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MPEAVCJ/IOBUE K MOCJIEAHEMY AHIJIMEICKOMY
U3IAHHUIO (1920 r.).

B 3TOM HOBOM H311aHUH KACCHYECKOTO TpakTaTa npod. Kaepka
. MakcBeana 0 Hauanax IMHAMHKH H3MeHeHHs CTPOr0 OrpaHHYEHb
THNOTPAPCKHMH H HEMHOTHMH CTHJHCTHYECKHMH YJyulICHHSIMHU.
ITocrie HEKOTODHIX MOMBITOK MPUIIOCH MPHTTH K 3aK/IIOYEHHIO,
4TO BCAKHE JOMOJHEHHSl TEKCTA M3MEHWJIH Obl apoMaT 3TOro
NIpOM3BEIEHHS, M OHO MOTEPAIO OBl XapaKTEPHbIE YepThl ero
aBropa. [lostomy OblIH BBeieHH JHWIL KpaTKHE MOACTPOUHDBIE
NPpHMEUAHHUSA, B OTJIHYHE OT KOTOPBIX HEMHOTHE NepPBOHAYA/bHbIE
. TIpHMEYaHHsl aBTOPAa OTMEYEHHl apaGCKHMH UbIPPaMH BMeCTO
--3Be3foueK. [IpenmeTHHH yKasaTeab GBI COCTaBJAEH 3aHOBO.

Henbsst pacuureiBaTh, M, 6e3 COMHeHHS, He K 3TOMYy CTpe-
MHJCSL aBTOp, 4TOOBI Oo6lLiee COYHMHEHHe, NMONOGHOe HacTosiuemy,
BOWLIO B YNMOTPeGJCHHE B KaueCTBE y4e6HOTO PYKOBOACTBA: VIS
3TOH LEMH HYXKHO ObIO Obl- YAEJAHTh MHOTO BHHMAHHS METO-
JaM cHCTeMaTH4ecKoro pacdeta. OnHaKo, kKak o6GOCHOBAaHHAs
CXeMa HBIOTOHOBOH JHHAMHKH, MOCTENEHHO 06o6uiaeMasi OT Npo-
CTBIX YaCTHL MAaTEPHH K (PH3HYECKHM CHCTEMaM, HeJOCTYNHBIM
JI€TA/ILHOMY aHANH3Y, HAMHCAHHAS OJHHM M3 yUHTeJNed HayKH,
CO MHOXECTBOM HHTEPECHBIX TOYeK 3pEHHs], KHHXKKA 3Ta JOJXKHA
COXpaHHTb CBOE BJIHSIHHE, HECMOTPS AaXe Ha TO, YTO HEKOTOpHIE
JaCTH HM3/I0XKEHHSI BCKTOPHOI'O HCYHMCJEHHS MOTYT B HacTosllee
BpEMS NOKA3aTbCA HECKOJIbKO aGCTPAaKTHBIMH. Bynem HazesTbcs,
YTO HEMHOTHE KPHTHYECKHE NMPHMEYaHHS H CCHUIKH Ha MPHJIONKe-
HHUSL GYAYT CONMEHCTBOBATL PACUIHPEHHIO 3TOTO BAHSHHS.

Via/ioimeHne OCHOBHBIX Haua/l AHHAMHKH GblIO, OMHAKO, pac-
IIMPEHO B HANpAaBJICHHH COOCTBEHHOTO MYTH ABTOPA BKAIOYEHHEM
r1aBel ,06 ypaBHEHHSIX JBHMEHHS CBSI3aHHOH CHCTEMBI® M3
Il Toma ,Electricity and Magnetism*. 3a pa3pellleHHe BOCHOJb-



v MPEAUC/IOBHE K MOCJEIHEMY AHIVIMACKOMY H3IAHHIO

30BaThCS 3TOH I7IaBOH H3JATENH BHIPAXKAIOT CBOIO 6JarofiapHOCTDL
Knapenpouckoit tunorpaduu OKcHOPACKOro yHHBEPCHTETA.

U3 Tex xe coobpaxeHuli OnUIH CHEJAaHB JABa J00aBICHHS.
OpHO M3 HMX H3JaraeT MPHHIHUIN OTHOCHTEJIBLHOCTH JBHIKCHHS,
NOJYAHMBIIHH HEJABHO OTPOMHOE€ 3HAYEHHE BO MHOTHX O6JacTax
(u3KKH, NyTEM, BecbMa OTIMYHLIM OT MyTH aBTopa. Jlpyroe crpe-
MHTCA pa3BHTh Ja/NbHEHIIHE MOJNOMXKEHHS TNPHHIMNA HAaHMEHb-
mero JeHCTBHS, KOTOPHH OKOHYAaTEeJbHO YTBEpDAMJCS KaK HeoO-
XOJHMOE CBAI3YIOUIEE HAYANO MEXLY pasnanuMH 061aCTSIMH
Teopernueckoii PU3HKH.

KoneuHo, 3T npu/aoxeHHs TpyaHee AJIsi YTCHHs, YeM OCTAJb-
HBIE YaCTH KHHTH, HO OHM OYJIYT CAYKHTb IJs1 Hee JNOMOJHEHHEM,
NPEACTABASAS] AHAJMTHYECKYI0O CTODOHY JHHAMHKH, ONHPASICh Ha .
KOTOPYI0 OH4 M CTPEMHTCSl CTaThb TOYHBIM (QYHJIAMEHTOM JJst
Bcei HatypanbHoit ®unocoduu. '

PejgakTop cunTaer JOATOM BHIPAa3HThb CBOIO NPH3HATEIBHOCTH
KeM6pHAXKCKOH YHHBEPCHTETCKOH THHOTPa(HH, H B OCOGEHHOCTH
. Jx. B. ITucy (J. B.:Peace) 3a nomMomp H BHHMaHHe B H31a-
HHH KHHTH. '

Hanc. JI.



BUOTPAGHYECKAST 3AMETKA.

~ Hxemc Knepk Makcseaa (J. Clarc Maxwell) poauacs
B Dxuubypre B 1831 rogy M Gbl1 e IHHCTBEHHHIM CHIHOM J[ 3 O H a
Knepka MakcBeaana us [nennspa, 6aus Hanb6ertu, — da-
MHJIBHOTO HMeHMs Ha toro-3anage Ilotnanauu, Kotopoe CHH H
yHacaenosad. [locae paHHero o6yuyeHusi f1oMa U B D AHHOYPrCKOM
yHHuBepcurere, oH B 1850 roay nepewen B KemOpumxk, cHayaza
B Iletepxoys (Peterhouse), a 3arem B Tpunutn Kosmremx. Ha
MAaTeMaTHYECKOM 3K3aMeHe Ha modyeTHnie Harpaian 1854 roga
" nepByto Harpapy noayuun Paysc (E. J. Routh), Bmocaeacrsuu
npenojaBaTeJb MaTeMaTHKH W NPEBOCXOAHHIA HccCaedoBaTeNb, a
Knepk MakcBeaa 6b1 BTOPHIM; BCKOpPE 3a TEM OHH ObLIH
NPH3HAHLI PaBHBIMHM HAa KOHKypce Ha CMHTOBCKYIO NPEMHIO.

MakcBean 6ma npodeccopom Harypanbhoit dunocodpuu B
96epaure ot 1856 no 1860 roma u B Jlonnone, B King’s College,
ot 1860 po 1865 roma, a4 3ateM yznanuics B [VieH1sp Ha wecTs
JIET, BIIPOJO/IKEHHE KOTOPHIX B €r0 YMe CO3penH, 6e3 COMHEHHs,
MIONOTBOPHLI€ HIEH H BBUIMIHCH B 00Jiee CHCTEMAaTHYECKHe
¢opmbl. B 1871 roay ero ybeaunn BO3BPATHTBCH HA YKHTEIbCTBO
B KemMOpumx u B3aTh Ha cebs Jeno opraHu3auud HoBoil Kspen-
JMIICKOH snab6oparopud. Ho uepe3 HekoTopoe BpeMsi €ro 310-
pOBbe HCINOPTHIOCH, M OH ymep B 1879 roay B Boapacte
48 axer.

Hayuynaa cnaBa MaxcBen1a B TeUEHHE €TO XHU3HH NMOAJEP-
XKHMBA1aCh IVIAaBHBIM 00pa3soM GPHTAHCKUMH TeOPeTHKaMH (U3HKH,
B ocoGeHHOCTH KemGpumxckoit mxonol. Ho ¢ Tex mop, kak
l'enbmroanpu npeanpuusa B 1870 rony H3yyeHHe ero TEOpHH
9/IEKTPHUYECKOTO NEHCTBHS M CBETAa M MOJBEPrHYJa €e oO6Cyxe-
HHIO B MHOTOYMCJEHHBIX CEpbe3HHX paboTax, BHHMaHHe, yne-
AsBIUIEECS 3a-TPAHHUEH €ro MPOU3BENEHHsIM, IOCTOSIHHO BO3pa-



VI BUOTPAGUUECKAA 3AMETKA

CTano A0 TeX MOp, MOKa OH He CTald, KaK M B AHIVIMH, NPH3HAH-,
HbIM aBTOPHTETOM B 006/1aCTH (HU3HKH.

B HacTofilee BpeMsi, 10 BCEOOLIEMY [IPU3HAHHIO, HIEH « Makc-
B€JJ4a, KAK MaTEMaTHYECKOro HHTePIPeTaTopa H MPOAO/KATE/S
dapanes, CYATAIOTCS BeTHMYAHUIAM JTOCTHXECHHEM B HAUIEM M10-

3HAHHM 3aKOHOB (DU3HUYECKOTO MHpa, AOCTHTHYTHIM CO BPEMEHH
"Hpiotona. Kak u y $apanesd, ero rnmyGokue HCCIe10BAHUA
MPUPOIbl COYETATHCh C TAYOOKHM PEJIHIHO3HBIM 61arOrOBEHHEM
k Heii. Cm. L. Campbell and W. Garnett ,The life of J. C.
Maxvell* (Macmillan, 1882). ,Treatise on Electricity
and Magnetism“ u ,Theory of Heat“ cocrapasiior Bax-
Hefiuryto yactb ero Tpysos. Ero ,Scientific Papers® 1200
u3ganbl KeMOpPHIKCKO YHHBEPCHTETCKOR THRorpagueit B ABYX
60/bIIMX TOMax. MHOro BaxHbix nucem MakcBeaaa couep-
xatcsi B ,Memoir and Scientific Correspondence of Sir George
Stokes“, Cambridge, 1904.

[TpuoXeHHBIA K KHHIE XapakTepPHbIA MOPTPET BOCMPOH3BE-
NeH, ObITh MOXeT, B [IepBblil pas, ¢ poTorpapHuIecKoii KapTOYKH
BH3UTHOTO (JOpMAaTa, CHATOH, BePOATHO, BO BpeMs JIOHIOHCKOTO
nepuoja.

Lonc. JI.



NPEIUWCJ/IOBHE (1877 r.). -

dusnyecKkHe HayKH, KOTOpbl€ BIJIOTb A0 KOHUA BOCeMHaaLa-
* TOTO CTOMETHS 3aHUMATHUCh HCK/IIOUHTENbHO Pa3paboTKOM KOHueMN-
UMM SIBJEHUHA NMPHPOJBI, KaK Pe3y/IbTaTa CHJ, A€HCTBYIOILUX MEXKILY
TeJaMH, HblHE YCIeUIHO BCTYMUJAH B CJAeAyIOIYyI0 a3y pasBH-
THS, — B KOTOPOil 3HEpPrus MaTepHaJNbHOH CHCTEeMbl paccMaTpH-
BaeTCs KaK BeJHuMHaA, onpenesseMas KOHQUrypauuei H ABHMe-
HHEM 3TOH CHCTeMB, H B KOTOPOH IOHATHS KOH(UTYPAIHH,
JBHXEHHSI M CHJIbl 0600IICHH A0 KpaHHEro npejuena, AOMycKae-
. MOTO HX (PH3HUYECKHMH OMNpeJesneHHSIMH.

O3HAKOMHTBCS C 3THMH OCHOBHBIMH IOHSTHAMH, UCCJEN0BATH
HX CO BCeX CTOPOH M NPHYUYHTbCH BECTH TEUEHHE MBICAH MO
PYyCJly CTPOTHX AMHAMHYECKHX PACCyXKACHHH HOMKHO GBITh OCHOB-
HON 3ajauell BCSKOro, H3yuarmouero ¢pu3HueckHe Hayku.

Huxkecsnenyrouwee H3loXkeHHe OCHOB YU€HHS O MATEPHH H
JIBUXKEHHH HYXHO TMO3TOMY PAacCMaTpUBAThL KaK BBEJIEHHE B U3Yy-
yeHHe (PU3MUYECKHX Hayk Boobule.

K. M.






COHNEPXAHHUE.

IpenucioBde K MOCAEIHEMY AHTAHHCKOMY H3HAHUIO
Buorpaduyeckas 3ameTka .

Mpenucnosne (1877)

I'naBa nepsast. Beenenue

1. Mpeamer ¢usuku (1). 2. OnpegeneHHe MatepHaIbHOR
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nonoxente AByX cuctem (6). 14. Tpu jaHHbIX Aaf CpaBHe-
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llekapta (8). 17. O6 ugee Bpemenn (9). 18. AbcomoTHoe mpo-
crpacteo (10). 19. Manomenne obmero mpHHUMNA (H3HYECKHX
Hayk (11).

I'naBa Bropas. O HBUXEHHM . . . . . . . . . . . . . .

20. Onpenenenne mepeMemenus (13). 21. luarpamMa nepe-
memtennit (13). 22. OtHocureabHoe nepememenne (14). 23. ITo-
crynatenshoe nepeMeiiente (15). 24. O nemxernd (15). 25. O He-
npepblBHOCTH aBikeHHs (16), 26. O mocTosHHOH CKOPOCTH (16).
27. 06 u3MmepeHun mepeMeHHOH ckopocTH (17). 28. [uarpamma
ckopoctedt (17). 29. CsoiictBa amarpammbl ckopoctedt (18).
30. Cmbicn Boipawends ,B mokoe“ (19). 31. Jluarpamma Hame-
senull ckopoctH (19). 32. O6 namenenun ckopoctu (20). 33. 06
yckopenun (20). 34. Jlmarpamma yckopenu#t (21). 35. ¥Yckope-
HHe, KaK OTHOCHTeabHOe moHATHe (21).

Fnapa tpeths. O cwite . . . . . . . . . . . . . . . -

36. Knnematnka ¥ kusetHka (23). 37. B3anmonedcrsue Me-
Iy AByMA TedaMu— HanpsikenHe (23). 38. Buewnssa cuaa (23).
39. Pa3iuuHble CTOPOHBI OAHOrO H TOTO Ke fBneHHA (24).
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COIEPKAHUE

40. 3axoubl ABukeHus Holotona (24). 41. [lepBuiil 3aKoH ABH-
weHust (24). 42. O pasnoseciu cun (27). 43. Onpenenenne pas-
HeIX BpemeH (27). 44, Bropoii 3akoH aBmxenus (28). 45. Onpe-
AeJEeHHE PABHbIX MAcC M paBHbIX CcHA (29). 46. Usmepenne Mac-
col (29). 47. Yucaennoe usmepense cuaw (31). 48. OnHospe-
MeHHoe jeficTBHe cua Ha Teno (32). 49. O6 wumnyance (33).
50. OtHoweHHe Mexay cHaoi H maccol (33). 51. O koaHyecTse
aBuxenus (31). 52. ManoxmeHue BTOPOro 3aKOHA [BHXKEHHS C
MOMOLbI0 TEPMHHOB ,UMINYJbC H ,KOJHYECTBO ABHXEHHA* (34).
53. Cuoxenue cun (34). 54. Tperuit 3akon aBHxenusi (35).
55. [lledicTBe M NpOTHBOAEHCTBHE MIPEJACTABAAIOT pa3JIHYHbIC
TOYKH 3peHHsl Ha HanpsbxkeHHe (36). 56. [pHTAMEHHE H OTTANKH-
Baude (37). 57. TpeTuit 3aKkOH ABHMKEHHs CIpaseisuB AIS geil-
CcTBHSA Ha paccrosuun (37). 58. [lokasareanctso HbioToHa He
3KcnepuMenTaabHo (37).

TnaBa yerBepras. O CBOACTBAX 1I€HTPa MacChl MaTepHaNbHOMU

Tnama

CHCTEMBI ., .

59. Onpenenenne sektopa-Maccht (39). 60. Llentp Macchi
AByx wactuu (39). 61. Llentp Maccwl cHctembr (40). 62. Bektop
KOJMYECTBA IBHKEHHS, KAK ObICTPOTA M3MEHEHMH BeEKTOpa-
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T'JIABA TIEPBASL.
BBEJEHME.

1. TIPEAMET ou3uku. Pusuxa ectb TOT OTJes MNO3HaHus,

- KOTODBIH M3yYaeT TOCNOACTBYIOLMH B NpUpPOJe MNOPSIIOK MM,

APYTMMH CJOBaMH, MPABHIbHYIO MOC/IEA0BATENbHOCTE COOBLITHE.
OxnHaxo, HasBanMe BU3MKHM YACTO OTHOCHT B GOJee MM MeHee
* TECHOM CMBICTE K TeM OTpacasM HAYKH, KOTOPhI€ H3yualoT siBJje-

- HHSI CaMOTo MPpOCTOr0 H OTBJEYEHHOTO pona, HUCKawyas M3 pac-

.CMOTPeHHs1 6osiee CIOKHBIE ABAEHMUS, Hanpumep, Te, YTo HabJo Na-
I0TCl B JKHMBBIX CYHIECTBAX. '

CaMbIM TPOCTHIM C/yuyaeM sIBJSAETCSI TOT, B KOTOPOM COGBITHe
WIH SBIEHHE MOXET OBIThb ONHMCAHO, KAK M3MEHEHHE B pacnoJio-
CHUM HEKOTODPBIX Tel. Tak, HBHIKEHHE JyHBl MOXHO ONHCATD,
' YKa3biBasi M3MEHeHMsi B ee NOJIOXKEHUHM OTHOCHTENBHO 3€MJH B
TOM TOpsJKE, B KOTOPOM OHHM CJEIYIOT OJHO 3a JADYIHM.

B 1pyrux ciyyasx Mbl moxem 3HaTh, YTO NPOH30UIIO HEKO-
TOpOe M3MEHEHHE B DAaCMONOXEHHH, HO HE B COCTOSIHHH YCTaHo-
BHTb, B €M COCTOHT 3TO H3MeHeHue.

Tak, xorma samepsaer Boxa, mMbl 3HAEM, YTO MOJIEKYJbl, HJH
MEJpYalllIie YaCTHLBI BEIIECTBA, IOJKHBI ObITh PacnosoXeHsl
PasiHuHBIM 00pa3oM BO Jiby H B Boje. Mbl 3HaeM TaKxe, 4TO
PaciloNoKEHHE MOJEKYJ JbJa AO/KHO 067a1aTh KaKOH-TO CHM-
MEeTpHeH, H0O el uMeeT Hopmy CHMMETDHYHBIX KPHUCTAJNIO0B, HO
Mbl MOKa €uUle He HMeeM TOYHOTO 3HAHHUS O NeHCTBUTENBHOM pac-
TOJIOXEHHH MONeKyn nbaa. ONHAKO XKe, BCAKMH pas, KOraa Mbl
MOXEM MOJHOCTBLIO ONMHCATb W3MEHEHHE PACIONOXKEHHS, Mbl 06.1a-
NlaeM 3HaHHEM O TOM, YTO MPOHU3OULIO, COBEPIICHHBIM MOCTOMBKY,
MOCKONLKY OHO MOJHO, XOTS Ham NPEJACTOMT eule M3Y4HTh, npu
COOMIONIEHHH KAKHX YCJAOBMIH Bceraa NpoU3oHIeT Takoe xe
sIBTIEHHeE.

K. Maxkcsean, Mamepun u dsuxcenue. 3 1
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Hrak, neppasi 4acTb (PU3HKHM H3y4yaeT OTHOCHTEJIbHOE MOJO-
KEHHE M JIBUKEHHE Tell.

2. ONPEAENEHUE MATEPHAJBHOH CHCTEMH. B0 BCSKOM
HayYyHOM MCC/AeJOBaHHM MBI HAuyMHaeM C TOrO, YTO OTMeuaem
onpezneaeHHyl 0671acThb HJIH MPeAMET, KaK MoJe /sl HallUX U3bl-
ckaHuii. Ha HeM Mbl JOJKHBI COCPENOTOYHTb Halle BHHUMAHHeE,
HCKJIOUHB H3 PACCMOTPEHHS] BCIO OCTANbHYIO BCEIEHHYIO AO TeX
mop, MOKa Mbl HE BBHINOJHMM HawyaToro uccaenoBaHus. ITostomy
U B (pU3HKE MEPBbIH WIar COCTOMT B TOM, YTOOHL SICHO OTIpaHH-
YUTb MAaTepPHANBHYIO CHCTEMY, KOTODYIO Mbl J€JaeM NpeaMETOM
Hawero H3yueHHs. DTa CHCTeMa MOxeT ObITb JMI000H CTeneHH
CMOXKHOCTH. DTO MOXKET ObITb OJHA MaTepHa/lbHAsl YacTHLA, TeJaO
KOHEYHBIX DPa3MEPOB HJH HEKOTODOE€ YHC/AO TAaKHMX TeJ, HO 3Ta
cUcTeMa MOXeT Jaxe OblTb H HACTOJIbKO PaCUIMpeHa, YTO BKJIO-
UHT BeCb MaTepHaJbHbIH MHD.

3. ONPEAENEHUE TEPMHHOB ,BHYTPEHHHH® W ,BHEII-
Hufi“. Bce oTHOwleHMS HMJIM JAEeHCTBHS MEXIAYy UYacTAMH CH-
CTeMbl HAa3bIBAOTCA BHYTPEHHHUMH OTHOLIEHHSIMH MM Je#-
CTBHSIMH.

OTHOUIEHHS MU ACHCTBUSI MEXKAY BCEH CHCTEMOHM HJIH YacTbio
ee W TeJaMH, He BKJIOUEHHbIMH B CHCTEMY, Ha3bIBAIOTCS B H € WI-
HHUMHU. DTH DocAeHHE Mbl OyJeM H3y4aThb JHIIb NOCTOAbKY, MO-
CKOJMIbKY OHM BJHSIIOT Ha CaMO€ CHCTeMy, ocTaBJsisi 6e3 paccMo-
TPEHHUS] MX BJAHSIHHE Ha BHeuIHHe Tena. OTHOWIEHHS H JAeHCTBHUS
MEeX Iy TeJaMH, B CHCTEMY He BK/IOUEHHBIMH, JAOMXKHH OBITH BO-
BCe HCKJ/IOYeHbl H3 paccMOTpeHHs. MBI MOXxeM HCC/1e10BaTh HX
He MHaue, KaK pacIIHpssl Hauly CHCTEMY TaK, 4TOObl OHa BKJIO-
4HIa H 3TH JApYyrHe Tesa.

4. ONPEAENEHUE KOHeHUTYPAlUMH. Korma marepuanbHas
CHCTeMa pacCMaTpPUBAaeTCs € TOYKH 3PEHHSI OTHOCHTEIbHOIO MOJO-
XKEHHSl ee yacTell, TO COBOKYNHOCTb OTHOCHTE/JIbHBIX IONOXEHHH
Ha3bIBaeTCd KOHPHUrypauued CHCTEMSBI.

3HaHHe KOH(UIypaUUHM CHCTEMbl B JAHHbIH MOMEHT 3aKJiO-
yaeT B cefe 3HaHHE MOJNOXKEHHMS KaXJOH TOUKH CHCTEMBI OTHO-
CHTEJIbHO KaXJAOH ApDYroH TOUKH B 3TOT MOMEHT.

5. Nuarpammbl. Kondurypauuio MarepHalibHOH CHCTEMBI
MOXHO HM3006pasuTh Ha MOJE/H, TJaHe WaM auarpamme. [Ipeamno-
JIaTaeTcs, UTO MOJe/Nb WJIH JHarpaMma MOXOJIHT Ha MaTepHalb-
HYI0O CHCTeMy Julib Mo (opme; HeT HEOOXOAHMOCTH, YTOOHI OHA
NMOXOJAU/Na Ha Hee B JADYTHX OTHOLIEHHAX.
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[nan win kapra uso6paxaer na Gymare B IBYX H3MEpeHHsIX
TO, UTO B JAEHCTBUT@ILHOCTH, GHITH MOXKET, HMEET TPH H3MepPEHHS
H MOXET OBIThb BNOJNHE H306PaKEeHO JHIUIb NOCPeACTBOM MOJEJH.
Mzt Gynem nosnbsoBathest c10BOM , AMarpamMma“ aas 0603HAYEHHS
M0G0t reoMeTpHUecKOR (Uryphl, 6e3pasnHuHO, NIOCKOH MK HET,
NOCPEACTBOM KOTOPOH MBI H3yuaeM CBOHCTBA MAaTepHAJbHONH CH-
cTeMbl. TakuM 06pasoM, Koraa Mbl TOBOpPHM O KOH(HTYpalHu
CHCTEMBI, TO B HAalI€M yMe BO3HHKAeT NpeACTaBJICHHE O IHa-
TpaMMe, KOTOpas BNOJHE H3006pa¥kaeT KOH(HIypalHIo, HO He
HMMEET HH OJIHOTO M3 OCTa/bHBIX CBOHCTB MAT€PHANbHOH CHCTEMBI.
KpoMe nuarpamm koHpurypauus Mbl MoxeM HMETb JAHarpaMMbl
CKOPOCTH, HANpsDKEHHS H T. J., KOTOPHI€ He BOCIPOHM3BOIST
$hopMbl CHCTEMEI, HO NpPH NOMOIM KOTOPBHIX MOMKHO H3YUHTL ee
OTHOCHTE/IbHbIE CKOPOCTH WJH €€ BHYTPEHHHE CHJIH.

6. MATEPHANIBHAS UYACTHIA. Teno, cronp Manoe, uTo,
AN U€NeH HAaWero HCCJeJ0BaHHS, MOXKHO NpeHeGpeup
PACCTOSHHSIMH  MEXAY OTIENbHBIMH €r0 YacTsMH, Ha3blBaeTCH
MaTepHaNlbHOWH YacTHIeH.

Tak, B HEKOTOPBIX ACTPOHOMHUECKHX MCC/IEI0BAHHSX KaXIy10
IIaHETy M JaX€ COMHIE MOXHO paccCMaTPHBaTh, KAK MATEPHANb-
HyI0 4acTHly, NMOTOMY HYTO pa3nHyHe JNeHCTBHH pasHBIX yacTeil
STHX Te1 He BXOAHUT B KPyr Hallero BHHMaHHA. HO Henb3s ux
paccMaTpuBaTh, KaK MaT€PHalbHblE YACTHLBI, KOIJa MBI HCCJIE-
JAYyeM MX BpalleHHe. Jlaxce aToM, KOrja Mbl NPHIHCHIBAEM €My
CMOCOGHOCTb BPAlaThCst, HYXKHO Ce6e NMpeACTaBISTb COCTOSIIIMM
W3 MHOTHX MaTepHaJbHLIX YaCTHI.

JlnarpamMma, MaTepHaIbHOH! YaCTHUBI €CTh, MOHSTHO, MATEMATH-
YeCKas TOYKA, He MMEIAass HHKAKOH KOH(HrypauuH.

7. OTHOCHTEJIBHOE NOJOXEHHE JBYX MATEPHAJbHBIX
yacTHU. [luarpaMMa JByX MaTepHaJbHbIX YaCTHL COCTOMT H3
JABYyX TO4YeK, Hanpumep, A u B. '

[onoxenne TouKu B OTHOCHTENBHO TOUKH A yKa3blBaeTcsi Ha-
NpaBJIeHHEM U ITHHOH NpsiMoit nuuun AB, npoBeneHHOH om A x B.

Ecnu mbl Beiitnem u3 touku A w npoitzem B HanpaBJ€HUH, yKa-

3aHHOM JaunMed AB, paccTosiHe, paBHOE IJHHE STOH JHHUH, TO
NpUIEM B TOUKY B. ITO Hanpap/ieHHe H PACCTOSHHE MOTYT GbiTh
TaK XKE XOPOIO YyKa3aHbl JI0GOH IPYroit JHHHeH, KaK, HANpHMeED,
ab, napanneabHoOi u paBHoii AB. [Nonoxenne Toukn A OTHOCH-
TeNbHO B yKa3elBaeTCs Hall paBAEHHEM H JIIHHON JHHHH BA, npoBe-
AeHHOM om B k A, unu nuuuu ba, paBHO# U napannenpHoi BA.
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OuesuaHo, uto BA =—AB.

Korpa JHHMIO Ha3HIBalOT, 0YKBaMH, NOCTaBJIEHHBIMH Y €€ KOH-
110B, TO NOPsIOK OYKB JO/MKEH BCEria COOTBETCTBOBaTb TOMY
HANPABJAEHHIO, B KOTOPOM JIHHHS JO/KHA GEITh NpPOBEJEHa.

' 8. BEXTOPH. B reoMeTrpud BHIpaXKCHHE AB ects npocTo
HasBaHHe JHHHH. 31eChb )Ke OHO yKasblBaeT JEHCTBHE, TOCPEACTBOM
KOTOPOrO NpOBEJeHA JIHHHS, MMEHHO, ONCPAlHI0 TNEPEHECEHHS
yepTsIled TOYKH B HEKOTOPOM HanpaB/eHHH Ha HEKOTOpoe pac-
crosinne. Kak ykasatenp 3TOH onepauuy, JIHHHA AB wuasbiBaetcs
BEKTOPOM, H CaMa oOMnepauusi BNOJHE ONpenensercs Hanpa-
BJIEHHEM M paccTosiHHeM nepeHecenus. McxoaHas TOYKA, HA3bi-
BaeMast Ha4aJoM BEKTOpa, MOXeT ObTb, TA€ YroJHO.

Jlasi TOro 4TtoObl ONMpeNeNHTb KOHEYHYIO NPSMYIO JIHHHIO, Mbl
JO/MKHBI yKa3aTb €e Hayaslo, a TaKxe ee Hanpab/JeHHe U IJIHHY.
OjHaKo, NIPUHATO CUMTATh PABHBIMH BCE BEKTOPHI, Napasl/IeNbHbIE
Mexay co6oii, NpOBeJeHHbIE B OIHY H Ty Xe CTOPOHY H HMEI-
e OJHMHAKOBYIO BEAHUMHY.

Bcsikasi BeqMuMHA, HMelolias oONpejeeHHOe HanpasleHHe H
onpeneneHHbIH pasMep, Kak, HalpHMep, CKOPOCTb WM CHJa *),
MOXeT OBITh paccMaTpHBaeMa KaK BEKTOD M HM300paxeHa Ha '
auMarpaMMe NpPsSIMOH JIHHHEH, HaNpaBAeHHE KOTOPOH MNapasieJbHO
BEKTOpY, a IJIMHA NpPEACTABIsieT, B ONpeJeNeHHOM Macuitae,
pasmep . (YHCIEHHOE 3HAuY€HHE) BEKTOpA.

9. CHCTEMA TPEX YACTHI. PaccMOTpuM Tenepb CHCTEMY
Tpex 4acTHIIL

Ee xoHHrypauus H306paxaeTcs 1HarpaMMOA H3 TPeX TOUYEK:

A BuC
D c [MosoxeHne TOUKH B OTHOCHTENIBbHO A yKasbl-
BaeTcss BekTopoM AB, a nonoxesHe ToukH C
4 /a otHOCHTenbHO B—BexTopoM BC.

QueBHIHO, YTO MO 3THM JAHHLIM, €CIH TOUKA
A W3BecTHa, MBI MOX€M HaiTH TOUKy B, a 3aTeM u
tTouky C, Tak YTO KOH(HUIypalMsl TPEX TOYEK BIIOJHE ONpeae/eHa.

[Tonoxenue Toukd C OTHOCHTENTBHO TOUKH A YyKasblBaeTcs,
Bextopom AC, M, COMIaCHO IOC/eJHeMy 3aMeYaHHIO, JOJIKHO

&ur. 1.

*) Cuaa nojHee OTpEeNeiseTcss Kak BEKTOP, NPHICKEHHBIH K AMHHH ee jei-
CTBHS;, TRKOH BEKTOP [MOTYIUHiA CKOAB3HTH BIOIb TPSAMOH, 4aCTh KOTOPOR OH COCTa-
Baser] Kaud ¢ opn Ha3biBaeT poTOPOM; KPOME TOrO, TOUKA NPHIOKEHHS
CHIbl HECYUIECTBEHHa JHINL B TOM Ciydyae, ecM TeNo, Ha KOTopoe OHa Aeh-
CTBYET, PACCMATPHBAETCA KaK TBEPROE.
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ObITL BO3MOMXHO BHIBECTH 3Hau€HHe BeKTOpa AC U3 3HAYEHHH BeK-
TopoB AB u BC.

Pesyabrar onepamuu AC coctoutr B nepeﬂeceﬂuu yepTAuel
ToukH U3 A B C. Ho pesy/ibTaT mony4utcs TOT e, eCTH NepeHecTH
uepTAWylo TOYKy crnepsa u3 A B B, a 3atem u3 B B C, a 3o
€cTb cymMa onepauuit AB -+ BC.

10. CroXEHME BEKTOPOB. MTaK, NpaBuio C/IOXEHHS BEK-

TOPOB MOXET ObIThb H3M0XEHO TaKMM 00pPa3oM: M3 KaKOH-THGO
TOYKH, KdK HAyasa, MPOBOJHM DSJ MOCJAEAOBATENLHEIX BEKTOPOB
TaK, YTOOBl Ka¥Ablli BEKTOD HAYHHAJICS B KOHIE MPeabLAyUIero.
Tlpamas uunks, npoBeneHHas M3 HAuala K KOHUY pSiia, €cCThb
BEKTOD, NPeACTaBASIOUIMII CyMMYy CJIaraeMbix BEKTOPOB.’
- Hopanox canoxenus 6espasnuuen, u60 ecIH Mb
nanuwem BC 4 AB, TO yKa3aHHYIO ONEPALMI0O MOXHO BBHINOM-
HHTb, NpOBels npsaMyo AD, napannensuyio u paBayio BC, a 3a-
TeMm coeannuB D u C mpsamoio DC, kortopas, no Esxauny 1. 33,
napauienbia W paBHa AB, Tak uTO B pe3yaAbTaTe STHX IBYX
onepauni Mel npuxoauM B TOu4KYy C, B KAaKOM 6Bl MOpSAKE
Mbl HX HH BBIIOJHSJIH.

To xe camoe crnpaBesIHBO /s JI06OTO 4HCAA BEKTOPOB, —
HX MOXHO CK/IaAblBaTb B KAKOM YTOIHO MOPSIKE.

11. BHIYHTAHHE BEKTOPOB. JIl TOrO, uTOGH BHLIPA3HTh
nonoxeHue TOYKM C OTHOCHTe/NBHO B uepe3 BEKTOPH, YKa3bl-
BaLIHE MONOXKEHUA ToYeK B M C OTHOCHTENbHO A, 3aMeTHM,
YTO MOXHO NpHUTTH M3 B B C, nu60 nepemewasicb BAOAb Mps-
Mo#t suuun BC, nu6o nepexons u3 B B A, a 3atem u3 A 8 C.

Otciona

BC=BA -+ AC

—AC+BA TaK KaK NOPANOK CAOXKeHHs Ge3pasnHueH,
= AC— AB, 1ak xak AB paBHO M npoTuBononoxuo BA.

Takum o6pa30M, BeKTOp BC, BbHIpaXaoWuil Mo/oxenue Toukd C
'OTHOCHTENIBHO B, HAXOXUTCS BHIUHTAHUEM ‘BeKTOpa, OMpeneJs-
lowero B, u3 BexTopa onpeaeasowero C, NpuyeM 3TH BEKTOPHI
nposefieHb K ToukaM B u C u3 Kakoro-1u6o obuiero Hauasna A.
12. Hauano BEkTOroOB. [losoxenus mo6GOro uucaa da-
CTUL, NPHHA/EKAUMX K MaTePHaNbHOH CHCTeMe, MOTYT OBIThb
OMpeJe/ieHbl NOCPEACTBOM BEKTOPOB, NPOBEAEHHHIX K KaXIOMH
M3 3THX YacTHL H3 KakoH-JHOO0 OXHON TOYKH. DTa TOUKA HA3HI-
BA€TCSl HAa4ya/OM BEKTOPOB HJIH, KOpPOue, MPOCTO HAYaJO M.
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JTa cuCTeMa BEKTOPOB ONpeJe/NsieT KOH(PHIYpPalHio Bceit
CHCTEMBI; HO6O, €CnM XKeJdaeM Y3HATb [OIOKEHHEe KaKOH-THG0
TOYKH B OTHOCHTENIbHO KaKOH-HHGYIb  JApyro#t Touku A, To ero
MOXHO omnpeneantb no Bekropam OA u OB nocpexcTsom
ypaBHeHHS

AB = 0B — OA.

Mpul MOxeM BhIGpaTb KaKyi0 YrOZHO TOYKY B KayecTBe Ha-
yaJa, M HeT MOKAMECT OCHOBAHMH NPEANOYECTb OJHY TOYKY ApY-
roi. KoHdurypamus cHCTeMB,—APYTrHMH CJAOBAMH, OTHOCHTE/b-
Hbl€ MOJIOXKEHUS BCEX €€ 4acTeH,—ocCTaeTcsl Toi e, Kakas Obl
TOYKa HHM Oblia BeIGpaHa 3a Havyano. OJHAKO, MHOTHE HCCIeno-
BaHMS YNPOIIAIOTCS HaJJMeXallMM BHIGOpOM Hauana. 7

13. OTHOCHTENBHOE MNOJOXEHHE ABYX CHCTEM. Ecau
H3BECTHBl KOH(MHIYpalUHH JBYX Ppa3/NHYHBIX CHCTEM, H3 KOTO-

PBIX KaxJaass UMeeT CBOe cOOCTBEHHOE Hayaso,

P H €ClH Mbl XeJNaeM BKJIIOYHTHL 00e CHCTEMHl B

cucteMy Gosee OOGLIHPHYIO, HMEIOILYIO, CKAXEM,

0. . TO X€ CaMoe Haya/o0, YTO W NepBasi U3 ABYX CH-

CTeM, TO JOJDKHBl ONPENeIHTh NOJ0XKEeHHe Hayana

BTOPO#H CHCTEMBI OTHOCHTENbHO Hayaja nepBoOMH

H JOJXKHBl MMETb BO3MOXHOCTb IPOBOJHTH JMHHH BO BTOPOH
CHCTEME NapaaeNbHO JHHHSIM NEPBOH.

Torma, no § 9, monoxeHue TOYKH P BTOPOH CHCTEMBI OTHO-
CHTENbHO NEpBOro Havana, O, NpeiCTaBHTCS CyMMoi Bektopa O'P
9TOH TOYKH OTHOCHTeNBHO BTOpOro Hayana, O’, u Bekropa OO’
BTOpOro Havaaia, (', orHocutenbHO nepsoro, O.

14. TP NAHHBIX AJS CPABHEHHUSL ABYX CHCTEM. MH
UMEEM TNPHMEP TAaKOro o0O0pa3oBaHHsS OOJbILIOH CHCTEMBl M3
ABYX HNH 6Osiee MEHbIIMX CHCTeM, KOrja JIBe COCEJHHMX HAIMH,
NPOU3BEJs KaJasg CbeMKY H COCTaBHB KapTy cBoeit cO6CTBEHHOM -
TEPPHTOPHH, COIVIALIAIOTCA COEAHHHTD CBOH ChEMKH, YTOOBl BKJIIO-
YHTb 06€ CTPaHbl B OJXHY CHCTeMy Jinst 3TOM LeMH HEO6XOMHUMBL
TpH BELIH.

Bo-nepBuix, cpaBHeHHe Hauaja, BHIGPAHHOTO OJHOMH CTpaHoH,
C HayaJoOM, BLIODAHHBIM APYroi.

Bo-BTOpLIX, cpaBHeHHEe OCHOBHBIX HanpaBAeHHH, NPHHSATHIX B
06enx cTpaHax. )

B-TpeTbHX, CpaBHEHHe S3TaJOHOB [JIMHBEI, NMPHHATHIX B OGEHX
CTpaHax.

bur, 2.




1]. BBEJEHME 7

1. B UMBHIH30BAHHBEIX CTPaHAX WLIHPOTA BCETha CUMUTAETCS OT
3KBATOpA, HO AOJTOTa CYUTAETCS OT MPOM3BOJILHOIO MECTd, KaK
I'punny uam Tlapuxk. Tlostomy, nas TOro uro6bl COIMIACOBATHL
kapty Dpurannu c kaproii PpaHuMH, MBI JOMKHBI ONpPELEJTHTD
Pa3HOCTb AOATOT Mexnay oOcepBaTopHsMu ['punnua H [lapuxa.

2. Ecan cpemka Obla cienaHa 6€3 aCTPOHOMHYECKHX HHCTpY-
MEHTOB, TO 33 OCHOBHBIE HAaNpaB/ieHHs] NMPHHHMAJHCh HHOTJA Ha-
NpaBJeHHsl, YKa3blBae€Mble MATHHTHBIM KOMNAacoM. Tak 6bu1o, s
nosaraim, NMpH NepBOHAYaJbHBEIX CbeMKax HEKOTOPBIX H3 Becr-
Huackux octpoBoB. X0Ts pe3y/ibTaThl TAKOH CHEMKH H JAIOT mpa-
BHJIbHO MECTHYIO KOH(}Hrypaluio OCTpOBAa, HO OHH He MOTYT OHITh
TOYHQ COI/IACOBaHb C OGeH KapTo# MHpa JO TeX Nop, noka
He 6y11eT YCTAaHOBJEHO OTKJIOHEHHe MAarHHTHOH CTpPEeNKH OT
HCTHHHOTO C€Bepa B TO BpeMs, KOTJa NPOH3BOJHIACH ChEMKA.

3. Ilns Toro, uto6bl CPaBHHTb CbheMKY PPAHUHH CO CHbeMKOH
Bpuranun, merp, ¢GpaHUy3CKHH 3TaNOH IJMHE, JOJ/KEH GOHITh
CpaBHeH C sIpIOM, OPHTAHCKHM 35TaJOHOM IJIHHBEL.

Spa onpenenen Axrtom [lapnamentra 18 u 19 Bukrt. ri. 72,
utonst 30, 1855 r., KOTOPHIH MOCTAHOBJSIET, ,UTO NpsiMasl JHHHS,
WIH PAcCTOSHHE MEXIYy LEHTPAMH NONepeyHbIX JHHHH, NpoBe-
JEHHBIX Ha JBYX 30J0THIX KJenkax Ha 6poH3oBoM Opycke, xpa-
Haulemcss B nasate KasmauedcTBa, JAOMXKHA CUYUTAThCA MOJJHH-
HBIM 3TaJIOHOM sipJa npH 62° dapenreiita, a B c1yyae ero yrpa-
Thi OH HOJKeH ObITb 3aMEHEH IOCPEeJCTBOM ero KOMHH.

Metp BBeneH 3akoHOM Ppanuysckoi Pecny6aukn 1795 roxa.
OH onpejeneH, Kak pacCTOSIHME MEXJy KOHLAMH HEKOTOPOTro
VIATUHOBOTO CTepIXKHsl, caenaHHoro bopma, korga crepxeHb
HaXOAMTCS NPH TeMneparype TasHUS JbjAa. Vi3aMepeHUsiMH kanu-
taHa Knapka 6b10 HalijeHo, uro MeTp paBeH 39,37043 6pu-
TAHCKHM JIO0HMaMm.

15. Os wWaeEe npocTPAHCTBA¥). Tenepp MB npounix
60/BIIYI0 YACThb TOTO, HAa 4YTO CJA€LOBaJ0 OOpPaTHTb BHHMaHHe
N0 OTHOWEHHIO K KOH(HUrypauuu MarepHanbHOH cucreMbl. Octa-

*) Cneays HbloToHOBCKOMY MeToay Manowenust B Principia, aonyckaior cy-
LIECTBOBAHUE IIPOCTPAHCTBA U TEYEHHA BPEMECHH, 06pasyloumx OCTOB, Ha KOTOpblﬁ
Hazaraetcsi AHHAMHYecKoe OObscHeHue siBAeHHH. 3anava ¢u3uyecKod acTpo-
HOMHH—TIIOABEPrHyTb 3TO NMPEAINOJOXEHHE TPOBEpPKE H ONPEACAHTb 3TOT OCTOB
¢ Bo3spacTtawllel! TOyHocTbio. Ero ¢unocodckuit 6a3uc MOXKET paccMaTpPHBATbCH
K3aK COBEPIICHHO OTJAHYHBLIH npeaMeT, ¢ KOTOpbIM CBA3dHA COBpDEMEHHadA T1o0J¢-

MHKa 06 OTHOCHTEJNBLHOCTH, MOCKOJIbKY OHa Kacaercs npocrpaﬂcma H BpEMEHH.
CM. mpunoxenue .
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eTcsl, OJHAKO, HECKOJbKO MYHKTOB, OTHOCSLIMXCS K MeTadu3uke
BOMpPOCA, KOTOPbIE HMEIOT OY€Hb BAXHOE 3HAYeHHe IS (U3HKH.

Mbl onucanH METOA COCIHHEHHSI HECKOJIbKHX KOHQHUrypaunui
B OJHY CHCTEMY, BK/IOUAIOILYI0 BCE 3TH CHCTeMbl. TakuMm my-
TE€M MBI MpPHOABIsIEM K HeGOJAbLIOH 06/1aCTH, KOTOPYIO MBI MO-
XKEM HCCJIeI0BaTh, MPOTArUBAsi HAIUH WIEHH, GoJee OGLIHpHBIE
06/1aCTH, KOTOPbIX Mbl MOXEM NOCTHIHYTb, MepeJBHTasch neiu-
KOM Had 6Gyayud nepeBe3eHbl. K 3TUM nocjaeqHHM Mbl npuOaB-
JsieM 06/1aCTH, O KOTOPBIX y3HAaeM MO paccKasaM JPYIHX, H Te
HEeJOCTYNHble OO6JACTH, MOJOXKEHHS KOTOPBHIX MBI OINpefe/sieM
JMILb NPOHECCOM BBHIYHC/IEHHS, [TOKA, HAKOHEN, He Y3HaeM, 4YTo
BCAKOE MECTO 3aHHMAET OMNPEAETEHHOE MOJOXKEHHE OTHOCHTEAbHO
BCSIKOTO JPYroro Mecta, 6yAb 3TO MECTO JOCTYNHO H3 ApYy-
rOro MJIH HeT. '

Takum 06pa3oM, H3 H3MepeHHH, CAeNTaHHBIX Ha MOBEPXHOCTH
3eMJIM, MBI BBIBOJHM [OJMOXEHHE LEeHTPa 3EeMJIH OTHOCHTENbHO
H3BECTHBIX MPEJMETOB H BBLIUHC/ASEM YHCJIO KyOHYECKHX MH/Ib B
o6beMe 3eM/H, COBEPUIEHHO HEe3aBHCHMO OT KakKOH-JH60 THIO-
Te3bl O TOM, YTO MOXKET HaXOJIHTbCS B LEHTPE 3eM/IH HJIH B
KaKOM-HHOYJIb JpYrOM MeCTe€ M[OJ TeM TOHKHM CJIO€M 3€M-
HOH KOpBbI, KOTOPbI Mbl TOJBKO H MOXEM HEMOCPEeACTBEHHO
HCC/Ie 10BATh. ' "

16. Owuska JexkapTa. OTciona ClAeayer, YTO pacCcTOsSIHUE
MEeXJYy OJHHM MpPEeAMEeTOM M JPYTHM He 3aBHCHT OT KaKOH-IH60
MaTepHaJbHOH BelH MEeX LY HMMH, KaK 3TO, MOBHIUMOMY, yTBEp-
wnaer lexkapT, korga oH rosoput (Princip. Phil, II, 18), uro
ec/M YAaTUTh M3 [OJOro.COCYAa TO, UTO TAM HaXOAHMTCH, 6€3 TOro,
yTtoGB YTO-THGO 3aHAIO €ro MecTo, TO CTEHKH COCyJda OKa3a-
Jauch Gbl B COMPHKOCHOBEHHH, TAaK KaK MEXKJAY HHUMH HHYETO HeT.

ITO yTBepKIEHHE OCHOBaHO Ha TOM jgormarte JlekaprTa,
YTO MPOTSKEHHOCTh B JJIHHY, LIMPHHY H IIyOHHY, COCTaBJsIO-
niasi onpejesneHHe MPOCTPAHCTBA, €CThb €IHHCTBEHHOE CYLIECTBEH-
Hoe cBoHcTBO MartepuH. ,IlpHpona marepuu“, TOBOPHT OH, ,HJH
Tesa, paccMaTpHBaeMoro BOOOLIE, COCTOHT HE B TOM, 4TO TeJIO
TBEPAO HJM BECOMO MJH OKPAIIEHO, a TOJNBKO B €ro MpOTSKEH-
HOCTH B IJIMHY, WIHPpHHY M rayouny* (Princip. Phil, I, 4). Cme-
[UMBasi, TAKMM 06Pa3oM, CBOHCTBA MaTepUH CO CBOHCTBaAMH MpO-
CTPaHCTBAa, OH H MPHXOJHT K JOTHYECKOMY 3aK/IIOUEHHIO, UTO
ec/ad 6bl MOXCHO GBLJIO COBepPLIEHHO YJAadUTh MaTEPHIO U3 COCY]a,
TO BHYTPH COCYJAa MPOCTPAaHCTBA 60Jblle He CYLEecTBOBAaNO GBI
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JleficTBUTENBHO, OH NPHHHMAET, YTO BCE MPOCTPAHCTBO JOJ/IKHO
6BITH BCErja 3anoJHEHO MaTepHeH. ‘

51 yka3an Ha 370 MHeHuHe JlekapTa jaas TOro, 4ro6ml Mo-
Ka3aThb BAaXHOCTb 3JPABBHIX B3[VISAOB B JEMEHTADHOH IHHAMHKE.
B neHCcTBUTENLHOCTH, OCHOBHOE CBOHCTBO MAaTepHUH OBLIO OTUET-
auBo ¢opmyaupoBano Jdexaptom B ,lleppom 3akone [Ipu-
poabl“, KaKk OH ero HaswiBaer (Princip., II, 37): ,Kaxabiii oraenn-
Hblil TpeaMeT, MOCKOJABKY 3TO OT HEro 3aBHCHT, CTPEMHTCS
COXPAHHTb CBOE€ COCTOSIHHE IBHIKEHHS HJIH MOKOS“ *).

Mb yBuaHM, KOrZa npuzieM K HbIOTOHOBEIM 3aKOHaM [BHXKe-
HHUS, YTO B CJOBAX: ,MIOCKOJBKY 3TO OT HEr0 3aBHUCHUT, IPABUJILHO
HOHATHIX, 3aK/AI0YAeTCsl HCTHHHOE MEepBOHAYaNbHOE OINpeJe/NeHHe
MaTepUH M MCTHHHAsl Mepa ee KOJHuecTBa. [lekapT HHKOTIA,
OJHAKO, He JOXOIHJ 1O MOJHOrO MOHHMAHHSl CBOMX COOCTBEHHBIX
- ¢ca0B (quantum in se est) ¥ BmaJa B CBOE MEPBOHAYaJABHOE CMe-
UIeHHe MaTepHH C MNPOCTPAHCTBOM, — IPHYEM MPOCTPAHCTBO, MO
ero MHEHHIO, eCTh eJHHCTBeHHas QopMa BellecTBa, a BCe CyIe-
CTBYIOLUHE PEIMETH CYTh TOJMBKO MPOSIBAEHHS MPOCTPAHCTBA. ITa
ouin6ka **) MpoXoAUT Yepe3 Bce yacTH 6oubuioro Tpyaa Jexkapra
# 06pa3yer OJHO H3 OCHOBHBIX MOJOXEHHH cucTeMbl CHH O3 bl. §
He GyAy NbHITAaTbCS MPOCTEIHTb €€ 10 HOBEHIIEro BPEMEHH, HO
coBeToBal Obl BCAKOMY, KTO H3y4aeT KaKylio-HHOyIb MeTad-
3HYECKYI0 CHCTeMy, TLIATEJBHO HCCAEeN0BaTh Ty 4acTb €e, KOTO-
pasi uMeeT 1en0 ¢ QU3MYECKHMH HJEAMH.

Mbl cuutaem GoJiee CIOCOGCTBYIOIUMM HAYYHOMY MpOrpeccy
NpH3HaTh, BMecTe ¢ HbIO TOHOM, HIEH BDEMEHH H INpPOCTpaH-
CTBa OTJHUHBIMH, 110 KpailHeil Mepe B BOOGpDaXEHHH, OT MOHATHSA
MaTepHalbHOH CHCTEMBl, IJf BbIpaXeHHsl CBOHCTB KOTOPO# H
CYXaT 3TH HJeH **¥),

17. O uaee BrPEMEHH. Hiues BpeMenn B ee mnepBoHa-
yanbHOH dopMe ecThb, BEPOSTHO, CO3HAHHE IMOCJELOBATEJIBHOCTH
COCTOSIHMH Haulero co3HaHus. Ecau 66l Mos mamsith Obl1a CO-
BepLIeHHa, TO 1 6bl Gbl B COCTOSIHHH OTHECTH KawJ0e COOBITHE
B IpeJeaXx MOEro ONbBITa Ha HajJexallee MeCTO B HeKOTOPOM
XPOHOJOTHYUeCKOM psiny. Ho mHe Obw1o OBl TPyAHO, €CJAH He
HEBO3MOXHO, CPaBHHTb IMPOMEXYTOK MEXAY OJIHOH Tapod Cco-

*) CpaBhute ¢ ugeeit Haumensbwero [eiictBus, npuiaoxenue Il
*¥) Hekotopble coBpeMeHHbie (OpDMBI OTHOCHTEABHOCTH BEPHYJIHCb K €ro
uieaM. Cp. npuaoxenue L.
*¥%) CM. npuaoxenue I
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ObLITHI € MPOMEXYTKOM MEeXLy JAPYrod napoi, — Onpenenursb,
HanpuMmep, GOJbllIe M WIM MEHbUIE TENepb TO BPEMs, B TEUEHHE
KOTOpPOTrO 51 MOry paboraTh, HE YYBCTBYs yCTaJOCTH, Y€M TOTrAa,
KOr/Ja 1 TOJAbKO Hayasn yyuTbcs. biarosapsi HaluM CHOLIEHHAM C
JIPYTHMH JIIOABMH M H3YYEHHIO €CTECTBEHHBIX NPOLECCOB, NpOTe-
KaIOLIUX PABHOMEPHBIM MM DHTMHYECKHM 06Pa30M, Mbl MPUXOAUM
K TNpPU3HAHHIO BO3MOXHOCTH CO3JaTh CHCTEMY XPOHOJIOTHH, B
KOTOPOH HOMXHO HaiTH cebe MECTO BCAKOE COOBITHE, OTHOCH-
ueecs Kak K HaM, Tak M K Ipyrum. M3 no6bix 1ByX COOLITHH,
KaK, HAampumep, Kakas-To kaTtacTpoda Ha 3Besge B CepepHOH
Kopoue, Bhi3BaBmasi cBetoBble 3((EKTH, H3YYEHHbIE CIEKTPO-
ckonuyecku F'érruucowMm 16 mas 1866 r., H HAHTHE MBICJH, KO-
Topoe nodyauno npodeccopa Anamca uin-Jiesep pbe Hauath
M3bLICKaHHsl, PHBEJIIHE K OTKPHITHIO AOKTOpoM I"anme 23 cen-
Ta6ps 1846 r. nuaHersl Henrtyn, mepsoe AOMXKHO OBIIO MNpO-
H30UTH Jin60 paHbile, JHOO MO3XKe APYroro, AH60 B OAHO H TO
Xe BpeMsl.

AGCOJIIOTHO®, HCTHHHOE M MATEMATHYECKOE BpEMSl MNPUHH-
MaeTrcss HbioToHOM, Kak npoTekawmee ¢ IMOCTOAHHOH CKO-
POCTBIO, HE3aBHCHMOH OT OBLICTPOTH WM MEJJIEHHOCTH JBHKEHUH
MATepHANbHBIX TPeJMeTOB; OHO HAa3bIBAETCS TAKXKe AU T €JIb-
HO CTb1. OTHOCHTENbHOE, HAOMI0AaeMOe H OOLIEYNOTPEeOHTENb-
HOe BpeMsl eCTb JJIHTENbHOCTb, H3MEpAeMas MO JABHXEHHIO Tel,
HANpUMEp, [HSAMH, MeCSIlaMH M TrojJaMH. DTH MepH BpPEMEHH
MOTYT OBITb pAacCMaTpHBAEMbl KaK MpeJBapHTe]bHbIE, TaK KaK

' Iporpecc acTPOHOMHH HayuyHJ HAC H3MEDPATb HEPABEHCTBO JJIHH
JHeH, MeCsileB M JieT M TeM MNpPHBOJAMTL HAO/IOLEHHOEe BpeMs
K GoJiee paBHOMEDHOH INKAJNe, Ha3blBA€MOH CPEJHMUM COJIHEUHBLIM
BpEMEHeM.

18. ABCONIIOTHOE MPOCTPAHCTBO. AOGCOMIOTHOE MPOCTpaH-
CTBO MOHHMAETCs, KaK OCTalolleecss BCeraa MNOAOOGHHIM CaMOMY
ce6e M HenmoABHXHBIM. Pacnoso)xeHHe uacTedl MNpPOCTPaHCTBA
TAK e He MOXeT ObITb H3MEHEHO, KaK H TMOpAAO0K 4acTei
BpeMeHH. Boo6pa3nTb, 4TO OHH CABHHYJIHCb CO CBOHX MECT, BCe
paBHO, YTO NpeJCTaBHTL cebe, UTO MECTO OTOABHHYJNOCH CaMO
0T ce0bs.

Ho nomo6HO TOMy, KaK HeT HHYEro, 4To OTIHYAI0 Obl OJHH
MOMEHT BPEMEHH OT JPYroro, KpoMe pasJHuHbIX COOBLITHH, KO-
TOpble B 3TH MOMEHTH NPOH3OILJIH, TaK HET HHUYEro, 4rto OTJIH-
yano OBl OJHY YacTb NMPOCTPAHCTBA OT JAPYroi, KPOME€ HX OTHO-
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IIEHHS] K MECTY MaTepPHaJbHbIX Ted. Mbl He MOMXeM Onpene/HTb
BpeMsl COOBITHSI HHAue, KaK OTHECS eT0 K KaKOMy-HHOyIb JIpyromy
COOBITHIO, —H He MOXEM OINHCaTh MECTO TeJa MHaue, KaK OTHeCs
ero K KaxkoMy-HMOyab JApyroMmy Teny. Bce Hame 3HaHHe Kakx
O BpPEMEHH, TaK H O TNPOCTPAHCTBE MO CYLUIECTBY OTHOCH-
TeJNBHO *).

Korja uenoBex npHoGpesn NPHBLIYKY COENHHATH CA0BA, He 3a-
TpyAHsAs ce6s 06pa3oBaHHeM MBIC/ell, KOTOPble COOTBETCTBOBAIH
6L C0BaM, TO €My JIETKO BblAyMaTh NPOTHBOMOJOKEHHE MEXIY
OTHOCHTEJbHBIM . U TAK Ha3blBaeMbIM a0COIOTHBHIM 3HAHHEM M
BLICTABHTbL Hallleé He3HAHHE aOCOIIOTHOrO TNOJIOXKEHHS] TOYKH, Kax
NpUMep OrpaHHHEHHOCTH HAWHX cnocoGHocTell. OAHAKO, BCAKHUE,
KTO TMONBITAETCA BOOODPa3UTb cebe COCTOAHHE yMa, CIOCOBHOro
3HaTh aGCOMIOTHOE MOJOXEHHe TOYKH, BCerjia 3ateM GyeT I0BO-
JIEH HAIIMM OTHOCHTEJNbHBIM 3HAHHEM. ,

19. M310XKEHHE OBLIETO NPHHIUHMNA $H3HUYECKHX HAVK.
CylecTByeT NpHHLUMM, Ha KOTOPHI 4acTo ccbawrcs: ,Omam-
HAKOBLIE TPHYHHBI BCErja NPOH3BOJSIT OJMHAKOBLIE CJIEACTBHUA.

Yr10o6bl cnenaTh 3TOT NPHHIUMI MNOHSTHBIM, HYXHO OMNpene-
JHTb, YTO Mbl pa3ymeeM MOJ OJMHAKOBLIMH NPHYHHAMH H OJH-
HAKOBBIMH CJICJCTBHUSIMH, TAK KAaK OYEBHJAHO, YTO HHUKAKOE COGKI-
THE HHKOrJa He caydaeTcs Oosblie OJHOTO pasa, TaKk YTO MpPH-
YHHBl U CJIC€ACTBHS HE MOTYT OBITH OJHHAKOBLIMH BO B C € X OTHO-
LHIeHUsIX. B 1eACTBUTENBHOCTH, MOJ 3THM Pas3yMeloT, UTO €CJaH
OPUYUHBL OTJIHYAIOTCA TONBKO MO abCOJMIOTHOMY BPEMeHH M a6co-
JIIOTHOMY NPOCTPAHCTBY, K KOTOPbIM OHH NPHYPOUEHBI, TO TOJBKO
B 3TOM CMBICJAe OYyIyT OT/IHYATBCS M CJAeJCTBHS.

Huxecaenyiouee nojoxenHe, sKBUBaTeHTHOE NPHBEAECHHOMY
BHIE TMPUHLMNY, NPEACTaBasseTcss 0oJiee onpejeneHHbIM, Gosee
SICHO CBSI3AHHBIM C HAESIMH TIPOCTPAHCTBA H BpeMeHH H GoJjee
NPUTOJHBLIM I/l MPHUJIOKEHAS] K OTAETbHBIM CAYYasM :

,Pasniuhe MexJy ABYMSI COOGBITHSIMH He 3aBHCHT OT Mpo-
CTOTO PAa3nM4Hs BPEMEH U MeCT, B KOTODBIX OHH TNPOHCXOMSAT,
a TOJbKO OT Pa3jJH4YHMi B NMPUPOLE, KOHDHTypaUHH HJIH JBHIKE-
HUM Y4aCTBYIOLUIHX Tea“.

M3 sToro nosoxenus ciaenyer, uTo eCIH COOHITHE MPOH30LILIO
B JAHHO€ BpeMsl H B JaHHOM MECTE€, TO BO3MOXHO, 4YTOOBI TOYHO

*) ato NOJOXECHHE, MOBHAHUMOMY, COCTOHMT B TOM, YTO HAallleé 3HAHHE OTHO-
CHTE€IbHO, HO HYXAA€TCA B ONpEACICHHOM NPOCTPAHCTBE H BPEMEHH /14 CBOEro
CBA3HOTO H3JOXKEHH1. :
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Takoe Xe cOOBbITHE MPOH30MIIO B JI0060Oe ApPyroe BpeMsi H B

_ J1060M MecTe.

CyiuecTByeT ApYroi NMpHHIMI, KOTOPOTO He CleLyeT CMellH-
BaTh C NpPHBEACHHBIM B Hauane 3Toro naparpada: ,[TomoGunie
TPHYUHB MPOU3BOAAT NMOAOGHBIE CIEACTBHA.

9T0 crnpaBeiJIHBO JHIUIb B TOM CAy4ae, eCl1H HeGOJMbIIHE H3Me-
HEHHS] HAYaJbHBIX YCJIOBHA MPOU3BOAYT JHUIL HeGO/MbIIHE U3Me-
HEHHS B KOHEYHOM COCTOSHHMHM CHCTEMHI *). B oueHb Gouabliom
yHcne (U3MYECKHX SBJECHHH 3TO YCTOBHE YHOBJIETBOPSETCS; HO
O6LIBAIOT ApYrHe CJAyYaH, B KOTOPHIX He6O/bIIOe HAYAJIbHOE U3MeE-
HEHHE MOXET MPOHM3BECTH OueHb OOJNbLIOE H3MEHEHHE B KOHeu-
HOM COCTOSIHHM CHCTEMEl, KAK B TOM CJyuae, KOTAA MepeBOi
CTPEJIKH 3aCTaB/sieT XKeAe3HOLOPOXHBIA Moe3] mnepeHTH Ha Apy-
THE peJbCchl BMECTO TOrO, 4TOGH NMpPOAO/KATb CBOH HAIJIEXKa-
WU nyTs **). '

*) 3pech CKpHITO MOMYaIMBOE AONYIICHHE, YTO 3aKOHBI IIPHPOAbI MOXHO
@opmynupoaan JHLIb TIPH YCJAOBHH YCTOMYHBOCTH fIBJEHHi; 3TO CTABUT, 10-
“KaTy#H, HEKOTOPYIO T'PaHHLY BCAKOMY MOCTYAATY BCeoOluero GpU3HuecKoro gerep-

< MHHH3Ma, B Kakoill, Hanmpumep, Bepua Jlamaac.

*#*) Moxer OBbITb, MOXHO CKa3aTh, YTO HabaiojaeMble B NPHPOAE IPaBHIb-
HOCTH NpPHHARJAEHKAT K CTATHCTHYECKHM MOJEKYJAADHbIM SBJACHHUAM, IIPHHABLIAM

;4 00CTOAHHE YCTONUHBOCTH. [loCKOABKY MOrojga 3aBHCHT. OT OECKOHEYHOTrO 4HC/a
%3 MEcCTHHX HeYCTOHUYHBLIX SBJAEHHH, OHA HE MOXET ObiTh BOBCe MOAYMHEHA KOHEY-

HOH cxeMe 3aKoHa.
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20. ONPEJAENEHME NEPEMEIEHHUS. [0 CHX NOpP MBI CPaBHH-
BaJMH MOJOXEHHE pPA3THYHBIX TOYEK CHCTEMBI B OJMH H TOT XK€
MOMEHT BpemeHH. Tenepbp HaM NPEACTOHT CPABHUTH MOJOXKEHHE
TOYKH B JAHHBII MOMEHT C €€ NOJOXEHHEM B NpeIleCTBYIOWHI
MOMEHT, Ha3blBaeMBIH HauyaJabHBLIM?).

BexTop, ykasbiBawoUMii KOHEYHOE TOJOXEHHE TOYKH OTHOCH-
TeJbHO €€ MOJOXKEHHS B HeKOTODHH HauyaldbHBI MOMEHT, HA3bl-
BaeTCs mepeMeleHHeM 3ToH ToukH. Tak, ecim A, ectb Ha-
yanpHOe, a A,— KOHEUHOe MNOJOXKeHHEe TO4KH A, TO JHHHAS AA,
eCTb NepeMellleHHe TOUKH A, U HEKOTOpHi BEKTOp 04, NMpoBe-
JeHHbi M3 Hauala 0, NApaMIeJNbHH M pPaBHBLIH JHHHH A A,,
H306paxkaeT 3TO NepeMeLIeHHe.

21. IIMATPAMMA TNEPEMELLE- B,
HHH. Ecau npyras Touka cHCTeMbl
nepemecTtusach M3 B, B B,, T0 Bek-
TOp 0b, NapaiieJbHEH M pPaBHHIH
JUHHH B, B,, usoépasm nepeMetie-
HHe TOYKH B.

[Mono6HeiM ke o6Gpa3om nepe- b B,
MEUICHHS JI000ro 4ucia TOYEK MO-

TyT OHITH NIPEACTaBJAEHb BEKTOPAMH,
NPOBEJEHHEIMH M3 OLHOrO H TOTO
;K€ Hayasa 0. Ta CHCTEeMa BEKTOPOB
Ha3LIBaeTCsl JHarpaMMon mne-
peMeureHuii. Her Heo6xomumo- 0
CTH JeHCTBHTENBHO NMPOBOAMTDH JIH- . @ur. 3.

1) MaxkcBeaa ynorpebiser TEPMHH ,3M0Xa“; HbHE OGBIUHO TOIL3YIOTCA
BbIDAKEHHEM: ,HauyaibHbIH.MOMeHT*, f1. A.
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HHH, 4TOOBI NPEACTaBHUTH 3TH BEKTOPH; JOCTATOYHO OTMETHTD
TOUKH @, b ¥ T. J.— KOHUB BEKTOPOB. Jlnarpammy mepemele-
HHH MOXHO, MO3TOMY, PacCMaTPHBaTbh KAaK COCTOSILYIO H3 HEKO-
TOPOrO YHCIA TOYEK, @&, b M T. I., COOTBETCTBYIOLUMX MaTepHa/Ib-
HBIM vactuuaMm, A, B ¥ T. A., NPHHANJEXKALHM CHCTEMEe, BMeCTe
C TOUKOH 0, I0/I0KEHHE KOTOPOH MPOU3BONBHO M KOTOPAs NPHHSATA
3a HAYa/lO BCeX BEKTOPOB.

22. OTHOCHTE/IBHOE NEPEMEIMEHUE. JIHHMS ab Ha 1Ma-
rpaMMe MepeMelleHHil NpeACTaBAsieT MNepeMelleHHe TOukH B
OTHOCHTEJNBHO. TOYKH A.

H6o, ecau Ml npoBenem Ha auarpamme nepeMereHHH (¢ur. 3)
JHHHIO @k, NapanienbHyio H paBHyw B,A, u uMewInyn TO e
Hanpap/ieHHe, H COEJHHUM TOUKM R M b, TO JIErKO MOKa3aTh, YTO
BEKTOp kb paBen u napannenes BekTopy A,B,. JleficrBuTensHo,
BEKTOp kb eCTb CyMMa BeKTOPOB ka, ao u 0b, a A5 ,B, ecTb cymma
BeKTOpoB A,A,, A,\B, u BB,. Ho u3 nux ka ecTb 10 e ca-
MoOe, yTo AIB,, ao—To Xe, uT0 U A,A,, u 0b ecTb TO e, uTo
B,B,, a Tak kak no § 10 NOpAOK C/IOKEHHS Gespasnnuen, TO
BEKTOp kb PaBeH, N0 BeTMYHHE H 10 HANPABJIEHHIO, BeKTOpY A,B,.

Ho Beap ka unu A;B, NpEeICTaBASIET HAYATBHOE MONOKEHHE
‘TOYKH B OTHOCHTENbHO A, a kb win A,B, NPeACTaBASET KO-
HEYHOE MosoXeHHe TOukH B oTHocutenvHo A. Orciona, ab uso-
OpaxaeT nepeMeIeHHe TOUKH B OTHOCHTeIbHO A, uTo M Tpebo-
BaJMOCh JOKAa3aTh.

B § 20 MB yMBIIIEHHO HE CKA3aaH, €CThb JH Hayano, K KO-
TOpPOMY Oblla OTHeCeHa NepBOHauaibHass KOH(HIypauus, H Ha-
Ha10, K KOTOPOMY OTHEeCEHa KOHeYHas KOHQHMrypauus,—ojHa H
Ta Xe TOUKA, WIH XKe, 33 BPEMs MEPEMEILEHHs CHCTEeMB, mepe-
MECTHJIOCh M Hayajo:

ITpennonoxum Tenepn, uTo Hauano COBEPIIEHHO HEMNOIBHKHO
H 4TO MEepeMelleHHs], H306paxaeMble BeKTOpamu oa, ob u T. 1.,
CyTh aGCoMoOTHbIe nepemeuieHus. UTo6b mepeiTH oTcioga K
TOMY CJAy4aio, KOTJa Hauyano MepeMecTHIOCh, Mbl JOMKHB TOJBKO
B3ATH 32 HAYan0 TOYKY A, OAHY M3 ABHXYIIMXCA TOYeK. Tak
KaK a6COMOTHOE MepeMelleHre TOUKH A MpeacTaBaeHo BEKTOPOM
oa, TO NepeMelIeHne TOYKH B oTHOcHTenbHO A u306pasutcs,
KaK Mbl BUJENH, BEKTOPOM ab; TO e OTHOCHTCH H KO BCAKOH
APYTro#l TOUYKE CHCTEMBI.

Pacnonoxenue Touek a, b u 1. A. Ha amarpamme nepemere-
HUIA OyNeT MO3TOMY TO € CaMoe, OTHOCHM JIH Mbl nepemerie-
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HHSI K HeMOJBHXHOH HJIH K MMepPeMeCTHBLICHCS TOUKe; e IHHCTBEH-
HOEe pas3iHyHe COCTOMT B TOM, YTO Mbl NPHHHUMaeM pa3IHuHOE
Haya/JO BEKTOPOB Ha AMarpaMme MepeMeleHHH, MPHYeM MPaBHJIO
TAaKOBO, YTO Kakyi Obl Mbl TOUKY HH IPHHSJIH, HEMNOABHXHYIO
HAM JIBHXYULYIOCS, 338 HaYaJo Ha AMarpamme KOHQHUTypauuH, Mbl
MPHHHMaeM COOTBETCTBYIOIIYI0 TOYKY 3a HayaJo Ha JHarpamme
nepemelieHuii. Ecin MBI esaeM OTMETHTb, UTO Mbl COBEPLIEHHO
HMYEro He 3HaeM 006 abCOMIOTHOM NepeMEIleHHH B MPOCTPaH-
cTBe J1060H TOUKH CHCTEMBl, Mbl MOXEM 53TO CHAeJaTb, Io-
CTPOMBILH JAHArpaMMy MepeMEeIUEeHHH Kak MpOCTYI0 CHCTEMY
TOYEK, HHYEM HE yKa3blBasi, KAKYH M3 HHX MBI TNDHHMMAaeM 3a
Hayazo.

Takas auarpamMma nepemerieHuii (6e3 Hayana) NpeiacTaBUT He
6osee W He MeHee TOTO, YTO Mbl MOXeM BOOOILE 3HATb O Mepe-
MeleHHH cucTeMbl. OHAa MPOCTO COCTOHUT M3 HEKOTOPOrO YHCia
TOYEK, a4, b, ¢ U T. 1., COOTBETCTBYIOLUMX ToukaM A, B, C U T. 1.
MaTePHAJbHOH CHCTEMBI, M BEKTOp, HANpPHMep, ab NpeiCTaBHT
nepeMeliieHde TOYKH B OTHOCHTeNbHO A.

