I'maBa VIII
TEOPUA TAMUJ/IBTOHA

§41. OBBIKHOBEHHBIE THO®OEPEHIINAJIBHBIE
YPABHEHHUA 'AMHJIBTOHA

B To Bpemsa Kak B ypaBHeHuAX JlarpaH:ia He3aBUCUMbBIMU IepeMeH-
HBIMU AIBIANUCH 0606I[€HHbIE KOOPAUHATHI ¢ U 0606IIEHHbIE CKOPOCTH (
B ypasneruax 'amuavmona, KOTOpble MbI Telepb BbIBeJeM ABYMA pa3iuy-
HbIMU cHoco0aMU, He3a8ucuMblmi nepemeHHblML ABIAIOTCA 0606IIeHHbIE
KOODPJIUHATHI @ 1 0606I€HHbIE UMITYIbChI Py, IPUUEM MOCIEIHNUE ONpeea-
1oTcA BoipamenueM (36.9a). Janee, B To Bpems Kak B ypaBHeHusnx Jlarpansxa
XapakTepucTuueckoil ¢gyHknueil Obita «cBoGogHas »neprusy T — V., pac-
cMaTpuBaeMad Kak QYHKIUA q; U i, B ypasHenuaxr Iamuavmona poav ma-
Kol xapaxmepucmuyieckoll gynkyuu uepaem «noaran sHepzus» T + V, pac-
cmampusaeman kKax gynryus qr u p. HazoBem ee gynryueil I'amuavmona
u o6o3nayuM uepes H(q, p), nogo6HO ToMy, Kak Mbl Ha3bIBall CBOGOAHYIO
sHepruio ¢pyHnruueit Jlarpauxa u o6o3uavanu ee yepes L(q, ¢). @yuruuu H
u L cBasaubl cooTHotenueM (34.16), KoTopoe, yYUTHIBaA ONpeeleHUe Py,
MOKHO TepenucaTh B BHe

H= Zpqu — L. (41.1)

O[HaKO MBI TOTYAC #e€ PaclIMpPUM OCHOBY Teopuu (cp. KoHen § 37), a MMeH-
HO, OTKaeMcA OT NPeNoJoKeHN, YTo L MoeT ObITh pa3iomeHO Ha KIHe-
THUUYECKYIO U MOTEeHHalbHYIO0 cCOCTaBHbIE YacTU, U JONMYCTUM TaK:e ABHYIO
3aBucumocTb L oT ¢t. CornacHo u3noxeHHOMY Ha cTp. 254, Takas 3aBUCH-
MOCTb MOKeT BO3HMKHYThb B TOM cllyuae, eCclli yCJIOBHA CBA3M, HAJOHEHHbIe
Ha MeXaHUUYeCKYylO CUCTeMY, U/IU ypaBHeHUs, cly:kalllie [JJA oNpeaeleHUus
ee KOOpJUHAT, cojep*aT BpeMdA. TakuM o6pa3zom, Mbl HanuueM QyHKIUIO
Jlarpan:ka B 6oJiee obuieit popme:

L=1L(t,q, q). (41.1a)
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YpaBuenue (41.1) Mbl GyfieM paccMaTpuBaTh Kak oNpejeleHHe COOTBET-
cTByouleit ¢yHkuuu I'amunbToHa, He obpaliagd BHUMaHUA Ha ee MepBOHa-
YajbHbIA (U3NYECKUN CMBICI KaK MOJHOI dHEPrUU CUCTEMbI:

H = H(t, q, p). (41.16)

3[18(3]:, Kak U npe;xjge, MMIYJIbCbI p onpegeJAl0TCA COOTHOUIeHHneM

_ 0L
Pk = Dk’ (41.1B)

IMonomxus B OCHOBY MNPHUHIMII l'amunsToHa
J/Ldt =0, (41.1r)

nonyuum [cuntasa GpyHruuio L onpepenenHoii BoipameHuem (41.1a)] TouHo
TakK e, Kak B § 37, ypaBHeHud Jlarpan:a; 1Jd HOCIEAYIOIET0 pacCMOTpe-
HUAl BTU ypaBHEHUA MbI 3anuiieM B ¢popme:

. oL
= =, 41.1
Pk ey ( n)

a) Buieod ypasnenuil I'amuavmona u3 ypasuenuil Jaepanica.
Hanumewm noanesie nuddepennnanst pyuruuit H u L:

OH OH OH
dH = %, Chdt+ ) 90, Edg, + Y o o dpr, (41.2)

dt+2 qu +Z o i (41.2a)

Hone3ysace ypaBHenuamu Jarpamma (41.1n) u onpenenenuem (41.1B) um-
IyJIbCOB Py, Npeobpasyem dL K Bumy

L = %—f dt+ > prday + > pr di. (41.26)

C opyroii CTOpOHBI, M0IbL3yAch ypaBHeHneM (41.26), o6pasyem audde-
peHnuan ot Bbipamenus (41.1):

= dedpr + Y pr i — %—fdt =Y prdgr — Y prdir.  (41.3)
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Tax rax BTOpOﬂ u HOCJIe,[IHI/Iﬁ YIEHbI BBAUMHO YHUUYTOMAKOTCA, TO
dH = _9L dt — Zpk dqy + Z qr, dpy, - (41.3a)
ot

dTo Bhipamenue dH [on#HO OGbITb TOMJECTBEHHO C BbipamenueM (41.2).
[IpupaBHUBasA MHOMUTENU NpH di, MOTyYaeM:

oH _ L
8 _ oL (41.36)
C apyroii cTOPOHLI, cpaBHEeHMe MHoMTeNeil npu dqy u dpy, naet:
. OH . 0H
-_oH . _O0H 41.4
Dk aqk s gk apk ( )

Imu 3amevamenvHO CUMMEMPUYHblE COOMHOULEHUA U HA3bLBAIOMCA
00blEHOBeHHbLMY JuddeperyuarbHbulmu ypasHeruamu I amuivmona.

HysHo, BupouyeMm, 3aMeTUTh, 4TO ypaBHeHus tuna (41.4) Berpevanuch
y#e 3HauMTelIbHO paHee y JlarpaH:a B ero «AHaIMTHYECKOH MeXaHHEe»!,
HO TaM OHM BBIBeJEHbI U NPUMEHEHbI JNHUIIb A YAaCTHOTO CIy4Yasd MalbIX
BO3MYILIEHUIA.

6) Buieod ypasnenuil I'amuavmona u3 npunyuna lamusvmona

Ecau ¢ nomombio cootHommenus (41.1) nanucats npunnun FamuinbTona
B BHJIE

o [Lar=s [0, 0.0~ Y ] e =

0H o0H . : —
= E ==0qr + 2—0pr, — qx OPr — Pr, O dt =0, (41.5
P’ /(3% k s Pk — qk 0Pk — Dk Qk> ( )

TO MOCJeIHUI WieH B CKoOKax MO#MeT ObITh npeoﬁpasoBaH HHTerpupoBaHu-
€M II0 YacTAM:

t1 t1

t
—/pk5det=/I3k5det—pk5Qk

1
9
t2

(41.6)

to to

lJlarpan s, AHaluTuuyecKas MeXaHHMKa, TOM MepBbIif, cTp. 246, nyHkT 14, M.-JI.,
1937.
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npuyeM ulleH, He cofep:Kalluii WHTerpaia, obpaiiaeTca B HyIb (B CUILy
yCloBHi BapbUpoBaHUA B npuHuune l'amunbTona). [lofgcraBifas Bbipase-
uue (41.6) B ypaBHenue (41.5) u rpynnupys ciiaraemble ¢ §q ¥ §p, HOILYYUM:

Z/({—+pk}5qk+{g—g—qk}épk)dtzo. (41.7)

Ecnu 651 MbI GbLIM BIpaBe pacCMaTPUBATh BEIMYUHBI dgg U Opj KaKk He-
3aBHUCHMble BapualyK, TO HENOoCPeJCTBEHHO MOoNy4uin Obl ypaBHeHudA ['a-
MunbToHa (41.4), NpUpaBHAB HYJIO MOPO3Hb MHOMUTENU NpPU dq U Opj.
JTo, OlHAKO, HEIOMYCTUMO: XOTA ¢ U pPi W BXOAAT B H Kak HesaBUCH-
MblI€ NepeMeHHbIe, HO PY BbIUMCICHMM MHTErpajia JelCTBUA OHU CBA3AHbI
Me#Iy co60il BpeMeHHOW 3aBMCHMMOCTBIO, TOUHO TaK #e, Kak ¢ U ¢ B
paBeHcTBe (41.6), BeeACTBHe Yero Mbl U [OJ#HBI ObLIM MPOAENaTh UHTEr-
pupoBaHue 1o yactAM. OfHAKO ecid Mbl BO3bMEM YacTHYIO IPOM3BOJHYIO
o p ot Boipaxsenus (41.1) (npu pUKCUPOBAHHBIX ¢), TO YOEAUMCH, YTO BbI-
paskeHHe BO BTOPBIX GUIYpPHBIX CKOGKax Qopmyibt (41.7) TommecTBeHHO
obpalaeTca B Hylbl; 0TCIOa Mbl BIIOJIHE CTPOrO 3aKIHOYaeM, 4TO U BbIpa-
JKeHue B MepBbIX QUIYPHBIX cKOOKax dpopmyabl (41.7) mon#HO GbITH paBHO
HYJIIO.

Mb1 mpuBeau 3jech BTOPOI BbIBOJ ypaBHeHUil ['aMH/IbTOHa A TOTO,
4TOOBI CIeNaTh B CBA3M C HUM OJHO BajKHOe 3aMedaHmue.

