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POZBI, H pa3BHTHE HAaYKH, BO BCSKOM c/1ydyae B ee OCHOBaX, ObL10 Gbl OKOH-
YaTeJLHO 3aBepLLUeHO.

[eneHue sHepriH Ha KHHETHYECKYH U IOTEHOUAIbHYI) HMEeT CMBIC/
TOJIBKO B MeXaHHKe U He OXBaTbiBaeT Bcex ¢opm snepruu. Kpowme roro,
OTHeceHHe SHepPrHH K TOMy WJIH HHOMY BHJY 4acTO 3aBHCHT OT TOYKH
apenusi. Hamnpumep, B MakpocKONMHYeCKOH MeXaHHKe ympyras 3Hep-
THS CIKATOTO HjeasJbHOrO rasa CYHTaercsl noTeHnuanbHoH. Ho c mose-
KyJSpHOH TOYUKH 3peHHs YNPYrocTb ra3a oOOBACHAETCH TeM/IOBBIM
JBHKeHHeM ero MoJiekyJs. IlosTomy ¢ 3TOH TOYKH 3peHHS Ty Ke SHep-
THIO cjelyeT CYMTaTh KHHETHYECKOH.

4. TlpuHOun coxpaHeHHsl SHEPrUH, HAPSALY C [POMaJHEIMH KOHKpeT-
HBIMH NPHMEHEHHSMH K YK€ H3BeCTHBIM sIBJIEHHSM, 1aeT PYKOBOAsIIHE
yKa3aHusl U B HEHCC/IeNOBaHHBIX obsacTaX. Besikoe Kaxylieecst Hapy-
lIeHHe 3TOTO NPHHIMIA YKa3blBaeT Ha CYLIeCTBOBAHHE HOBHIX SIBJIEHHH,
He YKJaJBBAIOLIUXCS B PAMKH CYLIECTBYIOIIHX HAaYYHBIX KOHIEMLHUI.
Tak 6bl10, HalpHMep, NPH OTKPHITHH paduocaxmusHocmu. Tag GbLIO H
C OTKpHITHEM Hedmpuro. Ha omnbite OblIM OOHApyXKEHB KaKyllHecs
HapylleHHUs] 3aKOHOB COXPAHEHHSl SHEPTrHH H HMIYJbCa B SIBJEHHAX
B-pacmana atoMHBIX sifiep. 3to obcToATENbCTBO BRIHYAMMO [laynu
(1900—1958) BBecTH rUnoTe3y, BIOC/EACTBHH MOATBEPXKAEHHYIO 3KCIIe-
pUMEHTANbHO, 4TO B f-pacnaje Hapsily C H3BECTHBIMH 3apsiKeHHLIMH
YaCTHIAMH (371EKTPOHAMH H aTOMHBEIMH SpaMu) y4acTBYeT ellje HEH3-
BecTHasi HefiTpasibHAasi 4YacTHiia, Kotopasi U Obuia HasBaHa Helmpuwo.
3Ta yacTHI@ H YHOCHT HeJOCTamllye SHEPTHIO H HUMIyJabc. Biarogaps
HCKJIIOUHTENBHO c1a6oMy B3aHMOAEHCTBHIO C BeIleCTBOM OHA YCKOJb-
3aer ot Habsmopenus. (1losanee, koraa ObLJIO BHISICHEHO, YTO Ka:KIOH
YacTHIle COOTBETCTBYET AHTHYAaCTHIA, OKas3a/loch, YTO B SBJEHHAX
3JIeKTPOHHOrO f-pacrnaja ydacTByeT He HeHTPHHO, a QHMuHeumpuro.)

O6iedusnyecKHi MPUHIUT COXPaHEHHUS SHEPTUH OXBATHIBAET, TAKHM
o6pa3oM, He TOJBKO SIBJEHHsI, paccMaTPHBaeMble B MaKPOCKOIIHYeCKOH
MeXaHHKe, HO H Takue (pu3nuecKHe sIBJeHHS, K KOTOPLIM 3aKOHBI TaKOk
MEXaHHKH He NpHMeHHMbl. [103TOMy OH He MOXeT OBITb BBHIBEJEH H3
ypaBHeHHH MaKpPOCKOMUYECKOH MeXaHHKH, a [OJ/KeH PaccMaTpuBaThCs
KaK 00HO u3 Hauboaee wupokux o600wenutl onoimHex gaxmos.

§ 28. AGconioTHO ynpyrHi yaap

1. VHTepecHble NpeBpallleHHs] KHHETHYCCKOH 3HEPrHH B IIOTEHIH-
aNpHyl0 U 0OpaTHO HaGMIONAOTCS NPH abcoawmHo ynpyeom yoape.
Taxk Ha3bIBaeTCSs] CTOVIKHOBEHHE TeJl, B pe3yJ/bTaTe KOTOPOro HX BHYTPEH-
HHe 3HepruH He MeHsIIOTcsl. B uncToM BHJE TaKoi c/aydad IpH CTONKHO-
BeHHHM MaKPOCKOIIMYeCKHX Te/ He Berpedaercs. Ho K HeMy MOXKHO IIo-
JOATH JOBOJIbHO OJIM3KO. DTO HMeeT MeCTO, HalpHMep, NPH CTOJKHO-
BeHHMsAX OWJIbSIPAHBIX IHAPOB H3 CJIOHOBOH KOCTH HJIH TOAXOASILEH
maacTmaccel. [IpH CTOJIKHOBEHHSIX aTOMHBIX, SINEPHBIX HJIH 3/1eMeHTap-
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HBIX YaCTHIL MOKET peau30BaThc H cJyuall aGCcoMOTHO YOPYroro
ynapa B 4yucToM Buje. Takasi BO3MOXKHOCTb CBsI3aHAa C KBAHMOSHIMU
3akonamu. BHyTpeHHHE COCTOAHHMA ¥ COOTBETCTBYIOUIME HM 3Hade-
HHSl BHyTPeHHeH 5HepTHH aTOMHbIX YacTHll Juckpemws: (KBAHMOGAHSL).
YacTuubl NpYU CTOJKHOBEHHH MOTYT pasfieTerbcsi 6e3 M3MeHeHHsl BHYT-
penHnx cocrosiuuii. Toraa cTonKHOBeHHE H 6yjeT aGCOMIOTHO YIIPYTHM.
Tak Oyner Bcerna, Korja KHHETHYECKOH 3HepPrHH CTaNKHBAMOIHXCA
YACTHI| HEJOCTATOYHO, YTOOLI NepeBeCTH XOTs GbI OHY M3 HHX H3 HOp-
MQAbHO20 B OnmxKailiiee 8030yxcOeHHOe COCTOSIHHE, XapaKTepHuayio-
weecss GOABIIMM 3HAYeHHeM BHYyTpeHHell 3Hepruu. Ilpum Gonplimx
3HEPrUsX CTOJKHOBEHHE MOXKET CONpOBOXKAATbCA BO30Y:KIACHHEM OLHOM
HaM ofeHX 4acTHIl ¢ YyBelHYeHHeM HX BHYTPEHHHX 3Heprufi. Ha-
KoHell, MoXeT OBITb H TakoH cJydal, KOria CTaJKHBAKOTCS BO3-
OyKIeHHEle YacTHUBl H B pe3yJbTare CTOJIKHOBEHHS] HX BHYTPEHHHE
SHEpPTHH YMEHbLIATCS. Bo BCeX TakHX ciydasiX TOBOPSAT O Heynpyeux
yoapax.

