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1.7.11. JIupuyeckoe OTCTyI/IEHHE

Ja O6ynyT y Bac Bechl BEpHbIE, TUpU
BEpHBIE, eha BEpHAsT U THH BEPHBII.
Jlesum 19:36

Co BpemeHn HrroToHa B (pusuke HeT 0ojiee TEMHBIX MOHITHH, 4eM «cwmia» F
U «macca» m. O0a 3TU MOHATUSA BXOIIT B ypaBHenue (1.7.75), rae Tonbko
«YCKOpPEHHE» a ONPEAEICHO MOBOJBHO KOHKPETHO, KaK BTOpas MpPOU3BOAHAS
KOOPJIMHATHI TeJIa 110 BPeMEHH a = d°r /df* B MHepUMAIbHON CHCTEeMe OTCUeTa.
Ho omHOro «yckopeHusi» a sSBHO HEJOCTaTOYHO VIS TOTO, YTOOBI ONpENEeIUTh
cpa3y ABa CIOXKHBIX MOHATHA «cwia» F u «macca» m.

IleHo# CNOXXHBIX AMIJIOMATUYECKUX KOMIIPOMHUCCOB €BPOIEHCKUE MpaBU-
tenbcTBa M ydeHble X VIII — XIX BB. 1OroBOpUIKNCH HCIIONB30BaTh BEC METAJI-
JIMYECKOT0 00pas3ia, XxpaHusiuerocs B Ilapuxckoil manare Mep U BECOB, — B Ka-
YECTBE ITATOHA «MACCHD).

Hacxkonvko mue usgecmmuo, HvlHe MAKux 3MAlOHHbIX MEMALIUYECKUX «00-
paszyoey 16 unu 18. Onu xpaunsmes 6 pasuvix cmpanax mupa. Mnozoa ux cobu-
paiom 8 00HO Mecmo, Ymodbl OYeHUmb OMHOCUMENbHYIO NOSPEUWHOCHIbL IMd-
JIOHHOU MACChl, KOMOPAsi HE3HAYUMENTbHO USMEHAEMCs Om 200d K 200Y. [l Ha-
well MexXHOKpAmu4eckoll YUuSUIU3AYUU HeNnoCmoAHCMBO MAcCcbl IMANLOHHbIX
«0bpasyoey cozdaem oujymumble HenPUSIMHOCMU. B oanvHeliuem ¢ pazeumuem
BLICOKUX TMEXHOA02ULL YMU HEeNPUSMHOCMU 06euaiom 6blpacmu 6 Cepbe3Hbie
npoobnembl.

[TonuTHka 3TaNOHHBIX KOMIIPOMUCCOB MO3BONMIA (PU3KKE TOCTHYb OINpPEIe-
JIEHHBIX BepmHH. Ho OT psAja TEXHOIOTUYECKUX JOCTHKEHUH MOHATHS «CHIIa» U
«Maccay He cTaiu 0oJiee IpO3pauHbIMH.

KoneuHo, eciu rpy’keHyI0 NMOBO3KY HE MOXKET CABHMHYTh OJHA JIOIIAJh, TO
MOYKHO 3aIlpsiub BTOPYIO ¥ TPETHIO U, HAKOHEII, CABUHYTH ITOBO3KY C MecTa (T. €.
npuaath e yckopenue). CiieoBaTesbHO, TATY MOXKHO OIPENENIUTD B JIOIIA M-
HBIX cmiiax. Ho ckonbko Okl HU OBIIO JIOMIaeld, OHM HE TPOHYTCS C MECTa, €CIH
He Oyzer onopbl. B aBuraTesnsx coBpeMeHHBIX aBTOMOOMIICH COTHH JIOIIaNHbBIX
CHJI, HO MalllMHA HE MOEJET, ECIIU €€ KOJIECA TPOCKAIIb3bIBAIOT.