23. IMocTynATEAbHOE NEPEMEWEHHE'). Korma nepeme-
[IeHUsT BCEX TOYEK MAaTepHaNbHOH CHCTEMBI OTHOCHTE/IbHO BHEII-
HeH TOUKM OJHHAKOBBI 10 HANPAaBJEHHIO W BEJHYHHE, TO JHa-
rpaMMa MepeMelleHHK CBOAUTCA K JABYM TOYKaM—OJHa COOT-
BETCTBYeT BHEWIHEH TOuke, a JApyras—a060d W BCAKOH TOYKe
nepeMelIaloUIeHcsl CUCTeMBI. B 3TOM ciyyae TOYKM CHCTEMBI He
nepeMelalTcs OJHA OTHOCHTEJIbHO APYrOH, HO TOMBKO OTHOCH-
TEJIbHO BHEIIHEH TOYKH.

Takoro poga mnepeMelieHHe MPOHUCXOJHMT, KOTrJa TeN0 HeMs-
mensieMol (OpMBI IBHXeTCSl MapasienbHo camomy cebe. Ero
MOXHO Ha3BaTb MOCTYNATEAbHBIM I€PEMEILEHHEM,

24. O gBuxEHHH. Ecan H3MeHeHHe KOHPHUTYpaUHMH CHCTEMBI
paccmatpuBaeTcsi JMWb C TOYKH 3PEHHS ee COCTOSIHHMS B Ha:
yajie ¥ KOHLE Mpouecca H3MeHeHHsl, 03 OTHOMIEHHS KO BDEMEHH,
B TEYEHHE KOTOPOTO 3TO H3MEHEHHe IPOMCXOJIHMT, TO OHO Ha3bi-
BaeTCsl NepeMelieHHeM CHCTEMHBI.

Ecau e Mbl o6paliaeM BHHMAaHHE HA CaMbIH [pOLECC H3Me-
HEHHs, KaK MPOHUCXOMASILIMH B NMPOLOKEHHE ONpPENEIEHHOIO Bpe-

) MaxkcBean ynorpeGiser TepMHH ,uniform®;, Mpl OCTaHOBHJIHCH Ha
TepMHMe ,TIOCTYHATeAbHBIH®, KaK yTBEpAMBIUEMCA B pycckod autepatype. [lpu
TakoM TNepeBOAE MNpHMeHaHHe MaxkcBenna, obbacHaBIee cI0BO ,uniform*,
€TaNo U3MMUIHHM H BBIKHHYTO Hamu. H. A.
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MEHH H HeMpepblBHHIM 00pa3oM, TO H3MEHeHHe KOHQHrypauuu
[PHIUCHBACTCA A BH XK €HHIO CHCTEMbL.

25. O HENPEPBHIBHOCTH JABHXEHHA. Koraa MaTepHanb-

Hasl 4acTHLA NepeMeilaeTcs, MepexoAss OT OJHOTO MOJNOKEHHs
K APyromy, OHa MOXKeT 3TO CJAe/aTh,
P o R TOABKO CJAeLYysl OT MEPBOrO MOJOKe-
HHASl KO BTOPOMY IO HEKOTOPOMY

m NYTH WJIH TPaeKTOPHH.
4 B kamapli MOMEHT JABHKEHHS
dur. 4. yacTHUA 6ydeT HaXOAHTbCS B KaKOH-
 HUOYJIb TOUKE TPAEKTOPHH, H €CJH
Mbl Bbi6epeM KaKyio-1H60 Tquy Ha HeH, TO 4acTHIIA PO IeT yepes
3Ty TOUKY, 33 BpeMsl CBOETO ABHXKECHHS, 110 KpaliHei Mepe 0J1H pa3?).

BoT 4TO pasyMeroT, KOria roBOpST, YTO YaCTHUA OMHCHBAET
HeMPEePHIBHYI0 TPAeKTOPHIO. [IBH)KEHHE MaTepHaJbHOH 4aCTHIHI,
HEMpEePHIBHO NPOHCXOJSAIEEe BO BPEMEHH U B NPOCTPAHCTBE, €CTh
npuMep U obpasell BCAKOH (OpPMBI HENMPEPHIBHOCTH.

26. O nocTtosiHHO#N?) ckoPOCTH. Ecau ABHXKeHHE 4YaCTHUBL
TAKOBO, YTO B PaBHbIE NPOMEXYTKH BPEMEHH, KaK OB OHHU HM
OblIH MaJsbl, NMepeMelieHusl 4aCTHUbl PaBHBl H UMEIOT OJHHAKO-
BOE HANpPaBJEHHE, TO TOBOPAT, UTO HACTHLA JBHXETCS C MOCTOSH-
HOH CKOPOCTBIO. '

OueBuaHO, YTO B 3TOM CJay4ae TPAeKTOPHs Teaa OyaeT nps-
MO# JIMHHEH, H JJIHMHA JI060H 4acTH TPaeKTOpHH GyaeT Mponop-
[HOHAJbHA BPEMEHH, B TE€Y€HHE KOTOPOTO 3Ta 4acThb OMHCAHa.

BricTpoTa ABHXKEHHS Ha3HIBae€TCH CKOPOCTbIO YACTHIBI, H Be-
MHYHHY €€ BBIPAXAIOT, FOBOPS, YTO TaKOe-TO PACCTOSIHHE IpOii-
JEHO B TaKOE-TO BpEMs, KaK, HallpUMep, NeCITh MHJIb B 4ac HJIH
OJIHMH MeTp B CeKyHAy. Boobiue, Mbl BbIGHpaeM eIHHHIY BPEMEHH,
HallpuMep, CEKYHAY, ¥ H3MepsieM CKOPOCTb PACCTOSIHHEM, TPOH-
J€HHBIM B €IHHHIY BpEMEHH. '

EcaH MeTp NPOXOAHTCS B CeKYHIYy, H €CIH CKOPOCTb IO-
CTOSIHHA, TO THICAYHAA HJAH MHWIIHOHHAas 4acTb MeTpa Oylner
NpOHJeHa B THICAYHYIO HJIH MHUJJIHOHHYIO JHOMIO CeKyHA®l. Mrtak,

1y Ecsitl TPaeKTOPHs caMa cebs nepecekaer, o6pa3ys nemno, kKak PR (¢ur. 4),
TO 4aCTHUA TIPOHAET Yepes Touky nepecevenits () ABaMALI; €CIH Ke YACHHLA
BO3BpalllaeTcs 110 COOCTBEHHOMY CAely, KaK, Hanp., B ciayyae nymi A, B, C D,
TO OHA MOMET NPOHTH uepe3 OZHY M Ty e TOUKy S Tpu Hau Gosee pas.

2} Ecau nocaepoBaTenbuble 3HAY€HHA KaKOW-HHOYIb BEAHYMHBI B NOCJEN0BA-
TelbHblE MOMEHTHl BPEMEHHW DaBHBI, TO TOBOPAT, YTO BEJIHYHHA NOCTOMAHHA.
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€CJIH Mbl MOXEM HabaI0JaTh WM BbIYHCIMTbL NMEPEMELICHHE B Te-
yeHHe J/11060ro NpOMEXYTKa BPEMEHH, KaK Obl OH HH Obl1 Mas,
TO MOXHO BHIBECTH pPACCTOSIHHE, KOTOpoe OblIO 6Bl OMHCAHO C
TOH Ke CaMOi CKOPOCTbIO B GoJee NpPOAOIKHTENBHOE BPEMsl.
STOT pe3ynbTaT, AAIOLIMIA BO3MOXHOCTb B TEYEHHE KOPOTKOrO
NPOMEXKYTKA BPEMEHH ONPEJENHTb CKOPOCTb, HE 3aBUCHT OT TOTO,
NPOJO/IKANO JIH TEeNO B HEHCTBHUTENBHOCTH JBHIaThCsl € 3TOM
CKOPOCTbIO B Te4eHHE Gosiee JOJrOro BpeMeHH. TakuM o6Gpasom,
Mbl MOXEM 3HATb, UYTO TEJO ABHXKETCS CO CKOPOCTbIO JAECATH
MH/Ib B Yac, XOTs €ro JBHXEHHE C 3TOH CKOPOCTbIO MOXEeT Mpo-
JOMKATHCS JHIIb COTYIO NOMI0 CEKYHIHI.

"27. Op H3MEPEHHH NEPEMEHHOH CKOPOCTH. Ecau cko-

POCTb YaCTHLB! HE NMOCTOSIHHA, TO €€ _3HAYeHHe B JIQGON, JAHHLIH
MOMEHT H3MepSIeTCsi PACCTOSHHEM, KOTOpoe 6bL10 Obl MPOHAEHO

B €IHHHIY BPEMCHH TECJIOM, HMEIOLIHM TAKYIO K€ CKOpOCTbh, ’

KaKyl0 HMeeT YaCTHIlAa B 3TOT MOMEHT.

Tak, xoraa Mbel TOBOPHM, YTO B JAHHBIA MOMEHT, HaNpHMep,
yepe3 OJHY CEKYHIY MOCJe TOro, KaK TeJ10 Hayaao NajaTh, €ro
CKOPOCTb eCTb 980 CaHTHMETPOB B CeKYHIy, TO Mbl IOJA 3THM
pasyMeeM, YTO e€c1H Obl CKOPOCTb 4YAaCTHIIBI 6biJa NOCTOSIHHA U
paBHa CKOPOCTH Majdioliero Tejla B JAHHBIA MOMEHT, TO OHa
npouia 6e1 980 CaHTHMETPOB B CEKyHY.

OueHp BaXHO TOYHO YCBOMTb, YTO 3HAYHT CKOPOCTb WJH
GbICTPOTA ABHXKEHHS Tela, MO0 MIEH, KOTOPHE BO3HHKAIOT B
HallleM yMe MNpPH DPAaCCMOTPEHHH JBMXEHHsl YaCTHUBI, CYyTb Te
c€amble, KOTOPLIMH BOCMOJb30Basics HbIOTOH B CBOeM MeTOxe
GaKUHAY), 1 OHH e GBbIIM NMPHYHHOK GOJIBIIOTO paciuBeTa
TOYHBIX HayK B HOBelliee BpeMms. ]

28. luATPAMMA CKOPOCTEH. ECIH CKOPOCTH KaMIOro us
T CHCTEMBI NOCTOSHHA H €CITH Mbl CPaBHMM KOH(HI'YypalHHu
CHCTEMBl B MOMEHTBI, Da3/ie/leHHbe NPOMEXYTKOM B €IUHHUILY
BPEMEHH, TO MNepeMelleHHs], KaK NpPOHJEeHHbIE B.eJHHHIy Bpe-
MEHM TeJaMH, ABHXYLUHMHCSA € MOCTOSIHHBIMH CKOPOCTSIMH, GyayT
NPeCTaB/IATh 3TH CaMble CKOPOCTH, COTJIACHO METOJY H3MepeHHs,
ONHCaHHOMY B § 26.

1) CoraacHo MeTony QJIOKIMH, KOTAd 3HAYEHHE OJHOH BEJANYHHBLI 3aBHCHT
OT 3HAYeHHHA llpyl‘Oﬁ, TO 6blCTpOTa H3MCHEHHS HepBOH BEJAMYHHbI OTHOCHTEJIbHO
BTODOH MOMeT ObiTb BbIPaXE€HAa KaK CKOPOCTb, €cad BOOGPAasuTb, uTO mNepBas
BEJHYHBA TNIPEACTABAACT TepeMelleHHe 4YacTHlib, MEXIY TE€M KAaK BTOpas J)HBHO-
MEPHO TeYeT BMECTe C BpeMeHeM.

K. Makcnean. Mamepus u dsuncenue. 2

AQ. s
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Ecad cKOPOCTH B ACHCTBUTEJNBHOCTH He OCTAIOTCS TMOCTOSH-
HbIMH B Te€YE€HHE CIMHUIOBI BPEMEHM, TO MBI JOMXKHBI BOOGPA3HUTH
cebe JAPYIyl0 CHCTEMY, COCTOSIUYK M3 TAaKOro XKe Yucaa Ted,
CKOPOCTH KOTOPBIX PpaBHBl CKOPOCTSM COOTBETCTBYIOIUHX Tel
CHCTEMbI B JAHHBIH MOMEHT, HO OCTAIOTCs MOCTOSIHHBIMH B Teye-
Hue efHHHLB BpeMeHH. [lepememienuss 3ToH CUCTEMEBI NPEACTABAT
CKODOCTH JeHCTBHUTENbHON CHUCTEMBI B JAaHHBIH MOMEHT.

Jpyro#i ¢cnoco6 MNOAyYEeHHSI AUATPAMMBL CKOPOCTeH CHUCTEMBI
B JAHHBIH MOMEHT COCTOMT B CleAyioleM. bepyr manwiit npo-
MEXYTOK BpPEeMeHH, CKaXeM, A-HYI0 4acTb €IAHHIBLL BPeMCHH,
TaKk 4TOOBI CepeirHa 3TOro IPOMEXYTKa COOTBETCTBOBAia /JaH-
HOMy MOMeHTy. bepyT nuarpammy nepemeileHnil, COOTBETCTBYIO-
LIyl 3TOMY MPOMEXYTKY, H YBEJIMUMBAIOT BCE €€ H3MEPCHHS B
n pa3. B pe3y.abTare MoNy4yHTCs AMArpaMMa Ccpe X HHX CKOpO-
CTeH CHCTeMBI B TeUeHHe 3TOro npomexytia. Ecan npeanonoxum
Tenepb, YTO UKCJAO 72 OE3rpaHMYHO BO3PACTAeT, TO MPOMENKYTOK
Oyzer 6e3rpaHHYHO YMEHBLIATBCS, a4 CPEILHHE CKOPOCTH 6e3rpa-
MUYHO NPUOIMKATECA K JACHCTBUTENBHBIM CKOPOCTSIM B JaHHBI
MomeHT. HakoHen, korjga 7 CTAHOBUTCSI OecKOHe4HO GOJb-
UMM, auarpaMma OyjaeT TOYHO H300pa)KaTh CKOPOCTH B JaHHBIH
MOMEHT. ,

29. CBOACTBA AMATPAMMEBI CKOPOCTEHN. Jlmarpamma cko-
pocTel /st CHCTeMBbI, cocTOsilefl H3 cobGpahusi MaTepHalTbHBIX
YACTHI, COCTOUT H3 HEKOTOPOTO 4YMCJIA TOYCK, H3 KOTOPHIX Kaaas
COOTBETCTBYET OZHOH M3 YacCTHIl.

A. B

Juarpamma KOHGHTY paLi.

Auarparyma ckopecreil.

&dur. 3.

CKOpOCTb KAaKOH-HHUOYAb 4acTHUB B CTHOCHTeALHO IPYTOH,
A, n3zobpaxxaercs 1o ‘HaNpaBJACHHIO M BeAHUMHE JHHHEH ab, npo-
BeJIeHHOH Ha JHarpaMMe CKODOCTel OT TOYKH @, COOTBETCTBY-
oulell yacruue A, K Touke b, coorBercTByIOmlEel B.
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Takum myTem Mbl MOKEM ONPE AC/AHTD, TOCPEACTBOM IHAT PAMMEI,
OTHOCHTE/IBHYIO CKOPOCTb JIOOLIX ABYX 4acTHI. JluarpamMma HHu-
Yero HE TOBOPHT HaM 00 a6GCOMIOTHOH CKOPOCTH KaKOH-H60

‘'TOUKH; OHA TOYHO BbIPpAXKAECT TO, YTO MLl MOXEM 3HATH O JBH-

JKEHHH, U HUuero Gosbie. Eciu Mbl BOOGDA3suM, uTo BEKTOp oa
NpPeACTAB/SAET aBCOMOTHYIO CKOPOCTh YaCTHUH A, TO a6COMOTHAS

CKOPOCTb APYro# 4acTuubl, B, 6yuer [IPECTaBJICHA BEKTOPOM 00,

NPOBEACHHBIM U3 O, KaK Hauana, K TouKe b, cootBeTcTBYIOUIICH B
Ho kak HEBOSMOMHO OMpeNeaHTb MOMOKEHHE Tesa HHaue,
KaK OTHOCHTE/JBHO ITOJOKEHHS] HEKOTOPOH TOYKH pedepenuuu '),

* TAK XK€ HEBO3MOXHO OnpeneauTb CKOpPOCTL Teaa HHaye, Kak

OTHOCHUTE/NIBHO TOUKH pedepeHunu. Boipaxenne ,a6conoTHas
CKODOCTB® HMEeT TaK XKe MaJO CMBICAA, KaK ,a6CcOdI0THOS MOo-
noxenue“. Jlyuure, nosToMy, He BLIAEJSTb Ha JHarpaMmMe CKo-
pocTel HUKaKOH TOUKH, KaK Ha4a/1a, HO paccMarpusath AHarpammy,
KaK BHPAXEHHE COOTHOINEHHH BCEX CKOpPOCTeH, He onpeaens-
1ouiee abCOMOTHOrO 3HAUCHHS HU OXHOH M3 HHUX.

30. CMBICT BBIPAXEHHS ,B MokoE‘. Korga mbl rosopuy,
4TO TRM0 HAXOJAHTCA B [OKOE, TO ymoTpe6JsieM BblpaxeHue,
KOTOpOE, MOBHAWMOMY, 4TO-TO YTBepXkJaeT o6 3TOM Tese, pac-
CMaTpUBAEMOM CaMO MO ce6e, H MOXHO GBIO OBl JAyMaTh, 4YTO
CKOpOCTH JApYTOro Tela, pPacYHTAHHAS OTHOCHTEALHO TeJsa, HaXO-
JAAIEroCss B NMOKoe, Obl1d Obl €ro HMCTHHHOW M CAMHCTBEHHON
abcomoTHOH ckopocTbio. Ho BBIpAXEHHE ,B IIOKOE“ O3HauaeT
B OOBIACHHOH peum: ,He HMellee CKOPOCTH OTHOCHTEJNbHO TOTO,
Ha 4eM TeJ0 HAXOAMTCH“, KaK, HANPUMED, OTHOCHTEJIbHO MMOBEPX-
HOCTH 3eMJIH UM naayObl kopabas. OHO He MOMXeT 03HAYaTh
60oabilIe 3TOrO.

[osTomy, HeHayuHO pasnnuaTh nOKOH M ABHXKEHHE, KaK JBa
PA3/IHYHBIX COCTOSHUS T€/a CaMOTr0 Mo cefe, TAK KaK HeBO3MOXCHO
TOBOPHTbL O Te/Ie, KaK O HAXOJSIIEMCH B OKOE HJIH B ABHUXCHHH,
HHAYe KaK M0 OTHOUICHHIO, BHIPAXKEHHOMY SBHO /M MOJpa3yMe-
Ba€MOMy, K HEKOTOPOMY JPyromy Teny.

31. JIUATPAMMA H3MEHEHHH CKGPOCTH. IMogobHo ToOMmYy,
KdK Mbl CDABHHBA/JIM CKODOCTH Pa3iHYHBIX TeJT B OJHO H TO Ke
BpEMsl, MOXHO CPaBHHBATh U OTHOCHTEAbHbIE CKOPOCTH OLHOTO
T€Jd N0 OTHOLIEHHIO K JDYrOMy B Pa3iHYHBIE BpeMeHa.

1 Tepmm »PCHEPEHUHT“ HAYHHAET YTREPHAATLCA B PYCCKOH HaYUHOM dMTe-
patype. Touka pedepeHIHH—TOUKA, K KOTOPOH YCJIOBUANCH OTHOCHTb BEJHUIHHbI,
«CBAI3AHHBIE C JPYTHMH Toukamu. FH. A.
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Ecan a,, b,, ¢, ecTp muarpaMMa CKOPOCTEH HaYaJbHOrO CO-
CTOfIHHA cUcTeMbl Ten A, B, C, a a,, b, ¢,— auarpamma cko-
POCTEH KOHEYHOTO COCTOSIHHS CH-
CTEMBI, TO MNpPHHSIB TOUYKYy @ 3a
HaYaJlo M NpoBels BEKTOp aa,
PaBHHI M NapaeJbHBI a,a,,
of, paBHBI M napamnenbHBIA
b,b,, ®y, paBHbIH H NapaNIENbHBIR
€y €gy U T. I, HONTYYHM JHATPAM-
MY, COCTOAILYIO U3 TOYEK a, 3, 7

g. a- U T. J., TAKOTO POJa, YTO KaKas-

”. HUOY b JHHHS afl Ha 3Toi aMa--

dbur. 6. rpaMMe H306paxaeT NO Hampa-

BJACHHIO H BEJIHYHHE H3MEHEeHHe:

CKOPOCTH Tesla B OTHOCHTeNBbHO A. DTa aMarpaMma MOXKeT GbiTb.
HazBaHa JMarpaMMoi M3MeHeHH# cxopocTH ).

32. Op H3MEHEHMH CKOPOCTH. M3MeHenune ckopoctu Moxer
COCTOAITb B yBEJIHYEHHH, yYMEHbIIEHHH MJIH HM3MEHEHHH Hanpa-
BleHHs ee. MITak, BMeCTO TOTO, 4TOGH PasiHuaTh, KaK B O6bI-
JIEHHOM SI3bIKE, MEXJY YCKOPEHHEM, 3aMeNJEeHHEM H OTKJIOHEHHeM
JBHKEHHsI TeNd, Mbl TOBOPHM, YTO M3MEHEHHE CKOPOCTH MOXKET
NPOUCXOAHTDL MO HAMPABACHHIO JBHXKEHHS, B MPOTHBOIMOJIOXKHOM
HAaNpaBJe€HHH WJH NOJ YIJIOM K 3TOMY HAaNpPaBJEHHIO.

[Tono6HO TOMy, Kak MepeMelleHHe CHCTEMbl ONpee/seTCs.
KaK M3MEHEHHE €€ KOH(HIypaLHH, ONpenenseTcsi M H3MEHEHHe:
CKOpoOCTed cHuCTeMbl. [lpomecc mocTpoeHuss nHArpaMMbl H3MeHe--
HUA CKOPOCTH CDaBHEHHEM HAYaJbHOM M KOHEYHOH JMarpamm
CKOPOCTeH eCTb TOT e CaMblif, MOCPEACTBOM KOTOPOro G6blia
NOCTPOCHA JAuarpamMma IepeMelleHHH M3 CpaBHEHHsI Ha4aabHOMH
M KOHEUHOH JHarpaMMm KOHHrypauuu.

33. Op vCckoPEHHH. JlO CHX NOp MBI pPacCMaTPHBATH M3-
MEHEHHE CKODOCTH, HMEIOLIee MECTO 3a HEKOTODBHI NpPOMEKYTOK
BpeMeHu. Ecam 6GbicTpoTa 3TOr0 M3MeHeHMs MOCTOSIHHA, TO OHa
H3MEPSICTCS] M3MEHEHHEM CKODOCTH B €IHHHLY BpemeHH. Ecam
XK€ OHa MEepeMEHHa, TO ee 3HadeHHe B JAHHHIH MOMEHT H3Me--
psSIETCSl U3MEHEHHEM CKOPOCTH B €JMHHILy BPEMEHH TaKOH TOUKH,.

a-z'

1) Tepmun, ,Total Acceleration Mor 6bl GbiTh, 6aHke K Makcpeany,
NEPENaH | ,HHTETPATbHOE YCKODEHHE® ; HO Mbl couad Gojee TOAXOASMIMM Lig
HAlIHX YUTAaTeNeH TEePMHH, YiKe TBepno' YCTAaHOBHBUIMACA B PYCCKOH JHTe--
patype. H. A.
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Y KOTOpOH OBICTPOTa M3MEHEHHS] CKOPOCTH MMOCTOSIHHA M TaKOBa
2Ke, KaK y 4YacTHUBL B JaHHBIH MOMEHT.

H3 sTOro onpemeneHust sCHO, 4TO METOJ HAXOXKACHHS
OBICTPOTHl H3MEHEHHs CKOPOCTH MO BEJHYHHE 3TOr0 H3MEHEHHs
33 BCSIKOE JAHHOE BPEMs COBEPIIEHHO NOJOGEH TOMY METOLY,
THOCPEACTBOM KOTOPOTO CKOPOCTb B HEKOTOPHIH: MOMEeHT Oblia
HalileHa M3 3HAHUA MEPEeMElEeHHH 32 BCSIKOE JAHHOE BpeMsl.

Jlvarpamma H3MEHEHHMit CKOPOCTH, MOCTPOEHHasi IJsl NpOMe-
KYTKa B A-HYJO 4aCTb €IMHHIbI BPEMEHH M 3aTe€M yBeJHUYeHHas
B 1 pa3, eCTb JHarpaMMa CpeLHEro YCKOPEHHN B Teue-
'HHE 3TOTO INPOMEXKYTKA; Oepsl NPOMEXYTOK BCE MEHBLIIHM H
MEHBIUHM, Mbl, HAKOHEW, MPHAEM K HCTHHHOMY YCKOpe-
HHIO B CEPEeIHHE 3TOTO MPOMEKYTKA.

B BHAy TOrO, UTO YCKOpEHHE MPHXOTHUTCA B q)nsmce paccMa-
TPHBATb IrOpasf0 Yamle, YeM H3MEHEHHE CKOPOCTH, CJIOBO ,YCKO-
PeHHE® CTAT0 NPHUMEHATHCA B TOM CMBIC/IE, B KAKOM MBI JO CHX
TIOP NMOJIb30BAJIHCh BHIPaXXEHHEM , ObICTPOTA H3MEHEHHS CKOPOCTH “.

[TostoMy B nanpHediueM, Korja Mbl OyaeM MOJb30BAThCS
CJIOBOM ,YCKOPEHHE®, Mbl OyJeM pasyMeTb TO, YTO 34eCb HA3bi-
BaJH OBICTPOTOH H3MEHEHHS] CKOPOCTH.

34. InarpaMMA YCKOPEHHI. I[uarpaMMa YCKOPEHUH €eCTh
‘CHCTEMA TOYEK, KaXJAafg M3 KOTOPHIX COOTBETCTBYET OJHOMY
H3 TeJ MAaTepPHaJbHOM CHCTeMBI, NpHYeM KakKas-HHOYIb JIMHHS
af Ha puarpaMme H3006pa)kaeT YCKOPEHHe Tesa B OTHOCHTENbHO
Tena A. '

3aech 6ymeT KCTaTH 3aMETHTb, YTO Ha [UarpaMMe KOH(H-
TypauHd Mbl MOJb3yeMCSl 3aT/IaBHBIMHM JIATHHCKUMH OykKBaMu A,
B, C u 1. 8. aaa 0603HAYEHHS OTHOCHTE/JBHOTO IMOJOMEHHS TeJ
CHCTEMBI; HA AMArpaMme CKOPOCTeH Mbl IOJB3YEMCSt CTPOUHBIMH
JIATHHCKMMH OYKBAMH @, b, ¢ ¥ T. A. 14151 0003HAYEHHSI OTHOCH-
‘TeJIBHBIX CKOPOCTEH 3THX TeJa; a B JHArpaMMe YCKOPEHHH MBI
no/ib3yeMcs rpeyeckumd OykBamu a, B, y U T. A. Anas o6o3Ha-
YEHHS MX OTHOCHTE/JbHBIX YCKOPEHHI.

35. YCKOPEHME, KAK OTHOCHTEJbHOE IMOHSTHE. ¥CKO-
‘peHde, NoLO6HO IMOJIOXKEHHIO H CKOPOCTH, €CTb OTHOCHTE/b-
HOE MOHSATHE H HE MOXeT ObiTb HCTOJKOBAHO aGCOMIOTHBIM
-o6pasom *).

¥) JoCTOMHBIH 3aMeyaHus NMpPHMeD OTHOCHTENbHOCTH NPENCTABASET UCCAeno-
BaHMe Dftnepa o ABHNEHHH TBEPOOrO Teaa, ONPENEsieMOM OTHOCHTEABHO MO-
<€NIeJ0BATEe/BHOCTH €ro COGCTBEHHBIX MIHOBEHHBIX MOJOMEHHH.
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Ecan 6B kaXaas 4aCcTHUA MATEPHATBHOIO MHPA, HAXOASILASICS
B Npejenax JOCTHXKEHHS HAUIMX CPEJACTB HaOJII0AeHHS, H3MEHHIA
B JAHHBII MOMEHT CBOIO CKOpPOCTb, NpHOGaBI€HHEM K HeH HoBOH
CKOPOCTH, OJMHAKOBO# MO BEJHYHHE H HATPABACHUIO I/ KaXJOH
TAKOH YacTHUbI, TO BCE OTHOCHTEJNbHBIE JBHMXKEHHA Tel BHYTPH
CHCTEMBl COXMHHJIHCL OBl COBEpUIIEHHO HEH3MEHHBIMH, W HH
ACTPOHOMBI, HH (H3HKH, KAKHMH Obi HMHCTPyMEHTAMH OHH HH
[0/b30BAMHCH, He OB OBl B COCTOSHUH OOHAPYXHTb, YTO HEUTO
CAYYHIOCH ). i

JIunip B TOM ciyyae, €CqH H3MEHEHHE IBHXKEHHS MPOHCXOIUT
pa3iHYHLIM 00pa3oM A/ Pa3THYHBIX TEJ CHCTEMEBI, HMEET MeCTC

TO HJAH HHOe COOBITHE, NOCTYyMHOe HaOJI0ACHHIO.
. /

#}) D10, nOKaTyH, CIMUIKOM CMebli MOCTYJIaT OTHOCHTEIBHOCTH: Bceobliee:
106aBOUHOE YCKODEHHe MOXeT He O0Ka3aTh BIMAHHMS BN POJAOAKEHHE
CBOEro BO3HUKHOBEHIIA dHIlIb B TOM CIyuae, €CAH BC e MPHIOKEHHbIE
CHJIBl MPOTIOPUHOHATBHBI MaccaM. CM. npuioxenue 1.
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O CHUIJIE.

36. KHHEMATHKA H KHHETHUKA. Jlo cux mnop Mbl pac-
CMAaTpPUBA/NH [BHXEHHE CHCTEMBI C €r0 YHCTO TIeOMeTpHYecKoH
CTOPOHBEI. MBI NOKa3a/nH, KaK HM3y4aTb M OUHCBHIBATH JBHIKEHHE
TAKOH CHCTeMBl, Kak Obl OHO HHU OBIJIO NPOU3BOJILHO, HO HE
NPUHHMaJH B pacieT HH OJHOTO H3 TeX YCJIOBHH JBHIKEHHS,
KOTOpBIE BO3HHKAIOT H3 B3aHMOIEHCTBHSI MEXJIY TeJaMH. -

Teopust mBuxeHHs, H3naraeMasl TaKHM OOpa3oM, HA3bIBaeTCs
Kunematukoit. Ecnn npunuMaercs B pacueT B3auMojeil-
CTBHE MEXIy TeJaMH, TO HayKa O ABHXKEHHH HasbiBaeTcd KHHe-
TUKOMH, eciu ke ofpamaercs ocoboe BHUMaHME Ha CHIY, Kak
NMPHYHHY JBUXKEHHS, TO OHAa HasbiBaeTcd J{HHaMHKOH.

37. B3AUMOIEACTBHE MEXJY JIBYMS TEJAMH —HAIPS-
KEHUE. B3auMopelcTBHE MexAy ABYMS 4YacTSIMH MaT€PHH IMOJY-
yaeT pas3/MYHbIE Ha3BaHHA B 3aBHCHMOCTH OT TOYKH 3pEHHd,
C KOTOPOH OHO M3y4aeTcsl, a 3Ta TOYKA 3PEHHs 3aBHCHT OT MPO-
TSDKEHHST MAaTepHaJbHOH CHCTEMBI, COCTABJSTIOLIEH NpeaAMeT Ha-
1ero BHHUMaHHS,

Ecan Mbl paccmaTpuBaeM sIBJEHHE B3aHMOJACHCTBUA MEXKIY
IBYMsl 4acTSMH MaTepHH B 1EJIOM, TO Mbl €ro Ha3biBaeM H a-
nipsixkeHueM. IDTO HanpshKeHHe, B 3aBHCHMOCTH OT crocob6a
ero Je#lcTBUS, MOXKET OLITh OMHCAHO KaK NPUTSKEHHe, OTTAJKH-
BaHHe, HATSDKEHHe, JaBjeHde, CABHI, KPydeHHE H T. I.

38. BurwHsasa cuaa. Ho ecam Mb, Kak B § 2, cocpeno-
TOYMM Halle BHHMAaHHE Ha OJHOH: H3 uacTell MaTePHH, TO YBHJHUM
TOJBKO OJHY CTOPOHY B3aHMOJEHCTBHS, — HMEHHO, Ty, KOTopas
BJAMSET HAa paccMaTpUBaeMyl0o HaMH uacTb MATEpHH,—H 3Ty
CTOPOHY _SIBJEHHSI MBI HAa30BeM, C TOUKH 3peHHs ee 3ddexTa,
BHeWHEeN CUI0H, NeHCTBYOUIEH Ha 9Ty 4acTb MAaTepHH, a ¢
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TOUYKH 3pEHHS ee NMPH4YMHBl Mbl HA30BE€M €€ gefcTBHEeM Apyrof
4yacTd MaTepud. [IpOTHBOMO/IOXKHASL CTOPOHA HAaNpsKEHHs HA3bl-
BaeTCsi NPOTHBOLEHCTBHEM HAa APYTyl0 YacTb MaTEpHH.

39. PA3TUYHBIE CTOPOHBI OJAHOTO U TOTO XE SABJEHHAL.
B komMepueckux Jesqax OJHA H Ta ke CIEJKA MEWXAy IBYMS
JIMIIAMH Ha3bIBaeTcsl KyMJseH, ¢ TOUKH 3pEHHS OJHOTO YYaCTHHKA,
npojpaxei, ¢ TOYKH 3peHUsi APYroro, H TOProBOH CHENKOH, ec/Iu
MB MPHHHMAaeM B PacCMOTpPEHHE O6OHX.

CueTtoBoj, KOTOpbIE OyneT oOCMAaTpHBATb 3aMHCH O CHEJKE,
Hafizer, 4To o6a y4acTHHKAa BHeCIH €€ B [POTHBOIOJOMXHEIE
CTOPOHBl CBOMX [IVIABHBIX KHHI'; CPaBHHMBAasli KHHMIH, OH JAOJDKEH
B KaX/OM C/y4ae NMOMHHUTb, JJIS1 KOTO COCTABJEHA KaxkJas KHHra.

[To Toi e mpHYHHE M B JHHAMHYECKHX HCC/IEJOBAHHAX MBI
JOJKHB BCErjga MOMHHUTb, C KaKHM H3 JABYX Te€J Mbl HMEEM [eJ0,
4TOOGKI MBI MOIJIH YCTAHOBHTB, KAKHE CHJB HAaJO BHECTH B IPH-
XOJ NAHHOTrO TeJa, W He BMUCAJH HH OJHOH U3 CHUJT B HeHaJJexa-
HIYI0 CTOPOHY cueTa.

40. 3axoub aBHUXKEHUS HboToHa. BHemnsa uiam ,npH-
JIOKEHHAsi“ CH/Ma, paccMaTpuBaeMas C TOYKH 3peHusi ee Jei-
CTBHUSA *), — HMEHHO, M3MEHEHHSl HIBHXEHHH TeJ, — BIIOJHE OMNpe-
nensieTcsl W OMMCHIBACTCH B TPeX 3aKOHax HABHxeHHs HploToHa.

[lepBbiii 3aKOH IOBODHT; IPH KaKHX YCJIOBHAX HE CYIIeCTBYeT
BHEIIHEH CHJIHL.

Bropoli nokasbiBaeT, Kak HM3MepHTb  CHJY, KOrja OHAa Cy-
HIECTBYET.

Tperuit cpaBHHBaeT 006€ CTOPOHBI JEHCTBHA MEXJIY JAByMs
TeJaMH, MOCKOJbKY OHO BJHSIET Ha KawJoe U3 3THX Tel.

41. TIEpBBIi 3AKOH JBHXEHHS. 3axoxn [.— Bcskoe
TeJO NMPOAOJAXKAET Npe6GHBAaTh B CBOEM COCTOAHHUH
MOKOS HJH PaBHOMEDPHOTO ABHXEHHUS MO MNPpAMOH
JHHHH, MOKAa BHEHIHHE CHJB He 3aCTaBAT €ro0 H3-
MEHHTBb 3TO COCTOSIHHE.

SKCNepUMeHTA/IbHBIM JOKA3aTeIbCTBOM HCTHHHOCTH 3TOTO 3a-
KOHA ABJSAETCA TOT (haKT, UTO B KaxXJOM C/aydae, KOTrJa Mhbl Ha-
6/1101a€M H3MEHEHHE COCTOSHHMSA [BHXXEHHS Tesaa, Mbl MOXEM IpH-

*) Uro kacaeTcsd ee NPHDOIbL, TO HANpPSKSHHE, HIH YPABHOBEUICHHAs CH-
cTeMa CHJ, OTpelensieTcss MO0 H3MEHEHHIO TOCTOAHHON KOHHIypauuH y4yacTBYIO-
LIMX TeJ, KOTopoe oOHAapyXHBaeT €ro CyllecTBoBaHHe H obGpasyeT 6asuc jasi
€ro CTATHYECKOTO H3MEPEHHS, HIH 10 KakoMy-HHOYAb APYrOMYy CBOHCTBY MaTe-
pun. Cp. § 68.
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NHCaTh 3TO M3MEHEHHE HEKOTOPOMY B3aHMMOJEHCTBHIO MEXKAY
3THM TE€JOM H JApPYTHM, T. €. BHemHel cuiae. CyluecTBOBaHHe
3TOr0 B3aHMOJAEHCTBHSI YKa3blBA€TCS €ro BJHSIHHEM Ha Jpyroe
TEeJIO0, €C/IH ABHXKEHHE 3TOrO Telda JOCTYMHO HabmaioneHuio. Tak,
Hanpumep, ABHXKEHHE MYLIEYHOro SApa 3aMeNJseTcs, HO 3TO 3a-
MeIJIeHHE BO3HHKAeT M3 B3aUMOJCHCTBHS CHapsia C OKpyXa-
IOLUM €ro BO3LYXOM, MPHYEM SIAPO MCIBITHIBAET CHJIYy B Ha-
NpaBAeHUH, TPOTHBOMOJIOXHOM €ro OTHOCHT@IbHOMY ABHXEHHIO,
MEXAY TeM KaK BO3AYX CaM TIPHXOJHUT B JBHXKEHHE, TOJKAEMbl
Brepes paBHOH CHJIOH, H 06pasyeT TO, YTO Ha3bIBAIOT BETPOM
NMYLIEYHOro sapa.

Ho Hame y6exneHne B HCTHHHOCTH 3TQrO 3aKOHa MOXeT 3Ha-
UUTEJIbHO YKPEIHTbCS, €CJH PAaCCMOTPHM, K YEMYy IPHBOAHUT €ro
orpuuanue. JlaHo teo B ABHKeHHH. IlycTb B JaHHBIH MOMEHT
OHO MNpEeJOCTaBJIEHO caMOMy cebe, H HHKAaKHe CHJIbl Ha Hero He
Ae#cTBYIOT. Uto npousoiner? CorsacHo 3akoHy Hb1oToHa, OHO
OyJZeT COXpaHSITb PaBHOMEPHOE MPSIMONMHEHHOE IBHXKEHHE, T. €.
€ro CKOpOCTb OyJAeT OCTaBaThCsl MOCTOSIHHOH IO HAaNMpaB/IeHHIO H
1O BEJHYHHE. : _

ITycTe cKOpPOCTH He OCTaeTcsl MOCTOSIHHOH, — MpPeANON0XHM,
YTO OHa H3MeHsieTcsl. l3meHeHHe CKOpOCTH, KaK Mbl BUJAEIH B
§ 31, DOMKHO HMETb ONpeneIeHHOE HAmpaBJeHHE W BEeJHUHHY.
ITo npuumuny § 19, 3To H3MeHeHHe [O/MIKHO OBITh OJHHAKOBO,
KakoBO Obl HH OblIO BpeMsi MIH MecTO onbita. CJiefoBaTelbHO,
HanpaB/AeHHE H3MEHEHHs] JNBHXEHHS NOJIKHO ONpelensTbcs JTHOO
HAMPABIEHHEM CAMOTO JIBHIKEHHS, JHOO HEKOTOPHIM HarpabJe-
HHEM, HepPa3pbIBHO CBA3AHHBEIM C TEJIOM.

[Tpeanonoxum, mpexpe Bcero, YTO 3aKOH TaKOB, 4TO CKO-
POCTb YMEHBLIIAETCHA C ONpeJeNeHHOR OBICTPOTOH, KOTOPYIO Mbl

- MOXEM, JJIs J0Ka3aTeNbCTBa, NMPEANON0KHUTh CTONb HE3HAYHTE/b-
HOH, YTO HHKAKUMH ONHITAMH HaJ JABHKYIIUMHUCS TEJaMH Mbl He
MOTVIH 6Bl OTKPHITh YMEHbIIEHHE CKOPOCTH 3a COTHH JIeT.

CKOpPOCTb, YKa3blBaeMasi 3THM THIIOTETHYECKHM 3aKOHOM, MO-
XET OBLITb TOJbKO CKOPOCTbIO OTHOCHTENBHO TOUKH, HaXOAsIIEHCS
B a6COJIOTHOM MOKOE, UOOg €CJH 3TO OTHOCHTEJILHAS CKOPOCTh,
TO KaK ee HalpaB/JeHHEe, TAK H €€ BEJHYHHA, 3aBHCHT OT CKOpPO-
CTH TOYKH pedepeHuHH,

Ecau, 6ynyus OTHECEHO K HEKOTOPOl TOUKe, TeJO KaXeTcH
JBHXYIIMMCA K CeBepy ¢ YObIBaKIIeH CKOPOCTbIO, TO CTOHT
JIMUIb OTHECTH €ro K JAPYrod TOuke, ABHXyUIeHCH K ceBepy ¢

.
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NOCTOSIHHONH CKOPOCTBIO, OOablleH, ueM CKOpPOCTb Teaa, KaK OHO
OyJeT KasaTbCsl IBHKYUIMMCS K 0Ty C BO3pacTalomled CKOPOCTbIO.

Hrak, runoTeTHuecKHH 3aKOH He HMeEeT CMBbICJa, €CJIH Mbl He
JIOMyCKaeM BO3MOXHOCTH ONpeJeaeHHsi aOCO/IIOTHOTO IIOKOSl H
abGCcoNIOTHOH CKOPOCTH ¥).

Jaxe ecnau 6bI Mbl IONYCTHJAH 5Ty BO3MOXHOCTb, H THIOTE-
THUECKHH 34KOH OKasajics Obl BEpHLIM, €ro MOXHO OblIO OBl
HCTOMIKOBATL He KakK MpOTHBOpeuHe 3akoHy HbroToHa, a Kak
JIOKa3aTeJqbCTBO CONPOTHBIICHUS HEKOTOPOH CpeIkl B TPOCTPAHCTBRE.

Bo3sbmeMm apyrofi cayuail. [lpeamosioxkuM, uTO 32KOH TaKOB,
UTO TEJO, Ha KOTOpoe He xAeHcTBYeT HHKakas CMJa, Cpasy Ie-
pecTaeT JABHUraTbCsl. JTO HE TOJBKO NPOTHBOPEYHT ONBITY, HO H
BEJET K OmpejaeaeHdI0 abGCONIOTHOrO MOKOS,, KaK COCTOSIHMSA, KO-
TOpOe NPHHHMAET TeNO, KOTJa OHO OCBOGOKIaeTcsl OT JAEHCTBHUS
BHEIUHUX CHJL.

TakuMm 06pa3soM, MOXKHO IOKa3aTb, UTO OTPHIUAHHE 3aKOHa
HpoTOHa HAXOAUTCS B NPOTHUBOPEUHH C €IHHCTBEHHOH CHCTe-
MOH CTPOMHOrO yueHuss O MpOCTPaHCTBE M BPEMEHH, KOTOPYIO
yesOBeYeCKUl yM Gbl1 B COCTOSIHHM CO31aTb *¥).

#) [lo oTHOWEHMIO K 3pUPY MOXKHO Gbl10 6bl cienath 310. Ho naxe B Makc-
BEJJIOBCKOM 3dHpe H30IHPOBAHHOE TEJNO, TEPAIOLIee SHEPTHIO NYUYeHCIYCKaHHEM,
He npereprneno 6bi NPH 3TOM H3MEHEHHSI CKOPOCTIL.

##) Joka3aTeAbCTBO 3TOTO § MOXKeT OHTh caeaaHo Gonee ompenedeHHbiM. Kak
MOKA3bIBAIOT HaG0AeHHS, YeM Bojee Teno H30AHPOBAHO OT BIAHSAHHS JPYTHX Tel,
TeM GJiXKe ero CKOPOCTh K IMOCTOSHHOH MO OTHOUIEHHIO K OIIpele]eHHOH CH-
cteme pedeperund. [napHas 3agaua QU3HYECKOH THHAMHKH — OMpeJeNHTb ¢ BO3-
pacTaouiyM NpHOMIKEHHEM CHCTeMY, IO OTHOLIEHHIO K KOTOPOH 3TOT 33KOH
CIIpaBejHB AJSl BCEX CHCTEM, ¢ HaHGOJblLIeH AOCTHXHMOH TOWHOCTBIO. Cucrema
IPOCTPAHCTBA ¥ BPEMEHH, ONPeeNeHHas TaKuM 06pasoM, HaspiBacTed (o LxxeMcy
TOMCOHY) MHEpUHAJAbHO! cpeoil ManoxeHnoe B TEKCTE MOXKET OblTh
NepecTpoeHo 0 OTHOWISHHIO K CHCTeMe DeQiepeHLHH, SBISIOLIeHCS HHePUHATb-
Hol cpenoil. Ho ecau naHa ojHa HHepuMadbHas cpela, TO BCAKas Apyras cpeia,
IBHXYIIAKCA OTHOCHTE]BHO HEe C MOCTOSHHOM TMOCTYMATENbHONH CKOPOCTBIO, eCTh
TaKKe HHepLMaiabHas cpepa. Tak, mepBbiM NPHOTIKEHHEM, LIS MECTHBIX HeleH,
K HHEepLHMaJIbHOH Cpele ABIAETCS CPeja, HEMOABHXKHO CBA3AHHAS C OKPYWXaloLleH
MECTHOCTBIO, KOTJHAd KI4CC M3Yy4YaeMblX SBIEHMEt paclinpsiercs, TO ACTPOHOMb
JOJKHBI NEPeRTH K Cpeje, COAEePXkAalleH OCh @yTOYHOTO BPALLCHHS 3CMAH U CBA-
3aHHOH C ONpEJETeHHbIM 3HAaueHHeM A8 JUIMHbL 3BE3NHBbIX CYTOK; 9TO MOC/TelHee
B CBOI Ouepeab J0MKHO GbiTh MCIIPABAEHO HA OYEHb MeNeHHOe ABMXKEHHE 3eM-
HOH OCH, KOTOpoe ofHapyHBaeTCsl TpeiBapeHHeM paBHoieHcTBHH, U T. 1. Takymo
MHEpUHAIbHYI0 cpely TNpPeACTABAAET MPAKTHYECKH TNo cywectsy Hblotonos-
ckoe aBCOAITHOE NIPOCTPAHCTBO M BpEMS, H 3TO caMas MPOCTas M eCTeCTBEHHas
€XeMa MOCTPOEHHS CHCTEMbl MPOTHKEHHCCTH, B KOTOPYIO MOLYT Y/OXKHTbCA AHHA-

¥
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42. O PABHOBECHH cHJ. Ecau Teno aBMKeTcs C IOCTOSIH-
_ HOU CKOpOCTBIO MO NpPSIMOH JIMHUH, TO BHEUIHHe CHJbL €CJIH OHH
Ha Hero AeHCTBYIOT, YPAaBHOBEUIMBAMOT Jpyr JApyra HJIH Haxo-
JATCS B PAaBHOBECHH.

Tak, eciu BaroH B KEJIE3HOLOPOXKHOM IMOE€3AE ABHXKETCH C
NOCTOSIHHOH CKOPOCTbIO MO NPAMOH JHMHHHM, TO BHEUIHHE CHJBL,
JeHCTBYIOIIHE HA Hero,— KaK TAra BaroHa, HaxOAsIILerocs BnepeiH
Hero, BJACKYIAs €ro BMepen, 3a4epkUBaollee AeHCTBHE 3aJHEro
BaroHa, TPEHHE PEJNbC H. CONPOTHBJIEHHE BO3AyXa, AEHCTBYIOILHE
HasaJ, BeC BaroHa, JAeHCTBYIOIUHMH BHHU3, H NABJCHHE peJbC, AeH-
CTBYIOILEE BBEpX,— JOJ/KHB TOUHO yPAaBHOBECHTbL APYr Apyra.

Tesa, HaxoasuMecss B IIOKO€ OTHOCUTEJbHO NOBEPXHOCTH
3eM/14, B AEHCTBHTENBLHOCTH JABHXKYTCSH, IPHUEM HX [BHIKEHHE He
paBHOMepHO U He TpsaMoaHHelHo. Cien0BaTeNbHO, ACHCTBYIOLIHE
Ha HHX CUJIbI He ypaBHOBeumHBawoTcs. Kaxyuuiica Bec Tea one-
HUBaeTCsl MO TOH CHJe, KOTOPYIO HYXHO HaNpaBUTb BBEPX IJd
TOTo, YTOOBl YJEpXKaTb MX B IOKO€ OTHOCHTEJbHO 3eMJaH. [lo-
3TOMY Ha0J10JaeMblii BeC MeHbIlle NPHUTSXKEHHS 3eMad H obpa-
3yeT ¢ 3eMHOH OCbI0 MEHBUIMH YroJ, TaK UTO COeJHHEHHOe HeH-
CTBHE MNOAACPKHUBAOILEH CHJABl H 3€MHOrO NPHTSKEHHS €CTh
CWJIa, NEepneHAMKYIspHas K 3¢MHOH OCH, BeJHUHHBI KaK pas Jo-
CTaTOMHOM s TOro, 4TOOBl yaepxaTb TeJNI0 Ha KPYroBoH
TPACKTOPHH, KOTOPYK) OHO JOJKHO OIHMCHLIBATL, €CIH OHO [O-
KOUTCS Ha 3emie *).

43. ONPEAEJEHHE PABHLIX BPEMEH. [lepBHH 3aKOH JBH-
JKeHHS, YCTaHABJAHBAasg IPH KakKHX OOCTOATENLCTBAX CKOPOCTH
 IBHXKYILLErocsl TeJa OCTaeTcsl MOCTOAHHOH, JOCTaB/IseT Ham
METOJ OMNpejeneHds PaBHHIX MPOMEKYTKOB BpeMmeHH. [lycTh Mma-
TepHasbHas CHCTEMa COCTOMT M3 JBYX TeJ, KOTOpbIE€ He JeH-
CTBYIOT APYyr Ha JApyra M Ha KOTOpble He JEHCTBYEeT HHKAKoe
TeJ10, BHEIIHee [0 OTHOINEHHIO K cHcTeMe. EciM OfHO M3 3THX
TeJ JBHUXKETCH MO OTHOWEHHID K JAPYyroMy, TO OTHOCHTEJIbHas
CKOPOCTb, 110 NEPBOMY 3aKOHY JBHMXKEHHS, OYyJeT NOCTOSHHA H
HanpabJeHa 10 NpPAMOH JIMHHUH.

MHuecKde sBiAeHHs. EClu Mbl NpUMeM, 4TO TPOCTPAHCTBO 3aloOJHEHO OAHOPOI-
HbiM CTaTHYECKHM 3QUPOM, 4epe3 MOCPeACTBO KOTOPOro NepelaloTcsl BAHAHUA OT
OJHOTO Teadda K APYrOMY, TO CBOHCTBA 3TOH cpefbi IOCTABAT €IHHCTBEHHOE OMNpe-
JeaeHHe abCOMIOTHOrO TPOCFPAHCTBA M BPEMEHH, HMEIOILHX KaK (H3HYECKHE
CBOIICTBA, TaK H CBOHCTBA NPOTsKeHHOCTH. CM. mpHiaoxenue L

#) CM. KoHell npuaoxeHus I.
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HUTax, npoMeKyTKH BPEMEHH DPaBHE], €CIH PaBHbl OTHOCH-
TeNbHblC NMEPEMEUICHHs] B TEYEHHE 3THX MPOMEXKYTKOB ¥).

C nepBoro B3IIsIAa MOXET MOKa3aTbCs, 4TO 3TO He Goiee,
. KaK OMNpeJesieHHe TOro, YTO Mbl [IOHMMaeM MOJ PAaBHHIMH MpO-
MeXyTKaMH BPEMEHH, — BbIPAXeHHE, KOTOPOMY Mbl 1O CHX NOp
BOBCE. HE JaJH OMNpeNeJaeHHs.

Ho ecau MBI NpeANOJONKHMM, YTO CYLIECTBYET APYrasi ABHXKY-
asicsl CHCTeMAa ABYX TeJ, Ha KaXJ0€ M3 KOTODBHIX HE JNeHCTBYeT
HHKAKOe TeJ0, TO 3Ta BTOpas CHCTeMa JacT HaM HE3aBUCHMBIH
METOJi CPaBHEHHS MPOMEXYTKOB BPEMEHH.

[TosoxeHHe, YTO PaBHbBIE MPOMEXKYTKH BPEMEHH CYTh TaKHE,
B TEUeHHe KOTOPHIX MPOUCXOJST PABHHIE MEPEMEUICHUsS BO BCAKOM
TaKOH CHCTEME, PABHOCHJbHO, MO3TOMY, YTBEPXKAEHHIO, YTO Cpa-
BHEHHE [IPOMEXKYTKOB BPEMEHH BeJeT K OJHHAKOBOMY pe3yabTaTy,
Mo/nb3yeMcsi JH Mbl MEPBOH CHCTEMOH JBYX Tel WM BTODOH,
Kak npubOpOM /s H3MEDEHHS BPEMEHH.

Takum 00pa3oM, Mbl BHIHM TEOPETHYECKYI0 BO3MOXHOCTb
CpaBHEHHUsl IPOMEXKYTKOB BPeMEHH, KaK Obl OHH HU OBUIH yJA/eHbI
OJIMH OT APYrOro, XOTsl BPSIA JIK HYXHO TOBOPUTb, YTO 3TOT METOX
He' MOXKET ObiTb NPUMEHEH Ha NMpaKTHKe BOJW3M 3€MJIH HJIH BCs-
KOH Apyroil GOJbIIOH MacChl NPUTATHBAIOIIEH MaTEPHH.

44. Broproit 3AKOH ABHXEHUS. Saxon II. —H3meHneHue
IABHXEHHUSA NPONOPIUUOHANBHO NPHIOKEHHOH CHIE
HOPOUCXOAHUTNO TOMYHANpPaBJIEHHUIO, 1O KOTOPOMY
JeficTByeT cHJaA.

[Tonx ,nBukeHueM“ HbloTOH pasymeer TO, Y4TO Ha COBpe-
MEHHOM HayuyHOM $I3blKe Ha3blBaeTcd KOJHYEeCTBOM IBH-
MeHHs'), B KOTOPOM  IPHHHMAETCA B pacueT Kak KOJIHUEeCTBO
MaTepuH, NPUBLIEHHOH B ABHXKeHHe, TAK H CKOPOCTb, ¢ KOTOPOH
OHa JBHXKETCS.

*) DT0 NONOKEHHE OTHOCHUTCA K TEPEMELIEHHIO OIHOrO Tela, H3MepsieMoMy
OTHOCHTEJILHO TIOMHOHA CHCTeMbl pedepeHiuy, cBA3aHoi ¢ ApyruM. OHo He Gsl1o
6bl BEpHO If ABYX TOUEK, ABHXYUIMXCH C HOCTOAHHBLIMM CKOPOCTSIMH, €CIH MOX
OTHOCHTE/bHBIM NepeMelieHHeM MOHHMATb NPOCTO M3MEHEHHE PACCTOSHHUA MEXAy
HUMH. B ne#icTBHUTENbHOCTH HX B3aMMHOE pPACCTOSIHHE HCNBLITBIBACT YCKOPEHHE,
H3MeHsoLleecs 06paTHO MPONOPIUOHANLHO KyGy 3TOr0 paccTosHMA ; HaGaioxa-
Teio, JHIUEHHOMY UYBCTBA HANpas/ieHHd, Ka3ajlocb Obl, YTO OHH B3aUMHO OTTajl-
KHBAIOTCA C CHJIOH, NMONUMHSIOLIEHCA 3TOMY 3aKOHY ACHCTBHA.

1) MakcBeia HasbiBaeT 3Ty BeaHuHHy ,Momentum. [IpunumMas BO BHHMa-
HHe, YTO y HaC yTBEpAWICA TEePMHH ,Ko/MMuecTBO [BHXKEHMS®, Mbl Be3lle 3aMe-
HHJIM MAKCBEIOBCKHH TEPMHH 3THM MOCHeNHHM. f1. A.



III]A O CHJE 29

[Ton npuIOXKEHHOH CHIOH OH NMOHHMAeT TO, YTO TeNepb Ha-
3BIBAIOT UMMy JibCOM, B KOTODOM MPHHATO B pacieT Kak Bpems,
B MPOJOMKEHHE KOTOPOrO AeHCTBYeT CHJa, TAK H BEJHUMHA CHJIBL.

45. ONPEAEJEHHE PABHBIX MACC M PABHHX cHJ. Hrak,
M3M0XKEHHe 3aKOHA 3akJai4aeT B cebe OMNpeleNeHHe PAaBHBIX
KOJMYECTB MaTepHH H PaBHBIX CH.T.

Mbl OyneM npHHHMAaTh, YTO BO3MOXHO CHEJaTh TaK, UYTOGH
CHJia, C KOTOPOH OJHO Ten0 NEHUCTBYeT HA Jpyroe, Oblia Onu-
HAKOBOH BEJIMUHHBI B PAa3/iHUHBIX CJIyyasix.

OT0 MOXeT ObITb CHENAaHO, €CAH Mbl JOMYCTHM IOCTOSIHCTBO
CBOMCTB Tes. MBI 3HaeM, 4TO AOCTaTOUHO pacTsHyTas KaydyKoBasi
HUTb NPOM3BOJMT HATSXKEHHE TeM OoJbllee, YyeM OOJblle HHTb
yAJHHeHa. BBHIy 3TOr0o cBOHCTBA roBOpST, UTO HUTH ynpyra. Ecau
OJHY H Ty XK€ HUTh PACTATHBATH A0 OJAHOH M TOH ke IJHHH, TO,
€CJIH ee CBOHCTBA OCTAITCS NNOCTOSHHBIMH, OHA MPOU3BEAeT KAXKABIH
pas To ke caMoe HaTskeHHe. Tenepb, MycTb OJHH KOHEL HUTH IPH-
Kpenied x teny M, Ha xoTopoe He JeHCTByeT HHKakas jupyras
CHJIA, KPOME HATSI2KEHHUs] HUTH, ¥ NMYCTb ML APYTOi KOHEel JepPKHUM B
PYKe H TSHeM B OCTOSIHHOM HANDABJCHHH C CH/ION, KaK pa3 40CTa-
TOYHOH /151 TOTO, YTOOH YAJHHHUTH HHTb HA ONpPEIesieHHYIO LIHHY.
Cuna, jeiicTByiolmasi Ha TeJo, OymeT Toria MMeTh HEKOTOPYIO
onpeneneHHyio BeauuunHy F. Teno mpuoGperer CKOpoCThb, H, MO
NPOLIECTBHH €HHHIB BDEMEHH, 3Ta CKOPOCTh 6yJIeT HMeTb onpe-
IeJeHHOe 3HaueHue V.

Ecan Ty ke caMmyio HHTb NPHKpenuTb K JApyromy teay N u
TSHYTbL €€, KaK B MNpeablAylieM cJjydae, TaK UYTOOBl yIJHHEHHE
ObLJIO TaKoe Ke, KaK W paHblle, TO CHJIA, NefCTByLIast Ha TeJso,
Oyner Ta ke camas, M €CIH CKOPOCTb, cooOmeHHas teny N B
eIMHHLly BpPEMEeHH, ToxKe OyneT Ta ke camas, HMEHHO V, TO MbI
roBopuM, uto 06a tera M u N cojepxar paBHble KOJIHYECTBa
MATEDHUH HJIH, HA COBPEMCHHOM SI3bIKE€, HMCIOT paBHBI € M aCCHl.
Taxkum nytem, ¢ NMOMOLIBI0 YNPYroro UIHYpKa, MBI MOXeM MOJO-
OpaTb Macchl psAja TeJa TaK, 4TOOBI KaxJIash M3 HHX paBHSJIAch
3TaiOHy MacChl, Hanpumep, Topropomy ¢yuty (pound avoirdupois),
KOTODHIH SIBJSIETCS 3TAJOHOM Macchl B DpHTaHHH.

46. UsMEPEHHE MacCH. HayyHoe 3HaueHHe NHHAMHYECKOIO
METOJA M3MEPEHHMS MAacchl Jyulle BCero BHJIHO, €CAM CPABHHUTb
€ro ¢ APYTHMH MeTOJaMH, HaXOMASIUHMHCS B yNOTpeG/eHHH.

[Toka MBI HMeeM Jes0 C TelaMH COBepILeHHO OJHOPOJIHBIMH,
HETPYAHO NOHATh, KAK CACLyeT H3MEepSTh KOJHYECTBO MAaTepHH.
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Ecan pabHble KOJHYeCTBA BRIIECTBA NPOM3BOMAT PaBHBIE [eH-
CTBHS BCSIKOTO POJd, TO Mbl MOXEM BOCMO/Ib30BATHCS STUMH IeH-
CTBHUSIMHM, KAK MEPAMH KOJMUECTBA BEUIECTBA.

Hanpumep, eciu MB HMeeM €70 C CepPHOH KHUCIOTOH ompe-
ZIeJIEHHOM KPEOCTH, TO Mbl MOXEM Olpeae/IHTh KOJHIeCTBO AaH-
HO[l TMOPIHH €€ HECKOJbKHMH DasIHuUHBIMH cnocobGamu. Mer mo-
WeM ee B3BeCHTb, MOXKEM BJAHTh €e B I'PaiyHPOBaHHBIA COCY]X
M H3MEPHTb TAKUM 00pa3oM ee 00beM, HIH MOMKEM ONpPEeNC/HTD,
KaKoe KOJHUYECTBO pACTBOpA [MOTAlIa OMpEeIeJeHHOH KOHHEHTpa-
LMK OHA HEUTpa/NH3YeT.

MbI MOTJIH 6Ll BOCHOJIB30BATHCSI TEMH XK€ CAMBIMH METOAaMH
A5 ONpENeNeHHsT KOJNHMYECTBA Aa30THOH KHCIOTBHI, €CIH Obl MH
MMEJH 610 TOJNBKO € a30THOM KHCJIOTOH; HO €ClH Obl MBl MOXKe-
JIaJJ4 CPABHHUTb KOJH4ECTBO a30THOM KHCIOTBHI ¢ KOJHYECTBOM Cep-
HOH KHMCJIOTHI, TO MOJYYH/IH Obl PA3THYHbIE PE3Y. 1bTaThl B3BELINBA-
HHEM, H3MepeHHeM 00beMa U MCNbITAHHEM LUEJTOUHBIM PACTBOPOM.

M3 5Tux Tpex MeTOAOB METO/1 B3BEUIMUBAHHsI 3aBUCHT OT NpH-
TSDKEHHS MEXIy KHCJIOTOM H 3eMaeH, crnoco rpaiyupoBaHHOrO
coCyJa 3aBHCHT OT O6beMa, 3aHHMAeMOro KHCJIOTOH, a crocob
TUTPOBAHHSI 3aBHCHT OT €e CPOJCTBA K IOTauly.

OJHAKO, B OTBJICUYCHHOH AMHAMUKE MATepPHsi PACCMATPUBACTCS
JHUIIb ¢ TOH TOYKH 3PEHHs, KAK MOXET HM3MEHSTLCSl e CKOpOCTh
nox jgelictBueM cHa. [losToMy, KakHe-nHOyAb JABa Teld HMEIOT
paBHbIE MACChl, €C/M PaBHble CHIbI, OYIy4H MPHIOKEHBI K 3THM
TesaM, NPOU3BOAST, B DaBHLIE BPEMEHA, PaBHBIC H3MEHEHHS CKO-
pOCTH. JTO €JMHCTBEHHOE OMpejeJeHHe PABHBIX MACC, KOTOpOe
MOXeT OLITb AONYIIEHO B AMHAMMKE, MPUIOKHMO KO BCEM Ma-
TePHATLHDIM TeJMaM, H3 4ero Obl OHM HH ODLLIH CH€/aHHI.

M3BecTHO M3 HAOJMI0A€HHUE, UTO Teaa PaBHLIX MAacc, MOMEIICH-
Hbie B OJHHAKOBOE MOJIOMKEHHE OTHOCHUTEALHO 3eMJ/H, NPHTATHBA-
JOTCSl K 3eMJie OHHAKOBLIM 06pa3oM, M3 uero Obl OHM HH ObLIH
CAeJAHBl, U 3TO He TOJIOXKEHHe OTBJEUEHHOH IMHAMHKH, BbIBe-
JIEHHOEe M3 AKCHOMATHUYEeCKMX MPHHIHUIOB, a (QAKT, OTKPHITHHA Ha-
OMI0IeHMeM U JIOKA3aHHBIH TIATEIbHBIMH ONbITaMH HbhioTOH @ #)
Hal BpeMEHeM KauaHHs MOJbIX JAePEeBSHHEIX W1apOB, MOJBEIIEH-
HLIX HA IHYpKaX OAHHAKOBOH IJIMHBI M 'COJAEPXKABUIHX 30JI0TO,

#) Principia, [II. Prop. 6. JlelicTBHTENbHBIH BeC €CTb CAOWHBIA 3P PEKT, r1aB-
HYIO 4acTb KOTOPOTO COCTAB/SIET NMPHTSKEHUE, HO YMEHbIUEHHOC peaKuiei npo-
THB 1CHTPOCTPEMHTEABHOrO YCKOPCHHS MACChl, BhI3BAHHOTO BPALEHHEM 3EMH.
Cwm. npumeyanne k § 145, moMemeHHoe B KoHie npuioenus L
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cepe6po, CBHMHEL, CTEKJO, NMECOK, OGBIKHOBEHHYIO COJIb, AEPEBO,
BOAY M MIIEHHLY.

Kak 6u1 TO HH 6blIO, TOT (PaKT, YTO B OJHOM H TOM XKE Ie0-
rpaguuyecKoM MOJOMEHHH Beca PABHBIX MAacC PABHBI, TaK TBEPIO
YCTAHOBJEH, UYTO JAPYIHM CMOcO60M CPaBHEHHS Macc, KpoMme
crocoba CcpaBHEHMS HMX BECOB, HMKOIAa HE MOJB3YIOTCS, HH B
TOProBJIe, HH' B HAyKe, 33 HUCKJIOUEHHMEM MCC/IeI0BAHUIL, NMpei-
MPHHATHIX CO CMEUUaAbHOH LEeJAb) ONpPEAeJHTh B alCOMIOTHOH
Mepe BeC €IMHHOBl MacChl B Pa3JHYHBIX MECTax Ha MOBEPXHOCTH
3emsid. MeToZ, KOTOPHIM JIOJIL3YIOTCH B 3THX HMCCACAOBAHHAX, MO
CYUIECTBY TOT €, 4TO Yy Hb10TOHA, a HMEHHO, METOL H3Me-
pEHHS IJIMHBI MasfTHMKA, OTOMBAIOILEIO CEKYHIbI.

Exnuuua Maccel B Hawe# cTpaHe ONpele/eHa akToM mnapda-
meHTa (18 u 19 Bukr., ro. 72, woas 30, 1855 r.), kak Teno u3
nJaTUHH, nomeuennoe ,P. S, 1844, 1 1b.“ u xpaHduweecss B na-
JaTe KasHaueHcTBa, KOTOpOe ,/0MKHO HMEHOBATbCSl Trocynap-
CTBEHHBIM 3TaJloHOM ToproBoro ¢yura (Imperial Standard Pound
Avoirdupois)“. OnHa ceMUTBICSIHHAST YaCTb 3TOr0 (yHTA eCThb I'PaH.
®panuysckuit sTanoH Maccu ecth Kilogramme des Archives®,
crenauusli bopanad us nnatuns. [Ipodeccop Muanaep Ha-
wes, 4To Kuiorpamm paseH 15432,34874 rpanam.

47. UHNCNEHHOE HM3MEPEHUL CHJBl. EaMHHuUa " CHUJB €CThb
Ta CWJa, KOTopad, AEHCTBYd Ha eJMHHIYy Macchl B TE€UEHHE eIH-
HHUBl BPEMEHH, MPOU3BOJHT €IMHHLY CKODOCTH.

Takum o06pasom, Bec, rpamma, T. €. CHJIy, KOTOpasl 3acra-
»BJSET €ro najarb, MOXCHO ONPEIEJUTb, NMPEAOCTaBAsIg €My CBO-
60aHO nanaTb. [lo mpomecTBUM OZHOH CEKYHABl €ro CKOPOCTh
Oyner npuOau3uTeNbHO 981 CcaHTHMETp B CEKYHIy, €C/JAH OMNBIT
npousBoauTcst B BpuTtanuu. CnemoBatespbHO, BeC IrpamMma Mpel-
crapasgercs uucjaoM 981, ecad NPHHATL 3a OCHOBHBIE €IHHHIBI
CAHTHMETp, I'PaMM M CeKyHIy.

WHorga yno6HO CpaBHHUBATH CHJBI C BECOM Te€1a M TOBOPHTH O
CHJIE BO CTOJLKO-TO (YHTOB W/IH IPAMMOB Beca. JTO HA3bIBAETCS
BecoBOi Mepo#l. MBl AOJIKHBI, OJIHAKO, IIOMHHTb, YTO XOTSI (DYHT
HJIM IPaMM — OJIHH M TOT K€ BO BCEM MHDE€, HO BeC (PyHTa WM rpamMma
B BBICOKHMX LIHPOTax 00JbIle, 4eM BOJIH3H 9KBATOPA, d TOTOMY H3Me-
PEHHE CH/IBI B BECOBOH Mepe He HMEET HUKAKOT0 Hay4YHOTO 3HAaUeHH,
€C/IM He YKa3aHO, B KAKOM MECTE 3€MJH MPOH3BELEHO H3MEPEHHE.

Ecau, kak B DpuTanuy, enMHULAMH IJHHEl, MacChl U BPEMEHH
caykaT oguH (YT, oAMH (YHT W OAHA CEKYHIa, TO eIuHHUeH
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CHJIBl 6YyJIeT Takad CHJaa, KOTopass B OJHY CeKYHIY COO6InuIa
Obl OJHOMY (DYHTY CKOPOCTb B OZHH ¢yT B CEKyHAYy. dTa €IH-
HHIA CHJBl Ha3bIBaeTCsl MayH 1a.l.

Bo ¢panuy3ckoii MeTpHUECKOH CHCTeMe eJMHHIAMH CJyXaT
OJHH CaHTHMETP, ONHH TPpaMM H ojHa cekyHpma. Cuna, Koropas
B OJHY CEeKYHAy coo6uiaa 6b OZHOMY TIpaMMy CKOPOCTH B
OJHMH CaHTHMETD B CeKYH]y, Ha3blBaeTCsl- U H 0 H.

Tax xaxk ¢yr pasen 30,4797 caHTHMeTpa, a (YHT paBeH
453,59 rpamma, To nayHzan paBed 13825,38 muHBI.

48. OXHOBPEMEHHOE JEHCTBHE CHJ HA TEJ0. Ilycts
TeNnepb €IHHHLA CHJBl IeHCTBYeT B TEU€HHe eJUHHILI BPEeMeHH
Ha eAuHHIy Macchl. CKOPOCTh H3MEHHTCS, H €€ H3MeHeHHe GyleT
pPaBHO €JMHHLE H HANMpPaBJeHO OIHHAKOBO C CHJOIO.

BenvunHa M HanpaB/i€HHE 3TOTO H3MEHEHHs CKOPOCTH GYAyT
OJMHAKOBbI, HE3ABUCHMO OT TOrO, OBIIO /M TEJIO NepBOHAYANLHO
B MOKO€ HWIH B JABHXEHHH ¥); MO0 BHIpaKe€HHe ,B MNOKOe“ He
UMEET HHKAKOTO HAYYHOTO CMBIC/Ia, a BHIpAXEHHe ,B JIBH-
MEHHU®, €CMH OHO OTHOCHTCA K OTHOCHTEJIbHOMY JABHXKEHHIO,
MOXET HEeYTO O03HayaTb, €CJH XK€ OHO OTHOCHTCH K a6CoaioT-
HOMY JBHXKEHHIO, TO OHO MOMXET OTHOCHTBCS JHIIL K HEKO-
TOPOH OnpeseseHHON cpeae B npoctpaHcTBe. OTKPBITH Cylie-
CTBOBAHHE CpEeJbl M ONPEAENHTb HAIY CKOPOCTbH OTHOCHTEILHO
Hee HAGMIONEHHEM HAaJ [BHXEHHEM TeJ eCTb 3aKOHHas Hayu-
Hasi npoGjaema, HO Jaxe NpejnoJarasi, YTo BCE 3TO CHEJaHO,
MBl 6bl OTKDBUJIH He OIIMOKY B 3aKOHAX JBHXEHMS, a HOBHI
¢dakr B Hayke.

Hrak, pesyabTar neHCTBUSI Ha TeNO JAHHOH CHJILI HE 3aBH-
CHT OT ABHXKEHHSI 3TOTO TeJa.

Ha Hero He okasbiBaeT- Takxe BJIHSIHHsSI OJHOBPEMEHHOE JEii-
CTBHE HAa TEJO JPYTHX CHJI, IOTOMY UTO pe3y/abTaT JefCcTBUS
3THX CHJ COCTOMT JIHIb B TOM, YTO OHH BBHI3BIBAIOT ABHXKEHHE
T3, a 3TO JBH)XKEHHE HE BJHsAET Ha M3MEHEHHe CKOPOCTH, Npo-
H3BEJIEHHOe MEePBOH CHJIOH.