2. PaccmotpuMm cHavana yenmpaioHsie yoapst aGCOMIOTHO yNpPYTHX
mapoB. B 3ToM ciyyae cKopocTH 11apoB 0 YAapa v; H U, HarpaBJeHBI
BIOML IpsMOH, COENMHSIIOLEH HX UEHTPbl. JT1a NpsimMasl Has3blBaeTcs
Aunueti yenmpog. IIpH CTOJKHOBEHHMH KHHETHYECKAasi 3HEPrHsl 11apoB
1y (my + my) V2, cBsA3aHHAas ¢ ABHXKEHHEM HX LEHTpa Macc, Hame-
HHUTBCSl HE MOXeT, TaK KaK He MOKeT H3MEHHTLCS CKOPOCTh CaMoro
1leHTpa Macc. MoxeT nperepneBaTh NpeBpailleHHs TONbKO KHHETHYeCKas
sHeprusi !/, p (v; — v,)® OTHOCHTENBHOTO JBM:KEeHHs wwapos. B ciyuae
abCoOMIOTHO yNPYTroro yjapa 10apel HOPH CTOJKHOBEHHH CILIOLIH-
BAaOTCH, H KHHETHUeCKas SHEPTHA YaCTHYHO MEepeXOJHT B IIOTEHIHA/b-
HYIO SHEPTHIO YIpyrux jaepopmanuil. B HEKOTOpHIi MOMEHT BCSl KHHe-
THYeCKasl SHEPTUsl OTHOCHTENLHOrO ABHKEHHSI /yu (v, — U,)® mepe-
XOJHT B NOTEHIHANbHYIO SHEPTHI0 yNpyro AehopMHPOBAHHBIX IIApOB.
B 3TOT MOMEHT miapbl aHaJOTHYHBI CXKATBIM NPYXKHUHAM, CTPEMSIIUMCS
nepefiTi B HeneOpPMHPOBAHHOE COCTOSTHHE. BBHAY 3TOTO HauMHaeTcs
o6paTHBIl Tpolecc Nepexofia 3HePTHH YNPYTHX AedopMauHii B KHHe-
THUECKYIO 3HEPTHIO NOCTYyNaTeJLHOrO JBHXKeHHs wwapoB. Korzma on
3aKaH4YMBaAeTCA, LIApbi PA3/1eTATCH B Pa3Hble CTOPOHBI H BHOBL OKa-
3bIBAlOTCH He JetopMHpOBaHHBIMH. TakuM ofpasoM, KHHeTHUecKas
3Heprus NOCTYNATeJLHOTO IABHXKEHHs 1IapOoB CHOBA IDUHHUMAeT HCXOJ-
HOe 3HAYeHHe, KaKHM OHO ObLMIO 10 yaapa. [1si peajpHBIX Ten 3TOT
HPOILLECC OCJIOXKHSETCS BO3HUKHOBEHHEM YIPYriX BO3MYILEHHH, pac-
TIPOCTPAHSIIOWHXCSl B IIApaX CO CKOPOCTBIO 3BYKa, H3/y4eHHEM 3BYKO-
BBIX BOJIH, @ TaKXKe BHYTPEHHHM TpPEHHEM M OCTaTOYHBIMH Jepopma-
uusami. Ilocsie CTONKHOBEHHUS YacThb 3HEPIHH YHOCHTCS! B BHJE 3HEPTHH
TAKHX YNDYTHX BO3MYIUEHHH, BHYTPEHHUX JBHMKeHHWH H 3BYKOBHIX
BOJIH, M3JYYeHHBIX B OKPYKaMOLLYI0 cpely. JTa YacTh S3HEPTHH B KOHIE
KOHIOB II€PEeXOJHT B TeNJ0BYI0O (BHYTpEHHIOI) 5Hepruw. OHAa Momxker
ObITb OYeHb MaJIOH H B IPENebHOM CJIyyae HAeaJbHO yNPYTHX 1IAapoB
ofpaluaercsi B HYJb.
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3. CKopocTH 1IapoB TOC/JE CTOJKHOBEHHMS U{ W U; Jerko HaliTh U3
3aKOHOB COXPaHEeHHs] HUMITYJbCd M 3HEPrUH:

