMepPHOCTh MOo-
TOKa CMellleHusl COBnajaeT ¢ Pa3MEPHOCTbIO 3apsala:

[N] =[q] = L¥M""T", (7.35)

ITorenyua.r. Tlortenuuan wu3MepsieTcs TNOTEHIHAJALIOH
Hepruelt, KoTopol obaasaer efHHHLA 3apsijga, DOMeIeHHas
B JaHHOH Touke mnoas. EguHHiell norteduuasa ABJASETCA
NOTEHIHAA TAKOH TOUKM 3JEKTPHUECKOTO NO0Jf, B KOTOPOil
CAAHHYHBIE NMOJ0KHUTCALNBI 3apan 00J1aiaeT MOTEHUHUAJDb-
HOU 3Heprueil, paBUOHl OAHOMY 3pPTy

U=%. (7.36)

®dopmyna pasMepHOCTH MOTEHIHAAA

L2MT 2

12y g 121 .
W=L MTT (7.37)

Wl=

EauHuIa 1OTeHUMasa MOXKET CJIYXKHTh, pa3yMeercs, H
A5 U3MepeHHs Pa3HOCTH MOTEHLHAJOB, YacTO HasbiBaeMol
HampsKEeHHEM.

B 3TOM cayyae efHHRLA HAOPSDKEHHA MOXKeT ObITb Onpe-
JesleHa KaK pasiocTb NMOTeHUHAJOB MEXKAY TaKHMH JByMH
TOUKAMHU, MEXKAY KOTOpHIMH IMepeHecehie eAMHHYHOrO 3a-
pAfa CcoNpoBOMIAeTCS COBepllenHeM paloOThl, pPaBHOH OA-
HOMY 3pTYy.

Exusuued roreiunaia H3MEPHAETCH H 37€KTPOABHKY-
1iasi CHJIa MCTOYIHKA TOKA.

IJaexrpuseckud momedr ounoaq. unonem nasniBaercst
cHCTeMa, COCTOsLEAd H3 JiIBYX OAHHAKOBLIX 110 BeJHUHHE H
NPOTHBONOJOXKHLIX 110 3HAKY 3apsioB +¢ M —¢, HaXoAd-
HmHXCs Ha paccrosiHud [ apyr ot apyra. Momentom ounoas
Ha3bIBAETCSl NPOW3BeNeHIe BeJHUMHDI 3apsila Ha pPaccTos-
nue MeXay sapsigamH. MOMEHT JAHIOAS PaBeH €JHHHLE,
ec/H MPOW3BEJAEHUE BENHUMHBl 3apsjfa Ha paccToiHUE Meé-
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KAy 3apsjaMu paBno eanunue. k3 dopmyan momenTa au-

noJs )
Ps = gl (7.38)

Nnoay4aeM H €ro pasMepHCCTL
[pa] = LM "1~ (7.39)

Exuuuuy MomeHTa JMTOANST MOMXKHO TaKKe ONpeesHThb
KaK MOMeHT TaKOro AMIOJSA, KOTOPbifl B OJHOPOJAHOM 3J€K-
TPHUECKOM NOJE ¢ HANPAKENHOCThbIO, paBHOl eauHHue, Gy-
AVYUH PacCNojOXeH TMepneHJHKYJAAPHO MOJI0, HCHABITHBAET
MeXaHHYeCKHH MOMEHT, paBHbI equnuue.

M3 dopmynn an1s MexaHWUECKOrO MOMEHTA, HCOBIThHIBae-
MOro AHnoJgem,

M = p,Esin(E, p), (7.40)

NoAyUYuM, €CTECTBEHHO, TY K€ pa3MepHOCTh, UTO HanHcaHa
Bbille,

Emkocre. Otvowenie 3apstia NposC HIHKA K ero noreH-
Hpaay onpenendaetT ¢eMXOCTb NPOBOJAHHKA

C=%. (7.41)
PasmepHocTs eMKOCTH
L,’%/L’MHL’T—I

3a eauHUNY EMKOCTH [IpHHMMAETCSl €MKOCTh MNPOBOJHHKA,
npH coobulednu KOTOPOMY eIHHHIbl 3apsiga noTeHuHaa Hno-
BblllaeTcA Ha €{HUILY TIOTEHUMANa.

Tak kak eMKoOCTb Wapa B NYCTOTe YHCJAEHHO paBHa ero
paanycy, To 3@ €AHHHILY €MKOCTH MOKeT GblTh MPHHSTA M-
KOCTb trapa ¢ paguycom B 1 cat. [losromy CI'C epnnuna
€MKOCTH YaCTO Ha3bIBAeTCsH «CAHTHMETP».

Toaspusosannocte (untencusnocts noaspusayuu) Ou-
a4eKTpuka. JIWsJAeKTPUK, HaXOAAUNACA B 3IJEKTPHUYECKOM
noJe, NOJgpU3yeTcs, NpUYeM Ka:KAbl 37eMelT ero ofmeMma
npeircTaBasier co60l AuNOIb, 064afaOWHH ONpefeseHHBIM
3N1CKTPHYECKAM MoMeHTOM. Ilod noasipH3cBaHHOCTBIO JH-
3JeKTpHKa P noHHMaloT 3JEeKTPHYECKHH MOMEHT, KOTOPBIM
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obaanaer eilHHHIlAa o6BeMa MOASIPH3OBAHHOIO AM3JICKTPHKA.
Ecau o6bem ob.1azaeT MOMEHTOM p,, TO

p=E. (7.43)
CoOTBETCTBEHHO
[P]=L~""m"T 1, (7.44)

Takum 00pasoM, pa3MepHOCTb MOJSPH30BAHHOCTH COB-
najaer ¢ pPasMepHOCTbIO HaMpsKeHHOCTH MNOJsA H CMeue-
HHUSI. '

CgoficTBa OM3JeKTPHKA XAPaKTEPH3YIOTCH [BYyMs CBs-
3aHHBIMH NpPYT ¢ ApPyrom O6e3pa3MepHBIMH BeIHUYMHAMH —
OUINEKTPULECKOE NPDOHULGEMOCTIO & H OUINeKTPUULCKOL
gocnpuumyusocToro k,. O mepsBofi GBLIO JIOCTATOUHO CKasa-
HO B mnpenwiiyluem naparpade. Uto kacaercst BTOPOH, TO
oHa onpeaessieTcss KaK OTHOILeHHe NOJSIPH3OBAHHOCTH JH-
2JIEKTPHKA K HaNpPSIKeHHOCTH Mo

P
by =" (7.45)

CootHomeHte MexAy & U k, naerca dopMmyJaon
e =1 4nk,. (7.49)

Cusa roxa. Ilpyu IBHXKEHUM 3apSII0B N0 NPOBOAHHKY MbI
pMeeM JIe10 C CWIOH TOKa, aHaJorM4YHOHl PacXody KHAKO-
CTH HJIM T'asa WM TEIJIOBOMY NMOTOKY H H3MepSIoULeHca KO-
JHYECTBOM 3/EKTPHUECTBA, NPOTEKAIOLIHM CKBO3b Nomepey-
HOEe ceueHue TPOBOLHMKA B eJHHUNY BpeMeHH. B obuiem
BH/E BbIpaXKEHHE /A CHJIbl TOKAa HMEET BHX

d
1=2%. (7.47)

Eauuxneil cuibl TOKa SBASETCS CHJAa NOCTOSIHHOTO TOKa,
NpH KOTOPO#i CKBO3b IONEpEeYyHOe CeyeHHEe MPOBOJAHHKA B
OJHY CeKyHLy TNPOXOAMT eJuHHIA 3apana. PasmepHocTe
elMHHLBI CHJBI TOKa, COIJIAaCHO 3TOMY ONpeieseHHIO,

l=L"M"1r2 (7.48)

IlaotHocTe TOka. OTHomIeHHe CHJABI TOKA K MJIOWALu
[onepeyHoro CeYeHua NpoBoAHHKA Ha3blBAETCs IVIOTHOCTBIO
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ToKa. CoOOTBeTCTBYIOILAS eJHHHLIA — €IMHHMUA CHJBl TOKa
Ha KBaipaTHbil canTtuMerp. PasMepHoctn

. {7} —12 50— 1/2n—2
[1]=——[S] =L""M T (7.49)
Conporueaenue. Cornacuo sakony OMa cuiaa Toka npo-
IOpUMOHaJbHa PA3HOCTH MOTEHUHaJOB Ha KOHIAX NPOBOA-
HHKa H 00paTHO NMPONOPUHOHAJbHA €0 CONPOTHBJEHHIO

U
[ = R " (7.50)
Enunuuefi conpoTuB/ieHHst ABASETCS  CONPOTHBJEHHE
NpPOBOJAHNKA, IO KOTOPOMY Te4eT TOK, PaBHLIH eXHHHLE
CHJIBl TOKa, NPH Pa3HOCTH NOTEHLHAJNOB Ha KOHIAX 3TOro
NPOBOJHMKE, PaBHOH eJMHHLE noreHuuana. M3 ¢opmynst
3akoHa Oma nonyuaeM pa3MepHOCTb.

[R]=L"'T. (7.51)

ITposodumocto. Benuuuna, o6GpaTHasi CONPOTHBJICHHIO,
Ha3bIBaeTCsl MPOBOAHMOCTEIO:

1
Ge = 'ﬁ .

1M BbipazKeHnem OﬂpéﬂeﬂHeTCﬂ €AHHHILA ITPOBOAHMO-
CTH H €€ Pa3MepHOCTb

(7.52)

[G]=LT" (7.53)

Y0eavnoe conporusaenue. ConpoTusieHue 0AHOPOJHOTO
NPOBOJHUKA TOCTOSHHOIO NONEPEYHOrO0 CEUeHHs! BbIpaXkaerT-
ca dopmyaon

R=p~, (7.54)

rie | — nJuHa IPOBOJAHNKA H S — €ro NolnepeuyHoe ceyeHHe.
Koshdunuent p, xapakTepusyioluii CBOHCTBAa NPOBOJHHKE,
Ha3blBAETCst  YNEJIbHBIM  CONpPOTHBJAeHHeM. PasMepHoCTb
YAENLHOrO CONPOTHBJ/EHHA

[ol=T. (7.55)

Enuruies YACJbHOrO CONPOTHUBJICHUA HABAACTCHA YyJie/ibHOE
CONpoTHBJACHHE TAKOr0 MNPOBOASILLEr0o MarepuaJa, KaXKAbl#
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CalTHMeTP AJIHHBI KOTOPOTO NMpPH HONepedHOM ceyeHnu I cu?
ofaanaer CONpOTHBJEHHEM, PABHBIM €LHHHIE.

Yoeavran nposodumccrs (34eKTponposodnocTs). Ana-
JIOTHYHO ONPefeeHHI0 TIPOBOAUMOCTH YA/AbHAsA NPOBOIH-
MOCTb MJK 3JeKTPOINPCBOJHOCTD O NPEACTaBasAeT Co0oH pe-
auuuny, obpaTHyio yaeanHomy conporusiernio. Coraacuo
onpeaeseHuIo

[o]=T"" (7.56)

MacerurHan undykyus. OCHOBHAst XapaKTePUCTHKA Mar-
HUTHOTO NOJF — MarHdTHas MHAYKUHA B HanbBoaee Ha-
FASAHO MOXKeT OLITh OnpejencHa N0 MexaHHYeCKOMy Jefi-
CTBHIO, KOTOPOE HCMbITLIBAET 3JCKTPHUECKHH TOK B MarHur-
HoM moJie. Bocronbayemest st 3ot nean popmyaofi (7.12),
B KoTOPOK mojsoxum ¢ = 0°, s = 1 cm2 Hanomuum, kpome
toro, uto Kos@duwuenr Kg = 1/c. Tlpu stux ycaoBusx 3a
eIMHHIY MarHuTHOM HHAYKUAH MOXHO NDHHATb HHAYKUHIO
TAKOTO MMOJIsi, B KOTOPOM MAaKCHMadblblil MOMEHT, HCHOBITHI-
BaeMblil KOHTYPOM mJjoulaapio 1 cm? u obGTekaeMblil TOKOM,
gucJeHHas Bejuunua KOToporo paBHa ¢ (T. e. CKOPOCTH
cBera B NOycTOTe, H3MepeHHO# B ca/ceKk), cocrashser
1 dun - cm. Jra eqnHulla HHAYKUHHE Ha3biBaercs eayce (ech.
Mnauye MOXHO OfpesesdTh raycc Kak HHAYKLHIO TaKoro
HoAs,, B KOTOPOM KaKAbll CaHTHMETP NpPAMOJHHEeAHOro
NPOBOJHUKA, DPACMOJO0KEHHOr0 NepHneHiHKYAsPHO MO0 H
o KOTOPOMY IMpOTEKderT TOK ¢ €IMHUI,, HCHBIThIBaeT CHAY
B onuy auHy. PasMeprnocts MHAYKLMH, COTJTacHO JOGOMY
U3 OrpeeseHuH,

[B1=L"""M"r~". (7.57)

Hanpsamcennocre maerursoeo noas. ®opmanpHo Haups-
JKEHHOCTb MarHMTHOTO TOJS MOMeT ObTb olpejeseHa 3
dopmyanl (7.16), B koropoil kKodhduuueHT Kg NPHHAT paB<
HbIM equnuue. B stom ciyuae

H=2, (7.58)

n
3a equHHUY HAIPSXKEHHOCTH MarHUTHOTG MOJfA NpH Ta-
KOM ONpeje/eHiH NPUHEMaeTcs HanpsiKeHHOCTh NoJs B 1y«
cTOTE NMPH HHAYKLUHMH, PABHOH OJHOMY rayccy. JTa eJIMHHNA
HasniBaercs apcred (3). IlockonbKy MarHuTHas npoHuuae-
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MOCTh — Be/IMuHHa Oe3pa3MepHasi, Pa3MePHOCTb HallpsiKeH-
1IOCTH TOJISE COBMAajaeT C Pa3sMepHOCTbIO HHAYKIMH.

Maerurnoti norox {(norox undyskyuu). Ecaun nsobpa-
a8UThb MAarHuTHOE T0Je CHJOBBIMH JIMHHAMH, TYCTOTa KOTO-
PHIX [pONoOpuUHOHaJblia HHAYKLUHH B JaHHOH TOUKe MO/,
TO ofLlee YUCJI0 CHJOBBIX JIHHHUE, NPOHH3bIBAIOUIUX AaHHYIO
[IOBEPXHOCTh, MOXHO OXapaKTepH3oBaTb MAarHUTHHIM MOTO-
koM. MarsuTHell MOTOK W/JIH TOTOK MarHHTHOU HHAYKUHH
onpejaesercs NpouspeleHHeM HHAYKUHH B AaHnuof Touke
113 JEeMeHT IVIOWadi H Ha KOCHHYC Yryla MexAy Hanpasie-
HHeM BEKTOPa MHAYKIMH I HOPMaJbio K IJIOaAH

d® = B dscos (B,/\n). (7.59)

Eannnua MarHHTHOTO MOTOKA — Maxkcgear (MKC) IpeacTas-
JsieT o060l MOTOK CKBO3b ILIOWLAJAKY, PaBHYIO OANOMY KBa-
JiPaTHOMY CaHTHUMETPY, PACHO/IOXKEHHYI0 NepPHeHIHKYASPHO
OMHOPOAHOMY MarHHUTHOMY moJio ¢ uaaykuueét 1 ec. Pas-
MEpPHOCTb MarHWTHOTO IOTOKa

[b] = LM77 (7.60)

Ecay MarHHTHBIA NMOTOK NMPOHH3bIBaeT KOHTYP, coleprKa-
LIH#A HEKOTOPOE UHCAO NOCJAeJ0BATeNbHO COEAHMHEHHBIX BUT-
KOB 1, TO B psje cjyuyaed NPUXOAHTCH TOJAL30BATHCA HOHS-
THeM norokocyenierus W, KoTopoe onpejensieTcsi Kax Ipo-
n3BefeHye MOTOKa Ha YHCJAO BHTKOB

W = n. (7.61)

PasyMeeTcsi, pa3MepHOCTb M eAMHNINA NOTOKOCUeNJeHHs Te
e, UTO H MardHuTHOro NOTOKa.

Maenutnoui moment. B dopmyay (7.12), Brpaxaioumyio
MOMEHT, HCIbITHIBAEMbIfl KOHTYPOM B MarHHTHOM IoJie, BXO-
JUIT TIPOM3BEJEHHE CHJIbl TOKA Ha MJOWiaTlb KOHTYpa. IJ710
Npou3BeieHHe, XapaKTepHayioulee JaHHbIH KOHTYp u He 3a-
BHCSANLIEE HH OT BHEIIlero MarCHHUTHOTO MOJs, HH OT OpHeH-
TAIHE KOHTYPa, BMECTe ¢ pa3MepHbIM KO(p(UUHEHTOM, paB-
HBIM CKOPOCTH CBETa, ONpeje/sieT TaK Ha3blBAeMbli MaTHUT-
Ubii MOMeHT KOoHTypa. CoriacHO 3TOMY Onpejeieiinio

pu=1Is. (7.62)
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MariuTHpli MOMEHT paBeH MaKCHMaJ/bHOMY MeXaHHYEeCKO-
MYy MOMEHTY, KOTOPbIfi HCNBITHIBAET JAHHBIH KOHTYD, OyAyud
noMellleH B MarHuTHoe moJjie ¢ HMHAyKumedl 1 ec. Marut-
HBII MOMEHT siBJfieTCA BEKTOpPHOH Besnuuunoil. Hampasne-
HHe 3TOTO BEKTOpa BhIOHpaercs COBNAZalOUIMM C HOPMaJsbIO
K TUIOH[aJii KOHTYpa B TOM CJlyuae, ecliH, MMIAAA BAOJb 3TOH
HOPMaJiH, BHIETb TOK OGTEKAIOUIHM KOHTYp IO 4acoBOil
CTpenkKe.

CornacHO onpejfe/eHHI0O MarHHTHOTO MOMEHTA €ro eju-
HUUell ABASETCA MarHUTHBIH MOMEHT KOHTYpa, KOTOpbiil B
MAariuTHOM TIOJEe ¢ HHAyKIWe# | ec HcnbiTbiBaeT MeXaHu-
uyecKHHl MOMEHT, paBHbIl 1 Oun-cm. BBoms yroa mexny
BEKTOPOM HHIAYKUHH H BEKTOPOM MarHHTHOrO MOMEHTa,
MoxHo (7.12) 3amucarth B BH[e

M = Bp,sin(B, P.). (7.63)
pa3MepHOCTb MAarHuTHOro MOMEHTAa
[pu] = LM, (7.64)

ITousiTie MAaTHHTHOTO MOMEHTA MOXKeET ObITb [PHMEHEHO
He TONBKO K KOHTYPY TOKa, HO M K NOCTOSIHHOMY MAarHHTY.
B riase, NOCBSIEHHON eAUHULAM aTOMHOH (DHU3HUKH, MBIl 110~
3HAKOMHMCH TakKXe€ M C MarsUTHbBIMH MOMEHTaMH 3JIeMeH-
TapPHBIX YaCTHIL

Maeuurodsumywasn cunra (YUPKYAAUUSL HANPAICERHOCTU
mazrurnozo noas). CornacHo 3akKOHY INOJHONO TOKa HHTE-
rpaj no 3aMKHYTOMY KOHTYPY OT CKaJIIPHOTO NPOH3BENEHHA
Hdl, roe dl— sneMeHT KOHTYpa, NPOMNOPUHUOHAJEH aare<
GpaHuecKoil CymMMe BCeX TOKOB, OXBaTbiBa€MbIX KOHTYPOM:

§ H dicos(H, dl) =5 4n Y. (7.65)

Crosiuuii cleBa HHTerpaj TpeicTaBisier co0OH LMPKYJsi-
IHI0 HaNnpPsXKEHHOCTH MarHuTHOro noas. Ee npuHSATO Hasbl-
BaTb maeHurodeuncyweld curofi F. HaspaHue 3710 CBA3aHO
¢ yuCMsiHYTO# Bbilie omInGOYHOH aHajlorueil MeXAy Hamps-
JKEHHOCTBIO 5JeKTPHUUECKOro TOJIsi M HanpsiKeHHOCTBIO Mar-
HuTHOro moas. Liupxyasiuus no 3aMKHYTOMY KOHTYpYy Ha-
NPAKEHHOCTH 3JIEKTPHYECKOro HOJsA, OGYC/AOBIEHHAs Aeis
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CTBHEM CTOPOHHUX CHJ HEIEKTPHUECKOTO HMPOHCXOMXKJEHHHA,
npeAcTaBaser COOOH 3JEKTPOABHNKYIIYIO CHIYy B JaHHOM
koHType. OHa paBHa paboTe NeEpeMelleHHst 110 KOHTYPY
elHHHIL 3apsina. Llupkynsiuusi HanpAXKEHHOCTH MarHHTHO-
ro moAsi HH C KaKUM MepeMellleHHeM W HH C KaKoi pa6oToit
He CBfi3aHNa, TaK YTO Ha3BaHHE «MAarHHTOJBHIKYILAsl CHJA»
ABASIETCA TAKHM 2Ke aHAXPOHH3MOM, KakK H HEKOTOpHIE Jpy-
rie coxpaHuBiIMecs Has3BaHHsi (KHBasl CHJa, JoWlajuHas
cuaa noT. ).

dopmyra (7.65) cnpapeanuBa KakK B OJLHOPOXHOH, TakK
i B HeoAHOpOAHOH cpene. Yro KacaeTcs TOKOB, TO 3a HO-
JOXHMTEJNbHOE HanpabBieHHe BHIOMpAeTCA Takoe, KOTOpoe
o6pasyer ¢ MOJ0XKUTEIbHBIM HaNpaBJieHHeM HOPMaJiH K Bbl-
GpanioMy KOHTYPY yros MeHblue 90°.

W3 ¢opmyast (7.65) BbiTekaeT pasMepHOCTbH MarHuToO-
JBHXKYILEH CHJIBI

[F]=L""M"T"", (7.63)

Exununa MarHuTOABHXKYILEH cuabl eu.1bb6epr (26) ompe-
nensiercd KaK MarHHTOJIBHKYIlas cHJla NPu OJHOKPATHOM
05xo/e TNPOBOAHKMKA, MO KOTOPOMY Te€uYeT TOK, PaBHBIA c/4n
eqnuul. IloHATHe MATHHTOJABHAKYUIEH CHJIBI HAaXOAHT HpPH-
MeHeHHEe TpH pacyeTe MarHMTHBIX ueneh. Ecau mpeacra-
BHTh ce6Ge TOpouA (3aMKHVTBIl COJEHOH]) € IJIOLajblo ce-
yeHHst S, COAEpKALIHH 7 BHTKOB, TO MAarHHTOABHAKYILAs

o 1
ciiia BAOJAL OCEBO#l JHMHHH Topouia OyAeT paBHa — 4aln,

rae I — 7oK, MpoOTeKalIIHA MO BATKaM TopoHAa. B to Xxe
BpeMsl WMPKYJALNS HANPAXKEHHOCTH MArHHTHOTO 10 paB-

Ha HI, rae [ — aauna ocespolt auHuu. OTClOfa HampsixKeHs
1 4nin

HOCTb noag H = - ITepexonst OT HaNpPSAXKEHHOCTHU NOJA

K MHAYKLHH, MOXKeM ONpele/uTh MOTOK, IPOHH3BIBAIOMIHH

TOPOHA

= (7.67)

rje g — MAariuTHass OPOHULIAEMOCTh CpPEAH, 3anoausouen
TOpPOHI. Crosiiasi B 3HaMeHarTeJae BeJHUHHA:

11
Rm—;?

(7.68)
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HA3BIBAETCH MQ2HUTHbLIM CONPOTUBAGHUEM, TaK Kak ¢op-
myaa (7 67) BHeure HanomuHaer 3axkon Oma. Pa3smeproctn
MarHUTHOTO COMPOTHBAEHUS

[R,]=L"" (7.69)

Eaunuuedl MarduTHOTO CONPOTHBJEHHS SIBJSIETCH MarHMi-
HOE€ CONpPOTHBJEHHE HENH, B KOTOPOIl MAarHHTOABHXKYILaf
c¢Haa co3faer NoTok B | Maxkcsedd. Beauunna, obpatHas
MarHHTHOMY COTPOTHBJIEHHIO, Ha3LIBACTCS MACHUTHGE npo-
800UMOCTbI0.

Hudykrusnocre u s83aumuas unoyxkrugnocts. Ilpn u3-
MEHEHHH MarduTHOrO MOTOKA, CHEMJEHHOrO ¢ JAaHHBIM KOH-
TYPOM, B MOCHNEJHEM BO3HHKaeT 3JAEKTPOABHAKYILAH CHJIa
(3. & ¢.) unAykiMu, onpejpenseMasi 3akoHoM Papanes

1 dv

Sy=— - | (7.70)
Ecay MB HMeeM AeNno ¢ TOPOHAOM, WM, 4TO TO XKe, ¢ coJe-
HOWAOM, AJHHA KOTOPOr0 BeCbMa BeJAHKa 1O CPaBHEHHIO C
ero AMaMeTpoM, To, Hcmoab3ys (7.67), MoxkHO s NOTOKO-

cuenJeHus HamucaThb
1 4nin?
¢

. (7.71)

o |~

x
H
TNosaras, yTo TOPOU/ 3amONHEl Cpeaol, MarHWTHAas TPOIH-
1AeMOCTb KOTOPOH He 3aBHCHT OT HanpsUKEHHOCTH no.as,
MOXHO BMecTo (7.70) Hanucathb

9, = 1 4mn? dl
Py dr e

ns
Dopmyant (7.71) u (7.72) npexactaBnsioT co6oil YaCTHHIA
cJyuaii, Korja InoTok, H3MeHeHHe KOTOPOro MOpPOXKAAeT 3. /1. C,
HHAYKIHH, CO3JlaH TOKOM B TOPOHAe WJH AJHHHOM coJe-
House. B Gonee obuem cayuae KouTypa Ji060l Hopmbl €
N106BIM  YHCJOM TNPOH3BOJBHO  PACNOJIO0XKEHHBIX BHTKOB
MOXHO, OCHOBBEIBasicb Ha 3akoHne buo, Casapa u Jlannaca,

BbIPa3HTh MOTOKOCUEMNJIEHHE € 3THM KOHTYPOM B BHIe

W= L1, (7.73)

(7.72)
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rie ko3 duunedt L 3aBHCKT OT KOHPUIYPAUHH U PAa3MEPOs
NPOBONHUKOB, 00pa3yiollUX KCHTYP, H OT 3ano/HfoLlel
ero cpeabl. DToT Ko3(pHUHEHT Ha3bBaeTcsi UHOYKTUBHO-
cT610 KOHTYypa (npexnee HasBaHHe — KO3(hHIEHT caMo-
uuaykuun). oacrasasa W us (7.73) B (7.70), MoxHO Has
nucathb

1 dl
3[2 - ?{L—d‘t‘. (7.74)

B GoJee ofweM Bujie, eClIH WHAYKTHBHOCTL HE OCTA@TCsl M0-
CTOSIHHOM, CJEAYET HaNucaTh
[ df dL -
3,——‘0—2(14"-174—]"‘?[—) (7.75)
M3z (7.71) caeayer, 4TO HHAYKTHBHOCTbL TOPOHMAA MM JJAHH-
HOro coJjieHonja paBHa

L= (7.76)

JlioGas u3 QopmyJ, B KOTOPYIO BXOAHT HHAYKTHBHOCTB,
Momer ObITh HCMONb30BaHa MAJf oNpeleaelns ee pasMep-
HOCTH U eJWHHIbI

[L]1=L. (7.77)

EauHuny HHAYKTHBHOCTH MOXKHO ONPENeNHTb Kak HH-«
AYKTHBHOCTb TAKOT'O KCHTYpPA, KOTOPHIR Cien/eH ¢ [OTOKOM
B | waxkcees1, npu npoTeKaHHH [0 HeMy TOKa, PaBHOTO ¢
eaunnl. CoryiacHO ApPYroMy ONpefe/eHHIO eANHULedl HHAYK~
THBHOCTH SIBASIETCS MHAYKTHBHOCTBL TAaKOrO KOHTYpa, B KO-
TOPOM BO3HUKAeT 3. JA.C. HHAYKUWH, paBHafd EAMHHLE INPH
H3MEHEHMM TOKa B KOHTYpe Ha ¢? eluHHU B ceKyHay. B co-
OTBETCTBHHM C Pa3MEPHOCTHIO HMHOTAA YKa3aHHYIO eXMHHUY
HHAYKTHBHOCTH HasblBAlGT CAHTHUMETD.

Ecan mbl uMeeM iBa KOHTYpa, 0osee HJIH MeHee OJH3KO
PACIOJIOKEHHDBIX APYT OTHOCHTEABHO ApYra, TO NPH TpoTe-
K4HUH TOKa 0O OAHOMY H3 KOHTYPOB YaCTh IIOTOKAa HJH
Bech NOTOK OKa3biBaeTCsl CUEMJEeHHbIM CO BTOPbIM KOHTY-
pom. M3MeHeHHe TOKa B NEPBOM M3 KOHTYPOB BbI3bIBaeT
BO3HHKHOBeHHE 3. J. C. HHIYKIHH Bo BTOopoM kourype. [lo-
TOKOCUETJIeHHe B OJHOM KOHTYpe B 3aBHCHMOCTH OT TOKa
B 1PYroM HMeer Buj, aHaloruunblit (7.73)

W, =L MI,, (7.78)
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rae M, B orTiinuue or L, HasnhBaeTcsl 83auMHOl UHOYKTUS-
nocroro. TIpn nporekaHHMH TOKa BO BTOPOM KOHTYpe MOTO<
KOCUEIJIeHHe B NepPBOM BBIPAXKaeTcsl COOTBETCTBEHHO

=< MI,, (7.782)

npHueM B3aUMHAd HHIYKTHBHOCTb B 00OMX Clyyasdx OnHA H
Ta e, M3 cKa3aHHOTO $iCHO, 4TO (hH3NUECKHH CMBICT HH-
JAYKTHBHOCTY M B3aHMHOH HHAYK-
THBHOCTH OJHH U TOT K€ M CO-
OTBETCTBEHHO OJHH U Te Xe pas-
MEpPHOCTH W €IHHHIbI.
Hurencusnocte  Hamaeruul-
y y Banus (namaenuennocts). Tlpn
H, NnoMelleHHH Kaxoro-1ub6o Ttenaa
B MAarHUTHOE ToJie KaxKAblfl 9je-
MeHT ofbeMa 3TOro Teja IpHO-
OperaeT  MArHUTHBIA  MOMEHT.
Ecan reno oBaanaer deppomar-
Puc. 22. HHUTHBIMH CBOWCTBaMM, TO HaMar-
HHYEHHOCTb MOXKET OCTaThCfi H
nocje YCTDAHEHHS BHEUIHEro HCTOYHMKA MAarHHTHOTO HOJS.
MarsuTHH MOMEHT, NPHXOASMHUACA Ha eJHHULY o6nema,
HAa3bIBAETCH UMTEHCUBHOCTHIO HAMASHUYUBAHUS UAL HOMA2-
HUYEHHOCTbIO:

J=t. (7.79)
Ero pa3MepHOCTD
[J]=L""?m'"2r1, (7.80)

MarHuTHEIE CBOHCTBa BEleCTBa XapaKTEPU3YIOTCH Mae-
HUTHOU NpOHUKAeMOCTb!0, KOTOpas OIpejeleHa Bhie H
ABJAETCH 70 CaMOMY OnpefeneHuio Ge3pasMepHON BeJHYH-
Hol. JInf omHcaHus THCTEpPe3HCHBIX CBOHCTB ¢eppoMarHuT-
HBIX MaTepHaJiOB ClyXKaT OCTATOYNas uHOykyus B, u ko-
apyurtusnan cuin H, cMbicn KOTOpPHIX ficeH u3 puc. 22,
Usmepsiiotcss oHH, pasymeercs, B rayccax (B,) u spcre-
nax (H.).

C MarHuTHOM NPOHHILAEMOCTHIO CBSI3aHa Jpyras Xa-
PAKTEPHCTHKAa MAarHHTHLIX CBOHCTB BELISCTBA — MAZHUTHAA



§74) EANHULIBI MEXKQYHAPOIXHOPT CHCTEMBI 191

BOCAPUUMUUBOCTL, KOTOpasd ONpeAenaeTCs KaK OTHOIUICHHE
HHTEHCHUBHOCTH HaMardHH4YHBaHHA K HaNpPsAXKEHHOCTH NOAA

ku=%-. (7.81)

Jlerko yGenuthes, 4TO Ry — BeJquyuHa Ge3pasMepHas. Mar-
HUTHAS MPOHHIAEMOCTb W MAarHHTHasi BOCIPHHMYHBOCTb CBS-
3aHLl COOTHOLIEHHEM

p=1+4nk,. (7.82)

§ 7.4. daekTpuuecKkde ¥ MarHUTHbIE E€IMHMLBI
MexayHapooHOH CHCTEMbl €IHHHL

Panee (§ 1.5 u 7.2) Gei10o nokasaHo, YTO NMOCTPOEHHE
CHCTEMBl €IWHMI, B KOTOPYIO BXOLWJIH OBl NpaKTHYECKHE
eMHUILL CHJIBI TOKa, NOTeHIYaAa, 3apsiaa, paboTbl, MOLLIHO-
CTH ¥ T. J&., BO3MOXHO Pa3iHYHBIM 06pa3oM, MyTeM BBefe-
HHA NOMOJIHHTENbHOM OCHOBHOM eaununbl. Ilpu paspaboTke
TaKol CHCTEMBbl, KOTOPYIO Ha3biBalu «abCOMIOTHOH CHCTE«
MOH NpaKTHYECKUX eJHHHI», NpeanoJjarastoch BHadajie B
KayecTBE JONOJHHUTENbHOH OCHOBHOH €JMHHULE YCTAaHOBHTH
eHHHUIY MarHuTHOA npoHunaemoctd. Tem cambim B dop-
MyJaxX pa3sMepHOCTH JOJXKeH OB HOSBUTBCS YeTBEPThIH
3JIEMEHT — CHMBOJI CaMOCTOSITE/IbHONH Pa3MepHOCTH MarHuT-
HOfl MPOHHMIAEMOCTH, KOTOPHI oGo3Hauuau po. B sTok cH-
creme, o6ostiauaBuiefica MKCM, ¢opmyas pasMepHOCTH
BCEX EJHHHI BKJNIOUand B cebf COOTBETCTBEHHO CHMBOJIB
pasMepHocreli aauibl L, Maccel M, Bpemenu T M MarHur-
HOH NPOHUIIAEMOCTH Mo. BKJIOUEHHEe YeTBePTOro 3JeMeHTa
B (OPMY/ibl pa3MEpHOCTH He OblJO HOBLIECTBOM, HOCKOJBKY
panee B pamkax cuctem CI'C (CI'CD u CI'CM) mnorza
TaK:ke BBOJAHMJCSA 4YeTBEepTHii 3/JeMeHT: g B cucreme CI'CI
u po B cucreme CI'CM. CoOoTBETCTBEHHO 3TH CHCTEMBbl 060+
snavanuch CI'Cey u CI'Cpg. Jlerko BHHETb, uTO MO Cylle-
CTBY 3TH CHCTeMBl HHYeM, KpoMe 3amHcu (opMyJ pas3mep-
HOCTH, He oTauyajuch or cucreM CI'CI u CI'CM. Ouesua-
Ho, uTO opMyJnl pasmepHocTd B cucTeMe MKCM nonnocTbio
copnagaior ¢ dopmysiamu pasmepsocTH cucreMbl CI'Cpo.

B Ta6a. 24, B KoTopo#l co6paHB eIMHMIB BCeX HaHGo-
Jiee ynoTpeGHTENbHBIX 9/JEKTPHUECKHX U MATrHHUTHbIX BeJHUHH
B pasHbIX CHCTEMAaX, MaHBl Takxe (OPMyJbl pasMepHOCTH
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COOTBCTCTBYIOWLHX eAuHul, npuyem aas CIC cucrem 3rh
dopmyab npencrabaennl B Tpex Buaax: CI'Ce, CI'C (raye-
coBoit) u CI'Cpo. Pasmepuccrn B cucremax CI'C3 u CI'CM
MOTYT GbiTb NOJYueHb! H3 TIePBO H H3 TpeTbeli, ecam ony-
CTHTb CHMBOJB €5 H COOTBETCTBEHHO .

ITpn ycranoBnennu MeXayHapOAHOH CHCTEMBI, KaK MLI
3HaeM, B KayecTBe 4YeTBePTOH OCHOBHOH eJUHHILI Obijga
Bhiipana eauiKIa CHAbl ToKa amnep. CoOTBeTCTBEHHO yer-
BEDTHIM 3JIeMENTOM B (DOPMYyJax pasMepHOCTH SIBASAETCS
CHMBOJI pasMepHocTH cuabl Toka /. Tlostomy dopmysast
pasmeprocta B cucreMe CH umelor apyroil BuA, ueMm B CH-
creme MKCM. Pasnnune mexay o6euMH CUCTEMaMH TOJb-
KO B 3TOM M 3aKJI0YaeTcd, MOCKOJIbKY, pa3yMeeTcst, BCe efil-
HUIIBL B HHX OAHHK ¥ Te Ke. UTo Kacaercs mepexona ot ¢op-
MYJ Pa3MepHOCTH H3 OJHOH CHCTEMBI B JIPYTYIO, TO OH Ge3
TPYAa MOXKeT ObLIThb NPOU3BENEH NYTeM 3aMEHbl B COOTBET-
CTBYIOUIHX (HOpMYJaX pa3MepHOCTH OCHOBHOI eAMHHIIB Aall-
_HOIl cucTeMLl ee BblpaXKeHueMm B Apyroit. Jlas wisioctpauun
B opmysae (7.83) mpuBeneHa pasMepHOCTb €IHUHHLLI CHJIbI
ToKa (ABasiomasicss B cucreme CU ocuosmoit (1)) B cn-
creme MKCM

I=11=L"M"?T "y "2 (7.83)

Ecan Bo Bcex nmpuBeleHHBIX HHXKe HOpMyaax pasMepHOCTH
enuunil MexayHaponHoii cucTeMbl 3aMeHHTh [ npusejen-
HeiM B (7.83) BripaxkenueM, TO mosayyartcs (GOpMYJabl pas-
MeprioctH B cucreme MKCM.
CBs3b Mexkay amnepoMm u enunuueil ciucreMsl CI'C Mox-
HO YCTaHOBMTL caeAyioluM obpasoM. IIBa mapatsenbHHX
TOKa cuiaoff 1 @ KaxXAblfl AeHCTBYIOT ApYr lla Apyra ¢ cH-
Aok 2. 1077 4 Ha KaXAbH OTPE30K, paBHbLIl PACCTOSHUIO
MexJay nposoxnukamu. 3anucauilas B cucreme CI'C sra
CHaia B3aHMOJEfICTBHS HMeeT BUJ
1 251,
f——ﬁﬁ—. (7.84)
TMoncrasaaa Iy =1, u | =r u Buipaxasa cuay B3aHMOAeIi-
crBun B aunax (10°% #) npu I =1 a, noayuum

2.107% dun =1 212,
¢
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Orcriona 1 a=0,1 ¢ CI'C eaunuun toka. ChenoBaresbHo,
npubauxkenuo 1 a = 3-10° CI'C.

JaekTpudeckuld  3apad (KOAu4ecT80 IAEKTpU4ecTEA).
Enunnua 3apsina — kyaon (k) onpepensieTcst, COrIacho
dopmyne (7.2), Kak KOJMYECTBO 3JEKTPUYECTBA, HPOTE-
Kalomee vepes 110NepeyHOe CceueHHe MPOBOIHHKA NPu NO-
CTOSIHHOM TOKE CHJIOK B OAWH amnep. CBsA3b MEXAY KyJa0-
oM u CI'C epunuuell sapsjga, OueBHAHO, Ta JKe, UYTO H
MeXJy COOTBETCTBYWIUKMH €AHHMIIaMM CHJAbI TOKa. Pas-
MepHocTb 3apajia B cuctreme CH

lg]=T1. (7.85)

YKaxeM, uTO A5 H3MEPEHMS] EMKOCTH aKKyMy/sTOpOB
NpUMEHSEeTCH CAMHULA aunep-4ac, paBHasa 3600 x.

Horenguaa (pasnocte norenyuanros, nanpaxceuue, 3aek-
Tpodsuxcywasn cusa). Jlas onpefeseHus eIUHHLbI BOCIONb-
syeMcst GOpMYJ0# MOLIHOCTH TOKA

P=UI. (7.86)

Cornacio 310t ¢opMyle elMHHUA Pa3HOCTH IOTEHIHAJOB
80467 ONPENENsAETCA KAK PAa3HOCTb MOTEHHHAN0B HAa KOHHAX
IPOBOJHHKA, B KOTODOM NPH NpPOTEKaHHH Toxka 1 ammep
BbLIEISAETCA MOILKOCTh 1 BaTT. PazmepHocTth

[W1=L1M77%17", (7.87)

TToacraenas B (7.86) mowmocrs 1 81 = 107 ape/cex u
la =0,1c CrC, nonyunm
197 !

34ech Ke OTMETHM, YTO B 3/I€KTPOTeXHHKe /s H3MepeHHs
«KaXylledcs MOUIHOCTH», T. e. mnpousseneHkss Usplon B
GopMy/ie aKTHBHON MOWIHOCTH M€PEMEHHOT0 TOKa P =
= Upplop COS ¢, TPUMEHSIIOT 4aCTO BMECTO BATTa Ha3BaHMe
soabT-amnep (sa).