Mb1 3HaeMm, 4TO ypaBHeHMA JlarpaH:a MHBApUAHTHLI OTHOCHTEILHO
TIOObIX «MOYeYHbLT NPeolpa3oeanuidy, T.e. OHU COXPAHAIOT CBOIO GOpMY, ec-
JU MbI BMECTO (), BBOAMM JI00bIe JpyTrie KOOpAMHAThI (g, CBA3AHHBIE C i
COOTHOIIEHUAMU:

Qk sz(qla q2, ... 9qf) (418)
1PaccmaTpuBaa L kak GbyHKIHMIO Gk, 4k ¥ t, u3 dopmyast (41.1) Haxomum:
— ; . oL 6L _ 0L
dH—ZPdek+qudpk—Za—qk Z dgy, — 5/ dt

Wiy, Ha ocHoBaHUU ompeneneHun (41.18),

dH = qudpk—z dk—%fdt
OTcrona
M = 4k,

npuYeM YacTHafA NPOM3BOAHAA GepeTcA B NpPEeANONOKeHMN NocToAHcTBa ¢ U t. ([Ipum.
ped.)
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Toma COOTBETCTBYlOIIHUe Pk BhIpamarmTCAd B BUe

Py >y OL 04 _ Y piaik, (41.8a)

_ 0L _

0Qr 06 0Q, 4

T. €. OHU ABJAIOTCA JUHEHHBIMU PYHKIUAMU OT P;; KO3 PULUEHTEHI a;f, Kak
u B dopmyie (3.3), ABNAIOTCA QYHKIUAMU KOOPAUHAT G-

B npoTHUBOMNONOMKHOCTL 3TOMY, MbI MOKaMeM, YTO ypaBHeHUuA ['aMuib-

TOHa MHBApUAHTHBLI OTHOCUTEILHO 20pa3do Goaee o6wuxr npeobpasoeanull

Qk = fk(Qa p)?
Py, = gr(q, p), (41.9)

IIpY KOTOPBIX, CleJ0BaTENbHO, fi U gy ABIAIOTCH MPOU3BOJBLHBIMU (PyHK-
uuAMU 06OUX PANOB NEPEMEHHBIX g U Pi (¢ HEKOTOPBIM OTrpaHHYEHHUEM,
KOTOpoe OyfieT TOTYac ke yKasaHO); B YAaCTHOCTH, ¢ MOMeET U He OBbITh
JIVHeWHO! (QyHRKIVel OTHOCUTEILHO py.

Ilns sToit menu BbIpasuMm ¢, p depe3 (), P c MOMOIIbIO COOTHOLIE-
Huit (41.9) [pasymeercs, cooTHomeHuA (41.9) momMHBI JOMycKaTb TaKylo
BO3MO#HOCTb| U MOACTaBUM pe3yibTar B BelpameHue H (g, p). [IpeoGpaso-
BaHHYIO TAKUM 06pasoM dyHEnUIo [aMunbToHa 0603HaunM yepes H, Takum
o6paszomM,

H(q, p) = H(Q, P). (41.10)

CpaBHUM, jalee, BEIUYNUHY Y. Prdk, BXOAALYIO B paBeHcTBO (41.5),
c ZPka. pu mpeo6pasoBannu (41.8), (41.8a) 06e 3Tu BeAMYUHBI, KAK
nerko y6eauTheA, 6b11M GBI paBHBI ApyT Apyry!. Ilorpe6yeM Temepb, 4To-
Gbl PaBEHCTBO 3TUX BeJUYMHA COXPAHAJOCHL M IpHU o0ljeM IpeobpasoBa-
Hud (41.9) ¢ TOYHOCTBIO JI0 ClIaraeMoro, ABJIAIOIIEr0CA MOJIHOM POU3BOJHOM
0 BpeMeHHN HeKOTOopoil GyHKuuu F' oT ¢ u p wiu, uHave, GyHKIMEH OT ¢

! Tuddepenuupyn Beipamenue (41.8) no BpeMeHH, MoTyuaeM:
S 0Qy .
Qk - ; aqi q;-.

Otciona nocie auddepeHUPOBaHUA [0 ¢; HAXOOUM:

9Qk _ 9Qx

04; dq;
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u Q'. Takum obpazoM, Honaraem:

> peik =3 PiQi+ LF(g, Q), (41.11)

rie ¢yuknua F momer 6bITh BbIOpaHa MpousBoAbHO. B aToM 1 3armoua-
eTcA yNOMAHYTOe Bblllle OrpaHUYeHHe, HaKjJajblBaeMoe Ha NpeoGpasoBa-
uue (41.9).

Ecan mb1 Tenepb nopcraBuM Beipaxenud (41.10) u (41.11) B ypaBHe-

uue (41.5), To IpU MHTErPUPOBAHUY U MOCIEAYIOLIEM BapbUPOBAHUY cjara-

eMoe ¢ Cil—f BbINIaJlaeT, TAK KAk Ha Mpejenax WHTerpaina Bapuanuu 0q u 6Q

o6pamaiorca B Hylb. Takum oGpasom, ypaBHenue (41.5) coxpaHser cBoiO
HNpeAKHIO GOpMY U MO#eT ObIThb MEPENUCAHO CIeAYIOIUM 06pa3om:

§ [@@Q.P) - Y Pt =o.

Tak Kak HUYTO He U3MEHAETCA M B MpemHUX mpeobGpasoBanuax (41.6)
u (41.7), To MBI 3€Ch NIPUXOAUM K 3aKJIIOYEHUIO O CIPABEMIUBOCTH ypaB-
HeHuii ['amunbrona. B coorBercTBun ¢ ypaBHenuamu (41.4), oHH uMeOT
BU[:

5 _ _OH 5 _ OH »
P, = 905 Qk—aPk' (41.12)

Jlanee, npuHuMan Bo BHuMaHue (41.8a), umeem:
0q; 0
LRI D N W

Z%an -3 0q; 0Qr _ 9¢;

6Qk an

0Qy 0q; ~ g

= 0ij,

rae §;; =1, ecn ¢ = j u d;; = 0, ecam § # j.

CienoBaTenbHO,
E PuQp, = E E dijpid; = E Pidis
% J [

4yTo U TpeboBanoch pokasaTb. ([Ipum. ped.)

1B camom pene, ecin F mepBoHaualbHO 3afaHa Kak GYHKLUHA ¢ U p, TO P MOHHO
BbIPa3uTh U3 mepBoro ypaHeHud (41.9) u nogcrasuthb B F', 6narofapa yemy Moixy4daeTca
HoBaa ¢pyHruua F ot ¢ u Q. (ITpum. ped.)

2[IpoTHB NpUBEIEeHHOro N0Ka3aTelbCcTBa MOKHO BLICTABUTH [JBAa BO3DPaeHHA.

Bo-nepBbix, B npuHuune MamMmuiabToHa HaknaabiBaeTcA TpeGoBaHUe, YTOObI Bapuauuu dq
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Ipeo6pasoBanus (41.9) B ToM yacTHOM ciry4ae, KOTd OHU Or PAHNYEHbI
yeaoBueM (41.11), HoCAT Ha3BaHUe KacaTelbHBIX MPeo6pasoBaHUiA.

Tak Kak Ipu CTOIb 06IUX peobpa3oBaHuAx, kak (41.9), Benuuunbr Py
yTpauuBaioT CBOe IlepBOHavyalbHOe 3HaueHHe 00001eHHbIX UMIIYJIbCOB, TO
Belnn4uHbl Py, Qf, Ty4llle HA3BaTb «KAHOHUYECKUMU NepeMeHHbLMUY; B TOM
ciyyae TOBOPAT, YTO Py u Q) ABIAIOTCA «KAHOHUYECKU CONPANCEHHbLMUY.
YpaBHeHusa 'amunbToHa, BelelcTBHEe MX WHBAaPUAHTHOCTH OTHOCHUTENbLHO
STUX NpeoOpa3oBaHUil, HA3LIBAIOTCA TaKKe (KAHOHUYeckumu duddepenyu-
AAbHBIMU YPABHEHUAMUY.

HNMeHHO B cUIy 3TON MHBapMaHTHOCTU OTHOCUTEIbHO KAHOHUUYECKUX
npeo6Gpa3oBaHuii, ypaBHeHUA ['aMuIbTOHa UMEIOT 0co60e 3HaUeHHe B acTpo-
HOMMYeCKOil TeopuH Bo3mylneHuii. PaBHpiM o6pa3om, ypaBHeHusa ['amuib-
TOHa UT'PalOT BasKHYIO poib U B o6meit ctatuctuke ['u66ca.

Me1 3aKkoHUMM Halle paccMOTpeHHe ypaBHeHHil ['amunbToHa 3ameua-
HUEM, OTHOCAIUMCA K 3aKOHY COXPaHeHUA SHEPrUi.

B cooTBercTBUM ¢ paBeHcTBOM (41.2), B 061eM ciiy4yae UMeeT MecTo:

dH _ BH
dt S Z ( ap pk)

obpamanuch B HyJab Ha npepgeilax uHrerpasa. OngHako Bapuanuu Jp B obumeMm ciydae Ha
npejenax MHTerpana oTAUUYHbI OT HyaA. CiegoBaTenbHo, 1 §() Ha 3TUX Mpefenax, BooOIe
roBOpA, TaKkiKke OTIMUYHBI OT HyJA. MoHO 6bL10 Gbl He Aelad HHUKaKUX MPEAMNOJOKEeHU
OTHOCHUTEJbHO OOpalieHUuA B Hylb Bapuauuu 0() Ha Ipejesax WHTerpana, oKasaTb, UYTO
HMeeT MeCTO COOTHOIIEHHUE:

Z/ ({ +Pk}5Qk +{ Qk}éPk> dt = 0. (41.7a)

(Cm™m., Hanpumep, de — Bpotiab, BBefenue B BomHOBYIO MexaHUKYy. XapbkoB — Kues, 1934.)
dTo cooTHomeHHe oTanyaercA oT (41.7) ToabKo Tem, UTO B HEM BMECTO ¢ U P CTOAT
u P.

