l. 4. 3sepes
DUIUKA

be3

MexaHuku HeloToHaq,
be3

TEOpPUN DUHLUTENHA U
63 saemmse

R ES LI A T2 A

HO Novannd Jorouc!..

%&o& ML JFJ": @

Apncsosin

URSS



I. . 3BepeB

PUIUKA

6es

mexaHuku HeloToHaq,
6es

Teopun JUHIITEMHA U
6es

npuHLMNA
HGUMEHbLLLIEro RencTBns

Waganmne Tpetse,
nepepaboraHHoe 1 OoNONHeHHoe

MOCKBA @

URSS




BBK 22.21 22.3ur 22.30 22.313

3sepen Teoprait fAxornennd

Duinka 6e3 mexammkr Huiotona, 03 reopun Difmmveiinz H 6e3 npHHIMNA Bas-
Mennmero Aelicteua. Man. 3-¢, nepepab. u ron. — M.: Uyareascteo JIKH, 2007..
136 ¢. (Relata Refero.)

B Hactosmei paborc NpeInoXeHa HOBasi MEXaHWKA, OCHOBAHHASL HA TIPUHUIUITU-
A;ThHO HOBOM KOHIIENUMY — KOHLETIIMKM YCKOPSIEMOTO Tea i Te1a-yekoprrens. Hopast
MCXAaHHKA MOCTPOCH3 B (POpMe TIPWHLUIIOB B3auMONCHCTBHS aBYX Ten. [IpMBImmm
OMMPAIOTCH Ha YHUBEPCATbHBIC 3aKOHBI COXPAHEHMA DHEPTUM H MMIIYALCR, TO3TOMY
PaCPOCTPAHAIOTCS HA BCE BUIOLI MATePHU.

Mexarvka Hhiorona sisasercd OOLICTPH3HAHHLIM (yHIAMEHTOM BCEH COBPEMEH-
HOH ¢u3nku. Ho oHa npencrasiser coboi TONBKO YNPOILEHHEH BADUAHT HOBOH MeXa-
HHKH, MO3TOMY HE MOXeT PelliiTh HEKOTOPHIC NPUHIMIHATBHAIC 321294 CCTCCTBOIHA -
Hud, Hoeag MexaHuKa 6osiee TOTHO OMUCHIBAET PUIMUECKHUE ABICHNA, JIOITOMY IPOCTO
M ECTECTBEHHO PACKDBIBACT NPHPORY ABIEHMWIH, MMEIOINAX DYHIAMEHTATEHROE 3HA4YEHUE,
HATIpUMED, PE3OHAHCA KONEGATCISHOTO M OCTYMATEIRHOMV, PE3OHAHC2 B MHKPOMUPE,
TPUHLMIA OTHOCHTENIbHOCTH, MPUHLIMITA HAWMEHBLIETO AEWCTBUSA, TIEPBOTO U BTOPOID
Havyal TEPMOAWHAMHUKIY, OCHOR KBAHTOEOH MeXxaHuKW. HakoHel, mawe cama McXawmka
HBI0TOHA €CTECTBEHHO «BbIBOIHTCH» U3 HOBOM MEXaHUKM KAK ¢€ YaCTHBIA Coryqait.

Hacrosmumas pabora mpeanaraetcd B KayecTBe COBPEMEHHONO YHHBEPCANTLHOIO
DUIMKO-MATEMATHYECKOTO MHCTPYMEHTA 1S PCIICHUS NPaKTUISCKHX 33124, Hepaspe-
UIMMBIX B PAMKAX UMEIOLIUXCA cefyac QHIMYeCKIX NPEACTARICHHNA.

Ha obnoxxe:
PENpoRYKuMst KapTHHB M. K. Swepa «Boponams (1961)

Hanareamereo JIKH. (17312, r. Mocksa, np-T 60-1eTs1 OxTa6pa, 9.
®opmar 60 x 90/16. [ew. 1. 8,5. 3ax. Ne 942,

Orneyarano 8 000 JIEHAH». 117312, r. Mocksa, np-T §0-1etus Ox1a6ps, . 11A, c1p. 11.

ISBN 978-5-382—00124—1 © I 4. 3sepes, 2001, 2007
© Uzparesmctso JIKHA, 2007

HAYUHAR W YYEBHAR IMTEPATYPA
E-mail: URSS@URSS .iu 4961 ID 53835
Karanor uaganvi 8 Viirepuere:
http://URSS.ru
Tan./daws: 7 (485) 135-42-18
URSS Ten./tparc: 7 (495) 135-42—46 785382000124 11>

Bce mpapa sawmuicHnl. Hukakad 9acth HacToduiel KHUTH He MOXeT 6bITb BOCHDOWSBEICHA
WM mepesana B Kakoit 6b1 10 Hu 66110 dopMe n xaxuMU 6l To MM 6RUIO CpeaCTRAMM, 6YIL TO
VICKTPOHHEIC WM MCNAHMYECKHE, BKGTIONAA DOTOKOIMPOBAHHE M 3aITHCh HA MATHWTHBIA HOCHTED,
8 TaxKe pasMemenye B MrTepHeTe, €CM Ha, TO HET MHCBMEHKOTO PA3pCHICITHS RIANENAbIER.



OznasneHue

OTMIABTEIIBCTBA 4 . o v 4 v o s e v a s s v e s oo oo s v oo asouns oo

BBROECHHUE . . . . . . i i v ot st oo s o s at s oo a s e st oo

§1.
§2.
§3.
§4.
§5.
§6.

§7.

§8.
§9.

§ 10.

§11.

§12.

§13.

§ 14.
§15.

Mprpoaa NMPOLIECCA YCKOPEHUATEN & v v v v v e e v v v o v s a v s
Ab6cTparTHas MOAEb B3aHMOAEVICTBHA ABYX T « « o v v v v o 4 »
YpaBHeHHe BIaHMOASCHCTBHA ABYX TER & o v o o o s o s a s s s s«
PeacHaHCHBIA 3AXBAT SHEPTHHM « & « 2 4 o o =+ s o v = s = 4 o s o s o s
PUIHUCCHRHE MOABITH + + v + ¢ ¢ o v e a o o & &

BaaumMogeiicTeue npu my 3> Mmy. HHepuus noros.
PaeroycropenHoe asuskenne. floTeHunanoHas sHeprus . . . . .

BaanMogeAcTBHE TeN HNPH My = My, [IpHHIMIT Cyneprio3numH.
«BonHbl AOMUHON. TeMnepaTypPa Cpeabl . .« o = v« v s o v 0 o s

Ynpyrocrs. Konebanne. MHepuus ABHMREHHS. Ocumumi'op Ce

[haeHLIR MapaMeTp ABJIEHUA B3aHMOAEWCTBUS ABYX Tes.
Yro Taroe =aHeprus». YeMy paBHa peanbHas SHEPTHS YacTHLbI,
Maurna MexaHHYeCRaf M MALLMHA TEIIOBAR . « . o 4 ¢ 2 4 o + « &

Pusnueckue CBOHCTBA CBSI3KH. YNpyras CBA3Ka B MEXaHYKE.
Cesi3Kka riepeMeHHOH ANHHbI B MUKpOoMUpe. YenosHe [naHra.
NocTtosinHas MNnanHka. AMHaMHueCRM NPHHLMIT B3aUMOAEHCTBHS.

‘KuHeMaTuecRUi MPHHLMIT B32HMOAGHCTBHA . . . . . v o v v . .,

Cunbt B MexaHpke, PU3anyeckas CynIHOCTb CHIbI.

Cwia «geTpa» yacTuu, Cuna MHEPLMH JBWREHHA.

Cuna rpasuraumn. Crna ynpyrocTy.

AansHoaeicTBre. BAM3KOAEACTBHE . . . o . v v i v L.

MNpononmuTenbHoe ycrRopeHHe Tera. MakcUMasbHO MOLHOe
ycropenue. [opka lokrenca. ONTHRO-MeXaHHUECHHE 2aHANOTMH
[aMHAbTOHA. TeopHsa OMTHMABHOTO YIIPABICHHS! . . & o « . . . .

Pe3oHnaHcHoe yckopeHHe Ttena ¢ obpaTHOH ¢cBA3bIO.
PesoHaHCHast CNeasilI@s CHCTEMA « o v v o o o o ¢ 6 6 o s 0 s o o s

[TpHHUUNDI B3aHMOAEHACTBHA TEJL « « & o v« = o v s s v s v mu o

NpHHUMNEI B3aHMONEHCTBUS TEN
W Mexanuka HpioToHa. Hopas MexaHuka . . . . . . . C e

12
13
15
16
18

20

24

26

29

32

38

41

48
51

52



4 Oznasnexue

§ 16. TpuHLWNBL B3AUWMOAEHCTBUA TEN
M OpHHLMN oTHocuTensHoct [anmaes . . . ... . ... ...... 59

§17. Y MCTOROB TEOPHH OTHOCHTE/IbHOCTH.
FpUHUMNB B3aMMOAEACTBHA TN

M TeOpHs OTHOCHTENbHOCTH JIopeHua « v v v v v v e v v e v ... 64
§ 18. BnexTpoanHamHyecrue ypasHeHus JlopeHua

B POMIH YPABHEHHA MEXAHHRH . + v v v v v v e v v v v v v v n s 11
§ 19. TNpuHUMMNbI B3aKMOAEHCTRUA T

1 cneypanbHas Teopyusi OTHOCUTENBHOCTH SHHIUTEHHa . . . . . . 76
§ 20. TepmoagmHaMnra. OT/HYME €€ OT MEXAHHKH . . . . . . . . s a . 82
§21. «TepmoanHaMuueckHit» cnocob

3aXBATA SHEPTHH YACTHUB! My TEJAOM My o « <« « = o = =« . ... 83
§ 22. Peanusauus TepMoauHaMHyecroro cnoco6a

3aXBATA SHEPTHH FOPAUHX MOMERYA . « + v 2 o 4 s v v o v o s s o . 86
§ 23. lMpakTHueckoe BOMIOLLEHHNE KTETLIOBLIX MAIUMHY . . . » . . . ... 86
§ 24. Pa6ora, coBepluaeMas MpH CsRaTUM rasa

(B3aMMOOEHCTBHE MPH My > Mr) . .« v o v v v v v v e vwen... 88
§ 25. Mepeaaya TerUIOTaI OT OAHOTO TeNa R APYroMy.

Bropoe Hauano TepMOAMHAMURA . . . . . . . . .. . ce...... 89
§26. KonebaTenbHoiil THI B3aUMOAEHCTBHS TN (My = 3My) . . . » . . 90

§ 27. Knaccnueckas repMoaHHaMHRA
M [PHHLIMIbE B3aUMOAEHCTBUA ABYK TEM & « o o v v s o s s o o0 0o 92

§28. Hosas MexaHukra B aToMHOM MUpe. Moaenb aBcTpaKTHOrO
aTOMHOro Tena. KnHemMaTHka aAsukeHUs aToMHoro Tena. [ivHa
Luara aTOMHOTo Tejla. KopnyCryASpHO-BONHOBOW AyanvaM
aTOMHOTO TeJla. YCROpEHHs aTOMHOTO Tefla CHiof.
KuHeTHuecKaa dHeprist aToMHoro tena. OTpaskeHne aroMHOro

TeJsia OT NpensTCTBHA. KBaHTOBaHWe 3HepriH aroMHoro teia . . 94
§29. NpHHUXNBI B3aHMOAGHCTBHS ABYX Te

M TEOPHSl RAHOHHYECRH COMPSIKEHHBIX BEJIMYMH [aMHIIBTOHA.

OCHOBB! RBAHTOBOH MEXAHHUKH . « « o v o s v o v o v v 0 v o v o v« 102
§ 30. BoaMylueHust B ynpyroii cpeae flanambepa. BosmyeHus

B HECIHHMAEMOH, YECTROM cpeae. BosHWRHOBeHME Macebl . . . . 108
§31. Bonna B ynpyroit cpeae. CropocTb pacnpocTpaHeHHst BOMHbI

B ynpyro#i cpege. BoaHa B srecTroH uenH. KecThas Bonda . . . 111

§32. Yro taroe smexaHuKas? JKecThui MUp aserTpuyecTsa . . . . . . 113



Oznasnenue 5
§ 33. PeaoHaHCHble SmieHHs Npu RojleBaTtensHoM

ABHsieRrH Tesia. COMNAacOBaHHLIA CHIHAM . . . v v v o v o v« . 114
§34. KoneGatensHble CUCTEMBL .« 4 2 v v v oo v s v a o oo aaanaa 117
§ 35. PesoHaHcHble siRneHwWs B 3bI6Ke. HoBbIM THM pe3oHaHca —

pe3oHaHC Ha cobcTBeHHbIX apro roneBaHUAX 3bl6KRH | . . . . 118
§ 36. Onpeaenenne 3akoHa cobCTBEHHBIX KONeBaHmi

CHCTEM CO MHOTMMM CTeneHAMMU CBoBoan . . . . ... . ... 121
§37. Cnocobbl GopMHPOBaHHWS (FeHEPALMU) 8pTO < « = v & « « o - . 122
§ 38. PesonaHcHoe BO3b6yskaeHue atoMa. Moaesnb aToMa.

KeanToBbIf pesoHaHc. KanmbposaHHbIi MMAYALE . . . .. . ... 123
§39. DucnepHMeHTaNbHad MpOBepHa

TIPHHUHTIOB B38HMOJEHCTBHA TN « v v o v v v s v 4 a s v s ¢ a . 126
§40. AHanuTHuyecrasi MpoBepRa NPHHLIMMOB

B3aUMOAEHCTBHA Te/l. 3aROH HbI0TOHA 0 pasHOYCROPEHHOM

ABHIKEHHU B HOBOM MEXAHMKE . . v v v 4 v o v o s s v o s o e . 128
§41. MuBoe. WM . . . L. L e e . 131
Jlutepatypa . .. ....... RN e e e e e e .132



Om usdamenscmsa

dta xHUra npogossxger cepuio «Relata Referos (mocmommsii mepe-
BOJ — PACCKASMBAIO PACCKAZAHHOE).

Ilox sTuUM rpudoM H3ZATEILCTBO NPEeXOCTABAAET TPUOYHY aBTOpaM,
qTo6HI BRICKA3ATH NMYOJMYHO HOBREI€ HJAeH B HaYKe, 0BOCHOBATH HOBYIO
TOYKY 3PeHMA, JOHECTHU RO OOILIeCTBA HOBYI UHTEPIPETAINIO0 U3BECTHHIX
IKCNepUMEHTANBHEIX JaHHBIX, etc.

B ciope pasHRIX TOYEK 3PEHUA TONBKO pelileRume Beamkoro cypsu —
BpeMeHRY — MOXKeT CTaTh PElIaIoIUM H OKOHYaTeaLHLIM. CaM ke nipomecc
noucka MCTUHR XOpOIIO XapPaKTepPHM3YeTCs N3BECTHLIM BHICKAZLIBAHUEM
Apucrorensi, BBIHECEHHhIM Ha OONOXKY HACTOAIEHA CEpUM: ABTOPUTET
VIUTENsT He JOJIKeH JOBJETh HAJ YIEHUKOM M NpPENnSaTCTBOBATE TMOMCKY
HOBBIX ITIyTeit.

Mul Hazeemcs, YTO nyOAMKyeMlie B 3TOM CEpHM TEKCTHI BHECYT,
HEeCMOTPS HA CBOE OTKJIOHEHUE OT YCTAHOBUBIIVXCSH KAHOHOB, CBOM BKIaJ,
8 nosHaHne UcTuHL.



Bsederue

Hanuoe HuaioTOHOM IIOHATHE CUALI, KAK HE3ARMCHMOM II 3/IeMeHTap-
HOI1 NepBOUPHMIUHE IBNKEeENA B IIPAPOLe, I'yfoxo yrkoperuaocs, Oauaxo
CYINECTBYIOT SABIEHUSA, CTABSILINE NIOK COMHEHME ¥ HE3aBHCHUMOCTh, H aJe-
MeHTapHOCTh cUnl. OaHuM u3 Takux saeienuit asaserca PE3OHAHC,
TPAJHUIIMOHHO CBASKBaeME ¢ Koaebaananmn,

PaccMoTpnM npunep pesoHaHcA u3 obnacty pagmorexHuKH. Ha awu-
TEHNY DAAWOOPUEMHUKE MPUXOAAT CHUIEANK OT PA3AUIHEIX DaZMOCTAH-
muit. OgHako KonebaTenLHEI KOHTYD PagUOLPHEeMHMKA DACKATUBAETCH
JIMIUIL TOABLKO OT CUTHAA CBOEH PAJUOCTAHIINMY, HA KOTODYIO OH HACTDOEH,
UTHOPUDYA ADYrue curHanul. IIpu aroM YyKHE CHUI'HANK MOTYT IIpEeBhI-
INATH CBOM CHTHAJ B TRICHYH pa3, HO KoJe6aTelbHLIH KORTYP HEM3IMEHHO
UX NTHOPHWPYeET, OTAaBad NpeXNOUYTEHHE CBOEMY CHUTHany. B aroM opo-
SIBJISACTCH ABJEHHE De3oHaHCcA. Ecrn nepeMeHHas JJIEKTDUYECKad CHIa,
KOoTOopas ZOMKHE 6ul B 1000M ClIyTae YCKOPATL 3apAAEI B KoaeGaTeILEOM
xouType. OgHako 310 ycKOpeHMe HACTyIaeT TONbKO a 0cofoM ciyuae —
npu pesonance. TaxyM oOpazom, cuaa He BCEPAa BLI3KIB3ET YCKODEHUE.

ITepegens NoAOGEBIX SBIeHUH MOYKHO IPOJOIMNTH M B O6JECTAX,
HUKAK He CBSA3AHHRIX ¢ KoNeGanusamn. Hanpumep, rpeber; B JOgKe fB-
CTBEHHO OIIyIaeT, KaX HMMEHHO CJERYET OTAABATh CROIO CHJY, ITOOH!
Toxka ycropsanack. He co3faB ycnOBHSI pesoHAHCHON mepegauut cpoeft
cuyinl, rpefen, He YCKODUT ABIKEHHE JOAKM M HAIPACHO MCTPATHUT CHJIBL
Ha BOSMYINEeHUE BOABl. AHATOTMYHO, A5 Pa3roHa caMoJieTa Tocje BajleTa
TNJIOT PeryanpyeT mar BO3AYIIHOTO BHATA AJA PE3OHAHCHOIO YCKOPEHHUS
Tsoxenod MampHw, Ilocae Tporanusa aBTOMOOMAA, IepeKaioYass mepeAa-
gy, modep obecmeviiBaeT DPESOHAHCHOE YCKOPEHUEe MACChl ABTOMOOmMsA.
Ecnn #e cobawogars yCIOBUA pPe3OHaHCA, HANIPUMED, TPOTATHCH HA BhIC-
el mepeaaye, JBHTATEIH IIPOCTO 3AIVIOXHET, XOTS MOITHOCTH ABHTATENS
OCTAeTCH HEeN3MEHHOI.

JdpyruM sBaemEiteM, HeOOBACHAMEM C NOSHINKA HEHM3MEHHOW CHJIB
HrioToHa, sanfeTcss Hepa3NWIMMOCTE MEXaHMIECKUX fABJIEeHUH, mpoTe-
KEIOLUX B NMOKOSIOMXCA M ABUKYINUXCA CUCTeMaX OTcueTa (BpMELMN
Tammnen). HecMoTpss Ha ABHYIO PUIHMIECKYI0 HECOCTOATENBHOCTH 3TOTO
IIPUHIMIG, CYTh ABJIEHNSA SO CUX [IOP OCTEETCH 3araJlKOoi IIPUPOAK U JaMe
NOCHYXUJa NPUIUHON CO3KAHUA CIELUAIBHOI TEOPUY OTHOCHTEIEHOCTH
OitHIOTe ! HA.

B npegnaraemoil pabore moxasaBHO, UTO B YIOMSHYTHIX «3arafKax
UPVPOALI¥ HOBUHEH CAM HMHCTDYMEHT HCCJIELOBAHMSA IIDUDOALI — Me-
xaHuKa HbloTOHA ¢ ee «HewaMeHRHo# cumoits. EcrecTBeHHO, MeXAHMKA
Hei0TOHA ¢ ee ¢HEeM3IMEHHOM cmioii», NPUMHNUNMANIRHO HE B COCTOSHUMN
OO'BACHUTE SBJAEHUA IDUPOARI, TIEe CUIA llepeMeHHa.



8 BsedeHue

Cuny B MeXaHWKe IIDHHATO HA3BIRATE HBIOTOHOBCKOIl. OpHaKo cam
HrloToH HUKOrja He UPH3LIBAJ BEPDHUTH B peansHocTs cuiel. O caurali,
9TO0 REIPA)KEHUEe AJS CHJ €CThE BCEero SIMINL MPABUIIO, COLNACYIoeecs
¢ KMHEeMATHIECKUMY OnuiTamMy. HBIOTOH He TOABKO BPeAIoXua hopMyTy
ciwial F = m - a, HO U npegynpegna, YTO HA 3TOM 3aKAHUYHBAETCS BCE
BO3MOJKHOe 3HaHue 0 Heil. [oBopa o cuire Tarorennsa, on mmeat: «IIpurun-
Hy 9THX CBOWCTB TATOTEHUSE sl JO CUX IIOP He MOI' BRIBECTH U3 ABJCHHI.
Bce ke, 4T0 He BLIBOJUTCA U3 ABJIEHUIA, JOJMKHO HAZKIBATLCS T'MITIOTE30M,
Ho runoresaMm MeradhnsmaecKrM, MeXAHUYECKHM CKPHITHRIM CBOMCTBAM
He MECTO B DKCHEPMMNeHTANsHOU (huinocodbun. I'unores 1 He M3MBIUIAIC.
JloBoaBHO TOTO, 9TO TATOTEHHEe Ha CAMOM Jeje CYIIeCTBYeT u jelfcTByeT
COTVIACHO W3/0KEeHHKIM HAMM 3aKOHAM M BIIOJHE XOCTATOSHO AJIA OOESAC-
HEeHMA JBMoKEeHRd BceX HEOeCHBIX Tel».

«Cuna HrioroHa» — 5T0 MOHATHE aO0CTPAKTHO-MAaTeMATHIeCKoe, 663
KaKoi-nm6o pusuueckoit cympoctu. IIoaToMy TOHATHO CTpeMJeHNE uc-
caegoBaTeei BOOOIME HCKIIOIHTE TaKyIo aGCTPAKTHYIO CHIIY M3 NIePEeYHA
OCHOBHHIX MoHATHH duauku. JlaraMbep cauray JABHXyNIMecd CBOHCTBA
«AKTUBHBIX» CUJI COMHUTEIBHEIMU: «5I OTKA34ICA OT ABHIKYIQUXCH IPHU-
9UH M TIOJTHOCTHI0 M3THAJ M3 MeXaHHAKH CHUJEHI, IpeAcCTaBIAIONIHe coboit
TYMAHHBEIE [OHATHA, CHOCOGHBIE PACIPOCTPAHUTHE MPAK B HAYKe, ABJA-
olneiica, oo cymecTBy, AcHoi B mouaATHOU». Ilyankape nmucan: <«Korga
YTBEPKIAIOT, UTO CAJIA eCTh IIPHIUHA JBUKEeHua — 310 MeTadusnka. Ecth
B YUEHHU O NBHMKYIMIMX CUIAX YTO-TO HempueMiemoe A yMa. CucreMma,
KOTODa# OCBOBOJUT HAC OT HHX, YiKe 3THM OAHUM ByzeT Jiydlne Haimens.
Jdeno He OrpaEVYMBAIOCHE TONBKO HACCHBHHIM OTDHIAHUEM CYINECTBO-
Bauusg cuiant, I, Tepn cosgan cBOW HOBYIO MexXaHUKY Ge3 IpUBAcueHuUA
NOBATHSA CHIEI. [Ipuannoii ABHMJKEHNs TeJ B MexaHuke lepua SIBIAIOT-
€SI «CKPBITHIE MACCEI®, CyOCTAHOUA KOTOPHIX T4 e, UTO M CYGCTaHIus
YCKOPSEMOTr0O MMH TeJia. )

Koneuno, cuny 13 MexaRuUK¥ yOHpaiu He U3 ¢3KOHOMUH» KOJNIEeCTBA
NOHATNIL (UTO B HAYKE IPUBETCTBYETCH) U HE M3-3a €€ «JIOKHOocTU», Cuny
«yOHpas» AJs TOro, 9Tobhl HOHATHL, PACKPHITE MEXAHUIM CHUIEI, POJIb CH-
JIBL KAX Tipugaunl yexopenus tex. Famuuasron, Kupxrod, Tepn (u apyrue
He YNOMSHYTHE 3AeCh €CTECTBOMCNMTATENH) CYIHOCTh CHUJIBI IEITANHCH
«BEIYIUTB» U3 COBOKYIIHOCTH (DYHALAMEHTANBHREIX IOHATHII; IOPOCTPaH-
CTBO, BpeMsi, Macca, o0befHHEAHKIX B HeKUil OIWMH «OCHOBHOI 3aKOH
MeXSHHKH (IPUPOILI)s .

Kax ¥3BecTHO, HONKITKM YCOBEPINEHCTBOBATh MEXAHWKY IPEAIIDPH-
HUMAJIHCHh X 0e3 «N3BATHA» U3 Hee HBIOTOHOBCKOM cuanl, Jlopennm, Ily-
aHKape, OHHINTEHH NPEAJIOKMNIMN CBOM TEODUM YAYYIIEHHS MEXaHHKHN
Hriorona. OgHaKO Bce 3TH TEOPHM GLLIU JIMITE ¢KOCMETHYEeCKUMM», 160
OHM HE 3aTParuBaJH OCHOBY MexaHUKM HiloToHa — ee «HEHM3MEHHVIO
cunys. IIo3ToMy Bce 0OHM HeM3GeXHO OKABKIBANHCHL TONLKO (HhOPDMATLHO
MaTeMATHYECKUMU YXHIIPEHUSI MY, BKOHEH, 3aNyThIBaIKM GUSHKY YyIoMdA-
HYTHIX ABJEHWIA.



BsedeHue 9

O6BeKTUBHOCTH PAJH HAKO OTMETUTH, ITO DUHINITENMH, ¥ TeM 6oJsee
Jlopenn u Ilyarkape, BOBce M He CTABUJIM 3a4aUy YCOBEPIIEHCTBOBAHUA
mexaduky Hpotona. OHM pa3pabaThIBAIM TEOPHUIO OTHOCHTENBHOCTH B
MeXaHHMKe M 3JIeKTPOZHHAMHKe, OCTABISA, KAK MM Ka3ajaoch, B HENPH-
KOCHOBEHHOCTH +HEM3MEHHYI0 cHay». HO peluuTs 3a4auy OTHOCHTENb-
HocTH Oes IepeMeHHOM CHIHW 06LEeKTUBHO HeBO3MOKHO. [loatomy omHm
HEBOJBHO M HedABHO, HO HEU3GeKHO, NMPUXOAMIN K HepeMeHHOM cuxe,
He oco3HaBasi 3Toro. OTciofa mogHasad HeDUSHUHOCTDH (¢3ayMHOCTEB») UX
VCOBEPINEHCTBOBAHHON MEXAHWKM,

MporouncieHHBe PU3NYECKHe ABNIEHIA TTOKA3LIBAIOT, 9T0 CHJIa, Neii-
CTBYIOIIAA HA TeN0, ¢aMa 34BHCHUT OT CKOPOCTH YCKOPAEMOro el TeJa.
Boiee TOro, ONKT NOKA3KIBAET, YTO BCETJA €CTh TAKAS PE30HAHCHAS CKO-
POCTh TeJNa, NPHU KOTOPOHM cuja GyAET MAKCHMMAJILHON, a IIPU ADPYroi
ompezeeHHON cKopocTH oHa Gyaer paBHa Hysxwo. Ho ecan cuna 3asy-
CHUT OT CKOPOCTH YCKODSIEMOro Tella, OHA CaMa AOJDKHA HeCTu B cebe
3TY «CKOPOCTb». A CKOPOCTh MOKET HMETh TOJBKO MaTEePUATHHOE TeJo.
CrepoBarensao, cmaa o0paayercs TONBKO MATEPHANLHLIMU YACTULAMH,
UMEWIONMU ONpeJeNeHHYI0 CKOPOCTh. OTO MOMKET OBITh HOTOK JaCTHI
WJIH NpoJoJabHEIe KoJe6aHuA B cpefe.

B coBpeMeHHO MexaHVKe abCcTpaKTHAH, ¢Mubuieckaa» cuaa Hulo-
TOHA, KAaK OPUYMHA YCKODEHMS Telja, Ha CIOBaX TAKIKE 3AMEHEeHAa Ha
MaTepHaTbHOE ¢BTOPOE TeX0», yckopAlomee nepeoe. OfHaro, NapaMeTpr
3TOro BTOPOro Teaa {(«CHUIkl») B YDABHEHNE YCKODEHHS IEepBOro Teja He
BOMIN. YPABHEHUSA ¢ YUYACTHUEM HLIOTOHORCKOMR CIJIRI OCTAJNUCEH HEILIGIe-
MKLIMU, ! ¢HOBAaA CUJIa» — BTOPOE TEJO — OCTAJIACh NYCTOM JeKIIapariuei.

TakumM 0b6pazoM, B mpeanaraeMoix pabore BaaMen mexaEuxku HeloTona
C ee¢ «BEU3IMEHHOM CHJIOK», YCKOPAIOMYIO MACCHBHOE TEJO, OPeAIOXKeHA
HOBAd MEXaHUKa, OCHOBAHHAS HA IPHHIMIMAJNLHO HOBOH KOHIEIINM;
KOHUENOUNA YCKODAEMOTO Tejla m Texa-yckopureas. Takoe pasgeneHue
GyHKIUA Tes, KOHEYHO, YCIOBHOE — 34eCh Tend B3AUMOAeHCTBYIOT KaK
PaBHOIDABHLIE aKTHBHBIE NIEMEHTH NpHpoabl. [fosTOMY HOBas MEXAHUKA
NnocTpoeHa B (opMe HPHHUMNOB B3auMoneiicTeua apyx Tei. IIpuanuint
OIHPAIOTCH HA YHUBEPCAIbHEBIE 3aKOHAI COXPARCHHUSA IHEPTHI ¥ NMITYILCA,
II09TOMY PacIpOCTPAHAIOTCH Ha BCe BUALI MATEPHM,

B npepraraeMeIX IPHHOUINIAX PACKPEIT MEeXAHU3M YCKODEHUS OJHOTO
Tena apyruM. MHave, pACKPNT MEXaHUIM CUNLI ~— MeXAHWSM NPHYIHHE!
YCKODEHNA TeNa: TeN0 ycKopsaercs renaoM. IloaroMy morsTue abcTpakTHOM
HBIOTOHOBCKOI CHUJIH 3I6Ch OKA34JI0CHh HeBOCTpeGoBaHHKIM. [ToHATHE CHIRT
B MIPUHITHTIAX B3auMoneH#CcTBIsI IBYX TNl OKA3aJ0Ch HEHYXHEIM, JUIUTHUM.

Camoit U3BBECTHOM CAJIOH ABAACTCH CHIA NPUTIIKEHUA (LJIaHeT, 3¢MAU,
Brepsrie «obRapy»xnis ee HbloTOH 1 Hamen 3aKOH ee XeHCTBUS — 3aKOH
BCEMUpPHOro TsroreHnsi. XaABCHIUIN SKCIEPUMEeHTANBHO MTOATREDAUI, UTO
IpHTsXeHUEe Macce Apyr K Apyry obfaano «cuie TaArorenusis» HunioTrona u
onpefeaHsi ReINIHHY I'PABUTAUHOHHON MOCTOAHHOM.
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IlepBRIM BHEC ACHOCTL B MHIMUECKYIO CYHIHOCTH CHMJBI TSTOTEHMSR
Jlecaxx. OH 06'bACHNN, 9TO TEJIA HE ¢IPUTATUBIIOTCA» ADYT K APYLY «THA-
roTeHUEeM» (¢«rpaRUTANHEl»), A CTAIKNBAIOTCS JACTUIAMU-JIECAKOHAMY,
JeTAIqUMH cO Bcex cropoH. Haromen, JIyKun sxcmepmMeRTATIbHO IIOA-
TBepAUA runotesy Jlecaxka. B ero mpuGope ans onpeaenenus NpUPOAEI
CHJBl THATOTEHWS, MACCHBHOE KOJBLI[O RPAIAJIOCH OT OPraHM30BAHHOTO
npu6opoM NOTOKOB jecasxoHOB. Cuiioifl «IDUTSKEeHAS», KAK U3BECTHO,
BHI3BATH BpAINEEME HEBO3MOXHO. TakMM 06pajoM, HOBAA MEXAHHKA,
OCHOBAHHASA HA KOHNENIIHM B3aMOAelCTBMS ycKOpseMoro TejJa M Tena-
YCHOPUTENIf, BBICTPOEHA HA TEEPAO YCTAHOBRICHHOM 3KCNEPUMEHTANLHOM
daxre. Ilo cpaprenuo ¢ MexaHNKON HhloToRa, NpUHIUIA BaauMoxeil-
CTBHA TeJ)l Haubonree MOIHO ¥ TOYHO ONYUCKIBAIOT CYLIHOCTD BJICHUA YCKO-
peHus Tek. IT0 KAYeCTBeHHO 00Jiee BLICOKHI YDOBEHb OMUCAHHA ABJIEHUK
saauMogeiicTsua B npupoze. IloaToMy aagaun GUINKH, HEZOCTYIIHRIE AJNA
MexaRUKY HploToHa, NPHHUNIN Pa3PeInaoT NPOCTo, HAIJISAHO U TOYHO.
YroManyTuii Buime npuanun landnies HegocTynen xus Mexadukn Huio-
TOHA, NOPTOMY B JOHOJHEHMe K Hedl MOHaZoOMIachk ClemHalbHAA TEOPHA
OTHOCHTENBHOCTE OWHInTeina, IIpuanmuuon pazpemalor 3agady OTHOCH-
TEJIBHOCTH HA BIEeMEeHTADHOM YPOBHE, HAIVIANHO, B PAMKEX KJIACCHIECKOH
du3ury, 6e3 3AYMHRIX «U3MEHEHWII MMPOCTPAHCTBa—EBpeMeHHs. J[pyrasa
VIOMSHYTAad BHIIOE [IPUHNUIIHANBGHO BakKHAs 3agaua GHBMKH — Deso-
HAHC, TAKXe HefocTynHaa MexaHHke Hrrorona, npurmumamMu paspemra-
eTcsl ¢«[IOXOAA» — MPOCTO KAK OJHH WACTHHI{ cnydait obliero NpUHIUNA
BRAUMOZEHCTBUS T€N — «PE3OHAHCHOC B3AaUMOLEUCTBHEY .

W3 mpenensHO 3aeMeRTADHOH MoZenH BaauMofeiictsusa rela (B Heit
BCETO TPH 3JIEMEHTA! YCKODAIOIMIAA YACTHIA, YCKOPAEMOE TEI0 ¥ CBAIKA),
ONMCHIBAEMAS COOTBETCTBEHHO CTOJMD e 3IeMeHTapHbIM MATeMaTUIeCK UM
annapaToM, BRITEKAT CYMHOCTH TAKMX yHIaAMEHTATBHRIX IOHATHH,
KAK MHEDIHUS NOKOf, MHEPOHS JRHAKEHMA, NEepPBOe M BTOPOE HAYAJMA
TePMOIMEAMMKM, NocTonnEaa [INaEka, CYIHOCTE BONHOBOW YACTHILLI,
NPHANKIA RAUMERLIero AeicTeua. [IpuHnunH 1a10T ONEHKY YDaBHEHH-
am Jloperna, cneunanbHON TEOPAN OTHOCHTENEHOCTH JMHINTEeIHA, TOKA-
3BIBAIOT UX OrpAHUYEHHOCTh: OHU CIIPABENNUBLI JIHIUL ZIST Y3IKOIO KPYyra
SIBNeHUH B3aUMOLEHCTBHA, R B OCTANRHLIX CAYIAAX IIPOCTC HEBEDHEL.
NIpHHIUITEl NOMMOIIAKOT CHENMAJBLAYI0 TeOPHI0O OTHOCUTEILHOCTH W Jge-
J8I0T €e HEHYMXHOII Kax cnemundudeckylo (HeKaaccuyecKyw) dbuamko-
MATEMATHYECKYIO Teoprio. [IDHHIONIB TaK)e XAlT OIEHKY HEePBOOCHO-
BaM kBauTOBOH Mexanwku IlIpeguurepa—Ieiizen@epra, MOrIOIIAIOT HMX
U JeJaoT HX HeHVKHBIMH KAK chelnduuecKue (HEKIacCHMIEcKHe) MaTe-
MATHHYECKNe TeOPpUM.

Mo2XHO CKA3ATH, UTO MPHUHIMIOKI B3AUMOACACTBIS ABYX TeJ KJaccH-
uecKoH Gu3NKe AAIOT «BTOPOE AhIXAHMEs — OHA OCBOGOXKZAETCA OT He-
CBOICTBEHHOH el 9YXePOAHOH CHEOUANLHOU TEOPUH OTHOCHUTENIBHOCTU
U TUMIEHHOH BCAROH HAMIAJZHOCTH A0CTPAKTHO-MATEMATHICCKUX IMOCTPO-
eHMil KBAHTOBOH MeXaHUKW. B CBI3M ¢ 3TUM, IONATAEM, YTO, KK ORI
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He OMJAV VWHTEDECHH NEPEOCMHCAESHHKE U «0BHOBIENHWEs YypABHERNS
JlopeHna, OilamTeitHa ¥ KBAHTOBAH MEXAHUKA, — BCE 3TO eCYTbL yXKe
TOABLKO UCTOPUSA cTodeTHEH AasxocTu. Moins npMHOUOOB menecoofpasHo
HAOPABUTH Ha pPenieHre HoBMX aanad. [losroMy Hacrosmas paGora npex-
JIaTAETCH B KAYECTHE COBPEMEHHOT'0 YHUBEPCATLHOTO (PHINKO-MATEMATH-
YeCKOr0 MECTPYMEHTA JJIf DElleHAMS OPAKTHUECKHMX 3a]aY, Hepaspeuiw-
MBIX HMEIOMIAMHUCH cefiaac PUIMIeCKUMHU NpeICTaBACHUANMY, HANPHUMED,
TAKUX KAK:

1.

OBnafenne MeTOZaMH BRICOKOKR3GMPATENIRHONO BO3ZeficTBUA HA Be-
mecTRa M SKUBRIe TKAHU ITyTeM MCHONB30BaHUSA KolebaTelkHOTO pe-
30HAHCA CJIOMKHBIX CHCTOM, JTO NOJABICHWE PAKOBBIX KJETOK B Me-
TUOUHE, NOJydYeHMe CBepXIHCTRIX BemmecTs. MabupaTenbHOE BO3-
JelicTBHe HA PAKOBRIE KJETKH [OO3BOAAET YBENUIHBATh MOINHOCTh
NOAABAAIOMIETO BO3AEHCTBHSA HAa HECKOJBKO NOPHAKOB, HE OOAcaACh
NOBRPEAUTH OKPYKAIOLONE TKAHH Y BellecTBa.

PesoraHcHOe BO3fefCTBHE Ha CAOKHEIE BELeCTEA NyTeM MCIOIL30-
BaHUA KO0JMebaTeNhHOro PeaoHAHCA CIOKHEIX CHCTEM. JTO BRICOKO-
sdubexTHBHLIE RO3AEHCTBHA HA TREpALle TeJA, DOJMMEpHI, YKUBLIE
KJIETKH, MOJIEKYJILI, ATOMBI, AAPA, 3TO BKOJIOCHIECKY IUCTHIE TerIo-
Bule gsurateny. Cefiuac afech MCHOALAYIOTCH BOAALUICTBMSA MONHKEE,
HO 4CJeIbles»: BRICOKAS TEMIOSPATYPA, UMIYALCH Ja3epa ¥ T. X. -
deKTUBHOCTE Takux Boafelicrauii HeBricoka. Cl0XHBIe BemecTBa
NpeACTaRAAOT M3 cebsi KolefaTelbHble CTPYKTYPH, IIO3TOMY OHH
no CAMOIH cBoeli IIpupoje He BOCOHDUMMYUBE! K ¢HEOPHUENALERIMS®
BO3KEMCTBUSAM.

[TepecMoTp ¢ HO3MUYIl TPUEOUINIOB BIAUMOAEHCTBUS TeJa MCHOIbAY-
eMhIX celfyac siBJeHWH NPUPOJHRI C Meablo NonRod peanndaannp ux
BO3MOXMCHOCTEH NyTeNM MCHIOJNB30BAHNS MOCTYNATENLHOTO PEe3OHAHCA,
BRITEKAIOLNEro U3 IPUEIKMIOB B3aUMOAeHCTBNS TeNl. 3TO NMOBLIIEHAS
sdxbeKTHBHOCTH TEIJIOBKX ABATaTelell, 3JeKTPOMAIINH, NpHGOPOB
A T. k. HecMOTPA Ha BEKOBRYI0O HCTOPUIO MHOTMX M3 HUX, paspaboraHkl
oHu §e3 yueTa pe3oHaHca, MOITOMY MOI'YT OmITh yiayuimeHs!. Hanpu-
Mep, peansHo co3aanue rasosoit Typbunn ¢ KIIJ 80 %, mo cpasue-
HHUIO C JOCTHTHYTHIMH B HacTodAllee BpeMs 35 % . BoamomxHO cosaa-
HYe MOLQHLIX CAEASIIKX CUCTEM C HACALHLRIMM XADAKTEPUCTHUKAMM,
OPUHOUOUANLHO 4JANTAIVOHHBIX U HOTPeOASIOMUX MUHAMAJBHOE
KOJMUEeCTBO SHEPTHH.

IlepecMOTp 30HHON TeopuM TBEPAOrc Tela ¢ NMOIMMUI NPUAIHUIOB
aIAUMOLEHCTRMA. 3Aech AGCTPAKTHO-MATEMATHUYECKUE IOCTPOLHUS
KBAHTOBOM MEXAHMKH 3aMEHMIOTCA HATISAHLIMM GUINYECKUMU MO-
JeNAMH, KOTOphle 6yAyT CTRMYJIRPOBATE Pa3paboTKy NPUHIIANNAIE"
HO HOBRIX 3JIEKTPOHHRIX IpHOOPOR.

TIpHEUMIE! B3AMMO/IeHCTRISA TeJl NPOILIH SKCHepAMEeHTAIbLHYIO IDO*

BEPKY HA DEAJILHLIX MOReAX ¥ ycTpo#CTRAX.



§ 1. Ipnpoaa npouecca ycCROpeHHs TEJN

PaccMorpuMm mnayuenHoe emme HBIOTOHOM SIBIEHHWE YCKODEHHA Teia
CHJI0if Hen3aMeHHO¥W BeamdmHH. Teno 3xech ARMraeTca PAaBHOYCKODEHHO.
BunmimeM, B 32BHCHMOCTH OT TEYeHWS BDEMEHH, BEIMYHEHN CKOPOCTH
Tesg, MPHUPAIIEHNA CKOPOCTH, NPUOGDETEHHYIO TEAOM 3SHEPruio, Npmpa-
IUEeHUN IPUOGPETAEMO TEeNOM SHEPrUM:

t 0 1 2 3 4 5

v 0 1 2 3 4 5

AV 0 1 1 1 1 1
E=mv%2 0 0,5 2 4,5 8 12,6
AE 0 0,5 1,5 2,5 3,5 4,5

dE 0 0,5 i 1 1 1

Hox geificTBueM HEU3MEHHON CUMKI C TeUeHMEM BDEMEHHY TEJIO YBeIauusa-
€T CBOIO CKOPOCTB, IPHOGPETas B KAXKAYIO CAEAYIOIIYIO eTUHUIY BpeMEeRN
OMMHAKOBOe TpupaneEue ckopocTu (cTpoka 3). Ho orcrome BeusbexHO
CJeAyeT, UTO TelO B KAXKJAYIO CIeAYIOMYI0 eIHHHILY BpeMeHy IpHodpeTaeT
BCe YBeJNIHBaomnecs nopuun sHepruy (erpoka 5). Ilopuuu nprobpera-
eMoIl TeJIoOM BHEPrHM JHHEWHO DPACTYT, XOTH CHJIa OCTAETCS HEM3IMEHHOH
BO BpeMeHH.

Cuna aoxxHa OB YCKOPATH Tel0 He3ABHCUMO OT IOBeJeHHs TeJja.
Mexay teM, peaumauna npuofiperaemoil TemoM MOPIMH 3HEPrUU HENO-
CPeACTBEHHO 3ABMCHUT OT BEJUYHHEI CKOpocTH Tena. Cuia, KAK BHIHM,
BOBCE HE ABIAETCH dAEeMEHTAPHON M He3aBMCHMMOMH HNEePBONPHYMHONE KBH-
menus, Teso caMoO yIpaBIAET CHIOH, OT KOTOPOH OHO M YCKODHETCH.
B pesyanTaTe, paccMaTpHBaeMas 34eCh CUCTEMA CHJIA—YCKOPAEMOe TeJo
UJET B BATIPABJICHHH K COCTOSIHMIO, TIe BcA 3Reprud GyJeT MCOONL3I0OBAHA
JUIA YCKOPEHUSR Tesd.

Kaxk Buznm, yoke B paccMaTpuBaeMOM 3JeMEHTADHOM SIBJIEHUM DAR-
HOYCKODEHHOTO ABH!KCHHA SIBHO BHUAHA HECOCTOATENBHOCTH MEXAHHKU
HrloTona, BHICTpOEEHEAS HA KOHIENOUM YCKOPEHUS TeNa HeUu3MeHRo# cH-
n0#. Heo6xX0AMMO M3MEHHTh CAMY KOHIEMUNIO YCKOPEeHNUS Tena, IPYTUMY
CJIOBAMH, OTKASATHCA OT MeXaHHKU HnloTOoHE.

Ilousirite «cuIa» OPAMO CBA3AHO ¢ MIOHATHEM «ycKopenues, Cuna —
3TO TO, 9TO yckopseT Teno. Uro xe ycropser teno? — TOJILKO BTOpoe
TeJIO 34 cYeT CBoero TopMoxxkeHus. Tesio yeckopaeTcest 3a ¢4eT TOPMOXERUA
BTODPOTO TeJd, GyAyuM onpegeseHHNM o6pasoM cBH3aHHLIM ¢ HUM. Cuna
co3xaeTcs TOPMOSAMUM TexoM. TaxoBa ROHIeNIHsA HOBOH MeXAEHKH,
rxe abeTpakTHas cuna HeoToHA 3aMenena aeficTBUEM peaJbhHOI'0 BTOPOro
Tena. 3aMETUM, UTO B COBPEMEHHOM MexXaHUKe CHJIA TaKiKe oNpefenseTca
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KaK «Mepa AeiCTRUA 0AHOro Teka Ha gpyroes. OAHAKO OAPAMETPHI 2TOrO
¢ IefICTBYIOIMEro TENA» B YDABHEHNS MEXaRMKH HUKAK He BOIILIY, U panu-
OHAJLHOE II0 CYTH oupeAeIeHre CULl, OCTAJIOCk MYCTOM geKaapanneii. Mu
napaMeTpHl BTOPOro Tels BBEJNY HENOCPEeACTBEHHO B YpaBHEHNS MeXaHU-
KU, TeM CAMBLIM HA JeJe pealIM30Baly PAUOHANLHOE ONpEefeNeHHe CHUIIhI,
TPUHATON! B COBPEMEHHONM MEX8HUKe, KAK IPNIUHE YCKOPEHUA Tenaa.

TaxuM 06pazoM, KOHIENIHK, ONUCHIBaeMYto Kak I = ma, MBI aaMe-
HIJM HA XOHOENIWIO, ONHCHIBAEMYIO KAK

myay = MmaBsy.

B macrosmeit pabore panee 6yaeM paccMaTpHBAThL MMEHHO TAKOE B3AM-
MopeicTBHEe ABYX TeJ.

Hanee nocnezoBarejbHO PaccMOTPAM OCHOBE! HOBO# MEXAHHKHU —
IIPMHIUINOB B3ANMOAEHCTBUA ABYX Tel.

§ 2. A6cTparTHas Moaeb
B3aMMOAEHCTBHA ABYX TEJ

AGcTpakTHAS MOAe b B3AMMOAEHCTBISA ABYX TeJ HE SBIHETCH HI Me-
XaHWYECKON MOAeNblo, HU ajeKTpuueckoil. HasHadeHWeM abCeTpaxTHOI
MOJieIN ABJIAETCS PACCMOTPEHHE TOJbKO ABASHUS B3AUMOJEHCTENA ABYX
a6CTPAKTHLIX TeJI, HE3aBHCHMMO OT DEanbHOM IOPHUPOAR STHX TeX. Ab-
CTPAKTHBIE Tela OTOXIAECTRISAIOTCA ¢ PealbHBIMM TejlaMU ¢ «MexaHite-
cXo#» Maccoif (MexXaHNKA) 1 ¢ PeAILHEIMY TEJIAMU ¢ «dJ1EKTPOMATHUTHOM »
Maccoif (IeKTPUIEcTRO).
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Puc. 2.1

Mogens nmpeacransyieHa Ha puc. 2.1, Vekopsioniee TesI0 HAB0REM «9d-
cTaueii», 8 yekopaeMoe 6yneM 1o-NpeKHeNy HABKIBATL « TEJIOM$, UACTHILA
M TeNO MMET OJUHAKOBLIE CBOMCTBA, SBAAIOTCA AGCONIOTHO TBEPXABIMU
TEJAMM ¥ MMEIT COOTBETCTBEHHO MACCHI M., H 7,. YCKOPEHHe Texa 4a-
cTHe# Ha MPAMOMN JIMHMM, eCTECTBEHHO, HEBOBMOXKHO, IOCKONBKY 06a
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OHM SABJSIOTCS abCONIOTHO TBepARIMH TejlaMu. B mponecce YCKOpeHUHA
Tena HAa npAMol nuHpK 6onee GulCcTpas YACTHUINA HEMHWHYEMO TDOHHMK-
Jia 6H B GoJee MeJIeHHOE TeNO, Yero He JonyckaioT aGcontoTHO TRepAble
Teaa. [loaToMy npumMeM, UTO YACTHUIIA YCKOPAET TENO C IOMOIIbLIO ¢CBA3-
KW», OPEACTABAAIONIEH CoD0l HEKYIO HEBECOMYIO H HEPACTAKIMYIO HUTh.
Yexkoperue Tena wacTuueil, TakuM o6pa3oM, DPOMCXOIHUT He HA IPAMOIH
IVHEH, a B njockocTdH. Crxopocru V, m V. napannensunl. Cropoctd Vi
O HANPABJIEHUMIO MOXKET COBHANATEH ¢ Vi MAU MMeTh MPOTHROIOJOKHOE
HanpaBJeHve. CBA3KA CUeIAeT JaCcTUIY C TEJIOM B MOMEHT HAXOXKIEHUS]
QACTUIILI ¢HAA» TEJOM U PACHEINAeT UX IOocje OKOHUAHUS B3amMogeii-
CTBHSA, KOI'JA YACTUI2 OKAXKETCH «TIOA» TeJoM. Bo BpeMsa szaumogeiicTBaa
9acTULA ¥ TeJO, TAKUM 00PA30M, OKABKIBAIOTCS B3AWMHO CIENJIeHHBEIMH
1 COREPINAOT KYBLIPOK BOKPYT MEHTPA Mace gacTHIlkl ¥ Tena. CaM ueRTp
MAaCC OpM 3TOM COBEPIIAeT NIOCTYIaATEeNbHOE ARMKeHHe. B pesyanrare Ta-
KOro CI0XKHOT0 JBIEHUSA BR3AVMoJeCTBIe JACTANEI C TEJIOM IIPONACKOLMT
BO B3AMMHO (PHKCHPOBAHHOM MOJOMEHUHM, ITPH BTOM M UACTHIA, U TEJO
ABHraioTcd Mo nukiaongam. U y gacTunsl, ¥ y Tena noABIAIOTCA SJIEMeHTHI
NOMEPETHOrO ABMMKEHUA, KOTODRIX V HUX He BRLIO K0 B3aWMOAEHCTBHA.
XapaKTep COBMECTHOrO IBVMMKEHMS YacTULKI ¥ TejJa, TaKMM obpasoM,
BCEIEN0 OIPEREsSeTCa UX HAYATRHEIMHA CKODOCTAMI M MACCAMU.

IMTpu 60npIOM NpeBR MIEHUY MACCH TeJla Haj Maccoil YaCTHIBI YaCTH-
A npaxTUIecKu GyAeT BpamaThed BORPYT Tena. Ilpu 61usknx sSHAYEENEX
MACC TeJa M YacTHLL OHM 6YIyT BpamiaTscs, HOAOO0HO raHTeNM, BOKPYT
LEHTPA X MACC, ONUCHIBAA L{HKJIOMALI, IIpM BCTpeuHOM HADPARICHUH
HAYANLHBIX CKOpOCTel gacTUI[Bl M TEJA ¢TAHTEJb» COBEPINMT OhICTPhIH
KYBRIPOK, A Ip¥ HOOYTHOM HaYAJLHOM ABUIXEHUN KYBRIPOK DyjeT saMen-
JeHHRM (puc. 2.2).

Puc. 2.2

Kax rcaxas (pmamueckas Mofelb, abCTPAKTHAS MOZeNs B3aMMoOgeii-
CTBUS TeJl COZEPMUT B cefe Bce Tpu CyMIHOCTH SBIEHHA: IepedeHb
AEeHCTBYIOIMUX 3TEeMEHTOB, KUHEMATHYIECKYIO CBA3H JJIEMEHTOB MEXAY
coboit, sHepreTHYecKHe 3ABHCHMOCTH MeEXZy dleMeHTamu. PaccMorpe-
HHE abCTPAKTHOH MOZENN E3AMMOAENCTBUA HATHEM C 2HEPreTHYeCKMX
3ABMCHMOCTeil.
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§ 3. YpaBHeHune B3auMoAeHCTBMA ABYX Ten

o p3anMogeiicTBIA 9aCTHIIA U TEJIO AMENH CKopocTy Vi, U Vr, » mocae
B3auMoAeNcTBHA OHM GYyXyT MMeTh ckopoctd Vi, u V;,, ciexoBarensro,
3HePriuM TACTHOLI U TEJ8 K0 ¥ Nocke B3auMogeiicTrud GyayT:

2 2 2 2
m.V, m.,V, m.V, m.V,
E,, = A » E'a, —— T2, T T2

! 2 2’ By = Y, B, = .

2 2

Ouesuzgo, uro By + B, = Eq, + E,,.

Ilpu B3aumogeiicTBMN YACTNOA My TOPMOIHUTCSH, YCKODPAS TEM CAMBIM
Teno M., NepegaBas eMy CBOI 3Hepruw. TaxuM o6pastoM, OCHOBHON
YepTroil B3AVMOJeHCTBMSA UACTUNLI C TEJOM HBAAETCH OTJAYA SHEPrUH
9aCTHIA TE1Y.

B radecTBe Mepbi BeJIUIHHELI 00MeHA aHeprueil MpuMeM OTHOCHTENh"
HOe YMEHbIIEHHe 3REePIrUN 4ACTHIL! noche B3aumogeiictena. Hasosem ee
xoadbuureETOM 3aXBaTa d9HEPrun 2. :

7, = BB
)
Koaddunuent aaxpara sHeprum GeapaamepeH u HOPMUPOBAH, TOTOMY
yaoben. Hanmpumep, ecn E,, = E,,, To wacThna cBOIO 3Bepruio coXpasn-
18, B3ANMOJENCTBUA C TeJIOM He COCTORNOCH, T.e. Z, =0, Ipu E,, =0
9YACTHNa BCIO BHEPrUi0 NONHOCThIO OTHada Teqy, T.e. Ze = —1.

HaitreM 3aBHCHMOCTL KO3 pULMEHTA 3aXBATA IHEPIUN Zq OT HAYAND-

HEIX cropocreit Vs, Vy, u Mace m; u my. Creays Metony Jlarpansxka, Ku-
HRMHYeCKy10 3aaauy obMeHs sHEpra-
el cBeeM K KMHEMATHYEeCKOi 3azade m, .Xo:_
HAXOKAEHUS KOHEYHOH CKOpPOCTH Ua-
CTMULI B KOHIle B3aumogeticTeus V.
W3 cxopoctu V,, saTeM malizem orHO-
CUTeILHOE YMEeHBbIIeHHe SHepruy da-
CTHUN Z, (puc. 3.1).

larrens us m, ¥ m, cosepuia-
€T BpamaTeNbHoe ABUNKEHWE BOKPYT
neHTpa Mace. OKpy>KHag CKOPOCTL Qa-
crunhl ageck Vo, a Tena V.. Ilenrp
Mace ABUTAETCH CO CKOpocThIio Vi, . To-
rfia ckopocTh gacTunnl V,, 6yzer pas-
Ha PasHOCTH MEMXAY OKPYKHOI CKOPO-
CTBIO ¥ CKOPOCTBIO LIEHTpA Mace:

V"z = le ~ Vou-
Haitgem Vg2 ..

Puc. 3.1

R,
Ve = Vo, + (Vo - Vo))
b ! )R1+R2
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rae

Rl my Rz My

= = =Y;

Ry My R+ Rz mq + M.

Vm\n = Vn +<Vql - V,H)Y.
Haiigem Vy,:
Vo — Ry
o — (I,‘l Vl‘]) + R ( T VT1)(1 - Y)‘
OTMeTHM, 4TO
R,
Vor = (Va, — Vn)m =Veg —Vo,)Y.

Taxum o6pa3aoM,

V‘lz = V;JM - Vo‘x - V-rl + (Vql - V'n)Y - (Vq, - Vn)(l - Y) =
= Ve (2 - 2Y) + Vo (2Y — 1),

KospdunuenT 3axBaTa 3SHePrUH YaCTHIILI

gy Pu=Bu _Bu Y, -1,
Eq, B, V2

Voo Vo(@-2V)4+Vo,(2¥-1) TV,
b = (2-2¥)+2Y — 1.
7 7 7 (2-2Y)+

OKOHuYAaTENbHOE YPABHEHHE B3AUMOASHCTBUA ABYX TEMA!

V. 2
Zq:{v—“(z—ZY)+2Y—1} —1.

§ 4. PesounancHbifi 3aXBaT SHEpruu

Wz ypapEeana B3aMMOJEHCTBAS TeJ CIeAVET, UTO BeJMdUHa obMeHa
JHEPruell Me)KIY YacTHIEH U TeJOM eCTh PYHKIOHS OTHOLIERMH CKODPO-
V.
crett G = VL ¥ OTHOIIEHMA UX mace Y.
V.
Fpa(bmc byHROUN B3aMOJeHcTBIA Zy = f (71-) AN Pa3ANIHRIX Y
9
npuBejerE Ha puc. 4,1, !
Hs rpadura Gysroun B3auMogeiicTBusA Z,, HEMOCPELCTBEHHO CIeAY-
T CIeAyIoImne Ba>XXHhi€ BBIBOALI.

1. Jlaa mo6oro orHOMIEHNSA Macc Y Beerjfia ¢ylmecTBYeT OGHA BeJIMIUHA
OTHOLIEHUA cKopocTe# G, mpu KOTOPOH YacTUILA NOJHOCTHIO OTAAET
CBOIO 9HEPruio Teny (YCIOBUE PE3OHAHCA),



§ 4. Pe3oraHCHbII 3ax8am 3Hepauu 17

my=m, me > e |
0,5 Vi
Vi
Puc. 4.1
Jlas Toro urobnl Z, = ~1, ReobxogumMo
V 2
{i(z - 2Y)+2Y - 1}- =0.
Vi
s 5TOr6 JOCTATOYHO BHINOIHUTH YCIOBHE
goVo 1oV
vV, 2-2Y
B 9acTHOCTH, Miast My > Mq Zq = —1 npm V3 = %V.,l. dnsa my = my

Zq=—-1nopu V, =0.

2. IInsa moboro oTHOLIEHUA Macc Y BCEerja CYIMIECTBYIOT ABA SHAUEHHSI
oTHOIeRUs cxopocreit (G, IPU KOTOPRIX HACTUIA He OTARET CBOeH
3HEPrud Tenay (YCJIOBHE IACCUBHOCTH).

JAna roro, aTobH Z, = 0, HeoGX0xUMO
Vi, z
—(2-2Y)+2Y -1, =1.
Ve,

g 3TOr0 AOCTATOYRO BEIMOJTHKTL YCIOEHE
Ve,

1

(2—2Y)+2Y — 1 =+V1 = =1,

: v,
B wacrroetn, gia m. > my Z, =0 npu Gy — v =0u Gz = 1. Inn
b |
mr:mq_ Glzl 28 Gzr‘—l.
TonyuyenHEIe BRIBOXL YTBEP:KIAAIOT, YTO CKODOCTH YCKOpPAEMOIo Te-
Jla OKAa3BiBAeT pelaiolnee BJINSHME HAa XOJ B3AUMOJEHCTBUSA, MIMEHAA
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BeJUTHEY npuobpeTaeMoil MM 3HEPrMM OT HyNd (DACCHBHOCTH) [0 MaK-
CHMANBHOK BeJMUMHEL (pe3oHAaHC). 3TO OTKPHIBAET BO3MOMCHOCTE IS
yckopeHna (UaM 3aMefJeHHA) GUIHUECKHX U XHMHYECKHX MIpPOLECCOB
B IPVPOJE HA HECKOJILKO MOPAAKOB NPY HEM3MEHHOH Be/IMYNHE IIOABOAU~
MO 3Hepruu.