Hanpaxennocro noas. Endnuua HANpAMKeRHOCTH nOs
MOXKeT OMTh ompepenena aubo us dopmyan (7.32), nubo
13 BbIpaxKeHus AJs1 HaNPAMXKEHHOCTH MOJAS TOYEYHOro 3aps-
Na, Au00, HAKOHEl, U3 CBA3H MEXKAY HANPAKECHHOCTBIO NOAS

H MOTEHUHAJTOM
= —~ grad U, (7.88)
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JlioGoe u3 onpefeneHuii Aaer AAA eNUHHLIBL HaANPSKEHHO-
CTH 110JI1 Pa3MepPHOCTb

[E]l=LMT™%"\. (7.89)

CnenyuanbHOrO Ha3BaHUA eJHHMIA HaNpAXKEHHOCTH HOJA
He uMeeT. Ee M0XKHO Ha3BaTh JUDO HLIOTOH HA KYaoH (H/K),
6o 8oabT Ha meTp (8/m). O6UIeNnpUHATHIM SABJAAETCA BTO-
poe HasBanue. lIlupoko npuMeHSIOTCH BHECHCTEMHbIE €U~
HHLB 80AbT HQ CAHTUMETP (8[CM), KUAOBOALT HA CAHTU-
serp (ks/em) w 1. a. OueBUAHO,

107 1

o5 ~ 37107 CTC

1 8/m=

Cmewjenue (3reKTpocratuneckas undyxyus). Bextop

anexTpudeckoro nojasi D no-pasHoMy onpepesserca B CH-

cremax CI'C u CU. Buiue Mpl Bugenu, uyto B cucreme CI'C
cBsa3b Mexay D u E uMmeer BUJ

E =

mlb

H, CJIef0BaTeNbHO, pPa3MepHOCTH OGOWX BEKTOPOB COBMAa-
nator. Muaue o6erour nmeio B cucreme CH. 3mecs E u D
CBSi3aHbl COOTHOUICHHEM

D

— (7.90)

o€

H COOTBETCTBEHHO
[D]=[EHe = L7271, (7.91)

PasHasi pa3MepHOCTb JABYX BeIMYHH B paMKax OJHO# H
TOf Ke CHCTEMBI [peAnoaaraer HaJlduue pPasiHiYHOro (pH3H-
YECKOTo CMbicaa BeauunH. HanmoMmuuwm, uto, BooOlle roBops,
B TO BpeMsi KaK pa3Hble BeJUYHHB MOTYT HMeTb OAWHAKO-
Bbie Pa3MePHOCTH B Tpelenax KakK ONHOH, TAK H PasHbiX
CHCTEM, pa3HHle pa3MepHOCTH Y BeJHYUH OJAHON (u3lnye-
CKOH TPHUDPOABI BO3MOXKHBI JIMIIb B pasHbix cucreMax. [lo-
3TOMY (U3HUECKHe ompejeleHHs Bektopa D B cucremax
CI'C u CU moryr uMeTb pas3JHYHBIH XapakTep, MNOCKOMbKY
pasmepoctd E u D B cucreme CI'C cosnanaior, a B cu-
creme CYl pasauuHbL

Mui paccMoTpuM 3TH OnpefieieHHsl Ha cJaeylolleM NpH-
mepe (puc. 23). ITpeacrasum cebe ABa OJMHAKOBHIX MJOC-
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KHX KOHIEHCaTOopa, COSJAHHEHHHIX MapaJsJjiesbHo, 3apsKeH-
HBIX H OTKJ/IOYEHHBIX OT MCTOUHHKA Hanpsxkedus. Hanps-<
YKEHHOCTH NoJs1 B 060oux KOHJeHcaTopax OyayT, pasyMmeercd,
OJHHAKOBLI H OJMHAKOBBl OYAYT CMellleHHusi. 3aNOJHUM NPO-+
CTPAHCTBO MeXAY MJaCTHHAMH OJHOTO H3 KOHAEHCaTOpOB
JH3JTEKTPUKOM C JIHJEKTPUUECKON TNPOHHIIAEMOCTBIO &
(puc, 23,6). [das panbHefimiero paccy:kaedust yno6Ho,

£, £ £
.
£, £ £
Dl] DZ DZ
a) 6) )
Puc. 23.

UTOOL! 5TOT AMINEKTPHUK ObLI XKUAKHM. PasHOCTB MOTeHUMAs
N0B MeXAYy MIaCTUHAMH KOHJEHCATOPOB TPH 3TOM YMeEHb<
WUHTCS, HO OCTaHeTCs OJUHAKOBOH /s OOGOMUX KOHJAEHCATO-
poOB, MOCKOJAbKY OHHM coeAnHensl BMecte. OnnHakoBo# Gyner
NO3TOMY M HanpsiKeHHOCTb MOJa B 0GOHX KOHIEHCaTopaXx.
Oxnnako 3apsabl Ha O06K/MaAKaX KOHAEHCATOPOB Temepb Gys
YT Da3JHUHBIMH M COOTBETCTBEHHO OYAYT pPasMUYHLIMU
3HayeHus BekTopoB cmemieHus D. Tlycrb 10 coeauHeHud
KOHAEHCATOPOB HaNPSAXKEHHOCTH TNOJsA B HUX Obin Ly a
cMmemeHue Dy [locne BBegeHns AU3AEKTPHKA HanpsxKerl-
HocTh moas craver E. CMmelleHHs B KOHIOEHCATOpaX CTAHYT
Dy =¢F uDy=FE B ciucreMe CI'C u D| = gpeE u Dy = g
B cucreme CH.

Ecnn Tenepb OTCOEIHHHTb KOHIEHCATOPB! APYT OT APY-:
ra, a 3ateM yIaJuTb U3 KoHieHcatopa C; AHIJEKTPHK, TO
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-HanpsKeHHOCTh MOJA B HEM Bo3pacTeT B ¢ pas (puc. 23, ),
a cMeuleHde He uaMeuurcsa. Ecian HOBYW HanmpszkeHHOCTH
B 3TOM KoHAeHcatope o06osHauuts E’, TO MOXHO Ha-
NnucarThb:
B cucteme CI'C
E'=D,, (7.92)

B cucreme CHU
E = EODI' (7.923)

Hanpsasenuocts noass E B koupencatope C, A0 yialje-
HHS JU3JIEKTPHKA MOXKHO OBLIO CYUMTATh CKJajblBawouieiics
M3 HanpsiKeHHOCTEeH ABYX noJell — mojs sapsija Ha nJaa-
CTHHaX (KOTOpoe, OueBHAHO, paBHo E’) W nojis CBA3aHHBIX
3apAoB jauneKkTpuxa. Ilocne yhaneHuss AM3J1eKTPUKa OC-
TAaeTcs TOMBKO TioJe CBOOOAHBIX 3apsiioB Ha nJaacTHHAX
KOHJleHCaTOpa.

bByaem paccmartpuBath 06a KOHJAEHCaTOpa A0 pas3behu-
HEHMSt KaK OJHYy 3JeKTpocTatuueckywo cuctemy. Mu wmo-
XeM Tenepb B pamkax cucreMol CI'C onpemedntb BexkTOp
CMeIleHNsl KaK HaNpsKeHHOCTh HOJA CBOGOJHBIX 3apsanoB
(r. e. 6e3 yyera CBsi3aHHBIX 3apPAAOB AHIJAEKTPHKA) 0OpH
TAKOM PACMOJIOXKEHHH 3THX 3apsf0B HAa HPOBOJAHHKAX, KO-
TOpoe 06yCAOBIEHO NMPHCYTCTBHEM AHIIEKTpHKa. llelicTBH-
TeabHO, CorsacHe (7.92), cmewmenue npexacrtaBaser co6oil
[oJie CMELIeHHBIX 3apsAJioB, NepepacnpenejeHne KOTOPHIX
MEXIY KOHAEeHCAaTOpaMH Obl10 BLI3BAHO BBeJEHHEM AM3JIEK-
TPHKa B KOHJeHCaTop.

Ias onpexenenusi Bekropa D B cucteme CH momectum
BHYTPb [H3JEKTPHKA TaK Ha3biBaeMble JIUCTOUKH Mus» —
ABa MaJbiX Pa3MEPOR MJIOCKMX BeCbMa TOHKHX NpPOBOXHUKA,
C/IOKeHHBIX BHayase BMecte. Ha 3TH JHCTOUKH HaBegercs
3apAn, NJAOTHOCTL KOTOPOro GyAeT saBHCeTh OT 3HaueHud [)
B JAHHOH TOUKE H OT OPUECHTAUMH JHCTOYKOB. MakcHMasb-
Hasl NJOTHOCTH 3apsida OyJer, OueBHAHO, B TOM cayuae,
KOrfla TJIOCKOCTH JIUCTOYKOB OYAVT MEpHneHAuKY/spHB Ha-
npaBJeHuio CUMOBbIX JuHMA Bektopa D. B paccmartpubae-
MOM CJaydae 3TO HaNpaBAEHHE NapajiesbHO MJIAaCTHHAM
KOH/J€HCAaTOpa, a IJIOTHOCTh HaBEeAEHHOro 3sapsnaa- Gyaer
paBHa TJIOTHOCTH 3apsila Ha MJacTHHAX, MOCKOMbKY MpH
pauyonann3oBaHHofi ¢opMe HanucaHusg YpaBHeHHH CMe-
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HIEHHE B IJIOCKOM KOHIEHCATOpe DAaBHO IVIOTHOCTH 3apsia
Ha €ro nJaacTHHax

D=o. (7.93)

3apsj, HaBeNeHHBIH Ha JMCTOYKaX Mu, Moxker OHITh
H3MEpeH, eCJiM MX CJlerka pa3BsecTd, a 3a1eM YAaJHTh M3
JH3IEKTPUKA. B ofmem cayyae HeoLHOPOAHOTrO MOMS JJIOT-
HOCTb 3TOrO 3apfAja, KOHEYHO, He GyJeT paBHA MJIOTHOCTH
3apsfijga Ha NOPOBOJAHMKAX, OAHAKO, HE3aBHCHMO OT pachipes
AejieHus noas, 6yaer paBHa D. TakuM oGpa3oM, B CHCTes
me CH cMellleHHe MOXKHO ONpeeNHTb KaK MaKCHMaAbHYiO
TUVIOTHOCTh 3apsifia, HaBeAEeHHYIO Ha JucTOuKaXx Mu B AaHs
HOA TOuKe noas. To, 4TO MIOTHOCTh HaBeNEHHOrO 3apsjia
3aBHCUT OT OPHEHTALHH JUCTOYKOB Mu (ang uero u Tpe-
Oyercs ykazaHHe Ha MaKCHMaJbHYIO IJIOTHOCTb), OTpaXkaer
BEKTOPHBIA XapaKkrep cMeutenus D,

Pasnuunpift xapaxkrep (H3HUECKOro ONpee/eHHS BeEK-
T0pa D cospaer pAx HeynoGCTB NpM H3JO0XKEHHH Kypca
bu3HKH A cMexHbIX AcuunIuH, [1poTuB Takoro pasjeses
HHSl TNOHSTHH BO3paXkall MHOTHE YyYeHble, B TOM YHCHE
akan. M. A. Jleoutosunu, npodp. M. T. Kasuxkus, npog.
Jl. B. Cnensin. He ocranaBiuBasicb Ha TPUBOLHMON HMHU
CepbesHo apryMeHTallMH, YKaKeM Jullb, UYTO OJHOPOA-
Hoctb BektopoB £ n D wmorita Obl GbITb OCYUIECTBJEHa U
B cucreme CH, ecam coxpauutb cBasb Mexay E u D B
tbopMe D = gE, a K03hdULNEHT &) BBOAHTb B BbIpaKeHHA
AJis BbluHCACHHA D no JaHHOMY pacnpejieseHnio 3apsaos.

X 1 ¢
Tax, HanpuMep, AJsi TOWEUHOro 3apAfa BMECTO D=~—4n 3
1
caenosano 6w nucare D = ) %.
ey r

Enunnuy cmeutenus B cucreMe CH u ee cBA3b ¢ egunu-
et CT'C MOXHO MOJYUHTDH, HCHOMB3YS Ji060e BhIpaKeHHE
anst D, nanpumep (7.93). CorsnacHo 3toit dopmyse eaus
HUIEA CMEUICHHs ABJSETCS CMEUIeHHe B [IOCKOM KOHJeH-
caTope Npu MJIOTHOCTH TOKa Ha MJaacTHHaX | kyJoH Ha | m?
(x/m%). B cucreme CI'C npu stom

D = 120 . 105 CI'C.

[Tpu nepecuere MH 3jechb yXe HCROb30BANH EIHHHILY [0
sepxHocTeil naoTHoctH 3apaga CH k/m?, kotopasi pasna
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3.105 equnuy CI'C. TToToxk cMeuUleHHd, OnpeAenseMbiil nmpo-
n3BefleHueM BeJHUYMHBLI BEKTOpa CMeLleHHsi Ha MJIOoIaAb U
Ha KOCHHYC yr/la MeX1y HanpasienxeM Bektopa D u Hop-
Maiu K miotmazu (puc. 21), uMeer pa3MepHOCTh, COBMa-
AAWOULYIO ¢ Pa3MEpHOCThIO 3apsija

Npl=T1. . (7.94)

JlussexTputeckan NPOHULAEMOCTb ONpefenserca Tak
xe, kak u B cucreme CI'C. 3zaech, oaHaKo, HEOGXOIHMO
cAenaTh chAefyiolliee 3aMedaHWe. B 3/MeKTPOTEXHHUYECKOH
AUTEpaType BBeJeHHYIO HaMH JM3JEKTPHYeCKYlo MPOHHIAE-
MOCTh HA3BIBAIOT OTHOCHTEJIbHON JH3JeKTPHUECKOH MPOHH-
[{aeMOCTBIO H, KPOME TOTO, TOJb3YIOTCH MOHATHEM a6CoJIoT-
HON JU3JIeKTPHYECKOH MPOHHIIAEMOCTH €, KOTOPYIO Ompe-
JIJISIIOT BbIPasKeHHEM

e, = €. (7.95)

Pa3aMepHOCTh a0COMOTHON JHIEKTPHUECKOH MPOHUIIASMO-
CTH, pasyMmeercs, COBMajaeT C Pas3MePHOCTbIO 3JEKTpHue:
CKOll MOCTOAHHON €y, H CAHHHIA ee M3MepeHHs] Takxke 000-
aHavaercst (p/m

leo] = L™°M™'T* (7.95a)
Juekrpuueckuli momenr dunoan. Popmyaa
ps=ql

onpenenseT pasMepHOCTb
[ps}l= LTI (7.96)
M eIHHHLY KYAOH - mMeTp (K- M)
1 k- m=3-10"CrIC.
Moaspusosannocto OusrekTpuxa (UHTEHCUBHOCTb nOAA-

pusayuu) — 3MEKTPUYECKHH MOMEHT eLHHHIBI ob6beMa no-
JIIPH30BAHHOTO AHIIEKTDHKA

=P
v
PasmepHocTh
[P]= L7*TI (7.97)
M eIHHHUA

1 x/n?=3.10°CI'C.
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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 TipH Pa3HOCTH MOTEHHHA/N0B HAa €ro KOHUAxX OfMH
B0JbT. 3akoH OMa onpefe/sier pasMepHOCTb

[R]=L*MT %2, (7.102)

3ameruM, uto npoussefenne RC umeer B obeux cHcTeMax
pasMepHOCTb BpeMeHH. B KOHType, copepikaiieM eMKOCTb
W conpotuBaeHue, npoussBeneHue RC xapakrepusyer [o-
CTOSIHHYIO BPEMEHH 3aTyXaHus paspana. Jlerko moayuurs,
uTo

1
1 0M=W Crc.

[1posodumocre. Enaunuuefl npoBOIUMOCTH, OUEBHIHO,
AB/SIETCS) NPOBOAHMOCTD NPOBOJHUKA, CONPOTHBIEHHE KOTO-
oro paBHO | OM. DTa efuHNIA Ha3bIBaeTCA cumenc (cuM).
% JANTEpaType WHOIAA MNpPHMEHSETCSl HasBaHHe MO, a TakK-
ke oGo3HayeHHe OM~!, KOTOPbie COOTBETCTBYIOIMMH CTaH-
JAapTaMu He peKoMeHAyiTcs. Pa3MepHOCTh NMPOBOAWMOCTH
ofpaTHa pPa3MepHOCTH CONPOTHBIACHUA

(G]=L"M~'T°P (7.103)
¥denoroe conporusrenue p H3MEPALTC eAHHHUEH OM - M
1 “
1 oM m= T Crc.
PasmepHocTb
[p] = L°*MT %2, (7.104)

Ha npaxTuke 7acTo H3MepsAIOT yAeAbHOE COMPOTUBJIEHHE
eNHHHLAMH OM - MM2[M W OM + CM, KOTOpble, OueBUaHO, B 108
p 102 pa3 MeHblle, UYeM OM « M.

Benanuuna, o6paTHas yAeAbHOMY CONPOTHB/IEHHIO, —
yAenbHas  MPOBOAMMOCTb  (3JEKTPONPOBOAHOCTb)  H3Me-
psiercsl eNHHHLEH, KOTOPYIO MOXKHO Ha3BaTb CUMEHC HA
nerp (cumim).

Maenurtnas uAOykyus. Eqqania MAarHUTHOR HHAYKUMH-—
recaq (T4) — MHAYKIES TAKOTO NOJs, B KOTOPOM KaxJbIH
MeTp MPOBOAHHKA C TOKOM OAHH aMliep H PacHOJIOXKEeHHOro
NepneHAMKYAsPHO HalpaB/eHUI0 BEKTOpa WHAYKUHH HCIBI-
THIBAET CHJAY OAuH HBIOTOH. M3 3toro onpenencHHs BbiTe-
KaeTr pasMepHOCTb HHAYKIHH

[Bl=MT*1"". (7.105)
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[Toxacrapasis B BbipaKeHHe JJAA HHAYKUHU, CBSI3aHHOE C
3THM onpenejeHreM, Ho 3anucanuoe B cucreMe CI'C, yka-
3aHHble €IHHHIIL, MOJYYHM

Fe _ 10° dun -3 - 10" cujcer

B=r="Tovex-3 10°CrC

= 10* ac.

Takum oGpasom,
1 ra=10" ec.

Maznurnoui norok. Exuuuia MardaTHoro notoxa gebep
(86) onpepmensieTcsi Kak NOTOK Ipu MHAYKUMK | T4 yepes
niomwanky | m%, pacnosoXKeHHYIO nepHeHAHKY/ASPHO BEeKTO-
py nsaykuuu. M3 artoro onpexeseHus BbiTeKaeT pasmep-
HOCTh

[0] = L*MT ™! (7.106)

H COOTHOLUEHHE MEXKAY CAHHHIIAMHU

166=1r71a:1 #*=10% ec- 10* cm®=10% mxe.

Hanpsocennocto maenutrnozo noas. Jns onpegenenust
€MHHLbl HanPAKEHHOCTH MArHHTHOrO NoJs YROOHO BOC-
NnoJib30BaThCcst MOOBIM U3 caeAcTBHil 3akoHa Duo, CaBapa u
Jlannaca, 1al0IMHX Bbipa)KeHHe HANPHAMKEHHOCTH MarHHTHO-
ro moJas TOKa AJMA KOHKPETHHX KOHTYpOB. BosbMmem nast
3TO# uenu GOPMYJNY HAaOPSIKEHHOCTHM MATHUTHOTO MOJS B
LEHTPe KPYroBOro TOKa

H=— (7.107)

Cornacro 3T0#t (hopMyJsie HANPSIKEHHOCTH MOJIS OyAeT pas«
HATbCA eAMHUIE, €CAH MO KOJAbUY pPaguycoM oiun merp Oy«
JET NPOTEKaTb TOK CHJION 2 a W/H, UTO, pa3yMeercs, TO XKe,
TOK CHJOK OAHH amiep OyaeT TpOTeKaTb MO KOJbUY pa-
anycom 0,5 m. CneunasbHoro HaHMeHOBAHHA 3Ta eJuHHULA
ne umeer. CoraacHo ee pasMepuoctu B cucreMe CH ee na-
3bIBAIOT amnep Ha xserp (a/m). Vimeerca mpepsnoxenue Ha-
3BaThb 3Ty enuHULy Aeny (B uects . X. Jlenua).
PasMepHOCTb HaMpPSIKCHHOCTH MATHHTHOIO NOJSA

[(Hl=L"'I (7.108)
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Ilas ycTaHoBJeHHS CBSI3W MeXAy eJHHHIAMI amnep Ha
merp u apcted nepenumenm ypasHenne (7.107) B cucreme
Crc:

1 2nl
H=— R (7.109)
W TOJACTaBHM COOTBETCTBYIOUlME 3HaueHHs, NepeBels uX B
eaununus CI'C
21-2-3-10°

-3 —9
m=4n-10 2~ 1,26.107" 5.

1 a/m=

Ilpsn u3MepeHHsix MarHUTHOTO 10AA 3eMJiH, HeGeCHBIX

TeJ W MEXKIJIaHETHOrO NMPOCTPAHCTBA NPUMEHseTCs eAHHHUILA

HaNPSKEHHOCTH MarHUTHOro noas eamaa (y), paBHasd
10-% 2. COOTBETCTBEHHO

1 a/n=1,26.103%.

VmMecTHO 34€Cch 3aMeTHTb, YTO, B TO BPeMs Kak B CHCTe-
me CI'C pasmephoctu BektopoB B u H cosnazaiwor, B cH-
creme CH oum okaspiBalorcsi pasnuuHbiMu. ITonoOuyio ch-
TYaldi0 Mbl HMEIH H B 3JIeKTPOCTAaTHKE HPH PacCMOTPEHHH
BektopoB E u D. Bospaxenns, KOTopbie NPUBOLHIUCH NPO-
THB HeojHOpoaHOCTH Bekropos E n D, nMewiueil Mecto B
pamkax cuctembi CH, B paBHOH Mepe OTHOCATCA M K BEK-
TopaM B u H. ¥YcrpaHuTh 3Ty HEOJHOPOAHOCTH MOXKHO
6bl10 6Bl 6e3 TPYy/[a, €CJM BBECTH MATHHTHYIO MOCTOSHHYIO
lto B ypaBHEHWH HJf HANPSKEHHOCTH MAarHHTHOTO MOJA.
B sToM cayuae 3akon buo, Casapa u Jlannaca umen Obl

BUT
_ by £ ldising
H= 47 § r? !

a cBA3b Mexkay B u H Ona Onl Takoii e, Ka4K U B CHCTe-
ma CI'C, 1. e.
B=uH.

Maenurnoui momenr. Epuauiy MarduTHOTO MOMEHTa
MOZKHO ONpeAe]uTh ABOSIKAM 06pa3oM, HCIOb3YdA JHGO Bbl-
pakeHwe Iy MEXaHHYECKOrO0 MOMEHTa, HCIbITEIBAEMOro
KOHTYpPOM € TOKOM B MarHMTHOM ToJe, nuf0 Hemocpen-
CTBEHHOE BhIpaXKeHHe AJa MardMTHOTO MOMEHTa KOHTYDa.
CoryiacHO NepBOMY OIIPEACIEHHIO. eNHHHIEH MarHHTHOTO
MOMEHTa BJSeTCs MCMEHT KOHTYPa, KOTOPHIH B moje ¢ HH-



§ 7.4] EOHMHULBI MEXKAYHAPOLHOM CHUCTEMBI 203

JNYKLHEH OJIUH TecJa HCMBITHIBAET MaKCUMaJbHBIN Bpaliato-
WiHii MOMEHT, paBHBIH HBIOTOH+ METpP, a COIJIaCHO BTO-
DPOMY — MOMEHT IJIOCKOTO KOHTYypa C MJOHIaAbl0 OJuH
KB. MeTp, obGTekaeMoro Tokom oauH ammep. O6a ompenese-
HUS NPHBOAAT K OJHOH M TOi Ke dopMyJe pa3sMepHOCTH

[pu] = L. (7.110)

Enunyuua MarHMTHOTO MOMEHTa He MMeEeT CIellHaJbHOro Ha-
3BaHusl H obo3Hauaercs a-m? (amnep - keadparuoil metp).
3anucaB paBHO3HAYHOe eMy oO0O3HAUeHHE H - M/TA, JIETKO
nonyunte cBasb mexay enunuuamu CH u CI'C

Hem 105 Qun- 102 cm 103 Oun - cm

. 2= =
La-u 1 TA 10% e¢ ac

Maenurodsuscyujas cusa. LIupKyaAsinus HanpsaKeHHOCTH
MarsuTHoro noas B cucreme CH sanucbisaerca B BHje

Feg-§Hdicos(H, ap=W1.  (@.111)

Enunviell MarHUTOXBMXKYLIEH CHJbI fIBJSIETCA LHPKYJSILHSA
HanpAXKeHHOCTH MAarCHUTHOrO MNOJSt NPU OAHOKPATHOM 0O-
X0Jle TOKa CWJIOK OAUH aMmmep. PasMepHOCTb MarHuTOABH-~
KYIEH CHJIBI COBIIaflaeT ¢ Pa3MepPHOCTbIO CHJbl TOKA H €JIH=
HHIlA ee Takxe HasbiBaercd amnep. Ilockoabky mpu pac-
YeTe MalHMTHBIX UEMeH MoJHas MarHuTOJABHXKYLIAA CH/a
paBHa cuJie TOKa B KaXKIOM TNPOBOJHHUKE, YMHOXKEHHOH ia
YHCJO BHUTKOB, HaCTO BbIpaXaiOT MarHUTOABHKYHIYIO CHIY
B amnep-gurkax (as)
4n

lLa=1as=515m

+3-109=1,26 &6.

Maenurnoe conporueiserue. Eauuuiia MarHuTHOrO Co-
NPOTHBJEHHSA ONpeReJsieTcss M3 3aKOHa MArHUTHOH [enu
(7.67) xak MarHMTHOe COIpPOTHBJIEHHE MAarHHTONpPOBOXA, B
KOTOPOM MarHHTOJABMXKYLIas cula | a cosmaer nortok 1 g6.
Qopmyaa (7.68) ompenensier pasMepHOCTBb

R =L7*M™'T I, (7.112)
Coornoternue mexcdy eduruyamu

1 afs6=-12820 _ 1 96.10™® e6/mxc.

108 mxc
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HudyxTusHocTy U 83aumHAR UHOYKTUBHOCTL, Jlns onpe-
JleleHHs eAHKILI 0 PAa3MEPHOCTH MOMKHO BOCNONbL30BaThCA
AuGo BHIpaMEHHEM ANs CB3W TOKA B KOHTYPe H ClenljeH-
HOTO C HHM NOTOKA

WL, (7.113)

21160 BHIpaXeHiHeM a8 IEKTPOABUKYIUEA CHJbl CaMOMH-
AYKIKH

dl ,
3,~=—-LW. (7.114)

Vpasuenne (7.114) nanucago B NPEANOJONKEHHH NOCTOsH=
cTBa uHpyktuBHoctn. Corsmacno (7.113) enunuma uHAYK-
THBHOCTH eeHpu (en) onpejensieTcs Kaxk HHAYKTHBHOCTb
TAKOTO KOHTYpa, KOTOPHbIi NPH NPOTEKaHHH MO HEMY TOKa
1 a oka3piBaerca cuemieHHbiM ¢ norokoMm 1 66. Cornacno
{7.114) reHpu eCTb HHAYKTHBHOCTb TaKOro KOHTYpa, B KO-
TOPOM BO3NUKEeT 3, . C. CaMOMHAYKUHM, paBHas OJAHOMY
BOJBTY DPH DPABHOMEPHOM H3MEHEHMH NPOTEKAIOWEro Mo
HeMy Toka Ha oaun amnep B cexyuay. O6a onpenenenus
AAIOT pasMepHOCTh

[L}=LMT™I72 (75.115)

Conocrapneune ¢ Gopmynamun (7.73) n (7.74), sanucan-
ioiMi B cucreme CI'C, nerko paet cooTnoutedne

I en=10° CI'C (cauTuMeTpa HHAYKTHBHOCTH).

ITUMHB JKe eAMHHUIIAMH H3MEpPAeTCa, Pa3yMeeTcs, W B3auM-
Haf HHIAYKTUBHOCTD.

HHTercusHoCTy  HAOMAHUMUBAHNUS (HAMASHUYEHHOCTS).
Cornacno dopmyne (7.79) eannnued 6yner takas Hamar-
RHYEHNUOCTh, 1PH KOTOPOH Kakawil kyOudeckuilt Merp obaa-
JpaeT MarHuTHHIM MoMmenToM a - M2 Haspanue sTol enuuu-
Ithl COOTBETCTBERHO amnep Ha merp (a/x) coBnanaer ¢ Ha-
3BaHHeM eAMHNUBL HAnpsKeHHOCTH noJst. TouyHo Tak e
Pa3MepHOCTD

[1=L""L (7.116)
flepenucas (7.79) B Buxe
J=2, (7.117)
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MOXKEM Jierko conocrasurs af# ¢ exunuuesn CIC

3.10%. 10

e = 107 CrC.

1 a/n=

Ilonesno agech oOGpaTuth BHUMaHHE HA ciefywouiee oG-
crositeapctBo. HecMmoTpst Ha TO, 4TO €AUHUUBI HANPSIKEH-
HOCTH MAarHUTHOTO TOJSl U MHTEHCHBHOCTH HaMarHWYHBaHHS
COBMAAAOT MO PasMepPHOCTH H jAake OJUHAKOBO 0003Ha-
43I0TCs, COOTHOLIEHHE MEXJAY STHMH eJHHHIIAMH H COOT-
sercTByOmMMH eguHuiaMi CI'C pasnnyHo, 4TO0 B JaHHOM
cl1ydae CBsI3aHO € TeM, 4YTO B OJHOM CJydyae (HanpsKeH-
HOCTL MOJA) ypaBHEHHS B PalliOHAJU30BAHHOM H Hepaluo-
Ha/JM30BAaHHOM BHAE HMEIOT Pa3JHYHBIA Bul, a B JPyrom
cosnanalor. JlaHHBI nmpuMep ellle pa3 JIeMOHCTPUPYET OT-
MeueHHOe paHee 0OGCTOATEABCTBO, UTO CJIOXKHOE HAHMEHOBA-
Hi€e NPOH3BONHON eIMHHIBI HHUETO He MOXET CKasaTh O ee
(paKkTHYECKOM pasMepe, eCcqH He YKa3aHO TO KOHKDeTHOoe
onpenensioillec COOTHOLUEHHE, C [OMOLULI0 KOTOPOTO MaH-
Hasa eJHHMIA Oblla YCTAHOBJIEHA.

MarnuTHeie CBOHCTBA BeIECTBA — MQZHUTHASL NPOHU-
HAeMOCTb, OCTATOUHAS UHOYKYUA U KOIPYUTUBHAA CUAQ —
He HYXKAATCA B CHELHaJbHOM pasbiACHeHHU. 3aMeTdM
JIHUIB, 4YTO B 3JEKTPOTEXHHUYECKOil JuTepaTtype, MNOJOOHO
TOMY KaK 3T0 Jefaercsd B OTHOUIEHWH JHJIEKTPHUECKOI!
NPOHHIAEMOCTH, Oe3paszMepHasi MarHUTHAA TIPOHHILAEMOCTh
Il Ha3bIBAETCS OTHOCUTEAbHOL MASHUTHO NPOHULAEMOCTHIO,

a npousseneHue
Mol = H, (7.118)

Ha3bIBAIOT ABGCOAIOTHOU MAZHUTHOL NPOHULAEMOCTbIO,

Maenurnas socnpuumuusocrs. ¥Ypasueune (7.81) onpe-
Jle/ifeT MarHuTHyo BocrnpuumuusocTb M B cucreme CH. IMo-
cKOAbKY J u H HMeT OXHHAKOBYIO Pa3sMePHOCTb, TO Ky,
tak ke kKak u B cucreme CIC, sBasierca Bennuuuolt Gea-
pasmepsoit. OnHaxo pauuoHa/du3oBaHHas ¢opma ypasHe-
HHH TPUBOAUT K CBSI3U MEXAY p U Ry B Buje

p=1+k. (7.119)

BesepcrBie 3TOro eilHHIA MATHUTHOH BOCTIPHHMYMBO-
ctu CH B 45 pas menbue egununus CI'C.
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§ 7.5. O Tax Ha3bLIBaeMOM <BOJHOBOM CONPOTHBJICHHH
BaKyyma»

B npeauiayitemM naparpade Ha mpumepe eAMHHIl Hanpsis
JKEHHOCTH MACHHTHOIO MOJA M HHTENCHBHOCTH HaMarHH4H-
paHusl, pasMepHocTb H o0O3HaueHHe KOTOPbIX (a/m) cos-
nafaioT, 6bLI0 APOHANIOCTPHPOBAHO BbICKa3aHHOE panblie
noioxKeHHe 06 OTCYTCTBHH OAZHO3HAYHON CBA3H MeX1y (ops
MYyJO# pasMepHOCTH €AHHHIbl H € KOHKDeTHbIM pasMepoM.
Ocobenno HarAgAHON HAJIOCTpalMed 5TOTO MOMOMKEHHA MO-
JKeT C/AYXKHTb pacCMOTpeHue €IMHHLL M UYMCJeHHbIX 3Haue-
Hill KOMOMHMPOBAHHOW KOHCTAHTBI, MOJyYMBILied Ha3BaHHE
B01H0B8020 UNH XQPAKTEPUCTUYECKO20 CONpOTUSAeHUs 6a-
Kyyma.

[Tpu pacnpocTpaHeHHH 3JeKTPOMATHUTHON BOJHBI B Cpe-
Jle C JAH3JEeKTPUYECKOH H MArHHTHOH NPOHHUAEMOCTAMU &
¥ |\ aMIJIATYAHBIE H MCHOBEHHbiE 3HAUEHUS HANPAKEHHOCTH
5MEKTPHUECKOrO NOJS W HANPSKEHHOCTH MarHMTHOrO noJs
CBS3aHbl COOTHOIIEHHEM

VegE=VuuH. (7.120)
D710 BHIpaXKEHHE MOXKHO MPEACTaBUTh B BHAC
E _q/ Bt
- -]/ L (7.121)

Oruowenne E/H npuHsTO Ha3uiBaTk BOAHOBbIM CONPOTUE-
AeHUueM cpelibl, MOCKO/bLKY CyllecTBYyeT (jopManpHas aHaJjo-
ris Mexay ypasHeunem (7.121) u sakonom Oma. B cayuae
BaKyyMa

. —
Rx=7=]/—';:—. (7.122)

1y Beauuniy oGbIYHO H HA3BIBAIOT BOJHOBBHIM HJU Xa-
paKTepHCTHHECKHM COIPOTHBAEHHeM BakyyMa. Paccmorpum
3yavenne Ry B pastbiXx cHCTeMax eauHuu. B cucreme Crg,
TA€ g9 = Jio = | M He HMEWT pa3MepHoCTH, Ry = 1 n Takxe
sipsieTcs Gespasmepnoil Bequuunoil. Hamomunm, 4to B 37T0i
cHcTeMe pasmepHocth conporusgenus LT, B cucreme
CIC3 e =1, a po = 1/c% B s1oil cucreme Ry = 1/c nero
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pPa3sMePHOCTb COBNAJAET € Pa3MEPHOCTBIO CONPOTHBJESHHS.
B cucreme CI'CM pg=1 u ego=1/c2 CooTBeTCTBEHHO
R. = c. PasmepHocTe R, cOBmajaeT ¢ pas3MepHOCTbIO CO=
NPOTHBJEHHS U B 3TOH CHCTEME.

Paccmorpum, Hakonen, suauenune R, B cucreme CH,
[loacrasnssa anauenus

o =4n- 1077 en/m

1
"~ 4m.1077.9. 10

pln

&

B (7.120), nangem
R, =120n (en/p)" (7.123)

3ameHnsis en/m Ha 8-cekfa-m u ¢p/m Ha a-cekls.m, MoO-
2KEM Hanucarb
R, = 120n g/a. (7.1232)

[TockosbKy oTHOIUEHHE BOJIBT/aMmep OmpefessieT eJuHHMILY
COIPOTHBJIEHHSI OM, TO NPHHATO CUHTATh, UTO KBOJHOBOE CO<
NpOTHBJEHHE BaKyyMa» coctasadger 120n = 377 om.

Ecnu, oanako, Bocnonb3osatbest cucremoii MKCM B ne-
pPalMOHAJIM30BAHHOM BHJE, B KOTOPOH OCHOBHBIE €JUHHIIbL
T€ Xe, uT0 H B cucreme CH, u equnHnua conpoTUB/IEHHSI OM
OTNpeAeNAeTCA TaK Ke, KaK BOJbT-aMIep (MOCKO/IbKY He3a-
BUCHMO OT ¢opmbl 3anucu ypaBHeHHH 3akoH Oma umeer
OJMHAKOBBLIHA BUI), TO, YUUTHIBAA, UTO B 3TOM CJaydae

po=10"7 en/m
H
&= 5157 I,
HalgeMm
R, =30 g/a, (7.1236)
T. e. 30 om.

[IporuBopeune mexay sHaueHusMH R, onpenefneHHBIMH
pa3nuYHBIMK crioco0aMu, UMEHHO TeM H OODBACHSETCH, YTO
HaUMEHOBaHHE CJIOXKHOM eIMHHUIEl OTHIOAbL He ABJSETCH
onpejeseHneM caMoil 5ToH eguHUnb. B yactdocTH, B pac-
CMOTPEHHOM C/lyyae HauMeHOBaHUe 8/a, NOJy4YeHHOE B pe-
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3yAbTaT€ COOTBETCTBYIOLIEIO npeobpa3oBanust eNHHMIL HJIH
KAK OTHOLIEHME €JMHUIL HAMPSIKEHHOCTH 3JeKTPHUECKOro H
MaTHUTHOTO noJsiell (8/m u a/um), Henb3A TPaKTOBATh Kak
eauAnny conporunnenus. IlosroMy camoe HOHATHE «BOAHO-
BOE CONPOTHBJIEHHE BAKYyMa» NPeACTaB/JIACTCH JIHIIEHHbIM
()M3NUECKOTO CMBICJ]A, XOTS B HEKOTOPBIX CayuasX pacyera
W MOXKeT oKasaThecsi yaoOHbIM of03HaueHHe OJHHM CHMBO-

JOM BHIPaXKeHus Vuo/ao. 3aMeTHM 3J€eCh XKe, 4YTO €CJH CBS-
sarb BMecto BektopoB E u H Bektoper E u B*), to BMme-
cro (7.120) mpl 6ynem nmerb

VE;éE=7-ﬁ—_; (7.124)

RITH

1
F = B. 7.125
Veoto Soltg Vsu ( )

10 BblpaXKeHue, Kak JACrKo y6e)1mbcs1, He H3MeHAeTCHd npH
H3IMEHEeHHH C€JIMHHILL.

§ 7.6. MexaynapoRHbple €NUHUIBI

Kak Mbl y:Ke YK&a3blBAJIH, MPaKTHYECKHE eAHHHILbI, KOTO-
puie Jgeriau B OCHOBY MexAyHapoAHOH CHCTeMbl €AHHHIL
(CH), BHauane He o6pas3oBBHIBaNM €IMHON CHCTEMBI, a CO-
CTABJISVIM M30JUPOBAHHYIO TPYMNNY eNHHHL, CBA3aHHBIX Me-
KLYy co60H HecKOAbKHMMH COOTHOIIeHWsiMU. Bpenenue 3THX
€/IUHHIL CHITPaJ0 CYIECTBEHHYIO POJb B Pa3BUTHH TEXHHKH
3JCKTPUYECKUX W MArHUTHBIX U3MepeHHH, BCJAENCTBHE Yero
BCKOpe TI0CJ€ CBOET0 BO3HMKHOBEHMS IpaKkTHueckas CHucCTe-
" ma npuoGpena MeXAyHapoAHbAl xapaxrep. bua nponena-
ka Goabwmaa paloTa 1O YCTAHOBJEHHIO 3TaJOHOB IIPaKTH-
YeCKHX eIMHHIL CONPOTHBJIEHHS, CHJIBl TOKa M pa3HOCTH
NOTeHIHAJIOB, IPUYEM BHadane 3TH 3TaJOHbl AOMXKHBl BBLIH
CJVKHTB A5 BOCIPOM3BELEHHS OMa, amiepa M BOJbTa,
onpeaesenanx Kak 10% 0,1 u 10% cOOTBETCTBYIOIINX €IHHHUIL
cucremnl CI'CM. B nanpHelmeM BHSICHHJAOCH, KaK 3TO,

*} Tlonestic OTMeTHTL, 4TO CBA3b BekTopos £ 1 B wanm coorseT-
creenno D w H sipasercs Gojdee JOTHUHON C TOYKH 3PeHHA ypaBHeHHil
Maxcseana.



§ 7.6} ME)XJAYHAPOARBIE EAUHNUDLL 209

BIpOYEM, MOXKHO ObIO TpPEIBHAETb, UTO MEXAY YCTaHOB-
JEHHBIMH 3TaJOHAMH H HX npoofpasamyi, OCHOBaHHBIMH Ha
abcoMOTHON CHCTEME, UMElOTCsl X0TSl M HeOoJabluue, HO Bee
JKe OlYyTHMble pacxoxpaeHus, Toraa Golio peuleHo, nofo6-
O TOMY KakK 3To OBLIO B CBOE BpeMs CAefaHO C METPOM H
KHJIOTPAMMOM, TIPHHATD 3TajIOHBl B KayecTBe 3aKOHHBIX Me-
MAYHaPOJNHBIX E€JNHHUIL JEKTPHYECKUX BeJHuMH. IDTH Me-
HKAYHAPOAHBIE eHHUIB GblJIM ONMpeaesenbl CAeAYIoWHUM 00-
pasom: .

MeNOYHapoOHblli oM — CONPOTHBJAEHKE TIPH HeH3MeHsIo-
HIEMCSE SJEKTPHYECKOM TOKe U TIpH TeMIepaType Talopiero
Jplla pPTyTHOro cronba jAauHolo B 106,300 cm, nmeoouero
OMHHAKOBOE 110 BCeH JJMHE ceueHue mpH Macce B 14,452] 2;

MeMOYHAPOOHvIL — amiep — cHia  HEH3IMEHAUerocH
3JEKTPHYECKOTO TOKa, OTJAralollero npHu NpPOXOXKIEHWH ue-
pe3 BOAHLI pacTBOp a3oTHO-Kucaoro cepebpa 0,00118002
cepedpa B CEKyHLY;

MENOYHAPOOHDBLE B80AbT — JIEKTPHULCKOE HaTPsKenue
H  3JeKTPOJABHIKYLLAd CHJIa, KOTOpas B TNPOBOJHHKE,
MMellleM CONPOTHBJAECHHe, PAaBHOE OAHOMY MEXKAYHapol-
HOMY OMY, BBI3BIBAET TOK CHJIOH B OIHH MeKIYHAPOIHbIH
aMrnep; .

