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Bo Bropom Tome cobpamus Tpygos A. Ilyanrape saxkapumBaerca my0Onm-
kanmus «HoBbeix MeronoB HebecHo# MexaHmkm». llomemeHHHE 3pecs Tperni
H DOCJeHUA TOM 9TOT0 TPYAa NepeBefieH ¢ Ppannysckoro B. K. AGamakaarm,
IepeBoy] OTPENaKTEPOBAaH W NpoKoMMeHTHMpoBaH I'. A. MepmaHOM.

INepBomcrounmrom «HoBrx MeTogos HeOGeCHOH MexaHUKH» OHIH HCCIEN0-
BaHMA, H3JIOKeHHue B ob6mmpHoM mMemyape 1889 r. «O npobGieme Tpex Tex m
00 ypaBHEeHUAX JUHAMEKMD, e[Ba A4 He Hauboxee ussecrHoit pabore A. ITyan-
kape. IlpexcraBianocs Heuesecoo0pasHHEIM [aTh 9TOT MeMyap LEJIHKOM,
TAK KaK MHoroe (riaBHHM o0pasoM, u3 ero mepBoé yacru) Bomuio B «Hosne
MeTOJ(5l HeOecHOX MexaHUKH» NmOo mouru Oes mameneHuil, 1rG0 B HACTOILKO
PacmIMpeEHOM BHje, UTO HOpEeKHAA TPAaKTOBKA HNOTEpsJa CBOe 3HAYEHMeE,
Ho memyap 1889 r. mHTepeceH He TONBKO [ O3HAKOMIGHHA C TOHE3HCOM
ocHOBHEIX maeil IlyaHkape — B HeM HeMall0 IOYYATENBHOTO W GIA CAMOTO
BEMMaTenbHOro umrarenss «HoBbix MeromoB HebecHo@l Mexampmkm». Ilosromy
37ech /laHa B HamOOJXBIIGH Mepe COXPAaHWBIUAS AKTYadbHOCTH BTOPAA YACTh
MeMyapa, cHaO)keHHas HeoOXOJMMHM BBeJeHHeM U mpumedanmamu. Ilepesop
BunoinHeE A. A. Bpsamgmackoit, orpegaktuposan M. B. Ilorpe6mcckmm.

B HacrosmemM ToMe IOMeINEHa TaK:Ke cepusa 3aMedaTensHNX pabor A. Ilyas-
Kape IO TOLOJOrEM, pabor, ¢ KOTOPHX HAYMHAETCA HMCTOPHA TOLOJOTHHM KaK
CaMOCTOATENbHOM MaTemaTHueckoit pucrmniamresl, OcHoBHOE Memyap (Ana-
lysis situs), mepBoe, WeTBepToe W HATOE NONOJHEHMA K HEMY LEDPOBEJ(EHH
A. H. Boromwo6oBriM, BTOpoe  Tperse momonnesns — A. B. UepmasckuMm.
A. B. YepnaBckuii mpoBes Tak:Ke 06IIyI0 PeNaKI(MIo ITOrO pasfela X IPOKOM-
MEHTHDPOBAJ BXOAAmMMWe B Hero paboThL.

Eme nBe pabors [Iyankape, npEMEIKAPIUE KAK K TOLOJIOIHIECKOMY IHERILY
ero MCcIefOBaHUM, TaKk X K paboTam mo HeGeCHOX MEXAaHHKe, BONLIA B BTOT
ToM. C Memyapom «O reofesmuecKUX JMHMAX HA BHIOYKILX ITOBEPXHOCTHAX)
MHl HaXOJHMCA Yy MCTOKOB BapHAIMOHHOTO MCYHCIEHUA (B IeJaom», a pabora,
TNOCBANEHHAA (IOcJegHed reomerpmuyecKoi teopeme Ilyamkape», mama mM-
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NyABCH JJISA PA3TAYHLIX MCCHENOBAHUE MO JUHAMAYECKAM CHCTEMAM, HAaYMHAA
¢ J. /1. Bupxroda u Bunors xo Eamux gre#. O6e paGoTs 3amMedareabHsl 0o 6o-
raTcTBy ¥ pasEoo0pasdio HpPUMeBAEMHX B HHX CDEACTB, XOTA B HOCIeRHEH
Ilyamxape, Kak W3BECTHO, He YAAJIOCH JOOMTHCA IIOJIHOrO O0OCHOBAHWA Hal-
OEHHOTO HM pPesyJibsTaTa.

IlTepesegern sty paborst A. H. Borono6oBrM, OTpefakTEpPOBAHH Hepe-
Boau 1. B. Ilorpebmecckmm.

B macrosmu#t TOM BKIOYGHH TaK;ke aBe apupmermdeckme paborsl Ilyam-
kape «0 TepHApHHIX W KBaTepHApHHX KyOmueckux dopmax» m «O6 apmdme-
THYECKAX CBoMcTBax anreSpamueckmx Kpmeeix» (nepesox 0. H. Cygmapema,
rommerTapuit w pegaxmumsa IO. Y. Mauwna). Ileppas paGora mHTepecHa TeM,
9TO PAN €e PeayJbTATOB OCT3eTCsA He NOHATHIM [0 KOHIA C COBDEMEHHOH TOUKH
3peHnsa. BTopasa mocayskmia OCHOBOX 60JBIIOro KOJWYECTBA HAJbHEAIIAX
HUCCIeNOoBAaHMA W OKasana 0oaplmoe BIMAHWE HA DPa3BUTHE apHPMETHEYECKHX
MeTOoRoB alirefpaMdecKoil reoMeTpuH.

IMonerpounsie npuMedannsn, uomedennsie P. ., mpueaprexar P. laprse
(R. Garnier), A. III. — A. Hlareme (A. Chatelet), @. II. — @. IllaTene
(F. Chatelet), A. H. — A. Hepory (A. Neron), K. JI. — #i. Jlepe (J. Leray),
pepaxropaM ¢paBnyasckoro mspapumsa cobpamms couunenuit Ilyamkape.

Penaxnms sToro cobpammsa tpynos A. [Iyaskape cuuraer CBOEM IPHATHBEIM
moIroM BHpasurh GumaromapHocTh akagemmry II. C. Amexcampposy, mpego-
cTaBABIIEMY el ansa nybaukamum cBoio pedb «Ilyaskape m TomoJOrma», npo-
M3HECOHHYIO HA IOCBAIEHHOM CTOMeTHIO co nHA poskpeHds A. Ilyamkape 3a-
cexaEmir MemayHapogHOro MaTeMaTmIeckoro Kourpecca 1954 r.
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Tarnasa XXII
NHTETPAJIBHBIE MHBAPUAHTHI [!]

Ycranosusmeeca XBHIKCHHE IIOTOKA

233. Jlas roro 9TOOHI IOACHUTH NPOMCXOKAEHHE W CMBICI NOHATHA KBTE-
rpaJbEBIX MHBAPUAHTOB, f TOJATAI0 IOJE3HAWM HAYaTh C U3YYEHUS JACTHOTO
npEMepa, 3aMMCTBOBAHHOTO M3 OHOTO (H3MIECKOro IIDPUJIOKEHMS.

Paccmorpum Kako#i-HMOyAh HOTOK, W UYCTh U, U, W — TPH KOMIIOHEHTLI
CHOpPOCTH MONEKYJH, MMEIOIEH B MOMEHT { KOOPAMHATH Z, Y, 2.

Mu GymeM c9uTaTs U, v, w QYHKOHAME OT I, Z, Y, Z ¥ OPEJIONOKEM, YTO
oTH QYHKUUA 3amaHH.

Ecan u, v, w He 3aBuCHAT OT { M 33aBHCAT TOJBKO OT Z, Y, Z, TO FOBOPAT,
YTO BMIKEHMUE NOTOKA ycmanosusuicecs. ME IpenmosiokuM, 4TO 3TO YCIOBHE
BHIIOJHEHO.

Torga TpaexTopusa N1060A MOJEKYJH IOTOKA sABJAETCA KDPUBOM, ompene-
nennoR pEddepeHIEaNbHLIME YPaBHEHUAMM

4z _dy_ dz (1)

u v w

Ecou 651 MH yMenm mHTerpEpOBaTH 9TH YpABHEHHMA, TO HAILIK OH ¢ mX
HOMOINBIO
z=¢; (¢, Zp Yo 20)s

Y=gy (t To Yo %)
z=193(t, Zp, Yor Zohs

TaK 4YTO Z, Y, Z OBIIH OBl BHPayKeHH B yHKIMY BPEMEHH { 1 MiX Ha4YaJbHBIX 3Ha-
9eHAR Xy, Yo 3Zq

3Had HAYAJABHOE HONO0KEHMe MOJIEKYAEl, Mbl OXpexesuay O ¢ UX HOMOMbBI0
TakAM 06pa3oM INOJNOKEHMe BTOH e MOJEKYIs B MOMEHT [.

PaccmoTpaM MoJeKyasl KEJKOCTM, MHOKECTBO KOTOPHX o0pasyeT B Ha-
JANBHEIM MOMEHT HEeKOoTopyo ¢urypy F,; xorga 5TM MOJEKYJH CMECTATCH,
MX MHOKecTBO ofpasyer HoByw ¢urypy, Koropas Oyjer AedopMHpPOBATHCA
HEIPEPHBHHIM 00pa3oM, ¥ B MOMEHT { MHOKECTBO PACCMATPUBAEMBIX MONEKYJX
obpasyer BoBylo ¢urypy F.

Mu mpeoNoKMM, 9TO ABM;KEHUE I0TOKA HelpepLBHO, T. €. 9TO U, U, W —
HeIpepHBHHE QYHKIEM OT Z, Y, Z; TOrAa Mexkpy gurypamu F, u F cymecTByioT
HEKOTOPHE COOTHOINEHMA, OYERH[HOCTH KOTOPHIX ClejyeT I3 HeIpPEepPHIBHOCTH.
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Ecau ¢urypa F, apisercs HenpepHBHOW KPUBOH HIH HOBOPXHOCTHIO, TO
$urypa F Oymer HenpepHBHOH KPMBOH WJIH IOBEPXHOCTBHIO.

Ecam ¢urypa F, npexcraBaser coGoil oxHOCBA3HHIEA 00beM, To furypa F
6yner OXHOCBABHHIM 00HEMOM.

Ecnm ¢urypa F, — 3aMKHyTag KpHBaA HMJIHE IDOBEDPXHOCTH, TO TAKOH e
oyner ¢arypa F.

Uccuepyem, B 9aCTHOCTH, CAYYAH MURKOCTH; HMEHEO TOT CIy4a#, KOTAa
JMUJKOCTh HECIKEMAEMa, T. €. KOrfga 00BeM M{MAKOE MacCH He MaMeHJercH.

IIpegmono:kum Torma, uro ¢urypa F, — o6meM; IO HCTeYeHAW BpeMeHU i
JMHEIKAA Macca, KOTOpaA BaloJHAIA 9TOT 00beM, 3aiiMeT Apyroi o0beM, KOTO-
pHil Gyper He UeM HMHEM, Kak $urypo# F.

O6neM MuUAKOA MacCH He HOJIKEH OHIJI H3MEHHMTLCH; CIENOBATETHhHO, Fy
H F WMET OgWE W TOT e 00beM, ITO MOKHO 3a0HCATh TaK:

S S S dzdydz — S { S dz,dy,dz,; )

mepBHIA HHTErpal pacunpocTpaHeHn Ha o0nem F, a Bropoir — Ha obnem F,.
Mur ckakeM TOTHa, YTO HHTEIrpal

S S Sd:cdydz

€CTh unmezpaﬂbnbui UHea puaHm.
I’IBBBGTEO, 9TO YCJIOBHE HECHHAMAaOMOCTH MOKeT ORITH BHpAa}¥6HO YPaBHOHHAEM

dz+dy+dz -0 &)

Ob6a ypasmenza (2) m (3), ciIeqOBATEIBHO, SKBUBAJEHTHE

O6paTEMca K ciydaio rasa, T. €. K CIydYam, KOrga o0bemM TeKyde# MaccH
HePEeMeHCH; TOTAa HEMSMEHHOHM OCTAeTCA Macca, TaK 9TO ecim 9epes p obo-
8HAYATH ILJIOTHOCTH rasa, OyAeM BMeTh

[ J edadyaz=1{ { rodzodydz. @

Ileppu# mHTErpan pacmpocrpaneH Ha obseM F, BTopo# — mHa ob0nem Fy,
JlpyrEMu cioBaMd, HHTErpaJ

S S Spdxdydz

6CTL MHTerpaJbHHI MHBAPHAHT,

B arom cayuae, Tak Kak JBM;KEHEEe YCTAHOBHBINEECH, ypaBHeHHe Hepas
PHBHOCTH 3AaUMCHBAGTCA B BHJE

a (Pu) d (P") d (PW) :
iz + ()

CrnenoraTensno, ycnosua (4) u (D) omATH DKBHBAISHTHHL.
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234. Bropoit mpumep HaM JocTaBlfeT Teopus Buxpe#r I'exsMronbma.

ITpenmonoxmm, aro ¢urypa F, — saMKHYTas KpHBaf; TO e OyAer @ JiIA
¢urypu F.

1TpeamonosxmM, ITO HOTOK, CKEMAGMEIH WM HEC;KEMAOMEIH, MMEeT IOCTO-
AHIYI0 TEMIePATYPy ¥ NIONBODP/KEH TONBKO BIMSHHIO CHJI, JODYCKAaIOIUX
HOTCHIMAN; TOTA& 1A TOro ITOGH ABIKEHHE OCTABAJOCh YCTAHOBHWBIIMMCH,
HeobX0xuMO, 9T00K U, U, W YAOBIETBOPANY ONpELeNeHHHM YCIOBHAM, KOTO-
pHe 3mech HeT Hago0HOCTH pa3BMBATH.

Ilpegmono#mM 3TH YCIOBES BHIIOJHEHHRIMH.

PaccrmoTpaM npw 9TOM OPEANOJNOMKEHHMA HHTErpal

S (udx + vdy 4+ wdz).

Kax mu 3Eaem u3 Teopemsl I'enpMronsna, aTorT mETerpat Gyner uMerh OfHO
M TO e 3HAUeHHe BOOJEb KpHBO# F 11 BOoas KpHEBOX F|.

JpyruMm croBaMd, 3TOT HETErpaJ €CTh WHTErpAlbHHN MHBAPHAHT.

Oupepenenne MHTErpa’pHbIX HHBAPHAHTOB

235. B mpmmepax, KoTOpbie OBUIE TONBKO 9TO YKa3aHH MHOI0, MBI JIETKO
NpPUXOJIEM, II0 CaMO# IPEpPOXE BOOpOCA, K PACCMOTPEHMIO MBTErPaibHBIX HH-
BapPUAHTOB.

Ho scHO, 9TO MOKHO UPHMEHUTH BTH MHBAPHWAHTH, 0000masa mx ompepeie-
Hue, B ropasjo 6ollee pacnpocTpaHEHHKX CIyd9asdx, KOTJa UM HeIb3d GEI0 On
foXrIe OPHEOMCHBATE CTOMb ke IPOCTOA (PHBMYECKHE CMEBICIH.

PacemorpeM aumddepernuaJbHbe YPaBHOHUSA BHAA

dz

= = ——=—dl, (l)

rae X, Y, Z — zagagable QyHKUMM OT Z, Y, Z.

Ecam 651 MH yMeJW HHTEIPHPOBATh OTH YPaBHEHHS, TO C HX IOMOMIBIO
GHITH OGN HalfeHH &, Y, z B QYHKOAN OT { X WX HAYAIbHHIX 3HAYGHUH Zg,
Yor Zp-

Ecaz mu Oynem paccMaTpuBaTh { KAK BpeMH, a Z, Y, 3 — KaK KOODAHHATH
ABHAyme#csa Touku M B mpocTpaKCTBe, TO ypaBHeHHA (1) ompemessaT 3aKOHH
JABW/KEHMSA DTOH JABUIKYINEHCH TOYKH.

Te ke ypaBHeHHEA NOCJIe WHTEIPUPOBAHESA oHpefeamiIm On HaM IOJOe-
Hue EBWKymedcs Todkm M B MOMEHT I, €CIH H3BECTHO 66 HAUAJIBHOE IOJO-
skegme M,, KOODAWBATH. KOTOPOTO CYTL Zy, Ygs Zp-

Ecnu paccMaTpBBAaOTCH TOYKY, ABHKYIIMECH 110 OHOMY H TOMY K6 3aKOHY,
MHOKECTBO KOTOPHX 00pasyer B Ha4alAbHEN MOMERT ¢urypy F,, TO MEOBECTBO
3THX e TO4eK o0pasyeT B MOMGHT ¢ Apyryio ¢urypy F, xoropas Gyner anamei,
IIOBEPXHOCTHIO KW 06'56MOM B 3aBUCHMOCTH OT TOro, Gynmer am cama gurypa F
J7MHNeH, TMOBEPXHOCTHI0 WA 06HEMOM.



12 Hosnie meronn HeGecHoit mexammku. 11T

Paccmorpum Temeps mATErpal
| (4dz + Bdy + Cdz), (2)

rne 4, B, C — unaBecTHse YHKOAHA OT Z, Y, Z; MOKET CAYIUTHCA, 9TO ecixu F,
€CTh JIUMHHU, 3TOT UHTerpaJk (2), pacupocTpaBEHHKM HA BCE DJIEMEHTH JuHud F,
Oymer IIOCTOAHHOA, HE 3aBHCAMEN OT BpeMeHM, U PABHOHM, CJIESOBATENIBLHO,
3HAYEHHMIO TOTO K€ MHTErpaJjia, paACIPOCTPAHEHHOrO HA BCE AJIEMEHTH JuHuu F.

“Hpennonomnm Teneps, 9ro F u F, — NOBEPXHOCTH, M PACCMOTPHEM JBOH-
HOH MBTErpai

§ S (A'dydz + B'dzdz + C'dzdy), (3)

rpe A', B’, C' —dyrEKuuu or z, y, z. Mosker ciIyuuThCH, 9TO 9TOT MHTErpal
HEMEEeT OJTHO M TO ’Ke 3BaYeHHe KaK IPH pacupOCTPaHEHHWH ero Ha BCO DIeMEHTHI
moBepxHocTH F, TaK M Ha BCe dIEMEHTH noBepxHocTu F.

Boo6Gpasum Teneps, uro F n F, — o0beMul, H pacCMOTPUM TPORHOMK HHTETPA.I

g S SMda:dydz, (4)

rae M — QYERUEA OT Z, Y, Z; MOIKET CIYIATHCH, 9TO OH MMEET OJHO ¥ TO ike
sHadeHye aua F m gua F.

B armx pasamusmX ciaydasx MH cKaxeeM, dro wHTerpaasl (2), (3) u (4)
ABIAIOTCH UHME2 PALLHOIMU UHBAPUAHMAMU.

Nnorna mosxer cnyanTsed, aro uHTErpat (2) GyRer UMeTh OXBO | TO 3Ke 3Ha-
YeHMe AaA JEHME F u F TOIbKO TOrga, KOTJa STH fiBe KPUBHE 3aMKHYTDLI;
HJIM ;e 9T0 ABOMHOR mHATerpal (3) 6yAeT UMETh OHO ¥ TO yKe 3HAUEHHE JIJIA T0-
BepxHocTek F u F, TOJBKO TOTAa, KOrJa ATH fABEe IOBEPXHOCTHE 3aMKHYTHI.

Torga MBr cKaskeM, 49TO (2) ABIAETCA MHTETPAJHHHIM WHBAPHAHTOM OMHOCU-
MeAbHO 3AMEHYMbIE Kpuebic B 4TO (3) — MHTErpaJbHHI WHBAPHUAHT OMHOCI-
MEeAbHO 3AMEHYMBLY NO8EPITHOCMEL.

236. Ucoons3oBaHHOE HAMM TEOMETPMYECKOE TPOICTABJIEHUE He HIDAaeT,
OYeBNIHO, HAKAKOH CYMECTBEHHOR pPOJIM; MBI MOjKEM OCTABATH €r0 B CTOPOEE,
H HUYTO He IoMellaeT (olee pacOpoCTPaHUTL NPeNsAYIIEe OIpefeJeHns
Ha CIyyYad, KOTAA YHCJIO HepeMEHHHIX 0OJbIIe Tpex.

PaccmoTpum TOrma ypaBHEeHUSA

o A =gy (1)
Xl X2 Xn ’
ree X,, X,,..., X, — 3ajouHse QYHKIOUA OT Ty, Zy,. .., Z,; €CAM OBl M
yMelu WX MBTerPHpOBATh, MBI HAIULIM OW Zy, Z,, . . ., Z, KAK (QyHKIEH OT {
¥ UX HavaJbHHX 3HageHmit z¥, zJ,. . ., z). UroObl coxpaHmMTh Ty Ke TEPMHHO-
JOTHI0, MBl MOK€M Ha3BaTh TOUKO# M cucremy BHAYEHUHE I,, Zy. .., T,

a Toukoit M, — cucremy smauemmi z9, zJ,..., 0.
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Paccmorpum MHOKecTBO Touek M, obpasyomux MHorooGpasue F, u MHO-
;KEeCTBO COOTBETCTBYHOIIEX Todek M, ofpasymoinux Apyroe MHorooOpasue F *,

Mu npeguonoxum, gro ¥, 1 F — HenpepHBHHE MHOr000pa3us p uaMepe-
HRA, THE p < 7.

Paccmorpum Torma mHTerpas mopsgKa p

SEAM% )

rge A — QyHKIMA OT Z,, Ty,. . ., Z,, 4 dw — Tpou3Beferne p nudpdepenuua-
0B, B3ATHX cpefy n guddepeHUATOB
dz, dz, ..., dz,

MomieT oKa3aTHCA, UTO BTOT MHTErPAJ MMEET OJHO M TO Ke 3HAYeHHe JJIH
AByx MHorooGpasmit F u F,. Torga MH CRaMmeM, 4TO 3TO — UHMezpasblivlii
uneapuanm.

Mosker CTyIuTBCH TaK:Ke, YTO 3TOT MHTErpaj NPUHEMAET ONHO M TO e
3HaveHWe AJA ABYX MHOrooGpasmit F m F,, HO moabko npu ycaosuw, ymo smu
dea. MH02006 pasus 3amkHymbi. Torga aT0 — WHTErpaNbHBIH MHBAPUAHT OTHO-
CHTEIBHO 3aMKHYTHIX MHOT000pa3did.

MoxxHO eme B0oOOpa3wWTh /JpPYrue BUALI MHTETPAJBHHIX HHBAPHAHTOB.
Honyctum, Haupumep, 910 p=1 u yro F n F, cBOOATCA K JMHHAM; MOMKET
CIYIATHCH, UTO WHTErPAI

Sm@@+Aﬁ%+.”+Aﬁm:§zmmi

KMEeT OJHO W TO e 3HadeHHe piusa F u F, ¥ eCTh WHTEI pANbHLIA MHBAPUAHT;
HO MOKET TAKKe CIAYYMTBCH, YTO MHTETpal

S VB dz? 4 23C, dz,dz,,

rje B, C, rak e Kak u A, — cyTh QYHKIMHA OT Iy, Zy,. . ., L,; MOIRET CIY-
YMThCH, TOBOPIO A, 4T0 3TOT MHTErPaj] LPHHHUMAET ONHO W TO K€ 3HAUCHUO
miag Fu Fy, u 6nto 660 Jerko BooGpasurs ceGe Apyrue aHaJOTMYHHEE UpPH-
MepH.

Uucno p OymerT Ha3HBATECH NOPAOKOM UHME2PAABHO20 UHMEAPUAHMA.

* Cnomo «noroobpasue» TCIEPs MHOCTATOYHO YIIOTPCOMTEJNBHO, YTOGH A HC CYMTAN He-
00XOAMMHM HAnOMUHATH ero ompejeienue. Takum 06pasoM 0G03HAYAXT BCAKOE HEHpe-
PHIBHOE MHOSECTBO TO9eK (MU CHCTeMY 3HaYeHUi): TaK e, KaK ¥ B IPOCTPAHCTBE Tpex
uamMepeHul, a:06a8 NMOBEPXHOCTL ABIAETCA MHOrooGpasmeM ABYX MaMepenwmit, a amobas
JHHUA — MHOrooGpa3ueM OfHOIO MA3MEDPBHMA.



14 Hosnie metonsr HeOecHoM mexaymkm. I

Cpassp HHBaPHAHTOB ¢ HHTCrpalaMH

237. BosbMeM CHOBa CHCTOMY

dz;  dzy, __dz,
-‘X_l-—“X_z‘——----—'X" -——dt. . (1)

Ecnp 68 MB yMelInm ee MHTErpEpOBaTh, MH cMOrad 6K o6pasoBaTh BCE ee WH-
TErpajbHLEE® MHBAPHAHTHL.

JeitcrBaTensao, ecam OH WHTErpwpoBaHHE OBUIO BHIOIHEHO, MO:KHO
OnII0 mpeACTABATH pe3yiabTaT B (opMe

y1:c1s
yz':cz,
Vo1 =0C, 1
z=t+C,

rge Cy, Cyy. . ., C

IHYL OT Z.
3aMeHEM IepeMEHHbe, NIPEHEMAHA 324 HOBHE IEDEMEHHHE Y M Z BMECTO Z.
PaccmoTpEM Teneph KAKOX-HmOYAb HHTErPAaNbHHE HBEBAaPHAHT; BTOT HWH-

an — OPOH3BOJbHHE IIOCTOAHHLI®, Y W Z — 3a{aHHHIE (f)YHK-

BapMAHT JOIKEH COJEpPKATH NMOJ 3HAKOM S (xoTOpHii Gyner moBTOpeH p pas,

€CIIH WHBAPMAHT UMEET UOPAROK D) HEKOTOPOe BHPAKEHEHS, QYHKHHIO OT Z
u ux puddepennuanos dr. Ilocne samMeH: MEPEeMEEHENX 3TO BHPA’KeHWE CTAHET
dyuxnues or y, 2 1 ux gudpdepernmanos dy @ dz.

Yrobs mepeiiTy oT ToukHU purypu F, K cooTBeTcTRyIOmeR Touke duryprur I,
cienyer, He MOHAA Y, 3aMeHATH z HAa z--t. ClemoBaTelbHO, IPA IEPEXOAE OT
Gecroneuno manoil xyrm F, k coorBercrylomeir nyre F nuddeperummans dy
u dz He m3MeHAWTCH (B CaMoM Jfele, BeldduwHa f, upubaBiasemMas K 2z, Ofda
¥ Ta e JJIA o00MX KOHIOB AYrd); HAKOHEI[, eCIH PAcCMOTpPeTh OECKOHETHO
mManyw ¢urypy F, awobGoro umcia m3MepeHHH m COOTBETCTBylImylo (uUrypy
F, To npousBenenwme auddepernuanoB dy 1 dz (KOIMIECTBO KOTOPHX PABHO
gmeny maMepenuit Fy u F) Taxyke He WBMEWHTCH, eCliH nepeiifem or ogHO# ¢m-
I'ype K [JpYTOi.

Kopoue rosops, fias Toro wro0sl HEKOTOPOE BRIpAsKeHHe OBIIO0 MHTETpalb-
HHIM MHBAPHMAHTOM, He0OXOQAMO M JOCTATOUHO, ITOOH! BENWYAHA Z HO BXORWMIA
B Hero; Yy, dy u dz MOTYT BXOJUTE B Hero J100sM 06pasom.

PacemoTpuEM BhIpasKeHEe TOTO K€ BAJA, YTO M BHIPAKEENE, KOTOPOE Mh
paccMoTpeNu B IpeAHyINeM Iaparpade

[ 24do; (3)
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9TO BHIPAKEHMe IpPeACTaBJAET HMHTErpal mopAnka p, A — QyHKUEs or z,,
Zy,. .« T,, A0 — umpoussenenye p aAnddepeHnuaioB, B3ATLIX 3 JUCIA 1 JU-
fepeHN[EaNOB
dz,, dz,, ..., dz,
Mu xoTEM yB8HATH, ABJIAGTCH JIE BTO BHDAYKEHHE® HHTErPAJbHKHM HEBADHAH-
TOM; UPOMBBONA 3aMEHY IEePeMeEHLX, YKa3aHHYI0 BEINe, OPHBEJEM BHIparKe-
mue (3) X BEOy

| 2Bdw,

rme B — QyHKNHEA 0T y ¥ 2, dw’ — IPOEBBEJEHES p NEGEpEeHNHANOB, B3ATHX
u3 udcaa n puddepeHnmanon

dy,, dyy ..., dy,,, dz.

Yro6s Brpamenue (3) OHJIO MHTErpaJbHHM WHBAPHAHTOM, HEOOXOLUAO
H JIOCTaTOYHO, 4T00b Bce B OWIE HE3aBHCHMEH OT Z W 33aBHCEIE TOJABKO OT Y.
Paccmorpum cHOBa, Kaxk m B mpegnaymeM naparpade, BRpaskeHHe

| v=B.&a71-23¢C,, dz,dzy, (4)

re B, m C,, cyTh QyHKIME OT Z.
TTocore 3aMeHH HEepEMEHHHIX 3TO BHIPAKEHHE IPHUMET BHJL

| VEBdz 1 230, ydx e
OONOKUN AnsA GOnbmeilt cuMMeTpPHA B 0003HAYEHHAAX
=y, (=12, ..., n—1); 2z, =z

Urob6n Bupa:keHEme (4) 6HI0 MHTErpaJbHHM MHBAPHAHTOM, HEOOXOHUMO
® J0CTaTOYHO, 4T00H Bce B; m C; , OHNEM HE3aBMCAMH OT Z M BaBHCEJIH
TONBKO OT Y.

OTHOCHTENBHEIE HHBAPHAHTEI

238. Mu MoKeM noOnHTATECA Temeph 06pasoBaThE OTHOCHTENBLHHE WHTEr-
palbHLHe MHBADHAHTH Ha BAMKHYTHX MHOT000pasmax. Ilpegnonoxmm cragaa,
9ro p=1, 1 pasHmeM ycI0BEe® TOr0, UTO MHTEIpPAJ

| (4de, + Agdz, + ... + 4,dz) (1)

ABJIAETCA MHTOrDAlIbHHM HHBADHAHTOM OTHOCHTEJIBHO 3aMKHYTHIX JHHWHA,
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Conepmmi 3aMeHy IIepeMeHHBX, YKa3aHHYIO BhUIE, TOorja Hall HHTerpaJ
npaMeT BHL

| (Bdy,+ By, + - .. + B, .y, + Bda),

4TO Al MOTY 3a0MCATh, BO3BPAIAsch K Doxee cuMMmerpmuHnM o6o3HadeHHAM,
BBEJIEHHHIM B KOHIE IIPEAHAYymero OYHKTa, B BUJe

| 2B,dz;. (1bis)

JTOT MHTErpas, PacIpoCTPAREHHBIA HAa 3aMKHYTOE OJ[HOMEpHOe MHOToobpasne,
T. €. HA 3AMKHYTY JWHUIO, MOKET OHTH npeobpasoBaH, COrIacHO TeopeMme
Croxca, B [ABOHHOA MHTErpall, PacHpOCTPAHEHHHH HA HEe3aMKHYTOE MHOTO-
ofbpasue IByX M3MEpeHUi, T. e. HA HEBAMKHYTYI0 MOBEPXHOCTD; MMeeM

[ZBdz, =) (%%“%) dz.dx,. 2)

Ho naterpan B npasoit gactu (2) momked ObITh abCOMIOTHEIM MHTEIrpPAJIb-
HEIM UHBAPUAHTOM, 4 He TOJBKO WHBA PHAHTOM OTHOCUTEILHO 3aMKHYTHIX MHOTO-
oGpasuii,

Mrak, Mu saxmiouaeM ciaegyliomee:

Urobn wmrTerpan (1) Ol HHETErpanbHEIM MHBAPHAHTOM OTHOCHATEJNBLHO
BaMKHYTHX JAHRA, Heobxodumo U Jocmamouno, 4mobvi éce GUHOMEL

dB; dB,
dz dz;
He 3aguceal om z.
Touno Tak e uycrs
SzAdm 3)

6yneT MHTErpalbHEM BHIPAKEHMEM HOPAJKA P TOTO jKe BHNA, 9TO U B Ipe-
ABYIMX OYHKTAaX; MEl XOTHM Y3HATH, ABISAETCA JU DTO BHPAKEHHE HHTEr-
PANEHEBIM MHBAPHAHTOM OTHOCHTCIBHO 3aMKHYTHX MHOroo0pasuii mopagka p.
MHu npegmonaraem, 4To 3TOT HETETrpaj pacOpocTpaHeHd HA KAKOE-TO BaAMK-
gyToe MHoroo0pasue TOpsAjKa p; TOIAA TeopeMa, aHaxornInas reopeme CTokca,
MOKAaKeT HaM, 9T0 OH MO»KeT OHTh Npeo0pazoBaH B MHTErpas Iopsaka p-+1,
pacupocTpaBeHHuE Ha 110060e MHOTOOOpasue, 3aMKHYTO€ HNIM HE3AMKHYTOE,
mopsanka p-+1. IlpeoGpaszoBaHEHN MHTErpal 3alHECLIBAETCA B BHJP

\l .l dA
[ 23, + - dr.do. 4)

3uak - Oepercs, ecIm p — YeTHOe, ¥ IOOYEPEJHO 3HAK - U BHAK —,
ecam p — HedeTHoe. [fl orcemam 3a GOABIIAMEM NOXPOOHOCTAMH K CBOEMY
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MeMyapy o Buderax ABoiiHux mHTerpaxos (Acta Mathematica, Tom 7) u K mo-
eMy MeMmyapy, onybamroBaEHOMy B io0mieiinoM Bmmycke fHypmana Honm-
trexgmueckoii mkonu (Journal de 1’Ecole Polytechnique), moceamernOM
cTojieTHI0 uypHama |[2].]

Heob6xoamMoe ¥ JOCTATOYIHOE YCIOBME TOro, 4To0H! (3) ObLIO HHTErpaJbHEIM
HHBADHAHTOM HOPAAKA P OTHOCUTEIBHO 3aMKHYTHIX MHOroo0pasmif, Bariio-
yaerca B TOM, 9Irobbi (4) OBUIO abcoatomibiy HHTETPAJIbHHIM MHBADHAHTOM
nopsagka p+1.

239. BosbMem cHoBa BrpakeHue (1) u3 mpemsiymiero OYyHKTa H IpPERIO-
JIO’KUM, 9TO OHO ABIAETCHA OTHOCHTEJIbHLIM MHBAPHMAHTOM, CKAKEM, MHTEI'PAIb-
HEIM MHBAPHAHTOM OTHOCUTEJIBHO BaMKHYTHIX JUHWH.

Ilpmeegem ero x Buay (1bis) Hamei#t 3ameHO# mepeMEeHHEIX.

Mycrs M, ects Toura Fy, a

.U]l !/2, ey y,,_p 4
— €0 KOOpAMHATH (B HOBHIX IePEMEHHHIX).

Ilycte M — coorBercTByomiag Todxka F, a

Yp Ygy oo oy Ypy 24t
— ee KOODPAMHATHIL.

B, GyayT GyHKROUAME OT y ¥ z, HO A BHJENIO z, 3aNKCLBas B, B Bufe
B, (2).

Torna, eciu jaunus F, 3aMKHyTa, MH OyfeM MMeTh
| X B (24 1)dz,= | 2 B, (2) dzy;

9TO O3Ha4aeT, 4YTO BBIpAXKEeHHE

2B, (z 4 t) — B, (2)] dz (3)

ecTh MOMHLIA aud@epeHnman, KOTOPHA A moiaramo paBEHM dV; ¢dymxmma V
Gyner 3aBMCETh HE TOJBKO OT ¥ 4 2, HO eme 1 or £, Ilpu t=0 ona poxkea cBe-
CTHCh K IOCTOAHHOM.

Ecin M nopepnoiokuMm ¢ GecKoHeYHO MaixsiM M o0osHauuM 1depe3 B (z)
npousBofHyl0 of B,(z) mo z, To Buipaxen®e (3) DpuBeeTcHa K

2 B, (2)] dz},.

Torga BoIpa)KeHE®

2. B, (2) dz,, (4)

2 A. Tlyauxape, T. II
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CCTh HNONHEIM AuddepeHiuas, KOTOpHIA A nonaraw pasasm dU. Oyuxuus U,
ompefeleHHas TakuM o0OpasoMm, Oyger 3aBucerh OT y M z, HO He Oyper Gosee
3aBuceTb oT I. fl cHoBa Bmmemio z, Rammucas U (z); Torja noaydaercs

=3B+ d={dU G+ )=U@E+)+1 )

rae f (¢) — mpouspoabHana dyrruus or L. Ho ynsumo U (z) MoaiHo paccmar-
pMBaTh KaK IPOM3BOAHYIO II0 2 OT HEKOTOpOi Apyroil ¢yskuun W (z), aasm-
cAmed TAKKe OT Yy, M MBI IOJYIHM

L W@E+)=U+0.

Tax Kak, ¢ gpyro# cropors, V pomxkHa npu t=0 cBecTHCH R TOCTOAHAOH,
TO OKOHYATETHHO IPUAEM K B3aKJIIOYCHHIO

V=W (a4 t)— W(2) + 2 (1),

rie ¢ () 03HaYaeT OPOUBBOJBHYI0 (YHKUUIO TOJBKO OT f, KOTOPYI0, BIPOYEM,
MOMMHO OBIO OB WOJNOKMTH PABHOM HYNI0, He OTPAHWYMBAA CYIIECTBEHHO
0 OHOCTH.

Torma Haxommm

d , .
B, (z):—_-d—z;c— Wi(z)+ C,,
rie C, He RaBuUcUT 0T 2z, TaK 4To BEHpaykenme (1bis) npuBogutca K BEpy
[ aw + | X cpda,

rj@ IIepBHIA MHTEr paJl €CThL MHTErpaJl oT nonHoro auddepennuana, a BTOpon —
a0COJIOTHRIT MHTETPaJIbHEEA MHBAPHAHT.

240. PaccMoTpuM Taxum e o0pa3oM OTHOCHTENBHHE MHBapUART NOPAAKA
BBIIUO IIEPBOTO; IYCTh
S Y Ado
6CTh 9TOT MHBAPUAHT, KOTOPBUA IIOC/Ie 3aMEHHl NePeMeHHLIX IepeineT B

S S Bdw'.

[ X+t —B@Idw =1 (1)

Marerpan

Aoiken OHTH HyleM, KaKoBO Obl HU ObUI0 3AMKHYTOe MHOrooGpa3ue opsaaKa p,
HAa KOTOpPOE OH PAacCIpPOCTpaHeH.
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CiregoBaTeabHo, OH J(OJKEH YAOBIETBOPATH OUPEAENEHHEM (YyCIOBUAM
UHTEIPUPYEMOCTH», AHAJOTHMYHKM TeM, KOTOphIE BHpPa#xaiT, 4To AuddepeH-
MUall IEePBOr0 HOPAAKA ecTh NoNHHM puddepenyuan.

Paccmorpum temeps MHOrooGpaswe V p uaMepeHuil, HO HE3aMKHYTOE U
orpanmueHHoe MHoroobpasmeM v p — 1 m3mepenus, Koropoe 6ymeT CIyXHTH
eMy T'pDaHAIeH.

WUnterpax (1), pacupocTpaseHHH# Ha MHorooOpasue V, me Gymer Hynem,
HO €CJIX er0 BHIYMCIWTH A APYTUX aHATOTUIHEIX MHOrooGpazui V', V', . . .,
HMEIMX Ty 7Ke TPARKIYY U, HafiileM OfHO M TO e 3HAYeHMe, T. €. ITo 3HATeHUe
gHTerpana (1) 3aBMCHT TOJIBKO OT TDAHMIM V.

On paBeH HHTerpaxy Iopsgka p — 1

J =\@:Z cdo, (2)

pacopocTpaHeHHOMY Ha MHorooGpasme v, rae do’’ o3Hadgaer n1060e npomsse-
neuue p — 1 mudpdepennuanos, npmaem C ectb GYHKIUA OT Y, Z | L.

OueBupgno, muterpal (2) ecTh QyHKIUA OT £, 3aBUCAMAA, KpPOME TOTrO,
ot MEOroobpaznsa v,

PaccmorprM ero mpom3BOTHYIO 0O f; MH Oygem @WMeTh

L[ ar—[Zatoan

Jrta UPOHBBONEAH, KAK 9TO NOKA3KBAET €€ JIOCJIEeNHEe BHpanieHne, He MeHAOTCs,
ecniu 3aMeHEM ! Hat— A ¥ ofHOBpeMeHHO mpeoOpasyem V (miam v), samensas
BCIONY Z HA 2zZ-h.

OTcioga 3axmiowaem, 9ro J WMeeT CIefyIOMHANX BHA:

I={ZD(@+t)do'— | XD (2)dw,

rpe D (z) — pyrenus or z, y, 2.
Warerpan

[ Z D) dw 3)

gopAnka p — 1, OHAKO €ro Jerko MoXHO nIpeoGpasoBaTh B MHTErpajl Io-
PALKAa p; KOCTATOYHO IPHMEHHATH npeo0pazoBaHye, KOTOPOE IIO3BOIHIO HAM
B 1. 238 mepeiiTa oT mATerpaxna (3) x maTerpany (4), u oGpaTHOEe npeobpasosa-
HU0, IP¥ IOMOIM KOTOPOro MB B HACTOMAIEM IIYHKTE HEPENIIH OT EMHTerpaia
(1) % murerpany (2).

Nrarerpan (3), pacupocrpaHeHHH#E Ha MHOTo0GpasyHe U, PABEH II0STOMY
HHTErpany HOOpPARKa P

S D E (z)do, (4)

pacupocTpaHeRHOMY Ha MHOrooGpasme V.
2!
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Ilo ananorum ¢ TepMuBONOrHe#l, OPAHATOR JJIA ONHOKPATHHX MHTETPAJIOB,
MH CKajkeM, UTO HHTerpaX (4) ecTh MHTErpa] OT IOXHOro aaddepeniuaia.
W peicTsHTeNBHO:

1) oB paBeH HYJI0 [qiA BCAKOrO 33aMKHYTOr0 MHOIooGpasmd;

2) OH UpHMBOAWM K WHTErpaly MEHBIIET0 LOpAJKA.

YcranoBue 5T0, GymeM uMeThb

J_—_S DE(z+1)do'— | T E (z)dv,

Ifle HHTErpajsl pacopoCTpaHeHH Ha MHorooGpasme V.
Ho 5T0 paBeHCTBO MOKeT OHITh BAOHCAHO OL(E B BHAE

[ XBEe+)—EE+nd=]Z[B()—E () do,

H OHO BepHO MJIA Jjioboro Muoroobpasua V.
dTo 3HAYHT, YTO

[ Z1B@) —E @)dw

ecTb a0CONIOTHHY WHTErpaJLHHK MHBapPHAHT,

Wrtak, MH OpuxofuM K CiIeyIOieMy DesyJbTaTy.

Beakuii omnocumenbrilil LHmMe2paibHuLL LHEADUAHM eCMb CYMMA UHMEZDAAA
om noanozo dufifepenyuasa u abcoriomHoz0 UHMEZPAALH020 UHEADUAHMA,

241. Mu Bupgenm B n. 238, kakaM 00pasoM W3 OTHOCHTEJIHHOr0 HMHBADHAHTA
MOPAAKA P MOKHO BHIBECTH abCOJNIOTHHI MHBapWaHT mopsagra p+1.

OuesnpHo, TA e LpPONEAypa IpUMeHEMAa K aGCONIOTHHIM MEBAPHAHTAM,
TaK 9TO MOMHO Oui0 OH NONMKTATHECA IPUMEHHUTH €8 MAT 3a IIaroM M HocJje-
AOBATEILHO IIOCTPOHTh HMHBADPHAHTH HopaAnaka p-+2, p+3,....

OnHaxo MH CKOpPO OCTAHOBHIWCH GH HA 9TOM ITYTH.

JefcTBATeNBHO, HMEETCA CAydal, KOTAA IPoneaypa, 0 KOTOPO# HAeT peds,
ABJIAGTCA HILIIO30DHOH, a MMEHHO, KOIJd MHBAPHAHT, KOTOPHHE MH XOTHM
npeo6pasoBaTh, ABIAETCA MHTETPAJIOM OT IOJHOTO Auddepermmana.

Wnrerpansuni# MHBApDHAHT, K KOTOpOMY upuBeio 0n mnpeoGpasoBamme,
661 OBl TOTAA TOMIECTBEHHO paBeH HYJIO.

Ecxnm Temepsr npeo6pasoBaTs MHBAPUAHT HOPHANKA P, TO HOJYIATCH HHBA-
praHT mopafAka p-+1, HO 9TOT MHBapHWAHT €CTH MHTErPAN OT MOJHOTO NE(-
depennmana, Tak YTO €CIM MH BAXOTHM €ro CHOBA npeobpa3zoBaTh, TO LUPHLEM
B PeBYJbTATE K TOKAECTBEHHOMY HYJIO,

CBA3s MHBADHAHTOB C YpABHEHACM B BapHAIMAX
242. BoseMeM cHOBa cHCTeMY

oy _ 8z =85 gy, (1)
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Mu MoKeM COCTABHTH COOTBETCTBYIOINUE YPAaBHEHHMA B BAPHALMAX B TOM
CMEIC]Ie, KAK OBH GHIM ompejelNednl B Hadade raass [V,

Iana Toro 9rofH COCTABHTh OTH yDPAaBHeHMA, 3aMeHseM B ypaBHeHHAx (1)
z, Ha z,-+ £, u npere6peraem KBajpaTamMu §,; TakuM 06pasoM HaXOJAM CHCTEMY
AREEHRRIX ypanuemm

dt,  dX
R R SRR 2

dz

Meskny uETerpalaMu ypaBHeBMiA (2) ¥ MHTerpaJbHHMU YMHBAPUAHTAME
ypaBeHeHuiA (1) umeercssi BHYTpPEHHSIA CBA3H, KOTOPYK JETKO 33aMETUTE.
IIycts
F (&, & ..., E)=const

— xakoit-nu6o mETEerpay ypasueHmit (2). 310 Gymer omHOpomHas PYHKUMA

OTHOCUTENBbHO £ H, KpOMe TOTO, 3aBHCAmAA Kaxmm-tubo o6pazoM or Z.

I Bcerna cMory DPEANON0KNTD, 4T 9Ta PyHKOUA F OHOPOXHA OTHOCHTENEHO £

crenernn 1, 00 ecim Obi 3T0 GBLIO HE TAK, TO CTOMT JMIIb BO3BHICHTEL F B mOf-

XOfAMYI0 CTeNeHb, YTOOK HAKTH OFHOPORHYK QYHKOuIo cremeHm 1.
Pacemorpum Temeps BHpasKeHHE

|z, day ..., da); 3)

A roBOPIO, 9TO ATO MHTErPajbHHE MHBapuarT cucremur (1).
f1 sameuaro cHagaja, YTO BEIMYWHA IIOF 3HAKOM WHTErpaia

F(dz,, dzy ..., dz))

ecTh DECKOHOYHO MAJAA IIePBOrO IOPAIKA, HOCKOIbKY BEIAYARH dZ;, dZ,, . . .,
dz, — GeckoHeYHO MalHle MEPBOTO HOpAAxa, ¥ Iro F — opmopopmas ¢yHK-
OUA NEepPBOro HDOPAAKA OTHOCHTENBHO JTHX KOJIHYECTB.

WNurerpan (3), cremoBaTelbHO, KOHEYEH.

YceraBoBEB 2T0, ZOIYCTHM CHadaja, 9r0 ¢urypa Iy cBoguTca K GecKoHeUHO
MaJjioi JMHMM, KOHIE KOTOPOH MMEIOT CJERYyIOIMe KOODJWHATH:

Zyy Tpy weey Ty

8y T8y ceny 2, K,

WNurerpan (3) cBemeTcA K ©AURCTBEBHOMY 3JIEMEHTY M, CJEHOBATOIBHO,
6yner paBeH
Py b o ).

JT0 BHIpakeHwe, GyAydIHm HMHTErpaJoM ypaBHeHEE (Z), OCTAHETCA NMOCTOAH-
HHM U Gyfer EMeTh OfHO M TO Ke 3HA4YeRHe NIA JREuMA F, m jpusa aveam F.
Ecan Tenmeps smuema F, u, ciegoBaresbHo, JuHAA F KOHEYHH, MH pasGm-
paeM amEmio F, Ha Geckomeuno maxse 9acTd. VmTerpan (3), pacupocrpaHen-
EHi Ha ogHy H3 9THX GecKoHeZHO MainXx gacreil nmmmm F;, Oyner paBeE HE-
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Terpainy (3), pacopocTpaHeHHOMY HA COOTBETCTBYOMYK OGECKOHEYHO MAJYIO
qacThk AgHuE F. JIETerpas, pacnpoCTpaHEHHHI I[EIMKOM Ha BCIO TuHAI0 F,
Oyner paBe” uurerpaay (3), pacOpoCTPAHEHHOMY LEIMKOM HA BCIO JUHHI F.

Nrax, marerpan (3) ectb MHETErpaJbHEIA MHBAPHUAHT, IT0 W TpeboBanoCh
HKOKa3aTh.

O6parHOo, pomycTmM, 4ro (3) —— HHTErpAJBHHI HHBAPMAHT OOPBOr0 M-
pPALKA; d TOBOPIO, 9TO

F(&, & ..., &)

Oymer umHTerpamoM ypaeuenuit (2).

HeficTBurensno, waTerpad (3) momsxen OHTh ORHUM M TEM ke JJIA JIu-
Bpd Fy v g muauy F, KakoBs O HE GBUIH 9TY JIMHUM, A, B YACTHOCTH, oCIH F

CBOMTCA K OECKOHETHO MaJjiOMy DJIeMEHTY, KOHIH KOTODOTO MMEIOT KOOPAH-
HaTH

z, mx;+ &,

Torga maTerpan (3) CBOAMTCH, KAK MH 3TO y)Ke BUIEIH, K
FE, & ..., ) (4)

HockonpKy mHTErpas ecTs WHBADHAHT, BTO BhipamkeHwe (4) AoMKHO OHTH
TOCTOAHHEIM,

Urak, 810 ecTh muTOrpan ypaBHeHM# (2), 9r0 ¥ TpebOBaJOCH KOKA3aTh.

243, IlocmoTpEM Temepp, 9eMy COOTBETCTBYIOT MHBADHAHTH IOPSAAKA
BHIZE UEpBOro. '

Paccmorpum xaxme-HHOYNS [BA YACTHHIX PENMIGHMS ypaBHeHEW# (2); mycrts

€ By o eos B 6
6, 6 o 8
— 3TH [IBa peINeHHs,

Moryr cymecTBOoBaTh QYHKIMU
’
F(z,-b E)
KOTOpHE OJHOBDEMEHHO 3aBUCHT OT Z;, &, i £, ¥ KOTODPHI® CBOXATCA, KAKOBH OE

A2 GBI BEIGpaHHKE [BA PEMICHHSA, K IOCTOSHHEIM, HE 3aBUCAIIAM OT BpEMEeHNM.
Hpyruma ciosamm, GpyExumsa F Gymer @ETErpanoM CHCTEME!

%’dexk’é—-f—dx"'é—f— _*_dX,,E .
g, dX ax ix,
e RAREEE -t

KoTOpo# ypomnerBopsior £, u £
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CaestaeM GoJee 9acTHYIO IUIOTe3y M IPOJUOJIOKHM, 4To F uMmeeT BHI

E Anc (EiE;c - EkE:')7

rae A;, — QYHKOEU TOIBKO OT Z.
Torma a yrTRep:kpmalo, 9TO ABOMHOHE MHTErpail

J= S DA, dzdz,

€CTb MHTETPAJBHEINA MHBADHMAHT ypaBHeHH#A (1).

IIpenmonoxmM, B camoMm fene, daro gurypa Fy cropurca K OeCKOHEYHO Ma-
JOMY HapajleyorpaMMmy, KOODAMHATH BEpIIMH KOTOPOTO MMEIOT RHAYEHNA

z, +& & o +EA+E,

B3areie npu t=0,

Qurypa F Tarxe OypmeT nogo0Ha OGECKOHEYHO MAJIOMY IapajiiIejlOrpaMmy,
KOODJHHATH BEPIIMH KOTOPOr0 MMOIOT 3HAYGHHA

z, &+%& g o+ +E

B3ATHIE OpU (=T,

I/In'rerpa:l J CBOMHUTCA K €UMHCTBEHHOMY JJIEMEHTY, 3HaYeHHe KOTOpOro
B TOYHOCTH PaBHO

2 Afk (EKE;.- - EkE:')’

¥, TAK KaK 9TO BHIpaKeHME II0 NPEIOJIOKEHHMI0 eCTh MHTErpall cucTeMul (B),
10 OH OyJeT UMETh OJHO M TO ;Ke 3HadeHme JAux obeux ¢uryp F m F,.

IIpenmoxoum Temeps, 910 F m Fy, — [Be KOHEUHHE IIOBEPXHOCTH; pPaa-
n0EM F; Ha 0eCKOHEYHO MaJibie HAPANTENOTPaMMbl, KaMAOMY HM3 KOTOPHX
Oyner COOTBETCTBOBATH DJIEMEHTAPHHI# mapamieilorpamMM nHa F. 3unadenme J
OJlHO HE TO 7K€ ]I Kaj)K[O0TO dleMeHTa Ha F, M [JIA COOTBETCTBYIOINErO BJe-
mMeHTa Ha F; clegoBaTeNbHO, OHO OLATH OAMHAKOBO JUIA BCEH MOBEPXHOCTH F;
E i Bceil mosepxsoctH F.

Wrar, mHTerpan J ecTs MuTerpaltbHHE MHBAPHAHT.

O6patHoe yTBepKAeHHe MOKHO OhLI0 OH AOKa3aTh TAK Ke, KaK U B Ipe-
ALIYIOEM IYHKTE.

244. OgeBupHO, aTa TeopeMa sBIsercs oflNedl ¥ OPUMEHHEMA K KHBapH-
auTaM mopsAAka Beiwe Broporo. ChopMmynupyem ee eme pas Ajg WHBAPHAHTOB
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TPETBETO MOPAAKA. PaccMOTPEM TPH 9acTHLIX pemeHEMs ypaBmeHmit (2), &,

t, §; 9T TPH pEmEHHA [OKHBI YJOBIETBOPATL CHCTEME
dk, __E axX, E
dt — dz; _
dElc__Eka E (7
zdxh EII
Ecna cmerema (7) momycrkaer mHTErpas BHAa
£ & &
2|t & &) (8)
6, & &
rge KoagdummenTH A — JYHKOUE OT Z, TO TPOAHOA HHTETPAI
S EAi,k,l dz,dz,dz, 9

6yner mHTOrpalbEHIM MHBapHaHTOM ypasmermit (1), m maoGopor [%].

IIpeoGpazoBanme WHBAPHAHTOB

245. Tak Kak HHBADHAHTH UPUBOAATCA TAaKUM o0pasoM K HHTErpajgam
YPaBHEHHA B BApHaNWAX, TO JIETKO HAWTH 0YeHb Ooiabmioe wwcio cmocobos.
KOTOpPHE IO3BOJAKT OPEOGpPasOBHIBATH STH MHBAPHAHTH.

Ecar ®8BECTHO HEKOTOpPOe YHCIO HHTErpalbHEX HHBAPHAHTOB ypaBHEHWI

dz.:
=X, (1)

TO H3 Kar{J0ro M3 HAX BEIBEJEM HMHTErpaln ypannelmﬁ B BAapHaOHAX
dg,, de,, £, 2

Komburaupysa mexny coboit aTu pasiguprbie WHTErpads, HOJNYYAM HOBHIH
EHTErpaJ ypapEeHHH (2), OTKyAa BHIBEJEM HOBWH MHBapmaHT ypaeRenmi (1).
HauneM ¢ m3y4YeHEHA Cllydasg HMHBADHAHTOB NEPBOTO HOPALKA.
IIycrs
@), Oy «.ny D,
— HEKOTOpOe 9HCJI0 MHTErpajsioB ypasHeH:M# (1), mpmYeM 3TH HHTErpajibl
OynyT QYHRIMAMEH TOJBKO OT Z,.
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IIycts Temeps
| #:(dz), | Fadz), - [ F, (d2)

— ¢ WHTErpaJbHEIX MHBAPHAHTOB NEPBOT0 NMOPAAKA Tex e ypasmenuil (1).
DyHKIME 0OJ 3HAKOM HHTErpala

F,(dz), Fy(dzy), ..., Fq (dx))

8aBUCAT OT z; ¥ ux nuddepennumanos dr,. OEm Moryr 3aBmCeTh OT Z; J106HM
06pa3oM; OgHAKO OTHOCHTENBbHO Ampdepennmanon

dz,, dz,, ..., dz,

OHU [OJHH OHThL OJHOPOMHKME IEPBOH CTEIEHH.

Tornma
Fi&)s FyG)y -o o0 Fo (6

OynyT murerpanav® ypaBEeHmE (2) m GyAyT OAHODOAHHIME HEpPBON CTemeHW
OTHOCHTEeNBHO §;.
Hycts Teneps
B(D,, Oy, ..., Dy Fyy Fyy ..., F)=8[D, F]

— ¢yarnua or ® u F, saBucamasn or @ nwbGum ofpazoM, HO ONHOpPOAHAA
OepBO#l CTEUeHH OTHOCHTEJBHO F.
Torma ¢yERUEA
8 [@,, F, ()

OyImeT HOBHIM HWHTErpaJoM ypapHeHuE (2); kpoMe TOro, oHa O6ymeT oHOPOAHOR
¢yHEKOWe# mepBol CTemeHW OTHOCHTENBHO £.
Orclopa caemyer, 9T0

[ 8 1@y 7, (@z)]

— WHTerpalbHHA MHBApMAHT OEPBOr0 HOpARKA ypasHenmi (1).

MosxHo 651710 6B HPHEATA CTONS Ke JETKO K TOMY Ke Pe3yJIBTaTy, upeoh-
pasyda HWHBApHAHTH 3aMEHOX mepeMeRHHX um. 237.
Hanoprmep.

[+ Pt 48

[vFrrR+ P

Gyny’r HHTEIpAaJIbHRIMM HEBAapHaHTaAMH.
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246. ITi Ke BRITMCICHAA MOKHO NPMMEHHTh K MHBapHaHTaM 0oJjiee BHI-
COKOT'0 MODPARKA.
IIycrs cuosa

©, By ...y D,

p uHTerpainos ypasuenui (1) m
[ Gz d,), | Fy(dadzy), ..., | F,(dzdz,)

-~ ¢ MHTErPAIbHHX MHBADMAHTOB BTOPOrO IOpsjKa. F OyRyr QyHRuEsaME I,
¥ npou3BefeHud nudpdeperymaioB

dzdz,.

Onuz OyayT ONHOPOAHHIMHA UEPBOA CTOMEHHE OTHOCHTENBHO 3TAX LPOU3BE-
JICHUH .
Torpa
’ r
F i (EcEk - Ekgf)

Oynyr umHTerpaizamu cucremu (6) m. 243.
Ecnu temeps

8 [q)p.’ Fl]

ecTh Kakag-1mbo gynrumsa or & m F, ogHOpPOjHAA HEPBOA CTENEHH OTHOCH-
TensHo F, 10 BHpa)kesue

8 [(I)k’ Fl (E.‘E; - E,Ek)]

OymeT MHTErpPAaJOM Tex 3xke ypaBHenwmi (6); xpome TOoro, oHO OyHeT OFHOPOA-
HBIM IEepPBOHM CTEIEHM OTHOCHTEIBHO OIpeesmTeNel

B — L,

Orciona caeayer, 9T0 JBOMHON HMHTErpaj
S B[, F,(dz,dzy)]

Gy/eT MHTETPAJTBUEIM HEBAPUAHTOM BTOPOro UOpAAKa ypasneHwmit (1).

247. Taxum 06pa3oM, MpL EMEEM CPECTBO, 3HAA NECKOJLKO MHBAPHAHTOB
OQHOTU ¥ TOTO e HOPANKA, KOMOMHMPOBATE WX TaK, YTOOLl HOJYYHTH ApyrHe
WHBAPUAHTHl TOIO K€ IOPHAKA.

Tot e coocod mo3BoNAET, €CHN H3BECTHO HECKOJHKO HHBAPHAHTOB OJHOTO
W TOro0 ke HOPANKA, HOJYYUTH HOBHE HHBAPHAaHTH JAPYrOro HOPAXKA.
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ycrs, naupumep,
| #:(dz)), | Fy(da,)

— /1B MHTErPAJBHEX MHBAPHAHTA LEPBOr0 HOPAAKA; H NPELNOJAraw, U 9To
ecTs Haubosee oOmuit caygait, yto Fy u F, — I@HeliHke U OAHOPO/HLE yNK-
muu ot pubdepennmanos dz,.

Bripamenus

Fy(E), 15(8)

6ynyT ofzoponHEMU QYHKIUAME IEPBOTO IOPSAJKA OTHOCHTENBLHO £, W OlM
OyAyr mHTerpajlaMm ypasHenmil (2).

Axnaaorugso

Fy(€), Fy(5)

OyayT muTerpanasmm ypapHesmit (6).
Orclona BEITEKaeT, 4TO

Fl (Ei) Fz (E;,) - 1"1 (E.) 1"2 (Ek) (1 U)

Oyrer unTerpaiom cucreMs (6).
Tax kax F; u F, TuAeiHH OTHOCHTENBHO £;, TOo OyxeMm uMeTh

FiE4-8)=F )+ F &)
Fo(§, +8)=F, () + F,(5).

Orcrona cnenyer, wro BmpameHue (10), xoropoe, KpomMe TOro, MeHZET B1AK
upu mepecraHoske §; m £, He maMeumerca npu samene & na - E.

Orcrona M»l JleTaeM BRBOX, 9T0 aT0 BHpaenue (10) — impeiinmas u opHo-
pouHas QYHKIHEA OT OuUpefelHuTe’ei

EE —EE

npuyeM Ko3(PUIUEHTH 3aBHCAT TOJBKO OT z, HO ne or £t u £

Cnenosatensno, w3 Bupasenus (10) MOKHO BHIBECTH UHTErpaJIbHBIR
MHBAPDHAHT BTOPOrO HOpAAKa ypasmeHmi (1).
IIycte Tenepn

S Fy(dz,), S F, (dz,dz,)
—- JIBa MHTETPAJbHLIX MHBADMAHTA ypaBHeHwmii (1), oluH — mepsoro mopsAAKa,
a Apyroit — Broporo. fl mpepmoxomy, wro F, u F, — aumHeltHsle U OZHODOA-

HHEe (QYHKUHHA: DepBafg — OTHOCHTENbHO n Auddepennmanos dz,, Bropas —
OTHOCETENBHO 1 (n — 1)/2 mpomsreneHumit

dzdz,.
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Qynxnun
Fl (Ei)’ Fz (E;E; - Eks:‘)
Oyayt muterpanamu cucremu (6).
Bripasxenne

FiE) R ES -G+ FE) FLEL -G8+ £ E) R —58) (1)

6yner muTerpaloM cucteMbl (7).
C gpyroit cTOpOHM, JErKo IPOBEDPUTH, ITO OHO GyAer JWHENHHBIM U OJHO-
PORHHIM OTHOCHTEIBLHO ONpeJel’TeNeR

E|' Eu’ Ev‘
’ n
€. & Ex|-
’ ”
HOSTOMy B3 HEro MOMHO BLIBECTH I(IHTEI‘paJII:thﬁ HHBAPHKAHT TPETBErO IO-
pAAKa.
IIyers Temeps

S F, (dz,dz;), S F,(dzdz,)
— ABa MHBAPHAHTA BTOPOTO mOpsfxka ypaseeHmi (1).
Mu BoiBefieM ®M3 BHUX JBa HATerpaja ypasHenumi (6), a umenso:
F (Eig;c - Eks:‘)’ Fz (E.'E;r - EkE:')’
9TO s CMOTY BaIHECATH JIA KPaTKOCTH
Fy {8, Fy(80).
Torma BEIpayKeHHE
Fy () Fo(F8) 4 F, (V'8") Fy (') + F, (88" Fo (B78') + £, (87E') Fy (B8") +
+ Fy 887) Fy (F'8") 4 Fy (FF) Fp (887) (12)
OynmeT WHTErpajioM CHCTEMH, TOJY4eHHOH NPHCOEWHEHHEM K ypaBHeHEAM (7)

ypaBHEHTH
aty iX, &
dt Z dz; ¢’

Ceepx Toro, sto Oyaer JmHEHHAas A ONHOPOAHAA QYHKIAA OTHOCKTENLHO OIpe-
fenuTeNedl, COCTABJIEHHHIX K3 UETHPEX BETHIMH §; W COOTBETCTBYIOIIUX Be-
amanm &, &', £

f nponoixaw mpenmonararh, pasymeercd, 910 Fy m Fy OXHODOAHH # JB-
HeHK OTHOCHUTEeJLHO OpomsBefenuit dz.dz,.

CrnenoBatensHo, H3 BoeipukeHEA (12) MOKHO BHBECTH HEHTOr aJILHAIR

EHBRPHAHT 9YETEEPTOr0 TOPHAAKA.



HHTerpaipasie AEBAPHAHTHI 29

CﬂenyET OTMETUTH, YTO 3TOT MHBAPUAHT HEe CTAHOBHUTCA TOKAECTBEHHHIM
HyJIeM, €CJIA IpeanoJo;KdaThb, 4YTO
F1:F2.

Torga supakesme (12), menenuoe Ha fgBa, CBOTUTCA K
FL (88 Fy (B87) + Fy (§88) Fy (878 + F (B87) £ (F8)).

[losToMy M3 MEBapHAHTA BTOPOTO HOPSHAKA BCEr(a MOKHO BHIBECTH WHBAPHAHT
YETBEPTOTO MOPAAKA; TEM jKe CHoco00M W3 HEero moJydYsM MHBAPHAHT IIECTOTO
DOpAAKa; @ BooOme, MOJNYYHM H3 Hero WHBapHaHT mopaAxka 2p (rge 2p —
no0oe TeTHO® WHCIO).

248. ITycrs BoOGmE
[ £ [ rs

— nBa mobnx mpBapmasTa ypaBeeuui (1), mepBmit — mopsaaka p, BTOpOA —
oopAKa g.
f1 mpepmonaraio, ure F; m F, — nmHelinne ¥ oxHOpojnne (YHKIOH,
OepBaA — OTHOCHTENBHO Npom3BefieHmE p pmddepennmanos dzr, BrOpag —
OTHOCHTENBNO npousBenenmi g fuddepeRnEaNOB.
Mlyers
£, £, .., k)

cyTs p-+g pemenmit ypapEeEm# (2). 3tm pemenus GyAyT YAOBIETBOPATH
cucteMe JudpdepeHIEATEHEX ypaBHEHHH

agim) ix
it '—2 dzsk i 49
(i’ k:i, 2, ey Ny [»'-——‘11 2, ey p+q)

Torma nmycrs F| ozpazaeT pesyiapTaT 3aMeHH B F; KaKAOro npOUsBEfeRUA p
nuddepeHINaNoR COOTBETCTBYIOIIUM OUpEfennTeleM, 00pazOBaHAHM LpH

IOMOINA p PemeHER
ED, €3, .., §0»,

ITycre Takmxe F, osHavaer pesyiasTaT 3aMeHH B F, KaXIOro Ipomssejie-
guA ¢ puddepeRnEAIOB COOTBETCTBYION[AM ONpEfeTATeNeM, 00pazoBaHEHM
OpH OOMOIIA ¢ pelneHmiA

§pe), E(pe2) | E(pte),
Torpa npomspenenme
FiF,

6yner maTerpaiom cmcreMu (13).
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[Ipm aTHX npennonoykeHwsx nojABEpPraeM p-+q Gyke
M, E®, .., Epro
Kaxoli-nubo nepecraworxe. Ipoussenenme F.F, nepeiier s
F'F)
u 310 cHoBa Oyper muTerpa’som cuctemu {13).

Mp mpunncHBaeM 3TOMY NPOW3BERELUI0 3HAK -+, €CAHM NepecTaHOBKa
OpMHAaAJIEKUT 9€THOHR rpynme, T. €. €CAH OHA WPHUBOOUTCH K TETHOMY THUCAY
IepecTaHOBOK Mexiny nByms Oywsamu. HaoGopor, Mo nprmumcsisaeMm mpous-
BEIEHUI0 3HAK —, ECJHH IePeCTaHOBKA He LPHHAJJIERAT K YeTHOH rpynme,
T. €. €CJU OHA NPHBOJHATCA K HEYETHOMY 9HCIY HEpPECTaHOBOK MEKAY ABYMA
6ykBamum.

Bo Bcex cnygasx smipaskenme

+ FFY (14)

Gyaer muTerpanom cucremn (13).

Mn mmeeMm (p-+q)! BO3MOMKHLIX NEPECTAHOBOK, CIENOBATENHHO, MOIAYIAM
(p+4q)! Boipamenmit, anamormgumx (14). Opmaxo cpenm Hux GymeM HMeTh
TONBKO

(p+g)!
plg!

paarugnnix, nGo Bepamenue (14) He MeuseTcA, €CAM NepPECTABIATEL MEKIY
coboft Toneko p OGyKs, BXoAAWMX B F,', H ¢ Ipyroii CTOPOHH, TOABLKO g GyKB
mexny coboit, xotopsie Bxopar B F, .

CocraBuM Teuepsh cyMMy BceX Bmpaskenmit (14). Onare noryumm muTErpad
cucremsr (13). Ho 3TorT muTerpax Oymer JUHEHHHBIM X OSUOPOJHBIM OTHOCH-
TeJTbHO OTPeNeNuTeNeH NOPAIKA p-+¢, KOTOPHE MOMKHO COCTaBAThL U3 OGykB

B, B, L., B,

CnegoBaTeabH0, M3 HEIO MOKHO BEBCCTH HHBAPDHMAHT NMOPHAKA p--q ypas-
genmit (1).

Eciu p=¢q m F, Tonnectsenno ¢ F,, T0 uHBAPWAHT, NOXY9YEHHBIH TAKHM
o6pasom, OyJieT TOMKIECTBEHHBIM HyJIEM, €CIU p -— HEYeTHOE; HO OH He Oymer
TAKOBBEIM, €CJIH P — YETHOE, KAK s1 OOBSCHWI 3TO B KOHIE OPEeLIAYINero ma-
parpada.

Jlpyrue cOOTHOIMEHNA MEKy HHBAPHMAHTaMH
M HHTErpajJaMu

249. IlocMoTpuMm Teueph, KakuM 00pasoM, 3Has HEKOTOPOE YUCIO WHBAPA-
AATOB, MOYKHO RBBIBECTH O/IMH HWJIU HECKCIBKO AHTErpaJyoB.
CuepBa s TIPeRUONArai, 9TO W3BECTHH [BA WMHBAPHAHTA N-TO HOPSAKA

| Mdzdz, ... dz,
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| Mdzdz, . .. de,

rne M # M' — dynruuu OT z; A yrBepKpnam, uyro ornomenune M'/M Gyner
muTerpaioM ypasmenmit (1).
HeiicTBUTENHHO, PACCMOTPUM ypaBHEHUs B Bapuanmusx (2), u mycTs

£, E®), L., B

— n moOHX JAHEAHO HE3aBUCUMBLIX pPEIIeHWH JTUX YpPaBHEHHH.
9ti n pemenmit OyayT yHOBIETBOPATE cucreMe nuddepeEnmaIpHbIX ypas-
HeHmil, aHadormyHoil cuctemaM (6) u (7), KoTopylo s 6yay HasHBaTH CHCTe-
moit S.
Ilyerrn A — oopepenmrenns, ofpasoBadyuit nmpu moMomu n® Oyks R,
Torna
MA uw M'A

OynyT MHTErpajaMu CHCTEMH S; CIeHOBATEJNLHO, TO Ke Oyner ¥ AJA OTHO-
IMEHUA

M'

M i}

M TAK KaK TO OTHOILIEHHE 3aBHCUT TOJBKO OT Z M He 3aBHMcHT oT £, To ono Oyner
wHTerpajioM ypaBHeHmi (1).

ToT ke pesyibTaT MOKHO KOKA3aTh APYTHEM CIOCOOOM.

Cosepimmm sameny nepeMeHHuIX m. 237. Hamm nsa meTErpaxbHbIX HHABA-
pmanta TpeBpaTATCA B

[ Midydy, ... dy,.dz

n~1

S M'Jdydy, ... dy, dz,

rae J osmagaeT axobmaH, Wam (YHKIUOHAJHHEIA OOPENENNTENb CTaPHX ne-
PEMEHHEIX I;, Z3, ..., T, OTHOCHTEJbIO HOBHX HNEPEMEHHBIX Vi, Yz - - -,

yn—l’ z.
Corzacao o. 237, MJ n M'J JoiHH 3aBHCETH TOJBKO OT

Yo Yo -~ <2 Ypus

cJIe0BaTENBHO, TO e HMeeT MecTo M Ais otHomernus M'/M, a Tak Kak BCA-
Kas QYHKOUA OT y; eCTh uHTerpanx ypasuesuit (1), To aro oTmHomenme —
mETerpas ypasBedm# (1), aro m TpeGoBalock joKasaTh.
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250. MoxHO BUROWIMEHATL 3Ty METONUKY HECKOJILKUMH cuocobanu.
IMycTs, nanpumep,

SFI dz,), SFz @z,), .., SFP (dz,)

— p InHeZHEIX WHBAPWAHTOR IEPBOro mopsaka. IIpefmosoxaM, 4T0 MbI mMeeM

TOMIECTBEHHO
Fi=MF,+MF;+ ... + M.F,

rae M, 3aBECAT TOJNBKO OT Z, HO He oT nuddepeHmator dz.
fl rosopw, wro M,;, ecin p < n+1, 6ynyr materparamu ypassenmit (1).
He#cTBETENBHO, nyc’rh A, , — xosdpdunment upy dz, B F;; MB AOIKEDLI
OyneM mmern
Al,k=M2A2.k+M3A3,I.:+ +MpAp,k

CosepmnM 3amMeHy mepemenusix m. 237; Hall¥ HHBAPHAHTLI NDEpPEAAyT B
[ 7@z, [Fi@z), ..., [ F,(@z).

Ecau, xpome TOTO, IONOKEM
=2 A;, 8L

A, =MA, - MA, .+ MA

TO IOJIYIUM

Msr 6ygeM mMeTh 37eCh n JIBHEAHWX ypaBHEHHH, M3 KOTOPHX CMOMEM
Baittu M, qams O6u Toasxo Omiao p < n+1.

Ho Koaq)dmunem'm A, ,, corxacno m. 237, 3aBHCAT TOJBKO OT Yy, HO He
OT 2z; CIef0BaTENBHO, TO e Gymer M nus M, a oTo 3HaguT, yro M, — umure-
rpans ypasHenmi (1).

251. llycrs Temeps
F(xy, x4y .0y 1)
— HMHTErpaj; sfCHO, ITO

S(dx 1+d_d12+ +dx d‘”)

6Y}18T HBTErpalbHLIM MHBAaPHAHTOM HEPBOro OOpPAIKA.

Torga Mo;kHO mOCTa&BHTH cebe cleqylommiz Bompoc:
Paccmorpmm mATErpaNbHEE MEBAPHAHT IEPBOTO DOPALKA

| (ade, + Aydz, + ... + 4,d2,)
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Il NPCAUOGIOMKUM, YTO BeJMYMHA IIC7 2HAKOM MHTCIPAJIA e€CTh LOJHLIH frpde-
pennuali; Kakoe COOTHOmenwWe OYJIeT MeKIy HMHTEerpajoM OT 3TOTO HOJHOTO
aufpepennuana u vuTerpaJamMm ypasHenmit (1)?

Uro6n ormats cebe B 9TOM OTYET, COBEPINEM 3aMeHy HepeMeHHHX m. 237;
HaNl MHBAPHAHT NIEpPEUnieT B

S dU={ (B\dy, + Bydy, + - - - + B,1dy, , + Cda).

Rospdpuuuentet B n C momsxpm 3aBACETH OT Y, HO HE OT 2.

Ecnu puipaskenue dU ects nonunit quddepernmat, To pyuknua U momsHa
Oyuer, ClefoBaTe]bli0, HMETH BUI

U=U, + zU,,

raec U, u U, — urrerpann ypasuenmit (1). Torma Oynem uMers

w_yg,

Ho mu nMeeM, €CJ’M BePHYThCA K CTAPLIM NEePEeMEHOEBIM X,

aUu dU av
T=a Xt Xt

OTtcroma ciepyer, 9TO

dU ¥ au
1+d1 Xot o+ gz X,

ecrs uurerpai ypasHenmit (1). Ecxu ato Bbipasienme paBHO HYJ0, TO EMEEM
U,=0, U=10,,
u U ecto unterpan ypasuenmit (1).

252. MoxHO Obl10 6Ll YMHOKHTE Y9HMCI0 OPHMEPOB TOIO POJid; A IPUBERY
W3 HUX JHOL OfHH.
PaccmorpuM mMuBapHanT mepBoro HOPAAKA BHJIA

5 V/-z“ Bda? 423 C, ,drdz, = S V.

Myers A — puckpumuuant ksapparugsoir gopmmr O@.
Cosepunm 3aMeny nepemeHunix m. 237; namm mnwapuaur nepeiijier B

S ]/2] Bidz)? +2 X C} vdzidz, = S Vol

MMyers A" — nuexkpumusant kpajiparmanoit fopmm D7,
3 A. Ilyasxape, 1. Il




34 Hozrbsie Merons HeOecnoit mexamuaka, ITI

Ilyers J — aro6maR, mIE (QYHKOWOUANGLHLIA ONpEeNedAdTeNb X OTHOCH-
TenrLHO z'; GyneM uMeTh
Al =AJ2,

Kpome Toro, ogesmguo, uro A’ Gyper (kax u nosddmumentns B’ m C') mure-
rpajomM ypasuHenmit (1).
IlycTs Temeps faEH MHBAapMAHT 7-TO HOPAAKA

S Mdzdzx, ... dz,

ITocne samensl mepeMensnix u. 237 OH CTaHeT
| MIdzdz, ... dz,

u MJ pomHo OnlTh HHTErpanoM ypaseHeHmi (1).
Orcloia A 3aKI09310, 9TO
AI
M2J2

A
M2

ROKHO OBITH mHTETpaioM ypasHenmi (1).

3amMeHBI IepeMeHHBIX

253. Ilpm m06oii 3aMeHe mepeMEHHKIX Z;, He 3aTParuBalOMENl Iepeme-
HOU £, KOTOpasA LpEJCTABIAET BpeMsa, HeoOXOAWMO TONBKO NPAMEHHTH K MH-
TerpajJbHHM HWHBAapPHAHTaM OOLYHHEE IpAaBMIA 3aMEHH NEePEeMEeHHBIX B IPOCTHIX
HIE KPATHHIX OHOPEeNENEeHHLIX MHTerpamax. Mu yme medanu 5TO HECKOIBKO
pas.

Onnaxo 3aMeHa NEPEMEHHOR f IpefcTaBiIsAeT OOIABUIYIO TPYLHOCTS.

A priori Morso 65 Rake mMOKAa3aThCA, ITO BTO Opeo0PABOBAHEE HE JOJIKHO
BECTH HHA K KaKOMY De3yJbTaTy.

W nmeilicTBATENBHO: PACCMOTPHEM CHCTEMY

dz,

o dn__dz, 43,
dt=Fl=l=.. . =3" (1)

BseneM HOBy0 HEpeMEHHYIO f,, OOpefelsieMyl0 COOTHONIEHHEM

dt
=%

Tie Z — 3afaBHafd QYyHKIEA OT Ty, Ty, - - ., I,
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Cucrema (1) npesparurca B

dz dz, dx .

A== = (2)

ZX, LXq zZX, VT

[pepnomosum, 970 HaYajlbpHble 3Havenms zJ, ZJ, ..., Z mpeacraBasioT

coGo#f KOOpOHHATH HEKOTOpPOW TOYKA M, IpPOCTPAHCTBA 1 HM3MEpPEHHH.

Ecanm nemeEHMe 3TOM TOYRH oupepenserca ypasneumsamm (1), rme ¢ npen-
¢TaBAAET BPEMA, TO 3Ta TOYKA B MOMEHT f= < npmaer B M.

Ecaz nsu:Kenwme, HANDOTAB, OIpefieligeTcA ypaBHeHusME (2), rae I, mpei-
CTaBJAET BpeMs, TO To9Ka M, B MOMeHT {;= < mpmpmer B M.

Pacemorpum Tenepn ¢urypy Fy, 3aHATYI0 B HYJIERod MOMEHT PaaJM9ibIMH
rToukame M.

Ecnm nemxenue m pedopmanua aToi PHrypH OnpenedsioTCA YPABHEM-
simu (1), To B MOMeHT {= t OHa NPEBPATHTCHA B HOBYIO Qurypy F.

Ecam nemyxenme onpefiesseTca ypasBermam: (2), To ¢urypa F, B MoMenT
;= T OpeBpPaTHTCA B HOBYI0 ¢uErypy F’, oramanyw ot F.

F' Be Tonpko 6ymer ornmuuo¥ or F, Ho oma He OyneT Tak:ke COBOAmATh,
BooOme roBopA, ¢ KAaKAM-IMOO M3 YOIOKEHWMA, 38HMMAaeMblX F B MOMEHT,
OTIMYHHHA OT MOMEHTA I= .

IlosToMy KameTCH, YTO mapaMeTpH Hpo0JieME OCHOBATENBHO M3MEHEHLI,
4 ME He JOJKHB 0MKUIATH, 4ToOH u3 wHBapuaHTOB (1) Mo;xHO0 6RO BLIBECTH
mHBapHEaHTH (2),

BoT uro, ofHAKO, HPOMCXOAAT C MHBIAPMAHTAME LOPH/IKA n.

Cosepmum 3aMeny nepemesnLix o. 237; cmctema (1) mpespartmres R

J— dyl — dyl _ . dy,,__] _ ds N
= 0 o0 T T 0 T {1bis)
a cucteMa (2) — B
__ Ay dyy __dy,,  d: _—
dtl'—'T_‘T—--' == =7 (2bis)

rAe OPefnoJaraercs, 4T0 Z Ao0JN:KHA OWTh BHpakeHa B QYHKIME OT y I 2.
Teneps momoUM

dz
ZIZS zZ?

I/le UNTerpEPOBAHKE BHIIOJHAETCA IO z (Y pPacCMaTPUBAIOTCA KAaK HOCTOAH-
HBIE), a HIGKHHA Upegea MOMKET 3aBHCETL OT Y.
Cncrema (2) mpumer BuHR

d d d
dtlz—gl—:.—gl:: e :—yg.-—l-:—é;—l— (Zter)

z 6yner mmeTh Ty me ¢opmy, gro @ (1bis).
3*
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IIyers Toraa

n

S Mdzdz, ... dz

eCTh MHBAPHAHT 7-TO NOPHJ(KA ypaBueHui (1); OpE nomMom@ 3aMeHB! IlepeMeH-
prux  H. 237 on craser

| MIdydy, ... dy, dz,
rae J — Axo0MaB x OFUOCUTEIBHO Y K 2, MJ KoIKHO OHTH QyHKIEeH OT Y.
Torpa
S Mildydy,...dy,.dz

Oyner uHBapmaHTOM ypannenmi (2ter);
S A{Z]—dyldyz ... dy, ,dz
Oyner unBapuauToM ypasHeumit (2bis), m, maxouer,
[ 5 dzdz, ... da,

Oyner MHBapUauTOM ypaBHeHuwid (2).

Paznmansie 3amMevaHmns

253bis. Pacemorpum cumereMy nuddepennmanpubIX ypaBHeUuid

d.’L". ES X‘-dt ¢))]
M X ypaBHEHMA B BapHAIlWAX
dt, = B dt. (2)

IpepnonoskuM, aro ypapuenns (1) nomycxaiT WHTErpaJbHLI MHBAPHANT
OEepPBOT0 UOPAKA

S 2 Adz;

Q s
suipakenne Y, A, Oyder uuterpanom ypasucumit (2).

C npyroit cropomsl, 9TH ypaBHenus (2) OyAyT JONycKaTh B KadecTne De-
menua
E, —-= S/Y ‘3

13 1

rae € — n06asg GeCKOHGIHO Malas mocToaHHaA [4].
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JleiicTBRETENIBHO, TYCTh
z; ==, (1)
ecTb Kaxoe-nmmbo peurenme ypasrHeHum#t (1); ecam e — odens mManas mocToAl-

tas, TO

,Ed.r,-
T d

z, =@, (L+z)=29, (¢

S

onsaTh, Oynmer pemmenueM ypasmenuwi (1), m

b=, (o) — g () =c S =X,

Oyner pemenueMm ypapuenmia (2).
(OTcioma caejyer, 4TO

Xl -
EA.'E;'ZS ZA;“\ i
A0JKHO OBITH IIOCTOSIHIIO.

Cuaeposarensno, XA, X, spngercsa WHTerpajioM ypasHenuil (1).
IIpenmonoskmar reueps, wro ypaspenuss (1) /ODYCRAIOT WHTErpajbLHBII
HHBAPHAHT BTOPOTO TOPANKA

S S 2 A, dzdz,.

Torja
E Ax, k (EiE,k - EkE:')

Gyner unrerpasom ypapmenmi (2) m ypasnenumii (2bis), KoTopee nbLIBOmMM
us (2), samensas £, ua §.
HonoskuyM

£ =cX,,

1 L]
rjge e — IOCTOslINAA. JTO IIOBBOJIMTENEHO, Tak Kak § =eX, — pewedue
(2bis).
Torzia

Q b v
er, k(E{‘Xk — X iEk)
Oypmer uuTerpasom (2); 8TO MOKA3LIBAET, YTO

S 2 A w (X, dz, — X dz,)

~— WHTETPaJbHHI HMHBAPHAHT MEPBOT0 NopsaaKa ypasuenmit (1).

Hrak, sror cnocob mossoasier naiiTh WHBapHAaHT mopaAxka n—1, korua
HM3BECTEH MHBADHAHT IOPAJKA N, MHOIAA 9TAa METOMHKA MOMKeT OHTh BIII0-
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30pHO#, TAK KAK HBBAPMAHT, OOJYJYeHELE TakuM o0paszoM, MomeT OnITb
TOKIECTBEHHBLIM 1YJIeM.
PaccMoTpuyM Temephb MHBAPHAHT CJAEAYIOMETrC BHAA:

| X4, +18B)dz,,

rae A, u B, — GyEKUEZ OT Z; B JaJkbBeHIneM MEl BCTPETHMCH C HHBAPHAHTAMEA
3TOTO BHAA.

Torpa
2 (A. + tB;) Es
Gynmer murerpasoM ypasuenui (2); OTCIOKA CHELYOT, UTO BHParKEHES
(A, +B)X

A0JHO OBITH MOCTOAHHEIM.
IIycrs pas xpaTkocT:m
¢ = Z A Xy O = Z B.X,;
BblpasKeHHe
D4 1D,

RoJn#HO OBITH HOCTOSHHEIM, 9TO BJeder 3a coGoll yciaoBHEe

o0 9%, .
Tt T 8=0
HJIHA Ke

dq)x+®+t2d¢1X:O 3)
rne X,, A,, B, — ¢yuxnum or z. Ciej)0oBaTeNIBHO, TO € OTHOCHTCH M K

(r), (DJ’ d‘b 2 dq’l A".

CaepoBarenibiio, Toxnectso (3) GymeT BHIIONHATHECH TONBKO, CCIM HMEeM
TO;K/IECTBEHHO

dtbl X .

1
d~f,‘ X.' + (Dl =0,

licppoe m3 arux cooTHomeHmi# mnokaswBaer uam, uro (D, — murerpa:
vpasuenmi (1).
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233ter. Ilycrs
® — const

ecTnL HHTerpan ypasucumit (2); pyuxnua O golxua OnTs HeKoTopo# ¢opmoit,
T. €. UEeJHM ¥ OjIHODOJHKM NOJHRHOMOM OTHOCHTENBHO £, KoaddMumeHTH
KOTOPOI0 KAK-TO 3aBHCAT, KPOMEe TOro, OT Z,

ITyers m — cremeHEs aT0oTO0 mOMEHOMA. BEpaieHue
e

(rme ®’ ects Be uTo uHoe, kax P, rge §; samenenn guddepernumanamm dz,),
Kak f yTBep:xpaio, OyneT MHTerpajbRLIM HHBAapEAHTOM ypasHemmd (1).
IIpn stax mpepmonomenmsnx mycrs I o3madaer KaKoH-HEOYAbL WHBApHAHT
dopynr D,
CoBepmiuM 3ameny nepemeHunx un. 237; ypaBHerua (1) arToro myHkTa
OPUMYT BH[
dz

dy; . . .
3 =0, Tt_1’ (1bis)

U, ecan 0003HAYUTh depes v, ¥ [ BAPHAIUK J; X 7, TO yPABHEHMA B BAPMALMAX
cuctemn (1bis) mpusenyTcsa

dr 4

dt —dt T
B srax sosux nepesennnx O npesparares B popmy @,, menyio, ogHOpoAHYIO
W CTENEHU M OTHOCHTEeJALHO 7; i {; koaddwmumenTsl MOFyT ObITH MX06bIME QyHK-
IMAME OT Y,, HO, corxacHo Teopeme n. 237, IOCKONBKY MHI HMeeM J@J0
¢ WHTerpalbHHM HHBAPHAHTOM, 3TH KO9P(UIMEHTH He MOT'YT 3aBHCETH OT Z.

Beauunuu ; ABIAWTCA QYHKOIUMMU OT ¥ B Z, ¥ M BEIBOJEAM OTCIOfa Clle-

AYIOOe COOTHOIIEHHs MEKAY BaPHALMAME:

- d.’L"- d.'L'i
;‘:22mnk+72— . (4)

Crneposarensno, £ ABIAOTCA NUHEHUHMM QYHKIEAMU OT v 4 {, W onpenen:-
Tellb AHHEHHHIX ypaBHeHm# (4) Oyner He 9eM WHEM, KaKk AKOOHMAHOM I OTHO-
CHTEIBHO Yy H 2, AKobuaHOM, KoTopHil s o0o3Havaw depes J.

Tarum o6pasoM, Mul mepexoguM ot ¢opmel @ x dopme D, mocpegcTBoM
nuEeHOE mofcTaEOBKA (4), ompejeNmTesb KOTOpO# pasen J.

ITyers Iy — maBapuaunt @;, KoTOPHIL cooTBETCTBYET HMEBapUauTy I dopMEl
®; mu Gynenm mMeTs

I=1,]?,

re p — cTeneHb WHBAPHAHTA.

Ho I, — ¢yrxuma xoadpdpuumenros @, u, cremnosatensio, GYHKIEA Y,
He 3RBHCAINAA OT Z; CIEHOBATENBIIO, BTO — HHTErpaj ypasHeHui (1).
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Hycte M — nocnemumii MHOMHTENs ypasuenui (1), Taxk 910 MBI HMEeM
Ede,. 0
dI.' -

S Mdzdz, ... dz,

)4

— MHTErpalbHBd MHBADUAHT TOPANKA .
Ms Bmpgerm B 0. 252, wro MJ Gyner mmrerpanom ypasseumit (1). Caeno-

BATEJBHO,
I, (MIY? = IM?

Oyner unrerpaitom ypasseum#t (1). CnegonarennHo, KamjoMy WMHBapHAilTy
dopmer D cooTBETCTBYET MHTEIPAN 3TUX Y PABHEILMI.
Ilycre Temeps € — nexoropmii wopapuadr dopmut D crenenm p otiocu-
reasno Koadduiuentor ¢opmsl @ u ¢ — OTHOCHTENTLHO mepeMennnx §.
Ecnm Cy — coorserctByromuit kosapuant @y, To Oynem umers

C=C,J"

Kosdpdnuuentsi C, smuswrca QynxumaMu wooddiinentos Py, caeno-
BaTeALHO, OHM He BAaBMCAT OT z; BTO ke Oymer u jng xondduyueutor

Co(MIY =CM?;
cienoparensuo, CMP samisgercs mUTETpPadoM ypaBHenmi (2); ciaegosaternio,

e

tne €7 ecTs me 9T0 ®Hoe, Kak C, rme &, samenesn ua dx,, — HHTETrPaJbLbI

wiiBapuaut ypasuenmit (1).
Wrak, BOT CpEAcTBO MIA TOCTpoendA GOJNBHIIOTO IHCIAA MHTETPAJIBIILIX

HIBAPHAHTOB;, 3aCIy/KABAET BHUMAHUA YACTHHI cJayyaif, Korjla p paBHO
gyawo (T. e. cayTail WNBapuaHTOB WIWX KOBAPHAHTOB, nasnbBaeMux abconior-
uwiMn); ecam C, manpumep, ecth abcoxioTiniii koBapmant (@, To

(Ve

Oyner muTerpaibHHM uHBapmaHTOM ypasneumit (1). CireponaTesisHO, MOsLHO
o6pasoBars HOBEIM WHTETPAJbHLIE WHBADWAHT, HEe 3HAA ITOCIHEHEr0 MHO-

srarens M.
Ta e MeTOAUKA NPEMEHAETCA K HMHTETPANbHBIM WHRAPMANTAM BBICIIETO

mopsajka. Ilyers, manpumep,
S 2 A; dzdz,

— MHTEerpalbHHA WHBAPHAHT BTOPOTO IODPAMNKA.
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C sTuM mETerpaJBHHM MHBAPMAHTOM CBfi3aHa OunmHeiHas opma
UES 2 Ai, k (Eisk - EkEi)’

KOTOpasg ABJIsAETCA WHATErpajoM ypasmenwi (2) m (2bis).

Beaxmit MEBAPHAHT WIM KOBAPHAHT 3TO0# (ODPMBI, YMHOMKEHHKI Ha IOj-
xofAmywo cremedb M, Gyner uurerpanoM ypaBHesnumii (2), (2bis) u, ciegoBa-
TeIbHO, DOPOTHUT HOBHA HHTETPANHHHE WHBAPHAHT.

Tarkmm ke o0pazoM, ecTH MMeeTCH CHCTEMa WHTErPaJbHHX MHBAPHAHTOB,
MBI BLIBE/(EM U3 Hee cacreMy Gopm, noxobuex @, KoTopse OYAYT MHTErPaTaMu
ypasrenuit (2), (2bis). Beaxomy muBapmanty aToit cmcreMsl gopm Oyner cooT-
BETCTBOBATHL MHTerpan ypaBnedmid (1); BCAKOMY KOBapMaHTy 3TOit CHCTEME
dopm GyaeT COOTBETCTBOBATL HMTErpPAJLHBIA HMHBApHAHT ypaBueumil (1).

Nycrs, nanpumep, F u F;, — nBe KBagpaTtuanbic QOPMBE OTHOCHTENBHO E;
F' m F, — To, ueM OHM CTAHOBFITCH, €CJIH 3aMEHHTh B HuX §, Ha dr,.

Hpepnoaosnan, uro F u F; — wurerpann ypasueHmit (2) u 9to, CiIefo-
BaTeJBIIO,

v, (vF

— MHTerpaJbEEIe MHBapmanTil cmcreMsr (1).

PacemoTtpum $opmy
F—\F,,

rjie 7 — HeompejleJieuNEil  MHOKMHTRNB. lIpUpaBusEB JUCKPUMHUHAHT 9TOi
$OpMBI HYJI0, MBI IOJYIUM anredpamyeckoe ypanHEHMe CTemend R OTHOCH-
TeJBHO A, KOPHM KOTOPOro Oy1yT, OUEBH/AHO, aOCOJIIOTHEIMA MHRAPHANTAMHU
cmcremsl popu F, Fy. CregoBarensso, oHA GyyyT maTerpaizamu ypasrenni (1).

Ho aro me Bce; myers Ay, A, ..., A, — 3T¥ KopnH, Torta F u F, moryr
ObITH TIPEICTABIEHEl B BHUJE

P\ A2 AL L A A2
Fr==A? 4+ A2 ... + A2,

rie Ay, 4y, .. ., A, — nuneitnsie POPMbI, KOTOPHIE MOKHO ONpEJEINTE: YHUCTO
anrebpaugeckumuy omepanuamu. A, Ay, . .., A MOMKHO PaccMaTpUBaTh KaK
KORQpWaHTH HyleBoi cremeum cucreMsr F, F,, Tak gro

fan fa. o (4

— WHTerpalbHEIe MHBapWanTsl ypaBueEmi (1), ecam oGosHauurh uwepes A
pesynbTaT 3aMeHn B A, nepeMmensbix &, nuddepennmanamu dz,.
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Onuako cymecTByeT MCKIIOYEHEE, eCIM yPABHEHHE OTHOCHTENBHO A HMEET
KpaTHbIe KOpHH. Ecau, naupmmep, M DABHO A, TO HENb3sA yTBEp:KAaTh Goxee,

9T0
jai 4
— HHTErpaJjibHblé UHBAPHAHTEHI, & TOJBKO 4ITO
2 2
§ VAR + 4,

— uHTerpajbHHUA HHBAPHWAHT.
IIycrs Temeps

| X 4,, dzdz,, | B B, dv.dz,

— /B4 UHTErPaJLHHEX MHBAPHAHTA BTOPOIC NOPARKA.
Ilpe GuidHeiinne GOpPMK

D= Z A.', x (€8 — &:&),

(b] = Z Bi, k (EiE;: - EkE;‘)

6yayr uuterpaidamu (2) m (2bis).
CaMuIli MAETEpPECHBIA CAy4Yadl TOT, KOTfA 7 9Y€THO; OYCTh, CJEJ0BATeILHO,
n=2m.
Paccmorpam dopmy
O -0,

¥ TPUPBBHAEM €8 OLPe/eJUTeabh HyJw. Mbl moiyimm anrebpamdeckoe ypas-
HEHHE OTHOCHTEILHO XA CTENEHH n=2m; HO IeBag Y4CTh 3TOT0 yDaBHEHAMH
€CTh LOJHLIA KBagpaT, TaK 4r0 OHO UPHBOAMTCA K YPABHEHHI0 MOPAKA m.
Ero m xopnei

Ay A

D S

GyayT 1O TOR ’Ke mPMYHWHE, YTO W BEINE, MHTErpataMd ypapHenmit (1).
Teneps MoxHo npencrasats © m @, B Buae

f=m

= 2 A (PO — O, P)),

=1
(Dl == 2 (P.;O} — O;p;‘)y

rae P; u Q, — 2m nmueiiHEIX DOJIHMHOMOB OTHOCHTeNbHO £, a P; B Q; — Te ke
IOJHHOMEI, B KOTOpHX f samenens Ha &',
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Torpa Bripakesns
’ ', ’ ., R ’ v
PlOl - Qan P?_.QQ - 02p21 “eey PmOm o Qmpm
Hynyt wosapmadtamu cucrempt @, @, m, ciaexoBaTeabHO, UHTErpajaMM ypas-
meunit (2), (2bis), rkoropsiM OGYKYT COOTBETCTBOBATH MHTETPAJBHBIE WHBA-
PUAHTHL.

Ecnn YpPpaBsHEeHHE OTHOCHTEJBHO A MMeeT KpaTHHIE KODHM, TO GYD,GT HMETHb
MECTO HCKMIOUEHHE.

Ecam mmeeM, Hampumep,
A =,
TO y)Ke HeJb3fd YTBODIKJATh, 9TQ JIBA BLIPA/KEHHS
PQ1— P10, PyQ:— P30,
—— mHTerpaas ypasrenmit (2), (2bis), HO ToaBKO 4TO UX cyMMa
PyQ; — P1Q; + Py0» — PQ,
— neTerpal ypaerenuir (2), (2bis).



TFTnasa XXIII
HHOCTPOEHUE NHBAPUAHTOB

IIpmueHelme moche Hero MHOMXKATCIA

254. Ilpeskpe Bcero, mMeeTCsA MHTETPANBHEI MHBAPHAHT, KOTOPHIL ofpa-
3yeTcsa oUeHb JETKO, KOI/[a MBBECTEH HOCHeHuil MHOmATeNb quddepeuunaiin-
1ibIX ypaBHeHuil.

Mycrn
T (1)
Xl "(2 Xn

— Hamu Jguddepennuanpysie ypapHeHUdA.
[Ipennonomum, wro cymecrnyer takas Qynuwuua M 0T xy, Zu, .. .. 2,
9TO HAIECM TOKIECTBEHHO

d (MXy)
dz,

d (MX,)

dxy

CdMx,
R

+

n

Oty $yHKIUI0 M uasLBAOT HOCHEMIHM MHOKHTENEM.
B rarom ciydae s yrBepikiaaw, 9To MHTErpas MOPALKA 7

7= Mdzds, ... dz,
€CTh MHTEerpajbubii MABapuaHT. JeficTBUTENLNO, NONYCTEM, 9T0 Mbi LPOMI-
Terpuposaiyu ypaeueunst (1), BeipasuB 2y, %y, . .., Z, B QYHKIEU OT { 1 n
DOCTOAHHEIX HHTETPUPOBAHUA

Apy gy ooy @)

muTerpax J mpuMer Buj
J={ MAdada, ... da,

rme A — saxobuaH, mI¥M PYHKIMOHANBHNMK OIPENeJHATESs TePEMEHHKX X OT-
HOCHTEABHO @; TOIJ|a HOJYYHM

d_]___{dMA

ar ! Tda’ldaz ... de

n
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Ho
diy
dt

aM , aM
dt —2 A" dI‘- *

dz, dz, dz,
da, da; "7 da,

dA aM
M-+ 85—

C jpyroit cTOpOHH,

A=

fl zapEcHBaKw TOJABKO HEPBYI CTPOKY ITOTO OIpPE/jeJHTeNs; OCTAJbHhHE IO0-
Jy9daloTCH 3aMeHod o) na o, a3, ..., @,

ah =
Caenoparensno, A -+ dt 77 OMKNO OniTh AKOOMaHOM

x, 4 dt (f;;' =z, + X,dt

OTIOCHTCJBHEO IIOCTOAHHHX o) Ou OymeT paBeH NIPOM3BeAEHHI0 AKobOmana
L4

OT Z; OTHOCHTONBHO o, T. €. A, Ha AKobmaH .z,.—{—}:‘.dt OTHOCHTENHHO LEepPEeMeH-

fLIX Z,, KOTOPLA s oOosHady wepes D; A 3ammCHBAal0

dA
A+dt—dT:A'D.

Ho axkobuair D Jnerko cocTaBuTh, 3JeMeHThl TAABHON AMATOHANYM KOHEYHH,
BJEMENTH, IpPHHALJIeKAIAe (-1 CTPOKE X (-My CTOAOIy, 3AUUCLIBAIOTCH B BH/E

dX;
14-dt e

Ocranbunie DJIEMEHTH OGECKOHEYHO MaJlbl; JEMENTHl, NPHHAJICHIAIAe
i-it crpoke u k-my croundny (i == k), sanuceiBaIOTCA B BHje
dx;
dzk

di

Orciojla cienyer, 970 ecim npenebpeysn wienaMu HOpAnKa dif?, nolnydmm

D:1+dt2
L

. d(MX,)__
_AET»_O,

aX,;
dr; ?

OTKVAA

Orcrofa 3akivaeM
dMA O » dM ax;
dt —AZX" dz‘-+A2M dz;
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OTKYyHa, lUaxkoHel,

910 ® TpeboBaNoCh OKAa3aTh.

YpaBHEHMS AMHAMHRM

255. B cnygae ypaBHeHMWil JEHAMHKH JErKO COCTABHThL OoJpmroe 4ucile
MHTETPANBHHX HHBapHaETOB. JleficTBHTENbHO, MBl Haydmiamcs B O. 56 m cne-
AYOIUX COCTABIATH HEKOTOPO® WHCJIO MHTErDAJOB yPaBHEHHA B BapHAnUAX,
a B OpefHymeil riaaBe MB y3Hal®, KAKHM 00pa3oM M3 HMX NONYYHTH WH-
TerpaibHEe HMHBAPHAHTHL.

Mepsum urrerpanom (ypasHerue (3), 1. I, crp. 147) apasercsa cnenyomui:

! r ’ i
06 — &+ ek —Em, + ... = const.
W3 Hero moJydaeTcs CAEAYIONHAE MHTETPalbHHY MHBADPHAHT:

I, = S (dz,dy, + dz,dy, + ... +dzdy).

On Broporo mopsAfKa M O4YeHb BajKkeH i nocienymouero. Hesmmuore 1ainee
(rak:xe na crp. 147, 1. I) A moaxywalo BTOpoi uHTErpaN, KOTOPHM 3ANBCHBAI0

B BHE
14 ” »
AR
' ” w
. 4 Lo
2 )& "1'. 711. »‘.l = const,
Ek Ek Ek S
M M " ik
Unrerpaiphit MEBAPHAHT, KOTOPHI A BHIBOKY M3 HEro, — YeTBEPTOrO LO-

PAZKA M 3AOMCHIBAETCA TaK:
I, = g Y dz,dy dz,dy,.

CyMMEpOBaHME, YKasaHHOe 3HAKOM X, pacupocrpaseno Ha n (n—1)/2 coue-
TaHWA UHIEKCOB [ A k.
Aunanorm4so, WHTETpaI

I, = | X dzdy,dz,dy,dzdy,,

rge CyMMHEpPOBaHMe pacupocTpamEsercA Ha n (n—1)(n—2)/6 couerammit Tpex
HMHJEKCOB i, &k m !, onATs OyAeT WHBADHAETOM, B T. J.

Takum 06paszoM, MH IOJy4aeM 7 HHTETPAILHHX HHBADHAHTOB, €CIH MbI
EMeeM n Oap CONPAKeHHBIX IEePEMEHHHIX; ORMH M3 JTHX WHBAPHAHTOR J, —
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ITocTpoenre HHBAPHAHTOB

BTOpOro mopsAfka, J, — werseproro, Jy — mecroro, . .., nocieanmii J, —
NopAnKa 2n.

Opuaxo ue clepyeT JyMaTh, UTO 3T MHBAPHAHTLI BCe pasiudunl. Jleidcru-
TEeIBHO, B KoHne N. 247 A CKasak, YTO BCErfa MOXXHO BHBECTH M3 OJHOTO MH-
BapHaHTa BTOPOr0 NOPAAKA OfEH HMEBAPHMAHT YETBEPTOTO NOPHAKA, ONEH
BHBADHAHT IIECTOr'0 NOPAAKA ¥ Tak fAajee. MmBapmanTw Jy, Jy, - .., J,,
KOTOPHE fi TOJIHKO UTO ONpEJeNHl, — HE 4TO KHOE, KAK MHBAPMAHTH, KOTO-
PHE MOKHO BHBECTH DOf0o0HKM 00pasoM M3 mEepBOTO M3 HAX.

OTE MHBapHAHTH MOKHO CBABATH C PacCY:KAeHWAMH W3 Apyroil obiacrud;
B Hagaxe crp. 149 Toma I s morasax, Kak MoHO BhiBecTH Teopemy 1lyaccona
=3 maTerpaina (3) Ha crp. 147, Wam, ITO CBOAHMTCA K TOMY K€, U3 UHTErpalb-
HOTO MHBapmaHTa J,.

Oneprpyn TaxmMm jxe 00pasoM ¢ mEBapmaHTOM J,, M HAmId OH Teopemy,
apanormuHyio Teopeme Ilyaccona.

IIycts

o, ®, O, D,

— YeTHpEe HMOTerpajia YPABHEHHN JHHAMHKH.

Iyers
AV

— AKoOman aTHX JeThipeX HHTErpaJoB OTHOCHTEJIBHO

Iy Ygs Ty Ypo

2 A.’, k?

rfle CyMMMPOBAHHME pPAacIpPOCTPAHEHO Ha BCe COUETAaHMd WHAEKCOB I, k, Oyjer
ONATH HHTETPAJTIOM.

My ppunim OB K aHAJOTMYHOM TeopeMe, MCXOAA M3 KaKoro-smbyms m3
mEBapuanToB Jg, J,, ..., J,.

Ho cornacro cpenaHHOMY MHOIO TOJBKO 9TO 3aMEJAHHIO, BCE 9TH TEOPEMH
daKTHIECKH HE OTINIAOTCH oT Teopemsl IlyaccoHa.

Opmako cpefd STMX MHBADMAHTOB HMEETCS OAUH, KOTOPOMY CIENYET IpH-

parn OoJpluee aHAYEHHE, — DTO UOCHETHHMA M3 HUX

Bripaskenne

1,={ dzdydzdy, ... dzdy,

Ero Moxino 65010 O nosydnTe mO CHOCOOY, MBJ0KEHIOMY B IpEAbLIAyIeM
IyHKTe; MEeHCTBHTENHHO, M3BECTHO, 4TO YPaBHEHHUA HUHAMAKH [ONYyCKAaKT
B KadecTBe HOCHEHer0 MHOKUTEIS OfUHHUIY.

256. Temepsr s upepmonaram, 9TO & O3HAYAKT HPAMOYTOJLHHE KOOPHH-
HATH 72 TOYEK B IPOCTPAaHCTBE, M BO3Bpamanch kK obosmagenmam crp. 149
I Toma.
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Mu wammu (crp. 150) cnemyommit mETEerpas ypaswennil B BapHaumax

zﬂ— _Zﬂ £ — const.
m dz

CooTBeTCTBYOIIHA MHTETPAALHLHA WMHBADHAHT 3AIHCLIBAETCA B BHJE

S 2 ( ) )
m dz
AHaJIOI"PI‘IllO, I-HITGI‘[)aJIy

39, = const
COOTBETCTBYET HMHBapHaHT

S @y, -+ dyl,2 + ...+ dyl,n);

UHTErpaly
2-’ (Zy,iM0.s — !/1,;'82,.' — Ty M+ Y6 ) = const

COOTBETCTBYET HMHBAPHAHT
Ql
g 21 (xl,fd.l/-z..' — Y1,:8%5 ; — Ty Y, ; T+ Y», 47, ;).

Onnako BCC 3TM MHBAPWAHTHI He NPENCTABJAAIOT JONLIIOr0 MITEpeca, Tax
KaK MX MO;KHO HEIOCPE/ICTBeHHO BRIBECTH M3 MHTETDAJOB JKABLIX CUJI, UEHTPA
Macc M miIomageit.

JTOr0 HEIB3sg CKA3aTh 0 LOCIEAYIOleM KIIBADHAHTE, KOTOPBII CymecT-
Byer, eciix QyHKUAA V ABIAETCA OTHOPOAHOA OTHOCHTENHIO ITODEMEHHHIX Z.

Mu Bugenm B 1. H6, uro ecam V — opgHopogHas Qyuknust crememm —1,
TO YpaBHEHMA B BapUalMAX JOIYCKAKT MHTETpal

Yi,iMk,s dav
2 zy, M, s + Y, o, o) =31 [2( k'm LA Y ):' -+ const,
o T i P

i

WAM, OUyCKad MHIEKCH,

2 (2zn + y&) =3¢ 2(%1—— ddl: E) -+ const.

Boobme, ecnu V — onmopognaa (yHKIUA CTemeH® p, TO TEM 3Ke CIOCO-
6or noJydmM cAefyION[UH WHTerpadm:

2 (2zn — pyt) = (2 —p)¢ 2 (E”-:‘—— % ) -+ const,

OTHY/[a MMEOM HWHTETpalhbHNH MHBAPHAHT

7= X (2edy — pydz) + (p — 2) ¢ | 3 (Lt —5-de)



IlocTpoeRne HHBaPHAHTOB 49

— FHBapHMaHT COBEpIIEHHO 0coboro xapakTepa, IOCKOJBLKY OH BaBHCHT OT
BPEMEHH.
Bropoit maTerpas MOKHO 3aOmCaTh B BHJE

a2 —7)

CIef0BATENBHO, 3TO MHTErpall 0T HOJHOro AEddepeHnmuana, W JIeFKO BHIETh,

2@E—V)

— He UTO WHOE, KaK IOCTOZHHASM JKEBHIX CHI, KOTOPYIOo a obosHagy uepes C.

WNusapuasr J — OepBOoro DOpPAAKA; CJIeJ0BaTeJNbHO, 3TO MHTErpai, Baf-
THE BJONb AYTH HEKOTOPO#l KPHBOIi.

IIycte Cy m C, — 3HaYeHHA TNOCTOAHHOM KABHX CHA LA ABYX KOHIAX
3TO# MYTH.

Ira spyra mpencrasiager coboit ¢mrypy, o603HageHnyl HaMHE B IDefbl-
Aymei raase uepes Fy; xorma sra ¢urypa nedopmMmpyercs, npeBpamaschk
B F, 10, Kak A1 o00bAcHMA B mnpemmpymeid raase, C, m (, He wusMens-
oTcA.

Orciona BHITEKAET, YTO MH HMEEM

7= | X (2edy — pyda) 4 (0 — 2 (C, — Cy).
Wurerpan
| X (22dy — pyda)

He OCTaHeTcs, CJICA0BATEABHO, MOCTOAHHEIM, Korna ¢urypa F (kotopas cso-
[ATCA 37ech K Ayre KpHBOi) pedopMupyercd; HO €Ic H3MEHEHHs IPOHOP-
IIOHAJIBHE BPEMEHM.

WnTerpax 3TOT TOCTOAHEH, eCIH 00a KOHIA JYI'W COOTBETCTBYIOT OJHOMY
E TOMY K€ BHAYEHHI0O IOCTOSHHON >KUBHIX CHJ.

B uacTHOCTH, OH TaKKe IOCTOAHEH, €CJIH Jyra KpmBoi samxuyTa. Crneno-
BATEJbIO, DTOT MHTEPAT €CTh TO, YTO f HA3BAN B HPEABIAymed riaBe OTHO-
CHTEeJbHHM HHBAPHAHTOM.

Ho ecam mpegmosoxmTs Ayry KpPUBOM 3aMKHYTOH#, TO IOJ 3HAKOM HMHTe-
rpaiza MoxHo0 00aBuTh A000# monHNE AEdPepennmal, He MEHAA BEAXYHHLI
mHTerpaia; HaupuMep, HPAGABHTSH.

2 (zdy + yda)

¢ JMI00HM DOCTOSAHHBLIM KOSPQHAIUEHTOM.
4 A. IIyamxape, 1. II
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Taxkum o6pasoM, HHTErpamn
| Sydz, | Xzdy

— TaK¥e OTHOCHTEJIBLHLRIE HHBAPHAHTHI.

B . 238 MuI Brgend, 9To M3 OTHOCUTENHHOTO HEBAPHAHTA LEPBOTO NOPALKA
MO?KHO BHIBECTH aBCOMIOTHHI HHBAPHAHT BTOPOro mopaaxa. MHBapHaHT BTO-
poro HOPARKA, HOJyYaeMLll TakuM o0pas3soM, eCTh He 49TO0 UHO®, Kak

7,= | Zdady,

KOTODH#A MH H3yIHJIH BLIIIE.
CymecTByeT ciydail, KOTJa BhIPa;KeHHe

2 (2zdy — pydz),

KOTOpOE BXOJMT IOZ BUAK HHTErpaja, CTAHOBHTCA HOJAHEM guaddepeHmmanonm.
1o caywait, Korga p=—2, KOTOpui mMen OH MecTO, ecaE OH NPHTAKeHHE,
BMECTO TOTO 9TOOB NOAYHMHATHCH 3aKoHy HrlooroHa, paeitcTBopamo olGpaTHo
IpPONOPIHMOHANEHO KyOy paccTosnmd.

Tornma

S > (2zdy — pydz) = 2 2zy.

Caegosarenbno, 327y €CTh DOJAWHOM HEPBOM CTENEHE OTHOCHTEJBHO Bpe-
MEeHHU, ® UOCKOJILKY
dz d
21 — 2‘2 gz __ @ 2 2
2zy mz —— = mz?,

TO BHIPa)KEHHE Mz’ — IOJEHOM BTOPOH CTENEHH OTHOCHTEJIHHO BPEMEHH.

Jro peayasTar, K Koropomy upmmex fxo6m B Hawane cmomx eJIexmuis
0 JUHAMEAKE».
Ho, Boobme

2 (2zdy — pydz)

He ecTh HOJXHHE aaddepenumad.
B wacTHOM ciyYae HBIOTOHOBA NPHTAKEHKA HAN EHBAPAAHT NDHHHEMAaET
BUJX

[ X (22dy + ydz) — 3t (C, —Cy).
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VnTerpansibie AHBAPHAHTHI
H XapaKTePHCTHYECKHE NOKA3ATENU

257. MoxBo 3ajgaTsca BOOPOCOM, CYWECTBYKT Ju ApyrHe axrefpamde-
CKHO FHTErpajibHHe MHBAPHAHTHL KPOME TeX, KOTOPHE MH TOJBKO 4T0 06paso-
BaJNH.

Mosxmo 6no 66 mpmmeruTs aubo merox Bpysca, ambo meron, Korophit
A ACOOJH30BAN B raaBax IV m V; neiicrBurensHo, MHTErpaibHEE MHABAPHAHTH
COOTBETCTBYIOT, K&K MBI 3TO BHAE]M, MHTEIDANaM YPABHEHWA B BaPHAUMAX,
H K 3TEM YDPaBHEHMAM MOKHO OHUIO 6B IIPUMEHMTE Te 7Ke METOAH, 4T0 X K Ca-
MOM YPABHEHHAM JBIKEHHSA.

Ho, moxer GHTH, Xydme CTOMT BHAOM3MENNTH ITH METONb, O KpaiHeHk
mepe, mo d¢opme.

Ilyers mama xaxkaa-Embyns cucrema jmddepeHnmanpHLX ypaBHEHHER

dx; -
dt = ‘Xs' (1)
M MX ypaBHEHAS B BapHAOUAX
di;, QO dX;
dt dz, E"' (2)

Wmem coepBa WHTerpajihBEHE MHBAPMAHTH HEPBOTO LOPHAKA BHAA
| (Bida, + Bz, + ... + Bdz), 3)

TAe BHpaseHAe IOX 3MaKOM MHTErpajia JHHEHHO OTHOCHTENbHO Arddepernma-
aoB dxr m rge B — anreGpamveckme dynkuum or z.

OTM MHBaPHAHTH COOTBETCTBYIOT JIMHEHHLIM MHTErpajnaM ypaBHeHmRK (2).

Wrak, kaxoBH ycloBmA, 4T00s ypaBueHMA (2) HOOYCKald KETErpajH,
TAHEEeHEe OTHOCHTEIbUO § M anrebpaudeckme OTHOCHTENLHO Z?

IIpepmonokmM, 9TO mepeMEHHMEIM  [AOTCA SHAYEHMS, KOTOPHE COOTBET-
CTBYIOT HEPHOAHYeCKOMy pemernmio ¢ mepmopoM T. Torga xospdmmmentr
ypasHeBmd (2) Gyayr ma3BecTHHIME QYHKOMAMHA OT f, MEPHOAWYECKEMHE C Ie-
puonom T, m H3 HEX Haiiferca o0mee pemmenrme ypasHeHHH (2) CIeRYIOMErQ.
BHAA:

» y Y o, f
L= de ¥ n0 (4)
TAe ¢, ,— mepHofmYecKHe (YHKOEE OT £, @, -— XapaKTEDHCTHIECKHE LOKa-

saread, A, — IOCTOABHLE HHTEIDEPOBAHUA.

3aTeM MH CMO)<eM pa3pelINTh IHHEHHe ypaBHeHMA (4) OTHOCHTEIBHO
HeH3BeCTHHX A,e™*! u malinem

Akeuk’ = Zi Eiei,k’ (9)

rxe 0, , — nepmopmgeckme $yHKOHE OT f.
4‘
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CnenosaresnbHo, Memxny & Oyaer uMeTbed n COOTHOWEHWH Bmma (9) M,
KPOME HMX, HHKAKHAX APYTUX.

Ecau ypasuemus (1) u (2) MouyckanoT ¢ pasiuunbtiz WHTETpasioB, JmHei-
HBEIX OTHOCHTEJIBHO &M anreGpadyecKEX OTHOCHTEIHHO I, TO MOMKET CIYyIUTHCH,
9T0 Kaxue-Nmb0 M3 BTAX ¢ MHTErPAJOB IEpPeCTaHyT OHTH PAa3IMIHBIME, €CIK
3aMEHATH B HAX IE€PEMEHHEIE £ 3HAYEHUAMHA, KOTODHE COOTBETCTBYIOT OJIHOMY
¥3 NePHOJAMIECKMX peineHuit ypasmenumin (1).

Kakum nie o6pasom 3T0 MOKeT OpPOUIOHTH?

IIycte

H=B §+B, 5+ ... +B E=const (i=1,2 ..., 9

— BTH ¢ JHEIEHIBIX MHTETPaioB, TAc B OynyT anrebpamueckuMn QyHKIUAMK
OT , KOTOPHE GYAyT COOTBETCTBOBATE ¢ MHTErPAJIbHbLIM MHBApMAaHTaM BUJA (3).

Oum pasiuyYHBl, T. €. MEKAY HUMM He CYIECTBYET TOK/[eCTBEHHHX COOT-
HOIUEeHMIT BHIA

BIIJI+182H2+"'+qug:O1 (6)
rae KoapduimeHTs B — mocTOANIHLE, & TAaK/Ke COOTHOLIEHMHE BHA
307 A S § e S —}—qaqflq:O, (6bis)

IAe ¢ — MHTerpaau yparsHesui (1).
BosMmos;kre Jnm TOTAR, 9TOOE Me{Ay JNHMH BBIIOOJHAJIOCH COOTHOIEHHE

BHLA
o H, 4o, + ... +9 H =0, (6ler)

Ijie ¢ — OPOM3BONBHLIE (YHKUHMH TOABKO OT z?
Coraacio n. 250, ecim 661 monoOHOE COQTHOLIEHHE MMEIO MECTO, TO OTHO-
meHust GYHKUUA © ZOJHub Ouau GuTs uMHTETpAJNaMu ypasHenuit (1).
ClemoBaTesbHO, MB EMeJH 6B

L T S )
PR

e ¢ — HuTeTpanL, M, CIEJ0BaTelILNO,
Y !
oI, +pH,+ .. 9 H =0,

9TO IPOTABOPEUHAT IPEXHOIIOKEHHIO.

HArak, mexay H, He Momer cymecrsoBath TO:IECTBEIHOTO COOTHOWIENAA
suga (bter).

OnHako ecau X [aHLl 3HAYEHHMA, KOTOPHE COOTBETCTBYIOT JAacTHOMY pe-
WEeHKIO, NEPHOMYECKOMY MIM HEUEPHOAMTCCKOMY, TO MOIKET CIYIATHCA, TTO
nepasg dacth (6) rossuecrBeHHO obpamaercs B 1Iylb.

Torma Mul Haiigesm, 910 ypasuenwe (6), kKoTopoe He YAOBIETBOPAETCA
TOK/IECTBCHIO, KAKOBL OB Myt 6viav 2, Oy/eT y/l0BJIeTBOPAThCA, Korja = OyayT
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3aMEHEeHH TOAXOAAIEM 00pasom BHOpaHHHME QYHKUMAMM OT f, a MMEHHO,
TeMH W3 3TUX (QYHKIHE, KOTODHE COOTBETCTBYIOT YACTHOMY PEIIEHHUIO.

fl HasoRy ocoOHM BCAKOE 4aCTHOE peulenue, /UIA KOTOPOI0 BOZHUKHET 3TO
06CcTOATENLCTBO.

Ilpm oTOM MOTyT IPECTABUTHCA NBa ClAydas:

Jlu6o Bce mepmopmdeckue pemenms ypasHenmit (1) ocoOwie.

JlnGo me Bce onm ocobble.

258. PaccmoTpum ocoboe pemernue S.
Ilycrs
BIBI:,I + ?2Bk,2 + ...+ qu)k,q - Bk,
OTKYZa

BE 4 Bfyt oo+ BE, =31, B, ... 3,11,

Hockonexy coorromenue (6) He BRITIOJHHETCH TOKIAECTBEHIIO, TO HE MMEIOT
MECTO TOH{lecTBa
— R — [ J—
B, =B,—...=B,=0, (7)

HO Tak Kak coorsomenume (6) moiuo OHTH BHUIOJHEHO AJNA pemenusa S, TO
a1E cootuomenus (7) (coraacHo HameMy IPEANOJOMeHuIo — alrebpaniecKne)
AOJKHBL YAOBIETBOPATHCA 3HAYEHHMAMU I, KOTOPHE COOTBETCTBYIOT pelue-
HAIO S.

Ilycrs Temeps

, dB; dB; . dB,
B;= X, dz, +Xz—dg+ e+ X, dz, !
3aTeMm
+ _  dB; dB; dB;
Bi= X, S5+ X, S b+ X,

Ouesujno, pemenme S JOJIKHO Y/OBJIETBOPATH COOTHOLICHBAM
B;=0 (=1, 2, ..., n) (7bis)
3aTEM COOTHOIIEHHAM
B;=0 (i=1, 2, ..., n) (Tter)
¥ T4K jpajee.
Wrak, Mbl cocTarmm mociegopatenanno coorHomenus (7), (7bis), (7ter)
M T. . B OCTAHOBUMCs TOT{(a, KOTHa OPUAEM K CHCTEMe COOTHOILEHHI, KOTO-
PHE ABAAIOTCA TOJBKO CJIEJACTBMAMHM COOTHOLIEHMHE, o6pasoBaHHHX paHee.
Coornomenus (7), (7bis), (7Tter) u . 5. 6ynyT anre6pamIecCKMMH COTJIACHO
UalIIM OPEINIOJ0KEeHAAM, M KX COBOKYIHOCTH o0pasyeTr TO, 9TO A HAa3BaX
B . 11 cumcremoii MHBAPUAHTHBIX COOTHOMIEHMI.
CuejgoBaTennHo, ecin cmeTeMa JuddepeHIHalbHEX ypaBHeHud A0NyCKaer
0co6oe mepuoAEIECKOE peluenue, TO OHa Oy/eT JOoUyCcKaTh CUCTeMy HHBAPUAHT-
HEX anre6pamdecKEX COOTHOUIEHMI.
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BeposTho, 3aa4a Tpex Tea He AONMYCKaeT HHBADHAHTHHX ajirebpamdecKmx
COOTHOIIEHWH, OTIARYIHLIX OT TeX, KOTOPHeE y:e msBecTHn. OpHako A eme He
B COCTOSHHM JOKa3aTh 3TO.

JdonycTEM, 9TO MEH HMeEM HECKOJHKO OCOGHX pemeHdil; JIA Kask{oro
M3 HEX JOJKHO OHTH

BB+ BB+ ... +B,B;,=0. (8)

Toxbko mocrosigERe P MOryT He GHTH OMEHAKOBHME IJIA ABYX PasiHIHKIX
oco6ux pemenmit. CiefoBaTelbHO, HE OYGBMAHO, YTO STH HBA O0COOHIX pe-
INeHAA JOJIKHHE YROBIETBOPATH OXHOM M TOR K@ CHCTEMe HHBAapHAHTHHX CO-
orHomennit. Tem He MeHee, KaK MH cei4ac JOKa;<eM, 3TO HMEET MeCTO.