OOpaTuM BHMMAHUE HAa AJLTEPHATURHEIH XapakTep KOCTHIKEHHs
YCJI0BHA pe3oHaHca. Ecau Tesy HeoOXOAMMO MONYYUTh BHEPrHI0 H3BHE,
OHO /JOMMHO JBHUraThcHd OTHOCHTEJLHO e€e ¢ HeobXoAuMoil CKOPOCTHIO,
IIpomsoiifer TPMHYAMTENLHEI 3aXBAT SHEPruw dacruiul. Ecay gacTu-
e HeobXoAMMO BKAYaTh SHEPrHIO B TEJIO, TO OHA, aHAJOIMIHO, AONMKHA
IBHTaThCS OTHOCUTENLHO Teja ¢ HeobxoammMoil ckopocthio. IIpouaciizer
NPUBYAUTENbHOES BKATHBARUE 3HEDPI'MU B TEJO.

O6Hapy»eHHOe BO B3aUMOZEMCTBUAX MO60ro BAja obazarelLHOE
NPHCYTCTBHE OXHOrO PE3OHAHCA M JIRYX AHTHPE3OHAHCOR SABJIACTCA BaXK-
HEIM Pe3yJILTaTOM JAHHOH# paboThI.

§ 5. PusHuecrue moaenn

ITpuauHOi HEZOCTATOUHOTO YA I6HUA BHUMAHNA K PE3OHAHCAM B AK-
TAX B3AVMOJAEHCTBHA Tex CHEeAYeT CUNTATH HEZOOLEHKY pONTM (uauue-
CKUX IPEJCTABJICHHUI, MTPUPOAY ABIEeHNHA. BhiBeneHHOe HaMU K3 Gbuan-
TJeCKOH MOAen? AWHAMUUECKOS YDABRHEHWE B3BUMOXelcTBus GopMaibHO
MOJeT G6KTh BhIBEJEHO M H3 YCIOBHA COBMECTHOIrO COXPAHEHUN DHEPIHM
M UMOYJIbCA.

Ioxamewn oTO.

H3 3axona cOXpaHEHUS MMIYJIbCa CAEKYeT:

me-u + m'rV-r] = mqqu +m. V.
Vi3 3aKOHA COXPAHEHAA HHEPIUK NOIYIAEM:
2 2 2 2
maVy  m.V omgV m Vo
2 2 2 2’

HIH

My (V‘lzn - V‘lzz) =My (V-tza - VI‘?)’
OTKYJ A \
Ma(Va, = Va, )(Va, + Va,) = mo(Ve, = Ve X Vi, + Vi )5
BOCI10JIL30BABINMUCE JAHHBIMH COXPDAHEeHNA HMIIYILCA, HAXOANM
Vo, + Vo, =V, + Vs
Vi, = Vo, + Vo, = Vrp.

ITogcTaBUB 3TU BRIPAXKEHUA B BUAOMSMEHCHHRIN 38KOH COXPAHEHUS MM-
nyJbca, IOTYIHM:

mq(an - sz) = m,(V..l + qu - V'r, - Vn )
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OTKYAA, DASPEINUB OTHOCUTENBEO Vs, , Ralifem
o g’n‘l - m‘r)ng + zmTVT]

Vs
» My + My ’
Ve, My MWy +Y2 2m,
Vi, Mq+Ms  Ma+m, Vo Mq+m,
My — My — _
uiu, o003HAYUB e = Y, = 1-Y,

V. V: V:
_2=Y_(1_Y)+_‘_,fl2(1—}’)=%(2—2Y)+2Y—1.

1,‘l'l b 94

Taxk Kak

go= BB VoV Z(V_) 1,
E., V2 Ve,

v
T0, MOACTABUB BRIPAXKEHNE /IS 3>, OKOHUATEIBHO HOIydaeM
A

Ve 2
Ze = {—1(2—2Y)+2Y—1} -1,
Ve, -

TaxkuM 06pa3oM, ypaBHeHHe B3aUMOIEHCTBHSA ABYX TeJ, BRIBEICHHOE
u3 pusugecKoil MOZeNH, TOJHOCTLIO COBINARAET ¢ POpMANBHO-MATEMATH-
9eCKUM YDABHEHUEM B3aUMOAEHCTBHA, BRIBELEHHEIM U3 QYHISMEHTAIE-
HBIX 38KOHOB COXPAHEHHMA 3HEPTHM M MMnyanca. OfHaKo 37ech BHAMM
¥ OrpPaEMYEHHOCTEL CAaMOro (opMAaNbHO-MATEMATUUECKOrO nogxoxa. Jleit-
CTBUTEJIBHO, YTOOB! OTBETUTH HA BOIDOC — €CThb JX B AKTe B3aHMOJei-
CTBUS TN Pe3oHAHc? -— HYIKHO, YTOOR BOIPOC O De3oHaHCe BOSHHK.
A 3aKOHBI COXPAHEHUA SHEPTHM M MMIYJIKCA O Pe30HaHCE, €CTeCTBEHHO,
HU4Yero He roBopaT. M Tem Gosiee M3 BTHX 3AKOHOB HE MOXKET aBTOMATH-
YeCKU «BhITEYhy, BOSHUKHYTH 3GHOBO KUHEMATHIECKR] ¢ KOHCTPYKIUA»,
MOJieNIb B3AHMOJeICTENA YACTHIIh U TeJd CO CBA3KOM.

B ocHOBe NMORHMMAHMA NPHPOTHOro ABJIEHMA BCETIA JIEXKMT SICHAS
M HeNPOTHBOPEUHBad PU3UMYeckas Mogens 31oro geaeaus. Mogens goax-
HA COAEPKATh B cele BCe TPU CYIIIHOCTY AARJIEHUA! MTepeueHt geficTBYOmuX
3JIeMeHTOB, KHHeMATHIECKYIO0 CBABL DJEMEETOB MeXAY c0boit, sRepreTH-
qeckle 3aBHCUMOCTH MexX Iy 3jleMeHTaMu. Ilnu, Ha A3bIKe KjJaccudeckoi
dusHUKY, ACTEHA COAEPIKATE B cefe CTATMRY, KMHEMATHKY U AUHAMUKY
asnenusn. KonuyecTeennaa CTOPOHA SBJEHUA ONMUCHIBALTCH AZEKBATHHIM
MATEMATHUIECKHM ANIIIADATOM.

Ipexnaraeman uan=uecKas MOZeAb B3aNMOAEHCTBHA, COCTORINAA
U3 JaCTHILI, TeJa M CBA3IKY, OYAydN MOCTPOeHHON HaubolNee sieMeHTap-
HO, TIOJHO OTPAXKAeT AKT BaUMoZeHcTBUA, HE3aRUCUMO OT dH3NUecKoH
CYLIJHOCTU 4ACTUUH, Texa | cBAsky., OHA oTparkaeT DPUHIIUIT B3aUMORelt-
CTBUA ABYX Ten B Hamboiee obimelt dopme, 60 oumpaeTcd Ha YHUBED-
caneERe DYHTAMEHTANLHEE 38 KOHK COXPAHEHUS SHEPIUK U UMIYALCA.
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X kX

Jlo ¢uX mop MM paccMAaTpuBaln aGCTPaKTHYIO MOAENIh B3AMMOMeil-
cTeug B caMom obmeM Bufie. Ho OT COOTHOIEHMS MACCHI YaCTHI(EI 77y
B MAacChl Teja ; CYIIECTBEHHO WU3MCHAeTCA XapakTep HX B3aHWMo-
Zeticreng. IloaroMy paccMOTDMM pasfielbHO B3aHMOAEHCTBHE Ten mOpH
My 2> My U OPA My = M.

§ 6. BzaumoaeHhcTBHE NPpH T, > M.
Huepuusi noron. PaBHOYyCKOpEHHOE ABHIREHHE.
TINoreHuManbsHaA SHEPrufa

VYpaBHeHHe B3auMOJeHcTBUS

Ve, 2
Z, = V—(2—2Y)+2Y—1 -1

qp

Bng m, > mg 6yaer uMeTh BUJ

AV, ( Vs,
7= (b ),
it 9

T'padux byrxkuum B3auMozeiicTBHA NPH M, > TN, NDHBEAEH HA
puc. 6.1.

N3 rpadpmxa Bugeo, 9r0 B3auMOJAEHCTBHE MaKCHMAJILHO TIpH
Ve = -;—V.,, , P DTOM IIPONCXOXUT DE30HAHCHOE BKAUMBAHWE JSHEDPIHU
B Texo. UeTOYHMK SHEPrui IOJHOCTHIO OTHAET CBOIO SHEPTHIO TENy.

B Toukax Vo, = 0 u V;, = V,,, HanmpoTus, B3aumMopeiicTBHE DABHO
HYJI0, XOTA UCTOYHUK 3HEPrHH Npoaoaxkaer paborars B HeM3MEeHHOM pe-
anve, OTCyTCTBHE 3aXBATA IHEDPIHMHU U, CIEJOBATEIBHO, OTCYTCTBHE YCKO-
J z, peHMA Tena B Touke Vi = Vo,

O49eBNJHO: 9aCTUIA HEe HACTH-

TraeT TeJla U B3aWMOJelcTBNe

\ orcyrcrByeT. B Toure Vi, =0

0 0.5 1 Vv, OTCYTCTBYE YCKOPEHUA BHIIBA-
HO ApyTOoift MPUYUHOIM: 3xech
' YaCTHIA, HE TOPMO3fACH, BO3-

spamgercss ofpartHo, Z; = 0.

Orgaua sHepryy Teay He npo-
-1 uexopur. PeroMenanasHo 3T
BOCNIPUHUMAETCA KaK <HEeno-
AATIMROCTL MACCHI CHJIES , KAK

Puc. 6.1 nuepius reaa. C pocToM cxo-

poerH Vi, cosmarorcs yenosus

AJISL JIy4Olero 3aXBaTa aHeprun, Z, DACTeT, Teno Bce 60sbIue YCKOPA-
€TCH, MHepLMs IOCTEeNeHHO npeogosemaercda. Takum ofpasoM, aBnenue
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MHEPIMHA Teja BEI3BAHO CJIA6BIM BaaumMofelicTEMEM Teja ¢ wacTUneil mpu
MANLIX OTHOLIIEHHAX WX CKOPOCTEIl,
PaccMarpiiBas B3aRMoxeiicTBHE IPH My J> My, MBI NPUHANHK
My

mq + My
Orciofia, B 4aCTHOCTH, AO/KHO Onl ciefoBaTb, uTo npu V, = 0
Z. = 0 ;m «Tporanmne ¢ MecTa» MOKOAINETOCHA TeJa HeBO3MOMHO. OTO He-
touHo. BoaBea B KBazpaT BuIpaskeHue B QUIYpPHEIX cKOOKAX YpaBHEHHUA
B3aMMOZEHCTENA, MOJYYHM DA3BEPHYTOE €0 BRIPAXKEHNE:

4V, (W,
D= 2 {l(l +Y?-2y)+3y —2v? - 1} +4Y(Y - 1).
V‘h ‘,'h
OTo BREIpAKEHHE MOXHO NDEACTABMTH B BHAE CAEZYIOMUX TPEX die-
HOB!:
4V,
V_ — KoapdunueHT saxsara sHeprun HrloroHa (§ 14);
1
Ve
(1 +Y2%- 2Y) +3Y 2Y% -1 — cxopocTHas NONPABKA X KOG~
o brnuerty HoloToRAS;
4Y (Y — 1) — maccoBuit kKoaddunueHT 3aXBATA JHEPTHH.
Packpripan snadeHue Y= f’"_‘;;,?— ¥l IPUHUMASA IDA STOM My + My My,
NOJYy9aeM pasBepHyToe ypaBHeHHE Z, OPH MM, > Mg.
Mma+m,)? m2 2my(mq+my)
(1+Y2—2Y):( < 1') S~ ‘ i 21- —
(mq+mg)?  (Mmyt+my) (Mmatmy)
 mZ42mom, +m?+my—2mi-2m.m, m—E’“l‘
(my+mz)? mi
s . 8mumetmy)  2mi  (matmy)’
Y -2Y°-1= - 3~ 5=
(my+m;)2 (Matmo)e (Matm;)
B 3m2+3mym,—2m2—mZ—2m.m.—m’
o (mq +m‘l‘)2
_ mT(m.,—mT) ~ —M My ~_1:
(70 + )2 m}
4m my my+m
1Y (Y —-1)= . - * } -
My+My | Magt+My Myt
o Amy mg—mtMe AT,
CMme+m, metmg (mq+my)?
4V,

9

v, 1 4am,m,
Va '{ffi (M + My
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HauarpHoe yCKOpeHMe MOKOSIIErocs TeJA BCErAa BO3MOMHO, 160 Hesa-
BHCHMO OT BeIuyuAn V,, , B T. 4. ¥ mpu Vp, =0,

4m m,
MHRMMANEHOE Zy = ——————.
(m'l + ml‘)
OTMeTHM, YTO HACTHMNEL U TeN0 He B3amMomeicrayior (Z, = 0) opn
Vo _ omg 1 V. .
Vi = - JelicTBUTENBHO, NPU MAJNBIX CKOPOCTAX Vi CKOpOCTHas 1o

vl
IpaBKA NUpeHeSpPEIKUMO MAJIO OTAnIaeTcs oT —1, a MaccoBhIit kKoadduna-

€HT IpUGIMIKEHRO PAREH
4Mam. . 4my

Z — — ~e — »
M (Mg +my)? m,
Orcroaa
4V,  4my
Zo=-—2 - —,
Vql My
v m
Z,=0 nmpn - ==,
Vo, .

Ob6paTnMca K Tabinne ckopocTeil Teda, YCKOPAEMOTO «HEU3MeH-
HO# cunoiis (cM. §1). B mATOH CTPOKe HPHBEREHBL! BEIMINHLI IPUPOCTA
3HEPTMM TeJa, BeJUYHHEI NMOPIUM 3HEPru¥, 3aXBATHRIBAEMAIX TeJOM. 3a-
Me4aeM, YTO mepBas DOPIUSA MeHBITEe OCTANbHRIX, OHA He BIVCHIBAETCH
B ofIyI0 3aKOHOMEDHOCTH NPUPOCTH OCTAJNBHBIX mOpHMit. 3Jech IPOAR-
JIfeTCH PACCMOTPEHHAA 3aKOBOMEPHOCTL YCKOPEHHS TeJaa MMy 3> My

4V, {Z’i B 1} __4dmym,
V!] Vﬂl (m‘l + fn"l‘)2 '

Beawnunna nepsoit mopmuu sHepruu ofsizaHa TOMBKO MAaCCOBOMY Koad-
bunmMenTy 3axsaTa 5Hepra#. Beswumpa BTOpOI M caexyloumux mopnoult
onpegensorcs ete # Koadpunenrod 3axerara sHepruu Heiorona. Cko-
pPOCTHAS TONIPABKA IPH MAJKIX V;, eine npene6pe:xumMo Mana.

9TH 3aKOHOMEDPHOCTU LOpeACTABNeHH rpadudecku Ha puc. 6.2. 3xecs
AE! — sneprus, ompefensemMas MaccoBrM Kodbduumenrom, a AE, —
SHeprus, onpejenaseMan kosbdunnerrom Helorona. [Ipuanuns ssanmo-
JAeHCTRUA TeJ BEPHO ONUCHEBAIOT ARJIEHHME YCKOPEHMS Tel CHJAOH TAroTe-
HUA 3eMIIH,

IIpn Manslx V;, ckopocTHas NompeBKa Mana M He NPOSBISETCA B
aKcneprNeHTe. HO DU MCKYCCTBEHHO CO3AaHEON 6OabImONA HavYanbHONH
cxopocTH Vi , BO3MOHO 06HAPYXHThH YMeHbIIEHHe IPUPOCTa CKOPOCTR
TeJ4a, W OTCIO/A JKCOeDUMEHTATLEO OIIPe/IeTHTHL CKOPOCTE JlecaKxoHon V, ,
CO3JAIOIUX CHJIY TATOTEHAA 3eMiu.

Mogear B3RAHMOZEHCTBUS TN IIDK My > TNy PACKPRIBAET PUIKNIECKYIO
CYLIHOCTE SBJICHRS NIPAPOAR! ¢« TOTEHNMAJABHANA BHEPTHUA Tejaa B MOJe CHI»,
HanpuMep, B OoJie ¢y TATOTeHnA 3eMun. CuuTAeTCA, 9TO NPH NOLBEME

Z. =
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4,5
JAE, AE:
3,5
AEZD
2,5
AE]
1,5
AE;
nll 0.5
AE % - - - z - b — ] L — %.— -
0 Z
| | { | ¢
1 2 3 4 5
Pnc. 6.2

Tella Ha BHICOTY /i mMpOM3BOAMTCH pabGoTa MPOTHB AelCTBHMS CHNX HOJHA
TATOTEHUA 3eMIU U TEJIO ¢34IaCAET» IHEPTHID, PARHYIO

E = mgh.

OaxTHYECKH, TEI0 IIPH €r0 nojheMe HUKaKoil 3Hepruu B cefe He 3a-
nacaet. [IpU moareMe Tens OHO YECKOPHET BBEPX YACTHIBI (IDABUTOHEI
WIN JIeCAXKOHKI), NPUNETAIONME CBEPXY BHH3 M HHEPrus NOJHUMEIO-
mero Tejxa 6e3BOIBPATHO YXOAMT BOBHe Tena. Ho Tenmo mpu mnoabeMe
pUOdPEeTAET BOZMOKRHGCTh YCKODHTLCA OT AEMCTBUSA HACTHUD, HA RAUCTAH-
uuu f, 3aHOBO NPHOGPECTH KHHETHYECKVIO SHEDruio — CHOCOGHOCTH
VCKOPUTB «BAN2Y» BTOpoe Tedo. M BeNuIuEA4 3TOMH npuobperaeMoii Te-
JIOM SHEPTHH OT NOTOKA YACTHI OpM NajeHdy HA AUCTAHIMH A Kak

2
pas3 paBHa BenuumHe E = % Yuurwtiag, uro V = gt, t = 1/%",
2h
V =8 _i'v

2
- 2h
. u = mgh‘

m
2
Kark BuguM, 3gece TMOXHSATOE Tejo BHICTYII4eT TOJBKO B KaHecTBe NO-
CPeAHUKA MeXJy YCKODSIOIINMH YACTHIIAMH M BTODBIM YCKOPSEeMEIM
TeJ0M. .

«[MoTeruMaANLHAA 3HEpPTMA», KAK OCOGLIH BWA 3HEPrHE B NPHpoOge
ne cymectryeT. Ecrh TOIEKO OXHMH BHI Y HEPIHH — KHHETHRYECcKad DHePIrus
IBHAYIMErocd Tejja — COOCODHOCTB JBYDKYIIETOCS TejJa YCKOPHUTH BTODOE
TENO NMYTEM CBOEPO TODMOIKEHHS.
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BaanmopgeiicTrue THIA M, 3> Mg XAPAKRTEDHO ANA SRIEHUST YCKODE-
HUA TEN B «¢IOJE CUJ»; YCKOPEHUE MACCHBHOINO Tejig B mOJ€ TATOTCHUS
3eman (MeXaHUK4), YCKOPeHUe 3JIeKTPHIECKOro 3apAAa B INHEHHOM yCKO~
puTene (SJIeKTPUUECTBO).

§ 7. BaanmoaeicTene TeJa NpH My = My,
INpuHuyun cynepno3svuuMi. «Bonxb! J0MHHO»,
Temneparypa cpeabl

VpaereHue a3auMogeitcTrIA

Va, 2
Z, = »V_(2—2Y)+2Y—1 -1

T

Aas . v -~ ~1
e = M T metm, 2/
Oyxer umeTs BUS 2
Zy= %~ 1.
9 qul

I'padux QyHKOUM BI3auMOLEHCTBUS 0OpYR M, = M, OPUBEAEH Ha
pue. 7.1.

M3 rpaduka BRAHO, UTO B3AUMOZeHACTBUE THHA My = M.y CYINECTBEH-
HO OTJIMYAETCS OT «HBIOTOHOBCKOI'O$ B3aumogeiicTBusa (THna m., > my).

Baaumopeiterane maxcumansno npu V;, = 0 (pesonanc). 8zecs wacru-
112 PE30HAHCHO OTZAET BCIO CBOIO SHEPTHIO TETY, 4 CaMa OCTAHABINBASTCH,

Ilpy noasiaeHuM y Tena MEPBOHATANLHON ckopoctu V. B3aumo-
Ieiicrsue ocnabnsercsa. Ilpu aToM GespassiMyEO, B KAKOM HalpaBJIeHAH
ABIDXETCH TEJIO: OT YACTUILH MK Hascrpewy wactune. IIpu +V,, =V, ua-
CTHIIA HE HACTHUIAET TeNOo, B3auMoLeiicTeue Heoamoxuo. Ilpu ~Vo, =V,
9aCTHNA U TeJIO OTPAKAIOTCA APYT APYTa U PAZIeTaloTess B IIPOTHBOIIONOMK
HBIe CTOPOHKI, HE U3MEHHWB CBOMX CKOPOCTeil, CleZOoBATEIbHO, COXPAHMEB
CBOM 3HEpruu. 31ech B3aRMOJEICTBIE TAKIKE OTCYTCTBYeT, Zq = O.
Z.

4

]

o b W

Puc. 7.1
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PaccMOTpUM CKODOCTH Tela Iocjie B3AUMOZREHCTERHR € QacTHmel.
Dueprua Tesla nocie B3aHMOXelicTBHA, 09eBUAHO, OyzeT paBHa SHepruH
TeJa A0 BIAMMOAEHCTBAA MIIC 3aXBATeRHAS OT YACTHLEI SHEPIUs

2 2 2
mV,, _ mVy, N mV; z
27 2 2
KoadduireHT 3aXBaTa 9Hepruu TeaoM Z, BRIpaXaeTcd Uepe3 OTAAHHYIO0
gacTUIeil 9HEpPruo, oHa BeIUTIHHEA OTPUNATEeNbHAS

[oaroMy 3aXBaueHHAS TEAOM SHEPIHS OT YACTUILLI 3aANMINETCS ¢ 3aMeRoik

3HAKA nepex Z,:
V2
=—2(1-2 ).
a5, = %)

mv. mV} N msf:( V2')
2 2 2 ’

Orcoaa

YYMTHIBAA, 9T0 M, = My, noxyiaem Vi, = V. . Cxopocrs Tena mocxe
B3auMOZAEHCTBUSA ¢ YacTHIEll HE 3aBMCHUT OT TOIC, K&KYIO CKOPOCTh UMEJIO
TeJ0 4O B3aMMOAEHUCTBH A,

CKOpOCTE Tella A0 B3aMMOZelcTBMSA ¢ QACTUIEH ABISETCA pe3yib-
TATOM NPEXIIECTBYIOMEro B3auMOaeficTBHA C APYIOW, ¢ NpeanlAylIei
gacruneii. TaknM ofipasoM, HOBOE BIAMMOZEHCTBME HMKAK HE 38BHCHT
OT PeayJbTaTa MpPEALIZYILEro. 3Ta 3AKOHOMEPHOCTh B3ANMOACHCTBUA Tel
Opy M, = Ny JIEXXKHT B OCHOBE 38KOHA NPUPOALI — NPUHIMNA Cynep-
TO3MITHM.

B Tupne saammMopeicTBUA M, > M, TEN0 NPHOGPETANO MAKCHUMATL-
HYI0 CHKODOCTL IOCJE CepHuu BIAMMORENCTBHI ¢ qacTUnaMu. 3xech e
TeJ0 YCKOPSAETCA 38 OMH AKT B3AMMOAEHCTBHH, T. €. 3][eCh HET ABJICHHSI
UHEPHUH,

Taxkne 3HeprydyHbie AKTHI BIAMMOAEHCTEBHS TEll MOTYT GRITH MHOIO-
KpaTHO DORTOPEHBI, &CNu Tea Gyper Sonsblre ABYX, ecnn OGyzer aHcaMGas
Tea, 00PAlyWIINX HEKY0 cpepy. B peayiabrare B 3TO# cpexe mpobesxuT
«BOJIHA » B3ANMOJeMCTBHIf, ¢« BOJIHA» BO3MYIeHNH (110 IPUANMIY JOMUHO).
Heckonbro Takux BosMyIOeRHI MOTYT PACIPOCTPAHATHLCS B cpefie, Hepe-
cexasl MyTH APYT APYry, HO HUKAK He BAMaA Apyr Ha apyra. Iipm aTom
Tesa B aHcaMbie He 06pa3yloT KaKuX-1Go cryimeRwi, yrIoTHeHUH, mO-
TOKOB, BUXpPeil ¥ WMHEIX HOBOOOD230BAHWIT U3 TEJ, XapAKTEDBHIX AJf
«BACTOAIIHX» BOJH, 3fieCh Tejla B3AHMO/eicTBYIOT TOJNLKO monapio. Ilpu
COYAAPEHUH TENd IUAVN, COELUHAIOMINAE UX TEHTPLI MACC, OPUEHTUPOBAHEL
cny=aiftHuM o6pasom. IlosToMy, mOCne CTONKHOBEHUS TejAa pPA3JeTAoTCH
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o cnyYaliHKIM HampaBjeRusiM. Taxoe BO3MYIGeHHE B Cpeje PACHpOCTpA-
HAETCH 10 XAOTHUHON TpaeKTOPHH.

«Bonna oMUHO» XAPAKTEPHA AJS TEIJIOBOTO JBMMEHUS, 3TO TEILI0-
BEle BOJTHEL. KBaapaT cxopocTm Tex obpasyeT «TeMIepaTypy» CPefhl.

§ 8. Ynpyrocts. Kone6anmue.
Huepuns asmskennst. Ocunnnatop

Mogens ABIeHUA IIPRDOAEI YIIPYTOCTh IIpUBeeHA HR puc. 8.1, Hacrn-
Ia My, DHPKYJIUPYIOUAad MeXIY ABYMA « TAKEJIRMHUs TEIAMH T, U Mg,
IpeACTaBAAeT Co0OH HACANBHYIO <«NDYRUHY». [IpM COKaTHAHM npy>XHUHE
TENOM M, ZTUCTAHNUS MEXKAY HUMU COKDPAI(AeTCH HA REIUWIUHY T, TIO-
MEITKY YaCTUILAI YCKOPUTH TEJO YIAAaoTcs ( « 1aBJIeHHe» HA TeJIO PACTET).
B mvoxenu srnoauserca 3akoHd I'yka.

HaeansHoil npymxune («yopyrocTus») NpUIACKIBAETCH HaIuue B Heil
noTeRnAanbHol sHeprad. Mofienb packprigaeT duanyeckoe cogepiaHye
3TOH «ITOTERIMAJILHOM JHEPIUUs — DHEPrUA NPYKUHLL NPEACTABIAET CO-
Golf KMHeTUTECKYI0 SHEPTHIO YACTHUIK, TUPKYIUPYIOIEH MeKLY TeIaMH
co cKkopocthio V.

Ho6aBnenne K MOxenH ynpyroern BTopoit noRo6HOE FacTHIL U Tpe-
THhero TeJa OpeBpalaeT €e B MOLeJb KoJiebaTebHOH CHACTEMBI — OCIHJI-
asropa (puc. 8.2). Teno m,, orsegeHHOE OT CPEHEro NOJNOXKEHEUsI, OyaeT
KonebaThed, O6MEeHUBAACH DHEPTYeH ¢ TACTHIIAMU,

PacemoTpuM ¢asy konebaHus, KOr'Za Temo 1, HPOXOZUT cpefHee
T0JIO3KEHME CO CKOPOCTRIO V, Bparo. Bennuuanl KoadduoueHTa 3aXBaTa
SHEPI'UU JJjd BTOTO MOMEeHTA NpuBedeRnl Ha pmc. 8.3. ITo ormomenwuio

mT
: T
V,=0 :lc——- T

my L m, K m,

Puc. 8.1

-z, m, +zZ,

My LM LM,
Puc. 8.2
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+2Z,

Puc. 8.3

K NeBOIl 9acTHUIe CKOPOCTh Teja ecrs +Vp, a [0 OTHOImEHUIO K IpaBo#
gactuie ects —V,. B aTix ycnoBusix geBasd dacTuIA (TeBad «IPy:KHHA»)
OPOJOJIKAET YCKODATE Te10 (37ech —7.), 4 NPABAW YACTHLA 38XBAThI-
BAET BHEPTMIO OT TEJIA — IIPABARA ¢IDYXXHHA» CXHAMaeTcA OT 3HEPrHH
rena (3gech +2Z,). Takum o6pazoM, XOTSl Tel0 HAXOZUTCA B cpefHEM
TIOJN0XKEeHUM U 06e OPYIKUHE! BCTPEYHO CXKATH HA OAUHAKOBYIO BeNWIUHY,
ycnoBusi oOMeHa 3HEPrmei Teaa € JIEeBOH U IpaBoil OpYyKMHAME CyIe-
CTBEHHO Pa3JiMIHN. DHEPIraio Tely OTXAET JeBaf NpY)KHUHA, a Ipasas ee
OT Tejaa HOoTpebiasieT (3aXBaThBaeT). B pe3yabrare, Xorsa Tejl0 HAXOAUTCH
MeXAY ABYMSA OIMHAKOBO CXXATHRIMH IPYKMHAMUY, TEJXO ABUI'AETCA MMEHHO
3THMHU NPYHHHAMH. PeHOMEHATHEHO, 3TO ABJICHUE BOCIIPHHUMAETCHA KAK
«HMHEepUMA NBMXKeHHA» Tena. Teno aeuraercs xak Onl caMo, «mo UBep-
LAN», MEXY ABYMHA OAVHAKOBO. CISATAMH NPYKAHAMY, HOCKOJIBKY CUJLI
T'yxka npy’xuE paBHEI ¥ NPOTHDGIRAKGMMNEN. U0 3HaKy. B sToM sakmioda-
ercss GU3NUYeCKas CYIMHOCTh <TAMHCTROERONOs HBIEHUS ABUXKEHUA Telxa
N0 MHEPNUU — «caMO coboils.

IIpocrexnm 3a passuTAeM YCAOBMH B3aMMOAEHCTBUE TeNa M, C ua-
CTUIAMU TOCJe NPOXOfiA TENAOM CPeJHEro MoJoXeHHda. 3fech Teixo Ha-
9MHAET 3aMeANAThCH (CKOPOCTh V; NAJaeT), CKOPOCTh IPARCH WACTHI[HI
yBEAUUHEBARTCS (IPARAY «IPYIKHHA» COKEMAETCA), CKOPOCTDL NIEBOH yacTu-
Oel mafaeT (JeBas «OpY>XAHA» paaykUMaercs). B aTHX ycaoBHAX Koad-
GbUnUEeAT 3aXBaTa SHepPrun ¢ Jeroil yactunelf enje 6osee ysenmaupaerca
M OT yixe ocnabNeHHOH TaCTHUIILI TENO NMPOAOJKAET 3aXBATHIBATE IHEPIUI0
B eme 6onsmeil Mepe. HacTUIa e MO-TIPEKHEMY HPOAOJIKAET YCKOPATH
TeJIo BOPARBO. A KoadhurueHT 3aXBATA SHEPIUM € IIPABOM yacTHIEH, KyAa
CBOIO BHEPruio Teso orjaer (H Topmosurcs), emie Gosece nagaer, nbo V.,
pactert, a V; nagaer. CorpoTisiieEue TeJly OT NPasoil IIPY>XKUHE eIde Golee
nagaer. B peaynprare, ycaosusa AN ABUXXEHAS Telf HEYKJOHHO YAYI-
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INZIOTCS M TEJO NPOAOIKACT ABHUTATHCH RAJBIIE ¢IO MHEDIuK». JlHnh
IIpU OCTAHOBKE T€Jld N CMEHe HaIpPABJIEHVIA ABIDKEHNS YCJIOBHA 34XBaTA
9HEPriyl MEeHAITCA HA NPOTHRONOJOXXHBIE H TeJI0O HAdNHAeT YCKOPAThCA
B IPOTHEOHOJIOXXHOM HATIPDABRNEHMH.

JBUsKeHUe Tella MO MHEPUMHM SIBJISETCS COCTABHON YACTHIO BCSAKOTO
ABJIeHUs Kojebamua Tena. Bea uHepnuM ARMIKEHUS HEBOZMOMKHO CAMO
«konebanmes» — NPpEOAOJICHME TEIOM HYJIEROTO IOJNOXKEHMH. PacKpbI-
THe DH3MgecKoll cymHoCcTH MHepOUE ABMIXKEHUA HAINUMHA IPUBLUIEMU
B3AVMOJNEHCTBHS ITO3BONAET LeJEeHANTDARIGHHO YWPABAATHE B3TUM HABAE-
HIEM, YBEJUYUBAA €0 B ABTOMEHEPATOPAX WIHM YMEHLINAs B aeMndepax
(eracuTenaxs).

OTMeTHM H3BECTHOE 3AMEYATESHHOE CBOMCTBO OCUMILIATOPA, MMEN-
Imee BAXKHOE U TeOpeTHYECKOE, U IIpaKTHReckoe 3HaueAue. [Ipu «Goxab-
oy CKOPOCTH TeNA B CPEAHEM NOJOMKEHHH TENO0 TePeMeCTHTCH (OTKIIO-
HHTCH) TaKXe Ha «6onpmmyro» Benrmauny. To ecTs, aMIINTYAA KoNeGanus
TeJa MOKeT OHTh IPOMIBOJIbLHOI, B 3aBHCUMOCTY OT IIPOMBBOALHOM CKO-
poctz Tena V. Ho Bpema geukenus 10 «Kpas» TpaexTopun Gyner scerna
oxuuakoBEIM. ITepHon xonebaHusA OCITHINATOPA HE 3ABHCHT OT BEJIMYHHEI
aMauTyxsl Kodebauusn. Ileprog kodebaHun onpefesIaeTCa TONhKO BeIw-
QUHON MACChl TEIA M, U YIPYTOCThIO «IPYIKMHE ['yKds, COCTABICHHON
M3 JACTHIl N, ! ABAAETCH ¢«METPUKOIl» OCIMINATODA,

BosBpamasch OT OCLMJIIATOPA K MOZea¥ YIDyroctu Ha pxc. 8.1,
3AMETHUM, YTO «OPOrHb» NPYXRUERI HAQ REIHUIUHY «Z» COOTBETCTBYET aM-
IWIHTYRe Konebamus B ocuunnaTope. COOTBEeTCTBEHHO, X BpeMsa «npo-
rH6a» LpPYXRMEEI €CTh BEIMYMHA NOCTONHHAA, OUDEAENAEMAS TOILKO
ee JKECTKOCTLIO M BEIMIMHOH MACCHI M,, ¥ He 3aBUCHT OT CKOPOCTH
tena V;. OueBuano, ure Bpems mporumba pasHo l/; mepmoga xonebamus
OCHUNINATOPA,

B Mopenu ocnuniasiTopa IPHHATO, 9TO 3aXBAT BHEPruy 9aCTHIL KOPIY-
COM OCOUIAATOPA My PABEH HYJNIO, IOCKOJBKY Mg >3 Mg. IIpaxkTuuecku
5TO YCJOBMEe He BHRIIOONHAEeTeA. IIas 4acoB »TO HejonycrmMo, hbo 3a-
XBAT DHEPIMM MAATHUKA KOPOYCOM yXYJALIgeT TOUROCTh. IloaToMy JeBast
¥ npaBag MAacChl My AOMEHEK OLITh O0BeIUHEHL! B OAWH MAaCCHUBHLIM
y3e ¥ CBOOOMHO KAYATLCSA OTHOCUTENHHO MASTHHKA M., BOSBPANIAN eMy
obpaTro 3aXxBaeHdy0 3nepruio (Tacu P. M. Penuerxo).

B zaksioueHNe OTMETHM, UTO, 3a8MEHUB YACTHIhI- ¢ IPYKHHEI» HA Ha-
CTHIBI-IECAKOHR!, TPHUXOAMM KO Bceobmmelt Mojeny HHEPILHH IBHAE-
Hug Tena. Teno, MONydwBIOEee ONHAMKAKI HEKYI0 CKOPOCTH ABVKEHUS,
Oyner MBUraThesl Aajblle ¢HO0 HHEPIHH» — 38 cUeT B3auMoAeicTBHA
€ JIECAXKOHAMU.

Kax Bugum u3 puc. 8.3, Ko3dpHIMeHT 3aXBATA PHEPTUMA YCKOPSIO-
LOer'0 JecaKoHa —J, Bcerga MeHblue, ¥eM Ko3(QhUIHeHT TOPMOIALIEro
Jecaxxona +Z,. B peaynbraTe Teno, IBIMKYIEECH IT0 MHEPLMH, IIOCTEIEH-
HO 3aMeANAeTCH, BONPEKM NOCTyNary, NPHEATOMY B mexauuke HuioTona.
OueBnanO, YTO IPA MATKIX % aro samegnerwe Mano ([—Z, = +7Z4])). Tax-
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#e OYeBUJHO, UTO TENQ He MOMXKET IBUTATHCA (OHO ABMIKETCH JeCaAKOHAMMT)
GRICTpEe CKOPOCTH JIECAKOHOB.

§ 9. I'naBubIit NnapameTp
SIRJIEHHUS] B3aHMOAEHCTBHS ABYX Tel.
Y10 TaROE «IHEPIrHs».
Yemy paBna peanbHas 3Heprus 4aCTHUbI.
MamuHa MexaHU4YeCKas ¥ MalluHA TeMn/oBan

B nmpesmipyinux maparpadax MBI DACCMOTDENH Pa3iIM4HBE (H3MTe-
CKHe ABJEeHUA ¢ MO3NIIHH IPUHIMIOR B3amMojelicreid aByx Tex. B aga-
nu3e MABIEHVi HEUAMEHHO IIPUCYTCTBYET SHEPTrHUs 4acTuuun Fq ¥ Ko-
obdUIHEeRT 3aXBATE SHEPrAM HacTHMUM Z,. Ha nepBrIil B3MISA pOJk
KoatddunmenTa Z, upeACTABAAETCS CKPOMHON “~ 3TO BCErO JHIIL ¢KO-
adduIIIeRT NONE3HOr0 AEHCTBHA» YACTHUILRI BO B3ANMOAEHCTRUHK € TEJIOM.
Ha camom fese, dusvgecKkuii cMuics koaddunenra Z, ropasgo riybxe
¥ HMeeT QyHAAMEHTANbHOE 3HAYeHHe. Zy — BTO OCHOBHOH NapaMerp
B3aumMozelicreusa ABYX Tea. Ilokamxem aTo.

[Ipunaro, 9T0 SHePrud YACTHIIKL C MACCOLE M., p;nuxcymeuca €0 CKO-
poctrio V., onpefendeTca BRIDAXKEHMEM

p= ™V
2

Kax w3BeCTHO, OAHO MHOCTPAHHOE CJIOBO ¢DHEPIUA» 3aMEHIET TPH
PYCCKUX CJIOBA: «CIIOCOOHOCTh NPOM3IBOAMTL pabory». Taxum o6pasom,
¢pasa «leramee mylmeyHoe SXPo HMeeT sHeprmio 1000 xI'M» moxer
3BYYATh M IIO-PYCCKH! «JeTHIee NYINIeYHoe HAPO CHOCOGHO IPOU3BECTH
pa6oty B 1000 xI'm», ¥ HUgero 6osee Toro.

CnoBo «3Heprusi» (CHOCODHOCTE IPOM3BecTH DAGOTY), ECTECTBEHHO,
BCErga MPHBA3AHO K O0BEKTY, MMEOINEeMy 3Ty CIIOCOOHOCTHL (3zeck —
K IIYOIEIHOMY s1ApY). «DHeprusis 6e3 obbexra — pusnyeckan Hecemeic-
auua (Bpome «MaHHLI HeOeCHOX»), IMUPOKO PACIpPOCTPAHEHHAH Ccpemu
1I0apJAaTaAHOB B HAyKe.

2
B npusefeHHOM BBILOE VPABHEHUH IJIS 3HEPTMH acTUOL By = ﬁ;’l

IPUCYTCTBYIOT TOALKO HapaMeTpsl yacTurkl. [lapaMeTpor Tensa, KoTopoe
YCKODSeTCH YacTHNell, 3fech HeT. SHawuT, 3fech HeT B3aMMojeMdcTBudA,

clleJoBaTE€JXbHO, HEeT paﬁoTH, H, eCTeCTBEHHO, HET y JaCTHUIBI B ¢CIIO-

m V2
co6HOCTH TIpou3aBecTH paborys. Ypasrerue K, = —“- EE XapaKTepusyer

CIOCOOHOCTL YaCTHUIIK NPON3BeCTH paboTy Hag -re.nou, HE XapaxKTepHsyeT
BEJMUNEY DHEPTMM TACTHIEI. JTO HE ¢«yPABHOHHE DHEPIHUM TaCTHUIKIS,
8 a6CTPAKTHAS MATeMATHUeCKas BeJIMYWHA, ONMCEIBAOLIAA JACTUALY M-,
COCTOSIHME YACTANKI B HEKOTOPOM A0CTDAKTHOM IPOCTPAHCTBE,
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CoocobHOCTE YACTULIEL IPOU3BECTY PABGOTY MOKeT XAPAKTEPU3IOBATH
TOJILKO I[I0JJTHOE YPARHEHWE B3AMMOJeHCTBUA JBRYX Tel

RE\[ = E'{ ‘ [_Z'l]s

rae REy; — «peanbHas aneprus» uacTuunl, By, — «aberpakTaas (MaTeMa-
TUIECKAS) 9HEPrud» JacTHOhl (MM OPOCTO ¢3HEPruA» YacTHIh!), 2, —
ko3hdHUIMEHT 3aXBATA SHEPrIY Y8CTUIAI.

TaxuM ofpa3oM, Handugue OJHOMN UACTHOW € Maccoll M, ¥ €O CKO-
pocreio V, BoBce He roBopur o Ge3yciOBHOM BO3MOMHOCTH YACTHILE
npouasBecty paboTy HAK TEIOM Mg.

PagymMeercss, ITO BApbHPOBAHMEe BENIWTHUHL! Z,; YBEJIMUMUBAET WU
YMeHbITAET AOJI0 3aXBaUeHHOH OT JIACTHUE AGCTDAKTHON dHEPIUH, €€ pe-
ANBEYI0 CIOCOOHOCTh IPOM3BECTH PaboTy (PealLbHYIo dHepruw). 3jecs 2,
BricTynaeTr kax « KILT{ sacTuukl».

Ho B KOHKDPeTHOIL cuTyanuu 7, MOKeT BDEMEHHO OKA3aThCs PABHOMN
Hynio, ¥ Torga 6yger RE; = 0. ¥ qacTHlIM peankHAsS 3HEDPrUS OKasKeTCs
paBHO® HYJI0, ¥ HUKaKadA pabora Hag TEIOM GYAeT HEBO3MOXXHA. JTHM,
KaK ME BHAUM, OOBACHIAETCHA, B HaCTHOCTH, MHEPHMA NOKOA TeJa.

Hakoren, ¥ 3TO BAXKHO, KOHKPETHAS MOJEIb VCJIOBHAA B3aMMOAeH-
CTBHUSA YACTUILLI € TEJIOM MOKET OKA3ATLCS TAKOH, TTO 115 Hee Z, CMOXKeT
BriTh BCeria TONbKO paBHOM Hymo. HHROrZa He MOKET CTATH OTAMYHON
OT HyJA.

CkaaapiBaercd, Kasanochk 65, mapaJoxcaiabHas cUTyalns: abeTpakT-

HAA JHEPrud JaCTUIKl €CTh, 4 €e PealbHAS SHEPrHdA -~ CI0COGHOCTh
IIpOU3BEeCTN peanbHyro pabory — pasHa Hyao., TaxusM ofpasoM, Kood-
bunpent 7, — OCHOBHOM IapaMeTpP B3AMMOAEHCTBUA — «¢pA3PEINAET»

HIE <3anpellaeT» OompefejeHEhIe (DAIUTEeCKNE SBJIGHUH B NPUHUKIE,
HeHCTBYeT B Ka9ecTBe GU3UIECKOrO 3aK0HA.

Bripaxesus Ana peambHON SHEPrHM YaCTHILI, TO €CTh LA €€ Peahb-
HOM BO3MOJKHOCTH IIPOM3BECTH DAGOTY B DASBEPHYTOM BUAE BRITTISAAUT TAK:

RE; =FE, :[-Z4] =

_mqu [4Vr( E)+ 4m.my ]
T2 v, Vo)  (mn+me)?]

BoTr CKROMBLKO HY)XHO YYECTb WM BRINOTHUTH ¢YCJIOBHI», AJf TOTO ITOOHR
«0YeHb MOHATHAfA®» U <¢fcHAs» a0CTpaKTHAA sHeprus By = ’"“!2 crama
peaJbHO#H auepruel, 4Tobm yacTUNA peanbHO 3apaborana.
BecunciieHHRe HaWBHBE IIONBITKHM HCIIOIb30BATh TEINIOBYIO 3HeD-
THI0 OKEAHOB H TOMY HOJ00HOE IPOHACTEeKAIT OT HENOHHMMAHWA TOro,
470 NPH OUpeaeIeEHON opraFu3anii B3anMOAeCTBUA YACTHUIEI ¢ TEJIOM,
rge 7y = 0, memaberkHO OKAIKETCA PaRHOU HYII0 ¥ DeasbHad SHeD-
rus (RE; = 0), HecMOTDA HA «3aMAHYHBYIO» I'DOMAJHYIO K XapMOBYIO

2
aGeTpaKTHYO 3Hepruw F, = 2‘—'2!1, BIOJIEE OYEBUHO HE DABHYH HYJIIO.
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ITomRITKY YACHUTE U HAYATD MCIONbL3OBATh ABJEHUS NMIPHPOAR, BALA

B HHX ¢«JHEpruw» B Buje F, = ﬂh,‘,l"f-, 6e3 yuera mapaMerpa B3auMogeii-
creusa 7., nen3bexHo GecIIOKHNL.

Kax 6ymer moxasano jpanmee, mefiCTBMIO OCHOBHOTO ITADAMETPA B3aM-
MOJeiCTBUA ABYX Tel Z, 00A38HK CBOUM CYIECTBORRHMEM TaKMe dyH-
JaMEHTANRHEIE ABJCHUA. IPUPOALI, KAK HHEDPIMA IOKOH, DE30HAHCHOE
B3aMMOAeCTBHe, [PHHIMI OTHOCHTENLHOCTH, IDAHAOHN HAMMEHBIIETO
BeHCTBUA, PABHOYCKODEHHOS ABUIKEHME, 3AKOH YCKOPEHHMHA CHJION Taxe-
cTH, uHepuna gauxkenw s, [ u I magana repMmogHEAMUKH.

B saxaiouerue, JaguM BhipasmKeHUA NS pealbhHOW SHepruH 4acTHI{RI
opy My K My U My = My

o maVE 4V, ( V,) 4m,my
a T . REq:-Eq‘—.Zq: 9 | —{1-—= ,
e =] 2 [ Ve Vo) (m:+mg)?
2m.miV2
RE, = 2m Ve(Vy — Vo) + ——— 2
T( I o T oy

m,V? y2
Mmy=my: RE,=E, [-Z,]= 2 -(1——T),
Ty =77 1 9 -qu
mo(V — Vi)

RE, = —

3aMeTHM, 9TO OHM CYIIECTBEHHO OTIHYAIOTCA OT IPHBRIYHON ab-

2
CTPaKTHOM sHeprum F, = Qsz-vl

IIpu peaonance B 06oux ciyuasx Bupakenwe nuda RE, OpEHEHMaer

. v2
onuHaxosent sua RE, = "'"2 L | YTO TPUBUAILHO, U0 «HMCXORHASY BEJIH-

3
quEe aGCTPAKTHONR BHEPruM y HUX OFHA H Ta e u paHa B, = me¥e

a[-Z4]=1. 2
Benwunna E, = "'—2‘32- , KAK MBI BUJEIH, BOBCE HE «3HEPIrUA» — HE CIo-
co6HOCTB poudBecTy paboty. Ho B TakoM Buje (¢ HasBaHNM » ) OHA IIy6OKO
VKODEHUJIACh B HAYIHON nureparype. [Io3aTOMy NMTaThCA ¢ pA3BEHUMBATD
ee CTATYC», 4 «dHeprueii» HAZLIBATH BhIMENDVBEACHHEIE PEAILHKE DHED-
reu RE, epapn nu uenecoobpazno. [To-BMAUMOMY, ZOCTATOYHO IIPHHATH
0o YMOJUaHMIO, 9TO PAKTHIeCKOH, peanbHO CIOCOGHOCTLIO ITPOMIBECTH
paBoTy sBRseTCS TOJBKO peanpHas (¢Hacrosiman») oneprud RE..
BarisHeM HA I'NTARERI MapaMeTp B3aHMOZeHCTBUA JABYX Ten Z, ria-
3aMu ¢uauKa. BHauM, YTO 9T0 He HPOCTO +«KoIDIUIMEHT» IIOIEIHOTO
XeHcTBusA, a cXaToe onucaHue «cnocofia ¥ YCTpPoOMCTBa» Opeolpas’o-
BaEua (peayMsanuu) aGeTpakTHOH SHeprum dacTHOnl E, B peanbnylo
snepruo (pafoTy) — ONMHCAHVE HEKOW ¢«MEeXAHUYECKOW MAIWHBI», AG-
CTPAKTHAR SHEPIrHA YACTHIIB MOXKeT PEealu30BAThCH B peaibHYIo paGoTy
TOJBKO «BHYTPM» TaKoil MamuHk, QBoiiTHCE 6e3 Hee IIPUHUINNRAILHO
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HEBO3NOKHO. BHe MamuHEl, 663 MAIIMHRL «rojgasas a6CTPAKTHASI BHEPIESA
YACTHLH HEe MMEET HUKAKOrO QUIMIECKOro CMuICa,

«Mexaunuveckas MamuHEas HpocTa (3NeMeHTapHA) ¥ KaK Takosas
MAJI0 9ero A06aBIAeT K DOBMMAHUIO ABNEHUA BIAUMOAEHCTBHA YACTUIIET
¢ Teirom. Ho B TemrorexHuke (TepMOZHHAMMKE) DOJBL ¢TEOPETHUIECKOH
TEeIUIOBOY MAITUHEI» ~— MAUTMHA TAK)XKE AAH peaymsanny aGerpaxkraoit
SHEprMM TOpsYeil MOJEKYJH B DEAAbHYI0 paGoTy — Aas TOHMMAaHMS
fIBJIEHNH CYINECTBEHHO BaskHee,

«Mamunra moynas, emamuna Kapaos (Orro, Ouasens, Penxunna
M T.A.) — BCEe OHM SARIAIOTCH ¢«MATEPUAIHIOBAHHEIM» IlapaMEeTPOM B3a-
UMOJeHCTBUA ABYX Ten Z,, HOSTOMY AHANY3 «TEILIOBHX MAIOUH® TAK-
e 1nenaecoobpasHO MPOBOAWTE ¢ NO3ULUI NPUHENATOB BIaUMOZENCTBUA

ABYX Tex.

§ 10. PuauueckHe cBONCTBA CBA3RH.
Ynpyraa ceA3Ka B MEXAHHKRE.
Cssi3Ra nepeMeHHOH AJIMHBI B MURPOMHpeE,
Ycnosue lNnauna, INocrosxnas Inanra.
JAnHaMHyecrHii NPpHHUHN B3aUMOAEHCTBUA,
KunHeMarHyeCRHUA NPUHLHKI B3aUMOAEHCTBUA

o cux nop Mn! B aGCTPAKTHO# MOge/aH BIAMMOAEHCTBHA ABYX Texa
CBASKY MEXJY TeJIOM M JacTUIeld DPpUHMMANY B BEAe aOCTPAKTHON He-
BECOMOI! ¥ HEPACTAYKMMOA BMTU IPOHIBOJBHOH, HO HeUIMEHHON [NUHEL.
9ro GrLIO OMPABJAHO TEM, 4TO AJMMHA CBA3KM HAKAK He BIWAET HA Be-
JMYURY PHEePruy, 3aXBaueHHOH TeJOM OT HACTHHBHI. B sTOM npouecce
(BBMmucaeEyu Z,) YYACTBYIOT TOJIBKO My, My, Vi, V. Bpema e axTa Baa-
nMoge#CTRUA ¥ ZUCTARNUSA B3AMNOAEHCTBUSR, OUeBHAHO, IPAMO 3ABHCHT
u OT AJHHH CBA3KY. CBA3KA TaKie MIpaeT aKTUBHYIO POJbL BO B3AMMO-
ReHCTBUY Tell.

OveBRNzHO, 9TO PUIMUECKOE COAEPIKaHUe CBAIKM ONpefenseTcs BU-
ZoM TOH MaTepUH, TAe COBEPUIATCA BaaHMojeHcTRNE,

B MexaEMKe B3auMogeiicTBHe YacTUIRI € TEJIOM OCYIOECTRIZETCH
nocpescTBOM Hexoll ¢ympyroctus. Taxk BzauMone#iCTRYIOT ABA MACCHB-
HBIX TeJjia NOCPEeACTROM YHOPYroro bjieMeHTa — NpPYXKAHH. Tak yopyro
B3aMMOZEHiCTBYIOT MONEKYJIH rasa. BaammogeficTBne 3Aech IIPOUCXOIUT
HA IPAMON AHMHMH.

B mukpomvmpe (3nexTpUdecTBe) B3AMMOAEHCTBHE «TrHApPOAHHAMUYE-
cxoes. Tax B3aMMOREHCTBYIOT BUXDH B XHAKOCTH, B ragax, B 3dupe.
BaaumogeiicTsne 3ZeCh IPOUCXORNT MEXKAY ancaMOIaAMU Tel, obbeguHer-
HEIX BX o6muM, TPYRIIOBLIM ABMIXKEHHMEM — BHXDPAMU. Baaumogeiicraue
NPONCXOZUT B 0G'beMe cpennl.

PaccMoTpuM MexsHMuecKyio MORENh BaaumogelcTsusa (puc. 10.1).
Mesxny MACCHUBHLEIM HENOABUSKHKIM TENOM N1, W IHOABYIKHLIM TEJIOM i
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M My Vy . my
V=0 !:-—:c
'my LmgKL<m,
Puc.10.1
pPacrojiodKeHa <yIOpyrocTs» (NPY’KHHA) — <¢OUPKYIUDYIOINAS YaCTHIEA

YIIPYTOCTHY My, KBMKYLIAACA CO ckopocThio V. [Ipu HamxuMe TenoM mq
JAUCTAHUWA MEXZY M, U M, COKPANIAETCA HA BEJIUYMHY I (Dpy:XRuUHA
npornGaerca), ciefOBATEALHO, YACTOTA MUDKYNALMHM My YBeIUIMBAET-
€f1, OT 3TOr0 YBEIMIMBAETCA UACTOTA YAAPOB My IO TEdY My (TAK 3Ke, KaK
¥ N0 Mq) — AaBAeHUNe («CUIIA YIPYTOCTH») HA TEJIO TN, JUHEHHO PacTer:
TIPOMICXOANT SIBJICHHE CXKATHSA IPYRMHK no saxkony ['yka. Ckartas mpy-
JKMHa AABMT HA YaCTULLY N, U yecKopaeT ee. TopMoskeHne Tena m,, CoxaTHE
NpPYXUHLI, YCKODEHHE YAaCTHIIEl My IDOMCXOSUT, KOHEYHO, OFHOBPEMEH-
HO, B eZIXHOM Irponecce. Tak MPOUCXOANT MeXaHKIeCKOe B3aMogelcTBe
ABYX Tes. TaxuMm o6pasom, B MeXaHUIRCKOH MOZeNHd POIb CBASKH UrpaeT
YIPYrOCTh, IIPYKUKEE, .

B npusejeHHOM aHANN3E MEeXAHMYECKOH MOZeaH YNpYTocTH caefa-
HO OJHO CYIIeCTBeHHOe IOUYINEeHHe: NPUHATO, YTO CKOPOCTh TENa My
npeHe6pesXUTENLHO MaJla IO CPABHEHHUIO CO CKOPOCTHIO MUPKYIHDPYIOmei
gqactun, V, < V,. Beaegersne sToro npu HaXKaTHH TeJIOM 11, BEICO-
K4 CKOPOCTh HACTHIM V, HHMCKONBKO He YBeJINIHBAETCH, TaCTUNA My
He YCKOPSIETCH TeJoM Tlg. JIuHeillHOCTL 3akoHA I'yKa cilenyeT MMEHHO
U3 3TOrO JOMyIeHUd.

DaKrTUYIeCKH, IPHA B3aUMOACHCTEHY Tena M, ¢ YacTuueil m, gacTuua
Oyzer Taxe Hen3beKHO YCRODATHCH M, caeAOBATENbHO, OyaeT yBein-
THUBATbL CROXO CKOPOCTh. OT 3TOr0 JONMOJIHMTENBHO YBEIWYUTCH I4CTOTA
YJapoB YACTHIH M, MO Teny Mm,. KpoMe aToro, HeU36Ge’KHO YBeIHTIUTCA
SHEPTUA KAXKAOTO yAapa YACTHILL Ty TI0 TeXy My — HNPYXHUHA Hem3bexk-
HO CTAHOBUTCA <«iecTues, [[py>KuHA CTAHORHUTCS TeM Ooixee kecTue, yeM
6nicTpee ee CHKUMAIOT. 3TO HPHUBOLUT K TOMY, HTO BeJUTUHA nporuba «T»
NpY;XUHE TEM MeHbINe, YeM 6oJblle ckoPOCTh Tesa Vi ¥ HaoGopoT.

B peannEmX ABJeHUAX B3aMMOLEHCTBUA TEX CKATHE IPYRUHEI IO 3a-
xoRy ['yKa XapakTepHO X/ «UHCTO MeXAHMYECKMX» ycTpoiicTB, 3gech
IIPUENMAETCH, 9T0 3aKOH I'VKa BNIONHAETCA ¢ BHICOKOW CTelleHBIO TOYHO~
cru. B yerpoiicTBax, rae npoRCcXoAUT ¢RaTHE ra3oB (TeNJIOBEIE MAMIUHE),
fIBJIEHVE «Y3XECTOUCHHUA IPY’KUHBI» APKO BEIPAIKEHO, ¥ C HAM IPUXOAUT-
cst cunratsed (§ 24).

TlepereceM MOgeab NPy KMHHOro» r3auMozeiicTsusa puc. 10.1 B a6-
cTpakTHY© Mogexs (puc. 10.2). HajizeM BpeMsa B3auMOJeHCTBUS ABYX
Tes1. Bo BpeMs aKTa B3aUMOJeICTBUA Tell aCTHIA M, ABUMKETCS OTHOCH-
TeabHO IMEHTPA MACC II0 KPYTY C PaguycoM Ry ¢ ITOCTOAHHON OKPyAHOMK
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N

. T — et

Puc.10.2
cropocteio V4, OTcroaa
'II'R1
t = .
Vou

Oaaxo, 9TO YPDABHEHHE «HEBEPHO»: | BOBCE He ONpPEfeNACTCH Be-
anunaeMua Ry u V. Hexo B TOM, 9To 11porn6 OPYKUHM <«ZT» B MOJE-
au puc. 10,1, ouesrano, ecTr 14 myTn ABMIKEHHA TENA M, B OCHMAAATODE
3a opuy nepHox xomeGarus (§ 8, puc. 8.2). A mepuoj, KonebGaHUS OCOMIT-
JIATOPA OHPEJNENACTCS HEeCTKOCThI0 OPY)XUHEI 1 MACcCOH koaebiaiomerocs
Tena, Ho He V,y. IloaroMy 37ecks YMECTHO rOBOPMTL O JJIMHE CBAIKM,
sapucame or V,, M BpeMEHHM aKTA B3aUMOAEHCTBUSHA, e BeaudHBA
BBICTYIIAET B KAYECTBE KOHCTANTHI AJISI STOUH Iaphl My — My:

V.
Rlzt.ﬂ.
T

B obmiem cayuae, OaA BceX COOTHOLIEHR#A MM, U M., BpeMA BIAUMO-
AeHCTBUSA ABYX TeJ CBABAHO COOTHOINERHEM

_ 7R,
N2 AT
OrMeTHM, 4TO BpeMs aKTa NPU Pe3oHAHCe ORUHAKOBO W AJA THIA
My = My K JJS THOA My D My
21TR1

t= .
V.

U3 puc. 10.2 BugyuM, 970 BeJWYUHA MaKCHMAJIHLHOTO IPOrHba ¢I»
peanrsHoii opyxuuHn B puc. 10.1 pasuwa jpiaune cBasxu B abcrpaxTHOM
Mogenu £ = Ry = Ry + Ra.
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Takxe BuguM, YTO B3aNMOJeHCTBMe ABYX TeJa IIPOUCXOJWUT HA XH-
craEnmun B3gumoneitcreua 4 = TRy(1 — 7).

