B.M. IBOPCKUWW, A.A. TMHCKUN

OCHOBbDBbI ®U13NKMN

Tom 1

MexaHHuKa
MonekyasipHas pr3uKa
OAeKTpOAMHaMMKa

HsaaHue nsaToe, cTepeoTUnHOE
ITog pegakyuei FO.HU. Auxa

MOCKBA
OV3MATAUT
2003



YK 530.10(075.4)
BBK 22.3
122

Asopckuit B.M., Tunckuit A. A. OcHoBbl pusuku: Yuebn. B 2 1.
T.1. Mexauuka. Monekynsipaas pusuka. diuekrpoaunamuka / [log pex.
F0.U. Juka. — 5-e usa., crepeor. — M.: DUBMATJIUT, 2003. — 576 c. — ISBN
5-9221-0382-2.

JlaHHas1 KHUTA SIBJISIETCS] TEPBOM YACTHIO JBYXTOMHHKA, B KOTOPOM OCHO-
Bbl (DUBMKK H3JIAral0OTCs HA COBPEMEHHOI OCHOBe. BOmpochl MeXaHHKH CBsi3a-
Hbl C T€OpUEH OTHOCUTEJHHOCTH M COOTHOIIEHHEM HEOMPEIEsIEHHOCTEN; 3aKOHBI
COXPAHEHMs] YHEPIUH, UMITYJIbCA ¥ MOMEHTA HMMILYJIbCA — C MPUHIUIIAMHU CHM-
METPHH NPOCTPAHCTBA U BPEMEHU; OCHOBBI TEPMOJMHAMUKU — C MOJIEKYJISIPHOM
CTATHCTHUKOMN M CTPOEHUEM BEIIECTBA; ITMAPOMEXAHHKA — C TEOPUEH yAAPHBIX BOJIH.
Ot yuTarenst TpebyeTcst JIUIIb OCHOBATEbHOE 3HAHNE (DUUKHU, aJIredphbl U HAYAJ
TPUTOHOMETPUHU B 00'bEME BOCBMUJIETHEH IIKOJIBI.

Jlnst yganmuxcst KOs, TMMHA3UM, JIUIEEB C YTy OJIeHHBIM U3y YeHUuEM (PU3UKO-
MaTeMaTUYECKUX JUCIIUTIJINH, JJIsl TOJIFTOTOBKY K KOHKY PCHBIM 9K3aMEHAM B BY3bl.

Tabu. 26. Ua. 361.

ISBN 5-9221-0382-2 © ®U3MATJINT, 2000, 2003



OI'VJIABJIEHUE

IIpeamCiioBIE . . . . . . o 11
Kak paboTarh HAL KHUTOM . . . . .o oot ittt it ettt e e 12

Yacte [
JIBM>KeHne n CUJIbI

FmaBa 1. CKOPOCTB . . .. ..ottt 15

§1.1. Mexaunueckoe asmkenue (15). §1.2. Cucrema orcuera. Tpaek-
Topust (16). §1.3. [Ipsamonuneiinoe apuxeHne. 3akoH gsmkeHus (18).
§ 1.4. PaBrnomepHoe gsikenne (19). §1.5. [lepemennoe grxenue (20).
§1.6. Cpeansisi ckopocts (22). §1.7. MrHOBeHHAs1 CKOPOCTb MEPEMEH-
Horo aprxkenust (23).

lmapa 2. MIHepmmst .. ... ... ... .0, 24

§2.1. lNpunnun unepunu (24). §2.2. MHepuuajbHble CHCTEMBI OTCUE-
ta (27). §2.3. [lpunyun orHocuresnsHoctu (28). §2.4. IpeoGpaso-
Banust lasmnes: (30). §2.5. Knaccuueckuit 3akOH CJIOXKEHHSI CKOPO-
creit (31).

'nasa 3. CkajsspHble U BEKTOPHbIE BEJIUYUHBI. . . . . ... .. 32

§3.1. Cransipuble BesmumHbl (32). §3.2. BekTopHble Benmunubl (33).
§ 3.3. Hekoropeie onepauun Hag Bekropamu (34). §3.4. Pasnoxenune
BeKTOpa Ha nBa ciaraembix (37). §3.5. Ckopocrb — Bektop (38).
§ 3.6. Caioxxenue ckopocreit (39).

lmaBa 4. VCKOPEHHE . . . . .. ...ttt 41

§4.1. Cpennee u mrHoBeHHoe yckopenme (41). §4.2. [Ipsmonunei-
HOoe nepemeHHoe apwmkenue (41). §4.3. [psimosmHueliHOe paBHOMEpE-
menHoe apmkenue (42). §4.4. I'paduk ckopoctn npu paBHOmIEpE-
menHOM aBrkennn (43). §4.5. T'paduueckoe BeraucieHne nepemente-
uusa (43). §4.6. [lepemelenne u cpefHsisi CKOPOCTb TIPH PaBHOIEpe-
MeHHOM JBkennu (44). §4.7. PaBHOMepHOe ABMIKEHNE MATEPUAIIBLHOM
TOYKH IO OKpy>kHOCTH (46). §4.8. YcKOpeHHe nmpu PABHOMEPHOM JBH-
>KEHUM MaTEPHAJIbHON TOUKM [0 OKpy>kHOcTH (47).

Ilimasa 5. CHIIA .. ... e e e 48

§5.1. Cusia — mepa B3aumogeiictsus ten (48). §5.2. Yupyrue u ma-
cruueckne gepopmanun (49). §5.3. Cuna — sekrop (51). §5.4. Cro-
JKEHHE W PA3JIO’KEHHE CUJT, TPHJIOZKEHHBIX K MATEPHAIbHON TOUke (53).

'napa 6. Cuia TIXKECTH, BEC M MACCA . . . . . o« o v v v v 54

§6.1. Cuia Tspxectu. Bec (54).  §6.2. CsoGoguoe mnapnenue (56).
§6.3. Macca tena (57). §6.4. IlnorHocts BemectBa (58). §6.5. [lab-
sienve. ApxuMenosa cuna (59).

I'masa 7. OCHOBHOM 3aKOH JJUHAMMKM] . . . . . . . ..o oo, 61

§7.1. Cuna u yckopenme (61). §7.2. [IpumeHeHUs OCHOBHOTO 3aKOHA
nuHamuku (64). §7.3. Hesecomocts (67). §7.4. Cucrema eaunuy, (69).
§7.5. Mexxgynapoguas cucrema eauauny (70).



4 Oznasaenue

lnapa 8. 3akKoH ABUXKEHUsI MaTEPUAJIBHOU TOYKH U Ha-
YAJTBHBIE YCIIOBUISI . « ¢ o o vt vt ot et e e e e e e e e e

§8.1. OcuoBHas 3agava auHamuku (71). §8.2. /Isu>keHne marepuasib-
HO#i TOUKM noj JeiicTBreM cuibl Tsikectn (72). §8.3. UmncsenHoe peme-
HMe OCHOBHOI 3afaun quuavuku (74). §8.4. [IBmkeHue Tesa noj Aeii-
crBueM ympyro# cusbl (75). §8.5. Beanuunsl, onpenensiiomye 3aK0H
JIBIDKEHUS] MaTepHaibHON Touku (78).

IN'maBa 9. TAroTeHHMEe . ... ... .. .. ..

§9.1. OtkpeiTHe 3akoHa Tsrorenus: (79). §9.2. 3akoH BceMUpHOro Tsi-
rorerusi (81). §9.3. Onbir Kaenguma (82). §9.4. Onpeznenenue pac-
crostamii ot ConHna o nuader (83). §9.5. I'paBurtanmonnoe nose (84).
§9.6. HanpsikenHocTs rpaButaunonHoro nosst (85). §9.7. 'paBurtanu-
onnoe nojie 3emuu (86). §9.8. Bausinue BpaieHust 3eMii Ha yCKOpe-
Hue cBoGogHOrO najeHust (88).

lnaBa 10. DIEKTPUYUECKHUE CHJIIBI . . . . o o v v v veeenennnn

§10.1. Duekrpuuecknii 3apsany (89). §10.2. 3akon Kysona (90).
§10.3. Equnnna 3apsaa (92). §10.4. Junoss (93). §10.5. Duexrpu-
yeckoe nojie. HanpspkenHocrs (95). §10.6. IMose TodyevHoro 3apsiga
u aunons (96).

lmasa 11. TpeHHe . . ... ... .. ..

§11.1. Bremnee u BHyTpennee Tpenue (98). §11.2. Tpenne nokosi (99).
§11.3. Yron Tpenunst nokost (101). §11.4. Tpenne ckosbrxkenust (102).
§11.5. Tpenne kauenust (103). §11.6. /IsmkeHue Tes noj AeiicTBH-
em cunbl Tperusi (104). §11.7. Buyrpenuee Tpenue (Bsiskocts) (105).
§11.8. [smkenne Tena B >kmakocrtu (106). §11.9. IMagenue Tena
B >kuakocty uiu rase (109).

l'naBa 12. TeopHsi OTHOCUTEIIBHOCTH . . . . .« o v oo v v

§12.1. CkopocTh cBeTa ¥ 3aKOH CJOXKeHMs ckopocreit (111).
§12.2. OcHOBHBbIE IOCTYJIATHI CIENHUAJBHON TEOPUH OTHOCUTEIHHO-
cru (113). §12.3. OTHOCHTENBHOCTE OHOBPEMEHHOCTH U JyuHbl (114).
§12.4. PensiTuBucTCKMEe MNpeobpa30BaHusi KOOPAMHAT. PesisiTUBHCT-
cKuil 3aKOH cyioxkeHusi ckopocredt (117). §12.5. [IpenenbHblil xapak-
Tep ckopoctu ceera (119). §12.6. IIpeoGpasosanus Jlopenua (120).
§12.7. omna orpeska (121). §12.8. IIpomMexkyTOK BpeMeHH MeKY
aByms cobbitusimu (122). §12.9. [IpoMexKyTOK BpeMeHM MeXKJy Npu-
unHOM u cieacTeueM. Vurepsan (123). §12.10. CooTHomeHne Mexay
PEJISITUBUCTCKOM U HBIOTOHOBCKOM MexaHukoit (125).

'nasa 13. UmMmmyabc 1 cujia B TEOPUUA OTHOCUTEJBHOCTHA . .
§13.1. PessitnBucrckuii nmnysnsce (127). §13.2. OcHOBHOl 3aKOH AnHA-

MMKH B Teopun oTHocuTesbHOCTH (128). §13.3. CooTHOmEHNE MeXTY
HBIOTOHOBCKOM U PEJIATUBUCTCKOMN AnHaMuKO# (129).

'nasa 14. 3aKOH OBUXKEHUS W COOTHOIIIEHHWE HeoIlpee-
JIEHHOCTEM . . . . oottt ittt e e e e e
§14.1. HauanbHble ycyioBUsL W wu3MepuTesbHas ammapatypa (131).
§14.2. Coornowenne HeonpeaenenHocreit (135). §14.3. CoorHouleHue
HeOIpe/eJIeHHOCTelH U Kilaccuveckast MexaHnka (136).

127



Oznasaenue

Yacrtsp 11
3aKoHbI COXpaHEHUS

lmasa 15. 3aKOH COXPAHEHUS UMILYJIBCA . . . . . o o oo oo v ..

§15.1. BamkuyTas cucrema tea (140). §15.2. 3akoH COXpaHEHUST UM-
nynsca (141). §15.3. SIenenne otgaun (143). §15.4. PeakrusHoe gBu-
skenne (144). §15.5. Pacuer 3zanaca rorumsa (145). §15.6. Llentp
macc (146). §15.7. [ismwxkenue nentpa Mace (147). §15.8. Peasitusucr-
ckuii dakrop (149).

I'nasa 16. IlomHas u KMHeTUYECKAS YHEPTUS . . . .. ......

§16.1. Ilonnas sueprus tena (150). §16.2. Kunernueckass sHep-
rust (151). §16.3. DHeprust u umnyasc (152). §16.4. Kunernueckas
sHeprust u pabora (153). §16.5. Mownocrs (155). §16.6. Eaunuus
sneprum, paborer u momuoctr (155). §16.7. UMmmysibe u 9HEprus J10Ka-
JIM30BaHHOMN wacTuiel (156).

lnapa 17. DjemeHTapHasi TeOpUs CTOJKHOBEHWUMU . . . . . . ..

§17.1. Yro Takoe cronkuoperne? (159). §17.2. AGcomoTHO HeynpyTHit
yaap (160). §17.3. Yupyruit ygap (161). §17.4. 3amensenue HelTpo-
HoB (162). §17.5. /laBenue noroka vacTul Ha cTeHKy (163).

I'nasa 18. KoHcepBaTMBHBIE CUJIBI M TIOTEHIINAJIBHAA 9HEP-
1

§18.1. Pabora mepemennoii cunbel (165). §18.2. PaGora ynpyroii cu-
aet (167). §18.3. PaGora kynoHobckoit cunbl (168). §18.4. PaGora
rpasutanrontoil cuibt (170).  §18.5. Koncepsatusuble cuabr (171).
§ 18.6. [ToTeHyuanbHAsl SHEPrHUsl YIPYIUX, KYJOHOBCKUX W I'DABUTALU-
oHHbIX B3ammogeicreuit (172). §18.7. [MoTeHuman ssekTpocTaTHye-
ckoro nosist (174). §18.8. IMoreHuunan nosst TodevyHoro 3apsiga (175).
§18.9. Dueprus snekrpuueckoro nosst (176).

lnasa 19. 3akoH coxpaHeHWsI IHEPrUM B HBIOTOHOBCKON
MEXAHUKE . . o o ot ittt ittt e e e e e e

§19.1. Mexanudeckasi sHeprusi u ee coxpatenue (177). §19.2. Mexanu-
ueckast sHeprust u Tperue (177). §19.3. Kocmuueckue ckopoctu (178).
§19.4. [lorenunanshusie kpussle (179). §19.5. [loTeHunansHas sHeprus
u pasHoBecue (182).

'napa 20. BHYTPEeHHSS SHEPTHUSA . .. .. .. .. ...oouounn..

§20.1. BayTpennssi sHeprusi cucreMsl dacruy (183). §20.2. Usmene-
HUe BHyTpeHHell sHeprum npu gedopmanun tena (185). §20.3. Us-
MEHEHHE BHYTPEHHEH 9HEpPIruM Teja NMPH TemoBbix mpoueccax (186).
§20.4. VIameHeHue BHYyTpEHHEH 9SHEPrMM NPU XUMHYECKUX PEAKIU-
sax (187). §20.5. IsmeHeHne BHY TPEHHEH YHEPTUM MPH SIAEPHBIX PEaK-
muax (188).

lnapa 21. 3aKkOH COXPAHEHUS DHEPTUAU . . . . . . .. .. .. ....

§21.1. Pabora kak Mepa U3MEHEHUsI MOJHON W BHYTPEHHEH 3Hep-
run (189). §21.2. Temoobmen (190). §21.3. Kosnmuecrso Temio-
ol (192). §21.4. [lepBoe Hauaso Tepmoaunamuku (193). §21.5. Anua-



6 Oznasaenue

Gatnuecku usosnmpoBaHHas cucrema (194). §21.6. 3akoH coxpaHeHUst
sueprun (195). §21.7. akon coxpanenust maccel (195).

l'naBa 22. 3aKoH coxpaHEHWs MOMEHTA UMOYJbCA . . . . ...

§22.1. OcobGennocrn BpamarensHoro aswkenust (197). §22.2. Kune-
THUYeCKasi SHeprusi 1 MoMeHT uHepuuu (198). §22.3. 3aBucumocts Mo-
MEHTa WHEPLMU OT MojIoXKeHusi ocu Bpamienust (200). §22.4. MomeHnT
cusbl (202).  §22.5. YcsioBue paBHOBECHs! TeJla, UMEIOLIEr0 OCh BPa-
wenust (204). §22.6. MomeHT MMIysibCa U OCHOBHOE yPaBHEHHE M-
Hamuku (205). §22.7. 3akoH coxpaHeHMsi MOMeHTa uMmImysbca (206).
§22.8. AHajiorusi MeX/1y BeJIMYNHAMU M COOTHOIICHUSIMH MEXK/y HUMH
[PYU MOCTYNATELHOM U BPAIATEIbHOM ABMmKeHusix (209).

l'nasa 23. CumMmeTrpusi B IPUPOJE U 3AKOHBI COXPAHEHUS .

§23.1. 3akoHBI COXpaHEHMsI KaK OCHOBHbIE 3aKOHBI npuponsl (210).
§23.2. 3akoHBI COXpaHEeHHsl KaK NpuHUUnbl 3anpera (211). §23.3. 3a-
KOHbl COXPAHEHWsI M CHMMETPHsi [POCTpaHCTBa—BpemeHu (212).
§23.4. O qHOPOJHOCTH BpEMEHH U COXpaHeHue sHepruu (213).

['nmaBa 24. HEI/IHepI_IPIaJ'II)HbIe CHUCTEMBI OTCYEeTa U TArore-

§24.1. SIBneHust B yCKOpPEHHO ABWXKYIUelcsi cucTeme orcyera (214).
§24.2. Cusbl unepunn (216). §24.3. Ocobennocty cui nHepuun (217).
. IIpocTpaHCTBO W BpeMsi B HEMHEPUHUAJBHBIX CHUCTEMAX OTCYE-
Ta (218). §24.5. TlpuHuun sksuBajeHtHocTH (221). §24.6. Ilous-
THe O TeopuH TsAroTeHusi DitHmreitHa (223). §24.7. Napagokc 6Gans-
Heuos (227).

Yacts III
MosekyngapHO-KMHETUYECKAd TeOPUs ra3a

l'naBa 25. MoyeKyJsIpHOE ABUXKEHUE . . . . . . . oo vvenn..

§25.1. Kak usmepuin ckopocTh apuxkenust mosiekys (230). §25.2. Pac-
npejieJieHre MOJIEKYJl 1o ckopoctsim (232).  §25.3. Jlnmua cBoGogHO-
ro npobGera mosekynsl (234). §25.4. Tuddysus (237). §25.5. Sakon
nuddysun (238). §25.6. Pazaesnenue razoebix cmeceit (239).

lnasa 26. VIHealbHBIA TA3 . . . . .. oot v i

§26.1. JaBnenne raza (241). §26.2. UpeansHbiiiraz (243). §26.3. Tem-
nepatypa (245). §26.4. TepmoagnHaMuveckass TemrepaTypa U ypas-
HEHMe COCTOsIHMs WjeajbHOro rasa (247). §26.5. lasosbiil Tepmo-
merp (248). §26.6. KesbBun u rpagyc Lenbcusi (249). §26.7. AG-
cosmoTHbI Hysb (251). §26.8. [MocrosinHas ABOrajpo M MoCTOsSIHHAS
Bonbumana (252).  §26.9. PacnpejesieHne MOjeKyJl B CHJIOBOM I10-
sie (255). §26.10. Bapomerpuueckoe pacnpegenenue (256).

I'nasa 27. VgeasibHBINM ra3 m mepBOoe HAYAJIO TEPMOIWHA-

§27.1. BHyTpeHHsis 3Heprusi OZHOATOMHOIO WJEAJbHOro rasza (259).
§ 27.2. Pabora npu pacuumpenunu uaeasnbHoro raza (260). §27.3. Ilepsoe
HA4aJI0 TEPMOJVHAMUKHU M TEIJIOEMKOCTb rasza (261). §27.4. U3oxop-

197

210



Oznasaenue 7

Hbli mpotece (262). §27.5. Uso6apuseiit npouece (263). §27.6. Uszo-
Tepmudecknii mpouecc (264). §27.7. Aamabarubiit mpouecc (265).
§27.8. TemnoemkocTh aByxatomHOro rasza (268). §27.9. IMoustue
0 KBAHTOBOI1 T€OPUM TeII0eMKoCTH ra3oB (270).

'nasa 28. Bropoe Hadajlo TEpDMOOAMHAMUKH . . . . .. ...... 274

§28.1. Kpasucrarnaeckue npoueccer (274). §28.2. OGparumbie mpo-
peceor (275).  §28.3. HeoOpaTuMocTh peasibHBIX TEIJIOBBIX MPOLEC-
coB (277). §28.4. Heobparumocts u cratuctura (278). §28.5. duddy-
3Usl U TepMOAMHaMuUecKas BeposTHocTh (281). §28.6. Tepmoaunamu-
YecKasi BEPOSITHOCTh U APYTHe TeIUIoBble mpouecchl (282). §28.7. Tep-
MOAVHAMHYECKAs] BEPOSTHOCTH W dHTponms (284). §28.8. Durponus
u remoobmen (285). §28.9. Bropoe Havasno TepmopuHamuku (288).
§28.10. Crarucruyeckuii CMbIC BTOPOr0 Havaja TEPMOJUHAMUKH.
Duykryanuu (289).  §28.11. BpoyHoeckoe apukenne u uyKTya-
mun (290). §28.12. BpoyHoBCKoe ABIKeHMe U TOCTOsiHHast Bosbipma-
Ha (291).

IN'masa 29. TemJIOBBIE MAIIIMHDBI . . . .« v v v v oottt e n e 294

§29.1. TennioBble MamuHbl U paseutHe TexHuku (294). §29.2. Temno-
Boit aBuraress (295). §29.3. Cxemarndeckoe yCTPOICTBO U SHEPreTHYe-
ckuii Gasianc Teruiosoro asurarenst (296). §29.4. TensioBoit gBuraTesb
u BTOpOE Havaso TepmoguHamuku (297). §29.5. Hukn Kapuo (299).
§29.6. KI1/1 peasbHoro geurarens (300). §29.7. O6parusiit quksa Kap-
Ho (301). §29.8. XomoaunbHasi ycTaHOBKa 1 TeIoBoil Hacoc (303).

I'masa 30. OCHOBBI TA30BOH AUHAMUMKHM . . . . . ... ........ 304

§30.1. TepmoguHaMu4ecKne NapaMeTphl ABMXKylierocs rasza (304).
§ 30.2. VYpasuenue nepaspeisHocTu (305). §30.3. YpaBHeHHe UMIysb-
ca (305). §30.4. Ypaeuenue Bepuysnnm (306). §30.5. Ckopocts pac-
npocrpaneHusi ynpyrux sosmymenuii (307). §30.6. Yuer cxxumaemo-
cru rasa. Yuciao Maxa (310). §30.7. Konyc Maxa (310). §30.8. Yaap-
Hasi rojioBHas BonHa (312). §30.9. Bosmnosoe comporusienue (312).
§30.10. Coruo (314). §30.11. AHajiorusi MeXKAy COIUIOM M TEIUIOBOM
maumHo# (315). §30.12. Comto Jlaans (316). §30.13. PeakTusHbiit
aeuraress (317). §30.14. Kpbuio camosera (318). §30.15. daBiienue
B noroke xkuzaxocru (319). §30.16. YVuer Bsaskocru (320).

Hacrts IV
MoJiekyisipHbie CUJIbl I arperaTHbie COCTOAHUS
BeIecTBa
l'nmasa 31. MOJEKYJAPHBIE CHJIIBL . . . . . o v v v e e e 322

§31.1. InorHocTe M CxxuMaemocTb BewecTBa (322).  §31.2. Moue-
KynspHble cuibl (323).  §31.3. DieKTpuvecKoe NPOUCXOXKAEHHE MO-
gekyasipubix cui (324).  §31.4. I'pacduk mosekyssipubix cus (326).
§ 31.5. [oreHunanbHast KpUBasi MOJIEKYJISIPHOTO B3auMogeicTeus (328).
§ 31.6. TeruoBOE pacmMpeHne TBEPABIX TEJ | kuakocTed (329).



8 Oznasaenue

lnapa 32. JabHUN OOPASIOK . . « o o ot v v v e e e e e e

§32.1. Monokpucramn  (333). §32.2. TMonmukpucramn (335).
§32.3. Kpucrasumveckass pemerka. JanpHuit  nopsimok  (336).
§32.4. JledbekTpl ynakoBku u OJi04HAsi CTPYKTypa Kpuctamia (337).
§32.5. Ipmxenne gedexros u guddysusa (339). §32.6. [Ismkenue
gucnokaumii u gedopmanust kpucraina (340).

'masa 33. IlmoTHas ymakoBKa YaCTHIL. . . ..............

§ 33.1. Tuns! kpuctanueckux cesaszeil (342). § 33.2. [lnorHelmas yna-
KOBKa OJJMHAKOBbIX mapoB (344). §33.3. [lyioTHeline ynakoBKHY MAPOB
¢ pasubimMu paguycamu (346). §33.4. Pemerku, KOTOpble HeJb3s MPeA-
CTAaBUTh KaK ynakoBky mapos (347). §33.5. Ctpykrypa sbja u Bo-
bl (349). §33.6. IMosmmepsr (351).

FnaBa 34. BIMXHUN OOPATOK . . . o v v ov vt e eeee e e

§34.1. OcobGennoctu >kuakoro cocrosiuus (352). §34.2. Crpykrypa
>)KuakocT u ee coiicrBa (353). §34.3. CpesHee Bpems oceuioi »Kus-
Hu (355). §34.4. Muddysus B >xkuaxocrsix (357). §34.5. Baskoctsb
>kuaxocreit (358). §34.6. Amopdubie Tena (360). §34.7. Dueprus
MOBEPXHOCTHOTO CJIOSI M TIOBEPXHOCTHOE HaTsiKeHHe >kuakoctu (361).
§ 34.8. laBieHue NoJ WCKPHBJIEHHOM TMOBEPXHOCTBHIO >KuUAKOCTH (362).
§ 34.9. Kanmnuisipubie siBnenunsi (364).

Fmaa 35. TIap. .. ... ... i

§35.1. Mcnapenue (365). §35.2. Haceiuennsiit nap (367). §35.3. das-
JleHWe HacblmeHHoro mapa (368).  §35.4. Msorepma mapa (371).
§35.5. Kpuruueckoe cocrosiiue Bemecrsa (372). §35.6. Biaxknocts
Bozayxa (374).

'naBa 36. Paz0BbI€ MEPEXOIBI . . . . . o v vt v v v e e eee e

§36.1. Usmenenne arperatHoro cocrosiuusi (376). §36.2. Iuarpam-
Ma mepexoja kKugkoctb-ras  (376). §36.3. /Iuarpamma mepexo-
na kpucrajur-ras (377). §36.4. /IuarpaMma mnepexofa KPHUCTAJIII—
x)kugkocts  (378). §36.5. /luarpamma mepexoja KPUCTAJIJI—KPU-
crann (379). §36.6. Tpoiinast Touka (381). §36.7. M3ameHenue BHYT-
peHHell 3HEpruuM W SHTPONUHM Npu (HPa30BbIX MEPEX0/Iax MEepBOrO Po-
na (381). §36.8. Meracrabusbable coctosihust (385). §36.9. Kow-
nencauus. [lepecbimennniit map (386). §36.10. Kunenne. Ileperperast
xkugxocts (388). §36.11. Coxmkenue razos (389). §36.12. Ceepxre-
Ky4vecTs resust (392).

Yacts V
DJIeKTPOIMHAMUKA

I'naa 37. Ilosile HEMOABU>KHBIX 3apsiZIOB B BAKyyMe€ . . . . .

§ 37.1. JIunuu HanpsikenHoctu (396). § 37.2. DKBunoTeHUMAIbHBIE T10-
BepxHocTH (397). §37.3. CBsi3b MeXK/y HANPS>KEHHOCTBIO M MOTEHI[MA-
sgom (399). §37.4. Junoss B anexkrpudeckom mosie (400). §37.5. Ilmoc-
kuit koHgeHcarop (402). §37.6. Duekrpoemkocts (403). §37.7. Duep-
rust nosist. [liotHocTs sHeprum (404). §37.8. Cuna B3auMogeiicTBust
MexJy MIacTuHaMu KoHgeHcaropa (404). §37.9. Tlorok BekTopa Ha-



Oznasaenue

npsikerHoct. Teopema Iaycca (405). §37.10. [IpoBogHuk B 31€KTpH-
ueckoM noste (409). §37.11. Onpegnenenne 3apsfa snektpora (411).

lnmapa 38. JIMJIEKTPHUKM. . . . . . oo vttt e e

§38.1. DyexTpuueckoe ToOJie TNpU HaJIW4uMM  JguasieKTpuka (413).
§38.2. Bekrop mnomsipumsaumm (414).  §38.3. Duekrpuueckas BOC-
npunmuuBoctb (415).  §38.4. Dueprus monst B auanekrpuke (416).
§ 38.5. lepopmanmonnas nossipusyemocts (417). §38.6. Opuentanu-
oHHasl nossipuzyeMocts (419).

IN'masa 39. TIOCTOSIHHBIM TOK . . « o v v v oo oo oo e e e e e e

§ 39.1. Cropounee nose. Hanpsikenne u 9/1C (421). §39.2. Cuna To-
Ka ¥ MIOTHOCTH TOKa (424). §39.3. 3akon Owma mnasi OZHOPOAHOrO
yuactka uenu (426). §39.4. Conporusnenne (426). §39.5. 3akon Oma
B auddepenunanbuoii dopme (427). §39.6. 3akon Oma mns HEOn-
HOPOAHOIO y4YaCTKa I[eNU U AJid 3aMKHYTOIl Iienu (428). §39.7. 3a-
koH Jlxxoyns—Jlenna (429). §39.8. Bapsjgka u paspsiika KOHIEHCATO-
pa (430). §39.9. [Ipasuna Kupxroda (431).

'masa 40. MarHuTHOE HOJIE€ B BAKYYME . . . . . . .. oo v ..

§40.1. BsaumopgeiicrBue TokoB. Maruuthble cuibl (433). §40.2. 3a-
KOH Npeobpa3oBaHusi [Jisi MOMEPEIHOr0 MMITYJIbCA M TONEPEYHON CH-
abl (434). §40.3. BzammopgeiicTBue MexIy ABWKYLIMMHCS 3apsia-
mu (436). §40.4. Bexrop marauTHOro noss. Jlvaun negykiuu (438).
§40.5. MaruutHoe mosie npoBogHuKa ¢ TokoM (439). §40.6. Maruut-
Hblit MomenT (441). §40.7. HanpsikeHHocTs MarHuTHOro nosst (444).
§40.8. lHBApHMAHTHOCTD HJIEKTPUIECKOTO 3apsga (445).

lnasa 41. 3apsajpl U TOKA B MATHUTHOM MOJI€ . . .. ......

§41.1. Cuna Jloperya (446). §41.2. [IBm>keHUe 3aps2KEHHBIX YACTHL]
B omHOoponHoM MarHuTHoM mojne (448). §41.3. Omnpenenenne 3Ha-
Ka 3apsja leMeHTapHbIX uactuy (449). §41.4. Hukmorpon (450).
§41.5. DHeprus yacTHIBI U ycioBre cuaxponusanun (452). §41.6. Cun-
xpodaszorpon (454). §41.7. Yckopurenn Ha BCTpedHbIX mydkax (457).
§41.8. Yaenbubiit 3apsag snekrpona (459). §41.9. YoenpHblit 3apsig
nona (461). §41.10. [IpoBoaHUK ¢ TOKOM B MarHuTHoM mnosie (462).
§41.11. PaMka ¢ TOKOM B MarHuTHOM nojie (463).

IN'masa 42. MarHETHKI . . .. .. 0o v it i e e e e e e i

§42.1. Tpu Tuna marserukos (465). §42.2. MarHUTHBI MOMEHT aTo-
Ma (466). §42.3. BenuuuHbl, XapaKTepusyolie MarHUTHOE MOJIe
B BewjecrBe (467). §42.4. Juamarnerusm (469). §42.5. [lapamarste-
musm (471). §42.6. Peppomaruerusm. Touka Kiopu (473). §42.7. T'u-
crepesuc (475). §42.8. Tomennas crpykrypa dheppomarneTukoB (477).
§42.9. OnbiT Ditamredina u ge-l'aasa (480). §42.10. Onwrr IllTepna
u lepnaxa (481). §42.11. Cnun snekrpona (483). §42.12. Aurudep-
pomarHerusm (484).

lnasa 43. DieKTpoMarHUTHAS UHAYKIMAS . . . . . . . . ... ...

§43.1. Orkpbrrue Papagess (487). §43.2. fApaenHue snekTpoMarauT-
HOM mHaykumm u cwia Jlopenua (487). §43.3. DuekrpoasrmkKymas
cuna uHaykuun (490).  §43.4. fBjeHne MHAYKIMU B HENOJBH>KHOM
nposopnuke (490). §43.5. Hanpsi>keHHOCTb MHAYIMPOBAHHOIO IIO-



10 Oaznasaenue

s (491). §43.6. DyeKTpPOMATHUTHOE TI0JI€ U NPHHLUI OTHOCHTEJILHO-
cru (492). §43.7. Sakon ungykuun Papages (493). §43.8. Ilpasuio
Jlenna (495). §43.9. DneKTpOMArHUTHAST MHAYKUUS U 3aKOH COXpaHe-
Hust sHeprun (495). §43.10. Camonnaykuust (496). §43.11. Dueprus
vlekTpoMarHutHoro nosist (497). §43.12. Bkurouenue nenu ¢ UHAYK-
TUBHOCTBIO (499).

'naBa 44. DjaeKTpuyecKas IIPOBOJAUMOCTD, TEILJIOEMKOCThH
U TEIJIONPOBOHOCTD TBEPIABIX T . « . o o v o v e e e e e e e

§44.1. DKCNEepUMEHTAJIbHBIE OCHOBBI 3JIEKTPOHHONH TEOPHM TMPOBOIU-
moctu Meraiuios (500). §44.2. Dddexr Xomna (502). §44.3. Daex-
Tpouubiii raz (505). §44.4. BeiBox 3akoHa OMa M3 3JI€KTPOHHON Teo-
pun (507). §44.5. BeiBox 3akona [Ixoynsi—Jlenna (511). §44.6. Pa-
Gora Bbixoga (513). §44.7. KonrakTHasi pasHocTb noreHnuasos (515).
§44.8. Tepmosnekrpudecreo (516). §44.9. Tenmnoemkocts (517).
§44.10. Teroemkocts metasuos (521).  §44.11. TensonpoBogHOCTH
nuanektpukos (521). §44.12. TennonposoaHocTs Metasios (524).

'naBa 45. DjaeKTpuvecKas IIPOBOJAUMOCTD II0JIyIPOBOHU-
30 N

§45.1. CobcTBEHHAs 9IEKTPOHHAS U IBIPOYHAS TPOBOJUMOCTD MOJTYTTPO-
BogHukOB (526). §45.2. [IpumecHas JEKTPOHHAS U ABIPOYHAs TIPO-
BOAMMOCTH TOynpoBogHukoB (530). §45.3. BoinpsimieHue Ha rpaHu-
e Metasu-nonynposoaHuk (532). §45.4. Beimpsimiienne Ha rpaHu-
11€ IEKTPOHHO-ABIPOYHOTO mepexoga (533). §45.5. Tpausucrop (536).
§45.6. ®OTOCONPOTHBIIEHNS U MTOYIPOBOAHNKOBbIE boTognoabl (539).

l'naBa 46. DaeKTpuduecKas IIPOBOJAUMOCTD IEKTPOJIUTOB .

§46.1. Dnekrposmruyueckas auccoumanus (542). §46.2. Sakon Oma
1 IpoBOAMMOCTS 3iiekTponuToB (543). §46.3. 3akonsr Papages (544).
§46.4. TanbBanuveckuit anement (546).

Il'maBa 47. TOK BBAKYYME. . . . . ottt ii i i

§47.1. TepmossnekrponHass smuccusi (547). §47.2. luom u ero xa-
pakrepuctuka (548). §47.3. Tpuom u ero xapaxrtepuctuka (550).
§47.4. DyekTpoHHO-sTy4YeBas TpyOka (552).

IN'maBa 48. TOK BTa3BaX . ... ... it

§48.1. Nonusanust 1 pekombunauusi (553). §48.2. HecamocrosiTens-
Hblii paspsig (554). §48.3. YaapHas nonnsanust (557). §48.4. Cyeruuk
Teiirepa—Mromsiepa (558). §48.5. CamocrositesibHblii paspsig. [lias-
ma (560). §48.6. Tuerownii paspsg (561). §48.7. [lnasma B MarHuT-
HoM noste (563). §48.8. MI'/I-reneparop (565).

[IpeAMETHBINA YKABATEID « « o ¢ o o v v v e vt ettt et e e e e

542



1lIpeaucaoBue

B nacrosimee Bpemsi Ha ocHoBe 3akoHa 06 obpasosBanuu B Poc-
cuiickoii Pemepaluu MPOUCXOAUT PauKaJbHas pedopMa CUCTEMbI
obuero cpegnero obpasosanus. OJHa U3 OCHOBHBIX 3334 pedop-
MbI — Y4eT UHANBUIYAJIbHBIX 0COOEHHOCTEN YUIAIXCsI, UX HHTEPECOB
u ciocobuocTeit. C 310i 1161610 3aKoHOM HpeaycMoTpena auddepen-
IUaIsl cpeJHeil MIKOJIbI, 0CODEHHO ee crapiiero 3seHa. IlosiBunuch
JITEU, KOJLJIEKU, TUMHA3WH, IIIKOJIbI U KJIACCHI C YIIyO/IeHHbIM U3y-
JeHneM (DU3UKHU, BO3MOXKHOCTD MOJMOTOBKH K 9K3aMeHaM Ha YUEeHYIO
crenenb OakasaBpa. Bosuukiia norpebHOCTH B yueOHBIX MOCOOUSIX,
rjae ¢pusznka usnaragack 0bl Ha Topaszao bojee BHICOKOM YPOBHE, UeEM
9TO BO3MOXKHO B YUE€OHMKAX JJIsT MACCOBOH IITKOJIBI.

1M TPeOOBAHUAM YJIOBJIETBOPSIET MPEJJIAraeMblii BHUMAHUIO
gnTaresieit AByXToMHUK «OcHoBbl husukuy». OH npeacTaBisieT coboit
JeTaIbHO MepepabOTAHHBIA U CYIIECTBEHHO [IOMOJTHEHHbBIN BAPUAHT
JIBYXTOMHMKA TIOJ] T€M K€ Ha3BaHHEM, KOTOPbIA M34aBaJICs Ha pyc-
CKOM 1) 5 AHTJINHCKOM 2) , IIOJIbCKOM 3) , HCTIAaHCKOM 4) A3bIKAX.

KHura nosp3oBagack 60JbINONH MOMYJISPHOCTBIO Y yUaluxcst (u-
3UKO-MATEMATUYICCKUX HIKOJI, YYaCTHUKOB (bI/I3I/ILIeCKI/IX OoJIMMIINA I,
y YUYUTeJeH U CTYyJAEeHTOB, Y aONTYPUEHTOB IMPHU MOATOTOBKE K BCTY-
IINTECJIBbHBIM 9K3aME€HAM B BBICIIIHUEC y‘{e6HbIe 3aBCACHUA.

B sToMm m3gaHum coxpaHeHa OCHOBHAsI UJEsI Kypca — OpraHude-
CKOE CoYeTaHue ujeil COBPEeMeHHOH u Kjiaccuueckoil ¢pusuku. Pess-
TUBUCTCKHE, KBAHTOBbIE M CTATHUCTUYECKHUE TPEICTaBACHUsT (DOPMMU-
PYIOTCSI B HAUAJIE U JAJIee CUCTEMATUIECKN UCIOIB3YIOTCS 110 BCEMY
Kypcy. B aToM u3gaHun yTouHeHbl HEKOTOPbIE MTOHSITUST PEJITUBUCT-
CKOI (1)I/I3I/IKI/I, YCTaHOBJIEHA MX CBA3b C KBAHTOBBIMU IIPEACTABJACHU-
AMU. Pa,C]_HI/IpeHO HUCIIOJIB30BAHUE KBAHTOBBIX I/Iﬂeﬁ, B 9aCTHOCTHU, 3a
cYeT BBeJIeHMsT ogHOMepHoro ypasHenus lllpeaunrepa u ciemcrsuii
u3 Hero. JlonoyiHeHbI CBeIeHNsT 0 CBOMCTBAX BEIECTBA, — MOy TPOBOJI-

Y Seoperut B.M., Muncrut A.A. Ocuosbt dusukn. T. 1, 2. — M.: Hayka, 1969,
1974, 1981.

%) Yavorsky B.M., Pinsky A.A. Fundamentals of Physics. V. 1, 2. — Moskow:
Mir Publishers, 1975, 1979, 1987.

%) Yaworski B.M., Pinski A.A. Elementy Fizyki. T.1, 2. — Warszawa:
Panstwowe Wydawnictwo Naukowe, 1977, 1979.

%) Yavorski B.M., Pinski A.A. Fundamentalos de Fisica. V.1, 2. — Moscu:
Editorial Mir, 1983.
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HUKaX, SIBJIEHUSAX CBEPXTEKYUYECTHU YKUJKOTO T'eJiUsl U BICOKOTEMITE-
paTYypHOI CBEPXITPOBOIUMOCTH. 3AHOBO HAMKCAHA TJIaBa 00 jIeMeH-
TApHbIX YACTUIAX C YUETOM TOCJIEJHUX JOCTUXKEHU B 9TOi 0biacTu
dusnku.

ABTOpPBI HAJIEIOTCS, YTO YUTATEJIU, U3YUUBIITHE (PUUKY IO ITOMN
KHUTE, MPUOOPETYT TiyOOKHe U TMPOUHbIe 3HAHUs B 00JIACTU ITOM
CJIO>)KHOM, HO yBJICKATEJIbHON HAYyKHU.

B.M. feoperuii, A.A. [Nuncruii

Kak paboraTth HaJ KHUTO

B kuure nmpunsiTa OomnpeaeseHHAsi CUCTEMa CChLIOK HAa MPEIbIIy-
Uil Matepuaj B BUJE yKazaHuil jubo Ha maparpad, rje oH pac-
CMOTpeH, J1ub0 Ha (GOPMYJIbI, HA OCHOBE KOTOPhIX BEJIETCSI PACCyXK-
nenne. Feau Bol aTOT MaTepuas He MOMHUTE, TO BEPHUTECh K HEMY
U TIOBTOPUTE, JIWIIIh TOTJA BaM CTAHET siCEH CMbICJ HOBOro. B Tekcre
UMEIOTCSI YKA3aHWsI U HA MOCIEAYIONINe pa3jesbl win mnaparpadobi,
r7ie pacCMATPUBAEMbIi MaTepuaJsi OyIeT UCIOIHL30BAH UJIU PACIIUPEH
U yriybJieH. DTO yKa3bIBaeT HA 3HAUYEHUE JAHHOTO MAaTEpUaJIa, [Jisi
JaJbHEeHIIero u3a0KeHusl.

Huist obsiertenust morcka HeOOXOAUMON HHGMOPMAIIUN — MOHSATHIA,
3aKOHOB, sIBJCHHUI U T.M. — B MOCOOHUU MMEIOTCsS MOAPOOHOE OrJIaB-
JICHHE W TIPEJMETHbIA yKa3aTesb. B HUX yKa3aHbl CTPAHUIIbI, T7Ie
9TOT MaTepHUaJI HanboJIee MOTHO U3JI0XKEH JINDOO BCTPEUAETC sl BIIEPBbIE.
[anbHefiime cCbIKM MOXKHO HAHTH B TEKCTE.

B macrositiiee BpeMmsi Bce MOHSITHSI U 3aKOHbI (DU3UKU TPYIINHU-
pyioTcsi BOKPYT (DyHJaMEHTAJbHBIX TEOPHUii: HbIOTOHOBCKON Mexa-
HUKHA U TEOPUUM OTHOCUTEIbHOCTU, MOJIEKYJISIPHO-KUHETUIECKO TeOo-
pUU ¥ TIPUHIIUIIOB TEPMOJUHAMUKN, TEOPUU JEKTPOMATrHUTHOTO TMO-
Jisl ¥ 3JIEKTPOHHOM Teopuu, TeOpUHU KojiebaHuil, KBAHTOBOW TEOPUHU.
YcBoeHMe 9TUX Teopuii CrocodCcTByeT Gojiee TiTybOKOMY MOHUMAHUIO
CYIIHOCTH (PUBUUECKUX SIBJICHWI W 3aKOHOB, MO3BOJISIET C €JWHBIX
no3utuii 0603peTh OrpoMHbBIi (hakTUUeCKuit MaTepuas. Bmecre ¢ Tem
ycBoeHHe (pyHJaMEHTAJIbHBIX TEOPUil TPpeOyeT OT M3Yy4aloliero JaH-
HOE ToCcOOUe BHUMATEIBHOTO aHAJIN3a OT/IEIbHBIX MOJIOKEHUH, hak-
TOB M 3aKOHOMEPHOCTEH U OMpejiesieHns UX MeCTa B cucreme bu-
3uveckux teopuii. [Ipu 3TOM OveHb BaXKHO YSICHUTH cebe, SIBJISIeTCsT
JIM JAHHOE TTOJIOXKEHUE OITPE/Ie/IEHUEM, IKCIIEPUMEHTAJIHHBIM (DAKTOM,
JIOTUYECKUM CJIEJICTBUEM Uik 00001menneM u T. . TOJbKO Mpu TakoM
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OTHOIIEHUY K U3JI0’KEHHOMY MATEPUAJIy BO3MOXKHO €ro rirybokoe mo-
HAMAHUE, 8 OHO SBJISIETCS HEOOXOIUMbBIM YCJIOBHEM MPOYHOTO YCBOE-
Hust (PUIUKHA.

Ob6paTuM BHUMAHUE YUTATENS] HA HEOOXOIUMOCTh CUCTEMATHYIE-
CKOI U MOCJIeIOBATE/IBHOM paboThl HaJT mocobuem. eso B Tom, 9To
KaK 10 00beMy MaTepuajia, TaK 1 1Mo CTPYKTYPe JaHHAs KHUTA CYIIe-
CTBEHHO OTJIMYAETCsT OT IPYTUX MOCOOUIL.

B kHure MaTtepuaJj u3jaoxkeH B JIOTHUECKON MOC/IeI0BATEILHOCTH,
COOTBETCTBYIOIIEHl OCHOBHOMY 3aMBICITY, U B 9TOH Ke MOC/IeT0BATEb-
HOCTU OH JTOJKEH M3yYaThcs. JIuilb BHUMATENbHOE YTeHue, pa3dbop
BCeX BBLIKJIAJOK U UX CAMOCTOSITEJLHBIM BBIBOJ, YCBOEHUE JIOTUKU
dbusndeckx paccyKJAeHuil MpUBEJeT K HCTUHHOMY MOHUMAHUIO CY-
MECTBA BOIMPOCA U ABTOMATUYECKH, HEITPOU3BOIBLHO Oyner crocob-
CTBOBAThH MPOYHOMY 3aroMuHaHuio. B 9TOM mjiaHe BeCbMa MOJIE3HO
KOHCIIEKTHPOBAHUE MATEPUAIa, OCOOEHHO TOM €ro 4acTu, KOTOpas
obo3HauYeHa B TIPOrpaMMe Jijisl MOCTynawmux B By3bl. Qnpejenenus
¥ BBIBOJIBI CTapaiiTech (POPMYJUPOBATH TOUHO, CBEPSISICh C TEKCTOM
nocobus, mpu ITOM Pedb UAET, KOHEUHO, O TOYHOCTHU IO CYIECTBY,
a He 0 JTIOCJOBHOM COBTIaIeHUU (DOPMYJIUPOBOK.

[1pu pabote Ha mocobuem 0OpaTUTE BHUMAHNE HA OMTUCAHUE OTIbI-
TOB. BOJIBIITHHCTBO ONMBITOB, PACCMOTPEHHBIX B KHUTE, — 3TO hyHIa-
MEHTAJIbHBIE IKCTIEPUMEHTHI, MTOCTYKUBIIINE OCHOBOH /Jis1 pa3paboT-
KU TON Wil UHOM (PU3NUECKONH TEOPUH.

Bbicokuii TeopeTuuecKuii YpoBeHb pa3BUTHsT (PUIUKU MTPUBOIAUT
K TOMY, YTO B Heif BeCbMa IIMPOKO UCIOIBL3YIOTCS] MaTeMaTUeCKHe
METO/Ibl U OYE€Hb MHOTHUE TIOJIOYKEHUSI BHIBOIATCH U3 OCHOBHBIX. Bme-
cTe ¢ TeM (pU3MKA KAK 9aCTh €CTECTBO3HAHUSI SIBJISIETCS HAYKON IKC-
MEPUMEHTAJIBLHON. DKCIEPUMEHT CJIY>KUT B HEH KaK UCXOAHON 6a30ii,
MOCTABJIAONICH (DAKTUIECKHIT MAaTEepPUaJj, TAK U METOJIOM MPOBEPKHU
TOTO WJIA WHOTO CJIEJICTBUSI TEOPUH. €M CAMBIM IKCIIEPUMEHT SIBJIsI-
ercst kpurepuem uctutbl. C Apyroii CTOPOHBI, ONMUCAHNE B KHUTE Psijia
9KCTIEPUMEHTOB UMEET I1€JIbI0 O3HAKOMUTD YUUTATEIST C MHOTOYUUCTIEH-
HBIMU TTPUMEHEHUSIMU (PU3UKU Ha MPAKTUKE.

Dusuky HeJb3s1 U3YUUTh, He HAYUUBIINCH peliaTh 3aga4du. s
3aKperJieHnsT 3HAHWI U COBEPIIIEHCTBOBAHUST YMEHUS PENIaTh 3a/1a4u
MOXKHO BOCIOJIb30BATLCS PSIIOM 3aJAYHUKOB, U3JAHHBIX B TOMOIIb
MOCTYTAIONMM B By3bl. B YaCTHOCTH, M3/aH 3aJa4HUK 1), B KOTO-
POM BCe 3aJa4d U pelleHus1 K HUM COTJIACOBAHbI C TEOPETUYUECKUM
MaTepPUAJIOM JIBYXTOMHOTO MOCOOUS O 00beMy MOHATHUH, MOPSAAKY
U3JI0KEHUs, cucTeMe 0003HAYEHH U T. 1.

D Muncxut A.A. Bagasn no dpusnke. — M.: ®usmaraur, 1977, 2000.
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[IpeaBapuTesibHO PaCCMOTPUTE BCe TMPUMEPHI, pa3obpaHHbIE
B JIBYXTOMHWKE, 3TO OOJIErYUT peIleHre AHAJOIMYHBIX 3a/ad.
Caeayer ydectb, 4TO pemieHue (u3nyuecknx 3agad  (MCKJIoYast
CTaH/IAPTHbBIE YIIPAYXKHEHUsI) — ITO TBOPYECKAs! JAESTETHLHOCTD, TJIOXO
MO/IJIAIOIASICST CTAHAAPTU3AIMKA U ajropurMmusaiuu. [losTomy He
HAJ0 BOAJATH B MAHUKY, €CJIU Cpady 3afady PelIUTb He YIaJIOoCh!
Yaime Bcero 3To CUrHAJ O MOBEPXHOCTHOM, (hOPMaJbLHOM YCBOEHUU
Teopun. BepHuTech elne pa3 K COOTBETCTBYIOIIEMY Pa3/IesTy mocodust
U U3yunTe ero 6ojee BHUMATEIbHO. B TpyaHbIX CIydasix HE CJIeTyeT
npeHedperaTh TMOMOINBIO TPENoJaBaTe s, TOBAPUIINEH, a Tak>Ke
YKa3aHUSIMU, KOTOPbIE UMEIOTCSI B KOHIIE 33/ JaYHUKA.

2Kenaem unrarento ycnexos B paboTe HaJl JaHHBIM ocoOreM!

B.M. Aeopckuti, A.A. [Nunckud



YHacts 1
JABN2KEHUE N CJIBI

I'nmasa 1
CKOPOCTB

§1.1. Mexaaudyeckoe JBUXKEHUE

1. Bce Tes1a, okpy2Kaloliye HaC, OT 3B€3/] U IJIAHET 10 TAKUX MeJTb-
JaliIInX YacTUL], KaK aTOMbI ¥ UX COCTaBHbIE YaCTH, HAXOASTCA B CO-
CTOSTHUY HeNmpepbIBHOTO faBrKeHus. [Ipocteiitieii popmoit nrxkenus
ABJISIETCA U3MEHEHHE MOJIOYKEHUST TeJ JPYT OTHOCUTEJbHO JApyra —
METGHUBECKOE DBUNCEHUE.

Mexannyeckoe IBUKEHHUE JIE2KUT B OCHOBE JICHCTBUST OOJIBIITNH-
CTBa MEXaHU3MOB M MalllMH, B OCHOBE JIBUKEHHS BCEX BUJOB TPAHC-
nopta. BmecTe ¢ TeM OHO sIBJISIETCS U COCTABHO YacThIO Hosiee CJI0XK-
HBIX, HEMEXaQHUIECKUX MPOIeccoB. TaK, TEIIOBbIE SIBJICHUST CBI3AHbI
¢ 6ecropsiIOYHBIM JIBUKEHUEM MOJIEKYJI; U3/Iy9YeHUe CBeTa — C JIBU-
JKeHHEM 3JIeKTPOHOB B aTOMax; si/iepHble peaKIuu — C ABUKCHHUEM
U B3aUMOJICHCTBUEM 3JIEMEHTAPHBIX YacTHI] (IIPOTOHOB, HEATPOHOB,
Me30HOB). YUHCII0 9TUX IPUMEPOB MOYKHO ObLIO ObI YMHOXKHTb.

2. Jlnst onucanusi JBU2KEHUST TeJa CieyeT YKa3aTh, KaK IBUXKYT-
cs1 BCE ero TOYKU.

OpauM u3 BUJOB JBUXKEHHUSI TEJT SIBJISIETCS NOCMYNAMENDHOE
deudicenue, MPU KOTOPOM BCE TOYKHU TEJA JIBUXKYTCSI COBEPIIEHHO
OJIMHAKOBO; MPsIMasi, COeJUHSIIONMAs /IBe MPOU3BOJIbHbIE TOUYKHU TeJIa,
[IePEHOCUTCH TapaJsllesIbHO CaMoil ce-
6e (puc.1.1). OueBugno, uro st B, B
OMUCAHUSA TMOCTYNATEJTbHOIO JBUXKE- ‘ ~-- 1
HUSI TeJIa JIOCTATOYHO OMUCATD IBUXKE- | oo --t--~un _— ‘
HUE KaKOH-JMbO0 OJIHOI ero TOYKH. 7 N ’

Apyrum mpocThiM BUIOM JIBUXKE- A,

HUS SIBJISIETCS 8Pawamenvhoe deudice-

Hue, TPU KOTOPOM BCE€ TOYKU Te- Puc. 1.1

Jla OMUCBIBAIOT OKPY?KHOCTHU B MapaJi-

JIeJIbHBIX TJIOCKOCTAX, TPUYeM I[eHTPBI 3TUX OKPYKHOCTEN JexKaT Ha
OJTHOI TIPSIMOIA, Ha3bIBAEMOIi OChIO BpaleHusi (puc. 1.2).

3. Ilpu pemienun psia 3a7ad MeXaHUKU MOXKHO OTBJIEULCS OT
bopMbI 1 pa3MepPOB TeNla U PACCMATPUBATH TEJIO KAK MATEPUAJIBLHYIO
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Touky. Mamepuasvroti moukoli Ha3bIBAETCS TEJO, Pa3MEPAMU KOTO-
poro MOXKHO TpeHedpeyb B JAHHOI 3ajade.

EcrecTBeHHO, YTO MOHSITHE MAaTEPUAIBLHON TOUYKHU SIBJISIETCS ab-
CTpaKliieif, YTO HUKAKUX MATEPUAJbHBIX TOYEK B IPUPOJE HET.

OiHaKO MOCTAHOBKA Psifia 33/1a4 MEXAHUKH Ta-
d) KOBa, YTO MO3BOJISIET C YCIIEXOM IOJIb30BATHCSI
9TOi abCcTpakiiueii.

HeiicTBUTEIbHO, €C/ii MAacCaXKupa MHTEpe-
CyeT, CKOJIbKO BPEMEHU HY>KHO CaMOJIETY, UYTO-
661 goseteTh 13 Mocksbl 70 HoBocubupcka, To
COBEPIIIEHHO He HY>KHO 3HATh XapaKTep JIBUXKe-
HUsI OTJIeJILHBIX YacTeil camosieTa. B To ke Bpe-
Msl HEJIb3s TIpeHeOpeyh padmepaMu u (HopMoii
caMmoJieTa, u3y4vasi TaKue sIBJIEHUsI, KAK B3JIET, I0CAJIKA, COMTPOTUBJIE-
HHE BO3/JyXa U T. II. AHa.J'IOl"I/I“IHO MBI MO>KEM CHUTATH 3€MJIIO u apyrue
NJaHETbl TOYKaMH, €CJAU HaC UHTEPECYET XapaKTEp UX ABUXKEHUA
BOKpPYT COJIH]_[a,. OI[Ha.KO €CJIN HY?KHO BbISICHUTDb IPUYUHbI CMEHbI JTHSA
U HOYM WJIUM BPEMEH rojfia, TO 3eMJII0 Y2K€ HEJIb3si CYUTATb TOYKOIA,
a cjefyeT yUUTBHIBATHL €€ pa3Mepbl, BpallleHHe BOKPYT OCH, HAKJIOH
9TO OCH K TJIOCKOCTH OPOUTHI U T. 1.

Takum 0o6pa3om, OJHO U TO XKe TeJIO B OJHUX 3a/a49aX MOXKHO
paccMaTpuBaTh KaK MaTepHAJbHYIO TOUKY, a B JPYyrux 3ajadax Tak
NOCTYNaThb HEJIb34I.

Puc.1.2

§1.2. Cucrema otrcueta. TpaeKkTopusi

1. Ecniu paccMoTperh siBJIeHNsI, TIPOUCXOsIIIIUE BOJIU3U MOBEPX-
HOCTHU SeMJ'[I/I, TO MBI y6eﬂI/IMCH B HEPABHOLIEHHOCTU PA3J/IMYHBIX Ha-
MpaBJIEHUI B MPOCTPAHCTBE. Tak, TeJo, BLIMYIEHHOE U3 PYK, BCE-
rJa JIBUXKETCsl 10 BEPTHKAJLHOMY HAIPABJICHUIO BHU3 (MPUMEPHO
K HEHTPY 3eMJin ); CBOOOHAS TIOBEPXHOCTH YKUIKOCTH PACIIOIATAeTCsI
B TOPU30HTAJILHOM TJIOCKOCTH; JIJIsl JIBUPKEHUsI TeJjia 10 BePTUKAJIH
BBEPX €My HY?KHO COOOIIUTbL HAYAJLHYIO CKOPOCTb, [JIsI JIBUXKEHUS
’Ke TeJia M0 BEPTUKAJIM BHU3 HAYaJIbHAsi CKOPOCTh He HYXKHA U T. JI.
DTa HEPABHOIEHHOCTb PA3JUYHBIX HAITPABJIEHUH B IPOCTPAHCTBE BbI-
3BaHa TeM, YTO 3eMJIsl IPUTATUBAET K cebe Tesia.

Ha BeCbMa 3HAYUTEJIbHOM PaCCTOAHUU KaK OT BeMJII/I, TaK 1 OT
OpYTUX IJIAHET U 3Be3] Mbl O0HAPYKUJIU Obl, UTO 68 NPOCMPAHCNEE,
c80600HOM OM GOALWUT Men, 6CE HANPABAECHUSA PABHOUeHHDL. MbI
TOBOPHUM, YTO C60600HOE NPOCMPAHCMEO USOMPONHO, T. €. B HEM HET
BbIJICJIEHHBIX HAIMTPABJIEHU#, 00J1a/JaI0NINX 0COOBIMU CBOMCTBAMMU.