JlonycTaM AJIs OnpeReNeHHOCTH, YTO ¢=4; IIOCIE0BATeNLHOCTs PACCysKIe-
HEi Omna 6H Taxoi jKe B caydae g > 4. PaccMOTpEM n cOOTHOMIeHMIA

Bme +BzBi,z+BaB.',a+p4B.‘.4=0 (i=1,2, ..., n) (17)

O6pasyem rmabmmny T ms 4n roadduumento B; Bce ompefeTHTeNH, CO-
CTaBJeHHbHIE IPDM IOMOINHE YeTHIpeX CToA6GmMOB arToil TabammE, HOMKHE GHTH
PABHH HYJIIO.

Ecin omm ofpamaiorca B HyJs He TOKIECTBEHHO, TO MH HaiiieM TakmM
06paaoM OHO WX HECKOJBKO COOTHOLIEHWH, KOTOPHM [0JKHE YAOBJIETBOPATh
Bce ocobmle penresms, Kyja BOMAYT TOABKO T M He BOMAYT HeOmpeReleHHH
rooQdunumenTHr .

Ecnnm ke onm paBHH HYJI0 TOKAECTBEHHO, TO PACCMOTPHM TPOHKY U3 CO-
orsomenuit (17); Mol BHBeZeM H3 HEHX

M _M_ My M
Bi — B2 B3 B’

rape M — MEHODH DEepBOro mopsagka Tabammu 7.
CrnenoBatensno, Mu OyneM HMOTH

MH,+ MH,+ M H; + M H,=0. (18)

310 coorromende (18) momxHO GHTH TOMKIECTBeHHHM, 400 KoaddmumenTOM
npu §, ABIAETCA OfMH M3 ompefenmTened Tabamnur 7', KOTOpHe, KaK A Lpex-
IoJIarao, TOKAECTBEHHO PABHH HYJIIO.

CnenoBaTessHO, MH monygmnm OH 3fech cooTHomenume BmEfa (Gter), wro
OPOTHBOPEYMT HAMEMYy LpPEALOJOKeHHI0, IO KpakHeil Mepe, eCIH He AOmy-
CKaTh, 9T0 BCe M paBHH TOKAECTBEHHO HYJIO.

Ecaz Bce MmHOpH mepBoro mopsagxa Tabaumu I TOMIECTBEHHO pPaBHEI
HYJI0, TO COCTABEM MHHODH BTOPOIO IMOPANKA.

Ilyers M,;, M,, M; — TpE u3 3TAX MHHOPOB, LOJYIeHHHE BHGOpOM
B Tabamne Tpex KaxkEx-iubo croaGooB M BHUePKMBAHMEM B Hei CTPoK 1 m 4
nma My, 24 —pua M,, 3 14— paa M,.
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Mu womyw M
MH + MH,+ MH,=0. (19)

IJTO COOTHOMEHHME TaKKe MOJIKHO OHTH TOKIECTBeHHEM, u60 Koaddunmen-
ToM Dpm £, B JIeBOH 9acTH ABJAAETCA ORME I3 MEHHOPOB IEPBOTO mOPARKA m3 T,
KOTODHE BCe, KaK f IPeAIoNaralo, TOMIeCTBEHHO PABHH HYIIO.

CrenoBareasHo, 3T0 cHOBA OO On cooTHOWeHHeM Bmpa (6ter), mo wkpait-
Hell Mepe, eC/IM He UPEIOIAaraTh, 9T0 BCe MEHOPH BTOpOro mopsapaka A" Tok-
ZeCTBEHHO PABHBL HYJXIO,

Ecnam e 3T0 Tak, TO IpPHEAEM K TOMKAECTBY

B H,— B, \H,= 0,

9T0 CHOBA ABJIAETCsI CooTHOmeHmeM Bmpaa (bter).

CregoBareqsHO, He MOKET CIYYIHThCH, YTOOH BCe OmpejedmTead u3 Tab-
aunn 7 rosmpecrseHHo ofpamanuchk B Hyab. lloaTomy mm OyaeM mMeTh, mO
KpaiiHeit mepe, OO COOTHomeHme (¥, CJIeJOBATENHHO, CACTEMY WHBAapPMAHT-
HEIX COOTHOIIEHHHA), KOTOPOMY ROJKHH OyAyT YHOBIETBOPATH BCe 0COOHe
pemweHna ypapHerumit (1).

Moskuo Onno OH HeMeNJeHNO 3aKJIOYHTh, YTO BCE PEMEHHA ypaBHEHHHA
{1) Ee Moryr OHTE 0COOHIME.

OnEako 5T0 He BCe; MEl MOKEM DACHIADHTH Halle onpefeleHHe 0COOHX
pemenmnii.

Mu ompemensmiam TOJNBKO 4TO oco0bie pemIeHHMsS OTHOCHTENBHO g HWHTErpa-
7o H; ypasHenmi# (2), TMHeHHKNX OTHOCATEIBLHO £ M COOTBETCTBYIOIAX g HH-
BapnanTaM (IHHEHHHM H IePBOr0 TOPAAKA) ypasHenwir (1).

Mut mMoram GH ompemenrmTh abCONIOTHO TakmM ke oOpasoM ocoOuie peme-
HAA OTHOCHTENBHO JIOOLIX ¢ WHTErpajoB

H, H, ... H

q

ypasuernit (2) @ ypasHenmit (2bis), monrygennux sameHoi £ ma §'.

OTH HHTETrpAlHl JO/IKHH OHTH OJHOPOXHKWME OJHOK H TOH >Ke CTEIEeHH
KaK OTHOCHTEJBHO §, TaK U OTHOCHTENBHO £'; 9T0 OYAyT LeJAHEe NOIEHOME
OTHOCHTEJIHHO BJTHX NEPEMEHERIX; OfHAKO OHHM He ODA3ATENHHO JHBEHHE
OTHOCHTEILHO §; CIEJ0BATEIBHO, OHE MOTYT COOTBETCTBOBATH HMHTEIPAABHHM
MHBAPHAHTAM BHICIIEr0 NOPAAKA MM WHTETPANBHHIM MHBAPHAHTAM IEPBOTO
NOpAAKa, HO HEJXHAHEAHHM.

Kpome Toro, mATErpaau JOIKHK OHTh PA3JIMYHEIMA, T. 6. OHE HE KOJKHL
TOKJECTBEHHO YROBIETBOPATh cooTHomerRdAM Buaa (6), (6bis) mam (6ter).

A craxy Torna, wro vacrHOoe pemenme S — ocofoe, eCIM A 3HAYEHHH T,
KOTOPHE COOTBETCTBYKT 3TOMY PEINeHHI0, YAOBJIeTBopAerca cooTromenme (6).

Torga Mu OyneM mMeTh

H¢ ‘:-2 Bk,.'Aks
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rae A, — opmouIeH, 00pa30BaHHEIA IPOX3BEJEHUEM ONPENEeNCHHOr0 TUCAA
comuoRkmTeneir &, &, ..., &, &, &. ..., £, BO3BeJEHHHX B MOJAXOAA-
myl cremens, a B, ; — anrebpamieckme QYHKIMHA OT Z.

KpoMe Toro, Ml DOJOMHM, KaK H BLIIUE,

B;:%B;.l‘*“ ﬁng,z"}‘ e BOB"-'I

¥ HAM HHYEro He HYKHO OyJeT HM3MeUATh B NPEAHAYIMUX PaCCYHKIEHAAX.
Mo ODpmpeM K TOMY 2Ke B3aKIIYEHMIO.
Bce ocofme pemeBwms OTHOCHTENBHO ¢ KHTerpanoB I, yHOBIEeTBOPAIOT
ODHOX U TOM K€ CHCTEMEe WHBADMAHTHHIX airebpamYecKAX COOTHOMIEHHII.
OTH pe3yabTaTH TaKKe BEPHHI, €CJIM PACCMOTPETh MHTETDAJH CJIEyIOmero
BHAA:

H, =B, %+ By fo+4 . 4+ B, b4 Bo th + Boo ity + ... + By, £,

Onpenenenne 0COOHX peleHMH OTHOCUTENBHO 3TUX MHTErpanoB Oymer
ONATH TeM jKe, W ocoOkie pemweHusi GYAYT YAOBIETBOPATH TOHR ’Ke CHCTEME
MHBaPMAHTHHX alnreGpamaecKux COOTHOLIEHWH.

Hy:xuo Opu1o OH JuOIL TOBTOPHTH IPEALAYIIEE AOKAa3aTeNLCTBO, HUYETO
B HeM He mameHAA. Toasko koogdmuuents: npm Benmumnax B, ,, KoTopue
mrpaiu G5 B 9TOM [0OKA3aTENLCTBE Ty e Poilb, 4To 1 &, Morau 6uTh nubo §,,
am6o mpomssepenmamm &, u §, auGo mpomsBefeHmAME BUAA LE,.

259. 1 me xouy BxoAwWTH 31ech B mOApPOOHOCTH TeX coolpa;KeHuil, KOTO-
PEle 3aCTABIAIT MEHA CYATATh NPABHONONOOHHEIM, 9TO B CJIydJae 8ajlaum Tpex
TeJ BCE NEPHONEIECKHE pEeIeHMA He MOryT OHTH 0COOBIMHM.

IJro yseno GH CIMINKOM NAlEKO0 OT TeMbl; A BEPHYCH K 2TOMY IO3’Ke; HO
IOKAa A BPEMEHEO [ONYIly 5TO NpeAIoJoskende, o0pamas BHHMaHEE JIHMILb
Ha TO, HACKOJBKO MAaJOBEPOHATHO, 4TOOH BCE DNEPHOAMYECKME DeDIeHns 3a-
Ha9M Tpex Tesl YHOBIETBOPAJM OXHOH cucTeMe MHBARDMAHTHHIX COOTHOINEHMH,
970 6EI10 6E HEOOXOMUMEIM COTJIACHO NPELAYINEMY NYHKTY, IS TOro, 4To0nt
oru Morim GrTh ocoOnmm. Ilpmmem cioBa 0boszHageHMA m HyMepaOuIo ypaB-
neHuA m. 257.

Ecnm ypaeuesusa (1) m (2) pooyckanoT g pazaumdHbX WHTETPaloB, JnHE-
HEIX OTHOCHT@JIBHO £ M anreGpamdecKuxX OTHOCHTENHHO Z, TO 3TH ¢ UNTErpajoB
IPONOJKAIOT OCTABATHCA PAa3TMIHEIMM, KOTAA £ B HAX 3aMENSIOTCA TEMM 3Ha-
YeHHAME, KOTOPHIE COOTBETCTBYIOT HEOCOOOMY II€PHOJMIECKOMY DeINelHio.

3anuceBag, 9TO 3TH ¢ WHTETPaJoB PAaBHL IOCTOAHHBIM, M BAMEHSS B yPaB-
HEHHAX, MOJYIEHHKX TAKMM HYTEeM, BEJIMYAHL I 3HAYEHUAMHA, COOTBETCTBYIO-
MAMA HEKOTOPOMY NEPHMOAMYECKOMY PEUIeHHIO, MLl TONYy4YdAM ¢ YPaBHEHHT
Bafa (9), B KOTOPHIX, OXHAKO, IIOKA3aTexb a, OyleT HyleM. 3HAYMT, 3TH g yPaB-
HeHUA NOJKHL HaxoguThes cpepm ypasnenuin (D). ClegopaTelnnno, AJIf TOTO
yTobnt ypasunenud (1) monyckanam ¢ pasnwannIX HNTErpajibHLIX MHBADUMAHTOB,
IMHeAHBIX OTHOCUTEJBHO Z, HeoOxogumo, 4robul Aas Beskoro Heocoboro me-
PHOJIMIECKOTO PEINeHAsI g XaPAKTEPACTHIECKUX NOKa3arTeldell «, ONIA HyJAAMHA.
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HOHH_(GM Teoepb HHTErpaJibHhIEé WHBADHAHTHEL BHA

g VX Adzt+ 2B, dzdz, — S VF (dz)). (7)

9tz mEBapmaETH OyAyT COOTBETCTBOBATH HHTeTpasaM ypasuenmii (1) m (2),
KBa[paTMIHEIM OTHOcUTeNbHO £. B camom pmene, musapuaury (7) Gyner coot-
BETCTBOBATL HHTETPAJ

F (€,) = consi,

KOTODHI MOMKeH OHITh KBAJPaTHYHKIM OTHOCHTENBHO § m anreGpamueckum
OTHOCHTEJbHO Z. 3aMEHUM B OTOM yDABHEHMA £ TE€MM 3HAYEHHAMM, KOTOPHIC
COOTBETCTBYIOT HEKOTOPOMY HEOCOGOMY NEPHOJMYECKOMY DPEUIEHMI0; MBI IpH-
IeM K

F*(§,) = const, (8)

rae F* — ofHOpPOAHEI KBaAPATHYHEI NOJNHXHOM OTHOCHTENLAO E, Koaddu-
IUEeHTH KOTOPOTO CYyTh MEPHOAMYECKUE (QYyHKIUM OT i,

Bcee ypaBrerust Buga (8) A0 K BHIBOJKMTHECA U3 ypaBHeHuii (5), a UMeHHAG
caenviommM o0pasoM.

B cnrygae kakoii-ntubo npobiemMsn AMHaMUKM M, B 9ACTHOCTH, B ClAydYae
33/1a9M TpPeX Tel MHl BHJEIHN, 4TO XaPAKTEPHCTHIECKUE IMOKABATENM HONAPHO
PaBHH H HIPOTHBOIOJOKHH mo 3HaKY. ClefoBaTeNbHO, MLI MO;KEM CIpPyIIH-
pPOBaTh ypasHeHHA (D) HOUIApPHO; NYCTh

At =L ED,, (5bis)
B ek :Z £0. (Ster)

Ilepemmoskas npyr ma apyra ypasuenusa (5bis) u (Ster), momyumm ypas-
HeHue Buia (8), a Bce ypapueHus BHUA (8) MOMKHH OHTH JEHEHHLIMA KoMGH-
HANUAMMA yPABHEHUI, NOJYYCHHHX TakuM o6pazoM.

Nrak, eciu DpeRmoio;kmTh, 9T0 ypaBHeHusa (1) UMENT KaHOHMYECKYIO-
dopMy ypaBHEHHMH AMHAMUKHA U UTO OHM COAEPIKAT p HApP CONPAKENHLIX Ie-
PEMEHHBIX, MBI IIOJAYYMM p Nap yPAaBHEHHA, aHANOTHIHHIX ypaBHenuaM (Hbis)
7 (5 ter), m, crefoBaTeNbHO, [IA KAKAOr0 TEPHOAUYECKOTO peIleHms 6y-
AeT p JIuHeiiHO He3aBMCHMLIX ypaBHermil Bmna (8).

Bribepem ofio ypaBHeuwe CPERH THX p YPABHEHMN W MX NHHEAHBIX KOM-
6umaynit, mycrs aro Gyner F* (§)=c; mocTynum TaKmm e o6pasoMm co BeeMmu
OCTAJBHLIMK TNEPUOJUYECKUMA PeINeHMAMM; TOTAA MbI OyJeM MMeTh HEKOTO-
PHit ofHOPOAHEEA TMomuuoM F* (E), BTOpOH cTemen:m OTHOCUTEIBHO £, Ko3d-
¢HUIMeHTH KOTOpPOTO OyAyT QYHKIMAME OT NEPEMEHHHIX Z, ONpeNeleHHBIME
TOJNBKO JJIA TeX 3Ha4YeHMil z, KOTOPHE COOTBETCTBYIOT IEPHOAWYECKOMY pe-
mesuIo.
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Ocraercs yaHaTh, MOKHO JIX CHeXaTh 9TOT BHOOp TakuM obpasoM, 9robH
rKoadpPunumenTn F* Onim anrebpamdeckuME QYEKIHAME OT T MW faske Hempe-
puBEbBIME QyEKnuamua ot z. fI craBmo 3agady, He NHTAACH IOKA €e PEINATE.

Iowmem Teneps HEBAPHAHTH BTOPOr0 IOPAAKA, T. €. TC, KOTOPhIE HMEKT
BUJ| JBORHOrO MHTErpala

[

rie F — numeefinas ¢yuxnusa npomseepeEmit drdzr, (xosddmnmesTH aTOH
nuHednod Gynrnmm 6ynyr, pasymeercd, QyHKUEAMA OT ). ITH MHBAPHAETH
BTOPOro mopAaKa GyHyT HMETH CIEAYKINee 3HAYEHUE.

Bepremca x ypaBmesmam (1) m (2) (Mm Bce BpeMa coXxpaHseM HyMepa-
‘qmio m. 257) ® cOCTAaBEM, KPOMe TOTO, YPaBHEHHSA

dE QdX, g
W——E'Tiz—:csk- (23)

Onm npmeenyT Hac K ypaBHEHHMAM, aHAJIOTHIHEIM ypaBHeHHAM (D), KOTOpHe
A sjaupmy B BUAe

Ajet =S80, 5a)
i,k

BopoueMm, ovu oTimuaoTes oT yparHeHm# (D) JMINb INITPAXOBAHHHMA GyK-
BaMu,

MBBapuauTH BTOPOro HOPARKa GYAYT COOTBETCTROBATH TOrAA, COTJIACHO
opepmnymeit riase, TeM @3 mETerpanoB (1), (2) m (2a), xoropue JEHEEAHW
-OTHOCHTENEBHO OIpefeaATedel

B — 5

¥ anre6pamyEEl OTHOCHTENHNO NEPEMEHHHX Z.
ycts
F e, — B8

— OAHH H3 3THX HHTEIrPaJIOB; €CJIK B HEM 3aMEHHUTh Z BEJINYMHAMHA, COOTBET-
-CTBYIOIQUMH OEePHOANTIECKOMY pPEIUIeHHI0, TO HDOJYyYINM YypPaBHEHHE BHIA

F* (85 — §,.5) = const, 9)
rae F' — nupeiinas QyHKOUA OT ompeaexmTeNeH
E;E;c - EkE;l

x03pdurmenTn KoTopoit OyqyT mepHopwYeCKEME (YHKOEAMA OT t.

Bor kakmm o6pasom Temeps MOkiH0 OyJeT COCTABATH BCE COOTHOLICHHSA
sufa (9), oTHOCAMEECA K 33JaHHOMY LEPHOAMIECKOMY DEIIEHHMIO.
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B cnyuae ypasnesmii quHaMuky ypasHeHHs (Da) pasgeNdIoTCs Ha mapH,
Kak ¥ ypasmeHmA (D); mycTs

At — SED, (5a bis)
Be=kt =388, x (5a ter)

— oxma w3 aTHX map; yMEoxmEM (9a bis) ma (Ster), (5a ter) — ma (5bis) u
BLYTEM; MK nmonyumM ypasHenue smpa (9). Hasknas napa ypasEeHmii fmacr
HaM OJHO, 4 BCE Apyrue ypasHemus Bzaa (9) OyayT TONBKO AMHEHHLIME KOM-
6MHaNMAMA TeX YPABHEHHH, KOTOPHE MOjkHO 06pasoBaTh TaKHEM INyTeM.

Cpermm Bcex ypasuermit Bupma (9), monydeHHHX TakmM o6pasom, BrGepem
OJJHO; MOCTYIAM TaK K@ CO BCEMH OCTAJbHHIMA HNEPHOAAIECKEME PeIIeHHAMM,
TOTZiIa MBI OyieM MMeTbh COOTHOIIGHH®

F* (8,5, — E,8;) = const,

JieBas 4acThb KOTOporo Oymer nmmeiinoir QyBKImed ompepmenmrenei; xoaddm-
LHEHTH BTOM JamHEHHOH ¢yrrkuEM OyayT (GYHERIEAME I, OIpeIeTeHHHMH
TOJNBKO [IA 3HAYEHWHA Z, KOTOPHE COOTBETCTBYIOT NEePHOAMIECKOMY DPEIIOHHIO.

Ocraercs y3HATH, MOKHO IM CAeaaTh BHOOp Takam obpasoM, 4robH aTH
koadduumenTn Onnam anrebpamdeckumMa QYHKIEAME HIH AaXKe HENPEPHEB-
HHME QYHKOAAMH OT Z.

O6patEMca Teneps K JEHEHHKM WHBapHaBTaM nepsoro mopanka. CoritacHo
n. 29, sug ypasHenmit (4) m, ciaefoBaTensHO, ypasHeHmE (5), OKasnIBAeTCH
H3MEHEHHHIM, €CHH [BA WJIH HECKONLKO XaPAKTEePHCTHYECKHX HOKasaTelieil
CTAHOBATCH PABHEIMH,

Ecnu, nanpumep, ¢ 3 9THX DOKasarejieil PaBHH HYIIO, TO MOKHO 3amK-
caTh COOTBETCTBYyIOIEe ypasHeEHE (D) B BHIe

P, =Xk0,

£ 5,k

(10)

rie P, 03Hauaer IOJHHOM, LENHE OTHOCHTENILHO I, C NMOCTOAHHRMH Koapdu-
[(MeHTAMH.

HanGonpmas cTemeHp 3THX IOJAHOMOB €CTh ¢—1; TO4YHee, WHACIO BTHX
TOAAHOMOB PABHO ¢; NEPBHI CBOAMTCA K HOCTOAHHOM, CTENEHbL BTOPOTO —
e Gonpme egWHMIH, TpeThero — He Ooapme ABYX H T. X., H, HaKOHEN, II0-
claenHero — He Goxsme g—1.

B cayuae, Korga cTeneHb 3TOTO MOCHENHEr0 IOJHHOMA JOCTHTAeT CBOErO
Makc@MyMa ® paBHa g—1, mpegmocieqEmit mONMHOM SABIAETCA IPOMBBOLHOM
nocaegnero, (g—2)-#4 — npousBopso# (g—1)-ro m T. A.

Bo Bcex clyyasX MOKHO PA3NENHATH ¢ IOJHMHOMOB HAa HECKOIBKO TPyHu;
B KayKJOH TpyOIe NEepBHA IOJMHOM CBOAATCH K IOCTOAHHOM M Ka>KAHU K3
HAX HABIAETCA NPOM3BOXHON IOCIEYIONero.

CrenoBaTelbHO, [OAA CYHECTBOBAHWA D JHUHEHHHX WHTETDAJTBHHX WH-
BADHAHTOB HEJOCTATOYHO, YTOOH p XapaKTEPHCTHYECKAX IOKasarened Gxnm
HYJAMH; HY?KHO eme, 9T00b p NOJMHHOMOB P, CBOAMIMCH K HOCTOSHHEM (mm,
4T0 TO K€, 9TOOK STH MOJMHOME Pas3felsluch, 10 MEHbIIEH Mepe, Ha p TPynn).
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HaxoB jke Torma, ¢ wHTepecyrmeil Hac TOYKU 3PEHUsA, CMHCI ypaBHe-
unit (10), B xotopRx P, He CBOAUTCA K NOCTOSHHOIM?

Mt onpepesnuis B 0. 256 WHTErpaJnHbil MHBAPUART, POJH KOTOPOrC BeChMa
BajKHAa. JTOT MHBAPHANT HMEET BR[

[7+e]r,

rae F o F, — Qyuruum, anreGpaudeckue OTHOCHTENHHO £ U JUUEHHHE OTHO-
curensrno pufdepernuanon dz.
Ilono6ublif MHBapPHAHT COOTBETCTBYET HHTErpany ypasnesmil (2) ciregyo-

IEro BUA
F--tF,=const,

rne F n F, — ¢ynkunn, anreSpayueckne OTHOCHTENHHO X WM AMiedHbe 0Tno-
catensno £.

Ecnu B 5TOM MHTerpale 3aMeHMM X 3HAYEHMAMM, KOTODHE COOTBETCTBYIUT
TIEePMO/UIECKOMY pEIIeHuIo, TO DpWeM K

F*+tFi{=const,

rpe F* u F] — amueiinnie ornocutennno £ pynkinuu, xoddgdunuentH KoTo-
pHX — mepmognueckue GyHxuAm ot I.

Bor xak MokHO Teneph moAy4uMTh Bee coornomenua puna (11), mexonn
u3 ypasuenuit (10).

Paccyorpum jBa monmmoma I, nepBmit — CBoAAIMiiCH K IOCTOAHHOI,
a BTOPO# — IepBO# CTENELM, NPAYEM UEpBHIl ABIAETCH NPOMBBOZHOH BTO-
poro. CoorsercrBywmue ypaenerus (10) sanmmyres

A= Zsieii (10bis)
A4 At =L, (10tcr)

rae 0, m 0; mepmogwaEm 1o f; W3 UMX BEIBOZHM
D0 — tXE.0, — const,

uyro npeacrasiger cobolt coordomenme mmua (11).

3amerum eme, uro ypasuenme (10bis), BosBemennoe B xBapgpar, focras-
nser HaM cooTHomeRwne BHAa (8) w 9ro m3 ypasneHuit (10bis) u (10ter) monino
BHIBECTH COOoTHOWeEHWe Bupaa (9), a mmeHHO:

(B8 (80 — (NEM,) (6,07 = const.

260. JIpumermm mpefrgymee K 3agade Tpex TelX u OyjaeM HMCKATH [ 9TOII
3aj1ad¥, KAKOBO MAKCAMAJBHOE YHCIO HMHTErpajJbHEX MHBAPHAHTOB pasiaut-
HEIX THMIOOB, M3YYEHHHX B IpEAbIAYIIEM HYHKTE; a MMEHHO, CIeyIOIUX TANOB:
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Nepemif THo — mHBapWAaHTHI, JHAHEHHKE OTHOCHTENBHO nufdepenuma-
JoB dr. Bropoil TMD — HHBapMaNTH, B KOTOPHX QYHKOUA MOJ 3HAKOM HHTE-
Tpaja ABAAETCS KBAAPATHLHIM KODHEM M3 IOJHHOMA BTOPOA CTEHEHM OTHOCH-
TesdbHO fuddepennuatoB dz. Tperui THO — MHBADHAHTH BTOPOTO NOPHIKA,
JIuBeiiHble OTHOCHTENBHO mpomssenenmd puddeperunuanos dz,dr,. Yerseprhii
THEN — MHBADHAHTEL BAJA, PACCMOTPEHHOTO B KOHIE Ipeisyliero naparpada,
T. €. BAOA

SF"HSFI'

STY pasiuYHHe TAOH WHBAPMAHTOB COOTBETCTBYIOT PA3MHYHLIM THOAM HH-
TerpanoB ypasHenui (2) u (2a), a UMeHHO: WEPBHI TUN — MHTETPajiLl, JIH-
Hefllele OTHOCHTENBHO §; BTOPOH THN — HMHTErpalh, KBagpaTWYHLIE OTHOCH-
TeAbHO §; TpeTWA TMUO — MHTETDATH, JUHEIHSEIE OTHOCHTENBHO OLPCIEeNHTe-
et —E. £ dJeTBepTHd THO — MHTErpalsl BHUja

F-+tF,,

rie F m F, awgeliusl OTHOCUTENBHO .

Mst MO3KEM cUMTATH KpailHe OpaBonoONoOHEIM, YTO BCE IEPUOAHIECKHE
PEeNIeHMA 38749 TpeX Tea Heocolse.

B 3amase Tpex Ten umeno cremededd cBoGO/LI PABHO IIECTH; THUCTAO Xa-
DaKTEePHCTHIECKEX NOKazareldeli pasuo ABexHajuaru. Corixacuo TOMy, 9TO
MH BAJENH B O. 78, Cpefd HAX UMEETCHA 1IECTh U TONBKO WECTh YHUITOMKAI0-
IEXCH; WMEeCTh OCTANBHBIX HOOAPHO DPABHEl M IPOTHBOIOJOKHLL IO 3HAKY.
CrenmoparenbHO, UMeeTcs miecTs ypasHeHui Bupa (10) m mects noamuomos P,,
H3 KOTODEIX YeTHIPE — HYJEBOH CTENeHd H JBa — creneHw egmenna. Wnu ke
HHAYe, UMEETCHA TPH napsl ypasHeHmil Buaa (Hbis), (Dter), gersipe ypaBHeHUA
Buga (10bis), msa ypaBuenus sumga (10ter).

Urax, mocmorpus, xKaxoso Oyger Haubolbpmmee 4MCI0 HE3ABUCHMHX MH-
BAPUAHTOB KAYKXEOr0 THAIA.

1 yroumsio, 916 A mowmmalo mopj sTuM; A He OyAy PacCMarpEBATh B Ka-
9eCTBE HE3ABMCHMLIX 7 HMHBAPHMAHTOB UEPBOTO THIA

{7e (0. (B,
HIH n HHBapﬂ{:lBTOB BTOpPOTO THOA
[VF, (VP .. (VE,

WJIK 7 MHBAPHAAHTOB TPETHEro THua

(12 [P (A
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HJHA 1 AHBADHAHTOB YeTBEPTOr0 THOA

fr, (P {7, . =Fi 1P,
ecnu mexay Fy, Fy, ..., F, Oyner cymecTROBaTh TOJECTBEHHOE COOTHOIIE-
HAE BHAA
O F 4+ QF 4 ... +O,F, =0,
rge @;, D,, ..., O, — mATErpadH ypasrenmi (1).

C camoro mavanNa ACHO, 9TO HENb3A LOJYIATH Dojee YeTHpeX MEBAPUAUTOR
mepBOTO TENA, T. &. Goxee gmcxa ypasuenmit (10bis). Jtm wermpe mEBapwaHTA
yiKe H3BECTHH.

Henpss moxyumrs Godee TPHHAAUATH WHBAPHAHTOB BTOPOro THNE, TPH
W3 KOTOPHX Opomcxofmim O H3 Tpex map ypasHemmit smpa (Obis), (bter),
a JeCATh OCTAJBHLIX HOJYYalHCh Ol IpPE IOMOI(E BORBEIEHHS B KBajgpar
gereipex ypaeHenmit (10bis) ¥ X mOmapHEIX UPOMaBEREHHH. JTH JECATH WO-
CTeAHMX REHACTBATENBLHO CYMECTBYIOT; HO OHH HE SBIAIOTCH HE3aBHCHMBIMU
OT YeTHIPEX HHBAPHAHTOB LEPBOT0 THNA, HOCKOJABLKY MX MOKHO BLIBECTH N3
HHX € IOMOINbI0 mpounenypul m. 245. ClegoBaTensHO, 3/1€Ch MOKHO OBITO Ob
MMETh TPH HOBLIX HHBAPHAHTA.

Henbsza monyuurs Gosee og@HHAJNNATH HHBAPMAHTOB TPETHEr0 THOA, TPH
M3 KOTOPHX NpoMCxXoAwa?m OH HM3 Tpex map ypasuenumii BEpma (obis), (bter);
IECTh MOAydanmch O momapHoi# KoMOmuanmeir wermpex ypasuenmii (10bis);
ZBa — KomOmuanme#r fByx ypapuenmit (10ter) ¢ cooTeercTBylommM ypaBHe-
gmem (10bis).

CeMh W3 5TEX MHBAPHAHTOB H3BECTHH; OZHHM HBIAETCA MHBapuant J
3 um. 255, mecTh OCTRABHHX — 3TO MHBAPHAHTH, KOTOPHO BHIBOXATCH M3
gernpex ypasHerni (10bis), HO ¥MX Helb3s CYMTATH HE3ABHCHMEIME OT YETHIPEX
HHBADHAHTOB NEPBOT0 TANA, UOCKOJIBKY MX MO)KHO BHBECTH W3 HUKX, NOJb-
3yACh METONHKOi m. 247.

CnemoBaTennio, 37eCh MOKHO OHII0 OH AMeThH YETHpPEe HOBHX HHBAPHAHTA
TPEeTLEero THIA.

Haxkonen, mens3s noxyduTs Oosiee NBYX HHBAPHAHTOB 9ETBEPTOTO ThIa,
T. e. Oomee gucia ypasmenmir (10ter).

Onwmu #3 3TEX MHBAPMAHTOB HSBECTEH, dT0O — WHBapHaHT 3 u. 256; Moskil0
6uno0 6K UOAYYHTH eue OfHH HOBHIH MHBAPHAHT.

BeposarHO, 4WTO O9TE HOBLIe HMHBAPMAHTH, CYI[ECTBOBAaHMEe KOTOPHX HE
HCKII0YAeTCH OPEeAHAYIEM DPACCMOTPEHHEEM, He CYHIECTBYIOT; HO Irobnl HO-
KA3aTh 5TO, CIEHOBANO OH 0ODATATHCA K ADYFrAM MeTO[aM, aHAJOTHYHbLIM,
manpaMep, Mmerony bBpymca.
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IIpaveHenue KemnepoBHIX IEpeMEHHHIX

261. VlnpapuanT 9eTBEPTOTO THOA M3 H. 206 MokeT OWTH monysen B ApYy-
roM BHJeE.
IIycts mMeem X100yi0 CHCTEMY KaHOHWIECKMX YPaBHEHMIl:

ds,_dF  dy_ _dF .
dt ~ dy;? dt = dazy° (1)

PacemoTpmM cnejylommizi HHTErpanN, B3ATLH BAOAL AYLH Kakoi-n1u6o.
KPHOBOM:

J = S (x, 8y, + 28y, + ... +2,dy,).

[IpepmonoxuM, 9TO MH 3aNACHBAEM ypaBHeNds AYTH KPHBOME, BAOIL.
KOTOpOil IPOMCXOJAUT MHTETPHPOBAHWE, BHpAKAg Z M Yy B (QYHKUME mapa--
MeTpa @, I YTO 3HAYEHHUA 3TOTO mapaMerpa, KOTODHE COOTBETCTBYIOT KOHL[AM"
ayrda, — ey @ «;. Murerpan J Oymer paBex

1= [z ]ae.

Ilpenmonosmm, 9TO MBI paccMaTpUBaeM HaIly AYTY KpEBO# kak ¢urypy I~
IpeguAymes IVIaBH, KOTOpPasg MEHSeTCH ¢ BPEeMEeHeM ¥ CBOJAWTCH K F; npi.
t=0.

Torpa z, y m QyuRnuUE oT £ | y, Takme, Kak F, dF/dz, dF/dy, . . . 6ynyT-
¢yEKOEAME a H I,

Mu npmpeM K

w= 25 e+ (Do ke
a=1[2aa]e—{[2-a(E)]e
HaTterpupys mo 9acTaM, HONYIHEM
a=[ 25 a]e+ [ 2EE]e—[2E]

dF dy 2 dFdz __ d["
dy da + dz da~ da

dJ dF
a=lr— 25l (2

HIH

Ho

CJIe/10BaTeNbHO,
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Ecru Mb npepnonoyxkum, uro F — ogHopoAaHaa (YHKOHA CTENEHH P OT-
HOCHTENRHO %, TO HPUEM K pPABEHCTBY

zzgzpb

Hycm TOTZA C — mocTosiHHAA KUBRIX CHJI, TaKafd, 4YTO ypaBHEHHE KWBAIX
CHJI 3alHdChIBAaeTCA B BHE
F=C.

Ilyers C, m C, — 3HAa49eHMA JTOM NOCTOAHHON, KOTOPHE COOTBETCTBYIOT
@, U a;; OyjeM @EMeTH
al y
3] (1 —p) (€,—C. 3)
CnepoBarensno, F He ABIAETCA WHBAPHAHTOM B COGCTBEHHOM CMEICIE
¢JI0Ba; HO €r0 UPOU3BOJHAA 0O BPEMEHHW NOCTOMHHA ¥, €CIE LOJBL30OBATHCA
BRIPA;KEHUEM, OUPENeJEHHBIM B IpPEABymeM laparpade, — 3T0 HHBAPHAHT
gerseproro tEna [¢].

262. Ilpegmonos;kuM Temepb, 4T0 F mpencraBisieT HEKOTOPHIA WHOE BHJ
OTHOPOIHOCTH,

PasnermM maph conpsikeHHEIX HEePEMEHHHIX HA JiBA KIacca M 06oanadmm
gepes Z,, y, Uaphl CONDMKEHHHX IEpPEMEHUKX IEePBOTO KJjacca, dYepes Z;,
Y, — NapH CONOPAKEHHBLIX NEePeMEHHHX BTOPOTO KIAacca.

1 upepmonaraw, uro F — ogHopoxHasg QYHKIOUS CTENERM D OTHOCUTENLHO
z,, (z))? m (y;)® Tak uTo uMeeM

dF .
+ZE( dz+‘/d1/) pF.
TlonoskuMm Torga

7= [z(zdy) 3 D @y’ — y’dz’)],

IR ]
= [[Zeit+ 7 2 v )
OTKYAia o o . o
=Dty L2 et
[ Dot 3 v ) e
NIU
a=\ 25 atr 2w ety w) |-
2=

=}

d dar d dF d dF
T d.z:+ 2 E( dadz’ +y da dy’ >:]da
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HJIH, DOoCHe HHTEIPHPOBAHHA IO YacTAM,

oy
dl dFdz | dFdy , dF dz’ | dF dy’
a_t"“SZ Gzde Tayaetar 3 Tay E)d“"’

ezt 2@ vy

dJ -
F=IF— pFl

AN

HIA, HAKOHEN,
al
E[:(i — D) (Cy— Cy),

9T0 DOOKa3bIBaeT, dITO J omAars aBAgeTCA HAHBAPHAHTOM YETBEPTOro THIIA.

263. IlpemennM npepnigymee K sajgade TPEX TeJN H IOCMOTDPHAM, KAKOR
BH OpAMeT MHBAPHAHT W3 N. 256 mpm pasnmgsoM BHOOpE HepEMEHHHIX.
B n. 11 Mu B3sam B KagecTRe IEPEMEHHHX

[jL’ p(}’ pg, BILI, ‘-}IGI, plel’
l! & e, l’v glr 0’-

F onmopopEa cremeHm —2 OTHOCMTENHLHO HEPEMEHHHIX NIEePBOTO poja, Cle-
ROBATENHHO,

| B (Zdl + Gdg + 840) + B/ (L'dl! +- G'dg’ + €/d8")] + 3¢ (C, — C,)

OyneT @HBApHAHTOM.

Ta e ONHOPOAHOCTHL MMEeT MeCTO, €CIH 33 IePeMeHHHe NPHHATH, Kak
B o. 12,
A, H Z, A!', H, Z/,

A Rk, T, N, R, UL
CaegoBaTtennmno,
S (Ad\ + Hdh + Zd0) + A’dN + H'dR' + Z'dC') + 3t (C; — Cy)
6yner BHBApHAHTOM.
Ecax npmuaTs 3a mepeMeEBHe (cM. m. 12)
A‘l A’” E, E,’ p’ p’l
N N,oa, 7,9 4,

¢yaruma F GymeT ommEopopHO# cremerm —2 oTHocmTenxsHO A, §, W, p m q.
5 A. Ivamxape, 7. II
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Orcrona caexgyer, 910
[ 21(2Ad\ + tdn — ndk + pdg — gdp) + 62 (C, — C,)

— HHBApHAaHT.

3Hax 3 03HAYaeT, 9TO0 K HamOMy YIEeHY YKAa3aHHOI'0 BH/Ja CIlEeAyeT IPHU-
COeIUHHTHh YJIEH, nonyqammﬁca A3 HEr0 NPHAUMUCEIBaHHAEM GYKBaM INTPHAXOB.

Tax
MEdn=Etdq - §dn’.

Ecnm, makoHel, MH npumeM mepemeHHHe m3 nynktos 131 m 137
A, A o,
A, M Oy
TO Mh YBUJZAM TakdAM ke o0pasoM, TTO
| (24N 4 2A7dN + 3 (x,do; — o,dw,)]) 8¢ (€, — C)

OyfeT MHBaPMAHTOM YETBEPTOrO THANA.

3amevanue 00 mupapmaHTe 1. 256
264. B b. 256 aMm paccmoTpenm caydail, Korga z o003HATANT KOOpAW-
Harel n TOYEK B NPOCTPAHCTBE, M YDABHEHHA JWHAMHKA NPHOAMAIOT BHJ
a2z dV
di2™ dz ?
rae V -— ofHnOpofHA CTemeHH p OTHOCHTENBHO X.
Mu BHpead, 9T0 B OTOM CJIydae

J = | 3(2dy — pyda) + (p—2)¢(C, — C;)

— HHBAPHAHT 4YeTBODPTOroO THIA.
,T.[Ba JaCTHHX CIIy4ada 3aC/Iy/;KHBAIOT HEeKOTOpPOIro BHUMAHNA. Hpe}IIIO.TIOH\'HM
p=2;
TOrfa OPHXOAAM K PaBEHCTBY

J=2 S > (zdy — ydz),

Z J — HHBApDHART HEPBOTO THOA.

9To moayuaercs, B YACTHOCTH, KO LPENHONATaloT, 4YTO HECKOIBLKO
MATePHMAJIBHEIX TOYEK HPHTATUBAKTCH NIPAMO IPONOPIHOHAALHO pPACCTOA-
guo. Torna mpoeepxa 9pe3BRYAdHO IIOTKA.
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JleliCTBHTEIBHO, B 9TOM CJIyJae HAMeeM

z=A cos At + B sin At
y = —mAA sin At + mADB cos At,

rae A — aGCcoJNOTHAA IOCTOAHHAA, B TO Bpemsa Kak A m B — moctosunme
HETETPHPOBAHHAMA, KOTOPHSO, BoOOIme I'OBOPA, PasiWYHEL A Pas3d@IHBIX Nap
CONpS;KEeHHHX IepEeMeHBHX. Torfa mojydaeMm

dxz — cos MdA -} sin MdB,

dy = —mA sin AtdA + mA cos MdB,
OTKyZa
zdy — ydz — mA (AdB — BdA4).

dro OOKa3eIBaeT, 4TO
J=:2\ 5 S'm (AdB — BdA)

AIBJISIOTCSI MHBAPHAHTOM, IIOCKOJBKY BpeMsA HCHYE3JI0, U B HeM QUrypupyioT
TOJILKO OfHY IOCTOABHGI® HMHTETPHPOBAHUA W uX AuPdepenmmanl.

Ilycrs Temeps p=—2; aT0T cxydail ocymecTBiAeTcA, B YACTHOCTH, KOTAA
HECKOJBKO MaTEPHAJEHBIX TOUEK IPHTATHBRIOTCH 00DATHO OPONOPLUOHATBEO
Ky0y paccToaHmi.

Torga mEBapmasT J mpeBpamaercd B

J=2 S S (zdy -+ ydx) — 4t (Cy— C,).

Ho xonxudecTBo n0J 3HAKOM HHTErpajia — HOJBHI aquddepenmuan Beiparenus
§=>zy,

TaK 9TO ecad 0603HAUMTE Yepesd S, A S 3HaueHEA S, COOTBOTCTBYIOMMO JABYM
KOBLIAM JYTH MHTErPAPOBAHAA, TO NOJYJHATCH

7 — (28, —4Cyt) + (28, — 4C,1).

Ecau Mbi, B 4ACTHOCTH, TPEANOJOKHAM, YTO OfHH U3 KOHIOB AYT® HHTErPUDPO-
BaHHA COOTBETCTBYET YACTHOMY IOJIO}KEHUWIO CHCTEMH, B KOTOPOM 7 MaTepn-
8JBHHIX TOYEK HAXOIATCA B IIOKO® M HA OYEeHL OOJBIIOM DPACCTOAHUHA JPYT
OT Apyra, B3aWMHEE CHJH OyAyT OUeHbL M&JH, TAK 9TO CKOPOCTH DTHX Mare-
PEAIBHEHX TOYeK GYAYT OCTABATHCA BECHMA IOJTO OYeHb MAJbIMH, & PACCTOA-
HEA — oueHs Goxpmmmm. Orcioma moaywaerca, aro C, Gyner HyleMm, Tak ke,
Kak # S,, ® [Ig BCexX spaveHmd !, Kak m puaa =0, ocTamercs

J=28, — 4C,t.
5*
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3anaqum
OrBamen | rinoonan | Ooman | IASSEAE TS| O%maL
Ymcno creuneneit ceobopm 2 4 6 3 4
Ymrcno map (5his), (Ster) 1 2 3 2 3
Ynono ypasuermii (10bis) 1 2 4 1 1
Yucno ypaemenmii (10ter) 1 2 2 1 1
Maxkcurnaavroe ynco Boa-
MOKXHHX HMHBADHAHTOB:
TIEpBOr0 THOA 1 2 4 1 1
BTOPOro THDA 2 5 13 3 4
TPETLET0 TANA 2 5 1 3 4
96TBEPTOro THOA 1 2 2 1 1
Makcumasvbnoe IECIO BOB-
MOKHHIX HO66Z HHBa-
PEaHTOB:
IIepBOTO THIA 0 0 0 0 0
BTOPOTO THUA 1 2 3 2 3
TPeTHero THDA 1 3 4 2 3
JeTBEPTOrC THIA 0 i 1 0 0




IF'masa XXIV
HCIHOJBb30BAHUE UHTEIPAJIBHBIX MHBAPUAHTOB

MeTonul HpoBEepKM

266. B Tome II MBI W3XOKHIE DABIAYHEI® METORK HAXOMIEHHAA PAAOB, KO-
Topele HOopMaTBHO YAOBJIETBOPAIT YpaBHEHHAM 3aJavd Tpex Ted, Taxk Kak
9TH PAXL MOTYT MMeTh GONbIIoe HPAaKTHYECKOE SHAYEHHEE M IOCKOJABKY OHE
OOJYYalOTCA TMEHOI0 JAIUMHHBIX W TPYAHHIX BHYHACIEHHH, TO BCE CPEACTBA, KO-
TOpPHE MO)XHO HA#TH JJIA UPOBOPKH STHX BHIHCIEHMIA, MOTYT OKAa3aThCH IGH-
HHIMHA; pPACCMOTPEHHe HHTErPAJLHHX WHBADHARTOB [OCTABIAGT HAM OJHO
M3 TAaKHX CpEeACTB, HE IHIOIEHHO® MHTEPECA.

O6osmaunm wepes z, (i=1, 2, 3, 4, 5, 6) xoopAmHATH ABYX IIaHET (KOTO-
pHe JOIKHH OHTH OTHECeHH, KaK Mu rosopmiz B m. 11 m Kak ME Bcerga
menanu ¢ Tex mop, mepBas — kK ConHny, BTOpas — K NEHTPY TAMECTH Iep-
Boit nnaseTs K ColHNa); 0603HaTAM TaKKe Iepes Y, KOMIOEEHTH UX KOIHIECTB
IBHMKEEHAA; 9TH KONHMYECTBA Z, M Y, MOTYT OHTH DA3JIO/KEHH B DPAAH CIELYIO-
muM ofpazoM.

Beoomaum pesyabraret rmaB XIV mw XV m, B 9acTHOCTH, pea3yiabTaThl
o. 155. B atEx rmaBax BMeCTO ABEHAJIATH IIEDEMEHHHIX Z; M J;, KOTODHE
A TOILKO YTO OHpEeNeNH], MH YOOTpeOMJIm JJf OUIpDENEeJeHHA UTOJOKeHHH
ABYX TUIAHeT [BeHARNATEL KPYLHX LEePEMEHRBHIX

’
A, A, )‘1; A, 01y Ogy O3y Oy T1a Ty Tgy Ty
Kpome TOro, Mbl BBEIN IIECTh APTYMEHTOB
’ r 4 r
Wy, Wy, W), W, Wi Wi,

nojarasg
w,=nt + @ w=n4t -+ 0,

I IeCTh APYIrdEX OOCTOAHHHX HHTErpHpPOBAaHAA
! r
Ao: AO! zxov xéov zéﬂ’ x‘;oi

¥ MH BUFGAH, YTO MOKHO YJAOBIOTBOPATH YyPaBHEHHAM [ABUWKEHUA CHOAYIO-
UM 00pasoM.
Konnwectna
A, Ay N —w, M —w,, o T

4
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pasnoxumMu 1o cremeramM p u 0. Haxpuui uien mepuopnyeH OTHOCHTENBHO W
W w' ¥ 3aBUCHUT, KPOME TOIO, OT JIByX NOCTOAHHHX METErpupoBarua A m Ag.
Ilocrosunse n; ¥ n; pasnoXKUMSl OO CTEOEHAM p M I, M 3aBHCAT, KpOMe
toro, or Ay u Ag.
BeanumEs w; X w; cyTh meCcTh MOCTOSHHKX MHTEIPHPOBAHHA.
Haxonern,
Adh 4 AldN + Do.dr,

— nonea auddepernman, ecniu 3aMeHMTH B HeM [BEHaAUATH NepeMEHHHX A,
A\, ¢ ¥ T X pasnoKEeHWAMM U DACCMATPHBATH B JTUX PA3NOKEHMAX w m W'
Kark ecTh He3aBHCUMHX NEpeMeHHNX, a mecTb KonmdecTs Ay, Ay, z]° — rak
IIOCTOJIHHEIE,

Hamu Beawdmusl z; M y,, KOTOpDHe A TOJBKO 9TO ONpejeJuN, Jerko BH-
pa’Kal0TCA OpU TIOMOINH ABEHAANATH mepeMeHHHX A, A, 0 ¥ T.

Msr 3akniogaeM, 9TO Z; ¥ Y, MOTyT OHTH pas3iOKeHH B DANH, PacHolo-
’KeHHBIC 1O cTemeHAM p ¥ z;°, paBHO KaK DO KOCHHYyCaM M CHHyCaM Kpar-
HHX W M W', B KOTOPHX KaX[hi Ko3QQHuueHT 3aBUCHUT, KpOMe TOrO,
or A, m Ay,

Ceepx TOrO, BHpaMceHHe

2.8y,

Oymer monEuM AEddepeHENmManoM, €Cau CYATATH W M W' INECTHI0 HE3aBUCH-
MEME OepeMeHHEMHA, a A, A, z — DOCTOAHHEIMA.

Paaw, monyueHEHme TakuM o00pa3oM (efBa Jm eCcTh HYKAA HANOMHHATH
o6 5TOM), He ABIATCA CXOAHIIAMECA; OHM MMEIOT 3HAYEHHE TOJBKO C TOUKH
spepmA OpMANBHHX BHYMCJIEHAH, 9TO DPHAAeT UM, ONHAKO, OIPEJeIeHHYIO
IPaKTHIECKYI0 IOJEe3HOCTh, KaK f 910 obbsacHuI B raase VIII.

TeM Be MeHee, €CJIM IOACTABUTE ITH PABIOIKEHMSA Z, U Y, B BHPAIKEAHE HH-
TerpajJbHOr0 WHBAPWAHTA, TO Pe3YJIbTAT LOCTAHOBKHE ONATH ROJNMKEH Oymer,
mo KpaitHe#l Mepe ¢ JOpPMAaTbHOM TOYKE 3PERHSA, YXOBIETBODATH YCIOBHAM,
KOTOPHM AOJIKEH Y0BJIETBOPATL WHTErPAJIBHHIA WHBAaDPHAHT, 9TO M [ OCTABHT
MeTOX LIPOBEPKH, K KOTOPOMY f X049y NpPHEBIEYh BHUMAHWE,

267. Brime MH BHIENH, 4TO
S S (2zdy + ydz) — 3t (C, — C,) 1)

- nm‘erpanbnmﬁ UHBApPHAHT.

Yrobn BOCOONHI0BATHCH DTHM MHBAPHAHTOM, CAEIaeM 3aMeHy IepeMeH-
HEX, aHAJOTMYHYIO 3amene u. 237.
Monomxum masa Oonpmeidt cEMMETpEE B 0003HAYCHEAX

wi=wyy (=123, 4), ni=ny, 3=0,,
Ag=E, Ag=E§, =%,
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Mu BEpjend, 9TO £ W y MOKEO PA3JIOMHTb B PAXH, 3aBHCAMMS OT W, W',
Aq, Aj 1ot 2%, 7. . B HOBRX of03HaueHnaAx, or w, u &, (i=1, 2, 3, 4, 5, 6).

Torga MoXHO B8ATH 32 HOBHE HepeMeHHHIe &, M w,, u guddepennAaIbHNE
ypannemm IBUMM{ECHHAHA IIPpAMYT BHUJ

dE‘ dw,- 2

0 =, ot (@)
(mopobro ToMy, Kak B 1. 237, ypasueBus (1) mocie 3aMeHH NepPEeMEHHHX IpH-
BOAMIHCE K BHULY

dy‘- dz

F=F=a).
3necs n, — pyHkuEE TOABKO ;.

Ho eme xyume B3ATH gpyrume nepeMeHHHE; B CAMOM Jielle, TAK KAK IIECTh

r, — QyHKOEA TONHKO IDECTH &, TO HUYTO He MEIIAeT B3ATH BMECTO &, M w,
B KadecTBe TepeMeHHbIX n, M w; TakmM oGpasoM, 9robu puddepennuaibmsie
YPaBHEHEsA UPUBOAWIMCH K BHLY

dn; dw;

0= n,-‘:dt' (3)

VEererpanpEnil MHRAPMAHT IEPBOrO HOPANKA IPUMET BUJ
J= S (X4.dn; 4+ 3 Bdw,),

rie A @ B — pysxmumE n, 1 w;.
fl mory mpeamoxoxmTh, 9T0 ¢EUrypa F — gyra KpuBoil, ypaBHEHHA KO-
TOPO#, MEHAIOIMEECS CO BPEMEHeM, HMEIOT CJefYIONAA BE:

ng="Ff;(a, t), w;=fi(=, t),
IOpEdem NEPEMEHHLE N, ¥ W, BHPAKeHK B ((yHKIUM BPeMeHU { ¥ IapaMerpa «,

KOTODH# MEHJeTCA OT &, [0 @, UpH mpoxo:xaenum sceit nyrm F. Torma ypas-
menus pyrm F, Oynyr

n,=f,(, 0), w,=f:(a, 0

HpEHﬂB 9TH YyCIOBHSfL, H MOI'y HaoncaTth
¢ d d
n; we
J=S(ZA‘ E+ ) B Gt da,
o

. dA, dn‘ dB‘ dIU¢ d2ﬂ‘r dzw,-
= d“2(‘01771:+W?7+Af—dm+B-'rzda)-

OTKY/a

8|2
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Ho mMmn mMeem
dA; dA;
W~2nkm’

B, dB,
at _2 " Gy

dzn-‘: O d‘—’w,- dn"
]

dtda da ?

dtda

OTKy/a, HaKOHEI,

%: S 2‘ [dn‘. (Zk n, %;:'—}—B‘) + dw..zk n, :—ﬁi,j.

Ecim J — abCcoXwTHENE @HTerpajbHEHEA WMHBAPHAHT, TO MK HOMKHH 0y-

HeM, CIe[0BATeIbHO, HMETh
dB;
> T G =0, (4)

dA;
Ek ny 35 =B (5)

Waygum teneph, 970 mpoH30ixeT B caydae, korga A m B — mepmopmye-
cKkve QYHKOWA W W MOTYT, CIe[[0BATEIbHO, GHTH PAa3I0KeHH B TPATOHOMETDH-
9ECKHe PALHL.

Paccmorpem cHavana ypapHeHHe (4); mycTs

B, =3 [bcos(muw,+ ... +mgwg) + b sin (m,w, + ... 4 mzwg)l,

tie b m b’ saBmeaTr or n,.
Ypasraenne (4) OpEBOAHMTCA K BAXY

di(myn, 4 ... + mgng) [—b sin (mw, + ... -+ mgwg) +
+ b cos (mw, + ... + mgw,)] =0,
9TO MOMKET MMETh MECTO TOIBKO, €CIH
mng+. . .mgn,=0, (6)
b=0b"=0.

HIIA eClH

Ho m — menrme nocrosHHme, 7 — HAIIR HE33BUCHMEIE NEpPeMEUHBLIC,
MEXAY KOTOPHIMHM HE MOKET OBITh HAKAKOTO JHHEAHOTO COOTHOIEHHS; ypaR-
genme (6), caemoBaTensHO, BiaedeT 3a coboi

JTo 03HAUAET, 4TO TPUTOHOMETPHUECKOe pasioieHme B, cBoguTca X ero cpepn-
HgeMy BHAYEHHIO, T. €. 9T0 B, — QyEKOEA TOIBKO 7, He BABHCAIAA OT W;.
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Ilepeiinem Temeps K ypasHeHHEI (D); IYyCTH
A; =3 (acosw -+ al sin w),
r/ie OJid KPATKOCTE 3alHCAaHO ® BMECTO
mw,+. . mgw,.
Torga ypasmenue (5) sammchBaeTCA TaK:
> (mn, + ...+ mgng) (—a sin 0 4 a’ cos 0) = —B,.

Paccmorpum cragaNa 49ieH, 8aBHECAIIHAEA OT W, T.€. TAKOH dieH, 4dTO
My, My, . . . , Mg He oOpamaioTcs B HYJIHb ORHOBpeMeHHO. Bynem mMerh

min,~+e o .+meng 5% 0,

B, B mpaBoil 9acTi He 3aBUCHT OT W; 3HAYHT, 9TA IIPABAA YaCTh He CONEDHHT
HE 9JI6HA C Cosw, HE wieHa ¢ sinw. Otcioga BHTexaer, 9ro

a=a’=0,

Cnenona're.nbno, A‘- HE 3aBHCHT OT W H CBOJHTCA K IOOCTOAHHOMY WICHY

@r0 TPUTOHOMETPHYECKOTO DPABMOKEHMH, WIEHY, KOTODHH BaBHCHT TOJBKO
or n,.

Ho Torga ypasuenme (J) CRBOZHTCHA K
B,=0.

Boofme, BcaAkmil abCONIOTHHA JTHHEAHHE WHTETPAJbHKA HHBADUAHT Hep-
BOT0 HOPAAKA, B KOTOPOM BEIPAKE€HHe IOJ 3HAKOM WHTErpaxa anrefpamTHo

OTHOCHT®JBHO Z W Yy M1, CIENOBATEJHHO, MePHONMYHO IO W, ROJKeH Oymer
HAMETE BH]|

g S Adn,,

rie A, BaBUCAT TOJBKO OT 7;; BTO JGACTBHTENHLHO MMEET MECTO JJA U3BECTHEIX
HaM a0eOoNOTHHX WHBADHAHTOB, KOTODHE HOJYJaloTcH XudepeRnupoBaHEEM
UHTETDAJIOR IIOMAMeH, MHUBHX CHJI WIH [BU;KEHHS NEHTpa TH:KECTH.

Ho orrocmrensBu# * mEBApHAHT

J= S S (2zdy + ydz)

3aCAY:KUBAET GONLIEro BHAMAHEHA, MH BUAENH, HTO

J—3t(C,—C,)

* Kax moxassBaeT AajibHelimee W3J0KeHMe, [ HOr0 BRIONHEHH ycnosaf . 238, (Tpux.
ped. nepeaq.).
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(rge C; m C, — 3HAY6HAA IOCTOAHHOM RUBHIX CHX Ha ABYX KoHIax ayra Fg)
¢CTh WHTErpatbHLId mEBapmanrt. CrepoBaTensHO, OymeM HUMEThH

4 —3(C,—Cp) =3 j ac. )

Ecam MH OOATE HOJOKHEM
7= {3 (Adn, + Bdw),

to ypaBHeHEe (7) IpEMeT BHJ

2 dn, (2 kgﬁ‘ B, +dw,.2 nka; 352‘3%dn‘
x k :

60 mocTOAHHAA KEBHX cEl C — QyHKOUA TOJXBKO OT N,
¥Ypasrerua (4) 7 (5), cremoBaTenbHO, NOMMKHEH OHTH 3aMEHEBH CIELYIO-

OIEMH:
dB; .
E x n, E”—k: 0, (41)18)

dA; dC .
2 Py 3 = 3 3-—Bu- (5bis)

A m B pomwen OHTH HepHofmIecKEME (QYHKOUAMHE W.

Ecnm Mm moctynmm ¢ ypasHeEmamd (4bis) m (Sbis) Tar ke, xar mocry-
nmiE ¢ ypasEeEmamua (4) m (D), TO cHoBA HaHmeM:

1) aro B, He B3aBHMCAT OT w;

2) 9ro A, He B3aBHCAT OT W;

3) gro
ac B

3R: i

HTaK, MBI H2XOOHM OKOHYaTeJBbHO

S (2zdy -+ ydz) = S A ,dn, +3E——dw

rae A, BaBHCAT TOABKO OT n,.
JlpyraMa CI0OBAMH, BHpa;KeHAA

dy‘ dI‘
24( ’d"k+ ‘d"k)’

2'. <2z, 25 6T Ys dE (8)

He 3aBHCAT OT W ¥ ABAAITCA PyHKOEAME Toubsko aubo §, nmbo n, B 3aBH-
CEMOCTH OT TOTO, BHIPayKeHO JH BCe B QyHKuY £ i w nid B QyHKDEA 1 ¥ w.

AN
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Taxmm e ofpazom Oymem uMers

D, (22 5Ly, T2 ) =352 (9)

z;, J; m C pasioseHsl, KaKk # cKa3ajJ, U0 cTemeHsM p ¥ r,°. Brpaenus (8)
m obe uacta paBeHCTB (9) TakKe, CIe0BATENBHO, paanommm OO CTemeHAM
3THX KOJHYECTB.

Bce gnermm paznomenuit Buparkenuit (8) mo crememaM p m z;% KOIGKEHHL,
CIef0BaTeIbHO, OHTH HE3ABMCHMBIMH OT W.

C npyro# cropoHB, Kamguil WIeH pasdoMeHUA JNeBoit gacta (9) moisken
PABHATHECA COOTBOTCTBYIOIEMY 4WieHY IPaBOi 4YacTH.

Msr mmeem, Takmm o06pasom, o9eHb (OJBIMOE YACHO COOCOGOB IpPOBEPKH
HAIIAX BHYHCIEHUH.

268. 1 ckaszax, gro
Xz.dy,

— monmEmi gupdepernman, ecau cuuTaTh §; TOCTOAHHKIME, 8 W — HE3ABH-
CAMEIMA IIePEMEHHEIMU,
JleficTBATEIbHO, MBH TOTAQ HAXOJHEM

[ > (aady - yda) =3 | 3 57 dw,

HAM, TaK Kak dC/dn, 3aBHCAT TOXBKO OT £ W, CIEOBATEIHHO, JOIKHH OHTH
paccMaTpmBaeMbl KaK IIOCTOSHHEE, TO

[ > (2edy + ydo) =33 5= w,,

Sszy+ S E(zdy+ydz)=323—f‘wn

OTKyZa, HAaKOHEL,
SExdy:323—s‘_w‘-—2xy. (10

Bepremca Ha MrHEoBemme K oGosHaueHmam u. 162, B arom mymxTe, ®ax
u B m. 152, M B3sAIM 3a HepeMEHHEE

A, A's 9y
A

OTKYHA

(11)

’
1 )‘11 T.';

ML IOJOXHIHA

a8 =(A— Ay o) @\ + (A' — Aq,0) dy + Fogdr, — d (o) '7,).
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C nmpyro# cropons, nepemenmsue (11) Tak e, Kak W IepeMeHHEE Z;, Y,
ABIATCA CONPSKeHEHEME nepemeEHmME. OTCIOga BHTEKaeT, 4TO, KaK MHE
CIYyYaJoCh HECKONBKO pPa3 OOBACHATH, BHpAKeHHE

S z,dy; — Ad\, — Ald\, — No,dt, — AU

ecTh moanb gaddepennuman. f npmbaBawo, 910 MBI Jerxo obpasyem ¢yHK-
muio U, KOTOpy0, CIE0BaTeIBHEO, MOXKHO CUATATH HM3BECTHOR (PyHKImeR z,
2 y,.

Torma mmeem

dC ’ r’
§=3 Eﬁ'.- w, — Wz — U — Ay, by — A ohi — a1, (12)

Tak KaKk UPE NPHIOKEHMH MeTOAMKM riaaBw XV ME IPAIIA K DOCTpOe-
Hoio oyaknmz S, ypapHerme (12) mocraBiser B HOBOM BHAE MCKOMYI0 KOHT-

POIBLHEYI0 HOPMYNY.
Ceasp ¢ oxmoit Teopemoit fxodn

269. UssectHo, uro fIko6m B Hagane csomx «Vorlesungen itber Dynamik»
NOKa3ad, 9TO B CIYyJa€ HBIOTOHOBA WPUTHMKEHHA CPEHEe 3HAYCHMO® KUHETH-
49eCKO# 9Beprum paBHO C TOYHOCTHIO O HOCTOAHHOTO0 MHOKHMTENS CPeJHEMY
3HAYEHWI0 NOTOHNHMANIBHOX JHOPTMH NpPH NONYHEHWAH, PA3YyMEETCH, YTO KOOp-
HAEHATH MOTYT GHTH BHpAa;KeHH TPATOHOMETPHYECKUMM DHANAME TOTO 3Ke BHJA,
9TO W DPHARE, KOTOPHE MH 3[ech H3ydaeMm.

9dra Teopema fxo6m HemoCpPENCTBEHHO OPMMHKAET XK IPERHIYINEMY. ¥ paB-
HEHHS] ABIDKEHHSA MOTYT OHTEH 3andcaHhl ciegyomuM obpasom:

dz; _ dy, __dV
Mg Yo @ T dme
OTKYJa
2
= V=
a-—V=C.

Torga — V mpepcraBasger co6o# MOTeENUMAIBLHYI0 38epruio, C — IOIHYIO
3HEpPruo, a
vi
2m4

— KHHETHYECKYI SHEPIHIO.
C npyroit cToponu, Tak Kaxk dymrmma V ogHopomma cremenm —1, mMu 6y-

LeM HMeThb
dV dy'-
—V =D n= N

ﬁ__iE dzy
2m; 2 LYiar e
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Ypannefme HUBHX CHJI MOMHO, ClIeJOoBaTeJIbHO, 3alHCATh B BHJE

%29;%+zxi%=c'

C npyroit croponsl, BoasMeM cHOBA ypaBHerns (9) n. 267 m DpocyMMEpyeM
AX [OCIe YMHOMEHUA COOTBETCTBEHHO HA N,; IOXYYAM

dy,- d‘t" — dC
zi(zx‘Zk nkm—f—y‘ Ekn" 370—;,)& 321:”" dn, "
3amegag, 4910
2 dz _dz
Pk dw,—dr

d
(nOORO.ﬂBRy —;f:nk), 3aKjiogaeM, 4TO
\ dy‘- dI’- . dC
2(2a G0 ) =3 -
CpaBHEBasI ¢ ypaBHEHMEM ;KHBHIX CHJ, HAXORUM
ac 2
271,‘ m-—-g' C,

9T0 HOKaszmBaeT, 9T0 C NOJIKEA GHITH O(HOPOAHOA CTENmEHE %/, OTHOCHTENHHO
N, 9T0 MOMHO 6blI0 O6H yBUAeTh, BIpPOYEM, HEIOCPEACTBeHHO. Teneps, cpej-
Bee 3pagenne ysxnmu U, Koropoe A obozmagy [Ul, 6yner mynem, ecam U —
OpPON3BOJHAA LEPHOLMIECKOR (YHKIHM; CIOKOBATEIBHO, MMEOM

z[yi%‘f'x‘ d—dy?‘:]:()

H, COOOCTaABJIASA C YpaBHEeHUEM HMBHIX CHJ, BRIBOXHEM
1 dz,
[z v ]=—¢
dy.
[2 Z; -ayT' ] ZC,

N' V7
Do) s

—Vi 2

OTKY/a

Jdro — Teopema fIxobu.

Paccmatpmsas wacTmsie mpomsBopune dz/dw, BMECTO HONHBIX IPOR3BOA-
HpX dz/dt, Mbl UpmmuM GH K ABAJOTMYHKM pe3yasraTaM. MH Hamum 6

dy‘- d.'E,- .
2‘ [zt a‘,;,‘c‘;".l/; d"’k] =0
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H, CIeJoBaTeslbHO,

dy; 71 odC

(Do ]=3%
dcC

[2 Ys d"’k] 3‘1_";'

punoskenne k 3amage ABYX Ted

270. Ilpepupymume paccy;KMeHH:A OPMIATAIOTCH, B 9YACTHOCTH, I¢ 33/aue
nByx Ten. Paccmorpmm mirapery m ColBie ® oTHeceM IIaHeTy K 0CAM
¢ (UKCHPOBAHHEIM HaUpAaBJIEGHHEEM, mpoxopammym 1Tepesd CoxEme; paccMoT-
pZM, CHEZOBATONBHO, OTHOCHTENBHOE JIBHKEHHE IJIAHETH IO OTHOIIEHEHIO
g Conmnmy.

Ilycrs x,, &4, Z3 — TPN KOOPAEHATH NJIAHETH; Yy, Y, Y3 — TPU COCTABIAIO-
e KOJAKYECTBA JBIKEHHA.

Iyers £, 7, { — TP KOOPAHMEATH IJIaHETH, OTHECEHHLIE K 0CODBIM OCHM,
4 DMEHHO, K 6oJbOIof oc opOMTH, MapaNield MAJOH OCH H NEPUEHARKYIADPY
K IJOoCKOCTH OpOHTE; MBI OymeM MMeTh

z, = hE + him + AL,
z, = hyf + hym + AR,
Zy = hgt + ham 4 At

rae A — NOCTOSIHHBIE, CBSI3aHHHKE XOPOIIO MBBECTHHIME COOTHOINEHWAMM, Bhi-
PaKaIOMUMA OPTOTOBAJBHOCTh IpeoO0pa3oBaHEA KOODAUHAT.
Tarum e obpaszom OGyaem umers

r d wal
= phy G uhi e

rape g — MacCa NIJaHETH,

Teneps sCHO, 970 { — HYJb ¥ 970 & M M — QYHKOEE EJUHCTBEHHOI'O
aprymedTa w, ABIAOIIETOCH CpegHed aEoManweidl, W ABYX NOCTOSHHRIX —
GoJBIION OCH @ W IKCOEHTPHCHTETA €.

C npyroit croporH, A — QyHKOEE Tpex yrioB Jinepa, mnm, Goxee obmg,
KakuEx-7E60 Tpex OyHKOHE ©,, ®, g ITAX TPEX YIJIOB.

TaxmMm oGpaszoMm, z m y — QYEKOUZA w, 4, € B O,

Torpa Oynem mMeTh, Ha3pBasg C NOCTOAHHOM WBHX CHI X 1 CPEHMM /[BH-

’KeHneM,
dy
E(Ztsdw‘_*_y‘d )_ dnl
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a ¢ JpYrod CTODPOHEI, BEIPAMEHHSA

2(2’:4 dy'+y. da)’
2 (2 +u g,
2( *Z«If)'+y’dwk)

MOJKHL OHITH HE3aBHCHMEI OT W.

Hexo'ropme ¥3 STHX BHCKA3HBAHAA ORIH OYeBHJHEI 3apaHee W HEe A0CTaB-
JAAI0T HAM HOBOI'0 KOHTPOJIA.

Heiicreurensro, dr,/dw, — Takme JmHe#Hne QyEKOUE Z;, K0ddHIEOHTH
KOTOPHX 38BHCAT 0T ©, UTO

dz;
2 $ d(ﬂk_— 0'

OTCIO}Ia BEITEKaeT, 9YT0 MHE MO»KeM HAaIOHCATh CJeayiolnee TOMKIECTBO:

a, & a,
dz; dzy dzg
*1 3oy + a3 +“3du,k"‘ zlk Izk -'Esk ,
P1 P2 ¥s

TAe o — alofble MOCTOAHHNWE, a ¢f — sagamENe QyEKnEE w; Tarxe Gymem
AMETh

@ G @&
dyy dy dys
Ko P atch i IR LA E
<P1 <P2 (PS
Orcioma caegyeT, 9TO MH HMeeM
p P T Ty Ty
2y ot 1) U !
E(Zz‘dwk—}-y‘ dmk>— yxk yz;‘ Jak .
P P2 Ps

9T0 BHIpaKeHHe JONKHO CBONETHCHA K IOCTOSHHOM, HE 3aBHCANEH OT w, H,
TaK KaK MH HMMEEM TPH AHAJOTHYHHX COOTHONIEHWS, KOTOPHE NOJNYydaloTCd,
ecrm monoxmrh k=1, 2, 3, MH MoKeM HAIOHCATH

YaZy — YTy — const,

Y1%3 — Ys%, == const,

YsTy — Y;T3 = const,

Ho sTo BHe HOBHIH pesyabTaT; 8TO ypaBHEHHA IJIOIMafeH,
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Wsyunm Temeph BhIpaskeHUe

dy, dzx;
9 Yi i
2(""7:"1111 Y da)'

IlocMmoTpuM, Kak z m Y 3aBHCAT OT 4. BeJIHUHHHN Z CONEP’KAT & MHOKHETEISM
a Yy cogep:sar an, ubo mmeem
_ I.-__ d.’l:,'
Yyi=pgg=wng, .
C.regoBaTeIbHO, MMEEM

dz;, =« dy,

i %i 9yi__Yi 4 yidn
da o’ da_a+

nda*

CiiexoBare:IbHO, HAINE BHIPAJKEHHE IPEBPAIAETCA B

z 3 2 dn
Y\ n da

Jlerko TpoBEpHUTH, YTO OHO PaBHO HYII0; AEHUCTBUTENLHO, UMEEM COIVIACHO
TperbeMy 3axory Hemiepa,

n%a® = const,
OTKyNa
2dn , 3da

_+_:

Me 1 3aech He moTydaeM TakuM o6pazoM HOBOTO cHocofa KOHTpPOJMA.
Ocraerca H3yY4dTH [ABA BHIPAKEHUA

dy;
2( ‘dw‘+y' dw)
dy;
(e v ) =E.
Mst gonKHE DpPOBAapLEPOBATE TONBKO € M W; HOBTOMY HE JOJKHBEL GoJblie

BAPBHPOBATH @, T. €. HaupaBleHue Goasmwoi ocm opGurthi. CriemoBaTelbHO,
moskeM BuGparh ocobne (OpOMTaNbEBE) OCH M IOMOMHTH

o =i= a['—‘z" e+ 2 Jp—l (Pe) cosppw]’

m=n=ayT=[ Y I, (pe) "222],
z,={=0,

w,
E

QOyskiunn J — dyrrunr Becceas; mon 3HAKOM X UHAEKC P DPHHUMAaeT
BCE IeJiEe 3Ha4eHUsA 0T —oo A0 oo, 3a UCKIAKWIeHHneM suadeHms 0.

6 A. Ilyaukape, T. II
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Orcroma momywmm
y,=—panXJ . (pe) sin pw,

Yy =tpanyl —e2 27T, (pe) cos pw.

Torxa Bupamenue W mocie COKpameHuA Ha O0MMHA MHOKHMTENb pe’n mpu-
HAMAET BUJ

3e2 Jp_lpcospw—ZEJp_l(i(Ep—wE J ,1p c0s pw +

[Z I ps smpw:r 2(1 —“32)2];: )sm pwE J p1p sin pw +

+ (1 — )27, cos puwft =

A mucan Belopy pas kparkoerm J, , Bmecro J, ., (pe).
Mb1 mOMHHLI BMETH

ac
W=33.
Ho
I L 2,8 .
C= 5o s na® =m,

rxe m obosnauaer mMaccy CoNHNA, CHOIKEHHYI0 C MACCOM ILTaHETH!, CIAej0Ba-
TeNEBHO,

2 2
C=— —f;—min?
u
2 1
ac = -5
—ﬂ:—_—pm‘*n 3 :—pazn.
Ho rTaxk xax
W = pa®n W'
TO HOIYIUTCH
W = —1.

IlpmpaBEuBas HOAO0HEE WIEHH, MOTYYUM PAX COOTHOIIGHMHA MEKRY PyHK-
muamu Beccenst J.

Nsygenne Boipakerns E npmeeno G Bac K pALY AHAJIOIMIHBIX COOTHOINE-
HH#, B KOTOpHe Ha 3TOT pa3 Bomad On ¢ymximu Deccensa J ¥ ux mepsue
[ POMBBOJHEE.

271. MoHo OHII0 IPHEBECTH eIMe NPHAMEDH YaCTHNX NPUJIOKEHHMH; MOKHO
6nimo OB, HanpEMep, Hocae pa3bopa, KaK Mbl 3TO TOJBKO 4TO CAEN&NM B Ipe-
KHAYyINEeM OYHKTE, CIyYasd KEIIepoBa ABHKEHUHA, T. €. HOCJe ydeTa WIEHOB
crenerd ( OTHOCHMTENPHO BOBMYINAIODIAX MACC, DPHIOYKHTH Te ’Ke IPHEUHOE
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K COBOKYIDHOCTH ulleHOB cTeneHn 1. be3 BCAKOro COMEEHHS, ME Ipmiim O
K MHTEPECHHBIM COOTHOIICHMSM.

PasarM ob6pasom, MoxHO GEIIIO OB H3yYaTh IO TOMY K6 cmoco0y ypaBHe-
HEA BEKOBBHIX BO3MYIUIEHUH, KoTopHe paccMoTpeHH B riaase X. Torga Gnino 6w
BHTOJHEe BMECTO MHTErpaJbHOTO MHBAPHAHTA

S 2 (2x"d-l/|' + ‘I/‘-d.’ti)

BOCIIONB30BATECA AHAJIOTMYHBIMM MHBAPUAHTAMM, KOTOPHE ONpeJesleHk
B nydxkrax 261, 262, 263.
M=u ocraBUM BCe 3TH BOIDOCH B CTOPOHE.

lelJIODKEHHe R aCHMITOTHYIECKMM pEeIICHUAM

272. 1lpmMesdM eme 3TM NPHHNOMOH K ACHMOTOTAYECKEM pONICHHEAM.
Bospmem 3a mepemMeHHEIE KOODAMHATH Z; U

dx;

vi=m g

Paccmorpmy mrBapmaut
7= { X (2ady + ydz);
ML 3HAaEM, 4T0 eclim C — NMOCTOAHHAA ;KUBHIX CHI U eciau C, m Cy — 3HA9eHHA
9TO MOCTOAHHOW HA ABYX KOHNAX JAHWH WHTeTPUPOBAHAA, TO OyAEM MMETh
J—3t (C,—C,)==const. (1)

Ecim paccmoTpers cmCTeMy acHMITOTHYECKEX pemeHHi, TO OHa IpefCTa-
BHETCA B CJIEAYIOMEM BHAE: Z, ¥ ¥, GyNyT pasiio;KeHH OO0 CTeUeHAM

Aent, Aemt, ..., A,
apudgeM Kodpounuents: GyAyr nepHopgudHH mo I-+h, ®
A, Ay, ..., 4, Rk

¢yThb n-+1 NIPOM3BOJBHHX IOCTOAHHEIX.

Ecanm atu 3nauenusn Z; 1 Y, IOACTABHTh B YDABHEHHUE »KHABEIX CHMJ, TO JeBaf
JaCTh OKaMKETCA paanomeunoﬁ OO0 CTeneHAM

Ajent, Aet, ..., A%,

npudeM ko3ddanuenTH GYAYT MEepHOAUIHH U0 [+A; 2 TAK KAK OHA He NOIKHA
BaBHCETH OT I, TO OTCIOAA BHTEKAET, 4TO OH& He OyAeT 3aBHCETH TAKKe H OT 4,
Ay .., A4, uh
CorepoBaTenbHO, €CJIM MBI NOACTABMM BEAYEHHA Z, M Y, B ypasHenume (1),
TO HOJYy9HM
C1:Co

6.
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H, CJEeJ0BATEJBHO,
J =const.

B J sBupakemme IOX 3HAKOM MHTErpalla OKAa3HBAGTCA PA30KOHHBIM
M0 CTENeHAM

t
Aent, dert, ..., AN,

npudeM KodQQPHIIHEHTH NEePUOXUIHK OO0 I-A; OHO 3aBHCHT JuHeHHO ot k41
aagdepeHnaIon
dd,, dA,, ..., dA,, dh.

CnenoBaTedabHo, MK JAOI:KHLI HMETh

d d
E (2.2:3% +vy ﬂl?) = const,
}5 dy dz\
(21: d_h- + Yy —d‘h—-) = const.

JleBsie wacTu ypaBHeHui (2) OKA3HBAOTCA PAa3I0KEHHHMH HO CTEOEHAM
A%, Bce uleHH 3TOr0 pa3NoOKeHMA JOMKHH OHTH HYIAMM, KPOME CBOOOA-
goro unera. Takum o0pasoMm, molydaeM MHO)KECTBO COOTHOIIEHMHE MeKAY
KodppunmenTaMu pasnoeHUA z, N0 creneHAM A et

fl orpaEmuyck B KadecTBe OpPHMEDPA pACCMOTPEHHEM IEPBNTO YiIeHa X
HATHIOY

2

z,= X, Z,Ae*,
rae X, u Z, mepmoguussl 1o t+h.

Otcona BLIBOAMM
yi=m,;[X; + Ae* (2, + 2Z))],

X: » Z oszpagaor npomsrogHne or X, u Z..
3 1] 1 t
Torna, npereGperanx Bce BpeMa wieHaMu ¢ €™ m T. ;., moXydum

> <2x£;”_ 4y %):2 met [2X (2! + aZ) 4 X'2].

CraepoBaTesnHO,
>3 m(2X2Z' 4+ 20XZ + X'Z) =0,

9TO JaeT OepBOe COOTHONeHue Merkny xoadduumentamn X, m Z,.

CoorHomenue
dy dz\ __
E (23: rraant) Tfh—) = const

JKOCTaBMT APYroe, KOTOPOe, OJHAKO, B AGHCTBHTEIBHOCTH He OyHeT OTIMIaTHCH
OT NepBOro, TAK KAaK, KOMOMHUDYS €ro ¢ 9TUM LNepPBHIM COOTHOLDEHUEM, MEI
gaman OH ypaBHeHHe, KOTODPOE SBJAETCA HEIOCPENCTBEHHHM CIeCTBHEM
OPUHIMIA KABBIX CHIL.



I'mnasa XXV

WHTETPAJIbHBIE MTHBAPUAHTBI
1 ACMMIITOTUYECKUVE PEHNIEHNA

Boaspauienne &k meropny Boanna

273. Ilpexcpe dem MITH jAaJbIDe, Sl XOJKEH JONOJHAUTL HEKOTODHE M3 pe-
syasraToB raas VII, XIX u XX. fI xoay cragana pesroMEpOBaTh Pe3yIbTATH,
KOTOpHe A OyAYy CPaBHMBATH APYT C PYTOM M KOTOPHIE IIOCHYIKAT MHe celidac
OTIIPABHBRIM IIYHKTOM.

Mu sugenu B raase VII, gro ecim cucrema

d.’l"j
dt

=X, (=12 ..., n) 1)

AOOYCKAET IIEPHOJNYECKOe penienne

T, =2z} (2)
M eCIM NOJIOKUTD
z,=29-}-E,
10 £, 6yAyT PasNOKUMEI IO BO3PACTAIOUIEM CTENEHAM
Aent, Ae™t, ..., Agent, 3)

npugeM KosdouuenTs: OypyT NepuofmYecKMMM (GYHRUEAMA oT I; A, CyTh
DOCTOSHHEI® MHTETPAPOBAHUS, &, — XapPAKTEPUCTAYECKHE IOKA3ATENH IepHo-~
AudgecKoro peureHus (2).
dtu papu Beerga (OpPMANLHO YAOBJIETBOPAIOT ypasrerEaM (1); omm cxo-
[ATCA NP OLPEJENEHHBIX YCIOBHAX, KOTOPHEe MH Boickasanu B 1. 105.
Mmeercsa mcki0aeHne B ciydae, KOTAa MEK/AY DOKA3aTEIAMY O CYIIECTBYET
COOTHOLICHHE BMJA:

i

T\/:—ﬁ-*—zaﬁ"—“.-:o- . (4)

e xKoadpuumeHETH [ — mesnle, HOJOKUTEIbHEE HIM HYJIH, K03pOHEOEEBT
1 — HEJHH, I0JOKATENbHYI WK oTpruaTeabEsi (cp. T. I, crp. 290, crpoxra 7;
BaIMCHBAA 3TO COOTHOUIGHWE, I HPEANOJIaraio, YTO eJUHWIAa BpeMeHHE OnlIa
BH6pana TaKuM 06pasoM, aTobn mepuoy pemen®a (2) 6uur pasen 2),

Ecam mmeercsa cooTHomernde BEAa (4), To & me Gyayr Gosee pasiommMsl
II0 CTENEeHAM KOJu4ecTB (3), a pasiaraloTCA IO CTEIIEHAM STUX KOJHYECTRB H I.
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JT0 KaK pas E OPOACXORMT, €ca¥ ypaBHeHuA (1) mMMeOT KaHOHHYECKYIO
dopMy ypaBHEHmH JEHAMUKM.

JeACTBHTENEHO, B 3TOM CJaydae ABA [OKA34TelNsA — HYJH, & OCTAAbLHHE
IOOApHO PABHH M HMMEIOT IPOTHBOIOJOKHBIE 3HAKM.

B ciyuae ypasuenuit guHamuku [uiu B Gonee ofmeM caydae, KOI/|a UMERTCH
cooTHOmeHu® BHAA (4)], ME ONATH-TAKE CMOTIIHM IIONYIHTL M3BECTHHH Pe3yib-
TAT; JOCTATOYHO OBLIO IPHJAATH IOCTOSHHEM WHTEIPAPOBAHEA A TaCTHHIE 3HA-
Yenus TAaKmM 00pasoM, 9To0H o0paTUTh B HYJAb T€ M3 HAX, KOTOPHE COOTHET-
CTBYIOT HYIEBOMY IIOKA3aTeJNI0, ¥ OBy M3 TeX [ABYX HOCTOAHHEIX, KOTODLIE
COOTBETCTBYIOT Kaj){HO# muape moKasaTeie#dl, PABHBIX ¥ IIPOTHBOIOJOMKHEIX
uo 3naky. [Boxee o06mo: MB YHHYTOKHM IOCTOSHHYIO A, COOTBETCTBYIOILYIO
OHOMY M3 IOKa3aTejell, BXONAIMAX B COOTHOmMEH®e Bu/a (4), TakmM o0pasom,
yro0H MeKZy NOKA3aTeIfAMH, COOTBETCTBYIOIEME IIOCTOAHHHM A, KOTOpHE
OTIIMYHAL OT HYJIA, HO CyMECTBOBANO COOTHOIEHUS DTOTO BHAA ).

Hanpuwmep, ecau

alzaz—_—o, Oy == —0yy Hs=—=—%e, ..., & —x , (n—txe’mo)

n—1 == n

TO IIOJOIKHM
A=A4,—0, A,=0, A,=0, ..., A,_,=0.

Torga ¢ onarh OGyAyT PA3IOKUMHE IO CTENEHAM Tex KoawuecTs (3), KOTOpHe
OTJMYHEL OT HYJA; TOIBKO Teneps MK He Gyaem umeTh Gousiue o61mero pemenus
ypaBresms (1), a moaydEm 9acTHOe peNIeHHE, 3aBUCANIEE OT MEHBIIETO YeM I
2

HHX TOCTOSHHHX,

Bor xaxum 00pa3oM ME UPAULIE K AaCUMIOTOTHUECKMM PEUICHMAM: MEl HCXO-
AUIM M3 YHHYITOKEHHMA OIPefeJeHHOIr0 YHCJIa IOCTOAHHLIX A, HE TOXBKO TeXx,
KOTOpHIe NPAPABHANM HYJI0 IO DPHIAHE, O KOTOPO# s TOJBKO 9TO FOBOPHI,
HO X T€X, KOTOPHe MH JOJKHH YHAYTORATH, YTO0B! YAOBJIETBOPUTE YCIOBHAM
cxogamocta m. 105.

fl me samuMaloch B HACTOAIMUI MOMEHT pasio;KeHHeM £ WO CTENeHAM p

am .

B raase XIX s mayuun merox BonuHa, KOTODHI, B CYIIHOCTH, SBIAETCA
TONBKO IpuUioMeHuHeM Merofa fixo0u, MOCKONBLKY 3ajada CBEJEHAa K pasHCKa-
En0 $yHEIEE S, YAOBIETBOPAKUIEH ypaBHEeHMID B YaCTHHIX IIPOM3BOJHLIX.
Toasko sTa yHKUEA Geperca B Buje, KOTODHl cuenuajbHO IpucmocobieH
K CJIy9al0, KOTJa MEKAY CPOJHHMHE JBM:KEHAAMA HMEeTCs DpuOIn:KeHHOe JH-
HOHHOE COOTHOMeHWE ¢ UeanME Koaddummuentamu. Caydanm, KOTOPHE KOMAKHBL
HAC MHTEPecOBaTh 60JbIiNe BCero, OJIMBKY K TOMY, KOTODEHIA A HA3BAJ IPENeb-
HEM caydaem (o. 207). Mel supenm B 3ToM maparpade, wro gyHkuua S pas-

n "
(a HMEeHHO, B O611(eM cilyudae ypaBHEHMN llHHaMHKH) ypciaa OpoHu3BOIb-

J0MMMA MO CTEmeHAM \pn B Buje

S=80+\/¥ISI+!*S2+
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H 9TO
(ISP

dyg

DEPHOANIHA C HEPUOROM 2T OTHOCHUTEIBLHO
Yoy Yz ov v Un

{eciy npHHEATH 0D03HAYEeHMA YIOMAHYTOro mnaparpada).

Ho pesyabrath MoryT GHTH yHPOUIEHH 3aMeHO# NepeMEeHHEIX, M3I]O0KeH-
Ho#t B nyaxrax 209 m 210,
fl onpemenma B n. 206 r+1 QyErIMA

7 G £,
nepuognIeCKNX OTHOCHTEILHO IIEPEMEHHBIX
yﬁi y37 ey y";

aTH (QYHROMH A PACCMATPHBAI Kak 0000I@HMA NIEepHOJAYECKHX pelleHui,
Mp monomunu 3arem B m. 210

o=z +m y=un—=~ y=y >1),
d » at

’ ’ T
=z, 1§+, dy‘,- —Figy;

C HOBHIME IGDEMEHHRIMH Z,, Y; YPABHOHUA COXDAHAKT KaHOHHYECKYIO
$opMy; TOIHKO HOBHE YDPABHEHUsA GYAYT DOIYCKATH CIEAYIONM® UHBAPHAHT-
HEle COOTHOIICHMSA:

r ’ ’
=z, =y =0,

KOTOpPbIE MOXHO DPAaCCMATPHBATH Kak 0000meHUA OEPHOAMYECKUX pPeUIeHHH
IS HOBBIX YPAaBHEHUH, TaK e Kak

,’Ijl:‘yx, y]_:Cy z‘.:E..
— QA CTAapHIX.
Mbr MoKeM, Cj1e[0BATE]bHO, 0€3 OrpaHMYEeHHs OOIIHOCTH ITPERIIOJIOKUTh,

9T0 KAHOHMYECKUE YPABHEHUA MONYCKAIOT B KaYeCTBe WHBAPUAHTHHIX COOT-
HOINEHUK

z,=z,=y, =0.

Ecan aro Tak, 1o Mu Bugexu B u. 210, gro y,=0 aABaserca npocTHM HYJIeM
ONA OpOM3BORHBIX dS p/dyl H JBOHHEIM HYyJeM JJIA IPOW3BOJHHIX dS p/dy‘

@ > 1.
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Taxum o6pasom, S miam TouHee S —.S,; MO:KeT PasiaraTbCA MO CTENEHAM Uy,
H pasioskeHue OyAeT HaYMBATECA C UJIEHA BTOPOM CTemeHH; MH OyaeM MMeTh

Al
S=S0+Ezy%+23y§+24yi+--y (5)
rae X — PAAH, 3aBACAIIME OT Yy, Yy, - . -» Y, ¥ PABI0IKEHHEE HO CTEOEHAM Voo
KpOME€ TOTO, MH BHAHMM, 4TO 3, — HEPHOJHUCCKHEe PYHRIMH OT Yo, Yy - - o) Yy

Ho aToro, K COMalIeHHIO, NI HAalleH IEIM HegoCTaTOYHO.
QOyrxmusa S, onpefenenHas ypaBHeHHeM (O), 3aBHCHT, B JeHCTBHTENIH-
HOCTHM TOJEBKO OT n—1 DpOM3BOJABHBIX IOCTOAHHHX
0 \] )]
), =}, ..., T,
B T0 BpeéMs Kax A HOJNHOrO DeIIeHWA 3a/[a¥M UX HEOOXOAUMO MMEeTh 7.
Jlns Gonee yray6aeHHOro MCCAENOBARMA OOPATUMCH K 3aMeHE HepeMeHHEX
n. 206. Ecam mpmmem ofosHadeHHms 3TOTO naparpada, T. €. €CIH IOJO0MHM
1 S' dy, y, 4B

z. = —————

A=Y\ Vaoe o ATV A @ e

eCIE OIpPESeINM, KaK B YIOMAHYTOM vaparpade, TEPeMEHHNe Z;, Uy, vy, PYHK-
wam T n V, To nponaBonase V oo v, u z;, GYAYT NEPUONAIBCKAMA QYBRIMAME 2,
[ep. 1. II, crp. 645.]

Hccnenyem 6oxee moxpo6uo ypassenus B Hagame crp. 646 (r. 11), xoropsie
3a0HECHIBAIOTCA B BUJS

Y1=00n Yo Y - Ya)
Z, =0 (Vp Yo Yoo - Unhr
3aTeM, CIATASL Yy Yg» - - «» Y, HOCTOAHHEIMU, PACCMOTPHMM, KAK B HA3BAHHOM

maparpade, ypaBHEHHSH
y=0(), z=%5)
Eeom MH 3aCTABAM MEHATLCH Uy, TOUKA (Z,, ¥,) ONHIIET KPUBYIO, KOTOPYIO
A X094y H3yInTh. IIpeAmonoskuM, 9TO MHI, He MEHSA WHOCTOSHHBIX Z,, Zy
.. . Z,, BACTABEM MEHATHCH Z,; LOJYTHM 0eCKOHEYHOE MHOMKECTBO KPUBHIX,

COOTBETCTBYIOIMEX PAa3JIAIHHIM 3IHAYCHHUAM I;
Brime MBI OPeANONOMANNA, 9TO MMEEM VHBAPHMAHTHLEIC COOTHOMERHA

T =z;=y; =0,
KOTOPHEe ABIAKTCA Kak Os o0o0menweM NepHOAAYECKHX pemeHnH,
dTuM cooTHOmMEHHMAM OyHeT COOTBETCTBOBATH TOYKA
z,=y,=0,

T. €. Ha9ajg0 KOoopAMHAT. VIMEHHO B OKDECTHOCTH 3TO# Touku s GyRy m3ydaTh
Hamy KpPHBHE.
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Jlagum z; 3HaveHme, KOTOpPOe COOTBEICTBYET JacTHoM ¢yHxumm S, ompe-
JeIeHHOR ypaBHeEHeM (9); IOIyddM

2y =2 Doy, +3 Rayt+ ...

Cnenona'rem,uo, COOTBETCTBYIOMAA KpMBasg OPOXOAWUT 4Yepe3 HAYaJ0, MH 0O~

Ayauiu GH BTOPYI KPHBYIO, IPOXOJAINYI0 Yepe3 Hadano, 3aMeHAN \p HA —\/p.

CnegoBaTensHO, EMeEM [Be KpHBLE, IEepPECEKAalOI[MecH B Hadaje; ApyTue
KPHMBHE CMOryT IpoiiTd BOJIM3E Hayana, He JOCTHATAA 6ro M HO HmepeceKasch
ApYT ¢ APYToM; MHOKECTBO KPHUBHX Gyger HANOMEHATH OO CBOEMY o0ImeMy
BEAY B HENOCPEACTBEHHOH OKpecTHOCTH Hadana (QHIypy, o0OpasoBaEEYIO pA-
noM rumep6osi, IMEOIMUX OTHY H T yKe aCHMITOTH, ¥ HX ACHMOTOTAMH.

274. Ins Toro urofel Jydnie M3yYdTh STH KPWBHE U COOTBETCTBYIOIIME
dyuxumu S, orpaEMIEMCA CHAYANA CIydaeM, KOTAa MMEIOTCS TOJBKO JIBE CTe-
meEu cBOGOZEI.

JlomycTuM, 9T0 MH caenanu 3ameny nepemeHHEX m. 208, Tak 9ro

-7"1 - 1'2 e yl e 0
-_— HG[)HO}IPI‘IGGKOG pemem{e; 39TO O3HavYaeT, 4TO AAA

-'”1‘ == xz i yl e 0
nMeeM
dF dF dF

dy,  dyy, dz;
Pasnoxum F 1o BO3pacTAlOMUM CTENGHSM I;, Z, U Y;. Jiuen cremenu (
OyneTr 3aBMCETh TOJIBKO OT Y, M TAK KAK MH JIOJHHE MMETH
dF

d!lz- '

TO OH CBefeTCsa K nocroagno. Tak Kaxk F oopefellieHa JUMIUb C TOYHOCTBIO
pi{¢] HOCTOHHHOﬁ, TO MOXHO IPEIIOJOHTE, YTO 3TOT YIEH Hynenoi'r CTeNIeHR

ecTh HYJb.
Byzmem mcraTh uieRH nepRoil CTENEHH; TAaK KaK
ar drF
—_— = 0,
dzy dy,

TO He OyAeT APYTHX YIEHOB IEPBOH CTENOHH, KPOMEe WieHa C Z,.
ITonoxkum Temeps

— ’ R ’ —_ 2 ’ _52 ’
Z) = 8&Xx,, Y1—¢8Yp Ty == €°X,, Yo = €Y,

Mu BHAAHMM, 9TO F penumrca na e? M 9T0 ecJH MOJOKUTH
F— EZF/,



90 Horme meronst neGecnoit mexammiu. 111

T0 yPaBHEHHA COXPAHAT KAHOHMYIECKYH (OpPMY H CTAHYT
dz; _ dF’ dy; __ aF

dt — dy; ! dt —~ dz; ° (1)

1

HKpome Toro, F’ Gyaer pasiaraThCs OO CTENEHAM € B BHIAE
— K ’ 25 .
FIl=F 4 el 4%, + ..

¢ fpyro# croponsi, F' Oyper pasnaraTecf IO CTENeHAM I, Z,, J,, LpHieM
Ko3pdunmenTH Gynyr mepmopuIecKMME (YHKOMAME oT ¥, . Haxkomem,

Fo= Hz, + Az® + 2Bzly, + Cy}?,

rne H, A, B n C — nepnoaugeckne QyHKDAH V,.

IlpuMermM cefidac K HAmUM ypaBHEHHMAM OJUH METOJ, AHAJOTUYHHIA Me-
‘Topy Bonmma, B KotopoM mapamerp e GyAeT UrpaTh TY K€ POIAb, KOTOPYIO
B raase XIX mrpan mapamerp p.

Or6pocum mITpMxM, cTaBlIMe HEHY)KHEMM, H Gymem mmcats z,, y,, F, F,;
Bmecro z,, y,, F', F.

ITpescae Bcero, A yTBeps;kaalo, 9TO BCETAA MOKHO IIPEXDOJIOHKHATH

H=1.

Ecxu 6351, B camom fesne, 370 GHUIO HE TAK, TO A B3AJX OB 3a HOBLIE IIEPEMEH-
HElEe

- . dy
7, = Hz,, yE:S—H—z.

Hamomnveckas gopma ypaBHEHHH He M3MEHEIACh Obl, IOCKOIBKY

z,dy; — T,dy,=0

— moxsHi mapdepermEAL.

Cpepx Toro, y yBeImuumBaeTcs HA IOCTOAHHY0, KOIJA Y, YBEIUIABAETCH
Ha 27; 51 BCETKa MOrY BHODATh eMBMLY BpPOMEHM TaKmM o0pasoM, 9rolst aTa
mocrogBHaA Onna paHa 2w. Torpna Beakaa mepmogndeckan QYERIUA OT Y,
< mepmooM 27 GygeT NepHOAMYECKOR yHKOUed OT y, ¢ HEpPHOFOM 2.
Wrak, Bug pyrxumu F He maMeHdTCA; TMmb NepBuit anen Hz, cBefeTca K 3.

Wrak, upegnonomum H=1.

fl yTBep:xnaw 3aTeM, 9TO MOKHO UPEALOA0MUTH

A=C=0, B=const.

B camom pnene, ofpasyem kamoHm4eckWe ypasHeHms (1), mpepgmosaras
€=0; moxyamm

dy, . dz, LED — —{— C

L 1, i — —— _dy2 pemmanad 2 (B:I:l yl)'
d d B

d!:l — __d% = —2(Az, -+ By,)
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@ OTHO yPaBHEHH® OTHOCHTENBHO dZ,/df, KOTOPOE A MOTY 3aMEHETh YPABHEHMEM
JKHEBBIX CHJ
zy+Ax?+2Bzy,+Cy?=const.
YpaBHeRAA

dz, __ ay __
dyzl = —2(Bz, + Cy,), d—y; = 2(Az, + By,))

— JVEeiHEE ¢ mepHofudecKEMH Koadduumentamu. Bcmuy n. 29 omm O6yayr
uMeTh o0mlee pemeHde

Ty =wp 4+ W,Yy; Y, =we + WY,
W= e, w,—Bety:,

e ¢, ¢, ¢;, ¢, — mepuoamyYecKue GYHKOUHA Y,; & U S — IOCTOSHHLIE HHTE-
TPUPOBAHUA; @ U b — IIOCTOMHHHE.

Jlerko Bupers, uro b=-—a W UTO0 @P— $p; — WOCTOAHHAA, KOTOPYK
A MOTy IpPeAHoJOoKHATh paBHOE 1.

IIpm sTEX DpeamONOMEHAAX COBEPIIEM HOBYK 8aMeHY IEPEeMEeHHEIX,
moJiaras

Ty =z +y9; ¥ =29+ ¥:9o
2, =2, -+ Hz* 4 2Kzjy, + Ly; yo=1y,

toe H, K, L — $yHknun y,, BHGpanase TakuM 06pasoM, gTo05 KaHOHAYECKA S
$opMa ypaBHeHHI He HW3MeHmJach, J(Jaa 9TOro gocTaTo4HO, 4TOGH!

z,dy, — zdy, + z,dy, — z,dy,

OBI0 mONHBIM AEpPHepeHmIaIoM.
Ho mu Bmpmm, 9ro z,dy,—z;dy, paBEO DoXHoMy pampdepernuany, yse-
JIMYEHHOMY HAa

— s (22 (00! — 99)) + 4F (0.9 — 901) + 225 (p.9 — 941)],

THe ©, @], . . . O3HAYAIOT HPOMIBOJHEIE OT @, Py, . . . IO Y.

CremoBaTesibHO, miIA TOro 4YTO0H KaHOHAYeCKad ¢opMa ypaBHEHHH
#e N3MEHWIACh, AOCTATOYHO B3SATh

2H =o9' —op; 2K=o/ —op; 2L=¢;9/ — 3.

Msr pupmM, uto H, K, L — nepuogndeckne GyHKOEA Y,, OTKYKA CIERYeT, UTO
Bup ¢yExumm F Takke He U3MEHUTCH.

Ho ecam mur upegmonoxum =0, T0 ypaBHOHRA LOJKHBI JOLYCKATh B Ka-
9ecTBe PEIeHHA

.’L';_ — ae*“‘y:; ; = pe—ayz ’
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OTKYJAa

Mo:knmo, cnepoBartensHo, 0e3 orpaBuveEWsi OOHHOCTE TPEJNOIOMMUTD
H=1, A=C=0, B=const,
OoTRyAa (OCKONBKY ML yOpalm IWTPHXH)
Fy=z,42Bz,y,.

dro MH 1 OygeM HAelaTh BOpEIb.
Cosepmum elne OfHY 3aMEHY NEPEMEHHLIX, [0JIarad

Ty, —=un, log %i—

= 2v.

z,dy, — udv = '-d(—z__}m

— noanui guddepeHnman, To KaHOHUTECKad opMa He M3MEBUTCH.
Hpome Toro, moaygaem
z, =e"Vu, y,=e’Ju.
Torga dyuruus F pasnaraercs OO CTEHEHAM

&, Z, \u, e, e, e, eivs,
Kpome Toro, mmees
FO:x2+ZBu.
Hrak, sBospyMeMm F B BHje
F (x5, u; Yy V)

g onpemeaun QyEKIuI0 S ypaBHeEmeM fxoOm
ds dSs
gy i e v)=C
rae C — mocroanHad. Pasuoium S m C mo cTemeHsaMm e:

S =8, +e8 +eS,+...,
C=C,+:C,+e2Cy+ ...
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HOaa onpegenenmsa S, S, S, ... DOIYyIEM CIeAYION[Ae DPEKYPPEHTHHIE
YPaBHEHUSA:
dSO

4 2p 85 dS(, _c,,
azs1

dS
+ B 1 —(I)_}-Cly
ds2

(2)

dS2

+B

_'(D"*‘sz

fI 06o3magap, Kax dTO ysKe feJal MHOTO Pas, BCAKYIO M3BECTHY0 QYHKIIHIO
uepes @; Bo BropoM ypammeHmu (2) s cumTa S, M3BECTHHM; B TPETHEM CYH-
tai0 S, 1 S, E3BeCTHRIMA M T. ..

Ionomuam

So = @gYy 4 B
opu yCIOBUH

(1.0 + ZBﬁo == CO'

Tag kak C, — IpPOU3BOABHO, TO 00 MOCTOSHHLE Z, U ) MOIYT OHITh BEHI-
6pann npomsBoiabHo. OxEaxo BaxkHo mHe Gpars B,=0. Bor mouzemy.
IlpepuoroxeEm, IT0 MH J[0Ka3alIHd, 4TO

Pas3jad0iEMO OO0 CTEeIeHAM

MH cMokem (ecaH P, He HyJib) BAKJIIUATH OTCIONA, YTO TO ke OymeT u Ai1a

VT

HOCKOJBRY IOJKOPEHHOE KOJMYECTBO CBOAUTCA K 5‘, upu e=0. Ecaun 6u1 §;
6r10 HyJeM, MH He CMOrAE OH CHelaTh 3TOT BHIBOJ; ORHAKO HAM BaKHO
UPHATY K TaKOMYy BHBOJAY M3-3a IPMCYTCTBHA pajukaia \u B F.

Paccmorpum Temeps Bropoe ypasHerue (2). Oysrnus P, BXOXAMAA B HETO,
S4BHCHT OT V M Y, M HMEET BHUJ

DO — 2 Am, nemvﬂ'ny, + AO, o

KoapdunuenTnt A CyTh MOCTOSHHNE, MOTYIIWe 3aBHCETH OT %, ¥ f,. HgeKcu
m ® n MOryT OIPHHMMATH BCE IEJHe 3HAYeHHS — IOJOKATEelIbHEE, OTpMIA-
TeJILHHE MIH HyJeBHe. [[IA ACHOCTHE f BHJENAI0 W3-IOJ 3HaKa X WIeH, B KO-
TOpOM 3TH IBA WHAEKCA — HYJIH.
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Torpa BTOpoe ypaBueume (2) paer
moiiny,

S Ao, €
=, + B+ EW
IpH YCIOBHK

@, + 2B, :Ao,o + C,.

3a uCKJIIOYEHUMEM BTOr0 YCIOBHA, UOCTOAHHHE &, M B, m C; IPOU3BOIBHEL
A MOTY DDERNONOKHATE, CJIEJ0BATENBHO, 9TO

QI:‘BI:O‘

1 ompepmensio S, TpersEM ypaBHeHEeM (2); 3TO ypaBHEHHE HMeEET CO-
BEPIIEHHO TOT ;Keé BHUJ, 9TO M BTOpOE, M PEINAETCH TAKEM xe o6pasoM ® T. J.
B peayasrate mpoussopmwe dS/dy, m dS/dv pasmaranTca 10 CTEIEHAM

e, e:tv, gL,

Ecau cpaBHuTh 9TOT aHAJAW3 ¢ IPOBOXEHHERM B U. 125, To BUAHO, YTO MeMLY
HUMO HMEeTCHA aHaJordd. TOJbKO BMECTO TOro, 9ro0H HMETh JIWIL MHEMEHE
DoKasaTeabHEEE (QYHKIAN

ei-y.’ e:t-ys’ e ei'!n’

MBIl HMeeM 37eCh BEIIeCTBEHHEHI® HDOKa3aTeJIbHEIE QJYHKIIHK

et’.

275. Kous cropo pysrnma S ounpeneneHa, MH MOKOM, IPHMEHAA MOTOR
fAxobu, mpuilTy K pAgaM, aHaJOTHYHRIM pajgaMm mo. 127.

Qynrumsa S 3aBHCUT OT U, Y, B ABYX HOCTOAERERX «, u B,. Ilocrosmman
MEBHX CHI

C:C0+ECI+
ecTh QyHKOUA a, A B

Torpa Mu mMeeM B KadecTBe pelIeHHA KaHOHMIECKEX AaddepeHnEaIbHRIX
YPaBHEHHH CIexylommue ypaBHEHHA:

s s s _ds

Ty= gy gy Ml =g myt By =
___dc . ___dc

M= M=,

rge ©; m I, — ABe HOBHE IIOCTOAHHE® HWHTerpupoBanms. Ilpesxme Bcero,
si BURY, UTO 1) X Ny, KOTOPHE 3aBHCAT, MEKY OIPOYHEM, OT &y A [3;, PABIOKEME
IO CTENEHAM e.
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C npyro# cTOpOHH, S MOKHO Pa3I0KATE N0 cTemeHsM ¢ ¥ npu e=0 1 umelo:
B KAYeCTBE LEPBOT0 NPHOIAKeHHA

ds, _as,

xzr-_d—yz::zo; u_W:BU;
dSp , as,
nlt—}—fblzmzyz; nyt 4 0, = B 7

M1 nmeeM dWeTHIpe YpPaBHEHUA, W3 KOTODPHIX MO/KHO HAMTH I,, U, Y, U U,
Pa3JoieHHEE IO CTOIIEHAM € W 3aBUCHIIAE, KPOME TOIO, OT &, Py, nl-+3y,
Nyt +w,.

C noMompI paccyAeHHS, COBEPIIeHHO AHANOTUYHOTO NPOBEJIGHHEOMY B:
. 127, mp yBugenm 6u, d4ro

Iy U, Yo — (nyt + By), v — (nyl -+ @)

PASJIOKHUMEL II0 CTEIIEHAM

e e:t’.("lf'i’mx)’ ei(":H-mz).

Kpome rToro, To xe Gyaer ana \u, z, u y,.
51 mor 6t raske [o6aBUTH, UTO BCE BTH KOJHMYECTBA PABIOKUMSI II0 CTEIEHSM

e, %, e:ti'(”xl+mx)’ \/E;e(nzi-faa)’ \/%e—(u,l-rﬁ):);
B caMoM pmerne, S—JS, pasiaraercda II0 CTENOHAM
e, @y, €%, \Be®, VBe.
Ecnm My nonxoykuM Ha MTHOBEHWE
Yo— (mt +8) =125 v—(nyt + By) =2z,

TO IBa YypaBHEHHHA
as d$§
n1t+8’1:d—a0-, n2t+fﬂ2::vd—ﬁo-
OpEMYT BEK
Zy==efy,  Zz==ey,, (3)

HpEYeM ¢, X 3 PABIATATCA IO CTEHEHAM

e, a ei:"("x“‘ml)’ VB—oe(nsz,), \/Eo'e—(n,Ha’,)’

2y, %
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[B camoM fene, MBI MMeeM, HAIpUMEp,

\/‘?;e"z\/pze""m’(i‘f—‘zil“i‘ 12-32 + ‘:gd + )

I aHanormuunie GOPMYIH A e*¥: m \/B,e~’].

Torga s moKasaTexrbCTBa BHICKA33HHOTO IPEAJIOMEHMA JIOCTATOIHO UPH-
JIOKETh K ypaBHeRuam (3) reopemy u. 30.

CpaBREM Temepp HOJNYYEHHHLIA DPO3YJIbTAT ¢ pe3yabraToM riaaBs VII, xo-
‘TOPHIA f YIOMAHAJ B Hadajle HACTOAMEHA IJaBH.

B raxase VII Mmu Bupenum, 9To B OKPECTHOCTH IEDPHOJMYECKOTO peleHus

z,=Y;=2,=0
‘TIEPEMEHHBIe Zy, Yy, Ty, Yo PABJIATAIOTCHA IO CTONEHAM

eﬂ'_(n;uml)’ Aen;t' A,e—n;t u t,
1ne A, A’ — DOCTOSHHBI® WHTEIDUPOBAHHA; 1, M N, — a0COJIOTHEE IIOCTOSH-
Hble, 3aBUCAINME TOJILKO OT NIepHOJa NepAORAYECKOr0 PeIIeHAs M ero XapaKTe-
PHCTHYECKUX LOKA3ATEIEH.

MH TONBKO YTO BHAENH, 9TO STU jKe IIePeMEHHBIe MOJKHH PAa3JIAraThCA
II0 CTEHeHAM

eti(n,l%’h), \/B;e(n,um,)’ \/B_(;e_(n,{+m,).

‘OueBupEo, 06a pesyiabraTa HaXOQATCA B COINIACHH; NEHACTBHUTENILHO, MO;KHO
CHAYAJa TOJOKUTH

A =\Be™, A= \Be

C npyroit CTOPOHSHL, 1y K N, — NOCTOAHHEEE, KOTOPLE Pa3JaraioTcHa Mo CTe-
TeHAM e, @, B B, B CBOAATCA K 1, B n, IiuA e= a,=0F,=0.
Torga MH MoyKeM, HallpEMep, HAIECATh

et — e"z't N e("2_";) t,

a 3aTeM Pasi0KUTH BTOPOH COMHOKMTENb IO CTENEeHAM &, %, Bo; TOTJa ITOT
BTOPOl COMHOKHTENb OKAYKOTCHA PAB3IO0KOHHEIM, KDPOMe TOTO, IO CTENEeHAM f.

Bor nouemy mMu BEpenm B riase VII, 9To BpeMs £ B ero cTemeHM BHIXOJAT
M3-I0K 3HAKOB IIOKA3aTEILHOH W TPUrOHOMOTPHYECKEX (YHKUuMIA, 9TO MO0
B ONpPEeJeJeHHHX CIyYaAX CO3XATH TPYAHOCTH; OPONHAYINHN aHAIN3 HOKA3bI-
BaeT, 9T 3TA TPYAHOCTH GHLJIA YHCTO MCKYCCTBEHHOM.

Ecam s X049y Temeps CpPaBHMTH Haml pe3YJNLTAT C pe3YJabTaTaMH IJIa-
8u XIX, s paccMoTpio KpHBHE

y=0w), =z=4@)
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onpeneleHne KOTOPHX A yIoMaHAX B KoROe o. 273. J[xa Toro wrobm monxyunts
YPaBHEHHASA 3TEX KPHBHIX, f JOIIKEH TOAbKO B3ATH BHPAXKEEUA I, U Y, ¥ [aTh
B HEX BeIWIEHAM @, B,, n,f-}-9, nocrosannoe 3mazenme. Torna y, m z, pasia-
raloTCs 110 CTOHeHAM

ety

Wsameuss n,t+d,, MH BEIUM, 9TO KPHBHE HMET $OpMYy, KOTOPYI I ONE-
caJl B KOHN® m. 273.

B saknwouenme 1 HaAIOMHIO, YTO BCE€ DPE3yJBTATH BEPHBI JHAIIL C (bopmam,-
HOH TOYKH 3peRus; pPAAN CXOQATCA TOJBKO B ClyJae aCHMUOTOTHMYECKHX pe-
MeHuH, YPaBHEHHA KOTOPHX IIOIYYaXOTCA, €CJH XOJOKATH

BO = 0, ﬁJz = —}—oo,
9T0 03HadaetT
VBe =4, Be®™ =0,
HIA ke eClIm IOJI0KHTh
Po=0, d=—=—o0,
9TO O3HAagaeT

VBe®m =0, VBem=4,
Tne A 1 A’ — KOHeYHHEe IOCTOSHHEIE,

276. IlepeitmeM K cnydalo, KOrma EMmeercs Dosee AByX crTenmedeir cBoOOAEL!.

IIpeguinymme pe3yJabTaTel MOTYT GBTh 00OOINEHH HBYMA DPA3IMIHHIMA CIO-
cobarH..

H..’Iﬂ TOro0 9T00H MOACHHTH 3T0, HAM HXOCTATOYHO IPEAIIOJOHUTH TPH CTe-
neHn CBOﬁOlIH. Mosxer OKa3aThCA, 9YTO MBI XOTHM H3YYHTbh YpPaBHEHUS
B OKPECTHOCTH CHCTEMHE HHBAaPUAHTHHX COOTHOINEHME

T, =Ty =Zy=y;=0,

Hrpanmux pods o000meBda HepUOoJUIeCKHX pemeHuir B cmucae m. 209,

Mosxer orazaThcsa TaKe, 9TO0 MBI XOTHM HX M3Y4YHATH B OKPECTHOCTHA ACTHUH-
HOTO IDEePHMOAMYIECKOr0 PEIIeHHA

Ty=Zy=x3=Y;=Y,=0.

B IepBOM CJydae HMEeTCs YeThlpe MWHBAPHAHTHBIX COOTHONIEHMA H OXHO
JHHEHHOE COOTHOIIEHME MEXAy CpeJHUMH [BHKEHHAMH, COOTHOLIEHHEe, KO-
TOpOe MBI B3AJH, yHOTpeG.TIHﬂ B CJly4ae HanoﬁlIOCTK 3aMEHy IIepeMEHHBIX
n. 202, B BEAe

n,=0,
7 A. IIyaunkape, T. I
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Bo BTOpOM CJiy4ae HMeeTCA IATHh MHBAPDHAHTHHIX COOTHOIMEBHAR K ABa M-
HEeAHHX COOTHOIIEHMA ME)XAYy CPEJHMMH NBH;KEHMAMH, KOTOpPHE MH B3AJIH

B BHAE
n,=0, n,=0.

Haumem ¢ mepBoro ciydas X HOIOMKEM
F=2¢%; z =ex, y=ey, z,—¢%, z,—=c%;

YP28BHEHHA OCTAIOTCH KAHOHMYECKHMH, a F’ CTAHOBHTCA pa3IOHEHHOM 1O CTe-
IeHAM & B BHAP
, - ’ r
Fl=Fj+eF;+....
K romy me umeem

Fo=hyz, + hyzy + Az2 + 2Bz)y; + Cy2,
unyu, or6packBaf INTPHXH, CTABIIME HEHYKHEIMM,
Fy= hyxy + hyzy + Az} + 2Bz)y, + Cyt.

Oyusnuu hy, hy, A, B, C 3aBHCAT TOIBKO OT Y, M Y3 U ODePUOAHYHL IO
9THM [IByM HEPEeMEHHHM ¢ DepuoaoM 2m.
fI npousseny ceifgac cHOBa 3aMeHH NMepeMeHHHX u. 274; BCe, 4To A CKazai
TaM 0 HHX, OCTAETCHA BEPHLIM, HO TOJBKO ¢ HOpMANBbHOA TOYKH 3PEHMA.
Jaa Toro 4ro0H OPWMEHATh NOPHHENUOH (OPMATBHOT0 BHYMCIEHNH,
Heo6X0MUMO0, 9TOOR HMeJCH [apaMeTp, MO CTENEeHAM KOTOPOT0 BHIIOJIHAIOTCH

paanoskeHHA. 37ech 3To OymeT mapamerp p.
B camom pene, F m, cnenoBatensso, hy, kg, A, B, C pasnaraorcd 10 HeJbIM

crenenam p. fI mobaBnArw, uro mpu p=0 B u C o6pamatorcsa B 0 u gro A,
h;, A CBOIATCA K IOCTOSHHHIM, KOTOPHe g HaswBawo A, A m 4,.
IlocTapaeMcsas mpOMBTErpHPOBATH CIEAYIOINAE YDPABHEHHSA:

d d
TE=—hy PE=—h 1)

fl crpeMnoch BHOOAHMTH METErpMpOBAHME TakUM 006pasoM, 9TOGH
’ ’
Ys— Yo Ys— Y3

Onnu nepuopmyeckuMy PYHKIMAMA ¢ NOPHOAOM 27 OT ABYX HOBHX IEpeMeR-
HHX ¥, ¥ Y3, KOTODHE CAaM{ JOKHH HMETH BHJ

Yy =not + @y, Y= nyt + y;

ny M n,— NOCTOAHHHE, pasnaralmuecd OO CTeNeHAM p; &, m ®; —nocroAu-
HHe HMHTerPHpPOBaHHA,
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Torga ypaseenua (1) mpuunmalor BHJ

dys dyy dys dys
Ry gy gt = —hy, gl Ay gl = b, (2)

by =AY -+ ph( 4 p2AP -
Y=yt g+ P 4.
ng=ng+pnl) 4 pn@ - ..

u npepmonoxuM, 410 n{) — nocrosmume; uto AY¥)— nepmopguveckue ¢yni-
UM Y, ¥ Yy (A? CBORATCA, KAK MH 3TO BHAENH, K NOCTOAHHHM) ¥, HAKOHEIi,
4TO J(")——nepuop,uqecxne QYHKIUHE Y, M Y, 32 HCKIOYEHHeM Y%, KOTOpLIE
cBelyTCA K Y.

Ilpupasusem B ypaBEeEmAX (2) Koarb(buunenrm Op¥ OAMHAKOBHX CTelc-
HAX (. M OONYYMM TOCJIEJ0BATEIBHOCTE ypaBHeHAil, KOTOpHE NO3BOIAT OHpe-
zemnth Y& u n() ogum 3a mpyrumu.

JTH ypaBHEHHs SaNMUCHBAIOTCA TAK:

Toaoxum

d y0 —
2 dy + Ty
dy(n dyg d_/o
0 02 2 =@
2 dyé a + + H (3)
dy?) dy(2) d 7y
0 2 Z) (2) —
"2 dy; n dys + b + s dy; ®,

fl oGossauawo gepes @ BcAKyI0O H3BECTHYI0 (YHRNHIO; BO BTOPOM YypaB-
HeHuH A cymralo m3pecTHEMH YO u n{®; B Tpersem — y©, Yy, n® 1 n® n
TarR jxainee.

Cumavana MH uMeeM

Y=Y Y=Yy nl=-—h nJ=—h,

Tak 4TO ypaBHenua (3) HPMBOAATCA K
o dup ) v

n,——r— n. 0 n =0
> dy; t g + n§
dy® dy (3bis)
0__ 0. ~2 (2) — s
n, dys g dy;, "]’"nz)'—fp'

K KOTOPHEIM HGOGXOAKl\iO OpUCOENMHITL YPAOBHEHMA

0 dy( 0 dy(l) X
ny dJ 8 dyr +ng):®1 (3LBI‘)

7*
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BHBOJEHHHE W3 BTOpOro ypasmeHus (2), kaxk ypasuenus (3bis) ua mepmoro
ypasacHus (2).

Bce st ypapuHenusa OYAyT METErpHpOBATHCA ONHUM W TEM >Ke cOOCOOOM;
BosbMeM, Hanpumep, nepsoe ypasreHme (3bis). Oysxnua @, xoropas BXOAHT
B Hero (KaK, BOpoueM, Bce Apyrme ¢yHKumx @), OepHoguYHA HO Y, U Y,.
IIpupasusem nf) cpepmeMy 3HaweHMi0 8Toii ¢yHxknuu u BHam Oyner nerko
3aTeM, UONB3YACH METOAUKOH, KOTOPYI MH OpPHMEHANM YKe CTOIBRO Das,
YAOBIETBOPUTH ypaBHeHWIo $pymrnuelt yf), mepumogwdIHO# mo ¥y, U ¥..

Onpenenns TakuM ofpasoM Yy, ¥ Y, B GyBHKOUM Yy, ¥ Yy, A OOj1aram

dy, dys

x_zzd,—{— s ays 0

— I/2 d!/:;

=Te 4,7 dy, + ;"
flecno, uTo BHpa)KeHHE

z,8Y, + 2:8Ys — ZydYy — Z34Y5

paBHOe HyMlo, €CTh NONHHNA puddepeHnman u, CIELOBATEIBHO, KaHOHH-
gecKaA (opMa ypaBHEHWH He M3MEHHTCH, KOT[a MH BO3bMEM 3a HOBHE Oepe-

MEHHHE Z,, Ty Ug Ys BMECTO Ty, T3y Yo Y
Bup ¢pyuxumm F TakKe He H3MEHHTCA, HO MH BHJIUM, 4YTO HMMeeM TO-

FKAECTBOHHO

—nyT, — Mgy = hyzy -+ byt

4TO IOKABHBaeT, UTO KodPPHOMEHTH NpU T, M T, CBONATCA K NOCTOAHHHM.
Hmaxk, 8 ecezda Mozy npednosoxums, ¥mo h, u h,— nocmoanhee.

9mo s u 6ydy Oeaamsb enpeds.
IycTs Temeps HeoGXOAMMO NPOMHTErPHPOBATH ypPaBHEHHA

951 — 2Bz, +Cy))y - =—2(43, + Byy),

®IM, 9T0 TO Xe [7]

d dz
By g2ty 522 = —2 (Bay + C) )
d d (4)
h, dZI + h's y1 =2(Az, + By,).
HocmpaeMc;I ynonne’rnopn'rb 9THM YpaBHEeHHAM, DOJArasg

af

zl=e 2, y1= als’

TRe a-—IOOCTOAHHAA, Z2 M § — nmepuoH9ecKue d)YHKlIHH Ug H Yge
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YpaBHeHRNa CTAHYT

hy 2y by ot —az=—2(Bz +Cs),
avs 43 (4 bis)
d d

hzd—;2-+h3d—y:—as=2(Az+Bs).

Paznosxxum A, B, C no crenesAaM j» B BHUJE

A=A,+pd,+...,
B=By+pB,+...,
C=Cy+pCy+....

3amMerunM, uro A, — nocrosuHag u uro By= C;=0. PasnoxumM TaxuM xe
obpasom h, U hy

‘:hg—*—p-h}—*—....

Koadppuumenrsr atux pasnomxenmii — u3BecTHHe KomuuecTsa. Paznoixum,

¢ Apyrolfi CTOPOHH, HEM3BECTHH® Z, S ¥ @ OO BO3PACTAIIUM CTemeuAM \/p
B BHAE

a=a1\/E+a2p.+aap\/;T+.. )
z:zl\/;—}-zzp—{-zap\/;:—{-...,
s=sp+ s Ve 4 s+ - ...

Yro6m npexcraButs ypaBHenus B Gonee cmMMerpnuHoit ¢opme, s 3amumy
pasnoxerne A B Buie

A=A0+‘A1\/l-"—+A2¥‘+‘439\/;+A4P2+

Hamo Oymer Tonbko mnommmTs, urto A, Ag Ay ... —Hynuw. To ixe —
Laa pasnoxeruit B u C.

Ilpu atmx mpequoNOKeHHAX A UPUpPAaBHUBAK B ypaBreuwax (4bis) xoag-

¢uumenTH Opu opuHakoBuX cremesAax p. fl masoBy (4bisp) xea ypasuemus,

p+l

OO/y4eHHHE OpUpaBHUBaHWEM, C OJHON CTOPOHH, Ko3pduuueHTOB DpH P 2

¥

B nepsoM ypasHeHwm (4bis) m, ¢ apyroit crToponm, xosddumuenToB mpum p?
BO BTOpOM ypasHemumu (4bis).