Hrak, MBI npuxoIuM K caenyiloleii dopme 3TOro 3akoHa.
"Ecnu Ha Tenno feficTByeT HECKOJNBKO CHJ, TO yCKO-
pPCHHE BbI3bIBA€eMOE€ KAaXJOH CHJOH, TAKOBO Xe No
HanpaBJAEHHIO H BEJMHUYHHE KaK €CJH 60 geficTBHE
APDYTHX CHJ OTCYTCTBOBAaJO.

*) Cp. npraomenne L
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Ecan na Teno meHCTByeT cH/a, NOCTOSIHHAS MO HANPaBACHHKIO
H BeJMYHHE, TO M3MEHEHHE CKOPOCTH NPOMOPLHOHANBHO NpOMe-
HYTKY BDEMEHH, B T€YE€HHE KOTOpPOro AeHCTByeT cuJa.

" B camom nene, ecqiM cHa NPOHM3BOIUT HEKOTOPOE H3MEHEHHE
CKODOCTH 3a AAHHBIH IPOMEXKYTOK BpPEMEHH, TO OHA BHI3OBET
paBHOE M3MEHEHHE 33 CJIeAyoLHil NPOMEXYTOK, TOTOMY YTO HeMi-
CTBHE CHJABl HE 3aBHCHT OT TOH CKOPOCTH, KOTOPYIO HMEET TeJo,
KOrja cuaa Ha Hero geicTByer. Mrtak, 3a kawawlfi paBHblil npo-
MEXYTOK BPEMEHH IOJYYHTCA pPaBHOE H3MEHEHHe CKOPOCTH, U
NOJHOE H3MEHEHHE CKOPOCTH OT Hauasia MABHXEHHS 6yjaeTr npo-
NOPLHOHANLHO BPEMEHH JeHCTBHS CHJBL.

HameHeHHe ckopocTH 3a JaHHOE BpeMsl MNpONOPUHMOHANBHO
CHJIe, TIOTOMY 4TO, €C/JH HECKOJbKO PAaBHBIX CHJ HEeCTBYIOT MO
OAMHAKOBOMY HallpaBJEHHIO HAa QAHO M TO XK€ TeJO, Kaxaas Nnpo-
M3BOIHT CBO€ J€/iCTBHE HE3ABHCHMO OT OCTaNbHbIX. Clle 10BaTENbHO,
H3MEHEHHE CKOPOCTH MNMPONOPLUHOHAIBHO YHCJAY PAaBHBIX CHJI.

49. Os uMnyabcEe. HMrak, nosHoe xelicTBHE CHJBI, 3aKI0-
yaoueecs B COOOUICHHH TeJy CKOPOCTH, NMPONOPUMOHANBHO KakK
Cusie, TaKk H BPEMEHH, B T€YEHHE KOTOPOro.OHAa AeHCTBYeT.

IlponsBenenne BpeMeHH AEHCTBHS CHJIBl HA €€ BEJHYHHY, €CJIH
OHa NOCTOSIHHA, MM HA €€ CPEeJHIOI0 BEJHYHHY, €CAH OHa nepe-
MEHHA, Ha3bIBACTCH HMIIY/AbCOM CHJBL

Bosmoxen cayuai, Koraa cuna AeHCTBYET CTOJb KOPOTKOE
_BpeMs, YTO TPYJHO ONpEJEJHTb KaK €€ BeJIHYHHY, TaK M BpeMs,

* B TeYeHHe KOTOpOro oHa JjefictByer. Ho cpaBHHTENBHO Jierko
HU3MEPUTL JEHCTBHE CHJIBI, 3aKJIOYAIONEecs B H3MEHEHHH ABHKE-

' HHSl Tesa, Hd KOTOpOE€ OHAa JEHCTBYEeT, KAKOBOE H3MEHEHHE 3aBH-
CHT OT HMMIyJbCA. : :

C/10BOM HMNy/bC NEPBOHAYAJIBHO MOJb30BANHCh AJA 0603Ha-
YeHHS NefCTBUSI CH/BI HEGOJNBILIOH NMPOAOCMKUTENBHOCTH, N0L06HO
cuae MoJsoTka, BOHBawulero reo3fib. HeT, oxHako, cyuiecTBeH-
HOTQ pa3/iHuYHsl MeWJy 3THM M BCSIKHM JADYTHM cCJaydaeM Jei-
CTBHUS CHabl. MBI 6yI€M NMO/b30BaTLCS, MO3TOMY, CJAOBOM HMITYJbC
TaK, KAK OHO OINpeJe/JeHO BHIUE, He OTPaHHYMBAS €ro NMpHUMEHe-
HHfl TEMH CJYy4YasiMH, B KOTOPBbIX JAeHCTBHE CHJbl BeCbMa KpaTKo-
BPEMEHHO.

50. OTHOWEHKE MEXAY CHAOH M MAccoil. Ecan cuna

~ JeWCTBYET Ha eAMHHUY MacChl B TeYEHHE M3BECTHOTrO NPOMEKYTKA
BPEMEHH, TO MMINYJbC . H3MepseTcs, KaK Mbl BHJeJH, COOOLIEHHOH
CKODOCTBIO.

K. Makcsean. Mamepys u dsuwenue. 3
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Ec/an HeCKOJbKO PaBHBIX CHJI ACHCTBYIOT MO OJHOMY H TOMY
e HanpaB/IeHUIo, KaxAasi Ha eJHHHUIly MacChl, TO BCe 3TH MacCHl
6yayT ABHraTbCsl OJMHAKOBO, H MX MOXHO COCIMHHTb BMECTE B
OJIHO TeJ0, He H3MEHHB 3THM X071a siBneHHs. CKOPOCTb Bcero rteva
paBHA CKOPOCTH, COOOIIEHHOM OQHOH H3 CuJ, NEACTBYHOUIeH Ha
eHUHHUILY MacChl.

CnepoBaTesbHO, CHJIa, Tpebylouascs Ias TOro, ytobbl npo-
U3BECTH JAaHHOE H3MEHEHHEe CKOPOCTH 3a JAaHHOe BpeMs, Npo-
MOPUMOHANBHA YHCITY €JMHHI MACCH ¥), U3 KOTOPBIX COCTOHUT TEJO.

51. O KOMHMYECTBE NBUXKEHHSA. UHCIEHHOE 3HAUCHHE KOJH-
yecTBa JBHIKEHHS TesMa eCTb MPOH3BEAEHHE YHMC/IA €IMHHL, MacCHl,
3aKII0UAIOLIeHCS B Tese, Ha YHC/IO e JHHUL CKOPOCTH, C KOTOPOH OHO
nBuxeTca. TakuM 06pasoM, KOJHUYECTBO ABHXEHHS BCSIKOrO Teaa
BEIPAXAETCS 4€Pe3 KOJNHYECTBO ABHXKEHHs €JXMHHUIB MaccChl, ABH-
KYWeEHRcs ¢ eIHHHLEHR CKOPOCTH, KAKOBOE H NMPUHHMAETCS 33 €AH-
HHLY KOJIMYECTBA JBHXEHHS.

HanpasneHHe KOJHYECTBA ABHXEHHUS TAKOBO XK€, KaK W Hanpa-
BJI€HHE CKOPOCTH, W NMOAOGHO TOMY, KaK CKOPOCTb MOXeET ObiTb
onpese/eHa JHLIb 10 OTHOIEHHIO K HEKOTOPOH TOUKe pedepeHuny,
TaK M YACTHOE 3HAUEHHE KOJMYECTBA ABHXKEHHS 3aBHCHT OT TOUYKH
pedepeHLHH, KOTOPYIO Mbl NpHHHMaeM. KOJHYECTBO NBHIKEHHS
JlyHbl, HanpHMep, 6y IeT BeECbMa PA3JIHYHO B 3aBUCUMOCTH OT TOrO,
MPUHHUMAEM JIH MBI 3€MJIO MM COJMHUE 33 TOYKY pedepeHuHH.

52. V310XEHHE BTOPOrO 3AKOHA JBHXEHUA C MO-
MOIbIO TEPMHHOB ,HMINYAbC“ U ,KOMHYECTBO JIBHXEHUA".

M3MeHeHHe KOJHYECTBA ABHXEHHH TeJaa UH-
CNT€HHO PaBHO NMPOH3BOAALIEMY €ro HMNOYJAbCY H°
MMeeT OJHHAKOBOE C HHM HalpaBJeHHE,

53. Cn1oxEHHE cua. Ecau Ha Teno meficTByOT OAHOBpeE-
MEHHO HECKOJIBKO CHJ, TO KaXJAas CH/Ia coobl1aeT yCKOpeHHe, npo-
NopLUHOHaIbHOE ee BesHuHHe (§ 48). 3HAUHT, €C/M Mbl HA IHAT PAMME
yckopenuit (§ 34) npoBeaem M3 11060ro Hayasna JMHHIO, NPeJCTa-
BJSIIOULYIO 10 HANpaB/AeHHIO H BeIHYHHE YCKOpDEHHE, Bbl3biBaeMoe
OZHOM M3 CHJ, 2 U3 KOHIA 3TOH JHHHH APYTYIO, NPEACTABSIOULYIO
YCKOpeHHe, coobiiaemoe APYrod CHAOH, W T. A., MPOBOAS JHHHH

#) 3mech Macca CKOpee O3HAYAET MEpY HHEPTHOCTH, 4YeM KOJIMYEeCTBO Mare-
PHH; TIPH Ype3BblYafiHO GOJBLIMX CKOPOCTAX OHM HE 6blnH Obl PONOPUHOHATLHb,
HO OblAM Obl CBSI3aHbl 3aKOHOM, BK/IOYANOLIMM CKOPOCTb, TAK YTO KOJMYECTBO
JABMKEHHA WIM HMMyiabC Obl1 Obi TOTAAa MepBOHAYAJBHON BEAMYHHOH, a HHEPT-
HOCTbh — [1POH3BOAHOMH.
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| IS KaXIOH M3 CHJ, B3SITHIX B J1060M MOPSIAKE, TO JHHHS, TPOBe-
JleHHasl M3 HayaJda K KOHUY noc/aeiHed M3 JHHHH, NpeiCcTaBHT
YCKOpEHHE, COOOILEHHOE COCJHHEHHBIM NEeHCTBHEM BCEX CHJI.

Tak xax Ha 3TOH AMarpaMme JHHHH, H306paxalolHe yCKope-
HHUsl, TPOMOPLHOHAIBHB CHIAM, COOGLIAIOHMM 3TH YCKOPEHHS, TO
Mbl MOXEM pacCMaTPHBATh 3TH JIMHHH KaK H300PaXKeHHS] CaMHX
cua. Jlnarpamma, noHMMaemasi TakuM 06pa3oM, MOXKET ObiTh Ha-
3BaHa AMAarpaMMOH CHJ, a JHHUA, NPOBeJeHHAs H3 Hayaaa K
KOHLLY psiJa, H300pax<aéT PaBHOJAEHCTBYIO Y CHAY.

[IpeacraBasieTcst BaXHBIM TOT Cayyai, Korja psii JHHHEH, H30-
GpakalOlMX CHJbl, OKAHUHBAETCS B Hayaje, 00pasysi 3aMKHYTYIO
¢urypy. B 3TOM cayyae Her paBHOAEHACTBYIOWIEH CHIABI M HET
HHKAaKOTO YCKOpeHHsi. JIEACTBHS CHI B TOYHOCTH YPaBHOBELIH-
BAIOTCH, H Mbl MMeeM cayuail paBHOBecHs. PaccMotpenue ciy-
4aeB PAaBHOBECHSI COCTaB/AseT npeamer Hayku CTaTHKH.

Kosnp ckopo cucTeMa CHI TOYHO ypaBHOBEILMBAETCS M JKBH-
BaJIEHTHA OTCYTCTBHIO BCSIKOH CHJaBl *), TO OY€BHJHO, YTO CHJIbI
OynyT Takxe ypaBHOBEIUHWBATHCSH, €CAM OHH GyIyT JAefcTBOBAThH
TEM e caMbiM 06pasoM Ha J106yi0 APYrylo MaTepHalbHYIO CH-
cTeMy “¥), kakoBa 6bl HH 6Gbl1a Macca 3TOH CHUCTEMBl. JTO H €CTh
NPHYKHA TOrO, MOYEMY PACCMOTPEHHE MacCC He BXOAHMT B CTaTH-
YECKHE HCCNEIO0BAHHUS.

54. TPETHH 3AKOH ABHXEHHSA. 3axon [ll.—TlpoTu-
BOAEHCTBHE BCeraa PaBHO M MNPOTHBOMOJAONKHO
JAEHCTBHUIO, TO-€CTh JNEHCTBUS ABYX TeJa APyl Ha
Jpyra BCerjga paBHBlL H HMEIT MNPOTHBOIOJIO K-
Hbl€¢ HanpaBJeHHS.

Ecan na Tena, MexJay KOTOPBIMH MNPOHCXOJMT B3aHMOIEH-
«TBHE, He JEHCTBYeT HHKAKas JApyras CH/Ia, TO H3MEHEHHS HX OT-
HOCHTE/NBHHIX KOJHYECTB ABHXKEHHs], [IPOH3BeleHHbIe B3aUMO1eH-
CTBUEM, PABHBI H HMEIOT [POTHBOIOJOXHbIE HaNpaB/ieHus.

MaMenenns ckopocteit 060HX Tea APOMCXOIAT TaKXKe B NPO-
THBOMOJIOXHBLIX HANPABJCHHSIX, HO HE PaBHBl, 33 HCKAIOUYEHHEM

#) WMckmouas, 0QHAKO, TOTO, 4TO KacaeTcs AedopmauHil, KOTOpble CHCTeMa
«CILl BbI3bIBAET B NePOPMUPYEMOM Telde B TeX CAYuasx, KOTAA OHU He NeHCTBYIOT
BCE HAa ONHy H Ty e Touky. Jlumb B TOM cayuae, eciu Ha 3Td aedopMauiu He
-06palAeTCs BHUMAHHMA WM €CTH Telo, HA KOTOPOe OHH AeHCTBYIOT, paccMaTpH-
BACTCA KaK abCO/MIOTHO TBEpAOe, Mbl MOXEM TOBODHTb O CTATHYECKOH 3KBHBA-
JIEHTHOCTH JBYX CHCTEM CHI.

#*) EcaM cuapt He A€HCTBYIOT HA OIHY M Ty e TOYKY, TO CHCTEMA ZOAKHA
ObITh TBEpAAs, HHAYE OHAa OydeT UMH 1edOpMHpPOBAHA.
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cayuasi- paBHBIX Macc. B apyrux ciydasx HM3MEHCHHS CKOPOCTH
06paTHO NpPONOPLUHOHAJIbHBL MAacCaM.

55. JIEfiCTBME ¥ TNPOTHBONENCTBHE TNPEACTABASIOT
PA3JMUHBIE TOYKH 3PEHHA HA HATIPSXEHHE.

Mbl yxe noabsopaauch (§ 37) CI0BOM HanpsikeHue (stressy
A5t  0603HAYeHHs B3aMMOJEHCTBHS MEXIy JABYMA HaCTAMH
vatepuu. ITO CAOBO 3aHMCTBOBAHO M3 OOBIJIEHHOTO 5i3blKa M
06JeUeHO TOUHBIM HayUHBIM 3HAYEHHEM MOKOMHLIM npodeccopou
PaHKHHOM, KOTOPOMY Mbl 00s3aHbl MHOTHMMH JDYTHUMH LEH-
HBIMH HayYHBIMH T€PMHHAMM.

KoJab CKOpPO Mbl YCBOMJM TMOHSTHE HANpsKEHHs, KaKOBbHIM
ABASIeTCS HATSDKEHHE BEPEBKM WM JaBJeHHe Mexay HByms Te-
7aMH, ¥ MpH3HAAW €ro JABOHCTBEHHBIA XapakTep, TaK KaK OHO
BAHMsSieT Ha 00e YacTH MaTepHH, MeXJly KOTOPHIMH OHO JEHCTBYET,
TO HeTPyAHO BHIETb, YTO TPETHH 3aKOH IBHXEHHS PaBHOCHJIEH
YTBEPXKEHHIO, YTO BCE CHIBbI HMEIOT XapaKTep HaNpsKEHHs, HTO:
HalpsKeHHE CYLIECTBYET TONbKO MEX(y ABYyMsl YacTAMM Ma-
TEePHH M UTO ero NeHCTBHMsl Ha STH YaCTH MATEpHH (u3MepsieMbie:
KOJHYECTBAMH JBHXKEHHS, COOOLIECHHBIMH MOC/JEJHHM 32 JaHHOE
BpeMsi) PaBHb H [POTHBOMO/IOKHbI.

HanpsikeHue uyMCIEHHO M3MEPSETCs CHJIOH, NPHJIOKEHHOH K
ONHOH M3 JABYX uacTe#t Matepuu. Pasnnuaem Mexay Hanpsxe-
HMEM, KAK HATSDKEHHeM, eCM cuaa, AeHCTBYIOLIas Ha KaX Ay
yacTb, HAMpaBleHa K APYTOH 4acTH, H HaMpsiKEHHEM, KaK NaBje-

" HMeM, eCH CHJIa, JeACTBYIOULas Ha KaXyl0 4acTh, HaNpaBAeHa B.
CTOpOHY, MPOTHBOTIONOKHYIO JAPYTOH YacTH.

EciM cuna HAKIOHEHAa K TMOBEPXHOCTH, OTieasiouted obe
YACTH MATEPHH, TO HAaNpsDKEHHE He MOXeT OBITb BBIPAXEHO HH-
KAKMMH COBAMH H3 OGBIKHOBEHHOTO $I3bIKA, HO JO/MKHO GbITh
onpeeaeHO B TEXHHYECKHX MATeMAaTHYECKHX TEPMHHAX.

EcaM HaTSDKeHHE MEeXJAy IBYMS TeJaMH MPOM3BOAMTCS MPH
MOCPeACTBE LIHYPKa, TO HATSXKEHHE, COOCTBEHHO TrOBOpS, Cyuie-
CTBYeT MexAy JIOOBIMH JBYMs YacTsIMM, Ha KOTOpbIE HHTD.
MOMXHO MPEACTABHTD ceGe paseneHHOM BOOOpaXaeMbIM pas3pesoM
MM TOMepeuyHbiM ceueHHeM. Ecan Mbl, OZHAKO, npeHe6pexem
BecOM UIHYpKa, TO KaXJas 4acTb ero GyJeT B pPaBHOBECHH MO
JefiCTBHEM HATSXKEHHH Yy €ro KOHLUOB, TaK -4TO HATSKEHHS B
A06BIX JBYX MOMEPEUHbIX CEYEHHSX LIHYpKa AOMKHDI ObITL OJH-
HakoBbl. [lo 3TOM npuuyMHE MBI uacTO TOBOPHM O HaTSXKEHHH
IWHYpPKa, KaK 1e10ro, He yKasbiBas KaKoro-1460 0COOEHHOTO ero:
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«CEYEeHHs, a TaKke O HATMKEHMHM MexX1y JByMs Teaamu, 6e3
pPACCMOTPEHH MNPHPOABl LIHYPKA, MO KOTOPOMY Mepenaercs
HaTsKEHHE.

56. [TPUTAKEHHE M OTTAJAKUBAHHUE. CylLIeCTBYIOT ApY-
rHe cJyyad, KOrja JBa Tesa, HaxOAduidecs Ha pacCTOAHHH,
NOBHIMUMOMY, B3aUMOAEHCTBYIOT, XOTSI MBI M HE B COCTOSIHHH OT-
KpPLITb KaKOe-HHOYAb MPOMEXYTOYHOE TeJO, NOLOGHO IWHYDPKY B
npenblAylieM MpUMepe, yepe3 KOTOpoe paeHcTBHE nepegaercs.
Hanpumep, nBa MarHMTa WM JBa Ha3JeKTPH30BAaHHBIX TeJa,
NOBHIUMOMY, AEHCTBYIOT APYr Ha apyra, 6yAydd OTHAe/eHbl 3Ha-
YHUTeNbHBIMH PACCTOAHUAMH; Hasee, 3aMeueHo HaOJIJeHHEM, 4TO
JBIKEHHA HEGECHBIX Tes HCMBITHIBAIOT BJHSAHHSA, 3aBHCALIHE OT
HX OTHOCHTRIBHOTO MOJNOKEHHS.

~ JTO B3aUMOJEACTBHE MeXAY OTHAJeHHBIMH TeJaMHM Ha3sbl-
BAeTCs NPHUTSIKEHHEM, €Cd OHO CTPEeMHMTCA HX CONM3HTb, M OT-
TaJKHBAaHHEM, €CIH OHO CTPEMHUTCA HX OTAAJIHTb.

OpnHako, BO Bcex cayuasx AeHETBHE W TNPOTUBOAECHCTBHE
MeXJy TeJaMH PaBHbl U NPOTHBOMOJOXHDI.

57. TPETUH 3AKOH JABHXXEHHUA CHPABEAJMUB 1IJA9 HLEH-
CTBHS HA PACCTOSIHMUH. ToT ¢akt, YTO MarHdT MNpHUTATH-
BaeT K cebe ese30, Gbl 3aMeueH y)Ke [pPeBHUMH, HO HMH He
OblJI0 OOpALEHO HHKAKOTO BHHMAHHA HAa CHJY, C KOTOPOH ie-
Je30 npuTAruBaer MarHuT. H b0 TOH ke, nomeiuass Mar{uT B
‘OJHOM COCyJe, a XKeJe30 B JApPYyroM, M 3acTtaBass oba cocyja
N/aBaTh MO BOJAE TaK, 4TOObl OHM COMPHKACAJIMCh, IOKa3aad Ha
‘ONbITe, YTO TAK KAaK HH OJHH M3 COCYAOB HE OBl B COCTOSIHHH
JBHraTh Apyrod BMecTe ¢ co60# Brepei Nno BOAe, TO MpPHTH-
JKEHHEe XKese3a MATHUTOM JO/DKHO ObITb PaBHQO.H MPOTHBOMOMOKHO
NPHUTSDKEHHIO MarHuTa JKeje3oM, M KaxJoe H3 HMX paBHO J1a-
BIEHHIO MEXJY ABYMSl COCYZAAMH.

JaBwu 3Ty sKCnepHMeHTaAbHYI0 HATIOCTpauuo, He o ToH ne-
PEXOJHUT K YKa3aHHIO HA CJeJCTBHE OTPHLAHHA HCTHHHOCTH 3TOrO
3aKoHa. Hanpumep, ecau npuTsHKeHHe KaKOH-1HOO 4acTblo 3eMJH,
CKaXeM, TOPOH, OCTaJbHOH 4acTH 3eMJH Obl10 Obl 60.blIe HJIH
MEHbLIE NPUTSKEHHS TOPbl OCTAJIbHOIO YACTbIO 3€MJH, TO Cylue-
CTBOBaNA 6bl OCTATOUHASA CHJA, NEACTBYIOIAA HA CHCTEMY 3€MIH—
rOpHl, Kak Len0e, KOTopas 3aCTaBHJa Obl €€ yAaldsaThCs CO BCe
BO3pAaCTaOIell CKOPOCTbI0 B GECKOHEYHOM MPOCTPAHCTBE.

98. IJOKABATEABLCTBO HbIOTOHA HE 5KCMEPHMEHTAJbHO.
ITO NPOTHBOPEUYHT MEPBOMY 3aKOHY IBHKEHHSA, KOTOPHIA yTBEp-

~
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XKIAET, YTO TEAO He M3MEHseT CBOErO COCTOSIHUS JIBHIKe-
HUA, €CAH Ha Hero He jeficTByeT BHeW Hss cuiaa. Heabss
YTBEPKAATb, YTO 5TO MPOTHBOPEYHT OMBITY, MOTOMY 4YTO I€i-
CTBHE HEPABEHCTBA MEXIY MPHUTSKEHUAMH 3€MJICH TOPBl H rOpoi -
3eMJIH 6blJ10 6bl OJIHHAKOBO C JI€HCTBHEM CH/LI, PABHOH Pa3HOCTH
3TUX NPUTSKEHHH M JeHCTBYIOLIEH 10 HanpaBieHHIO JIHHHUH,
COeIHHSIOLIeH LEHTP 3eMJIH C FOPOH.

Ecau 6b1 ropa Haxoaunacb Ha 3KBaTOpe, TO 3eMJsl JIOJKHA
6biia O6bl BpAIAaTbCsl OKOJO OCH, MapajienbHOH TOH OCH, OKOJIO
KOTOpOH OHa 6bl Bpawlasacb B MPOTHBHOM CJyuyae, HO HE Mpo-
XOAALIeH TOYHO yepe3 LEHTP MacChl 3eMJH *).

Ecau 6bl ropa Haxojuaach Ha OJHOM M3 TMOJIOCOB, TO MO-
CTOSIHHAs CHJIa, NapajiebHasi 3eMHOH OCH, 3acTaBusa 6bl OpOUTY
3€MJIM OKOJO COJHLA MEIJIEHHO NEPEHOCHTLCS K CeBepYy HIH
IOy OT MJIOCKOCTH, NMPOXOJsALIeH 4epe3 LEHTP MacChl COJHUA.

Ecau 661 ropa HaxoAusach B KaKOM-HUOYAb IApPYyrOM MecTe
3€MHOI MOBEPXHOCTH, TO ee aeHcTBHe Obii0 Gbl OTYACTH OJHOTO,
0TYacTH APYroro poia.

Hu oaun u3 3Tux 3¢¢exToB, €CJAH OHH HEe OYeHb BEJIHKH,
He MOr O6bl ObITb OOHAPDYXKEH HENOCPEACTBEHHBIMH aCTPOHOMH-
YeCKMMH HabJl0IeHHsIMH, 4 KOCBEHHBIH MeTox OGHapymeHHs Ma-
JBIX CHJ MO HX JEeHCTBHIO, BHIPAXKAIOLWEMYCSA B MEIJIEHHOM H3Me-
HEHHH J€MEHTOB OPOWTH MJAHETHl, MpeJNoJaaraer, 4To H3BeCTHa
CrpaBeJJIMBOCTb 3aKOHA TATOTEHHUA. JIOKa3bBaTh 3aKOHBI IBHXKEHHSA
MOCPEeACTBOM 3aKOHA TArOTEHHMS OblJIO Obl OOpallleHHeM HayuyHOro
- mopsiika. 1o 6b110 6Bl BCE PABHO, YTO AOKA3bIBATh MPABHIO C/IO-
JKEHUS YMCcesa NMOCPeACTBOM AH(PdEpeHLHaAbHOr0 HCYHC/ICHHS.

Heab3ss mostoMy paccMaTpHBaTh HBIOTOHOBO pacCyX/eHHe
KaK CCbIIKY Ha OMNBbIT M HaO/I0J€HHEe, HO, CKOpee, KaK BBIBOL
TPETbero 3aKOHAa IBHXKEHHS M3 NEPBOTO.

#) 3T0 NOTOMY, UTO TaKas OCTaTOYHAA CHJIA BpaIATaCh Obl BMecTe C Cy-
TOUHBIM ABIXeHHeM 3eMaH. Ecau F ecTb 31a cuaa, £ -— Macca 3eMiIH, a @ — ee
YII0Bas CKOPOCTb, TO M3MEHEHHAs OCb BPALLEHHA NPOXoanta Obl HA TAKOM pac-
CTOSIHMM R OT ueHTpa maccol, ut0 F = Ew?R.

B caenyomeM npeanosoXeHHH HANpaBAeHHEe OCTATOUHOH CH/bl TOCTOSHHO,.
a TAK KAK 3€MJs yIep:KHBAETCS B OPGHTE BOKPYT COJAHLA CHIOH TAPOTEHHSA, TO.
3TA CHJA TEpelaeTcs COAHEUHOl CHCTeMe, KaK Ue’doMy, K KOTOpoil, C1eioBa-
TeabHO, a HE K OJHOW JMIUb 3eMle, M CAelyeT TNPHMEHHUTb 3aKHOUHTEeAbHOE NO-
aowenue § 57.



I'J/TABA YETBEPTAS.

O CBOWMCTBAX LIEHTPA MACCHI MATEPUAJIbHOM
CUCTEMBL.

59. ONPEAEJEHHE BEKTOPA-MACCH. Mbl BHJEJH, UTO BeK-
TOp TNpeACTaBJsieT ONepauHi0 NepeHeCeHHs 4YepTAleHd TOUKH
M3 JAaHHOrO Hayajla B JAHHYIO TOUKY.

OnpenenuM BeKTOP-MacCy, KaK ONEPaLHIO NMepeHeCeHHd
~ JIaHHOM Macchl M3 IaHHOTO Haya/la B JaHHYIO TOYKy. Hanpasienue

BEeKTOPAa-MacChl TAKOBO K€, KaK M HanpaB/JeHHEe BEKTOpa 3TOH
Macchl, HO €ro BeJHUHHA eCTb IPOHM3BEJEHHE MacChl Ha BEKTOP
s1oii Macch. Tak, ecan OA ecTb BeKTOp Macch A, TO BEKTOp-
macca ectb OA . A.

60. LIEHTP MACCH ABYX 4YACTHL. Ecam A u B— aBe
Macchl, ¥ ecad B3fiTh TOuKy. C Ha npsAMoil auHuM AB Tak, 4TO6HI
BC otHocunoch k CA xak A Kk B, TO BeKTOp-Macca Maccol
A -+ B, noMeieHHo# B Touke C, paBeH CyMMe BEKTOPOB-Macc
gactuy A u B. H60

0OA.A--OB.B=(0C+CA)A+(OC+CB)B
—=OC(A+B)+CA. A+"B“
A4

Ho Bekropui-maccet CA. A u CB.B.
PaBHBEl H NPOTHBOMOJIOKHBI, TaK UYTO C

OA.A+4OB.B=0C(A+B), 3

T.-e. C eCTh TaKad TOYKA, YTO eC/AH 6bl MacChl
yacTHIl A M B 6bIIH COCPeIOTOUYEHbl B TOUKE o
C, TO X BeKTOp-Macca u3 aw6oro Hayana O
6b11 OBl TOT Ke caMblif, KaK ecau 6bl Macchl

A u B HaxoauaAMChb B KX AeHCTBUTEAbHBLIX MOJOXKEHUAX. TOYKa
~ C HasblBaeTcs LEeHTPOM MacCH 4acTHU A u B.

dur. 7.
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61. llEnTP MACCH CHCTEMB. EcCIH CHCTEMa COCTOHT H3
HECKO/MBKHX YACTHL, TO MBl MOXEM OMpeAeNHTb cHadYana LeHT)
Macchl J0OBIX JBYX YacTHL M 3daMEHHTh 3TH JBE€ 4YaCTHLH!
yacTHUEH, PaBHOH HX CyMMe H MOMEUICHHOH B HX LEHTPe MAacChHl.
3ateM Mbl MOXEM ONPEAEJIHTb LEHTP MAacchl 3TOH YaCTHLbI
BMECTe C TPeTbeH uYacTHUEH CHCTeMbl H [TOMECTHTb B 3TOH TOUKe
CyMMy Macc Tpex HacTHLL M T. A. A0 T€X NOp, NOKa He HaixeMm
LEHTP Maccbhl BCEH CHCTEMHBI. )

BekTtop-Macca, mpoBeseHHBIH M3 M1060ro Hayaza K Macce,
paBHOH Macce Bcell CHCTEMBl H NOMEUEHHOH B LEHTPE MacChl
CHCTEMBl, paBeH CyMMe€ BEKTOPOB-MAcC, MPOBEIEHHBLIX H3 TOrO
K€ Hayasa KO BCEM YacTHLUAM CHCTEMBI.

W3 pokasarenbctBa § 60 caexyer, uTOo TOYKa, HaiAeHHad
JAaHHLIM 3/1eCh MOCTPOEHHEM, 3TOMY YCJAOBHIO YIOBJIETBODSET.-
H3 camoro yc/nioBuS SICHO, UTO eMy MOXET YJOBAeTBOPSITb TONBKO
onHa Touka. [TosToMy mocTpoeHHe HAOMKHO NPHUBOAMTH K OMH-
HAKOBOMY pe3YJILTATy OTHOCHTE/IbHO NOJOXEHHMS LUEHTPA MAacChl,
B KaKOM OBl Mbl TNOpSAKE HH Opajd 4acTHILHI CHCTEMH.

CrnenoBaTenbHO, LEHTP MacChl ecTb ONMpefesneHHas TOYKa Ha
AuarpamMme KOH(pUrypauumu cucrembl. [IpunuceiBas pas/iHYHBIM
TOYKAaM Ha JHAarpaMMax fepeMelleHHsi, CKOPOCTH, H3MEHEHHUs CKO-
POCTH H YCKOPEHHSI MAacChl TeJ, KOTOPHIM OHH COOTBETCTBYIOT,
Mbl MOXEM HaHTH Ha KaJOH H3 3THX JAHATPAMM TOUKY, CO-
OTBETCTBYIOL(YI0 UEHTPY MAacChl ¥ [MOKAa3bIBAWOWYK [epeMme-
LIEHHE, CKOPOCTh, H3MEHEHHE CKOPOCTH HJIM YCKODEHHe UeHTpa
Macchl.

62. BEKTOP KOJAHMYECTBA JABHXEHHS, KAK BBICTPOTA
H3MEHEHHUS BEKTOPA-MACCH. Ecau Touku o, a, b, ¢ Ha.

JHarpaMMe CKOPOCTeH COOTBETCTBYHKOT CKO-

a p , p poctsim Hauaia O u ten A, B u C u ecau
, . TOuYKa p ecTb UeHTp Macc A u B, nomeleH-

g HBIX B TOYKax @ U b, a ¢ ecTb LIEHTpP Maccol

o A -+ B, nomeuteHHo#t B p, U maccel C, noMe-

c IEHHOH B ¢, TO ¢ OGyAeT LeHTDP MacChl CH-

bur. 8. creMbl Ten A, B u C, NOMeUIeHHHIX, COOT-

BETCTBEHHO, B TOYKaX a, b u c.

Ckopoctb Tena A oOTHocHTenbHO O YKa3bIBaeTCs BEKTOPOM
oa, a ckopocTb Tea B u C— BekTopamu ob u oc; 0p ecTh CKO-
POCTb LEHTPa Macchi Ten A M B, a 0§—CKOPOCTb LEHTPA MACCHI
ten A, B u C orHocHTesbHO Hauana O.
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KonuuectBo asuxeHnst Tena A ortHocutenbHo O ecTb npo-
M3BEJEHHE CKOPOCTH Ha MacCy, WIH 0a.A, T.-e. TO, UYTO Ml
Ha3Ba/MH YXE€ BEKTOPOM-MAacCOH, MPOBEIEHHBIM M3 TOUKH O K
macce A, nomeurenHolt B a. [Togo6HO 3TOMY, KOJIMYECTBO JBHU-
WKEHHUS BCAKOTO JPYroro TeJa €CTh BEKTOpP-Macca, NPOBEIEHHLIH
M3 Hayala o0 K TOH TOUKE Ha JAMarpaMMe cKOpocTeii, KOTopas
COOTBETCTBYET 3TOMY TeJYy, a KOJHYECTBO JABHMKEHUS MacChl CH-
CTEMbl, COCPEJIOTOYEHHOH B UEHTPE MacCc, eCTh BEKTOp-Macca,
MPOBEJICHHBIA U3 Hayana 0 K MOJIHOH Macce, MOMeEIIEHHOH B ¢.

Tak KaK, CJ€10BaTeNbHO, BEKTOP-MAcCa Ha AHArPAMME CKO-
POCTEil €CTh TO, YTO MBI YK€ ONpeJe]HIH KaK BEKTOp KOMHue- .
CTBa JABMXEHHS, Mbl MOXEM H3NOXKHTb JOKa3aHHoe B § 61 cBoit-
CTBO C/€AYIOLWIMM 06Pa3oM: KOJHYECTBO JIBHXKEHHS] MacChl, paB-
HOM Macce BCe#i CHCTeMH, ABHXYLUEHCA CO CKOPOCTbIO LIEHTpa
MacChl CHCTEMbl, PAaBHO MO BeJHYHHE M MNapaaie]bHO MO Ha-
NPaBJIEHHIO CyMMe KOJIMYECTB HBHXKEHHSI BCEX YaCTHL CHCTEMBI.
. 63. BAHAHHE BHEUIHHX CHJ HA JIBUXEHHUE LLEHTPA MACCHI.
-ToyHo TaxuM ke 0Opa3oM, Ha AHarpaMme MOJHBIX yckOpenHit
(T. €. U3MEHEeHHI1 CKOPOCTH) BEKTOPH @@, ®F U T. 1., TPOBEAEHHbIE
M3 HayaJja, NMPeACTaBAAIOT H3MeHeHHe CKOopocTH Tem A, B u T. 1.
B TeUYEHHE HM3BECTHOTO NpoMexyTka BpemeHH. COOTBETCTBYIOLIHE
BeKTOphI-Macch, ®a.A, 3.8 " T. 1.,

Npe/CTaBAAIOT COOTBETCEBYIOUEE H3ME- = B
HEHHE KOJHUeCTBA ABHXKEHHs HJH, 110 BTO- P,

pPOMY 3aKOHY IBHXEHHS, UMMYJAbCbl CHJI,

JeHCTBYIOLUIMX HA 3TH Te/1a BTeYeHHe 3TOrO cw »
npomexyTka Bpemend. Ecan » ectb uentp our. 9,

MAacChi CHCTEMBI, TO % €CTb H3MEHEHHe
€r0 CKOPOCTH B TeueHHe npomexyTka, wx (A 4+ B 4+ C) ectb
KO/IMYeCTBO JBHXEHHs, COOOIICHHOE Macce, COCPeAOTOYEHHOH B
ueHTpe TskecTH. Otciona, no § 61, U3MeHeHHe KOJNHYECTBA [BH-
2CHUSL BOOOpaXaeMOH MaccChl, PaBHOH Macce Bcell cHCTeMbI H
COCPeJOTOYEHHOR B ILIEHTPE MacChl, PaBHO CyMMe€ H3MeHEHHH
KOJIMYECTB JBHXXEHHA BCEX DAa3JHYHBIX Te/l CHCTEMBIL.

B cuny BTOpPOro 3aKoHa JABHXKEHHS Mbl MOXEM H3/10XKHTb
9TOT pe3y/bTaT B cileaymwolieil ¢opme:

Bausdnue cu/, OEACTBYIOIIMX HA pasjiH4HbIE Tesla CHCTEMbl, B
CMBIC/IE H3MEHEHHS JABHMKEHHS LIEHTPA MacChl CHCTEMBI, TAKOBO e,
KaK eC/AH Obl BCe ITH CHJBI ObLIM MPH/IOKEHBI K Macce, paBHOH
MOTHOM Macce CHCTEMBl M COBNAJAIOILEH € €e LEHTPOM MacChl.
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€4. JIBUXXEHHE U EHTPA MACCH CHCTEMB HE 3ABHUCHUT
OT B3AHUMOJXEHCTBHS MEXJAY EE yacTaAMH. Hb6o, ecan cyiue-
-CTByeT B3auMoJeHcTBHe Mexny uactamu A u B cucremsl,
TOo jnefictBue A Ha B, no TperbeMy 3aKOHY JBHIKEHHs], Bceria
PaBHO M TNPOTHBONOJOXHO npotuBojeicTsnio B Ha A. Koau-
4ecTBO JABHMEHHAA, coobuieHHoe uacTH B jefictBueM A B Teue-
HHE KAKOTO-TH6O NMPOMEXYTKA, PABHO W MPOTHBOMONOKHO KOJIH-
yecTBY JABHMKEHHUs, COOOIEHHOMY 4acTH A npOTHBOAeHcTBUEeM B
B TEUEHHE TOTO JKe NMPOMEXYTKa, M CleJ0BaTeNbHO Ha JBHXKEHHE
ueutpa macc A u B uMX B3aMMONEHCTBHE HE BJHSAET.

MBI MOXEeM NPUMEHHTb Pe3yJbTaT MNpeibaylliero naparpadga
M CKa3aTb, YTO TAK KaK CHaBl, faeficTBywowue Ha A u B u Bo3-
HMKAKOIHe U3 HX B3aUMOJEHCTBHS, DAaBHBl H IPOTHBOMOJIOXHEE,
M TaK KaK BJAUSIHHE 3THX CU1 Ha JBHXKEHHE UEHTpPa MacChH CH-
CTeMbl TaKOBO e, KaK ecad Obl OHH OblIM NPHIOKEHBl K
4acTHUe, Macca KOTOpPOH paBHAa MOJHOH Macce CUCTEMBI, a Jel-
CTBHE JBYX CWJ, DaBHBIX W MPOTHBONOJOXHBIX IpYyr Apyry, .
€CTh HYJb, TO JABHXEHHE LIeHTPA MAcCChl HE MCIBITAeT U3MCHEHHUs.

65. IIEpPBBEIH H BTOPOH 3AKOHB JBUXEHHUS. DTO OYEHb
BaxKHblil pesyabrar. OH Jaer HaM BO3MOXHOCTBb clenaTb 60-
Jlee TOYHBIM H3/I0XKEHHe [ePBOFO H BTOPOTO 3aKOHOB JBHXKEHHS,
onpenessisi, YTO MOJ CKOPOCTBIO TeJa pa3yMeercs CKOPOCTb €ro
ueHTpa Maccel. Teno MoxeT BpallaThCsl HAH COCTOAThL U3 uacTei U
6bITE CNOCOGHO K U3MEHEeHHI0 KOH(HUTYpallMH, TaK UTO JABUKEHHE
PasHBIX YacTeil MOXeT ObITb Pa3IH4YHO, HO Mbl MOJEM BCE K€ yTBep-
WKAaTb CNPABeINHUBOCTb 3aKOHOB JBHXKeHUS B caenywueit popme:

3arxor I.—1lleHTp Macc CHCTeMbl NPOJOMIKAET COXPAHATDH
CBO€ COCTOSIHME NMOKOSI MAM PAaBHOMEPHOIO JBHXKEHHS MO NMpsiMOK
JIMHUM, TIOKA €ro He 3aCTaBsIT HM3MEHHTb 3TO COCTOSIHHE CHJIBL,
AefCTByIOLlMe HAa CHCTEMYy H3BHe.

3axon I1.— Vi3MeHeHHe KOJMYECTBA JIBHIKEHHA ) CHCTEMBI
B TeueHHe JOOOr0 NPOMeXKYyTKa BpPEMEHHM H3MepseTcsl CyMMOH
MMITy/IbCOB BHEIIHWX CHJI B TEUEHHE STOro NpOMeXyTKa.

66. Cnocos PACCMOTPEHHSI CHCTEM MOJEKYA. Ecau
CHCTEMa COCTOMT H3 YacTel, CTOJIb MaJblX, YTO MBI HX HE MOMEM
Haba01aTh, H IBHXEHHS KOTOPBIX TaK OBICTPHI H TAK H3MEHYMBHI,
YTO jnaxke ecad Obl Mbl MOTVIH HX HabJIOAATh, TO HE MOIIH Obl HX

*) B HacTOflleM TNpelaoXeHHH [101pA3yMEBaeTCsi KOJHYECTBO INOCTYyIaTe/b-
HOFO IBMXKEHHS, OTJHYHOE OT KOJAWYeCTBAa BpawateibHoro isiwenus. Cp. § 69.
B pacinMpeHHOM CMbiCae 3aKOH rogutcs aas oGoux Bmecre. Cp. § 70.
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OMKCATb, Mbl TeM HE MEHee B COCTOSIHHM PacCMaTpHUBATh JIBHXEHHE
LEHTpPa MacChi CHCTEMBI, W60 BHYTPEHHHE CHJIBI, BBHI3LIBAIOLIHE
M3MEHUYHBOCTDb JBHXEHHUS 4acTeH, HE BAHSIOT HA JBHXMEHHE LUCHTPA.

67. BBEAEHUEM MOHATHA O MACCE Mbl NMEPEXOJAHM OT
BEKTOPOB TOYEK, NEPEMEIMEHHH TOYEK, CKOPOCTEH, HX
H3MEHEHHUH M YCKOPEHHH K BEKTOPAM-MACCAM, MACCAM-
NEPEMELIIEHHAIM, KOJHYECTBAM JIBHXEHHSA, HMOYJABCAM H
ABHUXYIWHM cHJAM. Ha nuarpamme yckopeHus (dur. 9, § 63)
BEKTOPHl ©d, @3 W T. J., NPOBEJEHHblE U3 HAayana, H306GpaxaloT
yckopenust Ten A, B W T. A. B J@HHBIi MOMEHT, MO OTHOIICHHIO
K yckopeHuio Hayana O.

CoOTBeTCTBYIOILIHE BEKTOPLI - MaCCH, wa . A, of.B u T. 1., H30-
6pakaioT Cuibl, IeicTBylowHe Ha Tena A, B n 1. L

MHoraa Mbl rOBOPHM O HECKOJNbKHX CHJAX, AEACTBYIOWMX HA
Tesn0, ecAH JEeHCTBYIOIUAas HAa TeNO CH/Id BO3HHKAET H3 HECKOJb-
KMX Pa3JHuHbIX MPHYHH, TaK YTO €CTECTBEHHO PacCMaTpUBAaTh B
OTAEJABHOCTH YaCTH CHJbl, BO3HHKAIOUIHE BCAEACTBHE 3THX pas-
JUYHBIX NpUYHH. Ecan ke MBI paccMarpuBaeM CHIY He C TOYKH
3penus ee NPUYMH, HO MO OTHOWIEHHIO K ee 3ddexTy, cOCTOs-
LieMy B H3MEHEHHH ABHKEHHS Te/a, TO Mbl TOBOPHM HE O CHJIAX,
a o0 cune, KeficTBYIOlIeH Ha TeJO, H CHJA 3Ta U3MepsieTcsi GbICTPO-
TOHl WU3MEHEHHSI KOJMYECTBA JABIXKEHHS Tena M H300paxaercs
BEKTOPOM-MAaccoil Ha JHarpamMme yCKOPEeHHus *).

#) D10 paszanyHe yIaYHO BLIPAKAETCH TEPMHHAMH TIPDHAO K E€HHDbI ¢ CH D
M 3¢ PeKTHBHDBIE (LesdTeAbHbBE) CHIBL Jdaa oTAeABHOH yYacTHUbl 3TH
JBE CHCTEMbl CHA CTATMUECKH 3KBHBaJCHTHbI. [103TOMY, AAst BCSKOrO T€Ma, KOTOPOE
MOKHO DACCMAaTPHBATh KaK CHCTEMY YACTHL, YAEPKHBAEMBIX BMECTE HX B3aHMO-
1eiiCTBUSIMH, IOMKHO ObiTb CNPABEIJHBO TO K€ CaMOe sl HX COBOKYMHOCTH,
ecTi HX B3aMMOJCHCTBHS TAKKe BKJAIOUEHBI B YHCIO NpPHAOKeHHbIX cHa. Ho st
BHYTDEHHHE CWJBI JOMKHHI HMETb B KAXIOM C/ydyae KaK pas TaKHe BETHUHHbI,
yToGbl OHH CTATMUYECKH B3aUMHO YPaBHOBELIHBAAHCb, MGO, B MPOTHBHOM Cay-
yae, 4aCTH TeJa NMOJYYHAH Gbl HeMpepbiBHO YCKOPEHHOE IBHKEHHE, NAaXKe B TOM
cayyae, €CIH OHO M30JMPOBAHO OT BCEX BHEWIHHX BAHSHHA. CrefoBaTe/bHO, €CIH
MCKIIOUUTh H3 PACCMOTPEHHs BHYTPEHHUE CHJbl, TO CHJBI, NPHAOKEHHbIE i3BHE,
CTATHYECCKH JKBHUBANEHTH, MOCKOJAbKY N€a0 KacaeTcs Teld RAHHOTO
THNA, 3QQEKTHBHBIM CHJAM, YCKOPSIIOUIMM YaCTHUB! HJIHM 3JEMEHTHI Macchl 3TOrO
reda. OT0 — Hauano n’'AaaM6epa; XOTS OHO H 33KTOYAETCH B HbIOTOHOBOH
cxeme, GyAyuH TIPEIYCMOTPEHO TPETHHM 3aKOHOM, HO ero Goiee fcHas dopmy-
AnpoBKa, 1aHHas B 1743 roly, npHBesa K Go/bLUOMY YNPOLEHHIO B pacCMOTpe-
HUH 3aNlyTAHHBIX JMHAMHYECKHX BONMPOCOB NyTeM CBEAEHHA HMX K 3alavam cra-
THKH, MPHMEp Yero TPeACTaBIseT NpHHamnexawee 1  AnamGepy Hccienosa-
HHE KOAeBAHHS 3eMHOH OCH, Bbi3bIBAIOLIEro NpeiBapeHue PaBHOACHCTBHH.
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Taxkum 006pa3om, Mbl HME€EM pfJ Pa3THYHOrO PO/A BEKTOPOB-
Macc, COOTBETCTBYIOMIMX PANLY YKe PaCCMOTPEHHBIX HAMH BEKTOPOB.

Bo-nepBeix, Mbl HMMe€eM CHCTEMY BEKTOPOB-MAacC ¢ OOLIHM
HAa4ya/JaO0M, Ha KOTOPbie MOXeM CMOTPeThb, KaK Ha crnoco6 uzobpa-
XEHHA pacnpeieseHHss MacChl B MaTepHaibHOH CUCTEME MO0A0GHO
TOMY, KaK COOTBETCTBYIOIIAR CHCTEMAa BEKTOPOB M300paxaeT reo-
MeTPHYECKYI0 KOH(PHIYypaALHIO CHCTEMBI.

- Bo-BTOpHIX, cpaBHMBasi_ pacrpeseseHHe Macchl B B2 pas3iuu-
HbIX MOMEHTAa BPEMEHH, Mbl MOJY4YaeM CHCTEMY BEKTOPOB-MacC
nepeMeleHus.

BricTpoTa MacchH -nepeMelleHHs ecTh KOJMM4ECTBO JBHMKEHHT,
nono6HO TOMY, Kak OBICTpOTA MepeMElIeHHs eCTh CKOPOCTb.

HMaMeHeHHe KOJIMYECTBA ABHIKEHHSI 33 HEKOTOPOE BPEMS eCTb
HMMYJIbC, YTO COOTBETCTBYET H3MEHEHHIO CKOPOCTH.

BhICTpOTa H3MEHEHHs KOJHYeCTBA JBHXEHHUsl eCThb ABHKYLIast
CH/Ma, KaK ObICTPOTAa M3MEHEHHs! CKOPOCTH €CTh YCKOpeHHe.

68. OnPEAENEHHE MACCH-naowAand. Ecau marepuannb-
Has YacTHUA ABHXKETCS OT OJAHOH TOUKH K JAPYro#, TO yJABOEH-
Hasi MJOIUAJb, ONKCAHHAA BEKTOPOM YaCTHilbI, MTOMHOXEHHasl Ha
Maccy 4acTHUBI, Ha3blBAETCS MAaCCOM-M/IOWIAALI0 MNepeMelleHHs
YaCTHUBl OTHOCHTEJNbHO Hauana, M3 KOTOPOro MPOBEAEH BEKTOp.

Ecau -naowaap ymeliaercss B 0QHOH (I0CKOCTH, TO Hampa-
BJI€HHE MacCChl-MJIOWAAH HOPMAJbHO K 3TOH MJOCKOCTH M MpO-
BEIEHO TaKHM OOpa3oM, 4TO €C/IH CMOTPEThb MO MOJOXKHUTEIbHOMY
HaMpaBjIeHHI0 HOPMaJsH, TO JIBMIKEHHE YACTHIIBl BOKPYT Hayalb-
HOH TOUKH KaXeTCs MPOHUCXOASLIMM [0 HAapaBleHHIO ABHXKESHUSA
YAaCOBOH CTpesKH ¥).

Ecau naowanb He ymemaercss B OZHOM MJIOCKOCTH, TO Tpa-
€KTOPDHA YaCTHOb AO0MKHA ObITh pasjieneHa Ha 4YacTH, CTOJb
Manble, 4TO KaXAash H3 HHX KaXeTCs COBMAjalolledl ¢ MpsMoi
JIKHHEH, H MaCChl- 101AAH, COOTBETCTBYIOLIHE ITHM YaCTsAM, N0J-
XHbl OBbITb CJAOXEHbl MO MPABHAY CJOXEHHS BEKTOPOB.

69. MOMEHT KOJHYECTBA JBUXEHHUA'!). Buctpora usme-
HEeHHsl MacChl - IVIOUAJH eCTb YJBOEHHOE MPOH3BEAEHHE MacChl
YaCTHUbl Ha MJOWAAb TPEYroJbHHKA, BepIIHHA KOTOPOro Haxo-

*) Ecan nonws3oBaTbesl aGCOMOTHBIMH TEPMHHAMH, JBIHKEHHE BOKDYI nio-
HIaAH TTPOHCXOMHT 1O HANPABACHHIO TPABOBPALLAIOLIETO BHHTOBOTO NBHKEHHA, B
KOTOPOM TOCTYTIATENLHOE NepeMeuleHHe POHCXOAHT BAOAL HOPMAAH 110 €€ OO~
MHTEJAbHOMY HAIDABIEHHIO.

1y ¥ Makcseaaa: angular momentum. H. A.
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JHTCA B Hauazne, a OCHOBaHUe eCTh CKOPOCTb YacTHLbI, H3MepsieMast
BIOAb JHHHH, NPOXOASlel uepe3 YaCTHLY MO HAMPABJECHHIO €€
aBxeHus. HanpaBnenue 3To# MacChl- NI0WAAH yKa3blBAa€TCs HOP-
MaJblo, MPOBENEHHONH COrMacHO NAaHHOMY Bbillle MpPaBHJY.

BbicTpoTa M3MEHEHHsT MacChi-MJOIAAH YaCTHUBI Ha3bIBaeTCs
MOMEHTOM KOJIHYECTBA JBHXKEHHS YaCTHLBI OKOJO Hauyasna, cymMMma
)K€ 3THX MOMEHTOB BCEX YAaCTHI[ HA3bIBAETCS MOMEHTOM KOJH4e-
CTBa JBHKEHHSI CHCTEMBI OKOJIO Hauasna.

MoMeHT KOJIMYeCTBa ABHXEHHS MAT€PHaIbHON CHCTEMBl OTHO-
CHTEJbHO TOYKH €CTh, CJA€J0BATEIbHO, BEJHYMHA, HMEKOIAsS
K4aK ONpeJe]eHHOe Harnpas/ieHHe, TaK M ONpeeJeHHBIA pasMep.

OnpeneneHde MOMEHTA KOJHUECTBA ABHIKEHHMS YACTHULBI OKOJIO
TOUKH MOXET ObITb IaHO HECKOJbKO HHaue, KaK IMPOH3BeIEHHE
KOJMIMYECTBA JBHXKEHHUS] 4aCTHLbL OTHOCHTENBLHO 3TOH TOUYKHM Ha
MepneHaMKyJsip, OMYIUEHHBIH M3 3TOM TOUKM HAa HanpasjeHHE
JIBH)KEHHMS] YacTHLBl B 3TOT MOMEHT BPEMEHH. ,

70. MOMEHT CHMJB OKOJO TOYKH. bricTpora BO3pacra-
HMSI MOMEHTAa KOJMYECTBA JBHXEHHMSI 4YaCTHUBI €CThb NPOH3Be-
JIeHHe YCKOPEeHHMS YacTHIbl Ha €€ MacCy W Ha MNeprneHIuKyJjsp,
ONyLIeHHbIH M3 Hauyala Ha JHHHIO, MPOXOMASLIYI0 uepe3 YacTHLY
MO HaMpaBleHHIO YCKOPEHHUS; APYTMMH CJI0BaMH, MPOHM3BELEHHE
JABWXKYUIEH CHIBI, deficTBYOLIEH HAa YaCTHIy, Ha MepreHIUKYJsp,
_OMNyUIEHHBI M3 Haua/la Ha JIHHHIO JEHCTBUS 3TOH CHJBI.

[Tpou3BeneHHe CHAbE HA MEPNEHANKYJISAP, OMYLIEHHBIH H3 Ha-
yasa Ha JIMHHIO ee JEHCTBMS, Ha3bIBa€TCI MOMEHTOM CHJH
OKOMO HayaJsJa. ITOT MOMEHT eCTb BEKTOp, NPOBEAECHHBIH
nepreHIUKyJISIPHO TJIOCKOCTH, MPOXOAAWEH uepe3 CUly M Hayalo
M 10 TaKOMy HalpaBJI€HHIO, YTO €CJAH CMOTPeTb BAOJIb 3TOH
JMHUM MO HAMpaBJeHHIO, N0 KOTOPOMY OHa NMpOBeAeHAa, TO CHJA
CTPEMHMTCH ABHMraTh 4YacCTHIy BOKPYr Hauyaja MO HanpasJeHHIO
4aCOBOH CTPEKH.

Otciona crenyer, 4To 6bLICTPOTA W3MEHEHHS] MOMEHTA KOJH4Ye-
CTBAa JBHXEHHUS YaCTHUB OKOJO Hauyaja H3MepsieTCsl MOMEHTOM
OKOJIO TOH )e TOUKH CHJIbI, AEHCTBYIOLIEH HAa 4YacCTHIY.

BoicTpoTa H3MeHeHHWsI MOMEHTa KOJHMYeCTBa JBHXKEHHS Mare-
PHaJIbHOM CHCTEMbl OKOJMO Hayajza H3MepsieTcsl, MONOOHBIM Ke
06pa3oM, reOMeTpHYECKOH CyMMOH MOMEHTOB CHJ, AEHCTBYIOLIHX
Ha 4YacTHUBl 3TOH CHCTEMBI.

71. COXPAHEHME MOMEHTA KOJHMYECTBA JABUXEHHS.
PaccmoTpum  Tenepb mio6ble  aBe uyactHubl cucTeMbl. Cuabl,
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AEACTBYIOLIME HA 5TH 1BE YaCTHUBl H BO3HHMKAIOLIME M3 HX B3a-
HMOJEHCTBHSI, PABHbI, NPOTHBONOJIOKHBL U JEHCTBYIOT MO OJHOM
H TOH xe mpamMod sauHHH. OTCIoJa C/lelyeT, 4TO MOMEHTHI 3THX
CHJI OKOJIO J11060# TOUKH, KaK Hada/la, paBHLi, NPOTHBOMOJOMHBI
M DaCnoNOXKEHbl HA OJHOM H TOH e npsamoi. 3Hauut, cymma
3TUX MOMEHTOB eCTb Hy./b. [lof0o6HBIM Xe 06Gpa3om, B3aHMOIeH-
CTBHME MEXIY BCAKOH APYroi mapoil YacCTHI[ CUCTEMbI COCTOMT M3
ABYX CHJI, CyMMa MOMEHTOB KOTOPBIX €CTb HYy.Ib.

Hrak, B3auMoiefiCTBHE MeXAY TesaMH MAaTePHAIbHOH CHCTEMbI
HE BJIMSET HAa IEOMETPHYECKYI0 CyMMy MOMEHTOB cua. [Toatomy
€IMHCTBEHHHIE CHJIBI, KOTOpbIE HY>XHO PACCMATPUBaTh NMpPH Olpe-
JeJIEHHH TEeOMETPHYECKOA CYMMBI MOMEHTOB, 3TO CHJ/IbI BHEIIHHE
N0 OTHOLICHHIO K CHCTEME, TO-€CTb CHJIBI, NEHCTBYIOLUIHE MEXIY
‘BCeA CHCTEMOH HJIH KaKOH-THOO YACTBIO €€ W TesaMH, He BKJIO-

 YCHHBIMH B CHCTEMY.

CnenoBatenbHO, GbICTPOTA HM3MEHEHHs MOMEHTA KOJHYECTBA
JBHXKEHHS| CHCTEMBI H3MEPSAETCH [eOMETPHUYECKOH CyMMOH MOMeH-
TOB BHELIHHX CHJ, NCHCTBYIOLIUX HAa CHCTEMY.

Ec/H HanpaBneHHsl Bcex BHELIHHX CHJ NPOXOJST yepes Ha-
4ajno, TO HX MOMEHTH PAaBHBI HY/II0 M MOMEHT KOJHYECTBA JBH-
HEHHsI CHCTEMBbI OCTAaHETCH MOCTOSHHBIM.

Ecau nuanera omucelBaeT OpOGHTY OKOJIO COJIHLA, TO Hamnpa-
BJICHHE B3aHMOJEHCTBHSI MeX1y OOOHMH TeJIaMH NPOXOJUT Yepes3
HX OOLMA UeHTD Macc. 3HAUMT, MOMEHT KOJMYECTBA ABHXKEHHS
KaXJIOro Tela OKOJIO HX OOILero LeHTpa Macc OCTAeTCsi MOCTO-
AIHHBIM, NOKa pacCMaTPUBAIOTCH TOJbKO 3TH JABA TeJsa, XOTA Ha
HErO MOXET BJHAITH AEeHCTBHE JNPYrux naaHer. OAHAKO XKe, €CaIH
MBI BK/IIOUHM B CHCTEMY BCe IJIAHETH, TO reOMeTpHUEecKas CyMMma
MOMEHTOB HX KOJHYECTB ABMXKEHHS OKOJI0 MX OOLIEro LEeHTpa
Macc OyneT OCTaBaThCsl MOCTOSIHHOM *), KAKOBHI Gbl HH OBITH HX
B3aHMOJCHCTBHUS, NP YCJIOBHH, YTO HHKAKasi CHId, UCXOASALIAS U3
T€JI, BHEIIHHUX MO0 OTHOLIEHHIO K COJTHEUHOH CHCTeMe, He NeHCTBYeT
HEOJIMHAKOBBIM 06DPa30M Ha pa3lHUHbIE Y/JEHBl 3TOH CHCTEMBI,

¥) To-ecTb MIOCKOCTb MOJAHOTO MOMEHTA KOJHUECTBA JBHKEHHH CONHEURON
CHCTEMbl COXPAHACT HEU3MEHHOE HANPAB/JICHHE B MPOCTPAHCTRE.

IlaockoeTs atoro pe3yAbTUPYIOLIEI0 MOMeHTa, Ha3BaHHas Jlamaacowm
»HEU3MEHACMOH MIOCKOCTHIO“, HMEET OCHOBHOE 3HAYSHWE A48 ONpEledeHHs ABH-
KEHHSA COJHEYHOH CHCTEeMbl.
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O PABOTE U 3HEPTHH.

72. OnpPenEnERUS. Padoma *) ecTh AelcTBUE NPHUBO-
AAWMEE K USMEHEHHIO KONGHUTypaUUH B CHCTEME H
MPOH3IBOAHMOE NPOTHB CHJH, CONPOTHBASA UL EficH
3TOMY H3MEHEHH 0.

OHepeus €CTb CNIOCOGHOCTH npoussecTtu paborTy.

Ecnunpuponamarepuansvuoit cucremn TaKoBa,
4TO BCAKHH pPas3, KAK CHCTeMa, NOABEPTrIIHCH pany
H3MEHCHHH, BO3BPAWAETCA KAKHUM-AHUGBO o6pasom
K CBOEMY N€PBOHAYaJbHOMY COCTOSAHHIO, NOJHASA
pa6oTa, NMPOHM3BENEHHAN BHEWHUMHU JeATEAIMHU
Hal CUCTEMOH, paBHAa NOAHOH paGoTe, mMoTpaueH-
HOH CHCTeMO Ha NpPeOJOJEHHE BHEWHHUX CHJ, TO
CHCTEMA HAa3blBACTCS KOHCEPBAMUBHOU CUCMEMOIL F7F),

73. 3AKOH COXPAHEHHS 3HEPTHH. [Iporpecc ¢uanueckux
HayK NPHUBET K OTKPLITHIO M HCC/AEJ0BAHHIO DA3IMUHBIX (HOpM
SHCPrHH M K YCTAHOBKE [O/NI0XKEHHS, UTO BCE MATepPHaJbHBIE
CHCTEMBl  MOXHO pacCMaTpHBaTb KaK KOHCEPBATHBHBIE, NP H
YC/TOBHH, 4YTO INPHHATBL B pacCyeT BCe PAa3/HuHble (HOPMbI
SHEPruH, CYUIECTBYIOLHE B 3THX CHCTEMax.

ITO NONI0XKEHHE, PACCMATPUBAEMOE KAK BBIBOJ M3 HAGJMIONCHHS
W ONbIT3, YTBEPXKIAET, KOHEYHO, TOJBKO TO, UTO JOcCesae He

#) IlpousseneHHas padoTa ecTb KOJHYECTBEHHas MEpa yCH/HA, 3aTpayeH-
HOTO Ha H3MCHEHHS DACTIONOMEHHS CHCTEMbl, BRIDAKEHHAS YEPE3 DPACXOX IHEP-
THY, TPeOYIOWHHCA A9 3TOTO 3poexra.

Tlonarue padotel noapasymesaetr 3amac 3sepru, u3 KOTOpOro yepmaercq -
pa6ora.

**) B OTAHYHE OT CHCTEMsl, B KOTOpPOH leHHasd 3Heprus 61arofaps BIHAHHIO
TPEHHUSL TIOCTENCHHO NPEBPALIACTCH B MeHee LEHHHE (OPMbl, Ha3bIBAEMOH p a c-
cenpawumen cucrtemoit. Cp. § 93. .
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ObI10 OTKPBHITO HH OJHOTO NPHMepa He-KOHCEPBATHBHOH CHCTEMbI.
Kak HayyHoe, NJOZOTBOpHOE IOMOMXEHHe, OHO MNpPHOGpPETaeT,
OHaKO, BCe 6OJbIIYI0 BEPOATHOCTH BCJEACTBHE MOCTOSHHO BO3-
pacTaloulero umcaa CIEeJaHHBIX M3 HEro BBIBOAOB, KOTOpbIE BO:
BCEX cJyuasix ONpaBJa/luCh Ha OMBITE.

IleAcTBUTEIbHO, YUYEHHE O COXPAaHEHMHM 3HEPrHH eCTb efuH-

. CTBEHHOE 061Lee N010XKeHHe, KOTOPOe 0Ka3aJ0Ch B COTJIACHH C ONbl-
-TOM He B OLHOM JHIIL PH3HKE, HO H BO BceX (PM3HYECKUX HayKax.

-~ bBynyun npuuaTOo, OHO HOcTaBasieT (H3HKY - HCCIEI0BATENIO
NPHUHLKN, H3 KOTOPOrO OH MOXET BBHIBECTH JM1060f H3BECTHHIH
3aKOH, OTHOCAIIMACA K (PU3NYECKHM SIBJIEHHAM, H KOTOPHI aaer
€My BO3MOXHOCTb OTKDBbIBaTb OTHOILUEHHS MEXJYy TaKHMH siBJIe-
HHSMH B HOBBIX OTPAacC/IsgX HaykH ¥).

ITo 3TOR NpUuMHe YKa3aHHOE. NOJIOXKEHHe OOLIKHOBEHHO Ha-
3niBaloT 3akoHoM CoxpaHeHHsi DHepruH.

74. OBIEE W3/M0XEHHE 3AKOHA COXPAHEHHS SHEPIHH.
[TonHas sHeprus BCIKOR MaTepHanbHON CHCTEMH
eCTh BENTHUHHA, KOTOPOH He MOMXET HH yBeJAHUHTD,
HU YyMEHbLWHTh HHKAaKOE B3aUMOJLEHCTBHE MEX Iy
YaCTAMH CHCTEMB, XOTHA OHAa MOXeT GHThL NpeBpa-
uieHa B A106y U3 POpM, KOTOpbie 3HE€pPrHsg cno-
cob6bHAa NPUHATSD.

Ecan nox peficTBHeM BHEIIHEr0 MO OTHOLICHHIO K CHCTeMe:
areHTa HM3MeHsleTcs KOH(Hrypauusi CHCTEMBl, [PHUEM CHJEbI
CHUCTEMBEl CONPOTHBJSAIOTCS 3TOMY H3MEHEHHIO KOHGUrypauHH,
TO TOBOPAT, YTO BHEIUHHA areHT MNPOHU3BOAHMT HAaA CHCTEMOMH
pa6oty. B 3TOM ciyuyae 3Heprusi CHUCTEMbl YBEJIHUHBAETCS Ha
KOHUECTBO PaGOTH, IPOM3BENCHHON HAX HEI BHELIHUM areHTOM.

Ecnun, Ha060poT, CUABI CHCTEMBl NMPOH3BOAAT H3MEHEHHE KOH-
urypauus, KOTOpOMy NpPOTHBOIEHCTBYeT BHEIUHHH areHt, TO-
rOBOPSAT, UTO CHCTeMa COBEpILAeT HaJ BHELIHHM areHToM paborty,
M 3HEPTUsi CUCTEMbl yMEHbINAETCS Ha BeJHUHHY paboThl, KOTOPYIO-
OHa COBEpILAEeT.

CnenoBaTenbHo, paGoTa ecTh. NepeBOJ, SHEPTHH H3 OJHOM

' cHCTeMbl B JPYryl0; CHCTEMa, pacXoaylouiasi 3HEPTHIO, COBepIaeT

#) BCAKMIl 3dKOH, OTHOCAWIMACA K CHAaM CTaTHYeCKOH}{HAN HenoaBHxHOM
CHCTEMbl, HESIBHO COJEPKHTCH B MOJHOM BbipameHWH aas 3Hepruu cuctemst. Ho
B KMHETHYeCcKOll CcHCTEMe, Tae CHIa NpPUMEeHAEeTCH AN NPOM3BOACTBA 3HEPTHH
ABHKEHHS, Tpe6yeTcs APYTOil NPHHLNMM, HATIPUMEP, IPHHUMIT HAHMeHbLIETO nAeH-
ctBust. CM. nuxe, T1 IX.
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pa6oTy HajJ CHCTEMOH, ee MoJayyalolleH, W KOJIHYeCTBO 3HEPrHH,
M3pACXOJOBAHHON NepBOi CUCTEMOH, Bceria B TOYHOCTH DaBHO
KOMMYECTBY 3HEPTHH, NPUOOPETEHHOH BTOPOIO.

Ecau MBI COeaWHUM 06€ CHCTEMbl B OAHY OOJABLLIYIO CHCTEMY,
TO 2HEpPrusl MOJHOH CHCTeMBl He YBENHYHBAETCS U HE YMEHb-
LIAeTCS BCJAEJCTBHE B3aUMOLEHCTBHS MEXAY ABYMS 4YaCTHBIMH
CHCTEMaMH.

75. U3MEPEHHE PABOTH. PaGoTy, COBEPIUEHHYIO BHELIHHM|
areHTOM HaJ MATePHATbLHOH CHCTEMOH, MOXHO ONpEeAe/]HThb KaK|
M3MEHEHHE B KOH(HMIypalMH CHCTEMbl, NPOMCXOJsIlLEE MOJ JeH-
CTBUEM BHEIIHEH CHJIBI, CTPEMSAIICHACS MTPOU3BECTH 3TO U3MeHeHHe. |

Tak, ec/M yesoBeK NOAHMMAaeT OJMH (QYHT Ha OAMH QYT OT
3€MJIM MPOTHB CHMJBl TSXKECTH, TO UM COBEPIUEHO ONpeleJeHHoe
KOJMYeCTBO paGOThl, M3BECTHOE Yy MHIKEHEPOB IM0J Ha3BaHHEM
¢dynTo-dyTa.

B 5T0M cayuae 4enOBEK €CTh BHEIIHMH areHT, MaTepHa/bHast
CHCTEMA COCTOMT M3 3eMmau M (pyHTa, H3MEHeHHe KOHGUrypauHH
€CTh yBEJHUEHHEe PACCTOSIHUSI MEXJY Marepued 3eMad U MaTe-
pueil GyHTa, a CUJIOM SIBISETCA HanpaB/ieHHas BBepX CHJ4, NMpPH-
JIOKEHHAs UeJOBEKOM J1s1 MOAHSTUA (YyHTa, paBHAasi H NPOTHBO-
nosoxuas Becy ¢ynra. s Toro, 4To6bl NOAHATH QYHT emle Ha
(yT BbILWe, ecAM Gl TSXKECTb GblIA NMOCTOSHHON CUAOM, NOTpeso-
BAJ0Ch 6bl TOYHO TAKOe Ke KOoAHuecTBO paboTe. Ha camom nexne,
cHna TSDKECTH yMEHbLIaeTcs € MOJHATHEM Hal I[10BEPXHOCTHIO
3eMJIM, TaK 4TO (PYHTO-QYT HE €CTb TOYHO M3BECTHAsH BEIUYHHA,
eC/H MBI HEe ONpeNeNUM HaNpsKeHHe CHJBl THXKECTH B JAHHOM
mecte. OHAKO XKe, LS HEeTH WIMTIOCTPAlMH Mbl MOXEM IIDHHSTD,
YTO CHia TSDKECTH MOCTOSIHHA /s HeGOJbIIOoro uncaa ¢yTos
noabeMa, U B TAKOM cayyae paboTa, 1POU3BEICHHAS ITPH [OHATHH
dynra, 6b1a 661 0MH QYHTO-YT HAa KaxAbli QYT NOAHATHSA.

Il;ist TOro, 4TOOKI MOJAHSATH ABaAUaThb QYHTOB BOJLI HA BLICOTY
pecsitu GyToB, Tpebyercs 200 GpyHTO-QyTOB PaGOTHL. Ytobbl nox-
HATb OJMH (DYHT Ha BHICOTY AecsiTh (yTOB, TpebyeTcs NeCsTh
dyHTO-DyTOB, a TAK KAaK MMeeTcsi ABaiuaTh (QYHTOB, TO BCs
pa6oTa B ABaiuATh pa3 60abuIe, COCTABISsS ABECTH QYHTO-PYTOR.

CenoBaTebHO, KOAMYECTBO PAGOTHl MPONOPUHOHAILHO NPO-
M3BEEHHIO YHCEJ, NPEACTABISIOIIHMX PHI0KEHHYIO CUY U nepe-
MEIlleHHEe MO HANpPABJEHHIO CHJBI.