MENOYHApOOHbLl  8aTT — MOIHOCTb . HCH3MEHAWerocs
J€KTPHYECKOTO0 TOKA CHJIOH B OJHH MeXAYHapOAHbIH aM-
nep Npu HaUpsKeHHW B OAMH MEKIyHapOAHBI!L BOJBT.

OcTafibHble MeXAYHapPOJHBIE €JHHMIIBI, KaK W MeXAy-
HapoAHLIE BOJMBT H BATT, ONMPEALISIOTCA COOTRCTCTBYIOULHMH
OCHOBHBIMH MEXIVHAPOAHBIMH eIHHHLAMH.

3HavyHMTeNbHO BO3POCIIAS TOYHOCTb  3IJEKTPUUECKUX N
MATHHTHBIX H3MEpPeHHH TNO3BOJMAA TPOH33EeCTH obpaTHbil
nepexon W, YCTAHOBHB oONpejeNeHHbBIM o00pa3oM TOuHYIO
(HOpMYNHUPOBKY OAHOM U3 eAMHUL (KaK Mbl yKe 3HaeM, am-
iepa), MocTpouTh cucremy eautng MKCM, koropas 3artem
Jera B OCHOBY HpMHSTOH ceffluac BO MHOrHX crpaHax Me-
waydapoaunolt cucremsl (CH). Haa orauuus oT npHBekeH-
HBIX BHILE MEXAVHADPOAHBIX €HHHI, eLHHHLbl CHCTeMUl
MEKCM 6piin HasBalbl «20COMIOTHBIMUY ¢ LUEJbI0 MOLHEPK-
HYTh, YTO OHU [IOCTPOEHbl MO TOMY K€ [PHHLUMNY, YTO U
egnuunpl cucrempl CI'C. C teM, uroOBp B TeueHHe HEKOTOo-
POrO BpEMEHH, NOKA HMEJH NPUMEHeHHe MeXAyHapojanbie
eLMHHIDB, ObiJa BO3MOXKHOCTh MEepPEeBOIAHTb Pe3yabTaThl H3-
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Mepexmﬁ, npou3BeJeHHbIX € HCIOJIE30BaHUEM 3THX €JMHUI
B equaunbl MKCM, Gbiin ycTaHOBJEHB COOTHOLIEHHSt Me-
XKAY TEMH H NPYTUMHU:
cpeanuit Mexaynapopusiil amnep = 0,99985 abc. amnepa
cpeauuil MexnyHapoxnslit om = 1,00049 aGc. oma
cpenHui MeXAyHapoxHuH KyJoH = 0,99985 abc. xkyaona
cpeanuii MeXxnaynapozsuufi soapT = 1,00034 abc. sossra
cpenHuit MexayHapoiuslit reupu = 1,00049 abe. renpu
cpeansas MexAyHapojiHast papana = 0,99951 a6c. dapanst
cpemnnit MexayHapoausiii seGep = 1,00034 abc. Bebepa
cpennnii MexayHaponusiii sarr = 1,00019 afc. parra

TlpunararenbHoe «cpejHHH» BBI3BaHO TeM, YTO TpH
YCTAHOBJICHHH COOTHOIWICHUA MEXLY MEeXAYHapOAHBIMH H
aOCOJIIOTHBIMH €JMHHIIAMHM 0Ka3aJioCh, UTO MeXKI1Yy UMCIOIH-
MHCSl B Da3HBIX CTPaHax 3TAJOHaMHM MEXAYHAapPOAHBIX efH-
HHUL CYUIMCTBYET HeboJsbIIOE pacxoxjaeHue, 1 AJd cpasHe-
HUSE B349Tbl CcpejHHe 3HAYCHHA 3TAJOHOB. 3aMeTHM 37eCh
Xe, UTOo MexXIAYy MeXNYyHapOAHbIMH eJuHuLaMH, KOTOphbie
6oty npunsitht B CCCP, u cpeanumu MeXRIyHapoIHbIMH
eJHHHIIaMH CYHIeCTBOBaJIO COOTHOLIEHUE!

1 mexcx,. oM CCCP =1,000010 cpenn. meXxn. oma
1 mexa. soasT CCCP =.1,0000075 cpexH. MeXH. BOJbTA

B HacTosliee BpeMsi MEXAYHapoiHble eAHWHHIBI 1oJi-
HOCTBIO MCKJIOUEHHl M3 YIOTpeGseHHs M 3aMeHeHbl «a6co-
JIOTHBIMH» €IHHHLaMu, T. e. egunninamy cucremsl CH.

Onpenenenyie OCHOBHOH €IHHULLI 3TOH CHCTEMBI aMmmepa
yepe3d MexaHHyeCkHe eIHHHIB C dpP[KC&HHEI‘/’I TOYHOro 3Ha-
ueHuss Ko3(QuIUeHTA (o B ONpPENEISIOLEM COOTHOUICHUH
NMO3BOJIMJI0 BKJIIOUHTL TPaKTHUYECKHE 3JIEKTPHYECKHE H Mar-
HUTHBIE €IUHHIBI B 0611.[)/10 CHCTEMY €AHHHI (I)HSH‘IGCKHX
BCIHYHH,

T L W gy



F'naBa 8
EanHHUbl H3AyYeHHs

§ 8.1. Ilixana aneKTPOMArHUTHLIX BOJH

O6nacTb HCC/ELOBAHHBIX 3JEKTPOMArHHTHHIX BOJH npo-
CTHPAETCA NOUTH 6e3 MepeprBOB OT BOJIH AJHHOIO THICSUH KH-
JIOMETPOB, H3/1y4aeMblX HH3KOYACTOTHLIMH 3JEKTPHUECKHMH
MallHHaMH, A0 KODOTKOBOJHOBOTO Y-H3JYYEHHS pajuo-
4KTHBHBIX 5/IEMEHTOB H KOCMHUYECKHX Jyuyed. Pasauynbie
Y4YaCTKH 3TOro cmnektpa o06/aalaloT pasJHYHBLIMH CBOHCTBa-
MH, 10-Pa3HOMY pacmpOCTPaHsIOTCA, N0-pa3HoMy cebs npo-
SIBAAIOT. Y8Kas NOJOCKa, 3aKJIOYEHHAas MeXAY IJHHAaMH
Bosd ot 0,38 mx po 0,76 mx crnoco6Ha BO3AeliCTBOBATh Ha
Haul ry1as; B ONpelejeHHbIX HHTEPBadax H3JyuyeHHe cnocob-
HO BBI3bIBATb XUMMUYECKHE peaKuuH, GoTo3()(EKT, HOHH3A-
uuio rasos. HauGonee AAHHHOBO/IHOBLIE H3JYYeHHSI MOTYT
ObiTb OOHAapyMKeHH ¢ NOMOLIbIO 3/EKTPOMarHHTHBIX KOJe-
GarenbHbix KOHTypoB. [lostoMy napsmy ¢ o6umMH xa-
PaKTepHCTHKaMH H3/1yYeHHs, B NePBYIO oOuepeib 3Hepre-
THYECKHMH, HMEIOT MeCTO ChHenH(HYeCKHe XapaKTePHCTHKA
ANl OTHE/bHBIX  006JacTefl crnekTpa  3/JeKTPOMarHHTHBIX
BOJIH.

Vsmepenue IIHH BOJH M COOTBETCTBYIOIUMX MM 4acCTOT
NPOHSBOAMTCH OOLIYHBIMH €QMHHUAMH JJHHBI H YacTOTHI,
[pHYEM €CTECTBEHHO, YTO B 00/1aCTH AJHHHBIX BOJH €lUHH=
LaMH AJHHBL ABASIOTCA METP H CAHTHMETD; CBETOBHIE H 60-
Jle€ KOPOTKHE BOJIHBI U3MEPAIOTCA B MHKDOHaX, aHTCTpeMax
W HKC-eAHHHUaX. HacToThl OOGLIYHO H3MEPSIOT B repuax; aas
PanuoBOJIH NPUMEHSIOTCA KUJIOreplb! W Merarepupl. [Tomu-
MO [JUH BOJH H 4YaCTOT, B CIEKTPOMETPHH YacTO NOJb-
3YIOTC  B0AHOBLIM HUCAOM ¥, NPEICTABJSIONHM ¢O6OH
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YHCIO0 BOJH, TNPUXOANMIHXCH Ha efvdnuy aaunst. QOue-
BUHO,

- 1
v = I (8 1)
Yacto BOJAHOBOE YHCO onpeaeasorT Kak
~ on
V= (8.2)

A

EAuHHIaMY H3MEPeHHsi BOJHOBOIO 4icsa ABAAIOTCA 00-
paTHbie MeTpbl, OOpaTHble CAHTHMETpPBI, OOpaTHble MUKPO-
Hbl U T. A.

§ 8.2. SHepreTnyeckue XapaKTePHCTHKH H3JTy4YeHHs

Benuyutbl, XapakTepH3YIOlliUe 3HEPreTHUeCKYIO CTOPOHY
H3Ny4EHHs] 3JeKTPOMATHUTHBIX BOJIH, H3MePAITCH OOUMMH
SHEPreTHYeCKUMH eIHHHMIAMH, KOTOPLIMH H3MepAlTCA 3Hep-
rus, obbeMuas NAOTHOCTH IHEPTHH, MOTOK IHEPTHU M T. I
B HasBaHUM HEKOTOPHIX M3 3THX BEJMYHH OTPA3HIOCH TO,
UYTO OHM ABHJIMCH paCIUHpEHUeM NOHRTHH, MPHMEHSIOUIHXCS
B CBETOTEXHHKEe, XOTS OHHM MOTYT OTHOCHTBCA K TaKHM 00-
NacTAM CleKTpa, KOTOpble HAlHM IVIa30M He BOCHDHHH-
MaloTCsl.

flotok wsayqenus (notok myyucrofi suepruy) @, — xo-
JIUYSCTBO 3SHEPTHH M3JYYeHHsi, NPOXOoisilee B JaHHOM Ha-
npasaenny B eaunuuy Bpemenn. Kak mo  ¢usuueckomy
CMBICTY, TaK W IO €IMHHIAM M Pa3MEPHOCTH MOTOK H3Jiyue-
HHS COBEPINEHHO aHaNOrH4eH MOTOKY 3HePruu, PacCMOTpeH-
HoMY B miaBse 06 akycTuyeckux ennHnuax. Hamombum, uto
eAUHHIBI 1 Pa3MepHOCTh MOTOKA 3HEPruyM COBMAJaT CeqH-
HULAMH H Pa3MePHOCTHIO MOILHOCTH. 3aMeTuM JHilb, 4TO
Hapaay ¢ eIHHHUAMH 8T W Ipef/cex npyu H3MepeHHu NoToKa
H3TyUeHHsl TOJb3YIOTCHA TEIUIOBLIMU EAHHMIAMH Kai/cek,
Kkaafwac u T. W

[TosepxHocThaf NAOTHOCT6 nOTOKa udayuerun dd[ds
npeicraBaser co6oil NOTOK, NPHXOAAWMIACA Ha eAHHHLY NO-
BEPXHOCTH. 34eCh NMPUXOAHTCH PasaudaTbh HECKONBKO IOHS-
THA. XOTA eJHHHIbl H Pa3MEpPHOCTb HX COBNaAaloT.

Hurencusnocre 8 — norox 3Hepruy U3AYueHHA, TPOXO-
AAILEA B AAHHOM HanpaBJeHHM M NPUXOASLHHACA Ha elH-
HULY TOBEPXHOCTH, PACHOJOXEeHHOH MEePNCHAHKY/IAPHO 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)

KpoMme suepreTnHuecKofi CBETHOCTH, MCTOMHUK H3/MyUeHHs
XapaKkTepu3yeTCa sHepeeTuweckod CuAol C(8eTa W IHep-
eeTuvecKol  ApPKOCTLiIO. DHepreTHyeckas CcHaa cBeta J,
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onpenensieTcd Kak NOTOK M3JY4YeHHS HCTOUYHHKA, NMPHUXOIs+
umics Ha eJHHHLY TEeJECHOrO yrja B JaHHOM HampaBJeHHH.
Jlas ofHOro M TOro e HCTOUYHHKA 3HepreTHYecKas CHJa CBe-
Ta MOXeT ObITh Pa3/IMUHON B Pa3HLIX HanpasJjeHusax. Pasmep-
HOCTb JHEPreTHYeCKOH CHJIBl CBETa COBHAaRaeT ¢ PasMepHO-
CThIO MOTOKA H3JYYEeHHd, T. €. C PA3MEpPHOCTBIO MOIIHOCTH,
nockonbky B cucremax CH u CI'C y resecHoro yroa HyJe-
Basg pa3MepHocTh. B HauMeHOBaHHH eIMHHLl 3HepreTuue-
cKOfi CHJBI CBETa YKa3blBaeTcd e[IWHHIA TeNecHOro yriaa
crepaaunan. CoOTBEeTCTBYIOLIHE eNUHUUBl 6T/cTep, ape[cTep.

Inepeeruueckan apkocte B, npeacraBasier coboit sHep-
reTHYEeCKYI0 CHJY CBETa, NMPUXOAAILYIOCS Ha ENUHHIY MJ10-
Hiafy NMPOeKUHH MOBEPXHOCTH HCTOYHHKA HA HalpaBJeHue,
NEepHEeHAUKYAIPHOe HaANPaBJeHHIO DACNpPOCTPAaHEHHH H3MY-
yenusa. CoracHo 3TOMY ONpeie/IeHHIO

dl
B,= d_; ] 8.7)
3aech

ds’ =dscosa,

rae ds — pasmep 3JeMeHTa MJIOIMAJKH, a o — YroJd MexX1y
HanpaBjleHUeM HU3JyueHHS H HanpaBieHHEM HOPMAaJHU K [JI0-
nanke. ‘

Ecnu nanydyeHue HCTOYHUKA CBeTa Y/OBJAETBODPSET 3aKO-
ny JlamGepra, COracHO KOTOPOMY

Iy=1Iycosa (8.8)

(rne I, — 3HepreTHyeckas CHJa CBeTa B HaNpaBJeHUH,
NEePNeHUKYNIsiPHOM K HOBEPXHOCTH MCTOYHHKA), TO 3Hepre-
THYECKast SIPKOCTh HCTOYHHKA OJYHAKOBAa BO BCEX HAIpa-
Baenusx. Takue HCTOUHHKM Ha3bIBAOTCHA AamOepTosnimu.

PasmepHoCTh 3HepreTHueckoil sIpKOCTH Ta Ke, YTO U I10-
BEPXHOCTHOH MNJAOTHOCTH H3JyYeHHS

[B,]=MT"3, (8.9)

eauunubl: 87/ (m?-crep) u apef{(cex - cm?- crep),

Ob6vemHas NAOTHOCTL 3Hepeuu U3BAYHEHUA u. DHeprus
H3/yYeHUs, TPHXOAsSINAscd Ha eJuHULy o6beMa, Hasbl-
Baercsl 0OBEMHON MJOTHOCTBIO SHepruu uanyuenus. OGpem-
Has njoTHOCTh 3Heprun (cM. § 4.4) uamepsercs Odoc/m3,
apefcud u T. A
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Oco6rlii HHTEpEC npejcTabaser oObeMHas TJIOTHOCTD
5HEepPTHH M3JYYeHHSs!, €CJH 3TO H3JyyeHHe COCPeJOTOYEHO B
3aMKHYTOM 00BeMe. B aToM ciyyae usdyueHue NOTUHHAETCS
3aKOHAM H3JyuYeHHs] aGCOJMIOTHO UEPHOTO Teja, B YaCTHOCTH
sakony Ctedana — Boabumana, corsiacHo KOTOpoMy oObeM-
Hasg TIJIOTHOCTb HM3JyYeHHsI MNpPONOPLUHOHAIbHA YeTBepPTOH
crenend aGcoatoTHOi Temmepatypul. Ecay B oGosouke, B
KOTOpPO# 3aKJII0YeHO U3JAydeHHe, cleaaTb MaJoe (no. cpaBHe-
HHIO ¢ 0OUlell MOBEpPXHOCTbIO) OTBEPCTHE, TO 9TO OTBEpCTHE
O6yner aGCO/IIOTHO YePHBIM HM3JyuaTeseM, 3HepreTHuecKas
CBETHOCTb KOTOPOTO CBSi3aHa ¢ 006beMHOl IJIOTHOCTBIO SHEp-
THH U3Jy4YeHHs COOTHOLICHHEM

1
Ry = uc, (8.10)
rie ¢ — cKopocth cBetra B mycrore. [To 3akony Credana —
Bonbumana

R,=0T", (8.11)
rie o — nocrosindasa Credana — boarumaua:
0=5,669. 107" ar/(x® - 'K) =5,669 . 107° spe/(cex - cu® - 'K).

Hapsiny ¢ mnepeudcaeHHBIMH Bbilie 3SHEPreTHYECKHMH
XapaKTepUCTHKAMHU H3JyueHHsd, HUMENUIMMH HHTerpaJbHbif
XapakxrTep, T. €. He OTHOCSLIHMHACS K ONpedeJeHHOMY y4acTKy
CIEKTpPA H3JYy4YeHHs, BaXKHO€ 3HAUECHHE HMEIOT CIEeKTpalib-
HBlE XapaKTEePUCTUKH, NpPeACTaBISIOLIHe N[O CyllecTBY QyHK-
UM pacnpenefeHuss JaHHOH BeJIHYUHBI MO JJHHC BOJHBI HIH
1o yacrore.

[ToCcKOLKY H3JYYEeHHEe BCSIKOrO HCTOYHHKA He ABJSETCSH
HAeaNbHO MOHOXPOMaTHUECKUM, a TakK WJAM HHauye paclpe-
JIeJI€HO TIO CHeKTPY, NeACTBHEe H3AYUYEHHSI MOXKeT OblTh BECh-
Ma pasHooOpasHbIM, B OTHEenbHBIX CIyuyasix Mbl HCIOJb3YyeM
0cOGEHHOCTH paclpejesieHdss JAaHHOTO HCTOYHHMKA, B ApYy-
rux — npeobpasyeM H3JYueHHE OJHOrO CIEeKTpaJbHOTO CO-
cTaBa B Apyro#t (Kax, Hampumep, YabTPa(HONETOBOE H3JY-
yeHHe B BUJUMOE B JIOMHHECHEHTHBIX JaMllax), HakKoHell,
HHOra OT ONpeJeJeHHON YacTH W3JMY4YeHHA NPUXOANTCH 3a-
IQUIIATBCA U T. 1.

B cBazm ¢ teM, uTO NOHATHE (YHKUUU pacrnpeleseHud
OBlIO MOCTAaTOYHO NOAPOoOHO pasobpano B § 4.5, 34eck Mbl
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OTPaHHYMUMCS JIHIIb MaTeMaTHYECKUMHU BbIPaXKEHUAMU COOT-
BETCTBYIOIUMX CHEKTPa/bHBIX XapaKTePUCTHK, (opMmyaamy
PasMEpPHOCTH M eJHHHLAMHU.

ChnekrpasibHast IVIOTHOCTb [OTOKA HU3JYYEHHS MO JJIHHE
BOJIHEL
ddy

Par ="

(8.12)
pasMepHOCTb
[@,] =LMT >, (8.13)

Epunuunt B cuctemax CH u CI'C sr/m u apef{cex-cm).
B cnekrpockonuu OOBIYHO OTHOCSIT MOTOK K HHTEpBaNy
AJIUH BOJIH, W3MEpPEHHOMY TeMH eNMHHLAMH, KOTOpbie MpH-
MeHSIOTCA NpH H3MepeHHAX B J[aHHOH O6GJIacTH CheKTpa.
Tax, Hanpumep, AJsi BUAUMOH H NpUMBIKaiomeHd Kk Hefl 00-
NACTAM COEKTPa MOJab3yioTes eauHnuamu 67/A, ape/(cex - A).

CrnekrTpasbhas NAOTHOCTS NOTOKA U3AYHEHUS NO 4acroTe

dd,

Pov="7"

(8.14)

pasMepHOCTh
[@s,] = L*MT %, (8.15)

B panbHefiiieM Mbl He OGyAeM sl CIIeKTpanbHbIX pac-
npejefdeHuil cOeyHanbHO YKa3blBaTb, N0 AJHHE HJH MO Ya-
CTOTE AaeTCsl pacupeiesneHue, NOCKOJbKY 3TO sICHO U3 MarTe-
MAaTHYECKOTO OnpeneseHHs.

Cnexrpanbnasi 1JIOTHOCTH BENHUMH, ONpe/efsieMblX IO«
BEPXHOCTHON ILIOTHOCTBIO MOTOKA H3JyueHust (CHeKTpalibe
Hasi [VIOTHOCTh HHTEHCHBHOCTH, 3HEPTreTHUECKOW CBETHOCTH,
HepreTHuecKol OCBEUIEHHOCTU) paBHa

as adR, dl,
Sa=r Ra=77 Ea=— (8.16)

ds dr, _ dE,
S":W’ Ravz'&Va Esv”W: (817)
[Sil=[Rpl=[En]l=L""MT", (8.18)
[S\]=[Rao] =[Es] = MT ™", (8.19)

Emunnupt Sy, Ry, Eq onpeaensioresi pasmepHocTsiMu 8T/m3,
ape/(cex « cm®), Envuuunt S, R,,, Es, — 0xc[m?, apefcm?,
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CnekrpaibHasi NJAOTHOCTb JIHEPFeTHUECKOR CBETHOCTH
u3n1VyeHus abGCcosioTHO yepHoro Tena M, npeiacTaBieHa Ha
puc. 24. PasMepHOCTb CHEKTPaAbHOIO. - pacilpe/e/eHns
SHEpreTHUECKOH CHJbBI CBeTa COBIAA4eT C  PasMepHOCTBHIO
CMEKTPAJIBHOIO pachnpejieieHdss TNOTOKA u3ayueHus. Uro
Kacaercss COOTBETCTBYIOIUMX €AMHMH, TO, B OTJHYHE OT
enunuy @, wu @, B HX HA3BAHHAX py
yKa3blBaeTcsl OTHeCeHHe K efuiuue Te-
JIECHOTO yIJa, YTO OTParkaercs TaK¥kKe
B 3HaMmeHaTese 00O3HaueHHSl 3THX elH-
HHILL.

Touno TaK e pasMepHOCTb CHEKT-
paJjibHOrO  pacnpefieseHHs dHepreTHue-
CKOH SIDKOCTH COBNAafaeT ¢ Pa3MepHOCTHIO
TOBEPXHOCTHON - MJIOTHOCTH TIOTOKa (T. €.
MHTEHCHBHOCTH, 3HEepreTHYECKOH CBETHO-
CTH H 3HePreTHYecKo#l OCBELEHHOCTH),

a eJHHHUILI TTOJIyYaloTCs U3 COOTBETCTBYIO- e A
IIHX €IUHHL OTHECEHHEM HUX K €AHHHUE Puc. 24.
TeJIeCHOTO yrJa.

PasmepHceTh cnekTpanbHBIX pacnpeiesieHuii 06beMHoOi

NIOTHOCTH HEPTHH H3JYUYEHHS

[e,] = L™2MT %, (8.20)
[u=L""'MT" (8.21)

Kak ussectHo, mds aGcoaiotHo uwepHoro tena U, m U,
onpenenasiorca gopmynoi Ilnaunxa:

8nhe 1
U= 33 . R (8.22)
exp m)“‘
__ 8ahv? 1

R (%) — (8.23)

3nech h — nocrosHHas Ilnanka, k — nocroannas boabu-
mana, I — a6coai0THasd Temuoeparypa.

CnekTpanbHble paclpeleneHus 3SHepreTHYecKodl CBeTHo-
¢TH abCOMIOTHO YEPHOro TeNa. MOTYT ObiTh MNOAYYEHBl H3
(8.22) u (8.23) ymHoxeHueM Ha c/4.
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§ 8.3. CaeroTexHHYECKHE €JUHULbI

CBeToBBIE H3MEpPEHUst UMEIOT TY O0COBEHHOCTh, YTO B HHX
o4yeHb GOJbIIYI0 POJib HI'PAeT HeNOCpeACTBEHHOE OlLLyLIeHHE,
Takum o0pasoM, CBETOBble U3MEPEHUsi, CTPOro ropops, He
BrosiHe OGLEKTHBHBL, Tak Kak NpPH CBETOBBIX H3MEPEHHAX
Hac MHTEpecyeT TOJMBKO T4 YacTh OOLIEro NOTOKa JAYYHCTOH
3HEPrHM, KOTOpash HemoCpelCTBeHHO BO3ACHCTBYeT Ha Hall
Ijia3, TO OOBIYHbie 3HepreTHYeCKHe XapPaKTePUCTHKH sB-
JAA0TCH  yKe HepocraroudbiMu. [eficTBuTesbHO, H3 BCe#
rpoMafHON 06JacTM H3yYCHHBIX 3JEKTPOMATHMTHBIX KoJe-
Ganuil AHlIbL y3Kas MOJOCKAa BHAMMOFO CHEKTpa ¢ JJINHAMH
Bosid mpuMepuo ot 0,38 mx no 0,76 mx sBasercs pnaa Hac
«ONTHYECKH LEHHO{» WJIH, Kak rOBOpAT, o0jajfaer HOCTa-
TOYHOH BUJHOCTBIO.

Mbl pacrnonaraeM pasiHUYHBIMH TEXHHUECKHMH Cpei-
CTBAMH, KOTOpBi€ M03BOJSIOT 0OHapyXHBaTb M H3MepATh
U3/JYYeHHE 3JIEKTPOMATHUTHBIX BOJIH JM00Oro AManasoHa OT
IJMHHBIX, TIPHMEHAEMbIX B pajAMOTeXHHUKE, A0 KpaTuafmux,
PETHCTPUPYEMBIX CUETYHKAMH MPOHHKAIOIHUX H3/IYUEHHH,
HO, Kak O6bl HM OblIa BeJHKa MOIIHOCTb H3JYYeHUs, MB 110
OTHOLIEHHIO K Hel «CJemnbl», €CAH AJUHBI BOJH 3TOTO H37AY-
YeHUsl BHIXOMAT 3a IPaHMIBl YKa3aHHOrO uHTepBaja. boaee
TOTO, JaXKe BHYTPH 3TOTO WHTepBaja YyBCTBUTEJNBHOCTH Ha-
Liero raas3a pasinuHa H, CJeA0BaTeNbHO, Pa3JH4HbIE YyacT-
KH BUAMMON 00nacTH cnektpa obJafaloT pasiniHON BHA-
HOCThIO.

ITpakTuueckas CBeTOTEXHHKa BLIABHTAeT MHOIO BOIPO-
COB: KaKOH CHeKTpaJbHBLIA COCTaB CBeTa CJENYyeT CYMTaTh
HauboJsee «eCTECTBEHHBIM», KaK CPaBHHBATH MCTOYHHKH C
pasiHyHBIM CEKTPaibHBIM cocTaBoM u T. 0. OueBHjHO, He-
00XOJUMO JIOTOBODHTBCSI O KaKHX-TO eJHHBIX crocofax
CpaBHEHHS W U3Meperus BeJTHUYHH, KOTOpble AOJIKHBI Xapak-
1epu30BaTh HCTOUHMKH CBETA W YCJOBMS OCBELIEHHUS.

Kasanocs 6uf, uTo mpu 3TOM Haubojee Heaecoo6pas3Ho
06paTUTbCSl K ECTECTBEHHOMY COJHEUHOMY CBETY, B3fAB €ro
3a o6pasen aas cpaBHenusd. OQHAKO, KaK JErKO BHJAETH, Ta-
KOe MOHATHE, KaK eCTeCTBEHHbIH JIHEeBHOH CBeT, OKa3hlBaeT-
cs BECbMa paclJblBYaTLIM. Bpems roja, BpeMs CyTOK, reo-
rpaduueckast WUPOTA, NOTOJA, BHICOTA Haj YDOBHEM MODH,
4uCTOTa aTMocdepnl — Bce 3TH (PAKTOPhHI B BecbMa HIMPO-
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KHX TpejenaxX H3MeHSIOT KOJUUYECTBEHHbii M KaueCTBEHHBIH
cocTaB cojfHeyHoro casera. [losToMy npuxomutcs AOT0OBO-
puTbCSl 0 BBHIOOpPE HEKOTOPOrO HCKYCCTBEHHOrO MCTOYHHKA
cBeTa, KOTOPbIH /lo/2KeH ObITh NMPUHAT B KauecTBe MEXy-
HapojaHoro o6pasina. B cBoe Bpemsi 6bLIO NpeasnoKeHo MHO-
ro nonoOHBIX ofpasuos (cseua [eduepa, eaununa Buoas
U Ap.), KOTOpble B HAcTOsLlee BpeMsl MMeElOT JuHIb UCTOPH-
yeckoe 3HaueHue. OCHOBHBIM HEIOCTAaTKOM 3THX 006pasuoB
fblla TPYAHOCTb MX BocmpousBeneHusi. JKenarenpHo Gblio,
O4YeBHIHO, BLIOpaTb TAaKOH HCTOUHUK, CBETOBOE H3JYyueHHE
KOTOPOro onpejensnoch Obl BO3MOXHO Oo/ee oBwumu Qu-
3UUYECKUMH 3aKOHaMH.

[TockonbKY yHHUBepcanbHBIM H3AYYaTedeM siBasercs ab-
CO/IIOTHO YepPHOE Tes0, ero H3JyueHHe W OblIO NPHHSTO B
KayecTBe 3TaJOHHOro. TeMmmepaTtypa, IpH KOTOPOH MOJXKHO
HaXO[HTbCS M3Jyuamlllee Teso, AOJKHA OBITh 3aHKCHPO-
BaHa C BO3MOXHO OoJibliell TOYHOCTBIO, TAK KAK H3JYUEHHE
KPYTO pacrer ¢ teMmnepatypoil. B kauecTBe Takoit temmnepa-
TYpbl Oblia NPHHSITA TeMIEpaTypa 3aTBepAeBaHHs MAATHHbI
(2042° K). Ilpn 3TOM OCHOBHOH CBETOTEXHHUECKOH eIHHH-
ueil, BXoAsmel B uucaA0 OCHOBHBIX exuuuy CH, ycranas-
JIMBAeTCH  eIMHHLA CHJBl CBera cgeda (c¢g8) *), 3HaueHue
KOTODO#i NpPUHMMaeTCs TAKUM, YTO SIPKOCTh  MOJIHOTO
U3nyuatesns nOpM TeMnepaType 3arBepleBaHHSA IJIATHHDI
paBHa 60 cBeuam Ha OAMH KBajapaTHbI cantumerp. [Ipu-
MEHABLIasicA paHee MexXJAyHapoAHasi CBeya COCTaBJsieT
1,005 cs.

IlpunuMas cpeuy B KauecTBe OCHOBHOH €IHHHMIIBI, Ompe-
NeJISIIOT OCTaJlbHblE CBeTOTEXHHUYECKHe eJuHHLbL. B cBsAsu c
TEM, YTO CH/1a CBETa BK/AIOUAETCS B YMCJAO OCHOBHBLIX BeJiH-
unH, B HOPMYy/Iax PasMepHOCTH MOABJSETCS ee CHMBOJ, 060-
3HavaeMmbii I

Ceerosoii noTox onpeneisieTcs NPOU3BEACHHEM CHJIBI
CBeTa Ha TeJeCHBIA yroJa, B KOTOPOM paclipoCTpaHsercs
notok. B ofiiem ci1yyae HepaBHOMEDPHOrO HU3JYYeHHS

©= [ Idr. (8.24)

*) Tlpepanosaraercst 3aMeHHTb HA3BAHHE CBEYH MEKAYHADOAHBIM Ha-
sBanueM Kandera (K0).
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B cjyuae paBHOMEpHOTro HCMYCKaHns B npepejax yrja v

o=t (8.242a)
[lpu paBHOMEPHOM HCHYCKaHHM MO BCEM HamnpaBieHHAM
O = 4al. (8.246)

Jo seepenusi CH ocHoBHOH CBETOTEeXHHYECKON BEJIHUH-
HOll SIBAAJCS WMEHHO CBETOBOH MOTOK, KOTOPHIA onpejeisia-
¢l KaK MOI[HOCTb CBETOBOrO H3JyueHusi, OlleHHBaemasa 1o
NPOU3BOAHMOMY HM OMIyIIeHHIO. JTO ompejeexne nopdep-
KHBaeT CYyOGbEeKTHBHbIA, (PH3NOJNOTHYECKHA XapaKTep CBETO-
TEeXHHYECKHX BEJHUHH.

3a ejuHHLY CBETOBOTO MOTOKA TPHHHUMAETCS AOMER
(Am)— NOTOK BHYTPH TeJECHOro yrja B OMH CTe€paiHan
Npu cue cBeTa B OJHY cBeuy. Ejunnna cBeTOBOrO MOTOKA
JIOMEH BXOAMT B KAauecTBE OCHOBHOH B CHCTEMY CBETOBbIX
eMHUL, OCHOBAHHYI0O Ha CaHTHMETpE, TpaMMe H CEKyIIE,
BCAEACTBHE UEro 3Ty CHCTeMy mpHuATo oBosnauate CTI'CJL
PasMepHOCTb CBETOBOTO NMOTOKa COBMAjaer C pasMepHOCTLIO

CHJIbl CBEeTa ‘
[@]1=49. (8.25)

Koauuecrso csera (3Ty BeJHYHHY Ha3bIBAlOT TaKke, HE
oueHb YAaYHO, CBETOBOM SHeprueil) NpeiacTaBAser coboit
npou3Be/icHie CBETOBOTO NOTOKa Ha BpeMi ero .pefcTRHS

Q= wat. (8.26)
i

Pa3smepHoCTh

[Ql=TJ. (8.27)

Eaununa H3MepeHus AoMeH-ceKynda (am - cex).

[Togo6HO 3HEpPreTHYECKHM BeNHUUHAM, H3MepseMbiM
NAOTHOCTBIO NOTOKA SHEPTHH H3JYYeHHA, MOTYT ObITh Ompe-
JieJleHBl  COOTBETCTBYIOIHE CBETOTeXHHYECKHe BeNHuUHbl H
nx eauHuusl. [10oCKOJBKY 3TH OonpeAeneHHsl COBEPIIEHHO NO-
AOGHL ONpefeNeHHAM aHAJOTHYHBIX IHEPreTHUECKHX BeJH-
UMH, Mbl OFpaHHYUMCSE OPMYJaMH ONpelefdiouUX COOTHO-
[IEHHH H OnpeAeleHHiMH eUHHIL

CaeTHOoCTb.

a®d
== (8.28)
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3a eAMHHIY CBETHOCTH TPHHHMAaeTcs CBETHOCTb MCTCUHHKA,
KaXXAblil KBaApaTHbIll METP KOTOPOTO Aaer CBETOBOH MOTOK
ONMH JIOMeH. DTa eIHHHLA Ha3bIBaeTCs A/OMeH Ha Kead-
pattoti merp (an/m?). Panbuie 3Ta efMHHIA HasblBajach
padaworc (pax). Eannuna cucrembl CTCJT aromen na ksad-
pathoiil cantumerp {(am/cm?), oueBupHo, B 10* pas Goab-
we, uem am/u2. Tlpexnee Haspauue epuuuipt CICJT—
padgor. '
HHTencusHoCTs ©8eT08020 NOTOKA, KaK U CBETHOCTDb, U3-
Mepaercsa B amfy® n amfem?.
OcBeleHHoCTh
dd
d_s.

E= (8.29)

EAMHHMNA OCBElEHHOCTH A/KC (AK) — OCBElLeHHOCTh MNO-
BEPXHOCTH, Ha KaXX/[blli KBaJpaTHBII METp KOTOPOH majgaer
cBeTOBOH NOTOK B oful JioMeH. B cucreme CI'CJI enunnua
OCBELIEHHOCTH (POT — OCBEIEHHOCTb MOBEPXHOCTH, HA KBaA-
paTHbIi CAHTHMETP KOTOpOil Tajaer NMOTOK B ONHH JIOMEH

1 ak=10"* ¢.

I/ICHOJIbSYH BblpameHne [J1f OCBCILCHHOCTH TIOBEPXHOCTH
HCTOYHHKOM cBera cunofi [/ CBeqeﬁ, pacno/ioKeHHbIM Ha
PacCTOAHNN I' METPOB OT ocBellaeMoH NOBEPXHOCTH

E=—pcosa (8.30)

(a0 — yroJ Mexay HanpabjeHHeM CBEeTOBOLO NMOTOKa H HOp-
MaJibl0 K OCBEILEHHON MMOBEPXHOCTH), MOXHO ONpeleNHTh
JIOKC KaK OCBELICHHOCTh MOBEPXHOCTH, Haxoisuleficss Ha
paccTtosiHun 1 M OT HCTOUHMKa CHJIOH B OAHY CBeuy W pac-
NOJIOKEHHOH NeprneHIRKYJASpHO NajalolleMy CBeTy.

Aprocre. Epnnnina spKoCTH HUT (HT) — APKOCTL HCTOU-
HIIKA, Ka)XAbIH KBaJApaTHBIH METp H3Jyyaiolledl NMOBEPXHO-
CTH KOTOPOTO HMeeT B AaHHOM HanpaBJieHHH CHJIY CBeTa,
paBuyio oaHoil cBeue. B 10* pa3 Gosabias eaununa (cseua
¢ kBagpathHoro cautumerpa) cucrembpl CI'CJI naswmiBaercs
cTured (c6).

Jlnst uaMepenuss HecaMOCBETAIMXCA NOBEPXHOCTEH HHO-
Flia NPHMEHSIOTCS CrenuasbHble eaunuusl. Ecau mosepx-
HOCTb HMJEaNbHO pacceHBaeT CBeT 110 BCEM HAlpaBJEHUSIM,
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COBEpIIEHHO €ro He Torjollas, TO Takas MOBEPXHOCTh 006-
Jajaetr cBoHcTBOM JamOeproBa HCTOUHHKA, SIPKOCTB KOTO-
poro, OIKHAKOBafA BO BCEX HanpaBJeHHsaX, paBHA

1
B_}TE‘ (8.31)

ApKrocTh HAeanbHO Genofl MOBEPXHOCTH, OCBELIEHHOCTH KO=
Topoii paBHa oxHoMYy GOTY, HasbiBaeTca aambept (46). U3
dopmyan (8.31) caeayer, yto 1 126 = 1/n ¢6 = 0,318 c6.
SIpkocTb TaKoH K¢ IOBEPXHOCTH MpPH OCBEHIEHHOCTH OJHH
JIOKC Ha3biBAIOT HHOrja anoctuavd (ac6). COOTBETCTBEHHO
1 ac6 = 10"t 26 = 3,18 1075 ¢6 = 0,318 ur.

Enunynbl BceX nepeunceHHbX BeJHYNH (CBETHOCTb, HH-
TEHCHBHOCTD, OCBEILEHHOCTb, APKOCTb) B KaXKAOH cucTeME
coBNajnaloT ¢ Toft AuuIb ocoB6enHOCThbIO, uto B chHcteme CH
B (OpMYJIB Pa3MEpPHOCTH BXOJAMT CHMBOJ DPa3MepPHOCTH CH-
awl ceeta (), a B cucreme CI'CJI cumBON pa3sMepHOCTH
ceerosoro noroka {M@). Dtu pazMepHOCTH

[R]=[E]=[B]=L""9 = L™®. (8.32)

Kpome nepeuncsenHblX BeJNUYHH, B CBETOTEXHHKE MpH-
MEHSIIOTCS  Ocgequsanie — NPON3BeJileHHe CHIbl CBeTa Ha

Bpemsa ocBeluenus
C=1It (8.33)

H KOAU4ecTB8O OcCBeuieHus — NpousBe/lentHe OCBEUICHHOCTH
Ha BpeMs1 OCBEIEeHUA

H = Et. - (8.34)

OcreunBaHne H3MepsieTCsl B €6+ CEK, KOJHYECTBO OCBelie-
HUA — B AK » CEK U § - Cek.

§ 8.4. Cpssb Mexay CyObeKTHBHBIMU M OObEKTUBHBIMH
XapaKkTepucTHKaMHU CBeTa

BénuuyuEb, eJHHHLl KOTOPLIX ObLAM PacCMOTPEHHl B
npeAbAYIUHX [ABYX Naparpadax, pe3ko OTJIHYAIOTCs APYr
oT japyra no crnoco6y ux perucrpanud. Ecam sHepreTnue-
CKHe BEJUUUHBI T0JJeXaT O6bEeKTHBHOMY H3MepeHHIo ¢ 110-
MOIHBIO TEX HJH HHHX NpUGOPOB, TO OCHOBHEIM <«npHEO-
pPOM®, C TIOMOMIBIO KOTOPOTO MOXCHO H3MEpATb CBETOTEXHH-



§ 8.4] CBS3b MEJXIY XAPAKTEPHCTHKAMH CBETA 293

yecKkue BEJHUYMHBI, B KOHEUHOM CYeTe SIBJETCH 4YejoBeye-
CKHH r1a3.

BosHukaer Bompoc, KakuM oOpa3oM MNpPUBECTH B COOT-
BETCTBHE CYGBEKTHBHLIE BENHUHUHBI, OLlEHHBAEMble TIO NMPOH3«
BOJAHMOMY OILYILEHHIO, C MPSAMBIMH 3HEPreTHYECKHMH H3Me-
penusiMu. Ilas aToro, oueBHAHO, CJAEAYET YUUTHIBATDH TOJABKO
«IEHHYIO» YacTh, & He BCE H3JyUeHHE SHEePrHH HCTOUHHKOM
CBeTa, MOCKOIbKY BCAKHMH HCTOYHUK, B OCODEHHOCTH TeI.1o-
BOH, MOAAB/AIONIYI0O YaCTb 3HEPTHH H3JAY4YaeT BHE BHUAHMOH
objacta crexkrpa. BnibpaB onpeneseHHBH Y3KHI y4acTOK
CIEKTPa, C/leiyeT U3MEPUTh HEPruIo, H3JAyuaeMyio B 3TOM
y4acTke, H TOT CBETOBOH IIOTOK, KOTOPHIH MPU NaHHOH 3Hep-
THH DoJiyuaercsl, 3ajava OCJOKHSETCS TeM, 4TO M3MepeHHsd
IIPUXONUTCA COYETATh C CYGBEKTHBHBIMU HaGJIIONEHHSAMH, a
TaK KaK Yy pasHBIX JIOJedl 3aMeTHO OTJHYaeTCAd YYBCTBH~
TeJAbHOCTb K DA3JHYHBLIM IBeTaM, TO NPHXOAUTCH MPOH3BO-
JAMTh H3MepeHHsl, NpHBJeKas O6oJblIoe 4uCA0 Habaropare-
Jefl ¢ TeM, YToOBl MOJNYYHTH JAOCTATOYHO OBGOCHOBAHHBIE
CTaTHCTHYECKHE CPe/HHe BeJHYUHBL.

