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H. E. KYKOBCKHI

B I'OAd OKOHYAHHS YHUBEPCHTETA
(1867 :.)






OT PEJAKUHH

Bo BropoM Tome nmoMeimyenm ase 6oabmme paborbt H. E. iKy-
KOBCKOro: ,Kunemartuka xuakoro teaa“ u , Aekuum mo ruzpoju-

HaMuke“.

B nepso#i pa6ore, npeacraBasiomer coboit MarmcTepcKyro
auccepranuio, H. E. KyxoBcku#i He TOABKO H3AaraeT pesyab-
tatel Kowmwu, beabrpamu, 'eapmroapua m apyrux aBTOpPOB, HO
M JAONOAHSET MX CBOHMMH COOGCTBEHHBIMH OOIIHPHBIMH HCCAEJOBa-
HHAMH Kak B o006AaCTH KHHEMAaTHKH XKHAKOH 4YacTHUbl, TaKk H
B O6AQCTH IOAA CKOpOCTe#t M ycKOpeHHH TOYEeKk XHMAKOrO TeAa.

AeKkuun Nno rHAPOAMHAMHUKE NPEACTABAAIOT 060 06pa3syoBbIH
N0 raybuHe u BMecTe C TE€M N0 NPOCTOTE U SCHOCTH H3IAOKEHHS
xypc ruapoaunamuku. B mux H. E. Kykosckuit mogpobuo usaa-
racT KHHEMATHKY XHJKOrO TEAd, NMOAb3YACb PEe3yAbTaTaMH CBOHX
uccAeJoBaHM# B JaHHOH oOaacTH, JaeT BbIBOA H HHTErPaAbl
YypaBHEHUH THAPOJWHAMKKH, pACCMATPHUBAET 3ajauy O JBHKE-
HUH TBEPAOro TEAa B XHIKOCTH, BONPOC 00 HCTEYECHHH XKHJ-
KOCTH H3 OTBEPCTHA M 3ajady O CTPyAX. DB mocaeaHed AeKUHH
H3AaraeTcsad 3ajava O B3aWMOJAEHCTBHH ABYX JABHAYIIWXCSA B XHA-
KOCTH IIapoOB M 3ajaya buepkHeca, xoropot H. E. Kyxosckuii
NOCBATHA OTJAeAbHYIO paboTy, 06001IMB 3ajayy B BHECS B €€
H3AOXEHHe 3HAauYHTEeAbHOE ynpomeHnue. Peaakuusa coyra yaZo6HbIM
IOMECTHTb 3Ty paboTy, Kak HEeNnoCPeACTBEHHO CBA3aHHYIO C NO-
CACAHHMH CTPAHHIAMH AEKIHH, B B3TOM XK€ TOME.

B 6ymarax H. E. KykoeBckoro 6biAa Halijena pyKONHCDH
BCTYINUTEABHOR AEKUHMH K KypCy THAPOAMHAMWKH, cOAepxallas
KPaTKHH MCTOPHYECKHH OYepK PAa3BHTHA TIHAPOJMHAMHKH M AO-
BOABHO MNOAPOOGHYIO mpOrpaMMy NpejrnoAaraeMoro Kypca. Kaxk
BHAHO M3 NPOrpaMMbl, 3ajyMaHHbIE KypC AeKUHE IO THAPOAHM-
HaMHKe He ObIA HameyaTaH MOAHOCTbIO! OCTaAHCb HEHAIlE4aTaR-




&6 OT PEAAKLIVH

HbIMHM T'AaBbl O ABUAKEHHAH BHXPEH, ABHACHHH XHUIKOrO DAAHICOHAA,
TEeOpPHS BOAH, ABHAEHHUE BA3KOH XKHUIKOCTH .

JAs yao6cera uutaTeAs BO Bcex paboTax npoBeAeHO eZUHCTBO
0603HaYeHU# 4YaCTHbIX H IMOAHBIX IPOM3BOJHBIX: AAA OOO3Haue-
HHS YaCTHbIX NPOM3BOJAHLIX NpHHATA 6ykBa 0, gAsi 060O3HAYEHHUS
IOAHBIX ITPOH3BOAHBIX — OyKkBa d.

boarmuscTBO Yeprexeil czeaano 3aHOBO.

‘ Ha THTyAbHOM AHCTE OTZEABHLIX OTTHCKOB WmEPBOro W3zaHUA Aexuit
0 ryjpoanHaMAKe BHanedarano: ,Bunyck nepsmid“. Caezyromuit, Bropoik
BHIIYCK, KOTOPDLIH, BEPOATHO, AOAZmEH GbIA cogepsats Aekuua 7, 8, 9, 10 mpo-

rpaMMbl, MOMEIIEHHOX BO BCTYNHTEAbHOH AEKIIWH, HUKOrja He 6bm HameyaTaH
1 B 6yraarax H. E. Bykosckoro me naitgen.



KHHEMATHKA ZKUJIKOTI0O TEAA
(7876 2.)

Pour étre en état d’appliquer facilement la Géo-
metrie a la Mécanique, il ne suffit pas de connaitre
les diverses formes que les lignes ou surfaces peu-

vent présenter, et les propriétés de ces lignes ou de
ces surfaces, mais il importe encore de savoir quels
sont les changements de forme que peuvent subir les
corps considérés comme des systémes de points mate-

riels, et a quel les lois générales ces changements de
forme se trouvent assujettis. '

A. Cauchy.

BBEJJEHHE

Ta Bbicokas cTeneHb ACHOCTH, KOTOpas 6blaa BHeCeHa B 06AaCTb
AHUHAMHKH TBEPJOrO TeAd TIeOMETPUUYECKHMH HCCAEZOBAHHUAMHU
ABHXEHHUS HEU3MEHSEMOH CHCTEMbl, 3aCTaBASIET OXHJATb 3HAUYU-
TEABHOrO ychnexa THAPOAMHAMHKH OT COAHXEHHS ee ¢ KUHeMa-
Tukoft H3MeHnsemofi cucTembl. K coxareHHio, reomeTpHueckas
TEOPHUSA JBHXKECHHA H3MEHSIEMOH CHCTEMBl HaxOJUTCS TOABKO Ha
IepBbIX CTYNEHAX CBOero pasBuUTHA. Bce pa6oTel mo aTomy
npegMeTy OrPaHHYHUBAITCA HESOOABIIUM YHCAOM MCCAEZOBaHHUMR
ABHUXKEHHH IPOCTEHIINX HM3MECHAEMBIX CHCTEM H HEKOTOPBIMH
o6mMMH COO6paMeHHIME O JABHKEHHH HEIPEPbIBHO H3MEHSOILe-
rocsi TeAa, NpHUYEeM NOCAEeZHHE IOMeIleHbl no 6oApwIied wYacTH
B COYHMHEHHSAX NO THAPOAWHAMHKE M 10 TEOPHH YIPYrOCTH.

- Bor xparkuit nepeueHp CcOYMHEHHH O TOMYy H JApPYyroMmy
orgery. B 1830 r. Illaab! o6uapyxur raaBabie cBOHCTBA KOHEY-

1 Chasles, Note sur les propriétés générales de deux corps sembla-
bles entre eux et placds d'une maniére quelconque dans l'espace et sur le

déplacement fini ou infiniment petit d'un' corps solide libre, DBulletin des
sciences mathématiques, de Férussac, 1830.



3 KHHEMATHKA KHUIKOI'O TEAA

HbIX mepeMelleHHH NOZOOHO H3MEHAEMOHR @HrypBI, JOKasaB Cy-
IleCTBOBAHHE HEIOJBHAKHOM MAOCKOCTH M TOoukH. B 1860 u 1861 rr.
nosBuAKCh counHenusa [upuxae! u Dpuomn? o geuxenunm xuz-
KOr'0 dAAHICOHJA, B KOTOPbIX YKa3blBalOTCA HEKOTOPbIE CBOACTBA
H3MEHAEMOH QHIYPBI, IlepeMellarolIeica TaK, YTO HOBbIE€ KOOp-
AMHATDI cyTb AHHeHHble ¢(yHKUuE cTapbix. Ot 1861 a0 1868 r.
Llgneman3, [lerepcent, Jwopan 5, Bunep® u Apgporprep ? neua-
TalOT Psij HeOOAbmIHX cTaTel NO BOMPOCY O ABHAEHHHM NOAOBHO
nsaMeHsieMof naockoft purypnt. B 1867 r. Tomcon u Ter uszaroT
CBOe COuYHHeHHMe , [reatise on natural Philosophy“S8, & KOTOpOM
MOMEINAIOT OOCTOATEADHOE HKCCAEJOBAaHHE O XOHEYHBIX Iepe-
MEIIEHHAX TEeAdy, OJHOPOJHO HIMEHSAEMOrO; OHM HA3BIBAIOT TaK
H3MEHAIoIIEeeCs TEAO, HOBBIE KOOPAHMHATHI KOTOPOrO CyTb AH-
HeHHble QYHKUuM cTapnix. B tom xe roay [Tukap?® sbiBOaMT
H3BECTHbIE CBOXCTBA JBUXKEHHS HEHM3IMEHSIeMOR CHCTEMBbI, HCXOAS
H3 obwux coobpaxeHH# O cucTeMme OAHOPOJAHO H3MEHSIEMOH.
B 1871 u 1872 rr. [Jroppang !° npeacrasaser [lapumckod akazemnn
TPH TAYOOKHX HCCA€AOBAHHUA O CKOPOCTAX M YCKOPEHHAX OAHO-

A

! Dirichlet, Untersuchungen iiber ein Problem der Hydrodynamik,
Journal von Borchardt, Bd. 53.

“Brioschi, Développements relatifs aux recherches de Dirichlet,
Journal von Borchardt, Bd. 59.

8 Schdnemann, Uber die Bewegung verinderlicher ebener F iguren,
welche wahrend der Bewegung sich Zhnlich bleiben in ihrer Ebene, Programm
des Gymnasiums zu Brandenburg fiir 1861—1862.

*Petersen, Nouvelles Annales de Mathématiques, 2 Série, T. V.

> Durand, Nouvelles Annales de Mathématiques, 2 Série, T. VI.

® Wiener, Sul moto di una figura plana che, mantenendosi simile a sé
stessa, scorre con tre delle sue rette sopra tre punti fissi, Annali di Ma-
tematica pura ed applicata, diretti da Brioschi e Cremona, Série II, T. I.

“Affolter, Grunert’s Archiv fiir Mathematik, 55 Theil.

5 Mu moassoBarucr memenxum nepesogom Handbuch der Theoretischen
Physik, Ubersetzung von Helmholtz und Wertheim.

" Picart, Nouvelle théorie de déplacement continu d’un corps solide,
Nouvelles Annales de Mathématiques, 2 Série, T. VI.

¥ Durrande, Extrait d'une théorie du déplacement d'une figure qui
se déforme, Comptes Rendus, T. LXXIIl, 2 Semestre.

Propriétés geénérales du déplacement d’une figure qui se déforme, Ibid..

T. LXXIV, 1 Semestre.

De l’accélération dans le déplacement d’un systeme de points qui reste
homographique a lui-méme, Ibid, T. LXXV, 2 Semestre.




BBEZEHHE 9

poaHo u3MeHseMo# cucrembl. Hakomeu, B 1873 u_ 1874 rr.
nosBAAIOTCA cTaTbu Aurmua! m Dypmecrepa?® o nepememennusx
KOAAHHEApHO H3MEHAEMOH NAOCKOH ¢urypnl. Aurun oT obmux
coobpameHHii O KOAAMHEApHO H3MeHAeMOH (Hrype mNepexOgUT
K ¢@urype, nogodHo H3MeHAeMOH; bypmecrep maer o6paTHbIM
nyTeM, Nepexois OT NoAZO6HO U3MeHAEMOH K OJHOPOAHO H3IMe-
HAEMOH M KOAAHMHEapHO HM3MEHSIEMOH Qurype.