MU ~F MoV = M40y~ MUy,
9 2 -(28.1
—é»mlv{‘ - ; nyuy = % m; -+ ;— myv;3. 8.1
Tak Kak ogHO M3 3THX YypaBHEHUH — KBajpaTHOe, a Jpyroe —
JIHHelHoe, To cucTema (28.1) no/mKHA UMETh ABA pelleHHus] OTHOCHTENBbHO
HEH3BeCTHBIX U] H v3. OIHO M3 3THX pelieHHH MOXHO YyKasaTb cpasy,
a UMEHHO V| = Uy, U7 = U,. 1O 3TO pellleHHe He YJOBJIETBOPSAET YCJIO-
BMIO 3ajauH. EMy cooTBercTByer c/iyyal, KOrAa CKOPOCTH 1lIapoB He
H3MEHHJIUCh, T. €. [Iaphl He IpeTeplent cTolkHoBeHHs . CyliecTBoBaHHe
TAKOro pellcHus HeusbexHo. JlefACTBUTENbHO, 33KOHBI COXPaHCHHUA
HMIIyJIbCA M 3HEPTMH MOXHO HanucaTb AJd ABYX JMIOObIX COCTOSHHH
CHCTEMBI, pa3JeJeHHbX KaKHM-TO mpoMexyTkom Bpemenu Af. Ho B ca-
MHX 3aKOHaX COXpaHEHHd ellle He 3a/10XKEHO YCJIOBHE, YTO CTOJNKHOBE-
HH€ [IPOU30IL0. ITO YCJAOBHE AOMKHO ObITh YKa3aHO JOMOJHHTENLHO.
Ecan cronkHoBeHHe He IIPOH30LLIO, TQ CKODOCTH LIApOB HE MOTJIH
H3MEHUTLCS, H MBI [OJIYYaeM pellleHHe U] = vy, U = U, YKa3aHHOe
Beillle. YTOGbl HOMYYUThL pellleHue, OTHOCSIEECS K CTOJKHOBEHHIO,
OYEeBHJHO, HAN0 NOTPeGOBATb, YTOOBI CKOPOCTH LIAPOB W3MEHUAUCD,
T. €. U] = Uy, U3 5~ Uy. 3aMETHB 3TO, mNepenuiieM ypaBHeHus (28.1)
B BHJE

my (0] — v) = my (0~ 03),  my (0 — 03) = my (0§ — 0f’).

Tak kak vf —ov; ¥ U3 — U, HE DaBHBl HYJ/IO, TO YPAaBHEHHS MOMKHO
MOJEJUTh MOYJIEHHO. DTO Jaer

U+ U] = Uy 0.

B peayaprarte shnaua cpenach K pEHIEHHIO CHCTEMBbl ABYX JHHCHHBIX
ypaBHeHu#. Penlas ux, HaillieMm efHCTBEHHOE pelueHHe
mc MUy 1= Myl
vj—— o2 OIS g, g MO (08.9)
VAOBJIETBOPAIOWIEE YCJAOBHIO 3a1ayH.

4. llone3no npuBecTu ApYrofl crnoco® peleHHst TOH ke 3agaud.
Ou coxkpauiaer BHMHCJAEHHS H JYYlle BLIIB/ISET CTPYKTYpPY OKOHUa-
TeJbHBIX ¢opMy/. PaccMoTpum mpomecc ylapa cHauaja B cucmieme
yeHmpa macc, T. €. B TaKOH CHCTeME OTCueTd, B KOTOPOH LEHTp Mmacc
HenoasHxeH. OTHOCHTE/LHO HEIOABHXKHOH CHCTEMbI OTCYeTa (ee Hasbl-
BalOT Aabopamoprol) LEHTP MacC [BHXKEeTCHd €O CKOPOCTBLIO

V= Mt ety (28.3)

my ~+ iy

CKopocTU B CHCTeMe HeHTpa Macc OyjaeM 0003HauaTh MpeKHHMH GYK-
BaMH, HO ¢ uHzexcoM O. IlonHbli UMDy/JabC B CHCTEME LEHTpE Mace
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paBeH HYJIIO, H 3aKOHbl COXPAHEHHs! UMIyJbCA M 3HEPTUM B TAKOH CH-
CTeME 3allHIIyTCA B BUJe
4 r
mlvm + mzvao = MyUyg + Myl = 0,
1 1, 1 (28.4)
5 mv 10 + mzv =35 mlvio—*’?mzvgo-

Ota cucrema ypaBHeHHH HMeeT [Ba peHIeHHS, KOTOPEIE MOLYT OHITb
yKa3aHbl Ge3 BruucieHuii. IlepBoe pernenue

’ ’

Uy =000  Uap =702

HEe yIlOBJIeTBopHeT yc.HOBHﬂM 3a04a4H. rOﬂ.HTCﬂ TOJIBKO BTOpoe peleHue,
‘a HMEHHO
Uiy = — V10, Uge = — Ugo.

Mbi BHHM, UTO B CHCTEME LEHTPA MACC CTOJKHOBEHHE [IPHBOAUT TPOCTO
K H3MEHEHHIO 3HaKa KaxIOH H3 CKOPOCTeH.

2 3 4 & 7 2 3 4
Puc. 49.

TlepefineM Teneps K JabopatopHoll cucTeme oTcyera. OueBHIHO
Vo =0, — V, vy =0 — V u 1. 1. Tlostomy

O—=V=—@-V), @©B—-V)=—(@0:-V),

OTKYJa :
n=—uv,+2V, vj=—uv,+2V. (28.5)

[NoncraBuB ciofa 3HayeHue s V us (28.3), npuneM K npexsHuM ¢op-
myJaam (28.2).
5. [lonycTuM, 410 BTOpPOH 1Hap BHayajde Obll HEMOLBHXKHBEIM
(v,=0). Torna
, My—y ’ 2my
U= ——"0;, @ Uy=———
YT mimy 7Y 2T Ay

Ecnu my > m,, To nepBeill map OyAeT ABHTAThCS B NEPBOHAYAJLHOM
HanpaejdeHud. Ilpu m; << m, OH OTCKOYHT B HPOTHBONOJIOXKHOM Ha-
npasaeHuu. Ilpu m; = m, nepsbIll HIAp OCTAHOBHTCS, a BTOpOH moaeT
BIIepes €O CKOPOCThIO IepBoro. Boobuie, npu m; = m, u3 gopmya (28.2)
nosnyyaem