HceaenoBanus mokasanu, YTO «CPeIHHH ryas» Mo-pasHo-
My pearHpyeT Ha pa3Hble YYacTKH CriekTpa. HyBCTBUTENb-
1I0CTh TJ1a3a pacTer, HauuHasi OT CaMblX KOPOTKHX BOJH
(nopsanka 0,4 mx), moctHraer MakCHMyMa TpH JUIHHE BOJ-
itbl okosto 0,554 mx u 3aTeM cHoBa yObiBaeT. DTy 3aBUCH-
MOCTb XapaKTepH3yloT CleLHaJbHOH BeJHUYHMHOH, KOTOpas
NMONYYHIa Ha3BaHUE BUOHOCTU.

[Tpu atom nmon abcoaroTHol UOHOCTHIO, WK, KAK HHaUe
rOBOPSAIT, CBETOBOH OTAayYed, Mbl MOHUMAEM OTHOUIEHHE CBe-
TOBOrO NOTOKa (T. €. OLIEHHBAEMOH HAaIIAM [a30M MOILHO~
CTH) K COOTBETCTBYIOIIEH MCTHHHOH, MONHON MOILHOCTH Jiy-
YHCTOH 3HEPruu

V=3 (8.35)

rie V — BUAHOCTD, a D, — MOIIHOCTh JYUYUCTON SHEPTHH.
Oo6biyno @, usmepsiercsi B Batrax, H Tak Kak @ usme-
psieTcsl B JIIOMEHaX, TO eJHHHLeHl BUAHOCTH ABJSACTCS AM/6T.
OrHouenye MOJHOTO CBETOBOTO MOTOKA O€JOro CBeTa K CO-
OTBETCTBYIOLIEHl MOLIHOCTH JYUYHCTOH 3HEPrHH OOLIUHO Ha<
3BIBAIOT NOAHOU 8UOHOCTH0, B TO BPEMsI KAK COOTBETCTBYIO«
llee OTHOLIEHHE MJA CBETa ONPEJeNCHHOH JJIHHBL BOJAHBI
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HA3LIBAIOT MONOXPOMATUYECKOL 6UOHOCTLIO HIH BUOHOCTHIO
MOHOXPOMATUYECKO20 CBETA.

Buanocth npenctasiser coboit ocobyio, cnenuduyeckyo
BENHUMHY, TMO3BOJSIOILYIO NEPEXOAHTh OT SHEPreTHYecKux
BeJIMYMH K CBeToBbIM. [To3TOMY BHAHOCTH HacTO BHIAEIAIOT

V)\ K Y
amafm
700

600 -
500
4001 0.6
3001 g

2001 \
w0 %2

03 04 05 08 07 48

- 1.0
-0.8

Puc. 25.

B KauecTBe OCHOBHO! BeJHUMHEI, UMeloleldl 0cobyi0 pasmep-
wocte (V).
B 3toM cayuae pasmepHOCTh CBETOBOro NOTOKa Oyaer

[®] =[®,]}[V]=LMT""V. (8.36)

OtHocutesbran 6udnocTs. Kak MBl yiKe TOBODHAH Bbi-
lie, BHAHOCTH B OTHEJABHBIX yUacTKax CHOEKTPa pasanyHa.
OTHoweHHe BHIHOCTH JaHHOH AJUHBI BOJAHBI K MaKCHMalb-
HOHl Ha3biBaeTCsl OTHOCUTENbHOH BHIHOCTHIO

4
Ky =2 (8.37)
max
Ha puc. 25 npencrapneHa Kpusasi CHEKTPaJbHOH 4yB-
CTBUTEJNBHOCTH TJlaza, NpHYeM MO OCH abCHHCC OTAOXeHb
JJIMHB BOJIH B MHKpOHaX, a 1Mo OCH opjuHar abcomoTubie
M OTHOCHTEJbHbIE BHJHOCTH. Kak BHIHO H3 PHCYyHKa, Ma-
KCHMa/ibHaA BHAHOCTb NpH /[JauHE BOJHH A = 0,564 mxrm,
Jexauie#i B 3eneHoii 006JacTH  COEKTpa, COCTaBAsier
683 anm/ar.
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HcTouHHK, KOTOPBIH BCIO CBOIO SHEPruic oTHaBan Owi
TOJNbXO B BHJE H3JyueHUd C AauHo# Boaubl 0,554 mxm, o6-
Jajaj Obl HaunbGoabliell 3KOHOMHYHOCTbIO. OHako TakoH
HCTOYHHK HAC COBEPUIEHHO He YAOBJETBOPsa Obl, TaK Kak
BCE OKpYJKaloliue Hac npeaMerhl Obwin OBl OKpallleHBl B
OJHUH 3eJIeHblll 1BeT U OTJAHYaJuCh Obl JHlb TEM, YTO OAHU
Ot Obl cBersiee, a JApyrue — temHee. Hauwayumum 6bia
OBl TAaKOH HUCTOYHUK, KOTOPBI u3ayyan O6bl SHEPTHIO TOJNBKO
B BUAHMOH 06JacTH, MPHUYEM C TaKUM pacHpeleNeHHEM HO
JJiHHaM BOJH, KOTOPOE COOTBETCTBYET YC/JIOBHOMY «CpejHe-
MY COJIHEYHOMY CBeTy». Ec/au NpHHATH 34 eAHHHUY 3KOHO-
MHYHOCTb HJeaJbHOIO HCTOUHHKA, T. €. TAKOro, KOTOPHIA
13/7yyaeT TOJbKO CBeT ¢ AAuHOK BoaHbl 0,554 MK, TO 3KO-
HOMHYHOCTb HAEAJBbHOT0 «JIHEBHOTO» HCTOUHHKA 6blla Obl
0,35. UcTouHHKOM TeN/10BOrO H3JydyeHHs, HauGojiee npubIn-
KAOUWHMCA MO COCTAaBY H3JYyUEHHA K COJHEUHOMY CBeTY,
sIBJAsIETCSt a0CONIOTHO YepHOe TeJO ApPH TeMmIliepaType OKOJO
6000° K. Ero sxoHomuynocTs cocrabasier okosao 0,14. Bxko-
HOMHYHCCTb JIaMIIOYEK HaKaaueaHHsA okojo 0,02, momuhe-
CUEeHTHBIX Jamn — okoso 0,06.

Mexanuueckuti sxsusanenr ceera. Kak BumHo us puc. 25,
IJ5i MaKCHMaJbHOH BH/HOCTH Mbl HMeeM 3HaueHHe

Vmax = 683 am/er.

Bennunna, ob6patHad Vmay, HasbiBaeTcs MeXaHHUYECKHM
9KBHBAJICHTOM CBeTa

Moy = 7—=1,466 - 107 ar/a. (8.38)
max
Tlo cyuiecTBy 3TO — MHHHMaJbHBIH MeXaHUYECKHH IKBHBA-
JIeHT CBeta, T. €. Ta MHHUMaJibHafd MOIUHOCTb B BaTTaX, KO-
Topas cnocobHa co3iaTh noTok B | as B Haubosee BOCTIPH-
HHMaeMOH HallMM IV1a30M CHeKTpaJbHOH o6JjacTH.

§ 8.5. Eaunuubl W3MepeHuss napameTpoB
ONTHYECKHX NPHUOOpPOB

B stom mnaparpade Mbl paccMOTPUM €JMHHIHI BeJH-
YMH, XapaKTepU3YIOULIMX ONTHYECKHe CBOMCTBA npUGOPOB.
ITo cymecTsy 5TH BeJHUHHBI ¢J€A0BaJO Obl OTHECTH K
rpynne TeoMeTPHUYECKHX BeJNHUYMH, HO, MOCKOJbKY ¢ HHMH
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ODPUXOIUTCA BCTPeuaTbcsi B ONTHKe, MBI couau GoJee
1esecooGpasHbIM BKJAIOUHTE HX B pasles eidHHL, OTHOCH-
IIAXCS K TEODUH H3JYUeHHS.

Onruyeckasn cusa. Ecau Ha npuGop mafaeT miockas
CBeTOBasl BOJIHA (MmapaJiesIbHEIE JYy4YH) M npubop coobuiaer
el KpUBH3HY, paJlyC KOTOPOH paBeH f, TO Mbl FOBOPHM, UTO
3TOT npubop ob6/agaer ONTHYECKOH CHIOI

D= % (8.39)

3a eJUHHIY ONTHYECKOH CHJIBI TPUHMMAETCA OMNTHYecKas
cHJa Takoro mpubGopa, KOTophll coobillaer IMJIOCKOH BOJIHE

A

7Y,

V

ot [ i
Puc, 20.

KPUBH3HY, paJuyC KOTOpO#l paBeH opHoMmy MeTpy. Takas
ONTHYECKas! CHJIa HOCHT Ha3BaHHe OUONTPUL M B 3aBHCH-
MOCTH OT HanpaBJeHHsl pajuyca KPHUBH3HBI CUHTAeTCs JuG0
HOJOXKHTEIbRON (CXOAAIUECH JYyuH), JHGO OTPHUATEAbROM
(pacxopsiimecs Jyun).

PasmepHOCTb AHONTPHH

[D]1=L"". (8.40)

T'rasuoe gokycroe paccroanue. Beanuuna f, o6parnas
ONTHYECKOH CHJie, HOCHT Ha3BaHHe T[JIABHOrO (OKYCHOrO
paccrosinua npuGopa H H3MepseTcst OGBIYHO B METpax WJu
B CAaHTHMETpaXx.

B ciyuae Tonkofl muH3BI IaBHOE (GOKYCHOE paccTOfHHe
npejcrapaser co0off pacCTOsHHWE OT JHH3B [0 IJIaBHOTO
dokyca, T. €. 10 TOUYKH, B KOTOPYIO COGHPAIOTCSA JIYUH, ma<

Jlalolliie Ha JIHH3Y NapaJi/iesibHO TJIaBHOM OMNTHUYECKOH ocH
(puc. 26).
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s pacceMBajOUIMX JIMH3 IVIaBHBIM (DOKYCOM SIBJSIETCSH
TOYKa, B KOTOPOH Me€peceKaloTCsi NPOLOJKEHHS pacxons-
HIMXCs Jyuel, NOAYUeHHbIX B pe3y/bTaTe MajeHUs Ha JHH3Y
NyyKa napajjenbHbX ayueit (puc. 27).

fme [
|
I

e

L -
ot 77,
$:\

~

\

/

/ /

Puc. 27.

Jng cnoXHOM NEHTPHUPOBAHHOH ONTHYECKOR CHCTEMB
rjiaBHoe (OKYCHOE pacCTOsHHE H3MEpSieTcsl OT IJ1aBHOro

Tnabras
nagcKocmy

dokyca, T. €. TOUKH JNEfCTBHTEIBHOTO WAH MHHMOTrO mepece-
ueHnsl Jydeh, BHIXOASLIMX H3 npubGopa, NpH BXOAE HX B pH-
Gop napaafeJbHO TNaBHON ONTHYECKOH OCH, AC TJaBHOM
TJIOCKOCTH — TJIOCKOCTH, B KOTOPOIH MNEpecekaloTcsi Hanpas=
BJIeHHA Najaloulero H BHIXOAslero ayuefl (puc. 28).
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Cserocusa — OTHOWIEHHE JHaMeTpa BXOAHOTO OTBep-
crusi mpubGopa K ero IJaBHOMY (POKYCHOMY pacCTORHHIO.
OO6blYHO CBETOCHJIY HPENCTABAAIOT B BUAe APOOH, B UHCJH-
TeJe KOTOPO# CTOMT efuHuNa. Tak, HamhuMep, roBOPAT, UTO
«cBerocusia Qoroannapara pasHa 1/4,5». Cserocuaa siB-
JsieTCsl BeJIMYMHON OTBJEUEHHOH, HYJEBOH pa3sMepHOCTH.

§ 8.6. Exunaust n3mepenus
ONTHYECKUX CBONCTB BEHieCTBA

Iloxasaress npesomaernus n. Ilpn npenomieHnu cBeTa
Ha TpaHHOe pasjena ABYX M3OTPOMHBIX CPEJ OTHOLUEHHE
CHHyCa yIyla majfeHusi K CHHYCY yrJia npenomieHus (yraot
OTCUHTHIBAIOTCS OT NePOeHAMKYAApa K TpaHHIe pasfena)
ocTaeTcsl BEJHUHHOH MOCTOSIHHOA. DTO OTHOMIEHHE HOCUT
Ha3BaHHEe [I0Ka3aTess MpeJOMJIeHHs BTOPOH cpeibl NG OT-
HOILEHHIO K TepBO#l, UIH OTHOCHTEJIBHOTO NOKasaTeds npe-
JIOMJIEHHUS.

B Tom ciy4ae, Korga cBeT najaet M3 OVCTOTHl B JAHHYIO
cpeay, Mbl HasbiBaeM 3TO OTHOIIEeHHe alCOJIOTHBIM NOKa3a-
TeseM TpeJOMJEHHS, Noaras TeM caMbiM MOKa3aTelb npe-
JIOMJIEHHSI TIYCTOTH PaBHBIM efuHHule. F3 ompepenenus cihe-
AYeT, 4TO NOoKasaTeJb NPEJOMJEHHs eCcTb BeJHYHHA OTBJE-
YyeHHasl.

Jyuenoeaowaresstan cnocobrocre (xKospduuHeHT Mmo-
TJIOLIEHHS JIYYUCTOH 3HEPrHH) nOpeiacTtas/isier cobof OTHO-
lede MNOrJoliaeMofi TenoM 3SHepruM KO Bcel majamoulei
Ha Hero suepruu. Pasymeercs, JyuenorJollarejbHasf CIHO-
COBHOCTDL SIBJSIETCA BEJHYHHOR OTBJICUEHHOM.

Caerosble Koappduyuentot. Tlpu naneHuu CBETOBOTO TMo-
TOKa Ha MOBEPXHOCTb KaKOro-1HGo Teda 4yaCTh 3TOTO CBe-
TOBOTO IIOTOKA HEMOCPeACTBEHHO oOTpakaercsi (mo 3akouy
oTpaKeHus), yacTb GoJiee HIH MeHee PAaBHOMEPHO pacceu-
BaeTcs BO BCE CTOPOHBI, YaCTh [OMIOILAeTCH H 4aCTh NPOXO-
auT HackBo3b. OTHOIIEHHS 3THX CBETOBBHIX MOTOKOB KO BCe-
My [ajaiolieMy CBEeTOBOMY [OTOKY HOCAT Ha3BaHHMA COOT-
BETCTBEHHO Ko3ghpuyuenra oTpaxcesus R, Koapduyuenra
paccesnun S, koappuyuenra noesowenus K u koagpdpuyu-
enTa nponyckarus v (npospaunocrs). ITlocaennue nBa
K03 @uliHenTa OObIYHO NOJIE3HO OTHOCHTL K eJHHHIE TOA-
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yA

HIHHBL cnosi. B wactHocTH, K03dhduumeHT norsomenus, or-
HeCEHHBI K eAHHMUE IJNHHBI, MOXeT ObiThb OnpejeleH [o
tdopmyne

S = Se~Kx, (8.41)

rae So— HHTEHCHBHOCTb NalaiOlLEro CBETA; S — HHTEHCHBs
HOCTb CBETa, NPOLIEIIEro Yepe3 TOMUUHY X.
OueBnano, pasmepHOCTb KOYDPUUHEHT]

Kl=L"", (8.42)

TaK Kak MOKa3aTesb CTeneHu ponaxed obnanath HleeBOﬁ
Pa3MepHOCTLIO.



Fraasa 9

HekoTopble eIMHHLBI ATOMHOW (DH3MKM

§ 9.1. Brenenue

Paseurde aToMHOH (HU3HKH TOPOAWIO 3HAYUTEJIbHOE
yHea0 crieHu(HIecKHX METOJ0B H3MepeHuil CBOMCTB aTOM-
HBIX YaCTHL, BeJMYHH, XapaKTepHU3YIOIMX MPOUECChl, B KO-
TOPBIX OHM yuacTBYyIOT, u T. 1. [Ipu sTOM BO MHOTHX CaY-
yasix OKa3a/JoChb YAOGHBIM BBECTH CIelHaJbHble eIHHHIbL
H3MepeHul, YaCTHUHO OCHOBaHHbie Ha eJMHMIAX CHCTEMBI
CI'C, uacTHuHO CMeIIaHHOTO XapakTepa, a IOAYac W He
CBSI3aHHBlE HEMOCPENCTBEHHO ¢ Kakoi-116o onpeneenHoi
CHCTEMOT.

B nocaeanee Bpema B JUTepaType HHOTAA BCTPE4aeTcs
CTpeMJ/ieHHe CBeCTH BCe MOJ00HBIE M3MEPeHHA K eAMHHIAM
oaHoii U3 obwux cucrem (uame scero CH), omnako B mo-
NaBJASIIOIIEM YHCJe HAy4HbIX CTaTell COXPaHAITCH Te €1H-
HHIBI, KOTOpble BCerja NPUMEHANHUCh B aTOMHOH (H3HKe.
He craBs nepesa coGoit 3ajauy M3/J0XKUTb BCE 3TH €IHHHLUEL,
MH paccMoTpuM HauGojee BaxkHbleé U T€, KOTODble MMEIOT
HauboJibliiee pacnpocTpaHeHHe.

§ 9.2. OcHoBHBle CBOICTBA ATOMHBIX
M 3JAEMEHTAPHBIX 4acTHIl

Maoca. Macca wyacTHIl MOXeT H3MepsATbesl Kak B abco-
JAIOTHOH, Tak M B oTHocuTenbHo#i mepe. ITox aGcosioTHOM
MBl MOHHMaeM 3Jech H3MepeHus OZHOH M3 OOLIMX eIMHHI
Mmacchl (Ke, &), MOA OTHOCUTENBHOH — 10 OTHOUIEHHIO K Mac-
ce OAHOH M3 YaCTHIl, YCJOBHO NMPUHHMaeMOH 3a eluHHLY.
BuiGop Takol eiHHHIBI, KOTOpas Ha3blBAeTCs aTOMHOM efl-
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HUIleH Macchl () Ha NpOTSKEHUM psijia JletT Hperepnes He-
KOTOpBie HW3MeHeHMs. PaHpule B XUMUH 3a €HHHIY Macchi
NpHHUMAJach OJHa UIeCTHaAuaTash aTOMHOTO Beca 3JeMeH-
Ta KHCIOpPOJa, a B (U3HKe — OJHA HIECTHAALNATas Macchl
CaMOr'0 JIETKOTO M3 H30TONOB KHCJODOAA, MacCOBOE YHUCHAO
KOTOPOTO paBHO 1lecTHajllaTd. HamoMHUM, YTO MacCCOBHIM
YMCJIOM Ha3bIBAETCS le0e YHUCJIO, PaBHOe OOLIeMy YHCIY
HYKJOHOB (T. €. IPOTOHOB U HEHTPOHOB) B AApE.

Tak KXak eCcTeCTBEHHBIH KHCJODOJ, COAEPHHUT TPH
yCTOHYMBBIX H30TONla € MAacCOBHIMH uyncaamu 16, 17 u
18, ¢ npoueHTHbIM copepxkanuem 99,76%, 0,04% u 0,20%,
TO XUMHUECKass aTOMHas eJUHHLIA MacChl 0Kasajach B
1,000272 pasa OoJblie (PU3HYECKOH AaTOMHOH eIHHHUILI
Macchl.

[IpumeHeHue onpeaeneHHON Bbliie (PHU3UYECKOH aTOMHOH
eJVHUNBl HMeJ0 P HeyaoOcTB, 0OYCAOBJEHHBIX TEM, YTO
TOYHble OlNpefeNeHUs] aTOMHBIX MacC 3IKCIePUMEHTAJNbHO
CBSI3BIBAJIMCh HE ¢ aTOMaMH KHCJIOPOLa, a C aTOMaMH yrJe-
poza. Iloatomy B 1961 r. MmexayHapoiHuble opraHH3alHH
(Cowos uyucrofi u npukaanuoii ¢usuku u Coi03 YHCTOH H
NPHKAAAHON XUMHU) NDHUHSJH DelleHHe YCTAaHOBUTb B Ka-
yecTBE ATOMHON €AMHHUBl Macchl (Kak B (pH3MKE, TaK H B
XMMHH) OIHY JBeHaAlaTy! MacChl H30TOma YIrJepoza ¢
MaccoBBIM uducaoM 12, I71a epunuya pasna 1,0003179 cra-
pofi «gucjaoponsoél» Gusuueckoéi enuHuusl. OHa oueHb
0JM3Ka K CTapoH XUMHYeCKON eAMHHIle Macchl, OTJAHYASICH
OT Hee JHIIb Ha HECKONbKO eIHHHI B NSATOM 3Haxe nocie
3anaTon.

AToMHbasi eamHuma Macckl paBua 1,6604.107%7 ge. Ilo
OTHOIIEHHIO K dTOMHOH eIUHHLE MacChl Onpeleisiorcs
ATOMHBIE Beca 3JeMEHTOB, MOJeKy/spHbie Beca (OTHOCH-
TeJbHblE MOJIEKYJSIpHble MacChl) XHMHUECKHX BeILecTB H
mMacchbt sigep. Maccbl a/eMeHTapHbIX uacTHUL OOBLIYHO OTHO-
CSIT K Macce 3JeKTpoHa m., pasHofi 9,109. 103! ke wnin
5,486 - 10~* aTOMHO¥ €JMHHUIILI MAaCCHI.

3apad. AtoMHble M 3JeMeHTapHBIE YacTHUB JUGO JH-
leHsl 3apsifia, aAub0 HMEIOT MOJOXKHUTEAbHBLIN HJAM OTpULA-
TeNbHBIA 3apAf, KpaTHBLIA 3apany 3jaexktpora. [lociaenuuit
paBeH

1,6021 - 107" x = 4,803 . 107'° CT'C.
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Mowmenr koauuectsa dsuxcenus (.MOMGHT umnyavca, me-
Xanuuweckutl MOMQHT) MHKpOYacTHL MOAUHHAETCA 3aKOHAM
KBAHTOBOH ~MEXaHUKH, COTJIACHO KOTOPBIM OH MOXKET IMPH-
HUMATh JHIUbL onpeAecseHHble JUCKPETHbIE 3HAYCHHA. ATH
3HaYEHHY ONPEAeAIOTCA BbipaxeHHueM

L=—2-ViG+D, ©.1)

rae h — nocrosingas [lnaHka, a j— KBaHTOBOE UYHCJAO MOJ-
HOTO MOMeEHTa KoJquuecTBa aBuKeHus. [locrosinnas [lnauka
paBHa

h=6,626- 107> dac - cex = 6,626 - 1077 ape - cex.
OrHouenye

P = 1,0545 - 107 Qo - cex = 1,0545 - 1077 ape - cex,

KOTOPLIM OOBLIYHO HOJIB3YIOTCSH B KBAHTOBOI MeXaHHKe BMe-
cto h, obosnauaerca h. KBaHTOBOe YuCJIO j MOXKET NMPHHH-
MaTb 3HaueHHus Jubo Henble, TUOO Noayuenable (T. e. HeueT-
Hble KpaTHbie 1/2), nuGo paBHsTbCA HyM0. Jas 3/1eKTpoHa
KBAHTOBOE YHCJO MOMeHTa o6o3nauaercd S=1/2 u Hasbl-
Baercss CHUHOBBIM yHc/oM. IToaTOoMy COGCTBEHHBII MOMEHT
KOJIMYECTBA ABHIKEHHA 3JeKTPOHA

L =%]/—j—=0,913- 107" G- cex = 0,913- 107 ape-cex.

(9.2)
Beawnunna
h

h=—5— 9.3)
CAYKHT B aTOMHON (PH3HKe eJIMHHLEH H3MEpPEeHHA MOMeEHTa
KOJMHUECTBA JBHIKEHHsL,

Maenutuoui momentr. B xkaaccuuecko#t Tteopuu bopa
3/JEKTPOH, ABHTasiCh MO KPyrosoii opbute BOKDPYr aapa,
npejcrasaser coboii 3aMKHYTBI TOK, KOTOPbIl, cCJiejoBa-
TenbHo, o6sagaer COGCTBEHHBIM MarHHTHbIM MOMEHTOM.
KsaHToBas MexaHHKa, OTKa3biBasACh OT HalVIAAHBIX MOJE/b-
HHIX mpeacTaBieHuii («opOuTa» 3JEKTPOHA B aToMe, «Bpa-
LIAIOILUACA 3NEKTPOH®), COXPAHAET HAJHUYHE TaKHX BEIH-
YHH, KaK PacCMOTpPEHUbIH Bblllle MOMEHT KOJAHYECTBA MABH-
JKeHHSl U COOTBETCTBEHHO MAarHHTHBLIH MOMEHT.
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B ksaccuueckoii Mojenu MarHHTHBIT MOMEHT aToMa BO<
fopoja B HOPMaabHOM (HEBO3OY:KAEHHOM) COCTOSIHMH Jier-
KO pacCuMThiBaercs cjefywomum obpasom. OrHomieHue 3a-
psilla 31eKTPOHa K MepHody ero oGpalleHus B aTome npef-
cTaBasier coG0H «CHJy TOKa»

e e
Cornacao nocrynary bopa
moat =4, . (9.5)

riae ap — pajuyc opOuTHl (Tak HasbiBaeMblil GOPOBCKUI pa-
nuyc). CnenoBatenbHo,

e
4n2ma§ ’

[:

H MarHuTHbifl MoMedT (0603HavaeMblfl B JaHHOM c/ydae up)

_eh 1
Y8 = dram (CH), }i 96)
eh .
Y8 = Tnme (Cro. j

MarautHbli MOMeHT, onpeaedsieMmblit dopumyaoir (9.6), na-
3biBaeTcsl MacHeroHom bopa u cnyXut epunnueil usmepe-
HHA MaTHUTHBIX MOMeHTOB. Ero snauenue

By =9,273.107" a . #*=9,273. 107" Qun - cmfec. (9.7)

Jnsi u3aMepeHHss MarHUTHBIX MOMEHTOB fiZePHbIX YacCTHIL
{10M1b3YIOTCA TaK Ha3blBaeMbIM A0EPHOIM MASHEeTOHOM, KOTO-
phlil onpeneasiercs no Toi Xke dopmyste (9.6), Ho c 3ame-
HOf Macchl 3J1eKTPOHAa Ha Maccy IpoOToHa, KoTopas B
1836 pas Goabwe Maccel 3jaexkrpoHa. OTciofa siepHbilt
Mar{eToH

-27 2 - —-24
py=25051.10"" a. s =5,050-10"" dun - cmfec. (9.8)
3aMmernM 3/eCh Ke, YTO MarCHATHble MOMEHTDL! fijep He
ABAAIOTCS UeABIMH KPATHBIMH SIAEDHOTO MAarHeTOHa, a Bhl
YHCJSIOTCA TIO JOBOJBHO CJOXKHOH ¢opMyne. B uactHocTy,
MACHUTHBIH MOMEHT npOTOHa paseH

B, =2,7928 1 = 1,4105- 107" a-u’=1,4105-10% dun-ci/zc.
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Junorvnoi moment. Iloaspusyemocto. DNEKTPHYECKHE
3apsiibl B MOJEKYJaXx MOTYT OBITb pacnpefeseHbl HECHM-
METPHUHO, B Pe3yJbTaTe uero MOMEKy/ia B LeJIOM MpHOGpe-
Taer 3JeKTPHUECKHH MUNOMBHBIE MOMeHT. JUMONbHBIA MO-
MeHT uamepsercsi Kak eaununamu cucrem CTI'C mmu CH
(cm. §§ 7.3 m 7.4), TaKk H ClelUHaJbHON eAHHHIel Oebad
(D), pasuoit 10718 exuuunbl Ccrc.

ATOMBl 1 MOJIEKYJIBI, Jla)e He HMes COOCTBEHHOro Mu-
MOJbHOTO MOMEHTa, MOTYT €rc npHo6peTaTtb IIOJ Aei-
CTBHEM BHEIIHEro IoJsl B pe3yabTaTe 3JeKTPOHHOH TmoJsi-
pH3aunH.

OrtHolllenye TPHOGPETEHHOrO JMINOJIBHOTO MOMEHTA K Ha-
NpsiZKEHHOCTH TOAS HasbiBaercst moaspusyemoctbio a. Co-
IJ1aCHO OIpeieN]eHHI0

a=l§l. 9.9

Pasmepuoctb o B cucremMe CI'C
[a] = L3 (9.10)

onpejeideT eIHHUILY CaHTHMETpP B KyGe.
B cucreme CH pasmepHOCTb o

[a] = M7'T' (9.11)

Us onpemesennst o 1o dopmyrae (9.9), noacraaas
po=1%k-m n E=16/nm 1 npousgois COOTBCTCTBYIOILKE
3aMeHbl, JIeTKO HafifieM, 4To efuHuna noaspusyemoctu CH
B 9-10'% pas Goabue egunuunt CI'C. To xe orHOWeHHe
MOXET OLITh Haligeno u u3 dopmyuasl pazmepHoctd. [Toas-
PH3YeMOCTb CBfi3aHa € JH3JeKTPHYECKOH NPOHHIAEMOCTHIO
(ecau TOC/eHSAS ONpPEeNsieTCs TOJIbKO 3JeKTPOHHOH moas-
pusaiieil) COOTHOUIEHHEM

e—1
i

o= , 9.12)
rie N — KOHUEHTP&alUs MOJEKY/1 AAaHHOTO BEnlecTma.
Bpemena ncusHu. Muorme sieMeHTapisie H aTOMHbIE
qyacTHUH He fABJASIOTCS CTaOHAbHBIMH W 4epe3 HEKOTopoe
ppeMsi nubo pacnajalorcs, au6o nepexojadT B JApyroe co-
croaHue. Jast XapakTepHCTHKH YCTOMUMBOCTH aTOMHBIX pas=
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NHOAKTHBHBIX silep MPHMEHSIOT MOHSTHe nepuoda noaypac-
nada, T. e. BpeMeHH, B TEUEHWE KOTOPOTO pacnajaercs no-
JIOBHHA HCXOAHOrO 4yHucaa aToMoB. Tak KakK H3MeHEeHHe YHC-
Jla PaJHOAKTUBHBIX aTOMOB MPOUCXOJIUT MO 3KCIOHEHIHaJb-
HOMY 3aKOHY

N = Npe™™, 9.13)

rie No— ucxoAHoe uuciao atomoB, N — 4quCI0 Hepacnas-
MXCS aTOMOB CHYCTsi Bpems f, A — Tak Ha3biBaeMas no-
CTOARKAA pacnada, TO Nepuoi noaypacnaga I onpenesdT-

csl ypaBHEHHEM
No

=== Noe 7, (9.14)
OTKYAa
In2 0,693
T=—==—". (9.15)

I XapakTepHCTHKH YCTOHYHMBOCTH aTOMOB B B030y-
XKJEHHOM COCTOSIHHM HOJIb3YIOTCS TOHSITHEM cpedHeeo epe-
MEHYU HU3HU T, KOTOPOE onpejeasercs H3 SKCIOHeHIHaJb-
HOrO 3aKOHA

N = Noe~1I%, (9.15)

T paBHO TOMY BpPEMEHHM, B TeYeHHEe KOTOPOTO HHUCJIO aTOMOB
8 BO30YXKIEHHOM COCTOSIHHH YMeHbIUHTCA B e pa3. Bpewms
nojypacnafa 4 cpejHee BpeMsl KH3HH CBA3aHbI OUEBHAHBLIM
COOTHOLLIEHUEM

T =0,693r. (9.17)

Jlunelinbie pasmepsl. B pamMKax KBaHTOBOH MeXaHHKH
He HMMEIOT CMblcJa Takde TMOHATHA, Kak «paauyc opbu-
Tbi» 3JIEKTPOHA, pajHyC KaKoi-inb6o 3/71eMeHTapHOH 4acTH-
bl (Hampumep, TOro e 3JekrpoHa) u T. n. OpnHako
L psifie cayyaeB yA00HO BBOAHTH ONpejeseHHble JHHeHHble
MacmiTabbl, B KauyecTBe KOTOPbBIX NDHHHMAIOT Te HWJH
uible BEJMUUHBI, NOJYYeHHble Ha OCHOBE KJIaCCHUECKHX
pacuetoB. Hanbosee pacmpoCTpPaHEHHBIMU ABJSIOTCS «KJac-
CHYECKUH pajguyc 3JeKTPOHAa», OIpeAeJasieMBli COOTHOLIe-
HHEeM

e -13
ro=—s=2,818.10"" cu (9.18)

mce
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K «paauyc nepsoi 60poBCcKOl opOUTLI»

b 05992.107% ca. (9.19)

Q="

Kpome Toro, B snepuoil ¢u3nke npumenserca eluHuua
AAMEL hepmu, pasHas 10713 ca.

§ 9.3. dddexTHrnbIe Ccevenus B3ANMONEHCTBUSA

Kaaccuueckan Kuuerudeckas Teopus ra3oB BBeJa NOHA-
THe AAHnb csoboHoro npobera, CBa3aB €e ¢ NOHATHEM NO-
NepeyHoro CeyeHHA CTaJIKHBA-
joutuxcst yactuu. Aromuas ¢u-
3HKa pacluhpujia NOoHsATHe no-
nepevyHoro  cevueHUs H - OLHO-
BpeMEHHO  pacujeHn/]a ero,
yCT@HOBHB NOHSATIE 3(PheKTHD-
HOTO NONEpPevYHOIo CeueHus no
OTHOLLEHHIO K  TOMy Had
HHOMY KOHKDETHOMY lipouec-
Cy B3auMOIeiicTBHA aTOMOB,
HOHOB, MOJIEKYJ], siAepHbIX Ya-
craun uw 1. n. Houarue agpex-
TUBRO20 NONEPLUHO20 CEeHeHUS
(B «nabopatopuom obuxones
KPaTKO TOBOPAT «CcyeHHes)
no OTHOILEHHUIO K KakKomy-aubo

NPOHECCY NPOoHle BCCrO NOSICHUTL Ha cjelyiolleli noaykaac-
CHYECKON cxeme, KOTOPYIO Mbl PACCMOTPHM 110 OTHOWEHHIO K
KOHKDCTHOMY MPHMEPY BO3OYX/AEHHS aTOMa 3JEKTPOHHBIM

- yaapom (puc. 29). [lyctp anexTpoH 3alnaHHOR CKOpOCTH
JeTHT NCPNEHANKYASPHO MJACCKOCTH YepTexa no Hamnpassie-
HHIO K ATOMY C <«OPHIENbHbIM paccToanueMs r. ITox npu-
LEJNBHLIM PAacCTOSTHHEM, HAY NapaMeTpPOM CTOJNKHOBEHHS MBI
OyneM NOHUMAaTh JJIMHY NepneHAHKYJAsipa, ONYIIEHHOrO H3
HeHTpa aTOMa Ha NPAMYIO HanpaB/AeHHs TepBOHaua bHON
CKOPOCTH 37eKkTpora. IlycTe, nanee, npu AaHHOM NpHUE]b:
HOM paCCTOfIHHMM BePOSTHOCTHL BO3OYXKAEHHS aToMa paBHa
w(r). Hzofipazum KoJBLO, OFpaHHYEHHOE pARUYCAMH r i
7 4 dr, n BhIeTHM H3 HEM [0J0, PaBHYIO

do = w(r)2nar dr. (9.20)

Puc. 26.
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Bennunny, KOTOPYIO Mbl [IONy4UM, NPOHHTErPHPOBaAB d¢ 10
BceM 3HayeHusiM r oT 0 10 oo,
oo
0=2nf w(r)rdr, (9.21)
0

HA30BeM AhexTusHbLIM nonepedtoim cetqenuem 8030yide-
HUf aTOMa 3JEeKTPOHOM AaHHOfi ckopocTd. To, uT0 ¢ HMeeT
pa3MepHOCTb IJIOLLAJH, BHAHO M3 onpeneisiowen ¢popmy-
Japl. Uro Kacaercss (H3UYECKOro CMbi¢/a O, TO, KdK JIETKO
BHJETb M3 OlpejAeneHus, 3ddekrTupHoe ceveHue Mpeacra-
pJsieT coBoil Takoe ceueHue, KOTOPbIM A0/KeH Obl1 Obl 00-
JanaTh aToM, YTOOBI NpH KaxKA0M TONaJaHHH 3JEKTPOHA
B0O36yXKJeHde [MPOUCXOAHWNO CO CTONPOUSHTHOH BEPOAT-
HOCTBIO.

INousitue 3¢Q¢eKTUBHOrO MONCPEUHOro CeYeHHs UYpe3nbi-
yaflHO LIMPOKO HCIOJAb3YeTCs B aTOMHOH M ALEPHON uH3H-
Ke ¥ B o6aacTax QHU3HKH, HCCACAVIOUINX MaKPOCKONHUYECKHE
POLECCH, CBSI3aHHDbIe C B3aUMOACHCTBUEM ATOMHDBIX YaCTHIL
Ono npuMeHsiercss AJisi KOJMMYECTBEHHOH XapaKTePHUCTHKH
BCEBO3MOMKHBIX VIPYFHX ¥ HEyNpyrux IMpOLECCOB B3aHMO-
nefcTBus,

Jlns wuamepenust 3GGEKTUBHBIX TOMEPEUHBIX CedYeHHH
N0AB3YIOTCS PasibIMA eiutHunamp. B siiepHoit ¢usuke co-
oTBeTCTBYIOWIeH enuHuuell siBasercs Oapu: 10728 x* wam
10-2¢ cm2. B du3WKe aTOMHBIX CTOJKHOBEHHH NPHMEHSIOTCA
cm?, pexxe M2 u epuHuubl al n maj (rAe @p— paguyc nep-
BOil GOPOBCKO# OPOHTHI):

ag=0,2€00 - 107" cal’,
g =0,8797 - 107" e,

Mporaa B HAayuHOl JITepaType NMOJAB3YIOTCS npuseded-
HOLM 3PPEKTUBHOIM CedeHuem, KOTOPOe INpejacTas/ser co-
6oj CyMMy COOTBETCTBYIOIUMX 3((EeKTHBHBIX CedyeHHH Bcex
ATOMOB WJIH MOJEKYyJ, 3akiiouenubix B 1 cu® mpu 0°C u
1 mm pr. cT. Tak Kak NPH TaKUX YCJIOBHSX UHCIO MOJEKY.
B | cM3 pasuo 3,54 - 10'8, To npusenennoe 3dpoheKTUBHOR Ce-
yeppe Mbl MOJYUHM, VMHOXKHB Ha 3TO YHC/IO 3(hexTusHoe
cevenue, uamepennoe B cu/ (cm® - mm pr. c1.). OGo3HAYAOT
OGBIYHO €AMHHIlYy MPHBEAEHHOTO 3(QQEKTHBHOrO ceuenua
cm2lomd e MM PT. CT.
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§ 9.4, Enrunun 9Heprun aToMHOR (QHU3HKM

Baexrpon-goasr. Ecnn snexktpon mnpoberaer pasHOCTb
NOTEHHIMAJOB, He nperepneBasi Ha NOYTH HHKAKHX IOTepb
SHEPr¥H, TO OH NpuobGpeTaeT KHHETHYECKYIO IHEPTHIO

2
T =eU (9.22)
(nonaras vy = 0).

[1pu npoGere 1 8 sueprus Oyner paBHa

156=1,60207 10" k-1 =1,60207-10"" goc =
=1,60207:10"% spe. (9.23)

Ouyenb yacTo yAO0GHO H3MepSThb 3TOH 3HEpruefl, Kak eliu-
HUleH, 3HepPrHio He TOJbKO 3/E€KTPOHA, HO H APYTHUX HaCTHL
W1H 3HEPreTHUECKHX YPOBHell B aToMax M MoJeKyJax. JTa
elHHHIa SHEePTrHH Ha3blBaercs 3IAEKTPOH-G0ALT W 0003Ha-
yaerca 28 (eV). Uacto neab3ylorcs eAUHULAMH 3SHEPTHH
B 103, 108, 10° pas Goabwiumu — k28, Mas, bae.

CKopocTb, KOTOpPYIO lpHOoOpeTaeT 3JeKTPOH, npobexasn
pasHoCTb nmotexinanos U BOAbT, TakKe MOXKeT OblTh Onpe-
nllenena u3 dopmyan (9.22)

b 1/ 2;U =5,932. 10° VT mjcex = 5,932 - 107V Uen/cex.
. (9.24)

Takum 06pasoM, CKOPOCTh SJEKTPOHA OJHO3HAYHO Onpeje-
JsieTcsl TOH pasHOCTLIO NOTeHLMANoB, KOTOPYIO OH mpobe-
raer. [1o3TOMy 4acTo roBOpSIT «3JIeKTPOH O6Jajaer CKo-
poctbio U BOABT», mojpa3yMeBasi MOA 3TUM, 4TO OH o6sa-«
JlaeT Takofl CKOPOCTbIO, KOTOPYlo npuoGpes Obl, npobexas
passoctb norexuuanos B U soabt. Jlaa nepeBoja cKOpocTH
5JEKTPOHA B BOJBTaX B CKODPOCTh, BLIPAXCEHHYIO B Cam/cek,
cnyxut dopmyaa (9.24).