TouHo Tak »ke paBHOLIEHHBI BCE TOYKH MTPOCTPAHCTBA, €CJTA BOJIU3N
3TUX TOYEK HET OOMBIINX TeJ TUIIA IJIaHeT uiu 38e31. Ceobodroe npo-
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CMPAHCMB0 00HOPOJHO, T. €. B HEM HET TOYeK, 06JIaJaloImuX 0COObIMU
CBOMCTBaMHU.

2. O0HOPOOHBIM ABAAEMCA MaKIHce epems. A UMeHHO, JTIOObIE sB-
JIGHUSI, TIPOUCXOASIINNE B OJHUX U TEX XK€ YCJIOBHUAX, HO B Pa3HBIE
MOMEHTbI BPEMEHH, MTPOTEKAIOT COBEPIIEHHO OAuHAaKoBO. JleficTBu-
TEJIbHO, €CJIN CETOJHS MAaJIEHbKWi MIAPUK TMAaJaeT ¢ BbICOTHI 6 M 3a
1,1 ¢, To B 9TOI1 2k€ JTADOPATOPUY C ITOM 2KE BHICOTHI OH MAIAJT CTOJBKO
2K€ BPEeMEHU U MeCsII| Ha3a/], U [0/l Ha33/l, U CTOJBKO K& BPEMEHH ero
najgenue 6yaet npomomkarbest 1000 JieT crmycTst.

3. Kak mbl ybeaumcst gasiee, u3 hakTa OJHOPOJIHOCTH BPEMEHH,
OJTHOPOJIHOCTU W U30TPOIMHOCTU CBODOHOTO MPOCTPAHCTBA, BHITEKAET
PsiJl BAXKHBIX cjieficTBHi (cM. ru1. 23). OZHO U3 HUX MBI MOXKEM YYeCTh
yKe cefidac: pa3 MpOCTPAHCTBO OAHOPOJHO U M3OTPOIHO, TO HEBO3-
MOXKHO OIPE/IEUTh MOJIOXKEHUE MATEPUAJTbHON TOUKHA OTHOCUTEIHHO
MPOCTPAHCTBA.

OnHako BHOJTHE BO3MOXKHO OMPEJENUTD TOJIOXKEHNE OHOTO TeJia
OTHOCHUTEJILHO Apyroro. Hampumep, noioxkeHne JJaMIOYKA B KOMHA-
Te TIOJTHOCTBIO 3a/IA€TCs €€ PACCTOSTHUEM OT TOJIa U PACCTOSTHUSIMU
IO IBYX B3aMMHO MEPHEHAUKYJISIPHBIX cTeH. C MOMOIIbI0 TAKOM 2Ke
TPOUKH YUCEST MOXKHO OIPEIE/IUTD MOJIOXKEHUE JIIOOOr0 APYToro Tea,
HAXOJSIIETOCS KAK BHYTPU KOMHATBI, TAK U BHE €e.

HemogBuxkHoe TeNo, OTHOCUTEJHLHO KOTOPOTO OMpPEAENSeTCs
MOJIOKEHHE BCEX OCTAJbHBIX TEJI, HA3BIBACTCA MMEAOM OTCUENLA.
C Tejiom oTcYeTa OOBIYHO CBA3BIBAIOT TPU BIAUMHO MEPHEHIUKY-
JISpHBbIE TIPSIMbIE — 0CU KOOPAUHAM,
(puc. 1.3). IMonoxkenue TouKu xapak-
TEPU3YyeTCsi KOOPAUHATAMU &, Y, 2.

Cucmemoti omcwema Ha3BIBAECT-
C CUCTEMa KOOPJWHAT, CBI3AHHASI
C TEeJOM OTCYeTa, U COBOKYIHOCTh
CUHXPOHU3UPOBAHHBIX YaCOB, TTOMeE-
MEHHBIX B PA3HBIX TOYKAX CHUCTEMBbI
KoopAauHAT. MeTon CHHXPOHU3AIUN
4qacoB OyeT paccMoTpeH B § 12.3.

B npuniiumne jgr060e TESTO MOXKET
CJIy>KUTb T€JIOM OTCY€Ta, OJITHAKO He Puc.1.3
BCE CHCTEMBI OTCHETAa MOTYT OKa-
3aThCs OJJUHAKOBO yI00HBIMHU. Tak, ABUMKeHHE aBTOMOOMJIST YI100-
Hee PacCMATPUBATH B CUCTEME OTCYUETa, CBI3aHHON ¢ 3emyieil, a He
¢ Comnrem unu Jlynoit. HaoGopor, nBukenne mianer ygobHee pac-
CMATPUBATh B CUCTEME OTCUETA, CBsI3aHHOM uMeHHO ¢ CostHIeM, a He
¢ SemJteil UM APYTOi MJIAHETON, — 3aKOHBI JBUKEHUS TLJIAHET Oy 1y T

* X

Ochb anmIukaT ~
n

Ocb opauHaT

it v= Tttt
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onuchIBaThCs mpoire. HekoTopbie KpuTepuu BbIOOPA CUCTEMBbI OTCYE-
Ta Oy/IyT PacCCMOTPEHbI HUXKE.

4. JIBM>KyIiasicst TOYKa OMHUCHIBAET B 3aJJaHHOM CUCTEME OTCUETA
JIMHUIO, KOTOpasi Ha3biBaeTcss mpaekmopueti. Tak, eciau 3axkedb mpy-
THK 1 OBICTPO BpAIlaTh €ro B BO3/yXe, OCODEHHO B TEMHON KOMHATE,
TO OTYETJIUBO Oy/IeT BU/IHA TPACKTOPUS JBUKEHUST YTOJIbKA HA KOHIIE
npyTuka. QopMa TPaeKTOPUU 3aBUCUT OT BHIOOPA CUCTEMbI OTCUYETA.
HeiicTBUTEIbHO, TIYCTh TEJIO MaJaeT B BaroHe, KOTOPBIH JBUXKETCs
oTHOCUTELHO 3emiu. Torga TPaeKTOpUsl 9TOrO TeJia OTHOCHTEIHHO
BaroHa Oy/IeT MPsIMOiA JIMHUEH, OTHOCUTENILHO >Ke 3eMJid 3TO OyJeT
KpuBasi (IIPU OTCYTCTBUU CONMPOTUBJICHUsT BO3/yXa — mapabosa). To
2Ke caMoe MOXKHO CKa3aThb O TPAEKTOPUU, KOTOPYIO OMUCHIBAET KaKasi-
JinbO TOUKa MPOTeJIepa ABUXKYIIErocs camojieta. B cucreme koopau-
HAT, CBSI3AHHOM C CAMOJIETOM, 9T TOYKA JBUXKETCSI 110 OKPY>KHOCTH;
B CHUCTEME >Ke KOODJWHAT, CBsSI3aHHON ¢ 3emJeii, OHa JBUXKETCS 10
BUHTOBOI JIMHUU.

Takum obpasom, nousTe (GOPMbI TPACKTOPUM UMEET OMHOCU-
meavholti cmoica. Hemb3st roBoputh 0 bopMe TpaeKTopunu BOODIIIE;
peyb MOXKET UJTH JIUIIh 0 (OPME TPAEKTOPUU B 3aJaHHONA CUCTEME
orcueTa (cucTeMe KOOPMHAT).

§1.3. IIpamoauneiiHoe nBuUkeHNE. 3aKOH ABUKEHUSA

1. ITyctb B HEKOTOPOIi cuCTEME OTCYETa MaTepHUaIbHasT TOUKA, JIBU-
JKeTCs1 1o mpsiMoii. Toraa y06HO HANPaBUTh BOJb 9TOM TPAEKTOPUN
OJIHY U3 OCeil KOOPIUHAT, HapuMep och abciuce. B Kaxapiit MOMeEHT
BPEMEHU JBUXKYIAsICS TOYKa OyJeT UMETh BIOJHE OINpPEEeSIEHHYIO
KOODJMHATY. A 3TO 3HAYUT, YTO KOOPAWHATA JBUXKYIIEHCS TOYKHU
ectb dyukuus Bpemenn: = f(t). Bug sroit byHKIMY 1 ecTh 3aKk0H
deustcerus.

2. [1J1s1 TOro 4To0bI SKCIEPUMEHTALHO ONPEIETUTh 3aKOH JIBUYKE-
HUsI, HeOOXOAMMO, YTOObI ABUXKYIIASICST TOYKA KAKUM-JTH00 00pa3om
OCTaBJIsLJIa, METKU Ha, OCH KOOPAUHAT.

[TycTh, HanpuMep, HAC UHTEPECYET 3aKOH JIBUXKEHUSI ICKAJIATOPA
MeTpornosinTeHa. /st 3Toro Mo»XHO ObLIO ObI BAOJIb CTE€HBI HATSI-
HYTb 6yMaXKHYIO JIEHTY, & CTOSIIIEMY Ha, JIECTHUILIE SKCTIEPUMEHTATOPY
aTh B PYKHU NpUOOP, KOTOPbIA Yepe3 paBHbIE TPOMEXKYTKH BPEMEHH
(Hampumep, Yepe3 KaXKylo CEeKyH/y) HAHOCHJ Obl HA JIEHTY METKH.
PesysibTaT 3KcnepuMenTa MOXKHO cBecTd B Tabur. 1.1:

Tabauna 1.1
MowmeHT Bpemenu t, ¢ 1 2 3 4 5 6 7 8
Koopaunnara z, M 1,75 | 2,50 | 3,25 | 4,00 | 4,75 | 5,50 | 6,25 | 7,00
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DTOT IKCIEPUMEHT HE TO3BOJISIET HAJEXKHO ONMPEJIETUTh MOJI0XKe-
HUsI TOYKHU B MPOMEXKYTOYHbIE MOMEHThI BpemeHU. OHAKO MOXKHO
nojobparsk Takyo dbyHkuuio x = f(t), 3HadeHus: KOTOpoil npu t =
=1; 2; 3urna 6eun 661 & = 1,75; 2,50; 3,25 u 1. a. Herpyano
ybequThest, 9TO 3TO OyaeT Jinneitnas dbyukius ¢ = 1 4 0,75t [Ipen-
MoJiarasi, YTO XapaKTep JIBUKEHUsT HE MEHsUJICS B TPOIECCe HAIIErO
UCCIETOBAHUST, MBI UMEEM TPABO CYUTATD, YTO U /1T BCEX OCTAJBHBIX
MOMEHTOB BPEMEHH, JIeXKAllUX B WHTEPECYIOUUX HAC Tpeesax, Ko-
OP/IMHATA BBIUUCJISIETCSI TI0 ITOMY Ke 3aKOHY.

3amMeTuM, 4YTO YeM MeHbIIe OyayT MPOMEXKYTKU BPEMEHU MEXK, Ty
JIBYMsI TIOCJIEI0BATEbHBIMU METKAMU, T€M OOJIbIlle OCHOBAHUIA MMO-
JIaraTh, YTO HAllle MPENOJIOKEHAE O XaPAKTEPe 3aKOHA, JIBUYKEHUS
6sin3Ko K uctune. [losTomy mpu sKcrnepuMeHTAIHLHOM U3YYEHUM 3a-
KOHA, JIBUZKEHNsT HEKOTOPOTO TeJIa CYIIECTBEHHYIO POJIb UTPAeT 00beM
uH(OpMaNuu: YeM HOJIbIIE MbI TIOJTYYUM METOK W YeM MeHbIie Oy 1y T
MPOMEYKYTKU BPEMEHU MEXK/TY JBYMsT COCETHUMU METKaMU, TeM boJiee
TOYHO MOYKHO OTPEJIEJIUTh 3aKOH JIBUYKEHUSI.

3. llpeanosnoxkenue, 4To XapakTep JABUKEHUsI HE MEHSIJICSA B MTPO-
1ecce UCC/IEIOBAHNS, UMEET NPUHIUNUAIbHOe 3HadeHue. [leiicTBu-
TEJIbHO, MYCTh K KOHILY JECSTOU CEKYH/bl YEeJIOBEK, CTOSBIIUNA 0
9TOTrO HEMOABUKHO Ha CTYTMEHbKE 9CKAIATOPA, PEIITUI YCKOPUTD CITYCK
U CTAJI IIAraTh MO CTYMEeHbKaM BHUA3. KCTecTBEHHO, YTO XapaKTep ero
JIBUKEHUsT CYIIECTBEHHO U3MEHWJICSI, U MbI y K€ He BIIpaBe MoJIb30-
BaThCs HAWIEHHBIM pPaHee 3aKOHOM JIBUXKEHUsT JI7Is1 MOMEHTOB BpeMe-
HU T10CJIE JIECATOM CeKyH/Ibl (OT HavYasa SKCIePUMEHTA).

Takum 00pa3oM, IKCMIEPUMEHTATHLHO HANEHHBIM 3aKOHOM JIBU-
JKEHUsI MOYKHO TOJIb30BATHCS TOJIBKO B TOM HHTEPBAJiEé BPEMEHH,
B TEUEHHE KOTOPOr0 MPOBOAWIOCH UCC/IEOBAHUAE. DKCTPATIOIAIUAS
(T. e. MpUMeHeHUE HAliIEHHOTO 3aKOHA JJisi Gosiee MIUPOKOTO MHTEP-
BaJila BpEMEHH) BO3MOXKHA JIUIIIb TOCJIE JOTIOTHUTEILHOTO UCCIIe/I0Ba-
HUs1, TIO3BOJISTIIONIEr0 YCTAHOBUTD, YTO XapaKTep JABUKEHUsT He U3Me-
HUJICST.

§ 1.4. PaBHOMepHOe JABUXKEHUE

J/IBUKeHMe MaTepPUAbLHOM TOYUKN HA3LIBAETCS PABHOMEPHDBIM, €C-
JIM KOOPAWHATA TOYKU SIBJIIETCS JTUHEHHON QyHKIHEN BpeMeHu:

x = vt + xp, (1.1)

TJle U U Tg — CKOPOCTh IBUYKEHUST U HaYaJbHasi KOOPUHATA COOTBET-
CTBEHHO.

2. 3aKOH JBUKEHHUsI OYEHb HAIJISIIHO M300parkaeTcsl ¢ MMOMOIIBIO
epagura. [yist 370 e CTPOUM Ha NIJIOCKOCTH CUCTEMY KOOPUHAT,
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OTKJIaJIbIBast Ha ocu abcIuce BpeMsi ¢, a Ha OCH OPJAWHAT — MEePEMEH-
HYIO0 KOOpAUHATY Touku (Harmpumep, ). OTKIabIBasi Mo 00eUM OCsIM
COOTBETCTBYIOIINE 3HAUEHUSI IEPEMEHHBIX, B3sAThIe u3 Tabut. 1.1, mpo-
BOJIUM B TUX TOYKAX MEPIEHUKYJISAPbI K 0CAM KoOpauHAT. JIuHus,
MJIABHO COEIUHSAIONAsi TOYKU TepecevyeHnsi, U ecTh 2paduk deuoice-
Hus. [TockoIbKY B pAaBHOMEDPHOM JIBUXKEHUHU KOOPJIUHATA SIBJISIETCSI
JuHelHoM dyHKIMel BpeMeHu, To rpaduKoM 3TOTO JBUXKEHUST CITy-
KUT npsimast (puc. 1.4).

3. [lonaras B 3akone aABmkenus t = 0, uMeeM & = xg. ITO HAYAJTb-
Hasi KOOPJIUHATA, T. €. PACCTOSIHUE OT JABUKYIIEHCS TOUKHU 10 HAYAJIA
KOOD/IMHAT B HAYAJbHbBI MOMEHT BPEMEHH.

Cnenyer 0cob60 0O6paTUTh BHUMAHUE HA CMBICJ TIOHSITUS HAYAAb-
HOLT MOMEHN, BPEMEHY. DTO HUKOMM 00Pa30M He HAYaJjI0 JIBUXKEHUS,

a HA%aN0 IKCNEPUMEHMA NO UCCAE-
M 006aHUI0 JaHHO20 06UINCEHUA.
---------------------- YTo ke KacaeTcsi MOMEHTa, Ha-
YaJia IBUXKEHUsI, TO OH HAC He BCe-
r/la WHTEPECyeT, a WHOTJAa U BO-
BCE HE MOXET ObITb YCTAHOBJIEH.
Tak, acTpoHOM, HUCCAEAYIOMIMI 3a-
KOH JIBUXKEHUsI METEeOpHUTa, OOHa-
PY>KUBAET METEOPUT TOJBKO TOT/IA,
KOIJIa OH BONJET B CPaBHUTEJILHO
IJIOTHBIE CJIOM aTMOchepbl U pac-
KAJIUTCS. DTO U OyJeT HAaYabHbIH
Puc.1.4 MOMEHT — Ha4aJio HabJTIOIeHNsT, HO
OTHIO/Ib HE HAYAJIO JIBUXKEHUS Me-
TeopuTa. To ke OTHOCUTCS K JBUKEHHUIO JAPYTUX HeGecHbIX e (mia-
HET, KOMET), K JIBHXKEHHUIO KOCMUYECKUX YaCTUL| Yepe3 U3MEPUTEIIb-
HYI0 anmnaparypy, K [JABUXKEHUIO CaMOJIETa WJIM PAKETbl, KOrJa WX
0OHAPYXKUT PAJUOIOKATOP, U T. II.

[N STy ——
P
o

§1.5. IlepemenHOe ABU>KeHUE

1. Beskoe HepaBHOMEPHOE JBHIKEHUE HA3bIBAETCSA MEPEMEHHDBIM.
PaccMoTpum mepemeHnHOe IBMKEHHE Ha JABYX MpUMepax: Teja, Ia-
JTAIOIIEr0 ¢ HEKOTOPOil BBICOTHI, M TeJia, OPOIIEHHOTO BEPTUKAJIBHO
BBepx. B oboux ciaydasix Mbl UMeeM €0 C MPSIMOJIMHEHHbIM, HO
HEPABHOMEPHBIM, T. €. TEPEMEHHbBIM JIBUKEHUEM.

[TycTh MajeHbKUIA ¥ TOCTATOYHO TSDXKEJIbIH MIAPUK MAJAeT BOJIb
ocu anmInkaT. MeTKu Ha KOOPAMHATHOW OCH MOXKHO TMOJIYYUTh, Ha-
pUMeEpP, C TIOMOIIBI0 MOMEHTAJIbHON (boTorpadun, OTKphIBasi 3aTBOP
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arrapaTa 4epe3 paBHbIE MPOMEXKYTKU BPEMEHU. Pe3yJIbTa,TbI IKCIIC-

pumenTa cBegeM B Tab. 1.2:
Tabaunga 1.2

Momenr
BpeMeHH i, ¢

0,1 0,2 0,3 04 (05|06 |07|08]|09] 10

Koopau-

DA 110,049 | 0,196 | 0,431 | 0,784 (1,22 | 1,76 | 2,40 | 3,14 | 3,97 | 4,90
)

[MocTpous rpadguk ABUXKEHUSI, Mbl BUAUM, YTO OH — He IpsMasi
JIMHUS, 2 Tapaboia; 3aK0H JBMKeHus nmeeT Buj| 2 = 4,9t% (puc. 1.5).
2. Ecyiz ¢ IoMOIILI0 ONMCAHHOW METOIUKH UCCIIEI0BATE XapaKTep
JBUKEHUS Tejla, GPOIIEHHOr0 BEPTUKAJIBHO BBEPX, TO PE3YJILTATHI

9KCIEepUMEHTa cBeyTcst B Tab. 1.3:
Tabauma 1.3

MowmenT

npowtoma £, c | 0 | 02 [ 0410608 1,0 | 1,2 1,416 | 18 | 20

Koopau-
HATa Z, M

0 |1,74|3,14 4,12 4,70 | 4,90 | 4,70 | 4,12 | 3,14 | 1,74| ©

JlBr>keHne 371eCh TAKXKe IPSIMOJIMHEHHOE TepeMEHHOEe. 3aKOH JTBU-
skeHnst uMeet Buj z = 9,8t — 4,9t2. Ha rpaduke 3aKOH JBUIKEHUsT
n306pasuTcst mapabooii (puc. 1.6).

zZ,M
S e Z,M
i
a-_ ! 4+
o
e P A 3 .
] 1 1 1 1
1 1 1 1 1
““““““““ I 1 1 1 1
2r P 2 i i
""""""" | R 1 i
___________ 1 1 Il 1 1 1 1 1 1
| S SR TH i
1 1 i 1 1 1 i i i i
______ 1 1 1 1 1 1 1 1 1 1
e N N I P P
0 02 04 06 08 10¢c 0 04 08 12 1,6 20 tc

Puc.1.5 Puc. 1.6

3. Cuenyer obpaTuTh BHUMaHUE Ha NPUHIUNUAIBHOE OTJIUYNE
rpacduka ABUXKEHUS OT TPACKTOPUU. 1paekmopusi — dTO KpuUBasi,
M0 KOTOPO# MaTepuajbHasl TOYKA JIBUXKETCS B CHCTEME OTCUETA;
epagpur — ITO KPUBaAsi Ha UEPTENKE, COENUHSIONAs N300pakaroiime
TOYKHU B TIJIOCKOCTH KOOPAMHATA-BPEMSI.

[lapuk, magaroruii ¢ HEKOTOPOI BBICOTHI, U MIAPUK, OPOIIEHHBIT
BEPTUKAJIBHO BBEPX, ABUXKYTCSA MO TPAEKTOPUU OJWHAKOBOH op-
MBI — [0 MPSMO JINHUH, & TPadUKA y HUX PA3JUYHBbIE BCJIEACTBUE
HEO/IMHAKOBOI'O XapPaKTePa, [IBUKCHUS.
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§1.6. CpeagHsasa cCKOpPOCTH

1. PaccmoTpum ciy4ail, Korja MartepuajbHas TOYKa JBUXKETCS
BJIOJTb KAKOM-1MO0 OCH KOOPUHAT BCE BPEMsI B OJTHOM HAIPABJICHUH.

[lepemeweruem MaTepuaIbHON TOUKM 33 TMPOMEXKYTOK BpeMeHU
At = to — t1 Ha3LIBAETCS OTPE3OK AT = X9 — 7.

3aMeTuM, 4TO €CJIU TOYKA ABUXKETCSl BCE BPEMsI B OJHOM M TOM
JKe HaIpaBJ/JeHUU, TO MPOHIeHHbINH MYTh paBeH abCOIOTHOM BeJTMYN-
ue nepememennsi: As = |Az|. Ecan ke Touka JBHXKETCs cHadasa
B OJIHOM HAITPABJIEHUU, & 3aTE€M, OCTAHOBUBIIINCH, HAUUHAET JIBUTATh-
csi B 0OpaTHOM HampaBJeHUU (HAPUMED, B CIydae KojaebaTebHOro
JIBUKEHUST WU JIBUYKEHMUSI TeJ1a, GPOIIIEHHOTO BEPTUKAJIBLHO BBEPX ), TO
MPOMAEHHBIH Iy Th paBeH CyMMe aDCOIOTHBIX BEJIMYWH ITepeMeleHnii
B TOM U ApYyroM HampasieHusix: As = |Azq| + |[Aza| + . ..

Jns nmpumepa obpaTUMCs ONSATH K CIy4Yalo JBHXKEHHsI Teja, OPOIIEHHOro
BEPTUKAJILHO BBepx. Bbibepem mMomenTs! Bpemenu t1 = 0,8 ¢ u t2 = 1,4 ¢ —
UM COOTBETCTBYIOT KOOpAMHATHI T1 = 4,70 M n z2 = 4,12 M (cm. Taba. 1.3).
[lepemetienne

Ar =29 —x1 =4,12—-470 = —0,58 m.
3Ha,K MUHYC YKa3bIBa€T, YTO IE€PEMELICHUE HAIIPaBJICHO B CTOPOHY, NMPOTUBOIIO-
JIOXKHYIO HAIpPaBJIeHUIO ocu KoopauHaT. [IpoiineHHblil ke My Th Oy/JeT 3HAUYNTEIb-
HO 6osbie, HOO JBHXKYIIAsICS TOYKA B MOMeHT Bpemenu t = 1,0 ¢ gocTursia Hau-
GOJbIIE BBICOTHI Tyaxe = 4,90 M, a 3aTem cTasia najgath Baus. Cre10BaTeIbHO,
As = |.’BM5KC — -’Ell -+ |fl'2 - mMa.KC| =
= 4,90 — 4,70| + |4,12 — 4,90| = 0,20 + 0,78 = 0,98 M.

2. Cpedneti ckopocmvio IBUXKEHUS 3a JaHHBINA POMEXKYTOK Bpe-
MEHHM Ha3bIBaeTCs (PU3NYECKask BEJIMYNHA, YUCIEHHO paBHas OTHOIIE-
HUIO TIepeMEIeHNsT K MPOMEXYTKY BPEeMeHMU:

Az To — T1
Vep = — = ——. 1.2
P AL ta — (1.2)

Hanpaienue cpeiHeit CKOpOCTH COBTIAIAET C HAIPABICHUEM Tie-
peMeIeHns.

FEounuuya cxopocmu orpeniesisieTcst Kak CKOPOCTb TaKOro JBUYKE-
HUSI, IPU KOTOPOM TepeMeleHne MaTepuaJbHON TOYKU 33 €JIUHUILY
BPEMEHU COCTABJISIET €TUHUITY JIJTUHbI:

_ =]
[v] Ok (1.3)
31ech KBaapaTHble CKOOKH yKa3bIBAIOT €IMHUILY BEJUYNHBI.

B MexaynapoHoii cucreme eaunuiy (cokpamenno CU — pycckast
TPAHCKPUILWS; B JIATUHCKOM TpaHckpumiuu SI — cokpaientoe 060-
3Ha4YeHHeE CJI0B System International) eIMHULIEH TIepeMellleHUs sIBJIsI-
erTcst MeTp (M), a eIUHUTIEH BpeMeHr — CeKyH/1a (C), CJIeI0BaTeJIbHO,
eMHUIIEH cKopocTH Oy et M/ c.
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3. B nepeMeHHOM [IBUIKEHMH 3HAYEHUE CPEJIHEIT CKOPOCTH Cylie-
CTBEHHO 3aBUCHUT OT BHIGOpA MTPOMEXKYTKA BPEMEHH, B T€UeHHe KOTO-
poro aBurasnoch Teso. Tak, B ciaydae cBOGOJHOTO Ma/ieHNsl, KOTOPbIH
ObLT PACCMOTPEH BbIIIIE, CPEeJHsIsI CKOPOCTh B MPOMEXKYTKE OT 1 =
= 0,1 ¢ 5o t2 = 0,2 ¢ (cm. Taba. 1.2)

. — 0,196 0,049 _ 0,147
7 02-01 0,1

= 1,47 m/c,

B MpOMeKyTKe BpeMenu oT t1 = 0,7 ¢ no to = 0,8 ¢ cpennsisi CKOpOCTh

3,14-2,40 0,74
Yeo = 98—07 01 T4 m/c,
aort;=0,7cnmota=1,0¢c
4,90 - 2,40 2,50
Vep = 1007 — 03 - 8,33 m/c.

W TONBKO npu pasHoMEPHOM JSUNCEHUYU CPEIHAS, CKOPOCTD — T0-
CMOAHHAA BEAUNUHA, HE 3ABUCSIIASI OT BBIOOpPaA MPOMEXKYTKa BpeMe-
uu. /etictButenbHo, 31ech 1 = vt1 + g, T2 = vie = xo U CpeaHSs
CKOPOCTH

Az xa—x1 _ wta+ a0 — vl —x0 __

v = — =
P AL to — 1 ta — t1

4. J1ns olleHKW YMCI0BOTO 3HAMEHUsT cpeiHel CKOPOCTH Ha Tpak-
THUKe WHOT/IA MOJIb3YIOTCs CAEYIONAM ONpeesieHueM: CPeJIHsIsI CKO-
POCTh paBHA OTHOIIEHUIO MTPOWIEHHOTO ITyTH KO BPEMEHU BUYKEHMUSI.
[ToguepkueMm, 9TO ompeesieHHAs TAKMM 00pa30M CpeJIHsisi CKOPOCTh
SBJIAETCA CKAJIAPOM, & HE BEKTOPOM.

§1.7. MrHoBeHHAasi CKOPOCTh IEPEMEHHOI'0 JIBUKEHUHA

1. Bo MHOrMx ciy4assx HAC MHTEPECYeT He CPeJHsAsA CKOPOCTh
JIBHDKEHUSI TEJIA 38 OTPE/ICJIEHHbII TPOMEXKYTOK BDEMEHH, & CKOPOCTb
meaa 6 darHbl MOMEHM, WA M2HO6EHHAA ckopocms. Hampuwmep,
€CJIM TeJIO yIapsieTcsl O Tperpajy, TO Chja, ¢ KOTOPOH OHO B 3TOT
MOMEHT JIeHCTBY€eT Ha, IPerpa,y, Onpe/iessieTcss CKOPOCTBIO B MOMEHT
yZlapa, a He CpeJIHeli CKOPOCTbIO; TAJIbHOCTH TIOJIETa CHAPSAIA U (POPMa
€r0 TPAEKTOPHUHU OTPEIESIIOTCS CKOPOCTBIO B MOMEHT 3aITyCKa, a He
cpesiHeli CKOpPOCcThi0 U T.m. Tak Kak CPeJHsisi CKOPOCTb, COTJIACHO
(1.2), paBHa vep, = Az /At, TO YeM MeHbIE IPOMEXKYTOK BPEMEHU
At, TeM MeHbIIle CPeaHsisi CKOPOCTh OTJIMYAETCS] OT MHTEPeCcyIomieit
Hac MTHOBEHHOI CKOPOCTH.

OnpesesiMM MIHOBEHHYIO CKOPOCTHh ¥ Kak mpedes, K KOmMopomy
CMPEMUMCA CPEOHAA CKOPOCTND 34 BECKOHEYHO MAAbLT TMPOMENCY-
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moKx 8peEMEHU:

V= A e = At ar .
B maremaTunke Takoi rpejies Ha3bIBAETCSA NPouU3so0Hot OF Caenosa-
TeJIbHO, MTHOBEHHAsI CKOPOCTh €CTh IMMPOU3BOIHASA OT KOOPJAUHATHI IO
BpEMEHMU:
dx ’
’U—E—:L'(t). (1.5)
2. TlockosbKy CpejiHsisi CKOPOCTh PaBHOMEDPHO ABMXKYIIEHcs Ma-
TEPUAJBHON TOYKU SIBJISAETCS TMOCTOSTHHOW BEJMYUHON, a MpeJiesioM
TMOCTOSTHHOIN BEJIUYUHBI SIBJISIETCSI CaMa, 3Ta BEJUYUHA, TO U M2HO-
BEHHAA CKOPOCTIIL PAGHOMEPHO OBUNCYULETICA MAMEPUANLHOT MOYKU
ABAAEMNCA NOCMOAHHOU 8EAUNUHOU.
MT&K, paBHOMepHOQ ABU>KEeHUe MOXKHO onpe,qume KaK JIBU>KE-
HUE C TTIOCTOSTHHON CKOPOCTBIO.
Kak Buano u3 rpaduka (cM. puc. 1.4), CKOpocTb PABHOMEPHOTO
JNBUXKEHUsI YUCJIEHHO PaBHA TAHTEHCY yIJIa HaKJIOHA rpaduka K ocu

BpPEMEHU:
Az
V== Ktga,

rane K — pasmepHblii K03 (PUIUEHT, paBHBIA OTHOIICHUIO MACILITa-
60B eJIMHUIL TIepeMelieHus (0OCh OPAUHAT) U BpeMeHu (0Ch abCIuce).
JBrxxennto ¢ Gosbleil CKOPOCTbIO OyIeT COOTBETCTBOBATL I'paduK
¢ 6oJiee KpyThIM HAKJIOHOM.

Ha rpadukax nepemensoro gsukennsi (cm. pucysku 1.5 u 1.6)
MTHOBEHHAsI CKOPOCTh YUC/JIEHHO paBHA TAHTEHCY yTJia MKy Kaca-
TeJbHON K rpaduKy U 0ChIo abCIucC.

I'masa 2
NMHEPLINA

§2.1. IlpuHNun mHEpPIUU

1. OcHoBHOI 3aa4eil MEXaHUKU SIBJISIETCS U3yYeHUEe IBUXKEHUsI
TeJ B TOW UM UHONW CUCTEME OTCHETa U NPUYUH, ONPEeJISIOX
XapakTep 3TuX ABuyKeHui. HeobXoauMo BBISICHUTD, ITPU KAKUX YCJIO-
BUSIX TEJO JBUXKETCSI TIO0 MPAMOJIMHENHON NI KPUBOJIMHEMHOMN TpaeK-
TOPUHU, PABHOMEPHO UJIM HEPaBHOMEPHO, YCKOPEHHO WJIN 3aMeJICHHO.

) Mpoussogmas byukuus y = f(z) obosmauaercs uepes dy/dz mubo de-
pes 3/ ().
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OnbIT MOKA3bIBAET, UTO MPU B3AUMOAECHCTBUUM TeJI XapaKTep WX
JBUXKeHUsI MeHsteTcst. Tak, majjakolnee Tejio, CONPUKOCHYBIITUCH C 3eM-
Jieit, b0 OCTAHABJIUBAETCS — U TOT/IA €10 JABUYKEHHE TTPEKPAIIAETCS,
Jubo MOANPLIUBAET BBEPX — M TOrJA HAIPaBJIEHHE €ro CKOPOCTH
MEHSIETCSI Ha, TTPOTHUBOIIOIOXKHOE; TOKOSIIIEECS] OTHOCUTETbHO 3eMJIH
TEJIO CaMO HUKOI'/Ia He HAYHET ABUTATHCST, OHO BBHIXOAUT U3 COCTOSTHUS
MOKOSI M HAYMHAET MEPEMEIATHCA TOJBKO IO JAeHCTBHEM KaKoro-
gubo gpyroro teja. Uucjo 3THMX MPUMEPOB, €CTECTBEHHO, MOYKHO
Ob1JI0 ObI YMHOXKHUTh.

2. OHAaKO U3 MPABWIBHOTO BBIBOJA O TOM, YTO B3aMMOZEHCTBUE
TeJl TPUBOAUT K U3MEHEHUIO CKOPOCTU WX JIBUXKEHUSI, HEKOTOPhIE
MBICJIUTETN IPEBHOCTH, HATPUMEP APUCTOTETb, CAETATN JIOXKHOE 3a-
KJIIOYEHHE, YTO CaMO ABUYKEHHE TeJI €CThb Pe3yJIbTAT MX B3auMOmeii-
CTBHSI C IPYTUMU TEJIAMU.

Opana w3 NPUYHH, KOTOpas IpPUBeEJa UX K TAKOMY HEBEPHOMY
BBIBO/Y, 3aKJIIOYAJaCh B TOM, YTO OHH CUHTAJIN 3EMJIIO abCOIOTHO
HETOBUKHBIM TleHTpoM Beestennoit. BesieicTBue 3T0oro oHu canraiu
[OKOM OTHOCUTEJBHO 3e€MJI €CTECTBEHHBIM COCTOSIHUEM TeJI, & J[BU-
JKEHHE — BPEMEHHBIM, BBIHYXKJIEHHBIM COCTOSIHUEM, SIBJISTFOIUMCST
pe3yJIbTaToOM JleficTBUsT BHEITHUX cuji. [IpaBja, npu 3TOM BO3HUKAJIU
U OlpejieJIEeHHbIE TPYAHOCTH, HAIPUMED TIPU OOLSICHEHUN JIBUYKEHMUS
OPOIIIEHHOTO KaMHSI WJIU CTPEJIbl, BLIJIETEBIIEH U3 JIyKa: BeJlb 3/1eCh
HET TeJI, KOTOpPbIe OBl BCe BpeMsl MOATAIKNBAJIN KaMeHb WU CTpesy!
N BoT 1151 00BICHEHNST 9TUX SIBJIEHWIM aHTUYHbIE yYeHbIe TTpeJiara-
JIU PA3JIMYHBIE TPOU3BOJIBHBIE TUIIOTE3bI, JIUIL Obl COXPAHUTH CBOE
OCHOBHOE TMPETIOJOKEHNE O BBIHYXKJIEHHOM IMPOUCXOXKIEHUM [[BU-
KEHUS.

3. B koune XVI B. nBe 3aja4uu BBIABUHYJIU BHOBBL Ipob/ieMy
nprkenusi. Ilpeskie Bcero ¢ pasBUTHEM apTUJLJIEPUN HY>KHO OBLIO
HAWTH 3aKOHbI JIBUKEHUSI CHAPSJJIOB. 3aT€M B CBSI3M C BO3HHUKHO-
BEHMEM TeJIMOLIEHTPUYECKOU cucTeMbl KolepHuKa cTajgo siCHO, 9TO
3eMJIs AABJIsIETCsI He IeHTPoM BceesteHHoi, a psigoBoii mianeToii, obpa-
makoreiicst Hapsiy ¢ apyrumu miaHetamu Bokpyr Comaia. Orciona
Hen36eKHO BBITEKAJ BBIBO/|, YTO [JIAHETHI (& 3HAYUT, U JPYyTrHe TeJla)
JIBUXKYTCsI caMu 110 cebe, ubo COBEPINEHHO HEBEPOSITHO, 4TOOBI 3eM-
JIFO U JIPyTUe MJIAHEThI YTO-TO BCE BPEMsl MOATAJIKHUBAJIO B TEYeHUE
MUJIJTUAP/IOB JIET.

Kpome Toro, Hy»kKHO 6bLJI0 00BACHUTD, TIOYEMY MBI HE UyBCTBYEM
BpAaIlleHUsT 3eMJIM, & TaKyKe [M0YeMy, OTOPBABIIUCH OT 3eMJIN, HAIIPU-
Mep MOJIPBIFHYB, MbI OIIyCKaeMCsI B Ty K€ TOUKY 3eMJIH.

[lepBoe mpaBuJIbHOE, XOTsI M HEMOJHOE pelleHne mpodJIeMbl ABU-
»kenns 6b110 fano lamuneem B Havase XVII B. U suiis 50 et crycrs
HeroTon cMor HaliTu 4eTkyio (pOpMYJTUPOBKY TPEX OCHOBHBIX 3aKO-
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HOB JIBUKEHUSI, YTO SIBUJIOCH OCHOBOM [IJIsl CO3JAHUS KJIACCUYECKOM
MEXaHUKH.

4. J1yis1 IpaBUJILHOTO PeIIeHUs TPOOIEeMbI JIBUXKEHUST CJIEI0OBAJIO
NpeXK/ie BCEro OTBJIEUbCS OT BCAKHMX BHELIHUX BO3JEHCTBUIA U cop-
MyJIUPOBATh MPOOJIEMY TaK: YTO MPOU30HIET C TEJIOM, €CJIU OHO Iie-
pecTaHeT B3aMMOIeiICTBOBATD C JIPYTUMHU TejlaMu’! 37eCh Ha TOMOIIb
JIOJIXKEH TIPUATUH MbiCACHHBIT dKCnepuMenm, UAest KOTOPoro u ObLia
BbiABUHYTa [asuiieem. /lelicTBUTEILHO, BO BCSIKOM PEAaJbHOM IKC-
nmepuMeHTe Ha 3emJjie Mbl HE MOXKEM OCBODOJMTDH TEJIO OT JIeHCTBUSI
CUJIBI TSIXKECTU M CuJibl TpeHusi. OIHAKO MOXKHO MOCTaBUTL BOIIPOC
TaK: a 4TO MPOU30MJIET, €CJIM Mbl 3TU CHJIbI, XOTsI ObI U MBICJIEHHO,
CTaHEM ITOCTENEHHO YMEHBIIATD !

Ecnu Tenexxka ABUXKETCSI MO TECKY, OHA OBICTPO OCTAHOBUTCSI;
Ha KYCKe CTEKJIa OHa Oy/leT JBUTATHCS 3HAYUTEBHO JIOJIbIIE, XOTSI
U 3[1eCh B KOHIIE KOHIIOB TOXKE€ OCTAHOBUTCA. A 4YTO €C/d CTEKJIO
craHet abcosmoTHO ryagkumM? OUeBUIHO, TeJIeXKKa OyaeT cama 1o cede
JIBUTATbCsl HEOrPAHUYEHHO JIOMITO.

Bor 3Ta-To uest MbICJIEHHOTO 9KCIIEPUMEHTA HaJl T€JIOM, KOTOPOE
CBODOIHO OT BCAKMX BHEIIHUX BO3JEHCTBUIA, U mo3BosMIa [anuiero
NPUHTH K UAEE UHEPUUaIbho2o aBuxkenus Teja. Y xorsa cam Lanuieii
U ommbasicsi, cCuuTasi, YTO MO WHEPIUHU TEJO MOYKET He TOJbKO JIBU-
raThCsl PABHOMEPHO U MPSIMOJIMHENRHO, HO M PABHOMEPHO JABUTATHCS TIO
OKpy>kHOCTH (nocsiesiHee HeBepHO!), ero uzaest nozsonmia Hetotony
NPABUJILHO CPOPMYJIUPOBATH 3aKOH (NPUHUUN) UHEPUUL, KOTOPDIi
Ha3bIBAIOT TAKXKE Nepevim 3akonom Huvromona.

Fcau danroe meao ne 63aumodeticmeyem ¢ oKpYHCAIOWUMY Mme-
AGMU, MO CKOPOCTNG €20 J8UNCEHUS HE MEHAEMCA HU NO MOOYAI0, HU
N0 HANPABAEHUIO, T. €. OHO JBUNHCEMCH NPAMONUHETHO U PAEHOMEDHO.

NuepiiponHoe IBUXKEHUE €CTh JABUMKEHHE [0 KpaTdaiiieMy pac-
CTOSHUIO, OO B CBOOOJHOM MPOCTPAHCTBE KPATUYANIINM PACCTOSTHUEM
MEXK/Iy ABYMsI TOUKAMHU SIBJISIETCS TIPSIMast JINHUSI.

Elcan »ke Mbl TOBOPUM O TOM, YTO HEKOE TEJIO TOKOUTCS, TO 3TO
He abCOJIIOTHBIN MOKOI, a MOKOM JIUIL B JAHHOW CHCTEMe OTCYeTa,
KOTOpasl caMa, ABUXKETCsI OTHOCUTEIBHO JAPYTUX TeJI.

5. Umenno 6iaromapst ”HEPIUU, IIOANPHITHY B BBEPX B ABUXKYILIEM-
Cs1 BaroHe, Mbl OIYCKAeMCsl Ha TO Ke caMoe MecTo. JleficTBUTe/bHO,
HaXO/IsICh Ha TOJy PaBHOMEPHO [BUXKYIIErocsl BaroHa, Mbl MMEEM
C HUM OJWHAKOBYIO CKOPOCTh. [1oANpPBIrHYB BEpTUKAJIBHO BBEPX, MbI
COXPaHsieM FOPU30HTAJIBHYIO CKOPOCTh HEM3MEHHOMN, n00 B 3TOM Ha-
MpaBJeHUM Ha HAC HUYTO HE AeHCTBYeT. A moToMy, HpPOiifs MO ro-
PU30HTAJIN OAMHAKOBBIA C BATOHOM IIyTh, Mbl BO3BPAIIIAEMCSI B TY K€
TOYKY, OT KOTOPO#i OTIEJTUJIUCH B MOMEHT MPbIXKKa. ByKBaIbHO TO Ke
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caMoO€ MOXKHO CKa3aTh U OTHOCUTEBLHO HAIIErO JBUXKEHUS COBMECTHO
¢ 3eMJIeii.

Bnaronapst unepiiuu gsuKyTtcst Gpormiennnie Teja. [eiictBuresin-
HO, B MOMEHT OpPOCKa MbI COODIIAEM KaMHIO HEKOTOPYIO CKOPOCTbD.
WM eciu 661 KaMeHDb He UCIBITBIBAJ COIPOTUBJICHHST BO3AYXa, U IIPUTSI-
JKEeHUsT 3eMJIM, OH JBUTAJICSA Obl, COXpaHsIs 9TY CKOPOCTh HEM3MEHHOMN
[0 BeJIWYMHE W HalpaBjeHuio. BaanMogeiicTBre ke KaMHsI ¢ BO3IY-
XOM 1 3eMJieil IPUBOUT K 3aMEJICHUIO €r0 JBUXKEHUA , UCK PUBJICHUIO
TPAEKTOPUM U B KOHEYHOM CUETE K €ro OCTAHOBKE.

§ 2.2. HMHepumaJjibHbIE CHCTEMbI OTCYETA

1. ®opmMyIUPOBKA MPUHITUATIA, UHEPIIUH, [TPE/IJIOXKEHHAST B TTPE/IbI-
ayiieMm maparpade, He MoXKeT ObITh Mpu3HaHa mMoJHON. [leficTBu-
TeJILHO, TaM UJeT pedb O ABUXKCHHM Teja, HO HUYero He CKa3aHo
0 TOl cuCTeMe OTCHeTa, B KOTOPOI coBeplIaeTcs ABuKeHue. Mexay
TeM HAM U3BECTHO, YTO TOBOPUTH O (bOpMe TPAEKTOPUHU, a TAKIKE
0 CKOPOCTY MO>KHO JIUIIIb OTHOCUTEJIBHO HEKOTOPOiT CUCTEMBbI OTCUETa,
TaK KakK, HallpUMep, TPAeKTOPUd, NPAMOJUHEHHAs B OQHONU cUCTEMe
OTCYeTa, MOXKET OKa3aThCsl KPUBOJIMHEITHONU B APYTOi CUCTEME.

[ToaTomy HEOOX0MMO BUAOU3MEHUTDH (HDOPMYJIUPOBKY MPUHITUAIIA,
WHepLWH, BBe/IA ABHbIC YKa3aHUsA Ha XapaKTep CUCTEeMbl OTCYeTa, OT-
HOCUTEJBLHO KOTOPO# TaHHOe NBUXKEHNE paccMaTpuBaercs. [IpuHimn
uHepiuu 6osiee TOUHO HOPMYTUPYETCS TaK:

Clywecmeyom cucmems, OMCHema, OMHOCUMEADHO KOTROPHIT 6Ce
meAa, He 83aUMOICTCEYIoOUUE ¢ OPY2UMU TEAAMU, DGUNCYMCH NP~
MoauHelino u pagromepro. Cucmemv, omeuema, YoosaemeopsmouLue
2MOMY NPUHYUUNY, HA3BIBATOMCA UHEPUUANDHDIMY CUCTIEMAMU,.

2. lMousiTrie nHEPIUAIBHON CUCTEMBI OTCUETA SIBJISETCS aDCTPaK-
nueil, peaju3dyemMoil Ha IMpaKTHKe JUIIL ¢ HEKOTOPOl CTeNneHbIo
npubskenus. JlelficTBUTENBHO, BCsKasi CUCTEMa OTCUYETA CBsI3aHA
C KaKUMHU-TO TeJIaMU, a BCe TeJla B IPUPOJe B TOW UJIM WHON CTEeleHU
B3aUMOJAEHCTBYIOT Jpyr ¢ ApyroM. [loaToMy HeBO3MOXKHO yKa3aTb
CTPOr0 MHEPLUAJIbHBIC CUCTEMbI OTCUETA; MOXKHO JIMIIb YKa3aTh CH-
CTeMBbI, KOTOpBIE ISl JAHHOI'0 Kpyra pPacCMaTPUBAEMBbIX BOIIPOCOB
MOT'YT CUYATATHCS WHEPIUAJIbHBIMA. F.CTECTBEHHO, YTO BOIIPOC O TOM,
SABJISIETCSI JIM JJAHHASI CUCTEMa, OTCUETa, MHEPIUAJIBLHON, MOXKET ObITH
pellIeH TOJbKO 3KCIIEPUMEHTAILHO.

[IpakTuka mokazaJjia, YTO B MEPBOM MPUOIUKEHUN MOXKHO CUH-
TATh CUCTEMY OTCYETa, CBA3AHHYIO ¢ 3eMJiell, NHEPIIUATBHON CHCTe-
MO#i. A MMEHHO, CYIIEeCTBYeT IeJIbIfl KPYT sIBJICHWI, Ha X0/l KOTOPBIX
BpallieHre 3eMJIM He BJIMSIET. DT CUCTEMA OTCYETa HA3BIBACTCS 2€0-
uyenmpuueckoti (0T rpedeckoro ge — 3emst).
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Tak, Bpaienvie 3eMJid MPaKTUYECKU HE BJUsieT Ha paboTy Bce-
BO3MOXKHBIX MEXaHU3MOB U MAIWH, HA JBUKEHWE DPAa3JIMYHbIX BU-
noB TpaHcrmopta. OHO He BJUSIET HA XOJ| TEIUIOBBIX, XUMUYECKHUX
U s1IEPHBIX PEAKIINA, a TAKXKE Ha, JIEKTPOMATHUTHBIE MTPOIIECChI, TPO-
UCXO/ISIIINE B TEHEPATOPAX, JIEKTPOJABUTATENISIX, TpaHC(OopMaTOpax,
paauonepeaTInKaxX U MPUEMHUKAX; OHO HE BJIUSIET Ha PacIpOCTpa-
HEHHUE JIEKTPOMATHUTHBIX BOJIH, Ha CBETOBBIE U 3BYKOBBIE SIBJICHUSI.
CaenoBaTesibHO, NPU OMUCAHUMA BCEX ITUX (DU3MUECKUX MPOIECCOB
MOXKHO € OOJIBIIION CTENMEHbI0 TOYHOCTH CUUTATH TEOIEHTPUYECKYIO
CUCTEMY OTCYHETa MHEPIHAIbHOIM.

3. Bmecre ¢ TeMm cyiecTByeT U psiji siBJIEHUI, BhI3BAHHBIX Bpallle-
HUeM 3eMJid BOKPYT CBOel ocu u JiBrxKeHueM 3emiin BOKPyr CoJiH-
1a. [TockonbKy 06a 9TUX [ABUYKEHUSI HE SIBJISIIOTCS MPSIMOJTUHENHBI-
MU ¥ PaBHOMEPHBIMHU, TO OHM BbI3BIBAIOT 3(hPEKThI, HEBO3MOXKHbIE
B MHEPIUAJIBbHBIX CUCTEMAaX OTCYETA.

Tak, nabsaonass HOYBIO 32 HEOOCBOJOM, Mbl 3aMETHUM, YTO BCsi
CUCTEMA 3BE3/T BPAIIAETCsI BOKPYT OCH, Tpoxosiieit yepes [lonsipuyto
3Be3/y u 1eHTp 3emuin. C TOUKM 3pEeHUsT T€OIIEHTPUYECKONH CUCTEMBbI
OTCYETa 3/1eCh CJAeYeT HAWTU KAKON-TO MEXaHU3M B3aUMO/IE€HCTBUsI
MeXK Ty 3eMiieli U BCEMU 3BE3/IaMU, MO3BOJISIIOIINNA OObSICHUTD MPU-
YUHY WCKPUBJIEHUsI UX TpaekTopuil. Jlajiee, mjiaHeTbl COBEpIIAIOT
JIOBOJIBHO CJIOYKHBIE JIBUXKEHUSI 110 HeOOCBOY. /IBUTasich B HEKOTOPOM
HAIPABJICHIH, TIJIAHETA BAPYT OCTAHABIMBACTCS, 3aTEM TEPEMEIAeT-
cs1 Ha3aJ1 U, OMUCAB TET/II0, HAYNHAET JIBUTATHCSI B MEPBOHAYATBHOM
HAIPABJICHUHY.

MHoro4uncieHHbie MOMBITKA 00bsICHUTD HAOTIOIAEMOE JIBUXKEHUE
HEOECHBIX CBETUJI B TEOIEHTPUUIECKON CUCTEME OTCUETa, MPeIPUHSI-
Thie Apucroresiem, [IToilemeeM u IpyruMu UCCIIEIOBATENSIMUA, OKA3a-
JINCh HECOCTOATENBLHBIMU. [[paBUIbHYI0 TEOPUIO IBUXKEHUS HEOECHBIX
ten pnanau Konepuuk, [amuneit u Kemiep, cBsizaB cucremy orcyera
He ¢ 3emuteit, a ¢ CosiHlleM. DTa CHCTEMa OTCYETa HA3bIBACTCS 2e-
avoyenmpuueckoti (ot rpedeckoro helios — Coumnne). Ona siBisieTcst
B 3HAYUTEJBbHON cTerneHn Oojiee MHEPIUAJTBHON, YeM TeoleHTpuye-
CKasi CHCTEMa, OTCYETA.

§ 2.3. IIpuHIMI OTHOCUTEJIILHOCTH

1. NnepunanbHbix cucteM (C TON CTENEHBIO MPUOIMMKEHUsI, KO-
TOpasi yKa3aHa BbIlE) UMeETCsl GeCYMCIIEHHOe MHOXKECTBO. JI10bas
CUCTNEMA OMCHEMA, KOMOPAA O0BUNCEMCA NPAMOAUHETHO U DPABHO-
MEPHO OMHOCUMEADHO HEKOMOPOT UHEPUUAALHOT CUCTEMDL, TOHCE
ABAAEMCA UHEPUUAADHOY.
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HeficTBUTEIBHO, TYCTh B HEKOTOPOI CUCTEME OTCUYETA, TEJIO JABU-
xkercest no unepruu. ClieIoBATEIbHO, €10 CKOPOCTh HE MEHSIETCS] HU
[0 MOJIYJIIO, HU IO HANPaBjeHuI0. B npyroii cucreme orcyera, KOTO-
pasi IBUKETCSI OTHOCUTEJIHLHO MEPBOIT MPSIMOJIMHERHO U pABHOMEPHO,
Hallle TeJio OyIeT UMeTh JPYTryI0 CKOPOCTh, HO ONSITh-TAKH IOCTOSTH-
HYIO TI0 MOJYJIIO U HampasJieHnto. CjenoBaTebHO, BTOpas CUCTEMA,
OTCYETa B TAKOH »Ke Mepe MHeplnaabHa, KaK U IepBas.

Tak, cucrembl oTCcUeTa, CBSI3aHHBIE C BATOHOM WJIM CyJHOM, JIBU-
JKYIIUMCSI PABHOMEPHO U MPSIMOJIMHEHHO OTHOCUTENBHO 3emJiu, 6y-
IyT B TAKOH K€ Mepe WHEPHUAJIbHBIMU, KAK U CUCTEMA OTCUETA,
CBSI3aHHAS ¢ 3eMJIeil.

2. OnbIT TOKA3BIBAET, YTO HA CY/HE, TBUKYIIEMCSI TPSIMOJTUHENHO
W PABHOMEDPHO OTHOCUTENILHO 3eMJIH, TaK YK€ JIETKO JBUTATHCS IO
J1060My HaIpaBJIeHNIO, KaK U Ha 3emjie. [1pu BeicTpesie u3 mucrosiera
MyJist JIETUT CTOJBKO K€ BPEMEHU OT HOCA K KOPMe, CKOJIbKO U OT
KOPMBI K HoOcy. 'TeJio, BbINyIieHHOE M3 PYK, MaJaeT BEPTHUKAJIbHO
BHU3 (pa3yMeeTcsl, OTHOCUTEJILHO Cy/(HA; OTHOCUTEJILHO 3eMJIM OHO
JBHKETCs1 N0 apabosinueckoil TpaekTopun). Boja, HanuTas B Kakoii-
b0 COCYJT, UMEET TOPU3OHTAJIBHYIO MIOBEPXHOCTD, KAK U Ha, 3eMJie.

N3 91X 1 MHOTMX WHBIX SIBJCHUN CIeAyeT, YTO HUKAKONU MEeXaH!-
YeCKHU IKCIIEPUMEHT He [MO3BOJISIET HaM BBIJAEJIUTDL U3 COBOKYITHOCTH
MHEPIMAJIbHBIX CHCTEM KaKyIo-TH00 OHY MPENMYIIECTBEHHY IO CUCTE-
My orcdera. OTCIOa BBITEKAET, YTO HE MOXKET OBITH pedn 06 abco-
JIFOTHOM TIOKO€ MJid abCOTIOTHOM JBUXKEHUU TeJT, & MOYKHO TOBOPUTH
JIUTIIL 00 UX OTHOCUTE/ILHOM JABUXKEHUU B KAKOH-TM00 MHEPIHATBLHON
CUCTEME OTCYETA.

DTOT OCHOBHOW 3aKOH MPHUPO/IbI HAZBIBAETCS NPUHUUNOM OTNHO-
cumeavrocmu Taauaes. Ero moxxuo chopMyupoBaTh CAEAYIONTUM
obpa3oM:

Bo 6cer uHepuuasbHbiT CUCMeMar 0me4ema 30K0Hb METOGHUKU
00UHAKOBO CIPABECAUBDL; UAU, KOPOYE, 6CE UHEPUUBALHBIE CUCTILEMDL
OMCYEMA PABHOTLPAGHDL.

AHajIu3 NPUHIUIT OTHOCUTEJHLHOCTH, MPOEIAHHbBIA DIHIITENH-
HOM, TipuBeJi ero B 1905 1. K BBIBOJly, YTO 3TOT NPUHITUI SBJISETCS
OJTHUM U3 CAMbBIX (DYHIAMEHTAJbHBIX 3aKOHOB MPUPOIbI; OH MIPUMe-
HUM HE TOJIbKO K MEXAHUYECKUM, HO U K JIIOObIM JPYTUM SIBJICHUSIM —
TEIJIOBBIM, 3JIEKTPOMATHUTHBIM, ONTUYECKUM U T. TI. DTO MMO3BOJIUJIIO
Ditumreitny copMynUpoBaTh 00K TPUHITUI OTHOCUTEIBHOCTH,
Ha3bIBAEMbIH YaCTO NPUHUUNOM OTNHOCUTNEALHOCTY DiHwmetina:

Bo 6cex uHEPUUAADHBIT CUCTNEMAT OTNCUEME 6CE 30K0HbL NPUPODDL
00UHAKOBDL.

DTOT NPUHLIUIL ABJIAETCSA OLHONU U3 OCHOB COBPEMEHHOro (pusnye-
CKOT0 MUPOIIOHUMAHWSI.
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§ 2.4. IIpeobpasoBauusa lanuiaes

1. B HBIOTOHOBCKOI MeXaHUKe Mbl UMeeM JejI0 C OTHOCUTETHHO
MaJibiMi cKopocTsiMmu. JleficTBUTE/IbHO, caMblie OOJbIIIME CKOPOCTH,
C KOTOPBIMU JABUXKYTCSI MAaKPOCKOMUYECKUE Teja, — ITO CKOPOCTU
[IJIAHET, METEOPOB, KOCMUUYeCKUX KopabJsieit. OHU He TPEBBINIAIT He-
CKOJIbKUX JIeCATKOB KUJIOMETPOB B CEKYH/y, YTO MHOT'O MEHbIIIe CKO-
poctu cBeta B Bakyyme ¢ = 300000 km/c.