Uj=U,, Uj=uy,

T. €. NPpU CMOAKHOBEHUU 08YX OOUHAKOBLIX AOCOMOMHO Ynpyaux wapoe
OHU NPOCMO 0OMEHUBAIOMCA CKOPOCMAMU.

PaccmoTpuM psifi CODPHKACAIOLIHXCA OJHHAKOBBIX a0COMIOTHO yIIpy-
THX [IApOB, LEHTPHl KOTOPBIX PAacloJOXeHBl BIOJbL OXHOH M TOH Xe
npsiMoit JuHuK (puc. 49). B coorBercTByIOWIEM JAEMOHCTPALHOHHOM
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ONBITe 1ApBl MOABEIUMBAIOTCS HA HHTAX, a HE pacroNaramTcs Ha Mo-
BEPXHOCTH CTOsIa, YTOGB He BO3HHMKAJNO BpallleHue HX H3-3a TPeHHA
MEXIy LiapaMH H IOBEpPXHOCTbIO cTosa. OTKJIOHUM B CTOpOHY wwap I.
¥ 1apHUBIIHCh O 1iap 2 CO CKOPOCTBIO U, OH NepeiacT €My 3Ty CKOpOCTb,
a cam ocraHoBuTcs. C mapom 2 MPOH30HIET TO Ke camoe — IIpH yaape
O wap § OH OCTAHOBHUTCH, a Wap 3 NPHICT B ABHKEHHE CO CKOPOCTBIO U.
OroT npouecc GyAeT MOBTOPATLCA C KaXKABIM BHEPeIH HAXOASLIUMCS
wapoM. B KoHue KOHLOB NOCAEAHHH 11ap OTCKOYHT CO CKOPOCTBIO U,
a BCe MpodYHe LIapbl OCTAHYTCS B COCTOSIHHH INOKOf.

OtknoHUM Tenepb jBa wapa. Ilpu Bo3BpaleHHWH B HHXKHee IIOJIO-
JKEHHe OHHM NMPUOOPeTYT OIHY U TY 3Ke CKOPOCThb U M, ABHIasCh C TAKOH

2

4; 5

Puc. 50.

CKOPOCTBIO, YAApAT BlepeAu Haxoaamuics wap (puc. 50). Oxasbl-
BaeTCs, YTO B pe3yqibTare yapa OTCKOYaT ABA MOCHENHHX 1iapa co CKO-
POCTBIO U, @ BCE OCTAJbHBIE LIAPHI OCTAHYTCS B MOKOE. SIBJIeHHe MOXKHO
o6BsICHUTD caefylouuM obpaszom. Iap 2 ynapser B wap 3. B pesysb-
TaTe 3TOTO 1ap 2 OCTAHABJHMBAETCs, a wap 3 npHobpeTaeT CKOPOCTh U.
Onnako wap 2 cpasy Ke NOjBepraercs yaapy €O CTOPOHH wapa I H
CHOBa MNpHOGpeTaeT NPEXKHIOW CKOPOCTb v. TakuMm o6pasoM, wap I/
IPUJET B COCTOsIHHE IOKOf, a Wapsl 2 U 3 OyAyT ABUTAThCS BMeCTe CO
ckopoctbio v. IloBTOpsAs 3TO paccyxkKieHue, HalieM, YTO 3aTeM OCTa-
HOBHTCH 1Iap 2, a HAYHYT JABHTaThes Wwapsl  H4 U T. A. B KOHuE KOH-
OB CKOPOCTb U IPHOOPETYT IBa WOCJAEJHHX luapa, a Bce OCTa/IbHEIe
IIapHEl MPHAYT B COCTOSIHME MOKOsA. BMecro
IBYX MOXKHO OTKJIOHMUTb TpH, YeThipe U
T. 1. mapa, COOOUIMB HM OAHY H Ty XKe
ckopoctb v. Ilocne ymapa OTCKOYHT Takoe
JKe KOJIHYECTBO LIApOB, A OCTa/bHLIE 1Iaphl
OCTaHyTCA HENOABHMKHBIMU.

6. PaccMOTpHM Tenepb Heyenmpaashvid yoap Puc. 51.
TBEPABIX YNPYTHX WAPOB. Tak Ha3bBaeTCA CTONK-
HOBEHMe, KOTJa B MOMEHT yjapa HauajdbHbie CKO-
POCTH WIAPOB HE COBMAJAIOT [0 HANPABJIEHHIO C JHHHed LeHTpoB. Pasnoxum B Mo-
MEHT CTOJIKHOBEHHs] HadalbHYK CKOPOCThb KaX[Oro iuapa Ha HOPMAaTbHYIO U, H TaH- .
FeHIHANBHYIO U; COCTaBJISIOUIHE, T. €. COCTABJSIOUHE BJOJb JNHHHH LEHTPOB H
neprneHHKyAdApHO K Heft (pHc. 51). Tak e MOCTYMHM C KOHEHHBIMH CKOPOCTSAMH
IIaDOB B MOMEHT Hadana WX pasaera. Toria 3aKOHHI COXpaHEHHs HMIYJbCa M 3Hep-
THH 3amHIyTCAd B BHJE

’ ;o , ’r__ ‘
MgV~ Mg¥y =My 1y = Mylgyy, MUY= Mg} = M0y, M0,

28.6)
1 2,0 1 2,y 1 1 (
5™ (vintoy)+ o My (g0 +5) = 5 My (Vintv5e) 5 My (Yon 050



154 ' PABOTA ¥ SHEPTUS [T 1V

IMoayunnocs Bcero TpH ypaBHEHHS ISl OTPeNeNeHHs YeThpeX HEeM3ReCTHHIX U], Yy,
Vs Uy - UTOGH HamucaTh HeJOCTAIONIEE YPABHEHHE, BBeleM NPeANookeHHe, UTo npi