BTopo#t oTaear HauaA paspabaThiBaTbCs OAHOBPEMEHHO C Nep-
seiM. B 1827, 1828, 1829 u 1841 rr. Komu® momecTHA B CBOHX
Exercices psa uccaeaoBanmii 06 yAAMHEHHAX, CKATUAX M Bpa-
meHHH OECKOHEYHO MaAo#d wacTHUbI H3MeHseMoro teaa. B 1858 r..
[eabMroAb ¢ HamewaTan cBolo H3BecTHylo crartbio ,Uber Inte-
grale der hydrodynamischen Gleichungen®, B xoTopo#t wuazen
Kowmn o0 BpameHdH YacTHUbl NOAYYHAH IIHPOKOE IPHMEHEHHE,
PA3BHUBIIHCh B HOBOE YYEHHE O BHXPAX. JTO YYEHHE AETAO:
B OCHOBY couuwHeHnfi, nmosBusmuxcsa B 1861, 1862, 1867 u
1868 rr., aBropamMu koTopbix Oniam [amkeap 5, Pox 6, Towm-

Il Aurunr, Nouvelles Annales de Mathématiques, 1873. Taxxe 6pomiopa
,O606meHnss HEeKOTOPBIX TIeOMETPHYECKAX CBOMCTB JBHXEHHH CHCTEMBL .
Oaecca, 1873.

2 Burmester, Kinematisch-geometrische Untersuchungen der Bewe-
gung ahnlich-veranderlicher ebener Systeme, Zeitschrift von Schlomilch,.
19 Jahrgang, 2 Heft.

Kinematisch-geometrische Untersuchungen der Bewegung affin-verander-
licher und kollinear-veranderlicher ebener Systeme, Zeitschrift von Schlo-
milch, 19 Jahrgang, 6 Heft.

3 Cauchy, Sur la condensation et la dilatation des corps solides,.
Exercices de Mathématiques, Seconde année.

Sur quelques théorémes relatifs a la condensation ou a la dilatation,
des corps, Ibid., Troisieme année.

Sur les corps solides ou fluides dans lesquels la condensation ou
dilatation linéaire est la méme en tous sens autour de chaque point, Ibid,
Quatriéme anneée. '

Mémoire sur les dilatations, les condensations et les rotations produites
par un changement de forme dans un systéme de points matériels, Exercices
d’Analyse et de Physique Mathématique, T. II.

¢ Helmholtz, Journal von Borchardt, Bd. 3J. _

5 Hankel, Zur allgemeinen Theorie der Bewegung der Flissigkeiten,
Gottingen, 1861.

6 Roch, Anwendung der Potentialausdriicke auf die Theorie der mole--
kular-physikalischen Fernewirkungen, Journal von Borchardt, Bd. 61.
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coH ! u Aunmuiy 2; BO BCEX 3THX COYHHEHMAX MOMOAHAIOTCS H pac-
MHPAIOTCA T€ aHAAUTHYECKHEe COOOpaXeHHs, KOTOPBIMH IMOAb3O-
Barcs | eAbBMroAbL MpH BbIBOAE CBOHX KHHEMAaTHYECKHX TEOPEM.
B 1868 r. Beprpan? obnapyxur A 6eCKOHEYHO MaAOH YacCTHIbI
TEOPEMy O IAOCKOCTAX, COXPaHAIOWMWX HANpPaBAEHHE, KOTOPYIO
roAOM paHblle JOKa3aAM [OMCOH M TeT ZAs OZHOPOAHO H3MEHSE-
mofi cucrembl. HexoTopble 3aMedYaHHs, CAEAaHHbIE B €ro CTaThe,
fIOCAYXHAHN OCHOBAHHEM H3BECTHON NOAEMHKE MexJY HUM U | eApM-
TOABIIEM 4, KOTOpass 3HAYHTEABHO Cnoco6CTBOBaAa Pa3bACHEHHIO
Bomnpoca O BpameHuns dvacTuubl. [lo mosBoay sTof noaemuku
B 1868 r. 6miaa HanewaTraHa HebOAbIIAss 3aMeTKa B XKYpPHAAE
,Mondes“5, a B 1870 r.— meboabmas ctarbst BeabTmanaS®.
B 1870 r. boabgMan’ mo mnoBoay OAHOH TruApOAMHAMHYECKOH
3ajayd, KOTOPYyio paspemna Kupxrod, HamewaTan cTaTblo, Ha4H-
HAIOLIYIOCA HCCAE€AOBaHHEM ABUKEHUs Oe3 BpallleHHUS, BO3MOXKHOIO
JAsl HECKHMAaeMOH XHJIKOCTH, HANOAHSIOLIEH MHOTOCBS3HOE NPO-
ctpauncteo. B 1871 r. nmosBuroce mnpekpacHoe counHenue Dbean-
Tpamu® ,Dell’'idrodinamica razionale®, nepsnie ase wacTm koro-
POro aBTOpP MOCBAINAET KWHEMATHKE XHAKOTO TeAa, M3Aaras ee
¢rporo aHaAuTHueckuMmM nytem. Hakxouwen, B 1874 r. Bbimaa us
neuatn ¢usuka Kupxropa °, B KOTOpoR MOXKHO HaA#TH MHOrHe
HHTEepEeCHble CcOoOOpaXeHHA O JABHXEHHH XHUIAKOCTH 6e3 cxaTus
M BpallleHHs.

PaccMaTpuBasi 8TH COYMHEHHS, Mbl 3aMedaeM, YTO TEOpPHA
ABHXKEHHS M3MEHAEMBIX CHCTEM pa3AHYHBIX YaCTHBIX BHZAOB

LLipschitz, Beitrag zur Theorie der linearen partiellen Differential-
gleichungen, Journal von Borchardt, Bd. 69.

2 Thomson, On vortex motion, Philosophical Transactions of the Society

of Edinburgh, T. XXV.

S Bertrand, Théoréme relatif au mouvement le plus général dun
fluide, Comptes Rendus, T. LXVI.

¢ Comptes Rendus, T. LXVII.

O 'Mondes“, T. XVII

S Weltmann, Die Helmholtz'sche Theorie der Fliissigkeitswirbel,
Zeitschrift von Schlomilch, 15 Jahrgang, 6 Heft.

?"Boltzmann, Uber die Druckkrifte, welche auf Ringe wirksam sind,
-die in bewegte Fliissigkeit tauchen, Journal von Borchardt, Bd. 78.

8 Beltrami, Dell'idrodinamica razionale, Memorie dell’Accademia
delle scienze dell’ Instituto di Bolegna, Serie III, T. I u II.

9 Kirchhoff, Vorlesungen iiber mathematische Physik, Leipzig, 1874.
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pasBUAACb TAaBHbIM 06pasom wu3 0606meHHs W pacIIUpPEeHHS
uaeft O JBHXEHHH TBEpPAOro TeAa; oOlMlas Xe TeopuUs JBH-
KeHUs1 HM3MEHSAEMOH CHCTEMBl HMEAa CBOE HavYaAO0 B TEOpHH
yOpyrocTH M rHApoAMHaMHKe. Mpl BaAMM, 4YTO HecMOTps Ha
6AM3KOE CPOACTBO 3ITHX JABYX OTJEAOB KHMHEMATHKH H3MEHSIEeMOH
CHCTEMbl, HECMOTPS Ha TO, 4YTO OHH JAOAXHBI 6bl WTTH, paciIu-
pAss H IMOMNOAHAA JPYyr JAPyra, OHH BCErja pa3BHBAAHCb 0OCO6-
HAKOM; TaK, HanpuMep, HJAeH KomH 0 ABHMKEHHH YaCTHIbI, Kak
KameTcsaA, ObIAM HEH3BECTHbl aBTOpPaM, MHCABUIAM 110 KHHEMATHKE
N3MEHAEMbIX CHCTEM YaCTHOr'oO BHJa, ¥ Hao60pPOT, Mbl BCTpEUaeM
B NIPUMEHEHHUH K XUAKOH dYaCTHLE JOKa3aTEAbCTBO TEOPEM, yXKe
U3BECTHBHIX AAA TeéAd, OAHOROAHO m3Mmensiemoro. C zpyroft cro-
POHbI, Mbl BHAUM, 4YTO OOIINE 3aKOHbI JABHACHHS HENPEPbIBHO
H3MeHAEeMOro Teaa OblAM 1o OGoAbmed 4YacTH TECHO CBS3aHBI
BMeCTE C JUHAMHYECKHMH COO00paxeHUsMH, H TOABKO B COYHHEHHH
DeabTrpaMu uM mnocesileHa OTZeAbHas CTaThsl. JTO COYHHEHHE
HE OCTABASIET HHUero 6oaee xeAaTb 10 Z0OPOCOBECTHOH OTAEAKE
¥ TAyOuHE MDBICAH; HO, C OJHOH CTODPOHBI, CTPOrO0 aHAAHUTHYECKHH
METOZ HC‘CJ\eﬂI,OBaHHH, IPUHATHBIH aBTOPOM, HE JaeT H3AOXKEHHIO
TOH HarAsAHOCTH, KOTOpas, rAaBHbIM O6pa3soM, O6maa O6b1 Xeaa-
TEAbHA; ¢ APYIrOH, — UTAAbSHCKHH YYEHDbIH HE PEIIHACSH BKAKOYHTD
B KHHEMaTHKy CTaTbhid 06 yCKOPEHHAX, a OOCTOATEAbHOE TIeoMe-
TPUYECKOE HCCAEJOBAHHE NOCACIHHX MOXKET, KaK HaM KameTcs,
HauAyYIIEM o06pa3oM OCBETHTb TPYyZAHbIE BONPOCH! TIHAPOAWHA-
MUK,

Couunenne ,KunemMaTuka xuakoro TeAa“ uMeeT B BHAY AaTb
KpaTKuil, HO MO BO3MOXHOCTH HArAsJZHbIH O4YEPK TEOPHH CKO-
pocTe#l M YCKOpeHMH HENPephiBHO H3MEHAEMOI'O TeAa, M MOXeT
OBITh paccCMaTPHMBAEMO Kak BCTYIAeHHE B ruzpoauHamuky. [lpm
COCTaBAEHHM €ro Mbl CTaparMCb IIOCTABUTH OOIIHE TeopeMbl
O JABHXEHHMH XHJIKOCTH B yPOBEHb € TEM PAa3BHTHEM, KOTOPOE
OAVYAAH HCCAEJZOBAHHS H3MEHSEMBIX CHCTEM 4YacTHOTO BHAA.
Counnenne pasjeAsieTci Ha YeThipe TAaBbl. B nepBoil raase Mbl
M3AOKHAHN JBHXKEHHE O6EeCKOHEYHO MaAOu XHMAKOH YaCTHUbI; NPH
3TOM Mbl cTapaAruch 0606IIUTD pa3sANYHblE BO33DEHHsS HA BTOT
BONPOC, HCXOAS U3 OJHOrO OBLIEro MCCAEZOBaHHA O CBOficTBAX
moBepxHOCTH yarupenus Komm. B ar1ofi raase, kpome MHOrmx
HeGOABLINX TEOpeM, HaM NPHHAAACXKUT TEOPHA KOHyCa MOCTOsH-
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JacTHLUbI B ABUKEHHH OTHOCHUTEADPHO €€ ILEeHTpa.