Eciu koopinHaThl HEKOTOPO# MaTePUAJIbLHON TOUKY 3a/1aHbI B OJ1-
HOIl WHEPIUAJIBbHOM CHCTEME OTCYEeTa, TO MOXKHO BBIYUCIUTH KOOP-
JMHATHI ITON Ke TOYKU B JI000H Apyroil WHEPIUAJbHON cucreme,
ABUXKYIIEHCS OTHOCUTEIbHO NEePBOi PAaBHOMEPHO U MPSMOJINHENHO.
Tounasi popma cooTBeTcTBYOIMMX MTpeodpa3oBanuii KoopauHatT Oy-
ner BbiBesieHa B § 12.7. 3/ech ke Mbl PACCMOTPUM TaK HA3bIBaEMbIe
npeobpazosarus I aausesn, KOTOpbie MO3BOJISIIOT CBS3aTh MEXIY CO-
00t KOOPAMHATHI HEKOTOPOM MATEPUAIbHOM TOYKHU B JIBYX Pa3HBIX
WHEPIUAJBbHBIX CUCTEMAX OTCYETA MPU CKOPOCTSX JIBUXKEHHSI, MHOTO
MEHBIIINX CKOPOCTH CBETA.

x X

Puc. 2.1

2. CBsiokeM OJIHY CHCTEMY OTCYETA, JIJIsl ONIPEIEJIEHHOCTH ¢ 3eMJIei,
a BTOPYIO — € BaroHOM, KOTOPBIH JIBUXKETCA OTHOCUTENHLHO 3eMJIU
pPaBHOMEPHO ¥ MPSIMOJIMHEHHO CO CKOPOCThIO v. JIjist mpocToThI pac-
CYK/IeHuil HAlpaBUM OJIHY U3 OCeii KOOPJMHAT (Hanpumep, och abe-
1MCC) BJIOJIb HATIPABJICHUs BUKeHUs1 BaroHa (puc. 2.1). V3 pucynka
BUJIHO, YTO ANIUIMKATHI U OpAMHATHI Touku K B obeux cucremax
KOOpAMHAT coBNaAaoT: 2/ = z uy’ = y. AGCIuCCh »Ke OTINYAI0TCa Ha,
orpesok OO’ = vt. Orcioga npeobpazoBanust [aauiess IpuMyT BU/
2=z y =y, 2=z-0t (2.1)

3. Urobb! ybenuThesi, yTo nmpeodbpalzoBanust [ajusest y10BI€TBO-
PAIOT TPUHIMITY OTHOCUTEJbHOCTH, PACCMOTPHUM, KaKOB OyZeT ux
BHU/[, €CJIU BarOH CYUTATH HEIMO/BUXKHBIM, a 3eMJII0 — MepeMeato-
mieiicss B 06paTHOM HAIMPABJIEHUU CO CKOpPOCTbio V. ABCOMOTHBIE
BEJIMYMHBI CKOPOCTEH V' 1 v COBMAJAIOT, HAITPABJIEHUS YKe UX TTPOTHU-
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BOIOJIOXKHBI; cieoBaTebHo, V = —v. Paccyxnenusi, coBepiieHHo
aHAJIOTUYHBIE BBIIIEU3/I0XKEHHBIM, TPUBOAT K (bopMyIam

2=z, y=y, =2+t (2.2)

Urak, npeobpazoBanus ['anuiest B3auMubI: g100ast U3 HHEPIHAIb-
HBIX CHCTEM OTCYETa MOXKET ObIThb YCJOBHO MPHUHSTA 33 HETO/[BHXK-
HYI0, a mpeobpa3oBaHust K J000# APyroit MHEPIUANBHON CHUCTEME
MPOU3BOAATCS MO TeM ke (opMysiaM, HO C yY€TOM 3HAKA OTHOCH-
TeJILHOM CKOPOCTH CUCTEMBI. A 9TO M 03HAYAET, YTO JaHHbIE MPeod-
pa30BaHUsI COTJIACYIOTCSI C TPUHIIMIIOM OTHOCUTETbHOCTH.

4. IlepemertiieHust TOYKM B PA3HBIX CUCTEMAX KOOPAWHAT Pa3JIMy-
vbl. [leficTBUTEILHO, MyCTh B MOMEHT {1 MaTepPUAJIbHAS TOUYKA UMEJId,
KOOPAWHATY Z1, & B MOMEHT tp — KoopauHaTy To. [lepemernenue
TOYKHU B CHCTEME OTCUYETa, CBSI3AHHOMN ¢ 3eMuteii:

Ar =29 — 21.

HepeMemeHI/Ie ITOM 2Ke TOYKH B CUCTEME OTCYETa, CBsI3aHHOI C Baro-
HOM:

Ax' =z — 2] =29 — 1 —v(ta — t1) = Az — vAL. (2.3)
CooTBercTBeHHO

Az = Az’ + vAt. (2.4)

5. OaHako JnHa OTpe3Ka B 06eHX CHCTEMax OTCYeTa COXPaHsI-
ercst. [leiictBurensno, daunoti ompesxa (puc. 2.2) naswvieaemes pas-
HOCTND KOOPOUHAIM €20 KOHUG U HAYA-

AG, USMEPEHHBLT 00HOBpEMenHo: | = oy

= 29— xyTpu to = t1, T.e. At = 0.
[ [

Torga u3 (2.3) win (2.4) crenyer ol ol Y, N 12

[=1. (2.5) // * o x

OTOT pe3yJbTaT MpPEICTABIISET-
Csl COBEPIICHHO OYEBUIHBIM, M HA
HEPBBIA B3IVIsi/L Jaske HE SICHO, 3a4eM 9TO HY>KHO ObLIO BBIBOAUTS.
Cwmbica BbIBOJA CTaHeT siceH Hike (§ 12.8).

Puc. 2.2

§ 2.5. Kuaccu4uecKuii 3aKOH CJIOXKEHUsI CKOPOCTel

1. [ycTh MaTepuanbHast TOUKA ABUXKETCS PABHOMEPHO BJIOJb OCH
aberuce co ckopoctbio v = Az /At. Haiiiem ckopocTb 9T0ii »ke TOuKH
B IPYTOii UHEpIMaIbHOI cucTeMme orcuera v’ = Az’ /At. Jlns stoii ne-
Jin Boctiosib3yeMcsi hopmyaioii (2.3). Pasmenus obe uacTu paBeHcTBa
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Ha At, mosydum
v =u—wv, (2.6)
wiu

u=u +v. (2.7)

ITO ¥ CTh KAACCUNECKUT 3AKOH CAOHCEHUA CKOPOCMED IS paccMaT-
PUBAEMOr0 YaCTHOTO CIydast.

2. Kitaccuueckuii 3aK0H CJIOXKEHUsI CKOPOCTEN XOPOIIIO MO/ ITBEPK-
JlaeTCst TPU CKOPOCTSIX JIBUXKEHUsI, MHOTO MEHBIITUX CKOPOCTH CBETA.

Tak, ecii BaroH JABUXKETCSI OTHOCUTEJBHO 3€MJIA CO CKOPOCTHIO
80 KM /4, a maccayKup WJET [0 BArOHY B TOM K€ HAIIPABJIEHUH CO CKO-
POCTHIO 6 KM /4, TO CKOPOCTh MACCAYXKUPA OTHOCUTETHHO 3eMJTU COCTa-
BuT 86 KM/4. Fcin peka nmeeT CKOpoCThb TeueHust 2 M/, a CKOPOCTh
Napoxo7ia OTHOCUTEJIHHO BOJBI 8 M/C, TO NMPH JABMXKEHUU MAPOXO/a
[IPOTHUB TEYEHHsI €r0 CKOPOCTh OTHOCUTEIBHO 3eMitn cocTaBuT 6 M/c,
a Tpu JABMKeHNH 110 Tedennio — 10 m/c.

3. Jloruueckue coobparkeHusl, MOJOYKEHHBIE B OCHOBY BBIBOJIA, ITPe-
obpazoBanuii ['anuiesi, mMpeaCTaBISAIOTCS CAMOOYEBUIHBIMU, & CJIe]-
CTBHUSI, MTOJIyYaeMble U3 3TUX MPeoOpa30BaHMil, TAKNEe, KAK HEU3MEH-
HOCTD JIJTUHBI OTPE3KA B PA3HBIX CUCTEMAX OTCYETA, 3AKOH CJIOXKEHUST
CKOPOCTEH U T. 1., OTJINYHO OMPAB/ILIBAJIUCH B 9KCIIEPUMEHTAX MPU TEX
CKOPOCTSIX JIBMXKEHUH, ¢ KOTOPHIMU UMEJIH JIeJI0 YIEHble B TeUYeHHe
mpuUMepHO Tpex crojeTuii mocie padbot [amunes: u HeoTona. [Tocte-
MIEHHO CJIOXKUJIOCH TIPEJICTABJICHHE, YTO THU MPe0dPa30BaHUs TOJIPKHBI
ObITH CIIpaBeJIUBbI [Jis1 JIIOObIX (busndeckux siBjienuii. I Toabko
B KOHIIE MPOIIJIOr0 Beka ObIJI0 00HAPY2KEHO, YTO MPUMEHEHHE MPe/i-
CTaBJIEHUH HbIOTOHOBCKON MEXaHUKHU K SIBJIEHUSIM, CBSI3AHHBIM C pac-
MPOCTPAHEHUEM CBETa, MPUBOAUT K Py MpotuBopeduii. B . 12
MBI MOKaykeM, KaK BO3HUKJIA TH MPOTUBOPEYHUsI U KAaK OHU ObLIN
yCTpPaHEHbI B TEOPUU OTHOCUTEIbHOCTH.

I'nmasa 3
CKAJIAPHBIE 1 BEKTOPHBIE BEJINMYNHBI

§3.1. CkangpHble BeJININHbI

Cransapom HA3BIBAETCS BEJUYHUHA, KOTOPOI B JIF0OOi1 crucTeme OT-
cyYeTa COOTBETCTBYET OIPE/IeJIEHHOE YUCJIO0, 3aBHCsIlee OT BbIOOpa
cuctembl equnuil. Hanpumep:

=3 M =300 cm = 3000 mm.
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YucnoBoe 3HaUeHWE CKAJSIPHON BEJMYUHBI 0OPATHO MPOMOPITHO-
HaJIbHO eauHuIe uaMepeHns. CUMBOIMYECKH 3TO MOXKHO 3aIlliCaTb
TaK:

a[A] = d'[A"] wm % = (3.1)

rae [A] u [A’] — equHNLIBI CKATSIPHO# BEJIMYMHBL, @ U ¢’ — ee YHCIIOBbIe
3HAYEHUSI.

[IpuMepamu CKaJISIPHBIX BEJIMUNH MOTYT CJTY2KUTh: BPEMs, JITTHHA,
oAb, 00beM, TEMIEPATYPa, Macca, paboTa, SHEPTHsI.

JItobast anrebpandeckast OTiepaist HaJl CKAJISIPHBIMA BeJTMINHAMUA
TaKXKe JIaeT CKaJIsp.

3aMeTuM, 4TO eciin HEKOTOPOE BblparkeHne, COCTABJIEHHOE U3 CKa-
JISIPHBIX BEJIMYUH, HAXOJUTCS MOJ] 3HAKOM HeaJrebpandeckoit (TpaHc-
[EeH/IEHTHOM) (DYHKUNHM, TO OHO SIBJSIETCSI OTBJIEYEHHBIM YHCJIOM.
K Takoro pona ¢dyHKIUsSIM OTHOCATCsST TIOKA3aTeAbHAsI, Jiorapudmu-
JecKasi, TpUroHomerpuyeckasi pyukiun. Hanpumep, ecin koopuna-
Ta T BBIpaykeHa B Merpax ([z] = M), To Bhpaxenue y = a*? umeer
CMBICT TOJIBKO B TOM ciTyHae, ecm [k] = M~ 1. Amanornuno soipase-

Hue T = A cos wt UMeeT CMBIC TOIBKO TIpH [w] = ¢ 1.

§ 3.2. BekTopHbIE BEJIMYUHBI

1. Bexmopom Ha3bIBAETCSA BEJUYNHA, KOTOPOH B 000 cucteme
OTCYeTa COOTBETCTBYET HANPasAeHHbili ompesok. BekTop xapakrepu-
3yeTcst aGCOTIOTHOM BeIMIUHON (MOyIeM),
HAMPABJIECHUEM U TOYKON MPUJIOKEHUST €r0 y
Havyajia. BeKTOpHBIMU BeJTUYUHAMU SIBJISI-
FOTCs1, HAIIPUMED, CKOPOCTh, CUJIA.

BekTop, Hadaj0 KOTOPOTO COBMAJAET
C HAYAJIOM KOOPIWHAT, & KOHEI[ OMpe/IesisieT
MOJIOZKEHUEe HEKOTOPOH MaTepUaJsbHOU TOY-
KU, HA3BbIBAETCS PAdUYCOM-8EKMOPOM ITON
Touku (puc. 3.1).

BekTopbl mpuHaTO 0603HAYATH MAJIbI-
MH JIATUHCKUMU 6yKBa,MI/I C TOPU30HTaJIb-

Puc.3.1

HOI CTpeJIKOii BBepXY (a, bur. 1) nn xxupHeiMu OykBamu (a, b, ... ).
Paauyc-BekTop npuusTo o6o3Ha4aTh OYKBOIA I.
2. JTo60oii BeKTOP MOXKET ObITH CIIPOCIIUPOBAH HA OCH KOOP/UHAT.
[Mpoeknuu BeKkTOpa a Ha OCH KOOPJAUHAT 0DO3HAYAIOTCS COOT-
BETCTBEHHO 4€PE3 Oz, Ay, O, TJe MHJEKC XapaKTepu3yeT OCh, Ha

2 B.M. dsopckuii, A.A. TTunckuii, 1. 1
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KOTOpYIO mpoerupyercst BeKTop (puc. 3.2). 13 geprexa BUAHO, 4TO

Ay = T2 — T1,

}}'2 _______ o ay = Y2 — Y1, (3.2)
ay a E A, = 22 — 21,
o ! rae i, Y1, 21 — KOOPJAMHATHI HaJaJa
4 : BEKTOpa, T2, Y2, 29 — KOOPAUHATHI €ro
| i KOHIIA.
e A [Tpoekiusimu  pajauyca-BeKTOpa r
Bl " X  SABJSAIOTCS KOOPJMHATHI €ro KOHIA, TI0-
2, /_/6_‘:3 _________ (_'"'_I:/’/ CKOJIbKY KOOD/IMHAThI €ro HavdaJia paB-
z HbI HYJIIO:
Puc. 3.2 Te =T, Ty=Y, T,=2. (3.3)

3. Abcomommnoti eaununoli BEKTOpa WM €ro MOJYJIeM Ha3blBa-
eTCsl CKAJISIP, PABHbII JJTMHE OTPe3Ka, N300parkaiollero 3TOT BEKTOP.
O6o3navaercst OH cuMBOJIOM |a| uim nipocto a. [lonb3ysich Teopemoit
[Tudaropa, nmeem

al=a=,/a2 +a2+a2 =
T y z
=V(z2—21)2+ (g2 —y1)> + (22 — 21)2.  (3.4)

Monyab paguyca-BeKTOpa

r| =7r=+va2+y%+22. (3.5)

§ 3.3. Hekoropsnle omepaliuu HaJJ BEKTOpaMU

1. Cymmoti deyx 6exmopos A6AAEMCA HOBIL EKMOP, NPOEKUUL
KOMOP020 CYMb CYMMDL COOMBEMCMBYOUUT NPOEKUUL CAG2AEMDBIT.
Ecnu npoeknusiMu ciaraeMbIX BEKTOPOB a U b ABJISAIOTCA .y, Gy, G
u by, by, b, To U3 onpesieNeHNA CyMMBI CJIe/TyeT, 9YTO

c=a+b, (3.6)

€ClU Cp = g + by, ¢y = ay + by, c; =a, + 0.
N3 sToro onpejiesieHnst BLITEKAET Psif] BAXKHBIX CJIEICTBUIA.
Tepemecmumenvhili 3aK0H CAOHCEHUS:

a+b=b+a. (3.7)

eiicTBUTEIBLHO, /15T TPOEKITU, KaK JJIsI JIIOOBIX YUCET, TIepeMe-
CTUTENIbHBIH 3aKOH 6€3yCJI0BHO CIIPABE/IJIUB.
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AHaJIOTMYHO JOKA3BIBAETCSI COYETNAMENLHOIT 3AKOH CAOHCEHUS:
at+b+c=(a+b)+c=a+ (b+c). (3.8)

IIpasuno mHozoyzoavruKa: 9TOOBI CJIOXKUTH HECKOJBKO BEKTOPOB,
HaIpuMmep ai, agz, ag, a4 U as, HY»>KHO HAYaJO BTOPOTO CJaraeMoro
COBMECTUTH C KOHIIOM TIEPBOT'0, HAYAJIO TPETHETO — C KOHIIOM BTOPOTO
U T.J[. 3aTeM CTPOUTCS HOBBIl BEKTOP, HAYAJIO KOTOPOTO COBIIAIAET
¢ Ha4yaJIOM TNEepPBOr0 CjJaraeMoro, a KoHell — C KOHIIOM TOCJIeTHETO
(puc. 3.3). DToT 3aMbIKaoOKii BeKTOp b 1 GyeT nckoMoit cyMMOi:

b=a;+ay+az+a;+as.

st nokazaTeIbCTBA ITOTO CJIEICTBUST PACIIONIOKUM JIBA BEKTOPA
a; M az B MJOCKOCTH TY, MPUYEM HAYAJIO BEKTOpPA a2 COBMECTUM

a, y

Puc.3.3 Puc.3.4

¢ KOHIIOM BekTopa aj (puc. 3.4). CoeJMHUB HAYAJIO a1 C KOHIOM ag,
MOJIy4IuM BeKTOP b, KOTOpPBIil MO ONMpeIe/IeHUIO U ABJISIETCS UCKOMO#
cymMoii. M3 geprexka BUAHO, 4TO MPOEKINKA BEKTOpa b Ha ocu Koop-
JUHAT SIBJISIOTCS CyMMaMH COOTBETCTBYIONIUX MPOEKIW BEKTOPOB
aj U as HA TU XKe OCH.

JLJ1st HECKOJTBKUX BEKTOPOB MOXKHO BOCIOJIb30BATHCS COYETATE b~
HBIM 33KOHOM CJIOYKEHMUSI.

3aMeTnM, 94TO CYMMY JIBYX BEKTOPOB MOKHO TIOCTPOUTD U TIO 1pa-
suay napassesozpamma (puc.3.5). OJHAKO IPH TTOCTPOEHAH CYMMBI
HECKOJIbKMX BEKTOPOB MMPABUJIO0 MHOTOYTOJILHUKA Gojiee y00HO.

_p-2 _a-b
a G a -c=2

a

Puc. 3.5 Puc. 3.6

2%
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2. Pa3nocmbio IBYyX BEKTOPOB HA3bIBAETCsI BEKTOP, MOCTPOEHHBIH
CEAYIONUM 00Pa30M: COBMENIAIOTCS HAYAJIa YMEHbIIIaeMoro b u Bbi-
yutaeMoro a BekTopos (puc. 3.6). Torga BekTOp €, IpoBeAEHHBI OT
KOHI[A BBIUUTAEMOTr'0 BEKTOPA K KOHITY YMEHBIIIAEMOrO, U €CTh UCKO-
Masl pa3HOCTh:

c=b-a. (3.9)
B npoekiusx
ce =by—az, cy=by—ay, c,=b,—a.,.

Jloka3aTeIbCTBO HENMOCPEICTBEHHO BBITEKAET W3 IMPaBUja MHOIO-
YTOJIbHUKA, MTOCKOJIbKY a + ¢ = b.

3. Ilpoussederuem sexmopa a Ha ckarap k siBJIsieTCS HOBBIN BeK-
Top b, mpoekinu koToporo B k pa3 60jibliie COOTBETCTBYIOMIUX MTPO-
ekIuit BeKTopa a. VI3 3Toro onpeesieHus cjieyer, 94To

b = ka, (3.10)

ecmu by = kag, by = kay, b, = ka,. [Ina nenoro nonoxxkureabuoro k
9TO MPSIMO CJIEIYET U3 3aKOHA CJIOXKEHUsST BEKTOPOB.

[Ipu ymHOXKEHUN BEKTOpPa Ha TOJOXKUTEJbHBIA CKAJIAP €ro Ha-
MpaBJIeHWEe HEe MEHSIeTCsI, MOJYJb K€ HOBOIO BEKTOPa BO3PACTAET
B k pas:

b= \J02+ b2+ 02 = \[h2a2 + k2a? + k22 =

:k,/a%+a§+a§ = ka.

4. Yacmmom om deaenus sexmopa a wa ckassp k # 0 siBjsiercs
HOBBIiT BeKTOp b, mpoekinn KoToporo B k pa3 MeHbIIIe COOTBETCTBYIO-
X MpoeKIuii BekTopa a. MlTak, u3 onpe/esieHus cjieyeT, YTo

a
=7

ecyim by, = af, by = %, b, = %.
[TpesocTaBiisieM YUTATEIO CAMOCTOATEHHO MOKA3aTh, YTO MPH
JIeJICHUU BEKTOPA Ha, MOJIOYKUTEJIbHBIN CKAJIsIP €ro HarpaBJieHHe He
MeHSIETCsI, MOZYJIb K€ yMeHbIIaeTcs B k pas.
5. Crasaprvim npoudsederuem IBYX BEKTOPOB a U b Ha3bIBaeTCst
CKAJISIP, PaBHBIM MPOU3BEJICHUIO MOJTYJIEH 3TUX BEKTOPOB Ha KOCUHYC

yIjla MeXKJly HUMU

a-b=abcosa. (3.11)

[TockonbKy KOcUHYC — 4eTHasi (pyHKIUsI, TO 3HaAYEHUE CKAJISIP-
HOT'O MPOU3BEJIEHUsI He 3aBUCUT OT TOTO, B KAKOM HAIlPaBJE€HUU OT-
CYUTBIBAETCS YIroJl & — OT BEKTOpa a K BEKTOpy b miu HaobOpOT.
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OueBUIHO TAKXKE, UTO CKAJISIPHOE IPOU3BEEHHE JBYX BEKTOPOB KOM-
MYTATUBHO:

a-b=Db-a.

6. Bexmophvim npouseederuem NBYX BEKTOPOB a u b Ha3bIBaeTCst
BEKTOP C = a X b, mepnenguKyasipHbIil IJIOCKOCTH, B KOTOPOIi JIe2KaT
BEKTOPhl a4 U b u obpasyroiiuii ¢ HUMU MPABOBUHTOBYI) CUCTEMY
(puc.3.7a). YucnaoBoe 3HaveHHE BEKTOpA C PABHO MPOU3BEIECHUIO
MOZYJIeli COMHOXKUTEJIEH Ha CUHYC YIJIa @ MEXKIY HUMU:

¢ =absina. (3.12)

VYros o OTCYNTHIBAETCA MO KpaTyaiiieMy HaIPaBJIE€HUIO OT ITEPBOT0
COMHOXKUTEJIsT KO BTopoMy. [TockosibKy cunyc — HeueTHasi byHKIMs,

A

c=axbh

Puc. 3.7

a MpH U3MEHEHUHU MOPSIAKAa COMHOXKUTEEH 3HaK YIjla MEHSIETCs, TO
IIPU 3TOM MEHsSIETCS M 3HaK BEKTOPHOTO IpousbeneHus. MTak, Bek-
TOPHOE [TPOU3BE/IeHNE He KOMMYTaTUBHO (puc. 3.76):

d=bxa=—(axb)=—c.

§ 3.4. Pasiokenme BeKTOpa Ha ABA CJIATa€MbIX

1. PaznoxuTh BeKTOp & Ha /iBa CJIATaeMbIX — 3HAUUT HANTH TaKue
nBa BekTOopa b u ¢, uto6el a = b 4+ ¢. B stom ciydae b, ¢ u a
06pasyoT 3amkHymbil mpeyzo0aviuk (MIPABUIIO MHOTOYTOIBHUKA).

OTa 3ajaua SBJISETCS HEOMPEJENeHHOM: Ha OTpe3Ke JJIMHON
G MOXHO MOCTPOUTH OECYMCIEHHOE MHOXKECTBO TPEYrOJbHUKOR,
JIBE CTOPOHBI KOTOPBIX SIBJISIIOTCSI MOJYJISIMH UCKOMBIX BEKTOPOB
(puc. 3.8). Bapmaua craHer onpejeseHHON, ecyau OyayT 3ajaHbI
HEKOTOPBIE JIOTIOJTHUTEHHBIE YCITOBUS.

2. Ha mpakTuke 9acTo BCTpedaeTcst 3a/lada O Pa3JIOXKEeHUN JIaH-
HOTO BEKTOPAa a Ha, JIBa CJIATaeMbIX BEKTOPA, HAIPABJIEHUS] KOTOPHIX
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napaJjijiesibHbl HEKOTOPBIM MPSIMBIM. DTa 3ajada siBJISIETCs] BITOJIHE
OIpeAesIeHHOM.

€3

Puc.3.8 Puc. 3.9

Yepe3 KOHIBI OTpe3Ka a MPOBEJEM [IBe MpPsIMble JIMHUU, MapaJi-
JieJibHBIE 3aJlaHHbIM TpsiMbiM B D u C E, onpefensioniuM Hampas-
Jenne BekTopoB b u ¢ (puc.3.9). B nosyuusuiemcsi TpeyroibHuke
CTPOMM /IBa BEKTOPA TaK, YTO HAYAJIO IEPBOTO COBMAJAET C HAYAIOM
BEKTOpA a, & €ro KOoHell — C HaiiJIeHHOI BepIINHON TPeyroJIbHUKA,
HAYAJIO XK€ BTOPOTO BEKTOPA COBMA/IAET C BEPIINHON TPEyTrOJIbHUKA,
a KOHel[ — ¢ KOHIIOM BeKTOpa a. 9To 1 Oy/IyT UCKOMbIe BEKTOPbI b 1 C.
JleiicTBUTEIBHO, OHU HATIPABJIEHBI MAPAJIJIETBHO 3aJaHHBIM TTPSIMbIM,
a X CyMMa, 10 IPABIJIy MHOTOYTOJbHUKA, PABHA MEPBOHAYAILHOMY
BeKTOpY: b 4+ ¢ = a.

§3.5. CkopocTh — BEKTOp

1. Tlycts maTepuajbHasi TOYKA JABUXKETCSI TO TMPSIMOJMHEHHOMN
TPAaeKTOPHH, HE COBIA/AIONIEH C OCAMU KOOpAMHAT. B MOMeHT Bpe-
MeHHU t] TIOJIOYKEHNE MaTepPUaIbLHON TOYKY OMPe/IesieTCsl PaJuyCoM-
BEKTOPOM Iy, B MOMEHT t2 — PaJUycOM-BeKTOpoM ry (puc.3.10).

OnpesiesiuM BEKTOP MEPEMEITCHUST:

Ar =r9 —ry. (3.13)

Tor,z:[a n cpeansisi CKOpoCTb, O4e-
BI/I,[[HO, ABJIAETCA BeKTOpOMZ
AI‘ o —I'1
Ve = — =-2""1 3.14
P AL to — t1 ( )
B CaMOM JfieJie, IIpru JeJICHUU BEK-
Puc. 3.10 Topa Ar Ha ckajgsap At momydaercs
HOBBIIl BEKTOP, HAIIPABJICHUE KOTOPO-
ro COBNAJAET ¢ HalpajeHueM nepemerienus. CaenoBaTesbHO, BEK-
TOPbI CKOPOCTHU U NEepeMeuI€eHNA NMEIOT OANHAKOBBIC HAalIPpABJICHUA.
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MrHoBeHHasT CKOPOCTh MPSIMOJTUHENRHO JBUXKYIIEHCS TOYKU
v= lim &F =9 _ "(t)
At—0 At dt
TaKXKe SIBJISIETCS BEKTOPOM, COBIAJAIOIINM TI0 HATPABJIEHUIO C BEK-
TOPOM MepPeMeITeHusI.

Utak, ckopocmsd npamosunetino 08udcywetica mouky ecms 6ek-
Mop, HanNPasaeHHbill 8004b MPAEKMOPUL.

2. llpu aBM>XeHUN MATEPUAJTBHON TOUYKN MO KPUBOJUHENHON Tpa-
€KTOPUU MBI COXPAHUM OMpeeseHusl CpeJHeil U MIHOBEHHOH CKO-
poctu (3.13) u (3.14). B sTom cayuae v
BEKTOPBI TEpEMEIeHUsT U CpeaHeit : .wucm_____——»
CKOPOCTH HAIPAaBJIEHbI 110 XOP/e, CO-
eJTUHSIONIEH B TOYKU TPAEKTOPUH,
COOTBETCTBYIOIIUE MTOJIOXKEHUIO MATe-
pUAIbHON TOYKHA B MOMEHTBI BpEMe-
Hu tq u t2 (puc. 3.11). B ciydae, korga
At — 0, HampaBjeHUe XOP/bl CTpe-
MUTCA K HaIIPABJICHUIO KACATEJILHOI.
B nipeniesnie 6eckoHeuHO MaJTBIi BEKTOP
mepeMeNIeHnst 1 BEKTOP MIHOBEHHOM CKOPOCTH COBIMAAYT C HAIPaB-
JIEHUEM KaCaTeJIbHOM.

Wtak, npu dsuscerun mMamepuaivhoti moswky no Kpusosunetinot
MPAEKMOPUL BEKTNOP MEZHOBEHHOT CKOPOCTIIU HANPABAEH NO KACATNEAb-
HOU K MPaexmopu.

3. Ilpoekiiuu BeKTOpa MEPEMEIEHUSI:

(3.15)

Puc.3.11

Ary=x0—x1=Azx, Ary=y2—y1=Ay, Ar,=z2— 21 =Az.

OTCIO,E[& — COOTBETCTBYIOIINME ITPOEKIIUN BEKTOPA MT'HOBEHHOI CKOpPO-
CTHU:
Az dx

— lim 22 _ 92 _ — lim 2¥ =4y _
ve= limar T =W w= lim =g =y )
— lim 22 =% _ 3.16
vy = Aliglo NIl ik (t). (3.16)
Mo/1yJib MIHOBEHHOIi CKOPOCTH:
v =4/vi+vl+ol. (3.17)

§3.6. Cuaoxxenme ckopocrteii

1. HOCKO.TI])Ky B HBIOTOHOBCKOM MeXaHUKe CKOPOCTDH <ABJSACTCA
BEKTOPOM, TO OIllepanuvsd CA02KEHUA CKOpOCTeﬁ CBOOUTCA K CJIOXKe-
HHUIO COOTBETCTBYIOIINUX HpOGKHI/Iﬁ CKOpPOCTH. CJ'Ie,E[OBaTe.TI])HO, CKO-
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POCTH CKJIAABIBAIOTCS MO MPABU/IY MHOTOYTOJBHHUKA (HJIH MapaJiie-
JIOrpaMMa).

Tak, mycTh 4es0BeK JBUXKETCsI MO MIaTdhOopMe €O CKOPOCTHIO U,
cocTapJjsiionieil yron « ¢ oaHoii u3 cropoH miardgopmer. Cama
ke TuIaTdopma JBUXKETCsI CO CKOPOCTBIO V OTHOCHTETBHO 3eMJIH

(puc. 3.12). Haiiziem MozyJib U HampaBjieHHe CKOPOCTU YeJIOBEKa W
OTHOCHUTE)J

y v
I5 bl u
u A\
—e W
I o Bl o\ B
o X
Puc. 3.12

Sajayy MOXKHO pemuTh Tak. [Ipoeknyu BekTopa u:
Uy = UCOSQ, Uy = USina,
COOTBETCTBYIOIIHE MPOEKIINNA BEKTOPA V:

Uy =0, vy =0,
OTCIOJTA

Wy = Ug + Vg =UCOSQA + VU, Wy =uy+'vy=usina.

MO):[yJ'[]) CKOPOCTHU 4Y€J/I0BEKa OTHOCUTEJIbHO Semun:

w=/wi+wl = Vu?cos? a + 2uv cos a + v2 + u2sin? a =

=Vu2+v2+2uvcosa, (3.18)
a ee HaNpPaBJIEHUE ONPEJIEJISIETCS COOTHONIEHNEM

sin = v = e (3.19)

w

STOT Ke pe3yHbTa,T MO2KHO HOJ'[y“II/ITI) C MOMOIIBIO T€OPEeMbI KO-
CUHYCOB.

2. JIBmkeHune 4ejoBeKa OTHOCUTEIBHO MIaT(OPMbI HA3LIBAETCS
OMHOCUMENDHbIM, OBUXKEHNE TIATGOPMbI OTHOCUTEIBHO 3eMJIA —
NEPEHOCHbIM, 8 JBUXKEHUE YEJIOBEKA OTHOCUTEHLHO 3E€MJIM — CAOMHC-
HOoLM IBUXKEHUEM.

WTak, B HLIOTOHOBCKOM MEXAHUKE CKOPOCTMD CAOHCHO20 08UHCEHUS

PABHA BEKMOPHOT CYMME CKOPOCMeti 0MHOCUMEABHO20 U NEPEHOCHO20
deuoicenuti:

w=u+v. (3.20)

Boipazkenue (3.20) mpeacrasisier coboit Kaaccuneckuti 3aK0H cao-
oHCenUA CKOPOCMET 6 6€KMOPHOM 6Ude.
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B Teopuu oTHOCHTE/IBHOCTH, Kak Oy/eT moka3aHo B § 12.5, cko-
POCTH CKJIA/IBIBAIOTCS 110 O0JIee CJI0XKHBIM MPABUJIAM, M BbIPAXKEHUEM
(3.20) Tam 110Ib30BATHCS HEJIb3s1.

I'nasa 4
YCKOPEHUE

8§4.1. Cpennee m MTHOBEHHOE yCKOpEHUE

1. Cpednum ycropenuem 3a TAHHDINA TPOMEKYTOK BPEMEHHU HA3bI-
BaeTcs (pU3MUECKasl BEIMYNHA, YMCIEHHO PaBHAsl OTHOLIEHHUIO M3Me-
HEHHsI CKOPOCTU K MPOMEXKYTKY BPEMEHH.

[Tycth B MOMEHT BpemeHH t] MaTepHaJbHasi TOYKA MMeJIa MI'HO-
BEHHYIO CKOPOCTb V1, & B MOMEHT ¢ — cKopocTb V. Torga, cornacuo
OIPEeJE/ICHUIO,

V2 —V Av
acp = ﬁ == (4.1)

W3 onpesiesieHnsi 04€BUHO, YTO YCKOPEHHE SIBJISIETCS] BEKTOPOM.
Hanpasiienne BeKTOpa YCKOPEHHUsT 3aBUCHUT OT XapaKTepa JABHXKEHHsT
MaTepHaIbHON TOUKH. DTO ByeT JAalibllle pacCMOTPEHO MOAPODHee.

Menosennvim ycropenuem Ha3biBaeTcst (HU3NUECKAsT BEJIUINHA,
YHUCJEHHO PaBHasi TIPeJeTy, K KOTOPOMY CTPEMUTCS CPEJJHEE YCKOpe-
Hue 3a GeCKOHEUHO MaJIbIil IPOMEXKYTOK BPEMEHH, T. €. [IPOU3BO/IHAS
OT BEKTOPA CKOPOCTH [0 BPEMEHU:

a= lim &Y =% — v/(1). (1.2)
At—0 At dit

2. Equnnueit yckopenusi [a] = [v]/[t] B MexxaynapoaHoii cucteme

eaunut (CU) cys>xut MeTp Ha cekynjy B kBajapate (m/c?).

§4.2. IlpamoauHeiiHOe TepeMeHHOe JBUXKEHUE

1. Eciu maTepuajbHas TOUYKA ABUXKETCS 110 TIPSIMOJIMHEITHON Tpa-
€KTOPHUH, TO BEKTOPbI CKOPOCTHU U YCKOPEHU A HAIIPABJICHBI BOJb 3TOH
2Ke TIPSMOiA, MEHSIETCST JIMIIb MOJIYJIb CKOpocTu. CpejiHee U MIHOBEH-
HOE YCKOpPEHUE BBIUUCJISIOTCSA TaK:

_va—v1 _ Av
Qoo = 3,0~ A (4.3)
e Av dv
a= AlilerlO N L (t). (4.4)

2. HepeMeﬂﬂoe ABU2KEHHUE HA3BIBACTCA YCKOPEHHBIM, €CIIN CKO-
POCTDH Ma,TepI/IaJII)HOI'/JI TOYKH BCE€ BPEMA BO3PaACTACT IO MOJAYJIIO, T. €.
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uist Jioboro te > t1 cipaBeajiMBO YCJIOBUIO vy > v1. [Ipumepom mo-
JKET CJIY>KUTh JIBUXKEHUE TSXKEJIOTO IIapuKa, CBOOOJHO MaJalolnero
C HEOOJILIIION BBICOTDI.

CoOTBETCTBEHHO 3aMedAECHHbIM HA3LIBAETCSl ABHXKEHUE TOYKHU,
CKOPOCTh KOTOpPOI BCEe BpeMsi yObIBaeT MO MOIYJIO: [JIsl JIH060-
ro to > t; cupaBeAuBO ycjioBue vy < vi. lIpumepom moxeT ciy-
SKUTD JBUKEHUE TSIXKEJIOTO IapUKa, GPOIIIEHHOr0 BEPTUKAJIbLHO BBEPX
(o ocTaHOBKH).

U3 onpenenennit (4.3) u (4.4) BbITEKAET, YTO B CIIydae YyCKOPEH-
HOT'0 JIBU2KEHUSI MaTEePUaAJIbHOM TOUKHN YCKOPEHUE BbIPaXKaeTCsl MoJI0-
SKUTEJbHBIM YHUCJIOM, B CIydae 3aMeIJIEHHOTO JBUXKEHUSI — OTPHUIa-
TeJIbHBIM. DTO O3HAYAET, YTO B MEPBOM CJIy4ae BEKTOPbI CKOPOCTH
U YCKOPEHUsI COBMAJIAIOT 10 HAMTPABJIEHUIO, BO BTOPOM »Ke HarlpaBJie-
HUE yCKOpeHI/IH HpOTI/IBOHOJIO)KHO Ha,Hpa,BJIeHI/IIO CKOpOCTI/I.

§4.3. IlpsimosimHeliHOe paBHOIIEPEMEHHOE JIBU2KEHUE

1. JIBmkeHne mMaTepuaibHON TOYKU HA3BIBAETCS PABHONEPEMEH-
HbLM, €CJTH €70 MTHOBEHHAsT CKOPOCTh SIBJISIETCsT JIMHEHHOH (hyHKIHel
BpPEMEHU:

v = v + at, (4.5)

rje vg U a — MOCTOsSIHHBIE BEJTUYMHBL. 3aMeTuM, 9To B § 4.3-4.5 Besu-
YUHBI U, Vg ¥ @ CyTh HE MOJLYJIU, & TPOEKI[MHA CKOPOCTHU U YCKOPEHHUsI Ha
HanpaBJieHre TPACKTOPUH. [109TOMY TaHHBIE BEJTMYUHBI MOT'YT UMETh
KaK TMOJIOKUTENLHOE, TAK U OTPUIATEIbHOE 3HAYCHHUS.

31ech vy UMeeT CMBICT Ha4aAbHotl ckopocmu. JleficTBuTenbHO,
npu t =0 ckopocTb v = vg, rAe nog t = (0 MOHUMAETCs] MOMEHT
BpPEMEeHH, KOT/1a Ha9aJI0Ch HaOJII0IeHHE 3a, JIBUYKEHHEM MaTepUuasIbHOM
TOYKHU. DTOT MOMEHT, BOOOIE TOBOPsi, He COBMAJAET C MOMEHTOM
Havasa JIBUXKEHUs, KOTOPbIH 9acTo Boobuie HenssecTeH (cm. § 1.4).
BwmecTe ¢ TeM He MCKIIIOYEH CJlydaii, KOrjja MOMEHThI HadaJa HabJIio-
JieHNs] U HaJaja JIBUXKEHHs COBMajyT (HAIPUMEp, eCJii BKJIIOYUTD
CEKYHJIOMEP B TOT MOMEHT, KOT/Ia Mbl BBIITyCKa€M KaMeHb U3 PYK U OH
HaYMHAeT najaTh). B arom gacrHom ciyyae vg = 0 u v = at.

2. Boisicaum cmbica a B Boipaxkeruu (4.5). uddepenupyst (4.5)
U YYUTBIBAsA, 9YTO Vg U @ — TOCTOSTHHBIE BEJIMYUHDI, TTOJTYYUM

v'(t) = a.

Wtak, B ciiydae paBHONEPEMEHHOTO IBUXKEHUSI BEJIMYUHA (, BXOJsI-
wasi B Bbipaxkerue (4.5), ecTb MPHOBEHHOE YCKOPEHHUE.

9TO MO3BOJISIET MMO-HOBOMY OIPEAEJIUTD TOHSITHE PAaBHOIEPEMEH-
HOro JABUKeHusi. Pasnonepemenmvim HA3BIBAETCS JBUKEHHE C TOC-
TOSTHHBIM YCKOPEHUEM.
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§4.4. T'pacduk ckopocTu pu paBHOIEPEMEHHOM
JBU2XKEHUN

Y1obbl mocTpoutsh rpaduk CKOPOCTH, OTIOXKUM HA OCU abOCIUCC
MTHOBEHHbBIE 3HAYEHUs BDEMEHM, Ha OCH OPJUHAT — COOTBETCTBYIO-
i€ UM 3HAYEHUs] MTHOBEHHOI CKOpocTu. JIMHUS, COeIUHSIONAs M0-
JIy4eHHbIE TOYKH, U ABJSETCS 2padurom CKOPOCTH.

['pacdukomM CKOpOCTH B C/Iydae PABHOIIEPEMEHHOTO JIBUXKEHUSI SIB-
JISIETCsT TIPSIMAasi, OTCEKAIOIIasl Ha OCH OpPIMHAT 3HaYeHNe HAYaIHLHON
ckopoctu (puc. 4.1). Tanrenc yria Hakjiona rpaduka 4uCJIeHHO PaBeH
YCKOPEHUIO:

tgﬁ:;f*vl =a.

1 —t2

Puc.4.1 Puc. 4.2

B cay4dae yckopenuoro jsrmkenusi rpachuk CKOpocTu obpazyer
¢ ocbio abcuuce ocTpbiii yroa (puc.4.1), a B ciaydae 3aMe/IeHHOTO
JBUXKeHUs1 — Tymoit (puc. 4.2).

§4.5. I'pacdmyeckoe BbIYKCIEHHNE II€PEMEIIECHUS

1. CooTHouleHre MexXKAy IepeMellleHHeM M MPOHIeHHLIM Ty TeM
6bLT0 paccMoTpeno B § 1.6 Ha mpuMepe TOUKU, ABUXKYIIEHCS BIOJB
ocH abCcIycc. DTO COOTHOIIEHHE CIPABEINBO U B TOM CJIy4ae, KOrJa
TOYKA, JIBUXKETCS TI0 MPOU3BOJILHON TPAEKTOPUHN.

Ha rpaduke ckopoctu paBHOMepHOTo ABuKeHwusi (puc. 4.3) mpo-
u3BeJieHNEe Ui €CTh IUIOMIA/hL 3aIITPUXOBAHHOTO MPSIMOYTOIbLHUAKA.
CaenoBarenibHo, nepemertenue [ = lg — |1 = v(t2 — t1) = vt yucnen-
HO PABHO IUIOIIA/M YTOTO MPSIMOYTOJILHUKA (IIPU COOTBETCTBYIOIEM
BbIOOpE MaciTaba).

DTOT BBIBOJ MOXKHO 0OOBIIUTE Ha CIydail TPOU3BOJBHOIO Hepe-
MEHHOT0 JBM2KeHHUs1. [lelicTBUTEIbHO, YCTh CKOPOCTb MaTePUaIbHOM
TOYKM MEHSIETCs TI0 TIPOU3BOJIbHOMY 3akoHy v = f(t); rpaduk 3Toit
dyukiun n3obparken Ha puc. 4.4.
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Pazobbem npomMexkyTok Bpemenu t = to — t1 Ha HECKOJIBKO YacTeit
u OyZieM CYUTATh, YTO B T€YEHUE MAJIOrO NMPOMEXYTKA Bpemenu At
CKOPOCTDb HE MEHSIETCsI, 8 3aTeM CKAYKOM IIPUHUMAET HOBOE 3HAYECHUE.

v

/\>

Puc.4.3 Puc.4.4

ITO «CKAYKO0Opa3HOE» [IBUXKEHHE C KAKON-TO CTEMEeHbI0 TOYHOCTH
n300parkaeT UCTUHHOE JBUXKEHHWE, MPU KOTOPOM CKOPOCTh H3MEHs-
JIaCh HE CKaYKaMu, a MJIaBHO, Kak n3o0paxkeno Ha rpaduke. [lepeme-
menre Al B TeyeHHe Majioro MpPOMeXKyTKa BpeMeHu At 4uCIeHHO
PaBHO TILJIOMIAU 3AIITPUXOBAHHON IMOJIOCKH, MOCKOJILKY B TEYEHUE
ITOr0 BPEMEHU JABUKEHIE PACCMATPUBAJIOCH Kak paBHoMepHoe. [lepe-
MeIIEHHE Ke 33 BpeMs T NpubAuHCeHHO PABHO IIOIIAN CTYTIEHIATOM
urypsi (KOHEUHO, peYb WIET 0 YNCJEHHOM paBeHCTBe). HeMm MeHbIie
OyAyT mpoMexxyTku At, TeM TOYHEe «CKAYKOOOpa3HOe» [IBUXKEHUE
n300parkaeT UCTUHHOE MEpPEeMEHHOe JBUXKeHHe. TOYHbIi pe3ysbTaT
MOJTYYUTCs, €CJIA MBI TIepelijieM K mpejesy npu yciaosuu At — 0.

2. Ha rpaduke ckopocTu nepemewerue npu npou3eosbHoMm nepe-
MEHHOM OBUHCEHUY MAMEPUAADHOT, MOYKY YUCAEHHO PABHO NAOULA-
ou KpuBoAUHETHOT Mmpaneyuu, OrpaHUIEHHONR CHU3Y OChI0 abcIuce,
ClIpaBa " ¢JieBa — 3HA4YEeHUsIMA MIHOBEHHOU CKOPOCTH B MOMEHTHI ¢
u to u cBepXy — rpadMKOM CKOPOCTH. 3aMETHM, YTO BbIYUC/ICHUE
TAKOTO POJIa TJIOIAEN SIBJISIETCS TPEAMETOM Pa3/iesia MaTEeMAaTHKH,
KOTOPbIif HA3bIBAETCSI WHTErpaJbHbIM UcHucaeHueM. Vtak, mepeme-

HIEHUE
to t

l:lQ—h:Jvdt:Jvdt. (4.6)
t1 0

§4.6. Ilepemelienue u cpeJHAS CKOPOCTh
IpU PaBHOIIEPEMEHHOM JIBU>KEHUN

1. [Monb3ysick BBIBOAOM MpeabIAyIero naparpada, Jerko BbIUuc-
JUTDL TepeMelleHue NPU PABHOIIEPEMEHHOM [ABUXKCHUU MaTepUalb-
Hot Touku. JleficTBUTE/IbHO, 3/16CH CKOPOCTh — JIMHEWHast pyHKIus
BpeMeHH, TpaduK CKOPOCTH — TPsSIMast JIMHKUS, U UCKOMasl TIJIOMIAb
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Tparenuu paBHA MMPOU3BE/IEHUIO MTOTYCyMMbI OCHOBAHUI HA BBICOTY
(cm. puc. 4.1). Orcroga caemyer, uro nipu t1 = 0 u tg = ¢ nepemenienne
MOXKHO BBIYHCIUTH 110 HOPMYJIe

L—lg="""t. (4.7)

[loncTaBuB 3HatieHue v = Vg + at, MOTYyHIUM
2

| = l(] + vot + %. (4.8)

Takum 06pazom, K00pIUHAMA MAMEPUANLHOT MOUKU, COBEPULAIO-
wieti pasHonepemerHoe JeuNCEHUE, ABAAEMCA KEadpa-
muunot Pynkyuetd epemenu. Ypasuenue (4.8) u ectsb
WUCKOMBIN 3aKOH JBHXKeHHsl. |'paduk mpoiigeHHoro
nyTH sBjsiercs: napabdosoii. Ha puc. 4.5 usobparken
rpaduK MPOCTEHIIIero caydasi ABUXKEHHUsI, KOTIa

at®

lo=0, v9=0 mu 127.

HetrpyaHo ybeauthcsi, 910 paccmorpensbie B § 1.5
repeMeHHbIe JBUKEHUST SIBJISTIOTCSI pABHOTIEPEMEHHbI- Puc. 4.5
MU JIBHXKCHUSIMU.

2. Bocnonb30BaBIiuch onpeesaeHneM cpeaneii ckopoctu (3.13),
JIETKO TTOKA3aTh, UTO AOCOMOMHAA BEAUNUHG CPEIHET CKOPOCTIU NPU
PABHONEPEMEHHOM IBUNCERUU MATNEPUANLHOT TNOUKY €CTND TLOAYCYM-
Ma HAUGAHOU U KOHEWHOU CKOPOCTAU:

vep = LT, (4.9)

[leiicTBUTENLHO, IO OMIPeAEIEHUIO

_ -k
'Ucp - ﬁ. (410)

[TojcTaBuB 3HadeHus1 to U t1 U TIPOJEIAB HECTIOXKHBIE TTpeobpas3o-
BaHUs, UMeeM

at% at%
l t — — |1 t -
. o+ volz + B (o+vo 1+ D) :200+at1+at2:
P to —t1 2
— (1)0—|—at1)—|— (1)0+at2) _n + v2
2 2 )

3aMeTUM, YTO 3TOT BLIBOJ, IPUMEHUM TOJILKO JJIsi PABHOIIEPEMEH-
HOTO JiBr>KeHus. B 0b1ieM cirydae nepeMeHHOro JBUXKEHUS OH HECIIPa-
BeaynB. Tak, ecau aBTOGYC TPOraeTCsl OT OCTAHOBKU U TOPMO3HUT Ha
cJiegytonieii ocTaHOBKe, TO v1 = v2 = 0, HO CpeHssT CKOPOCTDb HYJTIO
He paBHA.
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§4.7. PaBHOMepHOe JIBM>KEHHE MATEePUAJIbHON TOYKU
MO OKPY>KHOCTU

1. [TycTh MaTepuaibHast TOYKa JBUYKETCS TI0 OKPYYKHOCTH Paiay-
ca r. 3a Bpemsi At Touka mepemeraercss mo ayre Al = rAa, rae
Aa — yros noBopota paauyca (puc. 4.6).

[Mpu aBUXKEHMM MaTEPHAJBLHOW TOYKH 10

Al Opr)KHOCTI/I BEJINYUHA
w= lim 2% =92 _ o) (4.11)
W Ar—0 At dt
Ha3bIBAETCA yZ./LOGO'lZ CKOpPOCMDBI0 MOYKU.
Eunniia yryioBoit ckopocTd — pajuaH B ce-
KyHay (paj/c). PasmepHocTs yriioBoii ckopocTi:
Puc. 4.6 (W] = [o]

3 onpeesiennst CKOPOCTH MaTePUAJIBHON TOYKH UMeeM
dl rdo
V== =W (4.12)
2. Bpemsi T', B TedeHne KOTOPOro TOYKA COBEPIIAET MOJIHBIN 000-
POT 110 OKPY?>KHOCTH, HA3bIBAETCst nepuodom. Bennunna v, obparHast
MIePUO/LY, MOKA3BIBAET, CKOILKO 000POTOB COBEPINAET TOYKA B €ANHMU-
1y Bpemern. OHa HAa3BIBAETCST YACMOMO:

v=1/T. (4.13)
3. B Teyenme mnpomexkyTKa BpeMeHH, PABHOTO MEPHUOIY, TOU-
111IeT TOJIHYIO OKPY>KHOCTb, T. €. IIpU

At =T nyra Al = 2mwr. Orciona
CJIe/IyeT, 9To

I Och BpateHus

A _ 2mr
v =" =2mrw. (4.14)
Cpasuus (4.12) u (4.14), nosmyuum
2
w= "5 =27 (4.15)

4. YTJ0By10 CKOPOCTb NPHUHSI-
TO PacCMaTPUBATh KaK BEKTOD, Ha-
NpaBJIeHHbBIN BJOJb OCH BPAIEHUSI
(puc.4.7). Hampassienue BekTOpa
YTJIOBOI CKOPOCTH OMpeesieTcsl 0 TpaBuily BuHTa (npasuity Oy-
paBUMKA): €CcId TOJIOBKY BHMHTA C MPaBoii pe3b0oii Bpalnarh 1o Ha-
NPaBJIEHUIO JIBUXKEHUSI TOYKU MO0 OKPY’KHOCTH, TO MOCTYNATEIbHOE
JBUKEHHME BUHTA TIOKAYKeT HalpaBJIeHre BEKTOPa YTIJIOBOM CKOPOCTH.

Puc.4.7
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B sTux 0603HauEeHUAX BEKTOP CKOPOCTU PABEH BEKTOPHOMY TIPO-
U3BEJCHUIO BEKTOpPa YIVIOBOII CKOPOCTH Ha PaJUyC-BEeKTOP MaTepu-
aJIbHOM TOYKU:

V=0XTr. (4.16)

§4.8. YckopeHmne npyu paBHOMEPHOM ABUXKEHUU
MaTepuaibHOW TOYKHU TI0 OKPY>KHOCTU

1. [pu paBHOMEPHOM JABUZKEHUHM MATEPUATHHON TOYKH IO OKPY K-
HOCTH MOJLyJIb CKOPOCTH He MeHsieTcsi: |[v| = v = const. Oanako 310
BOBCE HE€ 3HQYUT, YTO TO4YKa JABU-
xkercst 6e3 yckopenus. /[leficTBu-
TEJILHO, 3/16Ch HENPEPhIBHO MEHSI-
eTCsl HANPasACHUE CKOPOCTH, KaK
BEKTOpa, HAMPABJICHHOTO MO Ka-
caTeJbHON K TpaeKTopuu. A 310
M 03HAYAET, YTO TOYKA JIBHIKETCS
C YCKOPEHHEM.

2. BekTop u3MeHEHUsI CKOPO-
CTH

Av, =v —v

nocrpoum (puc. 4.8) corsiacHo npa- Puc. 4.8

BUJTY, M3JIO)KEHHOMY B 1.2 §3.4.

ITpu manom At gyra AB majio orsinuaercst ot xopasl A B. U3 no-
nobust tpeyronibHukoB AOB u BM N caenyer

Ava _ Al _ Aq.
v r
Otcioia MOJYJIb CPETHETO YCKOPEHUST
_ Av, _ v Al

Gep = = .
P AL r Al
Moy/ib MTHOBEHHOTO YCKOPEHUST
. . Avy, v Al
a= lim ac,p = lim = lim (==]).
At—0 At—0 At At—0 \7 At
[ocTostHHBIN MHOXKUTENb U /7 BLIHOCHM 32 3HAK TpeJiesa; TOTIa
v . Al
- lim — =
r At—0 At
3. Ham ocrasioch onpeesiuTh HApaBJIeHUe BEKTOPa MIHOBEHHO-
ro yckopenusi. BeKTOp cpe/iHero yCKOpeHHUsl COCTABJISIET ¢ BEKTOPOM
ckopoctu yroa 3 = (7 + Aa)/2. llpu At — 0 yron Aa — 0. Cre-

JI0BaTeJbHO, BEKTOD MT'HOBEHHOTO YCKODEHHUSI COCTABUT C BEKTOPOM
CKOPOCTH YTOJI

a =

2
v
Sv= (4.17)
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g= lim TTAe _ T (4.18)
At—0 2 2
UTaK, pasHOMEPHO NEPEMEWAIOUAACH VO OKPYHCHOCTIU MAMEPU-
ANLHAA MOYKA 0BUINCEMCA C YCKOPEHUEM, HANPABAECHHVIM NEPNEHOU-
KYAAPHO BEKMOPY CKOPOCMA, T. €. TIO pauycy K nentpy. [Tosromy 30
YCKODEHHE HA3bIBACTCS HOPMAALHOM WA UEHMPOCTAPEMUTIENLHBIM
1 0603HAYAETCST CUMBOJIOM G,
Cornacuo (4.12) v = wr. [logcrasus B (4.17), nonyuum

2
an = % = w’r. (4.19)

I'masa 5
CHJIA

§5.1. Cuna — mepa B3auMOIeHCTBUS TeJI

1. OnbIT MOKa3BIBAET, YTO BCE TeJia B MPUPOJE TAK WU WHAYE
B3aMMOJICUCTBYIOT JIpyT ¢ JApyrom. Tak, Hampumep, aTMochepHbIii
BO3/IyX JIABUT Ha TOBEPXHOCTb 3€MJIM U BCE HAXOMASAIINECS Ha Hei
MpeAMeTbhI; B3aUMOeHCTBIEe MEXKY MOJIEKYJIaMU BOJbI U ITOBEPXHO-
CTBIO TeJa KyNaJbIINKa MPUBOAUT K TOMY, YTO K TeJIy MPUJIUIAIOT
KaIlTH >KUJKOCTHU; CUJIbHOE B3aUMOIEHCTBIE MEXK/Iy COCTABHBIMU Ya-
CTSIMU ATOMHOTO si/ipa (IPOTOHAMM U HEATPOHAMM) SIBJISIETCS IPUYH-
HOI TOro, 4TO ATOMHBIE $1/Ipa YPE3BbIYAHO TPY/HO PAa3PYUINTh.

Mepoii 63aumodeticmeus mea Uiy 4acmuy, u3 KOmopvr COCMOoAM,
Mena, AGAAECMCA CUNG,.

[TousiTue cuJibl MEPBOHAYAIBLHO BOZHUKJIO U3 OLEHKU MbIIIIETHOTO
Hanpskenusi. UTobbl MOAHSTH KaMEHb, CABUHYTD JIOJKY, HATAHYTH
TETUBY JIyKa U T. ., TpeOyeTCcsi HEKOTOPOE HAIMPSIXKEHUE MBbIIIII], pa3-
JINYHOE B pa3HbIX cirydasix. CTerneHb 9TOro HANPSIXKEHUST U OLEHUBA-
Jach cuiioif. MoKHO MpUBECTH MPUMEPDI Psiia BLIPAXKEHUIA, T/ie U cefi-
4ac CJI0BO «CUJIa» TIPUMEHSIETCA B CBOEM IMEPBOHAYAJIHLHOM CMBICJIE:
«CUJTbHBIH 4YeJIOBEK», «CAeJIaTh OTYAsHHOE YCUJIUE», <y MEeHsl CUJIbI
Ha UCXOJIe» U T. 1.

3areMm JoAM yOEIUINUCH, UTO TMOHSITHE CUJIbI MOXET CJIy>KUTh
U JJ1s1 XapaKTEPUCTUKU BO3AEHCTBUST OJHUX TeJ Ha Apyrue. Tak mo-
SABUJINCH MOHATUSA «CUJIbHBIA BETEP», «CUJILHOE TE€YEHUE», «CUTHHDBINA
yJap» KaK XapaKTepUCTUKHN BHEUIHUX BO3AEHCTBUI, PABHOCUJIbHBIX
MBIIIIEYHOMY YCUJIHIO.

B pasibHeiiiiiem TepMUH «CHUJIa» CTAJ TPAKTOBATHCS BeCbMa IIIH-
poKo. BO3HUKJ/IU BbIPAXKEHUST «CUJIA BOJIM», «CUJIA JTyXay, «CUJIbHEE
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cMepTu» u ToMy nogobubie. Takoe paciupenne mOHSITH O CAJIe CTy-
JKUJIO U CITY2KUAT TPUIUHON Psifia HETOPa3yMeHUid, U ero cieyeT u3be-
rath. K coXxasieHuio, 10 cux nop nob3yI0TCs TAKUMHI, HAITPUMED, Tep-
MUHAMH, KAK «CHJIA CBETAY, «JTEKTPOIABUKYIIAA CUITAY, «JIOMIATAHAS
CUJIa» U T. J., XOTS 3TU MOHATHSI HUYEro ODIIEro ¢ CUJION He UMEIOT.

Tepmun «cuna» Mbl 6yJeM B MEXaHUKE TPUMEHSITb TOJbKO B IPsi-
MOM €ro CMbIC/Ie — KaK MePY B3anMOJEHCTBUST Tel.