Caa3sb menmdy saeKTPOH-80A6TOM U epadycom Keavsuna.
Ecna ras Haxoautces npu temuepatype 7, TO cpennsis KH-
HeTHueckasi SHEPrua NOCTYNATEJbHOrO JBHIKEHHS €ro MoJe-
KyJl paBHa

muy? 3,
T“*—‘ —2—/tT. (9.25)
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Ecau 6bl ¢ Kaxpaol MoJeKkyaofl Obla cBsi3aH 3JeMeHTapHbIl
3apsfili, TO CBOI0 HEPTHIO MOJEKY/bl MOrJu Obl npHobpecTH,
npo6exaB pasHocTb HoreHuuanos U, onpegeiseMyio coot-
HOLIEHUEM

S kT =eU. (9.26)
Eciu U =1 8, T0 cooTBeTCTBYIOLlas TEMIOepaTypa

2-138 2-1602-107Y 0
3.k 3-1380 102 =T73¥ K. (9.27)

Tae =

Bo MmHorue ypaBHeHHs CTaTHCTHYeCKON (H3UKH, TePMO-
JUHAMUKH, CHEKTPOCKONMM H JPYyrue BXOAHT 3KCIOHEH-

HHAJbHbIA MHOMXKHUTE/b
eVIeT,

rae W — sHeprus nepexona H3 OJHOTO COCTOSHMSA B ApPYroe.
Hamepsast 3Ty 3HEpPruio B 3JEKTPOH-BOIbTaX, YAOOHO mpel-
CTaBUTb B 3/JEKTPOH-BOJbTAX H 3HaMeHaTesb, KOTOPHIH Oy-
JeT paBeH OJHOMY 3/1€KTPOH-BOJBTY, €CJIH

T =~ 11600° K.

Csa3b MewOy 3AeKTPOH-B0ATOM U Kaaopuell HA moab.
Ecau Bce MOJIEKYJHBL, cofepKaInyuecss B OQHOM MoJie, Ipuo0-
peraloT sHepruio B | 28 kaxpasi, To ofOlias 3HEPrhs BceX
MOJIEKYJT YBEJIUYHUTCA Ha

196+ N,=1,602-1077.6,023-10” dm=23053 kas. (9.28)

Csssb mexcOy sHepeuell, uamepaemotl 8 31eKTPOH-804b-
rax, u 0aunoil cs8erosoil soansl. Kaxaasa cnexrpaibHas AH-
HHSl XapaKTEePU3yeTcsl ONpEeNeNeHHOH IJIMHOH BOJNHBI HJIH
YaCcTOTOH, @ CJIe/0BATE/NbHO, OllpeXeCHHbIM KBAHTOM 3HEePIiu

v =2 (9.29)
TT05TOMY MOMKHO YCTAHOBHTb CBS3h MEXKAY H3MepeHHOH B
aurcTpeMax AJHMHON BOJHBI JaHHOH CHEKTPAJbHOH JIMHUH H
COOTBETCTBYIOIE! ell 3Hepruefl, H3MEPEeHHOH B 3JEKTPOH-
BOoJbTax. DTo TeM OoJiee MMEET CMBICJ, YTO 4acTo BO30Yy-
JKJeHHe atoMa Ha 6GoJjiee BHICOKHH SHepPreTH4eCcKuil ypoBeHb,
NpH Nepexole ¢ KOTOPOro B HOPMAJbHOE COCTOSIHHE OH H3-
Jiyyaer KBAHT SHEPIHH, IPOM3BOJUTCS 3/IEKTPOHHBIM YAAPOM.
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H3 cootnomenas
he

eU=hv= e (9.30)

MOZKHO JIETKO NOJMYUHTH
AU = (12395 =+ 2) Ag. (9.30a)

Ceaso mexncdy CKOPOCToIO 2AEKTPOHA. UBMEPEHHOH 8
INEKTPOH-BOALTAX, 1L OAUHOU e20 Oebpoliresckoli 804HOL.
C 31eKTPOHOM, JIETALUM CO CKOPOCTHIO U, CBSi3aHa IJdHA

BOJIHDbL

A= (9.31)

Mev

Bripaxasi CKOPOCTb 3/1€KTPOHA B 3JIEKTPOH-BOJBLTAX (CM.
(9.24)) u noacTaBAAsS COOTBETCTBYIOUIME 3HAYEHHs s A H
m, TOJYUYHM

12,26

A== (9.318)

VU
3nece U mamepsietcs B BoAbTaX, a A—B aHICTpeMax.
¥Yp06HO NOAb30BATECHA NPHONUIKEHHBIM BHIPAXKEHHEM

A=~ V150/U, (9.316)

N3 KOTOPOro BUAHO, UTO 3JeKTPOH ¢ sHepruelt 150 28 umeer
ReGPOANeBCKYIO BOJHY Aaunol | A.

Cesnsv mencdy maccoii u snepeueid. Cornacuo TEOpHH
OTHOCHTENbHOCTH Macca W HEePIrus CBA3aHBI COOTHOIEHHEM

W = mc2 (9.32)

Kax usBecTHO, MO M3MEPeHUIO PasHMIL MEXAY Maccof
TOrO HJIM HHOTO aTOMHOTO fJpa M CyMMOH Macc ofpasylo-
UIHX €T0 NPOTOHOB M HEHTPOHOB MOXKHO BBIYHCJUTL 3Hep-
THIO CBfi3H HYKJIOHOB B sjpe. HuxXXe Mbl npuBoanM uau6o-
Jiee ynorpeGuTeliblbie NPHOTUKEHHbIE COOTHOLEHHS MeX1y
€ANHHLUAMHA Macchl ¥ SHEPTHH.

Ins maxkpockonnueckux tea *)

152 A9 10 da,
12A9.-10% 5pe.

*} A —snak coorBeTcTBHS.
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Dueprus, COOTBETCTBYIOULAS OAHOH aTOMHON eXuHHile
Macchl, paBia

le A 1,493 - 107" 0o =931,7 Mos. (9.33)
Jlsig aneMeHTapHBIX 4acTHiL
Ime A 8,18 107" 9= 0,511 Mse,
1my A 1,50 - 107" 9o = 938 Mos.

Enunnuna sHeprum pudbepe. CnexrpajbHble JHHHU BO-
JIOPOONIONOGHBIX aTOMOB PaclosiaraloTcsl B CepHH, YAOBJe-
TBOpsOUIHE (popmyJie

~7=R(—12'——12—), (9.34)
ny ny
TA€ % — BOJHOBOE YHCJAO NaHHOH JMHHH, Ry ¥ Ny — KBaK-
TOBBIE YHCJIa SHEPTEeTHYECKUX YPOBHEH, HEPEXO] MEXAY KO-
TOPBIMH COTIPOBOMKIAETCS] H3JYUeHUEM COOTBETCTBYIOHIErO
KBanTa, R — Tax HasbiBaeMaf mocrosiHHast PunGepra.
B cayuae siapa GeckoHeuHo GOJBIION MacCH

R, =109737,3 cu™1.

Jas nerkux atoMoB 3HayeHHs mnocTosHHodl Puabepra
HeckoJibKo meHblle. Tak, HanpuMep, AJs aToMa BOLOpOAa

Ry = 109677 cu~1. (9.34a)

VmMuoxas o6e uactu ypaBaeHusi (9.34) #a hc, MBbl NCAYIUM
3HaueHHe 3HePrud uaaydyaemoro kBaHrta. Crosiliiee B mpa-
BOH yacTu Ipou3BefenHe

R, = Reh, (9.35)

naswBaeMoe pudbepe u obosHauaeMmoe R,, npuMmeHsercs B
KauyecTBe Mephl 3Hepruu 3JekTpoHHbIX yposuell. [lonaras
ny=1u ny = co, MOXHO onpejeiuTs punbepr Kak 3Hep-
THIO, KOTOPYIO HYXKO Oblio Obl 2aTPaTWTb A HOHU3ALHUH
aToOMa BOLOPOJa, ecau Gbl ero Macca parHasnach GecKoHey-
Hoctn. TloacTasaAs suaueuus R, ¢ u h, HaligeM, uto

IR, = 13,60 8. (9.36)

daxTuyeckas 3HEpPrin HOHK3AlUMHM aToMa BOAOPORA, pace
cuMTaHHasi no 3Haucuuio Ry, pasHa 13,57 38.
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§ 9.5. Enunnunl H3MEpeHHS] MOHU3UPYIOIUX
H3JyUeHUu M

[Tpu moctaToyHo OGONBIIOH 3HEPrHH aTOMHbIE UYaCTHIBI
(3/M1eKTpOHBI, aTOMEI, HOHBI, fJepHbIEe YacTHlbl) H (OTOHbI,
Horomasch B rase, CoocoGHB BLI3BaTh €ro HOHU3ALUIO.
dra cIoCOGHOCTb ONMpEeNsieT HKCIePUMEeHTalbHble CIOCOGH!
perucTpaluy MOAOGHBIX H3JYUEHHH M HX KOJHYECTBEHHbIE
xapakrepucTuku. [To3TOMy Hapsiny ¢ SHepPreTHYeCKHMHU elu-
HHLAMH, ONpeIeIOUMH MOLIHOCTb H3JY4YeHHS, MHOTOK
SHeprHH H T. I, MPUMEHAIOT H HEKOTOpble crenHduyeckne
€IMHHIDb], B YACTHOCTH TaKHe, KOTOPHIMH H3MepsieTcd CIo-
CcOGHOCTh JAAHHOTO H3JyYeHHUS ITIPOH3BECTH ONpPENeSeHHYIO
HOHM3aLMIO rasa. Hexoropele H3 3THX €IMHHI[ MOCTPOEHB
na 6ase equnnn CH, apyrue Ha 6ase exunun CI'C.

Iorox wacTuy uau K8AHTO8 — HUCJO YACTHL HAH KBaH-
TOB, MPOXOASAUIMX CKBO3b JAHHYIO MOBEPXHOCTb B €NHHHLY
speMetn. OGBIUHO NOTOK OTHOCAT K OAHON CeKyHIe W COOT-
BETCTBEHHO ONPENEJSIOT ero UHUC/IOM COOTBETCTBYIOUIMX Ya-
crur (o, p ¥ T. A.) Wi KBaHTOB B OAHY cekyHuy. [lotox
yacTHI, NPUXOAALIUIACA HAa EAMHHIY MOBEPXHOCTH, pacno-
JIOXKEHHYIO TEPNeHIHKYIAPHO HanpaBJieHUIO [OTOKa, Hasbl-
BaeTcsl MJOTHOCTBIO T1I0TOKa, B 3aBHCHMOCTH OT TOro, B
KaKoH cHcTeMe eIMHHMI[ HPOM3BOAUTCA H3MepeHHe, NOTOK
OTHOCAT K OJHOMY KBaAPaTHOMY METPY WJIH OJHOMY KBai-
patHoMy caHTuMerpy. [IoTok ma/yueHHs HJIH MJIOTHOCTDL
NOTOKAa M3JyueHHsl, H3MepeHHble He YHMCJOM YacTHl, a nepe-
HOCHMO SHeprueil (BATTBI M 3PTH B CEKYHJY) HJIH COOTBET-
CTBEHHO BaTTHl Ha KBaApaTHHIH MeTp M 3PTH Ha KBajgpar-
HBII CAHTHMETP H3MEpSIOT MOTOK JHEPTHH H3JYYEeHHUS H
IJIOTHOCTb NIOTOKA SHEPIHU HM31Yy4eHMs, HJIH €r0 HHTEHCHB-
HOCTb. OTH 06¢ BeJUUYMHB H HX €IHHHUB MNOJHOCTBIO
COBMAJAIT ¢ OOIIMMH HEPTETHYECKHMMH EIHHHIIAMH H3Jy-
YeHHH.

Panblle HaM MNPHXOAUNOCH BCTPEUaTbCsi € OOBEMHOH
MIOTHOCTBIO 3Hepruu M ee eluHunamu. Ilpu uccaenoBaHuu
HOHH3HPYIOUMX H3JIydeHuii 5Ta BeJMuMHA NpPHOGpeTaer oco-
6oe 3HaueHHe, XapaKTEPU3ys JHEPrHio, TOIVIOIIEHHYIO B
eAMHMIe 0O0LeMa B pe3yJbprare Nepexoja SHeprud Hasmyue-
HUsi B japyrue Buabl. O6uiee KOJHYECTBO TMOTVIOLIEHHOM
9HEPruy U3MepsieTcs -OOLMMH SHEPreTHYeCKHMH eIHHHUAMH
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(Oxc, ape), a oGbeMHasi MJIGTHOCTb MOMJIOLIEHHOR 3SHEPruH
TeMH Ke eJHHHLIaMH, 4TO H o6beMHasi MJIOTHOCTb HEPrHM
(Oxc/m3, ape/cm®). OpHako npu M3MepeHHH NPOU3BEAEHHOM
H3/JYUeHHEM HOHHM3aluu OoJiee CYLUIECTBEHHOH BEJHUYHHOH
ABJSIETCS OTHOLUEHHWE MOIVIOUEHHOH SHepruH He k obbemy,
a K Macce NOIIOUIAIONIero BelecTBa. IJTO JETKO MOHATD,
€CJIH paccMOTPETh morJoulenye B rase. Tak Kak HOHU3aUHUs
NPOUCXOAUT NPH B3aUMOLEHCTBHH YaCTHI[ MJIH KBAHTOB H3=
JAyueHHs] C aTOMaMH HJHd MOJeEKyJaMM rasa, TO, OYEBHAHO,
npu BABOE MeHblLIeM JaBjeHHH NoTpebyerca BABOe O60Jib-
mufi o6beM rasa, uyToObl MOAYYHTb OAHHAKOBYI0 HOHHM3a-
uHio. DHepruio, MOIIOLIEHHYIO elHHHUe# Macchi JaHHOro
BelleCTBa, HA3biBAIOT NOIVIOLIEHHOH J030H usayuenus D.
Ee pasmepHOCTB

[D]=LT"* (9.37)
u efuHurub Oxc/Ke, apele:
1 duc/xe =10 spe/e.

lMpumensiercss Takke eauHuua pad, pasnaa 10% Ouc/ke =
= 10? apefe. Tlornouiennas 103a H3JaydeHHs, OTHECEHHas KO
BpeMEHH MOIJIOLIEHHS], HA3blBACTCH MOW{HOCTLIO NOSAOULeH~
Holi dosbl usayuenus p. Ee paamepHocTb

[p]=LT"° (9.38)

H eJMHHLb 8T/Ke U ape/(cex - ke).

Hisi xapakTepucTHKH H3AYYEHHH N0 NPOH3BENCHHON HM
HOHM3AUHH CJAYKHT BeJHUMHA, Ha3blBaeMasi 3KCMO3ULUOH-
Holi dosoil usaydernusn. B cucteme CH cootpercTByloulei
elUHHIEN ABAAETCA KYJIOH Ha KuwiorpaMm (x/ke) — posa,
NpoOM3BO/JALIAA B OAHOM KHJOIpaMMe CyXOro BO3/LyXa 4HC-
JO HOHOB, CYMMapHEINl 3apsi KOTOPBIX COCTaB/JsieT OAHH
KyJIOH Kampaoro sHaka. Exunnna cucrempt CI'C penrzen {p)
onpejensercsi KaK 3KCIO3UIHOHHAA [03a pPEHTreHOBCKHX
K raMMa-Ayueld, 0pH KOTOPOH B pe3y/bTaTe INOJHOTO
HOHH3aIMOHHOIO MOTJIOUWEHHA B OJHOM KYOHUECKOM CaHTH-
MeTpe BO3JyXa NpH HOPMaJbHBIX YCJOBHAX o00pasylorcs
poHbl ¢ obuum sapsagoM | CI'C eaunun kaxnoro snaka.
d1omy coorserctByer 2,082 10° map uonos B 1 ¢M® nan
1,61+ 102 nap nounos B | ¢ Bosayxa.
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Tax xak Macca KyOHUeCKOro caHTHMeTpa BO3AYyXa MHpH
0°C u 760 mm pt1. cr. paBHa 1,293 - 10-% ke, To, yuurthiBas
cootHollenune Mexay xyjaoHom u CI'C exuHupesn sapsna,
HaiigeMm

1p=258-10"*x/ke, |k/ke=3,88:10%p.

Ha npakTike OGBHIUHO MPUXOTUTCS [0Jib30BATHCS AOJbHBIMH
eAMHUIIAMH MKK/K2 (MHKPOKYJIOH Ha KujJorpamm), Mp
(munaupentred) u Gojee MeJKHMH.

Ha ocHoBe enuHUI 3KCHO3UILHOHHOH MAO3bI H3JyueHHS
06pasvioTCst eUHULB! MOUHOCTY 003bL — KYJIOH Ha KHJIO-
rpaMM B CEKYHJY U PeHTreH B CeKyHAOY.

M3smepenre 103bl H3JYUEHHS [0 €€ HOHH3MpYIOUIeH Cro-
COGHOCTH TO3BOJISIET YCTAHOBHTb (hDH3UUYECKUH SKBHBAJEHT
eHHHIBL A03bl. YUHTHIBAsi CPENHIOO SHEPrHio, 3aTpaudBae-
MYI0 Ha HOHM3ALHIO MOJEKyJabl Bo3ayxa (oxono 33 38),
MOXHO paccuuTath, uTo | p 3kBHBajeuTeH 85 spefe. Dra
BeJNMUMHA HA3bIBACTCH MEXAHUYECKUM W  QuaULecKum
sxgusanenTom penteena (obGosHavaerTcs pag wau ¢ap). [pu
OLEeHKe M3JyueHHsl 1o ero OHOJOrHYeCKOMY JIeHCTBHIO TNPH-
MeHsaeTcsl GHOJOTHYECKHH SKBHBAJIeHT peHTreHa, o6o3Hauae-
Mblit pa6 uam 63p.

Hapsiny c penrtreHoMm [I/si uU3MepeHus oOlefl 3HEPTHH,
NOrJoILeHHOR eNWHHIEHl MacChl BelllecTBa, NpHMeHseTcs
pad, pasupiit 100 apefe.

K enunuiiaM HOHM3HPYIOLIHX H3AYUYEHHH B HEKOTOPOH
CTereny NpHMBIKAeT creudanbHasi edununa sdnwredn (EY,
npuUMeHsieMast HHOTJAa NMPH HCCNeJOBaHMH (POTOXHMHYECKHX
npoueccoB. dra eauHHNa onpeneasercs Kak Nihv, rie
N 4 —uncao ABorampo, a hv — sHeprus KsaHra. M3 srtoro
onpenesenus BHIHO, UTO eIHHHUA SHHIUTEHH He ABAAETCS
obuiefl egunuieil 3HEPrUN, a WMeeT pa3HOe 3HAUeHHe, 3aBH-
csAlee OT AJMHHLI BOJHBLI CBeTa.

§ 2.6, EnvMAMUHE PANVOAKTHBHOCTH

OCHOBHBIM MPOLECCOM, TOAMEXKANIMUM perucrpailiy H 13- -
MepeHHIo TNpPH pPalMCAaKTHBHBIX TpPeBpalueHudX, fBJfeTCH
pacnad, CcompoBOXKRAIOWHMACA HcOyCKaHHeM agabda- I1iaH
6eTa-yacTull, HefiTPOHOB W raMma-KBaHTOB. [lostomy enu-
Hitue#d, XxapakTepusyioliell akTHBHOCTb HCTOUNHKA, ABJAAET-
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ct oaMH pacnad e cexkyndy (pacn/cex). Epunnua axrus-
uoctd, cocrasasioman 108 pacn/cex, HasbiBaeTcs peaep-
¢popd (pd).

Hapsay ¢ eiudnnaMu pacnai B CEKYHAY M PeHTreH npu-
MensieTcs eHHHIA Kropu (ee MOJibHble [IPOH3BOJHBIE), ONpe-
nensemas kKak 3,7-10" pacn. [lpoucxoxaeHHe 3TOH eau-
HHIBI CAeRYIOLLee.

Ecan B 3aKpbITHIl cOCYA NMOMECTHTL palHii, TO BHada.e
KOJIHYECTBO pajJioHa (3MaHauuH panua), ABAAIOLIETOCs Npo-
JYKTOM pacnaia pajiun, GyLer BO3pacTath, HO TaK KakK CaM
pajloH TaKXKe pacnagaercsi (¢ nepHoioM mnoJaypacnaja, pas-
oM 3,82 cyTOK), TO B KOHLIE KOHUOB YCTAHOBHTCA pab-
HOBecHe MeXJy BHOBb BO3HHKalOLIHM pajJoOHOM M pacna-
jnawwmuMce. [1py 9T0M UHCJIO €XKeceKyHTHO COBepILaloLlHxCs
akToB pacnaja Oylner OCTaBaTbCl NPAKTHYECKH MOCTOAR-
HBEIM, eC/H He YYMTHIBATb H3MEeHeHHe Macchl CaMmMoro pa-
A, KOTOpPOE MPOMCXOAHUT BecbMa MeAJelHo, ¢ MepHOAOoM
nonypacnana okosao 1600 ser. IlostoMy paaHOaKTHBHOCTb
paaua MOXeT OBITb CpaBHeHa C PafHOAKTHBHOCTLIO PafloHa,
HaXOJALIEroCsi B PaBIOBECHH € HEKOTOPBIM KOAHYECTBOM
paauf. EfnuHua paiuoaKTHBHOCTH KIOpU UPEACTaBIseT CO-
6ofi pajMOaKTHBHOCTh pajola, HaXOAallerocs B paBHOBe-
cHu ¢ oaHuM rpammom pazusi. Koauuecrso pajona, coor-
BETCTBYIOLlee PAAHOAKTHBHOCTH 1 KiOpu, HMeeT Maccy
6,51 +10% 2 u conepxur 1,78 10® aromos. Anbda-yact-
ubl, MCIYCKaeMble PafOHOM (He YYHTbIBasg TOCJIEAYIOUHX
NPOAYKTOB €ro pacnajga), cnocoOHbI CO31aTh B BO3AyXe
VOHM3aUUOHHBLIA TOK Hacwuiiuenns 0,92 xa.

a5 u3Mepennsl KOHUEHTPalUWH DAaJAMOaKTHBHOTO npena-
pata WHOTla MPUMEHSAETCd eHHHIA IMAH — KOHUEHTPaLHA
B 1071 xropu Ha JUTP KHAKOCTH WM rasa.

Pance mpuMeHssiach ejuHHUA KOHUeHTpauun Maxe, pan-
naq 3,46 smana ¥ Xapakrepusyemas TeM, UTO anbda-yacTh-
11bl, HCIYCKaeMBble Pa/lOHOM, HaXOAAUIMMCS B OJHOM JHUTpe,
cnocobHbl CO34aTh B BO3AYXe HMOHU3ALHOHHHIA TOK Hachi-
mennst 103 CT'C epuuunsl ToKa.

Henyckaemble panuOakTHBHLIM NPENapaTtoM  4acTHUH
06pa3syloT 10TOK, U3MepseMblil YHCAOM HacTHIL B CEKYHAY.
Uneno uwactul, NPUXOASIIMXCA Ha ©AUHHIY MOBEPXHOCTH
(KBajpaTHL# MeTp HIM KBaApaTHHA CAHTHMETP), npeicTas
BasieT COOOH NJOTHOCTb NOTOKA YACTHIL
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§ 9.7. Koapdpuunentsl HOHH3AUHH, PEKOMOMHALHH,
NOABHIKHOCTH

CpolicTBa 3JIEKTPOHOB, HOHOB, aTOMOB H JAPYIHX 4YacTH
XapaKTepU3YIOTCd PAa3iHYHBIMH  BeJMYHHAMM, NPHCYLIUMU
JIAHHBIM 4aCTHLAM H OMNMCHIBAIOIHMH OTAEJNbHBIE dKThI
B3aUMOJEHCTBHA 9THX YACTHIL IAPYF C APYIOM, C KBaHTaMHd
uanyueHuss d T. A. K 4Hcay Takux Be/IMYMH OTHOCATCA, B
YACTHOCTH, PacCMOTPeHHble Bhllle 3QdeKTHBHbIE NONepeyHble
ceyenus. OgHako B pAjle ciayyaeB JJIsl ONHCAHUA ABJEHHH, B
KOTOPBIX yyacTBYeT GOJIbLIOE YHCJO HaCTHL, YAOOHO MOJIb30-
BaTbCsl CPEAHMMU MaKpOCKOMWuecKuMH BeanuuHamu. C 1o-
JOOHBIM NOJIOKEHHEeM, HanpuMep, NPHUXONUTCA BCTPEYATHCH
B KHHETHYECKOH TeOPHH Ta3oB IIPH ONMHCAHMH SIBJEHMH nepe-
noca (auddysus, BA3KOCTb, TENJIONPOBOIHOCTL) — SIBJEHHH,
XapaxKTepU3yeMblX MaKDOCKOIHUYCCKHMH KO3(DPHUHEHTAMH,
3HAUEHHE KOTOPbIX MOXET ObTb PaccYuTaHO C I[IOMOUIbIO
MoJeKyasipHOH Teopud. B Hacrosalnem naparpage Msl npupe-
€M HEeCKOJbKO NOAOOHBIX Be/AHYHIl H eIUHHI[ HX H3MepeHHs
NPUMEHHTENbHO K JABHKEHHIO 3apsKEHHBIX UYaCTHLl B rase.

Kosgppuyuenr 06vemuotl 31eKTPOHROG worudayuu. JIBu-
rasch B 3JEKTPHUECKOM I0Je, 3JeKTPOH npuobperaer cro-
COOHOCTh HOHH30BaTh rad. Uucno woHM3aUH# o4, KOTOpPhIE
B Cpe/lHEM MPOU3BOAHMT 3/J1EKTPOH Ha €IMHHULE CBOEro MyTH
B HampasJ/leHHH 1oJsi, Ha3biBaeTcsd KoddduuueHtom o0beM-
HOM 3MeKTPOHHOH HOHI3ALUMH HJIU MEePBLIM KO3 (HIHEHTOM
Tayucenga. Bropoe HasBaHue oOyCHOBIEHO TeM, YTO 3TOT
Ko3(¢duuent Oblsl BBefeH TayHCeHIOM B €ro TEOPHH He-
CaMOCTOSITeNILHOrO paspsijga B rase. Mamepserca o; eIuHH-
uamu, o6paTHBIMA euHnIe AJAuHB (n~!, cm~l).

IMono6ubie KO3DOHUHEHTB C TAKHM K€ H3MEepeHueMm Mo-
ryr GbITb BBeAEHBl Uil XapaKTePUCTHKH HOHU3ALHHA APY-
UMM YacTHUAMHU (HATpUMep, HOHAMH).

Kosppuyuenr pexombunayuu. Ecnu B raze HaxomATCst
3apsKEeHHbIE UaCTHIBI 0OOHX 3HAKOB C KOHUEHTPAUHAMH My
M n_, TO MOXKET HMeTb MECTO Ipoluecc pexoMOHHAUUH (BOC-
COegHHEHHMs) 3THX YacTHI[ B HeHTpaJbHbie aTOMBl HJIH MO-
Jaekyapl. Uucsao Takux akToB peKOMOHHAIMH, NPOHCXOMS-
I4HX B eIHHMLY BPEMEHH B efHHHIE 00BbeMa, OnpelesseTcs
ypaBHeHHEM

N=an,n_, (9.39)
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rae o, — Kos(pouuuesT pexomOunauuu. PasmeprocTsb
[o,]=L°T"" (9.40)

onpejeisier eIMHULy H3Mepenusa: m3/cex u cmd/cex.

Koagppuyuenr nodsuscrnocru (nodsuzxcnocrs). CKopocTb
3apsAKEHHOA waCTHLBI, [ABHXKYILEHCS B HEKOTOPOH cpele B
3J€KTPUUECKOM Tofte, Gjaarojapsd MHOTOUHCAEHHBIM CTOJK-
HOBEHHSIM YCTdHABJMBAETCS HA HEKOTOPOM CPeJHeM YpOB-
pe. TIpH 3TOM pasnHyaloT XaoTHUECKYIO HeHalpaBJeHHYIO
CKOPOCTb U HANPaBJIeHHYIO BIH APCH(POBYIO CKOPOCTH BAOMD
Hanpasienns nojd. Iocnepusas onpeensieT NPOXOXKAeHHE
3JIeKTPHUECKOTO TOKa. B oblilem cayyae HanpaBbJeHHas CKO-
pPOCTD & MOXKET CJOMXKHBIM 00pasoM 3aBUCeTb OT HalpAXKeH-
noctu noJs. [lpn onpepenenHbiX YC/JAOBHAX MEXKAY Hanpas-
JIEHHOR CKOPOCTBIO M HanpsKeHHOCThIO Nogs E cyllecTByer
npsaMast IPONOPUHOHANBHEOCTD

u=bE, (9.41)

rae b — ko3 unrenT NOABHAKHOCTH, MM, KaK ualle roBo-
psIT, MOABHXKHOCTb NaHHOH 3apS’KEHHON YACTHILBL.

Kak noxasaa D#HTeliH, NOABHXKHOCTE CBA3aHa ¢ KO-
¢dunuentoM nuddysuu D ypapHennem

D d

2 =4, (9.42)
rne k—nocrosiunass Dogbumana, e-— 3apsaji 3JeKTPOHA,
T — aOcoJstoTHadA TeMneparypa.

Ypapuenne (9.31), B uacTHOCTH, YAOKJETBOPSETCH DpHU
NEMKEHUU 3/J€KTPOHOB B MeraJsne, obecrneynBasl TEM CaMbIM
NpUMEHHMOCTb JJIsi MeTasna 3akona Owma. Iloxsuxmocrb
MoXKeT GLITh ONpejeleHa KakK CPeaHsAs HanpaB/ieHHas CKO-
pocTb, TnprobGperaemMast yacTHUEH NPH JABUKEHHM B TMOJe,
HaNpsiZKeHHOCTh KOTOpOro pabna eaunuue. PasmepHocTb
noasuxKHOCTH B cucreme CH

[6]=LMT %! (9.43)

n B cucreme CI'C
[6] = LM~ (9.433)

Ha npakTuke MOJABHKHOCTb H3MePAIOT eAMUMLAMH #%[6 - cex
u cm?/e - cex.
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[MoaBHXKHOCTb KaK H Ko3(duuiueHT AudPy3nd mpu npo-
YuxX paBHBIX YCJIOBHAX O6PaTHO NPOMOPLUUOHAIbHA IJIOTHO-
CTH rasa HAH npuBeaeHHOMY Aasnenuio. I[TosTomy wacto
MONbL3YIOTCA MOHSTHEM NPHBEAEHHOH NOJBHAKHOCTH, OIpe-

eJIiEMON COOTHOLIEHHEM

b =2, (9.44)

OGblyHO [PHBEAEHHYIO MOABHMKHOCTb OTHOCAT JIHOO K
1 mm pt. cT., 1u6O K HOpMaJbHOH aTMocdepe.

§ 9.8. EcrecTBeHHble CHCTEMBl €HHHHIL

B 5ToH KHUre HEOJHOKPAaTHO YKa3biBaJoCh, UYTO MEKAY
YHCAOM  OCHOBHBIX €HHHI, M YHCJAOM YHHBEPCAJIbLHBIX MO-
CTOSIHHBIX CYILECTBYeT OAHO3HAUHAs CBA3b — ueM OoJbille
OCHOBHBIX EJHHHL, TeM O00Jjbiiie NOCTOAHHLIX B (opMynax
du3nUeCKUX 3aKONOB H omnpejenenuil. IIpupaBHsB rpasuTa-
LHOHHYIO MOCTOSIHHYIO €JIMHALE C COXPaHeHHEM OJHOBpE-
MEHHO pPaBEHCTBA €/(MHHIE HHEPIHOHHON MOCTOSHHOH, Mbl
VMEHBIUH/IH YHCTIO0 OCHOBHDIX €HHHIL B CHCTEMAaX re€oMeTpu-
YECKKX ¥ MeXaHHYeCKHMX eiMHMI[ ¢ Tpex Ao AByX. Ilpupas-
iSB eIHHMLE NMocTOsSHHYI0 DosbumaHa, Mbl JejlaeM NMPOH3-
BOAHON eAMHHIY TEMOepaTypbl. B cucreMax 3/7e€KTPUYECKHX
il MACHHTHBIX eJHHHI, Mbl MOXKE€M MPOHM3BECTH Jal/ibHeiliee
COKpalleHHe OCHOBHBIX €IMHHIl, €C/M NPUPABHAEM eNHHHUIe
3JEKTPHUECKYI0 H MAaTHHTHYIO MOCTOsIHHbIE B CHCTEMe, MO-
ctpoennoii mo npuHuuny cucremst CH, nan ckopocte cpera
B cucTeMe, nocrpoenHoi mo npuHnmny cucremb CI'C. Mut
octaemcs, TakuM ofpasom, ¢ AByMs eZHHHIAMH, H3 KOTO-
pHIX OJHA eJHHHLA — CHJIbl CBeTa — OTpaxaer (n3HUecKyio
cremguKy BOCIPHSITHS CBETA, & B KaueCTBE BTOPOH MOXeT
GLITb N0 HauleMy BBIGOPY MPHHATA JMO0 €1MHHIA JJIHHbI
Au6O eHHHLA BpPeMEHH.

CrnpamuBaerca, B KaKOH CTENEHH Mbl HCMOJIb30BAJH BCe
BO3MOZKHOCTH COKpalleHHusl YduBepcajbHblX NOCTOAHHBIX.
Xots obulee YHCJAO TAKHX MOCTOSHHBIX CPaBHUTENbHO Bel-
KO, OJHAKO, KAK MOXKHO MOKa3aTh, NPOaHa/JM3HPOBAB Mpo-
HCXOXK/IeHUe COOTBETCTBYIOWIMX YypaBHeHHil, B pesy/abrare
IPOU3BEEHHOTO COKpaLleHHst UHCAa €LUHULl NOYTH BCE 00-
CTOAHHBIE CTaHyT AMGO paBHbiMH e[MHHLE, JHU00 KaKOMYy-
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au6o Ge3pa3MepHOMY NOCTOAHHOMY UYHMCAY, NOAYYHBIUEMYCH
B uTOre Kaxoil-nu6o mMaTeMaTHUeCKOH OMepamHH.
OkasbiBaeTcst BCce e, UYTO Jaxe [ocjie COKpallleHHus
YHCJa OCHOBHBIX €IMHHII BCeX BEJNMUHH JO OfHOH (ocTas-
JASA B CTOPOHE eIHHUIY CHJbl CBETZ KaK He CBASAHHYIO He-
MOCPEACTBEHHO ¢ OfileH3HUeCKHMH BenHYMHAMu) y Hac
OCTAIOTCS ellie «HEeHCNOJAb30BaHHBIE» NOCTOAHHEIE. TaKOBbI-
MU aBasiioTes nocrosinnas Ilnadka h u 3apsj sJekrpoHa e.
Jlerko yGeputhcs B TOM, YTO B CHCTeME C ONHOH OCHOBHOH
eNMHHLel AAuHbl Pa3MEPHOCTb 3THX KOHCTaHT Oyler

[A]= L3, (9.45)
[e]=L. (9.46)

Mbl HMeeM BO3MOXKHOCTH PacCHOPAAUTbCA ellie OAHOH KOH-
cTaHTOl, Hanpumep A, W BHI6PaTh €AHHHLUY JJAUHBI T4K, YTO-
651 nocrosidHas Ilnanmka Obia paBHa ejpuHuue. B stoMm
csydae Mbl IOJYY#iM CHCTeMy BooOlie GeapasmepHylo, T. €.
TAKyI0, B KOTOPO# MBI TOJHOCTBIO JIHLIEHB CBOGOABI B BbI-
6ope pasmepa KakuX OBl TO HH ObLIO €JUHMIL

Buecto npupaBHHBaHus eluHMLe nocrosnHoi Ilnanka
MOXKHO TPHPABHATH €AHHUIE 3apsal 2JeKTPOHA; TOrja OJHO-
3HayHo onpefenurcesi nocrosHeas Ilnanka. Moxno, Hako-
1el, MPUPaBHATL eAnHULE X mocTosHAylo [lnaHka, u sapan
5JeKTPOHA, HO TOrJa «BbLIE3eT» Jpyras NOCTOSHHAsi — CKO-
poCTb CBeTa, KOTOpas B 3TOM Cjydyae OKaXeTca OTIHYHON
0T eMHHUIBL.

CHcTeMbl, B KOTOPHIX MaKCHMAaJbHO BO3MOXKHOE UHC/IO
yHHBEpPCANBHBIX MOCTOSHHBIX NPHPABHEHO eJMHUIE, NMOMYYH-
1 Ha3BaHWe <«eCcTeCTBeHHBIX cucTeM». HasBauHas Bhlme
cucTeMa, B KoTopoil £ = 1, 6bna npenjoxkena [lnankoMm.
B stofi cucTeMe eHANIEH AMHHB  oKasbiBaercs 4,02 - 10733 cx,
maccew —- 5,43+ 10732 u Bpemenn — 1,34 - 1083 cex. Kpowme
ciicteMbl [1nanka, ObUIH MpeAJONXKEHb H APYrHe «ecTecTBeH-
Hple CHCTEMbI», TPUPABHHBAIOLIME CLHHHUIE APYrue YHHBEp-
caspHble noctoaHHbie. Tak, Hanpumep, B cucteMe XapTpu
npupaBHeHbl eIUHHIE 3apAl H Macca 3JIeKTpoHa, pajuyc
nepsofi 60posckoit op6uthl U nocrosauHas [laanka, nened-
Han #a 2n (7. e. nocronunan h). B 3T0fi cucteme enuHMIa
Bpemenu coctasasier 241910717 cek, equHHla SHEPrUH —
4,359 - 10 3pe u 1. 4.
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Hero3aMoxHOCTL NMPUPABHUBAHKA €JHHHIE BCEX YHHBep-
CaJIbHBIX TIOCTOSTHHBIX OOYCJOBJ€Ha TEM, YTO MeXAYy HEeKOo-
TOPHIMH M3 9THX I[OCTOSIHHBIX CYLIECTBYIOT ONpe/le/eHHble
cBsizu. Tak, Hampumep, 3apsiil 3JEKTpPOHa, MOCTOSHHAA
I1aHKa u cKOpOCTb CBeTa 00pa3ylor Ge3pasMepHylo KoMGH-
HAlMIO — TaK HA3bIBAEMYI0 MOCTOSIHHYIO TOHKOH CTPYKTYpHI

e? 1
“he T 137 (9.47)

Vi3 3naueHusi o BbiTekaeT, 4to B cucrteme IlnaHka 3apsan

aaeKTpoHa OyleT pased 1/V 2n- 137. Touno Tak ke GyAyT
33a7aHHBIMM W 3HauyeHHsd NOCTOSIHHBIX B 3akonax Creda-
na — Boapumatna, Buna n ap. ¥).

HecmoTpst Ha TO, YTO B €CTECTBEHHBIX CHCTE@MaxX BCE ey~
HUiBI OKA3BIBAIOTCA BeCbMa JaleKHMH OT Da3MepOB BeJH-
UWH, ¢ KOTOPbIMH TNPHXOAHTCH MMETb A€l10 Ha IPakKTHKE,
3TH CHCTEMBI ¢ GOJBIIHM yCIMeXOM NPHMEHSIOTCS B TCOPETH-
yeckoil (usnke, Tak Kak uype3BbYaiiHO YNPOUIAIOT 3alllCh
OCHOBHBIX ypaBHeHHuil, 0cBOGOXK1aA MX OT JHUIIHMX KO3¢ddii-
L 1EHTOB.

3aMeTuM B 3aKJIOUEHHEe, UTO €CTeCTBEHHbIE CHCTEMBl
eHUIl MOXKHO paccMaTpuBaTh Kak Takue CHUCTeMbl, B KO-
TOPHIX B KaueCcTBE OCHOBHBIX €QHHHI TIPHHATBH NIPHPAB-
Henpble GAMHHLE TNOCTOSIHHbIE, YTO MO3BOJAET INOCTPOHTh
cucTeMy pasMepHOcTeli, B (opmy.aax Koropoit OyayT
(UrypupoBaTh YCJIOBHbBIE CHMBOJBI Pa3MEPHOCTEH ITHX IIO-
CTOSIHHEIX.

*) Cm. ITpunoxenne 4,



MTpunosxcenue 1
Jlorapudmuyeckne eaHHHLbI

B ra. 6 paccMoTpennl sorapudMudeckye eAMHHIBI, XapaKTepHuayouiue
HHTEHCHBHOCTb 3BYKa — 0eJIbl, UX JAecATasl 4acTb — AenuOe/bl W Hemephi.
Tlo aoraputMudeckoil HKasne OblIa MOCTPOEHA H YACTOTHAA XapakTepH-
CTHK4 BHICOTHl 3ByKa. IlpuMeHeHHe JorapudMuueckod LWIKaJbl, OAHAKO,
OTHIOAb He OrPaHHYMBAETCS aKYCTHKOH. B psje ciyyaeB AHANasoH us-
MeHeHHSA TOH WM uHO# (U3HUECKOH BeNHUYMHBL CTOJb LIMPOK, YTO IIpeA-
cTaBjieHHe ero JHHeHHBIM MacliTa0oM OKa3blBaeTCs NPAKTHYeCKH He-
BO3MOXHEIM. TaK, HanpuMep, B COBpeMeHHOH BaKyyMHOH TeXHUKe B Npo-
uecce oTKauku npubopa AaBReHKe rasa MeHsieTcss OT aTMoC(hepHOro jlw
10-9—10-1! a7, a B HEKOTOPLIX J12aBOPaTOPHBIX HCCAEZOBAHUMX A0 10743
105 arm. BpemenHoit xo4 3Toro mpouecca 0e3HaJEXKHO ALITATBCA H30*
Opasutb npu JuHefiHoM Maciutabe Aasienuit. [Tono6Hoe mo/oXKeHHe Mbl
uMeeM B aCTPOHOMHU M BO MHOTHX JAPYFHX ciaydasx. [IpumeHenue Jjiora-
pudmuyeckoro Maciraéa no3BosseT H306pa3UTh NPOLECCH U 3aKOHOMep-
HOCTH NPH NPAKTHYECKH HEOIPaHHYEHHOM JuamasoHe H3MeHeHHS HHTepe-
cylole# HaC BeJIMYUHBI, NPHYEM KaK MaJjble, TaK H 0O/blliMe €€ 3HayeHus
Oy4yT MpejiCcTaBieHsl A0CTATOUHO HAIJIALHO.