Ypasuenus (4bis0) u (4bis 1) onpenensar -a,, s, u z;

ypaBrerusa (4bis1) u (4bis2) ompepeaar a,, s, u z,;

ypasrenua (4bis2) u (4bis3) onpepenar a,, s, M 2,
4 TaK jainee.-

A xouy noxasats, uyTo ypasmewms (4bisp) ompepenar s, u z,,, ¢ TO%-
HOCTBIO JI0 NOCTOAHHOMN, YTO OHU ONPEAEIAT @, M 3aBePLIAT ONpEReNeHye s, |
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U 2,, KOTOPHE HAM CTajM U3BECTHHl H3 (4bis p - 1) TonBKO ¢ TOYHOCTBIO A0

HOCTOSHHOM.
Ecnu Mu Bcmommmm, |TO

By,=B,=C,=C,=0,

TO yBUAMM, 4TO ypasuenusi (4bis(O) samncmsaiores

dz‘ dz
B =0,
Wy Ty (4bis 0)
dSo + ] 0 dSO — 0.
“ dy, ddyy T
ypasHenua (4bis1) sanucuBawTCa
m dz2 + Ag dz2 — 8,2, = —20,5,,
4bis 1)
ds d (
3 ‘,E’Z‘ h3 ?ﬁ — a5, = 24,2;;
ypaBaenus (4bis2) sammcmBaloTca
h3 Zz., + A ZZ:; — @y%; — 432y = —2B,2, — 20,5, — 2C;5,+ @,
v2 Y (4bis 2)

h) 2 dsz —{— dsz — @8y — a;5, = 24,2, + 24,2, -+ 2Bys, -+ ©

[Byrsu @ o3nagaroT u3BECTHHE (YHKLEH, HePHOAHIECKHS IO I, B Y3, KO-
TOPH® paBHH HyII0 B ypasHeHuax (4bis2), mo Koropme s, TeM He MeHee,
3aIMCHIBA0, TOCKOIABKY OHM MOABATCH B HOCJIEAYIOINMX YPABHOHHAX.]
Ypasuerusa (4bis 0) moxaseiBaroTr HaM, 9TO 2z, U S; — TOCTOAHHHE. Ilc-
peiieM 3aTeM K ypapHeHHAM (4bis1) u upupaBusaem cpexmme sHadeHAA obeux
qacTed; DOJTYIHM
—az,=—25,[C,]1,

—aySy=24,7;,

4TO OUpeJeNser @, S | Z,; Ml HAXOMUM JJIA @, [Ba 3HAYEGHUHA, PABHHE IO Be-
JUYIMHe W NPOTHBONOJOMKHBIE OO0 SHAKY. ¥YpasmeHusa (4bis 1) oupepensior
3aTeM C TOYHOCTHIO /{0 HOCTOAHHOM 2, M S;, KOTOPHIE CYTh NEPAOUIECKHE YHK-
IHA I, U Y. CleoBaTensHO, MOMKHO CIATATS U3BECTHRIMK

z, — [z,] n 5; — Is].

Ilepeiinem ® ypasHenuam (4bis 2) m npmpasaseM cpegume 3uaderud obemx
gacre#; HOJMYTIHM /(Ba YPABHEHHUH, H3 KOTOPHX MO)KHO Oyner Haittu 2., [z,] u

[s,].
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Tax kax cpeguoue 3HadeHmsa obermx dacTeil paBHH, To ypaBHeHua (4bis 2)
AARyT Z; B S, C TOYHOCTHIO A0 HOCTOSHHHX B BUAE UOPHORHIECKUX (HYHKI[M
Ya I Y.

M tak gazee.

Tak Kak MBI HAILIM JJIA @, BA 3HAYEHHA, TO ypasHeHusa (4bis) momyckasor
nBa pemenus. Ilycts

a=a, Z2=9, S$=9,

a=—a, z=Y, s={,

— ari fgea pemenma. OOmee pemenue ypasmeHumit (4) Gynmet
z; = Ae*'p 4 Be™y,
y, = Ae®p, + Be™y,.
Mu Bcerga MoM(eM OPeAIIOIOMKHTE

e, —pp=1.
Torga, kax b m. 274, Mu yeupenw Obl, 4TO €CIU HONOMKHTH
& =2z9 + 4,9, . Y1 =211+ y1$s
2y =, + Hyz|" 4 2Kpziy, + Loy’ yo=Vi
=z, -+ Hyl 4 2Kszly; + Lyys 4s=;

u ectu H,, K,, L, H, K, L,— nogxonamum o6pa3oM BHOpaHHEHE HepHO-
nuueckue (QYHKIWM Y, M Yy, TO KaHOHHUecKad ¢opMa ypaBHEeHM# He HM3Me-
HUTCH.
Bng F rawke e maMmenuTesd, Ho B csegercda k wocroassoit, A mw C —x 0,
{Irax, Bcerga MOMKHO OPEANOJIO/KUTD

B—=const, A=C=0.

Ocranpubie BHYHCAEHUA 3aBEpIAIOTCHA, Kak B mymkTax 274 u 275, u Mu
OKONYATEeNBHO DDHXOAMM K CICAYIOIMEMY 3aKIIOUEHHIO:

Ilepevenusie z; m y, MOTYT pasmaratecd U0 CTEUEHAM &, \/i, Tpex Io-

> : ’ r — ——
CTORHHHX @), @, 1 By, eIt e-‘b'("x”m1), \/Bo.e(n,nmu), \/Boe-(n,tmz)'

CaMu mocrosHEBE n,, n; U n, TaKKe DPa3IOKUMBI OO CTEHEHAM &, \p,
@y Ao By

277, llepeiineM kKo BTOpoMy nupuemy OGOOMCHMA M NpPEXOOIONKUM, UTO MH
XOTHM HM3VYUTH YPaBHEHHA B OKPECTHOCTH MCTHHHOIO IEPHOAMYECKOrO peme-
HHA, B3ATOTO B BWAE

T =, =z,=y, =y, =0.
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ITonoxmm
F=¢"F', z,=cx,, y,=c¢y;, T,=c¢x,
14 ’ r
Y=ty ZT3=8; Y3=1VYy
OTKyAa
YPaBBeHKH OCTA0TCA KAHOHMYECKHMMHA, U MHE HMEeeM
r - ’ r r ’ r
Fo=hz,+ D (z;, y1, 25 Ya)

rae O — ogEOpoxBAA KBajpaTHUHad ¢opMa OT I, yl, Z,, Yp; KODPUIMEHTH
¢opmum @ m s — nepuoamyeckue QYHKIMA OT Yy = Y.
Mu or6pocnM BOpefb IITPUXM, CTABIIEE HEHY)KHHMH, H OPOCTO 3aUHIIEM

Fy=hzy+ © (z;, y5 Ty Yo)-

Tax sxe, xak ¥ B uynskTax 274 m 270, Mm noxasanum Gul, 9TO BCEerfa MOKHO
IPeANOI0KHATE, 9TO0 A CBOAMTCA K IOCTOAHHOIM,
PaccemorpuM Temeps ypaBHeHMA

dy, p, Gz d®  dy__ do®
dt 7 dt  dy, ' dt  dz;’
dzy _ d®  dy, _ d®

dt ~ dy, ' dt  dzy"

Osn JuHedHH ¥ EMET mepuopmdeckme Koaddmumentn. Mx obmee peme-
gme Oyner, cleoBaTeNILHO, HMMETh BU:

I = Aleat?1,1 + Aze_at‘Pm + Aae“‘i’s,l + A4e“"cp4’1,
V9= Alea‘(?l,z + Aze_at‘Pz,z -+ Aae“?’s,z + A4e_“<p4'2,
Ty = Axeat‘?l,s + Aze_at?z,a + Ase"‘f’s,a + A4e_“‘P4,av
Yo= A1e“‘71,4 + Aze_a“?u + Aae“‘Pa,4 + A4e“"'r_o4'4.
A — DOCTOAHHHE MATErPUPOBAHHUA, ¢ — mepUogudecKEe QYHKIHEA Yj.
Jlerko mpoBepuTh, 4TO BHPAKEHHE

P4, 1Pk, 2 — Py, 2P%,1 T i, 0Pk, 4 — Pi, 4Pr, 3

— HyIb, 3a HMCKJIIYEHHAEM JBYX CJICAYIOMMAX CJIyIaesB:

i=1, k=2 =3, k=4

B srux ABYX CIy49aAx 910 BEIpajKeHHE CBOJHATCA K HOCTOAHHON, KOTODYIO
s MOrYy IpPEANONOKATH paBHoi 1.
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INonoskam Teneps
z, =91, + !/;‘Pm + Z3Pg,1 + YaPa,10
9= z;‘?l,ﬂ + y;‘Pz,z + x;‘f’a,z -+ y;‘h,z:
Ty =Z1@y,3 1 ¥1Pa,3 1 ZoPs,5 T Y294,
Y2 = 2,914 + ¥1%2,4 + Z395,4 + ¥2Ps,0-

Torxa MH BUIHUM, 4TO
zldy1 i yldxx + xzdyz - yzdxz = z;dy; - yidx; + z;dy; - y;dl‘; -+ \de:;,

rae ¢ — ofHOpORHAA KBafpaTHIHas GOpMa OTHOCHTENBHO Z;, ¥,, Ty Yg KO-
pHIHeHTH KOTOPO# ecTh mepmojwieckme (QYHRURH Y.
Torna, ecnm MH monoxmM

q‘ ’
.'223=:.‘I:3—-2—, Ys =Y

BHpa;KeHue
z,8y; + 2,4y, 4 z4dys — z1dy; — ,dy; — zAY,

Gymer nonsuM paupdepennuEanoM, a XaHoHHMYecKas (opMa YpaBHEHHH He-
M3MEHHUTCA.
Bup $ysrnum F we M3MeHMTCH, TOABKO F; cBOAUTCA K

hzy + Azyy, + Bz,

rge 2, A 1 B — nocrosasHue,
Eciuyu 68 MH IONOMKHIH 3aTeM

. ¥
xiyx = Uy, log _zli'—‘ 21)1,
yl
sy, =uy  logL=2u,

TO BHRIYHCJIEHHA 3aBepmumiuchk GH, Kak B OyHKTax 275 u 276; Mu opumin Obv

K CIeAYIOmEeMYy SaKIIUeHUIO:

Zz, W Yy, pasnaraloTcd WO CTeOeHAM €&, TPeX DOCTORHHEHX aj B, u f,.

4 (ny4+8,) o M+, n = (nt+8) A7 gl +8; - (nyt +8,)

e Yy VB €T VB e '1\/90 \/F3 ("2 ,
CaMn mokasareld ny, Ng ¥ 1, pasnaraxo'rcx IO CTemeHAM e, &, P, u f.
9ro 0606menue TOTIAC OPHEAATAETCH, KOTHA MMEETCH n CTemeHei cBOOO/ILL;.

mepeHi caydait — caydait mpepmpymero nmaparpaga — COOTBETCTBYET TOMY,

KOrja mmeeTcs n+1 HHBApHABTHHIX COOTHOINEHWA M SAWHCTBEHHOE JUHEHlO0e

COOTHOINEHHE MEKAY CPefHAMH [BHIKEHHAMH. OJTO — CIydail, KOTOPEIM Mbk

3apEManucs B raase XIX.
Bropoit ciaywali — ciygaii HACTOAMEro IYHKTA — COOTBETCTBYOT TOMY,.
Korfa mMeercd 2n—1 HEBapHAHTHHX COOTHOIIEHWH, ONDPEREIAIOINAX HCTHH--
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HO€ MePHOAAYECKOE PeIleREne, X Korja uMeerca n—1 nmueiiHNX COOTHOMERNH
MEKIY CPOAHEMHI ABHKEHHAMHA. JT0 — CIydail aCHMITOTHYECKHX DEIEeHHIi,
KOTOpHe 3ammmanm nac B raase VII.

Oneaxo EMETCA NPOMEKYTOUHEE CHydYadm, KOTHA ME MMeeM n--g uHBa-
PHAHTHRX COOTHOIMEHWA M ¢ JMHEHHHX COOTHOMEHUA MeKAYy CPEJHAME XBH-
sKeHEAMA. Torma z; ¥ y, MOTYT Pa3iaraThCA IO IOJOKHMTEABHSEIM HIA OTPH-
IIaTeJ[I??HM CTEeNEeHAM g BeMECTBEHHNX X 7-—¢ MHEMEIX IOKA3aTeXbHHX QYHE-
ami [8].

Ceass ¢ HHTErpalbHBIMH HWHBAPHAHTAMH

278. Wraxr, upegumolo;KEM, 9T0 KAHOHMYECKME YPaBHEHMA

dz; dF dy; dF .
%:d—y:; _(!llT:—E (l:i, 2, .y TL) (1)

JONYCKAIOT HEPHOJUUECKOe pelleHye CIefyIomero BHAa:
=9, (t+h) Yy, =% (¢+h),
e h-— HOCTOAHHAA WHTErpUpOBaHMA; M uycThs I — nepuoj, Tak 4TO ¢; H P,

27
PasnararwTcA B PAAK MO CHHYCAM M KOCHHYCaM KpPaTHHIX —T—(t—{—h).

PacemoTpuM pemenwvs, GIU3KME K STOMY HEPHOAHYECKOMY PeINeHMIO; OHIl
MOryr OHTH, COTNIaCHO NpEeIHIYMEeMy, B3ATH B clefylmeM BURe: I, U U,
‘6yLyT pAacHoJOKeHH IO CTeNeHAM 27— 2 NODApHO COUPAMKEHHHX KO-
<eeTB, KOTOpHE A 0003HAYy

A,ent, Aled,
Agpet, A,

A, e, Al e,

A um A' — npomsBoibHNE OOCTOAHHEIE HHTETPUPOBAHHUA; CAMM [IOKasaTeldlr &
MOTyT pasnarathca mo cremeusm A,A[, A,4;, ..., 4,4, ;.

Kpome Toro, xoa@@uuueHTs pasioKeHuA Z, M Y; — MePUORHUCCKHE (PYHK-
i t 4 h ¢ mepuogom 7. Itu KoapPHIMEHTH (TaK ’Ke, KAK W MOKa3aTelH )
3aBHCAT, TOMAMO TOTO, OT HOCTOAHHON KHBHX cun C.

Mu 3HaeM, 49TO CylIeCTBYeT HMHTerpalbHHI MHBapHant

S 2 dz,dy,, (2

OTHYJa BHITEKaeT, 4TO €ClIH p u T— ABe IOCTOAHHHE HUHTerpHPOBAKNA, MbI

JAOKHABL UMETH
N [dzs dy; _ dz; dy;
2. 'EW—'W—EB')—COH“'
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Mu cMokeM HamUcaTh 9TO YpaBHEHWE B APYrod QopMe; OPEIUO:IOMKHM,
1o MH jgaeM B npupamenue 33 M 4TO OTCIOAA AIA T, Y, A%, ... moay-
YawTCHA UpPHPAMCHUAR

Y ~N by .
oz;, 0y, OA,,

IIpennonoknm, ¢ Apyro#t CTOPOHH, YTO MH JaeM Y mpupauieHue 'y ¥ 410
oTcoAa JUIA I, Y, --. HOZYYAXOTCA IpHpalfeHWH
¥z, ¥y,
Hame ypaBeenue 3anummercsa B BUIE
> Bz sy, — Sy d'z,) = const. (3)

[IpaBasg wacTh -—— mocTOAHHAA; A XO0Yy CKA3aTh, YTO 3HT0 — PYHRUUA 0O-
CTOAHHWX MHTErPMPOBaHHA, YMHO)KeHHafd Ha OFd/y.
Ho Mmu, ouesumHO, MMeeM

8Ae™ =" (A | Afda).
C npyroit ¢TOpOHH,

__d.’t, 3C dzi “Ict 2 dz; By P34
ax-“"dc h’+2 ukt) + d (Aje”k") 0Ade ™,

Sa dcac+2|d(AA) 0(4,A4,).
Mu Bugum, TaruM oGpasoM, ¥TO 0z, um Oy, MMEIOT CieAylomuil BHA:
Oy, =ms+tn,  Vy=mitin
8z, =k, + €, ;s ¥z, =E + 18

rae €, £, Mp My, MMHeAHE otHOcHTeapHo C, Sh m 34e™, 84'e™; ¢ mpy-
roit cTOpoHH, OHM pasnaraiorca mo cremenamM Ae™ u Ale™ u mo cmmycawm

2 u N
I KOCHHycaM KpPaTHHX T(t_*—h)' Mu nerxo Haiitem Bupakenms 'z, o'y

JIOCTATOYHO 3aMeHMTh 8 Ha O B BHpamkenndax Oz; m dy,. Mu BmguM, 910
ypasHense (3) MOXKHO HamucaTs B BHJE

D+ Et 4+ Ft?2 = const,
D=2 (Em; —Eny),
E :Z E"’l; P E’-"h o+ El,ml — & M),
F= 2(’] ;nl § ‘l 17]1 n)

rre
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pasnaraloTca no cremenam Ae®, A'e™ u no cuEycaM M KoCcHHycaM KpaTHHX
2% w «
T(t+h) M, ¢ APYyroi cTOpoHH, GUIMHEHHH OTHOCHMTENhHO

oAe™, BAle™, 3C, Bh,
&' Ae*, 8147, dC, ¥h.

Tak xak nepan wacrsp JoKHA OHTH HesaBucuMmuit or ¢, MH GylneM umers
gpesKjae BCero
E=F=0,

9TO yiKe JIOCTaBIAET ONpeJeldeHHLe KOHTPOIbHHE COOTHOEHH:S, KOTODHM
ROTKHE YIOBIETBOPATE Pa3jIOMAEeHUA I; H Y.

Hanee, D pomxno GHTH HeaaBHCHMHIM OT i CJGNOBATeJbLHO, OHO Oyher
JUMHERHEIM OTHOCHTEJNRHO CHENYIOIMX ONIpemesuTelier:

AN A, — 5 ASAL
A4, RANA, —3A YA,

A, BAYC —31A3C), (%)
A, (B4 h— Y AZh),

3C¥h — 8! Coh

(28 OTHOCHTEAHLHO AHATOTEYHHX ONpEAEeNuTe]Ield, BHBEJEHHHX H3 NePBHX
nepecTaHoBKoll A, m A, wim A; a A').
Koadpdmuumenter 6ynyT pasinosens no cremesaM A, A, & 3aBHCEThL, KpoMe
Toro, or C.
B camom pene, BpemMa pomkHO ucdeanyTts. IlokasarenrEbie QyHRUUH
JOJKHH, CJEXOBATENbHO, HCIE3HYTH; 9T0 MOeT DPOM30OATH TOJLKO, €CIH
. af . 1, —af r_—al 7 Al -2t
KaKIHI MHOKUTENSs Ae” yMuoeH HA A'e ™, mnm va 3A e ™, uau va ¥ A’e™™.
Orciofa MOKHO BHIBECTH HOBEIA PAJX KOHTPOJLHHEX COOTHOIIEHHIA.

279. Cpenm nokasareiell «, ONHE MHHAMLIE, APYTHe BeOIECTBEHHEE; CPEAA
IoclAeHEX ORHHK IOJOKATENbHN, [PyrHe orpruartensnt. Ho Tak Kax 3 aByx
PaBHHX HOKa3aTeled OPOTUBONOJNO;KHOTO 3HAKA A MOTY NPOHSBOJBHO BHG-
PaTh TOT, KOTODHII Ha3HBAaK @,, TO A He Orpandty oOIHOCTH, mpeguonaras,
4T0 @, IOJOKATEABHO, €CJIH OHO BEINECTBEHHO.

Teneps obparmM B myn» koaddmmuenTms A,, KOTOPHE €OOTBETCTBYIT
MHNMOMY MIH NOJIOKHTENBHOMY IIOKA3aTesIo.

Torga, ecim «, — Bemecrsenno, GyfeM HMeTsH
A4,=0, A4;£0,

H, eCIE o, — MHHMOE,
4,=A4,=0.
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Kpome roro, s moxomy
C=C,,

rae Cy, — 3HavYeHUE NOCTOSHHOM H{HBLIX CHJ, KOTOPOE COOTBETCTBYCT PaccMar-
PHBAEMOMY MEPMOAHYECKOMY DEMmEeHHI0.

Torga Hamm pAAL CTAHOBATCA CXONSAUIEMHCH M TPEACTABAAIT ACHMUTO-
THYECKHEEe PemeHAs, KOTOpHEe MH maydmnm B raase XII. Omm copmepsar B Ka-
9eCTBe HMPOHM3BOJILHEIX HNOCTOSHHHEIX /4 ¥ A, KOTODHE COOTBETCTBYIOT OTPHIIA-
TEJIBHEM IOKA3ATENAM.

CreroBaTensHo, MH §yaeM uMeTh 27 DABEHCTB, KOTODHE BHIPA3AT I; H
y; B QyHKOHME ¢ ¥ 3TUX DOCTOSAHHNX /& ¥ A ;. Eciyw u3 3TuxX 2n paBeHCTB MBI MCK-
aouaM I, b ® A, DOXyInAM ONpefieleHH0e TACIA0 MHBRPAAHTHHX COOTHONIEHRH
MEXAY I; B Y.

Ecan MHOKeCTBO 3HAYEHUE T; M J; PACCMATPUBATH KaK TOYKY B IPOCTPAH-
cTBe 2n U3MEpPeHu#, TO 3TH HHBADHAHTHHE COOTHOUIEHUA IPEACTABISIOT
onpejienennoe MEOT006Gpasme V 3TOr0 HpPOCTDPAHCTBA; A HABOBY 3TO GCUMRMO-
MUMECKUM MH02006pa3ueM.

BozbmeM cHOBa HHTETrpajibHHI HHBAPHUAHT

| > dz,ay,

H PacIpOCTPAHMM HHTEIPUPOBAHZE HA YACTh HTOT0 AaCHMHTOTEYECKOr0 MHOIO-
obpaansa V.

JipyraMum cloBaMd, IPeLHONO0MEM, UTO BCe CHCTEMH 3HAYCHHHA Z; W Y,
KOTOPHE BXOAAT B 00IaCTh MHETErPHPOBAHES, YAOBIECTBODAIOT WHBAPHAHTHHM
COOTHOIIEERSIM.

A e060pl0o, umo unmezpasvhblli uneapuarnm 6Gydem Hyasem.

Mue pRoCTATOYHO JOKA3aTh, 4TO

NY /L. S «
2 (Bzd'y, —dyd'z) =0,
a 3ToO O4YeBHJHO, ubo MH HMeeM

A,=0, C=C,
OTKYZa
34,=0, 8C=0,

¥4,=0, ¥C=0,

9T0 IOKA3HBAET, UTO BCE BHpa:keHmsa (4) obpamawTtca B Hyab. PaBEuM 06-
pasoM Mu cMoram Onl chenats

C=C,
A,+#40, A,=0 (uia BemecTBeHHHX &),

A, =A,=0 (m1a MAEMHX a.).
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Mrz moay9mam G5 HOBHL PAJ ACAMOTOTAYIECKHEX PEIIeHUE B, CIef0BaTeNbHO,
HOBOE ACUMUTOTHYECKOe MHOrooOpasme, K KOTODOMY HpmJiaraiuch 6m Te ixe
3aKJII0YCHHA,

To, aTo Mu cxenaxy xias muBapuwaura (2), MoxHO Obro 6wl cmelats gas
mboro GuanHeiHOro mEsapmanTa (WEBapzasTa Tpersero Tuma m. 260), T. e.
BOJIA

[| 3 Bdz,da,, (5)
; ¥ TJe TOA SHAKOM 2 ORWH RIH ABa u3 puddepen-

nuasios dz;, dz, MOTyT OWTH 3aMeHeHH Ha dy, uid dy,.
Bupasxenne

rie B — ¢pysruus z, u y,

Z B (bzd'z, — dz,3'z,)

cHOEa 5110 OH AXHEHHEIM OTHOCHTEIHHO KOJHIECTB (4). 3TO NPpUMEHHMO TaKKe
K KBajpaTHYHOMY MHBapHaETy (MHBapmanTy BTOpore Tuma n. 260) Bmja

| VI Bdzdz,, (©)

rie B — QyHKOWMA z; M Yy, ¥ Ifie IOJ 3HAKOM X OfMH HJIH J[Ba B3 fuddepenina-
nos dz,, dz, MOTyT OHTH 3aMeHeHH Ha dy;, dy,.
Mu MO3KeM YBHAETH, YTO BHpAaKeHHe

> Bdzdz,
A0JMKHO ORITH JHRAEAHHIM OTHOCHTENLHO BLIpa)KeHHH
0A,24,,
A;A;.SA x0A 7
A4;34,5C,
3C3h

(4bis)

i TeX, KOTOPHE MOKHO BHBECTH M3 HMX UepPecTaHoBko# A, md,, 4, u 4.

Jlas BCAKOrO aCHMITOTHYECKOTO MHOT000PAsHA KaK MHBApHaHT (D), Tak A
wuBapmauT (6) HOMKHH 0OpaTHTBCA B HYJIb.

Hpyroit cuocod amanmsa

280. U3yuenue aTOTO e BOXPOCa MOKET OHTDH NPOXBUHYTO, CCAX HECKOALKO
BUIOASMEHUTL PAaCCYKIEHUS.

IIpenuonosxaM, HampEMep, 9T0 MK HMeeM JelJ0 C 3ajadell JUHAMHAKH,
4T0 Z; — KOODAMHATH PA3JIHYHHX MATEPHANLHHX TOYEK CHCTEMHl K 9TO CO-
npA/KEHHLIE TNEePeMEHHKEe J, — COCTABJIAIOMMEE WX KOJHMYECTB [IBHMKEHHA.
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Mul M3y9EM MHETErpajbLALe HHBAPMAHTH, anrebpaudeckue OTHOCHTEIBHO I; W
Y;» ¥ DOCMOTDHM, MOTYT JH CYMECTBOBATh [pPyIHWe, OTIHMYHHE OT U3BECTHOTO,
KOTOPDHM 3anuCHBAETCA B BHJE

S S 2.dzdy,.

Mu BEfenH, 9T0 B OXPECTHOCTH NEPHOAAIECKOTO DENIeHHsA I, M }J; MOTYT Pas-—
maraThca mo cremensaM Ae*,. . . . PaccMoTpuM ceiigac CHOBA 3THE Pa3lOMKEHHA.
Mu MoeM UpeJIOJI0KHTh, YT0 BHAYEHHe HOCTOAHHOHM KEBHX CHJI, KOTODOE
COOTBETCTBYET IIEPHOAMIECKOMY DEmIeHHWIO, €CTh HyJb, TAK 4TO Pa3ioKeHue:
GyneT BeCTHCH He TOMLKO 10 cremeHsM Ae™, Ho eme u 1o ctremersm C. Hpome:
toro, onm Gyxyr sasmcers or I-h.

[IpupaBHsAB z; M y; 9TAM DA3IOKEHHAM, HOJNyIaeM 2n YPABHEHHHA, KOTOPbIE:
paspemmM oTrOcHTensHO Ae¥, C m t+h.

Homywam
Ake‘k‘ - flc'
A;‘e-“k‘ = f;c’
C=0® 7y

agt +By= (t 1) = 8.

3amernM, 9TO0 @, Kak X u,, pasuaraercd 1o crenedsm C mw A, A;; Mul BUAHEM,
910 f, fry @, cosB, sin® — opHozEawHEEe YHKNUE Z; M ¥; B OKPECTHOCTH Iic-
PHOJMIECKOro pemesHus. Bolee T0ro, r; m j; MOTyT GHTH |PasI0OKEHEl IO CTC-
nesaM f,, f, 1 @ ¥ Do cEAycaM I KOCHHycaM KpaTHLIX 8.
C npyroii cropomm, Bmpakenwe (3) m. 278

2 QRzd'y, —dyQ'z)),

KOTOpO€ COOTBETCTBYeT WHBAap®aHTy (2) HMIM AHAJOTMYHHIM BLIDAMKEHUAM,
KOTOPHE COOTBETCTBOBaNX OH Apyromy OmiIumHeliHOMY WHBapHaHTy BHEma (9),
ROMKEK OHTH Pa3NOKUMHE IO CTENEHAM [, f,, O 1 GnimmeiELl OTHOCHTEN BIIO

5, Of, 3D, 38,
3f,, ¥f,, d®, ¥O.

Kpome Toro, Korjia Ml 3aMeEsAeM B HeM BeIWYBHH f,, [, @, 0 mx ravesn-
amu (7), 9TO BHpa)keHEe HROJNIKHO cTaTh HezaBucuMMHM oT !. Ho Bpems t
Morsio Om Tyjga BoiTE Tpemsa cumocobamm: 1) B oKcmoHeHmumaibHOM dopme;
2) B BU/le KOCHEYCA MJIH CHHYCA KPATHHX (t--£); 3) BHEe 3HAKOB MOKA3ATENbHOIM
¥ TPUTrOHOMETPHYEeCKHX QYyEKImA (M, KaK MH 3TO ceiiuac yeupwmm, camoe 6oun-
uee BO BTOPOH CTENEHH).

OHo He OMKHO BOMTH HU OZHUM W3 9THX CIOCOGOB.
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1. asa toro 9roGH BpeMA He BXOAHEIO B SKCOOHEHIRMANLHOU (opme, neob-
XOODHMO X NO0CTATO9HO, 9TOOH 3TO BRIpaXKeHne OHNIO THHEAHEIM OTHOCHTEIbLEO
CHeIyIONUX BeJIWUMH, AHANOTAYHLIX (4):

8fd'fi — ¥ f ¥
fuf 7 @RS, —3f 3,
f, Gfd@ —¥f,30), @®)
f;e (kaS’G - B’fkag),
3P3’8 — 3'DIG,
TAe Ko2QOUIMERTH pasnaraioTes mo cremeHaM f,, f, m .

2. Ilaa toro 49ro0nl { He BXOTENO B TPHTrOHOMETpEYeckoil ¢opme, Heod-
XOQUMO ¥ JOCTATOYHO, YTOOH HANIe BHpaKeHWEe He 3aBHCENO0 0T 8, a TOJBKO
-oT ero Bapmanmit 86, 3'0.

3. Ham ocraerca onmpeaeruTs yCJIOBEE TOTO, 9TOOHI ¢ He BXOQWJIO TyAa Biie
3HAKOB NOKA3aTENLHEIX M TPATOHOMETPMYECKHX (YHKIMWA. JaMeTHM, UTO Ml
umeeM

3f, =e** (34, + A, tda,),
3f, = et 34, — A, 13,), 9)
80 =293C, 30 =238, tda,.

ByneMm pasnm4aTs B HameM BHDayKeHWH WIEHH IATH BHAOB B 33BHCHMOCTH
-0T TOTO, OYyAyT JHM OHM CONEPHKATH, MHOKHTENEM OfHY K3 BEIHYMH, QUrypPH-
PYIOIIUX B NePBOM, BTOPOR, TPETHEH , YeTBePTOM MM IATOM CTPOKe Tabmums (8).

Ilpn atEx ycroBmaAXx, eciam MH 3aMeHuM 3f,,. . . HX sHaveHmAMU (9), yBH-
.REM, 9T0 LICHH OATH BHNOB OyAyT COREp:KaTh MHOKHUTENEM COOTBETCTBEHHO:

(A4, —34,3'4,) + t Ba,d (A, 4,) —da,3(4,4,)],
A A (34,34, —3ANA,) - A, AL [A, Qad' A, — Va3 ;) —
—A;Qa A, —8adA)] 4 A, 4,445 Qb a; —Babla,),
A, (QA4,3'C—3dA43C) 4 A, At (82,3 C —d'a,3C), (10)
A} G438, — ¥ A,38)) 1 A, At (0o, 8By — 8/, 38,) +
+ At (34,82, — ' A,3a)) 4 A, 4,12 Qa,day — e da),
(BC¥'B, —d'C3By) -+ t BCd'ay — ! CBa,).
Mu smpmM, 9710 BpeMs MOrJIO OhI BOATH BO BTODOH CTEIEHH.
3acraBmM cHaJaJa MCYE3HYTHh WIEHH C t?; OHA MOI'YT NPOH30HTH TOABKO

'OT YJEHOB BTOPOTO M YETBEPTOTO BHIA.
f1 romopwo, uro xoaddunmesT npm

£2 (3, &' ; — Ba; B'ay)
:MoJKeH o0paTUTHCA B HYIb.
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B camom pere, Tak Kak BEDPTYalbHHE NPHDAIMMEEHA IOCTOSHHLIX IOPOH3=
BOJLHH, MBl CMOKEM IPEIIOJOKHATH, ITO BCE Saj obpamaiwTca B8 HyaAb, 3a

ACKJIOueHEeM Oda,, a TakKe, IT0 Bce d a; obpamartorcs B HyJb, Kpome d a,.
Torga Bce unens c t? ofpamjaoTcs B Hydb, 34 MCKINOYCHAEM dieHa

12 (Saka’rzj — BajB’ak).

Mol umeaw 6ol uckargwenusn, ecau Gul Cylyecmensanc COOMHOULEHUE MexcdYy

n—1 norasamersmu a;; AeHCcTBUTENBHO, Oonee Hens3da OO OH wpexnona-

raThk, 9T0 BCe 8“_;' KpoMe OfHOro, ofpamaiTcAd B HyAb 0e3 Toro, 4ToOH
3TOT mocIeAHHH caM oOpaTwicA B HYIb.
Teneps mMmeeTcA YeTHpe WieHa BTOpPOro BHAA, KOTOPHE JXAOT WIEHH G

t? (SakB’aj —_ Baj3’ak).
fl sanmmy mx AIA KpaTKOGTH B BUAE
40 + $y0, 4 Pg05 -+ $ 0,5

¢y pasiojkeHH mo cremeHaM f,, f; m ©. fl ofosmauaio uepes w, BHpakenue,
KOTOpoe ¢uUrypmpyer Bo BTopoif cTpoke Tabammm (8):
®, BHBOJUTCA M3 @, NepecTaHoBkoi f, #m f,,

@3 BRBOJMTCH M3 © OEPecTaBoBKO# f; u [,

®, BHBOMUTCA M3 ®;, ©CIM COBEPMMWTH OJHOBDEMEHHO 3TH JBE mepecTa-
HOBKH.
Hna roro wro6n mcuesanw wieHH ¢ 2%, HEOBXOA¥MMO M JOCTATOYHO, YTOOH

4)1—‘%—‘?3-}-‘?4:0- (“)

Ecnu aro YCl10BHAEe BHIOJIHAETCA, WeThpe YjIeHa

by0; + Y0y + byo5 4§04

JAOCTABAT HaM B KadecTBe WJIEHOB C

(41 — 9o) 84,4, P2, 8 (4,47) — ¥, 8 (4,47)] +

+ (b — ) t4,4] Ba 3 (4,4,) —¥a 5 (4,4,)].

PaccMoTpuM Temepp WIGHH 4YeTBEPTOr0 BUAA, KOTOPHe MH 00hejuEAM
P
HONapHO; NYCTh
by + Py,
— rpyooa m3 ABYX WIEHOB, rie ¢; u ¢, pasnoxEuMH mo cremesaM C u A, A4,,
o, — BHpakeHme, KoTopoe ¢urypupyer B ueTBepToil crpoxe Tabnmum (10),
K o, — BHDa)kenwe, Honyyalomieecs M3 HOI'O NepecTaHoBkoi A, m A, u 3aMe-
HOl a, Ha —a,.
8 A. ITyamxape, T. II
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Hns toro yroGum umcyesanm wieHH c i2, BEeoGxoaumMo, 4TOGH

b=,

M TOr[a 4ieHpl ¢ [ CBEAYTCHA K
b, 5 (4,4, 8'a, —0/ (4,4,) oag].

281. Tenmeps unemsr ¢ ¢t pasnarawoTtea mo crenensaMm C, A, A, u oo Bapma-
maM 3, ¥/ Benwaur ay a,, C, A,4,. Ham ocraercs 3acTaBuTh ucuesnyTsb
9TV UNeHH; A HAUWMy ceiuac, u’ro mm—nynn, KOI/Ia MHE DOIAraeM

C =0, 4,4, =0,
He mpejuonaras, pasymeercs, aro oC, 8/C, 84,A4,, /A, A, — Bym.
Ilycts B, B HameM uHBapmanTe oO3HAayaeT TO, Y6M CTaHOBHTCA Koahu-

went qiaena ¢ (8f,8/f; —O8f.8'f.), worga Mm ngenaem B Hem C—=A4 A, =0,
k k k k Kk
[Iyers D, ecTs To, Wem cTaHOBMTCH Koofduument 4ieHa ¢

fr (61,0'6 —3B3/f,),
u Dy— 10, 9em cTanoBuTcA KO3pPMIMEHT yneHa c
(03’® — 383/ M).
Mu pomxum GyfeM HMeTE TOXAECTBEHHO
S\ B, [ba,¥ (4,4;) — a3 (4,4))] +
+X D, [3(A4,4,)¥a, —8 (A,4,) 8] + D, BC3a, — &' Cday) = .
Bynem omcats mas coxpamenns t, BMecto A, 4, 1, BMecro C

o (z, v)

BMECTO
dudly — dvdu.

Mu oonyumm

2 B0 (2, 71,) + Z D0 (Tzs %) =+ Dy (14, %) =0

HIIK Ke

EEBk 3?‘6 Y5 Tk)+22 D, Zin 9 (Tr Tj)+2DOZ§na(Y07 1,)=0.

Iop suarom Z 1§04 ZZ mHeKC k MOKeT NPUAMMATE 3HAYEHHUHA
1,2,..,n—1,a j—osnmawenun 0, 1, 2,. .., n — 1.
Hpnpanmmaﬂ nyno roapdmument mpm J (7;, T,)» Haxomum
d“' dao dan

da, 7 .
By gt — B, = D, G 4 D, 0. (12)
7 k k
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IIpapasmmBan nynio kosddunuent npu d (Yo, 7;), Haxommm

d d .
,-,-1%:+Do % —0. (12bis)

da;
I __D
d"{j

Jdy,

ITM ypaBHEHMA BHPAJKAT TOT (AKT, UTO

—Dyady, + 2 (Byar — Dyay) dyy, (13)

ecTh TMONHKE AEGdepenuma.

B ypasuenmax (12) n (12bis) reo6xoanmo noxoxuts 1,=0, caenosarensro,
da/dY — mocTosIHHEE, CIE0BaTeJbHO, @; — JEHeAHbEe $OyHKUA T; B mei~
CTBUTEJIHHOCTH, KaK MEI 3TO BHJENM, & MOLYT OHITH PasioKeHH IO CTENEHAM T,
HO PE3yJIbTAT, KOTOPHIA MH TONBKO 9TO NOJYYMJIH, BEpeH TOIBKO B TOM CIy-
9ae, eclM Mhl DpeHeOperaeM KBajpaTaM@ | ¥ €CIW OGDHIBAEM pA3TOMKEHUA @
Ha 4ieHax nepBodl crenenm. Hpome Toro, BmD — wocroamuue. Cruegosa-
tennHO, BHpaxenwe (13) sBusercs wmommnim puddepenmmantoM moTmEOMA
BTOPOR CTEHEHH.

Jast Toro 9To6H IPOABAHYTHCA Jajblle, BEPAa3EM @, HO B QYHKIHA

Tor Tvr -+ Tu-1r
a B QyHKOWH

%oy Trs - oo Ty-1r

H, JJIA TOTO 4To0n u3be)KaTh myTaHUOHE, 0003HAYEM NpPHA OOMOMEZ § HPOH3-
BOJIHBIE Y10 HOBHIM I€PEMEHHHIM, & DX DOMOImE d — OPOA3BOAHHE U0 CTAPHM.
Torpga MH BHAMM, 9TO

Z B,a,dy,! 4 de, Z DjTj

ecTh HOJHHI AmdpdepeHOUan, 4TO BIeUeT 3a cobol ycaoBuA

9% __p 0% 4
Bur, =B, - a4

Ecim MH 3HaeM COOTHONIEHHMS MEXAY & M Y, TO BTH YPaBHEHHA 1103BO-
JAT HaM ompejeanTs KeadpdunumentH B;.

_,
M MoxeM Bmpasuts O D ¥; B QYHKINE DepeMEeHHHX

J
%oy T Tas »+ oy Tpe1o

ZD,-TJ' =E@,+ ZEka-

3aOouChIBaA

8‘
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Benmauen K, GyAyT 3aJaHH YPABHEHHAMM

L Oay i
Ek == Bk E , (14bls)
n E, MOXBO BLIGpaTh DPOM3BOJILHO,

IIpexne Bcero HeoGxoaumo, aro0n ypaBHeHwmA (14) 6HaM coBMecTHHMH,
4T0 npm 7 >3 Tpeyer oumpejfeneHHWX yCJI0BHEM

da; da; 0“/—__ da; a“_; da, (15)
o 01y O OYx O OY; °

9tm ycnosma (15) 6yAayr Bcerja BLIMONHEHH, HOCKOJNBKY BCErJa HMEETCH
HMHTErpalbHHi HMHEBADHAHT
s 3 dz,dy..

Ecnu mMeercs HeCKONHKO HETErpaJbHHX HWHBADHAHTOB, KOTODHE He 00-
pamaloTcs# B HYJb TOKAECTBEHHO /AJA DPAacCMaTPHBAEMOTO IEDPHOAEIECKOrO
PeIleHHEA, TO Ka)KIOMY H3 dTHX MHBAPHAHTOB JOJKHA COOTBETCTBOBATH OfHA
cacTeMa 3HadeEmd Kosdduumentor B; m E,.

Ecnu ypasmenmsa (4) fOnyCcKAalT ¢ JTHHEHHO HE3ABHCHAMHX pemleHWH, TO
MOHO BHYZCAHTH COOTRETCTBYIOI(We 3Havendd E, UpPE HOMOI ypaBHEHHH
(14bis), a Tak xax E, ocTaeTca npou3BoTsHEIM, Mbl 6ynem mMeTh g1 nmEeiBO
He30BUCEMHEX CcHCTeM 3HaveHmi kKoaddunmentos B, m E,.

CileyioBaTenbH0, MBI MOKEM HOJNYYMTH g1 PasiIWYHHEX MHTETpaJbHbIX HH-
papEauToB (€CHE pPACCMATPHBAEMOE NEPUOJ(EIECKOE pEeIeHHe He ABIAETCH
0co6uM B CMBICAE I. 257), HO MH HE MOKEM HOJydYHTh X Gounmme.

282. Brimme s cxasaa, uro yciaosuAa (1D) HaBepHOEe BHIDOJHEHH; MOJKHO
65110 GH YCOMHEETECS B 3TOM; B CAMOM fiedle, ecad ypaBuessd (14) nonyckawor g
pa3iMuHbIX PENIeHHWi, TO MOKHO ¥MeTh ¢-1 HMHBApHWaHTOB; ecim, CleJoBa-
TEILHO, EMEETCH TONALKO OOWH MHBAPHAHT, TO MOMKHO OnI0 GH IPERmOJIOKHATE
g=0, ciaegoBaTeJsHO, HaJAIWe EIMHCTBEHHOI0 HHBAapHaHTA

| X dzdy,

pge ObuIo 6 TOCTATOYHHIM JJIf TOTO, 4TOOH MOKHO OHJIO YTBEDIKLaTh, 4TO
ypaBuenus (14) HaBepEAKA AONYCKAXT ORHO pEIICHHS.

Mue ocraercs paccesaTs 3TO COMHEHRHe.

IIpesxne Bcero A saMedan, TO B clydae 3aXadm TpeX Tel MMeeTCA He OIMH,
a JiBa WHTETpaJbHLIX HHBAPHAHTA.

B camom fene, B I Tome B ranase IV MH E3yIdiIE ypaBHeBHA B BapHan@amax

9TOM 3ajavd.
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Ha crp. 150 m 152 Mu moxyemiu clrenynoimme WHTETDAJH:

2%—- Z—ZE:const, &)

N (22n+ y8) — 32— v )= const. )
Mn HaiimeM Taxxe

2 —y”l"—- 3—}5’ = const, (1bis)

E (2zq' + y&') — 3t( 2’%’-— % E') = const. (2bis)

VYuuomam (2bis) ma (1), (1bis) — ma (2) m BEUTem, moxywEM

D (L2 8)D v+ y8) — X (E— ) D, (20 + y8) = const.

JIeBaH qaCTh JInHel'Z'IHa OTHOCHTEJABHO onpenenn’reneﬁ BHIA
’ 7 r r r ’
MM — Mo "Ifek - TIkE.'v E(Ek — EkEs"

CrnenoBaTesibHO, MEH MMEEeM HHTErpal yPaBHEHHWH B BapHAUAX H CMOKEM
BHBECTH K3 HEr0 HOBHE OMNEHEHUDHIE MuTerpajJhOH HHBAPHABT.

B cnydae sagaum Tpex TeJ MH MMeeM, CIEfOBaTeJLHO, IO MEHLIIeH Mepe
g=1, ® MOKXHO GHTH yBepeHHHM, 4TO ycioBmA (15) BRIOOIHEHH.

283. Byner i’ 1o xe camoe B o6mem caygae? [Ipexmomxosxmn, 9ro sToro mer.
Torpa Bce KoadMEMEBTH, KOTOPH® MH HasBald B, HoMKEH GHTL HYIAMH,
TaK e Kak ¥ Bce K, 3a mcxkawuenuem E.

CoenoBaTenbHO, KOTAA ME JlaeM Z; B J, 3Ha9€HHA, KOTOPHE COOTBETCTBYIOT
paccMaTpRBAEMOMY NEPHORMIECKOMY DEIIEHHI0, T. €. KOT/a IOJaraeM

C=A4,4,=0,

xoappunmentr wnenos ¢ df,d'f, — 3f,d'f, mommHm ofparETHCH B Hylb, M
OCTAI0TCH TOJIBLKO WIEHH €

£, (31,5'0 —3037%,),
(303 8 — 385/ D).

Caedosameavno, Hauw unsapuanm doaxcen Gur 6w 06pAMUMBCA @ HY4b,
Ko20a Mu umesu 6wl

38 =13'8 =0,



118 Hopme mMeroan mebecHoii moxammkn. 111

HO 9TO HE MMeeT MeCTa B Cjllydae MHBapHaHTa
| Ddz.dy,,

KOTOPOMY COOTBETCTBYET BHPayeHHE

> (8.’1:’.8’_1/’. - Ey‘.i‘)’.'z'.),
IIycts, B camom pexne,
88 = Jadz, + 3bdy,,
3/8 = Jadz, + 3bJy,.
Mo pomxnbl Oniam 6K EMETH PaBEHCTBO BHAA
D Qxdy, —dqydz) =73 (a8z, 4+ by, ¥ (cdz, 4 edy;) —
— D (ad'z, +-bd'y,) Y (cdz; + ely,).

Ho aTo HeBO3MOKHO, MOCKOJLKY JIeBaAd HacTh ABJIAETCH OmamueitHO# op-
MOH ¢ oupepenmresaeMm, paBusiM 1, a npaBas dacTh — OGuamneiinoit dopmoit
¢ oupepexmreneMm, panubiM (.

CnepfoparTedbHO, MBl JOJIKEH BaKIKYATH, 4T0 yciaosdd (15) BHIOIHEHH
sceraa.

284. Uccnepyem Teneps, MoryT am ypasueHmd (14) [ouycraTts HECKOJNBKO
pemenui.

Iycrs
B, B, ..., B,
B, B,, ..., B,
— JBa TAKMX PEUIeHWs, W IPEeANONOIKMM. 97O PaBEHCTBO
By, _ B;
B, B

He BHINOJIHAETCHA; TOTA ABAa yDaBHEHHA
da, o, da;
Bk }{—’ — m ’
¢ 0oy e 02y
B, =P,
NOBJNEKYT 3a coboit

Oz __Oa; 0
T

Torpa mEgexkcH
1, 2,. .., nm
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PasfieNATCA Ha ONpefeleHHOE YHCIO TIPYUN, KOTOPHIX OYyHAeT CTOJNBKO 3Ke,
CKONBKO MMeeTCA Pa3JIMIHbLIX 3HAYEHH Ais oTHomenus B,/B;; nsa muaexca
6yayT upMHAaLIEKATE OLHOM ¥ TOM JKe IPYIUe, 6CTH OHU COOTBETCTBYIOT OJHOMY
U TOMY Ke 3Ha4YeHMI0 oTHomemus B,/B;.

Torpa past Toro urobe @, 3aBmceno ot ¥, (@M «, — oT T,), HeoGxonEMO,
970068 MHAEKCH [ B &k DpmHAjiIe:Kaldm ONHOK M Toit xie rpymnne.

IIpequomosxuM I7ist OmpefeleHHOCTH, YTO MEl MAMEGM TOJBKO JBé TPy,
COMEPIKALIHNE COOTBETCTBEHHO MHIIEKCH

1’ 2, - p|
. p+i, p42,...,n — 1"
orga
ay, @y ..., &,
OyayT 3aBMCETH TOJBKO OT
Xor Y10 Y2r v o0 Tpo
a
ap!—l’ a‘p+2’ ce Xy
OyAyT 3aBHCETH TOJIBKO OT
%o Tperr Tprzr -+ o0 10

Torga mmeer MecTo TOT (AKT, 4TO XapAKTEPUCTHYECKUE LMOKa3aTeld o
06pasyioT HECKOJIBKO HE3aBUCHMHEIX TPYUN, TaK 4TO &, OFHOW IPyNDH HC 3a-
BHCAT OT HPOM3BegeHuld A J.A’j, OTHOCHINAXCHA K APYroi Fpynue.

Ilepmonnueckue penrenus, AJNA KOTOPHIX BOBHMKHET 2TO OBGCTOATENHCTBO
(mnm g1 KOTOPHIX MMeNo OBl MECTO COOTHONIEHME MeRAY a,), MOKHO Oyner
HA3BATh YACMHbIMU.

M mpuxofuM K CIAEAYIONEMY 3aKIIOUEHMIO:

Has moeo umobul cywecmeodon aa2e0paudeckull UHeapuanm, OmAUUHBLL
om mezx, KOmopwle Ham U36eCMHbL, Heo6z0duMo, Aub0 umobt, éce nepuoduieckKue
pewierus 6bau YACMHBLMU, AU60 ¥mobb onu 6ce Ouau 0cobumu 6 cmuicae . 251,

fI Be 6yy MOKaBHIBATH, 4TO 3TO OOCTOTENLCTBO HE MOKET HPEACTaBATHCH
B 3a/lade TpeX Tell; HO NPOTHBOMIOJOKHOE HONYIIEHAE Ka;KeTCH BEChMAa HenpaB-
IONOA00HEIM.

KeagpaTaunsie MHBApAAHTHI

285. MayuuM Teneps ¢ TOH K€ TOYKHU 3PEHMA KBAAPATHYHEE MEBAPHALTHI,
T. €. HHTerpaJbHbHe HMHBAPUAHTH BHAA

[ vF,

rge F — xBappatuuras ¢opma oTHOCMTENbHO Auddepennmainos dz,, dy,.
Ilyers
F =3 Hdzdz,,
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rape H — QyurnaE z B y 4 TAe mpomssenenume dr,dr, Moxker OHTb 3aMEHEHO
B OUpefeJIOHHBIX WIeHaX npousBefienmeMm dz,dy, @am dydy,.
Torga MH CMOKEM HammcaTh CIeAyIee ypPaBHeHHE, aHAJOTHIHO® YpaB-
genmwo (3) u. 278:
> Hdzdz, = const. (1)

C ppyroit cTopoHm, M Hama® B o. 278
bz, =8 418y, 5 dy,=m+tmy .
Torpa Mul cMoskem sanmcars ypasHenme (1) B Bmpe
D + Et 4 Ft® = const,

rae D, E, F pasnaraiTcAa OO0 cTeHeHAM Ae®, Ale™ u no CHHYCAM M KOCH-

2n "
HycaM KpaTHHX —7—,-(t -+ h) m, ¢ APyroi cTopoHH, KBaAPATUIHH OTHOCHTEIBHO
d4e™, 3A'e™, ¥C, Bh.
CnenoBarenbHO, MBI JOJIKHbBI MMETH

E=F=0

B, KpoMe T0T0, ) NOJNKHO OLTH HE3aBUCHMHM OT {, 9TO HOKa3KBaeTr, 910 D
IoMxHO OHTHL JHHEAHHM OTHOCHTENBHO BHIPAMKEHHH

34,34,

A APARA,,
A3A3C,
AL3A3h,
3C3h

HIAE OTHOCHTENIbHO BHIPAKCHMHA, BHIBOJUMHX M3 HHX HEPECTaHOBKOH A, &
A, mm A, m A,

Koadduumentar 6yqyT pasnomxeHn no cremessiM npoussepeumit A, 4, a C
(ecIm npenmoNOMKUTHL, YTO LEPHOAMYECKOE PEIIEHHAE COOTBETCTBYET HYJIEBOMY
3HAYEHWI0 NOCTOAHHOR ;K@ABEIX CHJI).

286. O6parmMcs cHoBa k ypasuesmam (7) n. 280 m 6ymeM paccy:xaaTh,
kak B 0. 280; Mu yBHAWM, 9TO BRpajKeHHE

I = EH&I‘-&’C,‘,

KOTfla Z; | }j, 3aMeHAIOTCA B HEM UX Pa3NOKeHuAMM B Qyuxuumf,, f;, durb,
TOJKHO YAOBJETBOPATH CIEeJYIOIHEM YCIOBHAM.
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4. Omo pomxpo OWTH JHHEAHHIM OTHOCHTENLHO CIEAYIOIIAX KOJHIECTB:

814 3f s
Fuf 3130
Fd1dD,
01,50,
330,
302, 382

npraeM Kosdpduumentn 6ynyr pasnomens mo crememsaM f.f, m @.

2. Ono He Gyner sasmcers oT &, a Tomxpko of 30O.

3. Ecim otm ycaoBMA BRIOJHEHH, To srpaskenme I me Gyner copep:xars
BpeMA EX B IOKA3aTeAbLHOH popme, BM B TPHrOHOMETPHYECKOII.

Ocraerca HCKAaTH YCJIOBHE TOTO, YTOOH BPEMsI TaKiKe He BXOJMJIO BHEe 3HA-
KOB TOXa3aTeJIbHHX W TPATOHOMETPMIECKHX (YHKIMI.

Bosemewm crosa ypasuenna (9) o. 280; MH YBEREM, 9T0 Da3iMBIHHEM LICHAM
rabammpl (8bis) coOTBeTCTBYIOT ClAegyONEE WIEHH:

BABA, + t (4,340, — A3A,3a,) — A, A1 (3, )?,
AABAZA, 4 AL AL (ASa3A, AdaBA,) + A, AL A A tBada,,

ARBAIC + A, 4,132,3C, (10bis)
ABASE, + ALt BADa, + A,3a,38;) + A, A, i%ade,,

3C38, + t3C3a,, 3C? 382+ 263Ba, + %az.

(8bis)

3acTapEM CHadajla HCIE3HYTh TIAeHH C© 22
COBOKYIHOCTD 3THX YIEHOB ABNAETCA KBAJPATAIBOHR GopMOFA OTHOCATENLHO

N N
oy, day, ..., 0, .

n—1

dra KBajgparguHAs (PopMa JONKHA OHITH TOKAECTBOHHHM HYJeM.
Cnepoparensro, kodpunment npr dx, 3o t* fomxen Ourp Hyxem. Ho mme-

eTCA 4eTHPE WIeHa, KOTOpHe MOriam OH BBeCTH NpoH3BefeHEme 1°3a, b, —
3TO YIEeHH C

Tl 330 T M Fl RIS 0 Fuf B1F

OGozmagmm 1A KPATKOCTA STH YETHPe BHIPAIKEHHA depes wy, ©,, g, W4
TOra COBOKYOHOCTh HAINAX YeTHPEX WIEHOB 3AIMIIETCA B BHJE:

$10; + G0y -+ Py05 + Py,

Tae ¢y, $g, $3 B §, pasnararorca mo cremenam f,f, m @. Jlna roro atobm ro3d-
¢unuent upm %3a, aaj HcUe3, MH JOJKHEK HAMETHh TOKIECTBEHHO

q’1+‘]’2+q’3+q’4:0-
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Hoopomument npu £ (8x,)® rakme jgoieH oGpaTATbCA B HyJdb; HO OH
IPOMCXONAT OT YIEHOB C

; ’ 5 2 123 g
3/ 3fes 1i8fis 1i0f%

OGospaunM A KPaTKOCTH 3TH TPM BHPA/KEHUA depe3 o), m,, b, a COBO-
KYOHOCTE TpeX 4lIeHOB — depes

$r0p + §a0, + byog,

rae ., $., ¢, passararorca mo cremenaM f.f, m O,
Hasa toro uroGm wmcues Koapumuent mpu t®Wal, Mbl RoAHEL OHIM bl

uMeThb
Fafe (b + 43) — 1 =0. (11)
JIf nepmomMYecKOro peIeHMs MBI UMeeM
flzf;=f2:f;= e = n—1=f,,;—1:0-

Bce wireHbI, KOTOPHE COIEPIKAT MHOMKATETEM OFHO M3 BHIPay<{eHHH, Qurypu-
pyomux B0 2-i, 3-# m 4-i ctporax Tabnmu (8bis), mosxE: Torga ofparaTuca
B HyNb, 00 Ka:KJ0e M3 STHX BHIPAIKEHMA COAEPIKAT MHO}KATCNeM f, @aAm f,.

CnegoBaTesIbHO, EIMHCTBEHHLIMH YledaMd Bepaskenms II, ne obpaugaio-
MEMUCA B HYJIb JJIA OEePHOJAMYECKOTr0 PENICHE, ARJIAIOTCH WICHH C

5/,3f,, 3036, 302, 302,

¥Ypasuenne (11) moxasmBaer, 9To ¢, cCOMep:KUT MHOKHTENEM f,f,; caemo-
BaTelAbHO. wien ¢, of, 3}, pasHmM o6pasom monsen oOpaTHTHCA B HYAL. OcTu-
I0TCA eme TOJNBKO WIEHH C

3p2, 3POB, 382

Ilepsriit He copeps:KAT £, BTOPOi copep:xuT BpeMa B 1-if crenewn, Tpertuit —
BO 2-ii cTemeHm.

Tak Kar TOJBKO BTOT TPETHIl YIEH CONEPMHT %, OH JoJkeH OHTH HyJeM;
€CJHM OH HYJE, TO BTOPO#l WieH Tak:;ke OYIeT HyJeM, TaK KaK TOJNbLKO OH COfep-
wut t.

OxorvarennHo, Bee wieHH 1l o6pamarTcs B UYL MIA HEPHOAMIECKOIO
pewenud, KpoMe gwinema ¢ dD?

Ho B obmeit 3agaue fuHaMEEHA, TaK 7€ KAk B CIy4Yadx 3ajaud Tpex Ter,
KOTODHIC MEI HA3BAJH O2paHuieHHOU 3dadaueli, o0weil npusedenHol 3adauell u
naockoli npusedennol 3adaueli, MBI 3HAEM OQWH M TONBKO OfMH KBaIPATHYIBII
UHBAPUAHT.

Ecin A Hanmiuy ypaBHeHHE KHBHX CHIl B BHJIE

F=const,
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TO 9TOT WUHBAPHAHT ABJIAETCA e 9eM HMHBIM, KakK
| viary

HMEHHO0 3TOMY MHBADHMAHTY COOTBETCTBYET uieH ¢ 3M?, Kotopsii Be o6pamaeTca
B HYJb.

CrenoBatenpHO, €COU CYIMECTBYET KBajPATHIHbIE MHBAPUAHT, OTAMIHBIR
OT y:Xe HM3BECTHOTO, TO 3TOT HHBAPHAHT A0JuKEH Oyder oOpaTuThCa B Hylb
JJIA BCEX TOYEK NEePUOJMIECKOr0 pemeHusd.

JpyruMm clOBaMH, 9TO NEPHOAMIECKOe PEIUeHHME NOJNIKHO OHTEH 0COGHIM
B cMbIcae m. 207 B TOM, ITO KACAETCA 3TOr0 WHBAPHAHTA.

Mu mMmesun 6Bl MCKITIOUEHHE, eclIM OB 7 mOKasaTeiei

Zgy py Doy 0aey Xy

He OBlIM He3aBHOAMEI APYT OT JAPYTa, a CCAM O Meway HEME UMEJOCh COOT-
Homrenue. B 5ToM caygae rosdduumeur upm t%, KOTOpBIA ABJIAETCA KBajpa-
TEIHOX (OPMO OTHOCHTENBHO # NEPEeMCHHEIX

da,, da,, day, ..., da, ,,
B CaMOM JieJie cMOT Gl 00paTuTLCH B Hylb TOMIECTBENH0 6e3 06 pamenns B Hylb
BCEX er0 Ko3(p)UIUEHTOB, MOCKOJLKY 3TH 1 IepeMendnx ne bunu 6u Goxee
HE33BACHMEIMH.

PeztomupyeM: 0aa mozo umobul cyiyecmeosart, KeaOpaAmMULHBLE UHEADUGHMbL,
OMAUXHbE OM MEX, KOMOpHEe HAM U36eCmHb, He00Todumo, wmobs 6ce nepuo-
duueckue pewerHus OvAl 0COOBLMU WAL UACIHBMU.

Maso upaspgomono6Ho, 4tob6sl 9TO MMENIO MECTO jIA 3aHAYM TPEX Ted.

Cayuait orpanavenHoii 3axagm

287. Mosxno TmpejcTaBUTh JIPYrod cmoco0 pacCMOTPEHHH, KOTOPEIL MBI
OPUJIOKUM TOJEKO XK CJIydalo orpaHudedHoil 3agaum. B m. 265 momyckanacs
BO3MOKHOCTE CYHIECTBOBAHHUSA JIRYX KBAXPATHIHHIX MHBAPHAHTOB, OAZH W3
KOTOpHIX m3BecTeH. IIpexmono:xum, 9To 9TH [Ba KBAAPATHIHHX HMHBAPHANTA
cymecTRyioT, ¥ mycte Il — xBagpatmusas (opma, COOTBETCTBYIOINAA OJHOMY
u3 3TUX mHBapHanToB. CorIacHo mpennEymeMy, 11 MOsKeT CojepsaTh WICHHL C

8f3fy, fBf @, f3f3D, f3fd0, f23f38, (1)
£33, fRf7, 382, 386, 32,

C npyroit cropons, II — keBagpataynas GopMa OTHOCHTENBHO KOJMYECTB
8y, 0z, Oy, Oy,

KospdunmenTH KOTOPOH — anrebpamdeckue QYHKUHA OT T, Ta, Yy, Y-
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Bor rakmmu O6ynyT nepeMeHHbIe Z, U Y;, KOTOpHe M BuHGepemM. B atoit
3ajaJe, KOTOPYI0 A HA3LBAK 0ZDAHUMCHHOI, KBA TeJda ONHCLIBAXOT KOHNEHT-
PHYECKHEE OKPYKXHOCTH, & TPEThE, MacCa KOTOPOTO HYJ b, JBUKETCA B NIOCKOCTH
aranx oxpyskHocrei. fl oTHecy 3ro TpeThe TeJO K LIOABMKHBIM OCHM, BPAMIAN0-
IMuMCA PaBHOMEPHO BOKPYT HEHTPA TAMKECTH ABYX NEPBHX; OfHA H3 3THX
ocell mOCTOAREO Oy/eT COBNANATh C HPHAMOH, COEIMHAIIEH [BA MEPBHX TENa.
f1 oGosmavy gepes z; M I, KOOPAMHATH TPETHETO TEJAa OTHOCHTENLHO BTAX IOJ-
BHKHEIX OCEH, 4 Y, B Y, — Npoexnun a6COMIOTHOA CKOPOCTA HA HOABHKHKEE OCH.

Torga moxoxmm

O =F -} oG,

rae F n G o3pavarT GYHENAL KEBHIX CEI U (YHKIHIO maomanei B aGcouioT-
HOM JBEIKCHHE ¥ Ifie¢ ® 03HaYaeT YIJIOBYIO CKOPOCTH BPAINEHHA ABYX LEPBBIX
TeJl BOKPYT WX 00ImEro HeHTpa THMECTH. Y PABREHHA NPAMYT KAHOHHYECKYIO
dopmy

dz; _ d® dy;  d®

dt — dy,’ dt  dz;*

+

Wrrerpanr ®=const ecrs He ar0 mAOE, KaK «uaTerpax fAxob6m» (cp. Tom I,
u. 9, crp. 27).
IIpm stax mpepmonoskenmax Buipaykenue 11 Gymer kBanparTmuncE dopmoi
OTHOCHUTEILHO
82y, 32y, Yy, By,

xoadppunmenTH KOTOPOE 6ymyr anre6pamdeCKEME OTHOCHTEIBHO Z; H Y.
Ecam Mu OpennonoyxmM, 9T0 9eThipe NEPEMEBHHX I, M y, CBA3AHH COOTHOIIE-
HAeM

@ = const,
KOTopoe BlIedeT 3a coboi
30 =0,

TO 9eTHpe nepeMeHEHX 8z;, 3y, me 6yayT Golee HE3AaBHCEMEIMHA; MH CMOKEM
MCKJIH0YATh OXHY M3 HuX, ® Il cramer Tpoinmunoit Ksagparmamoit Gopmoi.
PaccmoTpEM OfHY TOUKY NEPHOTHYECKOTO peNIEHHA; JJIA JTOH TOYKA
MH GyneM mMeThb
f1=j1=0'

CnenoBatensro, Bce Bripamenus (1) ofpaTaTes B Hyap, 338 HCKIIOYEHAEM
of 8f;, 862, 30868 m db2.

Ecau Mn mpenuonoxinm, aro 3P=0, To onm Bce obpaTaTca B Hyas 3a
MCKII0YeHEEM

8/3f, u 802
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I/I'rax, OyCTh HNJA TOYKH IOCPHOOAYECKOr0 peleHHAa
11 = B3f,3f, + C382.

COBOKYOHOCTS WIEHOB C (° CBEJeTCH, CJIeJOBATEeINLHO, /JIA 9TOH e
TOYKH K
? 2'\ 2 N
—Bf,f,t%a2 + Ct®a?

(cp. Bume Tabamuy (10bis)) u, mockoasry f,=f,=0, k
Ct%a2.

Ynenn ¢ $? HOJGKHE MCUESHYTH; 3TO — EAUHCTBEHHBIN, KOTODHH He 00~
pamaeTca B HYJb [N pPacCMATPHBaeMOR TOYKH; BCE OCTAJAbHBI® —— HYJIH,
daxce ecau Gu My He nodwuruau ur ycaosuio ¥ =0, n6odD3O u 3D? He paror
qi1eHOB ¢ 12,

Ho 3a, vE ecTb TOomecTBeHHMI Hyab. ME HMeeM JJIA TOYKM unepmOfAIe-

CKOTO pemeHAsd

day__day__dag__

dfy " df; dd 7’
Ho MHE He mMorad 6u mmerts da,/dD=0; aro snadmio 6n, 4TO EMEerca Hempe-
puBHOE GeCKOHEYHOE MHOKECTBO NEPHOAUMIECKAX Pemenuiz OJHOT0 M TOTO e
mepmoja, 4TO HE HMEET MecTa.

Mo:HO 3aMeTHTh, OQHAaKO, 4T0 doy/dD CONepKAT MHOKATENEM Malloe
KOJHYECTBO, KoTopoe A o0o3uady uepe3 p, T. €. Maccy BTOpOro Teaa, M, Cje-
J0BaTeJbHO, 9T0 da, o6pamaerca B HyJAb upd p=0, T. e. B KeINIEPOBCKOM JIBH-
IKEHUA.

CheponaTe pH0, WIEHH ¢ {2 MOTyT MCYe3HYTh, TOALKO €CHH MH HAMeeM

C=0,
OTHYZa
11 = B3f3f,.

Ho arto mocarennee paBeHcTBO OosHadaxo 6nf, gro II cropmres K GEEApHOK
KBagpaTMIAO# ¢opMe m}, CJIEHOBATeNLHO, YTO €e JAHCKPHMEHAHT HYTb.
Taxum ofpasom, duckpumunanm A dopmur Il Goaxcen 6wa 6w 06pawamves
8 HYAb JaR 6CET MONEK 6CET NEePUOOUMECKUT Peuerui.

288. Opmaxo anreGpawiecKoe COOTHONICHHAO
A=0
He MOKeT OHITH CHpAaBeJWBHIM, IO KpaiiHeil Mepe, ecid oHO He ofipamaercs

B TOMAECTBO [JIA BCEX TOYEK BCEX NEPHOXAIECKHX DPEIDeHHH.
Hei#icTBATENIHLHO, €CIM MH HPHCOEIEHUM K COOTIOMIEHEX

A=0 (2)
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ABa Opyrux COOTHOIIeHMU:A

F=% G= 3)

(rme 8 u 7 — mBe mpoMsBOJAbHLIE mocrosiansie, F u G — e dpynxuwmm, 0603-
HAadeHHBE Tak B OpeAnjyiuem naparpade) u a06oe werseproe anreGpam-
9eCKOE COOTHOIIEHUe

H=0, (4)

TO Y@CNO peieHdil sTUX HdeTslpex airebpawdeckux ypapuenwi Gy/eT orpamm-
9EHHBIM, KaKuMA OBl Hu OsuIM mocrossubie B m 7.

PaccMmoTpuM Tenepr nmepmogmueckoe pelleHye; nepeMeinnse z;, m y, Gyayr
Pasyioens OO CTENeHAM L B BHUAE

r,=x4pxl 4+ ...,

5
Y=y +tpyi+ ... ©)

Oyukuua F takmke Oyner pasirouMa oo CTemedsaM f, M Mol OyIeM mEMeTh
Fe=F,4pF 4+ ... .

G u H OynyTr HesaBUCHMHI OT {.

Ocraetca A; g rosopio, 970 3Ta QYHKIHUA, KOTOPAA LO NPEAIONOKEHUIO
anrebpaudHa 10 z; ¥ Y,, 3aBUCHT TaK:e airebpamieckm oT p.
JelicTRATENLHO, BLTpaKasg TO, 9TO

f

~— MHTETPAILIILIA WHBAPUANUT, MLl OpPHAEM K OlpeAsTedHLIM COOTHOLIEHHHAM,
B KOTOpHE BOHNYT KodddmuuenTsr I, mx npoussogurie u Ko3PUIUEHTH Rud-
depeHNUANBHLIX YPaBREHMIT IBAIKEHUS.

Mu opepmonoscuM, 9to 1l — anre6pamdgeckas QYHKIHA OT X; M Y,; MH
MOKEM NPEeuONOMHUTE, YTO 3Ta adrebpamdecKasg QYHKUMA OTHOCUTCHA KakK
9aCTHHIH CIyd4ail K OUpeJeleHHOMY THIOY, He COfep:;KameMmy SiBHO {, HO 3a-
BACAMEMY anrefGpaudecKd OT HEKOTOPOTO YXCJIa NPOM3BOJLHHX IIAPAMETPOB.

Toraa S\/II He OymeT MHTErpanhbHHM WHBADUAHTOM OPU IPOM3BONBHLIX 3HA-

YeHUAX MapaMeTpoB, a TONBKO TOTJ/Ia, KOT/AA 3TH mapaMeTpul OyayT nprARMaTh
HEKOTOPHIE YaCTHLIC 3HAYECHUS, 3A8UCIUUE OM p.

Beipaican To, uto S\/"II——-HHTBI‘paIII:HHﬁ MHBapHAHT, ME 0OpUJEM K He-

KOTOPHM aire0pamdecKuM ypaBHEHUAM MEKAY p# B ITAMH OAPAMETPAMM;
9TH YPaBHEHUA MOJLKHBI ORITH COBMECTHRIMM, M ACHO, 9TO M3 HUX MBI HOJY-
YUM [IapaMeTpsl B Buje anrebpamdeckux QyHriumi oT p.

Koadduruenrs dopmu IT m A Gynyr, crexosaTelsHo, TaKKe aireGpananh
oo p.
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Taxum ob6pasom, ypasHenune A =0 snasercs alredpaudecKnM OTHOCHTEILHO
{, I Ml MOJKEM IPEINOJO4:UTh, 4TO OHO mnpeobpa3oBaHo Tak, 9TO JeBas
YacTh — ICJLIT TOJHMHOM OTHOCHTCIBLHO M.

Hrax, 6yiem nucatb

A=Ay pA - pBA, 4L

HKpome toro, A, He OyneT TOMECTBEIHBIM LyJeM, €CIM TOJIBKO TaKOBHM
ne 6ymer A. Ecam Gs1 meicrBuTennno, Ay obpamanocs B Hyas, To A copep-
’KaJI0 MHOMKETENHL P, KOTODH MOMKHO OBIIO yCTPAHHTS.

Oyuknma A gosxea o0paTUTHECA B Hyllb, KOTAA B HEH I; K J, 3aMeHEHBI pas-
aoxermamu (D). B TaxoM caydae oHAa CTaHOBHUTCA PAa3JO;KAMOA IO CTENEHAM
1+ ¥ TAK KaK WieH, He 3aBACAME OT ¥, I0AkKeH 00paTHTHCA B HYIb, TO MEl HMEEM

0 . .
Ay (0, ¥ =0. (2bis)
3aMetTdM Tenepb, YTO MBI JIOJIKHBl MMEThH
0y —
Fo(zd y2) =Bo .
G, (2, %) = (3bis)
o\ZH Y)=Tor

rae 3, 4 7, — mocroaHHEE. A TOTO 4TOOH B 3TOM Yy[OCTOBEPHTHCH, AOCTA-
TOYHO BCHOMHHTH, 4T0 npw p=0 nBEKEHAE CBOETCA K KEmIEDOBY.
Ilpumem Temeps, HaupmMmep,
— 2
H=x+}x; — 1
M HaOUIIeM ypaBHEeHUe

(a2 ()P =1. (4bis)

3ameTuM jajnee, 4T0 €ClM NpPEAmoOdoKmTh p={, T0 TpeTne Teqo Oyner omm-
CLIBATL KEIJIEPOB SJJENC; OYyCTh £ MW 7 — KOOPAMHATH STOTO Tela, OTHECEH-
HBIE HE K IOABHKHHIM OCAM, a8 K OCAM CHMMETDMH STOTO 3JJIANCA.

Torma ypaBHEeHEA KeIIEPOBA JJLIHMICA 3AMAMYTCH B BRH/IE

E—=E -+ cosp+Ecos29f ...,
n= 7, Sin ¢ -+ my sin 29 -+ . ..
Koodpduuuents: §,, 7, GyayT 3aBECeTh OT ABYX IOCTOAHHBIX, KOTODHIMM

ABAAOTCH (OJbIIAs MONYOCH ¥ dKCIEHTPACHTET JJIIHNCA, ®, CIEOBATEIBHO,
ot By ¥ Y,. Ilpm aTom MBI Gyaem mmeTs

¢ =n,t + o,

rAe cpejHee JBUKEHHE 7, BaBUCHT OT By, a ®; — HOBasA LOCTOAHHAHA HHTErPU-
POBAHHA.
ITepecegenme smsmnca (6) ¢ OKPYKHOCTBIO

€4 nt=1

(6)
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OymeT mMeTh MeCTO B ABYX TOYKAaX, KOTOpHE GyAyT MaHH ypaBHEHHIMH
§=cosh, 7n=tsinf, ¢=+te, ™
Janee Mu OygzeM mMeTs
2 =§ cos (ot -+ &) -} 1 sin (ot + ,),
z) = £ sin (ot + &,) — 7 cos (of 4 B,),

rae ﬁ]2 — HOBAas IIOCTOAHHAA HWHTErPUPOBAHHA.

Mur monyuum pemmenuss ypaBHeHusn (4bis), xomGuEmpys ypasmemma (7)
u (8), wro maer

zg-:cos[e+nil(%+2kn_al)+ﬁ:2],

29 = cos [-..e + 2 (— 9+ Zem — ) + 3

(k — mo6oe menoe wucxo).

Jis Toro 9ro0H pemenre OKLI0 NIePAOAUIECKAM, HE06XOMMMO K AOCTATOIHO,
aro0sl OTHomeRHe o/n; ObLIO panuoHadLHWM. IIpexcTaBEM 3T0 OTHOmMEHHE
B BHJe pobn, IPABEOHHOA K Hanbolee NPOCTOMY BHPAKEHHIO, X OycTs D —
ee 3HaMeHaTeas. Mu BHauM, 9To ypaBHenze (4bis) Gymer gomyckars 2D pas-
JIMYHEIX PEIIeHUH.

Y paBuenus (2bis), (3bis) u (4bis) gommast Goid 6H KOTYCKATH TUIIB OTpa-
HAYEHHOO YACJIO PelIeHni, KaKoBH Gu HE Gelu mocTossHANE B, & 1, Ho s Mory
BHIOpaTh B, TakKuUM 00pa3oM, 9T06H ®/r, UMelo KaKoe YrogHao 3HaTYeHue, U, Cle-
KOBaTeNbHO, 4T00H D OLLIO CKOJB YrogHO OOaBIIEM.

9mo moaxcem caywumucs, moaivko ecau A, u, caedoeamesvHo, A moxcde-
CMEEHHO DABHO HYAI0.

CrnenopaTennro, fuckpumuHangT gopmur II — TompecTBemmsi® HyNs, U 9Ta
dopma goKHA CBECTHCH K OMHApHOHE ¢opme.

Taxmum e croco6oM MHL foKasalm GH, 9TO He MOKET CIYYATECA, ITOOH BCe
IepAORUIECKHe peideRusi Oplu ocobnmm B cmeicne m. 257.

Taxum of6pasoM, HOKAz3aTEeABCTRO HAHO TOABKO B 0YeHL YACTHOM CJydae,
HO MOXKHO IIpeBMJETh BO3MOKHOCTh €r0 pacIpOCTPaHeHAd Ha o0Iui caydait.

(8)

289. @opma II, paccmarprBaemas kax Gusapras Gopma, [OMKHA CBECTACH K
Bef3f,

A8 TOUKH IePUOJRYeCKOro pemieHdd; CIef0OBATENbHO, 5Ta OmHApHAA (opma
Oymer ompeneieHHOX (T. e. paBHOM CyMMe ABYX KBaJgpaToB), €CJIA HePHOLHTE~
CKOe pelIeHHe YCTOATIMBO, T. €. 6CIH XapaKTePUCTHIECKHE DOKA3aTeJU MEAMEL;
osa Oyner HeompejeJdeHHOH (T. e. PAaBHO! DA3HOCTH [ABYX KBAjgpaTos), ecag
IeprogaIecKoe pemeHHe HeyCTOMYHBO, T. €. €CAM XapaKTepHCTAYOCKHE OOKa-
3aTejl¥ BOIMECTBEHHH.

IIpennonorxum omars, 4To p OYeHH MAaJ0, M CHOBA BO3LMEM YPABHEHHE

(4bis).
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Coraacro mpmanunam taasu 111 (o, 42), mus saganAoro suagemma B,
Mu GyjeM HMeTh, 10 Kpaiigeil Mepe, ABa IePHOANIECKUX PEIIEHVNA, U3 KOTOPHX
OlHO — YCTONYMBO W OXHO — HeycTouduBo. Ilycts

’ r " N/
D, @y @), O,
— COOTBETCTBYIOIIMEe 3HAYEHHWA HOCTOAHHHIX &; M W,.

IIycts
w ’ 7
0+ n_l(?o—al)+a2:¢’7

0t (0 —3)) + 0y = ¢"

Torja ypasuenue (4bis) macr Ajus nepBoro DEPHORMYECKOTO PELISHUS

2kwm
20 = cos (q)’ -+ "1 )

U JJIA BTOPOIo
I-[ p 2knw

ny

z0 = cos (qa” + —

Mot cmosken Ge3 orpaEmueHnsi OOMHOCTH IIPEMIIONOHMTH, uTOo ¢'" > ¢
u npu otom ¢’ 7 '’ saxmogens meskay 0 u 2n/D. Torna gopma II 6yner

LT] 21
onpejeienHoit ana z{ = cos (¢’+—1),

" 2n
HEOnpejieTeHHoi jauda ' = cos (q)”—{—T ,
Y

HeonpejeleHHoi aaa zf == cos

o 0 1/ 1TC
oupesenennoi paa zd=— cos( -+ ) ,

. e ]
oupejaenennoii gaa z9=cos (¢’ 4 2x)
Heoupejenennolt aasa 2V = cos (" -} 2x)

9T0 HOKa3EBAET, YTO AUCKpuMMHAHT popmut II, paccmarpuBaemoil kak OuBapHAs
dopma, mosmnien obpamarsca B Hydb, 0 Kpalineil mepe, 2D pas, OTKyAa, Kar
¥ BHINE, MOMKHO 3aKJIOYUTH, UTO OH — TOMJECTBEHHBIHA HYIb.
Taxum obpasom, gopua Il cBogurca K KBagpaTy; CJAEA0BATEJNLHO, TAK KaK
OHa poJyKHA OBTH paBHOM
Bof of,

AJA BCEX TOYEK HEePHOJMISCKOrO pelleHdsd, OHA A0JKIa 00paIaTbCA B HYIb
BO BCOX JTHX TOYKAX.
To e paccy:KjieHAe T0Ka3aJ0 6K CHOBA, YTO OHA — TOMJECTBEHHLIA HY b,
B wurore, mo xpaiineit Mepe mia 4acTHOro CJydas OrpaHUYCHHOHA 3ajadH,
He CYMEcTByeT KBAafpaTUYHOr0 WHBAPHAHTA, OTJAMYHOIO OT H3BECTHOTIO.

) A. Iyanxape, 1. 11



FPaasa XXVI
YCTONYHUBOCTD II0 MYACCOHY [*]

Paznnunsie onpepenennsa ycToHIMBOCTH

290. CroBo ycmouuusocmy IOHAMATU B BECHMA PAa3JiWIHOM CMHEICIE, H Pas-
HAOA MeMJY PABIAYHHIMM NOHATHAMM YCTOAIUBOCTH CTAHET OYEBHJHOI, eCan
BCIIOMHATH MCTOPMI0 NAYKH.

Jlarpamx noKazan, 9T0 ecad mpeHeOpeds KBagpaTaMu Macc, GoIbliye ocu
opbHuT OCTAXOTC HOUBMEHHHMM. STHM OH XOTeJ CKa3aTh, TO C ITOH CTENEHBIO
npubameEuA 60TBIUME OCH MOKHO Pa3JI0M{UTh B PAJBI, YIEHLI KOTOPBIX HMEIOT
BHK

A sin (at 4+ B),

rgpe A, 2 u B — HOCTOAHHEE,

Orciona caegyer, 94TO ECIE BTH PAJK PABHOMEPHO CXONATCH, GonbmMe oCEH
OCTAIOTCS 33KJIIYCHHLHIMU B OIpEAeNeHHHX Opefenax; cucTeMa HeGeCHHIX CBe-
THJ, CIEJ0BATEIBHO, HE MOM{ET HPOUTH BCO LOJOKEHHH, COBMECTMMEE C KH-
TerpajlaM® ;KHBHX CHI H IJIOIMajielk, ¥, KpoMe TOro, OHA TaK)Ke IPOM/eT BHOBb
fecKOHEUHOE UNCIO PA3 CKOAb YTOZHO OJIM3KO OT ee HAYAJHHOTO IIOJOMEHMA.

9T0 — HmOJHAas YCTOKIMBOCTE. )

IlpopsmryB npubnmxerus panee, Ilyaccor o6baBui, 4TO YCTOMYMBOCTDL
CYIIeCTBYeT, eCJIM YyYeCTh KBajpaThl Macc ¥ upeHeGpeusr ux KyGamm.

OpHako 3TO He HMEJO TOTO Ke CMECIA.

Omn xoten cxasaTs, 4ro GONBIIEE OCH MOTYT GHITH Pas3iO:KEHH B PHIH, CO-
Aep)KamEe He TONBKO YIEHH BHRA

A sin (at 4 B),
At sin (at 4 B).

HO H YJIeHH BUlAa

3HavueHne 00JBIIOE OCH MCOHTHBAET B 3TOM CIyYae HeINPEpPHBHHE KoJjeba-
HNA, HO HUWITO HE JOKA3HBAET, YTO aMILIETY/a 3TAX KojeOaEMH He Bozpacraer
HEOTPAHHIEHHO CO BPEMEHeM.

M=ar MoKeM yTBepHKJaTh, 9TO CHCTEMA BCEIZfa BHOBL GyaeT mpoxonmTs bec-
KOHeYHO MHOTO pPa3 CKOIL YrogHO OJM3KO OT ee HAYAJLHOIO WMOJNOMKEHHA; HO
HeJIb3s CKa3aTh, UTO OHA He YHAJAETCHA 3HAUATEJHHO OT HEro.
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Taxmm 06paszoM, CIOBO ycmolivugocms He MMEST OJHOTO ¥ TOrO K6 CMHIC]A
maa Jlarpamxa m paa Ilyaccoma.

Eme cromr 3amermth, 9TO Teopemnl Jlarpammka m IlyaccoBa pmomyckaror
Ba;KHOE HCKJIIOYeHHE: OHH He BEDHSI 00Jee, 6CIA OTHOMGHEE CPOJHAX IBIKEHAN
COMBMEPHEMO.

0O6a reomMerpa TeM He MeHee 3aKJIIOUAIOT 00 YCTOHYHBOCTH, TOTOMY 9TO
6eckoHEUHO MAAO 6EPOAMHO, YTOOH BTO OTHONEHKE OHIIO B TOYHOCTA COM3MEDH-
MEIM.

Taxkum o6pasoMm, EMeeTCs IOBOJ JIA TOUYHOrO OOpPEXENeHUs YyCTOUIUBOCTH.

Jag Toro 9To6H mMeJa MeCTO IOJHAas YyCTOHYHBOCTH B mpobiaeme Tpex Tei,
He0OXOEMEl TPH YCJIOBHSA:

1) uro0H HE OZHO W3 Tpex TelX He MOIJO HEOI'PAHHMUEHHO YAAIATBCH:

2) 9100H AgBa Tela He MOTIH CTOJKHYTHCS H 9TOOB PacCTOSHME MEKAY
3TEMM ABYMA TelaMH He MOIJIO CTATh MEHbINe HEKOTOPOTO IIpefea;

3) 9T0o0H cucTeMa npoxopuia 6eCKOHETHO MHOI'0 Pa3 CKoJb YrogHO 6am3ko
OT ee HAYAIHLHOTO DOJOMKEHHA.

Ecau BHOOJHEHO OXHO TPEThE YCIOBME X HEH3BECTHO, BLIIOJHEHH JH Iep-
BHIE JIBA, TO s OYAy TOBOPHUTH, UTO CYMECTBYET TOJBKO ycmoluusocms no llyac-
COHY.

MNmeercs cirygait, B KOTOpPOM HABHO JOK&a3aHO, 4TO BHIIOJHEHO IIePROE
ycaosue. Mui BupuM ceiigac, 9TO TpeTke yCIOBHe TaK;Ke BHIIOJHEHO. Uro ke
KacaeTca BTOPOTO, TO A HUYETO HE MOTY CKasaTs.

91t0 — caygait mpobaeMH . 9, KOTHAa OpERIOJATANOT, 9TO TPH Tela [BH-
KYTCA B OfHOM U TOH ’Ke IITOCKOCTH, MAacca TPETHETO TeJa PaBHA HYJIO, a [Ba
NEepPBHIX TeJa OIHCHBAIOT KOHIEHETPUUECKWE OKDPY’KHOCTE BOKPYI HXx obmiero
eHTpa TAMKECTH. JTO TO, 4TO A A KPATKOCTA HA30BY 02DAHUYEHHOL 3adayel.

J[IBmsKeHne JKAXKOCTH

291. Jna Toro 4robsl Iy4me pasbACHEUTH NPUHIOUI JOKA3ATEALCTBA,
#4 BO3bMY CHAYaJla OPOCTOE IpmMep.

PaccMoTpuM JKEAKOCTD, 3aKJIIOUGHHYIO B COCY/e HOES8MEHHOM OopMH U 3a-
OOJHAKIYI €ro IOJHOCTHIO.

ITycre z, ¥, 2 — KOOPAMBATH MOJEKYJH KHELKOCTH, U, U, W — KOMIIOHGHTH
ee CKODOCTH, TAK UTO ypPaBHEHHWS JBIKEHUA 3aNMCHIBAIOTCA B BH/E

8z __dy _dz_ 4 (1)

HomumonerTn u, v, w — QyHKUME OT Z, ¥, z ¥ {, KOTOPHE A IPEANONATAIO 3a-
JaHHHKIMA.

f1 nmpepmonaralo ABM<eHMe YCTAHOBMBIIEMCH, TaK 9TO U, U, W 38BHCHT
TOJNBKO OT Z, Y, 2.

Tak Kax >KEAKOCTL HEC;KUMAEMa, TO MH HMeeM

du dv dw
=ttt @ =0
9#



132 Hosnie mMerons HeGecHoit mMexamnku, 111

Jpyramm ciosamu, o6sem
§ dzdydz

—_ HHTBI‘paJII:Hin;I NHBapPUAHT.

Visyunm TpaekTopmio Kako#-1u60 MOJEKYJIE; A FOBOPIO, YTO 3TA MOJEKYJa
ppoiifer GeCKOHEYHO MHOTO pa3 CKOJb yrogHO GIM3K0 0T ee HAYaJbHOTO IOJ0-
senns. Bonee touno, nycts U — Kakoii-1mGo 06BeM BHYTPH COCY/d K CKOJb
YrogHO MaJiHii; g TOBOPIO, 4YTO CYINECTBYIOT MOJEKYJEH, KOTOPHE NEPeceryT
aTor o0BeM OeCKOHETHOE YMCIO0 pPaa.

Ilyers U, — xako#-aubyas 00BeM BHYTPH COCY/Ia; MOJEKYIH KUJIKOCTH,
KOTOPHIE 3aIOMHAIOT 3TOT 06beM B MoMeHT (), 3aIIOJTHAT B MOMEHT T HEKOTOPHIA
obseM U,, B MmoMeHT 2t — HeKoTopsiit odweM U,, ..., B MOMEHT nt — He-
rotopeiit obvem U,.

HecsxumaemocTb € UKOCTH MK, YTO TO €, CYIIECTBOBAHNO MHTETPaJIbHOTO
MHBapMAaHTa, MOKA3KHBAET, 4YTO BCe 00DHEMH

Uu, U, U,, ..., U

n
PaBHEL MeKy coboii.

Ilycrs V — obmuit o6beM cocyna; eciu

V< (n+ 1)U,
TO MH OyfeM UMeTh
VU, +U+U,4+ ... 4+ U,
CrenosaTensHo, HEBO3MOKHO, 4T0OH Bee oy 06bemer Uy, Uy, . . ., U, Obliiu

BHEWIHUMHM OO OTHOIIGHMIO APYT K ApPYyry; HeoOxommmo, 4robw, mo Kpaitaei
Mepe, aBa u3 HuUX, Hanpumep U, u U,, umern ofmyio 4acTs.

f1 rosopio, uro ecau U; u U, umeor o0myio 4acTh, To 3T0 ke OyaeT u [s
U, u U,_, (upegmonaras, HampuMep, 910 % > i).

HeicTeuTensno, nycts M — obmas Touka U, u U,; Moaexyaa, HaXonA
mascs B Toyke M B MOMeHT i<, Haxonurcd B MoMeHT O B Touke M, npunanie-
wawe#t U,, nmockoibky Touka M mpunagnemur U,. '

Takmm ke o0pa3oM MONEKyda, Haxogamasacsa B Touke M B moment kr,
B mMoMeHT (k—i)t HaxopmTea B To49ke M, IOCKOJBKY HBMIKEHNE YCTAHOBMB-
meecs; ¢ Apyroil CTOPoHLl, oHA Haxopurcd B MoMmenT 0 B Touxke M, npaHajie-
swamedt Uy, Tag xax M npuragiexar Uy, ¥ ME JOJGKHE IPUATH K BBIBOLY, YTO
M, oppumagaexnr U, ..

Taknm obpasom, U,_; m U, umeror obmue Touru, yro 1 TpeboBaJI0Ch JOKA -
3aTh.

Caedosamenvho, Mmoxcro euibpams uucao o marus obpasom, wmodun Uy u U,
uxeaw 00wy wacme.

IIyers Uy, — ara obmaa wgacrts; moctpomm U,, U,, ... mo U;, raxk Mu
crpoum U, U,, ... no U,. Mu cMmoxeM malitu taxoe wucno B, urobu U,
u Uy nvenn ofmyro wacts. Ilyers Uy—ara ofmaa wacto. Msl cmoikem
HaliTe Takoe umciao Y, yroOu U; m U” umennm obmyio wacrs.
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N rax pauee.
Orcropa BmTekaer, uto U, cocraBuser wacts U, U,—wacts U,, Us—

wactp Uy, .... BooGme, U{P*V cocrasur wacts U{?). Horma uucio p ue-
orpaEM4YeHHO Bo3pacraer, o0seM U{P) menaercd, clefoBaTelsHO, BCO MEHBIUE
M MeHbINe,

CoraacHo xopomo m3BecTHOH Teopeme, HMMeeTcs, DO KpaliReill mepe, ofHa
TOYKA, OBITH MOKET, HECKOIBKO, OHITH MOMKOT, GECKOHEYHOe MHO7KECTBO
TOUEK, NpHHaje;kamux oauospeMesno U, U, U;, ... m U(P), rax Be-
nuko O Hu OHIO p.

JT0 MHOKECTBO TOYEK, KOTOpoe s HazoBy E, Gyaer B HEKOTOpOM pojie
mpejesoM, K KoTopoMy cTtpemutca ob0bem U(P), Korga p HeOrpaHMYEeHHO BO3-
pacraer.

OHO MOKET COCTOATL W3 M30/MPOBAHHHX TOYEK, HO OHO MOM{eT OHITE M
APYTMM; MOKET, HampuMep, CJAY4YATheA, 910 F — 00;acTh UPOCTPAHCTBA
KOHEYHOro ofObeMa.

Moneryna, kortopas Oyxer HaxomuThes BHYTpH U, ¥, cllejoBaTelbHO,
U/, B nyneBoit MoMeHT, OyaeT Haxomuthbcd BHYTpM U; B MOMEHT —-art.

Monekyna, koropaa Gymer HaxojinTbcA BRYTpM U, M, clle0BaTelbHO,
U; B nynesoit moment, Gyner mnaxopurbes BuyTpu U, B Momenr —Bt m,

ciaejoBarensHo, BEYTpH U, B MoMeHT — (a -} B)t. Monekyna, kotopas Gyner
HaXOAuTheA BHyTpu Uj B HyneBoit MoMeHT, OyjaeT Haxonutbes BHYTpH Uj
B MoMeBT —7t, BHyTpm U, B wMoMenT — (B 4-7)7, Buyrpu U, B MoMent
—(@4B+1)t

Taxk wax U;, U, U, cocrasunwor gacts Uy, ata Monekyaa Gyner uaxo-
AUTRCA B YeTHPE Da3IndlnX MoMenTa (KpaTmmle <) BayTpm U,

AHanoruuHO MONERyIa, KoTopaf Haxoputcs BEyTpu U(P) B Hyn1eBoil MOMeHT,
Haxopuinack BHYTpM U, B p uUpepHAymMX MOMEHTOB (KOTOpHE DAaBHH OTpU-
IaTeJBHKM KpPAaTHHM T).

A rax xak E cocraBnser wacte U{¥), Kak Bejmko Om Hu OHI0 p, OTCIOAA
clejyeT, WTO MOIEKy/la, KOTOpas B HyJeBOH MOMEHT cocrasifer 4acTh K,
mpoxopuna geped U, GecroHedHOe 4MCIO Pa3 B MOMCHTH, KOTOPHE BCE PABHH
OTpHIaTeNBHEM KDAaTHEM T.

Takam o0pasoM, MMEIOTCA MOJIEKYJIH, KOTOpHE mepeceraloT odbeM U,
OeckoHeYHOE YWCJIO pas aiad JNI000ro Kak yrogHO MAalloro 3HAYEHUA DHTOFO
oGneMa, 9To u TpeGOBaIOCH JOKAa3aTh.

YpaBuenus

dz . dy . dz _
- =, o —at

OpeBpamanTCca B
d d d
22— gy,

—u —V —w

€clll  3aMeHMTh ¢ Ha —i; CJI¢JIOBATE]BHO, OHM COXPAaHAIT Ty :XKe ¢opMmy.
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CnepmoBaTensH0, UOAO0GHO TOMY, KAK MBI TOJBKO 9TO JOKA3aIH, 4TO CYLIe-
CTBYIOT MOIeKy.]H, KOTOpsie mepeceraloT U, OecKoHedROe TMCIO pas 0o Hyae-
6020 MOMeHMA, MB CMOTIW GH AOKABATH, YTO HMEIOTCA MOJEKYIH, KOTOpHE
nepecexkaioT U, GeckoHewHOe YHCIO Pas noc.ie HY1e6020 MOMEHMA.

Ilpenmpymee paccy:KieHHE YKa3HWBAET HAM MOMEHTH, KOTA2 MOJIERYyIa,
KOTOpas B HyIeBoi MoMenT mpmHaagie;kut F, mepeceraer U,

Byayau Bryrpm E ®, cinepoBatensno, U, m U, B HyneBoi MoMeHT, OHa
Gymer BeyTpE U, B MOMEHT

—ax,

Byayun Bmyrpu E m, ciepoBatensmo, U, n Ué B HyJeBO# MOMEHT, OHa
6yner maxoaurscAa BHyTpE U, m U, B MOMeHT

_.B-c
u BHYTpPE U, B MOMEHT
—(a+B)~.
Taxum oOpasoM, oEa Gyaer Haxoguthcd BEYTpE U, B gBa MOMeHTa —J3t

n —@+ 8.

ITockonsxky osa mpmuajnexkut £ m U, 8B HyleBo# MoMeHT, oHa Oyner
opuHagae:kate U; B MoMenr —vt, U;—B Momerr —(B+¥)x, U,—B Mo-
mer —(z 4+ B+ 7)1, Tak uro oma mepeceder U, B TpH MOMeHTa

-1 —@+71s —@+B+1)x
B momenr —yt oma upmmamrexur U, u, caegosarexsso, U, u U,

B MOMEHT
—@+1)=

oHa, Takum oOpasoM, onsaTs Oyner npuHagiexkarts U,
B mrore ara Monekyna gomxHa Gyger wnepeceus U, B pasjiudHne MO-
MEHTH

—ar, —Br, —1T, e
—(a +B) =, —B+7e  —@+D8
—a+B4+1~, e e e e e e ey

rae koddgdmnmenT npm — t Gyser, TakaM ofpazoM, OIPOM3BONBHOM KOMOHHA-
nueir gmcen «, B, 1, . - .

HaxoBH ke Temeps cpega BCex 3THX MOMEHTOB Te, Korja Molekyia Gymer
HaXOMATECH He ToAEKO BHyTpE U,, HO m BHyTpE U.?

Jlerko BEOETH, 9TO JOCTATOYHO B3ATH KOMOMHANEH, B KOTODHE HO BXOJAT
IACIAO .
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Togyno Tax ke MOMEHTHI, KOTXa Moxekyxa Gyner Haxopurhea BEyTpE Up,
6yAyT COOTBETCTBOBATH KOMOMHALEAM, B KOTOpHIe He BXOHAT HHA THCIO @,
HM umero B.

292. Bosrmem cHOBA 00BOMH
Up Uy, Uy o.oy U, 1

"

Yc1oBEMCA TOBOPHTH JJIA KPATKOCTH, YTO Ka<IHA M3 HAX €CThb Nocaedyio-
Wil OTHOCHTEJIBHO TOr0, KOTOPHI pPACIONOKeH Iepef HAM B IOCIe[0BaTelNk-
socrm (1), m npedwecmsywwuli OTHOCHTEIHHO TOT0, KOTODHE paCIOIOMEH
[IOCTIE HEro.

Touro Tak e U,, Uz Gynyr BTOopsM, TpeTbEM mociegylomum obnvema Ul
A mMory mpopomxuTs mocaenoBareasrocTs (1) 3a U, crpos mociemoBaTelb-
HHE mociepyiomume obvema U,

Upitr Uppgr + o e

fI mory paBHEM 00pazoM OPOXOIKATH €0 HAJeBO W IOCTPOHTE IOCJIEH0BA -
TeJbHEI® OpepmecTByomume obwvema U,

U—l’ U_’, . s

TaKEM 00pa3oM, 4TO MOJEKYJH, KOTOPHe HaXOHATCA B HyleBoit MoMmenT B U,,
maxoparcs B U_; B MomenTr —t 1 B U_, — B MomeRT —2T.

Ilpm sTmx yciaoBmaAx, ecim A Beerga Oyny o6o3HadaTh 9eped V Bech o0mem
cocyma m uepe3 k — miob6oe mexoe YHCHIO, W €CIHM MH HMeeM

KV < (n+1)U,,

T0 GYAYT CyMECTBOBATH TOYKH, KOTOPHE GYyAyT NPHHANIEOHATH OHOBPEMEHHO
k-+1 obsemam pama (1).

IleficTBTensHO, cymma obnemos psma (1) pasma (n-+1) U, ecam Gur Hu
OJHA TOYKA He MOIJla NPUHA/IeKaTh ORHOBpeMeHHo 6osee 9eM k aTux 065eMoB,
TO 3Ta cyMMa fo/ykHA Obia Ou Onite Menbme kV.

Taxmm o6pasoM, ME cMozkeM Haiith B page (1) k-+1 o6semos

Uer Usiy Uy + 2y U

KoTOpHe GynyT ¥WMeTh OOINyI0 9acTh.
Orciona s genaim BHBOX, 9To k-+1 o0bemon

UO’ U“l"’n' l]a,‘_qo, a ey Uuk—an

EMeloT o0myIo 9acTs.
IIycrs, Banpmmep, k=2,

2V < (1) Uy
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Mbl CMOKeM HaiiTm TpE o0bema
Us Ug U,

KoTopHe OyayT mMeTh O00IMYI0 YaCTh; MHAEKCH &, B, Y YAOBJIETBOPSIOT yCIO-
BUAM
OeCn 0K Oy e <TB<Ty

Orcroa MBt 33KJIK0Ya€M, 4T0 Tpu 00BEMa

UO’ Uﬂ—u’ U*{—u

mMeIoT 00y 4acThb, M 4TO TO Ke Oymer mMeTs MecTo A Tpex o0beMoB
U, Uy U,y

WIN AN Tpex 00beMoB
Uu—x’ Uﬁ—'{' U()'

293. Buime MH BHJeNW, 9TO MMEIOTCS MOJEKYyJH, nepecekalomue U, Gec-
KOHEYHO®e YMCIO pas d0 HYy.e8020 MOMEHMA, ¥ MOJEKYJIbl, KOTOPHE IepPeceKalor
U, GeckoHpedHOE 9NCIO pas nocie Hyaeeozo momerwma. fl cTaBao mepex coboii
33/1a9y YCTAHOBUTH, CYINECTBYIOT JIM CpPeAHM HUX TaKHe, KOTOPHE NepecexaioT
U, OeCKOHETHO MHOTO pa3 KaK [0, MaK U ROCAE HYAE6020 MOMEHMA.

IIycrs U, — kaxoii-EmGyns o6’beM; COrlacHO UDPEABAYNIEMY HNYHKTY, MEL
BCErJa MOYKeM HallTH /[Ba TAKUX YHCIA @ U &, HePBOe U3 KOTOPHIX OTPUIATEBHO,
a BTOpPOE IOJOKMTENBHO, YTO TPM 00bemMa

U, Uy, U,

OynyT umers obmyio wacts. Ilycre U, — sTa ofmasn vacrs.
Jlrobasa Monekyna, HaxopAumasaca B U, B HyleBoil MoMest, Oyner Haxo-
puthes B U, B TP MOMEHTA
—ar, 0, —ar.

W3 armx Tpex MOMEHTOB IEpBHIA OTPHUIATENEH, IOCIENHUA MOJ0KATCIEH.
Hama moanexyia mepeceuer, ciegoBarejbHo, U,, mo xpaiiHeill Mmepe, OXuH
pas xo HyJeBOTO MOMEHTa M, 110 KpaiiHeil Mepe, OXMH pa3 Iocje 3TOT0 MOMEHTA,
Ilocrynas B maapmeiimem ¢ U, xak ¢ U,, MH Haiigem fBa yucna b u B,
oepBoe M3 KOTOPHX OTPHLATENLHO, BTODOE HOJOKHTeNBHO, TaKue, 9TO TPH
o0sema
’ ’ ’
» Uy Ug
6ynyt mmers o6myso uacte. Ilycrs U, — ara ofias gacts.

Kasxnan monexyna, maxopsmascsa B U, B HyJeBoik mMoMmeHT, 6yner naxo-

nuthes B U, B TpU MoMeRTa
—Br, 0, —b<



YcroiiumBoers mo Ilyaccony 137

¥, CJIeJgoBaTeJbHO, B UO B IIATH MOMEHTOB
—(a 4 8)<, —PBr, 0, —br, —(a +b)~.

V3 3THX MOMEHTOB [[Ba IE€PBEIX OTPHIATEJBHEI, IBA MOCTE[HAX IHOJ0KHUTEIbHEI.

Kampas monexyna, Haxogamasca B U, B moment 0, mepeceuer U,, 1o
kpaitHedl Mepe, Ba pa3a A0 HyJEBOTO MOMEHTa M, II0 KpaiHe# mepe, fBa pasa
moclie 3TOTO MOMEHTA.

U Tax pgaxee.

Ecan mut mocrpoum Uy ¢ U, ULV ¢ Uy, To yBupum, 9ro Kaxpas MoJje-
Kyia, naxopgamasaca B U(P) B moment 0, nepecexaer U,, mo Kpaimei mepe,
P pas [0 HyJaeBOI'O MOMEHTa M, JI0 KpaiHeit Mepe, p pas IOCJXE BTOTO MOMEHTA.

Ho U, cocraBnger wacre U,, U, — wacte U, u rax nanee. Taxmm o6pasom,
mul OyeM uMeTh ToYeuHoe MHOKecTBO K (copepicamee, 1o Kpaiinei Mmepe, OfHY
TOYKY), COCTABIAIOMEe JacTh Bcex o6bemoB USP ofHOBpeMeHHO, Kak OB HU
OBJ0 BEJIHMKO p.

Kaskpasa MoJsieKkyja, KOTOpas B HyJIeBOH MOMeHT Haxojpurcs B E, Gyger,
CIe/0BATeNILHO, TAKKEe HAXOAUTHCA BHYTDHA

U, U, Ul ..., UP, ad inf.,

notomy uro E — 4acTh BCeX 9THX 00BeMOB.

CrenosaTennHo, oHa nepeceder U, Geckoneuno MHOro pa3 mo momenrta 0
u 6ecKOHEYHO MHOIO pa3 IIocje 3TOT0 MOMEHTA.

TakuaM 06pa3oM, CYmECTBYIOT MOJEKyJIH, Iepecekalomue U, bGeckoneunoe
4HCII0 pas Kak /10, TAK M HOCJe HYJeBOr0 MOMEHTa, 4To M TpPeGoBaJoCh J[0Ka-
3aTh.

294. Muosxectso E, onpegenennoe B 1. 291 (Tax ke, Kak ¥ MHOKecTBO £,
PacCMOTPEHHOE B I PEHYINEM IYHKTE), MOKET COCTOATD U3 eMHCTBEHEON TOIKH
(xorsa, pasyMmeercs, Bcerja mMeeTcsi OeCKOHEYHOE YHCIO MOJEKYJ, KOTOpHe
nepecerator U, 0ecKoHEYHO MHOTO Dpas).

OHO MOKeT COCTOATh K3 KOHEYHOI'0 YMCiIa TOYeK HIM OeCKOHeTHOro
4ECJa OTHeJELHHX TOYeK.

Mos4HO IpPEefIONoKATE TaKKe, 9TO 3TO MBEOMecTBO F 00/agaeT KOHEYHBIM
065eMOM; IIOCMOTPMM, KAaKOBH OYAyT CIeACTBUA 13 3Toil TuHoTe3H. PaccmoTpnm
MHOMecTBO E, onpepmenennoe B m. 291.

S paccmaTpmBa0 IOCIEZOBATENBHOCTH IENHIX YHCEJ

u? B’ e
OIpefieJIeHHBX B 8TOM IYHKT®, M fA YTBEpPKAAK, YITO
p=>a.

HeitcrearensHo, U, — mepBrii u3 mociaepyiomux obsema U, umenoumi
obmywo wacrs ¢ U,.
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O6nem U", — pepBH# M3 mocaemyomux obszema U, mMeomuit obmyio
gacts ¢ U,.

Ho U, cocrasnser wacts U,, a Uy — vacts U, Ecam, cieposarensuo,
Ué mmeeT 061yIo 9acTs ¢ Uy, TO 9TO BHAYAT, 9TO U’ — Ofi¥H U3 IOCJIOYIOMHEX
obbveMa U,, mmeromuit o6myio gacts ¢ U,. ITo BiedeT 3a c060¥ HepABEHCTBO

a<B.
Mu maiimeM Taxxe
A SR
Yncia o, B, 1, 9, . .., CIle0OBATENLHO, BO3PACTAIOT MJIH, O KpalHed Mepe,

HHKOT[[]a He yORBAIoT.
C ppyroi cropomsl, cornaceo m. 294, Mul umeeM

Ita<ge; d+B<gr 1+1<7r.

Ouesnano, mMeem

USUSUS...,

¥ ecan E uMeeT KoHeuHH 00'b€M, KOTODHI A Ha30BYy Tawke F, TO, KAKOBO OH
HU OBLIO P,

EUP,
nmockonsky E cocrtaBnsier wacts UlP.
CnexosarensHo, Bce 4mcna @, 3, v, ... MEHBOIC deM
1
yo .

Taxum oGpasoM, onu He MOTYT GecHmpeielbHO BO3DPACTATH, M Mbl MOMKEM
3aK/I0YUTH, YTO B UOCIELOBATONBHOCTH WHcel &, 3, ..., HAYWHAA € HEKOTO-
poro paHra, Bce WIEHH pPaBHH Mexkay co0oi.

IIpegnonosxuM, 9T0 HAYMHAA C P-TO PAHTA BCe YJIEHH PABHAE A,

Torpa UP’ n UP’ Gyayr uMers ofmyr wacts U, UPY u UpPHY
Oyayr umMets obmylo wacts U™ n 1. p.

Iycre E, — At nocnepyromuit £. E — MHO}KeCTBO TOYeK, TPAHAIEKAIUX

onaospemenno U, U;, U;, ..., ad inf; E, Gyger MHO0)KeCTBOM TOYeK, NpH-
Hapne;kawmx opuoBpemenno U,, U;, U,, ...; A MOry TakiKe CcKa3aTh, 9TO
E — MHOMXecTBO TOYEK, KOTOPHE OJHOBPEMEHHO IPHHAIeKaT
(p+1) (p+2)
Uop ’ UOF 3 ey (1)
nocKonbry kakjaaa us obmacteit Uy, U, ... sABIAGTCA IMIME dYacThi0 Ope-

mupymeit. Takxe K, — MHOKeCTBO TOYeK, NpPHHALIEKAMUX OXHOBDPEMEHHO
1
e, U, ... (2)
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Ho U{@* —wacrs U, UPY —wacts U™, ..., kaxpuwilt  wien
paaa (2) ABAACTCA YACTHIO coo'rBe'rcTBylomero wiena pazga (1). Takum oGpasom,
£ —uacte E, mau xe coBmajaer ¢ K.

Ho mm npezmonommm, uto FE — @ekoTopad o0macTh DOPOCTPAHCTBA,
umeroman koHednni o6beMm. Tar Kar KMAKOCTH HecyKUMaeMa, TO A-li mocie-
nylomutt sTo# obnactm E, nomkxer OHTh Takyke HexkoTopodt obiacTh mpo-
crpaHcTBa, OfNAnaxomeit me.u ae obwemoM. CnemosartensHo, E He MOMeT
6uth wacteio E,. 3masur, £ m E, copnajalor.

Urar, ecnm upeauonoxkurs, 4T0 F — HekoTOpasd o0nacTs OPOCTpPAHCTBA
KOHeYHOro oGneMa, To HeoGXoAuMO ROOYCTHTH, 9TO I coBOajaeT ¢ OJHUM
¥3 CBOMX UOCIEeRYIOHIHX.

295. Bor HecKonbKO TEOpEM, KOTODHE IMOYTH 0YeBHAUH W HOPMYIHPOBKON
KOTOpHX A orpammuych. IlycTs

Ual, Ua,, oy URP-' o

—re m3 mocnepyiomux U, roropme mmeoT o0mylo wacTb ¢ U, wmcina e,
pPacOoI0KeHH B TOPAJKE BO3pacTaHUA; MH OyAeM HMeTh

|4
14 &, P- T
[Iyers, pmanee,
UT[’ UTI’ vy UYP'
— p nocaepyomux U,, uMeomux o0myo dacTh Apyr ¢ Apyrom u ¢ U,
fl BmGunpalo arm wucaa y raxkuM obGpasoM, 4TOGH T, OHIO CKOIB BO3MOMKHO

MaJIbIM; MH OOJIy9HM

Lta, <1+1,<v7g

Ecan Mo BHOBs mpuMeM oGosuagenwsa o. 291 u oGosmawum uepes U, —
uepBHil mociaefyomuii, KOTOpRH uMeer odmylo gacts ¢ U, gepes U, — oty
obmyto uacTs, wepes U, — mepewit mocnepyomuit U;, uMewmuit oﬁmyro

qacte ¢ U, 10 A ronopxo, 970 ecnm § He paBHO @, MH OyjeM UMeETh
B> 2

pefictuTensH0, Uy . Oyser mMers ofmyio wacre ¢ U,

Bepoaruoctn

296. B m. 291 mur Bupenn, 9T0 CYMECTBYIOT MOJEKYIH, nepecerawmue U,
Geckomeuno mMHOro pas. C gpyroif cTropoHH, BOOOINE, Cpeas HAX EMEKTCA JPY-
rHe, KOTOpHIe nepecexainT U, IMmp KOHETHOS YHCIO0 pasd. fI crasio cebe 1BIBI0
HOKa3aTh, YTO BTH IOCIEAHHAE JOIKEL PACCMATPABATECH KAK MCKIAOYATEIHHEE
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HJIMd, TO9HEee, 4YTO 6epoamHocmys TOro, 94To MOJeKyJa nepeceder Uo JHIIL KOHEeY-
HOE 49HMcJo pas, OeckoHedHo Maja [1°], ecau donycmums, 4TO 3Ta MOJEKyJIa
HaxomuTcA BHyTpM U, B HavalibHbii MomenT. OfHaro cHa9ajla A HOJKEH
00BACHATH CMBICK, KOTOPHIA OPHAAI0 CIOBY seposmHocmb. Ilyers o (z, y, 2) —
KaKag-HAOYAb M10JoKuUTeIbRag QYHKIUUA TPeX KOOPAAHAT Z, ¥, 2; S YCJIOBIOCH
TOBOPUTH, YTO BEPOATHOCTE TOI'0, 4YTO B MOMEHT t=0 MOJIEKyJIa HaXO0OQUTCA
BHYTPH HEKOTOPOro o0beMa, IPOIOPIMOHAJNBEHA KHTErpany

J = S ¢ (z, y, z)dzdydz,

pacnpocTpaHeHHOMY Ha atoT o6bem. CiejoBaTensHo, OHA paBHa MHTErpany J,
JeleHHOMY Ha 3HA4YeHHME DTOr0 yKe MHTEerpasaa, PaclpoCTPAaHEeHHOTO HA BECh
cocyr V. :

Msr MO3#eM TpOM3BONBHHM 06pasoM BHODPATh QYHKIUIO ¢, ¥ BEPOATHOCTH
OKa;KeTCA, TAKUM 00pasoM, onpemeJeHHON IOJHOCTHIO; TAK KAK TPAEKTOPHH
MOJEKyJhl 33aBHCHT TOJBKO OT €€ HAaYAJbHOIO IIOJIOYKEHMs, TO BEPOATHOCTD
TOTO, YTO MOJeKyda Oymer Bectm ceba TeM MM MHHEIM 06pa3oM, ABIAETCA
IOJIHOCTHI0 ONPEEJCHHON BeNUMHAON, KAaK TONLKO BeOpaEa QYHKUMA .

IIpu oTEUX yCHOBMAX A MPUMY CHAYaJa mpocto =1 u 6yAy UCKATH BEpPOAT-
HOCTb P TOT0, YTO MOJIEKyJa He nepecetder Oosee k pas obnacru U, mesny mo-
MEHTOM —N7T M HYJEeBHIM MOMEHTOM.

Wrak, nycrs o, — obaacTs, cocraBaaiomwan yacts Uy u onpegesennas cie-
AYONMM CBONCTBOM. BeAkasA Momexysa, KOTOpas B HAYANBLHLI MOMEHT Ha-
XO[MTCS BHYTPH S, nepeceger U, re Gosec k& pas mexuy momenramu —nt u 0.

Ecap MBL JonycTuM, 4yro Hama MoJeKyJa Haxoputcs BHyTpu U, B HyIeBod
MOMEHT, TO UCKOMAad BEpPOATHOCTEH Oyjer

_ % (1)
P=1-
ITycrs
S %y - - 9,
— mepBuie n mocuepyiowux obsactu o, Cpenu n+-1 obnacreit

9y e+ o3 O,

HE MOKeT CyIecTBoBaTh Oosee Kk oOmacteit, ummelomux o0myi0 uactb, uGo
B NPOTHBHOM CJy4ae BCAKAS MOJEKylla, KOTopad B HYJeBOA MOMEHT HaXO[u-
Jach Obr B aT0# 06nieit obnacTm, nepeceksaa Onr o, u, ciegoBarensro, U, Gosee
yeM k pas Mexsny MomenTamum —nt u 0.

TaxuMm o0pas3om, MH HUMeeM

(n+1)o, < kV
"W, CJef0BATENbHO,
kEV
PSTwFNU:
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Kaxum 68t MaasiM HE 011 06beM U, 1 CKOJb BenKo 6bl Hu Ouuio &, Beerga
MO3KHO B3ATh K JOCTATOYHO OOAbUIMM, YTOOB HPABAA YACTH 3TOI'0 HEPABEHCTBA
Onta cKoab yroguo Manoit. Taxum o6pasom, Korga n CTpeMuTCA K GEeCKOHEY-
HOCTH, P CTPEMUTCH K HYJIO.

Wrak, BepoATHOCTDH TOTO, YTO MOJEKYJa, HAXOAAIIAACH B HAYaJNbHLIA MO-
MeHT B obxactu U,, mepeceder oTy obinacts He Golee k& pas Meskqy MOMEHTAMH
—oo u 0, 3Ta BEPOATHOCTH, TOBOPIO A, (ECKOHEYHO MaJa.

Tax:xe GeCKOHeYHO MaJjla BEDOATHOCTEH TOTO, YTO 3Ta MOJEKYJa Iepeceyer
aTy ofbnacTs He Goxmee k pas mexyy momenramm O m -}-co.

Ionoxum Teneps n=~k*-}z. BepoaTHocTh TOro, WTo MoJexyia nepeceder U,
ge Oomee k pas me;ay momertamE —(k%-4x)t u 0, Gymer menbime

KV
W+z+1) 0,

Ona crpeMuICA K HYJIO, KOTAa K HeOTpPAHIIYEHHO BO3PACTaCT.

Beposarnocts P Toro, uro MolieKyJa He nepecekaer U, GECKOHeUHOE MHCIO
pa3 mexjy MomenramMmu —oo u 0, TakuM o6pasom, OECKOHEYHO MaJa.

B camom peie, bTa BeposTHOCTH P ABISETCH CYMMOH BEDPOATHOCTEH TOTO,
uTo MoJeRyJda mepeceder U, TOMXBKO ORMH pa3, 9ro oHa mepeceder U, asa u
TOJBLKO JBA pasa, 9TO oHAa mepecedeT U/, TPU M TOJBKO TPM pasa U T. JI.

Ho BeposrHocTs Toro, aT0 Moneryaa nepecewer U, k uTousko k pas Mexgy
momenTamu —co ¥ 0, ogeBugHO, MEHbIIIE, YeM BEPOATHOCTD TOT'0, YTO OHA Iepe-
ceuer U, k pas uam menee k pasmemiy momenramu —(k*-4-z) < u 0, mennme,
CIefOoBATEILHO, YeM

kV
(k- z4+-1) Ug *

Taxum oGpasom, obuias BeposaTHocTh /2 Oyner
p ’ p y

14 2V EV
Py terne T b T

Psp B npaBoit yacTu cxoquTcA paBHoMepHO. Hajkaslil U3 WIEHOB CTPEMUTCH
K HYJII0, KOT/IA T CTPeMUTCA K GeckoHeuHocTH. Taxum o0pasom, CyMMa 3TOrO
paga crpemutes k Hyno. ClefoBaTenbHo, BEpOsITHOCTH P (GecKOHEYHO Mana.

Tawsxe GecKOHCTHO Malla BEPOATHOCTE TOTO, YTO MOJGKYJa He nepeceder U,
Gecromeunoe 4ucio pas Memxpy mMomestamu 0 m oo,

Te ;e peayiabTaTHl MMEIOT MECTO, KOTAA BMECTO TOro, 9r00s IPUBATH
¢=1, BHOUPAOT QYHKUMIO ¢ JOOLIM JPYrMM 00pazoMm.

Torga paseHcTBo (1) momKHO OBITH 3aMEHEHO CIEHYIOLUAM:

7 ()
P =T{0y"

rne J (op) m J (U,) osHagaior maTerpat J, pacupocTpaHeHH LA COOTBETCTBOHHO
na obmacru oy u U,
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fI npepmonarao, 9r0 QYHKLMA ¢ HENPEPHBHA; CJIEKOBATENHHO, OHa He
CTaHOBUTCA OECKOHEYHOH, ¥ A MOry HAB3HAYMTH € BEPXHHI HDEAeJ p; TOIA:

OynemM MMOTh
J (3,) < pay,

(n -+ 1)o, < kV,

M HOCKOJBKY

TO OTCIOJA BLIBEIEM
pkv
P GFO7 (T

Haxum 611 mansiM Ba Gvuro 3nagerne J(U,) u ckoap Benuko 6ut HE Gbiio k,
BCETAA MOMKHO B3ATH 7 OCTATOYHO 0oNbmmuM, 4ro0bl DpaBas YacTh ITOrO HE-
paBeHcTBa OhlIa CKOJIb YrofgHO Masoif. Vtak, MH CHOBA IDUXORMM K TeM e
pesyabsTaTaM, KOmopte, makum o6pa3om, He sagucam om ewbopa FyHKYUU <.

B nrore monexyan, nepecexatonue Uy TOJbKO KOHEIHOE YHCI0 pa3, HCKIIO-
JUTENBHH B TOH jKe Mepe, WT0 ¥ pANUOHAJBHBIE UUCIAa, IPEACTABIAIOIHAE
HCKJIOYeHN® B DAAY YMCEN, TOIJAA KaK HMPPAIMOHAIBHEE JUCIA ABIAIOTCH
TIPaBHIOM.

Taxum obpasom, ecam IlyaccoH momzaral BO3MOKHEIM OTBETHTH yTBEDHH-
TeJBLHO Ha TOT Bompoc o6 ycToRuMBOCTH, KOTOPHI OH IIOCTAaBWJ, XOTHA OH He
ACKJIIOYIHI CHydall, KOTAa CpejFue NBUKOHHUA COMSMEPHMbI, MBI TAKIKe MMeeM
OpaBo CYATATH YCTOMYMBOCTEL JOKA3aHHOW, B CMbICIEe HAIIEro OIpefeJeHHd,
XOTA BHHYKNEHH HCKIIOYATE OCOGHE MOJEKYIh, O KOTODHIX TOJNBKO YTO
TOBODPHIH.

fl mo6GaBni0, 9TO CYmMECTBOBAENE ACHMITOTHIECKUX PEINGHHHA B 7,0CTATOYHOR
Mepe [OKA3HBAeT, YTO 3TU MCKJINYUTOILHLEE MOJEKYJH CYIMIECTBYIOT B jeif-
CTBUTEJbHOCTH.

OGo0menre mpegRyIEX pe3yIhTATOR

297. Jlo cEX DOp MH OTrpaEMYWBAJKCH BEChMA YACTHHIM CJlydaeM HeCxnMae-
MOl JKAKOCTH, 3aKJIIOUEHHON B COCY/E, T. €., TOBOPA AHAJIUTHUECKHM SBBIKOM,
ypaBHEHUAMH BHMA

rne X, Y, Z — Tpm pyHEKnunM, CBA3aHHHE MEXAY C000d COOTHOmMEHMEM
aXx dY dZ
=t T =0

H Taxme, YTO BO BCEX TOYKAX 3aMKHYTOIH HOBEPXHOCTH (IOBEPXHOCTH COCYAA)
MBl EMeeM

IX+mY +nZ =0,

rae I, m, n — HanpaBJIAIOIMEE KOCHHYCH HODMAIH K 9TOH 3aMKHYTOH IOBEpX-
HOCTH.
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Bee IpeaLymyue pesyabpTatThl, OQHAKO, OCTAHYTCH BEPHBIMH H B ropasjo
Goaee 06ILlHX ClIy9adaX; IpM 3TOM HNYEro HEe MaN0 MEHATH HA B CaMUX pe3yiib-
TaTaX, HX B PACCY:H[A€HHUsAX, KOTOPhHe K HAM T PHBOJAT.

Ilycte n nmepememEHIX I, Z,, . . ., Z, YAOBJIeTROPAIOT fuddepernnaapaiim
ypaBHEHAAM
__4dzy ___dzy, __ dax,
it =pl=gt=.. . =5", (1)
ree X;, Xy, ..., X, — aw0be ofgHO3HAYHEE (YHKIMU, YHAOBIETBOpAIOINUE
YCJIOBHIO
dMX, dM X, dM X

niinduia S Eiinteinl oA,
dz, dz, +e dz, =0,
Tax 49To ypaBHeEMA (1) momyckamT METerpajibHBIM MHBApPHAHT
S Mdzdz, ... dz,. (2)

fl upepuonaraw, kpome Toro, 4ro M — HONOKMTENBHO; MH OyOeM TOBODPHTH
TOTAa, 9710 ypaBHeHEs (1) JOOyCKAWT LOJOMHATENLHEA HHTEIDAJILHBIM WH-
BapUaHT.

Ewe s npepmonaraio, uro ypasmemusa (1) TaKOBH, 9TO €CHHM TOTKa
(1, 24, . . ., T,) HAXORUTCA B HAYaJBHEI MOMEHT BEYTPH HEKOTOpoi objactu V
(urpalomei Ty Ke poab, KOTOPYIO TOJHKO UTO MIPAJ COCYH C 3aKJIIOUEHHON
B HEM KHMAKOCTHIO), TO OHa OyHeT ocTaBaTHCH HEONIpPENEe]eHHO JONTO BHYTPH
aToit obaacrm.

Haxonen, A mpepgnonaraioo, 9T0 MHETErpad

| Mdzdz, ... dz,

pacupocTpaHeHHHA Ha 9Ty 00IJaCTh, KOHEYEH.

B armx ycaoBmax, eciau paccmarpusaercs obaacts Uy, conepskamascsa B V,
MOxHEO Gymer BHOpaTh GECKOHEYHKIM 9MCIOM CIOCOGOB HAaUaJIbHOE HOJ0KEHHE
TOYKH (Z;, Tyy . .., Z,) TaKuM 00pa3oMm, 9ToOHI 5Ta TOYKA NepeceKkana aTy
o6nacts U, 6eckoHeuno MHOrO pas. Eciax sToT BEIOOD HAYATBHOTO IOI0KEHEA
mesnaerca Haynauy BHYTpH Ugy, TO BEDOATHOCTE TOIO, 9YTO TOYKA (I, Ty » » +y &)
He nepeceder obnacts U, GeckoHewHoe gucao pa3, Oypaer GecKoHeWHO MaJa.