PaccMoTpHM Mofenb B3aUMOAefCTBHS B MHUKDOMWPE, «3JeKTpHYe-
cree» (puc. 10.2). 31ech CBA3KA CYIMECTBEHHO OTIIMYAETCH OT ¢MEXAHW-
qeCKOIl CBS3KM» — YIUPYrOil TPYHHUHK, ITO, IPEXKIE BCErO, >KECTKafd,
HEpacTAXKNMAS « HUTH». Bo-BTODHMY, CYIIleCTBEHHD, UTO, €CIH B MeXaHuKe
JIMHA CBHE3KH R ompefenafiachk XXECTKOCTHIO NPYXHHBI, TO 346Ch AIMHA
CBA3KM KAMKAEIL pa3 diopMmMpyercs 3aHOBO, B 3ABHCHMOCTHU OT BeJUUM-
HEI CKOPOCTH YCKODSAIOUWIel YACTHLEL V, COrNacHO TUAPOAUHAMMYECKHIM
3aKOHAM Buxpeii: R = ﬁ Jaura c¢easkuw o6pATHO NMPONOPIUOHANBLHA
CHKOPOCTH JACTHIIEL.

B «MexaHHKes BpEMA £KTA B3ANMOAEHCTBUSA HEH3MEHHO U 3ABHCHUT
OT HEUIMEHHON KecTKOCTH MPYXKMHB kK M HEM3MEHHON MACCHL TENf M..
B MmxpoMupe BpeMs aKTA B3aBmMOAEHCTBUS OIpeleNfeTcsd COBEePINeBEO
no-uaoMy. Bpems akTa IponopIoHATLHO ZIHHe CBASKY. Cile0BaTeIbHO,
geM GoNbUle CKOPOCTh YACTHI(KI, TEM KODOUe CBA3ZKA K TeM KPATKOBpe-
MeHHee BDeMA aKTA B3aNMOAEICTBUA,

SHeprus YacTUIH OUPEHEIAETCH CKOPOCThIO Vo, & BpeMs axTa B3aH-
MOJeiiCTBUS oupeAenseTcs AMAHOM cBuskn Ry. Ho B Mofenu BsanMoei-
CTBHS1 CKODOCTH YACTHIEI M JJIMEA CBA3KYU CAMH JKECTKO CBA3AHEI PyHK-
IMOHANLHEIM COOTHOMeHRWeM Ry = i‘ B peayibTaTe BeJWIHHY SHEPIUH
qgacTHusl £, 1 BpeMdA axTa BaauMoZeHCTBHs [ OKa3hIBAETCA BOIMOMHEIM
CBSI3ATE CNUHEIM ypasHerneM. IlokaskeM aTo.

Ha mozenn puc. 10.2 BuguM, 9TO NpyN yBEJIUYEHUN CKOPOCTH JACTH-
usl V,, HanpuMep, B ABa pA3A, 3HEPrus YACTHIE! YReIMYMTCH B JeTRIPE
pasa, gauea oyTH d YMEHBIIATCS B JBa Pa3f, H BPEMS AKTA COKPATHT-
CA B WeTHIDE pa3a, B PE3YyJALTATE Uero NPOM3BEJACRHE HHEPIUHM YACTHI(LI
HAa BpeM#A aKTa OCTACTCs TIoCTOAHHKM. IIpoussenenne F,.t spngerca wl-
BRAPHAHTOM IIDOLIECCA R3AUMOAECHCTBUSA TEN:

E.t = h = const (ycmorme ILnanka).

Bnepssle 3Ty 3aBucuMocTs yeraHoBMI [lnank, uceaenys uaiydeaue abeo-
JNIOTHO YeDHBIM TEIOM «TENN0OBOii% 3JEKTDPOMATHUTHOK BOMHM, O6mranO
ee NUMyT B Qopme
1
E=hy, rpe v= 7
orrkyza Et = h. BaMernM, uTo yenoBue IlnaHKa ABAAETCA TOJBKO OXHHM

U3 JBYX BO3MOJKHEIX 3AECH CJIEACTRAM QYHAAMERTAILHOTO COOTHOMEHUS

Rg=—.

Va
IToaroMy ¢ dmadueckoil TOUK® 3peHUs ORLIO OB HeBEDHBIM YTBEDKIATD,
9T0 BpeMsd gKTa M JJIMHA ITyTH B3aMMOZeHCTBHA U3MEHIIOTCA BCAENCTEIE
H3MEeHeHMsl PHEePTMU yCcKOpHAomei yacTunnl. IIpocTo M3MeHeHHE 3Hep-
TMY YACTHIL CONPOBOKAASTCH NADAIIETHHEIM M3IMEeHEHHeM EBIeMEeHH
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AKTA M BeAMUYMHRI IOYTH, U3-332 ykopodeEua csaxky. Iloguepkmem, uro
3/eCh MBI PACCMATPHABAEM HE CAMM 3AKOHOMEDHOCTH B3AMMOREHCTBMSA Te,
a 3aKoHOMepHOCTH Ofpasosamma (hopMHMPOBAHMA) ¢CBA3KHM® B MOJEIU
B3aHMOJLENCTBHA TeJl.

Taxum 06pa3oM, 3I€MEHTRI MOJIe I B3aUNOLeHCTBIA Tel, B TOM TucIe
AJIAHA CBS3KH, CBA3AHH YpaBHeHUeM nHBapuauTa F,i = h. s Hero Haxo-
AUM JINHY IIreda ceaskn R, . CHauana HalineM 3HaUeHMe KOHCTAHTH h.

B o6meM ciydgae peanbHad SHEPrUs YACTHIILI N, PaBHA abCTpakT-
HOH 3HEPrMM JACTHLLI, YMHOKEHHON Ha KoadhduumenT 3axBaTa dHEPTUR
9aCTHIR, B3ATHI ¢ OGPATHEIM 3HaKoM {cMm. § 9):

2
myV, 4V [Vy 2 2
. —(1-7y"-2 3y—-2y"—1| +4y(y—1).
s V. Vq(*r )+ 3y -2y +4y(y—-1)
9710 BRIpAKEHHE TPOMOIAKO U JIUIITIeHOo HarsaaHocTH. [ToaTromy anaderus h
HaaeM OTAGNSHO XNA CAYUALE My > My A My = My,

2
M my: RE,= L. [‘WT (1 - —Vl)] = 2m,Va(Va — Vo).
- 2 Va Va
HaiiieM BpeMs BaaumMoeiicTBua Tes. Bo BpeM#s aKTa B3aXMOZENCTBASA TEJ
YACTANA ABUIAETCH OTHOCHTENLHO [EHTDPA MACC 10 KPpyTy € paguycoM Ry
C TIOCTOSTHHON OKPY}KHOI CKOPOCThIO Vyy, OTCIOEA

REq = E‘l'[_z'l] =

t = ﬂ‘Rl
7
VuutnBan, ato Vo, = (Vo — Vo)1 ~ ), HAxXOAUM
‘= ﬂ'Rl
Vo=V -7
HMust my > m.y Bpevsa t 6yaeT pasHo: [ = ﬁ . Taknm oGpasom,
7I‘R1
:RE‘;‘ =2 qu q —=2R '{V'rs
h t m. Vo(V. VT)(Vq—VT) TRym
l h = 21I'R117L.,VT- I
_ AR V2 mdVE -V
m,. =My : RE.;— 2 '<1—V—“2)————-27.

Ona m, = m, BpemMa L 6yger paBHo: { = (%’r%’,‘—) . TakuM obpasoM,
h=RE; -t =nRymq(Va + V),
h=nRim(V,+ Vo).

ITonyuenunle sHadeHua h naa My > Mq ¥ My = My E€CTECTBEH-
"o oramgarores. Oguako, na ofmux PUIHIECKUX COODpAKeHHil CNeRYerT,
9TO NPH PE30HAHCHOM B3AUMOXEHCTBUM 3HadeHust h 6ypyT o,@nnaxonm-
Mu. JeficTBUTENLHO, NS M; > M, NDPU pedoHaHce V; = 3, HO3To-
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My h = #Rym.V,. JIna m; = m, npu pesomamce V,; = 0, nosromy
h = #Rym,V,. Taxum o6pasom, KoHCTanTa h ans oboumx caywses npm
pe3oHaHCe PABHSIETCHA OAHOH BeJIUYIHe

h= aRym, V.

Us 3navenns B HAXOZUM UCKOMYIO JIVHY CBA3KH Ry .
h

2rm. V.
h

ma(Va + Vi)

TIpu pesonaHce Benuumua R; oAUHAKOBA A8 OBOMX CIYUAEB M PABRHA:
_ h

T ama(Vo + Vo)

Bsilme ua yenoBus Ilnanka Mhi HAIOIW BpeMs B3auMoJAelcTBHA ya-
CTUL(hI C TEJIOM

Aaam, >m, Ry =

Anam, =m, R, =

Ry

_ 27I'R1
T VeV -y

IIpu pe3oHance BpeMsi ! OKA3RIBAETCS TAKIKE ONHHAKOBLIM AJd ofomx
CHAYyHaeRn My > Mg | My — Mg 1 PABHO

D
T meV,’

Beawauua peaibpHON 3HEPrUN YACTUIK TIDH 112y > My U M, = 1M, HEOXA-
HAKOBA M MOKeT BADBHPOBATHL B 3aBMCHMOCTH OT BeaUWIuHN Z.. Ho npm
pe3oHaHce, IMOCKONBKY Zq — —1, B 0G0HX cirydasx BeJIMUYMHA DealbHOHk
9Heprru Bcerja OyfeT paBHa BEJIHUMHE
2
RE, = B, = ™Y
2
ITosToMy npu pe3oHaHCe MPOU3IBEAeHHE BEIUYUHRI DeaNbHOW SHeprum
TaeTHOR] HA BEIHYNHY BPEMEHHM AKTS B3auMojAelicTBEA Bcerxa Gyxer
paBHA BenuuyuHe nocToaHHOM [Tramka;

Ed =

h.

Yem 6onpme sHEPrUS y YACTHIE, TeM KpaTKOBpeMeHHee aKT Iepepady
ee Teny (IMHEAMMYESCKHIH NPHHINI B3AHMOIEHCTEHUA TE).

Bollite MBI OTMeTHNH, yTO yeionue [lnanka F.t = h asngeTcA TONHKO
OJHHM N3 ABYX BO3MOKHKIX WHBADWAHTOB 3aKOHOMEPHOCTHM YKOPOUEHUA
CBA3KHM — MHBIPUAHTOM QYHAAMEHTANLHOTO COOTHOLNEHUSA

. R 1
Vo
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BropriM BHBapuaHTOM sBAfeTcd Bwpa:Kenne p.d = h, rme p, — ecTs
KMIOYALC YACTHLOE, 8 d — TOPMO3HOM ITyTh YacTUnsl. IlokanceM BTO.
IIpumeM 155 NPOCTOTRI U3JIOKEHUSI M, = Ty U Vo = 0. BexnunHa
MMOYJIbCa JACTULL PABHA
Dy = mRVl['

Benpaura guctaHIIIM B3AUMOAEHCTEUA — TOPMOSHOH OYTH YacTH-
Kl — paBHA

d= 1!'R1.
YauTnsasg, 4TO
_ h W
' 2rmVi. Vou = 9’
h
= v

Orciona

h
p‘ld - (m‘l.[,‘i) ‘ m“fq - h’

Yem Gonbllle AMIYJIbLC YV YACTHOR, TeM KOpode AUCTAHIMS B3aHMOZei-
CTBHA €€ C TeJoM (RMEeMATHYECKMM HpMENMN Baaumopeicrensa). Uu-
BADMAHT COXPRHAETCH AJA NIOOKIX COOTHOLNEHWI MACC YacTHUILI X Tena
M Opu My 7 Mg u V, #0.

Paaymeercs, garo oba masapuauTa E.l = h u p,d = h aprsiorca
ABYMS YaCTHRIMU (dopMaME (6IOKAMH) «HACTOSINEIOs UHRAPDMAHTA 34-
KOHOMEDHOCTH IIOREZEHUSA CBSI3KHM NEPeMeHHOU JJIMAN (MJIH IPYHUHKI
C NEepPeMEHHOM KeCTKOCTHIO) bt = mm R Vy. PIM BOeAUHO CRA3AHK mHAa-
PaMeTpH BCEX JJIE€MEeHTOB MOAEIM B3auMopeicTeuA Ten. Bece mapamMerpnl
MOJeNV YBA3AHM € AJMHON CBA3KHA OXHOU KOHCTaHTOIM K.

§ 11. Cwibl B Mexanuke. Pusanyecran
cymHOCTb cWwibi. Cuna «BeTpa» yacTHi.
Cuna uHepuMH ABWIREHHS.,

Cwuna rpaButauun. Cuna ynpyrocru.
AanvHoaedncTeune. Banaroaeicrene

B npuHnMmax pacKpRT MeXaHM3M YCKOPEHHS OJHOrO Teja APYTUM.
JpyruMHU CcIOBAMM, DACKPRIT MEXAHHM3M CHJAbl — MEXAHU3M NPUUUHK
VCKOPEHHS TeJ: TeNo yCKopaercss TeJoM. TeM cCaMBIM DeaJIn30BaHa [e-
Kiaapanus coBpeMeHHOM MexanukH. IlonsTie cunnr B npuHmvnax ssa-
HMOAeHMCTRUA ABYX TEJ OKA3aJI0OCh HEHYIKHAIM, JumuuM. OZHAKO ecTh
cuenudugecKkue THNH KUHEMATHK MOJENH B3aMMOKEWCTBHASR IABYX TeJ,
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0O 0 O—g
e

Puc.11.1

rje YCIOBHO MOYKHO I'OBOPMTB O ¢A€HCTBUU CUJILI», MU KOPOUYE — O ¢«CH-
xe». KoHeuHO, ¢He3aBHCUMOTO ZeiCTBUA CHJIBI» Ha TeJIO OLIThH He MOXKeET,
BCErja ecTh TOARKO BR3aMMOZEMACTBME ABYX Tej. YOorpebsieBHe 3[ech 1O~
HATUS «CHJIA» — 3TO BCETO AUINb AAHF OOIIENIPMHATON TEPMUHOJIOTHA
RJaccudecKoid GU3NKM.

Crnenuduka «cURI0BOro» B3amMOofeHCTBUA TeN 3AKAIOUAETCH B MHO-
TOKPATHOM TIOCJIe{OBATELHOM BOJAECHCTBHM DOTOKA HEOTDAHUYEHO OOJb-
moro KONHMYEecTBA UACTHLO Ha OXHO YCKopsieMoe Teno. IIpwpoaa armx
YaCTHI OIIPEeleaseTcsa TeM BHUAOM MaTeDHU, Tje COBepinaeTcd Ipoliecc
B3aMMOZEHCTEYA TeX. B MEXaHNKe 3TO JACTUILI C ¢« MEXaHMYECKO» Mac-
coii. B anexkTpuyecTBe 5TO YACTHIE C «3JeKTPOMATHUTHOMH» Maccoil. O6a
TAA IACTUL] OBIAZAIOT sHeprueil M UMIOYNLCOM, CJeJOBATENBLHO, 06.sa-
JaloT Maccoil, CROICTBEHHOH JaHHOW MaTepum. JleicTByromuMH Ha Teja
«JaCTALAMK» MOTYT ORITL peanbHKIE TACTUNE (HAOUpUMEpP, DOTOK 3Jex-
TPOHOB). MU MOTYT OHITE M NPOXONLHEIE (3BYKOBbIE) BOJNHBI, HATIDH-
Mep, B adupe, OTBETCTBEHHble 338 I'pABUTANUOHHOEe HPHTSIKEHNE Macc.
MaKCReJITT MOKA3AN, UTO ¢HM TEOPHAS ONTHKU, HU HJEKTPOMATHUTHAA TEO-
pusl He MOTLYT HM JONYCTHUTh, HM ONPOBEPrHYTH HAAWIHE IPOAOILELIX
BOJIH B adupe».

Cuna «serpas yactul, (puc. 11.1). IloTox wacrun mq, H3NyaseMurit
HEeKMM MCTOYHMKOM 3Hepruu, ofpasyeT «Ioje cuam serpas. Teno V., ne-
XOAAIeecs: B 3TOM TIoJe CHJI, yeKopseTcs. BeawauHa yeKopeHUs 3ABMCUT
oT AByX upuuuH. [leppas npuarHa —ACNNNIEPOBCKOE H3IMEHEHHE TACTOTH
BO3ACHCTRAS TACTHI] HA TEJIO OT JEMIKEHUS Tela (IRUrATECA MOKET, KPOMe
Texa, U CaM MCTOTHMK, H3MEHAA YACTOTY HATy4YeHUA YACTHL, ITO 3AKOHY
Honnaepa gna nanxyaartens). [Ipu ¢yGeranuus Teja gacrora BosgedicTrus
YacTUI] HA TeNIO IOHHMAeTCHA, YMEHbUIAETCHd KOJIWYECTBO BKadwmBacMoj
B TeJI0 DHEPruyl, U YCKOpPeHUE Tela yMeHmmIaercd. Bropas npmumnaa —
3aBUCUMOCTL BEMUYMHEI KO3(pHMUMEHTa 3aXBATA IHEPTMHM YACTHUH Z,
TeJIOM OT CKOPOCTH Tenn Vp.

U3 Mogenu cHikl BeTPa CHEAYET BOIMOXKHOCTH CO3JAHKA «BETPSIHOMU
MeJBHMIE », pafoTalomeii or noroxa Jactun (Mamusa I1. Jlykuna).

OTMeTUM CXOACTBO MOAENH YCKOpeHHA Tena cuyoil HpioToHa ¢ Moxe-
JABI0 YCKOPEHNA DJIEKTPUUECKOTO 3aPAAA B BJIIEKTPHYECKOM HOJeE.

Cuna vHepunu aprenns (puc. 11.2). Tero m, HaxoauTca mocpexy
IIOTOKOB JACTHMN, 7M,, AEHCTBYIOIMX HA TeJO C ABYX IDOTHMBOIIONONK-
HBIX cTopoH. Teno, ABUkyIMeecs co ckopocTeio Vi , HeoxMHAKOBO B3a-
NMOJEIICTBYeT C YACTHLAMM TMgq,, UPUXOAAIIHMU ¢ IPOTHBONOJOMXHEIX
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CTOPOH (Y HUX PA3JPIHhle Ko3hDHIHEeHTH 3aXBaTa 3Heprun: —Zy u +2Z,).
B peayasrate Teno M, YCKOPSAETCA TONBKO OT JeBlx uacThn. Iloxyden-
HYI0 OT JIeBOI YaCTHIE] /7, IHEPIHIO TEJIO TYT 2Ke OTAAeT IPaBOHi JacTuIe,
TEM CAMLIM He YBEeJHYMBaH (He M3MEHSS) cBoel! HAYAILHOM cxopocTi Vi, .
Teno gBuraeTca paREOMepHO ¥ NPAMOJMHERHO «IT0 HHepnuu» . Mexanuam
B3AMMOJAEHCTBUA TENA M, € YACTHUIIAMY, AeHCTRYIOIQUMH C JBYX CTOPOH

paccmoTrpeH B § 8. :

Cuna rpaButaumn (puc. 11.3). Ha reno m,, zeficTyior caesa uactn-
IR M. JacTUHE My, NposTeTaioNlie CIpaBa, 3KPAHUPOBAHK TEJIOM My, ,
IO3TOMY Ha TeN0 ., He Ae#CTBYIOT. AHAJIOTHIHEIE YCIOBAA W Y Texa My, .
B pesyabrare ¢«MeXIy» TeIaMH My, U M., ACHCTBYeT CUJIa IPABUTAOMH,
MaTeMaTUIeCKH OINCHIBAeMas KAK
Ky = m——;?m

OTMeTHM IOIHOE CXOACTBO 3aKOHA CHJIB T'DaBHTAIIMM C 3aKOHOM
cunnl KynoHa B anexTpuYecTse.

Cuna ynpyroctv (puc. 8.1), IIpu JBMKeHVWH TejJa Wi, DACCTOSHHE
MeXZY TEeJIAMU M, H Mo COKPaUIaeTcd, OTYEr0 YRCTOTA IUPKYIISIN
acTUOEl My, SAKJIIOTUEHHON MeykAy TelaMH, JUHEHHO yBeIUIUBAETCS.
Cuja DPYXUHEL M., (VIPYrOCTH) YBeJIHUYNBAETCHA. XApPAKTED HOREJEHUS
YIDYTOCTH MATeMATHYECKHN ONMCHIBAETCS 3aKkoHOM I'yka

F=kz.

Puc.11.3



§ 12. INpodommumensHoe yckoperue. [opka MNotieenca 41

MexaHuaM B3aHMOReCTBIA TeN Mg, My U 9aCTUOLI 1, PACCMOTPEHE B § 8.

B paccMOTpPeHHEIX MOZENSX CHUJ Ha Tena JeHCTBYIOT DOTOKM YACTHIIL.
B Mopensx cuinl BeTpa, CHIK MHepIuH, cuianl Kyjgora, cHasl rpaBuTAMMI
N3Ny9aTeNIV YACTHUI, MOTYT HAXOAUTHCS KAK YrOXHO Jajeko or ten. llo-
3TOMY STH CHILI ABASIOTCA XAaABHOAEHCTBYIOINUMH. 31ech NPOABRIAETCA
upuUpoza «IadbHogeHCTBHA». B MOJeNM CHIB YIDYrOCTM YACTHIEI My
IOUPKYJIHDPYIOT HEMOCPEACTBEHHO MEXAY B3aMMOAECTBYIOIMUMH TENaMHu.
Tena pasfeneHE! TOMLKO «YIDPYTOCTbIO®, KOTOPAS MOXKET IIPHHAAIEKATE
KaK OJHOMY, Tak ¥ 060uM TexaMm. 3AeCh IPOABIAETCS IPHPOAa ¢DBIM3K0-
INEHCTBUSIS .

OZHAaKO TaKoe pasfefieHue AeHCTBHHA YACTUIL HE «JalbHOAeilcTBIE»
© «6auskogeiicTBrE» GRIIO GBI CIUIIKOM «0UEBUAHLIMS , A IOTOMY [10BEPX-
HOCTHRIM. Mexxay HUMU ecTh Gonee ray6oKoe 1 CYIECTBEHHOE PA3aAdNe,
B pansHOAelicTRHN OTPaKeHHEIEe OT TEJIA JACTHIIL He ROZBPAINAIOTCA K 13-
JyqaTenio gacTuil. Us-3a «6oab110il JaTBHOCTH YACTHIE DACCEHBAIOTCH,
[103TOMY IIOBTODHO He YUACTBYIOT B JelicTBHU Ha TeJo. [[0TOK uacTun, Bee-
LIeJio olIpeiesiAeTCH TONbKO NINIYyYaTeIEM, II03TOMY cTabnieH, BRe3MeHeH.

B 61usKofeificTBIN BCE YACTHIIEI BOSBPAIAIOTCH ODPATHO K N3NydaTe-
J10 — K Tely M; ¥ aKTHBHO BIMAIOT HA BeTHINHY (HHTEHEHBHOCTH) CAMOTO
TOTOKA HacTHL (B U3NyUaTele OHH TOJBKO JONOIHUTEILHO YCKODSAIOTCH).

TaxkuM 06paszoM, B «AOIBHOACHCTBHH» BEJIHYUHA YCKOPCHUA TeJja
TaCTUOAaMH 3aBHCUT OT CKOPOCTH C&MOT0 Tella OANH pa3 — depe3 BeJUIURY
k03 dUIUEHTa 3aXBaTa dHepTuu Z,.

B otsmmue oT 9TOT0 B «ONHIKOZEHCTBAM» BeIUUNHA YCHOPEHUA Teaa
OT CKOPOCTM TEJA 3ABUCHT KBAMKARI: BTOPOil pa3 CKOPOCTE Tejla M3MEeRderT
BeJIMYMHY CAMOI'0O [TOTOKA YACTHI IOCPELCTBOM BO3BpAINAaeMBIX K U3MyJa-
TEJI0 OTPAKEHHEIX OT TeJIa YACTHN. 3Zech B3aNMOXeHCTRYE JACTHI] X TeJa
Hauboxee rryGoxoe (1 Hanbolee ganeroe oT MoZeau HoroToHA).

§ 12, lMpoaomsRUTENbHOE YCROPEHHE TeJa.
MarcHMaNbHO MOLIHOE YCKOPEHHE.
Topra NoArenca. ONTHRO-MEXaHUYECRHE
ananorun l'ammisToHa.

Teopusi ONTHMAJILHOTO yTNIpaBJIEeHMS

THOMTHKEIM IPEMEPOM [IPONOKUTENLHOIO YCKODEHNSA TEIA SIBIfeT-
¢sl u3BecTHOe paBHOyCKOpeHHoe Asmixenme Hrnroroma. OHO paceMOTDeHO
B § 6. Jlasee pacCMOTDHM CJefYIONIMiI B IIDOXOMKHTENLHOTO ycKope-
HHUS, UMElIOIET0 BAXKHOE TEOPETHYIECKOE H IIPDAKTHUYECKOe 3HAYEHNE,

B paBHOYCKOpeHHOM JABHIXEHHN TEJIO JaQaHHYIO CKOPOCTB JOCTHUraeT
23 BpeMs £, Mpoiifs ayTh «pasroHa» S:

Va = at-
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Jns 3TOoro UCTOYHMK JHEPrUM NODOM3BOAHT paboTy Hajd TeaoM —
OTHAeT eMy CBOIO sHepruio, pasayo F = A = FS = maS. Kaxercn
OYEBHAHKIM, UTO, HCNOJIL3YA TO K€ KOJMYECTBO ¢«BHIAECICHHOI» (orpaun-
9eHHOM) PHEDPIrUMY, DPHENUNUAIBHO HEBO3MOXXHO BRITIOJHHUTE 3Ty pabory
{(yckopuTts Teno xo cxopocTd V) 3a MeHnImee BpeMs.

TeM He MeHee, TaKOe HEOORTHOE (HASOBEM Er'0 ¢ MAKCHMAJILHO MOIL-
HBEIM ) YCKOPEHHE BO3MOXKHO. PacemorpumM ero.

Ilpu pPaBHOYCKODEHHOM /[ABMIKCHUH TeJA HEMIMEHHOW CHio#l pesoc-
HAHCHOE YCKOPEHHME NPQUCXOIUT TOJBKO B OZHONH TOUKE ¥ TOXBKO OJTHO
MI'HOBEHHME — TOJBKO IIPM CKOPOCTH Teaa Vi = éV,,. Orcioxa BHTEKZeT
nocTaHoBKa 3agauu. (IS TOro, uToOK YCKOpDEHHe IIPOUCXOXuiIo Gonee
8HEPTHYHO, HeOOXOANMO YCIOBHE PE3OHAHCA MCKYCCTEEHHO «IIDOAJIMTES,
Ora 3ajavda pelmaeMa. 3aMedaeM, UTO Pe30HAHCHOCTD OIpeJejJfeTcs Be-
mvanuoit Z,, a 7, NpAMO 3aBHCHUT OT BEJMYMHH Vi, KOTOpas, B CEOIO
odepenb, 3aBMCHT OT BeIUYHMHEI yckopsiomieil cunsi F. ClefoBarensHo,
€CJIM Ha IePBON NOJOBMHEE AUCTAHIIAM YCKODEHHHE YCKODSIOMIYIO CILIY
HMCKYCCTBEHHO YBEJIUUYHTh «CBEPX HOPMEI», YBEIUYNTCH CBEPX HOPMEI Vi,
OT Yero yBeNMMIUTCA CReDX HOPMH Zg. YBeJuueHunt 7, 6yzer aeii-
CTBOBaTh HA BCeil BTOPOH MOJOBHHe AHCTaREOUH. TAK KaK ¢BRAEIEHHOE»
KOJMMIECTBO SHEPIrUH HA YCKOPEHVE N0 YCJIORUIO 3a4a9TH OUpAHUYEHO U He-
H3MEeHHO, Hd BTOpOIl IIOJOBHHE nyTH 6yzeT AeiicTBOBATH CHJa MEHBIIE
«BOpNMEIe,. Ho yBeIWUYCHHRIA HA IEepBOH HONOBHHE myT¥ Z, C JIUXBOMK
CKOMIIEHCHDYET 3TO YMEHBIIEHHE CHIILI.

TakuM 06pa3soM, MCKYCCTBEHHO W3MEHSA BEIWIMHY CUJIBI, BRITIOX-
HAA OpU 3TOM YCIOBME OrPAHNYEHMS IHEPTUH, BOIMOJKHO YBEJIVNTURATE
BeIMUMHY 3AXBATHIBAEMOM JHEPIWM HCTOIHMKA, TO €CTh MCKYCCTBEHHO
yBeJUIUBaTh YeKopeHHe Tetda. (ITo cpaBHEHHIO C YCKOPEHHEM OT HEH3-
MEHHOI CHJIBI IPY PABHOYCKOPEHHOM ZBMKEHWH. )

KiaccHuecKMM NPUMEPOM TAKOT'O YCKODEHHS SABISETCH XBMIKECHUE
Tena («IIApUKa») TOA AeMCTBUEM CHJBI THMKECTH IO IWKJIOMAAIBHON
HAKJOHHOM maocKoeTu («ropke I'witrencas). PacemorpnyM ee (puc. 12.1).

B ropke I'oiirenca cuia Taxect# F, ¢pacKIajrIBaeTCsI», ¥ HA TEJIO
zeiicTByeT cuna Fr = F;sinvy,, nsMensiomanca or BermunHn Fr = F,
B HauasJe nytu o Fr = 0 B xonue nyr. Ilo cpaBmenmio ¢ Heli cu-
JIa, CO3/a1010asa PARHOYCKOPEHHOE NBIDKEHUE 110 HAKJIOHHONW IJIOCHOCTMH,
paBHa Fy = Fisin4y, n Hemamenna. Baarogaps nmepeMeHHOI KPUBHU3HE
OUKIOUAATREOW rOPKH, cuia Fr B mepBoii nojosune ropku 6onbine Fy
MOYTH B 2 pass, 82 CYeT YMEHLIIEHUA €€ BO BTOPOE moiosuHe. To ects
B ropxe [loilresca BHIIONHAETCH YCIOBUE AN NONOIHUTEILHOIO YBEJIH-
9eHAA YCKOPEHHMS TeJia IO CPABHEHMIO C YCKODEHHMEeM Ha HEeHU3MeHHOi
HAKJIOHHOMK mocKocTH (pme. 12.2).

OueHnM 3¢ peKTHBHOCTE YCKOPEHHSA Tena Ha ropxe I'iolireHca nepe-
MEeHHOH CHJIOH.

ITyreM HeC/M0XKEBIX BRIYNCIACHHMIN HAXOAWM, YTO OYTh, IPOXOIHMEINA
TEJIOM II0 «KPHUBOI® LUKIONJe, AJIVEHEEe MyTH 10 NPSIMOH HAKIOHHOR
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anockocry & 1,07 pasza, uro morpefoBano, KOHEUHO, AONOJMHUTEIBHO-
ro BpeMeHM. BpeMs e cOycka Teja I10 IUKJIOWAE OKA3AJ0CH MEHBINe
BpeMeHM crycka no npsiMoit 8 0,845 pasa, HecMOTpHE HA HEKOTODOE YBe-
nrgyeHne nyTH. Tak Kak B o0OHX clyYadX NPOM3BOAUTCA OZMHAKOBAA
paboTa, MONMHOCTE YCKOPDEHUS IepeMeHHoH cuiol Gobine B 1,185 pasa.
MBI nonyTHIN MAKCHMMAILHO MONHOE YCKOpPeHUE,

Ha puc. 12.2 sugumM, 9TO HA TENO T, ¢BbHE3KAOMIEe» HA T'OPKY, Aek-
CTByeT cuna Fy, 0ponopnoHaIkEad ReIM9UEe OyTH o ropke Fr = kz, To
ecthb «cuna ['yka». HeltcTBuTrensro, B ropxe [witrenca Ha Teno geiAcTByeT
cuna I'yka. [ToraxeM ato.

Kax uasectno, BexuarHa CKOPOCTH Teja HA ropPKe €CTh I'eOMETpUye-
CKaf cyMMa CKOpOocTel eHTpa obpasyiomeil okpysxHocTH V,; ¥ OKpy*EOMK
cxopocTu Texna Vg (puc. 12.3). Ona paBna

Vi =/ VE+ V& + 2VVg cos a.

F

Puc.12.2
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3aecs Vi = Vo, nostomy

Vi=4/2VZ42VEcosa= V2ViV1 feosa.

Yaurneasd, uro @ = 180° — ¢, cos (180° —a) = —cosp v 1 —cosp =
= gin® £ , HaxopmMM

Ve = ﬁVusin%.

CxopocTh Tena, KAK M3BECTHO, HANIPABJEHA 110 KacaTedbHOU K IUKIIO-
uge. [losromy, NPOUHTErPUPORAR BEJIMIUHY CKODOCTH TeJNa 110 (¢, HAXOAUM
HpoAcHAWI TejoM DYyTL L@

"
. P ¥
z= / V2V, gin = dp = Tg.cos =.
2 2
)

Cuna, geiicTByromeast Ha TeJlo, KAK BUJENM, PABHA CUNE TAMECTH,
«DAINIOMEHHON» Ha Kacarensroil K nuriouze F = Fysinvy (puc. 12.3).

Vroa kacatTesbHOR K NUKAOKWAE, 09€BANHO, PaBeH

a s ¥
=—=90 - —-.
2 2
Bameuas, qro sin (90° — §) = sin 90° cos £ ~ cos 90° sin §, monyuaem

F=Fpcos£.
Taxkum obpasom, MMeeM:
T = Io CO8 ?—, F:Focosf.
2 2
Orcroga c:osliz,‘Z = z—”; u F= %z, F = kx. B ropre T'wiireaca geficTeyer
cuna I'yra,

Mut DpMIMAN K BAMHOMY BRIBOAY: ¢CEKPET» CIYCKA TeJIA 10 LIMKJIO-
nAanbHoil ropre I'loiireHca 38 MHHIMAaJbHOE BpeMs 3aKJIIOUAETCH BOBCE
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Puc. 12.4

He B (hopme TPAEKTOPHH JBMIKEHUA Teja, 8 B mepemenHoi cuie I'yka.
urnougansHad rOpKA €CThE BCETO JHUIE «TEeXHUYECKOE CPEACTBO» IAA
mojiyqaeHnd cuianl I'yka,

Kak naBecTHO, NPYXMHHEIN MasATHUK H UMKJIOUZATbHAA ropKa (To1-
Hee, BE ¢«COCTHIKOBAKHBIE» TOPKK) ABJISAKTCHA OXMHAKOBBI MU MADMOHNYE-
cKuMu ocnuanaropaMu. I1oaToMy B FOPKe HPOILECCH [TDOTEKAIOT TAK ¥XKe,
KaK ¥ B CHHYCOMIANBHOM MASITHUKe — ocumuiaarope (puc.12.4).

Cuna T'yka v3MenseTcs nmo 3akoHy Fr = 1 cos wi. 310 ¢3axon I'yra
BO BPEMEHM». '

Cxopocrb Tejia H3MeHAeTCs 10 3AKOHY

Ve =1 sinwt.
IIpupamennusa snepruy tena AFE, H3MEHAITCA IO 3AKOHY
AE, = 1 - sin 2wt. |

BHepPI/Iﬂ TeJia N3MEeHsdeTcs O 3aKOHY

E, = V, sin’ wt = — cos 2t.
Kosdpdunment
OTtcroa BesuuuHa Zy M3MEHAETCHA II0 38KOHY
Zy =1 sinwt.

K3 comocTaBieHMsI 3JAKOHOB M3MEHEEHA CKOPOCTH TEIa HA TOpPKe
M HA «IPAMOMH» HAKJOHHON ILIOCKOCTH SICHO BUAHA ¢ TEXHOJOIMH» YMEHb-
IIeHUS BPEMEHH YCKOPERU Teja A0 3aTaHHOHK BeXWYHHEI V, (puc. 12.5).
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VOpagasiTh DeXKHUMOM IIDOACIKUTEILHOIO DE3OHAHCHOIO YCKODEHHMH
(BeTHguHOM Z.) BOZMOMHO He TOJLKO M3aMeHEeHHeM BeJHNYHHEI YCKOPAIo-
m e CHJIRI ¢ TTOMOIILI HAKJIOHHONA IIJIOCKOCTU
@" , € M3MEeHeHHEM yria HaKJOHA N0 ONpeAeNeHHOMH

mporpaMmMe, Kak B ropke [iofirenca. Boamos-
HO UCTIOJAL30BATH, HANPUMED, PRIYAT ADXHMEZa
(puc. 12.6).
3xech M3MEHAIOTCA BENHIUHAEI My, V, IpH
HeuaMeHHOﬁ CcHJie HCTO9HHKA anepmn. HA TeJIO
OeHUCTBYIOT He caMu M., ¥ Vy, 8 «IpUBereHHEE
My  BeNMMUUHEIY M, 1 V., obecrednBarommne Maxcu-
MajJbRoe Z,. 3aMeTuM, UTo B PRIYare ApXUMeaa
m NOABILIOCE TPEThE TEX0 — My,
B 3axJIoueHNe PACCMOTDHM eIne OAMH CII0-
Puc. 12.6 €00 JOCTUIKEENA IIPOACIKUTEILHOTO PE3OHAHC-
HOr'o YCKOPEHH, 9ACTO BCTPEUAIOIerocH B IPaK-
ture, ocofenHo B paguorexaure. MOXXHO €KA3aTh, 9TO HTO TUODHYHO ¢Pa-
AMOTeXHYeCKHH pe3oHaHCs.

Ry

«3arpy3ra» Tena rpenuem (puc.12.7)

Npu ycKopeHHH Tela HEM3MEHHOX CHJIOW B HaYANe NYyTU YCIOBHE
pesoHanca He BRnOJAHsSerTcH, V, < % ' 4. PesomancHoe ycKOpeHHe Ha-

CTynaeT TOJNLKO B MOMEHT f,, 3fece V. = %-m.,. Teno, MHTEHCUBHO
YCKODASCh, NPOKOJAKAET YEEIUYUBATL CBOK CKOpPOCTH M EHOBb YXOTUT
OT YCIOBKA Pe3oHaHca, Vy > %mq Tem He MeHee, YCKODEHVE HEYKIOHHO
NpogoJKaeTed, XOoTs W ¢ Membmeil senwumnHoil., CKopocTs Tema 6yxer
QCHMIITOTHUYESCKH HPHOIHKATHECHA K CROPOCTH YACTUNH V,, I'le YCKopeHue
Tena parHo BHyao (kpusas 1), Tax semer ceba rexo Ge3 Tpenna. IIpu ma-
JHMYMM TPeHHA CKODOCTh TelNa MOXXHO OTPAHMMYMTDH Ha moboit BelwduHe,
B TOM THCJlIe HA Pe30HAHCHOM crRopocTu V. = % MMy, YCTAHABIUBAA HeoOXO0-
AMMYIO BeIWIHHY TPeHHA (kpuBas 2). Tak ycramaBIuBgeTcs, HAIPUMED,
Pe30HAHCHRIH pexxuM IIPH CBEPJIEHUM ADPENbIo, N3MeHAA BeJIUUUHY Ioaa~
ay cBepiaa. MoTop Apeam He JOJKEH NEPErOpeTh HpU CIWIOTKOM MEATKIX
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Puc. 12.7

000pOTAX OT CHJILHOTO HAMKATHA ¥ He JOJNMKEH BXO0JIOCTYI paboTarh IIpH
HEJOCTATOYHOM HAKATHM, [Ipyro# Dpumep, ABHanMOHHLIE EBUIATENHN
ONTHMAJBHA (3KOROMMYHEL) TOJLKO IPH CTPOTO ONPECICHHRX o5Opo-
Tax Baxa. JIeTIUK 3T OGOPOTHI « YCTAHABJIMBACT» 3aIPY3IKOil ABATATENA,
VCTAHABIMBAS ONTHAM&JBHEIHM mmiar posgymmHEoro BuHTA, OT HM3MeHeHM#
Imara BHHTA H3MEeHsdAeTcA CKOPOCTh CaMoOJeTra, OT €Wero COOTBETCTBEHHO
M3MEHAETCS COMPOTHBICHNE BO3AYXH — «TPEHMe CAMOJIETA».

Herpyauo BUjieTh, 9TO B PACCMOTPEeHHOM cIiocobe JOCTHTHYTOE <pe-
30HAHCHOE YCKOpPeRue» BecbMa ycloBHOe. PesoHaHC eCTh, 8 yCKODeRus —
yBeJUdeHNA CKOPOCTH — HeT. IT0 ¢ycKoperue» 6e3 yeKopeuus rena. Ilo-
aToMy 3TOT criocof me yHuBepcaneH, a yskocmenudwuuen. UETEpEC mIpes-
CTABRJIAET PEANLHOS, «UHCTOe» YCKOPEHHMe Tensd cuioil. B momaensiommem
GONBNIHCTBE JBUIKEHUE TEJ IPOUCXOTUT C MUENMABELIM, IpeHebpe:xn-
MEIM TpeHUeM. A B MUKPOMHEDE TPeHUA HeT BoobIne.

OcofeHRO SPKO MPEACTABJIECH STOT TUI Pe3OHAHCA B DAaJHOTEXHMKE,
TAE «TPeHNE» — OMMYECKOe CONMPOTHRJISHME JIEKTPUUECKOrO KOHTYPA —
MMeET BeCbMa CYIIIeCTBEHHOe 3HAYeHMe. Baarozapa conpoTuBiIeHMIO (1o-
TepH 3HEePryH HA CONPOTHBJIEHKH), AMIIIHTY/A KOoNe6aHMll yCTAHABIMBA-
eTCAl Ha ompeXeneHHOl Benmuune. I'0BopuM ¢HACTYNuUJ pedoHaHc». Ho,
K&K MBI BH/|eJIU, Pe30OHAHC COIPOBOXAaeTcH (IIPOABIAETCH) YCKOPeHHEeM,
agech 3TO — HENPEPRIBHOE YBEIHYEeHWe AMILIUTYHAbl XKoxebammii. Peao-
HAHCHOE YCKOpeHHe — BTO BCerza MepexXofHLH NMpoIect oT COCTOSHUS
¢ «MaJloii» 3Heprueil X COCTOAHHIO ¢ «Goabimoii» sHeprueit. B paguorex-
HUYECKOM e KOHType aMIUIMTYAS YCTAHABRJMBAETCHA, PE30HAHC AJNHTCR
AK0OBl «0eckoneaHOs . OTCIONS ONIIQ COBEPIIEHHO HEBEPHOE WPERCTAB-
JleHME O camMo# CYyUIHOCTH DE30HAHCA — KAK O Ipoiecce GecKOHeTHOMH
anureasHocTH. Mnu eme mupe — Kak npefcTABIEHVE O B3RUMOAEHCTRIH
(ycroperuu Tes) 6e3 Hauaa M KOHIA — «DECKOHEUHO?», He «[IOPIHAEMIUs
SHeprum.

Jna AOCTHREeHMS MAKCHMAJILRHO MOITHOTO YCKOpeHMS Heofxomum-
MO, pasyMeeTcs, CHJIY H3MEHAThH HO ONpeJelleHHOH IporpaMme, SaKo-
Hy. 9Ta MaTeMaTHuYeCKas 3ajava pemaercd HAXOXKJIEHHEM MAaKCHMyMa
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npon3BogHOH GyHKnnM or dbyarouM (PyHKUHOBANA) HUAYN THCAEHHLIM
MeToa0M (AMHENHHM IpPOrPAMMUDOBAHIEM),

3aauy MAKCHMANLHO MOIIHOro YCKopenus pemanu Bepuyau, JIeit6-
HUO, Ditnep, Huloron, ge Jlomurans, MMH 3Ta 3aJaYa cTABMJIACH KaAK
3a/lauA HAXOMACHUHE «XOpOomel TDAEKTODHH» Tela, YCKOpAEeMOi cnioi
raxxectn. Ha aT0it ocHOBe O3 Eee cHOPMHUDOBANCA IPHUEIUN HAUMEHbIIIe-
ro ZefiCTBHA B MexaHukKe. B Haime BpeMA 3agadeil MaKCHMaIbLHO MOI{HOI'O
neticTBuA 3aHnMaeTcst IlonTparun. Hainy mprENADR TO3BOMHIN Hepeil-
TH OT ¢«TYM8S8HHRX TPAeKTOPHUI» K NIPO3PAYHOH CYIQHOCTH MAKCHMAJIBHO
MOIIHOTO YCKOPEHMs, OCEOBAHHOMN HA PARYMHOMN CTPATETHH UCIIOJIB30OBA-
HHA NpefoCcTaBleHAOM (orpaungennoif) amepruu. IIpyu HammeM moAxoae X
3ajiade OTIANAET CANE HeOOXOAHMOCTS B TPAEKTOPUAX H, COOTBETCTBEHHO,
B OpUHNONOE HAMMEHLIIETO AeHCTBHSA.

IIpuEnMN HEAYMEHBINEr'O JeMCTBUA IOIVIOIIAETCHA, B KOHETHOM cUere,
HAaIMUMH NPHHIHIOEMH U CTAHOBHUTCA HEHYXKHBLIM, KAK CAMOCTOATENbHOE
HAYYHO-TEOPETHIECKOe NOCTPOEHHE.

OCHOBEl MAaKCHMAJILHO MOIJHOTO YCKODEHUH YHUBEPCANBHBI I NIPU-
MEHMMBI BO BCeX 06JIaCTAX €CTECTBO3ZHAHUA (BKJIIOYAA CIOHA GUOJIOTHIO U
3KOHOMUKY).

Hanpumep, aHaJorvdHEIe 3aj7ad¥ B onTHke (3agaua Pepma, sazaum
OPEJIOMJEHNS U OTDRIKEHUS CBEeTa) PEeImaroTCd TeM K€ MEeTOAOM MAKCH-
MaJLHO MOIUHOIO YCKOpeHus, H60 CyTh 3THX ABJEHHH Ta e camas.
VnMenHO oTclona clefyer 3HAMEHHTOE «CXONCTBO OCHOBHERIX NPWHITHIIOB
ONTHKN M MEeXAHUKW — NPHHIUNA KpaTdaiilliero MYyTH CBETOBOTO Jyua
¥ OIpMEONIIA HAUMERLINETO JeCTBUA S, MOXMedeHHOe elife ['aMIIETOHOM.
Ecnp X0OpoImo moMcKaTh, TO ¥ B MPEAOMJIEHHM BOJH CBeTa O0HADYKUTCH
cBod scuna I'ykas.

B zakaoueHye 3afaguMcs BOIIpOCOM: ROMY Bhlsia HY»HA 3Ta «pasyM-
HAaA» CTPATETHS HCIOL3IORAHUA OorpaHudenHol suepruu? (Begn pasymuas
sxel) Orser nipoct. Bo BceM «BUROBAT» 3aKOH ['yKAa, MO0 OH ¥ eCTh BONMAONXE-
HHe 3TOH cTpaTerdn. A 3akoH 'vka ecTh HposiBJI€HUEe CYITHOCTH «IIDYKH-
Hiel» — ynpyrocti. Ho main Mmup (ucKI09ad aTOMHEIE MUpD) KaK Pa3 BeCh
nocrpoen «Ha yupyroctu» (§ 29). I TeM caMBM OKA3AICH ¢ Pa3yYMHREIM».

[IpuAnMOR B3AUMOAEHCTRHS ABYX TeJN, TAKMM 00DA30OM, ITO3BOXUJIH
BEICTPOMTH SICHHIE U OPOAVKTUBHBLIE OCHOBH (TEODHIO) OUTHMAJILHOTO
yupaBjaeHHA AeicTBuem (paborow) Mcrounmka sHeprmH. Ha ero ocuome
CTAJIO0 BO3MOKHAIM Pa3pabATRIBATE TEXHHYECKME YCTPOXCTBA C BRICOKMMM
3KCIIMYATATIMORERIMK cBoMteTramu (§ 13).

§ 13. Pe3aonancHOe ycROpeHHE Tea
¢ obpaTHO#H CBS3bIO.
Pe3oHaHCHaA cjieasmasi CHCTEMa

OueBUZHO, YTO MOJHOTA UPOAOIKHUTEILHONO PEe30HAHCHOIO YCKOope-
HUA TeNa 3ABUCUT OT TOYHOCTH cofmioferus yerosusa V., = 2V, ucrou-
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HUKOM SHEpTHM, HENOCPEACTBEHHO CAMHM IIPOTPAMMHADOBAHHKIM HCTOY-
HUKOM HJH ¢ IOMOILI0 peidara Apxumexa (TpaHcdopMaropa CHIEI).
Ora aagaua B npuMHNMIE BRINOJHHUMA. OZHAKO BO3MOXHEL CJOyuaiiHEIe,
«He3anIaHMPOBARNALIE» H3MCHEHNA CKOpPOCTH Tena Vp. Bosee Toro, Bo3-
MOKHbI HE3ANNAHNDOBAHHEIE M3MEHEeHMA CAMOI BEJMIMHRI MACCH Tejd
My, U3MEHAOUME CaM TUIl MPOLOKHTEILHOIO YCKOpeHus rena. B stoM
clyyfie PATUKANLHKMIM DelleHneM 3a894 NPOZOIKHTENBHOrO PE3OHAHC-
HOr0 YCKOPEHHA Tela ABNHETCHA BBEAEHHEE B IPOLECC YCKOPeHus o6paTmoi
ceasu. Uecrounnky sHeprum gaerca MHGOPMAUMS O TEKYIOGEM IHAYCHUN
CKOpOCTH Tena V: ¥ ero mMaccel M,. B pe3yanTare NPOAOIKUTENLHOS
yCKOpeHue Teja ¢ NOMOINbI0 TPaHCHOPMATOPA CHJIL 6YAeT MpOHCXORUTD
BCETAA DPE30HAHCHO DM BCeX MNPOMIBOJNBHAIX, HE3ANJIAHWPOBAHHKIX M3~
MEeHEeHUSX CKOPOCTH M Macchl Tela. CucTeMa pPeaoHAaHCHOTO YCKODEHUSH
¢ ofpaTHO# cBA3BI0 mpHoOpeTaeT HOBOE KAYECTBO — Npucmocabimsa-
€MOoCTh K MaMeHd0mmMena yciaoBRaM. Hanopumep, siexrTponmoean 6yzer
PASroHATHLCA OT HAYANBHOM CKOPOCTH OXUHAKOBO OITMMAJILHO B Ha IOAD-
eMaX, 1 H8 YKJIOHAX TyTH.

Ecau K 3uageHMaM Texyileli ckopocty Tena Vi ¥ ero Maccw m, Ao-
OABHMTH ellle X 3HATEHME €T0 MO3HIMOHHOTO TIOJ0XKEHNWSA B IPOCTPAHCTBE,
CHCTEMA YCKOPEHAA TENA CTAHOBMTCA CleAmmeii cucremoii. Crensiman cu-
CTEMA MIpU IepeMeINeHNH TeJa U3 OfHOM TOYKM B APYIYIO CHAYANA JOMNHA
VCKODUTEL TeJNO, 4 3ATéM TOPMO3SUThE €ro TAK, YTOGE! 0HO OCTAHOBHJIOCH
B 3a1aHHOU Todke. Sgech BAMKHO OTMETUTH, UTO NPOUECC TOPMOXEHHMA
TEJIA TAKEKE NONKER GhITH PE3ORAHCHRIM. JTO PESOHAHCHEIN 3AXBAT BHEP-
THH TeJla CHCTeMOl ciexennsi. [[pYTUMH CJIOBAMH, JOMIKEH GLITH MOJMHBLH
BO3RPAT 3IHEPIHH TEJIOM CUcTeMe ciexxerus. Takum ofpasom, BUAUM, 9TO
Pe30HAHCHAS ClexAmmas CHCTEMA NEepeMellaeT Telo M3 OJHOro IoJoiKe-
HHS B pyroe, B npyununoe, 6e3 3aTpat sHeprun, (JHeprad NpaKTaIecKu
TPaTUTCA TONLKO Ha TpeHue. MamecTHO, HanpuMep, YTO AJST OPYAUNHLIX
GameH BEJVYMHA SHEpru#, 3aTPAYVRaeMOil Ha TDEHUE, NPEeHeOPeKHMOo
Maja [0 CPABHEHWIO ¢ 3aXBad4eHHON KUHETHIECKOH 3Heprueil camoir Gam-
HH.) JxA ocyiecTBIeHMA TaKoro pexuma paGornl ciaefgsmieil cucreme
B ee COCTABE XOMKeH OLITh PEBePCHRERIA HCTOYHHK DHEPTHH — HIEKTPH-
gecKHil (XMMUTIeCKUH) aKKYMYJIATOD, poTop, CRATHI Bo3ayx. CTpykTypa
TAKOH# PE30HAHCHOII caeAdmiell CHCTEeME YRMBEDCAILEA I OTHHAKOBA AJIA
BCeX MBICTUMBIX CTy9aeB MPUMeHEHUT.

IlepeMewgeHue Tena OT ORHOM TOYKM K APYrOil eCcTh NMepeXonHBIMH
npouecc. IlepeXxoAHLA mpouece 3feCk DE3OHAHCHBIR, TO €CTb, IIPOTEKA-
€T CTPOro IO onpeleneHHOMY — pe3oHaHCHOMY 3akoHY. To ecrh, 3zech
caM TIEPEXONHBIH NpPOIEece YIDPABNSEMbili, MAPAMETPH CleAled CACTe-
MbI NTEPECTPANBAIOTCH «HA XOAY», CHCTeMa cyry6o Henwneinaa. Orcoza
ABTOMATHYECKH CAEAVIOT MAKCHMMAJNHHO BO3MOKHBIC AMHAMHYECKHE XAa-
PAKTEPHCTHKM DE30OHAHCHOM CleAAINei cCHCTEMEE.

B xauecTre mpumepa i)accmo'rpum AVHAMHY9ECKME XapPaAKTEePHCTUKH
caeAsieil CHCTEMRI, IOCTPOSHHON HA OCHOBE MCIONB3ORAHUA CRERAINLTO



50 Pusuxa 6e3 mexanukxu Heromora u meopuu diiHiumeiina

ucrounuxa sHeprauw («ropku I'witrescas, § 12). Orpaborka curmana
omnabKy RKmMoUaeT B ceba XBa mpolecca: PASTOM MACCH! TesA CHACTEMEL
38 MUHMMAJEHOE BDEMA M TOPMOMKEHME CHCTEMEl TaKXKe 34 MIHMMAIEHOR
BpeMsa. ITosromy, auHAMHYecxmit npoiece oTPabOTKM CHUrHasNa OmMMOGKH
OKA3BIBAETCA IIPOCTO «COCTABJIEHHLIM» W3 ABYX OLUHAKOBBIX, HO IpO-
THBOIOJOXHMX N0 3HAKY TPOLECCOB NMPOJOIKHUTEILHOTO DEe3S0HAHCHOTO
yckopeHus renaa (puc. 13.1).

OO6pamaer PHEMaHUe «HexpacuBad» dopMa cuan F': monoRurens-
HH# «ThIYOK», MJABHO CNAJNAIOIWN K cepejMEHE Iipollecca, ¥ IJIaBHOe
HADACTAHWE OTPMLATENIBHOU CHUIILI, 3aKaH4YUBalolIelca TaKKe ¢«CKATKOM»

no vyna. Ho umenHo atu gBe ¢yr-
F JoBaTries cuanl I'yka obecneuusa-
+F 10T (AeNat0T) MAeANBHLIM IepeXos-
HBIfl IIpOIecC: CKOPOCTh ABMIKEHUS
\4 cucreMul V. maMeHseTCss 1O Trap-
E. MOHMYECKOMY 38KOHY CHHYCA, HET
HHKAKOIO NepeperyiMpoBaBua (E,
o) t B KOHUEe Ipoiecca DABHA HYJIO),
cUTrHANT OMMOKN T TaKKe ybOhiBaer
0 TapMOHHYECKOMY 3AKOHY CHHY-
ca. W Bce 9T0 mpOMCXOAZUT 34 mpe-
OennHO MHEMMAJXbLHOE Bpema. Pac-
_F X0, SHeprmM caegameit CHCTeMbl
OJf YCTPAHEHWS CHTCHAI4 OINMOKHU
— 37ech, B IPHHIAIE, PABeH HYJIIO.
510 DO3BOJIAET VYTBEPKAATE,
z YTO HANIH IPHHEIMIEI BIAHWMOEH-
CTBMA IBYX TeJl HO3ROJIHIY PEUIHTDh
3agavyy ONTHM&JXLHOTO YNpaBJeHnd
MCYePIRIRROIE.
o t B 3axiioueHue OTMETHM JIr0Do-
Puc. 13.1 oeltHNE dakt. C HosBIeHueM co-
BePIIEHHRX (1 pOBRIX ) ABUATIVOH-
HAIX TPEHAXKEDPOB OKA3AJIOCh BO3MOMKHEIM HCCIEIOBATE ¢CTHIL» YIIPABJIE-
HUH CAMOJIETOM BOEHHKIX JETYHNKOB. OGHAPYKHUIOCH, UTO OINBITHLIE (BhI-
COKOKRANM(PUUMPOBAHHELIE) IETINKH «HEOPABUALHO» ABUTAIOT PYUKOK —
HE HNJARYO, & «THIYK8MH»,

Huxkaxux pasyMHRIX JOBOJOB B 3AIMMTY CBONX AEACTBHH OHU IPHBE-
cru we cmorii. Ho 1 TeopeTMKu IO yUIpaBJIeHUIO CAMOJIETEMY HE MOIYT
NPUMHUPHTLCA ¢ UX «TEIYKaMU» mo pyuke. Pucysox 12,1 paapemraer sTy
«3arafikys: JETIUKH ONKTHRIM IIYTeM HAIH K ACOONb3YIOT ¢HEKPACH-
BY10», HO HpaBHIbRYI0 ety I'yka 114 HauBricTpeiinrero (« MTHOBEHHOTOS )
H3IMeHEeHH TT0J0KeHUA 60eBOro camMoJleTa B IPOCTPAHCTBE, KM3HENHO He-
o6x0AMMOro B BO3AYINHOM 6010.
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§ 14. lpUHUMNBI B3aUMOAEHCTBHA TEN

TlonygeHHMEe B ODeAMAYIIEX Naparpadax PEsyasTaTHI CXKATO M3NO-
JKHM B BHZe CleIYIOIUX ITPUHIUIIOB.

IIpHBENHI nepBBI. Bsaumoneiticraize Tena (00MeH sHeprueit U UMIOYNAb-
COM) BO3MO’KHO TOABKO ¢ APYTIMM MAaTEPUAIBHEM TeloM (6eaTnIHhIX
€CUJIOBBLIX TMOJIEH» B NPHPOJE He CYIMIeCTBYET).

ITpunmun BTopoii. BaannmopeiicTsue ABYX Tesl IPHUBOAUT K YCKODEHHIO
ORHOTO TeNd 38 CYeT TOPMOMKEHUs HpYyroro Tena (eculas — 3TO
JeHcTBHE YCKOPHIOIEro Tea.

Mpuaxun Tpernii. Bemauaa B3amMOLEeHCTBHA ABYX TeJ ONpenensder-
Cf TONBKO OTHOUIEHMHMM HX MAacC M CKOpOCTeH (MarTeMATHIeCKUe
OCHOBBI B3aMMOJEACTBISA ABYX Tel).

Hpwannn gerseprtolil. [[1a 106010 OTHOINEHNST MACC TeJI BCErga cymie-
CTBYET OfHA BeJIMUMHA OTHOIMEHUSR CKOpocTeit Ten, npH KOTOpOii OZHO
TeJIO HOJHOCTEIO MepeXaeT CBOX0 YHEPTHIO APYroMy Teny (ycriosne pe-
goHAHCA).

Npumasn natai. [1a mo6oro OTHOINEHHS MACC Tel BCerda CYImecTBYIoT
JABa OTHOIIEHUS CKOPOCTEMR Tel, UPHY KOTODPBIX rre.na He 06MeHnBarTCs
sHepruell (sB7eHIe HHEPIUU TelXa).

IIpusnmun mecroit. BaauMojaeficTBUS ARYX TeJ BCErAa UMeEeT HANAJO
M KOHeIl, 0HO AUCKDPETHO U IIPOMCXOAUT NyTeM ofMeHa TONBKO ONpe-
ZesleHHoM nopuuelt sHepruy (B IpUpoke o6MeH dEepruell MPOUCXORUT
BCETZA TOABKO ¢«KBAHTAMM»).

Ipuenun ceasmoii. B Mupe MexaHUxM BpeMs B3AUMOAEHCTBUH ABYX
TeJd He 34BHCUT OT BeJINYUHLl 3HEPrun ycnopmomero TeJa, OHO
MUEUMANLHO U Hen3dMeHHo (ycinorue I'yka).

IIpnannn Bocemoi. B aTroMuOM Mupe BpeMa B3aMMOAEHCTBUA ABYX TeJ
TeM KpaTKOBpeMeHHee, deM GoNbIre SHEPrMH y YCHODSIOMEro Teiaa
(ycnosue I1nanka).