Bropas raasa nocBsleHa H3yHYEHHIO AHHHH TOKOB (Stromlinien)
n ckopoctedt asuxymefica muakocTd. Mbl nossoasem cebe BBecTH
B HeH#l HOBbiM TEPMHH, XapaKTEPU3YIOIUNH KaK AHHHH TOKOB, TaK H

CKOPOCTH TOYEK XKHAKOCTH, — meudeHue xugxocmu. [ raBa Haum-
HaeTCcsl OOIIMM IEOMETPHYECKHM H KHHEMATHYECKHM HCCAeZOBa-
HMEM TEYeHHS MHAKOCTH H KOHYAETCHA CHEUHAADHBIM H3VUYEHHEM
TeyeHUS XHUAKOCTH 6e3 cxarus u BpawmeHus. llpum cocrasrenun
3TOH rAaBbl Mbl IOAb30OBAaAHCb, KPOME BBINIEYIOMAHYTHIX COYH~
HeHy#l, cOuMHeHHusAME, KoTopble Hamucarm Kaefin! u ['aTon ze ra
['ynuabvep 2. B ar1ofi rAaBe Ham npuHazAexar, KpoMme o6ero
MeTOoJa HMCCAEAOBaHHA, TEOPEMbI O 3aBHCHMOCTH HM3MEHEHHS XKHJ-
KO YacCTHIUbl OT KPUBHU3HBI AMHHH TOKOB M TEOPHS KPHTHUYECKHX.
TOYEK. '
Tperpbs rAraBa KOMOHASITHBHAf; B HEH H3Aaraercsi COrAacHO
C NpHEMaMHM HKCCAEAOBaHMs, UPEJAOXKEHHBIMH BO BTOPOil riase,
yY4€HHE O CAOKEHHH M Pa3AOXEHHH TEUECHHH XHAKOCTH, KOTOPOE
ycTanoBuAM [ eapmroabu, Pox, Tomcon, Aunmuy u Beabrpamm.
UeTBepTas raasa nocBAlIEHA YCKOPEHHSAM TOYEK JBHAYyIIEHCA
kHakoCcTH. Mbl HaunHaeM ee OOWUMM TeopeMaMH 06 YCKOpPEHHUAX,
cTapasCb MPH 3TOM BbLICTABHTb C BO3MOXHOH SACHOCTBIO HAEH
[Ipeo6paxenckoro® wu- Teopemy Aumnmmuua, KoTopble, Ha Hall
B3TAAZ, AOAKHBI MI'PaTh BbICOKYIO POAb B rujpoauHamuke. [ aama
OKaHYHBAETCA IMPHAOXKEHHEM HalJeHHbIX OOIIUX pPe3yAbTaTOB
K HCCACJOBAHHIO MEPMAHEHTHOrO JABHXKEHHMS HeCKUMaeMOH xuz-
KOCTH H JBHXKECHUS HECAKHMAEeMOH XKHUAKOCTH, ZAS KOTOPOH JaBAe-
HHE PaBHO HYAIO. B aToff raaBe HaM NpHHAZAEKUT 06061IEeHHE

1 Kleitz, Etudes sur les for¢ces moléculaires dans les liquides en mou-~
vement et application 3 'Hydrodynamique, Paris, 1873.

2Haton de la Goupilliere, Mémoire sur la théorie du potentiel
cylindrique.
Nouvelle théorie générale des lignes isothermes.
Nouvelle théorie générale du potentiel cylindrique, Comptes Rendus,
T. XLVIII, 1 Semestre.

J [Ilpeo6paxencknit, Oryernr Ka3aHCKOro chesja eCTECTBOHCOBITATEAEH.

* Lipschitz, Determinazione della pressione nell’interno d'un fluido
incompressibile soggetto ad attrazioni interne ed esterne, Annali di Matema-
tica pura ed applicata, diretti da Brioschi e Cremona, Serie lI, T. VI |
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TeopeMbl Kopmoamca M MHOrHe HOBBIE PE3YAbTAaTHl IO NEpMa-
HEHTHOMY ABHXEHHIO, KOTOPDbIE 3HAYUTEADHO NMOHOAHSIOT TEOPEMBI,
HaigeHHble Kaebmem !.

Bo Bcem couynHenum mbl pasfupard OAHOBPEMEHHO CBOHCTBA
CKMMaeMOH M HECXHMaeMOH XMZKOCTH, yKasblBas BCSAKHE pas
Ha ocobenHocTH mocaeasefi. Mbl craparuch czeraTs HaAOXKEHHE
110 BO3MOXHOCTH [POCTHIM, IPEANOYHTAN, IJe 6bIAO BO3MOXKHO,
reomMeTpuvYeckue CcoobpaxeHus aHAaAHTHYECKHM H NOAb3YsCh
KPUBOAUHEHHbIMH KOOPJAHWHATAMH, HMEHIUUMH HEINOCPEACTBEHHOE
KHHEMaTHYECKOe 3HadYeHue B pasbupaemMoM Bomnpoce. Mbi cra-
PaAHChb CAEZ0BaTb, HACKOADKO YMEAH, COBETY BEAMKOIO reoMeTpa
»étudier les choses en elles-mémes®. Hageemcs, uro mam cxpowm-
Hbll TPyJA HE OCTaHETCA OECMOAEZHBIM H IPOABET HEKOTOPbIH
CBeT Ha TPYAHbIE BONPOCH I'HMAPOAUHAMHKH.

I Clebsch, Transformation der hydrodynamischen Gleichungen, Jour-
nal von Borchardt, Bd. 34.

Uber die Integration der hydrodynamischen Gleichungen, Ibid Bd. 56



NOCbhIAaeM pasbop HEKOTOPBIX NPOCTHIX sABAEHHE, KOTOPHIE €ro
XapaKTEePU3YIOT. aK KaK BTH SBACHHS HE TOAbKO AOAXHBI GbITh

ABAKCHHUSIMH * TOYKH; TaKOE€ BCTYNAEHHE HEAb3S CYHUTATb JOCTa-
TOYHLIM IIPH M3AOKEHHH ABMAKEHHA HENPEPbIBHOH XHUAKOH Macchl,
TaK Kak Kaxjzas OECKOHEYHO MaAas 4YacTHIA ee U3MEHSAET Co-
BPEMEHEM HE€ TOAbBKO CBO€ IOAOKEHHE, HO H CBOJO popmy.
B OCHOBY TIeOMETPHYECKOH TEOPHHM STOrO JABHKEHUS, Kaxercs,
BCEro yAo6Hee MOAOKHTD M3ydYeuHe H3MEHEHHH 6ECKOHEYHO MaAOH
4aCTHILbI. |
Flsmenenne wacTHUbl, HECMOTPA HA MOAHYIO NPOM3BOABHOCTD
ABHAXYIIEHCA MXHAKOH Macchl, COBepIIAeTCA BCErza MO HEKOTO-
OBIM TPOCTHIM 3daKOHAM, 4YTO NPOHCXOAUT OT HENPEPbIBHOCTH
QYyHKUAH, XapaKTEPHU3YVIOWHX ABHXKEHHE XUAKOCTH. BOT KaKHMH
CAOBaMH BbIpaxaeT DepTpaH 3TO BAMAHHe HempepbIBHOCTH: ,Ha
NepPBbIA B3rASJ KaXEeTCs HEBO3MOXKHBIM HCCAECAOBAHME ABHKEHMUS

CHCTEMDBI, TOYKH KOTOPOH JPYr OT JApyra HesaBUCHMBI M Obpa-
3YIOT HEIPEPbIBHYIO MacCy, NAOTHOCTb M (pOopMa KOTOPOH MOryT
U3MEHATHCA KaxJA0€ MIHOBEHHME, TaK Kak HHAUBUAYaAbHOE ABH-
KEHHE KaXAOH TOYKH BNOAHE NPOM3BOAbHO. Ho HenpepniBrOCTD

PYHKUUH ABAAECTCA 3JecCh, Kak BCErjaa, yCAOBHEM BecbMa cCylue-

CTBEHHBIM M TIOBBOASIET OOHAPYXUTL MeXJY CKOPOCTAMH HEKO-
TOPble TMPOCThHIE 3aKOHBHI,
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BH3HbI, HECMOTPsA HAa IMOAHYI0 MPOH3BOABHOCTb IIOBEPXHOCTH.
[IpocTbie 3akOHDBI, O KOTOPbHIX TIOBOPHT TreOMETP, CYThb 3aKOHbI

M3MEHEHNA KUAKOH YAaCTHUbI, M3Y4CHHEM KOTOPBHIX Mbl HAMEpPEHBI
HayaTh KHHEMATHKY XHUJIKOCTH.

§ 2. llyerp a, b, cu x, y, z 6yayr npsaMoyroabubie KOOpAU~-
HaThl OAHOH H3 TOYEK XKHJKOCTH B HaYaAe BPEMEHH H IIO [npo-

mecTBHH BpeMmenu f. Hanmmem npupamenus x, y, z, nmpoucxo-
AslIKEe OT H3MEHEHHd a, b, C:

dx = dx da —}— db -[- dc,

4

dy—— da—]—- db+ dc,

dz =

da+ db—}—

Boob6pasus 6eckoOHEYHO MaAyI0 4YaCTHLY XHAKOCTH IPOH3-
BOABHOH (OpMBI, 3akAloyawluyio Touky (a, b, ¢), yBuaum, 4ato
KOOPAHHATbHl TOYEK STOH YaCTHUBI OTHOCHTEABHO TOuKH (a, b, c)
KOTOPYIO Ha30BeM ee LEBTpoM, 6yayT da, db, dec. Tlo npomecTrun
BpeMEeHH ! YaCTHUA H3MEHSeTCSA TaK, YTO KOOPJAHUHATHI TOYEK ee
OTHOCHTEABHO UeHTpa 6yayT dx, dy, dz. O6o3navas no npumepy
BeapTpamu 6eckoneuno maabie BeAuuMHH da, db, dc, dx, dy, dz
yepes a, b, ¢, X, y, z!, IOAYYHM ypaBHEHHUSA:

LS

RN

52 02 , @z
——da -{—"ng —1--""52(2

OTH YpaBHEHM! NOKAa3bIBaIOT, UMO KOOPAUHAMbL MOUeK U3Me-
HEeHHOI Yacmuubsl OMHOCUMEAbHO ee uenmpa b6viBarom B8cerja
AUHEL Hble QDYHKUUU TIepBOHAUAAbHBIX KOOPIUHAM.