JlpyraMg CIoBaMH, €CJIHW HAYAJbHHE YCJIOBUS HE ABIAIOTCA MCKJIIOYATENB-
HEIME B CMBICII@, KOTODHE A IPUJAJL DTOMY CIOBY BBLIIR, TO TOUKA (Ly, Lgy » + +1 Z,)
npoiifer GECKOHEYHO MHOI'0 DPAa3 CKOJH YyrojHOo OJIN3KO OT CBOEro HadaJbHOTo
DONOMKEHUA,

ITpz sroM B OpeghAym@UX AOKA3ATEIBCTBAX HUYEr0 He HYKHO H3MEHATh.
Msr BHOBBL HaliieM, HaupeMep, HEPAaBEHCTBO

V <(n+1) U,
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rqge V u U, o3nauaror uAETerpad (2), pacupoCTpaHEHHHIA COOTBETCTBEHHO
Ha obmactu V m U,.

Msr cMOzi¢eM BEIBECTM OTCIO[A T€ 3K CJAENCTBWA; B CaMOM Jele, MaTerpaln (2),
Gyayyd 0o UpefuoNo/KeHNUI0 CYIMECTBEHHO MOJN0MKUTENbHEM, ofIajaeT TeM ke
cBOICTBOM, 9T0 M o0beM, a UIMEHHO, PACHpOCTPaHEeHHLIA HA BCIO 06IacTh, OH
fymer Oosblne MHTETpaJia, B3ATOTO TOJBKO IO YacTH 3TOE obJacti.

298. Kaxk maMm Tencps y3HaTh, CYHIECTBYeT J¥W Takasa obnacts V, urobH
To4Ka (Zy, %y ..., Z,) BCEI/IA OCTaBATACh BHYTPH 3TOi obmactu, €CIH oOHa
HAXOAUIACh B Hell B HAYAJBHBIA MOMEHT BpPEeMEHH?

IlpegmonosxuM, yro ypaBEeHuHA (1) MomyckawT HMHTETpat

F(z,, z, ..., z,)=const.

n

Paccmorpum o0aacte V, ompefesneHHYI0 HEpaBeHCTBAMM
h < F W,

rae  u A’ — nBe Kakme-HEOYAh IOCTOAHHEE, CKOJb YroAHO Gau3KHE Xpyr
ApyTY.

ficHo, YTO eclim DTH HepaBEHCTBA YAOBIETBODAIOTCH B HAYAJBLHBIA MOMEHT
BpEeMeHH, TO OHH OyayT BeuToNHeHH Bcerja. CuepoBarensno, ofxacte V
YHOBIETBOPSAET IMOCTABIGHHHIM YCIOBHAM.

Ilpnioskenne R orpaHAYeHHOM 3a7aue

299. Ceifyac MbI IPAMEHUM HTH NPUAHIUIL K OTPAHAYeHHOM 3amxade . 9 [11]:
HyJieBadg Macca, KPYroBOe [BUKEHHE [IBYX JAPYrHX MACC, HYJEBOX HAKIOH
Ecmu MBI oTHeceM HyJIEBYI0O MacCy, /BM:KEeHHEe KOTOPOM m3ydaeM, K JBYM
ocAM, BDPAIMAIONAMCA BOKPYT OOINEro ILEBTpa TsKECTH ABYX APYTHX Mace
C TOCTOSHHOR YIJIOBOA CKOPOCTBIO 7, PABHOR YriOBOH CKOPOCTH 3THX JABYX
Apyrux Macc; ecau ofosHaumm depes £, v KOOpAMHATLI HYJOBOK MACChI OTHO-
CHTeNBHO ABYX IOABIKHBIX oceit m wepes V — cmmoBylo QyHRUIHIO, TO ypaB-
HEeHHNA [JBWKEHUsA 3ANHIUTIYTCA B BUE

dn

Bl g Y it I

dt =¥, a1

ag’ ' ar av

= 2ny +n 4, (1)
ok 9 av

-T——.anE +n7]+_d—,)—,

¥ MBI BAMM TOTYAC, YTO OHM JOIYCKAIOT LOJOMUTONBBEN WHTEIPAJbHLIA MH-
BapHUaHT

S didndtidy/. (2)
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C apyroit CTOpPOHH, OHM AOUIYCKaloT uuTerpax fxobm

12 2
L R 3)

rae kA — DOCTOAHHAA.

IMockonrky cymma 24 72 CyMECTBEHHO TONOKUTENBLHA, TO MBI JOJKHE
HMETH

V42 @41t > R, (4)
CrnemoBaTeTbHO, DPAXOJEM K HOCTPOSHHIO KPHBHX
V4 122- (5% 4+ 7?) = const.

JleBas wacTh cooTHomeHHs (4) CYMECTBEHHO IOJOMKHTENbHA, TaK Kak
Mbl HEMEeM

V:L"I_+ﬂ
n rg ?

rae my @ m, — MAacCH ABYX IIaBHBIX TN, I'y X I'; — UX PACCTOSHUA OT HYJIEBOH
maccH. Jlesas "acrs (4) ofpamaercs B GeckoreyHocTs npH r,=0, npm ry=0, a
TaKKe Ha O(6CKOHOYHOCTH; CIENOBATENHHO, OHA [KOIKHA HMETh, IO
MeHLINE Mepe, OWH MEHAMYM ¥ [BE TOYKH, B KOTODHX €€ /[Be IePBHEe IPOH3-
BOJ(HEIe 00pamaloTCA B HYJb, He MMES B HAX HE MAKCAMYMa, HM MAHAMYMA.

Boo6me, ecim mMeeTcss 72 OTHOCHTEIBHHX MHHMMYMOB WJIH MaKCEMYMOB,
Mu GymeMm mmeTh n4-1 Towek, B KoTOopHX ofe upOuU3BOZHEE O00pamialoTCA
B HyJb, HO HOT HA MAaKCEMyMa, HI MEHUMyMa.

Oprako 09eBHHO, 9TO 3TH TOYKY, B KOTOPHX 00e IpOX3BONHEE 00 pamaloTes
B HyIb, COOTBETCTBYIOT T€M YACTHHIM DENIEHHAM 3afadd TPeX Ted, KOTOphie
Jlannac maywaa B raase VI ero xmumrm X «HebecHaa mMexaHmKay.

Ho My mosmyuaem fBe M3 3THX TOUEK, CTPOA HA MM, PABHOCTOPOHHEM Tpe-
yroabREK Jnb0 cBepxy, Jmbo CHE3Y OT NMpAMOUE m,m,, KOTOPYI ML NpPHHA-
maeM 82 ock §. Tperbs BepmmHA 3TOr0 TPEYroNbHEKA ABIAETCH ONHMM H3
pemeEni 337aUd.

Bce mpyrme ToukH, yHOBIETBOpAOIMe 3ajade, Jge:kaT Ha ocu t. Jlerko
BHJETE, 9TO AeBas 9acTh (4), Korga § Menserca oT —co Ho -+ co, DpeACTABIAAET
TPE U TOJNBKO TPH MUHAMYMa, HEPBHEA — MekAy OECKOHETHOCTHIO M Maccoi
my, BTOPOE — MeXny obemMu MacCaM® m; U M,, TpeTHA — Memny Geckomed-
HOCTBIO M Maccoil m,.

HeiicTBuTensno, npousBomHas -dd—‘;—}—an obpamaercs B uyas (upm n=0)

TOJBKO OXWH Pa3 B KHKAOM H3 DTUX HMHETEPBANOB, HOCKOIBKY OHA ABNAETCA
CYMMO}i Tpex 4JIeHOB, KOTOpHE BCE BO3pPAcTalorT.

40 A. IIyamxape, 7. II
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YpaBuenug

AV | e AV |,
dE +71G—W+n7l—— )

KOTOphI® BHPAKAa0T TOT QaKT, 9T0 [ABE UPOU3BOXHHE JeBOR YacTH (4) paBbi
HYII0, AMEIOT, CIeOBATEJBHO, TOIHKO HATH PEIIeHAH, a WMEHHO, TOYKHE B,
u B, — BepmuHK paBHOCTOPOHHHX TPEYIOJBEMKOB, TOYKH A,, A, H A, pac-
IOJIO;XEHHEI® HA OCH £ MHI IPEANOJOKAM, YTO 3TH TOYKH BCTPEYAIOTCA B CJe-
AYIOmeM IOpAZKe

—c0, 4,, m, A, m, A4, -},

Ocraerca y3HAaTh, KaK@e M3 3THX TOYEK COOTBEICTBYIOT MUHUMYMY; MH
3HAaeM 3apaHee, 9TO HX CYIIECTBYeT JBeE.

3aMeTHM, 9TO CJIH MEl 3aCTABMM MEHATHCA HEOpEepHBHEM obpaszoM obe
MacCH m, ¥ m,, To Jiobasa m3 uaTu ToueKk 4 m B Bcerga GyaeT COOTBETCTBOBATHL
MUHAMYMY MJIM K@ He Oy[JeT eMy COOTBETCTBOBATEH HHKOI/A.

B camom pmene, oT 0gHOTO Clyyas K JPYTOMY MOM{HO IEpeHTH, TOIHKO eCJu
TeccHaE neBoi wacta (4) oGpaTHTCH B HYJIb, eciu e Toukd A u B cosnajgaiwor,
Jero He OPOHMBOHAET HEKOTIA.

CregoBaTensHO, [OCTaTOYHO Gy/MeT W3yYdTh YaCTHHE ciaydail, Hampmvep
TOT, KOTHA m,=m,.

B aroM cayuae m3 coolpaskeHumi cHMMETDHM MOKHO IpefyrajaTs, 49ro 00a
pemenusa A; 1 A; JOJUKHEH GHITH OJHOM M TOM ;Ke NPHPOXHI, TAK 7Ke, KaKk H oba
pemennsa B, u B,; caegoBarenbHo, Tonbko A, u A, uiam Ke Toasko B, u B,
COOTBETCTBYIOT MHUHEMYMY. MTak, A, He COOTBEICTBYET MEHEMYMY.

MosxHO ycTaHOBATH, 9YTO A, HE COOTBETCTBYET MEHAMYMY.

CrnenoBarenbro, 068 MEHEMyMa COOTBETCTBYIOT pemendam B, m B,.

Ipepmonomxem Tenmeps, 9ro m, HAMHOTO MEHBIIS M, YTO LPEACTABIAET
co00i1 cnyuail, MMEIOIAA MECTO B IPHPOJE.

Huas mocraTouso GonbmAXx B3HAYEHHHA —A KpuBasg

V4 2@ ) = —h

OyReT cocToATH M3 TPEX BAMKHYTHX Berseir: C,, oKpyKawmeii m,, C, OKpy-
maomeir m,, n Cy, oxpaThBaomeit C, u C,. [{nga medsmux 3Bavenni# ona Gyner
COfep:XaTh B 3aMKHYTHE BeTBA: Cy, OXBATHBAIOINYIO My U My, Cy, OKPYIKAIO-
mywo C;.

Jaa eme Goxee MaAKHX 3HAYOHWN MH WMeNH OH €SWHCTBEHHYI0 BAMKHYTYIO
BETEB, OCTABJIAIOMYK M, U M, CHAPY;KA E OXBaTHBAmMYyW B, m B,

Haxonen, gus eme Gonee Mannx 3HAaYeHME MEI OyfeM HAMeTh JBé CEMMET-
PHYHHE OJHA APYrof 3aMKHYTHE BETBH, OXBATHBAIOIME COOTBETCTBEHHO B,
n B,.

To, aro Mu ceifyac cxakeM, Oy/eT HPHMEHAMO TOJBKO K ABYM TEPBBHIM
CIydYasM; CIEJOoBaTeJIhHO, /BA HOCHeJHMX CIy4asd MEl OCTABMM B CTODOBE.
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B nepsom cayuae MHOKECTBO TOUEK, Y[ OBJIETBOPAOIUX HEPaBEHCTBY (4),
pacmajaercd Ha TPU YaCTHYHHIX MHOKECTBA: MHOKECTBO TOUOK, BHYTPEHHMX
110 oTHOmEHH10 K C,, MHO/KECTBO TOYeK, BEYTPOHHAX IO OTHOMEHH K C,, MHO-
HECTBO TOYEK, BHOIIHHX IO OTHOWIEHHWIO K (.

Bo BropoM ciydyae MHOKECTBO TOUEK, yROBIeTBOopalomux (4), pacuajaerca
Ha JiBa JaCTHYHBLX MHOKECTBAa: MHOKECTBO TOYEK, BHYTPOHEHNX IO GTHONIEHHIO
K C,, MEOECTBO TOYeK, BHEIIHAX IO OTHOmEHHO K C,.

To, 9T0 MBI Ceiiuac cKazkeM, HEIPUNOKUMO HE K MHOKECTBY TOYCK, BHCIIHIX
0 oTHOMEHHUIO k CyB IEepBOM Clyyae, HU K MHO}KECTBY TOYEK, BHEIIHUX IO OT-
pomennio k¥ C, BO BTOpOM ciydae.

Haoportus, oHo Oymer upHiIoKMMO B IEePBOM CJIydae K MHO;KECTBY 10YeK,
BHYTPEHHHX IO OTHOMIEEWI0O K (', MJW K MHOKECTBY TOYeK, BHYTPEHHMX IO
OoTHOMEHHI0 K C,, M BO BTOPOM CJIy9Yae — K MHOKECTBY TOYEeK, BHYTPEHHUX IO
orHOmenuw kK C,.

Jlis ounpeneseHHOCTH PACCMOTPHMM TIEPBHE CHydal M MHOMKECTBO TOYEK,
BHYTPEHHHX 1O OTHOIIEHHIO K C,.

B srom cayuae MBL Bo3bMeM B KauecTBe obamacTE V obGracts, onpereleHHYIO
HEpPaBEHCTBAMU

2 ’2
thte> T Y @) > h—e. (5)

IIpepnonosxuM, YTO £ 0YEHH MAlG B 9T0 £ MMeeT TaKoe 3HAYEHHE, YTO MH
HAXO[MMCH B YCIOBHAX LEPBOIO CIy4ad; HAKOHEN, JIJA 3aBEpILEHMS OLpe-
nenenns obnactr V momectum Toury (€, 1) BEYTpPH Kpusoi C,.

Torpa sicEO, uTo ecam Touka (£, 7, &, v') uaxogmres B o6nactu V B Hauajin-
HH MOMEHT BpeMEHd, TO OHA OCTAHEeTCs TaM HABCETHA.

Yrobsl DOKa3aTh, YTO PE3YNBTATH IPEJHAYIEX NYHKTOB IPAMEHEMH
K Clyd4ale, KOTOpPHI HAC HHTEPECYeT, OCTAeTCH IOKA3aTh, YTO MHTETpal

S dtdrdt'dy/, 2

pacupocrpaBeHHHHE Ha ob6xacTs V, KoHeueH.

Raxnm o6pazoM 5TOT MHTETPAN MOKeT cTaTh GeckomeunnmM? Tak kax xpm-
Baa C, 3aMKHyTa, TO £ M % OrpaHMYeHbi; CIEJ[OBATEILHO, MHTETDAJ MOMKET
cTaTh OeCKOHEYHEIM, TOIBKO ecim & u 7' Gecromeunn. Ho B cuny HepaBeRCTE
(5) & um 7 moryr crath GeCKOHEYHHIMH, TOIBKO €CJIH

Vb @+ )

cTaHeT GeCKOHEUHLIM, MJIH, IOCKOABKY £ m 7 orpamuuent, ecim V craner Gec-
KOHEGUHEIM.

Ho V cramosmrca Geckomeynnym npu ry=0 u upu r,=0. Ho Tak xak TouKa
m; — BHENIHAA L0 OTHOmEHWI0 K C,, TO MBI NOMKHLI MCCIOKOBATH TOJBLKO
caydait

7'2 e 0.
10+
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Wrak, omeHmM Ty 9acTh MHTErpaja, KOTOPAsd JIQKAT B OKPOCTHOCTH TOYKE
m,. Ecan ry ouens Mand, to cymma §2+4 7% ouens Gamaka k (Om,)?, wrem m,/r,
Tak:ke OJE30K K IIOCTOAHHOM; TAK 9TO0, €CJIH HOJOMHAM

2
ht T @ 4 )+ T =
1
H MoxEO GygeT CYUTATH TMOCTOAHHOH.
Torga, ecam NOJIOKUM
(§—Omy)=rycosw, q=rysino, & =pcose, ' =p sin ¢,

TO HepPaBEeHCTBA (D) mpPEMYT BHUL

Hiye>ETospg_ (5bis)
2
® marerpada (2) mpEMeT BUA
S prydedr,dode. (2bis)

Mu opmcoegmamm K HepaBeHcTBaM (5bis) HepaBeHCTBO
ro< a,

rge o — OYeHb MaJd, MOCKOABKY peds HMAeT O TOM, YTOOBI OUEHUTH 9acTh
HHTEerpaja, JeKAIYI B OKDECTHOCTH M, & OCTABIIAACA 9YacTh HaBeDHAKA
KOHEYHa.

Ecan mpommTerpmpyeM cHagana mo ® u mo ¢, To mETerpat (2bis) mpmmer
BHL

42 S prydpdr,. (2ter)
IIpomaTerpupyem cHagaxa mo p. Heo6xoxwMo BHITACIHMTH HHTEIPAS
Spdp =—‘f;-,
B3ATHIA B mpepeixax

p=]/2(11—e+—’,'1:—) u p=]/2(11+e+—'f:—),

q9ro jgaer Z2e.
CnemoBarensmo, maTerpanx (2ter) OIPEBOTATCA K HHTETpaLy

-3
8nle S rydry, = 4n%a?,
0

ClIe0BaTeJIbHO, OH KOHEeYeH.
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Teopemsl, fOKa3aHHKe BHIIE, IPUMEHUME], CIEJOBATEIBHO, K MHTEpeCcyio-
meMy Hac caydar. Hyuepaa Macca mpoiifer GECKOHEYHO® YHCJIO Pas CKOIb
YTORHO GJIM3KO OT CBOErO HA49aJbHOTO I0JL0KEHNA, eCIIU He HAlaraloTeHd HeKOTO-
PHO UCKIIOYATENLHEE HaYaJhHBE YCIOBKH, BEPOATHOCTH KOTOPHX GECKOHEEYHO
Maina,

CrepoBaTensHo, eciu B OrPAHHYEHHOH 3afave JIONYCTHETH, YTO HAYaJbHEE
YCIOBUS TAKOBH, 9T0 TOYKA §, % JOIIKHA OCTABATHCH BEYTPH 3aMKHYTOH KpH-
Boit Cy mau C,, TO IOPBOE U3 YCIOBHN YyCTONYHMBOCTH, B cMuche u. 290, okasm-
BAETCHA BHIOJHEHHKIM.

Ho, Gonee Toro, parunM 06pasoM BLIIOJHEHO TPETLE YCIOBHE: CIE/[0Ba-
TEJbHO, BMEET MECTO ycmoiiuusocms no Ilyaccony.

300. OueBupHO, peayasTaT OyjmeT TeM >Ke, KaxoB Ol HE ORI 3aKOH OPHTA-
AGHHA.

B camom siene, ecim ABMiceHMe MaTepEAJbLHOE TOYKE £, ompepessercs
YpasHERMAMU

a2t dv d2q __ av.
dz  df ' ar . dn

BJIM B CIIy4Yae OTHOCHTEJNLHOI'0 ABUKCHHAA YPABHCHHMAMHA

d2t dn __ av
aE =
d2n dg _ av
g T =g

TAK 9TO HHTErPAJ >KMBLIX CUI 3alMCHBAETCA B BUAE
1 [/dENe | £dn\2
(&) +H(@) -7 =n
7 ecnu $yEKmEA V M TOCTOAHHAA A TAKOBH, 4TO 3HAYeHHA §& W 7 0CTAlOTCH

OrpaHNYeHHHIMHA, To Oyaer mmers Mecro ycrodumsocts mo Ilyaccomy.
Ho sto me Bce, 10 e camoe Gyzper B Gomee obmem ciydae.

Iycrs zy, 5, . . ., Z, — KOODAMHATH /3 MaTepUaJbHHX TOYEK.
Ilycte V — cmioBas QyHROMSA, 3aBUCAMAA OT HTHX 7 HEPEMEHHEIX.
Ilycrs my, m,, . .., m, — COOTBETCTBYIOMMUE MACCH, TAK 9TO MH 0003Ha-

JaeM 9Yepes m,, m, WIA depes mg Maccy MaTepHaJbHOH TOYKM, KOOpPABHATH
KOTOPOHA CYTh I, T, U .
YpaBHeHMsA 3aNMITYTCH B BHUAE

dEI" av

$Tqiz T dzg !

a MHTerpaJy »HBHX CUI 6yne'r HMETh BHJ]

> ﬂz‘-(%’fli)z: V4
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Ecnu ¢pyrunma V ® mocrosiHHAad A TAKOBEL, 9TO B CHJY 3TOr0 PaBeHCTBA
KOODJAMHATH Z; OIPAENMIOHH, TO MH Oyaem mMerb ycToiqusocts 1o Ilyaccony.
JleicTBHTENBHO, PEIH HAET O TOM, YTOOBI JOKA3aTh, UTO MHTEIPAJLHKIN WH-

BapWAHT
. dz;

| deida, ... dzjdeda, ... dz, (a="F

KOHedeH, Korjga KHTeI‘prOBaKKe pacnpoc’rpaneno Ha OGJIBGTL, KOTOpyIO A
Ha3BaJXx V M KoTopasa OOpe/elseTcH HEepaBeHCTBAMH

./ dz.\2

V+h—s<2%<;t-)<v+h+e. )

O6o3magnm wepes A uuTerpaxn

4 ’ 14
S drgdz, ... dz,,
B3ATHIU 10 of6aacTH, OonpejesieHHOE HEepPABEHCTBOM
mg 2
Tx’- < 1.

JTOT »Ke MHTETpa’d, pacIpoCTPAaHeHHHH Ha 061acTh

m; 2
= & <A

OueBHNIHO, OyHeT pareH
AR",

Baareiit mo obacti, onpeneneHsHoil mepasencTeamu (1), on Gyuer pasen

ALV bt ™ — (V- b —e)™],

HJIH, IOCKOJXBKY & O4YE€Hb MaJo,

n
+ -1

nAe (V +h)* .

C.uenoaa'renbno, nn’rerpanbnmﬁ HHBapHART PABCH
in

nde S (V+ h)7—1dzr:1d.z:2 ... dz, (2)

OpuYeM MHTETPUPOBaHHE ROJKHO OBITH PACIPOCTPAHEHO HA BCE TAKWE TOYKH,
9T00K BHIpakeEMe V-+h OHJIO IIONOKHTE]bHEIM.

Cornmacao Moemy mnpepunoxoskernmio, o6racts V-+h > 0 orparudena.

B raxom cayuae Gyper serko y3narTh, ABAAETCA M WHTErpas (2) KOHETHEIM
unr GeCKOHETHRIM,
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On scerna Oyner KoHEUYHsIM, ecld n=2, m00 B 3TOM CiIydYae IOKa3aTelb
crenenu y V-h paBeR HYJIIO.

Iipenanono;xuM Temeps, 9ro 7 > 2 u YTO BHpaykenue V--h craEoBumrea Gec-
KOHEYHO OOJBIIMM LOPHAKA D, KOIJa pACCTOAHHE MENIY ABYMA TOUKaMH
Zy, Ty, T3 U T4, L5, Tg CTAHOBUTCA GECKOHEYHO MAJHIM MEPBOro mopsanka. Torma
BeaIuqMHa 107 3HAKOM uHTerpaia B (2) Gymer mopspra

p(5—1).

L1 =Ty Ly=T5, L3=7Tg

MiuorooGpaszne

HMEeT n—3 M3MEPEHMA; MHTErpal MMeeT NOPANOK n; yCIOBHE TOr0, 9TO0H HH-
Terpan ORI KOHEeYeH, 3AOMCHIBAETCH, CJELOBATOALHO, B BHJE

n—(m—3)>p(5—1),
OTRYya

r<<

6
n—2"°
Jdro ycrosue Toro, 4ToGH EMeNa MecTO ycroigusocts mo Ilyaccony.

IIpuaoxkenne X 3agaue TpPeX Tex

301. Ilpexmaymue paccy:;K/[eHAA DPATOKHEME K CIyJalo, KOIfa ypas-

HeHge
m;
2%

BJI€YeT 3a co0o# CIemcTBME, 9TO I, MOT'YT M3MEHATHCA TOIBKO B KOHEJHHX
npegenax.

K coxanemmio, B 3agaze Tpex Tes sroro mer. fI nmpmmy obosBadvenms
o. 11; a obozrauy depes z,, Tp, Ly KOOPAMHATH BTOPOTO TeJa OTHOCHTEILHO
NIEPBOTO; 9ePes8 Z,, Is, g — KOOPAUHATH TPETHETO TEJNA OTHOCUTEIHHO HEHTPa
THA;KECTH JBYX NEPBHIX; Uepes a, b, ¢ — PACCTOAHAA MeXIY TPeMH TeJaMu; depes
M,, M,, M5 — ux macch u, HaKOHeI[, Jepe3

dI,'
de

Y=V+h )

my=my=my, =25,
my=my;=m, =B

— BEJIMYUHH, KOTOpHe B u. 11 s massax fu §.
Torna Mu OyaeM UMeTh

__ MM, MM, MM,
V= a + b + c
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Pasencreo (1) Baewer 3a coGo# HepaBeHCTBO
V-+h > 0. 2)

Oyraxnma V cymecTBeHHO HOJO0KMTENbHA, eClH, CIe0BATENBHO, IOCTOgH~
HaAa h DONOKUTENLHA, TO HEPABEHCTBO OYAET YHOBIETBOPATHCH BCETHA; HO
BOIPOC 3aKIIIAETCH B TOM, 4TOOH y3HATH, MOMKHO JH J3aBaTh B JOCTATOYHO
MAJHe OTPUIaTeNsHEE 3HAYEHUA, IT0OK HEPABEHCTBO MOTIO0 YIOBISTROPATHCH
TONBKO [AJIA 02PAHUYEHHBY 3HAYEHWH KOODAHHAT ;. TO CBOJAMTCA K BOLPOCY
0 TOM, MOKeT ¥ YAOBIETBOPATHECA HEPaBEHCTBO

MZM:, n 111:})M1 n Mchz L h>O, 3)

IOPHCOEJAHEHHOE K HEPABEHCTBAaM, HaJlaraeMbIM HA TPH CTOPOHEL TPEeYTOJbHUKA

a+b>c, bdc>ae, a-c>b (4)
TOJIBKO IANA KOHEUHLX 3HAYeHui a, b, .

IlpuMeM a=¢ n oveHb OONBIIEM; HPHEMEM b O9EHH MANKM; HEpPABEHCTBA (4)
BHIOJHAKTCA caMd coboil.
Yro xacaerca HepaBenctea (3), KOTOpoe NPHHEMAET BHL

MMy -+ MM, | MoM
2‘ia 12+ ‘3bjl+h>0,

TO 0HO MoKeT OHTh yHOBIETBOpDEHO, XKaKoBo 0k HU OO h, CKOAB YrOMHO
fonpEMY 3SHAYCHHAAME Q.
Hax 61 Manmo He 6nuto k2, Kak OB BeJIHKO HE OHJIO @, BCeI[a MOMKHO B3ATh b
JOCTATOYHO MAJHM, 4TOOH JieBag UACTH OBIa NOJOKITEILHOH.
CymecTBoBaHEe HHTErpajioB OIOMmMafeil He H3MEHHET 3TOT0 3aKIIYEeHHSA;
B CaMOM jielie, METEIpPANK JTH 3aUMCHBAITCA B BHIE

B (wys — 24%,) + B (5 — 24%;) = @y,
B (g — 2:125) + B/ (Tg, — 2,%) = ay, (©)
B (2.2, — 27)) + B! (2 — 2520) = @,

B cmny sTux ypaBHeHHH mMeeM
4 2 2 3 2‘ o
FGl 2 o)+ Bl o) > A, (6)

rne I — MOMeHT mHepnUHM, KOTOpHM ofbiaagana 6w cmctemMa, olpasosannas
ABYMA MaTepHANbHHIMM TOUYKAME, MacCH KOTODHX Onnu 6m B m §', a Roopam-
HAaThl OTHOCHTEILHO TpeX HEeHOJBMIKHEIX 0CeH — Iy, T, Ts) T4y L5, Ty} MOMEHT
MHEPIME, TOBOPIO 51, KOTODHE 3Ta CHCTEMa HMeJIa OH OTHOCUTENHHO LMPAMOI,
cIy;Kamell MTHOBEHHOI OCHI0 BpAIIeHAS TBEPOI0 TeJ&, KOTOPOe COBIagano Obl
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B JaHHLIA MOMEHT BPEMEHH ¢ 3TOH CHCTEMOH W Bpamalioch Obl TakmM ob6pasom,
4TO MOCTOAHHHE IWIomaned OIE GH Te 3Ke, 9TO W NJIA CHCTEMH.

Tormga mepaBercTso (2) HoJKHO OHTH 3aMEHEHO CIERYIONIAM:

Vgr>atutd (2bis)

Ho aT0 HepaBeHCTBO, KaK @ caM0 HepaBeHCTBO (2), MoeT GHTH YROBIETBODPEHO
CKOJIb YTOHO 6OJBIIMMY 3HAYEHASAMH Z,; MO0 JJIA OYeHb OOJBIIAX 3HAYEHMI Z,
MoMeHT mHepnuu | OYEHL BeNMK, M, TAK KAK OpaBafg 9acTh OYEHb OJM3K2
K HYNII0, MH CHOBa BO3BpAaINaeMcs K HEDaBeHCTBY (2).

CrnenoBaTelsH0, ME [OJKHLl BAKIOYATE, 9T0 DACCYKICHHEA HPEIHYIETO
OYHKTA IEOPHUMEHUMEL.

HOnsa Toro d9roOH Jydme oTAAaTH ce6e B HTOM OTYET, BRIYHECIHEM MHTETDATB-
HHIA MHBAPMAHT '

S dzdz, ...dzdzdz, ... dz,,

pPacnpoCTpaHAAa €ro Ha OﬁﬂaCTL, onopeneJennyIo CleJyIIMUMA HepaBeHCTBaAMH:

h—elT—V<h+e

a,—e < K;<a,}e,

ay — 8y < Kp<ay+ sy

a, —e, < Ky<la;+e,.
Beauunssl e owens manw; K, cyTh JeBHe dacTu paseHcTB (9), a T — mpuse-

JleHHaA JKHBafg CUAa, T. . Jesasa dacTh (6).
IIpomnTerpmpyem cHavala mo z); Haijgem

6472 e e, (V 4 h— a? 4 a4 ag)’/z dzidzy ... dzg ’
(3" 21 VI Iol;

(7)

rae Iy, Iy, I; mpejcTaBIsAlOT TPH I'IABHHEX MOMEHTA WHEPI(AM CHCTEMH.

fI samegy mMmMOXo0pmOM, 4TO eciad BHOPATh OCM KOOPAHMHAT, HapajllebHEE-
‘TIaBHBIM OCSAM HMHEPOHH, TO COIJIacHO ompedelenwio I Mbl OymeM mMeTh
gy atatd
I, VT, T, 1 g

Mu BupuM, 9TO MHTErpaN, PACHPOCTPAHEHHKN Ha BCE TAKWE CHCTEMEl 3Ha-
geHuif, 9YTO

vyp—dtadtd g

KOHeYeH, XorA 3Hamenatens VI,[,/, craHOBuTCA GECKOHEUHHM, KOIKa
O/lHa U3 TOUEK Xy, Zg, T3 WIH I, Iy, Lz OECKOHEUHO yHalaeTca. B camoM fede,
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B 9TOM CiIyuae 06IIaCTh MHTETPHPOBAHAA €CTh OECKOHEYHOCTh TPETHEr0 II0-
PANKa, a sHaMeRaTeNb obpamaeTcA B GECKOHEYHOCTH JHIOE BTOPOTO IIO-
panka [*2].

302. Ho xora paccyxaeHusa OpegsayIax NYHKTOB 6oliee HeIPEMEHIME], TEM
HE MeHee, M3 CYIMEeCTEOBAHMA MATETPAJIBHOIO HHBAPWAHTA MOKHO HM3BIEYh He-
KOTODHE B3aKJIIJeHHAs, He JIUIEHHHE WHTepeca.

Hrar, npesnoxoXeuM, 9TO PACCTOARUE b MEKAY ABYMH M3 Tel CTAHOBHTCH
MAJNBIM ¥ 9TO TPEThe Telo yhaiuserca B OeckoHeuHoCTh. TpeTse Teno m3-3a ero
f0JBIIOr0 PACCTOAHESA NEpEeCTANeT BOZMYIATH JBMKEHAE ABYX HMEPBEX Tei,
KOTOpPOE CTAHET BechMa ONM3KEM K 3JIIHOTHYIECKOMY.

9r0 Tperne Tedo OpaToM OYIeT ONHECHBATH IOYTH rEuepboay BOKPYT MEBTpa
TSKECTH J[BYX HOEPBHIX TEJ.

HAag Toro 9TOOH Jy9me DOHCHHTH MOI0 MHICIE, A CHAYANla BO3BMY IPOCTOIl
IIpAMEp: f NPEefIoJaraio, YTO TeXO OMUCHLIBAET THHEpPGOAY OTHOCHTENHHO HE-
noaBmKHON Togku. ['muep6Gosia COCTOMT a3 ABYX BeTBeH; OAHA M3 BTHX BeTBEIl
ABIACTCA GHAAUMUNECKUM TPOTOJKEHAEM JPYToil, XOTA AJIA MEXAIMKA TPaeK-
TOPHA COCTOMT TOJNBKO U3 ONHO¥ EXUHCTBEHHOX BETBH.

Torma MH MOXeM 3aJlaThCA BOLPOCOM, JOIYCKAET JM TPACKTOPHSA B Clyuae
33/{aYd TPeX Ted AaHATUTHIECKOE OPOROIKEHMe H KaK ero MOKHO ompefe-
JNUTh.

KoopausaTst BTOPOro Tela OTHOCHATENBHO LIEPBOTO CYTh Z;, L3, X3, KOOP-
OWHATH TPETHETO Tela OTHOCHTENHHO IEHTPA TAMKECTH JBYX HEePBHIX TEJ CYTh
T4y Ty, Tgy TAK UTO MH OPEXOIAM K PACCMOTPEHHMIO ABHKEHHA ABYX QHKTHBHEIX
TOYeK, KOODAHMHATH KOTODHX OTHOCHTENLHO TpeX HENO[BHKHKX OCEH CyThb
Zy, Ty, X3 AIA TEPBOTO M Z,, Ty, Iy — LIS BTOPOTO.

IlepBas m3 srax ToYex OyAeT OMMCHIBATH NOYTH 9JIIUIC, BTOPafg — IOYTH
ruuepbony m Gymer KBHUraThCA, OECKOHEYHO YNAAAAChH IO ONHOM M3 BETBei
aT0i TWmepboasr. [{ast Toro arofhl HOMYYATH MCKOMOE aHATHTHIECKO® NPO-
JOJ:KeHHme, IIOCTPOMM BTOPYIO BETBH 3TOM rmmepOOJE M NPHECOETHHUM €€ K BJil-
JAUCY, ONMCARHHOMY NEPBOM ~TOYKOM.

PaccmoTpuym Temeps ABe gacTHEE TpPaekTOpHW Hamel cucreMsl. J{as neproi
HaYaJbHEE YCHOBUA ABMKeHHA OYAYT TAKOBHL, U4TO €CIM ! WOJOKUTEILHO M
049eHb BEJHMKO, TOIKA Z,, Ty, Ly HAXOAUTCA OYeHH OJMM3KO K IEePBOH BETBH I'H-
nepOoJIEl, & TOYKA Zy, Ty, T3 — OYCHH OAMZKO K BILIHICY, TAK YTO PACCTOAHHE
3THX ABYX TOYeK KaK OT rupmepbONH, TaX ¥ OT 3JJIHICA CTPEMHATCHA K HYJIIO,
KoTna ¢ HeorpaHMYeHHO BO3PACTAerT.

Hpmrmem acumoroTy rEmep6osnl 32 OCh I, B IYCThb V — CKOPOCTH TOUKH,
‘ONECHBAIOMEH 3Ty rumepboxy AJA DOJNOKHTEILHONO W 0YeHb GOMBIIOro 3Ha-
vegua t. Torpma

z,—Vt

OyfeT CTPEeMATHCH K KOHEYHOMY H ompefeleHHoMy npeneny X, xkorna ¢ Gynet
HEOTPRHWYEHHO BO3PaCTaTh.
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IIyctes Takke n — cpejEee XBUKEHUE II0 3JJIUICY, & [ — CPEOHAA aioMa-
WA, TOTAA PAa3HOCTh
Il —nt

OyAeT CTPEMHUTBCA K KOHEYHOMY W OIpEfleJIeHHOMY mpemeny L.

Ecnu My sapmapam saagnc u runepbony w, clefgosateasno, V m n, ecium
Kpome Toro 3agaguM X ® ly, TO Ha4AJbHbIE YCIOBHS ABHIKEHHS, COOTRETCTB VIO-
mero mepBOA TPAEKTOPHMH, OYAYT HIONHOCTHH OUPENENeHH.

PaccMoTpum Temepp BTOPYIO TPAEKTOPHUIO I IPEANOJOKNM, 9TO HAYAALHEC
YCIORUA IBHKEHMA TAaKOBEI, UTO JJAA OTPHIATENLHEOTO0 M OYEHb Goinmoro ¢
TOURA Z,, T3, Tg Oy/ET 0UeHb GIM3Ka KO BTOPOHl BeTBM rEnepboas, a To4Ka Z;,
Iy, £3 — 0YeHH OJE3KA K 9IUIAOCY W 4TO 3TH ABE TOYKE OPHOIMKAIOTCA K DTHM
JIBYM KPHBHIM, KOTrJa { CTPDEMHTCH K — 0.

Pasnoctu

—Vt, 1—nt

CTPEMATCHA K KOHEYHBIM U onpcneneHHmM npenenam X' m lj, Korfa t cTpemurTes
K GEeCKOHEYHOCTH.

HagampHble yCI0BHA, COOTBETCTBYIOUIME BTOPOH TPAEKTOPHH, IIOJHOCTHLIO
ompeseJeHsl, KOTYa 3a/laHbl aanunc, runepbora, X' u .

Ecau mvor umeem X=X', =L,

mo o6e mpaekmopuu Mozym Gulmb PACCHAMPUBACMEL KAKE AHAAUMULECKOE NpO-
dorxcenue odna dpyzoi.
Paccmorpum Temeps cuctemy amddepeHITUATBHEX ypaBHEHHI

d.'C: .
=X (=12, .., n), (1)
rje (I)yHKHHK X‘-, 3aBHCAIMHE TOJLKO OT Zy, Zgy » o =y .'L'", YAOBJIETBOPAIOT CO-
OTHOIUEHHIO
axX;
S 0;
dI‘

3TU YPABHEHMA JOMYCKAIOT MHTETrPANbHLIA WHBAPHAHT
5
S dz,dz, . .. dz,. (2

Jooyeray, 9T0 MBI y3HQJIM KakUM-TO 00pPa3oM, 4TO TOYKA Ty Ty, oo 0 T
JIOI’KHA OCTABATHCA BHYTPH HEKOTOpo# obnactm V, amanormumoit obmactm V),
PACCMOTPEHHOMA B IPEIRAYIMX NYHKTAX, HO HEOTPAHMIEHHO MPOCTHPAIOMEHRCH
TakAM o06pasoM, 9T0 uuTerpan (2), pacupocTpaHEeHHHE Ha 2Ty 061acTh, 6ecko-
neveH, Jaxiodends nyrkTos 297 u 298 me 6yxyt Gomee mpEMeHEMBL.

Opnmako zamenmM ypamdenma (1) caegywommMum:

dz; X,

ar M

n

==X/, (Ihis)

e M — nwobag 3amanHasg QYHROAA Ty, Tgy o - oo &

n*
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Touka z;, %5, - .., T,, ABUKEHHE KOTODPOHA ONpPERENACTCH YPABHEHUAMH
(1bis), Oynmer omuCHIBATH Te K€ TPAEKTOPHH, YTO U TOUKA, ABHKEBHE KOTOPOH
onpenenaerca ypasaesusamu (1). B camom pexe, nadpdepennmansane ypaBEeHAA
9THX Tpae}cTopm‘z‘[ KaK B OIBOM, TaK M B IPYIOM Cilly4ae CyThb

Opuako ecnm g HasnBalw P TOURY, ABHKEHHE KOTODOH OnpefieleHO0 ypas-
vermamu (1), @ P’ — Touxy, MBHKEHHMe KOTOpOi OmpefeleH0 ypPaBHEBHAMO
(1bis), To MEI BEREM, 9T0 T ABE TOYKME OHHCHIBAIOT OJHY M TY 7K€ TPAEKTODUIO,
HO [0 PasiMYHbIM 33KOHAM.

Ecnam s Haz0BYy £ MOMEHT BpeMeHH, Korjga P npoXOofdT 4epe3 TOUKy cBoeil
TPAeKTOpHUH, a ¢’ — MOMEHT, Korga P’ mpoxofmT 3Ty e CaMyi TOYKY, TO 3TH
IBa MOMEHTA BpeMeHE OyAYyT CBABAHH COOTHOIIEHEEM

dt 1

at M
Ilpu srom MBI mMeeMm
2 d(MX;) —0
dz,- -7
9TO 03HAYAeT, WT0 YPaBHEHUA
dz; ,r .
d—t,-:)ﬁ‘. (11)15)
JIONYCKAJOT MHTETPANBHKIA WHBAPAAHT
| Mdzda, . .. dz,. (2bis)

Honyerusm, uto dpysruma M Bcerga mONOKUTENBHA M 9TO OHA CTPEMHTCHA
K HYJIO, KOTJ2 TOYKA Zj, Ty, . - ., I, YAANAETCA B DECKOHEYHOCTH, U NPUMOM
docmamoxho Gucmpo, umobu unmezpas (2bis), pacnpocmpanennslti na 06aacme
V, 6ua xoneuen.

Brusopn n. 297 m caexgyromux mpmio;xEMel K ypaseermaM (1bis). Cnemo-
BaTelnHO, ypasEeBua (1bis) obxapgaror ycroiiumsoctrio mo Ilyaccomy.

fl yTouHAI0 MOI0 MEICIb.

Mu mmeem

t= §’£ . (3)
0

Ilockoanry ¢yskuous M cymecTBEHHO NOJOKATEAbHAa, I OyAer Bospacrarh
BMecTe ¢ t'; BO, Tak Kak M mosxeT o6paTHTHCS B Hydb, TO MOKET CIYUATHCH,
4¥T0 WHTErpaid B npasoil gacta (3) Oymer GeckomeueH.
IlpexuonoxmM, manpumep, uro M obpamaercs B uyas npu t'=T; Torga
t Oyner GeCKOHEYHHIM P
t'=T umu t' > T.
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PaccMoTpuM TpaeKTOPHIO TOYKE P’; MBI MOKEM Pa3fieTuTh €€ Ha XBE JaCTH —
nepsyo C, Koropywo P’ mpoxogar or momenrta t'=0 go momenta t'=1', BTO-
pyio — C', xoropyio P’ mpoxoger ot mMomenta ' =T jo t'=oo.

Touka P Oymer OOMCHBATh TY K@ TPAGKTOPHI0, 4T0 ® P’, HO oHA OmMMET
TOABKO 9acTh C, mG0 OHA MOET JOCTHrHYTH YacTE C' TONBKO IO HCTeYeHHH
0ecKOHEYHOTO0 BpeMeBH I.

Jns Mexanmra Tpaextopmsa P OyaeT CoCTOATH, CAEXOBATEABHO, TOXHKO H3
C; 1A aHAJIHTAKA OHA COCTOMT He ToAbKOo m3 C, HO ¥ m3 C', ABImIomeiica ee
GHAAUMUNECKEUM NDOBOANCEHUEM.

Pacemorpum 109Ky P,, M0I0KEHAE KOTOPOA OIPENENEHO ClefyoHam obpa-
30M: Touka P, GyneT saHEMATh B MOMEHT {, TO K€ HOJOMKeHHe, YT0 B Touka P’
B MOMEHT t'; 4TO jKe RKacaercs l,, OHO Oyjer ompenereHso paBeHCTBOM

t’
dt’ ,
t,= S —r (rme 5, >T).

’
%

Jsuxenne To9RA P, 6yneT HPOHCXOMETE B COOTBETCTBHE ¢ ypaBaenuamx (1),
2 3Ta TOYKA ommmeT C’', TAK YTO MOKHO PacCMATPHEBATH TPAEKTOpHHA Todexk P
m P; Xak aHaJHTAYIECKOE IPOJOJIKEHHE OJHA JPYTOH.

IpegmonoxeM Temeps, 9T0 ToYKa P B HaYaIbEHI MOMEHT BPEMEHH JeKUT
BHYTPH Hexotopoi# obGmnactm U,. Ecim mavaJpHHE YCHOBHA JBHIKEHHS HE
ABIAIOTCA MCKIIOTATEALHEMH B CMHCIE, ZaHHOM 3TOMY ciaoBy B m. 296, To
TPAEKTOPHEA TOYKE P W ee nocaedosamesvHble QHAALMUNECKUE NPOOOAKNEHUR
nepecexyT Gecroreunoe uciao pas obnacts Uy, kKakoii 6 Manoit ona Hu Gnuna.
OnEako MOKeT CIYYHATHCS, YTO TO4Ka P HEKOrJa He BOHMET B 9Ty 00IacTs,
OOTOMY 9TO 3Ta 00MaCTh HepeceKaeTcs He TPAeKTOPHAMM TOYKKM P B coGcTBeH-
HOM CMEHICIE, a X AHAJIATHYECKAME NpopoJuxenmamm [3].

303. Ito mpmaOKEMO K 3afade TPEX Tel.
Bume MH BHAENHX, 9T0 HEOOXOAmMO PacCMOTpeTh HMHTErpal

S dz, ...dzdz; ... dxg,

KOTOPHA MH CBeIW IpPHA 5TOM K INECTAKPATHOMY HHTErpaxy
S(V +h— -a%-}-;%—}—a?,)’/: dzidz, ... dzg .
1 VI 1,1,
Ho Mm Bmpenm, uro sToT HETErpa’, p3aTHit mo obmactm V, Gecrkoueuew,
4 3TO mOMemaao HaM 3aKaiduTh 06 ycroiumsoctm mo Ilyaccomy.
3anmmeM ypaBHEHUSA ABWKEHWS B BHME

dz; az;}
a = Xe =Y

rie X, ® Y, — Gynkn®m or z, ¥ Z;.
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Torpa mycrs
1

R R e e ey
U 3annileM HOBBIC ypPaBHEHUA
dI,- X,' d.’t' Y.'

—— 3

v — M M "

M=

HoBule ypaBuenus AouyckaoT B KadeCTBE MHTEIDAIGLHOTO WHBADHAHTA
| Mdz, ... dzda; ... dz,

HIHA Xe

S<V+h_' a’f-{—a%-{—a?,)iz dzdzy ... dzg M.
21 VI o1,

Ho amom unmezpas Koneuen.

CrenoparensHo, €CIM HAYAIBHOE NOJOMKEHTE CUCTEMEL TAKOBO, 9TO ToYka P
OpOCTPAHCTBA J[BeHajNaTU M3MepeHuil, KOOPAUHATH KOTOPOH CYTh Zy, Ly, - - -
v« Tgy Xy, Tyy .. .y Ty, B HAYAIBHLIA MOMEHT BPEMCHHE JIE;KAT BHYTPH HEKOTOPOX
obnacte U,, TO TpaeRTOPUA 3TO! TOYKM K e aHANUTHYECKHE TpojoiKerus [19],
KaK MEHI EX oupefeinin B koune u. 302, mepecexyr ary obnacts U, Gecrouneqnoe
9HCI0 pa3, Mo KpaiiHeit Mepe, eclim HAYaJIHHOE NOJOMKERME CHCTEMbl HEe AB-
JSIeTCA MCRIIOUYUTENHLHHM B CMBICIE, JAHHOM JTOMY CIOBY B . 296.

304. Ha nepBhlit B3I KaMKeTCH, 9TO 3TO CJIELCTBHE MOYKET MHTEPECOBATH
TOJBKO aHAIUTHKA ¥ He MMeeT HUKAKOTOo ¢uamyeckoro cmmcia. OgEako atoT
B3rAAf He COBCEM OUPABIAH.

B camom jexse, MOMKHO 3aKJIOYATH, 9TO €CIAM CHCTEMAa He NIPOXOJMUT BHOBE
OecKoHETNOe YHCIO0 Pa3s CKONb YIOAHO OJM3KO OT CBOEro NMEPBOHAYAIBIOTO
UOJOKEBHA, TO KHTErpas

T dt
,-So AT AT AT

6yner KoHeueH.

ITO NPCHJIO)KEHHME BEPHO, €CIM OCTABHTH B CTOPOHE HEKOTOPHIE MCKIIOYH-
TeJbHEIE TPACKTOPHMH, BEDOATHOCTH KOTOPHIX PaBHA HYIK B CMHCIE, JAHHOM
aTomy clioBy B 1. 296.

Ecan ator maTerpall KOHEYeH, TO MH SaKII0THEM, YTO IPOMEKYTOK BPEMEHH,
B TeYEHME KOTOPOTO NEPMMETDP TPEYroJbHUKA, COCTABIEHHOTO TPeMA TeJaMH,
0CTaeTCA MEHLIIC 3afaHIoro KOJHIecTBa, BCET[a KOHEUEeH.



Faasa XXVII
TEOPUA HNOCJIEJIYIOMNX [4]

305. IlpencraBasini TEOPHIO MHTETPAJBLHEX HHBADMAHTOB B CJETKA BUAO-
W3MeHeHIIoN gopMe, MBI MOKEM BHIBECTH H3 Hee eINe Psf 3aKJII0YeHHmd, KOTO-
poie OYAYT HOJE3HHK B JaJBbHEHAIIEM.

Hausem ¢ mayuesua mpocroro mpmmepa. IlycTs mama Touka, KOOp{MHATH
KOTOpPO#t B IPOCTPAHCTBE CYTh £, ¥ U 7 M [[BUKEHHE KOTODOH ompefeafAeTcA

yPaBHEBHMAMA

dr dy dz __
T=X, HL=v, F=z (1)

Benwanan X, Y 1 Z cyTh 3afaHHNE X OJHO3HAaYHHE HYHKIUE OT Z, Y, Z;
IpefnoNosKAM cHadana, uro X m Y o0pamarTca B HyJb Ha Beel ocH z, TaK 4TO

z=y=0
ecTb pemenwe ypaeHeHm#t (1).

Hanee noxoxmM
I ==p COS W, Yy —p sin o;

tTorga ypasgendsa (1) mpmmyT BET

% =R Zl=9, g 2)
rie R, Q m Z — dyuxuzmm or p, w, z, NIEPHOSHIECKAE C HOPHOOM 2% OTHOCH-
TEJIBHO ®.

MH yciaoBEMCA JABATE p TOJBKO IOJOMHUTENBHLIEC 3HAYEHAS H CMOKEM 3TO
NerKo0 CAeNaTh, MOCKOAbKY z=y=0 ecTp pemerme.

fl npepnmosrarao Teneps, KPOMe TOro, 910 {2 HEKOTHA HE MOjKeT obparAThCA
B HyJAb, OCTaBafACh, HAIDPHWMED, LIOJOKHTENBHOA; Torga o Beerfa OGymer Boa-
pacrars BMecte c I.

Boofpasum, 970 MEl XPOHETOrPEPOBAIY ypaBHOEHA (2) E 4TO X pemeHue
OpefcTaBiIeHo B (opue

p=f (o, a, b), z=f, (o, a, b).

BykBo @ u b mpefcTaBiIAT DOCTOAHHHIE HHTEIDHPOBAHHA.
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IIycrs
po=1(0, a, b), z,=f,(0, a, b),

p; =f; (2=, a, b), z;==f,(2m, a, b).

IIycre M, — TOYKa, KOODAEHATH KOTOPOH CYyTh
s=pp y=0, z=2z,

a8 M, — TouKa C KOOD[HHATAMHA
z=p, y=0, z=z.

IJTH [Be TOYKHM NPHHAJIEKAT IOJYIIOCKOCTH ZZ, PACIOJIOMKEHHOMA €O CTO-
POHH HOJNIOKHATENBHHX Z.

Bynem HasuBaTte TOURy M, nocaedywuyeii Touxkm M.

-JTO0 HasBaHHE ONPABJAHO TeM, ITO €CIW PACCMOTPETH CEMEHCTBO KPHBHIX,
KOTOpDHI® YAOBIeTBODAIOT fufidepenmuanrsbEuM ypaBHeHmaM (1), ¥ ecam npo-
BECTH 4epe3 To9KY M, KPHBY aTOr'0 CEMeHCTBA M IPOJOJKUTD ee 0 TeX Iop,
II0OKa 0HAa CHOB& HE BCTPeTHT moixymirockocTs (y=0, z > 0), To aTo HoBoe mepe-
‘ceuenne Gymer mMeTs Mecto B M,.

Ecam B aToit moxynaockocTm mocTpouts awbyo ¢urypy F,, To mocienyro-
M7 Pa3InvHNX Todek F, o0pasyior ¢purypy Fy, Koropymo Mu OyjfeM Ha3HBaTh
nocaedywweld F,.

flemo, uTo0 p, ™ 2, — HeOpepHBHHE QYHKIAA OT py A Z,.

CrenoBaTessHO, HOCHEAYIOMAan HEOPEPHBHOX KpHBOR DyReT HempepHBHOM
KPHUBOZ, TOCHeAYIOIAs 3aMKHYTOM KpEBOA OyneT 3aMKHYTOH KpHBOH, mo-
-CIEAYIOMAaA n-CBA3HOA o0dact: OymeT n-CBA3HOR 06MaCTBIO.

IIpenmomnosxmm Teneps, 9to Tpw GyErumu X, Y u Z cBA3aHE COOTHOMIEHAEM

d};l:'( + dfillyY 4+ d:lzZ —0,
The M — moJoKATEeNbHAA W OQHO3HA4YHAaA (QYHKOEA OT Z, ¥, 2.
Torma ypasmerus (1) JOmyCKAlOT HHETErpadbHENE HHBADPHAHT
S Mdzxdydz,
-a ypaBHeHHEA (2) [ONYCKAIOT

S Mpdpdodsz.

PaccMoTpuM Temeps ypaBHEHHA

dp R dz Z dw

W=E wWTer b )

THe ® pacCMaTpHBAGTCA KAK HE3aBMCHMAafA HEepeMeHHasd.
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OueBpgHO, OHM JOUYCKAT MHTETDAIHHEE HHBAPHAHT
S MRodpdwdz (4)

(cM. 1. 253).

Tak xax M. Q 7 p upegmoiarajuch BHIIE CYIIECTBEHHO MOJOKATENLHHMHE,
TO 9TO — IOJOKATENBHHMA EHTETPAJNBHLHI HHBAPHAHT.
Iyers Fy, — mob6as 06sacTs, PACHONOMKEHHAA B HOJNYIIOCKOCTH

(y - 01 z > O)v
a F, — ee mocimegymoomas.
IIyers J, ecTs mETErpan

S MQpd:dz, (5)

pacopoCcTpaHeHHKH Ha mIOCKYI0 o6aacts Fy, a J; -— TOT sKe caMulii mHTETpal,
pacnpocTpaHeHHHA Ha MIOCKYH ob6nacts Fj.

IIycers torma @, — o6wveM, mopokmenHui obracTeio Fy, OpA ee mOBOPOTe
BOKDYT ocH z HA GECKOHEIHO MAJHA yroJ e; maTerpan (4), pacopocTpaHeHHEHR
ga @O,, bymer paseH J;e.

Tar rax WATErpAaNbHHA AHBADMAET (4) ZOMKEH MMETH OJHO X TO ’Ke 3Ha-
genme qaa O, u gna @,, 10 KoMKHO OHTH

]0: ]1.

Taxam obpasom, urnmezpas (D) umeem 00HO U MO e 3HaueHue 0as A060L
ob6aacmu u ee nocaedyrowell.

910 — HoBaA fopMa GYHLAMEHTAIHLHOI'O CBOMCTBA MHTErpANbHHX MHBADH-
AHTOB.

306. Utax, nycTtb faBa 3aMKHEyTad KpuBag C,, TexKamad B NOJYIIOCKOCTH
(y=0, z > 0) m orpammumealomas ob6xacte F,. Ilycts C; — mociexyromas
Kpuoit Cp, oHa OyjeT Taxk:Ke 3aMKHYTOM KPHBOM, OrpanmymBaiomes ob61acTsb
F,, a ara obnacte F, bymer nmocinenywomei F,.

Ecnn marerpan (5), pacopocTpanennsiit Ha Fy # Ha I}, uMeer 3Hagenua J,
uJ,, 10

J,=1,

H OTCIOfIa cuenyert, dro F, He moxer OnTh dacteio Fy, a F; — gacteio F,.

MoskHo cpelxaTh 9eThpe NpPEANONOo;KeHHA 00 OTHOCHTENHLHOM PAaCIONOIKe-
HEZ o0edx 3aMKUYTHX KpuBuXx C, # C,:

1) C, nesxkar BHYyTpE C,))

2) C, nexmr sBayrpm Cy;

3) obe xpuBmc Xemar BHe APYT Hpyra;

4) obe KpHBHE B3aMMHO NEPECEKAIOTCAH.

11 A. IIyamxape, T. II
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VYpassenne J,=J, MmCKIoOUaeT [(BE UepBHe M3 3TUX THUIOTES.

Ecim no xakoit-1m60 mpHUMHE HCKIIOYAETCA TAK)KE M TPETHE NpPejuosio-
JKEHAE, TO HaBePHAKA 006 KPHBHE IEPECEKaANTCH.

Hpennonosam, sanprMep, 310 X, Y, Z 33aBAECAT OT OPOR3BOILHOrC Iapa-
merpa p m uro gaa p=0 xpusaa C, 6yner cBoeil coOCTBEHHOR LOCTEAYIOMEH;
TOTHA [JIA OYeHh MANKX 3HaueHmi p KpuBasa C, 6y/eT 0oIeHs MAJN0 OTAHIATLCH
or C,; clegoBaTeAbHO, HO MOMET CIyunTses, 9Tobur obe xpmeue Cy u C, ne-
MaJA BHE APYT APYra; OHH ROMKHH LEpeceKaThes.

lnBapnanTHLie KPHBEHIE

307. I masoBy uHeapuaHmmHoOl Kpueoi BCAKYI0O KPHUBYI0, KoTopas Oyner
cBoeil CcoOCTBOHHOM NOCIeIYIOIEM.

Jlerko mocTpomTh MHEBAPMAHTHHE KDHBHE; OYCTh, B camoM jexe, M, —
npobas ToYKAa WOJAYIIOCKOCTH, M, — ee mociaefyiomas; coegmuuMm M, ¢ M,
axoboit gyroit kpmBoit Cy; uyers C; — mocrenymomas ayra C,, Cy — nocie-
nyomana C; m tax nanee. MaoecrBo gyr kpmeux Cy, Cq, Cyp, . . ., OYEBHAINO,
COCTABHT HHBAPHAHTHYI0O KpmBYI0. ONHAKO MBI JOJKHH TaKKe PACCMOTDETH
WEBADHAHETHHE KPWBEE, IPOMCXOKASHTEE KOTOPHX Oyner 0ojee €CTECTBEHIILIA.

HonyctaM, w9ro ypasHesma (1) RonycKawT HDEPHOKAYECKOE pEIICHHE.
IIycte ypaBmEHZSA

z=¢, (), Yy=29,(), z=1g4(t) (6}

TIPeRCTABIAIT 3TO HEePHOJEIECKOE PEIIEHAS, TAK 4TO OYHKIER ¢, IEPHOLHbE
mo ¢t ¢ mepmopmom T'.

A opexgnonaraio, 9To Koraa ¢ yReamuuBaeTca Ha 7', o yBeamIuBaeTca ma 2.

VYpasuenna (6) upefcTaBIg0T KPUBYW; nycTs M, — TouKa, B KOTOPOIi 8Ta
KPHBAf OEPECEKaeT NOJYILIOCKOCTh; 3Ta Touka M,, ouepmpano, Gyper cpoeil
cOOCTBEHHOR IOCIEAYIOMEH.

IIpennonomxeM Temeps, YTO CYIMECTBYIOT ACHMOTOTHYECKHE PEMIEHAA, 0TC1IL
6amskme K mepmogmueckomy penrenmio (6). Ilycrn ypapnenms

z=0,(t), y=D0(f), z==04(2) (1)

OPeACTABIAANT 3ITA PEIIEeHHs.

Oynxnun O, 6ynyT pasnomumsl no crenensM Ae, npmaeM roddduimenT
OyayT uepmopgumueckumMu GyHKnEAME oT ¢{. B sroM BHpaskeHME a — Xapaxre-
PHCTHYECKMA TOKa3aTedh, A — IOCTOAHHAA KHTETDEPOBAHHUA.

B ypasuemmax (7) TpE KOOpIMHATH Z, Y, Z BHIPAJs(EHH, CAENOBATEIBIO,
B QYHKIO@A AByX mapameTpoB A u f; TakuM 06pa3oM, 3T ypPAaBHEHEA HmpeficTAa-
BJAIT HOBEPXHOCTh, KOTOPYK MOIKHO HAa3BaTh ACUMRIMOMUNECKOLU nNosepz-
HOCMBI0. ITA ACHMITOTHYECKAN IOBEPXHOCTL unpoiiier vepes xpuBywo (6),

moToMy ¥ro ypaeHenms (7) mpumsopffTca K ypaspeumam (6), eclEm B HEX moJjo-
wuth A=0.
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AcumMnToTEYECKAaA NOBEPXHOCTH IE€pPEecedeT HOJYIIOCKOCTH BJOJAb HEKOTO-
poit KpuBOH, mpoxogameil depes TOUKY M, M, OYEBHAHO, SBIAKMEHACA HH-
BADPHAHTHON KPHBOM.

308. Paccmorpum masapuantiyo xpusyno K. f npejgnoraraw, ato X, Y, Z
3ABHCAT OT IapaMeTpa p TaK ke, Kak M KpmBas A.

f1 npegnonarax, uwro npu p=0 xpEBaa K 3amMxuyTa, HO 4TO OHa LEpPECTAET
OHITh 3aMKHYTOH MJIA MaJ KX 3HAYCHAR M.

IHlycrs Ay, — Toura kpmeoit K. Ilomoxxenue sToit Toukm Gyner saBnmcers or
p; mpr p=0 kpueasg K 3aMKHYTa, Tak 4TO mocie o0xofa aToif KPHBOil, Haum-
Hadg ¢ Ay, MH BO3BPAamaeMCH B TOUKY A,; €CIM p ouendb maad, sToro Golee ne
TIPOM30MIEeT, HO MBI BHOBH NPOHAEM ouenb 6.4usko oT A,; clefoBaTelbHO, MBIl
Oyzrem umeTs Ha KpuBoit K fyry KpuBOo#, OTIHIHOM OT TOH, EA KOTOPOi JesKHUT
Ay, HO KOTOpas mpoiger odeHs Oamsxo ot A,. Ilycre B, — Touka 5TO# Ayru
KPUBOIi, KoTopas Hambodee Giamara K A,.

fl coepmuaw A, c B,.

Ilyers A, u B, — wocuepywomue A, u B; otu gBe TOYKH OYAyT JEKATh
ga K; nycrs A(B, — noclegylomas KpHUBasg MajJoro oTpeaxka mpamMoi A,B,.

Mur oaxEB OyieM paccMOTPeTh 3aMKHYTYIO KpABYW C,, KOTOpasd COCTOMT
n3 nyru A,MB, xpusoit K, sakiwgenHoi me;xny A, u B,, ® Manoro orpeska
upsimoir A,B,. Haxosa Oyner ee mocnegyroman?

IlpegmonomuM I oupefeldeHHOCTH, 4TO deThipe Touxkd A,, A,, By, B,
crenyior Ha K B mopsagke A,A,B.B,. Hocnenyoman C, xpmeoit C, Oyper

KB

0

M

Pnc. 1 Pne. 2

coctosaTh u3 Ayrm A, M B, xpusoit K uwManoi nyru A B, — nocienyrnomei ma-
J0oro orpeska mpamoir AyB,.

Moo cpenraTh HECKOJBKO NPEANOI0KeHHH.

1. Maawii kpusosunelnuii uemwpexyzosvnuk Ay ByA,B, — ewnyranii;
A X091y CKa3aTh, ITO HHA OFHA M3 €T0 KPUBOJMHEAHKIX CTOPOH HE MMeeT [BOHHOH
TOYKE ¥ 9TO € MHCTBEHHBIMH TOYKaMU, OOIUMHA JAAA ABYX CTOPOH, ABIAIOTCH
pepwwHsl. IIpy 3ToM mpepmoso;KeHMEM KPUBAA OPEACTABHTCA B TOM BHJE, KAk
9TO YKa3aHO0 HAa OfHOM M3 CIefyIImuX ABYX DHCYHKOB (pmc. 1 m 2).

11*
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Idra runoresa Hoasna OmThH or6pomeHa, ubo O9eBEAHO, YTO HHTErpal J
B cirygae puc. 4 6oxsme nusa C,, uem nas C,, 1 MEHbIIE B caydae puc. 2.

2. Myza AyA, uau A,B, umeem Oeotinyio To9xy. Ecnu Gbl MHBRapmanTHas
kpmBag K mvena JBOMHYH TOYKY, TO MBI JOJKHH Obulw OB MMeTh ABOHHYIO
TOYKY Ha JiyTe, COEIMHAKIEH JI00YI0 TOUKY KPHBOY € ee IEPBOil MOCIeAyIOmel;
MEl npednoaoxcum, 9TO JTO HE TAK; U, B CAMOM Jele, 3T0 0OCTOATENhCTBO HE
DIPEJICTABATCA HA B OfHOM M3 IPUIOKEHWH, KOTOPHE A MMel0 B BHAY; B 4acT-
HOCTH, OHO He IPEJCTABHTCH B CAydYae MHBADMAHTHON KPHUBOH, MOPOAERHOI
ACUMNIMOMUNECKOLL NOGEPTHOCMbIO, KAK A 3TO 00BACHAT B KOHME TPeJBIyLero
nyHKTa. B caMoMm piele, Ierko yCTaHOBHTD, YTO ACHMITOTHIECKAA MOBEPXHOCTH
HE COJIEPIKAT KPMBHIX, COCTOAMMX M3 JBOHHEIX TOYEK, €CJI¥ OTDaHWIATHCH
YaCTBI0 JTOM LOBEPXHOCTH, COOTBETCTBYIONIEA MAaTHM 3HAYEHWAM BeAWIHH,
KOTOpHE A Hazsad Buime Ae*.

C gpyroii cropons, npamMas AqB, He mMeeT IBOWHOI TOYKM, M TO 3Ke CaMoe
JOKHO OHTH Ha ee mociaexgyromen A,B,. B mrore MH MoeM Hpe/lI0J0KUTE,
4YTO 9eTHPE CTOPOHH HANEro 4eTHPEeXyI'oJHHUKA He MMEIOT [BOMHOM TOYKu.

3. Myeza AyA, nepecexaem dyzy B,B,. (310T ciydail CONeP:KAT KaK IacTHbIH
caydai ToT, Korjga Kpusas K samruyTa.) Torga Hamm KpHBLe HMMEIOT BUJ,
npeACTaBIeHHBIX Ha puc, 3.

4, Tyza A,B, nepecexaem ceoto nocaedyiowyyio A,B,. B atom ciyqae nawn
KpEBHe OyayT MMeTh BHJ|, IPEACTABIEHHHN Ha pHUC. 4.

Wmerorcss caydam, Korjga 3TO LpefmoJo:kenme ciexyer orbpocurs. Ilpen-
noxo;kmM, Hanpmmep, 9to X, Y, Z 3aBucAT orT mapamerpa g, dro mpu p=0
kpEBad K 3aMKHyTa M 9TO Ka{[asd K3 €e TOYeK ABIASEeTCH CBoeil coGCTBeHHOM
noclejyome, Tak 910 npm p—={_0 dYeThHpe BepPIHEHH YETHPEXYTOJbHHKA COB-
11a/1aJoT.

Torpa wetwipe paccrosnua A.B,, A B,, A,4,, BB, 6ynyr GeckonedHo
MAJIBIME, €CJIH [ ABIAETCA OCHOBHOM OeckoHewHo mamnoii. Ilpepmosorkum, 910
A,A, — GeckorewHo Malas mopaxka p, Ay,B, — Geckoneuno mMaznas NOPAAKA ¢
u 9ro g Ooxsme p.

Tak xak 4,B; — nocaenyoman A,B,, To aamsa jpyru A,B; pomxna 0T
nopaaka q. llycrs Torna C — ojua m3 Tovex uepeceucHus ayru A,B,. B Tpe-
YrOABHMKE, ¥ KOTOPOTO JBe CTOPOHK — HPAMbIE AA, u A,C, a rperneit cTo-
poHO¥ mBIAeTcA Ayra KpuBoit A,C, cocrasiasomas dacts 4,B8,, cropona A,C
6oJpme PasHOCTH ABYX APYTHX; CIELOBATEILHO, OHA {OMKHA OHTH IOPANKA P,
a MH BHJIEAM, 9TO OHA O KHA OHTH HOPAAKA (.

CremoBarensHo, 5TO0 IPENNOIOKEHHE JOMKHO OHTH OT6pOINeHo.

5. Jlee cmexncnvie cmopombl HemuperyzoAbHUKA NEPECEKalOmLs, HANPUMED
A;A, m AB,. B srom ciysae meoGxonumo, darobu ayra AyB,, ABigiomascia
npenmecmymmef& A,B,, cama mepecexana K; ecix A, — TOURa mepecedeHHs
A,B, ¢ K, a A; — roura nepecedenusa A,B, ¢ pyroi A(,Al, o A; Gyner mo-
clIenyomei Al,, M Ml DOJydEM caenylouyw durypy (pme. 5).

Ouesmpuo, uto A) ¥ A, MOTYT UrpaTh Ty Ke CaMy0 POk, 4To B A, u Ay,
¥ 9TO MEI NPUXOJHM CHOBA K IHEPBOMY CJIydalo.
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CremoBarensHo, 3TO HOBO€ INPEANIONO}KEHHME MOMIKHO OBITH OTOPOLIEHO.

B urore nne gyru A,A, u B B, GyayTr nepecekaTtbca BCAKHUM pas, KOTZa
[0 TOX WM UHON HPUIUHE HPENUIONOKeHHA 2 M 4 [0)inHbl OBThH OTOPOIIEHS.

Ocraercs w3yduTh cliydaii, korga Touky A,, 4,4, B,, B, cieqyoTr Ha xpu-
Boit K B gpyrom nopsapke. Ilopsakn B.ByA,4,, ByB,AA,, AyA BB, ue or-
IM9AOTCH CYIMECTBEHHNM 00Pa30M OT TOro, KOTOPHM MHl TOJRKO YTO W3YUHEIN.

Taxue nopapgku, kax A,B;B,A,, A,ByB4q, A1By4,B,, - . ., He upexpcra-
BATCA B IOCIE[YOMMX NPUJIOKEHHWAX; B CAMOM Jleje, MBI BceTna Oymem mpen-
moJiaraTh, UTO €CJU g — OYeHk Majld, To paccrosuus A4, u B,B, Oyayr ouens
MaJIEl 10 CPAaBHEHMIO ¢ Axmuoi ayr A,M By nim A,MB,.

Ocraercs nmopsafoxk A,4,B,B,; uix 3KBABAJEHTHLHE NMOPALKH; Mbl TAK;Ke He
OynmeM TOBODMTH O HHX; ACHO, 4TO ecl® OyHer EMeTh MEeCTO 3TOT NOPHMOK, TO
Ha nyre A,M B, 6yner cymecTBOBATH TOYKA, ABAMIOUWIAACA CBOEH COGCTBEHHOI
nocineaylomen.

309. pexmonorkum, manpumep, 910 ypasHeHEA ({) momyckaior mepmomu-
9eCKUe peuIeHus

z=9¢,(t), Y=9,(t), z=14(t) (6)
H aCHMIOTOTHUYECKUE pemenunsa
z==0,(t), y=0,(), 2z=W1,(¢). )

IMpepmosnosxmM, ato ypasuenus (1) 3aBHCAT OT 09€HB MAJIOTO IapaMeTpa |
m uro X, Y, Z pasloKEMBL IO CTemEHsAM 3TOr0 IapaMerpa.

Puc. 3 Puc. 4

ITpenoomoskuM, aro opm p=0 acumorormycckme pemenus (7) DpPEBOXATCA
K IepaoOfMIeCKMM pemieHusAM. Bor kakuMm o6pasoM 3TO MOMeT IIPOH30OHTH.
Mu ckasanm, uro @, pasmosumbl no cremensM Ae™, npudeMm KoaddmiumeHTH
6ynyr nepmopmueckmmm Qynkuumamm oT t. Ho moxasatenpr a saBmcmr or p;
TPEeANoN0HM, 9T0 OH o6pamaercs B Hyaps npd p=0; Torga npa p=0 ¢yrxnun
@, cranyT nepmoMIeCKAMY PYHKIUAME OT ¢, a pemennsn (7) CBEAYTCHA K mepwo-
JIM9eCKMM PELIeHHAM.
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AcEMOTOTHYECKAA OOBEPXHOCTh IE€PecedeT IOJMYIJIOCKOCTH IO HEKOTODOR
kpusoit C,, Opoxopsmei wepe3 TOYKY M, — TOUKY nIepecedeHms IOJYIJIO-
CKOCTH C IPOCTPARHCTBEeHHOU KpmBoit (6).

Kpmpasa C,, oueBmgrO, MHBApHAHTHA, KaK A CKaszadx B komme . 307; mpm
p==0 raxmaa u3 Touex C, ABIAETCA CBOeH coOCTBEHHEOU DOCHERYIOMEeH.

Hpome Toro, s mpegnonosxy, ato upm p=0 Kpmeas C, 3aMKuyTa.

O6paramcsa k riaase VII Toma [; mMu sugenm B n. 107 u caegyromux, 9ro
B clIydJae JEHAMUKM XapaKTePUCTAYECKUE IOKA3ATENM pAa3IOMHEMH IO CTEeme-
HAM \/ 4 ¥ IPATOM OODAPHO PABHH M IPOTHEONOJOKHKE N0 3HaKy. Mu mpep-
DOIOKEM, 9TO MMEET MECTO 3TOT CJIydai.

Torga MEL ¥MeeM B IeCTBHTEJILHOCTH JBE aCHMUTOTHYECKHEe IOBEPXHOCTH,
COOTBETCTBYIOIIME /IBYM PABHHM ¥ IPOTHBOIOJOHKHHIM N0 3HAKY IOKa3aTe-
IAM o @ — @; CJAef[0BATENbHO, MK UMeeM jBe KpuBhe C,, KOTOPHIE IEPECeKYTCA
B Toure M,.

Bynem pasnmuath 4eThipe BeTBH KpHBOI

r " ’ "
CO! CO1 Cl) 1y

cxopamuecs B Touke My; C, m C,; GYAyT COOTBETCTBOBATH IIOKA3aTeln a,
C; m C] — moxasarermo —a.

OJTH pasnWYHEE BCTBM KPHMBOH IpencraBieHs Ha pac. 6. Berssio Cj ss-
asnerca BeTBb MoPyP;A,A,, BerBpio C; — BetBb M E E,; setBoio C; sBIRETCA
BetBh M Q,Q, m BetBrlo C] — BerBr M R R,B,B,.

JTH 4YeTHpe BETBM KDUBOH, OYEBHIHO, WHBAPHAHTHEH.

Puc. 5 Pmc. 6

"

Teneps, mpr =0, C; ciaBaercs ¢ C;, C; — ¢ C}, # (ecim M mpeamono-
sxuM, uTo mpm p=0 xpmBas C,, KOTOpyI0o MH HasoBeM Torjga CY, BamMKHyTa)
STH JeTHpPe BETBM KDPHUBON COBHAAYT ¢ 3aMKHyTOd KpuBoi C0.

Orcrofa MOMHO 3aRIIOIATH, 9TO AJA OYEHb MAJOTO . 3TH BETBM KPHBOK
OynyT Mao OTIHYATHCH APYT OT Apyra; 4to C, Gymer Mamo oraudarsca oT C);
C, — oT C] ¥ 9TO ecI;m JOCTAaTOYHO UPONOIKETH KPHBYIO C,, TO OHa mpoiifieT
odenh GnE3KO OT (7], €CNE H €e JOCTATOYEO NPONOJKETE.
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fl ormeTnn Ha pHCYHKe PaaJMYHBe TOYKHA DTHX BETBEA KPMBOA M WX IO-
cregyromue. Tax, 4,, By, Ey, Py, @y, Ry CyTh COOTBOTCTBEHHO IIOCJIELYIONUO
T096K Ao, By, Eoy Poy Qoy R,-

Mu orMeruM cHavana, 4ro Toukm A,, 4,, By, B, cieqywr opga 3a gpyroi
{kar M mpegmodounm B magade u. 308) B mopanxe A,4,B,B,, ecniz 06xo0-
JUTH UABAPMAHTHYI KpUByW, ofpasoBaHryio paBymsa Bereamm C, m C,, or
A, k B,.

Jra MHBAapWAHTHAS KPHBAd HE 3aMKHYTa, HO OHA MAJ0 OTIAMIAETCA OT
saMiruyToit Kpmsoir CJ.

Paccmorpam mare npegmonoskenmit n. 308 orHOCHTENEHO STORX WHBAPHAHT-
Hoi xkpmBoi#i. IlepBoe mpepmoioKeHWe, KaK MK BHJENH, BCEIJa CIELYyeT OT-
6pacuBaTs. Bropoe Tax:xe e 6yaer uMers Mecta. B camoMm siene, oHO Moriao Ont
OCYIICCTBATHCH JAIIE B TOM CJIydae, ecir OH aCHMITOTHIECKAs HOBEPXHOCTH (7)
#MCJIa IAHHIO, COCTOAIYIO M3 JIBOMHHX TOYEK.

Msr ckasaum, aro @; pasnomuMul o cremensM Ae™; mrak, mycrs

@, = O? - 4e* D! | A% -, ..,

Lcau 6u Hamma NoBepXHOCTH EMeJa JHEBAI0 ABOMHEIX TOYeK, TO 9TA JHHHEHA
Jon:iHa Ouura G yooBIeTBOPATh ypasHeHAAM (1); AefdCTBUTENLHO, ACHMITOTH-
WeCKasd MOBEPXHOCTH IOPOKIEHA OECKOHEYHRIM YHMCIOM JHHAH, YIOBIETBOPAIO-
1[MX ITHEM YDaBHEHHAM, TAK YTO €CIH (B KYCKA 3TOi IIOBEPXHOCTA mEpece-
KATCHd, TO HEPECeJeHMe HO MOMKET OHIThL He dYeM UHLIM, KAk OJHOH ma aTAX
IUumit,

Tar kag @; 3aBACUT OZHOBPEMEHHO OT BpPeMeHm ¢ ® OT mapamerpa A, To
MEl TIOJ9€PKUBAEM 3T0, 330HCHBasg

D, =D, (t, A).
Ecnn 6pr cymecTBOBana JWHAA NBOMHEIX TOYEK, TO MEl JO/KHHEL Obiu OR
UMETh TPH TOKIAECTBA:
®; (¢, A=, (', B) (i=1, 2, 3),

riie A m B — 1Be mocroaunnie u tHe t° — QyHKIAA OT {; 9TE TPH TOXILECTBA
JIOJHKHEL CYIECTBOBATE, KAKOBO OB HE 6btyIO Z.
Hudpdepennupysn, Oymem IMeTH
dd, dod,dt’

dt T dt” dt°
Ho B cany ypaeuenmit (1) M Gynem myeTs

dd -
SR =X [0, (8 4), D, (2, A), Dy(t, A)]
I TaKiIKe

ad
IN=X [, (!, B), ®,(t', B), , (", B)l,
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OTKyA&
o, _dd;,  dr _,
dt dt'* dt !
OTKYZa, HAKOHEI,
t'=t-h,

rne h — MOCTOAHHAA.
Orcoa ME BHBOJYMM, 9TO

DO (1) + AetD] (2) + A2%™4D2 (£) + ... = DO (¢ + h) + CeDL(E+h)+ ...,

e

C — Bev,
3TO TOMAECTBO NOMKHO OHTH COPABENIABHM NPH = —00, OTKY/a
Aett — Ce =0

u
0 (1) = B9 (¢ +- ),
orryna h=0n

DO (1) + Ae™D1 (1) + ... = Q2 (£) 4 Ce D! ()) + ...,

HIA
AD(£) 4- A% D2 (0) - ... = CPI () + C%¥ D2 (1) + .. .,

nau, nojarag CHoOBa [=—co,
A=C=B.

Ecnm 06a spauenus A u B paBHbI, TO JUUUA IBOHHHX TOYEK He CYMECTRYCT,
910 ® Tpe0OBANOCH [OKa3aTh.

Tperse npefuoNoKeHUHe — TO, KOTODOE CJIEAyeT NPHHATH.

Ilepeiinem X dweTBepTOMY; AJIA TOI0 4TO0H IOCMOTDPETH, ROJIKHO IH OHO
6uTE oT6pomeno, HeoOXOAEMO IOCTApaThCa JaTh ce0e OTIeT 0 MOpPsHAKE Be-
Jm9nnb paccToanmit 4,4, 1 A B,; 3T0 MH ¥ cfenaeM B Pasi@YHLIX IPNJIOKE-
HHUAX, KOTODHE NOCIEAYIT B JAJbHEHIIEM.

Haxosern, nAaToe IpenoiIo;KeHEe BCETa CBOJUTCH K OEPBOMY, KaK MBIl 9T0
BUJIENH.

OGofuieane npeugymuX pPe3yJbTATOB

310. Brime Mu cpienanu o6 ypaBHeHusX (1) o9eHEL JacTHHE NpPEIONOKe-
HES, HO HO BCe OHU OJMHAKOBO HEOOXOMHEMAI.

B camom pmene, pacemorpum 0drocensnyio obnacts D, cocTaBIAIOMYIO YaCTh
moaynaockoetd (y=0, z > 0), W TPEAUONOKEM, UTO MBI KaKAM-TO 00pa3oi
y3HAIM, YTO €CIHM TOuYKa (Z, Y, z) HAXOAHTCA B HAYAJLHEIN MOMEHT BpEMEHM
B TouKe M, aT0it o6nacTu, To © mepexoamt or 0 kK 27, TOCTOAHHO BO3PACTasf,
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Korpga ¢ Bospacraer or O mo f,, Tak YTO KpHWBadg, yAOBIETBOPAIIIAA ypaBHE-
BuaM (1) ¥ Dpoxogamas Yepes TOIKY M, OIpHE ee IPOJOIIKEHAH OT STOK TOUKH
M, no ee HOBOTO HEpECEUEHMS C IMOXYIJIOCKOCTHIO HUKOrAA He OyHeT KacaThes
IUIOCKOCTH, NPOXOAALIEH depe3 0Ch Z.

Torpa MH cMoOxeM oDpefesHTh, Kak u B 1. 305, mociexyomyio Toaku M,
W ACHO, 9TO BCe IpefHAymee Oymer CHOBA IDpPUMEHEMO K (Urypam, HaXOHxA-
muMca BRyTpu obiractu D.

Kpnere, ynoeaersopsomue ypaBHeEuaM (1) m mepecexaromue Ioaymiaoc-
KocTh BHe obxactu [, He 00s3aHH IDOJYMHATHCA TPEOOBAHMIO HE CONPHKA-
CaThCA C DJIOCKOCTHIO, NPOXORAIE! depe3 och z. Takme He 00A3ATEINbHO,
9robn z=y=0 Grino peuieEmem ypaBHeHmi (1).

Torma ecniu C, — 3amMkHyTas KpuBasa BHYTpM D m ecau C; — ee moclie-
aylomas, To ofe KpmBhie OyAyT BEEIIBRMMHA OTHOCHTEIBHO APYI' ApPyra WA
nepeceKaThCA.

Pezynsratar o. 308 GyxyT paBHEM 06pasoM DIPUMEHMMH K MHBA PHAHTHHM
KPHUBHM, He BrIxopsammMm m3 obixactu D; u ecim jake MHEBapUAHTHAA KpUBAsd
BHIXORHET #3 ob0jactd [) mpm ee JOCTATOYEOM HPOKOJKEHHH, TO PeadyIbTaTHI
OGyAyT CHOBa IPUJIOKMMH K TOH 9acTH 3TOH KPHMBOH, KOTOPAH JEKHT BHYTPH
aToi o0aacTu.

311. PaccMoTpnM Temeps BMeCTO IIOCKOR o6aacTe [) OQHOCBABHYI0O KPHBO-
ammeitEy0 obmacts S. Ilposemem uepes Touky M, 3TOH KpHUBOJIMHEHHOU
o0acTH KPEBYI0 7, YAOBJIETBOPAKILYI ypaBEeEusM (1), ¥ mpogoixmm 3Ty
KPHBYIO 70 Te€X IOp, IOKAa OHA CHOBa He IepecedeT S; HOBAf TOYKA Iepecede-
BEA M, MokeT OHTH ONATH Ha3BaHa IOCIefyomel Toyku M.

Ecam mu paccMorpmM fBe Toukum M, m M, oueHb GIH3KME KDYT K APYTY,
TO WX mocaexyomue 6yayT, BooOme, OYeHS GIU3KH APYT K APYTY; HCKIIOYEHHE
OyaeT EMeTHh MECTO, ecid To4Ka /M, OKa)KeTcs Ha rpaHUIe S HMIKX eCIM Kpu-
Basg Y KacaeTcs IOBEPXHOCTH B TouKe M, min B Touke M,. Kpome atmx mckmo-
YUTENbHLIX CAydaeB, KOODAYHATH M, ABIAITCH AHAINTHUYECKUMU QYHKUMAMK
KOOpAMHAT Touku M.

YroOHs m36eKaTh dTAX MCKIIOIATEIBHHX ClydaeB, g paccMoOTpio o6macts D,
COCTABJIANIYI0 9acTh S, M TAKYIO, YTO KPHBasg Y, BLIXOAAMAA U3 Todkm M,
puyTpu D, cHoBa mnepeceraer S B Touke JM,, KoTopas HAKOTAA HE IONMAfAET
Ha rpaHmny S; TAKYI0 TaKKe, 9TO KPHBAsS T HE KacaeTcs S HU B Touke M,
Bu B M,. Haxorer, s npexmnoxoxy, 9o o06xacts ) ogHOCBA3HA.

IlpuMeM 9aCTHYIO CHCTEMY KOODJMBAT, KOTOPYIO A Ha30By, Bampamep, &, 7
Z { ¥ 0 KOTOpO#l A mpeguonoKy TONBKO ClexyIoIee.

1. Korpa |t m |7] 6yayr merpme 1, npAMoyroiasHble KOOPAMHATH I, J U
z OyAyT aHANMUTHYECKAME ¥ ONHO3HAYHHMM QyHKUmAMHA oT &, 7 7 {, mepmopu-
9eCKUMHE C IEPHOJOM 27 OTHOCHTENBHO (.

2. Opuo# Touke (z, Y, z) IPOCTPAHCTBA HEe MOMET COOTBETCTBOBATh Goiee
OXHO#K cucTeMH 3HaueHmit £, 7, {, Takoi, dgro,

<1, <1, 0<<E<T 2, (A)



i70 Hosrie meroast BeGecnol Mexamakm. 111

3. Ipu (=0 unz {=2x r namesennn £ u 7 or —1 go 4-1 Touxa z, y, 2z
ONMCHIBAET NOBEPXHOCTb S MAM 9acCTh 3TOH INOBEPXHOCTH, 3aKIIUAIOMYIO
B cebe obmacts D.

4, U3 ycenosui (1) u (2) BuTexaer, 9T0 QYHKIMOHANLHHE OINpENENATEND
A or & %, { ormHOCHTeNBHO Z, Y, Z HUKOTAA He obpamaerca HE B GeckoHeu-
HOCTh, HM B HYJNB, KOT[A BHIIOJHAITCA HepaBeHCTBA (A).

9. Moskro npeoGpasosars ypasHenusa (1), npmsegs ux K BHAY

dt ag

= d*q_ e .
S=E8 o=H =2 (1bis)

' dt
fI npepmonoy, 4ro Z* 0CTAETCA NOJOATEIBHBIM LA

[E]<1, |q]<1, C=0.

Ypaesenna (1bis) 6yagyr momyckaTh HETerpaJbHHE HHBAPHAHT

| & dtdnat,

4 YpaBHEHHA

SYAYT AONYCKATh HMETErpaJdbHLIA MHBAPHAHT
[ 22 atanac.

IIyers F, — xaras-aubyas ¢urypa, cocraBaammas gacte D, u F; — ee
110C.IeAYIOmMAd; UPERIOI0KUAM, JTO padnwudusic Touku Fy, u F, cMemawtca Ta-
xuM o6pasoM, 3yTo & M 7 OCTAOTCA WOCTOAHHBIMU ¥ 9To [ Bospacraer ot 0

1o e, rge e — 04eHb Mano; ¢mrypa F, mopoaur o6wvem O, a puarypa F, —
oosem (D,; mHTErpan

Mz MZ* .
[ =5 dtdndt=e | =~ dtdn

fymer MMeTh OXHO H TO e 3HadeHue aas O, m gaa O,; caegoBaTensbHO, ABOH-
HOI mHTErpad

S MZ* dEd*q,

A

aHaJOrAYHHMA maTerpany (D) m3 m. 305, Gyner umeTs OHO W TO K€ 3HAYECHHO
aas Fy, m F;. KpoMe Toro, 0H CYmMECTBEEHO IOJOKUTENGH.

Orcroga BhiTekaer, 970 pe3yastaTsl O. 306 DpuMeHMMH K 3aMKHYTHM KpH-
BuiM C,, Ae;xamuM BHYTpU D, u uro peayasrars n. 308 npuaomAMH K HEBA-
prHanTHLIM KpuBeiM K mwianm, mo KpaitReil Mepe, K YacTH 3TUX KDMBHIX, Jema-
amux BuyTpu D.



Teopua DociIeRyOMHAX 174

Jlaxe ecim wHBapEaHTHas KpHEBasg mok@paer obxacts D mpH JOCTATOIHOM

IPONOJIKEHANA, Pe3yJAbTATH OYAYT UPHIOKAME K 9YACTH 8TOH KDPHBOH, Jemka-
meid BHYTpH 3To# obmnacrHm.

Hpunomeune K YpaBHCHHMAM NHHAMHUKH

312. lycrs F — QyHKOUA UeTHpeX LNEPEeMEHHHIX Ty, Ty, Yy, Yz} COCTABEM
KAaHOHMYECKME yDaBHEHHA

dz, dF dy;  dF

N A T (1)
§1 mpepmonoKy, Kak s 9TO OOLIYHO feNal0, 4TO:

1) F — nepmopugeckas QYHKIHAA OT Y, H Yy
2) F 3aBHCHT OT apaMeTpa ;. M Pasdio;KEMa IO CTeNeHAM 3TOr0 HapaMerpa

B BUIE
F=F,+4oF,+p¥,+ ...;

3) Fy — QyEKOAA TONBKO OT I, H Z,
Ilpr atmx ycxmoBusx Mer OyfaeM MMeTs HETErpald

F=C, ()
rje C — mocTosHHAAL.

Yeranosus 10, pAammm C 3HaveH@e, OIpENeJEeHHOe pa3 HAaBCOrAa, M
nycTs M — DOABMIKHAA TOYKA, NPAMOYTOJHHHE KOOPAHMHATH KOTOPOH CYTh

1+ ¢ () cosy] cosy, [1+¢(z)cosy]siny, ¢(x)siny,.

Oyuxnua ¢ (z,) — QyEKIEA OT Z,, KOTOPYIO A B JajbHEHMEM OLPEAeIio
Oonee TOYHO.

Ilpexmonoxum cpagaxa, uro F, xoTopoe Gyfer 3aBHCeTh KAaKEM-TO obpa-
30M OT Z,, PA3JOKAMO 0 BO3PACTAIONMINM CTOIOHAM I, COS ¥, | Z, Sin y,. Orcioxa
ciaepyer, 9ro npu z,=0 ¢ysxmua F me Gymer aaBucers Ooxee or y; ¥, C APY-
rofl croporH, 9T0 ¢yHKOUA F He GymeT WaMOHATHCA IpH 3aMeHe r; HA —I; X
Yy, Ba y;-+=n. Taxum obpaszoM, MH &IpefmonoxuM, 910 ¢ (z,) — HeuemHas

¢yHEKHEA oT z,, KoTopad Bo3dpacraer ot 0 mo 1, korga z, pacrer ot 0 go -co;
HaIpUMEep, MOKHO B3ATH

g (.‘2:1) = Vi—-f;_ x% .

Ecnm npumeATs 3TO upepmonoxkenme, Touka MM Bcerga OymeT HAXOHETHCA
BHYTpE Topa pajgumyca 1, xacamomerocsa ocH Zz.

Raxpnoi Touke M BRYTpE 8TOro TOpa GyAeT COOTBETCTBOBATH (GECKOHEYHOO
YACIO CHCTOM BHAYERHAH Z,, Y, H Y,; OFHAKO STH CHCTOMH He OyAyT CyImecTBeHHO
pPasImIaATRCA MEKAY 060, IOCKOIBRY OHA MEPeXONAT APYT B Apyra IpH yBe-
JOYeHHH Y; WIX Y, HA KPATHO® 2T WV NPW 3aMeHe I, HA —Z, U Y, HA Y+ =.
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Ecan 3apaTs 24, Y, ¥ Y4, TO T, HOJTYIATCS A3 HAX NPE TOMOIIM ypaBHeHHA (2).
Ilpexmosokum, 9T0 mepeMeHHHE I M J MEHAITCS COriacHo ypasHeHuaM (1);
TOIJ2 COOTBETCTBYIOIAA TO4YKa [ omuMmieT HEKOTOPYI0 KDWBYIO, KOTOpPYIO
Ha30By mpaekmopue.

Yepes KasKAyI0 TOYKY BHYTPH TOPa TPOXOLMT OFHA ¥ TOJLKO OHA TPAEKTO-
pEA.

Jlerko BHEAeTH, KAKOB BHUJ 3TUX TpaerTopumit upu p=0.

Mpr p=0 pgaddepenimansHnie ypaBHeHMA CBOJATCA K CIEAYIONIHEM:

dz o, Wi __9h
dt T di_ dl"'-

CnenoBsartensHo, z, — NOCTOAHHHE, YTO NOKa3HBAaeT, 9TO HAMM TPAEKTO-
PHM pacOONOMKEHH HAa TOpax WM 4TO y; — auHeiiHne ¢yBKUnm Bpemenu; ubo

OpOoM3BOAHAA
dF,
dz;

1

[1)

3aBUCAN{AA TONBKO OT I, €CTh NOCTOARHAA.

Ecnu n;, w n,— comsMepumsi, TO TPAGKTOPUM CYTh 3AMKHYTHE KDHBHIE,
OHH, HAO0OpOT, He 3aMKHYTH, €CIU 3TH BENMYUHH HECOH3MEDUMEL,
Ilycts m,, m,, p,, p,—9eTHpE TaKWUX UENHX 9YUCHIA, HTO

m,p,— myp; =1;

OO UM
Yy =myy, + myy,,
Yo =D1Y1 + Doy
T; = Py — D1 Ty
z, = —myz, -+ m,z,.
TokaecTBO

Ty, + 23y, = Ty, + Tolle

OOKA3HBaeT, 9TO OpM HePeXOfe OT WNepeMeHHHX I,, Y, K IepeMeHHEM Z,,
Y; MH He M3MeHAeM KaHOHWYecKo#H QopMH ypaBreHwii.

Ipeanonosxum, wro n, He o6pamaerca B HYIb, KOrja I; OCTaercd
MeHbMIE HEKOTOporo upexena a. Torga dy,/dt Bcerma Oymer COXpaHATL
O/IMH M TOT Ke 3HaK, M MH OyJeM HMeTh, HaupHUMep,

dy;
d_tz >0.

J10 HepaBeHcTBO, Bepuoe npuy p—=—0, Oyger BepHHEM TakiKe DPH ManiiX
3HAYEHUAX .
B TakoM ciydJae cooTHOIERHS

y2=0v I$l| <a—e
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OIpe;(eaAT HOKOTOPYI0 INIOCKYX0 obOxaacts DD, koropas apurToMm byaer mMeThb
dopMy Kpyra.

Toraa TpaeKTOpUM, BHIXONALIME M3 TOYKYU 3TOH 00IacTH, HIKOrRa He OyAYT
KacaThCA NJIOCKOCTH, IPOXOAAMER yepes och z, IO KpailHe# mMepe, K0 HOBOTO
nepecedeHMd ¢ MOJYINIOCKOCTBIO Y,=0.

CrenoraTensno, Hama 06JacTh CMOKeT HTpaTh poas obnacte D ms un. 310.

Ypasrenus (1) ROnDyCcKAWT MHTErpaJbHEIA MHBAPHAHT

| de,dz,dy,dy,,

OTKYAa MH BHIBOJMM CJIERYIOIUI WHTErpPalbHHHA KHHBAPHAHT HPH IOMOINE
nHTerpana F—=const:

J— dz,dy,dy,
dF *
dz,
Ho npoussopuan dF/dz, pasra —dy,/dt ¥, clegoBaTeasHO, OTPALATENLHA.
B rakom caygae mmBapmaBT J ABIAETCH TOJOKHTEIBHEM WHBAPHAHTOM.
Pesynsrarar nyuxros 306 u 308 npumenumsl, clIegoBaTeIbHO, K KPUBHIM,
npoBefeBHbM B o0aactu D.
IIpu aTux mpegmososkeEusax oycTh b — 3HAYEHME I,, MEHbINEE @—¢, B Ta-
KO€, 9TO COOTBETCTBYION[ME 3HAYEHWS 7, M M, YAOBIETBOPAKT COOTHOUICHHKIO

mny -+ myn, =0,
rjie my; U m, — ABA IEILX B3aUMHO IPOCTHIX YACIA.
Kpusan
z;=b,
ABIAIOMASACA OKDPY’KHOCTbI0, OyAeT uMHBapuaHTHOR KpuBoi npm p=0.

Ilpegmonaras omare p=0, monydum gis TpaekTopmid, BHXOAAMMAX U3 pa3-
JIMIHBIX TOYEK 3TOH OKPYKHOCTH, ofImee ypaBHEHHEE

y,=n,l-+const, y,=n,t-|const,
OTKYZA

n
Y, = ;"—1 Yq + const.
2

IIaa Toro 9robH MONYYU™b IOCAELOBATEJBHHEE NOCAEXYIOIKe 3aJaHHOH
TOYKM, JOCTATOTHO IOAOKHTE NOCIENOBATEJBHO

Y =0, y,=2r, y,=ir, ..., Yy,— 2k~

YrobH mepeliTE OT TOYKHE K €6 IOCHeRyIOmed, fOCTATOYHO, CIE[OBATEIbHO,

YBOJIWYHTL Y, HA
2nny _ 2mmy

ny m,
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OTKYJa ClIefyeT, 9TO BCC TOYKM MHBAPMAHTHOH OKPYRHOCTH Z,=0b COBHOAAYT
¢ BX M-I DOCIeRyOme#.

9ra TouKa ® ee m,—1 IEPBHX IOCIEAYIOMHAX pacHpeeleRH Ha 3TOM
OKPY;KHOCTH B KPYIOBOM DOpAAKE, KOTOPHI JIETKO BOCCTAHOBHTH, 3HAA /(B
meJHX 9ACHa M, M M,; s HA30BY 9TOT HOpAROK Q.

He 6ygem mpeanonarats Goxnee, 9aro p=0; ypasuenma (1), corzacao riase
III, cEOBa 6YAYT HONYCKATh HEPMONHIECKHEE PEIUGHEA, MANo OTAMYAIOMHECH
OT pemenni

z;="b, y;=n,t-}+const, y,=n,t-+const.

O=m fonyckaoT, o KpaliHeidl Mepe, ABA TAKLX PEIIeHHWH, M3 KOTOPHIX OJHO
HEYCTOHYMBO, a Apyroe ycroituuso. HampoMy u3 9TuX mepHOofWdecKHX peme-
HEE OyneT COOTBETCTBOBATh 3AMKHYTad TPAEKTOPHUA; A PACCMATPHBAI0 ORHY
H3 9TUX TPAEKTOPHii, KoTopyi obosHadalo I m KoTopyw Oyay CYHTATH COOT-
BETCTBYIOUIEHl HEYCTOMYUMBOMY pEINeHUIO, ¢ TeM, d9To0H uepes I HPOXOXHIH
/Be ACHMIITOTAYECKHE IIOBEPXHOCTH.

Ilycte M, — To4YKa, B KOTOPOH 3Ta TPAaeKTOPHA IepeceKaerT IOJYLIOC-
KocTh Y,=:0, M, M,, ... — ee nocijegoBaTedbHE® Uociegyomue (puc. 7).
Touxa M, coBnaner co cBoeil m,-it mocaenylomes M,y,,.

fl coepunao TOUKy M, C IEBTPOM OKPYHOCTH Z;=b; IPOBEIEHHHI Ta-
K¥uM 06pa3oM pagEycC IepeceKaeT OKPY/KHOCTE B TouKe M, 0ueHs Gam3kod k M .

Pasnmunrie ToykE M, Oyayr caefoBaTb Ha OKPYIKHOCTH B KPYTOBOM
nopsAxgke 2.

fl cpenan pucyHOX, Opefnoaras JIfa ONpPeNeleHHOCTH, UTO mM,=:D, N,=2.
3aMrnyTas Tpaexkropus T mepeceraer MOMYHIOC-
ROCTh B IATH Todkax My, My, M,, M, M,. Yepes
9Ty TPAeKTOPMIO NPOXONAT RBe IEePeCeKarmuecsd
ACHMITOTUYECKME IIOBEPXHOCTH.

Ilepeceuenye OTHX aCHUMOTOTEYECKEX NOBED-
XHOCTEU C HOJIYIIOCKOCTEIO OYAeT COCTOATDH W3 pas-
JMYHKIX KPHUBHIX; MH OyfeM ¥MeTs ABe KpHBHE,
nepeceralomueca B Mg, nse — B M,, nse — B M,,
nBe — B M, nBe — B M,. Bce atm kKpmBEe npeg-
CTABIEHH HA PHUCYHKE.

PaccymorpumM, B yacTHOCTH, fBe KPABHE, IPOXO-

Puc. 7 fAmHe Tepes M, 6ynem pasiam9aTh YeTHpe BeTBH

’ KpUBOH, a uMeBHo, M A, M By, MP,y, M Q,; nse

TepBHE IPefcTABNEHH CIJIOMAOR JWHNEH, IBe No-

cllef[HMe — IYHKTAPOM; epBasg M TPeThbf, TAK :Ke KaK BTOPAA M YeTBepTas,
JnemaT Ha OPOAOJKeHAH JApPYT Apyra.

AHanoru4eo, B KaMKAYI0 B3 ToueK i/ BXOXAT deTHIpe BETBH KDHBOIi,
H3 KOTOPHX J{B® IPEeAICTABRJEHH CIJIOIIHOM NHHHUeH, a J[Be — IyHKTHPOM, H
KOTOpHIE JIE/AT DOIADHO HA NPOJOIKeHMU ApPYr ApyTa.

Ilycts A, — To9ka BeTBE M (B ; mpoBenem uepes A, pagmyc, BAYMMH K AEHT-
PY OKPYMKHOCTH Z;=>, H TPOJOKEM 3TOT PAgNyC KO NepecedeHns ero B TOUKE
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B, ¢ xpusoit, maoGpakenHodi coiomHo# JumEmeit M B,. Tak kKak p
0YEeHP MaJI0 ¥ BCE HAIIM KPHEBHIE MaJI0 OTIHYAIOTCH OT OKPYKHOCTH Z;=>b, oTpe-
30k A,B, 6yAer o4eBb MalmIM.

Torpa Mul sagumM, a0 M, A, M,A,, M A;, M, A,, M, A; aBasoTcs nocie-
NOBATOABRRMYU Hocjaenyomuma M A,; a0 M,B,, M,B,, MB;, M,B,, MsBy

ecTh mocaenyomue M,B, u, HakoHen, uro A,B;, A,B,, ..., AsB; — nocie-
nywomue AyB,.
HOyru A,By, A,B,, ..., A;B;, BooGme, Gonee He NMPAMOIMHEHEL, a AB-

JAAKTCA OYEHb MAJKIMH JYyraMH KDHUBOH.

Yacts ¢UrypH, COCTOAINAsA M3 CIIOIIHOA NHHMH, BOCIDOM3BOXHET pmc. 1
pna 2 u3 u. 308, a MHOKECTBO CNJIOIIHEX KPHBHX IPEACTABIAET MHBAPMAHT-
gyi0 xpusyio K.

fl chenan pUCYHOK IIpM HEPBOM IPEAIONOKEHNH, KOTOPOe, KAK MH BH/IEJH,
ROI#HO GHTH 0TOPOIEHO, TAK ske KaK | IAT0e; COTIIAacHO CKazanHoMy B m. 309,.
TO K€ OTHOCHTCH ¥ KO BTODPOMY IPEIIOJOKEOHHIO.

Yerseproe NpeamnoioxeHHe HeoOXoauMo MBYUMTh Ooxee peraxsHo. [laa
BTOr0 HalijleM YpaBHEHHME ACHMITOTHUIECKUX HoBepxHocrei. CorsacHo TOMY,
gT0 MH BHaend B 1. 207, 5T0 ypaBHEHHE MOKHO TOJTYTHETH ClAefyomum o6pasom. .

HocrpouM $yEKOEIO S, PAa3I0/KAMYIO IO CTEIGHAM \/p TaK, UTO

z
S=8+VeSi+ ... +p*S,+ ...

Uro kacaercs S, T0 3T0 IepUOAKIECKa QYHKIUA C IEPHOAOM 27 OTHOCHTENRHO--
Y, ¥ C IOPHOLOM 4T 1o y,.
Hanee Mu mMeeM

’ d ’

:C:——-SL,, x=-d—S,

Vody Todpy’ 4
as as (4)

T gyt Mgy

Vpapperue (4) sABIseTCA ypaBHEHMEM &CHMITOTHYeCKoi mosepxmoctm. Ecam
61 PAX S CXOAMICH, TO M3 IEPHOAMIHOCTHE S, CAEA0BANO, 9TO KPHBHE JIOJI-
BH OLITH BAMKHYTH, a JBe Touk® A, u B, coBuanm Om. Ho aro He Tak (cM.
n. 225 = cien.).

Yo sxe o3Hagaer Torjna ypasHenue (4)? OHo Mo:xeT GEHITH BEDHHM TOJBKOC-
¢ $opMaNbHOE TOYKM BpEHUHA, T. €. €CIH X, eCcTb CymMa p-+1 nepBux
qinenos pAga S Tak, 4TO

2
Sp=S,+VeS,+ ... +p’S,
TO ypaBHOHHE
Ty =my g —}—szyé (4bis).

prli
GyneT BepHHM C TOYHOCTBLIO [0 BCJHYMH NOPAAKA . 2
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B, ¢ xpuso#t, naoGpakenHodl couomHo# JumEmeit MzB,. Tak Kaxk p
0YEeHPb MaJI0 ¥ BCE HAIIM KPHEBHIE MaJI0 OTIHYAIOTCH OT OKPYKHOCTH Z;=>b, oTpe-
30k A,B, 6ynaer o4eEb MalkmIM.

Torpa Mul sagaM, a0 M, A, M,A,, M A;, M ,A,, M, A; aBaaoTcs nocie-
NOBATOABRREMYU Hociaenyomuma M A,; 9o M,B,, M,B,, MB;, M,B,, MsBy

ecTh mocaenyomue M,B, u, HakoHen, uro A,B;, A,B,, ..., AsB; — nocie-
nyomue AyB,.
Oyru A,By, A,B,, ..., A;B;, BooGme, Gonee He NMPAMOIMHEHEL, a AB-

AAKTCH OYEHb MAJLIMH JYyraMH KDHUBOH.

Yacts ¢UrypH, COCTOAINAs M3 CIIOIIHOA NMHAHE, BOCIDOM3BOXHET pmc. 1
pna 2 u3 u. 308, a MHOKECTBO COJIONIHEIX KPHBHX IPEACTABIAET MHBAPMAHT-
gyi0 xpusyio K.

fl chenan pUCYHOK IIpH IEPBOM IPEAIONOKEHNH, KOTOPOe, KAK MH BH/IEJH,
ROI#HO GHTH 0TOPOIEHO, TAK ske KaK | IAToe; COTIIAacHO CKazanHoMy B m. 309,.
TO K€ OTHOCHTCH M KO BTOPOMY IPEIIOJOKOHHIO.

Yerseproe NpeamnoioxeHHe HeoOXoauMo MBYUMTh Ooxee peraxsHo. [laa
BTOr0 HalijleM YpPaBHGHHME ACHMITOTHUIECKUX HoBepxHocrei. CorsacHo TOMY,
gT0 MH BHaend B I. 207, 5T0 ypaBHEHHE MOKHO TOJTYIHETH clAefylomum o6pasom. .

HocTpouM GyEKOEIO S, Pa3I0/KAMYIO IO CTEISHAM \/p TaK, 9TO

z
S=8+VeSi+ ... +p*S,+ ...

Uro kacaercs S, T0 3T0 IepUOAKIECKas GYHKIUA C IEPHOAOM 27 OTHOCHTENRHO -
Y, ¥ C IOPHOLOM 4T IO y,.
Hanee Mu mMeeM

’ d ’

:C:——-SL,, x=-d—S,

Vdy odpy’ 4
as as (4)

T gy M gy

Vpapperue (4) sABIseTCA ypaBHEHMEM 8CHMITOTHYeCKoi mosepxmoctd. Ecam
61 pAX S CXOAMICH, TO M3 NEPHOAMIHOCTHE S, CAEA0BANO, 9TO KPHBHE JIOJI-
BH OLITh BAMKHYTH, a JBe Touk® A, u B, coBuanrm Om. Ho aro He Tak (cMm.
n. 225 = cien.).

Yo sxe o3Hagaer Torjna ypasHenue (4)? OHoO Mo:xeT GEHITH BEDHHM TOJBKGC-
¢ GopMaNbHOE TOYKH BPEHUHA, T. €. €CIH X, eCcTb CyMmMa p-+1 nepBux
qnenos pAga S Tak, 4TO

2
Sp=S,+ VeS8, + ... +p’S,
TO ypaBHOHHE
Ty =my g —}—szyé (4bis).

prl
GyneT BepHHM C TOYHOCTBLIO [0 BCJHYMH NOpAAKA . 2



TeopHA nmocaepyOmmx 177

Eciu MH npegmonosxuM, 4TO BSKCLUEHTPUCHTET OdYeHs Mayx, To L u G
OyayT OueHE Maj0 OTIAYATECA 0O abcoNMTHONR EBendYmHe; CIEROBATENiBHO,
OFHO U3 JBYX KOIMYECTB Z; M I, OYeHbE Mano.

fl samewaro, xpome TOTO, UTO paBeHCTBA

L:\/-a—, G::\/a—(r':_eij

moKasmBawT, 410 G Bcerga Memsme L mo abGcomortoi Benmuuue, Ciejo-
BaTENLHO, Z; M I, CYMECTBEHHO IONOKUTEIBHE.

IlpenrnonoykuM, 4910 z; ouens ™mand; ¢ymxuua F/ Gymer ymruumeir a
[ 4 g — ¢, pazanoyxuMoii, xpoMe TOrO, mo cTemeHAM ecos g 4 e sin g. Caeno-
pares]bHO, OHa OyXeT rakike QYHRIHe#l I, M J,, Pa3noXHMOi, KpOMe TOTrO,
IO CTeneHAM

Vz,cosy, um yz,siny,.
Ona GyjeT mepuojuvecKoil ¢ mepHofoM 2m KaK OO Y,, TAK H IO Y,
Ecau, maoGopor, z, ouens mand, To pymkuua F/ Oymer dpysrumedr z; u
¥y, PABIOKUMOI, KpoMe TOro, HO CTeNeHAM
VI, 008y, ¥ \z,sin y,.
Ho mum mpepnoiiaraem, 4T ueTHpe nepeMeHHHE I M Y CBASQHHW YPaBHC-
HUEM KMBHX CHI

F—= C;
3T0 ypaBEEHWe UPUOINMKeHHO OPUBOJHUTCA K
Fy=~C.

Hoerpoum xpueyro f,=—C, npuHuMas Z; W I, B KaYecTBe KOOPAHHAT
TOYKH HA LJIOCKOCTH.
Ypaseenue 3TO MOX{HO 3a0MCaTh B BHJE

(z; 4+ z)2 (2C + 2, — z) = 4.
JTa KpHBaA MMeeT ABE ACHMIITOTHI
z+2,=0, z—z;=2C

H CHMMETpPHYHA OTHOCHTE.IBHO nepBox‘»’[ U3 3THX JABYX aCHMNTOT.
Ho Bauo 3aMEeTUTh, 4YTO €JNHCTBEHHAA 4YacCThk KDHBOﬁ, KOTOpasa HaMm
moJie3Ha, pacHoio:KeHa B HEeDBOM KBaJpaHTe

2, >0, z,>0.

B zapucmmocTH oT 3spaveHmit € KpHB4AA MOYKET UPEACTaBIATH OHY H3
¢dopM, wzobpamenuux Ha pre. 8 u 9.

OcE KOOpPAMHAT IPEJCTABAEHH INTPEX-IYHKTAPOM, ACHMOTOTH H I0Je€3-
HEI® IACTH KPHBOX — CIUIOMHOM JNHMEH, HeHY/KHBIE YACTH KPHBOX — IYHKTHD-
HOH JwWHUeH.

12 A. Iyarkape, T. 11
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. IlpenmoxoxmM, uto C RaHO Takoe 3HAYEHHWE, YTO KPHBAaA mMeeT opmy,
OPeRCTaBIEHEYI0 puc. 9, M 9TO OHA COAEP;KMT ABe mosesHue Ayru AB u CD.
[Ipm sTOM paccmorpmm Toanko ayry AB.

3amermMm, qaro upe obxone xyru AB z, MmoHOTOHHO y6mBaer or OA4 fo Hyss,
Z, MOHOTOHHO Boapacraer oT Byas go OB, a z,/z; MOHOTOHHO Bo3zpacraer
OoT HyJsa fo -+oo.

Ecam mMu mocrpoum temeps xpueyio F=C, cuETasn y, 4 J, OOCTOAHHLIMHE,
a Iy @ Z, — KOOPAWHATAMH TOUYKK HA IJIOCKOCTH, TO KpuBag OyxeT Majo OTIH-
gaTECa oT Fy=C, 1 MK CMOKeM CHOBa Ipe[cTaBIATH ee HA puc. I; oma Gyner
AMeTh MoJe3Hylo nyry AB, u mpm o0Xxope 9Toi Ayru OTHOLIEHHE I,/r, Oyner
MOHOTOHHO BO3pACTaTh OT HYIA HO —oo.

Tax M DpUXOqUM K CIEIYIOMEMY Cnoco0y reOMEeTPHMIECKOro IPEACTaBRie-
HOfA: OPeACTABEM IIOJOH(EHHE CHCTEMH TOYKOH, NPAMOYTOJBLHHE KOODAHHATH
KOTOpO# ecTs

vz, cos yy Vz, sin y,
Vzg + 4z, —2Vz cosyy Vz, + 4z, — 2Vz, cos y;

2Vz, siny,
Vz,+ 4z, —2Vz cosy,

3TH TPY QYHKOAM pasiOKMMHE OO CTENEHAM \'Z, COS y, W Vz, sin y,, ecam z,

09eEb Mand, ¥ U0 CTEUeHAM \/Z,COS Y, U VZ,sin ¥, ecian z, ozens mand. Ouw
38BHCAT TOJNBKO OT OTHOHIEBMH Z,/,.
Kampmoit cmcremMe 3HaYeHWE Y, M Y, W KIKA0M ToYke moiesnoir nyra AB
COOTBETCTBYeT, TaKEM 006pa3oM, OHa H TOIBKO OJHA TOYKA INPOCTPAHCTBA.
OyHRunOHANBHE OIpENeNNTEAs OT TPeX KOOPJMHAT OTHOCHTENBHO Y, Y,
¥ OTHOWIEHHA \/Z,/z, BCEI/|a COXPAHAOGT OJHMH M TOT ;K€ 3HAK.
CrepoBaTenbHO, MH MO’KeM HDUMEEUTH PE3YJIBTATH HPEXLAYIIET0 MyHKTa
BHYTpPH Bcel obnactn D, e n, He o0pamaercs B BY.Ib.
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Ho n, o6pamaerca B BEyab OpE Z;-+Z,=2.
Onmako ecnm z,-+z,=2, z, > 0, z, > 0, To mMu, o49eBEAHO, GyneM EMeTh

2 £y — I 2 zo+z; 3
Erart T <@mimpl oz

Ho nesasn wacts aToro paBeHcTBa €cTh Fy, a crpoda KpmEBywo Fy=C, mu
OPeAUONQKNAIM, HYTO HMEIOT MECTO YCIOBHA CJAy9Yasi, COOTBETCTBYIONETO
pec. 9; B caydae ke puc. 9 npegnmonaraercs, 9ToO

3
C>.

Hockonbxy £, o4ens MaJjio 0TIUYAETCA 0T F M, CIeFOBATEALHO, OT L, TO MH
HE MO;KeM HMMEThH OXHOBPEMEHHO

3 3

(ecrm Toapko C He odeHs GaMBKO K CBOEMY Lpefiely °/,, Wero MH He Ipeji-
nojaraeM).

CaepgopaTensHO, OpW HAaIIEX YCJAOBHAX MH He GymeM mMeTh n,=0.

Utaxr, pesyrsTaThl HPeRHIYLEr0 IYBKTA NPHMEHHMEI, M €CAM IOCTPOHKTDH
4CHMIOTOTHYIECKHE IOBEPXHOCTH K PACCMOTPETH IIePECeYeHHe dTHX HOBEPXHOCTEH
€ DONYIIOCKOCTEIO Y,=0, To Be AYrH, aHANOTAIHHE QyTaM, HABBAHHLIM HaMH
sume A,Ad; @ B,B;, nepecerantcs.

A nmobarXio eme HECKOJBKO CJIOB.

KoopauHaTH Tpersero Tesa OTHOCHTEABEO §0JAbIION ¥ MaJo#i 0CH ODHECHBAC-
MOTO WM 3JIJMICA COTJIACHO M3BecTHOH (opMyle CyTsh

L% (cos I+. . .),
LG (sin I+. . .),

Taxkum obpasoMm, MH BEgEM, UTO Korja G MeHsAeT 3HAK, BTOPA# M3 ITUX
KOODAWHAT MEHAET 3HAK.

Orcrona BeITEKaeT, YTO BOSMyIaeMas IJaHeTa ofpaljaeTcs B TOM K€ Ha-
OpaBJeHAHA, YTO ¥ BO3MYINAWIAA HOIaHETa, eci: G MOJOMKNTeIbHO, ¥ B IpO-
THEBONOJIO}KHOM HANpAaBJIEHUU, €cau G OTPANATEILHO.

12*



IF'masa XXVIII
NEPHOANYECKHE PEIMEHHA BTOPOI'O POJIA

314. PaccMorpEM cmcTeMy ypaBHeHHH

dz
Ti=X, (=12, ..., n), ()
e X ; — QyBERONE OT Xy, 2y, . . ., Z, B £, HepEOAAIECKHS C mepHOgoM I oTHO-
CHATEJBHO 1.
Ilycrs

z, = ¢, (£) 2

— nepHojuUecKoe pemenme ¢ mepuogom I ypasHenmHE (1).

Mu cefitac DOCMOTPMM, HONYCKAIOT JW ypaBHemwa (1) apyrae unepuogs-
4ecKWe pemeHdd, Oamaxme K (2), mepmopy Koropux kpaten T,

JTH pemeHnsa, 6CIM OHH CYMIeCTBYIOT, OyAyT HABHBATLCH REPUOOLNECKUMU
DeLLEHUAMU 6mop0o20 poda.

Paccmorpum pemenme ypaBrenu# (1), ouens Gamaroe r (2). Ilycrs

. (0) + B

— sHaverme z; opu t=0 u
¢ (0) + By + s =9, (kT) + B, + ¢,

— anavenme z, upu t=kT (k — menoe).

Benwumam B, m ¢;, onpefgereEHe KOTODHX, TAKMM o0pasoM, TO ke, 9UTO
u B raase 111, 6ygyT ogerp MaxH, M, Kax B raase III, Mst yeumpum, w10 ¢ —
¢yERnuA oT [, pasdoKMMHeE IO BO3PACTAOIUM CTeIeHAM B.

Haa Toro arobu pemenme Gnio mepmogmueckeMm ¢ nepmopoM kT, Heobxo-
AUMO H JOCTATOYHO, YTOOH OHLIO

Pr=9g=-..=¢,=0. )

Tax xar g, ({) — mepmogmdeckue PyHKUEHM, TO ¢ ofpamawTCA B HYJIB
sBmecTe ¢ f.

IIpegmonosxum, uro pysrumu X, purypupyiomue B ypasaeHuax (1), zasm-
CAT OT HEKOTOPOro mapaMerpa p. lorma ¢yEKmEE ¢, (f) GyayT 3aBECeTH He
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TOABKO OT £, HO ¥ OT 1; OTHOCUTEJIBHO ¢ OHH OYAYT HEPHOJMIECKUMH C NEPRO-
nom T, rne T — mocTosHHAs, He 3aBUCANAA OT M.

[pu 3THX ycmoBuaX QYHKOWH ¢, OUpeReJeHHe KOTODHX OCTAETCH TeM e
caMuM, OyAyT 3aBHCETh HE TOJBKO OT B, HO ® oT p. Ecim Mu GyaeM caETaTh

Bl! 321 ""an B

KOODAMHATAMM TOYKM B OpPOCTpaHCTBe n+1 uamepeHmii, To ypaBHerma (3)
IpeficTaBAT KPHBYI B 3TOM mpocTpaHcTse. Hasko# Touke aToit KpuBOoi Oyner
COOTBETCTBOBATH IIePHOAMTECKOe peureHme ¢ nepuopom k7.

Ilockonbry Bce ¢ ofpamalorcs B HYJdb, KOTJA BCe BeJHIUEBl 3 OmHOBpe-
MEeHHO 06pamanTcs B HYJIb, TO 3Ta KpUBasg OyAeT CONep)KaTh NPAMYIO

B=f=...=§,=0. 0

PasnuysbpIM TOYKAM 3TOM OpsaAMoit GymeT COOTBETCTBOBATH pemenme (2),
KoTOpoe, 6yaydu NepuoguIecKuM pemenuem ¢ neprogom 7', ABIAETCH NEePHOAM-
yecKEM pemenueM ¢ nepuomoMm kT,

Ho MH mOJ#HB DOCTABHTH BOIPOC, CYIMECTBYIOT X APYTHEEe IepPHOZHIECKMe
pemenus, 6IM3KUE K OePBOMY, HMJIH, [PYTEME CIOBAMH, COIEDKHAT JH KPHBAH
(3), xpome mpsaMoii (4), APYTHe BETBU KPHBOH, IPAGIMKAIONMECH OJeHD OJB3KO
K npamoit (4)?

[ pyramMm cloBaMu|, MMEIOTCS JIM TOYKH NPAMOMR (4), Yepes KOTODHEe IPOX0-
AT BeTBH KpmBoi (3), oTIMYHHE OT 3TOH HpAMOR?

Hyers

Bi=PBy=...=8,=0, p=p,

— rouka P opamoir (4).

Huas Toro 49ro6m depea TOUKy P IpOXOAUIO HECKONBKO BeTBeid KpHBUIA,
Heobzodumo, umobw 6 amoii mouke P HYHEYUOHALLHEUL onpedeaumendb, UL
akobuan, eeaudun ¢ ommocumeabHo B obpawancs 6 HYab.

Kax Mu yBUuM Jalbioe, 5TO YCIOBAE HE ABISOTCA LOCTATOUHRIM AJIA TOIO,
uT06H 9epe3 TOYKY P IPOXOJHIO0 HECKOJBKO JEHCTBUTEIHLHKX BOTBEeH KPUBOH.

CocraBaM ompejeanTens OT BeJUTUE ¢ mo P, mpmbaBuM — S KO BCeM Wie-
HaM Ha TTaBHOM [WAarOHAJH ¥ IPUpaBHsSEM IOJYYeHHHH TaKEM 06pasoMm ompe-
AeluTeNs HyJ. Mu mondyusmM ypaBHeHHWe, H3BECTHOE NOJ Ha3BaHWeM S-ypas-
HEHUR.

Kopnu sroro ypaemenus (cum. m. 60) cyTs

err 1,

e @ — OAWH M3 XapaKTEPUCTHUECKHX IOKasaredeir ypaBHeHus (1).

Jaa Toro 9To6sl GYHKOEOHAIBEHE ompepnenuTeas OHJI paBeH HyJII0, HE0O-
XOAUMO ¥ TOCTaTOIHO, YTOOH OXVH A3 KOPHEH OHJI paBeH HYJIO; CIEHOBATEIBHO,
HE0OXOMEMO HMMETH

ekuT — 1,

uro o3BagaeT, 910 kal ecth KparHoe 2im.
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Hmar, umobuw uepes mouky P npoxoduao neckoavko eemeseil kpueoii, Heob-
z00uMo, umobuw 00uK U3 TAPAKMEPUCMUNECKUZ nokaaameiel 6bli KDAMHBM
2in/kT.

315. 9o ycmorue He gocTaTouHO, M TpedyeTcsa 6oaee HONHOE HCCAESJOBAHEE,
Tlonomxum
p=t+A

¥ IOIKTAEMCS PABIOKUTH BeAUIMHE § II0 UedsM AU ApOoOHLEIM CTETeHAM A.

M= npepnonaraeM, 9T0 AKo6UAH BeJMIAH ¢ OTHOCHTEIBHO [ PaBEH HYIW;
9T0T AKoOMan ofpamaerca B Hyab upu A=0, mo Boobme He OyAeT TOXAECTBEH-
HHM HYJeM; JIf 3Toro Heobxoqumo OnIo Oxi, 400N OXMH u3 XapPAKTePHCTH-
90CKHX IOKazaTelled GHJI NOCTOAHHEIM, HO BABHCAINEM OT p X DPABHBIM KpaT-
aomy 2in/kT.

CrnegoBaresbHO, MBI LOPEAUOJOKEM, YTO AKoOHaH ofpamaercs B HYyJb
opu A=0, HO YTO 6ro mPOM3BOAHAA IO A B HyIh He oOpamaercs.