CMOAKHOBEH UL WAPOB HE BO3HUKAIONM MAHEHYUAbHbIE Clabl. B CYIIHOCTH, BBECTH TaKoe
NPEANoJOKCHHE BRIHYXKAACT HAC 3aKOH COXPAHEHHS SHEPrHH, YXKe HCNOJb30BaHHEIH
“TIpH HaNUCaHHM HAIIKX ypaBHeHuH. [lefcTBHTENbHO, ec/n Obl TAHT€HLHAJIbLHBIC CKO-
POCTH CTaJKUBAIOUHXCA I1apoB OBVIH OJHHAKOBBl (U;; = Uy;), TO PpacCMaTpHBaeMhill
caydail ceojuics Obl K CAydaw LEeHTPAJBHOro YAapa, Yxke pasofpaHHOMY BhIile.
Jnst atoro- gocratouro 6eui0 65l MEpediTH B CHCTEMY OTCYeTa, B KOTOPOH Uy = Uy,
[MostoMy Ge3 yuepba 4151 OGUWHOCTH Mbl 6yAeM peationarath, UTo vy, 5= vy Ho ToOraa,
ecJIi 6bl IPH CTOJIKHOBEHHH Pa3BUBAJINCh TAHT€HIHAIbHBIE CHJIBI TPEHHS CKOJIbKEHHS,
MeXxaHHueCKasl 3Heprus He Morja 6wl coxpanartoes. [lostoMy, mpexnosiarast ynap
HJleaJbHO YIPYTHM, Mbl JOJIKHBEI CUMTAaTh CaMH iuapel udeaasro. 2aadkumu. Ilpu nx
CTOJIKHOBEHHH TaHreHLHaNbHble CHAL He RO3HHUKAWT. ECJAH Tak, TO He TPOHCXOAHT
TaKKe H3MeHeHMS TaHreHLMaJbHBIX CKOPOCTell, H K ypasHeHHsM (28.6) ciepyeT npu-
COCIHHUTh YPABHEHHS Uy = Uy, Uy, = Uy,. TOTAA OCTAHYTCS TONLKO YPABHCHHS LIl
HOPMaJBHEIX CKOPOCTel, OTJIHYAIoNiHecst oT ypaBHenu#d (28.1) Juuip 0603HaUEHHIMH.
B pe3ysibTaTe MBI NMPHXOJAHM K CJEAYIOUEMY 3aKJIOUEHHIO.

ITpu cmoaxkHoseruL 2AQ0KUX UOEAALHO YAPYSUX WADO8 UX MAHREHYUAAbHbIE CKOPO-
cmu He uamersromea. Hopmansroie xce ckopocmu uameHs0Mmes max se, Kax u cKopocmu
npu yenmpaasHos yoape. B 4aCTHOCTH, TIPH CTOJKHOBEHHSIX He H3MEHSIOTCS COCTOSTHHS
Bpatienust 1apos. ITo 65110 6B BOAMOIKHO TOJIEKO NPH HAJIHYHA TAHTEHIHAIBHEIX CHI.
Ecau waper o0unaxosst, mo npu CmOAKHOSEHUU OHU O0OMEHUBQIOMCS HOPMAAbHOLMU
CKOPOCMAMU, MAH2EHYUAAbHbIE CKOPOCMU WX OCMQIOMCS HEUIMEHHbIMU.

7. OrMetTnM cayuaii, Korja macca OfHOTO H3 IIapOB OGECKOHEYHO
BeqHKA. B 3TOM ciydae CKOpoCTh GOJBLIETO I1apa IIPH CTOJIKHOBEHHH
BOOOIE HE H3MEHSETCS. YCTpemass paauyc 3Toro luapa K GecKoHeu-
HOCTH, B Ipejiese NMPHAEM K 3ajdde O CTOJKHOBEHHH IVIaJKOTo YIpY-
roro 1mapa ¢ eaadwkol naockoti cmerkoil. Ecnu cBsizaTh CUCTEMY OTCUeTa
C TAaKO# CTEHKOH, TO MOXHO CKa3aTb, YTO HPH CTOJKHOBEHHH C Hel
TaHreHIHaAbHas CKOPOCThb 1llapa He MeHseTcsl, a HOPMa/jbHAsl MEHSeT
3HaK. JTO 3HAUMT, YTO LIAP OTPAXKAETCS OT CTEHKH «3EPKAADHOM. €TO0
CKOpOCTb 110 Be/MUMHE HE H3MEHSeTCsl, a Yroj NajeHus paBeH yray
OTpaKeHHs.

SALAYH

1. Ha ryiaikoM ropH30HTaIbHOM CTO/E JIGIKHT Wap MAacChl #1y, COCAHHEHHBIH C TPy~
JKHHOH 3KeCTKOCTH k. BTopoil KoHel npyxuHbl 3akpeniieH (puc. 52). [Ipoucxoaut 1060-
BOE YNpYyroe coyjapeHHe 3TOrO ilapa C APYTHM INApoM, Macca KOTOPOTO i, MeHbile

Puc. 52.

my, a8 CKOPOCTb PaBHa v. B kKakywo CTOPORY 6yjeT ABHraThCs BTOPOI Wiap mocse yAapa?
Ounpenenuts aMmIHTyAy KoneGaBuii nepBoro mapa A mocjie COVAApeHHs, -
Oreer. [locse coyxapeHnss BTOpPO#l INap OTCKOYHT Ha3aj.
_ 2my my
my—+my k-
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2. CHcreMa COCTOMT M3 JBYX LIADHKOB C MaccaMu m H M, COeAHHEHHBIX Mexay
co6oii HeBecoMO MpyxHHOH ¢ Kosduuuentom ynpyroctu £ (puc. 53). Tpertuit mapux
¢ Maccoff m, IBHAKYIHHACA BJIOJIb OCH MPYKHHBI CO CKOPOCTBIO v, MPETepreBaeT ynpyroe
CTOJIKHOBEHHe C [IaPHKOM m, KaK yKa3aHo Ha puc. 53. Cuuras WapHKH a6COJIOTHO
KECTKHMH, HafiTH NOCJE CTONKHOBEHHMs: 1) KHHETHUECKYl0 3Hepruio K ABHXeHHS
CHCTEMBI Kak UeJIOT0; 2) BHYTPEHHIOW SHEPIHI0 CHeTeMul E s 3) aMIIMTYAY KoJe6aHuii
OJIHOTO LapHKa OTHOCHTeaBHO Apyroro A. o yaapa cucTeMa IOKOHJAACh, a IPYXXHHA
He 6nWia nedopmupoBana. KakHe mapHKH MOryT paccMaTpHBAaThCsd Kak aGcomoTHO
KECTKHe?

__(mop | o Mme a ]/__/‘LL
OTserT. 1) K—'ﬂm), 2) EBH—W,3) A=v k(M+m).
3. Sapa peiitepus D u tputust T MOryT BCTymaTh B peakuHIo

D+ T — Het4-n+ 17,6 MsB,

B pe3ynbTate XKOTOPOok 06pasyioTcs HeATPOHH! N K O-UacTuum, T. €. fapa renus Hel
Ilpn Kaxao#t peakuuw Bblgensiercs sHeprus 17,6 MsB. Onpenenurb, Kakylo 3HeprHIo
YHOCHT 3/IeKTPOH H KaKyio o-uacTulla. KHHeTHUeCKHe 3HeprHH, KOTOPHIMH o0Jalalu
YacTHUBl [0 pPeakUHH, NPeHeOPEeRHMO MaJbL.