1 Tlogo6smM xe o6pasom u zpyrue gudepennuarst 6yzem o6GosHagaTh,.
oT6pachBas SHaK JudepeHUHaAa M HEMEHAA wmpudT: BMecro df, du, dv, duw,
HanpuMep, Mbl 6yazem nucars t, u, v, w.
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Orcroza caeayeT, 4TO BCe TOYKM MHAKOCTH, Aexaluue Ha Gec-
KOHEYHO MAaAOH MOBEPXHOCTH, OyAyT BO BCe BpPEMs JABHXEHHUSA
AexaTb Ha TMOBEPXHOCTH TOTO xe mnopsAjKa. beckormeyno Maawbie
YacTH NMAOCKOCTH H TNPSAMOH AHHHH OyAyT BO BpeMs JABHAKEHUA
OCTaBaTbCA MAOCKOCTbIO KM NpAMO# AmnHMed. |oukH, zeasumue 6ec-
KOHEYHO MAAyVIO IPIMYIO AMHHIO B M3BECTHOM OTHOUICHHY, OYAYT
AEAHTh B TOM :Ke OTHOUICHUH M npeoOpaz0BaHAYIO AHHHIO, BCAEL- -
CTBHE 4ero 6E6CKOHEYHO MaAple MMapaiAEAbHble AHHHH H [IAOCKOCTH
BO BCE BpEMs JABHMEHHS OCTAHYTCHA MapaiAeAbHBbI. ‘lacTHna xwui-
KOCTH, OrpaHHYEeHHasd MOBEPXHOCTbI0 OECKOHEYHO MAAOro mapa,
6yaeT BO BCE BPEMS JBHKEHMS OrPaHHYEHA MOBEPXHOCTDHIO DAAHI-
couga, NMOTOMY 4YTO MOBEPXHOCTb AOAXKHA COXPAHHUTb MOPAJOK H .
M3 COMKHYTOH HE MOXET CAEAATbCSA PA3OMKHYTOH; mpH 3TOM
KaxJablM TPEM B3aHMHO MNEePHNEeHAUKYASPHBIM JHAMETpaM IIapa
Oy4yT COOTBETCTBOBATb TPH COMPsKEHHbIE AHAMETPA BAAUICOMAA,

MEKAY KOTOPBIMH BCErga HaWAyTCA TakKHe TPH, KOTOPbie COXpa-
HAT CBOIO OPTOrOHAABHOCTD.

VI3 mocaegHero 3akAOYEHHsS BDBITEKAET TeOpeMa: uepes BCH-
KUe JB8Q IMOLOKEHUSI MOYUKU JBUXKYWEUCT KUJKOCMU MOIKHO ITPO-
gecmu Jgse cucmembl OECKOHEUHO MAAbIX MUJIKUX MPUODPIMOL0-
HQABHbBIX AUHUL, KOMOPbIE 80 BpeMSI JBUMKEHUS ITepexossim O4HA
8 gpyrwyro!. ToMcoH HasbIBaeT DAAHNCOHA, B KOTOPHIH npeobpa-
3yeTcsd OECKOHEYHO MAaAbli WAapuK, SAAUNCOUIOM Jedopmauuu
‘8 AHMHHH, COXPaHAKIIIHNE TPHOPTOIOHAABHOCTb, KOTOPbIE COOTBET-
CTBYIOT OCSIM BAAHOCOHJZA, —ocaAMU gedopmanuu. [lonarno, uro
770 HAMPasAeHUI0 O0CeU Jeghopmauuu wacmuya npemepresaem Hau-
borbulee U HauMeHbUlee YZAUHEHUSI; Mbl Ha3blBaeM CXKaTHE OT-
PUIUATEABHLIM VIAHHEHHEM.

Ha ocHOBaHuH CKA3aHHOrO 6eCKOHEUHO MAAAS UACIMUUA MOKEm
boimo nepeseseHa U3 CB0EL0 HAUAALLHOLO NTOAOKEHUS 8 ITOAOKCHUE,
coomsgemcmsyrowee spemeHu t, NOMOWb0 mpex JBUMNEHUI: T10-
MOWDbI0 NMOCMYNAMEAbHOL0 JBUAKEHUS, IOMOULLI0 JBUNKEHUS, 060Q
WA weto 0eCKOHEUHO MQAbLLL WAQPUK B8 DAAUNLCOUL Jedhopmauuu,
U TIOMOWDIO BPAUWEHUST BAAUTICOUIA ZePOpMAUUN.

§ 3. B npeamaymem mnaparpade yKa3aAH CAQBHbBIE
9€PTbl H3MEHEHHWA YACTHIbl 32 KOHEYHBIH INPOMEXMYTOK BPEMEHH

t Jra Teopema obHapywena B 1828 r. B couuneHuu Kowmn B Exercices de
Mathématiques, Troisiéme annéde, p.242.



'a. I O ZBHAKEHWH BECKOHEUHO MAAOH YACTULIBL 17

AAsl TOrO, 94TOOBl sICHEE NPEACTABHTb €e GECKOHEYHO MaAble WM3-
meHeHHus. llpuraras nafigenunie pesyabraThl Kk ZBYyM Geckomeuno
OAH3KMM IIOAOXEHHSM 4YacCTHUbBl, COOTBETCTBYIOIIMM MOMEHTaM
BpeMeHH { u {—-df=1{-{-t, BHANM, YTO uepes xraxayr0 mouxy
ABWKYWEUCST KUJKOCMU MONHO TPOBECNU MPU B3AUMHO OpPmo-
20HaAbHble 6GeCKOHEUHO MaAble TIpSIMble, KOMOPblE COXPAHSIM
CB0OI0 OPMOIOHAAbBHOCMD, JBUWASCL BMeCMme C XKUJKOCMDbIO 8 ITpO-
J0AxeHUe 6eCKOHeUHO MaA010 8pemeHu t. DTH TPH AHHUH Gyzem
Ha3blBaTh OCAMU Jedpopmauuu JaAHHOI0 MOMeHmMa B8pemeHu L
. OHu b6ygym coomsemcmaeosambd AUHUAM, TI0 KOMOPbIM 8 5mMOMm
MOMEHM UHACMUUQ TTpemepriesaem Hauboibulee U HauMeHbUlee
ygiunernust. Bce 6ecxoneurno maioce gsuienue uacmuuvl 6yzem
CAQIAMbCK U3 NOCMYIIAMEALHOW0 JBUXEHUS ee UeHmpPa, U3 J6uU-
XKeHUust, obpawarouwelo 6eCKOHEUHO MQAbLI WaAPUK B8 BSALUNCOUZ
2epopmayuuu, G6ECKOHEUHO MAAO OMAUMAIOWUICS OMm Wapa, U us
8paUieHUST OCeU Jeghopmauuu. |

CkopocTb BpameHus oceit gedopMallMH HA3LIBAIOT CKOPOCMbI)
spawernus uacmuudl. [leppoe u Tperve aBumenus uvacTHub 6y-
ZeM HasblBaTbh BHEWHuUMU, a BTOpoe — sHymperHum. IlonsaTHo,
4TO BHYTpPEHHEE JBHXEHHE YaCTHLUbl BIOAHE XapaKTEpU3yeTCH
SAAHIICOHAOM JedopmMailun, OCH KOTOPOIro JAaKT HAM HallpaBAECHHE
oceit gedpopmanuu. Ho MbI He 6yzeM MOAB30BAaTbCA YpPaBHEHHEM
3TOro SAAUICOHJA, a BbIBEJEM YpaBHEHHE HEKOTOPOH apyroft mo-
BEPXHOCTH BTOPOr'O MOPAZAKA, KOTOPOE MOAYYAETCS IIPH pacCMOTpe-
HHH CKOPOCTH TOYEK YaCTHUbl OTHOCHTEABHO LeHTpa. /JlAs aToro
BO3bMEM OT X, Y, Z [IPOH3BOJHbIE N0 BPEMEHH H, HOAOXKHB

dx dy dz dx dy dz

E:u’ E?:U’ "a_;:w, E‘E:U, "C'?'E — V, ’cTt'—_:"W,

3aME€HHM HavyaAbHble KOOPJHHATHI

a, b, c, a, b, ¢c na x, 7y, z, X, VY, Z:
0=t Sy + G,
v="22 +g§- 1+, (1)
=" '*'%5} + 57

3ax. 16. —H. E. Xyrxoscruff. Tom II. | - 9
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Halizennnle ypaBHEHHsS BbIpaXaioT 6ECKOHEYHO MAaAble CKO-
POCTH U, V, W TOYEK 9YaCTHLbl OTHOCHTEADHO JABHXYIIHXCHA OCei
X, V, Z, JAPaAAEAbHBIX X, U, Z M HMEIOIUHX HAyaAO B UEHTpe
yacTanpl. Ilporaras aTH CKOPOCTH Ha PajgHyC-BEKTOp Y, COEZH-
HAIOIWHUA TOYKY YacTULbl C €€ UEHTPOM, AeAHM IIPOAOKEHHOE Ha
r ¥ HashlBaeM MOAYYE€HHbIH PE3yAbTAT Yyepes e:

=%[g%x2+g? T dzzg_{_
ow , Ov dw Ou
+(5§+55)yz+(@z 6x)zx+(0x T y)xy]

3zech & BbIpaxaeT YAAMHEHHE pPaAHyCa-BEKTOPAa, OTHECEHHOE
K eJWHMIE BPEMEHHM M AAHHDBI. JeAras NMOAOXEHHS

du_, dv_, dw_
Ox 2 dy % 0z

ihad — ) —
6,9_1_6 0y, az"]—dx QJQ’ ax+ay _ 203:

B KOTOPBIX &,, &, 25 CYTb YAAUHEHHS IO HAMPABAEHHAM KOOPAH-
HaT, NPeJCTaBUM YVJAHHEHHE € CAeayiouled POPMYAOH:

s “-1[%‘3_(‘517*12 + 8oy? - &322 - 20, yz - 20,zx - 204xy). - (2)

EcAu Boibepem OeCKOHEUYHO MaAble KOOPAMHATHI X, Y, Z TaK,
yTo6bl AAST HUX eér?=2F, rae F nocrosHHas 6eCKOHEYHO MaAasd
BEAHYHHA BTOPOrO NMOPAJKA, TO YBHAHM, YTO BCE€ TOYKH, MMEIO-
InHe TaKHe KOOpPAMHATbI, AekaT Ha NOBEPXHOCTH BTOPOro Mo-

pAgKa:

2F = e x* - 252 o~ e32® - 20,yz 4 28,2x - 20,xy. (3)

1o gaeTt TeopeMy Kommwu!l: aumellHble ygiuneHus uacmuybt
70 PASAUYHDBIM HANPABAEHUSAM 00pAMHO NPOMOPUUOHAALHDL KBQ-
Apamy UeHmpPaibHOL0 PAJUYCA-BEKMOPA HEKOMOPOU TTOBEPXHOCIU
BMOPOLO MOPAIKA.

JdTa NOBEPXHOCTb, KOTOPYIO Ha3blBAIOT /T08EPXHOCMbBIO YJZAU-
HEeHUS, UrPaeT NOYTH E€JAHMHCTBEHHYIO POAb B TEOPUH H3MEHEHHUS

1 Cauchy, Exercices de Mathématiques, seconde année, p. 69, 1327.
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KHAKOH YaCTHUDbI, PasAHYHbIE CBOHCTBA JABUMEHHSA KOTOPOH CBA-
3aHbl 60A€e HAH MEHEe TECHO CO CBOHCTBaMH 3TOH MOBEPXHOCTH.