Bo-BTOpbIX, B cuiy ypaBHeHuii (41.9), BpeMeHHaA 3aBUCUMOCTb Memay dq u dp nepe-
HOcUTcA Takske Ha Q) u I P. [losToMy noka HeT OCHOBaHUil IPHUPaBHUBATh HYJIO BbIpae-
HUA B GUTypHBIX cKOOKax, BXoaAmue B ypaBHeHue (41.7a). MeToa, ¢ IOMOIIbIO KOTOPOro
6bLIM BbIBeJeHbl ypaBHeHHA ['aMuiabToHa u3 ypaBHenus (41.7) k ypasHenuio (41.7a) He-
nocpefCTBEHHO HelpUMEHHM, MOCKOJbKY Telepb Mbl He MOkeM paccMaTpuBaTh Pj, kak
4acTHYIO NMPOM3BOAHYIO MO Qp, oT «byukuuu Jlarpanay, onpefenAeMoil BbIpaseHHEM
> PQr—H

MoskHo, oflHaKo, onpaBAaTh NMpHBeJeHHOe [oKa3aTelbCTBO cilefylomuMm ob6pasom. By-
JeM paccMaTpuBaThb p M ¢ Kak He3aBUCHMble NepeMeHHble dyHkuuun H. Bynem npu aTom

L
CYUTaTb, YTO COOTHOWIEHUE pPp = a— nMeeT MeCTO JUIIb OJA UCTUHHOIO OBHUMEHHA,

0dx,

HO He 00A3aTelbHO AOJKHO BBLINOJHATbLCA AJA BapbUpOBaHHOIo ABUMEHUA. 06pazyeM
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3mech, cornacHo ypaBHeHuio (41.4), BbIpameHne B cKoGKax oOpaiiaerca
B Hynb anAa Kamjoro k. Takum o6Gpa3oM, B o6IleM cliyyae clpaBealnBO
paBeHCTBO:
dH _ 0H (41.13)
dt ot
B yacTHoCcTH, ecin H He 3aBUCHUT AIBHO OT ¢, TO OTCIOfA NOJyYaeTcA 3AKOH

COTpaHeHUA:
ai
dt

JTOT 3aKoH fABIAeTCA Golee OOLIMM, YeM 3aKOH COXPAHEHUH DHEPTUH, Tak
Kak OH, cormacHo cooTHoumeHuaM (41.1) u (41.1B), B cayuae 11060ii, HO He
3asucawetl om epemenu pyHruuu Jarpanska L riacur:

> i

Mer yme ynoMmuHanu o6 3TOM 3aKOHe COXPAaHEHHWA B NpHUMeYaHUU Ha
cTp. 253. OH NepexXoAuT B 3aKOH COXPAHEHUA SHepeul B TOM YacTHOM Cly-
yae, Korja ¢yHkuuio Jlarpansa L MOKHO pasioMUTh HA KUHETHYECKYIO

=0, H = const. (41.14)

= const. (41.14a)

Bapualguio UHTerpana
t1
[ (Zvein - 1) a
to

B NPEeATOJIOKEeHUHU, YTO NpeJelbl HHTerpaluu to U t1 MOCTOAHHBI M YTO Ha 3TUX Npejenax
Bapuauuu dqy 1 dpy, obpamaioTca B Hyab. Bapuainusa sToro nHTerpaia, Kak Jerko BUAeTh,

Z/ { (Qk - —) Ipr, — (pk + 37) 5qk}dt.

JlnA WCTHHHOrO NBHMMEHHWA, B cuily ypaBHeHuii [amuibrona (40.4) oHa o6pamaerca
B HYIb, T.€.

t1
5/ (Zpqu - H) dt = 0. (41.5a)
to

JTo ypaBHeHHe TONbKO 1o GpopMe COBMagaeT ¢ BapuallMOHHBbIM MpuHUuNoM [aMuabTo-
Ha. CoJepskaHue ero uHoe, MOCKOJIbKY B HEM INpeAnoiaraeTcA APyroii cnocob BapbUpoBa-
HuA. B yacTHocTH Bapuauuu dg u Jp Temnepb MOryT paccMaTPUBAThCA KaK He3aBUCHUMBbIE.
MosTomy u3s ypaBHeHus (41.5a) Ge3 npuBieYeHUA KaKNUX-ITN60 H0GABOUHBIX COOTHOIIEHU I
HeNoCpe/ICTBEHHO BbITeKaloT ypaBHeHuA I'amuiabToHa (41.4). Tenepb ficHO, YTO NpUBe-
JleHHOe Bbllle [0Kas3aTelbcTBO GopMyd (41.12) MosxeT GbITh COXPaHEHO, ecid UCXOAUTH
u3 ypaBHenus (41.5a), u6o us tpeboBanusa dg = dp = 0 caepyer, uto dQ = dP = 0.
(Ipum. pead.)
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YyacTb, ABIAIOIMIYIOCA OJHOPOJHON KBaJipaTU4YHOU (QyHKIUENH cCKOpoCTel (i,
U NOTEeHLUAIbHYIO YacThb, He 3aBUCALIYIO OT (.

§42. YPABHEHHUA PAYCA U HNRJINYECRKRHUE
CHUCTEMBbI

Mopo6HOo ToMy, Kak B § 35 [cp. popmyusl (35.10) u (35.11)] Mb1 pacemar-
pUBaid CMeNIaHHBI TUI ypaBHeHHUil (MO OTHOmIeHHIO K ypaBHeHuaM Jla-
rpaHs«a [epBoro U BTOPOro pojia), Mbl Telepb MO3HAKOMUMCH elle C OJHUM,
CMeNIaHHBIM THUIOM <«YyPaBHEHUI», 3aHUMAIOIIUX TPOMEHCYMOYHOe No.a0xHce-
Hue medxncoy ypasrenuamu Jazpanica u ypaswenuamu I'amuivmona. TOT TUI
ypaBHeHuil HocuT uMA Paycal, B mpoponmeHne HECKONBKUX IECATKOB JeT
npemnojaBaBiiero MexaHuky B KemOpumsckoMm yHuBepcutTeTe. Heckonbko
nosaHee IenrbMronbn? Mono#ua 3TOT #e THUN ypaBHEHMIl B OCHOBY cBoeil
TE€OPUU MOHO- U NOJULUKINYECKUX CUCTEM, CBA3AHHONH C OCHOBHBIMH NPOG-
JeMaMy TepMOJNHAMUKU.

Paszo6beM Bce cTeneHu cBOGOALI CUCTEMBI Ha JIBE I'PYIIbI: OJHY T'pYyTI-
my, COCTOAINYI0 U3 f — r cTeneHel cBOGOAbI, Mbl GyIeM OMUCHIBATD JarpaH-
#eBbIMU 0000IIEHHBIMUA KOOpANHATaMU U 0000LIeHHBIMU CKOPOCTAMHU

qi, Q25 -« 5 4f —73 (117 q.27 ey Qf—r;

BTOPYIO e TpyHNIy cTeneHell cBo6oAbI Mbl GyleM XapakTepu3oBaTh Tra-
MHJIbTOHOBBIMU 0GOGIIEHHBIMU KOOPAUHATAMHU U 0GOGIIEHHBIMU HMITYJb-
caMu

qf—r+1s Qf —r+25 «++ 5 4f5 DPf—r+1s Pf—r+25 «++ 5 Pf-

Bmecto ¢pyuknuu Jlarpanma L unu ¢ynruuu I'amunbrona H MbI Tenepb
BBegeM ¢yHkumio Payca R, apadAmomymocAa QyHKIUeH BbllIeNpUBEIeHHBIX
2 f-koopauHar, a Takske (IJIA OOUHOCTU) U BPEMEHH i:

R(ta q1, 425 - 5 qf;3 QIa (ba ey q.f—rv Df—r+1y--- 7pf) (421)

1 MbI cunTaeM HyHBLIM yKaszaThb ero KHUTY: «Treatise on the dynamics of a system of
rigid bodies, by Routh, I elementary part, II advanced party — c6opHuk 3amau, ABIAIO-
mMUiicA eIUHCTBEHHBIM B CBOEM pojie 1o 6oraTtcTBy cofepsanua. CBoio hpopMy ypaBHeHU R
nuHamuku Payc pasBui BnepBble B KOHKYPCHOM counHeHuu «A treatise of stability of a
given state of motiony.

