I'1ABA V

OTHOCUTEJBHOE IBUMAREHHUE

[IpeameT HacToAlIel raBbl — OTHOCUTEIbHOE JBUMEHEe — MpeIcTaB-
1AeT GONbIIOH MHTepec riIaBHBIM 00pa3oM MOTOMY, YTO BCe HallM HabiIio-
JeHNA MbI IPOM3BOJUM Ha Bpaljamwieiica 3eMie; OCIeJHAA #e Kak C TOY-
KU 3peHUA RiIacCUYeCKOll MeXaHHKH, Tak U C TOUKH 3PEHHA ClelualbHOU
TEOPUU OTHOCHUTEILHOCTU He ABIAETCA MPaBOMEpPHON CUCTEMOil OoTcueTa.
C npyroit cTOpOHBI, C TOUKU 3peHHA 00IIeil TeOpUU OTHOCUTENbHOCTH BCA-
Kaf cUcTeMa oTcyeTa ABIAETCA IpaBoMepHoi (cM. cTp. 28), Tak UTO 3[eCh
oTnagaeT He0OXOJUMOCThL B 0c000ii TeOPUU OTHOCUTENbLHOI'O ABUKEHUA.

B »Toit rnaBe mb1 OyneM NpuHUMAaTh, YTO MexaHuka HbloToHa cTporo
cupaBeJINBa AJA M0G0l MIpaBOMEpHOIl HealbHOIl CUCTEMBI OTCUETA; MBI
OyleM omnpenelATh OTKIOHEHHA OT HbIOTOHOBCKOI MeXaHHKH, BO3HHUKAIO-
mYe BCIeJCTBUE ABUKEHUA (HABA3AHHOIY HAM CHCTEMbI 0TCUeTa — 3EMIIH.

§ 28. BBIBOJ CHUJIBI KOPHOJIHUCA IJId OOHOTO
N3 YACTHBIX CJIYYAEB

IIycTp MaTepuanbHafg TOYKa JBHUETCA [0 MepUAMAHY 3€eMHOTrO0 Iapa
(paguyc KOTOpOro paBeH a) ¢ MOCTOAHHON YTIOBON CKOPOCTHIO 4 (OTHOCH-
TeNBHO IeHTpa 3eMiln), NpruyeM 3eMif OJHOBPEMEHHO BpallaeTCA BOKPYT
CBOe€ll 0CU ¢ NOCTOAHHOM YTI0BOM CKOPOCThIO w. Ecnu, Kak 06bp1uHO, 0603Ha-
4YUTh yepe3 ¥ U ¢ COOTBETCTBEHHO JONONHUTENbHBI yToa reorpaduveckoit
IMIUPOTHI U reorpad@UyUecKyo J0JATr0TY, TO ABUMEHUE Hallell MaTepUalbHOU
TOYKH, C TOYHOCTBIO JI0 IPOU3BOIbHBIX HaUalbHbIX 3HAUEHUI, OMUChIBAETCA
ypaBHEHUAMU

9 =put, ¢=uwt (28.1)
Mepexona oT chepruyecKUX KOOPJUHAT K NPAMOYTOIbHBIM
= asind cos p,
y = asindsinp, (28.2)

z =acos?
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u auddepeHIUPYA OBaMABI N0 ¢, IOTyYaeM:

& = apcos ¥ cos p — aw sin ¥ sin p,
¥ = apcos¥siny + aw sind cos p, (28.3)
Z = —apsind;
i = —ap®sind cos ¢ — aw? sin® cos p — 2auw cos ¥ sin ¢,
i = —ap’sin¥sinp — a?w? sin ¥ sin ¢ + 2apw cos ¥ cos @, (28.4)
% = —ap® cos V.

B mocnegnux Tpex ypaBHEHUAX MEPBbIe UIEHBLI clipaBa MPEeACTaBIAIOT CO-
6011 0O6bIUHOE [IEHTPOCTPEMUTENBHOE YCKOPEHMEe, COOTBETCTBYIOIIEE IBUHe-
HUIO 10 MepUAnaHy (KOTOPBIH MPU 3TOM CUMTAETCH MOKOAIIMMCH); BTOPbIE
YylleHbl NpeAcTaBlIAIOT co60il 06bIYHOE [EHTPOCTPEMUTENbHOE YCKOPEHUe,
COOTBETCTBYIOIIee IBUKEHUIO TOYKH N0 Napaiieln; OLHAKO TPEThbU WIEHbI
IpeiCTaBIAIOT co60il HEUTO HOBOE, a UMEHHO KUHeMamuieckoe gzaumodei-
cmeue o6ouz deudscenuti. YMHOMUB ypaBHeHus (28.4) Ha —m, MOLY YUM CHILY
uHepuuu F*, nelicTByoNyl0 Ha Hally MaTepualbHYIO TOUKY IPU €€ CIOH-
HOM BpalllaTelbHOM JIBHKEHUU; BbIpa3uM ee B BEKTOpHOil popme:

F*=7Z,+7Z,+C. (285)

RKaxk u B popmyne (10.3), uepes Z; u Zy 0603HaUEHDBI «00bIKHOBEHHbLE YEHITL-
pobesxcHble cuavy. Cuna Z; HanpaBieHa OoT LleHTpa 3eMJIH [0 pajuycy, a 1o

BellMYiHe paBHa
2
7| = 2 _ U1 _
|Z1| = map” =m—-, v =ap.
Cuna Z, HanpaBieHa 10 MepIeHAUKYNAPY K 3€MHO ocH Hapy#y, a 1o Be-
JUYMHe paBHa
2

Ua

|Z2| = maw? sing = m vy = aw sin 9.

asind’

Tpetbe cnaraemoe C B BbIpameHUU CUJIbI UHEPLUU Mbl Ha3bIBAEM «COCIMAB-
HOU YyeHmpoOexHcHol cunolly UIU «Kopuoaucosoll cuaoty. Ee noaHoe BeKTopHOE
npencrasienue [cM. popmyiny (29.4a)] umeer BuA:

C = 2m[vory.w]. (28.6)
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Msb1 o60o3HauUMIU 3/leCh BEKTOP CKOPOCTH HE Yepe3 Vi, a 4Yeped Vory. A

TOro, 4To0bl yKas3aTh, UTO, BooGIle roBopd, peyb HAeT 00 OTHOCUTEIbHO

cKopocTH (II0 OTHOIIEHHUIO K Bpamlaiolleica cucTeMe KOOPJUHAT).
CoruacHo popmyie (28.6), aGecomoTHan Benuunna C paBHa

|C| = 2mvern.w sin(Vory,, w), (28.6a)

T.e. B HallleM ClIydae
|C| = 2mvery.w cos . (28.66)

31ech MO#HO, OUEBU/IHO, 3aMEHUTh COS 1} «CHHYCOM reorpaduyecKoit mupo-
Thl» (Kak oObIyHO M mocTymnaioT). Kopuoaucosa cuna C nepneHaukyjiapHa
KaK K Voru,, TaK U K w (@ TakiKke, KaK JerKko
y6eauThbeA, U K cuiam Zi, u Zs) u Hanpas-
JeHa TaK, 4To o0pa3yeT ¢ BEKTOPaMH Vory,
U w NPaBOBUHTOBYIO cuUcTeMy. JTO Hpel-
CTaBJIeHO Ha puc. 48 1A ciryyad IBUMEHUA
MaTepualbHON TOYKH C IOra Ha ceBep (Kak
B CEBEPHOM, TaK M B I0HOM IOJYyLIAPUAX ).
B cooTBeTcTBUU ¢ MpaBUIOM NPaBoOro BUH-
Ta, IeTKo yOeAUuThCA, YTO KOPUOJIKCOBA CH-
Ja JeficTByeT B CeBEPHOM IOJNyLIapuu C 3a-
naja Ha BOCTOK, @ B IO#{HOM — C BOCTOKa
Ha 3anap.