Tax xak ocm jedopMauun COOTBETCTBYIOT HaMGOAbIIEMY M
HaWMEHbIIEMY YAAHHEHHSAM, TO HalpaBAEHHE HX COBMNAJaeT C Ha-
MPaBAEHHEM OCEH NOBEPXHOCTH YAAMHEHHSI H MOXeT ObIThb omnpe-

AEACHO NOMOILIbIO YPaBHEHHUM: .
e, cos &+ fycosB+0,cosy  B3cosa ¢, cosf4-6; cost
cosa cos B o
_ fBycosa--6, cosB{-e5cosY _E
COSs Y o

B KOTOPBIX &, [, Y—Yyrabn, o6pasyembie Ocbio JehOpMalHK
C OCAMH KOOPZHWHAT, a £ — yAZAMHEHHE [0 3TOR OcH, paBHOE 0OJ-
HOMY H3 KOpHel KyOHYeCcKOro ypaBHEHHSA:

E3— (2 &p 1 23) E2 - (253 128, 8,8y — 6,2 — 8,2 — 6,2) E' —
— (218223 120,085 — 2,0,2 — €,0,2 —46,%) =0, (4)

HazsniBas uepes E,, E,, Eg Tpu aeficTBHTEAbHBIE KOPHA BTOrO
KyOH4eCcKOro ypaBHEHHUsA, HaOpPaBAsieM OCH KOOPAHHAT II0 OCAM

aedpopmauuu U npeobpasyem ypasHenus (2) u (3) B (2) u (3):
1 , '
€= ‘;{(Eﬁg - E,y? -+ Eqz?); (27)

2F = Ex? - Egy? - Eg2. (3)

[loBepxHOCTD yaAAMHeHHs, Bbipaxaemas ypassenuem (3'), 6y-
AeT TPEXOCHBIH B3AAHNCOMA, Koraa Tpu yaruHeHusa F,, £, L,
KOTOpbie Mbl 6yaeM Ha3blBaTb AQSHbLIMU, HMEIOT OAHMHAKOBbBIE
3HaKd. B nmpoTUBHOM cAyyae OHAa mpeACTAaBHT runepboAOH], NPH-
yeM Hajo OyaeT OAHOBPEMEHHO pacCcMaTPHBaThb 00a CONpsKEHHbIE
runepboronga, gasas F sHaku+u—. Oaun runepborouns 6y-
AET COOTBETCTBOBAaTb YIAHHEHHIO, JAPYI'OH — CHKATHIO, & pajAHYyCbl~
BEKTOPbI, HafnpaBAEHHbIE MO aCHMITOTHYECKOMY KOHyCy, OyAvT
umeTb yaAruHeHus 0. [lowsaTHo, 4TO B wacTHBIX cAydasx nmoBepx-
HOCTb YAARHEHHS MOXKET NPEJCTABUTb IIap, UHUAHHADP HAH JABE
napaAA€AbHble NAOCKOCTH.

Bce TeopeMbl 0 AuameTrpax UEHTPAAbHBIX NOBEPXHOCTEH BTO-

2*
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pOro mopsiaKa ZajyT HaM COOTBETCTBEHHBIE TeOopeMnl 00 yaau-
HeHUAX AHAKOH YacTHUbl. |akK, HampuMep, PABEHCTBO

E1+E2+E3:el+e2+s3

AAET TEOPEMY: CYMMA AUHEUHbIX YIAUHEHUU 110 BCAKUM Mpem
83QUMHO* NMEPTIEHJUKYASIPHBIM OCAM PABHA CYMME LAABHBLX UJAUS
nHeruit. [loab3ysicb aTOR TeopeMofl, MOXKHO HOOAYYHTb H3BECTHOE
BhipaxeHAE JAASl H3MeHeHHs o6bema. Boo6pasum Bo Bpems f Gec-

4

KOHEYHO MaAni# map, 06beM KOTOPOTO paBeH —Tr3, MOAYYHM

3

AAs BpeMeHH {—t aaauncoma Jgedpopmanud, 06beM KOTOPOro
BHIPA3HTCA Yepes

4 pu_—
i\
3
Ha3sniBas mameneHne o6bema, OTHECEHHOE K eAHHHIE 0O0beMma
¥ BPEMEHH, Yepe3 A, nmoayuaem:

r3(1 + E.t)(1 + Egt)(1 + Est).

N e L
A=¢g & —&;.

Teopembr ANoOAAOHHA, PaCNPOCTPAHEHHBIE HA CBOHCTBA coOnpsA-
KEHHBIX JHAMETPOB LEHTPAADHbBIX NOBEPXHOCTEH BTOPOr'o NOPAAKa,
AAIOT HAM CAEAYVIOIIHEe COOTHOWEHHS MEXAY YAAHHEHHSMH ey, €,, €3
IO CONPAXKEHHBIM JUaMeTpaM:

1 1, 1 1 1 ° 1

o T e e EEE
e.eses =— (1 — cos?a— cos? B— cos2 Y+ 2 cos @ cos 3 cos V)EEE5.
B nocaeaneM cooTHOmeHHH @, B, T— yrAnl MeXAy CONpSXEH-
HBIMH JHaMeTpaMH. Bce paauych-BEKTOPHI, HMEIONIHE paBHbIE
VAAHHEHHS, JOAZKHBI AeXaTh Ha KOHyCe, BEpUIHHA KOTOPOro €CTh
IIEHTP MOBEPXHOCTH YAAHHEHHsS, a OCHOBaHHE — [I€pPECEYCHHUE
3TO# nmoBepxHocTH ¢ mapom. Mbl 6ysgeM HasbiBaTb TakOH KOHYC

KOHYCOM PABHOLO YAAUHEHUSI. Y paBHEHHE €ro TMOAyHaeTCA H3
¢opmyant (2'), noAarass & MOCTOSAHHLIM:

(E,—2) x4~ (Ea—2) y> -+ (Es —e) 22=0. (5)

Ecau E; > E; > E;, To BeawunHa & 3akAoueHa mexay £, H
Egs. lloaaras £5 >¢ > E; HaxoauM KOHyCbl PAaBHOTO YAAHHEHHS,
uMelollne aefdCTBHTEAbBHOR OChi0 ochb zedopmauun Lg. B cayugae
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e = £, KOHyC paBHOro yAAHMHEHHA O6pamiaeTcs B ABE IMAOCKOCTH,
NpoXoAsAlIne 4Yepes ocb gedopmaunu L, u 06pasyloilee C OCbIO
aepopmauun £ yrabl, TaHMEHCHI KOTOPBIX CYTb

JTH NAOCKOCTH pAaCCEeKaloT SAAHICOHA HAH OJHOMOABIH TIH-
nepObOAOH, COOTBETCTBYIOIUHA NMOBEPXHOCTH YAAHHEHHS, MO KPY-
raM. B caywae £, > &> L, Mbl noaysaeM KOHyc paBHOrO YAAH-
HeHHsl, HMeroWui JgefcTBHTEeAbBOR ocbhro £,. VM3 ckasamsHOro
BBISICHAETCS H3MEHEHHE BHJAa KOHyCa PaBHOrO YyAAHHEHHSA I[pH
HEeNpepbIBHOM H3MeHeHHH € OT Lg a0 £,: npu e= £3 KoHYyC cCO-
BlajaeT ¢ ocbio Aepopmauunm L3, ¢ BOspacTaHHEM € OH HJET,
PaCHIHPAACh H COXpaHASA 3Ty OCb CBOEH JAeHCTBHTEABHOH OCDIO;
npu €¢=4L, OH pacnajzaercs Ha JABE€ NAOCKOCTH, NPOXOAAIIHE
yepes ocb Aedopmanuu L,; MOCAE 3TOrO OH PAaCHOAATAETCH OKOAO
ocH JedopMauum L, U HAET, CyXKHBasCb, NOKa HE COAbETCA
c aTow ocbio. [loHATHO, wTO acuMnToTHYecKHH KOHYC €CThb KO-
HYC HYAEBOr'O VAAMHEHHS B JeHCTBHTEAEH TOABKO B TOM CAYYae,
KOrza

£, >0, £5<0.

§ 4. llepefizem Tenepb kK onpeseAeHHIO CAAraloIUX CKOPOCTH
BpalleHUS AUAKOH 9acTHUBI MO HaNpaBACHHIO HEMOABHAHHIX Ocei
X, Y, z. ilycTp ©;, ®,, 3 6yAyT noJOOHBIE CAAralOUIHEe NO OCSM
AeopMalHA ZAsS JAHHOTO MOMEHTa BpeMeEH. Bo3sbMeM Ha kazjofi
N3 3THX OCeH Mmoo TouKe, OeCKOHEYHO OAH3KO OTCTOAIlEeH OT LeH-
Tpa YacCTHUbl, H Ha30BeM HX O6ECKOHEYHO Maibleé KOOpPAHHATH
OTHOCHTEABHO LEHTPa 4Yepes

(xla Y13' z1):! (22, Y‘.b 22)5 (XB: Y3; Za),

a cAaramfolne COOTBETCTBYIOIIHX HM OECKOHEYHO MaAblX OTHOCH-
TEAbHBIX CKOPOCTEN 4yepes

(un Vis Wl): (U-z’ Vo, Wa): (113: V3 Ws)-

Tak kak ocm AedopMaumm B NPojoAxeHHe 6GeCKOHEWHO Ma-
AOTO JBUMACHHMSA XHAKOCTH JABHAYTCS Kak HEH3MEHAEMas CHCTeMa,
TO NPOAOXKEHHE CKOPOCTH TOUYKH 2 Ha OCb JedopMalUHy J PaBHO
CKOPOCTH BpAlIEHUs TOYKH 2 OKOAO OCH hedopmauuu /.
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[loAb3ysch aTHM 3aMedanHeM H NOZOOGHBIMH Ze 3aMeYyaHHUAMH
AAR ZPYTCHX TOYEK, HaHHIIEM TPH YpPaBHEHHS:

rorg®,; = UgXy + Va¥s + WyZs,
rgri®y; == UgX, + V¥ T W3z,

rr®g = WXy 1 VYo —~ WiZo,

B KOTOPHIX Iy, Yy, Frg— OECKOHEYHO MaAbleé pPACCTOAHHS TOUYEK
J, 2, 3 ot uenrpa vactuusl. [logcTaBAfis B HanucaBHBIE paBeH-

CTBa 3Ha4YeHHs u, Vv, w U3 PpopmyAn (1), npeacrtaBuM nepsoe H3
HHX B BHJAE:

du 0 Ow ow
®olfg = 32135“; =+ Y2Y3'3“§" = 3223'5; T YaZs '@" T+

Ov Ou ow Jduv Ju
-+ ZeYs‘é’; 1 szs“a‘; -+ 3223'a£ T X2Y85,, 7 Y2X3 Bg :

Tak kak ocH gedpopMauuu CyTh CONPAXMEHHbIE JHAMETPHI IIO-
BEPXHOCTH YJAHHEHHS, TO, MOAb3ysAch popMyroiH (3), Mmoxem Ha-
MHCAaThb PaBEHCTBO:

Ou | dv 0 1 /0 0
sy - YoYsg, T 2,7 5 =+ (¥s7s 1+ zgy.o,)—g(“% T -f;) T

0=1x,x

1 /0 0 1 /0 0
+(z2x3+1223)_§("5%+£) +(x2Y3+Y2X3)7(5%+§3)-

Buunras ero s o;rorg, noayumnm:

10 o
®rorg == (YyZ3 — Z5¥s) '5'('8‘“;‘9 — 52") ~+
% 1 /0v Ou
— %)+ Gavs—yix) 5 (52 —24).