Ecan pa6ora pasHa (yHTO-QyTy, TO CHJIOH SABASETCS BeC
dyHnTa—BeIMUHHA, KAK H3BECTHO, PA3/HyHas B Pa3NHIHBIX MECTAX.

K. Makcpeaa. Mamepus u dguyxcenue. 4
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Bec ¢yHTa, BhIpaXKeHHbI# B a6COMIOTHOH Mepe, YMC/JIEHHO PaBeH
HAMPSKEHUIO CH/BI TSXKECTH, BeJMuYHHe, 0603HadaeMOH uepes g,
3HayeHHe KOTOpOH B MnayHjanax Ha QyHT MmeHsietes or 32,227 Ha
nomocax g0 32,117 Ha skBaTope M GecnpeneNbHO yMeHbILAETCS
M0 Mepe yJAaleHus OT 3eMaH. BelpaxeHHas B JHMHAX HAa TpaMm,
oHa mensercsa ot 978,1 go 983,1. Mrak, aast Toro 4yTo6H BHIpA-
3UTh PabOTy OJHOOGPA3HBIM H COIVIACHBIM CNOCOGOM, Mbl JOJ/IKHbL
MOMHOXMTb UHCJI0 (YHTO-QYTOB Ha 4YHMCAO, MpeAcTaB/glolee
HanpsDKEHHe CHJIBl TSDKECTH B JlaHHOM MecTe. Pab6ora BeIpaxaercs
TakuM 06pa3oM B nayHjaan-¢yrax. Mbl 6yjaeM Bcerja mojapasy-
MeBaTh, 4TO paboTa HM3MepeHa TAKHM CIOCOOOM H BHIpaXeHa B
nayHjaaji-QyTax, ec/M He yKa3aHa HHMKaKas Jpyras CHCTeMa H3Mme-
penusi. Ecin pa6ora BeipaxkeHa B pyHTO-dyTaxX, TO UMEEM CHCTEMY
BECOBBIX Mep, NPHYEM 5Ta CHUCTeMa HEMOJHA, €CAH MH He
3HAEM TAKXE€ HANpSKeHHUs] CHJIAbl TSXKECTH B JAaHHOM MecTe.

B merpuuecko#t cucteMe enuHHuEd pabOTHl CAYXKHT 3D T, HIH
pa6ota, npou3BeleHHass AHMHOH, NEHCTBYIOLIEH HAa NPOTSKEHUH
cautumeTpa. B nmaywman-gyre cozepxurcsa 421393,8 spros.

76. [TOTEHUHANBHAS 2HEPTHs. Pa6ota, coBeplieHHas 4el0-
BEKOM NPH MOJHSTHH TSKENIOro TeJa, 3aTPaueHa Ha MPEeoJoseHHe
MPUTSDKEHUS] MEXAY 3eMJeil H 3THM TeJoM. DHePrus MarepHalb-
HOH CHCTEMbI, COCTOSILIEH M3 3eM/IM M TMKEJIOrO TeJa, MPH 3TOM
Bo3pactaer. Ecau TskenbM TeNOM fIBASIETCA CBHMHIOBask THPA
CTEHHBIX YacOB, TO SHEPrUs 4acoB BO3pACTaeT IIPH €€ IOJHSTHH,
TAK 4YTO 4Yachbl MOTYyT HTTH B TEUEHHME HEJENH, HECMOTPs1 Ha
TpeHHe KOJIeC H COMPOTHBJIEHHE BO3AYyXa J[BHXKECHUIO MAATHHKA,
M ellle pacxoJ0BaTh 3HEPTHIO B APYTruX (opMax, KaK, Hanpumep,
coobuieHHe BO3ayxy KouebGaHMil, 61arojapsi KOTOPHIM Mbl CJbl-
IIHM THKaHbE YacCOB.

Korma uenoBek 3aBOJMT KApMaHHHLIE 4Yachl, OH 3aTPAuHBAET
pa6oTy Ha u3MeHeHHe (OpPMbl NPYXHHbI, CKPYYHBas ee. JHePrus
NPYXHUHBI IPY 3TOM BO3PAcTaeT, TaK YTO, PACKPYYHBasCb, OHa
B COCTOSIHHM IOJJEPKHBATBH XOJ, 4acOB.

B o6oux 3THX C/IyYasX SHEPrusi, COOOLIEHHAs] CHCTEMe, 3aBH-
CHT OT HM3MEHEHHUSI ee KOHQHUTYpaJiHH.

77. KHHETHYECKAS 3HEPTHsi. OJHAKO, B OuUeHb BaXXHOM
KJacce siBAeHHH pa6oTa 3aTpayHBaeTCd HA M3MEHEHHE CKOPOCTH
TesNa, HaJ KOTOPHIM OHa COBepluaeTcst. B kayecTse MpocToro npu-
Mepa BO3bMEM TeJO, NBHXYylleecst 6€3 BpalleHHsa MNoJ AeHCTBHEM
cuasl. [Tycts mMacca tena— M ¢yHTOB H-NycTh cHaa B F naynnanos
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JEACTBYET HA HEro M0 HANpPAaBJEHHIO IBHXKEHHSI B TeYEHHE [pO-
MexyTka BpeMeHu B T cexyHa. ITycTb cKOpoOCTb B Hauaste mpo-
MexyTKa cocTaBaseT V, a B koHue ero V' ¢yTtoB B cekynay,
M MYCTb PacCTOsIHHe, NMPOHAEHHOE TEJOM B TEUYEHHE 3TOr0 Bpe- -
MeHH, ecTb S ¢pyToB. HavanbHoe KosuuecTBo aBHxkeHHs ecTb MV,
a koneynoe MV’, Tak uro npupaienue Momenta ectb M(V'— V),
M MO BTOPOMY 3aKOHy ABHXKEHHS OHO paBHO FI, uMnyabcy
cunpl F 3a Bpems T.
Orciona:

FT = M(V'— V). (1)

Tax kak ckopocTb BO3pacTaeT paBHOMEPHO CO BpeMeHeM (Korjaa
CH/a MOCTOSIHHA), TO CPEAHSISI CKOPOCTh eCThb CpeiHee apu(pMeTH-

. " . 1
HECKOe HaYanbHOH W KOHEYHOH CKOPOCTeH, HIH (V+ V).

Mbl MOXEM ONpEENUTh TAKXKE CPEAHIO CKOPOCTh JEJEHHEM
npocTpaHcTBa S Ha BpeMsi 7, B TeUEHHE KOTOPOrO OHO MPOMJAEHO.
Otciona:

s 1.,
7=9 V). @

[TepemHoxas cooTBeTCTBYyOIME 4ieHbl ypaBHeuHH (1) u (2),
HOJTy4aeMm:

1 1
FS= - MV?2—_MV? 3)
2 2
3nece FS ects paGora, npoussejgeHHass CHAOH F, JeACTBYIO-
el Ha Teso, 3a BPeMS, B TEUEHHE KOTOPOTO OHO MPOXOJHT MpPo-
CTPaHCTBO S N0 HaNpaB/eHHIO CHJIbL, U 3Ta paboTa paBHa H30bITKY

%— MV"? "an % MV?, Ecan HazoBeM % MV?, unH nojoBHHY npo-

H3BCJICHHSI MaCChl Ha KBaJApaT CKOPOCTH, KHHETHYECKOM
1
2
rHei nocne nedcTBHS cHAB F Ha NPOTSDKEHMH NYTH S. DHeprus
BEIDAX(€HA 3/1€Ch B mayHpaaJt-pyrax.

Tenepb Mbl MOxeM BEHIPa3HTb ypaBHEHHE CIOBAMH CJEAYIO-
wHM-06pasom: PaGora, 3aTpauennas cunoit F Ha uU3MeHEHHe JBH-
KEHHA Tena, U3MEPSIeTC NPHUPALIEHHEM KHHETHYECKOH 3Hepruu
TeJa 32 BpeMsi JEHCTBUS CHJIBIL.

3Heprueil Tena B Havyane, T0 5 MV’? GyneT KHHETHYECKOH 3Hep-
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MBI 0KAa3ajH, uTO 3TO BEPHO, €CJAH IIPOMEXYTOK BPEMEHH
TAK MaJ, UTO Mbl MOXEM CUHMTAThb CHMJY MOCTOSIHHOH B TeueHHe
5TOT0 BPEMEHH, a CPENHIOI0 CKOPOCTh B TEUEHHE ITOr0 mpome-
XKYTKa 338 CPeIHIO apHPMETHYeCKYIO CKOpOCTEHl B HauaJje H B
KOHIIE NPOMENKYTKa. ITO NpPEeJNoJoKeHHe, KOTOPOe B TOYHOCTH
CIpaBeYIBO, €C/IH CHJA MOCTOSIHHA, KAaK Obl BEMUK HH OblJ TIPO-
MEXYTOK, CTAaHOBHTCH, B OOLIEM cay4ae, BEDHBIM CO BCE BO3pa-
CTAIOLMM NPUOIMKEHHEM, KOTJa B3ATBIA MPOMEXKYTOK BPEMEHH
fenaeTcs BCE MEHblle U MeHblle. Pasienus Bce BpeMs J1eHCTBHSA
Ha Maiblé YacTH W JOKA43aBIIM, YTO B TeueHHe KaxXJOH H3 5THX
yacTell NpoU3BeJeHHass paboTa pasHa NPHPALICHHIO KHHETHYE-
CKOM 3HEpPTHH TeJa, Mbl MOXKEM, CKJaJblBasi TOCJe0BaTe bHbIE
yacTH paGOTH! U 110CJe10BaTeNbHbIe NpUPALIeHHS SHEPTHHU, NPHATH
K TOMY pe€3yabTaTy, UTO [OJHas pabora, NpoMU3BeJCHHAs CHJIOH,
paBHa MOJHOMY NPHUPALIEHHI0 KHMHETHYECKOH 3HEPTUH.

Ecau cuaa pedACTByeT Ha TeJO MO HANpPapieHHIo, NPOTHBO-
OJOXHOMY €r0 JIBHXEHHIO, TO KHHEeTHYeCKas SHeprus Teaa
Gyner yOHBaTh, BMECTO TOTO, yro6bl BO3pacTaTb, 1 CHJa, BMECTO
TOro, 4TO6Ll NPOU3BOAUTL HAJ TenoM paboTy, Oyaer AeHCTBO-
BATb Kax¥ CONPOTHUBJEHHE, KOTOPOE TeJO NPEOLOJEBACT B CBOEM
nBikeHud. OTCIOIA BBITEKAeT, 4TO ABHXKYlieecs Tea0, MOKaMecT
OHO B J[BHXEHHH, MOXKET COBepuiaTh padoTy, npeojoseBas
~ conpoTuBJeHHe, U paboTa, NPOU3BeJCHHAS JABHKYLIMMCS TEIOM,
paBHa yOBIIH €0 KHHETHYECKOH 3SHEepruH, MNOKa, HAKOHEl, Koraa
TEJ0 NPHAET B COCTOSIHME TIOKOS, €ro KHHeTHUeCKas SHEPTHs
ne OyjpeT HcuepnaHa, H BCs IPOHM3BEJiCHHAs UM pabota Oyner
TOrjJa paBHa IIOJHOH KHHETHYECKOH 9SHEPrHH, KOTOpOI OHO
0014410 BHavaJzde.

Tenepb Mbl BHAHM, HACKOJAbKO IMOAXOAHT Ha3BaHHe KHHeE-
THUECKOH 3HepTrHH, KOTOPBHIM MHl JO CHX NOp NOJbL30Ba-
JIHCh TIPOCTO KaK HAHMEHOBAaHHEM Jiis 0603HAYEHHS! POH3BEICHHA
1
9
ero K COBepIIeHHI0 paGoThl, U H3MepsAeTcs OHa PaBGOTOH, KOTOPYIO
TeN0 MOXeT Npou3BecTH. KMHeTHueCcKas IHeprua Tesa eCTb
3HEPrUsl, KOTOPOH OHO 00JaflaeT B CHJIY CBOCTO ABHXKEHHS, H
MBI TOJABKO UTO MOKA3aJH, UTO ee 3HaueHue BhipaxaeTcs uepes

MV?. Bexb, sHeprus TeAa Oblia ONpejeieHa Kak Croco6HOCTH

1 1 .
§MV2 WJIH 2MV.V, TO-€CThL IICJCBHHOW HNPOH3BEJCHHUSI €ro

MOMEHTa Ha CKOpPOCTb.
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78. Cuubl, AEACTBYIOUIME MOJ OCTPHIM YIJOM K HA-
MPABJAEHHIO JABHXEHUs. Ecaum cuna gelictByer Ha Teno
MOJ MNPSIMBIM YIJIOM K HafpaBA€HHUIO €ero JBHXKEHUS, TO OHA
He coBepuraeT pabOThl Hal TeNOM W H3MEHsieT HanpaB/eHHe,
HO He BeJMYHMHY CKOpPOCTH. CiefoBaTenbHO, KHHETHYecKasi
JHeprusi, 3aBucAlasg OT KBaApara CKOPOCTH, OCTAaeTcsl He-
HU3MCHHOM. ‘

Ecnu Hanpasienne cuibl He COBMAZaeT C HanmpaBAeHHeM IBH-
’KEHHS TeJIa H HE NePHeHAMKYASPHO K HEMY, TO Mbl MOXEM DasJo-
XKHTb CHJIY Ha JABe CJaralomue, OAHy MOJA MPSIMbIM YIJIOM K
HAlPAaB/AEHHIO JBHXEHHUS, & APYrylo O HANDPABJIEHUIO ABHMMKEHUS
(1M MO MPOTHBOMOJIOKHOMY HANPaBIEHHUIO).

Ilepasg u3 3THX claraiomEx MOXeET ObITb OCTaB/IeHa Oe3
PaccMOTpEHHst BO BCEX BHIUMCACHHAX, KACAIOUIUXCSI SHEPTUH, TAK
KaK OHa He coBepuwaeT paboThl HAj TeJOM M He H3MEHSIeT ero
KMHETHUYECKOH 3HEPrUH.

Bropast caaraiomiasi ecTh Ta, KOTOPYIO MBI yXKe PAaCCMOTPEJIH.
Eciu oHa mMeeT HanpaB/eHHe IBHKEHHs, TO OHA yBEJHYUBAET
KUHETHYECKYIO 3HEPTHIO fe/lda Ha BEeJHYHHY paboThl, MPOH3Be-
IeHHOM el Hax Tenom. Ecau ona umeer npordBomosoxHoe
HalpaB/ieHHE, TO KUHETHUECKAsk SHEPrusl TeJa yMeHbUIAeTCs Ha
BCJIHYMHY PabOThbl, MPOM3BEAEHHOH TEJNOM MPOTHUB CHJBI.

Hrak, BO BCex ciyuasx MpupalieHHe KHHETHYECKOH 3HeprHH
PaBHO paboTe, COBEPIUEHHOM HAJA TEeNOM BHELIHHM areHToM, a
yOblIb KHHETHYECKOH 3HepruM paBHa PaboTe, COBEPIIEHHOH Te-
JIOM MPOTHB BHELIHETO COMPOTHUBJCHHS.

79. KHHETHYECKAS SHEPIUA ABYX YACTHL, OTHECEHHBIX
K MX UEHTPY MACCH. KuHeTHYeckas 3Heprust MaTepuaibHOMH
CHUCTEMbI DABHA KHHETHUYECKOH 3HEPTrHH MaccChl, paBHOH Macce CH-
CTEMbl W JBHXYLIEHCA CO CKOPOCThIO LEHTpa
, Macchbl CHCTEMBI, CJAOXKEHHOH C KHHETHYeCKOH
IJHEPrUed . ABHKEHUS] 4acTe#l CHCTEeMbl OTHO-
CHUTE/JIbHO €€ LEHTPa MacChl.

Haunem co ciyyas ABYyX u4acTHl, Macchl
koTopeix A u B, a ckopocTu PEeACTABJEH bl b4
Ha JuarpaMme CKOPOCTeH JIMHHUSIMH 04 H dur. 10,
0b. Ecnu ¢ ecTb UEHTP Macc 4acTHUBI C Mac-
coit A, NMOMeNIeHHON B TOUKE @, M YACTHUL ¢ Maccol B, nome-
LIEHHOH B TOYKE b, TO OC MpeJCTABHT CKOPOCTb LEHTpa Macc
JBYX YacTHIL.

a c b
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KuneTuueckas SHEPrHsl CHCTeMBl €CTb CyMMa KHHETHUECKHX
3HEpPrHi 4YacTHl, HJIH

U
T= QA.Oa~+§B.0b .

BoipasuB oa® u 0b® uepes oc, ca ‘cb u yron oca=49,
MOy MM :

T=}—A.oc“+1§A,ca2~A. oc . ca.cosf

2
1B octt  B.cb—B.oc.ch.cost.

Ho Tak Kak ¢ ecTb HeHTp Macchl A, MOMEIIEHHOH B TOUKE &,
M Macch B, nomeuieHHO# B Touke b, TO

A.ca+B.cb=0.
Orcloa, CKJaAbiBas, HMEeM:
r=1(A+B) o'+ y A car 3B b

T0-eCTb KHHETHUEeCKAs SHeprus cucTembl IByx uyactHiik A u B
paBHa KHHETHYECKOH SHEPrHH MacChl, paBHo# (A -+ B), nBu-
Kylle#cst €O CKOPOCTBIO LEHTPA Macchl, COMEHHOH € KHHe-
THUECKOH BSHeprueil JBHIKEHUsl YaCTHIL OTHOCHTEJIbHO LEHTDA
MAacchl.

80. KMHETHUYECKAS SHEPTM# MATEPHAJNBHOH CHCTEMDL,
OTHECEHHO# K EE HEHTPY MACCH. Mpl Hayalu co caydas
ABYX UACTHI, TAK KAaK OYEBMIHO, UTO ABHIKEHHE HACTHILL €CTh
JBHKEHHEe ee LEeHTPa MAacchl, M JOKa3alH CNpaBeyiuBOCTb HALICTO
NpeNIOKEeHUs Il CHCTEMB H3 NIBYX YaCTHLL Ho ecan mpeano-
JeHHe CNPaBeVIHBO VISl KaX O M3 JBYX MaTepHalbHBIX CHCTEM,
B3ATBIX TOPO3Hb, TO OHO JOJKHO ObITH CNPaBEMJIHBO AN CH-
CTeMbl, KOTOPYIO OHHM BMECTE 06pa3yioT. B caMoM 1ene, eciu Mbl
NPEeANOJIOKHM, YTO BEKTOPHI oa W 0b M306paNKAIOT CKOPOCTH
LleHTPOB MAcC JABYX MarepHa/bHBIX CHCTEM A un B, 10 oc u30-
6pasur CKOpOCTb LEHTpa Macce coenuHeHHol cuctemsl A--B, n
ecan T4 MpeACTaBAsieT KMHETHYECKYIO SHEPTHI0 JABHXEHMA CH-
cTeMbt A OTHOCHTENLHO ee COGCTBEHHOTO LEHTpa Macc, a Tp—
TO JXe camoe s cuUcTeMb! B, Torma, ecay npell0oXeHHe Cnpa-
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BeJVIMBO A/ CHCTeM A M B, B3ATHIX B OTAEIbHOCTH, KHHETH-
yeCKas 3Heprusl CUCTeMbl . A ecTb

1 .
QA .oa*+ Ty,
a XHHeTHYeCKasi SHEPTHsl CHCTeMbl B
1oy
6 B.ob*Tg.

ChenoBaTenbHO, KUHETHUYECKAsl S3HEPTHS COEJMHEHHOH CHCTEMBI
paBHa

1 — 1
2A.002+QB.0b’+T4+TB

HIH

; (A B) oc? —}—;

[lepBBiii ulen npejacTaBaseT KHHETHUECKYI0 3HEPTHIO MacCCHhI,
PaBHOH Macce BCeH CHCTeMBbl, ABHXKYILEHCS CO CKOpPOCTbIO 1eH-
Tpa MacChbl BCEH CHCTEMBbI.

Bropoit u TpeTHii uienbl, BMecTe B3STHE, NPEeACTABISIOT
- KHHETHYECKYIO SHEPTHIO CHCTEMBI A OTHOCHTENBHO UEHTPa TsXKe-
CTH BCeH CHCTEMBI, a YEeTBEPThbIi H NSATHIA YJ€HB NpeACTaBISIOT
TO 2Ke caMoe JAas CUCTeMbl B.

Hrak, eciu 1npeatoxeHHe CNpPaBeiTHBO 118 JABYX CHCTeM
A M B, B3TbIX B OTAEJABHOCTH, TO OHO COpPaBeJJIUBO W IJS
CHCTeMbl, COCTaBJeHHOH M3 A u B. Ho mb mokasanu, uro oOHO
CNpaBeJMBO I/ Cayyasi ABYX YacTHL; 3HAYHT OHO ChpaBej-
JMBO 1/ TPEX, YeThIPeX WM M060T0 JApPYroro uucia 4YacTHI,
a, CJeJ0BaTeNbHO, U AJs1 BCSKOH MaTepHaJbHOH CHCTEMBI.

Kuneruueckasi sHeprusi CHCTEMBl, OTHECEHHOH K ee HEeHTPY
Macchl, MeHbIUE €€ KHHeTHYEeCKOH IHePIruH OTHOCHTEJbHO BCHAKOMH
APYTOH TOYKH.

B camom 1ese, nocnennsis Beanumna npeBocxomuT nepBylo
Ha BEJUYHHY, DAaBHYI0 KHHETHYECKOH SHePrHH MacChl, PaBHOH
Macce BCeH CHCTEMBI, ABHKYLIEHCS CO CKOPOCTbIO UEHTPa MAcCH
OTHOCUTEJIbHO 3TOH JPYroM TOYKM, a TaK KaK KHHeTHuecKas
JHEPrUs €CTh BeJIHYHHA CYLIECTBEHHO MOJOXKHTENbHAs, H36BITOK
HONKEeH ObITh MONOKHTEIEeH. '

A.ca+Tot SB. cbr L Ty,
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81. [TONIE3HAS KHHETHYECKAS 9HEPTHdA. Mbl BUIEIH YXKe
B § 64, uTO B3aMMOJEHCTBHE MEXIYy 4YaCTAMH MaTepHaJbHOH
CHCTEMBl HE MOXET HM3MEHHTb CKOPOCTb LEHTpPa MAacChbl CHCTEMBL.
CienoBaTenbHO, HAa Ty YacTh KHHETHUYECKOH SHEPrHH CHCTEMB,
KOTOpasi 3aBUCHT OT [BHXKEHHS LEHTPA MAaccel, HE MOMET OKa-
3pIBaTh BJMAHHS HHKaKoe BHyTpeHHee peifcTBue cuctembl. [lo-
3TOMYy HEBO3MOXHO NPEBPAaTHTh 3Ty 4YaCTh SHEPrUH B paboty
NOCPEeACTBOM B3aUMOAEHCTBUSl 4acTell CHCTEMBI. [Toka cucrema
paccMaTpUBaeTcsl cama Mo ceGe, aTa SHepPrus 6ecnonesna. Oua
MOXeT GBbITh NpeBpaliera B pabOTy TOJBKO MOCPEACTBOM B3a-
MMOJICACTBUS MeX(1y 3TOH CHCTeMOH H° KaKkoi-HHOyIb Apyro#
MaTepHalbHOH CHCTEMOH, BHEIUHEH IO OTHOIIECHHIO K Hel.

Urak, ecan OyaeM paccMaTPHBAThb MaTepHaIbHYIO CHCTEMY,
He CBSI3aHHYIO C KaKOH-HHOYyIb ApYro CHCTEMOH, TO €€ MOoJe3-
HAS KHMHETHUECKas 3Heprus €CTb SHEPTHs JABHXKEHHI uacTel
CHCTEMBl OTHOCHTE/IbHO €€ LEHTPa MAaccChl.

[TpeanonoKuM, 4TO B3aUMOACHCTBHE MEXJy JACTSMH CHCTEMBI
TAaKOBO, YTO Hepe3 HEKOTOpoe BpeMs KOHQHUIypalHs CHCTEMBI
CTAHOBHTCS HEHU3MEHSAeMOH, Ha30oBe€M 3TOT Ipouecc OTBEpHe-
BaHHEM CHCTeMbl. MbI MOKA34aJH, YTO MOMEHT KOJIMYECTBA JIBHXE-
HUSL BCell CHCTeMbl He H3MEHSieTCss HM OT KaKOro B3aWMOJeH-
ctBust ee uacTeid. CJaeI0BaTeNbHO, €CAY Ha4yadbHblA MOMEHT
KOJIMUECTBA JBHXEHHS ecTh HyJb, TO CHCTeMa, Korua ee ¢opma
clenaeTcsl Hew3MeHseMoil, He OyneT BpAWATbCsA OKOJIO CBOEro
IEeHTPA MAacChl; HO €C/IH OHA BCE Xe JBHXKETCH, TO Oyner HBH-
raTbCsl MapainenbHo camoit ceGe, M 4acTd ee OyayT B MOKOe
 OTHOCHMTE/BHO LEHTPa Macchl. 3HAYHT, B 3TOM Caydae, BCA f10-
Me3Hasi sHeprusi 6yjieT npespameHa B padoty B3aHMOJAEHCTBHEM
yacTeil BOPOAOAKEHHE OTBEPIEBAHHA CHCTEMBT.

Ec/id MOMEHT KOJMUYECTBA JBHXKEHHS CHUCTEMbl HE Hy/b, TO
oHa 6yaeT HMeTb TOT XK€ CaMbli MOMEHT M0cC/Ie OTBEPACHHS.
Ona Oyner BpauaTbCs OKOJIO CBOEro HEHTpa Macc, a MOTOMy
fyaer ewe o61anaTb HEKOTOPOH OCTATO4YHOR 3Heprueil nBHKe-
HHS OTHOCHTEJIBHO 3TOTO IOCJAeNHEro, He IPEeBPALUEHHO B
pa6ory. ' '

Ho ecnu 4acTsiM CHCTeMB! IPEAOCTaB/AeHAa BO3MOXKHOCTb yna-
JATbCSA APYT OT Jpyra fl0 HafpasjeHHsM, MePNeHIHKYIAPHBIM
K OCH MOMEHTA KOJIMUYECTBA JBHMEHHUS CHUCTEMBI, H €C/JIH CHCTEMA,
pacIIMPUBIIKCh TaKMM O00pasoM, OTBEPAEBAET, TO OCTAIOMWAACHA
KHHETHUECKAs SHEPIHs BPaLIeHHUs Oy €T TeM MeHblle, yeM G0blie
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pacuIMpeHHe CHUCTEMBI, TaK 4TO, B JOCTATOUHOH Mepe pac-
IMPsIst CUCTEMY [mpexJie yeM OHA OTBepJeeT|, Mbl MOXeM CHe-
JIaTb OCTAIOULYIOCS KHHETHYECKYIO 2HEPIUIo CKOJb YIOAHO Masoi;
TakUM 06pa3oM, BCSl KHHETHUECKAsl SHEPTHA OTHOCHTENBHO UEHTPa
MACCHl CHCTEMBbI MOXeT OblITb MNpeBpaileHa B pabOTy BHYTPH
CHCTeMBI.

82. [loTEHUMAIbHAS 3HEPrHA. [loTeHuuanbHas 3HEPrus
CHCTEeMbl eCThb ee COCOBHOCTL K COBEPLIEHHI0 paboThl [HAl APY-
THMHM CHCTEMAMH|, 3aBUCSIMIass OT OOCTOATEABCTB, OTJAMYHBIX OF
JBHXEHHST CHCTEMbl. JIpyruMu CJIOBAMH, NOTEHUHANbHAS 3SHEPIUs
3TO — Ta 3HEPrus, KOTOpas He SIBJAAETCA KHHETHUECKOH.

# B TeopeTH4eCKO# MaTePUaIbHOR CHCTEME, KOTOPYIO MBI CTPOMM
B HauleM BOOOpaXEHHWH H3 OCHOBHBIX [OHATHHA MaTepuH H
JABHXKCHHSI, He CYUIeCTBYeT IPYruX YCJIOBHH, KPOMe KOHQHry-
palMu M JABMIKEHHS] PA3NHYHBIX MACC, H3 KOTOPBIX COCTOMT CH-
cTeMa. 3HAUMT, B TAKOH cuUcTeMe OOCTOATEAbCTBAMH, OT KOTO-
PLIX LOJKHA 3aBUCETh SHEPIUsl, ABMSIOTCS TOJNBKO BHXKEHHE K

KOH(pUTypauus; a Taxy Kax | KuHeTHdeckas 3HEpPrusl 3aBUCHUT OT
ABWXKEHMsI, TO [OTeHUHAJbHAsA 3SHEePrusi JO0JKHA 3aBHCETb QT
EOHQHIYQ&!!HH.#

Mbl 3HaeM, 4TO BO MHOTHUX JEHCTBUTEIbHBIX MAaT€PHATBHBIX
CHCTEMAX YacTb SHEPrHH 3aBHCUT OT KOHUrypauuu. Tax, yacosas
NpyXKUHA HMeeT OoJibLIe 3HEPruM, KOrJa OHa CBEPHYTA, 4YeM
TOTZA, KOrJa OHA YaCTHYHO pasBepHyTa, a ABa MATHUTHBIX
6pycka, NOMELIeHHBIE PSAJIOM, HMEIT OO/bLIE 3HEPTHH, eC/IH
WX OJHOMMEHHBIE MOJIGCH OOpAleHbl B OJHY U Ty e CTOPOHY,
yeM B TOM CJaydae, €CAH OHA CJAOKEHB PA3HOMMEHHBIMHK
MOMIOCAMH.

83. ¥YnrpvrocTb. Ha mpumepe npymHUHbI Mbl MOXEM NpOCIe-
JAUTb CBAI3b MEXJAY CBEPTHIBAHHEM IMPYXHHBI M CHJIOH, KOTOPYIS
OHAa Moc/ie 3TOro OOGHAPYXKUBAET, MNpeAcTanass cebe NpYKHHY
pasneneHHOH (B BOOOpaX€HMH) HA BeCbMa MaJble YacTH HJH
sneMeHTel. Korjga npysxuHy CBepTHBalOT, (opMa KawxIOH H3
9THX MaJiblX 4acTel M3MeHsieTcsl, M Takoe H3MeHeHue Qopmb:
TBEPAOrO Tea HasblBaeTcs Ae€dopmanuei.

B TBepabix Tenax AedopMalus COMPOBOMXAALTCH BHYTPEHHEH
CWJIOH WM HanpspKeHHeM; Te Teda, B KOTOPBIX HanpshKeHue
3aBUCHUT TOJABKO OT AedOpMallMH, HA3LIBAIOTCS YMPYTKHMH, &
CBOWCTBO, B CHJy KOTOPOTO Ae@OpMaLusi BbI3bIBAET HAMPSKEHHE,
Ha3LIBaeTCsl YHIPYTOCTb 0.
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Otcioma MBI HaxoAMM, HTO CBEPTBIBAHHE IPYXKHUHBI CBSI3AHO
¢ medopmanueil ee 3MEMEHTOB, H 4YTO BHEIUHAS CHJA, OOHapy-
JKHBaeMasi NPYXHHOM, €CTb PAaBHOAEHCTBYIONIAsl HANpsKEHH B
€e 3JIeMEeHTax.

Takum 06pa3om, MBI 3aMeHsieM HENOCPeACTBEHHOE OTHOLIEHHe
MEX/Y CBEPTHIBAHHEM IPYXHHBI H CHJIOH, KOTOpPYyI0 OHa OGHa-
PYXKHUBAET, OTHOIICHHEM MEXJy AeHOpPMaUUsMH H HaNPSKEHHSIMH
MEMEHTOB MPYXKHHLI, TO-€CTh MOJAHOE MepeMelleHHe H MOJHYIo
CHJY, OTHOLIEHHE MEXJIY KOTODBLIMH MOXeT B HEKOTOPHIX CJay-
yasgX MMETb YPE3BbIYAHHO CJIOXKHBIH XapakTep, Mbl 3aMeHSIeM
MHOXXECTBOM Ae(OopMalMii H DAaBHBIM YHCJIOM HAMNPSDKEHHH, NMpH-
ueM KaxJas AedopManHs CBsiI3aHAa C COOTBETCTBYIOIIMM el Ha-
NpsKEHHeM ropasjio 60Jee APOCTHIM OTHOLIEHHEM.

Ho npu Bcem TOM, MpHpOJa CBSI3H MeXIy KOHGUrypauues
A CHJOH OCTAeTCA CTOMDb XK€ TAMHCTBEHHOH, KaK MW paHbuie. Mbt
MOXEM JHIb OTMETUTb (DaKT CYWECTBOBAHHS 3TOi CBSA3H, U

€CJH Mbl Ha30BEM BCEC TAKHE SBJACHUS SIBACHUSIMH YNPYroCTH, TO

MOXET OKa3aThCA OYeHb YAOOHBIM KJacCH(UIIMPOBATHL HX TAKUM
006pa3oM, NpH yCNOBHH, YTO MBI GyJEeM TNOMHHUTb, YTO IPHMEHE-
HHEM CJIOBA yNPYroCcTh MLl He MPETCHAYeM Ha OO'bSCHEHHe NpHu-
UMHBl CBSI3M MEXAY KOH(Urypamyuel v aHepruei.

84. IefiCTBUE HA PACCTOSIHUM. B cayuae aByX MarHuTom
HEeT HUKaKOro BUAMMOrO BEICCTBA, CBSI3BLIBAIOLIEIO Tesa, MeXIy
KOTOPHIMH CYWIECTBYeT HanpspxeHHe. [IpocTpancTBo Mexay Mar-
HHTAMH MOXET OBITb HaNOJHEHO BO3AYXOM WK BOJOH, WIH Mbi

MOXEM IMOMECTHTL MAarHUThHl B COCyn H HauyaThb yJaJAdTb H3 HEro

BO3JlyX HAacocOoM, MOKa MAarHUTH He OKaXyTCs B TOM, 4TO
OOBIYHO HA3HIBAIOT MYCTOTOH, M BCE KE B3aUMOACHCTBHE MEXAY
MarHUTaMH He H3MEHHUTCSA. Mbl MOXeM MOMECTHTb MEXJAy MarHu-
TaMH JlaXKe TBEPAYI0 NJIACTHHKY CTekJ/a, MeTanla HWJd JepeBa,
¥ BCe elle HaijaeM, 4YTO B3aHMOJEHCTBME MATHHTOB 3aBHCHUT
€IMHCTBCHHO OT UX OTHOCHTE/AbLHOTO MOJOKEHHS H He U3MeHSIeTCs
3@METHO, €CJ/IH_TIOMECTHTb MeXIy HMMH Kakoe-HHOyIb BelecTBO,
JIHWb G6bl 3TO He GbIT OJMH M3 MArHHUTHBIX MeTa/a0B. [ToaTomy
B3aUMOJICHCTBHE MEXJY MAarHUTaMH OOBLIKHOBEHHO Ha3bIBalOT
LeHCTBHUEM HAa PAacCCTOSHHUHU.

Buinn caenanbl NMOMBITKM, M NMPUTOM He 6€3 HEKOTOPOro
ycnexa '), pasfokuTb 3TO NeHCTBME Ha PACCTOSIHHHM HAa Hempe-

1} Cyv. Kaapx Maxcmean Treatise on Electricity and Magnetism,
Vol. 11, Art. 641, [CoBpemeHHbie HccaefoBaHHS NPHBOISIT K HEOBXOZMMOCTH.
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PBHIBHOE paciipejie/ieHye HanpsuKeHHs B HEBHAMMOH CpeJle M yCTa-
HOBUTh TAKHM 06pasOM aHAJIOTHIO MEX]Y MArHHUTHBIM JHeACTBHEM
¥ JeHCTBUEM NPYXKUHBI HJIH BEPEBKH IPH Mepejaye CHJIbI; HO BCe
ke ToT oOwmi GakT, uto nedOpMaUMH, UM H3MeHeHus KOHPH-
TypalKH, CONPOBOXJAIOTCA HAMPSKEHHSIMM WM  BHYTPEHHUMH
CHJIAMH, U UTO NpPH 3TOM B 1eOPMHUDPYEMOH CHCTeMe HAKONISAETCs
3Heprusl, OCTaeTcss (aKToM, KOTOpHIH ewe He OB OODBACHEH,
HCXOAS 13 Kakoro aubo 6oJee OCHOBHOTO MPHUHIMMA. '

85. TEOPHS MNOTEHIHAJABHOH 3SHEPITHH CJOXKHEE TEO-
FUUM KHUHETHUYECKOH 3SHEPTMH. Mbl NpH3HAAH, 4TO SHEPIHs
MATepPHATBLHON CHCTEMbl MOXET 3aBHCETb OT €€ KOH(HUrypalw,
HO XapaKTep 3TOH 3aBHCHMOCTH MOMeT OBITb ropasio Gonee cJio-
JEeH, UeM XapakTep 3aBUCHMOCTH KHHETHUYECKOH 3HEpTHH OT IBH-
KEHHs CHCTeMbi. KMHETHUECKYIO HEPTHIO MOXHO BBHIUMCHHTb MO
JIBHXKEHHIO YacTeH CHCTeMbl ONpeieJeHHBIM cnoco6oM. Mel yMHO-
JaeM MacCy KaxaOH 4acTH Ha TNOJIOBHHY KBajJparta ee CKOPOCTH
n GepeM CyMMy BCeX TaKHX npousBegenui. [loTenunanbHas
e SHeprus, BOSHMKAIOLIAs M3 B3aMMOJEHCTBAS JBYX 4acTed
CHCTEMBI, MOXET 3aBMCeTb OT OTHOCHTENBHOTO MOJOXEHHs HacTel
10 3aKOHY, KOTODBII MOXeT ObiThb Pa3/HueH B Pa3NTUUHBIX CIYy-
vagx. Tak, ecid JABa OMATHAPAHBIX Wapa NPHOIMKAIOTCS APYT
K ZIPYry ¢ HEeKOTOPOTO PACCTOAHMS, TO MKy HMMH HET HHMKa-
KOTO OLIyTHTEJIbHOTO B3aMMOIEHCTBHS, MOKA [OHH HE COMU3ATCS
HACTOJIBKO, 9TO HEKOTOpble YacTH OYAyT KasaThcs B COMPHKOC-
HOBeHMM. Jlas Toro, uTobH emle 6oJee COMM3UTh LHEHTPH LIAPOB,
HYXHO 3aCTaBHTb CXKAThCs COMpPHKAcaiolluecs 4YacTH, a 3TO
TpeGyeT 3aTpaThl pabOTHI.

3HauuT, B 3TOM CJydyae FOTeHLUHMANbHAsl 3JHEPrusi MOCTOAHHA
IAsl BCEX PAacCTOsIHMM, O6OIbLIMX PACCTOsIHHS B MOMEHT [MepBOro
NPUKOCHOBEHHMsl, a 3aTeM OBICTPO BO3PACTaeT C AaJbHEHLIMM
yOBiBaHHEM PacCTOSIHUS. '

Cuna, IeHCTBYOIIAs MEXKAY MarHHTaMu, U3MEHsRTCS € PaccTos-
HHEM 110 COBEPLIEHHO APYrOMY 3aKOHY, M MBI B CAMOM Jiese yoexaa-
€MCS1, 4TO TOJIbKO ONBITOM MOXHO YCTAHOBHTh QOPMY 3aBHCHMOCTH gs
Mexy KOHHrypaluel CHCTeMbl ¥ ee NOTeHUHaTbHOH 3Heprueft. |,

IPeANOAATaTh HAAMYNE KONMYECTBA IBHKEHIS B CPejie, KOTOpOe OOHApYXHMBAeTCH,
HApAMeEp, KPOME HANpKEHHs elie H B NABICHMH M3MYyYeHHs, CPaBH. MPHIO-
wenne k Collected Papers ToiinTnura (J. H. Poynting). Jto xe npuxomurca
NPHHUMATE M 145 HCTOAKOBAHHS TEH30PHAABLHOTO NOAA B COBPEMEHHOH TEOpHH
TATOTEHHS, TIOCTPOEHHON Ha TeGPUH OTHOCHTEIBHOCTH].
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86. [IPUMTOMEHHUE METONA 3HEPTHUY K BBIUHCJAEHHIO CHJI.
[TonHoe 3HaHMe 3aKOHA, MO KOTOPOMY H3MEHSIeTCS SHEpPrus Ma-
TEPHANBHONA CHCTEMBI, MPH U3MEHEHUH KOHQPUIYpPAUHH M JBHKe-
HUSE CHCTEMBI, MATCMaTHYECKH PAaBHOLEHHO 3HAHHIO BCEX JHHA-
MHYECKHX CBOMCTB CHCTeMbl. MaTemaTHuecKHe MeTOXb, MOCpel-
CTBOM KOTOPHIX BCe CHJIbI U HANPSKEHHS B JBHKYLIEHCS CHCTEMe
BBIBOJAATCS M3 OJAHOH MaTeMaTHueckOH (OPMYyJ/bl, BblpaxawilesH
9HEPrHI0 KaK (yHKUMIO MePEeMEHHBbIX, GbuIM pa3BuThl Jlar p aH-
KeM, FaMUABTOHOM U JAPYrHMH BbIJAIOIIMMUCA MATEMATH-
KaMM, HO Obl10 Obl TPYAHO Jaxe OMUCAThb HX B paMKax 3/aeMeH-
TapHBIX HJEH, KOTOPbIMY MbI ceOsi OTPAHMYMIM B 3TOH KHHUrE.
Ouepk 3Tux MmeronoB jJaH B MoeM ,Tpakrate 06 3aekTpuue-
cTBe’, yacte 1V, raaea V, § 533 *), a npunoxeHue 3TUX AMHAMH-
YeCKMX METONOB K 3/JEKTPOMArHUTHBIM SIBJEHUSM HAHO B CJe-
AYIOUHX I7aBaX TPaKTaTa. :

Onuako xe, ecH Mbl GyeM paccMaTPUBATH TOJLKO CHCTEMY,
HaxXOoMsIYICs B [IOKOE, TO HETPYHO BUACTb, KaKUM 06Pa3oM Mbl
MOXEM OMpPEeACNUTh CHAbl CHUCTEMBl, €CAH Mbl MOXEM MAaTeMaTH-
YECKH BBIPA3UTb 3aBUCHMOCTb 3HEPIHM CHCTEMBi OT €€ KOH(H-
rypauuHu. .

[lpennonoxum, 4TO BHEIIHUH MO OTHOLIEHHIO K CHUCTEME areHT
MPOU3BOJHUT ee NMepeMeleHrde U3 ONHOH KOH(UIyYpaLHH B APYryio;
B TAKOM CJyuae, eCIM CHCTeMa 06/1ajgaeT B HOBOH KOH(Hrypauuu
GO/IBLUMM KOMMYECTBOM SHEPIHH, UeM BHAua/le, TO OHA MOraA MoJy-
YHTH 3TO NPUPALIEHUE SHEPIHH TONBKO OT BHelHero arenta. Craio
ObITh, 3TOT areHT JAO/KEH Gbl COBEPLIUTh PaGOTY, PABHYIO NpUpa-
LEHHUIO 3HEPTHH CHCTeMbl. J{Js1 3TOro OH NOMKEH ObLMT MPUIOKUTH
CUJly MO HANPaBJAEHHIO MEPEMEUIeHHUs, H CpPEelHee 3HAauyeHHe 3TOM
CHJIBI, TOMHOXEHHOE Ha MepeMelleHHe, N10KHO PaBHSATbCS COBEp-
weHHOH pabote. OTCIONA CPENHIOI BEIHUMHY CHJIBI MOXKHO HalTH,
pasnesqHB NpPHUpALLECHHE SHEPTHH HA MepeMellleHHe.

Ec/iv nepemeleHne BeNHKO, TO CHU/IA 3Ta MOXKET 3HAUHTENBLHO
H3MEHSTBCSI BOPOAO/IKEHHE MepeMeLleHUst, TaK YTO MOMKET OKa-
3aTbCSl TPYIAHBIM BBIYUC/AHTL €€ CPENHIOI BEeIHUHHY;, HO CHJIA
3aBUCHT OT KOH(Hrypauuu, a MOTOMY, €ClH Mbl OyJeM yMeHb-
IIaTh MepeMelUeHHe, TO H3MEHEHHs CHJbl GYAYT Takke yMeHb-
WAaThC, TAK YTO B Mpejene MOXHO pacCMaTPHBATL CUAY KAk
MOCTOSIHHY0 BMNPOAO/MKECHHE MepeMen(eHUs.

¥) ITa 171384 BOCIPOH3BEACHA HINKE, B BHae rAaBbl [X HACTOSILErO COYHHEHHS.



V] O PABOTE W 3HEPI'HU . 61

[loaToMy, eciH MBI BBIYHCIMM sl JAHHOH KOH(MHIYpaLMH -
OGBICTPOTY BO3PacTaHHsi SHEPTHH C TEPEMEeLIeHHEM, METOJOM, .
nojo6usiM onucanHomy B §§ 27, 28 u 33, TO 3Ta OHICTPOTA
OyneT UMCIEHHO paBHA CHJE, NPUIOKEHHOH BHELIHHM areHTOM
110 HaNpaBJeHHI0 MEPEeMEHIeHH .

Ecnu sHeprus He BO3pacTaeT, a yOniBaeT NpH BO3pacTaHHH nepe-
MEIIeHUs, TO CHUCTeMa NOJKHA CoBeplaTb paboTy Hal BHELIHHM
areHTOM, a CUJ1a, PUIOXKEHHAas BHEHIHMM areHTOM, JOAXKHA HMeTh
Hanpas/1eHHe, MPOTUBONOIOKHOE HANPABICHUIO NEePeMEHICHHUS.

87. PA3JHYHBIE ONMPEJAEJIEHMA CHJA. B'TpakraTtax no auHa-
MHUKe OOLIKHOBEHHO HJAET peuyb O CHJIAX, C KOTOPHIMH BHELIHHH
areHT AeHCTByeT Ha MaTepHa/ibHyio cucTemy. C Apyroii CTOPOHBHI,
B TpaKTaTax 00 3/JeKTPUUECTBe OOBLIKHOBEHHO PacCMATPHBAIOT
CHJBI, C KOTOPLIMHM Ha3.1eKTPH30BaHHast cUCcTeMa JeACTBYeT NPOTUB
BHEUIHETO areHTa, MpPensTCTBYIONIErO ee JIBUKeHHI. [losTomy
NPU YTEHHH KaKOTO-HHOYIb PACCyXAEHHS O CHIaX HEoOXOIMMO
YCTAHOBUTB, PAacCMaTPUBAETCH JHM CHJAA, O KOTOPOH HIET pedb,
¢ MepBO# MJAM CO BTOPOM TOYKH 3pEHHUS. ‘

Boo6uie, Mbl MOXeM H30eXaTb JABYCMBICJIEHHOCTH, PacCMaT-
pYBasi IBIEHUE B L@JIOM KaK HanpsiKeHHe, CYLIECTBYIHOLIEe MEX1y
AByMS TOYKAMH MWJM TeJaMH, M OTJIHMYasl e€ro KaK HaTsKeHHe
WM JABJAEHHe, TPHTSKEHHE WJIM OTTaJKMBAHHE, B 3aBUCHUMOCTH
oT ero Hanpasaenus. Cp. § 55.

88. [TPUIOXKEHHME K IBHXKYVIEHCS CHCTEME. Takum obpa-
30M, OKAa3sblBaeTCsl, YTO Ha OCHOBAaHMM 3HAHUA MOTEHUKANbHOM
SHEPIHM CHCTeMBl NMPH BCAKOH BO3MOXHOH KOHQHUIypaUHH MBI
MOKeM ONpeJeJUTh BCe BHELIHHe CHJBl, Tpebyloluecs 1/ TOro,
yto6bl YIEPKATL CHCTEMY BO [BCAKOH 3aJaHHOH]| KOH(PUTypauuH.
Ecau cucTeMa HaxOJIUTCS B NMOKOE U €C/IH 3TH BHEIIHHE CHJbL CYTh
JIeACTBUTENbHBIE (HATHUHBI€) CHJBE, TO CHCTeMa Oy AeT OCTABATLCS B
paBHOBeCHH. EciM cHCTeMa HAaXOJMTCS B ABHXKEHHU, TO CHJIA, NeH-
CTByIOLIAsl HAa KaXJYIO YaCTHIY, COCTOHT M3 CHJbl, BO3HHKAKOIIEH
U3 cBsA3ell cucTeMbl (PaBHOH W HPOTHBONOJOXKHOH TOJNBKO YTO
BLIYMCICHHON BHelHe#i cH/e), U KakOH-HHOyAb BHEUIHeH CHJHI,
KOTOpasi MOXET GbiTb MPHAOKeHa K Hell. Crano GhITb, MOJHOE
3HAaHHe 3aKOHA H3MEeHEHHs IOTEHUHUANLHOA SHEPruH C KOHQHry-
pauneit 1ano Obl HAM BO3MOXHOCTb IPEACKAa3bIBAaTbh BCAKOE BO3-
MOXHOE JBMXEHHE CUCTeMBl noj AeHCTBHEM JaHHbIX BHEILNHHX
CHJ, TPH YCJIOBHUHM, YTO MBI B COCTOSIHHH MPEORO/ETh YHCTO
MaTeMaTHYecKHe TPYIHOCTH BLIYHUCIEHHSI.
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89. ITPUNOXEHHE METOZA S3HEPTHH K HCCJELOBAHHIO
LEACTBHTEJLHBX TEJ. Korna Mel nepexoiuM OT OTB/IeYEHHOH
IMHAMHMKH K (QH3HKe, — OT MaTepHaJbHBIX CHUCTEM, EIHHCTBEH-
HBle CBOMCTBA KOTOPHIX CyTh:T€, KOTOpBIE BBIPAXKEHBI B UX OMNpe-
JNeNIeHUsiX, K pealbHbHIM TeJaM, KOTOPHIX CBOHCTBA HaM/IeXMT
HCCIeJOBATh,—TO YyO6€XaaeMcs, YTO CYIIECTBYeT MHOIO SIBJEHHH,
KOTOpbIE .Mbl HE B COCTOSIHMH CBECTH K H3MEHEHUSIM B KOH(HU-
TypauMH M JABHXEHHH MaTEPHAJIbHOH CHCTEMBI.

Koneuno, ecnd Mbl HAYHEM C MPEANONOXKEHHUS, 4TO JeHCTBH-
TeJbHBIE TeJa 3TO CHCTEMBI, COCTOSIIME M3 MATEPHH, YIOBJE-
TBOpsitOilefl BO BCeX OTHONIEHHAX NPHUHATHLIM ONpPENEICHHUAM, TO
MOXKEM MTTH JAajbllle, YTBEPMkAAsl, YTO BCE SIBJICHHUS CYTb HU3Me-
HeHHs1 KOH(PUIypalUHH H IBHXKEHHS, XOTS Mbl H He MOJArOTOBJEHbI
K TOMY, YTOGBl ONpPEJEAHTb XapaKTep KOH(PUTypaluu M [BHKE-
HHSI, KOTOPbIM MOTYT ObITb OObSICHEHH OTJe/bHBIe sfBaeHus. Ho B
TOYHOH HayKe TAKHE THNOTEe3bl JOKHBI OLIEHHBATBLCA He MO TOMY,
yTO- OHM OGElAIoT, a MO0 TOMY, YTO OHM nawT. Kondurypauus u
JIBHXKEHHE CHCTEMBI 3TO (aKTHI, MOAAAUIHECS TOYHOMY OMHCAHHUIO,
a MOTOMY, UTOObI OObSICHEHHE SIBJCHUS KOH(QHUTypalHded H JBHXKe-
HMEM MaTepHaJbHOH CHCTEMBl MOTJIO ObITH AOMYIIEHO KaK JOMOJ-
HEHHE K HAlUEMy Hay4YHOMY 3HAaHHIO, HYXHO ONpee/]HTb KOHpHry-
pauuy, ABHXEHHS M CHJIBl M M0Ka3aTb, YTO OHH COTJACYIOTCS €
M3BECTHHIMH (DaKTaMH U CMOCOOHBI AaTh OOBbACHEHHE SIBJIEHHIO.

90. [IEPEMEHHHE, OT KOTOPBX 3ABHCHT 3HEPrus. Ho
Jaxe B TOM C1y4ae, €C/AM H3yuaemble HaMH SIBJCHHS €IE He
OObsACHEHbl JAHHAMHUYECKH, MBI BCE XK€ MOXEM [0J1b30BaTbCs
MPHHIKMIIOM COXPAHEHHS! SHEPIHH, KaK PYKOBOJMTENEM B HALIHX
H3bICKAHHUSX. ,

Jlasg Toro, 4TOOB NPUMEHUTb STOT MPUHUHUI, MBI Mpexae
BCEro MPUHHUMAEM, YTO KOJHYECTBO 3HEPrHH B MaTepHaNbHOM
CHCTEME 3aBHCHT OT COCTOSIHHSI 3TOH CHCTeMBbl, TaK YTO AAHHOMY
COCTOSIHUIO COOTBETCTBYeT ONpeJe/leHHOEe KOJHUYECTBO 3HEpIrHH.

[TepBblii Wwar COCTOMT B ONpPENENECHHH Pa3NHYHBIX COCTOSTHHH
CHUCTEMBI, U KOTJa Mbl HMeeM JeJ0 C ACHUCTBUTEJIbHBIMH TEJIaMH,
TO JOJMXKHBL ONpPENeNUTh X COCTOSIHME He TOJAbKO C TOUYKH 3pe-
HHS KOHOUTYPaLUWH H NBHXKEHHS MX BHAMMBIX 4HacTeH, HO, €CJH
y Hac ecTb OCHOBaHHE IOJ03PeBaTh, YTO KOH(Hrypalusi U IBH-
KEHUEe HUX HEeBHUIUMBIX YACTHUI| BJIUSIOT HA BHUIUMOE SBJICHHE, Mbl
JO/DKHBL TIPUAYMAaTh KaKOH-HUOGYIb METOJ OLEHKH BO3HHKAKOUIEH
BCJEJCTBHE 3TOTO 3HEPTHH.
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Tax, naBneHHe, TeMIepaTypa, 3JIEKTPHUECKHH MNOTEHIHAM M
XUMHUECKHil COCTaB CYTh NEPEMEHHbIE BETHUHHBI, 3HAUEHUS KOTO-
PHIX CaAYXaT [JIs1 ONpeje/feHHs COCTOSHMA Tena, M B 0OIeM
IHEPrUsl Te/a 3aBHCHT OT 3HAUYEHHH 3TUX H JAPYTHX MEpPEeMEHHBIX.

91. DHEPIrus, BBHIPAXKEHHASI YEPE3 3TH NEPEMEHHBIE.
ClenyoIUii War B HALIEM HCCJAEI0BAHHH COCTOMT B TOM, YTOOI
ONpENEIHTb, CKOMbKO PabOTHl JOJ/IKEH COBEPIIHTH HAL TeJIOM
BHCUIHHHM aredT JJsi TOro, YTOObl MEPeBECTH €ro W3 OJHOro
JAHHOTO COCTOSIHUSL B JPyroe.

JI;ns1 3TO# 1ead AOCTaTOYHO 3HaTh paboTy, Tpebyolyocs s
TOTO, YTOOBI MEPEBECTH TEJO H3 O0COOG0r0 COCTOSIHHUS, KOTOPOE Mbi
MO2EM Ha3BaTb Ha4aJbHBIM COCTOSIHHEM, B a060€ Apyroe
JAaHHOE COCTOsIHHE. DHEPrus B MOCAEJHEM COCTOSIHMM paBHA 3Hep-
CHH B HaYaJbHOM COCTOSIHHH, CJ0XKEHHOH ¢ paboToit, Tpebyrouiecs
IJ1s MepeBOja Tela M3 HAYalbHOTO B KOHEUHOE CcOoCTosiHHe. ToT
dakt, uTo 3Ta paboTa OXHA M Ta XKe, yepe3 Kaxoi Obl psij co-
CTOSIHHI HM NPOLWIA CUCTEMA MPH MEPEexXo/Ig U3 Ha4albHOrO COCTO-
AHMS B KOHEUHOE, SIBISIETC OCHOBAaHHEM BCEH TEOPUH 3HEPUHH.

Tak Kak Bce fIBJEHHSI 3aBUCSIT OT M3MEHEHHH 3HEPIUH TeJa,
a He OT €e MOJHOro 3HAaueHHs, TO HET HeOOXOJMMOCTH, HaXe
eclH Obl 3TO ObIIO BO3MOXHO, CHeNATb KaKyO-HHOYIb OLEHKY
3HEPruU Tela B €ro HaualbHOM COCTOSIHHH.

92. TEopus TENAOTH. OQHO M3 CAMBIX BAXHBIX MPHIOXKE-
HMH 3aKOHA COXDAHEHHS IHEPrHH —3TO K HCCIEIOBAHHIO MpHU-
POIB TEMJOTHL. :

Onxo BpeMsi MpeanoJaran, 4TOo pas3iuuue MEeXJYy TEMJIBM H
XOMOAHBLIM TEJIOM OOYCJOBIMBAETCH MNPHCYTCTBHEM BeIIRCTBA,
Ha3bIBAEMOTO TEMJIOPOJOM, KOTOPHIH HAXONHTCA B GOJIBIIEM KOJIH-
yecTBE B TeJe, KOrja OHO TEIVo, YeM B TOM CJyyae, KOrja OHO
xonoxno. Ho onwitht Pymdopaa Hax TEmIOTOH, BBLAEJSIO-
welcs NpU TPEHHUH MeTavia O MeTaJll,.H ombiThl {3 BU Haz mnua-
BJIEHHEM JibJia TPEHHEM MOKa3aJH, YTO B TOM CJydae, KOria pa-
60Ta 3aTPayHBaeTCsl Ha MPEONOJICHHE TPEHHS, KOJHYECTBO MPOH3-
BeJIeHHOH TEMJIOTH MpPOMOPLUHOHATBHO 3aTPaueHHOH pabote.

OnbiTet THpHa MoOKa3aa#, KpOME TOFO, YTO €C/IH TEMIOTy
3aCTaBJAfIOT CcOBepIIaTh pPaGoOTy B NAapoBOH MauIMHE, TO 4acTb
Telia HCYe3aeT, H YTO KOJHUECTBO HCHE3AIoWed TeMIoThl Mpo-
MOPUHMOHANBHO MPOH3BENEHHOH paboTe.

BecbMa TuiatesabHOe M3MepeHHe PabOThHI, 3aTpaueHHOH HA Tpe-
HUe, M MPOM3BEJEHHOH MpH 3TOM TEIVIOTH, OHLIO MPOH3BEIEHO



64 : K. MAKCBELT. - MATEPUA M ABWIKEHUE [Ta.

Jxayaem, KOTOPHH HaXOXHUT, 4TO TEM/IOTa, TPeOYIOWAsCS s
TOr0, YTOGH MOAHATL TEMIEPATypy OAHOro dyHTa BoAbl OT 39° P
1o 40° @, skBuBa’eHTHa 772 GyHTO-dyTam paboThl B Manuye-
crepe, uaH 24,858 naynnpan-gyram.

OTcroma MBI MOXEM ONPENeIHTb, YTO TENJAO0TA, TPeGyoLasacs
AJas1 TOro, yTo6bl MOJAHATL TEMNEPATYpPy OJHOTO I'pamMMa BOJbI
or 3° LI no 4° 11, ects 42.000.000 sproe.

93. TEnaoTA ECTb $0PMA 3HEPTHH. MTak, Tenaora mMoxer
ObITb CO3JaHa, a MO3TOMY OHA He MOXKeT GbITh BEIEeCTBOM; BCH-
KHH Da3, KOrjaa Mexanuueckas SHeprus tepsiercst 6Gaaromapsi Tpe-
HHIO, CO31a€TCSl TENIOTa, a BCSIKMA pas, KOrja MOoJydaeTcs
MEXaHHYECKasi 3HEPTUfA B MallHMHe,  NTPOMCXOAHT MOTEpsl Telaa, U
TaK KaK KOJMUYECTBO NOTEPSHHOH WM NOJYYEHHOH 3HEepPrHH Mpo-
NOPUHOHAIBHO KOJHUYECTBY NMOJYUYEHHON HIH NOTEPAHHOHN TEMIOTHI,
Mbl 3aKJAI04aeM, 4YTO TENJIOTa €CThb BHJ SHEPTHH.

Mbl HMeeM TakKe OCHOBAHHSI MOJAraTh, YTO MEJKHE YAaCTHIHI
TENIOTO TeJa HAXOMATCA B COCTOSIHHH OBICTPOrO CYeTIHBOIO
JABuxenus (agitation), To-ecTh, 4TO KaAasi YACTHUA BCErja OYeHb
OLICTPO IBHXKETCSl, HO HaMNpaB/ieHHEe ee JBHXEHHS TaK 4YacTo
MEHSIETCH, 4TO OHa OYE€Hb MaJ0 HJIH COBCEM He IepeMel1aeTcst
B3 OJAHOI'O MeCTa B ApPYroe.

Ecau 310 BepHO, TO 4acTb, U MOXeT OHITb OueHbL GoJblias
1ACTb, 3HEPIUH TRIIOIO TeJa JAOMKHA OHIThL B (dOpMe KUHETH-
4eCcKOH 3HEpPruu. * |

Ho ana namweil nmacToswmiedt uead HeT HEoOXOJIMMOCTH oOmpe-
HEeNUTb, B Kako#l ¢GOpMe COLEepKHUTCS 3HEPrHs B TEIJIOM TeJe);
BAXHEE BCETO TO OOGCTOATEJABCTBO, UTO 3TA 3HEPTHS MOKET H3Me-
PATLCS B BHAE TEMIOTH, @ TAK KaK KaXJAbIH BHI SHEPIHH MOXET
OHTb NpeBpalllel B TEIVIOTY, TO 3TO A4€T HAM OJHH M3 CaMbIX
yAOOHBIX MCTOLOB H3MEPEHHUS] 3HEPTHH.

94. DHEPIrus, UBMEPAEMAS B TENJOBHX EXUHHLAX. Tak,
KOIJld M3BECTHLIE BeLIECTBA NPHBOJATCS B CONPHKOCHOBEHHE, TO
NPOUCXOAAT XHMHYECKHE peaKUMH, BeIleCTBa COeJIUHSIIOTCA B
HOBblE KOMOMHALMH, H HOBAsi IPYMINa BEIIECTB UMEET XUMHUECKHe
CBOHCTBA, OT/IHYHbIE OT CBOMCTB NEPBOHAUANBLHON IPYMIIBI BELIECTB.
B TeueHue sToro npomecca MOXeT GLITb COBEpIIEHA MEXaHH-
yeckasi paboTa pacIIUPeHHeM CMECH, KaK, HalpuMep, NPH B3PbIBE
nopoxa, MoxeT ObiTb NMPOU3BEJEH 3JIEKTPHUECKHH TOK, KaK B
ranbBaHUUecKOll OaTapee, M MOMXET BBLLAGNUTBLCA TEIVIOTA, KaK
npu GOJBLIIHHCTBE XMMHUYECKHX DPeaKIHil.

~
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Ecnu aueprus pacxomyercs B BHIe MexaHHYeCKOl paboTH, TO
OHAa MOXeT ObiTb HEMOCPEJACTBEHHO U3MEPEHA MIH MOXeT ObiTb
NpeBpalleHa TPEHHEM B TEMJIOTY. DHEPTHIO, KOTOpas TPaTHTCS
Ha TNPOM3BOACTBO 3EKTPHYECKOTO TOKA, MOMHO ONpeNeNUTh
"B (OpMe TEenJIoTH, eCM JaTb TOKY NMpPOTEKATb M0 MPOBOJHUKY
TaKOH QOPMEL, 4TOGH NOABAAIOLIASCS TEIIOTA MOT/IA GBITh y106HO
usMepeHa. HyxHO cTapatbes, YTOGBI SHEpPrus He mepejaBajnach
Ha paccTOsIHME B BHJE 3BYKa WJH JIy4UCTOH TEMJIOTHI, He Gyayuu
HaJieXKauuM 0o6pa3oM yuTeHa.

DHEePrus, OCTAIOU(AsACS B CMECH, COXKEHHAS C TOM 3Hepruei, Ko-
TOpast BEIAE/IUNACh, NO/KHA PABHSATHCSA NMEPBOHAYAIBHON SHEPTHH.

duapioc, PaBp, 3uabbepmat, [flOnuyc Tomcen]
H IpYyrHe H3MEPUIH KOJHYECTBO TeMJIOTH, BBLAESIONECs,

KOrZa H3BECTHOE KOJMYECTBO KHCJIOPOJA HJIH XJA0Pa COEIHU-
(HSETCSI C 3KBHBAJICHTHBIM €MY KOJHUYECTBOM JDYTHX BelIeCTB.
ITH M3MEDPEHHs] NMO3BOJSIOT HAM BBIYHCJAHTD M3GBITOK SHEPIHH,
KOTOPYIO paccMaTpHBaeMble BEUIECTBA MMEJH B MX IEpPBOHAYA/b-
HOM COCTOSIHMH, 1O COeNMHEHHs, Haj 3HeprueH, KOTOPOil OHH
006/1a11a10T NOC/IE COeAMHEHHSI.

95. [IPEACTOSIIAS HAVYHASL PABOTA. XOTH yXKe CaenaHo
GosIbIIOE YHCIO NPEBOCXOAHBIX PabOT 3TOr0 pojia, HO pasmepsl
HCC/IEOBAHHOTO O CHX MOP MO/ KaXYTCS COBEPIICHHO He3HAUH-
T@JILHEIMH, €C/IH TIPUHSATE BO BHUMaHHe GECKOHEYHOE PasHoo6Gpa3He
H C/JI0XHOCTb TeT NPHPOIBI, C KOTOPBIMH NPHAETCS MMETb AeJO.

B nefictBuTesbHOCTH, CylecTBeHHasi pa6oTa, Jexamas nepena
(QH3HKOM-HCCIeIOBaTE/IEM TIPH COBPEMEHHOM COCTOSIHHK HayKH,
COCTOMT B OUpENEJEHHH KOJHYECTBA 3SHEPTHH, KOTOPOE MpH-
GaBIsIeTC K MAaTePHaIbHOH CHCTEMe HJIH OCTAaBASET ee IPH

. IEPEXOLE CHCTEMBI OT ee HaYaJIbHOTO COCTOSIHMS B KaKOe-HHGYIb
ApYroe OnpeneneHHoe COCTOSIHHeE.

96. MicToPUS YYEHHSI OB 3SHEPTHH. Hayunas BaxnoCTB
0603Ha4YeHHs OCOGHIM HMEHEM TOH BeJHYHHEL, KOTOPYIO MBI Ha-
3bIBAEM KMHETHUYECKOH 3Hepruedl, Owlaa, KaxeTcs, BNepBLIe MOHSTA
Jle A6 HM e M, TaBIIKHM NPOM3BEACHHIG MacChl Ha KBaApaT CKO-
POCTH Ha3BaHHE XHUBOH CcHUJAB (vis viva). 2Kupas cuna ectb
YABO€HHAsi KMHETHYeCKasi 3HEPIHsl.

Heiotomn, B ,[loyueHun k 3akoHam JBHXKEHHs ¢, BbIpaxaeT
OTHOLIEHHE MeXJy GBICTPOTOH, ¢ KOTOpOH paboTa coBeplIaeTCs
BHEUIHAM areHTOM, M OBICTPOTOM, C KOTOPOH OHa TPaTHTCSH, Ha-
KOMJISIETCS HJIH npeBpamaeTCﬂ KAKOH-HUOYAb MAIUMHOH MJIH

K. MakcBenn. Mamepus u dsuscenue. . R o
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JApyroil MaTepHalbHOH CHCTEMOH, B CJeJyIOLIeM yTBEPXKICHHH,
-KOTOPOEe OH fle/1aeT C LeJblo 0Ka3aTb, KaK Ja/IeKO NPOCTHPaeTcs
NPUIOKEHHE TPETBEr0 3aKOHA JBHXKEHHS.

,Ecau JnelcTBHe BHENIHErO0 AareHTa OlEHMBATh IPONOPIHO-
HaJbHO IPOM3BEIEHHIO CHJ/BI- HA CKOPOCTb M, MOLOGHO 3TOMY,
NPOTHBOAEHCTBHE CONMPOTHB/ICHUS OLEHHMBATL JUIS KAXIOH 4acTH
CHCTEeMBI B OTJEIbHOCTH IPONOPUUOHANLHO IPOU3BENEHHIO €€
CKOPOCTH Ha CWJIY CONPOTHBJEHHS, MPOHCXOJSAIIYI0 OT TPeHHs,
CLEI/IEHHsl, BeCa ¥ YCKOPeHHs, TO ACHCTBHE H INPOTHBOJEHCTBUE
GylyT paBHb Mex1y co60i0, KakoBa Obl HH Obla MNpUpOdd H
IBHXKEHHe chcTeMbl“. UTo 3TO cooOpaxeHue sax/amooyaer B cebe
B CKPBITOM BHJE MOUTH BCe yueHHe 00 SHEPTUH, BIEpBHE yKa-
3aan TomcoH u Tat¥).

CnoBa ,nelcTBue“ U ,IIPOTHBOLEHCTBHEY, KOTAA OHH BCTpe-
YalOTCA B H3/I0XKEHUHM TPEThEro 3aKOHA JBHXKEHHS, OODBACHAIOT
B TOM CMBIC/Je, UTO NOJ HMMH MOJPa3yMeBalOTCA CHJBI, TO-eCThb
yTo JeficTBMe W NPOTHBOJEHCTBHE IpeJCTaBAAIOT- COO0H MPOTH-
BOIIOJIOXKHBIE CTOPOHBI OJHOTO M TOTO XK€ HaNpPSKEHHS.

B UuMTHpPOBAaHHOM BbIlI€ MeECTe 3THM CJAOBaM IpPHAAETCH
HOBHIl M COBEPIIeHHO MHOH CMBICA T€M, YTO JEHCTBHE U INPOTHU-
BOJICCTBHE OLICHUBAIOTCS TNPOU3BEIACHHEM CHJIBI Ha CKOPOCTH
ee TOUKH mpuaoxeHus. COrIacHO 3TOMYy ONPENEJCHHIO, JHeH-
CTBHE BHEIIHEr0 areHta ecTb ObICTPOTA, ¢ KOTOPOH OH COBep-
mwaeT pa6oTy. ITO TO, 4YTO [IOHMMAIOT MOJ MOLIHOCTLIO
napoBOM MAUIMHBL MM Jpyroro jasurateas. Ee o6nkHOBeHHO
BBIPAXAIOT, OLCHUBASA UHCJIO JOUIALEeH, KOTOpOe NOTPe6oBaa0Ch Obl
JUIS1 TOTO, YTOGB COBepIHaTh paboTy € TOH e GBICTPOTOH, UTO M
MALIHHA ; 3TO YHCJIO H HA3BbIBAIOT YHC/IOM JIOUIAAMHBIX CHJI MATHUHBL,

Korma Mbl JkenaeM BBIPA3UTb OJHHMM CJIOBOM OBICTPOTY, C
KOTOPOH coBepluiaeT paboTy Kakoi-HHOyJb BHELIHHH areHt, TO
Ha3biBaeM €€ MOIIHOCTBbI0 3TOrO areHTa, M3Mepsisi MOLIHOCTh pa-
6OTOM, NMPOU3BENEHHON B €JIMHUIY BPEMEHH.

*) Treatise on Natural Philosophy, vol. I, 1867, § 268.

,Hbw0ToH, B [loyduennn K cBoeMy TpeTbeMy 3aKOHY JBHMKEHHUS, HU3NOKHA
OTHOINEHHE MeXAy paboToH U KHHeTHYeCKOH 3Hepriefl CTOJAb COBEpLIEHHBIM
06pasoM, 4TO AydYlle CAENaTh 3TO HEBO3MOXHO, HO BMECTE C TeM C TAKHM SIBHO
MQJIbIM yCHAHEM HAM XeJaHHeM nNpUBJIeYb BHHMAaHHe, YTO HHKTO, KaXeTcs, He
6bLT MOpaxeH OTPOMHOH BAXHOCTHIO 3TOTO MECT3a, NOKA OHA He Oblia yxasana
HeaaBHo (1867 r.) Tomconom u Tartom*. Clerk Maxwell, Theory of
Heat, ch. IV on ,Elementary Dynamical Principles¢, p. 91 (Kaapkx Maxec-
Be1a. Teopus temnorol, . IV, 06 ,OcCHOBHBIX AHHAMHYECKHX NpPHHUUNAX").
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Ynorpe6sienne TepmHHa, »IHEPIHA®, B TOYHOM H HayyHOM
CMBIC/E, IJIS BLIDAXEHHS KOJMMYECTBA PaGOTH, KOTOPYIO MOXeT
COBEPIIMTE MaTepHaIbHash CHCTeMa, OBIO BBEAEHO JOKTOPOM
IOHrowm *).

97. O PA3JHYHBIX BHIAX SHEPCHH. OHeprus, KOTOpYio
TENO0 HMEET B CHJIY CBOErO ABHXKEHHS, HA3BIBAETCS KHHETHYe-
CKOH 3Heprued.