Hpusuun peBarii. IIpefnaMepeHHRIN 38XBAT JHEPrHM OJZHOIO Tena
OPYTYM TENOM BO3MOMKEH TOJXBLKO NPH 3HAHMU OTHOILIEHUA CKOpoOcTei
1 Mace oboux Tea (HeoOxoauMocTs wrbopMaNMK B AKUBOM MUDEe I
CYILIeCTBOBAHMSA),

Ha aToM 3axanuHBaeTca uajoxKeHue cobereBenHo camux [IprEnunos
B3dHMOZENCTEMA ABYX Tea. ME paccMOTpeas abcTparTHRIE MOJEJH B3a-
UMOZefiCTBHA IpU PAZJHTIHOM OTHOIMIEHMH HX MACC M Ham ocobme
ciryuau MX B3auMofelCTBHI — pe3oHAHCHEBIe BaammopeiicTeua. Hamnn
3aKOHOMEDHOCTH BPEMEHHM M AMCTAHIOUN B3auMoaeiicrena Tea. Haiipnen-
HEIe HA A6CTPaKTHON MOZENH 3AKOHOMEDHOCTH OAMH&KOBO DACIPOCTPA-
HAWTCSA HA BCe BHJARI B3auMofelicTBusi B peaJlbHOM MUpe — B Mupe
MEXAHMKH ¥ B MUpe 3JIeKTPUIECTBA. ‘
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§ 15. MNMpuHUMNBI B3aMMOAEACTBHA TeN
H MexaHuka Helotona. HoBas mexannka

Mexannka HnioTona He Touna. B wacTHOCTH, ¥3 ypaBHEHMsA DaBHO-
YCKOPEHHOTO ABMMKEHUA Teda Vi = al cleZyeT, 9TG TeJIO0 B COCTOAHRAU
noayuYnTh GeckoHeuno Gombiryio ckopocTh, Taxas ¢xmypradgs» GeckoHeu-
HOCTHb IPOTHBOPETHT ONLITY.

PaccMoTpuM, B 9eM 3aKOHL YCKOpeHHA Tell HeloTOHA OTKIOHAIOTCH
OT TOYHRIX IIDHHIIMIIOB B3awMofeitcTBHs Teix. Ha pue. 15.1 KacaTeis-
Hafg K QYHKLIMA B3aHMOJeiicTBMSI, IIpOBefeHHas dYepes Toury Z, = 0,
OTDAXKAET 38KOH HLIOTOHOBCKOTO ¢DABHOYCKODEHHOTO® [BVIKEHMNS Tena
me > my. ITocie KaXA0ro aKTa B3aHMOJCHCTBIS C OYepeAHOI wacTunei
TeNo NPUOSPETAET OYEPERHVYIO HMODIHI0 DSHEPTHI0, 3HAYMT, Ipuobperaer
LOIIOTHUTEILHYI0 CKODOCTh. YBEJINYEHHE CKOPOCTH Tena Vi, KaK BUIHO
u3 rpad@uKa, BeJeT K YBENHUEHUIO 3aXBATLIBAGMON HOPIIUM DHEPrUM K
T. . — TeJO YCKOpHAETCH 10 6eCKOHEYHOCTH.

ITY 3aKOHOMEPHOCTL OTPAMKAET MHOMKUTEIL (4‘}"’ B TIPABOMl yacTH
yDaBHEHUs B3AUMOACHCTBHA TEX My > My '

4V, V;
Ze=—+4 -~ ~13.
Vo W&
Ilo HrroTony, ypaBHeHHe B3aMMOJEHCTBUS TeJN HOMKHO Okl BRITIA-
JAeTh KaK

4V:

Z HBIOTOHA — | .
Vs

=
=
n

= L__S

Puc.15.1
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AN

Puc. 15.2

OnHAKO B PEAJIBHOM B3aUMOJEHCTRUU 3aXBAT 3HEPIHH HEOrPAHUUEHHO
He pacreT. OO0 3TOM TOBODHT BTODPOl COMHOMHTENH (7: - 1), ABJSAIO-
muiica CKOPOCTHOH nompaBKoM K akony HbOTOHA DABHOYCKODEHHOTO
xeuxenns. IIpn goermxennu Vi = V, coMHOMRHUTENR DABER HYJIIO, TEJIO
TIepeCTaeT YCKOPATLCH.

CrnegoBaTenbHo, TENO PEANBLHO CHAYAJA ABUTAETCH PARHOYCKODEHHO
no teopur HrioTona, 3aTeM De30HAHCHO YCKODPSETCA COMJIACHO Npex-
JIAra€MBIM IPHHNUNEM K 107 KOHEL, NepecTaeT YCKODAThCHA COTJIACHO
CKOpPOCTHOH mompaBKe. :

Ha puc. 15.2, aHATIOIr'MIHO LEPBOMY CAYy9ar, KACATeAbHAd K QDYHK-
IIMM B3aUMOJEHCTBUA OTPAXKAET YCKODEHHME Tena M,=mMy. 3jech Telo,
no HuloToHy, 0ZUHAKOBO YCKODPRETCA IpH Beex V,. YpaBHEeHHEe B3aMMO-
JeHCTBUA 31eCh MOXKET ORITH MPEACTABJIEHO KAK

rae Zauorora = 1, & COMHOMXHTEND {L: - 1} ABJIAETCA CKOPOCTHON mo-
upaBKoit ¥ 3axkoHy HeioroRa. Ilpu V, = 0 ycxopeHve Texa MaKCHMAaILHO,
upu £V; = 1 ycKopeHue paBHO HYJIIO.

TaxuM 06pa3oM, HETOYHOCTh MeXAHUKHN HEBI0TOHE 3aKM09aeTCH B KO-
NyLIeHUY HEe3aBMCUMOCTA BEJIMIWHEI CUJILI OT CKODOCTH Tengs, YCKODSA-
eMoro 3roit cumoii. MarkTHYECKH BelMUVHA CHMJBLl ¢BeTpas (IOTOKA) d9a-
¢THL, F;, HENOCDEACTBEHHO 3aBHCUT OT CKOPOCTH YCKOPAEMOTO €10 Teja.
Cuna nposBiasier ceGa B Buge yckoperus teixa (§ 11). Ilpoananmsmpyem
3ABHCHMOCTh BeJHIUHBEI YCKOPEHUA Tejla OT BeIHYHHBI CKOPOCTH YCKO-
psemoro 1ena. Vcnonssys mPUHIUIL B3aMMOZEICTBUN Tea, OmpeAe UM
MATEeMATHIECKYIO JABHCHMMOCTL MEXAY IpUoOpeTeHHOM TeJoM SHepruei
u ero yckopeHuem. CaMa cyTh 39J84YH NPo3paUyHa. 3aXBaT 3Hepruy 4acTH-
Il TEIOM -— 9TO, APYTMMM CHOBAMH, YCKODEHHE TeJ#. MaxcumansHRbil
3aXBaAT 2HEprum — MaKcHMaJsHOe YCROpEeHHE. Menbuie 3AXBATLIBAETCH
3Heprusa — Menmume ycxopenue. Her aaxsaTa SHepruM —— HET YCKOPEHUS,
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Vi a Via

Puc.15.3 Puc. 15.4

9Ty 3aBHCUMOCTL MB!I 6YAeM MCKATH CRAYala LA CIydas YIpyroro
COYZAPEHUS IBYX Tel DARHON Macchl, /M, = M,, IPA BCTPEIHOM ZBH-
seaun. OIna m, = my Benmuuna V., Bcerga pasEa V;,, HeaaBUcHMO
or BeNIMUWHEI Vy, (§ 7). Torna BermiHHA 3aXBaUCHHONW TEJNOM PHEPrUy
6yaer paBHa
my?

AE,, = 2 g Vo, =0

vi_y?
AE‘;zm-—"2—’- xas Vi #0.

B ofoMXx cAydYasX TeA0 YCKOPAETCH He PAaBHOYCKOPEHHO, & YCKOpAeTcd,
IBUrasach 0O IMUKJIOKAE U TPOXouZe cooTBeTcTBeHHO (prc. 15.3 1 15.4),

Jlasi BOBMOYKHOCTH COIOCTABJIEHUS BeJINUNH yckopenuit mpu V., =0
u V, # 0 3aMeHUM HX HA DABHOYCKODEHHBIE, COXPAHHUB BeJUHUHEI JK-
BHUBAJIEHTHRIX BHepruil Ten. Bpems yckopeHusa ! 6epeM IpOU3BOJBHEIM,
HO OZMHAKOBEIM.

V2 y2
OBy, = St AR =T

rIe

BeauauHRE yCKOpEHHIl Texa

o=t gV VV-VW
t’ t t
OrHolmeHne yCKopenuit Tena
a VZ-V2



§ 15. TMpunyunet s3aumodedicmsus men u mexaquka Hsiomona 55

)
meaKF:ma,:—o:

rge F' — TouHAS mepeMEHHAA CUNA «BETPA® YACTHL, M3 HAIOWX IDPUHIH-
uos; ¥, — npubauxennan «Hensmernas» cuaa Helorona. DTo ypasHeRue
BO3MOXKHO MCNONL30BATH A KOPDPEKTUDOBKH BeJIUAWHAl CUIkI HhIOTOHA
npH GONbIOMX CKODOCTAX TeJA Jis CAYIaAs M, = My,

Paccvorpum, gatee, YCKODAIOINYIO CUIY AJAA caydass M, S>> M.
Cpasy OTMerHM CYHOIECTBEHHOE DAa3jIMYMeé B NPOINEccax YCKOPDEHMH Tel
apu M, =Mq U M, > M,. B crygae m, = m, YCKOpPeHHUE TeNa upo-
UCXOXUT ¢BHYTPH» OAHOrO-eIUHCTBEHHOIO IMUKJI& BaauMoZeiicTBHA, TaM
OHO HAUMHAETCH M TAM e agmepmaercs. B ciaydgae my > my YCKOpe-
HUe TeNa MPOMCXOAUT B MpOIlecce CePHUU IMKJIOR BlaumoaeiicTaua, Teno
yckopAeTes nocreneHHo u «gojros (§ 10, «Cuxa serpas).

Ina cxygaa m, > M., Buipaxkenue Ana F, 6ojee craoxno. B HoBoi
MEeXaHWKe CHJIA «MaTepPUaJIM30BAHA» — 3TO «BETEP» (IOTOK) YACTUI[ M,
€0 CKOPOCTEIO Vi, HM3MyyaroIquiicsi HCTOUHHKOM oseprun ¢ wacroroi f
¥ BIAMMOJEHCTBYIOIHY ¢ TenoM M, [0 NPUHIMIAM B3aNMOZEeHCTBUA
xByx tes. [loaroMy B OCHOBHOM YPARHEHUH MEXAHUKN d, = my MOJIKHEL
GRITH BOeZUHO CBA3ZAHL! IIaDAMETPHI BCEX ¢ YIACTHMKOB» B3AMMOAEHCTBHS.
OnucaHUe «CHJIRI®, COLIACHO MPUHITUIIAM B3aUMOIEHCTBYUA, CYIeCTBeHHO
TybiKe, nHpOPMATHBHEE, U, CICA0BATENLHO, CYINECTBEHHO «pafoTocmo-
cofHee». YeKOpeHUE 4, — 3TO IPUPOCT CKOPOCTH TeJ1& B MHTEPBaJe BpeMe-
HU MEXAy ABYMSA CMe)XHEIMH AKTAM¥ B3AHMMOAEHCTBUA Tesa C YacTHIENH:

_ Vo, = Vo
a, = —
3necn V,, — mobasa neprast CKOPOCTh, ¢HauANbHAs». Ilocae Baaumogeit-
CTBHUA TeXa ¢ YACTHIEH Teso HMeeT SHEPTHIo

MV maVy | maV(-2)
2 2 2

E’:g = E'r] + E(-Z),

rae By — sHeprus 4acTHIEI.
Taknm o6pasom,

erle + mqv;Z(_Z)
1,1‘3 = ?
My

R R

t Va

oTcroaa

ar =
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Ve=Va )
rae (JV—) €CTb JONNIEDOBCKOE M3MEHEHME GACTOTH «IIPHeMAs TEJoM

9aCTUL, Mq, «HACTUTAIOIOHAX» TEJIO, A caMa uacTora f = % (IIpnuanan, yro
Iepuon W3TydeHUA yacten, { Goanine BpeMEHM aKTa B3aNMOJEUCTBHA.)
Tlockoneky F = ma, OKOHYATEILHO NONYYAeM JIJIA CIYIas My > My

1/VT2]+%:V‘{Z(—'Z)"VTI Vq*vl_1
Fy,=m, ; . Vo rae
g i( _ 1_4_,) L _Amam,
R 72 Va (my + my)2’

OcraHOBMMCS Ha poan K0d(pdUIMeHTa 3aXBaTa DHEPrHM YACTH-
unt Z,. O onpeseNnger BEINGHEY IAXBAYEHHON TEJIOM DHEPIHMM YACTUIN
AE, = E, - Z,. 3aMeuaeM, ogHaKo, 9T0 Besuuuaa AF, zaBucut or TOi
BeJIMYMHB 74, KOTOpad obpasoBaiachk (chopMEpPOBANACE) B PE3YJLTATE
NpeJIIecTBYIONero B3auMoaeficTBusl TeNa ¢ YacTHIel:

AB, = Ey-Zy.;.

«Camoit npeamecTryiomesis Zg, O9€BUIHO, ABAsieTcH 2y npu Vo, =0,
urge Zg = ﬁ‘—%}—z Poxp aT0ro, Ka3amoch O6mI, ¢J0BeCKa» B Zg, OXHA-
KO, BeCbMA CYIIeCTBeHHA. YIMEHHO IIO3TOMY MKl He CTANH €€ OKDYTIisTh
(To ecTb MCKAXATh) HA ¢3AKOHHOM» OCHOBaHUM (M, < M,) RO BeJHUA-
HE Zg & 4,%‘. B mponecce mepBoro UKNIA YCKOPEHUA TeNO OT Zy npM-
obpeTaeT NEPBYIO CKOPOCTE Vi, , 9TO TpUBMANEHO. HeTDUBHANEHO TO, YTO
ara V, saTem 3aHOBO 0GpA3YeT NepBhIf ¢«IONHOUEHHBIN» KoathduimmeHT
3aXBaTA 3HEPruun

4 T 4 T °

Ve Vo) (n+m)?

AAS YCKODEHMS Teia B caexyiomem nuxse. Janee memvamesr Ve B Z;
HAPAIMMBAIOTCH, HO BCE OHM ABJISIOTCH TOXBKO CIEACTBMEM caMoB mep-
Boit V;,. Taxum o6pasoM, uMenHo Zp = (’:—':}""-}“)7 MBHAYANLHO OIpEAEesaeT
(saniaeT) BEIMUUHY YCKOPEHUSA Tena,

34KOHOMEPHOCTH MEXaHMKH, HAIPUMED, PABHOYCKODEHHOrO ABUKE-
nus, HploTOH Hamwlen W3 3KClePHMeHTa. DTO YUCTO MaTeMaTUUecKAas 06-
pa6oTKa PE3YILTATOR KCIEPHMEHTOB, IIpHHIMIE BIANMOAEHACTRIA SBYX
Tes MO3BOJAAIOT BHICTPOMTH 3AKOH YIOMSHYTOr0 pABHOYCKOPEHHOTO JABH-
JKEHRA IUCTO «H3 TeopuH»s. [loxaem aTo.

V.
YnpocTum ypaBHeHUs: yOePEM U3 HUX CKOPOCTHYO NOIpasKy 1— T',L u

Vo-Vs
JOMMNAEPOBCKYIO NONMPABRY “‘_qu . INogcTrasuBs B ynpouieHHBE YpPABHEHUSA
napaMeTphl B3aHMOREHCTBYOIINX TeJX, HANIPHUMED, My = 1, My = 10000,
V. =100, f, = 1, nonyuum psaj IMHEAHO BO3PACTAIOIINX CKOpocTeli Tena
Vou: 0,02;0,04;0,06; 0,08 u T x. (puc. 15.5).
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v,
v S—
Cd "'
,/”‘Vm
4
0 t
Puc. 15.5

OT0 ecTh 3aK0H paRHOYCKopeHHOro aeuskenun HrioToma. 3zecs

AV, 0,02
ar = —t- = T = const

1, COOTRETCTBEHHO,
F, memroxa — Malr = 200 = const.

My noayausu («BhIBeANs) ero U3 NPUHNMNOB BlIaUMOAEHCTBHA.
BrauM, 9To 3akoH HBOTOHA ecTh YHDOIMeHHAN MORENb YCKOPEHUS Tola
«BETPOM» YACTUI,

Tlpu Tex xte 3sHAYEHHAX IAPAMETDOB TeJa M TACTHUI] HONHEE YpasB-
HEHMSA JAIOT TOMe DHZ DACTYIOMX cKopocreit Teaa Vr,. HO mpmpocr
CKOPOCTH yMeMbINAeTCR JVHENRO 40 HyAS, U V, He MOXeT npeBuicuTy Vi
(puc. 15.5).

3xech yexoperue Tena @, JUHEHHO YMEHLIIAETCH A0 HYJSA MO 38KO-
Hy u . IToxaxem ato. Ilo ypaBHERUIO @, BEITHCIMM YCKODEHHE Teja
B zmanaaox-:e cxopocreit V; or 0 no V,. Bubepem ckopoctu V;, rae Syzem
BRIIHCAATD yeropenua: Vi, =0, Vi, = 0,25V, = 25, Vi, = 0,5V; = 50,
Vi = 0,75V, = 75, Vp,,, = V4 = 100. Jnsa BHYUCIAECHVE BEJNIUH YCKO-
peHns, ecTeCTBEHHO, HeobXOaUMEl CMeXXHble BeJIMYHHEl CKopocTel rexa:
Viis Vasgr Vagys Vaggs Vg, - BBIUMCTEHUA TAIOT

Vi, = 0,02 Vo, =0 80 = 0,02,
Vi = 25,015 Vi = 25 ass = 0,015,
Vi, = 50,01 Vi = 30 aso = 0,01,
Vi = 75,005 Vi, =175 azs = 0,005,
Viyer = 100 Vige =100 @100 = 0.

BuguM, 4TO YCKOpeHUe 4, TUHEHHO ymMeHbII&eTCH OT ag 2o 0. ITo-
ckonsRy F = ma, yekopsawIuas mnepeMeHHEas cHiia TAKXKEe JTHHENHEO YMeHb-
maercs go wyas opu V, = V, (puc. 15.6).
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'

F

—~—

Puc. 15.6

C y9eTOM ZOILIEPOBCKOro U3MEHEHMH YACTOTHL fo, CUMA Foygrom U
cuna F, xna m, 3> m, oKA3KIBAIOTCA CBA3AHHBMIMHU COOTHOMEHUEM

Vq - V‘r‘ 2
F, = FHbK)TDHB T -

Ero BO3MOXXHO HCHONB30BATH AJIA KOPPEKTHPOEKH BEJWUMHEI CHABI
Hylorona npu Goxsimux cropoersix tena. KoppeKTHpOBKAa BO3MOXKHA,
KOHEYHO, TOJBKO B Y3KOM uHTEpBase V;, rige BO3MOXKHO yCIAOBHO mpH-
HATL Fy =~ const.

Celtuac i1 KOPPEKTHMPOBKH CHMNK OpH GOJBIINX CKOPOCTAX TeJa
Hcronkayerca noupaska diiHinreitna (puc. 15.6):

2

l*i}z-, O6BLMYHO B BUJie T =
9

my

Briime MBI noxasanM, 4TO OHA CIPABEANHBA TOABKO XJAA caydas
m, = My, U MO3TOMY COBePITEHHO HEREPHA ANA cCAYdad My > Mg.

M=u: npumuin, TakuM o6pa3oM, K RAJKHOMY BRBORY: nonpasxa OiH-
mTelina K 3akOHY ycxopeHus HrloTola HeBepHa, U ee ClefyeT 3aMeHUTH
npepiaraeMod HaMH IIOIIPABKOMA.

OdgeBnZHO, UTO KOHLENINA NePeMeHHOH cuJIbl HMeeT B GUINKe IpuH-
IUNTHANBbHOEe 3HAYEeHWE W BeJeT K YBeIHYeHHIO €€ ITO3HABATEJbHON LieH-
HocTH, B uacTHocTH, O6bACHEHWE SARJEHWA PE3OHAHCHOI'O BO3AeMCTBHA
(pesoHaHC) ¥ 06BACHEHNE HEPA3IMINMOCTH ABJIEHHNR B OTHOCUTEILHO JBH-
MYIEXCHA VHEPUMANLHEIX CUCTEMAX OTeUeTa (OTHOCUTENRHOCTL) ODA3AHEL
HMEeHHO NepeMenuoii cuie. EcrecTBeHRo, uTo piafi MexaHuku HbioTona
¢ ee HeUIMEHHONH CUNOH DACKDHEITHE CYLIHOCTH ATUX HABJEHUE IIpPUH-
oUNUaiNpHO HeJocTynHo. HoBasi Mexarmka, ¢ ee IepeMeHHO cuioi,
5TH SRJICHUA PACKDRIBAET CTPOTO, HATJIS/HO, B CYIHOCTH, PYTUHHO, Gea
NIPUBJIEYEHNS DEBOJIIOLMOHHLIX TEODUH, B DAMKAX DOHSTHH OORITHOIM
KJIaccHudecKoit pusurm.

F3 = Fnuomua ’ (cm. §19).
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§ 16. llpurnHAbI B3auMoOaeRCTBHA Ten
H NMpHHUUN OTHOCHTENbHOCTH [anunes

IIpurnun Tanunes HeCOMHEHHO SBAAETCA OJHUM M3 CAMEIX Ta-
MHCTBeHHEIX M HEDPASTAJAHHBIX HBJEHAM OPUPOAnI. YTBEDPXKIAEHHE, HUTO
BO BceX ITOJABIKHBIX WHEPUMAIBHLIX CHCTEMAaX MeXRHHUECKHe SBICHHS
TIPOTEKAIOT OGJMHAKRGBO, IDOTHBOPEINT 3XPABOMY CMBEICTY. HO ¥ HMKAKOTO
00BACHEHNA STOMY 40 CHX hop He 661510, K kauecTBe «06bAcCReHNA» 06BIT-
HO CCBLIANTCR HA CHEHHKANLHYIO TEOPUI0 OTHOCUTeNBHOCTH Jinurreiima.
Ho ona nuuero me o6bsacuser. OHA IPOCTO ZEKARPHUDYET, YTO ¢TAK M AOMMK-
HO 6uITE». IloaTOMY 3TO «0OBSCHEHEE®» MO CYTH CTAJNO 3AIPETOM AaKe
AyMaTh 0 PU3NKe ARNEHUSR OTHOCHUTENIBHOCTH.

Hamy OpuHUMIEL B3aMMOZEHCTBUA Tel DPACKPRIBAIOT (PH3NTecKYIO
CYIMHOCTH OpHHIANA I'anuned KaK DAIOBOTO ABJIEHUS, HNUEM He TIpHMe-
qaTelbHONO U He TAMHCTBEHHOro. IToKa)xkeM aTo.

3aKOHOMEDHOCTH §IBJICHMS BaamMozelcTBUA ABYX Tell Mbl ONpeje-
JUIN, PACCMATPUBAS SBJCHHE B HEKOTOPOH cucTeme orcuera. B aroit
cucreMe oTcdeTa ckopoctu Vy u V ompezendaioTcs OTHOCHTEILHO HEKOTO-
poii HeMOABMMKHON TOUKM OTCIETA CKOPOCTEl.

OHeprua Tega — 9TO CnOCOOHOCTL Tejia NIpou3sBecTM pafory Hag
HEeKOTOPBIM BTODBIM TeloM. IloaTOMY B CHCTeMe -OTcUeTAa AOJKHA GBRITH
M HeKOTOpAf HENOABMIKHAS «Macca orcuerTa». VIMEHHO OTHOCHMTEILHO
ee oIpejeleHH BEJHYIWHKI dHepruit wactuon K. n E,,; By, n B, —
0 HX B3aHMOAEHCTBUSA U Iocke BiamMmojelcTBHA., Bead raumans ¢mMacea’
OTCYeTa» ONEpALYM HAJ GHEPTUAMU Tejl AUINeHH! PUaNUecKoro CMEICIA.

CyniecTByer o6hIaHAd, HUUeM He NpHMeyATelbHAA (PUIMUecCKan 3a-
Zavd, e CUCTEMA OTCYETA CO CBOUMH 7, M N, CAMa ABHAraeTci OTHO-
CHTEJBbHO ApPYroii — «a6cogI0THONY CHCTEMBI OTCYETa ¢ OTHOCHTEABHOM
cxopoernio Vy (puc. 16.1). Benwunaw ckopocTeil wactunw V, u Tena V,
B HOBOH, «a0COMIOTHOM cHcTeMe» OTCIeTA ONpPeAeIdeTcH NPOCThIM ayreb-
paNgecKUM CIOKeHHEM CKOpOCTeli UACTHOH M Tela B «CBOeil» cHCTEMe
OTCUYETA CO CKOPOCTBIO CAMOM CHCTEMEI B «a0COMIOTHOMN» CHCTEeMe OTCUeTa

‘/1,1=V11+Vﬂ’ I,'l"1=v'l‘1—}-V‘

B HoBoll cucTeMe, eCTECTREHHO, KOKHA OLITh X CBOSA HOBAS ¢Macca
orcyeTa». OTHOCHTENBHO Hee ¥ ONPefiensdloTe HOBBle 3HAYEHNA BeIMIUH

5, —sn—i m m. |
A

@ ©-2-0
i

a [\
|

Puc. 16.1
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SHEPruii YACTULL M Teja

g MV AV, eV + V)
q 2 ’ T 2 .

Ilepecuer ckopocTeil M SHEPruil YACTUILI U TeJa, 3AECh, B CYIHOCTH,
TpuBuasicH, He TpUBHANBHELIM siBAsieTCA TO, ITO NEPECUUTATE HEOOXOaH-
MO ¥ CAM TIPOILECC BIAUMOZEMNCTBUS YACTHI(hI ¢ TeJOM. B HOBOI cucreme
OTCYETA M3MEHSETCS BEeJWIVHA 3aXBAa4YCHHON TeaoM 3Hepruyu. Hacruia
M TeJo, ¢ ¢«TOYKHU 3PEHAA» HOBOM MACCH OTCIeTa, OOMEHMBAIOTCS 9HEp-
rveii MHade, 9eM B «CBoOeIi» cucTeMme, Z.'l # Z.. B sTOM U3MeHeHun 7,
H 3aKJII04aeTcA IJIaBHAA U «HEOKHJaHHAN» CYIDHOCTh SIRMICHUSA B3AUMO-
HeHCTBMA Tejl B IOABRXHOI CHUCTeMe OTCUeTa.

TaxuM 06pa30M, HOBaS DOABUKHAA CUCTEMa — BTO BoBce He Gecrenec-
HAA KAPTOHKA ¢ HAPACOBAHHLIMI HA Heil koopaurarnuimMu ocamu X, Y, 7,
Camu 1o cebe KOOPAMHATHI HE B COCTOAHNKMH K3MEHHNTE dHEepreTHYecKie Ha-
MeHEeHHMS BO B3aMMOACHCTBHHM Tesi. B HOROII MOABUIKHOH CHCTEMe OTCUYETa
COBEPIIIEHHO HeobXonuMa U HOBAA Macca oTcueTa. MMeHHO OTHOCMTEJDb-
HO €e 3aHOEBO IIEDECUYUTHLIBAIOTCH BCE BENUTIHMHRI 3HEPrul TEI B CHCTEMEe
¥ BeJIMYWHEI NX BIAMMOJENCTRUH.

Wamenerue Z, B COMETARUY ¢ MIMEHEHNEM BEJWYNH JHEPruid gacTu-
OB ¥ TeJA IPUBOIUT K TOMY, 9YTO BO BCEX NOABUMKHEIX WHEPIIMAJIBHBIX
CHCTEMAX OTCYeTA MeXAHWJEeCKUe ABJEHUs IPOTEKAIOT OZUWHAKORBO. OTa
33KOHOMEPHOCTL [IPUPOJK U ABIAETCS COJepKaHNEeM HPHHUHIA OTEOCH-
TeJdbHOCTH Fanmmen.

PaccmaTpuBag sToT 3aKOH DUSUKM ¢ NONIHANE IPUHITMIIOB B3AMMO-
JeHCTBUS, 3aMEYAEM, ITO OH CBOAUTCHA K CACAYIOMEMY YTBEPIKACHUIO:

om npucoedunenus i ckopocman Vo u Vi npoussoavnoit cro-
pocmu V, pesyrsmam saaumolelicmausn ne usmernsemcs, m.e.
3navenue cxopocmeil Vo, u Vy, coxpansemecs.

Taxkwmm obpazom, ecan V,, u V,, opu V; = 0 jawr V,, u V;,, T0
npu V; # 0 cropocru Vi, + Ve u Vo, + V; pagyr Vi, +V, u Vi, + V,. Boerurs
us Vo, + Vo, Vo, + Vo, Vo, + V., Vo, +V, cropocts V; (Bce usmepenusn
BeJleM OTHOCHTENRHO JABMMYIICHCS CO CKOPOCTBI0 Vi CHCTEMEI OTcHYera),
nony4um te ke Vo, Vo, Vo,, Vi, .

IToxakeM MeXaHU3M feiicTBHS 3TOTO 3aKOHA HA UMCJIOBLIX IpUMepax.

llpumep 1. Tipumen Mg =m, =1; V,, =1; V,, =0; V, = 0.
9Heprus YACTHLLL

mV: 11
Bo=— = — - -,
2 2
Smeprus tena E, = 0.
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3axnayennan TeaoM apeprug AR, = E. Z, =0,5-1=0,5.
CymMa suepruit Tesa (3axBaTeHHON K GRIBINEH)

S B, =B, +AE. =0+0,5=0,5.

CropocTs Tena mocire aKTa& B3aRMOe#CTBHSA

2E, /2:0,5
Vl‘z = —;nTz T =1.

Tlpymep 2. Tipu Tex sxe McxoZHwIX napHnX opumen V, = 0,5.
DHeprus YacTUIE

1(1 +0,5)%
= 22105 +2 1,125
Queprus Tena
1-0,5° , 0,5
E‘l‘] = 2 = 0,125; Z‘1 = rsi -1= —0,88.

3axBavyeHHAA TEJIOM SHEPrUA
AE, =Eq 2, =1,126-0,88 = 1.
CymMma snepruit Tesna (3axBadeHHo# ¥ GmBIIEH) -
Y B, =E, +AE, =0,125+1=1,125.

CKopoeThb Tejia NOCNE aKTA B3AUMOAEHCTRUSA

25, 2-1,125
VT', = L= 4f =1,5.
V m, 1

Brrurs ns V;2 exopocrs V,, maxomum Vi,

Ve, =Vs -V,=15-0,5=1.

T2

Or npucoesusenus & V,, u V,, mponasonsHoit ckopoct V, cxopoers Tena
nocie B3auMogelicTeusa V,, HE M3MEHHIACH.

Bo sTopoM npuMepe Ko3dDUINEHT 3aXBATa IHEPIAN Z; YMEHRITH -
e ¢ 1 go 0,88. Ho u sHeprumu wacTunmsl ¥ Tesa BrIpochau ¢ F, = 0,5
zo Eq, = 1,125 uc E, = 0 po E, = 0,125 coorBeTcTBenHO. B peayanrare
NpoMN30INIA MOJHAA KOMISHCAIIUA YMeHbIIeHusa Z, poctoM E, u E. u Be-
auuuHa Vo, octesiack HeuameHHON. B 3Toii KOMnNeHcanuyu uaMenennsa Z,
usMenenueM F, n E. M 3axJi0vdeTcs MEXaHHU3M XeHCTBUS NPHUHEOUMNA
Tanunesd. :

IIpoBens aEaJOrNYHEIe PACIETH AJ1A B3aUMoLeiCTBUS TROA My > M.,
npu Beex V, (Brutouan V, > V), yOexnaeMca B YHHEePCANLHOCTH Mexa-
HH3MA JeMCTBHSA IIPUHINIIA OTHOCUTENbHOCTY Ianmres.

BuguM, 4TO BeNUYUHA MACCHI TeNRa M, M TACTMIK My U B «ab-
COJIIOTHOW», W B NOABIACHON CHCTeMe OTCIeTa HeHsMeHnn:. Macca tex
B (hu3uUeCKUX ABJACHHAX a6coMmoTHA.
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Mn1 paccMOTpean ZUHAMHYIECKHE 3aKOHOMEPHOCTH OTHOCHTEILHOIO
ABMMKEeBUA. PaccMOTPHM Télleph KHHEMATHYECKNE 38KOHOMEDPHOCTH.
IToxasxeM HesaBuCcHMOCTE BpeMEHM B3aMMOAEHCTBUS OT CKODOCTH
ABVIKEHUA CHCTEME! orcueta V.
7rR1 T R1

t = = 1-—).
R A A S

3yaMeHaTeNL B ypaBHeHUU OT HpucoefuEennsa kK Vo u V. oThoch-
TeabHOMN cropocT# V, He usmenseres. Tax xaKk gnuHa cBaAsky R) Taxxe
coxpamsieTcs, or V, BpeMa BoajgeiicTBHA He aaBucHT, § = fg.

Braum, aTo BpeMa B3aMMOJEHCTBHA Tel X B ¢abcoMoTHON», U B 1O-
ABM)KHOM cHCTeMe oTcueTa OZMHAK0BO. Bpemsa B ¢pH3IuYeCKNX ABICHHIX
~a6coirroTHO.

IToxaxeM HE3ABMCHMOCTh BEJHUHHE AUCTAHLYU B3AMMOAEHCTBUSA
TeJ OT CKODOCTH OTHOCHTEJIBHOT'O ABUKEeHUA CACTeMBI OTCUeTa. Brille MhI
HAaILTH

)
V.“ -Va="Vq,.
VMHOMUB 3TH CKOPOCTH HA BPEeMs 8KTa Ba3aumMogeilcrsmsa i, HAXOZUM
BeJTMUYWHE THCTAHNNHA B3aMMOAEMCTBHUSA T
V. bt~V t =V, o,

T2

/
$12‘t“‘v_.-,'t=372’

rae T, — AUCTAHUUA B3aMMOAelicTBHA Tena npu Vi = 0; :c’rz — AUCTaH-
OWUA B3aUMOZLEHCTBHA Tejla B CHCTEME OTCYETa, ABMIKYINelcs co CKOpO-
cteio Vg; Vi -t — mepeMemienue cHCTEMBl OTCReTa 3a BpeMd L.

VYBennuenue AUCTAHNUY B3aMMOAEHCTBUA IPH OTHOCHTENLHOM XBH-
JKEHHM CHCTeM OTCYeTd TOJHO KOMIIEHCHUPVIOTCA HepeMemeHHueM caMoi
CHCTEMEI OTCHETA.

HesaBuenMOCTh JUCTAHIMM B3auMOREHCTBHA TeJl U ee HOPMEI OT CKO-
POCTY OTHOCUTEJNBHOIO ABMeHus V, IMOKa)keM Ha 4NCAeHHOM IpUMepe
(puc. 16.2 n 16.3). 3pech Maccul Tea X YaCTUIE PaBHLL, ¥ = %

3

M

Q- -P----—d

3
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Pnc.16.3

B menoaBmxHOB cucreMe orcuera (pwe. 16.2) Vo, = 2, V,, = 0,
V; = 0. (3nech pesonanc, 7, = 1.) Tpaekropus gacTHUOH — LUAKAOMAA,
IAMHA OYTH 9acTUUm To — 4R;.

Y700n B TOABMIKHOL CcucTeMe OTCUETa CO3AATh T JKe ycaoBus (IpUH-
uwr Faxnaea), B HenogemxKHOI cucreme HeoGXOAMMO H3MenuTs Vo u Vi ¢
Vo, =1, V] = -1, V, = —1 (puc. 16.3). D11 usmeHenuA, KaK BUAHM,
ARTOMATHIECKH MIPOMCXOAAT NPH IIOABJICHUY OTHOCUTENHHOIO ABMIKCHMA
co cxopoeTbid V;. 3mech «ramTenb» M3 My U M, BPAINAETCHd HA MeCTe,
B3gUMOZeUcTBHs HeT, Z, — 0. Tpaerropus gacTHIILI 3JeCh He IHAKIOH-
A4, a Kpyr, ANUHA NyTH YacTnu I’ = 7TR;. Mogens B3auMomeiicTBAA
CYINECTBEHHO U3MEHMIACK.

Ho B moABMIKHOM CHCTEeMe 3Ta MOJENb «BRHIMIAAUTS COBEPINEHHO aHA-
JIOrHYHO MOJeJH Ha puc. 16.2: Bpamaromancs Ha MecTe TaHTelb HA MO-
ABHJKHOH CHCTEMe OTCUETa «HADUCYET» TY JKe UHUKJIOUZY C ANMHOH OyTH
gacTnuu ¢ = 4R, Kax ¥ B 1MBaMWIECKUX S5aKOHOMEDPHOCTHX HBJICHUSA,
3AECh TAKMKe PEIalolyIo POk ATPaeT H3aMeHeHue KoaddumenTa 3axsara
9Hepruu Z, NPHU OTHOCUTENLHOM ARMKeHun. ViMenHo Gaarogaps MsMeHe-
HUIo Z, B IOABIKHOI CHCTeMe MONYYAlOTCH «PASyMHEIEy HOBhlE V) 1 2, .

BuaumM, uro MerpHKa IIDOCTPAHCTBA, I'Ae IPOHCXOAUT B3aMMOAEH-
cTBUe, ocraeTcs HemameHHOM. IIpocTpamcTRO B dMIMUECKUX ABIEAMAX
abcoaroTHO,

Takum o6pa3zoM, pelueHBe 3ajaY¥ MEeXAHWKU, TJe CHCTEMa OTCIETa
€O CBOUMH My K M, CAMA ZBUTAETCH OTHOCHTEILHO APYrol — «abcommoT-
HO#M» CHCTEMAEI OTCUETa C OTHOCHUTENBHON CKOpocThIO V,, IPOU3BOIHTCS,
VcHoNb3ys MPABMIA HepecueTa KOOPAKHAT, cKopocrteit V., V. 1 xosdpumu-
eHTA 33XBaTA 3HEDPruM YACTULR Z,. BaXXHHIM MOMEHTOM 3[eCh ABJSETCH
NPABKJILHEI} [€DECUET BeJUUTMHEl 38XBATA SHEPIHMH YACTANL! 7, B HOBOM
CUCTEME OTCYEeTa.

B uacrHoctv, upn V, € V, MOXBO NpUHATEH Z}, = Z4: XapaxTep
B3AUMOJEHUCTBUA TEJl OT ABHUIKEHUS UX CHCTEMRI OTCUETA HAMEHSET s upe-
Hebpemxumo Mato. IIpaBuna nmepecuera B aTOM Caydge YNPOLIAKTCH: 0CTA"
JOTCS JUIOb [IEPECYeT KOODAMHAT M NEPecyeT CKOPoCTeil YACTHIM N Tela.
9TuU yupoleHHkle IPABIIA IEPECUETA U €CTh YPABHEHUS NPEeOOpasoBaHUd
koopguHat N'nmres, OBHU npefcTaBisfOT coboil TONEKO KMHEMATHIECKHE
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YPaBHEHUS. DTH NPARUJIA NMPHEeMJeMhl JIUIL IPY Maloil oTHOCUMTENbHOMN
CKOPOCTH JBH EHUS ITOABUKHON CHCTeMBl OTCYETA.

Ilpu Gonermmx cropoctax V,, rorma V; =~ V,,, ursopuposars us-
MeHEHMe BeJIMYUHE! 3aXBATA BHEPIHMM YACTUIH TEJIOM M3-3a ABMIKEHUSA
CHCTEMEl OTCHETA YiHe HeAONYCTHMO. BaanMogeiicTBMe BACTHIIH C TEIOM
TIPOHCXONUT 34eCh COBCEM HHAYE, ¥ TEJ0 YCKOPHETCS YacTHIeill coBceM
He TaK, KaK B HEMOABH:KHON clCTeMe KOOpAUHAT. Bea cyTh «0THOCHTENb-
HOCTW» M SAKJIIOYEeHA B 3TOM M3MEHEHMH XapaKTepa B3auMOAelcTBHS,
B M3MeHeHUU Z,. B 3ToM ciiyuae mpaBwia mepecdeTa JOJKHBI OBITH HC-
NOAL3OBANK B OOJHOM ofbeme, Oe3 ympoujenufi, KaK ML ¥ MOCTYNHIM
B BHIIENPHREJEHHKIX NpUMepax. KuHeMaTHdeCKHe YDABHEEUA NOJIKHEI
6BITE JOMOJHEHBI JTUHAMKYSCKUME YDaBHeHUAMU.

TakuM o6pasoM, pHIvgecKNe ABJIEHMSH B PASIMYHBIX CUCTEMAX OT-
c4eTa, KOHEYHO, PasiinaEhl, OQHAKO, 3TH PASININA KOMIIEHCUDYIOTCS KH-
HAMIIECKIMY («3HEDPreTUaeCKUMM» ) SARJICHUAMU B3aMMOAeiicTBUR. JTa
KOMMEHCAIUS U SBIAETCA HPHUIMHON «TAHHCTBEHHON» ORUHAKOBOCTH
AIBJNEHMI BO BCEX NOABMKHBIX MHEPIMANLHBLIX cUcTeMax oTcdera. IIpmn-
LXK IIPOCTO W HAIMIHLHO PACKDBIBAIOT CYIIHOCTH 3TOrC ABJIEHNS, HE pac-
KphiToro mexaunkoit Hutorona. OrHOCUTEARAYIO CKOPOCTE ABYX MHEPIIA-
AJMBHEIX CHCTEM OTCYeTa OOHEPYHUTL M M3MEPHTh HEBOIMOMKHO NPHHIIM-
NUAIBEHO, DTUM HCYEPIEIBACTCA CYMIHOCTL TEOPUM OTHOCUTEILHOCTH.

ITpn nonniTkax ocMBCAATH U 0O'bACHUTD HPHHEIINI OTHOCHTEbHOCTH
Tannnes Ob118 HEOLZHOKPATHO NOLBEPTHYTA COMHEHMIO KIACCHUECKAA (DU~
3MKA, €e OCHOBhI. Harmy NPpUHIMOLL MOKA3LIBAIOT HE3KIGIEMOCTR KJIACCH-
gecrOit dmanku. Maceca, BpeMa 1 UPOCTPAHCTBO B JM3HUECKHX ARJICHHAX
abcomoranl. K nepecMOTPY OCHOB KJIACCHYECKOH GUMIMKH He CYIReCTRYET
HUKaKNX O0'BLeKTHBHEIX IIPHYUH.

§17. Y uCTOKOB TEeOpHH OTHOCHTEJILHOCTH.
MpnHunns! B3anMoaencTBNA TEen
H TEOPHA OTHOCHTEJbHOCTH JlopeHua

B npexpiaymnx naparpadax Mi PACCMOTPEIIN ¢ HO3UIIUH IPUHIIAIOB
BIAUMOZEeHCTBHA Te)l MexaENKy HeroroHa W npuHounmn aawunes. B pe-
3YNBTATE PACCMOTPEHNS HAMM NPEAN0sKEHL HOBLIE BAPUAHTR MEXAHUKH
¥ TEOpMM OTHOCHMTENLHOCTH. PaHee RHAJOrHYELIE Pe3yALTAaTh! 6mIMM 1o-
ayqenn JlopeaneM, Ilyankape, dituirelinom. PaceMorpuM Hx ¢ nosumui
NIPUHOUTIOB B3AMMONECHCTRIA TeJI ¢ LIeJIbl0 OLEHKY NOJAHOTH COOTBETCTBUA
X CBoeMy NpegHa3HavueHH10. HauHeM OT caMKIX MCTOKOB IIPObJIeMBl.

Ilox Ha3BaHMEM <«TeOPUA OTHOCUTENLHOCTH» CYUIECTBYIOT OMUCAHUSA
haKkTUYeCKN He OJHOIO, 4 ABYX CYIOECTBEHHO OTANIAIOIGUXCS JPYT OT ADY-
ra apiexuil. IlepBoe sB/IeHMe — BTO HEPARTHINMOCTS MEXAHHUECKUX
#BJIeHN# B OTHOCUTENLHO ABMIKYIIVUXCA CHCTEMax oTcIeTa (NpuHIMI
orHocutensnocTn Tlanmnest). IIpuHUNN 3TOT pacupocTpaHAeTCs Ha BCe
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MexaHWYeckWe fApjieHus B npupoge. Heswbremocts upmunnna Iann-
nesi MOATBEPXKAeHA MHOMOBEKOBHIM OHKEITOM M HM Y KOIO HE BhHISHIBEET
comHenua, Bropoe ABnenne cosceM U3 APyroi o6IacTH — B3 3NEKTPOAY-
HAMVMKH ¥ KACAETCH TONLKO OZHOIO KOHKDETHOro BOIIPOCA: PASTHIAIOTCSH
WM He PAa3NUYAITCS CKOPOCTH 3JIeKTPOMATHUTHBIX BO3MYLDEHHU# (BoiH)
B OTHOCUTEJEHO ABMXKYIMXCH cucTemax orcaera. OHO I ecTh CoAeDKaHTe
«TeopuH oTHOCHMTensHOCTH» Jlopenua, Ilyanxape, Jiminrefina.

Korza MarcBenn ycTAHOBUN 3AKOHEL 3JIEKTPOAMHAMUKY, OKA3AIO0CH,
9TO U3 HUX BRITEKAET HeOOHIUYBOe crefcTBue. OHO 3AKIIOUAETCH B TOM,
970 3JEeKTPOMATHATHRIE BOIMYIIeHNA (BOJHEI) PACIPOCTPAHAIOTCA BO BCE
CTOPOHB! OZUBAKOBO ¥ € OJWHAKOBOY CKOPOCTHIO, HE3ABACHMO OT BeIN4n-
HEI CKOPOCTH NCTOYHNKA (reHepaTopa) BoaH. Taxoe xe GRIBAET CO 3BYKOM:
CKODOCTH 3BYKOBLIX BONH TOXXe HE 3aBUCHUT OT CKODOCTH UCTOYHHKA. 3HA-
9HT, IOCKOJBKY B Pa3IMIHBIX MHEPUUAILHEIX CACTEMAX OTCIETa CKODOCTH
PacOpocTpaHeH!s BOJTH PA3JIUIHKL, CUCTEMBI OTCUETA BOSMOKHO OTANIUTE
EPYr OT ZPYra OO 3TOMY IDH3HAKY. Bosnee TOTO, NOCKOJBKY IpHM H3Mepe-
HUSAX CKOPOCTEIl CHCTEM OTCYeTA ONUPAEMCA Ha JOCTYOHYIO HAM CKOPOCTh
BOJIH (MH €€ «BHAMM» B CHUCTE€MAX M 3HAEM €¢ BEJIUIHHY), BOZMOXHO
IIpsAAMOe H3MepeHue CKOPOCTH JBUKEHNS CUCTeMEl 0TCYeTa OTHOCUTEREHO
HenogeuxkHOro 3pupa. Ha ananornynoMm asjenun, B YaCTHOCTH, NOCTPO-
eHBl ¥ YCHEINHO 3KCIIYATUDPYIOTCA «3BYKOBAIE» HIMEDHUTENH BO3LYIIHOH
CKOPOCTH CAMOJIETOB.

HeTpyZHO BUZETE, ITO MEXIY dTAMH LBYMA OTHOCUTEILHOCTAME €CTh
NPHEEUINANLHOE OT/INYYE: B ABJIEHHE ¢3JNCKTPUIECKOs OTHOCUTEILHO-
CTM THXO M He3aMeTHO OKA3AajIach BHECEHHOH ellle OAHA «He3aKOHHasw
cHUCTeMa OTCueTa — HOCUTENs BoaH — 3dup. ddup, Kaxk cucTeMa oTcyera,
OT BCe IPYI'HX ¢00LIYHKIX» CHCTEM OTCUETA OTIMYAETCA CBOeil MaTepuanh-
HOCTHI0O — Beb UMEHHO B HEM DAaCOPOCTPAHHIOTEA BOARKI. [loaToMy sdhup
00'h€KTHBHO eCTh IPUBMJIErnpoBarHAs («abCoMOTHAAY) CHCTEMA OTCUeTA.
Takum 06pas’oM, BTOpAA — «3JEKTPHIECKAsS» OTHOCUTENLHOCTh fBIAET-
cfl «HE HACTOALIEN» (He ramuyieenckoll) OTHOCHTENbHOCTRIO. TouREE, OHA
BORCE ¥ HE ¢OTHOCHTENLHOCTDS : 34eCk BCE ABJEHUA (3XeKTPHUIECKUe) Upo-
TEeKalT B OAHOI €IUHCTBEHHON CHCTEMEe OTCUETA, MO3TOMY K OPUHENMOY
HEPA3JIHIEHNA SBJIEHNH B OTHOCUTEIBEO JBMIKYIIMXCA CHCTEMAX OTCYETA
OHA He HMEeT OTHOIIECHHKH.

Masikenscon u Mopay MOCTaBHJH ONBIT II0 IMpoBepKe Teopun Makc-
ReJLNA, NOMKITAINCE OCHAPYXUTE U U3MEPHUTE CKOPOCTE «3GHUPHOrO BeTpa»
8emuy ¢ noMolblo NETEPdepoMeTpa. PedyIbTaT ONIBITA OKA3AICH OTPHIIA-
TeJbHEIM, ABMIKEHHE 3eMAU OTHOCUTEILHO 3dupa Be 6nin0 saduxcupora-
Ho. [lanbHeiiluee passuTHe COGLITHI pASBUBATIOCH B JBYX HAIIDABJIEHMAX.

ITepsoe Hanpardenue. Cremosanoc 6e30roBOpOYHO OPHHATH TEOPUIO
3JexTpoAMHAMMKN MaxcBenria u RaifTM pasyMHYI0, HE IIPOTHROpEYa-
IMYI0 34PABOMY CMEICTY DUINIECHYIO MOJENL ¢« HEODHAPYKEHMSI» PEAIbRO
cylmecTByIolero ABieHudA." Begr Teopua Maxcsenna MMeeT IpOMASHYIO
ofnacTL IpUMeHeHUs, & He TOJLKO B OBMACTH TEOPUH OTHOCHTEIBLHOCTH,
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u Be3fe oHa paboraer GeaykopusseHHo. Hakowrern, cieforano paspabo-
TATh ApYrUe MeToxbl o6HapyHeHnA dd¥pa, OTVIMIHKe OT uHTepdepoMeTpa
Maiikenbcons.

Bropoe ranpasnenne, IIocKoaIbKY ONRIT ¢ HHTEP(HEPOMETDOM Jan OT-
PHUATENBLHBIA Pe3yIbTAT, O0BABUTL TEOPMIO IMEKTPOMATHeTH3Ma Makc-
BeJLTa JTOXKHOHK (RepepHOoit) U CHIIOBRIM TTpUEMOM BHeIPHTH, BOIPEKHN 34DA-
BOMY CMBEICIY, «IIOCTYNATs 06 «OJUHAKOBOCTY CKOPOCTEN 216K TDOMATHUT-
HEIX BONH B OTHOCHTENBHO ABHKYLIVXCS CHCTEMAX OTCYETa», ¥ Ha 3TOM
oCTPOUTSL GOPMAJIBHYI0 MAaTEMATHIECKYIO TEOPHIO OTHOCHTEIBHOCTH.

OTHOINERVIE K OTHM ABYM HANDABAEHAAM MAICIH WILTIOCTPUPYIOT CJe-
AYIOIUe ABA BRICKASRIRAHHUA TeX BpeMeH. «MaTeMATHK MOYKET TOBODHUTE
BCe, YTO €My B3QYMaeTCs, HO (PU3SUK ZONKeH COXPAHATh XOTh KaKyI0-TO

Jonio 34paBoro cMulenas, — lu6be. «3zpasBeift CMBICT — 3TO CKOILIE-
HYE NPEIPACCYAKOB, KOTODHE B 9eJOBEKA 3aKJIaARBAIOT, IOKA €My eIne
He NCIOJIHHIOCh BOCEMEANNATH JIeT», — JHHIOTEHR,

Mmn nosaraem, 4TO NepBOE HANPABICAUE KOHCTPYKTHBHOE, COSUJA-
TeAbHOE, & BTOpPOe €CTh TMOAMEHA TPYAOEMKOro (pU3UYECKOro aHATH3A
apdekTHOM dbanTasuelt MaTemaruka. I[To nepsomy nyT mouren JlopeHun,
no BTOPOMY — JHHINTEHH,

TaxkuM 06pa3oM, HepBnle MaTeMaTUIeCKUe HCCaeJOBAHUA NpobIeMEl
OTHOCHTENBLHOCTH GRIIN BHITIQJHEHK! HE B MEX8HUKE, a B 316X TPOTHHAMY-
ke Jlopennom u Ilyankape B CBA3U ¢ OTPULATENLHEIM PE3YILTATOM OINKITA
Maiikeascona—Mopnu. B ganpHelilneM 3leKTPOIMHAMHYECKHE ypaBHe-
Hus JlopeHua JerJiH B OCHOBY CIENUAJSHON TEOPHHM OTHOCHTEIbHOCTH
Oitninreiina, 3aHUMAIOILYI0 OYHAZAMEHTATBHEGE MOA0MEHHE B COBPEMeH-
Ho#t puanke. ViMeHHo no3ToMy AN HAC OHM NPEACTABJIAIOT MHTEpPEC.

Lexsio Jlopenua 6LIN0 IIOKA34TL, WTO BO BCEX CHCTEMAX OTCUETA
CKOPOCTH 9JEKTPOMATHUTHBIX BOJH DP&3JIHYHLI, HO o6HADYIKUTH BTO He-
BO3MOXKHO U3-32 YKOPOYEHHA AJHMH, B YACTHOCTH, ¢«IPOAOJIBHOTO» NJIE4a
unTepdeponerpa Maiikenncona. Jlopern, TaxuM obpasom, DpHAEDIKU-
BAJICS UAEU HEeNOABRMIKHOTO HPUpa, CyIIecTBORAHME OXHOI IIPHUBHJIErNPO-
BaHHOH CUCTeMBI OTCTeTa. PaccMOTPHM 3TH ypaBEeHHUA JlopeHna.

o-Vto y to— cﬂ

/ VZ l— Vz

B BomroBoe ypaBHenme MakcBeana OLITH NOACTAENEHB MEHAIOIIHECH
KoopauHaTH lannies

XI

X' =Xo-Vty, t =t.

OT 3TOr0 B BOJIHOBOM YPABHEHMH IOABUJINCH WIEHBI, COOTBETCTBYHIIMNE
M3MEHEHHNI0 CKOPOCTU CBETOBOY BOJIHALI, ITO ONBIT He nmoarsepxaaert. Jlo-
peHI] BHeC A00aBIeHUA B YPABHEHUA NIpecbpasosaHus Koopxuaat Fanunes
M TOTZA BOJHOBbIE YPABHEHWA COXPAHUJIN CBOIO GOPMY, & CKOPOCTh CBETA
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coxpaunia cBol Beanumnuy. Heicransa Jlopenua ¢ Touky speHRa GpUINKn
BOJIH O3HAYAKOT CJIEAYIOIIEE.

B sonBoBOM ypaBHeHnu X — 3TO AJMHA BOJHHI, & [ — €e MepUOK.
BeiTe wem-1n60 APYrMM B BONHOBOM YPABHEHVHM OHM IIPOCTO HE MOrYT.
Besnunun X # { B BOAEOBOM ypABHEHUM CRABAHEI COOTHONIEHHEM

X
= =c,
t

rae C' — CKOPOCTH PACIHPOCTPAHERMS BOJHEIL

Cxopocre V B ypaBuenun Fanunes — 910 CKOPOCTH HEepEMeELaoIe-
rocsi reHepaTopa BojH. OH HAXOAMTCA B «Hadajle KOOPAWHAT» H BUTAETCS
B HANPARIEHMN ABMKEHMA BOJHEI, cjaefoBareanHo, X u ¢’ Jlopenna —
3TO LIMHA BOMHW N €€ Mepuoj, MOPOKASEMEIN TeHepATOPOM, ABHIKY-
Im@NMCA ¢0 cxopoctnio V, & Xo ¥ {p — 9T0 gamEA BOJHEI ¥ €¢ Hepuojx
OT HeMOABMXKHOTO reHepaTOpa.

1]
Hosnle X' i ' Taxsxe CBA3AHEI COOTHOILIEHUEM f—, = C. [lorasxxeM 310,

X' Xo-Vh to- e

2 i 2’
foVi-E V-G

YUNTHIBAS, 9TO Lp = %, noJyaaeM -
i’_xo-"—}fs_xo(l—g) _ X
t o to-BE th(1-%) b
TlonyueHHR pe3yJbTAT I'OBOPHT, 4TO CKOPOCTS 'PACTIPOCTPAHEHUS
BosHK C He 3aBUCHT OT CKODOCTH ABH)XCHUSA CHCTEMLI KOODAUHAT V, rxe
HAXORNTCA TeHepaTop, co3famui oty BoaHL. Cerogus, gepea croaerue
BRIBOZA ypaBHeHmii JIOPEHUOM ¥ CTOJETHHNA ONKIT PaAUOTEXHMKM, 3TOT
BBIBOJ] IPEJCTABISAETCA CAMOOUeBHAHEIM 1 6anatbBuiM. OAHaKD TOrAa 3TO
OBIJIO BAYKHEIM JOCTHKEHUEM B 3JICKTPOAHHAMUKE,
IIpugaaum ypasuenusam Jloperna 6onee ¢paguoTexHUUIeCKU» BUA,
COOTBETCTBYIOUINIT UX NIPEeAHAZHAUCHUIO:

Xo—Vio

:
_v
yi-&
yuuThBadg, uro Xg = toC,

tC~toV  to(C-V) to/C-VVC~V _

X =

X =

o7 T JETV/eV
1 - E’ 1 - 65 [54
toCVC—V_X c-V
Jorv  Ve+v
/ C - V =
X =X, v LJIMHA BOJMHL! OT JBUIKYIErocs reHeparopa.
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AFHaNOrM9HO HAXOMUM

yudTsBasg, 9o Xg = £,C,
b~ t(1-F) w(5E) tC-WIE

- - - /e
Ji-5 J1-% JS1i-& 5T

t(C-V) toVC-VVC-V _,ve-v._, jC-V
VCE-VZ  JC+rvvC-V °C+Vv  VC+V

t =

t = to\ / g—;% — IIepMoj BOJIHEI OT EBHIKYINErocs reHepaTopa.

VpapEeHUA OCROGOAMIINCE OT CEOENO U3HAYANALHOTO «[amuieeBcKoro»
BMJA ¥ IproOpea CUMMETPHYHN ¥ BH, COOTBETCTBYIOIIUK CBOEMY IIpeA-
HA3HATIEHHIO. ‘

VYrury6aeHHRIA pusngeckuil aHANN3 ABIEHUA BI3AKMOAEHCTBHSA reHe-
patopa ¢ BOHOH (3UPOM) MOKA3AN, UTO 38 MATEMATINYECKOH TPOCTOTOMR
TNONYYEeHHLIX BRIDAMKEHUI JIA MepHUOAa BOJHA M ANKHLI BOTHEL, KPORTCH
BRXCHAA J@KOHOMEPHOCTR: NOJYICHHKIE YDEABHEEU cofep:kar B cebe ma-
BecTHHe ypaBHeHRd Jonnnepa ¥ ¢nonpaeky» Jlopeana k HeMy. IToxaxem

3TO.
C-V VC-V (/C-VC
X =Xot/ —— =X ( ),—_
Werv T etV \JC-VC

_, (€©-NC c-v. 1
=X m=yic ~ X ¢ e
C‘Z
c-v 1
X' = Xpot =
c 1- 7
&

3pecs X' = Xo% ecTh M3BeCTHOe ypaBHeHue [lonmmiepa AJA nepenar-
JUKa, & YIIeHE Tllv:ﬂ ABNAeTcA «monpaskoit» Jlopenia.
-z

AHaJIOrHYH0 EAXOANM
cC-V 1

N

Jlopeny, OrpaHUYHICHE PACCMOTPEHNEM TONSKO R3AMMOXEHCTENA BOI-
Ha—reHepaTop. Pealsno B mpHpoge AeCTBYIOT TAKIKe B3aMMOZeitcTruS
BOJIHA—ITPHEMHUK,,

'zto
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JaaumM 6e3 BRIBOAA TOUHOE ypaBHeHUe Jlonmniepa JI8 DpuneMHRKA:

Xo+ Vi +V v?
X =200y 1/0 = Xoz—5\/1- G-
/ K; -V C
C

TlonyueHBble ypaBHEeHUS XJsi IPDHEMHMKa TAKMKe COfeps:KaT B cebe
ypasaeHnda Jlonmiepa u <¢nmonpasky» JlopeHIla X HMM, HO Apyrae —
COOTBETCTBYIONINE IIPHEMHUKY.