Mu Taxmxe mpeamosoKEM CHAYANA, YTO MEHODH NEPBOr0 IOPAAKA 3TOr0
AKkoOMaHa He o0paiqalTcsa B HYJAb BCe OFHOBPEMOHHO.

B »1oM ciyqae B cmiry Teopemu 1. 30 m3 n — 1 ypasuennit (3) MoKHO HaiTH
n—1{ BeauuamE B B BHEAe PANOB, PACHONOM(EHHLIX XO HEAHM CTENEHAM A W
n-# BemmgmEnl B, Hampumep B, .

B n-e ypasuerue (3) mojicTaBUM 3HAYCHAA

Bl’ BE’ ftty Bu—l’

HafileHALIe TAKAM 00pa3oM. JleBast JaCTh 3TOTO 7-TO YPaBHEHUA OKAKeTCH, Ta-
K¥uM o0pasoM, pasioKeHHO# mo cremeRaM A m B; 3ammmem ee B Gopme

B, B)=0.

fI sameuar cHayana, 9o € MOJIKHO ReNUTHCA Ha B, Tak Kax mpamasn (4)
AOJKHA COCTABJIATH 9acTh KPHBOH (3).

C mpyroi cTopoHH, npousBoaHas 8 mo §, MOMKEA 06PATATHCA B HYJAb UPH
A==0, mockoapKy sxo6mam ofpamaercs B Hyab. IIpm A=0 © me copmepxur,
CNeX0BATENbHO, WIEHA NEPBOM CTemeHH; HPENmOJOKHMM, 9TO OHA TAK)Ke He CO-
HACPIKUT GIEHOB BTOPOH, . .., (p—1)-f cTemeHs, HO COJEP’KHT UIGH CTe-
LIeHH p.

Haxomen, Takx Kak npoussogHasg Axo6umaHAa Do A He ofpamaerca B HYJb,
To M OymeM mMeTs dGieH ¢ Af,.

Taxum oGpasoM, g MOry HAIUCATb

6= A\, + B3+ C,

riie C — COBOKYOHOCTH WIEHOB, COAep)Kamux Muoxurenem BA, A3y unm A%3,;
A v B —uocrosHHne KOIPOHUIMEHTH, HO PaBHHE HYIIO.
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Mu BuauM, 9TO OTCIOla MOKHO DONy4YuTh B, B BAAe PsAAa, PaCHOONOMKEH-
1

HOTO WO CTEeOeHAM AP-l, M BOOPOC 8aKIIYaeTCH B TOM, 4TOGH yCTaHOBHUTH,
ABNAETCSA MM 9TOT PHJ BeIeCTBEHHHM.

Ecizg p — deTHoe mum ecoim npm HederHOM p Koaddmnuentst A 1 B mMeroT
IpPOTUBOIOJNOKHEE 3HAKHA, TO PAJ BEMECTBEHHHH, N NePHOJUILCKHE PEIIeHHA
BTOPOr0 pOJa CYINECTBYIOT.

Ecnu p — meuerHoe u eciu A 1 B ofgHoro 3Haxa, TO psAj MEEMEIN, X IEPHO-
AWUECKHX DeIIeHu# BTOPOro poja HeT.

Tenmeps a1 mpexnoaraio, 9To He TOJBKO IKOOHAH, HO U €0 MUHOPLI IEPBOTO,
BTOPOTO,. . ., (p—1)-ro mopankoB obpamaiorca B Hyas upm A=0. Ogmaro s
mpefmooJiaraio, 9T0 MWHODH p-TO HopAAKa He o0pamalTca B HYJb BCE OJHO-
BPEMEHHO.

IIpu atix yciroBusAx, coraceEo u. 57, Mu GyfieM UMETH He OJUH, a P XapaKTe-
PHCTHYIECKUX IIOKA3aTelned, Koropwe Oynyr kpatas 2in/kT.

Torpa u3 n—p ypasrerumit (3) MoxHO GyJeT HaiTH n—p BelwduH B B BEAe
PAAOB, PACIIOJOKOHHHX [0 CTENEHAM A X D OCTAJBHHX BeIHYHE B.

Jlns kpaTkocTH A 0003HaTy 7—p OePBHX KoxmdecTB P uepes B’, a p ocrann-
Hex xoiudects § — wepes B’. CnegoBaTennHo, M Gyfem mmers B’ pasiosken-
HbIMM IO cremensaM A m B7.

IlomcraBuM oTE pasnoskeEdss BMecTo B’ B p mocaemnumx ypasHeHHmE (3),
TOTAA TNOJAYyYMM P ypaBHEHHMHA

8, =0,=—...=8,=0, (5)

JieBRE 4ACTH KOTODHX OyAyT pasio;KEMbl 1o cTemeHam A m [,

[Tocroanky AkoOMaE B ero MHHODH p — 1 DEPBHX NOPANKOB PaBHH HYJIIO,
3TH JIeBHe JacT¥ He OyAyT cOnepaTh WISHOB IePBOA CTeIeHA OTHOCATOAHHO ,
Ae 3aBHCALMX OT A.

IIyers 6, — coBoxymHOCTH wieHoB 8 nepBoit cTeneHEm OTHoCHTENbHO [7;
ACHO, 9T0 0. MOKHO Gy/ieT pa3ioKATH IO CTEHEHAM A; NYCTh

B, = 00 - N0 - A20 - ...

— oT0 paaino:kenne; 9%) GyxyT onHODONHHIMEH HOJMHOMAMM IEpPBOR CTemEHH
orHocmTeabHo f.

Cornacro mpexrymemy, 0 6ymer ToxecTBeEEBIM HyJIeM; HO HEOOXOTHMO
110CMOTpeTh, He Oymer sm TakuM xe 8.

flxoOman BenrwMH { OTHOCHTENBHO B paBeH

H (1 — ekaT),

upudYeM IpousBefeHme, 0603HAYEHHOe 3HaKoM ||, pacmpocTpaHsercs Ha n
COMHOKATENeH, COOTBETCTBYIOIIAX 72 XAPAKTOPHCTHIECKHEM IOKA3ZATENAM O,
Iycrs 2, 23 ..., @ -— 3TH 1 IOKazaTeledl M OyCThH

P (@) = (1 —e*T);
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Aro6maE Gyner paBeH NPOH3BENEHHUIO
p@)e (@) .- p(a,

IIpr A=0 sro6uam, Tar e KAK ero MUHOPH p — 1 mePBHX NOPARKOB,
ofpamaeTcs B HyJab; OTCIONia BHTEKAET, YTO p nokaszaTenedl KpatHu 2in/kT.
Taxmm obpasoMm, p mEokuTeaeit ¢(a) upm A=0 ofpamarrca B HyIb, U, CACLO-
BaTeJbHO, HEeNATCH Ha A. llpomaBegemme mx, T. e. gxoOuaH, Gymer, cuenosa-
TEJBHO, AETUTHECH Ha AP,

Ilpegmomoxkum, uro mpu A=0 Hx opua nmpomssonuas da/dh He ofpamaercs
B HYJb, YTO MH YK€ NPEJIONOKHIA Beme. IIpM dTHX yCIOBHAX HH OJIHO
v (@) e meamresa Ha A2, CiremoBartellsHO, DpOHW3BefeHde He AEGIMTCH Ha AL

Hrax, axobuar menmrcs Ha AP, HO He Ha AL,

Orciopa BrITERaer, 9To onpepgexmTens BexmamH 9) oramwer or myns u,
clefoBaTeNbHO, HUM ofna u3 BexmdmH OU) me obpamaercs ToMgeCTBEHHO
B HYJIb.

Hawn6onee npocTrM cliydaeM ABIAETCA TOT, Korga npw A=0 wieHH BTOpOi
CTeHEeHM He MCue3al0T B O, M KOTAA 3TH WieHH BTOPOR cTenedH He MOryT ofpa-
TATECA B HYJb OJHOBPEMEHHO, €CIH TOJILKO Bce B’ He 00pamawTCs B HYJb
OJHOBPEMEHHO.

Tlycts Torga 7, — COBOKYIHOCTH WICHOB BTOpO# creneHy nm3 ©, npm A=0.

Torpa Gymer MOCTATOYHO PACCMOTpPeTh anrebpawdecKue ypaBHCHUA

;420 =0,

JIeBHE 9ACTH KOTODHIX CYTH OXHOPOAHEIE IOJMHOME BTOPOH CTEOEHH OTHOCH-
TeNBHO A B BexmamH B,

Ecnm T ypaBHeHus JONYCKAKOT BEeMECTBEHHKE DEMIEHHs, MH Oymem
AMeTh NEePHOIMJIeCKNe pElleHWs BTOPOrO poya.

1 me 6yny paccMaTpuBaTh ApYyTHe CAydYaM, HMeS B BUAY CHeNaTs 3TO
MOJHOCTBIO [IIA YPABHEHMHA NMHAMHUKH.

Cayuaii, xorga BpeMsa He BXOJUT SABHO

316. Ipepmonosxmm, 9ro pyukumn X,, purypupyomue B ypassenmsax (1),
He 3aBHCAT OT BpeMeHH .
B arom caxydae, kak MH 3TO BEAen® B u. 61, OqMH M3 XapaKTePHECTAYECKAX
mOKasaTelned BCErJa PAaBEH HYJIIO.
C nxpyroit CTOpoHH, €CIH
r,=¢,(?)

— mepuopMuecKOe pemeHuMe ¢ mepmopmoM T, To TakuM ke Gymer
T, =9 (t + k),

KakoBa Oxl HE Onyia mocrtogHHas A.
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B npeamaymeM HyHKTe MH OIPEAOOJIArajd, 4To, KAaKOBO O B Onuio p,
CyUWECTBYET MEPUORMIECKOE pelmeHue

z, =9, (2),

7 mepuon, Mor OHThH paBeH Toubko ', HOCKOABKY X, ObI/IM IepHOHYECKUMEA

Oyukuusamu ¢ ¢ nepuomoMm 7. )
TaxuM oGpasoM, Iepuox He 3aBUCEJ OT [,
3necs 3To yiKe He Tak. Mu Bcerga OymeMm IpeanosaraTh, 4To, KaKoBO Onl

un 6p1o p, ypassenus (1) JOonyCKaroT HEPHORMYECKOE peileHHUe
z; =, (£).

Ho nepmop 6yuer, Boobue roBops, sasuceTs ot . S vasoBy T mepuojioM,
a T, — suayenmem T npm p=1p,, T. e. upr A=0.

Torma MLl E3MEHHMM CJeTKa onpefeseHne KOIMIecTB B & ¢.

O6o3naunm croBa uepes o, (0)+ B; sravennme z; upu t=0; no ¢, (0)+ B, +¢,
npencTaBuT 3uavenme z, opu t==k (I 1) (a e npu t=kT).

B srom caydae ¢, Oymayr QyRKImAME n+2 mepeMeHHEX

B Bar -+ B T A

Ecnm opopoiskath camrars B ¥ A KOODAHHATAME TOYKH B TPOCTPAHCTEO
n-+1 mamepenwit, To ypasresus (3) u. 314

lP.-ZO

6ynyT IpeAcTaBAATH He KPHBYIO, 4 NOBEPXHOCTL, HOCKOJABKY MBl MOMEM Me-
HATH HE3ABMCAMHM M HEeIpPEePHBHHM 06pasoM gBa mapamerpa t I A.

Ho Baskso 3aMeTATH, 4TO Ha 3TOH NOBEPXHOCTH IPOBEJEHE KPUBHE, Pasind-
HBl¢ TOYKE KOTOPHX COOTBETCTBYIOT NEPHOAMIECKEM peLIeHMAM, KOTOpHE
HEIb3fl CYUTATH CYMECTBEHNO pPa3IHmIHLIMA.

B camoMm pexe, ecim

z,=f; ()

— HOCDHOAHMYECKOE pelleHue, TO TAKHM e Oyner
z,=f,(t -+ h),

kaxoBa OH Hu; GHIa moctosimHas k, X 9TO HOBOE PemIeHHE HA CaMOM jene He 6y-

AT OTJIHYATHBCA OT IIEPBOTO.
HepBomy peniedui0 COOTBETCTBYET TOYKA

By =1, (0) — ¢, 0),

8, =1 (h) — 9, (0).

a BTOPOMY — TOYKa
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Korga h waMmenserca HenpepuiBEHM 00paszoM, BTopas TOYKA OIMCHBAET
KPHBYIO, Pa3i@YdHhle TOUKE KOTOPOA He COOTBETCTBYIOT, CIEIOBATEJIBLHO, Hei-
CTBUTEJLHO DPA3HHIM DPENICHHAM.

B wactHOCTH, paccMoTpHEM pemeHme

z, =, (t).
droMy pemeHHmK 6YAET COOTBETCTBOBATH TOYKA
ﬁ‘z(),
KOTOpad OpWHAMNGKHAT mpaMoi (4).
Pemennio
z, =4 (¢t + h),

KOTOPOEe He OTIAMY4aeTCHd B [eACTBUTENLHOCTH OT nepsoro, Oymer COOTBeT-
CTBOBATH TOYKA

Be =, (A) — 9, (0), (4bis)

nprHaIesKamas HeKoTopoi mosepxmoct® (4bis), cocraBnaromeil JacTs mo-
sepxuocru (3).

Peusr mper o ToM, 9TOGL y3HaTh, COAEPHKHUT JM UoBepxHOCTh (3) Apyrue
BeTom, KpoMme (4bis), m Tarme, woTopnie ouens Gamskm x (4bis); T. e. cyme-
CTBYWT M Ha mosepxmocTH (4bis) Touxwm, wepes xortopne mpoxoadaT Apyrue
BeTBH mosepxHoctu (3), Kpome camoit moBepxmoctm (4bis).

Bes orpanmuenmsa oOIHOCTE MH CMOKEM HPEXIOJIO0KHTH, 910 B;=0 (uim
UPUHATL APYroe OPOM3BOJNLHOE COOTHONIEHWE MEKAY BexmdmHamu f).

JeiicTBuTe 5HO, pemeHns

z, = f; (2), z,=f,(t +h)
fa CaMOM HeJie He OTIMYAaIoTCH APYT OT ApyTa, i 6yne’l‘ BOCTATOYHO PAacCMOTPETDh
010 13 HUX.

Tarkum o6pasom, ME MO;KeM BHODATh UPOH3BOJBHO IOCTOSHHYIO A; H Mbl
MOJKEM CAelaTh 3T0, HAIPHMED, TaK, YToOH

fi(h) =, 0),
pl =0,

OTKYH&

910 ® TpPebOBalNOCH AOKAa3aTh.

Ecnz M npumeMm yexosue B, =0, To gBe nosepxmnocta (3) 7 (4bis) ceeyyrea
K KPHBHM B, B 9aCTHOCTH, HOBePXHOCTh (4bis) cregerca x upamoit (4).

MEu cHOBA TPEXOQEM K HCCIELOBAHHEI0 TOTO, NPOXOAUT X YePe3 TOUKY mpA-
Moit (4) mpyras BeTBh KpHBO# (3).

Jaa aroro cocraBuMm xomOmEanmmio ypaBuenas B,=0 c¢ ypaeeermaMu (3);
3TH yYPABHEHUA NPEJACTABAT Kpueyio (3) WX Ke KPUBYW, 9aCThI) KOTODOH



Ilepnoguueckue pemieaMsa BTOPOro pojxa 187

6yner xpmBas (3). Jlas Toro 9T006u oTa KpuBas HE CBOAMJIACH B paccMaTpUBae-
Mo# obmacTu K mpsamoi (4), Heobxoxumo, uTO6H AKOOGMAHBL BENHIMH ¢y, ¢,
-+« $., B orHOCHTENAEHO B, 5, . . ., B,, TH¥ AKOOMaH OT ¢y, Py, . . ., ¢, OTHO-
cuTenbHo By, P35, . . ., B,, T OHIM paBEH Hyuio mpm A=(.

Hockoasry B, nmueM He OTIAMIAIOTCA OT OCTANLHBIX P, TO Bce AKOGHAHBI
BEIWIZE ¢ OTHOCHTEABHO t M n — 1 mo6bix B pomxunl oOpamarscs B ILyIh,
T. €. BCE ONPENENMTEeNH, COmepKamuecs 8 marpune oyHKToB 38 1 63, JIoJKHE
ofHOBpeMeHHO ofpamarscs B nyab. Paccyikuasd Tak ke, Kak B 0. 63, Mu yBm-
oEM, 970 S-ypaBneHme OJNKHO MMETh JBa HYJEBHIX KOPH:.

Orcrona BHITEKAeT, 9TO JBA XaPAKTEPACTAIECKMX IOKAsaTENA J[(OJIKHb
651Ts KpartuumEa 2i=/kT. JTO yiKe COpaBEIJIMBO JJA OXHOIO M3 HHEX, PABHOTO
Hymo, Bropo# mokasarenp momsked Owth kpaTtEbM 2in/kT.

Ecnu 310 ycroBme BHIIOIHAETCS, TO MBI COCTaBHM cucteMy n-1 ypasne-
HEH, copmepsxamyio ypaBHenma (3) m B,=0. W3 nee maitpeM t u BelXmumHHn £
B BHJIE PANOB, PACHOJOMKEHHHX IO IEJHM M JAPOOHLIM CTeNeHAM A.

Ecnin aTu pAgs BemecTBeHHEM, TO OyAYT CYINECTBOBATS NePUOIRYECKUE PeIe-
HEUA BTOPOr0 PoOjd; €CIH PHANH KOMIUIEKCHBIE, TO TAKMX peuieHmit He Oypner.

fl we 6yny passmBatb ato Golee moppoGHO.

317. Ilpenuonoknmm Teueps, IT0 yPaBHEHHS
dI,' .
m‘ — X,', (1)

B KOTOpPHE BpEeMHA RXOOMT 3#BHO, QOOYCKAIOT OTHO3HAYH I AHTErpan

F=C,
TaK 9TO MH HMeeM
dF

Msn Bumenu B m. 64, 970 B 9TOM caydae sIKOOGMaN BEeIMYKH OTHOCHTEABHO
obpamaeTrca B HyJAb ¥ 9TO OJMH W3 XaPaKTEPHCTHIECKHEX NOKAa3aTelel paBeH
HYJIO.

VYpasresma (3) m. 314

pr=to=..=9,=0

B TAROM Cly4dae HE ABIHAIOTCA HE3aBHCHMBIMH, NOCKOJBKY MH HMEeM TOKIecT-

BE€HHO
Flp, (0) 4B, + ¢ — F [9; (0) + B,] =0.

TakuM o6pazoM, OHH TPEACTABIAKT HE KPUBYIO, a4 HOBEPXHOCTh.
Ho B aroM cirygae cornacuo mpmunumam raaBhl I11 mer mmeeM oo? nepmonn-
4YeCKEX pemleHmit ¢ mepromoMm I

;=% (),
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DOCKOJBKY KaAOMy 3HAYEHHIO IapaMerpa p= py-+A I KamIOoMy 3HAYEHHIO
noCTOAHHONH C COOTBETCTBYET OJHO UEPUOAMYECKOE pemeHme. Y CIOBUMCH
OPHAABaTh NOCTOAHHOE C ompefesenHoe szHadenue C, M MOJIY4AM TOJNBKO oo’
IePUOMUECKAX pemenuit ¢ mepuogom T

z; = ¢4 (£),

Kaykgoe U3 KOTOPHIX COOTBETCTBYET OQHOMY 3HAa4YEHUIO A

Tax rak ypasHenus (3) He ABNAIOTCA HE3ABMCHMEIMU, TO OHU MOTYT OHITH
saMeHeHH n — 1 U3 MX y@esna, HampuMep, CJIeNyIOUUMHA:

Pr=tpy=... :‘P,H:O-
PaccmorpaM Torma cucreMy
h=¢s=...=¢,, =0, Flo;(0)+B,]=0C,. (3bis)
¥Ypaspeansa (3bis) mpencTarigIOT yiKe He NOBEPXHOCTh, 8 KPHBYIO, 9aCTHI0
KOTOPOI AIBIAETCA NpAMag
Bi =0. (4)

J{aa Toro arolsl uepes To9Ky npAMOI (4) mpoxoamia Jipyras BeTBb KPUBOH,
HeobxonuMo, 9T0OH AKOOMaH BeaWIUH

q)l’ q)2’ LS ] q),,_p F

OTHOCHMTEeNBbHO [ ofpamaicsa B BYIb.

JT0 ycloBHE MOKHO LPEACTABUTEL eme ® B Apyroi dopme.
IlpegnmonosmM, 970 MH paspelIMIN ypaBHelme

F(z)=C,
OTHOCHTENBHO Z,, X 3TO pEeHIeHune HaeT
x, = ] (.1,'1, Loy oo ey $n_1).

Hopcrasum 0 Bmecro z, B X, u nycth X, — pesyJibTaT 5T0# NOACTAHOBKH.
Taxmm oOpasom, ypaBuerua (1) OKaKyTCA B3aMEHEHHBIMM CIEJYIONIMMM:

dz; _ yr g .
SE=X, (=12 ..,n—1). (1bis)

drz ypaBHeunms (1bis) Gyayr fgomyckaTs nepuofEYecKoe pemeHHe
Zy = ¢; (1)

Uueno xapaxkTepUCTHUECKMX NHOKAa3aTejedl 3TOr0 NEPHOAMYECKOTO pere-
HUsI, PACCMATPMBAEMOTO Kak pemerde ypasuemuit (1bis), 6yuer passo n —1.
Ilycrs @;, @y, . .., @, , — o™ n — 1 noxazarene#. Owm GynyT Tem:m ke, 4TO
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¥ DOKa3aTelW JTOT0 HNePHONMIECKOTO permeHus z,= ¢, (f), paccMaTpEBAEMOTo
Kax pemresue ypaBHeHui (1), ACKII0Tas TOT W3 1 MOKasaTeled, KOTOPHIL paney
HYJO.

Jlas Toro 4ToGH B OKPECTHOCTH TOYKM UpAMOi (4) ypaBuenus (1) ponycraru
NEPUOAMIECKHAE PEIIeHHA BTOPOr0 POfRa, BHeoOGXOAAMO W NOCTATOYHO, 9TOGH MX
tonyckann ypaBHenua (1bis), T. e. 9r106m B TOwKe mpamon (4) opuu M3 n — 1
XapaKTEePUCTHYECKUX NOKazaTelmei oy, @, ..., &, Onx xparuem 2ia/kT.

Taxmm oGpasoM, ycirosme, cHOPMYIMpOBAHHOE BHINIE, ITO AKOOMAH BeJaU-
9BH g, Pay .+ . -, $,_y, F PaBEH HYIIO, NONYCKAET COBEPUIEHNO HHYI GopMyId-
poBry. IIasa Toro 9To6H OHO BEIIOJIHAIOCE, HEO0X0[UMO, ITOGH iBa IOKA3ATENA
Onta KpaturiME 2iw/kT; aTO BCeria cupaBedMBO AJA ORXHOIO U3 HEX, PaB-
HOT'0 HYJIIO; 3TO HOJKHO OHITH BEPHLIM M s BTOPOTO HOKA3ATeJNA.

IIpeguonoxum, ¥T0 3T0 yeaorme Bunoanenc. Vs ypasuenuit (3bis) maiinem [
B BHjie PAKOB, PACHOJOKEHHHIX MO T[EJLIM M JPOOHLIM CTEMEHAM A.

fI ue 6YRy BHIACHATE, ABIAAIOTCA JU BTH PALE BEelECTBEHHBIMMU.

318. IpepgmonoxkuM Temeps, aTo X, He 3aBUCAT ABHO OT BPEMEHH M 4TO
ypapuerdaa (1) pomyckarT HMHTErpax

F=C.

B arom cuayuae cornacHo m. 66 fBa W3 XapAKTEPUCTHYECKUX OOKA3aTeleid
paBHH Hya10. ECIuM J7IA HEKOTOPOX cucTeMsl 3HadeHmii p w C ypaRHeHus J0-
IYCKAlT MepHOJHYECKOe PEUIEHHE, TO OHH OYAYT LHOMYCKATh €ro TaKMKe JJIA
OGIM3KEX SHAUCIME, TaK 4TO Mbl OyHEeM HMETh co® NEePHMOAHIECKHX pemeinni

Ty =¥ (8),

3aBHCAMUX OT OBYX mapamerpoe p m C. Ilepmox T ue 6yner mocTosTHOBIM, OH
6yner pynuxnmeis pu C.
Hamum Torpa C ounpenenensoe suagenue Cy, ¥ LYCTh CHOBA

¢, (0) 4B 9, (0) -+ B; 4 9,

— 3uavenna z; upu t=0 m npu t=k(T+ ).
K yparuenmam (3) n. 314

h=¢p=...=¢,=0

OPKCOCAUHMM CHavala ypapueune F=(_, a 3aTeM OPOU3BOJILI0OE COOTHOUICHME
Mexkay Beamunnamz §, Hanpmmep 3, =0.

B camom mene, mMu MoxeMm 0e3 orpaHMYIEeHMA OOLIHOCTH M IO TOH e IpH-
qune, 9T0 ¥ B m. 316, mpegmonoxars §,=0.

Takum 00pasoM, HOJNYYEM CHCTEMY

$,=0, F=C, B =0 (3ter)
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OTH ypaBHEHHMs NPECTAaBIAIT KPABYIO; B CAMOM JieJe, YACIO ypaBHEHHI
paBHO n-+2; HO n ypaBHeHuil (3) He HesaBMCHMH M MOTYT OHITH 3aMEHEHH
n—1 43 ¥x 9mC’Na O TOi jKe IMpUYMHE, 9TO M B OPEegHIyINeM OYHKTe. TaruM
o6pasoM, cmcrema (3ter) ceopures K n-t1 ypasHemmsaM. Umciao nmepeMeHHNX
panHo n-2, a UMeHHO:

B Bos - v B T

Jra kpmBasa (3ter) COEPKHT HPAMYIO
B, =0.

ITyers B,=0, p=py — TOuxka 9TOH npamoit. [ua toro urobm gepes ary
TOYKY NPOXOJHUNIA Apyras BeTBb KPHBOi, neobXxonmmo, 4Tobn sikoO@al JEBHIX
wacreil ypasHenmit (3ter) Onul paBen HyXNIo, WM, 9TO O3HAYaeT TO Ke, ITOOH
ako6man n — 1 semuuns ¢ u F oruocurenarro f,, fg, ..., B, @ t Oma paben
Uy, WIH, HAKOHEI[, NOCKOIBLKY B, HUYEM He OTIHYaeTcsd OT OCTANBHBIX B,
9r06n AK0OnanL oT F 1 n10661x 7 — 1 m3 BermamA P GHIE BCe PABHEI HYIIO.

310 ycnoBue pomyckaer ApYyryio GopMyITHpPOBKY.

Kak »n B mpepnpgymem nyHkTe, u3 ypapHerma F=C, Haiinem

z,=0 (2, 2y ..y Z,9)
¥ UONY4HM ypaBHEHWA
dz; . , v i .
—dT“‘Xf' (i=1,2,..,n—1). (1bis)

Torpa cornacuo a. 316 meoOxomumo, yrolu ®3 1 — 1 XapaKTePUCTAYCCKHX
moKas3aTeJedl [ecim mePHOJMYECKOe peweHHe CYATAETCH NPHHAAJIERAmIM
ypanuenuam (1bis)] opmn Gun uynem, a Bropo#t — kpatusM 2in/kT; unud, 4to
03HAYAET TO e, 9Te6h U3 7 XapaKTePUCTAYeCKUX noKasateneil [ecan mepuona-
YECKO® PelIeHMEe CYBTATh npunaieskanuM ypasaennsam (1)} npa Guam pasum
Hylo, a Tpetuit Omn wparanm 2iw/kT.

IMpeanonosxnm, uTo 9T0 VCIOBHE BRINOIHEeHO; u3 (3ter) HailigeM penmuuunr B
H T B BHJE PAJOB, PACUOJOMKEHRHHX IO IEIHM HIm JPOOHBIM CTEOEHAM A;
A BO3JIEPIKYCh TAK/KE 3/1eCh OT HMX MCCIENOBAHMA.

Ilpmmmelme K YPaBHCHHAM JIHH3MHKU

319. Mue xorenocs 6u1 nposecTd Gojee mOJHOE HCCASNOBAHEE, CBA3AHHOE
¢ YPABHEHHAMH JUHAMUKHA; HO IJd 9TOTO HY/KHO CHA4aAa JOKA3aTh OHO BaK-
HO€ CBOHCTBO HTAX YPABRCHUIA.

Hycrs &, = v, — spauenma z; n y, opr ¢=0; myers X, 1 Y, — snauenns z,
n y, upm t=7T. Mn snacm, gr1o

|| Zazay,
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— HHTeI‘paJIbﬂblﬁ WHBapHaHT, CJeqoBaTeJNbHO, 6y;1eM HMETH
|| =@x.ay, —ddn)=0,

rfle ABOHOW HHTErpaj pacHpoCTPAaHEeE Ha KaKyo-HEOyas obmacts A.
ITO MOKHO 3amMCaThH Tak:

S 2(X. Y, — Y dX, —Edn, + 1dE) =0,

rjle METErpaX pacnpocTpaneH Ha IpaHENy oGmactZ 4, T. e. Ha Kakoi-Eubyns
38MKHYTHIH KOBTYD.
JpyraMe cloBaMH, BbipasKeHHe

(XY, — Y dX, —&dn, + n.dE,)

ecTh HONHHI Aupdepernma.
Orciloga ciefgyer, uTO

S =3 [(X;—8)d (Y, + ) — (Y, —m)d (X, +§)]
ecTb TOe NOnHHHE Ruddepennmain.

320. Ecan mamensars T, To sAcHO, 9ro S Gymer dpynknueii o1 T. Brune-
AuM mpom3BoAuyio ot S no I upM NOMOME YpaBHEHM

aX, _ar - av, _ 4F
dT —dy;’ dT —  dX;-

Unmeem
=+ —FaX +H+ X —Hdgr—(¥ —ndir],
HIHX e
ds ar aF dFr dF
=[FeF++5gd X+ - (X —bdzz —(¥ —ndgy ],
WilM, WHTETPHPYA IO 4acTAM,
as aF aF aF ... . dF
=[x —n5+ @ —n3p]+ 2 D (GFax g ay),

WM, HAaKOHEIl,

d dF aF ,
E;; —= 2F — 2 [(X —f) X + (Y —m) d—?:'-f—nponsnonwnn ¢ynxnua or T.

Mu npuMeM uUpom3BONEHEYIH GyEKNMIO or I paBHOK mocroaHHOi —2C
u OyfeM HUMeTh

=2 0= F[X -0+ 0%
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IIpu 7 =0 umeem dS =0 u, cuaegosarensHo,

S = const.

IIpmmeM 3Ty HOCTOAHHYIO PAaBHOM HyJII0, Tak 9T0 S ofpaTuTrca B HYIB
ro;xaecTeenHo npx 7 =0; taxuM obpasoM, pyuruusa S onpeneneda HOIHOCTHIO.

321. ByneM uckars MaKCAMYMBI M MEHEMYMH QyHkuma S. Byjgem cuasana
canTath I mocrostenoii. Jlas Toro 9ro6n pyEKOua S mMena MaKCEMYM HIH MH-
HUMYM, HEOGXONEMO, 8 nPEONOA0HEHUL, ¥MO ImYy PYHEYUID S MOHCHO cCHUMAmb
o0nosnaunoll Pynryuel nepemennviz X, 4t m Y,+ 1, ¢ paccmampusaemol
obaacmu, HeOOXOXEMO, TOBOPIO f, ITOOH €e IPOM3BOJHKIE 110 3TUM IEPEMEHHBIM
OHLTH PaBIB HYJI0, T. €. 4T00H GEIIO

X, =

$ R Y,=m,.

CiregoBaTelbHO, COOTBETCTBYIOMEE PelleHue ABIAETCH NEePUOHICCKAM pe-
meHueM ¢ nepuojioM 7',  atoT mepuof 7' 3/ech ABIAETCA OLHEM M3 HapaMeTpPOB
3aja9d.

He G6ynem 6oxee cumrars I’ 3agaHH0¥ BeJHIEHOMN; IIdA TOro 4ToOLI S mMeda

MaKCEMYM HJIA MHEHMMYM, HEOOXofmMO, 4T00H OHIIO

X;=£, Y=
¥, KpOME TOro,
ds 0

aT
Ho ecim X=§, Y=1, To ocraercsa

as
Sr=2(F—0),

OTKYJIa
F=C.

CooTBercTByWOINEE pemieHme CHOBA OyjeT mepuofmIecKmM ¢ mepmomom 1.

Ho nepmoy; T me Oyner Oosee mapaMeTpoM 3ajadid; B DTOM Clydae 3ajaHHON
Oy/ieT mocTOAHHAA JKMBHX cmad C, KOTOpas He BCTPEYaNach B LPEALIAYLIEM
caydae.

JBa coocofa pastiCKauuag MaKCEMYMOB S CBABAHH C JABOAKHEM MOHMMAa-
HEEM OPHHIAIA HAEMEHBINEro AeHCTBAA — NPHOUHANA | aMHIBTOHA M IPHH-
naona MouepTior. 3t0 craHeT 00Jee HOHATHHIM [OCHE YTOHUA CiIefyIomei
raasl.

322. Onpenenenme Gyuruum S MOMKeT OHTL M3MEHEHO TAKMKE CIeIyIOMAM
obpazon.

Ouens gacTo B mpmiokenuax F — mepmopmueckad QyHEHUA € OEPHAOTOM
27 oTHOCHTENBHO Y,. B oToM ciydae pemenme MOKHO TaKs;ke CIATATH HEPHOJM-
geckuM, korga X,=¢§,, a BenmumHa Y,—v, KpatHa 2.
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Torma AcHO, 9TO €CIHM MBI IOJOMKHAM
S = 2 (X, — Ei)d(Yo' +n)— (¥, —m, _—2m.'“)d(X.' 4+ )1,

rme my, my, . . ., m, — Kakme-EMOYIb Helne 9Hcia, TO BhpaskeHme dS cHOBA
fyner monmnm prddepeHnmazoM.
MMpr nsTOoM Mul HaiigeMm
as dF . aF
=2 — DX =%+ (¥ —1—2mm) 5|+

-+ upouzBosnbhasn ¢yHruua or 7.
[Mpmmem

=20 —0)— J[(X—§Fz+ (¥ —n—2mm) 35

[Tpu I'=0 mmeem
dS = D) 4mndk,.
Mpuven
S =4= 2 m..E”

9T0 3aBepmaeTt oupefeiesme GyHKIEE S.

MakcuMyMn W MuHEMYMH S B npepuolioskenmm, 9ro uepmoyi I' sapmaH,
DOIyYalTcd NPHPABHABAHUEEM HYJIO €e NpPOM3BOJHLIX, 4TO Aaer

X,;=8, Y,=mn+2mgm.

CooTBeTCTBYIOIIEE pPeHmenEe CHOBA HABIAETCH NEPHOJATOCKMM, HOCKOIBKY
BeamamHa Y ,— v, kparda 2=. Ilepmox T 3anam.
Fean 7 ge 3aganHo, TO HeOOXOQEMO cHavaja, YroOL OHUIIO

X;=8 Y,=n+2mx
H, IXpoMe TOro, 9To0H

s

ar =0
OTKYAA

F=C.

323. Temeps HaM HY}KHO HAQYYHUTHCH PACHO3HABATH HCTUHHHKE MAKCHEMYMH
¥ MCTUHHEIE MAHUMYME S} TCHCTBATEIHHO, 0 CAX ITOP Mbl HCKAJIK YCIOBHE TOTO,
qT00K NepBHEe MPOM3BOAHKE OT S GBUJIM PABHH HYJII0; HO M3BECTHO, 9TO 3TOTO
YCIOBHEA HEAOCTATOYHO, 9YTOGH CymMECTBOBAN MaKCHMyM; Hajfo eme, IT0GH
BTODHIE NPOMBBOJHEIE YHOBIETBOPHAIA ONpPENENeHHHIM HEPABEHCTBAM.

Ipepmoxo:xum cuadasa, 9TO MHl HAXOZHMCA B yciaosmax un. 319, m Oymem
cauTaTh 7 3aJaHHEIM.

13 A. HOyanxkape, T. 1I
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IIycrs
z,=9,(t), y,=¢;(t)

— NepHoJMUeCKOe pemieHme ¢ nepuojoM 71, TaK d9To
9, (0) =, (T), ?; (0) =, (7).

JTOMY pEIEeHAI0 MOKET COOTBETCTEOBATh MAKCHEMYM HIM MAHBEMYM (QYHK-
mmz S.
Ilyers
I, =9, (t)+xi’ !f,-:?; (t)+y;1

T, =9, (t) + x;'lv y; =9, () + y'.{

— ABA DEINGHWA, OYeHb MaJIO OTIAXYAIONIEECH OT JTOT0 HEePHOAHIECKOIO pe-
IIeHHA.

fl npepmoxoxy, wro z, ¥, Z, Y; AOCTATOIHO MaJbEl, YTOOB MOHO GsLIO
npeaefpedh X KBajpaTaMm M CUMTATh HTH KOJHYECTBA YIOBJIETBOPAIUME
ypaBHeHwAM B Bapuanusx (cp. raary IV).

IIyers & m v, — swauenus z; m y; upn ¢t—=0; X, u Y, — snadenms z, u
y; opu t=T.

Jias Toro aro6sl ysHaTh, ¥MeeT M S MAKCHMYM MM MMIMMYM, JOCTATOYII0
HA3yIUTH COBOKYLIHOCTH WIEHOB BTOPOH cTemeHy B pasioskenuy S o creme-
aam £ @ .

Ho xerxo BupeTs, YTO 3T COBOKYIHOCTH WIEHOB CBOTUTCS K

r ’ rgr
Z (X;'"]i - Y:'Ei)'
E(x;.’/:‘—‘ffﬁx:‘)- (1)
Cornacuo m. 56, 3T0 BhIpa)ieHme AOIH{HO CBORUTHCH K IIOCTOAHHOM.
KaxoB Buj 00mero pemesus ypaBHeHMA B BAPHAUUAX?

Ecnm mMeercst n creneneir cBoOOME, Mul 6yAeM mMers n—1 9acTHRIX pente-
HUi BHAA

HNaygum sBIpanienue

r;=ewf, (1), y;= e“kte)’c, ; ().

Benwgumsr a, — xaparTepEcTAmYecKue moxasareiu, a 0 — mepmonmueckue
éyrrnEu ¢ nepmomom 7.
Mu 6ynem umers eme n—1 pemenmit ruga

z = el (1), y;=eH0; (1)

COOTBETCTBYIOIUX IOKa3areafM — a,, KOTOPHE PaRHH n—1 noxrazarenam a,,
H OPOTHBONOJOH{HEI HM IIO 3HARY.
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Mu 6ypem mMeTs OYEBHIHOE peElleHme
5=, =3
B, HaKOHeN, 2n-€ 9YacTHoe peleHme 6Gyner
g=t3 g, =ty
CrepoBaTensuo, ofiiee pemeHne MOMKHO 3aOUCATHE B BUJE
Zi= N A0, (0) + 3 Bt () + C o+ D(t % +,),
vi= D Ak () + D B (0)+ C i+ D(1 5 +40),

rne A, B, C, D — nocrosHHEEe WETeTPHPOBAHHUA.
Mp 6ymeM mMeTh TaKiKe

z= 3 Aty () + D Bie ety (1) + C' s D'(t B | kP.-)

¢ aHajJormuBoi (OpMydoR NI Y.

Bénnuman A’, B’, C’, D' — HOBble DOCTOSHHEE,

Ioncrasum »TH 3Ha4Yenmsa B BHpaykenue (1); aTo Bhipaykenme craper Guau-
Heio¥ (opMOH OTHOCHTENLHO JABYX PSHAOB IOCTOAHHBIX

A, B, C, D,
AI’ Bl, Cl’ DI
Tak Kak ara gopma RoikHa 00paImaThCs TOKAECTBEHHO B HYJIh NpH

A=A, B,=B, C=C', D=1D/,

To 0Ha Byner nuBeitnoil ¢opMoil OTHOCUTENRHHO ONPEIeNIUTeNel, CofeNKAMHUN CA
B MaTpRIE
” A, B, A, B, ...A,_, B, C D

A B A, B, ...A, B, C D

n-1

Koadpduumentn 2T0it amHeliHoi (GOPME A0JKEE OBTE ULOCTOSITHLIMU,
HOCKOABKY BHpaskeHEe (1) 0JKHO OPUBORMTHLCA K NOCTOAHHOM.

Boo6me rosops, HE OJAWE M3 XapaKTepPHCTHYECKMX MNOKasaTeneil ue
Oyzer AyieM W HHKaKWe [Ba M3 3TUX mokasaTenell He OYAyT paBHH MEXKAY
coboi.

13+
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Mun 6ymemM uMeTh OYEBHAHOE peEMeEHHne

,__d%' I,__d?1
=3 Y=

¥, HaKOHeW, 2n-e YacTHoe peueHme Oyner
G=tF i,y =124y,
CrenoBaTennHo, ofmee pemeHHe MOMKEHO 3aOMCaThk B BHJE
z= X A, () + ) Bt () + C 4 D (¢ +3),
vi= 3 Ay (1) + X By (1) + C 4 D(1 % 4 y),

rne A, B, C, D — nocTosHHEE HHTeTPUpPOBAHUA.
Mn OymeM mMeTh Takike

Z = 2 At (1) + 2 Byt (1) +C' & 4 Dy (t B9 | )

¢ aHajxoruuso# Qopmymolt auH Y.

Béamumant A’, B’, C', D' — HoBbE DOCTOSHHBIE.

MoncraBum aTH 3HaveHmsa B BRpaskeHue (1); ato Bhpaxcenme craser 6uiau-
Hei110# (OPMO OTHOCHTENLHO JARYX PHJIOB IOCTOAHHBIX

4, B, C, D,
A, B, C', D,
Tak Kak ata ¢opma RoJd:KHE 00pamaThCs TOKNECTBEHHO B HYJbh NpH
A,=A, B,=B, C=C', D=1D/,

TO OHa Gyner nuHeiiHOW GOPMOI OTHOCUTEALHO OUpPEeNUTEeNEH, CoflepHaMuXCa
B MaTpmie

A, B, A, B, ...A_, B, C D
A, B A, B, ...A", B., C D

Hosdppuumentn atofi amueiiHoir ¢GopMBl A0JKEN OHTH LOCTORNHLIMM,
HOCKONBKY BHpaskenme (1) J0JKHO UPUBOXETHLCA K LOCTOSHHOM.

BooGme roBopss, HM oOjEH M3 XapaKTEePHCTHUECKWX MNOKasateneii wue
Oyner HynleM ¥ HMKaKWe JBa M3 DTMX HOORasaTenell He GYAYT PABHH MEKALY
coboit.

13+
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OTKYAa
2 (X, — YE) =2 M, (e —ewT) A, B, — NTD 3)

324, Jnn pacemorpenwma ypasHeHus (3) HeoOXOXMMO pasiH4aTh He-
CKOIIBKO CIy494aeB:

1. Ilorasatenu =-@, Bem[@CTREHHH; TOr[a PYHKIUM

O, 00 B i Oin 0%,
TAK)Ke BEIeCTBEHHH.

2. Tlorkasarenu +a@, YHCTO MHUMEE, ¥ KBaJpaT &3 — BEIIECTBEHHOE OTpPH-
OaTeapHOEe 9HUCJIO.

Torpa gymxnuw 6, , n 0 ,, 0, , m 0}  —kxommiexchme conpmkennre
qucna.

3. Tlokasatenm +=a, xommiexcusie. Torga cpeam XapaKTepPUCTHISCKIIX
noxaszaTeneii Gy/eM EMeTh NOKasaTelM +a;, KOTOPHe OyfyT KOMIIEKCHLIMY
COUPA/KeHHEIMM C LOKA3aTeNAMH +a,, a
00 07,0 07

e/l" Fa$? T7a8? Vg

OYAYT KOMOJEKCHHMHM COONPHAKEHHHMH ¢
r ” Y J
By, 00 O o 8 6

k, 9 kys*
IIpennonoxumM Temepph, UTO BEIMYMHH Z, M JJ; BemlecTBeHHH. [l1A Bhiulc-
nenma mocroaHERX A, B, C, D GyneM wummers 2n ypaBHenmil, KOTOpHE
mony4aTcs, €clHM B YDaBHEHAW, JAloOMeM I, HOJI0KHTH, HAUPHEMED,

t=0, t=7, t=2T,...,t=(02n—1)T.

Otn 2n ypaBnenmit nuHelHH OTHOCHTeNBHO 2n HemssecTHwXx A, B, C, D.
[IpaBue gacTw BemecTBeHHW, a KOSPOMIMEHTH — BEOIOCTBEHHHE MIM KOM-
DJIEeKCHHEe MONAapHO CONPAMKEHHHE.

Ecin samenmts \V—1 BAa —\/—1, TO

1) A, m B, He MeHAKITCH, €CIM &, — BEIECTBEHHO® YMCJIO;

2) A, v B, B3aNMHO MeHMIOTCA MECTAMH, ©CIH &, — YHCTO MHIIMOE
qUCAO;

3) A, m B, mepexopar B A, u B,, ecmm @, — KOMOJIEKCHOE YHCIO, CO-
UpPMKEHHO® C &.

Wrax:

1) A, mw B, BemecTBeHHH, KOFAa @, BeIeCTBEHHO;

2) A, m B, KOMOlIeKCHHE COUpMKEHHHe, KOrJa &, — YHCTO MHMMOE THC10;

3) A, uw A;, B, m B,—KOMIVIeKcHNE CONPAKEHHHE, KOTAR &, — KOMI-
eKCHO® UMCI0, CONPSKEHHOE C &,.

Haxowen, C ¥ D BemecTBeHHH.

9TE ycloBAA, KPOMe TOTO, JOCTATOYHH, 9TOOM z; ¥ Yy, Gmam Beure-
CTBEHHHI.
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Hagum mocroanuem A,, B, C, D tax #xe, kak nm nocroanusM A,, B, C',
D', sragenus, YAOBJIETBOPAIOIAE STEM YCIOBHAM. Torpa mpaBas 9acThb (2)
RoJkHa GBTH BEMIECTBEHHOU; a His Toro groGn sro OuIo Tak, HEOGXOMMMO:

1) 9ro6u M, O6HNO BeIECTBEHHHIM, €CIH o, — BEMEeCTBEHNHOe YMCIO;

2) yroGsl M, ObIJIO YUCTO MHEMHM, €CIU &, — UHCTO MUHEMOE YKCIO;

3) uroba M, ® M; OnuE KOMINIEKCHHIMHE CONPSMKEHHBIME, €CIH @, O a;
KUMILIEKCHR® M CONpPSKEHHEIE.

®opma (3) comep:kaT wieH

M, (™" —e*") A, B,

1 He CONEPKUT XPYTAX WIEHOB, 3aBUcAmuUX ot A, uwin B,.

Ecanm morazarenp o, — BemECTBEHHOE YHCJIO, TO IPHCYTCTRAA 4UileHa
¢ A,B, nocrarosno, drobn kBagparmanas ¢opma (3) me morna OwTh ompe-
AeJIeHHO .

Takum oGpazom, ecnm xoTa Obl OMA-e[HHCTBEHHHEIA IOKAasaTelb a, Be-
mECTBEH, TO PYHKUUA S He MOKeT MMEeTh HM MaKCHMMyMa, HH MHUHEMYMA.

IIpepnonoxum Temeps, 9T0 ABA HOKa3aTensd o, W o; KOMIUIEKCHBE U CO-
LpsKEHHBIE.

O6pataM B HyaAh BCe MOCTOAHHEE, 32 HUCKIIQICHHEEM

A By, A;, B,
torga gopma (3) mpmmer BmA

M, (e P e“kT) A, B, + M’. (e=4T — e*iT) Aij.

9T KBa WieHa — KOMIVIEKCHEIE CONPsKEHHHIe, TAK YTo hopma (3) BemecTBeHHa.

ITpepnonomum, aTo A, He maMensdercs, a B, MeHseT auak; A 7+ KOMILIEKCHO
coupsikenHoe ¢ A,, TaKme He M3MEHUTCH, a B - KOMHJIeKCHO CONPAKEHHOE
¢ B,, usmenurca Ha —B ..

CrnepoBarensHo, dopma (3) usMeHMT 3uaK; TakAM 00pasoM, OHA HE MOIKET
ObITh ONpPEfeJeHHOM.
Wrak, ecnm opuH m3 mokasatedeil o, — KOMIUIEKCHBIA, Qysrnusa S He Mo-
MeT MMETh HE MaKCAMyMa, HA MHHKUMYMA.
Ilpepuomxoskum Temeps, 9TO @, — YMCTO MHEHMoe wmciao. Torga A, m B,
KOMIIEKCHO COIPSKEHH, a mpomsBefenne A, B, paBHo cymme JBYX KBajpPaTORB.
s Toro 4yTob6n pyrkmua S mMena MakcamMyM, HeoGXOMMMO M JOCTATOYHO,
aro0K BCE KOJIUYECTBA
M sin 2L, _NT
V1 vV
OblIH OTPHIATENBHSB; OAA TOTO 4ToOb S MMenra MUHEMYM, HeoOXOTEMO X HO-
CTATOYHO, 4YTOOKI BCE 3TH KOJIWAIECTBA OBLIM HOMOIKKTEIHHE.
Bamao 3aMeTETh, 9YTO BCe 9TM KOJMIECTBA BEI[ECTBEHHH, TAK KAk
Mo o
Vi vV—1

Bell(eCTBeHHHKI.
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325. Rar #3MEHATCA 9TW PE3yJNBTATHl, €CIU IPEANOJOKATH, 9TO LIOCTOAH-
Haf MUBHIX CHJ PaccMAaTPUBAETCH KAaK OfWH K3 (MKCHADOBAHHHX IapaMeTPOB
sapnaau? Torma MBl UMeeM TOMECTBEIIHO

O /AF dF
24(%‘7’" +a Y =0,

e mpeanodaraercs, uto B dF/dz, dF/dy Bermamun z, m Yy, 3aMeHeHLl Hepuo-
nuaeckuMyu QyHrumamu ¢, (f) m ¢ (¢).

JeldicreuTenbHo, mocToaHHOe 3Hagenue PyHRumE F ROKHO OWTh OZHAM
¥ TeM jKe JIA UEPUOAUIECKOTO PpelUIeHHHA

T=9,(t) v, =¢;(2)

B s GeckomeuHo OAM3KOTO pemienms
=, )+ T Yi=9;(8)+y,.

ITO COOTHOMEHHE ABIASTCH JIMHCHAHBIM YpaBHEHHEM, CBA3RBaAIDAM IOCTO-
SAHHbIC
4,, B,, C, D,

K020OEOMEHTH KOTOPOTO NOJIKHEL OHTH HE3aBUCUMBIME OT i.

Orcropa BETEKAET, TT0 A, ¥ B, He [oMKHb (UIypHPOBATH B 9TOM COOTHOIIE-
HUM, DOCKOILKY 9THM NOCTOAHHLE BCErjja YMEOKAKTCA Ha €™, a ara no-
KazaTedbHafA QYHKIMA HEe MOMKET MCYE3HYTH.

HpoMe roro, C Tarkke He QUrypupyeT B HeM, OOCKOIBKY DPEUIGHUO

do; , dy;
z=o,(t) +CF,  y,=o;(t)+CF,

rne C — O9YeHp Malas NOCTOSHHAA, NOJIYJAeTCA M3 NePAORKIECKOI0 PeINenns,
eclnd JaTh BpeMeur OeCKOHEYHO Maloe mpupamesue C, @ COOTBETCTBYET, Caefo-
BATEJBHO, TOMY K€ 3HAYEHHMIO NOCTOAHHOM KUBHX CHI, 9T0 M DEPHOJHIECKOE
peuresnue.

Hame cooTHOmenue, KOTOPOE HE MOKET CBECTHCH K TOMKIECTBY, UDPUBO-
AMTCA, TakmM 00pasoM, K PaBEHCTBY

D=0.

Ho ecnim D — nyas, 1o uren NTD? ucuesaer us dopMu (3).
Jas toro arobs pynknus S gonycrara MAKCHMYM BIM MUHEMYM, Heo6Xo -
XuMo, TakuM o6pasom, 9TOGH BCE KONHYCCTBA
M . a,T
£ sin A=
v V1
AMeAR OXWH H TOT ;Ke SHAK.



200 Horbie Meroxmx meGecHoit Mexammkn, 11T

Ecnm umeerca TossKo nBe creneHu cBOOOALI, TO CYyIIECTBYET TOJBKO OJ(HA
M3 9THX BENUYINH.

Taxmm 00pa3oM, eciaE UMEETCH TOJBKO ABE CTENeHHW CBOGOAL M €CIH &, —
qdcTo MuuMoe, TO QyHkIua S Beerfna mmeeT NE00 MaxcEMyM, 100 MEHEMYM,

326. Ilpegmonosuy Temephb, 9T0 MK HaXOXAMCA B YCJIOBHAX I. 322, TaK 9T0
a8 =3 (X, — 1) (¥, + 1) — (¥, — 1, — 2m;m) d (X, + )l

u Oynem cumTars I moctogHHOM. Uto6H QymKumsa S mMeTa MaKCEMYM min
MUHEMYM, HeOOX0amMO npesKae BCero, ITo0b CyIecTBOBANO HEePUONHYECKOE
pernresue

;=9 (t)y Y= ()

¢ E+T)=¢,(t), ;{t+T)=19;(t)+ 2mm
B TaroM cixydae paccMoTpEM Onusroe peineHue
r,=9;(t)+ 2z, Yy, =9, )+ vy,

H XO0J| paccy:KieBdii Oyfer TakeM e, KaK BHIIE, PEayJbTATH Te JKE.

Jlaa cymecTBOBaHES MAaKCHMyMa WIM MEHUMYMa HEOOXOZMMO mpendye
Bcero, 4ro0sl BCe TOKAazaTel® o, ORI YUACTO MHAMHIMH; HeoOXOAWMMO 3aTeM,
9100H BCE KOJIHYIECTBA

rae

ObLTH OAHOI'0O M TOTO € 3HAKa.

Ecau cuuTaTh OOCTOAHHYIO JKMBHX CHJ 3agaHHoil, To D — Bnylb, 9ien —
NTD? mcuezaer, 1 mocrarodno, 4TobH BCE KOJHYECTBA
M . a,T
£ sin —E—
—1 —1

Onnn OBO0r0 3HaKa.

327. Yro mpowusoiiser Temeph, €CINA YPABHEHHA AONYCKAKT eme Apyrae
OMHO3HAYAKIE HHTEIPAJLl, OTIMYHEE OT MATETPAJa KABHX CHJ, H €CIH, Clef0-
BaTeIbHO, HEKOTOPHE M3 XaPAKTePHCTEIECKHX DOKazarelell DaBHH HYJIIO!

Kax yemgmEM, B B 2TOM CJydae MOKHO IPOBECTH PACCYKACHHA, aHAJIOTWI-
HEE NPENIIeCTBYIONIUM.

IIpeanono:xuM, HAOPEMEP, YTO HAWIM YPABHOHHES JOOYCKAIOT KpPOMe HHTe-
rpaia JKABHX CHJ efe p OJHOBHAYHHEIX HHTETPAJIOB

Fy, Fy ooy Fyy
Tak uro ckoGkm [F,, F,], cocraBiennne M3 IIap 9THX HHTErPAJoOB, PaBHH
HyA10. B Takom ciydae Me 3Haem m3 m. 69, uro 2p+2 XapaKTepECTHTIECKMX
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gokasareNeil paBsHEN Hymio. [Ipegnonokum, 9T0 BCe OCTAalIbHLC MOKA3aTeny
OTJIEYHBEI OT HYJA.

Torma mu GyfeM mMeTs n—p—1 Dnap DOCTOAHHBIX, aHAJOIMYHEIX IHOCTOAH-
BeIM A, u B,, n p-+1 nap nocroaurmx C, u D,, analornvaKHX HOCTOAHALM C
7 D.

Torga ¢opma (3) mpmmer BuR

Z M, (e=" —enT) 4,8, — ZNkTDzv

rae XN, TD} osHazaeT cyMMy 9IEHOB, aHAIOTHIHNX wieny N7 D2

Ecnm Mu GyneM cYATAaTh Temeph 3HAYeHHs HammEx p-1 HETErpaloB dafjas-
HHIME, TO Bce nocrosEssie D, Oymyr mynsmm, wiernn N,TD: ncuesHyTr, &
ycIoBUWeM Toro, 4TO00b S uMenla MaKCAMYM WIM MEHMUMYM, OyIeT CHOBa ycJo-

BMe, 4TOOKM BCE KOJUIECTBA
Mk: (e—ukT — eukT)

OBLIE OJJHOTO M TOTO Ke BHaKa.
f1, Bopouem, He OCTaHaBIHMBAIOCH HA 5ToM, W00 B Ciyuae 3afadd TPex Ten
Mu Jaubo OyaeM HMeTh Hello ¢ OTrpaHHYeHHOM samagedr 1. 9, aubo cMoxeM
YMEHLLIUTHh 9HUCJIO CTemeHeil cBoOOAH, ymorpebiss MeToAw OHYHKTOB 15 m 26.
Ho B cayuae npmsenenHnix 3agad nyakros 3, 15 u 16 cymecTsyer ToJabKO
OfIMH OJHOBHAYHHIA WHTErpaj — HMHTErpaJl KEBHX CWJI — M TOJLKO ABa IO~
KAa3aTeJAd PaBHE HYJII0, KAK MBI 5TO BAJEIW B 1. 78,

Peutenusi BToporo pojga ypaBHEHH# JUHAMHKH

328. 3amenmm T nmocaegosarenvuo wa 2T, 37,.. ., mT, .. .; dyasums S,
ompejeleHHas Bume, 3asucar or I; mycTh
S, = S(mT)

Bynem mckaTh MaKCHMYMH B MEHEMYMH (QyERNME S,, CUKTaA IEpHOL
T nocTosHHBIM.

Ecnu Mu1 paccMoTpuM meprofudeckoe pemenne ¢ nepuogom I', To oHO 6yner
TaKKe Hepuogmueckum pemenuem ¢ nepmopoM mT. Cregomarenhao, nepeBee
DponsBofELe S, PAaBHH HYJIO. '

Ilas cymecTROBaHASA MaxkCHMyMa MJIM MHEEMyMa He0OXOXUMO, Ipemiae
Bcero, ITo0s BCe NMOKA3aTeJu «, OBIIE YMCTO MHEMBIMU,

Ecan, manee, Bce XolImyecTBa

M, . maT
—== S1n 1
= — (1)

OTPUIATENbHH, TO Gy/IeT MAKCEMYM; €CIAH OHH BCE IOJOUTONBbHEl, TO Mu 6y-
REM HUMEeTH MUHNMYM.
Bor nmepBuit myHKT, Ba KOTOPHIA A XoTex OH o6paTuTh BEMMaHMe,
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Ecam Mnl magum mesoMy m BCEBO3MOMKHEIE LleNble 3payenns, To n—1
rosrmyectB (1), BooGige TOBOPA, AaAyT BCEBO3MO;KHEE KOMOMHAIIMM 3HAKOB,
JeficTBUTENLHO, TOJOMKUM I KPATKOCTH
T
%k Py )}

Vi

B OycTh
z, = mw, + 2m,x.

HManum m u m, BCeBO3MOKHHE IOJIHE 3HAYCHUA; €CIH MLl PACCMATPHUBAEM
Zy, 39y . . +y %, KAK KOOPIMHATH TOYKM B IpocTpaHcTBe n—71 mamepesni, 1o
moJaydmM TakuM o0pasoM OGeckoHeuHoe dmcio Touek. fl rosopio, ure B a6
CKOJBb YTOOHO MaJIOX 4acTm mpocTpaHcTBa n—1 umamepeHuit 6yner GeCROHEYHO
MHOI'O 39THX TOYEK.

Jxs Toro 4To6sr 9TO HOKA3aTh, A KOJIKEH TOIBKO OOPATUTHCH K paccyHie-
HMAM, € NOMOMBIO KOTOPHIX YCTAaHABIUBAETCH, UTO ONHO3HAYHAA (QYHKIUA
OT . BeIECTBEHHLIX [IePEeMEHHBIX He MOKeT uMeTh 12+1 pasiuyHbiX IepHOJOB.

Beamuuabl, 3anucasusie B Ta0anue

@y, (1)2, ? u)n—l ’
2“1 0’ ) Ov
0, 2r, ..., 0,

ATPAIOT B 9TOM PACCYIKIEHHH POJNb IEPHOKOB.

Mn nMerrn 651 MCKIIOTEeHUS, €Cau OBl 9TH TEePHOAH He OLIIM HEe3aBHCHMEIMI,
T. €. ecay On OgHA M3 BeJAWInH o GHIIA comaMepuMma ¢ 27 wiam, ecam Gul BooGme
CYIDECTBOBAJIA NPHeWHaA KoMOMHAMA 2, JONYCKAIOIAS TOJBKO OJUH TIEPHOX,
T. €. CYINeCTBOBAJO COOTHOIIEHWE BHIA

by, + by, 4. ..+ b, 0, 4 2rb, =0, (2)

rae BeNWM4WHBL b — YeNme vmeaa,
OcraBuMm cHadalJa B CTOPOHE 3TOT MCKJIIOYMTENIBHHA CJIydail; KOJIMYECTBa
(1) 6yayr paBHEHI

M sin z
Ve ke
CkasaTk, 9TO MO}KHO BHIGpAaTH I[el0e UUCIO M TAK, YTOGHl BT KONHIECTBA

COCTABMIM KOMOMHAOMIO 3aJaHHOTO 3HAKA, 3HAYMT CKAa3aThb, YTO MMEIOTCH
q@ciaa z,, YAOBIETBOPAKINHAE HEPaBEHCTBAM BHAA

a’]<zl <a1 +“’ a2<z2<a2+“v LU 1) a,,_1<z,,_1<a"._] +“1 (3)

rne BEJIAYUHE @, PaBHBL 0 mam .
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Ho 370 Kax pa3 W BHTEKaeT HeMeJJEeBHO M3 TOTO, 9TO ML TOJILKO 9TO CKa-
3aJIM BLIOIE.

Ilepeitmem k caywalo, Korga mmeercd cootuomenme Bupa (2). Mo Bcerna
MOKEM ITPEeLOJOKATH, 9T0 I[6JIHe 9ACIa & B3AMMHO LPOCTHIO; B 9TOM CJIydae

BHIDa’KEHHAO
b2y +byzy 4. .. 4+ b, 2, (4)

JonyCcraeT B Ka4decTBe eJUHCTBEHHOIO0 Iepuoaa 2,

Jis Toro 4ro6hl He CYIMECTBOBAJIO UHCEN Z,, YAOBIETBOPAIIAX HEDPABOH-
cream (3), HeOOXOZAMO M HOCTATOYHO, YTOOEI Pa3HOCTh MEKAY HaAMOOJBUIEM
4 HaOMEHBINIHM 3HAYSHMEM, KOTOpOe IpPUHMMAeT BepaskeHue (4), Korjga Bejd-
9@EaM 2, JA3I0T BCe 3HAYEBHA, COBMECTUMbe ¢ HepaBeHCTBaMH (3), urobnl aTa
pasHOCTh, TOBOPIO #A, Onia MeHbme 2, T. 6. HEPUOAA BHpa:keHUS (4).

Ho sra pasHocTb, 0YeBUIHO, paBHA

(TN S S + [ bpa s
CJIeJ0BATOJIbPHO, MBI J{OJH{HBI HMETH
1Dy 416y 4.0+ 16,1 << 2 ©®)

HepaseRcTBO MOMET MMETH MECTO TOJILKO B TOM CJy4ae, 6CJH BCe b paBHE
HYJI0, 33 HCKIIYEHHEM OJHOTO K3 HUX, KOTOpoe JOLKHO OmTh paBHo 1.

B arom crygae o, noKHO GHITH PABHO KPaTHOMY 27; 3TO 03HAYAeT, 4TO &,
DOMKHO GBITH HYJIEM, IOCKOJBKY @, ONpPeleleH0 TOJIbKO C TOYHOCTBIO O KpaT-
soro 2x\—1/T.

Ho Mul KaK pas WCKIIOYMIH clIydall, KOTZa OAUH M3 UOKasaTejell a, paBen
gyaio. PaBeHCTBO MOKET MMETh MECTO, TOJBKO €CIH BCE b HYJNHW, 33 MCKIIOYe-
HMEM JBYX H3 HHEX, KOTOpPHE [AO/KHH OHTH paBHBL +1.

Torga cyMMa WIu pasHOCTB ABYX M3 w, GyIeT KpaTHoH 27 M €CJIU MH 3aMe-
THM, 9TO @, OTpe/e/ielikl TONBKO C TOYHOCTHIO 0 KpaTHOro 2x\/—1/7, ME Moxen
chopMyIMpOBATE 3TOT pPe3yJabTAaT KPYIMM 0Gpa3oM: XBa XapaKTePHECTHYECKHX
nokasaTens OyZyT paBHBIMA.

OT0 eAVHCTBEHHHI MCHJIOYUTEIBHEI chydai, KOTOPHE CymIeCTBYeT
¥ KOTOPHI# JIErKO MOKeT OHITh MCKIII0OYeH U3 pPacCMOTpeHHA,

329. Ilpexguoiio;kuM Temepsb, 9TO pacCMATPUBAEMEIE YpPaBHEHWA JMHAMHAKA
3aBHCAT OT HPOM3BOIBHOTO JIAPAMETPA ., HOKOGHO TOMY KaK 3TO MMeeT MEecTo,
KaK MBI 3HaeM, B 3aa9e Tpex Tell.

Horga Mbl HempephBHO MeHsAeM p, OEPUOJUISCKOE DETIeHWe

z; = ¢, (L), y; =9, ()

OymeT TaKKe MEHATLCA HENPepHBHEM 00pasoM, B deM MOIKHO YOeTuThCA
npuw 9reEum raaBet 111,
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Konumuectsa M, raxske OynyT WM3MEHATHCA HEUPEPHBHLIM o0pasoM, Ho,
Kak 610 00DBACHEHO B 1. 323, OHU HUKOIZA HE CMOIYT OOPATHTHCA B HYIb;
CJIe0BATEIbHO, OHM BCETAa OYAYT COXPAHATH OfMH U TOT K€ 3HAK; HO KaK pas
TOJIBKO MX 3HAK HAC M HMHTEPECYET.

IlocTosnnasn MuBbIX cuil OyAeT CIMTATHCA ONHMM M3 (HKCHPOBAHHBIX Ha-
pPaMeTPOB 3a[a9y; STOT MapaMeTp MOKET 3aBHCETH OT u, U MbI BROEPEM €T0 TaK,
71066l mepmox I NepHOJUYeCKOr0 PENeHHS OCTABAJCH IOCTOSHHEIM.

[Toxasatenm @, GyNyT Tawkxe MBMEHATHCA HEIPEPHIBHO, KOTXA MHL Gynem
HENpephrBHO MEHATH g; MOCMOTPHM, KAaK OPOMCXOMUT 3TO M3MEHEHUe B CJIydae
sagaun tpex Tei. Hpu p=0 Bce mokasarTenm paBHH HyJN0; BHO KaK TOJBKO p
nepectaer GHTH HyJeM, NOKA3aTeN¥ TaKie NEepecTaloT OHITh DABHWIME HYJIIO;
ONUH M3 3TUX LOKa3aTeleil cMOMKeT OOpaTHTHCA B HYJIbL, MIM CTaTh PAaBHEM

kparaomy 2n\/—1/T, wuam craTe paBHEM [APYrOMY XapaKTePHCTHYECKOMY
O0Ka3aTelo TONBKO JJIA OOPeJeleHHHX YaCTHHX 3HA4eHHH p.

330. Paccmorpam Taxkoe IEepHONRYECKOe pemieHue ¢ mepmopoM I, TT0 BCe
OOKa3aTeJl @, YMCTO MHUMEIE; BLILIE MBI Ha3BAJHX 3TO YCTOMYHBEIM DEIISHUEM;
Mbl JOKA3aJIM CYIIECTBOBAHKE 3THX pemenmi B raasax III m IV.

Paccmorpum opmm M3 mokasareleilf, maupuMep a,; xoraa p Gyjmer mame-
HATHCH HEIPEPHBHLM 00pa3oM, BeimumHa «,/\/—1, xoTopas BemecTBeHHa,
Oyner GeckoHedHO MHOrO pa3 CTAHOBUTHLCA cowaMmepumoir ¢ 2T,

Hapgum p Takoe sHAYEHHE p,, ITO
ay _ 2km
v=1 7"’

rie k W p — B3aMMHO DpOCTHE IEINHe ducid, KOTOPHE, KpoMe TOro, He co-

OTBETCTBYIOT MAaKCHMYMy WIM MUHHMYMY BeluuaHHH @ /y/—1.
Mu yBugum faabme, B 0. 334, nmodeMy g nmmy B gucaurene 2kw, a e k.,
Ha BCAKOM CKOIb YrOHO MAJOM HETEpPBaJe HMeeTcd (ECKOBETHOe YHCIO
gono0HKX 3HaYeHMI.
Ecnu m — raxoe-HubyAs meaoe IUCI0, TO AJA 3TOr0 3HAYEHMA {1, BHpa-
YHOHHO
M, i pma,T

—1 V1

paBHO HYIIIO; KpOME€ TOro, TaK KaK P, He COOTBETCTBYeT MAaKCHMyMY MJIH

MUEEMYMY BeIMIMEH &,/\/—1, 8T0 BripakeHme M3MEHMT 3H&K, KOTAA { mepel-
ner or p,—e K pye.

ITpepnomno;xuM, HAOpAMEp, ITO OHO IEPEXOJUT OT OTPHIATEJHHOIO 3HAde-
HUA K IOJOKHTEILHOMY.

Paccyxpan, Kak B m. 328, Msl yBHAMM, 9TO MOKHO BHOpPaTh TAKOE I(EJ0e
9ACJO M, YTO BHIPAKEHUA
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OPeJICTABIAIOT BCE BO3MOKHEG KOMOWHAIME 3HAKOB H, B 9aCTHOCTH, YTO BCE
OHH OTPHUIATENbHH.

Opu sTUx HpepmoMOAteHEMAX HPH p=p,—e Hama Qymxnous S, ,Oyrer
AMETHh M3KCHUMYM, IIOCKOJEBKY BCE HAIUM BHIPLKEHUA GyayT o'rpuuarenmxmm,
HO OpM p==p,+¢ mepmoaudeckoe pemenwme e GygeT Gonee COOTBETCTBOBATH
MaKCEMyMy S HOCKOJBKY OFHO W3 3THX BHPa)KeHUWA CTAHET IIOJIOKH-
TEJIbHAIM.

m, p?

Teopemsl 0 MaxKcuMyMax

331. Axns Toro urobsl mATHM manbmie, HeoOXOJUMO KOKA3ATH OXHO CBOMCTBO
MAKCHMYMOB; NIYCTh V — QYHKOUA TpeX HEPEeMEHHHWX Z,, Ly U Z, PABIOKAMAA
00 BO3PACTAIOMMM CTENEHAM 3THX Tpex uepemMenHux. fl opemnoaaraio:

1) aro npm z,=z,=0 ¢ymknma V obpamaerca B HyJb TAK A€, KaK 4 ee
opomspogare dV/dz,, dV/dz,, u aT0 umeer mecro, KaxKoBo On Hm OplIO 3;

<2%) aro npE Z,=%,=0 V wummeer makcmmyMm mpu z >0 u MuEEMyM npm
z .

fI romopio, 9ro ypaBHEHHHA

a
<

av
_-d—-=0

OyayT RONYyCKATh BEMIECTBEHHHIO POINGHUs, OTIHYHHE OT pemeHus
T, =2,=0.
JedcTBuTenpHO, pasiokuM V IO CTeNeHAM Z, W IYCTh
V=Vy+zV+22V,+. ...

Oyaruun V,, Vy, Vg, . .. pasioKumbl, B CBOI0 04Yepeib, 110 CTeNeHAM
Z, ¥ I, MO TH pa3noxieHnA He OyAyT COMep:ATh HM wienos crenenw (, HE
yIeHOoB creneHym 1, TaK Kak upum JI060M Z MH JOJDKHH AMETh

4V av
dzy dxg
opur z,=z,=0.

Kpome Toro, V, Tak:Ke He CONOPIKUT WICHOB BTOPOil CTENEHU. B IPOTURHOM
caydae upm uepexone or z > 0 k z << 0 mMut ge cMoruu OBl mepeiiTH oT cay1Tas
MaKCEMYMa K CJIyJai0 MEHEMYMA.

Hanporus, V; 6yaer conepsxaTs 4ieHb BTOPOH CTeNeHM, IO KpaWiHeil mMepe,
MH 3TO IpeAunoiaraeM. Torga paccMOTpEM ypaBHEHHHA

__ Ve dvy de
— dz, tz dz; + + (1)
dV0 aVy | dV2

0= + d.z + d:r

0 pas3pemeHAr KOTODEIX HABT Dedb.
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Ilyers U, n U, — 9nens HauAmsmeir crenenu pyrrnmil Vo u Vy; coraacuo
TOMY, 4TO Mbl Bugean, U, — Bropoi crenenu, a U, — crenenu p, rge p Goxsme
ABYX; MOJOMUM

(p—2p=1; z,=uyt; T,=yt; V=Wt?, z= 4177
QOyrrumio W MOMHO pPasjIoMKETh [0 CTENEHAM I; HYCTh
W=W,4 tW, 4 t2W, 4 ....
OueBuUgHO, MH HMeeM
Wo=1Ut?2+ Uit ?=+U;+ U,

rne U,=Uit2? u Uy=Uy? — nBa ONBODOAHEIX IOJHMHOMA OTHOCHTEJNbHO
Y, 4 y,, OfuH — cTenemm 2, ppyroii — cremesu p. fl Gepy sHak + mam —
COTJIACHO TOMY, KaKuM #A NpAHAI z= +({P 2, BupaeHue

OyAer TaKKe pa3JOyKEeHHLIM 110 CTEOEHAM £, KOTAA Mbl 3aMEHHM B HEM 2, U Z,
Ha Yl # Y,t; oHO OynmeT copepKaTh MHOKMTEJEM OIPEeNelJeHHYIO CTEeNeHb t;
paspeiuM ero Ha 3TOT MHO}SMTEAbL, M nycThb H ecrs uyactumoe. JTo usGTHOE.
6yaydd pa3IoKEeHHBIM OO CTENEeHAM f, 3AUHIUETCS B BHAE

H=H,+ tH, 4 2H,+ .. ..

H, GynmeTr MepBEIM M3 BEIPAKGHWH

He o0paunaoumMcs B HYJb.
Y pangeRusA

MOKHO 3aMEHUTb CJIeAYIOUIUMU:

H =0, ‘di_‘ﬂ=o,
Y1

B 5 JIOKaKy YTO MOKBRO HAWTH BeJIMYUHBL ¥ U3 ITUX ypaBHEHUHA B BULE PAMLOB,
PACIOJIOH{EHHKIX 110 LEJhM X JPOOHBIM CTeneHAM £, o6pamanomuxcs B HYHIb
BMECTE € !, ¢ BCIECTBEeHHNMHM KO3(PUINeHTamMu.

Juis aTOro J0CTaTO9HO YCTAHOBUTH, COTIACHO IYyHKTaM 32 u 33, 9ro npwm
t=0 aTH ypaBHEHUA AONYCKAKT GEUECMEEHHO0E DPEIICHHS HEUemHo020 Ropadka.
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Ho npm £=0 sty ypaBHEHHA CRODATCA K

WIM Ke
W, dU; _dW, Ui _ g 9
dy1 4y» dy, dy; (<)
v
L dUL y dU; 5
+ dy1 + = 3)

Ypasaenue (2) o3HadaeT, 9TO €CIA TPEANONOMUTH, YTO Y; M Y, CBABAHH
coorHomerneM UU,=const, To W, nonyckaer MaKCHUMYM MJIM MAHEMYM.

Ho, ecanm cuutarth Yy, ¥ Yy, KOOPAMEATAMHA TOIKH Ha ILIOCKOCTH, TO COOTHO-
menue U =const npejcrasuT 2IANMIC, TAR KAK KBaaparngnan ¢opma U,
(u, cnegosarensHo, Gopma U)) gomxEa OHTH onpefelenHOH, aTo0H dyuKknun V
MOIJIA IONYCKATH MAKCUMyM miu MuHumMyMm. Ho Tak xaxk smruic — 3aMKRBY-
tTag KpuBad, To Gyuxkmua W, momxEa uMeTe, Mo KpailHe#d Mepe, oouB MAKCH-
MyM 4 OJMH MUHMMYM, KOUfa TOUKA Y,, Y, OYHET OIMACHBATEL 3Ty 3aMKAYTYIU
KPUBYIO.

CrepjoBaTe =HO, KaK0BO OH HU OHLIO IOCTOSHHOE 3HAaT€HUE, TPUCBOEHHOE
U;, ypaeuwerume (2) Oymer pgonyckaTs, II0 Kpaiimer Mepe, /iBa KOpHA,
1 RpUMOM 06a KOPHS HeuemHoz0 nopsadka, uGo MK BEAenu B 0. 34, 970 MaKCH-
MyM MJIA MEHUMYM BCETHA COOTBETCTBYeT KOPHI0 HEUETHOro Mopsanka. Bopo-
yeM, BJIech, KOTJA MbI HMEEM TOJHKO OfHY He3aBUCHMYIO IepPEMEHHYI0, TeopeMa
o. 34 nodrm o9eBHIHA.

Ilpu 3THX yCHOBMAX CJERYET Pa3nuvdaTh [Ba CIYyHasd.

Ilepenii cayuaii. U, e aBigercs cremeHblo U[; B 3TOM cilydae MH He nMeeM
TOKIECTHEHHO

dWodU] _dwodUj __

CnepgoBatensuo, mMu mmeem W,= W, u

__dU dU;  dUjav;

Torga ypasunenme H,-=0 ofHOPOXHO OTHOCUTEJIBHO Y, H Y,. HaroBo 6
HE 6LIJI0 mocTOsSIHHOE 3HauyeHue, IpucBoeHHOEe ), OO JacT HaM [IA OTHOIIe-
HEA Y,/y, ONHO W TO Ke 3HAVCHHE.

Taxum oGpasoM, M HaiijeM CHadana y,/y, u3 ypaspeHEH (2) U COraacHO
OpeABIYIEMY IOy INM, 0 KpailHeil Mepe, [Ba PEUICHHMA HEIETHOrO NOPALKA.

IIycrs y,/y,= @,/ @, — 0fHO H3 9TUX PEINCHUI; HOTOKUM ¥, = AU, Yf,= Agli
¥ TOfICTABEM B ypaBHenue (3); mOTyIdmM

U,= Auf, U= Bu?,
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s ypaBHeHue (3) ImpHUBegeTCA K CIOAYIOMEMY:
Au??+ B =0,

Ecam p—2 — HedyeTHO, 3T0 ypaBHEHME JACT [JIA U BONIECTBEHHOE 3HAYCHHE
Eciu p—2 — uqertHoe, ciegyer pasimyaTh ABa CIydYas.
Ecaim A m B — ojHOro m TOTrO e 3HAKA, TO Mbl BO3bMEM HILKHHM 3HaAK

Auf?__ B =0,
Ecau A u B — DIpOTMBOLIONIOKENX 3HAKOB, ME BO3bBMEM BEDXHMHA 3HAK
AuP2 4 B==0

)7 Gsz;eM BCerja EMETh AJiA U [JgBa BEIECTBEHHLIX 3HAYCHHA.

Bo Bcex CJIydasaX O9TH BeMeCTBeHHHI® pPEMEeHHA CYTh IIPOCTHIE.

Taxum o6pasom, ypaBmerms (2) m (3) Bcerga AONyCKAalOT PeIIeHNs HedeT-
BOTO HOpPSAKA.
Bmopoii cayuaii. Mu nveem

U, = AU,

B aTom ciyuae MH HauHeM ¢ paspemeRmsa ypaBHeHHA (3), KoTopoe 3and-
CHIBAGTCH B BHJE

P ’_1_’__1
2AW) 11 =0.

Idro ypasBenue jgaeT 3Hadenue U; 9T0 3HAYGHME BEIECTBEHHOE W I POCTOE;
HO STOr0 HEJOCTATOYHO, Tak Kak U; — ompefeleHHO-oTpHIaTeNbHAA dopMa;
AAf TOro TTOOH peUIeHME TOAMIOCh, BeoOXoaumo, 3TOOH HaifeHHOe 3HAYCHHE
U, Onilo oTpHMaTeNbHLIM; CIe[0BATEJIBHO, MH Bhifepem 3mak +.

[Tocne Taxoro onpenenesnsa sgagenus U, Mu npunucuBaem U, 3T0 TOCTO-
AHHOE 3HAYCHEE ¥ [JJIA PAa3Pemends ypaBHeHUA (2) MEL JOIIKHLI TOIBKO MCKATh
MaKCHAMYMH ¥ MAHUMYMEH QyEKomEi WV,. RHak MB Brmenau, BHaligeM, 1o Kpainei
Mepe, ABa pelleHAs HeYeTHOrO IOPHAAKA.

Wrak, Mu ycranoBuIA, 9To ypasHeHns (2) m (3) Bcerxa MMeIOT BemIeCTBEH-
Hble pemieHmA HedeTHoro mopapgka. TakmMm obGpazom, Teopema, cdopmyampo-
BaHHAA B HAYaJe 3TOr0 IYHKTA, KOKABAHA.

332. llycrs remeps V — dyErnma n--1 mepeMeHHBIX
Zyy Tgye ooy &, A Z.

f1 mpepmoxara:
1) uwro V pasnoxmMma IO CTENGHAM I H 32;
2) 9ro mpum

z,=zy=. ..=2,=0,
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KaKoOBO Obl HE OHIIO Z, MH HMEeM

v dv av __,
dz, dz,

dzl

3) paccmOTpPHM COBOKYHOHOCTb WIGHOB V BTODOR CTENeBH OTHOCHUTENLHO Z.
OHE OpeAcTABIAKNT KBafipaTHIHY0 (OpMYy, KOTODYI0O MOKHO NIPHDABHAThL
CyMMe 7 KBaJpAaTOB C UOJNOMKHTOIBHHMH HIM OTPHI@ATONLHHMHE Kodddmmuen-
TaMH.

fI npegmonarao, 4T0 KOTJA Z HEPEXOAUT OT HOJOKATEABHEX K OTDRIATEIb-
HEIM BHAYEHHSM, [BA K3 OTHX 72 KO3PPHIHEHTOB IePEeXOAAT OT OTPHIATEIbHbIX
K IOJOKHTEIbHKEM 3HAYCHHAM ¥ 9T0 n—2 0CTAIBHKX K03(HnueHToB He 06pa-
IAIOTCA B HYJb.

fI romopw, UTO NP STHX YCIOBHAX YpPaBBOHUA

v dv av __

d.1:1=21:_2="':?1?"—0 (1)

MONYCKAlOT BEI[eCTBEHHE® DONIeHMA, OTIUYHEIE OT
Zy=Ty=a, .=I,=0s
B camom nené, pasnokuM V mo CTemeHAM z, W HYCTh
V=V+Vz-+Vz>+. . ..

IIyets U, uw U, — COBOKYIHOCTh WJIEHOB BTOpOH cremenu u3 Vo u V.

CoBorynBocth U, siBIsIeTCA KBafpaTHYHOR GOpPMOH, mpefACTaABEAMOM B BHAE
cymMu n—2 KBajpaToB, u6o Mu 3HaeM, uro npH z=0 gBa xo3ddmnmenTa,
0 KOTOPHIX IIJa pedb BHINE, 00pamaiorcs B HyXb.

Taxknm o6pasoM, ecIdm MH paccMOTpEM mucKpuMmHAHT (opmel U,, T. e.
(OYHKIUOHAJIBEHE ONDPENeTATONb OT

dU, dU, dU,
oo
Ty Tase s sy Ty

TO ITOT ONpPEJEIHMTENb, KAK M BCE €ro MAHODH HEepBOr0 LOpAmKa, o0pama-
8TCA B HYJb; ONHAKO He BCO MUHODHI BTOPOro DOpAAKa 00pamaloTcda B HYJS,
B IPOTHBHOM ClIydae TpeTud KoapdmmuenT OwI O HyJdeMm, 4ero Ml He Dpef-
moJaraem.

Mu Mo:ceM Tax)ke IpeJIONOKHTH, 9TO IPOM3BEEHA TAaKAaA JHMHEHHAA 3a-
MEeHA NEepeMeHHEIX, ¥YITO UO NIpMHUAMAaeT BAJ

Uy=Azl+ Azl +...+ A2
14 A. IIyamxape, 1. II
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M, CIe0BATENbHO, 9TO (PYHKUMOHAJBHLIA ONpPENENUTENb OF

avy dU, 4l
dzg ' dzy ' """ dz,
OTHOCHTEJIbHO
Ty, Zgye o Z,

He paBeH HYJIO.
PacemoTpuM Temeps ypaBHEHHSA
dav av av .
-dTa—E_—.-'_d_x"—O' (Z)
KOTOphie OpefcTaBasaIoT cobow n—2 ypaBmenmsa u3 (1).
fl roBopIo, UTO W3 HEX MOKHO HANTH

Tgy Ty r oy Ty
B BWJE DPAAOB, PACIONO}EHHLIX IO CTENEHAM
zZ, Iy, Z,-

Mas aToro mocraTowno, B cuiy 0. 30, uTo6n GYHKIMOHAJBHHEA OIpefend-
TeXb ypaBEEHHH (2) OTHOCHTEJBHO

Zgy Zgye - -y
pe ofpamaJyica B HyJb, €CIM IIOJOKHTH

=Ty =Ty =T3=T=. . .=2,=0.
Ho ypasuenus (2), ecam nonosxnts z=0 ¥ OTPaHMINTECA WIGHAMM UEpP-
BOH CTENEHH OTHOCHMTENBHO X, TPUBONATCA K CIEHYIONKM:

dU, _dUs__  _dUy__
Tz dmy T d,

M MBI TOJIBKO YTO BHJIENH, 9TO COOTBETCTBYIOMMYU (yHKIMOHANBLHLI OlIpefern-
TeIb HEe DABEeH HYJIIO. '

3ameBnM B QYHKIOUE V BeNWHUHMHH Zg, Z,,. . ., T, AX 3HAYeHHAMM, HaljeH-
HEIME TaKuM 00pasoM HM3 ypaBHEHHH (2); A TOBOPIO, 4TO MK OKAKEMCH TONEph
B YCIOBHAX NpPefHIYIIEero IyHKTa.

1) peiicTBETENTBHO, MH WMEEM TONBKO TPH HE3aBACHMBLIX IIePEMEHHEIX 2,
Zzy A Zy; :

2) dyExknma V pasnokuMa IO CTENEBAM BTHX IEPEeMEeHHHX;

3) ypaBmeHma (1) MOMHO 3aMEHHTH CJELYIOIMMU:

oV __ av
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Iae cuMBOJ 0 O03HAYAeT LPOM3BOJHLIE, B3ATLIE B IIPEAIIONOIKEHUHM, 4TO Zg,
Zgye + -y &, CYTh QYHKOHHE OT Z; U Z,, ONpe/leleHHne ypapueHaamu (2).
B camom gene, MH uMeeM

AV _dV |, dV dzg
0z, dz; | dzydz,

dV dzy dV dz,
dzy dr, ++d.t dz;’

+

OTKyf2 B CUJIy ypaBHeHmH (2)

oV __dv
0z,  dz,°’
oV __ dv
012 d1:2

4) npu z > 0 ¢ysrums V, paccmaTprBaeMas Kak QYHKIMA OT Z; M Z,,
MMCET MAKCHMYM, KOTHA 5T [BE IIeDEMEeHHbIe DAaBHH HYAIO.

Yrobm yBHIETH 5T0, HaM HeoOxoxummo Ha#ATH B V 9ieHH BTOpPO# CTEeneRH
OTHOCHTENBHO Z; WM Z,. Ilycrs

WotzW,+22W,+.
— otE wieHs, UTOOH IIOTYYHTH WIEHHI
WotzWy,
TONBKO M HHTepecyloiime MeHs, A Gepy JBa WieHa
U,+zl’y

® nperefperar OCTaNBHLIMK TIeHaMm V, KOTOpDHE He MOTYT IOBJHATH HA
WotzW,.
fl waxomy m3 ypasaeHmi (2)

Ty, Tgye o oy I,

B BAAE DAJOB, PACIONOKEHHWX IO CTEOEHAM I; H Z, A COXPAHAI B ITHX
pARAX TOJBKO WIEHH, KOTOpHE MMelT cTeleHs 1 OTHOCHTENsHO Z; W I,
u creness O wnm 1 oTHocHTEN®HO z; APYrHMM WIEHAMHM MOMKHO mpeHeOpeus,
ub0 OHM He BIHAIOT HA
7
W,+ zW,

Torna ypasmenna (2) cBeAyTed K
auv, __
24,7, + 2z T_O’

dU1

242, + z 1 =0,

24z, + z L dU’ =0.

14*
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Ecau 8 Uy Mt nopcTaBuM BMECTO Ty, Ty, ..., £, 3HAYEHHA, OONyYeHEHE
rakuMm o0GpasoM, Mu yBuaum, uro U, craHeT JeNUTHCA Ha 3% 9YTO Ke Ka-
caetca U,, To OHO cBejeTcAa K

U+ 22Ul + 22U+ .. .,

rae U? me uro mHoe, kax suauenme pymknum U,, xorma z,;, Z, ..., &, o0pa-
manTcA B Hyab, u rie Ul u U? — gse ppyrue KBajpaTMdHHe GOpPMH OT I.
Hrar, Ma GygeM MMeTSH

U,=2U% U= U+ zU! + 22U?
Uy 2U, = zU° + 22 (UE + U) + 2302,

[Tpy suaucnesnn W, le A Mory OpeHeGpedb JByMA INCOIE/HAMYU qilce
HaM®, KOTODHE JeqATcA Ha 22 m 23, W moaydy mpocTo

W,+ 2W,=2zU".

I noxaxy, uro V uveer maxcuMyM npu z;,=z,=~0 ¥ opm moaosiu-
TeNpHOM H OYeHbL MaloM 2; HO JOCTATOYHO mToKasarb 3ato jaua W, zW,,
T. e. paa zUL.

Taxum 0Gpasom, OKOBYATEIBHO OCTAeTCA JOKA3aTh, 4To U9 -— onpejesneHHo-
oTpuuaTeabHan gopma.

Haa Toro urobu yGeanrsca B 9TOM, 3amumeM Ksajparudayio gopmy U,
cnepyomuM o0pasoM:

U,=U,+Uj;

U] — cymMMa AByX KBajapatos ¢ koddpuumeHTaMu, 3HAK KOTOPHX 7 He Opes-
pemaio; U] 3aBUCHT TOIBKO OT N — 2 I@PEMEHHHX
Ty, Tyy v vy T,y

JTo Becerja BO3MOAKHO B CHYy O0OmEX cBORCTB KBagpaTMIHHX GopM.
Pacemorpum dopmy

U, + 2U, =zU; + (U, + 2UY),

TAe Z NpeAuonaraeTcs NOIOKMTENsHHM ¥ ouens MaiwuM. Qopmy Uy+-zUj,
3aBHCAMYI0 TOIBKO OT /i — 2 NEeDPEMEHHHRX Z,, Zy, ..., L, MOKHO OPHDABHATH
cyMMe n— 2 KBafpaToB ¢ KO3(pPUIEHTaM¥, 3HAKA KOTOPHX JOMKHH OHTbH
TeMd ke, uro W 3Haku A, 4, ..., 4,, DocKoIEKYy 3ra ¢opMa OYeHbL Malo
ornuuaerca ot U, Tak Kak z oueHb Manl. C.1e006ameabHo, OKU He UBMEHAHM
anaka, Koz0a z neperodum oM NOAONCUMEALHLIY 3HAHEHU K OMPUYAMEALHBM,

CornacHo HammMM OpeANONOKEHMAM, KOrja Z HePeXOAUT OT HOJOKHTEeNb-
HHX 3HAYEHH# K OTpHIlaTelbHHM, Hammu n — 2 RoapdunmenTa He obpamalTres
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B Nynb, a ABa KO3(PPHUUEHTa mepPeXOoXAT, HAUPOTHBR, OT OTPHHATCILHHX 3HA-
9eHMIl K MOJOKUTEIBHEM,

9T ABa DOCIeAHHEX MOIYT OHITL ToabKO Koaddunuenramu dopmur U,

Tarum o6pasom, U, seanemces cymmoii Oeyx k6adpamos ¢ cmpuyamesbhum
kosguyuenmanu.

UYrobnr noryunte U?, meobxopumo B U, HOMOKHTH

Ty=Zs=, o .=2,=04

Torma U] obpamaerca B Hyab, a U, ceommrea k U,. Tawxum o6paaonM,
U} — onpenenerHo-oTpHnaTedsHad ¢opma, uro TpeloBalioch OKA3ATh.

Urax, ¢yarnua V, paccMarpnBaeMas Kak QYHKIHUA OT X, M Ty, IMEET MaK-
CUMYM IDH HOJOKUTEILHOM M OYEHBb MAJIOM Z H NDH Z,=12,=0.

Mur mMorau Gbl yBUETH TaK:Ke, MW, CKOPEe, BHIMM B TO ;K€ BpeMs, 910 V
AMeeT MMHMMYM OpHE OTPHLATEIBHOM M OUeHhL MaloM z H Ipu z,=z,=0.

Takus o00pa3om, MH UPHUILIN, KAK f 9TO0 YTBeD/KAAd, K YCIOBHAM IPERHI-
RAYUIEro IYHKTA, ¥ TOpeMy, ChOpMYIHPOBAHAYIO B HaYalle dSTOTOITYHKTA, MOKHO
CIUTATh YCTAHOBJIEHHOM.

CymecrBoBanMe peuieHHiA BTOPOTO poaa

333. OGparemcs BHOBE K mpepumonoskeHEAM . 330; Mu onpeperuan yHK-
uuioo S, , KOTOpas 3aBHACHT OT p, OT 27 NEPEMEHHBIX

X +E&, .., X, 8,
Yyt Yot mg ooy Yobmpe

Beauummn § u 1, sBAATCA 3HaUeHHAMM I, u y, npu (=0; X, nY, cyTs
3Had4eBds r; ® Yy, upu t=mpT.

MHE x0TMM H3yYATH pENMIEHHUS YypaBHOHHE

Swp ____mp g, (1)
d{X;+&) a(Y;+m) ’

corsacBo nyuxraMm 321 m 322 aTM pemeBMs COOTBETCTBYIOT HEPHORAUECKUM
pewerHam ¢ neprofoM mp7. VI3 HAX Mbl yiKe 3HaEM 0;(HO PEIIeHNe, DOCKOABKY
OepHofHYecKoe pelmeHrEe ¢ mepuoxoM T SIBIAETCS B TO yKe BpeMA HepHOJHIe-
cKEM c mepuomoM mpTl; s mOKa:Ky, 9TO B HX THCJIE MMEIOTCA H ApPYTHE.

Ho npe:xpe s X094y noKasaTh, C HOMOIIBI0 KAKOT0 UIPHEMa MOKHO CHeiaTh

mp?

(@)

S,,, B8aBHCAmEH TOABKO OT p ¥ n—1 mepeMeHHKIX
Xl + E17 X2 + E2’ v Xn—l + En—l’ (a)
Yid+n Yedmm o0 Yeut e Y.+,

Jlnsa aToro mpepmono;kuM, ITO
X,+§=0.
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PaccMorpum Temeps ypaBHeRAA
sy

08"*/‘ . np 0 1 .
(X, &) a(Y;+w) (1bis)

M=u npumensiem cumsoxa d, urobnt 0603gaUMTh IPOU3BOAHbIE OT PyHKIEA S,
paccMaTpHEBaeMo# Kak QyHKIAA nepeMeHHAHX (), # J, uroOs 0003HAYATE IPO-
H3BOJHEIE 9TOH e camoit pymkmum S, paccmaTpmBaeMoil Kax QyHKOuUA mepe-
mesnux (B). '

A npoxkaky skBmBanenTHocTh ypaBHenmil (1) u (1bis). M3 o. 322 nmeenm

dS=2[(X,—E&)d (Y, 4 ) — (Y, —n,—2m;m)d (X, + )]
Takum oOpasom, ypaseEenmsa (1) Mo:KHO 3ammcaTh
—(Y;—n,—2mmx)=X,—§,=0 (i=1, 2,..., n),

a ypasHenus (1bis)
—(Y,—n,—2mm)—=(X;,—§)=0 (i=1, 2,...,, n—1),
X, —¢ =0.

Ho ® cooTsBeTcTBMH ¢ ypaBHeHWEM JKMBHX CUJI Mbl HMMeeM TOMAECTBCHHO
F(X;,, Y)=F(E, n,+2mm).

Opuaxo cornacuo ypaBrenuaMm (1bis) sce X, pasuu £, m Bce Y, (3a uckiio-
YeHMEM OJHOr0) PaBHH 7, - 2m,m.

Mrak, upepmjymee TOMACCTBO MO/KHO 3a0MCATHE CJIEAYOMHEM 00pasoM;
A OHIDY JUIA KPaTKOCTH

FE, &, ..., & n+2mx, 9+ 2myn, o0y M, 4 2m, 7w, Y)=F(Y).
ToxxmecTBO MOYKHO HanmcaTh B BHAC
F v, 2mz 4 (Y, — m, — 2m,m)] — F (v, +- 2m ) =0
MIM B CWIY TCOPEMH O KOUEYHLX NPHpPAL{EeHAAX
(Y, —n,—2mm) F' [, -+ 2mm 4 0(Y, — 1, — 2m,x)] =0, (2)

rie 0 saxnoueno mexnay .0 m 1 w rae F/ — opoussonuas ot F mo Y.

IIycrs §9 u 0 — suavesna §; u 7, coorseTcTByHOUMe NEPUONUILCKOMY
pemenmio ¢ mepHojoM I'; paccMaTpHBaeMas 061acTh COAEPAMT TOINbKO Gnu3
KYyI0 OKDOCTHOCTH TOUKH p==p,, &, =E, =,=70 ciaegoBarensHo, £, n X,
RHKOIJa He OTKJIOHAKTCA HaMHOro or £, a 7, mim Y, — 2mzm — OT 7% TakuM
oGpasoM, BTOpoii MHOXKHTelNs F/ B cOOTHOmeHnMH (2) HUKOTAR He OTKIOHAGTCS
CHIBHO OT cBoero 3sHauenua npu £, —=¢E2, 7,=7% um 510 3HAYeHMe, BOOGI(e
roBopa, He 0yjaer Hy/eM.
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CnefoBarelbHO, OEepPBHIN MHOMKHTENb COOTHOIGHMA (2) ROJKEH 00paTHThCA
B HYJBb, M MBl MMEeM
Y,—mn,—2mxm=0.

Jlpyramu cioBamu, ypassenua (1bis) Biexyr 3a coGoit ypasmemma (1).
Taxmm o6pasom, Mbl MOjKeM canTarh S, , QYHKIUEH MOpPEeMEHHEIX (B), # xorga
ona Gyfer MMOTh MAKCHMYMBl Kak yHKIHH IepeMeHHHIX (1), oBa 6ymer Takmxe
MMETh MAKCUMYMBI Kak (YHKLUA NepeMeHHHX (a).

fI maspaa £ m 70 3HaweHms §; m 7;, KOTOPEHE COOTBETCTBYIOT UEPHOAMYIE-
CKOMY pemeHHIO ¢ mepuofoM I'; cooTBeTCTBYyOmMe 3Hadenusa X -+ E,mY, 4+,
6yayr 28 u 20+2m mpr (eciu B mepmORMYECKOM pelienuu ¢ nepmogom T’
HepeMeHHAs Y; MEHAGTCA Ha Y, 2m, = B COOTBETCTBUA C IIPEAIIOJIONEHIIAMN
n. 322).

IIyets Sy — cooTsBercTBylOmEe 3HAdeHUE S TTOJIOFKHM

lllp;
po=py + 5 V= Smp_SO; X, +§ =280+ ¢,
Y~ my == 200 + 2mmpr + m;

u Gynmem camrath V yHxumei p’ u Benmumn & u 7'; pymkuua V Gyger Haxo-
JUTHCH B TeX K& CaMblX YCIOBMAX, YTO ¥ (QYHKIAA V IpPeAbZyLIero IyHKTa.

JleficTBuTEeNbHO, KAKOBO OHI HE 6510 ', QyHKUMA V U ee repBEIe IPOXBBOY-
pee o £ m v ofpamamnTcsa B HyJdb, KOTAA

!; = '7}; - U

Ecaun paccMoTpers COBOKYUHOCTE YJIEHOB V BTOpOiM CTENEHA OTHOCHTEIBHO
BeamYME £ ¥ 7 M CUATATH STY COBOKYIHOCTH KBajfpaTH4HOU (oproi, cocTos-
med ¥3 CyMMEL KBafpaTOB, TO ME YBUIUM, YTO 1BA U3 K03 PMIMEATOB NIPH ITHX
KBajgpaTax NEPeXONAT OT OTPHIATEIBHEIX BHAYEHMH K IOIOKUTENbHEM HIH
OT HOJNOMKUTEIBHHX 3HAUGHMHA K OTPMIATEIBHBIM, KOTZA p’ W3MEHHET 3HAK,
¥ 9T0 Apyrue KoopPuuueHTH He 00paINAOTCs B HYIb.,

JeiicTRUTEIBHO, BHIpAKEHUE

M, . pmaT

sin ——
V| Vi
MEHAET 8HAK, 4 APYFHe BHIPAKEHMA

M, . pma,T
—— §1n —
vV V1

He obpamalorca B nyxs. Hoadduumenr, xoropwiit 8 u. 323 a wmassan D,
TakKe He ofpamaercsi B HYJb M IPHETOM JPYTEX K03(QQMIMEHTOB HET, TaK
KaK MEl MMeeM ToabKo 2n—1 mepemeHHmMX — nepermernHso ().
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Taxmm o0pasoM, MBl HAXOLUWMCS B YCJIOBHAX TPOHAYINEre DYHEKTA B MO-
MeM YTBePKEATh, 4TO ypaBHEHWA

av av
MIOLYCKAIOT BeINECTBEHHH® PemeHus, OTIMYHHE OoT pemenua &= n,=0, mim,
YTO TO K€, YTO YPABHEHHSA

Bup By )
d{X;+E) d(Yi4)

JIOOYCKAIOT BEUIECTBEHHEIE PEenIeHds, OTIMYHEE OT DEeIeHumHA, COOTBETCTBYIO-
IMX NePUOAMYICCKOMY pemeHuo ¢ mepmoxom 7.

Ho maxcumymsr ¢yErumm S,, wix Boobme pemenws ypasHeEuil (1)
COOTBETCTBYIOT IEepHOZMISCKMM pemmeHuam ¢ mepuopoMm mpT.

Taxum oGpaszoM, MB JOMKHK 3aKJIIOYHTH, ITO HammA AuddepeHIiuaJbENe
YPaBHEHHAA JONYyCKAIOT IepHOAHYeCKNe PemeHus ¢ mepmogoM mpl, oTinInEe
OT pemenus ¢ nepmofoM I, CTMBAIOMUECH C STUM PEIIeHNeM UpPK 1= u, M 09€Hb
MaJo OTAHYAIOIEECH OT Hero mpu u, OIU3KOM K p,.

Ecau ms1 ofparsm BHEMaEMe Ha OpeAbIyIee pacCy:KAeHHe, TO YBHAUM,
aro He TpebyeTca, IToOH IepHogAYecKoe pelieHue ¢ nepmoxoM I cOOTRETCTBO-
BAJIO MaKCEMyMy S, .

Wrtax, M cMOMeM OPeAUOJ0XKUTh, 9T0 m=1.

He tpebyerca paske, 3ro6s pemerne ¢ mepmopoM I OO ycTOHYMBLIM;
IA0CTaTOYHO, IT00H OFUH M3 XaPAKTEPHCTHYOCKHX IOKazarTeJed &y IpE p=p,
OB pamen

U VT

Takum 06pasoM, M OPEXOAMM K CIEAYIOMEMY PeayibTaTy.

Ecnx ypaBHeHHMA AMHAMHEKE HOOYCKAIOT TaKoe NEPHOAMYECKOE DelIeHne
¢ nepuoxgoM 7', 4TO OfHE M3 XapaKTEPNCTAYECKMX NOKasaTelneid OIH3OK K

ke VT

m '

10 OHM OYAyT TaKKe JONYCKATh NOPUOAHMIECKHMe pelueHus ¢ nepmopgom pT,
MaJo OTIMYAIOIIUECH 0T PeIleHHA ¢ nepuoxoM I’ m CIMBAIOMHEECH ¢ HEM, KOTHA
XapaKTOPHCTHIECKHH IIOKAa3aTeJh CTAHOBHTCA PAaBHKEIM
AU V—1
pT

dro pemesma BTOporo poxpa [
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3aMevanne

334. Jlpm BCex 9THX pacCy)KAEHUAX DPEAUONAranT, 9ro S,, — ORHO-
sgaynan QyHrmua or X,4 &, Y,+ 7. Tounpko Gnarogapss aToMy YCIOBHIO
MOMXHO YTBED:KIATh, YTO BCE MAKCHMMYMH S,  COOTBETCTBYIOT II€pPHOAWYE-
ckomy pemennio (eM. n. 321). 9to o6c'ro;1'rem,c'mo, Ha KOTOpOe ciaexyer ofpa-
TATH CaMOe Cephe3Hoe BHEMAHWE, IPENCTABJIAET NPENATCTBHE, C KOTODHIM
MH 9acTO BCTPeYaeMCs, KOTJIa XOTHM BHIBECTH CJEACTBHA M3 TeopeMH n. 321.

IIpomepmy, peficTBUTENBHO MU Smp ABIAETCA OXHO3HAYHOH ¢QyHKUBEH
OT 3THX uepeMeHHuX. Ml MoskeM Ipeamoioxurs, 9r0 m=1 coraacHo ToMYy,
9TO MBI TO:1BKO 4TO Bufend. C gpyroii CTOPOEH, S, 0YEBEAHO, ABIAETCH OfHO-
3HaYHOK (yHKOMedl or BenmymH £, H v,; OHA 6y11e'r TaK:ke OJHO3BATHOH PyHK-
nue# or X, —{—E " Y+, ecan TOJleO G YHKIMOHANBHEIA ONpefeaAuTedb Be-
amang X, + 41 Yn— j; OTHOCATEeJIBEO §, M v, He o6pamaerca B Hydb B pac-
CManHBaGMOH 06J1acTH; TAK Kak 8Ta 00JaCTh CBOXUTCH K 0J3KO0# OKPOCTHOCTH
3HAYEHUA

p=py L= n,=m1d

TO AOCTATOYHO, ITOOH (PYHKUMOHAJNBHEIA OHPEAENNTENs HO ORI PaBeH HYJI0
B 8TOH TouKe., ITOT (QYHKIMOHAIBHLIA OOpPENENHUTENb B3MMCHBAETCA B BUJE
(mra onpepeIeHROCTH IPEANOIATaeTCs, 9T0 n=2)

,\1+ dX, dX, ix,
dmy gy dny
{13-1 Yy | 4 dYy ay,
dt, dan + dfy dny
ax, dX, dXy | 4 dX, .
dE, dny dEy + dny
dy, dy, dy, ¥y | 4
d&y dny aky +
Taxum obpaszoM, ReoOX0/IAMO IPOBEPHTH, YTO S-ypaBHEHHE
aX, ¢ dX dX, dX,
dg, dm, dagy dm,
dy, @y, ¢ dv, dy,
dg) dm g, dny — 0
dX, dX, dX, ¢ dX, =
dt; dmn dt, dny
ay, ay, ay, dy,
dt, dmn, dfy dm,

H® HMeeT KOpHs, paBHOro —i.
Koprw aroro ypasmenms, coraacso m. 60, pasHH

euﬂf”
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rge a — XapaKTepPHCTHYECKUE INOKA3aTeJIH; CleJoBaTeJLHO, }{GOGXO}W{MO npo-
BEePHTH, YTO HE HMEET MeCTa PaBEHCTBO
(2k +1)mv 1
R
pT ’

riue ke — 11eJioe, HO IOKasarTeJb «; PaBeH IO IpeAnoJIorKeHuIo

2w V1
pT

rjpe k — nejoe, a Apylire Ooxasarelnu, BOO()H{B TOBODsI, HECOHU3MEPHMMBbI
c ny—1/T.

Wrak, TpyaHOCTH, KOTOpasd HAaC MHTEPECYET, HE HPENCTABHTCH.

Jlaa mozo umobu uabeacams ee, 3 u npednosoxus ¢ n. 330, umo

2k V—1
e (k— nenoe),
a He
kn V1
1= (k5 — ne:oe).

Yacrable cayyau

335. CxaskeM HECKOJNBKO CJIOB 0 HamboJiee HPOCTHIX CIy4asAX; Ope/ro-
J0IKAM, YTO MMEIOTCA TOJBKO [(BE CTENEeHH CBOOOMIE.
IIpegnomokuM, uro gopma, aHaNOr¥IHasg TOM, KOTOPYIO f NPM aHAIU3E
n. 331 vazran U,, ofHODOAHA M MMeET TOJXHKO TPETHIO CTENEeHEL OTHOCHTEIBHO
Zy I Tp.
Ypasuenue
dUydUy _ dUsdUy _ g )

dz, dz, dz, dz;

BCerga jJomycKaer, KaK MBI 3TO BHAEAH, BEIECTBEHHbIE KOPHH.

Teopema 37ech, BOPOYEM, OYEBHEAHA, IOCKOJBKY 9TO ypaBHEHUE TpPeTheil
CTENeHH OTHOCHTEIBHO I;/Z,. OHO MOKeT MMEeTh OJUH MIU TPH BEImECTBEHNKIX
KODHA; IPEINOJIOKEM CHAYaNa IS ONPefeJeHHOCTH, YTO OHO MIMEET TOJbKO
OfMH KODEHbE.

Torpa, ecay MBI TOMOIKAM

T, = a,p c0s ¢ + b;p sin ¢,
Zp == ayp cos ¢ + bp sin ¢,
spbmpas apech KoaddmumenTtst @ u b Taxmm obpazom, Tobn U, csopunack

K —p%, TO OTHONEHHE
Uy

35 %
UI[1
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paccmorpennoe B u. 331, OyAer MonycKaTs TONBKO OXMH MAaKCEMYM U OIHMIL
MEHEMYM, KOrfa ¢ Gyger maMeHATHCA oT (0 M0 27 DTH MaKCUMYM M MUHUMYM,
OPUTOM PABHEE ¥ UPOTUBONOJOMKHEE IO 3HAKY, OYAYT COOTBETCTBOBATH 3Ha-
TeHUAM (¢, OTCTOAMMM APYT OT Apyra Ha .

Torga mMu Doxygam
Uy + 22U, =p°f () — 2p°.

QOyurgua f (¢) UMEET MAKCUMYM M MHHUMYM, DABHLIE M HPOTHBOIOJIOMK-
HE® IO 3Haky; Torna ¢ynkmma U,--zU, umeer:

apx z > 0 maxcumyM npu p=0 u gBa MEummarca [1°];

npu z < 0 MmaruMym npu p=0 @ ABa MakcAMyMa.

Ilo mpmmepy amriamyan A HABBIBAI MUHUMAKCOM TOUKY, B KOTODOit mep-
BEe TPOU3BOJHLIE O0PAMAIOTCH B HYJb M HET HX MaKCAMYMA, HE MUHAMYMA.

Oyaxgqua V' 6yger Bectu cebsa takuM ke 00pasoM, MOCKOJBKY €CIM 2
04eHb MAaxl, BIAMAIOT TOAbKO uneust Uy-+zU,.

CraenorarelsHo, kaxoso OH Hu 6nto z, nuddepennmanbHre ypaBHeHUH
OyRYT HOMYyCKATH:

pemenme ¢ nepmopoM I, IepBOTO POja, yCTOMYHMBOE;

pemenne c¢ mepmonoM pI, BTOpOTO poga, ycroigmpoe npu z < 0 u He-
ycroiitaupoe nmpu z > 0.

IIpegnoxomum Temeps, 9ro ypasHenme (1) wmMeer TPU BeMECTBEHHHEIX
KODHH.

Oyuxuma f () 6yfer AMETh TPH MaKCHMyMa M TPU MHRUMYyMa, HONApHO
paBHLI® T NPOTHBONOJOKHBE L0 3HAKY.

B stom cnywae Uy+zU; u, ciepoBarensHo V, umeer:

opu z > () makcmmyMm nopu p=0 ¥ IIecTh MUBEMAKCOB;

apu z < 0 mMuummym npu p=0 # mecTr MaKCHAMYMOB.

Takum oGpasom, kakoBo On Hu Onuro 2, nuddepeHnuanbHLIe yPABHEHAA
6yayT JONyCKATH:

pemenue ¢ uepuopom T, mepBoro poja, yCTOUYAEOE;

TpH pemeHus ¢ mepuojgoM p7, BTOporo popa.

Hansime Mel yBHAWM, 9TO C ONPEAEEHHOA TOYKH 3PEHHA HE BCEe 9TH pe-
meHusT ABIAITCS [asTHIHLIME.

Ilepeitmem & Hemuoro 6oJiee CIO}KHOMY CIYJald M OPEAUOJNOKUAM, dTO
U, — uyeTtseproil creneHu.

B oroMm cayuae ypasuenme (1) geTBepToil CTENEHH, & TAK KAK OHO BCerja
aMeeT, corsacHo m. 331, mo KpailHel Mepe J{BA BEMECTBEHHHX KOPHHA, TO OHO
Oyner mx mMerh ABa wiam gyerbipe. Torma M Oynem mMeTrh yike HC

fle)=—f(¢+ =),
f@)=f(p+m=).

Ipennmosionum cHadama, 9TO MMEETCA TOJBKO [BA BElECTBEHHHIX KODHA.
Torpa pyuruus f (¢) Gyaer AMETH OAMH MAKCAMYM H OJUH MUHHMYM, KOTAa @
meHsercs or 0 1O ™ M CTOJBKO 3Ke, KOTAA (¢ MEHHeTCH OT T [0 2.
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Heo6xomumo pasamyaTs TPH CIydas B 3aBHCHMOCTH OT 3HAKOB 3THX MAaK-
CHMYyMa M MUHHMMYMA.

IHepewii cayvaii. MakcEMyM M MUHUMYM IIOJO;KHTETbLHEL.

Oyurnur Uygt-zU, 1 V nmeror:

npz z > 0 makcumym npn p=0, ABa MHHEMYMa H ABa MRHEMAKCA;

mpu z < 0 muummym npum p=0.

JrddepenimansEee ypaBHeHMA JONYCKAalOT, KpPOMe pemieHHA NepBOro
pofa, KOTopoe CYINeCTBYET BCerja, jiBa pemIeMs BToporo popa npa z > 0
M He [ONYCKalT UM ofinoro pemenns upk 2z < 0; 43 aTux ABYX pemeHm# OfHO
YCTOMIMBOE U OJHO HeyCTOHYHBOE.

Bmopoii cayuaii. Maxcamym nolo;kuresien, a MHHEMYM OTPHIIATENEH.

Oynkngr Uy+2U, u V mmemor:

npu z >0 makcmmym npm p=0, nBa MumEEMMaKca;

upu z < 0 mMmanMyM mpm p=0, 1Ba MmHEMaKca.

Jupdepernuanbupie ypaBHeHHAA BCer[[a JONVCKAIOT, KPOME pEIIeHUS
TepBOTO POjia, KOTOpOE YCTOMYHMBO, HeYCTOMYMBOE DeIIeAWe BTOPOTO POAA.

Tpemuii cayuwaii. CaM MaKCHMyM OTpHILATEIEH.

Torpga puddepennmalbHbie YPABHEHHA MMEIOT:

upu z > 0 ycroiiqmpoe perenme mepBOTO POAA;

npa z < 0 ycroiiumpoe pemeHme mepBOr0 POAA ¥ [BA PEILEHEA BTOPOTO
poia, ¥3 KOTOPHIX OfHO YCTOMYMBO, APYyroe — lieyCTOXYMBO.

OctaeTcsa ®3yuMTh clydail, Korjja ypasHenme (1) mMeer dyeTwpe Benie-
CTBEHHBIX KODHHA.

Torma ypaBHeHHs HOMYCKA8IOT:

upz z > 0 ycroiigmBoe pemenme IIEPBOTO POAa, /£ HeyCTOHUABBIX PenIeHMi
BTOPOTO pOJia, k& YCTOMYHMBHIX DPeImeHmiI BTOPOTo pOAa;

npu z < 0 ycroiiumBoe pemerme mepBOro pofa, 2—h yCTORIUBHX pemeHmE
BTOPOrO POJia, 2—Fk HeyCTOAIUBHX DEIeHMI BTOPOro poja.

B 3aBucAMOCTE OT 3HAKOB MaKCHAMYMOB M MHuuMyYMoB ¢ysrumm f (¢),
neasle uucaa h ¥ kK MOryT DDMHEMAaTh ClefylomUe 3HATEHHA:

h=k=2; h=2, k=1; h=2, k=0; h=1, k=0; h=k=0; h=k=1.
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PA3/INYHBIE <$OPMbI
IPUHINUIIA HAUMEHBIIEI'O JEACTBUS

336. Mycts

I, Xy oo I

n?

yl, yz,--., y"

RBOAHOH pAR mepeMeHHHX B F — xakaa-HuOyAb QYHKOHUA 3THX HEpOMeH-
HHX. PaccMorpam murerpas

1= [ (=t Bu)e
¢

Bapnaumo 9TOro MHTEerpaja MOKHO 3anucatTb B BHAE

5] = §<—0F+Eoy, T+ y, B )dt

YroObt 31a Bapmanua Onla pasHa HyJN0, HEOGXOXHMO cHadaixa, 4TOGH
6n110
dz; _dF dy; _ dF
G dy, 0 At = dmp 1)
9TO JiaeT HAM KAHOHMMYECKHE ypDaBHEHHMA, HO aTO YCJIOBWe He ABIAETCA f0-
CcTaToYHHM. ECIZE OHO BHIOJHEHO, TO

3= [yﬁ.z:..]f:ﬁ;

& HeoOxopumo eme, 3ToOH LmpaBasd 9acTh HTOTO paBeHCTBa Onula nyieM. JTO
KaK pa3 HMMEeT MEeCTO, €CJIM IpPefNONOKHTh, 9T0 OI; oGpam;aloTcsx B HYIb
upu 06OEX mpefenax, T. e. 4TO HAYANLENE M KOHEUHHE 3HAYCHUS Z, 3aJlaHml.
B artEx ycaosaax muterpan J, Haamnaem.m deiicmsuen, ecTh MmmMyM.

damenmM mepemenubie; UyCTh Z;, y; — HOBHe IepeMeHHE®, ¥ BooGpasma,
q9r0 OHE BHIOpAaHE TakuM 00pasom, 4TOOH BHIpaKEHHE

D ydz, — D ydz,=dS (2)
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65110 monEEIM uddepernaanom. Mul BueNn, 9TO B 9TOM Clydae 3aMEHA mepe-
MEHHRIX HE H3MCHACT KAHOHMYECKOH (OpPMLI ypaBHeHHI; 9TOT pesyJbTaT
ABJIAETCA, BIPOYEM, HEIOCPENCTBEHEKIM CIEJCTBHEM pDAa3JHIHEIX OpPeJao-
JKeHuit, KoTophe ceii4ac IOCAERYIOT;, WYCTh

y

I'={(—F+ 3y 'ZIDdt.

ty

Mu: umeem
1= =55,

rue So m S; — sHavenuns Qywkmum S npm t=—1i, u {—=1,.
Taxum obOpasom,

3 =0dJ 4 [8S]§:§;. (3)
Ecnm rkanmonmdeckue ypapHeHmdA (1) yZOBJIETBOPAITCH, TO MH HEMeEeM
3 = [ D ydz, i (4)
B, CIENOBaTensHo, B cuay (2) m (3)
3! = [ X yd, Jizs- (4bisy

Ilono680 TOMy kak cooTHOmeHnme (4) sxBmBajienTHO ypasHeHmaM (1), coor-
Homenue (4bis) sxBHBaneHTHO ypaBHEHHmSAM
dz, dF dy; _ dF

@ oodyt dt . dz- (1bis)

Ho Ml Tonsko 9to Bupend, uro (4) pasmocmanso (4bis); ypasuemmsa (1)
dKBEBaJEHTHH ypapHeHWAM (1bis), 9ro ospawaer, uTo, Kak MH yme 3HaeM,
33aMEHA NepPEeMEeHHHIX He HW3MEeHSeT KAHOHWIECKOH (GopMH ypaBHeRmii.

Torpa peicreme J' GyReT MHHEMYMOM, €CJIHE UPEHON0KHATH, YTO HAYAIB~
HEI®@ ¥ KOHEYHHIe 3HAYeHMA OePeMeHHKIX z; 3ajaHn. Hamgo# cmcreme KaHO-
HUYIECKUX IepeMeHHBIX COOTBETCTBYyeT, TakuM o0paszoM, HoBad ¢opma IpHH-
nAna HauMeHbIIero AeACTRHA.

Ypasnerus (1) Baexyr 3a cofoif MHTErpayl >KEBEX CHJ

F=h, (5)
rae h — UOCTOAHHAA. .

Jlo cEX mop MH mpefmonaraly ABa Opepenaa f, u fy, 3alaHHBIMH; 4TO OpPO-
H30A7eT, ecllE CYMTATHh 3TH Ipefeln nmepemeHHuMH? Tak kax F He 3aBHCHT
ABHO OT BpeMeHH, TO MH HE OTpaHWYEM 06mpocTH, Dpepmoxaras, 9To f, HO-
CTOSIHHO W /aBasg IpPHEpamleHne Oof, TOAsKO upepeny f;. Ilpexmonoxmm, na-
mpaMep, uT0 f,=0 m BooGpasmM, YTO mocie BapHALUE UEPEMEHHHS I, ¥ Y,
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UMeI0T B MOMeHT Bpemeny i (£, 3,)/t; Te ke 3WayeHMs, KOTOPHIE ONU UMETH
B MOMEHT I, [0 Bapuanu#.
Jlo Bapmaumm MBI Oyfem HMeTh

]:——htl-;—ggy,%ft-‘dt.

Ho mmrerpan

S Y; d;t" dt = S y.dz;

He 3aBHCHT OT BPEMEHH; CJIEJOBATENbHO, €r0 BapHamusA paBHA Hymo. Takmm
oOpasoM, mosydaem
8] = —hdt,.

IIpousBojinaa oT aeicrBusa J 10 BepxHEMY OpeAeNy MHTCTPAPOBAHAA L4
PaBHa, CIENOBATENBHO, IOCTOAHHOX JHEpPruM A ¢ OOpATHWM 3HAKOM.

Ecamr ara mocrogunas pasHa Hyn0, AeicTBue J CHOBA ABIAETCA MHEHH-
MYMOM, €CIH CYHTATH HAaYalbBhie W KOHEYHLIE 3HAUYEHAA IEePEeMeHHHX X,
3aIaHHEIME U ecAU Oajce He cHumamv 3a0QHHBML HAYQALHOE U KOHEYHOe 3HA-
yenus epemenu ty u t.

Eciz samenuts F na F —h, J sameHurca Ha

T+ h(t,— ty); (6)

Tak Kak ypasHesmA (1) We W3MeHAIOTCA, TO 3T0 BHpaskenme (6) omaATh ecTsb
MUHAMYM.

Ho ecnm szameunrs F ua F —h, nocTogEHaA 5KHBWX CWI, KoTopaa OnlTa
paBHa h, CTAHOBUTCH HYJEM; CJIe/[0BaTelbHO, BhpaskeHue (6) ecrs MummmyMm,
Jadie ecIH MLl HE CumTaeM f, H i, 3a/laBHHEIMH.

esicreme J ecTh MEHEMYM, KakOBH O HuM OLITH nepeMeHHHE Z, U Y,
ragkmM o6pasoMm, ouo Gynmer a fortiori MEEmMyMOM, eClIm Ha Hero HAJIAraeTCH
HOBOE YCIOBME, COBMecTHOe ¢ ypaBHenmsamm (1).

HanommM, mampumep, ycioBme, 4To0B yAOBJIETBOPANCA NEpPBHE pAX
ypaBuesmit (1), T. e.

dz; _4F
dr dy;
OTKYZa
1y

- {rr Sty
ty

1,

€CIM TIOJNOKHTD
aF
H=—F+ E: Yegy,

JeiticTune J, oupepenennoe TakEM o0pasoM, ecTh MHHHMYM.
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9TO NpPHHEOUN HAMMEHBIIEro AeRCTBHUSM, BIATHIA B €T0 raMAIBTOHOBOI GopMe.
IIpeanonoxam Tenepn, IT0
h=0.

Taxmm obpasom, Mpl He Gynem Golee cumTaTh IepeMEHHEe z;, M }, Heda-
BACHMHIME, 2 OOAYEHHMM KX YCIOBHIO

F=0,|

910 orpanmueHme, cosmMecTHoe ¢ ypapuesuamu (1), ne memtaer peicrenno J

OBITH MAHEMYMOM.
dr,;
7= Qvgtdt

Torga
®, TaK KaK h PaBHO HYJIO, 9TOT MHTErpajl ABJIAETCA MHHHMYMOM, eCAN Haie
HEe CYUATATH 33XaWBHIMU 1) ¥ i,.
Torga HalTOKHEM YCIOBHA
d.‘l-‘,- ar

dt "~ dy;’

OTKYRa HalifleM BeJuduuH y; B Qynxumm dz,/dt

L dzy  dz, dz,
Ye =P Ty Ty - e 0y 32-,7,?....,?
HIN Ke
. dzl dl‘z d:l dIs dIl dzx dzl
ve=(o0 o 5 TG G ) O

HoncraBuM BMecTo ¥, mx 3gadenyd (7) B J U B ypasueHue
F=0.

Us aroro ypabmenmsa saiimeMm dr,/dt B QyHKnuMm BenuddH r, u dx,/dr,.
3areM IOCTaBEM BTO 3HadeHHMe dz,/d! B Bupaxenua (7) u B J; 9TOT mocien-
HEX HHTETpal OPHEMET BHJ

S Eyi%dxl = S@dxl,

rge O — QyHKIMA mepeMEeHHHX Z, M NPOM3BOAHBIX dz,/dr,. OTOT mHTerpaim,
B3ATHE TakmM o6pasoM B dopMe, HE3ABHCUMOH OT BDPEMEHH, CHOBA €CTb MH-
HAMYM. JTO OPHAOMO HaEMeHbmero paedcrsun B dopme MomepTiom.

Ecniu 6u & me GwI0 myJeM, TO MEI JOJNHB OLIM O TOJNBKO 3aMEHUTH
F nga F—h.
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337. Wsyuum cmavana mHambonee BaykHblii gacTusi ciaydait. IIpegmoso-
UM, 9TO MBl HMeeM
F=T-U,

raie I — ofHOpOXHAs (QYHKI[MA BTOPON CTENEHUM OTHOCHTEIbHO NEePEeMEeHHHX
Y;, Torna Kak U Be 3aBHCHT OT 3THX HmePEMENHEIX.
Torpa

dF
Zy‘d_y‘_::ZT, I=T+U.