CMBICa TPUMeHeHHs1 Jorapi$MHUYecKoll LIKaJbl, 0JHAKO, 3HAUUTE/BHO
wupe. Hepeako caMo CyllecTBO siBJeHHS NOJACKAa3bIBAaeT HaM legecool-
PasHOCTL €T0 OMHCAHUS ¢ MOMOWEIO JorapuMuuecknx ennaun. Mu yixe
rOBOpH/IH O JorapuMHUeCcKOM XapakTepe NCHXO(DU3HOIOTMYECKOro BOC-
NpHATHS IPOMKOCTH ¥ BHICOTHL 3BYKa. B Tako#l Xe CTEMEHH 3TO OTHOCHTCH
H K BOCIPHUSITHIO APYTHX BHEUIHHX pPa3ipa)eHuil, YA0BJETBOPHTE/HHO
yKJaaLBalOMuxesa B 3akoH Bebepa — QPexmepa, COr/iacHO KOTOpOMY
ollyLieHHe MPONCPUHOHAJBHO JorapudMy pasapaxeHus.

Ilpu 3TOM Anisi KaXKAOTO Pasjpa:KeHus CYLWIECTBYeT MHHHMajabHOE OT-
HoLIeHHe ABYX 3HAYeHUM xapaKrepusyiolledl ero BeJHYHHBI, KOTOpOe MO-
MeT ObiTb 3aPErHCTPHPOBAHO COOTBETCTBYIOIIMM OpraHoM uyscTB. Tak,
HanpuMmep, ABe SPKOCTH MOTYT ObITb PAas3juyeHbl UEJIOBEYSCKHM IJIa30M,
eCJIM HX OTHOWIeHMe PaBHO MPHOAH3MTENBHO 2,5, DTO OTHOWEHHE onpeje-
nujto siovapudMnueckuli MacllTab M3MepeHHs «SPKOCTH» 3Be3J] — TaK Ha-
3bIBAEMYIO «3BE3JIHYI0 BEJHUMHY». Mbl MOCTABAIM CJOBO «APKOCTb» B Ka-
BBIUKY, IOTOMY UTO B JAHHOM Cayuae B JeHCTBHTENbHOCTH H3-32 Kpaiiued
VAAJHHOCTH 3Be3[ peub WIeT 06 OCBELUeHHOCTH, CO31aBaeMoil JaHHoi
38e30# Ha rpanuue armocdepsl. UejnoBeueckuii ria3 BOCHPHHMMAET MO-
STOMY 3B€3Abl KaK CBETAIHecs TOYKH Da3HOH ApKOcTH. POTOEKTpHUE-
CKasj perucTpailusi MO3BOJSeT BBOAUTL APOCHBIE 3HAUEHHA 3BE3JHBIX Be-
auumy. [lpu 5ToM HauGosee sApKue 3Be3ibl H, pasymeercs, Jlyna u Coanne
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XapaKTepH3ylOTCH OTPHIATENIbHHIMH 3HAYEHHAMH 3BE3/IHON  BEJAAYHIbI
{(—12,54 n —26,59 3Be3HOM BesHUKHL).

Jpyroft o6nacTbio npuMeHeHus JorapudmudecKoro Maciutaba fip-
JASIIOTCA NPOLECChl, NPH KOTOPbIX M3MEHeHHe BEJHUHHE! TPONOPIHOHA/LHO
camoll BeanuuHe, K _UMCJ1Y TAKHX NPOLECCOB OTHOCATCSA MOIJIOLIEHN’E CBETA
O/HOpOAHOH cpenoil, anepuojuueckHil paspsai KOHIeHcAaTOpa Ha CONpo-
THBJCHHE, 3aTyXanHe CHTHaAa BJOJb TPAHCARUUOHHONA JUHHH, HENHAS XH-
MHuecKas wan agepHas peakuus. B nepBHIX mpHMepax cooTBeTcTBYIOLLAS
BeauunHa YObiBAeT C PacCTOSHHEM WJH BpeMeHeM, B NOC/AENHEM — BO3-
pactaer. B ofuieM Buje 3aKOH U3MEHEHHA COOTBETCTBYIOULEH BEUYHHEL
MOXeT OLITh NPeACTABAEH KakK

A=Agak’. (n- ])

31eck Ag— HauanbHOe 3HAYende naHHON Beanuunb; A — ee 3HauYeHue
NpH 3HAaYeHUH aprymeHta (paccTORHHS, BPEMeHH M T. N.), paBHOM 2, k—
kosbduuuent, xapakrepusylomuii «TeMn» JaHHOro npouecca (kosdpdu-
IIHEHT TOrNOMICHHS, 3aTyXaHHs, YCHIEHHA H T. 1.), @ — OCHOBaHUe Jora-
piMOB, KOTOpOe MNPHHATO AJsl ONMCAHUSt NAHHOTO mnpouecca. Koaddu-
1LMeHT £ MOXeT ObiTb KaK OTPHLLATC/bHBIM (nOTJOUleHKe, 3aTyXaHue), TaK
¥ NONOXKHTeNbHEIM (ycuaeHHe, pasButHe). OueHb YacTO B KayecTBe 3Ha-
UEHHS @ TPHHEMAIOT OCHOBAaHHe HATYPAJbHLIX JIOrapudMoB e, ORHAKO,
pasyMmeercs, MOXeT OHITb NPHHSTO 1000 LPYroe 4YHCJO, Hanpumep 10
Wik 2 IpH COOTBETCTBYIOWEM BhiGope KosPduLunenTa k.

Jns xapakTepHCTHKH BbLICOTHI 3ByKa, KaK yXe YKaiblBanock B IMa-
Be 6, mpHMeHseTca Jorapudmuueckan WKaja ¢ ocHoBanueM 2, Takas Xke
1IKajla NPUMEHSeTCS NP ONHCAHMH PAAHOAKTUBHOrG pacnajga B cayyae
HCMOAb30BAHKA B KaueCTBe Mepbi BpeMeHM NepHoOAa nojypacnaga. ¥po-
BeHb HUTCHCHBHOCTH 3BYKa (3BYKOBOH MOUIHOCTH) M3Mepsierca Ju6o 8
Gegax (OCHI%BaHHe aorapudpmop 10), auGo B meunbenax (ocHosauue Jo-

rapudmos ¥V 10=1,259 ...), aubo B Henepax (OCHOBaHUe norapmbMoa——
yueno e=2718 ..).

Pacnpocrpauenue NpUMEHeHHs AorapHPMHUECKHX eHHHIL He npom.no
BOJNHE TNAaJKO H COMPOBOXKJAAJOCh HEKOTOpPOR myTanuiefl. B 1o Bpems
KaK B aKYCTHKe Kak Gesnt W JeUuGenbl, Tak W HEMepbl CAYKHIAM At H3-
MepeHHsl Pa3HOCTH YPOBHeH MOUIHOCTH, B 3JEKTPOTEeXHHKe M pajHOTeX-
HHKE NPH ONHCAHHH 33aTYXaHHst BAOJb SJEKTPHUYESCKON JHHIY lenubenaMu
H3MEPANOCh H3MeHeHHe YPOBHS MOLIHOCTH, a HenepaMu — H3MeHellHe
YPOBHA HanpsikenHocTn nosd. Tak Kak MOWHOCTL [PONOPUHOHANbHA
KBaAPaTy aMOANTYAb HANDPSHKEHHOCTH MOJR, TO AJs OTHOUIEHHS ABYX
MOUIHOCTEH MOXKHO HamucaTh

P, E
— = (I.2)
Py E;
na, gorapubmupys
E,
log?..=210g___=2 -0,4343 In =~ E (1. 3)

2

[Mostomy, ecau B axyctuke } Ges pasHanca 2,303 wn (cM. (6.16)) wan

1 86=02303 un, 10 8 3saexipotertnke 1 86=0,1151 nn nau 1 nn=
=8,686 06.
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JiBoficTBEHHOCTD JOrapHMUUECKHX eAMHHLL DaclpoCTpaHiiach 4da-
CTHYHO H Ha caMble AelHGesbl, KOTOPLIMH CTaJqH H3MEpATh KaK H3MeHeHHe
MOILHOCTH, TaK M U3MeHeHHe HANPSKeHHOCTH MoJA, HanpfKeHus H T. I
Sta nyraHuua noGynuaa BBeCTH OGLLYIO JIOTrapupMHUECKYIO eNHHHURY, ipH
npUMeHeHUH KOTOPOH KamAbIl pas ciiefyeT yKasblBaTh, K KakOil nMeiio
BEJHYHHE OHA OTHOCHTCA. Dnli BbICKa3ad pAfl HPEJJIONKEHHH 0 xaparrip:
¥ Ha3BaHuH 3ToM exuuuusl, HauGosbllee mpu3HaHHe NOAYYH/IA eLHHHLA,
KOTOPYIO Haspann Oeyuaoe, WMHCIEHHO COBHajamwas ¢ Aeunberom, HO
NPUMEHAIONIASCS ¢ COOTBETCTBYIOIIHM YKa3aHHeM K JIOGHIM BeJHUHHAM.
TlpumeneHue AeLUNOTOB [03BOJIAET 3aMEHATH ONEPALHH YMHOXKEHH H
JEJEHUS CIOIKeHUeM H BuluHTanHeM. [1pH 3TOM ja¥e OKOHHaTeNbHBIl pe-
3YJBTAT MOMHO BHIDaXkaTh HENOCPE]CTBEHHO B jleuHorax. Uto kacactes
Nellu6esa, TO ero pellieHO COXPAaHMTh TOJMBKO A H3MepeHus yposueft
MomnocTH. [IpH TakoM onpefeleHHH AEUMIOTa MOXKHO, HampHMep, CKa-
3aTh, 4TO OAMH JEUWIOr CHJBl TOKA PaBeH OZHOMY JEUUJOry HampsiKeuns
MHHYC OfHMH Jelusor conportusieHus. COrjacHO CKa3aHHOMY HelHIor
MONHO OMpeefnTh 1160 Kak 10 gecaTHUHLIX norapu¢mos J:mHl%oﬁ BOJIH-

uKHBL, JM60 Kak JjorapudMm 3To# BeJHuUMHBI HPH OCHOBAHHH Vio. Tpu
24THCKH BeJIMUHHBL, U3MEDEHHON B AeLH/IOrax, 06A3aTesibHO Cleayer yka-
3bIBATh HHJEKCOM, O KAKOH efWHulle HAeT peub, Tak, Hanpumep, Moif-
HOCTb, HM3MepcHIAs B KWJIOBATTaX Y 3alHCaHHAA [eUUJOraMH, ROJKHA
0603HauaTLCA

dig g

[MpouamocTpupyeM CKasaHHOe mnpHMepoM. OnpefenuM MONIHOCTh
TOKa NpH HanpskeHKH 2 k8 1 Toke 10 a:

x= dig,,, =301 dlg,, + 10 dlg, = 13,01 dig,.

HecKoJIbKO OCOGHSIKOM CTOWT ClieuyajibHas ABOMYHast jAorapubmute-
ckad egMHHLA Our, mpuMeHseMas B Teopun undopmanud. Ecau panuas
nudopManus ONpelesaeTcs H3 BO3MOXKHOLO WHCJIAa A7 PABHOBEPOSTHLIX
COGHITHH, TO Mepa 3Toi HHOPMalWHU JaeTcs BblpaXKeHHeM

N = log, n. (11. 4)

B kauecTBe IpUMepa PAcCMOTPHM Cielylomyio saaayy. flycrs umeer-
ca KoJaona, coiepxamtas 32 KapTel. CkoapKo TpeGyercs BOMPOCOB, HA
KOTODHie MOXeT GHTh AaH OTBET «1a» WM €HEeT», YTOo6H Y3HATh 321y-
MaHHyio Kapty. KaX/isiil 0TBeT, OUeBHAHO, YMeilblliaeT HeoNnpeleseHHOCTs
B 1Ba pasa, [IpeAnosioRKuM, yTo 3aayMana «xama mauk». Cxema BOnpocos
H OTBETOB MOKeT OhiTh, HanpuMep, Caeaywollas:

Bonpoc OTrBeT
1. Uepnasi mactp? Jia
2. TpedoBas macib? Her
3. Yucaopan xapra? Her
(necaTKa, AEBATKA U T. A.)
4. Myxckan KapTa? Her

(kopoJib, BaNeT)
5. Java nuk? Ba
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Jlerko BuaeTh, 4TO BO BCEX CAyYasix AOCTATOYHO 33]aTh NATb BONPO-
€oB, 4TO0b MONYUHTH MPABHJABLHLIH OTBeT. DTO MOXKHO BHIPA3HTb YTBEPK-«
LieneM, UTO SsHAHHE ONpe/eJeHHoll KapTel H3 OGLIero yHcaa 32 CONepHUT
nidopMauunio 5 6ur. 3uaHue KJeTKH IIaxXMaTHOH AOCKH, HA KOTOpOil Ha-
XOAHTCH NaHHasa (urypa, COLepkKHuT, CUEBHAHO,

N=1log,64=06 6ur u 1. I

TIlpunroxcenue 2

MBMCPCHHB NJOTHOCTH XHIAKOCTH apcoMeTrpoM

Jlnsi u3MepeHHR NAOTHOCTH KHIKOCTH TPHUMEHSIOTCS apeoMerphl
Cxemarnueckufi veprex npubopa noxasaH Ha puc. 30. B HuXuHel uvacTd
HAXOAMTCA rpys [, yAepxUBaIOWHA apeo-
MeTp B HCHBITYEMON KHIKOCTH B BEPTH-
KanbHOM nojoxenun Ha ToHkofi TpyOke
2 2 HAHOCSITCA JesieHus, COOTBETCTBYIOUIHE U3+
- MepsieMOfl MJOTHOCTH, MOCKOJBKY TrayGuna
MOrpy¥Keuns 3aBHCHT OT IJIOTHOCTH 2KHA-
KoCTH. B HacTosilliee BpeMsi 3TH [eJEHUS
ApSAMO  NOKAa3HIBAIOT MJIOTHOCTb (0OBINHO
B rpamMMax Ha KyOMuecKHil caHTHMETp}.
Onnako panee NPUMEHANMCH YCJOBHbLIE
LWIKaJkl ¥ MJOTHOCThH OMpejeJdsach B rpa-
Jycax cooTBercTBylomelr wKaawl [1pa atom
fenedHss Ha TpyOKe HAHOCHJIHCh Ha pas-
HBIX paccTosHHAX Apyr or apyra. Eciu B
XHAKOCTH, WJIOTHOCTb KOTOPOH paBHa Po,
apeoMeTp TOrpyXKeH 40 OTMETKH, YCIOBHO
NpUHMMAeMoil 3a HyJeBylo, H o0beM [o-
IPyKeHHoil uactd paseH V, a mnpH norpy-
KEHHH B JKHAKOCTb ¢ IJIOTHOCTBIO P YpO-
BEHb M3MeHseTcss Ha n jenenufi 1 obbeM
y3Kkofi TPYOKH MeXAy JABYMS N€NSHHAMH
paBen v, TO

)

Tri Tt

Puc. 30.

—_ e [
=Py i (I1.5)

rje 3Hak IIIOC COOTBETCTBYET 6oJjee Jerkol, a MHHYC — 6ogee TaKenofl
JKHIKOCTH, B pasnbix apeoMerpax peryiaMeHTHDOBAJOCL OlpeleseHHoe
OTHOLICHHE

Vv

N==,
v

Torga paa mepeBoAa NJAOTHOCTH B rpajycax (ZedeHHs 1UKaan) B
OTHOCHTEJIBHYIO NJIOTHOCTb OyleT cayxKHuTbh dopmyaa

P=Fn (11.6)

B KOTOpOﬁ NIJIOTHOCTh P NPHHATA 32 €AUHRLY.
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HauGoubiee pacnpocTpaHenue uMes B CBOe BpeMsi apeomeTp Dowme,
B KoTopoM N=144,3, a 3a eQuHHLY NJOTHOCTH NMPHHHMAJNACH IVIOTHOCTb
poanl npu 15° C. OGosnauanach maoTHocTs B rpajycax Bowme °Be’.

Hpunoscenue 3

Bojpopoaublii noxkasaresb

AKTHBHOCTb PacTBOPOB 3JIEKTPOJIMTOB 3aBHCHT OT KOHLEHTPalHK
noHoB B pacreope. O1HAKO 3Ta 3aBHCHMOCTDL He BIIOJIHE OJHO3HAUHA H3-34
B3aUMOJeHCTBUSI MeX Ay HoHaMH. [T03TOMY XapaKTepHCTHKOH aKTHBHOCTH
KOHLEHTpPAUKs MOMKET CJYMKHTb JHIIb B CHJIbHO pa30aB/eHHBLIX pacTBO-
pax. Ilpu GoAbmMX 3HAUYEHHSAX KOHUEHTPALUHMM BBOJMTCS NOHSTHE 3SKBH-<
BAJIEHTHOH KOHIEHTpaUHH, NpeAcTaBaROell co6oil nNpousBeAeHne HCTHH-
10/ KOHIEHTPAUHH HA KO3P(MHUHEHT aKTUBHOCTH, MeHbUIHH efuHHLbL [To~
CKOJIbKY KaK MCTHHHASI, TaK M 5KBHBAJIEHTHAs KOHLEHTPALHH HOHOB MOTYT
H3MEHSTBCA B BECbMa LUHPOKHMX Npefesiax, NMONb3YITCs J0rapHMHYeCKOM
wxanoit, MamepsieMpii no 3To#f mKase BOROPOAHBI moKasaTeab (06o-
suayaetTcst pH, paBeH -B3siTOMYy ¢ 0OpaTHBLIM 3HAKOM Jorapumy akTub-
HOCTH HJH 3KBHUBAJEHTHOH KOHUEHTpalUHd HOHOB BOAOPOJA, M3MepeHHOH
B PaMM-3KBHBAJEHTaX Ha JHTP). Tak Kak KOHLEHTPaUUs HOHOB BOJLO-
poja B BOAe (M XNMHUecKu HefiTpanpbabix cpenax) pasna 1077, To puas
soasl pH=7. B Kuc/ABIX cpeiax KOHUEHTpauus HOHOB BOACPOJA BhIUE H
cootsercrsetio pH < 7, a B wesounbix — Hao6opor — pH > 7.

Ipuroxcerue 4

Koucranrst

B HactosileM TPHIOKEHHH TPUBOAATCH 3HAYCHHS Hanbo/aee BasKHbIX
YHUBEPCAILHLIX NOCTOAHHBIX («MHPOBBlEe KOHCTAHTHI»). Te H3 HHX, CMbIC
KOTOPHIX JIOCTaTOYHO OuYeBHAEH, jaiorcs Ge3 mosicHend. B Apyrux cay-
yasgx MpUBOAMTCH RHOGO CCHIIKA Ha COOTBETCTBYIOLLME (OPMYJ/bi OCHOB-
HOTO TeKCTa KHHUTH, Ju60 OOBACHAETCA NPOUCXOXKJAeHHe U (H3MYeCKH{
CMbICA KOHCTAHTBl. KpoMe Toro, MOCKOJIBKY HEKOTOpbie KOHCTAHTLI B3auM-
HO CBSI3aHBbl, JAIOTCSH H (POPMY/LL, B KOTOPBIX OJHH KOHCTAHThl BLIPaXKeHDl
uepes Jpyrue.

Usicaenubie 3HaYeHHs] KOHCTAHT AaHbl C TaKHM UYHC/IOM 3HAKOB, UTO-
651 NPH BO3MOKHOM HX YTOUHEHMH H3MEHEHHE MPOH30WIO He 6oJjee yeM
Ha eaumyuy B npeanociennell 3nauawefi uudppe. Bee 3Havenus ganmbl
B cucremax CHM u CI'C u B oTae/nbHBIX Caydyasdx B HEKOTOPBIX BHeCH-
CTEeMHBIX €XMHHIAX.

Cropocte ceera

¢ =2,997925 - 108 m/cex = 2,997925 - 1010 cm/cex.

B cBA3u ¢ TeM, UTO B DS BHIPaXKeHWH, B YACTHOCTH B HeKOTOphie
ypaBHeHusi snekTpomarsHetusma B cucreMe CI'C, ckopocTb cBeTa BXOAHT
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B creneHsx 2, —1 0 —2, OpHBOAHM COOTBETCTBYIOUIME 3HAYeHHA 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.

Yucao Agozadpo — uuCaAO MOJEKYN B KAJOMOJE HIH MOJe
N ,=6,0225-10® xuoas™" =6,0225 - 10 moas™ .
T'pdsurayuonnas nocroannas
G=6670-10"1 4. 4?fxe® = 6,670 - 1078 Qun - c.ue/az.

3apad srexrpora

e=160210-10"" x=4,8030- 107 CrcC.
Macca srexrpona

me=9,1001 - 1073 x2=9,1001.107% .,

Macca nporona

mp=1,67252-107% ke =1,67252- 1072 2,
Macca nedirpona

m,=1,67482-107% xe=1,67482-107% ¢,

HJucao Papades — KONMMUECTBO SAEKTPUYECTBA, NPU NPOTEKAHHA KO-
TOPOro Yepe3 3MEKTPOJHT Ha KaXKIOM 3J€KTPONE BhLAEJSETCS OfHH FPaMM-
9KBHBAJICHT BellleCTBa

F=eN,=9,6487-10* x =28926- 10" CrC.
Hocrosnnas Iranka
h=6,6748-107%* 9ac - cex = 6,6748 - 1027 spz - cex,
h

h=—5— =10545- 1073% 9 - cex = 1,0545 - 10727 ape - cex.

Mocroannyio i uvoraa HaswlBalOT nocroaxxodl Hupaxa.
Tocroaxnas ronroi crpyxrypel. VccaeaoBaHde CnekTpaabHHX JH-
HUI BOLOPO/A ¢ MOMOLIBIO NpHOOPOB BHICOKOH paspellarmmel cnocoGHo-

CTH NOKAa3aJio, YTO 3TH JNHHHY 0GJANAIOT TOHKOHR CTPYKTYypo#, T. e. co-
CTOST W3 HECKOJbKHX JAuHMA, BecbMa OJH3KO PACNOJNONEeHHBIX APYr K

Apyry.
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Tonxas crpykTypa JuHui OODBICHAETCA NDPH ydeTe TEOPHH OTHO-
CHTEJDHOCTH W COGCTBEHHOrO MarHHTHOTO MOMeHTa 3jekTpona. Hlo6asou-
Has sueprus, cospamwiuas pacliensieHue JIHHHA, OnpeienseTcs BHpaxe-
HHEM, B KOTOpOe BXOAHT Oe3pa3MepHbIi MHOXHTeNb ¢, Ha3biBaeMbiil mo-
CTOSTHHOH TOHKOH CTPYKTYPHI H UHCJIEHHO PABHBIA

2
0= =7,2070-1073,
e

O6paTras Beauuuna

1o 137,039.
a

OrHowente 3apA0a 31eKTPORG K 020 MACCE

% =1,75880 - 10!! x/ke = 5,27274 - 107 CI'CJe.

Komnronoscres d.auna soanes. Tpn paccestHnn peHTreHoBCKUX ayyedt
Ha  cBODOAHBIX ~ 2/EKTPOHAX TMPOHCXOJHT H3IMEHEHHE JJIHHB  BOJHHL,
o0ycaosnenioe oOMEHOM 3IHeprHell M HMOYJALCOM Mexay (HOTOHOM

1o aaexrpouoy  (spdext Komnrona)., Iro usMmenedwe onpenensiercs
thopmy.oift

Ak = A4 (1 —cos 0), (1. 7)

rae 0 —yroa oTKaoHeHHsi (OTOHa OT NEPBOHAYANLHOTO HANpPaBACHHS,
Ao — KOMITOHOBCKAs LJiHHA BOAHBL

Ao = 7’%:2,42621 210712 4 =2,42321 - 10719 o,
I/lnorna B ypasnemm BBOASAT Bemmnuy, B 23‘( pa3 MEHbll]leZ

A= % =3,865144- 10718 4 =386144. 1071 cp.

Hocroannan Pudbepea. ®opmyna (9.34) onpenensier BOJHOBHIE uiiC-
Ja  CHEKTPabHbIX JHHAR BOAOPOLONOAOOHHIX aTtomos. Bxonswas s
3Ty (opyy nmocTosiHHan PuiaGepra R HECKOJAbKO Pa3iWyHA /IR PA3HBIX
aTOMOB  BCJEACTBHE pasnuuiia Macc sapep.. Has Aapa  Geckoneunof
Macent

mee!

=2 = 1,0073731 - 107 4~ ' =1,0973731 - 10° cx™ 1,
4nhic

Ra

Paduyc Bopa — papyyc OoCHOBHON OPGHTHI 2J€KTPOHAa B aToMe BO-
nopoaa no «kaaccuueckoits Teopuu Bopa

=5,29187 . 1071 4 =5929187-1077 cu = 0,520187 A,

it

1082
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Maeneron Bopa. Onpeaeneune Marderoua DBopa Ownio jpano - B
§ 9.2 (9.6). Bosee TouHoe ero 3HaueHue ¢ OGHIYHO APHHATOH 3AMHHCHIO
€/IHHULL

5 =9,2732- 1072 goc - 7271 = 19,2732+ 107 spe-ec™,

Hopmaasnolii: 06sem 2a3a — 00beM KHIOMOAA WIH MOJsL rasa mpH
HOpMaabhbix yeaoBusax (0°C u 1 ara)

Vo=22,414 m3/enors (2/moas)=2,2414-10% cu/moas.

Yuusepcasbraa eazosas nocroatuas. Cornacho ypasHenuio Kia-
nefiposa — Mengeneesa (5.2) yHusepcanbHaf rasosas MOCTOAHHAT MO-
MeT OblTh OnpeaelieHa BblpakKeHHeM

pVs
7o

(11.8)

TloacTaBasis COOTBETCTBYIOIIHE HOPMAJIbHLIM YCJOBHAM 3HAUEHUS
u T, noiyyuM 3HaueHne R, KOTOpOe BbipasHM B Pa3HbIX eAHHHUEX:

R =18,3143 - 10% duc/(xmo6 + 2pad) = 9,3143 - 107 apef(moas « epad) =
= 1,9858 xaa/(moas - 2pad) = 8,2053 - 1072 4+ arm/(#oa6 « 2pad).

Mocrosunnas Boasymana moXeT GbiTb onpeieseHa Kak OTHOLIeHHe
yHHBEDPCA/bHON ra30Boft NocTofRHHOH K ylcay Aporaapo

k= Ni— 1,3805 - 10~ dse/epad = 1,3805 - 10718 ape/epad.
A

IToctoannaa e 3axone Creghana — Boavymana (popmyant (5.4)
(8.11))

6 =5,669 - 1078 ar/(42 - 2pad?) = 5,669 - 107% spe/(ca® - epad?).
[Toctoannas e saxoHe cmewyenus Buna (popmyna (5.5))
b=28978+ 1073 s .2pad =0,28978 c#-e2pad.

3akon usayuenus I1rauka 103BOASET BLIPA3UTH NOCTOAHHLIE O H b
yepes nocrosuuble i, & u ¢

o= 10823 0% (T1.9)
bt (1. 10)
19651k

{xo3dpduunentsr 1,0823 1 4,9651 noayuarTcs B peayabTaTe COOTBETCTBYIO-
IMX MaTeMaTHYeCKHX onepaumi)
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I purosxcenue 5
Tadauup

B ra6a. | gama csoaka ennnnu FeOMETPHYECKHX H MeXaHHYecKHX Be-
aunin. B 1aba. 24 — nogoGuas xe cpoaka NEKTPHUECKHX H MArHHTHLIX
exnnnu, Ilpuenennr epnnnupt u pasMepuoOCTH B YeThIpeX CHCTEMax.
Taba. 25 npeactaeaser coGoit samick VpaBHeHnu# 3jeKTpoMarderusma
TakKe B HeThipex cucremax. Tada. 2—23 n 26—45 14107 COOTHOWEHH A
MEXLY €AHHHUAMH Das/IUYNLIX BEJIUHH B PA3HBIX CHCTEMAX H 4aCTHUHO
MCHKAY BHECHCTEMHLIMH efuuuUaMu. [TepeBoiible MHOMHTENN JAHbI, KaK
paBIIO, ¢ TOYHOCTBIO A0 TpeTwell suavautedl undpe. o verseproit
1igpel NPHBOAATCA MHOKHTEAH JHIL AR eAHHINL BpeMenu. Ta6a. 46—
53 ABAAIOTCS BCIOMOrATENbHLIMH M BKAIOUAIOT HEKOTOpbie aHriiicKue H
aMepUKAHCKHe eNHHMUL, eAUHHLB!, lle YTBepKICHHLICE CTANAapTaAMH,
UIKaJdbl TBEPAOCTH H CKOPOCTH BeTpa, 0603HAUCHHS €AMHHIL U AeCITHYHBIX
NpHCTaBoOK M T. u. Taba. 54—~59 aBAAIOTCS UYHCTO HAMIOCTPATURHBIMHA H
JIMEIOT UeABI0 NMOKA3aTh, KAKOrO MOPsJAKA YHCAA HO/IYYaiOTCA NpH H3Me-
petilit HEKOTOPLIX CBOHCTB MaTepnaioB €AHHHIAMH Pa3JHYHBIX . CHCTEM
U1 HanGonee pacnpocTPAHEHHbIMI BHECHCTEMHBIMH eAWHHIAMMU.

NMEPEYEHD TABJIULL

CBO,’IHaﬂ Tabauna FeOMeTpHYCCKHX H MEXAaHUYECKHX BeJTHYHH
Caa3p MEXAY €AHINUAME N JIHHDB!

Csn3b
Csssb
Csa3b
Ca#isb
CBs3b
Cas3b
. CBA3sb
. Csa3b
. Ces3p
. CBaI3b
. CBa3b
. Cpasp
. Casb

CENGUR W

MEKAY
MEeX Y
Mex Ay
MLy
MeX1y
MeX1y eAHIHIAMH
MEXKY elHHNnaMu
MEXKIY eaHHHUHaMH
MeKAY e1iHHIaMH
MeKI1y eAHHHLAMH
MeKAY eAHnHuaNi
MeM1Y eAHHHUAMH
MEXKAY eAHHINIAMH

eanHdnaMu
eqHdunaMn
eqHnHIamMy
eAHHuuaMH

CAHHHLAMU.

U (JHER T
o0beMa

TeJecHoro yr.aa
yria

BpeMeni

CKOpOCTH
ycKopeis
yraosofi CKOpocTH
Macch

CHABL

JlaBJjenns

paboTel i 3HEPruy
MOLLHOCTH

. CsA3b
. Caasb
. CBsi3b
. CBasb

CBa3b

MEXAY eNNHHIlAMH MOMeNTa UHepILiH

MeXAYy eAHnHUaMH Moay/ell ynpyroctH H CABHTa

MEMULY NPHBEASHHDIM AABJACHHEM H KOHUeHTpaluell

Mexay eAHHHIAaMHU YIebHOM TelI0eMKOCTH

MEXIY eAHHHUAMH KO3(DHIHEHTA TENIONPOBOLHOCTH

Ceasb MexAY elNHHUAMH KOIDGBHIHEHTA Tema0lepesaun

. CBa3b MeXAY eAHHHUAMH HHTEDBA/NA 9aCTOT

. Mysblkaabuble autepsadnl

Cpoanan Tabnuma 3MKTPHUECKHX H MATHHTULIX &XHHHI

. Ypasueuus saeKTPOMArueTHaMa, SafucaHHble B PA3HBIX CHCTEMAX
e AHHHL

26, Cpa3p MeRAY eAMHULAMH 32prja
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CBs3b MEXAY €HHUIAMH HANPAKEHHOCTH NOJis
Cessb MexXJay €IXHHHUAMH ﬂOBerHOCTHOﬂ MJa0THOCTH 3apsja

. CBfA3b MeXAy eauHHIAMH OGBLEMHOH M/IOTHOCTH 3apAAa
. CBSi3b MEKAY €QHHHLUAMH CMeLleHHs

. CB#13b MeX1Y eHHHLAMH IOTOKA CMeLieHus

. CBs3b MeXJy e/HHHIaMH MOTeHllnaaa

. CBSi3b MEX]Y elHHHUAMH eMKOCTH

. CBsi3b MEXKAY eAHHHUAMH CHJIB TOKa

. CBs13b MeXJYy €AHHHIAMH CONPOTHBJEHHS

. CBs3b MEXAY €AMHHIAMH YAeJbHOTO CONPOTHBJIENHHS

Casizb MeXJy €AHHHUAMH MarHHTHOH MHAYKLHH

. CBs3b MeXJy €AMHHUAMH MarHHUTHOIO NOTOKA

. CBf3b MeXAY €AHHHIAMH HANPHKEHHOCTH MArHHTHONOG 00

. CBsi3b MeXAY eHHHIAMH MarHHTOABHKYIEH cHAbI

. CBA3b MeXJy €AHHHIAMH HHIAYKTUBHOCTH H B3aHMHOH HHAYKTHB-

HOCTH

. CBA3b MEKAY eAMHHLAMH APKOCTH
. 3HaueHUs OTHOCHTENbHOA M abCOMIOTHON BUIHOCTH MPH Pa3AUUNBIX

AJiHHaX BOJH

. CB713b MEXKAY 3JIEKTPOH-BOJIBTOM M JADYTHMH eIHHHLIAMHA

. CBsisb Mexay eauHuuaMi 3GdeKTHBHBIX HONEPeUYHBIX CeueHHi

. HIgana Bodopra

. HIxans TBEPAOCTH

. HexkoTtopeie uauGosiee uwacTo BCTpedaiouuecss aulHlHcKHe H avepH-

KaHcKne €AMHUIB

. Hexompb{e eJHHHUBI N Ha3BAHHA €AMHHL, HMeIolHe OrpaHuvennoe

npumenenne u He Bomenmue 8 FOCT

. TemnepaTypHble TOUKH

. Pycckue u MexiyHapoaHble 0603HAYCHHA €AMUHIL

. JlecsiTHYHBe TPHCTaBKH

. OGo3nauenus QU3HYECKHX BEJHUYHH

. Moayab ympyroctd (moaynb IOHra) HekoTopbix MaTepHaloB
. Braakocth HeKoTOpHIX xHAKocTel npu 20°C

. TennoeMKOCTH HEKOTOPHIX BELLEeCTB

. KosdpHuueHT TENJONPOBOJHOCTH HEKOTOPHIX MaTepHa.i0B

. YieabHOe akycTHIECKOe CGHPOTHBIEHHE HEKOTODHIX Cpet

. ¥YjienpHOE CONPOTHBJCHNE HEKOTOPHIX MPOBORHHKOB



CpogHasi TaGJHIa reOMETPHYECKHX M MEXAHHYECKHMX eJMHHI

Tabawnuwa 1

dopmysa pasMepHOCTH EAnHuLb
dopmyna
BenuunHa onpexesenus
CH u CIC| MKrcc CH crc MKTI'CC
Nansa 4 L L “ oM x
Macca U A M L~Irr? K2 2 u(r. e M)
a
BpeMmst t T T cex cex cex
2 L2 L2 2 2 2
Mromans S=1 M cm M
O6men V=02 L? L? # en? P
Yron Q=1r 1 1 pad pad pad
TenecHnlt yroa =S/’ 1 1 crep crep crep
Kpususna o=1Ur L~! L1 n! et Pt
2 -2 -2 ~2 -2 -2
ayccoBa KPHBH3HA K=1jr L L M M M
Cratuueckut MOMEHT NJIO- s a s s .
cxoli  durypsl SZ = rds L L n oM m
s
Ocesoft H TOAAPHBIA MOMeH- 2 . . . . .
Tl NJAOCKOR (HIYPH Jz Ll reds L L M oM M
s
Cxopocts 0= L Lrt Lt Mlcex calcex Micex
t

5

KYINYav.L

196



Ta6auna | (npodorwmente)

dopMya pasMepHOCTH EfuRHLb
dopMyaa
Beaunuuna onpeneieHns
CH u Crc¢{ MKrcc CHU crc MKIcCcC
[ _ -
YckopeHue a=—2 7 R Lr? LT? M/z:mc2 c,u/cerc2 .u/cerc2
-1 -1 -1 -1 -1
Yraosas CKOPOCTh O=¢/t T T cex cex cex
@, ~ 0 —2 _ - - -2
YrioBoe | YCKOpeHHe £=—2 7 ! T 772 cex™? cer™? cex
TlepHoR T = 27/® T T cex cex cex
YactoTa v=1/T 7! 71 2y 24 2y
— — - -1 -1
T'panHeHT CKOPOCTH grad v =dv/dl ! 7! cex™! cex cex
- - 3
O6beMHBIll pacXond Q= dVids L3t Lt #3cex cn®feex #3/cex
— -1
TTaoTHOCTE OGBCMHOTO pac- g, =Q_/s Lt} LT Micex cumicex Micex
Xona 4 el
—1 =1 2/cex ujcex (1. € M./cex)
MaccoBasi CKODOCTb NOTOKa Q= ‘Z’tn MT LFT Kelcex fce ! {
Cuaa f=ma? LMr? F ® Gun ‘K2C
MoMeHT CHIBI M= LimMr—? LF HeM Qun-cH Kec M
HMOyase CHABI ft LMT™! FT K CeR dun-cex Kac-cex
KONHUecTBO NBHIKEHHS muv LmMr—? FT ke Mlcex | a-cmlcex | u-micex (1. e. M.-Micex)
b -
Pa6ora H 3HEPTHA A=fl cos(f, 1) LZmr—? LF Qo 8pa Kac M
O6beMHaR NJAOTHOCTb SHEp- w=W/V L= mr—2 L=%F Ao/ n® spaicu® xoc/M®
THH
MotuHocTs P=Aft Limr—3 LFr=! 8T apz/cex Kec-micex
HMEyabC MOMeHTa CMABI Mt Limr—! LFT Hecer Jun-cex Kec-cex
MoMmeHT KosaMuecTBa  ABH- L=mor=Jo Lmr—? LFT ke-micex | 2-cmjcex | u-micex (1. e. M. -Micex)
SKEeHHs
Hasnenne p=fls L= imr—? L™ win® dunfer® kecin?
Tpanuent nabienns grad p =dp/dl L™ 2pm72 L~3F ain® dunicw® Kac/mu®
MowmenT HHepuuH Tena = J‘ 2 dm LM LFT? ke M2 zocm? u-s? (kec-m-cex?)
v
TaoTHOCTS p=mlV L™%M L=r7? xe/u® 2/cu® u/n® (kzce-cex?/n®)
Monynb yOpyrocTH H cosura E =fl[sAl L=lmr—2 L% uin? dunjem® xecin?
}\oci;(bgri[sl;ﬂem Beectoposero K= —-—:, —-ZL/ LM~ 172 L2F_' Mz/u cMz/auu M".’/mec
BsizkocTh i ] —2 2 2
W=——<Zoar (LT MT LT*FT | n-cexin na K2e-ceriMm
KosdbduuueHT noBepXHOCT- 0= f/l M2 L~F Rin dunfcm Kecim
HOrQ HaTs:KeHHd (07IC/M2) (ape/cm‘z)
Am 25=1 2 5me) 2 2 2
Kosddunuenr nuddysun D ATs dplal LT LT M /celc 27} /celc s?fcex

) ®opMyaa onpesnenenus B cucreme MKI'CC.

) @opmyJa onpefenenus B chcreMax CU u CI'C.
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Ta6auna | (npodorwmente)

dopMya pasMepHOCTH EfuRHLb
dopMyaa
Beaunuuna onpeneieHns
CH u Crc¢{ MKrcc CHU crc MKIcCcC
[ _ -
YckopeHue a=—2 7 R Lr? LT? M/z:mc2 c,u/cerc2 .u/cerc2
-1 -1 -1 -1 -1
Yraosas CKOPOCTh O=¢/t T T cex cex cex
@, ~ 0 —2 _ - - -2
YrioBoe | YCKOpeHHe £=—2 7 ! T 772 cex™? cer™? cex
TlepHoR T = 27/® T T cex cex cex
YactoTa v=1/T 7! 71 2y 24 2y
— — - -1 -1
T'panHeHT CKOPOCTH grad v =dv/dl ! 7! cex™! cex cex
- - 3
O6beMHBIll pacXond Q= dVids L3t Lt #3cex cn®feex #3/cex
— -1
TTaoTHOCTE OGBCMHOTO pac- g, =Q_/s Lt} LT Micex cumicex Micex
Xona 4 el
—1 =1 2/cex ujcex (1. € M./cex)
MaccoBasi CKODOCTb NOTOKa Q= ‘Z’tn MT LFT Kelcex fce ! {
Cuaa f=ma? LMr? F ® Gun ‘K2C
MoMeHT CHIBI M= LimMr—? LF HeM Qun-cH Kec M
HMOyase CHABI ft LMT™! FT K CeR dun-cex Kac-cex
KONHUecTBO NBHIKEHHS muv LmMr—? FT ke Mlcex | a-cmlcex | u-micex (1. e. M.-Micex)
b -
Pa6ora H 3HEPTHA A=fl cos(f, 1) LZmr—? LF Qo 8pa Kac M
O6beMHaR NJAOTHOCTb SHEp- w=W/V L= mr—2 L=%F Ao/ n® spaicu® xoc/M®
THH
MotuHocTs P=Aft Limr—3 LFr=! 8T apz/cex Kec-micex
HMEyabC MOMeHTa CMABI Mt Limr—! LFT Hecer Jun-cex Kec-cex
MoMmeHT KosaMuecTBa  ABH- L=mor=Jo Lmr—? LFT ke-micex | 2-cmjcex | u-micex (1. e. M. -Micex)
SKEeHHs
Hasnenne p=fls L= imr—? L™ win® dunfer® kecin?
Tpanuent nabienns grad p =dp/dl L™ 2pm72 L~3F ain® dunicw® Kac/mu®
MowmenT HHepuuH Tena = J‘ 2 dm LM LFT? ke M2 zocm? u-s? (kec-m-cex?)
v
TaoTHOCTS p=mlV L™%M L=r7? xe/u® 2/cu® u/n® (kzce-cex?/n®)
Monynb yOpyrocTH H cosura E =fl[sAl L=lmr—2 L% uin? dunjem® xecin?
}\oci;(bgri[sl;ﬂem Beectoposero K= —-—:, —-ZL/ LM~ 172 L2F_' Mz/u cMz/auu M".’/mec
BsizkocTh i ] —2 2 2
W=——<Zoar (LT MT LT*FT | n-cexin na K2e-ceriMm
KosdbduuueHT noBepXHOCT- 0= f/l M2 L~F Rin dunfcm Kecim
HOrQ HaTs:KeHHd (07IC/M2) (ape/cm‘z)
Am 25=1 2 5me) 2 2 2
Kosddunuenr nuddysun D ATs dplal LT LT M /celc 27} /celc s?fcex

) ®opMyaa onpesnenenus B cucreme MKI'CC.