2Berliner Akademie, 1884 u Crelles J., Bd. 97.
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" onpeneilaeMylo BbIpasKeHUuem:

R= Z pqu_L(tv qi, 425 -« 5 qf; q.la 7Qf) (422)
k=f—-r+1

Rak mbl BupuMm, npu r = f dyuruua Payca nepexogut B gynryuto I'amuas-
mona (41.1); ¢ apyroit cToponsr, npu r = 0 [Korga cymma B [epBOil YacTu
dopmyus (42.2) ucuesaer| oHa, ¢ TOYHOCTHIO 10 3HAKA, IEPEXOAUT B PyHK-
yuio Jaepansca. 3ametTuM mpu 3TOM, 4YTO BMecTo onpepneienud (40.2) mbl
Morau Gbl, OYeBHAHO, HAIUCATD:

f-r
R:H(t7 q1, 925 - -« 5 4f; plv"'7pf)_zpk4k' (4223')
k=1

Tenepb MbI nocrynaem, kak B §41 [cm. (41.2) u (41.4)] u BbIpaxaem
noaHbiil guddepennuan R, ¢ omgHoit cTopousl, us (42.1):

OR R OR R
R = S dt+za das, +Za dgi, + Z oor dpe,  (42.3)

k=f—r+1
C IpYyroil CTOPOHBI, U3 ONpeleleHna (42.2):
! !
dR= Y drdp+ Y prdic—dL. (42.32)
k=f—-r+1 k=f—-r+1

3neck onA dL MBI MO#eM HeENOCPeACTBEHHO BOCIOJb30BaThCA BhIPAKEHU-
M (41.26), KoTOpo€e MbI 1JA GoJblledl ACHOCTH NepelnuileM B BUe:

f—r
dL = %L dt + Zpk dqi + Z Dr dqr + Z Dk, dd.- (42.36)
k=1 k=1 k=f—r+1

IIpu nopscraHoBke B paBeHCTBO (42.3a) mocnenHuit uneH BoipameHud (42.36)
U cpefHuit wieH (42.3a) B3aUMHO yHUUTOKaIOTCA, OCIE Yero 0CTaeTCA:

f -7 f
aR=-9L a3 prdge - Y pedi+ Y dedpe  (42.4)
k=1 k=1 k=f—r+1
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CpaBHuBasA Telepb NouwleHHO paBeHcTBa (42.4) u (42.3), momy4um, Kpome
COOTHOIIEHUA

OR _ 0L

ot ot’

CIEAYIOIYIO CXeMY YpPaBHEHUIL:

I[.TIHkZI,Q,...,f—r JIJIHka—r+1,
f-r+2,...,f
o — _OR . _ _OR (42.5)
P (?Qk Pk (?qk
OR . OR
= T =+
b 8q}c e 8pk

3decv [ — r ypaeHeHul, CIMOAWUL CAe6A, OMHOCAMCA K MUNY YPAEHEHUL
Jaepanyca (npu L = —R), a r ypasueHuil, cmosawux cnpasa, OMHOCAMCA
k muny ypasnenuti I'amurvmona (npu H = R).

[Ipunoxenne 3TUX ypaBHEHUN K IMKIMYECKUM CHCTEMaM, KOTOpoe
u uMen B Buny Payc npu ux BbIBOJe, 3aKiI0UaeTcA B cneayoomemM. Mbl npu-
HUMaeM, YTO KOOPJUHATHI BTOPOI T'PYMNIbI cTeneHell cBOGOIbI ABIAIOTCA
LHUKINYECKUMH U, ClIeJ0BaTelbHO (CoriacHo cTp. 262), He BXOAAT B QYHK-
uuio Jlarpanssa; B TakoM cllyyae OHM He BXOJAT Tak#e U B pyHkuuio Payca.
BesnepcTBue 3TOr0, COOTBETCTBYIONINE D), OKA3bIBAIOTCH HOCTOAHHBIMU (CO-
rJIacHO BEpPXHEMY ypaBHEHMIO M3 NpaBoil rpynnbl ypaBHeHuii Payca wmu
Tak e, KaKk Mbl ye 3aMevalu Ha cTp. 263, cornacHo ypaBHeHuaMm Jla-
rpaua). [logcTaBifa 3TH MOCTOAHHbIE 3HAUEHHH Py U COOTBETCTBYIOIIHE
M (BooOlle roBopA, He MOCTOAHHbIE) 3HAYEHUA ¢ B BbipaseHue (42.2),
nonyuyuM QyHkiuio Payca, 3aBucAlyIO0 TOlAbKO OT f — r KOOpPAUHAT Iep-
BOIf TPYNNbI g U OT (. JIA 3THUX KOOpAWHAT CHpaBellNBa JieBafA rpylna
npuBeJeHHbIX ypaBHeHu# (42.5), 6narogapa yeMy 3agada CBOAUTCA K f —r
ypaBHeHuAM Tuna Jlarpamu:xa.

1A Toro 4To6bl NOACHUTHL TOT METOA Ha He CIULIKOM CIOKHOM IIpHU-
mepe (Payc nmpuMeHsieT 3TOT MeTOA NPEUMYIIECTBEHHO K TPYAHBIM BOIPO-
caM yCTOWUYMBOCTU COCTOAHHI NBHIKEHHA), PACCMOTPHUM ellle pa3 3agady
0 JBUEHUH TAMKEJIOro CUMMeTPUUHOro Bod4yka. llukInyeckuMU KoopauHa-
TaMU 3TOro «OULUKIay ABIAIOTCA 3HJIEPOBbI YTIbI ¢ U 1P; coriacHo GopMy-
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aam (35.15)—(35.17) umeem:

. ; N n—Ncosz?) n — N cos
+ = =N |—= —cos? n =
Pof T ruY ( C Asin? 9 Asin? 9
N2 (n— Ncosd)?
- C Asin?9

CreoBaTenbHO, IpUHUMAan Bo BHUMaHue Gopmyny (35.13), momyuum:

RN (n—Nc0s19)2_Aqu_(n—Ncosﬂ)2 N2

4y 7 —————— ——— + Pcost =
C Asin® 9 2 2A sin” ¥ 2C
A o N2 (n— Ncosd)?
=—4£94+00), 0= 4+ "~ 4+ Pcos9.
2 (¥9) 2C 2A sin® ¥

[ToaTomy 13 HUMKHEro ypaBHEHUA JIeBOI IPyNIbI ypaBHeHui (42.5) cienyer
(npu g = 9):

pr = A9
1 U3 BEPXHEro ypaBHEHUA ITOM ke I'PYIbI:
A = —%, (42.6)

YTO, pasyMeeTc, COBNajaeT ¢ «00OOLIEHHBIM ypaBHEHHEM MaATHHUKay
(35.19). Tarum ske 06pa3oM MO}HO GbL10 GbI MOKA3aTh MPUMEHUMOCTDL Me-
Toza Payca k npob6iemam Gosiee ClO#HBIM, YeM TOIbKO UTO pacCMOTpeHHas.
B nauane cBoux nekuuii no Teopuu MarcBeinna, npounTaHHbIX B 1891 r.
B MioHxeHcKOM yHuBepcuTeTe, BoabiMaH mogpo6HO paccMaTpuBaeT GUITNK-
JUYECKYIO CHCTEMY, HarlAJHO MPeICTaBIAIIYI0 UHIYKIUOHHbIE B3alMO-
IeficTBUA ABYX KOHTYPOB TOKa.
B 3akntoyeHue paccMoTpuM B o611eM Bijie GopManbHbINl MaTeMaTHyec-
KUU MeToJ, ¢ MOMOIbI0 KOTOPOT0 MbI Nepelnid oT ypaBHeHuit Jlarpau:ka
K ypaBHeHuAM ['aMuinbToHa U, cooTBeTCcTBeHHO, Payca. [lonmycTum, 4To MbI
uMeeM Jelo ¢ QyHKuMeit Z AByX mepeMeHHbIX (MM PAJOB NEePEMEHHBIX) &
U y; IyCTh
dZ(z,y) = X de+Y dy. (42.7)

Ecan BMecTo x, y Mbl XOTUM BBECTH B KayecTBe He3aBUCHMBIX llepeMeH-
HbIX X, Y, TOo Hy#HO BMeCTO Z paccMaTpuBaTh, «IpeoGpasoBaHHyO (ByHK-
LHIOp:

UX,Y)=zX+yY — Z(x,y). (42.8)
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Nuddepennupys ypaBuenue (42.8) ¥ NpUHUMaA BO BHUMAaHUE YCIOBHE
(42.7), HEMOCPEACTBEHHO MOLY YUM:

dU(X,Y) = zdX + ydY. (42.9)

YpaBuenusa (42.7) u (42.9) uOeHTHUYHBI ClefyIOIUM <B3aUMHBIM C HHUMHU
COOTHOLIEHUAMD):

92 _ v 07 _

ox =7 Oy =Y

U _ ou _

ax =% gy =V (42.10)

Ecnu, ¢ apyroit cTOpoHbl, MbI XOTHUM 3aMeHUTh TOJbKO OJHY U3 IlepBOHa-
YyaJbHbIX IIepeMeHHbIX, HallpUMep, y Ha «KAHOHUYECKH CONpPAKEHHYIO) Ie-
peMeHHY10 Y, TO MbI JO/IHBI BULOU3MeHUTEH (42.8) ciepyromum o6pa3om:

V(z,Y)=yY — Z, (42.11)
OTKYyZla T0Ily YaeM:
dV(z,Y)=—-Xdx + ydY; (42.12)
ClleJ0BaTelbHO,
o _ ov _
X —-x, S=v (42.13)

Ilepexon ot Z & U Mo#HO CpaBHUThL ¢ IepexojioM OT ypaBHeHuit Jlarpan-
a K ypaBHeHUAM ['amuinbToHa, a mepexoj oT Z K V — c mepexojoMm OT
ypaBHeHuii Jlarpans;ka k ypaBHenusaMm Payca.

B maTemaTuveckoM aHalu3e nogo6HasA 3aMeHa He3aBUCUMBIX I1epeMeH-
HbIX U CBfi3aHHOe c Heil mpeoOpa3oBaHue XapaKTepUCTHUecKoll QyHKIUU,
Ha3bIiBaeMoe npeobpa3oBanueM JlexaHnapa, UrpaeT BblAaIONIYIOCH pPOilb. JTa
3aMeHa MHUPOKO UCIOIb3yeTCA B TEPMOJUHAMUKE.