Cormacso npmunmny IamunsTomna, MHTETpadt

4

S (T 4 U)dt
t
HodkeH OLITh MEHEMYMOM.
ITocMorpuyM, kakyio ¢opmy mpmHHMaeT DpuHuAn Mouepriow; ypapuende
JKABHX CUJ 3aOUCHIBAETCA B BOje

T —U=h.

Torpa peitcrBue B cMmucie Momepriou BhIDaKaeTcaA B BHAE

S(T+U+h)dt.

B ypannenmax
dr; d¥F dT

dt ~ dy; dy;

UpAaBLIE YACTHM JHHEHNB M OAHOPONNELL OTHOCHTENBHO MEpeMEHHBIX Y} Cile-
noerarensHo, I — opmopopHas (QYHKNHMA BTOPO CTENEHH OTHOCHUTEILHO
dx,/dt; mycrs Torma d<% osmagaer pe3yJapTaT 3ameusl B I OPOMBBOJIMBIX
dz,/dt puddepenmuenamu dz,; ML HOTYIHM
dt?2

=g
u dz? GymeT KBagpaTudHOU W OZHOpPONHOM opmMoit oTHOCUTENBHO 1 Auddepen-
NRatos dr,; OTCIO/[A BHIBOJAM

dz d=

dt = ——==————,
VT VU Fk

Torpa snipaskenume jiedctsun no Moneprion MMecT Buj

2 Sd‘c VU + k-

338. Urobsl MOHO OBLTIO HM3YYHTH APYrHe YacTHbIC CJAy4yad, TOJOIKHM
LI KPATKOCTH

»_ dzg

L=

15 A. IIyanrkape, 7. 11
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HaiijleM J; W3 ypaBHeHHHA
, __dF
I‘ —= d—y,
TaK, 9TO0H NpHHATL 3a HOBHE NEePeMEHHHEe BEJWIMHW z, # Z,; 0603HadmM
uepes oObrgnnle d MPOM3BOAHLE, B3ATHE 0O Z, M YJ;,, M dYepes 0 IPOH3BOA-
HEIE, B3ATHE L0 T; H I;.
Mu nerko HaifeM XOpPOILO W3BECTHHE COOTHOLICHUA:

_on  om__ar
ST ozl oz;  dz;°

¥ YBEAAM, 9To ypasHenmsa (1) sxkBEmBaleHTHR! ypaBHeHHmaM Jlarpasska
doH __oH
dtoxr;” ozx;°
Ilpm sTHX ycnoBmaAx mcciaemyem ciydait, korna H mmeer BHR

H=H,+H,+ H,,

tne Hy, H,, H, — opzopopusie {yEKnma cooTBeTcTBenEe cremesm O, 1,
OTHOCHTEIBHO IEDPEMEHHEX Z,.
Torpa mMm mMeem

,011
Dcig -=2H, + H,,

F=H,—H,
1 DEJIUINHR
(7H.,

+dz

G6ynyr nAmBeiiHLIMA QYHKIEAMA, HO He OAHOPOAHHIMA OTHOCHTEILHO I|.
l'amanbronoso peficTBEE coxpamseT Ty e (OpMy

S Hat.

IlocmMoTpEM, KakoH BEJ mpEMeT jeiictsme no Moneprion.
IIycrs 2 — mocToARHAA KABRIX CWJ; BEIpaskeRWe Aeiicrsus no Moneprion
Oyner EMeTb BHJ

j @+ mya

Ho ero HeoOxoguMo npmBecTE K OpMe, He3aBHCHMOH OT BPEMCHH.
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Jis 3TOTO TOJOKEM

dr2
Hy=gm
B
da
H, =7

Oynxnua H, ApaseTca He UeM WBHIM, KaK JKEBOH c¢mioi, a di? ects pe-
3yJBTAT 3aMEHH B JKWBOH cmie nepeMmeHHBIX z, Auddepernmanamm dr;. Ana-
Jormuno, do upeacrapaser coboir ¢yErmmio H, mocie 3aMeHH B Hed Z; Ha
dz;; TakuM obpazoM, aro JEmHeiiHas OAHOpPOAHAA (OpPMA OTHOCHTENHLHO JEb-
depernmanor dz,.

Ecion mpmHEATH BO BEHMAaHAe YPABHEHH® KHBBIX CHJI

H,=H,+h,
OTKyJia
dt — _L .
Hy+h

10 AeiicTBme mo Monepriom nmpmMeT BHJ
S [2d~VH, + & + ds]-

Takmm o6pasoM, npuenun MonepTion OPATOKAM K CIydal0, KOTOPHII Hac
HHTEpecyeT, KaKk W K CIydJai0 abCOJIOTHOIO JBMKEHHA; HO B/eCh HMMEeTCH
CYMIECTBEEHOE PAa3JIMIEe ¢ TOYKA 3PEEHsS TOTO, 4TO cefiyac mOCIedyeT.

Bo Bcex sagasax, ¢ KOTOPHMH Msl BCTpeTEMCH, ;KEBag cmna I mam H,
CYIEeCTBEEHO IOJIOKATENbHA; STO ONpPEefeJeHHO-IOIOKATeALHAA KBaJpaTHY-
Has dopMa. B caygae aGcomworroro nemxenmsa (o. 337) peitcTeme

S 2dx U Fh

CYIIECTBEHHO MOJOMKATEIbHO; OHO He H3MEeHAeTCAd NPH B3AaAMHOHA Iepecra-
HOBKe upepenos. HampoTus, B HACTOAIIEM clydae AedCTBEE COCTOAT H3 RBYX
9JIeH0B; TIePBHLt

| 2a=vH, +h

BCErJa NOJOKUTENeH W He HM3MeHfeT BHaKa HIPH NepPecTAHOBKE IPeJeNoB.
Bropoit

Sdc

MeHAET 3HAK, €CIM NepecTaBMTh NpPEAeNEH; TakmM 00pasoM, OH MOKeT OnTh
TIOJIOKETETHERM HIM OTPHIATE]BHEIM.

15*
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Ecnam 3aMeTmTh, KpPOME TOTO, 4TO B HEKOTOPHIX CJydYasX UEPBHE dIeH
obpamaercs B myas Gea Toro, aTobK 06paTHEICA B HYJb BTOPOH 4ieH, TO ME
YBHEQAM, YTO JEACTBME HE BCErJa IOJOKATEILHO, ® 3TO 00CTOATENBCTBO J0-
CTAaBHT HaM B IOCHENYIOIEM MHOTO 3aTPY/HEHHH.

339. /Ina Toro wrobb moKazaTh, KaK IPEAHAYINHE PacCy:KIeHHA IMpHMe-
NAKTCA K OTHOCHTEILHOMY JABHKEHHIO, PACCMOTDEM CHadala abcosaioTHOe
JABH;KEHHE CHCTEMHl;, WTaK, IyCTh

H=T+4U,

m npencraBuM cefe, 9T0 DONOKEHME CHCTEMBI ompefeleno n+-1 mepemennnimMa

Ty Toy ooy T, W,

rie Iy, Ty, - - ., &, AOCTATOYHH [JIf OHPEENeNnusi OMHOCUMEIbHOZ0 TOJOIKe-~
HHEA DPa3iMIHEIX TOYEK CHCTEMH, a ® — JJIA OOpejeleHUsA OPUEeHTALUM CH-
CTeMEI B 1IPOCTPAaHCTBE.

Ecau cmcrema maonuposansas, To U Oyfer 3aBHCETB TOJBKO OT Iy,

Zy,. . ., Z,; T Gymer ojHOPORHOI KBajpaTHINOll GOPMOHA OTHOCHTENLUO Z|,
Zyy o« oy Z,, ©, KOPPUIAEHATE KOTOPOU BABHUCHIT TONBKO OT Ty, Tpy - - =y L,
Torma mur Oy/eM mMeTh ypaBHeHNe
aT
dow'’ =p,

I7le p ecTh NOCTOAHHAMA; 9TO HMHTETrpaJd ILIOIamei.
Ilpm sTEX npefmONIOKEHMAX UYCTh J €CTh TaMmIBTOHOBO JcHCTBHE

£y
J= \ Hadt;

to

€CM yDaBHEHHA ABMKEHMs YyAOBIETBODAKTCH, MH 6yneM UMETh

aT aT =ty
3 = —— 0%, 4 50w
J PRGN rolll S
HeiicTBue Gyner MUHMMYMOM (Mnd, BepHee, €ro nepBag BaphHaLufa OyHNeT
paBHa HyIO), ¢C/IM HavalbHHE M KOBEYHHe 3HAYCHHA UepPeMeHHBX Z; M o
CUMTATH 3alaHHKIMM, T. €. ecad 0z, —dw=—=0 upu t=1¢, u t =1,.
[IpexoonoskuM Temeps, 9TO MHE CYMTAEM 33aJAHHHIMHI HaYaJbHEE M KOHEd-
HHE 3HAYCHHA T,, HO He W; MH NOIYyYAM
N qi=t  ql=t
] 8J = [piw];—sy = p [do]is
Torpga oyers
H’ -= H —_— [)(!)’
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I = S Hidt;

OYeBMHO, Oyaer

3J'=0.

ar
M3 ypasuenusn Jo— P MH HaXOJMM BeIMTHHY o/, KoTOpasa ABIAETCA JU-

peiiHoli HeogHOpPOAHOH OyHKIMEH OT z; MH BHAUM, clefoBaTensHo, uro H’
ABIAETCH HEOJHOPOJAHOM KBaApATHYHON QyHKIMell OTHOCHUTEILHO x,
Takum obpasoM, H' wmeer suy Hy-+ H,+ H, wusywemuuii B m. 338.
CirenosaTensno, uaterpan J/ GyfeT MHHUMYMOM, €CJM JiaXKe HadalbHHE
¥ KOHEUYHHIEe 3HAUEHHUA O HE CUYMUTAIOTCS 3aJaHHBIMH.
IIpuroM ME mEMeeM
I'=1—p(o,— o),

rfe 0w, ¥ w, — 3HAYCHHA o UpH t=1, ! [=I,.

340. Ilpexmosio:kum Teneph, UTO CHCTEMa OTHECEHA K DOJABMIKHBIM OCHM
¥ TmoABepiKeHa AEHCTBHIO CHUI, KOTOPbIE 33aBUCAT TOJBKO OT GTHOCHUTEIBLHOTO
DOJOMEHU CHCTEMH OTIOCHTENLHO IONBWKHEEX oceit. IIpegmoxoykmM, Kpome
TOT0, 9TO OCH PABHOMEDPHO BPAINAIOTC: C HOCTOAHHOA YIIOBOH CKOPOCTHIO ®'.

Jdra ppoliemMa HeMe[JIEHHO CBOJUTCA K IPERHIYyme#d; HeoOXO[MMO TOIBLKO
PUOKECATH NOJBHKHEIM OCAM OYEHH GOJNBITOH MOMEHT MHepnHuM TakmMm obpa-
30M, 9TOOH yrioBas CKOPOCTHL OCTABAJNAacCh IOCTOAHHOIM.

Torpa maa abCONIOTIIOTO [ABUIKEHUSA HUMEEM
H=T+U=T,+T,+U.

Cunoras ¢yErnua U BaBHCHT TOIBKO OT IEPEMEHHHX Z;, KOTODHE Ompe-
[ENA0T TIOJNOKEHHWEe CHCTEMHl OTHOCHTENIBbHO NOABHKHHX oceil; j;kuBasg cmia
cucteMsl T'; 3aBHCHT OT Z; M SIBIAETCHA KBAJPATHYHOH (HopMO# OTHOCHTENLHO
z, m o'; jKUBag CHIa MOABWKHEIX oceir T, paBHA

1
70)12’
a MoMeHT mHepuu® ] O9YeHL BENWK.
Torga moaydaercs

P =5 +1o
n
H=H—py=(T,+T,+ U)—Tu)’———lu)'?‘
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unin
ar Tw'?
{ - —_— iy
H=T+4+U o ® 5
Ho
ar
Io'=p—z7.

Tax xax ] @ p odeHs BeJAHKHE 1o OTHOmeHWIO K dT,/dw’, To 8T0 ypasuenne
npuOIMKEHHO JAET

—
=T
H TOUHEe
j—p__ 14Ty
=TT Tde
Kpome Toro,
ar,

Iw'z_f__pa? 1 7d7T,\2
=a—1 tala) -

2 21 I 21

Mu maxommm Takmm o0pasoM
HI=T,+ Ut b (400)
— 2T T2r\do'/ *

IIpegmocnennmiz 9ieH B OpaBoil 9acTH SBIAAETCH MNOCTOAHHOM; HOCKeTHEM
MO3kHO upesebpeun, moTomy 9ro I 0YeHE BENHKO.

Tak kaxk mMokuHo npuGasmTs K H’', puyero me msMensd B npmEanzme la-
MAJBTOHA, KAKYI0 YIOAHO HOCTOAHHYIO, TO MH CMOKEM NONOKHUTH

H'=T,+U,

a MH 3HaeM, 4TO nﬂ'rerpan
N:VWt

moikeH OMTH MmAMMYMOM (IasKe TOI[a, KOIr;{@ HAYAJILHOE M KOHEYHOE 3Ha-
9eHHA © He BajZaHH).

B Bupaskenum H” ciepyeT cumrarh »’ 3aJaHHOH mocTOsHHOW; Torma H”
ABIAETCA KBAAPaTHIHOA Heopmopopumod ¢ynxumeir or z; smpa Hy+H,+H,.

IIycrs, manpumep, MaTepmadpHas TOYKA MacCH 1 JBEIKeTCA B IIIOCKOCTH,
B ee KOODIMHATH OTHOCHTENHHO NOABMIKHEIX OCe& CyTh £ H 7.

Ms 6ynem mmers

7, = ot —5 (' o)
Caenosarenasso,

=01 oy —tn,  H,=S @
=3 =0 (&g ) o=~ E+17)+U.
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Wuterpan
t
J = g (H,+ H, + 1) dt

to

OyjaeT Torja MEHEMYMOM, €CIH CYATATH 3aJaHHHIME Opefesl Iy B f;, & TAKMKe
HagaJhpHEIE M KOHGYHHE 3Ha4YeHAA § H 7).
Torma uHTErpall ;KMBHX CHJ 3ANMINETCA B BHAE

H,=H,+h,

W MEl BHJENM, 9TO MHTETPal
7= (H,+ H,+ Hy+ k) dt =T +h(t,— ;)

€CTh MUHEAMYM, €CIIH AK€ He CUYUTATH 33AaHHBIMU fy U L.
Torma M Haxoxum

7= @H,+ Hy)dt = | [ds VZ(H,+#) + o (dn — nd§)],
moJiarasi

ds? = d? -} dv?.

9ro o6obmennsii npmanuo MouepTion.

B 3agauax, koroprnie Mu Gynem paccMarpEBaTh, U Gyner Bcerga IOJIOKH-
TellBHOH, W, CAGHOBATEABHO, J OYHET CYmEecTBEeHHO MNOJOKATEIBLHBIM.

Jd10 ume Becerma Oymer mMeThb MecTO oTHOcHTERBEO J'. JleiicTBHTENBHO,
ecid kA — OTPHIATENBHO, TO MBI JOJJKHLI LPEANOJOKHTH, 9TO TOUKa £, 7]
U¢ BEIXONHT 3a npefeiaul obiaacTm, ompemenerniofl HepaBeHCTBOM

Hy,+hr>0.

IlepBmit 9neH Bupa)cennd TOJ 3HAKOM HHTerpana, pasanit ds\H, - k,
CYICCTBCHHEO IIOJNOKATEICH; DTO 1€ BLIIOJHEHO ANf BTOPOTO WiIeHa, KOTOPHIH
MeHSICT 3HAK NpPH IepeMeHe HampaBleHHs, B KOTOPOM IpPefIoiaraercs o00Xox
TPaeKTOPHH.

Ecam Touka §, novens Gamaka K rpaEmne o0IacTH, B KOTOPOH OHA 3aKII0-
gena, eclH, clefoBarelsno, cymma Hy+h odens Mala, TO UepBHIA YIeH OyHReT
o4densk MaJdEM, W 3Hak OyJeT ompegensaThCA BTOPHM YJIEHOM.

Urax, J' He ABIKETCA CYMECTBEHHO HOJOXUTeNsENM. B aroM Mmu yOe-
KIaeMCH TAK)Ke OPH IIOMOINM yPaBHEHHS

J'=1T+h(t,—t,).
Ecnm h oTprnoaTenxsHo, TO HePBHA WiIeH J NOJOKUTENOH, 8 BTOPO# — OTpH-
mjaTelied.
Kunermueckne (horycn
341. lo cux mop, KOIfa A TOBOPHI, UTO MAKOU-MO UHMEZPAL ECTNb MUHU~

MYyM, A NOJB3OBANCA COKPAaIEHHHM, HO HEOPaBA/JIbHKRIM 060p0TOM peqd,
ROTOpHﬁ, BIIPO9€M, HAKOTO HE MOT BBECTH B aa6nymnenue; A XOTeJI CKa3aTh,
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4TO nepeas 6QPUAYUS 9MO020 UHMEZPAAR ecmb HYAb; DTO YCIOBHE HEoOXOAMMO
IAA TOro, 9To0Bl MMEI MEeCTO MHHMMYM, HO OHO HEe[0CTATOYHO.

Teneph ME mCCIefyeM, KakoBO yClIoB@e TOro, 9rolur murerpanst J u J',
KOTOpHIE MHl M3YYWIH B OpeAbAylMux uaparpadax, deiicmeumesbro OblIu
MEHMMANBHLI. OTO HCCIENOBAaHHE CBA32HO C TPYAHHIM BONPOCOM O BTODPBIX
BapHaOUAX W C M3AMHOW Teopuell KUHETHIECKUX (OKYycoB.

HamoMEEM npmBO@OE 5TEX TEOpHi.

Ilycrs x;, Z3, » . ., Z, — QYHKUMEA OT ¢; OYCTh I}, Ty, . . ., &, — HX PO~
MBBOAHNLE; PACCMOTPHAM HHTET DA

h
J= S f(z,;, z)dt,

to

mepBadg BApmanmMsA Kotoporo OJ paBHA RYJI0, €CAM CIUTATHL 3aQ/lAHHBHIMU Ha-
gaIpHLEE M KOHEUHble 3Hauenus Qysxuwmit z,.
IOnsa Toro urofsl sTOT MHTerpanx OL MUHMMYyMOM, Tpebyercs cHavala
ycioBue, HeoOXoxuMoOe, HO He JOCTAaTOYHOe, KOTOPOe f Ha30By yciaoBuem (4).
Hmenrno, wmobul pasrocmy
af

J (@ &4e) — Do,

paccmampusaemas kax gynkyus om €, 6uaa murumysom (],

Yenosme (A) BHe ABIAETCH /OCTATOYHEIM, NO Kpaiimedd Mepe, ecin Impe-
7eqH HHTCIPHPOBAHAA He OnusKu. 3a UCKIIYEHHEM 3ITOTO CIydasd, K HeMy
Heo6XOIMO DPHUCOSUHATE JPYToe YCIOBUE, KOTOpoe 1 HazoBy yciaoBuenm (B).
Yro6: cHOpMYyIEPOBATH €ro, MHE Heo0X0oguMo cHadala HAaOOMBHATH Ompeje-
neHue KMHETHYECKEX (POKYCOB.

Yrobnt
d3J =0,

Heo6XoqEMO ® IOCTATOuHO, 9T00H (yHKOuUmM z; yRoBiersopaiam n guddepen-
IIaJBHEM YPARBHEHHAM BTOPOT0 HOPAKA, KOTOPHE A Ha30By ypasgesuamu (C).
Ilycrs
z; = ¢, (1)
— pemeHdEe THX YpaBHeHWI.
Iloxomum B KagecrBe OeCKOHNEUNO ONE3KOTO pPELIeHUS

z, =9, () +§

H COCTABMM YPAaBHENHA B BAPHMANUAX, JHHEHHBE yPaBHEHHA, KOTOPHIM YI0-
paeTBopAkT , m xoTopsle s Hazomy (D).
O6mee pemenue d>rux ypaseHenuit (D) Oyner MMeTh BUJ

k=2n

= S A, (=1,2, ..., n).
k=1
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Benwamusr A, ecTe 2n DOCTOAHHHX MHTErpupoBauusa, £ , ecTb 2n?

OYHKIEA OT ¢, DOJHOCTBHIO ONPEMENEeHHHX M COOTBETCTBYIONEX 21 YACTHBIM
pellennAM JUHeiHnx ypasuenuit (D).

B armx mpenmonokenmax HammmeM, 4to Bee ; , obpamanoTca B HyJb
A NBYX 338JaHHLIX MOMEHTOB I=1" u {=1"; monyduM 2n JuHEHHLIX ypaBHe-
HMil, 3 KOTODHX CMOM{CM JCKJIIOUHATH 25 HEHMBBECTHHX A,.

Taxkum oOpaszoM, Ml HONYYUM YpaBHeHHE

A, 1) = 0,
rxe A ectn ompefelNUTENL:
El,l E1,2 e E],Qn
Eu, 1 En, 2 e Eu, 2n
A == " ” ” ;

11 1,2 = e 1, 2n

” " r

En, 1 S, 2 e Sn, 2u

BenmumAn §; , u
m Ha 1.

Ecim Momentn t' m t'' ynoemersopsaior ypasHermio A=0, MbI CcrareM.
YTO BTO /[BA COMPANCCHHHT MOMEHMA M 4TO ABe Touxu M’ u M'’ npocrpancrsa
I U3MEPEHUR, WMEKIIUe KOODJMIATAMM COOTBETCTEEHHO

e (1) )y .y @, (2),
e () P (L)s o ns 0y (1),

CYTb /IB€ CONPANHCEHHUIE THOUKU.

Ticam, xpome Toro, '’ — TOT M3 MOMEUTOB, COOPAKEHHHX C ', KOTOPLI
cneayeT 3a £’ W ABAAETCA CaMbM ONM3KEM K &', MBI CKaskeM, ato M'' apnsercs
gorycom Touxu M'.

Teneps mbi MoeM copmyiamposats yciopue (B): omo cocromt B Tpebo-
Bauud, 9TOGH MEXAY £, X [; HE JEKalo HE OJfHOr0 MOMEHTa, COUPHIKEHHOIO
¢ L.

Yro6nt J OHIO0 MEHIMYMOM, HeoOXOQAMO ¥ [OCTATOYHO, YTOOH BHIIIOJ-
Hanuces ycaosus (A) m (B).

OrTcro/ia MOKHO BEIBECTH OfHO HENOCPEICTBEHHOE CIefCTBHE.

lycrs ¢y, 1, 1, t3 — 9eThIpe MOMEHTA.

llyers My, My, M,, Mz — cOOTBETCTBYIOIME TOYKH KPHUBOH

.T] =% (t)’ Ty == Pg (t)’ ten .'II": <Pn (t)

Ilpennomosum, gro M, — doxryc M,, a M; — doryc M,.
Ecanm ycnosme (A) BHIOIHEHO, TO MOMET OHTH

<t <t <t

14
, 03uUAJalT pe3ynbTaT 3amensl ! B Qynknum, , na t
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Hian

to<tz<t1<ta'
ty < ty < ty < t,.
fy < t, < t; < ¢4

HEeBO3MOKHEI, MHAYC HHTEI'PAJd

nin

Ho uepasencTtra

2,-¢

|

1

nomker Om OGN OHTHL MHBEMYMOM, LOCKOJBKY BBIIOJHEHO yciosme (B),

a mHTErpai
£i—%

]

i

He ORI GH MAHMMYMOM, IOCKOJIBKY ycIoBme (B) He GhiIo 6H gasa HEro BH-
IONHEHO.

IJT0 HEBO3MO}KHO, IIOCKOJIBKY MOKHO BapbEpPOBaTh QYHKIUER Z; MEMIY
t, B I,—e, HO M3MEHAA HX B IIPDOMEKYTKE OT £, 10 i,.

Jlerko BUAETH reoMeTpHYECKHE CMHCI UPERHLYINETO.

Hpueyo B DpocTpaHCTBe n W3MepeHUHE

z, =9, (%),

UpeACTABIANINY0 pemende ypasrenmit (C), MOKHO HasBaThb TPAeKTOPHeH,

KOTOpyI0 s oGosmagy wepes (7).
KprBasa :

T, =9, +§

npeAcTaBAT BECKOHEYHO GMU3KYI0 TPAEKTODHIO.

IIycrs gepes Touky M’ npoBenera ofua m3 arux Tpaerropmit (7'), Gecko-
mewno Onmakux k (7)), m aTa TPaeKTOpHUA CHOBa nepecexaer Tpaextopuio (T)
B Touke M’’ (tounee, paccroanme M'' or sTo# TpaexTopum Gyjier Gecrouedno
Malo# BEHCIIEro HOpAfka); Touku M’ m M'' GyayT cOUpAMKEHHLIMHU, €CII,
KPOM® TOrO, TO4Ka, KoTopas omuchiaeT 7', mpoxoaur depe3 M’ n GecronedHo
6xm3ko ot M" B MOMeHTH BpeMenm ¢ m 1''.

342. B cnyvae ppmanmuoa I'ammiaoroma ycixosme (A) BEHIOIHEHO BCEraa;

B CaMOM fiene, MMeeM
H=H,+H + H,

u H, — ogHopoaHas KBagpaTHYHasg (oOpMa OTHOCHTEIBHO I;.

Bo Bcex dalad9ax JAHWHAMHKHA 3Ta KBaApaTUYHAA (bopma ABIAETCA IOJO-
}KKTGJILHO-OIIPEJIBJIBHHOﬁ.
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Ecam mu 3ameHEM 2z Ba z;-}e;, H, uepeiiner B

’ dH
Hy (=) + 2 € _—dzil. ’
a H, saMermTCA HAa

H, (@) + Hy () + 2o 55

dH,
2 &g = Q.
+
CrnenosaTensHoO,

’ d(H
H(z;+e)=Hy+ B+ Hy+ Do, ~ bt 0 gy ),

OTKyJa, HaKOHEI,

nopAdeM

H(z, ) — Do 5m=H + Hy(e).

JleBass 9acTh COOTBETCTBYET QYHKIURA
. af
f(=; + 5;)"2"’{,1—1:_;

TAR Kar KeagpaTmuyHas ¢opma H, (e;) DOJNOKHTENBHO-OIpEAEIeAUa, MH BH-
JAM, 9TO 3TO BHpasKeHHE ABIAETCA MHUHHMYMoM upu e,==0, T. e. yciaosue (A4)
BHIIOJHEHO,

343. IlepeizmeM x cayuaio mpuenuna MomepTion B aGCONIOTHOM ABUKEHUH.
Torga way4aeMHR WHTerpajl 3aIMCHBAEICI B BHJE

S dr,

rae dt? — HONOKHUTeNBHO-ONpeNeleHHAN KBaApaTHIHAs (OpMa OTHOCHTEIBHO
puddepeRnmanoB dz,.

IlpumMem Ha MTHOBeHHE Z; B KadJecTBe HE3aBHCUMOH I€pEeMEHHOH; MHTe-
rpal OpEMET BHJ

rae (d</dz;)® — monmHOM BTOpPO# cremenu P, HEONHOPOAHHHA (HO CYMECTBOHHO
OOJOKHTE]bHNA) OTHOCUTENARHO dz,/dx;. I/ITax, oycTh

E_V d:cl

Peup mper o Tom, 9T00H y3HATH, ABJIAETCA IH

VP(E+e)— S eae VP
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MuHEEMYyMOM 1pu ¢,=0; nam, JpyrHMm cI0BaMH, IOMO/KHTEJbHA K BTOpad
TIPOM3BOAHAS N0 ! OT KODHHA

VP (%z—; -+ a,.t).

Ho xakosw Obt Hu Guimm dz,/dz, u e, Mp Oynem mmers

P(d—“‘_}_e,.t): ai? - 2bt -,

d.’tl

Tae @, b, ¢ — HEe3aBUCHMMSL OT /; BTOPasA IPOM3BOJAHAA OT KOPHA TOTHA PaBHA

ac — b2
(at2 4 2bt 4-¢)2"

Tak xax noapsHoM P cymecTBeHHO NOJN0MKUTENEH, TO 3TO BHPAKOHAE TaKsKe
BCErfa NOJOMUTENBHO0, ¥ ycioBue {A) BHIIOJHEHO BCETAa.

344. Ilepefinem ® mnpuEOuny MomnepTioM B OTHOCHTEIBHOM JIBIKEHHH.
Torga MH JONGKHBL PacCMOTPETh HMHTErpal

| [ds VA, F 7+ o (8dy, — 7d¥)]
AU, IIPUHHUMAA E 33 HEe3aBMCHUMYIO IIepeMEeHHYIO,

[ gt [VH, F B T+ 1% + of (Er' — )]

Taxum oGpasoM, HeoOXOZHMO HMCCIE0BATH BONPOC O TOM, ABIAECTICH JK
MOJI0KUTENBHOA BTOpPas IIPOM3BOAHAA IO 7 OT

V(I + k) (1 + 7%) + o' (En/ — 7);
HO 3Ta HOPOHU3BOAHASs paBHA
VA, §h

CnegoBarenbno, yciaosue (A) BHIIONHEHO BCerpa.
Uraxk, ycaoBme (4) BumonmeHo caMo co0oif BO BCeX caydasx, KOTOphIe

HaM IIDeJCTOHRT HM3Yy9HTh.

®oxyest 1o Moneprion

345. Kunermueckue GoKych He ABIATCHA COBEPIIEHHO OHMMU M TEMM IKe
B 3aBMCHMOCTH OT TOTO, PACCMATpHBaeM J¥ MH TAMAJETOHOBO [eHCTBHE MIM
peicteue no Momeprion. Urtobu ayduie yOepuTscs B 9TOM, INIPEANIOJIOIKHM,
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9T0 HMEI0OTCA TOJNBKO JB€ CTEICHA CBOﬁOIIbI, 1 OyCTh & M J — [Be IepeMeHHHe,

KOTOPHE ONPeJBNAIT HOJOKOHME CHCTEMHl M KOTODHI® MBl MOSKEM CUHTATh
KOOpAMHATAMU TOYKHM HA ILIOCKOCTH.
IIycrs

z=f(t), y="1(¢)
ypaBHeHusn Ttpaekropund (7), xoropas Oymer miaockoit kpumsoit. Iloxomum
z=FfE)+E y=5,HL{)+n

u, mpenebperass KBajgpaTaM¥ § # 7, COCTABHM YDABHCHMA B BapUaIMAX.
Tar Kak OHH JMHEHHH M YeTBEPTOro MOPALKA, TO Mh, CIEJOBATEJIEHO, OymeMm
WMETh

.
E==af +af, +af;+af,
N ==a1% + y%y + g%+ 04Ny,
Ifle @; — HOCTOSHHbIE MATEIPMPOBANMs, &, M 7, — QYHRIMU OT I.
Torga ypasuenue n. 341

A(, 1=0
3alyIueTcsa B BUjgC
S A
T T2 M3 M

o en g e | =00 (M
1 S &3 &

” ”

e M2 T3 My

Vimenno aT0 ypaBHeH#e M OIIPEENsAeT TaMKJILTOHOBH (BORYCHI.

JTo o3HawAeT, YTO TOYKA ¥, Y, oumcuBaiom@as tpaexropuio (7), m Toura
z+§, y+ 7, onucwiBatonian GeckoHnegno GausKyio Tpaexropmio (I'), pasgencHsl
B JBAa PagJVYHHEX MOMEHTA BpEMeHH, & MMEHHO, B MOMEHTHI {' u t'’, GecKoHe4HO
MANLIM PACCTOSAHMEM BLICUIETO IOPHIKA.

Ho 3to me Te ycmoBua, Koropble JAO/IHLI BLIIOJHATLCA A (JOKYCOB
no Moneprion. JAse rouxu Tpaexkropuu (T), a umenno, nse Togku M’ m M’
COOTBETCTBYIOIMe MoMeHTaMm &' ® &', HOMIKHL HAXOAUTHCH Ha OeCKOHETHO
MAJIOM pACCTOSHWM BHICHIEro mopsigka ot rpaextopum (7).

Opmako nHeofOszareirbHO, 4ro0bl WOABMA{HAA Touka, npoberawomas (T7),
NpoXonmia TOYHO B MOMeHT {'', Hampumep, Oecromeuno Gausko or M’'. 3aro
LIIOCTOSHHASA JREBBIX CHJ [OJH(HA UMeTh OJHO W TO jKe 3HaueHwe gias (1) m
(77); aTo mocaefmee yciOBEE He HANATAETCA HA IAMHJIBTOHOBLI (IOKYCHI.

Opeo n3 pemeHuil ypaBHeHuI B BapHAalHAX €CTh

E=fi1(8), n=rfa(t).
CaenoBaTenpHO, MEH MO)KEM MpEIUOJ0KUTH

E=AE) w=£E) B=H0") w=hH{)
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Tarkum ofpasom, ompepneneHsl gse GyExoum & # 7.
C ppyro#l cTOpOHH, PasHOCTh MEKAY NocToAHHOH xmBeix cun jgasa (T)
B DOCTOABHON XUBEIX cui pusa (I') GecKOHEYHO MaJja; O0YeBUAHO, OHA fAB-

aseTca JuBeiHOH ¢yHKIued deThipex OGECKOREYRO MaJHX IOCTOAHHHX a4,

He OorpasmYMBafg OOIMHOCTH, MBI MOKEM IpeaunoJOMHATh, ITO 3Ta PAa3HOCTh
B TOYHOCTH paBHA Q4.

Torga yciaosmem Toro, wTofs 3HAYEHHWE MOCTOAHBON JKEBHX CAX OHIJIO Of-
paM u TeM ke puaa (T) u (T'), 6yner a,=0 nim xe

E=aft, + af;, + af,,
N =ayM + 87N + 37
Teneps npr t=t' ¢yaxnuz & @ 7 QOMKHEH OHTL HyJIAMH, OTKYHA BHTEKAKOT
ypaBHeHAA
at + ak -+ af; =0,
an, + agn, + asn; =0.
C npyroi CTOpOHH, 3HAYCHHS Z-+§, Y-+ mpm t=1"'-+¢ AomKHN OHTH

TeMH ke (C TOYHOCTHIO 0 6EeCKOHeYHO MAaJ kX BHICIIEro NOPAAKA), YTO M 3HA-
9eHWA T ¥ y IOpH t=1'', 9TO 3aIHUCHBaeTCH B BHAE

(e + a)) & -+ a8 +a,f5 =0,
(e +a) M+ agm; +aym; =0,

OTRYJa HMCKJIIOYeHHEM HAaXOOHBM

& & & O

T My M Of

AN @
T M, 0 m

Pacxpmnaﬂ 3TOT onpeaeJure’]lsb, HAXOIAHM

b, —famy Eimg—Bamy |

" ” L4 LA "—0
Elnp_ —_ 827]2 Elna - E3‘731

H, mojaras

Eime — més
A2 N2 T4,
E1m3 — Miés C( )

IpUBOAUM ypaBHeHEe (2) K BHAY

C() =L (") (3)
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HPHJIO}KGHHB K IDepnoAnvYeCKMM pPerIeHHsIM

346. Ecam Myl @EMeeM Jelo C NePHOSHIECKAM DPEIIEHHOM C IEPUomoM 2T,
oyrknumu f, (f) # f, (£) #3 npegupymero maparpada GyAyT HepHOAUIECKEME
¢ mepmopmoM 2m; TO Ke Oymer m pasa

E=/i(t), m=r0@)

Hpome Toro, yparHenus B Bapmammax coriacHo Tiaaee IV Oyayr momyckaTts
APYrHe 4YaCTHHE DeUIeHMA, HEMEIOIUe BHJ

£ = ™o, (1), n=e"P, (2);
E—=e""p,(t), =", ();
E=o,(t) +Btfi(t), n=1,(t) -+ Btfa(t).

B artux YPaBHEHAAX B'— IOCTOAHHAA, & WM — & — XapaKTePHCTAYECKUS
IOKasaTeJd, ¢ H ¢ — DepHORUYIECKHS (byHKIIEK.
Ilycrs
dz dy
F(x, Y, i Et—) = const

— YpPaBHEHHEe UBRIX CHX; MHE JOJKHKI 6yneM HMEeThb

dF dF dF d& dF dn__
HE+2;*I+*—ddz @ty @t =4
ar ar

rie A — nocroannas. Ecau B aroM ypaBmemnu samenmm & m m mna e, €¥¢,,
TO NeBag 9acTh CTAHET mepuoAMdecKoit gyHrUmell or ¢, yMHO/KEHHOW Ha €,

4 TAK KaK OHa JO/’KHA OHTh NOOCTOAHHOW, TO HEOGXOAMMO, 4TOUH OHa
Onuia HyneMm.

Cnenorarensso, monyIuM
A=0,
IJTO0 03HAwaeT, 4TO JABe OecKOHeyHO OIMBKMEe TpPAeKTODUM, YPABHEHUS

KOTOPHX CYTH
z = f,(¢), y=1;(2)

z=J(t)+ eﬁ‘l’z (&), y=1()+ eu'q’z (£)s

u

COOTBETCTBYIOT OAHOMY M TOMY K€ 3HAYEHMIO ODOCTOAHHON JKUBHX CHIL.
To xe caMoe MoxHO OHIO O DOKAsaTh ANA TPAEKTODUH, YpaBEEHNE

KOTODO# ecTh
z==f(t) -+ e oy (t), y="1o(t)+ ey (2).
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Hpnnosxenne K MepHOAMYECKMM pPEINEHHAM

346. Ecam MH uMeeM [eN0 ¢ NEPHOAMIECKHM DEIEHMEM C NepUOjoM 2T,
dyurnmuz f, (£) u f, (!) ms npepuaymero maparpada OynyT NepHOAMIECKEME
¢ mepmogoM 2m; To ke OGymer m pas

=@ m=75(Q).

Kpome Toro, ypasHeRrs B Bapman@ax coraacHo raase IV 6yayr gonyckars
ApyrHe 4YacTHHE pPEUIeHHMA, HMEn[de BHLK

& =e"o, (¢), n= "¢y ();
E=e"o, (1), =", (t);
E==o, () +Btfi(t), =1, (2)+ Btfa(t).

B srtux ypaBmemwsax B — HDOCTOAHHAA, @ M — O — XAPAKTEPHCTHIECKUS
DoKasaTend, ¢ W ¢ — DepHOAWYecKEe (QyHKIEM.

Ilycts
F(z, Y, Z—:—, :—i’)zconst

—— YpPaBHEHHME HXUBHX CHJ; Mhl JOJKHE GYIIGM HMETh

dF . , dF dF dt | dF dn__
z tynt mat Ty a=4
@ lar

rie A — nocrosunas. Eciu B aToM ypaBEeHHm 3amenuM & um m ua e*o,, €9,
TO NeBafd uUaCTh CTAHET UepHoAMdecKol PyHKIuUedl oT f, YMHO/KEHHOH Ha e,
a TAK KaK OHA JOMKHA OHTH NOCTOAHHOW, TO He00XO0AMMO, YTOGH OHa
ORIA HYyJIeM.

CnenoBaTeiIBsHO, MONYINM
A=0,
JTo 03HavaeT, 4TC jBe OECKOHEYHO OJU3KHEe TPAaeKTOPHH, YPaBHEHUA

KOTOPHX CYTh
z=f, (t), y=1s(t)

z=Ff )+ e“‘Pz (2), y=1(t) + eai% (2)s

U

COOTBRETCTBYIOT OJHOMY M TOMY K€ 3HaYeHMIO OOCTOANHOH KUBHX CHIL
To e caMoe MOxHO GHIO OH NOKasaTh A TPAGKTOPHH, YpaBHEHHE

KOTOPO# ecTh
z==f(t)+ e_u"Pa (t), y="1(t)+ e, (2).
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Mbl 3HAeM—OTO T0, 4To G (f) — nepmopguveckas $yHKOHA, a OTCIOJa HNPOCTO
BLITGKAET, 9TO

log G (t)

yBeJIHMYEBAETCA HA KpaTHoe 2iw, Hampmmep Ha 2kiw, Korjga ¢ yBeaudmBaeTcA
ga 2xn. Torga pasHOCTH

log G (t) —tkt

ABJIAETCH LepHOAUIecKod ¢yHRIuei.
Homomum B Takom caydae

G' (t) =G (t) e*¥,

al —a l 1__"‘ .
2 ?
TOIyIAM

C(t) = ™G (t) = =G (1).
Mun umoxommM Torga He
1
T=t +2_;logG(t)l

r:t—i—ﬁ,—logG’(t);

rak Kak log G’ (t) Oyner nmepuopgmueckolt (ysKnEeil, mpejLyiyN{¥e BLIBOJKI
COXPaHATCH, ypaBHenme (3) 3anmimercs B BUAe

v = —a—“ (m — nenoe)

u, Kpome toro, M'’ Gyner doxycom M’, ecnu

':”—':’—-iE

e

348. Takum o0pasom, OKABHBAeTCH [OKA3aHHKM ONHO M3 HAIUX Tpex
npexnososkenuit, uro log G (f) momxen OuThH mepmogwdeckum. Temepsr s TO-
BOpPI0, 9T0 (YHKI(MA T JONKHA OHITH, KAK MH 3TO IPEJIOJOKHIH, MOHOTOHHO
BO3pacTapmei.

Ilpeguonoskmm, B caMoMm jexe, 9TO 8Ta (YHKIHEA JONYCKAET MaKCAMYM
Ty OIpU {=1{;; TOTTa MH CMOKEM HAaWTH gBa TAKHX MOMEHTAa t; . t;’, TTQ COOT-
BeTCTBYION(A® 3HAYEHHSA T, M T, PYHKIUM T PABHH APYr APYIY, ¥ ABa APYIAX
TAKEX MOMEHTa i, ¥ f,, 9TO T,= T,; HaKOHEN, TAKHAX, 9TO DTH IATb MOMEHTOB,
U IPHUTOM 0YeHH OMHM3KEX JApPYT K APYry, YAOBIETBOPHAIOT HEPaBEHCTBAM

1< < Ly <5< 8.

16 A. Ilyanrape, 7. I1
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Torpa t] Gyner goxycom &, #; — GoKycoM i;; HO MH BHJEXH BHIIE, 9TO
nogo0HLIe HepaBeHCTBA HEBO3MOJKEL!, KOrAa BHIoNneno yciaopwe (B),
fl roBopm Temeps, TTO G () He MOKeT OGPATHTHECA B HYAb; NeHCTBATETHHO,
MK HMeeM
C(l) — Gime — Eomu .
113 — &sm

Uncnonreap ¥ 83HaMeHaTedb { () KOMIIEKCHBE CONpPAMKEHHHIE; CJAM OfEE
¥3 HuX ofpamaeTcHa B Hy;b, TO JPYTO#l Takke o6pamaercd B HyJb, TaK 4TO
dyrrnua { (¢) He MOKeT CTaTh HA HYJeM, HA 0eCKOHEYHOCTBIO.

Taxkum o6pa3om, OKABEBAKTCA AOKa3aHBKHMHU BCe HAIIK OPEAUNOIOMEHMA.

HeycroiianBrie permenmsa

349. llpegoonomm Temeps, 9TO peIIGEUE HEYCTOMYMBO, a a2 — moOJIO-
AUTENBHO; B dTOM caydae £y, 7y, €, 73 (, @, G — BeeCTBEHHHI.

ITo Toit »e npnumne, 9To ¥ Bhime, GYHKIHUA T GYAET MOHOTORHO BO3PACTAK) -
meil; ONHAKO BOBMOKHEL [Ba ITIPEAIOJOFKEOHEA:

1. Jubo T (t) we moocem obpamumucs HU 6 HYyab, HU 6 GECKOHELHOCTb
¥ MOHOTOHHO BoapacraeT ot 0 mo -+oo, Korma ¢ Bos3pacTaer OT —co [0 oo,

Torpa nu 00na moura nepuoduueckozo pewenus He umeem gokyca no Mo-
nepmmou.

2. Jlubo § (t) moxcem o6pamumbcs 6 Hyab UpU t=*t,; Torfa ona Gyner obpa-
H[ATHCA B HYJIb TAKKe OPH {=1,1-27, a TaK KaK OHA HEe MOJKET EMeTh HH MakK-
cAMyMa, HE MEHMMYMa, To Heo0xoxmmo, aro0sl oHA oOpamaaach B GeckoHed-
HOCTH B ®WHTepBale. AHajorauHo, ecnm { (f) moxer oOpaTuThcs B Geckomeu-
HOCTBH, HeoOXofmMo TaxKe, 4ToOH OHA Morna oOpATATECA B HYIb.

Urax, npeanmonoxmM, Aias onpejereHHocTH, 4ro { (f) ofpamaerca B Gec-
KOH@YHOCTh UPH

t=ty, t, t,+2=

H 0puW 3HA9eHAAX £, KOTOPHE OTIHMYAIOTCA OT HEX Ha KpaTHoe 2w, m obpa-
IaeTcss B HYJdbB IIDHA
L=ty 1, to—+ 2m.

[Ipm atom s mpegnomaraw
L<<Hh<tH<t<t+2m

IIpm arom, Korga ¢ BO3pacTaer OT I, X0 £, WIH OT £y 10 &, WIH OT £y A0 £y+2 T,
¢ymruas C (£) MOHOTOHHO BO3PacraeT 0T —oo X0 - oo.

3amkmyTan tpaexropua (I'), KoTopasg HpegCTABIAET NepUOTHIECKOE pe-
wenne, Oymer, ClegOBATEILHO, pA3JeJIOHA HA JBE NYTH, KOHIB KOTOPHIX
6ynyT COOTBETCTBOBATH B3HAYCHHAM I

tyy tn g+ 2w
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Kaxpas Touxa omnoi m3 ayr 6yner umerh cBoil mepBHHA GOKyC Ha CIexyo-
meir pyre.
H opmbaBafAl, 9T0 TOUKH, COOTBETCTBYIOIME 3HAUEHUAM I
’ r
tov tO, t1, tls

cOBNaJaxT CO CBOMMH BTODHMH Q)OKYCBMH.

Iycrs ¢’ — 3Hauenwe ¢, cooTBeTeTByOIee Mioboit Touxe (T), a ¢y — 3Ha-
qyeHHe f, KOTOPOE COOTBETCTBYET ee n-MY OKycy; MH GyleM HMeTh
t,—1t" 2%

n 2

lim

Ho »t0 He Bce; MH moayduMm
”

et (i) = =G (t").

Ecnu n ouens Benruxo m ecam G (t”) He ecTh GeCKOHEYHOCTH, TO, TAK Kak
pasHoCTh I, — {’ OYeHh BeNMKa W TaKk KAK MH OPEXUOIaraeM & MOIQKATeNh-
uuM, G(f;) 6yAeT O49eHs MalHM, TaKk 4TO ecn® ¢’ 3aKIIOYEHO, HATPHUMED,
MexJy f, m t,, TO PA3HOCTh

tzzln — 2",7'5

GyfeT CTPeMHTBCH K £y, KOrja n GyxeT HEOrDAHWYEEHHO BO3PACTATE.

Ecnu n crpeMmrea k —co, 9Ta pasHocTh OyAeT CTPEMHTHCA K £, MIM K [,
B 3aBHCHMOCTH OT TOro, Gyjer nu i’ BaKiOYeHO MeXRY £, N fo MIW MEXIY
to 1 t,. fI poGasiio, 9aTO pasHOCTH f5, — 2n™ NHOD MOHOTOHHO BO3pacTaer,
aub0 MOHOTOHHO YOHRaeT ¢ 7.

3nauennn £, t; COOTBETCTBYIOT TOYKAM, B KOTOPHX

E]"Iz - Ez"h =0;

HO passocTh £, 7,— £y, ABIsAeTCA mepuopuwdecKod ¢yHKROEeH, yMHOKEHHOM
ma e, a mepmopmueckas QYHRNEA HOMMHA O0pAMATHCA B HYJIb B TEUCHHS
IepHofa 4YeTHOE YHCIO pas.

CrnepoBartesnbHo, 3aMKHyTas Tpaextopua (7) OGymer pasgeleHa TOUYKAMH
ty, t1, to+27 HA oupeeIeHHOe THCTO AYT, W 9MO ulcao écezda Oydem uemHblM.

350. C unTepecyolmeil HAC TOYKY 3pEHHS HEYCTOMUMBHE NEPHOJUICCKHE
peIIeRwH MOryT, CIEfOBAaTeAbHO, ORTH pasfeleHsl HA ABe Kateropmm. OpgEako
MO3KHO GBJ10 OH IOCTAaBUTE BOOPOC O TOM, HAEHCTBHETENBHO JIM CYINECTBYIOT
3T aBe karteropuu. Taxum of6pasom, CiIeIyeT NPUBECTH COOTEETCTBYIONIHE
TIPAMEPHL.

IIycts pm © — DONADHHIE KOOPAMHATH HOBYKHOR TOYKH HA IIOCKOCTH;
ypaBHEHHA [BMKEHWS 3aTHAIIYTCA B BHAE

d%  (do\? , dU ,d% dpdw _dU
,m—(zr) rt g Pt ¥aa = (1)

16*
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IIpepmomokmm, 910 mpE p=1 umeem

au auv a2y
U= 0, -d—‘::O, -EZ_L Tp;:(p ((l));

ypamuenus (1) O6yayr nomyckaTs peinenue

p= 1_, w=1,
¥ 3To pemende GyeT COOTBETCTBOBATE 3AMKHYTOR TPAEKTOPHH, KoTopan Gymer
OKPYIXHOCTHIO.
Ioaoxum

P:1+cn w:t+v

H COCTABHM YPaBHEHUA B BaApHANWUAX, OHH 3IANAIIYTCA B BHJE

d2p

d dv dt
Bropoe HHTErpHpyeTcs HEMeJICHHO:
% 420 = const,

HO IOCTOSIHHASA B IPABOM YacTH J0NKHA GHTH HyJeM, eClld MH XOTHM, 3TOOH
DOCTOAHHAA KABHX CHJ EMela OfHO ¥ TO ke 3HadeHue AuaA TpaekTopmu (7)
m aiasa GeckoHedHOo ONM3KOR TpaeKTOPHH.

CuenoBarenpHO, €CIXE MK 3ameHuMM dv/dt ma —2(, To mepBoe ypaBHeHHE
B BapHANOUAX IPHEMET BHX

D ==Clp()—3]. (2)

Vpasuenne (2), K0TOopoe HaM OCTAETCsA IPOMHTETPADPOBATH, ABIAGTCA JIHA-
HeHHEIM ypaBHEHHeM ¢ IepmoxudecKmM KoaddmmenTom.

Taxme ypasHermsa Onum paccmorpern B nymkrax 29 m 189 (cm., xpome
Toro, raasy 1V, passim *).

Mu 3HaeM, YTO OHH JONYCKAIOT ABA PeIUEHHS CAENYICHIEI0 BHAA:

L=e¥G(t), GL=e™G,(t),

rae G u G, — nepuopmieckue PyHHUHH,

Mnu ceitiuac BaiigeM mpuMepsl BCeX CIydYaeB, KOTODHE DPA3AM9IANE BRI,
Ilpenuonomum cEagana, 9TO0 P CBONATCA K HOCTOAHHOR A (caywaidl HeRTpans-
HEIX CHMJ).

Eciu A <3, To Oynem mMeTh yCTOWYABOE NEPHOAAYECKOe peOINEHHe.

Ecau A > 3, ro 5a (T) Ee Gyner ¢okycos no Monmepriom ¥ moxyimM He-
YCTOMYMBO® NEPHOXAIECKOe DeIeHHMe LepBOY KaTeropHH.

* B pasumx Mecrax. ([Jpux. ped.).
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Mre ocraercAs noxasaTh, UTO MOMHO TaKe IOJNYIATh HEYCTOAYUBHE
IBPMORMYECKHEe DEMEHusd BTOPOH KaTeropHd.
Pemepgge Ovier mevcyoidup BTODOJ KaTerony
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Ho aTo Kax pas ® mMeeT MeCTO, TaK Kak eclu O G u G, 06paTAINCE B HYIb
OJHOBPEMEHHO, TO [BAa pPeIIEeHHA

L=e"G(t), (=e™G,(t)

MOrJM OH OTAMYATHCA APYT OT ApPYra TOJBKO HOCTOAHHEIM MHOM<@TexeM (Io-
CKOJIEKY OHH YAOBJIETBOPAIOT OFHOMY U TOMY e AufipepeHnHAILHOMY ypaB-
FAEHHI0 BTOPOTO IOPAAKA), a dTO HeJemo.

351. @axr, Ha KOTOpHI A xorTed OW 00paTuTh BHAMaHME, COCTOHT B TOM,
9TO0 HEYCTOMYMBHE pPENICHEs IEpPBOM ¥ BTOPOH KaTeropmd o0pa3yoT ABA TAKHEX
HeIepeceKalomuxcsaA MHOMKECTBA, YTO HEJNb3d nepefiTu OT OJHOTO K APyroMy
HEIPEePHBHLKIM 06pa3soM, He mepexofd 4Yepe3 YCTOWIMBHE DPEHNEHMHA.

OrpaEnaaMcsa CHAYANA YACTHHM CIydaeM IpefbIyIero xaparpaga u caEoBa
BO3bMeM ypasHeHHe (2)

a2

Bynem BapbupoBaTh HenpephniBHEIM 00pasoM (YHKIHIO ¢ H IOCMOTPHM,
MOKHO JHM HENOCPEACTBEHHO NepeATH OT HEYCTONYMBOrO pemEeHHA IepBOR
KATerOpM¥ K HEYCTOHYMBOMY pemeHu0 BTopo#. [las storo Heobxommmo,
g1o0R BOWECTBeHHAN (QyHKIUA G cHAYaina He Moraa ofpamaThcA B HYNS,
a 3aTeM Morjia crarb HyixeM. Takum ofpasoMm, MH mepemam O OT cirydad,
KOrja Bce KOpHE ypaBHeHEA G=0 MHMMEe, K CIyYai0, KOI'AA €ro KOpHH Be-
mecTBeHHb. B MOMEHT mepexofa oHo wmMedo Obl OfWE ABONHON KOpEeHsL HUJIH,
B0oOOIe, KOpDeHb KpaTHOCTH 2mM.

JroT Hyns, KoTopui# Gyper ana G nopsaxgka 2m, Gymer wmopsaxa 2m —1
paa dG/dt, nopagka 2m—2 mas d?G/dt?, Tak 4TO BHparKeHHE

d2G dG ,
ap T2 gy

G

obparETca B GECKOHEYHOCTH, 9TO HEBO3MOMCHO, IOCKOJBKY OHO PaBHO ¢—3.

Hanporus, MOKHO nepefiTH OT YCTOWIMBOIO PEMEHHS K HEYCTOWIMBOMY
PCHIEHHUIO TOH WM MHOM KaTerop®i.

HeicTBUTENBHO, A8 yCTORIUBOrO pelueHnsa QyEKnuna G MEumMan. B momenr,
KOTZAa pelmeBMe CTAHOBHTCH HEYCTOHYABLIM, MHEMas 4acTb G CTaHOBHTCS
TOKAECTBEHHKIM HYJIEM; €CJH B 3TOT MOMEHT BEIeCTBEHHAS 4acTh G mMeer
HyJM, MH IepeiifeM K HeyCTOHYMBOMY pEIEHHMI0 BTOPO# KaTeropum; eciu
5Ta BEIIECTBOHHAS YaCTh HHKOIAA He 00pamaeTcs B HYJh, MEI IepeiieM K He
YCTOM9MBOMY pEIIEHWIO IEepBOH KaTeropum.

ITpu 5ToM HeT HEKAKEX B3aTPYAHOHWHA A LEPEXORa OT cCxydasd, KOrja
BCe KODHM YPaBHEEHUS

BemecTBeHEad yacThk G=0
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MHAMBI, K CIy9al0, KOTA2 KOPHU 9TOr0 ypaBHEHHA BEIECTBEHHH, JIHML OH
B MOMEHT Nepexofa MHHMaf 4acTb G He OHLIA HYJeEM.

352. Uro6m nydule NOACHHTH LpeAHyINee, A BepHYCh CedYac CHOBA
K IpEMepy, KOTOPHI HaM yKe 3HAKOM.
BoapparmMca K ypasmen#io l'mibpgeHa, T. e. x ypasHesuwo (1) m. 178,
Mnl faguM pTOMY ypaBHeHHIO HoMep (3) m 3anmmieM ero B BHfe
d2z

=% (—¢*+ g cos 2t). (3)

Mpb! BURUM, 9TO OHO MMEET Ty ke GopMy, 4To u ypaBHeBue (2). 9To ypaBHEHHUE
uMeeT, Kak ®m ypapBaenwe (2), gBa MHTerpaja BHAA
¢ ~af
G, e Gy,

KoTOphle MH mucany B oGosuaueHusax u. 178 B Bupe

etlo (2), €My (2).

Cnyuait BEIIECTBEHHOTQ /. COOTBETCTBYET TOFAA CIYydal0 YCTOMYMBRIX pe-
IeHmH, a cay4aii KOMONEKCHOTO A — CJydal0 HeYCTOMUIMBHIX peIIeHui.
Mm paccmoTpenu TakiKke J(BA 3aMedaTelNbBHX HMHTETrpaja; NepBHi —

uemunii F (1)

[F (0)=1, F’' (0)=01;
BTOPO# — Heuemuuli | (1)

If (0)=0, f" (0)=1]
X HaWJId YCIOBRUA

F @) f (%) — f (=) P! () == 1,
F (z) = f! (r) = cos h.
fl ccraroch Tenepb Ha PUCYHOK Ha crp. 043 (Tom 11 %), Ha koropoM, cuuras

g W g, OPAMOYTOJBHLIMI KOOPAHHATAMM TOYKH, MBI oTfledwinm obmacTtu, co-
OTBETCTBYIONME YCTOMYMBHM PpENIEHUAM, OT TeX, KOTODPHE COOTBETCTBYIOT

HeyCTOﬁ‘IHBLIM PeIIeHUAM. oTH IoClcAENEe 3aIITPHXOBAHEL.

Orm pazaumuane 00;acTH OTAENEHH APYr OT APYra 9YeTHIPbMH aHAJIWTHIE-
CKAMH KPHBHMHM, ypaBHEHUS KOTOPHX s Aax Ha crp. 941 (rom II).
Bor amm ypaBHeHuA:

F(r)=1, F (=) =0, (@)
F)=1,  f@=0 ®)
F)=—1, F@®=0, (1)
Fl)=—1,  f(®)=0 @)

* Cm 1. 1 macroauero uspauun. (Tpum. ped.).
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Kakoit xaTeropmm UpHEHAAJIe;KAT HEYCTOHMYMBHE DemIeHHA, KOTOphIE CO-
OTBETCTBYIOT HAIIMM 3aMITPEXOBAaHHHM obnactam? Ilpeskue Bcero, AcHO, 49TO
BCE HEYCTOMUMBLIE PEMEHHs, KOTOPHE COOTBETCTBYIOT OJ{HOM W3 3THX ofaacrei,
OMHOX W TOH jKe KaTeropudm. ITO HEMeJUIeHHO BEHITEKAeT M3 IPeIHyIIero.

Ho B Touke oxHoit 13 kpmBuX (B) m (3) pyrkous G cBopmres kK f (t), a ara
$yHKIAA MOKET O6pAaTHTHCA B HYJIb, NOCKOJBKY OHA HedeTHad. laxmm obpa-
30M, ecik 06IacTh OrpaEMYeHa Ayroi oxmo# w3 Kpuex (B) = (3), To coorser-
CTBYIOINMe peImeHEs OyAyT BTOPOE KaTeropud.

Ho 70 e orHOCHTCA KO BCeM HammM obxactsaM. ClregoBaTelbHEO, BCe HAIIX
HOYCTOAYMBHE pelIeHHsA BTOPOH KaTeropHH.

Jlerko npeofpasoBaTh mpumep Takum oOpasoM, ITo0H HMeTh pemeHNA
nByx Karteropmii. [locTaToYHO 3aMeHUTH ¢ HA ¢, TAK 9T06H 3TOT KovddunnenT
MOT' CTaTh OTPHIATEILHEIM.

Torga ypaBHenme (3) B3aOHCHBAETCA B BHE

E =z (—q -+ g, cos 2t). (3bis)

Ilpzmem cHOBa g ¥ gy 33 IPAMOYTOJNLHEKE KOODAEHATH B IOCTPORM QHUTYDY,
aHaNormyayio ¢urype Ba crp. 943. Yactp ¢uryphl, pacmonoskeHHas CHpaBa
OT OCH ¢, CO CTOPOHH IOJ0;KATEIbHNX ¢, Oyer ananornasa Gurype Ha cTp. 943.
Ho cnesa or ocH ¢; CO CTOPOHL! OTPHIATENBHELIX ¢ MEL Oy/leM HMeTh B3aIITpH-
X0BaHHYK o61acTh, OTPAaHHYOHHYI) 4YeM-TO Bpope unapafoiam, Kacawomeics
ocH g,.

3amTpExoBaHBEHE ob6JacTé cnopasBa OyAyT COOTBETCTBOBATH — MBI TOJBKO
9T0 3TO BHENH — PEIIEHMAM BTOPOM KATErOPHM; HO 3Toro He OymeT 1A
BaNMITPUXOBaHHOR o0IacTm ciesBa.

Yro6ur yGeguThCs B 3TOM, RKOCTATOYHO HOXOKATE q,=0, oTKyna

T=otV-1; a:\/:——q; GC=1.

353. A omaTh mpoBen aHAIM3 TOJBKO B YacCTHOM ciaydae. UrTobul pacupo-
CTpaHHETH ero Ha o0muil caydail, A MoKamxy cefidac, 9TO Ml BCerja OPMXOAUM
K YPaBHEHHIO TOI'0 e BWJa, UTO B ypaBHeHWe (2) mpembAylLiero uaparpada.

PaccmorpmyM cHavala caydait abGconoTHOTO NBMKeRUs; ecin U — cuaoBas
¢yERUEA W ecIHm X W Yy — REKAPTOBH KOODAMHATH TOYKM HA ILIOCKOCTH,
TO YPaBHEGHHMA [BUKOHHA SaINIIYTCH B BHJE

U au
. "__
7= dz ' T dy ()

a4 YypaBHEHNHd B BapHalHAX —
delU d2U
II ‘)
=gzt T dzdy ()

d2U d2U
"__
~dzdy £+ dyz -
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Haa Gonsmelk wparkocTu A oGosmavar mTpuxamm guaddepernmponanne
no {. Tak, & unpepgcrasnder specys d%/dt?, a Be 3suawenwe £ npu ¢—1",
Kak B m. 341,

WUnurerpan >KuBHIX cWN 3anumieTcA B BUAE

2?4y
2V g4,

a COOTBETCTBYIOINM MHuTerpajl ypasHeHmi (2)—

2 yin) = % £t %’1 43  (cme 3h — nocrosumas).

Ans upunoxkenus opuunwnoa Momepriom Heo6XOZMMO OpeAUONOKHTE, 9TO

Sh =0,

Tak 49T0 OygeM mnmers
aUu aU
1t gt — %Y bl
2t +y11__dz £+ 3 )

i Xe

2ty = 2% + g, 3)

Torpa ypasmennsa (2) u (3) 6yAyT AomyckaTh TpM JAMHEHHO HE3aBUCHMHX
pemeHnd, KOTOpHE MH 0003HaYymIx B 0.

§ =2, n=y,

Ezf Tas (4)

£, N

[Monoxun : ?
b =&y —mz!. ()

Torpa, ecnu oGosuaunm gepes 9, 8,, 0, Tpy snauennn 6, xoropme coor-
BeTCTBYIOT TpeM pemenuaM (4), GymeM mmete 6, —O0, u Pyuknous, xoropywo
MH H23BaJ®m B 0. 345 {(¢), OyRer He 4eM MHHM, Kak

i}
C(t):T:—.

M3 ypaemenua (5) maxommm
0 =ty — 'z 4 by’ — 2" (6)
B — Eyr — T".’L'” + Elly] — _nr/x] + 2 (E[yu - _’)]:tll).
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Ho z' u y' ynosnerBopAnT ypaBHeHMAM (2), Tak 9TO UMEeM

dUu dzy
* = ¥+ gy ¥
,  d a2u

— %Y !
_d:cdyz + ay? y.

3amenuM B Bupaykenurm ana 0" mpoussopume z” u y” 3HadeHHAMH, HAl-

nesHHMM TaxkuMm oOpasoM, a npoussoaEne §' m 7’ ux smazenmamu (2);
oIy 9uM

0 — 0AU =2 (F'y" — '), (1)

fl obosmavaro wepes AU (unm, Kopode, gepes A) cymMy ABYX BTOpHX
d2U daiu
OpPOU3BOJHEIX —m-—{——ﬂg—.
Jlerko mpoBepUTH chefywuiee TOXKAECTBO!
2(2” +y")Fy —w) —2 (@' + y'y) Gy — 12 ¥y —n'a!) +
+2(2" - y”) (fy' —mz') =2 (y'e' — y') ¥z’ + 'y’ — & — )
und, yaurusan (9), (6), (7) = (3),
(@ 4 y*) (0" — 08) — 2 (&2 + y'y") U + 2(2" + y*) 8 == 0, (8)
TakoBo puddepeHnuaTbHOe YpaBHEHWE, KOTOpPOE OIpPEENAET HEU3BECT-

Hyl0 ¢yHKOuio 0.
Mu momosxum

0=¢ Va4 y"
H Halllé ypaBHEHHE npEMeT BHN

¥ ATy 3 3t | 32’ )2
¥ z'2 4yt (%4 2

(9

MH nony4u.n ypaBHEHU® TOIO 7K€ BHAA, 9T0 ¥ ypaBHeHue (2) Ipefsymero
pyakTa. Takmm oOpasom, 3aKJIOYeHHA LpeIHAYINEr0 HYHKTA COXPAaHAITCAH;
HeycToiunBoe IepuoiMieckoe pemenwe Oy[eT BTOPOX MM NEpPBOH KaTeropun
B 33aBHCHMOCTH OT TOT'O, MOMKET JH (pYHKIHA ¢ O0OpATHTHLCA B HYIb HIM HET.
Hexsasa mepeiitn mpsayMo 0T HOYCTONIABOTO peIIeHUA MEPBOM KATErOPHH K He-

ycTOUZBOMY pDEIIEHHI0 BTOPOHl KATeropu®, He IPOXOLA 4depe3 YCTOHIHBHIO
pemeHusA.

354. CoxpaHATCA JIE ONATH T K6 PE3YJAbTATH B Cly4ae OTHOCHTEILHOIO
LBYOKEHUA?
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B arTom CIy4Yae ypaBHEHHUA NBUKEHHA HUMEIOT BUJ

z’— 2wy’ = —IZ—Z—, y" -+ 20z’ = %, (1bis)

Te ® 03HAYAET CKOPOCTh BPAMEHMA NOABHKHHLIX Oceifl. Y paBHeHHA B BapHa-
maax 6yxyr

b gunt = LU ¢y 22U

T da2 dzdy ki
2bis)
y d2U @ (
M 208 = -+ o

Tax xak ouaTs OyQeT COpPaBeNIABO YPABHEHMO MHEBHIX CHI, TO Oy/eT Tarme
MMETh MECTO

ot 4y = &+ ' — 200, (3bis)
ITonoxmM cHOBA

e:Ey’_"Ix’,

TOrga coxpaHATcH ypaBsHenus (9) m (6).

C npyroit CTOpPOHEI, TAK KaK ' M y' JOJIKHBE YAOBJIETBOPATH ypaBHEHHAM
(2bis), mn 6Gynem nMerb

. dzu d2U
— Zoy" = z' 4 dzdy y'

y” " d2U
+ 202" = dzdy 2+ dyl

IIpuHEMafA BO BHMMAHMe 3TH ypaBHEHUd, a Takke ypaBEeEmsa (2bis),

¥ yIMTHBAaf TAKKe ypaBHEHUe (3bis), MomHO ympocTdTh BHpa;keHume 6/
¥ CHOBAa HAWUTH ypaBHOHHE

8 — AU =2 (E'y" — 1/2") — 4u?d. (7bis)

Tak xak ToMAeCTBO M3 IpeAHAymero maparpaga cOopaBejJHBO BCeraa,
TO MBl CHOBA Haiif[eM ypaBHEHHSA

(2 4 y*) (07 — 08) — 2 (/2" + y'y") 0 + 2(z"* + ) 0 =

= —4o?(z”” + y'*) — bo (z'y — 2'Y) (8bis)
a

VoA g ST AUV A3 3@ gy sy 2
P 224 p? (1'2+J z)z (_—_x’z-{—y'z)"h ,
(9bis)

TakuM o0pasoM, HUUEro He HYKHO MEHATH B BHBOJAX NpeAuIymero mapa-
rpada.
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355. Opmaxko BcTaeT HOBHII BONPOC.

Tpaexkropua (T') aBisercs 3aMKHYTOR KPUBOH; MH NHTAIACh KO CHX LOP
OUpejeNuTh, COOTBETCTBYET Ju Ayra AB 8T0if KpHBOH AEACTBHMIO, MEHBIIEMY
4eM JefCTBHE BHOJH BCAKORX OeCKOHeIHO ONHM3KOH AyTH, HMEIOIIEHA Te ke
KOHITHL.

Ho Mu Z0OJKHEK TaKke CIPOCUTH cebs, COOTBETCTBYET JIU BCH 3Ta 3aMKHY-
Tafg KPUBAAl MENHKOM JIeHCTBHIO, MEHBIIEMY 9YeM [EHACTBEE BRONL 0eCKOHEYHO
ONA3KOA 3aMKHYTOX KPHBOIL.

IlpegmonokmM cHadana, uro Touka A KpuBoi (7) mmeeT CBOH HepBHI
doryc B Ha xpusoit (), Tak urto gyra AB Memmme, ueM BCH 33aMKHYTaf
RpHUBasf,

9T0 EMeeT MeCTO I HEYCTOMIMBHIX DPEIIEHUA BTOPOW KATErOPHA; Mbl
BHUfexd, 9T0 A 9THX pemenni kpusasg (T) pasfensercs Ha HEKOTOpPOe 9eTHOE
9@cio AYT ® 9r0 Ai00ad TOYKA ONHOH M3 STHUX AYT HMEET CBOIi IepBHHE (GOKyC
Ha clefymmell myre; TakmMm of6pasoM, MCXONsA M3 KAKOH-EMOYAh TOUKM, MH
BCTPETHM ee TepPBHEA QOKyC, Ipexe IeM coBepmmEm UonEs o6xop kpusoi (7).

9TO HMeeT MecTO TaK:Ke M AJSA HOKOTOPHX YCTOKIUBHIX pEIIeHdH.

B caygae ycroiiumBrix pemeHmit Mu nmoaoxianm (u. 347)

t 4o log G ()=,

A MH BHfeJIH, 9TO 3HAYEHHA T JIA TOUKA M ee 1epBoro OKyca OTIHYAITCH
ga in/a. Ecnm, ciegosarensro, a/i Gompme '/,, MH BCTpeTHM (QOKYC TOYKH
0 TOTO, KaK cosepmmM wonuHE o6xom (7).

Ecnm ato Tak, To peiicTede He MokeT OWTh MembmuM aasa Kpmsoir (T),
9eM JJIA BCAKOA OJMBKOA 3aMKHYTOH KpPHEOM.

Ilycts, B camom pmeme, ABCDEA — xpuBaa (T), X HIpefuoNoKAM, 9TO
D — poxye C. Tak kar E nexut 3a GorycoMm To9rE C, TO ME CMOKEM COEJ(H-
Buth C ¢ E fyro CME, ovens 6iuskoit k CDE u cOOTBETCTBYIOmMER MEHB-
meMy peficTBRIO.

Ecaa s oGospauy cuMBonoMm (CME) pneiicTBHEe, COOTBETCTBYIOINEE KYTe

CME, 1o MH GyneM HMeTh
(CME) < (CDE),

(ABCMEA) < (ABCDEA).

A, clle[0BaTElHHO,

PaccMOTpEM Temeph TaKOe YCTORUMBO® DEIEHMe, UTO
a 1
<z

fl roBopo, wTO fedcTBHe Takme He Gymer mMembmuM gaa (T), gem ANIA BCAKOM
OeckoHeuHO GIM3KOM BaMKHYTOM KpHBOA.

Ha pacyrke A upeamonarar pia ouUpefeleHHOCTH, ITO SHaYeHHe a/i
3AKJII09eH0 MekRy 1/, m /4, Tak uTo MH BCTpevaeM (QOKyC TOUKH, LIpEXIe
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9eM cor(a)epmum Tpu obxoga ¥ HoclHe TOro, Kak cosepmuMm faBa obxopa (T)
(puc. 10).

IIycrs ABCDA — xpusas (T); doryc F Gyner HaxoguThea Me;kay 4 1 B,
¥ MH TOIaJeM B Hero mocjie AByx o0xomoe (7).

Tax kak B HaxondTcs 3a 9THM (OKYCOM, TO MH MOKeM coeguHEuTh A ¢ B
takoit pyrot AEANKHMEB, utro (AEHNKHMEB) < (ABCABCAB).

Tax xaxk Mu He BCTperuM QoKyca Touxu A, onmcnean ayry AB, se oboixs
(T), To Mer OyneM umeTth, C APYrod CTOPOHHI,

(AE+EB) > (AB),

OTKYyAa, BHYHTAHA, HDONYyYAM

(EHNKHME) < (ABCABCA)
(EHME)-+(HNKH) < 2 (ABCA).

/8187

Taxum ofpasoMm, MH JONKHH HMeTs JuOO
(EHME) < (ABCA),

aubo
(HNKH) < (ABCA).

Bo Bcaxom ciydae mMeeTCsa B3aMKHYTas KpHBasg, MAal0 OTIXYAIOMAACH
oT {(T) u COOTBETCTBYIOMAs MEHLIIEMY HeHCTBHIO.

Puc. 10 Puc. 11

Tarkum o00pasoM, umobw 3aMkHymMAas KPUEAR COOMEEMCME0sara Oelicmeun,
MeHbweEMY, Yem Oelicmeue 60oab 6ckoil 6eCKOHEUHO GAU3KOLL 3AMEHYMOI KpL-
60Li, HeobzoOuMmo, umobvl ama 3AMKEHYMAs KPUEAS COOMEEMCMBE06ala Heycmoii-
YUBOMY nNEPUOOUHECKOMY DEWEHUI0 NEPEOL Kamezopul.
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356. flBrserca sim 3710 ycaoBme KocraTouHbM? UTo0H y3HATH 5TO, A3YIHM
aCUMITOTHYECKAE pemleHMs, COOTBeTCTBYIOIME IIOA00HOMY HeyCTOHYHBOMY
NepPHOAUIECKOMY PEIIeHMIO.

Mycts

T=9o(1), ¥ =19y (t)
-_— ypamiemm nepnozmtiecxoro pemeHus, a
z = 9o (t) + Ae*p, (t) 4 A% 9, (1) + . . -,
Yy = o (t) + Ae™9, (t) + A%* 0, (1) + . ..

— YPaBHEHMA aCHMOTOTHYeCKHX pemreHmit. Mymxrum ¢, (8) =@ ¢, (2) Oyayr
neprogugeckmmMy GyHKOuaAME . MBI MoyKeM TaK:ke HAamACaTh, noxaraa Ae*=u,

z=2g,()Fue, )+ ... =D (¢, u),
Y= () +ugs (B) + ... =T, u).
Eeau u gocrarouno mand, To £ u y 6yayT ogHosRauHEME QYHRUMAME OT {

W U, NePHOAMTECKHEME 0 { C NEPHOKOM 2.
lpome TOrO, PYHKIMOHAIBHEM OUPEEIATENE

I(z,y) _d® 4V  d¥ do
o(t, »)  dt du  dt du
He 6ypger obpautathes B Ryas. B camoMm pene, npm u=0 3TOT ompepeanTenn
HPUBOTATCA K
@ (1) 91 (8) — g (2) 2, (2).
Ho aTo BupakeHWe ecTh He YTO BHOE, KaK BHIpaMenne
Em — Egmy

u3 . 345, neaenHoe Ba €*. 3maunt, 0RO He OGPATHTICA B HYIb, €CJH HEYCTOM-
ypBoe pemeHue OyjaeT HEpPBOil KaTeropmu.

CnenoBarenbHO, BYHKIMOHANBHEIA ONpeJeInTeIh, He ofpamaach B Hy/b
npr u=0, Take He 0GpPATHTCA B HYJH UPH HOCTATOURO MaloM U.

Wrak, ecam u pocTaTouHo Mano, U, cost ¥ sin ¢ GynyT OAHOBHAYHLIMMA
OYHKOUAMA OT T W Y.

VYpaBHEHHA aCHMITOTHYECKHX pEIIEHHH 3anMCHIBAIOTCA B BHR

z=m(s, Ae“‘), |
— W (1, A, t

¥ Mh BMAMM, UTO QYHKOWOBAJLHWHA ONpeNeInTeNh

d(z, y)__0(D, ) e
a(t, AY (¢, n)
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He MOKeT 0GpaTETHCA B HYIb, ITO 03HAYAET, 4TO KpuBHE (1) He EMEHT JBOM-
HOA TOUKH, HE IepeceKaloTCa MeKAy coboil 1 He mepecexaior Tpaextopuio (71
[Bce aTo, pazymeercs, EMeET MECTO, CIA IPEIIOIOKUTE U JOCTATOIHO MAaJIBIM;
aT0 He Oyler cupaBelImBHM, ecnu Kpusue (1) Geckomeuno npogoIKATH TakK,
yTofH U CTamo o4eHs GoxbmumM].

Kpusre (1), cooTBeTcTByHOIMe ACHMMOTOTHYOCKMM pelieHmaM, 6yayr, Ta-
KuM o0pa3oM, mMeTh Buj cIWpajei, sakpyuuBaomuxcia Bokpyr (7). dror Buf
npegcraBien Ha pme. 11. 3amrEyras TpaexTtopmsa (7)) smecs mpefcTaBiIeHA
CINIOIIHOM JWHWEH, HO A JOJPKEH IPERYNpefATh, 9TO HAa PHUCYHKE HMEIOTCH
IB€ 3aMKHYTHE KPHBLIS, IIPEACTABICHHEE CILIOIIHOX JWHMEH; M3 9THX [BYX
KPHEBBIX Td4, KOTOpas JeKAT BHYTpPHA ApPyro#, mpexcrasiamer (7).

CompanbEnie kKpmBHe (1) mpencTaBIeEn TYHKTHPHOHX JHHHEH.

fl sameuaro, 4TO MMEIOTCH JBE CHCTEMHI ACMMITOTATIECKHX PEmEHMH, COOT-
BeTCTBYIOIAE JBYM DABHEIM ¥ OPOTHBOMOJOKHHM IO 3HAKY XapPaKTEPHCTH-
YeCKAM HOKA3ATEeIAM.

ITH ACHMITOTHYECKHE DEIIeHHs BTOPOH CcHCTeMH OyAayT CHOMpaJbHHEIME
KPUBHMHE, AHAJOTHIHRIMA KPHBHIM (1), HO BaKpYyYHBAOIMAMUCA B IPOTHBOIO-
noHoM HampaBieHmu. OHM HE IPEACTABIEHH HA pPHCYHKe.

B cayyae HeycToiYnBOrO peMIeRNsA BTOPOX Kareropun KpuBbie (1) umenn 6o
COBCEM JPYTO# BHA; OHU IepeceKaldm OH GECKOHETHOe YUCIO pa3 3aMKHYTYIO
rpaekropuio (7'), a TOYKA nepecedeHrA COCTABHIR 0K OECKOHEIHO® MHOIKECTRO,
MMeoIee KOHETHOE M IPUTOM UeTHOE TUCIO0 HPEfeIbHHX TOUeK. JTH IIPENeIhb-
HBIE TOYKH COOTBETCTBOBAJIM OB 3HAYEHHWAM l,, {;, PACCMOTPEHHHIM B . 349.

357. BepueMcs K HeyCTONYABEIM PENIEHMAM HepBoil KAaTETOPHHA M &CHMOTO-
TUIECKUM PETICHMAM MePBOM CUCTOME, NPE/ICTABIEHHEM Ha PHC. 11. fI sapaock
11e1bI0 YCTRHOBUTE, UTO HeHCTBHMO siBAsfeTCA MeHpuiam aidA (7)), wem LA BOA-
Kol OeckoBHeUHO OJM3KOH 3aMKHYTOX KDHEBOIA.

f1 paccmaTpEBal IIPOHM3BOJIBHYI0 3aMKHYTYI0O KPHBYI, OGCKOHEYHO MAJIO
ornmgaromylocs ot (7). dta kpuBag, KoTopylo s HaszoBy (7'), mpencraBieEa
Ha pmc. 11 3aMERyTO¥ cnmomHO# kpmBO#, neskameit BHe (I') m mpoxomamein
gepe3 Toukd C u Bj.

OrpaumumMcs cHavana ciydaeM aGCONIOTHOTO ABMKeHHA. B aToM ciaydae
MEI_MMEEM CIJe[yIOIyi0 XOPOMO H3BECTHYIO TEOpeMy.

Itycres A,B,, A,B,, ..., A,B, — HenpepuBHHA pAK AYT TPAEKTOPWIA.

Horow a™Ax Ayr JgewaT Ha ABYX KPHMBHIX

AA,...4,, BB,..B,.

Ecnm aru gBe KpuBble IEpeceKaloT IOX LPAMBIM YIJIOM TPAEKTOPHHA
AyBy, AyB,, ..., A B,, 10 ME GyaeMm uMerh

(41B1)=(4,B5)=...=(4,B,),

n?

obo3mauan Bcerjia cumBonom (A,B,) neiictsme, coorsercTsywmee ayre A,B,.
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Ioctpoum, TakaM o6pa3zoM, TPAEKTOPHH, OPTOTOHAJBHHE K KpUBRM (1).
JuddepennuanbHuM ypaBHeHUEM 9STHX TPAEKTOPHA, KOTOpHEe H H430BY
KpmBuMmHu (2), Oyper

a2 | 4w dd do | d¥ a¥ ddz | dye
(W'*‘ lm)d +( o 4w Tar du>(du+“”dt)+(duz+ d 2)“”‘1"_0 (3)

Yepes KasKAYI TOYKY INIOCKOCTH IPOXOAAT OfHA M TOJBKO OJ{HA KpMBas
(2), numn Ou u ObuIo gocTaToYHo Mano. ViHage Morio Onl OHTH TONBKO B TOM
ciydae, ecau Ovl KodgduiumenTul mpu dif u du obpaunajiuck B HYJb OfHOBDe-
MEHHO, 9TO MOKeT IMEeTh MeCT0, TOABKO €CIM QYHKIMOHAIbHbIA OIPOAETUTEb
or ® u ¥ mo £ u u obpauaerca B HyJb; Mbl e BALEJH, 9T0 BTO HE TAK.

Kpmeee (2) mpepcraBieEH Ha puc. 11 mTpux-myHKTHpOM.

IIycrs A,A,... Ay, B\B,...B, — pnBe u3 artux 6eckoHedHOo OJU3KUX KPHUBHIX;
onu BupesawT HA (T) ayry 4,B,, #a xpussx (1) — nyru 4,B,, A3B;, AB,,
A B,, va (T') — nyry CB,.

Jlnsa Moeit neau MHE [OCTATOYHO YCTAHOBHTEH, 4TO fAeitcTsme (CBg) Goabue,
9eM JAS COOTBeTCTBylomei ayru A,B, Tpaektopum (T).

Mu mmeeM, B caMoM pelne,

(AzBa):(AaBa)v
a B OECKOHETIHO MaJjoM KPHUBOJHMHEAHOM IPAMOYTOABHOM TpPEYTrOJBHHKE
A4CB,

(CB3) > (A3Bs).

(CBj) > (AaBy),

Taxum o0pasom, umeeM

M, CJEeJ0BaTENLHO,
neicreue (T') > peitcteua (T,

9T0 4 Tpeﬁonanom, AOKa3aThk.

358. Ocraerca mocMOTpeTh, COXPAHAGTCHA JM TOT K€ Pe3YJLTaT JJIs OTHO-
CHUTENBHOTO [BIKEHUA.

Heo6GpaTtumocTs ypaBHEEHHAH COCTABIALT, OYCBUAHO, 3HAUMTEIBHYIO DA3SHUILY
10 CPaBHEEHHMIO C IpegnAymum ciaydaeM. [ledicTsue pua kaxoi-HmOyab Ayru
AB e saBiaserca Golee TOM jKe CaMhM, YTO A TOi e xyru npu obxope ee
B IPOTHBONOJOKHOM HampaBieHmu. IIpm sToM ecim Kakaa-HHOYZs KpHBasd
yrosiaersopsaer aupdepeHUHaTFEEM ypaBHEHAAM, TO 3TO He HMeeT MecTa
A TO# ke KpuBOd Opm o0Xxoge B IPOTHBOIOJOM{HOM HAaNDAaBIIeHHUH.

Haxonern, TpaexTopun, opTOTORANbHEE K KpWBHM (1), He obmapy:xmBaloT
6oxee Toro QyHHaMEHTAJLHOTO CBOMCTBA, KOTOpoe f CHOPMYyJIMpOBal B Ipe-
Aupymem uyskrTe. Ho ects Apyrue KPHBHE, KOTODHe A Ceidac ompeferso
4 KOTOphle 06JaJaloT 9THM CBOHCTBOM. JTOrO AOCTATOYHO, YTOOH peay:xm'ar
IPeRLIYNero IYHKTa COXPAHUT CHIY.
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B m. 340 mn Hamaw BHpa3KeHHe LefcTBAA
7' ={ [ds VH, & + of (§dn — 7d¥) .

Haa opoerora a1 monoxy \VH, -+ h=F; a 0603Ha9y KOOPAUHATH He 4epes
tm v, a gepes z ¥ y, 9106 NpAOIABATECH K 0003HAYOHUAM, NPHMEHOHHEIM
B OPeJHAYMHUX OYHKTaX, @ YIVIOBYI0 CKODOCTH HE Yepes «’, a depes w, OT-
OpaceiBag ITPHEX, CTaBIIMA HeHY;KHHM. Torma A moxywsy

7' = |[FVdz* § dg* + o (ady — yda)],
OTKYJa .
37 = [BFds 4 P AR LN 4 Bagy — Bydz) + o (sbdy — yadx)]

HJIE, BHTETPHPYA OO 4acCTAM,

31 = | [aFds + 20 (Szdy — dydz) — dad (%) _%yd (%)] n

dzdz + dyby

+[FT_ + o (zdy — ny)I) . (4)

OxoHgaTessHOE BHpaykeHHe 8/’ cOCTOMT, TAKEM o6pasoM, U3 ABYX HacTei:
OIIPE/[@IeHHOT0 HHTErpaja, KOTOPHHA MOJKeH OHITH B3AT B TeX jKe Ipefesax,
9T0 M MHTErpad J’', @ BHEHHTOTPAJbHOTO UNEHA, KOTOPHH f, KAK OPHHATO,
IOMEeCTHJ B KBagpaTHae cKoOku ¢ mugexcamm () m 1, rue Brpaskenne B KBajg-
paTHHX CKOOKax HeoOXOZMMO BBIYMCIHTE JJIA ABYX HDPEJEJOB HHTEIDEPOBA-
HHs, 4 3aTeM COCTABHTH DPAa3HOCTE.

IIpennosioxmm Temepb, 9YTO MH OPAPABHEBAEM HYJIO BHpaxkeHHe, GUrypm-
pylIee mofi 3HAKOM HHTErpajia B IpaBoil 9actm paseHcrsa (4). Mul momywmm
paddepeHEaNbELe ypaBHeHHMS, KOTOpPHE OyAYT B TOYHOCTH ypaBHEHHAMHE
ABMKEHAA U KOTOPEIM OYAYT yROBJIETBOPATH BCe HAINIM TPAGKTODHE H, B da-
cTHOCTH, KpmBHe (1).

9Td ypaBHEHAA MOKHO HOJYIMTHh OECKOHETHHIM 9IHCJIOM CIOCOGOB, IOTOMY
gro dz m 3y — KBe COBEDIIEHHO HPOH3BOJABHEE (YHKI{HH.

F
Mu moxkeM cHagana npegnonoxuts dz =0, oTkyna 8F=l—i-’;8y, M HAIe
ypaBHeHHe 3alMOIeTcs, ecClM pasiendTs Ha Oyds, B BUJE

ds _dF dy | pdv (6)

aFr
— 20 Pk

dy ds  ds ds
Ecam 6u Mu npepmono:xuna, Haobopor, aro 8y=0, mMbl 66 HamuIm

dF dy _ dF dz a2z
T =% o

47 A. Iyasxape, T. II
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OTH JBa ypaBHEHHMA OKBHBAJGHTHH, KaK JIerKO OHUIO NpeABHAETH, H,
B CAMOM jeje, €CIM MX CJOXKMTH NOCHIe TOro, Kak OHM YMHOM(EHH COOTBET-
eTBeHHO Ha dy/ds m dz/ds, m ecnu y4ecTh COOTHONMIEHHHA

dz \2 ay\2 __ dx d2z | dy d?%y
W) +<,Ts =l Famta =0

TO MH OpHUJEM K TOX/ECTRBY.

Ecnu mH, ciegoBaTensso, paccMoTpuM Kpusme (1), omm Gyayr yhaosne-
TBOpATH ypaBHenuio (6). Ecim unpmEATs Bo BHMMaEMe 3710 ypaBHeHHe, TO
coorHOmenue (4) mpEMeT BUE

8J! = I:F —————dzazj;dyay -+ o (2dy — yaz)]: .

Hyers A,B,, A,B,, ..., A ,B,— HenpepuBHag NOCIeJOBaTENbHOCTE AYI,
npuHaanexamux KpuBHM (1), Kouuw rotopux 4,4, ... A,, BB, ... B, o6pa-
3yloT ABe HenpepnBHHe KpuBwe C um C'.

Iycrs A;B,, A,,B,,—nse ua s1ux Ayr, 6ecKOHEYHO Mal0 OTIHYAIO-
mumeca Apyr ot apyra. llyers z, y — xoopausars Toukn A4;, z - 8z, y 4 0y —
RooOpAWAATH OecKoHewHO OnM3Koit Toukm 4, .

Iycrs J! — geiicteme ortnocurensno ayrn A,B;, a I/ 3]/ — peiticrende
orHocHTEnsHO Ayrm A, B;...

Ecnu @ — yron, cocrasleHHHH ¢ OChI0 T KacaTelbHON K Kpusoit A,B,,
KoTopada smiagercA kpuBoi (1), ¥ ecau e xpuswe C u C' yjHOBIETBODAIOT
nuddepeHMaTEEOMY YDPaBHEHUIO

F (cos adz -+ sin ady) 4 o (2dy — ydz) =0, (7

To MK OygeM HMMeTh
8J!' =0
H, CIAEKOBATE]bHO,
(A B)=(4.B))=. . .=(4,B,).

Hpusnie, onpenensemse ypaBHeHmeM (7), MOryT, CIEH0BATENBHO, UI'DATh
TY POib, KOTOPYIO UIPaj® B HPEIHIYIeM DYEKTEe TPAGKTOPHH, OPTOTOHANL-
HHe K KpumeeiM (1)

Taxum o6paszom, M MoOKeM ONATH B3ATH puc. 11 m mpemmoidosxkuTh, 9TO
KpHBHE, NPOBEJOHHLHE INTPHX-IYHKTHPHOH JImHHEHd, OpencTaBIfiT HE STH
OpPTOTOHANLHLHE TPAEGKTOPWHA, a KpPMBEIe, OXpefeleHHEe ypaBHeHEmeM (7).
Ham me momago0mrea TOrya HMYEro M3MEHATH B J0KA3aTENHCTBE,

Opraxo oguHE MOMEHT He sABIseTCH Oollee OYEBH)HHIM. B IpaMOyromhLHOM
feckogeuHO MaJioM TpeyronbEuke A ;CB; 1 nmMen

(CB3) > (A3By).
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JTOT TPEYroJABHMK HE ABJIAETCH TENeph UPAMOYTOJIBHEM, B, ¢ KPYTO#i CTOPOHH,
A uaMeHHI oupepenenme peiictems. CoxpaHdercs JmM 2TO HEPABEHCTBO
OUATH?

Jlerko BujeTh, 4TO PTO HEPaBEHCTBO PaBHOCHIBHO yexoBmam (A) u. 341,
a MH BHEAeIM B m. 344, 9To OHM BHIOAHEHK. TaxkuM o6pasoM, HepaBEHCTBO
EMEET MECTO, M Halle [[OKa3aTelhCTBO COXPAHAETCH.

B nrore masa Toro uToOH 3aMKHYTas KPHBAasg COOTBETCTBOBAJA JieHCTBHIO,
MEHbIIeMYy, U6M JeACTBHe BIOJH BCOX 3aMKHYTHX 0eCKOHOYHO OJM3KUX KpH-
BHIX, HEOOXOMUMO H JOCTATOYHO, YTOOH 3T4 3aMKHYTad KPHBAf COOTBETCTBO-
Balla HOYCTOMYMBOMY IIEpHOAUICCKOMY pPOIIEeHWIC IepBoil KarTeropmu.

359. CxazaHHOe HaMH 10 OOBOAY KJIACCHQHKAUMA BEYCTOAUABHX pemIeHME
0o ABYyM KaTeropmam Tpe0yeT OHOTO 3aMe4aHWA.

C apyro#t TOYKE 3pPEeHHA HEYCTOAYMBEE NEPHOHYECKH® PENIEHHS MOKHO
paspelNAThL HAa [Ba Kiaacca, PemeHmAMH IEpPBOr0 KJacca ABJIAKTCH Te, NIA
KOTOPHX XapaKTePUCTHYECKHMH DOKa3aTelb G BemecTBeH, Tak 4To €T Be-
O{eCTBEHHO M MONOKATENSHO, rae I — meprox.

PemenuaMa BTOPOro Kiacca ARIAIOTCA TE, JUIA KOTODHX BTOT OOKAa3aTels &
HMEeT MHAMYI0 4acTh, paBHyW in/T, Tak 4YTO0 ¢*T BeINeCTBEHHO M OTPH-
IATEIBHO,

B mpepnaymmEx DyHKTaX ME 3aHUMAJMCh HCKIIOYHTENBHO HOYCTOHTMBHME
PeIIeHMAME [EPBOro Kjaacca. llocMorpuM, MOMEO M pPa3felHTh peleHds
BTOPOTO KJACCA TAK/Ke HA JBe KAaTOTOPHU.

M moeM NOJOKHETH

i
a— a’ + T ’
roe 2’ — BEMECTBEHHO; M 3aTeM MEH HOJOMEM, KaK B I. 346,

E,=elg,, Ny == €""#dy,
Ey=eley,  my=elY,,

I7e g, Y, 93 M $3 — BEMECTBOHHES QYHKIHE OT {, MOHAOMME 3HAK, KOTAA ¢
mamenserca Ha t4T.
Torga mmeeM

— o b1%2 — M — p2a't
t(f)=e Es—mes  C G (@)

Ypcnamrens B 3HaMeHaTedb G — (QyHKOEE OT f, KOTODHE MEHHAIOT 3HAK,
sorna ¢ mengerca Ha I-+T.

Takmam o6pasom, atm ABe QyHKOUE ompejelenuo obpamiaoTes B RYJIb 1,
CJIelOBATEILHO, TO K€ HMMeeT MeCTO | JJIA

E1me — M §11m3 — My
17¢
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dtu nBe mociaefHEe QYHKLEE YAOBJETBOPHIOT OJHOMY H TOMY ;K€ JHHEM-
HOMYy JAEfPepeHIUaTBLHOMY YPaBHOHHI0 BTOPOTO NOPSAAKA, KO3PGEIEEHTH
KOTOPOTO ABJIAITCA UEPHOAMYECKAME QYHKOUAME OT f, He 00pamamuMEACH
B OECKOHEYHOCTh, NpWIeM Koad(HIEEeHT OPH BTOPOH IPOM3BOXHOMA CBOAHTCH
K DOCTOAHHOM.

ITH IBE (YHKIIAA He MOTYT oOpPATATHCH B Hy/lb OXHOBPEMEHHO; n00 eciI’ Okt
[iBa EHTErpaja mofioGHOro JUHEHHOro ypaBHEeHUA oGpATHANHCH OHOBPEMEHHO
B HyJb, TO OHE MOTJZ Ohl OTIAYATHLCA TOJBKO IOCTOAHHREIM MHOKHTEIOM.
Ho T () e wnocrosHHaHA.

Takum 00pasoM, B YECIATENR, W 3HaMeHaTeldb ; (f) ob6pamanTca B Hylb,
HO He OJHOBPEMEHHO; HTaK, ( (f) [, cnemosarensno, G (f)] moryr obpararscs
B HyJAb H B 0OECKOHEYHOCTE.

Bce meycroiiumBhie pemeEds, O KOTOPHX HJeT pedb, TakaM obpasoM,
BTOPOA KATETOPHHA; 8a 3THM HCKJIOYEHHEM B HPEeJHAYIIEM HRYeI'o He HYKHO
MEHATE.



I'masa XXX
IIOCTPOEHUE PEHIEHNI BTOPOrO POJIA

360. Mu ceitdac yBuaaM, Kak MO;KHO 9(QEKTUBHO UOCTPOMTH NEPHOAHYE-
CKHe pemeHHs BTOPOTO PoAa.
Iycrs
4z _dF - dy;  4F (1)
dt dy; ' ¢ dz;
— CHCTEM3 KAHOHMYECKAX YDABHEHW#; NPERIONOKAM, 4TO OHH JOIYCKAIOT
NEPAONAIECKOE DEIMIEHHEe MePBOTO POAa

z; = ¢, (t), Y =%, (1) (2)

M= crasum cefe LENBI0 A3YIATE MEPHOAMIECKHEe DENIEHHA BTOPOTO POJa,
KOTOpPHIe HOPOMKNANTCH pelleHmeM nepsoro popa (2).

ABanma MOKHO YOpPOCTHTH, II0 KpaiHEi Mepe, NpH HM3JOKEHMH, €CIH
upmBecTE ypaseeHHsA (1) K HajesKameMy BHALY PHJAOM 3aMEH IEpPEMEHHHIX.

Mu npegmonomxEm Toasko ABe creneHd cBoOopsi. Horga ¢ ysemmwurest
Ha NepHof, Y; H Y, BO3PACTYT COOTBETCTBEHHO HA

2k, 2k,w,
rne k, » k, — mexnte,
fI Mory crawana npepuoxoxETh, 9T ky=0; nb0 ecim G 31O GHIJIO HE TaK,
T0 A o6paTun OH %, B HyJb 3aMeHON mepeMeEHhIX m3 u. 202,
fl mMory sareM IpeUONOKHTH, YTO HEepHOoAmdYecKoe pemenme (2) mpmBo-
AATCA K
=0, =z,=0, y,=0,

u60, ecim Gr 370 GRITO HE Tax, TO A COBepmMI O 3aMeHy nepeMeHBEIX 13 m. 208,

Ilpm aTEX YCIOBHEAX ME YBHOHUM ceildac, KakmM o0pasoM MOKHO CBA3aTh
MCCIeOBaHEe NEPMOAMYECKHMX peueHmH Broporo poma Jubo ¢ amaamaoM
n. 274, ambo ¢ avanmsom m. 44.

361. Haoommmm peaynsTaTsl, noaydensanie B nyrrrax 273—277. llvers ka-
HOHEYECKHE YPa8BHEHUA

dx; dF dy;__ dF . (N
@ a s am (=hoam
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cofiepaT mapameTrp X, H IOpexmoJIOHM, 9TO OHHA JOHNYCKAT OepHOARYECKOe
pemenue
T, = (t), Yy =9;(¢) (2)

¢ nepuoaom T, COOTBETCTBYIOIGMM 3HaYeHZI0 C, DOCTOAHHOM KEBHIX CHI A
A=0. @opmanrHO MH yAOBJETBOPEM ypaBHenmaAM (1) paAgaMm clemyomero
BHJIa; 9TA PAAH OyAYT DPACIONOMKEHH IO CTENEHAM KOJHYECTRB

N, Ao, Aewt (=1, 2, ..., n—1).

KHospdmnmentsr OyayT nmepmopmdecKEMA (yHKUEAME OT (-+h, saBuCA-
M@AMA, KPOMe TOTI'0, OT HOCTOAHHOH xuBhLiX cmn C. Ilepmop T OynmeT Takmxe
3apmceTs or C m oT mpomssefiesmi A, A,; om mpuseserca ¥ T, upm

C=C, AA4,=0, r=0.

[loxasaresnm o, — NOCTOAHHHEE, PA3JOMKAMEIE IO CTENEHSAM A M IPOH3BeE-
nenmit A, A, n 3aBECAmMe, KpoMme TOro, or C; OHE HPUBOAATCA K XaPAKTEPH-
CTHYeCKHM IOKaszaTelsM pemeHus (2) mpm

C=C, AA,=0, r=0,

Bemmumaw A,, A, m h — HOCTOAHHEIE WHTErPUPOBAHMAA.

[Ipn m3yuenmu acHMITOTHYECKMX pEMEHMA MH IPEANOIO0KHIU, 9TO a,
BEIECTBEHHHK, ¥ NPUPABHAIM HYJII0 OfHYy M3 JBYX NOCTOAHHHX A.

UT0o6H HOPUMEHUTH STH K€ PE3YJIBTATH K H3YICHUI0 NEPUONUYECKHX pe-
IIeHE BTOPOrO pOXA, MH NPEAUONOKEM, 4TO, HaoOOPOT, LOKA3aTEeIH a,
9UCTO MHHEMHE.

fl npepmonoiky TONHEKO gBE cTeneHM cBOGOAL, YTO HO3BOJMT OTGpPOCHTH
WHJEKC /%, CTABIIMA HEHYKHEIM.

Y1068 mONYYUTH NEPHOAMYECKHE PEmeHuA, HeoOxogmmo, 9rofn moKa-
sarenb o Ou131 comamepuMm ¢ 2w/T. Eexm O Hamu pAasl CXORMIKCH, TO 9TO
ycnosre OhI0 GH [OCTATOYHBIM; HO OHE PACXOIATCA M YAOBJIETBOPAKT ypaBHe-
maAM (2) Torsko ¢ dopmanpHOE TOUKE 3peHmA. Takmm obpasoM, HeoOxoguM
6onee rayboxmit aHANM3; MOKHO OBLIO0 OB DPHMEHHTH MCKYCCTBEHHHIA NpPHEM,
aHAJOTMYHHY npuMeneHHoMy B myukrax 211 m 218. Takmm oGpasom, MH
moJtyaniau Ou PAMH, KOTOPHE OMAM 6B IO OTHOIIEHHIO K PALAM H3 IYHKTOB
273 u 277 TeMm ke, 9T0 m paxbl BoJuHA 00 OTHOMEHHIO K PAJXAM B IyHKTaX
125 m 127. Takum o0pasomM, Mbl UpPHILTA OB KOCBEHHHIM UYTEM K NePHOLUYe-
CKEM peIIeHHAM BTOpPOro poja. Ho A mpeamoumTaro jieficTBOBATh HHAYE.

IIpamoe mocTpoeHue pemeHuii

362. 3amenamu nepemMenHnx B nynkrax 209, 210, 273, 274, npumenmmMEME
BCerga, KOTAA HMEeTcs CHUCTeMa KAHOHWIECKUX YDPaBHEHWH, AOIyCKaomas
MepHOfMYECKOE pEImIeHHe, MEl MOMKEM NPWBECTE HAMMA ypPaBHEHUS K BHAY
ypaBEeHEA m. 274. B dTOM myBEKTe ME COCTABHIM Clleflylomue ypaBHEHHSA:
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dz;__ aF’ dy;_ _ dF’ )
dt = dy; ' dt T dz;?

FI'=F, 4 eF 4 2F,+ ...,

rae F; — TeJHni# MHOrOYNTeH OTHOCHTENBHO I, Y, Z,, KOTODbIA Gymer ofHO-
POAELIM CTemeHH p-+2, eClH CINTATh Z; K Yy, BEIMYMHAMH LePBOro HOPARKA,
a r; — BToporo mopsaaka. HoapdruueHTs 3TOr0 NONMMHOMA ABIAIOTCA IEPHO-
AMYeCKEMA QYHKIMAMHE OT Y,, NEPHOJ KOTOPHIX DaBeH 2.

Hak u B m. 274, Mu cefizac or6pocaM CTaBliHe HEHY)KHHIMHA IOTPHXH H
Oynem nmcate F, F,, z y, BMeCTO F', F;, Ziy Yy

Torga mu1 MomeM upegmono:kaTs (cM. crp. 90—92), uro

Fo=Hz,~+2Bz,y,

rie H u B — nocroannse; A Mor OB mpequnoyIo;kutTh Takxke H =1, 50 A 3TOTO
ge Gyny jenats.
IMonomum 3areM, Kak Ha crtp. 92,

5= E Y= etV
YPARHEHAA COXPAHAT KAHOHMIECKYH $OpPMYy, A MH HOJYYUM
Fo=Hzx,+2Bu;

ocranpune waenn Fy, F,, ... OyQyT NepHOAMYECKUMA C IEPHOJOM 27 Kak
no iv, Tak M IO }Y,.

Torga Hamm ypasHeHHA BMEIOT (OPMY, aHAJIOIMYHYIO TOH, KOTOPYIO Mhl
K3y49aJIE CTONBKO Pa3 M, B YaCTHOCTH, B myHkrtax 13, 42, 125 u r. A., rue ma-
pamerp e mrpaer posb mapamerpa . ClesoBaTeNbHO, MHL MOJKEM DPHMEHUTDH
K HUM MeTONHKY I. 44.

Opnako BO3HHKaeT OJHO IPENSTCTBHE: reccHad oT Fy, mO &, ¥ 0 U PaBeH
HyJ10; a 3TO KaK Pa3 OJUH M3 MCKIIYUTENbHHX ClydaeB . 44.

910 06CTOATENILCTBO 3aCTABIAET MEHH IPENIONOKUTH, 9T0 F 3aBHCHT
OT HEKOTODPOro HapaMeTpa A, M M Oyj/ieM pasiararb OJHOBPEMEHHO II0 CTeme-
HAM A A oo creneHaM e. Bupogem, Mu Bmenn B raaBe XXVIII, uro npm may-
4eHAN NEePHONUYIECKUX PelleHdid BTOPOTO poja Beerga CAefyeT BBECTH moxo0-
HH# mapaMerp, HOCKONBbKY PEIIeHWs BTOPOTO POAa XapPAaKTEPU3YIOTCHA KaK pas
TEM, YTO OHU CBOMATCA K pelieHuio nepsoro poga npm A=0 m oramgarorcs
orT Hero mpE A% (.

ToxpKO BMECTO OZHOrO LPOM3BOJLHOIO IapaMeTpa A BBeAY AJaA 0ojapmero
yno6ceTBa M3N0HeHEA ABa, KOTOPHE A HA30BY A H .

Wrax, M mpepmonosxmM, 970 pasnmusne Koadduumentst F pasiomMu
0O CTENEHAM [BYX IapaMeTpoB A E p ¥ 4T0 npa A= p=0 mocroammne H =
2B ceotatea ¥ — 1 u X — in, T/le n — BEIECTBEHHOE DAHOHAJILHOE YHCIO.
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f1 mpepmosaraio, 9T0 A M p MOKHO PA3JO0KUTH OO BO3PACTAXOWAM CTeme-
HAM & B BHJE

A=Ae+Ae2+ ...; p=pestueit+. ...,

rge Ay, Ay, ... — NOCTOAHHKEE, KOTODHE f OCTABAK IOKA HEONpPE/eNelHEMH,
HO s OoCTaBIAK 3a coboil WX ompeneleHHe B NOCHEIYIONMX BHYHCICHAAX.
Ilpm sTEX yCIOBHAX NOCHENAyeM 1LAT 34 INAroM BEIYHECIEHHAM I. 44, Mu

HOJIOKEM
zzzio—}—eﬁl—*—s“Ez—}— ey
Yo="o+ N + e+ ...,
u=u,+eu, +eu,4 ...,
V=0t ev; ¥, . ...
dru dopMyan aHaworAYHE dopmyraMm (2) m3 m. 44.

Beamuwmnu §,, 7,, U,, V, HBIAKTCH, CIE[OBATEIHHO, NEPUOLAYECKUMH
$dyHKROUAME OT t; £, M Uy — MOCTOAHHE® K

N, =1, vy=1i(nt 4+ ),

rae @ — MOCTOAHHAs HWHTETPHPOBAHUA, KOTOPYI # onpenenio Goiee mojiHo
B HaJIbHEAIIeM.

IMoncraruMm 3atem B F BMeCTO A, &, Zy, Yo, U ¥ U HX PABNOKEHUA WO CTEIE-
HAM €; Torga F Takme Oymer pasfmoKEMAa IO CTENEHSM €, M MH HOJNYdHM

F =, + @, + 2D, + ..

fl samewy cmagana, uro @, — omHOpoxHaA ¢yHkOma crenenm k42, eciu
CYATATH, 9T0 §, X U, CTeneRn p+2, 1, ¥ U, CTENeHU p, A, & 1, CTENCHU p'.

IIpa aToM oma upexpcrasiger coboil HeJHH HDOAUHOM OTHOCHUTENHLHO

(4)

Ep Upy Mg Ups Apy 18, (p>0)
Vae™,  Vue ™.

9TH 1Ba TOCHERHEX KoJmdecTRa MHl cumraeM mopaaka 1. Hakomen, rosd-
¢HOHEeHTH 5TOr0 IOJMHOMA ABISIOTCA NEPUOAHYECKHMH QYHKOASAMH OT 7,
mepuoy, KOTOPHX paBeH 2w,

C ppyroir cTOpOHBI, MBI HaieM

O, =0, —& —inu, + N\ HE + 28,1,

H OTHOCHTEJBHO

rne Hy u B, — suasenun dH/d) u dB/dp upn A=p=0. (Ml MoxKeM upequo-
JA0ATE, I10 upu A= p=0 Met umeem dH/dp=dB/d}=0.) C gpyroit croposs,
©, BaBHCHT TOJBKO OT

€ N By Vg by 1, (DJE— 1),



IlocTtpoeBne pemeRmii BTOpore pona 265

Torga smamu nuddepeHRnEaNbHbEe YPABHEHUs 3aNUCHBAIOTCH B RBUje
dE,  dP, dn . d®, duy _ dO, dug __ dd, (5)

dr T dng* dt | d& '  dt  dvy'  dt du, °
[Ipu k=0 onm npusogsaTcAa K

dEn d"n _0 d’ln — 1 dv,

3t dr = @ =i

Ouu NoKa3h!BawT, 9TO EO U Uy — HOCTOARNHLIC, X YTO
no==t, yy=1(nt-4a),

e ® — mOCTOAHHAH, NOAJAEKamas OUNpeAeleRHIo.

Mu MO3KeM ¢ T0JB30# TPHCOEHMEHMTE K ypaBHeHmaM (4) u (5) fpyrue ypas-
HEHWA AHAJOTWYHOTO BHJA, KOTOpHE SABIAIOTCA BCEro JHINb WX mpeobpaso-
BAHMAMH.

Pasnoxuym z; @ y, 00 CTENEHAM &, ¥ OYCTh

z, =8 e + %, 4 ...,
yy=mn,+en +en+ .. ..

Pasnomenusn (4bis), Bmpodes, BHIBOJATCA HEDOCPENCTBEHHO H3 JiBYX II0-
clefHuX paanoikepuit (4).
Torga Mu BmpaM, 910 Op — [EILIH NOJMHOM OTHOCHTENLHO KOJWYECTB

3

M 9TO 3TOT HOJMHOM ONHOPOOHHIMA CcTeumeHu k-2, eCim CIMTaTh, 4To

(4bis)

2 Mg Epr Mps Dy B, (ECTH HE CUMTATH 1)) (6)

£, — crenenn p 2,
2 n},—cTeuenn p+1.

ps kp, {p — CTGIIEHH p.
Torpa Mbl HONYYUM ypaBHEHUSA
dg,  do, dn;, dd’k .
K o (Obis)

OKBUBAJEHTHHE JBYM NOCJHE[HEM ypaBHeHUAM (J).

Ms samezaem, uro d®,/dv, dO,/d&, dO./d&, dD,/dn — DonurOoMu
TOro 3e BUAa, 9r0 1 @D, OTHOCHTENbHO KoNmIecTs (6) U 9T0 IPH COrJIamIeHusX,
clelaHHBHIX IO MOBOXLY CTEeIeHei, OHM OJHOPOAHHEI, HEPBHE — mnopsagxka k12,
BTOPOIi — mOpPsAfKa kK, a OBRa mociefHmx — mopAfgka k1.

Kpome 7toro, MEH mMeem

v i(nt4®) PR e ¢ TRE0))
&= \/une ’ Ny = ko€ .



266 Hosoie MeToXn HebGecHoi MexanukH. I

3amenum B ypasHeHuax (D) m (Sbis) &, 7, aTEMU 3RAYEHHAMI B OJHOBpE-
MEHHO 7, Ha £, Iie HeoO6X0UMO UPeAmOT0KHTh, 9T0 MK caeiaanu k=1, m BoC-
HOJb3YEMCH MMU IS ONpefedesus &, 7y, Uy, Uy, &, 7

Mp mMeeM TakuM o0pasoM IIECTH CIEAYKWIMX YpaBHEHUI]:

an 4% 48 gm0 df 49

dt d&y dty o dt ~ dng’

E;Tl:z_?é" %:—%—“2."'130’ @
i_sti::—ve;al - m’% + 2By, %:—9':3—,8); — ink) + 2B,

e T in S — 2By, S = T i 2B,

PHCCMOTPKM CHAa4aJa BTOPO€ U3 ITHUX ypaBHeHm‘&; opaBag 9aCTh ABIAAETCA
HeJABM OQHOPOAHBIM TOJHUHOMOM 'rpe'rbei'[ CTEIEHH OTHOCHTEJBHO

€0 £ Mor

K03()(AIMEHTHL KOTOPOr'0 — NepUOLAIECKEe HYHKIMA OT 7)== C NePHOLOM 2T,
TaKk Kak 7 — pPaqHOHAIBHO, TO HAIIA OpaBas 9aCTh TaKxe GyAer Uepmojgd-
gecKo# QYyHKOUeH OT £, OT KOTOPOrO OHA 3aBHCHT ABOAKUM 00paszom — mo-
CPEeACTBOM 7, KOTOPOE DABHO £, M IOCPEACTBOM &, M 7, KOTODHE ABIAIOTCA
dyHKRDUAMA oT ni-1-d.

Ilepmoy Gynmer KpaTHEM 27, T. €. PAaBeH TAKOMY 4UCHY 2T, CKOJIBKO eRM-
HHEI CONep:KATCH B 3HAMCHATeXe 7.

[Iparyio yacTs MO;KHO, TakEM o0pasom, pasnoxdars B pax DPypre Bmma

eri[qu(nHm)]’ (8)

rge p u ¢ — ueasre. Ho ¢ He MoKeT npeBHCHUTH 3 O a0COJNIOTHOR BeJIXYHUHE,
NOCKOJBKY [paBaAd 9ACTH ABIAETCH HOIMHOMOM TPETheH CTemeHM.

Orciopa BHTEKaer, 9To, BooOIIe roBOpH, CpejHee 3HAYECHHME IPABOA YaCTH
paBHO HyII0. B camoM fiese, MBI HOJydYMM 3TO CpejHee 3HAaYeHHE, COXPAHAA
B page (8) wreHsl, He 3aBWMCAmMAE OT £, T. €. TaKue, UTO

p+gqn=0.

Al cxasaxn, yro |g| me mMoxker npeB3o#TE 3; A Mor Gb 406aBATH, YTO HAmA
npaBasg 9acTh, 6y11y1m LEXHM M OfHOPOAHHM IIOJMHOMOM CTENEHM 3 OTHOCH-
TexpHO &), §, ® 7, ecam cumrate §, cTemeHm 2, MO:KeT cofep:Karh § M 1,
TOJBKO B HEIeTHOX CTENEEH, T. €. YTO ¢ JOIHKHO GHTH HETTHHM ¥ MOJKET npn-
HEMAaTh TOJBKO OFHO M3 3HaveHMi +1 maum +3.

Taxusm o6paszoM, MOMKHO IONYTIHTH

p-+gqn=0,

TOJBKO €CIM 3HaMeHaTeNb n paBeE 1 wmuu 3.
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Mu ucriarogmM Ieproe HIpefUONOKeHMe, IPH KOTOPOM 71 OKasajgoch OB
HeJNHM YHCAOM, OJHAKO HAM OCTAEeTCH DPACCMOTPETH ABA CIyTas.

1. 3pamenaTens n He paBeH 3. B aToM ciydae, Tak KaK IpaBasi 49acTh
HMeeT HYJeBO® CpejHee 3HAYeHHE, YPAaBHEHWE AACT HEeMeJJIeHHO &, IpoCTOR
KBafpaTypoi; Torga £, OIpEeeIMTCH ¢ TOYHOCTHIO 10 HOCTOSHHON, KOTOPYIO
A HAS0BY T,, W 3Ta NOCTOAHHAA OCTAETCHA HeOIpefeleHHOH BINIOTH O OIpe-
NeJeHHA WIEHOB BHICIIEr0 MOPAJKA; CIEGAYET 3aMETHTH, 9T TO 3KEe OTHOCHTCH
U K @.

2. 3namenateab n papeH 3. Torpa uro6H ypaBHeHue OLIJIO MHTErpuUpye-
MEIM ¥, HeofXoMMO ClenaTs CpefHee 3HAYEHU® IIPAaBOM YACTH PABHKM HYJIIO,
A 9TOT0 MH PACHOPHRKEMCH TIOCTOSHHOM .

Iycts [0,] — cpepmee smadenme ©),; sameTuM, 4To

(48] —n2lo,

d1g ae
TakEM 00pazoM, MH ONpefelNHEM & ypaBHEHHEM
a8,
5 = (3)

¥ OflHA KBafpaTypa MACT HAM 3aTeM &; C TOYHOCTHIO 10 MOCTOAHHOH T;.

Boasmem Temepn mepBoe ypaBHeEme (7), paccy:xzas TakuM ke obpaszom.
Tax kak d8,/d§, 6yger noimHEOMOM HE TPOTHETrO, a IEPBOro HOPAXKA, W N HE
Gymer mennM, ME OyeM yBepeHH, 4To cpepHee 3Hadenue dB,/dE, pasro HymIO.

Taxum o6paszoM, HaM AocTaTo9HO B3ATh A;=0, 9T0oGHI cpefHee 3HAYCHEO
npaBoil wacTu GHAO PABHO HYJIIO M 9T00HI v, OHIIO OUpe/ieNeHO ¢ TOYHOCTHIO
A0 IOCTOAHHOHK .

ITepeiinem Teneps K ABYM IIOCHEHUM ypaBHEHNAM (7); MX MOMHO HAMCATh
B BHJle

dg; ’ de . ,
T tn¥ =T 4 2By,
dn; ., af .
d—tl — i =— f{)l — 2B,

[IpaBsie 9aCTH SBIAIOTCHA M3BECTHHIMHA IODUONMYECKMME (QYHKLMAMHA OT I;
[UIA TOro WTOOH MHTErpEPOBAHMEG GLUIO BO3MOMKHEIM, JOCTATOYHO, CIEROBA-
TeabHO, YTOOK NpaBas 9YaCTh LEPBOr0 YPABHEHHA HE COAEPIKaJia YICHOB
¢ ¢”™, a mpaBas 9YacTh BTOPOTO — WIEHOB C €™,

AHaim3 2TOro JBOHHOTO YCIOBHA IIPOBORETCHA Jerde, eCIH PacCMOTPETh
TpeThe W UBTBOPTO® ypaBHEHHA (7), KOTOPHE YKBUBAJIEGHTHH [BYM IIOCHEJHUM

M 32THACHIBAIOTCA B BHAE .
du; d8, dvy  d8
T =dn @ dn, 2B

* 3nechk @ Jajblieé 3TO BLIPA’KEHWE O3HAYAET, 9YTO peNleHue ABJIASTCH NEPUOAUIEeCKAM.
(Tpum. ped.).
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Heobxogumo, d9Tob6m cpesnMe 3HAYGHWUA NOPABHX dYacTed OHIH paBHH
HYJII0.
Yro KacaeTCa UepBOTO M3 STHX YPABHeHWH, TO YCIOBHS BRIIOJHAETCA
camMo cobo#; B caMoM jele,
[d91:]~d 16,]

dvg ag

JTo mociaexgHee BHpa:KeHWe pPaBHO HYJK B cmay ypaseeHus (9), ecam
3HAMEHATeNbs 7 pPaBeH J, a B IPOTHBHOM Ciydae — motoMy dro [8,] ects
TOXECTBOHHBIA HYJIb.

Bropoe ycnoBve 3anHCHBAETCA B BUJIE

d [64]
—_— —21. B .
du, 184
Ecam amaMeHaTelb n paBeH 3, TO OHO AAcT HAM pg.
Ecau, nmaoGopor, 3HameHATeJh HE paBeH 3, TO OHO gact g,=0, moromy
uro [B,;] — TOKAECTBEHHHKA HYJIS.
TaxmM oGpasom, MH BEamM, 910 £y, 7, &, 7 — mepmogddeckue QyHK-
man ot ¢t m ®. CnegoBaTensHO, OHE OYAyT pasioKEMH B pags Dypre BHaa

ZAe"(P‘+q"‘+9‘7’).

OIIHB.KO MOXHO llOﬁaBHTL K0e-4TO CBepX TOro; MH MOJKHEI DACCMOTPETH
YPaBHEHHAA CJieAyIoIero BHOa:

_Z_f — X — 2 Aeb(pteqnig®)

% +inn=Y = 2 Bes(pthant+qd)

M3 KOTOpHIX HaifeM

A ,
— $(pi+oni+qd) | n
: 2 iptam)’ f

B . .
e — et ptigni+q®) | p—nt
1 2i(n+qn+n)e +re

rge Y ® { — DOCTOAHHEIE MHTETPMPOBAHHA.

Taxmm ofpasoM, ecid X m Y — HeJne @ OFHODOAHLE HOJUHOMH OTHO-
CHTEJLEO

{nt4D) [ —i(nt+D)
VE Ve » Vue ,

to ke Oymer maa & M gaA v, Do KpalHe: Mepe, €CIM IPeAIOJIOKATh, YTO IO-
cTogHHLEE 7 ¥ |’ paBHH Hyxn. Ecam He mpegmolaraTh, 9T0 3TH IOCTOSHHEIE
CyTh HYIH, TO € ¥ 7 ONATE GyAyT MENHIME HOJXMHOMAMHE, HO HE OJHOPOSHEIMHE.
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ITpuMeHuM BTH HPHEHOMOB K BEJIMYMHAM, KOTOPLIE MBI TOJNBKO YTO BRITHC-
JUNA; MBE BUJHM, 9TO TaK Kak

e, e, e, a8,

& dn,  dg a

— 1IOJJHHOMEI, KOTOPLIE COTJIACHO COrJIAIEHHASIM, CAEJaHHBIM HAMH O CTEIIeHAX,
HUMOCIOT COOTBETCTBEHHO CTEIIEHU

1, 3, 2, 2,
TO K€ HMeeT MeCTo M AJA

M1 Ep 71;: E;

HKorga mu mopcrasmm B 8, BMECTO STMX KOJUYECTB MX 3HAYOHHSA, CTE-
OeHy KOTOPHIX CYTh COOTBeTCTBEHHO 1, 3, 2, 2, To yBmmuMm, 9ro 8, cramer
NOJIMHOMOM 4-H CTeHEHM ¥ YTO

de, de, de, ae,
dEp ! ang * dgp ’ dng

OynyT HDOJNWHOMaMH COOTBETCTBEHHO CTemeHEH
2, 4, 3, 3.

Mu MoskeM 06000IATE 9TOT peayabTart.

¥YpasraeHna (5) ®m (Obis) mO3BOJAIT BHUHMCIMTH WIAT 33 1HATOM HEU3BECT-
BHO §, 7., &, M, MB ODEHYKNEHH OpIM OB OCTAROBHETBCA TOIBKO B TOM
CIy4Yae, ecid CpefHee 3HAYEHHO IPaBOM JacTH OJHOro M3 ypaBHeHHH (5) oxa-
3a2J0CHh OTIUYHEIM OT HyId.

IIpepmonosxmsM, 9TO0 8TO OGCTOATENHCTBO HE MMEET MeCTa; S TOBOPIO, 4TO

- Ek’ .qkl E;,_-l 71;¢
6yny'r NIOJIAHOMaMU CTOIIEHeH

k42, k k-1, k-1

OTHOCHUTEJIBBO )
\/Eo) \/uoet(nhﬁl), \/uue—uuu—m)’ (10)

a KoadpuUHMEHTH 3TUX NOAHHOMOB GYyRYyT HepmopudecKaMM (GYHKHUAMHA OT
t ¢ mepmosom 2,

B camom pene, mpeANoNOKAM, 9TO BTO CIPABOMIHMBO AJA BCEX 3HAYOHHMN
HHJEKC3, MeHbIIuX K.

Mm 3Haem, 9o 6, — NeaH# DonmHOM creneHd k-2 OTHOCHTEIBHO

e Mg B 1) (g <<E) (11)

B IPEJIOJOEeHHAH, UYTO 3TH KOJHYECTBA HMEIOT COOTBETCTBEHHO CTEIeHU g2,
¢, g+1, ¢g+1. Ecam, cregoBarenbHo, MR mofcTaBum BMecTo Koamuects (11)
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HOJMMHOMEI, CTENeHH KOTOPHX OTHOCHTeJIBHO KommdecTB (10) Kak paa pasBHH
g+2, g, g+1, g1, To 04eBHAHO, PE3yIBTAT IOACTAHOBKE GyNeT LOJIHHOMOM
ctenenn k-2 orHocmrensHo xojmuects (10).
Takum ob6pasom, B, — moiamHoMm cremeEnM k12 OTHOCHTEABHO KOJH-
gects (10), m mo To#t ke mpuumHe
e, a8, e, 8,
dg, *  dm ' dE ' dyg

OyAyT NOAMHOMAMH CTerneHel
b, k+2, k+1, b1

OTHOCHTEJBHO 3THX KEe KOJHMYEeCTB.

Taxem ofpasoM, TO e CAMOe MMEET MECTO [JJH IpPAaBHX YacTeid mepBoro,
BTOPOr0, HATOTO0 W IIECTOr0 ypaBHeHmd (7); clle{OBAaTONBHO, MOBTOPAA Ipe-
ABIyIee paccy:KieHde, MH JIErKO yBUAeJ® OH, YTO TO e CaMoe OUIATH HMeeT
MeCTO M JIA

nkv Ek' 71;‘1 ;cv

970 H Tpeﬁouanocb AOKa3arTsk.

Wrrerpupopanne ypasueHu# (7) BBel10 YeTHpe HOBHX UOCTOAHHHEIX HMHTE-
rpuposarua. B camoMm pene, u3 Hux Mp y3HaeM £, 7, §, M) ¢ TouHOCTRIO
10 9IEHOB

Ty By, 7iESHT) §lghntrd)

COIEep/KamMX JYeTHPE UPOU3BO/ILHHE NOCTOAHHHE
To O T1s Oy
Mu coxpaBEmM TONBKO OJHY M3 STHX DOCTOAHHHIX M MOJOM<UM
T1==3,=0, &=—1.