[TonsTHe «cuma» 0€3 TOHATHS «OIOpPa» OKA3bIBAETCS HECOCTOATEIHHBIM.
Kak xe Tak? — BO3pa3ar HEKOTOpble (pU3MKH — Ha TEJIo, HaXOAsIIeecs HaJl 1o-
BEPXHOCTBIO 3eMJIH, IEHCTBYET Ke CHiIa TSKECTH

F=mg, (1.7.78)

rae §— yCKOpeHHe CBOOOIHOIO MaICHHUSL.
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B ToM TO U memno, uto Het! Cua TshKeCTH JeHCTBYET TOJBKO Ha TO TEJO, KO-
TOpOE HAXOAUTCS Ha OINOpe WM MoJBeleHo K onope. [loka e oHO majgaeT Ha
3emiTio, IMyCTh AaXKe ¢ YCKOpEeHHeM, HUKaKUX CHJI Ha Hero He meictByet. [Ipo-
CTO OHO CIIMBAETCS C YCPEAHEHHBIM IOTOKOM BAaKyyMa, YCTPEMJICHHBIM K ICH-
Tpy 3emi, mog00HO TOMY, KaK JBIKETCS IDIOT BMECTE C TeUCHHEM PEKH.

Il Toro 4ToOBI cacTd BTOPOM 3akoH HproToHa, pus3nkaM MOHATOOMIOCH
MaJIeHbKOE «4yZ0» (OYeHb MOX0XKee Ha MCKYCCTBO (POKYCHHMKA) — OHHU CAENAIN
TaK, 9YTO TPAaBUTAI[MOHHAS W MHEPTHAS MAacCChl TeJia COBIAIN

m,=m,. (1.7.79)

ITpu stom, noacrasnss (1.7.78) Bo Bropoii 3akon Hetorona (1.7.75), momy-
YHUJIM PAaBEHCTBO
mZg = muaa

WA ¢ yueToM Toxaectsa (1.7.79)
g=a.

OT0 cOOCTBEHHO M O3HAYAET, 4TO, coryiacHo rumorese b. Pumana [32], ycko-
peHHe MaJaroIlero Ha 3eMJII0 Tejla COBIMAJAaeT CO CPEIHUM YCKOPEHHEM MTOTOKa
BaKyyMa, CTEKalOIIEerocs: K HeJpaM IUIaHeThl, 1 HUKOMM 00pa3oM OT €ro Macchl
HE 3aBHUCUT.

KeptBa okazanachk orpoMHOi. B ¢u3nKy ObUIO BBEIECHO MOHSATHE «IPaBUTA-
LIMOHHAsI Macca», KOTOPOE, XOTS M Ha3bIBACTCSI «MEPOH MHTCHCUBHOCTU I'DaBU-
TallMOHHBIX B3aUMOJICHCTBUIT», HO Ha CaMOM JieJie COBEPLICHHO HE MOHSTHO,
YTO 3TO TAKOE.

B nmoBepmienne ko BceMy DWHINTEHH MPAKTHYESCKH IMOXOPOHWIT BCAKYIO Ha-
KLY Pa3obpaThCs ¢ MOHATHEM «Maccay, Koraa Hammcan dopmyny E = moc’,
CBSI3aB MaccCy IOKOAIIETOCS Tejla ¢ ero BHYTPEeHHEH sHepruei. Ota dopmyna
4yTh OBUIO HE CMeJa Hallly [MBUIIM3AIMIO C JIMIA 3eMIIM, HO TIOHATHE «Maccay
=m, =m,= my CTaJo eme 0oyiee TEMHBIM H 3JIOBEIIHM.

AucurHa, Benen 3a Kimddopaom, Yumnepom, LIunoBeiM, 1 Apyrumu uc-
ClIeZIOBaTeNsIMH PacCMAaTPUBAET BCE MPOSIBICHHS 3TOTO0 MHUpa Kak JIOKaJIbHBIE
UCKPUBJICHUS U Ae()OpPMAINH TUIOTHOHM «ITyCTOTBD) (BaKyyMma).