Jlopenn, ¢BOM ypaBHEHMHA BRIBEJ NYTEM NOAIrOHKM MATEeMATHKH,
He BKAAZBIBAA B HUX pH3ndeckoro cofepxkaHna. OcHoBRIBasICh HA IDUH-
LMIIAX B3aMMOJAEMCTBKA Tea, NAAWNM MM Hainmy ¢usmueckyo HHTepIpe-
TAHIO,

Hannyue B ypaRHeHNAX AONIUIEPOBCKUX COMHOXXHUTEJIEH BIONHE éCTe"
CTHEHHO KaK IJIs MOJXeJH BO30yXJeHNA BOIH B adupe NOABUIKHEIM reHe-
PaTOpPOM, TAK M AN IpUeMAa BOJH NOARMXHKM npueMankom. Ho B ypas-
HEHMAX CONEPKHATCA M NOIpPABKA K HMM — Kopeus Jloperna. UmMenro
B HUX COJEePIKATCH I'HIIOTe3a O COKpalieHUM JJIMHE TIjieya UHTephepoMeT-
pa Ha BeJHYHHY 3TOro Kopesa. HaxoHel, xoperas JlopeHIla HUMeeT BAJKHOE
3HAYEHHEe B CIEeNNAaNIbHON TeOpHH OTHOCHUTENLHOCTH DHHINTEHHA.

PaccmoTpun dm3ngeckoe cofepixaEue 3TUX NONPABOK,

YpasHeHme louniepa ABAfeTCH YNPOLEHHHIM OMUCAHMEM R3AMMO-
JefCTBMA T€HEpaTopa U BOJMEI, 3TO TOJXHKO JIMIIE KHMHEMATHYECKAd MO-
Tens apnerusi. OHa IOCTPOEHA HA JOUYUIEHNN, YTO CAMA BOJHA IIPR Baau-
MOJeiCTBUH C FeHePATOPOM (MM IPUEMHIKOM) He NpeTepIeBAET HUKAKUX
usMeHenuil. To ecTb M3 TOro, 9TO MEXJAY I'EHEPATOPOM M RBOJHOH (TOU-
Hee, MeXKJAYy reHepaTopoM M >GHpPOM) HET HHKAKOIO 3HepreTHdecKOro
(mMHaMu4Yeckoro) p3aumopeyicruA. DaKTUYECKM TeHEePATOpP, CO3JLABAA
BOJIHY, YCKODAeT 3MpP, BKATUBAET B HETO DHEPruio, T. €. B3aMMOAeHCcTRY-
eT ¢ 3dupoM. B pe3yanTaTe THHAMHYECKOr0 B3aANMOAEIICTBUSA TeHEPATODA
¢ athupom pononHUTENBHO, cBepx Honinepa, MaMEHAETCA TEPUOK U AIUEA
BO3GyiKaaeMOil BOJHEI, 0 YeM M FOBOPMT <IIONpaBKas Jlopenua.

CorsiacHo ypasHeHUsAM JIopeHIa, TOJKOPEHHOE BRIPAXKEHNE B yPABHE -
HUM A9 NepejaTduka NpeAcTaBisieT coboil koadhdunuenT 3axBaTa sHep-
THH ANS B3AUMOZEMCTBUA TVIIA M, = My, B3ATHI ¢ 06paTHRIM 3HAKOM

/ vz
1—6,—2'=\/—7q.

Koadpdpuuuent 7, 3fieCh MOKA3BIBAET, KAK YMEHbLUIACTCS 9REPrusa BO3-
6y TeEHOI e HePATOPOM ROJIHE OT ABMKeHus reseparopa B, = E.-(—Z,).
IIpupona asToro HBAEHUS AHAJOTWYHA DOPHDOJAE YMEHLUNEHUS 3AXBATA

JE
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JHEPIHY YACTALBI Mg TENOM fily, NPU NOABJEHUMN cKopocTH V;. Kak ua-
BECTHO, BEJINYWHA 3HEPrun dJeKTPOMATHUTHON BOJHBL.3aBHCUT OT KBAJg-
para AnuHK BOoaHbl X

1
E,:F.
Orcrona ‘
11 (-2, X*— X2
XH2 - XPZ gl B ( Z‘l)’
1 1
Xo=X, — =X, ——.
"Zw I_K’;
CB

TaxumM obpazom, us ypaBHeHud JlopeHla AN epefaTduka CIedyerT,
970 Npu 11060M SBHKEHNH IeHEPATOPA YMEHAUISETCH ReIHUUHA 3aXBAYEH
HO# BONHORBOM 5Heprun. IToCKONBKY SHEPIUA USIYIEHHOH BOJHRI IANAET,
3TO NIPOABJIAETCH B BUAE AOOONHUTEABHOrO YBEIHMYEHUSA ANUHLL BOJHAI.

B ypaBrennsax Jlopenna Ang npueMHuKa Ko3dpdunuent Z; moxashl-
BRET, K&K YBeNHIMBALTLA DHEPIHA JIMEKTPHYECKHX KONeGaHUi B mpueM-
HUKe OT IBMIKEHUA OpUeMHUKA a

1
(“Zq)
IIpupogs sTOro ARNEHUS AHATIOTUIEA TPUPOLE HOABIEHUS JNCKTPOXBYIKY-
IDelf cuasl B peaysapTaTe MEAYKIME Papaness. HeroaaukoM aToit fomoaHn-

TEJLHOM DHEPIrMy A8JAAEeTCH O0BEKT, JEMIAIOIOUIA IPHEeMHNK. AHANIOINTHO
TeHepaTopy YINTHIBAS, ITO

E,=E,-

B, = — By=Ey —
Ty tETE gy

b

HAXORWUM

U3 ypasrennsa JlopeHua AJXA OIPHEeMHUKE CAOAYET, 9TO IPH XIOO0M KBHIKE-
HUU NIDMEMHAKA ZONOMHMTENRHO YBENUIMBAETCES BEIUIHEEA 3aXBAYCHHOM
IIPREMHHUKOM OT BOJHEI DHEPIUH, 9‘1‘0 HpOﬂBJIHETCﬂ. B B e ACTIONHUTENb-
HOrO YKOPDOUEHHS BOJHLI B IIDHEMHHKE,

Ilocne oTpuuarenbHoro pesyanTaTa onhlta Maiikenscona—Mopnu
ONBITHL II0 ODHAPY)KEHNID ¢3(DUPHOTO BeTpas OBIAM LpOZOJKeHH. Ilo~
CTENeHHO <«3PUPHLIH BeTep» BCE-TAKH cTad o0HApy)KuBarpca. B 1993 r.
Credan MaprHOB (ABCTPUS), He TONLKO 00HADYXHJI <«3(DHDPHEIH BeTep»,
HO H H3MEpHJ ero ckopocTh — 3822-402 xkM/c, 4TO COOTBETCTBYET Be-
JMYMHE CKODPOCTH, HAUJEHHON HEe3aBHCHMBIMH METOZAMH ACTPOHOMMM.
O6bacuenns «aHeofEADYXKEHUT 3PUPHOro BETPA» CTAIH HeAKTYAILHBIMN
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¥ GoJblue cTANH DOXOZUTH HA LIOMCK YepHOU KOMIKH B TeMHOI KOMHaTe,
ocobenno, xorga ee TaM Her (Komdynumii). 9To B moauoii mepe OTHOCHT-
¢ K JJIeKTPOAUHAMUYECKuM ypaBHeruam Jlopemia. OaHaKo, KAK MhI
BHJeJIN, B HAX 32J10°)K€HN 3HepreTHYeckue (IUHAMHYECKHUE) 3aKOHOMEp-
HOCTH B3aMMOJEMCTBHUSA SOJHKI C TEJOM. 3T 3aKOHOMEPHOCTH MOIIM O
NPOACHUTDH PURKKY «HACTOSINEI» OTHOCHUTEALHOCTH — HPVSHUKY NPHHIN-
na lanunes B MexaHMKe., DIEeKTpoxuMHaMudeckwme ypasHenMs Jloperua
HEOKUIAHHO HAILIU NPHUMEHEHNE B MeXaHUKe,

§18. '.'-)Jlex'rponnnaumecnue YPaBHEHHH Jlopenua
B PONH YypaBHEHHH MEeXaHHKRH

dusudecknii aHannd ypaBHeHuii JlopeEna, IpoBefeHHRIA B Ipejhi-
IymeM naparpadge, HOKa3kIBAET, YTO ANUHY BoXHBL X U mepHoj BOJIHE
{ BO3MOMKHO OTOXAECTBHTH C AucTaEnueir B3aumopelictsua X u Bpe-
MEHEM B3aMMOAEIICTBUA JBYX Tel B MEXAHMKE, OPH ABYX HAYAILHRIX
COCTOAHUAX yckopsAeMmoro Tena: Vo = 0 u V, # 0 (BoaEB xOoMHHO OjHO-
BPEMEHHO COAEPKAT B cefe U 4ePTH BOJH, U YePTH BIAUMOAEHCTBHA Tex
TUNA My = My, § 7). YpaBHeHus JlopeHna B Takoi HOBOM MATEPIPETAIMK
CcHocofHLI NPUHECTH B MEXaHMKY 3aJ0KEHHLIE B HUX TOHKOCTH AUHA-
MUYECKUX B3aWMOAEHCTRUN Tes. TOHKOCTH 3TH ~— B KOpHAX JlopeHua,
VUNTBIBRIOINHE BAHNAHIE CKOPOCTH YCKODAEMOIO Te)la Ha BEJIHIUHY €ro
yckopenns. Ilokaskem aro.

B § 15 u3 OpUHOUNOB B3AUMOAENWCTBUA TeJ Ml HOJYIMNIU 38BHCH-
MOCTH BEJIMIMHEL YCKOPEHUS TENA OT €TI0 CKOPOCTH

IS CNYIAf My = My.
Tenepyr NS CPABHEHHS J3TOT K€ DE3YIILTAT MONYIMM, HCIONLIYS
yparrenus Jloperua (¢meros Jlopernar). O6paTumca x ypaBHeHUAM.

c-Vv 1 ) c-v 1
X'=Xx —_—, =l —————.
¢ 1- % " -
cz - cE

Iloka)xeM KaK 3TH YpPABHEHUS YTOYHSIOT HBIOTOHOBCKHE 3AKOHAI
mponecca YCKOPeHHs OfHOro Tena ApyruM. B aTom npormecce X u ¢ ects
MYTh ¥ RPeMA YCKOpeHus. YCKopeHne, yTh ¥ BpeMs B MexaHuke HuioToHA
CBA3AHE] COOTHOINEHUAMU

2X
CoOTBeTCTBEHHO, &' = 7 -
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Hastiennoe «MeTosiom JlopeRnas ycxopeHue Tesa My = M, opu Vp # 0
COBIIAJAET ¢ YCKOPeHUEM, ONPeIeIeHHEIM U3 IPUWHIKNIOR. OgHAKO 3aMeda-
€M, ITO B OT/IMYME OT YPABHEHN s, HANTeHHOTO BAINIE U3 IPUHITATIOB, 35€Ch
MOABYUICA AONIIEPOBCKHMI COMHOXHATenn., YpaBHeHHA JlopeHIa yTOUHA-
10T 3ax0Hn HhioTOHA, ABAAITCA AOMONHEHUEM K HUM. A B MexaHUKe
HiwoTona yckopenwe Tena coBepmiaeTcs ¢CUIOHs — OuUeDEABIC TACTHIL
(puc. 11.1). Or apiu:kenMA Teia, [0 3aKoHy Jlonniepa, naMeHgercs ya-
CTOTa YJAPOB 9acTHIl, ¢«CHJA» MIMEHSIETCA M OPUBOANT K H3MEHEHWIO
BeIMYMRK YCKODeRUA Tena. Kaxk BMAMM, OT ABUJKEHHS TeJa M, ero
yCKOpeHMe H3MeHAeTCHS N0 ABYM IOPUUYMHAM: OT UIMEHEHHA BEJIITIUHEI
CAMOIi «CUJIBI» (JIOTINJIEPOBCKUN COMHOXKUTEND) ¥ OT N3MEHEHUS BEINYH-
Hh! B3AUMOLENCTBUA (JIODEHIleBCKUI KOperAs), 3feck Bee BepHo. Ho camo
TOosiBJIeHNME JONIIEPOBCKOrO0 COMHOXMCHTENR IOBODHT O IIOAMEHE MOJEIH
B3uuMozelicTBusA B ¢MeToge JlopeHIa»,

IIpx OTHOCHTENEHOM JBHXKEHUM CUCTEMBI OTCUETa B 9TOil cucreme
BMECTe ABMIKYTCA M YCKOPAEMOe TElI0, M YCKOPAILIAH ¢IIYHIKa», CTpe-
NFOMAS YACTHIAMA, [[03TOMY JONNNIEpOBCKAS YACTOTA YAAPOB IO TEJIY
KOMITEECHUDYETCH JOMIJIEPOBCKON YacTOTOR CTpeasdunl u3 nmyinki. B ypas-
HEHUH JJH OTHOCHTEIBHOTO JBUMKEHHS CHCTEMBI.OTCYETA ZOUILIEPOBCKOTO
COMHOMKHTENA HE TOJKHO ObITh. JloaTOMy B YypaBHEHUH YCKOpDEHHs, Haii-
JACHHOT'O W3 IDHHIHUIIOB, ero HeT.

Hajanuue nonniepOBCKOr0 COMHOKHTENS B YpPaBHeHMH eMeToga Jlo-
peHIla» TOBOPHUT O TOM, 4TO 3)eCh ABUI'AeTCA TOABKO YCKODAEMOE TeJo,
a mymxa nokourcsa. Ho 370 y»ke GyfeT He «OTHOCHTEIRHOE ABHIKECRHE
CUCTENKLI OTCUETAS .

Kax sugum, ¢meroRx Jlopenna» BoBce Hé ONMCHLIBAET SIBJIEHHE B OT-
HOCHTETHHO ABHKYIIelcsa cucreme orcdera. OHO He NIPUTOZHO A HTOrO
H IIO3TOMY He MOJKeT OhITh MCIOIL3OBAHO JJIS 3TOH Lean.
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3uasn YCTAHOBJEHHYIO IDHHITHITAMMA 34BHCHMOCTD

HCIONB3Ys YPABHEHUA yckopeHUusa HuioTOHA, CTECTREHHO, MOXKHO O6paT-
HO «BrniBecTH» ypapHeEMA Jlopenua. Hanmpumep,

Vr = a't' n Vr = aoto.

— ypaBHeHud JIopeHIa AJs BPEeMeHH,
AnanoruueEsM o6pasoM n3 ypasuenus V; = v2aX Haxozurca ypas-
HeHMe nas nytv Jloperna

X'=X0v-c— 1

c-V /1_%,;'

Haiigennan e«MeTonoM JlopeHila» ReNTVUMHA YCKOPeHMS A Te-
A3 My = M, BEpHA, OHA COOTBETCTBYET ONPeJedeHHOH IPUHIUIAMH
BenHgnHe ycxkopenua. Orcioga MOKHO 6mLIO OBl CAejlaTh BRIBOXK, YTO
11 BRIYNCIEHHLIE O6PATHO Ha OCHOBEe HEPHOTO YCKODEHHS 3HAUEHME NyTH
u BpeMeHu ycxopeHusa X' u ' JlopeHUsa Takse COOTBETCTBYIOT MCTHH-
HRIM, peanbuuiM snaveHuam X w ¢, BeAs u sHasenue yCKOpPeHus BepHOE,
¥ YpPaBHEHHE YCKODPeHHUS G = %— BepHOe,

H reM He MeHee, TarOil BLIBOJ COBEDIICHHO HEBEPEH ! He COOTBET-
creyer pefictsuTenssocTy. Jleno B ToM, aT0 X' 1 t JlopeHnna abcoIIOTHO
He paBHEL peanbBWIM X ¥ { yckopeHmMd, Gonee Toro, M He JOMKHBI GRITH
paRssiME uM. JlopeEnoBckre X' 1 { KBASIOTCA TOALKO AMIIL MATEMATHIE-
CKUM CPEACTBOM «u30o6pasUThs BepHOE 3HAUEHME YCKOPEHUS, HCHONbL3YS
ypaBHenne HrioToHa. Jlopennosckoe X' u ¢’ He #BISIOTCA peaNbHBIMU
BRIIMYHHAMU.

Hanpumep, IpU BCTPETHOM XBHMKEHMU JBYX TENX M, = MMy C PABHRIMY
CKODOCTAMH TeJa COBEpINAaIoT MoJ-060poTa BOKPYT LEHTPA MACC 38 BpeMA

2nR 7R

b= ==

T Va—(=V) Vo
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~1 v,
Puc. 18.1

BT0 BpeMs, €CTECTBEHHO, MMEET KOHEUHYI0 Beanaungny. Ilyrts, npobe-
raeMsulii Tenom, pasen X = 7R, T. e. TaKiKe UMEeT KOHEYHYIO BENHIHNHY.
Ho B 3ToM akTe B3aumMogelCTBMH HeT, YCKOpPEHMe TeJjia PABHO HYJIO.
VeropeBe qepe3d ypaBERHUE BhIPAKAETCA KaK
2x’
?

YTtobul yCKOpeHHE @ B YPABHEHWH CTAJIO PABHKIM HYJIIO, JIOpeHLOB-
ckoe i’ Hems36eskHO JONNHEL! GbITh PABHO GECKOHEUHOCTH.

Puc. 18.1 maniocTpupyer 3TY 3aKOHOMEPHOCTh. 3JeCh JOPEHIOB-
ckne ¢ ¥ X' Hurfme He COBHAAIOT C WMCTHHHLIMU (peanbHmMm) £ u X
yckopensi. CoBnaJenne ecTh TOJALKO B Togke V. = 0, HO 3zech OTcyT-
CTBYeT caMa monpaska JlopeHila, — KOpeHbL PaBeH eAUHNIe.

He Bcaxoe MaTeMATHYECKOEe BRIpAKEHNEe HMeeT QuandecKuit CMEICI.
Hanpuwmep, i = /—1. V MaTemaTHky cpou npobneMel, eifi HeT Aena
A0 ¢(hpMBNUECKOro CMLICIA» YPABHEHUA. B 3T0M MareMaTuka 9yJOBMOTHO
CecnpuHnynHa B ¢BoeM OTHOIOEHMH X duauke. O duanveckoM cMbicTe
MaTeMaTHYeCKUX ypaBHeHMi# HeobxoauMo 3aGoTHUThCA caMoil dusuke.
H60, xax rosopun ¢puauk deifiHnMaH, — «BCE BEAMKOJICNHE MATEMATHKH
B TOM H COCTOMT, 4TO MKl H¢ 3HAEM, O 4€M TOJIKYEeM».

«HaMeHeHre OpOCTPAHCTBA ¥ BpeMEHH» N3-38 CKOPOCTH ABWKEHUA
Tenn, AEMOHCTPUDPYyeMule ypaBHeHuamu Jloperna, Be mumeloT nog coGoit
H3YIEeCKOr0 OCHOBAHMS,

Obpatumcsa k puc. 18.2. B HeM rpaduveckn noxasana B3aUMOCBA3L
Mexay @, ¢, V, npouecca yckopeunsd rejia. 3gecs nonydurb & = 0 mpu V, =
const BOIMOKHO TOJNBLKO JIVIOB NpUiaB BpeMeHH 3Hadenue ! = 0o. Takosa

a=
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Puc.18.2

oueBUgHAS 3aBUCHMOCTh HEUIMEHHOTO YCKOPEeHHd 0T BpeMeHH, B Buje
TpeyroJbHUKa @, ¢, V;, 1 3geck Bce Bepro. Ho ara saBucuMocTs U €CTh TOT
caMui 3aKOH HBI0TOHA PABHOYCKOPEHHOI'O ABUKEHMS, NCIOJAb30BAHHAIK
ZJs OIIHCAHUA BIAMMONEHCTBUA ABYX TEJ.

TaxuM 06pasoM, B ¢«AypEOit» GeckoHeyHocTH BpeMern Jlopenna ¢’ mo-
BUHEH 3aKOH HpI0TOHE ¢ ero seusMeHRoi cwnoii. Y B aTom GeckoregnoM
BPEMEHU HeT HUKAKOM TAMHCTBEHHOCTH Wi HeoOwyrOocTH. U3GaBuThCA
OT HepeaJbHOrO BPEMEHN M TIYTH YCKOPeHHs, YHTH OT ¢HM3MeHeHUA Ipo-
CTPaHCTBA ¥ BPEMEH’», BOIMOJKHO TOJIBKO OTKASABIINChL OT ¢KOBapHOTO
TpeyroieHVUKa» (duHelHOro 3akoRa HrI0TOHA, MOANIPaBIEHHOrO YPABHE-
HueM Jlopeuna).

Otoit npo6iieMe MOMKHO NPHMAATE ¥ MHYIO F¢OMETPUYECKYIO TPAKTOBKY
(I. Munroncknit, 1907 r.). BmecTo 0TKa3a 0T «HeBepHOrO TPEYTONBHMKA »
MOKHO IIOTPeGOBATE (OT MATEMATHKN, HO He OT (PUIHKK), ITOOK OH «BEPHO
OMNCHIBAJI ABJICHME YCKODEHUA Tenas. IR 3TOr0 TPEeyroAnHWK AOMKeH
OBITE NIOCTPOEH He HA DeabHOM IJIOCKOCTH SBKJIMAOBA IIPOCTPAHCTBA,
a B IPOCTPARCTBe MUHKOBCKOro. MeTpmaeckue cBoiicTBa NPOCTPAHCTBA
MunHKOBCKOIO CBA3AHM C YPABHEHHSMM ABMIKEeHHS MATEPDHAJIBHON TOUKMU
COIVIACHO CrEenUAaNBHON TEOPHUHM OTHOCUTEJIBLHOCTH TAK JKe, KAK IIPOCTPAH-
CTBO DBKJIMAA CBH3AHO ¢ YPABHEHUAMHU ABMMCEHUA MATEPUANTLHONE TOYRM
cornacHo MexaHuke Hoiotona. EcrecTBeHHO, OTHOmIEHMHA XBYX TEOMET-
puii cBsaA3aHK TeMm e npeofpaszosanmuem Jloperna. Ho takoe pememne
TAHET 38 coboll, Bcaen 3a «BooGpakaemoil reomerpyein MunkoBcKOros,
emle u «BooBpascaenylo OHUINKY SHAMTeiiHa», YTO BKOHEl 3AMYTHIBAET
Qu3MIECKY0 CYIIEOCTL B3ANMOAEKCTBHA Tel.

B mpeanosxenun MMHKOBCKOrO BCeé HOCTARIEHO C HOr' HA TOJOBY.
PeanrHrule rpadukn cropocTeil B axTe BaauMopeiicrsus (puc.15.3, 15.4)
M3HAYATBLHO, O6/bEKTHBHO, KAK BUAMM ¢KDUBBIe», ¥ IOCTPOEHA! OHH Ha De-
AJBHOHN (9BKJINAOBOI) ¢IPAMOIi» MOBEPXHOCTHA. A BOT rpadHKHU STUX iKe
ckopocreil y Hbpl0TOHE HCKYCCTREHHO ¢BRIIPAMAEHK». W BRmpaMaeHk:
OHM K8K pa3 OyTeM H300paKeHUs M3HATAMLHO <«KDHBLIX* TpabuKoB
Ha «KpMBO#i moBepxuocT¥» Munkosckoro. QT 3TOro OHA BLIIPAMUIHCH,
cranu npoine, 6e3 MyapocTe# ¥ nosroMy nouaTHelt. leflcTsuTeanHo, gero
MoxkeT OHITh npoine U AcEee ypasHeHda V = al ? Ognaxo sTo, KaK BUAUM,
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KOBapHAA NPOCTOTA, HNpPUBeAInasg K cjpade Mexadukoit HbroToma cromx,
KAa3aI0Ch OBl BeYHBIX, MOMILMH. '

BMecTo MOHIVIMPOBSHMS MATEMATHKON HAH0 HCIOJL3OBATL PEANb-
HEIE HEeJIMHEHHKIE, DUKJOWAANbHBIE TPAQUKHM CKODOCTEH TeX, U M3 HUX
BEIYHCJIATL PEaNbHOE BPEMA M MyTh ycKopeHus. [pyruMm cjloBaMm —
HUCHOJIb30RATh NMPUHIUNL B3aumMogelicTeua tex. B § 16 Mur sugenu, uto
M OpOCTPAHCTBO, M BpPeMf a6GCOMIOTHRI, IIPU B3ANMONCHCTBUM TeJl OHM
He NpPeTepreBalOT HUKAKMX N3IMEHEHMI, B 3TOM HET HUKAKOH O0beKTHB-
HOl He0OXOAMMOCTH.

KpoMe paccMoTpeHHOro orpaHmdenusi, y emeroaa JlopeHna» ecTs
M Ipyroe, BecbMa CYIIECTBEHHOE orpaHmueHve. KaK BUAWM, YpPaBHEHHUS
JlopeR1ia YTOYHAT HBLIOTOHOBCKHUIT 3aKOH YCKODEHHNS OXHOTO Tela ApY-
ruM. OgHAaKo, 3TO yTouHeHue pafoTaeT JMIIL TOJLKO B OJHOM YACTHOM
ciyuae — BO B3AHMONEHCTBMM TeJl ¢ PABHBIMH MAaCCaMM 17, = My, KO-
TOpPOe MKl W paccMoTpenu, s B3aMMogeicTBUA TUNIA M, > My (A OHO
NIpeACTaBIsgeT OCHOBY HBIOTOHOBCKOM MexaHUuky — § 6) «MeTon Jlopernas
COBEpIIEeHHO He BePeH U TI0ITOMY He MOXKET GhiTh UCIIOIB30BAH B KayecTBe
dysaaMeHTANTBHOrO KOIOJHERHS K Mexanuke HboToHa.

B pesyabTaTe npoBefeHHOro aganrnia «MeToga Jlopeuia» BUAMM, YTO
ypaBHEHHA Jlopenna B kayecTbe GYHAAMEHTAJIBHOTO JOIIOJTHEHNS K MeXa-
Huke Hp0TOHA He MOTYT ORITH MCIIONLIOBAHLI: OHH BOBCE HE OITHCHIBAIOT
ABJEHNA B OTHOCHTEJLHO JBUXYyIMeiica cHcTeMe KOODAMEAT, oIy4acMule
HEMM KOODAKMHATH X' 1 1 Texa He COOTBETCTBYIOT €r0 PEaNLHRIM KOODAU-
HATAM, 8 UPeACTARIAIOT coboii dopMaIbHO-MaTeMaTHuyecKue bukumy.

YcosepiieHCTBOBaHNEeM MexaHWKR HbIOTOHA Ha OCHOBe YpABHeHMIl
Jlopernma saEMMAaiMCh MHOTHE ecTecTBoUcHEITarenn. Haubonee moauylo
¥ [OCKeIOBATENHHYIO MOJIEb YCOBEPIIEHCTBOBaHHOI Mexarukn HbloToHAa
paspaboran IRHINTENH.

§ 19. INpuHLIHNb] B3aUMOAEHCTBUA TeN
M CneunaNbHas TEOPHS
OTHOCHTEJILHOCTH JliHmTedHa

Ditnmrreiin, u TeM §onee Jlopern n Ilyamkape, BoBce U He CTABHIHR
8afaYy ycoBepIneHCTBOBaHUA Mexanukn: Huioroma. Ouu paspabGaTmiBa-
JH TOJIBKO TE€OPHI0 OTHOCUTEALHOCTH B MEXAHUKE H IICKTPOAUHAMUKE,
OCTaBJiAA, KAK MM KA3AJO0Ch, B HENIPHKOCHOBEHHOCTH «HEM3MEHHYIO CH-
ays. Ho pemuTh 331a9y OTHOCHTEILHOCTH (e3 mepeMeHHOM CHIIL O6LeK-
TUBHO HEBOIMOXKHO. II03TOMY OHH HEBOJILHO U HefIBHO, HO HeHM3bGeikHO,
MpUWNY X NePeMeHHOd CuJe, He OCO3HABASN dTOro,

HauGonee moiHYI0 M IOCIENOBATEJIBHYIO MOJEJb YCOBEPIEHCTBOBA-
A Mexaauky HeloToHAa Aal DHHIMTEHH B CBoe#t CrIeMUaNbHON TEOPHH
orHocuTenbHOCTH. C TedeHneM BPEeMEeHU MHTEPEC PUIAKOB K ¢ H3MEHEH-
AM ODPOCTPARCTBA-BPEMEHN s OTOMIEN Ha BTOPOU INiaH, K B QU3EKe DEASbHO
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OPHKWICA TOJLKO OAHH BRIBOJ TeOPHUU OTHOCHTEJNLHOCTI —— 3aBRCHMOCTH
BEeJIMYHHEI MACCEHI OT €€ CKOPOCTHU

’ mo

m = V2~
Vi—-¢&

B aT0M BRIBOZE 3aKJIIOYAETCHA HECOMHEHHOE M IIDUHIMIIMAIRHOE YCOREp-
ImeHcTBORAHME Mexanuky Hrrorona reopueit oTHOCHTeNbHOCTH, Kak roBo-
pun pnaux Peiiaman: «KoMy Teopusa OTHOCUTENIBHOCTH HYHR JIUIIL JNA
pelneHus 3a7a9, TOMY 2To# opMyasl 6yAeT BIIOJHE JocraToyno. Boasime
HUYETO OT TEOPHH OTHOCHTEJBHOCTU €My He NOHaNoOHTCA — OH IpPocTo
BBeZeT B 3aKOHH HEBIOTOHA IIONDaBKY HA MIMEHEeHHEe Macchl». B peayas-
TaTe COBpeMeRHad GU3NKA, B TOM UMCJe COBDeMEHHAR MEXAHMKA, CTAIU
BOCIIPHHMMATLCH KAK CUHTe3 Mexasukd HBIOTOHA ¢ gomoiHAIOIDEH ee
COenUaILHOM TeopHeli oTHocuTensHocTH. IloaTromy paccMOTpeHHE T€OPHH
OTHOCHTeNnbHOCTH OlffHINTeiiHa GyxeM BecTH UMEHHO € 3TOH «COBPEMEH-
HO@» ITO3MIMU: PACCMOTDHM ee IIPEXKJ€e BCEro KaK TEOPUI0 YCOBEPINeH-
CTBOBSHHMSA Mexauwku Hbi0TOHA, A He KAK TEOPHMIO OTHOCHTEILHOCTH.

3aMeTHM, H4TO AJIA HAIODMX IPHHIIUNOB 3T JBE TEOPHUH ABISIOTCH
IPOCTO ABYMS HEIARUCHMEIMM YACTHHLIMM 3aJ1898MU, PEIIaéMEIMHU NO Of-
Ho#t MeToauke. 3azada ycoBepIIEHCTBOBAHMSA MexaHwky HrioToRAa — 3TO
BhISIRJIEHME 3aKOHOMEDPHOCTel BaauMonefCTBHA ZBYX TeN OPU USMENeRHH
CKOpPOCTH ycKopsemoro tena Vy or 0 no Vo (§15). Bagaga xe oruoCH-
TEALHOCTH -— 3TO BHIABJCHPE 3aKOHOMEDHOCTeH B3aMMOZelCcTRMsA AByX
TeJ IpM NMpubaBjeHHH K CKOPOCTAM YACTHUH V, W Tena Vi CKOpOCTHA
ABUSKEHWA MOJBMIKHOU cucTeMul oTcueTa V; (§16).

HerogroeTs Mexanuku HuloToHa 3aknwodaercsa B JOOYINEHHH HE3a-
BHCMMOCTH BeJIWYMHRI CUJILI OT CKOPOCTH Teld, YCKOpAEMOil 5ToM cHiIoii.
Wnn, ZpYyrUME CJIOBAMH, B ACIYINEHUH He3aBHCHMOCTH BEJIMIMHE YCKO-
PEHNA TeXa OT ero CKOPOCTH. DTY 3aBMCHUMOCTE MBI IMPOAHATHIHPOBAIA
BRIMe, HA MOZEAH YIIPYToTO COYAAPEHUA ABYX TeJ paBHOA MaccH (§ 15).

Ditrmreitn, HCIONL3yd YpaBEeHNUA JIopeHTa B MEXAHWKE, TAKIKE IIPO-
AHAIM3NPOBAJ SBJCHHE VIPYIOro COYAADEHHST ABYX Tel DaBHOM Macehl,
HO IIpUIIeN K BHIBOAY 00 YBEIMYEHUH MACCH! TEJ& C POCTOM ee CKODOCTH

fmo

roe B 3HaMeHaTenae KopeHs JlopeEna. Hexnsa He sameruTh, 90 B 2TOM
YPABHCHUY IepEeMEHHAN CHJIa IPOCMATPUBACTCA BIIOJHE OTKDOBEHHO

FyJ1-%
g=—"-
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HO DHHULITEWH N3HAYLIBHO BUCXOLNWI U3 HEM3MEHHOHN CHJBL.
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ITO CBOE MONOKEHUE O POCTE MACCHI TeJa OH YBAIAN ¢ [OJOKEeHUeM
O pealbHOCTH JIOPEHLOBCKOrO BPEMeHH M IYTH B MeXAHHKe, M3MEeHHIo-
IUXCH OT CKOPOCTH Tena, o6pa3oBaB TeM CAMEIM BHYTPEHHE HEIIPOTHBOPE-
9NBYI0 a6CTPAKTHYIO MATEMATHNTECKYI0 MOAENb — CHEOHUAJILHYIO TEOPUIO
OTHOCHTEJIbLHOCTH.

IIo DirmTeliny, HENOABMAKHOE TENO TOJ AeHCTBUMEM HeU3IMEHHOM
CHJILI [IOJYy38eT MAKCHMAJILHOE YCKOPEHHe, TaK KaK OHO Hamfodee <Jer-
Koe». JIBIxymIeecs Telo yCKOPAETCS ViK€ MEHbINE H3-38 ¢YTAKeTeHUs »
Maccul. Tejyio, gBHKylieecqa cO CKOPOCTRIO CBeTa, HE YCKOpAETCH BOBCE,
TAK K4K ero Macca paBHa 6eckoHeunocTu. Takum oGpazom, mo OUH-
mrefiHy, yMeHbIIEHUE YCKODEHHS TeJia oA AeliicTBIEM HEM3MEHHOH CHJIBI
HABJACTCA CNEACTBMEM YBEIWYEHUN MACCHI,

Korga MrI paceMaTpuBaifl B3auMOAeiicTBHe ABYX Tel M, = My OpHU
BCTPEYHOM JABIDKEHH!, T. €. VOPYyroe coygapeHwe, HAILIN, 4YTO YCKO-
peHnme Tejla YMEHBINAETCH OPM YBEAWUEHMH CKOPOCTH Tena. IIpuduna
3TOr'0 JIEXKHT B YMEHBLUIEHWH B3aHMOAeiCTBHA, B YMEHLIIEHMM 3aXBa-
T4 SHePruM ycKopdiommeil yacTuusl. Kak BUgmM, OpUIMHA YMeHBIOeHUH
VCKOpeHnsda TeJjia 3AECh JIeXMHUT He B M3MEHEHHWN BeJIHINHRI MACCHI Te-
A, & B U3MEHEHHMU YCIAOBHSI 3axBaTa Heprum yacTuusi. Macca Tesaa
TIpH ero YCKOpPeHHAM He IpeTepleBaeT HMKaKVX M3MeHeHWH K ocTaeTcs
HensMeHHOI.

HatizeEHEBIY A8 B3aWMOAEHCTBUA TUIA My = 1M, 3aKOH YMEHbLICHUN
YCROpeHUH Tejia (¢ yTAAeNeHns Tejas) DHHINTedH PACIPOCTPAHIT HA BCe
THITLI B3AAMOAEHACTRUA TEJI, B TOM UNCJIEe HA HLIOTOHOBCKUIL THUII 1My > M.

Brime 6nimo nokazana oMIRGOYHOCTS aToro mojoxmxenusn (§ 15). Hasa
HBIOTOHOBCKOI'O B3aMMOREHCTBHMA (TUDA M, > My), KaK MBI BHIEIH,
OTHOIEHVE YCKOpPeHHA DaBHO

u pesoHaHc Hactymaer npm Vi, = 0,6V.. Bpecs Macca mpu uaMeHeHun ee
CKOPOCTH OT Hyaa xo V, cHavana paBHa GeCKOHEYHOCTH, 3aTeM «obserya-
eTcHi», AO0CTNTas MUHUMAanLHON semwaunn mpu Vp = 0,5V, saren BHOBL
«yTHXReNseTcH s, gocrurad Geckoneanocru npu V. = V; (pue. 19.1). Kon-
LEenous, TAe Macca MOYXeT YBeIHIUBATLCA, 4 YCKOPAKIIAA CUIa OCTaeTes
TNOCTOAHHON, He HMEeT Noj coboli Gu3ugecKoil OCHOBKE.

Konnennusa yTaxereHEWd MACCH Teja IIPM YBEJIMYEHNR €e CKOPOCTH
y OHHmTelHa HaLlla CBOe JAafibHelimee pasBUTHe Y IIPHBEJA K BHIBO-
Iy 06 SKBUBANEHTHOGCTH BHEPrMM Macce. PacCMOTPHM 35T0 NOJOMKEHHE
Oituinreitna.
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IToa melictBueM cuisl F' MOKOMBIIEECH TENIO C MACCOM
mo

m=——,
Vi-&

10 OpOINECTBMY BpeMeHH [ IpHOOPETAET CKOPOCTh Vi M KUHETHIECKYIO

srepruio E, .
HameHenune kuueraeckoir sneprun E, pap#Ho:
mea dz mo av mg
dE, = Fdz = 5 = “‘dz:—ﬁ—az-VdV.
-H7 w-5TET T -5
Hurerpuporanue jpaer:
f 14 c?
m m
E. = v = -—moC'Z.
1 y2 3/ 2 Ve
0 (1-& 1-¢
Beanaura
moC 2
Vﬁ
1-&

HassaHa JlHmTelEON E;, — «nonnolt sHeprueii», a NocToIHHAA MHTE-
rpuposanus mogC? — masmana Fy — «3Hepruei nokoss. Takum obpasom,
E;, = E, + Ep. Orciona, y noxosinerocsa rexa B, = 0 u E; = Ep, r.e.
TOKOALIeeCA TeJo ofragaer sneprueii

En = moCZ.

ITocneanee smpakeHue DAHMTEHHOM TPAKTYETCA KAK SKBMBRJIEHTHOCTH
PHEPrH#H Macce ¢ KOdMPUIHeETOM NPOIOPIHOHEATILHOCTH C2.
J1a Xe 3aAYA, HO ¢ «O0MYIHON» (HEHIMEHHON) MACCOH NIPHBOJUT
K ZpyroMy 3HaYeHHIO KUHEeTHJIecKo# 3Heprum:
mV?
E, = T
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Yucnenso oba sHauenua F, coanagator npm V &« C. Ho rnas-
HOE 3JeCh — B OTCYTCTBHM ¢JHEDIHMH NOKoA» Fy. ¥ moxosamerocs te-
JIa KEHeTHYeCKAsl 3Heprus TOMXIeCTBeHHO PABHA Hyxio. IIpM ycKOpeRmun
«0Bu1aAoit» Maccrl, ¢ npubausxenueM V; k Vo, sHeprus MCTOUHRUKE 3aXBa-
TBIBAETCA BCe MeHbLIE H Bce GoJbmie ee orpakaercda ofparHo. Tesro BoBce
He cobupaeT BHEPPUI0 MCTOIHUKA ¢BCIO A0 KAIJIKW» U BOBCe He ¢Hafyxaer
or 3Hepruus. Bed He3axBaueHHas DHEPrUs YXOAUT BOBHe Be3BO3BpAT-
HO. Benuuuna cobpannoit (3daxBageHHO) TE/NOM dHEPI'HH ONPeNeIAeTCH
TOXBKO €€ MACCOU M XOCTHI'HYTOH CKOPOCTBIO. «JHEpPrHA [MOKOAs, TAKHM
ofpasoM, HeIMKOM U TIONHOCTHLIO 0DA3aHa CBOMM NOABJAECHUEM TOM Ke
eMacce, YBeIUTUBAIOINEHCA ¢ DOCTOM €€ CROPOCTI» .

IIpuHnuIR B3AMMOACHCTBHSA TeN He HYKAAIOTCH B JONYINEHHM yBe-
andeEns mMacck. [ToaToMy BEIBOZL 06 SKBHBANCHTHOCTH 3HEPTHH H MACCHI,
dopMaTLHO BRIBETSHHEIN K3 JONYIUIEHNS YTAKEIeHU Tel, TAKKe He AMe-
eT nox coboit puamdecrkoil OCHOBEI.

VYkaxeM Ha PACIPOCTPAHEHHOE 3a0/y)xJeRue, IIDULIeAIIee U3 TEOPHUY
OiHIOTeAHA: OPMHAATO CIUTATH, UTO YMEHBINEHHE YCKOPEHNA Tela («yTa-
JKeJICHHEe MACCH ») IPOMCXOAMT TONBKO IPHM OKOJOCBETOBLIX CKOPOCTAX
Tesa. OTo HeBepHO. fIBNeHNUE YMEHbIIEHN YCKOPeHHA HacTyllaeT He IIpu
GonpmmAx a6GCOMOTHRIX CKOPOCTSAX TeNg, 4 NMPH AOCTATOIHO GOJBIIOM
OTHOILIEHMU CKAPOCTel Tesa M JAaCTUOLI. B aKTHBHON THADPABIMYECKOR
Typbnnae Ienrrona ckopocTs yacThn Boa (V) AocTuraer Beero fecATKOB
MeTpoB B ceKyHAy. COOTBETCTBEHHO, N OKPYIKHAS CKOPOCTD JIOIATOK TYD-
6muE (V) Taxoro e nopsigka. Ho MonaTry TypOuHBI ABHKYTCA NMEHHO
C ¢«GKOJIOCBETOBO#» CKOPOCTbIO, ObeclieuuBas Pe30HAHCHWH 3aXBAT SHep-
THU YacTUL BOAH., — CKOPOCTS JIONATOK PABHA IMOJOBHHE CKOPOCTH BOJEL.
Jlopennosckue onpaBKu XK 3akoHaM HeroToHa paGoTdioT M OpM CKOPO-
CTSX, PABHBIX BCETO HECATKAM METPOB B CeKYHAY. A ¢ PENATHRUCTCKHUE
COyZAPEEMS JKEJEe3HOAOPOKHRIX BATOROB NPY COCTABJEHUH IIOE3R0B IPO-
MCXOAAT NPU CKOPOCTAX HeINeXO0Ad.

IToxEexeM HTOr PACCMOTPEHHUK CHEUUANBHON TEOPHHM OTHOCHTEILHO-
CTH, BLICTYIAKOLIE B KATeCTBE TEOPUU YCOBEPINEHCTBOBAHUA MeXaHUKU
HsrwroHa.

CoxpameRve BpeMeHU Y IPOCTPAHCTBA, VTSyKEJeHHe Macchl JiiH-
mTelHy B €ro CHenuaJbRoi TeOPHH OTHOCUTENLHOCTH NOHAROGUIUCE q1n
KOPPeKTHPORKY MexaHuKK HEBIOTOHA ¢ ee HeH3IMeHHOM CHJION,

Teopus DitHimTeilHAa IOCTPOEHA 'HA OCHOBe ypaBHenus Jlopenua,
U N0 cyTH fABngerca Guamyeckoil MHTepnpeTanueil cyrybo mMaTemarH-
geckux ypaeHeHHH Jlopenna. ITosroMy, Bce BRIBOARI BHIINEUITOKEHHOTO
aHATM3a «MeToZA JIOPeHLa» COpaBeATUBH LA CIEeilHaibHOM TeopUH OT-
HOCHTeNbHOCTH JifHIMmTEHH S,

Bo-nepehix, Teopua JitHinTeiina paspaborana 1 mMoxeT GHTH npuMe-
HEHa TOJBKO K B3aVMMOJENHCTBHIO Teld C pAaBMLIMHK Maccamu. J1a rR3aumo-
IeHCTBHA Tel C HEPABHEIMH MAcCaMH (& 3T0 OCHOBA HBIOTOHORCKOI Mexa-
HHKHA) OHA TPOCTO He BePHA I He MOKET OBITh UCHONIb30BAHA HA IPAKTHKE.
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Bo-BTOpRIX, TaBaeMble TEOPHeNl BEeIHMYMHLI KOODAWHAT TEXa B ABU-
Kymedcd CHCTEME OTCYETA HE COOTBETCTBYIOT PeANbHBIM 3HAYEHWAM,
¥ OpeACTaBaAoT cobo#t popMaTbHO-MaTEMATHYECKMe PuKIun. [aBaemoe
TEOpUEH «yANMHEHHNE NIPOCTPAHCTBAS, «3aMeNJeHIIe RDEMEHEN » HEe MMEIOT
nox co60l HUKAKON GHU3NYECKOE OCHOBE!, ¥ HE MOTYT OLITH HCIIONb30BAHBL
Ha OpaKTHUKe,.

B-TpeThux, [aBaeMOe TEOPUeH «VBETUIeHHUE MACChI» ABAAETCH BCErO
JUIOb MATEMATHYEeCKUM CpPEACTBOM BRIPASHTH peaJbHBIHA GaKT YMeHb-
IMeHUA YCKOPEHUS Tena OT YBEJIHUUEHHS €r0 CKOPOCTM IOf JeicTBreM
«Hen3MeHHOH» cunbl HeioToRa (1 BRBeAEH OH TOJIBKO JUIA My = My).
9ror BHBOA TeOpUM He MMeeT HOX coboli EMKaxod dpusuuecKol ocHOBEI,
M He MOXkeT OBTh UCIONb30BAH HA MPAKTUKE.

B-ueTBepTHX, BRIBOJ TEOPHH 006 3KBURAJIEHTHOCTH MACCH M DHEPIHHA
TI0JIy4eH YHMCTO (GOPMATLHO-MATEMATHIECKMM NYTEM M3 TOTO JK€ «YBeJ H-
yeru s maccrl». [T0aTOMy 3TOT BRIBOA TAKIKE He NMeeT nOx co6oi FuKaKoi
duaugeckoif OCHOBEI. DKBHBAJEHTHOCTh MACChi ¥ SHEPIAU BRITEKAET CO-
BCEM M3 APYTMX DeaJbHHIX dn3mueckux 3akonomepnocredt (§ 27).

TaxkuM 06pa3oM, cIelMANBHAS TEOPUA OTHOCUTEILHOCTY JUBMITERHA
MMEET CePhe3Hble TPHHUUIHATLHEE HEAOCTATKH, GAKTHYUECKH He OTBe-
qaeT CBOEMY NpeAHASHAYEHUIO, & II03TOMY He MOJKET GhITh MCHOJIL30BAHA
B KATECTBE (PYHABMEHTANBLHOIO JOMOJBeHuA K Mexanuke HuloToHA.

IIperOMNBE B3auMoLeiicTBHA Tell, ABNASAACHE YACTRIO KIACCHIECKON
UIKNKE, NOIIOMAT MeXaHUKY Hp0TOHA BMECTE ¢ «IONMPABKAMM » DITH-
mTeiiHa, gejas HeHY KHOM CIenMalbHYI0 TEOPHIO OTHOCHTEILHOCTH.

B aakiiotueHye BITVISHEM Ha CISOHANTEHYIO TEODUIO OTHOCKHTEIBHOCTH
JitHIOTeiHA ¢ MO3HABATENbHOH, METOAOJOI'MYEeCKOM IO3ULHHN (00 3TOM
roropyiocs B § 5), IIpn paspaBoTke ee Blepex ORI ymeH MOIMHEIA MaTe-
MmaTHYecKHil anmapat (JleBu YmeuTa), OCTABUB caMol0 PU3NKY ABIERUS
¢HQ TIOTOM», IpHCcHOcabauBaTECA MOA BHIBOLLI MaTeMaTHKY. B manoxe-
ruu P @eitHMAaHA 3T0 BRITAAAUT TAK. «Ho Kak e U3MEHUTH 3aKOHAI
HrroTOHA, 4TOORL OBHK OpH Npeobpazosaruax Jloperua He Menanucs? Ko-
rfga TdKad OeJb IOCTARIEH’, TO OCTAETCH TOJNLKO NEePeNMHcATh YPABEEHU S
HrioToHa TaK, UTOGBI BRINONHAIMCH, NOCTABJICHALIEe yeaoRHgE. Kak oka-

3aJI0Ch, €AUHCTBEHHOE, YTO HY)XHO OT HHX n0oTpefoBaTh, —— 3TO ITOOHBI
Macca m B ypaBHeHusaX HeloTona npuobpena Buf
Mo
m =

/-8

CTout BHECTH 2TO UaMeHEHUEe, W HACTYIIAET IIOJHASA TADMOHUA MEXIY
ypapuervavu Heworona v Makceeanas.

3/ecs MBI BUAVM OTKPOBEHHO HACHJIBCTEBEHEGE (II0 OTHOIIEHNO K Gu-
SHKe) «BRIJABINBAHNE» HYXKHOIO Cbll:mqeckoro PE3YNBTATA CPEACTBAMH
MATEMATHKH, HUKAK He CYUTASCHh ¢ cAMO¥ (hu3MKO#A (B IPUBEAEHHOM OU-
TaTe ee IIpocTo HeT). CoennassHasa TeOpUR OTHOCHTENBHOCTR SHuITEHAA
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fIBNigeTcs OGPASNOM HOTPOMA, YUHMHEHROro (QuiiKe, ¢MATEMATHIECKON
du3uKofs (MIU «PUINUECKOHE MATEMATHKOI», €CTh, OKA3KIBAETCR, U TO,
¥ apyroe). Ona ke (Teopus) ABASETCH M SPKUM JOKalaTelbcTBOM Oec-
ILIOAHOCTY 3TOTO METOAA MO3HAHUA, LOKA3ATEJLCTBOM TPHUBHAJIBHOI mMC-
THHEI! MATEMATUKE — 3TO MAaTEeMATHUKE, B (pusuka — sro Ppusmka, ¥ 3a-
MEeHMTh HOpYr ApYra OHH He MOTYT, He oOIlacadch NOTYYUTh 3ayMHBIE
aHeKJOTHIeCKHEe «(pUIHTIEeCKHE » De3yihTaThl. Brnpouem, cnpaBerinseo-
CTH pagu 3aMeTHM, UTO CaMU NPHBEP)KEHINbl 3TOr0 MeTOAa NO3HAHUA
OLLIY O HEM HEBBICOKOTO MHeHMS], — «CyInecTByeT NODRIUTENLHAS BO3-
MOKHOCTH OBJIAIeTh OPEAMETOM MATEMATUYECKM, He MOHHMANR CYLIECTRA
Jena», A. Ofiamreiin,
B zakTeTeHMe JaguM CBOAKY YPaBHEHHI YCKOpeHHs Teaa CUIoM.

F
a=—, HeioTonH,
m
F .
a=—0]) ditmTedn.
%
v A78 yAapa
F\/1- Va {exuxuvHOrO HOBAH
4= — . —
m >  B3aEMOJAeHCTBHUSA MEeXAHUKA.
N My = Mg)

Copnasenne ypaBHeHuit DitHmITeliHA ¥ HOBOH QH3UKKM ANA yZapa IIpu
m, = My, He cayuaiino. Croe ypasHenue JifHINTeHH BLIBEN, KAK M3BECT-
HO, A3 MOZEJIM coyZapeHus ABYyX TeA ¢ paBHuMu maccaMu, Eme pas
HaUOMHHUM, 9TO yAAp CYINECTBEHHO OTIMYAETCS OT IPOAOCIKHUTEILHOIC
Bo3ZeticTensa cuanr (§11, 12).

Mmu paccMoOTpesN, NPUBJICKAA NPUHIUNIE B3AUMOACHCTBUA TeJjl, Me-
xaHRKY HrloToHa, ee orpaHuyeRNs, IONBITKA €e KOPPERTHPOBKH ¢ IOMO-
IOBI0 CHIENHAJILHON TEeOpUH OTHOCUTENLHOCTH,

PacemoTpum gajnee TepMOAUHAMMKY, TAe IPHHIIANE B3AXMOZeHCTBIA
TeJl TAK JK€ JAI0T DA HOBRIX pe3yJIbTATOB.

§ 20. Tepmoaunamnra. OTAIN4YHE €€ OT MEXaHMRM

B ocHoBe yueHHs O TennoTre (TEPMOSUHAMUKH) J€KAT 3AKOHKEL MeXa-
HHKH, PACCMOTDEHHLIe HAMM BHIIIE C ITOSUNUII OPHHUUNIOB B3anuMofeii-
crBus neyx Ten. OfHAKO 3[€Ch MMEIOTCH cnenugpmuecKkde ocofeHHOCTH,
XapaKTepHunle UMEeHHO AAa TepMozuHamMuKky. Pacemorpum ux (pure. 20.1).
3pecs m, —— 3TO «TOpSYAfAs MONEKYNa, ABUKYINAACA cO cpefHeit cko-
pocreio V. Monekyna HaXOAUTCHA B 3AMKHYTOM COCYyAe, OGpA30BAHHONM
U3 UIMHAPA ¢ NOABWHHBIM MODILIHEM Miy.

OueBnpHo, uTO BCerxa M, < m,. Moaexysa yckopseTca WCTOUHR-
KOM TenuioBoi 3Heprum, «meukoit» Il. Tak xax cocys 3aMKHYT, MOJEKYaa
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Pnc. 20.1

B COCYZEe IMUPKYJIUDYET TYAa ¥ 0OPATHO, HO3TOMY OHA IIEYKOHM YCKOPSeTcH
U HaTpeBaeTCA MHOIOKDATHO, & MOJEKYJIA COOTBETCTEEHHO MHOTOKP&T-
HO ycKopsieT («yjAapsieTs) NOPIOEHE ;. 3fech NIPOUCXOAUT GIHIKONEH-
creue (§ 11) Mex Ay meukod ¥ [OpIIHEM IIOCPEACTBOM MOJIEKYJIBI, B OT-
JTH9He OT CHJBL «BETPAa» B MEXAHHKe, I'Ié YACTHIA 17, B3aMMOAEHCTBYeT
¢ M, TONBKO OFHOKDATHO, IIpH OBMMKeHUM HOPIOHA OT lIeYKH IOpOIeHb
YCKOPSIETCH MOJEKYJIOH, 4 MOJieKyJia UM TOpMo3uTcd. Ilpu ABHIKeHHH
NOPIIHA K TedKe NOPIIEHb TOPMO3UTCH, 4 MOJEKYJI2 UM YCKOPHAETCH.

W3 pre. 20.1 BugumM, uro mopoieHs UMeeT BO3MOKHOCTE JBHTAThCH
HA3AJ OT NeyKU («OATHTRCSA») HA BeJvunay X.

Haxonern, OOpIIeHs ¥MeeT BO3MOXXHOCTL M3MEHHUTL HANIPABNEHUE
CBOEro ABIKEeHHA W BO3BPAaIATbeA 00paTHO K Nmeuke (HalipUMep, KPHBO-
LOINITHO-LIATYHHEIM MEeXaHH3MOM),

Puc. 20.1, B CymHOCTH, OXBATLIRAET BCE OCHOBHEIE COCTABHRIE BJe-
MEHTHR! TEPMOAUHAMUKH.

TaxkumM oBPA3OM, TPUHNUNUAMEHKM OTIMYUEM TEPMOJAMHAMWKHN OT
MeXAHUKH ARJIAIOTCA He OJHOKPATHBIE B3aUMOZEHCTBUA TNy C My, KaK
B MeXaHHKe («JAJLHOIEHCTBHUA»), 8 MHOMOKPATHRIE B3aMMOJAeCTBUSA My
¢ M, («6auakogedicTrass).

§ 21. «TepmoanHamMuyecrui» cnocob 3axsara
3HEPrHH YacTHUhLI My TEJAOM M,

PaccMoTpuM B3auMOAEfiCTBYIE MOJEKYJ ropauero rasa co CTeHKAMH
nuaneEpa v nopmHeM (puc 21.1). 3geck «vacTUna» — MOJEKYNa rasa,
«TeJIo» — IIOPIMERL UK CTEHK!U INANHAPa. Macca MopIoEsS MHOTO GoJblue
MACCEI MOJIEKYJIH T'ada, T. €. Ty > My. ' pabUK dyHKINYN B3AUMOZEHCTBUR
LS My > My HpHBeAeH Ha pHc. 21.2.

CKopocTh CTEHOK NUIWHApPa paBHa Hyxro. V3 rpaduka GyHKIHY B3a-
MMOAEHCTBMA BUAMM, 4TO MOJEKYJIRl I'a3a CTEeHKAM JHEPryio He OTHAI0T,
Zq = 0, 9T0 TPUBUAIBHO.

CxopocTh nopIOHs, B IPUHNUNE, MOKET OhITh X060, 3TOT ITapaMeTp
B TEILJIOTEXHMKE HUKAK He perlaMertupyercd. Ho U3 rpadHKa BMAMM, 4TO
KOJIHMYECTBO PHEPruM, OTAABAEMON MOJEKYJAMH rasa MOPIIHIO, KECTKO
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Puc. 21.1

3aBHCUT OT cKopocTH mopinusia. IIpr Vo = 0 mau V, = V, Z; = 0. B nepBom
CIy9ae NOPUIEHh ABAHETCA OPOCTO 4CTEHKOM» IUJIMHADA, 4 BO BTODOM
ciaydae ToplIeHbd y0eraeT OT MOJEKYNR €0 CKOPOCTHIO MOJIEKYJIN M B3au-
MOJECTBUA He HACTYNACT.

MaxkcamvareHREI 3aXBaT PHEPIAM MOJEKYA HPOMCXOXMT IIPH CKOPO-
cru nopmuas Vo = 0,5V,. opmess, oxasnisaerca, He NPOCTO NOLKEH
NPOM3BOJBHO JBUTATHCA WOX AABJICHHEM I'aza, HO CAM JOJKeH «IIATHATH-
Cfi» C HyZHOK CKOPOCTEIO. TOJIBKO B 3TOM CIy9a€ YZAETCH 3aXBATHTH BCIO
SHEPIA FOPAYUX MOJIEKYJI rasa.

IT0 BANKHEIL BRIBOJ AJA TEIJIOIHEPreTRKY. TeIIOBhe MAIINHEI COO-
cobHB YZOBJAETBOPHTEILHO paGoTaTh, TOJLKO CJAEAYA IPHHNUIOY 38XBaTa
JHEPrUM MOJEKYJ. ToJbKO B »TOM clydae JOCTUraeTcd MAKCHMANLHO
BOaMOXKHEMH TepMugeckuit KITI.

OTMeTHM, UTO TAKHE «IDABUJILHEIES TENNOBhIe MAIOHHHM YiKe cyIne-
CTBYIOT. D10 AeTanZeDHl (IIOPNIHEBHE M TYpOMHHLIE), MCIONbIYEMEIE AJSA
oxnaxaenusn raaos. Typbogerangep Kamunw, sanpumMep, IpueuMag ras
¢ Temuneparypo# oxoao +800°C, oThaer ero ¢ remmeparypoit —20° C.
Taxolt rnyGoxuit saxBar TerIOBOH 3HEpPray Maromia obecrieduBaeT IIDH
KCHOABIOBAKYUY UPHHEIMNA B3aMMOACHCTBUA,

B rasosnlx Typfuzax aBMANHOHABRIX ZBATATENC THNIAYHAS REJIUIHHA
TeMTiepaTypsl rasa Ty mepep TypOuno# pasna 1400K, a TeMmneparypa
rasa T3 nocae Typ6uuw pasaa 1000 K. Orclona xoadbHUMedT IOAE3HOrO

LZ"

= L_S

Pnc.21.2
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KelCTBAR TYpPOHHEBI pABeH
7= T -1 _ 1400K — 1000 K ~ 0,28,
T 1400 K
HIn N = 28 % (TMNDUYHASA BeIWYHHA).

Jdna yepenuyenua KIIJ] TypOMHK BRITOJHO YBEXIWYHTR TeMIepaTty-
py rasa pmepeX TypOuHoii. B COBpeMEHHEIX JABMTATENSX OHA JOBELEHA
zo 1600 K, uro zaer 7) = 37 % (pexopaEaa BeauuwHa). [Ipumenenue
«JeTaHTepHO#» raloBOH TYpPOWHBI, Orarogaps IVIYOOKOMY 3aXBaTy KH-
HETHYECKON 3HEeprur MOJIEKYJ Ta3a, AaeT ropasfo Gojlee BRICOKWI IpH-
pocr KIIJT — mpu Ty = 270K (0° C).

1400 K — 270K

1400 K

0,8,

umn ) =80 %.