Cucrema MOXeT Takke 06JMafaTh 3Hepruei B CHJly CBOER
KOH(HUrypalUHH, €CTH CHJIBl CHCTEMBI TAKOBHL, YTO CHCTEMa npo-
H3BeAeT PaGOTy MPOTHB BHELIHEr0 CONPOTHBJEHHS, KOIAa OHa
NepeHeT B HOBYIO KOH(HUrypauuio. Takas sHeprusi Has3bIBaeTCs
NOTEHIHANbHOH 3Heprue. _

Tak, ecau mopuats xaMeHp Ha M3BECTHYI0 BBICOTY Haja MoO-
BEPXHOCTbIO 3€MJ/IH, TO CHCTEMA JBYX TeJ, KaMHSl M 3eMJH, HMeeT
NOTCHUHANbHYI0 3HEPrHI0O M  MOXET COBEPUHTbL M3BECTHOE
KO/MMYECTBO PabOTHl NPH MaJE€HHH KaMHS. OTa NOTEHUMAALHAS
SHEPrHsi MOPOXAACTCSH Te€M OGCTOATENbCTBOM, YTO YeJOBEK, KO-

TOprﬁ NMOJHUMAET KaMeHb, yaandast ero OT 3€MJH, AOJXKEH 3a-

TPAaTHTb Ha 3TO paGOTy, M MNOCJAE TOrO, KaK KAMEHb MOJHSIT,
TIPUTSIKCHHE MEXY 3eMiedl U KamHeM 061a1aeT crnoCO6HOCTRIO
NMPOM3BOAHTL PaGoTy, KOrjAa KameHb GyAeT OMyCKaThCs. ITOT
BHJL 3HEPIHH 3aBHCHT, TakMM 06pa3oM, OT PaboOThH, KOTOpYI1O
COBEPIIHIH Gbl CHJIBI CHCTEMbI, €CJAHM Gbl YACTH MOCAeNHEH MOJ-
JAMHCh  JRHCTBHIO 3THX cHI. MIMeHHO 3T0 TeabMroapn Ha-
3Bal ,CYMMOH HaTSDKEHHH“ B ero 3HAMEHHTOM MeMyape o
»COXPAHEHHH 3HePrHK“ **). TOMCOH Ha3Ban 3Ty 3HEPrHI0 CTATH-
YeCKOH 3Hepruel; ee Ha3wbIBANM TaKKe 3HEprued MOJOXKEHHS, HO
Pankun BBen tepmun [ToTenuuanbuas DHeprus ¥ )
BECbMa CYaCT/IHBOE BBIpaXX€HHe, HOO OHO HE TOJBKO 0603HAauaer
9HEPIHI0, KOTOPOH CHCTeMa He UMeeT B JeHCTBUTEAbHOM O6.Jia-
AaHHH,- 2 JHIIb MMEeT CIIOCOGHOCTb MPHOGPECTH, HO yKa3LIBAeT,
KpOME TOro, Ha ee CBf3b C TeM, YTO GbLIIO HA3BaHO (O ApY-
THM OCHOBAHHSAM) IOTEHUHAIbHON (YHKLHEH “+%),

#) Lectures on Natural Philosophy [1807], Lecture VIII.
*¥) Bepaun, 1847. [3ameuaTeneH ' raaBHbIM 00pa3oM CBOMUMH OGIIHPHBIMH
TIPBMEHEHHAMH K 3JICKTPHYECKOH M XMMHUECKOH Teopusm].

#%) Vis potentialis Jlauunaa Bepuynan, nporusononaraeman
vis viva, Hanp, uas cayyas COrHyTOH npywuubl;, cpaBd. Euler, De Curvis
Elasticis, B npu6asaenun x Solutio Problematis Isoperimetrici... (1744).

#E%) TepMHHOM ,IOTEHHMAT* NOAL3OBAIHCH HE3ABHCHMO F'aycc u 'pun,
#, MO BCelt BEPOATHOCTH, OH BepeT cBoe Hauano ot JI B&pHyaan

I
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PasnuuHble BHAH, B KOTOPbIX OGHAPYXEHO CYLIeCTBOBaHHE
5HEpPrHH B MAaTePHAJIbHBIX CHCTEMAX, ObITH OTHECEHBl K OJIHOMY
M3 5THX JBYX KJACCOB-— KMHETHYECKOH SHEpPIHH, MOPOK AAEMOH
JBH)XCHHEM, H TOTEHUHAJbHOH SHEPTHH, MOPOKAAEMOH KOH(H-
rypanHesn.

Tak, Tennoe Teso, Mepeiaiouiee Tenaory Gosee XOONHOMY
Teny, MOMKeT MPOH3BECTH paboTy, 3acTaB/isis XONOJAHOE TEIO0
pacluMpsTbCs, MPEoAO0/eBast IABJEHHE. 3HauuT, - MaTepHaabHas
cHCTeMa, B KOTOPOH HMeeTcs HeDaBHOMEPHOE pacmpele/eHue
TeMnepaTypsl, 06/1alaeT ClOCOGHOCTBIO NPOU3BOIHTD paboTy, HIH
sueprueil. B Hactoslee BpeMsi MOJAraioT, YTO 9Ta SHEPTHS €CTh
KHHETHUYCCKAsl SHEPrHsi GECMOPSIIOUHOrO IBHKEHHUS MenbyaHiuX
yacTeH TENAOro TeJa.

OrnecTpeabHbIH MOpox obaanaer aﬂepruen TAaK Kak, €C/H
ero 3axxeuyb, OH crnocobeH MNPUBECTH B JIBHXKEHHE MyIIEUHOe
SLIPO. DHePrHsl MOPoXa eCTh XUMHUECKAsl HEPrHsl, MPOHCXONS-
m@as OT CMNOCOBHOCTH COCTABHBIX 32JEMEHTOB MOpOXa MPHHSATD
HOBOE PACMOJNOXEHHE MOC/Ae B3PbiBa, TAK YTOOHI 3aHATH 00Jb-
wHi o6beM, ueM nopox. [IpM HbIHEIIHEM COCTOSIHHH HaykH,
XHMHKH NPeICTABASIOT ce6e XMMHUECKYI0 PeaKlHio, KaK H3Me-
HEeHHe PACMOJIOKEHHS! YACTHIL MOJ JAEHCTBHEM CHJ, CTPEMSIIHXCS
npouspecTH 310 H3menexue. CTano ObITb, C 3TOH TOUKM 3PeHHS,
XUMHUECKasi SHEpPrusl eCThb MNOTEHUHANbHAS 3HEPrusi.

Bosnyx, CXKaTblii B Kamepe BO3AYUIHOTO pPYyXbsi, crnocoden
BBLITONKHYTh Myaio. OpHO BpeMsi Mpeanonarany, 4T0 IHEPrHs
CXKATOrO BO3AyXd MPOHCXOAMT OT B3aHMHOTO OTTANKHBaHUSA €rO
yactul. Ecau 66l 3TO 0ObsiCHeHHe ObIJIO BEPHO, TO SHEPrus
CXATOro BO3AyXa 6bla 6bl MOTEHUHMAILHOH SHEpruefl.

B HoBeiiiee BpeMsl MPHLLIM K MbICAH, YTO UaCTHUBI BO3LyXa
HAXOMSTCS B COCTOSIHMM ABIXKEHHSI M YTO €ro JIaBJeHHe BbI3bi-
BAeTCsl yJapaMM 3THX YaCTHI[ O CTEHKH COCyna. CoraacHo 3TOH
TEOPHH, SHEPrHs CHATOTO BO3JYXa €CTh KMHETHYECKasl SHEPrusl.

CyuectByeT, TakuM 06pa30M, MHOTO PaslMyHbIX ¢dopM, B KOTO-
pHIX MaTepHaibHas CHCTEMa MOXKeT 06JajaTh SHePrueH, i B HEKO-
TOPBIX C/Y4asiX HeJb3s PEUIMTh, €CTh JM 9TO KHHETHUECKAs HH no-
TeHUMAanbHAst sHeprust. [[pHpO/a SHEPrHH OCTAETCs], OIHAKO, TOH XKe
camoii, B KaKoit 6bl dopMe OHA HH Haxoxuaach. KomuuecTBO SHEP-
MM MOXHO BCerja BbIPasuTb, PHPABHUBAS €ro SHEPruy TeJsa
onpeaeNeHHON Macchl, IBHKYLIETOCS C ONPeIeeHHOH CKOPOCTDIO.

L]
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[NOBTOPUTEJIbHBIFI OB30P.

98. PETPOCHEKTHBHBIH B3TrASA HA OBLIVIO IHHAMHKY.
Mbi Temepp MpOWIIH Ty YacTb OCHOBHOH HAyKM O [ABHXKEHHH
MATePHH, KOTOPYIO MBI OBLIM B COCTOSHHH H3J0XKHTb LOCTaTOYHO
3J1€MEHTAPHO, B COIMVIACHH € MJAHOM 3TOH KHHTH.

Ham ocraercst 0603peTh B3aHMOOTHOLIEHHS MEXAY HacTSIMH
9TOH HAayKH M OTHOLIEHHE LEJOr0 K APYrHuM (PU3HYeCKHM HAayKam,
H Terepb Mbl MOXEM 3TO CAENaTb GOJee yAOBAETBOPHUTENbHBIM
06pasoM, ueM TOTAd, KOrJa Mbl elle He ObIH BBEAEHLI B cy-
IIECTBO NpeaMeTa. )

99. KHHEMATHKA. Mbl Hauaiu ¢ KHHEMAaTHKH, WIH HayKH O
CcaMOM JABHXeHHMH. [IOHATHSI, KOTOpHIE BBOASTCS B 3TOM OTAE]E
npejaMera, CyThb MOHATHSI NPOCTPAHCTBAa M BpeMeHH. EauHcTBen-
HOe CBOMCTBO MATEPHH, KOTOPOE BXOJHT B Halle PacCMOTPEHHe,
3TO €€ HeNPepLIBHOE CYLIeCTBOBAHHE B NPOCTPAHCTBE H BPEMEHH —
MMEHHO, TO OOCTOSITEeILCTBO, YTO KaXKJasi 4acTHUA MaTePHH, BO
BCAKHH MOMEHT BDEMEHHM, 3aHHMMaeT OLHO M TOJBKO OIHO MecTo,
M H3MEHEHHE ee TOJIONKEHHS B TeueHHe JM1I060r0 MPOMEXYyTKa
BPEMEHH COBEPILACTCH JBHXEHHEM MO HeNpPEPBIBHOH TPAaeKTOPHH.

Hu cuna, sausiomas Ha aBHxKeHue Tena, HM Macca Tend, OT
KOTOPOH 3aBUCHT BeJIHMYMHA CHJB, Tpe6yloleiics s TOTO,
YTOGH MPOU3BECTH ABHXKCHHE, HE OCTAHABJIMBAIOT HA Ce6e HALIEro
BHHMAHHUSl B YHCTOH HayKe O ABHXKEHHH.

100. Cuaa. B crenyouem oraene npeamera paccMaTpHBaercs
CHJIa C TOYKH 3PEHHsl €€ BJMUSIHHUS Ha ABHXKEHHMe MAaccChl.

Ecan Mbl cOoCpes0TOUMM Halile BHMMAHHe Ha OJHOM Tesle, TO
Hame MCCIeNOBaHME JAaeT HAM BO3MOXHOCTL M3 HaOJI0deHHS
€ro ABMXKEHHsI ONPENeMUTh HANpABNEHHE M BEJIHYMHY DAaBHOZEH-
CTByioU{e# BCeX CHJ, AEHCTBYIOILMX HA TEJIO, H 3TO HCC/eI0BaHHe
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€CTh THNHYHHIA OOpasen BceX HM3bICKAHHIL, NpeanpHHAMAeMEX C
HEJIBI0 OTKPHITHSI H U3MEPEHHST (PH3MYECKHX CHJI.

Ho sTo Moxmno paccmarpusate, kak mpocroe NPHJIOKEHHE .
ONpeJIeNeHHs] CHAbl, a HE KaK HOBYIO ¢usuyeckyo HcTHRY.

Koraa mbl onpenensem paBHbie cuabl, Kak Taxue, KOTOpHie
COOOWIAIOT OJHHAKOBOE YCKOPEHHE OJHOH M TOH e macce, a_pas-
HBIE MAacCChl, KaK TaKHe MacChl, KOTOPEIE MOJAYYAIOT OXHHAKOBLIE
YCKOPEHHSi OT PaBHBIX CHA, TO HETPYIHO YCMOTPETh, YTO TaKoe
ONpe/ie/ieHHe DABEHCTBA CHJI CBOAMTCH K YTBEPKAEHUIO (u3H-
YECKOH HCTHHBI, YTO CPABHEHHE KOJMYECTB MATepPHH MO CHJIaM,
TpeOyIoWUMCcs  IJs1  COOOLICHHS HM JaHHOTO YCKOpeHHS, eCTb
METOJ, BCErja BeAYLIHH K COIMIaCHBIM Pe3yJbTaTaM, KAKOBHI Gbl
HH GbUIH aGCOMIOTHBIE 3HAYEHHSI CHI H YCKOPEHHI.

101. Hanpsxeuue. Crenyomui war B HayKe 0 cuie
COCTOHT B TOM, UTO MBI MEPEXOAHM OT PAacCCMOTPEHHSI CHJIBI,
KaK [0THe/bHO] JeHACTByloWel HA Teqo, K TOH TOuke 3pEeHH4, UTO
CHJIa NpejCcTaB/seT COGOH OJHY CTOPOHY TOrO0 B3aHMOAEHCTBHS
MEXAY IABYMsl TeJaMH, KOTOpoe Ha3BaHOo HbioToHOM mel-
CTBHEM H NMPOTHBOJAEACTBHEM H KOTOpOE Tenepb Kopoqe Ha3bi-
B3IOT OJHHM CJOBOM ,HaNpsiKeHHe".

102. OTHOCHTENBHOCTh AMHAMHYECKHX 3HAHHE. Becb
Halll Mporpecc A0 Cero MOMEHTa MOXHO OIHCAThb, KaK MNOCTe-
NEHHOE DA3BHTHE Y4Y€HHsI 06 OTHOCHTENBLHOCTH BCeX (DH3HUECKHX
SIBJIGHHA. MBI, OU€BHIHO, NO/KHBI MPH3HATH MOJOXEHHE OTHO-
CHTE/IBHBIM, HOO HE MOXEM ONpeJeNHTh MOIOXKEHHEe TeNa HUKAKHM
Croco6OM, KOTOPBIH He BBIpa¥asn 6bl OTHOLIEHHS. B 06bieHHOM
A3bIKe ynoTpeG/eHHe CJIOB , IBHXEHHE U ,TIOKOH“ He HCKAIYaeT
CTOJB OMPEJCTEHHO MPEACTABJICHHE O BO3MOMXHOCTH HX a6GCOMIOT-
HOro M3ME€pEeHHs, HO NPHYHHA 3TOTO Ta, YTO B HalleH O6bINCHHOMH
peyYH MBI MOJIYA/IHBO NPEANONAaraeM, 4To 3eMasA HAXOJHTCH B MOKOE,

Korna namu noHsiTHs O NMpOCTPaHCTBE M ABHMKEHHM CTAHO-
BATCS fiCHee, Mbl yOeXJAaeMCs, KaK BCe 3JaHHE JHHAMHUYECKOTo
YU€HHs CBSI3aHO B OJHY CTPOHHYIO CHCTeMy.

Haure nepsonauanbhoe npexacraBnende GLLIO, MOXKET ObITh,
TaKOBO, YTO a0COJIOTHOE 3HAHHE TOrO, TJA€ Mbl HAXOAMMCH H B
KaKOM HAaMNpaBJCHHH MBI JABHXKEMCS, €CTb CYLIECTBEHHLIH 3/71€MEHT
HAIIEro 3HaHHMS, KaK 3HAHMSI CO3HATENbHBIX CYLIECTB.

Ho sTo mpencrabienne, XoTs ero, HeCOMHEHHO, pasjelsd
MHOTHE MYJpeUbl JPEBHOCTH, ObIIO MOCTEMEHHO H3THAHO M3 YMOB
JIHL, H3y4YarIlKX (QH3HKY.
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B mpocTpaHcTBe HET MeXeBLIX 3HAKOB; OJHA 4aCTb NPOCTPaH-
CTBAa COBEPIIEHHO TOMXAECTBEHHA BCAKOH ApPYrodl ee u4acTH, Tak
YTO HeJb3sl CKa3aTb, B KAKOH YacTH MBI HaXOJXHMCS. MBI Kak 6ol
HaXOJHMMCsi Ha CNOKOHHON rnaau Mops, 6e3 3Be3j, KoMmaca, JoTa,
BeTPa M/ TEUYCHHUs, H He MOXKEM CKa3aTb, 10 KAKOMY HamlpaBJie-
HHIO MBI IUIBIBEM. ¥ HAaC HeT Jara, KOTOPbIA Mbl MOTJH 6bl 6po-
CHTb, YTO6BI PACCUHUTATbL HAIY CKOPOCTb; MBIl MOXEM OLEHHTH
OLICTPOTY HAILETr0 JBHXKEHHS TOJNBKO OTHOCHTEJbHO COCEeIHHX
TeJl, HO He 3HaeM, He JBHXYTCS JIH CaMH 3TH TeJa B MPOCTPAHCTBE.

103. OTHOCHTE/IBHOCTb CHJB. Mbl He MOXeEM Jaxe cKa-
3aTb, KaKas CHJA Ha Hac JNeHCTBYET; Mbl MOXEM JMLIb YKa3aTb
Pa3HOCTb MeXJy CHJIOH, AEHCTBYIOWEH Ha OJHH MpeAMET, H
CHJIOH, JeHCTBYIOLEH Ha ApYro# *).

Mbl MMeeM HEHCTBHTE/NBHBIH LUDHMEP STOTO B HAMIeM KaxJIO-
JHEBHOM ONbITe. 3eMJIsl COBEPILAET 3a FOJ NOJHBIA 060POT BOKPYT
COJIHUA, HAXOJfiCb OT HEro Ha pacctosHud B 91.520.000 muab
win 1,473.10" cantumeTpos **). OTcloga caepyeT, 4yTo Ha 3eMJIO
JEACTBYET 10 HANPABJCHHIO K COJHLY CHJAa, COO6IIaouias 3emie
M0 HaNpaBJIEHHIO K COJHIY YCKODeHHe mpub/usuTenbHo B 0,019
B QyTax H CeKyHJAax HJH OKOJIO %@ HANPSOKEHHST CHJBl TSKECTH
Ha 3€MHOH MOBEPXHOCTH.

Cuna, paBHasi ONHOH THICAYA - LIECTHCOTON YacTH Beca Tea,
Morsa 6bl OBITb JIETKO M3MEDEHA H3BECTHLIMH SKCNEPHMEHTAJb-
HBIMH METOJaMH, OCOGEHHO, €CJIH Hamnpap/JeHHe 3TOH CHJbl 06pa-
3yeT C BEDPTHKA/bIO PAa3/HUYHBIE YIVIBl B pa3Hble 4achl JHS.

Ecau 6b1 MpUTSDKEHHE COJMHUA AEHCTBOBAJO HA TBEPAYIO YACTb
3eMJIM HHaye, YeM Ha MOJBHIKHBIE Tesa, HaJ KOTOPHIMH MBI MpO-
M3BOJHM OINBIT, TO TEJO, MOJBEIWIEHHOE HA INHYDKE H IBHXY-
ieecsi BMeCTe C 3eMJIEH, MMOKA3an0o Obl Pa3HOCTb MewIy JAeH-
CTBHeM COJHIA HY TEJO W ero IeHCTBHEM HA 3eMJII0, KaK UeJoe.

Hanpumep, ecan 6Bl CONHUE NMPUTATHBANO 3eMJIO H HE MpPH-
TATHBAIO Obl MOJBEIIEHHOTO Te/a, TO MPH BOCXOLE TOYKA NpH-
BECa, HEM3MEHHO COEJHHEHHAss C 3eMJeH, NPUTATHBAaNach Obl K
COJIHILY, MEXIY TeM KaK Ha MOJABEIUEHHOE TeJNO AeHCTBOBAIO Obl
JIMIIb NPHTSXKEHHE 3€MJH, H IIHYPOK Kazajicid Obl OTKJIOHEHHDLIM
OT COMHUA HAa OJHY ThICSYA-IIECTHCOTYIO YAaCTh IJIHHBI LIHYPKA.
Ilpn 3akare WHYPOK OTKAOHMJICSA Gbl OT 3aXOASIErO COJHIA HA

#) Cm. npu;omemle L
#¥) bonee cospemeHHbie 3HaueHus cyTo 9,28 . 107 Muab, uan 1,494,108 cm
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TaKylo Xe BeJMYHHY; 4 TaK KaK BOCXOJ H 3aKaT COJHUA Ipo-
HCXOAST B Pa3NUYHBIX TOYKAX TOPH30HTA, TO OTKJIOHEHHS HHTH
NPOHCXOAHIH Obl B PA3NHYHBIX HANpPAaBIEHUSIX, U Pa3JIHUHe MOJO-
EHHSL OTBECA NDH BOCXOJE M 33aKaT€ COJHUA MOXHO GblIO Obt
JIETKO 3aMeTHUTh.

Ho nputsnkenue rtaroresust neHcTByeT OnMHAKOBBIM 06pa-
30M Ha BCe BHAbl MAaT€PHUH HAa OJHOM M TOM K€ PACCTOSIHHH OT
nputaruBampouero tena. Ilpy Bocxome M 3akaTe COJHUA LEHTP
3€MJIH H MOJBELIEHHOE Te/JI0 HAXOAATCS NPUOIH3UTEBLHO HA OJH-
HAKOBOM pacCTOSIHHH OT COJIHLA, H B 3TH MOMEHTHl HeJb3sl 3aMe-
THTb HHKAKOTO OTKJIOHEHHMS] OTBECA, BHI3BIBAEMOTO COJIHEYHBIM
nputsikenHeM. Crel0BaTeNbHO, 3TO NPUTSKEHHE, MOCKOAbKY OHO
ONMHAKOBO MeHCTBYeT HAa BCe TeJa Ha 3emje, He OKa3biBaeT
HHKAKOTO BJHSIHMSL HA MX OTHOCHTOJBHHIE IBHXeHHS. JIMLIb pas-
JAHYHST HANPSDKEHHUST U HANPABJIEHHSI NPUTSKEHHUS, NeHCTBYIOLIErO
Ha DAa3THYHBIE Y4aCTH 3€MJH, MOI'YT IPOH3BECTH HEKOTOPBIH
30 deKT, HO 3TH pa3TMYUA CTOb Madbl JJISI TeJ, OTAENEHHBIX
YMEDEHHBIMH PpAacCTOSIHUSIMH, YTO JIMIIb B TOM C/ydae, KOrjaa
MOABepraouleecs: UX JNeHCTBHIO TeJO OYeHb BEJIHKO, KaK B Ciay-
Hae OK€aHa, BJMSIHME PAa3/IHYHOIO NPHUTSKCHUS CTAHOBHTCS 3aMeT-
HBIM B BHJE MPHJIMBOB U OTJHBOB.

104. Bramenue. Jo cux nop, rOBOPSt O JABHXKEHHH TeJ, Mbl
MOJIYANMBO NPeANOJIAra/iy, YTo, CPABHHBASI OAHY KOHMUIYpaLHMIO
CHCTEMBI C IPYroi, Mbl MOXEM IPOBECTH B MOCAEAYIOMEH KOHD U-
TypauyH npsaMylo, napaiejbHyio JIoO0H NnpsiMofl B HavaabHOM
KOHOurypauuu. JIpyrumu c/10BaMH, Mbl [IPEAINOAATaeM, UTO CyLIe-
CTBYIOT HEKOTOpbl€ HaNpaBA€HHsi B MPOCTPAaHCTBE, KOTOpHIE
MOXHO paccMaTpUBaThb KaK MOCTOAHHLIE W K KOTOPBIM MOTYT
ObITb OTHECEHBI APyrHe HaNMpaBJAEHUS BO BCE BpeMsl JBHMKEHHs
CHCTEMBI. -

B actponomuu npsimas, npoBeneHHas OT 3eMAH K 3Be3Je,
MOXET paccMaTpUBAaTLCSl KAK HEH3MEHHAsi [0 HaNpaB/eHHIo,
MOTOMY 4YTO OTHOCHTEJNLHOE ABMXKEHHE 3eMJIM H 3Be3[Ih BOOOIIe
TaK Ma/JO B CPABHEHMH C PACCTOAHHEM MEXJy HHMH, YTO H3Me-
HEHHE HaNpam/JcHUs, AAXE 3a CTOJeTHEe, BECbMa HE3HAUHTE/LHO.
Ho oueBnano, 4TO Bce TakHe OCHOBHBIE HAMPABJIECHHS JOKHEI
ObITh yKa3blBaeMbl KOH(HIypauueil HEKOTOPOH MaTepHaIbHOMH
CHCTEMBbI, CYUIECTBYIOIIEH B NPOCTPAHCTBE, U 4YTO eciau Obl 3Ta
cuctema Oblja COBEPLIEHHO yjxaJeHa, TO NePBOHAYaNbHbIE OCHOB-
HBIE HaNpAaB/JEHUS] HUKOTAA HE MOTH 6bl 6bITb BHOBb OTKDHITHI.
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Ho ecnn Henb3si onpenenuTb abCOMIOTHYIO CKOPOCTb Tena B
NPOCTPAHCTBE, TO BO3MOXKHO OIPEIEJIHTh, . SIBJSIETCS JH Hampa-
BJICHHE HEKOTOPOH MPSAMOH B MAaTepPHA/IbHOH CHCTEME MNOCTOSIHHHIM
WIH [ePEeMEHHBIM. ]

Hanpumep, u3 HaO/01eHHI, NPOU3BEIEHHEIX TOILKO Ha 3eMie,
0€3 OTHOLUEHHS K HeGEeCHBIM TesaM, BO3MOXHO OMNpeaeHTh, Bpa-
[iaeTcst JH 3eMJst HJH Her.

ITockonbky nen0 KacaeTcsl TeoMeTpHYecKoi KOHQUTrypauuu
3eMJH M HeGEeCHHIX TeJs, OUEBHIHO, BCe PaBHO™):

. COJHUE AW BOCXOAHT HaA 3€EMJIEIHO,
Hax cosHUeM M BOCXOAMT 1Iap 3eMaH,
OHo au NyTh C BOCTOKA Ha4HHAET,

Wap ¢ 3anmajga cepiuaeT MyTb ypPOYHbIH,
W Ha ocu Bpatmaercs semis.

Paccrosinue MEXAY TE€/MaMH, COCTABJANOLMMHA BCCJICHHYIO, KAaK
H€6€CHbIMH, TaK H 3€CMHBIMH, H YIVibl MEXAY INPAMbIMH, HX COCIM-
HAIOWHMH, — BOT BCE, YTO MOXHO ONpPeACJHTb, HE npuéeraﬂ K
AMHAMHYCCKHM TIpDHHLMIIAM, a Ha 3TH BE&JHYHHBI HE OKaXeT
BAUSIHHA JI06G0e Bpalate/IbHOC JBHXKEHHE, noao6Hoe Bpalll€HHIO
TBEPAOro TeJa OKOJO OCH, €CJIH OHO 6y11eT CyuecTBoOBaTb OJHO-

BPEMEHHO C JEHCTBUTEAbHBIM JBHXKCHHEM ; TAK 4YTO C T€OMETPH-!

YeCKO# TOYKM 3peHHst cucTema KonmepHHKa, COMVIACHO KOTO- -

pO# 3eMJ/isl BpalllaeTCsl, He HMeeT HHKAKOrO NPEHMYLIECTBa, IOMHMO
CBOCH MPOCTOTHI, HAJA TOH CHUCTEMOH, B KOTOPOH 3eMas Npearno-
JlaraeTcsl B MOKOE, a BUAHMbIE ABHXKEHHS H20ECHBIX Tel CYTh HX
a6COMIOTHBIE JBHKCHHS. '

Jaxe ecid Mbl CAefaeM CAEAYIOUMH ar W pacCMOTPHM
JAHHAMHUECKYIO TEOPHIO BpAIIEHHS 3€MJH OKOJO CBOEH OCH, TO
MBI MOXEM OODBSCHHTL ee CIUIIOCHYTYI0 (HITypy H paBHOBecHe
OKeaHa M BCeX JPYrHX Tea Ha €€ MNOBEPXHOCTH JI0GOH H3 ABYX
THNOTEe3 — THMOTE30H ABHMEHHSI 3€MJH BOKDYT CBOeill OCH HJH
TOH THUMOTEe30H, NO KOTOPOH 3¢MJA HE BpPAaLIAeTCd M IIpUHAJA
CBOIC CIWIIOCHYTYI0O (OpMY noj BJAMSAHHEM CHJLI, AeHCTBYIOLIEH
MO BCeM HAMPAaBJIeHHSIM OT OCH HAPYXKy, IPHUEM BEJAHYHHA 3TOH
CHJBl BO3PACTaeT C YBeJIMYeHHEM pAacCTOfHMS OT OcH. Takas
CHJaa, ecad Obl OHa AeHCTBOBa/sia Ha BCe BH/Jbl MaTepHH OJWHa-
KOBO, OObfACHSIa OB HE TOJAbKO CIIOCHYTYIO (OpMYy 3€MJH,

#) W3 paccywaenus o HeGecHbx gBumeHusx B [ToTepsHHOM Paw
(xkunra VI, ctuxn 160—6) (nepesox O. H. Yo Muuo#);, BCNOMHUM BCTpedy
Muabtona ¢ Taanaeem, Korma oH B MOJOAOCTH mocetha WTanuio.
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HO M YCJIOBHS pPABHOBECH$ BCEX TeJ, [OKOSIMXCA OTHOCH-
Te1bHO 3eMJH.

Jlume B TOM cayuae, ec1d MBI NOHAEM Jajbille H PacCMO-
TPHM SIBJIGHHS] TeJ, ABHXYLIMXCA OTHOCHTEJNBHO 3eMJH *), JHUIL
TOrja Mbl AeHCTBUTENBbHO OyneM BLIHYXJEHbl JONYCTHTb, UTO
3eM/5t BpallaeTCs.

105. HpI0TOHOBO ONPENEJNEHHE ABCOJIOTHOH CKOPOCTH
BPAIMEHHS. HbI0TOH nepsBelt ykasaa, 4To abCOMIOTHOE Bpa-
1aTesbHOe JABHXEHHe 3eMJH MOIVIO Obl OLITb JOKAa3aHO Ofbl-
TaMH Haj BpalleHHEeM MaTepHaJbHOH cHcreMbl. Hampumep, eciH
BeJpO BOJBI IOJBEIleHO K 6Galke HA BepeBKe, H BepeBKa Tax
3aKpyYeHa, YTO 3aCTaBJ/geT BeJ[pO BePTEThCSl OKOJIO BEPTHKAJIbHOI!
OCH, TO BOJAa BCKOpE HA4HeT BpamaTbCsl C TOH XKe caMOH CKO-
pOCTbIO, YTO H BEAPO, TAK YTO CHCTEMAa M3 BOJIBI H BeJpa OyleT
BpPAlaTbCsl BOKPYTr CBOeH OCH, nofgo6GHO TBEpPAOMY Tely.

Bopma BO BpamamwmeMcss BeJpe NPHMOAHHMAETCs y KpaeB H
ONyCKaeTcsi B cepelMHe, MOKa3biBasi 3THM, 4TO AJISI TOrO, YTOOHI
3aCT@BUTBH €€ JBHIaThCsl 10 OKPYMXKHOCTH, HEOOXOJHMO NPHJIO-
KHTb JaBJ€HHE 10 HanpaB/JeHHI0 K OCH. JTa BOTHYTOCTH MO-
BEPXHOCTH 3aBHCHT OT aOCOMIOTHOIO BpalATEe/NbHOIO ABHKEHHs
BOJABI, a He OT €€ OTHOCHTEJbHOI'O BpalleHHS.

Ona He 3aBHCHT, HanpuMep, OT BPAILEHHUS] OTHOCHTEIBHO BEJIpa,
100 B Hayasle OMBITA, KOTJa Mbl NpPHBEJNH TOJBKO BEApO BO Bpa-
lare/ibHOe JIBHXEHHE, H BOJE JIBHXKEHHE elle He COOGIIHIOCH, BOA
H BEAPO HAXOJATCS B OTHOCHTENBHOM [BHXXEHHH, a TOBEPXHOCTb
BOJBI ITOCKas, JIOTOMy YTO He BOJA BpallaeTcs, a JHUIb BEJPO,

Korapa Boza M Beapo BpawalTcss BMECTe, TO MEXAY HHMH
HET OTHOCHTEJLHOTO ABHXKEHHSI, HO MOBEPXHOCTh BOJBl BOTHYTA,
NOTOMY UYTO OHa BpaulaeTCs.

Ecan Bespo ocranaBimBaetcsi, TO A0 Tex nop, NMOKa BOJa
NPOAOJKAET BPAalIATLCHA, €€ MOBEPXHOCTb OCTAaeTCs BOTHYTOH,
NOKa3biBasi, YTO OHAa elLIe BpalIaeTcs, XOTS BeAPO OCTAHOBHJOCH.

OueBuaHO, Bce paBHO, MOCKOJbKY Je10 Kacaercss 3TOro
ONbITa, MNPOHCXOAWT JH BpALICHHE [0 HANMPaBJIEHHIO YacOBOH
CTPeJIKH HJH B NMPOTHUBOMNOJOXHOM HAaNpaBJeHHH, NPH YCJIOBHH,
4TO CKOPOCTb BpalleHHsi OJMHAKOBA.

[lpeanonoxuM Tenepb, Y4TO 3TOT ONLIT NPOU3BOXMTCS Ha
ceBepHOM nouroce. IlycTh BeApo NPHBOAMTCS BO BpalleHHe IO-

¥) Kak 8 § 105. Cm. Tarxke npuioxende I.
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CPeACTBOM ‘HaJlexamuM o00pa3oM' NPHCNOCO6JIeHHOr0 YacoBOTO
MeXaHu3Ma, JIH60 10 HaNMpaBJeHHIO 4YacOBOH CTpeskH, JH6O B
NPOTHBOTIONGIKAGM HANPABJE€HHH, C COBEPLIEHHO paBHOMEpPHOH
YIJIOBOH CKOpPOCTBIO.

Ecin uyacoBoii MexaHH3M 3aCTaBJs€T €ro COBepHIaTb OJIHH
060pOT B ABajALATh YeThipe 4Yaca (3B€3JHOr0 BpeMeHH) [0 Ha-
NPaBAEHHIO CTPEJKH YacoB, MOJOXEHHHIX HH(pep6IaTOM KBepXy,
TO BeApo OyJeT BpallaThbCl OTHOCHTEJIbHO 3€MJH, HO He Oyner
BpaulaThCsl OTHOCHTENBHO 3Be3/.

EcaH 0CTaHOBUTbL 4acoBOH MeXaHH3M, TO Beipo OyneT Bpa-
IATbCA OTHOCHTENBHO 3B€3Jl, HO He OTHOCHTEJIbHO 3€MJIH.

Haxkonen, ecay oHO coBepaeT OJHH O6OpPOT B JIBaAUATH
yeThlpe 4aca (3Be3ZHOTO BPEMEHH) B MPOTHBOMOJOXKHOM Hampa-
BJI€HHH, TO OHO OyJeT BpalaThbCsl OTHOCHTEJIbHO 3€MJIH C TOH Xe
OBICTPOTOH, 4TO W B TEPBOM CJaydyae, HO BMECTe C TeM OHO Oy-
JET BpallaThCA CO CKOPOCTbIO OJHOTO 060pOTa B JBEHAALATb
YacoOB M OTHOCHTEJIbHO 3Be3J.

Hrak, ecin 3eMas HaXOAMTCS B IOKOE, @ 3BE3Abl ABHXKYTCS
BOKDYT Hee, TO (OpMa MOBEPXHOCTA OyJeT OJMHAKOBA B nep-
BOM H B IIOCJEJHEM CJyuae; €CJaH XKe 3eM/s Bpallaercs, TO BOJa
6yner BpamaThCsd B IMOCJAeJHEM c/lydyae, HO He Oyler B nmep-
BOM, M 3TO CJeJaeTCs OYEBHAHBLIM 10 TOMY, 4TO BOJAA MOJHH-
METCS Y KpaeB B MOC/JEJHEM Cjayyae Bbllle, YeM B NEPBOM.

B 1efcTBHTENBHOCTH MOBEPXHOCTb BOAbI He GyJeT BOTHYTa
HH B OJIHOM H3 MPEANONOXEHHBIX CydaeB, MOTOMY YTO BJIHSIHHE
TAXKECTH, AEHCTBYIOIIEH [0 HaNpaBJeHHIO K HEHTPY 3eMJH, Ie-
JlaeT MOBEPXHOCTb BbIMYKJIOH, KAK MOBEPXHOCTb MOPS, H OBICTPOTA
BpALIEHHS B HALIEM OMBITE HEAOCTATOYHA JHJS TOTO, YTOOHl Che-
JaTh MOBEPXHOCTL BOrHyTOod. OHa chenaeT ee JHUIb HEMHOTO
MeHee BBIMYKJAOH, yeM MOBEPXHOCTb MOPS, B MOCJAEJHEM CJayuae,
H HEeMHOro 60Jsee BBIMYKJIOH — B NEpPBOM.

Ho pasnuune B ¢popme moBepxHOCTH BOJbl OblJIO OBl CTOJB.
HHYTOXHO MaJIbIM, YTO NPH HAMHX COCcOo6ax H3MEepeHHUs OblIO Obl
6e3HaAeKHO NbITaTbCS ONPEALJHTb BPALUEHHE 3eMJIH 3THM MyTeM.

106. Masituuk ®yko. Camblii yIOBJIETBOPUTENBHBLIH CNOCOO
/51 3TOH LEeJNH 3TO cnocolb, npuayMaHHbll @y ko *).

¥} B HacToslLee BpeMs MOCTOAHCTBO HANPaBleHUA B MPOCTPAHCTBE MIOCKOCTH
BpallieHHsi ObICTPO BEPTALLErocsl Ha OCH KOJeca, — METOHA, KOTOphiH Toxe BejeT
cBoe Hawamo o1 Py ko, — obHapymuio Obl BpalleHHe 3eMJH Jerse BCero.
CpasH. § 71. ['mpoctatHueckuit KOMIAcC U BpallieHHe 3eM/TH CBSI3aHBI TEM e 3aKOHOM.
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Tsxenpit 1wap nojBeiieH HA NPOBOJOKE K HEMOJABHIKHOM
TOUKE TakuM O0Opas3oM, YTO OH MOMXET KauaTbCsl, KAK MasiTHHK,
B J1060H BEPTHKa/NbHOH MJIOCKOCTH, MPOXOASAIIEH uepe3 Heno-
JBHXKHYIO TOUKY.

Ilpn nmyckaHuu MasTHMKA HYXHO CTapaTbCs, 4TOGB IPOBO-
JIOKA, B TOT MOMEHT, KOIJa MasfTHMK HaXOAMTCS B CAMOH HH3-
LIefl TOUKe CBOEro NMyTH, TOUHO MPOXOJIM/IA Yepe3 TO MONOKeHHe,
KOTOpO€ OHa MPUHHMAeT, KOTAAa BHCHT BepTHKaAbHO. Eciu oHa
NPOXOIUT MO OJHY CTOPOHY OT 3TOrO MOJOXEHHS, TO OHAa BO3-
BPaTUTCA € JpPYrod CTOPOHEl, M 3TOr0 JBHXXEHHS MAaSTHHKA
BOKpDYT BEePTHKaNH, BMECTO TOTO, YTOObI JBHIaTbCs uYepe3 Hee,
HY)XHO MOCTapaTbcsl H30exaTb, HOO Mbl XOTHM H36ABHTHCH OT
BCEX BpalllaTeJbHbIX JBHXKEHHH, B KakoM Ol TO HH OBIIO Ha-
‘MpaBJIeHHH.

PaccmOTpHM MOMEHT KO/IHUECTBA JBHMXKEHHS MAasTHHKA OKOJIO
BePTHKA/NIbHON JIMHUH, MPOXOJAALICH Yepe3 HENOABHKHYIO TOUKY.

B TOoT MOMeHT, KOrja mpoBo/OKa MasTHHKA NPOXOAMT uepes
BEeDTHKAIbHYIO JIHHMIO, MOMEHT KOJHYECTBA JIBUXKEHHMA OKOJIO
BEPTHKAJIH €CTb HYJb.

Cusia TsDKECTH JeHCTBYeT BCerja MapajiesbHO 3TOH BepTH-
KaJbHOH JIMHHMH, a MOTOMY OHAa HE MOXET I[IPOM3BECTH MOMEHTa
KOJIMYECTBA JIBHXKEHHs OKOJO Hee. HaTskeHue MPOBOJIOKH Jei-
CTBYeT BCErAa 4Yepe3 HEMOJBHXHYIO TOYKY, a MOTOMY HE MOXET
MPOH3BECTH MOMEHTA KOJHYECTBA JBHXEHHS OKOJO BEPTHKAML-
HOH JIHHHUH.

CrienoBaTenbHO, MasTHMK HHKOrZa He MOMeT NpHOGpecTH
MOMEHTa KOJIHYeCTBA FBHXKEHHS OKOJO BEPTHKANbHOH JIMHHH,
OpOXOASILIEH yepe3 TOUKY MOjBeca.

[TosToMy, KOrza MpoBO/MOKA BLIXOAUT H3 BEPTHKATH, TO Bep-
THKaJlbHas MJIOCKOCTb, MPOXOAsIIAsl Yepe3 LEHTP Iapa M TOUKY
IOABECA, HEe MOXET BPalWAThbCH; HOO, ecIH Obl 3TO OHIO TaK,
TO MasiTHHK HMeJa Obl MOMEHT KOJHMYeCTBA JBHMIEHHS OKOJIO
BEPTHKATH *). '
7:?)V‘i;l7077€7CJ"lPVl"6bl, BCACACTBHC HEAOCTATKA NpeIoCTOPOKHOCTH, lap OIHCbHI-
Baa ABHYKO THOTHYECKY IO KPHBYIO, KaK yroaHO YAMHHEHHYK, TO 3Ta KPHBas

3 .
KAYaHuA MOBOPAYHBAIACH Obl HA Yroa B 1 £2 3a Kawbiii 060POT WAapa U B TOM

e HanpasieHuH, rae O ecTb (Manas) BEJAHYMHA KOHHYECKOTO YTJI4, OMHCAHHOTO
TIPOBOJIOKOH. ITO JerKO 3aMACKHPOBANO Obi 3bdeKT BpaiieHHs semad. Ecan 6bl
ap Mor ¢BOGOAHO BPAUATHCH OKOJO MPOBOJOKH, KAK OCH, TO KPHBAS OTKAOHS-

Jach Obl Ha yroa £ B TedeHHe Kaxgoro o6opora.



Vi) IIOBTOPHUTE/NBHBIA 0B30P 77

[Ipeanonoxum Teneps, YTO ONBIT NPOM3BOUTCA HA CeBEPHOM
noatoce. [I10CKOCTL KauaHMsl MasiTHHKA 6YZeT OCTABATLCH a6Co-
JIOTHO MOCTOSIHHOH NO HANpPaB/IEHHIO, TAK YTO, €CJAH 3eMJIS Bpa-
IAETCsl, TO €€ BpAlleHHe CHeNaeTCs OYEBHIHBLIM,

HyxHo JaHmb npoBectd Ha 3emae JHHHIO, napananenbHy0
IJIOCKOCTH KayaHHH, H CPaBHHTb IOJOXEHHE 5TOH JHHHMH ¢ MO-
JIOXEHHEM NJIOCKOCTH KauaHHH uepe3 HEKOTOPOE BpeMs.

Tax xax Takoro posa MasiTHHK, HaJJ1eXallUM 06pasom, noj-
BEUICHHBIH, GyJeT KauaTbCsl B TeYeHHe HECKOMLKHX 4YacOB, TO
JIETKO ONDPEJAENUTb, MOCTOAHHO JH MOJIOXEHHE MJIOCKOCTH Kaua-
HHA OTHOCHTEJBHO 3€MJIH, KaK 3TO JOMKHO OBITb, €CIAH 3eMJs
HaXOMHUTCA B MOKOE, HIH IMOCTOSHHO OTHOCHTENBHO 3Be3J, eCJH
3Be3/bl He ABHXYTCSl BOKPYT 3€MJIH.

Pagu npocToTel M3/10KEHHS MBI NpPENIIONOKHIAM, UTO ONBIT
NPOHU3BOAHTCSI HA CeBEePHOM noJioce. Ho HeT Heo6XoaHMOCTH
OTNPABJAATBLCS TYJAa, ASl TOrO 4YTOGBl J0KA3aTh BPAIIEHHE 3eMJH.
Enuncrsennas o6nacTb, rje ONBIT HHYEro He NOKAaXeT, HAXO-
JMTCSI. HA 3KBartope.

Bo BcsikoM Apyrom Mecre MasTHHK yKaxeT yIJOBYIO CKOPOCTb
BpalleHHs 3eMJIH OTHOCHTEJAbHO BEPTHKAJHM 3TOro mecra. Ecau B
HEKOTOPHI MOMEHT MUIOCKOCTh MasTHHKA MPOXOJHT Yepes 3Be3ny,
HaxOJAULYI0CsT GJH3b IOPH30HTA, BOCXOASINYIO HAM 3aXOMSAILYIO,
TO OHA W B JaJbHeHIIEM OyJeT NPOXOAHTb uepe3 3Ty 3BE3AY
ZO TEeX MOp, NOKAa OHA HAXOXMUTCS BOJAM3H TOPH30HTA. ITO 3Ha-
YHT, YTO TOPH3OHTA/NbHAS COCTABJSIONAS BUAMMOIO JBHXKEHHS
3B€3/bl HaJl TODH3OHTOM DaBHAa YIJNIOBOH CKOPOCTH BpaILEHHUS
NVIOCKOCTH KayaHHH MAasiTHUKA.

Bbinio 3ameueno, 4TO B 10XHOM NMOMYLIAPHH MIOCKOCTh Kaua-
HHUsI BPAIAETCSA B NPOTHBONOMOXKHOM HAMpPAaBIe€HHH, U H3 CpaBHe-
HHSl CKOPOCTeH B pas/IMUHBIX MECTaxX BHIBEJAH AEHCTBHTENbHOE
BPCMSi BpAILCHHUST 3CMJIM HE3aBHCHMO OT aCTPOHOMHUYECKHX Hab.Ii0-
Zenuit. Cpenuee 3HauyeHHe, BHIBEJCHHOC M3 3THX ONbToB I .-
6paritom (Galbraith) u Ayronowm (Haughton) B ux »Pyko-
BOACTBE ACTPOHOMHH®, cocTaBisieT 23 yaca 53 MuHyTE 37 ce-
KyHza. MCTHHHOe BpeMsi BpalueHusi 3eMaH cocCTaBasieT 23 uaca
56 MHHYT 4 CeKyHJBI CPEJHErO COMHEYHOrO BPEeMEHH. .

107. MATEPHUS H 3HEPTHA¥). Bce, 4yTo MBI 3Haem o MaTepHH,
OTHOCHTCS K PSIAY SIBNEHHH, B KOTOPBIX SHEPIHs Mepeiaercs OT

#} CM. npuaowenue [I. ®
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OJHOH YacTH MaTepHH K APYroH, NoKa Kakas- HUOYIb M3 3THX
YaCTeH He MOBJHSET HAa HALIK OPraHbl YYBCTB, U Mbl HE HCIBITAEM
TOTO HJIH HHOTO OILYIUEHHS.

YMCTBEHHBIM 1poOILECcCOM, KOTODEIA OCHOBBIBA€TCSI HA TaKHX
OLYIICHHUSIX, Mbl MPHXOIHM K YCTAHOBJEHHIO YCJAOBHH STHX ouy-
IEeHHH H npocnex«:usaeM HX 10 Beule#, KOTOphle HEe COCTABJAAIOT
YacTH HAC CAMHX; HO Bcerga (axr, KOTOPBIH MBI H3y4yaeM, ecTb
B3AHNOJEACTBHE MEXIY TeNaMH. DTO B3aUMOACHCTBHE MbI CTa-
panuCh omucath B HACTOsEM TpakraTe. Mcxoast U3 pasnuunbix
TOYEK 3PEHMS, ero HA3LIBAIOT CHJIOH, HeACTBMEM M MPOTHBOAEH-
CTBHEM, HJIH HANpSDKCHHEM, H MPOSBASETCS OHO B H3MEHEHHH
ABHXKCHHS TeJ, MEXJY KOTOPBHIMH OHO IEHCTBYET.

ITpouece, nocpeacrsom KOTOPOrO HAMNpSDKEHHE NPOU3BOIHT
H3MCHEHHE JBHMXKEHHS, Ha3blBaeTCS] PaGOTOH, H, KAK MEl yxe
TMOKa3and, paboTa MOXET pPacCMaTPHUBATBCSI KAK nepejgada sHep-
THH OT OJHOTO Tead CHCTEMBI APYromy.

WITaK, KaK MBI yKe TOBODHJIH, Mbl 3HAKOMBI C Matepueil JUIlb
'KaK C 4eM-TO, 4TO 06JaJaeT 3Heprueil, coo6uUIeHHOI eMy Jpyro#
‘MaTepHed, ¥ 4TO MOXET, B CBOIO ouepelb, Mepenarb 3HEPruio
. ApYrod Martepuu.

C npyroii CcTOpOHHI, 3HEPrHI MBI 3HAEeM JHIIb KaK HeyTo
HENMPEPLIBHO MN€pexojsulee, BO BCeX HBJIEHUAX MNPHPOLBI, OT
OJIHOH YaCTH MaTepHH K JAPYroi.

108. KPHTEPHH CYWIECTBOBAHHS MATEPHAJBHOH CYB-
CTAHUHH. DHEPrHSI HE MOXKET CyLIeCTBOBATE HHAue, KaK B CBA3M
¢ marepueli. OTco0na, TaK KaK B NPOCTPAHCTBE MEXKAY COJHIEM
H 3€MI€d CBETOBBLIE M TEILIOBLIE H3/Iy4eHHs], KOTOpPbIE OCTa-
BHIH COJMHUE. W eule He NOCTHIIH 3€MAH, O6MANAI0T SHeprue,
KOJHYECTBO KOTOpO# B KyOHYECKOH MHJIE MOXET 6bITb H3Me-
PEHO, TO 3Ta 3HEPrus JO/KHA {PHHALNEHKATH MATCPHH, cye-
CTBYIOUIEH B MEXIJAHETHBIX NPOCTPAHCTBAX, a4 TaK KAaK JHIIb
Gnaromapst cBety, KOTOPBIH JIOCTHraeT [0 HAc, Ml y3HaeM O
CYIIECTBOBAHHH CAMBIX OTJANEHHBIX 3B€3J, TO Mbl 3aKJI0yaeM,
UTO Marepusi, Mepejarlasl CBET, paccesiHa MO BCeH BHIMMOI
BCEJI€HHOI.

109. SHEPIHS HECNOCOBHA K OTO)KlIECTBJ'IEHPI}O Mbl He
MOXEM OTOXIECTBUTb OTHENbHOH YaCTH 3HEPrHM, WM npocne-
JHTb €e 4epe3 ee npespameHus. OHA He HMeeT HHJIHMBHIYaNb-
HOTO CyINECTBOBAHMS, KAKOE MBI, HAPUMeED, IPUITHCHIBAEM OTAECb-
HBIM YaCTAM MaTepHH.
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SIBNeHMS MaTepHaJbHOH BCENEHHOH KaXyTCS NPOUCXOAAUMH
' TAKHM K€ 00pa30oM, KaK CAEJKH B KpeJHTHOH cucrteme *). Kaxas
Clle/IKa COCTOMT B nepeaadye HEKOTOPOro KpelAHMTa MM 3SHEPruu
OT OJHOrO Tena Apyromy. IDTOT aKT Nepefaiyd WAl NJaTexa

Ha3biBaeTcsl PAGOTOH. JHEPrusi, TAKHM 06Pa3oM nepejaHHasi, He
| COXpaHSieT HHKAKOrO NPH3HAKA, IO KOTODOMY €€ MOXHO OHJIO
6bl OTJIHYMTDb, KOIJa OHA NEPEXOJMT OT OJHOTO BHAA K APYLOMY.

110. ABCONIOTHOE 3HAUEHHE 3HEPTHHU TEJA HEH3BECTHO.
DHeprusi MaTepHa/lbHOH CHCTEMbl MOXeT GLITb OlleHeHa Jmun)/l
OTHOCHTEJBHBIM 00Pa30oM. -

[Tpexcae Bcero, XOTs 3HEPrUS JABHXEHHS YaCTeH OTHOCHTENLHO
UEHTPAa MacChl M MOXET OLITb TOYHO ONpeJe/]eHa, HO MNoJHas
3HEPrHsl COCTOHT H3 STOH 3HEPTHH, CJAOXKEHHOH C 3Heprueif
Maccol, paBHOH Macce BCEH CHCTeMBl, IBHXKYILUEHCH *CO CKO-
pOCThIO HEHTpa Mmaccel. Ho 3Ta nocregnsas ckOpocTb — CKOPOCTH
LEHTPA MacChl — MOXeT OLITb OLEHeHa JHIIb OTHOCHTEJIbHO Ka-
KOrO-HMOYAb TeJa, BHEIUHErO MO OTHOLIEHHIO K CHCTEME, M 3Ha-i
YEHHEe, KOTOPOe Mbl NMPHUNHILEM 3TOH CKOPOCTH, GyIeT pa3aHuHO,;
B 3aBHCHMOCTH OT TOl0, KaKoe TeJO Mbl BhIGepeM 3a Hayamo.

# Vitak, HalJIeHHAS KMHETHUECKASl SHEPrus MaTepHaNbHOH CH:
CTEMBl COZICPXKHT UYACThb, 3HAYEHHE KOTOPOH HeAb3sl ONpPeNe/HTh
MHaue, KaK NOCPeJCTBOM NPOM3BOJLHOrO BLIGOpa Hauana. Eamu-
CTBEHHOE HadaJo, KOTOPO€ He Obl10 6bl MPOH3BOJBHO, €CTh
LEHTP MacChl MaTepHAa/NbHOH BCeJeHHOM, HO NOJIOXEHHEe H JBH-
JKE€HHe 3TOH TOUKH HAM COBEpPUIEHHO HEeH3BECTHO.3#

. I11. CkpuiTAg 3HEPTHSA. Ho 3Heprusi MaTepHaibHOR CHCTEMBI

HeompeaeauMa 4 TO APYro#d npuuuHe. Mpl He MOXEM [PHBECTH
CHCTEMY B TaKO€ COCTOSIHMe, B KOTODOM OHa COBEPLIEHHO He
uMena Gbl 3HEPrHH, H HEKOTOPOe KOJHYECTBO SHEPIHH, KOTOPOe
HeAb3Sl HHKOrJa YAAJHTb M3 CHCTEMBI, JOMXKHO OCTaTbCA HEOlLy-
THMBIM JJIs1 HAC, MOTOMY 4TO MBI JHIIb TOrJa MOXEM HCCIeN0-
BaTh 3HEPTHIO, KOTJa OHA BXOJIHUT B CHCTEMY HJ/H OCTaBJ/seT ee.

CrnenoBaTeNbHO, MBI JO/KHBI pacCMaTPUBATh JHEPTHIO MaTe-
PHAJIBHOM CHCTEMB! KAaK BEIMYHHY, A5 KOTOPOH MBI MOXEM onpe-
JeTSTh JIHIIb YBeJMYEHHE WM YMEHbIUEHHEe NPH Nepexone CH-
CTEMBI U3 OJHOIO ONpeae]eHHOr0 COCTOSIHUSI B Apyroe. A6COMIOT-
HOE€ 3HaueHHe SHePrHH B HEKOTOPOM OMNpPEAeJEHHOM COCTOSHHH
HaM HEHM3BEeCTHO M He HMesn0 OBl JJs1 HAaC HHUKAKOH II€HBI, €CJIH Obl

;
'1’
I

*) 3a uckaoYeHueM, MOXKET ObiTb, TOrO, 4TO KpEAuT MOMXEeT OblTh HCKYC-
CTBEHHO YBEAHYEH MM Pa3qyT.
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MBI €r0 3HaJsH, HOO BCe fABJ€HHMS 3aBHCAT OT H3MEHEHHH 3Hep-
THH, 2 HE OT ee abCOMIOTHOrO 3HAYeHHs.

112. TIoNHOE PACCMOTPEHME SHEPIHM OXBATHJO EH
BCI0O COBOKYMHOCTh $M3MYECKHX HAYK. PaccMoTpeHHe pas-
JUYHBIX POPM SHEPrUH — SHEPTHU TATOTEHUS, 3JEKTPOMATHHTHOH,
MOJIEKYJ/ISIDHOH, TeMJIOBOH H T. J.—BMECTEe C YCAOBHAMH IpeBpalie-
HHSI 3HEPTrHH U3 OAHOH (OPMBHI B APYryH M HENpPEMEeHHO Cyle-
CTBYIOILETO pACCESAHUS 3HEPIHH, NOJNE3HOH A/ NPOU3BOACTBA pa-
60TBI, COCTABJASIET COAEpKAaHUe BCeH COBOKYMHOCTH (H3HYECKHX
HayK, NOCKOJbKY OHM Da3BUJIHCh B JHHAMHUecKOH ¢opme nox
pa3nMYHBIMH Ha3BaHUSIMH AaCTPOHOMHH, 3JIEKTPHUECTBA, MarHu-

TH3M4, ONTHKH, TEODHH (PHU3HUYECKHX COCTOAHHH TeJ, T€PMOJMHA-
MHKH H XHMHH.



I'JIABA CEIbMAS4.

MASTHHK . CHUJIA TAXKECTH.

113. O PABHOMEPHOM JBHXEHHH N0 OKPYXHOCTH. [IycTh
M (¢ur. 11) ects Tes0, ABHKYlIEECS MO OKPYXKHOCTH €O CKO-
pocthio V.

[Tyctb OM =r ecThb paguyc 3TOH OKPYKHOCTH.

Hanpasnenne ckopoctu Tena M ecTb HanpapjeHHe Kaca-
TeNbHOH K OKpyxHOCTH. [lpoBesemM uepe3 LEHTP OKPYKHOCTH
auayio OV, napaaienbHyl0 3TOMY HanpaB/JeHHIO W PABHYIO pac-
CTOSIHHIO, ONMHCAHHOMY B eJHHHLY BpeMEHH CO CKOpOCThIO V;
torza OV =1V.

Ecny npumem Touky O 3a Hayalo auarpaMMbl CKOPOCTeH,
T0 V' n306pasuT ckopocTh Tefa B Touke M.

Korma teno oGoiiner oxpyxHOCTb, Touka V Toxe ONHMILET
OKPYXHOCTb, U CKOPOCTb TOYKH V Oyger M

OTHOCHTbLCA K cKopocTu ToukH M, kak OV /
oTHocuTcss Kk OM. f

CnenoBaTenbHO, €CAH MBI [POBEAEM y.' ‘
npsamyio OA, cOCTaBJSOULYI0 [POJOJIKE-
Hie MO, a notomy napajie]bHYI0 Hampa- y
BJAEHHUIO JABHXCHHUS TOUkH V, cinernaem OA y
TpeThed nponopimonanvHoli k' OM u OV
¥ npumem Touky O 3a Hayano AHArPaMMbl
ycKopenu#i, To Touka A Oygper wusobpa-
HaTb CKOPOCTb TOYKH V HIH, YTO TO XK€ Camoe, YCKOpeHHe
TOyku M. ~

Hrak, Korna Teno ABHXKETCS DPaBHOMEPHO MO OKPYXHOCTH,
TO €r0 YCKOpDEHHE HaNpPaBJIeHO K LEHTPY OKPYXHOCTH H eCTh

TPeTbsl NMPONOPLHOHANbHAS K PAaJAHYCy OKPYMHOCTH H CKOPOCTH
TeJsa.

Pur. 11.

K. Maxcoeaa. Mamepusn u dsuxcenue. 6
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Cuna, peiicTBylolllas Ha Ten0 M, paBHa NMPOK3BEJEHUIO 9TOrO
YCKOpeHHs! Ha MacCy Tenaa, MM, ecan F ecTb 3Ta CHJa,

_mvz
o

114. 1IEHTPOBEXHAS CHJA. BbluMc/aeHHass HaMu cuaa F ecTb
Ta CMJIa, KOTOpasi NOJ/DKHA JefcTBOBaTb Ha Teno M jas Toro,
4TOGB! YHEPKHBATL €r0 HA OKPYMKHOCTH Pajuyca 7, IO KOTOPOH
OHO JBHXKETCH €O cKopocTbio V.

HanpapneHue 31Ol CHU/BI €CTh HANPABJACHHE K LIEHTPY OKPYX-
HOCTH. : ]
Ec/iu 3Ta cuza OCYIECTBJAEHA NMOCPEICTBOM LIHYpKa, NPHBSI-
3aHHOTO K Te/ly, TO LIHYPOK OyleT B COCTOSIHMH HAaTSKEHHS.
Tomy MLy, KOTOPOe JAepKHT JAPYroH KoOHel wHypka, Oyler
Ka3aTbCsl, YTO 3TO HATSLKEHHE HanpasieHo K teay M, kax OyaTo
Teno M CTPeMHTCS! YAAJHThCS OT LEHTPA OKPYXKHOCTH, KOTODPYIO
OHO ONHUCHIBACT.

OT1ciona, 9Ty MOCJAEAHIOK CHJIYy 4YacTO HAa3bIBAOT LL€HTPO-
OexHOH cHIOH.

Tak xax cusa, KOTOpasi Ha caMOM Jese JEHCTByeT Ha TeJo,
HarpaB/eHa K IIeHTPY OKPYMHOCTH, TO OHA Ha3blBaeTCsl L e HT P O-
CTPEMHUTENbHON CHIOM, H B HEKOTOPHIX MOIMYJSIPHBIX H3/O-
KEHHUSIX OMHCHIBAIOT LEHTPOCTPEMUTENBHYI0 H HEHTPOOEKHYKO
CHJIBI KaK MMPOTHBOMOJOXHbBIC M B3aUMHO ypPaBHOBEIHBAKOLHECS
cu/1bl. Ho OHHM NMPOCTO NMpeacTaBAsiOT PasiHUHbIC CTOPOHBI OJHOTO
H TOrO e HampsDKeHHst [HefcTBYIOILEro B LIHYpKe].

115. TTepHOL ABUXKEHHS. BpeMms, B TeuyeHHE KOTOPOIo
ONMUCBbIBAETCS TOJHAs OKPYXXHOCTb, HA3blBaeTC MNMEepHOAOM
JBUXEHHUS.

Eciu & 0603HauyaeT OTHOLIEHHE JJHHBI OKPYXHOCTH K ee
nuameTpy, pasHoe 3,14159..., TO A/MHA OKPYXKHOCTH pajuyca r
ecTb 2ar; a TAK KaK OKPYXHOCTb OIHCHIBAETCS B Te4YeHHe
nepuona I co ckopocTblo V, TO uMeeM

Qar = VT.
OTcroaa

r

CKOpOCTh KPYrOBOrO JBHXEHHs 4YaCTO XAPAaKTePHU3YHOT 4H-
ci0M 060poTOB B enuHHlly Bpemend. OGO3HAYHM 3TO UHCIO
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{sactoTy] uepes n; TOrla

nlT =1
H
F = 4m*Mrn®.

116. O NPOCTHX TAPMOHHUECKHX KOJMEBAHUAX. Ecan B
o Bpemsl, Kax Teq0 M (¢ur. 11) 1BHKeTCA PABHOMEPHO MO OKPYHK-
HOCTH, Jpyras TOuka P JBIXETCS M0 HeMOABHIKHOMY IHAMETDY
5TOH OKPYXHOCTH TakK, Y4TO OHA BCerja HaXOJMTCA B OCHOBaHHH
nepreH MKy 1apa, ONMYUIEHHOIO U3 TOUKH M Ha 3TOT IHaMeTp,
TO TOBOPAT, 4TO Tea0 P cosepiiaer MpPOCTHI€ TrapMOHH-
yecKHe KoanebGaHHA.

Pazuyc - OKDYXHOCTH HasblBaeTCs AMINJAUTYAOH Koje-
OaHus. )

IMepuox ToukM M Ha3piBaeTCA MEPHOLOM KOJIE 6aHnu.

yros, koTophiit paguyc OM o6pasyeT ¢ MONOXHTEAbHbIM Ha-
NpaBleHHEM HEMOJBMKHOIO IHAMRTPA, HA3bIBACTCHA b as3oit xoue-
Hanus. )

117. O CuaE, AEACTBYIOWEH HA KOJEBJIOMEECS TEJO.
EMHCTBEHHOE Pa3/iHyHe MEXRY ABHMKEHHUAMH TOUYEK M u P co-
CTOMT B TOM, 4TO Touka M HMeeT [elle] BepTHKANbHOE JBHXEHHE,
CKJIAJIBIBAIOLlEecs € TFOPH30HTANbHBIM JBHXKEHHEM, TOXIECTBCH-
HBIM ¢ aBmxeHHeM Toukd P. CreanoBaTeibHO, CKOPOCTb H YCKO-
peHxe O6OHX Tei PasHsTCS TOJBKO Ha BEPTHKANBHEIE COCTaBJsA-
JOIlME CKOPOCTH M YcKOpeHus TOukd M.

[TosTOMy, yCKOpeHHe TOUKH P ecTb FOPH3OHTaAbHAs COCTa-
BAAIOmas yCKOpeHHst TOUKM M, a TaK KaK YCKOpEHHE TOUKH
M u306paxaeTcs BEKTOPOM OA, nexamuM Ha INPOJOJ/KEHHH
MO, To ycKopeHnue Touxy P H306paxaeTcsi BEKTOPOM OB, rne B
©CTh OCHOBaHHE MEPIEeHIHKY/spa, OMYyLIEHHOrO H3 TOYKH A Ha
ropusonTanbhblit muamerp. Tenepb, H3 nono6ust TPeyroJbHUKOR
OMP u OAB nmeeM

OM:0A=0P:0B.

Ho
r

OM=r, a OA=—4a" -

Orcrona
472

033—7—2— OPZ—'4ﬂ2ﬂ‘Z.OP.
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HMrak, B NpOCTOM TrapMOHHYECKOM KOJeGaHHH YCKOpeHUe
BCerjia Hanpas/IeHO K LEHTPY KOneGaHHs W DPABHO PACCTOSTHHUIO
OT 3TOro LEHTpPa, YMHOXEHHOMY Ha 4m?n2, M ecJ¥ Macca Koule-
6arommesicss TOYKH ecThb P, T0 cuaa, IeHCTByIOLIAs Ha Hee Ha pac-
CTOSIHHH X OT ToukH O, ectb 47*ntPx. .

Orciona cnenyer, 4ToO Ha TeJ0, COBEPLIAIOLIEE NPOCTHIE rapmo-
HHYECKHe KOleGaHHs M0 NPAMOH JTHHUH, AeHCTBYET CHJA, U3MEHH-
101LasICSl NPOMOPLUHOHANIBHO PACCTOSIHHIO OT LEHTPa Koa1eGaHHst, U
3Ha4YeHHe STOH CHJIBI HAa JAHHOM DPACCTOSIHMH 3aBHCHT TOJBKO OT
3TOr0 PACCTOSIHHUSA, OT MACCHI T€/a M OT KBAaApaTa 4Mcaa KoaeGaHui
B €JIMHHIlY BPEMEHH H HE 3aBHCHT OT aMIIMTYIH KOseGaHHil.

118. MI3oxPoHHBIE KOAEBAHHA. OTCIO[a CAEAYET, YTO €C/IH
TEJO ABHIKETCSl MO MPSIMOM JIMHHH U Ha HEero JeHCTBYeT ChJia, Ha-
NMpaB/le€HHAast K HEMNOJBHXHOH TOYKEe HAa 3TOH JUHHH H H3MEHSIO-
1asicsi NPONOPUHOHANLHO PACCTOSIHHIO OT 3TOH TOUKH, TO OHO Gy et
COBEpIIATh MPOCTEIC FAPMOHUYECKHE KOIe6AHHUS, TEPHOL KOTOPhIX
Oyner ONMHAKOB, KakoBa 6bl HH OblIa aMIVIMTYAA KOJeGaHHS.

Ecau nas ocoboro poja nepemenienus TeJa, HArpumep, aJs
TeJa, BPALIAIOLICroCs BOKPYr OCH, CHJIA, KOTOPast CTPEMHTCS
BEPHYTb €r0 B JAHHOE MOJOXKEHHE, H3MEHSAETCS MPONOPLUUOHATBLHO
nepeMelleHHIo, TO TeJO OYAeT COBepllaTh IPOCThIE rapMoHuue-
CKMe KOJe6aHHs OKOJIO 3TOr0 MNOJIOXEHHS, NEePUOJ KOTOPBIX
He OyJeT 3aBHCeTb OT MX AMILIHUTYIbI.

Taxoro -pona Kone6anusi, KOTOPHIE COBEPMIAIOTCS B OJHO H TO
Ke BpeMs, KaKoBa Obl HM ObJIA HMX AMILIMTYAA, HA3BBAIOTCH
M30XPOHHBIMH KOJEOAHHSIMH.

119. IIOTEHUHANIBHAA 3HEPTHSA KOJEBJAIOIEIOCS TEJA.
CkopOCTh Tesd B TOT MOMEHT, KOTa OHO MPOXOIHT yepe3 TOUKY

PaBHOBECHS, PaBHA CKOPOCTH TeJa, JABHXKYIIEroCs MO OKPYk-
HOCTH, HJH )

V =2mrn,

rjie + eCTb aMIVIMTYJa KoJeGaHMsl, a4 7 — YHUCAO MOJHBIX KOJe6a-
HHH B CeKYH.Y. '

OTC}OLLH, KHHETHUYECKAs 3HEPrus KOJI€6JII-OU1€I‘OCH TeJga B MO-
MEHT NPOXOXICHHUA 4Yepe3 TOUKY DPABHOBECHUSI €CThb

; MV? = 2a°Mrn2,

rae M ecTs macca rtena.
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B moMeHT Haubosbliero ynaneHus, Korga x=r, cKOpOCTb,
4 CIeIOBATENbHO, H KHHETHYECKAsi 3JHEPrHs Tela eCTb HYyJb.
Y6bl/Ib KUHETHUECKO SHEPTHH LO/KHA GLITh PaBHA MPHPAILCHHIO
NOTeHUMANBHOH 3Heprud. OTCI0Aa, €C/AM BHIYHCAATL MOTEHUHANb-
HYI0 SHEPTHIO OTHOCHTENbHO KOH(QUIYpauUH, B KOTOPOH Teso
HAXONUTCA. B PaBHOBECHH, TO €ro INOTEHUHaIbHAsT SHEPTHS -B
MOMEHT, KOI'la OHO HaXOJHTCA Ha PAacCTOSIHHU 7 OT 3TOHM TOYKH,
ectb 2a°Mn?r2,

ITO €CTh NOTEHUHMA/IbHAS JHEPTUA U30XPOHHO KOJEGMIOIErocst
T€J1a, COBEPUIAIIUErO /2 MOJHBIX KOJe6GaHHI B CEeKYHIY, €C/IH OHO
HaxXOIHMTCA B MOKOE HA PACCTOSIHUM r OT TOYKM paBHOBecHsl. Tax
KaK nOTeHUHAa/bHAs 3HEPrHd He 3aBUCHT OT IBHXKEHHs Teaa, a
TOJIBKG OT €ro MOJIOXKEHHS, TO MOXHO 3aMucaTh €e B BHUIE

20°Mn3x?,

TJle X eCTb pacCTOsAHHEe OT TOYKH PaBHOBECHS.
120. MMpocTtoit masTHuk. [IpocTOHl MasATHHK COCTOMT M3

HeGOJIBILOrO TAXKEJIOro Tesd, HA3BIBAEMOrO YeuyeBHUEH, MOABe-

LIEHHOTO K HEMOJBH)XHOH TOYKE HAa TOHKON HHMTH HEeU3MEHHOH

IJIMHBL.  YeyeBHua npennosaraercsi CToJb

MaJIoi, YTO ee JBMKEHHE MOMNHO pPaccMa- B’

TPHUBATb KaK JBHKEHHE MAaTEPHANLHON TOUKH,

4 HUThb MPeANnoaaraeTcs CTOJb TOHKOH, UTO

MOXHO MnpeHeOpeyb €e MacCoil M BecoM.

YeueBuua NPUBOAMTCS B JIBHKEHHE TAaKHM 0

06pasom, Y4TO OHA KAYaeTCs B BEPTHKAIbHOM

MJI0CKOCTH, ONHCHIBasi HEGOJBILYI0 IYTy,

P
Ee TpaekTOpHs eCcTb Lyra OKpyKHOCTH, LEHTP - M
KOTOpO# eCTh TOYKa nozpeca O, a pamuyc A
€CThb I/IHHA HHTH, KOTOPYIO -MH GyneM 060- dur. 12,

3HauaTth yepe3 /[
[Tycte O (dur. 12) ectb Touka nojaseca, a OA— nosoxe-
HHE MafTHHKA, KOra OH BHCHMT BepTHKanbHO. Korma uveuepnua

HaxomuTcst B M, oHa BbILIE, YeM B TMOJOXKEHHH A HA BBHICOTY
2

AP:‘Zngn rae AM ectb xopaa ayru AM, a AB=2l.

Ecin M —wmacca uyeueBHIE, a g €CTb HANPSOKEHUE CHJIBI
TSIKECTH, TO BeC uyeueBHUH Oyzxer Mg, a pab6oTa, NMpoOH3BeIEH-
Hast POTHB CHJIb TSXKECTH NPH IBH)KEHHH YeYeBHLE H3 TOuKH A
B Touky M, 6yner Mg.AP. TakoBa e, c/leJOBATENbHO, H MIOTEH-
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IHaNbHAsl SHeprUsl MasiTHHKA, KOTJa uedeBHUA Haxoaurcs B M,
€C/JIM CUHTaTh, YTO SHEPrUsl €CTb HYyJb, KOTJa YeyeBHUA HAXO-
JUTCS B TOouke A,

MBI MOXeM 3aMHCaTb BeJIHYHHY NOTEHUMAJAbHOH SHEPIHH M B
CAeAyIOLIEM BHAE:

[ToreHuHanbHasi 3HEPrHS UEUeBHLbl, CMEIUEHHOH Ha KaKyio-
HUOYIb AYTy, U3MEHSIETCS MPONOPLUHOHAJIBHO KBaApaTy XOpJIbl
aToll AyrH. A ,

Ecau 6b1 ona u3MeHnsiziach NPONOPUHMOHANBHO KBAaApaTy Camoi
IyTH, MO KOTOPOH IBHXKETCS 4eueBHUA, TO KoJeOaHusi OBLIH Gbl
CTPOrO HM30XPOHHBIMH. Tax KaK MOTeHUHaNbHasi SHEPTUS H3Me-
HsleTCsl MeJJ/IeHHee, ueM KBajApaT HyrH, TO MNEPHOA KaXAOro
Ko/ne6anua 6yjaeT 6oJblle, ecH aMILIUTyIa OQJblie.