JIroOble MONBITKH MOJYYHUTh PA3MEPHOCTD «KHJIOIPAMM» B paMKax pa3BUTHUS
BaKyyMHOH TE€OpHH 3aBeOMO OOpedeHbl Ha mpoBal, T. K. TBopsiumM [Ipossie-
HusiM Pazymnotii ITpupons! coBepiieHHO 6e3pa3iiiuHo, 4TO MOJI0XKWIN €BPOIIeH-
ckue ydeHsle B [lapmkckoil mamate Mep M BeCOB B KaU4eCTBE ATAJOHA «MAaCChD».
OTa BONOHTAPUCTCKAS YCIOBHOCTh CTAaHOBHUTCS TPAHIMO3HBIM IPETSATCTBHEM
Ha myTH mporpecca Hayku, mertarorieiicss OCBOOOIUTHCA OT OKOB MPAa4HOM Ma-
TEPHUATHHOCTH.
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THopa memannuueckuil Ky6 eecom 1 Kunozpamm 00py3ums Ha NOCMAMEHM 8
3HAK NAMAMU O BEIUKOU U MPASULECKOU IN0Xe Oe30VUIHbIX MEXAHUYECKUX Ma-
wuH. Bmecme ¢ smanonom «maccery xanem 6 Jlemy u npeocmasnenus o «oe3-
Oywnou mamepuuy. Yuenvle, HAKOHeY, HAYHYM 0co3Hasamv, umo Mup comkan
uz CBETA bB-osicecmeennou JIFOBBU, «M nem ¢ HEM nuxarxou moemwly. H60
«b-I" Ecmb J[VX, b-I' Ecmb CBET u b-I" Ecmb JIOBOBb» (Eeancenue).

Ecnu ymacrcst m306aBUTBCS OT MOHITUH «CHIIa» U «Macca», To B Hayke He oc-
TaHETCS. HUYEro KPOME MCKPHUBICHHOTO MPOCTPaHCTBEHHO-BPEMEHHOI'O KOHTH-
HyyMa. [Ipu aTOM pa3mMepHOCTH BCeX HaOMIOAaeMbIX BEJIMUMH OYIyT BBIpaXKaTb-
Cs1 TOJIBKO Yepe3 pa3sMepHOCTh PaCCTOSIHUS.

B otnumuue ot Broporo 3akoHa Hetorona (1.7.75) B ypaBaenuu (1.7.73)

a,=u.a., (1.7.80)

BCE BEIIMYMHBI ONPEAEIICHBI COBEPLIEHHO KOHKPETHO. 311eCh

a,” — «axkTyaJbHOe» YCKOPEHHE ydacTKa NPOTSHKEHHOCTH C YYETOM €ro
CONPOTHUBIISIEMOCTH (MHEPTHOCTH) U3MEHEHHIO COCTOSIHHUS PaBHO-
MEPHOT0 M MPSMOJIMHEHHOTO ABMKEHHSI OTHOCUTEIBHO HCXOTHOTO
COCTOSIHUSA (PemumMo);

a, — «UAeabHOE» YCKOPEHHE TOTO K€ YYaCTKa MPOTSHKEHHOCTH OTHOCH-
TEJILHO MCXOJHOT'O COCTOSIHUSI 0€3 ydeTa ero CONpOTHBISIEMOCTH
(uHEpTHOCTH);

M — «COIPOTHUBIIIEMOCTB» (WJIN «HMHEPTHOCTHY), Oe3pa3MepHbIid kodddu-
LEHT, CBA3BIBAIOLINI «aKTyallbHOE» M «UJICaJbHOE» YCKOPEHUS
OJIHOTO M TOTO XK€ HCCIIeNyeMOro y4acTtka ad(pHUHHOH NpOTSIKEeH-
HOCTH OTHOCHTEJIBHO PELIHMO.

