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Maxkpockonudeckoe IBHXKEHHe TeJ, NOrpyXeHHHIX BO BHEUIHIOO
cpesy, CONPOBOXK1aeTcs, Booblle ropops, HeoOpaTHMBIMH POLIECCAMHK
TPeHHs, IPHBORAIMKUMH B KOHI@ KOHLOB K NPEKPaUICHHIO ABHXKEHHS.
KuneTHyeckas 3Hepruf TeJ MpPU 3TOM HePeXOJHT B TEMJO, HJaIH, KaK
roBopAr, duccunupyent.

YucTo MexaHHYECKOe PAacCMOTpPeHHe TaKOTo ABHKEHHS, OUeBHAHO,
HEBO3MOXKHO; TOCKOJBKY 3HEPrusl MaKpOCKONHYECKOro [BHXEHHS
NEPEXOJUT B SHEPTHIO TENJIOBOrO ABHXKXEHHA MOJIEKYJ Tesa H cpefHl,
TO TaKoe paccMoTpeHye TpeGoBaso Obl COCTaB/IEHHS YpABHEHHH IBH-
KeHud JIs1 BceX 3tuX wactun. [losroMy Bonpoc O BO3MOMXKHOCTH
COCTaBJICHHA TAKHX YDaBHEHH{l JBHXKeHHA B cpeje, KOTOpHIE 6bl CO-
Jepyaly JIMIIb MaKPOCKOMHYECKHe KOOPAHHATH Tej, OTHOCHTCA
K 06/acTH CTATHCTHKH.

dra 3ajaua, OfHAaKoO, He MoKeT OBITH peilleHa B 06wmEeM BHJe.
[NockonbKy BHYTpeHHEe [BMKEHHe aTOMOB TeJa 3aBHCHT HE TOJBLKO
OT JBHMXKEHHMA TeNa B NAHHBIH MOMEHT BPEMEHH, HO H OT Npeblnyilei
HCTOPHH 3TOrO JBHXXEHHsH, B YpaBHEHHsi ABHXKeHHA GyAyT, BooGlle
roBopsi, BXOJHTb HE TOJbKO MaKPOCKONHYeCKHe KOOPAHHATH Tea Q,,
Qs .-, Qs ¥ MX mepsble U BTOPbIE NMPOU3BOJHHEE MO BPEMEHH, HO
H BCe TPOHM3BOJIHBIE BHICWIHX MOPSAKOB (TouHee —yHKIiMH Q; (¢) BOi-
AyT TOA ileHCTBHEM HEKOTOPOro HHTETpanbHOro oneparopa). Pyukuuu
JlarpanKa Aasf MaKpOCKOIHYECKOTro [BHIKEHHS CHCTEMBI NMPH 5TOM,
KOHEUYHO, He CYyImecTBYeT, M YPaBHEHHS IABHKEHHA B pPasIHYHBIX
caydasax OYAYT HMETh COBEDUIEHHO PAa3/IHYHBEIN XapakTtep.

dopma ypaBHeHHIl ABHXEeHHS MOXKeT OHTb YCTaHOBJIEHA B 06lLIEM
BUJle JVIA CHydYasi, KOrAa MOXKHO CYMTATh, YTO 3afaHHEM KOOPAHHAT
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Q; 4 cKopocTel @, COCTOAHHE CHCTEMH B ITAHHBIH MOMEHT BpPEMEHH
ONPeJIe/ISIeTCs NOJHOCTBIO, H NIPOU3BOHEIMH BHICIIHX NMOPSLKOB MOXHO
npexe6peusb (60/1ee TOYHO KPUTe PHE MANOCTH JOJIKEH YCTaHaBAHBATbCA
B KaX[oM KOHKpeTHOM cayuae). Kpome Toro, Mel 6yzeM CUHTATh,
YTO CaMH CKOPOCTH ; JOCTATOYHO MaJbl, TAK YTO HX BHCIUHMH CTe-
neHsMH MOXHO npenebperarb. Hakowell, peinonoxkumM, 4To KBUKE-
HHE TMpejcTas/sAeT co6oi Manble KONEOAaHHS OKOJIO HEKOTOPBIX IO-
JIOKEHUH pPaBHOBECHH —cJ/ydafi, ¢ KOTOPBIM B 3TOH CBfI3H OOLIUHO
H TPHUXOJHTCA HMETb JeJ0; NPH TOM YCJOBUMCH CUUTATh KOOPJH-
HaThl Q; BHIOpAHHHIMH TakKHM 06pasoM, YTOObl B NOJIOXEHHH PaBHO-
Becusi Osio Q;=0. Torna kunerHueckas sHeprus cuctemsr K (Q))
GyzeT KBafpaTHuHOH QyHKIHeH cKopocTell Q;, HE 3aBucsied OT caMUX
KoopauHat Q;; noteHIManbHas ke sueprus U (@), cBf3annas ¢ aefi-
CTBHEM BHEIIHMX cHJ, 6YJeT KBaApaTHYHOH QYHKIMEH KOOpAUHAT Q;.
Beesiem o6o0meHHBIe HMIYJAbCH P;, onpejenus HX, Kak OGHIUHO,