TaxoBH peasbHEE BOZMOMKHOCTH IIOCTYIATENHLHONO PE30HAHCA B Tem-
JIOTEXHUKEe, BEIT@KAIOIIEr0 U3 IPUHIMNIOB B3auMofeiicTBusa Tea. B asua-
IUOAHEIX ABUTATENAX TOJILKO 0K0JO 30 % XHMHUECKOH 3HEDPrUM TOIIHBA
pacxofyeTca HeMOCPeACTBEHAO HA CO3XAHME TATH, A NPUMEPHO MOJIOBHHA
YXOAHUT ¢ TELILNOM BRIXJona. IIpuMeRenue «JeTaHAepHOW» razosoil Typbu-
HEI CYLECTBEHHO YMEHBINKT Z0JI0 6ECIrioIe3HO BHGPACKIBAEMOTO TOILIUBA,

Ha Mogesnu ra3 — HOpIneHb MBI HANILIW ONTHMAJIBHELIA PEXXHM TEII0-
Bo¥ mamuusl, Ho pusuveckas cyinunocTs Mozenn Gosee rinybooxa. Mojgens
raa — MOpIIeHb JeMOHCTPHUDYET IPHHIINI CYMMHDOBAHNS 3HEPTHI 60ab-
IDOr0 KOJHUYECTBA XAOTWYHO ARUTalIOUXCS MOJEKYJ U NpeBpalneHus
UX B 3HEPIrHIO YIOPALOYEHHO (IPAMOJMHEHHO) ABATAWINETOCS MOPIIHA,
«[Iaramuiica» ¢ HeoOXOAUMOIN CKOPOCTHIO NOpIiUeHH> BLINOJAHAET pabo-
Ty «ZeMoHOB MaxcBennas, Girarogaps pe3OHAHCHOMY 3aXBaTy JHEpPrum
Monekyn. «leMoun Makcseiana» He TOJBKO BO3MOXKHEI, OHH paGoTaiwT
B KQXXKJO TEIIOBOII MAITHHE.

Brarogaps BO3MORHOCTH CYMMNWDOBAHKE SHEPIUi XAOTUIHO ABIMIKY-
IGUXCH MOJIEKYJ (TEILIOTH) B IPEBPAINEHNIO €€ B YIOPAZOIEHHOE ABMIKE-
Hue nopmHA (paboTy) cTaHOBUTCS BO3MOJKHAIM INIPEBpAllEHHE TeIIOTH
B paGory.

B BO3MOKHOCTH CYMMIDOBaHNA DHEPIUit Xa0TUYHO ABMIXYIOIMXCA MO~
ey, 61arozapa pesoHaHCY, COCTOHT puamaeckoe o6ocEOBARME IIepBoro
HaYasla TEPMOSUHAMHUKY.

B § 9 6rr10 mOKa3aHo, 4TO aGCTPAKTHAS SHEPrUdA JaCTUIIhI, DABHAS

E, = '"#;’i, peayibHOTO 3HAYEHMS He MMeeT. PeasibHas 3HEPrUsa 4acTHIIBI,
papuas RE, = E. -[—Z,], 3aBUCUT OT BenuwdHK Z,. A npu m.; 3> My
BeIHUUNHA Z; He DABHA HYJIIO TOJbKO IPM He PABHOM! HYJI0 CKOPOCTH Texq,
TO €CTh SEEPrHi UACTHIL! {MOJEKYJIBI) MO)XET OLITh 38XBAYEHA TOJNBKO
IBIKYIIHMCA HODITHEM.

Mauo sToro, mopmeHsb M, JOJKEH JBUIATHCH C OIIPEREIEHHOR CKOPO-
CTBIO, B 3aBHCIMOCTH OT BeauduHl Vo u T. 1. Bee ati yerosma npeBpaine-
HuA A6CTPAKTHOL 9HePIMM XaO0THIHO XBIKYIINXCHA MOJEKYI B PEANTbHYID
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sHepruio (MeXaHUYecKyIo pabory) MOKHO OO0BEeAMHWTh U NPEXCTABHTH
B peannHOU («MATEPHAIBbHOM» ) hopme — B GOPME «TEIICBON MAUTHHEIS,
BHe MamuHkl, 6e3 MAIODMHEL «rojasgs abCTPAKTHAA OHEPrHH MOJEKYJ
He NMeéeT HHKAKOI'O IPaAKTHYECKOro COAEP>KAHNA., «TBIIJIOBaﬂ MamaHa» —
3TO MaTepUaiIN30BaHHOE OIIMCAHHE CIIOCa6a 3aXBaTA YHEPIHH MOJEKY.I CO-
TVIACHO HAIIMM IPDHHIIHIAM B3AUMOAEMCTBUA KBYX TeJ.

TakuM oGpa3oM, HAIUM NPWHNUIL! B3aUMOZEHCTBHA ABYX TeJ «Ha-
YYHO» PECKPRIBAIOT (M3HUECKYIO CYLIHOCTE IlepROrc Hauaia TepMOANHA-
MUKHM, GeHOMEHONOTHUeCKH chopMmyrrposarntoro Kaayaueom.

§ 22. Peanu3auua TepMOAHHAMHYECKOIO cnocoba.
3axBaTa SHEpPrHH ropsAYHX MONERYN

Cnocob 3axBaTa JHEPrdM XAOTHIHO ABMMKYINUXCHA MOIEKYJI Hpex-
onpegengeT GeaycloBHOe HaJduyme YV MOpHIHS ckopoctu V. CropocTs,
€CTECTBEHHO, MOXKET OHITE TOJRKO Yy ARUIAIOMIErOCs MOPITHA. A IBHUXKe-
HU€ TIOPITHA (34eCh — HA3AJ OT ¢TIEYKH») BOBMOXKHO TONLKO NPU HAITIUH
«nycToro» (CBOGOAHOTO OT MOJEKYN) IPOCTPARCTBA MO3ALH ITOPIIHSA.

Heasrune cBo60gHOTO 0T MONEKYJ IPOCTPAHCTRA NIO32/{H NOPIIHA £CTh
a6co0THO HeO6XOOWMOE YCIIOBHME JJIS1 3AXBATA SHEPruy MOJeKyJhl rasa,
peanusannm ee aGCTPAKTHON dHEPruu,

Bo MHOTHX IDaKTHIeCKUX CJIYYAAX DTO +CBOOOJHOE NPOCTPAHCTBO»
MOJKET GRITh 000cO0NIeHHOI 06J18CTBIO, TJi¢ CKOPOCTL MOJEKYH (TeMmiepa-
Typa rasa) HibKe, YeM CKOPOCTh ¢paboTaroIiuX» ropA4YHX MOJEKYJ Iepej
TIOPITHEM. YCIOBBMCS HAJBIBATH 3TY 00J8CTh ¢XOJOAUIbHUKOMS .

OueBnZHO, YTO YeM <AJTHHEEe» CBOOOLHOE NpPOCTPAHCTBO, 9€M HU-
JKe TeMIepaATYpa XONOTWJIbHUKA, TeM 6oJNbLIie DeannpHOM 3HEPrMU BO3-
MOKHO 38XBATHTh OT ropaded moxexkyyinl. 1 Haobopor, ¢ ysennuernuem
TeMOepPaATYPRI XOJOEKMNLHEKA (WM NPH COKPAIEHUN AJIMHN cBOGOXHO-
I'0 DPOCTPAHCTBA) PeaAsbHAS BEJUIUHA PAGOTHI MOJXEKYJIL YMEHBITAETCH,
BILIOTHL JO NOJHOIO NpeKpalnesus BO3MOXXHOCTH YCKODEHHUSA IMTOPIIHSA
monekynoit. HecmoTpa Ha 3TO, ¥ MOJEKYJILI BeIWIHHa abCTPAKTHOM suep-
run F, = %"{ To-TMpeXXHeMYy COXPaHAeTCs Ha TpeXyeM yposHe. IIpouc-
XOZUT He NIPEC/IOBYTOE «00ecLeHNBAHNE SHEPI'HH », A epecTaeT paboTars
MEXaHU3M 3axBaTa 3HEepPrumn MOJIEKYJIEI — c'rei'monaﬂ MIIIUuHa» .

§ 23. NparTHyecroe BonNOWEHHE -
«TEMMIOBbIX MAUHH»

Hanbonee npocToit TEII0BOA MAIMWHOM ABIAETCA OLHOPA3OBAA ¢ Tell-
nosasa mamuua Jpxoyasi». TUIVYHRIM MPUMEPOM €€ ABISETCS APTHIIIE-
puitcKkoe opyiue. 3AecCh «IedKOoi» ABIAETCHS IOPOXOBOM 3apsAJ, <«IIODPII-
HeM» — CHADAXN, «XO0JOZMJIbHUKOM» — aTMocthepHui po3nyx. Yem gnun-
Hee CTBOJ MyHmIKN («CBOBOZHOE NPOCTPAHCTBO» AJA ABUIKEHHMA CHApPALA),
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TeM MoOuHee MamuHa — nymka. O9eBMZHKIM HeZOCTATKOM (OrpaBmde-
HUEM) TaKO# TEINOBOH MAIMHHLI ABJISAETCH €€ OJHOPA30BOE JAeHCTBuE.
ITocme KaMAOro aKTa YCKOPEHUS CHApPARA (BRICTpENa) HeoGXOZUMO BO3-
BpallaTh ero Ha MeCT0, pa3oGpaR ecocyx» (OTKDHIBR 3aTBOP MOYINKH),
U 3JaJJOXXUTDH HOBYIO WOPL VIO NCTOYHUKSE TeMTa JJIA HATDEBA MOJEKYJN —
opoxoBoit 3apai. JloCTOMHCTBO eMAamIMHw J[XKoyada» — BRICOKM Tep-
mymecknit KIIJ], papanin 100 % . Bece naMeEenre BeIMUMHLI TEILAOTEL —
TEeIIoBOit SHepruy — IpeBpallaeTcsa B MeXaHudeckyio paGory. IIpu npo-
IDOJKHTEILHOM Pe30OHAHCHOM ycKopenuu tena (§ 12), B mpusmnumne, Buaro
He MENIAeT 3aTOPMO3ATH («3ArpysuUThs) MOJEKYNW rasa o a6COMOTHO-
ro Hyjs, B pesynbrare BCS TENNOBAA SHEPrHA MOAEKYIH IPEBPATUTCH
B MEXaHUYecKyo pabory.

Haxonern, «TernyoBaa mammuea [[xoyndas obpaTuMa: MoABEReRHAA
K MAINWHE MEXAHHTIECKAs 3HEPrUd BCSH IMIPEeBPAILNAETCS B TEIIOTY (TaKixke
c KT171 = 100 %).

HanGoslee mmpokoe NpUMEHEHUE HANLIA LMKIMIECKAR TENJI0BAA
MalmrMHa — Mampea2 Kapeo (pHe. 23.1).

[ =
E

Puc. 23.1

3aeck ¢cBOGOJROE IMPOCTPAHCTEO JAJS HOPIUHS CYLOECTBEHHO Kopode
(o CcPABHEHUIO ¢ ANMUHOHK ¢TROAA OymuKkH). Ilopmens B UCXOLHOE NOJNOMXKE-
HUE BO3BPANIAETCH KPMEBOIOHUNHO-MATYHHLEIM MEXaHH3MOM,

PacevorpuM pabGoTy TennoBoit MammALl. B MOMeHT HAXOXKAEHHS
nopImHA B BepXHeil MepTROH TOQKe KPATKOBPEMEHHO BKJIOYACTCH med-
Ka II, MoJNeRyJHI radn YCKOpPAIOTCH YU, B CBOK OYeDPeAh, YCKODANIOT IOp-
LOEeHB, TOPMO3ACh (OCTRIBAA) TPK 3TOM. 3aTEM IOPINEHD, ABRIASICH OT HAXK-
Hell MepPTBO# TOUKM K BEPXHEif, C3KMMAET OCTRIBIOHA raz A0 WCXOIHOI'O
anageHUA. BHOBbL BRIIOUAETCA TIEUKA, H IMKJ JI0BTOPAETCH.

K comxanenuto, Taxkoif coBepmIeHHbIH OHUKN paboThl TemJOBRIX Ma-
muH HeBo3MoXXeH. [IpuumHoil 3TOro ABASETCH ¢HE3ANIANUPOBAHHOES
YCKOpeHMe MONEKYJ (HarpeB) IpM ABMIKEHUY NOPIIHA B UCXOLHOE [OJO0-
menue (§ 24). B peaynsraTe 4epes HECKOABKO UUKJIOB TeMIEpAaTypa raja
B UMJHHADE CPAaBHAETCH C TEMNEPATypoil IeuKky, TelJioTa HepecTAHET
NEPEXOUTh OT NEeYKH K rady W MamuHa Oepecraer paborars. Ilosromy
HA BCEM NMPOTMXEHUM XoAa NOPIMHAS B MICXOAHOE [I0JOXeHne HeoOXoauMo
BRBOAKTE M3 MUIMHADA ¢«HE3aKOHHO» BOSHMKAIONEe Tew10. Hns aroro
CyIOecTBYeT XONORUNBHMK X, BKIIOYAIOLWICA IpY X0h€e NOPIIHA B NCXON-
Hoe nonoxkeHue. TaxyuM 06pasoM, B TEILIOBOH MaINUHE ANf BOSMOKHOCTH
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OpeBpanieEya TEIIJIOBOHM BHEPruy B MeXAHHYECKYIO NPUHIMIXAILHO He-
06X0aUMO ¢ILIATHTL, ZAHLs — Gecmoje3HO BHIOpACHIBATH BOBHE JaCTh
TeIJIOROE DHEPriu.

Kax BuguUM, paCTOMUTENBHOCTE TeNIOBhIXx MauiuH KapHO sanoxena
B CaMOM NMpMHOUINe X paboTH ¥ He MOMKET ORITH CYIIECTBEHHO (3HAYMMO)
yMeHbIOeHa.

§ 24. Pabora, coBepmaemas Npy CIKaTHH rasa
(B3auMopelicTBHe OpH M, > M.)

PaccmoTpuM fABIEHHMS B MOJENM ra3 — NOPINEHb IIPU BO3BPATE
NOPIIHA B UCXOAHOE NOJOKeHNne. B 9TOM Cryvae poy MOJEKY U IIOPITHSA
MEEAIOTCHA: NOPMIEHb CTAHOBUTCH HCTOYHHKOM OSHEPIrHM, & MOJEKYJIE
3aXBATLIBAIOT 3HEpru0. I'paduk GyBEKRO UM BIaMMORSHCTBIA ANA Ty K My
IpuBeEJeH Ha puc. 24.1

Z

1°
6 5 4 3 2 1 lot

N4

~1

=

-\4

Punc.24.1

M rpadrka BUAHO, UTO MOJEKYJILI Ta3a YCKOPAKTCA H IIPK NOXXo/e
x mopmE® (—V;), u npu orxoze or mopmus (+V;), o Tex mop moxa
CKOPOCTHb MOJEKYJ MEHbIIE CKODOCTH IIOPIIHA (He3alnTPNXOBAHHASA JACTh
rpadnka).

ITocne npeBLIIIEHNS CKOPOCTHIO MOJIEKYJI CKOPOCTH IOPIOHA r'as IIpo-
IOJKAeT HATDEBATECA M CKOPOCTE MOJEKYN CTAHOBUTCH B HECKOJIBKO
pa3 Goykime CKOPOCTY IOPMIHS. OHEPruA MAET OT «XOJOAHOI'O» TOPIIHS
K «ropauuM» MOJeKyJaM (3al0TpUXoBaHHAad 4acTs rpaduxa). O6paTaasa
nepefada SHEPrHH OT IMOPAYEro rasa K NMOPHUIHIO 3KeCh UCKJII049aeTcs, U60
IJIS 3TOM onmepauuy ropadyad MOJEKYIa — «4acTULa», a.XOJOAHEIH mop-
UIEHD — <«TeJIOs, IpHYEM M, K My. A 18 TaKoro yeaoBus Z, = 0, . e.
SHEPruA MOJEKYJ IMOPLIHeM He 3aXBaTHIBACTCH. YBEeIUTeHHE TeMIIEDATY-
PH rasa IpoZoJKAETCS N0 JOCTUIXEHUA CKOPOCTH MOJeKyJ, rae Z, = 0.

Ha rpadura BUAHO, YTO CYIIECTBYET CKOPOCTH MOJIEKY T (TEMIepaTypa
rasa) Vy,, Ip¥ KOTOpOil HAaIPEB ra3a pe3oHaHCHEI!, KOrfa MOJEKYJIB rasa
3a6MpAaIOT BCIO SHEPIUIO NOPIIHS,

Haxouen, ecTh npefesbHO JOCTHXKMMAS TeMIepaTypa rasa Vi, , mpe-
BBRICUTE KOTOPYIO IPH KOHKDETHOM CKOPOCTH MOPMES Vi HERO3MOMKHO.
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HamMenenue o6beMa rasa B 3aMKHYTOM COCYA€ BO3MOMKHO TOJABKO
npy TOMOIIM TlepeMeIneHns KAKOro-Ir60 BUAa ¢TIOpITEH», 9T0 Henalerx-
HO OPHUBOAMT K YCKOPEHWIO WU 38MEANEHMIO CKOPOCTH MONEKYN, T.e.
K M3MeHeHHK ?Heprunu mogaexkyia. [lepememenue mopmHas Ge3 MaMeHe-
HHS SHePruH MOJEKy] raza HeBOIMOXKHO. SIBIeHUA B rade mpy 3TOM,
KAK BUZHO, CYIIECTBEHHO 3ABHCAT U OT CKOPOCTH mMepeMelNeHus NOPUIRs.
IloaToMy TepMOAVMHAMUKA, IIOCTPOEHHAS HA KOHREILUHM CTATHYECKOTO
«COCTOAHHSA rasar p%i = conat, busnuecKu HeKOPPEKTHA.

TepMoguEaMHIKa, CKOpee, ECTh «TepPMOCTATHRA», NGO HUKAK He YUH-
THIBACT CKOPOCTM NPOLECCOB B CHCTEME r'a3 — IIOPmERb, 9T0 obefrAeT ee
TI03HABATEIBHYIO IIEHHOCTE.

§ 25. lNepenava TensoTLH OT OAHOrO TENA R APYroMy.
Bropoe nawano TepMOAHHAMHRM

PaccMoTpuM B3auMogeiicTBHe ropAdeif CTeHKY MIHHADA (¢ NeUKH»)
¢ MosekynaMu (puc. 25.1).

Ileuxa HATpeBAEeTCH U3BHE M COBEPIIAeT BRICTphIe TEIJIOBEIE KOJe-
faTensHBE ABMIKEHUSA cO cropocThio V. [lpn cBoem aBvixenun nesxa
YCKOpAET MOJIEKYJIh rada. 3Aech ¢I4CTHIAY — Me9Ka, 2 ¢TeJX0» ~— Moje-
Kyasl ras3a. [Ipumen m, = 3m,.

I'padbux PpydHrmuEu BaamMOAECTBRUA ANd M, = 3, NpuBeJeH Ha
puc. 25.2. [Ipu gBMKeHAM MoJeKYJbl HABCTpedy meuke (—V;) meuxa
BKAYHBAET B MOJEKYJy CBOIO ?Repruw. B uactHOoCcTH, ipH Vy = —V;, BKA-
guBAHUEe SHEPTUU DEIOHAHCHOS, Zy = —1. OTMEeTHM, YTO IPU BCTPETHRIX
CKOpOCTSIX MEeYKH W TeJla IledKa crnocofHa BKAYUBATh CBOIO TEMLACBYIO
SHEPIMI0 B MOJIEKYJy, ReCMOTDS HA TO, UYTO IedKa MOMKeT OLiTh XONOA-
nee Monexkyan (—V, > V,). [ocie rauKka medkm HaBCTpedy MOJEKyJe
meyxa IOJKHA BEPHYTHECH B MCXOLHOE TIOJOXKEHHE, NONIKHA KAYHYThCS
B 06paTHYI0O CTODOHY.

Puc. 25.1
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Puc. 25.2

3zeck, 1pu 06paTHOM JABMIKEHHH [EUKH, IPOSRIISETCS BAMKHOE SBe-
nue, Ecmm ¢cKopocTh meuKy MeHbIne cKopocTy Moaexyanl (Vo < Vi), 6omee
6GnicTpas MoJIEXYTa Ta3a ZAOTOHUT IIEUKY M OTHACT €H CROI0 3HEepTHUIO, TOJb"
KO 9TO NpUOOPEeTeHHYIO OT XOa0ZHol meuxku. Ilepegaua sHeprum OT Xo-
JOZHOM MeYyrM K ropagel MoJeKyJje, B KOHEYHOM CHETE, HE COCTOAIACD,

M HanpoTHMB, ecji# CKOpOCTh OEYKH O6GOJbIIE CKOPOCTH MOJEKY-
au (Vo > V.), Monexysa He JOrOHUT MEYKY M BKAueHHAS B MONEKYIY
OT HDeYKH PHEPrus NPH HX BCTPEYHOM ABMIKEHHM OCTAETCH Y MOJEKY-
anl (Zy = 0). TaxuM 06pa30M, BOSMOKEOCTE OAHOHANPABJICHHONO JBHKe-
HES TENNOBOM SHepruM o0A3aHA He CAMOMY AKTY UHEepejddR IHepruu, a
CO3qAHMIO YCJIOBHA HEBO3BPATA NONY4YEHHOM 3HEPTHH 06paTHo.

Biarogapa npesnimeHUi0 TeMIepaTyphl MeUKH HAJ TeMIepPaTypoii
Tra3a BO3MOHA 6e3BO3BPATHASN ITEPEXAYa TEIIOROM FHEPTHH MEKILY HIMM,
B B03MOKHOCTY CO3JANNA YCIOBUSA A HEBOIBPATA IOJYIECHHON TEII0BOMA
SHEPruKM OOPATHO M COCTOUT (puaHueckoe oGocHOBRaEMe Broporo mauana
TePMOTHHAMMIKH.

VToYHMM YCIOBHE HEBO3EPATA IIOJYYEHHOHX TEIXOBOH 3HEpPrumM o0f-
parHo. B § 6 moxasano, uro nmpu onpefeleHHOM COOTHOINEHMA MX Mace
M CKOPOCTEH TeJIO M YacTWIA He B3AMMOReHcTBYIOT, Z; = 0. Ilpu pasen-
crBe — ¢ = ’n—’: HHY9TO HHUKOTO He YCKOPAET, He HATPeBAET. OTO COOTHO"
MeHHE H ABRJAETCA 'DAHHYHLIM YCJOBHEM BRINNOJTHEHHA BTOle‘O HAYAJIA
TEPMONMHAMHKH, :

B yciioBKAA BHINOJHEHHUA Broporo Havana TepMOSMEAMUKY BXOXAT He
TONBKO COOTHOIICHNS CKOpocTeli (TeMIepaTyp), HO ¥ COOTHOMIEHHS Mace
B3aUMOJEHCTBYOIIIX Tell.

§ 26. RonebarenbHbiii THN B3aUMOAEHCTBHA TeN
(m, = 3m,)

B npexniaymeM naparpadpe 6niyia paccMOTpeHa Nepegadd dHEPruH
or Kougebrromeiica wacTULIEI («Ieuxa») K Texy (Moiekyaa rasa). Tam
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NPOMCXOAHUI0 MPeBpaIleHUe KonebaTeIbHOi SHEPTUH «IIEYKU s B 3HEPTHIO
MOCTYIIATEIBHOIO ABMIKEHNSA MOJIEKYIL.

IIpr HEeKOTODHIX ONpejeleHHBIX YCJIOBHAX BO3MOJKHO M 00OpaTHOe
#BjleHHe — MNpeBpalleHue 9HePrUuH NOCTYNATENLHOrO TBHMKEHHWS TaCTHI[
B SHepPruio KoaebaTeJbHOro ABUKEHHS Tejla. DTO Ba'KHAEIM BHJ HABJIe-
HUA OpUPOALl — BO30YxaeHue Kone-

GaHu# komefaTenbHolt cucreMu B - (O O My V:h
HeHOM IOTOKE YacTHL. ITOMY HABIe- O—
HUIO OOS3AHEI CBOMM BOSHHKHOBEHH-
eM MHOTOYMCIEHHBIE BUAK «B0O30OYIK-
ZeHHil» B OpUpoae, BOSHNKHOBEHME Ca-
MHX KOJeGaTelbHbIX CUCTEM (3TEKTPO-
HOB, IPOTOROB, KOPOTKOKUBYIUX 3J1e-
MEHTAPDHBIX 9aCTHI). PACCMOTDHM MO-
Tenb xonebaTeILHOro B3aUMOAeiCTRH S Pc. 26.1

Ten (puc. 26.1). 3xecr momepeMeHHO

MeHsieTcA HaMpaBjieHUe ABHIKEHUS Tela, OTUEro HONepeMeHHO U3MeHd-
e€TCsl YCIOBHE 3aXBaTA DHEPrHHA TACTUOR OT MAKCHMAJNBHOIO 3HAYeHMS
IO HYJIS, .

Paccmorpuy rpaduk PYHKIUH B3anMOAeiicTBIA pAga YACTHL, U KO-
nefJromerocd TeJd Npu M, = 3m, (prc. 26.2). 3aech TeNo HomepeMEeEHO
B3AUMOZEHCTBYET C YACTULAMY B ABYX DeKUMaX:

+V;

— TeJIo ROTOHAETCH JacTHIell u Pe3oHAHCHO yeKopaeTes e (4, = —1);

— 3aTeM TejC CTA/IKMBAETCHA C OUepelHON gacTuieil 6e3 obmeHa sHep-
et (Z, =0)urna.

Puc. 26.2
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Texo, TakuM o6GpaszoM, nmpuobpeTaeT dHEPTHI0 OT KaXAOM TACTHIIAI
npHu J0rose, HO He OTAAeT MM NPHOOPETEHHYI0 IHEPrHio IIpHU J1060BOM
CTONTKHOBEHUH C KUMM.

PaccMOTpeHHBIT TUII B3aUMOJIefiCTBUA AECTBUTENBFHO AHAJNOTUIEH
BaauMOZeHCTBHIO THNA NedKa — rad. Pasiugue UX B HAIDABJICHUY LBH-
KEHHMA SHepruii: ot xomefannil — K THHEHHOMY ABUXeHNI0, ¥ Hao6opoT,
OT MUHEHAHOIO XBMKeHMA K KonebarensHOMY. Ha ocHoBe kosmebarenabmo-
ro Tuna B3auMmopeiicrsms paGoraer rasoxuHamMudeckuit nasep ma COs;.
B HeM anepruA nmocTynaTenbHOro JBHXKEHMS aToMoB asora N mpeBpamia-
eTCH B DHEPrul0 KOJeOATEIBHON'0 ARMIKEHUS MOJEKYN YIVIEKHCIOro rasa
CO2. 3aecs posb M, KrpaeT aToM 830Ta (aTOMHBI BeC 7), & pOIE My — MO-
nexyaa CO; (aToMERIM Bec yryeposa 6, aToMERIA Bec Kucjaopoia 2-8 = 16,
Beero 16 + 6 = 22), Coorromenne recop COz u N pasHo 22 = 3,14, aro
0IM3KO0 K ONTHMANIBLHOMY 3.

Jlnd aToro Tuna B3aUMOLeHCTBUSA BEXXHO HANWYME APKO BRIPAKEHHO-
o HOCTYNATEJREOr0 ABMIKCHMA UACTHL, Mg. JleACTBUTENLHO, B ra30hu-
HEMHYECKOM JIA3eDe ATOMEI 430Ta B BHAS IINIAIMLI JUHEHHO YCKOPAIOTCH
B colre Jlapansa renepaTopa rasa. [103ToMy 3TH J1a3€Phl ABAHIOTCS CAMBI~
MK MOIDHBIMHM H3 CYINECTBYIOMHNX THIOB. Kax n3BecTHO, B «OOBITHBIX»
a3epax HAKa4YKa JHEeprun IIpOHBBOI[HTCH B BHJAE€ XAOTHYHO-TEINJOBOI'o
ABMKeHUs aTOMOB pafouero rasa.

§ 27. KnaccrMuecras TepMOAHHAMHUKA
¥ NPHHLHNbI B3AMMOAECHCTBHA ABYX TeJI

B rknaccuueckoil TepMogrHaMHKe cyUlecTBYeT xo 18 BapuanToB hop-
MyJpoBKM BTroporo mauana TepMoavrEaMuixu. Camble M3BECTHRIE (I1DH-
3HAHHKIE) 3 AUx aBe: Kimaysesuna u ToMcoHa.

U3 comepxanua maparpador 23 u 25 Bugum, uto GOPMYyIUDPOBKU
Knayaesuiia m Tomcosa oTHOCSTCA K PASNUIHBIM sBIeHMAM. Popmyan-
poBka Knaysesnna «TennoTa Ha MoseT IepexXoauTs caMma coboit oT Hosee
XOJIOKHOTO Tesia K foJiee TEILIOMY» ZeHCTBUTENRHO MOXeT GhITh BTODLIM
H3YAJIOM BBMAY €e ofigHOoCTH U GyHIAMEHTANLHOCTA. (POPMYJIUPOBKA e
Tomcona «Tenmory Kaxoro-ambo Texa HEBOSMOJYKHO OPEBPATUTB B pa-
60Ty, He NpPOM3BEAX HUKAKOTO APYroro AEHCTBUA, KPOMe OXJaKIeHUS
3TOr0 TeMds» OTHOCUTCS TOJBKO K JACTHOMY P83ACHY TePMOTUHANMHKN —
K TEIJIOBBIM MANTUAAM, NPUYEM TOJBKO K UMKAHueckuMm. [Tosromy oxa
BOBCE He «3KBABAJICHTHa» GopMyaupoBke Kiayseuna, xakx 3To oBLIYHO
IPeogHOCUTCSH.

B kaacemdeckoif TepmoguRamMuie (HIH, TOUHEE, «OKOJO Hee») apes-
BEIYAIHO HONyARpHA HAEeA HCIIOAL30BATh ¢JapMOBYI0 3HEPruio Tellja
OKeaHOB» ¥ T, N. COUNHAWTCA «Hayuame» pabGorsl Tuna «Becronansroit
DHEPreTUKM», T'e HIIYT /a3eiixy BO BTopoM Hauane TEPMOTHHERMHWKH,
HAWBHO II0JIaTAA, YTO JOCTATOTHO ¢«MHayve choOpMYyInpoBarTs Bropoe Haya-
JIOY, M «1aPDMOBAA 3HEPTHUH XJILIHET B HAINM AOMA».
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2
9TO0 DPOUCXOZUT OT HEOOHHMMAHUS TOTO, UT0 BeJmamHa F, = LA

eCTh He «3HEeDPIHufA» YACTUIHI (CHOCOGHOCTL UACTHUIE TPOUIBECTH pea.éb-
Hyio paGory), a B AyueM caydae ABAAETCH TOAbKO HEKHMM ¢OINHCAHMEM
COCTOAHUA JaCTUIHI», TE VKASAHA e Macca M,y U ee CKOPOCTH B HEKOH ab-
CTPAKTHOM cucreme orcuera. PeanbHas cmocofHOCT: mpoussecTu pabory
(«sHeprus» uaCTULLI), Kak MK Bugenu B § 9, pasua RE, = E,-[-Z4], rae
KooddunueHT Zq XAPAKTEPUIYET IENhH ¢YACTOKON» YCIOBUMA, TOJIBKO
py BHINOJHEHUN KOTOPHX a6CTpaKTHas SHepras F, Moker npespa-

THThCA B PeaNbHYI0 9Hepruio. OpHa abeTpaxTRasi ageprud F, = Ti}’i
ecTh nmoaHas GeCcCMEICINIA B NpAKTHYECKOH BHePreTHKe. B Kiaccude-
CKOH TEPMOJMHAMHKE C 3TUM X6 HEITOHMMaHHUEeM CBA3AHEI YTBEDIKACHHAS
00 «00ecIeHNBANAN DHEPIAM+ . DHEPIrUA JACTUON B OOpeRelIeHHBIX yCJ0-
BUAX HE «00eCHeHHBALTCA», & HE MOKET OHITh 3aXBavdeHa.

Bosnbpmoe BHMMaHME yAeiasieTCH B TEPMOSHHAMUKE IOHATMIO ¢3H-
Tponusi». IMeloTca MHOrOYMCIeHHRIE PASHBIE TOJNKOBAHUS PUIHUCCKOro
COmEepIXaHUs SHTPOHOUM, 9TO xajio nosoy I:xouny ¢oH Heiimary ckasars,
970 ¢«HUKTO He 3HA€eT, YTO TAKOe T4 SHTPOIIUA Ha CAMOM Jenes.

ITpeBpainesne Tensa B paboTy, Kak MEI BHAEJIH, HUKOra He IIPONCX0-
JUT [OJHOCTBIO, 9aCTh TEIlIa BCETAA AOMYKHA IepeXOIUTh oT Tea ¢ Gojee
BHICOKOH TeMIlepaTypoil (Ileuxa) k Teny ¢ 6ojiee HU3KOH TeMIlepaTypoit
(xonoguiabHEuKk), YacTs Temwmorm (sHeprum) ¢ofecmeHMBaercs». B Kaue-
CcTBEe MepH 2TOro obecnernsalusa Kaaysmc M BBea NOHSITHE SHTDOIHW.
SHTpOnUST HAXOZATCA («BHYUCATETCH») U3 pacderoB xax nukaa Kapso,
HCIIONb3YA IoHATHe TepMoguHaMuueckoro KII/:

1 -Qs
Q]

Buile 6110 mokaaano, 9rto TepMopuaamuveckHy KIIJ TemnoBmx Mma-
mMHH — 2T0 ARHAJOr NApPAMETPa B3auUMOAeiicTBUA ABYX Tel Zg. Takuwm
00pasoM, ¢«BHTPONHUA® — BTO Apyras GopMa BaIUcH BeJNIHHH Z,. 3aMe-
TMM, YTO YMEHBINeHNe Z,; COOTBETCTBYET YBRIMYEHUIO SHTPOIMM.

B craTuctudeckoil TeOpEHM ra3oB BeJHUNHE SHTPONMME ONPEAENAETCA
KaK JorapudM uuciaa COCTOSHWIT MOJIEKYJ r'a3h, PA3HEIeHHEIX <Iepero-
poaxoiis. B aToif MOAeaH NIPMHIUITHAILHAA HeobXogumMoceTs «CcBOBOHOTO
MecTa OO384U NOPINHA» (XONOAUIBHHKA) XA peanw3anuy abCcTpaKTHON
SHEPrUM «TOPSTYHX MOJNEKYJIs BRIDg)KeHa B HAUOOJee HAVIAXZHOH dopme:

KITN

Yem MeHvwe pa3Huya Haceaennocmu (unu memnepamyp) Mo-
aexyn 8 0eyx paadenennvix obracmax cocyda («neuka» u «xo-
NOOUNBHUK» ), IReM MEHbULEe BEAUYUNHA Zy, CeI08AMENbHO, TeM
MeHblie 8eaUNUNA PEeARUIYeMOll PeanbHOl dhepzuu, mem GOab-
we «obecyenusanue» 3unepzuu, mem Oonvwe sumponusn. Ilpu
HYJe60Ill PA3HUYe MeMNepamyp dHmponis pasgna eduHuye.
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§ 28. HoBas MexaHHRa B aTOMHOM MHpe.
Moaenp aGcTpakTHOro aTOMHOroO T&Na.
KunemaTHRa ABHKREHHH aTOMHOrO Tena.
[AnuHa mara aToMHOro Tena.
Koprnycry/isipHO-BOJHOBOH AyaAHU3M aTOMHOIO
Tena. YCROpPEHHSI aTOMHOrO Tena CHJIOH.
KnHeTH4YECRas 3HEpPrus aTOMHOIrO Tena.
OTpamkeHnue aTOMHOro Teja OT NpPensiTCTBHA.
KBanTOBaHHE 3HEPruH aTOMHOroO Tena

B npeampaymux naparpadax 8 nponecce paccMOTPEHUA B3auMOeit-
CTBUS ABYX TeJI Pa3JIHUHOrO XAPAKTEpA ObIIA KOHKDETHIHPOBAHA H «MATe-
PHANN3OBAHA S OAHA N3 KOMIIOHEHT B3AMMOACHCTBYIOUIEH Iaphl — YacTH-
ua mq. B pesyasTate 3roro npuman k Gosee rinyboKOMY MIOHHMAHUIO CYIIT-
HOCTH CUJBI, YCKOpAIOLIelt Tejao mM,, NpUIniM K HOBOM Mexannke (§15).

Yro KacaeTcda BTOPON KOMIIOHEHTH HAPH — Teja 7M., €ro MBI IPH-
HUMAJIN B Byuje 3JIeMeHTAPHOTOo (HeAeTHMOro) (pU3HTEeCKOr0 NMOCTPOSHNS,
HapuMep, B BUJE <IIapHKas ¢ MACCON mMm,. Takada Momeab Tenga, Kak
MBI BHAeAY, YIOBJISTBOPUTENbHO pPaboTaeT B MEXAHMKE, TEIJIOTEXHWKE,
oleKTpHKe., B 3Tux obmacTax GUIMKM YCKODAEMEle CHIOH MaKpoTexa
ABJISIIOTCA COBOKYIIHOCTBI0 GOJBIIOTO KOJINIECTBA 3JIeMEHTAPHEIX ( «aTOM-
HHIX ¥ ) TeJ: 3JIEeKTPOHOB;, npoToHoB. IloaToMy, 3fech NMeeM REJNIO C YCDEA-
HEHHELIMH, «CrIaKeHHLBIMHM» CBOMACTBAMH MHOI'MX aTOMHEIX TeJ. Takux
CBOJICTB BCEr0 JBa: BEJIUYINHA CYMMADHOH MACCH Tel M, H CKOPOCTH
ABIKeHUA meHTpa mace V,. CmenmguvecKkne sKe CBOHCTBa OTAEIbHRIX
ATOMEEIX TENl 34eCh HMJIHM BOBCE He IIPOABIAIOTCH, WJINM UIHODHPYIOTCHA
H3-32 «HEHAJOOHOCTHS .

I[Ipu paccMOTpEeHMM ABAEHUU B ATOMHOM MHUpe (MHKPOMUDE), ecTe-
CTBEHHO, HeO6GXOZWMO PACCMATPUBATH B3anMOAEIiCTRUA OTAEABHLIX ATOM-
HBIX TeJ, CO BCeMM HX CIlenU(PUIECKHMH CBOHCTBAMH.

AtoMHREIe Tend, XOTSA B HMEIT crienudnIecKUe CBOMCTBA, TEM He Me-
Hee NMOMUHHEHLI TeM e (PYHAAMEeHTAJLBELIM NDPHENMIAM B3AHMOXEI-
CTBMS ARBYX TeJ, UMEIOIIMM BceobIiWii xapaKkTep B PeanibHOM (uaude-
ckoM Mupe. IToaToMy, ANA TOro, 9Tofpl HOBAA MeXaHHKA Moria paboraTh
H B ATOMHOM MHpe, OE0 He00X0AUMO HA OCHOBE IIPUMHIIMIIOB B3aMMOgefi-
CTBHR JABYX TEN PACKDHITE DUINYECKYIO CYITHOCTH €ILIeé ¥ YCKOPAEeMOro
Tena. Taxum ofpasoM, HOBag Mexawuka BoOpana B ce6s He TOJBKO
«HOBYIO CMJIY», HO ¥ «HOBYIO Maccy Tejlas

Fy
a=—,
My

B pesysanTare, HOBAS MeX4HMK& CTald YHHBEPCANHHRIM (GUIKKO-

MaTeMATWIeCKUM HHCTPYMEHTOM, CIOCOOHBIM PeInAaTh Bee 3azawu Gusuxn
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e'__.
8

A i
Puc. 28.1

6e3 IpHBJIEUEHUS HECOBMECTHMRIX ¢ KIACCHYECKOH (H3NKOM METOXOB
KBAHTOBOH MEXAHUKH.

PaccMOTpHM YCKOpsieMoe Teo M., NPeJCTaBJIEHHOro B BUJe HeaJe-
MeHTapHoro aroMHoro texa. Ha puc. 28.1 gaHa ero aberpakTHas Mo-
Jenb. Ilo sToli MoOJenIUW MOKET OBITH COCTABJIEHO €ro MATEeMaTHUYeCKoe
onucanne — auddepeEnuarbHOe YpaBHEHHEe ATOMHOM YACTUUR — HAII
ananor ypasHenusa IIpegunrrepa. Paccmorpenne Mogenm OyaeM IpOBO-
ZNTh B COOTBETCTBHUM C HAUIMM «IIPARKJIOM» IIOCTPOEHHS (PHUINYECKUX
mogeneii (§ 5). Cormacho mM Mogens ZOMKHE COZEp:KATL B cebe Bce
TPU CYLXHOCTH SABIECHNSA: NepedeHb JeHCTBYIOIOUX 3IJTE€MEHTOB, KHHEMA-
TUYeCKYIO CBS3b JJIEMEHTOB MEXAY CO0Oil, sHepreTdecKHe 3aBHCHMMOCTH
Mex a1y aleMeHTaMU.

Cocras aTOMHOIO TEeNa

ATOMHOE TeX0 COCTOMT W3 TPEX 3JIEMEHTOB: MAcCCH 17,, PHBHOH eif
Macchl M. ¥ cBA3KY Ry = R + R3. Macca my, TOpMO3SCh, YCKOPAET MACCY
M, HO MOCJIE 3aBePIIEHHA AKTA [TIePelauM 3HEePrHK Macca My, He «OTLell-
naetrcas or Hee. IloaTomy, fajlee Macca 1., TOPMO3ACE, YCKOPSIET MAacCy
M., X T. 5. IIpodcxoguT HeOpephIBHOE MepUOSUUecKOe B3auMoAeiicTRue
IBYX Macc. Takum ob6pa3oM, MACCHI My M My 00pa3yIOT ¢«TAHTENbS , KATH-
IOyI0ca 663 CKONBXKEHENA CO CKOPOCTBIO UEHTPa Mace Viy.

Macen my ¥ M, UMEIOT PAITHIHYIO PHIHYECKYI0 HPKPOAY, HATIDH-
Mep, MEXAHNYECKYIO M 3aeKTpudeckyo. Torza, rnabaioras u Bo3jeicTRyA
Ha TeJ0 MeXaMHUYeCKHMMY CPeACTBAMY, B MOJENH Texa 6yAeM HMMeETH Je-
JO0 TOALKO ¢ MAacColl M., 8 HAOGIOZAA U XEHCTBYA BIEKTPUIECKHUMNA
cpeacTBamMu, GyAeM UMeTh JIeJl0 TOJLKO ¢ MAcCCOH M,. Tak, Hampumep,
B «ABYX JUOAX® BHICTYIAET OOBIYHBIA AIEKTPOMOTOD: KAK INEKTPUIE-
CKOE YCTPOMCTBO C COOTBETCTBYIOIMMM BIEKTPHYECKHIMH [apAaMEeTpPAMH
M K8K MeXaHEHYEeCKOe YCTpOoIiiCTRO ¢ MexaauYeCKIMH apamMerpamMu. Mex-
Ay STHMM napaMeTpaMy «HET Hudero ofIlero» — OHWM M3 Pa3dIMYHOK
du3ngecrol npupoasl. Ho TeM Be MeHee OHM CBA3AHEI HEPE3PRIBHLIM
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Puc, 28.2

€IUHCTBOM CYIHOCTH BJIECKTPOMOTOPA ~— «IBYAHWKOTO» JJICKTPOMEXAHRH-
9eCKOoro ycrpoiictea. B pesyantarte, HAGMIOKATE 1 B3AMMOAEHCTBOBATE
B MOAENH Tela Mul GyJeM TOABKO ¢ OXHON Maccoil, HAIpUMED, C M.
Ot 3TOoro MOZYJb TeJjia U3 «laHTeJW» Y Hac IpeBpamaeTcsa B «6yiaBy»,
CHeTaHHyl0 U3 MACCHl My U CBASKA 3.

B 3akjxioyeHue, r'OBODA O COCTase ATOMHONQ Tejia, 3aMETHM, 4YTO
«MJesis TIOCTPOEHUA COCTABHWIX Te€J X3 KOMIOHEHT DA3NNYHON (pm3uye-
CKOM CcyIIHOCTH Gosee riybGoxa M oOIHa (yEMBEpCAJbHA), OHA JICOKHT
B OCHOBE Becer'o Muposfanusa. OHa ABIAETCA OCHOBOM KaK B ABJIEHMAX
6once 3ICMEHTADHLIX MATEPHH, YeM ATOMHEIE TEjd, TAK M B MaTepH-
Ax Gomree cioXHBIX., K IepBHIM OTHOCHTCA 3JeKTPOMATHWUTHAS BOJHA
MaxcBenna. 3meck «MArBENTHAS» MATEPUA BIAHUMOAEHCTBYET C «JJIEK-
rpugeckoiis. IIpUCYTCTBYIOT 3aech 1 cmOM «nocToadHas llramkas —
MarHNTHAA IIPOHHIIAEMOCTh 3pHpa f W AUINEKTPHYecKAd IIOCTOAHHAS
a¢upa €.

Ko BTOPHIM, MAKPOCKOIIMIECKHAM SIBJICHUAM, OTHOCATCS ¢3JEKTPOMO*
TOp» U «3AeKTporeHepaTop» dapazewn (puc. 28.2).

B reHepatope (8) MexaHHUecKas Macca M, , TOPMO3fCh, YCKODPSeET
3JEeKTPUYECKYIO Maccy M, — BOJEMKAET IEKTPHIeCKUi Tok i3. B Moro-
pe (6) anexTpuTecKan Macca M (£2), TOPMO3ACH, YCKODAET MEXaRUIECKYIO
Macey M, — BO3EMKAET BPAINAIOL(Mil MOMEHT CHJIKI MOTOPA.
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KunemaTHra aToMROro rena

KunremMaTuka aTOMHOTO Teja ONDENeNAETCHA NPUHIUINIAMU B3AUMO-
JelicTBUA JBYX Tel. 3Lech ¢«JBa TeJa» — 3TO Macca M, U m,. CorIacHo
OpMEIMIAM, AJIMHE cBA3KKM R 06pATHO IpomOpHEOHANLHA BEJIMIHHE
OKpYIXHON cKopocTH Vo, MaccH M,. OHU CBA3AHKI COOTHOIIEHHEM

h= 21rm1.R2VM,

rae h — noctroguHasn Inanka (§ 10).

Byaasa, Bpammasics, 4enaeT «IIaTH». ATOMHOe TeJlo ABMraeTcs Ia-
TaMH.

U3 Mopmenu HeNMoCpeACTBEHHO BURUM, 4TO AJAMHA Imara TejJa PABHA
A= 273'32 .

HaiizeMm BuIpaskeHHe Ais AIMHBI LIAra

Va 211’Rz
=Vau - 2t = — - = 21 R,.
1404 9 V01 2
3uadveuve Ry mHaxoAuM u3 nocrogHuHOM Ilnanka:
h
g = ————.
21 Vor
Orciona
A 2nh A
B 271 Vor B m'rvur.
YaurrBas, ur0 Vo, = Vi, HaX0RUM
h
A= ———.
My Vi

(3ameTHM, UTO TONYUEeHHOE BhIPAYKEHHE B KBAHTOBOH MeXaHUKe COOTBET-
CTBYeT AJIWHe BOJHK ze Bpoitns.)

W3 ypaBHeHMsi BUAMM, 9TO YeMm OOJbIlle CKOpocTs y Tejaa (6oabime
SHEPruM), TeM Kopode ¥ dale ero miaru. Taxie O4eBHZHO, YTO IPH RHY-
€BOY CKOPOCTH JFJIHHA BOJHEI OyZeT paBHA 0ECKOHEUHOCTHM — ATOMHOE
TeJO BLIpox aaeTca. TakuM o6pa3oM, NOKOALIETOCA ATOMHOrO Tejla He MO-
#eT OnITh. (3aMeTUM, UTO IO FITOW NpUUHUHE HEBOIMOMXKEH M «KBAHTOBRIH
TApMOHHYECKHH OCIWIIATOP» , TPATAIIMONHO ONTMChIBAEMbIH B KBAHTOBOH
MexXaBUKe, )

Kax sagumM, aromEoe Teno IBMraeTcs oo CIOMKHON TPAGKTOPHH —
UHEIOMTe,

TlapamMeTpal UHAKIOMLLI

z=R(1 -sina), y=KR(-cosa),
rAe O — eCTh yroa BpamjeEusa «Gynasuls, a R = ﬁ B peayasta-
Te, CKOPOCTh JBHXXKEHHKA TeNa H BEJWYMUHE €TI0 HMIYALCA NepHOAMIecKH
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uaMessiercd (Mogynupyercs). CrefoBaTenbHo, 34ech HeT TOTO d1eMeHTap-
HOT'O 38K0HA NUIABHOrO ABMIKEHWH MATEPHAJILHOPMO Tejia, rie BCerja ecTh
HeusMeHHas (HeMOAYIVPOBAHEAS) TeKYINasl KOODIWHATA ¥ HeH3MEHHRIH
umnynase. Tpaekropus atoMHOro Teja Gosee BRIMYDHA, HO COBEPLICHHO
onpeseneRHA M OAHNO3HAYHA. B DOBEZEEMU 2TOMHOrO Tela HET HHKA-
KHX «IPHBOMNYAJBHBIX» BeposTHOCTelH. (B oTnruume or npeacraBreEmit
B KBAHTOBOM MeXaHUKe.)

KopnycrynapHo-BONTHOBOH Ayanu3M aTOMHOR YacCTHULI

ATOMBOE Tesl0o — «0yaBa» MOXET BO3AeHCTBOBATL Ha HEKHHl npwu-
€MEMK 3Heprup, coofulasd eMy HMNIYJIBC ONpeJesNeHHOI'o HATpaBleHHH
(pnc. 28.3). Eciim B MOMEHT BCTPETIH «0OyAaBRI» C IPHEMENKOM Macca iy
OKA3SKIBAETCA B Hadyaje INara, BEPTUKANBHAS COCTABILIOINAS HMITYJIbCa
HAupaBieHa BBepX. Eciu B koune uwiara — o BHu3, Teneps, eciu He npu-
€MHWK BO3AeHCTBYIOT fABe «0ynaBhi» ¢ OJUHAKOBRIMHK IJMHAMH LIATOB,
HO €O cIBUTOM (ba3 HIaroB, HMIYJbChl OT IBYX 6yiaB B IIpMeMHHKS UM

v, cnoxarcs, win BuuTyrcs. B aTrom sakmo-
— uaercqd puanueckoe sriaeHue HaETepdhepen-
m, y TP UMM ABYX aTOMHMX Tex. (3aMeTHM, uTO

\ dpas3a <jaRe BOMHHE HHTepdPepUpPYIOT ZPYT
: z € ZPYroM: jaumeHa (PHU3HYECKOro CMEICHA:
BOJIHR! NIOLAWHEHH NPHMHIUIY CYIepIo3n-
LIMH ¥ HE MOT'YT HM ¢« YCHJIABATL» ADYT APY-
ra, HU ¢TacUTh», AnredpandecKoe «CIOMKe-
P=m»,V., +p HYe» AMILIUTYZ BOJH IIDOMCXOANT TOJLKO
B OIPDAEMHHKE,)
z Kax Bugum, aTomEme Tela uHTepde-
0 PHPYHOT nMoxo6HO BoTHAM.
Oxuaxo, 34eCh €CTh U OTAMIHA OT HH-
TepdepeHIINN BOJIH, CBA3AHO OHO He ¢ caMoii
Puc.28.3 nHTephepennyeit (0EM GUIMTIECKH HAEH-
THUHE), 4 ¢ MEeTOAOM HAaGaofeRHAa {(pern-
crpanuy) uHTepdepeR Y ATOMHRX TeJk.

Ipn nabriogeHun uHTepdepEHRUU BOJH MLl B IPHEMHMUKE BOJIH
HONOCPEeICTBEAHO BUANM aire6pandecKyio CyMMy AeHCTBHI AMIINTYA
ZByX BonH, [IpHenMHVK HaMeHAeT BEIHIHEY AaMIUTHTYR CBOUX KoJebanuil,
«n300pasxas» NRTephEepPeROUOHANBHYI0O KADTHRY.

IIpu vabmogeHUH uHTephepeHIUYN ATOMAWIX TEX UCIONIL3YIOT ¢pe-
FHCTPATOPH 31eMEeHTAPHEIX QacTHAIY, RanpHuMep, caetunk leitrepa. Cuer-
UKy cpabaThIBAIOT OPYU JOCTHIKEHHMM 3aJaHHOrO Mopora ajirebpaugeckoi
CyMMO¥ MMIYJIBCOE OT XefcTBuA ABYx Tel. Takum obpas3oM caomemme
MMIYJAbCOB NPDOVCXOAUT AHAJIOTOBO, KaK U B clyyae ¢ BoaHaMmu. Ho pe-
aYALTAT CAOXKEHUHA NOJYyIAEM B BH/AE YACTOTHI CPAGATRIBAHMI CIETUMKA,
B Auckpernoit dopme. YeM OGinmxe dashl INATOR Teld APYT K APYTY, TeM
fOJBINlE CYMMHEI BEJIUUMH HMIIYJLCOB, TeM udame CpabaThIBAeT CHETUMK.

O*—A—"
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IIpoucxognuT «Mepenoj» aMIIHTYX B YACTOTHI cpafarbiBaEMil CUeTUNKE.
B peaynesTare uHTEDPEPEHIIUOHNHAS KAPTHHA 3Aeck U300paskaeTcd He am-
NAXTYAAMH, KAK B CcAyddae ¢ BOJIHAMM, a YACTOTAMM CpAGATHIBAHMA
cyeTuHKa. (OTH TACTOTHl B KBAHTOBOM MeXaHWKe IIPAHATO HASKIBATE «Be-
POATHOCTSAMMU».)

IIpn Bo3AeiicTBMM HA NPUEMHHK TOJILKO OHOTO ATOMHOTO Teld WH-
TepdepeHIIua, ECTECTBEHHO, HE MOMET MOABNUThCA. 1103TOMYy 3/€Ch ATOM-
HOE TENOo NPoABIAeT cefa KaK «IPOCTOE» DIeMeHTapHoe TeJo, MMerolulee
MMINYJbC H SHEePTHIO. .

Kax BuAnM, KOPIYCKYJIAPHO-BOJHOBOKH AYAIM3M ATOMHOT'O TeJXA 068 -
3aH BCEILEJIO €TO «CIOCO0Y ABMMKEHNIT» — NBMEKCHMYO DIATAMM.

3aMeTHM, YTO IOCKOJNBKY ATOMHEIE TeJlA MBJSIOTCH OCHOBOII BCETO
PeasbHOro MUpA, B «IDATAHUK» JAI0KEHA CAMA CYIAOCTD MOHATHA ¢«XBH-
Keaues. [{BMMeRHS — 3TO «1DATRHHEY.

YcropeHHe aTOMHOro TeNa CHAOH

Macca m, 6yIABBI, ABATAACH IO MUKJIION/E, H3AMEHAECT CBOIO CKOPOCTH
or Hyna Ao 2V,. OOwmuno Teno aBuraiock 6l ¢ HEHIMEHHOH CKOPO-
cthio Vio. B pesyabraTte, KO3(O(DHUIHEHRT 3aXBATa 3HEPrdH YACTHI| H3-
MEHAETCA TaK)Ke OT HYJAd 0 MAKCHMMAJIBLHON BENXMYHHEI, ITO IPUBOTUT
K MOOYJNAIMM BeJINIMHER yCKOpmomel chanl ot myas xo0 F. Aromuoe
TEeJO «BO3XEHCTBYeT» HA YCKOPHAWINYIO €ro CHIy B ropasgo GoJbleit
CTemeHy, YeM «OORITHOe» TEJO0, HePHOTHYECKN YMeHblIas ee A0 HYJISA.
9TO OTKPHIBAET HOBbIE BO3MOKHOCTH B TEXHUKE YCKOPEHUA ATOMHEIX TeJ
(9/1eKTPOHOB, NPOTOHOB).

Kunernuecran JHEeprua aToMHOro Tena

[TocKONBRY CKOPOCTH ATOMHOrO Teda HepaBHOMEDHA, KWHETHYeCKas
3Heprus ero TaKie MOLyJupoBana. MaxcumannHoe 3ndueHHe SHEDTHH,
OYEBUJIHO, HEXOZUTCH «HABEPXY» LHMKIOMALI, e CKOPOCTH T4 DaBHA
CYMMe OKPY’KHO CKOPOCTHM ¥ NOCTYNATEILHON

Vi =Vor + Vau = 2V,
OTciona
mr(-?‘Vo'r)z
2
B 5TOT MOMEHT 9HEepraf MAacCChl 7, DARHA HYJIO, TaK KaK BCS DHED-
THS «TAHTEJIH» HAXOAWTCA y MACCH My,. OHA, ecTeCTBEHHO, HEM3MEHHAR,

He MofxyJympyeTcsi. CrefoBaTeNbHO, CPeJHAS BeJIWYUHA DHEPrHM MAac-
CBI My U MACCH! M, PEEHA NOJOBUHE 3TOII MAKCUMATBbHON BeIUYHHR

By = = 2m, V2.

2
Ency = MV

Yaurusag, uro
2

2 _ 2p2 2_ b 2 w“h hw

Vp=w'R", a R =-—, fod

2w = 2rmw - 2rm’
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Orcroga " -
W
Fpep=m-— = —.

®=Morm o

Vaurnsas, dro
) h2nr
w=2nf, Epep= f:hf,
2T ‘

AToMHOe TeyI0, ABUTAasiCh IATaMU, BPAIIAETCH, CIEA0BATEIBHO 00-
n8axaeT MOMEHTOM KOJWYEeCTBa gBuiKeHus. Ilapamerphl AByx B3auMopeii-
CTBYIONINX TeJi («raHTexns) CBA3AHK nocTorHHON Ilnanka

CouH aToMHOroO TENA

h = 2mm,V,.R.
Orciona MOMEET KONHIeCTBA ABvokeHun L raHTenu paBed
h
L.=m;V:R=-—=h.
2w

Y aToMHOro Tena «6yaaBhis OZHA YACTHIA, BMECTO JBYX Y «TAHTENH .
Orciofa, MOMEHT KOJNYECTBR ABMIKCHAn «GyIaBeI» paBeH

1
L5=Eh.

Kax #3BecTHO, ciMH S ATOMHOrO Texa UPuUBIMAEHAO DABEH MOMEHTY
KoaudecTBa ARUKeHHA. OTClofa, CIVH aTOMHOIG Tela pDaBeH

1
56=Eh.

Hama Mozens aTOMHOTO Teqa — (PepPMUOH,

OTpameHue aTOMHOrO TeéJa OT NPpEnATCTBUSA

«06uIYHOE» TENO CIIOCOOHO OTPA3UTHCA OT IPEITATCTBUA (¢CTEHKMS),
HCIIOJb3Ys CBOI YHOPYTOCTh, B 11060 MOMEHT CBOErO ILI&BHOT'0 ABUIKEHUS.
ATOMHOE TEN0 He HMEET YIPYroCTH — OHO arpubyT >KECTKOre Mupa
anekTpuyecTBa (§ 35). IloaToMy OTpAa3IUTECA OT CTEHKH, NMOHTH BCHATH
OHO MOJKET TOJALKO B MOMEHTHI DABEHCTBA e€ro asHeprum Hymio. Taxkne
MOMEHTE! (IOJIOXEeHNs) Y HIATAIOLEro Tejd, €CTeCTBEHHO, CYIIEeCTBYIOT.

B HenmozRMOKHOH cHcTeMe KOODAMHAT Macca M, Tela, ABATASICH
no HUUKJIOHAE, HaMcHser cBOIO ckopocTh or 2V, mo myans. Cooreer-
CTBEHHO KUHETUYECKAY DHEPrus Tela TARKe IIPOXOXHT Tepe3 HYJeBhIe
3HAYERMA, B HaUajge wara ¥ B Komue mmara., (IJonHas KmHeTHM4YecKad
3HEpPrUf BCErO Tejif, KOHEeTHO, He MOLYIUPYETCH, KAK NOBOPHJIOCE BHILIE,
y Tena e€cTh BTOpag (DMINYECKAA NPHPOJA, BOIIOIIEHHAH B MACCYy My,
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3HEPIrUsI Tela MPOCTO NePHOSUHIECKH MeHAeT CBOIO IPUPOAY: HATIpHMep,
H3 MEXAHUYECKOH B 3IeKTPHYIECKYI0 U Haobopor.) Takum o6pasom, aToMm-
HOE TeJIC OTPAIUTHCA OT CTEHKH MOET TOJLKO R HOJOKEHMAX, KPATHLIX
BeJHYMHE 114Ta.

KBaHTOBaHMe RMHETHYECRON 3HEPrdH ATOMHOrO TEna

PaccMmoTpyM RXBH/KeHHE ATOMHOrO TejJa MeXJy JBYMS CTeHKaMU
(puc. 28.4).

PaccTosiHEe MEMXKIY CTEEKAMU DAaBHO a. ATOMHOE TeJO, OTPAXKAaACh
OT CTeHOK B MOMEHTHI PEBEHCTBA KMHETHUYECKON SHEPrWU HYII0, MOMKET

ZBUTATHCHA TOJIBKO IIAPAMHE, KDATHEIMU
PACCTOAHMIO MeXJY CTeHKaMH o
a \
A=—. o
n z
., ? IHar
HOnuHoit mIAra OZHOZHAYHO OUpe- a) ?