OxHako, A/ OueHb MaJblX KoJebGaHHH, Mbl MOXEM MNpeHe-
6peyb pasnHuyHeM MeXLy XOpHo# M ayroil H, o6o3Havas ayry
yepes X, MOXKEM MOJOXHTb MOTEHUHAJIBbHYK 3HEPTHI0 paBHOH

2
o7 X%
21
Ho Mbl yxke mnokasand, 4TO B T'apMOHHYECKHX KOJeGaHHsaX
NOTEHUHAJbHAS 3HEPTHs ecTb 232Mnx2.
[TpupaBHuBast Ipyr APYyry S5TH [1Ba BBIPAXEHHS H OCBOGO-
JUBIIHCh OT IpOOel, Moayyum

g = 4a®n?l,

TJe & €CTb HANpPSDKEHHE CHJbl TSXKECTH, 7T — OTHOIUEHHE JIMHBL
OKPYXHOCTH K €€ JHAMEeTPY, 7 — UUCJIO KOosaeGaHMil MasiTHHKA B
€JHHMALy BpeMeHH, a [— JTUHA MAasATHHKA. .

121. P u3HYECKHA MAITHHK. Ec/ii GBI MOXKHO 6bIIIO TOCTPOHUTH
MasiTHHK CO CTOJIb MaJOH 4deueBHLIEH H CTOJb TOHKOH HHTLIO,
YTO €ro MOXCHO Gbl10 Obl AJIS NMPAKTHYECKHX Leed paccMaTpH-
BaTb KaK MPOCTOH MAATHHK, TO 3THM CMOCOGOM ObLIO GBI HETPY IHO
ONpEeAeTUTD &.

Ho Bce neficTBHTE/NbHBIE MasiTHHKM MUMEIOT YEUEBHILLI 3HAUM-
TEJbHBIX Pa3MepoOB, H /sl TOTO, YTOObI COXPAHHTbH IJIMHY HEU3-
MEHHOH, ueuyeBHUA AOMKHA GLITH COEJHHEHA C TOUKOH nojBseca
KPEIKHM CTEPIKHEM, MacCOH KOTOPOTO Henb3s npeHe6peun. Beeraa,
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OJIHAKO, BO3MOXKHO OMpPENeNUTh IJIHHY MPOCTOrO MAasTHUKA, KOJe-
6GaHHs KOTOPOTO COBEPILATUCH OBl TAKUM k€ 006Da30M, KaK KoJe-
6aHHsl MasTHHKA J1060# (GOPMBI.

[TonHOe paccMOTpeHHe 3TOro mnpejaMera MNPHBENO Obl K Bbi-
YHCJAEHHSIM, J€XAUIUM 3a NpejaeJaMH 3Toro Tpakrata. MoxHO,
OJHAKO, ‘TIPUTTH K CaMOMY Ba)XXHOMY pe3yabTaTy 0€3 BbIYHCIE-
HUH, C MOMOLIbI0 HHXKECJAeIYIOWHX COOOpaXkeHHi.

JIBHKEHHE TBEPAOro TeJaa B OJHOH TIOCKOCTH MOXKeT OBITb
MOJHOCTBIO OINpeNeIeHo, €CAH yKa3aTb JABHXKEHHE €ro UeHTpa
MacChl U JIBH)KEHHE Teaa OTHOCHTEJbHO €r0o HEHTPa MAacCCHI.

Cuaa, Tpebymwouiascs A1 TOro, 4TO6Hl IPOM3BECTH AAHHOE
U3MEeHEeHHe B JABH)KEHHM LEHTPa MacChl, 3aBUCHT TOJbKO OT MACChi
Teaa (§ 63).

MowmenT, Tpebyoumiicss Aas TOro, 4ToObl NPOU3BECTH JaHHOE
M3MEHeHHEe YIVIOBOH CKOPOCTH OTHOCHTE/BLHO LEHTPa MacChl, 3a-
BHCHT OT paclpejesneHdsi Macchl; OH TeM OoJblle, 4eM JaJbLIe
pa3iHyHBIe YACTH Te/1a OTCTOAT OT LEHTPA MAacChl.

' [ToaTomy, ecan o6pa3oBaTb CHCTEMY ABYX YACTHL, HEH3MEHHO
CBSI3aHHBIX MeXJ1y CO6OI0, NpUueM CyMMa MX MacCc paBHAa Macce
MasiTHHKA, HX LEHTP Macchl COBMAjAaeT ¢ UEHTPOM MacChl Mast-
HHK4, 4 UX pACCTOSIHMS OT I[@HTpPA Macchl TAKOBH, YTO Tpebyercs
napa OJHOrO M TOTO XKE MOMEHT4, 4TOObl NPOM3BECTH JaHHOE
BpallaTeJbHOE JABMXKEHHE OKOJO LEHTpPa MacC HOBOH CHCTEMBI
M OKOJIO LUEeHTpa MacCh MasiTHMKA, TO HOBas cHcTeMa OyleT, s
JBHXKEHHS B OINpPEAeJeHHOH TIJOCKOCTH, AHHAMHYECKH 3KBHBA-
JIEHTHa JAHHOMY MAasiTHUKY, TO-€CTb, €ClMH 06€ CHUCTEMBbl JBH-
XKYTCA OJMHAKOBBLIM 00pasoM, TO CHJbI, Tpebyrolmecs A TOTO,
yTOOBl YNPABAATD JABMXKEHHeM, OyAyT paBHbl. Tak Kak Maccel
06€eMX YacTHL MOTYT HaXOAHWTbCSI B KAaKOM YrOAHO OTHOLIEHHH
MeXJy COOOH, MPH YCJOBHH, YTO MX CyMMa pdBHa Macce Masrt-
HHKA, U TaK KaK MpsMasi, UX COeJHHsIOIas,

MOXKET HMeTb J060e Hanpas/€HHe, TNpPH
VCJIOBHH, YTO OHA NPOXOAHT Yepe3 LEHTP

MAacChl, TO MOXKHO pacliOJIOXKHTb HMX TaKHM

0o6pa3oMm, uTOOB OJHA H3 YACTHIL COOTBETCTBOBaJA JAI060H NaHHOH
TOUKE MAATHHKA, Hanpumep, Touke npuseca P (¢ur. 13). Macca
3TOH YACTHLUH M MOJOXKEHHE H Macca APYyroil yacTHub Q 3THM omnpe-
aenutcs. TlonoxeHHe BTOpO# yacTHUBl (Q HAa3bIBAETCS LEHTPOM
xauaHus. Ecau tenepp B cucTeM€E 1BYX yacTHIL OfHA U3 HMX, P,
HEMOABHKHO YKpeIJeHa, a jApyrasi, Q, MOXeT KoaeGaThCsi MO

dur. 13.
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JeHCTBHEM CHJIBI -TSXKECTH, TO Mbl HMeeM MpPOCTOH MaaTHHK,
60 OJHa M3 4acTHu, P, AeHCTBYeT Kaxk TOYKa MpUBeca, a Apy-
ras, Q, HaAXOAMTCH HA HEU3MEHHOM OT Hee PACCTOSIHHH, TaK UTO
CBfI3b MEXJY HHUMH TaKOBa ke, KAK ecjad Obl OHH OblIH COeIH-
HeHbl HHUTHIO MiMHB [ = PQ.

CienoBate/bHO, MasiTHUK J1000# (GOpMBl Kayaercs TOYHO
TaKUM ke 00pa3oM, KaK NMPOCTOH MASTHHK, IJMHHA KOTOPOTO €CTh .
paccTosiHMe OT TOYKH MpHBEca A0 UEHTPa KauaHus,

~122. OporoTHBIH MAATHHUK. [Ipeanonoxum teneps, uto cH-
cTeMa JABYX 4acTHn oOpaiueHa, MpuueM Touka @ cTaia TOUKOH
npuBeca, a yactHua P coBepmaeT kauaHus. Mbl HMeeM Temnepb
NpOCTOH MAATHUK TOH K€ IJAMHBL, YTO H paHblle, H ero KayaHus
OyAyT cOBepIIaTbCH B Takoe XK€ Bpemda. Ho OH maMHaMuueckH
IKBUBAJIEHTEH MasTHHKY, MOJBELUEHHOMY B LUEHTpE KadaHHfl.

HMrak, ecniu MafTHUK OOGpalleH M MOJBELIEH B LEHTPEe Kaya-
HHf, TO ero koJjeGaHus OyAyT HMMeTk TOT K€ CaMBIH NepHOJ,
YTO W paHbille, M PACCTOSIHHE MEXAy TOYKOH mpuBeca U LEH-
TPOM KauaHUsi OyJeT PaBHO AMMHE MPOCTOrO MAATHHKA, HUMEIo-
[Iero TAaKOe Ke BpeMs Ko/eGaHHs.

ViMeHHO 3TUM MNyTeM ONpeAesada Kanutai KaTep aauny
IPOCTOr0 MAasiTHUKA, OTOMBAIOLIEIO CEKYHIBI.

OH nocTpoun MasiTHUK, KOTOPBIH MOX(HO 3aCTaBHTh KauyaThCs
OKOJIO JIBYX OCTPHEB, HAXOASIMXCS B MPOTHBOMOMOXKHBEIX CTOPO-
Hax OT UEHTpPa MacChl M HA HePaBHBI X OT HEro pPacCTOSHHSX.

IMocTeneHHbIM NpUJIAXKHBAHHEM OH CJeAa’d BpeMs KauyaHHUs
OJMHAKOBHIM, HE3aBHCHMO OT TOTIO, KAKOE OCTPHE CJYKHT TOUKOH
npuBeca. JIiMHA COOTBETCTBYIOILETO MPOCTOr0 MAasATHHKA Oblia
3aTeM HaiileHa M3MEPEHHEM PACCTOSHHS MEX1y OCTPHUSIMH.

123. Unnoctrpauua maaTHuka K3Tepa. [lpunuun madr-
Huka K5 Tepa MOXKHO WIIIOCTPHPOBATH O4YEHb NPOCTHIM U NOpPA-
3UTEbHBIM ONBITOM. Bo3bMeM MIOCKY0 AOLICYKY
~~ [1pOHM3BO/IbHOH Gopmbl (¢pur. 14), npoTKHEM CKBO3b
Hee, BOJIM3M ee Kpasl, KyCOK NPOBOJIOKH H MOJBECHM
ee B BePTHKAJAbHOH MAOCKOCTH, IEPKA KOHILBI POBO-
JIOKH yKa3aTe/lbHBIM H 60/bLIMM NanbleM. Bosbmem
MaseHbKUH [IAPHK, NPHBSXKEM €ro K KOHLY HHTH,
a4 HHTb MOpPOMYCTHM HajA MPOBOJOKOH Tak, 4TOOBI
IIapUK BHCeJ, MUIOTHO npuaeras kK pocke. [Ipo-
BeIeM pYKOH, KOTOPOH Mbl JepHHM TNPOBOJIOKY |
IOPH3OHTATbHO B IIOCKOCTH AOCKH M 3aMETHM, ONepexaeT JH

bur. 14.
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JOCKA INapUK WJIK OTCTaeT OT Hero. Eciu onepexaer, To yaiu-
HUM HHUTb, €CJNH XK€ OTCTaeT, YKOPOTHM e€e 10 TeX Nop, Moka
ulapyMK M JA0CKa He OyAyT ABHratbcst BMecTe. Temepb OTMe-
THM Ty TOYKY JOCKH, KOTOpasi COBMajfaeT C LEHTPOM LIAPHKa,
H NPUKpENUM HUTL K MPOBOJOKE. Mbl y6enuMcsi, YTO ecau
JepxKaTh MPOBOJIOKY 3a KOHLB M ABHUrAaTh €10 KAK YIOAHO, XOTS
Obl BHE3aMHO M HENPAaBUJIbLHO, B IIOCKOCTH AOCKH, TO IIAPHK - HU-
KOTAa He OCTaBUT OTMEUYEHHOTO MeCTa Ha JOCKe.

DT0 MecTo Has3bIBAeTCS LEHTPOM KAuaHHUsi [OTOMY, UTO
€CJM J0CKA KayaeTCcsl OKOJIO HEeNOJBHXKHOA INPOBOJOKH, TO OHa
KauyaeTcsl TaK, KaKk €CJIH Obl OHa COCTOS1Aa M3 OAHOH YacTHUH,
NOMEUICHHON B 3TOH TOUKE.

Ero HaswbiBaloT Takxe UENTPOM yJapa, NOTOMY 4TO, €C/IH
JIOCKAa HaXxOJHTCH B IIOKOE€ M €CAH BHE3aIHO ABHHYTb TOPH30H-
Ta/J1bHO MPOBOJNOKY, TO JOCKA MPEeXJAE BCErOo HaYHET BPAaLIaThCS
OKOJI0 3TOH TOYKH, KaK LEHTpa.

124. ONPEAENEHHE HATIPSIXKEHUS CUJAB TAXKECTH, CaMbiit
npsAMoR cnocob OonpeneseHust g COCTOHT B HaOIIOAEHUM NMafeHHs]
T€1a M ONpeAeNeHHH TOT0, KAKYI0 CKOPOCTb OHO NPHOBPETET uepes
CEKYHAY; HO OUEHb TPYAHO NMPOU3BOAHUTH TOUYHBIE HAGJIIOJIEHHS
HaJ JBHXEHHEM TeJ, KOIJAd HMX CKOPOCTH HMEIOT TaKyio BeJH-
unHy, Kak 981 caHTHMETDP B CE€KyHIy, H, KpPOME TOrO, OIBIT
c1e10Ba10 6bl MPOM3BECTH B COCYA€, M3 KOTOPOTO BBIKaYaH BO3-
JIyX, TaK KaK® CONPOTHUBJEHHE BO3AyXa CTO/b OBICTPOMY ABHXKE-
HHIO OYEHb 3HAYMTE/IbHO, CPABHUTENBHO C BECOM MAJaioulero Tena.

OnpiT ¢ MasgsTHHKOM ropasuo Gosee ynosieTBopuTeneH. Ecau
clenaTh AYry KayaHus OoYeHb Ma/JOH, TO JBHXKEHHE 4YeuyeBHLUbI
CTaHOBHTCS CTOJb MEJJIEHHBIM, YTO COMPOTHB/ECHHE BO3JIyXa MO-
JKET OKa3aTh JHIIb OYeHb MajJoe BJAHSHHE Ha BpeMs KoJeGaHusi.
B HaMay4mux ONBITaX MasiTHUK K&4aeTcsl B COCyJe, H3 KOTO-
poro BO3AyX yHaleH HAacoCOM.

KpoMe Toro, B 3TOM cJyyae JBHXKCHHE IMOUTH COBEpPIUEHHO
MepHOJMYHO, U MAasITHHUK KauyaeTcsl BMepe] M Hasal COTHH HJH
JaXe THICSIYH pa3, paHblIe 4YEM pasjHyHble CONMPOTABJEHHS, KO-
TOPHIM OH TOJABEPKEH, YMEHbIIAT aMIVIMTYAy KoJebaHuH Ha-
CTOJBKO, YTO HX Henb3s Oymer OoJee Hab/II01aTh.

Taxum o06pazoM, neHCTBHUTeNbHOE HAOGJMIOJEHUE COCTOMT HeE
B TOM, 4TOOBl OTMETHTH HA4aJO M KOHElU OJHOTrO KayaHHs, HO
B ONDEAEACHUH NMPOAOIKHTENLHOCTH MHOTHX COTEH KayaHWH H
BLIYHUCJIEHHH OTCIOJA BPEMEHH OJHOrO KavaHHsl.
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baaromaps ONMHMCAaHHOMY HHXe MeToay HabawozaTeab H3ba-
BASIETCH OT HEOGXOJIUMOCTH CUMTATb KauaHHUs 110 OJHOMY, H H3Me-
peHHe J1enaeTcss OJHMM H3 CaMbIX TOYHBIX BO Bced 006aacTH
OMBITHBIX HayK.

125. METOA HABJMWJAEHHA. 3a MasiTHHKOM, CJAYXaIlUM
JUISL ONBbITa, TOMEINAIT 4Yachl € MAasiTHUKOM TakuM o06pa3som,
uTo6BI, KOrja o6a MasiTHHKa BHCST BePTHKAJbHO, YEUeBHLA, WIH
KaKas-HUOyIb Apyras 4acTh CJYXKALero IJjisi ONbTa MasiTHUKA,
3aKpbiBasa 6enoe MATHO Ha MaATHHKE 4YacoB, €CJAH CMOTPETb B
NojA30pHYI0 TPyOKYy, YKPeInsieHHY0 Ha HEKOTOPOM DPacCTOSIHHH
_BIepeId YacoB.

BpeMsi OT BpeMeHH NPOHU3BOJSAT Hab/OAEHHS HaX MPOXOXKIe-
HHEM 4epe3 MepHJMaH ,4acOBBHIX 3Be3J“, U M3 3THX Ha6/I01eHUH
BHIBOJSIT GBICTPOTY XOJa 4acOB B €JMHHMIAX CPEJHEro COJIHeu-
HOTO BpEeMeHH.

3ateM cooOUIAIOT KoaeGaHUS CayXKalleMy JJs OINbiTa MasiT-
HHKY M Habn0aaiT ofa MasiTHHKa B noJasopHywo TpyO6ky. [lpen-
NOJIOXKHUM, YTO BpeMsl OZHOTO KayaHHs He paBHO B TOYHOCTH
NepHoLy KadaHHsl MasiTHMKa 4acoB, HO HEMHOro OoJblIe ero.

Ha6maonartens BHAMT B NOA30PHYW TPyOKy, 4TO MasATHHK
4acoB Bce 6OJee ONMEPEKAeT W3yyaeMblii MasTHHK 1O TeX IOp,
NOKa 3TOT MOC/AeJHHH He 3aKpoeT Kak pa3 6e10ro nsaTHa Ha
MAasATHHKE 4aCOB, KOTJ& OH IIPOXOJIUT uepe3 BepPTHKaJbHYIO JH-
Huo. To Bpems, KOrja 3TO NPOHCXOJMT, HaGJIOAAIOT H 3aIUCHI-
BAOT KAK NEepBOE€ MOJOXHUTEJbLHOE COBMajfeHHeE.

MadaTHUK 4acoB MNMpOAO/KAET ONEpeXaTbh APYrofl, H 4yepes
HEKOTOpOe BpeMsa 00a MasfATHHKA NPOXOAAT uepe3 BepTHKa/b-
HYIO JIMHHMIO B NPOTHBOMOJOXHBIX HaIpaBJIeHUsIX. DTOT MOMEHT
- OTMEYAeTCsl KaKk MepBOE€ OTPHULATEJbHOE COBNALEHHUE.
Uepe3 paBHBIM NPOMEXYTOK BpPEMEHH NMpPOH30MHAET BTOPOE I10J0-
XXHUTENBbHOE COBNAACHHE U T. 1.

ITpu 5TOM METOXE Yachi caMM CUMTAIOT YHCIO N KauaHHH HX
COOGCTBEHHOTO MAaATHHKA MEXJy COBMajeHHsIMH. B Teuenue storo
BPEMEHH M3y4YaeMbIi MasiTHHK COBEPILHMJ OJHHM KauaHHEM MeHblIe,
yeM yacoBod. OTCI0a BpeMsl KauaHHsl H3yyaeMOro MasiTHHKA €CTh

N
/V::T CEKYHJ BpPEMCHH, NMOKa3LIBAEMOTO 4YacaMH.

‘Ecnu HeT TOYHOrO COBMajeHUsl, HO YacOBOH MAasiTHUK HAXO-
JAMTCS BNEPEIM H3y4yaeMOro, NpPH OJHOM IIPOXOXJAEHHH uYepe3
BEDPTHKA/b, M MO03aJ4 €ro—IpH CJIEAYIOUIeM, TO HeGOJbIIOMH
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HABBIK CO CTOPOHBI HaG/I0JaTeNsl HAyYHT €ro OUEHHBAThb, B KaKOH
MOMEHT MEXIYy NPOXOKAEHHAMH 06a MasTHMKA JO/DKHBI GblTH
O6BITh B OAMHAKOBOH (draze. MOMEHT COBNAJEHHA MOXKHO OLEHHUTH
TaKuM 06DPa30oM € TOYHOCTBIO OO JOJH CEKYHIBI.

196. OUEHKA OWHBEKH. Tak KaKk MasTHHK MOXET KayaTbCsd
B TeUeHHe HECKOJbKHX YacOB, TO MOJHOE BpeMs, MOJjexaulee.
H3MEepEHHUIO, MOMET COXePKATb AECHATh THICAY K Gosee KayaHHH.

Ho norpelwHocTb, BBeJeHHAasd B BBIYUCJIEHHOE BpeMsl KayaHHA
BC/IEACTBHE OINMGKHM Jaxe Ha LEJYI0 CEKyHAY B OMNpeJe/eHHH
MOMEHTA COBNAJEHHs, MOXKeT ObITh CJAe/NaHa YPe3BbI4alHO MaJsoH,
€CAU ONBIT AJHTCH AOCTATOYHO J0JT0€ BpeMs.

B camoMm jene, ecad MBI 3aMeTHM [epBOe M /-HOE COBMaze-
HHe M HaiijeM, 4TO OHHM OTJEJEHbl MPOMEXYTKOM B N CeKyHj,
OT6GHMBAEMBIX 4ACAMH, TO 3KCIMEPUMEHTAJbHBIA MAasfTHHK NOTEepseT
1 KauaHui, MO CPaBHEHHMID C YACOBHIM, M caenaer N—n Kaya-

. N
it 8 N cexyua. Ofcioza BpeMs OJHOTO KadaHus [ = N
CEeKYH] BPEMEeHH, MOKa3biBAEMOIO 4YaCaMH.

JlonycTuM, OJHAKO, YTO MBI 3aMHKCaaH, YTO I1OC/IEJHEE COBIMa-
Jenne npousowsio 4epes N1 cekynay nocjae nepsoro. 3Ha-
yenue 7, BHIBEIEHHOE IPH 3TOM INPEANOJIONKEHHH, OBbIIO Obl

e N1
T N+1—0n
¥ NOTPeIIHOCTh, BbI3BaHHAs OWHMOKOA Ha onHy cexkyHay, Oyner
. N4 N
T=T=NT1 w N—n™
n

(1V+11n)(m';n)'

Ecau N ectp 10.000, a n ectb 100, To omHbKa B OIHY
CeKyHAy B OMNpejae/leHHMH MOMEHTa COBMNAaJCHHS H3MEHHMT BeJH-
yypHy 7 NPHOMU3HUTENBHO TOJBKO HA OJHY MH/JIHOHHYIO AOJI0 €e
3HAYEHHS.
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127. Meton HboTorA. Camblit MOYYHTEIbHBIE MpUMEp
METO/d JTHMHAMHYECKOTO DaCCy:KIEHHS MPEICTABAsSET TOT METOJ,
¢ nomouibio xotoporo HewrtoH onpenenua cpmy B3auMoaeH-
CTBHA HeOECHBIX Teul.

[Ipouecc JHHAMMYECKOTO DPACCYKICHUSI COCTOMT B BBIBOJE
H3 MNOC/€/10BATe/NIbHbIX KOHQHUIypauHil HeGECHBIX Tea, KaKk OHH
HaOMI01aI0TC  ACTPOHOMAMH, HX CKODOCTEH H YCKOpPEeHHH H B
OnpeneIeHHH 3THM MYTEM HANpaBJIeHHUN M OTHOCHTEJIBLHON BeJH-
UHHBl NEHUCTBYIOUIMX Ha HHX CHJI.

Kenunep yxe pacuucrun nyTo mast ucenenosanust Hp 0T o Ha
TEM, YTO BBIBEJ M3 TIIATENLHOrO M3y4deHUs Habm01eHuit TU X 0
Dpare Tpu 3akoHa mNJIaHETHBIX JBHMIKEHHil, HOCSILIHE €r0 HMs.

128. 3axkoun Kenaepa. 3akoumn Kenanepa Hocst umcro
KUHEMaTHYeCKHH XxapakTep. OHH MOJHOCTBIO ONMHUCHLIBAIOT JIBH-
MEHUS MJIAHET, HO OHH HHYETrO0 HE rOBOPAT O CHJIAX, KOTOPbIMH
ONpEeNeNsiOTCA 3TH JABHKEHHS.

X nuHaMuueckoe UCTOJIKOBaHHE GblIO OTKpHITO HboTOHOM.

[TepBriit 1 BTOpPOH 3aKOHBI OTHOCSATCH K ABHMKEHHIO OJHOH
[1aHCTHL.

3axon [ —Ilnowanu, onuceBaeMple BEKTOPOM, NPOBEAEHHLIM
OT COMHUA K MJIaHETe, MPONOPLUHOHAJBHEI BPEMEHAM, B TEUCHHE
KOTOPBLIX OHU OnHcaHel.— Ecan 1 0603HauaeT y 1BoeHHYI0 M1011a b,
ONMHCBIBAEMYIO B €IHHHULY BPEMEHH, TO YABOEHHAS IIOLLA/b,
OmHCcaHHas BO Bpems f, 6yneT Af, u ecau P ecTb Macca Imia-
HeTl, TO Pht 6yner macca-n/iowanb, COrIacHo ONpe AC/IEHHUIO
§ 68. OTcroma MOMEHT KOAMUYECTBA ABHMKEHHS IIAHETbI OKOIO
COJIHUA, KOTOPBIH MPEACTABASIET COGOK CKOPOCTh H3MEHEHHS
Macchl-nyIoWant, oyner Ph, BelHYMHA NOCTOSIHHAS.
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CaenoBarenbno, mo § 70, ecnu cywecTByeT cuaa, KOTOpas
NeACTBYeT Ha NJAaHeTy, TO OHA HE JOJXHA HMETb MOMEHTa OTHO-
CHTEJIbHO COJIHUA, 60, B NPOTHBHOM CJydae, 3TOT MOMEHT yBe-
JHIHBAJ] WIH YMeHbIIaJl Obl MOMEHT KOJHUYeCTBA ABHIKEHHS CO
CKOPOCTBIO, H3MEPSEMOH 3HAYCHHEM MOMEHTA CHJBlL.

Orciona, kakoBa Gkl HH Gbla CHJa, A€HCTBYIOIIAs HA MJIAHETY,
HanpaBJIeHHEe 3TOW CHJIbI JOJ/KHO BCETa NPOXOAUTh Yepe3 COMHILE.

129. Yraosaa cxorocTbh. Onpedesenue. YraoBasi cKOPOCTD
BEKTOPa €CTb CKOPOCTb, C KOTOPOH BO3pacTaeT yroJ, oGpasye-
MBIl HM C HEMOJABHIXHBIM BEKTOPOM, NPOBEAEHHLIM B MJOCKOCTH
€ro JIBHKEeHHS.

Ecin @ ecth yraosas cKopocTb BekTOpa, a ¥ — ero JIJHHA,

. 1
TO CKOPOCThb, ¢ KOTOPOH OH ONHCHBAET IJIOLAAb, ©CTh §wr2,

OTKyaa
h=wre,

a TaK KaK h NOCTOSIHHO, TO ®, YI/I0Bas CKOPOCTb JBHMKEHHS
MIIAHETHl OKOJIO COJIHUA, H3MEHsieTcsl 06PAaTHO MPOHOPUHOHANLHO
KBaapaTy pacCTOSIHUSI OT COJIHUA.
OTO BEpHO, KaKOB Gbl HU GBI 3aKOH CHJBI, IPH YCAOBHH, 4TO
CHAa, AeHCTBYIOLIAs HA ILIAHETy, BCerJa IPOXOAUT Yepes COMHIE.
130. JIBHXKEHHE OKOJO UEHTPA MACC. Tak Kak Hanpsxe-
HHe, CYLIEeCTBYIOIlee Mex Iy IJia-

HEeTOH W CcoJHUeM, JeHCTByeT Ha ‘@C oP
06a Tesna, TO HH OJHO H3 HHX He '
MOXKET OCTaBaThCAd B nokoe. EauH- Pur. 15.

CTBEHHAs1 TOYKA, Ha JBUXKCHHE KOTOpOﬁ 3TO HANpsiXKEHHE He
OKa3blBaeT BJMUSIHHA, €CThb IEHTp Macc 0060HUX TeJ.

Ecau r ectb paccrosune SP (¢pur. 15), a C ectp HEHTP Macc,

Pr Sr
10 SC = §+7) uH CP= §;Ffp- MOMEHT KOJHYEeCTBA ABHIKEHHS

naadetsl £ okono C ectp Po Ser _ Pt
SFPp~ (S+Pp
131. OpsuTA. HaM yxe npuxozuiocs NO/NBb30BATLCS AUarpam-
MaMH KOHQHIYDAUMH H CKOPOCTH TNpPH H3YYEHHH IBHIKEHHS Ma-
TEpUANbLHON cHCTeMbl. Ho 3TH auarpaMmmbl H306pamaioT TOJIBKO
COCTOSIHHE CHCTEMBI B JAHHBbIH MOMEHT, NMPHUYEM 3TO COCTOSIHHE
YKa3bIBAaCTCS] OTHOCHTEJBLHBIM MOJNOMEHHEM TOYEK, COOTBETCTBYIO-
IMX COCTABJSIOUINM CHCTEMY TeaaM.
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 OnHAaKo ke, YaCTO MpeACTaBAseTcsl YAOGHBIM M300pasuTh Ha
ONHOil MarpaMMe Bech Psii KOHGUIypauuil MM CKOPOCTEH, KO-
TOpbie CMCTeMa NMpHHMMAeT. Ecid Mbl MPEANOJI0KHM, HTO TOUKH
JIHATPAMMBI JBHXYTCS TaKuM O06pa30M, UTO OHM HEMpPEpLIBHO
M306PaXKAT COCTOSIHME CHCTEMbl, TO Ka}Jas TOUKd AUArpaMMEl
ONMULIET JNHHUIO, MPSIMYI0 MJIH KPUBYIO.

Ha auarpamme KOHQUrypanuu Taxas JHHHS Ha3bIBAeTC,
BooGuie, TpaexkTopHei Tena. B cayuae HeGecHbIX Tea OHA
yacTo HasbiBaeTcs op O M TO H. .

132. Tonorpra®. Ha auarpamMe CKOPOCTEH JHHHMS, OMUCHIBA-
eMast KaxJo# ABHKYUEHCS TOUKOH, HA3bIBACTCS roporpadom
Tena, KOTOPOMY OHa COOTBETCTBYET. ‘

Wsyuenne roporpada, KaK METOA HMCCACIOBAHMSA JBHIKECHH
Tena, Obi10 BBeneHo B. P. TaMUJABTOHOM. I'ogorpad Mo-
KeT ObITh ONpeje/ieH KakK TPAeKTOpHs, OMUCaHHAHA KOHUOM BeK-
TOpa, KOTOPbii HENpPEepHBHO MPEACTAaBAALT, [0 HAMPABICHHIO H
BeJMUHHE, CKOPOCTh JBHIKYIIErocs Tesa.

[Mpumensis Meton roporpada K IJaHETe, op6uta KOTOpO#H
JIOUT B ONHOH MVIOCKOCTH, Mbl PafH YAOOCTBA MPEAIMOIOKUM,
yTO rojgorpad MOBEPHYT OKOJIO Hauyasna Ha npsiMOd  yroJ, Tak
4TO BEKTOP Toforpacda NeprneHAHKy/IsipeH K CKOPOCTH, KOTOPYIO
OH M306paXaeT, BMECTO TOTO, YTOOB GbITb €H NMApalle/]bHbIM.

133. Broroit 3axon Ken-
nAEPA. 3axon [I.— Opbura mia-
HeThl OTHOCHTEJNbHO COJHLA eCTh
saaunc, B OXHOM H3 (hOKycoB
KOTOPOI'0 HAaXOJMTCS COJHLE.

Mycte, APQB (¢ur. 16) —
sanuntHueckas op6uta. [ycts S
GyneT COMHIE, Haxojsuieecs B
oxHoM oxyce, W nyctb H—
apyroit ¢oxyc. [Tponomxum nps-
My SP no touxkn U, TaK 410Gl
otpesox SU papnsiics 606110
ocH AB, ¥ COEIMHMM TOUYKH H
u U; Torna AU OGyner nponop-

Piir. 16. [MOHAJbHA W MEepNeHIHKY/IApHA
CKOpOCTH MJ/IaHeThl P.

B camom jgene, pazgenum U nonosaM B TOUKE Z u coenu-

HuM Touku Z W P aunus ZP 6yneT KacaTeJbHOH K 3JUIUNCY B
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Touke P; nycts SY OyneT nepnedHaMKyJasip, ONYUIEHHBIH Ha 3Ty
KacaTe/NbHYI0 H3 TOYKH S.
Ecau v ecTb cKOpPOCTb NJaHeThl B Touke P, a i ecTb yABO-
eHHasi IJ101a/lb, OIIHChIBA€Masi B eIMHULY BpeMeHH, TO A=v .SY.
Kpome Toro, ecnu b ectb mosioBdHA ManOH OCH 3J/UIHICA, TO

SY.HZ = b
Teneps,
HU=2H_Z,
OTKyJa
1 4

Hrak, naunus HU Bceraa npomopuHoOHaJbHAa CKOPOCTH H Iep-
NeH UKy sipHa K ee Hanpas/ieHuo. Ho aunua SU Bcerpa pasHa
AB. CnenosatenbHO, OKPYXHOCTb, LEHTP KOTOpPOH S M panauyc
KOTOpoit — AB, ectb romorpad NiaHeTbl, NpudyeM Touka f1 ecThb
Haua/a1o rogorpada.

CoOTBETCTBYIOIIHMH TOUKAMH OPOHTHL U rojorpada siBasioTcs
T€, KOTOpble JIeXaT Ha OJHOH NpsSMON JHHHUH, NPOXOAALIEH uyepes
TOUKy S.

Tak, P coorserctByer Touke U, a Q —Touke V.

CkopocTh, COOOUIEHHAst TeNy 3a BPEMsi €ro IepeMeleHHsT U3
P B Q, usobpaxaercsi reOMeTpUUECKOH Pa3HOCTbIO BeKTOpoB HU
u HV, to-ectb qnuneir UV, U 3Ta CKOPOCTb NEPNEHIUKYISIPHA
COOTBETCTBYIOIIECH Ayre OKPYMHOCTH, a IOTOMY, KaK MBI YXe
JIOKa3a/H, HanpaBieHa K S.

Ecan PQ ecTb ayra, onucanHast B TeUeHHE OYEHb MaJOFO Bpe-
MenHd, 10 UV usobpaxaeT U3MeHEHHE CKOPOCTH, NPHOOPETEHHOE
323 3TO BpeMsl; a Tak kak UV ecThb 1yra OKpyXKHOCTH, UEHTD KOTOPO#I
€cTb Touka S, To ayra UV 6yjner Mepoi yrJIOBOTO NEPEMEIUCHHS
IUIaHETBl OTHOCHTE/IBHO S B TEUEHHE STOr0 BpeMeHH. 3HaUUT, YCKO-
peHHe NpONOPUHOHAILHO YIVIOBOH CKOPOCTH, HO 3Ta MOCJEAHSAI,
no § 129, o6paTHO mpomopuMOHANTbHA KBaApaTy paccTosnus SP.
CnenoBaTte/bHO, YCKOPEHHE IIAHETHl HANPABIEHO K COJMHIY H
H3MEHSETCs 0OpPaTHO NPOMNOPUHOHAJBHO PACCTOSHUIO OT COJIHIA.

TakoB 3axoH, MO KOTOPOMY H3MeHSIETCsl MPHTSRKCHHE COJHIA,
JeACTByIOLIee HA MJaHeTy, KOrja IJaHeTa JABHXKETCA MO CBOeH
OpGHTE M U3MEHSET CBOE PAcCTOSIHHE OT COJNHIA. .

134. Cuna, aEMCTBYIOMIAS HA NJAAHETY. Kak MB yxKe
NOKA3a/IM, OPOUTA IIaHeTHl OTHOCHTEJBHO IEHTPAa Macc COJIHIA
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U MAaHeThl HMeeT pa3Mepbl, OTHOCANIMeCS K pa3MepaM OpPOHTHL
nnaHeThl OTHOCHTEAbHO conHUA, Kak S k S+ P.

Ecau 2a u 25 cyTh OcH OpOUTH NI1AHETH OTHOCHTEABLHO COMHILA,
TO MJaowaAb e€e ecTb mab, U ecad 1 ecTb BpeMsl MOJHOro obpa-
ab
T

HeHHsa 1o opburte, TO 3HaueHHe BeNHYHHH A ecTh 27 —~. Creno-

a
BaTeJbHO, CKOPOCTb OTHOCHTEJLHO COJMHUA €CTh ”7’1) HU.

CKOPOCTb OTHOCHTENbHO HeHTpAa MacC €CTb

S aa

s = HU.
SH-PTb

V3meHeHHe CKOPOCTH I/IaHEThl OTHOCHTeNBbHO LEHTpa Macc

[npu mpoxoxaenuu ayru PQ] ecTb

S aa i
stp 1YY

a UMIyAbC, 1eHCTBYIOUINI HA IIIAHETY, Macca KOTOPO#H ecThb P, paBen

SP aa
stp e YV
[TycTh ¢ ecTh BpeMs, B TéUeHHe KOTOPOro onucaHa ayra PQ;

TOraa yaBoeHHas miomanb SPQ ectb

ht = wrt
u R
s UV=2a0t=2a /1) t—=4dx fl“bQ ‘.
r: Tr

OTciona cuia, AEHCTBYOLIAs Ha IIaHeTy [MMIyJabC, pasje-
JIEHHBI# Ha BpeMms|, ecTb

Feam SP @

S-+P T%?

TaxoBa BeJMUHHA HAMPSDKEHHS HAH LPHTSIKEHHs MEXIY Mia-
HETOH M COMHLEM, BbpaXKeHHasi yepe3 HX Macchl P u S, ux cpen-
Hee pPaccTOsiHME @, UX ACHCTBHTeIHbHOE PACCTOSHME r U nepuon 7.

"135. UHTEPNPETA LHSI TPETHETO 3AKOHA Kenuaepa. Ias
TOro, 4To6Ll CPABHUTH IPUTSKEHHS] MEXJy COJNHUEM H pasjny-
HBIMH NJaHeTaMH, H b0 T OH BOCNOJB30BAJICA TPEThbUM 3aKOHOM
Kennepa. ’
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3akox [Il—Ksanpars Bpemen o6pamenus Pa3/IM4YHBIX MIaHEeT

MPONOPUHOHANBbHB Ky6aM HX CpeIHMX PacCTOSIHUIL OT COMHILA. Hpy-
3

a ¢
THMH CJ0OBaMmy, 72 €CTb NOCTOSIHHAs BENHYHHA, TOJOXKHM, phos
2 s
Orciona
. Fe© SP 1
. TSP

B Clydae MEHbIIMX I11aHEeT, UX Macchbl CTOJb MaJbl B CpaBHe-

. S
HHH C Maccou CoJiHla, 4YTO S_F—P MOXHO MOJOXHTH PaBHBEIM

eJMHHLEe, Tak uto F=¢ ;2> T- €& TpHTSDKeHHe, AeficTBYylolee Ha

fi1aHETY, TPONOPUHOHAIFHO e Macce H 06PaTHO IPONOPUUOHANBHO
KBajpaTy ee pacCTOSHHH OT COJIHIA.

136. 3akoH TsaroTEHMs. CaMbli 3aMeyaTeabHbIi tdhakt B
ABJICHUH TATOTEHHS COCTOUT B TOM, 4TO Ha OJNOM H TOM Xe PaccTo-
fIHHH OHO OJIMHAKOBO JIE€HACTBYET Ha PABHHIE MACCHl BELIECTBA BCEX
BHIOB. JTO JOKA3aHO ONBITAMH HaJ MAasiTHUKOM /51 Pa3IMUHBIX
BHJIOB MATEPHH HA NIOBEPXHOCTH 3eM/1H. H b 10 T O H pacnpocTpanna
5TOT 3dKOH Ha MATEPHIO, U3 KOTOPOH COCTOSIT Pa3JHYHBIE MJAHETE!,

Eme no toro xak HbwoToH 3TO J0Ka3aJi, [OTrajblBaJHCD,
4TO COMHLE, KAK UeN0e, MPUTATHBAET IMaHETy, KaK Wenoe, 1
JaXe 3aKOH O0PaTHOH NMPONOPUHOHATBHOCTH KBaJpaTy paccrosi-
HUA OBl yXKe MpeAokKeH paHee, HO TOAbKO B pykax Hrwotona
YHEHHE O THFOTCHHH NPHHSIO CBOK OKOHYaTe/AbHylo (opmy.

Besikass wacts mMaTepuu npursrusaer BCAKY IO
APyryio 4acCTb MAaTepPHH, H HANPAXKEHHE MeEW Iy
HHMH NpONOPUHMOHANBHO MPOU3BEAEHHIO HX MACC,
pasxeneHHOMY Ha KBAaJApaT UX PacCCTOSHHSL

B camom gene, ecnu cuaa npHTSKEHHs MeXIy TpaMMOM
MAaTepHH HA COJHUE M TPAaMMOM MaTepHH HA ILIAaHETe, Ha

C
PACCTOStHUH 7, eCTh 0 1€ C-—IOCTOSIHHAA, U eCIM B Macce

COMHLA CONEPKHTCSt S, @ B Macce IVIaHeTH P rpaMmoB, TO
[IOMHO® MPUTSKEHHE MeXJY COJHLEM H OJHMM TPAMMOM Ha

cS
niavete Oyjaer 52> @ MOJHOE NDHUTSOKEHHE MEXKAY COJHUEM H

SP

nnanetoit Gyner C =, .
7

K. Makcrena. Mamepus u dsusrcenue. 7
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CpaBHHBas 3TO BhIpaxxeHue ,3axoHa BcemupHoro Tsrorenus*
HboToHa ¢ noayueHHIM paHee 3HaueHueMm P, Hafiem
CSP_ A2 SP @
rr TSP T
HJH

4t =C(S-+ P) T

137. TPETH# 3AK0H KENAEPA B HMCIIPABJEHHOM BHIE.
Wrak, Tpetuit 3axon Kensnepa nomken ObiTh HCNpaB/ieH cae-
AyIOWUM 00pa3oMm :

Ky6pl cpesHuX pacCTOSHMH OTHOCATCH, KAK KBaApAaThbl BpeMeH
o6patueHusi, MOMHOXEHHbICE Ha CYMMY MAacC COJHLA U IJIAHETH.

B cayuae Goabuux naader, HOnurepa, CatypHa u T. 1., Be-
JUUMHA CyMMbl S -+ £ 3HauMTeJIbHO OOJblUE, YeM IJISl 3eMAH H
MEHBUIMX M1aHeT. 3HauuT, BpeMeHa OOpalleHUs O0/DbIIHX MJAaHeT
JOMKHBI OBITH HECKOJHKO MeEHbINe, 4eM no 3akoHy Kenaepa,
H 3TO OK43aJ0Ch B JefCTBUTENBHOCTH CIIPaBeJHBbIM.

B cienymouleft tabaulle JaHel CpeAHHEe paccTosiHusa (a) naa-
HeT B eJIMHHUIAX CpeJHEero pacCTOSIHUSI 3eMJIH U BpemeHa obpa-
utenust (7) B 3BE3AHBIX TOAAX:

[Taanera | a i T b ‘ T2 Coas— T2

Mepkypuii. 0387098 |  0,24084 0,0580046  0,0580049 —-0,0000003

Beunepa. . .~ 0,72333 | 0,61518° 0,378451 - 0,378453  --0,000002
3emas . . . 1,0000 1,00000 1,00000 1,00000

Mapc. . .. 1,52369 . 1,88082 3,03746 3,53747 0,00001
- IOmurep. . 5,20278 11,8618 . 140,832 140,701 +0,131

) CarypH. . . * 953879 . 29,4560 | 867,914 867,658 —-+0,256
Ypau. . .. 19,1824 84,0123 | 7058,44 7058,07 40,37

Henryw . . | 30,037

164,616 | 27100,0 27098,4 —~+1,6
i |

b

M3 sTtoii TabauMubl BHAHO, uTO TpeTHiH 3akoH Kenaepa
JAeT OYeHb GOMpLIOE MPHOJIHMKEHHE, TAK KaK @° He3HAUHTENbLHO
oTaMyaeTcss oT 12, HO AJA TEX IVIAHET, MACCA KOTOPBIX MEHbIIIE
Macchl 3emsH, HMeHHO, Mepkypusi, Benepnt u Mapca, o°
menpnie 72, mexay tem kKak aias YOnurepa, CarypHa, ¥pana u
Hentyna, Macca koTopblx O6O0JbLiC MAacChi 3eMaH, a* 060JbLIC,
yem 712

138. TTOTERUHAMBLHAS SHEPIHS, OBYC/JAOBJEHHAS TSATOTE-
HUEM. [loTeHUHATbHASL 3HEPTHsl TAMOTEHHS MEXAy TeaaMu S M
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P MoxeT ObITb BbIMMC/IEHA, €CTM MBI 3HAeM 3aBUCMMOCTb NpH-
TSOKEHHUS MEXYy HUMH OT MX paccTosiuusi. [lpouecc Bblumcaenus,
MOCPEJACTBOM KOTOPOr0 Mbl CYMMHPYEM BJHSIHUSI HENpPepPLIBHO
H3MEHSIOLICHCS BEJTHYMHDBI, OTHOCHTCS K MHTErpaibHOMY HCHH-
CAEHHIO, Y, XOTs B HACTOSILEM c/lyyae BBIYHC/IEHHE MOXeT OBIThb
([POHM3BEJIEHO 3JIEMEHTADHBIMH METOJAMH, MBI TPEANOYTEM BHI-
- BECTH MOTEHUHAIbHYIO 3HEPTHIO HEMOCPeJACTBEHHO M3 I€PBOTO H
BTOPOro 3akOHOB Kenaepa.

OTH 3aKOHBI BIIOJIHE ONPeLE/SIOT ABHIKEHHE COJMHLUA H 1Ja-
HETHI, @ MOTOMY Mbl MOXE€M ONPEAENUTH KHHeTHUECKYH) 3HEPTHIO
CHCTEMbI, COOTBETCTBYIOLLYIO 11060 YaCTH /VTHITHYECKOH OPGHTH.
Ho rak kak conHue M naaHeta o6pas3yloT KOHCEPBATHBHYIO
CHCTEMY, TO CYMMa KHHETHYECKOH M MOTeHUMaJIbHON HEPrHH
MOCTOSINHA, M CJICJOBATENbHO, €CJAH Mbl 3HaeM KHHETHYECKYIO
5HEPTHIo, TO MOXKEM BBIBECTH Ty YaCTbh NOTEHUHATbHOH 3HEPIHH,
KOTOpasi 3aBHCHT OT PACCTOSIHUSI M@Ky TesJaMH.

139. KHHETHYECKASI SHEPTUS CHUCTEMBEL. Jas TOro, yTo6sl
ONpeNEIHTh KUHETHYECKYI0 3HEPTHI0, 3aMeTHM, uTo, no § 133,
CKOPOCTb IJIAHETHl OTHOCHTENBHO COJIHIA

S

HU.

2

MOt —
>

U ==

CKOPOCTH [IJIAHETBI M COJIHIIA OTHOCHTE/AbHO ILE€HTpa Macce
CHCTEMBl paBHblI COOTBETCTBEHHO

S ou-Pf
s+pP°tstp?
KHHQTH'—!QCKP{Q SHEPFHH NJIAHETHI HA COJIHI A paBHH, HoaTOMy,
1 S: 1 P2
. ... 72 . . my2
2P sHpp T oS sy

< JI0/THasi KHHETHYECKas 3HEPrusl ecTh

L SP w1 SP 1,
2(s+P) Y Te sy p Y

YT106Hl OnpegeuTh Npoie Bcero 2 LIépe3 SP uan r, same-
THM, YTO 110 3aKOHYy MJIOAACH

v.sy=1=""2, )
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KpoMe TOro, no CBOﬁCTBy 3JI/IHINCa

HZ.SY =b?, (2)

a u3 nonobus tpeyroabHukoB HZP u.SYP
SY _SsP__ r (3)
HZ  HP 2a—r °

[lepemuoxast ypaBHeHus (2) u (3), noaydaem (

b2r
2—
SY 2a —r

Orcioga, ¢ nomoulpio ypaBHenus (1), Haxoaum

4m2q2b? 1 422 (Qa )

V2=

<
r

T2 Sy: T
H KHHECTHYECKAad 3HEPrus CUCTEMBI €CTb

4720 SP /1 1)
T S+-P (} " %)
B cuny ypaBHeHHs, BBHIBEICHHOTO B kKoHUEe § 136, nmocagauee
BHpaXKeHHe o0palaercs B
C.Sp(1~i),
r 2a
rae C ecTh NMOCTOSIHHAS TArOTEHUS.

TakoBa Be1MuUMHA KUHETHYECKOH 3HEPTHM JBYX Tel1 S u P,
JBHXKYIIHMXCA JAPYr OTHOCHTEALHO Jpyra Nno 3aIHncy, 6onbruas
0Cb KOTOPOTO ecThb 2a.

140. ITOTEHUMAJADHAA 3HEPTUA CHUCTEMB. CyMMa KHHeTH-
YeCKOH M MNOTEHIHAJBLHOH 3HEPrHM MNOCTOSIHHA, HO abCoJaI0THOe
ee 3HaueHue, cornacio § 110, HEH3BECTHO, H HET He0B6XOJIHUMO-
CTH €ro 3HaThb.

Otciona, ecid MBI 3aKAIOYHM [B COrVIacHM ¢ IOCTOSIHCTBOM

JMOJMHOH 3HEPrUH], UYTO BBIPAXEHHE [OTCHUHAJBLHOH 3HEPrHU
HMeeT BH],

K—C.SP:,

TO BTOPOH uJ/eH, eJAMHCTBEHHBIH 3aBHCAINMH OT PACCTOSIHUS F,
€CTb TAaKXe€ €IUHCTBEHHBIH, C KOTOPHIM HaM MPUXOJHUTCS HMETH
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aeno. Ipyroii unen K, npeacras/iseT paboTy, POH3BEAEHHYIO
TArOTEHHEeM, KOrja JBa Tesa, pasJeseHHble TepBOHAYanbHO Gec-
KOHEeYHO OONBLIMM PpAcCTOSHHEM, COMMXKAITCH HACTOJbKO, Ha-
CKOJIbKO 3TO JIONYCKAlOT HX pa3MepHl.

141. JlyHa — TkENOE TEJA0. Onpenenus, TakuM o6Gpa3om,
3aKOH CHJbl, NIeHCTBYIOUIEH MEXAY KaXAOH NJAHETOH H COJHIEM,
HepoToHn B3fJCH NOKa3aTb, 4TO HabJI0JaeMbld Bec Tesa Ha
NMOBEPXHOCTH 3€MJAM H CHJIa, KOTOpasi yHEpPXKMBAaeT JyHy Ha
ee opbure BOKPYr 3eMJH, OTHOCSTCS MeXJy COO0H COraacHo
TOMy )K€ 3aKOHy OO6paTHOH NPONOPLHOHATBHOCTH KBaaparty
PaCCTOSTHHSI. '

JTa cuUNa THKECTH JHEeHCTBYeT B KaXJOM JAOCTYIIHOM Ham
MeCTe, Ha BepILHHEe BHICOYAHIUHMX TOp ¥ B CaMOH BBICOKOH TOUKe,
AOCTyNHOM Ha aspocraTe. Ee HanpspkeHHe, U3MepeHHOe MNOCpel-
CTBOM OMLITOB HAaJ MAasiTHHKOM, YOBIBaeT 10 Mepe TOro, KaK Ml
MOJIHHMAEMCsl; W XOTS BBICOTA, JO KOTOPOH MBI MOXEM NOJI-
HATbLCSH, CTOJAb Maja, B CPAaBHEHHH C pajHycoOM 3eMJH, UTO H3
TAKOr0 poja HaOJI0JIeHHH HeJab3si BBIBECTH, YTO CHJA TSXKECTH
u3MeHsieTcss OOpaTHO NPONOPUHOHAJBHO KBAaApaTy pacCTOAHHUSA
OT LEHTpa 3eMJiH, 0JHAaKO, Hab/Jl0aeMoe yMeHbIUeHHe HampsiKe-
HHSl CHJBL TSXKECTH COIJIACHO € 3THM 3aKOHOM, BHI KOTOPOrO
Obla1 nojAckasan HbOTOHY ABHXEHHEM IIAHET.

JonycTuBiuM, 4TO HanpsHKeHHe CHABI TSXKECTH H3MEHSAeTCs
©O0paTHO TNPONOPUHOHANBHO KBAaIApaTy pAacCTOSHUA OT LeHTpa
3eM/IM, H 3Has ero 3HaueHHe Ha MOBEPXHOCTH 3eMaH, Hb1oTOH
BLIYMCAH €0 3HAYEHHE HA CPeJHEeM PACCTOSIHHH JYHBL.

Ero nepBble BbiuHC/AeHHS OBIH MCIOPYEHbl JONYLIEHHEM
OWHGOYHONH OLEHKH pa3MepoB 3eMJH. Korza ke OH MOJyuHJI
060Jsee TOUHOE 3HauyeHHe 3TOH BeJMUYHMHHL #), OH Haues, 4TO Ha-
NpsDKeHHe CHJBL TSDKeCTH, BBIYMCJIEHHOE MJIS PAcCTOSIHHSI, DPaB-
HOTO PAaCCTOSHHIO JIYHBI, PaBHO CHJle, Tpebymouieics IJas TOro,
uTOOBl YIepXKaTb JyHY Ha ee OpOHTe.

TakuM o0pa3oM OH OTOXIECTBHJ CHJIY, NEHCTBYIOLIYIO Me-
XAy 3eMsieH W JIYHOH, ¢ TOH CHJIOH, KOTOpasi 3acraBisieT Tesa
BOJIH3H 3¢MHOH MOBEPXHOCTH MajaTh Ha 3eMJIIO.

142. OnwbiT Kaeuguwa. [Nocne toro, kak ObIIO MOKAa3aHO,
YTO CHMJIA, C KOTODOH MPHUTATCHBAIOT APyl Apyra HebGecHble Tena,

. ¥) W 1okazan ¢ 60abINOH- MATEMATHYECKOH CTPOTOCTBIO AONYIIEHHOE Bbllle
NPEAIOKEHNE, YTO NPHTSXCHHE TAKOrO INAPA, KAK 3eMJA, Ha BCE BHCLIHHE TOYKH
TAKOBO Ke TOYHO, KaK €CiM Obl ero Macca Gblla COCPEJIOTOYEHA B €ro IEeHTpeE.



102 K. MAKCBEJ/II.  MATEPUSI U IBIXEHWE [Ca.

OJIHOPOJHA C CHJIOH MPHTAXEHHA K 3eMae JOCTYIHBLIX HaM Telt,
0CTaBaJOCh ellle MOKa3aTh, UTO 3TH TeAa NPHTATHBAIOT IPYT
Apyra. )

TpyaHocTb 3TOk 3aAaud 3aKAKOYAETCS B TOM OOCTOSATENbCTBE,
4YTO Macca TeJ, ¢ KOTOPBHIMH Mbl MOXxeM paboTaTb, CTO/Nb Mana
MO CPaBHEHHUIO C MAcCOH 3eMJIM, YTO eCJAH JAdXKe IPHBECTH JBa
Tesa B HAMGOJBUIYID BO3MOXKHYIO OJH30CTb, CHJIA TMPHTSIKEHHS
MEXAY HHMH OyJAeT upe3BblUAHHO MajaoOH ApO6BIO BeCa KaXaAoOro
H3 HHX.

Mpi He MOxeM OCBOOOAMTLCS OT NMPHTSDKEHHS 3€MJIH, HO MO-
XEeM MNOCTaBUTb ONbIT TAKHM 00pa3oM, UYTOOH OHO BO3MOXHO
MeHbIe MPENATCTBOBANO HAOIIOIATh NMPHTSXKEHHE APYroro Tesa.

HocroyBaxaembiit 1xxoxn Muueaan (John Michell)*) wuso-
6pen ana 3TOH LeaH NpHOOpP, KOTOPBIA NOJY4YHIT C Tex IOp
Ha3BaHHEe KPYTH/ABHB X BecOB. MHYes 1 yMep, He yCneBLIH
MPOU3BECTH 3TOT OMBIT, HO €ro Npubop nonan BNOCJAEICTBHH B
pyxu enpu Kasennguwma (Henry Cavendish)**), xoropbiit
YAYULIUA €r0 BO MHOTHX OTHOIUEHHSX M M3MEPHJ IPHUTSKEHUE
MeX1y [HeMOJBHXHBIMH] CBHHIIOBBIMH IIAPAMH H MAaJeHbKHMH
UIaPHKAMH, INOJBEINEHHBIMH Ha CTepx<He BecOB. [1omoOHBIA xe
NpHOOpP OblT He3aBUCHMO H3006peTeH BrocieAcTBHH Ky oHOM
VIS M3MEDEHHS MaslblX 3JEKTPHYECKHX H MATHMTHBIX CHJI M
MPOAOMAKAEET OCTABATHCA JYUIUUM HM3BECTHHIM HayKe HHCTPYMEH-
TOM AJsl M3MEPeHHS MajablX CHJI BCeX POJOB.

143. KPyTHAbHBE BECH “*¥). KpyTHAbHBIE BeChl COCTOSAT M3
TOPH30HTAJILHOIO CTEPXHSA, NMOABELICHHOTO Ha NMPOBOJOKE K He-
noABHXKHOM omope. Korja cTepeHb NOBepHYT BHeLIHeH CHJOH
B TFOPH30HTAJbHOH NJIOCKOCTH, TO OH 3aKPy4YHBaeT MPOBOJIOKY>
a TaK K4k MPOBOJIOKA YNPYra, TO OHA CTPEMHUTCS OKa3aTb CONPOTH-
BJICHHE 3TOH Ae(OpMAalHMH H PACKPYTHTbCH. JTa CH/IAa KPYUYeHHs
NPONOpUHOHAIbHA YTy, Ha KOTOpHIH 3aKkpyuyeHa MPOBOJ/IOKA,
TdK YTO, €CJH Mbl 34CTABUM CHJY AeHCTBOBATb B FOPH30HTaJb-
HOM HAampaBJC€HHH Ha KOHECLl CTEPHHHA, MOJ MpPSIMBIM YIJIOM K
HEeMy, TO cyMeeM, HaOJ0Jasi YyroJ, Ha KOTOPbHIH CHJa MOBEPHET
CTEPHKEHb, ONPEACJIHTb BEJIHYHHY 3TOH CHJIBL

#) B Queen’s College, Cambridge, ByasBapiuaHckuii npodeccop Feodoru,
1762—4. Cu. Memyap capa A. Geikie, Cambridge, 1918.

##) B Peterhousce, B Kem6pumwe. Cu. ero Scientific Writings, 2 toma, Cam-
bridge, 1920. ’
) CM. Hu XK e, npuioxenne I, npumeu. k § 145,
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Cuaa nponopuMoOHaNbHAa YIJAY KPYUY€HHsI U YETBEPTOA CTe-
MeHH JHaMeTpa MPOBOJOKH M OOPATHO NPONOPLHOHANbHA J/IHHE
CTEpXKHSI M JTUHE NPOBOJOKH.

Cae 10BaTeNBHO, M0Ab3YACh AJIHHHOH TOHKOH NPOBOJIOKOH H
JAJTMHHBIM CTEPXKHEM, Mbl MOXEM M3MEPATb OYeHb MaJble CHJbL.

B onpite KaBeHaHma, HA KOHUEX CTePXKHS KPYTHJAbHBIX
BECOB YKpeIlleHbl JBa LIapa paBHOH Macchl m'). Mui 6y11éM
Ha 3TOT pa3 rnpeHebperatb Maccod CTEPXKHsA, MO m o
cpaBHeHHI0 ¢ Maccoit wapos. JIBa 60/buIMX Iapa @ LM
paBHO#M Maccht M npucnocobisoTcs TakuM 06pa- T e
30M, YTO MOTYT OHITh MOMEIUeHb KaK. B IOJIO-
weHHn M u M, tax ¥ B nonoxeuun M u M.
B nepBOM NOJIOXEHHH OHH CTPEMSATCS CBOMM IPH-
TSKEHHEM MEHbUIMX IIapoB, 711 M M, NOBEPHYTb
CTepKeHb BeCOB MO HaNpaBJeHUIO K cebe. B apy-
roM IOJOXEHHH OHH CTPEMSAITCA IOBEPDHYTb €TI0
B IIPOTHBOMNOJOKHOM Hanpap/ieHHH. KpyTuiabHbie
BeChl BMeCTe C MOJBEIIEHHbIMH IUAPAMH 3aKA0- 7 "%

YATCA B ALIHK 175 TOrO, YTOOb H36€XKAaTh BJIH- M 91 @
IHMSl BO3JYLIHBIX TeueHHH. JTonoxenue cTepxHs

BECOB OMNpejeasieTcsi Hab/JI0JCHHEM OTPaXKeHHs
rpaiyMpOBaHHOH LIKanbl B BEPTHKAJbHOM 3epKa/e, MPHKpe-
NIEHHOM B CepelMHe CTEPXHsi. Bechl ' MOMEIATCss B OTAeJAbHOH
KOMHAaTe, B KOTOpYI0 Habawjare]lb He BXOAMT, HO Habuaiomaer
OTpa)keHHE IIKAJbI B MOA30PHYI0 TPYOKY.

144. TTocTAHOBKA onbiTA. [Ipexae Bcero onpene/sior Bpems
7 noaHoro xoJseGaHusi KPYTHIBHBIX BECOB, a4 TAKXKe MOJOXKe-
HHe DABHOBECHS LEHTPOB IOJBELICHHbIX IIAapPOB.

3ateM NpHBOAAT GoabluMe wWwapbl B monoxenus M, M, Tax
yTOOB LEHTP KAXKAOTO M3 HUX HAXOJIHJ/ICS HA HEKOTOPOM paccTro-

SIHUH  OT NOJOXEHHs PaBHOBECHS
0y  x 2 LIEHTPa MOJBELICHHOrO 1Iapa.

OCTaHOBKHM KOJIeOaHHS CTEPXKHSA
HE OXMAAIOT, HO HabJIJAT Je-
JEHHS LIKAAbl, COOTBETCTBYIOLIHE KPAfHUM MOJOXEHHSM OJHOrO
KoseGanus; NyCcTb HAHAEHO, YTO OHM OTCTOAT HA PACCTOSHMSIX
X M y OT fOJOXEHHs1 paBHOBecHs. B 3THX TOYKAaX CTEepPXeHb
OCTaeTCs B TeyeHHe OJHOTO MIHOBEHHA B MOKOe, TaK YTO BCA

dur. 17.

dur. 18.

1) &ur. 17 usobpaxaer BuR cBepxy. [, A.
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€ro 3HepPrusl ecThb MOTeHUHaIbHAfl, a TAK KaK [M0JHAS JHEPrus
OCTOSIHHA, TO MOTEHUMA/NbHAsl HEPrHsi, COTBETCTBYIONIAS [1OJIO-
KEHHIO X, JMO/KHA ObITh paBHA MOTEHUHAIBHOH 3HEPrHM, CO-
OTBETCTBYIOIIEH MOJOXKEHHUIO .

Ecan- T ecth BpeMsi NOMHOrO KO/eGAHHS OKOJNO TOUKHM paB-
HoBecHst O, TO NOTEHUMANbHAS HEPTHsl, OOYCAOBJICHHAS 3aKpy-
UMBAHHEM, KOIld OTCYeT WIKa/Abl ecTh X, cornacHo § 119, pasua

2

2n2m
77? — x—’

a MOTEHIMANbHAR SHEPIHUsl, IPOHCXOJALAN OT NPHTSKEHUS MEK LY
maccamMd m v M, no § 140, paeua

K—c ™M

a—X

CJIG}IOBaTeJIbHO, NOoTeHUHAJIbHAasA oHEpIrus BCCH CHCTEMBI B
MOJIO2KEHHH X €CThb

K—CI'EM . 27m

a—x' Tz

2

[ToTenumannHasn DHEPIHsl B NOJIOXKCHHH Yy €CTb

K—C mM | 2a2m |
a—y T:
a4 TaK KaK MOTeHUHAJbHbIE 3IHEPIHH B OOCOHX [OJOXKEHHAX
PaBHBI, TO

« 2
CmM(—rl 1 ) 2mim
a—y a—x

— ()

OTKyaa
C= ity @—x(a—y

ITO PABEHCTBO ONpeje/sieT MOCTOSHHYIO TaAroTenus C uepes
HaGI0IeHHBIE BeAHYHHBL Maccy M GOJBIIMX WIApOB, BbIPAKEH-
HyI0 B rpammax, Bpemsi 7 MOJHOrO KOJEOaHHs, B CEKyHJaX, H.
paccTosiika X, y H a, B CaHTHMETPax.

Cornacno onwitam Ba#iau (Baily), C=6,5.10"8. Ecau BH-
GepeM eNMHMUY MacChl TaKMM O6pa3oM, YTOGH HA €JHHHUE pac-
CTOSIHMSI OHa cooOwWana yCKOpeHHe, PaBHOe eNHHUIE, NpHYeM 3a
€MHULBl TNPHHATHl CAHTUMETP W CEKYHHA3, TO €IMHHLA MaccChl
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pasHsnach 6n 1,537. 107 rpammam uau 15,37 tounam. [lpu stoi
©IHHHLE MAaCChl, NOCTOAIHHAA TATOTeHHs C CBOJAMTCS K €JIHHHIIE.
ITosTomy ero nosb3yoTcs B QH3MUECKOH aCTPOHOMHH.

145. BCEMHPHOE TATOTEHHE. MTak, MH OGHapyxuau culy
TATOTEHHS BO MHOTHX fIBJC€HHSIX NMPHPOAbBI M HAIIH, YTO 3aKOH,
VCTAHOBJIEHHBIH I/ U3MEHEHHSI CUJBI, JedCTByouled Ha pasiauu-
HBIX PaCCTOSHHAX MEXKAY IVIAHETOH M COJHLEM, COXpaHfeTcs H
B TOM Ciydae, KOrJa Mbl CPaBHHBaeM IIPUTSKEHHE MeXAy pas-
JHYHBIMK [MJIAHETAMH H COJHLEM, a TaKkKe H TOrAa, KOrja MBI
CPAaBHHBaeM MOPHTIKEHHE MEXAY JYHOH H 3eM/aed C NpPHUTKe-
HHEM MeXJy 3emJell H TSKEIbIMH TeNaMH Ha ee MOBEPXHOCTH.
Mbl HauMIM TaKKe, YTO NMPHTSKEHHE pPaBHBIX MAacC HA PaBHBIX
PAacCTOAHHSIX OJMHAKOBO, KAaKOBAa Obl HH Obl1a NpHpoAa Mate-
pHana, 3 KOTOPOrO COCTOAT 3TH MAacChl. JTO Mbl YCTAHABIMBAEM
U3 OMbITOB HaJ, MAasTHHKAMH H3 Pa3lHYHbIX BeUIECTB, 4 TaKxkKe
M3 CPaBHEHHSI NPUTSKEHHS COMHLUEM Pa3IHYHBIX MJIAHET, KOTOphIE,
BEpPOSITHO, He OJIMHAKOBHI MO cocTaBy. OneiTel b ait1u*) Han wa-
pPaMH M3 pPAa3IMYHBIX BEWIECTB, NMOMELICHHBIMH HAa KPYTHJIbHBIX
Becax, MOATBEPKAAIT 3TOT 3aKOH. v

Tak kak Mbl HalIH B TAKOM GOJBIIOM YHC/IE CAY4aeB, OTHO-
‘CSIIMXCA K OTJATeHHBIM MexJay co60i0 06/1acTsM, 4TO CHJaa TS-
TOTeHHSl 3aBHCHT TOJNbKO OT MAcChl TeJ, a He OT HX XUMHUYECKOH
MPUPOAL H (PH3HUYECKOTO COCTOSIHHA, TO NMPUXOAHM K 3aKJIIOUe-
HHI0, YTO 3TO CNPABENJIHBO IS BCEX BElIECTB.

Hanpumep, Hu OaMH y4eHbIH He COMHEBAeTCs, YTO JBE Y4ACTH
aTMOCepHOrO BO3AyXa B3aMMHO [MPHTATHBAIOTCH, XOTH  Mbl
niTaeM BecbMa caabyl0 HaJexay, UTO Korja-Hubyab OGyayt
M300peTeHbl JOCTaTOYHO TOUHBIE 3KCMEPHMEHTalbHbIE METOMbI,
AJs1 TOTO, YTGOH H3MEPHUTL HJH LaXE€ TOJNLKO CAeJaThb 3aMETHBIM
3TO NpuTskeHue, Ho MBI 3HaeM, YTO CYLUECTBYET MNpPHTSKEHHE
MEeX1y J11000f 4acTbl0 BO3Jyxa M 3emsel, a U3 onbita K3 Be -
Avula Mbl YOeXJaeMcs, UTO BEeCOMble Teja, eC/1H OHH HMEIOT
AOCTATOUYHYIO Maccy, 3aMETHO TATOTEIOT APYT K APYTYy, H OTCIOAA

“) H éonce COBPCMEHHbIE OMbITHI, BbiMOJAHEHHBIE C KPafiHeH YTOHYEHHOCTHIO
HAKonanu (Jolly), Boftcom (Boys), 3186 ¢ oM (EStvEs) U MHOTHMH APYTHMH.
HaGato1aeMbit Bec ecTh TAKECTh, YMEHBUICHHAA HA LEHTPOOEKHYI0 PEAKUHIO Bpa-
ILEHHIO 3EMJIH; ecad Gbl OHH HEOJHHAKOBO H3MEHSHCH /1§ BCEX BHIOB MATEDHH,
TO TOUHblE B3BEIIMBAHUA OTKPBLIH Obl PA3HHILY: OMBITHL I TB O Ca NOKA3LIBAKOT,

HTO OHA HE MOXET NpPesbllaTh ﬂpOéIl - CM. K €, KOHEeU MHDPHIOKEHHA I.

5
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MBI 3aKJIOUA€M, YTO ABE YAaCTH BO3/JyXa IIPHTATHBAIOTCH MEXIY
coboi. Onnako, Bce eule KpaiiHe COMHHTeJNbHO, 0OJaJaeT JiH
TATOTEHHEM Cpeaa, Mepejaroliasi CBET H 3/JEeKTPHUECTBO, XOTH
oHa, 6e3 COMHEHHsi, MAaTepHaTbHA U OoOsaanaer Maccol *). '

146. [TPHUHHA TATOTEHUS. Hbi0TOH, B cBoux Havaanax,
BBLIBOAUT M3 HaONOJAeMbIX JBHXeHUH HeBGeCHBIX TesJ TOT (AKT,
YTO OHH NPHTATMBAIOT APYr JApPYyra IO ONpEeJeNeHHOMY 3aKOHY.

OH NpUXOIHT K 3TOMY BHIBOAY B pe3yJbTaTe CTPOIOro JH-
HAMHYECKOTO PACCYXJEHHS, MOKA3bIBAS 3THM, YTO HE TOJAbKO Te
ABJIEHUS, KOTOpble Dosiee DpocaroTcsl B IM1a3a, HO M BCE BHAHMbIE
HENPABHABLHOCTH B JBHXKEHMAX 3THX Tel SBJAIOTCA NOJJAal0-
IIMMHCS BBIUMC/IEHHIO DPe3ysibTaTaMH OJIHOTO 3TOTO MNPHHIMMA.
B cBoux Hauyanax oH OrpaHMUMBAEETCs J0Ka3aTeJbCTBOM H pas-
BHTHEM 3TOr0 BEJIMKOrO 1Idra B HayKe O B3aUMOJEHCTBUAX Teu.
Ho oH HHuero He roBOPHT O cnoco6Ge, KOTOPHIM Teaa APYr Apyra
NPUTSTHBAIOT. MBI 3HaeM, 4TO €ro yM He yCMNOKOHWJCS Ha 3TOH
TOYKE, YTO OH YyBCTBOBA/I, YTO CAMO TSTOTEHHE HYyXJaeTcs B
OGBACHEHHH, U UTO OH JA)Xe CKJOHSJICA K OOBSCHEHHIO TAroTe-
HUSA JeHCTBHEM NPOHHKAIOWEH NPOCTPAaHCTBO 3HpHOH cpeaw. Ho
C TOH MyApOH CIep:KaHHOCTbIO, KOTOPAs XapakTepHa Jasi BCeX
€ro HCCAeJOBAHUH, OH OT/IHYAaM TdKHE yMO3peHHs OT TOro, 4ro
OH YCTAHOBMJ HABAIONEHHEM M ONBITOM, H MCKIIOYHI M3 CBOMX
Hauaa BcAkoe ynOMHHaHHE O MPUYMHE TATOTeHHs, nmpubeperas
CBOH MBIC/IH TO 3TOMY NpeiaMeTy 415 ,BonpocoB”, Hane4aTaHHbIX
B KoHLe ero OnTHKH.

[TonbiTKH, KOTOpble OBIH clenaHbl co BpeMeHH HbwoToOHa
JJIs pa3pelleHHsi 3TOr0 TPYAHOTO BONPOCA, HEMHOTOUHC/EHHbLI
M He TPHBEJNH K HAJEXHOMY pe3y.ibTary **).