2. B coBpemenHoit husnke pasiniaioT cJIeyONIHe THTIBI B3aUMO-
OeUCTBUIA:

a) IpaBUTAIMOHHOE, BO3HUKAIOIEE MEXK/y TeJIaMU 3a CUeT BCe-
MUPHOTO TATOTEHUST;

6) 97EeKTPOMArHUTHOE, BO3HUKAIOIIEE MEXKIY HEMOABUXKHBIMU
WU JIBVKYIITAMUCST 3aPSPKEHHBIMUA YACTUTIAMU WJTH TEJAMU;

B) CUJIbHOE, WU sIIEPHOE, XapAKTEPU3yollee B3a-
UMOJIEHCTBYE JIEMEHTAPHBIX YaCTHUI], HATIPUMED TeX,
KOTOPbI€ BXOJISIT B COCTAB ATOMHOTO SI/IPA;

r) cnaboe B3aMMOJEHCTBUE, UMEIOIee CBOUM pe-
3yJIBTATOM PAaCHa]] HEKOTOPBIX 3JEMEHTAPHBIX dYa-
CTHII.

B MexaHUKe PaccCMaTPUBAIOTCS CUJIbI, BOSHUKAO-
e TPU HEMOCPEJACTBEHHOM KOHTAKTE TEJ, — CUJIbI
TpeHus U CUJjibl yrpyroctu. Kpome Toro, B MexaHuke
HU3YYAIOTCs CUJIbI TATOTEHUSI.

3. PesysbraToM B3aMMOAEHCTBUS T SIBJISIETCST
6o nedopmaius (M3MeHeHne pasmepoB uim Gop-
Mbl Teja), ubo yckopeHue (M3MeHeHUe MOJLyJisl WJIU
HanpasjieHusi ckopoctn). KoHeyHo, HE HCKIIOYEHO,
YTO OJHOBPEMEHHO MOTYT BO3HUKHYTbL M Jedopma-
I[UsI, ¥ YCKOPEHHeE.

Kaxkmoe u3 3Tux nposiBieHnit CUIbl MOXKET ObITh
HCTIOIb30BAHO Jisi ee uamepenusi. OIHAKO U3MEPHUTD
cTemeHb edopMalud 4acTo 3HAYUTETHLHO MPOIIe,
gem yckopenue. [losTomy ocHOBHOI meTanibio npubopa aJisi uamepe-
HUs cul — dunamomempa (0T rpedeckoro dynamis — cuiia) — siBJIsi-
eTCs PY2KUHA, CTENeHb TeopMaliiy KOTOPOI 3aBUCUT OT 3HAYECHHU ST
n3MepsieMoii cuibl (puc. 5.1).

§5.2. VYnupyrue m njactuydeckue gedopmMarum

1. ledpopmarusi Tesa Ha3bIBaETCS Yynpyeoli, €cjiu TMOCTe CHSITHSI
HATPY3KH [MOJITHOCTHIO BOCCTAHABJIUBAIOTCSA pa3Mepbl u dhopma Tena.
Tracmuneckoti HaspiBaeTcst AebopMaliuisi, B pe3yJabTaTe KOTOPOii BO3-
HUKAIOIINE U3MEHEHUs Pa3MepoB u (hbOPMbI TEJIa HE UCUE3AI0T MOCIE
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npekpalieHus aeiicteusi cuiibl. [locie mactudeckoit gedopmarun
TEJI0 COXpaHsieT (YaCTUYHO WJIM MOJHOCTHIO) BHOBb NPUOOPETEHHYIO
dopmy U u3MeHEeHHbIE pa3Mephbl.

MocTbl, 6aJIK1, CTEHbI, T€TAJNU CTAHKOB TPU JIeHCTBUN HA HUX CUJI
MOMKHBI paboTaTh B 06J1acTu ynpyrux aedopmalinii — 370 0b6ecrneyduT
JUIATEJIbHYI0O COXPAHHOCTh U HAJEXKHOCTh KOHCTpyKumu. Haobopor,
IIPU MEXaHUYECKOi 06paboTKe MaTeprasia (KOBKa, IITAMIOBKA U T. 1. )
€ro TIOABEPTaloT MJIACTUYECKO JepopMaliii ¢ TAKUM PacdeToM, YTO-
ObI 1eTaJib, TIOJyYeHHAsl B pe3yJbTaTe 00pab0TKU MaTepuaJia, nMesa
Hy>KHbIe pa3Mepbl U GOPMY U COXPAHUJIA UX MOCE CHITUST YCUTUIA.

2. XapakTep gedopMalii 3aBUCUT OT BEJTUIUHBI U JJTUTETbHOCTH
JefiCTBUST HATPY3KH, & TAKXKe OT MaTepuaJia, 3 KOTOPOro U3roToBJie-
HO T€JIO, ¥ COCTOSIHUSI ITOT0 MaTepuaJa (Temreparypa, mpe/ecTBo-
BaBIllas 06paboTKe, U T.11.).

Tak, ec/iu U30THYTH CTAJIBHYIO JIACTUHKY U TYT K€ OTIYCTUTh €e,
TO OHa MPUMET TMEePBOHAYAJLHYIO (POPMY; SICHO, UTO 3/1€Ch MbI UMEEM
neJio ¢ ynpyroit gedopmarueit. OiHaKO e MJIACTUHKY 3aKPENUTh
B M30THYTOM COCTOSIHMM Ha JJIUTEIbHOE BPEMSsi, TO MMOCJE CHSITHUSI
BHEIIIHUX YCUJIUI OHA y>Ke MOJIHOCTHIO HE BBIPSIMUTCS. SHAYUTEIb-
HO€ yBeJIMUEHUE JIJTUTEJIbHOCTU BHEIIHErO BO3EHCTBUSI MPEBPAIaeT
yupyryio 1edopMaliiio B MIACTHYECKYIO.

Ha xapaktep nedopmalinu o4eHb CUJIBHO BJIUSIET TEMIIEPATYPA.
CranbHas IJIACTUHKA, HATPETasl IO TEMIIEPATYPhI XKEJITOTO KaJIeHUs,
CTAHOBUTCS IJIACTUYHON MPU CPABHUTEJHHO HEOOJBIINX BHEITHUX
YCWJIASIX, KOTOPbIE MPU KOMHATHBIX TEMIEPATypax CIIOCOOHBI BbI-
3bIBaTh B 9TOH MJIacTUHKE Jullb ynpyrue aedopmamnuu. Haobopor,
CBUHEIl, BECbMa TJIACTUYHBIA TPU KOMHATHOM TEeMIIEPAType, CTAHO-
BUTCSI YIIPYTUM TPU HU3KUX TemrnepaTypax. CBUHIOBbINH KOJOKOJIb-
YUK, OXJIAXK/IEHHBIN XKUJKUM BO3/YyXOM, U3/IaeT YUCTHIA 3BOH, a 9TO
3HAYUT, YTO B HEM MPOUCXOJST ynpyrue jgedopManuu. Y BejudeHne
MJIACTUYHOCTH MAaTEPUAJIOB C POCTOM TEMIEPATypPhbl UCIOIb3YeTCsI
B TEXHUKE MPpU 00pabOTKe METAJLJIOB.

Takum 06pa3oM, HET PE3KUX TPAHUL] MEXKJY YIPYTUMU U ILJIa-
crudeckumu gedopmatiusivu. OHAKO, KAK MMOKA3bIBAET OIBIT, He-
OosbIlie U KpaTKOBpeMeHHbIe JedopMalii MOTYT € JOCTATOYHOMN
CTEMEHbI0 TOYHOCTH PACCMATPUBATHLCS KaK YIIPyTHe.

3. VI3 mpakTUKU U3BECTHO, 4YTO UeM OOJbINyI0 TedopMaIinio Mbl
JKeJIaeM CO3/]aTh, TeM DOJIbIliee YCUTNe HYKHO MMPUJIOXKUTH K Jedop-
Mupyemomy Tegry. CregoBaTesibHO, 10 BeJIndnuHe 1ehopMaliii MOXKHO
CY/JTUTH O BEJIMUUHE CUJIbI. AHAU3 Psifla IKCIIEPUMEHTOB MTOKA3bIBAET,
UTO AOCOMOMHAA BEAUNUHA YNPY20T JeoPMAUUY NPONOPUUOHAADHA
NPUAOIHCERHOT cuse. DTO YTBEPXKICHUE COCTABJISIET CO/IEPKAHUE 3a-
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koHa ['yka:

F=k(l—-1)=kAlL (5.1)
rae F' — npuiokeHHast BHENIHSS CUIIA, [) — HMepBOHAYa bHASA AJINHA
Tena, | — giauHa aepOpMHUPOBAHHOTO Teja W k — KosduimenT

MPOMOPIMOHATBLHOCTH, Ha3bIBAEMBIH orcecmrocmoio. (Panbie oH Ha-
3bIBaJICST KOA(DDUIMEHTOM yIIPYTOCTH. )

N3 3akona 'yka ciieryer, 4TO MIKAJIa, JUHAMOMETPA JOJKHA, ObITh
paBHOMepHOt (cM. puc.5.1). DTo cymecTBeHHO 06Jerv4aeT ero rpa-
JIyUPOBKY.

4. B copaBeayinBocTy 3akona ['yka mo3sosisieT yoeIuThCs Cleayo-
it onbiT. [logBecuM MIAHKY ¢ TPY30M Ha OFHON MPYKUHE U U3Me-
pum aedopmanuio Al (puc.5.2 a). 3aMeHUM Temeps 3Ty MPYXKUHY
JBYMsI TOYHO TAKUMHU K€
(puc.5.26). Msl  yBuaum,
4TO XOTA Ha CUCTEMYy [Jei-
CTBYET TOT K€ I'PYy3 C TOH 2Ke
cuwioit F, pacrsikenne Kaxk-
IO M3 TPYXKUH OKAXKETCsT
BABoe Menblie: Aly = Al/2.
Ho u3 coobpakenuit cummeT-
PHH CIEYET, UTO HA KAXKTYIO
U3 NPY>KUH JeUCTByeT cuja
F1=F/2.

Ilpogenae Takoii ke
ONBIT C TpeMsi MPYyKUHAMU
(puc.5.28), Mbl 0bHapyxkuM, uto Aly = Al/3. Ho u3 cummerpun
cJieflyeT, 9To B 9ToM ciaydae u Fy = F/3. Uraxk,

F kR Fy

Al AL AL 7
rjie k — mocTOsTHHAS BEJIMUUHA [IJTsT JAHHON TIPYXKUHBL. A 9TO U eCTh
3akoH ['yka.

LS oA I I 4A
R B

Puc. 5.2

§5.3. Cuaa — BekTOp

1. Besikast cuta mmeeT onpe/ie/ieHHOe HAMPABJICHHUE, PUIYEM Pe-
3yJLTAT JEHCTBUsI CUJIbI 3aBUCUT HE TOJIbKO OT €€ MOJIyJisl, HO U OT
HampaBjeHusi. Hanmpumep, cuia TpeHus Jalie BCero HampaBJjieHa mpo-
THUBOMOJIOXKHO BeKTOpY ckopocTu. Fcau mon geficTBueM HeKOTOPO#t
CHUJIBI TIPY?KUHA PACTATUBAETCS, TO MPU U3MEHEHUHN HAIpPaBJIeHUs
CUJIBI TIPY2KWHA COXKMETCsI. Yaapsis no msdy, ¢dpyTdbonuct coobiiaeT
eMy YCKOpeHUe, HAIPABJEHHOe B TY K€ CTOPOHY, YTO M CHUJA, C KO-
Topoii Hora ¢dyTbosncTa AeiicTByeT Ha Msid. To, 9TO CUJIA SABJSIETCS
BEKTOPOM, BUJIHO U u3 3aK0oHA ['yKa, nb0 KeCTKOCTh €CTh CKAJIsSIPHAST
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BeJinunHa, yaunenue xe Al = 1 — 1y — BekTop, a Mpu YyMHOXKEHUU
BEKTOPA Ha CKAJISIP MOJTy4aeTcst BeKTop (cM. § 3.3).

2. 3amnuiiem 3akoH ['yka B BekTopHOit hopme. [1pu sTom cireyer
YYUTHIBATH HAMPABJE€HUE BEKTOPOB Mepemelnenus u cujbl. [lycTsb
BHEIIIHEE TeJIO, HAPUMEP pyKa, pacTsruBaerT npyxuHy (puc.5.3).

Cujna, ¢ KOTOpO#l BHEIIHee TeJIo
lo JefiCTBYeT Ha TPYXKWHY, HA3bIBa-

fm ercsa enewnel cunoti. Hampasie-

HUEe BHEIITHEN CUJIbI COBITaJa€eT C Ha-

l ¥ MpaBJIEHUEM TEePEMEIEHUsT, CJIe/I0-

7 fzgm %ﬁ”" BaTEJbHO, 00 BEKTOPA UMEIOT O/TU-
_)5;__ = HaKOBOE HaIIPaBJICHUE:

p Fynp Foueun = k AL (5.2)

W OmnbIT MoKasbIBaeT, 4To Aedop-

MUPOBaHHAsA TPY>KUHA JIEHCTBYET

Puc.5.3 Ha pYKYy C CHJIOH, paBHOi BHeII-

Heil cujie Mo BeJUYdHe, HO MPOTHBOMOIOXKHON TI0 HAIPaBICHUIO

(cm. puc.5.3). Cuna, ¢ xKotopoii sedopMupoBanHas TpyKUHA Jeii-

CTBYeT Ha BHeIITHee TeJI0, Ha3biBaeTca cuaoti ynpyeocmu. TockoabKy

HaIlpaBJICHUE CHUJIbI pryFOCTI/I ITPOTUBOITIOJIO?KHO BeKTOpy yﬂ.ﬂHHe—
HUSI, TO

Fyup = —k AL (5.3)

3. Anayusupyst pa3iMdHbie BUIAbI B3auMoaeicTBust Tej1, HproroH
MIPUIIIEN K BBIBOMY, UTO BCEr/a 064 Mead 63aUM0o0eticmsytom ¢ cua-
MU, PASHBIMU 10 MOOYAI0, HO NPOMUBONOAOHCHMU NO HANPABAEHUIO:

F12 = —F21, (54)

rae F o — cuna, ¢ koTopoii mepBoe TeJio aeiicTByeT Ha BTOpoe, a Fo; —
CHJia, C KOTOPOi BTOPOE TEJIO IeHCTBYET Ha IIEPBOE. DTO yTBEPIKACHUE
HA3LIBAETCS MPEMbuUM 3axorom Hvromona.

B kauecTBe mpuMepa MOXKHO PACCMOTPETH OIBIT [0 B3aUMOZEH-
CTBUIO MArHuTa ¢ KyCKOM »kejie3a. JluHamomeTpbl, MpUKpPENIeHHbIE
K 00OMM TejiaM, PErMCTPUPYIOT OJUHAKOBBIE MO MOJYJIIO, HO MPO-
THUBOITOJIOXKHBIE M0 HAMPABJICHUIO CUJIBI B3auMogeiicTBus (puc. 5.4).

Puc.5.4

[Ipumepn! Ha npuMeHeHne TpeThero 3akona HeioTona OyayT pac-
CMOTPEHBI B MOCIEAYIOIMAX IJIaBax.
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§5.4. CaoxxeHue U pa3JIoKEeHUE CUJI, TTPUTOKEHHBIX
K MaTepUaJbHON TOYKe

1. Eciu kK MaTepuasibHOM TOYKE MPUIIOKEHO HECKOIBKO CUJT, TO UX
MOYXKHO 3aMEHHUTH pasHodeticmeyroweti cuyoii. Pasnodeticmeyrowasn
ABAACTNCA BEKMOPHOT, CYMMOT CAQ2AEMBIT CUA, U €€ MOXKHO HaWTH
0 TIPABUJTYy MHOTOYTOJIbHUKA (pHcC. 5.5).

F, F,

F, 120° F,

B GEL T N

F;
Puc.5.5 Puc. 5.6

Ecnmu MHOTOYrobHHK CHJI OKaXKeTCsl 3aMKHYTBIM, TO 9TO O3Ha-
YaeT, YTO PABHOJEHCTBYIOIIAs JAHHONH CHUCTEMBbI CUJ PABHA HYJIIO.
Takasi cucTema Ciil Ha3bIBaETCs1 Ypasrosewernot. [Tpumepom moxer
CJIy?KUTbh CHUCTEMa U3 TPEX PaBHBIX IO aOCOIIOTHON BeJIMYMHE CHJ,
PAaCIOJIO’KEHHBIX B OJHOII MJI0CKOCTH nof yraamu 120° apyr k apyry
(puc.5.6).

Cucremy cnii, IPUJIOXKEHHBIX K OJHON TOYKE, MOXKHO YPaBHOBe-
CUTB, IPUJIOXKUB K Hell YpasHosewusarouyro CULy. Y paBHOBEIINBAIO-
mas cujIa Mo MOZYJII0 paBHA PaBHOAEHCTBYIOMIEH, HO HUMEET MPOTHU-
BOTIOJIOZKHOE HAIIPABJICHHE.

Puc. 5.7
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2. Cunty, Kak u JiI000# BEKTOP, MOXKHO PA3JI0XKUTH HA JIBE COCTAB-
astiomue (cM. § 3.4). Ha npakTuke 4acTo BCTpedaeTcst cirydaii passio-
>KEHUsI CUJTbI Ha JIBE€ COCTABJISIIONINE C 33 JAHHBIMYA HATPABJICHUSIMU.

Tak, mycTb Ha KpOHIITEHH JAelicTByeT HeKoTopas cujia P
(puc.5.7). Tpebyercst HaiiTh ycuiust B cTepxKHsX. B sTOoM citydae
HUCKOMBIE CUJIbI HAITPABJIEHBI BAOJb cTepkHe. CTpouM TpeyroibHUK
A1B1C7 Tak, 4Tobbl €ro CTOPOHbI OBLLIM NapaJsiejbHbl cujie P
U crepxkHsiM, a JauHa cropousl A;Cp paBua P (B usbpanHom

maciurabe). Torga sektop F1 = Ay By siBasieTcst CUiioil, pacTsiru-

—
Balomeii crepkenb A B, a Bektop Fo = B1(C1 — cuioii, ckumaromeit
crepxkedb BC. B usbpannom wmacmrabe cuiabl F7 u Fy MOXHO
BBIYUCTATH U3 MPOMOPIIUT

Fr _ F P

AB ~ BC _ AC®

I'masa 6
CINJIA TA2KECTHU, BEC 1 MACCA

§6.1. Cuaa Tsaxectu. Bec

1. I3 noBceHEBHOrO ONMbBITA U3BECTHO, YTO BCE TEJa MAJAIOT HA
3eMJTIO, eCJTH STOMY JBHXKEHUIO HE TPEMSITCTBYIOT Apyrue Tejia. dYro
¥Ke SIBJISIETCSI MPUYMHON NaJieHusi?

[Iponenaem Takoii ombIT. [logBsizkem HHUTKOI TeJO
K Tpy»kuHe u ormyctuM ee (puc. 6.1). Teso npogsunercs
CJIETKa BHU3, PACTSHET IPY>KUHY U 3aT€M OCTAHOBUTCH.
HedopmupoBannasi nmpy»kuHa IeHCTBYeT HA TEJO C He-
KoTopoit cunoit Fy,,, nanpapjieHHoil BepPTUKAJILHO BBEpPX,
OJTHAKO TEJI0 OCTAETCS B PABHOBECHH. A 9TO BO3MOXKHO
JIIIb B TOM CJly4dae, €CJIM KpOMe CUJIbl yIIPYTOCTH Ha TeJI0
nmeiicTByeT erite ogHa cujia P, paBHast eit mo abcosroTHOIM
BEJIUYMHE, HO HATPABJICHHAST BEPTUKAJIBLHO BHU3, K 3eMJI€.

Ecnau nepexkeyub HUTD, CBA3BIBAIOIILYIO TEJIO C MPYKU-
HOIi, TO B3auMoielicTBIe MexKay Humu ucdesner. [Ipyxu-
Puc. 6.1 Ha BHOBb MPUMET MePBOHAYAJILHYIO (OPMY U pa3Mephl.

BsaumogeiicTue xxe Mex1y 3eMiieii 1 TeJIOM COXpaHsIeT-
cst — 3emJis TPOAOKAET MPpUTArUBaTh Tejo ¢ cuoit P. Tlox aeii-
CTBHEM 3TOH CHJIbI TEJIO BBIXOAUT U3 COCTOAHUA MOKOA U HAYUHACT
najaTh Ha 3eMJIIO.
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Cuana, ¢ kKomopoti Semas npumszusaem x cebe meaa, Ha3bl8AEMCSH
cunoll mascecmu.

2. Cuna TsiKecTH JEHCTBYET HA BCE TeJa, PACOOyKEHHbIE BOJIN3U
Semutu. U ecsin He Bce OHU TAJAIOT HA 3€MJTIO, TO 9TO MTPOUCXOANUT OT-
TOrQ, YTO UX IBUXKEHUE OTPAHUUUBACTCS JPYTUMU TEJIAMU — OMOPOIA,
HUTBIO, IPY>KUHOU, CTEHKOU U T. II.

Tenia, KoTOPHIE OrPAHUYUBAIOT [BUXKEHUE JIPYTUX TeJ, HA3bIBA-
0TCsT C8aA3aMU. [ pOrCXOXK/IeHNE DTOr0 TEPMUHA, OUEBUTHO: ITU TEJIA
CBSI3BIBAIOT JABMXKEHME TaHHOIO TeJjia, MPENsSITCTBYsSl ero CBOOOJHOMY
nepemernenuo. Tak, MOBEPXHOCTD CTOJIA, SIBJSIETCS CBSI3BIO JJIsI BCEX
MPEIMETOB, JIEYKAIUX HA HEM; [TOJI CJIY2KUT CBSA3bIO JIJIsl CTOJIA U T. [I.

[lox peficTBUEM CHJIBI TSIZKECTU CBSI3H J1e(DOPMUPYIOTCS, U PEaK-
uust 1epOpMUPOBAHHON CBsI3U 10 TpeTheMy 3akoHy HbloToHa ypas-
HOBeIuBaeT cuiy Tskectu. Ho eciu aedopmanuio npykunabr 00-
HAPY>KUTh CPABHUTENHHO JIETKO, TO [JIsi HabmtoneHust aqedopMaliuu
JIPYTUX CBA3ell HepeaKO HeoOXOAMMBI TPUOOPDI, MO3BOJISAIONINE PErr-
CTPUPOBATH OYEHDb MAJIbIE TEePEMEICHUSI.

3. Becom nasvieaemes cuaa, ¢ komopoti meao deticmeyem Ha c6A3b
(JAaBUT Ha TOPU3OHTAJIBHYIO ONOPY WJIM PACTATHBAET HUTDb) 6CA€0-
CMEUE NPUMANHCEHUS IMO20 MEA K SeMae.

Kak 6ynmer mokazaHno B § 7.2, Bec Tejia paBeH CUJIE TSIXKECTU, €CITU
TEJIO U CBSI3b MOKOSITCSI OTHOCUTENILHO 3eMJIH (MJIH JIBHXKYTCS OTHO-
CHUTEJIHO Hee TPSIMOJIMHEHHO ¥ PABHOMEPHO).

Peaxiueit nedopMUpOBaHHONH CBSI3W MOYKHO BOCITOJIb30BATHCS
IS u3MepeHusi Beca. JIast 9Tol 1eau TpUMeHsieTCsT JUHAMOMETP
(Ipy>KHHHbBIE BEChbI), TPayH-
pOBaHHBIN B KakKux-1ubo equ-
HUIIAX CUJIBI.

BropoueM, MOXHO TIOCTY-
Tk u uHade. [logbepem sma-
AOHHYIO 2upr0 — TEN0, BeC KO-
TOPOr0 PABEH €IUHUIIEC CUJIBI,
¥ U3rOTOBUM I'MPH B HECKOJIBKO
pa3 boJibllle WM MEHBIIE ITa-
JIOHA. DTa CUCTEMA TUPb HA3bI-
BAETCsI PA3HOBECOM.

[TomMecTM Ha OAHY YaIIKY
pPaBHOIJIEYNX DPBIYaXKHBIX Be- Puc. 6.2
COB TeJI0, BEC KOTOPOT'O MBI 2Ke-

JIaeM ONpeAeUTb, a Ha JAPYTYIO YalllKy — TUPH TaKOH BeJIMYUHBI,
9TOOBI BeChl ypaBHOBecHIUCH (puc. 6.2). [lockonbky 17151 paBHOBecHsT
PABHOILJIEYUX PhIYAXKHBIX BECOB HEOOXOAUMO, 4ToObI Ha 0Oe Yaliku

Bec rupu Bec rena
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ZeiCTBOBAJIM paBHbIE CUJIBI, MbI JieJIaeM BbIBO/], YTO BeC UCIIBITYEMOI'0
Tejla paBeH BeCy T'Mpb.

Utak, sec mootcho onpedeaums Ha NPYHCUHHOIT UAU POIYAHCHOLT
6ecar.

§6.2. CBobOoaHOe T1a/IeHUE

1. Ce0600nbim naderuem Ha3LIBAETCS ABUXKEHUE TeJI IO, JIeii-
CTBUEM OJTHOM TOJIBKO CHJIbI TsikecT. [ljisi Toro 4TobbI ncciieno-
BaTh CBODOOJHOE MaJIEHUE TeJ, HY>KHO OCBOOOAUTH WX OT JEeUCTBUsT

BCEX MMOCTOPOHHUX CUJI, B YACTHOCTU OT COMPOTUBJICHUST
7 BO3/yXa.

Jlerko yb6enuThCsi, 4TO COMPOTUBJICHUE BO3YXa CY-
[IECTBEHHO BJIMSIET HA XapaKTep MajeHusi Tes. Boimy-
CTUM M3 PYK KaMeHb M KYCOK BaTbl. KameHb OBICTPO
ynajer Ha 3eMJito, BaTa OMYCKAeTCs MeJJjieHHee. Y Hac
MOXKET CJIOXKUTBCSI MPEJICTABJIEHUE, UTO TsXKEJbIe Teja
nagaioT ObicTpee Jjierkux. OJHAKO €C/d BATy CKATATh
B IJIOTHBIH IIAPUK, TO OHA 3HAYUTEIBHO ObICTPEE YIIaJeT
Ha 3emytto. UTo »Ke U3MEHUJIOCH B 3TOM ONbITE? Y MEHb-
HIUJICS Ppa3Mep IIapUKa U COOTBETCTBEHHO COMPOTUBJIE-
Q HUEe BO3yXa. TOYHO TaK K€ CKOMKAHHBINH JIUCT Oyma-
'Yl UCTIBITHIBAET 3HAYUTETbHO MEHbIIIEE COMPOTUBJICHUE
BO3/IyXa U MMOTOMY Ta/JaeT ObICTPee, YeM TAKOM 2Ke TI0C-
KU JIUCT.

EcTecTBeHHO, BO3HUKAET BOMPOC: & Kak OyAyT ma-
IaTh Teja B BaKyyMe, KOIJIa COIMPOTUBJICHUE BO3/Y-
Xa, UCKJIIO4YeHo? ByayT jin oHuM magaTh ¢ OJUHAKOBBIM
yckopenunem? Pacemorpum citeyromuit onbiT (puc. 6.3).
Bosbmem cTek/IsiHHYIO TPYOKy [inHO# Oojiee MeTpa,
3allasiHHYI0 C OJHON CTOPOHBI, a C JAPYroif CTOPOHBI
3aKpBITYIO KPBIIIKOH ¢ marpyokom. BuyTpu TpybOku
HaXOZSITCS KyCOYeK CBUHIA W TepbimKko. Fcau pe3ko
OMPOKUHYTh TPYOKY, TO CBUHEI| MaJlaeT BHU3 OBICTPO,
a MEePBIIIKO MaaeT odeHb MejeHHo. [Ipucoegunum TpyOKy K BO3-
OYIIHOMY HACcOCy W BBbIKa4aeM W3 Hee BO31yX. BHOBL mepeBepHyB
TpyOKy, yOeauMcst, 4To 00a Tesia MAJAIOT OJUHAKOBO — TMEPBIIIKO
HUCKOJIbKO HE OTCTAET OT CBUHIIA!

Takum 0bpa3om, 6ce mena, HE3ABUCUMO OM UL BECA, CE0000HO
nadaom ¢ 00UHAKOBHIM YCKOPEHUEM.

2. BrnepBble K Takoit Mmbicau npuiien [anuneit B Hadamse XVII B.
1o TOro BpeMeHu B HayKe TOCIOJCTBOBAJIN MpejCcTaBieHust Apucro-
TeJst O TOM, YTO TsiXKeJjIble TeJia MaJaloT ObicTpee jerkux. YToOb

Puc.6.3
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ybenuThbCsi B TPABUJIBHOCTH CBOEH TOYKHW 3penusi, |ajueii mocra-
BUJI PsiJ] OMBITOB, Opocasi pa3Hble TeJia co 3HaMeHuTON [luzaHckoit
HAKJIOHHOMN OAIlIHU U U3Mepsisi BpeMst UX MajieHusl.

lasinneit mokasaJ, 4To cBOOOIHOE A JEHUE SIBJSIETCS PABHOYCKO-
peHHBIM JBUKeHuEM. [ I0Ka3aTENbCTBA STOTO NMOJIOKEHUS JI0CTa-
TOYHO, HATIPUMeEp, YOeIUThCS, UTO PAcCMOAHUE, TTPONAEHHOE TEJIOM
pu CBOGOJHOM MAJEHUN, NPONOPUUOHANDLHO KEadpamy epement d6u-
otcerua (cm. § 4.6). Tanueit He umest mpuGOPOB, MO3BOJISIIOIUX TOUTHO
U3MEpSITh MaJIble MPOMEXKYTKHU Bpemenu. [109ToMy OH MMUTHUPOBAIT
cBOOO/IHOE TTaJIEHNUE JIBUXKEHUEM TeJIa 10 HAKJIOHHON MJI0CKOCTH.

3. B nacrosiiiee BpeMsi MOXKHO € TTOMOIIBIO JIEKTPUYIECKOTO Ce-
KyH/IOMEpPa O4Y€Hb TOYHO U3MEPUTh BPEMs MaJCHUs Tejaa ¢ Jioboit
BBICOTHI. [IycTh HEGOMBINON CTATBLHON MIAPUK YAEPXKUBAECTCS Ha, He-
KOTOPO# BBICOTE C MOMOINbIO 3eKTpoMaruuTa. CrieruanabHoe peJie
MO3BOJIAECT PA3OMKHYTDH TOK B IIEIU JICKTPOMArHuTa 1 OAHOBPEMEHHO
BKJIIOYUTH djieKTpudeckuii cekynaomep. [Tlapuk, namast Bmonb Bep-
TUKAJLHON JIMHEHKH, IPOXOJIUT OTPE/IeIEHHOE PACCTOSTHYE U B KOHIIE
MyTH Pa3MBIKAET IeMb CEKYHAOMEPa, TEM CAMBIM OCTAHABJIUBAST €T0.
Mensist 9TO paccTosinve U M3MepPsisi KaXKJbI pa3 BpeMsi MaJICHUsI,
JIETKO YCTAHOBUTH 3aKOH [IBUXKEHUA. COHpOTI/IBJIeHI/Ie BO34yXa MOXK-
HO WCKJIIOYUTD, TIOMECTHB BCIO YCTAHOBKY B TPYOKY M BBIKaYaB U3
Hee BO3/yX. BrmpodeM, mpu majeHun MaJIEHBKOTO TSIXKEJIOro Iapu-
KA C MaJiOil BBICOTHI MOXKHO INpeHeOpedb COMPOTHBICHUEM BO3/yXa
(cm. § 11.9).

Pe3yibTaThbl  9KCIEPUMEHTOB YO UTEHLHO — CBUJIETELCTBYIOT
0 CJIeYIONIEM:

a. Ceobodnoe nadenue A6AAeMCA PAEHOYCKOPEHHBIM OBUNHCEHUEM.

6. Bce meaa nod deticmeuem cuavl mascecmu nadarom ¢ o0ura-
K068bLM YcrKoperuem g (OT JTATHHCKOTO gravitas — TsXKeCTh), Ha3blBa-
e€MBIM YCKOpEHUEM 800001020 NAdeHUA.

B. Ycropenue ¢606001020 NadeHus 6 Pa3HBIT MOUKAT 3eMAlU He-
CcKoAbKO passurro. [1py He 0UeHDb TOUHBIX U3MEPEHUSX 9TOMH PasHULIEH
(koropast He mpesbiaer 0,6 %) MOXKHO TpeHEOpPEYb U CYUTATH g =

= 9,81 m/c?.

§6.3. Macca Teaa

1. OnBIT MOKA3bIBAET, YTO CUJIA TSXKECTH, JEHCTBYIOMAS HA JaH-
HOE TEJIO0 B PA3HbIX TOYKAX 3EMJIM, HECKOJbKO PA3JIMYHA, — OHA Me-
HSIETCST B 3aBUCUMOCTH OT reorpaduyuecKkoil IMMPOTbl U OT BBICOTHI
HAJ YPOBHEM MOpsI; TOYHO TAK K€ MEHSIeTCS U yCKOpeHue CBoOO-
Horo mnagenusi. OgHAKO JJIst JII060ro TeJia OTHOIIEHWE CUJIBI TSXKECTH
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K YCKOPEHUIO0 CBOOO/THOTO MA/ I€HUST SIBJISIETCST BEJIMINHON MOCTOSTHHON

ﬁ:&:&:...:const,
81 82 83
A CIy>KUT, CJAeJOBATEJbHO, HEKOTOPOH XapaKTEPUCTUKON JAHHOTO
TeJIa.
Omuowenue deticmeyroueti Ha MeA0 CUAbL MAAHCECTIU K YCKOPE-
HUI0 800001020 NAJEHUA HA3BIBAEMNCA MACCOT MEAA:
m=2. (6.1)
g
[Tonsitne Macchl siBJIsieTCS OJHUM U3 BakKHeHImMx B buU3MKe.
Omno O6yeT HEOJHOKPATHO PACCMATPUBATELCS B AJTHHEHIITNX pa3/ieax
Kypca: npu udydenun 3akoHoB HbioToHa, 3aKoHa TSATOTEHMSI, B CBSA3U
C TAKUMM BaXKHEHUIIIUMU MOHSATUSIMU, KAK UMITYJIbC U JHEPIUsi. DTO
MO3BOJIUT 3HAYUTEBHO YTJIYOUTb U PACHIUPUTD HAIIU [TPEICTABICHUST
0 Macce.
2. Macca sBJisIeTCSI CKAJISIPHOU BEJIMYUHOM, a CHUJIa TSIXKECTHU
U YCKOPEHHE CBOOOJHOIO MaJieHUsI — 3TO BEKTOPBI, UMEIOIHE OJU-
HakoBoe HarpasJjenne. CoorHorrenue (6.1) Jydine 3anucath B BeK-
TOpHOIT popme:
P =mg. (6.2)

3. [ockoabKy ycKopeHue cBOGOIHOTO MaJeHUsT JJist BCEX TeJl OIHO
u TO ke, To u3 (6.1) cremyer
mo_ P (6.3)
mz Py’ ’
T. €. OMHOWEHUE MACC O8YT MEA PABHO OTIVHOWEHUIO UL CUA TANACECTNU
uAU 6€C08, NOO 3[1eCh BEC PABEH CUJIE TSXKECTH.

Ha sTOoM oCHOBaH MeTOj OmpejesieHHsi MacC C MOMOIIBIO Phbl-
Ya>KHbIX BECOB. Ka.K YK€ YKa3bIBaJIOCh, PbIYa>KHbI€ BECbI HAXOAATCA
B PaBHOBECHH, €CJIM BeC Tejla paBeH Becy rupb. Ho mozda u macca
meaa pasna macce 2upsb. VI3roToBUB ITAJIOHHYIO THDIO U TIPUHSIB €€
MacCy 3a €JIMHUILY, MbI MOYXKEM HA PHIYAXKHBIX BECAX CPABHUTH C HEMl
maccy Jo6oro apyroro tesa. Ciie/JoBaTeIbHO, CJIOBO «B3BELINBAHUES
npUMeHsieTcst (PAaKTUYECKH B JIByX CMBICJIAX: KaK OMNPE/IeJICHHe Beca
¥ KaK OIIpeJIeJICHHE MACCHhL.

Urak, macca meaa mootcem 6Guimsv onpedesena Ha PodAHCHOLT
secar.

§6.4. IlnmorHOCTH BelrecTBa

Eciu u3roToBUTH U3 OJJHOTO U TOT'O K€ BEIIECTBA TeJIa Pa3IUIHbIX
00bEMOB, TO 1 MACChl UX Oy 1y T passudnbiMu. OHAKO, KAK TOKA3bIBA-
€T OMBIT, OTHOIIIEHNE MACC ITUX TeJ K UX 00beMaM OyAeT MOCTOSTHHOM
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BEJIMYMHON’:
mi1 _ M2

Vi Ve
DTO OTHOIIEHUE CIIY>KUT XaPAKTEPUCTUKON BEIECTBA.
Omuowenue Maccol meaa x €20 066eMY HA3BBALMCS NAOMHOCTIDIO
sewecmea:

= ... = const.

p= % (6.4)

Kak 6yeT noka3aHo HUXKe, MJIOTHOCTh BEIIECTBA 3aBUCHUT OT €ro

TeMIIepaTypbl, BHEIITHETO TABJCHUIA W arperaTHoro COCTOAHUA. 1_[0—

9TOMY B CIIPABOYHUKAX BCErJa yKa3bIBalOTCA YCJIOBULA, TIPU KOTOPBIX

CITpaBeAJINBbLI Ta,6JII/I‘IHbIe JaHHbIC, — 663 ATUX yKaSa,HI/Iﬁ OHU JIMIIIE€HBI
CMBICTTA.

§6.5. JlaBienme. ApxumegoBa cujia

1. OnbIT MOKA3BIBAET, YTO OJHA U Ta YKE CUJIA, PACIIPE/IeJICHHAS HA
PAa3HBIX MJIOMAISX, TPOU3BOIUT PA3JINIHOE jeiicTBre. Tak, Ye0BeK
Ha JIbDKaX CBOOOMIHO JABUXKETCST TIO PBIXJIOMY CHETY, B TO BPeMsT Kak
6e3 JIBDK OH MTPOBAJTUBAETCS; OCTPBIM HOXK PEXKET JIydIlle, 4eM TYTOi
U T 1.

[lycts k HEKOTOpO# TIIoMAAKe S pusioxkeHa cujia K| paBHOMep-
HO paclipejiejieHHas Mo NJIoIIaAKe; MyTh CUJia HalpaBJeHa NepIieH-
IUKYJISIPHO 9TOH iomaake. /lasicnuem P HA3BIBAETCS OTHOIIECHUE
MO/TYJIsl CUJIbI K 3HAYEHUIO TJIOMIAIH:

F
== 6.5
P=3 (6.5)
Elciu »xe HampaBjieHue CUJIbI COCTABJISIET HEKOTOPBIA yToJI (¢ C HOP-
MaJIbIO K TUIOIMaAKe, TO JaBJICHUE PABHO OTHOIICHUIO MPOCKIUU CUJIbI
Ha HOpMaJib K 3HQUEHUTIO TIJIOIIAan:

F, F cosa
pP="g="g (6.6)

2. /laBnenue B >KUJAKOCTU UJIU Ta3€ yI0OHO CPABHUBATH C JTABJIE-
HUEM BEPTHUKAJBHOTO CTOIOA HEKOTOPOit XKuakocTn. Tak, Hampumep,
M3MEpsIeTCsl JIaBieHne aTMOC(hephl C TOMOIBIO PTYTHOTO BapoMeTpa
WJTH CTeNeHb pa3peXkeHusl B BaKyyMHOii ycraHoBke (puc. 6.4) ¢ momo-
IbI0 MaHOMETPA.

J11s1 BbIUMC/IEHNST JABJIEHNsI, KOTOPOE MTPOU3BOAUT BEPTUKAJIbHBIH
CTONOUK KUJAKOCTH O] JeHCTBHEM CHIIbI TSKECTH (THApOCTATHYE-
CKOE JIaBJICHUE), HY>KHO €r0 BeC Pa3/ie/IuTh Ha MJIOMA/ b OCHOBAHUSI:

_ P _ mg _ phSg _
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r7e p — MJOTHOCTh YKUJKOCTU, h — BBICOTA CTOJ0a, & — yCKOpeHue
CBODOOIHOTO TIa/ICHUSI.

Puc. 6.4

st u3MepeHust MaJIbIX TaBJICHU HEPEJKO MPUMEHSIETCST HAKJIOH-
Hasl MaHOMeTpUYecKasi Tpyoka. 37ech

p = pglsina, (6.8)

re @ — Yroj Mexay TpyOKoit 1 rOpU30HTAJIBHOM MJIOCKOCTBIO U | —
JIJIAHA, CTOJI0a YKUJKOCTH.

3. OnbIT NOKA3BIBAET, YTO B XKUAKOCTH (HAIPUMED, B BOJE) TEJIO
BECUT MEHbIIIE, YeM B BO3/yXe. A 3T0 03HAYAET, 4YTO HA TEJO, TIOTPY-
JKEHHOE B YKUJAKOCTH, JEHCTBYeT BBITAJKUBAIONMIAS CUJIa. SHAYEHUE

9TOM CUJIbl HAallleJT BEJIUKUNA JIpeB-
HerpedecKuil ydeHnlii Apxumen npu-

MepHO 3a 250 JieT 10 Hallleli IPHI.
Jnst BeiBOsia 3akoHa Apxumesa
// obparumMcst K puc. 6.5. MbIcJIeHHO BbI-
J JIeJIUM B YKUJKOCTH 00bEM, KOTOPbIi
JOJI?KHO 3aHSTH MOTPY2KEHHOE B Hee
teno. Ha manubiit obbem eiicTBy-
IOT CHWJIbl THJPOCTATUYECKOTO JIaB-
JIeHWsI, U300pa’KeHHbIE Ha PUCYHKE
Puc. 6.5 MaJIeHbKUMH cTpesikamu. QueBuiHo,
9TO JaBJICHUE CHU3Y, HA OOJIbIIIei TuTy-
6une, 6osbiiie gaBeHust cBepxy (cm. § 6.7). PaBHogeiicTByommas Becex
3JIEMEHTapHbIX CUJI U €CTh BBITAJIKMBAIOMAas Cuia Fapy, neiicTeyio-
asi Ha BbIJIEJEHHBIN 00beM XKUAKOCTH. HO MOCKONIBKY >KUIKOCTH
HAXOJUTCS B PABHOBECHU, TO ITAa CHJIA JIOJKHA ObITH paBHA BeCy

BbIJIEJIEHHOTO 00beMa, XKUAKOCTHU:

Fapx = Puc = pxV g. (6.9)
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fcHo, uTO eciiv UHTEpECYIOIEe HAC TEJIO IOMECTUTD B YKUJIKOCTh,
TO Ha Hero OyayT NeCTBOBATH CO CTOPOHBI OKPY2KAIOIIEH 2KUIKOCTH
Te YKe caMble TUJIPOCTATHYECKUe CUIbl. Tak, Ha meao, noepysicen-
HOE 8 HCUOKOCTIL, delicmeyem 6vmasKuSaULaa CuAG, PASHAA BECY
atcudrocmu, evimecnennoti smum meaom (3akoH Apxumesa).

He sutitaum 6yeT HAIOMHUTD, 9TO apXUMEIOBA CUJIA BOZHUKAET
JIUIIb B TOM CJIy4ae, KOrja Ha YKUJIKOCTL JeHCTBYET CUJIA TS2KECTH.
B cocrosinuu HeBecomocTu (§ 7.3) He BOBHUKAET THAPOCTATHYECKOTO
JIaBJIEHUST U HET apXUMEIOBOM CUJIBI.

4. B namem paccyk/ieHun CyIeCTBEHHYIO POJIb UTPaJl TOT (hakT,
YTO TEJIO0 CO BCEX CTOPOH OKPYXKeHO »kujkocTbio. Fciau ke Teso
MPUTEPTO KO [IHY COCYJa WJIM K €ro CTEHKE, TO PABHOICHCTBYIONIAST
CUJT THPOCTATUYECKOTO MABJICHUST OYIeT MPUAKUMATH TEJIO KO JIHY
WJIN K CTEHKE COCY/Ia.

[To Toi1 mpuunHe, HAIPUMED, TPUCACHIBAIOTCS TKOPsT KOpabJieit
K winctomy aHy. U ecnu sikopb HaxomuTcs Ha Gosbinoit riiybune,
TO YCUJIUS SIKOPHO#M JieOeJKU HEPEKO OKA3BIBAETCS HEJOCTATOYHO,
4T00bI OTOpBaTL €ro oT aHa. llpuxoaurcss pybuTh SKOpPHYIO 1€lb
U OCTaBJISITH STKOPDb HA JHE.

N3 smux ke coobparkeHuit MOABOHBIE JIOJKU MPU MOTPYKEHUU
n30eraloT CTABUTh HA JIHO. A TIpU TOAbEMe 3aTOHYBUIUX CY/IOB TOJI
JHUIIEM BBIMBIBAIOT UJI, 9TOOBI BO/IA OXBATHUIIA CYHO CO BCEX CTOPOH
Y TIOMOTAJIa, €10 TOTheMY Ha MTOBEPXHOCTD.

I'masa 7
OCHOBHOM 3AKOH JVTHAMUKN

§7.1. Cuia u yckopeHue

1. N3 zakona wuHepruu cjiemyer, 4To Tejo camo 1o cebe, Ge3
B3aMMOJENCTBHUS ¢ OKPYXKAIOIIUMHU €r0 TeJIaMH, He MOXKET U3MEeHUTh
cBoeli ckopocTh. Besikoe maMenenne MoAyJist WM HalpPaBJeHUs CKO-
POCTH IBMXKEHNsI TeJa BLI3LIBAETCSA BO3JEHCTBMEM Ha HEro BHEII-
HUX TeJl. ITO BO3AEHCTBUE, KAK U3BECTHO, XapaKTEPU3YETCS CUJIAMU
(cm. §5.1). Ocrosroti 3akon dunamuky (MHAYE HA3BIBAEMBI BTOPBIM
3akoHOM HbioTOHA) 6bipasicaem coommowerue mencdy cuaoti u udme-
HEHUEM CKOPOCTNY 83AUMOOETLCMBYOUUL TEA.

Hawubosiee mpocToit BUT OCHOBHOM 3aKOH JMHAMUKH UMEET B WHEP-
UAJIbHBIX cucTeMax orcuera. Ciryuail HeMHepIUahHbBIX cHCTeM Oy-
JleT paccMoTpeH Hike (cM. il 24).



62 Yacmo 1. /[eusicenue u cuave

Bnavasie Mbl 03HAKOMUMCsT C OCHOBHBIM 3aKOHOM JTUHAMUKU TPU
YCJIOBUH, YTO CKOPOCTb [IBUXKEHUS MAaTepHUaJbHOIl TOYKU OTHOCHU-
TeJbHO BBIOPAHHON MHEPIMAJLHON CHUCTEMbI OTCYETa 3HAYUTEHHO
MeHbIIIe CKOPOCTH cBeTa. /lasiee OyzieT moka3aHo, YTO MHOTHE 3a/a4u
NVUHAMUKHU MOTYT ObITH PellleHbl B 3TOM MPUOJIMKEHUH C TOYHOCTHIO,
JIOCTATOYHOM /IS TPAKTUKK. Bosiee o01mInii pesIATUBUCTCK U CJTydaii
Oyaer paccmoTpen Hike (cM. . 13).

2. CMBICJI OCHOBHOTO 3aKOHA JUHAMHUKH MOXKHO BBISICHUTH Ha
OCHOBe CJIETYIOIIErO SKCIIepUMeHTa. B BaroneTke Mexk1y AByMsI CTEH-
KaMM 3aJieJIaH TBEPJbl U INIaJKUN CTep>KeHb, M0 KOTOPOMY C HU-
YTOXKHBIM TPEHUEM MOXKET THepeMelaThest Teso Maccoil m. K remy
MIPUKpPEIJIeH JUHAMOMETP, KOTOPBIil BTOPBIM KOHIIOM KPEIUTCA K ITe-
peueii crenke (puc. 7.1). [lycTh BaroneTka JBUAKETCSI OTHOCUTEJILHO
MHEPIMAIBbHON CHCTEeMbI OTCYeTa (HANpUMep, 3eMJIH) ¢ HEKOTOPHIM
YCKOpPEHHUEM a.

Puc.7.1

Ecjiu Tejio HEeNOABUYKHO OTHOCUTEJILHO BAaroHETKHM, TO OTHOCHU-
TeJIbHO 3eMJin (MHEPIUAJIBHON CHCTEMbI OTCYETa) OHO JIBUXKETCS
C TeM »Ke YCKOPEHHEeM a, 4TO M BaroHeTKa. OTbBIT MOKa3bIBAET, 9TO
B 3TOM CJIydae Mpy>KHUHa JUHAMOMETPa HaXOJUTCA B Ae(pOPMUPOBaH-
HOM COCTOSIHUH. A 3TO 03HAYaeT, UTO npyscuna deticmeyem na meao
¢ nexomopoti cunoti, xomopas u coobusaem emy yckopenue. JleicTBu-
TEJILHO, €CJIM HaPYIINTh B3aMMOJICHCTBIE MEXKAY IPYKUHOI U TeJIOM
(ckaxkeM, mepekedb COEAMHSIIONLYIO MX HUTb), TO MPYXKUHA NPUIET
B Hene)OpMHUPOBAHHOE COCTOSTHME. TeJio ke 6y1eT ABUraThCs OTHO-
CUTEJIbHO 3eMJIM PaBHOMEPHO, COXPaHss 10 WHEPIMU Ty CKOPOCTD,
KOTOPYIO OHO IMPUOOPEJIO K MOMEHTY IPEKpallleHHsl B3aUMOIEHCTBHSI.

[Tposenas ONbITHI ¢ TeJJaMU Pa3HON MacChl U MPHU Pa3HBIX YCKO-
PEeHUsX BarOHETKH, MbI yOeAMMCs, UTO CTENEeHb PACTSXKEHUs TPy KHU-
HbI [POMOPIHOHATIbHA Macce YCKOPsIeMOro TeJia (Mpyu HeM3MEeHHOM
YCKOPEHUM) ¥ yCKOpeHHio (mpu jaHHO# macce Tesa). Kpome Toro,
pacCTsKEHHeE NPY>KUHbI HE 3aBUCUT OT CKOPOCTH JBUXKEHUS TEJIa, U Ba-
ronerku. Ho 1o onpeesiennio (cum. § 5.2) cuita ynpyroctu npomnopuu-
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OHAJIbHA, PACTSPKEHUIO TPYXKUHBI, TAK YTO 110 BEJIMUNHE PACTS>KEHUS
MPY?KUHBI MbI MOYKEM CYJIUTDH O BEJIMUUHE JeHCTBYIOMIEH CUJIbI.

PesynbTaThl sKcriepuMenTa MOYXKHO C(pOPMYJIUPOBATD TAK:

a. Ecau meno dsuotcemesn ¢ yerkopenuem ommuocumenvio Hexomo-
POt UHEPUUAABHOT CUCTNEMDL OMCHEMA, MO HA Hezo deticmeyem cuaa.

6. Cuaa svi3vieaem yckopenue, Komopoe nponopyuoHasbHo Imot
cuae u cognadaem ¢ Heti No HANPABAEHUI0; NPU 3a0GHHOM YCKOPEHUL
CUAG NPONOPUUOHANDHAE MACCE TEAR, KOTNOPOMY OHA COOBULAEM, YCKO-
penue.

B. [lpu cKopocmar, 3HaUUMEADHO MEHDULUL CKOPOCTNAU CEema,
IMA CUAA HE 3ABUCUM, OM, CKOPOCTNY 08UNCEHUA YCKOPAEMO20 MENG.

3. AHaNOrMYHBIA PE3YJIBTAT MOJYyIUTCH TIPU UCCIIEIOBAHUN KPH-
BOJIMHEWHOTO JIBUXKEHUSI MAaTepu-
AJIbHOI TOYKHM, YTO TMOKaXKeT CJie-
oyt skcnepuMenT. CTeprKeHb
C IPY30M U MPY>KUHOM KPEIUTCS O1-
HUM KOHI[OM K OCH IeHTPOOEKHOI
MAIIIUHBI U TPUBOIUTCS BO Bpallle-
HUe BOKPYT 9Toii ocu (puc. 7.2). [lpu
BPAIIEHUN CHUCTEMbI TIPY>KUHA, JIe-
dopmMupyeTrcst U AelCTByeT Ha TeJO
C CHJION, KOTOpasi 3aBUCUT OT MacC-
ChI TeJia, PACCTOSIHUST OT TeJja [0
OCH BpaIlleHUsI U OT CKOPOCTU Bpa-
IEHUS.

DTOT PE3yabTAT JIETKO 00bsIC-
HUTE. [Ipu paBHOMEpPHOM IBUXKEHUN
TeJIa 10 OKPYXKHOCTH MOJLYJTh CKOPO-
CTHU OCTAETCsT TTOCTOSTHHBIM, HATIPAB- Puc. 7.2
JIEHHE 2Ke BEKTOPa CKOPOCTH BCE
Bpemsi MeHsieTcsi. A Mbl yrke ycraHoBuu (cM. § 4.8), 9To B 9TOM Ci1y-
4ae UMEETCS HOPMAABHOE, WA YEHMPOCTPEMUMEALHOE, YCKOPEHHE:

2
anp = = = w?r.
T
HedopmupoBattasi py>KHUHA U COODIIAET TEJY 3TO YCKOPEHUE.
[IpoaenaB onbITHI ¢ PA3IMYHLIMU TEJTAMU TP PA3HBIX CKOPOCTSIX
WX JBUXKEHUS] U TIPU PA3JUIHBIX PACCTOSHUSAX OT TeJIa JI0 OCU Bpa-
IeHNs, MbI YOEIUMCsI, YTO TPU JABUXKEHUU Ha TeJIO JeHCTBYeT CUJIa,
MPONOPIMOHAJIbHAST MacCe TeJia U IeHTPOCTPEMUTELHOMY YCKODe-
HUIO.
4. Q60611125 PE3yNBTATHI SKCIEPUMEHTOB, O KOTOPBIX TOBOPHUJIOCH

BBIIIIE, MbI MPUXOJAUM K BbIBOAY: CUAG PAGHA MPOU3BEOEHUI) MACCH
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meaa Ha YCKOPEHUE, KOMOPOe OHa cO00Waem SMomy meay:
F = ma. (7.1)

970 U ecTh BTOPOii 3ak0H HbioTOHA (MM OCHOBHOM 3aKOH JIMHAMUKHY )
IS CTydast, KOT/ia CKOPOCTh JIBUYKEHUs TeJla MHOT'O MEHbIIE CKOPO-
CTH CBETa B BaKyyMe.

5. OCHOBHO# 3aKOH JMHAMUKH MOXKHO 3allUCaThb U B HECKOJIBKO
unoit popme, KoTopast yacto ObiBaeT Oosiee ynobuoii. Ilo ompegee-
Huio yckopenue a = dv/dt. [logcraBus sto 3nadenue B (7.1) u yun-
THIBAsi, YTO MACCA MHBAPUAHTHA, TIOJIYIUM

___dv _ d(mv)
F=m_ == (7.2)

Hmnyavcom (MM KOJTMYIECTBOM JIBUXKEHUsI) HA3bIBAETCS MTPOM3-
BEJIEHUE MACChI TeJIa HA ero CKOPOCTh:

p =mv. (7.3)

Torza ocHoBHOIt 3aKkoH AuHaMUKH (7.2) MOXKHO cHOPMYIMPOBATD
CJIEJTyIONIMM 06Pa3oM: CuAl Pa6Ha NPoOU36o0HOT UMNYABCA NO Speme-
HU, T. €.

F= lim 2P = %P — p/(1), (7.4)
At—0 At dt
9T0 u ecThb HauboJiee 0b61ast GOPMYJMPOBKA OCHOBHOTO 3aKOHA JIU-
HAMUKH.

6. Hakonen, eciiu Ha TeJio eiiCTByeT HEKOTOPasi COBOKYITHOCTD
CHJI, PaBHO/IEHCTBYOIIAs KOTOPbIX pasHa R, To BTOpOii 3akon Hbio-
TOH& 3aITUCHIBACTCS TaK:

d(mv) dp
R=ma=—""~=">X, 7.5
T (7.5)

3aMeTHUM, YTO eCJIi MaTePUAJIbHAsT TOYKA JIBUXKETCS 10 OKPYXK-
HOCTU PaBHOMEPHO, TO PaBHOAEMCTBYIONIAasi BCEX CHUJI HAIPAaBJIEHA
K [EHTPY. ITY PABHOJIEHCTBYIOIIYIO MHOT/a HA3bIBAIOT UEHMPOCMpPE-
MUMEABHOU CUNOTL.

§ 7.2. IlpumMeHeHHsI OCHOBHOTO 3aKOHA JUHAMUKM

1. C momMoIb0 OCHOBHOI'O 3aKOHA JUHAMUKH MOXKHO OIMPEIEUTh
CUJIbI, AICHCTBYIOIINE HA TEJIO0, JIMOO XapaKTep ABUXKEHUS TeJa, Mo 3a-
MaHHbIM crtaM. Tak, ecyiv 3a/jJaH 3aKOH JBUXKEHUsI, TO MOXKHO HalTH
YCKOpPEHUE, ¢ KOTOPhIM JBUXKETCS TEJIO. 3Hasl YKe YCKOPEHHE U MacCy
TeJsia, JIETKO ONPEeIeINTh AEHCTBYIOUIYIO CHITY.
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[Ipu cocTaB/ieHUy ypaBHEHUS IBUKEHUST HAJTIO MOJIb30BATHCS CJIe-
JYIOIIAM TIPABUJIOM:

BHadaJje Hy»KHO HalTH 6ce CUJIbI, IEHCTBYIOIINE HA JTAHHYIO Ma-
TEPUATILHYIO TOUKY (BKJIIOYast CUJIbI PEAKIIUH );

3aTeM CJie/lyeT HAlTU PABHOACHCTBYIONIYIO ITUX CHJI;

UCXOJs U3 OCHOBHOTO 3aKOHA JUHAMUKH, 3AIMUCATH, YTO PABHO-
EeHCTBYIONAs BCEX CUJI PABHA, MPOU3BEICHUIO MACCHI HA, YCKOPEHUE.

CocTaB/ieHHOE YpasHeHUE JBUHCEHUA CJIETYET PEIIUTh OTHOCHU-
TeJIbHO HEU3BECTHOM BEJTUYUHBI.

2. IIpumep 1. Ha nony niudTa HAXOOUTCS Y€JIOBEK, MACCA KOTO-
poro m. OupeennuTb, ¢ KAKOI CUJION JaBUT YeJIOBEK Ha 10J1 JUdTa,
eci TUT ABUKETCS:

a) BEPTUKAJIBHO BBEPX C YCKOPEHUEM;

6) BEPTHKAJILHO BBEPX C 3aMe/JIeHUEM;

B) BEPTHKAJIbHO BHU3 C YCKOPEHHUEM;

I') BEPTUKAJILHO BHU3 C 3aMe/IJIEHUEM;

J1) PABHOMEPHO.

[TockombKy 4YesioBEK MOKOUTCS OTHOCUTEBHO JU(TA, TO OH JBU-
2KETCS OTHOCUTEJThHO 3eMJIH ¢ TeM Ke yecKopeHuem, uTo u judT. [lo
Tperbemy 3akoHy HbioTOHA HaM U3BECTHO, 4TO MOJ JudTa JABUT
HA YeJIOBEKAa C TaKOM JKe CHJIOH, C KaKOW 4YeJIOBEK JABUT Ha TOJ,
HO HAIPAaBJIEHUsT 9TUX CUJI MPOTUBOMOJIOKHBI. MTak, Ha dYesoBeka
NEHCTBYIOT JIBE CUJIbI: CUJIa TskecTu P u peakims nona Q.