BwmecTo oTenbHOI MaTepuanbHO TOY-
KU Mbl MOMeM paccMaTpuBaTb U Helpe-
PBIBHYIO COBOKYIHOCTb (KOHTHHYYM) Ma-
TePUANbHBIX TOYEK, T.€. MOTOK UX BHOAb Pyc. 48. BriBog cuibi Kopuonn-
3eMHOr0 MepuauaHa (HalpuMep, PeKY). ca 4IA 4acTHOrO CIydad: IO Me-
Torga u3s puc. 48 BUAHO, UTO KOPUOJKUCOBA PpHUAMAHY BpaIalOLIErocA 3eMHO-
cujla MHepnuu TeKylieil BOAbI JaBUT (HpI/I ro mapa OBHUMKETCA MaTepualb-
TEYEHHH C IOra Ha CeBep) 8 Ce6epHOoM noay- HadA ToUKa ¢ TIOCTOAHHON CKO-
wapuu Ha npaeviil Gepez, a 6 10xcHoM — Ha POCTPIO Vorn; dTa Touka obia-
Aeebill Gepez peku; 0UEBHMIHO, 3Ta «lepeme- oot [0 OTHOUWEHIIO K HEHT
Ha 3HaKay CWIbl JaBleHUA CBfA3aHa C CUHY- Py TIOCTORIHOM yri0BOH CROpPOC-
coM reorpauyeckoil WUPOThI, BXOAALUM RO H
B hopmyny (28.66). OnHaKo 3TO MpaBUIO CIPABENIMBO HE TOIbKO A Ha-
IpaBleHUA OTHOCUTENbHO CKOPOCTH Vory, C IOTA Ha CEBEP, HO, KaK 3TO OyeT
JOKa3aHo B cirefylolleM naparpade, u 1id ai060ro HanpaBleHUA TeueHUHd,
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B YaCTHOCTHM, U JIJIA TeYEHHA ¢ ceBepa Ha Ior. B paccMaTpuBaeMoM ciiydae
3TO HeNmocpeICTBEHHO OUEBUIHO: CKOPOCTDL (MepeHOoCHaA) [JBUMEHUA BOMbI
¢ 3amajia Ha BOCTOK, 00yCJIOBJIE€HHAA BpalleHHeM 3eMHOI0 apa, 3aBUCUT OT
PaccTOAHUA [0 OCH BpAleHUA, a Cl1e0BaTelbHO, OT reorpaguyecKoi mupo-
Thl. [Ipy TeyeHHM C fora Ha ceBep B CEBEPHOM IMONYIIAPHM BOIa IMPUHOCUT
¢ co60M U3 IOHHBIX IMUPOT U3OLITOK KOJINYECTBA ABUKEHNA, HAIPaBIEeHHOT0
C 3amajia Ha BOCTOK; 3TOT M30LITOK M NPOABIAETCA B BHUJe NaBI€HUA BOIbI
B BOCTOYHOM HallpaBleHuW, T.e. Ha npaeviti 6eper. OnHAKO TO #e caMoe
¥MeeT MeCTO U JJiA 0TOKa, HallpaBIeHHOro ¢ ceBepa Ha Ior. B aTom ciyyae
BOJa NPUXOJUT M3 CeBEPHBIX IIMPOT C HeJOCTAaTKOM KOJIMYecTBa IBHHE-
HMA B HalpaBleHUW ¢ 3amaja Ha BOCTOK. Bpamaiomasca 3eMiA IpH 3TOM
J0JI3KHA YCKOPATH BOAY B ee JBUMEHHHU C 3amaja Ha BOCTOK; OUEBUIHO, UTO
B CUJIy MHEpIMHU BOMbI 3TO IpHUBeJeT K JaBIEHUIO NOTOKA Ha 3alajHbIi,
T. €. ONAThL-TAKU Ha npasviti 6eper. C MOMOIILIO COBEPIIEHHO aHaJIOrMYHOr0
paccy#/IeHuA Jerko y6efuTheA B TOM, YTO B IOHOM IOJyIIapUy TeKyIlasa
BOJla OKa3bIBaeT NaBieHKe Ha .ie6blli 6eper Kak Mpu TeYeHUH C Iora Ha ceBep,
TaK U ¢ ceBepa Ha IOr.

IlaBienue Boabl Ha NpaBblil Geper npoABiaAeTcA (Kak 3TO I0KA3aHO reo-
rpadamu Ha pAje IPUMepPOB B CeBEPHOM ToNylapuu) B 6oliee CUILHOM pas-
MbIBaHUM NpaBbiX GeperoB pek (3akoH Bepa); KpoMme TOro, ypoBeHb BOJbI
y mpaBoro Gepera pek (B ceBepHOM NOJIYIIAPUU) BCEr[a HECKONbKO BbIIIE,
4yeM y JIeBOro, IPHYeM 3Ta pasHulla AOCTUTAeT BIOJHE U3MEPUMBIX BelH-
YMH.

Topasfo Gojee 3HAUMTENLHBIMU ABIAIOTCA AelicTBUA cuibl Kopuoau-
ca MpU MODPCKUX TeueHUAX (OTKIOHeHWe BOpaBo lonbdeTpuMa, a Tak:ke
OTKJIOHEHUE TeuyeHUH, CBA3AHHBIX C NMPUIMBAMU M OTJIUBAMU B CEBEPHOM
MOy IapHH).

OnHako cunbHee Beero jeiicTBue cuibl Kopuonuca nposBisfeTca B at-
mocdepe. CornacHo uaBecTHoMY 3akoHy Baiic—Baiio, Berep nyer He B Ha-
NpaBleHuy TaJeHuA NaBleHNA, a8 3HAUUTENbHO OTKIOHAETCA OT 3TOrO Ha-
NpaBleHUA B ceBePHOM II0JIyIIapuy BIPaBo, B IO#HOM MOJYyLIapUUd — BIEBO;
TOJBLKO Ha ®KBaTOpe HampaBileHle BeTpa B TOYHOCTHU COBIAaeT ¢ HalpaB-
JleHHeM IpaJMeHTa JaBjleHMA.

Bce 3Tu ABlIeHNA NpeACTaBIAIOT cOG0H MPAMOE CleICTBUE 3aKOHA HHEp-
IIUU U, B KOHEYHOM cYeTe, BbI3BaHbI TeM, UTO Bpamammagca 3eMid He AB-
JAeTCA, ¢ TOUKM 3PEHUA MeXaHWKM, IPaBOMEPHOI CHCTeMOli oTcueTa.

B To BpeM#A Kak B HacToAlleM naparpade Mbl 0Jb30BalnCh ceprydec-
KMMM KOOpAMHATaMH, B 3agaue V.1 Mbl BOCONb3yeMcA A BbIBOJA CUIBI
Kopuonuca HuIMHAPHYECKUMHU KOOPAUHATAMM.
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§29. OBIINE ITNOOEPEHIINAJIbHBIE
YPABHEHUA OTHOCUTEJIBHOTO
OIBUMAREHUA

3aMeHUM 3eMJlI0 NPOU3BOJIbLHBEIM TBepAbIM TeloM K, BpallamoimuM-
CAl ¢ MIHOBEHHOH YTIIOBO# CKOPOCTbIO W BOKPYT HenogBu#HON Touku O.
Mycrs P — maTepualbHafd TOYKA, ABMKYIIAACH C MPOU3BOJNLHO MEHAIO-
eficA OTHOCUTENLHOM CKOPOCThIO IO oTHomeHMIo K Tenry K. CropocThb
TOuKM P OTHOCHUTENbHO HENOJBUAHON CUCTEMbI KOOPAMHAT CKIAAbIBACTCA
13 3TOI OTHOCUTENbHOM CKOPOCTH U CKOPOCTH TOM Touku Tena K, Koropas
B JlaHHbIA MOMEHT COBIIaflaeT ¢ TOUKoH P; moclleqHAA CKOPOCThb, COrIAacHO
dopmye (22.4), paBHa [wr]. 0603HAUUM CKOPOCTb TOYKH P OTHOCHTETbHO
HETO/IBUMHOM CHCTeMbl KOOPAUHAT, Kak B dopmyie (22.4), yepes w, a ee
CKOPOCTh OTHOCUTENbHO Telda K — depes v (BMeCTO Vory.). Takum obpa-
30M,
W =V + [wr]. (29.1)
B nanbHeiimem Mbl GygeM 0603HayaTh IPOM3BOIHbIE [0 BPEMEHU B HEINO-
IOBUAHON cHCTeMe KOOPAMHAT TOYKOM Haj COOTBETCTBYIOIMMU BeluunHa-

MU, 8 B CHCT€Me KOOPJAMHAT, CBA3aHHON ¢ TenoM K, — uepes % B coor-
BETCTBUM C 3TUM MMeEeM:
W =T, (29.2a)
dr
== 29.26
p=dry [wr]. (29.2B)
dt

Nluddepenuupys no Bpemenu ypabHenue (29.1), monyyum ycKopeHue Haein
TOYKU P B HeNmoJABWKHOI cUCTeMe KOOpAMHAT:

W =V + [wi] + [or]. (29.3)

3aMeHfA B CPeIHEM YlieHe MPaBoil YacTH I, coriacHo ypaBHeHuam (29.2a)
1 (29.1), noxyuum:

[wri] = [wv] + [w(wr]]. (29.3a)
B dopmyne (29.2B) noa r Mo#HO MOHUMATh IPOU3BOIbLHbII BEKTOD; 3aMeHAA
B Heil r Ha Vv, MpeJCTaBUM V B BHJe

. _dv
V=" [wv]. (29.36)
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MoncraBaas Beipamenud (29.3a) u (29.36) B (29.3), nonyuaem:

o= ‘fl—: + 2[wv] + [wlwr]] + [@r]. (29.4)
OTHOCUTEIBLHO InocjegHero 4jeHa 3TOro ypaBHEHHA ClieAyeT elle 3a-

METHUTb, 4TO, coriacHo ¢opmyie (26.8a), Ge3pa3nnyHO, HANMHUIIEM U MbI

B HeMm @ min 3¢,

Us nocne);l}tiero yPpaBHEHHA MOMHO MONYUYUTb CUIY MHEpLHUU, NefcTBY-
IOLIYI0 Ha HAauly MaTepUalbHYIO0 TOYKY, YMHOMKaA €ro HOWIeHHo Ha (—m).
IIpu 3TOM B neBoil yacTu Hmoly4uM cuiy uHepuuu F* B HemoaBHMmHOI cuc-
TeMe KOOpPJUHAT, a TepBblil WieH chnpaBa GyaeT BbIpamaTh CUIY HNHEPLUUU
B «HellpaBOMepHOIl» cucTeme oTcueTa K; HazoBeM IocleiHoo cury F .