AoCpencTBOM )
p=2KQ3 (121,1)

94Q;

3Td paBeHCTBA ONpERENAIOT HMOYJbLCH B BHZE JHHEHHBIX KoMmGHHA-
Hii cKopocTeii. BHpa3uB NpH NOMOLH HUHX CKOPOCTH Y€pe3 HMIYJAbChl
H NOJCTaBHB B KHHETHUECKYIO SHEPrHIiO, NOJYYHM NOCIEHIO B BUjE
KBanpaTHyuoli (QYHKIHH HMAOY/JAbCOB, NpHueM OYAyT HMETb MecTo

paBeHCTBa
Q,.="Kagf). (121,2)

Ecnu npenebpeub mpoieccaMd THCCHMNAUMH IOJHOCTBIO, TO ypaB-
HEHHUS TBHXEHHS GYZYT OGBHIYHBIMH YPaBHEHHSMH MEX aHHKH, COTVIACHO
KOTOPbIM IPOM3BOJAHBIE MMIYJIbCOB 110 BpEMEHH PaBHHI COOTBETCTBYIO-
oMM 0GOOIIEHHLIM CHJIaM:

- oUu
Pi——??Q—;' (121,3)

[pexne Bcero orMeTuM, uto ypasuenus (121,2—3) maxolstcs
B (OpPMaTbHOM COOTBETCTBHH C MPHHIIMIIOM CHMMETPHH KHHETHYECKHX
KOo(DUUHEHTOB, ecld mox BeBeneHHeIMH B § 120 BeqHuHHAMH X,
Xy --., Xy MOHHMATb KOOpHZHHATH Q; M HMOyabchl P; JeficTsu-
TeJbHO, MHHHMaJbHas pabora, HeoOxoinuMas AI8 NPHBEICHHA Tea
H3 COCTOSIHHSI TOKOS B MOJIOXKEHHAX PABHOBECHS B NOJOXeHHs Q;
¢ MmmuyabcaMu P;, ectb R, =K (P;)+4U (Q;). Tloatomy poab Be-
auuan X;, X,, ..., X, OyAyT Hrparb NPOH3BOJHBIE (CM. NpHME-
yauue Ha cTp. 401):

1 aRm'n_ 1 oy — 1 aRmin__i_a_lS_
Xo,=+ an- ~Teq;’ Xp,=F oP; T oP;’
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a ypasHenus (121,2—3) 6yayT coOOTBETCTBOBATH COOTHOLIEHHSM
(120,5) npuuem
YQiPi =—T=— YP;0;

B COOTBETCTBHH ¢ npapusoM (120,12) (Mbl HMeeM 37ech J€/I0 CO Cay-
yaeMm, KOrja OJHa H3 BeJHYHH (Q,) OCTaeTcst HEH3MEHHOH NpPH H3-
MEHEHHH 3HaKa BpeMmenH, a apyraf (P;)-——Menser 3Hak).