HampaBuM och 2z BEpPTUKAJBHO BBepx. Torma cujia peakiiiuu siB-
JISIETCST TTOJIOXKUTEJIBHBIM BEKTOPOM, CHUJIA TSXKECTU — OTPUIATEb-
HBIM, 3HAK YK€ BEKTOPA YCKOPEHUST 3aBUCUT OT XapaKTePa [IBUKEHUST
(puc.7.3). B cay4ae a BEKTOp yCKOpeHHsI HAMPABJIEH BEPTHUKAJBLHO

: v. a VT *a a=0
ya vua v*

Q

NETSEPSEPS
O

8 2

Puc.7.3

BBEPX, U IOTOMY OH TIOJIOKUTEJIEH; TO YK€ OTHOCUTCS U K CIYyHalo 2 —
BEKTOP YCKODEHUsI MPU 3aMeJIEHHOM IBUXKEHUU HAIMpPAaBJIEH TPOTUB
BEKTOPa CKOpocTu. B citydasix xke 6 1 6 BEKTOP YCKOPEHHMST HAITPABJICH
BEPTUKAJILHO BHUS.

3 B.M. dsopckuii, A.A. TTunckuii, T. 1
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ypa,BHeHI/Ie ABU2KEHUSA B BEKTOPHOM BHU/IC 3aIllUIIETCA TaK:
P+ Q = ma. (7.6)

YrobbI mepeiiTu K CKAJISIPHOM 3aMUCH, CJIeIyeT yIeCTh 3HAKU BEKTO-
poB. st caydaes a u 2: —P 4+ Q = ma, oTkyaa

Q=P+ ma=m(g+a).

st ciygaeB 6 u 6: —P + Q = —ma, oTKyJa

Q=m(g—a).
Haxkownen, ais ciydast d: —P + QQ = 0, otkya
Q=P

3. Utak, ecau siudpT ABMKETCST OTHOCUTETLHO 3€MJTH C YCKOPEHU-
€M U SIBJISIETCS, TAKUM 00Pa30M, HEUHEPUUAALHOT CUCTEMO OTCUeTa,
TO CHJIa, C KOTOPOI TeJIo JaBUT Ha omopy (T.e. Bec), He paBHA CH-
Je Tskectu. Eenm yckopenue jindTa HANMpaBJeHO MPOTUBOIIOIOXKHO
YCKOPEHUI0 CBOOOTHOTO A eHNsI, TO CUJIa, TABJICHUsT HA OTIOPY boabuse
cuJibl TskecTu. Korga »xe yckopenue judTa COBIAAAET MO HATIPABJIE-
HUIO C YCKOPEHUEM CBOOOJHOTO Ma I€HUsI, TO CUJIA JABJICHUS TeJa Ha
OTIOPY MEHbWE CUJIBI TS2KeCTU. Ficsiu pu 3TOM OKaXKeTcsl, 4To a = g,
To u3 (7.6) cnepyer Q = 0, T. e. TesI0 BOOOIIE HE AABUT HA OMOPY.

N Tosbko B TOM ciiydae, Korja JiugT ABUKETCS PaBHOMEDPHO
oTHOCUTEJIbHO 3emyn (U SIBJISIETCS,
TaKUM 00pa3oM, uHEPUUaIbHol CUCTEMOMN
oTcyera), CUJIa JABJIEHUs] TeJia Ha OMopy
paBHA CUJIE TSXKECTU.

4. Ilpumep 2. Camoset, ABUTASICH CO
CKOPOCTBIO ¥, COBEPIIAET B BEPTUKAJIb-
HOI TIJIOCKOCTU MEPTBYIO METJIIO PaJIny-
ca r. C Kakoi CUJIOi JIETYUK TPUIKUMAET-
cs1 K cusienbto? [1pu kakoit MuHUMAJIBHOM
CKOPOCTH JIETYUK YJIEPXKUTCS HA CUIeHbe”?
PaccmoTpeTsh BepXHIOI0 1 HUXKHIOIO TOYKHT
TPAEKTOPUH.

BwmecTo cuiibi, ¢ KOTOPOI JIETYUK MTPU-
JKUMAeTCsl K CUJIEHbIO, MbI HaliieM paB-
HYIO €ff U MPOTUBOIOJIOXKHO HAIpPaBJIEH-
HyI0 cujly peakiuu. Ha jieruuka aeiicTy-
IOT JIB€ CUJIbI: PEAKIIUsI CU/IEHbsI U TIPUTSI-
»kenne 3emuin. B HibkHel Touke peakiust
HamnpaBJjeHa BEPTUKAJIbLHO BBEPX, B BEpPXHEH TOYKE — BEPTUKAJIbLHO
BHu3 (puc. 7.4). XoTsi camosieT ABUIKETCsI TI0 OKPY>KHOCTH PAaBHOMED-

Puc.7.4
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HO, BEKTOP CKOPOCTH BCE BPEMsI MEHSIETCs 110 HAIIPABJIEHUIO, CJIEJI0-
BaTEJILHO, UMEETCs HOPMaJIbHOE (IIEHTPOCTPEMUTEIBLHOE) YCKOPEHHEe
an = v?/r. B HMXKHe# TOYKe TPAGKTOPHH OHO HAMPABJIEHO BEPTHU-
KaJIbHO BBEpPX, B BepxHeit — BHu3. HampaBum ams yao6cTBa 0Ch 2
BEPTUKAJLHO BHU3, BJOJb CUJIbI TSIXKECTU.

VYpaBHeHUe JBHKEHKST B BEKTOPHOI (hbopmMe umeeT Bu/I

P+ Q= ma,. (7.7)
2
. muv
B mpoekitusix Ha 0Cb z TOIYYUM JIJis1 HUKHEl Touku P — () = — ,
OTKyZa "

2

2
Q=P+ =m| > +g

r

C.T[e,E[OBaTe.T[I)HO, 34€Ch JIETIYUK HCIBITLIBACT MEPETrPY3KY. II.T[S[ BEPX-

2
. muv
Helt ke Touku P 4+ (Q = —— oTKy/a
T

’m/l)2 1)2
= —_ P = m _—
Q=— —~—8
HOCKO.T[I)Ky Q €CTb MOJYJIb CHUJIbI PEAKIINHU, T. €. TIOJIO2KUTEJIbHOEC IUC-
JIO, TO BEJIMINHA 1)2/’]" HEe MOXKET ObLIThb MEHDIIIE g. CJIG,IIOB&TGJI])HO,
JIETYNK yﬂep)KI/ITCﬂ Ha CUJEeHbe, eCJIn '1)2/7' Z g MI/IHI/IMa,.T[bHa,H CKO-
POCTDH Ha.ﬁ,[[eTCﬂ "3 yCJIOBUA

Uy = /8T . (7.8)

§ 7.3. HeBecomocTb

1. B § 6.1 MbI onipeIesinin BeC Kak CUJTy, ¢ KOTOPOIi TeJIO [eiiCTRyeT
Ha CBSI3b BCJIEACTBHE NMPUTSIXKEHUS 9TOrO TeJia K 3emute. B mpeaniay-
meM naparpade Mbl yOeIUJINCh, YTO B CIydae, eCId TeJIO HEIOIBUK-
HO OTHOCUTEJIbHO 3€MJIU, BEC PABEH CHUJIE TSXKECTH.

Ananns pemrenus npuMepa 1 B npeapigyineM naparpade IpuBo-
AUT K BbIBO/lY, YTO BE€C PABEH CUJIE TAXKECTU TaKXKe U B TOM CJiy4ae,
€CJIM TeJIO HAXOAUTCS B JudTe, JBUXKYIIEMCST OTHOCUTETbHO 3eMJn
MPSIMOJTMHEHO M paBHOMEPHO, T. €. B MHEPIHUAJILHOI CUCTEME OTCYe-
Ta. Takum 06pazoM, 6 410601 UHEPUUAILHOT CUuCMEME OMCUEMa 6EC
PABEH CUAE MANCECTIU.

Ecnu ke Tejio HaxoguTcs B JudTe, ABMAKYIIEMCsST YCKOPEHHO OT-
HOCUTEJIbHO 3eMJIU, WU B CAMOJIETE, ABUXKYIIEMCS [0 OKPY>KHOCTH

3%
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(T. €. TOXKe € yCKOPEHHEM OTHOCHUTEJILHO 3eMJIH ), TO CUJIA JABJICHUS
Ha OTOpY, T. €. BEC, YK€ He PaBHA CUJIE TSXKECTH.

Cucrema oTcyeTa, IBUXKYIIASICA YCKOPEHHO OTHOCUTEJILHO WHED-
[MAJIbHOI CUCTEMBI, HA3bIBAETCST HEUHEPUUAALHOT CUCTEMOI OTCUYETA.
Bosiee nmoapobHO siBeHNsT B HEMHEPITHAJIbHBIX CUCTEMAX OTcYeTa Oy-
JIyT PACCMOTPEHBI B 1. 24. 3/1eCh K€ OrPAHNYNMCST AHAJU30M CMbICIA
JIBYX MOHSITHIT: HEBECOMOCTH U TIEPETrPY3KH.

2. PaccmoTpum, ¢ Kakoit CHJIO# KOCMOHABT, HAXO/ISIIIHICS B KPec-
Jie KOCMUYECKOro KopabJisi, JaBUT Ha OMOPY B CJIydae B3JeTa, TOPMO-
JKEeHHsI ¥ TIpU CBODOIHOM ToJIeTe Ha OpOuTe.

[Tpu B3sieTe KOCMUUecKuit KOpabJib MO AeHCTBUEM pPaKETbI-HO-
CUTEJIsT JIBUXKETCsI YCKOPEHHO. DTOT CJIydail BITOJIHE aHAJOTUYEH IT. 3
npeabiayiero maparpada. 37ech cuiia, ¢ KOTOPOil KOCMOHABT JIa-
BUT Ha OTOPY, O0OJIbIIe CHITbI TsiKecTH. JleficTBUTENIbHO, 10 TPETheMy
3akoHy HbioToHa cujia, ¢ KOTOpOii KOCMOHABT JaBUT Ha omopy, () =
= m(g + a), B TO Bpemsi KaK cujia TskecTu paBHa mg. KocmoHaBT
OyIeT UCTILITHIBATDL NEpeepy3Ky, T. €. eMy OyJeT Ka3aTbCsi, YTO OH CTAJ
Kak ObI Tsi2KeJiee.

OpraHu3M TPEHUPOBAHHOI'O YEJIOBEKA MOYKET [TEPEHECTH PUMEpP-
HO IIIECTUKPATHYIO NeperpysKky, T. . F,u; ~ 6 P. 3HauuT, ycKkopeHue
KOCMUYECKOTO KOPabJisi He TOJIXKHO TIPEBOCXO/TUTH MSITUKPATHOT'O 3HA~
YeHUs] yCKOPEHUsI CBODOIHOTO TaieHust. /lelicTBUTEIbHO, U3 HEPABEH-
crBa m(g + a) < 6mg cueayer, uto a < 5Hg.

3. IIpemocTaBiisieM UuTATESIO, OCHOBBIBASICH HA PE3YJILTATE PEIIle-
HUS T1. T TIPEJbIAYINero naparpada, mokasaTb, YTO MPU TOPMOXKEHUT
KOCMHMYECKOTO KOpabJisi BOSHUKAIOT TaKHeE XKe Meperpy3Ku, KaK u mpu
B3JIETE.

4. Eciiu kocMudeckuii KopabJib JIBUXKETCsI TI0 OpOUTE BOKPYT 3eM-
JId, TO YCKOpeHHe KOopabJisi pABHO YCKOPEHHUIO CBOOOAHOTO MAaJICHHUSI:
a=g. U3 (7.6) B aToMm cayyae caenyer, uto @ = 0. KocmonasT Ha
OTOpY HE JJABUT, OH OYy/IeT OIIYIIATh ITO KAK «IOTEPIO BECay.

Urak, cocmoanue negecomocmu nacmynaem 6 mom cayyae, K020a
HEUHEPUUAAbHAA cucmema (B HALeM CIydae — KOCMHUYECKHH KO-
pabJib) deustcemces OMHOCUMENbHO 3eMau ¢ Yyckoperuem a = g.

3aMeTHM, YTO TaKasl BEJINYNHA YCKOPEHUsI eI1le He TIPe0peIesisi-
eT xapakTepa ABuKeHusi. JIBrkeHne MoxKeT ObITh MPSIMOJUHEHHBIM,
€CJIU TIPU BEPTUKAJILHOM B3JIeT€ WM BEPTUKAJIHLHOM MPU3EMJIEHUU
Oy/leT BBIKJIIOYEH JBUTATE]Ib PAKETbl, WJIM KPUBOJMHEHHDBIM, €CJIU
KOCMUYECKUiT KOPabJib JBUXKETCsI 110 OpOUTE BOKPYT 3eMJIi — 3/1eCh
YCKOpEHUE SIBJISIETCS LIEeHTPOCTPEMUTEIbHbIM. [IJ1s1 HaCTymIeHust co-
CTOSIHUST HEBECOMOCTU (pOpMa TPAEKTOPHM HE UTPAET POJIH, BaXKHO
TOJILKO OJTHO — YTOObI KOCMUYECKU KOPabJib IBUTAJICS C YCKOPEHH-
eMa=g.
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§ 7.4. Cucrema eamHUIL

1. Kak y»ke yka3bIBaJOCh BBIIIIE, €IUHUIIBI U3MEPEHM KAKOH-TH00
bu3nIecKoil BeJIMYUHBI MOTYT ObITh BBIOPAHBI MPOU3BOILHO. FamH-
CTBEHHBIM HEOOXOMMBIM YCJIOBUEM SIBJISIETCST 00HOPOJHOCTNG €UHU-
bl U3MEPEHUS ¥ CAMO BEJIMYMHbBL: €IMHUTIEN ITTUHBI MOYXKET CJIYKUTh
[UTMHA KAKOT0-TO TBEPJIOTO CTEPXKHS, €IMHUIIE CKOPOCTU — CKOPOCTh
KaKOT'O-TO PABHOMEDPHOTO JBWXKeHUs U T. 7. OHAKO TaKoH MPOU3BOJI
B BbIOOpe eauHUI| (PUINIECKUX BEJIMYUH MPUBOUT K HEY00CTBAM:
B (hopMyJiax, CBSI3BIBAIOIIUX HEKOTOPbIE BEJUINHBI (DYyHKITHOHAJIBHOM
3aBUCUMOCTBIO, TOSIBJISTIOTCS YUCJIOBbIE KOA(D(DUIIUEHTHI.

Tak, n3BecTHO, YTO TJIOMIA/Ib TPSAMOYTOJBHUKA MTPOMTOPIMOHAJb-
HA €ro JJINHe U BBICOTE:

S = alh,

rae S — miomaab, | — aauHa, h — BbICOTa U @@ — KO3(hDUIUEHT, 3aBH-
csamuii oT BeibOpa egunuil. Fcnu equanieit 1inHbl U BBICOTHI Oy1eT
MeTp, a miomau — rektap, To « = 0,0001; rorma S = 0,0001 [A.
Opnnako y100Hee 33 eMHUILY JIOMAJAN MPUHATh [IOMAAL KBAAPa-
Ta CO CTOPOHOI, paBHOH eauHuUlle MIMHBLIL. KEcau gnuHa mnsmepsiercs
B MeTPax, TO IJIOMAAb U3MEPSIETCS B KBAJAPATHBIX METPAX, U HCKOMOE
BbIparKC€HUE MIPUMET IPOCTEHIINN B

S =1lh.

Nrak, yesecoobpasno edunuyb, Pusuteckur 6CAUMUH BLLOUPAMDL
mak, ¥mobv, OHU b CEA3GHBL MeHCIY cOBOT eMmu dHce cooOmHowe-
HUAMU, YN0 U USMEPAEMDBIE BEAUYUHDL. DTO TO3BOJUT CYIIECTBEHHO
YMEHLIIUTL YUCJI0 KO3(PMPUIUEHTOB, BXOASIINX B (POPMYJILI, BLIPa-
2KAIOIINE COOTHOIIEHNST MEXKAY (PU3NIECKUMHU BeJIMINHAMU.

CoOBOKYIIHOCTDL €IMHULI, TIOCTPOEHHAsI COTJIACHO YKA3aHHOMY TIpa-
BILY, HA3BIBAETCSA CuCmMemots euHUul,.

2. Bce euHMIbBI, BXOJANME B ONMPEAEJEHHYIO CUCTEMY, pa3buba-
IOTCS Ha JBa KJIacca:

OcHosnvie eQuHuYbl, YCTAHOBJIEHHDIE IPOU3BOILHO ¥ HE3ABUCUMO
Ipyr oT apyra. OOLIMHO OCHOBHbBIE €IMHUIILI OIPENEIAIOTCS ¢ IIOMO-
HIBIO TAJIOHOR.

Ipouseodnvie eduHuybL, KOTOPbIE BhIPAXKAIOTCS Yepe3 OCHOBHbIE
€ TIOMOIBIO COOTBETCTBYIOMUX (PUBNUECKUX 3aKOHOB.

Hanpumep, eqununiia JinHLI SIBJASIETCS OCHOBHOMN, a € JUHUIIA, TLI0-
a1 — MIPOU3BOLHOMA.

Pasmeprocmoio dusndeckoii BeudnHbl B Ha3bIBaeTCsT COOTHO-
IIeHUe, ONpe/leJisiiollee CBsi3b MeXK/y e/IMHuUIel 1ol Besnuunbl [ B]
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1 OCHOBHBbIMYU efuunuamu [Aq], [Asz], [As],. .. nanHoit cucrembr. Pop-
MyJIbI Pa3MEPHOCTH UMEIOT BH/|

[B] = [A1]™ - [A5]™ - [As]™ . ..

O6quHO CTPEMATCA YMEHBUIUTH YUCJI0 OCHOBHBIX €JWHUI], HO
9TO He BCer/la OKa3bIBaeTCsA yJOOHBbIM Ha npakTuke. [losTomy mpu
NOCTPOCHUU CUCTEMbI €IUHUIL] TPUXOJUTCA YyIUTHIBATH HOTpe6HOCTI/I
U3MEPUTEBLHOM TEXHUKH, & TaKyKe UCTOPUYECKUE TPAJUIINHN.

§ 7.5. MexxxayHapoaHas CUCTEMAa €IUHUIL

1. Mexynaponnas cucrema eaunur (CU) — npaBusibHO nocTpo-
€HHasl ¥ B3aMMOCBSI3aHHAsA COBOKYITHOCTD €UHUL] (PU3UIECKUX BEJIH-
YHH, COCTOANIAsA U3 CEMH OCHOBHBIX, JIByX JIOTIOJHUTEILHBIX U 0OJIb-
IIOT0 YUCJIa TPOU3BOIHBIX €IUHHII.

Ochosnbie edunuybl:

MeTp (M) — eJUHULA JIJTHHBI;

KHJIOrPaMM (KI') — eIMHUIA MacChI;

ceKyH/1a (C) — eIMHUIA BPEMEHH;

amrep (A) — eMHAIA CUIIBI SJIEKTPHYECKOro TOKa (cM. § 41.9);

kesbBuH (K) — eaunuia TepmMoguHAMUYECKOi TeMIepaTyphbl
(cM. §26.7 u 36.6);

MoJib (MOJIb) — eANHUIA KosmdecTBa BemecTsa (cM. § 26.9);

kaHesa (K1) — equHuIa CUIIbI cBeta (M. § 66.1).

Jonoanumenvroe edunuybl:

pajauaH (paj) — eJIMHULA TJIOCKOTO YIJIa,

crepajguan (cp) — eauHuIa TestecHoro yrua (cm. § 37.9).

2. TlpousBozHbIe eJIUMHULIBI [IJIs] U3MEPEHUsT MEXAaHUIECKUX BeJIU-
YUH OMPeJIEAIOTCS CIEAYIONUM 00pa3oM:

e/IMHALIA CKOPOCTH — MeTp B CeKyHAy (M/c) — CKOpPOCTb paBHO-
MEpPHOT0 [IBUKEHHUsI MAaTePHAJIbHON TOUYKHU, POXOIAIIEH PacCTOsTHUE
1 m B Teuenue 1 c;

e/IMHUIIA YCKOPEHUsT — MeTp Ha CeKyHjy B Kaaparte (m/c?) —
YCKOPEHHE PABHOMIEPEMEHHOTO [IBUKEHUsI MATePUAJIbHON TOUYKH, CKO-
pPOCTb KOTOPOIi u3Mensiercst Ha 1 M/c 3a 1 ¢;

eauHuLa cusibl — HboTOH (H) — cunta, koropast macce 1 Kr coo6-
uaet yckopenne 1 m/c?;

eMHUIA TUIOTHOCTH — KHAJOIPaMM Ha KyOU4ecKuii MeTp
(kr/mM3) — TJIOTHOCTH OHOPOJIHOTO BeIIECTBA, Macca KOTOPOTO
npu obbeme 1 M3 pasua 1 kr;

esuHMIA TaBieHust — nackaib ([la) — maByieHue, BbI3bIBacMOE
cusoii 1 H, paBHOMepHO pacrpenesieHHOW M0 HOPMAaJILHON K Hei
TOBEPXHOCTH MIOMAAb0 1 M2,
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Eaununs! ocTrajbHBIX BeJUYUH OyAyT OHpejesieHbl 110 Mepe UX
UCIIO/Ib30BAHUSI.

3. OCHOBHBIM €JUHUIAM — €JIUHULAM [JIMHbI, MACChl, BDEMEHH,
CHJIBI 3JIEKTPHYECKOT0 TOKA, TEPMOJMHAMUYECKO TeMIepaTypbl, KO-
JINYECTBA BEIIECTBA U CUJIbI CBETAa — IPUMHCHLIBAIOT pa3MepHoCTH L,
M, T, I, ©, N, J. PasmepHocT mpou3BOAHBIX €IUHUI] CTPOSITCSA HA,
ocHoBe (popMyJ1, IPUMEHSAEMBIX 151 ONIPEEJICHNsT COOTBETCTBYIOMINX
MIPOU3BOHBIX BesuuuH, Hanpumep: [v] = [[/t] = LT 1, [a] = [v/t] =
= LT 2 [F] =[ma] = MLT 2, [p] = [m/V] =L 3*Mu a.

4. Jlna obpa3oBaHUsT JeCATUYHBIX KPATHBIX U JOJIBHBIX €IUHUIIL
UCIIOJIb3YeTCsl CUCTEMA IECATHYHBIX IIPUCTABOK, KayKA0H U3 KOTOPBIX
COOTBETCTBYeT MHOXKUTeJb THMa 10™, rae n — mesoe uncio. Hanbomee
ynoTpebuTebHbIE IPUCTABKH NPUBEAEHBI B Ta0J. 7.1.

Tabauma 7.1

O6o3HaueHne Ob6oszHaueHne
M=uoxu- | Ilpu- Mmexay- || Muoxu- | Tlpn- MeXKIY-
Tens | craka | PYC | panon Teab | craka | PYC | ganon
cKoe cKoe
Hoe Hoe
1012 TEpa T T 1073 MUJLJIA M m
10° rura r G 107° MHKPO MK "
108 Mera M M 107° HAaHO H n
10% KUJIO K k 1012 TTUKO it P
Tak, 1 mM (mamomerp) = 107° M, 1 I'm (ruramerp) = 10°
1 mxc (Mukpocexynma) = 107°% ¢, 1 MH (merausioron) = 105 H, 1 mr
(vumurpavm) = 1072 1, 1 Mr (merarpavm) = 10° r = 1 T u 7. z1.

I'masa &

3AKOH JIBUXKEHUS MATEPUAJIBHOM TOUYKU
N HAYAJIBHBIE YCJIOBUA

§8.1. OcHoBHas 3aga4a JUHAMUKH

1. Otenn MHOTHe 33/1aY1 ACTPOHOMMHU, TPAHCIIOPTA, APTHIIIEPUH
U psijia Apyrux obJiacreil HAYKH U TEXHUKU (DOPMYJITUPYIOTCH CIIEAYI0-
oMM 00pa30oM: UMeeTcsl TeJI0, KOTOPOe MOYKHO PacCMaTpPUBAThH KakK
MaTepuabHYI0 TOUKY (HAanpumep, mJaHeTa, CHapsi/|, PAKeTa U T.I1.);
WU3BECTHBI CUJIBI, JIeCTBYIOIIME HA 9TO TeJi0. 1'pebyercs HalTH 3aKOH
JIBU2KEHUS TOYKHM, T. €. BBIPA3UTh €€ KOOP/IMHATHI B BU/IE OIpe/IesIeH-
HbIX (byHKIUi BpemeHu.
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DTO U eCTh 0CHOBHAA 300040 OUHAMUKY, KOTOPasi KPaTKO (popmy-
JINPYETCS TAK: ONPedeAumd 3aK0H J8UNCEHUA MAMEPUAALHOT, MOUKY,
eCAU u3secmubl deticmsyrousue Ha Hee CUADL.

Jlnist ee pellenusi BHa4YaJie ¢ MOMOIIBIO OCHOBHOTO 3aKOHA JIUHA-
MuKH (BTOporo 3akona HbOTOHA) HAXOASAT yCKOpeHHe, ¢ KOTOPbIM
JIBUKETCsI MaTepUajibHast TOUKa. 3aTeM C MTOMOIILIO0 U3BECTHBIX (hop-
MyJT KHHEMATHUKHU UIIYT BBIPAsKEHUsT JJIsi CKOPOCTEH M KOOP/IMHAT.

2. Marematuyeckue TPYAHOCTH, BOSHUKAOIIUE TIPU PEIIEHUN 3a-
aun B 00I1eM BUJIE, MOTYT OKa3aThCsI BECbMa 3HAUUTEbHbIMU. BMe-
CTe C T€M YaCTHOE pelleHue JIo00H 3334 MOXKET ObITh MOJTYYeHO
YUCJECHHBIMUA METOJAMU — TPUOJIM>KEHHO, HO ¢ JI00o# Hamepe[ 3a-
JTAHHOM CTEMEeHbI0 TOUHOCTH.

JIBe mpocreiiiue 3agaun 6y 1y T paccMoTpenb! Huke. OiHy U3 HUX
pemuM B 06IIEM BUJIe, BTOPYIO — YHCJIEHHBIMU MeTomamu. Ha mx
TpUMepe MbI TIOTBITAEMCS BBISICHUTD, YTO YKe HY>KHO 3HATh JIJIsl TOTO,
9TOOBI CyMETh PEIIUTh OCHOBHYIO 33/1a4y JIMHAMUKHU.

TouHoe pelieHne 337249 HAM YAACTCS TOJYYUTH TOJBKO B MPO-
cTefleM ciydae — MpU pacueTe JBUXKEHUSA TeJia MoJ JeiCTBUEeM no-
CcmMoAHHOT cuabt. UTO XKe KacaeTest YMCIEHHBIX METO/I0B, TO OHU MTPH-
TO/IHBI [IJTsl PellleHust JIIOObIX 3a/1a4, HO TPeOYIOT BCerjaa o4eHb 60b-
I0T0 Yncia apudpMeTUIeCKUX BBIKJIAIOK. B HacTosiIee Bpemst Takue
BBIKJIAJIKY TOPYYaIOT KOMIbIOTEPaM — ObICTPOEHCTBYIOMIUM JIeK-
TPOHHBIM BbIYUCIUTEIHHBIM MaliinHaM (DBM ), KoTopbie Jjierko peiia-
0T JJaHHbIE 33/]a9U TIPU COOTBETCTBYIOIIEM WX MPOrPAMMUPOBAHUHN.

§ 8.2. JIBu2keHHMe MaTepuaJbHOI TOYKHU IO/ AelicTBUEM
CUJIBbI TSI2KE€CTU

1. IlycTh Ha ABMAKYIIYIOCST MATEPUAJIBHYIO TOYKY, KPOME CHUJIbI

TSYKECTH, HUKaKWe Ipyrue CUiibl He JeficTBytoT. Hampumep, 310 Moryio

6b1 ObITH TEJI0 Ha JlyHe, rae HeT armocde-

pbl. Bripouem, ¢ u3BeCTHBIM TPUOJIHKE-

F=mg HHUEM 3TO MOXKET ObITb M Ha 3eMJie, €CIu

CKOPOCTb TOYKH HE MPEBOCXOAUT HECKOJTb-

KHUX METPOB B CEKYHJy, MO0 TPU TaKUX

CKOPOCTSIX MOXKHO TpeHebpeyb COMpOTUB-
/ y JienueM Bo3ayxa (cm. § 11.9).

* Cucremy oTcyeTa, CBSI3aHHYIO C 3€M-
Jieit, 6yJeM cuuTaTh uHepiuaabHoit. Ocu
KOOpJIMHAT BbIGEPEM TaK, Kak MOKAa3aHO
Ha puc. 8.1. Boipakenue Aj1s1 CuJibl, JeHCTBYIOIIEH HA MATEPUATIHHYIO
TOYKY, 3aIUIIETCS TaK:

z m

Puc. 8.1

F =P =mg, (8.1)
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nJI1 B IPOCKIIUAX Ha OCU KOOpAUHAT
F,=0, F,=0, F,=-mg. (8.2)
OCHOBHOI 3aKOH JMHAMMKU IIPUMET BUJL
Fr=ma, =0, Fy=may=0, F,=ma,=-mg. (83)
CuemoBaTeIbHO, MPOEKIIUN YCKOPEHUsI Ha OCH KOOPAUHAT OyIyT:
a, =0, ay=0, a,=-g. (8.4)

2. Teneps y»xke HETPYJAHO HAWTH U 3aKOH JBMXKeHWs. Bmosb ocu
abcruce Touka JBHXKeTCH 0e3 yCKopeHwus, T.e. paBHOMepHO. B sTom
Cllydae CKOPOCTh TOYKHM OCTAETCs TOCTOSTHHON, a ee KOOpAUHATA —
JiHeiHo dyHkuueli Bpemenn (cm. § 1.4):

vy = ug = const, T = xg + ugt. (8.5)
Anajioruyuto ajst ocu OpJUHAT
vy = wo = const, y = yo + wot. (8.6)

Hakowetr, BJoJIb 0CH aNMINMKAT TOYKA JBUXKETCSI C MOCTOSTHHBIM
yckopenueM. Torga (cm. § 4.3-4.6) ee cKOPOCTH sIBJISIETCSI JIMHEHHOM
dyukIueil BpeMenu, a KOOPAMHATA — KBAPATUYIHON (byHKIMEH Bpe-
MEHHU:

v, = vg + a,t = vy — gt,
2 gt2 (8.7)

z=z0+v0t+%=z0+vgt—7.

3. Urak, 3akon aBvxkenus Habigen. OH umeeT BU/I

2
T = z0+ uot, Y= 1yo+ wot, z:zg—l—Ugt—%. (8.8)

Mpbi nonyunsu B (8.8) mepe] yckopeHueM 3Hak MuHyc, a B (4.8)
ObLT 3HAK IJTIOC. DTO CBSA3AHO € HALIPABJICHUEM OCH anmmkar: B (4.8)
YCKOpeHH€ HaIllpaBJIeHo BJO0Jb OCU allllJIMKAT, 3/1€Ch YK€ HallpaBJIeHHe
BEKTOpa yCKOPEHHUSsT MPOTHBOIOJIOXKHO.

B BbIpaxkenue jijist 3aKOHA JIBUKEHUS BOIILIO 1IECTh MPOU3BOJIb-
HBIX MOCTOSIHHBIX: HA4AADHBE KOOPOUHAMbL T(, Yo, 20 U HAYAADHBIE
cKopocmu ug, wo, vo. OHKM ONPEAESAIOT MOJOKEHHE U CKOPOCTh JIBH-
JKEHHMs] MATEPUAILHON TOYKU B MOMEHT BpeMenu ¢ = 0, IpUHATHLIN 3a
Ha4aJIbHbINA.

4. Cucrema ypapuenuii (8.5)—(8.8) omnuceiBaer ece 803mooichHbie
CAY4GU JTBUKEHUSI TOYKHU TOJ JEHCTBHEM CHJIbI TAXKeCTH. UTOOBI
MOJIyYUTh KaKOEe-TM00 YacTHOE pellleHne, HeoOXOAUMO yKa3aTh KOH-
KDPETHBIE HAYAJIbHBIE YCJIOBUS.
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ITycTb Touka OpoilieHa U3 Hava a KOOPAUHAT CO CKOPOCThIO V)
MOJ; YIJIOM (¢ K TOPU30HTY, NMPUYEM BEKTOP HA4YaJIbHONH CKOPOCTHU
JIEXKUT B III0cKocTH Yz (puc. 8.2). Tor-

4y, Jla HAYaJIbHbIE YCJIOBUS TPUMYT BH/T
voli"_: ug =0, wo= Vycosa, (8.9)
i vg = Vpsin a.
v 3aKOH JIBUKEHUS BBITJISAANT TaK:
7 B L Y z=0, y=Vytcosa,
2 (8.10)

. t
Puc. 8.2 z = Votsina — —gz

[TokarkeM, dYTO TOYKAa JBUXKETCsl MO mnapabosie, Jexkameii
B BEPTHKAJIbLHON Ttockoctu. /[leiicrBuresnsro, u3 (8.10) cieayer:
t = y/(Vocosa). [loacraBus 310 3HaueHUe t B TpeThe ypaBHEHHE,
0Ty YUM

2
z=ytga — —S4 . (8.11)
2Vy cos” «

A 370 1 ecTh ypaBHeHUe mapabosIbl B 001eM Buie. JlaJbHOCTD moJieTa,
nostyunM, nonoxxus B (8.11) z = 0, y = L; rorga

I = 2V5 tgacos’ a _ Vg sin2a
g g

Haubombinas JaJbHOCTD T0JI€Ta JOCTUTAETCS TIPU OPOCAHUU TeJia TO/T
yriioM « = 45° K ropu3oHTy: 371ech sin 2a = sin 90° = 1.

5. PekoMeHIyeM 4UTATEJIO CAMOCTOSITE/ILHO TTOYYUTh BhIparke-
HUS J1JIs1 IBYX YaCTHBIX CJIyYaeB.

a. TeJsi0, HaX051CH HA HEKOTOPOI BbICOTE h Ha1 3emJieil, OpoIeHo
FOPU30HTAJIHLHO C HAYAJBHON CKOPOCThIO ug. HaliT 3aKkoH nBUXKEHMS;
TPAEKTOPHUIO; JAJTHLHOCTD MOJIETA.

6. TeJsio GpolIeHO BEPTUKAJIBLHO BBEPX U3 HavaJia KOOPAUHAT C Ha-
JaJIbHOM CKOPOCThIO vg. HaiiTi 3aKkoH ABMXKEHUsT; TPAEKTOPUIO; MaK-
CUMAJIbHYIO BBICOTY MObEMA U BPEMsI TIOTHEMA.

(8.12)

§ 8.3. UYwmcaenHoe perlieHne OCHOBHON 3aa4M JUHAMUKA

1. B npeabigymiem naparpade HaM y/1aJ0Ch BECbMa MPOCTO HANTH
001Ut 3aKOH JBUXKEHUST TOJILKO MIOTOMY, UTO Ha TOYUKY JIefiCTBOBAJIA
mocTosiHHast cuja. Keiu »ke HA TOUKY IelCTBYeT mepeMeHHasi CUJIa,
TO ODIIHiT 3aKOH JABUXKEHUST MOXKHO HAWTHU TOJBKO METOIaMU BbICIIIEi
maremaTki. OJHAKO YacTHOE pellleHre MPU KOHKPETHBIX Hava lb-
HBIX YCJIOBHUSIX MOYKET ObITh BCET/]a MOy YEHO C TIOMOIIBIO YUCJIEHHBIX
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MeTo/10B. [1pu 3TOM BCe pellieHne CBOAUTCS K COBEPIIIEHHO dJIEMEHTap-
HBIM, XOTSI U JJOBOJTBHO JJIUHHBIM apU(PMETUIECKUM JTeHCTBUSIM.

2. Ilpu pacyere OymeM HUCXOAUTb U3 CAEIYIONAX COOOParKEHUIL.
Cpeanee yckopeHue B TeYeHHE HEKOTOPOI'O ITPOMEXKYTKa BpeMeHU
At = t,, — t,_1 onpejessiercs u3 coornotienus (cm. § 4.1)

Un — Un-1

At
[Monaras (mpu majom At), 4To cpejiHee YCKOPEHHEe MAJIO OTJINIAETCSI
OT MI'HOBEHHOT'O B KOHEYHBIN MOMEHT t = t,,, iMeeM MPUOJIUKEHHO

Qep =

VUp R Up—-1 + anAt. (813)
Hnst cpegneit CKOpocTr v, MOIYYUM AHAJIOTHIHYIO (DOPMYJTY:
Up & Upo1 + anAt, (8.14)
rae cpesHsast CKOPOCThb
- n + Un—
'Un ~ v 21) 1

Ho no onpegesienuto (cm. § 1.6) cpeansisi ckopocTb

T = ﬁ _ Tp— Xp—1,
TTOAEL At
OTCIO/Ia CIIeTyeT
Ty = Tp_1 + T AL, (8.15)

Tenepb MBI UMeeM Bce HEOOXOOUMOE JJIsl YHUCJEHHOTO pacyueTa
3aKOHa JBUKEHUsA. [lefiCTBUTENLHO, MyCTh HaM HM3BECTHBI KOOPIH-
HATa U CKOPOCTb TOYKHM B HEKOTOPBIA HavaJIbHBI MOMEHT; YCKOPE-
HME HalieM ¢ TIOMOIIBbIO OCHOBHOTO 3aKoHa auHamuku. [lo ¢gpopmyste
(8.13) BbruMcsiuM ckopocTh citycTsi Bpemsi At, a no dhopmyJie (8.15) —
koopauHaTy. [IpUHAB 3TH HOBbIE 3HAYEHUs] CKOPOCTH U KOOPJUHATbHI
3a UCXOJHbIE U BOCHOJIL30BABIIMCL TeMU ke (popMyJiaMu, Mbl Cjle-
JlaeM elle OJUH war, u T. 1. Yepe3 KoHeuHoe YUC/I0 aros MoJLyYuM
CKOPOCTb U KOOPJMHATY B HY>KHbIi MOMEHT BpeMeHN.

Ecrectsenno, yem menbie At, TeM TouHee Gyaer pesyabTaT. Ho
3TO MOTPeOYeT yBEJUUEHUsT YACTA BBIKJIAJO0K.

§ 8.4. /IBmKeHme TeJia OO OEHCTBUEM yHPYTrOM CHJIbI

1. TlpounocTpupyeM pUMEHEHUE YUCIEHHOTO METO/Ia PEIleHUs OCHOBHOM
3871441 MEXAHUKHU Ha PUMEPE IBUKEHUs MATEPUaJbHON TOYKHU TOJ, JeHCTBUEM
YIPYToOii CUJIBIL.

ITycts Ha MaTepuanbHYIO TOYKYy JelcTByeT ynpyras cuia F = —kzx
(puc. 8.3). Torna OCHOBHOE ypaBHEHHE AUHAMHUKH [IPUMET BHJ|

—kx = ma, (8.16)
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WM B IPOEKLUAX HA OCH KOODANUHAT

—kx = ma,, 0=may, 0=ma.. (8.17)

IMonoxkumM, uto Yo = 20 = 0 U wo = uo = 0; CIeAOBATENBHO, MaTepUAIbHAS

TOYKA JJBUXKETCSI TOJIBKO 110 OCH abCIMCC ¢ YCKOPEHHEM
k

G =0 =——2. (8.18)

m

X

JlJ1s1 YUCIEHHOTO pellleHus 3a/1a49 HY>KHO 33/aTh
Kakoe-ub0 KOHKPETHOe 3HaueHWe MOCTOsiHHOH k/m,
HaYaJbHYI0 KOOPJMHATY o U HAYAJbHYI0 CKOPOCTH V0.

ITycts
Puc. 8.3 k 2
2 =2467=""| 2,=1,000; wvo=0. (8.19)
m 4

Pacuer 6ynem Bectu, nosarast At = 0,1 c.

U3 (8.18) coieayer, 94TO yCKOPEHUE B TE€UEHHE MIEPBOrO MPOMEXKYTKA BPEMEHH
npubJIMPKEHHO paBHO ap = —2,46Tx¢9 = —2,467.

Koneunas ckopocts yepe3s At = 0,1 ¢

v5°" = vo + agAt = —2,467-0,1 = —0,2467.
CpefiHsisi CKOPOCTh 33 3TOT MPOMEXKYTOK BPEMEHH
KOH —0.24
— +2v0 0 02, 67 _ _0.1234.

Koop,auHa,Ta TOYKHU K KOHIIY IMMPOMEXKYTKa

T1 = zo — VoAt = 1,000 — 0,1234 - 0,1 = 0,988.

AHaJIOrMYHO BBIYMCIIEHNsI MOTYT GBITH IPOJOII>KEHBI (Tabur. 8.1).

2. Manee t = 1 ¢ NpOM3BOAUTH BBIUUCJIEHUSI HE UMEET CMBICJIA, MO0 HAYNHAs
C 3TOr0 MOMEHTA BPEMEHM 3HAYEHUs] KOOPAUHATHI & MMOBTOPSIIOTCSI, HO C MIPOTH-
BOIIOJIOXKHBIM 3HaKOM. CJiefioBaTesibHO, npu £ = 2 ¢ KOOPJUHATA TOYKH MPUMET
3HaveHne ¥ = —1; npu t = 3 ¢ — 3nauenue x = 0. Hakonen, npu ¢t = 4 ¢ koopau-
HAaTa U CKOPOCTb OyAyT UMETh Te Ke 3Ha4YeHus1, 4yTo u npu t = 0.

I'pacduk 3aBUCHMOCTH KOOPAMHATHI TOYKM OT BPEMEHU OYEHb HAITOMMHAET
rpaduk Gynkuun x = A coswt, rne w = 1/ k/m . [paduk MrooBeHHoi ckOpoCTH
TOYKM BeCbMa MOX0K Ha rpaduk dbyHkunun v = B sin wt. I B camom zeste, TouHoe
petenue 91oit 3ana4n (§ 49.1) IPUBOAUT K CylelyIOLiEMy Pe3yJIbTATY:

T=cos—t, v=——sin_t. (8.20)
2 2 2

Beipasus nepemennsiii yros o = (7 /2)t He B paguaHax, a B rpaycax, Haijem
1o TabymMiamM TPUroHOMeTprudecknx (yHKuuit 3HadeHus BbipakeHuit (8.20) u co-
[OCTABAM UX C PE3yJIbTATAMU HAIIMX BblYucJeHuit (Tabst. 8.2). Ilpu sTom cenyer
yuectb, uro dopmyna (8.20) naerT menosenHbie 3HAUEHUA CKOPOCTH K HAYAJy
KaXK/IOr0 MPOMEXKYTKa BPEMEHM, MbI >K€ BBIYUCIUIN NPUbAUdCENHOE 3HAYEHUE
cpedneti ckopocmu B TE€YEHHUE ITOTO TIPOMEXKYTKA.

3ameTM, 4TO (PaKTUYECKH [TPU YUCJIEHHOM pacyeTe JaHHbIe ObLIN MOJTy YeHbI
nyTeM JesieHus IpoMexkyTKa BpemeHu Ha 100, a He Ha 10 yacreit u B Tabuuiy
BHECEHBI OKPYTJIEHHbIE 3Ha4YeHUs1. Mbl BUJUM OYEHBb XOPOIIIEe COBIA/IEHUE TEOpe-
TUYECKUX M PACUYETHBIX JaHHBIX JJIsi KOOPJAUHAT.

3. [BmkeHue, coBepiaeMoe MaTEpPUAJIbHON TOYKOMN MO AEHCTBUEM YIIPYTOM
CHJIbI, HA3BIBAETCS 20pMOHUMECKUM Koaebaruem. IlonpobHO 3TOT BUL ABUIKEHUS
Oynmer paccmoTpeH B i1. 49, T. II.
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Tabnuma 8.1

t T _ :12,?16711 v Boruaucnenus
Vo = 0
00| 1,000 —2,467 |-0,123 V5 = v+ gt = —0,246
#1 — 2o | ToAl — 1,000 _ 0,012 — 0,988
011 0,988) —2437 =036 & " & 1 a1 At — —0.123 — 0,244 — —0,367
T2 = @1 + T1 AL = 0,988 — 0,037 = 0,951
021 0,951 2,347 1-0,602) & "% & 1 a2 At — —0.367 — 0,235 — —0,602
@3 — @2 | UaAl — 0,951 — 0,060 — 0,891
03] 0891 =2,199 10822 & " & 1 a3At = —0.602 — 0,220 = —0,822
o4 — 23 | UsAL — 0,891 — 0,082 — 0,809
041 0,809 —1,996 | =1,022) & " 5"\ g At — —0.822 — 0,200 = —1,002
@5 = @4 + TaAt = 0,809 — 0,102 = 0,707
051 0,707 1,743 1=L196) &' & 1 asAt = —1.022 — 0,174 = —1,196
@6 — @5 | UsAL — 0,707 0,120 — 0,587
06] 0.587) 1450 |- L3L 5 o5+ agAt — —1,196 — 0,145 — —1,341
@7 = w6 + TeAt = 0,587 — 0,134 = 0,453
07] 0453 —1,120 1=1453) & '” & ar At — —1.341 — 0,112 — —1,453
o5 — @7 | U7AL — 0,453 _ 0,145 — 0,308
0.8 0308 0,722 | =1,525| & " 5 1 asAt = —1.453 — 0,072 = —1,525
@0 — o5 | UsAl — 0,308 — 0,152 — 0,156
091 0,156) 0,380 1=1.563| & " &1 g9 At — 1,525 — 0,038 — 1,563
10 — T9 + DAL = 0,156 — 0,156 — 0,000
1,0} 00001 0,000 | -1,563| & " %o ¥ a10At = —1,563 — 0,000 = —1,563
T11 — Z10 | U10AL — 0,000 — 0,156 — 0,156
L1=0156) 0380 1 =155\ 5 ' %10 + a1n At = —1,563 + 0,038 = —1,525
T1o — 11 + TLAL = —0,156 — 0,152 = —0,308
1,2|-0,308] 0,722 1=1483) 5 %11 + a1nAl — 1,525 4 0,072 — 1,453
Tabaunga 8.2
t o= 1 t — 900t7 TeOpeTI/IquKI/Ie AdaHHbIC PacquHbIe AaHHBbIC
, C 2 ﬂ' T . T —
x=cos—t|y=—_"gin -t T v
rpaj 2 2 2
0 0 1,0000 0,0000 1,000 | —0,123
0,1 9 0,9877 ~0,2457 0,988 | 0,367
0,2 18 0,9511 ~0,4854 0,951 | 0,602
0,3 27 0,8910 ~0,7131 0,891 | 0,822
0,4 36 0,8090 ~0,9233 0,809 | 1,022
0,5 45 0,7071 ~1,1107 0,707 | —1,196
0,6 54 0,5878 —1,2708 0587 | —1,341
0,7 63 0,4540 —1,3996 0453 | —1,453
0,8 72 0,3090 —1,4938 0308 | —1,525
0,9 81 0,1564 —1,5515 0,156 | —1,563
1,0 90 0,0000 ~1,5708 0,000 | —1,563
1,1 99 ~0,1564 15515 0,156 | 1,525
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§ 8.5. BeauuuHbI, oIpeaedioNine 3aKOH IBUXKEHUA
MaTepUAIbHON TOYKU

1. Ha opumepe 3aja4, pacCMOTPEHHBIX B MPEALIAYIINX apa-
rpadax, Mbl yOeJUJINCh, YTO JJIsI ONpe/esIeHUs 3aKOHA JBUYKEHUSI
MaTepUabHON TOYKH HEOOXOAMMBI CJIeAYIOIIUe JaHHbIE:

a) JI0JDKHA ObITh M3BECTHA JIEHCTBYIONIAs CUAG, 3a/aHHAsT KaK
GYHKIUsT BpeMeH! WK KOOPJAWHAT;

6) JOJIKHBI ObITH U3BECTHBI HAUAALHBIE YCAOBUS: KOOPIAUHATHI
¥ CKOPOCTb TOYKH B HEKOTOPbIii MOMeHT BpemeHu. (Bmecro nHavasb-
HOI CKOPOCTU MOKET OBbITb 33a/1aH HAYaJIbHBII UMITYJIbC Py = mVO.)

FEcan 3Ty BeuynHbI U3BECTHBI, TO BCET/Ia MOXKHO HANTH 3aKOH
NBUXKEHUsI TOYKH, T.€. BHIPA3UTHb €€ KOOPAUHATHI B Bume (hyHKIMii
BpeMeHHU. A 9TO B CBOIO 0Uepe/ib MO3BOJISIET MPEICKA3aTh ee MoBejie-
HUe B JIIOOOM TpeIIeCTBYIOMINIA UJTH [TOCJIETYIOIINA MOMEHT BPEMEHH.

Taxk, 3Has cuabl B3auMogeiicTBust Mexkay CoJIHIIEM W IJIaHeTa-
MU, & TaKKe KOOPJAMHATHI ¥ CKOPOCTU IJIaHET B HEKOTOPbIA MOMEHT
BpeMeHH (T. €. HaYaJbHbIE YCJIOBUS ), MOXKHO TIPE/ICKA3aTh COCTOSTHUE
UX JIBUKEHUsI KaK B JIaBHO IPOIIIEIINe BpeMeHa, TaK 1 Ha Oyayimee.
B uactHOCTH, MOXKHO TMpPEACKAa3aTh TAKHUe SIBJICHUS, KAK COJTHEYHDIE
WJIA JIYHHbIE 3aTMEHUsl, BeJIMKUe MPOTUBOCTOsIHUsT 3emuin u Mapca
(T. 6. MOMEHTBI BpeMEeHH , KOT/Ia PACCTOSTHUE MEXK/Iy STUMHU [JIaHETaMU
CTAHOBUTCSI MUHUMAJIbHBIM ) | T. II.

3Hasl CKOPOCTh KOCMUYECKOM PAKETHI U ee KOOPIAUHATHI B HEKOTO-
pbIii MOMEHT BpeMeHU, a TakK»Ke CUJIbI, IefiCTBYIOIINe Ha Hee, MOXKHO
pPacCUYUTaATh €€ TPAEKTOPUIO; ONPE/IE/IUTh, e OHa OYIeT HAXOAUTHCS
B J1I0O0I MOMEHT BpEMEHM; IIPEJICKAa3aTh BPeMsl U KOOPAUHATHI TOYKU
pU3eMJIeHUs].

2. Ecyiu oKaXkeTcsi, 9TO NCTUHHOE JIBU>KEeHNE MaTepUaIbHOM TOUKU
HE COBMAJAET C PACUYETHBIM, TO ITO O3HAUAET, UTO JMOO HEBEPHO
ompejesieHbl HavaJjbHbIE YCJIOBUs, JMOO HEBEPHO 3ajaHa cuja. 1o
CTEMEHU PACXOXKJACHUSI PACUETHOW U UCTUHHON TPAeKTOPHUil 0OBIYHO
YJAeTCs ONPEIeJINTh U BEJUYUUHY JOMyIeHHoM ommbku. B kauecTse
MpUMepa pacCCMOTPUM UCTOPUIO OTKPbITus myianet Hernryn u [y Ton.

B 1781 r. anrnmiickuit acrponom B. I'epienns ckoHCTpyunpoBaJi
OrPOMHBII 110 TOMY BPEMEHU TEJIECKOIT U C €r0 IMTOMOIIBIO OOHAPY >KUJT
HOBYIO, CE€IbMYIO TIJIAHETY, KOTOPYIO Ha3Baju Y paHOM. YUUTHIBasI
neticrue Ha Ypan CosHila ¥ ocTaJabHbIX MiiaHeT CoJjiHevHOol cucTe-
Mbl, U3BECTHBIX K TOMY Bpemenu (Mepkypusi, Benepsi, 3emusin, Map-
ca, FOmurepa n CarypHa), HAIIIY 3aKOH €0 JBU>KEHNUST U OTIPe eI
ero TpaekTopuio Ha HebocBoe. PacyeTHast TpaeKTOpHst OKa3aach He-
BEepHOIT — Y paH ABUTAJICS IO Apyroi Kpusoii. [lockobKy HavaIbHbIE
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ycJioBus ObLIIN 3a/1aHbl BEPHO, TO €JIMHCTBEHHO PAa3yMHBIM SIBJISIIOCH
MPe/IIIOJIOYKEHNE, YTO yUYTEHbI HE BCE CUJIbI, JIeHCTBYIONINE HA YPaH.

Opanitysckuii yuensiit JleBepbe u aHrymiickuii yueHbrii Amamc
HE3aBUCUMO IPYT OT APYTa BLIIBUHYJIN MTPEINOJIOXKEHHUE, UTO 33 Y pa-
HOM JIOJIKHA HAXOAUTHCS ellle OJHA TJIAHETa, KOTOPYIO HUKTO ellle
e Habsoga. [lo oTkjoHeHuo pacdeTHO TpaeKTOopuu YpaHa OT
HUCTUHHO OHU CMOTJIU OTIPE/IeJIUTL 3aKOH JBU2KEHUST ITOH HEN3BECT-
HOI TIJIAHETHI W IPECKA3aTh, B KaKOW TOUYKe HeOOCBOMA ee MOXKHO
HAWTHU B TOT UJIK MHON MOMEHT BpeMeHu. OmbIT 6J1eCTAIEe TOATBEP NI
MX pacyeT: HAIIPABUB B 9TY TOYKY HEOOCBO/A TeJIECKOI, HEMelKUi
acrponoMm lajuie B 1846 r. seficTBUTEIBHO OOHAPY KU TAM [JIAHETY,
Ha3BaHHYIO BriocjecTeuu HenryHom.

B navane XX B. amepukanckuii acrpoHom Jloyasui, yuursiBas
pe3yJibTaThl 6osiee TOUHBIX HAOJIIOEH U, TIPUIIIES K BBIBO/LY, UTO pac-
XOXKJIEHUSI MEXK/ly pacyeTHOW TpaekTopueil ¥YpaHa U MCTUHHBIM Xa-
PaKTEPOM €T0 ABUXKEHUS HeJTb3st 00bSICHUTh TOJBKO felicTBueM Her-
TyHa, 4To 3a HenTyHoM ecTh elre ofHa, aepsiTas miaHeta. B 1930 r.,
yaKe mociie cMepTH JIoyasisia, B OCHOBaHHOM UM 0bcepBaTOpUM acTPO-
HoM ToMb0 OOHApYKUJT Ty TIJIAHETY, HAa3BaHHYO 3aTeM [liyToHOM.

Wrtak, Ha mpuMepe psifia 3a/1a4 HbIOTOHOBCKOM MEXaHUKHU Mbl yoe-
IUJIACh, 9TO CUAG U HOUYGALHBLE YCAOBUA TOAHOCITIGIO ONPEJEAAIOM
30KOH JBUICEHUA MAMEPUAALHOT, TNOUKY,.

HanbHeiiiiee pa3BuTe HaAyKH NOKA3aJ0, YTO B MUKPOMHPE He-
BO3MOXKHO TaKoOe 33JjaHre HAdaJbHBIX YCJIOBUI, KaKOe NMPUMEHSIETCS
B HBIOTOHOBCKO#i Mexanuke (cM. ri. 14).

I'masa 9
TATOTEHUE

8§9.1. OTkpbITHE 3aKOHA TATOTEHUHA

1. K nagany XVII croserusi 60gbUIHHCTBO YUE€HBIX OKOHIATETHHO
yOeUIoCh B CIPABEAJIUBOCTH TEJTUONEHTPUIECKON CHCTEMbI MHPA.
Coryacao 3toit cucreme, npeajoxkentoir Hukomaem Konepaukowm,
3eMJist U BCe OCTaJIbHBIE TIAHETHI ABMAKYTCs BOKpyr CosiHila, KOTO-
poe SIBJIsIETCs EHTPOM Halteil iaHeTHOM cucteMbl. OHAKO YUEeHbIM
TOr0 BpeMeHU He ObLIU sICHbI HU 3aKOHbI JIBUXKEHUS MJIAHET, HU MIPU-
YUHBI, OMPEIEIAIONIAE XaPAKTEeP UX JBUXKCHUS.

Norann Kemnep, o6pabotaB pe3ybTaThl MHOMOYHMCJICHHBIX Ha-
6ofenutit, nposeeHHbIX Tuxo Bpare u um camum, oIy Yu/T 3aKOHbI
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nBrkenusi mianer BOKpyr CousHia. KMy ObLIO sICHO, 9TO 1Jist 00b-
sICHEHUS 3TUX 3aKOHOB HY>KHO HAMTHU CUJIbI, KOTOPbIe JIeHCTBYIOT Ha
mianerbl. OJHAKO HU €My, HU €ro COBPEMEHHUKAM 3TO He Y/JaJIOCh
caenaTb. 3ajiada Oblja pelleHa MeHUAJbHBIM AHTJIHACKUM YYeHbIM
Ncaakom Hobioronom u uzsmoxkena B ero kumre «MatemaTtudeckue
HavaJia HaTypaJsbHOii duiocodun» (HatypasbHoii duocodueii B To
BpeMsi Ha3bIBasu (puU3MKY ), Bbimeueil B 1687 r.

2. B nepBoM mpubJMKEeHUN MOXKHO CUUTAThH, YTO MJIAHETHI JBU-
JKYTCsI TTIOYTH PABHOMEPHO MO OPOUTaM, KOTOPbIE MAJIO OTJIUYAIOT-
cs1 oT OKpy»kHOcTeit. Ho mpu nBuKeHWU MaTepuaJibHOW TOYKHU IO
OKPY>KHOCTH UMEETCsi HOpMaJibHOe ([EHTPOCTPEMUTENILHOE) YCKOPe-
HUE, HAMPaBJIEHHOE K 1EeHTPY opbutsl, rae Haxoautcs Comnne. U3
OCHOBHOT'0 3aKOHA IMHAMUKY CJIEYeT, YTO ITO YCKOPEHUE BbI3bIBACT-
cs1 HekoTopoit cusioit. Utak, CosHile AeiicTBYeT Ha KaXKAYIO TJIAHETY
C HEKOTOPOI CUJI0i, HAMTPaBJIEHHOI K ero 1eHTpy. I3 Tperhero 3akoHa
HbroToHa ciemyer, uro u niaHeTa jgedictByer Ha CoJIHIIE C TAKOM Ke
CUJIOH, HO HAITPABJIEHHOM B MPOTUBOMIOJIOXKHYIO CTOPOHY.

3. UzsectHo, uTo Jlyna obparaercsi Bokpyr 3emuin. O4yeBUHO,
YTO CHUJIbI TIPUTSKEHUsT JTefCTBYIOT Takxke W Mexay uumu: Jlyna
MPUTATUBAETCs K 3emite, a 3emist — K JIyHe.

Hbi0TOH BBIABUHYJT peIalolee MPeAnoIoXKeHNe, YTO CUIa, TSXKe-
CTHU, IeHCTBYIOIIAs Ha TeJia BOJIM3U TIOBEPXHOCTH 3EMJIH, U CUJIA, C KO-
Topoii 3emJisi pUTATUBaeT JIyHy, UMEIOT COBEPIIEHHO OJMHAKOBOE
npoucxoxaenue. /st 3Toit 1esin OH cpaBHUIT YCKOPEHHE CBOOOIHOTO
nmajieHusi 1 HOPMaJIbHOEe YCKOpeHUe, C KOTOPhIM JIyHa NBHXKeTcst Ha
cBoeit opbure.