HasbiBass uepes Ay, v, v, hy, uwy, v,
AePOopMalUHH C OCSAMH X, Y, Z, HMEEM:

’ )‘31 3, Vg YI'ADbI oceH

Yois — ZoY3 Z,Xg — XoZg
T ——=—=C0S A}, =" =cos

el ¢

19

Xo¥Yg — ¥Y2Xg3
Yolg
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BcaeacTBHe BBIIEH3AOAEHHOrO Hamieé BpalleHHE ®, MOXeET
ObiTh BHIpaXE€HO TakK:

mr_—_i(g?’_a“) x+-1_ Ou  Ow f
172 \ay ~ 0z )T (dz ox | SO
1 (dv Ou
"*‘“z“(‘a“;““a;)""“v

Fiz atoff Qopmyant u nozo6HbBIX %e (GOPMYA JAST ©, H O
3aKAIOYa€M, YTO HCKOMBIE CAAralollde BPaNmIEHHA TO OCAM X, U, Z,
KOTOpble MBI Ha3OBEM 4YE€pPe3 p, ¢, 7, CYTh:

1 (0w Ov 1 [ou Ow 1 (0v du)!
P“‘i(“ag“a";)’q:“f(‘é;“az)’ ’=7(5§" ay) - (6)

JTH BPALLEHHS CYHTAIOTCSH NMOAOKHTEAbHBIMHM IO HaNpPaBAEHHIO
9acOBOH CTPEAKH H HKMEKT OJHHAKOBbI# BHJ JAS BCAKHX Ips-
MOYTOAbBHBIX OceH KoopawHAT. AOGONBITHO 3aMEeTHTb, 4TO MpPH
KOCOYTFOABHBIX OCSIX KOOPZAHHAT INPOAOKEHHE CKOPOCTH BpAllCHHSN
JaCTHUbB Ha HOPMAaAH K KOOPAHHATHBIM IMAOCKOCTSM BbipaXaeTcs
QopMyAaMH, OTAHMYAIOMUMHUCA OT (6) TOABKO MOCTOSHHBIMH MHO-
RHTEASIMH. LEcAM B0OO6pasuM KOCOYrOAbHBIE OCH KOOPAHHAT X,
y', z', maockocTh Yz’ KOTOPHIX COBMAajaeT C MAOCKOCTBIO Yz,

a OCH ¥ ¥ y HMAYT MO OAHOMY HANPABAEHHIO, H HAa30BEM YTOA
Z Yy oz uepes v, TO NOAYUHM:

y=y + 2’ cos o,

I 4 ®

Janee, HasbiBas uepes u', v', w' NPOAOKEHHA CKOPOCTH TOUKH
10 KOCOYTOAbHBIM OcAM X', ¥y, z', uMeeM:

/
U = v,

w, — VUV COS 9, + 'zUSin D, .

1 STte QopMyAHN aAf BpameHHs uwacTalnl Halizeesnt Komm B Exercices
d’Analyse et de Physique mathématique, T. II, p. 302, 1841. [Ipn sToM o=
HasSbiBaET CKOPOCTHIO BPAIMEHHA HaCTHIBN OKOAO OCH CPEAHIOI CKOPOCTb Bpa-
IIeHusi BCEX PaJHYyCOB, AeXamNX B MNAOCKOCTH, UPOXOJAsMeHr uepes LEHTP Ha-
CTHOH NEPHeHAMKYASAPHO K OCH. JTO ONpeAerCHUE TOXRAECTBEHHO C ompexe-
ACHHEM, OPHHATHIM HaMH, TaK KaK CPEAHAA CKOPOCTb PAZHYyCA, NPOMCXOXAIIAS
OoT BHyTpeHHero jABumeHHs, paBHa HyAl0. Cen-Bemam B VIII Tome dypuara
Amyeaarsn (1863) aaer mpocroit BmBOz Qopmyr (6), mCxoxn S onpesereHES
Bpamenna Komu.
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CocTaBAsis Tenepb BbipaxEHHE
Ow’ 0¥
oy’ 02

H obpailas BHUMaHHe Ha (GOPMYABI, ONpPeAeAsIolue y, znoy’, z’,
IIOAYYHM (QPOPMYAY
ow’ 07
oy* 0z

. Jw  dv
=sin¢, [ =— — =
‘\dy 0dz)’
H3 KOTOPO# onmpejeAmMM MNPOAOXEHHE BPAIIEHHS Ha AHHHAN, Iep-
NEeHAUKYASPHYIO MAOCKOCTH ¥z’

(?Ef.’_..___‘?_?_)__ L
2 \ dy 0z

HasmBae Tpm onpeaersembie mporoxenus uyepes p’, ¢, 7,
a yraml 2 z'ox’, Lx oy’ uepes v,, w3, noryuaem:

,__ 1 [(dw" 0V ) 1 ( Ou”  Ouw' )
o ~ 2sin o, ( oy 0z )’ 7 2sino, \ 027  0x’

v 1 (0‘0’ _ou’ )
- 2sings \Ox” 0y’ )’

§ 5. 3mas Bpaumenue wacTHUb, MOXHO BBIYECTH COOTBET-
CTBYHOIIHE €My CKOPOCTH H3 CKOPOCTEHM U, V, W H IIOAYYHTbD

CKOpPOCTH OJHOTO BHYTPEHHErO ABHUAKEHHA. JTH CKOPOCTH, KOTO-
pbie Mbl Ha3OBEM yepes u,, V;, wy, Oyayr:

u, =UH(QZ—I‘Y),

vy =v—(rx— pz),

Wi =w_(Py_qx)’
W NPHHHMAIOT Ha OCHOBaHHH QopmyA (1) u (6) caeayrommit BHA:
u; = &,X + B3y - 02z,
vy = 03x e,y - 0,2, (7)
wy = lox 1 b,y 5z

B caysae =xe, koraa ocm koopauHAT CYTB OCH Aedopmaluy,

3TH (POPMYABI elle O0AEee yNpoIIaIoTCA:

Wi — E3Z. . (7,)

u1=Elx, V1= QY)
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CpasuuBas ¢opmyant (6) ¢ ypaBHemuem (3), BHAHM, 9TO
u,, Vi, W; CyTb YacTHble NPOH3BOJAHble PYHKUHH F MO KOOpPAHHA-
TaM X, Y, Z:

OF OF _ OF

T ox Tt oy Tt 0z

(7)

Ortcioaa caeayer Teopema !l: Ckopocrmu 8HympeHHer0 A8U-
KEHUA UMEFOM IMTOMEHUUAADHY IO (PUYHKUUIO, KOMOPASA PABHA ITOAO-
BUHE AUHEUHOLO YAAUHEHUS, YMHOXEHHOU HaA ksajpam pajuycd.

(Dyukuua F BOOAHE XapaKTepHU3yeT BHYTPEHHEE JBHXKEHHE
TOYEeK YaCTHUbI, CKOPOCTH KOTOPHIX MNEPHNEHAHKYASPHBI IIOBEpPX-
HOcTsIM F =—const m© 06paTHO NPONOPLUHOHAABHHB PACCTOSHHIO
MeXxAy ABYyMA OeckoHeYHO GAH3KHMH MOBEPXHOCTAMH [ =©
F-+dF.

Bor xaxkoit npekpacHo#t TeopeMo#i BbnipamaeTr beapTpamu
B cBoem counHeHmH Dell'ldrodinamica razionale 2 cBofictBo
3TOr0 JABHXEHHA: BCe MOUKU, Aexauiue Ha rosepxHocmu, Io-
J06HOI mosepxHOCMU YIAUHEHUS, Nepeugym 80 spems t no
HOPMAAAM HA ITOBEPXHOCMb COQPOKYCHYIO-

JAs gokasaTeAbCTBAa PACCMOTPHM TOYKH YaCTHUH, A€RaIIHE
Ha 6eCKOHEYHO MaAOH INOBEPXHOCTH

[To npomecTBrr 6eckOHEYHO MaAOro BpeMeHH t KOOpPAHHATHE
/
X, y, Z 06paTaTCA Ha OCHOBaHHH (QopMyA (7°) B

x’=x(1 —}———5), y’=y(1 +-—2—-), z'-—r—z(l —{—-i—-)

1 [lepBas wacTb TeopeMH NOpHEHagAesHT | eapMroabpny, Borchardts
Journal, Bd. 55, p. 31, Bropas —BeabTpamn, Memorie dell’Accademia
dell’Istituto di Bologna, Serie IIl, T. I, Fascicolo 3, p. 439.

2 Memorie dell’Accademia delle Scienze dell’Istituto di Bologna, Serie Il
Tomo 1, Fascicolo 3, p. 419, 1871.
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3amMeHss B BbINIEHATHCAHHOM YpPaBHEHHH BEAHYMHBI X, V,Z 4e-
pe3s x', ¥, z/, moAy4aeM paBEHCTBO "
7’2

xP ¥R o 2P op
a+2t+b+2t+c—{—2t_ ’

JAOKa3biBaIOILIEE TEOPEMY.

§ 6. Uro6pl cocTraBuTh cebe COBEpUIEHHO sCHOE NpeacTa-

BA€HHE O BHYTPEHHEM JABHXEHHMH YaCTHIbI, VKakeM HEKOTOpble
NPOCTble JABHAKEHHS, Ha KOTOPble OHO MOXET ObITh pa3sA0XEHO.
Y CAOBHMCA Ha3bIBATD I JAUHEHUEM, TIEPTIEH JUK I ASIP HBIM TTAOCKOCMU,
ABH:KEHHE, B KOTOPOM TOYKH HMEIOT CKOPOCTH, MMEPNEHAUKYAAP-
Hbleé HEKOTOPOR MAOCKOCTH H NPONOPUHOHAABHBIE PACCTOAHHIO
ot Hee. CKOPOCTb TOYKH, HaXOAsAUIEHCA HA €AHHHIIE PACCTOSHHUSA
OT MNAOCKOCTH, OyzeM HasbiBaTb BEAHYHHOH YyAAHHEHHA, Iep-
NEHAUKYASIPHOTO NMAOCKOCTH. PaccmaTpusas tenepp ¢popmyant (77),
ybexgaeMcsi B CHNPAaBEAAHBOCTH CAEJYIOUIEro pa3AOXEHHS JBH-
KEHHUSA YAaCTHLUDI: BHYMpPeHHee J8UMKEHUE HacmUuubl moxem 6bimb
MOAYUEHO MPeMST Y ZAUHEHUS MU, TTePITeH JUKY AP HOIMU ITAOCKOCINAM
gegpopmauuu, geiuuurvl xomopvlx pasHvl E,, F, E,.
JdTa TeopeMa HMEET TaKke MECTO JAS YAAHHEHHH, IepIeH-
AHKYASDHBIX CONPSAXEHHBIM JHaMeETpPaAbHbIM mAockocTaAM. [Ipea-
CTaBAAsA QYHKUHI0O [ 1O KOCOYTrOABHBIM KOOpAMHATAaM, COOT-
BETCTBYIOLLMM COMNPSAKEHHBIM JHAMETpPaM

1 1 1
Ty — Ty
]/e1 ]/e2 Ves
H 3aMEHsil 3TH KOOPJAWHATHI MNEPNEHAHKYAAPAMH pP;, Po, P3, ONY-
IgeHHbIMH HAa anameTpaJ\bele [IAOCKOCTH, HOquaeM:

ps° T ———

€4

U=y o ——

cos2 o, Ps’

c05‘a @y cos‘3 @y

B aTofi popmyre o, 95, ©3— yrabl, KOTOpblE ZeAAIOT COMPA-
KEHHbIE JHAMETPbl C HOPMAASIMH K COOTBETCTBYIOLUIMM COIMpP-
KEHHBIM NAOCKOCTAM. Ecau o0603agum uepes