W3 BTOpOro uieHa npaBoil yacTu MoJdydaeTcA y#e U3BECTHOE HaM BbIpaiie-
Hue (28.6) nna cunsl Koproauca, a uMeHHO

—2mlwv] = +2m[vw] = C. (29.4a)

TakuMm 06pa3oM, HaCTOfAIee PACCMOTPEHNE COAEPHUT (B KaUeCcTBe AOMOIHe-
HUA K 4YaCTHOMY BbIBOJY, H3J0¥EHHOMY B MpeblayliieM naparpade) oowuil
661600 Kopuoaucoeol cuast. llpepnocienuuii wien ypasHenus (29.4) mpen-
cTaBiaAeT co6oil (mocle YMHOMEHHUA HA 1 U NMEePeMeHbl 3HaKa) 0GbIYHYIO
HeHTpobemHyIo cuiry Z, OefCTBYIOUIYIO Ha Hally MaTepHalbHYIO TOUYRY
GnarogapsA BpalleHHio cucTeMbl orcuera K [B dopmyne (28.5) sta cuia
o6o3HaueHa yepe3 Zj]. tak, BMecTo ypaBHeHuA (29.4) OKOHUATENbHO MO-
Ty YUM:

F*=F;

OTH.

+C+ Z+ mra). (29.5)

* , COINIaCHO ollpelel/iIeHU0, BeJINUYUHY

OTH.

ITogcraBum Bmecto F

* _ dV
FDTH. - _mE
U IpyuMeM BO BHUMaHHe, 4YTO B CUJy paBHOBeCHUA BHEIIHUX CUJ U CUJI UHED-

IIUU B HeNOJBHHOI cucTeMe KOOpJAUHAT,
F+F =0.

MbI nonyuyum obuiee dugideperyuanvroe YpasHeHUue OMHOCUMEAbHO20 08U-

HCEeHUA:
m‘;—‘; =F +Z+ C + mfrd]. (29.6)
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N3 atoro ypaBHeHUA BUIHO, YTO B cucTeMe oTcyeTa K, HapAQy ¢ «MCTHUH-
Hoi» BHemHeit cunoii F, noasaAmoTca «purktuBHbie cuibly Z u C. C Tou-
KU 3peHuf HaOdlojaTenfl, IBUMYIIeroca BMecTe ¢ cucteMoilt K, aTu cuibl
IEefACTBYIOT TaK e, KaKk U BHellHAA cuia F; HO OHU BO3HUKAIOT TOJNbLKO
BCle[CcTBUe MHEePLUU MaTepuajlbHOW TOYKU ™ NPU ee JABUMEHUU OTHOCU-
TenbHO cucTeMbl oTcueTa K. Takoro e «MHEPIUOHHOT'O» MPOUCXOMAEHUA
U cuia, BhIpamiaeMas [OCIeIHUM dieHOM ypaBHeHus (29.6): oxa oGycioBie-
Ha BO3MO#HBIM yCKOpPEHHEM BpallleHuA WU IlepeMelleHeM OCHU BpalleHNUs;
B IpUMeHeHUH K 3emJie 3TOT W/eH COOTBETCTBYeT KojlebaHUAM IToji0ca; UM,
HECOMHEHHO, MOKHO NpeHebpeub, KaKk Hcue3aolle Manoil BennynHoit. Mbl
GyneM mnoib3oBaTheA OuddepeHnnantbHbIM ypaBHenueMm (29.6) B Tpex cie-
oylomux naparpadax, a Takmse Opu pemeHuu 3agad V.1 u V.2.

§30. CBOBOJHOE IMATEHUWE HA
BPAIITAIOIIIENICA 3EMJIE. OCOBEHHOCTH
IT'NPOCRKROIIMNYECKHUX YJEHOB

IIpu Bcex M3MepeHUAX CHIBI THMECTH MbI HaOMIOJaeM He camo IIpH-
TAMeHUe 3eMiM, a paBHOJeHCTBYIONYIO NpuTA:eHuAa 3emau F u nentpo-
6exHoi cunbl Z. PaBHBIM 06pa3oM, U cTeleHb CIIIOCHYTOCTH I'eOHja, T. €.

i

Puc. 49. CBo6ogHOe nageHe B yCIOBUAX Bpamjaouerocs 3eMHoro mapa. Ock Ko-
opAuHAT: och ¢ HalpaBileHa [0 MepuAuaHy, OCb 7) —II0 NapalilelH, ocb ( — IO
HOpMalu K reouay

cpefHeil G OpMBbI 3eMHOIi IOBEPXHOCTHU, ONpefielAeTCA 3TOi paBHOAECTBYIO-
mieil, UMEHHO — TeM, UTO IOBEPXHOCTh reoia BCIOAY eil epneHANKYIApHa.
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IMonomum
F+Z=-mg. (30.1)

3nech ycKopeHue CBOGOIHOrO MaieHUA g ABIAETCA BEKTOPOM, PABHBIM IO
BelIUYUHE g, HO HANPABAEHHbLM HE TIO 3eMHOMY Pafuycy, a 10 HOpMaAU K No-
seprHocmu 2eouda.
IIpunumas Bo BHuMaHue cooTHoueHuA (30.1) u (28.6) u npeneGperas
WIEHOM, cofiepamuM w (cp. Bbllle), moayduM u3 ypaBHeHus (29.6):
v gt 2vwl. (30.2)
dt
Pemnm 3To BeKTOpHOE ypaBHEHHMEe B KOOPAUHATHON (opMe, BBOAA MPAMO-
YTONBHYIO CHCTEMY KoOpAMHAT &, 1), (, HEMOJABUKHO CBA3AHHYIO ¢ 3eMieii
(puc. 49):

0oChb 5 HampasnJieHa C ceBepa Ha lor (BHOJ’IB 3€EMHOTI'0 MepI/IIlI/IaHa),

OChb 7) HallpaBJ/ieHa C 3allaja Ha BOCTOR (BJZ[O.TII:. napannenn),

30.3
ocb ( HampaBleHa OT TOYKH HaGIIOeHUA K 3€HUTY ( )
(Mo HopManu K MOBEPXHOCTH reoua).
Torga KOMIOHEHTHI HANTUX BEKTOPOB MPUMYT BHUI:
. 3 dn d¢
BEKTOpa V : e e @’
BeKToOpa g : 0, 0, g, (30.4)
BEeKTOpa w: —wcosy, 0, wsingp,

rje ¢ — reorpaduueckan mupota (cp. puc. 49). llepenuiem Tenepb ypas-
nenue (30.2) B KoopauHATHON (opMme:

d’¢ o ‘

ol 2w singp—,

d’n dg d¢

—=— inp— — — 30.5
) 2w singp— 2w cos s ( )
d*¢ dn

W—l—g—chosgoE. J

Ilepen Tem Kak mepeliTH K MHTErpUPOBaHUIO, pACCMOTPUM 06Ul Xa-
pakTep 3TUX ypaBHeHui. OHM OoTIMYAIOTCA TeM, YTO KO3(POUIUEHTHI UX
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NpaBbIX yacTell 06pa3yloT anmucummempuynyio matpuny (cxemy). Ecan
0003Ha4YUTh

a=2wsing, =0, y=—-2wcoseyp, (30.6)

TO 3Ta cXemMa IIpUuMeT CJ'Ie,IIleIIII/Iﬁ aumucummempuuubtlj 110 OTHOILIEHHIO
K I'NIaBHOHM JAuaroHalu BU[:

dg | dn | d¢
dt dt dt
d*¢
W 0 «
o (30.7)
d2
8+ ;g Bl -] O

JTOT aHTHUCUMMETPUUHBI BHUJA O3HauyaeT, UYTO MMeeT MeCTO COXpPaHeHue
SHepeul; HAPOTUB, eciu Obl MaTpuia (cxeMa) K03 PUIMEHTOB coiepsrana
OTJIUYHBIE OT HYIA JUaroHalbHble WIeHbl Wi — B Oosee oblieM ciIydyae —
CUMMEMPUYHYI0 Yacmb, TO UMelo ObI MECTO paccesHue dHep2UU.