) @opmyJa onpefenenus B chcreMax CU u CI'C.
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Caa3b MEXJAy €IHHHHAMH IJHHbI

Ta6auwua 2

SR
L;J‘T‘gg’ Kx i l oM sn s () ') HM A X nofiMos | dyTos (MONIlJl({:;bux)
1 km= ' 1 10° 10° 108 105: 1012 10'% 108 [304.10* |3,28-10% |o540
1 ag= 1072 1, 10 10° 10° 10° 10!° 103 39,4 3,28 5.40-107*
1ex= 10 10” 1 10 10* 107 10 10'' lo,304 3,28-1072 | 5,40-10°°
1 mn= 107" 107° 107! 1 10° 108 10 10! {304.1072 | 3.28-107% | 5.4.1077
% ,u;m= 107° 1078 107 1078 1 10® 10* 10 l3e4.107% | 3,98-107% | 54.1071°
MK, .
1 um= 10712 107° 1077 1078 10? 1 10 100 3941078 | 3,8.107° | 5.4.10718
1A= 10712 10710 1078 O R 0,1 1 10 l394-107° | 3.28-107'9% | 5.4.1071*
1 X= 10716 10713 1074 10710 1077 10t 1078 1 39410712} 328-1071% 1 5.4.107"7
1 mofin =} 2,54-107°) 2,34-107% 2,54 25,4 254100 |2.5¢-107 |2.54.10° | 254000 1 1 8,33.1072 | 1,37-107%
1 byr= |3,05-107% 0,305 30,5 3,05-10° | ‘3.0510° [3.05:10° |[3,05.10° |3.05-10' 12 1 1,65-107*
1 Muas - 185 | 1.85-10° | 1,85-10° | 1,85-10% | '1,85-10° [1,85-10' 1851013 | 1,85-10'% [7,20-10* | 8,08-10° 1
(MopcKasn) :
1) PexoMeHdoBaHHOe 0603HaNEHHE MUKPOHA MKM (MEKPOMETD).
Cra3b Mexay eAHHUIIAMHA naomanu Tabauua
Efgﬁﬁf: ‘ ru’ 2a e » cu’ '’ n,lol:il:éoa KB. yTOB (Twsc;p‘\é:g;)
1 xn? = 1 100 10* 108 101? 10!2 1,55-10° 1,08-107 0,292
1 2a = 1072 1 10° 10* 108 10'° 1,55.107 1,08-10° 292.107°
1 g= 1074 1072 1 10% 10° 108 155-10° | 1,08-10° 2921073
1 4= 1078 10t 1072 1 10 10 1,55.10° 10,8 2021077
1cul= 1010 1078 0™ 107t ! 102 0,155 108-1078 | 292.107H
1wl = 10712 16710 1078 1078 1072 1 155-107% | 1081072 | 292.10713
i s, moim = | 645-10710 | 645107 | 6.45.107% | 645.107* 645 | 6,45.1072 ! 604.107% | 18810710
1 ke dyT= | 9,20-107 9,29-10 9.29-10~* | 9.20.1072 | 9,20-10* | 9.20.10% 1,44-10° { 9,71.1078
1 KB, MiIA = 3,43 3.43-10% | 34310* | 343.10° | 3.43.10'° 34310 | 5.32.10° | 369-10 1
(Mopcxas)

3
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CBfi3b MeXAYy eRMHHNAMEA of6bema
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a6aunna 4

%%1%?1'2118 w 2 (ax®) cx’ o Jlk'?l'{l?l'OB (1)?1663
1 1 10° 108 10° 61100 1353
1a= 107° 1 16° 10° 61 3,53-1072
(04°)

1 end = 1078 1072 1 10 6,1-1072 | 353.107°
1 a® = 107° 1078 1072 1 6,1.107% | 353.107°
1 ky®. 1,64:107%) 1641073 164 1,64-10* 1 5,79.107*
ARIOIM =

(lh ;%ré. 2831072 283 283104 2,83-107 1,73-10% 1

TaG6auwna 5

Cesassb MeX1y ¢RAHHRUAMH TEAECHOro yrJja

Eauunnia
Teecloro
yraa

crep

NOJHbIX
FeeCHbIX
yraos

HPAMbIX
TeNecHhixX
yiraos

e
(kBar' arubix
rpanycos}

I crep =

| noaubifl
TejecHbllt
yroa =
(chepa)

I npamof
TeaecHbift
yroa=

10°=
(kBapaTbiil
rpaiyc)

12,6

1,57

3,05-1074

7.96-1072

0,125

2421072

0,637

1,94-107*

3,28.103

41310

5,16 10°




CeAa3p MeXRNY eINHRUAMH yriaa

TaGaunua 6

Enunnua yriaa

pad

4

Ia

o6

_ g c cc
1 pad = 1 57,3 3,44-10% 2,06-10° 0,159 0,637 63,7 6,37-10> | 6,37-10°
o= 1,75.1072 1 60 3,6-10° 2,78.107% | 1,11.1072 L1t 1,11.102 | 1,11-10%
1= 201107 | 1671072 | 1 60 463.107% | 1,85.107* | 1,85.1072 1,85 1,85-10%
V7 = 4,85-107% | 278-107* | 167-1072 1 7721077 | 3,00.107% | 3,00.107* | 3,00.1072 3,09
} osopor— 6,28 360-10° | 216-10* | 1,30-10° 1 4 “4-10% a-10° 4.10°
OKPYXKHOCTB
‘1L= D vom | 90 5,40-10° | 3,24.10° 0,25 1 107 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 1 102
{MeTD-MHHYTA)
166 = 157.1075 9.107% | 5,4.1073 0,324 251077 1076 1074 102 1
(MeTp-CexyHaa)
Ta6auuma 7
Cgsi3b MEXAY €IMHWHAME BPEMCHH
}éggl::::ll; cex MUH uac CYTOK Heledb JeT
1 cer = 1 1,667-1077 2,778-107% 1,157-107° 1,653.10': 3,169-10"§
1 mun= 60 1 1,667.1672 6,014.107* 9,921.10™ 1,901-107
1 wac= 3,6-10° 60 1 4,167-1072 5,952-1073 1,141-10‘3
1 cyTRE = 8,64-10* 1,44-1072 24 0,1429 2,738:10~
1 Hemens = 6,048.10° 1,008-10* 168 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 MEKRY €IUMHHUAME CKOPOCTH

g;gggé‘;z I Micer I /MUK culcex Km/iac I y3a08
1 mjcex = 1 60 10? 36 1,94
t mimun = 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 1,83 1
Ta6auna9
Cea3b MEXAY €IHHHIAMH ycxopennﬂ
EAHHNIA YCKOpeHHA M/cex2 CM/C€I€2 g
1 sjcer® = 1 10% 0,102
1 cajcen? = 1072 i 1,02-1078
1g= 9,81 9,81.10% 1

Tadauuma 10
CBAi3b MeXJy eIHHHUAMH YraoBoil CKOPOCTH

ERunvua yraosoi

CKODOCTH padicex o6/cex 06/ mun °lcex
I padicex = 1 0,159 9,55 57,3
1 06/cex = 6,28 1 60 3,6-10%
1 06/mun 0,105 1,67-1072 1 6
1 °fcex = 1,75-1072 2,78.1073% 0,167 i

Ta6anuwa 11
CBA3b MEXJAY €IHHHUAMH MAaCChi

Eanunna maccer Ke 2 u (T. e. M) T

1 K= 1 10° 0,102 1678
1e= 1673 1 1,02-107* 1078
Lu(r.e. m)= 9,81 9,81-10 1 9,8-1073
1 7= 103 10" 102 1

TaGauma 12
CBA3b MeXJY €JHHHUAMH CHJbI

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 9.81.1073
1en= 108 108 102 1

{cren)




TaGanua 13
Cefisb MeXIY eAHHHHAMH NaBACHHSA

EARHAUA JaBJeHHA nin? dunlcu® xec/u? keclem? ! noes | (rngggbea) ara MM DT. CT.
1 nim? (nackanm) = 1 10 0,102 1,02-1073 1078 106758 9,87-10° | 7,50-1073
1 dunfem® (mx6ap) = 0,1 1 1,02-1072 | 1,02-10~¢ 107 1078 0,87.1077 | 7,50-107*
1 kec/#® (Mm BOX. cT.) = 9,81 98,1 1 10~* 0,81.107% | 981.107% | 9,68-1075 | 7,85-1072
1 xecien® (ar) = 9,81-10* | 9,81-10° - 10t 1, 98,1 0,981 0,968 7,35-10%
1 nvesa= 10° 10* 1,02.10 | 1,02-1072 1 10™2 0,87-107° 7,50
i 6ap (rekTomnbesa) = 105 108 1,02-10° 10,2 102 1 0,987 7,5-10%
1 aTh = 01168 | 1,01-10° 1,03-10* 1,03 1,01.10? 1,01 1 7,6-10%
1 MM DT. CT.= 1,33-10° 1,33-10° 13,6 1,3.167% 0,133 1,33.1072 | 1,31.107% 1

Ta6aunpa 14
Caszb MeXAy eAMHHnaMu paGoTH YU SHEPTHH

Exuruna dawe ape Kee m xan KKQA K8T 4 Ae € ¥ AATM
1 o = 1 107 0,102 0,23 | 2.39.107% | 2,78.1077 | 378-107 | 9,87:1073
1 spe= 1077 1 1,0210-% | 2,30-1078 | 2.39-107'1 | 2,78.10714 | 3,78.1071¢ | 9,87-1071°
1 kecmm 9,81 9,81-107 1 2,34 2.34.10~% | 2,72-107% | 3,70-107% | 9,68.10™2
1 kar= 4,19 4,19-107 0,427 1 1073 1,16:107% | 1,58.107% | 4,13-1072
| xkaa= 4,19-10° 4,19-101° | 4,27.10° 108 1 1.16-107% | 1,58-1073 41,3
1 xerea= 3,6 -10° 3,6 -101% | a67-10° 8,6-10° 8,6-10° 1 1,3 3,55-10*
(KHJOBATT-44C) -
14 c 4= 2,65- 10° 065-10'% | 27.105 | 632.10° | 632:10° 0,736 1 2,61-10
(nomajKHas CHJa-yac)
1 2-arm= 1,01-10° 1,01-10° 10,3 24,2 242.1072 | 2,81-1075 | 3,83.107° 1
(anTp-armocdepa)

895
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TaGnuia 15
CBﬂ3b MEKAY CAHHANAMH MOMIHOCTH
nf:oﬁ:géﬁ« ar apalcex K8T  |Kec-alcex| kaajcex | KKaalu 1. €
= 7 -3 . -3
lar = 1 10 10 0,102 0,239 0,80 | 1,36-10
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° 1,36
EEER tgsr | 081107 | 9,81-1073 1 2,34 8,43 | 1,33-1072
cex
tkaafcex =) 419 | 4,19-107 | 4,19-167% 0,427 1 360 | 569-107°
Lxkaafu=| L6 | 1,16-107 | 1,16-16™% o.119 0,273 1 1,58-1072
L e 7,%6-10% 7,36-10° | 0,73 75 175.5 6,32-10° 1

Tadéanua 16

Ceaasp MEXARYy eXHHHLIAMH MOMCHTA HHEPLUHH

Emm:;;,:p&x‘z:dema we-md 2ocu? ol
1 ke-m® = I 107 0,102
1 2ecm® = 1077 1 1,02 168
| um= 9,81 9,81-107 1
(1. e. m.-a?)

Ceasp Mexay

Ta6auua 17

eJHHHUAMH MOAYJell YNpyrocTH M CABHTa

EAuHHULA win® mm/cM2 kec/m? keclen® xacisn?
1 a/m?= 1 10 0,102 1,02-107° 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 kecfen® = | 9,81.10° | 9,8t-10° 10t 1 1072
1 wec/nn®= | 981.10° | 9,8i-107 108 10 1
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Ta6auua 18

Cafi3b MEXIY NPHBEACHHBIM RABJCHHEM
H KOHUEHTpauHei

Enuuiua MONG KMOADL
npupeaeHHOro -3 -1 -3 —_ | =
JNaBJeHHS H M 4 cM A ( 3 )
KOHIeHTpauuu
1 niad= 2,66+ 10%¢ 2,66-10"7 2,66- 1014 4,42.1077
1 dunfen® = 2,66-101° 2,66-10'% 2,66-10'3 4,42.1078
L arm= 2,69-10%5 2,69-10%2 2,69-10'° 4,46-1072
I mxpT. cT. = 3,54- 102 3.54-101° 354101 | 587.1078
Ta6auua 19
CBA3b MEXJAY €JHHHUAMY YAEJbHOH TeIJIOEMKOCTH
y
Eauunua R
yﬁemmoﬁ daxcike-epad spele-epad K&Zﬂ/,/ﬁe.:pz%a)
TENAOeMKOCTH
1 dac/xe-2pad = 1 10t 2.39-107*
I spele-epad = 1074 1 2,39.107%
1 kkaalke-2pad = 4,19-10% 4,19.107 1
(kaale-epad)
Ta6auua 20
CBA3b MEXIY eIMHHIAMHA KO3(h(HIHEHTA TEINIONPOBOIHOCTH
Exusuna
xo3ddunenTa gr/mrepad | apefcm-epad| kxar/m-4-2pad Kaalcm-cex-epad

TENJAONPOBOAHOCTH

1 67/n-2pad = t 10° 0,860 2,39-1073
1 spelcs-cex-2pad = 107° 1 8,60-107° 2,39.167%
1 kxaa/m-4-2pad = 1,16 1,16-105 1 2.78-10"3

| kaafcmrcex-zpad = | 4,19-10% 4,10.107 3,6-10% 1
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TaGnuna 21
Ceasb Mexny eaununamn xoddduuueHta tenJonepenayn
Exuunua xoaddu« 5 2 " ) . ’
wHeliTa Tenaone pexayn| T/ 2pad [apefcu’. cek-2pad|kKkan/ M -2padixar/c s’  cek-2pad
| ar/M-2pad= 1 10° 0,860 2,39.1075
L spelcm?-cex-epad= 108 1 8,60-10* 2,39.10~8
| kKaa/MPw-2pad= 1,16 1,16-103 1 2,78.10™°
t kaafcw?-cex-zpad= 4,19 4,19-107 3,60-10* 1
TaG6auuma 22
Ca3b MeXIY €IHHHUAMH HHTEPBANOB YacTOT
Ennnuna uarepsana i
4ACTOTH caBap OKTaB MUJJIHOKTAB UeHT .
1 casap = 1 3,32.107° 3,32 3,08
| okrasa = 301 i 1000 1200
| muasuokrasa = 0,301 1078 1 1,2
1 yenr = 025! | 833.107* 0,833 t
Tabunuma 23
Mya3blKaJibHbie HHTEPBAJKI
YUneThii cTpolt TeMmnepupoBaHHbI}
CTpoit
Haspanue
Hassa- | O6o- | nHTEPBAIA| yaerora
HHE 3Haye- o OTHO- 10 OTHO
TOHa | Hue WeHHIo meHyo |MUTEPBAA| HUTEDBAN yyreppan | uuTepBan
K «10% K ya- B caBa- B lEH- B casapax B UEHTax
cTOoTe pax Tax
<J0»
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
dba F KBapTa 4/3 125,0 498 125,5 500
cotb | @ KBHUHTA 3/2 176,1 702 175,6 700
s A ceKeTa 5/3 | 221,9 884 2958 900
cu H | centuma| 15/8 | 2730 1088 276,0 1100
no C OKTaBa 2 301,0 1200 301,0 1200
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TABJINUBI

Cropnas Ta6aMHa 2JEKTPHYCCKHX

BejnunHb

Cumbon

Dopmynl ORpeRESeHHs B CHCTEMax

CH r CI'CM crc

cH

KoJinyecTBo aaek-
TpHyectBa (3a-
pan)

HanpskeHHOCTD
9J1EKTPHUCCKOrO
noJIs

CmMemenune (3/1ek-
TpHYecKas HH-
JYKUHST)

[ToTok cMeuleHHs
IToTenunan

DaexTpHuecKHil
MoMeHT  (MoO-
MEHT AHIIOJS)

IToBepxHocTHAA
IJIOTHOCTb  3a-
psaa

Od6beMHad IJIOT-
HOCTb 3apaja

EMKocTh

TlosspraoBan-
HOCTh  JiM3JIeK-
TpUKa (MHTEH-
CHBHOCTb TOJA-
pu3saiHu)

A6coaoTHan -
3/JeKTpHYeCcKast
NPOHHIAEMOCTD

Jusnexrpuueckas
BOCHPHAMYH-~
BOCTh

AI

P,

€2

K,

q=1It q=r]/f-e

E={|lq

D =¢ggeE D=¢eE
N=Ds
U=1H/q
Py=ql
6 =qls

p=4q/V

C=q/U

Pﬂpg/V

£q = Eg8 €

Ky=¢go(e—1)

Ks = 4n

Tl
LMT =31
L7211
Tl

L2Mr—31
LTI
L7371

L7311

L7AMTITYR

L7271

LM

L=3MiTAR
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Tadaumwa 24
W MATHHRTHBIX €JJHHHIl
a
POPMY.TH DA3MEPHOCTH B CHCTEMAX Hanmenopanie u o6osuave-
IIKe B CHCTEMax
CIrC e crc Crce g, CH Ccrc
L’/ZM‘/zHO—’/z Lpglep—1 L’/gM'/zT-Jeg'z Ky.0H (K) _
L%M‘/ZT_ngz L_"IZ.:W%T_I L“'/:Mxlzr—leo—‘/z BOJLT Ha _
merp (8/x)
L7 Mg | LT L epr g2 Ky aon wa -
KB. MeTD
(x/n?)
13 — : !
LYy L=t 4 7 ,M‘lzr—leé{z kyJol (x) —
LEMBT =20t | Lyt | =2 | BoavT (6) _
LMy T | LAt el | kyaon - verp|
(k- M)
LM ep g [ L= eper = L= es | kyaon na -
KB. MeTp
(k/m?)
L—'/;M’./eu(;‘/z Lyt LJ"AVI'/’T“]PJ"”Z‘ KyJou 1a —
Ky6. MeTp
(x/ M%)
—142 —1
L7 T L Le, dapaza () |canruverp
—3yagta =Y, —Voartlep—1 [ VS N Y/ (CM)
L™ M L™ 2M7T L™"M?T 7 g2| wvaon na —
KB. MeTp
(x/m?%)
L‘QTQ;L(;I 1 & Gapana Ha -
smetp (¢/ )
L‘QT?;LO“l 1 €y dpapaaa ua -
Metp (h/m)
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TABJINUBI

Cropnas Ta6aMHa 2JEKTPHYCCKHX

BejnunHb

Cumbon

Dopmynl ORpeRESeHHs B CHCTEMax

CH r CI'CM crc

cH

KoJinyecTBo aaek-
TpHyectBa (3a-
pan)

HanpskeHHOCTD
9J1EKTPHUCCKOrO
noJIs

CmMemenune (3/1ek-
TpHYecKas HH-
JYKUHST)

[ToTok cMeuleHHs
IToTenunan

DaexTpHuecKHil
MoMeHT  (MoO-
MEHT AHIIOJS)

IToBepxHocTHAA
IJIOTHOCTb  3a-
psaa

Od6beMHad IJIOT-
HOCTb 3apaja

EMKocTh

TlosspraoBan-
HOCTh  JiM3JIeK-
TpUKa (MHTEH-
CHBHOCTb TOJA-
pu3saiHu)

A6coaoTHan -
3/JeKTpHYeCcKast
NPOHHIAEMOCTD

Jusnexrpuueckas
BOCHPHAMYH-~
BOCTh

AI

P,

€2

K,

q=1It q=r]/f-e

E={|lq

D =¢ggeE D=¢eE
N=Ds
U=1H/q
Py=ql
6 =qls

p=4q/V

C=q/U

Pﬂpg/V

£q = Eg8 €

Ky=¢go(e—1)

Ks = 4n

Tl
LMT =31
L7211
Tl

L2Mr—31
LTI
L7371

L7311

L7AMTITYR

L7271

LM

L=3MiTAR

5) TABJIHHBI 273
Tadaumwa 24
W MATHHRTHBIX €JJHHHIl
a
POPMY.TH DA3MEPHOCTH B CHCTEMAX Hanmenopanie u o6osuave-
IIKe B CHCTEMax
CIrC e crc Crce g, CH Ccrc
L’/ZM‘/zHO—’/z Lpglep—1 L’/gM'/zT-Jeg'z Ky.0H (K) _
L%M‘/ZT_ngz L_"IZ.:W%T_I L“'/:Mxlzr—leo—‘/z BOJLT Ha _
merp (8/x)
L7 Mg | LT L epr g2 Ky aon wa -
KB. MeTD
(x/n?)
13 — : !
LYy L=t 4 7 ,M‘lzr—leé{z kyJol (x) —
LEMBT =20t | Lyt | =2 | BoavT (6) _
LMy T | LAt el | kyaon - verp|
(k- M)
LM ep g [ L= eper = L= es | kyaon na -
KB. MeTp
(k/m?)
L—'/;M’./eu(;‘/z Lyt LJ"AVI'/’T“]PJ"”Z‘ KyJou 1a —
Ky6. MeTp
(x/ M%)
—142 —1
L7 T L Le, dapaza () |canruverp
—3yagta =Y, —Voartlep—1 [ VS N Y/ (CM)
L™ M L™ 2M7T L™"M?T 7 g2| wvaon na —
KB. MeTp
(x/m?%)
L‘QTQ;L(;I 1 & Gapana Ha -
smetp (¢/ )
L‘QT?;LO“l 1 €y dpapaaa ua -
Metp (h/m)
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Ta6auna 21 (npodorncenue)

GOPMY.Inl ONPENENCHHA B CHCTEMAX | DopMym pasepHOCTH B cHeTeMax ) Haumenonanne u o6osuage- -
HHE B cHCTEMAax
Beanundb Cumpoan
CH 1 CrcMm crc ' cH *€re py cre Crc g cu cre
e LMBT =gt | plagthr2 | plarthp=2els | g, -
1 Cuna toxka I 1.=‘/2’"); [=gft 1 0 0" | amnep {(a)
Uolt
[yioTHoCTh TOKA . | § j=1ls L7 L™ hphr= ”6'1/2 L= apgtep—2 L—'IzM'hT“Qsé/’ amnep Ha -
KB. MeTp
. (alt)
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) -~
‘Marnutsan  uu- | B B=f/1l B—~c—f— Mr=%1 L""/’MV’T_'H:)/’ LMt L—%M’/’eo"’/2 Tecaa (ra) | rayee (ec)
AyKUHs - =7 - 1 . _
Maruutnudi notok | © ® = Bs L*Mr—31t O T AT L"M"%es"h | peep (66) | maxcsenn
N _ ] (mxc)
Hanpsxkennocts H H=B/up H = B/u L~ L7 tMr HE‘/’ L= a1 LIITM'/ZT“%::)/Z ammep Ha |apcren (3)
MACHUTHOrO metp {(aju)
~HO.'IH i M ! 8o agamr~1, =1, b2 elom—1 ), x4V t
MarnuTigdl  Mo- Pp \ Pp=M[B=1Is |P, == == L2 LPMBT ™ ug 2 (LM eT LM ’T”‘"’.«sol3 aMmep - Km, -
MenT - B ¢ , MeTp (a- M%)
H — -l —
MarnuToABHKY - F F =3/ F =-l_4n21 I LM%t lwog'a | Lepter=1 L”-”Ml/“T‘Qe(')/2 amnep (a) | ruasbepr
was ¢ufa 4 aMnep-BHTOK (26)
v W : (as)
Huayxtusuocts | L(M)] f = += L=5" = L2MT7%72 Ly, L L”T?eé‘l renpd (exn) | caHTHMETp
M B3auMiaf HH- 1 ) , (cx)
AYKTHBHOCTD 9 o .
arjdi dijar
MTeHCHBHOCTS J J=pmlV L—‘ll L—l/zMilzT—]u,(rl/z L-—‘/le/aT—} Ll[le/gT—ngg aMnep Ha —
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 (au/m)
naemocts
MaruuTHas  Boc- | kg kp=pn—1 p—1 1 1 1 1 ~ -
HPHHMYHBOCTD km = in
Mpumeuanne, ¢
1. Bece dopMyan onpefeneHHs TPHBEAeHH! I/ Haubo/ee TTPOCTHIX 7yuaen — OXHOPOJKLIE N0/, HE HIMEHAIOWHEC TOKH (32 HCKIMOUEHHEM
9. 4. C. HHAYKOHH) B T. N, ) "
2. Pasmepuoctn B cucremax CICug u CI'C e orainuaiorTcs ot dop ¥J pasMepHOCTH TeX e eluHuw B cacremax CI'CD u CI'CM no6a-
BJEHHEM Da3IMEPHOCTEH g M £, -
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Ta6auna 21 (npodorncenue)

®OPMYAB. ONPENSISHUA B CHCTEMAX | DopMyaHl pasMEPHOCTH B CHCTeMax Haumenonanne u o6osuage- -
HHE B cHCTEMAax
Beauunun Cumpoan
CH # CrC™m crc ' cH €re p, cre Crc e, cu cre
S LI/’M"’T—' u"'[z 1Yy —2 L’/zM'/zT—-QB‘/z : —
1 Cuna toxka I [= ‘/ 2“’); [=gft 1 0 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
4 (aln?)
Couporupiaenue R R=Ujft 2mMr—32 LT pg L7 L_ITS(;] oM (o) -
MposcRAMOCTD G G=1/R L72Mir38 L7'Tpg! Lr! LT % |cumenc (cun) -~
Marnutnan  ua- | B B=f/1l B—~c-[— Mr=%-1 [,"’/’M'/’T_'ug’ LMt L"/?M’/’eo"’/2 Tecqa (ra) | rayee (ac)
Ry KUHs =6 - l
Maruutisft notok | © ® = Bs L2mr—¥t LM /’T_lllo/’ Ly L'/’M"’eo“’/2 BeGep (86) | makcmean
N N ] (mxc)
Hanpsasxenkocrs H H = B/ugn H =By L7 AT HE‘/’ L=yt L'l’M'/’T"%(’{2 aMmnep Ha |apcreq (3)
MACHUTHOrO metp {(aju)
noJs M ol pg ], 1 l
MAarsaTHsit  Mo- P, | Pp=M/|B=1Is|p, = .__=a1, Is 12] LPMBT ™ ug ' LY ep=1 LhmMber—26" | ammep - KB, —
n 0 p
MenT - B ¢ , MeTp (a- M%)
H — -l —
MarnuTonBHKY- F F =%l F=-Lansy I LMbr=lpg' | plapytr=1 LM% | awnep (a) | rars6epr
was ¢ufa 4 aMnep-BHTOK (26)
4 ¥ (a¢)
Huaykrusuocte | L(M)| f = 5= L= o 2MT™22 Ly, L L%t renpu (ex) | caHTHMeTp
¥ B3aHMHAA uH- { ) (cxm)
AYKTHBHOCTD I - SO
arjdt darjat
VinTeHCHBHOCTH I I=pmlV LY LM g =Yg LAMAT %t | avmep-na -
HaMarHHyHBa- Mmetp (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- | ky Bm=n—1 p—1 1 1 1 1 ~ -
HPHHMYHBOCTD km = 4n
Mpumeuanne, ¢
1. Bece dopMyan onpefeneHHs TPHBEAeHH! I/ Haubo/ee TTPOCTHIX 7yuaen — OXHOPOJKLIE N0/, HE HIMEHAIOWHEC TOKH (32 HCKIMOUEHHEM
3. 1. C. HEAYKUHH) H T. N, ’ "
2. Pasmepuoctn B cucremax CICug u CI'C e orainuaiorTcs ot dop ¥J pasMepHOCTH TeX e eluHuw B cacremax CI'CD u CI'CM no6a-
BJICHHEM DA3MEDHOCTEH pg H 2. —




Tabauuwa 25
YpaBHeHHs 37eKTPOMATHETH3MA, 3ANHCAHHbBIE B PASHMIX CHCTEMAX epdHAL )
BeaHyHHb CH Crcm Crca crc
|
3axon Ky.oxa o 1 9.9 f= 199 f o 91
4ne, er® g, er? ers
Cuana, geiicteyronlaa Ha f=qE
3apsa B IIEKTpHYe-
CKOM TOJIe
Cesisp MeXAYy Hampd- D =geeE D=¢E
AKEHHOCTBIO N0 H
cMeeHHeM
Teopema [aycca (10TOK —~ e
CVIeLLeH ST CKBO3b 32V N=@® Dcos{(D,n)ds=gq N=@ Dcos (D, n)ds=4ng
KHYTYIO NOBEPXHOCTH)
HanpskenHocTs  noss } 1 q _ 1 q E q
TOYeyHOro 3apsiia © T Tdne,  er? T e er? = er?
Hanpsixkennocts 0% } o O __ A4no E 4no
B TJAOCKOM KOHJeHCa- T Tege T Tt =T
TOpe
Hanpsikeruocth -~ NOJRA | ! 1 2t E 27
B UHIHHAPHUECKOM = one, er = eo  &r = er
koHgencarope %)
HanpsixkeHHOCTb NOJAS Ha 1 Ps F= [ 2ps E 2ps
ock aunodas %) T 9ne, erd gy erd T
DAeKTPHYECKHH MOMEHT Pa= gl

AHIT0AA

946,

I9RHI9VE

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 = Eo€ == €9 + K>

-l .q
T 4me,  er
C=4ZTBOER
£0858
!

f= — _‘?__ Pa1: P2
€9 ert
p=.’%/1=1(35

E=—gradU
U=t
€p er
U=U,—Erln ﬁr;
q=CU
C =geeR
_ B8
¢ 4aul

6, -
f=— L2 Poz

ert

8=1+4ﬂK3
U2
er
C=¢eR
. &S
" 4nl

1]

HHLr9vL

LLT



Ta6auua 25 (npodoaxenue)

BeaHYHHR CH Crcm crea crc

EMKoOCTs  IHJIHHApHUE- C= 2neqel C= &gl C = el

CKOro KOHAeHCaTopa In Ry/R, 3 In Ry/R, 3InR,/R,
EmkoeTs  ZBYXIDORBOA- negel goel el

HOM JMRAN g’) c= In a/R C=Zxmm a/R €= 4n Ina/R
Dgreprus’ 3apAXKEHHOrO ~49v Uc g%

IpOBOLHHKA 2 2 2C
OfnemMHast  MJIOTHOCTb __ED _ @ = ED _ ~_ED eE* _D?

SHepTHM  9JeKTpude- | © 9 T 8n P=Fx T 8n  Bae

CKOro moJs £ E2 D2 eoe E? D2

2 T %kl 8a 8nege |

Onpejenerre CHAB TOKA [= dq

I POBOJHMOCTH Tt
3akon OMa I=—[i

R

MouHocTs TOKA P=Ul
Cuna, neficrsyiowas Ka | df = pouwHIX df = pHIX df = pouHIX df= o

a/EMEHT T0Ka B Mar- X dl sin (H, dl) Xdl'sin (H, dl) X dl sin (H, dI) ¢

ugHTHOM noxe (opmy-
aa Amnepa)

MoMeHT, HCIBITHBAC MBI
KOHTYDOM C TOKOM B
MAarHUTHOM DoJe

M= Bppsin (B, pm)

X HI dl sin (H, dl)

K¥nuKrave

‘6l



MarguTHH MOMEHRT KOH-
TYPa C TOKOM

PaGora nepemeilteHHs
KOHTYpAa C TOKOM B
MArHHTHOM [OJe

3akon Buo, Casapa n-
Jlanaaca

Cra3p MEXAY HHAYKLH-
efi ¥ Halp#IKEeHHOCTHI>
MarHHTHOTO NOAR

HanpnxensoCcTh Maruur-
HOT'O 11641 GeCKOHEeUHO
AJHBHOTO I PAMOJH-
HeflHOTO NTPOBOAHHKA
¢ TOKOM

HatipaxxernnoCTs noas
B LERTPE KOJAbila, o0-
TekaeMoro TOKOM

HanpaxeHroCTs noas
Ha OCH JAXHHHOTO CO-
senomna &)

Cnaa B3aHMOAEHCTBHA
BBYX NapaNeabHEIX
TOKOB

Caa3b MeRAYy Marant-
HHM-BOTOKOM H MarRaT-
roft HHAyKIHed

MarautonprRymas cuia

!
H="4—;{X

re

B = popsH

X§ Idlsin (r, dl)

f=u

Pn=1s

A=[AY

P Idlsin(r, dl)

r?

H =

H=d4nal -’l‘- = 4xln,

2Lyl

. F=pont -

d® = B ds cos (B{,\n)

F = 4nZ%]

214151
r

=Ly
c

o~
X§? ldl ’sir:z(r. dr)

B=pH

ig

MNTHIrIY L

L7



TaGauua 25 (npodoaxenue)

Bennunigbl

CH

CrcM

crea

crc

HasarauuensocTb (HH-
TeHCHBHOCTb HaMar-
HHYMBAHS)

Cs3b MeXAY MaCHHT-
HOMl POHHLAEMOCTBIO
i MarHuTHOM BOCApH-
HM4HBOCTBIO

CBsizb MeXIy NOTOKO-
cHenJeHueM, cuaoi
TOK& H  HHAYKTHB-
HOCTbIO KOHTYD&

HuayKTHBHOCTS
Houaa ’)

coae-

HMuayKkTuBHOCTS  ABYX-
NPOBONHOH JIHHHH

JaekTpoABHKYLIAS CH-
Jia HEAYKLUH

DNeKTPOABHKYULAA CHJIa
CaMOHHAYKUHI

O6beMHan  IJOTHOCTH
3HEPrHH MarHHTHOLO
noas

}lsl"“km

J=Pr g H

v

= 4nun,V

L=4l1lna/R

n?s
L= 42‘1’,}10}1 ———l—' =

= 4np0un%V

L =4pol Ina/R

n3s
I}
= 4nun(2-,V

L = 4mn

L=4[1na/R

098

Mrnuravl

gl



BexTop TMofintunra | $=

(MJIOTHOCTD N0TOKa
3JA€KTPOMaraHTHOR
SHEPTHH)

CkopocTb pacnpocTpa-
HeHHs  2JeKTpoMar-
HHTHBIX BOJIH

¥Ypasnenus Maxceeana
l. 3akon Papajnes

2. 3aKON IOJHOTO TOKa

(3akon Awmnepa) rot H=Jj+-5- rot H=4nj+ —- 1 ( aD )

U=

EXH 1 §=—-EXH
S 4REXH pr X

1 1 1 _c
V eoetion Veoen Vepon Veu

0B __1. 0B
rotE=—~7 rot E = 5

b oD rot H =

3. Ypasuenne Ilvaceo- | divD=p div D = 4mp

Ha (reopema ["aycca)

4. HenpepuBHOCTE CH-
JIOBBIX JUHHA MarHUT-
HOH HHIYKiuun (Teo-
pema ["aycca)

divB=0

1) Bee BeJqHUHHBL JOJIKHBL H3MEPHThCSH eAHHHUAMHY comBeTCTByxomeﬂ CHCTEM‘H B UACTHOCTH, AMA
€9 H Wy AOJKHBI nomcmsmmca 3Hauemm B cucreme CH e,=8,85-10" 41/»: po— 1,26 - 107" en/m;

B cucreme CI'CM g, = 1,11

107 ,ug—l, B cucreMe CICR gg=1, po=1,11:10"

2) T — WIOTHOCTH 3apsifa HA eAMHHIY AJHHB KOHIeHCaTopa.
3) Ilpeanoaaraercs, uto r>» [ ([ - naeuo gunosan).

4) U, — noreduuan, R, —
5y | — nauna JuHHH, R —

paiHyC BHYTPEHHEro HUJHHIADA.
panHyc NPOBONLOB, @ — PACCTOSIHHE MeXAy npoBojaamH (a>> R).

§) n — oBuiee YHCIO BHTKOB, /1 — UHC/I0 BHTKOB Ha €IHHHLY IJIHHHL
7) s — naouaib ceyeHus COMEHON 1A, 1 — O6lilee YHCIO BHTKOR, 72 — YHCJIO BHTKOB Ha e{HHHIY AJHHDL.

ls

MNHIYVL

182
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TALJANUN

Crfi3b MEK)Y eIKHHUAMHA 3apara

3

Tadauua 26

Eanuuua Ccrc

aapaia K (CFCD) Crcm
L K= 1 3-10° 0.t
ICIC = 3,34.1071¢ 1 3341671
(CIC9)
} CrCM = 10 3.10'¢ 1

Tabauga 27

Cassb MeXAYy eAHHHUAMH HANDAKEHHOCTH NOAH

e L elw slcx (Chch) crem
1 a/m= 1 1072 aM-1078 - 16%
I 6lcx = 10° 1 3341073 10®
1 CrC= 3:10% 310 i 3,34-107 1
(CFC3)
I CFCM = 1078 1078 3-10'¢ 1

Tabauna 23

Caasb MEXAY CAMHULAMU NOBEPXHOCTHON MJOTHOCTH 3apsia

ExunsB1a HOBepXHOCT- 2 Crc
HOM DJOTHOCTH 3apAIA K/ (Crea) crem
1 k/m? = 1 3.10° 1078
1 CrC= 3,34-107° 1 334107
(Crea)
1 CICM = 10 3-10%0 1
Ta6auna 29
Cea3b Mexny eauHuuaMH o6beMHOR NMAOTHOCTH 3apaxa
Eanuwiua ob6beMmuof 3 Ccrc
NJIOTHOCTH 3ayfia KW (Creay Crem
1 r/ad = 1 3.10° 1w’
CrC = 3,34.107% 1 3,34-10~!1
(CTC3)
CI'CM = 10 31010 i




TABJIHUDBL

Caa3b MeXAy eAHHHUAMH CMeleHHS

283

TaGauua 3)

Ejuuua 2 crc

cxentenns xln (CTC3) Crem
1 x/m’® = 1 3,77-10° 1,%-1074
1 Cr¢ = 2,65-1077 1 334-10711
X))

1 CrcM = 7.96.10° 3-10'° 1

Tabauma 31

Caasby MEXKAY CIMHHIAMH NOTOKA CMellCHHA

E quuupa notoka crc
cMelne K (Crca) crcm
t k= 1 3,77-10'° 1,2
1 CrC = 265-1071 1 3,34-1071
(CFC3)
1 CICM= 0,79 3-101° 1
TaGbaunuwa 32
Caa3b MEeXAy eAHHHIIAMH noTeHuHa A

Enuyuuua norennuaia 8 (C(}‘[é%) CIrcMm
1= i 3,34-107° 10
1 CrC= 200 1 3-101°
(CIC3)
1 CrCM = 1078 3,34-107 1! 1

Ceasp MexJy erHHUllaMH eMKOCTH

Ta6anua 33

Eanuuua eMXocTH [ (CFC‘,:MCFCS) Crcm
1= 1 8,99-10"! 107°
1= 1,11-10712 1 1111072t
(CT'C, Crca)

1 CrCM = 10° 8.99-10%° ]




284

<TABJHHILE

{5

Tatauuna 34

Cra3p MEXKAY €IMHHIAMH CHILI TOKa

Ccrc

ERaHBna criasl TOKa a (CTC3) CrcMm
la= 1 3-10° 0.1
1 CIC= 3,34.10710 1 3341071
(CFC3)
1 CICM = 10 3.10'° 1

Ta6auna 35

Csn3b MEXAY EIHHHHAMH CONPOTHBJEHHS

Exnuuna Crc

ConpoTHBIIenitT oM (CI'Ca) Crcm
L on= 1 110712 10°
1 Ccrc= 8,99.10"! 1 8,99-10%°
(Crca)
1 CrCM = 1070 1111072 1

Ta6auna 36

CBA3b MEXAY €OHHHMIAMH YNeJbHOTO CONPOTHBJCHHA

N 2 .
EauHALa YACABHOTO OM-MM CI'c
CONPOTHBJIEHHR oM M oM-cH E— Cred) Crcm
| om-s= 1 10? 108 10710 o't
1 oscm= 1672 1 10 L1072 10°
) oM um® _ 1676 1074 1 111-1071 10°
M
1 creEres) = | 890-10° | 899.10'" | 899-10"° i 8,99-10%°
I CICM = 1! 107? 107% e 1

Tadoauna 37

CBf3b MEXAY EAHHHUAMH MATHMTHOH HHAYKLHH

EAnnina MarinuTuoi N
HHEYKLuH Ta ec Crca
! ra= 1 1ot 3341677
1 zc= 107! 1 3341671
1 CrCa = 3-10° 3-10'° 1




TAGJHLIBE
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Ta6auuwa 38

Cansb MeXAy CAHHHRAMHA MATHHTHOIO NOTOKa

Eaunnaua

MarHATHOTO HOTOKA 86 MEC Ccrca -
1 86 = 1 1% 3,34.107°
1 uxc= 16* 1 3,3¢-107 11
[ CrCa= 3.10% 3.0 1

Ta6auya 39

Crass MEXAY eAMHHUAMH HANDAKEHHOCTH MATHHTHOrO HOJH

g e |, o | ores | aaea
1 afy= i 1,2-1072 | 377.10% 1072
13= 79,6 i 3.1010 0,796
1Cres = 2,65-107% 3,34- 10711 1 2,65-107 11
1 asfes— 102 1.9 3771010 1
{amMuep-BHTOK 1A CAHTHMETD)

Ta6auuma 490

CBsi3b MeXAy €IHHHHAMH MarHHTOABMKYER CHJbI

Endunga marunro-

AsHKYILe R CHabl a 26 Ccrea
ta= 1 1,9 3,77-10'°
126 = 0,796 t 3-10'8
1 CICo = 2,65-10711 3,34-10711 i

Ta6auuwa 41

Ceaan MeXJy €AMHHUAMH HHAYKTHBHOCTH H B3aHMHOM HHAYKTHBHOCTH

Eanunua 2H (CI‘C,CgFCM) Ccrca
| en= t 10° 11110712
e 107? 1 IRTR T
(CTC, CI'CM)
1Crea = 899-10'! 8,99-10%° 1




283 TABJIMLB 5
Ta6anua 42
CEfas MEAAY GAMHHIAME SPKOCTH !)
E’;ﬁgﬁ;‘: NT ¢6 ach 40
1 Hup = 1 107* 3,14 3,14-167*
1 cTHARG = 104 1 3,14.10* 3,14
1 anocTian6 = 0,318 3,18:1078 1 10°*
1 namGept = 3,18-10° 0,318 10t 1

l) B raSauuax vacro 3HayeHus CTHAL03, anoctdiapba H gambepra npuBo-

| RATCR Me Ha ocHope cpeyn cucreMs CH («HOBO@» CBeuH), 4 HA OCHOBE MeXIy-
napoinoft ceeyn, B 1,005 pasa Gosbuieft (cM. § 8.3). B sTOM cayuae uBcsia nepe-

BOJa HHTA B ¢6, @c6 H 26 NoamHHW GhiTh pasAesesH ua 1,005 (9,95-10"5 o,
3,13 ac6 u 3,13-!0‘4 46), a ymcna mepesosa cruabba, anocrHabfGa m JaamGepra
B HT YMHOMeHnsl Ha 1,005 (1,005-104 w1, 0,320 T H 3.20~103 m').