ITosacHewuune. HefiTepuii — u30TON BOAOPOAA C ATOMHBIM BECOM 2, TPHTHH —
H30TON BONOPOAA C aToMubiM BecoM 3, He! — oOblunbifi renuit ¢ aToMEbIM Becom 4.

O TBeT. o-dacTHUA YHocHT 3,5 MsB, uefitpon — 14,1 M3B.

4. Slnpa meirrepus D MoryT BCTymath ApPYT C IPYroM B pEaKLHIO, B pe3ysbTaTe
KoTopo# o6pasyercs npoToH H aapo TputHs T. Kaxnsili 1poToH YHOCHT KHHETHYECKYIO
sHepruto 3 MaB. Kakylo KHHeTHUECKYIO SHEpPTHIO YHOCUT Sip0 aToMa TPHTHS H KaKOB
o6IIH{ IHEPreTHUECKHH BbIXOM peakuHH? KHHeTHyecKye 3HEPTrHH, KOTODPBIMH obsafany
YacTHUBI [0 PeaKUHH, npeHeGPe’KHMO MaJHl.

OTBeT. $apo TpuTus yHOCHT 3HeprHio | MaB; o6uinit 3HepreTHIECKHH BBIXOJ
peakunn 4 MaB.

5. Slopa nefiTepust MOTyT BCTyNaTh TakKxkKe B PeaKIHIO

D+D —»He* 4+ n4-3,25 MsB.

Kakylo 3Hepriio yHOCHT HEHTDOH H Kakylo sapo reaus He?.c aTomHeM Becom 3?
KuneTnueckne 3HeprHH, KOTOPEIMH 06/1afaly YacTHIBL O PeaKIHH, TNpeHedpexHMo
MaJibl.

OtBerT. HeliTpon yHocHT suepruio 2,44 MsB, sipo He® — 0,81 MsB.

6. B peakunu

He3+D — Het-}+p

noJydalorcsl NpoToHH ¢ SHeprueit 14,6 MaB. Kakyio sHepruio yHOCHT fApo resius-4
(He!) u xako# o6muil snepreTuieckuit Buixo] peakuuu? KuneTHuecKHe 3HEPIHH, KOTO-
phIMH 06JlalaNH YacTHUbl O PeaKlUHH, NpeHeOpeXUMO MaJkbl.

OrBerT. Snpo Het yHocur sHepruwo 3,7 M3B, o6umyii sHepreTHYeCKHi BBIXOJ
peakunn 18,3 MsB.

7. ﬂBI/I)KYLLIaﬂCH YaCTHUA NpeTepreBaeT YNPYroe CTONKHOBEHHE C MOKOAIMIEHCH
4acTHUEeH Tako# e Maccul. J{oKasaTh, YTO NOCJE CTOJIKHOBEHMS, eCJIH OHO He GBIIO
JIOGOBBIM, HaCTHI(bL P a3/1€TATCA MO NPAMKIM YIJIOM APYT K APYrY. Kax 6GYLYyT IBUraTLCs
4acTHIB! Nocse J060BOIO CTOMKHOBEHUS?

Pewenue. IlycTe D — cKopocTb NepBOH YaCTHLBI 0 CTOJKHOBEHHH, Uy
H Dy — CKODOCTH WHacCTHI IloCl€ CTOJKHOBEHHsS. 3aKOHBl COXPAaReHHs HMIyJbca H
3HEPryH AaT

D=0;+7,, v?=0i4ui.

BosBoas nepBoe COOTHOWEHHE B KBAJApPaT M BHIYMTAash H3 HETO BTOpOe, DNOJYYHM
(9,9,) = 0. Ecan o6a BekTopa 9; U 0, He PaBHEL HYJIO, YTO 6yner npu Heso060BOM
yiape, TO yroJ MemxAy nuMmu Oyler pamen 90°. [Ipu noSosom cronkHoBeRUH Uy = 0,
Up = U, T.€, Y4CTHIH NPOCTO OOMEHHBAIOTICH CKOPOCTAMH,
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8. IIpn GomGapZHpoOBKe rejlHA G-yacTHUaMH ¢ 5Heprueli 1| MsB Haéiaeno, uvo
HaJeTaloulasl YacTHUa OTKJIOHHJAACh Ha 60° o OTHO.WEHHIO K NMEPBOHAYANLHOMY Ha-
npae/eHHIo nojteTa. CuuTasA ynap yIpPyTHM, ONpENe/NUThb ee SHEPTHIO H SHEPTHIO Aipa
OTLAauH.

Ortser. 1/4 M3B u 3/4 MsB. :

9. Onpeje/uTh HOJMIO 3IHEPrHH, TEpPAEMYIO YacTHUEH MacCH Mm; NpPH YIPYTOM
CTOJIKHOBEHHH €€ C HENOJBHXKHOH YacTHIeHl MacChl m,, €C/u NoC/Ie CTOJKHOBEHHA
HaCTHila IPOJOJKAET JBHIaThCsl B NPexkHEM (KOTAa 1y > iy) HAH NPAMO NPOTHBO-
TNoJI03KHOM (Korja m,; < m,) HanpasJeHusix. [TokasaTs, YTo Lo/ TepAEMOH SHepruu
He 3aBHCHT OT TOro, Kaxas YacTHIla JIBHKeTcs, a Kakas nokourcs. IIpu KakoM cooT-
HOLIEHHH Macce m11,/m, NOTeps SHePTHH MAKCHManbHa? MCnosb3ys no/yueHHbe Pe3yJlb-
TaTel, OGBACHUTD, MOYEMY B SEPHBIX PeaKTOpax A 3aMel/leHus HEHTPOHOB HCIOJb-
3yeTcsl paccesiHHe HX Ha AApax JerkuX (IedTepuril, yriepod), a He TSKEALIX aTOMOB.
AE _ myms;

E (my+mg)?”

10. OnpegenuTs OO SHEPTHH G, TEPACMYIO IPOTOHOM IPH YIPYTOM PaccesTHUM

noa yrJioM 180° Ha mpoTone, IeATpoHe, siApe reust U AApe YriepoAa.