1 Ve . (1.7.81)

AJcurHa MoTsAHYJA 32 KOHYHK TOJIEKO OJTHOM HHTOYKH, TOpYAIlei U3 KiryOka
mpo0IieM, CBSI3aHHBIX C TIOHATHEM «Maccay. U 3Ta HuTouka 00eIaeT BBITSHY Th-
cs1 B OCCKOHEUHYIO ITOCIICAOBATCILHOCTD CIICICTBHIA.

IIpobnema «Maccely HeucuepriaeMa, U He CIEAyeT JKAATh JISTKUX OTBETOB.
Ho o1HO COBEpIIEHHO OYEBHIHO: €CIM Mbl HAJEEMCsl paclyTaTh KOraa-iiubo
3TOT KIYyOOK, TO OJHO3HAYHO HEOOXOOMMO CHaudana n30aBUTHCA OT Pa3MEpHO-
CTEH «KHJIOTPaMM» U «HBIOTOHY.
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Koaddunmenr, xapakrepusyonmii ”HEPTHBIE CBOWCTBA Tella, T0JDKEH OBITh
be3pasmepHoll 8euyUHOL, 3aBUCSIICH TONBKO OT ero (popM-(hakTo-poB, CKOPO-
CTH, YCKOPEHHS U JPYTHX KOJINYECTBEHHBIX ITOKa3aTelei.

Ha T0, 9T0 «KMIOorpaMM», Kak pasMepHOCTh MacChl, MELIaeT pa3BuTHio Hay-
KM, YKa3bplBaJld MHOIME HccienoBarend. Hampumep, aMepUKaHCKUI y4yeHBIH
Ixon Apuubanpn Yuiep enie B ceperHe MPOIUIOTO BeKa BBIABHHYI KOHIICH-
LU0 «Macca 0e3 mMacce. [laHHas KOHIENIHsI 0Ka3anach COBEPIIEHHO HEO00XO-
JVMOW NP YTBEP)KICHUH, YTO BCE B 3TOM MHpE SBJIAETCS PE3YJIbTATOM JIOKallb-
HBIX UCKPUBJIEHUI IPOCTPAaHCTBEHHO-BPEMEHHOIO KOHTHUHYYMa. B paMkax 3Toit
KOHIICTII[UM BOOOIIE HE JOJDKHO OBITh HU KaKUX JAPYTHX PasMEPHOCTEH Kpome
pa3IMYHBIX CTENCHEH «paccTosiHus». TO ecTh Bce (DM3NYECKHUE BEIHMYHHBI
JOJDKHBI OBITH JINOO Oe3pa3MepHBIMH, JTUO0 UMETh Pa3MEPHOCTb «PACCTOSIHUS
B HEKOTOPOIl CTeIleHH, HarpuMmep: r, r°, . r”, r ** u 1. 1. Hanpumep, 4-cko-
pocts (1.7.43), siBrsroniasicst 6e3pa3MepHO BETHIHHOM.

Hoes abcontomnozo ceomempusma, mo ecms omoogicoecmesiienue ecex Qusu-
YeCKUX GeNUYUH, XAPAKMEPUIVIOWUX 6eUjeCme0 U Noje, ¢ 2eoMEempuiecKumu
Xapaxkmepucmuxamu, enepguvle oviia gvickazana Knuggopoom [52]. B pamkax
Maxkozo nooxo0a NAOMHOCHb MACCHl 8 2EOMEMPULECKUX eOUHUYAX UMeem DA3-
MepHocmb Keéaopama o6pamuotll Onunbl (F 2), a Macca — mpexmepHulii uHme-
2pasn om nJIOMHOCMU — PA3MEPHOCHb Onunbl (1) [52].

ITpu 3TOM CKOPOCTH CBETa «c»— 3TO (PyHAaMEHTaJIbHAsh KOHCTAHTA, CBSI3bI-
Barolllasi BOEIMHO MOHATUS «3-MepHOW mpoTsbkeHHocTH» R ¢ «3-mepHoil anu-

TCIBHOCTBLIO» TZ
R=cT (1.7.81a)

Oto yHHBepcaipHas GopMyIia 3TOTo Mupa. B Hell comepKUTCst BCS COBOKYTI-
HOCTB SIBJICHUH B HAOIIOAaeMOil HAMH PEabHOCTH.