9TO0 yCKOpPEeHHe MOXKHO PAacCYUTATh U3 TaKUX coobparkenuii. Pac-
crosinue ot 3emJin 10 JIyubr 7 = 384 403 km = 3,84 - 108 m; mepuox
obpamenust T = 27,322 cyrok = 27,3 - 24 - 3600 c¢. OpburanbHas
ckopocTh v = 277 /T, a HOpMaJIbHOE YCKOpeHue

2 2 2 8
vt _ A7y _ 4% - 3,84 - 10 = 2,72 - 10—3 M/C2. (9‘1)
r

a =
" T (27,3 - 24 - 3600)

Kak Mbl BusnM, HOpMaJjibHOe ycKopeHue JIyHbl 1 yCKOpeHue CBO-
0OHOTO TaJIeHUsT PE3KO OTINYAIoTCst Apyr oT apyra. Oanako Hbro-
TOH OOBSICHUJI PACXOXK/IEHHE MEXK/y ITUMU BeJIMYNHAMU, BbIJBUHYB
MPEJTIONIOXKEHNE, UTO CUAG MAZOMEHUA YODIBAEM C YBEAUNEHUEM PAC-
CMOAHUA MENHCIY 63AUMOIETCMBYIOWUMYU MEAAGMU TO HEKOMOPOMY
30KO0MY, KOTOPBIA MbI ceivac Haiigem. /lelficTBUTebHO, yCKOpeHUe
cBobosiHOrO majenus: pasuo 9,81 m/ ¢? B6m3N MOBEPXHOCTU 3EMJIH,
T. €. KOTJIa PACCTOSIHUE OT IMPUTITUBAEMOrO TeJia JI0 HeHTpa 3eMJin
paBHO ee cpeHemy paauycy (R = 6371 kv = 6,37 - 10% m); HopmaJib-
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HOe ke yckopernue JIyHbI moydeHo [jisi TOYKA Ha ee opbuTe, KOrjaa
paccTossHue MEXKJy B3aMMOJAEHCTBYIOIMIMMU TEJAMU PABHO PaJUYCy
JsiyaHoit opbuter r = 3,84 - 108 m. CocTaBuB cooTHOMIEHNE

L) 02

MOXKHO ONpeAeTUTh HeU3BECTHLIN MoKa3aTesb crenenu. [logcTtaBus
3HAYEHUS PACCTOSHUI U YyCKOPEHUH, MOJTyduM

981 _ (381.10%)"
2,72-1073 6,37 - 10°
wim 3606 = 60,28™, otkyna n = 2.
Urak, yckopeHue, BbI3BaHHOE CUJION TATOTeHUs, yObIiBaeT 06paTHO

[POIMOPIMOHAIBHO KBaAPATY paccrosiuusi: u3 (9.2) npu n = 2 cieay-
€T, UTO

an = > =
T

R* K
£ 2 (93)

<

rae K — HEKOTOpad IMOCTOAHHAA BEJIUYNHA.

§9.2. 3aKoH BCEMUPHOTO TATOTEHUHA

1. Pe3yabrarst, nojyyenabie HproToHOM pu aHasm3e HOpMaJibHO-
TO YCKOPEHWUsI, BOSHUKAIOIIErO MPU IBUKeHnU JIyHbI BOKPYT 3emJn,
MPUBEJIM €ro K BbIBOJY, YTO BCE Teja B IPUPO/IE NPUTITMBAIOTCS
JPYT K JPYTY C HEKOTOPOIi CHUJIOi, HA3bIBAEMON CcuA0l MA20MEHUS,
MpUYeM yCKOPEHUE, BBI3BAHHOE 9TOM Cuioil, yObiBaeT 0O0paTHO Mpo-
MOPIMOHAJIBHO KBAJPATY PACCTOSTHUS MEXKTY B3aUMOIEHCTBY OIIUMU
TeJIaMu.

[lycTs ABa Tesa ¢ MaccaMut mq U My PACIONOXKEHBI HA PACCTOSI-
HUU T APYT oT Apyra. OHU B3auMOAEHCTBYIOT ¢ cuytamu F'p = mya,
u Fy = maag, nputieMm mo TpeTbemy 3akony HeioTona F'; = Fa. Yun-
TeiBast (9.3), umeem

m1 K1 _ ma Ko

b ol (9.4)
T T

9TO paBEeHCTBO 6y,ueT CIIpaBE€AJINBO, €CJU IOJOXKHUTH Kl = G’I’I’LQ

u Ko = Gmy, rue G — HekoTOpas NOCTOsAHHAS BeJM4uHa. Toraa,

mi K1 __ Gqmme

2 2
T T

F=m1a1 =

Cdopmynupyem 3aKOH TATOTEHUST CJIETYIOIIUM 00pa30M:
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Cuna masazomenus mexcdy 08yma mesamu (MaMEPUAGALHHLMU
MOYKAMU) NPONOPUUOHANLHA NPOUSEEOCHUI) MACC IMUT Men U 00-
PAMHO NPONOPUUOHANLHA KEAOPANY PACCTMOAHUS MEHCOY HUMU:

mim
F=G=2. (9.5)

2
T

N3znoxkeHHble BbIle cCOOOparkeHWsT HUKOUM 00pa3oM HeJIb3sT pac-
CMaTpUBaTh KaK BBIBOJ 3akKoHa TAroTeHusi. OHU MOTYT CIIY>KHUTb
JIMIIG WLTIOCTpaleil K paccyxaeHusim HooToHa.

s OIBITHOM MPOBEPKHU 3TOr0 3aKOHA HEOOXOAUMO YMETh HaXO-
JIUTHh CUJIy TSATOTEHUs] HE TOTBKO MEXKJy MAaTEePHAJTbHBIMU TOUYKAMU,
HO U MEXK/Y TeJlaMH KOHEYHBIX pa3mMepoB. B obiem cirydae 9Ta 3a1a-
4a, MMPEJICTABJISIET OTPOMHBIE MATEMATHYECKUE TPYAHOCTU, U PENTUTH
ee 3JIeMEeHTapHBIMU METO/IaMU HEBO3MOXKHO. 'TOUHBIH pacueT MoKa3bl-
Baet, 4To (hopmyitoit (9.5) MOXKHO MONTB30BATHCST U JJTs1 BEIYUCICHHS
CHJIBbI B3AUMOAEHCTBUS MEXKTY 00HOPOOHBIMU WAPAMY C MACCAMU 1M1
U My, TOHUMAs TIOJ] T PACCTOSTHUE MEXKJY IIEeHTPAMU MIAPOB.

2. Koappuruent G, BXOAAUMI B 3aKOH TATOTEHUS, HA3bIBAETCSI
2pasumauuortoti nocmoannoti. OHa YUCJIEHHO PaBHA CUJIE, C KOTOPOIA
B3aUMOJEUCTBYIOT YaCTULbI C €JUHUYIHONU MACCON, PaCIOJIOXKEHHBIE
Ha, €IMHUYHOM PACCTOSTHUU JAPYT OT JpyTa.

B MexaynapoaHoii cuctemMe eIUHUI] TPABUTAIIMOHHAS TOCTOSTH-
Hasl YMCJIEHHO PaBHA, CUJIEe, C KOTOPO# B3aUMOIEHCTBYIOT JIBE YaCTHUITbI
¢ MaccamMu mj1 = mg = | KI, pacnojio’)keHHble JpyTr OT JApyra Ha
paccTrostHUU 7 = 1 M. DTa BeJIMINHA MOXKET OBITH ONPE/IeIeHa TOJIHKO
OTNIBITHBIM Ty TEM.

§9.3. OmnpiT KaBenauiia

B 1798 r. KaBenauiil mocTaBusi OMNbIT, MO3BOJUBIINI U3MEPUTH
CUJIy TSATOTEeHHsT B JIADOPATOPHBIX YCJAOBUSIX U TE€M CAMbBIM OMpeje-
JINThb TPABUTAIIMOHHYIO MOCTOsIHHYIO. B KauecTBe dKCIepUMEHTAJIb-
HOH YCTAHOBKH MCTIOJIb30BAJIUCH KDY TUJIHHbBIE BECHI, TPUHITUIT YCTPOL-
CTBa KOTOPBIX siceH u3 puc. 9.1.

Ha Tonkoit kBapiieBoii HuTH 1, Ha KOTOPOM MO/BEINIeH JErKuit
CTEpXKEHb 2, KECTKO 3aKPEIJIeHO HeDOJIbIToe 3epKaJbile 3. JIyd cBe-
Ta 4, magas Ha 3epKaJjiblle, OTPAKAETCS OT HErO W IMOMaJaeT Ha
mwkasay 5. [Ipu moBopoTe cTeprkHsI OTpaKeHHBIH JIyd MepeMelaeT-
Csl TIO TIKAJIe, PETUCTPUPYST TEM CAMbBIM yTOJI 3aKPYyYUBAHUSA HUTH.
Ha koHItax cTeprkHsi yKperieHbl 1Ba CBUHI[OBBIX IIAPUKA C MACCAMU
m Kaxkapiii. K HUM MOAHOCAT [Ba CUMMETPUYHO PACIOJIOXKEHHBIX
cBUHIOBBIX mapa ¢ maccamu M (M > m). Ilpu stom HuUTBH 3a-
KPYUHBAETCsl HA HEKOTOPBIH yroj A0 TeX IMOp, MOKa CWJia YIpPYro-
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ctu J1ehOPMUPOBAHHON HUTHU HE YPABHOBECUT CUJTY TPABATAIIMOHHOTO
B3aMMOIEHCTBUA MEXTy Iapamu. V3mepus cuity B3auMoAeiicTBUSI 110

Puc.9.1

YIJy 3aKpYUUBaHUS HUTHU, 3Has MACChl IAPOB U PACCTOSTHUE MEXKY
UX [EHTPaMU, MOXKHO ONPE/IeJIUTh TPABUTALIMOHHYIO MTOCTOSTHHYIO.

HawubGosiee Tounble u3aMepeHus, MPOBEIEHHBIE IO YCOBEPIIIEHCTBO-
BaHHON MeTOAUKE, AU CJAeAYIONIUM pe3yabTaT:

G = (6,67259 £ 0,00055) - 107 H - m? /xr?.

89.4. Ompenesenne paccrosauii or CosiHIIA 10 IUIAHET

an/IMeHI/IM 3aKOH TATOTCHUA OJId BLIYUCJACHUA paCCTOHHI/Iﬁ oT
Comnnia 10 mianet. [pu 9TOM 17151 TIPOCTOTHI PACCY K ACHUIA TIOJOKUM,
YTO MJIAHETHI IBU2KYTCHA 11O KPYTOBBIM OpGI/ITaM. STO MaJIO CKaX>KeTCdA
Ha TOYHOCTH PE3YJIbTATOB PacyeTa, ub0 NCTUHHBIE TPAEKTOPUHN TLIa-
HET MaJio OTJINYAIOTCS OT OKPYKHOCTEHH.

Cuunia TsroTEHNUS, AeiicTBYOMAs1 co cToponbl CONHIA HA MIJIAHETHI,
coOBIIAeT UM HOPMATLHOE yCKOpenue: a, = I /m = G M /r?. A Tak
KaK an, = v2/r = 4n2r/T?, To

GM _ 4x*r
r? i

9 (9-6)

riae M — macca Connita, 7 — pajguyc opbutst, T’ — nepuoj obpaiieHust
mianetsl BOKpYr Cosaifa. OTcoaa

r _ GM

T2~ 4gn?

= const. (9.7)
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Ntak, xybv. cpednux paccmoanuti om naanem do Coanya nponop-
YUOHAALHDL KEaIpamam nepuodos obpauseruti naarnem soxpye Coanuya
(Tpernit 3akon Kemutepa).

[TockonbKy mepuozbl 06pallieHnst MIAHET MOTYT GbITH U3MEPEHbI
BECbMa TOYHO, TO [IJIsi ONpeJ/eJIeHUs] PACCTOSHUN /10 BCEX IIaHEeT
IOCTATOYHO U3MepUTh paccrostaue or CosHua 10 OJHON KaKOH-J1u-
60 maHeThl. B KadecTBe TaKOro 3TaJOHA MPUHATO PACCTOSTHUE OT
Couaia 10 3eMJIi, KOTOPOEe Ha3bIBAETCS GCMPOHOMUNECKOT edunuyet
amnnt (1 a.e. = 1,49598 - 101 w).

B 1960-1962 rr. poccuiickue yueHble C MOMOIIBIO MOIIHOTO Pa-
JIUOJIOKATOPa U3MEPUJIN PACCTOsTHUE OT 3emJyiu 10 BeHnepsl, uTo 1mos-
BOJIUJIO YTOYHUTH 3HAYEHUE ACTPOHOMMYECKOW €JMHUIILI U TeM Ca-
MBIM — PacCTOsSTHUS 110 Beex mianer CotHeuHoi cucrembl. OTianyHOe
COBMA/IEHNE PE3YJbTATOB ACTPOHOMUYECKUX W PaAIUOJIOKAIIMOHHBIX
U3MEPEHUI SIBJISIETCST XOPOIIUM JJOKA3aTEJbCTBOM CIIPABE/JIUBOCTH
3aKOHA BCEMUPHOTO TATOTEHUSI.

§9.5. TI'paBuTalmoHHOE TIOJIE

B coBpemenHolt hbrsnKe MEXaHU3M IPABUTAIIMOHHOTO B3aUMO/IeH-
CTBUsI TPEJCTABJSETCs cieayomuMm obpazom. Kaxkjgoe Teno mac-
coit M cosmaeT BOKpyT cebsI 1oJIe; eCJIv K€ B HEKOTOPYIO TOYKY 3TOr0
OJIsT TOMECTUTDH TPOOHOE TEJIO MACCOoit 1M, TO ToJie OyIeT JeficTBOBAThL
Ha MPoOHYIO Maccy ¢ cuioil F', 3aBucsiieil oT CBONCTB MoJisi B 9TOi
TOYKEe W OT Macchl MpobHOro Tesa. EcrecTBeHHO, UTO MPOOHOE TEO
co31aeT BOKPYT cebsi CBOe MoJjie, KOTOPOE B CBOIO OY€pe/Ib AeHCTBYyeT
Ha, TeJio Maccoit M.

CB060AHOE OT BEIIECTBA, IPOCTPAHCTBO 00IAJAET PSATOM IeOMeT-
pudeckux u dpusndeckux cBoiicT. Tak, KpaTyaimmm paccTosiHueM
MEXK/y ABYMsI TOYKAMU SIBJISIETCSl TIPsSIMasl JIUHUS; XOJ BPEMEHHU BO
BCEX TOYKaAX IMPOCTPAHCTBA OJIUH U TOT YKe; JIyUl CBETa MPEICTABJISIOT
c000oii IpsiMble JIMHUK U T. II.

CorytacHo DitHITEHY, TENO Maccoit M, BHECEHHOE B HEKOTOPYIO
06J1aCTh TPOCTPAHCTBA, U3MEHSIET CBOMCTBa MocjaeaHero. B gacTHo-
CTH, KPAaTYaHIIINM PACCTOSTHUEM MEXKy ABYMSI TOUYKAMU OyJeT y»Ke
He TPsiMast, a HEKOTopasi KpuBasi, (popMa KOTOPOIl 3aBUCUT OT MACChHI
Tejla U OT PACCTOSTHUST MEXK/TY TEJIOM U UCCIeyeMbIMU TOYKAMU MTPO-
crpaHcTBa. CBeT MO-NMpesKHEMY PACIPOCTPAHSETCS 110 KpaTdaiieMy
PACCTOSTHUIO MEXK/Ty JBYMsl TOYKAMU, HO Telephb y>Ke CBETOBbIE JIYUYU
uckpuBJsiiorcsi. COOTBETCTBEHHO U BpeMsi BOJM3M MACCUBHBIX TeJI
3aMe/JIsIeTCs.
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Takum 06pa3oM, rpaBUTAIIMOHHOE TIOJIE XAPAKTEPU3YET U3MEHe-
HUe (PU3NYECKUX U MeOMETPUYECKUX CBONCTB MPOCTPAHCTBA BOIM3M
MacCUBHBIX Teut (eM. § 24.5, 24.6).

I'paBuTanuonHoe noje marepuajbho. OHO CyIECTBYeT He3aBU-
CHMO OT HAIIIEro CO3HAHWS U MOXKeT ObITh OOHAPYXKEHO M0 ero BO3-
JedcTBUI0 Ha (u3nvyecKue 0O6beKThbI, HAIPUMED Ha U3MEPUTEIbHbIE
npubophiI.

§9.6. Hampsi>keHHOCTb I'PABUTAIMOHHOIO II0JIA

1. Jlns Koau4vecTBEHHOW XapaKTePUCTUKU TPABUTAIIMOHHOTO IO~
Jist BBOJUTCsT (PU3NYIECKAS BEJTUUNHA, HA3BIBACMAS HANPAHCEHHOCTIDIO
I10J141 E Ha.HpSDKeHHOCTb moJIA YUCJICHHO paBHA OTHOIIEHWUIO CUJIbI
TATOTEHU, AEHCTBYIONICH HA MPOOHOE TEJI0, K MAacCe ITOTO TeJa:

F
E=—. (9.8)
m
Bocnonp3oBasimncs 3akoHOM TsiroTeHust (9.5) U MOJIOXKUB B HEM

m1 = M, me = m, uMeeM JJjisi MOJYJIsI HAIPSIYKEHHOCTH:
E=6¢M. (9.9)
™

2. MbI BUANM, YTO HAIPSI>KEHHOCTH IPABUTAIIMOHHOIO TOJIsT OTIpe-
JIeJISIETCST MACCOi TeJ1a, CO3AI0IIero noste (MCTOYHUKOM I10JIsT), U Pac-
CTOSTHUEM OT 3TOr0 TeJia J0 UHTepecyoleii Hac Touku nosst. OHa He
3aBUCUT OT MACChl TPOOHOIO TeJIa, MOMENAEMOr0 B 3Ty TOUKY.

QueBUIHO, YTO TIO CBOEMY (PUBUUECKOMY CMBIC/TY HAIIPSXKEHHOCTh
FPABUTAIIMOHHOTO TOJIsi COBIIAJIAET C yCKOpeHueMm npobuoro teja. [To-
CKOJIbKY HAIPSXKEHHOCTH TI0JI1 He 3aBUCUT OT MACChl MPOGHOTO TeJia,
TO BCE TeJa, HE3aBUCUMO OT UX MACChI, ABUXKYTCS B JAHHOU TOYKe
T'PAaBUTALUOHHOI'O II0JIsA C OAWMHAKOBBIM
YCKOpEeHUueM. B YaCTHOCTHU, UMEHHO 110~
3TOMY BCe TeJIa MAaJAA0T N0/] AeiCTBrEeM
CUJIbI TA2KECTU C OJUHAKOBBIM YCKOpeE-
HueMm g (cm. §6.2).

3. HanpsixkeHHOCTD MOJIsT SIBJISIETCS
BEKTOPOM, HAIIPABJICHHBIM B Ty K€ CTO-
POHY, 4TO ¥ cuJia Tarorenus. Eciu pa-
AUYC-BEKTOD I' HAIIPAaBUThb OT UCTOYHHU-
Ka nosisi M K uccsieiyemMoii Touke nosisi,
TO BeKTOp Hampsikennoctu E Oyaer HampaBjeH BCerya MpOTUBOIO-
JIOXKHO pajinycy-BeKTopy. UTobbl MOKa3aTh 3TO, CJAEAYET MPOEKIIUIO

M

Puc. 9.2
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BEKTOPa HAIMPAKEHHOCTHU T'DABUTAIIMOHHOI'O IIOJISI Ha HaIlpaBJIEHUE
paanyca-BeKTOpa MucaTb CO 3HAKOM MUHYC!:

M
Erp = _G - (9.10)
'
CoOTBETCTBEHHO 3aMMCHIBAETCS W TIPOEKITUST CUJIbI TSTOTEHUsT HA Pa-
auyc-BeKTop (puc. 9.2):
Mm

P
r

(9.11)

§9.7. I'paBuTammontHoe 1mojie 3emJn

1. ITo mepe yajieHus Tejia OT MOBEPXHOCTH 3€MJIA CUJIA TSIXKECTU
U yCKOpeHUe CBODOAHOTO M JeHIsT YMEHbIIAIOTCS. '1€eJ10, paciooyKeH-
HOE Ha YPOBHE MOPSsI, IPUTSATUBAETCS K 3eMJie ¢ CUJION

M
Py =mgo =G R’;‘, (9.12)
rie M u R — macca u paauyc 3emyin, m — macca Teja, g9 —

ycKopeHue cBOOOIHOTO MajieHust Ha ypoBHE Mopsi. Tesio xke, o gHsIToe
Ha BBICOTY h HaJl YPOBHEM MODsi, IPUTSATUBAETCS K 3eMJie C CUJIOi

Mm

s (9.13)

P() =mg = G
OTciona creyet, UTO CUJIA TS2KECTH M YCKOPEeHUe CBOOOAHOTO Majie-
HUSI MEHSIIOTCSI C BBICOTOM B OJIMHAKOBOH CTETEHH.

Ha He6oTbImX BHICOTaX, MHOTO MEHBIIIUX PAaARyca 3eMJTH, MOXKHO
9TUMH U3MEHEHUSIMU ITpeHeOpeyb U CUNTATDH CHITY TSXKECTH U YCKOpPe-
HUE CBOOOAHOTO MajieHUs MOCTOSHHBIMU BeinyrHamMu. [lelicTBuTesnnb-
HO, TOCKOJIbKY cpefHuii paguyc 3emsin R = 6371 kM, To gaxke Ha
BBICOTE B HECKOJILKO COTEH KUJOMETPOB HaJ YPOBHEM MOPS TOJIHKO
OYeHb YYBCTBUTEJIbHbIE TPUOOPHI MOTYT OOHAPYKUTH U3MEHEHUE CH-
Jibl Tsi>kecTr U yckopenus. [lycts h = 300 kM, Torma

P R (6371

~ 6671

2
Po (R+h)? ) = 0,955,

4YTO OTJIMYAETCs OT equHunbl Ha 4,5 %. A npu h = 30 kM

P R (6371

=~ 6401

2
T ) =0,9957,

4YTO OTAMYaeTcs oT eaununpl Ha 0,43 %.
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2. 3Has ycKOpeHue CBODOJHOrO MaJIeHUs U TPABUTAIMOHHYIO M0-
CTOSTHHYIO, MOXKHO OTpEeIeuTh Maccy Jemun. lleficTButenpHo, u3s
(9.12) cnenyer, uro

M

OTKYyJa MacCCa 3emun

_ goR® _ 9,81-6,37%.10"

M
e 6,67-10" "

= 5,97 - 10** «r. (9.15)

AHaJIOrnYHO MOXKHO paccunuTaTh U Maccy CosHija. 3Has1, 4TO pa-
Anyc 3eMHO# opbuThl Ry = 149,5 - 10° M, a nepuos obpamenus 3em/m
Bokpyr Cosania 1" = 1 rog = 31,56 - 108 ¢, MOXKHO HaiTH HOPMAJIbHOE
yCKOpeHue 3eMJin:

2
=2 R 5931073 m/c.
T

[lo anasorun ¢ (9.15) umeem

R  5,93-107%.149,5%.10'® 30
Mg = %78 = d =1,98 - 10°° kr.
© e 6,67-10" " ’

Nrak, macca Connna B 330000 pas 6osblie MaCChl 3eMJIU.
3. 3nast Mmaccy 3eMiid U ee paJuyc, MOXKHO ONPEEUTE €€ CPeJi-
HIOIO IVIOTHOCTD:

M 3SM __ 597-10**.3

=_ = = 55-103KPM3.
Peo =V T LR® 47 -6,37° . 10*® ’ /

ITockonbKy KaMeHHBIE TTOPOIBI, 13 KOTOPHIX COCTOUT MOBEPXHOCTHBIMH
cjioit 3emMJTi, UMEIOT MPUMEPHO BJIBOE MEHBIIYIO MJIOTHOCTh, TO OYe-
BUJIHO, YTO BHYTPU 3E€MJIH UMEETCS SIAPO, MJIOTHOCTH KOTOPOrO MPH-
MEPHO BJIBOE DOJIbLIIE ee CpeHel IIJIOTHOCTU. A 3T0 3HAYUT, YTO S PO
3eMJI COCTOUT B OCHOBHOM M3 METAJUIOB THUIIa Kejie3a, MeId U T. II.

ITo onnoit u3 runores, npeagoxkennoit O.FO. lImuarom, 3emiist ob6pasoBanacs
n3 MeTeopHoro obsaka. MeTeopuTsl, CTAJIKUBAsICh APYT C APYTOM, PAa30rDEBAJINCD;
KpPOME TOTO, PA30TPEB BBI3bIBAJICSI TEMJIOTON, KOTOPAsi BbIAE/SIACH IPU PACIIAJE
PaJMOaKTUBHLIX BeIecTB. B pe3ysbraTe 3eMHOI miap mpuobpes MIaCTUYHbIE
cBoiicTBa. Bosee mioTHbIe BelecTBa, Takue, KAK METAJLIb, IPUTSAHYJIUCH K LIEHTPY
3emutn 1 06PA30BAIIH €€ s1/IPO; MEHEE IIJIOTHBIE BEIECTBA BCILIBLIN HA IOBEPXHOCTH
u 06pa30BaM KaMeHHYI0 060JI0UKy 3eMiin — JuTocdepy.

Opnako B muTochepe HepeIKO BCTPEYaIOTCsl MaCCUBHbIE 3aj1exku bostee mioT-
HBIX BEIIECTB — METAJUINIECKUX pyZ. BOnusu aTtux 3ajexkeil yckopeHne cBoOO-
HOTO TaJieHusi OOJbIe, YeM B ODJIACTAX, COCTOAINIUX TOJBKO U3 KAMEHHBIX TIOPOI.
Tounbie U3MepeHust yCKOpPEHUsT CBOOOZHOTO MA/I€HHUsT IOMOTAIOT re0JIoraM OOHAPY-
KUTh PY/IHBIE 3aJI€KU. DTOT METO/I, HA3bIBAEMBbIH 2pasumempueckots pazeedrot,
IIMPOKO NIPUMEHSIETCSI HA TIPAKTUKE.
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§9.8. Buusinue Bpalenus 3eMJn Ha YCKOpeHUe
CBOOOJTHOTO TTaI€HUST

1. B mpeapbiayiiiem naparpade BbiBejeHA 3aBUCUMOCTb YCKOPEHUsT
CcBODOTHOTO TAJIEHUsI OT BBICOTHI Tejia HaJ| ypoBHeM mopsi. OaHaKO
MPU 9TOM MbI HE YUJIM, YTO HA ITY BEJIMYUHY BJIUSIET €Ile U CyTOYHOEe
BpailieHue 3eMJIn.

[TycTs Tes0 Maccoii m pacmosioxkeHo B Touke A Ha reorpadude-
ckoit mmpote ¢ (puc. 9.3). [TockoabKy 3TO TeJI0 y4acTByeT B CyTOY-
HOM BpAIIEHUU 3eMJIH, TO OHO JBUXKETCS TI0 OKPY>KHOCTH PaJInyca
AK =r = Rcos p,rae R— paau-
yc 3emutu. Bo Besikom KpuBoJinHeii-
HOM JIBIDKEHUM €CTh HOPMAaJIbHOE
yCKOpeHue

v 4% R cos @
an = — = ——3 >
T T
rae I’ — nepuos BpallieHust 3eMJTH.

YT0o06b! HAWTHU CUITY, BBI3BIBAIO-
Y0 HOPMAaJIbHOE YCKOPEHUE, pas3-
JIOKUM cujy Tarotenusi Fog. Ha
JIB€ KOMITOHEHTBI: [EHTPOCTPEMU-
TenbHyo cuiy F, u cuiny Tsoke-
ctu P. N3 puc. 9.3 Bugno, 4uro cu-
Jia TSKECTU TMOBCIOAY, KpOME TOo-
JIFOCOB, MEHBIIIE€ CUJIbI TSTOTEHMUSI.
Kpome Toro, moBcioo/y, KpoMe 3KBATOPa W MOJIOCOB, CUJIa TSXKECTU
HAIIpaBJIEHA HE K IEHTPY 3€MJIH, & HECKOJIBKO B CTOPOHY.

Tak kak 3a cYeT BpallleHUsI 3eMJIM CUJIa TSXKECTH Ha MOJTI0CaX
HECKOJIBKO DOJIbllle, YeM Ha IKBATOPE, 3€MHOM IIap HEMHOTO CILTIOC-
HYT: €0 TOJISIPHBIN paauyc paseH 6356,9 KM, a 9KBaTOpUAJIbHBINA —
6378,4 KMm.

2. YckopeHue cBOOOAHOTO TIA/IEHHUsI Ha, TOJTFOCE UMEET MAaKCUMAJTb-
Hoe 3HaueHue. [leificTBUTENHHO, 3/T6CH HOPMAJIBHOE YCKOPEHUE PABHO
HYJTIO, a TIOJISIPHBIA pajuyc UMeeT MUHUMaJbHbIe pa3mepbl. Creao-
BaTEJILHO,

Puc. 9.3

GM
8non = Gron = —
RHOJI
yCKOpeHI/Ie CBO6OII[HOFO MmaJJ€HUudA TeJia Ha 3IKBAaTOPeE €CTh Pa3HOCTb
Me)KII[y HaHpH)KeHHOCTbIO IIOJIA TATOTEHUSA U HOpMa,JIbeIM yCKOpe—

HHUEM:

g =G . aaKB _ GM 47T2R9KB
9KB — I 3KB n - 2

R, T*
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Tounbie uamepenust 0T
Zron = 9,83210 M/c®,  gorw = 9,78038 m/c>.

Ha mwmpore 45° yckopenume CBOOOJHOrO MajeHusi Tejaa g =
= 9,80620 m/c>.
[1pu npubam>keHHbIX pacyeTax mosaraloT g = 9,81 m/ 2.

I'masa 10
QJIEKTPNYECKUE CUJIBL

§10.1. DaexkTpuUuecKuii 3apsa/

1. [TomMmumo rpaBuTalium, B TPUPOJE CYIIECTBYET OCOOBIA KJIACC
IAEKMPOMALHUMHHIL B3AUMONEHCTBUN: JICKTPUICCKUE U MATHUTHBIEC
cuiibl. [IpocTeiitum npuMepomM B3anMOIeHCTBUI SIBJIAETCS TPUTSIYKE-
HHMeE WU OTTAJKNBaHNE Ha3JIeKTPU30BaHHBIX TeJI.

C saBjieHUEM JIEKTPU3AIMKA Tejl TO3BOJSIET O3HAKOMUTBCS Clle-
IYIOIINi dKCTIEpUMeHT. /IBa CTEpIKHS M3 MJIACTMACChl YCTAHOBJIEHBI
Ha UTJIaX U MOT'YT CBOOOHO MOBOPAYNBATh-
cst (puc. 10.1). Ha oaHom creprkHe yKper-
JIEHA, XOPOIIO OTHLINGOBAHHAST METAJLIAYIE-
CKasl TUIACTUHKA, HA JIPYTOM — TJACTUHKA
U3 TJIEKCUTIIACA, TAKXKE XOPOIio OTHLIndo-
BaHHasi. CHUMEM CTEPXKHU C WUIJI U TPU-
BelleM IJIACTUHKU B COMPUKOCHOBeHUeE. Fic-
JI BHOBBb NTOCTABUTDb CTEPKHU HAa UIJIBI, TO
JIACTUHKY [IPUTSAHYTCS APYT K APYTY. IDTa
CHJa, €CTECTBEHHO, He ABJIsIETCS TPaBUTa-
[UOHHOM, OO Macca Tes 10 U MOCjie KOH-
TaKTa OCTAeTCs] HEM3MEHHOM, a rpaBUTAlIN-
OHHbIE CUJIbI 3aBUCAT TOJBKO OT MAacCC TeJl
u paccTostHust Mexx 1y Humu. CjiegoBareib- Puc. 10.1
HO, B JAHHOM 3KCIIepUMEHTe MbI BCTpeda-
€MCs1 C HOBBIM KJIACCOM CHJI, KOTOPBIE Ha3bIBAIOTCA 3AEKMPUHECKUM,.

2. Gusnyeckasi BeJUUNHA, XapaKTePU3YIOolasl CBONHCTBO TeJ BCTY-
naTh MPU OMPEJEeJICHHBIX YCJOBUAX B JIEKTPUUECKHE B3auMofel-
CTBUS W ONpPeeNsolas BeJUUNHY JIEKTPUUECKUX CUJI, Ha3bIBaeTCs
aneERMPuUNECKUM 3apadom. SIBIIeHME, COMPOBOXKIAIOIIEECsT epepac-
peJieJIeHreM 3apsiJIoB Ha TeJslaX, HA3bIBAETCH 24eKMPU3ayuet.
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DJeKTpU3als TeJ MPU COMPUKOCHOBEHUM WHOTIA HA3bIBAETCSI
ellle deKTpU3alueil BCJeICTBUE TPEHUs], YTO IO CYIIeCTBY HEBEPHO.
Tpenue 31ech He UTPaeT TPUHIUITHAJIBLHONU POJIH, OHO JIUIID YJTyIIIIaeT
KOHTAKT MEX/Ty COTPUKACAIOIIUMHUCS TeJIAMU U TEM CaMbIM CIIOCOD-
CTBYET UX JIEKTPU3ALINH.

3. Ilpu Bcex sIBJEHUSIX, CBSI3AHHBIX C TIEPEPACIIPEICICHUEM JICK-
TPUUECKUX 3aPsI/IOB B M30JIMPOBAHHON CUCTEME B3aUMOJIEUCTBYIOIINAX
Tej, ajaredpanyeckasi CyMMa JIEKTPUYECKUX 3apPsiIOB COXPAHSIETCS
MOCTOSTHHOM. DTOT 3aK0H COLPAHEHUSA INEKMPUYECKUT 34PAI0S SIBJISI-
€TCsI TAKUM K€ OCHOBHBIM 3aKOHOM (DU3UKHU, KAK U JPyTUe 3aKOHbI
cOXpaHeHHs, KOTOpble OyyT pacCMOTpeHbI JaJjbine (cM. . 15).

§ 10.2. 3axkou Kyimona

1. OmbIT MOKA3BIBAET, YTO CUJIA TEKTPUUECKOTO B3aUMO/IeHCTBUS
JIOBOJIBHO CJIOXKHBIM 00pa30M 3aBUCUAT OT (hOPMbI HATEKTPU30BaH-
HBIX TeJI U XapaKTepa pacrpejesieHus 3apsiia Ha 3tux tejax. Creo-
BaTEJILHO, HE CYIIECTBYET €JUHOM TPOCTOMH (hOPMYJIbI, OMUCHIBAIOIIEH
3JIEKTPUYIECKOE B3aNMO/IeICTBIE [IJTs1 JIFOOOTO MPOU3BOILHOTO CJTY Yasl.
N TosmbKo [mJisT mouewHur 3apAados 3aKOH B3au-
MO/IEHCTBUS 3aMMUCHIBAETCS B JJOCTATOYHO MPOCTOM
dopme.

3aMeTuM, 4TO MOHATHE TOYEYHOTO 3apsifia siB-
JisieTcst yIo0HO# abcTpakiiueil, aHAJOTUYIHO MOHSI-
THIO MaTepHaabHOi Toukn (cm. § 1.1). Toueurvwm
HAa3bIBAETCs 3apsi[l, pacipeeseHHbIN Ha Tese, pa3-
Mepbl KOTOPOr0 3HAYUTEHLHO MEHBIIIE, YeM JII00bIe
PaCCTOSTHUS, BCTPEYAIONINECH B JAHHOM 3aja4e.

2. Bocnosb30BaBIINCh, KPYTUJIBHBIMUA BECaMU
(cm. §9.3), Kyson B 1785 1. ¢MOT ONBITHBIM ITyTeM
HaNTU 3aKOH B3aUMO/IEHICTBUSI TOUEUHBIX 3aPsII0B.
Kpytuabusbie Becbt Kysona (puc. 10.2) umenn Jer-
KO€ CTEKJISTHHOE KOPOMBICJIO, KOTOPO€e 3aKAHYNBa-

Puc.10.2 JIOCh C OJTHON CTOPOHBI METAJMJINYECKUM IIapUKOM.

Ho storo mapuka Kyson morparuBajicss HadjIeK-
TPU30BAHHBIM CTEP>KHEM, TOXKE C MApPUKOM Ha KouIe. [Ipu aTom 3a-
P pacpeaessiicss MeXKy MapUKAMU U OHU OTTAJKUBAJIUCH JIPYT OT
npyra. Kopombicio 3akpyvuBaJjo HUTh [I0 TeX MOp, MOKa CUJIa yIpy-
TOCTH He YPaBHOBEIIUBAJIA CUJTY JIEKTPUUECKOTO B3aUMOMEUCTBUSI.
[ToBopatinBast pyKOsITKY, MO>KHO OBLITIO U3MEHSITh YTOJT 3aKPY YNBAHUSI
HUTHU, U3MEHSISI TEM CAMBIM CUJTY YIIPYTOCTH U 33 CYET ITOTO PACCTOSA-
HUe MexKay 3apsigamu. U3 psaga skcnepuMentoB KysioH Haries, 4To
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CUJIA FJIEKTPUIECKOTO B3AUMOIEHCTBUS MEXIY 3apsi/laMyi U3MEHSIeT-
cs1 0OPATHO TPOMOPIMOHAIBHO KBAJIPATY PACCTOSHUST MEXK/TY HUMU.

B ornuuue or onbita Kasenjuia, rje Macchl B3auMo/IeHCTBY 0
mux Te Obu u3BectHsbl, y Kysiona ve 66110 MeTOAA /1151 U3MEpPEHUST
3apsija Ha mmapukax. OJHAKO 371eCh OKA3aJI0Ch BO3MOXKHBIM TIPHU-
MEHUTh cjiepyroiuil npueM. K Ha3/IeKTPU30BAHHOMY MIAPUKY MPH-
KACaJIUCh HE3APSIKEHHBIM IMAPUKOM OJWHAKOBOTO ¢ HUM pPa3Mepa,
KOTOPBIl TOTOM YHOCHJIHN Jjajieko oT mpubopa. [lockonbky mpu sTom
3apsi]] pACTIPEIESIsIICS IOPOBHY MEXK Ty 0O0MMU COMPHUKOCHY BITUMUCS
TeJIaMu, 3apsiJi TPOOHOro IMIapuka yMeHbImajcs BiaBoe. OKa3ajiock,
YTO POBHO BO CTOJIBKO YK€ Pa3 YMEHBINAJIACH U CUJIA JTEKTPUIECKOTO
B3anMMO/1eliCTBUSI.

[TorTOpsist 3Ty onepaluo HECKOIBKO Pa3, KyJioH mpwuiies K Bbi-
BOJY, YTO CHJIA TEKTPUIECKOTO B3aNMOAEHCTBHUS MPOMOPIHOHAJIBHA
MPOU3BE/ICHUIO 3aPSIJI0B B3aUMOIEHCTBYONUX TEJI.

3. Onbirel KysioHa ObLIH HE OYEHB TOYHBI, TOCKOJBKY IMIAPUKH
ObLIM CJTUIIKOM BEJUKU U CWIA U3MEPSJIACh CO 3HAUYUTENHHOU MOo-
rpenrHocThio. HakoHerl, OnbIThl MPOU3BOIUIIUCH B BO3/IYXE, YTO XOTSI
¥ HE3HAYUTEJIbHO, HO BCE K€ BJIMSJIO Ha PE3YyJIBTATHI SKCIIEPUMEH-
Ta. Tem He meree Kysony yaasocs cdopmyupoBaTh 3aKOH, KOTO-
pblit B JasibHeiieM 6J1ecTsiie NOATBEPANICs BCEil COBOKYITHOCTHIO
JIEKTPUIECKHX SIBJICHUN: CUAG 83auModeticmeus meancdy 08yms He-
NOJBUNCHBLMU MOYEUHBLMU 3APAVAMUY 8 BAKYYME TEPAMO NPONOPUUO-
HAADHA NPOUSBEIEHUIO IMUT 3aPA0S U 0OPAMHO NPONOPUUOHANDHA
K6adpamy PacCmOAHUL MEHCOY HUMU

F=FrLE (10.1)

2
T

3nech F — cusia B3aMMOIEHCTBYSA, ¢ U ¢o — 3aPsiJibl, I — PacCTOSTHUE
MeX1y HUMH, k — KO3(DDUIUEHT MPOTOPIUOHATBHOCTH, 3aBUCATIHI
OT CHUCTEMBI eJJUHUI], KOTOPOH MOJb3YHTCA MPH PACUETAX.

4. Kynaonosckaa cwia, Kak ¥ Jirobasi Apyras cuia (HanpuMep,
IPaBUTAIMOHHAS), MOJYMHSETCS TPETbeMy 3akoHy HbroToHa: cuas
63aUMOOETICMBUA MEHCAY 3aPA0AMU PAEHDL O MOOYAIO U HANPABAEHD
NPOMUBON0A0NHCHO dpye dpyay 80oab npamoti, coedunarowet smu 3a-
PADbL.

OnBIT MOKA3BIBAET, UTO OJHOUMEHHBIE IJIEKTPUYECKUE 3aPSi/Ibl
OTTAJIKMBAIOTCsT JIPYT OT JPYTa, a pa3HOMMEHHbIE — MPUTIATUBAIOTCS.
OTUM KyJIOHOBCKHE CUJIbI IPUHIUITHAILHO OTJMYAIOTCS OT TPABUTA-
IMOHHBIX, KOTOPBIE BCEr/IA ABJIAIOTCA CUJIAMHU TPUTIKEHUS.

Cuna oTTaJKMBaHUsA, JEHCTBYIONAS HA JAHHBIN 3apsiji, HATPAB-
JIeHa B TY YK€ CTOPOHY, UTO U PAUYC-BEKTOD, TIPOBEJIEHHBIM K 9TOMY
3apsijly; CUJIa MPUTSYKEHHUS] UMEeT MPOTUBOMOJIOXKHOE HAIpaBjIeHHe



92 Yacmo 1. /[susicenue u cuave

(puc. 10.3). TTosTomy nemecoobpa3HO MPHUIUCATH ITUM CHJIAM COOT-
BETCTBYIOIIIWE 3HAKU: CUJIAM OTTAJIKUBAHUSA — HOHO)I(HTeﬂbeIﬁ, cu-
JIaM TIPUTSIXKEHUST — OTPHUIATEJHHbIH.

TIpUTSK

Puc.10.3

3akon Kyjiona y4uThiBaeT 3HaK CUJI AaBTOMATHYECKH: €CJTA 3apsi-
bl OJHOMMEHHBIE, TO UX MPOU3BEJEHHE ABJIACTCA MOJ0XKUTEJIbHBIM
YUCJIOM U CHJIA OTTAJIKMBAHUS UMeeT TOT 2Ke 3HaK. Ficiiu ke 3apsiibl
MMeIOT pa3Hble 3HaKHU, TO UX MPOU3BEJEHUE dBJIACTCS OTPULIATE b
HBIM YHUCJIOM, YTO COOTBETCTBYET 3HAKY CHUJIbI IPUTSA>KCHUS.

§10.3. Eaununa zapsaga

1. B CU eqununeii 3apsifia CIy>KUT KYAOH.

[To onpesnenenuio, 1Ba HEMOABUXKHBIX TOUEUHBIX 3apsiia mo 1 Ky-
JIOHY, PACIOJIOyKEHHBIE Ha, PACCTOSTHUN 1 M IpyT OT ApyTra, B3auMOeii-
CTBYIOT B BaKyyMe ¢ cuJioii, pasoii 9 - 109 H. TTockonbky Kosdbduim-
eHT k B 3akoHe KysioHa (aHAJIOrMYHO TPaBUTAIMOHHOM TTOCTOSTHHOM
B 3aKOHE TSITOTEHHs1) YUCJIEHHO PABEH CHJIE, C KOTOPOIi /IBa €JUHUY-
HBIX 3aps/ia B3auMOJEUCTBYIOT Ha €IMHUYHOM PACCTOSHUU, TO

k=9-10°H - m?*/Kn?. (10.2)
B CU zakou Kysiona npussiTo mucath B BUE
F= 0% (10.3)
dmeor

Besnuunna €y Ha3bIBaeTCst anexmpuyeckoti nocmosmnnot. CpaBHu-
Bast (10.1) u (10.3), momy«um

_ 1 1 2 Ca2) — 10-12 102 2
0= 1k = 360 10° Ka®/(H-m") =8,85-10"“ Kun*/(H 1\(/[1()].4)

2. 3a eVHUILY 3JIEKTPUYECKOTO 3apsijia €CTECTBEHHO ObLIO Obl
BBIOpaTh 3apsij] 3JeKTpoHa. B aToMm citydae 3apsii j1r060ro apyro-
ro TeJjia BbIPaXKaJicss Obl IIEJIbIM YHCJIOM, MOKA3bIBAIOIINM, CKOJIBKO
3JIEKTPOHOB 3TO TEJIO PUOOPEIO (MIIN MOTEPSIJIO) MPH IEKTPU3ALHH.
O1HaKO, MOCKOJIBKY eUHUIIA 3aPsijia yKe BhIOpaHa, 3apsiji 3JIEKTPOHA,
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ObL1 onpe/iesien onbITHBIM myTeM. OKa3a/10Ch, YTO 3apsi JIEKTPOHA,
(smemenTapubiit 3apsy) e = 1,60 - 1071 K (§ 37.10). Orciona ciie-
ayet, aro 1 K= 6,25 - 10'8e.

3. CpaBHUM cUJIy TPABUTAIIMOHHOTO M JIEKTPUHECKOTO B3aNMO-
JefiCTBUI MeXIy ABYMsi 37eKTpoHamMu. Vimeem
e _ Gm?*

29 FF aB — 2 b
4meor P r

FKyn:

rae m = 9 - 1073! kr — macca oKost 37EKTPOHA;

Fan € 1,6%.10°.367-10°

_ — ~ 4-10%2.
Frpas  4meoGm® 4m-6,67-1071.9%.107%2

Takum ob6pazom, mpu PaCCMOTPEHUU SIBJICHUH, MMPOTEKAIOIINX
B DJIEKTPUYECKH 3APSKEHHBIX CUCTEMAX U, B YACTHOCTH, B MHUPE MO-
JIEKYJT, ATOMOB M aTOMHBIX $1/Iep, MOXKHO TOJTHOCTBIO MTpeHedpedn rpa-
BUTAIMOHHBIMU CUJIAMU 10 CPABHEHUIO C djieKTpudeckumMu. U Toibko
JUIsT KOCMUYECKHX TeJl (MJIaHeT, 3Be3]), o0/aJaiolnX OrPOMHBIMH
MaccaMH, FPABUTAIIMOHHBIE CHJIbI HAYMHAIOT UTPATh Mpeobiiajato-

YO POJIb.

§10.4. Jumoinb

1. /lunosem Ha3bIBAETCS IEKTPUYECKAs CUCTEMA, COCTOSIIAS U3
JIBYX 3apsiJIOB ¢, PABHBIX MO aDCOIOTHON BEJIMYUHE, HO MTPOTUBOIIO-
JIOKHBIX 10 3HaKy (puc. 10.4). XapaKTepuCcTHKON JUMIOJST SIBJISICTCS
ero 3AeKMPUIECKUT MOMER:

pe = gl (10.5)

BekTop 1 cuntaercst HanmpaBJeHHBIM OT OTPUIIATETLHOTO K TIOJIOMXKHU-
TesibHOMY 3apsiy. Moayas |1| = | nasbiBaercst naeuwom dunoas. Bek-
TOP Pe HATPaBJIEH B Ty YKe CTOPOHY, YTO U BEKTOP l.

Pe Pe
ve o <o
1 @F=—>Qq o r i
1
Puc.10.4 Puc. 10.5

[lockonbKy AUMONB TPEACTABIASET CODON 3IEKTPUYECKU Hel-
TPAJbHYIO CUCTEMY, TO Ha MEPBbIl B3MJIsi[ MOXET MOKA3aTbCsI, 4TO
JIATIONIN He CIIOCOOHBI K JTIEKTpUUecKoMy Baaumoeiicteuto. OgHako
TAKOU BBIBOJ| SIBJISIETCS CJUIIKOM TOCHENTHBbIM. /[unoau 63aumodeti-
CMBYIOM, U TO BHI3BAHO TeM (PAKTOM, UYTO 3apsibl, 00Pa3yoIue
AWUTIOJIb, PACIIOJIO?KEHBI B PAa3HBIX TOYKaX IIPOCTPAaHCTBA.
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2. Paccmorpum citydaii B3aMMOAeNCTBUsT AByX OAMHAKOBBIX [IH-
ToJIel, PaCIoIOXKEHHBIX BAOJIb OHOM ocu. Paccrosinne Mexy 1eH-
Tpamu Aumnosieii 0603Ha4uM OYKBOI T MyCTh 9TO PACCTOSTHUE MHOTO
Gonblue mieda gunosst: 7 3> | (puc. 10.5).

Cuna B3aMMOJENCTBUST CKJIAJBIBAETCS U3 YETHIPEX KOMITOHEH-
TOB — JABYX CHJI OTTAJKUBaHUSI MEX/Y OJHOMMEHHBIMU 3apsiZlaMu
¥ IByX CHUJI TIPUTSIXKEHUsT MEXK/Iy PA3HOMMEHHBIMU 3apsi/IaMu:

p=CoCad 9 (Cae (e _

Ameor? Ameor? dreo(r — 1)2 dmeo(r + 1)2

¢ |2 1 1

Cdmeo |2 (r—1)2  (r+1)?

[Tocne Hec/10>KHBIX TPEOOPA30BAHUIT Oy YNM

_6q2l2 r? — (1*/3)
471'60 T2(7‘2 _ 12)2 *

F =

O6o3nauns ql = p. n oT6packiBas |2 Kak 04eHb MAJTYIO BEJTHUUHY T10
CPaBHEHUIO C T, UMeeM

6p:
F=—-—"_ (10.6)
dmeor
Hetpyano o600IUTL 9TO BbIparkeHuUe JJisi Caydasi B3auMO/Ieii-
CTBUSA JUIOJIEN ¢ PA3HBIMU JIEKTPUIECCKUMU JIUMOJHHBIMUA MOMEH-
TaMM P1e U P2e:
F = - Opepee (10.7)
dmeor
Urtak, eciu JUMONbHBIE MOMEHTBI JBYX JUIOJIEH PACIIOIOKEHBI
BJOJIb OJIHOM TMPSIMOM M OJUHAKOBO HAIIPABJIEHBI, TO OHU MPUTATH-
BAIOTCsI, TIPUYEM CHUJIa MPUTS>KEHUsT TPOMOPIIMOHAJIbHA MPOU3BE/Ie-
HUIO JIEKTPUYECKUX MOMEHTOB JUIIOJIeH U 00PATHO IMPOMOPIHOHAJb-
Ha 4YeTBEPTOH CTeleHM paccTosius Mexkay Humu. CiieoBaTesbHO,
IUTOJBHOE B3aMMOJIEHCTBIE YyOBIBAET C PACCTOSTHUEM 3HAYUTEJHHO
ObICcTpee, YeM B3aMMOIEHCTBUHE MEXKIAY TOYECIHBIMU 3aPSIAAMHU.
[TpenocTaBiisieM YUTATENIO CAMOCTOSITEILHO YOEAUTHCST B TOM,
YTO JUITOJIN, MOMEHTHI KOTOPBIX PACIIONOXKEHBI BAOJIb OJHOM MPSIMOii
1 HAIIPABJIEHBI B ITPOTHUBOIOJIOXKHBIE CTOPOHBI, OTTAJKUBAIOTCS C Ta-
KOt 2Ke 10 BeJIMUUHE CUJION.
3. Bpraucaum custy B3auMOIEHCTBUSI MEXIY IUTIONSMHU, OPUEH-
TUPOBAHHBIMU TaK, KaK Moka3aHo Ha puc. 10.6. PaBHogeiicTBy0OIas

CHJIa

2 2
2q° cos o

2
F'=F +Fy— F3cosa— Fycosa = —1 -
dmeor AweoR
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Yuureisas, uto cosa = r/R u R? — r? = [2, nonyuum mocsie He-

CJI0XKHBIX TTpeobpa3oBaHuit

_ 2¢°1(r* + Rr + 1)

FI
4meor’R*(R+ 1)

[lonaras, kak u BbIle, 4TO | K 7, ClefoBaTeabHo, R =~ 1, uMeeM

_ 2q2l2 .31"2 _ 3])2 — E. (10.6,)

Ameg - 208 o Ameor? 2

F/

Puc. 10.6

Yurare b MOXKET JIETKO yOeuThCst, 9TO MPU aHTUIIAPAJIIETIHHOM
OPHUEHTAIMN JUMOJLHBIX MOMEHTOB BO3HUKHET TaKasl YKe 110 BeJININHE
CUJIa TIPUTSIPKCHUS.

4. Cpapuubas sbipaxkerus (10.6) u (10.6"), Mb1 yGexmaemcs, uTo,
B OTJIMYHE OT LEHTPAJIBHBIX CHJI (FPABUTALMOHHBIX U KYJOHOBCKUX ),
CUJIa B3aUMOJIENCTBIS MEXK/Ty JUIOJISIMU 3aBUCUT He TOJILKO OT pac-
CTOSIHUSI MEK/y HUMU, HO U OT WX B3aMMHOI OpUEHTAI[UA. AHAJIOr Y-
HBIMHU CBOICTBaAMU 00J1a/1a10T siIepPHbIE CUJTbI.

JunosbHoe B3aMMOJICHCTBUE UIPAET UCKJIOYUTEIHHO BaXKHYIO
posb B (pusuke. OKa3bIBaeTCsA, UYTO BCsAKAs CUCTEMA, COCTOSIIAS U3
ACMMMETPUYHO PACIIOIOKEHHBIX 3aPsi/IOB, anredpuvecKas CyMmma Ko-
TOPBIX PABHA HYJIIO, MOXKET B IEPBOM MPUOJIMMKEHUN PACCMATPUBATD-
sl KaK JIUMOJIb. DTO MO3BOJIACT 00bACHUTH OJIMH U3 BUJIOB MOJICKYJISIP-
HOTO B3aMMOJIEiCTBUsI — TaK HasbiBaeMble cUibl Ban-gep-Baasbca

(cm. §31.3).

§10.5. DaekTpudeckoe moje. Hanmpsi>keHHOCTH

1. AHajloriiHO TOMY, KaK ObLIO BBEJEHO IOHSITIE O TPABUTALN-
onnom nojie (cMm. §9.5), BBeseM MOHsITHE 00 IIEKTPUIECKOM IIOJIE.
A umenno, 6yaeM CIUTATD, YTO TEKTPUIECKOE B3ANMOEHCTBIE 0CY-
IL[ECTBJISIETCSI 110 CXEME «3apsiji-—TI0JIe—3apsi/» 1 KaXKIblil 3apsiji CO3/jaeT
BOKDYT cebsl 9JIEKTPUYECKOE T10JI€, KOTOPOE A€HCTBYET Ha BCE OCTAJb-
HbI€ 3apPAKEHHbIC YaCTUIIbI.

Saexmpuneckoe nose mamepuarvro. OHO CyIIECTBYeT He3aBUCH-
MO OT HAIIIEr0 CO3HAHUSI U MOXKET ObITh 0BGHAPYKEHO [0 €ro BO3Jeii-
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cTBUIO HA PU3NYEcCKre 00HLEKTHI, HATIPUMED U3MEPUTEbHbIE TPUOO-
phI.

2. CujioBOit KOJUYECTBEHHON XapPAKTEPUCTUKON 3IEKTPUIECKO-
TO TIOJIST SIBJISIETCST BEKTOPHAST BEJIMYMHA, HA3bIBAEMAsT HANPAHCEHHO-
CMb10 JTeKTpUYecKoro nojs E:

E= (10.8)

F
.

Harmpsi>keHHOCTD 10JIsT YUCJIEHHO PaBHA, OTHOIIEHUIO CUJIbI, J1eii-
CTBYyIOIeHl B JAHHON TOYKE TMOJisi HA MPOOHBIN MOJOXKUTEbHBIN TO-
YeUHbIN 3apsif] ¢, K 3HaAYEHUIO 9TOro 3apsifa. [IpobHbIit 3apsia qo/KeH
OBITH CTOJIb MAaJIbIM, YTOOBI €ro TMOJie He MCKAXKAJIO HCCIIeTyeMOro
T10JIS1.

§10.6. Ilosie ToueYHOrO 3apsAga U JTATIOISA

1. Boipaxkenue jJjisi HANPSIKEHHOCTH TIOJIsi TOYEYHOTO 3aPsia
MOKHO MOJTy4uTh u3 3akoHa Kysona. O603Ha4UB 3apsi/i, CO3AAOIIHIT
moJie, OykBo# (), a TPOOHBII MOJIOXKUTEJIHHBIN 3aPsiJT Yepe3 ¢, UMeeM

F=_9_ g=_¢9 (10.9)
4mweor dmegr
SapsiJ, CO34AIOLINNA MoJie, Mbl IIOMECTMM B Ha4aJi0 KOOPIAUHAT
(puc. 10.7). TIpoBeaem paanyc-BEKTOp B MHTEPECYIOILYIO HAC TOUYKY
I10JIA M Tor,ua TIPU MMOJIO2KUTEJIbHOM 3HAKE UCTOYHUKA I10JIsI BEKTOD
HAMpPsI>KEHHOCTH HallpaBJIeH B Ty K€ CTOPOHY, YTO U PaInyC-BEKTOD,
a IIPU OTPULIATEJIbHOM — B IIPOTUBOIIOJIOXKHYIO.

Puc. 10.7

3aMeTuM, 4TO HANPSXKEHHOCTbh B JAHHON TOUYKE ONpPEIE/IsieTCsl
UCTOYHUKOM Mojist () U PaJnyCOM-BEKTOPOM I, HO HE 3aBUCUT OT
MpOGHOTo 3apsifa ¢. JTO MO3BOJISIET FTOBOPUTH O I0JI€ B JAHHON TOY-
Ke MPOCTPAHCTBA HE3aBUCUMO OT TOTO, HAXOAUTCS JIK B ITOW TOUKE
MPOOHBIN 3apsiJT UJIA HET.
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2. TTose 106010 3apPsI>KEHHOTO Tesla, BOOOIE TOBOPSI, MOYKHO pac-
CUNTATH, UCXOJSI U3 TOTO, UYTO HATIPSIXKEHHOCTh — BEKTOP, & 3aKOH CJI0-
JKeHHUsT BEKTOPOB HaM M3BeCcTeH. MeTo/ MpUHITUTTHAJIBHO HECJIOYKEH:
HY>KHO Pa30UTh TEJIO Ha CTOJIb MaJible YJYaCTKH, 9TOOBI 3apsij] 9TUX
YYaCTKOB MOXKHO ObLIO CYUTATH TOYEHYHBIM, BHIYUCJIMTL HAIPSIXKEH-
HOCTB TIOJIST, CO3/IABAEMOT0 KAXK/IbIM TOYEUHBIM UCTOYHUKOM, 8 3aTEM
HANTH 8EKTNOPHYIO CYMMY TIO TIPABUIY MHOTOYTOJHHUKA.