OtBerT. Tlotepsi sHepru# MakCHMaJbHa TPH My =ms.

OTser. a:m, rie A — aToMHbIH BEC YacTHUE!, C KOTOPOH CTralKH-

BaeTCsl TPOTOH.

A 1 2 4 12

ol 1 0,891 0,64 | 0,284

11, Kakos MaxcuManbHBIH yroa & paccesHus 0.-4acTHUH H ieHTPOHA [IPH YIPYToM
paccesiHHH B BOJOpOAe?
Pewen ne. Ilycts m; — Macca paccemBaeMoil YaCTHLUBI (o-UaCTHIB! HIH JeH-
TPOHA), P — €€ CKOPOCTb [0 PAacCesiHHsl; My -—Macca paccedBaiomiell YaCTHUR (aToMa
BOJOpPOAA); Dy H Dy — CKODOCTH HacTHIL IOCJIE pacces-
Vs Hud (puc. 54). 3aKORH COXpaHEeHHs HMIYJbCa H 5SHEp-
THH JaIoT;

M0 = Myt COs &L -+ My o3 B,
myu; sin o = myv, sin f,
s myv? =m0+ myus.

/] . i .
8 Hckmours otcioga yrol f H CKOPOCTb ¥, NOJYYHM
LJiS U KBaJpaTHOe ypaBHEHHe
) (my + my) v§— 2mywoy cos o+ (my —my) v2=0.

VYciopHe BeLIECTBEHHOCTH HOpHEH ero, Kak JIeTKo
BHIETb, HMEET BHA Sin @ << m,/my. MakcUMalbHHH
(] YIOa ¢, YIOBJETBOPSIOWHAE 3ToMy YC/I0BHIO, H Gyaet
Puc. 54 paeen yray &. Takum o6pasom, sin 1‘)02 my/my. Or-
’ Clolla HAXOJUM M a-uacTHubl 9 = 14°30', mng geit-
TpoHa ¢ = 30°.

12. Anpda-yacTHila, NEeTAULast o CKOPOCTBIO Uy, HCIBITHIBAET YIPYroe CTOJKHO-
BeHHe C HENOJABHXKHBIM fIAPOM H JieTHT Noj yrioM 90° K nepBOHAuyalbHOMY - HanpasJje-
HHIO ABHKeHHA. [IpH KaKOM COOTHOWIEHHH Mace C.-4acTHUB /72 H 51pa M 5TO BO3MOKHO?
OnpenenUTh CKOPOCTh CL-YACTHIB v U Apa V mocie crosikHoBenus. QnpefesuTh Takke
yroa & Mex1y HampaBjieHHeM CKOPOCTH BBUIETAIOMIErO sAPA M NEPBOHAYANBHEIM Ha-
npap/ieHHeM JABHMEHHH O.-YaCTHIlEL

OtrBerT. Macca o-yaCTHUBI JO/KHA GHITb MeHblue MacChl sfapa: m < M;

M—m, mu, 2M M—m

s wed= yrm-

TRV MEm T TM M¥m>
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13. YacTuma MaccHl m, NieTsiast TOPH3OHTAIBHO CO CKOPOCTHIo V/, cTanKkuBaerca
C HeBO3GYXKJEeHHbIM HEITOJBHXKHBIM aTOMOM MacCH M, mocjie yero oHa OTCKaKHBaeT H
JIETHT B TIPSIMO NPOTHBONOJIOKHOM HanpaB/ieHHH C TIOJOBHRHON CKOPocTLIo V/2, a aToM
nepexogHT B BO3GYKIEHHOE COCTOSIHHE, T. e. COCTOsIHHe C GoJiee BHICOKOH BHYTDCH-
Hel sHeprHedl. Ompelie/IMTL CKOPOCTb aTOMa U NOCJE CTOJNKHOBEHHS! H 3HeprHio E,
KoTOpasl Tounia Ha Bo3OyxjieHHe atoMma. [ KaKHX HeBo3OYXKJAEHHHIX 4TOMOB OMNH-
CaHHBIH NPOLECC HEBO3MOXKEH?

2
OTBeT. z)=-1 mv E= 3m¥ (1 —-%%1) . ITpouecc neposMoxeH, ecin M < 3m.

2 M? 8

14. Slnpa pefiTepus W TPUTHA JIETAT HABCTPedy APYr APYTY TakHUM o6pasoM,
YTO LEHTP Macc 3THX YacTHL oOcCTaeTcs HenmoJBHKHbIM. CyMMapHasi KHHeTHYeCKas
3HepTHs o0eHx HacTHI paBHa E = 15 k3B. Jlo kako#t sueprud E; Hallo yCKOPHTB
SApO NeHTepHq, ocTaBnss TPHTHH HEMOABMKHEM, UYTOGH MOJAYUYHTH TOT M€ BHIXOSR
peakuun? Kakas sgeprua E; moTpefyeTcs Iisi Toll ke LesHd, €CJIH YCKOPATbL TpH-
THH?

PaccmaTpHBaeMasi peakllHsi, a TakXe peaKlHs, O KOTopolf TOBopHTcst B cie-
Iywomell 3ajaye, SIBIAIOICA OCHOBHBHIMH PEAKIHSMH, C IOMOHIbIO KOTOPHIX NpeAnoJa-
raeTcsi OCYULeCTBHTb YNpPaBJAseMYI0 TepPMOSIIEDHYIO DeaKUMIO CHHTe3a I/ HCROVb-
30BaHHS B MHDHBIX LEJSX.

my4-m
OTBeT,En=£}-——2E=-§~E=25KSB,
My .3
my+m
ET=—H—+——TE=—5—E=37,5K3B.
my 2

15. Sdapo JefiTepHs CTanKHBaeTCs H BCTYNaeT B peaklHIO ¢ SLAPOM TDHTHS,
IpeanosiaraeTcss OCYILIECTBHTh 3TOT NPOLECC, YCKOPHB llepedl CTOJKHOBEHHEM JHIIb
OJIHY YacTHLy Jo 5HeprHH E = 20 k3B, octaBiss BTopyw HemoasuxHod. UTo B~
roiHee A OCYIIECTBJIEHHsl PEAKILHH: YCKODHTb JIETKYIO HJIH TSXKeZyl YacTHIY?
Ipegnonaraercs, 4To yAap MexAy YacTHUAMH LEHTPAJbHEIH,

OT1BeT. Ecin yckopaTe JedTepHH, To Ineprus

E/(14-my/m;)=8 k3B,

CBSI3aHHAs C JBHIKEHHEM LIEHTPA Macc, He MOXeT MPHHHMAaTh yyacTHe B peakliuH,
B cayuae yckopenus TPHTHS 3Ta SHEpPTHA paBHa

Ei(1 +-my/m;)=12 x3B.