B cunmy mupoBoro ypasuenust (1.7.81a) Bo3MOXHA U Takas HHTEPIPETAIHS,
¢Gbu3MKK B KOTOPOHM Bce (pU3MUYECKUE BEIUYUHBI MOTYT ObITh JIMOO Oe3pa3mep-
HBIMH BEJIMYMHAMH, JTHOO UMETh Pa3MEPHOCTh «BPEMEHM» B HEKOTOPOU CTele-
HH, HarpumMep: £, £, £, 17, t ¥ u 1. .

Ecmu B (1.7.81a) R = Rz — 310 panuyc Hamel Becenennoit, To T = Ty —
a1o Bpems Ee XKuznu.

VYcpenHeHHble pagnyCchl BCEX JIOKAJIbHBIX CYLIHOCTEH B Takoil BceneHHoit
ecTb (yHKIHsA 0T Rp/c. B camom [ene, mMpoCie)UBaeTCsl BIOIHE YCTOWYHMBAs
TEH/ICHIIVS:

10% Mempos

16
SR ~ ~10 Mempoes = Rzeezdﬂaﬁ cucmembt

c 108 Mmempog 3a 1cekynoy
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16
Rseewnoﬁ cucmemvt 10 mempos - 108 ~R
~ g ~ MEmMpo6 = Iy, em
c 10° mempos 3a 1cexynoy
eraﬂembt 1 08 Mempog
—EE & ~1memp = R, common (1.7.816)
8 <
c 10° mempos 3a 1cexynoy
R, 1. mem ~
HCUBOMHBIX - p ~10 8Memp06 ~ Ramo,uog
c 10° mempos 3a 1cexynoy
R onios 1078 Mempos 16
-~ ~10 Mempoe = Raﬂmtenmapnblx uacmuy

c 108 Mempog 3a 1cekynoy

B 5T0if KOHIIENIMM MUPOBas OPaHUUHTENbHAS KOHCTaHTa «o» ~ 10° M Tak
e MMeeT Pa3MEepPHOCTb PAacCTOSIHUA (METp) — 3TO JUIMHA IYTH, KOTOPBIHA IIPOXO0-
JUT CBETOBOM CUTHAN B BaKyyMe 3a | CEeKyHIy MUPOBOM JITUTEIBHOCTH.

CoryacHo BbIlIe yka3aHHOH TenaeHuuu (1.7.810) oOmas HpoTsSHKEHHOCTH
9TOM 3aMKHYTON BceeneHHOU ¢ paguycoM Rz KBaHTYETCSl HA COBOKYIHOCTU JIO-
KaJBbHBIX CYIIHOCTEH C pajuycaMu 0OpaTHO HPOINOPUHMOHAIBHBIMH Pa3IMYHBIM
CTENeHsIM «MHPOBOH OrPAaHHYHTENHHON KOHCTAHTBD ¢

RBce.zeHmZ ~

1
c

Rea'-lakmuku steﬂ)uoﬁ cucmembt
—cduarmuKky T T

~

n n+l
c c
(1.7.816)
~Rn.7aHemb1 ~ Rmcu@omuoao ~ Ramtma ~ __ 2MeMeHm. Hacmuysl
cn+2 cn+3 cn+4 cn+5
R,
=+
Cn

Cyns o BceMy, B 3aBEpIIAOIEM BapHaHTE TEOPHH, OMMUCHIBAIOIIEM 3TOT MHUD,
JOJDKHO OCTaThCSI TOJBKO IBE (PYHAaMEHTAIBHBIX KOHCTAHTHI: «PaIyC ITOH
3aMKHYTOH BceneHHoi» Rp U «OrpaHUUYUTENIbHAs MUPOBAsi KOHCTAHTay C.