B 30.5 dg dn
d caMoM Jlene, yMHO}KI/IM ypaBHeHI/IH ( . ) COOTBETCTBEHHO Ha %, %’
d—f " CJIIOXMUM HX; Torjga B HpaBOﬁ YyacTUu BCe€ YJIEeHBbI C a, 6 u ’y B3aMHO

YHUUYTOMAOTCA, U MbI IIOJIyUYUM:

2 2 2
1d |(d€ dn ¢ ac _
2dt (dt) +(dt @) | TEa =Y
CrnenoBaTenbHO,
T +V = const. (30.8)

3neck T u V 03HavYalOT KMHETUYECKYIO M NOTEHIUATLHYIO SHEPTUI0 OTHO-
CHUTENbHOrO ABUKEHUA (B MpelonoAeHny, 4To Macca paBHa 1). Binpouewm,
BTOT KOHCEP8AMuUEHbLIl xapakmep Hallell cxeMbl K03 GUIUEHTOB BEITEKAeT
6e3 BCAKUX BbIUUCIEHUH y#e U3 TOro, YTOo Kopuodaucosa cuia C, MOCKOIbKY
OHa MPONOPLUOHANLHA [Vw], MEepIeHAUKYIAPHA K HANPABIEHUIO [BUKEHUA,
a, ClleI0BaTeNbHO, ee padoma pasHa HYyaio (MOJOGHO TOMY, KaK 3TO MMeeT
MECTO [JA MarHUTHBIX CHJI B IEKTPOAUHAMHUKE).



226 Tnasa V

HanpoTuB, B ciyvyae Halu4ufA CUMMETPUYHON YacTH B MaTpuile Ko3d-
(pULMEeHTOB MbI UMeIu Obl

vy <o, (30.9)
dt
€Cli TONbKO 3HAKH K03 (UIUEHTOB YIOBIETBOPAIOT (QU3NYecKH HeoOXo-
IUMOMY TpeOoBaHHIO 3aTyXaHUA NpolleccoB ABUMeHUA. OueBUIHO, UTO He-
paBeHcTBO (30.9) COOTBETCTBYET HE COTPAHEHUIO dHep2Ul, 8 KaK MbI yiHe
yTBepaanu, pacceanuio snepeuu. llpumepom (Bopouem, MUIIb A OLHO-
MEpHOr0 ClIy4as) HOoJOGHOro AUCCUNATUBHOTLO XapakTepa CHUMMETPHYHON
MaTpHUlbl K03p(UIHUEHTOB ABIAKTCA paccMoTpeHHble B ri. III 3aTyxaro-
mve KonebanuA [cM. ypaBrenus (19.8) u (19.9)].

Cnenys nopny ReabBuny, 6y1emM Ha3bIBaTh 3J1eMEHThI aHTUCUMMETPHU Y-
HOIf MaTpUIbI K03 HUIUEHTOB 2UPOCKONUYECKUMU YAeHAMU. DTU UIEHbI Xa-
paKkTepu3yIOT BHYTPEeHHUE F'UpalOHHbIE CBOMCTBa MeXaHUUeCKOil CCTeMbl
(B HameM ciydyae BpallleHMe 3eMHOrO Iuapa); MOCHelIHHe NPU PAcCMOTpe-
HUM TMPOGIeMbl HE YUYMTHIBAIOTCA ABHO (MTHOPUPYIOTCA), 8 MPUHUMAIOTCA
BO BHUMaHNe IpH BbIGOpE CHCTeMbI KoopauHaT (B HaieMm ciydae &, 7, ().
Takoro poma rupockonuyecKkue WieHbl UTPAIOT BamHYIO POJb B OOIIUX Te-
opeMax 00 YyCTOHUMBOCTHU ABUKEHUNH U COCTOAHUI paBHOBECHA.

Mepeiigem Teneph K uHTerpupoBanuio ypasHenwuii (30.5). IIpu atom
B KauyecTBe HavyalbHbIX YCJIOBUH Mbl BO3bMEM YCIOBUA, COOTBETCTBYIOIINE
cB0OOHOMY MaJeHUIO C BhICOTHI h 6€3 HaYalbHOr0 UMIYlbca; TAaKUM oGpa-
30M, MbI TpebyeM npu ¢t = 0, 4To6bI UMeNO MecTO:

§= n=0, (= h,
ﬁ—@—ﬂ—o (30.10)
dt  dt dt

U3 nepsoro u Tperbero ypaBuenuii (30.5) monyuaem:

¢ . d¢ .
i 2wn sin g, a + gt = 2wn cos . (30.11)

HoacranoBka Bo BTopoe ypaBuenue (30.5) maet:
2

% +4wln=Ct, C =2wgcosyp. (30.12)
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HNHuTerpupoBanue nocieqHero ypaBHeHUA BbINOIHAETCA M0 001eMy paBUILy
[cp. ypaBHenue (19.4)]: «obiiee peleHie HEOTHOPOXHOTO ypaBHEHUA PABHO
CYMMe €ro YaCcTHOTO pelleHUA U OGIero pelieHuA COOTBETCTBYIOIIEro Of-
HopojHoro ypaBHeHusAy». Cilenyd aToMy npaBuily, [JJA Hallero ciy4vas Moay-
YUM:

c

4—2t + Asin 2wt + B cos 2wt.
W

7] =
3 HavanbHex ycioBuu (30.10) Haxogum:

B=0, 2wA= —4£ (30.13)

’
wZ

OTKYya

__C ¢ Sin2wt) _ 8COSY [, sin2wt
L 4?2 2w 2w 2w ’

JTo 03HAYAET MO CMBICLY KOOPAUHATHI 1) [cp. onpenenenue (30.3)] oTKIOHe-
HHle Tajalollero Tela K 80CMOKY.

Beauunna ¢ osHavaeT omk.aoHeHue K wey. Ha ocHoBanuu (30.11)
1 (30.13) 9T0 OTKIOHEHNE MOKHO BBIYMCIUThL U3 ypaBHEHHA

dg

T = gsinpcosp (t - M) ,

2w

UHTerpania KOTOPOro, MPMHMMAad BO BHMMaHWe HayalbHble YCIOBHA
(30.10), naet:

2 —
¢ = gsinpcosp (t— — M) . (30.14)
2 4w?

Haxowen, 1i1a IBU#EHNA [0 BePTUKAAU U3 BToporo ypasuenus (30.11),
npuHUMas Bo BHUMaHHKe cooTHomeHuA (30.13) u (30.10), nonyunm:

_ gt? 2 (t® 1-—cos2wt
C—h—T‘*’gCOSQO g—T . (30.15)

Beanunna wt oueHb Maina (HOpHI[Ha OTHOIIEeHNA BpeMeHU MaadeHHuA
K NIPOOJOMMMHUTEIbHOCTHU CyTOH). HOBTOMy MbI MOMHEM DPAas3/IOKUTDb BbIpame-
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Hug (30.13), (30.14) u (30.15) B pAAbI O cTeNeHAM wt, IOCHe Yero HaikAeM:

2

n= ?cosgo-wt,

2

&= g%singocosgo- (wt)?,

g:h—g’; 1—%2“"(40::)2].

Beanuuna (wt), xapakTepusylouasa BIMAHUE BpalleHUA 3eMiM Ha CBOGOMI-
HOe NajieHue Tell, BXOOUT B BhlpaskeHUe OTKIOHEHHA K BOCTORY 1) B EPBOii
CTeNeHU, a B BhIPasKeHUA OTKIOHEHUA K IOTy { U OTKJIOHEHHUA IO BepTu-
Kanu ( — numb B KBagpaTe. OTKIOHEeHUe MAJalONUX Tel K BOCTORY MHO-
roKpaTHO Ha0loJaloch Ha ONbITe, U BeIWYHHA ero oKasalach B XOpOIIEM
COrJIacuy ¢ Teopueil — MU 61aronpUATHBIX yCIOBUAX (NajeHue B riIyGoKoM
maxTe) OHO COCTABIANO HECKONbKO CAHTUMETPOB.

OyeBUIHO, YTO ITU OTKIOHEHUA (KaK HabaOTaeMble, TaK M He MOAIa-
olecA HabIIOIEeHNI0) 0OBACHAIOTCA TEM, YTO Jeallie B OCHOBE KCIe-
puMeHTa U Teopun HavanbHble ycaoBua (30.10) npeamonararoT cocmosHue
noKos OMHOCUMeAbHO 3eMAU U YTO UMEHHO 10 3TOH MpUYMHE OHM O3HAyYa-
0T Haluyue y NepBOHAYalbHO NMOKOALIEroCA Tella ONpefielleHHO CKOPOCTH
B MPOCTPAHCTBE. JTa CKOPOCTb paBHA MPOU3BEJEHUIO YTJIOBOI CKOPOCTHU
BpalleHusA 3eMiId Ha paccTOAHHMe OT Tejla [0 OCH BpalleHuA 3eMiIu U Mo-
TOMY HECKOJbKO OTJINYaeTCA OT OKPYHOU CKOPOCTU 3eMHOIl TOBEPXHOCTH
noj najgammuM TeloM. EcTecTBeHHBIM clieJCTBHEM 3TOTO U ABIAETCA HEKO-
TOpO€e OTJINYHE TPAeKTOPUU NaJaloIlero Tejla OT BEpPTUKAIHU, MpoXoAAlleil
Yyepe3 ero HavyalbHOE MOJIOKEHUE.