147. [TPUMEHEHHE HBIOTOHOBCKOrO METOJA HCCJEAO-
BAHHA. MeTon HccienoBaHUA CHJ, NeHCTBYIOUIMX MEXY TeJaaMH,
KOTOPBIH 6bl1 TaKMM 06pa3oM ykasaH Hb 0 TOHOM U npoBeped
UM Ha puMepe HebGeCHBIX Tes, Obl1 yCnewHo npHmeHed K3 BeH-
aumem, Kynonom u ITyaccoHOM H K CAYYAKD HAIICKTPH-
30BAHHBIX H HAMArHHYEHHBIX TeJ. '

HMccnenoBaHHe B3aMMOJAEHCTBHUS  MEJAKHX YacTHU Tea Gonee
TPYJAHO, OTOMY YTO 3TH YAaCTHLBI M MX PACCTOSIHUS CTOJb Maabl,
UTO Mbl HE MOXEM HX YBHAETb H/IM H3MEDHTb, 4 CJelOoBa-
TeNbHO, He B COCTOSHHH HAGMIOJATb HX JABH)XKeHHS, KaK Habo-

#) CM. HH )X €, KOHell TIpHiIoxens I.
#%) CM. H MK e, NpHIoKeHHe I,
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JaeM IBHMEHHA I1aHeT WIH Ha3JeKTPH30BAHHBIX H HaMarHHYeH-
HBIX Tea ).

148. METOAB MOJEKYJASPHBIX HCCAEAOBAHHH. [loatomy
UCCICIOBAHUSL  MOJEKYJSPHOH (H3HKH BeJHCh, MO OGoJabiued
YacTH, N0 MeTOAYy MOCTPOEHHS T'MMOTEe3bl H CPABHEHHs ee pe3yJb-
TaToB € Ha6.1101eHHBIMH (aKTaMH.

Y cneuwrHocTb 3TOT0 METOAA 3dBHCHT OT OOLIHOCTH THIOTEe3hl,
U3 KoTopoii Mbl HcxoAMM. EcaM nama rumoresa ecTs KkpaiiHe
obulee NpeanoaoKeHHe, UTO HCCAeAYeMble SIBJICHHS 3aBHCAT OT
KOHQHUIypallHd H JIBHXKEHHS MaTepPHaJbHOH CHCTEMbI, H eCJIH
BO3MOXKHO BBIBECTH HEKOTODHIC LEHHbIE pe3yAbTaThl H3 TaKoH
THNOTe3bl, TO Mbl CMEJO MOXEM IPHJIaraTb ee K H3y4YaeMbIM
SIBACHUAM *). .

C apyro#t CTOpOHBI, €CAH Mbl CTPOHM THNOTe3Yy, UYTO KOH-
¢urypauus, ABHXEHHE HJIH JeHCTBHe MaTepHaJbHOH CHCTEMH
MMEIOT HEKOTOPHIH ONpejefeHHbl XapaKTep, W €CJAH pe3yabTaThl
TAKOH THNOTe3bl COIVIACYIOTCS C SABACHHSIMH, TO MbI BCE XK€ JO/KHBI
ele AONYCTHTL BO3MOXHOCTb, 4TO HAlla THIOTe3a OKaXeTcsi
owHu6OYHOH ), eC/IH Healb3sl A0Ka3aTh, UTO HHKaKast npyraﬂ THNo-
T€3a He MOXeT OO'BACHHTL STHX SIBJAEHH.

149. BAXHOCTD OBUIHX H 3JEMEHTAPHBIX CBOHCTB. [lo-
3TOMY BO BCeX (U3HYECKHX HCCACNOBAHHAX YPE3BBIYAHHO BaXKHO
OCHOBATe/1bHOe 3HAKOMCTBO C CAMBIMH OCLUMMH CBOHCTBAMH Ma-
TepHaNbHbIX CHCTEM, H HMEHHO IO 3TOH NMpHYHHE s B 3TOH KHHUre
npeanoyes OCTAHOBHTHLCSI Ha 3THX OOLIMX CBOHCTBAX H HE BXO-
JIHUTb B 6oJsee pasHooOpasHOe M HHTEPECHOe MoJe ChelHaabHbiX
CBOWCTB 4acCTHHIX (POPM MATEPHH.

1) Onuaxo H 3J1CCb KOCBEHHbi€ METOAbI MCCJACAOBAHHA MOTYT NPHBECTH K
HaJeXHOMY pe3yabTaTy. Tak, BCS TeOpHsl CNEKTPOB, Pa3BUTAs b O p O M, MPHBOAHT
HAC K 3aKII0YeHHI0 O HeoObIYafiHOH TOYHOCTH, ¢ KOTOPOW COOI043eTCs 3aKOH
KyioHna BuyTpu atoma. H. A. '

*) D10 mpeaMer CIelylolel TIIaBbl.

?) 310 He Tak. OTClOIa MOXeT clel0BaTh, YTO HAlla THNOTC3a HC €CTh
€IHHCTBEHHO Bo3MoxkHas. Kak ykasanr IlyaHkape, Bce runoresnl O Mexa-
HH3ME fBJIECHHA, NPHUBOASALIHE K OAHHAKOBLIM YDAaBHEHHAM, ONpEeIEASIOUIMM XOIL
AIBJICHHA, ,01MHAKOBO HCTHHHMI“. H. A,



[[JTABA JEBSTAS].

Ob YPABHEHHUSAX IBHXKEHHS CUCTEMbI CO CBS3SIMH *).

1. B ueTBepTOoM oOTjhene BTOpOH 4acTH cBoeil AHAJIHTHYe-
ckoit Mexauuky, Jlarpausx gan MeTONL /s TNPHBEJCHHS
OOLIKHOBEHHBIX JAHHAMHUYECKHX YpPaBHEHHH JBH)XEHHs yacrteil CBs-
3aHHOH CHCTEeMBl K YHCIYy, PaBHOMY YHCJAYy CTeneHeH CBOGOIbI
3TOH CHCTEMBI.

YpaBHeHHs] IBHXXEHHS CBS3aHHOH CHCTeMbl ObIIM AaHBl B OT-
JUYHOH ¢opmMe 'aMHABTOHOM H NpHBEAH K OOJBIIOMY pa3-
BHTHIO BHICLIEH 4acTH oOell QHHAMHKH 1).

CuHrast HeOOXOAHMBIM, B HAUIeM CTPEMJEHHH BKJIOUHTDL 3JeK-
TPHYECKHE SIBJEHHS B 06JACTb NHHAMHUKH, (IPHIATb HAUIMM JH-
HAMHYECKHM HIAEAM BHJ, FOAHBIH OJs HENOCPeACTBeHHOro MNpH-
JI0XKEHHA K (H3HYeCKHM BOMpOCaM, Mbl [OCBSTHM 3Ty TIJaBY
HM3JI0MKEHHIO STHX AHHAMHYECKHX HAEH C (H3HUECKON TOUKH 3peHHsl.

2. Uenpto JlarpaHixka ObL1O NOAYHHHTHL JHHAMHKY BJaCTH
ananusa. OH HayaJd C TOTO, YTO BBHIPA3WJ OCHOBHbIE JHHAMHUe-
CKHe OTHOLIEHHS Yepe3 COOTBETCTBYIOILHE OTHOLICHHA YHCTO
anre6paHYecKHX BeJHYHH, H H3 [MOJYYEHHBIX TaKHM 06pa3om
YPaBHeHHH OH CTPOrO AHAJHTHUYECKH BbIBEJ CBOH OKOHYATeNb-
Hble ypaBHEeHHs. B ypaBHeHHAX JBHXXEHHS COCTaBHbIX 4acTeH
CHCTEMB! IOSIBASIOTCY HEKOTOPHIE BEJHUMHBL (Bblpaamuiye pe-
aKUHH MEXJAY 4aCTIMH CHCTeMbl, BbI3biBaeMble ee (PH3HUeCKHMH
CBSI3AMH), M HccaenoBande JlarpaHika, paccMaTpHBaeMoe C
MATEeMAaTHYeCKOH TOYKH 3DEHHs, eCTh MeTOJ HCKIIYEHHS 3THX
BEeJHYUH M3 OKOHYAaTeNbHbIX ypaBHEHHH.

*) D1a npubasiasgeMas rteneps [JaBa sIBASETCH rnepeneyaTkoil TiaaBet V' ua-

«tH IV xuury MakcBenana ,Treatise on Eleetricity and Magnetism* (1873).

'Yy Cm. Cayley, ,Report on Theoretical Dynamics, British Association,
1857, u Thomson and Tait, Natural Philosophy [1867].
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Crneayst N0 NyTH 3TOTO HMCKAIOYEHHS, Mbl IMOJb3YEMCH BbI-
YHCIEHHEM, U YM Hall JOJXKEH MO3TOMY OCTaBaThCH CBOOOJHEIM
OT BTOPKeHHUs JTHHAMHUECKHX HaeH. Hawa xe uesar 3akanyaercd B
TOM, 4TOGBI COBEPIIEHCTBOBATH HAWIH JHHAMHYECKHE HIeH. Mul
MO3TOMY BOCMOJIb3YeMCsi TPYAAaMH MAaTeMAaTHKOB H INEPEBENEM HX
pe3y/bTaThl ¢ A3blKAa aHAJMH3a Ha A3LIK JHHAMMKH C TEM, Y4TOOMI
HAlIM TePMHHBI BBI3bIBAJIH IPEACTABICHHE HE HEKOTOPOro asre-
GpanuecKoro Mnpouecca, HO HEKOTOPOro CBOMCTBA JABHXKYIIHXCH
Tes. S3bIK JTUHAMHKH - IOJYYUJ 3HAUHTEJIBHOE PpaclpoCTpaHeHHe
6saroaps TeM yueHbIM, KOTODble H3JIOXKHJH B LOCTYNHOH dopme
yYeHHe O COXPaHeHUHM 3HEeprHH, M uHMTaTelb YBHIAUT, 4YTO
MHOTO€ B NMOCJELYIOLleM H3JOXEHHH HABesHO HCCJACJOBAHHEM B
Natural Philosophy ToMcona u Tara, ocobeHHO npHeM
HAYHHATb C TEOPHH HMIYJbCHBHBIX CHJI.

S1 MpUMeHWJ 3TOT NpHeM J1s TOro, 4To6bl M36exaTb ABHOIO
PACCMOTpPEHHst JBHXKEHHS KamIOH YacTH CHCTEMBI, KpPOME KOOp-
JMHAT WJIH NepPeMeHHBIX, OT KOTOPBbIX 3aBUCHT JBHMKEHHE LEJIOro.
Ile3 coMHEHMS], O4€Hb BaXKHO, UTOOBI HM3YIAWOIWH MNpeaMeT Obla
B COCTOSIHHU MPOCJIEIUTH CBS3b MEXY JBHXKEHHeM KaxJO0H 4acTH
CUCTEMBI H H3MEeHEHHEeM NePeMeHHBIX, HO COBEPILUEHHO HET Heo6Xo-
JMMOCTH JIe/1aTh 3TO B NMpOlLEecce NOJyueHHs OKOHYATeNbHBIX ypa-
BHeHUH, KOTOpbie He 3aBMCAT OT 4acTHOH (POpPMBI 3THX CBA3EH.

3. MTepEMEHHBIE. UHC10 creneHelt cBOGOIAB CHCTEMBl €CThb
YHCJO AAHHBIX, KOTOpble HEOOXOMUMBl I/ ONpejeseHus ee IoJo-
JKEHUS. DTUM JaHHBIM MOXXHO JaTb PasiH4HbIE (POPMBI; HO YHCJO
UX 3aBHCHT OT NMPHPOLBI CAMOH CHCTEMBl H He MOMeT ObITb H3Me-
HeHo. Jlisg Gojblleil SICHOCTH Mbl MOXeEM INpPeACTaBIsATL cebe
CHCTEMY CBfI3aHHOH MOCPEACTBOM HAaJJeXaUlero MexaHusMa ¢
M3BECTHBIM YMC/JIOM MOJBHIKHBIX HacTel, KaxJaas U3 KOTOPBIX CO-
cofHa IBHraThCsl TOJILKO MO TPSMOH JIMHHH, a He Kak-HHOYIb
unaue. BooGpaxaeMblii MEXaHH3M, KOTODPBIH CBA3bIBAET KAMIYIO
U3 3TUX uacTeii C CHCTeMOH, c/ielyeT NpeaCcTaBIATb cebe CBO-
60JHbIM OT TpEHHH, JHIIEHHBIM HHEePUHH H HECNOCOOHBIM Je-
(opMUpOBaTbCS MOJ  AEHCTBHEM TMNPHIOXKEHHBIX CHJI. [losb3a
3TOr0 MEXaHH3Ma COCTOHT NPOCTO B TOM, UTO OH IOMOXET BO-
O6PaKEeHHIO MPHUIKCATH TeNy MOJOXKEHHe, CKOPOCTh H KOJMHue-
CTBO JBHXKEHHsI, KOTOpble B HCCaeioBaHMH Jlarpauxka sBid-
I0TCA YHCTO aIre0paHvecKHUMH BeJHUHHAMH.

[lyctb g 0603HauaeT NOJIOXKEHHE OJHOH M3 MOABHIKHBIX Y-
cTell, onpeje/sieMoe €€ pacCTOSHHEM OT HEMOJABHIKHOH TOYKH
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MO JIMHHH €€ JBMXKEeHHs. Mbl GyleM OT/IMYATh 3HaueHus ¢, cO-
OTBETCTBYIOIUHE PA3NHUHBIM YacTAM, MOCPEJACTBOM MHIEKCOB ; »
u T. 1. TonbKO B TOM C/lydae, eciM Mbi HMEEM AEM0 C COBOKYII-
HOCTBIO B@IHYHH, OTHOCSIIUMXCA K OJHOH 4YacTH CHCTeMbl, Mb
OyneM omyckaTb HHJIEKC.

Ecnu  nanbl 3HaueHMs BceX NepeMEHHBIX (g), TO H3BECTHO
HOJIOKEHHE “ KaXAOH H3 MOABMKHBIX YacTeil, a B cuay Boobpa-
JKAEMOTO MEXaHH3Ma ONpeJeNeHa U KOHPHUTYPAUUs BCCH CHCTEMBL.

4. CkoPOCTH. 3a BpeMsi IBHKEHHS CHCTEMbl KOHQHIYpaiHs

_ M3MEHSETCS HEKOTOPBIM  ONpeeNeHHbIM 00pa30oM, a TaK KaK KOH-
durypauus B kaxabiii MOMEHT BIIOJHE ONPENEISETCs 3HAYEHHSAMH
NePEeMEeHHBIX (g), TO CKOPOCTb KaIOH YacTH CHCTEMbl, TAK e
KaKk M ee KOH(purypauusi, OYyAyT BIOJHE ONPENLNCHLl, ECaH
Mbl 3HAEM 3HAYCHHS] MEPEMEHHBIX (§) BMECTE C HX CKOPOCTSIMH

dt

5. Cunbl. Beskoe NBHXEHHE CHCTEMbI, COIMACHOE C MPHPO-
IO# CBA3eH, MOXKET ObITh MPOU3BEAEHO HaJMEKALIUM BHIOOpOM
X0Jla M3MEHEHHs! nepeMeHHBIX. Jlasi TOro, 4ToGbi NPOU3BECTH 3TO
JNBHXKEHHE, BHTas MOJBHXHBIE YACTH MEXAHM3Ma, K 3THM 4acTAM
HA0 MPHJIOXKHUTb CHJBL.

OGo3Hauum cuay, KOTOpasi NOKHA OBITb NMPUIOKEHA K Mepe-
MeHHOH ¢, 4epe3 F,. Cucrema cun (F) MexaHHYecKH 3KBHBa-
JIEHTHA (B CUay CBsI3ell CHCTEMBI) TOH CHCTEeMe CHJI, KAKOBa 6B OHa
HH 6bl1a, KOTOpasi B 1€ACTBUTEIbHOCTH IPOU3BOIHT 5TO JABHIKEHHE.

6. KonuuyecTsa aBuxeHus. Ecan Teso ABMKeTCS M0 TakoMy
IlyTH, YTO €ro KOHGHIypauusi OTHOCHTENbHO CHJBI, AEHCTBYIO-
Ied Ha HEro, OCTAeTCsl ONMHAKOBOH (KaK, HAanpuMep, B caydae
CHJIBI, IGHCTBYIOLIEH HA YACTHIy MO HAMPAaBJEHHIO €€ IBHXEHHS),
TO ABHXYLIAsl CHU/IA M3MEPSIETCS CKOPOCTBIO BO3PACTAHHS KOJIH-
yecrsa ABHxeHHsl. Ecau F ecTh aBHxkyIas cunia, a p — KOJAHYECTBO
JABHXEHHA, TO

dq .
7, HJH, coriacHo o6o3Hauyenuio HbioToHa, ¢).

OTKY/a

HHTGFpaJI CHABL 110 BPEMEHH Ha3bIBaeTCd HMOYyJbCOM 3TOM
CHJIBI, TaK YTO MBI MOXE€M CKa3aTh, UTO KOJHYECTBO IBHKCHUA
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€CThb HUMIYJAbC CHAbl, KOTOPbIH mnpHBen Obl TeJO H3 COCTOSHHS
NMOKOSi B JIAHHOE COCTOSIHHE JBHXKEHHS.

B ciyuae ABHXKEHHS CJI0XKHOH CHCTEMbI, KOH(HUTypauus ee
HEMpPEpPHIBHO H3MEHSETCSl B 3aBUCHMOCTH OT CKOPOCTEH (@), Tax
yTO HeJb3si yike GoJee MoJjararb, UTO KOJHYECTBO JBHXKEHHS €CTb
HHTErpaj MO BPEMEHH OT CHJbI, AEHCTBYIOIWLEH HA CHCTEMY.

Ho npupawenue - dg nw060ii nepeMeHHOl He MOXET ObiThb
Goablue, yeM ¢'0f, rie Of ecTb BpeMs, B TeueHHe KOTOPOro Mpo-
HCXOJMT MPHpAlieHHe, a ¢’ eCTh HaHGOJbIIee 3HAUEHHE CKOPOCTH
B TeUeHHE 3TOFO BpeMeHH. B ciyyae cHCTeMbl, ABHKYLIEHCs M3
COCTOSIHUSI MOKOSi NMOJ NeHCTBHeM CHJ B HEH3MEHHOM Halpabie-
HHH, 3TO, OYEBHIHO, KOHEUHAsl CKOPOCTb.

Ecau panpl KOHeYHasi CKOPOCTb H KOH(HTYpailWs CUCTEMBI,
TO Mbl MOXKeM ceGe MpeACTaBHTb, YTO CKOPOCTb COOOUIEHa
CHCTeMe B O4YeHb Majioe BpeMsi 0f, mpuueM HayaibHas KOHQUTY-
pauHst OTJHYAeTCS] OT KOHEYHOH KOH(HrypauuH Ha BeJTHUHHBI
Qq,, dg, M T. 1., KOTOpble COOTBETCTBEHHO MeHbLUIE, YeM g,0t,
g,0t u 1. 1.

UYem Menbllle M bl NPEANOJIOKMM NpHpAlICHHE BpeMeHu Of,
TeM GOJbLIE JOMKHB GbITh MPHIONKEHHbIE CHJbI, HO HHTETPas 1o
BPEMEHH, HJM MMIYJbC, KAXAOH CHAbl OyjleT OCTaBaTbCsl KOHeH-
uoM. [IpesenbHoe 3HaueHHe MMIY/bCa, KOTAZ BpeMs yOBIBaeT H
B npejese CTAHOBHTCS PABHBLIM HYJ10, ONpeJeNseTcss KaK MTHO-
BeHHDbI I UMIYJbC; 8 KOJTHYECTBO JBINKEHHS p, COOTBETCTBYIO-
mee Ja060H NEpEeMEHHOH ¢, PaBHO. B 3TOM cCJaydae, MO Oltpe-
JIeJIEHHIO, HMNYJbCY, COOTBETCTBYIOIEMY 3TOH MepeMeHHOH, Korja
CHCTEMa MTHOBEHHO TIPHBOLHTCS M3 COCTOSIHHSI MOKOsl B JAHHOE
COCTOSIHUE JBHKEHHS.

3To npeicTaBieHHE, UYTO KOJIHYECTBA IBHXKEHHs MOTYT OBITb
NPOU3BEJIeHbl MOCPeACTBOM MIHOBEHHBIX HMIYyJbCOB Ha CHCTEMY,
HAXOASMIYIOCsi B NOKOE, BBEJEHO TOJbKO Kak MeToAd Aas Oflpe-
JIeJIeHHS] BEJIMUMHBl KOJHYECTB JBHXKEHHs, HOO OHH 3aBHCAT
TOJBKO OT MTHOBEHHOTO COCTOSIHMS €€ JIBHXKEHHs, HO He OT Mpo-
uecca, MOCpeaCTBOM KOTOPOro 3TO COCTOsSIHHE IOJY4eHO.

B CBf3aHHOH CHCTEME KOJHUYECTBO JBHIKEHMs, COOTBETCTBYIO-
uiee J11060i nepeMeHHO, sIBJSIeTCs], BOOOLUILe, JHHEHHOH QYHKIUHeH
CKOPOCTEH BCeX IepeMeHHbIX, BMECTOQ TOTO, yTOOBLl 6BITH NPOCTO
NPONOPUHOHATbHBIM CKOPOCTH, KaK B JAHHAMHKE 4YaCTHLBI.

MMnyabcel, Tpebyouecss Aas TOro, 4roObl BHE3aNHO u3me-
HUTb CKOPOCTH CHCTEMbl OT 3Ha4yeHHH g\, ¢, ¥ T. 1. 1O 3Haue-
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HHH ¢'y, ¢/, M T. 1., OUEBUIHO paBHbl p'y—p, p,—p, ¥ T. 1.,
TO-€CTb  H3MEHEHHSM KOJHUECTB JBHXKEHHS COOTBETCTBYIOUMX
NepEMEHHBIX.

7. PaBoTA MaZnoOro umnyvanca. Pa6ora, NPOH3BEICHHAN
cHaolt Fy BNPOJOMKEHHE HMIYJAbCAd, €CTh HHTErpPal CHA Mo

NepEMELIECHNIO, HJIH
W= [ Fadg,

- [ Figt.

Ecan ¢’y ecTs HauGosbliee, a ¢", — HauMeHbLIee 3HAYECHHE
CKOPOCTH ¢, B TeUeHHe JEHCTBHS CHAL, TO W JOMXKHO 6LTh
MeHble, YeM

(j’,fFldt WK q",(p’,—p,),

U 00ablIe, uem

¢ [ Fdt wan g (p'—p,).

[Tpennonoxum renepn, uto mmym:c/th decnpeneabHo

yGOBIBA€T; TOr1a 3HAYEHHS ¢’y W 9", 6ynyt NpUGIHKATBCA OJHO
K JpyroMy H HaKOHeW COBMAAyT CO 3HAUEHHEM ¢,; Mbl MOXEM
Tenepb Hamucath p'y —p, = 0p,, TaK 4TO NDPOU3BENCHHAs pabora
OKa3bIBAETCS

6W1 =é16p1»

To-ecTh paboTa, MPOM3BENEHHAN OUCHD MaJdbM U M-
MynibCOM, €CTh NMPOH3BEeJEHHE UMNOYJAbCAa HA CKO-
pPOCTh.

8. [IPHPAIEHHE KMHETMYECKOH SHEPrMH. ECaH pabora
34TpAYHBAETCA HA TMpPHBEJEHHE B JBHKEHHE KOHCEPBATHBHOM
CHCTEMBI, TO €l COOOLIAeTCsl SHePIus, W CHCTeMa NPHOGpeTaeT
CIIOCOGHOCTL COBEPUIMTE PABHOE KOMMUYECTBO paGoOThl, MPeOIo-
JIEBAs1 COMPOTHBJIEHHS, MOKA OHA HE MPHUMAET B COCTOSHHE IOKOSL.

OHeprus, KOTOPOH CHCTeMa 06aNaeT B CHAY CBOETO JBHIKE-
HHs, HA3bIBACTCH €e KHHETHUEGCKOH BSHeprueilt H coob-
uiaeTcst et B BUJe paGOTHl, 3aTPayeHHOH CHAMH, MPHUBOISAIMMI
€e B JIBUKEHHE.
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Ecmu T ects kuMHeTHueckast 3Heprusi CHCTEMBI M eCJAM OHa
NpHHHMaeT 3HaueHHe 7 -1-07 BcaexCTBHE A€HCTBHS GECKOHEYHO
Maaoro HMIMyabca, COCTABJSIIOIIME KOTOPOTO CYTh 0p,, O0p, U T. 1.,
TO npupaiuene 47" T0MKHO ObITh CyMMOH KOJIHYeCTB paGOThI,
NPOH3BEIEHHBIX COCTABSIOINMU UMIYJIBCA HH, CHMBOJIHUECKH,

0T= éldpl +‘éidp2 -+
— z@ap).

MrHoBeHHOE COCTOSIHHE CHCTEMBI BIIOJIHE ONpPEIeNseTcs, eC/H
AaHbl TEpeMeHHbe M KOJAMYecTBa JBHkeHus. Ciel0BaTesNbHO,
KHHETHYECKAsl HEPTHS, 3aBUCALLAST OT MIHOBEHHOTO COCTOSIHHUS
CHCTEMBI, MOXET ObITh Belpa)keHa uyepe3 nepeMeHHble (¢) H Ko-
- IMYECTBA ABHKEHHs (p). DTOT cnocob BLIPAKEHUS BENHUHHBI T
BBesl 'aMuabToHn. Ecinm 7 BolpaxeHo TakuM o0pasoM, Mol
OyaeMm ero oTMeyaTb HHIEKCOM , TaK: 7.

[Tonnoe u3menenne seauuuun T,

s ) e

ITocneiHuit 4eH MOXHO HanucaTb B BHJe
. ’ o (0T, .
> (~~—q6t
dq

3TOT uJeH yObiBaeT BMecTe ¢ O0f H OKOHYATeAbHO HCuUe3aeT
(MO CpaBHeHHMIO C MepBBIM YTEHOM|, KOrZa WMMNYJbC AeJdeTcs
MIHOBEHHBIM.

Ortciona, cpaBuuBasi ko3dduULHEHTE TpH Op B YPaBHEHHSIX
(1) u (2), nonyyaem

(1)

oT,

: (3)
op .
TO-€CTb CKOPOCTH, COOTBETCTBYHUIAS NEPEMEHHOH
g, €CTh 4YatTHa4 NpouMsBoaHAaAsdaA OT Tp nmo COOTBET-
CTBYIOU€MY KOTHYECTBY ABHXKECHHS P,

Mbl npHITH K 3TOMY pe3ysbTaTy H3 PaCCMOTPEHHS UMITY/b-
CHBHBIX CHJI. BflaI‘OJIapﬂ 3TOMY MCTOAY MbI u3bexanu paccMo-
TPEHHsl H3MEHEHHsl KOH(Hrypauuu 3a Bpemst AeHCTBHA cua. Ho
MrHOBEHHO€ COCTOSIHHE CUCTeMbl BO BCe€X OTHOIICHUAX OJdHHa-
KOBO, npuBejeHa JH CUCTEMa H3 COCTOSIHUS I[IOKOSI B JaHHOE

: J—

K. MaxkcBean. Mamepus u OsunccHue. - 8
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COCTOSIHME JBHXXEHHSI KPAaTKOBPEMEHHBIM JEHCTBHEM HMITyJb-
CHBHBIX CHJ1 WJIM OHA MPHIULIA B TaKOE COCTOSIHHE JIOGBIM ApY-
ruM 06pa3oM, B KaKOH Obl TO HM ObLIO MOCTENEHHOCTH.

JIpyramu cJl0BaMH, M€PEMEHHblE H COOTBETCTBYIOLIHE HM
CKOPOCTH M KOJHYECTBA ABHXCHHS 3aBHUCAT TOJNBKQ OT AEHCTBH-
TEJBHOTO COCTOSHMS JBHMXKEHHS CHCTeMBI B JaHHBbI MOMEHT, a
He OT ee MpeIIlecTBYIEH HCTOPHH.

CrenosaTebHO, PaBeHCTBO (3) OAMHAKOBO CIPABEAIHBO,
npeaionaraeM JH Mbl, YTO COCTOSIHHE [BHXKEHHs CHCTEMBI BHI-
3BaHO MMIY/JbCHBHBIMH CH/IaMH, WIM CH/aMH, J€ACTBYIOIMMH
KaKMM Obl TO HH OBLJIO JPYrHM 00Pa3oM.

[T03TOMYy MBI MOXEM Tenepb OCTABHTb PACCMOTPEHUE HMITYJb-
CHBHLIX CHMJI H OCBOGOJHTBCH OT OCPAHHYEHHH, HATOXEHHBIX
HAMH Ha BbI3blBaeMble 3THMH CHJIAMH M3MEHeHHs KOH(HUIypauHH.

9. YPABHEHHA ABUXEHUA [AMUABTOHA. Mbl yxe noxa-
3a/H, UTO

o7,
op
[lycTb cHcTeMA JABHKETCS MO MPOH3BOJBHOMY MYTH, [MOAYH-

HEHHOMY YCJOBHSIM, HAJOXEHHBIM €€ CBA3AMH, TOTJA M3MEHECHHUs
BeJIMYMH p U ¢ OynLyT

(4)

’ dp . =
op = At of, 0q = g)t. )]
Orctona
oT, ., dp
ap 00 = g1 9%
i (6)
== - (sq
dt "

a 10JHOe U3MeHeHHe KHHEeTHYEeCKOH aHepnm gy
oT, ‘
14
6T/7: ( 6 + a

dp . 0T, '
—2{(0-+ %) 0a } @)

Ho npupalueHHe KHHETHYECKOH 3HEPrHH BBI3BAHO DabOTOH,
NPOM3BEJCHHOH MPHIOMKEHHBIMH CH/IAMH, H/H

— 2 (Fég). ®)
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B nocneiHux AByX BHIpaXEHHSIX BCe H3MeHeHHs 0 He3aBH-
CHMBbI OIHO OT APYroTO, TAaK YTO MBI BNpaBe NPUPABHATb KO3(-
(HUUMEHTBI MPH KaXJIOM H3 HUX B 060HMX Bbipaxenusx (7) u (8).
Takum 06pa3oM, nosydaes ’

o7,

dap,
F,="77 1+ g,

dt )

rae KOJHYeCTBO JBHXEHHA p, M cuaa F, oTHOCATCH K nepe-
MEHHOH ¢,%).

YpaBHEHHH 3TOro BHJA CTOJBKO XKe, CKOJbKO MepPEeMeHHBIX.
ITH ypaBHeHus ObiM gaubl aMuabToHOM. OHHM MoOKasbl-
BAIOT, 4TO CHJ4, COOTBETCTBYyIOWIAs JIOO0H MepeMeHHOH, ecCThb
cymMa JAByx uyacTel. [lepBasi 4acTb eCTb CKOpPOCTb BO3pacTaHusi
KOJIHYECTBA JBHKEHHMA 2TOH NMCPEeMCHHOH OTHOCHUTE/JIbHO BPEMEHH.
Bropasi 4acTb €CTh CKOPOCTb BO3PACTAHHSI KHHETHUECKO# 3Hepruu
OTHOCHTEJILHO MPHPALICHHS MEPEMEHHOH, MNpH yCAOBHH, 4YTO
OCTaJbHbIE MEPEMEHHBIE W BCE KOJHYECTBa ADBHKEHHUSI OCTAITCS
NOCTOSTHHBIMH. '

10. BHIPAXKEHHE KMHETHMUECKOH 3HEPTMM UEPE3 KOJH-
YECTBA ABHXEHHA H CKOPOCTH. [lycth p,, p, U T. 4. OyayT
KOJHUECTBA JABHXEHHH, a (j,, q, H T. J.-—CKOPOCTH B JAaHHBIH
MOMEHT, M NYCTb Py, P, U T. I, q,, &12 u T. 1. Oyper apyras
CHCTEMA KOJIHMYECTB JBHXEHHST H CKOpOCTeHl, TakoTo pojaa, YTo

Py =#p,, C.h:”é]x HT. I (10)

OueBH/IHO, YTO CHCTEMbl P M q OYLYT-COIMACHH CO CBSI3SIMH
CHCTEMBI, €C/IH CHCTEMBI P H ¢ YIOBJETIOPSIOT 3TOMY.

[Tyctb Tenepe n usmensercss Ha dn. Pabora, npousBeneHHast
cunoft £, [no § 7] ectn

Fl()%:c.llapl:é:pl”o”- (11)

[Tyctb n Bo3pacraer or O g0 1; B TakoMm cayd4ae cHcTeMa
NPUBOAUTCS U3 COCTOSIHHS MOKOSL B COCTOSIHME IBHXKeHHS (p, ¢),
¥ nosHas paboTa, 3aTpadeHHas Ha TO, YTOOBI NPOM3BECTH 3TO
JIBH)XKEHHE, eCTb

1
@.p 4 4up - w T n) [ ndn. (12)
0

*) OaHaxo, CM. HH K €, B KOHUE NpuiokeHud II, npumed. kK HacToauleMy §-v.
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./‘rzdnz

0

Ho

o] —

a pa6ora, 3aTpaueHHas Ha TO, 4TOObI NPOU3BECTH JBHKEHHE,
SKBHBAJEHTHA KUHeTHuecKol sHeprun. Otciona

1 . .
Tpiz=§(p1‘11 +Peg,+H T. L), (13)

rae 7,y 0603Ha4aeT KHHETHYECKYIO 3HEPTHIO, BBIPAXEHHYIO Uepe3
KOJUUYECTBA JBHXKEHHsI U cKopoctH. [lepemennvie ¢, ¢, ¥ T. I.
He BXOISIT B 3TO BBIpAXKEHHE.

~ Wtak, KkuHeTMuyeckas 3HEprHsi paBHA [OJYCyMMe IPOH3Be-
JIEHH KOJMUYECTB JIBHXKEHHS HA COOTBETCTBYIOLIHE MM CKOPOCTH.

Ecin xuHeTHYecKasi 3HEprust BbIPaXeHa TAKMUM 00pasoM, Mbt
Gynem ee 0003Hayatb CHMBOJIOM 7p;. IDTO (PYHKUHSA TOJBKO
KOJMUYECTB JIBHXKEHHSI M CKOPOCTEH, He cojepxallasi CaMux
NepeMEHHBIX.

11. CyulecTByeT TpPeTHH MeTOH AJs1 BBIPAKEHHS KHHETHUe-
CKOHl 3HEPTHH, KOTOPHIH, BOOGILE, U CYATAETCH OCHOBHBIM. Paspe-
urasi ypaBHeHHst (3), MBI MOXEM BBIPA3UTb KOJHYECTBA JBHKEHHS
yepe3 CKOPOCTH, a 3aTeM, MOACTABAsAS 3TH 3HAUEHHs B ypaBHe-
Hue (13), moayuum gnass T BeIpaXeHHe, COAepKailee TOJbKO
ckopoctd U nepemeHHbie. Ecan T BoipaxeHo B 3TO# (opMe, MbI
6yaem ero o6o3Hauath cuMBOJIOM 7 4. Mmenno B Taxkod ¢opme
BbIpAXK€HAa KHHETHUecKasl SHeprus B ypaBHeHusax Jlarpanixka.

12. Tax kak T, T, Tp; CyTb Da3nuyHble BbIPAMEHHS [15
OJHOH M TOH e BeJMYHMHBI, TO OYEBHIHO, UTO

Tp+ Tt}—QTPb:O’

HJIH .
Ty Tqg—pigi—Pyg,—H T x.=0. (14)
Otclona, ecld H3MEHSIOTCSl BCE BEJHWYHMHLL p, ¢ H q,
oT, - oT, -
(b?f q:) dp: ‘+_ (07‘0; - q-z) dpz + H T. L +

. (0T, . oT; :
—1—(—.4—1),) aq1+(—-q——p2)6qz—}— uT i+ (195)
dq, dq,

+(0Tf+dq ) ‘+(0Tp+0q )dq‘_w T =0
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M3aMeHeHHs Op He He3aBUCHMbI OT H3MEHeHMH O M 0g, TaK
YTO HeJb3fl CPa3y YTBEPKJAATb, UTO KOI(PEOHUUUEHT IMPH KaWIOM
H3MEHEeHHH (BapHaluH) B 3TOM ypaBHEHHH paBeH Hywwo. Ho us
ypaBHeHHit (3) MBI 3HaeM, uTO

SR g, =0,u T I, (16)

TAK YTO WJICHBl, COJAEpXKAL{HE H3MEHEHHS Op, HCUE3aIT CaMu
no cebe.

Ocraomuecss Teneps H3MEHEHHs 0 M 0 BCe He3aBUCHMbI
Mex a1y coboro ¥), Tak yTo, MPUPABHHUBAA HYJIIO KO3(P(PHULHEHTH
NPH U3MEHEHUAX O, ... MOJAYYaEM:
=07.“’, p.2=d~T.—‘7 uT. L. (17)

g, oq,

TO-€CTb, COCTABJSIIMIHE PABHB YACTHBLIM MNPOHU3BO A-
HBM OT 7, MO COOTBETCTBYIIHUM CKOPOCTSIM.

Jlanee, npHpaBHHBas HYyJIO0 KO3(Q@HUUHMEHTH NpPH H3MEHEHUSNX

4q,,..., TIOJYUHM :

P

oT,
g,
TO-eCTh, YACTHAS MPOH3BOJAHAST OT KHHETHYECKOH
9HEepPIruu nmo aA1060H mepemeHHol ¢, ecau 7 BoIpa-
KECHO B GYHKUHMH CKOPOCTEH, paBHA MO BeJHYHHE
M MPOTHBOMNOJOXHA NO 3HAKY TAaKOH Xe NpPOHS3-
BOJNHOM, HO 414 TOTro cayuas, korga 7 BB PAaXeHO
B PYHKUHH KOJHUYECTB ABHUKEHHS.
B cuny ypasuenuss (18), ypaBHeHue nsmxenus (9) MoxHO
Hanmucarb TaK:

T
900 0, 18
+- Jq, (18)

__dp, 0dTy
Fo=0 = ! (19)
HIU
Fo= 20T 9T, (20)

" dtog, og,

B 3TOH MMeHHO ¢opMe OBIJIM JaHbl YPaBHEHUST JABHXKEHHSA
Jlarpanxe.

*) CM. H ¥ X ¢, KoHeu npuaowenus I,
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13. B npeabiaylieM HCCIEA0BAHHK Mbl H30€xanH paccMoTpe-
HHUS BHAA (DYHKUMH, BbIPAXKAIOMEH KHHETHYECKYIO SHEPrHio 4e-
Pe3 CKOPOCTH M/IM 4epe3 KOJHYecTBa ABHKeHHs. EnuHcTBeHHas
gBHas (GopMa, KOTOPYIO Mbl BHIBENH MJsl Hee, 3TO

1 ) )
Tpy = 9 (P1qs +Psge-+u T. 1), (21)

B KOTOPOH KHHETHUECKas 3HEpTHs BBIPAXKAETCs KaK MoaycyMma
NPOHU3BE/IEHHI KOJIHUYCCTB JBHXXEHHSI Ha COOTBETCTBYIOMIHE CKO-
pPOCTH. '

Ho CKOpPOCTH Mbl MOXEM BBIPa3HTb UY€pe3 4YacTHHE MPOH3-
BOAHbIE OT T, MO KOJIMYECTBAM ABHXKEHHS, KaK B ypaBHEHHH (3);
TakuM 00pasoM, moayuyaem

r,— 17( or, | 0T,

Vo TP gy TH T ;.). (22)

3T0 3HAuMT, YTO 7, €CTh OjJHOpOAHAs (QYHKUMA BTOPOi CTe-
NeHd OT KOJNHUECTB JBHXKEHUA p,, P, H T. I
MOXHO Take BBIPA3UTb KOJAMYECTBA JBMHXeHHA uepe3 [y,

OTKY.1a
o1y 0T, | -
Ti=gla. 44
- q,
T. e. T, eCTb OJHOPOAHAs (YHKUHS BTOPOH CTENEHH OTHOCH-
TEeAbHO CKOPOCTEH ¢, ¢y M T. I
Hanunuwem

Ol o 1), (23)
oq, ,

&T:; 02T,
P, BmecTo ——~.~—;’, Q,, BMecTo . 7. m T L
q; dq,94,

T, 0T,
1 BMECTO - -~ BMECTO . - U T. .
QJ dp‘2 ) Q;z dp)d A

B TAKOM CJlyuae, Tak Kak I'; H T, (GYHKUHH BTOPOM CTENeHH, -
nepsas — OT ¢, BTOpas — OT p,—TO Bce Benuuduel P u Q Oy-
AYT QYHKUMAMH OJHHX TOJIbKO MEPEMEHHBIX ¢, He3ABHCALIMMU
OT CKOpOCTEil U KOJKYECTB ABMXeHHMs. TakuM 06pasoM, MONydHM
clelylomMe BeIpaxenus s 1.

27 = Piq®+ 2Pugiqa 1 1 1, (24)
21 p= anxz_lT“QQl?ptp'z”lF” T. 1. (25)
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4 ) u
KoauuecTBa ABHXKEHHS BBIPAXAIOTCH U€pe3 CKOPOCTH JHHel-
HbIMH YpaBHEHHSIMH BHJA

pxsz,xq'n‘f“[)m(/.‘z’i"“ T. I, (26)

4 CKOPOCTH BbIPAXKAIOTCA 4YEpe3 KOJIHYECTBA JABHXECHUA JUHEeH-
HbIMH YypP4BHEHHSIMH BH 4

41 = Qup, +Qupy—+Hu 1. L (27)

B TpakTtatax mo JMHAMHKE TBEPAOIO Teda KO3(DOHUIHEHTH,
cooTBeTcTByouHe P, B KOTOphiX 06a HHAEKCAa OJHHAKOBBI,
Ha3bIBAIOTC MOMEHTAaMHM HHEpPUHH, a KO3(Q(PUIMEHTDI,
COOTBETCTBYIOIIHE P,,, B KOTOPHIX HHAEKCH Ppa3AHYHbl, Ha3bl-
BAIOTCS MPOK3BEAECHHUAMHU HHE DI HH. MbB MOXeM pacnpo-
CTPaHWTb 3TH Ha3BaHHSl Ha CTOSILYIO Mepej HaMu 6oJee OOULYyIO
3ajayy, B KOTODOH 3TH BeJHYHHBLI He NOCTOSIHHBI, KaK B Ciydae
TBEPJOro TeJa, HO SIBASIOTCS QYHKUUAMH NEPEMEHHBIX ¢4, ¢y U T. L.

[Mopo6HbIM e 06pa3oM MOXHO Ha3bBaTb KO3 (@HLUUEHTH
BUAa Q,, MOMEHTAaMH NOABHUXKHOCTH, a KO3 HUIHEHTHI
BUga Q,,—NpoOH3BegeHHSAMH NOABHXHGCTHU. OnHako,
Mbl JOBOJLHO peIKO OyJeM HMeTb cJayuyadl KacaTbcs KO3(QH-
IIMEHTOB MOJBHXHOCTH. ‘

14. KuneTnueckasi 3HepPrHa CHCTeMbl €CTb BeJHYHMHA Cyle-
CTBEHHO MOJNOXWTeNbHAas WM Hyab. [lostomy, Gymer au OHa
BLIDAXK€Ha 4epe3 CKOPOCTH HJH 4€pe3 KOJIHMYECTBA JBHXKEHHS,
KO3hDHIHEHTH JO/MKHLI ObITh TAaKOBHE, 4TOOBI HH INPH KaKHX
JeACTBUTeNbHBIX 3HAYEHHSX TMEPEMEHHbBIX 7 He MOIrJao MNouy-
YUTLCH OTPHLATENBHBIM. ' '

Taxum o6pasoM, cyuwecTByeT Ppsil HEOOXOAMMBIX YCIOBHH,
KOTOPHIM [O/)KHBl YJOBJETBOPATH 3HaueHUsl Ko3(dduimenTon P.
STH YCI0BHA TAKOBLI.

Beanunusl P, P,, M T. A. JOMKHB OBITb BCE MOJNOXKH-
TeJbHb; Bce 77— 1 JIETEPMHHAHTOB, COCTABJEHHBIX MOCJeN0Ba-
Te1bHO U3 JE€TEPMHHAHTA

.
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OMYCKAHHEM UIEHOB C MHJIEKCOM 1, 3aTeM WIEHOB, HMEIOILMX B
cBoeM uHjaekce uudpsl 1 uam 2, W T. 4., JAO/MKHB TaKxke OHITh
MOJIOXKUTEABHEL.

Hrak, npu n nepeMeHHBIX UHCIO ycaAOBUHR ecTh 2n1— 1,

Koapuurenrs Q nopuyuHeHbl aHANOTHUHBIM YCIOBHSIM.

15. B 510M OYepKe OCHOBHBIX I[PHUHUMIIOB JHHAMMKH CJI0XK-
HOH CHCTEMBI Mbl OCTaBJSIM 06€3 BHUMAHHUSt MeXaHU3M, [O-
CDENCTBOM KOTOPOI'O CBfA3dHLI 4AaCTH cUCTeMbl. MBI He Hamucasu
Jaxe pAna ypaBHEHM{ aad Toro, yToOHl ykasaTh XapaxkTep 3a-
BUCHMOCTH JBHXKEHHS JAI000H YacTH CHCTEMB! OT U3MEHEHHsI fepe-
MEHHBIX. MBI COCpPEJIOTOUM/IH HAlle BHUMAHHE HA NepeMeHHHIX,
HX CKOPOCTHAX H KOJIHMUECTBAX JBHXEHMS U HA CUJIAX, KOTOphIe Jel-
CTBYIOT Ha UYaCTH MEXaHHM3Ma, COOTBETCTBYIOUIME [E€PEMEHHBIM.
Hawn eauHcTBeHHEIe JAONYIICHHS COCTOAT B TOM, UTO CBS3H
CHCTEMBI TaKOBHI, UTO BpeMs He COAEPKMTCH SBHO B ypaBHe-
HUAX CBf3eH, M UTO 3aKOH COXPAHEHHsI SHEPrUH IPHAOKHUM K
cucreme.

Takoe H3/10XeHHe MeTOJO0B YHCTOH JHHAMHKH HeGecnoae3Ho
notoMy, uTo JlarpaH ik M OOJBUIHHCTBO €ro NocaesoBaTeiel,
KOTOPBIM Mbl O0$3aHbl 3TUMH METOJAMH, CrPAHHYUIHCHL, BOOOIIE
roBOpSl, UX ZOKA3aTeJAbCTBOM H JJsl TOTO, UTOOBI COCPEeAOTOYHTH
CBOE BHMMaHME HA CHUMBOJ/AX, OHH CTAapaJUChb U3THATh BCe I[OHS-
THSl, KPOMe YHCTOTO MOHSATHS O Be/JHUHHE, HE TOJbKO 06X0IsICh
6e3 jgMarpamM, HO HM30aBHBILHCH Ja)e OT MOHATHH O CKOPOCTH,
KOJIMUeCTBE JIBHIKEHHUS U 3HEPruH, IMocje TOro, Kak OHM OblIH
NpeACTaBAeHB CHMBOJAMM B Haua/ibHbLIX ypaBHeHHsX. Jlas Toro,
4TOOBl OLITH B COCTOSIHUM OOpalaThest C pe3yabTaTaMH 3TOrO
aHaJM3a Ha OOBLIKHOBEHHOM JMHAMHUECKOM SI3bIKe, Mbl CTapa/iHCh
NepeBecTH OCHOBHBIE YPaBHCHHSI 3TOTrO METOJAa Ha f3bIK, KOTO-
pHIi MOXKeT ObIThL MOHATEH 6e3 yrnoTpe6JeHUs CHMBOJIOB.

IlonobHo TOMy, Kak pa3BHTHE HAeH M METOJ0B YHUCTOH Ma-
TEeMATHKH AAJ0 BO3MOXKHOCTb, 6Jarofapsi CO3LAHHUIO TeopeTHde-
CKOM OUHAMHKH, MNPOJAHUTh CBeT HA MHOFHE HCTHHBI, KOTOpHIE
He ObliK OBl OTKPHITHL 6€3 MATEMATHUECKOrO H3yuyeHHd *), Tak M
B TOM cayuae, ecJd Mbl cobHpaeMCsl NMOCTPOUTL JHHAMHYECKHE

*} OHo o06061IH10 TaKIKE HallM AHHAMHYECKHE TMPEACTABICHMS HACTOJIbKO,
WTO MOMHO YTBEpHKIaTb, 4YTO (H3Hyeckasa cHCTeMA HMeeT AHHAMHYEeCKHi Xa-
PAKTCP, XOTA MBI MOXEM OKa3aTbCA He B COCTOSIHHM COCTAaBUTb cebe TMOHATHE
0 KOH(UTYpAUMAX W IBIDKEHHAX, KOTOPble MpPeACTaBIeHb! nepeMeHHbIMH. CM. ITpH-
noxenue Il
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TEODHH JPYI'HMX HAyK, Mbl JOKHBl NMPOHHUKHYTBCH KaK 3THMH
JUHAMMUYCCKUMHM HCTHHAMM, TAK H MATEeMATHYeCKMMM METOHLAMH.

[Ipy o6pa3oBaHUH NOHATHA H TEPMHHOB, OTHOCHIIUXCHA KO
BCAKOH Hayke, KOTOpas, NogobGHO Hayke o6 3/JeKTpUUecTBe
HUMEET Jea0 C CUIAMU U HX JAeHCTBHMIMH, Mbl JMOKHBI MOCTOSIHHO
JepAKaTb B yMe HAEH, MPHHAIeKAIIHE OCHOBHOHA JHHAMHUECKOH
Hayke, TaK UuTOOBl MOXHO ObINO, B AajbHelllleM Pa3BUTHH HayKH,
H30€XKaTh HECOTIACHSA C TeM, UTO YK€ yCTAHOBJCHO, a TaKXkKe 4TOOHI,
KOT/Ja BBISCHATCH HALIM TOUKHM 3PEHHUS, — [IPUHATAsT HAMH Tep-
MHHOJIOTHSI CJAyXHJa HAM TOMOLIbIO, & He NMOMexoH.



MPUJIOKEHHE T (1920 ).
OTHOCHTEJIbHOCTb CHJT TMPHPO/1bL

[MoHaTHe cua NpUPOALI OLLIO BBEAEHO B HAyKy B OMpele-
JenHolt ¢opme Mcaakom HbioToHOM NPH H3JIOXEHHH €rO
3aKOHOB JBHXeHHss BO Bmesenuun k Hauwanay. Oun ompenennt
GU3HUECKYI0 CHIY KaK BEJMYHHY, KOTOpas pacliO3HaeTCst H
H3MepsIeTCsl M0 YCKOPEHHIO Teda, Ha KOTOpOe OHa JeHCTBYyeT.
dTo Gbl1a cavas MNpPOCTas MbICIHMAas Mepa; MOJYAJIHBO J1OMy-
CKaJMOCh, YTO CHJB, ONpejIeJTeHHbe TaKUM 00pasoM, - COOTBET-
CTBYIOT [A€HCTBHTE/IbHBIM HEH3MEHHBIM MpPHUYHHAM JBHXEHHUS,
KOTOphlE BCEraa, B COIIACHH C €/ HHCTBOM IPHPOJBI, HMEIOTCA
HAJAMILO, BCSIKMH pas, KaK MOBTOPAIOTCS Te XK€ camble YCJIOBHS B
okpyaiollell cucreme Tes. M cam co6oi HanmpalMBaeTcs BOMNPOC
OTHOCHTE/BHO TOTO, MOYEMY OOBEKTHBHOH MPHPOLE COOTBET-
CTByeT 3Ta 0cOGeHHasi Mepa, a He Kakasa-HUOYAb OoJee CIOXHas,
comepIKallasi, HaNpUMep, Hapsay C YCKOPEHHEM, TaKke CKOPOCTb,
au60 yCKOPEHHe yCKOPEHHsi [T. €. yCKOPEHHe BTOPOro MOpsiiKa |.

Ho 3TO BBemeHHe MNOHATHS CHJA MPHPOABI BbI3BATO TaKKe
NPaKTHYECKYI0 MNOTPeGHOCTh YKa3aHUsi KAaKOro-HUOYIb TOYHO
YCTAHOBJEHHOTO crnocoba A1si ONpPEeJETeHHst CKOPOCTH H YCKO-
penusi. TlonoxeHHe W CKOPOCTb MPHHANIEKAT OIHOH CHCTeMe
Te1 B MPOCTPAHCTBE W BPEMEHH, HO Bcerja ObIBalOT OTHe:
CeHBl K KakOH-HMOyab napyro# cucreme. Ilpoctedimnii nian
COCTOHT B TOM, YTOOBI HPHUHSITb HEKOTOPYIO OCHOBHYIO BCEOOILYH>
,CHCTEMY pedepeHUHH“, T. e. CHCTeMYy, K KOTOPOH MBI OTHOCHM
Bce Habaiogaemble BesiMuMHbl. COOTBETCTBEHHO 3TOMY, Hb0TOH
MOCTPOMA CHCTEMY aGCOJIIOTHOTO MPOCTPAHCTBA M aGCOMIOTHOTO
BPEMEHH, OTHOCHTEJBbHO KOTOPOH JO/KHBI ONPEeNensiThCs JBH-
JKeHust M cuabl B rnpupope. M BOT, aas AMHAMUUYECKOH HayKH
HeOGX0AMMO J1aTh XOTSi Obl BpPEMEHHOE OMNpeJIeneHHe 3TOH
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cHcTeMbl peepeHIrH, IPUrOAHOe I8 HEMOCPeACTBEHHO H3yyae-
MOTO pSiia BONPOCOB, U 3aT€M NOCTOSIHHO HCIPaBAATH 3TO OMNpe-
JeJeHHe MO Mepe TOro, Kak Toro Tpebyer mporpecc 3HaHHMs.
Tak, A75i OOGBIKHOBEHHBIX UeJeHd YAOBJICTBOPHTENBHOH CHCTEMOH
pedeperIy ABISeTCs TPOCTPAHCTBO, OTHECEHHOE K OKPYXKaKoLIeH
MECTHOCTH, H BPeMsl, I0Ka3biBaeMO€e OOLIKHOBEHHBIM BUOPATOPOM 1);
KO A5t Gosiee OOLIMPHBIX 3a7ay, KOTAA JOJ/KHO ObITh NPHHATO BO
BHHMaHHMe BpalleHHe 3eMJIH, 3Ta CHCcTeMa yxXe HEAOCTaToYHa H
J10.KHA OLITh 3aMEHEHa TAKOM CHCTEMOH MTPOCTPAHCTBA M BPEMEHH,
KOTOpast He BpaulaeTcst BMecTe ¢ 3emiei, u T. 1. CoBepuieHHas
KonepHHKOM pEBOIOLMS, COCTOSIBILASA B NMEPEHECEHHH UEHTPA
pedepeHIMH OT 3eM/H K COMHLY, OblIa, TAKUM 06DPasOM, Mpesio-
AHel K 5TOMy JIHHAMHUeCKOMY MOPAAKY e, Mbl MOXeM npescra-
BIATh ce6e OKOHYATEJIbHYIO CHCTEMY NPOCTPAHCTBA H BPEMEHH,
KaK TaKylo CHCTEMY, K KOTOPOH MOTYT ObiTb OTHECEHBI 3BE3]Ibl
¥ 3Be3JHble MHPH H KoTopas obecrneudBaeT HauOOJbIIYIO MPO-
CTOTYy IJsi crnoco6a ONMCAHMS HX JABHKEHHH. Besikas cucTema
MPOCTPAHCTBA M BPEMEHH, K KOTOPOH, COIJIACHO 3TOMY, C 10CTa-
TOMHOH TOYHOCTbIO AJsl PAacCMAaTPUBAEMbIX HesneH MOTyT ObiTb
OTHECEHbl CHJIBl NPHUPOIb, MOJNYYHIa HAa3BaHWE HWHEPIHATBHOM
CHCTEMBI, IOTOMY YTO OTHOCHTENBLHO Hee 3TH CHJIbl ONpeIessiioTes
HBIOTOHOBLIM MPOHM3BEJIEHHEM HHEPTHOH MacChl Ha YCKOPEHHe.
Jnst OGLIKHOBEHHLIX 1etelt CYLIeCTBYyeT MHOTO OJMHAKOBO TOY-
HBIX CHCTEM HHEPUMH; PABHOMEDHOE MOCTYMaTeNbHOE IBHXKEHHE
TaKoH CHCTEMB He MeHsleT ee NPAKTHYECKOH MPUTOJHOCTH.

1o nonyieHHe aGCOMIOTHOTO NMPOCTPAHCTBA H abCOMIOTHOTO
BpeMend B Hauamax B 1687 romy OblIO CHeNaHO C HEJBIO
yIOpOCTHTb H3yueHHe JBHXKEHHH [UIAHET; HO OHO HEMEIJIEHHO
BBI3BATO KPHTHKY CO CTOPOHBI (YHIOCO(POB y HAC M 3a-TPaHHLEH,
XOT$ OHH, TOBUAKMOMY, HE MOTVIH IPAKTHUECKH I1PEIJIOKHTD HUUETO
B3aMeH. 3HaMeHHUTHIH Jle i 6 HH 1| He MepecTaBas OCMApHBATDH €r0
3aKOHHOCTb €ro MoJeMHKa B NHCbMax ¢ AokTopoM Kumapkowm
(Samuel Clarke), B3sBIIMM Ha Ce0si 3aUMTY OCHOBHBIX NPHHIH-
OB HbIOTOHOBOH MpPAKTHUECKOH POPMYNHUPOBKH, SIBJASIETCS OJHHM
13 K1aCCHUECKHX NPOU3BeaeHHH MeTaduanueckoi purocopuu. Ham
cobcTBenHbli puaocod bepkau, eme crynentom Konremxa cs.
Tpouus B [ly6aHHe, e OH yXe pa3MbIULIsI HaJl CBOEH KPUTHUECKH-
MEaTHCTHUECKOH CHCTEMOH (UIOCOPHH, BCTPETHICS C 3aTPYyA-

1) T. e. KaxkilM-HHOYAb H30XPOHHO KOAEGJIIOULMMCA TEJI0M, HANMpPHMep, MaaT-
Hukom. H. A.
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HEHHSIMH TOCO XK€ DPOJa MPH CBOEM H3Y4YEHHH OCHOB HBIDTOHOBOH
cucteMbl Mupa. MMeeM /M MBI Kakoe-aH60 NPaBO AONYCTHTH /S
($OpMyJIHPOBKH 3aKOHOB .PHUPOJBI CYIIECTBOBAHHE abCOIOTHOM
CHCTEMB MPOCTPAHCTBA M BPEMEHH, OCOOEHHO MO OTHOLIEHHIO K
OOLIMPHBIM NYCTBIM NMPOCTPAHCTBAM acTPOHOMUM? M HMeeM /iu MBI
JeACTBHTEbHBIE CPECTBA PACTIO3HATD TAKYIO CHCTEMY? MOXKeT GEITh
9T0, B GO/BIIOA Mepe, BONPOC BbIPAXEHHS; eCH 6bl QHAOCODEI
MOTJIH yC/IOBHTBCS MOJPA3yMEBATb OJIHY M Ty e BeIlb [OJ Tep-
MHH4MH, KOTOPBIMH OHH IIOJIB3YIOTCH, TO BC€ GBIJIO 6bl 6J4ar0No0-
JYYHO; HHaue ObM OBl HAPYIIEHbl 3aKOHLI MbILIICHHS.
Bonpoc 0 3aKOHHOCTH TaKOro MpPaKTHYECKOrO ONpejeeHHs

OCHOBHOr'0, CTAHAAPTHOIO MPOCTPAHCTBA U BPEMEHH OCTABAJICS, C
TOUKH 3peHHs1 PUIOCOPCKOH, OTKPHITEIM; B HOC/AEIHHE FOAbl 3TOT
BONPOC OblJ CHOBA MOJBEPTHYT OXHBIEHHOMY 06Cy ¥ aeHHI0. SIBIe-
HHSl 3JIEKTPHYECTBA OblNM BNOJIHE OOBSACHEHB, 10 Papansio u
Kaepky MakcBeunay, cymecTBoBaHieM HaNpsKeHUi, pacipo-
CTPAHAIOLIMXCA B 3(Hpe, KOTOPbIA HAXOAUTCH B [OKOE B HEBO3-
MYIIEHHLIX 06/1aCTAX, TaK YTO €CTECTBEHHO CBSI3aTh C HHM
HbIOTOHOBY CHCTEMY IIPOCTPAHCTBA M BpeMeHH. Takum o6pasom,
o¢up siBasiics Obl HUYEM HHBIM, KAaK NPOCTPAHCTBOM H BpeMe-
HEM, HAJIQ/IEHHBIMH KaK (PM3HYECKHMH CBOHCTBAMH, MHEpLHMEH H
YNpPYrocTeio, — TaK U CBOHCTBAMH NpoTsikeHHocTH. Ho Bnocaen-
CTBHM OBIO HAaHAEHO, UTO BECbMa TOHKHE H TOUHBIE OINBITH,
KOTOpBIE, K434JI0Ch, CHOCOOHBl ONPEAENUTb JBHXKEHHE 3€MJH
OTHOCHTE/BLHO 3pHpa, —a OHO JODKHO OBIIO OBLITb, MO MeHbluell
Mepe, TOrO e MOPSJKA, YTO €e CKOPOCTb MO OpPGHTe BOKPYT
CO/IHLA, — HE MPHUBEJH HH K KaKOMY pe3yabTaTy. JTO He 6LLIO0
. HEOXKHJIAHHO M OBIIO B JEHCTBHTENHLHOCTH BIOMHE OGBLICHHMO B
nopsinke wuaei teopur Makcsenna. Ho 3to o6crosTenbeTBo
BbI3BA/IO HE3ABHCHMbIEC TEUEHHSI MbIC/IH, CTPEMHBILHECS BHIGOPOM
Gonee CMNOXKHON cHCTeMbl peepeHIUH COBEPIIEHHO H3GABHTHCS
OT TAKHX YHHUBEPCAJbHBIX CHJ NPHPOAHI, KdK, HalpUMEp, THArO-
TCHHE, KOHX €JHHCTBCHHBIM MNPOSIBJACHHEM SIBJSETCS YCKOpPEHHE
ABHXEHHH, 1151 OODBACHEHHS KOTOPOTO OHM M OBIJIH BBEJEHHI.
Tak, ecnu ycTaHOBHTH LIKany BPeMeHH TaKHM O6GPA3OM, YTOGLI
OHa MEHfJIach OT OJHOTO MECTa K JAPYroMy, TaK YTO IJIMTEb-
HOCTB GyJeT (yHKUHeH NOMONKEHHS, TO KaXKyIIMECH BeJIHUHHBI
YCKODEHHH TATOTeHUs] OyAyT, KOHEYHO, COOTBETCTBEHHO H3Me-
HSITBCS. JTO BBITeKaeT M3 Toro (cpasH. § 103), uto Bce Tena B
OJHOM H TOM Xe MecTe 06JafaloT COBEPUIEHHO OAMHAKOBBHIM
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YCKOpeHHeM BCJICACTBHE TAFOTEHHS, M €CJIH 3TO Bceobliee xapak-
TEPHOE CBOMCTBO MOXHO CBeCTH K CJ0XKHOMY UCUHC/IEHHIO NPO-
CTPaHCTBA U BPEMEHH H TakuM 06pPa3oM OCBOGOAMTLCS OT HEro,
TO U JIpyrue oTHoleHus HUu3nuecKOH NPHPOAB AO/KHbI CTAThH B 3d-
BUCUMOCTb OT HECKOJbKO MU3MEHEHHOTO UCUHCJEHHS, BBEIEHHOIO
Jis1 stofl uean. Ho Hame 3HaHHe QH3MYECKOH MPOTSHKEHHOCTH H
JJUTEABHOCTH NMPOUCXOAHUT, IJIABHBIM 06Pa3oM, OT HAUIEro YyBCTBA
3peHHs: TOJNBKO HEeOOJbLIAs €ro 4acrb Obla Obl NPHOOpETeHa
pacol, JAuMUmeHHOA 3peHHs. Henb3s He mnpH3HATL Jy4yd cBera
BECTHHKAMH HAINpaB/eHUS M JJIUTEJbHOCTH H3 BCeX uYacTed BH-
JUMOH BCeJIEHHOH. ODTH BeCbMa Ba)XXHble M OCHOBHBIE fBJEHHS
M3/IyYeHHs. JOJUKHBl TAKXKe CTaTbh MNPOCTBIMH MECTHLIMH CBOM-
CTBAMH BPEMEHH M MPOCTPAHCTBA, MHAauYe OHH OBl MOCTABHJH HAC
B CBfI3b CO BCCMHPHOH CHCTEMOH, OTHOCHTEJNBHO KOTOPOH OHH
pacrnpoctpaHsiioTcsi. DMHITCAHOM H MHOTOYHC/IEHHOH U UMe-
1omel 6ospllIoe 3HAaUeHHE IUKOJMOH ero mnocjaenoBarenei 6biaa
HEJAaBHO pa3BHTa TEOpHs, MpeTeHAyouas 6biTh OCHOBAaHHOH Ha
‘MeTaM3M4eCcKHX NMPHUHLUMIAX U YTBEPKAAOLIAs, YTO CHJBI - TArO-
TEHHd, U TOJNbKO 3TH CHJBl, MOTYT ObITb B TOYHOCTH TNMPeACTa-
BJIGHBI KaK Mpucymue Gosee CIO0KHOH CHCTEME MPOCTPAHCTBA H
BpeMEeHHM BMeCTO (PH3HUECKOH MPHUPOJE, OMUCAHHIO KOTOPOi 5Ta
CHCTEMA TOMOTraeT; B TO K€ BpeMs 3Ta TEOPHS TeM CaMbiM
6JIM3KO MOAXOIUT K BBILIEYNOMSIHYTOMY 3JEKTPOAMHAMHYECKOMY
YUCHHIO 06 OTHOCHTENBHOCTH.

Ho ¢ npyroii croponnl, 6bl10 O6GHapy:KeHO, YTO Te XK€ pe-
3yJbTaTHl MOXHO MOJYYHTb €CTeCTBEHHBIM O06pa3oM H 6e3 BMe-
IaTeJALCTBA PEBOMIOIMOHHBLIX HAeH O MPOCTPAHCTBE H BPEMEHH,
KaK He3HauHTebHOe (XOTSi M CJOXKHOE AaHaJHTHUeCKH) pacnpo-
CTpaHeHHE OCHOBHOTO (PHU3HUECKOTO0 MPHHLUHNA HAHMEHb-
mero gefcrBug (CM. HHXKe), TAK KaK CHEUHaNbHBIE OTHO-
IICHHS] HanpsXKeHHd, SHeprud M KOJHMYeCTBa J[BHXKEHHA, Ha
KOTOPbIX, KaK KPHTEPHSX, LO/KHA Oblla pasBepHYTbCS TEOPHS,
(akTHUYeCKH YXE COLEPXKATCH B HESBHOM BHUAe B 3TOM BCEOO-
IeM MpPHHIHUIIE.

1O U3MeHeHHe B Cnocobe BbIPAXKEHHS HBIOTOHHAHCKOTO TATO-
TeHHS] Ha MpaKTHKe NMPUBOIHT, KOHEYHO, K BecbMa Ma/a0H pas-
HUIE; HO OHO INPHBJEKJIO K cebe 0cofoe BHUMAaHHE TeM, UTO
yCTpaHsieT OAHO He MNoAjamwlueecss O6bACHEHMIO Jerkoe HecorJaa-
cHe ¢ HabaloJeHHeM B JBHXCHHH BHyTpeHHel mianeTsl Mepky-
pHg, KOTOpOE paHblle MBITAIHCh [PHIIUCATH MPEANOaaraeMoMy
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HAMMUMIO MEJKMX MAacC Mexay MJaHetoit u coasueM. Takoe
KBHMBAJIEHTHOE H3MEHEHHE CHCTeMbl IPOCTPAHCTBA M BPEMEHH
MO/OKHO TAKXKe O0Ka3aTb BJAUSHHE, PEaJbHbIM WM KaXyUWHMCca
06pa3oM, Ha PaclpoCTpPaHEHHE HM3/TyueHHs B CHJIBHOM [paBHMTa-
uuoHHoM nose. OAHO M3 CACACTBHA 3TOrO COCTOMT B TOM, 4TO
Ay4d CBeTa JO/MKHBI C/erKa OTKJIOHSTbCA IIPH CBOEM MPO-
XOXIEHUH BOJH3M COMHUA, U PE3Y/bTAThi, MOJYUEHHBIE T'DHHHY-
CKHMH M. KeMODHIOKCKMMH  acCTPOHOMaMH MNpH Ha6J110 e HHH
conHeunoro 3aTMenus 1919 rona, AeHCTBHTENBHO JOBOMLHO TOUHO
MOATBEPAMIH TpebyeMylo BenuunHy oTkaoHenusi. Ho npyro#
PE3yJ/IbTAT TAKOTO XKe MOPsiAKA HAeH, CIEKTPOCKOMHULCKOro XapakK-
Tepa, elle HYXAAeTcs B ONPENeSeHHOM MOATBEPXKACHHH.
OcHOBHO# 1po6es B TCOPHH TATOTEHHS, KOTOPbIH e/naTebHO
6LJI0 MOMOJHHTb, 3TO HAHTH TaKOH MAaTeMaTHUECKHH cnocod
BHIPAXKEHHUS, KOTOPHIH NpuBen Obl €e B CBA3b C TEOPHEH 3JIEK-
TPHUECKHX B3AUMOAEHCTBHI1 M H3MYUYCHHS, C KOTOPbIMH OHa Oblaa
pasobuieHa u axe, B BONpPoce 06 OTHOIICHHH HHEPTHOCTH K BeCy,
HAXOMNMACh B OUEHb He3HAUMTENbHOM PA3HOIVIACHH. DTOrO JOCTHIVIH
TeM, UTO o6llee BCeM TeJaM yCKOPEHHE NPOCTO MPHUMHCAIH OCO-
GEHHOCTH CHCTEMBI pedepeHLHH, BMECTO BBeIeHHsi B OOBIKHO-
- BeHHOE MPOCTPAHCTBO BHYTPEHHEH TIPaBMUTAUMOHHON MOTEHLH-
anpHOM (DYHKUMH, YKA3bIBAWIEH MECTHOE HAMPSIKEHHE. Jnsa
BeCbMa GOMBbLIKX CKOPOCTEH,.B THICAYH Pa3 MpPEeBbILAIWKX AeH-
CTBHTEJbHBIE CKOPOCTH HEGECHBIX Te, BBIBOABI M3 3TOH TOUKH
3peHusi Gblin Obl COBEPLUEHHO OTJIHYHBI OT IPOCTOIO HbBIOTOHHM-
4HCKOTO THATOTEHHS, ¥ MNpPH HAWHUX CPEACTBAX BHIPAXKEHHS OHH
6L 6Bl UpEe3BbIYAHHO CJAOXHbBI, HO B JACHCTBHTE/NLHOM 3BE3A-
HOM MHMpe 3TO pasiuyue KpaiiHe HeaHauuTenbHo. [anexas oOT
“TOro, UYTOObLI 3aMEHUTb HbIOTOHOBY 4ACTPOHOMHIO, 3Ta TEOpHs
MOET YCTAHOBUTb CBSI3b C JEHCTBUTENBHOCTHIO, JHUIL MOJb3Y-
ICh ee MPEACTABAEHUSIMH M MeToaaMH. Mbl MOXxeM, noxany#,
3aKJIOUUTb, YTO CBSI3b TSATrOTeHHS, MPEXAEe H3OJHPOBAHHOTO, C
ApyruMH (u3uuecKMMM areHTamMH Obia YCTAHOBJAEHA; HO HE
CleLyeT OTKa3biBaTbCsl OT HAJAEXAbl, UTO CMOCOO BLIPAXEHHS
3TOH CBSI3M MOXET CO BPEMEHEM [IOJBEPrHYThCsA GO/MbLIOMY YIIPO-
ILEeHHID, 0CO6eHHO NpH OOJbIIEM BHHMAHWH K [PHHUHMIY HaH-
MEHBLIETO AEeHCTBHA, TAK KaK HeoOXOJAWMble /s 3TOTO H3MEHC-
HMsI BecbMa Madbl, Mexay Tem 3KCTParno/JHpOBaHHE, OIlHpa-
Ioleeca Ha COBpPeMeHHyw obuyro (OpPMYyJMPOBKY TEOPHH, K
MCCIENOBAHUIO MMPOB, COIEPXKAIMX TrOopasfo O6oJbliHe CKOpPO-
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CTH, 4€M CKOPOCTH 3Be3], B HalleM COOCTBEHHOM MUPE, MPEACTABSIET
MpeKpPAcHblil IPeaMeT A/ TyMaHHbIX MaTEMATHYECKHX YMO3PEHHH.

O6uiee yuyeHne 06 OTHOCHTE/ILHOCTH, 10 KpaiHeH Mepe, B
- ero xpaiineit OpMy.IMPOBKe, OCNAPHBAET 3aKOHHOCTb C€OOGpa-
XeHuil, nogoOHBX H3nokKeHHHM B §§ 105--6. ITOT BONpOC €cTh
Moka MpeiMeT cnopa pasnuuHbix naptui. Ecau 6b1 Mbl Gbian
JUIIEHB BO3MOXHOCTH BHIETb 3Be3Jbl, TO OblJIO O6bl OOJsblue
OCHOBAHMH 3asiB/ISITb, 4TO He (PUAOCOHUHO Jaxe YMOMHHATHL O
TAKOH BEeHH, KaK aOCOJIOTHOE BpAIlEHHE 3€MJH, WJIH O BCAKOM
JIBMIKEHHH, KOTOPOTO He/b3sl BbIPA3UTh MO OTHOLIEHHIO K COCEJ-
HUM TenaM. DTa Teopust TpeOyer, uTOOH BCe MpPEAMETH Obl/iH
OTHECeHHl K MeCTHOMY MaciuTaly H MECTHOMY BPeMEHH; OJHAKO,
H 3Ta TeOpMsl TAKKEe HYKJAeTcd Ha MNpPAKTHKE B MOJb30BAHHH
HaNMpaBAEHUSIMA M MepHOJaMH KoJebaHus Jyded CBeTa, Kak 3a-
KOHHBIM CPeICTBOM pacno3HaBaHusi. ECIM He MOJNYHHMTBL Jyue#
CBeTa KOHTPOJIIO MaciuTaba W 1acoB, TO 3TH Mepbl He OyayT corna-
COBaHBI MEX 1y COGOM; C/TH XKe 3TO C/Ie1aHO, TO ITOH CBA3bI0 MOKHO
BOCIO/B30BAThCS A/151 YCTAHOBACHHSA CHCTEMbI, OTHOCHTE/BHO KOTO-
POl PAaCTIPOCTPAHAIOTCS JAY4YH C MPUNHCHIBAEMOA WM BCEMHPHOM:
CKOPOCTBIO, U TAKMM 06pa3oM OTYACTH ONpeJe/NHTh TO, 4YTO pac-
' CMaTpHBA/OCh, KaK MpPOCTPAHCTBeHHBIA 3¢up. MoxkHO BoCnpo-
_H3BECTH MCKYCCTBEHHOE I'DABHTALMOHHOE ToJe, coolas yCKo-
penue cucreMe pedepeHlHH, NPU YCJAOBHH, 4TO 3TO BBINOJIHEHO
HE MPOCThIM anreGpaHuecKUM NpeoGpasopaHHeM KOOPAUHAT; HO
JAy4d cBera JO/KHBI OblIM Obl MMETh pAa3/iH4YHbIE CKOPOCTH MO
HalpaB/AeHMSIM BNEPE] M HasaJ, 4To, Kak OyATo, 3aK/io4aer B
cebe KpUTepUH DPasNHUEHHs A/ TAKOrO HEOrPAHHUEHHOrd ,TIDHH-
LMNa SKBHBA/NEHTHOCTH® I'PaBUTALMOHHOTO INOJS B MNepeMeHHOH
cucreMe pedepenuun. Yucto anreGpaHueckasi Teopus ectb ab-
CTPaKkuusi OT OOUIMPHOTO MOJISl SIBAEHHH, U CYIIECTBEHHBIM 15t
Hee BOINPOCOM SIBISETCH CTeNneHb ee COGCTBEHHON 3aKOHHOCTH.