)\1: f"‘la V13 /"'2’ tU‘Q) V:2: )\33 “"3) V3

YrABI HOpMAaA€H K JHAMETPAAbHbIM IAOCKOCTAM C IPSMOYI'OAb-
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HbIMH OCAMH KOOpAHWHAT X, Yy, Z, TO BbIPasuM p,, py, Ps depes
X, Y, Z CACAYIOIIUMH YpPaBHEHHSIMH:

p; =X CcosA, +-ycos ¥, 1z cos v,

0y ==X c0s )y ¥ costy 42 cos vy,

[
P3s = X €OS A3y T~ ¥ COS U3 -+ Z COS v,

CocTaBAsieM ¢ mOMOWIbIO THX ypaBHEHHH IPOM3BOAHBIE

oF O0F OF
ox’' Jdy’ 0z°
OF e e,
1 3
— = cos A cos A
0x  cos?o, P1 (T cos 2o, P2 2 1
__q_]_:_'_ —— .._.......E..l___...... p COS - + 62 p COS WU + 63 COS L
m— " l ettt e ———————
dy  cos?o P ocos?o, F2 0 T cos?ag PsEOS T8,
—_— = | =~ — S V5 —— ———— P2COS Va.
dz COS2 ©, 1 T COSQ 0, P2 2 | 0082?3 Ps 3

M3 atux BbipameHH# cKOpoCTER MO OCAM KOOPAHHAT X, V, Z
CAEZYET, YTO CAaramllHe CKOPOCTH IO HAaNpaBAEHHIO HOpPMaAeH

Py Pgy P3 CYTD:
&1br P2 _€3P3
cos?9,’ cos29, cosio,’

OTKyZa BbBITEKAaeT TeOpeMa: BHYMpPeHHee JBUNEHUe UaACMUUD
Mmoxem 6blmb PABANKEHO HA MPU YIAUHEHUS

€ €o €3
cosio, = cos?o, c0sZos’

IeprieH JUKYASIpHble mpem conpsixeHHuolm guamempam. [loraTHo,
YTO TaKOe Pa3AOKEHHE OTAHYAETCS OT YKa3aHHOTO BbIIIE TEM,
YTO NPH ABHXEHHH YaCTHUBl CAMH NAOCKOCTH, NEPHEHAMKYAAPHO
KOTOPbIM COBEPUIAIOTCS YVJAAHHEHHs, NPUXOAST B ABHAEHHE. YKa-
XeM 3JeCb ellle Ha OJHO CBOHCTBO BHYTpPEHHEro JBHXCHHSA, Bbl-
TeKalollee HENOCPEACTBEHHO H3 TOTO YCAOBHS, 4YTO CKOPOCTH
nepHNeHAUKYASPHDl MOBEepXHOCTH F == const. Bce mouxu, rexawue
HQ NMAOCKOCMU, JUAMEMPAALHOU JAHHOMY HAIlPABACHUIO, UMEIM
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CKOPOCMU, TePTIEHAUKYASIPHble d3moMYy HanpasieHuro. Bce mouxu,
rexauiue Ha guamempe, CONPIKEHHOM JAHHOU TIAOCKOCMU, UMEIOM
cKopocmuU, nepreHOUKYASIPHbIE 3MOU TTAOCKOCMU,
§ 7. Mopmyant (7) noxkaswiBaroT, 4TO BHYTPEHHEE ABHAKEHHE
qaCTHUBl HEe MOXKeT OBbITb pPAa3AOXKEHO HA TPH YAAHHEHUS, Nep-
NEHAUKYASIPHbIE IIAOCKOCTAM KOOPJAHMHAT, €CAH OCH KOOPJAHWHAT
HE CYTb OCH gedopMaluH. YUTo6Bl cAeAaTb pPa3AOKEHHE B 3TOM
CAy4Yae, MO3HAKOMHMCSH C JBHUXEHHEM, Ha3bIBAEMbIM CKOAbXKEHUEM
, 6e3 spaweHust. ECAH TOYKM YaCTHUBI
ABHAYTCA B IAOCKOCTAX, MapaAAeAb-
HbBIX nAcckoctH zy (dur. 1), co ckopo-
CTAMH, HAMPABAECHHBIMH BJOAb IO OCH
Oy u paBummMu 20,z, To rosopsaT, 4TO
yacTHUua nperepnesaetr BAoAb ocu Oy
B IIAOCKOCTH Zy CKOAbxkenue 20,

[IrockocTp zy HasmiBaoT maoc-
xocmvro ckorbikenust, Auauo Oy — na-
'z npasieHuem ckorbxenust, a 20, — ero
seAuduHoi. byaem BMecTo maockocTu

CKOAbXKEHHS JaBaTh MNEPNEHAUKYASAP-
HYI0 K Hefi AuHHI0O OX, KOTOPYIO HA30BEM OCbI0 CKOAbLKEHUS ', U
YCAOBHMCSI CYHTATbh 3TY AHHHIO IIOAOKHTEADHONM B Ty CTOPOHY,
CMOTPS C KOTOPOH Ha WLEHTP 4YaCTHUbl CKOAbXEHHE KaxeTcs
COBEPMAIOIUMMCH IPOTHB YACOBOH CTPEAKH.

Boo6pasus B NAOCKOCTM CKOAbMEHHS 6GECKOHEYHO MAaAbIfk
KBaJpaT, CTOPOHB KOTOPOro mapairerbHnt ocsiMm Oy u Oz, yBugum,
4TO OH MO IIPOWECTBHH OECKOHEYHO Maaoro Bpemenu t obpaturcs
C TOYHOCTbIO A0 BEAHYHH BTOPOrO MOPSAAKA B POM6, TaK HTO
NPSAMON YrOA MexXJy JHaroHaAssMH HM3MEHHUTCA BO BpeMsi t Ha
OECKOHEYHO MaAyI0 BEAHYHMHY BTOPOrO MOpPsiKa. IJTO MOKAa3bIBAET,
YTO ZHAroHaan M och Ox6yayT npu paccMaTpHUBAEMOM JABHXKEHHH
ocsMH AedopMauun. Yroa, Ha KOTOPbI# MOBOpAYHBAETCS YaCTHLA
B OECKOHEYHO Maroe BpeMs t, 6yAeT yroa, 3aKAIOYEHHbIE MexAy
AHaroHaAsIMH KBajpara H poMmba. DTOT yroa, Kak BHAHO H3 ¢Hr. 1,

1 Ynorpe6baseMoe HamMm Ha3BaHHe OCH CKOAbXEHHA HMEET JZPyroe SHa-
YeHNne, 9eM TO, KoTopoe BeTpedaem y lomcoHa u lera. Onu HasmBaoT ocaMu

CKOAbKECHHA OCH Je(POopMaluu, KOTOPhie CYTh AHAroHaAM PacCMOTPEHHOrC HAMHE
Huxe ksagpara. Handbuch der Theoretischen Physik, T. 1, S. 118.
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pasen 0;t, moromy uTo

~AOE— ~BOE _
D

OH oTkAazbiBaeTCs B CTOPOHY ckoAbxeHus. OTcioga caezyer,
4TO NIPU CKOAbXEHUU OCU ZedOopMauUU TNOBOPAUUBAIOMCS 8 CMO-
POHY CKOAbHKEHUST HQA JIOA, PABHLIL TIOAOBUHE CKOAbMEHUS. HTO-
6bl M3 pPAaCCMAaTPHBAEMOrO JABHAXEHHUA IOAYYHTb CKOAbXEHHe 6e3
BpallleHHs1, NPHOABASEM K HEMY BpallleHHEe OKOAO OCH CKOAbxe-
aua (Ox, HanpaBAeHHOE IO 4YacOBOH CTpPeAKE C YrAOBOH CKo-
poctbio ;. CkopocTn TOuek wacTHUbI IO OCAM Y H Z B 5TOM
goBoM zeuxeHuu 6yayt 0,z m 0y, Ckorbxenme 6e3 Bpamenus
BNOAHE OIpeAeAsieTcd BEARYHHOA CKOAbXEHHS, HalpPaBACHHEM
CKOABXEHHST H OCBIO CKOAbXKEHHA, CTOPOHA KOTOPOH H3BECTHa.
N3 cxazaHHOrO sCHO, YTO HanpaBAEHHE OCH CKOAbXKEHHS COOT-
BETCTBYET HAIPABACHHIO OCH BpalleHHs1, NPHOABAAEMOI'O K CKOAb-
XEeHHUIO, KOrja BpallleHHe CYHUTAeM MMOAOXHTEAbHBIM IO CTPEAKE
4acoB.

M3 cumMeTpuH ocefl Y M Z OTHOCHTEABHO pPACCMATPHBAEMOTIO
ABHXKEHUA CAEAYET, 9TO OT OZHOBPEMEHHOrO MOBOPAadYHBAHHA Ha-
MpPaBAEHHS CKOAbXKEHHA B ITAOCKOCTH CKOAbXKEHHA Ha HPAMOH
yroA H HSMEHEHHs HalpaBACHHA OCH CKOAbXeHHe 0e3 Bpame-
HHA He H3MeHsercA. [lOAOxkHM Temepb, 4YTO YaCTHIA HMEET TPH
ckoAbxeHHa 6e3 Bpamenus 20,, 20, 20, manpaBaeHus kOTOPHIX
cytb koopaunatabe AuHmn Oy, Oz, Oz, a ocu ckorbxenus —
xoopaunaTubie Amnum Ox, Oy, Oz, u HasOBEM CKOPOCTH TOUEK
qaCTHIbI, IPOUCXOAAIIHE OT ITHX TPEX JABHRKEHHH, UEPE3 Uy, Vo,
Wo. JTH CKOPOCTH 6YyZVT:

DOC = _~COE— ~DOE =

u, = 8,z 1 B3y,
Vo = BSX + 8123 (8)

wy == U,y 1 Bpx.

[lpucoeauusss K HHM CKOPOCTH, IIPOHCXOAAIIHE OT TPEX
VAAUHEHHR &, &, &;, NEPNEHAHKYAAPHBIX MAOCKOCTAM KOOPAHU-
HaT, noaysEM ¢opmyant (7). Otcioza caegyer, 4TO 8HYymMper-
Hee JBUMeEeHUe UHUACMmUUbl MOMKHO BCerja pasioXuUmd HaA mMpu
YJAUHEHUSI, TIePIIeHAUKYASAPHDIE OCSM KOOPAUHAM U HA MpPU
CKOAbXEeHUST 6e3 BpAUWEHUS, ZAT KOMOPLIX HANPABACHUS U OCU
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ckoavxenuii cymo ocu xoopgzunam. Mopmyant (8) nokassiBaror,
9TO CKOPOCTH CKOAbBXEHHH CYTb YacTHble MNPOU3BOAHbIE IO KO-

OpAHHATaAM OT (PYHKUHH @b:
2¢) — Qelyz + 2622X "‘I— 283xy.