§31. MAATHHR ®YRO

B paccmaTpuBaemMoM ciyyae IO-NIpeKHEMY CIpaBelJUBBI ypaBHe-
uuA (30.5), HO ¢ TeM JONMONHUTENbHBIM yCIOBUEM, YTO MaTepuaibHasA TOYKa
JON#Ha HAXOAUThCA Ha OCTOAHHOM paccTOAHUU | OT TOUYRHU NojBeca Ma-
ATHUKA. 3anulieM 3TO yClIOBHe COBEpIIEHHO TaK e, Kak U B cilydae cde-
pUYecKoro MaaTHUKa [ypaBHenue (18.1)]:

F= %(52 +n*+ ¢ -1?) =0. (31.1)
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BBoaa cooTBercTByloUii mapamerp Jlarpansa A MOMyYUM BMECTO MPEHi-
Hux ypaBHenunit (30.5):

e, L dn ‘

W = 2w SIHQDE + )\5,

d*n . dE d¢

20 = _ = 31.2

e 2w sin - 2w cos P + An, ( )
d2
a=¢ _ dn

) + g = 2wcos (pd— + A¢. )

Mbe1 orpaHuuuMcA, pa3yMeeTcH, Maabluu KoldebaHuAMU MaaTHUKa. Ta-

£ 1

KUM o6Gpa3oM, Mbl OyleM CUHUTATh 1 u 7 BeIMYMHAMU MEPBOr0 MOPAIKA
2
ManocTy; Toraa us ycaosusa (31.1) caenyer, uto = paBHO eWHUIE C TOY-

HOCTBIO OO BEJIHUYUH 6mMopo2o nopﬂﬂica MaljloCTH. I/IMeHHO, BOJIM3HU TOJOHeE-
HUA paBHOBeCUA UMeeT MeCTO

¢ = =1 (1 + BennuuHa BTOPOro MOPAJKA MAIOCTH),

Tak Kak 3a IOJOMUTEeIbHOe HalpaBileHUWe ocH ( NPUHATO HaNpaBleHHe
BBepx. B coorBeTcTBUM ¢ 3TUM TpeThe ypaBHeHue (31.2) mokasbiBaeT, 4TO
C TOYHOCTBIO [I0 BeNUUUH NEepBOro MOpAJKa MajloCTH CIPaBelIUBO paBeH-
CTBO:

= —\l, otkyma A\ = — (31.3)

=103

[lepenumem Tenepb nepsbie aBa ypaBHenusa (31.2), mpeHeGperaf 4ieHOM
d .
c d_g (Tak KaK OH ABIAETCA BEIUYMHOM BTOPOro MOPAJKA MaNOCTH) U BBOJA

o6o3HayeHue

u = wsineg. (31.4)

Torpa 3Ty ypaBHeHUA NPUMYT CIeAYIOMIUI BUA:

d? d
55_2 ugg +76="0

(31.5)
d2 d¢ g

dt2 +2’U/% + 777 = 0.
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Y1o6HO 00beqMHUTL 06a 3TH ypaBHeHHA (YMHOMHMB BTOPO€ M3 HUX HA §
¥l CJIOUB C IEPBBIM ), BBOJIA, Kak U B ypaBHeHuu (26.10) ua cTp. 189, romn-
JTEKCHYIO MEPEMEHHYIO
s =&+ 1in. (31.6)
B coorBeTcTBUM ¢ 3THUM, NOIYYNM ypaBHEHUE
d*s

ot 251% + %'s -0, (31.7)

ABIAIONEECA 00HOPOOHbIM AUHEUHbLM JuPPepeHyuarbHblM YpasHEeHUEM 6MO-
020 NOpAJKa ¢ NOCMOAHHLIMU KodPPuyuenmanu. 3aMeTUM, 4TO 06beTuHE-
HUe AByX ypaBHeHuii (31.5) B KOMIUIEKCHO#N (hPOpMe OKa3aloch BO3MOMKHBIM
6aarogapa «rUPOCKONMYECKOMY» XapaKkTepy CPeJHUX UYIeHOB 3TUX YpaBHe-
uuit. Mumem pemenve ypaBuenus (31.7) B Bune

s = Ae't

HopcraBafasa 3To BhipameHue B ypaBHenue (31.7), moayuuMm KBagpaTHOe
ypaBHeHHe [JIf ONpeJleleHud Q:

oz2+2ua—%:0.

Ero kopuu cyTh

alz—u+w/u2+§ U az=—u-— u2+§. (31.8)

O6uee pemenune ypasuenus (31.7) umeer Bup;
s = Ayt 4 Ayetoet, (31.9)

HOCTOHHHbIe A1 u A2 onpenelAarTCA U3 HadalbHBIX yC.T[OBPII7I. B COOTBET-
CTBUHU C NMOCTaHOBKOM OIlbITa, B KayeCTBe TaKOBBIX B1)16epeM cilegylomue:
d§¢ _dn

=a =0 —=—=0 nput=0. 31.10

{=a, n=0, —=— p ( )

Nupimu c¢joBaMM, MbI IIpeanojaraeM, 4To MaATHHUK B HayvaJlbHbIA MOMEHT

OTKJIOHEH OT BE€PTHURAJBbHOI'O IIOJIOHEHHUA Ha OTPE30OK a B IOJOMUTEIbHOM

HanpaBieHUu ocd &, T.e. BOOAb Mepuauana kK iory (puc. 50), ¥ oTmyIeH



§31. Maamnur Pyro 231

6e3 Tomuka. 3 ycnosuit (31.10) moay4um HavyaibHble 3HAYEHUA A HalIeH
KOMIIJIEKCHOM IepeMeHHOM S:

s=a, % =0 nput=0. (31.10a)

Torpa us paBencTBa (31.9) Haitgem:

A + Ay = a, (31.11)
Arar + Azas =0, (3111&)
A1:%<1+$>, A2:%(1—$>. (31.116)
u + g u? + g
l l
B cootrBeTcTBUM C 9THUM, IIOJY4YUM BbIpamxeHue OJA % (HBHH}OIHGECH He-

CKOIIbKO 6Goilee HHTePeCHBIM, YeM BblpameHue 1A s). [Ipuaumas Bo BHUMa-
Hue ycnoBue (31.11a), MoxeM HanucaTh:

) i,/u2+5t —i,/u2+5t
—iut l l
1 € —€ ’

= =ia;4de

OTKyZa crielyeT [mocie noactaHoBKM Bbipamenuil (31.8) u (31.116)]:
g
% = _a—l_eintgiy Vou?+ ?t. (31.12)
Vu2+ 8
l

OTClOZ[a MbI 3aKjIO4YaeM, 4TO B Teé MOMEHThI BpeMeHU, Korga CHHYyC 06pa—
miaeTcda B HyJ/lb, BCerga nMeeT MeCcTo

d d
ds _ 0 wu, cregoBaTeNbHO, TaKMe —5 =2 _ 0.

dt dt — dt

JTo o3HAYAET MOABIEHUE OCTPUA (TOUKYU BO3BPATA) HA TPAEKTOPUU MafATHU-
ka. CoriacHo HAaKM HavaabHbIM yeaoBuaMm (31.10), Takyio ToUuKky Bo3BpaTa
™Mbl BiepBble uMeeM npu ¢ = (. Ilonaraa

r=_—2r (31.13)

’
VUZ-FE
l
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MbI BUIUM, UTO cijelylollye TOYKM BO3BpaTa COOTBETCTBYIOT MOMEHTaM
BpeMeHU:
T 3T
t:§, t:’T, tZT,...
HpOMe}HyTOR BpeMeHUu t = T ABIAeTCA IepuoaoM IOJHOI'O KojebaHuA Ma-
ATHUKa (Tyna u OGpaTHO). Rak u cjJea0oBallo oxiruaaThb, OH COBIIagaeT C nepu-
0I0M KoJleGaHUNl MaTeMaTHU4yeCKOro MagTHUKa Ipu OTCYTCTBUU BpalleHUA

3eMin, eciau oo} uTh B hopmyie (31.13)

ur/2

Bocnoassyemea gpopmynamu (31.9), (31.11)
u (31.13) nna ompeleleHUA MOJOKEHUA HAIIEro
MaATHUKA CIyCTA BpeMfl t = 7 OT Hayajla ONbITa
(yuuTsiBag BpameHue 3emin). ITU HOPMYIIbI fa-
IOT:

Sp—y = Ale—zur+2m+A26—zur—2nz —

(A1 + Az)e™™T = qe™tT,

Puc. 50. MaaTHuk ®yxo.
Bujg TpaekTopuu cBep-
xy. HauanbHoe monomse-
HHe — K IOy OT TOuY-
KU DPaBHOBECHA; OTKIO-
HeHUe K 3amay 3a BpeMA
nonHoro kolebanud Bzaj HE€ K 3alaly Ha yrod
u BHepes