Ilocine aToro momuTaeMcA oupejenuThb

’

€y o &5 M
upM OOMOINM ypaBHeHu# (O) m (Obis), momarasa B Hux k=2

Cravana HeoGxogumo, uro0H OpaBad 9acTh NEpPBOrO YPaBHeHHA (O) mMela
HyJleBOe cpeJHee SHAYeHHE, 3TO CpejHee 3HAUYEHUE DABHO

dnq |’
eC/lM, KAK BCErJa, OPAMEHATH KBajpaTHHe CKOOKM janA oGO3HavYeHMA Cpel-
Hero sHavenma ¢pyurmuw. Tarum oOpazoM, MH IONTYyUHM

[fe]=0 o
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llpeamonoixum, aro 8, pasiokeso B paa (Dypse Bupa
EAei(pt+qnt+qm)_

Tak rax 8,-— HONMHOM YETBEPTOH CTeHNEHW, § He MOKeT HPEeBOCXOAMTL
no aGconIoTHON Benmuuue 4, ¥, clej0BATENBHEO, €Cl1M 3HAMeHaTenk n Oonsme 4,
[8,] Gymer ToxpecTsenHEM HyneM, a yciaoBue (9bis) Gyaer BhnonHeHo caMo
co00ii; nocTosHHAA & OCTAHETCA HEOUPENelIeHHOMH.

Ecnu amamenartens n pasen 2 wim 4, ycnosme (9bis) ompezeaur .

Ecnu smamenarens n paBeH 3, mOcTOAHHag @ y)Ke ompejeleHa ycilo-
sueM (9), u ycaosue (9bis) mocnyxur AnA ompejelleBEMA HOCTOAHHON 7.

Brgmenum B €, wieHH, KOTOpHE SaBHCAT OT 9TOH IOCTOAHHOM 7).

OueBuguao, MH Halinem

1 7

'(’18,1 e-int+®) __ 981 ei(nt+'u‘)))
agy dmg !

T 49
L\/u_() aa *

Cpem{ee 3HaYeHHue 3TOro BHIPAKEHHUA 6y11e'r paBHO

1418
iVa, 98 °

Taxum oGpasoM, yciaosue (Sbis) MoEO Hanmcars (ecnu 3aMETHTh, YTO
d28, dz 18]
— L l=—n B BHIP

11 42[8y] _
Voo —aw TH=0,

rae H saBucur or ®, HO He oOT T;.

Ecin smamemartens n me pasen 3, [8,] pasro 0, u ycnosue (9bis) e
38BMCHT OT 7;. laxmM o0OpasoM, eciAM 9TOT 3HAMEHAaTenb paBeH 2 MM 4,
ypaBuenue (9bis) Gyner saBucers OoT @, a He OT Y;, M OUpEAENUT O.

Ecnn smameparens pasem 3, yciosuwe (9bis) saBmcur or 7, u ompexe-
mur 7y, (opu sToM oo gact T, = 0).

Bo ncakom cnyuae, oumpenenns rakum oGpasoM §,, mocrapaemes BHUHC-
IHTH 7, OPH OOMOINU BTOpOro ypasEeHHA (9). Mm pacumopszumcs X, Takum
obpa3oM, 94ToGH cpejHee 3HadeHue UPaBOM gacT GLIIO paBHO HyIdO.

3aMeTHM, 9T0 A,, BoOGuie TOBOpH, He OyHeT Hynem; B caMOM jele,

d [8,]
dEo ’

BooGme rosops, He Oyjmer uynem. M6o 8,, Gyaydn nDoinuEOMOM creneuu 4,
Oyxer cozmepskath oamu uneH c¢ 2, me saBmcAmmii or Benwumn & u 7. Koad-
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punuenT droro wiesa Oymer mepuoamdeckod ¢yHKOuUe# oT ¢ mepmonoM 2w,
¥ ero cpepsee sHayeHHe He OyjeT, BooGm{e roBOPA, HYIEM.

[MepeiineM k ypapuerumaM (dbis) uam, 4TO TO Ke caMoe, K ABYM ULOCJIEA-
uuM  ypasuesuaM (D). IlpaBme wacTu 3TMX [1BYX NOCHefHUX ypaBHEHHMH
AOMKHK HMMETh HYNeBHE Cpejuue 3HAYeHHA,

ClenoBaTenbEO, MH JOKHH HMETh

[ )= =2t

4yTO ompexmenser u,. Ho
o 48, 4, dB, , 48,
Zul) d"’O —‘Eo dE(') +7]0 d.,)(')

— IOJUMHOM YOTBEPTOro mopsAnka. TaxkmM ofpasoM, F, COXEPIKUT HICHH
d8,
¢ z%y? u, cnepoBaTeNnbHO, uzm COAEPKHT WIEH C

3= (g D (s O

Hoaddpunuent sroro wuneHa ABIAeTcA OepuoAudeckoi ¢ynrumeii or £,
cpeiHEee 3HavYeHMe KOTOPO#, BOOOmE rosopsA, He pasHOo nHyno. Tarum oOpa-

de,
30M, BooOme roBops, [—df-] ¥, CIeJOBATeNbIO, p, 1€ PABHH HYI10. ITO
0

TO K€ caMOe pACCYX/[eHHEe, YTO U JIA A,.
BBTBM MHE JOJXHR HMEThb
[dﬁ]zo. (12)

dy,

Ho s rosopio, arn aro ycnoBue BHOONEAeTcA caMmo coDoil.
B camoM pene, MH uMeeM HHTErpan KUBHX cmil, F = const, oTKyza
BHBOAWM DAJ ypaBHeHUi:

®,=const, ®, =const, ®,=const, ....

PaceMorpEM Tperse M3 3THX ypaBHOHHIL:
®, = 6, — &, — inu, + A H -+ 2By,u, — const.

JTUM ypaBHEHWEM MOKHO 33aMeHHTH YeTBepTOe ypaBHeHme (D), M KOraa
MBI OOPONNHM Ay, f, £, 7, M U, OPW HOMOIOM TpeX HOepBNX ypaBHeHH# (D),
OHO OUpENeNuT U, 6ea 6cAK0z0 uHMezpupoéahusn. TakuM 00pa3oM, MOKHO
OHTH YyBepeHHHM, UTO OUpefe/eHue U, BO3MOKHO, W, CAEJOBATENbHO, 4TO
ycnosre (12) BHODONHEHO.

Mu onpemenuM taxmm oGpasom &y, 7, £, M, ¢ TOYHOCTRIO [0 9WIEHOB

Tor Op YiEtMEHTY rgi(nt+d)
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3aBHCANIMX OT 4YeTHPEeX MNPOM3BOJBHHX MNOCTOAHHEIX. Mu COXpaHMM TOJBKO
OJII1y U3 3THX OOCTOAHHHEX ¥ MIOJI0KHM

o Ny r’
r2 ft 02 pomnd 0, 02 = —q-

363. Braumciaenue upogo.sraercia TakuM ke oGpasoM. [las ummrerpupye-
MOCTH ypaBHeHHH (9) He00XOAMMO BHIIOJHEHNE VCIOBHIt

(], [0 (240, =0, (2] 38,0

lHocaepgame jBa M3 BTHX YCJIOBMI oOmpejelAT A, M p,; Bropoe Gyjer
C:IeJICTBHEM INEePBOTO B COOTBETCTBMH ¢ TEM, YTO MH BUJEIH OTHOCUTEILHO
yeaopma (12). Takmy oOGpasoM, HaAM oOcTaeTcd WM3YYATH NOEPBOe YCIOBHE.

Bupaskenwe d8,/dy, ap1serca monnnomoM mopaaxa k - 2; ecim ero pasno-
KuTE B pajg Dypse

Z Ae:‘ (pit+gni+q®) ,

TO 1esoe ¢ He Mo:keT upeB3oitTH k -+ 2 mo aGeomwormoi semmumne, Ciepo-
BATENOBHO, eciu k4 2 MeHbpImme 3HAMeHATENIA 7, TO HENb3d LOOIYYUTH

p+gn=0,
H cpenﬂee 3HayeHdue Halmmero Bmpamemm 6le,GT paBHO HyIlIO. yCHOBHe
‘“’k]~0 13
[7e]= (13)

Oyner, cIeR0OBaTelbHO, BHIOOJHEHO camo co0oil.
Mu BBENE cleAyOmMue OPOU3BONBHHE NOOCTOSHHHE:

D T Tor +- (14)

D, T Tor e oo T

u 6, Mo)KeT 3aBHCETH OT

llocMoTpuM, xakuM oGpaszoM. IIpenmonosKuM, 94TO MH paccMmaTpuBaeM pas-
JI0;KEeHUe
F=0,+4¢0, + 2D, + ..., (15)

M YTO B 3TOM pAaajIOKEeHHA MH 3aMeHgeM Beamymes §, 7, £/ u 7/ ux sHa-
YeHAAMH; PA3NNYHEIE YIEHH pasioMeHWA OYAYT 3aBACETH TOrJA OT DOCTOAH-
anx (14). B srom pasnoxenmum (15) ofpatmM B Hynb Bce mUOCTOAHHHE 1/,
cOXpaEAA TOJNBKO &; MH OONYYMM TAKMM 00pasoM HOBO® pas3iioKeHHe

O -+ e®; 4 2D) + . ... (16)

18 A. IIyarrkape, T. II
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3amesmm Teneps B pasioxcenum (16) moctosmmyr @ pasaoskemmen
D4ed, 4D, +.. .,

rae @, ®,, ... — HoBue mocroaHmNe. Haxamii n2 gai1enoB pasiomenus (16)
MOKHO B CBOX OdepeAb Da3noKUTh OO CTENeHAM &; paclo;arad CHOBa MO
cTeneHsAM €, MH HONyJaeM HOBOE DAaslIOKeHue

D! 4 eD? -+ 2"+ .. .. (17)

9To pasioKeHMe NOKHO GHTH TOMKAECTBEHHHM c pasio:xesueM (15) mpu
. € . ~
YC/IOBMM 3AMEHH HOCTOAHHAX O, HaIesKamuM o6pa3oM BHOpPaHHHMA (QyHK-
OUAMH HOCTOSHEHX T,.

Jlerko Bumerb, 9T0 @), 3aBMCHT TONBKO OT

Dy yy eney Ty
u 4ro @, 3aBHCHUT TONBKO OT
CHEN
Orciopa Mm 3aKiio¥aeM, 4T0 O, 38BHCHT TOIBKO OT
T T - Te

Dy, Dy 0., D

a {,—or
-
Jlerko Bumers, 4TO

D = X AD®. 970%. . .9F,

rie A — gucnoBoit xoapduuuenr u D®; — nponseoxnaa or O, mo B; mops-
IOK 3aTOH HpPOM3BOZHONH paBeH

o ta+...+a,

M IpH 3TOM MH HMeEM
k=m+4a 4+ 20,4+ ...+ ka,.

Tak xak m paBEHO mo kpaifmeit Mepe 1, mockoabky O, He 3aBHCHT OT &,
TO MW BHAWM CHadYaja, 4YTO ¢, PABHO HYII0, YTO MHl, BOpPOYEM, YKe 3HAIM.

Paccmorpum m1060#t wieH, B KOTOpOM &, @, ), ..., @,,; PaBHH HYJIO,
HO @, He Hy/Jb; MH JAOKHE OyaeM uMmers
m<k—h.

Ecnu snamenarens n Goisme, weM &k —h + 2, To cpepHee snavenme DO,
Oyner paBHO Hym0; BTO O3HA4aeT, 4TO Te uileHM B @), KOTODHe 3aBICAT
0T @,, UMEIOT HYJIEBOE CpejHee 3HAYEHUS.

Mu MokemM OTCIOA2 HONYUHTh OAMH BOKHKIL pesynspTaT, Kacawmuiics
cpenaero smadenua D), M, ci1eZ0BaTeNBHO, CPeJHEro 3HaueHns 6,:
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Ecin smamenatens n pasen k-2, [B,] Oymer saBmceTs TOnBKO OT .

Ecnu smamenarens n pasen k-4 1, [B,] Oyner saBucets or & m @,.

Ecnm smamemartens n pasem k, [8,] Gymer saBmcers or @, &, n @,

Ecnm smamemartens n pasew k—1, [8,] Oymer sapucers or &, @, ®
M W ...,

[Ipm arom TO, 9TO A cKa3ajq TONEKO 9TO O Bejwumme [0,], mpmmenumo
x [d6,/dn,).

Urar, ecim smaMenartens n paser k- 2, coormomernme (13), B xoropoe
BXOJAUT TONBKO T, oumpejgenuT .

Ecin smamenatens paser k-1 1, coormomenme (13) Gymer comepsars &
B O;; ofHako @ y;Ke IpefBapHUTeNbHO OHIO ONDPEAeNI®HO W3 COOTHONIEHHA

o=

Coorsomenne (13) oupepennr, TaruM obpasoM, &, u, cleLOBaTeIBHO, 1:-

Ecnn smamenatens pasen k, coormomenme (13) Gymer comepats ®, 8, @y;
H0 @ 7 ®, OHIM yKe mpeABapMTEeNLHO OHpefeleHH COOTHOMIEHHAMM TOTQ 3Ke
suga, uro u (13). Taxmm oGpasoM, (13) ompememnr ®, u, crexosarensHo,
Y B T. A.

Anammas

364. B pemenuy, K KOTOpOMY MH OpUIIIM, GUTyDHPYIOT eme ciaejy omue
OOU3BOILHbE NOCTOAHEHE:
e, £ 1y
Yro xacaeTcA mapaMeTpoOB A M [, TO OBM 3aJaHH CBOMMH PaslOyKeHHAMU
00 BO3PacTAIOMAM CTeHeHAM €, Da3NOKeHMAMYU, KOdPPUUUEHTH KOTOPHX MH

NOC/1e/l0BATENBHO BHYHCAMIN. ITH KO3GPUUMEHRTH A, ¥ {1, 3aBHCAT OT ABYX
nocroaRENX §, ¥ u;; 8TH kKoodPMUMEHTH OHIM BHYMCIEHH NPH TOMOIHA

ypaBHeHmHA
de e
[F:]-}_ xkﬂoz[ = ]+ 2p, B, = 0.
Benmuwan 6, d6,/df, n udD,/du,— nenwe nNOIMHOMH OTHOCHTENHHO
Eot \/l‘;; e;ﬁl (nt +mJ.
8, =2 Pt = 30,

rae P — menni#i mONMBOM OTHOCHTEIELHO

- U O A W (18)

Ilycts

K03(pPNUMEHTH KOTOPOTO TepuojudecKue GyHKOAHM 17,
18
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Torna Mm mMeem

22 Sk, w8 F (R
3amennM 3arTeMm koamdectsa (18) mx pasnoxemusMM, M OyCTh
P = Bt e,
rae B — mepuoamdeckas QYHKIOUA OT ¢ C MEPHOAOM 27, OTKyJja

k —_ 2 BE/bﬂ-h, rbyth,y Eb3+h3 Z R
a9 h h
°dEk_2hR uod _2 hthp
a8 de
W) wlam]

cOXpaHAA B 3ITHX PA3JOKEHMAX WICHH, He 3apucAmme OT L. Ho pasJIu4HEIe
yneun R CONEePKAT MBORUTE!NAMY HOOKa3aTeIbHHE (i)yH'KIIHH

Mu monyuum

§ (nf+8) (by+hy—by—hy)

eipt X e
YroBr 5TOT WNeH He 3aBucesl OT £, HEOOXOmuMO, 4TOOH OHIIO
p~+n(b 4k —by—hy) =0,

4TO mOKa3HBaer, 4To b, 4 A, — b, — A, AOIKHO JE/IUTHCA HA 3HAMEHATENb 7.
Mrax,
b, + k4 b, 4+ hy>b, + hy — b, — by > snamenarena n 2> 2,

4To 03Hawaer, yTo R jenaTcsa Ha U, WOCKOIBKY L, purypupyer B R ¢ moKa-

sarenem Y, (b, + h; 4 b, + hy).

Wcrawuenne mMeno G MecTO, TOIBKO €ClH
by + by = by -+ by,

HO TOTXA MH MMeln Ol nudo
by hy > 1
byt by by 1y >2,

rak aro R omaTs peamnocs Gu mHa uy nubo

by=h,= 2=h2=0,
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OTKYJa
mih g

. dae
HO TOrJAa COOTBETCTBYKIUM YIECH HE BXOAHU]l OH B uo[d—u"].
(1]

Ananorvuno, R scerma Oyaer pennrTses Ha &, 3a MCKIOYEHMEM CIVYad
a6y
h,=0, Korga cooTBeTcTBYylOmUY uieH He Bomwen OH B & T
0

40,7 [dO,
duy |’ Ld§,
¥, CIeJOBaTeNLHO, A, M ABIAIOTCA UEeJHMM NOJIMHOMAaMH OTHOCMTENEHO &
A Pr 0

n \u, Taxum o6pasom, A m p npegcTasasioT cofo# pPAAN, PACHONOKEHHEHE
U0 CTEemeHAM
e, Ep Vg

HO »TH TPM NOCTOAHHNE BXOAAT B HUX HE NPOHMSBOJGHEIM 00pasoM.

BenomEuM, KakKMM HCKYCCTBEHEHM OpPMEMOM MH BBEIll BCUOMOIaTeNbHYIO
NOCTOAHHYIO €, KOTOPasd CJAYKUIa TONBKO YOPOMEHWIO HUBIOKEEHMA; a A
3TOr0 UpAMEM CHOBA HA MrHOBemme o6o3pauenua u. 274 um crp. 89; Mu
TOJIOFKUITH

Hrar, B mrore

—-— ’ — ’ - 2 r _--2 ’
Ly=8Zy, Y1 =8y Zy==¢8Ty Yy=2,.

Takum oGpaszom, HamM ypaBHEHHMA He HEPECTAIOT YHOBIETBOPATBCA, KOTAa
MH 3aMeHsIeM
€ T, Yp» Ty
Ha
ek, zk, yk, k%

4 DapaMeTpHl Anm § COXPaBAKIT CBOM OepBOHAYaJIbHEIE 3HA4YEHHUA.

3areM MH OTOpOCHIN CTaBMNE HEHYKHKMHM IITPHXH M DaslOKHIN Z),
Yy Ty Yy KOTOPHE MH 0003HAYANH C TeX NOp OYKBAMM Z;, Yy, Zp Uy 0O
CTEmeHAM E.

Tak MH HANIIU pa3NoKeHUA

E o6 +e%+ ...,
no+em + ey 4 ...,
B, ek %, 4 ...,
Mo +en ety - ...

VYpasHeEua GyayT Tark:ke YHAOBIETBOPEHH, eclM MH 3aMeHuM ¢ Ha efk
¥ YMHOXUM derhipe pasnoskenus (19) coorsercTeemnHo Ha

B,k k

(19)
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HIIH, 9TO TO Ke, eCJIM MH 3aMEHUM
Epr Mg £y My

B RET, e, ERR gk,

Ha

[Tocne arofi 3aMeHH MW JOKHH NOAYYUTH PA3NOKEHUA, TOAECTBEHHHE
pasnoxenuan (19), HO ¢ oTaMYAMEMMCA 3HAYEHUAMM NOCTOAHHHX & ¥ U,
Ho mu Buamm, ato sta samema memser §, u u, Ha A%, u kP,

Urax,

Ep T £ My
EAP, kP, ERP, kP,

rorfa §, u u, menswrca Ha k%, n k%,

JApyrumm ciroBaM®, ecliE YMHOKATH deTnipe pasioxenus (19) coorBer-
CTBEHHO Ha &%, 1, e, &, TO HOMyYOHHHE TaKAM 06pPa30M YeTHPE IIPOM3BENCHAA
6yRyT paslioKEMH IO CTEUEHAM

MEHAIOTCA Ha

&%y & Vitg

M TO 7Ke CaMoe JOJKHO OHTH AJdf A M p, KOTOPHE HE AOJHH OHJIM H3Me-
HHETECA NPH 3aMeHe e, &, U, HA &/k, Kk*E), Ku,.

Urak, npeguonoskuM, 9ro A ¥ p BHpaxKawTcd B QyHKnum £X; s\/uoa
ACHO, 9TO MH GyJeM HMeTh TakaM 00pasoM COOTHONEHHH, M3 KOTOPHX CMO-
#eM Haittm obparene PyErnmE %, m e\u, or X u p.

365. Ilycrs k-+2 — 3pameHaTeldb n; HOOCTOAHHAS & ONPERENHTCA TOTRA

ypaBHEHEEM
[ dmng )

Hcrniodenre mMeeT MeCTO TONBKO B ciydae b-+2=2, xorga & ompepeneso

ypaBHeHEEM
d8, ]__0
[d"lo -

Bripamxenme d8,/d7, aBisercs mexnM DOJAHOMOM crememH k-2 oTHocH-
TENALHO

eg;t(nt+m).

Kaxpuit @3 5TEX YIEHOB CONEPIKET, TAKEM 00pasoM, MHOKHTENIN BHUA

e;{:iq(ntﬂn)_
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B cpensem ssagermnm [dO,/d7,] octamyTeA TONBKO WieHH, He 3aBACAINES OT ¢,
¥ MH BUJJH, 49TO ¢ LOJKHO NEINUThCH HA 3HAMEHATeNb N, T. . Ha k-2,
CaemoBaTesqbHO, Halle BHIDAKEHUE MMEeT CJeNyIOmuil BHA:

ae’®(k+2) + b + ce—$B(k+2),
Tenmeps s mokasky, 9T0 claraeMoe b paBHO HYJII.

,HJIH 9TOr0 A BOCNOJIB3YIOCh CJHENYIOUIHM MCKYCCTBEHHRIM IIDHEMOM: BbI-
TUCTIAM

o b e B
710' My = 7];,_11
7 EI Fr
03 S1s ey Sp D
r L4 r
7]os 711' vy Mgy

OpH UOMOIM DpPONEcca, HaJ0KeHHOI'O BHINE; OJHAKO NIDPM BHYUCICHHAHR &,
BMECTO TOr0 4TOOM OpHOHMCaTh & 3Ha4eHHe, 06paIaiomee B Hylh [de/d'qolf,
s COXpaHIO IPOM3BOJBHOE 3Ha4eHHe O. Torma ypaBEEHHe

dEk dek

dt d"]o

HO3BOJAT MHE BCO )<e BRYHCIHMTEL £ TOIbBKO BMecTo Toro 9robsl Omrh me-
puoamvecKo# QyEKumed ¢, BeruwumHa £, Gymer nepuopmueckod QyHKmmeR f,
K KOTOpoH npubaBlieH HENePHOJUIECKAN WIeH

a0
t k:l,
[d"lo

Ho y mac ecTp gpyroe CpemcTBO sl BHYACJICHHA

Eo, El’ « .oy G,‘.q
Nos N seey Mpons

U, clepoBaTeibHo, atoro uieHa ¢ {dB,/dn]; a umenno, mosTopuTH BLIYHEC-
nesusa m. 274.
Mu ompemeaum S,, S,, ... Ops momomu ypasrHemmE (2) ma crp. 93.
Brigmenerme Sy, Sy, . .., S,_, BuooxEAeTcA Ge3 BCAKHEX 3aTpPYAHEHHIH;
HO y HAC BOBHHKHYT 3aTPy[HEHMA IpH BHYACIEHEMA S, B3 YypaBHEBHA

dy, +2B av

=0 4 C,.

B camom pnese, opaBasg 49acTh OpeacraBiaser coboi COBOKYIOROCTL YJIEHOB
BHOA
Ae"mwﬁmz',
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rge m,; A m, — nejble; UHTEIDAPOBAHUE BLIIIOJHAOTCA 6eCHp8HﬂTCTBeHHO,

anmb O He OHII0
imy+2m,B=0.

Ho Ttax xax 2B paBHO in, re #n — PAanHOHAJILHOE YHCIO, 3HAMEHATEND KO-
TOpOro paBeH k-2, To npaBas 9acTh HAIEro yPaBHEHHA OVIOET COgep:KaTh
WIEHH, YAOBIETBOpPAKIHAE 3ToMy ycaoBuio. (OTCIOa BHITEKaeT, 4YTO BEIN-
gmpa S, He GyxeTr mepromudecKoir pyBKOEeH OT ¥, B U, a Mo:keT OHTH OpUpaB-

HeHa
T, +y.U,,
rae T, m U, nepmogmduEI. :
Onpepenus TAKAM o0pasoM ¢yHEIMI0 S ¥ OPOABMHYB NPHOIMHOHHA 10
KoxmdecTs nopanka e+, mommO npnMeHnTb upomenypy u. 275 ¥ oupeueluTs
TaKkEM 00pasoM Z,, Yy, Ty Yo
I1tE fABa cooco0a BRIYACIOHMN JOJKHH NPUBECTH K OJHOMY WM TOMY e
pesyartary. HWrak, mycrs

D=8, +¢eS + ... +&58,.

CocraBum ypasHeHms (cM. crp. 94)

__ax __ax .o dX
=Gy YT b+ 0= o
ay dacC ac
n2t+a B nl:-—dﬂo y nzz—‘—m

u BHalinem us Hux z, B QyHKOUA {; HalifemHoe TAKUM 00pa3oM 3HAYeHHE Z,
AOMKHO OHTL paBHO

A
EO+EE1+ “ana +c Ek
C TOYHOCTHIO 0 BeAMYEH HopAfka &1,
Hac HHTEpecyeT BHYUCIEHHE Ek U, B JaCTHOCTH, BBIYHCIECHHE BEKOBOI'Q

qJIena
a8
t [——"1 ]
ang_

9TOT BEeKOBO# WIEH MO}{eT HPOMBOATH TOIBKO OT BEKOBOTO 9ieHa S,, Ko-
TOopH#E paBeR y,U,.

Taxam oﬁpaaom, ¢ TOYHOCTBHIO [0 KOJMYECTB HOPAAKA e *! (upupaBuuBas
BEKOBH® WIEHH B ypaBHEHUU I,=dX/dy,) Mbl uMeeM

de ] au,
k k k k
t =z, —K 20
€ [ dng Ya dy, (20)
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B nepsom mpuGiviKeHHM, T. €. C TOYHOCTBI0 [0 KOJHYECTB HOPHAAKA &,
Me mMeeM (cM. cTp. 99)

ry=0a,=8, u=8=u, nl+d=y,=n=¢t
n,—=1, n,—in, net + 8, =v =y, =1 (nt 4+ ).
Takum oGpasoM, Msl coBepmmM owMOKy nopsagxa ef*l, ecam 3ameHuUM

B npaBoi#t wactu (20)
% Boy Ygo ¥

Spr Uy B, i(nt -+ D).

Ha

CnepgoBartesibno, Met monyaum [d®. /dy,], nemasm aTy sxe camylo mogcra-
y %/ y y
HoBKY B dU,/dy,. Ho U, copnepsuT TONBKO WIEHH C

im,y, + my,
rae

im, + 2m,B =0.

Mur nmmees, Takum o0pasom,

dU,,

dy,

=-—2B—*.

Ho U, — mepnopnucckas ¢yuruua or y, M iv; ClefoBaTelbHO a0, HE
x ‘ 2 ! ' T dy
COJIEP;KMT WieHa, He 3aBHcsuiero ot v. TakmMm 06pasoM, [d@k/d'qa] HE coxep-
JKUT 9jleHa, He 3aBUCALIETO OT U, 4TO X TpeboBaNOCH KOKA3aTh.
Utob6s 00neriurs INOHMMAHME IPEABAYIIHX BHYUCIGHHH, f CAeNalo ele
opHo 3amedanwe. CpefHme ABMIKEHUS 1, W N, 3aJaHK PaBEHCTBAMHN

. dc dc
M= T T T,

Boobume roBops, OHM 3aBHCAT OT ¢ M NPHBOXATCA K 1 M in TONBKO npH
e=0. :

Ho 3nece mbl pacmosaraeM [ByMs DapaMeTpaM# A ¥ {1, KOTODHIE MOTYT
OBITH 3aMEHEHBH IPOM3BOJIbLHHMM (QYHKIHAMM OT &, WM, €CIM YTOJHEO, MBI
pacnojiaraeM GECKOBEYHEIM 9HCIOM IIOCTOSHEBIX Ay, Agy « - .y My, Moy « - - .
Mgt MoKeM TOTAA PACHOPAATHCA 3TYMMA HOCTOAHHEIMM Taxum o6pasoM, yTobm

n; U R, ocTaBalHECh paBEEIME 1 W in, KaKoBo Gb HEA OmLIO E.

366. Wrtak, ans ompefeneHUss G MBI MMeeM ypaBHeHUE BUIA

aelk+2)i® | o= (k+2)80 — ),
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rde a4 B ¢ — KOMIIEKCHHe COUpmKeHHHe. Boobme rosopsa, ¢ W ¢ He paBHH
HYJI0, HEAYe & MOKHO Onio Gnl ONpPEAe]HTH TOJNBKO B Clegyiomem Opubim-
HEBHH.

Tarum oGpaaom, YpPaBHEHH® JACT HAM NI A o PAO BeIeCTBEHHAIX 3HAYEHNH
by 2 3
mov ao+k+2, ﬁ)o+k+2, ao+k+2,

flcHo, 4TO Ha camMOM Jele MH He NOJYYMM pA3NMUHHX 3HaYeRMi, ecu
3aMeEuM & ma & 4 2r; ojmako, Golee TOro, s rOBOPIO, YTO JBAa 3HAYEHIA

2n
By Dyt )

He COOTBETCTBYIOT MBYM JeHCTBHTENBHO pPA3NUYHHM NepPHOAMYECKHM pele-
HUAM.

B camoM feze, Tak Kak [ He BXOAWT fABHO B HAIIM YpPaBHEHHHA, TO, 3aMe-
HAA ¢t Ha t -} A, MH mpeoOpasyeM mwGoe DepHOAWYECKOE PEIIEHME B JpPyroe
peiieHMe, KOTOpoe He ABIAETCA CYMEeCTBEHHO OTIMYHHM OT Hero,

Urax, sameunm ¢ Ba t -+ 2hw, rae h — menoe.

Torma 7, samenurca Ha m,-+ 2hw, a v,—=1(nt + ®) —Ha

i (nt + 2nkr + 3).

Tak xak Bce Hamu QYHKIMM DePHOAMYHH, C DepHOAOM 2% HO Yy M Uy TO
MH HUYEeT0 He M3MEHNM B DeIeHWH, BHUMTAA COOTBETCTBOHHO M3 7y U Vpfi
ABa KpaTEHX 2m; Hanpumep, 2kn u 2h/m. Torma m, cHOoBa craHer 7, a U,
H3MEHUTCHA HA

I (nt -+ 2nhw + & — 2h'x).

IpyruMy ciosaMu, MH 3aMeHEnd & Ha
D -+ 2n (nh —h').

Ho M wMojxeM Bcerga Bu6pars uenne 2 w A' Taxum oOpasoM, 9TOOH
DBLI0
1
— Bl e—
nh—h o

Taxum 00pazoM, MH He HaXOZMM CYNIECTBEHHO HOBOTO PeIIEHWS, 3aMEHAA

D ua ﬁ:-}-k"_’:z,

CnenoBaTenpHO, MH HMeeM TOIBKO ABa JAeiicTBUTE]BHO PA3NHYHHX peme-
HUA, COOTBETCTBYIOINMe NBYM 3HAYEHUAM :

™
By Do+ g3e

910 M TpeboBanock HOKA3aTh.
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Ham ocraercs ompenenuTb OOCTOAHHBE &%, H €’y NIA 3TOr0 BOCHOIB-
syeMcsd YpaBHEHWSIMY, KOTOpHIE CBA3KBAIOT DTU JBe NOCTOANHHHE € A M u.
B sonpocax, RoTOpHe OOHYHO OPHUXOJUTCA PACCMaTPUBATH, MMEETCHA TOIBKQ
OJIMH-e[IMHCTBEHHHH mapaMeTp, ¥ MH BBeIX 3[€Ch JBA TOJBKO [ yaoGceTea
naiokenud. Taxmm oGpasoM, cleAyeT OpeJOoNOKHTH, 9TO A M [ CBA3AHH
cOOTHOWeHHEeM, HampuMep A =p. '

Pasnoxenusa A u p wo cremeHaMm e¥; u e\/uy, BooOIe rOBOPA, HAUMHAIOTCSA
¢ umenoB ¢ %, m ¢ %y, (ecnM OCTAaBUTH B CTOpPOHE c;lyd4ail, Korja 3HaMe-
HATENs N paBeH J).

Ecnn Mu, Takum 06pasoM, OpeAOONO;KAM P =— A, TO HOJy4YuM OTcioja &%,

¥ £\/u, pasnoKeHHHe N0 CTeHeHAM \/A; TOrAA OHO M3 ABYX —— iuGo KO3D-
GUIMEHTH pasnoXKeHUsA HO CTOMeHAM \'A GyAyT BemecTBeuHLIMYU, JI1G0, HAIPO-

THB, BOIIECTBEHHHIMM OyAyT KO3POMINEHTH PasToKeHUA U0 CTENEHAM \/—).-
B meprom cayuae 3agaua OyAeT AoOycKAaTh JBA BEM[ECTBEHHHLIX peIIeHUsA
opn A >0 u e gomyckars mm oauoro mpm A< 0; Bo BTOpoM caywae Gynxer
UMETh MecTo oOGpaTHoe.
Uro6u y3HaTh, Kakoll M3 STHX ABYX CIy9aeB OCYIIECTBIAAETCH, PaccMO-
TPUM YDaBHEHHE, CBASHBAIOIIEE . ¢ U, OTDARMIMBAACH YWIEHAMH C &%, MOTYIHM

T

fl sameuaw mpexne =Bcero, wro [d6,/du] u [dO,/df)] He 3aBucaT He
TONEKO OT ¢, HO M OT & MCKIKNUYEHNE HMEeT MECTO TONBKO A

k4-2=2, 3 uau 4.
W60 opu k-4 2>4 wienn Buja

el (pt+qnt +g®) ,

KOTOpHE MOTYT BOWTH B NPABYK 4acTh OXHOTO M3 ypasHeHuit (21), moryT
OLITH HE3aBMCHMHMHE OT £, TOIBKO eClm

q=0,

NOCKOIBKY |g| He MO:KeT npeBsodTH 4 u gn NOXKHO GHTH UEJIEM.

Taxum oGpasom, npasne gactu ypasHenuit (21) seisworea nuaeiHBIME
¥ ONHOPONHHMM OYHRIMAMU OT §; ¥ 4, a KO3PPHUUEHTH B3TUX IUHCHHEHX
¢ysrouil ABnAOTCA a0CONIOTHEMM DOCTOAHHEIMM, He 3aBHCAIMEMA OT @,

Ho u, nomxHO OHTH HOIOMKUTEIBHHM, WHaYe \/uo Onn 0K MEUMEM, Y paB-
seunsa (21) Bmecre ¢ mepamencreom u, >0 ompegenst 3mak A.

fl sameuy TONBKO, WTO BTOT 3HAK HE 3aBUCHT OT BeIMYMHH &, HOCKOIBKY
ypasgenus (21) ue saBucat or mero. Ho Mm Bupgenm, uro ypasHenwme, ompe-
Iensomee &, JOOYCKaeT ABa JefiCTBUTENBHO PAa3IMYHHX pEIeHHd

'N
D=0y B=0,+p717.
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Hampomy 13 HMX cooTBeTcTByeT mepHMOAHYECKOE peuleHue, KoTopoe Oyxer
BELIeCTBEHHLIM, €CIM SHAaK A BHOpaH HagIe)ammM o0pasoM B COOTBETCTBHU
¢ mpeAwAymmM. BHOOP 9TOro 3Haka He 3aBHCHT OT &J; 9TH JBa pemeHHHA
Oyayr oba semecTBeHEHMH upH A >0 u 06a muuMamn opr A <0, min xe
Oyxer uMeTsp MecTo ofpaTHoe.

Ha nepeu#i B3risj Ka)KeTCs, 4TO KAKAOMY DPEIIEHHIO VPABHEHMA OTHO-
CHTETEHO & COOTBETCTBYIOT JBA OEPHOAWYECKHX pEMIeHHA, OOCKONBLKY I3
COOTHOMEHMH MeXAy A, p, &%, n e\/u, TonywaoTCA JBe CUCTEMH 3HAYEHUI
nna HewsBecTHHX &%, u ¢\u, Oguaro 310 OTHIOAH He Tak. B camom peie,
MH MOX<EM, He OIDaHMYnBafd OOIMHOCTH, HPEAUONOKHUTE, YTO \'i, DOJOKHTE-
Jen; nb0 MBl HMYEro He MeHsgeM B Bamux QopMmyiax, 3aMeHsA \u, Ha —\/u,
H O HA @} 7.

Ho u3 namux ABYX clicTeM 3HAYEHMIA MMEeTesd TONLKO O/iHa, ANA KOTO-
poit \u, GyZeT UOoN0KUTEIbHHIM.

Taxum oGpazom:

HMEIOTCA J{Ba BELIECTBEHHBIX HEPHOJUYECKHX ]eIlUeHHs] BTOPOIO POja npu
A>0 (umm wpu A<0);

HeT HW OZHOrO pelueHus Broporo pofa mpm A >0 (unu mpu A< 0).

[Ipumem cuoBa oBoamavenua raaser XNVIII u, 8 wacrwoerm, u. 331.

U, crogures k 0o M COOTBETCTBYeT WIieHY ¢ &ZY;, KOTODHI ¢urypu-
pyer B F,.

U, cBoauTCA K NOCTOAHHOMY MHOKATENI0, YMHO:KeHHOMY Ha pf, coor-
BETCTBYA wieHaM, mpoucmegummM ot [dO,/du,] u [dB,/dE)).

Ilepsuwii unen W, xoTopeiii ®e npuBopuTcA K creneHn U;, umMeer BWA

o"*2 (A cos (k + 2) ¢ + B
¥ TPOMCXOAHT OT ©, ..

MDyHRUEA, MAKCHMYME H MHHEMYMA KOTOPOH HAM HY’KHO M3YYMTH M KOTO~
pasi JOMKHA HIpaTh POIb (YHKIHMM

Uy +2U, =0 (¢) — 2%
na3yaennoii Ha crp. 219, sta ¢ymrnus, rosopwo A, Oyxer Buia
Ap**2 cos (k + 2) ¢ - Ppt — zp?,

rae P — uensii monMHOM OTHOCHTENBHO p? C MOCTOAHHBIMU KOd(EdHIHeHTaMu.

Mu ocraBuam B CTOpPOHE YacTHHE CIYY4ad, KOrja 3HAMEHATE.]b il PaBeH 2,
3 nmm 4.

I/Iccnenona}me YACTHHRIX Ciayvaes

367. llpegnono:xkuMm, wTO 3TOT 3HAMEHATelIb paBeH 4.
Torma [B,], [d8,/dE,], [dV,/du,] yxe He Gyayr HeaaBHCIIMHMH OT &, OHM
OyAyT coaep;KaTh WIEHH ¢ efHd,
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YI)EIBHGI{HG OTHOCHTEJBHO & OOATH JacT J(Ba Pa3.-ITMYHEIX pPelueHdA

D=9

1
i 8]:@0—*—?,

KOTOpHE JafyT /Ba UePUOANYECKMX DeINeHHA; TAK KdK 3HAK A MOYKeT 3aBI-
ceTh OT ), TO MOMKET CIYYMTBCHA, YTO MHl MONYYIHM:

JBa BEIIECTBEHHHX pemeHMA BTOporo poga mpu A >0; HEm opsoro pee-
uust apu A< 0;

OHO BeUIeCTREHHOE pemIeHMe BTOporo poja upu A >0; oxuo pemenue
opu A < 0;

HY OJHOTO BEINeCTBEHHOTO pemieHHA BTOporo poxa mpum A > 0; nsa pemre-
Hug npu A< 0.

(Oyeruma U, + zU, (em. ctp. 219) npunumaer BuA

p* (A4 cos 4y + B) — zp

ITpenuonoixuM Tenmeps, YTO 3HAMEHATENhL k paBeH 3.

Torma pasnoxieHme p IO CTeNeNsM & HauYWHAETCH ¢ YIEHa C 5\/"'_07 TaK
9TO0 ecoM MH OPEATON0KHEM, UTO p=—A, TO HOIyIuM &X%; M e\/u_o B BUJE
PHIOB, PACIHONOKEHHHX IO CTEmEeHAM A, a He \A.

3uak \u, Oy/fer 3aBuceTh OT &, M €cau OH OOMOKUTENeH mph O — @,
TO OH GyAeT OTpMUATENBHHM UpH & = &)} =/3.

Ecnu, caepnosaTeasno, Mbl yClIOBUMCA BCEri@a OPeJOONAraTh \/u, cylle-
CTBCHLO MOJOKHTEIBHEM, TO MBl YBUIMM, YTO HOAY4dM:

OfHO BellecTBENHOe permieHue Broporo poxa opu A >0 u oxmo Beme-
CTBCHHOE peuieHue BTOporo poja mpu A< 0.

Oyuryun U, + 2U; (cm. crp. 219) npunaumaer Buf

Ap® cos 3¢ — zp%
Ecnn, nakoseln, sHaMeHaTens n paBer 2, 1o [0,], [dB8,/dE)], [d8,/du]
CONEPKAT UieHnl ¢ e™4® f2éd
YpasHenue OTHOCHTCNHLHO & HPUHAMAET BUJ
A cos (49 4 B)+ A’ cos (20 4 B')=0
M JIONYCKaeT BOCeME pelleHui
T 3
Dos EBo'*"z—v @y + ﬁ)o-f-—z—,

3n

s < €
ap ®1+7v u)1+'n:, (D1+—2—-

Us pByx konmuecrs @, m ©, mo xpaiiEeil Mepe OAHO BeIICCTBEHHOE.
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OC-TalOTGH BO3MOKHEIMH CcaeAyioumne IpPefuoa0KeHIa:
4 0), 3, 1), (2,2, (1,3), 0,4), (2,0, (1,1) (0, 2).

[Teppoe amecno B KpYrimx ckofKax 03HAYAET YUC.IO OEPHOSHYECKMX pemie-
Huii npa A >0, a Bropoe — 1o ;xe wucao mpu A< 0.
Oyusnua crp. 219 mpunumaer Bup

Apt cos 4 4 Bp cos 2¢ - Cpt sin 29 |- Da* — 752,

IIpano:kenne ® ypasHemuasm . 13

368. BosBparuMca K KaHOHMYECKUM YpaBHEHMAM IHHAMUKY

dz; __ dF dy; dF

L - (1)

Har u 8 oynxrax 13, 42, 125 u r. 1., s npeguoaaraw, aro F — mepuo-
AuvecKaf PYHRUMA y, PasiIOUMAA IO CTENEHAM hapameTpa p B BHJE

F=F,+pF, +..
II 4TO FO 3@aBHCHT TO.IBKO OT ZX.

Torpa mMu pumenu B m. 42, 910 3TU ypaBHEHHA AONOYCRAOT OecKoMedHOE
YHCI0 NePHOTUYECKUX DeeHMil DepBOro poga

r=29,(t), Yy, =) (2)
rae OYHKUMH ¢, M ¢, PasIoKHMHE 0O Boapacrarommx CTENEHAM .
PaccmoTpuM ofHO M3 3TUX pemenmit (2).
Ilyers T — nepuoft, a & -— OMH M3 XApPaKTePHCTHYECKHX NOKA3aTeleii;
ux OyneT JABa, OTIWYHHWX OT HY:IA, PABHHIX W NPOTHBOUNONOKHHX HO 3HAKY,

€Cllu Mhl NPEeRNO/J0KUM JIBe CTEHeHM CBOOOJH.
Mu pugenu B raaBe 1V, 4r0 mokasaTtens & 3aBHCHT OT P W PASINOMKHM

mo cremenaM u. Horma ¢ mnsmensercs mempepusumM o6pasoM, TO e
OPUMCXOAMT M ¢ &; OPeAHOIOKMM, YTO OpH p =y, Opomssefenue &l cous-
MepuMO ¢ 2im u paBHO 2nim.

Orciofa MH MOMKEM 3aKI0YNTH, WTO OpH W, GIH3KOM K ), CYIECTBYIOT
pelueH®s BTOPOrO pOJa, HOPO;KAeHHWE pelneHuAMI (2), mepUox KOTOPHX
paser (k-+ 2)7, rae k -+ 2 osmauaer 3naMeHaTens n.

Eecnm M ocrasuM B cropone cayuawm, xorga k -+ 2 paseo 2, 3 manm 4, To,
Kak MH BUIENW, JBa M3 3TUX peIIeHMil CyIecTBYIOT, KOrja A (3fiech [ -— )
MMeeT ODpefel]eHHHNl 3HAK, N MX HeT, KOTja A (37eckh |t — p,) IMEeT OPOTHBO-
NOJOXKHHI 3HaK,

f1 cxkaszam, 4T0 ocTaBH.I B cTOpOHe cayuam, Korga k42 =2, 3, 4; a1 Mory
910 cpeiars OecopeasaTcrBesno. B camoM gene,

al

2in
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PasIOMRMMO UO CTeDeHAM \p u ofpamaerca B Hyns c¢ Vp. Cnejosarenswo,
74 ManHX 3HAYEHMI U BelMYNHA i OYeHb Mala, ¥ ee 3HAMEHATelh HaBep-
uaxka Goawme 4.

Taxum oOpasoM, MH BeTpeyaeMmMcA ¢ JBYMA ODeANONOKEHUAMH.

JIu6o pemreHms BTUpOro pOAAa CYMECTBYIOT TOIBKO NIPH > g, 1HGO OHI
CYIMECTRYIOT TONEKO OpH { < .

Haxkoe ;xe u3 5TMX IBYX IDejNO0KEHHH OCYymecTBIAeTCH?

Bce saBmcuT OT 3EaKa HEKOTODOrO KoIWYecTBa (), KOTOpOE CAMO BABUCHT
oT xo3fipunuenToB upy u, u §, B BRHpPAKEHUAX

() (@)

Urodu ompefiennTs 3TOT 3HAK, HAM HET HYKAH ABHO 00pa30BHBATE 3TY
BeJVUUHY, @ JOCTATOYHH CJEAYIOMUE DACCYKAEHUS.

369. Bospmem crauazia mpocrtoit cayuaii m. 199; myerts
F=z,4+ 24+ pcosy,

C KAHOHUMYECKMMH YPAaBHEHHAMH

dz, _ dF dy;, _ dF
dt — dy;’ dt — ~ dz;°'
4YTO JaeT
dzg dys dz; . dy;
dt =0, dt =—1, gt Sy, dt =—2z,. 8

Oyuxuna Axobu S sanucmBaercs B BHAE
S =aly, + | V€ — ¢ cos y,dy,
¢ JBYMSl NOCTOAHHHME zJ M C; 0TCIOa ME HaXOQUM

Ty=2n  Yp=—t+ Yl

e J 2
T, = /C—— COS Y,, A—t = é—,
1=V B U3\ SZVC—pcosyl

rie A m y,® — [Be HOBrE NOCTOAHEHE MATOrPUPOBAHWA,
My BEOEM, 9TO NOABMICA BIMMOTAYECKHMH MHTErpa

j LB (3)

2VC —pcosy,
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BTOT MATErpaJi obaagaer BeMEeCTBeHHEM IePHOJ0M, KOTOpPHI paBeH HATerpaly,
B3aTOMY MexAy 0 u 2w, ecnim | C| > | p|, u yaBoewHoMy unTerpajiy, B3ATOMY
MEKIY

C
+farc COSIT ,

ecau [C] < [pl.

O6o3naguM 3TOT BEMECTBEHHBIA LIEPHOJ uepe3 w.

Haxkgomy 3Hauenuo o, comamepumomy ¢ 2%, COOTBOTCTBYET LepHOIMIE-
CKOe pemeHMe; OJHAKO HYKHO pA3TUYATH JBA CIOy4das.

Ecmu [C| > [pl, TOo y, ¥ Y, B TeyeHNe NEPHOAA YBEIMYHBAKTCA HA KpaT-
Hoe 27, CoOTBETCTByHOINZEe NEPHOAMIECKHME PEMICHMS SBJIATCH pemeHmAMH
NepBOro poja.

Ecmu {C] <|pl, To y, B Tedenme mepmopga Bo3pacTaeT Ha KpaTHOE 2T,
a y, COXPAHAT CBOE MEpBOHAYaNbHOE 3Hauenne. COOTBETCTBYONME POmICHUN
ABNATCH PEIIeHUAMHA BTODPOr0 POAa.

K sromy nepeducinesmio cilenyer mo6aBATH ABa 3aMeYaTeJIbHHX HePHOIH~
YeCKHUX peIleHMHA, KOTOPHE JOJIKHE PACCMATPUBATHCH KAK DEIIEHHA HepBOro
poga. Ilyete p > 0, otu pemenus OGyRyT

:Cz:.’L'g, y2:_t+.l/gv C=yp, Z, =0, !/1:0.
$2:.Zg, y.z:-——t—f—yg, C—_‘:—p.’ :cl-_—_O, Yy =rm.

I crasan, YTO 3THM DOCHEfHHE PEUIEHHA CHENYCT PACCMATPUBATL KaK pe-
MIeHAA TePBOTO pojia W 4To penieHds, coorBeTcTByIomme |C| < [g|, mommHLI
paccMaTpPMBATHECH KAaK pEmeHWS BTOPOTO pPoja.

B camoM gme.e, magum C 3HaYeHme, 09eHb MaJO IPEBOCXORALIEE — &, IIYCTh

C=(E—1)p,

rjie & — OueHb MAaJ]o0; ¥, He CMOMKeT CHJIBHO OTKIOHUTHCH OT ®; MK OyZeM
HMETHh TPHUOIMKEHHO

C—pcosylzp[e-—(“——zy‘)—z:\

M uepuwopy w Oyger GIM3OK K
T

ik

OTKYJla BHTEKaeT TAKGE 3aKJII0YEHHe. OYCTh & — JI000e YMCil0, COM3MepUMOe
¢ 2m; cymecTByeT DAJ TAKMX HepuUopmueckux pemenmit, aro |C|<[p| u aro
®w=a; ecay \/p. oueHE GIM3OK K n/\/fa, ro C Oyner odenh OIU3KO K —,
H upm

k3

Vi=5

a



ITocTpoenne pernenuii BTOporo poga 289

3T DePHOJMIECKHEe PEHmIeHHA COJNBIOTCA CO BTOPHM pemenneMm (4), xoTopoe
ABIAETCHA PElIIeHMeM NepBOro poja. 3Aech MH y3HAGM BHOBH XapaKTepHCTH-
YyecKOe CBOMCTBO pemeHMit BTOPOro poja.

Mu Bupum, uro BrOpoe pemenue (4), T. e. TO n3 ABYX pemenmi (4),
KOTOpOe YCTOHYMEO, UOPOKAAET pEemeHHA BTOPOro poja TeM coocofoM,
KoTopHi#l Oun o0GbacHer B riaase XXVIII.

Ecmm npyrue pemenns mepsoro poxa, Taxue, ato |C|>>|p |, He mopoxkganoT
pemeEnii BTOpPOro pofa, TO S3TO 3aBUCHT OT OYeHb 9acTHOTO BHAA Ypas-
gernit (1). (oA 9TMX pemenuii XapakTepHCTHYECKHe [OKazaTennm BCETAA
PaBHH HYJIO.)

PaccmorpuM cEHawana Takme pemeHMA mepBoro poga, §To [C|>|pl.

IlonoxuM C = C,-}-¢; nepuox ®, T. e. umHTerpan (3), Ba3atair Mexpy O
7 2x, Gy/eT pasnoKUM OO CTENEHAM & H p, a cBOGOAHHI uleH CBEABTCA K

k3

vVCo

Hanum \/C, nwGoe panmoHANbHOE 3HAUERWE; MH OyAeM NOIyd4aTh UEPHO-
AUYecKOoe pemleHUe BCAKMN pa3, xorja OyleM uMeTh

Ypasaenue yposrerBopaercst opu e —p =0, ¥ U3 3TOro ypaBHEHH A MOIKHO
Oyner HaliTy & M, ciejosatensruo, C B Buje pAja, PAcUOIOFKEHHOIO TO CTe-
neHAM p. YpaBHeHwA (2) JaayT HaM TOTAa Z; ¥ Y, PAasioKUMHeEe 0O CTe-
meHAM p. 9T0 — pasnowenus raasa 111,

IlepeiineM k Taxmm pemenuam Broporo poga, uro |Cj <|w].

onoxum C =ep; MH mOLyIuM

. 1 dy,
0= —— ——— |
m 2Ve —cos y;

Mu BuguM, aro ©y\/p mBrAeTcA QyHKUMENd TONBKO OT &; ¢ JAPYrod CTOPOHHI,

e=Ve sy (-t =,
9TO NOKa3HBaeT HaM, 4TO siny,, coOsy, m a:l/\/; ABNAITCA QYHKLHAMA OT
(A —1)yp ¥ e, BOAKONEDPHOLMIECKUMH OTHOCHTEIBHO (A —t)yu. 3nauur,
ato ramke Gymrnum ot (4 — £)Vp u o\p, DOCKOABKY & — QYHKIHA OT o \/x;
€CIId, CJej0BaTelNbHO, MLl HaAWM ® DOCTOAHHOE 3HaYeHHe, COM3MEpPUMOe ¢ 2w,
TO OONYYMM DPAX HEPHOAMYECKUX DPEmIeHMI; JUIA 3THX peleHui

1

cos y,, siny, u —‘E

19 A. Ilyadsape, 1. II
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MoryT OmTh pasnomeHn B pAxu (Dypee mo cuHycaM ¥ KOCHHYCAM KpATHHIX
2xt/T, rne T — naumenpmee ofwmee KpatHoe o m 2n. JIwoGoit xoadduument
pasnoXeHnsn ApnAeTcA QyHROUeiH p; 9Ty (YHKUUIO A M X0Yy M3yIUTh.

Jna atoro BeoGxogmMo cHAuala pACCMOTPETh COOTHODICHHE MEKAY &
1 oy

Mu Mmoxem sacrasute ¢ msmenarnes or —1 gpo 1. Ipmw e=—1 Mu
nMeeM

— k9
m\/p:-ﬁ.

IIpn e =1 MH nMeeM o\/p = co; cle/0BATENBHO, KOTAA € H3MEHAETCA
— i
or —1 ;o -}1, wy/p Bospacraer or n/y2 xo —}oo.
CnenosaTensHo, mepuojudecKoe pelneHYMe, COOTBETCTBYIOIEE 3aJaHHOMY
SHAUEHHIO W, COH3MEPMMOMY ¢ 2w, CYmecTBYeT, TOIBKO eCld
— In
Ve >
Takum oOpaszoM, xoapduumentst pasnomenus ODypee sBaAlTCA CQYHK-
LMAMHA OT P, KOTOpHE BEmECTBeHHH LIph

- k1
Ve >—

H KOMOJEeKCHR Opn
T

wVZ °

Vi <<
OueBupuo, 9TO 9TO K paccykneHWe OpUBeNO 0Ll K TOMY ’Ke Pe3ylbTary,

ecnma OH BMecTo
—_ 2
F=z,} 22+ ucosy,

F=F,+p[F)],

rae Fy 3aBHCHUT TONBKO OT &; M Iy, [F,] —T0iBKO OT Zy, Z, 1 Y. 3neck
PemeHusA BTOPOrO pofa OOATH OHIA OH BeIECTBEHHHIMM IDH P > .

MEl HMMEIN

370. B oGuiem caydae Benwdmma @, 0 KOTOpoi mia peds B Komme O. 368
¥ 3HAK KOTOPOH MAI XOTHM OOPEAeNHTb, OYCEH/HO, 3aBHCHUT OT [, M ECIH {1
NOCTATOYHO Malo, TO HepPBHH# WiIeH pasioMenus u JacT e 3HAK.
Onpepemum ¢ysrumio S mo merony Bonmma; mycrs

S=S8+VuS +uS;+....

Ecam p pocraTouno mano, To, o9eBupHO, Hanbojiee Ba)KEHME GYIyT NBa
IIePBHIX WIEHA

Sy + Ve S,
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Ho ecan moxosxmTh
F=Fy+pF 4 p2F+.. .

T0, KaK Mul BEjgend B rnase XIX, Sy m §; He Basmcar Bum or F,, HA oOT
F,—I[F,],aronsro or Fym or |F,], rne gepea [F,] oGo3paveno cpexnee sHade-
pue F,.

Bossmeum croBa Benmuampy @ n. 368; mepsmil wien ee pasnomkenaa Oyner
3QBECETH TONBKO OT Sy # S, U, ciegoBareasso, or Fym [F,]. Taxum obpasom,
0yJger EMeTh MECTO TO e CaMoe, KaK ecJH 0K MH IPefNOJ0KHIN, TTO

F=F,+p[F],

CIe0BATEJIbLEO, TO K€, YTO M B NpeJHAyIleM IYHKTe.

Ho B npegnpymemM DyHKTe MBI HAIIUIA, 9T0 POIISHWHN BTOPOTO POJA CYIMECT-
BYIOT TOJBKO IPH
> P

JTo BaKJIHYEHWO COXpaHMeTCd, Takmm o0pa3oM, omATe B 00meM ciaydae,
namb GH p, OHIO JOCTATOYHO MAaJBIM.

KaxoBso ke 3HaueHmWe p,, AJIA KOTOPOTO BTOT BLIBOJ HOTEpAET CHIY?

IIpumem cHoBa ofosmavenums m. 361, KoTopue ABIAKTCA 0003HAYCHUAMHA
m. 275; mokasaTenb o, KOTOPHHA TaM (QUCypHpPYeT, PasioKEM II0 CTENEeHAM
npomsBefiesna AA’,

O= DpmBoOgETCA K XapaKTepHECTEYecKOMYy noxazatemio nmpm AA’=0.

Tak KaKk MH DpPeJIONOKUIK, YTO PEIIEHAe IIEPBOTO POjA YCTONUEBO, & & —
MHUMOE, TO A @ A’ — KOMILIEKCHHIE COUDSUKeHHHE, W npomsBenenme AA”
LOJIOKUTEIHHO.

Ilpu mManbix 3BaY6HUAX u NOKa3aTexbs « yOmBaeT, korga 4 A’ Bospacraer;
B TPOTHBHOM Clydae PENICHHS BTOPOTO POKA CYUIECTBOBANH Ol TOIBKO IPH
B < ko

Tarmm oGpazoM, HCKOMOe 3HAUEHHE p, ABIAETCS TeM, AJH KOTOPOro 2 Ie-
pecraer yOsiBaTh, Korma AA’ Bo3pacTaeT; CJe/0BATENBHO, 9TO TO 3HAYEHWE,
KoTopoe o0parmaeT B HyJb NPOM3BOAHYI OT « mo AA’.

19*



I'nasa XXXI
CBOMCTBA PENIEHMH BTOPOI'O POJA

Pemienus BTOpOro poxa
H IPHHIMII HAWMEHBUIErQ JeHCTBUA

371. {1 me Mory 000ATH MOJYAHHEM CBA3YM MEKIY Teopueidl pPemeHMd BTO-
pOro pofa M IPMENAIOM HAMMEHBINETO MEACTBHA; W Aajke WMMEHHO W3-3a DTHX
cesaseit 1 panmcaa raaBy XXIX. Ho gas Toro wrofm Jydme HX IOSCHATE,
HEOOXOMUMEI €me HEeKOTOPHSe NpedBapHUTEeNbHHE CBOJSHHA.

IIpepmonoxum pBe cremeHm cBoGOAH; OyCTh £, X Z, — fiBE IEPEMEHHEI®
NepBOTO psAfa, KOTOPhIe MOKHO pPACCMATPUBATE KAK KOOPAMHATHL TOYKH HA
OJOCKOCTH; ILIOCKMe KpWBHE, YHOBIETBOpAIOmM@e HameEM AupdepeHImaTb-
HHM YPaBHEBHAM, COCTABAT TO, WTO MH HA3BAJHM MPAEeKMOPUAML.

Ilycts M — npomsBoibHAA TOYKA ILIOCKOCTH. PaccMOTPHM MHOKECTBO
TPAaeKTOPHi, UCXOAAMuUX M3 ToukM M, u nycrb £ — ux ormbaromas. [lycts
F —n-i1 kusermaecknit foryc M mHa Tpaexropum (7); sTa TpaEKTOPHUS KOCHETCH
orubatomeit £ B Touke F COrIacHEO caMOMYy ONpPEAENIeHHK) KHHETHYeCKHX ¢o-
KYCOB; i HAIOMUHAJO, UTO 1-M (POKycoMm Todku M, unu ee YOKycoM HOPAAKA N,
ABIAGTCS n-g Touka nepecedeHEsa (7)) ¢ OeckomeuHo GIp3K0i TpaeKTopmei,
npoxopsme# wepes M. Ho ycaosdsa aToro xacaEma MoryT MeHATbCA. Mosxer
cly9mThes, 9T0 F He ecth ocofas Touka KpEBoi# E m uro Kacarme Oyner mep-
BOr0 HDOPARKA; 9TO CAMHiI oOmui ciaydwai,

IIycts

z1 =¢ (I2),
z, =@ (z,) 4 § (z5)

— ypaBeeHEs TpaekTopum (I) m ovens Gamsko# Tpaexropuu (I'), mcxons-
mei w3 ToukE M.

Ilyers z; # 2, — woopmmEaTH ToukEm M, u; m u, — KoopawBath F. Tak
kar (7T) apoxopar wepes M u F, a (I') — gepe3 M, To MH mOXyIEM

2, == ¢ (2,), u, = ¢ (uy), ¢ (z5) =0,

Tax kak Tpaexropus (I’) ouens Gamaxa k (T), To dyuxknua ¢ Gyner oIenb
MaJioii; 7 Mory o603HAYHTH 4epe3 & yroJ, DOX KOTOPHM /(B TPAGKTOPHHE Ue-
pecekaoTca B TouKe M; srorT yroax u oupemenmr Tpaextopmio (7’); Torma
dyErnua ¢ Gyner 3aBHCeTH OT yria a; oBa Oyjer oueHh Mauo#, €CIH, Kak
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MH IpeAmoJaraeM, aTOT YroJ & caM Maid, ® oHa Oynger obpamaTsca B HyIb
BMECTE C Q.

3mauenne ¢’ (z,) (ecam oGozHaanTs 9epes ¢’ npomsBogHyIO oT ¢) Gyxmer
TOTO jKé 3HAKa, 49T0 H 4.

Yro ke racaercst 3Ravenus ¢’ (u,) [ecam MH mpegmosoKEM @ OYOHL Ma-
IHM M €CJU CHCTeMa KOODAWMHAT OHLIA oupefeneHa TaxkuMm 06pasoM, 9TO6H
PyERONA ¢ (z,) OblIa OHO3HAYHOM, YTO BCErJa BO3MOKHO|, TO OHO TOro e
3HaKa, 9TO M @, ecau F — (OKYC 9eTHOTO HOpPAAKA, M IPOTUBOIOIOIKEGIO
3HaKa, ecaM F — PoKyc HEYeTHOTO IOpAAKA.

Cayuwail, mHTEpECYyIOmMUiA HAC, XapaKTepmsyercs TeM, 10 ¢ (u,) TOro sxe
TIOpAAKA, 9TO ©?, W BCETHA OJHOTO H TOTO K€ 3HAKA.

Ilpegnomnosxum, BampmMep, 910 ¢ (4,) MOJOKATEIBHO.

Torma ecnm smak a TakoB, uT0 ¢ (4,) — NOJOKHTEILHO, TO TPAGKTO-
pus (T’) mepeceuer (T) B Toure F’, Guamaxoit ¥ Touxke F m MeHee yjnaleHHEOR
or M, dem Todka F (B IpeANONOKEBAA, UTO U, > Z).

B arom cyqae (I') xacaerca E po F', rorga xak (T') xacaerca E mocue F';
COIVIACHO XOPONIO M3BECTHOMY PaCCY:KIAGHMIO, AeicTBue Goasmie (oo KpaiHei
Mepe, B a0COJIOTHOM ABMKEHHM), Koraa Mu mueMm w3 M B F’, npoberas (1),
yem Korga Mu uaem us3 M B F’, cnegys Bmons (7).

Ecnm 3mak « TaxoB, gro ¢’ (u,) orpmuarexsuo, To (7’) mepecexaer (T)
B Touke F’, Gonee ynanenuo# or M, gem F; rorna (I’) xacaerca E mocne F’,
a (T) racaerca E po F’; worna Mu upgem m3 M B F', peiictsue GospIme
Brons (T), wem Bmoas (7).

Pesynbratsr 65n1d 65 HPOTABOIONOKEEIMH, ecid Gul ¢ (uy) 6HIO orpHNa-
TeJAbHBIM; OFHAKO BO BCeX Cjaydasx cpeau Tpaexropmit (7'), 6xmakux x (T),
#MeloTCA Takue, Korophe nepecexkaror (1) sbamsm F no ogmy cropory ot F,
¥ Taxue, Koropse nepecexkawr (7I') B6amsm F mo xpyryio cropory ot F.

B aTom cayuae Mu Oymem roBopurh, uT0 F — 06mkHoseHHHL Foryc.

He morxeT cryunTrncs Tak, aro6s Touka F 6xaa o0HKHOBEHHOM TOYKOA K,
a KacaHE® BMeJO0 NIOPAMOK BHIIE LEpPBOTO.

Paznoskum ¢ (z,) mo crememsam a; mycTh

$ () = a9, (z,) + 2P, (z,) - . . .
YCJIOBue B KacaHmsa BBICmero oopAgAKa MNMeeT BV
by () =0.
¢, (uy) =0,

Ho mu mMeeM yrxe

¥ ¢ynxuma ¢; (z,) yrosiersopser JuHeiiHoMy AuddepenumaiLHOMY ypaBHE-
HHIO BTOPOr0 MOpAfKa, KOoadGHOUEHTH KOTOPOro ABJIAIOTCH KOHEYHHMH H
3a/IAHABIMA QYHKIMAME OT Z,, IpAYEM K03(DOHIAEHT IpA BTOPOH NPOH3EOXHOI!
CBOTUTCH K eXWHUIE,
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Ecnu 6 upm T,—=u, maTerpanx ¢, (z,) obpamaica B HyIb TAaK K6, KaK X
ero nepBasg IPOM3BOJAHANA, TO OH OHJ GH TOMIECTBEHHHIM HyaeM, 4T0 a0-
CYDAHO.

Tarkum o6pasoM, KacaHWA BHICHIETO IOPAAKA He OyAeT HEKOTIA.

Ho moxxer cayamrbes, 970 F ecTsh TOYKa Bo3Bpara kpuBoi E, ocTpme ko-
TOpOd ImG0 HANPABIEHO B CTOPOHY M, TAK YTO WOABMIKHAS TOYKA, ABATAACH
w3 M B F, scrpeuaer ee ¢ ocTpud, Am00 o0pamEH0 B DPOTHBONOJIOKHYI0 CTO-
POHY, TaK YTO HOJBMKHAH TOYKA BCTPEYAeT ee c3aju ocTpuA. B mepsoM caydae
A 6yny ToBOpETE, uTo F — nporuBomepeTHH okyc (en pointe), a Bo BTOpoM
cirydae — 9TO 3TO uowepcTHuit hokyc (en talon).

B opgmomM m gpyroM cayuasx amadgeHme ¢ (u,) — mopsAaka a; B cIyduae
NPOTHBOMEPCTHOro (OKyCa OHO UMEET 3HAK &, eClIE F — OoKyCc HeYeTHOro Io-
PAfKa, ¥ 3HAK, IPOTHUBONOIOKHEIA 3HAKy @, eci®m F — (OKyC YeTHOTO II0-
PAQKa; B ciaydae nomepcTHOro gokyca OyaeT mMeTh MecTo oOpaTHoe.

B cayuae nporneomeperaoro goxyca Bce Tpaexropmm (1')nmepecexalor (T)
BTouKe /', Onmskoit K F m nexameit sa F; peiicteme nmpm mepexome or M K
F’ 6onsme sroas (7T), gwem smoas (T').

B cnywae momepctHOro Qoryca Bce TpaerkTopmm (7') mepecexaior (7T)
B Touke F’, 6nm3koit kK F m pacuonoxenuod mepepy F; medicrsme mpum o0xone
or M x F’' Gonpme Bmons (I'), gem spoas (T).

Ilycty temeps F' — toura (T), mocraTouno Gamaras K F. B cayuae npo-
TUBOMEPCTHOTO PoXyca A Mory coegueuTts M ¢ F' tpaexropmei (I'), ecnm F’
Jexxmr 32 F; B cnyuae nomepcerrOoro foxyca s Mory coeqmeutsk M ¢ F’, ecnm
F' nemxumr mepeg F.

Haxonem, mMorao Om cayamTscd, uTo F — ocofaa Touxa E 6Gomee ciomx-
HOTO XapakTepa, YeM OOHKHOBOHHAH TOUIKA BO3BpATA; TOIAA A CKasad 0l, 9To
8710 ocobuil doryc.

fl aamedy TONBEKO, YTO OT NMPOTUBOMEPCTHOrO GOKyca K umomepcTHOMY do-
KYCY MOKHO IIODeATH TOIBKO depe3 ocoOwni#t ¢oryc, @O0 B MOMEHT Iepexopa
sHadeEne ¢ (4,) XOMKHO OHITH HOpsAka al.

372. PaccmoTpuM Tenmeps KaKoe-HEOYAh NOPHOTAYECKO® peIeHHe; OHO
6ymer coorseTcTBOBaTh 3aMkHYTOH Tpaextopmu (7). Ilycrs @ — xapakrepd-
CTHYeCKHEA moKasaTens, a I' — mepmox. B rmase XXIX Mu Buaenm, Kak Mul
CIO/IXOMM K OIIpefieJIeHHI0 HOCAeI0BATeABHERX KAHOTAYECKHX (oKycoB (O, 347).

[Ipepmonosxmm, uro o paseo 2inw/T, rHe n — panUOHAJIBHOE THUCIO, TAC-
JHATEXb KOTOPOro ecTh p. B aTom ciryyae npumeneEwe npasmia u. 347 moxa-
3HIBaeT, 9To Kakgag Touka (7) coBmajgaer co cBomM 2p-M (OKYCOM.

B camom pexre, ecim npHHATH, KaK B 1. 347, TaKyK e[HAHMIy BpeMeHH,
g9ro6n mepmop I’ OHLI paBeH 2w, TO HOAYIHTCA a=in. Ecam 0Go3raunTs 9epes T,

sRaveHMe QYyHKNEE T B Touxke M, uepes T, Ty, ..., T,, — BHAUGHHA ITOH
¢yEKOUE B mepBOM, BTOPOM, ..., 2p-M doxyce M, TO COrJIACHO WUPABHIY
n. 347, mu GymeM HMeTh
i 2in 2pin 2pm
"El——'ro=T' 12—102 a Y e 12’,-—’!0: = i o
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Ecna p — 9mcauTens n, TO MBI BURUM, YTO Ty,— T ABNAETCA KPATHEM 2T,
T, . uT0 Touka M m ee 2p-ii PoKyc coBIagalOT.

Tpaexropusa, ncxoaamas na Toaka M m 6eckoneqno 6auskan X (7)), opoii-
JeT, CJef0BaTeNIbHO, CHOBA Tepe3 TodKky M mocie Toro, Kak cosepmur k2
obxona mo samkEyTOH Tpaexropuu (7T), ecnm k-+2 — zmamenmartens n.

Takmm oGpasoMm, Touka M spamerca cBomM 2p-M (OKYCOM; HO MOKHO
3afaTe cebe Bolpoc, K Kako#d xareropusm OKYCOB OHA IPHBAJIEIKHT C TOYKH
3peHHA KiIacCERPUKAUME IPEEIYIIero MyHKTa.

IIpmMeM cHcTeMy KOODAMHAT, AHAJOTHYHYH TAKEM HOJAPHHM KOODAHHA-
TaM, 9T0 ypaBHeHHe 3aMKHyTo# Tpaextopumu (7) ecrh

p=1
g 9To o meHserca oT O mo 2w, Korga cosepuwaeTca 06XOR BTOR BAMKHYTOH
TpaekTopEn. Torga KpmBHe p=const ABIAIOTCA 3aMKHYTHMU KDPHBHIMY,
OXBATHBAIMAMHM JPYT APyra Nogo0HO KOHUEHTPHIECKEM OKPYKEOCTAM,
a KpuBhle w=const o0pas3yT HY40K PACXOAAIUXCA KPHUBEIX, KOTOpHE IIe-
PEceKaloT BCe KPHUBBIE p=const, DpuueM TakAM 00pa3oM, YTO KPUBAA ®=
=a-+27% COBIAJAET C KPUBOH w=a.

ITyers Torga w, — 3HadYeHWE ®, KOTOPOE COOTBETCTBYET MCXOMHOMN ToaKe M
3HaUeHMe w, KOTOpoe OyHer CoOTBeTCTBOBATH ATOM e caMod Touxe M, pac-
cMaTpuBaeMol Kak 2p-ii Poryc HMCXOFHOE TOYKH, Oymer

o, -+ 2 (k4 2) =,
o=149(0)

— ypasuenne tpaexropmu (I'), 6amswoit ¥ (I) M mpoxopmameir wepes M.,
Qyarnua ¢ (v) 6yAeT COOTBETCTBOBATh QYHKIUK ¢ (Z,) IpeAHAYmEro IyHKTa,
Ms1 G6ynem mveth ¢ {w)=0, T peds mEeT 0 pacCMOTPeHMEM 3HAKA BEIPAyKEHNSA

¢ log+ 2(k - 2) =].

Taxnm o6pasom, peds maer o mocrpoenmH PyERmmm ¢ (w), a IS ITOTO
MBI JIOJKHK TONbKO IPAMEHNUTH An60 mpuHNEns raass VII, squbo upuanmna
n. 274. Ecam Mu, BampaMep, NPEMEHMM 3TH IIOCJIEJHME, TO BOT UTO HaHIEM.
Oysxnoua ¢ (©) pasiokuma DO CTEHEHAM JBYX KOIMYECTR

Ae™®, Ale™™,

KoapdunmenTs pasioReHEns ABIAIOTCH NEPHOAMISCKAME PYHKIMAME C TIe-
puogom 27; A @ A’ — [Be NOCTOAEHHE HHTETPAPOBAEEA; UTO e KacaeTcd d,
TO 9TO IOCTOAHHAA, PA3JIOKHEMAS IO CTeNeHAM npomssemenma AA’:

a=a,+ a (AA"} 4 a, (4412 ...

[Ipm sToM @, paBHO XapaKTepHECTHIECKOMY moxaszarenwno (T), T. e. in.
Ecmm (T')Ymano ormmuaercs or (I), To"mBe mocTosmEwe A m A’ oueHs
MaJIBl; OHA MMeIOT HOPAMOK YTiIa, KOTOPHI S HA3BaJ & B IPEAHIYMEM IyHKTe

Ilycte
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1 KOTOPHIA He C/IeRyeT CMEIMEBATE ¢ IOKA3aTeaeM, KOTOPH K A 0603HaTa0 Tl 1Xe
OyKBOif B HACTOAINEM IYHKTE.

Ecnm M mpopBzEEM HpuUOIMMKEHHS KO TPETHETO NOPAAKA BKIIOUUTENALHO
orgocuTenbHO A m A’, 10 ¢ (@) cBefeTCH K MOXHHOMY TPETHEro HOPAAKA OT-
HOCHTEJIEHO 3THX ABYX IOCTOSHHHX, M s CMOTY HAIOHCATH

§ (0) = Ae™o 4 Ale™™c! 4 f (Ae™, Ale™™),

rae f — uenwil TOMUMHOM OTHOCHTENBHO Ae™, A’e™, copepsamuil TOJNBKO
YIeHH BTOPOA M TpeTheit cremenn. Hosddmuuenrs nonnaoma f, Tak e Kak o
H o', ABIAKTCA NePUONUIECKEMU (YHKIUAME C HEPHOJOM 2.

Ilpu armx ycioBuAx, TaK KaK & PaBHO @&, C TOYHOCTHIO JO BeJHIHH BTC-
poro mopsaaka ¥ &y, (A4') ¢ ToYHOCTHIO 0 BeIUYIMH FETBEPTOTO IOPAAKA,
MH MOKeM HamucaTh, IpeHeOperas Be3/ e BeJHIMHAME YeTBEPTOI0 IOPAJKa
OTHOCHTENBEO A 1 A':

¢ (0) = Aog”"HAL) . flglgm Pt mAd) o f(fe* AleT")

WM JKe eme
§ (0) = Ae*s + Ale*o! + a,0AA! (Ae*ws — Ale*s') + f(Aex, Ale™e).

Korga o yseamumpaerca Ha (2k--4) =, rosdduuuents: f, a Takme o u o
He m3MeHATCH. To ke HMeeT MeCTO M MJiA e™”, NOCKOIBKY 3HaMeHAaTelb
ag/i=n pasen k-}2; tTakmm ofpasoM, TO K€ CAMOE OTHOCHUTCA U K

Aeuawc’ Ale—unwcl’ f (Aeaum’ A’e“"u‘”)_
TaxkmM 006pa3oM, HaKOHEN, NOIYyJIaeM
§ (o 4 2kn 4 4r) — ¢ (0) = (2k -} 2) ra, AA! (Ae*®c — Alea’).

Ho ¢ (w,) ectp nys»; TaxuM o6pasoM, BeJMInHa, 3HAK KOTOPOR MH HOJIKHLI

OonpefenuTp, ecrb
(2K 4 2) ma, AA! (de"wocy — Alesna),

fl 06o3navalo 9epes3 o, W o, 3HAYEHHUA O M G’ IPH ©= W,

f zamedaro cHa4axa, 9TO 9TA BEIMIMHA TPETHErO LOPAAKA, UTO COTIACHO
IpefHAYmEMy IYBKTY IOKaabBaeT HaM, 4To GoKycH, Boobme rosops, OyayT
$oKycaMy OpPOTHBONIEPCTHRMA WA nomepcTHLIME. Teneps s yTBePKAaIo, YT0 0Ta
BeIMUAHA BCErJa MMEeT OJWH M TOT K€ 3HAK W 9TO €€ KodpPHmueHT HE MOHNEeT
obpamaTscad B HYIb.

B camom pexe, mse mocroguane A m A’ cBA3aHH COOTHONIEHAEM

¢ (wp) = 0,

KOTOpPOEe MO;KHO HANMCATH, NOCKONIBKY A m A’ — 6CCKOHEYHO MaJjbie BeJH-
ugHH, B BHJO
Aeauu)nco + Ale—!uwnc(’] — O_ (1)



CeoiicTBa pemendii Broporo poaa 297

C gpyroit CTOPOHBI, @ — YHCTO MHUMOE, Oy @ O, — KOMILIEKCHHIE COUPHA-
JKEHHHE; TO 3Ke caMoe oTHocUTC K A m A4’

Takmm o6pasoM, npomssemenue AA’ CyIIECTBEHHO NOJOKHATENLHO M He
MoseT 06paInaThed B Hydb, 160 A ¥ A’ He MoryT OBITh HYJAAME OJHOBPEMEHHG.

C Apyroil CTOPOHLI, MBI HE MOMKEM HMETh

Aexngy — Ale~%mg; =0, (2)

6o m3 ypasuemmit (1) # (2) caegosano 6H, TTO

[
Go:Ga—O.

Ho str ypaBHeHusI HEBO3MOKHE; OB 03HadaJd Obl, 9TO BCE TPAEKTODHH,
osens Gamarme x (T), GyayT upoxopmTs wepes TOYKy M, 9TO, OYEBMAHO,
HEBEPHO.

Benmgura ¢ (w,+-2kn+4-47) umeer, TaxmM o6pa3oM, BCerja ONEE U TOT JKe
8HaK; (QOKYCH SABIATCA, CJAELOBATENBHO, MuGO BCE NMPOTHBOMEPCTHRMM (O-
Kycamm, au00 BCe momepcTHEIMU (JOKyCaMH; BCE 3aBACHT OT BSHAKA .

373. Mu Oblim BHIHYHIEHHL OCTABHTHL B CTOPOHE ClIydYail, KOTAa a, ecTh
HYJb, MCKIIOYUTEIBHEI Ccay4ail, Korma Bce QOKYCH OyayT 0coOHIMHU; Take
caywait, korna k-2 passo 2, 3 miu 4; BOT modemy.

Mu Bupexu, 9T0 Opd BHYUCIEeHEHAX raapunl VII mosBiasoorca mansie fe-

NHTENH L
TV—1+XaB—g,
(cm. w. 104).

Ecnm opux w3 »TEX JenmTenecit ofpamaerca B HyJh, BEIYECICHUE IIPEPhI-
BAETCH, W MOABIAITCH BEKOBHE YIGHH.

Ho Myt nerxo yeranaBimsaem, uro ecnu k+2 parso 2, 3 miam 4, TO BEIYHC-
JeHdss OyAyT OPROCTAHOBJIEHH TAKMM Ke 06pasoM LPH HAXOMNEHUH WIEHOB
TPEX UEePBHX NOPALKOB, KOTOPHE MH JOMKHL OHJIM NPUOHEMATH BO BHUMAHHE,
Ecnwu ke, Hamporus, £+2 > 4, TO MK 0CTaHOBEMCH TOJHKO IPH BHIACIEHAA
9JIEHOB BHICHUIETO DOPAKKA, KOTOPHE He PACCMATPHBAIHACH B IPENWIECTBYIOMUX
PACCY;KICHAAX .

374. IIpegnonosxum, HanpaMep, 970 Bce JOKYCH ABIAIOTCA NMPOTUBOMEPCT-
HEIMK oxycamu; nycrs M — niobas roaxa (7'); ata Toura Gyner ceomm 2p-m do-
xycom. Ilycrs M’ — TOuRA, pACHONOKEHHAA HEMHOTO 3a TO9Ko# M B Hampas-
aerpn obxona (7) m Tpaexropmit, Gnmskmx K (7). fl mory mposecrda Tpaex-
Topuio (7'), mexopanyyo ms Togxkum M, Rotopaa OyJeT 09eHb MAN0 OTKIOHATLCA
ot (7), cosepmur BOKPYT (7) k+2 ofopora M B KOHEYHOM cdeTe HPEMKIET
x Touke M’ u Gyner mmers 2p -1 Touex nepecedennsn ¢ (I'), eCly CYUUTATH TOIKH
nepecexenuss M m M.

B camom jene, Tak Xaxk Qoryc ABIsETCA NpoTHBOmepCTHEHM (GOKYCOM, TO
Bce TpaexTopui (1), 6anskme k (T), mepeceryt (T') aa poxycom. CrenonaTenasHo,
MH cMOeM npoBectw Tpaekropmio (7'}, xoTopaa yjaoBaerBopser YCIOBHAM,
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KOTOPHE A TOJIHKO 910 ¢HOPMYARPOBAN, Ammb 61 paccrogsme MM’ Omuo
Mesbme O. flcHO, W4TO BepXHEA OpefeXN, KOTOPHE HE HOMKHO TPEBOCXORHTH
paccrogume MM’', zasumcmr or nonomenuws M ma (T); HO OHO HHKOTAA He
ofpamaeTca B HyJdb, HOCKOIBbKY HeT oceforo ¢okyca.

Mmue fgocTaro9HO TOrAa OPHAPABHATL O HaMMEHLINEMY 3HAYEHHUIO, KOTOPOE
MOMeT OPUHATH 3TOT BEPXHHA uUpefes], X A MOTYy C4HTATE O IOCTOSHHOM.

Wrak, ecam paccrosame MM' MeHbme 8, MBI MOKEM IIPOBECTH TPAEKTO-
rao (7'), yHOBIETBOPAIIIYI0 HAINMM YCIOBHSAM; MEl MOMEM JaKe IPOBECTH
uX fBe — OofHy, nepecexanmyo (I') B M mopx DOJOKHETEIBLHRM YIJIOM, APY-
TYI0 — IOf OTPHAIATEIBHHM YIJIOM.

Npm sTax ycnomruax mpegmono;kKEmM, 9TO HamIM KasHoHAgeckme nuddepeH-
IMaNbHHEe YDPABHEHHMA 3aBHCAT OT napamerpa A, opm A=(0 samMxHyTas Tpaex-
Topust (7) uMeeT XapaxTepPHCTHYECKAN NOKA3aTeNb oy=in.

IIpeguonomxum, 910 npr A > 0 xapaxkTepHCTHYECKHAA IOKa3aTelb, [eeH-
HH Ba i, Oonbme n, m wro npa A < 0 om, maoGopor, MeHbIE n.

Torma upm A =% 0 Touxa M y:xe He GyAeT ABAATHCHA CBOEM 2p-M QOKYCOM;
ee 2p-it oryc Gypner pacmonosxer uepes M mpm A >0 m za M mpu A < 0.
Ilycrs F — ator doryc. Paccroaume MF, ecreciBenHo, OyAeT 3aBHCETH OT
nonoxesrsa M va (7); s nazuBan & nanboJbuiee 3HAYEHHE DTOTO PACCTONAHEASN;
ACHO, 9TO € Oyger HempepwBHOE (QyHKOmei or A, ofpamaromeiica B HYIb
BMECTE C A; 3aMeTEM, 9T0 npm A =% 0, coraacHo mpmmnunam u. 347, gokye F
BCErJa JE;KHET 3a TOYKoit M mnm BCerga mepej Hell B 3aBMCEMOCTH OT 3HAYEHHS
XapaKTePHCTAYECKOTO IOKazaTelds, W paccrosgme MF HEKOTAA He MOMKET
ofpaTaTECH B HYJID.

Ilyers F' — rToura, pacmonosKeHHAs HEMHOTo 3a F; ME CMOKEM COeRH-
mutb M ¢ F’ tpaexropuei (T'), mums 6 paccrosnme FF' ocraBanocs MeHbIIe
HexoTopoii memmumAw ¥ . fcuo, aro ¥ ABIAeTCA HenmpepHBHOU QYyHKOmEHR A
m cpormrest K O upm A=0.

Boasmem % > 0 Tax, aro M semut 3a F; Mb MOxkeM 3acTaBuTh M MrpaTs
poas F' m coemummrs Toury M ¢ camoit coboit Tpaerropmeir (I'), aums Gu
paccrosgaue MF Omao meusme O maw nmmb 661 GEIAO

e<o;

ampu A=0 e ects Hyas, m &' =3 > 0; cIeqoOBaTedbHO, MOKHO B3ATL A JOCTA-
TOYHO MAJbIM, 9T00H 3TO HEPaBEHCTBO ObLIO YXOBIETBODPEHO.

Torna MuI MO:KeM coeguHUTh TouKy M ¢ camoi coboil Tpaextopueit (7),
Mano ortknouaromeica or (I'), obxomameit (T) k-2 pasa m mepecexaromei
{T) 2p+1 pas.

Ha pncynxe BA npencrasasaer ayry (T), BHa KoTopoii HaxonaTcH Touka M.
MC — nyra (I'), ucxonaman s M, a DM — pgpyraa gyra aToit ke camoif
TpaeKTopuy, oKamumBaromeiica B M. Crpesxm yKashnBapwT HaunpasieHHe,
B KOTOPOM OIMCHIBRIOTCA TpaerktopmM (pme. 12).

Toaxa M momer ObTh TakuM 00pasoM coequueHa ¢ camoit coboil He omuoi,
a peymsa tpaextopmamu (7'); mAs OfHONE, KAK YKA3HIBAET PHCYHOK, YIOX
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CMA ponoxurenen, tak uro CM nemnt may MA; pna gpyroid yron CMA
oTpAIaTeNeH,

Tpaerropuro (7’) HeXs3s CIATATH 3AMKHYTON TpaexTopweil; oHA HCXOZET
w3 Toukd M, uro6n BepHyrbCsa B Touky M, HO HaopaBleHHe KacaTelbHOH
He OJHO ¥ TO k€ B MCXOZHOH TOYKE M B KOHEYHON TOYKe, Tax 4ro ayrm MC
¥ DM se camBaioTCH.

Tpaexkropun (I'’), mgymas taxum obpasom ma M » M c yraoBoil TOUROR
B M, ofpasyer, CJleX0BaTeIbHO, TO, YTO MOKHO Ha3BaTh 3asumkox. Hemras
TO KO caMoe TmocTpoewme AsiA Bcex Touek M tpaextopum (7)), MH moTyIuM
pad sasumkos; Mbl MX NONYIMM J1ak€ [BA, NIEPBHI COOTBETCTBYET CIYdYaio,
rorma yroa CMA moxoskurelen, a BTopo#i — caydJan, KOTfa 9TOT YyroJ OTPH-
narejeH. JTH [BA pAfAa OTAeNeHHl APYT OT APYyTra; B cCaMOM fele, UePexoj oT
OTHOTO PARA K APYroMy MOKHO COBEDPIIATH, TOABKO ecxm yrol CMA cra-
HOBUTCS DECKOHEUHO MAallbIM.

Torga tpaexrtopms (I'), craBoBachk Oeckomeyno Gamskoit w (7'), momkHA
6nita Om mpoiitm wepes goxyc F, cOrIacHo caMOMY ONpefeseHMI0 (OKYycoB;
OIHAKO, TAaK KaK 0HA JOJ;KHA IPHMHKATh K Touke M, To roukm M m F can-
amEch Obl; TOT0 HE MOKET CIAYIHTHCA, COTJIACHO UpuMHuAnam m. 347.

Taxmm 006pasoM, ecam Bee (GORYCH SBISIOTCA NPOTHBOLIGPCTHRIMH, Mbl
mMeeM [BA pAfa 3aBuTKOB upm A > 0 m me mmMeem ux mpm A < 0.

Ecam 6 Bce GOKyCH GLIIE NOMEPCTHEIMM, TO MEl MOTJIY OLI IOBTOPHTL Te
3Ke PaCCYMKeHWH; MBI Hamau Ovl, 9TO MMEETCH [Ba PsAAa 3aBATKOB mpH A < 0
® 910 mX Her npz A > 0.

375. PacemoTpuM OOWH W3 PAKOB 3aBUT-
KOB, ONOPEJENeHALIX B MPEABIYIIeM IYHKTE;
deiicmeue, BBHIYACHEHHOE BIOJB OJ[HOTO N3
OTHX 3ABUTKOB, OYyIET HM3MEHATHCH C IIOJO-
yenneM To9ku M; ono Oyjer uMeTs, 0O Kpaii-
Hell Mepe, OIH MAKCAMYM BJIA O[MH MAHEMYM,

fl roBopio, 9TO ecHM JBUCTBHE €CTH MaK-
cAMyM wWid MuEAMYM, gBe ayra MC un CD
CIMBAIOTCH, TaK 9TO TpaekTopua (7') saBIfeT-
CH 3aMKHYTOX M COOTBETCTBYET IEPHOMIE- Pme. 12
CKOMY pEIIeHWI0 BTOPOTO POAA.

B camom nene, mpeamonoaium, 9to Tpaextopus (7') cooTBercTByeT MHHU-
MyMy AeiicrsEa @ aro yrox CMA Gonwsme yraa BMD, rak Ha pHCYHKE; ToT/a
BosbMeM TOYKY M, ciesa or M Geckomeuso 61msko k M, mMOCTPOMM 3aBHTOK
(T}), Geckoreuno Malo orTimyammuiics or sasurka (T') m mMmelommi CBOIO
yriioByw touky B M,y; nyers M,C, u MDD, — ABe [yrm 9TOro 33BHTKA.

Wiz Tosex M m M, s onyckaw jiBa nepnegukyisapa MP m M,Q ua M,C,
u MD.

Coraaceo xopomio Hm3BecTHOR TeopeMe, meicrsme Bmoab (I') or Toukm M
a0 Touku Q Gyner pasuo meicrsmio BRoas (7)) or Toukm P xo M,. Taxmm 06-
pasoM, MH OyneM HMeTh:
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peiicteme (7))=peiictButo (7') + neitcrsue (M,P) — neficrsme (QM)
uiIn

peiicreue {74) = peiicreuio (T') -+ peiticrere (MM,) (cos CMA — cos BMQ),
WU, BaKOHeI,

aeitcrue (T';) < pmeiicrsma (717),

qaro abcypauo, nockoasky (7') 10 IpefmoNIoKEeHHI0 COOTBETCTBYET MEAHAMYMY
Ae#CTBHA.

Ecam 6m Mm npegnonoxunum, 9T0

CMA < BMD,

T0 mprad 6n K ToMy e aGCypaHOMY BBIBOAY, DOMEmas Toury M, cmpasa
or M.
Wrak, ciexyeT IPEANONOMKHATH, 4YTO

CMA=BMD,

T. €. 9TO0 [JB€ Ayrm CJMBAIOTCA.

To ke paccy:xienme NPUMEHAMO K CIy9al0 MaKCUMyMa.

Takam o0pasoM, Kask[pil pAX 3aBATKOB CONEPIKAT, U0 Kpalimedt Mepe,
ABE BaMKHYTHE TPaEeKTODHH.

Kaskgasa na 2THX 3aMKHYTHIX TpaexkTopwmii feiaer k-+2 obopota Boxpyr (7'}
u pepecekaer (I') B 2p tourax. Ias p m3 umx yron, anamormgusit CMA,
TIOJTO;KATEJIEH, & JLIA p OCTAIBHEIX OH OTPHUATENel; B caMoMm fiete, xpusas (1),
6ynyam 3aMEHyTOH, KOMKHA pepeceddb (7) CTONBKO Ke pa3 B OJJHOM Hanpas-
JeHWH, CKOJILKO B JPYTOM.

Taxum 06pa3oM, 5Ty 3aMKHYTYIO TPAaeKTODHIO MOJKHO PACCMATPMBATh Kak
3aBUTOK 2p pasnamusbnimMm cmocobamm; mbo Ml MoOkem cumrath X0y U3
Hamux 2p TOYEK mepecedenys YIJIOBOM TOYKOM; AN p M3 aTHX cnocoboB 3aBu-
TOK, ONIpefelenub# TaxmMm oOpaszoM, Oymer upmHAKIeKaTh NEPBOMY DALY,
a I p OCTANBIHIX — BTOPOMY.

Cpenm 3aBMTKOB KaskAoro psAfa uMeercs, TakmM obpasom, He OBa, a, OO
Kpalineil Mepe, 2p TaKUX, KOTODHE CBOJATCA K 3aMKHYTHM TP3EKTOPHAM.
Tonpko MH noxyvaem TakmM obpazoM He 4p, a JHIOL [Be Pa3TuIHBE 3aMKHY-
ThIE TPACKTOPHM.

To, aro mx me Goiblue, He BHITEKAeT W3 NPESHAYINETO PACCY:WAeiusa, HO
MoeT OHTH BHBEIEHO W3 NPUHIMIOB OPEIHAYIEH TIaBH.

Tpaexrtopus (I'), onpefenennasa Taxum obpasom, Gymer mmets '/, (k1) p
ABOIHBIX TOYeK, ecid k — mederHoe, & Y/,(k+2)p nBo#HEX TOuek,ecimk —
9eTHOEe. JTO COPABEJIABO AJA MAJLX 3HAYEHHH A; HO A TOBOPI0, YTO JTO OCTa-
HETCS BEPHEIM, Kak 6u HE 6LU10 Beamko A, moka cymecrsyer Tpaextopus (7).
B camom pene, 9mcio ZBOMHBIX TOYEK MOKET M3SMEHHTHCH, TOJBKO ECIH JiBE
Bers® KpmBoil (T') cTaHOBATCH KacaTeJbHRIMU APYT K APYTy; HO JBe TPAeKTO-
PUKX HE MOT'YT KacarhCA APYr ApPyTa, He CIMBAACEH.

ITo Toit ;e mpaumue onm OYAYT DEPECEKATHCH B 2D TOYKAX, CKOJAbL OH Be-
amKo ux Guuto A, mora OyayT cymectBoBath Ase Tpaexkropuu (T) m (7).
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376. Bo ecex paccyxdenusr npedudyyezo nynkma npednoazaemcs, wmo
peud udem 06 abcoalomuom O6UNCEHUL.

Henas pacupocTpaBuTh UX HA CIydall OTHOCHUTEILHOTO ABMIKEHHHA, MEI
CTONKHYINCH OH ¢ 3aTPyAHEHUAMH, KOTOpHE (€3 COMHEHHSI HE ABJIAKTCH
HEOPeOJONAMHMHA, HO KOTOPHE H HE NHTAICH NPEOJIOIETh.

IIpexnme Bcero, cirenosato 0N BEAOM3MEHATH NOCTPOEHHME, yHOTpebiaeHHOE
B IPeRBIyMEM IYHKTE.

Bmecro npoBenerus nepuesnukyiasapos MP u M,Q v M,C, m MD cunego-
Balo Osl cgenars BoT 4910. Hanmpmmep, nias mocTpoenEa MP ME mocTpouM
6eCKOHETHO MAILIA KPYT, YAOBIETBOPSAIONUEA CHSNYIOMMUM YCIOBHAM: OH mepe-
cexaer M,C; B P m Kacaercs B 9TOX Touke mpsamoi MP; npamas, KoTopasd
coexgmusaer M ¢ neHTPOM, NOMIKHA AMETh 3aJaHHOE HAanpapieHue u OBITH B 3a-
RaHHOM OTHOIEHWE K panmycy. Iloctpoenmas TakuM obpasom mpamas MP
o6magaeT TeMHU K€ CBOMCTBAMM, YTO X HOPMANs B aGCOMIOTHOM /(BHIKEHWH.
K cosxamenuio, 3T0 HOCTPOEHME B HEKOTOPHX CIAydagX MOKET IPUBECTH X 3a-
TPY/IHEHHIO.

Hpowme Toro, peiicteue (M M,) He BCerga NOJIO0KATENLHO; €CIH OB OHO CTANO
HyJeM, TO paccy:;<NeHHe OKAa3aloch OH OmATH HECOCTOATETHHBIM; MAKCHMYM
MJIA MEHEMYM MOT Gl OLITH JOCTATHYT B Takoi Toaxe M, uro neicrsue (MM,)
fuo Our nyliem, n upu sroM 6es Heobxommmoctm chmarma ayr MC u DM.

CrnepgoBaTebHO, HAMM PACCY/KAGHMA IPHIOMKHAMEL K CIYyYal0 OTHOCHTENb-
HOTO [BM}KEHWS, TOJBKO €CJIH JIeHCTBA® OCTAETCH LOJOKMTENBHLIM BIOJb BCeH
tpaexktopnua (7).

Bo Bcex ciydasx 0CTaeTCA BEPHHM OJUH U3 BHIBOJIOB: 3AMKHYTasd TPaeK-
Topua (I') cymecTsyer Bcerjga, IMOCKOILKY €CJIH PACCY/KICHHUE IPENbYIMEro
IyHKTa TepsAeT CUIy, TO DTOTO HE HPOMCXONAMT ¢ paccymaerdsamn raas XX VIII
2 XXX; xpome Toro, (I'’) mepecerkaer (I') B 2p Tourax u mmeer p(k-}1)/2
wian p(k-+2)/2 pBoiHEIX TOYeK.

JTO BEpPHO [AIA MalHX 3HAYEHMHA A, HO # HE MOry OOJbIIe 3aKIIOYUTH,
9TO 3TO OCTAHETCH COPABEMJIMBHM, KaKEM OH HE 610 A; mOO ABe TPAGKTOpPHH
MOTYT KacaTbCHd, He CIUBAsICh, TAMb OH 0HA upoferaluch B IPOTHBOIOJIOMHEIX
HanpaBleHHAX.

YcToiiunBoCTh W HEYCTOHYMBOCTH

377. llpennonmoskmm, YTO MMEETCHA TOJLKO f(B€ CTeNeHE cBOGONHI; gBa Xa-
PaKTePUCTHIECKAX IIOKAa3aTeJs PaBHH HYJIO, /Ba APYIAX PaBHH M OPOTHBO-
TIOJIOKHKE 10 3HAKRY.

YpaBHeHme, WMemee KOPHHA

etn’i’ ,

SIBIAETCA YPaBHEHWEM BTOPOTO NOPAAKA, K0dPGUIHERTH KOTOPOro Bemect-

Benun (7' mpepcrasiaser co6oi nepmof, a @ — OJMH M3 XaPaKTePHECTHUECKHEX

HOKaszaTenei). '
CnefoBaTeIbHO, 3TH KOPHE BEMECTREHHBIE IR KOMILIOKCHEE CONPKCHHRIE.
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Ecnm oum pemecTBenHble W DOJOKATENbHEE, TO @ — BEMECTBEUHHE, X
OepuoAnIecKoe pelieHne HeycTORdY’BO.

Ecau onu xKoMuoiiekcnbsie, TO & — KOMIUIEKCHBIE COUPAMKEHIEIE, TAK Kak
X NpoH3BeNenye paBHo -1, TO a — YUCTO MEBEMBIE, W NEPHORMYECKOE pernie-
BHE YCTOAYHUBO.

Ecixu ony BelleCTBEHHBIE M OTPHLATENBULIE, TO @ — KOMRNACKCHBLE, HPAEIEM
MHMMasg 9JacTh paBHa in/7; nepmojmueckoe pelIeHHEe ONAThL HEYCTOAYIMBO.

[Ipz 310M 0HE He MOTYT OLITH BEINECTBEHHBLIME W HMETh HPOTHBOIOJOHEE
3HAKHW, NOCKOJBbKY HMX HpomsBefeHue pasHo 1.

CrnepoBaTe b0, MMEETCH BA THENA HEYCTONIMBLIX PEIIEBMil, COOTBETCTBYIO-
ImMuX ABYM NPERuOJOKEHHAM

e? >0, e7<0.

Ilepexox oT ycTOHYMBHIX pemeHME K HEYCTOWYMBHIM DEMIGHHAM IEPBOIO
THIIA COBEPIAETCHA Jepe3 3HaYeHme
a=0,

Ilepexon or ycrToiumBeX pewmieHmit K HeyCTOMYHBHIM DEIIEHHAM BTOPOrO
THANA COBepuiaeTrca dYepe3 3Hadyenpde
o — im
==
378. UzyumM cHagana mepexof K HEYCTONYMBHIM DPEIMEHHAM MEPBOrO THUOA

B momerT mepexoma MH mmeeM
al __
e e 1.

Bosbmem croBa xommuectBa f§, m ¢,, onpenenensne B raase III, m pac-
CMOTPHEM ypaBHEHHE

b o 4du 44 a4

dp; a3, dis dgy

diy A4 g 8% dyp

dg, di, dfs a3, _0 (t
A g odl T )
ag, a3, dfg dp,y

R Y

ag; afy dfis dB,

9TO YPABHEHHME HMEECT KODPHH
0,0, e —1, =7 —1.
B MOMEHT mepexofa STH YETHPE KODHA CTAHOBHTCH HYIAMH.

Onnako mpekie 9eM H3y4YaTh 3TOT IPOCTOM CIy9ail, KOTZA ME HMEeM
AeNno ¢ YPABHEHHAMU JHHAMHUKE € JIBYMA CTeNeHAMHU CBOOOAN & Korja Ml



CroiicTBa pemenuii BToporo poaa 303

npepuoiaraeM, 910 QYHKUZEA F He 3aBHCUT ABHO OT BPEMEHH M 9YTO, CJIEJI0-
BATEAbHO, YDPABHEHMA JIOIYCKAIOT MHTErPail KUBbIX cmI F=const, Ope:xme
9eM M3yd9aTh, TOBOPI0 s, 3TOT IPOCTOM CJHydail, HaM CJeAyeT, MOMKET OLITk,
OCTAHOBHTECS Ha MTHOBenHe Ha eme 0oJee IpOCTOM ciydae.

Ilycrs F — raxkaa-pmbynb QyHKOUA OT x, y ¥ £, NepAOSEIECKasA C NEePHUO-
fioM T OTHOCHTEJBHO f; PacCMOTPAM KaHEOHMYECKHE yPaBHEHAS

dz __ dF dy _ dF )
GGy @ dz

9T0 yPaBHEHHA AHHAMUKZ C OJHOA-E{AHCTBEHHOH CTENEHBI0 CBOOOJEI; HO Tak
Kak F 3aBECHT OT £, TO OHEH He JONYCKAIOT yPaBHEHHWA JKUBHX cmia F=const.

Ilpenmono;kum, uTo ypaBEeHHs (2) FONYCKalT NEPHOSHIECKOE peNIeHue
¢ nepuogom I'. XapaKTepHCTHYECKME IOKAa3aTeN® OyAyT HaM 3ajaHLL Clielyro-
MUM ypaBHEHWEM, aHaJoTHuHEM (1)

44 g 4%
d; dB;
I P )
dp, dfy
KOTOpOe WMeeT KOPHH
e T . 1’ el —1,

Ob6a »T; KODHA CTAHOBATCA HYJSAMH B MOMEHT IEPEXOAa.

ITpegnonosxkuMm, aro F 3aBMCAT OT HEKOTOPOI'O mapaMeTpa p W 4TO IIPH
p=0 nBa kopug ypasrenmsa (3) 6ynyr myramu. Oyexnam ¢, u ¢, Oyayr sa-
BHCETb 1ie TOJBKO OT By ® B,, HO  oT p. Mu Gynem npegomonarars, 910 F pas-
JIO}KEMA IO CTEOEHSAM P W 4TO, CJIEIOBATENBHO, ¢y M ¢, PABNOKHEME IO CTCHE-
BAM By, B, m p.

ITepmopmueckue pemesus OyAYyT 3aaHH ypaBHEHHEAME

&[)1=0, &Pz=0. (4>
Ilpm p=0, B,=B,=0 dyExnmomanbBHA ompesienurens oT ¢ mo f ecTsb

HyJb; HO, BooOme roBops, YeThipe UPOM3BOABKX d{,/d B, He o6paTaTcsa B HYIH
onuospemenno. IlpepmonosxmMm, mHaupmmep, 410

4 0.
&, 70

MH HaiifieM m3 mepBoro ypasHenus (4) B, B BERe pAna, pacmoNOKEHHOIO HO
cremensaM B, m p, ¥ moAcraBumM Bo Bropoe ypasHerme (1). Ilycrs

T @y p)=0 ()
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— pe3yJasTaT MOACTAHOBKHA. TaK Kak (YHKIHOHANLHHE ONpEAEeNHTeNb PaBeH
HYI0, TO MH NOJXYyIAM

OTHAKO Heo0XOoauMO pasiazmJaTh fBa CIyIafd.

1. Ilpomassoguas d¥/dp He paBHa HyJNIO, WIH, APYTMME CIOBaMz, QyEK-
TIMOHATHHKEA OUDPELeTATENS OT $; A P, IO P; U 1 HE Hylb.

B artoM cnygae, ecnid cMOTpeTh Ha B, M p KAK HA KOODAMHATH TOYKHA Ha
IIOCKOCTH, KPUBadg, HpeACTaBIeHHas ypaBuenmeM (9), Oymer uMmeTh B Hadale
KOODAHWHAT OOHIKHOBEHHYI0 TOYKY, B XOTOPO# KacaTedpHofl Oyner mpsamas

p1=0.
Boofme rosops, BTOpas IpOH3BOAHAA
d2w
dg3

He Oyjer HyJeM, T. e. Hadano He Oygmer Toukoil mepermba mias kpusoit ().

Ecnu Mu DnepecedeM npsaMoi p= p,, i€ Py — AOCTATOYHO MaNasg MOCTOHII-
HAafg, TO B 3aBUCUMOCTH OT 3HAKA {y MBI CMOKEM MMETh ABE TOYKM NEepecedeHms
BTOH UPAMOM ¢ KpHBOH (D) B OKPECTHOCTH HAYANA MM K€ HA OFHOMA.

Ecnm, ranpumep, KpuBAasA JIEKAT 1aJ CBoeil KacaTeNbHOl, Mel 6yeM HMeTh
upE p, > 0 ABa mepecevenus u, CIEAOBATEIBHO, /IBa IEPAOAMIECKAX PELICHHUH,
upE po < 0 ME He DONYYMM HH OJIHOrO.

Taxum oGpasom, ME BHAHM, YTO ABA NEPHOAUYECKHMX DeNIeHAA HOPHOIH-
JRAI0TCA IPYT K APYry, CIMBAKNTCH, 3aTeM MCYE3a0T.

PaceMmoTpaM JBe TOYKHM mepecedeHHAA OPAMON p=p, ¢ Kpupoi (5); omnm
OYAYT COOTBETCTBOBATH JBYM HOCIE0BATEIbHEM KODHAM ypamHenmsa () u,
CIeJ0BaTeJAbHO, ABYM B3HAYCHHAM NPOTHBOMOJOKHHX 3HAKOB IPOM3BONHON
dV¥/dB,, a swadmr, ABYM 3HATEHMAM IPOTHBONIOJOKHHIX 3HAKOB (YHKI[UO-
HAJBHOTO OUpEefeNnTeNsA oT ¢, Wo P, T. €. NPOU3BEREHHA

€@ —1) (e —1) =2 — T — ¢,
T. e. a?,

WNrak, us deyr nepuoduneckur peweHull, KOMOpHE CAUBAIOMCA U, MAKUM
obpasom, ucueagiom, 00HO 6cezda ycmoiliuugo, a Opyzoe — Heycmoluuso.

2. IlpomsBognaa 4V /dp=0, unm, ApyraMm CIOBaMM, QYHKIHOHAIbLHBIA
OIpEeIeUTENh OT ¢; H ¢ 0 B; X # €CTH HYJb.

Torpa xpusas (5) umeer B Hagale 0cofyw TOIKY, KOTOpas, Boobme ToBoOpA,
Oyaer OOHKHOBEHHOH IBOHHOM TOYKOM.

Tak Kar [Be BeTBH KDHBOA HEpeceKalTcs B Hadake, TO UPAMAH p= Y,
BCEI[lJa BCTPETHT KPHBYIO B JBYX TOYKAX] CHEXOBATENHHO, MH OyAeM HMETH
ABa NEPHOJMIECKHX PeINeHHs, KAaKOB Ol Hm OBLI 3HAK W,.

JiBe BOTBE KpPUBOK OLpEAENsI0OT B OKPECTHOCTH Hadala dUeTHpe obxacTm;
B ABYX H3 9TEX 00IacTeill, MPOTHBOLOJOMKEHX APYT AAPYTY OTHOCHTEIHLHO Bep-
mumas, ¥ Oy#eT NOJOKATENBHEM; B ABYX HADYTAX — OTPHANATEIbHEIM.
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[Iyers OP,, OP,, OP;, OP, — deTHipe NOIYBETBH, KOTODHE CXOIATCS
B uavane; OP, Gyner mpopomxenmem OPg, a OP, — upopomxennem OP,;
OP, n OP, 6ynyT cOOTBETCTBOBATE g > 0; OPym OP; — py < 0; dynxuma ¥
GyeT mONOKETEIbRON BHYTPH yraos P,OP,, P,OP, 7 oTpANaTeNbHOE BHYTPH
yrnos P,OP,, P,0P,.

M1 TONRKO 9TO BUAENM, YTO YCTOHYMBOCTH BABUCHT OT 3HAKA UPOH3BOA-
noit d¥/dB,; B TakoMm ciywae, KOrjga MH mepecekaeM, Haupumep, OP;, ¢yHK-
npa ¥ mepexofUT OT OTPHIATENHHHX 3HAYEHMA K IIOJOKHATENBHEIM; IPOM3-
pojHaA GymeT MONOMKHTeNBHOM, M pemeHme OGyHer, HaOpHEMED, YCTOHUMBERIM;
oHO OyfeT Tawke YCTOMYMBRM, KOrga Mul OymeM mepecekars OP,; HeycToi-
uEBEIM, KOTa MH Gynem nepecexars OP, mnu OP;.

Ilepuonnueckne pemenns, coorBercTByomue OP;, yCTOAYHABH, X OHH fAB-
JAAOTCA AHAJIHTHYECKHM NPOJOJKEHAEeM NUEDPHOJMYEeCKHX pemeHmi, KOTOpPHE
coorBeTcTBYI0T OP3 M ABIAIOTCA HEYCTOHIABLIMU.

O6parso, nepHOAATECKAE PEILEHHs, COOTBeTCTRYIuUe OP, B ABAAIOIHECS
HEeYCTONYUBLIMHA, MPECTABAAIOT 060l aHATATATIECKOE MPOKOJI/KEHEe NePHOM-
YeCKHX PeLIeHHA, KOTOphle coOTBeTCTBYIOT OP, W YCTOUYMBEHL.

CremoBarenbHO, MH HMEEM JBa AHANATHIECKHX PAJAA NEPHOSAYECKAX
pemenmit, xoTopHe camBawTcd mpa p=0, @ B 3TOT MOMEHT amu Osa pada
0OMeRUBAIOMCS, C60ell YCcmOUMUBOCMbIO.

M5 TONBKO 9TO M3YIMIH ABA HamGoZee MPOCTHX CAydasd, HO MOKET Ipef-
CTAaBHTHCA Macca APYTHEX CIydYaeB, COOTBETCTBYIOMMX pasimdYuuM ocobeHHo-
CTAM, KOTODHE MOMKeT HMeTh B Hadane KpmBas (5).

Ho, xaxopu 6w HE 6ham 5TH 0COOEHHOCTH, MBI YBHAMM, UTO W3 Hadyajka
BO BCE CTOPOHH PACXOJMTCH YemHoe IACI0 p-g uodyBerseil KPHBLIX, a AMEHIIO,
p co croponst g >0 m g — co croporn p < 0. Ilpepmosommm, UTO Maabiit
KpPYT, ONMCAHHLIL 0KOJO Iadala, BCTPEYaeT UX B CIAEJYIOMEM Mopsjke:

OP,, OP,, ..., OP

P+et
yers

OP, OP, ..., OP, (6)

— IONYyBeTBH, cooTBercTByOmue p >0, a

OP,.., OP,. ..., OP, (7)

pHD p+2?

— noaysersd, cooTeercreypomue p < 0.

Torpa moxysersu (6) COOTBETCTBYIOT, 4epeAyACh, YCTOUYABEIM IePHONH-
YeCKUM PEMeHHAM W HEYCTOHYWBHIM pemeHMsAM; A Oyay TOBOPATHL JJA Kpar-
KOCTH, 4TO 3TH NOJYBETBA NOOYEPERXHO YCTOHYHMBLHI WJIM HEYCTOHYMBEH.

To ke oTHocmTes u K moaymerBam (7).

C npyroit croporst, OP , u OP,, , — 06 yCTOHYUBH MK o0e HeycToRqmBEHI.

To ke OTHOCMTCH, CIEHOBATENBHO, U K OPPH u OP,.

20 A. Ilyamkape, 1. II



306 Hosnie meroant HebecHoit mexanmkm. III

Hrak, nycrs p’ 1 p’’ — 4@CAO yCTOAYIMBHIX LOJYBETBEH W YHCIO HEyCTOi-
YUMBEIX HOJyBeTBedr mpu p > 0, Tak uro

p'+p"'=p.
Mycrs ¢' m ¢’’ — coorBercrsyomme wmeaa mpm g < 0, Tak uto
q'+q'"'=q.
Torga HMEWTCA TOJBKO TPH BOSMOMKHKX LPEANONOKEHHA:
p'=r 9 =q,

p=p+1, dd=q3+1,
p=p"—1, 4q¢gd=q¢-—1.

Bo Bcex cinysasx Mm wMeeM
’ rn r rr
p—p =q—q .

IpexunonosxmM, 9TO p HE PaBHO ¢, 4, HAIPHAMEDP, ITO P > ¢, TAK 4TO He-
KOTOpPOE YMCI0 HePHORMYECKHX DENIeHmid MCYe3aeT, KOTJA MEl IEPEXONHEM OT
¢ >0 x p < O0; operkne BCero, ME BHAEM, 4TO 3TO YHCJO BCEITA UETHOE W,
KpOMe TOT0, COTJIACHO NPeJHAYIEMY YPaBHEHMIO, 8Ce20a ucuesnem CmoaAbKO e
YCmoUuuesly pewenuli, CKOAbKO U HelCmOouHUeblT.

IIpepnonoxum Teneps, 9T0 MH MMeeM aHATHTUIECKHE PAN HePROTUIECKHX
pemeH®i ® 9To npE p={_ MH DepexomEM OT YCTOHYUBOCTHE K HEYCTOHIMBOCTH
miam Hao0opoT (@ mpUTOM Tak, 4TO IOKAasaTelh a obpamaerca B Hyas). Torga
g’ m p'’ (maupumep) He meusme 1. CrexoBarenrsro, cymma p’+-q'’ He MeHsIme 2,
OTKYAa CelyeT, 9r0 ME OyieM BMETh, 10 MEeHbINe# Mepe, OAWH aHAJTHTAYECKHI
PAN BEIECTBOHHLIX NEPHOAMICCKUX PEIIEHMA, OTINIHLIA OT NEPBOr0 B CAMBAIO-
mmiacsa ¢ umpM opa p=0.

CnenorarensHo, ecau 04 HEKOMOPOZO 3HAYEHUS |t nepuoduueckoe peuleHue
mepsem ycmoiiuugocmb uau npuobpemaem ee (X IPATOM TAK, YTO NOKAZATEND @
paBeH HYIIO), MO OHO COAbemcs ¢ Opyzum nepuolu4eckKuM DeuleHueM, ¢ KOTO-
PHM OHO o0OMeHseTCA CBOe#l YCTOHYHMBOCTHIO.

379. Bepremcs Temeps K CJIydYan, KOTODHE $ OPENJIOKHI PACCMOTPETH
€ CaMOro Havala, CIydal, KOTJA BPpeMsa He BXOTUT sIBHO B YPABHEHWH, KOTHA,
CIe[0BATENBHO, Mbl HMEEM WHTErpal :KuBHX cmad F=C, xorjla, HakoHeL,
HMeeTCs [(Be CTemeHH CBOOOIH.

Torga s Gyny paccy:xnatb, Kak B 1. 317; a upenumonosky, 4ro nepmon ue-
PHOIMIECKOTO pemeHus, paBHui I' A IEePHOLEIECKOr0 PEmeHMs, KOTOPoe
coorsercreyer p=0, B,=0, Gyner paser It m manxo ornmgarsca or I' mis
COCEHHEX NEPUOXAYECKUX PEIIeHMA; W A HAUMMY ypPaBHEHHA

‘Plzov 4)2:0, 4’320’ F=C,, Bl_:o' (1
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B KOTODHE BXOOAT IeépPEeMEHHLIe

Bus Bas ps’ Bo 1y T

CornmacHO HAMEM NDPEANOJOKEBMAM, (YHKIHMOHAINLHHH OUDPEHENHTENh
oT § mo P jmoixeH oOpaTHTHCA B HYJIh BMECTe CO BCEMH CBOEMH MHHODPAMHA
HepBOr0 NOPAAKA, HO MEHODPH BTOPOTO mopsanaxka He GynyT, Boobme romops.
BCe PABHH HYJIO OJNHOBPEMEHHO.

CaenosarensHo, moxomxmm B, =0 B ypasaeHuax (1) m paccMorpuM dyEKIHO-
HaJbHHHA ompefeldTedsr A or

b Yo b F

Be By Bo =

JdroT ompepenmTesan obpamaercda B HyJb, KOTAa BeawdwHH P, p u 1 o6pa-
IMalTcad B HYJAb; HO, BOOGImE IOBOpS, MAHODH IEPBOrO MOpPSAKa He OymyT
ofpamaTsca B HYJIb.

B camoMm pene, paccMoTpEM (YHKOHMOHANLHLI OHpEAENHTEeNb 0T F B IBYX
m3 ueTHpex QYEKOEA ¢ MO t M ABYM M3 deTHpex mepeMeEvHx B. Moryr uam
OHE Bce OHTH HyJAAMH OXHOBPEMEHHO?

CoraacBo TeOpHH ompefelRTeNeR, 8T0 MOTJIO GH CIYIATHCH TOJIBKO

1) ecim 6E Bce MEHODH ABYX IIEPBHIX DOPAJKOB ONpeAeldTens oT ¢ mo
6EI7 paBHH HYJII0 OAHOBDEMEHHO, 9€ro, BooOme rosopa, He GRBAeT B Yero MH
ge Oynem Ipepumonarars;

2) nubo ecnm 6b Bce mPOM3BOUHEE OT F OHINM HYJNAMH OZHOBPEMEHHO;
MBI BHfeNH B 1. 64, aro orm AomKEN Oniu 6H 00pamarsCA B HYIb BLOJIb BCETO
HepPHOJUIECKOT0 PeIeHHMA; MH Tak:Ke He OyjeM InpefmoliaraTh M 9TOTO;

3) mmbo, HaxkoHeN, ecid O BCe TPOMBBOAHEE OT ¢ M F mo t OhuIn ByasaME
OJIHOBPEMEHHO; TOTHA 3HAYOHMS .

ﬁlzﬁzzﬁazp4=0

COOTBOTCTBOBANA OH HE NEPHOJAYECKOMY POIIEHHI0 B COOCTBOHHOM CMEICJIO
9TOTO CJOBA, & IIOJOKEHWI0 paBHOBecEA (cM. m. 68).

droro MH Tak:Ke He OyieM IpeqIoNararh.

CienoBaTeIbHO, ME MOKEM BCEI[a LIPEIOJNOKATH, 9YTO BC® MHEHOPH mep-
BOT'O NOPALKA ONpPEfeNHTeNA A He PABHH HYJIIO.

Mckarounm Temeph 9eTHpe B3 HEM3BECTHHX B ¥ <t M3 ypasmenwmix (1).

Uckmniounm, vaopumep, By, Bs, By, T ocTameTcs ypaBHeHMe BHpa

¥ By p)=0;

TAaK KaK 3TO ypaBHEHHE COBEPUIEHHO TOTO K€ BHMAa, 9TO M ypaBHeHme (D) mpe-
BHAYIEro OyHKTa, ME GyneM o0pamaThCA ¢ HEM TAKHM K€ CaMuM o0pasoM @
OpEAEM K TeM ke pesyJIbTaTaM:

no

20*
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1. Korma mepmopmaeckme pemeHms @CYE3ai0T, LOCIE TOTO KaK OHHE COJIb-
0TCA, TO A3 BHX MCYE3aeT BCEITla YeTHOE TUCHO ¥ IPHTOM CTOJBKO IKE YCTOH-
9HBHIX, CKOJBKO HEYCTOHNYHMBHIX.

2. Horpa nepuogmyeckoe pemesnwe TepsAer My NpmobpeTaeT yCTONIHBOCTH
OpHE HenpepHBHOM M3MeHeHuH p (I mpHToM TakmM obpasom, aro a obpamaercs
B HYJB), TO MOKHO OHITH YBEDEHHEIM, YTO B MOMEHT II€PeX0/ia C HAM CIMBAETCH
KpyTroe BeINecTBeHHOe IePHOANIECKOE DEINEeHHEe TOTO Ke NePHOAa.

380. IlepeiineM K0 BTOpPOMY caydalo, Korja

Torga, Tak KAk HE OJMH U3 XaPAKTEPHCTEIECKAX NOKa3aTexed He obpa-
OIJeTCA B HYJb OPA
p=0

38 HCRIIOYeHMEM IBYX, KOTOPHE BCEr[a PaBHH HYJ0, HE CYMECTBYeT OePHOJH-
9ECKOr0 pemeHdsa ¢ HepumofioM 7', CIEBAIOINEroCA C NEPBHM IPH

p=0,

Ho s3aro B cmny npmummnos raaewl X XVIII cymecreylor mepmonmgeckne
pemerus BTOpOro poxa ¢ mepmopoM 27, roropue npm p=0 ciusaoTcs ¢ 3a-
TAHHEIM DeNIeHnmeM, TepHojg Kotoporo pasen 1.

Yro mu crameMm 06 mx ycroidgmBoctm? IIpm p > 0 Mu Gygem mMers, Ha-
npEMep, yCToiuEBoe pemenme ¢ mepuofoM I', KOTOPOe CTaHET HeyCTOUTIHBBHIM
npr p < 0.

Iyers upr p < 0 p’ m p'' — umena ycToMIABHX M HEYCTOMYMBLIX pemne-
umit, Kotopele gomyckawor mepmop 27T, re nouyckas mepmona I. Ilyers ¢’ m
g’ — coorsercrByomme gmeaa upm p < 0.

Torga, pacCMaTpUBaf BCE pemeHHsa ¢ mepEoxoM 27, KOTODHE MOLyCKAaoT
MJIE He JomycKaoT nepuon T, @ IPAMOHAsS K HAM OPHATHEOH 0. 378, A yBHKY,
9T0 MOTY CAEAATH IO HOBOAY 3TMX YOTHPeX TUCEN CIeyiOIMue TPHA MPEamnoso-
HEHHHA:

p+1=p" g=q"+1,
p; ____pll’ q, — ‘1” + 2’
24p'=p" ¢=4¢".
Ho ecan mut obparamca K npuanguuaaM raasst XXVIII, To ysagum, a0 atn
geTHpe YACIA HEe MOIYT IPAHAMATH BCE 3HAYEHHWA, COBMECTHHIE C TPEMHA Ipex-

nonoxennamMa. B n. 335 mu Haiinem pasGop HauGomee mpocTax m Hamboiee
97aCTO BCTPEFAIOI(UXCA CIydYaeB.
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Hpnaoxenue k opGatam [{apsuna

381. B Tome XXI «Acta mathematica» Hm. I'. Jlapeue [*®] moppo6uo
H3y4ui HEKOTODHE uepdofmyeckue pemenma. OH DPUHEMAET NPEATOIOKEERAs
n. 9 u paccMaTpEBaeT BO3MYNAKILYI0 IIAHETY, KOTOPYI0 HasuBaer IOmuTepom
M KOTOPOH NPHNACHBAET Maccy, B JECATh Pa3 MEHBIYIO, 9em Macca ConHua.
Ira PukTEBHAA HmIaHeTa omECHBaeT okoio CollHIa Xpyrosyw opbmTy, a BO3-
MymlaeMadg Majaa IJaHeTa HYJEBOH MacChHl JBWKETCA B INIOCKOCTE BTOH Op-
OmTH!.

Tax, oH yCTaHOBHI CYIECTBOBAHHE NEPHOJMYECKHX pEmMEHHH, KOTOpPHE
COfiep/KaTcAd B IEPHOAMYECKNX PEUIeHHAX, HABBAHEKX MHOK PeIIEHEAME
DepBOTo copTa, M KOTOPLe Ohay noxpo6Ho UM m3ydeRH. ITH OPOHTH OTHECEHH
K TIOABHIKHNEIM OCAM, BpamawmuMmcs Bokpyr Cormnma ¢ Toil ke yrIoBO#A CKO-
pocreio, 9T U I0muTep; B OTHOCHTENLHOM IBVKEBHM, OTHECEHHOM K 3THM HOJ-
BHKHHM OCAM, 9TH OPOMTHE SIBIAITCH 3AMKHYTHMH KPHBHIMH.

llepsuM xaaccoM pepmopmyYeckux opOmT ABAAeTcA KIacC, HA3BAHHLIH
JapsmroM kiaccom naaser A. Op6ura npencrapisier co6oit 3aMEAYTYIO Kpu-
BY10, oxBaTHBalomylo Conune, Ho He oxsarnpawmyo IOnurep. Opbura ycroii-
9EBa, KOTHa mocrogHHasg fIkobm Goarme 39, m HeycTOAYUBA B IPOTHBHOM ClY-
gae. Heycroii9mBOCTH COOTBETCTBYET XapaKTEPUCTHYECKOMY IIOKa3aTello,
uMenmeMy MHEMYW 9acTs iw/T.