JTO ypaBHEHHE COOTBETCTBYEeT MNOBEPXHOCTH THIEePGEOAOHAA,
ACHMIOTOTHUYECKHH KOHYC KOTOPOro IIPOXOAHT 4Yepe3 OCH KO-
OPAMHAT; OHO JAAeT NOBEPXHOCTb YAAHHEHHS JAS BHYTPEHHErO
ABHXAEHHs, NPH KOTOPOM &, =—¢,=¢; =0, /[okaxem, uyTo mnpmu
A =0 ¢yukuuo [ MOXHO NMPEACTAaBHTb B BHAE (h, T. €.4TO BHY-
mpeHHee JBUXKEHUEe BCAKOU HeCKUMAEeMOU yacmuusl moxem 6bimp
NMOAYUEHO MmpeMsT CKOAbXEeHUAMU b6e3 BpAWEHUS OKOAO mpex
MOAMOYIOAbHBIX OCeld. [ak Kak B paccMaTPUBAEMOM CAy4ae

E,+Es—+ L£3;=0, To noBepxHOCTb YyAAHHEHHUs O6yAeT COOTBET-
CTBOBaTb JBYM COMNpsiXeHHbIM runep6oaomngam. Ecam gonycrtum,

HampuMep, 4TO

x? y2 22
2T eV
a? ' b C

eCTb ypaBHEHHE ACHMITOTHYECKOrO KOHycCa 8THX TrHnep6oAOHjoB,
T0 AeficTBuTeAbHadA ocb ero 6yaer Oz. CeueHus aToro xoHyca

NAOCKOCTSMH ZX M zZy 6yayT deTblpe TIpsMble AHHHH, .06pa3yro-
mue ¢ ocbio Oz yram, TaHreHcb KOTOPBIX ZAIOTCA (POPMyAAMH:

x .1 1

z ¢ a’
y_ 1. 1
z ¢ b°

Bce yeTbipe TaHreHca no a6coAloTHOH BeauuuHe 6oAee egu-
HHIIbI, TAK KaK BCAEJACTBHE PaBEHCTBA

1 1 1
at B ¢ 0
IOAYYaIOTCSA HepaBEeHCTBA
1 1 1 1
c > a’ ¢ > b

JTO IMOKa3bIBaeT, YTO ACHMITOTHYECKHH KOHyC uMeeT Gec-
KOHEYHOE MHOXECTBO B3aHMHO OPTOrOHaAbHbIX 06pasyomux. Bass
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ABe OpTOroHaAbHble ofpasyrommue 3a ocu Oy u Oz u nposeas

nepneHAHKYyAsipHYo uM AunHio Ox’, BbipaxaeMm ¢yuxuuo 2F
NOMOLIbI0 KoopauHaT X', y, z':

OF = e/x'2 4+ 20,'y'2’ -+ 26,2'x’ - 26,/x"y’.

Tak xak A=0, 10 ¢ =0, n pyuxumua F noayuaer Bua @.

K13 mpeaAroxeHHOro goKasaTeAbcTBa BHAHO, UTO KOHYC HAEB010
YAAUHEHUST HECHKUMAEMOU HACINUUbL, IIPOBEJEHHBLI uepes J8a
pebpa nNPAMO0 MpPex:PAHHO0 Yira, 8CEIZA MPOXOJUM Hepes
mpembve pebpo. .

Koraa Bce BHyTpeHHee ABHXKEHHE MPUBOAUTCA K OJHOMY CKOAb-
meHHI0 6e3 BpalleHus, HanpasaeHHe koToporo ectb Oy, a ocb—
Ox, TO NOBEPXHOCTb YAAHUHEHHS 6yAeT HMeTb ypaBHEHHE

2¢p = 20yz

H NPEACTABASIET LUMAHHAP, HANPABAAWILAS KOTOPOrO €CTh PABHO-
CTOpOHHAA runepboira, a obpasyroummue mnaparreabanr ocH Ox.
Orcroaa caeayeT, 4TO BHYTPCHHEE JBHXEHHE YaCTHIbl MOXET
ObITh NNOAYYEHO OJHHM CKOAbxkeHHeM 6e3 BpallleHHSI TOABKO B TOM
CAydae, KOrja IOBEPXHOCTb YAAHHEHHS €CTb PABHOCTOPOHHHI
runep6oandeckuit uuanuap. [lo atolt nmpuumse u no gpopmyae (4)
IPUBEJEHHE BCErO BHYTPEHHErO ABHUMEHHS K OAHOMY CKOAbXEHHIO
XapaKTEePHU3YETCSA ABYMSA YCAOBHSMMU:

e, 18 T2 =0,
— 2 2 _ 2 —

PaccmMoTpuM Temepp, B KaKMX CAyuasx JBa CKOAbXEHHS 6e3
BpalleHHA MOTYT 6biTbh 3aMeHenbl ogHuM. [lycTp nMeem aBa ckoAb-
XKeHus 6e3s BpauleHHs, KOTOPbIM COOTBETCTBYIOT (QYHKUHH CKO-
pocte#t F u ¢b: '

2F = &,x2 -} &,y | e32° + 28,yz - 28,2x - 29;xy,
24’ — Qellyz.

Yaruuenus ¢, €, €3 ¥ ckoAabxenus 20, 20, 20; yaosaerso-
PSIIOT BblleHamHcaHHbIM ycAoBHAM. (PyHknusa cxopocred cAox-

Horo asuxenus Oyaer (F¢):
2(F+ ) = & x% | ey2 2522 -
+2(5, 49, )yz + 20,2x + 283xy.
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AAs TOro 4robnl CAOXHOe JABUMEHHEe ObBIAO B CBOIO OYepEb
-CKOAbXKEHHEM 6€e3 BpalleHHss, HEOOXOJHMMO YZOBAETBOPHTDH pa-
BEHCTBY

e 8983+ 20503 (0, 1-9,") — &, (9, 4 6,)2 — 5852 — 30,2 =0,

KOTOPOMY Ha OCHOBAaHHH YCAOBHH, CTeCHAWOIIMX F, MOXHO JaThb
BHJA

20,03 —2,(20, +8,") =0.

YkaxeM Ha OZHH YACTHBI# CAyuait, IpH KOTOPOM 3TO ycAOBHe
yaosaetsopsierca. [lyctp Tpebyerca CAOXRHTD ABa CKOAbXEHHS
6e3 BpameHHs, KOTOPBIM COOTBETCTBYIOT (QYHKUHH CKOpPOCTeH
¢="0,"yz u FF'="0,zx. 3aecp umeem 83 =¢, = 0, noatomy ycrosue
yaoBaerBopserca. Dynkuua ckopocrelt cAOxHOro zBHAEHHA GyaeT

¢+ F'=19,"yz +4-0,zx.

[IpeactaBum ee B 60onee mpocTOM BHJE, MepexoAs K HOBOR
.CHCTEME TNPSMOYTOAPHBIX KOOPAMHAT X', y', z' NOMOIbIO (HOpMyA
TIepexoaa:

Jeras moacraHoBKY, mOAyuaem:

1 ¢= V61,2+622 y'z.

IJTa POpMyAa MOKA3BIBAET, YTO CAOKHOE JBHKEHHE €CTh CKOAD-
.eHue Oes BpallleHHs, paBHOE

2V 624642,

HanpasaenHoe no AuMHMH Oy’ u umeromee ocvro Ox’. Yroa a,

Obpasyemniit ocamu Ox’ m Ox, kak BHAHO H3 (OPMyA mepexoaa,
BbIPaXKAETCA PABEHCTBAMH

61/
V8,784 6,2

COS A =
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3aMeTHM Tenepb, 9TO AASl BCEX TPEX PacCMATPHBAEMBIX HaMH
CKOAbXEHHH MOxHO nNpHHATb ocb Oz 3a HanpaBAeHHe, eCAH
yCAOBHMCS OCb CKOAbMeHHA 29," cuHTaTh B OTPHUATEADHYIO CTO-
poHy ocu kKoopauHat Ox, ocb ckoabxkerus 20,—B moroxHTeADb-
Hy1o cTopoHy Oy ¥ ocb ckOAbxeHHA

2V 6,24 6,2
B OoTpHUateAbHyio ctopoHy Ox’. ¥Yram, kotopnie o6pasyer orpu-

nareAbHas ocb Ox’ ¢ orpunareabHO#t ocbro OX H MOAOKHTEAD-
Hoft Oy, HMEIOT KOCHHycaMH

X :

V246,27 V662

Ha ocHOBaHMM BCero CKasaHHOTO O CAOXEHHH IPEAAOKEHHBIX
ABUAKEHHH BBIBOAHM TEOPEMY: UMOObl CAOKUMD JBA CKOAbXEHUS
bes BpaweHus, umerowue obuwiee HANPaABACHUE U OPMOLOHAAbHDYIE
OCU, HAJ0 OMAOXUMDb HA TTOAOKXUMEADHBIX OCSX BEAUUUHDBL CKOAL-
HEeHUU U B83Mb 1e0MEMPUUECKYI0 CYMMY ITOAYUEHHbIX AUHUU.
Jma cymma 6yzem Jasamob BeAWUUHY U OCb COCMABHOLO CKOAb-
xeHUsT 6e3 spaweHus, xomopoe 6Gyjzem umemdp MO Hxe HANPA-
BACHUE, KAKOEe UMEAU CAaraemble CKOAbMKEeHUS. JTa TeopeMa pac-
NPOCTPAHAETCA HAa CAyYald CAOXKEHHS CKOABKHX Obl TO HH ObIAO
CKOAbXKEHHH 6e3 BpallleHUs, HMEIOUIHNX OJZHHAKOBOE HAMpPaBACHHE,
NpHYEM OCH CKOAbXEHHH MOTYT 6bITb PACMOAOKEHBI 1104 KAKHUMH
661 TO HH 6BIAO yrAaMu. B3sB npsaMOyroAbHble KOOPJAHHATHI, OAHA
H3 ocefl KOTOPBIX COBMNAJAaeT C AAHHBIM HAlpaBAEHHEM, PASAOKHM
N0 BbIUIENPUBEAEHHOH TeopeMe KaxJoe CKOAbXEHHE Ha JBa
HMEIOLlIHEe OCH, HalpaBAEHHble MO JABYM JAPYrHM KOOPJAHHATaM.
bepem arre6pandeckre CyMMbl BCEX CKQAbXEHHH, HMEIOLIUX OCH
Mo KaxAOW M3 KOOPAHHAT, M CKAAZABIBAEM ZAB3 NOAYYECHHbIE CKOAb-
KECHHS B OJHO. |aKo# crmoco6 CAOXEHHS HECKOABKHX CKOAbXEHHH
ONpPaBAbIBAET TEOPEMY: CAOMKHOE JBUMNEHUE, TNPOUCXOZTUiee Om
CAOKEHUS HECKOABKUX CKOAbXKEHUU 6e3 BpAWEHUSI, UMEFUIUX
0JUHAKOBOE HATIPABAEHUE, ECMb CKOAbXKEeHUE 6e3 8pauleHUst, UMero-
wee mo xe HanpasgieHue, 0Cb U BEAUHUHA KOMOPOO ITOAJUaAOMCA,
OMKAQAbIBASL BEAUUUHDL CAQLZEMBLX CKOAbKEHUW HA UX OCAX U
CAQLAST 1eOMEMPUUECKU TIOAYUEHHbBIE AUHUU.

§ 8. Pasbepem eme oaHO pasAroxeHHE, KOTOPOE, KaK KAKETCH,
BCEro scHee MPEJACTaBAAET HaM BHYTpeHHEE JABUAEHHE 4YaCTHIbI.

Zak. 16. — H. E. Xyroscruff. Tom II. 3



34 KUHEMATHUKA HEHZKOI'O TEAA |,V |

Pasnroxenne 3TO pasbuBaeT JABHUKEHHME HA JBe YaCTH: HA YJAHU-
HeHHE BCEX LEHTPAAbHBIX PAAHYCOB-BEKTOPOB B IMPEANOAOKEHHH,
YTO OHM HEMOABH:AKHBI, ¥ Ha BpAIIEHHE 3THX PajHyCOB B IpeANo-
AOXEHHH, UTO OHHM COXPAHAIOT AAHHY. Bpaiienune paguyca-BekTopa
Ha3bIBAIOT €ro Jgesuauuei' N TPejCcTaBAAIOT HaNpPaBACHHEM H
BEAHYUMHOR CKOPOCTH TOYKH pajgHyca, OTCTOAIIEH Ha EAUHUUY
oT ueHtpa. B § 3 Mbl MO3HAKOMHAMCDH C YAAMHEHHEM € LEHTPAADb-
HOrO pajZHyca; MOCBITHM 3TOT naparpad H3ydYeHHIO ero JAEBHALIUH.
HasbiBass uwepes © JeBHaUUIO U uepes<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>