TakuMm o6pa3oM, MaATHUK B MOMEHT ¢t = T Haxo-
JUTCA Ha TOM K€ PAacCTOAHUHU @ OT CBOEro MoJo-
JKEeHUA paBHOBecHA, UTO U npu ¢t = 0, HO a3UMYT
ero KauyaHUA JeMUT yie He B MepUIUOHATbHOU
INIOCKOCTH, KAk B Hayale ONbITa, a OTKIOHEH OT

ur = 2r——%— ~ 27r\/gwsincp
\/uz—i—g
l

(puc. 50). MbI Mo#eM CKa3aTh, YTO TPAEKTOPUA KauyaHUA MafATHUKA, KOTO-
paf B cilyyae OTCYTCTBUA BpalleHUA 3eMIN HEU3MEHHO Jiexana Obl B OJHOMI
U TOH e MepHAMOHAIbHOI IIIOCKOCTH HCIBIThIBaeT OTKJIOHEHUe MoJ Jeii-
CTBMEM KOPHOMUCOBOI cuibl (BCIeJCTBUE (JaBIEeHUA Ha MpaBbiil Gepery),
a UMEeHHO: IpHM KauyaHWUU C Iora Ha ceBep — OTKIOHEHHWE K BOCTOKY Ha

yroa UZ_T U pu OGpaTHOM OBUMEHUU — OTRKJIIOHEeHHe K 3alaly Ha TOT e

yrou; TakuM o6pa3oM, o6I[Uil YyTol OTKIOHEHUA PaBeH uT.
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OnerTel, npousBenennsle PDyko B 1851 r., a Takme ONbITHI €r0 MHOIO-
YHCJEHHBIX TOcJefoBaTelel, falu TOJbKO KayeCcTBEHHbIE pPe3ylbTaThbl; KO-
AUYECMBEHHOE #e Uccaedo8aHUe BCEX NICTOYHUKOB MOTPeNTHOCTeH Jal B CBO-
eit nucceprauuu B 1879 r. Ramepauur —OHHec (MMA KOTOPOTo BIOCIENCTBUM
npuo6peso MUPOKYIO0 U3BECTHOCTb GiarogapAa padoTaMm B 00JacTH HU3KUX
TEeMIIepaTyp U OTKPLITUIO ABIEHUA CBEPXIPOBOJUMOCTH).

§ 32. IPOBJIEMA TPEX TEJI (UACTHBIU CIYUYAH
JIATPAHKA)

Mb1 He MOmeM NPOTUBOCTOATH «UCKYIIEHHIO» NOINOJHUTL Halle pac-
CMOTpEHUE OTHOCHUTEILHOI'O JIBUKEHUA JOKa3aTelbCTBOM 3HAaMEHUTOH Te-
opemsl Jlarpauma (Ilapumcran aragemus, 1772 r.): Ilpo6aema mpex mea
donyckaem cmpozoe peuieHue 8 IAEMeHMAPHLLY GYHKUUAL, eCAU NPUHAMD,
Ymo mpeyeoivHUE, 006pa308aHHbLI mpems HeOeCcHblMU mesamil, NOCIMOAHHO
ocmaemcs nodoOHwvLM camomy cebe. IIpu 3TOM maccvl TpeX TN nPou3eoLbHbl.

B xopme morazaTenncTBa 3TOI TeOpeMbl BHIACHUTCA, YTO:

1) mnockocTh, NPOXOIAIAA Yepe3 TPU paccMaTpUBaeMble MaTepualb-
Hble TOUKH, HENOJBHKHA B MPOCTPAHCTRBE;

2) paBHOJENCTBYIONAA HBIOTOHOBCKUX CUJI TATOTEHUA, IPUI0HEHHBIX
K KamJ0il U3 3TUX TpeX MaTepUalbHBIX TOUEK, IPOXOAUT UYepe3 UX 06Ul
HEHTP THAMKECTH;

3) oGpas3oBaHHbIil TPeMA TelaMU TPeYTodbHUK ABIAETCA PABHOCTOPOH-
HUM;

4) TpaekTopuu Tpex Ten (MaTepHalbHbIX TOUEK) NPEACTABIAIOT cOGOM
nonoGHbIe IPYT IPYTy KOHHYECKHe CeueHUd, 1A KamJoro U3 KOTOPBIX 06-
MU HEHTD TAMKECTU TPeX Tel ABIAETCA OTHUM U3 (POKYyCOB.

loraszaTenbcTBO, AaHHOe JlarpaH:eM, JOBoJAbHO ciosxHO. Ero moxHo
YIPOCTUTh, MPUHAB C CaMOro Havdana, Kak 3To JenaeT Jlammac, 4To ycio-
Bue 1) Boimonnexo. KapaTeomopu mnokasanl, ognako, 4To u 6e3 3TOro 10-
MyIIeHUA BO3MOHO 3JeMeHTapHOe JoKa3aTelbCTBO TeopeMbl JlarpaHmka.
Ero ormpaBHOli TOUYKON ABIAETCA Hallle BEKTOpHOoe ypaBHeHue (29.4), me-
penucaHHoe B NPAMOYTOJbHBIX KOMIOHeHTaX. MblI BOCIpPOU3BOOUM 3[€Ch
¢ HEKOTOpPBIMU M3MeHeHUAMHU JoKasaTelbcTBo KapaTeomopu.

PaccmoTpuM minockocTh &, MpoOXOJALIYIO Yepe3 TPU MaTepualibHbIe
touku P;, P>, P; (Macchl X paBHbI COOTBETCTBEHHO MMy, M2, M3), a Cle-

IBayrische Akademie, 1933, S. 257.
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JoBaTelbHO, U 4Yepe3 UX OOMUI IEeHTp TAMECTHU O. Tlocneguuit Mbl Mo-
#eM 6e3 orpaHMYeHUA OOIIHOCTU CUNTATh HEMOJBUMHBIM. Taxum o6paszoM,
MJIOCKOCThL & BpauiaeTcAa BOKPYT HENOABUMHOW TOUYKU O; KpoMe TOro, Mbl
npeamnojaraeM, 4To IJIOCKOCTHb & BpauiaeTca BOKPYTr CBOel HOpMalu, Ipo-
BEIEHHO! yepe3 TOURY O; Pe3yJbTUPYIOIYIO YIVIOBYIO CKOPOCTb BpallleHUuA
0603HaYUM 4Yepe3 w. By,HEM paccMaTpuBaTh OIBUMEHHE MaTepuajlbHBIX TO-
YeKk B CUCTeMe OTcYeTa, CBA3aHHON C MJIOCKOCTBLIO g, nofo6HO TOMY, Kak
MBI paccMaTpuBajJn OBU#eHHMEe MaATHUKA chHO B CUCTeMe oTcyeTa, CBA-
3aHHOIl ¢ 3eMieil. HpOBEJIeM pagnycbl-BEKTOPBI I'; U3 TOUYKHU OB TOUYRY Pi;
dvi
dt
B cucTeMe orcyera &. Torga us YpaBHeHUA (294), C MMOMOMIbIO BEKTOP-

Hoit popmyisl (24.7), nonyuyum cienyoiue guddepeHnranbHble ypaBHeHIA
IOBUMEHUA:

V; 6y)1yT CROPOCTAMHN MW YCHOPEHUMAMH HalluX MaTepuajJdbHbBIX TOYEK

dVi
dt

F2wvi] + w(rw) - riw? + W] = o (32.1)

3necb F; o3HauaeT BEKTOPHYIO CYMMY HbIOTOHOBCKUX CHUJ NPUTAMEHNA,
JOefCTBYIONIMX Ha MaTepualbHYIO TOURY m;. Tak, HanmpuMep,

F1 _ sz I'9 —I'1 GTTL3 rs —r;
my

. (32.2)

g —rilr2 =11 Jrs—ri?|rs — 11

Bribepem B miockocTd & NPAMOYTOJBHYIO CHUCTEMY KOODAUHAT &, Y
¢ HayaioM B Touke (J; B 0CTAllbHOM 3Ta CUCTeMa KOOPAMHAT NPOU3BOJbHA.