§43. INOGOGEPEHIIUAJIBHOE YPABHEHHUE
FTAMHJIBTOHA B YACTHDBIX IIPOU3BOAHDBIX

B nauaie npouutoro cronetud Hanbojee akTyalbHbIM BOIPOCOM Teope-
TUYecKkoit GU3NKM Gblia «aNIeMMay NPaBUILHOCTU 60.1H080U WU KOPNYCKY-
4apHoll Teopuu cBeTa. OCHOBBI 80.1H0601 Teopuu GbLIU 3ai0eHbI ['toiireH-
coM. B paccmaTtpuBaemblii mepros oHa Nony4dnia NoATBep:AeHue Giarogapa
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oTKphITUIO Tomacom FOHroM ABIeHUA NHTeppePEHINN; KOPNYCKYAAPHAA e
TeopHA onupaiachk Ha aBTopuTeT HbioToHa.

lamunbTOH — acTpoHOM U MaTeMaTHUR — H3y4Yal XoJ Jyueil B ONTU-
yeckux npubopax. [ly6ankanua ero pa6oT, OTHOCAMKUXCA K 3TOMY BOIIPO-
cy!, Hauanack B 1827 r., T.e. mocle cMepTH ABYX BeluuaiilluX co3jgaTe-
Jleit BOMHOBOil onTHEM — Dpaynrodepa u @penensa’. Pa6oTsl ['amMunbToHa
B o0nacTy obiiell [MHAMUKY, pe3ydbTaThbl KOTOPHIX MbI 3/lech BKpaTlle U3-
JIOKUM, OTHOCATCA K Gojlee TMO3JHEMY BpeMeHHU, HO TE€CHO CBA3aHbI C €ro
paboTamu no JIy4eBoii onTuke®.

Heo6xoqumo 3aMeTUTh, UTO pa3BUTHe COBPEMEHHOI (U3NKY IOCIe OT-
KkppiTUA Il1aHKOM BreMeHTapHOro KBaHTa JAelicTBUA h B KOpHe M3MEHUJO
caMylo MOCTAHOBKY BoOIpoca; oHa He riacuT Ooiee: «BonHoBafg uau Kop-
MyCKyJAfApHAA TeOpPUATy, HO: «U B80AHO6AA, U KOpnyckyaaphas meopuak. Rar
yBA3aTb ApPYr C OPYroM, He Bhnajad B IPOTHBOpPEYHA, 3TH [[Ba, Ka3aloCh
Gbl, MPOTUBOMOJIOMHBIX (a B AEHCTBUTENBHOCTH — B3AUMHO OONOAHAOULUL
dpye Opyea) TONKOBaHUA ONTUKM (a B JanbHelimeM — u guHaMuku)? OTBer
Ha 3TOT BOINpOC 3aKialovyaeTcH, Kak nokasan lllpenunrep, B nanbHeiimeM mo-
clle[JOBaTeILHOM Pa3BUTHUU Xoja Mbicieil ['amMuiabToOHa, KOTOpPOE MPUBOIUT
K BOJIHOBOU WU KBAHMOB0U MeTAHUKe.

JlyuyeBas onTuKa ABIAETCA MEXaHUKOU CBETOBBIX UACTHI]; UX TPAeKTO-
puu (B ONTHYECKH HEOTHOPOJHBIX cpeJax OHM HU B KoeM cliydae He OyayT
NPAMONUHENAHBIME) ONPEAENAIOTCH OGbIKHOBEHHBIMU AU depeHrnaibHbIMU
ypaBHeHHAMU ['aMUIbTOHA UK SKBUBaAEHTHBIM UM NMPUHIIUIOM HauMeHb-
mero AeficTBud. HanmpoTuB, ¢ TOUKM 3peHUA BOJHOBOIl TE€OPUU CBETOBbIE
Jyud MOMyyaloTCA Kak OpTOroHadbHble! TpaeKTOPMU cHCTEMBbI BONHOBBIX
noBepxHocTeil. [locnennue, cornacHo npunnuny Ioiirenca, ABaAIOTCA na-
pasresbHblMU nogeprHocmamuy. aMUIbTOH ONMUCHIBANl CEMEHCTBO BOITHOBBIX
II0BEpPXHOCTEN ¢ momouibio AuddepeHnraibHOro ypaBHeHua (o Heo6xoau-
MOCTH — 6 YACTMHbLL NPOUIGOOHBLT) U PACIIPOCTPAHUI ITOT METOJ HA MHO-

ITrans. Irish Academy, 1827, 1830, 1832. PaGoThl N0 AMHAMHKE BBHIIUIM B U3NaHUU
«Trans. Roy. Soc.» London 1834 and 1835.

20riocten Hian ®penenr poaunca 10 maa 1788 r., ymep 14 uroas 1827 r.; Hocud
®payHrodep poauiaca 6 mapra 1787 r., ymep 7 utona 1826 r.

B usnosenun flko6u sTa cBA3b yTpauuBaeTcA. Jumb B 1891 r. oHa 6blia BHOBb
BoifiBiena @. Kueitnom (Naturforscher-Gesellschaft in Halle; Ges. Abhandl., S. 601 and
603).

4370 crpaBeANMBO A ONTHYECKH H3OTPOMHBIX cpell. B aHM30TPOMHBIX cpenax (Kpwuc-
Talllax) OpPTOrOHAIbHOCTL Jy4a U BOJHOBOI MOBEPXHOCTHU fAABIAETCA He OOBIYHON eBKIIH-
I0BOt, a «TeH30pHO» 06001eHHOi HeeBKJINJ0BOI OPTOroHajlbHOCTHIO.
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roMepHOe NMPOCTPAHCTBO KOOPAMHAT ) TMPOU3BOJIbHOI MeXxaHUUYEeCKOU cuc-
TeMbl. Torjja, Kak Mbl YBUANM, CEMEHCTBO BOJHOBLIX MIOBEPXHOCTEI ompe-
nenfercA yciaoBueM S = const, rage S ecTh yHKUMA OeiicTBUA B dopme
(37.1), a opToroHanbHble K 3TOMY CEeMeHCTBY TPaeKTOPUU ONpeNendioTCA
ypaBHeHHeM:

Pk = %. (43.1)
k

a) Kowcepsamuenas cucmema. BHauane Mbl pacCMOTPUM MeXaHUYeC-
KYIO CUCTEMY, AJIA KOTOPOi ClpaBelJUB 3aKOH COXpPaHEHUA IHEPTUH, MpU-
YyeM DHEPruio MOMKHO Pas3loKUTh Ha KHHEeTHYecKYyIo T U noTeHnUanbHyto V,
B stom cayuae T', V u H He 3aBUCAT ABHO OT t.

Bynem ucxoputhb u3s cootHomenus (37.9) u 3aMeHuM B HeM cipaBa dA
yepes

=0V =6(T —W) =T — 0W.

Torpa npaBas yacThb cooTHomeHudA (37.9) npuHUMaeT BUL:
20T + ZT%& = oW. (43.2)

JleBy10 YacTb TOro #e COOTHOILIEHUA MepenuchbiBaeM B 06OGIIEHHBIX KOOp-
JuHaTax ¢, p:

d
45" pidan (43.3)

¥, IPUPABHAB ee BbIpaeHuio (43.2), momxyuyum:
dsp 5w =4
20T + 2T 50t — oW = 2 > pr Sgi. (43.4)

Orciofa myTeM MHTerpupoBaHuA 1o ¢ B npederax oT 0 mo ¢ [aHATOTHYHO
dopmyaam (37.11)—(37.12a)] noxyumm:

88 —toW =" pdg—Y_ po dqo. (43.5)

31echb po ¥ 0y OTHOCATCA K HUMHEMY Tpeleny uHterpupoBanua t = 0, a p
U dqg — K BepxHeMy Tnpefeny t.

VYpaBHenue (43.5) norasbiBaeT, 4TO MbI OyJeM paccMaTpHBATh MHTEr-
pan peiicTBuA S Kak (YHRIUIO HAYAJIBHOTO MOJOMEHUA o, KOHEUHOTO MO-
JoeHuA q U sHepruu W, a cieoBaTelbHO, BMeCTO BpeMeHU ¢ 6yaeM MoJb-
30BaThCA B KauecTBe NlepeMeHHOH NMPOM3BOJIbHO 3agaBaemoli aHeprueit W:

S = S(Qa do, W) (436)
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Torpa u3s (43.5) npu QUKCUPOBAHHBIX (o U ¢ NOILYYUM Clle[yiollee ypaBHe-
HUe, OTpe/elAlollee BpeMEeHHON X0/ ABUKEHUSA:

as
t= 2. 43.7
Bl (43.7)
B To e Bpems, ¢purcupysa B ypaBHenuu (43.5) suepruio W u Bapbupysn
JUIIb OJHY U3 KOOPJAWHAT q WIH g, TONYUUM:

p=%. w=—5o (43.8)
[TlepBoe U3 3TUX COOTHOLIEHHI COBIAJaeT ¢ HAWNM yTBep#iaeHueMm (43.1),
BTOpOE € COOTHOIIEeHe MbI BCKOpe NpUBeJeM K Oolee yIoGHOMY BUIY.

Kazanock 6b1, o1y yeHHbIE COOTHOLIEHUA AAIOT Majo HOBOI'O A ONuca-
HUA [IBU’KEHUA, IOKA He M3BeCTHO feiicTBue S B popme (43.6). Bemomuum,
OJJHAKO, 3aKOH COXPAHEHUA YHEPTrUu:

H(q, p)=W.