B cooretcTBHH ¢ OoOWUMH cootHomeHHAMH (120,5) Mbl MoXeMm
TeNepb HAMHCaTb YpaBHEHHS [BHXEHH C y4YyeTOM MPOL(ECCOB JRHC-
CHMalHH, npubaBUB K npasBeM cToponam paseHcTs (121,2—3) neko-
TOpbe JONOJHHTE/IbHbIE JHHEHHEIE KoMOHHALHH BenquunH Xq, Xp,
npuyeM TakHM o6pasoM, utobul Obla cobnalonena Tpefyemas CHM-
MEeTpUsl KHHETHYECKHX KoatbHuueHToB. JIerko, ofHako, BHIETh, UTO
pasenctBa (121,2) crepyer ocTaBHTH HEH3MEHHBIMH; JEHCTBHTE/BHO,
3TH PaBEHCTBA NPEACTAB/AIOT COG0H MPOCTO CJIeACTBHE ONpeneseHHsE
umnyapcos (121,1), He HMelomero OTHOLIEHHS] K HANHYHIO HAH OT-
CYTCTBHIO NPOLECCOB JHCCHNAIMH. TeM CaMbIM YCTaHABJHBACTCSE, YTO
K pasencrsam (121,3) MOXKHO 106aBHTD JHHEHHbIe KOMOHHALIMH JIHIIb
BenuynH Xp, (T. €. npoussopubix 0K/0P;); B TNPOTHBHOM cayuae
HapyINUTCA CHMMETDPHS KHHETHYECKHX KO3pPHIIHEHTOB.

Taxum o6pasoM, nMoTyyaeM CHCTEMY PaBEHCTB BHJA

: W &N. 9K
Pi= =909, Z'Yrko_p; )
k=1
rje HOocTOSiHHBIE KO((HIUEHTH +;, CBS3aHBI COOTHOMIEHHAMH
Vie= V- (121,

3amenus g—;‘; = Q,, HalHmeM OKOHYATENbHO:
. U S .
Pi=—7(g—27ik Qe (121,5)
k:l

J10 H ecTb HCKOMas CHCTeMa ypaBHEHHH ABMXKenus. Mbl BHIHM,
YTO HAJHYHE TPOLECCOB JHCCHMALHH NMPHBOAHT B PAacCMaTpPHBaeMOM
NPUOMMAKEHHH K TNOABJECHHIO NONOJHHTENbHBIX CUA MpPeHus, THHEHHO
3aBUCALINX OT CKOpocTel 1BHKenus. Benencrsre cootnomenud (121,4)
5TH CHJbLI MOXKHO HANHCaThb B BHIE MPOH3BOAHBLIX MO COOTBETCTBYIO-
UM CKOPOCTAM OT KBaApaTH4YHOH PYHKIHH

1 . .
F=5 3 QiQe (121,6)
i k
HaspiBaeMmofi Juccunamuenoti ¢yuxyued. Torga
pp=—9Y__ 9 (121,7)
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Beens ¢ynkuuio Jlarpanka L=K—U, MOXHO Hanmucatb 5TH
ypaBHEHHsE IBHXeEHHs B (opMme

d oL L ___ of (121,8)

at 9Q;  0Q; 9Q;

KOTOpasi OTJaHYaercs OT O6bIYHOH Qopmbl ypaBHeHuit Jlarpanxa cros-
me# B npapod CTOPOHE MNPOH3BOAHOH OT AMCCHNATHUBHON (QYHKIHH.

Hanuune Tpenusi npuBOANT K YMEHBUICHHIO TOJHON MEX aHHUECKOR
suepruk (K 4-U) nemXymuxcs ten. B coorsercTBHM ¢ o6mumu pe-
syabraTaMt § 120 ckopocTh 3TOro yMeHbLIECHHS OMpejesasieTcs Iuc-
CHNATHBHOH GyHKuued. BBHAY HEKOTOPOro pasnuyust B 0603HaYEHHAX
sgeck U B § 120, nokaxem 3To 3aHoBo. Mmeem

2K+ U)=Zi (2K p1-220,) > (Bt ).

und, noictaBus (121,7) ¥ uMest B BHAY KBaJpaTHYHOCTh IUCCHOA-
TUBHOH (YHKLHH,

d . Of
@ K+ =—2 05, =, (121,9)

KaK U JOKHO GblIO OHITh.

YkaxeM B 3aKJIOYEHHE, YTO IPH HAJUYUH BHEIIHEro MarHHTHOTO
noJst yPaBHEHHs JBHKEHHs NO-npexueMy uMeioT Buj (121,5), ¢ Toil
Julb pasuuned, yro Bmecto (121,4) Gymer

Yix (H) =y (—H).

Baaronapst sToMy, oaHako, He OyJIET CYINECTBOBATh AMCCHIIATHBHOMN
(YHKIIMH, NPOHU3BOJHBIE OT KOTOPOH Onpejessiii Obl CHJBI TPEHUS;
MO3TOMY YypaBHEHHst ABHUXEHUS He CMOryT OHTh HaNnucaHhl B BHIE
(121,7).