Brirogtee yckopaTh AeiiTepHit. BEIMIpHII B 3HepTHH B 3ToM Cayyae GyHeT
My—m 1
I 2F= - E=4 xB.
my+my 5
16. IlepBast HCKyccTBeHHasi siflepHast peaKlHA
N4+ Het =017+ p

‘Ha6mopasnace Pesepdopaom B 1919 r. Ona uzeT ¢ norsollenteM sHepruu E = 1,13 MsB.
Kakyio MHHUMAaJIbHYIO 3HepTHIO Ey Hallo COOGUIHTL B 1a60PAaTOPHOH CHCTEME G-4acTHIe
(1. e. AIpy aToMa reans), 4TOOW NpH GOMGAPLMPOBKE HENOLBWKHON MHugHu uz N
yKa3aHHas peakLHs Moria NoHTH?

PeuwenHe OGo3HaunM uepe3 p, HMIYJAbC O-4aCTHIH /O CTOJKHOBEHHSH.
B pesyabTaTte CTONKHOBEHHs] HMIYJIbC He H3aMeHseTcs. C HHM CBfI3aHa KHHETHYECKas
SHEprHs IBHXEHHA LEHTPA Macc

Ky v = P?) _ My,
TR (Mgt my) T mpetmy

KOTOpas TAaKXKe He U3MeHseTCsd, a MOTOMY HUKaK He yuyacTBYeT B AJCpPHBIX ITpEBpa+
WEHHAX, ) ’

Eﬂy
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CrepoBaTebHO, HCKOMasi 3HEPTHS HalZeTCsl M3 YCJIOBUs

Ey— E4Ky y— E +—0He
0= + .M +m 0
OTKYAa
m m
Eoz—“eJr—NE:msMaB.
my

17. Ilopoeosoii smepeued Erqp WM nopozos sACPHOH PeakuyH Ha3pBaeTcs TaKas
3HEeprust GOMGapAMpyIOWEeH uYacTHLEBl, YTO fAEepPHAsA Peakuusi INPU HENOLBHKHOH
MHIIEHH MOXET MATH TOJIbKO TOTAa, Korfa sneprus E GomGapanpyloumied 4acTHUB
paBHa HJH TPEBOCXOIMT Eqop, 8 npu E < Eqqp peakuus neposmoxna. Iloporosas
3Heprus siiepHolt peakuuu Li7+ p — Be’+ n %ﬂHTHﬁ HenosiBAmKen) pasua Epqp =
== 1,88 MsB. Tlpn xakux sHeprisax 60MOapAHPYIOUIHX HPOTOHOB £|, HEHTPOHH! B Ta-
KOH peaklUWH MOTYT JeTeTb Hasaj OT JHTHEBOH MHIUEHH?P '

Pewmen#e MunuManbnoe 3HAuCHHE WCKOMOH 3HepruH mportona E, coor-
BEeTCTBYeT JIOGOBOMY CTOIKHOBEHHIO, KOTAd BCe YaCTHII 0 H TOC/e CTOJKHOBEHHS
JIBHXYTCS BAOJNbL ONHOH M Toi ke npsMoll. [TosTOMy MOXHO OrpPaHHUYHTECS TOJNBKO
TAaKHMH CTOJIKHOBEHHSIMH.

JonycTHM cHauaja, 4TO SHeprust GoM6apAHpYIOero npoToHa PaBHA MOPOTOBOH
Eqep. Torsa mosyvamouiuecs B pesyJbTaTe peakuiH sapo Be B HefiTpon B cucTeme
LIeHTPa MacC AOJIKHBl HaXOIHTRCH B COCTOSIHHH TOKOS, & NMOTOMY B JiabopaTopHoi
CHCTeMe JBHTATHCH BIlepel € OJHHAKOBBLIMH CKOPOCTSMH. Ilpu TakoM JIBUKEHHH OHH
YHOCAT KHHETHYECKYIO JHEPTHIO

— P2
. Eo—‘Dm)p/2 (mBe+mn),
rae Ppop — MMIY/BC MPOTOHA, COOTBETCTBYIOWMHA TMOPOTOBOH 3HepruM
2
Eqop= PHOP/(Qmp)-
Pa3HoCTh 3THX JBYX 3HeprHi

] EIIOP—EO”—_‘——'—"——— EnOp’ (287)
. n N

3aTpPauuBaeTCsl HAa SIEPHYIO PeakKlHIo. )

HajineM Teneps suepruio GomOapiupyioulero nportona Ep, TpH KoTOpol mosy-
YalTCA HEHTPOHB! B COCTOSIHMM NOKOS, & siipa GepHaIHsA JeTaT Breped. Ecan P, —
HMITyJIbC TIPOTOHA QO PeaKIHH, TO

2
Ep= Pp/(2my),

a KHHeTHYeCKas 3HeprHs oOpa3oBaBuerocs sapa GepHIAs EBe=p§/(2mBe).
Pa3HoCTh 3THX 3SHeprif

Ep—EBezl/ng (r?*r =—F, (28.8)
: p B

HJeT HA SJEPHYIO PEAKlHio, a NoToMy paBHa Benuuune (28.7). IlpupapuuBas Bhipa-
*ends (28.7) H (28.8), HaxoaHM

_mBe (mBe+mn_mD)

P 2 3

My —mg

WA, TnpeneGperas pasKiudeM Macc NPOTOHA H HeATpoHa,

1 1 ) Mpe— My

E

Enopv

Mhe 49
P e — g Lmop 45 Lnop =192 M3B.

an BoNbLIHX 3HEPruax NOsABATCA, Heﬁ'rpom;r, JeTdaliHe Hasaf.