3ameHsA 3[eCh P, COrIacHo ypaBHeHuto (43.8), momydnm:

dq
JTo ypaBHeHHe MbI paccCMaTpUBaeM KaK ypaBHEeHHe IJA ompejeneHusa S.
Hockonsky T ABnAeTcA KBagpaTH4YHOil ¢yHKIUeH umnyiabeoB p (V MomHO
CUNTATh He 3aBUCAILIEH 0T p), To Juffepenyuarvroe ypasrnenue I'amuavmo-
Ha 8 wacmHuux npoussodnvir (43.9) asanemesn ypasnenuem 6mopoti cmeneHu
u nepeozo nopadxa.

JomycTuM, YTO Mbl HaIIU MOAHBI MHTErpal 3TOr0 ypaBHEHHA, T.e.
HHTEerpal, cofepaluil CTOIbKO IPOU3BONbHBIX TOCTOAHHBIX, CKOIbKO CTe-
neHeit cBOOO/bI UMeeT paccMaTpuBaemad cucTeMa. 0603HaYMM 3TU NMPOU3-
BOJIbHbIE IOCTOAHHBIE Yepe3

a1, @2, ..., Of.

Tak Kak camo S He BXoouT B ypaBHeHuUe (43.9), To S MoskeT ObITh onpeee-
HO M3 HETro TOJIbLKO C TOYHOCTBIO [0 alJUTUBHOI nocToAHHON. ClefoBaTelb-
HO, OJlHA U3 MEepevMCIeHHBIX MOCTOAHHBIX WHTErPHUPOBAHUA, CKameM, Q,
ABIAETCA U3NUIIHEH U 3aMeHAEeTCA aJJAUTUBHON MOCTOAHHOM, ocTalomlelicA
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HeomnpeaeneHHoil. BBogAa BMecTo oy mapameTp 3Hepruu W, 3amuinem Haml
MOJIHBINA MHTerpal B cleaywoieil popme:

S=5(g, W, a1, ag, ..., af) + const. (43.10)

KnaccuueckuM (XoTA ¥ He Bcerga NPUMEHUMbBIM) METOAOM MONYYeHHUA MO-
OoGHOTO MOJTHOT0 MHTerpaiia ABIAETCA METOJ pa3fielleHNA NepeMeHHBIX, Ha
KOTOpPOM MbI ocTaHoBUMcA B §45. B § 44 MbI mokameM, KAk MO#{HO ompeje-
JUTDH JBUKEHUE CUCTEeMbl, eciii HaiijfileH monHbiii uaTerpain (43.10).

6) Heroncepsamusenas cucmema. PaccmoTpuM Tenepb o6muit ciyyvai,
rorja pyHkiuda Jarpaumsa L, a cnegoBaTenbHo, U GpyHENUA 'amunbTona H,
3aBucUT OT t. B aToM ciyyae pasnomenue L u H va T u V', Boob1ue rosop,
HEBO3MOHO; B UYaCTHOCTH, eclid Gbl CylllecTBOBala NOTEHIUATLHAA dHEp-
rua V, To oHa 3aBucena Obl OT BpeMeHU. JTOT CiIy4dail BameH AIA TeOpUU
BO3MYIIEHNI B aCTPOHOMUU U KBaHTOBOI1 MeXaHNKe. 3/leCh He UMeeT MecTa
coXpaHeHUe BHepruy, T.e. OTCYTCTBYeT U NocTogHHad 3Heprud W. Benen-
CTBHUE 3TOr0, Mbl HEe MO}eM NPUMEHUTh NPUHIUN HauMeHbIlero AeificTBUA
B (opme MonepTion, a Jom#HBI 00paTUTLCA K €ro raMUIbLTOHOBOI ¢op-
Me. Onpenenum GyHKIUIO AeficTBUA S* ¢ MOMOIIbLIO HHTErpaia BXOJAIIEro
B npuHuun ['amunsToHa:

t1
S* = /Ldt. (43.11)

to

Bynem paccmarpuBaTh S* Kak GyHKIHIO HAUalIbHOIO ¥ KOHEUHOI'O IOJIOHE-
HUI U epemeHU dsuiceHus t:

S* = 85%(q, qo, t), (43.12)

B NPOTHUBONOJIOMHHOCTL dopmyne (43.6), B KOTOpoOii MecTo ¢ 3aHMMala He
cyllecTBYIONIaA Ternepb KOHCTaHTa sHepruu W.
O6pasyem Tenepb, coraacto (43.11),

as*
dt

— L; (43.13)
¢ ApyTroil cTOpOHbI, coriacHo (43.12):

s _ 505", , 08" as*
ait 2= ot = prdr + o0 (43.14)
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B ClIpaBeJNINBOCTHU HMCIIOJIb30OBAHHOI'O 3J1€Chb, aHaJOTM4YHOI'O (438) COOTHO-
HIeHuf

_ os*
Pr = Oa (43.15)

MOKHO y6eqUuTheA ¢ noMolbio hopmyist (43.11), ecin npoguddepeHunpo-
BaTh €€ M0 ¢ W UCMOoNb30BaTh cooTHomenue (41.1x).

CpaBuuBas Bbipamenud (43.13) u (43.14), B cuiy obGuiero omnpejele-
uuA (41.1) dyuruuu H, nonyudaem:

95" _
o+ H = 0. (43.16)

Takum 06pa3oM, UCIONb3YA 3aBUCUMOCTh (43.15), umeem:

0S* as* _
o T H (q, o ,t) =0. (43.17)

JTo U ecTh ob6wull eud duddepenyuaavrozo ypasHenus I'amuavmona. OHO
3akiaoyaeT B cebe mnpemHee ypaBHeHue (43.9) Kak 4YacTHBIA ciyudaii.
A uMeHHO, eciu NPUHATH, KAK B ciydae a), yTo H He 3aBuUCHUT OT ¢, TO
u3 ypasHenud (43.17) cnenyer, yto S* nuHeitHo oTHOcUTeNnbHO . [loaToMy
nonaraem

S*=at+b

1 3araovaeM u3 (43.16), uto —a = H, T.e. paBHO cylecTBYIOLIel Tenepb
KoHcTaHTe 3Hepruu W. Benuuuna b orasbiBaeTcA ToxJAecTBEHHOH Halleii
npesxHeii pynruuu geiictsusa S. CliegoBatenbHo, o6iee ypaBHenue (43.17)
IefCTBUTENbHO MEPEXOAUT B Gonee crenuaibHoe ypaBHeHue (43.9).

Bce crkazanHoe HaMu B 1. @) OTHOCHTEIbHO MHTEIDUPOBAHUA ypaBHe-
HuA (43.9) orHocuTea u K Gonee obmemy ypaBaeHuio (43.17). llonubiit uu-
terpan ypasuenus (43.17) tenepb comepmut f + 1 HOCTOAHHYIO, U3 KOTO-
PBIX OJHA MO-NpeMHEMY ABIAeTcA agauTUBHOI. Tenepb MbI GyqeM BMecCTO
(43.10) nucars:

S =5S(g, t, a1, g, ..., ay) + const. (43.18)
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§44. TEOPEMA AKROBH Ob HHTETPUPOBAHHUUN
JUOOPEPEHIINAJIBHOTO YPABHEHHUSA
TAMUJIBTOHA B YACTHBIX IIPOU3BOIHBIX

Me1 yme ykassiBaiu, 4To BTOpoe u3 ypaBHeHuil (43.8) neynobuo mis
UHTErpupoBaHud. ITo 0ObACHAETCA T€M, UTO MBI IOJyYaeM MHTerpai Ha-
mero auddepeHInalbLHOr0 ypaBHEHUA B YaCTHBIX IIPOU3BOJIHLIX He B hopMe
(43.6), a B popme (43.10) uau, coorBeTcTBerHO (43.18). C Opyroit cTOpoHbI,
MBI mONy4Yuiu ypaBHenue (43.7):

as
t= 5. 44.1
ow ( )
JTo ypaBHeHUe BecbMa HarlfaHO ONUChIBAET 8pesmeHHoll xod dsuicerus. Ilo-
KajeM Telepb, YTO eclu Mbl Oynem auddepennupoBats S* e no W, a mo

NOCTOAHHBIM UHTErPUPOBaHUA Qi2, O3, ... , Of, TO NONyYeHHbIE yPaBHEHUA
as

r=——, k=2,3,... 44.2

18 8ak 9 s 9 9 f ( )

OyOyT ONHCHIBAThL 2eoMempuieckyrn @Gopmy mpaeKmopuu cucmemsl, no-
CKOAbEY Mbl Oydem pAccMampusams 6eAUdUHBL [ KAK HOBble NOCMOAHHbLLE
uHmMezpuposaHus. ATo U ecTh TeopeMa HKo6u B ciyuae a). B ciayuae 6) ona
NpUHUMaeT ellle Gollee HArMAAHYIO GopMy:

05*
ﬁkzaak, k=1,2,...,f. (44.3)
B stom cnyuyae Mbl uMeeM f ypaBHeHMil OJMHAKOBOI'0 BUJa, KOTOPbIE OMU-
CbhIBAIOT JABUMEHNE CUCTEeMbl Kak B IIPOCTPaHCTBe, Tak 1 BO BpeMeHH.
UT0o6bI MOy YUTH TAKYIO #e€ HATIALAHOCTh U B ClIy4Yae a), ClieyeT BMec-
T0 paBeHcTBa (44.1) dopmManbHO HamMCATh:

_ 08
ﬁl — aala (44.33)

T.e. moNo#uTh t = 1 u W = a;.