Ta6auua 43

3Hayenusn OTHOCHTEJbHON H a6COMIOTHON BHIHOCTH NMPH PA3AHYHLIX
AJABRHAX BOJH )

A (4) Ka, V3 (1u/87) A ) K, Vy (amfer)
3300 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 0,00006 0,04

Ta6anua 44

Censb MEX]Y 2JE€KTPOH-BOJLTOM M JPYFrHMH eJHHUIAMH

O6paTHoe yHcgI0
O npegensionias Eannana 3HaueHne ’
dopmyaa H3MepeHua OLHOTO 36 Bbl p:ﬁﬁﬂ;ean;’:“y”
¢ 1,60-10719 6,24-10'8
. W=eU {spe 1,60-10712 6,24-10'
< kT=eU °K 7,73-103 1,29-1074
kT =eU °K 1,16-10* 8,62-10~%
Q=eUNy4 KaA[Hoab 2,31.10* 4,36-107°
he {KkKar/KmoAb)
—=eU em™? 8,07-16° 1,24-107%
hv=eU cex! 2,42.1014 4,13-10718
la em.c?=el e 1,07.10~° 9,32-10°
myc? =eU m, 1951078 5,11-10°
Reh=eU Ry 7,36.1072 136
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; TaGanua 45
Cae3p Mexay eguaunama sPhexTdBHMNK NONEPOUHNX CeYeHH
' .
EnxnHALa
2 2 2 2/ 3
3dBexTHRHOrO »2 ca Gapn [ g cufem™ X
CeTeHHA , o ° X MM DT, CT
1 = 1 10 109 1357102 | 1,15.102° | 3,54.102°
1ca’= 1074 1 1% [ 357:10'%| 1,15-10'% | 3.54.10'®
1 6apu = 10728 1024 i 3,57-107% | 1,15.107% | 3,54.1078
al= 12801072 | 28010717 | 2,80.10" | 1 0,318 0,991
naﬁ - " 8:80-1021 | 8,80-10 8,80-10 3,14 1 3,1
2
LeX wmpricr) 2831072 | 28310717 | 283107 101 0,321 1
oM
Tabauua 46
lixaaa Bodopra
Basnn c Baaant
Bodopra KOpOCTh, Mfcex Bodopra Ckopocts, 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 18,3—21,5
3 34— 5,2 10 21,6-25,1
4 53~ 74 11 25,2-23,0
5 75— 9,8 12 > 29
6 9,9~-12,4
Ta6baunma 47
IHkaam TBEPROCTH
TMoxasarenns Moxasateun
TBEPJOCTH TBEPIAOCTH
Munepamt Munepann -
no no Bpefir- no 1o Bpe#r-
Mocy raynry Mocy rayary
Taxmg « o o 4 W . 1 1 CAmatHrT .. .. 5 6
e ... ... 2 2 Poropaft o6MaHKa C— 7
Cmona .. ... - 3 Hoanesoft mnar . 6 8
H3secTKOBLI ) Kpapu, . . . .. 7 9
WHAT W o o W . 3 4 Tonaz ., . . ... 8 10
INiaBukoBbd Kopyua . . . . . 9 1
HWHAT . « o ¢ & 4 5 Aamas. . ... . 10 12
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Ta6aunma 48
Hekoropsie nanGojee 4acTo BCTpeyaouiyecs anraMfckue
4 aMEPHKAHCKHE eRMHHIbI

Agp — egunnua jowand, pasuan 4046,86 x*

Bappenas — eannnna o6beMa, Pasasuaior cyxoil Gappeas, paBHbIA
115,628 4, u nedraHoll Gappean — 158,988 4.

Bymes — equnnna o6bvema, Anrauiickuit 6ymens pasen 36,3687 2, ame-
puKaHCKHH Gymesb — 35,2393 4.

TajioH — efuHnrna obbema, AHrAMicKuil ramion — 4,54609 .1, amepu-
KaHCKHA rasion — 3,78543 a.

M1 — ThicAUHANA uyacth moiMa — 2,54 ukm,

Muas (anraufickas) — 1609,344 4. ‘

Iunra — caunuua oobema. B Auraun 1/8 raaaona — 0,56826 1. B CIHA
PasAMYAIOTCH: JKHAKAA nHHTA — 1/8 aMepUKaHCKOro rajona,
1. e. 047318 a, n cyxana nuurta — 1/64 avepuxanckoro 6y-
weas, 1. e. 0,650614 4.

Vst — exunnna maces (1/16 auramitckoro dyura), pasnas 28,3495 2.

dyur (anrauiicknii) — exuHuna Maccl — 453,5924 2. ’

SIpa — efnHHNaG AJMIbL. PaBen tpem dyram, nwam 0,9144 x.

Tabaunuma 49
HexoTopbie elMHHUbI H HA3BAHHSA €IHMHHIL, HMEIOIHE OTpaHHYICHHOE
npumenenne u ue somesmue 8 TOCT

Akom — akycTHueckull o — CI'C eauuiua akyCTHUECKOTO CONMPOTHE-
NeHHst.

Buo — CI'CM epuuuna cuanl Toka, papHas 10 a.

Bap — cokpaleHHoe Ha3BallHe BOJLT-AMIePa PeAKTHBHON MOIHOCTH,

[an— enuiuna yckopenus, pasuas | cajcex®.

Unepra — TexHHuecKasl eAHHHUA Macch, pasHas 9,81 ke.

Keiizep — eAHHHLA BOJAHOBCIO UMC/Ia, PaBHasA eml,

Kujonayui — IpAMeHsieMoe B HeMeUKoH JuTeparype Ha3paiHe KHIO-
rpaMM-CHJIH,

Jleny — eAURNNA HAMpSMKEHHOCTH MaTHHTHOMO NoJs, pasHas 1 a/a.

Maru ~ equHANA «aGCcoMOTHON MarHHTHOH NPOHHIAEMOCTH», paBHad
107/4n b/ m.

Mec — eguunna ckopoeti 1 sfcex.

Mo — egnHuua nposojuMoctd, To iKe, uTO CUMeHC.

TlacKaab — eAHHHENA faBJeins, pasuas 1 #/um?

Pe — CI'C efunuua TexydecTH. TCKYuecTh KHAKoCTH, o6aajaioineil
BA3KOCTLIO B 1 myas,

Pywm0 — npaMenseMas B MOPeXo/CcTBe eHHHIA YIVIa, paBHad 1/32 noa-
Horo oGopora, 1. e. 11,25°

Vpanosas eayHHIa — ¢AHANIA H3MEPEHHS A-aKTHBHOCTH — dKTHBHOCTD
okncn U,Op npH IIOTHOCTH NOKPHITHA NOBepXHOCTH 20 mefem.
YpaHoBas eAMHHUa CO3XACT B BO3JYXe HOHH3AUHOHHBIA TOK
miotHoCThIo 5,78+ 10713 afem®.

®panxann — CI'C ennnnua 3apsina, pasnas 3,34 1010 «.

Arpew — eAMHNIA H3MEPEHHs IpafHeHTa CHJbl TAJKECTV, PAaBHAg H3-
MEHEHHIO YCKOPEHHA CHAbl TSKeeTH Ha | cmfcex? Ha Kax-
LBt CaHTHMETP.
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Tadaunma 50

TeMmneparypubie TOUKH

Jlast npakTHYECKOrd BOCHPOH3B:AEHHS OTIEJBbILY YyACTKOR
TEPMOJHHAMHYECKO WKaJAp TEMIEPATYD Ofpenedet paj TeMiie-
PATYPHBIX TOYEK, MONOIHAIOWHX np1BefeHHble B § 5.3 onoprnie
TOUKH. JAONO/HATEbHEIE TEMTEDPATY PHBIE TOUKH, KAK H ONOpHbIE,
NPeNCTaBAAIOT Co00H TeMneparypsl PaBHORECHN  ABYX LM Tpex
$a3s pansoro Beniectsa. Hixe NpuBOIUTCA PAA COOTBCTCTBYIO-
UIMX TOYEK, MPHYEM YKa3biBACTCH, MEXKIY KakHvH ¢ azavu pas-
HOBECHE CJYKHT JUIS YCTAHOBIEHUS XaHHON Towku. B cayuae
paBHOBecHs1 ABYX (a3 AaBJeHHe PaBHO HOPMAaJAbHON aTMocgepe.

Temnepartypsl ykasaHu

IByokHes  yraepoia —
- TBepAas ¥ napsl

PryTe—TBeprast 0 xuji-
Kas

Jlex n Boma

Oxuch gudenunaa — Tpoii-
Has TouKa

bBeusofinaa  xucaora —
Tpofinast Touka

Hupuit — TBep AR 0 KH-
KHil

Hadraann — xuaxui
n Hapu

OJroBo -- TBEpaOE H KHA-
Koe

bensodenon — kuakuit
H Haphl

Kapnmul — tBep abiit
H OKHAKHA

B °C.
~78,5
—38,87

0,000
26,88

122,36
156,61
218,0

231,91
305,9.
321,03

Cpuneu — teepanrit
H OKHIKHA

Pryrs — kugkas u napu 336,58
650,1"

Amosnanii — Teepauti
U KHAKHI

Menb — tepgas u Kug-
Kasl

Huxean — ta2pamit H
IKHAKUH

Ka6aabr — rBepauiii
W KUAKH

IMaaaa quit — ree papii
H OKHAKHIT

[Mraruna — teepaan
" KHIKASK

Ponuit — rBepantil i1 i~
Kuft

Mpupnit — tBepputii
H KHAKHI

327,3

1083
1453
1492
1552
1768
1960
2443

Tabauuga 5t

Pycckae m MemAyHaponubie of03HAYCHHS €NHHHY

O6o3navelue O6o3nayenne
E}I""Hua MeXXIyHa- EIH”“’ ua MEIKaAYHa-
pyccKoe postoe pycexoe porHoe
Awmnep a A ArMocdepa ar at
Anrcrpem A A Texuayec- | (kec/em?) {(kgf/em?)
Anoctian6 ac6 asb Kas '
Ap a a Bap 6ap bar
Armocdepa arm atm Bapu Gapn barn
(ropMann- Bea 6 B
Has) Barr 6T W




299 TABJIHLEBL 5

Ta6aunua 51 (npodasxenue)

O6Goananeinne : O6oananenne
Egamitua |  Eauuxua o i
 pycckoe | M;ﬁﬁﬁi&' pyceKoe L‘i,’gﬁg: :
BeBep 86 Wh Muntyra ! !
Bomr [ 8 v yraosas
T au C an Gal Mo M0Ab mole
Faycc h 2c Gs H}:ﬁ:p Hn :t
Teupwr } en H KT
Tepu ey Hz Hb(l)OTOH | H N
Ipaayc °K (rpan) | °K (deg) HyZa Oﬁ; 1533
pamm | e n
Hemnuben | 06 d% Ibeaa na pz
Toxoyas e J Papuan pad rad
Tnna Bun | ayn [Fesepdopa}  pd rd
JronTpust onrp i/m rpe““'e“ P T
Kanopus Kan cal CaHTAMETP oM cm
Kuorpamn Kz kg (Ki::;‘é?x 2 ca (kd) ed
Kynou ) § C CekyHnpa cex s
Kiopn Kiopt Ci Cexytiza . >
Jlambept 46 b yriosan )
Jdutp -} 2 ! Cuwmenc cum S
Jlomanuuas a6 HP (PS) Cren P s
cHaIa
Crepajguai crep ST
Jhioke K x Cruan6 c6 sh
Jliomen | aM It Croxe o St
Maxcsean MKC Mx Cyryn cyr P
Merp » m Tecaa TA T
?’Xm&pon MK (rem) |y (um) Tonna , X
MHKPO- i
MeTp) Top (ropp) TOp tor
Muanumerp MM mm H,0 Yaen yse kn
BOJSHOLQ BOJ. CT. dapana @ F
cTonba dor 1) ph
Munanmerp MM mm Hg Uac ‘ h
p?;g?lgn;o pr- €T, S,H:;(;E:H- 38 eV
Muns MU n. mile
(mopcxasn) dpr ape erg
Munyra MUH min dpcres 3 Oe
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Ta6anna 52
JecaTHIHbIE NPHCTABKH
H OTnome- Q6o3nauenne
Sanne |« raasuott pye | memny- Hpumepn
CAHHHME | cxoe | maponnoe

Tepa 1012 T T TePALIKOY b Téx | Tj

Tura 10° r G FUT@HbIOTOH I'n { GN

Mera 108 M M MeraoM (Merom) | Mom | MQ |

Kuno 103 X k ~ KHaoraycc xa2e | kGs |

Tekto 102 2 h rexTeBaTT 28T 4 hW

Hexa 10 da da LEKaMHTP Ban | dal

Heun 0.1 d d JEHHMETD S Om | dm

Canrn 10:2 ¢ K CcaHTHTYa3 cna | P

Muyrin 10_4G M m MHMAHAMIED #a 1 mA

Muxpo 10 MK W MHXDOBOABT Mme | pV

Hano - 1'0_]2 H n HaHOCeKYyHAA Heek | AS

ITnko 10_15 n p nukodrapana ng pF

Demro 10_, 7/ f deMTOrpaMM pe te

Arrto 10 a a aTTOKY IOH ax aC
Ta6am na 53

OGo3naveuusn (GUIHYECKUX BEJUUHH

IMepeuens BrJioyaer B ce0a B OCHOBHOM Be/IHUMHE], BCTPeuaomuecs
B o0meM Kypce HIHKH H CMEXHHIX AMcuuIinHax, [IpuBoguMeie B ne-
peute 0003HAUEHMA 3AUMCTBOBAHLI H3 O0LIECOIO3HBIX CTAHAAPTOB, PeKo-
MeHnjgauyi, OTHOCAUIHXCS K PpAsAHYHBIM 00facTAM HAayKH H TeXHUKH,
a Takxe H3 HanboJiee pacnpocTpaHeHHWX yueGHHKOB (H3HKH.

Cor/acHO CylecTBYIONHM NPABH/IaM JOMYCKAETCH B3aHMHAA 3aMeHa
HPONHCHEIX H CTPOYHBIX OyKB, TaM Tie 3TO NpeACTaB/JIgeTCH TRJIeco0s-
pasHelM H He IDHBOJHT K HEA0Da3yMEHHAM,

Besnugta 0O6o- Beauunia Oo-
3Hayeuse IHaYcHHe
AKTHBHOCT:  pajHOaK- BoCOpHUMYHBOCTD AH3~
THBHOTO HCTOUH#KA . . A JEKTpHAYecKas . R -
Bekrtop [lofintaara . .| II, § | BocnpaumunBocTs Mar-
Buanocrs abcosmoTHas Vv HUTHAS . . . . . . . Ry
BunHocTs OTHOCHTEJB- Bpema . ... ... .| L=
Hag . . . . . .o . K BsskocTh AMHaMHuecKas 1 W, 1
BogoponHnli  mOKasa- Bsskocers KuHeMaTHue-
Tedb . . .« . . . .| pH cKam ... .. . . ¥
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Tabauua 53 (npodoaxceniie)

ayas WOmura) . . ..

0O6ao3- Obo3-
Besmuuua HaueHue Beanuuna HAYEHHS
Hagaenue . . . . . . . p Mowett unepuuu (guta-
Hefictede . . . . . . .| SH muyecku#t) . . . . . ]
Hauvaa . . . . . . .« . l Mowmenr KOJIHUecTBa
JanHa ¢BeTOBOM BOJHB A xeuxednst . . . . .4 L, .S
Jmuna ceoGojHoro npo- || MomenT mMarnuTHBA . . Pu
6era . . . . . o4 . s i, A Mowmenrt ocesoit (2xBa-
Ho3a waayuedHsa . . . D TopHaJeHmil) . . . .1 J;
EMkocts 3.JeKTpuuecKan c Mowmenr noaspuwi . . Iy
3apaa  3JeKTPHUECKHi Q Momenr cuat . . . . L] M
UMmpyibe  (KOJIAUECTBO Mowyenrr cratagecknfl . . S
asukenast} . . . . .1 p, K MoMeHT 3/eKTpUUecKRR Ps
WHpyKTHBHOCTD o . . . L Momsoets . . . . . .| P,
MugyKTisiocTh B3aKUM- Hanpmxkennocts  Mar-

Hasd e e e M HATHOrO NOJA . . . . H
WUnayxkuss  Margurpas B Hanpsaxensocts 3Jek-
HMuteHcHBHOCTE  3BYKA 1l TPHYECKOrO HOJAS . . E
HsureticugHocth Hamar- Obvem . . . . . ... 14

Huullpadus (HaMaruu- OcsemeHocTh . . . - E

ueHHoctb) . . . . . .y JS,M fIlepuwox. . . .. .. .1 T,T
HMHTeHCHRHOCTD 11019 PH- ITaorHocTs . . . .1 0,6

3aLHH (nonﬂpmonau- [TnoTnocrs 3apsu1a -

HOCTB) . . . . . P He#Has . . . . T
Hurepsa. BHICOTH 3By Ka A T1noTHOCTH 3apﬂ11a 06+
Kominecrso ocpellieHns H eMHA® . . . . . . . P
Koanuectpo TenAOTH . . Q ITaoTHocTh 3ap#iia ToO- ‘
Kouuentpauyd . . . . f BepXHOCTHaA . . . . c
Kos@dummeur andoy- T110THOCTL  SJICKTpHYe-

3UM . . e D CKOI'0 TOK& . . . . 8, j
Koaq)q»mucm nouepx- I1aorROCTD 21e priuu 061

HOCTHOTO HaTAXeHus o eMHast . . . . .. .] 4w
Kostbduunent noisux- MMmowans . . . . . .. S

HocTH (NOABHKHOCTD) b,u IMoaspusyemocts Modte-
Kosdpdunnent remnepa- KYyJAbl . . o o v 0 . o

TYpPOTNPOBOJHOCTH . . a TTocrosnHas rasoBad . . R
Kostpduumenr  tenio- INocrosnunas - Maruur-

HPOBOAHOCTH . . . . A HAA . . . . e .. I
Kpussaa . . . . . . . P Tlocroauuan [laanka . . h
Kpususua rayccona K [Tocroannasn Ilaauka —
Macea . . . . .. .. m Hupaka . . . . . .. h
Macca  MoJekyasipHast IocrosiHnas 3JexTpAUe-

oTHOCHTeAbHAN (Mode- CKAT . v v v e e . 80

kyaspusiii Bec) . . .1 M,p [ Dorennrar . . . .. .|V,
Moayas casura . . . . G Torok usayueuns . . . F,0, P
Moayas ynpyrocrd (Mc- IMorok MarHHTHBIE . . (D
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Ta6ruwa 53 (npodornenue)

O6o3-

O6os-
Be.ynHa HaueHue BeJsnnuua HAaueHHe
ITorok cmeroBolt , . . o ConpoTtus/enne  sJjex-
IMorok Temmonoit . .~ . (i) TpHUECKOR . . ., . . . R
Iorok 3nekrpuuecyoro Conporussenne  3aex-
CMEIeHHs . . . . . . N TpHUecKoe (KoMiekce-
IMorokocuenienne , . g HOE) .. .. ... z
ITpoBopumocts . . . .| G COHpOTHBJIeHPIe 3JleK- :
IIponuuaeMocts  au3- TPHYECKOe  yneibHoe P
JEKTpHUecKast . . . . e Tekyuects L', . . . . P
ITponnuaeMocTs MATHAT- Temneparypa . . . . 1,8
Hafg . . . ... " Teuueparypa abeomor-
PaGota . . . ... . .|AW,L as . ... .. ... T
Pasnocts HOTeHHa- Tennoemkocers . . . c
JOB . . . .. L, U Tenstora dasosoro npe-
Pacxox Maccosnift . . Qu, M Bpamexmﬁ(nnameﬂm
Pacxox ob6beMmuniit . . QV’ Q ucnapenus # T, 1.} Lir,a
CpeTHOCTD ., . . . . R Yrom ... (p,g,
Cuna . ... .... F, P, ’
Q, R | Ypomenn FPOMKOCTH
Cuaa  MarHHTOABHIKY- 3ByKA ..o, Ly, A
mas ... .. .. F, 8 YpoBeHb 3BYKOBOIO fan-
Cuaa OHTH'IGCKﬂH N O, D JICHMSE L L L L L L L Lp.
Cuna cgera . . . . ., J ¥ekopenne .. .., | a4, ]
Cuna Toka 1 Ycropenue yraonoe R
Cuia BTeKTpOJJ;BH)Ky- Yacrota . . . . . . [
mast . . .1 E 3 Yacrora yriosas . . ®
CkopocTh . v Yhcno Bosnosoe , . k, ¥
CKOpoCTh yrioBas . ) Sneprust . N A 4
CMellleHHe  3/eKTpHYE- Dueprusi . BHYTPEHHAS U
ckoe (HHIYKIHS 3JIeK- Bueprast. kunernveckan | K, T,
TpHYUECKas) .. D , Ey, Wy
CoupoTHBJEHHE aKYCTH- Aueprun porenunaasuan | H, U,
yecKoe . . P Ra i Wi
ConporuBicHHe  Mexa- Sueprus cpobonrmas F
HHYecKoe (aKycriye- Surpornst . S
CKOI cHCTeMnl) R SIpKrocTh B
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TaGaunya 54
Moayas yopyrocta {moayas HOHra) #ekoropuiX MaTepHasos
(cpenpue OKpYIJEHHbE 3HAYEHHS)

Marepnan E Marepuan E
Amomusni | 7 Pesuna . 0,5
Megb 12 Ksapu 5
Crans . 20 Caunern . 16

Jns ponyueNUA 3HAUEHUA MOAVJA B nfs? caeayer umesaa croabua E ym-
oHUTs ua 10", B Qum/cm® —ua 100, B K2e/M® —na 10%, B K2c/em? —ua 105 g
B Kec/Mm®-—Ha 108,
Ta6auua 55
BA3KOCTL HEKOTOPHX KHAKOCTEH npw 20° C
BSI3KOCTb B . BAzKOCTL B
M unkocrs LAY JKuaxocrs HoCek g
MZ
Boja 1,01 DrTuioBHi
Pryrs . 1,59 COHPT 1,19
bBensoa . 0,65 Ddup 0,23
MerHaoBni anpT 0,59 [muepuy . 850

TenaoeMkocTH HEKOTOPHX BCIRECTB

TaG6aunua 56

Ten.noemxoc-rb TQH#’IOGMKOCTB
Bemecrso O/ (xa: Kaal Bewecrzo Bacf{ra- rarf
<2pad) 10~ % /(z:2pad) .epad) 1072 {(e-2pad)

AnoMuuni 8,8 0,21 Boga . . . 41,9 1,00

Boandpau 1,5 0,036 Pryts 1,3 0,033

Tepmauni 3,1 0,074 Ksapi 8,4 0,20

JKeneso . 4,6 0,11 CrexJo . 6,3 0,15
Mens 3,8 0,091
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TaGauna 57
TennacnpoROAHOCTH HEKOTOPHX MATEPHANOB
TensonpoBogHOCTD TenaonpoBoRNOCTS
Mare- Mare-
pHAI 8T Kan KKAA puada 8r Kans KKaa
M-2pad| cex-cm-2pad u-M-epcd( M 2pad| cex-cm-epadie-m-2pad
Meno | 300 | 092 | 330 |Llewenr |29 | 7-102%)25
Amomu- Kupmua | 1,7 14,1-10_,1 1,4
HHA | 210 0,51 190 [ Crexkso | 0,84 2,10_.1.07
Ipagur| 130 0,30 110 | Bona 063 [1,6-10_, 10,54
Jlatyus| 110 0,26 94 | Bara 0,25 6 10_4 0,22
Boan-  Hepero | 0,21 5. 10_5 0,18
ppam| 76 0,18 65 [ Bchiaok | 0,038 9.10 0,032
Cians 46 0,11 _ J4 40
PryTs 67 1,6-10 58
TaGauua 58
Yneabnoe akycTuieckoe CONPOTHBACHME HEKOTOPWX Cpex
YaeanHoe Yaenntoe
aKycTuyeckoe . aKycTHyeckK oe
Cpena CONPOTHBJACHHE B Cpena COTPOTHBIEHHE B
2leex cm? 2fcex cu?
Boaayx (upu Mesnsp 3,2 108
HOPMaJIbHBIX Craas . . 4,1 - 108
YCJOBHSAX) . 43 Pesnna 2,9.10%
Boja 1,4-10°
Pryms . 2,0- 108

Ta6auuuna 59

Y renbHbie CONPOTHBACHHA HEKOTOPHIX NPOBOAHHKOB

Yae btioe conpo- YienbHoe conpo-
_ THBJEHHe THBJeHHe
ITpoBosHuK ITpoBositHK
. mjomanb CFC'IO‘B . naouwansk CFC- 10
Ams ANHHa
AmoMuHu# 3,2 3,6 Mexs . 1,8 2,0
Buemyr . . 120 130 Mosmbpen 4,8 53
CraJb 20 22 CauHel . . 2,1 23
Cepebpo 1,6 1,8 Huxpowm 110 120
Tanrax . . 15 17 Manrannn 43 48
Jlatyus . 8 89
Haf M0AyYeHHs 3HAYCHHHA YAEJBHOPO CONPOTHBICHHA H3MEePEHUOro B OM- M,
”.MZ iomants
OM:CH M OM=—— CAEAYET YHCAA €TOIGNA SOM:—— = TIOMiIOKHTb €OOTHET-.
ernenno na 1075, 107% w 1072




Jlurepatypa

(S0 N

— b
[}

[ T
W O = >y O e W

e © ® = >

.Apucros E. M, ®uauvieckue BeJHYHHbl H eAHHHIDB HX U3MEpEHHsdt,

Cyanpomrus, JI., 1963.

 BexaeMmuuiesn A B, Mepn u eanunus pusuvecknx seanyu, loc-
rexusnat, M., 1954.. . :

Borycaapckuii M. [, Kpemaepckuft TL I, Oaefinuk

B: H, Yeuypuua E. H, Ilupokos K. I, Tabauus nepesoga

enunuil uamepenudi, Crangaprrus, M., 1963.

.Bpuaxmen [l B, Anaaus pasmeprocrefr, I'TTH, 1934
. Bypayu I'. A., Exnannel dusnuecknx seanunu, Msa-so Komurera
-cranaapros, M., 1967,

ByvpayuT. A, Kanawnnkos H B, Crouxuit Ji. P, Mex-
AYHapoanas chacreMa eaunul, «Boiciuas uikonas, M., 1964. :

.Tunkuu I. T., Jorapudmer, aeunbeast, geuuaord, [ocsueprous-

aat, M.—JL., 1962.

.Topnrnos A H. Temneparypube wxaas, Hsi-so Komurera crau-

naprog, M., 19G6.

.Jdaswaon B. B. Tlpumenenue nosoit MexiyHapoaHoi cucTeMu

eaunsn B Texuuke, «Tpaucnoprs, M., 1964,

. anunaos H. W, Exnnnnn usmepennit, Yunearus, M., 1961.
.Kanaurapos Il Jl.. Enunnubl usmepenuit 3/1eKTPHUUECKHX U Mar-

uuTibix Beauuns, Docsnepronsgar, JI.—M.. 1948,

.Kaaawnunxos H. B, Cronxuft JI. P. u np., Eannuust usmepe-

uuit 1 obosHadennit Quanko-Texdiyeckux Bemtund, <«Hempa», M,
1966.

. Koran B. 10, Pasmeprocts tusuueckoft seanunusl, «Hayka», M,

1968.

CJincenxos A A, Mexayuapoanas cuctema eanuui, «Hayka», M,

1966.

. Maaukos M. ®., Ocuosu Merpoqorud, Hax-so Komurera no ae-

nam Mep u npubopos, M., 1949.

. Maankos C. @. Ilpaktuueckue 3JeKTPHUECKHE eAHHHUBL (MEXKAY+

waposusic i aGeontothse), [ocsnepronanar, M.—JI., 1948

 Maawukuti A H., EnnHuusl naMepends 3/1eKTPUYEcKHX H Marnur.

Hbix Beanuuy, MY, 1961,

_Casenxo B. I, Mexaynapoausas cucrema epunny (CH), Han-so

Jlenunrp. aaekTpoTex. Hi-Ta caasn, 1965.

. Cenos JI. U, Meroiu mogoGus n pasmepHocTn B Mexanuke (6-e

uaaaupe), «Hayxa», M., 1967.



20.
21,
22.
23.
24,
25.

JUTEPATY PA 207

Ceuna JI. A, Epunnusl usmepenus dusnueckux seayun, [octexus-

aar, 1951,

Xsoascon O. ., O6 abGcomoTuniXx eAHHHUAX, B OCOOCHIIOCTYH Mar-

HITHEIX H saeKTpuueckux, CI1B, 1887.

Yepros A I, Eaunuus H3Mepelis dusiveckux seainuuy, «Bbic-

mwas Wkoaa», M., 1960.

Yepros A F., Mexaynapoanas cucreMa eiuuull uamepenufi, Poc-

sysusjar, M., 1963.

Wupoxos K. 1. (pen.), O Bueapenun MeXI1yHapoAHOH CHCTeMEL

epunvy, (c6opruk), Msa-so Komnrera cranmapros, M., 1965.

Hexotopble Baxuelimie cTauAapThi:

TOCT 9867—61 Mexynapoauas cicreva eHiuni.

I'OCT 766461 Mexauuueckne eauHHubL.

FOCT 8550—61 Tensosbie enHHALLL

COCT 793256 Csetoiie eZuHHUIBL.

FOCT 8849—58 AkycTuueckue eHHHLDL.

FOCT 7763—55 O6pasoBaiite KPaTHBIX U JOJAbHBIX €AHHMIL- H3Me-
peunii. Cokpaienunie o6o31aueHns eJHHUL H3Mepe-

Hufl.

TOCT 1493—47 OGo3nauenuiist OCHOBHbIX OOHIETEXHHUECKHX  BeAH-
YHIL

FOCT 1494—61 Daextporexuiika. O003HAUEHHA OCHOBILIX BEAHUMH
(6yxkBeunbie).

I'OCT 7601—55 dusnueckan ontHka. O6oanaueHuss OCHOBHBIX BeM-
YHH.
FOCT 7427—55 Teomerpudeckan ontuka.  OfGosuavenus ocuesuux
: BeJHUMIH.



AndapuTHbiil yKasaredb

A6cosloTHoe  3HaueHue
TeJBHOr0 Koautuecrsa 11

AGcomoTHO ueprge Teao 217

AbcomoTunilt Hyfdb 129

Axgom 151, 288

Axp 84, 288
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Agrramiickas naposas Jowaap 107
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Apeomerp 254
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Apuun 83
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Bap 103

Bappeap 288
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bBuo 288

Bur 253
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Bywent 288

Bap 244

Bap 288

Barr 106

Barr-uac 106

BeGep 201
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Bepcra 83
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204
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— ygpapuas H18:
— yaenbHas 120

Fan 95, 288

Tannoun 288.

lamma 154

— (eguHHUa Maccbl) 99

~— (enuHHIa HANpPsKEHUOCTH Mar-
HUTHOrO nons) 202

~— HaTypanbhas 154

~— TeMnepuposanuas 154

— yucras 154

Taycc 184

Textap (ca) 84

I'ekroBarr 106

Tenupu 204

{epu. 96

I'u6koers 107

I'nasbepr 187, 203

T'nasuoe ¢oxkycHoe paccrosuue 226

Tl'ox Tponuueckuit 38

Tou 86
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— nocrosiHHas 26, 256
I'pax 86
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— noaspuzatuit 181, 198
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Marserod Bopa 233, 257
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— npoBogHMocTh 188
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203
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— 3nekrTpona 231, 256
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-- 3KBHBanedT cpera 225
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Mexom 152

Muxposatr 106
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190, 205

cuaa 186,
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Munnusarr 106

Muanurpamm 99

Munnumerp- 82

~ Boganoro cronba 102

— pryTHoro crosaba 103
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Munancexyuga 94

Munb 84, 286

Muas mopckas 83, 288

Munyra 41, 94
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Mo 200, 288
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—~ ynpyroctu 115
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— ofbwenm 115

Mo 99
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pHanabubiit) 92

— — noJaapHuiil 93

~— — teaa 108

— KoJHuectBa JBlAKeHus. 110

- — — MHKpouacTuiy 232

— — - 3jeKkTpoHa 232

- cuant 108

Morocts 106

— J103bl 244

— FOMIOWEHHON A03bl H3aydeHun
243

Hamarnivenunocrs 190, 204

Hauomerp 82 |

Hanocexkyiaa 94

Hanpsxenne 193

HanpsxeHsocTs MarHuTHOTO 1049
164, 169, 184, 20!

-— 3JeKTpHUecKoro noas 162, 169,
178, 193

Henep 153, 252

Hur 221

Hopmaanuan xonuenrtpaus 123

Hopmaabhoe yekopenne 54

Hopmaabiinifi o6bem rasa 258

Huioron 22, 54, 100

-— na kBaapatusii metp 101



302

O6o3navenns epnnuit 289

— ¢usuieckux Beanann 291

OGopot 86

O6parubiit MeTp 91

— canThmerp 91

O6uiee 3ByKoBoe nornomenne 158

O6nem 84

O6beMHast NJOTHOCTD SHEPTHH H3-
nyvenus 214

— cxopocThb 149

O6bemubift pacxon 98

Oxrapa 154
Om 199
Onopubie TeMmnepaTypHbe TOUKH

135
Onruueckas cuna 226
Ocpeunnauue 222
OcHoBHble H TNPOH3BORHBIE BEJTH-
yunb 20
— — eauHHUIbE 16
Ocratounas uuuykuus 190, 205

Mapamerp cTosKHOBeHHs 236
ITapcex 83
Tackaas 101, 288

IlepBoe HauajM0 TEPMOTHHAMUKH
137

Tlepuon 96

— noJypacnana 235

ITunra 288

IMu-Teopema 74

Tnornocrs 113

— 3ByKoBOH SHepruu 150

— oGbemHoro pacxoaa 98

— ToKa 182

— sHepruy 105

Tiowans 84

TloBepxHocTHaA MJAOTHOCTb 3apfAa
78

— — TIOTOKA HadyueHus 212

— — Tenaoporo notoxa 139

TMorJoueHHasn 103a u3nydeHHn 243

IMoaswxuocTs 247

IMokasaTteab MOIJIOHIEHHS
Jguneinstii 158

— npesoM/enus 228

— TBEPJAOCTH  NO
287

— — - Mocy 287

Moanan BHAHOCTL 223

3BYKa

BpefitraynTy

ANGABUTHLHNT YKASATEMD

TMonspu3oBaHHOCTD
181, 198

Nonspwayemocrs ‘234

NMocrosnnas Bosabsumana 130, 258

— B 3akoHe cmeitennd Buna 258

o — — Credana — Doastimana
258

— Jupaka 256

— Tlnanka 217, 256

— pacnaja 235

— PupGepra 257

— TOHKOH cTpyKTYphbl 250, 2566

Morenuuan 180, 193

TMoToK 3ByKoBOit oHepryu 150

— uanyuenus 212

— unaykuud 185

— cmemenns 179, 198

— uacTHi 242

ITorokocuennenne 185

Mpaxrryeckne exnmmaumut 36, 173

INpusenennoe aabJenne 129

Mpuienbroe paccrosune 236

TposopuMocTts 183, 200

Ipsimble # KOCBEHHBIE H3mepeHns
14

ITyas 119

Tlyx 40, 99

SUIASKTPHKA

PaGora 104

Pan 244

Panpuan 85

Paauyc Bopa 257

Papjioke 221

Pangor 221

PaaMepHocTb 43

— «yacTunar 122

Pacnaj 244

— B CexyHRy 245

Panuonanusosaliian ¢opMa ypas-
Henufi asexTpomarneruama 175

Pe 288

PesepGepanya 158

Pesepdopn 245

Pentren 243

PuaGepr 241

Pym6 288

CaBap 154
Caxenn 83
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Canrumerp: 36.

-~ B CeKyHAY 94

-— HA CEeKYHAY B KBajzpaTe 95

Ceerumocts 218

Csernocrp 226:

CaeroBan oTaaia 223

Caerosok rgz 83

— noTok 21

gaeroabxe Ko3pduiyiental 228
BeToCHN& 228

CBeToTexHHUCCKHR emiiuLl 218

Cseua 219

-~ Fednepa 219

Ssoﬁonuan SHEeprHa 521
_exyuza 35, 36, 38, 3

— 3BesaHas 36

~~ MeTpHueckay (yracsan) 86

— (ythosas) g&

— Quraepa 126:

Cuna 100

~ 3pyKa 150

— cBeTa 219

- ToKa 182

CysioBok notox 179

Culigsic 200

- {if MeTp 200

Cuerema aBelmoTHast IpakTHte-
CXHX elnHuy 191

— Baongeasn 173

— TFaycca 39

— Mxkopmwn 173

— eAMHMH TexiHyeckan 34

— Makesemna 173

— mexayHapoanas (CH) 39

— MKCM 191

— MTC 40

— Ilnanka 249

— npakTHuecKHx eauHun 37

— CI'C 39

— CI'CM (3sekTpomaruuTsasn) 39,

64

i
— CIca

{anexTpocraTideckan)
39, 163
— Xaprpn 249

~— BJICKTPHUECKMX H MaTHHTHBIX
eMHHI cUMMeTpHUHas 166

Cuctembt egudul 23

~— -— abcomoTEble 33

— — ecTecTBeHHHe 248

Cropocts 94

— cpeta 172, 177, 255

30

Cxpnuitast Tenaora 137
Cwewense 179, 194
Cosmeunble CyTKH cpeasune 35
gonpommeﬂne 183, 199
MeKTpanbHas IIOTHOCTh WHTEH-
CHBHOCTH H3nyuerus 216
- — TIOTOKA H3JyuYeHust 216
~— — 3JHEPreTHUYECKOH  ocmelyeH-
HocTH 216
- ~— —— CBeTHOCTH 216
Cnusoboe uucao 232
CTaTHueCKHI MOMEHT OTHOCHTE/b-
HO ocu 92
Cren 100
Crepannan 88
THILG 221
TOKC 11
YTKH 3Be3jHoie 36

Teeprocts 117

— 1o Bpuuesmio 118

Tekyuyecrs 120

Tenecuwift yroa 86

Tem6p 3Byka 135

Temneparypa 126

Temneparypuuifi Tpajsent 128'

Temneparyportposoptocts 148

Tennoso# notox 139

Tennoemkocts 141

Tennora nepexona 142
eIVIOTBOPHAA cnocobHocTh 142

‘Tepmus 137

Tepg;nnnamuqecxax TeMnepaTypa
1

Tecna 200

Texuuueckan eAnHANA Macch 54
Touna 99

Top 103

Tpoiinasa Touxa 133

¥raosaa ckopogrs 95

Yraosoe ycxopeitue 95

VYroa 85

Vneavnas
200

Yae/pHoe aKyCTHUECKOE CONPOTHB-
Jenue 151

—— conpotueseHne 183, 200

Y aenouufi Bec 114

NPOBOAHMOCTD 184,
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Yneavupiil 06nem 114

Vaen 94

VHuBepcasbhasi ra3oBas TOCTOfH-
‘Han 129, 258

Yuuna 288

V¥pasneune Kaaneiipona — Merize-
Jeesa 128

Vpauosasn enunuita 288

Yposui 3ByKOBOro aasjeilin 152

— MHTEHCHBHOCTH 3ByKa 152

Yckopentie 94

daza 97

®apaga 177, 199

— Ha meTtp 199

dbepun 236

Pon 156

dopmyaa Aunepa 167

~— Bouabumana 130

— Jlannaca 165

— Ilnanka 217

@opmyabl pasMepHOCTH 42
dor 221

dpankanu 288

®puropus 138

@yuxnun pacapepeseHns 124
Dyut H3, 99, 286

Dyt 53, 83

Dop 244

Xapakrepucruieckoe
Hie Bakyyma 206

CONPOTHB.E-

Heur 154

Hentuep 99

LIHpRyAaIMs HANPAKEHHOCTH Mar-
nritHoro nons 186

Yac 41, 94

Yacrora 96

Yucno Asoragpo 256

~— OCHOBHBIX efuHuI 27

— YHUBEPCAJbHBIX NOCTOSHHBIX 3]
— apanea 256

Mikana Bodopra 11, 287
— Keabsuna 127 .

Penknna 134

Peomiopa 133
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