«— 7R
JeJfgeTCsa CKOPOCTh MACCHI My, H, ciIe- S—Q

AOBATEJIRHO, KHHETHUECKAH OHEPIrudA
Tena. CaezosaTenbHO, BETUIHEA SEED-

rUM Teja, ABUTAOLIETOCH MEXAY KBY- a

MS CTEeHKAMM, MOXKeT OBITh TOJABKO

JUcCKpeTHOM#. Mano Toro, BClencTBUE

CBA3M BETUYHH My, Vor, B Oynass mo- o z
crosgaHo# IlmaHka, AUCKpeTHBIe 3HA-

YeHHS 3HEPruu UMeioT B abcomoTasie 6)

anavenud. B aToM 3araiouaercs Gpuran- Bosua

YecKkad CYINHOCThL KBAHTOBAHMS 3HED- 27R

THHM ATOMHOI'O TeJa. Puc.28.4
BujumM, 9T0 KBARTOBOCTH ATOMHO-

IO TeJId DOABJSETCH TOJLKO [IPH YCJIOBHY ABUKEHHASA €T0 IIAraMM MeXxAy

CTEHKAMM U 00A3AHA ¢33KOHY HAYAJIA ABM:KEHHA Tela BCHATL».
Haiinem sHaYeHNA KBAHTOBAEROM d3HePTrUl ATOMHOrO Tela. Bripagum

BeNHYMHY KMHETHUECKOH! 3Hepruu 6ynasHl uepe3 BRINTUHY ee Loara A

Ercp =muVa, h=2rmgRV,

_h B K
T drmg R’ rer mT47r2mr2R2'
N3 monena
A h?
A =2 ) =y TCp — 13 °
TR, R on Eiop v

Ha paccTosHWN MeXZY CTEHKAMU G MOI'YT YJIOKUTCA 7 1IAroB,

a=n-A, A=2,
n
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_ K’nt _ h
orcioga B, ., = et Hnn, samenas h Ha h = g,
B ah%nn?
Tep — -
P m a2

JBa » Gonee aTOMHBLIX Teja € CYLIECTBEHHO PA3JIHIHBIMH MAaccCa-
Mu (AHANOTH MACCUBHOI'O IPOTOHA U JIETKOIO JJIEKTPOHR) B COCTOAHHHK
0o6pa3oBaThL HEKYI0 B3aMMOCBA3AHHYI0 KOHCTDYKINIO — AHAJIOT aToMa,
HADPBMep, BOJAOPOAA, rje KaxkJAoe TeJO JABUrasTcs — <IHaraer» CROUMMU
mwaraMi., Taxkas KOHCTPYKOUA 6yAeT MMETh BO3MOKHOCTH HAXORUTHLCA
B ABUKEHWH LIATAMH TOJbLKO ¢ HEKOTOPHIME OIpeeeEHRIMU (DHKCHpO-
BAHHLIMH TPEANOYTHTEILHLIMU CKOPOCTAMY, ONpefeldeMEIMU B KoHeq-
HOM cueTe BejuguHOH mmocrosHaurON IInawxa. B urore penmanna sHeprun
JBHIXEeHHA MAraMy Bceil KOHCTPYKUHY OYAeT cTyeRvIaToil, a caMu CTyIe-
HE OyAYT UMETH CTPOTO OIpeAeNeHHYI) BeIHINHY. OHePriUusf KOHCTPYKIUY
(aroMa) oKa3kRIBaeTCA KBAHTOBAHHOI.

Mogens aTOMHOro Tejla, IOCTDOSHHASA HA NPHHI[ANAX B3AKMOXKEN-
CTBUA ABYX TeJjl, NO3BOJIAEeT MOCTDOUThH HAIMAXHLIE, HHMDOPMATUBHLIE,
«MaTepHANILHEEe» QUINYECKHE MOJEeNV BCeX ABJICHHI B ATOMHOM Mupe,
BKJIOYAS CIOIf MOAENE «y9Ie0HOro» TapMOHMYECKOro OCLVIIATOPa (3TO
BCET'O IUINL ¢«MaTeMATHYECKUI MOJUIrOHs KBAHTOBOM MeXAHMKHK — pe-
aJbHO TAKON OCHEJISTOP B RTOMHOM MMpDe He MOXXET CYINecTBOBATH),
MOJieJb PEasbHOrO ATOMa B3aMEH MOAEnaV aToMa Bopa, MozeJb TYHHENDb-
Horo >hdexTa B TBepaoM TeNe, MOJENM IOHHOH TeOpUM KPHUCTAIOB
¥ MOJIYTIPOBOAAUKOR.

Kanaccrueckaa (usykKa no-OpexXHeMy crnocoOHA PeraTh BCE 3aJa9n
PEaIXBLHOro Mupa. ‘

§ 29. lNpuanHNBLI B3aMMOAEHCTBHA ABYX TeN
M TEOpHS RAHOHHYECKH COMPSASREHHBIX
BesIHUHH NamMunbsTrOoHa.

OCHOBbBI KBAHTOBOH MEXaHHKRH

B mpepsixymieM naparpade § 28 MM nOny9uIN PAX 3aKOHOMEPHO-
cTeil, BRITEKAIOIMMX H3 (PH3NUECKON MOJgeNH B3aMMOJEHCTBUA ABYX Tel
CO CBA3KOH ITe pPEeMEHHOM AJINMHEI. AHAJIOIMYHAIE 3aKOHOMEPHOCTH HAMI@HbI
H B KBAHTOBOH MexaHHMKe. OXHAKO ITOJy9IeHH OHH TAM He M3 hu3nyecKon
MOXeNIH, a M3 0o0mero ypaBHEHUA TUHAMHKN aHAJIUTUYECKON MeXxaHU-
K lanambepa—Jlarpania. PaccMoTpuM 3TH DepBOOCHOBB KBAHTOBOI
MEXAHNUKH ¢ NO3NIN NMPHHIUIIOB BS&HMO}IeﬁC’l‘BHﬂ ABYX TeJ.

IlepBROOCHOBOM KBAHTOBOY MEXAHHKY ABISAETCH TCOPUS KAHOHUYECKN
CONIPAKEHHRIX NepeMeHHbIX, paspaboragHad MamunsTonoM. Kax wasect-
HO, B AHAJMTHYECKON MexaHUKe ypaBsemns JlarpadHxka DpeacTaBIAIOT
coboi N O6BIKHOBEHHEIX JUPdepeHIIHANLHRIX YPaBHEeHU BTOPOro NOpsa-
KA JJIA 0600INeHARX KOOPAHHAT. TaMUILTOH MOKARAI, YTO ST YPABHEEUSA
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BO3MOXKHO CBECTH K cHcTeMe 211 YpaBHEHH neporo nopsgka. Taxoro
poja yopollleHue MaTeMaTHIeCKOT0 ONNCAHNSA (PUINYeCcKUX SBIeHUH BO3-
MOKHO TOJXBKO IPH 00'beIUHEHUN IePBUYHEIX HE3aBMCHMEIX IAPAMETDPOB
ABJICHUA B YKPYIHEHHEIE HOKM, OTOROPUE 3apaHee NPABKNA (3AKOHKI) UX
ob’beAUHEHUA.

B kagecTBe TakKUX YKPYUHEHHRIX (J0KOB ['AMMJBTOH K IEepPBUYHLIM
HE3ABUCUMEIM IepeMeHHLIM ypaBHeHmil Jlarpamsa EBeN 00OBIIEHHEIH
KMOYJBC B 3HEPIHI0, COCTABJIEHHEIE («COJOKNPOBAHELIE), €CTECTBEHHO,
W3 TeX Ke NepBUYHBIX NepeMeHHuX. B peayarrare obpasoBanace ente
Oonee GpopMankHAd, «UCKYCCTBEHHAA», HHAJNMTHUECCKAS MEXAHHMKA, IO~
CTDOSHHAA Ha HeKOil «NepBUYIHON» (PYyHAAMEHTAIbHOH 3AKOHOMEPHOCTH
B mnpupoge, ofmel ¥ ANA MexaHMKM w Ana onturu. Cunranocs, yro
«TIIEPBUYHAS» 38KOHOMEDHOCTD €CTh TUCTO MaTeMATHIecKnil hopManuam
(«popmayuaM FamunbTOHA»), TOKa ge Bpoilnbk He nokasan ee duange-
CKYI0 PEANLHOCTH. B Hell MOKABAHO CYNIIECTBOBAHNE HEKOM «IePBITIHON »
byHIaMeHTATHBHON 3aKOHOMEPHOCTH B IPUPOJE, U3 KOTOPO BOZHUKIMN Me-
XaHUKAE U ONTHKA. ITA ¢IEPBUYHAA» (PYHIAAMEHTAIbHAA 3AKOHOMEPHOCTH
COOTBETCTBYeT HaImeili MOJeNHN B3aWMONEHCTEHS JARBYX TN €O CBA3KOMH
nepeMmenHo# gawHb. IlokaxxeM asTo.

lFaMuabTOH Hamien, H4TO M3 3T0l (PYHAAMEHTAJIBLHOH 3AaBHCHMOCTH
BEITEKAIOT CJIEAYVIOMAE ABA CAEXCTRHA.

1. DHeprua ¥ BpeMst, A TAKXKE KOOPAUHATA B MMIYJILEC, €CTECTBEHHLIM
ob6pazoM («KAHOHWUECKH » ) CONPSKeHn Mexy coboil HexoTopoii KoH-
cramrToil (oTcI0Aa HaumenoBanue Teopun). HetcrenTensro, N3 HAammEH
MOAeNH B3ANMOLEHCTBUA ABYX TEJX CHELYET, UYTO 3TH BeJUYAHKl CO-
OpsiFKeHbl APYT C SPYroM KoHCTaRTOoH — mocrosHHOHR [Liamka:

Et=h u zp=nh.

2. BaauMogeiicTBHE B NPUPOJe IPOUCXOEUT COrIACHO NPHHIIMIY HAU-
MeHblIero AeilcTBus unu npuanuny Famuisrona: «Cpexu HyHrIIAiL,
ONMUCEIBAIOIIAX ABHIKEHIE KAKON-IN00 JaCTHIL U3 OOHOK TOUKM KO-
OPAUHAT B APYIYIO TOYKY KOODAWHAT, HPOMCXOASINEe 38 HHTEpBAajX
BPEMEHU OT HYJA A0 ¢, AeHICTBUTEILHOMY ABIKEHUIO, HabiiogaeMoMy
B IIpUpoJe, COOTBETCTEYIOT JNUNIb TE, AJNA KOTOPHIX MATErpan

i
L:/(EH—EK)dti
0

rae E, — norenumansHAs dHEPI'UA YACTHNH, Fy — KuHerwueckas
3HEPrds YACTHIIM, HMEeT MHHAMAIbHOE 3HATEHUE».

Herpynuo smpgers, uTo npuaoun LaMMIbToOHA AEKJIapupyeT cymie-
CTBOBAHYIE B OPHPOJE PE30HAHCHOIO B3aUMMOAeHCTBUA, TAKIKE OLHO3HAY-
HO BLITEKAIOUIETO U3 HAMMX npuHnunoB. CaMy ycjaoBMS HACTYNICHHN
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AeHCTRUTENBEOro nBINeHMA, HaGmiogaemoro B npupoze (T0 ecTh Ha-
CTYIJIEHNs YCJOBHH Pe30HAHCHOI'O B3AMMOZEMHCTBHS) BhIpaseHHnle [a-
MUJILTOROM B BUJE NMpeJeNbHON (POPMyJIBI BAPDHAUMOHHOTO HCIMCIEHUS,
OJHO3HAYHO COOTBETCTBYIOT YCJOBHAM HACTYIJIEHUA PE3OHAHCR COIVIACHO
NMPMHEIMAAM B3AUMOIEIHCTBUA TEJL.

TunOuIHKM gBIeHUeM, MPOTEKAIOIINM COIIACHO NPUHIOHIY ['aMuasTO-
Ha, ABIAETCH 3ajauad o GhICTPeHIeM CIIyCKke MaCCHUBHOTO INAPUKA M3 BbI-
mecToRImEe# TOYKM B HMIKECTOAINYI0, HAXOFMAINYIOCS B CTOPOHE OT Iep-
Boit (¢ropka [oiiredcas). 3gech MOTEHIMANTEHAS DHEPIUA [MAPUKA Tepe-
XOAHUT B KHHETHYeCcKYio, JTOT IIepeXof NPOHCXOINT Pe30HAHCHO, 3a MU-
HYMAIBHOE BpEeMs ¥ HA MUHAMaTbHOH gucraunum, PopMa TPaeKTopHH
OBIDKEHNA mMAapHKe ABJIAETCH, €CTECTBEHHO, LUKIOUAON, KaK M AOJIKHO
6HITH COTJIACHO HAINVM NPUANUIAM R3auMOAeiicTBHA (§ 12),

3a/a9u, sHAJOTMYHEIE 3ajade B MeXaHMKe O GhicTpeiimmem cmye-
Ke, ceifugc pelmaroTcs crmenywaihHO paspaboTaHHBIM JJIA HAX MaTeMa-
TUSECKHM &IapaToM — BAPDMANUOHHKIM WcCUNCAeBUeM. B wacTHoCTH,
B ONTHKE TO 3aJA9YA O NPEJOMIAEHMM Jyda CBeTa HA TIpaHuLe ABYX
cpex. pumaHum Takye 3afgauy pewlaioT npocThIMu AuddepeHINaIbHEI-
MU ypaBHeHMAMY — 6e3 npuBiIeyeHNd BAPNAIIMOHHOIO MCUHCIEHNd.

Teopuio N'amunsTora ncnoassosal Ieitzenbepr ans paspaGoTKY KBaH-
TOMeX8HUYEeCKOH TeOpuH pHandecKkux Beanaun. ITepecTamOBOYHEIE COOT-
nomenns lefizenbepra Et — h u £p = h B ROBOI MaTemaTRdecKOH QopMe
[IOBTOPSAIOT KAHOHWYECKH CONpAZKENHLIe BelMuuanl ['aMuibToHa. Brimne
MBI BUJENIH, 9TO 9TH COOTHOINEHMA ABIAIOTCH OKHON M3 GOPM OIMCAHMS
MOAEeM B3AIMOJIEVICTBHA IBYX TEJ.

Jpyras xBanNTOMEXRHUYECKAR TEOPHS — TEOPHA (PM3UTECKUX COCTO-
siawii llfpexuarepa — cozgananacs B 1Ba srana. CHadana, ucnonbaysa ob-
HOCTH MAaTEMaTHYECKUX 3aKOHOMEPHOCTEH MEXAHHMKU M ONTHKY B TEODUM
TaMuneTORE, Ae Bpoiiib MPHUAAT KOHCTAHTE IIPU KAHOHHUECKH CONPAKeH-
HEIX BeIMIHHAX (PHEPrua—BPEMS ¥ KOOPDAUHATA —HMIYJILC) KOHKDETHOE
copep)kanyie — MOCTOAHHYIO [IIaEKa ¥ MONy4usl ¢BOIHY Ae Bpoitmss.

HeilicTBHTEILHO, B MOIENM B3AUMOREHCTBHUA NBYX Teld MKl BULENH,
YTO ypaBHERUe BOJHE! ge Bpoitna (§ 24)

h

mViy

¥ cooTHOLIeHMsA HeonpegeneHHocTelt Teiizenbepra (§10)
Et=h u zp=h

€CTh JUIb ABa BADHAHTA ONWCAHUA OFHOH U TOH ke Moxenu B3amMmogeli-
CTBMA TeJl.

3aMeTHM, 4TO CAMA <«HEONpEeNeNeHHOCTh» O0BeKTHBHO CYINECTBYET
TOJBKO NPH ONWCAHHY ABJCHHUS ¢ NO3HUNUM XODIYCKYIAPHEIX OPEACTAB-
nernit, C TOUKH 3peHUs BOTHOBOR TEOPHH TAKOI HeONpeAeleHHOCTH, KAK
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M3BECTHO, He cymecTByeT. «HeompepgenermoeTns BOSHUKAIOT H3-3a He-
KOPPEKTHOII NOIBITKY ONUCATh HEPABHOMEPHOE, IIPEPHIBHCTOE ABHKEHUE
8TOMHEIX TéJl, NCNOJb3YA INOHATUSA PABHOMEPHOI'0 XBUIKEHHSA.

3arem, IlIpeguHrep B NPOM3BOJBHOE BOJHOBOE YDABHEHHE B KOM-
aexcHoit ¢popMe (Bcerza TOMBKO B KOMILIEKCHOU dopmel) A1s ROTEE

\I’(.’B t) = ae~i(w—2n/z\)
»
BHEC 3aKOHOMEDHOCTH KBUIKEHMs] ATOMHKIX Tel xe Bpoina

2rh
F=hw un A= —
P
¥ IOAYYIL1 YPaBHEHWE NOCTYIIATENIRHOI'O ZBIKXEHIA ATOMHOTO Teda (To ecTh

TpaeKTOpUN)
W(z, t) = aed(Et_pz)/h,.
(Kak msBectrO, 3T0 onucanne o6'bemMuOM cnupan.)

Ho sepakenuas E=lwu A = z%h caMy SIBIAIOTCS ONUCAHHEM JBU-
JKeHHMA aTOMHOrO Teja — «OynaBhis, ABMIKYINelica no nuxiouge (§ 25).
A BOJIHOROE ypaBHEHHE IJIS BOJHEI B KOMILIEKTHOH ¢opMe, KyZa HX
BHECJIM, ONHCHIBAET TPAEKTOPHIO B BHJE CHHYCONZANBHON cimpaJm.

BamMeuaeM, BO-IIEPBHIX, UTO BuIpakeHNaA F = hw u \ = —}',@ BOOGIIE
He HYMXJAIOTCSA BO «BHECEHHH» UX B €Mie OAHO Kakoe-muGo BOMHOBOE
ypaBHeHHNE, 00 OHH yiKe caMi €CTh ATPUOYTH! KOHKDPETHON MOoxeay
BOJIHOBOTO IIpoLecca — IDaraHna ATOMHOrO Tela 00 MUKIouAe. Bo-Bro-
PHX, «JOHOp» (eme pa3 — OH He HYKER) — CHHYCOMAANBHAA CIIHUpaJb
(oHA TpexMeDHAA) CyLOecTBEHHO orTaudaercs (0HA AByMepHAast), HakoRen,
B-TPETHMX, YPABHEHHE BOJHH U YyDaBHEHUE TPACKTOPUU ATOMHOI'O Teja
IPOCTO HECOBMECTHMEI, B60 BOTHA HMEET TOAbKO OAHY EANHCTBEHHYI CKO-
POCTh pAacCIPOCTPaHEHUA, 2 TEJI0 MOKET ABUTATHCA C JI000H CKOPOCTHIO.
JTO coBepHIeHHO NA3THIERe (GuanueckHe dABleHHA. [loaToMy, IIpPUXO-
IHM K BRIBOZY, uTO ypaBuenme IlIpeAmnArepa BRICTDOEHO Ha HEYARYHOM,
u3HTecKH HMEeKOPPEeKTHOM ocHoBRe. PHIUTUECKU IIDABOMEPHRIM DKBHBA-
xenToM ypasHehns IIpeAvHrepa ABNAETCHS HANIA MOAENH ATOMHOI'O Tenas,
LBHIKYIIeroCH 10 MUKIIOUge.

OrMeTUM, YTO AJA TOro, 9TOGK! ATOMHOE TEJI0 3AECH IBHUTAJIOCH
He Mo OPAMOIT JRHHM, a [0 COMPAJIHN, OHO AOJIKHO TAK)Ke B3aHMoOAeit-
CTBOBATE C «ABOMHUKOM» Apyro#l cdvamueckoil mpupojsl. Tax e, xax
¥ npepiaraeMoe HaMm atomMHoe Teno (§28).

PesyanTaroM BRIGOpa HEKOPPEKTHOK ocHOBH! ypaBHeHua IlIpexwunre-
pa SIBISeTCS TO, 9T0 OHO camo no cebe dhaxTuaecku we paborocnocobHo Gea
MHOTOUHMCHEHHEIX «YCIOBUlY, «3ANPETOBS, ¢« IPUHIUNOB OTGOPA» K T. 4.,
KOTOPEIE U COCTABJIAIOT GOJIBMYIO YaCTb COJePIKAHNA COBEPEMEHHON KBAH-
TOBOIl TEOPHH,

Heyxzaguuiit BoIGop 0CHOBL! A7 ypaBHenusa IIpegunrepa B KBAHTOBOI
MeXaHHKe TAKXXE YCJIOXKHHJ olucanue MHTepdepeHmun ABYX STOMHERIX
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Ten. YTo6n AREe CHHYCOUAANLHBIE CIUDATY (ABA KOMIIJIEKCHBIX YNCHIA « P v)
MHTepdepupOBaATH, UX CYMMY NPUIINOChL BO3IBOAUTE B KBAgpaT

Pia = ¥y + 0,3,

OT Yero OHE mo (opMe OpPHOIUSHINChH K m«mnonae — JIeHCTBUTEIBHOMN
dopmMe JBHIKEHUS ATOMHOrO TeJa.

HeTrpynso BHJeTh, UTo paccMOTpeRHOe B § 28 aBieHue KBAHTOBAHNA
SHEPIUH TeJa COOTBETCTBYET KBAHTOBO-MEXAHUTECKOMY DEIICHUIO 3aaTX
«HacTrna B 6ecKOHEWHO TTIYG0KOH MOTERILAAILHON SMe» B KRAHTOBOH Me-
xauuke. [[19 pemeHus aTOH 3aa9M B KEAHTOBOLI MEX8HIKE COCTABIACTCH
yparnerue llpeaunrepa

2y 2m
d?—i- ‘ﬁT(E— U)yv(z)=0.
B o6nac™n U =00 ¢(x) = 0. BayTpu AMEI ypaBHEeHNE MMeET BHJ
d*w , 2mE
ol + k2 ¥(z)=0, rme k"= I .

Pemenue: ¥U(r) = Asinkz + B coskz.

Venosue sHenpepmBHocT U(0) = 0 gaer B = 0, a ¥(a) = 0 pgaer
ka = £nrn, rae n — menoe amcno. Orewoga caegyer

- ﬁ212n2
E= am

Pegynbrarm BeIUucaendda E B o60MX cayqaax COBHMAJAIOT, PasAMIA
B BeanuuHe E npoucxogur u3-3a pasandans Bo B3ATON BeJIMINHE PACCTOSNA-
HUA NeXIYy cTeHKamu (puc. 28.4, 6). Hukaxoro npaxruueckoro (4 Teope-
THYECKOTO) 3HAYEHHUA 3TO PA3IWYIME He MMEET, TAK KaK 3a5a4a ¢ « AMOi»
SBJFETCH JUINL «MATEeMATHICCKHM IIOJHTOHOMS® KBAHTOBOM MEXAHMKH,
rie DOKAa3hIBAETCA CAMA BOSMOMXHOCTh KBAHTOBAHWSA dHEPrHMH. SAMETHM,
9TO ITO NPENQOJHOCATCH KaK HEKHI TpUyM( «mepefioBoii» KBAHTOBOH
MeXaHUKY HAJX «OTCTajol» KJaccudecKo# (pU3UKOH, XOTA CYTh ABJICHUS
JNeRVT GPOCTO Ha nosepxHocTH (§ 28). HakoHen, ABMKYIIAACA B NOTEHIIU-
anbHOl AMe YacTHIA, onKucnIBeeMan ypasaenveM [lIpeguurepa, kak roso-
PHIOCH BRIIOE, ABHTAETCH M0 CUHYCOUAMILHOMN -ctupanu. To ecTs nuasHO,
63 m1aroB ¥ OcTaHOBOK: CIEefOBATENHHO, Y HEE HET « BPEAIIOUTHTEIbHRIX »
TOYEeK HA TPREKTOPMM (KaK y IMKJIOHUAKI), OHA MOXKET IIOBePHYTh BCIOATH
B 0601l Touke H B JI060# MoMeHT. CienoBaTenbno, uactuia HIpegunre-
P& He MOMKET MMETDL ¢IPEAIOUTHTEILHEIXY CKOPOCTEH, 3HAYNT He MOMKET
HMeTDh AUCKpeTHLIe (KBUHTOBAHHKE) BENHIMHL! KUHETHIECKOH DHEPIrUN.

Bugum, 4T0 paceMOoTpenme (aHANU3) SIBICHUS KBAHTOBAHUS SHED-
TUH ¢ NpUBJiedeENeM Haluell (pH3UTecKOH MONeNH ATOMHOIO Teja cyime-
CTBeHHO HamiAxuee, npome W wEPopMaTHBHeEe (B JaCTHOCTH, BeJHYUHA
SHEPruM 3aBMCHT M OT BEJHYNHBI ¢, Wero HET B YPaBHEHMHU KBAHTOBO-
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MEXAHMTIECKON'0 PACCMOTPEHNUSA), YeM GopMaNbHO-MATEMATHUCCKMI Me-
TOA aHanusa KBaHTOBOI MexarmKn Illpeanrrepa. DopManpuo-MaTEMaTH-
YeCKAs KBAHTOBAA MeXaHHKA 00BeKTMBHO CTAHOBUTCA HeHY:KHOU. Bee
KBAHTO-MeXaHWYeCKye 3a4a9¥ MOTYT OWTH C YCIEXOM DEINeHhkl B paM-
KaX Kjaccuyeckod (puawKu, NpeAcKa3aTelhHble BOIMOMHOCTH KOTODPOH
HECOM3MEPHMO BHIIIE, ueM y n60il MaTeMaTHMUeCKOR Teopun,

B kBaHTOBON MeXaHMKE cpefid KBAHTOBO-MEXAHHIECKUX PEIIeHHH 38-
a9 ecTh 3aa4a O rapMOEHYEeCKOM ocuuuLATope. B peayasrare permedua
39890 HAXOAUTCA U BEJIWIWHA SHEPruM OCHMUIIATOpA '

E, = (n + 1) .
2
Takoif OCUMINATOD B ATOMHOM MUpe TOINPOCTY HE MOMKET cyIme-
CTBOBATHL, YACTULA-BOJNIHA, ¢KATAACh», BCAKHIE pa3 JOXOFUT A0 «KOHLIOB
AMILIMTY/EL», TAE €€ CKOPOCTh PABHA HYJIO. A IIPH PABEHCTBE CKOPOCTH
HyJIo, AJWHa BOXEW Je Bpoilng macTHIM AOTKHA 6HTH paBHOH OGecKo-
HeYyHOCTH. B BTHX KpaiiHMX TOYKAX UYACTUIA-BOJHA DA3PYIIAETCRA, BEI-
POXAAETCA, KOPOUe He MOXKET CYIeCTBOBATE. I'aPMOHHYECKUN ATOMHRIH
OCHMLAATOD MOJKET «CYILIeCTBOBATE® TOJIbKO B HEKOPPEKTHO PEHIAEMBIX
MATEMATHYECKHX 3aA9aX KRAHTOBONH MEXaHWKH.
B kBaHTOROI MexanuKe hyHIaMeHTAIBHOE 3HAYCHIE 3aHUMAaeT HPUH-
U HeompexgenenHocTH [eitsenbepra. PaccMoTpuM ero ¢ mo3umui mpuH-
UIIa B3aAMOJeCTBUA IBYX Tell. :
Kax Mu Bugenu B § 24, ypasueHus

1
M Ver

1
E=h? H A=A

ONMUCLIBAIOT OAMH H TOT XKe 00BEKT — HIAratoIiee ATOMHOE TeJIO, OIIHChIBA-
IOT peasibHEIE (DH3NUEeCKHe ABICHUSA — KHHETHYEeCKYIO SHepruio u AJNNHY
1ara aTOMHOTI'O TeJa.
Iooromy E = hl u A = h—L1— apnsiorca 3gech «pearbHRIMU» ypaB-
; MeVor
HEeHHAMH peajlbHOro mnpouecca. X BO3MOXXHO nepernncars H IpAJATH, UM
CHMMETPUTIHYIO0, ¢KPACHBYIO» (MaTeMaTudecKu) dopmy

h=FEt u h=XmV)=pz.

ITH ypaBHEHMS ¥ COCTABJISIOT NMPHHELHAN HeonpeaeidenaocTH Teiizen-
Gepra.

Ho B ATOMHOM MHUpE 3THM ¢NEPEIRCAHHLIMS YDABHEHHAM HE COOT-
BETCTBYIOT BUKaKMe APYTHE, HOBLIe (hUIMIECKUE SIBJAEHUA, KPOMe ABYX,
yi#e ynomauyteix sotmie: F m A. IloaromMy Hukaxoil GynzaMenTans-
HO# of6mHOCTEIO OHHM 3mech He ofnaxaior. OGa ypapuenusi IeitaenGepra
06BeJUHSIOTCA YPARHEHHMEM

h = 27m RV

Hukakoil ¢HeonpeAeneHHOCTH» , KAK MKl BHAEIAU, OHO HE COTEPIKUT.
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IlonyaspHOCTs NMpUHLNMAA HeolpegeneHHOCTH Leiizenbepra B saure-
parype IO KBEHTOBOH MeXAHHKE Bceleso o67aaHO, BHAMMO, Hepazbop-
9UBOMY ¥ MOZHOMY «IDHATATMBAHKIO €r0 34 YIOW» KO BCEM HEACHLIM
¢buangecKNM ABIECHUAM.

IIpUEATO CIUTATDb, 9TC MOAEIL 2aTOMA BOpa ¢HEZOCTATOYHO KODPPEKT-
Has, [leficTBuTensHo, B Beil ecTh dusuvecKe HECYPA3HOCTU, HAIIDIMED,
«OTpULIaTeXRHAA dHepruA». Ho Mogeap Bopa no cBoeMy saMuicay XoxHa
6n112 O0BACHUTE 3aKOHOMEDHOCTH CIIEKTDPA H3JAYUYEHEMs aToMa BOJOPOJA.
910 CBOe TIpefHA3HAYEHUE OHA BHINOJHAET BIOOJHE KOPPEKTHO U XOCTA-
TOIHO «pusuuHO». HakoHen, Mozenr Bopa Ha ceronna gBiAeTCH eXMH-
CTBEHHOH GH3MUYecKoil MOZelIbI0 &TOMA BoAopoxa. Jpyrux duswuecKmx
Mojfeneif B IpupoZe He cymecTByer. IloaToMy OHa HAXOAMT NpUMeHeHUe
X0 cHX nop. ¥ Mogeam aroma Bopa mefcTBUTENBERO €CTh IPHEIMIIN-
ANBHK HEZOCTATOK, KOTODLIH OOLIUHO He 3aMeuaroT. DIeKTpoE y Bopa
€CTh MACCHBHR 3apHMKEHHHN mMapuk. A IMapUK HHTEPHEPHPOBATh CaM
¢ coboit He Moxxer (za eme ¢ cobaiogenueM ycxosus [Inawxa), Momeas
Bopa n3EAYAIBBO 0TGPACHIBAOT CAMYIO CYIIECTREHHYIO CTOPORY ABJNEHUSA
KBAHTOBOCTH, HO3TOMY H3HAYAJILHO He ARXEKBATHA (JM3IHUYECKOH CyNIHO-
¢TR (¢«KOHCTDYKIHM») aToma. Moxenp Bopa co6CTBEHHO aTOMAa <B3dAna
Ha ceba 1 06A3aHHOCTH MOJEIN JIEKTPOHA», Yero HET B DEAILHOM aTOME.
Kax MEI BHIeaH, MOJENL ATOMA AOJMHA CTPOMUTBHCH HA OCHOBE MOJEIH
3JIeKTDOHA, ABMIKYUlerocs maraMu ¢ cobaogerneM yenosusa ILiarka.

PaccMoTpenne ocHOBOIIONAratloMNX MaTeMATHICCKHX Teopuii Mamuns-
rora, lefiserbepra, ze Bpoiing, Ulpeznarepa ¢ no3unuii NpuAOHOA B3a-
uMOZeMCTBIS LBYX TeJ IIOKA3LIBAET, YTO MEXAHUKA MHUKDOMUDA BORCE
He SIBJIAeTCS HEKOM «CBepXTeopmeils, rje NMPefCcTABIEHUA KJIACCHTECKOo
duankn «GeccuabHbl». fIBNeREuMs B MHKpOMHpPe KJaccHdyeckad (M3HUKa
OIIACKIRGET TNTYOOKO U B TIONHOM obBeMe.

IIpurRDMOK BIAUMOAECHCTBHS TeX DACKDHIBAIOT (DUINHECKYIO Cymy-
HOCTb NIEPBOOCHOB KBAHTOBOM MeXaHMKM, IOIVIOIZAIOT ee ¥ JeNaioT ee
HEHYKHOX KaK cneuuduseckyro (HexraccHIeckyio) dusnko-maTemary-
9ecKyl0 MOJAeNb.

§ 30. Boamymennsn B ynpyroi cpeae Janambepa.
Bo3MmymeHnsa B HEC)RHMaEeMOH,
IRECTRON cpeae. BO3HMKRHOBEHHE MaCChl

B npeaniaymmx naparpadax Mul pACCMOTPEJIH HOBEIE 9epTHl RO B3a-
UMOJeHCTBHM JBYX Tel — B3aumofelicrsue ¢ BHINOJHEHHEM YCJIOBHS
Ilnanka. Ilogo6Hoe B3amMopeiicTBue ¢ ycaosmeMm IlnaHKe IPOMCXOAUT
u B agcaM0ie Tesl, CRA3AHAKRIX MeXY COGOH yIIPYrocTaAMH («IPYHUHKE-
Mu») — ynpyroi ecpene Ianambepas (puc. 30.1).

B aro Mogenn memanxa M B3aamMOzeBCTRYeT CO MHOKECTBOM TeJI M,
(oReprimHo rpefeT Ux B OZHY cTOpoHY). MeInanrka ZBRHUraeTcd ¢ ycKope-
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Puc. 30.1

HUEM, U B pe3yAnTaTe Uero mepen Hei obpasyeTca ofaacTs ¢ yILIOT-
HeHHO¥ cpenoil. B cpexe o6pa3oBajiock MECTHOE «BO3MYINEHHUE CPEJLIs.
Cpeza snech BO3MYINeHa (BRIBeZeHA U3 CBOET'O CTAIMOHADHOT'O COCTOSTHIA)
ABAXALI;

— Tejna c6IUBHINCE, OTYero cpefa YIUIOTHUNACH (ITO 09€BHJIHO);

— YACTHIH 1, B ¢IPYKMHKaX» YCKOPHJIMUCE B COOTBETCTBUM C YCAO-
Buem Ilnanpka, 0T9ero «npyxXmuku» crasu xkecrue. OGpasosanach
obnacTs 1 Gonee 1IoTHAH, B Gojee XecTrad, YeM OCTAJILHAA Cpe-
na. B cpene Bo3HMKI0 HoBooGpasoBamue, «cAeJAHHOe» U2 STOM #e
cpenbl, RO OTIMYHOE OT Hee MO CROMM CBOMCTRAM.

B mojenu Bosmymenud cpepnl Nerambepa BUARM, Yro 4eM 60Xb-
e YCKOPEeHNE MemaiKH, TeM KOMIAKTHee oflacTe Boamyuiesms AZ,
TeM BhIIlIe YVILUIOTHEHHe Ap, TeM Kpyde reoMeTpudecKkas ¢opMa yOIoTHe-

Hu#A gg . MaTtematuyecku aTy 3apucuMocTh (yeaopue Ilnauka) Hanambep
IIpeACTABH] B BULE BOJHOBOI'O YPaBHEHUS

Ap 1dVvm

Ar ¢ dt ’
rie ¢ — KOHCTAHTA, CKOPOCTh «yBeranmsi» 06JACTH YINOTHEHUS OT Me-
ITANKA — CKOPOCTH PACHPOCTPAHEHUS BOSMYIIEHUA B CPEfe.

BuaumM, aro xna ofpazoBaBAA YIJIOTHEHUSI B cpefie, AJIA BOSHUK-
HOReHNH HOBOOODA30BAHUSA, B Cpefe HeoBXOXMMO 3HEPruuHOe AeilcTBHe
MemasKky, 160 JeifcTBHIO MENIANIKY ¢COOPATH TeNa B Kydy», [IPOTHBOCTO-
HT cTpeMieHne Ten «pasbexarbesa» (KoadpdUIiueAT OPONOPIUOHANBHOCTH
MeXAy HUMH DaBeH 1/c%). Dra KoHcTaHTA ajech BLICTYNaeT B poan
«niocToAnHOl [Inaukas Jusa Hponecca BOSHHKHOBEHUS HOBOOODA3OBaHUA
B cpeae. OHa OfHOZHATHO ONpejeNsieTcsa ITapaMerpaMu cpeanl Janamoe-
P2 — MAaccol Ten M, U BeINYKHOH yOpYyrocTH «NpYy>KHHOK».

MopmMEposaHue 06]1aCTH ¢ YIUIOTHEHHEM CPelb! He eAMHCTReHHKI
cnoco® BO3HUKHOBEAMA (CO3JAHMA) BO3MYINEHUA B cpeAe. B Hec:xmMa-
eMoit cpene (B ohupe) eme GosbIoee «YNIOTHEHME» CPEXbl, KOHEwHO,



110 Pu3sura 6es mexaruiu Horomora u meopuu DGHWIMenHA

HERO3MOXKHO. JTO He yupyras cpefa [lanambepa. 3fech BO3MOMHO BO3MY-
INeENe JIUITh B BUZE IBUXKEHUA ancaMbisa Tell, 00'beJMHEEHEIX UX O6LquM
38KOHOM I'DYIIIOBOI'0 ABYIKEHHS — B BUJE «BHUXPA».

Jns BUXPEBOTO BOZMYINEHUS 3aKOR 00Pa30RaAHMA GBIACTH BOIMYIIE-
HUS AHAJOTMYEH 38KO0HY QIS YIPYroil cpeAn!

2 2
OBy 16°E,
0z2 2 O
Ho cama reomeTpus (¢KOHCTDYKIHA») BOSMYINEHAS UHAA — 9TO

oCeCHMMETPHIHEIH BUXpb. Takoit reomeTpuyeckoit ¢opMe BOSMYIOEHHS
GoJblile COOTBETCTBYET YDPABHEHUE BOSMyIneHus B dopMe
tE od tH 28
| ro f‘uat H ro EBt'
3aece yenosue [Tnanka BHIISgAT TaK: 9eM SHEPrUYHee AeicTBre Mermasi-
KM Ha cpeAy — aduUp, TeM MeHbINe Ppaguyc BUXPA B adupe.

TakuMm 06ps3oM, B MexaHMKe (B cpeste [lanamGepa) BOIMyIqeHUe
BRICTYTIAET B BHJe VIUVIOTHEHWHA CDeAbl, HAIDMMEP, KEK MECTHOE YILIOT-
HeHMe rasa nepeX BRHTOBOUHOMN nynelr. CROPOCTE IIYJIM BhILIE CKOPOCTH
3RYKa, II03TOMY B3aumogeicTrNE ¢ yenosueM IInanxa sunonunerca. « Ho-
BooOpa30BaHMEM» 3XeCh ABJACTCA TOT JKe ra3d, HO WMEIIqUE Goininyro
naoTHOCTh. O6GIacTh BOIMYIEHHOrO Ira3a TAXeJlee — OHa BecHT OoJibline,

B paekTpudecTBe BO3MYyINEeHHe CPeXhl (3dupa) HE CONPOBOMKIAETCHA
ynonorHeEueM cpexibl. IloaToMy 06gaCTE BO3MyIIeHHA B a¢upe BecHT
CTONBKO €, CKOJIbKO DaBHOIEHHKIH 06beM HeBO3MYLIEHHOro 3(upa.
Hurakux «boJsiee THENRIX» HOBOOGPa3oBaHuM B 3upe He 0bpasyeTcs.

BuxpeBrle BO3MYIGEHNS B 3dHpe BIAMMOAECHCTBYIOT APYI ¢ ZPYyrom
IO «BUXDPEBREIM 3aKOHAM» — [0 3aKOHAM dJeKTpojuHamuku. Ho BUXpH
WMEIOT ¥ MACCy, PABHYIO CyMMe Mace 3(pHpPOK, M3 KOTODRIX COCTABJIEH
BUXDL. TIodTOMY B 9/1€KTPUYIECKMX B3AMMOAEHCTBUAX BUXpel nenabeixxHo
VHACTRYET U ¢HEMeXaHnWdIeCKAs», ¢HEeBecOMafA» DIeKTPOMEXaHWUecKAHd
Macea.,

Taxum o6pagzoM, Macca 001aCTY BOSMYIIEHNA — 3TO Macca 3hupox,
«YIIaKOBAHHHIX» B KOHKPEeTHOM ofrbeMe o6nacT Bo3MmyineHus. [{as roro,
aTofnl B aupe 06paszoBasack 06/IaCTh BOIMYINEHUS, MEIODATKE HEODXOLU-
MO BHIIOJHHTE OIPEJEJeHHYI0 Pab0Ty, 3aTPATHTE OLPEIEIeHHYIO SHEep-
ru0. B 061aCTH BO3MYINEHHS OPraFH30BAHHO JBUTAKTCA 3QUPKU, NME0-
IHe KAXXAAA CBOI0 MACCY ¥ oOpasylolllie Bce BMecTe ¢Maccy 0bJjacTi BO3-
mymenna», Urax, 4asg «CO3NAHHA» MACCH HEOOXOZMMO 3ATPATHUTE OIIpe-
JeJIeHHYI0 SHepruio (Macca He CO3Z4AeTCs U3 HUYEero, o «OPraHu3yeTcAs).

Ha ypasuennii, onucesaomux obpazosanue 00/1aCTH BOIMYINCHUSA
BUAKM, 9TO BeJUYINHA 001aCTH (2 3HAYUT M BEJUYMHA «MACCHI®) IPSIMO
3ABMCUT OT BEJIMIHHBI 3aTPadeHHON 3Hepruu

1
m= ZZ'E.
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Orciona cleyeT Y3BECTHOE B MEXAHWKE MMKDOMMPA COOTHOIMEHME
E = mc?.

3ameuaeM, UTO ¢«CO3XAHUE MACCHI» U3 3dHUpa ecTh BechbMa TPYLOEMKAS
pabora — Ko3GOHIYERT TPONOPIIMOHANTEHOCTH OY€HL BEJIUK.

§ 31. BonHa B ynpyroi# cpeae. CropocTts
pacnpocTpaneHusl BOJNIHbI B YNIPYrou cpeae.
BonHa B jRecTROM nenu. YlecTras BoaHa

PaccMoTpeEHOE B mpeAnigyineM naparpade MECTHOE «YIUIOTHEHUE»
B cpege Hanambepa 1 MECTHOE BUXPEROE IBYIKEHHE B HECKNMAESMOM JXHI-
KOCTH — «Maccas, MOTYT HEOTPaHHIeHO JOAI0 CYIHeCTBOBATE B BEAE LBYX
PASITHUYHEIX SBIEHNH (¢KOHCTPYKIIME NPUPOJHIs): «BOJHA» ¥ ¢BOJHOBRAA
TaCTHIE .

Paccmorpunm sBJIEHHME «BOJHA» B yIpPYyro# cpeje, Ilocae mpexpare-
HUA JeCTBHA MEINANTKY B rase, ¢yILIOTHEHUE rasns o0pa3yer HCKyC:
CTBEHHOE, BUPTYAIBHOE TeJIO, C BUPTYAAbLHOH Maccoi My, IIocKoAsKy aTo
TeNl0 OKA3AJIOCh YCKODEHHBIM MeEIIATHON B IIponecce YILIOTHEHUS rasd,
OHO OyZeT W jankOie ABHUTATHCH <110 WHEPUUM», IIOA AEACTBHEM <¢CHJI
mrepuun» (§ 14). Poas wactunm m,, usobpaskanmmx «cuny HeioroHas
H ABHUTaioMiX BUPTY&IBHOE TEJO, HUrPAOT <«BOJHB AOMHHO» MOJEXYJL
raza (§ 10). Pesonancras ckopocrh Tena M, AJAA STOrO THIA B3aMMO-
pevcTBuA (Mg >> M) pasHa V,, = %Vq, . CareosaTeIbBO, CKOPOCTh BHD-
TYANbLHOI'O TeJd — CKOPOCTh PACIDOCTDAHCHUS BOJHB PABHA IIOJIOBUHE
BEeNMYHHEI TEMIIEPATYPHI T'a3a — CKOPOCTH BOJHEI foMuHG V, . Takyio xe
BeJIUYUHY CKOPOCTH BONHEL B raje J4eT, KaX M3BECTHO, AHAJIMA HA OCHOBE
MOJIeKYIAPHO- KUHETUYECKON TEOPHH Ta30B.

SBneHue «BONHA&® TPAAMLIHOHHO CBA3LIBAIOT C NOHATUEM «yIpyras
cpenas (cpepa [lanamBepa). laske caMo onpefielleHe BOJHK JAETCH KAK
«ABJIEHNE PACHPOCTPAHEHMS BO3SMYIIeHUs B YIPyroil cpege». OTO coBep-
IIEHHO HeBepHO. BoaMyIimeHue onpeAeXeHHOro THIIA MOXKeT PACIHDOCTDA-
HATHCA U B HEYIIPYIOi, «XKecTROM», HECHHHUMAEMOMH cpeje.

B npupoje cyuiecTByeT peanbHasg LBYMeDHAs BOJHA TAKOI'O HEOOLIU-
HOT'0 (¢«HempaBWJIbHOro») runa. Ha Heil BO3MOXHO yBHAETL 3aKOHOMED-
HOCTHM BOBHUKHOBEHHUS U DACOPOCTPAHEHHS BO3MYIUEHUN B HEynpyroi,
¥ecTKol cpefie. Unu mupe — yBHAETh 06MHK («KOHCTPYKIIHIO») «3KECT-
KOii» BOJHEI B JXECTKOW Cpejie, B TOM YHCNE OOJIUK BJEeKTPOMATHUTHOMK
BosIHEY Makcaenna.

JBymMepHOI *KeCTKOH BOXHOH B KECTKOMH cpe/le ABIALTCS BOJHA B Lie-
nu (HanpuMep, B BeJIOCHIeAHON Ienu). EcTecTBeHHO, elib He COAEPIKUT
VIDYTHX 3JIEMEHTOB, OHA COCTOUT TOJBKO M3 JKEeCTKHX 3BEHLEB C HEKOTO-
poit Maccoil, COBTMHEHHRIX ¢HEBECOMBMM» mapaupaMu. Tem me MeHee,
B LENH Boaby:xkjaioTes: (BOBHHKAIOT) U Gel'yT BOJNHEIL.
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Pue. 31.1

Ipu cuHycouaansHoM BO3OY)KACHUM BOSHMKANT CHHYCOMAATLHKIE
BOJNHEI, TeKWe e KaXK U B ynpyroit cpeme (pwe. 31.1). Tax ke xax
K B ynpyroit cpefe, BO3ZMOXHO BO3OYAWTE OLMHOIHYIO BOIHY — «BO3MY-
menwue» {puc. 31.2).

Buanm, 970 «BO3MYIIEHME CpefEls (1IeIN) TPOUCXOAHT He HO JIUHE
uenn, a MONEpPeK — BOJIHA 34ECh «OOnepedYsas», JIA 3TOr0 U IOHAKO-
funocy BrOpoe M3MepeHue cpeAnl. Ponn «ymiaorHeBus B ynpyro# cpege»
3eCh UIPaeT «U3JIOM LeNus HA YYACTKe HECKOJILKMX 3REHbeB (He OAHOr0
3BeHa).

B uanome ieguH MOXKHO OHJIO 6K YBUJAEThH YBeJIWYeHHe IOTOHHOMN
ILIOTHOCTH ey — Oo6pa3oBaHie «BHUDPTYANLHON MACChl» M3 MAcC 3BEHBEB
B H3J0Me, kak B ympyroi sBonne. Ho oHa 3aech HeBocrpeGoBama — ary
BUDTYAJIBHYIO MACCY HeYeM <«TOJKATh*: BOJH SJOMHHO 37eCh HET, ek OJ-
HO3HAYHO «X0J0jHAad» . MeXaHU3M caMOogBHKEHHA U3JI0OMA ¢II0 HHEDIUN»
NEeIUKOM COCPEJOTOUEH TOALKO Ha He(ONBIMOM y4YacTKe IEenH, B M3JoMe.
VYuacTKY menu Xo u3noMa M oce H3JI0Ma JIerKaT HeNOABMIKHO U He IPUHU-
MaOT HUKAKOTO VIaCTUA B ABHKEHUM BojHk. MexaEnaM caMoABHIKeHUA
BOJNHHI B IeIH COBCEM HMHOI, 9eM B yupyroit cpefe. IlosToMy nens xak
cpela He MOMKET HBAATHCH NPOCTO OOKIYHBIM «MEXAHWYECKHM YCTPOil-
CTBOM», 8 H#BIfICTCA MEXAHAYECKOH MOZENBbID HECTKON HeCKUuMaeMon
cpeanl, TakoBa ofman KApPTHHA BOJTHH B JKECTKOH cpejge, KOHCTPYKRIOUH
«HeCTKOH» BOJNHEI,

CuinbnHO ympoinas MOJeNib, «H3JIOM IOEelN» MOYKHO 3aMEHUTh HeRUM
«POTOPOM», KOTODBIH KaruTca Gead cKoawxenns, (puc. 31.2). Ypanaerus
Makceenna — 9TO THAPOAHHAMMYECKHE YPABHECHUSA, H ONMCLIEAIOT OHM
HMEHHO 3Ty yIpOUleHHYI0 MOZeds — «porops. Onupascs HA peasbHYIO

w Vs

!

Punc.31.2
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YKECTKYIO BOTHY B I[eII¥, BO3MO¥HO USMEHUTH ypaBHeHna Makceenna ang
afAeKBATHOTO OITHCAHUA NPOIIECCa BO3MYIIIEHHS B MECTKOU cpefe >dnpa.
MEI pacCcMOTpPes M ¢« BO3MYIGEHUA CPEALI» — OJWHOYHEIE BOJNHKI. B Me-
XAHWUKE DTO yAApHAN BOJHA B YOPYro# Cpeie, B rMAPABJINKE 3TO CONMNTOH
B HECOKMMaeMO KUJKOCTU, R JJIEKTPUYECTBe 9TO (POTOH B IKECTKOM
atbupe. IIpu cuEycomaanbHOM BO3OYXAEHMM BOJH MeInajKOi Bce onM
NpUOGPETYT 3HAKOMYIO CHHYCOUARILRYIO dpopmy (puc. 31.1).

§ 32. YIto Taroe «MexaHuka»?
YKeCTRMA MHP 3/IERTPHUYECTBA

W Mup MeXaHHUKM, ¥ MHD 3JIEKTPUYECTBa — 3TO IpEJEe BCETO MHApP
B3aMMOZEUCTBUA Tell, 3AKOHK B3aUMOXEWCTBUA, KAK MBI BUAEIU, OJHU
n Te e Ans 060NX MUEPOB.

DyHFAMEHTANLHOE OTIHIUE 3THX MHDPOB 3aKJIOMaeTcsa B cpene, rjie
HPpOUCXOAAT 3TH BS&HMO,EleﬁCTBHH.

Mexanuka Aeiicreyer B yupyroi cpexe NanaMmbepa, cocTaBIeHHOR
U3 Mace M ymnpyrocreii. Hauajom Hadal ¢MeXasMKUs ABJISIETcH BIAUMO-
JelicTBHE ABYX MAaCC IOCPERCTBOM ynpyroctH. <Mexamnkas — 3TO MuD
Janambepa, rae Macchl R3aHMOJEHCTBYIOT BOCPEACTBOM YOPYIOCTH,

DIeKTPHYECTBO AeiicTByeT B :KecTKOH cpene atdupa. 3zecs Her yupy-
roctun. Cpenxa ecTkast, TeJla »KeCTKHe, cHIK XecTkme. HayamoM Ha-
HaJ SJEKTPUYECTBA ABJIACTCH KECTKOe B3aMMOZENCTBHE ABYX BO3MyINE-
HUW — BHMXpel B XKeCTKOI Cpeje, IOCPEACTEOM 2KECTKOM I'MADOSHHAMM-
9eCKO#l CHJHL.

He MeRee peskoe paziMume W B MAaTEMATWIECKMX aIrapaTax 3THX
MupoR, fBnenusa B ynpyrom mupe JlaiamGepa onuchIRAIOTCA AMHEITHEIMA
pudepeHUATBHE MY ypasHeHusMuY, MHor1e JnHeitHbpIe YPABHEHUS pPa3-
paboTaHbl CHEUAIBRO AN KOHKPETHLIX (PUSUTIECKUX ABICHUH B yOpyrom
Mupe (HanpuUMep, BOJIHOBLIE ypaBHeHUs). MHorue pusHuecKle NOHATUA
yIpyroro MUpa HEPASDLIBHO IIePEIIeNNch ¢ MaTeMarTudeCKMMH IIOHS-
THUAMH JMWHEHHBIX yPaBHeHUi. MareMaTHUYecKAs COEKTPANLHAA Teopnd
KoJebaHUMi cTaNa modTH 4TO «PUINUeCKoh Teopueis .,

B omnune oT 3T0ro, ABNEHNA B XKECTKOM MHDe ONMCHLIBAIOTCH HEJIH-
HeNHRIMU AuddepeHIUATBHAIMHA YDABHERASIMHE. JTO COBCEM MHOMH MaTe-
MaTHYecKHil MUp. 3eCh MaTeMaTHKA N0TepAaa (He UMeeT) CBOIO CAMOAO-
CTATOYHOCTD, «CAMOCTOATEILHOCTD> . Bea dpusnueckux o6pason, 6e3 huau-
YeCKUX MojeNell HeIMHelHas MaTeMaTHKa feccofepraTenbHa, «IyCTas.
TlosTomy ponpk busmaecknx mMofjeneil B KecTKOM MUpPe 0coDeHHO Beslnka.,
OraocurennHan GelHOCTh HETMHEHNHBIX ANPPEPEHIHATBLHBIX YPaBAEHAN
BO MHOroM OU'BSICHSETCA WMEHHO GeJHOCTBIO HEJIHHEHHBIX (PUIHIECKHX
Mozgeneii, 66 fHOCTHI0O MOACKEH ABIEHUN B JKECTKOM MHUDE.

PaccmarpnBaa meislit pajg ABJIEHNNA B MeXaHUKe U 2JEKTPUYECTBE MK
BUIENH, YTO KUHEMATUYECKIEe MOJENH 3THX SBJIeHUM, KX KOHCTPYKINU
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CYIIECTBeHHO OTIAMYAIOTCA. DTO DPasEsle dusmyeckue Mupsl, Ho aberpaxt-
Had MOZeJ b B3aMMOJeHCTBHA ISl 00OMX MHPOB OfHA K TA JKE.

OT0 MO3BOJIAET, ONMPAACh HA HAIMIAZHKY M IPUBKYHEIK MeXxanHude-
cxolt MUp, [IPOHMKHYTH B HOBREIHM, MAJTOJOCTYNHHIY HAM MHUD 3JEKTpPU-
9ecTBa, CAENAaTh ero HATMAAHBIM, M36ABMTLCA OT TIOMLITOK 3aMEHUTH Ha-
rraguyio busnky dopmanbEO MaTemMaruroi (M3-3a AeduuuTa GUsNKM).

Mexamma ¥ 3JJEKTPHYECTBO «DAJOINJIHCEH» B CaMIX OCHOBAX MHDO-
axaund. Ux seMuoro. Oto «cpeaas. B cpeae ecTs «Bo3MyneHKe» — BOJHA.
Bosmymernde ofpasyer (cogepxut B cefe) «Maccy» — BemiecTBo. Macen
BelecTBa B3ANMOACHCTBYIOT APYT ¢ APYIOM — YCKODAIOT ADYT APYTa.

ITpuAUHIEl B3ANMOAEHCTBISA, ABIIACH YHIBEPCAILHAIM DHINKO-Ma~
TeMATHYECKMM WHCTPYMEHTOM, MO3BOJHIIN NIEPEKHHYTH MOCTHK OT MHUDPa
MEXAHBKM K MUPY 9JIEKTPHUTIECTRA, M B KOHEUHOM CYeTe¢ NO3BOJHIY BEL-
CTpPOUTb OCHOBRI «KOHCTDYKIMH» HOBOro ANE Hac GU3MUecKOro Mupa —
SKECTKOIO MHIp4a 3IeKTPUIecTRa.

B HOBOM KeCTKOM 3JeKTPUYECKOM MHEPDE CBOS XKeCTKAas cpefa, B ¥KeCT-
Koii cpefle — KeCTKOe BO3MYINEHME — KECTKAA BOJHA, YKeCTKOE BO3MY-
INeHMe CONEDIKMT B cele JKEeCTKYH Maccy, KecTKHe Macchi obpaaylor
eCTKOe BEeNIECTBO — 3JIEeMEHTADHBIE YACTHIIR!, KOTODLIE XKeCTKO B3am-
MOAEHCTBYIOT, 00PA3YA ATOMK H MOJEKYJIHL.

Mogenn KecTKOTO MHpa BJeKTPUHUECTBA TIOSBOJUT CTPOUTL Gomee
TO4HBIe, Jyyuie paforaioimue MoZeNdW aToMa M MoJexkyiasl. IToaBoamr
OOCTPORTE §ojlee TOYHLIE MOAEJM ¢IHEPrMH CBAZM» B 3THX YaCTHIIAX
B MHTepecax NpUKNafHol XIMAH U SHEPreTHKHY.

§ 33. Pe3oHaHCHbIE SIBJIEHHS
npu RojnebaTenbHOM ABHIREHHH TeNa.
CorniacoBaHHbIA CHrHan

Jo cHX Dop MBI DACCMATPHUBAJM pPe30HAHCHbIE fABJICHUSA IIPH IO+
CTYNATEILHOM ABHIKEHHM Tesla. PAcCMOTPHM pe30HAHCHELIE ABJICHHS npn
RoNebaTeIbHOM ABMIKEHUU TeJa. .

KoneGauue Tesna GyZeM pacCMATPMBATL KaK IOCTYNaTenbHOE ABH-
JKEHVe TeJa C INePeMEHHOl CKOPOCTBHIO MO NGOMY 384aHHOMY 3aKORY,
HANPUMED, II0 F'APMOEUYECKOMY 3aKOHY. B 210M ciyuae Xja pe30OHAHCHO-
ro BKAYNBAHHUSA SHEPIUX B Tea0 HeOGXOAVMO JMIUEL BRINOJHAThH YCIOBMST
JMEEHHOro Pe30HAHCA HR BCeX YACTHAIX yIaCTKaX KoJAe0amHd, HE MHTe-
DPecysich 3gKOHOM BCErO IepHO/ia CIOXKHOTO KoJlefaHus KAK TAKOBOTO.

31ech ABJICHUS AHAJIOTHTHEL SBICHHAM NPOSOJIKNTENLHOTO YCKOpe-
HUSA TeJd CUIOH MpH IMOCTYIIATeALHOM ABUKeHMH ero (§ 12), Ho umeroTea
K gHTCO ¢KoNebarenpHbIe» ocobernocT. PaceMoTpHM uX.
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Pacnaysa pesoHaTopa CHrHaNoM
NOCTONHHOH aMIUIHTYAbI

3xech (pue. 33.1) Tar ke, KaK W NpPHU TOCTYIaTeNbHOM JABIMKE-
HUM TeJa, YCAOBME pEe3OHAHCA BHINONHAETCA TOJLKO B MOMEHT, KO-
rga R, = éRc, a B HauajIpHWH MoMeHT R, = 0, A upym ycTaHOBUBINEMCH
pexune (R, > R.) packadgka pe3oBaTOpa He ONTAMAJbHA, HE Pe3OHAHC-
Ha. TaxumM o6pasoM, paBeHCTBO YACTOT Pe3OHATOpPA Wp M CHMTHAJA W
eme BoBCe He 00eCcneunBalOT YCIOBAE PE30HAMCR, KAK 3TO OORIYHO 1py-
HHMAaEeTCA. '

JOexo B TOM, u9TO ANA PE3IOHAHCA HeOGXOAMMO BLINTOJHWUTL YCIO-
Bue V, = %Vq, a B peaonatope V. onpejenserca ARyMs NapaMeTpPAMM ero
Konebanua — wacToTOH Wy M aMTIINTYAON Ry

Ve =wR.

PaBeHCTRO 9ACTOT wp = W, BRIOOJHAETCH YCTAHOBKON HYKHOW YaCTOTHI
curnana. Ho amMunnuryza pesonaropa R, HeusbexxHO pacTeT ¢ pocToM
HAKOWIEHHOW sHEpruy Pe3OHATOPA

mw” R?
E,= —  TAe w=const.
B ycraHOBHMBIIIEMCS peXHMe aMIUIMTYAA Pe30HATOpa DAaBHA
Rp = QRM

rre () — AOGPOTHOCTEH PE3OHATODA.

ViamMeHeHMe BeMTHIUHKE AMIDIUTYARI HADYIIAET YCIOBHAE DE3CHAHCE —
pe30oHATOP NpM packadxe Hemabesxno ¢yberaer» oT pe3oHaHca (empocka-
KUBaeT» depes Hero — puc. 33.2).