[Ipu nokasaTenbcTBe MbI IOJOMKMM B OCHOBY ciydail a) U BCIOMHHUM
onpepenenne (41.9) racarenbHoro npeoGpasoBanua (41.11), KoTopoe MbI
1A MOCJeAyIONero 3anuineM B BUJIE:

dF(q, Q) =Y prdge — Y P dQx. (44.4)
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CpaBHUM 3TO BbIpazenue ¢ guddepennuanom byuruuu peiicreua (43.10):
as as
dS(q, W, a) = Z—qu—i— dW—I—Z(9 day,,

WK, IpUHUMad Bo BHUMaHue dopmyis! (43.8), a Tanme (44.2) u (44.3a),
0y YMM:

f f
@) = Zpdek + Zﬁkdak- (44.5)
k=1 k=1

JTo paBeHCTBO coBIafaeT ¢ paBeHCTBOM (44.4), eciu HOIOKUTD:
F=5 Qr=ak Py=—Dpk. (44.6)

M5l 3HaeM nanee, YTO U3 OGBIKHOBEHHBIX An(depeHInalbHbIX ypaBHeHHH
Famunbrona (41.4)

o - _OH . _ OH
Pk = qu’ gk Er

nyTeM npeo6Gpa3oBaHuA qi, pr — Qr, Pr npu ycioBuu (44.4) monydamoTca
ypaBuenus (41.12).

OH ¢ _ OH
Q. T op,”

B namewm cayyae, B cuiy (44.6), 9T ypaBHeHUA NPUHUMAIOT BU[I:

Po= -

4o OH ., _ 9O
Br = dor’ T T op (44.7)

Ho, cornacuo (41.10), umeem:
H(Q, P)=H(q, p)

i ¢ yderom (44.6): o
H(a, -p8) =W = a3. (44.8)

OTcropa cnengyer:

o )1 mpuk=1 5 JO mpuk=1, (44.9)
dag |0 mpuk>1, 9B, |0 mpuk>1. '
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TakuMm ob6pa3oM, ypaBHenus (44.7) nepexogar B

Bk _ 1 mpuk=1, b = 0 mpuk=1, (44.10)
0 mpuk >1, 0 mpuk > 1.

1A BeIWYMH qj 3TH ypaBHEHUA He JalOT HUYEro HOBOTO; OHM JHIUIb MOJ-
TBEPJAIOT, UTO () CYTh NOCTOAHHble MHTerpupoBaHusa. Takime u ypas-
HeHUe [l (3} HE COJEpMUT HUYEro HOBOrO; UMEHHO — U3 61 = 1 cueny-
er 1 =t (c TOYHOCTBLIO [0 HeCcylleCTBeHHOU agJUuTUBHOWU HOCTOHHHOﬁ),
KaKk MbI y#e oTMeualn B cBA3U ¢ paBeHcTBOM (41.3a). Hanporus, ypaBHe-
uuA (41.10) pna By upu k > 1 comepaT JoKa3aTelbcTBO TeopeMbl HKo6H;
UMEHHO — U3 9MUuX ypasHeHull 6udHo, YMo eeAuiutdl B mak e, KAk U Qy,
ABAAIOMCA NOCTMOAHHLIMU UHTTE2PUPOBAHUA.

[IpuBenenHoe HOKa3aTeIbCTBO MO#HO Ge3 CyllecTBEHHBIX M3MeHEHUIl
pacnpocTpaHUThb U Ha ciydaii 6), eClii HEeCKONbKO 0G06IUTD ONpe/eleHne
KacaTelbHOro npeo6pasoBanufa. OgHako AJA AanbHelinero aTo o6obiieHue
HaM He NMOHaA00UTCA.

§45. 3AJAYA KEIIJIIEPA B RIACCHYECKOM
N KBAHTOBOM PACCMOTPEHHNN

B aToMm naparpage MbI mokasseM, Kak MeToJ MHTerpupobanud ['aMuib-
TOHEi*HHOﬁI/I HENoCpeJCTBEHHO U, TaK CKRa3aTb, «<aBTOMaTHU4Ye€CKHU» IIPHUBO-
JIUT K pelleHUIO acmpoHomuieckoli sadauu o dsuxcenuu naarem. C Apyroi
CTOPOHBI, MBI YCTAHOBHUM, UTO 9TOT #€ MeTOI yIAOBJEeTBOpAET TpeﬁOBaHI/IHM
amomHou ﬁuauﬁu 1 JaeT eCTeCTBEHHO€e BBeJeHle B (CTapy}O) KBaHTOBYIO
TeopHIo.

Mbl ucxogum us GpyHkuMU Jlarpansa 14 3aga4u ABYX Ten (IpU Hemo-
nBuHoM Conune M) B MONAPHBIX KOOPAUHATAX:

D=2+ r%?) + ¢, (45.1)

Bripasum otcioia 06061eHHbIE UMY IbChI:

pr =mi, Ty, =mr’p. (45.1a)

BBonda ux B dpopmyny (45.1) u u3MeHUB 3HAK Nepej| MOTEHUHATbHON dHep-
rueit, nonyuum pyHruuio 'amunbrona:

H=1 (pi + 4 2) —emM, (45.16)

. 72Pe T
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Cornacuo (43.9), nudbdepennuanbioe ypaBHenne ['aMuiIbToOHA UMeeT ciie-

OYIOIUNA BUI:
2 2
a5 1 (oS _ mM
(25) 2 (28) “om (wamdt). s

Ha sToM npumepe MbI OKazkeM, YTO cllefiyeT NOHUMATh 0] «<MeTOJ0M
pasjielleHlA NepeMeHHbIX», YIOMAHYTHIM Ha cTp. 303.
Bynem uckars pemenue auddepennuanbaoro ypapuenus (45.2) B Buge:

S=R+9, (45.3)

rae R ponmHo 3aBHceTh TONBKO OT 7, @ & — TolbKo 0T ¢. Eciau 6b1 MbI
3aMeHUIU [paBylo 4yacTb ypaBHeHus (46.2) maa obumuocTu yepes f(r, @),
TO JOJHHO ObLIO UMETh MECTO

2 2
dR 1 (do
= (2] = . 45.
(d"') + T2 (dQD) f(,r7 (p) ( 5 33.)
Ilomo6HoE COOTHOIIIeHue, BooO1I1e roBopfA, He BBINOJHAETCA. EC.TII/I, OJHAaRo,

KaKk B HallleM ciaydae, f He 3aBUCHUT OT (¢, TO I0CTAaTOYHO MOJOMKHUTD Z—é paB-
©

HBIM TOCTOAHHOM, ckameM C. Toraa and onpepnenenua R noiy4yuM ypaBHe-

HHe )
dR C?
( dr ) 1) r?’ #54)

KOTOpoe MoeT ObITh paspelleHo B KBaapaTypax. [lonmylieHue o He3aBU-
cuMocTu f OT (, OUYEBU[HO, PABHOCHUIBLHO TOMY, UTO B HallleM clIydae ¢
ABIAeTCA «UUKINYEeCKO» KOOpAUHATOH, T.e. He BXOAUT ABHO B AuddepeH-
nualnbHoe ypaBHeHMe. Ha 3ToM npumMmepe MbI BUJUM, YTO METOJ pa3feleHNA
NepeMeHHbIX CBA3aH ¢ 0COObIMU CBOHCTBaAMM CHUMMETPUM JaHHOro gudde-
PeHLUalbHOTO ypaBHEHNA, KOTOpble IPOABIAIOTCA BO MHOTUX ClIyYafX, HO
Jalleko He Bcerja.

CoruacHo o6uieit cxeme § 44, nonosxum C = ay. Torpa ypaBuenue (45.2)
pacnajaeTcA Ha ABa ypaBHEHUA:

- — Q2, (455)

95 _ \ [om (W ¥ G%) _ % (45.6)
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Ypasuenue (45.5) npejacraBiafeTr co6oii 3aK0H MIIONIAel, T. €. BTOPOR 3aKOH
Kennepa: nocTogHHaA WHTErpPUPOBAHUA iz O3HAYAET MOCTOAHHBIA MOMEHT
UMIIyJIbca U B CYHIHOCTH UAEHTUYHA C UCMONb30BAHHON paHee MOCTOAHHOM
nnomagneit (§6). YpaBHenue (45.6) ecTh ypaBHeHUe U3MEHEHNUA pagualbHOr0
UMIyIbca.

CoraacHo (45.5) u (45.6), eciu eme 3amMenuts W Ha o, QyHKRUNA A€l
cTBUA S BBIPA3UTCH B BUJE:

T
2
a
S = /\/2m (al -}-szw) — r—zzdr—l—aggo—i-const. (45.7)
To

Huuuit npeaen MHTErpupoBaHUuA MOeT GbITh BbIGpAH MPOU3BOILHO, TAK
Kak OH BIMAET TOJbKO HA BEIMYUHY aJAUTUBHON MOCTOAHHOI.