UYepes Toury O mepleHAUKYIAPHO K MIOCKOCTU & MPOBEJEM OCh Z.
PasnosumM yrioByio cKOpOCTb w Ha claraioliye [0 3TUM TpeM ocAM (Kak
9TO JleNaeTcA B ypaBHEeHHAX ditnepa):

w = (p,q,7)- (32.3)

Cnararomyio 7 (BpalleHue mIoCKoCTH & BOKPYT COOCTBEHHOMH HOPMAIN) Mbl
onpejenuM Tak, YTOObI OAMH U3 paanycoB-BekTopoB O P; uMen Heu3MeHHOE
HanpaBiieHue B I0CKOCTU &. [locKOMbKY MbI HPEJHNONOKUIH, YTO TPEYTOb-
HUR P; P, P; npy ABUKeHUHU ocTaeTcA NOgoOHbIM caMoMy cebe, TO U ocTallb-
Hble J1Ba paauyca-BekTopa OP; Tak:e JOJ#HbBI COXPAHAThH HEU3MEHHOE Ha-
npaBnedue B miockoctu &. Takum 06pa3oM, Mbl MO#EM HaMUCATh:

r; = A(t)(ai, b;,0). (32.4)
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Oyuruua A(t) onpenenser obiee usMeHeHue LiuHbl BekTopoB OP;, a cie-
loBaTelIbHO, 1 U3MeHeHHe pa3MepoB TpeyroabHuka P P P3. OGosnavas ye-
pes3 Au X MPOU3BOJHbBIE OT A 0 BpEMeHH, MONyYUM U3 ypaBHeHus (32.4):

v, = )'\(t)(ai, bi,O),
d(;’l _ 0@ bu,0). (32.4a)

B COOTBETCTBHU € 3THUM, z-KOMIIOHEHTa paBHoJelicTByIomeil cuibpl F;, BbI-
pamaemoit dopmyioii (32.2), paBHa Hy.i0; KOMIOHEHTBI e 3TOi CHJIbI 1O
0CAM & U y 06paTHO MPONOPIHOHANbHBI A2, 3aliIIeM 5T0 COKpalleHHO B clle-
AyIOIeM BHe:

F, 1

m; Az—“)(Li,MuO)- (32.5)

B cooTBeTCTBUM C 3TUM, IPOEKTUPYA 06€ YacTu auddepeHnaibLHOro ypas-
HeHuA (32.1) Ha NepneHAMKYIAP K MIocKocTH & (T.e. HA OCh Z), MOIYUYUM:

2A(pbi — qa;) + Ar(aip + big) + A(Pb; — qa;) = 0,
WM, TPYTNIMPYA KO3 PUIUEHTHI U a;, b;,
{—2)\q + A(rp — ¢) }a; + {25\p + A(rq +p) }b; = 0. (32.6)

OGa BhipameHUA B QUIYPHBIX CKOOKaxX ABJIAIOTCA He 3aBUCAIIUMU OT i
dbyuruuaMu Bpemenu. O6o3Haunm 3TH GyHKUMU yeped f(t) u g(t), Toraa
JOJI#KHO BBINOJHATLCA PABEHCTBO

O _ b (32.6)

-
g(t) i
Tak kKakr, mMo ycioBuio, ToUkd P; o0pa3ylOT TpeyroibHUK, T.€. He JemaT

Ha OJIHOi MPAMOi, TO TPU OTHOLIEHUA g He paBHbI ApyT Apyry. Ho oTcioza

cienyert, yTo ycnoue (32.6) MoxeT GbITh BBINOIHEHO TONLKO B TOM CIIyuae,
ecau MbI noioxum f = g = 0. [locienHee o3Havaet, 4To

2M=—Mm+m}

. 32.7
2Aq = AM(rq — ). ( )
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YMHoOMad 3T ypaBHEHUA COOTBETCTBEHHO Ha p M ¢ U CKJIaJbIBad UX, Hall-
oeMm:

2\ _ _pp+4qq
A P +q
Huterpupys, 6yaemM MMeTh:
C
PP+ = o (32.8)

rpe C — nocToAHHasA uHTerpuposanus. Jlanee, A o- U y-KOMIIOHEHT AUQ-
dbepennnanbHoe ypaBHenue (32.1) naet:

Xa; — 2rAb; + pA(aip + biq) — Aai(p® + ¢* +17) — #Ab; = i—

5 ; 2, 22y - M;

Ab; + 2rAa; + gA(aip + biq) — Abi(p” + ¢° +7°) + FAa; = SYE

MM, €CJIM CTPYIINPOBAaTh KO3 GUUUEHTDI IPH a; U b;:
. L;
{)\—)\(qz—f—rz)}al {2T)\+)\( —pq+7) }b 2
o (32.9)

{2rA + Mpg + 7) }ai + {X =A@ +r?) }bi = =

Tarum o6pa3om, BeIpaskeHNA B PUIypPHbIX CKOOKaX KakA0ro U3 3TUX ypaB-
HEeHUil, yMHO#eHHble Ha A2, OJ#HBI yI0BIeTBOPATL TPeM JHHEeHHbIM ypaB-
HEHHAM ¢ IOCTOAHHBIMU (He 3aBHCAILIMMH OT ¢) KoadduurenTamu. ITo Bo3-
MO#{HO TOJBKO B TOM clly4ae, ecid caMU 3TU BblpameHud ABIAIOTCA I0CTO-
AHHBIMU. [l03TOMY pa3HOCTH BbIpaseHUil, 3aKIIOYEHHBIX B IEepBOU U YeT-
BepToil cKoGKax, paBHa HEKOTOPOil MOCTOAHHOI, JeleHHoil Ha A%, paBHO Kak
Y pa3HOCTh BbIpamieHHil, 3aKIIOUEHHBIX B TpeTheil U BTopoit ckobkrax. Cie-
JoBaTelbHO, UMeeT MEeCTO:

pz—qzzé, ZPqZ)%

(32.10)
O6beIMHUM 3TH BellleCTBEHHbIE PABEHCTBA B OIHO KOMILIEKCHOE (j — MHU-
Mafl eIMHHLA):
. A+ 4B
(p£jg)’ = 3
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Hepexo;m K abCoIOTHBIM BeJIW4YNHaAM, IOJy4YUM:

gt = %, D =+/42 ¢ B2 (32.11)

CpaBHenue ycnoBuit (32.11) u (32.8) npuBeno 6bI HaC K COOTHOIIEHHIO

_C _
A= D= const, (32.11a)

3a UCKII0YeHueM Toro ciyyas, korga C' u D o6a oGpamaiorca B Hydb. Of-
HaKo mpu A = const, cornacHo ycioBuio (32.10), Gbuiu GbI MOCTOAHHBIMU
TakMme p U ¢ ¥, B cuity yciuosuii (32.7), r obpamaiocs 661 B Hyab. C mo-
MOII[bIO COOTBETCTBEHHOTO BbIGOpa KOOPAMHATHBIX OCeil &, Yy MOMHO ObLIO
Obl gae caenatb ¢ = 0 ¥ moayuyuTh U3 mepBoro ypasHenus (32.9) L, = 0.
Ho Torga namu Tpu Touku P; momskHbl 6b11u ObI NekaTb Ha OJHON NPAMOIL,
YTO, M0 yCIOBHIO, HE JONH#HO UMETh MecCTa.

CnenoBaTenbHO, MbI Jon##HbI nonoxutb C = D = 0, Torja u3 ypaBHe-
Huit (32.8) uau (32.11) nonyunm:

p=q=0. (32.12)

Tem cambiM Joka3aHa 1-f yacTh Teopembl JlarpaH:a: miockocTh & Bpalia-
eTcA BOKPYT CBOeil HopMalli ¢ YTJOBOH CKOPOCTBIO I'; yKasaHHadg HOpMalb
HENo/IBUKHA B MPOCTPAHCTRBE.

[IpumeHAA 3akoH miomangeil K Haliell cCUCTeMe, Mbl BUAUM, YTO JBU-
JKEHMe TOYeK mM; B IIOCKOCTU & HE MOKET YBEIUUUTH (HOCTOAHHYIO IIIO-
mapeity. Takum obpasoM, 3Ta NOCTOAHHAA HeNOCPeACTBEHHO oNpeensaeTca
YTJIOBOU CKOPOCTLIO BpalleHHA T MIOCKOCTU &, 8 UMEHHO:

const = rzmi|"'i|2 = ’f‘/\2 Z mi(af + b?)

O6o3HaunM
Nr =7, (32.12a)

OTKYyIa )
2 r + A7 = 0. (32.120)

B cuny ycnosuit (32.12) u (32.12 a, 6), ypaBuenus (32.9) yupomaiorca
¥ IPUHUMAIOT B[
2
SEL Ty
Mi-T=a =g (32.13)
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L M,
Us colepsaueroca B 9TUX YPaBHEHHUAX TpeﬁOBaHI/IH a1 = b_ BbITE-
1

KaeT, YTO MOMEHT CHUJIbI F]_ OTHOCUTEIbHO TOYKRHU O 06pa].uaeTCH B HYIb:
[ Fy] = %(alMl — b Ly) =0 (32.14)

U 4TO, TakUM oOpasoM, cuia F; npoxoqut yepes nentp taxectu O. To xe
camoe oTHocutcA U K cunaM Fs u F3. 3TuM norasaHa 2-A 4acThb TeOpeMbl
JlarpaH:ka: pasHnodeticmeyioujan cua, npusoHeHHvX K moike P;, npoxodum
yepes UeHmp maxcecmu mMacc my;.