3. BeraucjinM Hanpsi>KeHHOCTD M0JisI Ha, Ocu juriojisi F | ¥ B TOYKe
Ha HOpMaJIi K cepeauue ocu aunonst ) (puc. 10.8). ITpu sTom, kak
u B § 10.4, paccTrosinue OT TOYKHU TOJIs [0 OCU JUTOJS 3HAUUTEJHHO

A

r EY) | E, E®

Puc. 10.8

GostbIiie mieua aunois: r 5> |. HanpsokeHHOCTD 10151 B TOUKe A paBHA
BEKTOPHOI CyMMe HAMPsIXKEHHOCTEH MMoJieil, CO3MaHHBIX MTOJOXKUTEIb-
HBIM U OTpulaTebHbIM 3apsigamu. Tak kak K u Eq Hanpasmenb o
OJTHOU NPAMOH, TO
A A
B =EN + B =
q —q q 2lr
= + = 2 2 /2"
dreo (P —1/2F  4meo (r+1/2) dmeg (r* =1 /4)

Or6pachiBas Mamyio Betnuuny [2 < r2 u nonaras ql = p,, uMeeM
Ey= 2P, (10.10)

HanpspkeHHOCTh 1OJist B TOuke B paBHA BEKTOPHOIH CymMMe Ha-
n i B w B 1 6
psikennocreit Ey7/ u E; 7. V3 nogobusi TpeyrosbHuKa HANPAYKeH-

HOCTEIl U TPEyroJbHUKA PACCTOSIHUI (HA PUCYHKE 3AIITPUXOBAHDI)

4 B.M. Asopckuii, A.A. ITuHckuit, T. 1
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uMeeM
E. 1
E® TR
13 dopmyas (10.9) cienyer, uro E§B) = q/(4meg R?); cnepoBarens-
HO,
l —_— ql —_ pe .
47eo R 47eo R
Ilpu r > | moxuo 6€3 0coDOI MOrPEenIHOCTH TMOJIOXKUTh, YTO
R =~ r. Torga

By =P (10.11)
Amwegr
NTak, Hanpsi2KeHHOCTH TOJIsI, CO3/IaBA€MOr0 JUIIOJIEM, MPOIOP-
[[MOHAJbHA MOMEHTY JUIMOJIst ¥ 00pAaTHO MPOMOPIMOHAJIbHA KyOy pac-
CTOSTHUSI OT TOYKH TIOJIsT 10 [IEHTPa JUTIOJIS.
4. HanpsiyKeHHOCTD TT0JIst i MOMEHT JIUTIOJIST SIBJISTFOTCSI BEKTOPAMU.
U3 puc. 10.8 BuaHo, uro BeKTOPHI E|| M1 P HanpaB/eHbl OANHAKOBO,
a BekTop E | mampasyien mporusonosiockuo. CiieJoBaTeIbHO, B BEK-
TopHoit ¢popme Boipazkenust (10.10) u (10.11) npumyT Bi

R (10.12)
or
E| = _p_eS. (10.13)
4mweor
I'nmasa 11
TPEHUE

§11.1. BHerrHee u BHyTpEHHEE TPEHUE

Cunoti mpenus T Ha3bIBaeTCsl CUa, BO3HUKAIOIIAsI TIPU COMPH-
KOCHOBEHHM MOBEPXHOCTE ABYX TeJI M NMPENSATCTBYOIAsT UX B3aUM-
HoMy mnepemerenno. OHa NPUJIO’KEHA K TeJIaM BJOJb [OBEPXHOCTH
MX CONPHKOCHOBEHHsI U HAIIPABJIEHA BCETa MPOTUBOIOIOXKHO 0MHO-
cumeavroti CKOpoCmu TepeMeleHHs!.

Pazmmrualor enewmnee (cyxoe) u enympenree (KUAKOE WA Bsi3-
KO€) TpEHHe.

Buewmum mpenuem Ha3bIBAETCS B3aUMOJIECHCTBHE MEXAy I10-
BEPXHOCTSIMU [JBYX CONPHUKACAIOIINXCSI TBEPAbIX Tes1. Ecin aTu Tena
HEMO/ABIKHBI IPYT OTHOCUTEJIBHO JAPYTA, TO TOBOPSIT O MPEHUU NOKOA;
TP OTHOCUTEJILHOM IEPEMEIIEHIN TOBOPSIT O MPEHUL CKONDHCEHUA,
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NJIM KWHEMATUY€CKOM TPCHHH. B ClIy4dae, Koraa OJJHO U3 TeJ KaTUTCA
MO TMOBEPXHOCTH JIPYTOro 0e3 MPOCKAJIb3bIBAHNS, BOSHUKAET OCOObIi
BU/JI COTPOTHUBJIEHN ST, HA3BIBAEMBIN MPEHUEM KAUEHUA.

Brympennum mpenuem Ha3bIBAETCS B3aNMO/I€HCTBIE, BO3HUKAIO-
ee MeXKIY CJIOSIMU YKUIKOCTU WK Ta3a, ABMKYIIUMHUCS APYT OTHO-
CUTEJIbHO ApyTa. B oT/iidne ot BHelIHEro TpeHUst, 371eCh OTCY TCTBYET
TpEeHUe MOKOsI.

§11.2. Tpenue nokos

1. OcobeHHOCTH BHEIHErO TPEHUsI MOTYT OBITH W3Yy4eHBI C I0-
MOIIBI0 YCTAHOBKH, n300parkeHHoi Ha puc. 11.1. Bpycok, Jjiexkatmii
Ha TJIAJKON TOPU30HTAJIBLHON JOCKe, C TIOMONILIO TUHAMOMETPA Kpe-
MUTCs K HUTKE, KOTOPasi HAMaTbIBaeTCsI Ha OapabaH, HACAXKEHHBIN HA

Puc.11.1

OCh JIeKTpoaBUTaTe . JIluHAMOMETD CITYKUT JJIs1 U3MEPEHUS CUJIBI
Taru F'. Peryiupyst CKOpOCTb BpallleHusl ABUTATEIsT, MOYKHO MEHSITh
CUJTy TSTU B HYXKHBIX npefesiax. OnbIT MOKA3BIBAET, UYTO IO TEX TOP,
MOKa CUJIA TATU MEHBIIIE HEKOTOPOM BEJTMUUHbBI Fiyyyy, OPYCOK ¢ MecTa
ue casuraercs. [1pu Oosbineil ke cujie TIru OH CKAYKOM CPBIBAETCS
C MeCTa ¥ 3aTeM, B 3aBUCHMOCTH OT YCJIOBUI OIBITA, JBUXKETCSI PaB-
HOMEPHO WJIM YCKOPEHHO.

2. OtcyTcTBue ycKopeHusi y Opycka MpU HAJUYUU CHUJIBI TATH
MO>KHO OOBSICHUTH TOJIBKO TE€M, YTO CUAG MAU YPAEHOBEWUBAEMCH
cuaotl mpeHua.

OcHOBHOI 3aKOH JUHAMUKU UMEET BUJ

F+ T = ma. (11.1)

[Ipu a = 0 6pycok u6o MOKOUTCsA, JIUOO IBUYKETCA paBHOMEPHO.
CaepoparenbHo, 31ech |F| = |T|, orkyaa ciaeayer, 9To juist uamepe-
HUA CUJIBI TpeHI/Iﬂ ITOKOA UJIU CUJIbI TpeHI/Iﬂ CKOJIB2KCHUA JOCTATOYHO
U3MEPHUTH COOTBETCTBYIOIIYIO 9TOMY COCTOSTHUIO CHJTy TSITH.

Cuna mpenus nokos He A6AAeMCA 00HO3HAUHO onpedesctioti Ge-
Aurqumoti. B 3aBUCUMOCTH OT MPHUJIOXKEHHOM CUJIbI TATH CUJIa TPEHUSI

4*
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MOKOsT MEHsIeTCsl OT HyJsl 10 Flyyuy — TOro 3HAYEHUs CHUJIbI, KOT/IA
OpyCOK CKaYKOM HaduHaeT aBurarbes. [losTomy
MaKC
Thox < Thor” = Fuun. (11.2)

OO0BIYHO CUJION TPEHUST MOKOSI U HA3BIBAIOT MAKCUMAADHYIO CUAY
MPEHUA NOKOS.

3. Teopus siBjieHUsT BHEIIHETO TPEHUS €llle HeJIOCTATOYHO pa3pa-
6oTaHa, HO B ODIIMX YE€PTAX MEXAHU3M BO3SHUKHOBEHUsT TPEHUSI TOKOSsT
BBITJISIIUT TaK.

[ToBepxHOCTH TBEpOrO Teja, Aake XOPOIIO OTHLIN(OBAHHOTO,
Jajieko He poBHasi. Ha Heit uMeroTCst MUKDPOBBICTYTIBI, BIIAAUHBI, TPE-
[IUHBI, YaCTO 3Ta MOBEPXHOCTH MOKPHITA OKUCJIAMU, MPUJIATIITAMU
CJIOSIMU Ta3a WJIHM XKUJIKOCTH, TIOCTOPOHHUMU BKJTtoueHusimu. [1pu co-
MPUKOCHOBEHUU TIOBEPXHOCTEN ABYX T€JT MUKPOBBICTYIBI YaCTHYHO
MoMajalT B COOTBETCTBYIONINE BIAJUHBI. EcTecTBEHHO, YTO 3aliern-
JIEHUE 9TUX BBICTYMOB Oy/IeT MPEnsiTCTBOBATH MEPEMEIEHUIO COTIPY-
KACaIOIINXCs TeJI PYT OTHOCUTEJIHHO IPYTA.

Ha psiie y4aCTKOB pacCTOSIHUE MEXK/1y CONPUKACAIOUUMUCS Te-
JIAMH MOXKET OKa3aThCsl TIOPSIIKA PAUyca JefCTBUST MOJIEKYJISIPHBIX
CUJI. DTO MPUBEJIET K CAUNGHUI TEJT HA TAHHBIX YIACTKAX, YTO TAKXKE
MPENsSITCTBYET UX OTHOCUTEJLHOMY TePEMEIEHHIO.

BHeIpeHn10 MUKPOBBICTYIIOB U YaCTUYHOMY CJIMITAHUIO TIOBEPXHO-
cTeil CIOCOOCTBYET BHEIIHSIST CUAQ HOPMAAbHO20 dasienus Py, npu-
JKUMaIoIasi TBep/ble TeJia JPyr K JIPyry. DTOH CHJION MOXKET CJIy-
JKUTh CHJIA TSDKECTH WJIM €€ HOPpMaJibHasi KOMIOHEHTa (ecsid TeJio
JIEXKUT Ha HAKJIOHHOM TJIOCKOCTH), a Takxke Jirobast Apyrasi CUJja,
NEPHEeHINKYJIsIPHAsT TTIOBEPXHOCTH COTIPUKOCHOBEHUS TEJ.

Cuia Tsirv, MeHbIIAs MAKCUMAJIbHOM CUJTbI TPEHUST TIOKOSI, BBI3bI-
BaeT B OCHOBHOM yTpyTHe JedopMaliuu MUKPOBBICTYTIOB U 0bJIacTeii,
rjie JefCTBYIOT CUJIbI MOJIEKYJISIPHOTO ClierieHusi. Bo3HuKInasi cuia
YIPYTOCTH U €CTh, 10 CYIIECTBY, CUJIa TPEHUSI TTOKOSI.

4. V3joxeHHbIE COODparkeHUsT MO3BOJISIIOT JIUIh Kav4eCTBEHHO
OO'BSICHUTH MPOMCXOXK/IEHUE TPEHUsI MMOKOsI, HO OHM HeJOCTATOYHBI
JUIsT pacyeTa BeJIMUYMHBI CUJIbI TpeHust. st mosiydeHus COOTBET-
CTBYIOIIIETO 3aKOHA 00PATUMCsT K IKCTIEPUMEHTY.

Harpy»xast pasubiMu rupsimu 6pycok (cm. puc. 11.1), 6yaem me-
HSITH CHJIy HOPMAJIbHOTO JaByieHust P, (a ciegoBaTesbHO, ¥ PABHYIO
eit cuny peakunn @Q = Pp). V3Mepsist KaxJplit pa3 CHIIy TsITH, MbI
yOeqMMCsI, 9TO CUAG MPEHUSA NOKOS NPONOPUUOHAADHE, CUAE HOPMAND-
H020 00BAEHUA:

Thok® = Hnox@- (11.3)

BenuunHa figox HA3BIBAETCS KOIPPOUUUEHTOM MPEHUA NOKOS.
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Mensist miomagp 6pycka, HaIpUMeEp MOBOPAYUBAsT €ro C OCHOBA-
HUst HA OOK, MbI 3aMETUM, YTO CUAL MPEHUS NOKOA HE 3GEUCUIT O
naowadu 6pycka. Pazneaum obe vactu pasercrsa (11.3) Ha nuioma/ibs
COTIPUKOCHOBeHUsI U 0603Ha4YuM depe3 7 = T'/S Benuvuny, Ha3bI-
BAEMYIO KACAMEALHBM HANPANCEHUEM; TIOCKOIBKY p = P, /S ectb
JaBJIEHHE, TO TOJIYYEHHDIH 3aKOH TPEHUsT MOXKHO 3aIHCATh TaK:

T;\[Aoai(c = MnoxP- (114)

5. KoadpdbutiieHT TpeHusi MOKOsT 3aBUCUT OT KadecTBa 06paboT-
KU TOBEPXHOCTEH. Y MIIM(OBAHHBIX TOBEPXHOCTEN TpeHUe OOLITHO
MeHblIIIe, ¥eM y rpybo obpabotanubix. Ho 3To cripaBefmBo juiiib 70
WU3BECTHBIX MPEJIEIOB. A UMEHHO, ONbIT MOKA3bIBAET, YTO MPU OYEHb
TIIATETbHONU NLIN(OBKE Teja NPUIUNAT APYr K JPYry, 4TO Bbi-
3bIBAET pe3koe Bo3pacTanue kodddurmenta Tpenusi. [lo-Buaumomy,
y rpy60 06paboTaHHBIX TOBEPXHOCTEH OCHOBHYIO POJIb B BOSHUKHOBE-
HUU CUJIbI TPEHUS UTPAIOT 3allETIIEHNs BBICTYTIOB, a TIPHU TIIATEIbLHOM
NG OBKE — MOJIEKYJISIPHOE CIETIEHHE.

Cujia TpeHust IOKOsT TAKYKe 3aBUCUT OT TOTO, CKOJIbKO BPEMEHH Te-
Jia HaXOJSATCS B KOHTaKTe ApyT ¢ ApyroM. [1pu amurespbHoM KOHTaKTE
TeJl ¥ 3HAYUTEJILHOM CUJjie HOPMAaJIhbHOTO JIABJICHUST IPOUCXOAAT 1A~
cTudeckue neopMaruy COMPUKACAIOIIMXCS TTOBEPXHOCTEH. DTO CITo-
cOOCTBYeT CAUNAHUIO TEJT U MPUBOAUT K POCTY CUJIbI TPEHUST MTOKOSI.

§11.3. VYrou TpeHHus MOKOHA

Hans onpenenenus koddduipenta Tpenust y100HO UCIIOIb30BATH
YCTaHOBKY, n3obpakennyoo Ha puc. 11.2. [Ipunoguumasi 0CTOPOAKHO
HAKJIOHHYIO MJIOCKOCTh, 3AMETUM, IYTO [TPU HEKOTOPOM yTJIie (pg OPyCcoK
CKaYKOM CJBUTAETCSI C MECTa U Ha-
YUHAET CKOJIb3UTD IO MJIOCKOCTH.

B gambom cnydae Ha Opycok
JIEeHCTBYIOT TPU CUJIBL: CHJIA TsIXKe-
cru P, cuna peakiyu onopbl ()
u cwia tperus Tioc. Ilpu orcyT-
CTBUU YCKOPEHUI PaBHOAEHCTBYIO-
Masi BCEX TPEeX CUJ PaBHA HYy-
JIIO, T. €. OHU 00Pa3yIOT 3aMKHY ThIi

T

nokK

TpeyronbHuK. [lockonbky cuma Ts- P
2KeCTU HallpaBJieHa T0 BEPTUKAJIH,
CUJIa TPEHUs — BJOJIb HAKJIOHHOMN Puc.11.2

TJIOCKOCTH, & CHJIa PEeaKIUu Tep-
NEHAUKYJISIPHA €if, TO TpeyrojbHuK cust @ P SBMsIETCS TPSIMO-
YTOJIBHBIM, & YTOJI TIPU €ro BepiinHe paseH ¢g. OTcoaa ciieyer, 9ro
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Thox = Q tg @g. [MockonbKy Thox = fhnox @, TO
tg Y0 = fnox- (11.5)

Nzmepenust Ajist pa3HbIX MATEPUAJIOB MPH PA3JIMIHOM KAaYeCTBE
ux 00pabOTKHU IMOKA3BIBAIOT, YTO KOIMDMUIMEHT TPEHUsT MMOKOsT Me-
HSIETCSI B BECbMa IHIUPOKUX MpejesiaX — OT HECKOJbKHUX COTBIX JI0
equHunbl. [1py 3HAYUTEILHOM YKe MOJIEKYJISIPHOM CIETIJIEHUH KO3h-
UIMEeHT TPEHUS MOXKET JOCTUYh 3HAYEHUST 2-3.

§ 11.4. TpeHue CKOJIbXKEHUS

1. OnbIT MOKA3bIBAET, YTO MIPU PABHOMEPHOM JIBUXKEHUN OPYCKA,
uzobpaxkeHHoro Ha puc. 11.1, K HeMy J0/2KHA ObITh BCE BpeMs MpH-
JiokeHa cuiia Taru. Ho paBHOMepHOe JBUXKEHUE SIBJISIETCS] WHEPIU-
aJbHBIM; OHO MPOUCXOAUT caMo 10 cebe, 6e3 BO3/EHCTBUST BHEIITHUX
cuji. O4eBUIHO, YTO OTCYTCTBUE YCKOPEHUs Yy OPYCKa MpU HAJIAYUAN
CUJIbI TATU MOXKHO O0bSICHUTDH TOJILKO TEM, UYTO CUAG MAYU YPABHOBE-
WUBAEMCA CUAOT MPEHUA CKONDHCEHUA.

Wccnenosa cuity TpeHUsT CKOTbYKEHUSI TPU PA3JIUIHbIX YCJIOBUSIX,
MbI YBUIUM, YTO OHA, KAK U CUJIQ TPEHUSI TOKOsT, 3aBUCUT OT HOPMAaJTb-
HOT'O JIABJICHUST ¥ KA4eCTBa 00pabOTKH TPyIuxcsi moBepxHocreit. OHa
HE 3aBHCHUT OT IJIOMIAN UX COMPUKOCHOBEHUSI U MAJIO 3aBUCUT OT
CKOPOCTH OTHOCUTEJIbHOTO JIBUXKEHUST TPYIIUXCSI T€JI. DTO TIO3BOJISIET
CUJTy TPEHUsI CKOJIbYKEHHST BLIYUC/ISITE 110 (hopMyJie

Tex = p@Q, (11.6)

riae p — KO3 MUIUEHT TPEHUsT CKOJTbXKEHUSI.

2. Ecnu TpeHue MOKOsi BHI3LIBAETCS B OCHOBHOM YIMPYTUMH Jie-
dopMalusiMu MUKPOBBICTYTIOB HA TIOBEPXHOCTSIX COTIPUKACAIOIIIAXCST
TeJl, TO TPEHUE CKOJIbXKEHUsT BOSHUKAET B PE3YJIbTaTe TJIACTHIECKUX
nedopmalinii MUKPOBBICTYTIOB U UX YaCTUYHOTO paspyiieHus. Jleii-
CTBUTEJILHO, PA3JUYHbIE MUKPOBBICTYIBI B COCTOSIHUM TOKOSI HAXO-
ISATCS MO/, AeHCTBUEM HEOWHAKOBBIX CHJI, /13 U MPOYHOCTH PA3HBIX
BbICTYNIOB pazaudyHa. [log geficTBueM cujibl TSATM HEKOTOpbIE U3 HUX
cpagdy ke paspyuiaiorcs. [Ipu aTom cusia TAru cocpeoTounTCs Ha
ellle He Pa3pyIIeHHbIX YYaCTKax, KOTOPbIE y»Ke€ HE CMOTYT BBIJEp-
»KaTh BO3POCIIYIO HArpy3Ky. B pe3ysbrare mpoucxoauT JaBuHO0Opa3-
HOEe Pa3pyliieHne MUKPOBBICTYIIOB, U TEJI0O CKAYKOM CPbIBAETCS C Me-
cra. CuJia TpeHust pu 3TOM yObIBaeT, H60 yMeHbIIIEHUE 3alleTJIeHUsT
1 TIPUJIMINIAHUS TTOBEPXHOCTEN COEHCTBYEeT NX B3AMMHOMY IIPOCKAJIb-
3bIBAHUIO, B PE3YJbTaTe Yero KOI(MDPUIIUEHT TPEHUsT CKOIbYKEHUST [4
MeHbIIe Ko3hDUIIMEHTa TPEHUST TTOKOST fhox-



I'a. 11. Tpenue 103

3. KauecTBeHHbIil aHAIM3 MEXaHU3Ma TPEHUST CKOJIbXKEHUST [IOKa-
3bIBAET, YTO OHO CONPOBOXKAACTCS USHOCOM U HAZPEGOM TPYILIAXCSI 110~
BepxHOCTelt. XapaKTep H3HOCA OIPEIEJISIETCsT COCTOSTHIEM TPYIINXCST
MIOBEPXHOCTEH — CTEMEeHbIO MX IIEPOXOBATOCTU, TBEPAOCTH U T.IL
Briarogapst u3HoCy BO3MOXKHBI HEKOTOPbIE BUbI 00pabOTKU MaTepua-
JI0B — 1IIM(OBKA U TIOJIUPOBKA.

W3Hoc n HarpeB TPyIINXCs JeTajeil MEXaHU3MOB M MAllMH 0e3-
YCJIOBHO BpeJ€EH; T09TOMY B TEXHHKE MPUHAMAIOT Dsifi Mep AJist
yMeHblIenust Tpenust. [ljst 910l neam 4acTo NpUMEHSIeTCs! CMa3Ka
(em. §11.7). Tpenne CKOIbXKEHUs! 3aMEHSIIOT TAKXKe TPEHUEM Kade-
HUSI, yCTAHAB/NBAS IAPUKOBbLIE HJIM POJUKOBbIE MOJIUINITHIKH.

§ 11.5. Tpenue KaueHUS

1. 3BameHnum B ycTaHOBKe, uU300parkeHHoii Ha puc.11.1, ckosb-
3amuil OPYyCOK MUJINHIPOM, KOTOPBI MOXKET BPAIATbHCS HA OCHU
(puc. 11.3). Ecau 3axaTh CKOOKM Ha OCH TaK, 4TOObI IUJIMHAD He

Puc.11.3

BpAIIAJICS, TO OH OY/IeT CKOJIb3UTD TI0 TIOBEPXHOCTH JOCKHU. [Ipu sTom
CHUJIa TPEHUsI 3aMETHO He OTJINYAeTC sl OT CUJIbI TPeHUsi OpycKa, nho oHa
NPaKTUYECKU HE 3aBUCUT OT IJIOMIAJN COTPUKOCHOBEHUSI TPYIIUXCS
tes1. Ecnm ke ckobKY Ha OCH OTITYCTUTD, TO IAJIMH/AD CTAHET KATHTHCS
U CUJIa TPEHWs] Pe3KO yMeHbIIuTcs. WTak, cusa mpenus Kavenus
BHAYUMENDHO MEHDULE CUADL TIPEHUA CKRONDHCEHUA.

2. OnbITH NOKA3BIBAIOT, YTO CUJIA TPEHUS KAYEHHUs TPOTOPIIUO-
HaJIbHA CUJIe HOPMAJILHOTO JABJIEHUs U 06PATHO TPONOPIUOHAIBHA
paguycy UMInHIpa (MJIH Kojieca):

— % (11.7)

3nech k — K03(D(PUIHEHT TPeHUsT KAUEHUsT; OH UMEET PA3MEPHOCTD
JUHBbL 1 B MexKIyHapOIHON CUCTEeME eIMHUL] U3MEPSIETCSI B METPaX.
Boipaxkerunem (11.7) MOXXHO MOJIBb30BATHCSI TOJBKO B TOM Cllydae,
KOTJIa IWJINHAP He MPOCKAIBL3BIBAET 10 MOBEPXHOCTH.
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§11.6. /IBu>keHUe TeJI MO AeliCTBUEM CHUJIBI TPEHUS

1. Mo cux mop Mbl paCCMATPUBAJIN CUJIYy TPEHUsI KaK HEKOe Ipe-
[SITCTBUE JJIs1 JABUKeHus1 Tesia. OHAKO 3TO TaK JAJIEKO He BCerja.
Ha camom jesie nMeHHO HaJIMYMe TPEHUs TOKOsI JTaeT BO3MOXKHOCTH
IBUTATHCsI, CKAXKEM, YeJIOBEKY UJI aBTOMOOWJIIO TI0 3eMHOM MOBepX-
HOCTH, MOE3/ly WJIA TPAMBaIO — MO pejibcaM u T. a. JleficTBuTenbHo,
[P JIBUKEHUH YeJIOBEKA MEXK/Ty TMO/IOIIBOM ero o0yBu u 3emJieii BO3-
HUKAET CUJIa TPEHUsI TIOKOsI. DTa CUJIA U BbI3BIBAET €ro MepeMelieHue.
Bcem uzBecTHO, KaK TPYAHO XOUTH TI0 JIbJTY, T/I€ CHJIa TPEHHUsI TIOKOST
CJTUIIIKOM MAaJia.

2. BpisicHuM poOJib CUJIbI TPEHHSI TPU MMOBOPOTE BEJOCHUIIEIUCTA
HA TOPU30HTAJHLHOM ydacTkKe TMyTH. V3 ombiTa W3BECTHO, YTO JJIs
MMOBOPOTa HEOOXOAUMO HAKJIOHUTHCSI
B COOTBETCTBYIOIIYIO CTOPOHY, YTO
BbI30OBET ABTOMATUYECKHUI TMOBOPOT
pyJisi.

Paccmorpum  cusibl, eiicTByio-
[[i€ HA BEJIOCUIIEIUCTA MPU €ro Ha-
KJ1oHe BJieBO (puc. 11.4). Cua Tsike-
ctu P u cuna peakiuu omopst Q neii-
CTBYIOT y»K€ He I10 OJJHOH NpsIMOH.
77 Tlom peficTBHEM 3TUX CUJ BEJIOCHU-

MeIUCT HAYWHAET BPAIATHCS B BEp-

TUKAJIbHON TJIOCKOCTH, YTO JIOJI2KHO

6b1710 ObI BLI3BATH MPOCKAJIb3bIBAHKE

koJsieca. [lpu sTOM BO3HHMKAET cuja
TpeHusi OKost 1ok, HATTPABJIEHHAS B Ty CTOPOHY, KYy/1a HAKJIOHUJICS
BEJIOCUTIE/UCT.

[TockobKy cuJia TpeHusl NePHeHAUKYJISIPHA CKOPOCTH, OHA CO00-
IIIaeT BEJIOCHIIEAUCTY HOPMAILHOE YCKOpeHue a, = v2/r. U3 ocHos-
HOTO 3aKOHA JUHAMHUKU CJIEIYeT, YTO HEHTPOCTPEMUTE/IbHAST CUJIA
paBHa CUJIe TPEHUsT TOKOST:

M

mv

r = THOK < Hnoxk™M§,

nJjim

2
v
7 < 8 Kok -

YT0J1 HAKJIOHA BEJIOCUTIEUCTA (CYUTas OT BEPTUKAJIN) MOYKHO HAiTH
W3 YCJIOBUS, YTO PABHOJAEUCTBYIONIasd CUJIbI PEAKIIUA U CUJIbI TPEHUd
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JIOJ2KHA, ObITH HANTPABJIEHA BIOJIb JIBUXKYIIETOCS TEJIA:

" a_TnoK_mv2_v:<
g - Q - ng - ”'g \HIIOK'

Besiocuneauct e JOMKEH OTKJIOHSATBCS OT BEPTUKAJIH OOJIbIIE YeM Ha
YTOJI TPEHUsI g = arctg finox. 17151 TOro 9TOOBI CO3JATH BOZMOXKHOCTD
KPYTOro MOBOPOTa Ha GOJIBIIMX CKOPOCTSIX, BEJOCHUIIETHYIO JI0POXK-
Ky (Tpek) npoduIUpyIOT, HAKJIOHSIS €e Ha yroJl, COOTBETCTBY I
yenosuio tg o ~ v?/rg.

§ 11.7. BuyTpeHHee TpeHMe (BSI3KOCTB)

1. OnbIT NOKA3BIBAET, YTO B ABUXKYIIMXCS YKUJKOCTIX UJIU ra3ax
BO3HHMKAIOT CUJIbI BHYTpeHHero TpeHus. Hamudune sTux cua MOXKHO
OOHAPY2KUTL C TOMOIIBIO YCTAHOBKM, M300pakeHHO Ha puc. 11.5.
Ha ToHKOI HUTH MOABEIIMBAIOT TSKEbIH -
uHap. B HapyXKHBIA MUJIMHAPUYIECKUN COCY/,
OCh KOTOPOTO COBMIAJAET C TOJBECOM, HAJUBAIOT
KUJIKOCTb. Kci Hapy»KHBIH HMUJIUHADP TPUBECTHU
BO BpallleHne, TO BHYTPEHHUN MUJIUHJP MOBEP-
HEeTCs1 Ha HekoTopbiil yros. CriefoBaTe/ibHO, Bpa-
MIAIOIASCS XKUJAKOCTD AefiICTBYET Ha TOBEPXHOCTD
BHYTPEHHEro UJIUHAPA C CUJIOH, KOTOpas ypaBHO-
BEIIMBAETCST YIIPYTOCTHIO 3aKPYyYEHHON HUTH. JTa
CUJIa 3aBUCHUT OT PACCTOSIHUST MEXKJY HAPYKHBIM
¥ BHYTPEHHUM IWJIMHAPAMU, OT CKOPOCTHU Bpaliie-
HUS HAPYKHOTO NUJIUHAPA, POJa XKUJAKOCTU U €e
TEMITEPATY PHI.

2. ¢lBjeHne BHYTpEHHErO TPEHUsI ONMKUCHIBACT-
csa cuaenyromuM obpazom. Ilycts mexay aBymst
TJIOCKOCTSIMM HAaXOUTCS CJION >KUIKOCTH; BEPX-
HSISI IIJIOCKOCTD JABHMXKETCSI OTHOCUTEJILHO HUXKHEH Puc.11.5
co ckopoctbio v (puc. 11.6). MbicsienHO pa3obbem
KUJKOCTh HA OYE€Hb TOHKHWE CJIOW TMapaJlieIbHBIMU IIJIOCKOCTSIMU,
OTCTOSIIIMMU Ha paccTosguuu An apyr ot apyra. CJiou >KUIKOCTH, Ka-
calolrecs TBEPAbIX TeJI, TPUIUTAIOT K HUM. [IpomexkyTouHble cyion
MMEIOT pacipejeseHue ckopocreii, nzobparkentoe Ha puc. 11.6. dto
pacrnpe/iesieHre XapaKTepu3yercst 2padueHmom ckopocmy — BEJTMIK-
Hoii Av/An, nmokasbiBarolleil, KaK ObICTPO MeHsieTcsi abCOIOTHAST
BEJIMYNHA CKOPOCTHU TIPU MEPEMEITCHUH Ha, €IMHUITY JIJIMHBI B HATIPAB-
JIEHUH, NEPIeH/JUKYJSIPHOM BEKTOPY CKOPOCTU (COOTBETCTBEHHO —
CJIOSIM YKUJKOCTH).
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Mexx/1y CONMPUKACAIONMMUCS CJIOSIMU YKUJKOCTH TPU HAJUYUAU
rpajiieHTa CKOPOCTU BO3HUKAIOT CUJIbI, HATIPABJIEHHbIE BJIOJIb TJIOC-
KOCTH COTNPUKOCHOBEHWsS] U TIPENsT-
Yz / / //j CTBYIOIIME UX OTHOCUTEJIbHOMY TIepe-
2 - - - MEIIEHUI0, — CHUJIbl BHYTPEHHETO Tpe-
uusi. Corstacio HeroTony, xacamenvroe
HANPAHCEHUE CUJT BHYTPEHHETO Tpe-
HUST NPONOPUUOHAALHO 2PAOUEHY CKO-
pocmu:

— Towyrp _ . Av
T= g =N, (11.8)
Puc.11.6 rae 11 — KOI(MUIUEHT BHYTPEHHETO

TPEHUsI, UJIN 6A3KOCTd YKUJTKOCTH.
Enununeit Bsiskoctu B CU siBsisteTcst nackaav-cexynoa:

Ma-c=H- c/m,

ee pasmepuocts [n] = L~ IMT 1.

3. CI/IJH:I BHYTPEHHETO TPEHUS NMPOABJIAIOTCA HE TOJIBKO B 2KU/TKO-
CTsIX, HO ¥ B Ta3ax. B aToM MOXKHO yOeauThCst, MPUBO/sST B ObICTpOE
BpallleHHe YCTaHOBKY, u300parxkeHHy0 Ha puc.11.5, Korma mexmy
TeJIJAMUA HAXOAUTCS BO3AYX (I/IJII/I KaKOMi-/1100 Jpyroii Fa3). BsizkocTn
ra3oB BecbMa MaJjia — npuMepHo B 10° pa3 MeHbIle, 4eM BSI3KOCTD
KUJTKOCTEMH.

Cusbl BHYTPEHHErO TPEHUsI 3HAYUTEbHO MEHBIE CUJI TPEHUsI
CKOJIb2KEHUA. nOSTOMy AJIsT YMEHbUICHUsA TPEeHUusA MeEXKAYy ABUXKY-
MAMUCA HaCTAMU MEXaHU3MOB U MAIIIUH HUCIOJb3YETCA CMa3Ka —
CJIOI BA3KOM »KUJKOCTH, 3AIOJHAIONINN TPOCTPAHCTBO MEXKAY TPY-
HIUMUCS MMOBEPXHOCTSIMA U OTTECHSIIOIINI WX APYr OT Jpyra. 9TO
NPpUBOJUT K CYIIECTBEHHOMY YMEHBUICHUIO CUJI TPEHUA, YTO CBA3AHO
¢ yMeHbIIIeHHeM HarpeBa M uU3HOca jeTajieil. BmecTte ¢ Tem ciemyer
u3beraTh MOMAJAHUST YKUJKOCTH MEXKy (DPUKIHOHHBIMU MydTaAMH,
MEXKJly peMHEM U IIKMBOM B PEMEHHOI Tlepe/iade, MeXK/1y BeylIUMU
KOJTECAMU JIOKOMOTHUBA U PEJIbCOM U T. [I., OO BO BCEX ITUX CJIyUasIX
UMEHHO CUJIa TPEHUA CJTY2KUT J1Jid Tepeiavdn IBUKEHUA. yMeHbH_IeHI/Ie
TPEHUsI B 3TUX CJIydasix 6€3yCJIOBHO BPE/THO.

§ 11.8. /JIBum>keHMe TeJia B >KUJKOCTU

1. OnbIT MOKA3bIBAET, YTO TEJIO, ABUMKYIIEECS B YKUJIKOCTH WJIH
ra3e, UCTBITHLIBACT COMPOTUBJICHHE. DTO COMPOTUBJICHUE 3aBUCUT OT
pa3MepoB u (OPMbI Tejia, OT CKOPOCTU €ro JBUXKEHWsSI U CBOWCTB
KUJIKOCTU WJIM ra3a.
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PaccMoTpuM TIOTOK KUJKOCTH, JABUXKYIIUNCS CO CKOPOCTHIO V
B HEKOTOPOI cUCTeMe KOOPAWHAT, CBA3AHHOI C HEMOJABUXKHBIM Te-
joM. VI3 mpuHIUTIA OTHOCUTENBHOCTH CJIEAYET, YTO CUJia, C KOTOPOMH
ABUKYIIUNACA TOTOK JEHCTBYeT Ha TeJ0, B TOYHOCTH PaBHA CHJIC
CONPOTUBJIEHNS, KOTOPYIO UCIBITHIBAJIO ObI 9TO TEJIO, ABUTAsICh C TOM
K€ CKOPOCTHIO B HETIOJABUXKHOU >KUAKOCTH.

2. [Torok »kuaxKoctu, HaGerast Ha TeJIo, AeopMupyercst 1 06TeKa-
et ero. [lpu 3TOM CJ1OM XKUJKOCTH, MPUJIETAIOIINE HEIOCPEICTBEHHO
K TeJly, MPUIUNaioT K Hemy. Ilpu onpeaeneHHBbIX ycaoBusx obpa-
3yeTcsl TaK Ha3bIBAEMBIN Moeparu4Hbili cA0li — 00JACTh KUIKOCTH,
B KOTOPOI CKOPOCTh O4Y€Hb OBICTPO BO3PACTAET OT HYJIsl MPUMEPHO
10 CKOPOCTH HEBO3MYUIEHHOTO IOTO-
Ka, T.e. uMeercs OOJIBIION TpaJeHT
ckopoctu. [Ipu oTpbiBe TOTPAHUYHOTO
CJIOS OT TeJia 38 HUM BO3HUKAIOT BUXPUA
(puc. 11.7). ConporusJieHne >KuJKOCTH
UJIU Ta3a B 3HAYUTEJILHON Mepe ompe-
JAeJiIeTCsl SABJECHUSMU, TPOUCXOISATIN-
MU B IOTPAHUYHOM CJI0€, I XapaKTepoOM
puxpeil. OgHAKO JeTaJbHbIA aHa U3
SIBJIEHUI B MOTPAHUYHOM CJIOE U BbI-
YUCJIEHWE CUJI CONPOTUBJIEHUS SIBJISET-
Csl UCKJTIOUUTEbHO CJIOXKHON 3a/la4eid.
MbI MO>KEM TIONBITATLCS OLIEHUTD JIMID NOPAJOK ITUX CUJ U OCHOB-
Hble TaPAMETPBI, OT KOTOPbIX OHU 3aBUCSIT.

Mo>KHO CUUTATDH, YTO CUJIA COTPOTUBJIEHUS COCTOUT U3 ABYX CJIa-
raeMbIX: COMPOTUBJIEHUST TABJIEHUS U COMPOTHUBJIEHUsT TpeHus. [lep-
BOE OIIPEJESISIETCSI PasHocmvio dasierudi Ha TTepeIHel v 3aJHel KPpoM-
Kax 00TEeKaeMoro TeJjia, BTOPOe — CUAGMU GHYMPEHHE20 MPEHUS, BO3-
HUKAIOIAME 3a cUIeT OOJIBIITOTO IPaJIMEHTa CKOPOCTH B MIOTPAHUIHOM
cyoe. it OlleHKW BAUSTHUA KaXXJ0TO U3 3TUX KOMIOHEHTOB MPUMe-
HUM METOJ, Pa3MepPHOCTEH.

3. Cuyia compoTHBJIEHNsI, BO3HUKAIOIIAs BCJIEACTBHE Pa3HOCTH
JTaBJIeHU Ha TIepeHell u 3a/IHeil KpOMKax 00TeKAeMOoro Tesa, 3aBu-
CUT OT TJIOTHOCTHU >KUJKOCTH, CKOPOCTU MOTOKA U ILJIOIIAIN MaKCU-
MaJIbHOTO MONEePEYHOTO0 CedeHNnsd, MePIeHANKYISTPHOrO MOTOKY:

R="% p"0087, (11.9)

rae C' — 6espa3MepHblil KO3MMUILIMEHT.

B r060M paBeHCTBE pa3MEPHOCTH JIEBO U NPaBOi YacTeil oauHa-
koBel, T.e. [R] = [p®v®S7]. Tlopcrasus [R] = LMT 2, [p] = L73M,
[v] = LT 'u [S] = L2, onpejesnmM Heu3BeCTHbIE HOKa3aTeaun «, 3
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u v. Umeem
LMT2 = L3eMeLPT ALY,

orkyna a =1; —3a++2y=1, - f=-2 1re. a=1, f =2,

v =1.
BriparkeHue 4151 CONPOTUBJIEHUs] AABJICHUS] UMEET BU/L

2
R=CS"-. (11.10)

Koadbdurtiment C', Bxomsiuii B 370 BhIpakeHue, 3aBUCUT OT Hop-
MBI TeJia, UJIH, KAK TOBOPSIT, OT ero ygoboobTekaemocTu. Tak, eciu
nuist Kpyrioro aucka C' = 1,1-1,2, o anst mapa C = 0,4-0,2, a ays

KarnjaeoOpa3Horo oOTEKAeMOro TeJsia
. m R C =~ 0,04, T.e. mpumepro B 10 pa3
. UZ/} > MeHbine, 4eM y mapa, u B 30 pas

MeHblIle, YeM y aucka (puc. 11.8).

4. Cuna BS3KOTO TPEHHsl, KAK 3TO
crneayer u3 (11.8), momkna 3aBuceThb
OT BSI3KOCTH, CKOPOCTH U Pa3MEPOB
Tesa:

T = Byp™v"L*, (11.11)

Puc. 11.8 rae B — Ge3pa3mepubiit Koahduiu-
eHT, a L. — xapaKTepHbIil pa3Mep Te-
Jla. AHaIM3 pasMepHOCTeil JIeBOH U MpaBoii YacTeii 1aer

LMT 2 = L=™M™ T ™L"T "L*,
OTKy/1a
m=1, —-m+n+k=1 —-m—n=-2,
CJIeJI0BaTEJILHO,
m=n=%k=1.
Bblpamem/le AJIgd COITPOTUBJICHUA TPEHUA UMEET BU/J
T = BnvlL. (11.12)

Koadbdutment B, kak u C, 4aiie Bcero onpeaessieTcsi IKCrepu-
MeHTaJibHO. /1151 t1apa, kak nokazaJj Ctoke, B = 67, a XapaKTepHBIM
pa3mepom siBJisieTcst pagauyc. tak, miist mapa

T = 6mnor. (11.13)
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5. TlonHast cuyia COMPOTHUBJIEHUsT SABJISIETCS JOBOJBHO CJIOXKHOM
KOMOMHAIHEH COTPOTUBJIEHUsT aBjeHnss K U compoTUBIeHUST Tpe-
Hust T'. OHAKO [PU OYEHb MaJIbIX CKOPOCTAX CUJIA TPEHUs, IIPOIOP-
IIHMOHaJIbHaA HepBOﬁ CTETIEHU CKOPOCTH, 6y,£[eT 3HAYUTECJIbHO 60.7'[1)11]6
CHUJIbI JaBJIEHUA, KOTOPasd MPOMOPIIUOHAJIbHA BTOpOﬁ CTEIIEHU CKOPO-
CTHU. HpI/I 6OJI])IIII/IX CKOPOCTAX, OYEBUAHO, CIIpAaBEIJINBO O6paTHO€.

HOCKO.H])Ky IMMOHATUA <<6OJI])IHaﬂ>> " «MaJiad» CKOPOCTD ABJIAIOTCA
JOBOJIbHO HEONPEAEJIEHHLBIMU, BBEACM CHeHPIaJ[beIﬁ KpI/ITepI/Iﬁ O JIA
ee orieHKu. [1Jist 3TOTO HaliieM OTHOIIIEHWE COTTPOTUBIIEHNUS TaBJIECHUS
K CONPOTHUBJICHUIO TPEHUS:

R _C pv25’

T 2B nulL’

Or6paceiBast bespasmeprbie kodddumuentot C' 1 B u cuuTast mjo-
13/Tb CEYEeHUsT TIPOMOPIIUMOHABLHOMN KBAAPATY XapaKTEPHOTo pa3Mepa
(S ~ L2%), nomyuum
R o 2L _ Re. (11.14)
T n
Bespasmepnoe uucino Re, HasbiBaemoe wucaom Petinoavdca, urpaer
HCKJIIOYUTENLHO BaXKHYIO POJIb B THAPO- U a3pOAMHAMUKE: MMEHHO
OHO U OTIPENIEJISIET BEJIMUUHY COMPOTUBJIEHNS.

Tak, gns «momsymmx» Tedenuii, korga Re < 1, MoxkXHo mpene-
Opeub cUJIAMU JABJIEHUST U yIUTHIBATH TOJILKO CUJIbI TpeHust. Haobo-
POT, mpu BOJBIINX 3HAYEHUSTX YUCTA PeliHobIca Cie/lyeT yYuThIBATh
TOJIBKO CWJIbI JaBJICHUAI, OT6pa.CbIBa.$[ CUJIbI TPECHUS.

§11.9. IlaneHue Teja B KUJAKOCTH UJIU Tra3e

1. Bpimre 66110 paccMOTpeHO cBODOAHOE TTaJeHUE TEJ, T. €. JBUYKE-
HUE TeJI O/ AeCTBUEM OIHO JINIIb CUJIbI TskecTu. Mbl ycTanoBu I,
4TO ITO JIBUXKEHUE SIBJISIETCS PABHOYCKOPEHHBIM, W HAIILJIA COOTBET-
cTByOLIUI 3aKOH aBrKeHust (cM. § 8.2). 3ech MbI pacCMOTPUM a/ie-
HUE TEJIa B CPEJIE C CONPOTUBJICHUEM — B YKUIAKOCTU UJIH Ia3e. 3a04HO
BBISICHUM, TIPU KAKUX YCTOBUSIX MOYXKHO ITPeHeOpednb COMPOTUBIEHUEM
BO3/JyXa W PacCMaTPUBATDL MaJeHUe TeJla B BO3AyXe KaK CBODOJHOE.

2. Ha Tesno, mamatolriee B >KUJKOCTH WU Tale, MeHCTBYIOT TpH
CUJIBI: cusla TskecTH P, apxuMenosa BbITajgkupaiomas cuia Fap.
u cuita conpotusiennst Feonp, (puc. 11.9). OcHOBHOI 3aKOH AUHAMUKH
B 9TOM CJIy4ae 3aIUIIeTCs TaK:

ma = P — Fapx — Feonp- (11.15)

N3 Tpex cus jiuiib ofHA SIBJSIETCS MEPEMEHHON — ITO CUJIA COMPO-
TUBJIEHUSI, KOTOPasi ObICTPO BO3PACTaeT ¢ POCTOM ckopocTtu. Cuiia
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TSPKECTH U aPXUME/I0BA CHJIA SIBJISIIOTCS] IOCTOSTHHBIMY BEJIMYNHAMHU.
EcrecTBeHHO, UTO ¢ TeYeHWEM BPEMEHH, [0 Mepe BO3PACTaHUsI CKO-
POCTH, YCKOPEHHE YMEHBIIAETCsl, U HACTYIHUT TAKOil MOMEHT, KOr/a
OHO cTaHeT paBHO Hymo. Haumnasi ¢ 3TOro mMomenra Tteso Oyner
JBUTATHCST pasromepho. VTak, majenue tesa

gl e B >KHM/JKOCTH U ra3e JIMIIb Ha HAYAJIbHOM JTaIle
SIBJISIETCs] YCKOPEHHBIM; HAUYMHAsI ¢ HEKOTOPO-
r0 MOMEHTA TeJIO TAJAET C IIOCTOSIHHOI CKOPO-
CTBIO, KOTOPAst HA3bIBAETCSI YCMAHOBUBWETCA.
3. YCTaHOBHBIIASICSI CKOPOCTD Vycr MOXKET
ObiTh Haiigena u3 (11.15) npu ycnosuu a = 0:
e P — Fopx — Fion, = 0. (11.16)

corp

' = Hnst Toro 4TOOBI MPOU3BECTH COOTBET-

_______ CTBYIOIIUI pacyeT, CJIe/IyeT OLIEHUTh MOPSII0K

Puc.11.9 qucya PefiHosnb/ica u BIOPaTh COOTBETCTBYIO-

1jee BbIpayKeHUE [IJISI CHUJIbI CONPOTUBJIEHUS.

[Ipu manbix dnciax Peiinonbica, HanmpuMep, ey MIapUK MaJaeT

B BSI3KOii XKUAKOCTU ¢ HEOOJIBIION BbIcOThI, B hopmysty (11.16) moa-
CTaBJISIIOT 3HAYEHUe CUJIbl TpeHust o dopmyse Crokca (11.13).

4. Tlpu Gonbimmx uuciaax PeifHonbaca cuiia compoTuBieHUsI OOYCJIOBJIEHA

B OCHOBHOM CONPOTHBJIEHHEM AaBjieHust R. OCHOBHON 3aKOH ANHAMHUKH IIPHUMET
BuJ (npeHeGperasi [jist ra30B BBITAJKUBAIOIEN CUIION Fypx <K P)

02
ma:mngSpoT, (11.17)
rae po — IJIOTHOCTh ra3a.

Elcnu Tsi>kesioe Tes10 MaJIbix pa3sMepoB NaJaeT ¢ HEGOJIbIION BBICOTHI, TO CUJIA
COTPOTHUBJIEHUS] MOXKET OKa3aThbCsA MHOTO MEHBIIE CUJIbl TSXKECTH. TOraa MOXKHO
COTIPOTUBJIEHUEM TIPeHEOPEeYh U CUUTATD, YTO TEJIO MAJAeT mouTu cBobogHo. Ec-
JIA YK€ TeJIO MaJaeT ¢ OOJNIBIION BBICOTHI, TO COMPOTUBJIEHUEM YKe NpeHebpedn
HeJIb3s1, U HAYMHAsl ¢ HEKOTOPOr0 MOMEHTa TeJI0 Oy 1eT najaTh ¢ YyCTAHOBUBLIEHCS
CKOPOCTBIO, KOTOPYIO Jierko onpeaeautsb u3 (11.17), monoxxus a = 0:

2mg
cT — - 11.18
Uy, A/ CSpo ( )

Tak, moxxaesble Kamm, umenomue ¢dopmy mapa (C = 0,4) paguycom OKoOJIo

3 .
7 & 1-2 MM, OpU IWIOTHOCTH BO3Ayxa po =~ 1 Kr/mM° majamT ¢ yCTAHOBUBILEHCS
CKOPOCTBIO HE3aBUCUMO OT BBICOTHI 00JIAKOB Ha/J| [IOBEPXHOCTHIO 3emMin (/151 BOzbI

p = 10% kr/m®):

8-107%.10%-9,8
3-0,4-1

2-4rr’pg \/W _
3C7rr2p0 - 3Cpo -

5. Anasuz dpopmysibi (11.18) mo3BosIsIeT MOHSATH POJIb NAPAIIIOTA.
YesoBek, najiast 63 maparoTa o 3HAYUTEbHON BbICOThI, UMEJT ObI
YCTAHOBUBIIYIOCS CKOPOCTb MOPS/IKA HECKOJbKUX JECATKOB METPOB
B CEKYHJIy. ¥Y1ap O 3eMHYIO TOBEPXHOCTh C TAKOH CKOPOCTHIO MPUBEJI

Vycr = zSM/C
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6n1 K ero rubesu. [lpu packpbiBaHWY MAPAIIOTa, CHUJIA COMPOTHBJIE-
HUsI PE3KO BO3PACTAET: Y MAPAIIOTa IJIONAb CeUeHusI, 00y BAeMOT0
MMOTOKOM, MPUMEPHO B CTO Pa3 OoJIbIie, YeM y MaJIaloero YejJ0BeKa,
a koaddurment conporusjeHus C y mapalloTa B HECKOJIbKO pa3
Gosibiiie, yem y desioBeka. [lpu Bospacranum mHokuTeast C'S B He-
CKOJTbKO COTEH Pa3 YCTAHOBUBIIASICS CKOPOCTh YMEHBIITUTCS B JECSIT-
KM pa3, npuMepHo 10 3—4 m/c. Tpusemsienne ¢ Takoil CKOPOCTHIO
6e30macHo.

'nmasa 12
TEOPNYA OTHOCUTEJIBHOCTUA

§12.1. CkopocThb CBeTa U 3aKOH CJOXKEHUS CKOPOCTeit

1. B cepeaune XIX B. Ob11 pa3zpaboTaHbl METO/IBI, TO3BOIUBIIINE
JTIOCTATOYHO TOYHO U3MEPUTH CKOPOCTH cBeTa. OKa3aJ0Ch, UTO B BAKY-
yMe oHa coctapster ¢ = 3 - 108 m/c (6omee Touno cm. § 63.9). Hanpa-
LINBAETCS €CTECTBEHHBINA BOIIPOC: K KAKOI CUCTEME OTCYETa OTHOCUTCA
JaHHOe 3HaveHue ckopocTu cBeta?! Beab roBopuTb 0 ckopocTu 6e3
YKa3aHUS CUCTEMbI OTCYUETa, BOOOIIE roBOpsi, 6€6CCMBICIEHHO.

Wcxo/is M3 KJIACCHYECKOT0 3aKOHA CJIOXKEHHS] CKOPOCTEH, Mbl MPH-
XOJAUM K BBIBOMY, 9TO B Pa3HBIX CUCTEMAX OTCYETA CKOPOCTH CBETA
JIOJI>KHA ObITh PA3JIMYHOIl; CJIe/I0BATE/IbHO, JAHHOE 3HAYEHHE CKO-
pOCTH CBETA TOJIZKHO OTHOCUTBLCSI JIUITh K OJHON KaKON-TO cucreme
oTCcYeTa, HAlPUMEp CBA3aHHOW ¢ UCTOYHUKOM cBeTa. Ha 3Toii ocHOBe
MOXKHO TIPEAJIOKUTD CJIEAYIOIIN IKCIIEPUMEHT.

[lycTth HekOTOpBIH TPUOOP, MO3BOSIONINI U3MEPUTH CKOPOCTH
CBETA € JOCTATOYHO OOJIBIION TOYHOCTHIO, MOKOUTCS OTHOCUTEb-
HO HWCTOYHHMKA CBETA, PACIOJOYKEHHOI'O B CHCTEME OTCYeTa TYZ.

B sToM ciydae mpubop 3aperucTpupyeT CKOPOCTDL CBETA, PABHYIO €
(puc. 12.1).

Hc*rotmmg CreToBas BOJIHA ITpu6op

CBCTa

—_—

AN\
\VAAVARV RV

x
Puc.12.1

[lomecTum Teneps TpubOp B APYTYIO CUCTEMY OTCUETA, KOTOPast
JIBUXKETCSI OTHOCUTEIBHO CUCTEMbI LY 2 TaK, KAK 3TO N300PaKeHO HA
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pucynkax 12.2) 12.3 u 12.4. Ha ocHoBe KJ1acCU4eCKOro 3aKOHA CI0XKe-

HUS CKOPOCTEH ciiefioBaJio 66l 0xkuaaTh, uto ¢ = ¢ — v, ¢’ = c+ v,
" = +/c?2 4+ v2 1. e. uro ckopoctu cBeta ¢, ¢’ u " paznuunb

"

4)’
1
1

-icl=c+ 17
-, LI by
.

Puc.12.3

l»//
PR

Puc.12.4

2. TlepBblit ONBIT IO U3MEPEHUIO CKOPOCTH CBETA B JBUXKYIIEHCsT
cucreMe orcyeTa Obu1 mocraBiaeH Maiikeabconom B 1881 1., 3aTem
AHAJIOTUYHBIE YKCIIEPUMEHTDBI CTABUIKUCH PSIIOM YUEHBIX OyKBaJIbHO
JIO0 CAMOTO IOCJIETHETO BPEMEHH, TPUYEM TOYHOCTh U3MEPEHUIA, ecTe-
CTBEHHO, BCe BpeMsi Bo3pactasa. OKa3ajoch, YTO OMBIT JAET OMPU-
UAMEALHBIT PE3YALINAM: C OUYEHb BBICOKON CTENMEHbI0 TOYHOCTH BO
BCEX CHCTEMaX OTCYeTa, HE3aBUCHUMO OT BEJUYMHbI U HAIPABJIECHUS
CKOPOCTH UX JJBMXKEHHUsI, CKOPOCTh CBeTa (B BaKyyMe) Takasl e, KaK
U B CUCTEMe OTCYeTa, CBA3aHHOI ¢ ucTounukoM, T.e. ¢ = ¢’ = " = ¢.

DTOT pe3yJIbTAT MOKA3bIBAET, YTO KJIACCUIECKUI 3aKOH CJI0XKEHUSI
CKOPOCTeH UMEET OrpaHuYeHHY0 00/1acTh npuMenenusi. OH, B 4acT-
HOCTH, HEMIPUTOJIEH [IJIsI ONUCAHUSI SIBJIEHUI, CBSI3aHHBIX C PacIpo-
crpanenueM cBeta. Ho Kiaccuyeckuil 3aKOH CIOXKEHUsT CKOPOCTEi
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ABJIAETCSA CAeJICTBAEM 13 mpeobpaszopanuii [amiest; cieoBaTebHO,
U MOCJIeAHUE UMEIOT OrPaHUYEHHYIO 001aCTh TPUMEHEHHUSI.

3. TlockoabKy MHBAPUAHTHOCTH CKOPOCTH CBETa BO BCEX HHEP-
IMAJbHBIX CHCTEMaX OTCYETa €CTh TBEPJO YCTAHOBJIEHHBIM SKCIIe-
PUMEHTAJBHBIA (PAKT U B TO >Ke BpPeMsl 3TOT (DAKT HE COIJIACyeTCsT
¢ ipeobpaszoBanuamu anuies, To BO3SHUKJIA HEOOXOIUMOCTh B KPH-
TUYECKOM IEPECMOTPE TeX UJeil, KOTOPbIE MOJ0>KEHBI B OCHOBY 3THUX
npeobpazoBanuii. Ity 3agauy pemu B 1905 r. A. Ditumrreitn. Ho mis
9TOro MOHAIOOUJICS PAJUKAJILHBIN MEPecMOTp BCeX IMPeICTaBICHUM
O IIPOCTPAHCTBE U BPEMEHM.

DUHIITEHH MOKa3aJ, YTO MPH BLIBOJE MpeobpasoBanuii aaues
B HESIBHOM BUJE BBOJWJINCH IBA TOJIOXKEHHUsI, KOTOPbIE Ka3aJuch Ha-
CTOJIbKO OYE€BUAHBIMUA, YTO UX [1a2KE HE CUUTAJIN HY2KHbBIM 06OCHOB]JI—
BAaTh:

a) 1oJjaraju, YTO OJHOBPEMEHHOCTh JIBYX COObITHIl ecThb abco-
JIIOTHOE TIOHSITHE, — JIBA COOBITUSI, OJHOBPEMEHHbBIE B OJHO cucTeMe
OTCYETa, CUMTAIN OJHOBPEMEHHBIMU U B JII00OM APYTOil cucTeme; OT-
CIOJJa BBITEKAJI0, UTO YacChl, PACIIONIOXKEHHDIE B MPOU3BOJILHBIX MHEP-
[HMAJbHBIX CUCTEMaX OTCYETa, PETMCTPUPYIOT OJHO U TO YKE BPEMST —
KOpo4e, 4TO BpeMs BO BCEX MHEPIHUAJIBHBIX CUCTEMaX OTCUETa IPOoTe-
KaeT OJIMHAKOBO;

6) npesnoIarasoCch, YTO JUIMHA CTEPXKHS BO BCEX UHEPIMAJIbHBIX
cucTeMax OTCYeTa ojHa U Ta ke (cM. § 2.4).

B neiicTBUTEILHOCTH 9TH MOJOXKEHUsT OKA3aJUCh He YHHBEp-
CaJIbHBIMH, & TOJIBKO MEPBLIM MMPUOJIMKEHUEM, CIIPABEAINBbIM JIUIIID
B HBIOTOHOBCKOI MeXaHUKe.

§12.2. OcCHOBHBIE MOCTYJIATHI CIEIUAIBHON Teopuu
OTHOCUTEJILHOCTU

CrnenasibHasi TeOpust OTHOCUTEJILHOCTH HA3bIBAeTCs MHAYE pe-
JIITUBUCTCKOMN Teopueit (0T jaTuHcKoro relativ — OTHOCHTESBHBII).
B ocHOBY ee moJ102KeHbI /1Ba IPUHIUIA, KOTOPBIE SABJSIOTCS IIOCTYJIa-
TaMU. DTHU MOCTYJIAThI HAJEZKHO OJTBEPK/JEHbI IKCIIEPUMEHTAJIBHO.