[Ipex e Bcero Hac UHTepecyeT ypaBHEHUE TPAEKTOPHUHU, T.e. MepPBbIi
3arkoH Kemnepa. [lna sToro mMbl o6pasyeM, cornacuo (44.2),

r —-1/2

2
ﬁQ—a—Sz—azj 2m(0t1+Gm7M>—% @4‘% (45.8)

- Bag ,,,2 2

To

31echb, 0UeBUAHO, YI0OHO BBECTH BMECTO T B KayecTBe HOBOI NMepeMeHHOi
WHTETPUPOBAHUA § = % ¥ IepenycaTh paBeHCTBO (45.8) B clieayommem Bie:

B2 — ¢ = az / {2m(as + GmMs) — a%sz}_l/z ds =

S0

ds . (45.9)

:s[ V(5 = Smin) (Smax — $)

3H€Ch Smin M Smax 03HAYAIOT 00paTHbIE BEIHUHHBI PACCTOAHUN OT adenus
¥l IepUTeNNA; KaKk I0Ka3blBaeT cpaBHEHHe 000UX HHTErPaibHbIX BbIPaMeHuil
B paBeHcTBe (45.9), UMeeT MecTo:

2mao
SminSmax = T 9
«
: (45.10)
Smin T Smax = 7261””2 M
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Urto6b1 monyunTsh Boipasenue (45.9) B y1o6HOI TpUroHOMeTpHYeCKoit Gop-
Me, BBeJIeM ellle OACTAHOBKY:

__ Smin + Smax Smax — Smin
= 2 + 5 U, (45.11)
KOTOpasA MepeBOAUT S = Smax B % = +1, § = Smin B uw = —1. Torga
u3 (45.9) nonyuaem:
u
du
Bas — @ = / _— (45.12)
V1—u?
uo

" eclini MbI ellle BO3bMeEM HpOI/I3BOIIbeII71 HUMHUN npenej MHTEerpupoBaHuA

PaBHBIM %, TO

@ — B2 = arccosu, u = cos(p — Ba). (45.13)

Haxonen, npu nomomu (45.11) BosdBpamaemca OT 4 K § U IPUHUMAEEM BO
BHHMaHUe, YTO, COrIacHO PHUC. 7, UMEET MEeCTO:

1
a(l —¢)

Smin = Smax =

a(l+e¢)’
U, cileoBaTelbHO,
_ 1 5 w.
a(l—¢€?)  a(l—¢€?)

Otcroona, npuHuMad Bo BHUMaHue ¢opmyiny (45.13), monydaem ypaBHeHHe
3JIIAICA B U3BECTHON (opMme:

_1_ 1+ecos(p—fs)
s=5= TR (45.14)

IpUYEeM MOCTOAHHAA [J2 MO#eT GbITh BKIIOUEHA B yToa (.

Onnako no npuyMHaM, CBA3aHHBIM ¢ HaGIIOIeHUAMH, acCTPOHOMA HHTe-
pecyeT He CTOIbKO ¢opMa opOUTHI, CKOJIbKO IpoLecc JBUMEHNA M0 op6uTe
Bo BpemeHu. Metox 'amunbTona— ko6u BecbMa HaraagHbIM 00pa3oM pas-
pelaeT ¥ 3TOT BONPOC, MIMEHHO, OCPeACTBOM ypaBHenud (44.1)

_ 05 _ 98

=W = 90y
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U3 KOTOpoOro, mocjie BB€IeHUA HepeMeHHOﬂ S, mojiyvyaem:

S

f= ds . (45.15)

@2 L8 V(5 = Smin) (Smax — )

JTUM NpelcTaBieHNeM MbI OJHOBPEMEHHO JONONHAEM Hallle pexHee pac-
cMoTpeHue B § 6, MPU KOTOPOM MbI OCTaBIANN 6€3 BHUMAHUA 3aBUCHMOCTh
MeCTOIONO#EHNA IaHeThl 0T BpeMeHU. Eciu Mbl, fanee, BBeleM B KauecT-
Be HOBOI MepeMeHHON UHTEerpUpOBaHUA «IKCLEHTPUUECKYIO aHOMAaUIO) U3
3anauu 1.16 [ee o6o3HaueHUe u He MMeeT, KOHEYHO, HUYEro 06IIero ¢ BCIO-
MoraTelbHOl BenuunHoit u B popmyie (45.11)], To unrerpan (45.15) Mo#HO
B3AThb 3J€MEHTapHLIMK CII0CO6aMK, ¥ MbI IIPUJEM HENOCPeICTBEHHO K MpPU-
BeJleHHOMY B YIOMAHYTOH 3aliade ypaBHeHuio Kemiepa:

nt =n — esinu.

Rak usBecTHO, nmpoGiemMa ABYX U MHOTHX Tell UTrpaeT LEHTPaIbHYIO
pOJib TaK:Ke W B COBpeMeHHO amomuol gusure. B amome sodopoda snek-
TPOH [BMKETCA BOKPYT fAnpa (mpoToHa), Kak miaHera Bokpyr CoiHua.
Metox I'amunbrona—flko6u nmopasuTelbHBIM 00pa3oM ONpaBIalCH TaKKe
U B 3TOil 061acTu. ITOT MeTOJ HelMoCPeJCTBEHHO NPUBOAUT Hac K HeoOXo-
OUMOCTH BBeJEHUA KBAHIMOBHIY HUCEA.

B (crapoii) KBaHTOBOIl Teopuu $as306vimM UHIMEZPAALOM, COOTBETCTBY-
omuM k-it cTeneHu cBoGOIbI (€CHM MOCHEJHAA MOMKET ObITh OT[eleHa OT
OCTaNbHBIX CTeNeHeil cBOGO/bI), HA3BIBAIOT UHTErPA:

Jy = /pk dqy, (45.16)

pacnpocTpaHeHHbIi [0 Beeil ob6iacTu 3HaueHuil («ha3oBoil 06aacTuy) mnepe-
MEHHOI @i U Tpe6GyIOT HpH 3TOM, 4T00bI J; OBLIO IeNbIM KpaTHBIM ILIaH-

KQRCEATN KRAHTA DPicTRUA (en_erTn 243):
Jk = nkh. (45.168)

Bripasmasn pg B dopmyie (45.16) uepes dpyHKUuO geiicTBudA S, nNoiydaem:

/ 95 4ar = AS, = ngh. (45.17)
Oqx
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Bennuuna AS ecth k-it «<MOAYJIb MEPUOIUYHOCTHY GYHKIUN AeiicTBUA,
T. e. IpUpalieHre, KOTOpOe UCILIThIBaeT S, Korjga g npoberaer BCiO CBOIO
$a3oBylo 06aacThb.

JIEeKTPOH BOAOPOAHOIO aTOMa MMeeT KOOPAMHATHI ¢ = @ U ¢ = T.
NluddepennnansHoe ypaBuenue (45.2) aaa S u ero peuenne (45.7) MoryT
GbITb HENOCPEICTBEHHO MepeHeceHbl U3 aCTPOHOMHUM B aTOMHYIO (DU3UKY,
€Cii B HUX 3aMEHUThb MOTEHIUAIbHYIO JHEPrUI0 TATOTEHUA Ha KYJIOHOB-

2
CRyIO BHepruio —<-.
Tak Kak (asoBas 0061acTb KOOPAMHATEI ¢ mpocTupaerca ot 0 go 2w,
To 3 popmyn (45.7) u (45.17) nonyuaem:

AS, =2mras = nyh. (45.18)

31ech n, — asUMyTalbHOe KBAHTOBOE YHCIIO; (tp, KAK MBI 3HAaeM, HIEHTHY-
HO C a3UMyTalbHbIM MOMEHTOM HMITYJIbCa P,.

®dazoBag 061acTb KOOPAMHATHI T MPOCTHPAETCA OT Tmin A0 Tmax M 00-
paTtHo. B cooTBeTcTBUM ¢ 3TUM dopmyisl (45.7) u (45.17) patoT:

Tmax

o2 n2h?
AS, =2 2m |\ W — & | — —— dr = n,h. (45.19)
d7or
Tmin
31ecb m, pagualbHoe KBaHTOBOe umcio. HTerpupoBaHue MOMHO BBIIOI-
HUTh (JIydllle BCEro KOMIUIEKCHBIM MHTErPUPOBAHUEM B IUIOCKOCTH 7); MPU
sToM ¢opmyia (45.19) mepexoaur B

2
. me
—nyh + 21i——— = n,h. (45.20)
® r
V2mW
OTcrofa noiaydyaercd HEPrif HIEKTPOHA BOJAOPOJHOr0 aTOMa B KBAHTOBOM

COCTOAHUH N = Ny + Nyt
4

W = —%. (45.21)
dTa BelMYMHA OTpULlaTelbHA, TaK KaKk 3Heprud Npu 6€CKOHEYHOM yJaleHUuu
3IEKTPOHA OT NMPOTOHa (Cp. BHIIENPUBEAEHHOE JOMyIeHNe O MOTeHIHAlb-
HOUl SHEPruu) NPUHATA PABHON HYIIIO.

®opmyna (45.21), BMecTe ¢ mocTynaToM Bopa 06 usnyueHUn 3Hepruu
IpY KBaHTOBBIX IlepexojaxX, BIepBble NpHUBela K NOHUMAaHUIO CIIEKTpa BOJo-
poia (Tak HasbiBaeMble cepuu BanbMepa) u Jallee — K COBpEMEHHOMN Teopuu
CIIEKTPATbLHBIX JTUHUI BoOOIIE.
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Kak ™Mbl yike yKaspiBaaum B Havane §43, coBpeMeHHOe pa3BHUTUE
aTOMHOI TeopuHM HE OCTAHOBUJIOCH HAa M3JOKEHHOM 3[ecCh NpejcTaBlIeHUU
06 3IeKTPOHHBIX OpOUTaxX, HO, cleAyf mo cronaM [‘aMuUIbTOHA, MPUILIO
R yriy6ileHHOMY MOHMMAaHHIO aTOMHBIX NPOlleccOB HAa OCHOBE BOJHOBOI Me-
XaHURU.