Ipeo6pasyem paBencTBo (32.14) ¢ nomouibio Beipamenun (32.2). Bua-
yajie Mbl MOy YUM

rF My |riT ms|rir
vy Fy| _ 2[r1 21) 3[r1 3]3 — 0. (32.15)
m1G |re — 1| |rg — |
Onnako 1o onpefelneHuIO IeHTpa TAMKECTU MMeeM:
miry; + mars + msrs = 0, (32.16)
a, cleoBaTelbHO, TaKH#e
meo [1'11'2] + msg [1‘11'3] = 0
HopcraBus sTo B ypaBHenue (32.15), Haitgem:
1 1
meo [I'lrz] — =0
rz =11 [y =P 7
OTRya
|I‘2 — I'1| = |I‘3 — I'1|. (3217)
TakuM e 06pa3oM HaXOZMM:
|rs —ro| =|ry —ra| u T.A. (32.17a)

Jmo o3nawaem, 4mo HAW MPeY20.ibHUK PABHOCTMOPOHHUL, T.e. 3-A 4YacTh
TeopeMbl JlarpaHs;ka Takme JoKa3aHa.
MbI MosieM oNpenenuTh M Kamaoe U3 BXOAANIKMX B ypaBHeHue (32.13)

i

b;

. L;
OTHOWIEHUH -, B oTaenbHocTH. O603HAYNM CTOPOHY TPEYTOJIbHUKA Ye-
K2

pe3 As, mpuueM

32 = ((12 - a1)2 + (bz — b1)2 = (0,3 — a2)2 + (b3 - b2)2 =...
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Coraacuo popmynam (32.2) u (32.5), noxyuum:

L
a_ll = %{mz(az —a1) +ms(as —a1)};
ST aq

npuHUMas Bo BHuMaHue (32.16),

L, _ G
(1_1 = 8—3{—m1 — Mo — mg}. (3218)
Tak rak Maccel m; U KOOPAUHATEHI a;, bz BXOJAT B IIpaByYlO 4YacThb (I)OpMy-

JIbI COBEpII€EHHO CMMMETPHUYHO, TO 3Ta IIpaBafd 4YaCThb BbIpaxiaeT B TO e

L; M;

BpeMA BEIMUHHbL G- 0 —
" )

?

. Mopcrasnasn sto 3Hauenue B popmyay (32.13),
MOy YMM:

.. 2
,\2)\—77 =—s%(m1+m2+m3)- (32.19)

dTo nuddepeHnuanbHOe ypaBHeHe IA A ONKUChIBAeT BPEMEHHOHN X0/ ABU-
JKEHMA, «PACTAMKEHUAY U «CKATHUA» HAllero PaBHOCTOPOHHEro TpeyrolbHUKa,
npeTeprneBaeMble UM C TeYEHHEM BPEMEHMU.

OnHako BpeMeHHOi X0/ TaKUX «MyJbCallliiy TpeyrolbHUKA, PABHO Kak
U reoMeTpPHYeCKy0 GOpMY TPAeKTOpHil TpexX Tell, MOMKHO MPOCIeUTh elle
mpolie, eciiv B KaYeCTBE CUCTEMbI OTCUETAa BbIOPATh He MIIOCKOCTh &, a COB-
najalolyio ¢ Heil, HO HEMOABMKHYIO B IPOCTPAHCTBE, II0CKocTh &'. B aToi
cucTeMe OTcyeTa Ha MaTepuaibHYIO TOYKY m; AEHCTBYeT TONbKO paBHO-
neiicTBytommas cuia F;, HaupaBieHHaa K HEMOJBUMKHOMY HEHTPY TAMECTH,
B TO BpeMA Kak Bce Ipouue BXojAiue B ypaBHeHue (32.1) GUKTUBHbIE CH-
ab1 (KOpUONMKCOBa cuia, HeHTpobexHad cuia u T. 1.) oTnagaior. CoriacHo
dopmynam (32.5) u (32.18), Bennuuna stoit cunsl F; paBHa

; ; Va2 +b?
|Fi|:%1/L?+Mi2:—m;G(m1+m2+m3)# (32.20)

A252 S

EnuncTBeHHO!N ¢yHKIMell BpeMeHH B NpaBoii yacTH 3Toit popmMyinbl ABIA-
erca A%, C momowpio paBeHcTBa (32.4) Boipasum A? uepes |r;

2 _ |ri|2
a? + b?

(3 (2



240 T'nasa V

HoxacraBndas 3To Beipamenue B popmyay (32.20) u BBogda Maccy

2 4 12)2/3
mg' = miM, (32.20a)
S

a Take nmoiaHyio Maccy M = my + my + mg, NoldydyaemM

mi’MG

Fi| = —
' |ri|?

Takum o6pa3oM, KaxJaf U3 HAIIUX TPeX MaTepuaibHbIX TOUEK ABHMETCA
B NPOCTpPaAHCTBe HE3aBUCHMO OT OCTalbHBIX ABYX M MPUTOM TaK, Kak ec-
au Gbl OHa MMeJda Maccy m; W NpPUTArMBajach HaxofAuelica B Touke O
HenmoBHUHON Maccoii M mno 3akoHy Hwiotona. IToomomy npu ceoem dsu-
JHCEHUU OHA OnucHleaem KOHUYeckoe cedeHue, 8 00HOM U3 Pokycos Komopozo
Hazxodumcea moyuxa O.

Jlnsa Toro 4to6bl y3HATh YTO-TM60 OTHOCUTENbHO Pa3MepoB M B3auM-
HOT'O MOJIOMEHUA ITUX TPEX KOHUYECKUX CEUEHMIi, MbI JOJHHBI yUeCThb 3a-
JaHHble HavyalbHblE YCIOBUA Hallero JBU;keHUA. PaccMoTpuM, Hampumep,
MOMEHT, B KOTOpbIif Bce TpU MaTepualbHble TOUKU M; HAXOAATCA Ha HK-
CTpeMalbHbIX PACCTOAHUAX OT HeHTpa (), paBHBIX

Aoxcrp.y/ a2 + bZ. (32.21)

Toraa, cornacHo dopmyie (32.4), paguaibHad CKOPOCTb B CHCTEMe OTcUe-
Ta & paBHa HYIIO; CKOPOCTb e B cucTeMe oTcuera &' (T.e. B IpoOCTpaH-
CTBe) paBHa POM3BEIEHNIO KOMIIOHEHTHI T YTJIOBOI CKOPOCTH Ha paccTof-
Hue (32.21). Bxoaamuit B Beipamenne (32.21) MHomuTens y/a? + b? Gyner
npu 3ToM Koodduyuenmon nodobus He TOILKO AIA HAYadbHBIX CKOpOCTel
¥ HavalbHbIX PACCTOAHUI OT LEHTPa TAMKECTHU, HO TaKKe U MJIA BeIUUYUH
IOy YaloIUXCA KOHMYeCKUX cevenunit. Tem cambIM noKasaHa M 4-f1 4acThb
teopeMsl Jlarpansa. Tpu KOHMYECKIX CeYeHUA B3aMHO CMELIEHb! Ha YTIbI,
paBHbIE COOTBETCTBEHHO yIiaM Me Ay TPeMA LHeHTPalbHBIMU OCAMH.

B uacTHOM ciyuae m; = mg = mg, Korja ueHtp tamectn O ABIAET-
cA OJHOBPEMEHHO LEHTPOM DABHOCTOPOHHETO TPEYTONbHUKA, KOHMUYECKUe
CevYeHNA KOHI'PYSHTHBI M CMeLleHbl APYT OTHOCHUTEIbHO Apyra Ha 120°.

Kpome 3Toro nBHKeHHA 0 KOHMYECKHUM CEYEHHAM, CYLIECTBYET, IO
Jlarpausy, kiacc IBHKEHHMH, KOTOpPble MOTYT ObITh NpeCTaBIEHbI B die-
MEHTapHbIX QYHKUUAX U IPU KOTOPBIX TPH Tela HAXOOATCA Ha Bpallaio-
weiica npamoii. Ho Ha 3TOM MbI ocTaHaBIMBaTLCA He GyeM.
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YKrameM elle Ha TO, UTO OT JlarpaHs;keBa cilIydad HpoOJeMbl TpexX Tel
MO3HO NepeiiTU K COOTBETCTBYIOIIEMY YacTHOMY ClIydalo Npo6aeMbl n Tedl.
B canyuae, korga maccel Bcex n Tell OJUHAKOBBI U CKOPOCTHU UX IOA0GpaHBI
COOTBETCTBYIOMIKUM 06pa3oM TPaeKTOPUU MpPeACTaBIAIOT co00il 1 paBHOBe-

JUKUX KeMIePOBbIX BIIMUICOB, MOBEPHYTHIX JPYT OTHOCUTENbHO Apyra Ha
YTJIbI 27”; NBUMEHNMe 10 3TUM 3JIUICAM MPOUCXOAUT B OJUHAKOBOM PHUT-
Me. TOT POA IBUMEHUA BCKOIb3h YIIOMUHAETCA B TEOPUU PEHTTEHOBCKUX
L-cnexTpoB, rae on o6osnauaerca tepmuHoMm «Ellipsenvereiny [Physikal.

Zeitschr., Bd 19, S. 297 (1918)].