-

[TpumEYaHHE &k § 145

* HaiinenHoe, xax cpeIHHH pe3ysbTaT MHOTOUHC/ICHHBIX COBpe-
MEHHBIX ONpeae/eHuil, KIBEHIULIeBO 3HaueHHe 5,45 ais cpel-
Hell NJIOTHOCTH 3€MJIH JO/IKHO ObITh YBENHYEHO MEHbLIE, HEM
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Ha ABa npoueHTa. KpyTHibHbIE BECHl ObIIM 3HAYHTENBHO yMEHb-
WeHbl B pa3Mepe W yayuweHnl boiicom (1894 r.) ynorpe6ae-
HHEM KpaiHe TOHKHX W YpPEe3BBIYaHHO YNPYIHX KBAPUEBLIX HH-
TeH A5 KPYTHJILHOTO MOABECA.

KpyTtuabuele pectt Muuenn-Kapenauw-Kynona 6uau
npuMeHeHbl D TBOCOM K HCCICNOBAHUIO MPONOPUHOHANLHOCTH
MEeXJy NPHUTSXKEHHEM M MacCOH, NPHEUM MOAYYEHBbl pe3y/bTaThl
upe3BbHIUaHHON TouHOCTH. Kaxyiumiica Bec Tena ecTh €ro NpHTA-
JKEHHE K 3€MJIe, H3MEHEHHOEe HeHTpOOeXKHOH CH/IOH, HanpaBJ/eH-
'HOM MOJ OCTPHIM YIVIOM K BEPTHKAJIH MPOUb OT OCH CYTOUHOTO
BpallleHHs. JTa MNOCACAHAS YacTh, KOHEYHO, 3HAUMTE/]bHA, CO-
CTaBJsIs JOJI0 OZHOTO MNPOUEHTAa PAaBHOILCHCTBYIOLEH, H HMeeT
TOPHU3OHTAMbHYIO COCTABJASAWILYI, HANPABJECHHYIO [0 MEpH-
auany. Ecau 6b Macchl, BXOAAIIME KAk MHOXHTEIH B 06e
Y4CTH  PABHOJAEHCTBYIOIIEH  CHAB, He - ObBUIH B TOYHOCTH
PasHbl, TO KPYTH/AbHBIE BECHl, B KOTOPHIX KOHIBI FOPH30HTAMb-
HOrO CTepXHA HATPYXKEHbBl MAaccaMH M3 pa3/JHYHBIX BeLIecTs,
NOKa3blBaTH Obl OTKJIOHEHHE CTepKHsS OTHOCHTENLHO ILUTATHBA,
€CJIH €0 NMOBEPHYTb OKOJO BEPTHKAJAM OT MOJOXEHHS BOCTOK-
3anaj A0 MOJOXEHHUA 3amai-BOCTOK. D TB O ¢ (1891, 1897) nawen
TakuM 06pa3oM, UTO OTKJIOHeHHe OT MPOMOPUMOHATLHOCTH Beca
Macce JOMKHO ObITh, NeHCTBHTEAbHO, MEHble, YeM OjHA [Baj-
UATHMHIVIMOHHAs, a 3eeMaHH (Zeeman) HepasHo (1917 r.),
NPH HOMOIUY YCOBEpPLICHCTBOBAHHOTO MNpubGOpa. C KBapueBbiM
MOJABECOM, €nle€ IOHHM3MJ S5TOT MpeJea H paclpOCTPaHHI €ro Ha
KPUCTaNIJIBE M Ha BEIeCTBA PaJAHOAKTHBHOTO MPOHCXOXIEHHS.
Cayuunochb Tak, YTO 3TOT Npejen MPHUOIH3HUTENLHO TOFO XKe IMo-
pAKa, UYTO Pe3yJabTAT ONTHUYECKOH M 3/JEKTPUUECKOH NpOBEPKH
OTCYTCTBHS yBJAeUeHHs 3(Hpa ABHKEHHEM 3EMJH. ,

Ecan m ectb uHepTHasi Macca, onpeneasiomas UEHTPOOEK-
Hyl0 CHly, a /m  —BecoMasi Macca, TO, €CJIH m paBHO m/,
Kaxyuuicss Bec OyneT HMeTb OJMHAKOBOE HarpaB/leHHe s
BCEX BSIIECTB, "M ONLIT He JacT HHUKAaKoro pesysabTaTa. Bos-
MOXHBIA pe3ysbTaT Jerko OblI0 Obl MPHUNHCATL IEHTPOOEXKHOH
Cul1e H30BITKA m--m', TaK KAK MOMEHT €€ TOPH3OHTaNbHOM
COCTaBJSAONIEH OKOJIO OCH KpydyeHHsl - AedCTByeT B INPOTH-
BOJMIOJIOXKHBIX HAnpaB/e€HHUAX B OOOHUX IOJOXKEHHSIX CTEPKHA H
IITaTHBA. °

M3 anextpoauHaMuky MakcBeJ/sa MOXHO BBIBECTH, YTO
€CJH TeJO TepseT JAYUYeHCIYCKaHHEeM 3HEPTHIO & OHO Tepsier
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¢ 5 ) .
KOJN4eCTBO 2" HHEPTHOHU MacCChHl, Trae ¢ — CKOPOCTh CBeTa. ITo

COBPEMEHHHIM OGOGLIEHHSIM  9TOH TEOQUH, BCAKAS SHEPrust
06/1a71aeT HHEPTHOCTbIO. MHepuuio s7ekTpoHa mpenCcTaBASIOT
ce6e OGYCNOBJEHHON ero KHHETHYECKOH 3SHeprHeil JBHIKEHHS.
TouHOCTb NOMYYeHHOTO D TBHCOM pe3y/bTaTa MPHBOLUT TAKHM
06pasoM K 3aK/IIOYEHHIC, YTO BCS HHEpLMS SJEKTPOHA JOJXKHA
GbITb BeCOMa H 4TO, - HEUCTBHUTENBHO, BCS SHeprusi obaamaer
MHEPTHOCTbIO, & MOTOMY TOXe Becoma. Mrak, HM HMHEPTHOCTD,
HA BECOMOCTb He SBJAAIOTCA 6onee crneuupUuYeCKMMH IOCTOSIH-
HBIMH MATepHH: OHM JOJKHBI ObITh CBSi3aHH JHGO C 3HpOM, B
KOTOPOM CYHIECTBYET Marepusi, JH6O ¢ ab6CTPaKTHOH CHCTeMOH
PeepeHUnH NPOCTPAHCTBA - BpEMEHH, KOTOpasi MpeACTaBaAsIeT
COGO# BCE, YTO MOMKET OCTAaThCsl, €CAH CyHIeCTBOBAHHE CPEIHl,
noao6HoR 3dupy, orpuuaercs.

K. Maxcseaa. Mamepun u dsuncenue. 9



[IPUJTOEHUE 11 (1920 r.).
[MPUHLIMIT HAMMEHBILEIO OEMCTBHUSL.

OCHOBHBIM CTpeMJICHHEM JJs BCSIKOH HAayKH €BJseTCSl CBe-
' IeHHE ee K HaMMeHbIUeMy YHCAy YNPaBJSIOIMX €10 MPHHIMIOB.
Jl1s JMHAMHMYECKOH HAyKH 3TO BoinomHuad [amuabtou (Sir
William Rowan Hamilton) 3 Jdy6auna (1834 — 5), onupasich Ha
aHaJIUTHUYECKHE OCHOBBI, YCTAHOBJAEHHbie JlarpaHXKeM B BHUIE
NpUHUMIA HAUMEHbUIEro MAHCTBHA IPH I[OMOIUM METOJOB €ro
BapHauMOHHOro ucuucaenus (B 1758 r.) u nosnnee (B 1788 r.),
HO C MEHbUIUM 3HaueHueM 11 QHU3HUYeCKHX HayK, B BHJIE NpPHH-
KA BO3MOXHBIX paboT B AHanurtuuyeckolh MexaHuKke.
. 3akoH COXpaHEeHHsl SHEPUHH MOXeT JOCTaBHTL TOJIbKO OAHO
ypaBHeHHe, a NMOTOMY OH He MOXET caM No cefe OnperenuThb
TPAeKTOPHIO OJHOTO Tesna, U TEM MEHee TPaeKTOpHIo 6oJiee CI0xK-
HOH cucteMbl (Tak uto §§ 107 — 112 HyxnalTCs B HEKOTOPOM
orpanuuenuH). Ho ecau teso ¢ maHHOH CKOpPOCTbIO W M3 JaH-
HOTO MOJIOXKEHHS! JBHXKETCS MO CBOEH TPaeKTOPHH B I10JE CHJIbI,
TO 3aKOH COXPAHEHHSI SHEPTHHM ONPENETHT CKOPOCThb, KOTOPYIO
ROJIKHO HMETb 5TO TeJO, KOrJa OHO MpHaer B Jwoboe Ipyroe
[OJIOXKEHHe, KAK B cjayuae CBOOOJHOrO IBHXKEHHS, TAK M IOX
JeACTBHEM CBsi3eil 6e3 TpeHHsl, He NMOTPeO/sIoUHX 9Heprud. Ecu
W, QyHKIHMS MOJONEHHS, MpPeCTABASET MOTEHUHAIbHYIO 3HEp-
THIO TeJa B [OJe, pACYHTAHHYI0O Ha eJMHHIy MAacChl, TO CKO-
pOCTb U TeJa, NeACTBUTEJIbHO, ONPEIENHTCS U3 ypPaBHEHHS

1 1
5 mzﬂ—}—mW:Q mut -+ mW,=mkE,
I HHIEKCH Npu v, 1 W, OTHOCATCS K HAYaJbHOMY IIOJIOXKeE-

HHIO, a mE ecTb moJuas 3HEPruda Tesld OTHOCHTEC/JALHO ITOJIA CHJIBI,
COXpaHdawlascad BIDOJOJ/KECHHE BCEro MyTH.
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Otcroaa,
= (2F —2W)':,

TAK YTO CKOPOCTb 3aBHCHT, Y4epe3 MOCPeACTBO W, TOJABKO OT
NOJIOXEHHSI.

Tenepr MBI MOxeEM 3amaThCcs caAeAylIUMM BomnpocoM. Ilo ka-
KOH TPAaeKTOPHH [O/KHO TeJIO MAcChl m, MOAYHHEHHOE CBA3AM
6e3 TpeHHs, NBMIaTbC OT HAYAJbHOTO MOJOXKEHHS A K KOHeu-
HOMY TIOJIOXEHHIO B B NPOCTPAHCTBE, € JAHHOH MOJHOHA 3HEp-
ruel mE, koTopast COXpaHAeTCA MOCTOAHHOH, Tak uTo6Hl JI e i-
CTBHE BIOJMb 3TOA TPAEKTODHH, OnpeneisieMoe, Kak Mpenen
cymmb Zmuds, T. e. kak f mwvds, rie 0S €CTb 3JIE€MEHT [JIHHBI
© 9TOHl TDaeKTOPHH, HMea0, IAS BCAKOTO repeMenieHHs, Ha-
UMeHbIlIee BO3MOXHOe 3HaueHHe. VI3BecTHO, yTO MeTOm pemre-
HUs 6osiee MPOCTHIX BOMPOCOB 3TOT0 pojAa Obla 3HakoM Hbio-
"TOHY, PpeLIEHHE e H3JOXKEHHOro 3JeCh BONPOCA, BHEPBBIE
TIpeI/IOXKEHHO@ B HesACHOH GopMe MomnepTioH, B GHITHOCTh €ro
npesuneHTomM Bepiuuckoil Axamemun npu ®puipuxe Beankowm,
OBIIO MOCTENEHHO PA3BHTO M JONOJHEHO 3HAMEHHTOH IBeHIap-
CKOH MaTeMaTHYeCKOH ceMbel Be pHyAi/n M M HX cooTeuecTBeH-
HUKOM D HJIep oM, HaKOHEL, pacnpoCTpaHeHHoe Ha 6osiee Ca0XK-
Hble C/yuaW, OHO MOJIOKMJIO HAyalo, nocne TpakTaTa DHaep a,
BeIIEIIEr0 B 1744 roxy, B pyKax MOJOZOTrO Jlarpanxa
(Memyaper Typunckoi Akazemuu Hayk, 1758) BapHAUHOHHOMY
HCUHMC/IEHHIO, 3TOMY MIOAOTBOPHEeMy co BpeMerH HboToHa
u Jlefi 6 HH LA 0GOGILEHHIO HCUHCTCHHS GeCKOHEUHO-MabIX, 0CO-
GEHHO MOJIE3HOMY B (DH3HUECKHX HayKax.

[IpoBenem B 3a7aHHOM moJie CHJIBI PSAJ [OCAELOBATENbHBIX
OU3KHX Mex Iy COOOH MOBEPXHOCTEH MOCTOSIHHBIX CKOpOCTEH, a
noToMy ¥ nocCtosHHOH noTeHuHanbHO# sHepruu mW W paccmo-
TpuM Tpaektopuio ABCD..., nepecekamilyld 3TH MOBEPXHOCTH
B toukax B, C, D,.... Crenys cnoco6y HbiooToHa *), Mbl
OyZleM CUHTaTb CKODOCTb COXPAHSIOUIEH MOCTOSIHHOE 3HaueHHe,
CKaXeM v, HAa OeCKOHeYHO MaioM nytd oT B go C, u mnocro-
SIHHOE 3HaueHHe, CKaXeM vU,, Ha nyTH oT C 10 D; 3TH 3JeMEHTH
TPAaEKTOPHH  HYXKHO, TaKHM OO6pa3oM, pacCMaTPHUBATL KakK
NpsiMble, MpHUEM MPeAMONaraeTcs, uTo [0Me CHAW JeHCTByeT
MOCPEACTBOM [MOC/€L0BATENLHOTO Psa BECbMA Ma/blX HMIYJb-

#) Cp. Havana, kn. I, ot II, mpenda. I, o paBHOMEpHOM OMHCHIBAHHH 110~
WALEH NIPH UEHTPATbHOI TPAEKTOPHH.
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coB B Toukax B, C, D,...., koTopsle B Nnpejene, KOrja 3JeMeHTbl
TPaeKTOPHH GECKOHEUHO yMEHbINAWTCs, GYyAyT 06pamaTthcs B
HEenmpepbiBHOE JIEACTBHE KOHEUHOH CHJIBL.

Ecan 2vds nomkHa UMETh MHHHMYM Ha NPOTSDKEHHH 4YacTH
nytd ABCD, 10 coriacHo OGHIYHOMY
KPUTEPHIO HE3HAUHTENbHOE H3MEHEHHE,
Noa BAMSHHEM CBA3EH 63 TpeHus,
KOTCPO€ 3aCTaBHJA0 OB TeJO NPOHTH
YacTb MyTH MO 6au3ko# JuHuH BC'D,
He JO/KHO M3MEHSiTb BeAHYHHB Jlel-
CTBHS, €CJH OTPAaHHYHUBATBHCS PaCCMO-
TPEHHEM MaJsbiX BeJHUHH MEepBOro Mo-
panka. Tenepp, NpH HalleM npexacra-
BJIEHHH CHJIBI KaK GbICTPOH MOCJAeN0BATENbHOCTH MaJblX UMIY/b-
COB, MU3MEHEHHE, NMPOU3BEJICHHOE TAKUM 06Pa3oM B 3TOH (GYHKUUH
JeficTBus, paBHO

v, (BC' — BC) +v,(C'D — CD),

M 3Ta BeJMYMHA JOJKHA MCUYE3HYTb, €C/JAH OrPAHHUHTbCH MAJLIMH
nepsoro nopsigzka. Ho BC — BC pasHo — CC'cos BCC', a
C'D—CD paBuo — CC cos DCC’. CnenoBartenbHO, YCaOBHE
I/t 3KCTPEMANbHOrO 3HAUEHHS TAaKOBO, YTOGH COCTABAAIOWIAS
ckopoctd v, no CC’ 6bna paBHA COCTABASIOWIEH CKOPOCTH ¥,
10 TOMy e Hanpas/euuio, rae CC' —mo60H 371eMeHT JIHHbI Ha
NOBEPXHOCTH MOCTOAHHOH CKOPOCTH U, 4 NOTOMY H NOCTOSIHHOMH
KHHeTHUecKo# sneprun W, nposeneHHOH uepe3 Touky C. 310
3HAYUT, YTO MMNYJbC, KOTOPbIH JOKEH ObLITh COOOLIEH Teay B
Touke C, AJ5 TOTO YTOOb M3MEHHMTb €ro CKOPOCTb OT ¥, IO 7,
JO/KEH OBITh HOpSaJeH K 3TOH MOBEPXHOCTH, WJH, NMepexons K
npexesy, YTO CHaa, AEHCTBYIOLIash HA TeJO, JAO/IKHA MOBCIOLY
UMETh HamnpasJeHue najaeHus norenuuana W. To-ecth, xakos
6bl HM Obl1 BHI MOTEHUMANBHON -BYHKUHH, MOC/AeLOBATENb-
HBIA PAN HMMIYJbCOB JO/KEH HMETb HANpaBJeHHE CHJBL; YXKe
BHJ BbLIPDAXEHHUS IS CKOPOCTH v TpebyeT, uToOBI 3TH HM-
NyJAbChi MMM BEJIHUHHY, HEOOXOAHMYI JAJf TOrO, 4TOGH!
COOOLIMTL H3MEHEHHS CKOPOCTH, COTJIaCHBIE C 3aKOHOM COXpa-
HeHHs 3Hepruu.. TakOBbHI HMEHHO KpHTepud HAas CBOOOIHOI
TPaeKTOPHH.

- Hrak, maa Manoii ayru c¢Bo6oaHo#i Tpaektopuu JleiicTBHe
m2vjs MeHblle, uYeM OHO MOIIO Obl GHITb B TOM Cayuyae,
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ecnu Obl TPAeKTOPHUSI MOJBEPrIach HE3HAUHUTEJIbHOMY MECTHOMY
H3MEHEHHIO BCJICACTBHE HaJMuus CcBsisell ©Ge3 tpenus. CBo-
GOIHYIO TPAeKTODHIO MOXHO, TaKHM 00pa3oM, OMNpeLenHTb Kak
TaKO# MyTb, KOTOPBIA COMPOBOXKAANCS Obl HAHMEHbLIIMM Pacxo-
gom JleHCTBHSI NMpH BCAKOM MEpEMELEHHH Tesa, XOTs 3TO He
3HAYHUT, YTO [OJHBIH Pacxod JHeHCTBHA OT OAHOTO IO APYroro
KOHLA IJHHHOrO NyTH OyJeT HeoOXOAMMO HMETb HaHWMeHbLIee
BO3MOXHOe 3HaueHue. Jta ¢opmyra Haumenbmero Jlei-
CTBHS, BlpaXKeHHasl BAPHALHOHHBIM YPaBHEHHEM

(5fmvds=0, rue %mvz—}—mW:mE,

cama o cebe [OCTATOYHA AAA TO/I‘O, yTOoOBl BBIAEAHThL JAeH-
CTBUTE/IbHYI0O CBOGOHYI0 TPaeKTOPHIO H3 BCEX. HeCBOGOAHBIX
nyTen.

M Boo6uie, Ans BCAKOH JHHAMHYECKOH cHCTeMbl, o6/ana-
oLl KHHETHUECKOH 3Hepruefl, BolpaxKeHHOH QyHKuued 7T Hyx-
HOTO YKMC/Ia reoMeTpHYECKHX KOOPAMHAT, H MOTEHUHAJbHOH 3HEp-
rueii, BelpaxkeHHOH Qynkuueir W, MOXHO MOKa3aTh, YTO TPaeK-
TOPHH [BHXKEHHSI OT OJHOH HAHHOH KOHQHUIypaUHH K JAPYro#
BIOJIHE ONpeJessIioTC OJHHM BapHAaLHOHHBIM ypPaBHEHHEM

ddetlz 0, npuuem 7+ W =E,

rae £-—mnonHasi sHeprusi, KOTOPYIO Mbl INpEANONaraeM IOI4YH-
HSAIOLIEHCS 3aKOHY COXpaHEHHMsl, TPHYEM paccMaTpHBaeMble BapH-
auMH JOJKHbBl COTVIACOBATBCS CO CBSI3AMH 6€3 TPEHHA.

Jlpyrast (¢opMa MpDHHIIMNA BhIPAXAeTC ypaBHEHHEM

| 6'/(T— W)dt=0

NpH YCJIOBHH, YTO [OJHOE BpEMSl [BHXEHHA OT NAHHOH Hauaab-
HOH O NaHHOH KOHEUHOH KOHQHIypaUHH COXPaHSeTCsl MOCTOSIH-
M. 3Ta Qopma 6o/ee ynoOHa A/sl aHAIUTHYECKHX LeJed, mo-
TOMY 4YTO Ccnoco6 BapuaUMH HEe OrpaHHYMBAeTCS CBA3AMH 6e3
TPEeHHsl; TaK KaK TpeGOBaHHE. COXPAHEHHsl 3HEPrHH HE HaJjara-
©TCS, TQ BHEUIHHe CHJb, KOTOpPHIE MOTYT COAEPXKATHCS B
BHIOM3MEHEHHOM BbipaxKeHuH W, MoOryt AeHcTBOBaThb, €000-
asi cucteme 3Hepruio. Tpe6oBaHHe MOCTOSIHCTBAa BPEMEHH IpO-
XOXKJIeHHS], KOTOpOe 3aHHUMAeT 3JeCh MECTO COXPAHEHHS 3HEPTHH,
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€CTh dHAJMTHUYECKH, XOTs1 He (¢HU3HueckH, Gosee npocras gopma
orpanudenus. M3 .5Toli @Qopmbl, BHINOJHSIS NPOUECC BapHHUPO-
BaHHs, MOXHO HEMOCPEIACTBEHHO MONYUYHTb TMOJHYIO CHCTEMY
OOLIMX yDaBHEHHH JBMXEHHs, BHIBEJIECHHYIO J'IarpaH)Ke M
(em. i IX, § 12).

Ecnn T ecth ogHOponHast GpyHKLHs BTOpOH cTeneHd oT 0606-

LIIEHHBIX COCTaBJASIIOILUX CKOPOCTH, TO T4dt ectb OJIHOpOIHASH
(yHKUHS TNEepBOH CTenmeHH OT OECKOHEYHO MaJbiX 3JEMEHTOB
KOOPJMHAT; MO3TOMY nepBasi (popma, BhipaxkeHHast (o H ko6 u)
B BHje

6 f(E—W)3(T+dt) =0,

yXe He COLepKuT BpemeHH. Takum 06pa3oM, 3TO ypaBHeHHe
onpejensieT reOMETPUHECKHE CBOHCTBA MYTH CHCTeMbI 6e3 OTHO-
WEHHS KO BPEMEHH; A NPOCTOH TPAeKTOPHH OHO TPHUBOJUTCSH
JK mpexHedl (opMme, HCCAENOBAHHOH BhIILE.

B coBpeMeHHOM pacCMOTPEHHH OCHOBHBIX NMPHHLMIOB JHHA-
MHKH, B OCOGEHHOCTH, KOTJa [€JO KacaeTcss MOMBITKA HX MpH-
CIIOCOOJIEHUS] K HOBHIM KJaccaM (U3M4eCKHX SIBIEHHH, AHHAMH-
YeCKHe COOTHOIIEHHUSI KOTOPBIX CKPHITH, 3TOT NMPHHUMI BapHalHUH
JleficTBHS, KOHAECHCHPYIOIHI Bech MpeaMeT B OAHOH (opMmyJe,
He 3aBUCAILEH OT YaCTHOH CHCTEeMBI KOOPIHHAT, 3aHHMAaeT, ecTe-
CTBEHHO, CaMO€ BHIAAIOLIEECH MECTO. .

B kauectBe gonosnHeHHs K riase 1X Mbl Tenepb YCTaHOBHM
3TH MOJIOXKEHHs npHHuMna JeAcTBusa ang obuelt AHHaAMHUYEeCKOH
cuctembr. TIpome M CTPOXE BCEro 3TO CAeMaTh MOCPeICTBOM
. 'BBEJIEHHS AHAJHTHUECKOTO0 METOJAa BapHAaUMH, H306PETEHHOTO,
KaK YX€ ynOMfAHYTO Bbimie, Jlarpanixewm. .

DTOT NPHHUMIM, KaK YXe BbIBEJIEHO HJs1 NPOCTeHINEro cayyas,
OTHOCHTCH K (GopMmaM nyTell MJH TPAaeKTOPHH; eCIH JKeJaTeNbHO
TaKXe BKJIOYUTL B PACCMOTPEHHE M 3aKOH, MO KOTOPOMY OIH-
CHIBA€TCA TPAeKTOPHsA, TO B (OPMYJbl JOMKHO TaKXKe BOHTH
BpeMs. KpuTepuil nns cBOGOTHOH TpPAaeKTOPHH COCTOSIT B TOM,
A4TO 6ffuds—0 npuyeM 3Heprud £, NOCTOSHHA BIPOJOJIKEHHE
BCEro JABMXXCHHSA, HJIH, 4TO TO K€ CaMoe, uTo 6fvzdt—0 npH
TOM € YCIOBHH; €CIH OOO3HAUUTH KHHETHYECKYI0 3SHEPTHIO
%m'u2 yepe3 7, TO 3TOT KpHTEPHH NpHMET BHJ 6f27‘dt=0
NpH TOM K€ OTPAHHYEHHH YCJIOBHEM MNOCTOSHCTBA IOJHOH
3Hepruu.
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BLINOJHUM BAPDUUPOBaHHE HENOCPEJICTBEHHO B 3TOH MOC/IEN-
Hell (opMe, HO OCTaBJsisi MOKAMECT BPEMS HEH3MEHHBIM,

6 f Tdt— o /Qri {(‘fi’f) +(£?)’)+(‘z>}df

__/ dx dox | dyddy dzdéz)dt

dt dt +a’t dt +dt dt

rie d ecTb aud@epeHuHan OT X, KOTJa TeJO JBHXETCS no
TPAaeKTOPHH NP M3MEHEHHH BPEMEHH, a 0X eCTh BapHalus 3Ha-
. YyeHud X, MPU Mepexoje OT TOUKH TPAEKTOPHH K COOTBETCTBYIO-
meil TOuKe Ha OJM3KOM BO3MOXHOM MYTH, KOTOPHIH C Heil
CpaBHHBAeTCs. BBe/leHHe pasHBIX CHMBOJIOB d u 0 pas pasavyeHHs]
M3MEHEHHMH 3THX IBYX THIOB €CTb CYIECTBEHHas uepTa BapHa-
[IMOHHOTO HMCYHCJIEHHSI; MBI yXK€ MOJb30BATUCh OCHOBHBIM COOT-
HoweHHeM O0dx = ddx. Tenepb, HHTETPHPYS 00 YACTAM M1 TOTO,
yTOOBI U36ABUTHLCS OT BapHALUWH CKOPOCTE, KOTOpBIE HE SBASIOTCSA
HE3aBUCHMEIMH BapHalUMAMY, a, CJeJOBaTeJbHO, H HE NPOU3BOJDL-
HBIMH, TOJIYYdeM.

 dx d 2
a/rdt-_—m"aermd)t’aerm‘zaz _

_f dt26x+ dtzéy—{—m—&z;dz)dt;

3/1eCh NEPBHIl YleH NPEeACTaB/IAeT Pa3HOCTb 3HAYEHHH npH Bepx-
HEM W HMXKHeM TNpejeJax HHTerpasia, OTMEUEHHBIX HHAEKCaMH
2 U 1, KOTOpHIE COOTBETCTBYIOT KOHEUHOMY M HauanibHOMY NOJIO-
HKEHUSIM Teaa. BTOpOH yJeH paBeH

—f (Xéx + Yoy + Zoz) dt,

rae X, Y, Z— cocTaBasiolide CHJbl, IeHCTBYIOIEH HA YacTHUY 7,
onpenenasieMoif 1Mo NpHOGpPETAEMOMY YaCTHHEH YCKOPEHHIO.

Mbl MOXeM Temepb e pacnpocTPaHHTb 3TO ypaBHEHHE Ha
CHUCTEMY YaCTHl, ABHXKYHIYIOCS MOJ AE€ACTBHEM KaK BHEIIHHX CHJI,
TaxK H cua B3aumogeiictBus. Eciu cuabl, 1efCTByOIHE HA CHCTEMY
M3BHE, OTCYTCTBYIOT, a €CTb JIMiIb BHYTPEHHss NOTEHUHaJbHas
sHeprus, Belpaxawascs ¢ynkuueir W, 1o pabora BHYTPEHHHX
CHJ CHCTEMBI CTPEMHTCS H3PacXOAOBaTb 3TY 3JHEPIHIO, TAK HTO:

3(Xox+ Yoy + Z0z) =—0W,



-
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H 3TO OCTAETCH CNPABENHUBLIM HE3ABHCHMO OT TOTO, COJEPKHTCH

JIH BpeMsl B aAre6pauMyecKUX YpPaBHEHHAX CBA3€H HJM HeT.
Cnenosarensbno, ecin 7' mpeactaBasieT MOJHYI0 KHHETHYe-

CKYI0O 3HEpPrHIO, a BCe CHJbl CYTb BHYTPEHHHE, TO MOXHO HAMH-

caTb /sl BapHALHK OT CBOGOAHOH TPAEKTOPHH K GJM3KOMY MyTH,

NpH CBsI3SIX Ge3 Tpeme H NPDH HEH3MEHHOM BpPEMEHH,

dx -2m dy d—zdz 2

dt Oy 3Im g 02

éf(T— W) dt = v>:

CTporo roBopsi, 3TOT pe3yJbTAT MOJAYYEH MIT CHCTEMBI OT-
AENbHBIX YaCTHL, B3aUMOAEHCTBYIOIUHX MeXAy co6orw. OaHako,
€CTECTBEHHO O0GOGIIMTL €ro Ha JI06Yi0 MAaTepPHATbHYIO CHCTeMy,
COCTOSINLYIO H3 3JIeMEHTOB MACChl, NMOJBEPKEHHHLIX CHIAAM B3a-
HMOJCHCTBHS, BKJIIOUAs, TAKHM 06pasoM, JHHAMHKY yNpyro#t cu-
CTEMBI. OKOanTeanbm aHAJH3 CBOJAHMT 3TOT 3JEMEHT MACChl K
MOJIEKY/1aM MJIH aTOMaM B COCTOSIHHH BHYTPEHHEro ABHXEHHS, H
9TO OKOH4YaTe/bHOE OGOOILEHHE BKJAIOUHAO OBl JHHAMHUECKYIO
TEOPHIO TEMJIOTHI.

Teneps Mbl MOXeM BHIDa3WTb BCe KOODAHHATH X, y, 2 ua-
CTHIl HJIH JIEMEHTOB MAacChl 4Y€pe3 JOCTATOUHOE YHCJAO HEe3daBH-
CHMBIX BeTHYHH §, @, y,..., KOTOpHIE ONPENENSIOT INOJOKEHHE
H KOHOUTYpaUHIO CHCTEMBl. YHCIO 3THX MepeMeHHBIX eCTb uH-
C10  cTeneHedl CBOGOABI CHCTEMbl. Y PaBHEHHS, BBIPAKAIOILKE
KOODIHMHATBl X, Y, 2 4epe3 3TH BeJUYHHbI, MOTYT COJEpkKaThb
AIBHO BpeMs f, HGO ypaBHEHHE BO3MOMNHBIX pPaGOT COAEPHHT
- IIepeMEILEeH s, BO3MOXHBIE B LaHHOe BpeMsd; TakuM o6pa-
30M, HoBasi ¢opma BbipaxeHus T — W Moxer comepwatb t.
B TaKom ciyuae, MOXHO yTBEpPKIaTh, YTO €CaM ¢ He H3MEHSIETCH,
a, CJA€N0BATENbHO, MOCTOSIHHBI MpPEJeNbHBE 3HAYEHHUS] BPEMEHH
t, ut, To

t
o f(T—wydr=o,
4

€C/IH Bapuallugl, NMPH OTCYTCTBUM TPEHHs, B3STa MEXAY 3aKpe-
TUVIEHHBIMH HaYaJbHbIM H KOHEUYHLIM [OJIOXKEHUSIMH JHHAMHue-
CKOH CHCTEMBI. A

Ora Beanuuna T — W ectb sarpamxeBa ¢yukuus L, KOTO-
pas cama mo ceGe OAHA ONpeJeJsieT AHHAMUYECKHE XapaKTep
cucTeMsl; GyHkuus — L, win W— T, ecTb, TakuM 06pa3oM, Mo-
TEHUHA/NbHAS] SHEPrUsi, BUAOU3MEHEHHAS 1/l KHHETHUECKHX MpH-
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JIOKEHHH, H COOTBETCTBEHHO 3TOMY [enbMrosbl Ha3Ba/1 ee KHHe-
THYECKUM NOTEHUHANOM CHCTeMbl. B noayuewnolt dopmyne co-
JEPKHTCA M YACTHBIK CAyyall CHCTEMbl, Haxo4sUeiiCs B NOKoe
HOO B 3TOM cily4ae BblpaxkeHHe

éfV(/dt HY de(/dt paBHO éWfdt,

Tak kak W ocraercs NOCTOSIHHBIM C TEUYEHHEM BpeMeHH a TMo-
TOMy H3 ypaBHeHHﬂ ,U,eHCTBHﬂ BbITEKACT IJ51 3TOro CJIV‘X&F 4TO

(5W=O;

STO ypaBHEHHE COACPHHMT B cebe 3aKOHbl CTATHKM B TOH (opMe:
4TO DaBHOBECHE OMpPEJEMSETCA YCJAOBHEM MOCTOSHCTBA MOTEHI(H-
anbHOH 3HEpruu. [l yCTOHYHBOCTH DABHOBECHS OHA AOMMKHZ
OBbITb HAaHMeHbIleit,

Hanee, Tak xak L BbIPAXEHO B QYHKUMH 060GILEHHBIX KOOp-
JUHAT 0 ¢,... H HX CKOpPOCTeH, To

dedt_ /(‘;’; 65—{— ao+ )dt,

b

rae § npexcrasasier g?, a 0f paBHO 66 HuTerpupys no ua-

€TSIM, KaK ¥ paHblile, HMEEM

'

I
o, oL oL 2
0 ) Ldf= 760+ " dp ..
/ di { +d(; 7
{

[l 4L oy, \
/l(dtde g 00T} 07 g dt.

Tax xak Js1eBast CTOpOHA HCYe3aeT, eClM KOHEUHBIC [OJOKe-
HHS HEH3MCHHEI [/171 BCEX 3HAYEHHH TEKyIUX BapHauui o4, dg, . ..
4 BCC 35TH BapHALMH HE3aBHCHMBI M MPOH3BOJBHBEI, HOO KOOPIH-
HAaTHBIC BEMHYMHB §, @,... Kak pa3 JOCTATOYHBl 1Js1 ONpese-
/ICHUS CHCTEMBI, — TO KOI(Q(PUUHEHT NPH KaXKAOH M3 3THX BapH-
alMH B MONBUHTErPAaibHOM BHLIPAXEHHH B OTAEAbHOCTH JOMMKCH
ucyesaTh. TakuM MyTem Mbl MOMY4UM CHCTEMY YpaBHEHHH BHAA

doL- dL_.
dt 06  ¢o

4 3TO W €CTb JIATPAHXKEBHl yYDABHCHHUSl IBHXEHHS OOILEeH JuHa-
Mudeckoit cucrembr (yp. 20, r1 IX, § 12 Buime). Ecaum xpome

s
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TOTO CYIIECTBYIOT BHEUIHHE CHJIBI, NEHCTBYIOUIME HA CHCTEMY,
TO K NpaBoil CTOPOHE HYXHO MNPHUOABHTL COOTBETCTBYIOLLY:O:
COCTABAAIONLYIO CHY Fg, KOTOpas ONMpeAeasieTcsi Kak Ta HacTb,
xoTopo# pabora Fydf pacunrana Ha H3MeHEHHE OIHOH Koopau-
Hathl §. JTH NPUIOKEHHBIE CHJIBI MOTYT H3MEHSATBCS BMeCTe C I
no a060My 3aKOHY; HMX MOXHO BKIIOYATE B (YHKIHMIO W,
npHGaBuB K Hel uldeHbl — Fg —---, W HAJIHYHOCTb ITHX WICHOB.
He JacT 3HePrHH CHCTEMbl OCTaBAaThCSl MOCTOSIHHOH.

EcaM OrpaHHUMTBCS B 3TOM CPaBHEHMHM TPaeKTOPHH Bapua-
uuell oT CBOGOIHOH TPaeKTOPUH K GJIH3KHM CBOGOIHB M
TPaeKTOPHUAM, TO NOTYyYHM '

t

a/'Ldz— ! ae+7a(,+

Termephb yXe KaK TOUHOE ypaBHeHue, JOMyCKawoulee NO3TOMY
naabHedilee nuddepeHuupoBanne; 3TO ypaBHeHHe NPEACTABASACT
.OCHOBY TaMMWJbTOHOBOM TEODHH BapHHPOBAaHHS JIEHCTBHS.

Tenepb yno6HO OyaeT OCBOGOAHUTHCA OT OFpPAHHUCHHSA, HTO
ppeMsi He Bapuupyercsi. UroObl BBeCTH B pPacCMOTpEHHE 3TO
U3MeHeHHe, Mbl JOJKHBl NOJACTaBHTb B YpaBHEHHE BMECTO oh
BhIpaxenue 0f — 0f, KOTOpOe BhIJENSET W3 MONHOH BapHaUMH
nepeMeHHol § Ty ee 4acTb, KOTOpas MPOHCXQIHT OT -IBHKCHUSA
B NpPOMEXYTOK BapHaluu Bpemenu 0f. Kpome TOro, HyXHO B
NpaBoii CTOPOHE ypaBHeHHsi NpHGaBHTbL Lot ¢ LEeNbI0 BKJIOUYHTH
B BpeMs NMepeMelleHHs] HOBbIH MPOMEXYTOK BPEMEHH, N0GaBeH-
HBII B KOHIle, BCIeAcTBHe Bapuuposanus. Orciona

¢

6/1dt——Lét—}— (ée—(j()t)—L (é(;—(;ét)—,—

h

Kpowme Toro, L =T — W, a Tak kak 7 — ofHOpoaHas QyHKUHs

BTOPOH CTEMEHH, TO
oL ; , oL - -
T+ ge=2T,
o6 T g ¢ T

OTKYZa

6/Ldt_66+f ¢ —Edt,

rne £ ecTb KOHEYHOe 3HAaUeHHe NOJHOH IHEPTHH T+ W.
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Ecau npenonokuTs, 4To He JeHCTBYIOT HUKAKHE BHELUHHE CHJLI,
TO NoJHasi 3Heprusi £ NoCTOSIHHA BO BCAKOE BpeMs; B 3TOM C/ayuae

— E8t = tOE — 0(Et) = tOE — 0 [Edt.

Ortciona, nepeHecss NQCAEAHKH WieH B JEBYIO CTOPOHY, MOJy-
_YWM 3TO ypaBHeHHEe B Ipyron d¢opme:
4
° oT oT
a/ oTdt =", 0" "
. 29 o
4
1M1 BapyauMi, NpH KOTOPHIX JHEPIHsl HEeU3MEeHHa.
I10 060061eHHe npenauiecTBOBaBILel (PopmyJst 6fm-vds=0
IJsl 4aCTHUBl, NpHYEM Ternepb BpeMsi TOXE BKJIOYEHO M Ompe-

O + -+ E,

04 .
Aenseres Kak ;5 p o TIe A — unTerpan no BpemeHH oT 27, BHIpaE-

KEeHHbIH B (YHKUMM HayaJlbHOH M KOHEUHOH KOH(QHUIypauuH H
COXpaHAEeMOH 3HEepPTHMU.

B 3ToM coxepxuTCsl CAeAYIOLIMH aHAAMTHYECKHH pesyJbraT:
ecan O, &,... npeACTaBASIOT KOJMHUYECTBA ABHXKEHUS *), COOTBET-
CTBYIOIIME KOOpAMHATaM §, ¢,..., TO HdOMKHA CYIIECTBOBATH
HekoTopast pynkuusi 4 (Takoro, BIpoueM, BHIA, YTO €€ OOBIK-
(HOBEHHO TPYJHO BBLIUHUCJAHTbL) OT NepeMeHHHX 6, ¢,..., £, y1o-
BJETBOPSAIOLIAS TOMY YCIOBHIO, UTO MPH BAPHUPOBAHHH OT CBOGOJ-
HOM TpPaeKTOPHH K OJHU3KHM CBOOOIHBEIM TPAEKTOPHAM CHCTEMBI

04 = 009 - Bdg - ... tOF.

B 6osee siBHOM M packpbiToi (Gopme, 0COGCHHO A/ ONTHYEe-
CKHX ADHJIOXKEHHH, B 3TOH (PopMy/e COLEPKHTCA YTBEPKIEHHE,
YTO CYILECTBYeT Takasi (pyHKuusi A3 OT HaYaJpbHOH M KOHEUHO
KOHGHUTypaUuH#i CHCTEMB M OT 3HEPrHH, 4TO '

0A 3 = 0,00, + Do, - -
— 6,04, — ?169"‘1 — - (f —1)OE.

KpoMme Toro, cyuectByer Takas (QyHkuMs P ? HadaabHBIX H
KOHEUHBIX KOODAMHAT M BPEMEHH, PABHast MO 3HAYEHHMIO HHTe-

t
rpajny f(T— W)dt, uro
N oP 3= 62(502 + D¢, -
’ — 6,00, — D09, — - - — E, 0, + E|0t,,

- *) Nupekcnoe o6osHavenue raasbi 1X 6ou10 6bl 31eCh HeYA0B6HO.
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NpH BapHUPOBAHHH OT JIOGOH CBOGOJHOH TPaeKTOPHH K 6JIH3-
KHM CBOGOJHBIM TPaeKTOPHSIM: HO TaK KaK Temepb HeT yxe
OrpaHH4YeHHs, YTO SHEPTHd £ JOMKHA OCTABATLCA MOCTOSTHHOM
BJI0/Ib TPAEKTOPHH, TO CHJLI MOTYT ObITb YacTbi0 H BHEIIHHMH,
pabora KOTOpbIX GyfeT cOOOLIATh HOBYK) 3HEPLHI0 CHCTEME.

Cambiit dakt cyuiecTBoBaHHs GYHKUMH P uln A NpPUBOAHT
06paTHO K psay AU(PePeHIHANbHEX COOTHOLIEHHH, HeMoCpes-.
CTBEHHO CBSI3bIBAIOIIMX HAYaJlbHYI0 H KOHEYHYI0 KOHQHIypalHu
CHCTEMbl WJIH TPyINMNbl CHCTEM, COOTHOLNEHHH BHAa

00, 09,

op, 06,
KOTODPBbIE 4YaCTO CJYXKAT BBHIDAXEHHEM BaXHBIX (QU3HUECKHX pe-
3ysnbraToB. Kpome toro, B BblpaxkeHun 0P, a cieaoBaTeNbHO, H
B BLITEKAIOUIMX M3 HEro COOTHOUIEHHSIX, KOHSYHBLIE 3HAYEHHS KO-
OPAMHAT MOTLYT OBITb OTJHYHB OT HauyaJbHBbIX.

BusiHHe BO3MYIIAIOMX areHTOB HA JHHAMHYECKYIO CHCTEMY,
HEBO3MYyIleHHast TPACKTOPHUSI KOTOPOH H3BECTHA, CBOAMTCS, GJa-
rojapst 3THM NPHHLIKNAM, K ONpeeJeHHIO MOCAe 0BATEAbHBIME
NpuGAHKEeHHAMH (M3 AM(PPePeHIHaIbHOrO YPaBHEHUsI, KOTOPOMY
OHO YJIOBIETBOPSET) MaJOro HM3MEHEHHsl, MPOH3BOAKMOrO HMH B
onHOM M3 (QyHkuMil P uanm A, xapaxkTepu3ylOUeH cHCTeMY, —
METOJ, COBEPUIEHHBIA MO MJ€€, HO HA NPAKTHKE AOMYCKAaIOLUIHH
U Ja’bHeHUIHe YNpOLIEHHUS. '

dTa wu3siulHAsg TeOpHsl BapHUpoBaHHUsA JIEHCTBHS OT J11060M
CcBOOOJHON TPAaeKTOPHH K GJIH3KHM TPAEKTOPHAM Oblia MOJIHOCTHIO
pa3paGorana [aMHU/IBTOHOM B OJAHOM MeMyape, COCTOSILLEM
u3 aByx uvacte# (Phil. Trans., 1834 u 1835), u Bckope moasepr-
J1ach  JlaNbHeHuIeMy PpacIIMPeHHI0O B aHAJIHTHYECKOM Hampa-
BAeHHH B pabotax HAko6M W apyrux uccaemopaTeneil. Ona
NPHUBOAMT CHCTEMY KOHEYHHIX MOJOXEHHH JIHHAMHYECKOH cH-
CTEMBI B HEMOCPEACTBEHHYIO CBf3b C COOTBETCTBYIOLIHMH Haya/b-
HBIMH IOJIOXKEHHSIMH, HE3aBUCHMO OT Kakoro Obl TO HH GBLIO
3HAHWS -Y4CTHBIX _ CBOMCTB_ myTed nepeMewleHus. B cBsian ¢
npocTeiiuumM ciyuaem TpaekTopuit ToMcou u TaT oxapakre-
PH30Ba/NH €€ KaK TEOPHIO NpPHLENa, CBA3bIBAIOIIYIO, TAK CKa3aTh,
OTKJIOHRHMA OT KOHCUHOH LeJIH, MPOUCXOSILIHE BCAEJACTBHE H3Me-
HEHHsl MPULENa B TOH TOUKE, OTKYAa CTPEJsIOT, ¢ COOTBETCTBYIO-
IIMMH BeIMYHHAMH HEBO3MYILICHHOTO JABHXEeHMs. B reomerpuue-
CKOH ONTHKE, KOTOpasi jana NepBOHAYaJbHBIH CTHMy/M K 3TOH
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TEOPUH U B KOTOPOH JYUH MOXHO PacCMAaTpHBaTh KaK TPaeKToO-
pHH BOOGDAXKaeMbiX HbIOTOHOBBIX CBETOBBIX KOPMYCKYJ, OHA HAéT
o6LIHe OTHOLIEHHSI H300paXKeHUst K MpeJMeTy, KOTOphie JO/MKHbI
‘'0CTaBaThCA B CHJIE A/ MHCTPYMEHTOB JI0O0ro THNA, KaK 9TO BHED-
Bble 6bl10 OTKPHTO INofirencom u Kotecom. O6nacTs npu-
MEHEHHsl 3TOH TEOPUHM PaClPOCTPAHAETCS TeNepb Ha BCIO (PH3HKY.

B HEKOTOpHIX Caydyasix UMCIO NEepeMEHHBIX, TPeOYIOWHXCS /s
pPacCMOTPEHH THHAMHUYECKOH 3aJauH, MOXET OLITb YMEHBIUEHO.
Tak, ecin KMHETHYECKHH NMOTEHLMAJ COINEPKHUT OIHY HiIH Gojee
KOODAMHAT TOJBKO B BHJE HMX CKOPOCTeH, TO COOTBETCTBYIOLIHME
YPaBHEHHS JBHXEHHUS TNPOCTO -BBIPAXKAIOT MOCTOAHCTBO C Teue-
HMEM BpEMEHH KOJHYeCTBA MABMKEHHSl, OTBEUYAIOIEro KaXioi
TaKOH KOOpJAUHATEe; TaK, Hanpumep, OOCTOUT ZeA0 B CJayyae CBO-
601HO BpAIAIOILMXCA MAaXOBBHIX KOJIEC, CBS3aHHBIX C KaKHM-
HUOYIb MEXaHM3MOM,- M BO BC€X JAPYIMX CJyuasX, B KOTOPHIX
MEHsIOLEeecs 3HaYeHHe KOOPAMHATH! He BJUseT Ha KOHQHUTYPALHIO.
Bo Bcex TakMx caydasx CKOPOCTb MOXHO HCKJIOUMTb, 3aMEHHB
€€ KOJHYECTBOM JABHXKEHHUSA, KOTOpPOE sABJAdeTCS (HU3HYECKOH
NOCTOAHHOH ABHXeHUs. KuHeTHUeCKHMH mnoOTeHUHaN MO)KHo'npe-
obpasoBaTb .TakuM obpasom (Payc, KeabpBuH, Feabm-
ronb1), yTo6bl OH comepxan OXHOH MM Gojee yeM OJNHOM
NepeMeHHOH MeHee, HO TakK, 4TOOBl OH BCE XK€ COXPaHUA CBOM-
CTBO NOCTOSIHCTBA CBOETO MHTErpaJja Nno BpeMeHH. Teilepb OH yxe
He SIBASIETCA OJHOPOAHOH KBaApaTHUYHOH (yHKIMeH, HO 3aKIIo-
yaer B cebe wieHbl, COAepKalllHe JPYyrde CKOPOCTH H B Mep-
BOM CTeNeHH, TOMHOXEHHEIE, KOHEUHO, Ha 3TH NOCTOAHHBIE KOJIHYE-
CTBA JBHXKEHHS, TaK KaK BCE UYJEHBbI NO/KHH HMeTb OJHHAKO-
BOE H3MepeHue. Kamapiii Takoll KHHETHYECKHH MOTeHLHaa MNpH-
HaJVIEHKHUT CUCTeme, 06aajalollel OIHHM HIH 60J1€€ CKPBITh MU
HEM3MEHHbHIMH (CTAUMOHAPHBLIMH) JIBHXEHMAMH; 4 OTCI0Jd BO3HH-
KaeT o6ulas TeopHA 3TOTO BAXKHOTO (PH3HUECKOTO KJacca CHCTEM
M NPEBPALUEHHS HX SHEPrui.

B camom nene, ecau

L=l —Pp—. ..

rme ¢...— rpynna KOopaHHaT, a ¢, — COOTBeTCTBy.}OlLIHe KO-
JHYEeCTBA JABHXKE€HHSA, TO

, oL .. aL oL, |
oL _(%—q’) 611)~(w—d—q;)64’+ Gy Ow 0L,
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re MNepBbill - wWieH TOXIECTBEHHO Hcye3aeT, a O,L ecTb Bapu-
anus GyHKIMH L OTHOCHTE/NBHO OCTa/bHBIX MepemeHHbIX. OTCIoAa,

ecad L He cOmepXKHUT KOOPAHHAT ..., Tak uto ¥ ... NOCTOAHHHI
H He TMOJBEpralTci BAapUHPOBAHHIO, A CKOPOCTH ¥ ... HCKJIO-
yeHpl M3 L’ mocpeacTBoM BBeaeHus P..., TO

0 [L'dt=00)+ Pog + - —Edt ?

BBIDAXKEHHUIO, 3aBHCAIIEMY TOJbKO OT BAPHALMH COAEPXKALIMXCA
ABHO NPEIEeNbHEIX 3HAYEHHH KOODAMHAT, MPH YCJOBHH, YTO Be-
JAHYHHBL P ... COXPaHAIOTCA HEU3MEHHBIMH, WJIH MaxoBble KoJjeca
CHGTEMBI He MOABEPralTc BO3LACHCTBUIO.

XOTSl 3TH TaK Ha3blBaeMble IHKIMYECKHE KOOPAUHATH BOBCE
He BXOIAT B L, HO Mbl MOxeM H3DexaTb HX MNOSBJIECHUA B
obaactu Bapuauun J[leACTBHS TOABKO IOCPEACTBOM Npeobpaso-
BaHHA QYHKUMH L, kak 31ech nokasaHo, B L.

KoHneuHol UenbI0 TEOPETHUECKOH (PH3HKH SIBAAECTCH CBEIEHHE
3aKOHOB HM3MEHEHHH B (PM3HUECKOM MHpPC K JIHHAMHUECKHM IPHH-
yunam. Her HeOGXOZHMOCTH HacTauBaThb Ha (DyHHAMEHTATbHOM
3HAYE€HHH, KOTOpOe NMPUOGPETAET MOITOMY KHHETHYECKHH MOTEH-
uMal M 3aKOH TNOCTOAIHCTBA €ro MHTerpajsa Io BpemeHH. [lse
JUHAMHYECKHE CHCTEMBI, KOTODHIX KHHETHUYECKHE MNOTEHLHAJDI
HMEIOT OJHMHAKOBYI ajre6pavuyeckyr ¢OopMy, COBEPIICHHO aHa-
JIOTHYHBl 110 CBOHMM fIBJIEHHSIM, KaK Obl -OHH B J€HCTBHTENbHOCTH
HH 6blaM pasinuHbl. Ecau HeKOTOpHIH Kkaace (H3HUYeCKHX sBJIe-
HHHA MOXKeET OBITb NMOJABEAEH MNOJ TAKYH MOCTOAHHYIO BAapUALHOH-
mylo GopMy, TO €ro AMHAMHYECKas MPHPOAA YKe MpefyKasaHa:
-OCTaeTCA JMUIb 3a4aya BBIPA3UTb KOOPAMHATEl, CKOPOCTH H KOJH-
4eCTBA ABHIKEHHUS U CHENATh U3BECTHLIMH HX OTHOLIEHHS CpaBHe-
HHEM C aHAJOTMYHBIMH CHCTEMAMHM, KOTOpHie 60/ee AOCTYIHBI
HabJI0IeHHI0, a MOTOMY H 60Jee H3BEeCTHEL

.

[TruMEYAHHE K TJABE IX, § 9.

Brime 6b10 ykasaHo, 4YTO 3aKOH COXPAHCHHS IHEPTHH, Kak
3TO yXe JaBHO OTMeTHI JlarpaH Xk, MOXeT JOCTABHTH TOMBKO
OJHO M3 ypaBHEHMH, TPeOYIOIUUMXCS IJd ONpele/eHHs IBHXKECHHS
JUHAMHYECKOH cucTeMbl. OTCI0Ja BHITEKAET, YTO PACCY K IEHUE 3TOTO
oraena (§ 9), xoropoe kak OyATO BBIBOJHT BC€ 3TH YPaBHe-
HHS, JOJXKHO OBITb HELOCTATOUHBIM. JlOKa3aTeNbCTBO HaUMHAETCA
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‘TaM € NPEANOJIOXKEHHs, UTO CHCTEMA JMABHXKETCH MO KaKoMy-
HUOYAb NPOU3BOJNBHOMY MYyTH, T. €. MPEeINOoJaraercsi, 4To [BH-
XKEHHUST ONPEIENAIOTCS Pa3THUHLIMH BO3MOXHBLIMH THNAMH CBSA3€H
6e3 TpeHHs, COIVIaCHBIX C COCTABOM H CTPYKTYPOH CHCTEMBI.
3areM ypaBHeHHe (9) MpaBHABHO BBIBOIUTCS U3 ypaBHeHHH (7)
u (8), Tak Kak BapHaUMH Og COBepLIEHHO MNpou3BoJAbHEL. Ho
HAJIOXEHHBIE CBSI3H BBOJASIT HOBbIE M HEH3BECTHBIE CHJIB DPeaKLHU
CBfAI3€H, KOTOpBl€ MO/KHBI ObITb BK/IIOYEHBI . B MHCJAO M PHJO-
KEHHB X CUl F,, U 3TH CHUJBl clenaJH Obl DPe3y/bTaT, KaK OH
TaM JIOKa3aH, HeBEDHbIM.

Tem He MeHee, ypaBHeHusi (Y) cnpaBelJIUBBI, XOTH 3TOT HX
BHIBOJ H HexocTaTouyeH. Kak 0OBACHEHO BbIlIE, JarpaHKeBbl
ypasHenus (20) MOXHO BBIBECTH HenoCpeACTBeHHO U3 [TpuHuUMna
Haumenpuiero [leficTBHSl, YCTAHOBAGHHOTO HE3aBHCHMO, KakK 3TO
37eCh NMPOJEJNaHO, a B TAKOM Cayuae ypaBHeHHs (9) MOXHO BHI-
BeCTH, BeAd pacCyXAeHHe B OGpPaTHOM MOpsIKeE.

Xox paccyxaeHu#t § 12-ro npuBOAMT K 3aMEUaTe/NBHOMY pe-
3yabTaty. OH 3aK/IIOYAETCt B TOM, YTO €CJH

F=T,4+T;—2T),
TO €AUHCTBEHHOE COOTHOLUCHHE
OF=0

COJIEPKUT B cebe BCe, ypaBHEHHS, CBS3bIBAIOLIME KOODIHHATHI,
CKODOCTH H KOJHUECTBA JBHXEHHS CHCTEMbl. ITC OCTAHETCS
€TpPaBelVIHBLIM W B TOM C/yyae, e€CAH 3TH TPU TIPYNNb mepe-
MeHHBIX, BCE Cllleé paccMaTpHUBaeMble KaK He3aBHCHMble, Oy1yT
3aMEHeHBl HOBHIMH MEPEeMEHHBIMHM MPH [IOMOWIM KAaKHX YTOIHO
©hopMysn Mpeo6pa3oBaHus, TaK YTO 3Ta TpOHHast kjiaccHPpHKaUUSA
no tunaMm yrtpaTtHTca. Hasee, 6uIBalOT ciayyad, B KOTOPHIX yCTa-
HOBUBLICECH ABHXCHHE CHUCTEMBl, H/JIH MIHOBEHHOE .COCTOAHHE
BADMUPOBAHHOH CHCTeMbI, MOTYT OBITh BMOJHE HCCJE0BAHbI
KCIEPUMEHTANBHEIM MYTEM, KOTOPbIH IPUBOLUT K ONPELEJIEHHIO,
CKaXeM, 37 PHU3MYECKHX BEAMUMH, M3 KOMX TOJIbKO 27 MOTYT
ObITb HE3aBHCHUMbI, HO 3TO Halle 3HaHHE He YKa3blBaeT, KaK U3
HUX BBIBECTH CHUCTEMY 7 KOODIMHAT, 7 COOTBETCTBYIOIIHX CKO-
pocTeil M 4 KOJHMYECTB IABHXKEHHS. MBl NPHLIIH K TQMY Pe3yJb-
TAaTy, YTO B KAXKAOM TAKOM CJydyae [IO/KHA CyLWEeCTBOBaTh Ta-
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Kast QyHkumust F, 4T0 ypaBHenue OF =0 xocraBasieT cucreMmy 37 -
yPaBHEHHH, B KOTODHIX COAEPAKHTCS BCe Tpebyiolleecs HAM 3Ha- .
aue. [lpumep 3TOro MOryT npeacTaBuTh CBOMHCTBAa (M3yueHHEIE -
10 MakcBeJ/iny) CeTH B3aUMOJAEHCTBYIOIMX 3IEKTPHUECKHX

NPOBOJOB, NO KOTOPEIM TEYET TOK.

AHanOrHYHO 3TOMY MOXKHO JaTh APYroH BHA YpPaBHEHHIO
BapHauud JeficTBus

0 (T, — 2T+ W) dt =0,

’

1 - _
rie T,,;,=22qp; 3TO yPAaBHEHHE COJAEPKHMT 71 KOOPIAHMHAT ¢,

n MX CKOPOCTEH ¢ M 1 MX KOJHYECTB ABHXEHUA p, H60 OHO
5KBHBAJIEHTHO yDPaBHEHHIO

dq
omyna, no OﬁblKHOBQHH}O, ﬁOCpEJJ,CTBOM HHTEI‘pHpOBaHHH- no~
HacCTHAM, HOJIy‘-la}OTCH JIAB€ CHCTEeMBbI! COOTHOHJeHPlfl BHI0B
T, - dp T, _ oW,

‘ op P di:—()qf_-()q

“olfoT, -, 0T, aw _
/2{( d},~—4)(§p—péqT~ 0g -+ 5q 09 At =0,

©C/IH PacCMATPHBAThL B HEM KOJMYECTBA JBHIKEHHS H KOOD AHHATHI
KaK HE3aBUCHMBbIE nepemenHble. Tak Kak cornacHo ypasheHuwo (18)
o7, o7
og = o7 TO BTOpasl CHCTe€Ma MpPEACTABASET JarPaHKeBBI
JAUHAMHYeCKHe ypaBHeHHs (20).

Hrak, Mpl 3/eChb HMeeM OXHY QYHKIHIO

¢=T,— 2T, L W

I 3

COACPKAILYI0 KOOpAMHATBI H HX CKOpOCTH,-JIPlHCﬂHyiO OTHOCH-
T€JIbHO MOCACIHHX, H TAKO€ XK€ YHCJIO KOJHYECTB ABUIKCHHA P
[pH4eM -KOOpAHHATH H KO/MH4YeCTBA JABHXCHHA ABAAIOTCHA He3a-
BHCHMbBIMH NEPEMEHHbBIMH, TAK UTO COOTHONIEeHHe

0 [gdt=0

NPUBOAHT KaK K YCTAHOBJEHHIO COOTHOIIEHMH MEXAy KOJHue-
CTBAMH JBHXEHHST H KOODAMHATAMM, TaK H K JHHAMHYECKHM
YDaBHEHHAM ABHXEHHS CHCTEMHI.

OTOT pe3yabTaT, MO CYLWIECTBY, TOT e CaMblil, YTO ypaBHe-
Hie 12a y TamuaeTona, Phil. Trans., 1835, p. 247.
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B memyape IeabMronbuna o Haumenbuiem Jeitcteun, Crelle’s
Journal, Bd. 100 (1886), Gesammelte Werke, Bd. Il
S. 218, BBemeHa japyras (yHKUMs, NOBHAMMOMY, MeHee ya06-
Has,, B KOTOPOH CKOPOCTH pacCMaTpPHBAIOTCS, KaK He3aBUCHUMBIE
OT KOODAMHAT, HO KOJMYECTBA JBHXXEHHSl MpPEACTABJISIOT YacT-
HBle MPOHM3BOAHBEIE OT GyHKUMH L mo ckopoctsaM. CpaBH. Takxke
Proc. Lond. Math. Soc., 1884.

['naBHBI# HCTOYHHK GONBLIOH CHJ/IBI 3THX JHHAMHUYECKHX YCJI0-
BUil MHHHMA/IbHOCTH HJH CTalHOHAPHOCTH NpPH HCCAEeI0BaHUH
¢H3HUeCKHX areHTOB 3aK/II0YAETCS B TOM, YTO Pe3y.IbTaThi OCTa-
I0TCl BEPHBIMHM, Kak Obl HH OBl 3aMacKHpOBaH (pH3HUECKHH
xapaxkTep BBeleHHbIX (yHKUHH mnpeoOpa3oBaHHeM K HOBHIM [e-
peMEHHBIM, 3aJaHHHM udepe3 Gosee ynoTpeGUTeNbHbIE JIUHAMH-
YeCKHE TepeMeHHble KaKMMH YIrOXHO ypaBHeHusiMH. Tak, 37a
GYHKUMST @ MOXeT GHLTb BhHIPaXKE€HA uepe3 27 BEJH4YHH, KOTO-
peie MOryT ObiTh JMI00BIM 06pa3oM CMeIaHHBIMH Q)yHKu_Hﬁ’MH
KOOpJMHAT H KOJHMYECTB JIBHKEHHS M HX NPOM3BOJHBIX [0 Bpe-
MEHH, OCTaBasCb JHHEHHOH (yHkUMeH NOCAeIHHX H NOAUHHSIACH
ApyroMy OrpaHHUYEHMIO, —— a ypaBHEHHe éfq)dt= 0 G6yner Bce xe
CyUeCTBOBaTh M OyIET BHIPAXKATh BCe JHHAMHUECKHE CBOHCTBA
(PHM3HUECKOH CHCTeMBI.

CyllecTBOBaHHe BapHALMOHHOTO COOTHOLIEHHSI 3TOr0 BHIA
MOXeET GbiTb B3fITO 33 OKOHUATEJAbHBI KPHTEpHH TOro, 4To va-
CTHYHO HCCAeJ0BaHHasi (pU3HuUecKasi CHCTeMa MOAYHHSETCs 06-
MM 34aKOHAM JMHAMHKH; nepel BaXHOCTBIO 3TOr0 COOTHOLUE-
HHSl KOOPDJAMHATHBIM B€JIH4YMHaM, Yepe3 KOTOPHE KaK pa3 Bblpa-
KAIOTCS KOHQHUrypauuss U IBHXKEHHE CHCTEMBbl, OCTAeTCs BCNOMO-
raTebHOE 3HAUEHHE.

K. MakcBeaa. Mamepun u dsuscenue. 10
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ayHsl, 101
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Iporusoneticreue 24, 35, 36, 66

Pa6ora, 17, 49, 112

Cuna, 4, 31, 69;—u macca, 29; npuio-
WeHHas u jgesdrenbHasn, 143; BbiBe-
AeHHas u3 3neprud, 60; usmepsiemas
no koneGanusM, 84

Cuabi AeHCTBYIOT He3aBHCHMO, 32, 34

CucTema, HblOTOHOBA, 7, 9, 122

Cxopoctb, 16; gnarpamma cxopoctd, 17

AJGABUTHBIA YKA3ATENDb

>

CKopocTH, BbIPAXEHHbIE YepEe3 MOMEHTH
113

Cxpwitbie ABHXeHHS, 141

Cpena, gusndeckas, 59

Tennora, kak aHeprus, 64

Tpaektopusa 16, 132

Tarotenne, BceMmupHoe, 71, 105; 3aKOH
BCceMHpHOTO TATOTEHHA, 95, 97, nph-
yuHa TaroreHus, 106; ero ceeaenue
K HCYHCAEHUIO NPOCTPAHCTBA H BpE-
MeHH, 127; nponopLHOHAILHO HHEPT-
doctH, 30, 128

Yupyroctb, 57
Yckopenne, 20

dapamsi, M., 124
Pbusuka, 1, 62, 65, 145

Llentp Maccni, 39, 40; ero apinkeHne, 42;
ABHMEHHE, OTHECEHHOe K UCHTPY
Maccol, 93

LentpobexHas cuia, 82

JanuntHueckne opOUTH MaaHer, 94

Sueprus, 47; coXpaHeHHe BHEPIHH, 17,
48, 142; uctopus, 65 ; — He OTOXAC-
cTageMa, 78; ckpwitas, 79; no-
fenuuaapHasa -—, 50, 57, 59, 67, 98;
ee MpeBpalICHHE B KHHETHYECKYIO,
52; ¢dopMyasl At RHHETHYECKOH
suepruu, 115



	Предисловие к последнему английскому изданию

	Биографическая заметка

	Предисловие (1877)

	СОДЕРЖАНИЕ

	Глава первая  Введение

	1. Предмет физики

	2. Определение материальной системы

	3. Определение терминов "внутренний" и "внешний"

	4. Определение конфигурации

	5. Диаграммы

	6. Материальная частица

	7. Относительное положение двух материальных частиц

	8. Векторы

	9. Система трех частиц

	10. Сложение векторов

	11. Вычитание векторов

	12. Начало векторов

	13. Относительное положение двух систем

	14. Три данных для сравнения двух систем

	15. Об идее пространства

	16. Ошибка Декарта

	17. Об идее времени

	18. Абсолютное пространство

	19. Изложение общего принципа физических наук

	Глава вторая  О движении

	20. Определение перемещения

	21. Диаграмма перемещений

	22. Относительное перемещение

	23. Поступательное перемещение

	24. О движении

	25. О непрерывности движения

	26. О постоянной скорости

	27. Об измерении переменной скорости

	28. Диаграмма скоростей

	29. Свойства диаграммы скоростей

	30. Смысл выражения "В покое"

	31. Диаграмма изменений скорости

	32. Об изменении скорости

	33. Об ускорении

	34. Диаграмма ускорений

	35. Ускорение, как относительное понятие

	Глава третья  О силе

	36. Кинематика и кинетика

	37. Взаимодействие между двумя телами - напряжение

	38. Внешняя сила

	39. Различные стороны одного и тогоже явления

	40. Законы движения Ньютона

	41. Первый закон движения

	42. О равновесии сил

	43. Определение равных времен

	44. Второй закон движения

	45. Определение равных масс и равных сил

	46. Измерение массы

	47. Численное измерение силы

	48. Одновременное действие сил на тело

	49. Об импульсе

	50. Отношение между силой и массой

	51. О количестве движения

	52. Изложение втрого закона движения с помощью терминов "импульс" и "колическтво движения"

	53. Сложение сил

	54. Третий закон движения

	55. Действие и противодействие представляют различные точки зрения на напряжение

	56. Притяжение и отталкивание

	57. Третий закон движения справедлив для действия на расстоянии

	58. Доказательство Ньютона не экспериментально

	Глава четвертая  Освойствах центра массы материальной системы

	59. ОЛпределение вектора-массы

	60. Центр масс двух чвстиц

	61. Центр масс системы

	62. Вектор количества движения, как быстрота изменения вектора-массы

	63. Влияние внешних сил на движение центра массы

	64. Движение центра массы системы не зависит от взаимодействия между ее частями

	65. Первый и второй законы движения

	66. Способ рассмотрения систем молекул

	67. Введением понятия о массе мы переходим от векторов точек, перемещений точек, скоростей, их изменений и ускорений к векторам-массам, импульсам и движущим силам

	68. Определение массы-площади

	69. Момент количества движения

	70. Момент силы около точки

	71. Сохранение момента количества движения

	Глава пятая  О работе и энергии 

	72. Определения

	73. Закон сохранения энергии

	74. Общее изложение закона сохранения энергии

	75. Измерение работы

	76. Потенциальная энергия

	77. Кинетическая энергия

	78. Силы, действующие под острым углом к направлению движения

	79. Кинетическая энергия двух частиц, отнесенных к их центру массы

	80. Кинетическая энергия материальной системы, отнесенной к ее центру массы

	81. Полезная кинетическая энергия

	82. Потенциальная энергия

	83. Упругость

	84. Действие на расстоянии

	85. Теория потенциальной энергии сложнее теории кинетической энергии

	86. Приложение метода энергии к вычислению сил

	87. Различные определения сил

	88. Приложение к движущейся системе

	89. Приложение метода энергии к исследованию действительных тел

	90. Переменные, откоторых зависит энергия

	91. Энергия, выраженная через эти переменные

	92. Теория теплоты

	93. Теплота есть форма энергии

	94. Энергия, измеряемая в тепловых единицах

	95. Предстоящая научная работа

	96. История учения об энергии

	97. О различных видах энергии

	Глава шестая  Повторительный обзор

	98. Ретроспективный взгляд на общую динамику

	99. Кинематика

	100. Сила

	101. Напряжение

	102. Относительность динамических знаний

	103. Относительность силы

	104. Вращение

	105. Ньютоново определение абсолютной скорости вращения

	106. Маятник Фуко

	107. Материя и энергия

	108. Критерий существования материальной субстанции

	109. Энергия неспособна к отождествлению

	110. Абсолютное значение энергии тела неизвестно

	111. Скрытая энергия

	112. Полное рассмотрение энергии охватило бы всю совокупность физических наук

	Глава седьмая  Маятник и сила тяжести

	113. О равномерном движении по окружности

	114. Центробежная сила

	115. Период движения

	116. О простых гармонических колебаниях

	117. О силе, действующей на колеблющееся тело

	118. Изохронные колебания

	119. Потенциальная энергия колеблющегося тела

	120. Простой маятник

	121. Физический маятник

	122. Оборотный маятник

	123. Иллюстрация маятника Кэтера

	124. Определение напряжения силы тяжести

	125. Метод наблюдения

	126. Оценка ошибки

	Глава восьмая   Всемирное тяготение

	127. Метод Ньютона

	128. Законы Кеплера

	129. Угловая скорость

	130. Движение около центра масс

	131. Орбита

	132. Годограф

	133. Второй закон Кеплера

	134. Сила, действующая на планету

	135. Интерпретация третьего закона Кеплера

	136. Закон тяготения

	137. Третий закон Кеплера в исправленном виде

	138. Потенциальная энергия, обусловленная тяготением

	139. Кинетическая энергия системы

	140. Потенциальная энергия системы

	141. Луна - тяжелое тело

	142. Опыт Кэвендиша

	143. Крутильные весы

	144. Постановка опыта

	145. Всемирное тяготение

	146. Причина тяготения

	147. Применение Ньютоновского метода исследования

	148. Методы молекулярных исследований

	[Глава девятая]  Об уравнениях движения систем

	1.

	2.

	3. Переменные

	4. Скорости

	5. Силы

	6. Количества движения

	7. Работа малого импульса

	8. Приращение кинетической энергии

	9. Уравнения движения Гамильтона