1. Hpunyun ommocumesvnocmu. Bce nHepnuasibHbIE CHCTEMBI
OTCYeTa PaBHONPABHBI, BO BCEX MHEPIUAJIbLHBIX CUCTEMaX HE TOJIb-
KO MEXaHU4YECCKHE, HO U BCE JPYTUE ABJCHHUS NPUPOILI IPOTEKAIOT
OJIMHAKOBO.

2. Ilpunyun unsapuanmrocmu ckopocmu ceema. Bo Bcex nHep-
HAAJBHBIX CHCTEMaX CKOPOCTh CBETa B BAKyyMe OJMHAKOBa U PaBHA C.

[TocmoTpuM 2Ke, KaKue CAeACTBUSI BBITEKAIOT U3 ITUX OCHOBHBIX
TIOJIOZKCHUIA.
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§12.3. OTHOCUTEJBHOCTH OTHOBPEMEHHOCTU U JIJTUHBI

1. JInst Toro 9yTo6BI ONpeIeTUTh MOMEHT BPEMEHH, KOT/1a B JJAHHOIM
TOYKe MPOCTPAHCTBA A MPOUCXOIUT HEKOTOPOE COOBITHE, HYXKHO CO-
MMOCTABUTH ITO COOBITHE C MOKA3AHUSIMU YaCOB, KOTOPBIE PACTIOIOXKE-
HbI BOJIN3U 3TOH ToUKU. T0 2Ke OTHOCUTCs U K Jito0oi#1 pyroii Touke B.
OHako CpaBHHMBATH TMOKAa3aHUsS ODOUX YACOB UMEET CMBICH, €C/IH
OHM CUHXPOHU3UPOBAHBI. DTO IMOJIOYKEHUE TTPECTABJISIETCS HACTOIBKO
OYEBUIHBIM, YTO B T€UEHUE MHOTUX JIET HUKTO HE 3ayMbIBAJICS HAJI
BOTIPOCOM: a KaKOBa ke (hu3nyieckasi mpore/1ypa CAHXPOHU3AIUN ]

DUHIITEHH MPeIOXKUIT CHHX POHU3UPOBATH YaChI C TOMOIIBIO CBe-
TOBBIX CUTHAJIOB, UCXOsI U3 CJIEAYIOMIET0 MBICJEHHOT'O SKCIIEPUMEHTA.
ITo onpesenenuio mosiaraeM, YTo BpeMsi, B Te4€HHUE KOTOPOI'O CBETOBOM
curHaJs ujet u3 A B B, paBHO BpeMeHH, B TeUeHre KOTOPOTO OH UJIET
u3 B B A. [lycts curnan sbuumen u3 A B MOMEHT BpemeHH th ),

JOXOAUT 0 B B MOMEHT BpeMeHH t g, OTpaXkaeTcsl U BO3BPalaeTCs
B TOYKY A B MOMEHT BpeMeHU tll‘p "*. Torna, coryiacHO onpe/e/eHuIo,

t _ tOTl‘[p tnpnx _ tB-

NubiMu CJIOBaMH, 9aCbl B TOYKE B AOJI2KHBI TTOKa3bIBaTh BPEMs

tp= 1( ornp tanX).
2

[Ipu Takoii mpoueaype CUHXPOHU3AIMM YaCOB BBLINOJHSIOTCA JBa

YCJIOBUSL:

a) yCJIOBHE CHMMETPUM: €CJIM 49achl A MJyT CUHXPOHHO C daca-
mu B, To n 9ackl B uayT CUHXPOHHO ¢ Yacamu A;

6) ycJ0BUE TPAH3UTUBHOCTH: €CJIM Yachl A UjyT CAHXPOHHO € Ya-
camu B, a wacel B — ¢ wacamu C, To u 9acbl A UJyT CHHXPOHHO
¢ vacamu C.

2. VI3 AByX OCHOBHBIX TOCTYJIATOB TEOPUH OTHOCUTEIbHOCTH BbITE-
KAaeT, 4TO 064 cOOGuMUs, 00HOBpEMEHHbIE 6 00HOT cucmeme omeuema,
He 0dHoBpeMeHHbL 8 IpY20Ti cucmeme.

YTo6bl J0Ka3aTh 3TO TMOJOXKEHHE, KOTOPOE Ha MEPBbIA B3I
KaskKeTcsl MapajioKCcaJbHbIM, PACCMOTPUM CJICAYIOIIN 3KCIEepUMEHT.
[TycThb oHa cucTemMa oTcueTa CBsA3aHa ¢ 3eMJleil, BTopasi — ¢ BAarOHOM,
JBUZKYIIUMCS OTHOCUTEILHO 3eMJIM MPAMOJUHEHHO U PaBHOMEPHO
(puc. 12.5). Ormerum Ha 3emiie Touku A, B u M, npuuem AM =
= BM, a B Barone coorserctBenno touku A’, B’ M' ¢ taxum pac-
yerom, uro A'M' = B'M’. TlycTh B TOT MOMEHT, KOT/Ja OTMEUYEHHBIE
12, SeMJ1e i B BATOHE TOMKH COBIA/IAIOT, B ToukKax A u B mpoucxoasT
HEKOTOpbIe COOBITUS, HATIPUMEP YAAPSAIOT JBe MOJTHUM.
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QueBuIHO, YTO €CJIU CBET OT 00EUX BCIBIIIEK MPUAET B TOUKy M
o/iHOBpeMeHHo, To B Touky M’ panbiue npuger cser uz B’, zaTem
u3 A’. Tlpoanajuszupyem Tenepb 3T COOLITHSA C MO3ULUI HabI0a-
TeJielt, HAXOSIINXCSA B 00eNX CUCTEMAX OTCUYETA.

o ay M /B —
7/ /(4 ST /tg

Puc.12.5

Ha 3emae: paccrosiitie AM = BM. CkopocTh cBeTa BO BCEX
HAMPABJIEHUSIX OJHA U Ta »Ke. CUrHajbl oT 060UX COOBITHI MTPUIILITH
B TouKy M omHoBpeMenHo. Clie1oBaTeNbHO, U cobbimus 6 moywkax A
u B npousowau odnospementio.

B eazone: paccrosinue A’M’ = B'M’. Ckopoctb cBeTa BO Bcex
HarpaBJieHHsaX ojiHa U Ta »ke. Curnas uz rouku B’ npuinen panblie,
yem u3 Touku A’. CrnemoBarensno, cobvimue 6 mouxe B’ npousowro
parvwe, wem 6 mouke A'. Fcnm Ob1 Baron apurajics cnpasa HaJIeBo,
TO MOy 4HJIcs 661 OOpaTHBIN pe3yabTaT: cobbiTie B’ mpouzonuio 6b1
nosz»xe, yem A’.

Utak, nowamue 00HOBPEMEHHOCTIYU UMEETM OMHOCUMEALHBIT
CMBICA, U 6 PASHBIT UHEPUUGADHHIT CUCTNEMAT OMCHEMA 8PEMSA TIPO-
MEKAETN, NO-PASHOMY .

3. 3ameTuM, YTO B IPUBEJAEHHOM PACCYKAEHUN MbI OJIb30BAJINCh
TOJBKO IBYMSI IPUHIMIIAMU: MbI CIUTAJIN 00€ CUCTEMbI OTCYETA PAB-
HONPABHBbIMK (IIPUHIMII OTHOCUTEJNBHOCTH) U CYUTAIH, YTO CBET BO
BCEX HAIIPABJIEHUSIX JIBUXKETCsI C OJJHON U TOM ke CKOPOCTbhIO (IIPUH-
M0 UHBAPUAHTHOCTH CKOPOCTH cBeTa). Hukakux Jpyrux jonosHu-
TeJIbHBIX TUITOTE3 MbI HE BBOJIUJIN.

B kiaccuteckoii ke pusnke coBepiiieHHO 6e370Ka3aTETbHO MTPE/I-
MOJIATAJIOCH, YTO BPEMsI BO BCEX CHCTEMAX OTCYETA TIPOTEKAET OTUHA~
k0BO. OTCrO/1a MTOJTY YaJICs KJACCUIECKUIT 3aKOH CJIOXKEHUSI CKOPOCTEA,
KOTOPBI TPOTUBOPEUUT IKCIIEPUMEHTAJIBHO YCTAHOBJIEHHOMY 3aKOHY
WHBaPUAHTHOCTU CKOPOCTH CBETA.

4. UHorma cmpalidBaioT: HY, a HQ camom dene CODBITHSI B TOY-
kax A u B opHoBpeMeHHbl win HeT? OYeBUIHO, UTO STOT BOIPOC HE
uMeeT cMbicyia. OTBETUTD HA BOMTPOC, UTO MTPOUCKXOIUT HG CAMOM OEAE,
o3Ha4YaeT PAKTUUECKH YKA3ATh HEKYIO MPEUMYIIECTBEHHYIO CUCTEMY
orcueTa. A Takoi cuCTeMbI OTCYeTa MPOCTO HET B MPUPOJIE.
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Boobiiie He Bcerma MOXKHO OTBETUTH HA BOIIPOC O TOM, UTO ITPOKC-
xonuT Ha camom aese. Tak, korga B Mockse yTpo, To Bo BiagusocTto-
ke Beuep, a B Can-®paHIUCKO HOYD.
N Henemno copalimBaTh, a YTO »Ke ceid-
Yac Ha CaMOM [ieJie: YTPO, Bedep UJIn
HOYB? DTO OTHOCUTEJIbHBIE TIOHSITHSI,
OTBET 3aBUCUT OT TOTO, B KAKOM TOY-
Ke 3eMJIM HaXOOUTCsl HabJII0JaTellb.
B Takoii ke Mepe OTHOCUTENbHBI I10-
HSITHUSI «Bepxa» U «HU3ay [Jis JIIOAEH,
JKUBYIIUX HA TPOTUBOIMOJOXKHBIX CTO-
poHax 3emMHoro mapa (puc. 12.6).

TouyHO Tak ke TMOHSITHE OJTHO-
BPEMEHHOCTHU SIBJISIETCSI OTHOCUTE b~

Puc.12.6 HBIM — Ha BONpPOC 00 OJHOBpPEMEH-

HOCTU WJIA HEOJHOBPEMEHHOCTH JBYX

CcOOBITHI HETb3sT OTBETUTD, HE YKA3aB CUCTEMY OTCUETA, OTHOCUTE b~
HO KOTOPO# JaHHas 3a/a4a PEeIiaeTCs.

5. [Touemy ke B KJiaccudeckoit ¢pusuke Mbl mpeHeOperaeM 3TUM
CBOICTBOM BPEMEHU U CYNTAEM BPEMSI HHBAPUAHTOM, T. €. BEJIMINHOIM,
He 3aBUCAIIEH OT CUCTEMBI OTCYeTA?!

esio B TOM, 9TO B KJIAaCCUYECKOU (pU3UKe MbI UMEEM JEJI0 CO
CKOPOCTSIMU, HACTOJIBKO MEHBIITUMU CKOPOCTHU CBETA, YTO MOXKHO TIpe-
HeOpeUb 3aIa3/IbIBAHMEM CUT'HAJIOB U CYNTATD, YTO CBET PACIPOCTPa-
HSIETCSI MTPAKTUIECKH MI'HOBEHHO, € OECKOHEYHO OOJIBIII0 CKOPOCTHIO.
B sTom cayvae nabonaTesiv Ha 3eMHOM MTOBEPXHOCTH U B BaroHe He
3aMeTST HUKAKOI pa3HUIIBI B IOCTYTJIEHUA CUTHAJIOB U3 TOYeK A u B
(cM. puc. 12.5), a motomy 06a MPUAYT K OJHOMY ¥ TOMY K€ BBIBOJLY
006 OAHOBPEMEHHOCTH MJIM HEOJHOBPEMEHHOCTH COOBITHIA.

NTak, OTHOCUTETHLHOCTh OJTHOBPEMEHHOCTH €CTh CJI€JICTBHE KO-
HEYHOCTH CKOPOCTU PACIPOCTPAHEHUsI CBETa U BOODIIE KOHEYHOCTHU
CKOPOCTH TiepeJayun JIo0bIX B3aumoaeiicTBuii. ONbITHBIN (haKT OTCYT-
CTBUsT KAKUX-JTUOO MPOIECCOB, PACIIPOCTPAHSIIONIUXCST ¢ OECKOHEYHO
GOBIIION CKOPOCTBIO, DUHINTEHH MMOJIOXKUJT B OCHOBY TEOPUH OTHOCH-
TEJLHOCTH.

6. Bplillte MbI OTIpeieTUIIA JIIMHY CTPEXKHSI KaK Pa3HOCTh KOOP-
JUHAT €ro Havyajia U KOHIA, USMEPEHHHT o0Hospemento (cMm. § 2.4).
OaHako MOHATHE OJHOBPEMEHHOCTH MMEET OTHOCUTEIbHBIA CMBICI,
U CcOOBITHSI, OHOBPEMEHHBIE B OJHOM CUCTEME OTCYUETA, OKAXKYTCS
HEOZHOBPDEMEHHLIMU B IPYroil cucreMe. A OTCIOJa BBLITEKAET, YTO
OAUHG CMEPHCHA 6 PA3HLIT CUCTMEMAT omcuema Oydem pasAudHOml
(cm. pasiee § 12.8). Hesb3si roBOpUTH O JI/IMHE CTEPXKHSI, HE yKa3aB
CHUCTEMbI OTCYETA, OTHOCUTEJHHO KOTOPOH 3Ta JAJUHA WU3MEPSIETCsI.
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9T0 Tak ke GEeCcCMbIC/IEHHO, KAK TOBOPUTH O CKOPOCTH TMACCAXKUPA,
HE YKA3bIBas CUCTEMbI OTCUYETA: CKOPOCTDH MAaCCAXKUPA OTHOCUTEIHHO
BaroHa He PaBHA €ro CKOPOCTU OTHOCUTEJBHO 3eMJIH.

Wtak, 6 meopuu OmHOCUMEADHOCTIU TNPOMENHCYTNKYU SPEMEHU
MEAHCAY COBLIMUAMY U OAUHDL OTNPESKOE ABAAOMCA OMHOCUTNEAD-
HOMU NOHAMUAMU, UMEIOIIMMU Pa3JUYHble 3HAYEHUs] B Pa3HDBIX
HHEPIMAJIbHBIX CHCTEMAX OTCUETA.

§12.4. PeasitTuBuCcTCKHE HPEOOpPaA30BaHUsT KOOPIMHAT.
PeasaTuBucTCKM 3aKOH CIIOXKEHUA CKOpocTeii

1. Kaxk 66110 1T0Ka3aHO BbITIIe, Tpeodpa3oBanust ['aauiies He coria-
CYIOTCSI € IKCIEPUMEHTAJILHO YCTAHOBIEHHBIM (DAKTOM MOCTOSTHCTBA,
ckopocTu cBeTa. [losToMy HeoOX0IMMO BLIBECTH HOBbIE Mpeobpaso-
BaHUsI KOOPJAUHAT IPH EPEXoJe OT OJHONH MHEPIUAJILHON CHUCTEMBbI
oTcYeTa K APYrou.

PaccMoTpuM cucTeMy KOOpAWHAT Yz, CBA3AHHYIO € 3eMJeil,
u cucremy koopaunat z'y’'z’, cBszannyto ¢ Baronom (cm. puc.2.1).
B srom cityyae B0JIb OCH OPJIMHAT W OCU ANTMJIMKAT JIBUXKEHUSI HET,
OTKyJia BbITekaeT, uTo ¥y’ = y n 2’ = 2z, Kak u B ciiydae npeobpa3oba-
it [auites.

CB060iHOE TIPOCTPAHCTBO OJHOPOJHO U U30TPOIHO. DTO 3HAYMT,
49TO Tpeobpa3oBaHusi KOOPAMHAT SIBJISIIOTCS TUHEHHBIMU (DY HKI[ASIMU
(puc. 12.7). B camoMm fesie, Kak BHIHO U3 PUCYHKA, B 3TOM CJydae
JUIMHA, OTPe3Ka He 3aBHCUT OT TOr0, B KaKoH 00JIaCTH IMPOCTPAHCTBA
9TOT OTPE30K HaxoAuTCs: u3 I = lg cexyer ] = 1.

I I

Puc.12.7 Puc.12.8

Ecau 661 mpeobpasosanue Ob110 HenuHeiHbIM (puc. 12.8), To u3
i !/ !
[y = ly cnegoBano 61 ] # [, T.e. AaMHA OTpe3Ka 3aBHUCENa ObI OT
TOro, B Kakoi 06JIaCTH MPOCTPAHCTBA OH HAXOJUTCS. JTO O3HAYAJIO
Obl HAPYIIIEHUE OJHOPOJHOCTH MTPOCTPAHCTBA.
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ElcTecTBeHHO, YTO aHAJIOTMYHOE PACCY K/ /IEHUE CITPABE/JINBO U [JIJT51
BpEMEHH.

[TosTomy Mbl OyZeM HCKATH PESITUBUCTCKUE MPEOOPA30BAHUS
B BU/IE JUHENHBIX DYHKIUIH:

2’ = Az + Bt, t' = Mzx+ Nt. (12.1)

3necb A, B, M u N — nocTosiHHbIE, KOTOPbIE CJIE/TYET ONPE/IETUTD.
2. Ilepemeriienue BI0JIb OCH aDCIMCC B BaroHe

Ax' =z}, — 2| = A(zy — x1) + B(ta — t1) = AAz + BAt. (12.2)

AHa,JIO]"I/ILIHO AJIsI TIPOMEXKYTKa BPEMEHU MEXK/1y ABYM<I COOBITHS-
MU UMEEM

At' = MAz + NAt. (12.3)

Pasnenus (12.2) nHa (12.3) 1 yuuThIBasi, YTO CKOPOCTh TOYKU OTHOCH-
TEeJILHO BaroHa (BJ0JIb ocu abcrmce)

’
,_A.’L‘

u = 12.4
As (12.4)
a CKOPOCTb TOMH »Ke TOYKH OTHOCUTEJHLHO 3eMJIN
Az
== 12.
U= (12.5)

IOJTy MM BbIPaXKEHHE JJIsl 3aKOHA CJIOXKEHHsI CKOpocTeit (BAoIb ocu
abcruce):
/ Au+ B
U=
Mu + N

3. Ucnonbayem (12.6) puist onpe/jesieHusi HOCTOSTHHBIX, BBEJEHHBIX
B BbipakeHus (12.1). [lyist 3TOro paccMOTpUM CJeyIolye YacTHbIe
caydau:

a) [Tycth MaTepuasibHasi TOYKA TIOKOMTCSI OTHOCUTEJILHO BaroHa.

(12.6)

Av+ B
Torpa v’ = 0, u = v. [loacrasus B (12.6), umeem 0 = Mo N OTKYAR
B = —Av. (12.7)
6) Ilyctsb Touka mokoutcest oTHocuTeNbHO emun. Torma v’ = —wv,

u = 0. [Toacrasus B (12.6) u ucnonb3yst (12.7), umeem —v = —Av /N,
OTKYZa

N = A. (12.8)

B) [lycTh BMeCTO MaTepHasbHOM TOYKH B BAlOHE PACHPOCTPAHSI-

ercst cBeTOBasi BoiHa. Ha ocHOBe BTOpOro mocrysara Teopum OTHO-

CUTEJIbHOCTHN (HpI/IHHI/IHa NHBAPpHAHTHOCTU CKOPOCTU CBE€Ta BO BCEX
nHepHaJIbHbIX CI/ICTeMaX) TIOJTYy YUM

v =u=c. (12.9)
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[Moacrasus B (12.6) u ucnoss3yst pesyasrarst (12.7) u (12.8), umeem
_ Ac—Av

Av
M=4 (12.10)
(o4
4. Tlonyuennsbie 3nauenuss B, M n N nopcrasum B (12.6) u mo-
JIYUYUM PEAAMUBUCTNCKUL 3aK0N caodicenus cropocmetli (BLOIb ocu
abeuucc):

/ u—-v u +v
_ = _wtv 12.11
v 1—uv/cz7 e 1—i—u'v/c2 ( )

§ 12.5. IlpenesbHbIl XapakKTep CKOPOCTH CBeTa

1. I3 pefsiTHBUCTCKOTO 3aKOHA CJIOXKEHMSI CKOPOCTEll BBITEKAET
MpeJie/IbHbIN XapaKTep CKOPOCTH CBETA: HU 8 Kakol cucmeme omcye-
ma meao (U cugnan) we Modcem d8u2amvbCs Co CKOPOCTBIO, NPEBOC-
Todauleti cKopocms ceema 6 6aKyyme.

JleficTBUTEIBHO, MYCTh TEJO JBUXKETCST OTHOCUTETHLHO BaroHa
CO CKOpOCTBLIO u', He MPeBOCXOASAIIeH CKOPOCTL CBeTa B BaKyyMe:
0 < v’ < c. Baron »xe JBUXKETCA OTHOCUTEJBbHO 3eMJIU CO CKOPO-
CTBIO v, Tak>Ke MeHbIleil ckopoctu ceera, 0 < v < ¢. Torma Jjerko
MOKA3aTh, YTO CKOPOCTH TeJa OTHOCUTENbHO 3emun (npu 4106uz u'
U U, MEHBIIUX ¢) By/IeT TaKXKe MeHbllle CKOPOCTH CBETA.

J1s1 noKa3aTeabCTBa HaleM PAa3HOCTh MEXKIY CKOPOCTBIO CBETA
B BaKyyMe U CKOPOCTbBIO Te€JIa OTHOCUTEJIHbHO 3EMJIN:

u' +v (¢ —v)(c—u")

cTu=em 1+u'v/c2 - c(1+u'v/c2)'

(12.12)

ITocko/ibKy MBI € CaMOro HavaJsa MPEJIOI0XKUIU, YTO CKOPOCTH Te-
Ja u' u cKopocTh caMoii cucTeMbl v MeHblIe ¢, To ¢ — u > 0. UTak,

u<ec. (12.13)

2. Tlonyyennblit pe3ysbTaT 6€3yC/JOBHO CHPABE/JIUB JIJI YACTUI]
BelllecTBa. B camoM zeJie, Bcerja CyLecTByeT CUCTEMA OTCUETA, B KO-
TOPOW YaCTULA JIBUXKETCS] CO CKOPOCTBIO, MEHbIIIell CKOPOCTH CBe-
Ta B BakyyMme (Hampumep, mokoutcs, T.e. u' = 0). Ho Torma oma
u B 1100011 APYTO#t cricTeMe OTcHeTa OYeT TBUTATHCS Me/IJIEHHee, eM
CBETOBO CUT'HAJI B BaKyyMe.

3aMeTHM, ¥TO IPH BBIBOJIE MBI He MPUOEra i HU K KaKUM MPEATo-
JIOXKEHUSIM O CTPYKTYPE U CBOWCTBAX YaCTHUIL BEIIECTBA, & OCHOBHIBA-
JINCH TOJILKO HA OCHOBHBIX mocTy siatax. Ce1oBaTe IbHO, Oy 9eHHBIH
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PE3YJILTAT SIBJISIETCST COBEPIIIEHHO OOIINM, CITPABE/IJIUBLIM J1J1s1 JTIOOBIX
YaCTUI] BEIECTBA, JJIsT JOOBIX TeJ.

NTak, ckopocTh CBeTa B BaKyyMe €CTb MaKCUMAJbHO OOJIbIIIAsT
CKOPOCTb B TIPUPO/IE.

§12.6. IIpeoGpasoBanusa JlopeHua

1. TIpeobpazoBanusi KOOPAUHAT, COOTBETCTBYIOIINE TBYM OCHOB-
HBIM TIOCTYJIATAM TEOPUHM OTHOCUTEIHLHOCTH, ObLIN BIIEPBHIE MOJTyYe-
ubl X.A. JlopeHrem.

J1J1s1 BBIBO/IA MCKOMBIX TIPEOGPA30BAHMUIA TTOICTABUM B BbIPAYKEHUE
(12.1) 3Hauenus nocrosiuubix B, M u N; nomyuum

2
C

o = Az —vt), t'=A (t - E) . (12.14)

3 npuHIUna OTHOCUTEIHHOCTH BBITEKAET MOJHOE PABHOIIPABUE

O6eI/IX CUCTEM 0OTCUHECTa: MOKHO CHUTATH HOKOS[HIGI'/’ICS[ CUCTEMY KOOPp-

ANHAT, CBH3aHHyIO C BaroHoM; Torjga CuCreMa KOOpAUHAT, CBA3aHHaAA

C 38Mﬂeﬁ7 6yﬂeT ABUTATbCA OTHOCUTEJIbHO BaroHa CO CKOpOCTbIO 'U, =
= —v (B3aumMHOCTH TpeobpazoBanmii JIopeHna).

[Tpeobpa3oBatsi KOOPIUHAT MTPUMYT BU/T
’U.'l"
z=A(z' +ot'), t=A (t’ n 0_2) . (12.15)
[TopcraBus Boipaxkenue (12.15) B (12.14), nmeem

2 1
= A? (m'-l—vt'—vt'—vf),

C

OTKY/Ja I0CJe COKPAIIEeHUH MOy YUM
1

A= —— | (12.16)
\/1-— v2/02
OxkoHuaTesibHO peobpa3oBanust JIopeHa MpuMyT BU/L
/ xr — vt / ’ ’ t— v:c/02
=, Yy =y, z=2z t=—— (12.17)
\/1—1}2/02 \/1—1}2/02
nJjaun
’ ’ / 2
o=ttt Y T L TRT)

\/1—122/027 P \/1*”2/‘32.

2. B kjaccuieckoit MexaHuKe IMPOCTPAHCTBO U BPeMsl PaCCMaTpU-
BaIOTCsI KAK MOHSITHsI, HE3ABUCUMBbIE JPYT OT Japyra. VI3 mpeobpa3osa-
unii JIopeHIja BbITEKAET TE€CHAsT CBA3b MEXK/Y MPOCTPAHCTBEHHBIMU
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1 BPEMEHHBbIMU KOOP/IMHATAMU: He TOJIBKO MPOCTPaHCTBEHHbIE KOOP-
JIMHATBHI 3aBUCAT OT BPEMEHU (3TO MBI UMEJH U B ITPe0OPa30BaHUSIX
lanuiiest), HO U BpeMsl 3aBUCUT OT HPOCTPAHCTBEHHBIX KOOP/UHAT,
a TAK>Ke OT CKOPOCTH JIBUXKCHMS CUCTEMbI OTCYCTA.

3. [Ipeobpazosanus JlopeHna u pesIITHBICTCKUI 3aKOH CIIO’KEHUS
CKOpOCTEil COOTBETCTBYIOT NPUHIUITY UHEPLIUU.

HeiicTBUTEIBHO, €C/IN TeJIO ABUKETCS PABHOMEDHO U NPSIMOJIH-
HEHO OTHOCUTEJILHO OJIHOW WHEPLMAJILHON CUCTeMbI OTCYeTa (CKa-
JKEM, OTHOCHUTEJILHO BarOHa), TO OHO By/JeT IBUraThCsI IPSIMOTMHEHHO
¥ PABHOMEPHO OTHOCUTEIBLHO JII000M APYTroil MHEPIUAILHON CUCTEMBbI:
u3 u' = const u v = const caeayer, cormacuo (12.11), uro n u =
= const.

§12.7. Jiuua orpeska

1. [TycTh cTeprKeHb PacToioykKeH MapaJslieJlbHO 0CH abCIUCC U To-
KOUTCS B CUCTEME OTCUeTa Ty 2 (HApUMep, Ha 3eMHOIT TOBEPXHOCTH ).
Ero asuHy B cucTeMe OTCYeTa, OTHOCUTEIbHO KOTOPO# OH TOKOUTCH,
obosHaunm ly = o — 1 (cM. puc.2.2). B cucreme orcuera x'y’z’,
JBUKYIIENHCS OTHOCUTENLHO CUCTEMBI TYZ CO CKOPOCTBIO v (HAPHU-
Mep, B BaroHe), JJIMHA CTEP>KHSA | onpejesisiercs Tak: | = xf — x| npu

yenosun th = t}. U3 npeoGpaszosanuii Jlopenna (12.18) caeayer

m'2+vt'2 m'lJrvt'l
€r = —F—7—, 1= —F/7—
\/1—1}2/02 \/1—1}2/02
OTCIOJIA
! ! ! !
— to — 1
gy —x = 2 mtvlta—t) (12.19)

\/1—112/02 .

[Tonoxxus mo ycosuio th = t), umeem

l=1lpy/1—2v2/c2. (12.20)

2. HasoBem pyuHy CTep>kHsI B TOH CHUCTeMe OTCYETa, OTHOCHU-
TEJIbHO KOTOPOI OH MOKOWTCs, cobemeennoti daunot lg. V3 (12.20)
ciaefyer, 4TO [JIMHA CTEPXKHsI B JIIODOW JPyroil CUCTeMe OTCYeTa,
OTHOCHTEJILHO KOTOPOH OH JABUKETCsI, MEHbIIle COOCTBEHHOMN AJTUHBI.

3ameTum, YTO B PA3HBIX CUCTEMAX OTCYETA, JBIKYIIUXCS C Pa3-
HBIMU CKOPOCTSIMU OTHOCHTEJIBHO TOW CHCTEMbI OTCYeTa, B KOTOPOi
CTep:KeHb MOKOUTCSI, JIMHA 3TOTO CTEPXKHSI Pa3iudHa. A oTcioga
SIBHO BBITEKAET, YTO PEJISITUBUCTCKOE U3MEHEHUE JJIMHBI He BbI3BAHO
HUKaKAMH 1ehOPMALUsIMU CTEPXKHS (MM JAPYTUMH aHAJOTHYHBIMU
nporeccamu).
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§12.8. IIpomexxXyTOK BpeMEHU MKy /IByMsI COOBITUSIMU

1. JItobble siBAeHUSsI, MPOUCXOSAIINE B MPUPO/E, HA3BIBAIOTCS CO-
ovimuamu. Ilycts B Touke A, rie HaXOAUTCs MHTEPECYIoIee HAC TEJIO,
B MOMEHT BpPeMEHU t1 MPOUCXOJUT HEKOTOPOe COObITHE, & B MOMEHT
BpeMmeHu to — apyroe cobbiTre. Torgaa mpoMeXKyToK BpeMeH! MEXKTy
ITUMHU COOBITUAMU Ty = to — t1. DTOT IPOMEXKYTOK BpEMEHU U3MEPEH
B CUCTEME OTCYETa LY Z, CBI3aHHOI C UCCIIe/lyeMbIM TeJIOM (cobcmeen-
Hoe epema). Haiiiem npomMeKyTOK BpeMeHH MeXK/y 3TUMH >Ke COObI-
TUSAMU B cucTeMe otcyera x'y' 2’| ABUKymeicss OTHOCUTEBHO TY 2 CO
CKOPOCTBHIO ¥ (BJIOMIb OCH abciuce).

Ucnonbayst Bipaskenue (12.17) u yuurbiBasi, 94T0 COOBITHSI TIPO-
UCXOJISIT B OJHOM Touke A, T.e. 9 = X1, UMeeM

N A Sk S ™ 12.21
2 \/171)2/c2 \/171)2/c2 ( )

Mpbr mostyunsu yHIaMEHTAIBHON BaXKHOCTH PE3YJIbTAT: NpoMe-
AHCYMOK BPEMEHU MENHCIY 08YMA COOLIMUAMY UMEEM HAUMEHDULEE
BHAYEHUE 8 cucmeme Omcyema, ceasannot ¢ moukot A, 2de npo-
ucxodam uccaedyemuie coboumus. B joboit npyroit cucreme orcue-
Ta 9TOT MPOMEXKYTOK BpeMeHu Oyzaer Gosbie. MHbIMEU ciioBamu, 6
0B8UNCYWETICA CUCTNEME OMCHEMA BPEMSA 3AMEIAAETNCA TIO CPABHEHUIO
C CUCTEMOit OTCYeTa, B KOTOPOH MPOUCXO/SIT COOBITHSI M KOTOPYIO MbI
MPUHSIA 33 HEMOJABUXKHYIO.

2. 3amejjieHre BPEMEHH B JIBUXKYIIENCS] CUCTEME OTCYETa, TO3BO-
JIsSIeT O0bSICHUTD OJTHO JIIOOOIIBITHOE SIBJIEHUE.

[Ton npeficTBHEeM KOCMUYECKOTO HU3JIy4YEHUsl HA TPAHUIE ATMO-
cdepbl BO3HUKAIOT YaCTHUIbI, Ha3biBaeMble mioonamu (cm. §83.3).
OTHU YaCTUIbl OOHAPYXKUBAIOTCS 3aTEM Ha MOBEPXHOCTU 3EeMJIH.
Tosmuua armocdepbr — nopsinka 300 km. Jlaxke B Tom ciiydae,
€CJIM MIOOHBI JIBUXKYTCSI CO CKOPOCTHIO, O4Y€Hb OJIM3KOH K CKOPOCTHU
cBeTa, BpeMsl MX JBIKCHHsI CKBO3b aTmocdepy — okomo 1073 c.
Mexay Tem OmbITHI HaJl MIOOHAMH MMOKA3bIBAIOT, YTO ITU YACTHUIIHI
HEYCTOWYMBBI W CAMOIPOU3BOJIBHO pacrmajaoTcs. Bpemst >KusHu
mioona 1076 ¢, T.e. B ThiCsSIUy pa3 MeHbIIe, YeM BpeMsi €ro JABHKCHHUsT
cKBO3b aTMocdepy K noBepxHoctu 3emyn! Kak ke coryiacoBaThb 310
KaXKylieecsi mpoTuBopeune?

Oka3zbIBaeTCsl, HIKAKOro MpoTUBOpeUns 3/1ech HeT. /lelicTBuTe b-
HO, B CHCTEME OTCYETa, CBJA3AHHOU C MIOOHOM, BPEMsl €ro >KU3HU
1079 c. Cucrema ke orcuera, CBsI3aHHAs ¢ 3eMJIeil, ABUXKETCST OTHO-
CUTEJbHO MIOOHA CO CKOPOCTBIO, OJIM3KOMH K CKOPOCTH cBeTa. B 3Toik
CHCTeMe TeMIT BpeMEeHM 3aMeJJIeH M MIOOH »KuBeT okoso 1073 ¢ —
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B ThICsA4Yy pa3 OoJbIlle, 4eM B CUCTEME OTCYETa, CBA3AHHONU C ITUM
MIOOHOM.

§12.9. IIpomexxyTOK BpeMEHH MEXKAY IIPUINHON
u ciaeacrBueM. VIHTEepBaJI

1. B npupome 9acTo BCTPEYAIOTCsT COOBITUS, CBI3aHHDBIE MEXKTY
co0oii OTpe/ie/IeHHBIM BHAOM CB$I3U, KOTOPYIO MbI HA3bIBAEM IPU-
YUHHO-CJIeACTBEeHHON. Tak, [Aj1g TOro 4ToObI MyJis MOMaJa B MUIIEHD,
HEOOXOUMO TPEABAPUTENHHO TPOU3BECTH BBICTPES. 3€Ch BBICTPE
SABJISIETCS TEM COOBITHEM, KOTOPOE CJIY>KUT MPUUNHOM, a [MOTa aHue
MMyJI B MUIIIEHb — CJ€/ICTBHUEM.

[1pu 9TOM HEOOXOTUMO OTMETUTD JBA XAPAKTEPHBIX CBOUCTBA ITO-
IO BU/IA CBSI3U MeXK/y SIBJI€HUSIMU:

a) BHavaJle BCer/ja MPOUCXOAUT COObITHE, KOTOPOE SIBJISETCS TIPH-
YUHOH, & y2>K 3aTeM — CJICACTBUC;

6) ecsim KakuUM-1M60 0OPaA30M yCTPAHUTDH COOBITHE, KOTOPOE CJIy-
JKUAT IPUYUHON, TO HE MPOU30HET U APYTroe COOBITHE, KOTOPOE SIBJIsI-
€TCs1 CJIeACTBUEM.

[TokaxkeM, 4TO, XOTSI B TEOPUU OTHOCUTETHLHOCTU BPEMSI B PA3HBIX
cHCTeMax OTCYeTa MPOTeKaeT MO-pPa3HOMY, MOCAeJ0BaTEJbHOCTb BO
BpPeMeHM MeKy MPUYIUNHON U CJIeJICTBUEM COXPAHSIETCs.

2. IlycTs B cucreme orcuera, CBSI3aHHON ¢ 3emJieil, BBICTPEST MPO-
U306 B MOMEHT BPEMEeHU 1] B TOYKE C KOOPAWHATON I1, a IyJIisd
roraJa B MUIIEHb C KOOPAWHATON T2

B MOMEHT BpeMeHH t2 (puc. 12.9). Cko- u
POCTB IIyJIH B 9TOH CHCTEME OTCYETA ‘. S
1
T2 — 1 '
U= : |
2o X1 0
Haiijiem mpomekyTok BpemeHu T X

MEXKAY 3TUMU 2Ke COOBITUSIMU B CUCTE-
Me OTCYeTa, JBUXKYIIENCA BJOJb OCU
abcruce co ckopoctbio v. 13 Beipaxenust (12.17) mosyunm

#_ g = (@ —a)/¢ _ b (1 _ ﬁ) (12.22)
\/1—v2/c? \/1—v2/c? ¢*

CKOpOCTD IyJIM % U CKOPOCTD JABUXKEHHUsT HOBOM CHCTEMBI OTCYETa,
v MeHBIITe CKOPOCTH CBeTa B BakyyMe. [losTomy 1 — uwv /c? asnserca
TIOJIOXKUTETbHBIM YHUCJIOM. 3HAK Pa3HOCTH th — t) coBmagaeT co 3Ha-
KOM pa3HoCTU tg — 1.

Ho t5 > t1, MOCKOJILKY B CHCTEME OTCUETa, CBSI3aHHOM ¢ 3eMJeii,
myJisl [OMNaJa B MHUIIEHL NOCAE 8bicmpend. A mosToMy U B JI000i
APYroii cucreme orcuera th > t].

Puc.12.9
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NTak, X0TsI TPOMEXYTOK BPEMEHH MEXIY ABYMsI COOBITUSIMU
B Pa3HBIX CUCTEMAaX OTCUYETA PA3JIUYCH, 60 BCET CUCTNEMAT OMCHEMA
cobvimue, ABAANOWEECA NPUNUHOT, NPOUCTOOUM PaHdUWE CObLIMUSL,
KOMOPOE ABAAEMNCA CACICTNEUEM.

3. IlpeacraBum cebe aBe Touku mpoctpancTsa M, u Mo ¢ Koop-
IOUHATAMU T1, Y1, 21 U T2, Y2, 22. B MOMeHT Bpemenu t1 B Touke M7
MTPOUCXOIUT HEKOTOPOE COOBITHE, B MOMEHT BPEMEHHU to B TOUKe Mo —
npyroe cobbiTue. PaccTosinue Mex 1y TOUYKaMu

L=V(z2— 1)+ (y2 — y1)% + (22 — 21)?, (12.23)
MMPOMEXKYTOK BPEMEHU MEXK/Ty COOBITHSIMU
T =ty —t1. (12.24)
HHmepGa/LOM MeEX/Yy ABYMs CO6I)ITI/I$[MI/I Ha3bIBaC€TCA BEJINUUHA
s=+/c2r2 -2, (12.25)

[Tonb3ysich mpeobpazoBanusimu JlopeHiia, MOXKHO TOKa3aTh, YTO
UHMEPBAA ABAAECMCA UHBAPUGHMOM: 3HAUECHINE UHTEPBAJIA HE MEHsI-
€TC4 MPU Mepexo/ie U3 OJHON NHePIUAJbHON CUCTEMBI OTCYETa B JPY-
rylo, T. €.

s’ = s =inv. (12.26)

4. VlutepBaJt Ha3bIBACTCS 6peMeHUn0dobHbim, ecin ¢>12 — 12 > 0,
T.€. § — JAeHCTBUTENbHOE Yucy0. B 3TOM ciydae MOXKHO € TOMOIIBIO
HEKOTOPOr0 CUI'HaJIa, CKOPOCTh KOTOPOro u > [ /T u B TO ke Bpemsi
u < ¢, IepeJaTh U3 OMHON TOYKU B APYTryi0 HH(MOPMAIIUAIO O TOM,
49T0 B TO4Ke M| B MOMEHT t] MPOU30III0 HEKOTOPOE COOBITHE, U ITO
CTaHeT U3BeCTHO B TouKe Mo paHbIlie, 4eM B Heli B MOMEHT BPeMeHH o
MPOU30iiIeT BTOPOE COObITHE.

Takum obpazom, ecju /1Ba COOBITHSI CBSI3aHBI BPEMEHUITOTIO0HBIM
UHTEPBAJIOM, TO MOXKET OKa3aThCsl, YTO ITU COOBITUSI CBSI3aHBI MMPU-
YUHHO-CJIE/ICTBEHHON CBs13bi0. UuTaTesb jerko ybeauTcsi, YTO pac-
CMOTPEHHbIE BBIIIE COOBITHSI «BBICTPEJI» U «IIOMAJaHUe My B MU-
[IEHb» CBSI3aHbI BPEMEHUITOTOOHBIM HHTEPBAJIOM.

M HTepBa HA3BIBACTCS NPOCPAHCMBEHHONOOOOHBIM, €CIIH c2T2 —
— 12 <0, T.e. s — munMoe uncyo. HerpyaHo y6equThcsi, 4TO B 9TOM
caydae He CyIIeCTBYeT CUTHAJIa, KOTOPBIA MOr Obl mepeaaTs uHGOp-
MalMI0 U3 TEPBOH TOYKHU BO BTOPYIO /10 TOTO MOMEHTa, KOT/a Mpo-
u3oiimer BTOpoe cobbiTre. B camom jese, eciau Obl TAKOH CUTHAJ
CyIIECTBOBAJI, TO €0 CKOPOCTh ITPEBOCXOIIa ObI CKOPOCTH CBETA, B Ba-
KyyMe, 94To HeBO3MOKHO (cM. § 12.5). A 310 03HauaeT, 4TO COObITHS,
CBSI3aHHBIE MPOCTPAHCTBEHHOMOOOHBIM HHTEPBAJIOM, HE MOT'YT OBITh
CBSI3aHBI MPUYUHHO-CIECTBEHHOMN CBS3bIO.
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§12.10. CooTHOIlIeHNEe MeXJAY PeIATUBUCTCKOM
¥ HbIOTOHOBCKOI MeXaHWKOMU

1. HpioToHOBCKast MeXaHMKa W, B YaCTHOCTH, MPeoOpPa3oBaHMsI
lanuess OCHOBBIBAJIUCH HA JOIMYIEHUN, YTO BO BCEX CUCTEMAX OT-
cyeTa BpeMsl MPOTEKAeT OJMHAKOBO. BbIlle MBI MOKa3aju, 4TO 3TO
JIOMYIIeHNEe 0 CYIEeCTBY HeBepHO. FICTeCTBEHHO, BO3HUKAET BOMPOC:
KaK MOIJIa 9Ta TEOPHUsl B TeUYEHHME HECKOJbLKUX BEKOB YCIEIIHO IPU-
MEHSIThCSI Ha, MPAKTUKE U JaBaTh NPASULbHbEe pe3yabTarsi! Bosee
TOr0, U B HACTOSIIIIEE BPEMSI MBI C YCIIEXOM BeJIeM pacdeThbl JBUKEHUST
HeOECHBIX TeJI, KOCMUYeCKux kopabisieii, aBromobusieii, Cy10B u T. II.
Ha 6a3e 3aKOHOB HbIOMOHOBCKOT MELAHUKY, TIOIbL3yeMCsT TIpeodpa3o-
BaHUstMU [ajuyies1 — u Beerja nostydaeM oTyindHbie pesysibrarbl! Her
JIA 3/1€Ch KAKOT0-TO MPOTHUBOPEIUSI?

Oxka3sbIBaeTcs, HUKAKOro IpoTUBOpeYns HeT. Bee €10 B TOM, 9TO
[EPEYUCTICHHBIE TEJIA, IBUXKYTCSI CO CKOPOCTSMHU, 3HAYUTETHbHO MEHb-
IIMMHU CKOPOCTH CBETA B BaKyyMe. A B 9TOM CJIydae PeIsITUBUCTCKUE
GOPMYJIbI C TOCTATOYHON JIjIsi TPAKTUYUECKUX 1€l TOYHOCTHIO aB-
TOMaTUYECKH MEPEXOAAT B HHIOTOHOBCKHUE.

2. JeficTBUTENBLHO, TMYCTh TEJO JBUXKETCA CO CKOPOCTBIO ¥ =
= 10 KM/c OTHOCUTENILHO 3eMJH. DTO — CKOPOCTH KOCMUYECKO
pakerbl. OOBIYHO B MHXKEHEPHOU MPAKTUKE UMEIOT JIeJIO C TeJIaMHu,
KOTOPbIE JIBMXKYTCSI 3HAYNUTEJbHO MejajieHHee. CBsI?KEM C 3THUM TeJIOM
HOBYIO CHCTEMY OTCHYETa. TOYHbBIC COOTHOIIEHUSI MEXKY KOOPJAUHA-
TaMH U BpPEMeHEeM B 00eMX CHCTEMaX OTCYETA BBIPAXKAIOTCS C ITOMO-
b0 npeobpazoBanuii Jlopenna. OgHaKo HETPYIHO YOEAUTLCS, 9TO,
noNiL3y4Ch npeobpasoBanusivu ['anusest, Mbl TOJIy9UM MPAKTUYIECKA
OIMHAKOBBIE PE3YJILTATHI.

HeificTBUTEIbHO, B HAIIIEM CJIy4ae OTHOIICHHE

v’ 10t ) 9
— = —s ~ 10 .
c 3-10

CaenoBaresibHo, AJisi TOro 4Tobbl Beuuuny /1 — v2/c2 otau-
YUTH OT €AVHUIbI, HY>KEH U3MEPUTEIbHBIA MPUOOp, MO3BOJIAIONINI
U3MEPATH ¢ TOYHOCTHIO 710 AeBsaTr 3HadaiuX 1udp! Ha npaktuke mbi
MOJIb3YyEeMCsT 3HAYUTEBHO MeHee TOUYHbIMHU Tpubopamu. 1o ke camoe
MOKHO CKa3aTh O BeJITYHHE v/ ¢2 — OHa HeCyeCTBEeHHO OTJINYAeTCs
OT HYJISI.

Ho ecnu B npeo6paszosanusx Jlopenna momoxuts /1 — v2/c? =1

1 vu/c® ~ 0, ToO OHH ABTOMATUYECKU MepeiiyT B MpeobpasoBaHus
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lanumes:

Vi x — vt /
r=——=z—vt, t =

\J1—v2/c? \/l—v2/c2 \/1—172/02
Takum obpa3om, Tpu aHau3€e sIBJICHUHN, TPOUCXO/SIIIUX CO CKO-
POCTSIMU 3HAYUTEIHHO MEHBIIUMH, YeM CKOPOCTH CBETA B BaKYyyMe,
MOXKHO C YCIIEXOM TIOJIb30BaThCsi MpeobpazoBanusimu [anuiies:; cie-
IOBATEJbHO, U BCEMU APYyTruMu (hopMyIaMu HbIOTOHOBCKON MeXaHU-
ku. [Ipumenenue B aTux ciydasx npeobpasosanuii Jlopenia mact
MPAKTUYECKHU T€ K€ Pe3yIbTAThI, XOTsI BLIKJIAJAKY Oy Iy T 3HAUUTEIHHO
bosiee CJIOXKHBIMHU.

MbI moyduau NpUHIUNHAAILHON BayKHOCTU PE3YJILTAT: MEoPUA
OMHOCUMENDHOCTNU BKAOUAEM 8 CEOA HBIOMOHOBCKYI0 METAHUKY KAK
npedeavhvili CAYHAT METAHUKY ABAEHUTL, CKOPOCTD KOMOPHIT 3HAYU-
MEADHO MEHDUE CKOPOCTIU CBEMA 68 8AKYYME.

3. Ha sTom mpumepe BueH myTh pa3BuTUsl HAyKU. Bcsikas Ha-
y4Hasl TEOPUS OMMMCHIBAET HEKOTOPBIN KPYT sIBJEHUI C OIpeesIeHHOM
CTENMEeHbI0 TOYHOCTH, 3aBUCHIIEH OT yPOBHSI PA3BUTHS HAYKHU, 8 TAKIKE
OT YPOBHsI Pa3BUTUsl U3MepUTeabHON TexHuku. [Ipm nmanbHelinem
Pa3BUTHM HAyKHd MbI OXBATbIBaEM Bce OoJiee OOIIUPHBINA KPYT siBJIE-
uuii. OTHOBpEMEHHO BO3PACTAET U TOYHOCTh HAIINX U3MEPEHUIA.

Ha omnpenesiennom stame MOXKeT 0Ka3aTbCsl, YTO CTapasl TEOPUs
y>Ke HEe CMOXKET OOBbSCHUTH BHOBb OTKPBITbIE siBjeHUsl. BbIBombI
CTapoii TEOPUHU BCTYIISIT B MPOTHBOpEYNE ¢ HOBbIMU (hakTamMu. Tor-
1a, CO3/]aeTCsl HOBasl TEOPHsI, YACTO HA OCHOBE COBEPIIEHHO HOBBIX
npuniunos. OHAKO HOBasi TEOPUsi HE OTOPACHIBAET CTApYr0, KakK
3abnyxkaenne. OHa BKITIOYAET B ceOsi pe3yIbTaThl CTAPOil TEOPUHU KaK
MpeAeJIbHBIA CJIydail AJisi TOro Kpyra siBJICHUI, KOTOpble U Ipex/e
OMKCHIBAJUCH Y/TOBJIETBOPUTEIBHO. DTO TOJIOXKEHNE B HAYKE HA3bIBA-
eTCS NPUHYUUNOM COOMBEMCMEUS.

YHacTo KpUTUKA MPUHITATTUAILHBIX OCHOB CTaPOi TEOPUHU OKA3bIBa-
€TCsl I0BOJTbHO OOJIE3HEHHOI, MO0 HYYKHO MTPEO/I0JIETh MPEICTABICHHUS,
KOTOpbIE KaXKyTCsl «OUYEBUIHBIMUY, «CaMO CODOI pa3yMeomuMucs,
a modTOMY siKOOBI ucTuHHBbIMU. OHAKO PAHO UJIU TIO3/HO boJsiee mpa-
BUJIbHAsI TeOpusi Bcerga mobexkaaer. M mocieayommm moKoJeHUusIM
9aCcTO JaKe HEMOHSITHO, YeM ObLIN BBI3BAHBI MTPE/IIIECTBYIOIINE JUC-
kyccuu. Tak ObLUTO U ¢ Teopueil oTHOCcUTEJbHOCTH. Fe mosiBieHne
BbI3BaJIO OypHYIO AucKyccuio. MHOTMe ydeHbie, He CyMeB OTKAa3aThCs
OT MPUBBIYHBIX IIPEICTABJIEHU, He TOHSIN ee cymHocTu. Peakiu-
OHepbl BCEX MacTell TIOBeJIM C Hell 0XKeCTOUeHHYIO O0phOY, MbITAsACH
MPEJCTABUTD €€ KaK MTPOTUBOPEUAIIYIO «3IpaBOMY CMbICTY». OHAKO
majbHelillee pa3BUTHE HAYKHU MOJHOCTBIO MOATBEPAUIO UCTUHHOCTD
KaK €€ MUCXOAHBIX MOJIOXKEHU, TAaK 1 BCEX €€ BbIBO/IOB.

t—v:v/c2 . t(l—vu/c2) ~ ¢
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I'nmasa 13

NMMIIVJIBC 1 CJIA B TEOPUN
OTHOCUTEJIbHOCTHA

§13.1. PeasarmBHUCTCKUII MMIIYJIbBC

1. PaccmoTpuM, Kak 6yaeT ABUraThbCsl TEJIO MO AeACTBHEM IO-
CTOSIHHOM CHJIbI B IPUOJM>KEHUN HBIOTOHOBCKONW MexaHuku. /[lis
VIIPOIIEHUS JAJBHEUIIINX PACUYETOB MPEATO0XKNUM, dTO mipu t1 = 0
HavaJbHasl CKOPOCTh 1] = 0, T. e. TeJIO HE UMeeT HAYaJbHONH CKOpPO-
cru. Torma ocHOBHOI 3aKOH AUMHAMUKY (7.2) pUMET BU.

mu Ft
F=—"  wm u=—. (13.1)
t m
[Tpu npeanosoxenuu o nocrosincrse cuibl a = F/m = const. Cie-
JIOBaTEJILHO, CKOPOCTh TeJjIa MPsIMO MPOMOPIMOHAIbLHA BpeMeHu Aefi-

CTBHSI CHJIBI:
u = at. (13.2)

A 9T0 03HAYAET, UTO MPHU TOCTATOYHO JJUTEJHHOM BO3IEHCTBUM TO-
CTOSTHHOM CUJTBI HA TEJIO CKOPOCTDb €ro IBU2KEHHUS BO3PACTAET HEOTPa-
HUYEHHO.

2. DTOT pe3ybTaT MPOTUBOPEUUT TEOPUU OTHOCUTENBHOCTH. Jleii-
CTBUTEJBHO, OAWH U3 beHﬂa,MeHTa.HbeIX BBIBOJOB T€OPUU OTHOCHU-
TEJLHOCTH TJIACHUT, UYTO HUKAKOE Mme-
A0 HE MOdHCEM 08U2GMBCA CO CKO-
pocmvio, npesocrodsulet cKopocmv
ceema 6 saxyyme (cm. § 12.6).

Taxum obpasom, Ham ciegyeT 2 qh-
mpeobpa30BaTh OCHOBHOM 3aKOH [U-
HAMHMKH, YTOOBI BBIBOABI U3 HEro |6
COTJIACOBBIBAJIMCH C BBIBOJAMHU TE€O-
puu orHocuTenbHocTu. OkaswiBaer- 1,2
Cs1, 9TO JIJIs1 ITOTO HEOOXOMMO CUH-
TATb, YTO PEJATUBUCTCKHI uMImyane O8]
3aBUCUT OT CKOPOCTH HECKOJBKO 60-
Jiee CJA0XKHBIM 00pPa30M, 9€M B HbBIO-
TOHOBCKOH MeXaHUKe: ! !

02 04 06 08 B=u/c
p=Tmu=- "% (13.3)

\J1—u?/c? Puc.13.1

p, yciL. efl.

2,4

0,4+
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3ameTuM, 4TO Mpu U <& ¢ Mbl BEDHEMCS K TIPUOJINYKEHNUI0 HBIOTOHOB-
ckoii mexanuku (7.3). ['padudeckn 3aBUCHMMOCTH PEJIITUBUCTCKOTO
U KJIACCUYECKOT0 UMITYJIbCa OT CKOPOCTHU MOKa3aHa Ha puc. 13.1.

3. Beanuuny

(13.4)

Oy/1eM Ha3bIBATDH PEAAMUSUCTNCKUM Parmopom. 31eChb 4 — CKOPOCTh
JIBUKEHHUST TeJIa OTHOCUTETHHO BBIOPAHHONH WHEPIIHATBLHON CHCTEMbI
orcyera. BoiBog Boipaxkenust (13.4) nan B § 15.8.

4. Beanuuny

Mpen = I'Mm =m 1-—
C

Ha3bIBAKOT pe/mmueucmcnoﬁ MaCCO’lj, a m — Maccoil nmokos (I/l 0003HAYAIOT ee
epes m()), ubo oHa U3MepeHa B CUCTEME OTCUYETa, OTHOCUTEJIIBHO KOTOpOﬁ TEJIO
nokouTcsi. Ml JaJiee 3TUMHU TEPMUHAMU MOJb30BaThCA HE 6y,11eM.

§13.2. OcHOBHOI1 3aKOH JJUHAMHUKHN B TEOPUU
OTHOCHUTEJIbHOCTHU

1. OcHoBHolt 3akoH auHamuku (7.4) coxpaHsieT cBOO (hopMyJu-
POBKY — CUAG PAGHA NPOU3EOOHOTE UMNYABCA NO SPEMEHI:
dp _ d(I'mu)

[Tokaxkem, 9TO NP TAKOH 3aIUCH OCHOBHOTO 3aKOHA MHAMHUKH
BBIBO/IbI U3 HErO HE MPOTUBOPEYAT TEOPUH OTHOCUTETHHOCTH.

2. Tlpu Tex ke MPe/IOIoKEHUSIX, KOTOPbIe ObLIN C/Ie/IaHbI BbIIIE
(F = const, t; =0, u; = 0), umeem u3 (7.2)

p=rv___ mv 13.6
¢ t\/l—u2/c2 ( )

[MTonoxkus F'/m = b = const u pemus 370 ypaBHEHUE OTHOCUTEJHLHO
CKOPOCTH U, TIOTYYUM

bt

Jiree /e

3. Uccnenyem momyyennslit pesyibraT. [Ipu goctaTouHo Masibix
MPOMEXKYTKaX BpeMeHU Tpou3BejieHne bt 3HaYNTEIbHO MEHbIIIE CKO-
POCTH CBETa B BaKyyMe; cIejoBaTeabno, b2t /c? < 1, u mpubuxKen-
HO

(13.7)

u =

u ~ bt.
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Wtak, Mbl MOIy9u/iv KJIACCUIECKOE MPUOINKEHNE KAK TPEeIe/Ib-
HBIA ciy4dail MeJJICHHBIX JIBUXKCHUIA.

[Ipu AAUTEIBHOM >Ke JAefiCTBUM MOCTOSTHHON CUJIbI BeJIMJuHa, bt
MOKeT CTaTh 3HAUUTEILHO Gonbine ¢; Toraa b%t2 /c? > 1, u npubm-
JKEeHHO

bt
UR ——— = C.

N

Takum 06pa3om, NpH JJIUTEJLHOM JIEHCTBUM MTOCTOSIHHON CHJIBI
CKOPOCTNG MEAG CIMPEMUMCA K CKOPOCTNU C6EMA, & HE BO3PACTAET
HEOTPaHUYEHHO, KaK 9TO CJIEJ0BAIO U3 3aKOHOB HBIOTOHOBCKON Me-
xaHuKH (cM. puc. 13.2).

§ 13.3. CoorHoillleHne Me2K/1y HbIOTOHOBCKOM
U PeJISSTUBUCTCKON JTMHAMUKOMN

1. B § 12.10 66110 OKa3aHO, YTO TEOPUsI OTHOCUTETLHOCTH HE OT-
MEHSIET HbIOTOHOBCKYIO KHHEMATHUKY, 8 BKJIIOYAET ee B ceOs1 KaK mpe-
JEJIBHBIN CiTy4dali MeJIeHHBbIX aBrKeHuli. Pe3yibTars! npeabiaynero
naparpada TpuUBOAAT K BBIBOAY, YTO TAKOE XK€ IMOJO0KEHUE UMEET
MECTO U B AMHAMHUKE. A UMEHHO, MBI IIOKA3a/Ii, ITO IIPU JOCTATOTHO
MeJJIEHHBIX JBUXKEHUSIX BIIOJIHE JOIIYCTUMO I0Jb30BaThCsl (POpMYyJia-
MM HBIOTOHOBCKOM MEXaHUKH, [TPU aHAJN3€e »Ke OLICTPBIX ABUKEHUIMA
MPaBUJIbHbIE PE3YJILTATHI JIA€T TOTBKO TEOPUsT OTHOCUTETHHOCTH.

[Toipobyem Gosiee TOUHO BBECTU KPUTEPHUIA TOTO, KAKUE [IBUKEHUS
CaeyeT CIUTATh MEJJICHHBIMU, 3 KaKne — ObICTPhIMU.

HomycTum, 94T0 anmaparypa mo3BoJisieT MPOU3BOAUTh U3MEPEHU
BEJIMYMH C TOYHOCTHIO JI0 N 3Hadanmx mudp. Torma, eciau oTHOCH-