IToaroMy npu packadke PE3OHATOPA CHI'HAJIOM MOCTOAHAON aMniu-
TYAR! YCJAOBHE DE30HAHCA BHINOJHAETCA JWUIL HAMOJOBHHY — TOIBKO
38 CH4ET PABEHCTBA YACTOT CHTHANA ¥ PE30HATOPA. JT0 HENO.JHOUECHHAIH
Pe3oHAHC, «IOJYyPE3OHARCS. '

OTMeTHM OAHO BaXKBOE ABJIEHNE TIPU PACKANKE Pe30HATOPA CUTHAIOM
NOCTOAHHOK aMILTHTYZXH. EciHM 3Ty «nOCTOAHRYIO» aMILIMTYAY CHTEaia

R

Curuaan
Pesonartop

Puc.33.1
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wR

R>T,

Puc. 33.2

H3MERATEH, AMIVIATYAA KoNebauuii pe3onatopa OymeT Talke ycTaHaBIY-
BATHCHA B HOBOM IIQJIOXEeHU ., AMIUIATYAA DE3OHATOPA CIERUT 38 AMILINTY-
Joit curaana. Ha 9ToM ocHOBaHO IIpUMeHEeHUe aMILIHTYIHON MOAYJIAIIMHA
B PafiioCBA3H.

Pacrauka pe3oHaTopa corlaCoBaHHbIM CHTHanoOM

3neck (puc. 33.3) amnanTtyaa curaana K. e¢caegur» 3a yberaromei
aMnIuTYyAOH peaomaTopa R,, obecreuMBad TeM C&MEIM HenpepuIBHOE
BRINOJHEHNE YCIOBHUA pe3oHaHca Vo = %Vq (puc. 33.4). Dro «IIONMHEIN»
Kone0aTensHEIl peaoHaHc. JaMETHM, 9TO KPYTH3HA POCTa AMILIUTYHEI
DPE30HATODA 3ABUCHT M OT-ero JOOPOTHOCTH — AHAJOTa « MACCH! TEAA M. ».
TakuM o6pasom, KoNe6aTeAbHYIO CHCTOMY YCKOPHTD (PACKQYATS) «THCTOS
PE30HAHCHO BO3MOKHO TOJBKO COIJACOBAHHBLIM CHIHAJIOM.

Kax uaBecTHO, UMOynhcHaZT XAPAKTEPHCTHKA KoneGaTeNbHOH cu-
cTeMu! (peaoHaTopa), oOpameHHAd KO BpEMEHW, ABISETEHA COIMACOBAH-
HBIM CHTHAJOM I8 2TOH xonebarensrnod cucremnl. Ilosromy pacxagxa
Pe3oHATOPA COTTIACOBAHHRIM CHTHAJIOM MOJKET ofecreduTs BHIOJHEHUe
YCIOBHA PEIOHAHCA ¢ J060H TpefyeMoil TOYHOCTLIO.

B c¢BA3H ¢ BAXKHON POIBI0 COTVIACOBAHHOTO CHUI'HAJIA B Pe30HAHCHOM
pacKauyuBAHWUM DE3OHATOPA, YTOYHHM (HIMYIECKYIO CYIHOCTH ¢COTIIAco-
BAHHOCTH® CUTHAJA. YBEJIUUYEHHE aMILIMTYAL! PE3CHATOpA NMPU PACKAY-
Ke — 3TO eCTb IepPeXoXHBIH mpouece B pedoHarope. Il HeNpepHIBHOTO

Pe3oHarop

Puc. 33.3
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w R
R,
Rp
we=wy w,
s
“p
R, = Rp

Puc.33.4

BBHINIOJIHEHVSA YCJIOBUS pDe3OHAHCA 3AKOH HM3MEHEHUS CUTHAJa JOJKeH
fLITE COTTACOBAH C 32KOHOM IEPexXOIHOro mpouecca. B 3ToM Bes cyTh
«COTTIACOBAHHOCTU» CHIHaia. Ho nepexoxmnlil mpoluiecc peaoHaTopa ecth
HE YTO MHOE, KAK PEaKumya Pe30oHATOPa RA eAMHMYBRIN ckadox. OTcio-
A8 ¥ clIefyeT «MATEMaTHYECKOe» ONpefelieHye COrJIACOBAHHOTO CUTHANA:
COTTACOBAHHEIH CHTHAJ ecTh 06pameHHas UMOYJILCHAS XAPAKTEPHCTRRA
pesoHaTODA. ‘

§ 34. KonebatenbHbie cHCTEMbI

Buime (§ 8) MBl Buzenu, 4TO cucTeMa ¥U3 ABYX TeJj, COELMHEHHBIX
QYTIPYTOCTbIO», 06pasyer KojebaTedbHYI0 cucTeMy. B Hell onHo Teno
PE30HARCHO IepelaeT CBOKI BHEPTHIO APYyroMy Telly, Nocje Jero sgBJeHue
IIPOUICXOAUT B OOPATHOM NODAAKE.

B nporecce xomre6anusa cUCTeMbl Tel ¢ CAMUMM TeJ1aMW He MPOXCX0o-
JUT HUKAKNYX H3MEHEHUil, X MACCH OCTAKTCA HEM3MEHHEBIMY. AKTHREQ
paBoTRIOT TOABKO CBA3KH, M00 Yepe3 HUX MAET IIePeKavKa SHEePrHll OT Te-
Ja K Teny n obparHo. Yeped CBAZKH MOPOUCXOJUT YCKOPEHHUE OJHOTO
TeJa APYIruM B mporecce xKonebauua cucreMutl. [1osTOoMy pe3oHAHCHBIE
SIBJICHMA B KOJIeOATENBHEIX CHCTEMAX, B KOHEUHOM cieTe, IPOSBAAIOTCS
MMEHHO B BHJIe BO3ZeICTBUSA HA CBAIKH, CO BCEMH BHITEKAIOMIMMH OTCIONA
TIOCJAEACTBHUAMU AJIA BCEH CUCTEMKI.

KoneGarenbunle ccTreMbl MOT'YT COCTOSTE K3 DAIJIHIHONO KOJUIECTBA
TeX U CAAIOK. MUHHMAILHEOE UX ROMHIECTBO — ABA TeNa U OZHA CBA3KA.
9T10 rKoJeGaTe b HAT CHECTEMA C OXHON cTenenslo croboasl. Knacenmgeckum
OPXMEPOM ee€ ABIACTCH MAATHHK.

KoaebareqbHREIE CHCTEMBI CO MEOTWMH CTEIIEHAMH CBOOOIBI IIONYIA-
0TCSA MYTEM COSAUHEHUS HECKONBKUX « MAATHUKORS YIPYTAMU CBASHKANI,
KonugecTro crerreseit cBoGoAbl KoneOaTeILHON CHCTEMEL OIpeieIseTca
KOJNMYECTBOM TAKHX ¢«MAATHUKOB» B CHCTEME.

ATOMEI, 8aTOMHEIE AAPA, MOJEKYJEI, KPHCTANIK, KJIETKH JXWBOTO
ABIAIOTCA KoJleGaTeNbHAIMH CHUCTEMAMM €O MHOIHMM CTEIEeHAMH CBO-
6oae1. BoabyxIeHHEIE, OHY HEKOTODOE BPEMSi MPUIYAIVBO KoJebnmorcs
o 3aKoHaM CcOOGCTBEHHHIX KoJlefaHRii, BHENIHe HANOMHWHAS XAOTHYHEIE
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KonebaHusa 3nI6KOro, Heycroiiuusoro coopyxxeuwns. llo aroii amamorum
Ha30BeM HX ¢3nlGxamus, [{na KosebaTenbHON CUCTEME ¢ OAHOR CTENEHBYO
¢BO0OJBI, C COBCTBEHHRIMH KONEOAHUAMY IT0 3aKOHY cnnyca COXpaHuM
TPAZUIIMOHHOEe HAUMEHOBAHME «OCUIILISATODS .

KoHeTpykuma 3nbku, ecTECTBEHHO, CIOYKHEe KOHCTPYKIVHN OCI LIS
Topa. IlosTOMy M HAGOD BOAMOXMKHEIX BUAOB KOJaebanWil y HUX IIUpe.

Bo-neperix, 3nfxa MoxKeT K0ae6aTBCH IO CUHYCOULATBHOMY 3aKOHY
HA HECKOJBKHX YaCTOTax. JT0O HOpMANLERIe KonebGauus abioku. Koruge-
CTBO Y4CTOT HOPMAJIHHLIX KOJeGAHU PABHO KOIUIECTRY cTeneHed crofo-
JILI BLIOKH.

Bo-BTOpHIX, d6I6KA MOIKET KONe6aThCAd OXHOBPEMEHHO HA BCEX CBOMX
cremedax cBoGOABI. OTo apro Kojebanue 3KOKA (0T (PpaHIy3CKOroO CIAOBA
«apro» — Xapron). Apro xonebauue CI0XKHOe, HECHHYCOUAANLHOE, €D
dopMa (30KOH) ONPEIENHETCH ¢KOHCTPYKIMels 3niGrU. Apro xoinebanue
3HOKH —— 3TO Ee «METPHKA», IT0 KOTOPOH BO3MOXXHO UACHTHQUITIPOBATH
(yaHaBaTh) 3RIGKY.

3uIfka Ha HOPMAJLELIX KOJe6aHHIX K071e6aTheHd MOKET TOJBKG BEI-
myxpeEno. [IpepocraBiaeHHaa camMa cebe anibka Bcerga Kojiebaerct Ha
apro xoneGanmnsx.

§ 35. Pe3oHancHbIe ABeHHA B 3bi0Ke.
HoBbl#t TUN pe3oHaHCa — PE30HAaHC
Ha co6GCFBEHHBIX apro RonebaHunx 3b16RH

IIpu BO3AEfiCTBHM TeHEePATOPA CHHYCOMIANLHLIX KonebaHMil Ha 3RIG-
Ky, OHA HAYHET KoJebaThesl, Konebaruda anIfKU GyayT MPORCXOAUTD MO 34-
KOHY cuBRyca. Ha onpefelleHHbIX 9aCTOTAX AMIUTUTYZAA KoaeOaAuil 3KOKK
6ymer Bo3pacTaTh, xasad nuku xonebammii, OpHaxo, B oTnHMYME OT pe-
30HATOPA, 3TH OHKM HA ONPERCHEHHHIX YACTOTAX He eCTb HpOoABIeHWe
pesoHaHca Ha apro koxebammax 3HIOKH. Apro xonebaHma 3m6KM OT-
HIOZP He CMHYCOMJANbHLIE, & MpPeJCTaBNAIOT coboii xonefaHms CHOXKHOMN
dopmul. TToaroMy 3gech HAGMOXAXOTCH TONHKO PE30OHAHCH IPH HOPMAJL-
HBIX KoneGaruax 3n6xku. CHEYCOMZANBRHEI reHepATOD NPUHELUIINANEHO
He MOMET BO30yAuTh B 3n0Ke ee cobeTreHHOE KoJlebanue, CneaoBaTe IsHO,
¢ OOMOIORIO I'eHEepPaTopa CHHYCOMAJNLHABIX Koaebamuii npuHIUANNAILEHO
HERO3MOXKHO BhI3BAThH PE3OHAHC HPY COGCTBEHHMX KONEGAHMAX 3RIGKH.

Bce criekTphl Kose0aEM# aTOMOB, MOJEKYJ, KJETOK, NONYYEHHBIX
¢NIPOIBOHKOH® FEHEPATOPOM CHHYCOMAANBHBIX KonebaHMi, ecTh cHek-
TPhHI HOPMAJABHBLIX KOJe0AHNH, C PeIOHAHCHMMH IHMHKAMM HOPMAJLARIX
KoneGanmnii.

Ho mcnonp30BaTE MX HENOCPEACTREHHO IJA PACKAYKH apro xouaeba-
HuUit B 3616Ke HEBO3MOJMKHO, NJIS 3TOr0 HEODXOAMM ApPro CUrHA.

Tax e, KAK ¥ PE30HATOD, 3hIOKY BOSMOMKHO DACKAYMBATL B JBYX
peKUMAX: apro CUTHAJOM C HOCTOAHHOM AMIIIHMTYZOHW M COITIaCOBAHHBIM
apro curianom (puec. 35.1 u 35.2),
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Puc. 35.1

Puc. 35.2

Tak axe, Kak J;15 pe30HATODPA, PACKAYKA APT0 CUTHAIIOM € IIOCTOSHHOHR
AMIUINTYXON O0ECNeYHBAET TONLKO ¢IOJIYDPE30OHAHCY.

Tax e, KaK ANA DE3CHATOPA, PACKAZATH IHIOKY PE3OHAHCHO BO3-
MOJKHO TOJIBKO COTJIACOBAHHBIM APrO CHIHAJIOM.

Tak e, Kak ¥ AJIA Pe3OHATOPR, PE3OHAHCHOE BKAUNBAHUE SHEPIrAH
B 3bI6KY COrZIACORAHHRIM APTO CHUTHAJIOM NPOMCXOAUT TOJLKO MOPKUAMU
OHEPruH — <«KBaHTaAMNY.

Pesonanc npu apro xosebaunax 3bi6KM IPHANUIVANILHO OTIANIALT-
CAl OT Pe30HAHCA HA HOPMAJBHAIX KOJeGAHHAX IIO CBOEMY BO3JedcTBUIO
Ha «CHJI0BYI0 KOHCTPYKIUIO* 3HIOKH. HopMansHbe Kose6aHNS He manpH-
ralT CBA3KK MEXJY COCTABHBIMU YACTSAMH 3BIOKU — «MASTHHUKAMU» , KGO
B OGOJILIIMHCTBE CIIyYaeB BCE OHM BhRIHYXACHHO K0Je6JIOTCA CHHXPOHHO,
KaK OXHO LeJI0€, II0 OAHOMY OBINeMY 3aKOHY cuHyca. B oranume or atoro,
NpH Pe30HAHCE HA apro KojJebaHUMX Operkje BCero HANPAraloTca NMeHHO
CBAJKM MEXTY «MaATHUKAMu», HO0 apro xKone6aHuMsA eCcTh KoyebaHusg
MEeXAY <¢«MaATHAKaMH», ofMeH KoJeGaTeJlbHON sHepruell Mexny <Na-
ATHAKaMu», [[09TOMY NONKTKW DPACKAYETH,
HAIpPUMeD, KIETKH KUBOTO CHHYCOUKATEHEIM
reHepaTopoM (B JaCTHOCTH, J143eépOM), B ma-
BECTHOM CTENEHH, HANBHAI,

Ha puc. 35.3 npusegena 3nbka, cocros-
IOasg U3 ABYX OJWHAKOBBIX «MAaSITHUKOB», CO-
eAMHEeHHKIX C¢BH3KON. YacToTH coGCTBEeHHLIX
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2 MAsSTHUK
Puc.35.4 Puc.35.5

KOJeBaHUH «MAATHUKOB», ECTECTBEHHO, OQUHAKOBLI M PaBHL fo. SAKOH
coOcTBEeHHBIX KoJe6anMil 3mbku mpuBegeH Ha puc. 35.4. Mexzay aBy-
Ms ¢MaATHUKAMM» UAeT 0OMeH KoJaefATelbHOH 3Heprmel gepes CBA3KY.
CoexTp cobcTBeHHBIX koaebaRuil 3pI6KM, cOOTBETCTBYIOMKH 3akoRy co6-
CTBeHHAIX KoJaebanmni, npneegeH Ha puc. 35.5.

CorsacHO CHeKTpY, CHSTOMY CIEKTDO2HAJIU3ATODOM, ZUIH " packaq-
KK MOJEKYJBl BOXOpOZa HEOOXOAWMO NMOJATHL CUHYCOMAANLHLIM CHUTHAI
¢ uacroroit fy, mum f,. Ho B 3nIGKe BOBCE HET DIEMEHTOB ¢ TAKMMM Ha-
C¢TOTAMH cob6cTBeHHBIX Kostebanuii. Cob6cTBeHHRIe YACTOTR! ¢ MAATHUKOB»
He PaBHH fz U fp, a UMEIT COBceM APYry:mo uactoTy fo. CoGcTBeHHRIE
9A8CTOTRI ¢MaATHHKOB» PABHH fo, U Ha BTHX YACTOTAX UX MOXKHO pac-
kadgath. Ho 3TOif WacCTOTHI KAk pA3 M HET R CIEKTDe, CJIEIOBATENBHO,
OHH H He OyIyT pacKadHBAThCA. 3R6KA HALEIKHO 3AINUIIEHA OT BMeIa-
TEALCTBA B €e KoJsebarTennHyw cucremy. Ilpm nogade CUHYCOMAAJILHOIO
curnana fp; Ha aeI6Ky BCA 3HOKA, KAR IeJoe, OyXeT KadaThes IO CHHY-
couze, oba ee sMaATHMKA» OyIyT KAIaTbCA CHMHXPOHHO. ClegoBaTe bHO,
CBH3Ka INOGKM OCTAHETCS B HENPHKOCHOBEHHOCTW IPY 10603 MOIHOCTH
reHepaTopa. Jo6paTecs A0 CBA3KM 3LIGKW, NPOHMKHYTH BrAy6h 3BIOKM
BO3MOJKHO, TONBKO 3ACTABUE e KOae6ATHCA 0 3aKOHMY CODCTBEHHEIX KO-
nebaHui, IpU KOTOPHIX XMMMUYECKAS CBA3KE BHIOKH aKTHBHO paGoraer.
B 3TOM YHMKAJNBHOCTE IPEAJATAEMOro HAMA DE3OHAHCA HA COOCTBEHHKIX
KOJEDaHUAX ILIGKU.

Celluac xuMHTeckue peaxnuy (PAa3PHIBAEI WJIH COSEXAHEHHS XUMU-
9eCKUX CBA3EH) OCYHMIECTBJHAIOTCA HYTEM DOCTYI&TEeNBHOTO0 YCKOPEeHUSA
MOJIEKYJ ¥ ATOMOB «TeImaoTofi». PesoHaHC HA cOOCTBEHHRIX KOJeGARMAX
C IOMOINBI0 SIEeKTPOMATHUTHRIX BOJH [TOZEOJIAET BO3AEHCTBOBATE HA XM-
MUYECKNEe CBA3HN B THICAUM pa3 acddexTHBHee, «CTePHALHO» U CTPOTO
nabupaTensHo. Takoll «XMMHYeCKHA» PE30HAHC TO3BOASAET BECTH XAMM-
YeCKUe DEaKUMM, HeXOCTYIHEIEC TPAXVIIMOHHOMY «TEILIOBOMY#® crocoly,
160 3lech JerKo LOCTHKUMEI OPOMHEIE SKEABAJICHTHEIE « TEMIEPATYDEHI»
M ¢IABJICHUA».

DusAYeCKoil OCHOBOM 3THX TeXHOJOrMYecKHX BO3MOMKHOCTEA HBIS-
€TCH TPEAIATAEMOe HAMY DE30HAHCHOE BO3AEHCTBHE HA CIOKHLIe Koyeda-
TeJbHhIEe CHCTEMEI HA WX 8pro Koae(aHHAX. JTO HOBOe, cnenudHIecKoe
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AAA Koje6aTeNbHRX CUCTEM CO MHOTMMHM CTENEHAMM CBOBOAR! MONIHOE
¥ MaGHpaTeJIbHOEe Pe3OHAHCHOE BO3JEiCTBUE COTNACOBANNAIM apro CHIHA-
aoM. B peaysnsTare 3TOr0 HAZEKHO PEINAIOTCS ABe HEMEHEPHELIEC 3aTAUM:

L

IL

Pacxauusaemaa konefaTensHasT cucTeMa (aTOM, MOJEKYTa, KpH-
CTaLI, KJEeTKA) OKAZKIBAETCH COTJIACOBANHON HATPYaKoil XJid reHEpA-
TOP& CAOMKHEIX KoJebanuii. B peaysikTare B Harpysky BKAUMBAIOTCH
Bce 100 mpouesTOB SHEPIIM IreHepaTopa BMECTO JoJdeli MPONeATa Py
pacKayKe HECOINACOBAHHOI IIMPOKONONACHOR HATDYIKH y3KOmOROC-
HHIM (CHHyCcOUJANbHEIM) reneparopoM., Kak u3BecTHO H3 TeopuM
Koaebanuii, Bo3jeicTBHE Y3KOMOJIOCHOIO (CHEYCORAAIRHOIO) reHepa-
TOpA HA 3I6KY BO CTOJLKO PA3 MEHKINE, CKOIBKO CTemeHeH CBOGOIR
y 3HGKY, IpU TOI e MOIIHOCTH reHeparopa. [loaToMmy npu packauke
3nfBKK OpefnaraeMeulit «APro pe3oEAHC» B COTHM ¥ TRICAYX pa3 ad-
deKTUBHee 06IEU3BECTHOINO ¢HOPMAAbLROrO peaoHanca». OTmernM,
9T0 B ITMPOKOTONOCHOM PASMOTEXHUKE T8 BeIWdMHA FZOCTHTAET fe-
CATKOB THICAY U ofecieuHBaeT IPAKTUICCKH ITOJHOE «HEpPACKATMBA-
HMe 3u6Ku» — 06ecneqnBaeT MOMEXOYCTONYMBOCTL IIMPOKQIIOJIOC-
HOrO NPHEMHHKA K CHHYCOMTANRHEIM pefHAMEDSHHERIM IOMEXAM.

IIpu packauke cMecH pasiNYHEIX KONeGaTeNLHRIX CHCTEM B «CBOIO»
Kon1e6aTeNbHEYI0 CHCTEMY BKAYAETCA 3HEPrHMY B COTHH pas Goabmoie,
YeM B ¢UYRYIO», U60 edyxads KoNebaTelbHAS CHCTeMAa OKA3BLIBA-
€TCA HeCOTZIACOBAHNOI ¢ TEHEPATOPOM H OTPAIHT OOPATHO IHEPrmIO
remepaTropa. Pacrauke CI0XHBIX KOIe6aTebHLIX CHCTEM HAET CTPO-
ro u3buparensHo. A CpaBReHHA, eClIN 6H cMeCh KonebarenbHLIX
CHCTEM DACKAYMBANACh MOHOX PDOMATUYHRIM FreHePATOPOM (HAIPHMED,
JBAa THIA KJETOK OJHOBpeMeHHO ofayJalorcs JasepoM ¢ ogHoM wa-
croroif), To ofia THNA KJIETOK, MMEIOIINE MUPOKKE CIEKTPAI YACTOT
LOTJIOIeHM A, 3aXBATHIM Ghl IIPaKTUIECKY OAHHAKOBO MU3EpHOe KO-
JINTeCTBO HHEPTHYU, COOTBETCTBYIOLIEE OAROM eMUHCTBEHHON JacToTe
HOOIVIOIIEHNA B X cnerc'x'pax.

MoinHile pe3oHAHCHBIe KOMeDanna CIOCODHE HATDETh H PASPYIIHTL

ATOMBI, MOJNIEKYJIKI, KPUCTAJIB, KIeTKU. Hanporus, rogpeiicTrya curea-
JI0M ¢yMeDEHHOM MONTHOCTH®, BUAWMO, BOZMOKHO CTHMYJIMPOBATH POCT
KPHCTAJIIOB (HaumpuMep, BRIPACTHTE A7IMA3 DASMEPOM C IPemxuii opex).

§ 36. Onpeaenenne 3arona
cob6cTBeHHBIX RONE6aHMBA cHcTEM
CO MHOI'HMH CTeneHsAMM cBo6oapl

Jast Toro, uToGH MOAYIUTH Pe30HAHC SKIOKM DPU COOCTBEHHEBIX KO-

nebaHnAX, Ha 3LIOKY HEOOXOAMMO LHOAABATH HECHHYCOHAAJNLHEIA CHIHAI,
WIEHTUYIHRIN coOCTBeRHBIM KoJdebanmsam 3mbkxu. Hasosem 2TOT curHan
«apros» (0T GPAEnY3CKOro CAOBA «aApPros — JKAPIoH).
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JnAa BRIpaGOTKM apro (reHepalui apro), eCTeCTReHHO, HeohXognMo
3HATH 3aKOH cOGCTBEHEOrO KonebaHusg 3r6KE — apro sMb6KH.

Pasinunnie BOAMOMCHBIE CTOCOOH HAXOMXJEHNSA apro 3KI6KH CBOLAATCH,
B CYIJHOCTY, K ABYM GMYEAAMEHTAJILHKIM METOXAM.

ITeprriit MeTOx — yAapHOe BO30YyKAEHKE APIO KOPOTKUM UMITYTLECOM,
HOJIyYEHUE 3aK0HA 2Pro BO BPEMEHHOU 06J1acTH.

Bropoii MeTox — <Mp0o3BOHKA® 3LIOKHM CHHYCOUNAJILHAIM TeHepaTo-
POM — CHSITME €I'0 CIIEKTDA BRIHYMAEHHRIX KoleGaHuil, NoNTyueHNe apro
B 4aCTOTHO¥ 06JacTu.

06a MeTOoZa NO3BOJIAIOT PDEKOHCTPYHPOBATE 34KOH APro 3KIGKHU C JI0-
6BIM KOJIMIECTBOM CTEIIeHE cBOGOARI.

§ 37. Cnoco6b1 popMHpoOBanHA (reHepauuHn) apro
|

Temeparop apro GyaemM HAZKIBATE APTOTPOHOM.

Hu3KouacTOTHOE apro BO3MOXKHO (hODMUPOBATH BO BPEMEHHOHN 06-
JOCTH C IIOMOLLIO BLIYHCHUTENBLHOR TEXHHMKH. AMILJINTYIHO-YaCTOTHLI
u Ha309aCTOTHLRIA COEKTP CUI'HAJA TAKOrO APrOTPOHA MOXKET ObITb II0ay-
THeH ¢ JI000H TOTHOCTHIO.

BricokouacTOTHEE APro B ZUAIIA30HE PAJMOBOJH BO3ZMOKHO (POpMU-
POBATE M3 CRHYCOWIAIHLHOTO KOJE0aHHA, MONYINPYS €ro IO AMILIUTYHE
uny no ase Mo ONpegeIeHHOMY 33KOHY (Koxy). TouHOCTE AMIMMTYA-
HO-9ACTOTHOr0 U (PAIOUACTOTHOI'O CIEKTDPA CUTHAJNA TAKOTO 4ProTPOHA
OmpeJesseTca 3aKOHOM MOAYAMDYIOINe#l (GyHKIUM, TOTHOCTHI0 MOAY-
JAATOPA.

BricokouacToTHOE APro B JMANA30HE CBETOBEIX BOJH BO3MOXKHO $op-
MUDOBATE (CHHTE3HPOBATEL) U3 HECKOJBKMX CHHYCOMJANLHLIX KOJMeDaHmi
JN43EPOB. AMIINTYZHO-YACTOTHHIR CHEKTD 3JecCh MOXKeT ORITE HONYIEH
¢ ao6oit Tournocthio. Ho $a309acTOTHLIE CHEKTp 3[4€Ch HEYIPABIAEM.
IToaToMy HeoGxoxuMoe apro fyAeT reHepHpPOBATLCA TOMLKO B IIEPHOTH-
9ecKHe OTPe3KU BpeMenu. B ocransHOoe BpeMd 3hIOKa OyjeT Konebarnest
BREIHY)KJEHHO, IO «SY>KOMY» Apro.

HakoHenm, aproTpoH MoskeT GHITh HOCTPOEH C UCIOIb30BAHMEM TAa-
Kol me HATYpaJlbHOH 3BIOKH, XIS PACKAYKM KOTOPHIX OpeJHA3HAYEH
JAaHHLIA aproTpoH. B aTOM ciyuae ZOCTUTraeTCa MAKCHMAJILHAA TOYHOCTH
(MAEHTUYHOCTE) apro aproTpoHa M 3n6KH,

B kauecrse 3MOKH aproTpoHA B AHATIA30HE CBETOBRIX BOJH MOTYT
OBITH HCIIOJB30BAHEI ATOMHN U MOMEK YL . Takie renepaTopsl CYyINECTBYIOT,
3T0 Ma3epH. B HUX ¢ IToMoInsio pesoHaTopa Pabpu—Ilepo NCKYCCTEBEHHO
MOASBAAIOTCA BCe KOMIIOHEHTHI CIOEKTpa, KpoMe oaHoi. B peayanTare,
CMTHAJ ja3depa CTAHOBUTCA MOHOXDOMATHYHRIM, CHMHYCOMZAATBHRIM. Co-
XPAHVB BCe KOMIIOHEHTRI CIIEKTDa, IIONYYAEM aproTpoH — «benlil nazeps»
(apronasep).
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§ 38. PezonancHoe BO30OymaeHHe aToMa.
Moaens aromMa. KBaHTOBbBIH pe3oHaHC.
Kann6posanHbiili HYMIyabC

Jna paccMoTpeHus SBIeHU B30y 1k aeHns aTroMa (BKAUNBAHNS dHED-
THU) ¥ USJYUYEHHA aTOMA (3aXBATA €I'0 DHEPIHM), KOCTATOYHO MMETH MO-
Ieab aroMa {BOAOpOAA) B Buje poTaropa ¢ ycaoBuem Ilnanka (§ 24),
AMEIOLIET0 0CO0BEe COCTOAHUA ¢ (PUKCHPOBAHHAIMU JACTOTAMM BDAITIEHUSA
(3Ead9eHUsAMM BpamaTenbHol asHeprun Ey) (puc. 38.1).

SHeprusa poraTopa
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PUKCHPOBAHHEIC 3HAYEHUHA W, OMPEAEIAIONIHE (DUKCUPOBAHHEIE CO-
CTOAHHUSI ATOMA ¢ (PMKCHPOBAHHAIMHM IHAYEHUAMY BPaNIATEIBHOH JHEp-
THH, CHEAYIOT U3 KOHKDETHOH KOHCTpYKnum atoma (§ 25). as pac-
CMOTPEHHS ABIEHUA BO3GYKJEHUA aTOMa OHHU He CYIIECTBEHHBL W 3€Ch
HE PACCMATPUBAIOTCA.

PaccMoTpHM fBSieHMEe BKaYHBAHUSA SHEPIUY B aTOM. ATOM-DOTAaTOD
BO3MOXXHO DACKPYTHTH YCTPOMCTROM, MOJOGHEIM CHHXPOHHOMY 3JE€KTPO-
JBUT'AaTENIO, I'ie POTOPOM ABJIAETCA caM aToM (puc. 38.2).

OT BKaYUBAHHA JHEPrHH ATOM OYIET YCKODATHCA — YBEINYH-
BATH 9ACTOTY CBOETO BpAllleHMA Wp. IlosTOMY AAs COXpaHEHWA YCIOBUSA
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Puc. 38.2 Pnec.38.3
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pe30HAHCA HeoOXOANMO YBEINUNBATE M YACTOTY INEKTPUIECKON CHIIKI W,
(puc. 38.3). To ecTs, yCKOpSHOLIaA CWIA AOMKHA OLITh COMIACOBAHHOM
¢ yberaromeii uacroroi. Kax sugnM, ABIeHNe PACKPYTKH aTOMa B o6meM
AHAJIOTMIHO SABJIEHHIO PacKadKu pesoHarTopa. Ho B gBNEHUM pacKpyT-
KU KBAHTOBOTI'O yCTpOﬁCTB& — ATOMa — €CTh ABA CYIIeCTBEHHO HOBhIX
ormnansa. PaccmorpumM nx. .

ITepBoe. PeaoEaTOp MMeeT ABa napame'rpa ABIOKeHNA — 4YacToTy Wwp
u ammnryny R, . ITosTomy pesorarop Guio BO3MOXHO packayaTh Ha 9a-
CTOTe Wy, MrHOPUDYA AMIJIUTYAY R, (¢1monypeaosanc»). AToM-poraTop
HMeeT TOJXBKO OAMH €CTeCTBReHHEIH rnapaMeTp ABHKEHHHA — YACTOTY wp.
CieqoBaTesHO, ATOM MOMET PACKPYTHTHCA TOJBKO DE30HAHCHO, HJIM OH
He packpyunsaerca Boobme. «Ilonypesorarca» 3gech GHITH He MOXKET.

Bropoe. CoriacoBaHHRIM CHTHAJNIGM ANA PE3OHATOpA GHIJ OTKINK pe-
30HATOpPA HA eAMHUWIHLIN CKagoK. Ho eefuHm4HEII» BOBCE HE O3HAYAET
«20CONMOTHEI» — abCONMIOTHAA BeNHYVWHA eJUHUYHOTO CUTHAJA MOJKer
6LITE 1060, CRENOBATEJIBHO, U AMINUTYAA COTAACOBAHHOIO € pe3oHa-
TOPOM cHTHANa Morna 6eITH moboit abGconroraol BeawauHoit. B oramune
OT BTOI'0, ATOM MOMET HAXOAUTHCA B COCTOAHMAX TOJLKO ¢ AGCOIIOTHEI-
MM AHMCKDPETHHRIME YpOBHAMU SHeprum. [loaToMy M eIUHWYHBI# CKATOK
aroMa wMeeT TOARKO abcomorHOe 3maueHue, CregosaresbBO, M PACKa-
TMBAIOINMICA KBAHT SHEPIrUH XOIKEH MMETh He TOJbKO JHCKDETHOE,
HO U a6comroTHOE JHAYEHNE.

CorsiacoBanHasi yCKOpPSIONas CHJIA I8 PacKpPYTKH aTOMa JOJKHA
61:1'[‘1: He TOJbKO COIJIaCOBAHA C 3AKOHOM HM3MEHEHMUS JACTOThI BpAIOEHUS
poratopa (c 3aKOHOM LEPEXOABOr0 IMPOIIECCA aTOMA), HO U A0MKHA UMETH
CTPOTO ONpEJieIeAHce KOJMYECTEO BHEPIHMHM — KBAHT AHEPTUH XONKEH
ObITh KATMGPORAHHEIM.

Takum ob6pasom, Tak e, KAK B pe30HATOpPe, BKAUMBAEMAS 3HEPIUdA
B aTOM IIPUXOAHT BCErja TOJBKO HOPHMAMM — KBAHTAMH. Bxaquna.ﬂne
SHEPrMH B ATOM HEOrDAHWYEHHO HOJIr0, He KBAHTAMH — HEBO3MOM-
Ho. Ho TpefoBanua K caMOMy KBaHTY SHePTrHHM 37eCh HOJNee »KecTKoe,
KBAHT JOJKeH OLITh enle H KAMROPOBAHHBIM. DTO «HACTOAIUiIi» KBaH-
TOBRIM PE30HAHC, NPDUCYIMH TOJBKO MHKDOMHUDY, THE AEHCTBYET «yCIO0-
sue Ilnankas.

PacemorprM napamMeTpsl KATHGPOBAHHOIO KBaHTa sueprun. (g ato-
T'0 BOCIIONb3yeMcAa 3akoHoM Kupxrodha—ByHaeHa: aToM mornonjaer KBaHT
BNEeKTPOMATHUTHON 3HEPrHH B TOUHOCTU TAKOH, KAKOW OH UIIYIAET CAM.

DIeKTPOMATHUTHOE H3Ny4YeHUe BO30YKAEHHOro ATOMA XOpOIuo H3y-
geno. UMeroTes Tounnte 1 nonHste guarpaMmel I'porpuana fis 6oabiaus-
CTBA ATOMOB M MOJICKYJI. HOSTOMY IO CIIEKTPY HM3ITy9IaE€MOro KBaHTA BO3-
MOXXHO HOCTPOHTB IpUEeMJIEMYIO MOZAENE NMOIrJIoImAeMoro ATOMOM KBAHTA
SHEPI'MH ~— MOJEeNEh KAJAnGPORAHHOrO COTIACOBAHHAOrO AMIIYILCA SHEPrUyU
BAA BO3OYKICHMA ATOMA.

B cocrosaufax ¢ PUKCHPOBAHHLIMM YACTOTAMM BPAIIEHWA POTATOD-
ATOM 9JIEKTPOMATHUTHYIO SHEPIWIO HE M3NydaeT. B nmepexoZHOM npormecce
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TNIPONCXOAUT TOPMOXKeHUe DPOTaTOpa 3dupom, oTyero B adupe BOZHUKA-
eT 3JNEKTPOMATrHATHOE BO3MYIIEHHE — ITPDOMCXOAMT MINYICHHE ATOMOM
3JIeKTPOMAarHUTHOH 3HEPTUH.

ClexTp H3JIYy4aeMEIX ATOMOM JacTOT OOGRIYHO DA3GHT HB <¢CepUM».
IOna aroma sozopopa 3to cepus JlaliMana (yaprpaduoserosast), cepus
Bansmepa (Bupumasn), cepus Ilamena (Mu¢ppakpacHas), cepus Bpexera
(undpakpacran), cepna Ipynza (uappaxpacHan).

Kakx waBecTHO, IPW3HAK, 110 KOTOPOMY YacTOTHI CrekKTpa obbepu-
HSIOTCHA B CEpPHIO, OueHb mpocT. Bee OTAenbHEIE YACTOTH! ONHOM cepun
TIOABIAIOTCH B COCTABE U3JIyYeHHs! TOJNBKO ogHOBpeMenmo (3axkoH Kop-
CYHCKOT0).

Ecnn B0o36ysKIeHUA aTOMA HEAOCTATOYHO, YACTOT COOTBETCTBYHOmEH
CEpUM COBePINeRHO HET; eclK SHeprus Boaby:aeHus 60ibme HEKOTOPOro
TPABUYHOrO 3HAYEHMs, TO BCe YACTOTH CcepuU HoAsasiores cpasy [6]. Or-
clofa HeMeJTeHHO cieyeT BLIBOA, YTO CePHsA eCTh He YTO HHOe, KaK CIeKTDP
HAJTYYEEMOr0 ATOMOM 3JEKTPOMATHUTHOIO KANHODOBAHIOr0 HMIYAhLCA,
ofpasdoBaBmerocs 0T KanuGPOBAHHOIO NMEPEeXOJHOIO IIPOLECC’ B ATOME.

TakumM o6pasom, HEAIPAMeED, ATOM BOAODOZA MOXKET M3NYy4YATh IIECTh
PASTMYHEIX HE3ABHCUMAIX 3M€KTPOMATHUTHHNX KAANGPOBAHHKNX WMIYJb-
coB: Jlalimaua, BamomMepa, [Taniera, Bpekera, Ilpyuaa, nMelommx Rax-
ARl CROI COEKTP 9acTOT.

YacToTaMi CNEKTPOB («JIHHUIM») aTHX KATUOPOBAHHLIX MMIIYJIbLCOB
SABJIAIOTCH «4acToThl» KBaHTa IIMaEKa

B nanyuenuy oHu peaysHo (QU3NYUecKH), KOHEYHO, He CYIIECTBYIOT, DTO
TONBKO ATPUGYTH «CIEKTPATLHOIO ONMVCAHNAS KATUGPOBAHHBEIX MMIIYNh-
COB B YaCTOTHOH 06J1aCTH.

3aMeTHM, 9TO B MOZenM aToMa Dbopa KBaHTw IlnaHka cymecTBy-
10T «CAMOCTOSATENLHOS B DABAEABHO, COBMECTHO C «CAMOCTOATEIbLHAIMM »
JACTOTAMU M3JNydeHUS ATOMA, ITO HECOBMECTHMO C <«3AKOHOM CepUH»
KopcyHCcKoro.

Hailimem sHeprmo KaiMO6pPOBAHHOLO MMITYJbCA. JHEPrusT OGHOM ua-
CTOTHI CHEKTPA UMOYJIBCA PABHA 3HEDPruH ofHoro KpanTa [Inanka

Eq = hf.

OTCIOfA DHEPrMs UMIYNLCA TPOCTO PABHA UX CYMMeE

E,=_ Ea.

Onpeaenrm GopMy KaanGpoBAHHONO BHMNy.asca. CHEKTDP HMNyJbca
eCTh «ONHNCAHUE MMOyAbca» B yacToTHON obiacru. [loaToMy, mpocyMMu-
POBAB CMHYCOHJBILHEIE COCTABIAIOINUE CUEKTPA, ¢ YIETOM BENUIUH MX
aMaauTyn U ¢as, HaxoauMm dopMy KaTUGPOBAHHOTO HWMINYJbLCA BO Bpe-
MeHHoit o6nacTu,
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BenuanHAa AMINMTYARL ¢9ACTOTHI» (4JIHHMH») CUHYCOUAANBHOU CO-
cTaBasgomed CIeKTpa UMIYJAbCA HAXOAVUTCA U3 YpaBHEHWUSA IOCTOSHHON
ILlraexa

h=2rmRVo, Vo—wR, w=2rf, h=4r"mfR?

R=

R
-

OmybankosanHkie $ha3ouacTOTHBIE CIEKTPH U3JIYJYCHNH ATOMOB U MO~
NIeKyJ 8BTOPY HEU3BECTHEI,

Taxum o6pasoM, MO COEHTPY UBJIYICHUS ATOMA Mbl HAIINIM YHEPrHIO
u GOpMy HANYyYaEeMOro ATOMOM KANHOPOBAHHOrO uMnyiasca. OueBMAHO,
9TO UCKOMBIE NAPAMETPH! KAJTNGPOBAHAOIO COTVIACOBAHHOTO ANEKTPOMAT-
HHTHOTO MMIYyJAhca JA PE30OHAHCHOIrO BOGGY}K}IGHHH aToM& B TOYHOCTU
COBIIAJAIOT ¢ HaileHHRIMU [1apaMeTPAMU U3IYYaeMOro ATOMOM MMITYJIBCA.

KBanToBLI# pe30HAHC OTKPHIBACT BOSMOXMKHOCTH AJIH MOLIHOIO M M3-
OmparessHOro pe3OHAHCHOrO BO3AEVMCTBUA HA ATOMBI H MOJIEKYJEHI, He-
JOCTYIHRIE AN TPAAMUIIMOHHEIX «TEIIJIOBRIX®» XUMWYIECKUX BOSAEHCTBHI,
NPUAAIOT, TEM CAMBIM, «BTODPO€ AEIXAHNE» XHMHUM.

§ 39. DrRcnepuMeHTaNbHAs NPOBEpPKaA
NPHHLIHIIOB B3aHMOAECHCTBUA Te

Jlast sRCepUMEHTAIBHOM NPOBEPKN MPURIINIIOB B3aUMOAEACTBHA Tl
OBIJI HBTOTOBJEH BJIEKTPOMeXaHNdecKUil MakeT (puc. 39.1).

Ha 3TOM MaKeTe HCCiaes0BAHA HBO3MOJKHOCTH DellleHMs HauboJee
CJNIOOKHOM 3a7a4Yd U3 MepedHCAeHHBIX BO BREJEHHH — Pe30HAHCHOE BO3-
ZelicTBHe HA CIOZKHEIC CTPYKTYDHI.

MaxeT cOCTOMT H3 reHepaTopa HEeCHHYCOMAANBHBLIX Kojebanumit (ap-
TOTPOHA) ¥ HECHHYCOMJAIRHOTO PE3OHATOPA (3BIOKM).

CoszaBaTh pe30HAHCHOE BO3AEHCTBHE HA CIOKHBIE CTPYKTYDH A0 CHX
nop He yxapanoch., IIpuymHO# >TOTO ABNAETCA CYIECTBEHHOE OTAHYME
GOpMEI COOCTBEHHBIX KOJNEGAHUI CIIOMHRIX CTPYKTYDP OT CHHYCOMARL. Ec-
TH I8 CHHYCOMAAJALHEIX DE30HATOPOB PAIPAGOTAHK IIOJHHE M TOYHHIE

CuHTC3aTOp —

TEHEPATOP apro

1

Apro-pe3oHaTop
Pue. 39.1
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——
t

Puc. 39.2

METOALl DE3OHAHCHOTO BO3ACHCTRHUA, TO AJA CKOMEBIX CTPYKTYP OHH
OTCYTCTBYIOT.

B macTosimiell paboTe HECHHYCOMXANBLEOE CAOKHOE KoJdeOaHHe Teaa
PACCMATDUBAETCA KAK ABHKCHHE TeJIa ¢ NepeMeHBol CKOPOCTRIO MO JIX0-
GoMy 3aJaHHEOMY 3aKOHY. B 3TOM ciydae [JA PesOHAHCHOTO BKAYMBAHUS
3HEepruy B TEJIO0 HEOOXOIMMO JTHINE BRITIOIHATSL YCIAORHA MMHEHHOrO pe3o-
HAHCa HA BCeX YACTHEIX YJACTKAX KONeGaHMs, He NHTEPECYACH 3aKOHOM
BCEro meprojia CAOMKHOIo Konefauua Kax takoporo. Iloaromy ucenenosa-
HIE HA PACCMATPUBAEMOM MaKeTe NPnobpeTaeT YHUREPCANILERIA XapaKTeD
NS pACCMAaTDUBAeMhIX IPUHITAITOB,

Apro-xonefaHUs B MaKeTe CO3LAKOTCHA CUHTE3ATOPOM — I'€HEDATO-
poM apro.

3axoH ux Koyebannit

sin Fcos f = %[sin(F — f) +s8in(F +f)].

Ha puc. 39.2 npuBeaeHa ocrujIorpaMma 3TOro apro, a Ha puc, 39.3 ero
TACTOTHEI CIIEKTP.

Apro-kKone6aHns ¢ reHepaTopa HOJAIOTCS HA 3JIEKTPOMOTOP IOCTO-
SAHHOTO TOKA APro-pescHATOpPA, COOPAHHOrO M3 ABYX CHHYCOMIANBHRX
MafTHUKOB.

B MakeTe peanusyeTcd HBIOTOHOBCKMI{ THN B3amMogeldCTBHA, TJe
«TeNOM» SIBIIAETCS MASATHHK ApPro-pe3oHATOPA, 8 «9ACTHIEH» — 3apamnl
3JIeKTPHYECTBA (IJEeKTPUUYECKHH TOK ), BAaVMOAEHCTRYIOIIKE C MAATENKOM
gepes 3JIEeKTPOMOTOD ¥ PEAVKTOP. 1A o F

B monHOM COOTBETCTBHH C 3a- f-F
KOHOMEPHOCTAMY 3TOTO THIA B3aw-
MOJgeCTBIA MA&STHUK DACKAUMBAET-
¢Sl TIOCTENeHHO, <¢IIPeofoeBass HHeD-
nmio» . IIpu gocTmixeHIN yesI0BUS pe-
sonanca V; = 0,6V, amnauryza pe-
goHaropa Makcumanbea. Peaomarop, 0
KAK [IOJIAraeTcsl, HAUWHAET DACKATH- F
BATHLCH U3 COCTOSTHM A IOJIHOI'O TOKOM. e~ f —-
Ilpy zocTmikeHMH AMILIATYIO0H KO-

Je6aHU# pe3oHATOpa BEJIMIHHLI aM- Puc. 33.3
ILTATYARI KOJebauuil regepaTropd NanbHelliee yBeAMTIEHWE AMILTATYRE!
ronebGanuil pesoraropa npexpamaerca, u6o npa V, =V, Z, = 0.

<)
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.-

AproTpoH Ocumanorpad
Puc.39.4

TIpu momaue Ha Pe3OHATOP APYTOTO AProO Pe3OHATOP HEe DACKAYHMBA-
eTcA, HeCMOTPA Ha MOJHYI0 aMIUINTYAY apro-reHepaTopa, ubo ycioBHE
pesoHadca 3fgecs HapymmeHo. He packaumsaeTca apro-pesoHATOpP M IIPH
nojfade Ha HETO CUHYCOMAAJBHOrO KojebaHus — JJid HEero CHHYCOHJA
€CTE TAKIKE Yy KOe apro.

H36upaTentHOCTDb apro-pe3oHATOpA OIIPeesIfeTCA ero z:oﬁpo'moc'rmo,
B MaKeTe oHA paBHa 50.

HccneIOBaHIS MAKETA [IOKASANM, YTO, UCIOAB3Y A NPUHIAIIEL B3AMMO-
He#CTBUS, PEBOHAHCHOS BO3JEHCTBHE HA CIOXKHEIE CTDYKTYPhI BOZMOKHO,

Jnsa 6onee peTanbHOI SKCIEPAMEHTAIbHON NDOBEDKM NPHHIMANOB
B3AMMOAEHUCTBHA TEA, OLLI TAX K€ U3rOTOBJICH PASUOTEeXHUIeCKUNA MaKeT
(puc. 39.4). Apro-peaoHaTtopom (3nI6Ko0il) 3fech SBNAETCA CHOXKHAK KO-
NebaTesIHAR CHCTEMA C ABYM#A cTeNeHaMp cBODOLKI, cobpanHaA U3 ABYX
OIUHAKOBERIX cBa3aHHbIX LC ronTypos. O6a KOHTYpa HACTPOEHEI HA ONHY
gacrory f = 100 MIn (puc. 39.3). Yactorm f — F = 80 MI'n (nepsas
vacToTa HOpPMaJbHOro Konebammsa awbku). Yacrorel f + F = 120 MI'n
{BTOPASA TACTOTA HOPMAMABHOTO KoJjebanmsa 3RI0KM).

Pe3yabTarsl UCCHEAOBAHMA PAAVOTEXHUUECKOTO MAKETA IIOJTHOCTLIO
UAEHTHYHEl PE3YJLTATAM MCCISLOBAHMA MexasHWdIecKoro maxera. Oxna-
Ko, Guaromapsi BhICOKOH XOGpPOTHOCTH DATUHOTEXBHUYECKOIo pe3oHaropa,
BC€ XaPAKTEPHUCTUKH SBJICHUA PEe30HAHCHOHM DPACKAYKY apro-pesoHaTropa
aproTPOHOM OBIJM CYIIEcTBeBHO G0Jiee YeTKAMH ¥ TOSHBIMU.

Tarxum o0pa3om, npedrazaemvie NPpUHUUNDL. 83aumodeiicmeus
meJj 8epHO OMPANCAIom PuaurecKue K8AEHUL U o00ecnenusanom
Dewerue 3a0a% pe30HAHCHOU mexnoaozuu 8 obaacmu Gu3uKu,
xuMuu, 6Lon02UU.

§ 40. AnanuTHYeCcKas NpoBepKa NPHHLUMUIOB
B3aMMoAaencTeusa Tea., 3akoH HeroTtona
O PaBHOYCROPEHHOM ABHIREHUH
B HOBOW MEXaHHMRE

Moxuo ckasars O6e3 IpEeyREIWIEHNA, 4TO 3aKOH PABROYCKOPEHHOrO
ABMMKEHUSA TelIa DOCTOAHHOM CcHioH ¢ = % JesXUT B OCHOBe BCeil coBpe-
MeHHOM ¢usnkn. [IoaroMy moaApoOHO DACCMOTDHM €ro ¢ NO3UOUNR HOBOM
MEXAHWKY C 1edLI0 IPOBEPKH COOTBETCTBHSA HUX APYr APYTY Ha IpHMepe
VCKOpEHUIs Tesa IPUTHKEHNEM 3eMJIH.
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Brinumiem, B 3aBUCHMOCTH OT TeUEHUS BpeMeHu f, BeIMIHHY CKApO-
2

eru Tena V., npuobperenHylo Tenomd sHepruwn E, = '"’—zv‘—, npapanexnue
npuobpeTeRuoii Texom anepruy (mopuwu sHeprum) AFE, = E, — E, .
Jist HArAALHOCTY BHIKJAZOK BEIWUYKMHY YCKOpeHus tena dr = 9,8 M/c2
oxpyrauM go 10 M/cz.

i 0 1 2 3 4

| 0 10 20 30 40

E, 0 50 200 450 800

AE, 0 50 150 250 350

VpaBHeHNUE YCKODEHUSA TeJIA B HOBOI MeXaHUKe

2 My H‘B(_Z‘)
VVa+ =S VW V-,

¢t Vo

Qp =

V-V,
rie —3 % ecTh JONIIEPOBCKOE HM3MEpPEeHUe YACTOTHl ¢IIpUeMa» TeNoM

JACTHI, «BeTPAY Ty, ¢HACTUTAIOUIEr'O» TeXo, & CAMA YACTOTaA HINYUEEHSA

vactun: f = %;
g 4V;, (E B 1) N amm,
OV \ VW, {(m; + mq)?

3aKOH DABHOYCKOPEHEOrO ABMMKEHUS Tena B Mexanuke Heiotoma
SABIHETCH YNPOLIEHHKM (CNeIOBATENLHO, HETOYHRIM) BADUAHTOM 3aKOHA
YCKOpEHUA Tela B HOBOt Mexanmke. B Mexamuke HrloToHa OTCyTCTBYET
HTOLILJIEPOBCKAA TONPABKE K YACTOTE f M CKOPOCTHAH HOOPABKA K Zy.

4V,

IlosToMy —2Zg = 7‘1 + %.

Oueanznno, 910 BeanunHa AF, 38BACHUT OT Beauaurnl KodbhdHUIHeH-
T8 Zy, KOTOPHIYt 06pasoBanca (chopMupoBaics) B peaysibTare Ipejlie-

CTBYIOI[ETO B3AaUMOJEHCTBIS IaCTHIK ¢ Tenoy (§ 15).
AE, = Eq-Zy_4.

BrimmineM BeTHIHHEL Zs B 33BHCHMOCTH OT Te4YeHUS BPeMEHH.

E—0.  Zp=—M
(M + me)?
¢ 2. 3224“;:2+Zo—4£0+20—%+zo-
t=3. Z3_:4:;:"+Za:4‘fo+zozlzo+zo HT.I.

Buaum, uro Z; 110 CBOe# CTDYKType OTAHMYaeTcd OT APYTMX Z..
IlpuseseM ero k ofieMy Bugy. Yuurmsad, 4To AE, = E. - Zy_; u g9T10
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ALy = 3AE,, naxogum 7 = %Zl. OTCIOJI:J

4V
320221, 3Z0= Vl '{'Zo,
4V, 2V, 2-10 20
27Zq = : Zy = — = =—,
Q Vq, 0 ‘/q 1,“ ‘/q
20
20:7,,'
C yueToM «HOBOrO» 2y monyuaeM DS Z:
20
t=0. Zy = —,
o=y _
40 20 60
t=1. Zi=——+—=—,
R 7 A 73
80 20 100
t=2 Zyg=—+—=—,
TV Ve Ve
t=3 Z-—120+20*140
I A7 A

Avar pag Z, « obpaayer, cosMectro ¢ Fy, pax AV;, yauTHIBag, 9To

AE, =By Zy .

Orcioga npocThIM TpeofpazoBaHueM noayaaem pag Vi, oSpasyoniuit pas-
HOYCKODeHHOe ZBWIKeHUe Tella NPUTsIKeHMeM 3eMJH, 0 KOTOPOM T'OBODH-
JOoch B HaYaNe naparpada.

B npuBeAeHHBIX BhKJIaaxaX poas F, anemenrapua. E, = const
n MoykeT ObITEL mMi0Goit BeIMTINHOM, He PABHON HYJO UJIN GECKOHEIHOCTH,
T'naBuyrwo ponb urpaer Zy. Iloaromy nporepuM ODpaBHIBHOCTH BRIYMCIEH-
HEIX II0 YPARHEHUSM HOBOH MeXaHUKM BEJIHIHH .

CornacHo HalleMy YPABHEHMIO DABHOYCKOPEHHOTO JBUIKEHHS Teina
TIOA BAHAHMEM IOCTOSTHHOMN CUNBI, OTHOMIEHNA ¢TEOPETUYECKUX» RETWIUH

%‘—i JOMXHE! ORITH TOYHO PABHEI COOTBETCTBYIOIMMM MM CCOOTHOIIEHHSM
2

«3KCOePUMEHTAJBHAIX » BEJIHIUH ﬁ‘E“D—, nocrkosky AFE, = E,-Z, rae
Tn-1
Fy = const. Haxogum:

AE,, 150 7 60

:3’ 3—23;

AE, 50 Zo 20

AB, 250 _ Z 100

AE, 150 7z, 60
AE,, 3850 Zz 140
_:—:1,4, ——*—'—"—:1,4 . He
AE, 250 Z; 100 nra
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Vb6exgaeMesi, ITO HOBAS MEXaHWKA TOYHO ONUCRHIBAET PABHOYCKODEH-
HOe EBUDKEHUE Teja NIPH AeiCTBRUM HA HErMO MNOCTOAHHOIN cmihl (37eCh —
MPUTAKERUA 3eMIan).

§ 41. YXuBoe. ¥M

Bce xXuBoe HYKAReTcH B SHEPIrUHM JNIH CROEH geaTe hbHOCTH. II0CKOIb-
KY 5HEPrudA HE CO37aeTCd, €e BO3MOXKHO TOJBKO COOMPaThH, KOHIEETPHUPO-
BATH H3BHE. .

Bce ruBoe, 0T faKTepHM SO YEJOBEKA, 06J1a7aeT BO3ZMOMKHOCTRIO CO-
Omparh 3HepruI0, ITO ere NPHHNUINAJIBAAA OTIHYKTEALRAA YEPTA OT He-
*kuBora. Heskuroe cltocoGHO TOJIBKO PACCEHBAThE CBOK0 3HEPIUIO BOBEE,

CobupaTh 3HEPrHIO, KAK MKl BUJAEIM, BOSMOKHO TOJLKO INYTEM ee
gaxBaTa. g 3axBaTta sHepruy¥ HeoOXOZUMO 3apanee 3HATH HAPAMETPHI
JBUYKeHUA HOCUTENs DHEPrHU W B HY)KHOe BpEeMsI HYKHHIM 00pasoM
«CHOENMUTHCH» ¢ HUM.

Yem monHee HaITY SHAHUA O HOCHTEJIE 3HEPTUH, TEM GOJIBIOVIO JOXIO
€ro 3HEpPruu MhElI 3aXBATEIBAeM. B ujesre — 3TO PE3OHAHCHHIN 3aXBaT
DHEPIUM.

U "aobopoT, Ipy HeZOCTATOYHOM 3HAHME ZOJId 3aXBAYeHHON SHEPruU
6yaer HebONBMION.

IlousITKM 34XBATHTH SHEPrHX BCIeNyo, 0e3 3HAHUA MAPAMETDOB
HOCHTEJIA DHEPTruH, NIPUREAYT TOJbKO K HOTepe CBOeH BHEPrHH B CIEMOM
6nyxaaHMM.

Bee xusgoe, om Garxmepuu 00 venosexa, obradaem 803MONHO-
CMbI0 Y3HABAMS O NAPAMEMPAX OBUNEHUA HOCUMERA IHEpIUUL
ewe 0o ecmpedu U «CYENNEHUR» ¢ HUM. IMG 8Mopas NPUHYL-
nUAALHAR OMAULUMELbHAA YEePMaA 8CE20 HUBDZO.

Ilpeackasanue MapaAMETPOB JBHKEHNA HOCHTENA SHEPTUY B IPHHILAES
BO3MOXXHO TOJBLKO HA OCHOBE MOJEJHpOBaHys IOBeleHNA 9HepProOHOCHTENA,

Bce MuIcauMEle BAPHARTHI MHTEIIEKTYAIBHON AeATENIHLHOCTH YKUBO-
IO, B KOHEUHOM C4YeTe, ABISAIOTCH BAPUMAHTAMU MOAENHUPOBAHULA,

B s3aBrCHMOCTH OT MHTEJNEKTYAJIBHOIO YPOBHA >XHBOrO ¥ KOHKDET-
HOIl 3aZlaum 3aXBATa 3HEPIHM, MOAEJU MOryT OBITH PA3IHYHOrO MHTEJN-
JIeKTYANILHOTO YDPOBHA.

Taxum obpazomM, MOXKHO TOROPHTE, 4YT0 ¥YM KMBOrc cymecrsa ecTs
«yCTpOMCTBO MOTETHPOBAHMA® MIH ¢YMEHHE MOJEJAHPOBATBH» C IEJLI0
AAXBATA 3HePI'MM H3BHE.

Tax Kax 3aXBaT 3HEpruu IPOUIBOLUTCA HA OCHOBE IPHHIMIIOB R3D-
HMonelicTBua Tell, TO CTPYKTYpPa yMma, GYHKIUH yMa, 00BeM yMa, Kopode
rOBODs, BECh HHTEJIEKT KUBOTO LOJIKEH CTPOUTHCA M3 PACUETA peann3a-
UMY NPHEUKMIOB B2AMMONEHCTRMS Ted. 328891 U BHALI MHTEIEKTYANb-
HOM AeATENBHOCTH }XHUBOTO, TéM CAMLIM, IIPHODDETAI0T YETKO OUE€PUEHHEKIE
dopMEL.
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BOEHHO-TEXHUYECKNX CHCTEM IEHWUTHBIX

- pakernwix komnnexcon: 3PK «Bepxyrs,
3PK «Ocan, 3PK «C-300B», KP M5-PT v ap.
B 1972 r. cospan v sosrnasun KB «PyGuu»
Mununcrepcraa poauonpamsiwnentoctn CCCP.

C 1983 1. no HacTORUIEE BPEMA — HOUANBHUK
HOYYHO-HUCCNefOBaTenscKoro otaena 13

THUM MO, rnasHsiil KOHCTRYKTOP QBMAUMOHHOM
POAHOCTAHUMM € LUMPOKONONOCHOR

Hecywei «Kaaur.

Hawe Maqmenbcmo npepnaraer cnenyooume KHUIMA:

OeHoMen
YENOBEHA

AT ' uw:m};iwlim
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e

4961 ID 53635 HAYYHAS M YYEBHAR NUTEPATYPA E-mail:
URSS@URSS.ru

ml‘ Hl | ””" I | Ten Apaxcs 7 (495) 135-42-16
Ten./pakc: 7 (495) 135-42-46 8 Wurepuere:

7R5382 - noes  http://URSS.ru
MHTepher- Maroauu
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