CrnemoBarensHo, AN 3HAaYeHEMM noctogBHOE fkoOm, 6imakmx k 39, cy-
IIECTBYIOT II€PHOIMYECKNE peIeHMsI BTOPOIe pOAa C [JBOMHHM NEePHOAOM.

CooteercrByroman opbmra OyjerT 3aMKHYTOM KPHBOH ¢ [BOHHOM TOYKO,
cosepmaromeil n8a obopora Bokpyr Coxnna. J{Ba saBuTKa 9TOM KPHBOH 09els
Majlio OTIHYAXOTCA APYT OT Apyra ¥ ofa Malo OTAMYANTCH OT Kpyra.

Hanee mu Gonee mogpo6HO H3YIUM 8TH PEMEHEA BTOPOTO POAA.

JlapBuH Hames Tak:;ke OCHENIMPYIOM¥E CIYTEHKH, KOTOPHE OH HA3HBaeT
a1 b, 0 KOTOPHX MH ropopmid B n. 52. OBA BCersia HeyCTOHUHBEL.

Haxoren, or Hamex coyTEEKOB B COGCTBEHHOM CMEHCJE, KOTOPHE OIHCHI-
BAIOT OTHOCHTENBHO CHCTEMH DACCMOTPEHHHIX NOABMKHBIX OCEHA B3aMKHYTHIE
KpuBhe, oxparhBalomme lOmmrep, Ho He oxparmBalomme Coasne.

Ipu C =40 (C — nocroannas xobu) MH uMeeM TOAHKO OJHOTO COIYTHAKA A,
KoTopujt ycroiump. Hpm C=39,5 cuoyrbmk A CTaHOBETCA HEYCTOMYHBLIM
¢ BCIECTBEHHHIM LIOKAa3aTelleM @; HO MH EMEeM /(B HOBEIX cnyTHAKa B m C,
BTOPO# — yCTOHYMBHY, NEpPBHMA — HEYCTOMGYHMBEE ¢ BEmMECTBEHHEHWM IOKa-
sarerneM o. Ilpm C=39 Mu cHOBa Haxommm TOT e pesynprar; upE C=38,5
cnyTHEK C CTAaHOBHTCH HEYCTOMYMBHIM ¢ KOMIUIEKCHHM IOKa3aTeleM o (MEH-
Mas 4acTe KoToporo pasHa iw/T); maxomen, mpm C=38 Mu cooBa HaXofum
TOT K€ pesyibTar.

CnenmoBaTensno, MH [OMKHH DPACCMOTPETH TPH HIEPeXoja:

1) mepexox coyTEEKa A OT yCTOHYMBOCTM K HEYCTOMUMBOCTH;

2) mospnenue cuytemkos B m C;

3) mepexoyt cnytBEKa C OT YCTOMUYMBOCTH K HEYCTOMYMBOCTH.

JlBa nmocieHEX mepEXojia He BH3WBAKT HEKAKHX 3aTPYy/HEHHI.
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Mu BupguM, 9TO OFHOBPEMOHHO UOABIAIOTCA ABA NEPHOAMIECKHX DEMeHAA
B m C, cmavasa Malo OTIMYAIOMHUECH APYr OT ApPYyra; OLHO — YyCTOXYHBO,
ApYyroe — HEYCTOMYEBO; IOKA3aTeNb & s HEYCTONYMBOIO DEIIEeHHH Bemie-
CTBEH.

Bee aro coraacyercs ¢ BmBomaMu 1. 378.

Ilepexon OT YCTOMYMBOCTH K HEYCTOAYHBOCTH cuyTHEKA C Tam:Ke HE IpeJ-
CTABIAGT 3aTPYAHOHHAHA, KO0 DOKA3ATEls & B CIyYae HOYCTOWYABOCTA ABIAETCH
KOMIUIEKCHEIM; CJe0BaTeJbHO, MH Haxogumca B yciaosuax n. 380. Tarmm
o0pas3oM, CYIMECTBYIOT NSPUORUYECKHEe pEMeHAA BTOPOIO poOfia, COOTBET-
CTBYOINUE 3aMKHYTHIM KpPHEBHM, COBepmAammuM faBa ofopora Boxpyr lOmm-
Tepa.

382. 3aro mepexon cuyTHAKA A OT yCTOMYABOCTH K HEYCTOHIMBOCTH HpPOA-
cTaBifeT OOAbImEEe TPYAHOCTH, MOCKOILKY B CJIyJae HEYCTOMIMBOCTH IIOKA-
sarenp a pemectBeH. CiemoBaTeapHO, COrJNIACHO 0. 378, momKer OB OH
HMETh MECTO O6MeH [CmOUYLE0CMbi0 ¢ APYTAMM NOPHORAIOCKAMY PeIeHUAMMA,
COOTBETCTBYIOIIMMHE 33aMKHYTHM KDPHBHM, COBODIDAIOIIEM TOJBLKO OAUH 000pOT
Bokpyr IOQumrepa. Hasxercs, oro aro He BHTeKaeT u3 Buuuciaenumi [(apsuHa.

EcrecrBeEro, MH OPHXOAMM K MHCIM, YTO HEYCTOMYHBHE CUYTHAKA A,
OTEpHTHEe J[apBHHOM, HE SABIAITCA AHAIMTAYISCKAM HDOXOJIKEHHEM €ro
YCTOMYMBHX CIOYTHUKOB A.

L pyrme paccy:aeHMsA OPHBOLAT K TOMY Ke peayJibTary.

Op6buTH yCTORYUBHX COYTHHKOB A SBIAIOTCA LOPOCTHME 33MKHYTHMH
KPUBEIMM; HEeyCTOXYMBE® COyTHERKA A mMmeT op6UTH B (opMe BOCBMEDKH.

KaxuM obpasom MO:XHO OHiI0 GH HepefiTA OT OLHOro Caydas K APYTOMy’
9T0 MOKHO C{EJATH TOJBKO 110 KpABOH, MMEIOMeH TOUYKY BO3BpaTa; HO B TOIKE
BO3BpaTa CKOPOCTh HOJKHA OHTH DABHOA HYNI0, M IO COOGDAKEHHAM CHM-
METPHH 3Ta TOYKA BO3BpaTa Moraa OH HAXOAWTHCA TONBKO HA OCHM Z; OHA
He MoeT OHTE Mexay ConnmeMm m IOmmrepom. B camom pexe, na pue. 1 Hdap-
BMH JaeT KpHBHE HyuaeBo# ckopoctu; mpm C > 40,18 s1m KpuBnie mepece-
kawT ock x mexpy Commuem u IOmmrepoM; Ho 370 GosbIle He UMEeT MeCTa
npr C < 40,18, m nepexop mmeer mecto Mexny C=40 m C=39,5.

Ocraerca mpepuoNo;KeRHe, ITO TOYKa BO3BpaTa Haxoputca 3a IOmmrepowm,
HO OHO TaKMke HeyjqoslerBopuTenbH0. CpaBHEM [Be OpOHUTH, COOTBETCTBYIO-
mue C=40 u"C=39,5; neppas [BaKIL IepPECEKAOT OCh & IOJ UPAMHKM yIJIOM,
opue pas 3a IOnmrepom, BTOpOH pas mepex HuM; mycTs P m J — ;Be TOYKHM
mepecedeHMA; aHAJOTHTIHO, BTOpadg opOwWTa, €CId OCTABHTH B CTOPOHE IBOI-
HYI0 TOYKY, ABa’KJH OOPECEKAaeT OCh X MON NIpPAMHM YyrioM, OXHH pa3 3a B
onme pas nepex IOmmrepom; mycrs P’ u ' — mBe Toukm mepecedeHms. Pac-
CMOTPAM TOUKY mnepeceuendms P unm P’, xoropas nexumr 3a lOnwrepom, m
[OCMOTPEM HA 3HAK dy/df; MH yBERHEM, YTO KaK IS OXHOH, TaX M JIA APYTOH
opbuTH aTOT 3HAK mono;kmTedeH. Ho mpomasopHan dy/di momxHa OhuTa H3-
MEHHTH 3HAK B MOMEHT Ilepexofa Tepe3 TOYKY BO3BpaTa.

Toury P, mpepnosaraeMyi TOUKY BO3BpaTa, M To4ky P’ Hexsss, cliefo-
BATEJIBHO, PACCMATDHBATH KAaK aHAJIMTAYECKOe NIPOAO/KEeHHe APYT Apyra.
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Torga cxegoBanmo OH NpPEJUONOIKUTE, ITO B KAKOH-TO MOMEHT IIPOH3OIIEN
o0MeH MeKAy HBYMA TOYKAMH IepecedeHMs OpOMTH coyTEEKA A ® ocH I,
TOYKA, HAXOAWBINAACH CIPABA, IEPEXOAMT HaxeBo Z obGparHo. Huaro B xone
KPABHIX, HOCTPOPHHHIX [lapBHHOM, He IIO3BOJA6T CAeNaTh NOROGHOrOo Hpej-
DOJIOOBHUA.

CnepmoBaTe bHO, A 3BaMEYal0, YTO HEYCTOWYMBHE COYTHWKA A He ABIAITCH
AHAJMMTUYIECKMM XIpOAoJKeHEmeM ycrodumshix cuayrEMKoB A. Ho Torpga, gem
CTaIX YCTOHYABLI® COYTHAKE A?

ITo aTomy OBORY s MOTY TOJBKO [€JAThH IPEAUONOKEHAA, 8 YTOOK MOKHO
OHJT0 HOCTYOUTH HHA4e, CIE0Balo O MepecMOTpeTh MeXaHHIeCKHe KBaj-
parypu JlapBmHA.

Ho ecaim m3yuurs noBejeHEMe KPHBHX, TO KaKeTCA, 4T0 B HOKOTOPLIH
MoMeHT opbura cuyTHMKa A moaykHa npoittm wepes lOmmrTep m uTO 3aTeM oHa
CTAHOBUTCA TeM, 9T0 [lapBMH EHA3RBAeT OCUUMLIUDYIOWUM CNYMHUKOM.

383. Uayuum Gawxe nianeTH 4 u nepexof STHX INIaHET OT yCTOAUYEBOCTH
K HEYCTOHYUBOCTH.

OpbuTH 3TEX IIAaHET COOTBETCTBYIOT TOMY, UTO MH HA3BaJW nepuoduie-
ckuMu pewenusmu nepgozo copma (u, 40). B gBoiHO#R Touke opbmrTa, KOTO-
pasa penaer gBa obopora Borpyr ConHna M Majo oTIHYaeTcs OT OpPOMTH IIa-
HeTl A B MOMEHT, Korga op0HTa 9TOH DARHETH TOJILKO 4TO CTaJa HeYyCTOH-
4YHBO#, COOTBETCTBYOT TOMY, YTO ML HASBAINH REPUOTUMECKUML DEUEHUSMU
emopoeo copma (. 47).

B camoMm pjene, ecim OPHEMEHATs K PENIEHHAM MEPBOrO COPTA METONUKY,
OOCPEICTBOM KOTOPO# MH BHBEIM DepHONAYECKAE pPEIIEHWSA BTOPOTO POXKA
H3 PeIIeHrid NepBOro Pofa, TO HPUNEM KAK pa3 K PeImeHHAM BTOPOTO COPTA.

B pemesusx BTOpOro copra CpejHHWe AHOMAJIMCTHYECKEE ABHKEHHA, MAJO
OTIHYANIUECH OT CPENHHMX ABIGKOHHA B COOCTBEHHOM CMEICIE, HAXORATCA
B comamepumocta. CiefoBaTeNbHO, MH ROKHE OMMAATH, YTO JJIA pemenusd
BTOPOTO copra (H, CJeOBATEIHHO, AJAA IIaHETH A B MOMEHT NIepexoga OT
YCTOMYMBOCTH K HEYCTOMYMBOCTH) OTHOUIEHW® CpEeRHEX ABMMEBmA Oyper
6IM3KAM K OPOCTOMY PaqUOHANBHOMY YHCIY, & 31eCh OHO OygeT mae 6am3KO
K KpaTtHOMY !/,, mockonsKky op0ETa HOIKHA CHeXaTh FKBA 000pPOTA BOKPYT
Coungua.

Jlpyrumu cIoBaMm®, B MOMEHT LepeXofa BeJWYWHA, KOTOopylo /[lapBun
HazwBaer nl, fomkEA ObITh OAW3KOA K KPaTHOMY .

" ato ma camoMm pene mmeer MecTo; Tabamnw JlapsmHa HaM KaloT:

C=40 A ycrolymBa nT = 154°,
C=39,5 A ycroiumea nT — 165°,
C=39 A meycroiitapa nrT =177°,
C=38,5 A meycroilumBa nT =1091°,

Myt BEgEM, 49TO Oepexof OOIKEH COBEPIMMTHCH NPHOIMBATENLHO IpH
nT=170° m sro umciao G6xmaro xk 180°.
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Cpennee ngBmxenwe miaaHeTH A HOpUOIUBATENBHO PABHO, CIEA0BATEILHO,
yTpoeHHOMY cpefEeMy paBmxenmo IOmnmTepa.

Mosso O6ruto 651 DOYMAaTh 0 TpUIoKeHud IpuAIUIOR rarass X XX K uay-
9YeHHIO DTUX PEIIeHHH# BTOPOIO COPTa, HO Mhl BCTPETHIMCH OB C TPYNHOCTAMH,
OOTOMY 9TO MH HAXOZUMCA B MCRIUATEABHOM clIydae. JIyuile mpegupwHATDH
5TO H3yJeHHEe IIPAMEIM IIYTEM.

384. BoarmeMm cHOBa ofosHagenus n. 313 ¥ MOIOKHEM, KAK B 9TOM IYHKTE,
z=L—G, z,=—=L + G,
2y1:l—g+t’ 2.’/2:l+g—'ta
F'l=R4+G=F,+pF,+...,

_ 2 Ty — Tq
Fo= (71 -+ z5)2 + 2 '

Benmumma L ponxna mMeTh TOT ke 3HAK, uTo # G (cMm. crp. 179), a akcuen-
TPUCHTET J0)KeH ONTH OYeHb MaJhIM; TaK KaK Z, HMeeT LOPAAOK KBajpaTa
9KCIOEHTPHUCHTETa, TO BTA NEePEMEHHAA Tarke OyaeT OYeHE MAJOH.

Tak kak pedsb uAeT TOABKO 06 OupejeleHHM 9YACIA NepPHOTHYECKHX DeIne-
HE# M MX YCTOHYABOCTHA, TO HAM JOCTATOYHO OJHOrO UPHOIMIKEeHUS.

CnemorarensHo, MH npeHebpeskeM piF, ¥ MNOCIGAYOLMMHE LICHAMM.
B uneme pF, y49reM TOJBKO BEKOBHE WIEHH M WIGHH OYEHL JOJITOTO IEepUOAa
¥, KpoMe TOoro, oT0pOCHM BHICIIME CTENEeHM z,. TakuM o0paszoM Mbl IOJYIHM

Fy=a+ bz, 4 cz, cos u,

rae a, b, ¢ — QyHKIUMU TOIBKO Z, M TA@ CZ, COS ® — COXPAHEHHH YIeH 0YeHb

JIOITOro mepuoja.
YnewaMu oOueHs JIONTOr0 HepPHOAA ABIAKTCA unenk ¢ [ 4 3g — 3¢, 1. e.
4IeHHW ¢ 2}, — Y;; CleJ0BaTeIbHO, MBI MMEeM

o =4y, — 2y,.
Torga

2 —
Fl — (@11 22 -+ Zy . z + (2 4 bz, 4 cz, cos w),

n MH MOKeM OpmMeHHTh Mertox lenoxe.
Hanommyeckue ypaBHEHHMA JIOmyCKalOT MHTErpan
z, -+ 2z, =k,

OTKYJa
2

k 3

C opumEATO/ cTemeHb0 HPUOIMKEHRMA MH MOKEM SaMEHMTH 4, b, ¢ Benn-

YHHAME
r
ay—2za;, by cy
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oGosnauas wepes a,, a, b, c, pesyIbTar 3aMeHH B a, da/dr, b, c¢ mepe-
MeHnoOt z, BenuwumHOH k.

Taxum o00pasow,
e=a, P=b—2a t1=¢

060311a9a10T NOCTOARHEE, SaBUCADME OT Kk, M MH UMeeM

1 1 b(a Bz, + 12, cos ).

2 k
Fl — ___.__+_2__

T (k)2

— w . [
ByneMm paccmMaTpHBaTh A Kax HOCTOAHAYI, \/Z; OS5, V2, sin 5 Kak
OPAMOYTONbELIE KOOPAMHATH TOYKH HA INOCKOCTH M IOCTPOMM KDHBYIO

F'=C,

rge C o3HauYaeT BTOPYI0 IOCTOSHHYIO.

Jra KpuBas 3aBMCHT, TAKHM 00pasoM, oT ABYX noctodHHHX k B C. Ecan
OHA MMeeT ABOKHYIO TOYKY, TO ABOMHAA TO9Ka OyAET COOTBETCTBOBATH LEPHO-
OUYECKOMY pCLIEHMIO, KoTOpoe Oymer yCTONYWBHRM, eCIH ABe KacaTelbHbe
B JIBOHO¥ TOYKE MHHMMbiE, W HEyCTOHYMBHM, €CJIH J[Beé KacaTeJbHbE BEIe-

CTBEHHH.
3aMeTHM, YTO KPHMBAfd CHAMMETDPHYHA OTHOCHTEJIBHO /IBYX OCell KoopjaiHaT

¥ 4TO JBE [ABOHHHE TOYKH, CHMMETDNYHLIE APYT XPYI'Y OTHOCHTENBHO HA4aua,
HE COOTBETCTBYIOT ABYM IOZIHMHHO Pa3JAYHHM IEPAOAUYECKMM DPEIIEHUAM.

J{BoiHBIE TOUKH MOTYT HAXO[UThHCA TONBKO HA OHOW U3 ocell KOOPAWHAT,
TAaK 49TO MHE HaijeM BCe DTU TOYKH, IOjaras

0=0, o=mn.
Ecnu monoxurn
2 k
C=—+++5tpa
to KpuBasg F'=C TpoXOogHT Yepe3 HadaIo M HMEET B HEM ABOMHYIO TOWUKY.
HacartenpEne B ABOHHOH TOYKe 3aJAHE ypAaBHEHHEM

4 3
w7 +teltprcoso=0.

CregoBaTeabHO, 8CIH
4 3
%3 3 f P'p >y (N

TO KACATeNBEHE MHEMH. Kciu
4 3 .
M > m— gt > —un (2)

TO KacaTeJBbHBIEe BEOleCTBEHHEI.
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Ecau, Baxosrern,
4 3
—pr > 55— + b (3)

TO KaCaTeJlbHEE CHOBA MHHMBIL.

Koaddumuenr B nomomaresneH; s Hanmcad MpeAHAyIuUe HEPaBEHCTBA
B IDPEATIONOMEeHUM, ITO T TAKyKe HMOJO;KMTeNbHo. Bmpouem, ecam 6wl 7 Ob1I0
OTPHNATEIbEEIM, TO MH JO/IKHBI OBIM TOJBKO W3MEHHTH ® Ha w4,

JBoiiHag Touka B Hadaje COOTBETCTBYET DEIIEHMI0 IEpBOro COpTa, T. €.
nnapete A mo /lapsuray. MH BHEAM, YT 3T0 pemieHAe YCTOMIMBO, KOI/A KMEIOT
MecTo HepaseHcTBa (1) mum (3), ¥ HeycToHIMBO, KOTAA MMEIOT MECTO HEPAaBeH-
cTBa (2).

Wayuum Temepnh ABOHHEE TOYKH, KOTOPHI® MOTYT HAXOZHMTHCH HA IPAMOR
w=0,

Ecan mua monommm o=0, To dyrrnua F’ mpmmer Bmpg

Fl= gty =3t teatpm G+1)=C (4)

Ecuu, ocraBnsas k mocrosHHmM, BappupoBats z, oT O g0 k, TO ME BummM,
4TO0 MABKCEMYMH U MHHAMYMH F' 3aJJaHH ypaBHeHHEM

e —z +eB+1=0, (5)

KOTOpOe JOIyCKaeT pelleHHe, 6CIHM HMEET MECTO HepaBeHCTBo (3), m He Jo-
OyCKaeT ero B IPOTHBHOM CIydJae.

CinenoBarensHo, eciu HepaseHCTBO (3) He mMmeer Mecra, To QyEKuEA F’
MOHOTOHHO yOLIBaeT; eCim OHO WMeeT MecTo, T0 ¢yHKuusa F’ cHadara BOs-
pacTaer, [OCTHT4eT MaKCHMyMa, a 3aTeM yOLIBaer.

ITOT MAKCHMYM COOTBETCTBYET NBOUHOHM TOYKe, PACHOJO:KEHHOH Ha mpHA-
moit w=0, uam, cropee, ABYM ABOAHHM TOYKAM, CHMMETPHYHEM OTHOCATEIHEQ
HagaJa.

Ho HaM HeoOxozumo y3HATBH, CKOJBKO 9THX ABOMHHX TOYEK MH HaXOLAM
IJIA 3aJaHHOT'0 3HAYeHHUA HocTosHHEOH C; ypaBHeHHme (D) faeT x, B pyErnmnm k;
HY#HO BEIBECTH W3 Hero z; B ¢yaxumm C.

Ho ypaBuenma (4) u (5) moskHO HanmmcaTs B BHAE

aF’

] — —
Pl=C, -5-=0,
OTKY/a
dC __ dF' | dF’ dk _ dF’_ dk
dz, — dz 1+ dk dz; — dk dz;’
2F’ 2F
d air dk___ o

d.’t‘l‘! dkdzl da:l
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Ho, mpenebperas 4wiemamM# ¢ p, MH HEMeEeM
dFr’ ar’

Ttz =—1h
OTKyJa
aFr
Tk T
1
d2F’ d2F' d2F’ 12 3\3
dkdz, + dz¥ ' dzf  (k—=z)t —12('8‘) '
OTKyJaa
dk ac
E —_— 1, d_zl —_— —1,

OTKyJa cleqyer, 4To Z; — MOHOTOHHO yOmBalomas ¢ymkmusa ot C.

CremoBaTensHO, AA opgHoro 3gadeHma C MH uMeeM TOJBKO He Goiee
OfHOTO MaKCMMyMa, T. €. MMeeM He 00Jee MBYX HBOHHHIX TOYEK, CHMMOTPHY-
HHX ApPYT APYry OTHOCHTeJBHO Hadajxa, Ha npamoir w=0.

Wrak, nycrs C, — sEadende C, yHOBAETBOPAIOMEe ABYM PABEHCTBAM

CO:']?ZE'*"%—*"P'“-
w—g+te@+n=0.

Mu yBagmm, aro upu C > C, Ha npamoii o=0 me Gyger ABOAHEKX TOTEK
u gro opu C < C, uxj0yner nse.

Taroe ke pacCy:KfeHHEe LIPHIOKHMO K CIyd4al0 ABOMHHIX TOYEK, pacmo-
IOKEHHHX HA IpAMO# o= . JHaveRdAs z, OYAYT 3aaBH ypaBHEEAOM

4

s —7 +rB+1=0, (5bis)

KOTOpOE JIOIYCKAeT pemeHwWe, 6CIM MMEIOT MecTo HepaBeHcTBa (2) mum (3).
Torpna, ecna C, — sBadenme C, YKOBIETBOPAIOWEe ABYM pPABEHCTBAM

2 k
01:F+7+P‘ao

S p B4+ 1) =0,

TO YCIOBHOM TOTO, YTOOH HA UpAMOHR
="t

CymMecTBOBAJM fiBé RBOAHHeE ToukH, Gynmer HepaBeHcrBo C < C,.
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3ameruM, gr0 C, > C,, aro C, — sgavenue C, IpH KOTOPOM MHl IIepe-
xonuM oT HepaBencTsa (2) k mepamenctsy (3), a C, — takoe 3nHagenue C,
1Ip KOTOPOM MEI ODepexofuM oT mepaseHcTBa (1) K HepaBeHCTBY (2).

ITpy sTOM, CTPOA KpHBBIE, MLI JErko HaiifeM, 9TO JIA RABOMHLIX TOYEK,
nexkamux Ha =0, KacaTeJbHhe BENECTBEHHLI, U YTO JJIA NBOAHLIX TOYEH,
JIeRAWMX HA @=T, OHH MHEAMHI.

CnemoBaTenbHO, MK MOKEM DPE3IOMHPOBATH HAIIE PE3YABTATH CJIEAYIOMUM
ofbpasom.

I epewiti cayuaii

C >¢C,.

Vimeer mecro mepaBeHcTBO (1).

Pemierve nmepBoro copra (miamera A) ycTodumBo.
Pemenmit Broporo copra Her (op6urta ¢ ABOKHOE TOYKOH),
Bmopoi cayuaii

c,>C>C,

Hmelor mecto mBepasesctTBa (2).
Peinenve nmepBoro copra CTajlo HEYCTOMYIUBEIM,
HMeercss ojHO peumieHMe BTOPOTO COpPTA, KOTOpOe YCTOHUUBO.
Tpemuti cayuaii
Cc <C,.

Vimeer mecTo HepaBeHcTBO (3).

Pemenwne nepBore copra BHOBb CTAJ0 YCTORYHBEIM.

Wimelorca fBa pemeHEA BTOpOro cCOpTa, OQHO — YCTOYmBOE, a Apyroe —
HEYCTOiYMBOE; TEPBOE COOTBETCTBYET ABYM MBOWHEIM TOYKAM, PACHONOKEH-
HBIM HA OPAMOY w=m, a BTOpPOe — ABYM ABOMHEIM TOYKAM, PACLOJOKEHHHM
Ba upamoir =0,

OTH 3aKI0YEeHUS BEPHH, TUINb OH p OHUIIO JOCTATOYHO MAJEIM; ABJISETCH JN
3Hagenue p=1'/,,, DpmaAToe JlapBHHOM, JOCTATOYHO MAaJILIM?

fl aTOr0 He HMPOBEPHIN, HO BTO KAKETCA BECHMA BEPOHTHEIM,

Taxum oGpasoM, mpaBRoOnofo6HO, 4To ecau On J[apBMH HpOROJKHI H3Y-
geHMe IIaHeT A jua 3Hagenwi C, MOHBIIMX 4eM 38, TO OH CHOBA Hamen 6u
yCTOAIMBEE OPOUTHL.
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385. Bosnmem cHOBa ypaBHeEMA u. 13

dz; dF dy, dF

&=y @t = dzyy P=fotefit. (1)
¢ p cremeuama cBoGopgu. Corsacno Tomy, 9To M BUgenu B n. 42, 3T ypas-
HeHEsI OyAyT MONYCKATHh TAKHe INePHOTUIECKMEe DPEIIeHHHA, YTO KOT4a [ yBOIH-
wmBaerca Ha mepuof I, DEPeMEHHHE Yy, Vs, - - -, Y, YBEIHTHBAKTCH COOT-
BETCTBEHHO HA

2k, 2kyr, ..., 2k,T.

Leve ky, ky, . . ., b, mozym Goimb a06bimi.

OpHako 9TO CIPAaBEAJIHBO, TOIBKO 6C/IH TeccHar oT Fj mo z He paseH HyJO.
JlorasaTenscTBo Li. 42 TepsAeT CHILY, KOTHA DTOT TeCCHAH eCTh HYIb W, B 9aCT-
HOCTH, KOrja F, 3aBHCHT He OT BCEX IepeMeHHHIX Z.

Ho ato xak pas mMeeT MecTo B 3ajaue Tpex Tex. fI HamoMuHAIO, ¥r0 ¥,
Y3 Y3y Ya» Ysy Yo UPEACTABIAIOT TOTHA COOTBETCTBEHHO CpEXHUE JOJTOTH ILIA-
HeT, CpejHNe JOJTOTH IIEPHATeNMEB M CpeJHMe JOJITOTH y3IoB u uto F, 3a-
BHCUT TOJBKO OT JBYX IePBEIX IePEMEHHBIX Z; M Z,, KOTOpLe NPOHOPIUO-
HaJIbHE KOPHAM KBAJPATHHM 43 OONBIIMX OCEH.

PaccmoTpmm TOTHA ImEpHOAMTECKOe DPEIUeHUE; COIVIACHO IPHHATHIM COTJa-
IeHWsAM, peileHue GyxeT paccMaTPUBATHCA KAK UOEPUOLAYCCKOE, JHIOb OH
DA3HOCMU BEJWYMH Y YBeJIWYABAJIMACH HA KPAaTHHE 2T, KOLAA [ yBEINIUBAETCA
Ha IEpWoJ; B CaMOM jieje, F 3aBHCHT TOJEKO OT 3THX PasHOCTEH.

Wrax, nycrs

2k, 2k,x, 2k, 2k, 2k

— KOJHYeCTBA, HA KOTOPHE yBOIUIUBAIOTCH

Yi—Yer Yz~ Yer Ys—Yey Ya—Yer Y5 U
Korja ! yBeJIM4EBAETCA HA TBPHO.

Bee, w10 Mu cmoram ycramoBmth B raaBe III — aro wro cymecTByiOT
OepAOSHYECKAe DpeMeHnsA, COOTBEICTBylIqAe JI00nM 3HademAaM kg m k,,
HO 8 npednoaodxcenuu, 9rvo kg, k, a k, —nyau.
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Moskuo cnpocuTh ce0d, CymMECTBYIOT JH TaKMKe 3[4eCh, Kak ® B o0mem
c1yd9ae, IEPUONUIECKE® DOIIOHMH, COOTBETCTBYIONME 4I006M SHAYEHUSM NAMU
yeaur k, peIUGHHA, KOTOPHE A MOI'Y Ha3BaTh PEMIEBHAME 6Mmopoz20 suda.

386. Cymecreyior am amu pewenus emopozo euda? Cpasy ke BOBHHKAET
co0Ia3H OTBETHTH YTBODHMTEIBHO, ONMPAsACh Ha COOOpPakeHHA HEIPEepHB-
HOCTA M YIATHBAM, YTO AOCTATOYHO OYEHH MAJ0 M3MeHHWTH Buy Qysxkmum F,
YTOOH MOJYUHTh KAHOHHYECKHE YpABHEHMS, K KOTODHIM NDPHIOKEMEL pac-
cymendad m. 42.

Ho Torga Bo3HMKaeT OfHA TPYAHOCTh: WeM CTARHYT OTH pEMIEHHs, KOT/a
MH o0paTHM B HyJb BEJHYWHY, HAa3BAHHYI HAMW p, KOTOpag IPOIOOPIHUO-
HAalIbHA BOSMYMAKIAM Maccam?

Ecim BoaMymarmpme MacCH paBHH HYJNI0, [Be IJIAHETH IOJIHHAIOTCA
sakoHaM Kemiepa; mepureimm m y3Jbl HENOABHKHH, TaK 9To gmcaa kg, k,
u k; He MOryT MMeTh, KaK KayKeICH, WHOTO BHAYEHHHA, IeM HYIb.

Bor xax MoxHo upeopgosers 9T0 3aTpyqHeHEme., Ecam Macchl 6eCKOHEYHO
MaJs, TO ABe IJIaHOTH OYAyT HOXIMHATHCA 3aKoHaM Hemmepa, ecau moavko
paccmosnue Mencdy HUMU CAMO He CMAHOSUMCS 8 Hexomopue momenmbl bec-
KOHEUHO MABIM.

B camom pexe, mpefmoNo;KAM, 9TO jiBe ILIAHETH, CHajala OYeHb yjalleH-
HHE [pYyT OT APYyra, KaK OfHA,TAaK W APYyras, ONUCHBAIOT KEIJIEPOB 3JIMNC.
MoskeT CaIyIATHCA, 9TO BTH ABA 3JIMNCA IEPECEeKAITCA HIX NPOXONAT QYeHh
061M3K0 ApYr OT Apyra, ¥ IPUTOM TAKMM 00pasoM, 9TO B HEKOTODHIH MOMEHT
pacCTOsHME MEXIY JBYMA IJIaHETAMM CTAHOBHTCHA OY€Hb MAJIKIM; B 9TOT MO-
MEHT WX BO3MYIAIONiee B3aMMOACHCTBEE MOMKET CTATh OIIYTAMHIM, M JBE Op-
fuTh GyHyT NOABEP}KEOHH BHAYHTENLHEM BOBMYMEHHAM. 3aTeM IIIAHETH.
6yayYE CHOBA YIaJeHHHMHE JpPYT OT JpYyra, onaTh OYAYT ONHMCHBATH KeIie-
POBH DJNHEICH. TOJBKO 3TH HOBHE 3JIJHEIOCH OYAYT CHIBHO OTIHIATECH OT
CTAPHIX; NOPHIeJWE U Y3JIH NONBEPTINCH 3HAYMTENLHEHM W3MEHEHHAM.

f1 masomry 9TO0 sABJeHUE coydapeHuem, XOTA pedb He UAET O COYHAADPEHRBH
B COOCTBOHHOM CMEHICIIE DTOI0 CIOBa, IIOCKOJBKY [BE II3HETH HEe HOPHEXONAT
B CONPHMKOCHOBOHHE, & JOCTATOYHO, YTOOH HX DAaCCTOAHHE CTaJ0 AOCTATOYHO
MalkIM JJIH TOTO, YTOOH IpmTAeRne ORIO ONYTHMBEIM, HECMOTDA HAa MallOCTh
Mace.

Kax 68 To HEE GHIO, €CIM OPUEATH B pacueT OpOMTH C COY/apeHHAMH,
To Gyjer HempaBMJIBHHEIM IOBOPHUTH, uro mpm p=0 mepmrennmm m ysiw Henmo-
OBUKHHL M 9TO, CJGLOBaTeIbHO, uucia k,, k, A k; JOMKHE GHTH HYJXAMH.

Taxum ofpasoM, MH IPHEIIIM K MECIH, 9TO pPeIIeHds BTOPOTO BHUJA CY-
MECTBYIOT M YTO, €CIIM YCTPEMHTb u K HYJI0, TO OHH CTPEMATCA X opbmTam
¢ pagom coynapesmit. Ho 5Toro xpaTkoro osepxa HeXOCTAaTOYHO, M Heobxo-
nEMo Gojiee riyboxKoe uUCCIefOBaHHE.

387. Ornapgmm cebe cHAadana OTYET B IOCAEACTBHAX COYHApPEHMA; OyCTh
E m E' — sanmncsl, ONACAHHEE IIEDPBOM INIAHETOH [0 M IOCIe COYAapeHHA,
nyers E, m Ej — snnauncul, onmcaHHble BTOpo# miameTod. flcEHo, d9ro aTH
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4eTHpe 3JJIMNCa JOJNKHE IepecedbCss B OXHOH M TOX ke TOYKe, M NPUTOM Ta-
KEM ofpa3oM, UTOOH HBe NIJIaHETH, OUHCHBAA STA YOThipe OpPOMTH, IPOXO-
OMIY Yepes TOYKY HepecedyeH#dss B MOMEHRT COYIapeH:d.

B camom pene, moka mx paccToAHEe OI[YTHMO, ABE IIAHETH ONHCHLIBAIOT
KPEBHE, MQJ0 OTIMYAIOMEECH OT 3JJHMICA; B TEYCHHe 04Y€HbH KOPOTKOro Bpe-
MEHM, KOIrja uX PacCTOSHHE 0YeHb Majio, OHH, HA00OPOT, ONMCHBAIOT OPOHTHL,
049€Hb OTJIMYAIOMMECH OT BIIMICA.

3T OpOHTH CBOAATCH K MAJNKM AyraM KpuBo# C 09eHb MAlOr0 pagmyca
KPHBH3HH, 0YOHH MAJIO OTIMIAIONEMCH OT Ayr ramepboast. B npenene oueHsb
KOPOTKOe BpeMs COYAAPeHHWA CBOLHTCA K MTHOBEHMIO; MaJhe JYI'M KpuBod C
CBOAATCH K TOYKE, X OopOMTA, CBOMAMAACH K ABYM AyraM SJIMICA, HMEET
YIJIOBYI0 TOUKY. :

Uro6r oOHYATENBHO ompemenanTs opbutht E, E’, E,, Ei, Heobxopmmo
8HATH IO BEJHYHEHE M IO HANPABJEHHIO CKOPOCTH ABYX miameT P ¥ P, o u
nocie coyaapeHusa. HaKkue COOTHOMERRA MMEIOTCH MEKAY STHME CKOPOCTAMH?
fl saMeualo mpex<ae BCOro, 970 CKOPOCTH IEHTpa Macc AByX Tex P u P, nomxHa
OHTH OfHOM M TOH Ke [0 M IOCHe COYNApPeHHS, M IPUTOM KAaK IO BeJIUIMHE,
TaK @ II0 HANPABICGHHIO.

PaccMoTpnm Temepb CKOpoCTs P OTHOCHTONBEO P,; 8Ta CKOPOCTH HOJ/KHA
ObITH ONHOM M TOH ’Xe IO BOIMYMEE 0 M IOCHe COYRAPEHHS; HO OHA MOKET
OTIAUTATHCS DO HAUPABIEGHUIO.

Bor npaBmio poisa onpepesieRuss HanpaBJEeHHS 9TOM CKOPOCTH LIOCHE COYAA-
peHns.

PaccmorpeM moRBHIKHHE OCH, Ha4al0 KOTOPHX AEKUT B P, 1 paccMOTpUM
opamyn AB, npejcraBiAXIny0 N0 BeJMYEHE ¥ HAUPABJIEHMI0 OTHOCHTENb-
HY®0 cKopocts P otHocmrenvHo P no coygapemus, dra upamas AB poinxHa
OpPOXOQATH depe3 TOYKY P, MOCKOIbKY TeJI0, KOTOPOE UMEEeT CKOPOCTh, IPEel-
CTABIAGMYIO €10, JOJNJKHO CTOIKHYTHCA € TOYKOA P,, HEeMOABHKHOM OTHOCH-
TEIBHO NOABMKHKX oceid. Ho 870 cupasemiEBO TONBKO B mpepemne, 3To copa-
BEJJIABO TOJLKO LOTOMY, 4YTO MH pACCMATPHMBaeM KaK OECKOHEYHO MAaJIEe
Maccxl, ¢ OFHOR CTOPOHH, TaK M C APYrok — GECKOHEYHO MAajloe PACCTOSHEE,
Ha KOTOpPOM B3aMIMHOe UpHTsKeEMe P m P, HaumHaeT OMyI{aTHCH, T. €. TO,
9T0 MOXHO Omo OB HasBarh paduycom Oelicmeus. CiregosatenbHo, OLIIO Ot
TOYHEE CKa3aTh, YTO paccrosEme & Touxkm P or npamoid AB smaserca Gecko-
HEYHO MaJoO#l TOro ke IOPHAAKA, 9TO U PAAMyc JAeACTBHUA.

Ilycrs Tenmepsr A'B’ — upsamas, OpeACTAaBIAKAs OTHOCHTENBHYI) CHO-
poctk P orHOcHTennHO P; mocune coynapesms; A'B’ paBuo mo Benwumpe AB,
a paccrosgame P, or A'B’ pasrO 3.

Bor, HakoHen, OpaBuiO AJuA oumpepfeieHms Eaupasiaenwa A'B’, Touxa P,
u nBe upamsie AB u A’'B’ nexaT B ORHON M TOH K€ IJIOCKOCTH (C TOYHOCTHIO
Ko OecKOEEYHO MaJHX BHCIEro TOopAjgKa); yroa mexay AB u A’B’ onpe-
OelsneTcd CIefyIOmuM 00pa3oM: TAHI®HC MOJOBXHE STOr0 yrila IpONOPIHOHA-
IeH 6 u kBagpaTy miauBH AB.

Tarkem o6paszoM, ME BEuM, uTo HampaBiernue A’B’ momer GHTH TOOHM.

CrnemoBaTelbHO, €{UHCTBEHHLI® YCJOBMA, KOTOPHM NOJIMHERH HAIIHE de-
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THIPE CKOPOCTH, 3aKJIIOYAOTCA B CIEJYIOIIEM: IIOCTOAHCTBO CKODOCTHM LIEHTpa
MAacC 0 BeJHYAHE M IO HAaIPABJIEHHIO; IIOCTOSHCTBO OTHOCHTEIBHOR CKOpPOCTH
TOJBKO IO BOJMIUHE. JTH YCIOBUA MOKHO TaK:Ke CHODMYJHPOBATH TaK:
JKWBAA CHJIA W IIOCTOAHHLI® IJIOmMajeil He JOKHEL U3MEHATHCA B DO3YHbTaTe
cOoyRapeHnsd,

388. ITonnTaemMcs TOCTPOHTH OPOMTH € COYaPeHAAMYI, KOTOPHE ABIAIOTCA
npejeraM:, K KOTODHM CTPEMsATCS POIMeHAs BTOPOrO0 BUAA, KOTAA p CTpe-
MHTCA K HYJIIO.

[Ipeskme Bcero s1 3amedaio, 4To AAA TOro 4roGm mopoGuas opbura Gmura
HePAOSHYECKOR, HEeoOXOAMMO IPeAIION0KATs, N0 KpaiiHei Mepe, nBa coyja-
perma. Ilpepmono:kEM cHadaja, YTO ABA IOCIENOBATEIBHHX COYJAPEHMNSA
HEKOI/Ia He MMEIOT MecTa B OgHOM ® To# ke Touke. Urak, nycrs £ m E, —
3JLIMICH, ONMCAHHE IageraMd P um P; B IOpOMEMYTKE BpPeMEHHM MEAy
ABYMA IIOCIEJ0BATEILHEIMA COYAAPeHHAMA. JTH JIBAa BJJIHOCA NOKHLL OYRYT
mepecedncd B IBYX TOYKAX, 4 TAK KAK OHE EMEIOT obmuil GoKryc, T0o OHU JemKaT
B OJHOK M TOH K€ ILIOCKOCTH, €CJIA TOJBHKO JBO TOYKM IIepecedeHHs X POKyc
HE HAXOAATCH HA NIPAMOMA JIMHUMA,

IIpepmosouM, IT0 ME HAXOSUMCA B YCIOBHAX 3TOT0 MCKJIOYATEIBHOTO
cayqas; uyers Q Q' — piBe ToUKM mepecedeHus aaauncos E m £;, Korophe,
Kak f IpejIolaraio, He JeKaT B OXHOH W TOH jKe IJIOCKOCTH; BTH /Be TOYKI
7exaT HA OpAMOA JmHEA ¢ dorycom F; mycrs E’ m E{ — bIIMOCH, OOMCAH-
HBleé JBYMA I[IapeTaMu mociae coypapenms. OHu mnpoiigyr depes Touky (),
B KOTODOA HIpPOHCXOAUT COyAapeRwWe, ¥, BooOme romopd, He OYmMYyT JeKaTh
B OXHOM M TO# e IUIOCKOCTH; X ILIOCKOCTH IEePECeKyTCA 1o mpamoi FQ,
TaK 49T0 MX BTOpas TOYKA MIDOPeceUeHHWS (KOTOpas MOJKHA CYIECTBOBATH,
ec;Im [Ba IOCIENOBATONbHHX COyAapeHdAs HEUKOT[A HE MMEIT MeCTa B OQHOU
Z Toit e Touxe) GymeT HaxOmWThCA HA 3TOH mpamont FQ. fI mobasusaw, aTO
mBa oanuuca E m E; OyoyT mMeTs OXMH H TOT ke mapamerp. B camom peie,
tTaKk Kak Toukd F, Q, u Q' ne)kaT Ha OpAMOM IMHAHA, TO oOpaTiiasa BeIUMYEHA

1 1
napameTpa aannmca E wmnu annunmca K, Oyner paBma EF(‘)'*‘W'

Bor xakuM 06pa3om clefyeT HOCTYUHMTh IpH 3THX yciaoBuax. llpenmo-
JO'KUM A OUNpPEAeIeHHOCTH YeTHpe coyaapeHds; mycTs Q, @, Qs Q4 —
TOYKK, B KOTODHIX HMEIOT MECTO 3TH UeTHPEe COyRapeHMd.

Mul MOMeM IPOH3BOJBLHEIM 06pas3oM 3a/aTh 9TM UETHIPe TOUKH, JHMIIE Ont
OHH, pasyMeercda, JesKalu Ha OAHOE M TOH Ke mNpAMOH, mpoxoasmeH
uepes F.

MH momAKHEH WOCTPOMTH fBa diaamaca K u E,, nepecerawomuecs B Q, u Q,,
npa ommunca K' m Ej, mepecexawomuecd B Q, m Q,, eme nasa bdamuca £’
n Ej, nepecexalomuccs B Q; u Q,, u, Haxkomen, emie figa " u EY, mepece-
rawommuecsa B @, m Q.

Opfura P cocTouT M3 Ayr, UpPHHAJIeKAUX 4YOTHpeM odwiMocaM K, E/,
E', E", a opbura P, —m3 Ayr, npuHajue;Kamux dernipem auucaM K|, Ej,

Ei, El.
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Mu sagaguM cebe DpoMSBOABHEIM 06pa3zoM HOCTOAHHYIO JKEBHX CHI M
HOCTOSHHHE IIOmajei; aTH HOCTOAHHEHE AOJGKHE OHTh ONWHAKOBEIMH A
IPOMEKYTKA BPEMEHH MEKAY ABYMA NEePBHME coypapeHEsMz (opbmrwt E n
E)), naa ciaeqyoImero HpoMe;KyTKa BpeMEHH ¥ JJsA BCEX JAPYTHX IPOMEKYT-
KOB; COIVIACHO DPeJHYIEeMY IYHKTY, — 3TO €JUHCTBEHHOE YCJIOBHE, KOTOpOEe
Mbl JONMKHE BHIIOJIHHATSH,

Bor kak MH mocTynmM, urobu noctpouth E m E,' pacCMOTDEM IBMKOHHE
Tpex TeN; TAaK KaK MH IpepmoiaraeM, 910 p—=»{, T0 9TO ABH:KeHHE ABIAETCH
KelIepOBHM, @ IEHTPAILHOE TEJI0 MOKHO PACCMATPHBATH KAK HEIIOABHIKHOE
B F. Mn 3HaeM HOJIHYIO ;KEBYIO CHIY cucTeMEl. J{Be mragetst P m P, JOIRHK
Oj{HOBDPEMEHHO BHIATH u3 To4KH (;, 1T0OH OJHOBPEMEHHO UHpPWATHA B TOYKY (.
Horga P u P, mayt u3 Q, 8 Q,, HcTEHHAA [oaroTa P yBEIHYHBASTCH Ha
(2m+1) =, a mcrmpHan goarora P, ysenwamsaerca Ha (2m,;-+1) n. Mu Mo-
JKeM eHIe 337aTh cebe npom3BONBHEEM 00pa3oM fBa LeJnx m m m,. Torga 3a-
fada oIpejelieHa IIOJHOCTHIO; BAJKHO 33METUThH, YTO HAKIOH OpOGHT B Hee He
BXOJHT; 9YTOOH PEIIUTEL e, MOKHO IPEeAIOJOKATH NBYKEHHE ILIOCKAM. 3a-
[a9y BCErJia MOKHO PEIINTH; JOCTATOYHO, B CAMOM [ieje, INPHIOKHATH IPHH-
gun Moneprion, m jeiictBme mo MomepTiou, CYIECTBeHHO LOJOKHUTEILHOE,
BCEIa UMEET MUHUMYM.

Ocraercs onpejeauTs IIOCKOCTH ABYX 9aa@OCOB, Mul 3HaeM IIOCTOAHHEE
OIomajed; CIefOBATENBHO, MH 3HAEM HEU3MEHHYH INIOCKOCTh, KOTOpas
npoxoaur wepes mpamyw F(Q,Q,; cexTopmanbHAsi CKODOCTH CHCTEMEL IpeJ-
CTABIAETCH BEKTOPOM, NEPUHEHAWMKYAAPHHM K HEM3MEOHHOA IIIOCKOCTH ¥
N3BECTHHM HAM II0 BeJMIMHE ¥ II0 HANIPABICHHUIO; OH paBeH IeOMETPHUYECKOH
CyMMe CEeKTOPHAJNBHHX CKOpOCTEd ABYX LJaHET, M300paKaeMHX JBYMHA BEK=-
TOPAMH, KOTOPHIE HAM M3BECTHHl L0 BEJMYHHE, TIOCKOJBKY OHH PABHH COOT-
BETCTBEHHO MP U Mp, TAC M U m; — Macch ABYX IIaHer, a p — obmuai ma-
pamerp AByx sanuncos K u E,. CoegoeaTelbHO, MH MOKeM NOCTPOMTH Ha-
ApaBIeHAA 9TUX [JBYX COCTABIAKIMX BEKTOPOB, KOTOPHS® HOPIeHAUKYIAPHA
COOTBETCTBEHHO K INIOCKOCTH K M K mirockoct: Ey.

Ananormgso Mu ompepenuMm E' u E', E'' n E|”’, ...

389. IlpeamonoskEMm Tenepb, 9TO BCE IOCIEJOBATENBHHIE COYHApPEHHS
HMEIOT MecTo B OFHOH u Toif :ke Touxke (. Ilepmox Gynmer pasmesner HAa CTOJBKO
WHTEPBAJIOB, CKOJBKO OymeT coylapeHHi; pacCMOTDHM Of(MH M3 BTHX HHTEp-
BAaJIOB, B TeYEeHHAE KOTOPOTO ABe INIAHETH ONMCHBAWT ABa 3uaaunca F m E,.
Hax m B mpepsigymeM IyHKTe, MH 3agajf#uM cebe DOCTOAHHHS SKUBHX CHI K
Onomanei#, KOTOpHeE AOIMXHEK OHThH ONHMMU M TEMU 3Ke JJIA BCeX MHTEPBAJOB,
H pedb mpeT o mocrpoenun E u F.

IlpepmonmosxnM, 9To B TeTeHMe PacCMATPUBAGMOr0 HMHTepBaJla miaHera P
coBepImmMia m, a muadera P, — m, DoaHuX ofpameHni; MK CMOKeM 3afaTh
cefe IPOM3BONBHKM 00PA30M JiBA IEJIHX M ® M,. JHafA OTH 4Ba IEJHX THCIA,
MH GyaeM 3HATh OTHOILEHME 0ONBITHX OCEH, a TAK KaK MH 3HAeM IIOCTOHHHYIO
EBBIX CHJ, TO Y3HaeM H CaME 0OOJNbINHE OCH.

21 A. IIyamxape, r. II
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C npyroit cTOpPOHH, MK 3HAaeM IOCTOAHHBIE IJIOMANEH W, CIeLOBATEIbHO,
BEKTOP, KOTOPHI IpEACTaBJIAET CEKTOPMANBHYI0O CKOPOCTH CHCTEMB. OJTOT
BEKTOpP MO;KeT ORTHh pasioykeH OECKOHEUHHM YHCJIOM cunoco6oB Ha jBa
COCTABJAKINMX BEKTOpPA, OPEJCTAaBIAAIMUX CEeKTOpHAJbBEEE CHKopocTE P
u P,

3afafEM 3TO pa3io)KeHme IOPOM3BOIABHHM 00pa3oM. 3HAA COCTABJIANONIME
BEKTODH, y3HAaeM ILNIOCKOCTH J(BYX 3JJmncoB m ®x napamerpu. Ocraercs
y3HATh ODHEHTAIMIO KAMJOTO M3 BJIUICOB B €r0 IJIOCKOCTH; MH OIpPEAEIHM
ee TaK, YTOOH JJIANC IpoXoAaua depes Touky Q.

B wmrore mMb cMmorym BHOpATh DPOHM3BOJBHO:

1) Touky Q M YHCJIO WHTEPBAIOB;

2) pia BCeX MHTEDPBAJIOB HOCTOAHEHYIO KMBHX CHAJI M HOCTOAHHYK ILI1O-
mWayen;

3) AnA kadxcdozo METEpBaANa IEJLIe M M M, ¥ PA3JI0KeHHe CeKTOPHAALHOTO
BEKTOpa.

Opsaxo 4robH 3amaua GBLIa BOSMOKHOM, 9TH LPOM3BOJILHHE IAPAMETPH
HOJKHE YNOBIETBOPATH HEKOTODEIM HepaBEHCTBAM, KOTOpHE A He 6yay mu-
CaTh.

390. OcraruM B CTOPOHE BTHM MCKJIIOUATEIHHHE CIYIaM, KOTJa BCE COyfaa-
PeHUS MMEIOT MECTO Ha OJHOH ¥ TOH ke NpAMOH MM B OXHON W TOH ke TOuKe,
¥ OepeijeM K ciaywaio miockoro asmwkerusa. llyets Q,, Q,, ... — Toukwm,
B KOTODHX NPOMCXOFAT IOCJIEOBATEIbHEE COYAApPEHMA; MBI 3ajagmMm cebe
IPOH3BOJBHO IOCTOAHHYIO JKMBHX CMJI ¥ IOCTOSHEYIO IUIOMaAjel, KOTopwe
HOJKHHL OHITH Of(HAME X TE€MM JKe [If BCEX HMHTEPBAJOR.

PaccMoTpuM OAMH M3 HETEPBAJIOB, HAIPHMED, TOT, B TEUEHHE KOTOPOTO
ABe miaHeTH BRYT W3 @}, B Q,. ME 3ajaguM IpOM3BOJIBHO BEJIMYHHEI BYX
pazuycoB-BekTopoB FQ, u FQ,, HO He 3a7aquM HH YroJ MeNy STUMH JBYMS
PaANyCaMH-BEKTOPAMH, HM OPOMOIMIMTENBEOCTL MHTEPBAJA.

Mger 3HaEM, 9TO B 9TOM HMHTEpPBaje PA3HOCTH JOJTOTHl ABYX HJIAHET YBEJIN-
yunack Ha 2m7. 3adUKCEPYeM IPOU3BONBHO HEI0E M.

3Hasa BTO mexoe umciao, ABe jumHel FQ; u FQ,, nBe NOCTOAHELIE 3KABHX
cuI m miuomane#, MH mMeeM Bce, 9TO HEOOXOMMO JJH OunpefeleHus opbur
E n E,. 9ro cROUTCA CHOBA K NPMIOKEHHIO NpHHIUNA MonepTion, Ho ¢ onpe-
nenenueM peiicTaud no I'aMuasTony, kax B u. 339, u BEIBOOM M3 Hero AeiicTRIA
mo MonmepTiom npm moMomu mporeayph DyExToB 336 u 337. Tak xaxk, x co-
JKQJIeHHI0, 9TO peiictBme To Momepriom He BeCerja OOJOKUTENBLHO, TO MH
HEe YBODEHH, HMEeT JH OHO BCETAA MUHHMYM.

B uTore MH MoKeM BHOpPaTh OPOMBBOJIBHO:

1) wucro mwrTEepBanoB m anuEn FQ,, FQ, .. .;

2) IOCTOAHHHE IJIOMANeHd M KWBHIX CHUI,

3) nna xaxcdozo MHETEpBANA IEI0E M.

Bce nonyvenHse TakEM 06pa3oM OpOMTH C COYAaPEHMAMM ILIOCKEE; CPefu
OePMOAMIECKNX OPOMT BTOPOTO BWAA, KOTOPHE CBOAATCA K 3TEM opbutast
¢ coymapeHnaMHd NpE p—=0, HABeDHAKA MMEIOTCA ILIOCKME; BOBMOKHO TaKiKe,
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9TO CpeiM HEX MMEIOTCA TaKHe, KOTODHEe He SABJIAITCA INIOCKEME npnm p > 0
H CTRaHOBATCH IJNIOCKHMM TOJNBKO B IIpefeJe.

391. IlocmoTpuM Temeps, KAK MOMHO JOKA3aThk CYIECTBOBAHHE HEPHOIH-
9eCKAX pemeEWd BTOPOrO BHja, KOTODHE B Ipefiele CBOAATCA K opGmram
¢ COY/apeHHAMH, TOXLKO YTO HAMHE IOCTDOECHHEIM,

PaccmorpaM opHy 3 OpOHT C COyAapeHHAMH, M NYCTb f, — MOMEHT,
OpeAIIEeCTBYIU MepBOMY COYAapeHUIo, ¥ [, — MOMEHT, 3aKIIOYeBEHIHA
ME}EIY UePBHM M BTOPHM COyJapeBWAME. AHAaJOrMYHO, WYCTH I, — MOMEHT,
3aKJIOYEHBHA MEKIY BTOPHM H TpeThHM coyAapeEmsamu. Jlna onmpepeneH-
HOCTH # IIPEATONaralo, 9YT0 MMEETCA TPH COyAapeHus, ¥ Hasupaw I mepronoM,
TaK 9T0 B MOMEHT f,+ 7 TpH Tella HAXONATCA B TOM K€ OTHOCHTEIHLHOM IOJO-
#KEHHW, 9YTO M B MOMEHT 1.

fl Gepy sa nepemeHHNe Golbmue OCH, HAKJIORH ¥ IKCHEHTPUCHTETH M
pasHocmu CPEeAHEX JAOINTOT, MOJATOT IEPHTe]lHEB H y3J10B; Bcero OyjeT omuH-
HAQOATH DEPEeMeHHHX, TaK 9T0 0pOuTY MH OyAeM paccMaTpEBATh KaK IEPHOJH-
9eCKYI0, ecJH TPH Tela GyayT CHOBA HAXONHTECH B TOM K€ CaMOM OMHOCU-
meAbHOM TON0KEEEH B KOHUE IepHOia.

Ilyers 29, 29, ..., 2% — 3HaveEWs 9THX HDepEeMEHHHX B MOMEHT [, I
paccMaTpuBaeModl OpOWTHL ¢ COYAapeHMAMH M, CIeJoBATEeIbHO, upA p=0;
nycts zl — 3HaYeHEA BTEX IEPeMEHHHX B MOMEBT f, A 3Tol »xe opbmTh
C COYRapeHHAMM, Z2 — WX BHAUCHHA B MOMEHT [, M I} — WX 3HAUEHAA B MO-
MerT t,+T. Mu Gynem nmers

3 20
2} =29+ 2mm,

TAe m; — Iiej10€, KOTOPOE AOJIKHO OhTh HyldeM AnA Goasmmx OcCeif, 9KCOEHR-
TPUCHTETOB U HAKJIOHOB.

Paccmorpum Temeps opGmTy, Malo OTIHYANIMYIOCH OT OPOMTH C COYAA-
PEHHEAMM, W JafdM p 09eHb Majoe 3Ha9eHHe, HO OTIHYHOE OT Hyas. Ha aroit
HOBOZ op0mre Ham® mepeMeHHHe DpmmyT 3HadeHms z0-1 B} B MomesTt i,
zi+4 B! — B moment t,, 224 2 — B MoMeRBT ¢, U, BakoHen, r--f} — B MOMeHT
to+7T+ .

VYeaosuem Toro, rolnl pemeHHe OHUIC IePUONMYECKHEM ¢ nepmogom 7 -+t
oyner

1=,

Jaa roro 9To0H COyfapeHMe NPOBCXOAMIO MEKAY MOMEHTOM [, M MOMEH-
tom £, npa p=0, Depemernnsie B OJIKHE YNOBIETBOPATH ABYM YCJOBHAM.

Ilyers
HE)=1EN=0

~— BTH JIBA@ YCJIOBHA.
ITonoyxum
LEH=1% fiB)=1 Bi=1) k=3, 4 ..., 11).
21*
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Mu Bapmm, 9T0 BeAM4HHH B} ABAAKTCA rOIOMOPPHEMU GYRRUAMH OT 10 H p;
npuMeEAA npuHuwns rnass 111, mer doxaxcem, wmo mo e camoe ommnocumcs

u k eeaunurnanm B} ['?].
Jdna Toro urofm coyxapeHue OPOM3ONII0 MEXKAY MOMEHTAMU ty m i,
(8 mpexmonoxenrun p = 0), HeoOXOAWMH JBa YCJOBHA, KOTOPHE H 3alIACHBAI

B BHIE
f1(8) =7 (8)=0. (1)

- 1
3amensana B coorHomeuwsax (1Y senmgmun B} ux sHaweHuAME B Qyurummm yd ump
n nomarag 3atem p =0, 4 HaAXOKY

0, (1) =0, () =0.
Ilonosxum Torma
() =1p, BGY=r1ir, Bk=71F (*=3,..., 1)

a mioxy, arto B8} m B8} — roiomoppuse Pymrumm or y! m p, a rakke or y0m,
clenoBaTensHo, oT .

Hakogelr, 9T00H coy/gapesEre IPOM30NLI0 MeKAY MOMeRTaMA £, 0 £y + T + =,
HeOOXOMUMH ABa YCJIOBHA, KOTODHE A 32MNMCHBA0 B BHAE

1(85) =1 (@) =0.

3aMeHAA B HAX BEeJIHYMHN B} MX 3HAYEHHAMH B (QYHKIMM Y M p M MO-
narag sateM p—0, mpuBegeM uX K BHAY

(1} =, (1)) =0.
f nmonarawo

n)=1rk nGH=te k=1 *E=3 ..,11

W OmATH BWKY, uro Benwuuaw B, B!, B} — ronomopdunie pyurumm or Y mp;
cIefoBaTensHo, B ABIATCA ronoMoppEEMu (QYHKUMAMM OT 717, [ M T

CnemoBaTensHO, cOOTHOmeHHA P3F — 37 opejgcraBnaoT codolfi paBemcTsa,
06e 9acTH KOTOPHX TONOMOPQHHE OTHOCHTENBHO Y2, { M T. AHAIN3 3THX ypaB-
HeHu#t BHNOJHAETCA Tak ke, Kak B ruase 1II. On pokamer cymecTBoBaume
pemenu#i BTOPOTO BHUJA.

fl me camrarw HeOoOGXOAWMHM BAABATHCH B OOmbmMe UTOAPOOHOCTH, MO0
OTH PeIMIeHMs CIMIIKOM OTKIOHAKTCA OT MCTHHHHX OpOuT HebecHHX Teml.



I'masa XXXIII
ABOAKO-ACMMIITOTHYECKNE PENIEHNA

PazasuHme cnocodm
reoMEeTPHYECKOrQ NPENCTABICHAN

392. llna m3yueBHs NBOAKO-2CEMITOTAYECKHX DEIIeHWH MLl OTPaHMIUMCH
cefidac BecpbMa YACTHHM CiaydaeM m. 9, Korfa Macca BO3MYIIaeMOi LITaHETH
paBHA Hyan, OopbHETA BO3MymalOmEH NJIaHeTH KpPyropasd, HAKJOHH pPaBHE
nyno. Torga sagaua Tpex Tex JONYCKAeT MATETPal, XOPOIIO H3BECTHHH IION
Ha3BaumeM unmezpata Ako6u. BosppatuMca K H3ydYeHHI0 9TOi 3agauu u. 9
B 1. 299; Mu poixEH GyneM pasimuaTh HECKONBKO ciydaes. Ha crp. 145 mm
BUJIEIH, 4TO [0JFKHO CYIIECTROBATH HEPABEHCTBO

MR D@ =V + @+ 1) >—h ()

3aTeM MH pasinyaim clydail, KOrga m; HAMHOTO MEHBIN® M, M KOTaa —h
nocraTogno sexmko {(crp. 146), m MH Bupenm, 4TO KpHBag

V@) =—h @

pacuajgaeTca Ha TPH 3aMKHYThie BETBH, KOTOpPHE MH HasBainm Cy, C, m Cy; cae-
A0BaTeNAbHO0, B CHIy HepaseHctBa (1) Touka §, % MOMKHA BCEINA OCTABATHCA
BERyTpE C,, miu Becerfa suytpa C,, uim Beerfia BHe C; (&, 17— DpAMoOyroabpEbe
KOOPAHHATHE BO3MYINACMON INIAHETH OTHOCHTEJBHO LOXBMKHEIX oOceil).

B panpHeiimeM M npegOoJIOKHM, 4TO 3HAaYeHHEe HOCTOAHHOH —A jocra-
TOYHO BEIHKO, 9T00h KpmBasd (2) Taxme pacnafanachk na TpA 3aMKHYTLIe BETBU
¥ gTobnl Touka £, n Bcerga ocraBadacs Buyrpu C,. Taxmm oGpason, paccros-
HEE T', BO3MYIIaeMO# IIIaHEeTH 0T NEHTPATHHOTO Tella MOMeT 00PaTUThCH B HY b,
HO 3TOTO He IIPOH30HTET ¢ PACCTOAHEEM ry MERAY [ABYMA ILIaHETAMU.

JTO0 NPEefNON0KEHAE COOTBETCTBYET CJAEAYIONMEMY, KOTOPOe MEI CAedalM
va crp. 178, a mMenHo, uto KpuBag F=( wuMeeT BUJ, IPEACTaBIEHHHN
Ha pHc. 9, u 9TO TouKa zy, T, ocraerca Ha nyre AB.

Mu upmmem ceitgac oGoszuadenua m. 313; BBefeM, CIeS0BATENBHO, Kemje-
posut mepemeunse L, G, [, g. Ho umeercs pBa cmocoba onpejielleHHs 3THX
KeIJIEPOBHX HepeMeHHHX. Mu Moriam On/, kKak B . 9, OTHECTE BO3aMymaeMoe
TEN0 K NEHTPY THKECTH BO3MYINAIOMET0 H IEHTPAJBHOTG TeJ H PACCMOTDETh
OCKYJHMPYOMMA 2JJIMIC, ONACAHHLIA BOKPYTr 9TOro nenTpa Tsxkeerm. OmHako
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OpeAnoYTATeNbHEee OTHECTH BO3MYIaeMoe Tel0 K CaMOMY XeHTPalbHOMY Tely B
PACCMOTDPETh OCKYJIHPYIOIIHA 2JAJAANC, OMUCAHHEE BOKDPYr 3ITOTO LEHTPAIE-
HOTO Texa.

9TE nBa METOJAa OMHAKOBO 3aKOHHEI, B CaMOM jfiele, Mul Buaexm B u. 11,
9T0 MOMKHO OTHecTH Telo B K teny A, a Teno C — K meaTpy taxecta A u B,
flcro, uTo MOmHO OHLIO0 OW Takxe oTHeCTE C K A, a B — XK meuTpy taxecta A
u C. Ecnz A npepcrasaser nearpajasHoe Telno, B — Boamymaromee Te10 B C —
BO3MYIIAaEeMOE TeJO0, TO MH BHIHM, YT0 IEPBLIM pelICHMEeM HBJIIOTCHA TO, KOTO-
poe GBNO WPEHATO B 1. 9, M 970 BO BTOPOM PEMEHEH, KOTOPO® MH NPHAMEM
€ OTHEX 0P, 002 Tesa B u C OTHECEHH K I@HTPAJIBHOMY TEXY, HOCKOIbKY IEHTP
raxectd A m C ne;kur B A, Tak Kak Macca C paBHa HYNI.

Torga umeem

Vi—p B
Fl=R+G=—5"+ 6+ ety

2—1—rd),

1 —

rae p ¥ 1—p 03Ha9310T Macchl BOSMYIAMOIEro Tejia M IEHTPAJBHOTO Tela,
r, — PAcCTOAHME MEMAY JBYMA IaHeramMu, 1 — IOCTOAHHOE pacCTOSHHE
BO3MYIIAIOMEro Teaa OT EHTPAaNLHOTO Telda, Iy — PACCTOAHME BO3MYINAEMOTO
Tela OT IHEHTPAJBLHOTO Tela.

- Kaxk B n. 313, momosxmm

xl:L——G, 12:L+G!

2y =1l—g-+1, 292:l+g~t

=FotePn  Fo=pptG= (zl+zg)2+
Vi—p—1 n

T E R 7 e P X

'—I]

ply = (rﬂ—i—r;)

Mul BUEM — B BTO BasKHOe 0GCTOATeABCTBO, BA KOTOPoe f xoTed On obpa-
THTH BHAMaH®e, — 9T0 B 00J1aCTH, M3 KOTOPOH ToUKa £, 7 HE MOKeT BHIATH, pyHEK-
naa F, Bcerga oCraeTcai KOHEYHOM.

Mz opaMeM cnoco0 upefcTapieHnA, YKasaHas# Ha crp. 178, u m300pasum
IOJIO}KOHHAS CHCTOMEI TOYKOH MIPOCTPAHCTBA, KOODAMHATH KOTOPOH CYTh

X — Vz, cos y,
Vz, 4z, —2Vz cosy; |
Vz, sin y, 2Vz, sin U1
V:2+411—2\/—cos v \/12+4:1:1—- 2Vz cosy,

Mer BEIEM, 9TO KOT/l& OTHOIMEHHE Z/Z, DOCTOAHHO, Touka X, Y, Z omHCHI-
BaeT TOP; 4TO 3TOT TOP CBOJATCH K OCH Z, KOrJa 8TO OTHOmeHHe GeckoHewHo,
m k oxpy:kHoCcTE Z=0, X3{|Y*®=1{, Korga 3T0 OTHOIIEHHE PABHO HYJIIO.

IIpomasogane dF,/dz, m dF,/dz, ocTaroTcH KOHEIHHMHE B PacCMaTPEBaeMOR
oDJIatTH, TaK Ke Kak caMa QyHKmua Fy, Kpome ciIydaeB, KOTAA I, WA I OYCHB
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Mano; aroro me Oyner aaa upomaBopEux dF,/dy, u dF,/dy,, KoTopse Moryr
obparuteca B GeckomeunocTs upm r,—0. Orcloga BHTEKaer, 4TO

__dF __aF

S T,

0UeHb Malo oramuawTca or dF,/dry m dF,/dz,. Ha crp. 179 Mu smpenm, wro
OpH CHeNAaHHOM HAMH IIpeJnoiaokeRmn dF,/dz, W, CIefOBATENbHO, N, He MOTYT
o6paTETHCA B HyJb, HOTOMY 49TO mocTosgHHas C xEBHX chl (nmoctossHag C
u. 313 nerxo mpmBoguTCH K nOCTOAHRHOR h m. 299) Goapme 3/2.
CnepoparencHo, Mu .6yeM EMeTh, eCIA T, HE OY€HE Maxs,

n, >0,

u6o npomssopuasa dF,/dr, mMoxkeT obpaTuThCcA B GeCKOHEYHOCTH TOJBKO DPH
z,=0, oTkyga ciepyer, 4T0 Yy, BCEra BO3PACTaeT, 32 UCKIIYEHHEM CIydas
OYeHb MAlKX 3HAYEHHHA I,.
Iycrs M ects Taraa 1ouka X, Y, Z, aro y,=0; ona OyHeT HaxOgATHCH
Ha HOJYIJIOCKOCTH
Y=0, X > 0.

Horpa 2;, x5, Yy, Yo OYAYT E3MEHATHCHA B COOTBETCTBHE ¢ Aupepernmain-
HEIMA ypaBHemmaMHE, T04ka X, Y, Z oOumieT HEeKOTOPYI TPaeKTOPHIO; KOTHA
IDepeMeHHaA Y,, KOTOpPas MOHOTOHHO BO3PACTAaeT, NOCTATHET 3HaUeHHMA 2T,
rouka X, Y, Z, nopuaa 8 M,;, OGyneT cEHOBa HaXOZHTHCHA Ha IOJYINIOCKOCTH
Y=0, X >0.

Torga Touka M, aABIAeTca mocienyomei TOYKA M, COTIIaCHO Ompenese-
gm0 o. 305. Tak Kak y, MOHOTOHHO BO3PAaCcTaeT, TO BCAKAsg TOYKA IOIY-
IIIOCKOCTY MMEeT MOCIeAYIyI0 B NPeRUIECTBYIOMYI0; ACKIIOIEHNe CyIecTByeT
TOJIBKO IPK O9€Hb MANOM Zp, T. €. LA TOYEK DOJYINIOCKOCTH, KOTOPHE O9YeHb
yAaJeHH OT Ha4Yala MJIM 0YeHb OJNU3KA K ocH Z.

M= 6yneM mMeTh METErpadbHEI MEBAPAAHT B cMecae u. 305; momeiraemes
DOCTPOUTH JTOT WHBAPHAHT.

Ypasmenmsg, Oyiyur KaHOHHIECKAMH, ROIYCKAIOT HHTETPAJIbHHA HMHBA-
pHaHT

S dz,dz,dy,dy,.

Ilonomsum z=2,/z, m npuMem 3a HOBHe nepemenssie F', z, y;, Y,; TOTa HHBA-
PHAHT OPHEMeT BUJ
LdF dzdydy, | 3dF'dady,dy,

- ar’ ar’ ) ny + ZoNg *
*17dz; + 22 dzy

M3 aroro 4eTHpexXKpaTHOr0 WHBAPWAHTA MH BHBeAeM (B CANY CYIIECTBOBAHHSA
maTerpana F'=C) TpoiiHO# MHBapHaHT

‘ z3dzdy;dy,

A
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B aTOM TpO#BOM MEBapHARTE Zy, Ly, Ny=—0aF'/dz,, ny=—dF’/dz, npenmo-
NaralTCA 3aMEHEHHHMH QYHKIHAME OT Z, Y;, Y; OPH IOMOIHE YPaBHEHHI

T,=x,3, F'=C.
IIpemeM Teneps 3a mepemensnie X, Y, Z 1 HasoBeM A arobmar ot X, Y, Z
OTHOCHTENLHO Z, Yy, Yo} TOTJa MHBAPHAHT IPUMET BUJ

S £3dXdYdZ
(ziny - zam) A °

Iycrs
 J I J— 1Y
Vit 4—2cosy; - Vit 4&—2cosy
OTKYAa

X = R cos y,, Y =R siny,.
Monomum eme

D=[(R— 1)t + 2% [(R 4 1)* + 27;

OPOCTHE BHRIYUCI/IEHHA JA3K0T
A= _—R_Dz .
8Vz(z I 4)
Cnenosarensso, Ham MHBAPDHAHT 3a0HINIETCA B BHUJIO
Sszg Vz(z-+4)dXdYdzZ
(z1my + zong) RD - °

punneasr u. 305 mo3BonAT HaM BHBECTII M3 Hero CJaeRyOIUi 4uBd-
puaET B cMEciae n. 305:

SS:? Vz(z+ 4) ny dRAZ.

D Zyny + TNy

3nech n, ¥ R urpawor Ty ke poib, KOTOPYX Mrpanm @ M p B amaiuse,
oposegerHOM B 1. 305.

HonuuecTBo moj 3HAKOM MHTErpana CyIECTBEHHO HOJIOKHTENLHO, KpoMe
cIy4ag OYeHb MAlOro Z, T. €. BCIOAY, KDOME TOYeK HOJYIIOCKOCTH, OYeHb
yAaJeHEHX OT Ha4Yala MIA O4eHb ONU3KkuMx K ocm Z.

393. 9to obcroArenscTBo (4TO TOYKAa He OyZeT MMeTh HOCIeAYIOmEi,
eCIM OHAa CIOMIIKOM YJajleEa OT HaJala WId CcaAumKoM Onuska K ocu Z)
Morno Gh OPWYMHATHG HEKOTOpoe SATPYAHOHME, M MOMeT OHTh 00Je3HO
OpeoXONeTs 3Ty TPYAHOCTE KaKUM-HHUGYAs OPHEMOM.
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Mu mornm 6H BOCHONB30BaTHCHA cHadana 3aMedanuem o, 311 m saMenmTs.
JONYNIOCKOCTH KpHBONHMHEeHHO# onEOCBA3KOH o0macreo §. Bor kak Mu BH-
Opanm GH 3Ty KpMBOINMHeH#HYI 001acTh.

EGJIK 12 O4YeHb Mﬂnd, 8KCIEeHTPHCHTET OYCHb MA4Jd M [JB€ MOJAaHOTH Oﬁpa-
WAXTCA B NPOTHBOUNONOKHHX HANDABIeENAX; opuHRuox o. 40 opumermMmn
¥ HOSBOIAIOT YTBEPHA3THh CYIECTBOBaRME HEPMORXHYECKOrO PEIIeHHA OepBOTro-
copra, koropoe OyneT, O4YeBWIHO, YAOBIETEBOPATE CIEAYIONMM YCIOBUAM:.
KOIngecTBa

vz, €os ¥y VZ,8in Yy, x;, cosy,, siny,

ABNANTCA NOPUOJMIECKUME (PYHKIHAME BpPEMEHHU f; KpoMe TOro, ard (pyHk-
LMY 3aBHCAT OT p. ¥ DOCTOSAHHOW JKEMBHX cuil C; OHM DasioRUMH 110 CTe--
neEAM p; nepmop I Tamke 3aBmcHY OT p M oT C; yron y, YBEIMYMBAGTCSH

HA 2w, Korja t ymeawumpaercA Ha mepuox. Haxomen, yz,cosy, m \/z,siny,.
jenaTcs Ha p, Tak 9ro opm p=—0 Mm mmeem z,—0.

Ilpr Bamem cmocobe M300pakeBEUA 9TO NEPHOAHYECKOE peIleHHe, KOTO-
poe A HasHBalO o, M300pasKaeTcA 3aMKHYTON KpuBolt K; TaK Kak Z, O4YeHs.
Mand, KOrja jr OYeHhL Mand, TO 5Ta KPUBAA OYEHb Majl0 OTKIOHAGTCHA OT ocHd Z;
A X071y CKa’aTh, 4TO OHA OTKIOHAETCHA OT Hee CTONb 7K@ MAJ0, KaK OKpYik-
HOCTH O4YeHH OONLINOro pajguyca Malo OTKIOHAeTcA oT upAMoil. Beaxas Toura
xpupoit K 1m0 ogeHys yjasesna or Havana, JuGo ogens Gamska k ocm Z.

IIpu stux ycnoBuax xpuBonuHelimad oGnacTs S umenra OH TepAMETPOM.
xpuBylo K, oma mMano orknoHaAnack Gu or moaymiaockocrE ¥ =0, X >0, aa
HCKI0YeHEEeM HemoCcpeAcTBeHHOH orpecTHOCTH KpuBoi K. Bao 6m nerxo
IpY 3TOM JOONpeRenuTh €6 TakuM o0pasoM, uTOOH BCAKAA TOWYKA 9TOH 00-
JacTH UMela OOCIHexywomy B Helt camoit. na sroro 6mno 6m gocrartouno,
9T00H, ecan A Ha3zoBy (T') Kakylo-HUGYAL TPAeKTUPHIO, T. ©. OAHY H3 XpH-
BHIX, OOpeJeJeEHHX Opu HameM cmocobe m3obpaykennsa AupdepeBnmanILHEHMA
ypasueEBAMM, GHIO OH JOCTAaTOYHO, rOBOPIO A, 9TOGH NORepPXHOCTE S He
Kacajack HM B OJHOH TOYKe AW OXHOM m3 rTpaexrtopmii (7).

Onmaxo wMeeTcs JApyroe cpejcTBO, KOTOPOE B CYIMHOCTH He OTJIMYAETCS
or mepsoro. Jlerko coo0pasuTs, 9TO aHAJNOTrUYHAS TPYAHOCTH Y#e BCTpeda-
nacs B raaBe XII; cnmenoBaTenbro, ME DPHXOAMM K HEOOXOJUMOGTH CeNaTh.
3aMEeHY IepeMeHHHX, aHaJorudHylo aamese m. 140.

ITonroum cnauana

E2 = \/E COS Ygy My = \/—272 sin y,,
3aTeM

§ =8y + 2y, +- 18y,
rae S, — ¢yuruma or &, W, z,, ¥,. llycrs nanee

s as ,__d§ s
Ez=——dn2252+l’“ﬁ:§ T =gg="Te T Iz’
2 2 (1\
ds, . . d§ ds, F

as ’
L= =0 tegl W= gp=htegy
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M, HaKOHeIl,
£,=v2z,cosy;,, m,=\2z]siny,.

Chavana A saMeuarn, 4TO KaHOHMYecKad GopMa ypaBHeHHMH He M3MEHHTCH,
KOTfa fA Nepeiijly OT NePeMEHHHX I, Yy, Ty Yp K Ty, Yys by Mgy 38TEM K I3, Yy,
£, m,, sareM, HaxkOHeN, K Z;, Yi, Ty Yy

Mgue ocraercs pubpaTs dpysrnumio S;.

fl smaw, wro ¢ynrnua F/ B paccmarpuBaeMoii 00nacTH ABAAETCA TroOJl0-
moppmoit pymkmumeit or 2z, cosy,, V2z,siny,, V2,c08y, V2z,siny,.
f1 xouy, urofu oHa ocranack ronomMopdEON PYHKIUEN OT HOBHX DEepeMEHHHX

V2z, cos y, V2] sin ..

&, Cco8
Ina -sTOro HyXKHO HOTpe0OBAaTH, UTOOH CcTapHe HePeMeHHHE \2Z, g Y,
GxuM TONOMOPPHKEMY (YHKIMAMA OT HOBHX HEPEeMEHHHX \/2Zgny; @ OT .

B cBomo ouepegs ANA 3TOrO JOCTATOYHO NPERNOAOMHTB, 4TO 8, — roso-
MoppHad QYHRUHA OT

V2z cosy,, 2z, siny, &, My p

M [JeIHTCA HA I,.
3areM norpeGyem, wTOGH JIA HAIIErO IEPHOXMIECKOrO pemiesua ¢ GuIo

f2=m,=0, z;=2)=const.

Hraxr, oyetsb
52:[1, ‘712:B, :c1=C

— ypaBHeHHWs And mepuopmveckoro pemenuda; A, B, C— dymruum oT Yy,
TCPUOAHYECKHE C UepHOAOM 27 K PA3NOKUMEHE IO CTeHeHAM .

dA
dy;
ee cpejHee 3HAUGHME; MH MOKeM HAWTH JPYIyI0 TAKyl0 HNepHOJHYeCcKYIo
PyHKOUIO @, 9TO

Torna € —-— B raxme 6yner nepuouuecxoii pynxumeit ot y,; nycts 29 —

dA da
C——B=20+-—.
dy 1—*ﬂdh
B rarkoM cayuae Mum A0pxHE GyAEM TOINBKO NpEAUOONOMKHTE, YTO IPH
2, =2z pyrrnua pS; cBOAUTCA K
a — BE; -} AxR. (2)

dtoro GymeT MOCTATOYHO, UTOGH YpPABHEHHA A MEpPHOLAIECKOro peme-
#AA CBOAWINCH B HOBHX HEepPEMEHHHX K

Eé::'ré:(), .’II;:-’E?.
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Ouesunao, MOxEO Halith Qymrnomio pS;, koTopas GymeT pasnodkumoit mo
cTeneHAM \2Z;gin}, ¥ NONUTBCA Ha Z, M KOTOPag B TO ;K6 BPOMA CBOXUTCA
& BHpaKenmo (2) npm z; ==zl

IIpumeM HOBHIE NEPEMEHHHO Iy, Y;, Zyy Ys

Oyexuus F/, xoropas Omua ronoMopdEOH OTHOCHTEIHHO \/2.7:12?3_1/1,
V2z,5%y., Gymer raxxke ronoMopdroit oTHOCHTENBHO V2Zgny., V2Zisnys G
Apyroft CTODOHM, TAK KaX OJENM M3 pemenuii AupdepeEnmanbHEX ypaBue-
euit ABIAETCA

Ea=1,=0, z[=29,

TO0 MH XOIKHH uUMeTh HpH S =1;,=0, ;=20 cregylomue COOTHOmEHNS:

dF’' dF’ aF’
-—,-:—,:——,—:0, 3
a8, dv; dy, ( )

IIpu Mmanmx snavenuax £ i 7, pysruua F' pasnoxkuma oo cremeHanm & 1 7,.
B cuny coornomenmit (3), mpu z; ==2z{ 9ieun mepBoif cTemeHH 3TOIO pasio-
JKeHWsA MCc9Ye3al0T, a UIeHH HYJEeBOH CTGOEeHM CBOAATCA K OOCTOAHHOH, He
3aBACAmME# 0T p.

JTa mOCTOAHHAA HE MOMKET, KpPOMe TOro, OHTH He 4eM MHBEIM, KaK HOCTOMH~
s0¥t xmBHX cuin C, Tak wro yenosua §—=1,=0, z; =29 MOXKHO 3aMEHHTHL
IV IOMAMMU:

fo=m,=0, F'=C.

Taxum ofpasom, upu F! = C wieHs DepBoil CTENEHI OTHOCHTEIBHO &y i 1)
B pasiokeRnmn F! mcuesaror. TpyaHocTs mpomerTexaia oT Toro, 4To FT m F|
CcOflepXKajd WICHH OEpPBOM CTENEeHH OTHOCHTCIEHO

=2z, o8y, M, =2z, sin y,,

9TO, CNej0BATENBHO, NpoUsBORHAA dF,/dz,, ¥MMes WIeHH ¢ 1Nz, oOpama:acsk
8 GeckoHewHOoCTH mpH I, =0,

3neck 8Ta TPYAHOCTH Gollee He CYMECTBYET; MEl He mMeeM 0olee UIeHOB
sepBoit CTEmeHN OTHOCHTEIBLHO E;, My; CiAef0BaTeNsHO, upouwsdsomuas dF,/dz,
ocTaercs KOHeYHOH aayke mpu z,=— 0, u mpomssoauas dF'/dz,, KoTOpasA Ovens
Mano oramuaeTcA or dF/dz,, Bcema coxpanfer ofuH u TOT Ke 3HaK. Cre-
JIOBaTeNbBO, ¢ HAINMMM HOBHIMH [EDEMEHHLIMHM, KOTOpDHE, KpPOME€ TOF0, OTIH-
4aI0TCA OT CTApHX TOJLKO HA OYEHB MAJhe BeJIUYHHH OOPAJKA ., MH Bcerja
OyneM HMeETh

dzz>0

ITpumeM ¢ HAIIMME HOBHIMI TMEPDEMEHHKEIMY YCjIOBHE, AHAJOTHIHOE YCI0-
BUI0 TpejHAymero naparpada, I OpefcTaBUM TOJOMKEHHME CHCTEMH TOYKOH
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OpOCTPAaHCTBA, KOODAMHATH KOTOpPOH ecTh
Vz; cos ys Y — Vzj sin ys
\/:z.,—{—lm:l—2\/:c1 cosy; | Vzi 4 4z, — 2Vz, cosy]
2 \G{ sin y;
Vo + 4z —2Vzicosy;

Z—=

Bce, 9T0 MH roBOpMIM, COXPAaHUT CHIY; TOIBKO, TaK Kak dz,/dt mukorja
He MOXKeT o6paTHTECA B HYIb, 6CAKas MOYKa noaynaockocmu, Ge3a HCKIio-
yeHnda, Gyner EMeTh HOCIeAYOIIYIO.

Teneps A roBopno, 4TO HHTErpPAalbHHA HHBADMAHT BCET4A NONOKATEISH.
Moskno 6mno 6m comMEeBaTLEA 3[6Ch TOJNBKO OTHOCHTENBHO SHAMEHATend,
KOTOpHE ¢ TeMH K€ mepeMeHHHMH 0wl In, -+ ,n, ¥ Temeps paBeR

, dF’ ar'
( ldz] PP dz; )
410, paccmaTpuBad F/ kak (yHKOHIO JeTHpeX IepeMeBHHX
E=y2zcosy;, mi=\22]siny],

MO{HO Hanoucarsh B BHAS

1 . dF’ aF’
_'7< + 1d*z +E2d€ + ”dné)

B aro#t jopMe nerxo BHAeTH, YTO SHAMEHATENb NBIAETCA TIOIOMOPPHEM

orHocuTensuo Benuywm &/, 7' uw p. Ho npm p =0 ¢ysrgua F' ceogutca x

2 —zl

(z1+ 12)2+

¥ JIEKO OpOoBEepUTh, 9TO 3HAMEHATe/Ib BCErjga IO.10KHTeJlEH. Cne,zxosare:muo,
OH HONOXKATEeNeH TAaKXKe M A MalhX 3HaY9eHUM .

394. Urax, B nocrenyomem MH HpUMEM NepeMEeHHHE, OIpejeleHHHEe
B mpeanaymeM nyaxre. 1Ipnm arom orGpocun IITPAXH, CTABIIME HOHYHKHHMH,
n Oynem mmcars F, z; u y, smecro F/, z; u y;.

Torpa Mu nMeem uﬂrerpanbnmi& Mnaapnaxr (B cumucrne m. 305)

ar
| 822Vz(z &) dz,
J= : D ar : ar dXdZ,
%13z, T %24z,

rhe

D=[(X— 1)+ 2] [(X 4 1)* + Z7.



JIBOAKO-aCHMIOTOTAYECKHE PemeHdA 333

Cragana 1 3aMedyy, 4ro 9TOT WHTETDAJBHNI HHBapEAHT, KOTODPHI BCeraa
LOTIOKUTEIeH, OCTAeTCA KOHEYHHM, KOTJA OH pacOpoCcTPaHAeTCA HAa BCKO
TOIYRIOCKOCT,

B camom gmene, ecam \/(X — 1)? 4 Z? apnsercsa GecKOHEUHO Maloi BeIMIH-

€0}l MepBOro IOpAAKa, YMcIuTens Z2\z(z -+ 4) ABIAeTcA GECKOHEYHO Malok
BTOPOro NOpAARA, X TO e camoe Oymer BepHo orHocurensHo D). Eeam

V(X — 1) 4 Z2 senserca Geckoneqro GonbImoOK BeJMYMHOM NEPBOr0 UOPANKA,
9YUC/INTEND OCTAETCH KOHEUHHM, TOrxXa Kak [ asngercA GeckomewHo Goabmoit
BeIMYRHON UYeTBEPTOr0 HOpAAKAa. DBce OCTanbHRE BEIHYUHEH OCTAKTCA KO-
HEYHHIMH.

fl nasosy J, sHadesue mHBapmaHTa J, PacUpOCTPAHEHHOTO HA BCK TOJIY-
WIOCKOCTh.

Ilepuogu4eckue pemeHWS H KDPUBOJHHEHHHE TPAGKTOPHUH, KOTODHE HX
UPEACTABIAKT, XapPaKTEPU3YIOTCA TeM, YTO OTH KDHBHE NEPEeCeKawT HOoTy-
IUIOCKOCTh B TOYKAX, YHCIO NOCHEL0BATEALHHX IOCIELYIOMHAX KOTOPHIX
KOHEYHO; CONUIEMCHA, Hanpumep, xa u. 312 u, B wacTHoCTH, Ha puc. 7 (cTp. 175).

Ha stom pacyHke 3aMKEyTad TPAEKTOPHEA, KOTOPAA NPEACTABAAET NEPHONH-
9YeCKOE pemeHde, IEePECeKaeT HOJYIIOCKOCTh B UATH Tourax: My, My, M,,
My, M,, ABIANMHAXCA TOCHELYOMAME APYr Apyra. Ilisg KpaTKOCTH A HA30BY
momoBuYI0 CHCTEMY cucmemoli nepuoduxeckur moxex, HIM Nepuoduxeckoli
cucmemoll.

Hampomy HeycTORYHBOMY LEPHOJHYECKOMY DEMEHHIO COOTBETCTBYIOT ABE
CHCTEMH ACEMITOTHYIECKHX PEIIEHWA; DTH peNIeHHsA NPENCTABIEHH TPAEKTO-
puamu (B cMmucle u. 312), 1 MHOKeCTBO aTHX TpaexkTopmil obpasyer TO, 4TO
MEl Ha3BaJE ACHEMITOTHYECKMME UoBepxHocTAMH. llepeceuenme acuMnToTH-
9YEeCKO} MOBEPXHOCTH C HOXYMIOCKOCTHIO HA30BEM ACUMNMOMUNECKOU KDUBOL.
Tak jxe, Kar MH BHAEIA Ha PUC. 7, B KajKRo# Touxe M, HeycToH9MBO mepmo-
JEYECKOM CHCTEMH CXOHATCH 9YeTHIPE BETBH aCHMOTOTHYECKHX KpmBHEIX (MA,
MB, MP, M(Q), KoTopHe NOIAPHO Je;KaT Ha IPOAONKEHHH APYr ApYyra.

Hmeetca GecKOHEIHOE MHOKECTBO ACHMITOTAYECKHX KPHBHX, m00 EMeeTcH
GecKoHeTHOe MHOKECTBO HEYCTOMYABHIX MEPHONEIECKAX PEIIEHHN U, CIENOBA-
TeNBEO, CHCTEM HEYCTOMTIHBEIX NEPHOJAIECKHX TOYEK, HAXKE ECIHM MK OrPaHu-
YEMCA PeINeHUAMHE LEPBOTO Pofa, OUpefedeHAHMH B OYHKTax 42 m 44.

BygmeM paznu4aTs aCHMUTOTHYECKHE KPHBEE IEPBOTO H BTOPOTO CEMEMCTBA
B 3aBHCHMOCTR OT TOro, OymeT JH COOTBETCTBYIOIIWH XapAKTEPHCTHUECKMIl
IOKA3aTeNb MOJOKEATEIHFHHM HIA OTPHNATENHHHM; ACAMOTOTAYECKME KPHBLIE
IEepBOTO CEeMeHCTBA XaPAKTepU3YIOTCA CHAELYIOUAM CBOKCTBOM: n-i MOpef-
IIEeCTBYKIaA KaxKoi-1u00 M3 WX TOYEK OYEHb OJHM3Ka K NMEePHONHIECKOM TOUKE,
€CIHE 1 09eHb BEJUKO; JJA KPUBHX BTOPOTO CeMeiicTBa 0UeHb OJMH3KOA K nepuo-
AEYecKoil Touke OyAeT rn-A NOCIEXYWOITas, 4 He N-5 UPEJNIeCTBYIOMAA.

Ha prmc. 7 xpasue MA u MP npuHajlieKaT K IePBOMY CEMEHCTBY, a KpPH-
Brie MB m MQ — xo BTOpOMY.

Mo3KHO paccMaTpHBATH 3TH ACHMUTOTHYECKME KPHBHE KAK MHBaPHAHTHBIE
KpEBMe B cmucie raasyt XXVII, eciu upnuaTts oxHo 3 BYX ClAefymmux
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ycuosmit. BepreMca k pume. 7; My BEREM KpHBYI0 M A, EMEIOMYIO OCAe0Ba-
TenbHNe nocuexywomue M A4,, M,A;, Mg A, MAy, MyA;. Torpa, ecnu mur
YCJIOBEMCA PACCMATPABATHL HATH KPUBRIX M A,, M,A,, M,A,, M Ag, M,A,,
TO BTO MHOHCECME0, OYEBUIHO, COCTABAT MHBADHARTHYIO KpuByo. Wim ;xe eme,.
€CJM MHEl YCJIOBEMCA pPaCCMATPEBATh HOCIEAYION[EE TOJHKO KPATHHE HATH U
Ha3BaTh p-i mocaefynme’ Ty, KOTOPYI 0 CAX UOP Ha3KHBAalIH Hp-# MOCIEAYI0-
meii, To AcHo, wro KpmBag M,A,A45, paccMarpaBaeMan cama mo cebe, Oymer
MEBADHAHTHOA KPHBOi.

Hee xpustie 00noz0 U mo020 e cemelicmea He Mozym nepecedbcs. B camom
zene, 100 »TH {Be KpUBHIe OYYT CXOMUTHCH B OHOHR U TOH e NEePHOAEIECKOM]
TOUKE, HanpuMep B Tourke M,; TOTHA BTHE JBe KPUBHE COBHAAYT (IOCKOJIBKY
wepes M, HPOXOAMT B KadeCcTRe KPHBOH LepBOTO ceMeiicTBa TONBKO MyAd,
BMecTE ¢ ee mpoposuxenuem M,P,), Toraa sajada CBOAWTCA K TOMY, 4T00H
y3HATH, MOKET JA ACHMOTOTHYECKAs KPUBafg UMETh JABOMHYI TOYKY; 3TOT
Bonmpoc 6mJ pemes orpunatensHnM obpasom (m. 309, crp. 168).

Jlu6o »tm mBe Kpmenie GYIYT CXOOATHECHA B ABYX UEPHOJHIECKHAX TOYKAX
ONHOI W TO# 7Ke IEePHOJWYECKOH CHCTEMH, HANPHAMEDP B ABYX TouKax M, x
M,. Ecniz 61 fBe KpumBHE, KOTOpPHME OynyT Torxa MyAd, u M;A,, amenn o6-
myo To9ky @, To Sp-a upegmecTBynmas Touky Q goisxua Ostiia 6B IPH OYEHB.
GoJBIIOM p OZHOBpPEMEHHO OLITh 0YeHB OnMmaKoil kK M, moTomy 4ro () mpmEaj-
anexxur M A,, 7 odens Gaumskoi kK M,, motomy wro Q npummagnesur M,4,.
dro omars abeypaHo.

Jlu6Go, HaxoHeN, J(Bé KPUBHE CXORATCHA B ABYX TOYKAX, HPUHAKIEKAMUX
ABYM DasjimM4ubM NIEPHUORMYECKHM cmcTemaM. llpepimonmoskmM, HanpmMep, dTO
IBe KPUBHE NPHHALIEIKAT IEPBOMY CeMeACTBY 1 4T0 () — MX TOYKA IepecedeHuA.

n-f IpelmecTBYOMan TOYKA @ mpE oueHb GONBIIOM 7 MOJKHA OXHOBpe-
MeHHO ORTHL OYeHb OIM3KOM K OZHOM W3 TOYEK NepBOH MepHOAEYECcKOd CHCTEMEE
M K OJHOM M3 TOYEK BTOPO#A CUCTEMEI; 3TO ONATH HEBO3MOXKHO.

Hanporus, wem ocrosanuil, wmobu dse acumnmomuueckue KPUstlie padiui-
HUT CceMelicme He NepeceKaauch.

Ilyers §$ m S’ — ABa HeyCTOMYMBHX nepuopmieckux pemenms; T u 7' —

COOTBETCTBYIOIIME 3aMKHYTHIE TPaeKTopHE, P P’ — CoOTBETCTBYWOIME HEPHO-
JAIeCKAe CHCTEMEL.
Ilycrs £ m £’ — jgBe acHMITOTHIECKHE NOBEPXHOCTH, IPOXORAMHAE COOT-

BercTBeREHO 4epe3 I m 7' m mepecexaronue DOJYIVIOCKOCTh IIO JIBYM aCHMITO-
TaaeckEM XKpussiM C w C’, OfHa M3 KOTOPHX NEPBOTO, a ApPyrafd — BTOPOro
CeMeicTBa.

Yro npomsoiper, ecix C n C' mmeror o6myw Toury Q7 lIBe mosepxmuocrm
2 m X' uepeceKyTCsA IO TPAaeKTOpPWH T, KOTOpaA OyAeT COOTBETCTBOBATH He-
KOTOpPOMY J[IOCTOIpMMEYaTeIbHOMY pemeHEI o. Tpaexropuaa =t Gyaer mpH-
HAJIe’KaTh ABYM ACAMUOTOTHIECKHM IOBEPXHOCTAM, TAK 9TO IOPH {=-—00 OHa
npubamauresa K I', a upa t= oo ona npabaasares k 7', IIpm ogers GonburoM n
n-a npeimecTsyomas Todxkm @ Oymer oveHs OAM3KOX K OXHOX ®M3 TOYER CH-
cremul P, a ee n-a moclenyomas Oymer o9eHb OAMAKOE K OHON M3 TO4YeK
cucreMur P’.
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CnenoBaTensHO0, peLIEHAE © ABIAETCH O80AK0-ACUMNIMOMUYECKUM.

Bce atm cremcrsma He mMeroT HuYero abcypaioro.

Ho neo6xopmMo pasim3aTs fBa caydas. JIubo nea pemenus S m S’ cosna-
JAl0T, TaK 9TO TPAEKTOPHA <, CHAYala 04eHb OMm3Kasa K Tpaexropum I'=T',
3HAYATENLHO yRAJIfAeTCH OT Hee, a 3aTeM CHOBa Npubiamaerca K amoii sce camolt
tpaextopuu T'=7"'., Torga A cMory ckasaTh, 94TO PeIIEHEE O SIBUAETCH 20M0-
Eauribim. JluGo S ornmuaerca or S', a T — or T'; rorna s 6yay roBOpHTs,
9TO O ABJAETCA 26MEPOKAUHHULM.

CymecTBoBaHEE TOMOKJIMHHLX PEMIeHUE CKOpO 6yjer AOKasaHO; CymECTBO—
BaN¥e TeTePOKJUHNBIX pelleHMil OCTaeTCH COMHHTEIBLHEIM, IO KpaifiHeid mepe,
B ClIyJae 3ajgadd Tpex Telk.

Tomoxnnnnsie pemennn

395. B xonue n. 312 mu1 Bmpenm, uto ayrm A A m ByB; nepeceraiorcs.
Ho nyra A,A, npurapne;xur kpasoix M A4 ,4;, KOTOpaa ABIAETCA ACHMITOTH-
9YeCKOR KpHBOIl IEpPBOTO cemeicTBa, a Ayra By By cocTaBifeT 9acTh KPHBOA
M,B,, npmEajgiexameii BTOPOMY CEMEHCTBY.

Paccysxnenne Apnserca oOmmM, X MK TOJIKHE 3aKJAK0IUTE, 970 B aCHMOTO-
THUECKUE HOBEPXHOCTH, KOTODHE IPOXOAAT 4EepPe3 OJHY M Ty Ke 3aMKHYTYIO
TPaEKTOPHIO, BCETAA KOJIKHH NEPECeKAaThCA BHE 3TOH TpaexTopmm. AcHMOTO-
TH9eCKYEe KPWBHE HePBOTO CeMeHCTBA, KOTODHE CXONATCA B TOYKaX LEPHOTH-
TEeCKOM CHCTEME, BCOIJIa IEPEeCEKAal0T KPIUBHE BTOPOTO CEMEACTBA, KOTOPHE CXO-
JATCA B DTHX KE CAMEIX TOYKAX.

JpyraMu caoBamm, la Kamno# ACMMITOTHYECKOR NOBEPXHOCTH HMEETCH,
no xkpaitHe#l Mepe, OJHO TOMOKIZHHOE /BOAKO-aCHMOTOTHYECKOE pEIIEHHE;
MH CKODO YBHJHZM, YTO MX IMeeTCs GECKOHEYIHOe MHOKECTHO; HO MH Cefiuac ke
YBHURHMM, 9TO HX MMeEeTcsd, IO MeHbIIel Mmepe, jJBa.

Juas sroro BepueMca K pumcyEry Ha crp. 175. CornacHo paccyrkueHEMAM
uyREKTOB 308 m 312, ETErpanpEHit HHBApUAHT J, PACHPOCTPAHEHHKHA HA JEeTH -
pexyronsenk A,B,A;B;, noaxen OHTH Hy/IeM; HMEHHO 10 3T IPHYMAHE HTOT
KPHBOJIMHEHHEI YEeTHPEXYroJbHEK He MOJKeT OGHTH BHIYKIEIM, X LOPOTHBO-
nojoKuble cropoEn Ay A, m B B; pomxum nepecessca. Ilyers Q — ofgua
¥3 TOYEK IePecedeHHs BTHX ABYX AYT. 3aMeTHM, 4ro ToykKa A, Onaa subpana
TPOU3BOIBHO HA ACHMNITOTHYECKOH xpuBoit MA,; eclim MBI BO3bMEM TOURY A,
B caMo# Toure J, To Toura A, OyNeT HAXOMHTHCA TAK;Ke HA KPUBOH M B, u
coBmageT ¢ Touroi B,. Eciam aBe Toukm A, m B, cOBIagyT, TO 8TO 6 OPOM30I-
AeT B C UX UATHME nocilenyiommmnm A; u B,

CrenoBaTensHo, eThpexyroaseEur A B A B, czegerca r durype, oGpaso-
BAHHOM ABYMsA AYT'aMd KPHBOM, HMEIOIIAME OJHU U Te Ke KOHIE. Jra gurypa
He MOeT OHTH BRIYKJOH, IOCKOJNBKY MHTEIDaJbHHN MHBAPHAHT, PACIpO-
CTPaHEHHHI HA YeTHPEXYTONBHEK, MOJKeH OwTh mylem. CremopaTensHo,
meobxonmmo, arobu gBe nyrm A,A4, u B B, nMern eme Apyrae obmue TOYKH,
KpOMe WX KOHIOB.
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Taxmm obpasoM, 6ynyT, mo kpaiHel Mepe, Be pasiHdie TOYKY nepesede-
HEA (eCAHM He CIMTATh Pa3INYHKEIMHA TOYKY M KaKyln-HEGYAb M3 € mocRexyo-
HINX).

CrnemoBatennBo, Bcerga OyaerT, 0 MeHBIIeH Mepe, IBA IBOAKO-aCHMITOTH-
9eCKUX DPEIIeHHSA-

Wrak, npepmomno;xem, 910 T09KA A, m B, COBHAAIOT, ¥ TPOAOIKEM NYIRA
A5 m ByBg no ux nepeoit Touku Berpean B Cy. Mut onpepenmna Takam o6pazoM
061acTh, KOTOpask Ha 9TOT pas GyneT BHOyKIOH (¢ Touxkm spenmsa Analysis si-
tus) m Gymer orpaHEYEHHON IBYMA AyraMu, COCTABAAKINAME 9acTh COOTBET-
-CTBEHHO ABYX fyr ApA; u ByB; n mMelomuMa OfHA ¥ Te ke KOHI[H, a AMEHHO:
Ay=B, n C,.

Ilyers @y — aTa obnacts, a @, — ee n-f nOCTEAYIOIAA; OIEBHIHO, 061aCTh
a,, KaKk Z @, OyfeT BRIIYKJIO! ¥ OrpaHEYOHHOM NBYMS AYyraM# KDHBOM, OJma
M3 KOTOPHIX HEPBOTO, a Apyrag — BTOPOTO ceMeicTBa.

WnTerpan J Gyner uMeTh OZHO W TO ke 3HATeHH® IiA ay ¥ o,. llycrs j —
310 3Hauenne. Tak kax 3mawenme J, WHTErpalsHOro HHBADHAETA JANA BeeR
NONYHIOCKOCTA KOHEYHO, TO ME YBHEMHMM, paccyxpad, Kak B 1. 291, gro ecian

J
n>pJ,

T0 obnacts a, OyAer mMerh 00IMyI0 9acTh, MO KpaliHei mepe, ¢ p ma obnacred

ap {12, ey a’,,v
a TaK KaK n MOKHO B3ATh CKOJbL YrOGHO GOJABIIAM, TO A MOTY chopMyampo-
BaTh CJAEIYIOIHA DE3YIBTAT:

Cpedu obaacmeli o, umeemci GeckoHeuHOE MHONCECIME0 MAKUL, KOMOPHE
‘umerom obupyio uwacms ¢ a,.

Hax Moker cayd9mThesi, 9T0 2, mMeeT o0y HacTs ¢ a?

Ob6nacte @, He MOsxeT GHTH NEJTUKOM BHYTPH &,, HOCKOJbKY MHTETPAbHEH
HHBAPHAHT EMeET OJHO H TO K¢ 3HAYCHWO [JIA DTHUX ABYX obnacteii. Ilo Toit e
npAuaEe obmacTs @, He MomeT OHTH HEIHKOM BHEYTPH @, ITH ABe o6xacTh
HE MOT'YT TaK/Ke COBIACTD; ecIm OHI, B CaMOM flefie, 9acTh ACEMIOTOTHIOCKoi KPH-
BOit (HampmMep, DepROro ceMeificTBAa) COBmAka CO CBOelt n-ii HOCTexymmIed,
TO BTO jKe NPOH3OMLIO OH TaKiKe ¢ € p-Ii mPeSuIECTRYIOWEH, CKOADb 6L BEIEKO
HE OGHLIO p; HO eCclH p BedAHKO, TO 5TA p-f HPEJNIECTBYOMAs OYeRn OAmaKa
K IePHOAUYECKHM TOYKAM, W 0CTAaTOYH0 npmHUumooB raasu VII, 9robu moxa-
3aTh, 9TO TaKOEe COBHA/IEHME HE MMEET MecTa.

Cnenosarensno, HeoGXOAMMO IPEANONOKHTH, YTO HepEMeTp ofiacTm g,
TlepeceKaeT NnepEMeTpP @,; HO nepuMerp &, cocTouT w3 ayru A H,C,, upu-
Haxnexxameh xpupoit M A,A. mepBoro cemeiicrBa, u AyTH

BoKoCo = AoKocov

aprHalesKameh kpesoit M,B,B, BrOoporo cemedcrsa.
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Ananorwuno, nepumerp a, 6yner cocroars ns ayru A H C, — n-i mocne-
ayfomeit pyrn A H,C,, xoTopas GyneT mpmHajje;kaTh TOH jKe acCMMOTOTHYE-
ckoit kpmeoit, wro u A H,C,, T. e. KpuBOii mepsoro cemeiictBa, M RYrH
AK,C,—n-i nocaepyomeit A4,K,C,, xotopag 6yneTr UpUHAJIEIKATE TOH e
acumnroTrudeckoit kpuso#t, uro u A K C,, T. e. KpuBol BTOPOro cemeii-
CTHA,

Tax kar gBe KpuBHe OmHOTO M TOTO K ceMelicTBA He MOIYT mepece-
KaTbcA, TO Heobxopmmo, wrolmr nyra AHC, nepecekana A K C,, nmGo
urobm 4,K,C, nepecexkana 4, H,C,. Ho ecam pgse nyru AK,C, n A H C,
mepecexarwTcda, To uX n-e npepmectByromue A K C . u AH\C, rarxe
Oyayr nepecexatscsa. Ciemosareasno, neofxogumo, utolmr ayra AH,C,
mepecekana n-10  UOCHeAYIOUIYI0 HIM A-10 OpPeJUIECTBYOINYI  JIyrH
AKC,.

Ho nyra A4,K,C,, Bce ee mpemmecTsyoiMe X BCe ee HOCIeyIONiue ITPH-
HajlleKaT OHOY W TOH yKe MHBADMAHTHON KPHWBOI BTOPOTO ceMeicTBa, Ipex -
CTaBJEHHO# Ha pucyHke Ha crp. 170 coBokymHocteio KpmBux M,B,, M,B,,
M,B,, M,B,, M,B,.

Caedosameavho, Oyza A H,C, nepecexaemcs 6eckoneuno MH020 pa3 smou
COBOKYNHOCMbI) KDUGHLT.

Hee mosepxuocty X m X', KOTOPHE IPOXOJAT 4epe3 3aMKHYTYIO TPAEKTO-
puo T, mmeior, CHef0BAaTEAbHO, OECKOHEYHOE MHOMKECTBO JPYrEX KPUBHIX
mepecedenus.

Hmak, na nosepzrocmu E umeemcs GeckOHEUHOE MHONCECMEO 20MOKAUHHBLE
080AK0-ACUMNMOMUNECKUT peuenuli, 970 X TpeGoBaloch M0KA3ATE.

396. Ilyers A H,C, — raras-uubynb Ayra aCUMITOTUYECKOH KPHUBOM Hep -
BOTO CeMeiiCTBa, M NPE0JOKAM, YTO 9Ta AYyra NEPECeKaeT aCUMITOTHIECKYIO
KPHBYIO BTOPOTO cemelicTBa B /IByX KpaiiHux Tourax A, @ C,. fl rosopio, uro
Mmexay Toukamu Ay m C, Bcerna GyAyT Apyrue TOUKHE IepecedeHda ¢ KPUBOH
BTOPOro cemeicTBa.

B camom pene, nycts A K Cy — Ayra KpumBoil BTOPOro ceMeicTBa, COEMLM-
HAomaa touka A, n C,.

Torpa mubo pre nyrm A H,C, u A,K,C, ameror o6mue TOIKH, OTIMYHEIE
OT HMX KOHI{OB, W TeopeMa OKaKeTCA LOKA3aHHOM.

JInbo xe sTH ABe AyrE He EMeIOT APYroi obmeil TOYKM, KPOME MX KOHI[OB
Ay u Cy; Toraa fise Nyru orpaHEYuBawT o6iacTh @, aHaJOrMYHYIO TOH, KOTO-
PYI0 MBI PACCMOTDENM B KOHIe NpeAblymero naparpada; IpUIOMKUMEL Te e
camMble DACCy#JIEHHA, M Mbl MOKEeM 3aKNowuTh, 910 Ayra A H,C,uepecexaer
fecxOHEYHO MHOTO pas KPMBYI BTOPOTO ceMeiicTha.

CrnepoBaresrpHO, Ha ACHMMIOTOTHYECKOH KPHUBOM HIEPBOTO ceMeiicTBA MemAy
KRaKUMU-HuOYAb NABYMs TOYKAMM NEPECEYCHUA ¢ KPHBOH BTOPOrO ceMmeHcTBa
mMeeTcA OECKOLETHOE MHOMECTBO APYIUX TOUEK NepecedeHmA.

Ha #1060ii acumnmomunecrkoii noseprrocmu mexcdy dsyms awbumu Geosro-
QCUMRMOMUYECKUMU PEUCHULMU UMeemcss Geckoneunoe MHOXCeCmeo Opysux
0B0RKE0-ACUMNIMOMUNECKUT Peutenull.

22 A. Ilyamkape, 1. II
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Mu He mMeeM eme IpaBa 3aKIWIATH, 9TO ABOAKO-aCEMOTOTHYECKHE peile-
Hus Beiony naothsl (iiberalldicht) wa acmMnroTmMyeckoit moBepxHoOCTH, HO 3TO
KaxieTcs BEPOATHHIM.

Togkm mnepecedyeHHA ABYX ACHMUTOTHIECKHX KPHBEIX MOMHO pPAa3AeIUTh
Ha FBe Kareropud. B camom jerre, aCUMOTOTHYECKYI KPHBYH MOKHO mpobe-

. TaTh B [BYX HPOTEBOIOJOKHHX HAaNpPaBJIEHAAX; Mhl OyAeM paccMaTpUBaTh
HAOpaBeHERE KaK NMOJOKETENBLHOE, €CIAM MAEM OT TOYKHA K ee NOCJIedyIlome:n,
Ilyers Torma A4 — Touka nmepeceueHWs ABYX KpuBHX, BAB', CAC' — nre
IyTH aCEMITOTHYECKHX KDHWBHX, mepecexarpomueca B A. Ilpenmosokmm, 9To
BAB' nprraguae;xut nepsomy, a CAC’ — BTOpOMY ceMefCTBY H 4TO, 00Xo0fd
KPWBLIE B IOJOKATENLHOM HAOpaBJIEHWH, Mbl maeM u3 A 8 B’ unz A 8 C'.
B zasmcuMocTm OT TOTO, Oyner I Haupasiaenue 4 B’ cupaBa man ciesa ot AC',
TOYKa mepecedeHms A GyneT mepBOil MAM BTOPOH KAaTErOpHH.

IIycrs opm a1Ex yenoeuax A,H,C, — nyra mepBoro ceMeicIra, nepecexae-
vMag B 4, ® C, ayroit A K,C, BTOporo cemeiicrea. HKaxoit Om kareropmm
HK npEHafiIexann A, u C;, COBOKYHOHOCTH ABYX ayr A H,C,K,4, oGpasyer
3aMKHYTYI0 KpuBywo. Ecam nse gyrm He mMeror npyroit o0mei TOYKH, KpoMe
HX KOHI[OB, TO 3Ta 3aMKHYTaf KPHUBAsdg HE MMeET NBOMHOHM TOUKH H OrpaHMYH-
BaeT 0bxacTe @,. Licam Obl {Be Ayru HMeNHm Apyrue oOIMue TOYKHE, KPOME MX
KOHIIOB, ¥ ecim Ow, naupumep, ase ayru A H D HC, u A,K,D\K,C, nepe-
cexanuck B Dy, To MBI 3aMennny 651 Touku A, u C, Touxamu A, u D,, pacnoso-
AmennnIME Meny A, m Cy, a nyra A HCy, AoK\Cy noyma ayramu AH Dy u
AyKoD,, 1 TakuM oGpason upofoixaax Obl 70 TeX NOp, OOKA HE IPHULLIK
Opt K fByM fyraM, He HUMeIEM Jpyroii obmell TOYKH, Kpome wux
KOHIIOB.

Hrax, npeamosoxuM, 9T0 ABE AYTH OrpaEmIaBanT 00dacts a, Coraacuo
TOMY, 9T0 MHl TOJEKO 9T0 BHAen:, ayra A,H,C, nommxua nepeceds GECKOHEUHO
MHOTO pa3 aCMMOTOTHIECKYI0O KPHBYI0 BTODOTO CEMEHCTBa; CJAEN0BATEILHO,
Be00X0gEMO, 9T00% KPHBAs BTOPOTO CEMEMCTBA NPOHMKAla OECKOHEYIHO MHOTO
pa3 BHYTPb o0NacTH @, ¥ OHA [OJFKHA BHITH U3 Hee GECKOBEYHO MHOTO pas.
Ona MosKeT BONTH B Hee M BHETH B3 Hee, TOIXbKO nepecexana A HC,, n60 ona
He MOMeT nepeceds Ayry A,K,Cy. COCTABIAIOMYIO YaCThH KPABOM TAKKE BTOPOTO
cemeiictBa. Ho scHO, 9T0 To9kH, B KOTODHX OHa ODPOHAKAaEeT BHYTPH obiactu,
M TO9YKM, Yepe3 KOTOPLIE OHA BHIXOAUT w3 Hee, He OyAyT NpHHALJIEHKATH ONHON
¥ TO# ’Ke KaTeropud.

HAmax, mexncly 11008MU OeyMA MOUKEAMU nepeceweHUs 08Yx KPUSHT UMeemcs
becrkoneuroe MHoIcecTNG0 Opyeux mModer, NPUHAOAEHAWUT NEPEol Kamezopuu,
U OeckoHeuHoe MHONCECMBO0 OpYsuxT MOYCKE, nNpuHadiercawur 6mopoii kame-
20puLs.

O6o3sragmm wepes (1), (2), (3), . . . mocTeROBaTENIbHbIE TOYKK BCTPEIH KpPH-
BOif BTOpOro cemeiicrea m nyrm A H,C,, oTCIMTaHHEHE B NOPALKE, B KOTOPOM
MBI BCTpEYaEeM WX, CIEysA U0 KPHUBOA BTOPOIO CEMEHCTBA B HOJOMKHTENLHOM
nanpasieEnn. Orm GynyT nomepeMeEHO NPUHAANEIKATH ABYM KaTerOPHAM.
HMayumm wmopsAjgok, B KOTOpOM ME BCTpeYaeM HX, CcAeNyA 0O Jyre
AH,C,.
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JroT OOPANOK HE MOMKET 6EITE COBEPINEHHO IPOH3BOJBPHRIM, H HEKOTO]DLIE
NoCIef0BaTEIEHOCTA HCKJIXYaXTCHA, HApHMEp CHIeAYIoImue:

(2m), (2p), (Z2m+1), (2p+1),
(2m 4 1), (2p), (2m), (2p+1),
(2m) Cp+1), (2m+1), (2p),

(2m), (2p), @m—1), (2p-—1),

TaK ’Ke, KaK Te jKe I0CIeL0BaTeIFHOCTH, B3ATHE B 00paTHOM HOPAAKE, ¥ aHAJLO-
FEYHHIE IOCABOBATENBHOCTH, B KOTOPHX 2m-+1 1 2p+1 3amerens Ha 2m—1 =
2p—1. :

397. Ecam mommrrarscs upescrasuTh cebe Garypy, o0pasoBaHHYIO aTHMHK
OBYMS KDHBHMH M BX GeCUHCIeHHRIME HEePEeCeIeHHAMH, KaKIA0e M3 KOTODHIX
COOTBETCTBYET RBOAKO-aCEMITOTAYECKOMY pemeHuI0, TO 3T nepecedeHdsn obpa-
3yKIT HEYTO BPOJE PENIeTKM, TKAHH, CeTH ¢ OECKOHEYHO TEeCHHIMA NEeTHAMH,;
BM OJHA H3 ABYX KPHBHX HHKOTZA HE [0JJKHA Iepeceds camoe ceba, HO oHa
HOJKHA HABEBATHLCA Ha camoe ¢eba oueHb CIOKEHM 00paszoM, yTo0H nepeceys
0eckoEEYHO MHOTO pas BCe HETIH CETH.

Ilopaskaembess cIOKHOCTH 3TOH QUrypH, KOTOPYI0 fA Aa)ke He NEITAIOCH
u306pasurs. Hugro me sAsaserca Gonee mopxomammM, 9ToOH MaTh HaM Ipep-
CcTaBIEHHE O CJOKHOCTH 38Ja4¥ Tpex Tea W, BooOme, BCeX 3a/ad KEHAMAKH,
B KOTOPHIX HeT OJHO3HAYHOFO HHTErpaja ¥ B KOTOPHX paan Boxmma pacxo-
IATCH.

OcTawoTed BO3MOMKHELRIMHM PA3JMIHBIE UPEXUONOKEHHA.

1. Mo:XHO DpeRuoNIOKHATH, 9T0 MHOKECTBO TOYEK ABYX ACHMIOTOTHYCCKEX
KpuBHX E,, BTN, CKOPEe, MEOKECTBO TOIEK, B OKPECTHOCTH KOTOPHX HAXOLATCH
GecxoHeuHOE YHCIO TOUEK, MpEHAAAexammx E,, T. e. MHOMectBo E, — «upo-
m3BofHOE OT Ey», MOKHO UPERNONOKHTh, TOBOPK f, 9TO MHOKecTBO E, 3amm-
MaeT BCIO NOJNYIIOCKOCTH. Torma ciaemoBano Onl 3aRANUETH 0 HEYCTOMIABOCTH
CONTHEYHOH CHCTEMEI.

2. MosKIio IPenmONOKATh, 9TO MHOKECTBO K, AMeeT KOREIHYIO NJIOIMAAL U
3aAUMAEeT KOHEYHYI0 00JacTh NMOJNYIJIOCKOCTE, HO HE 3aHMMAaeT ee IEelHKOM;
nu60, 9TO YaCcTh HTOM MOJYMIOCKOCTHM OCTAaeTCA BHE meTelh Hamie# cetw, Aubo,
4T0 BHYTPR OHOM M3 3THX meTeldb octaeTcA «upoben». Ilycrs, nanpamep, Uy —
OflHAa W3 STHX IEeTellb, OTPAHNYEHHAS ABYMA MJIN HECKOJBKUMH AYTaMH ACHAMEH-
TOTAYECKEX KPHMBHIX ABYX cemeicrs. [locTpomM mx moclegoBaTelnHEE HOCIHIE-
gyiomme M npuMeHuM k mEM Mertojuky m. 291. OO6pasyem, xax Ha crp. 132,

U,, Us, Us, Usy Ul ..., E.

Obnacts E, eciu oHa roueuna, OyHZeT ODPeRCTAaBASATH OJAMH U3 TPOJEIOB,
0 KOTOPHIX MH TOJBKO 9T0 ropopun®. Kamercs, 910 MokHO OHI0 0N IPEMEHATH
K Heit paccyaerme O. 294 u 3aKI0YHATH, 9TO 3TA OONACTH HOJH{HA COBOACTE.
¢ onHoi m3 ee mocnepymoumx. Ho muomxecTBo E MOeT cocTOoATh H3 oblacTH

22%
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KOHETIION DUIOM8AM M MHOMKECTBA, PACHOJOKEHHOTO BHe »Toi o6mactu, obuan
IJICII3ib KOTOPOro paBHa HyJ. Bee, 9T0 MM MOMKEM BaKIHOYUTh COTIACHO
naJ0KeHHOMY Ha cTp. 138, cocront B ToM, uTo E, (X5 nocaenyromas E) copep-
wuT E m ato muomecrro E, —E obianaeT HyJeBoil naomagspo. AHaJOTMYHO,
muoxecrsa E—E_,, E ,—E ,,, ..., E ,—FE_ ., Oyayr uMeTh HylleBe
mromanu (MEl DOHHM8EM UOf IIOINAJbI0 MHOKECTBa 3HadeHue HHTEerpana J,
PaCUpPOCTPAaHEHHOTO HA 3TO MHO)KecTBO). A ¢ Apyro#t cropomum, E_ ., #5-
aserca vacrsio E_,. Horjga n HeorpaHudenHo Bozpacraer, E_, crpemmTcs
K MHOJKECTBY &, KOTODOE COHEepHMT BCE TOYKHM, COCTABJIAIONME OLHOBPEMEHHO
q9acTh Beex mAomecTB E_ . [lmomans aToro MyoskecTBa € KOHEYHA WM PaBHA
miomany E. Hakonemn, & coBnagaer co cBoeil A mociepyomei.

3. Haxoner, MOKHO OpPENNOJOMNNTH, YTO MHO;KECTBO E, mMeeT HYJIEBYH
mromansk. Torga 3TO MHOMKECTBO OyAeT aHANOTMYHHIM «COBEPIMEHHBIM MHO-
JKECTBAM, KOTOPHE HE IJIOTHEL HM B OJIHOM mHTepBaie» [20].

398. Mu1 morarm OBl OpeACTaBUTh PAa3AMIHEE TOUKH HEPEcedeHA st IBYX KpH-
BHX ciaenyiommMm ofpasom. IlycTs z — mepemennas, KOTOpag H3MEHAETCA
OT —oo JI0 -} oo, KOTa MK cielyeM 0 aCAMIOTOTHIECKOH KPHBOIl mepBOro
cemeiictea M A, ot Touku M, no GecKOHe4uHOCTH, M YBeJHIHBAETCA HA e[H-
HHOLY, KOTJa MBI IEPEXOJMM OT TOYKM K ee IATOH moclejylomed, HanpmMep
or A, ¥ A; (upegmonarad AAs oupeneseEHOCT, IT0 M5l HAXOAUMCA B YCIOBUAX
pucynra Ha crp. 170). Ilyers y — jpyras mepeMeHHas, KOTOPas M3MEHSETCHA
OT 00 10 — 00, KOT/[a MBI CIEIYeM 110 KPUBOiA BToporo cemeiicTsa M 4B, OT TOUKH
Mgy no GeckOHEYHOCTH, W KOTOPAasA YBETAIABAETCA HA €MHALNY, KOTTAa MBI
nepexoauM OT TOYKH K ee IATOH mocaefyomeil.

Pasnuuubie TOYKH TepecedeHus] JBYX KPHBHX XAapaKTePU3YIOTCA NapoR
3HAQUEHNH W ¥ W Ka)KIad M3 HAX MOeT OLITh HPEJACTABIEHA TOYKOH Ha IJIOC-
KOCTM, IPAMOYI'OJBHBE KOOPAMUHATHI KOTOPO# CyTh Z H V.

Taxum ob6pasoM, Mbl 6yneM MMeThb HA IIOCKOCTH OecKOHeIHOe UHCIO TO-
9eK, IpeJICTAaBIARIMEX ABOAKO-aCHMITOTAYECKUE PEMeHus; U3 KamNod wu3
3THX TOYEK MOKII0 TOJYYHTH GecKOHEdHOe YMCIO APYIUX; B caMoM fene, ecin
TOYKA Z, J COOTBETCTBYET NEPECevdeHMI0 IBYX KPHBHIX, TO 3TO ke OyjeT cupa-
BEJJHMBO IJA TOYEK

z4+1, y+1; z+2, y+2; .. . 2+n, y+n,

I7e n — Ieloe, IOJCHATENLH0E WIK OTPHIlATeAblIoe; AiA Toro 4robu HaiTu
Bce maolpaskapwmEe TOIKH, LOCTATOYHO Oy/ieT HAWTH BCe Te, KOTOPLIE 3aKNI0-
gegsl B modioce 0 < z <1 mmm B monoce 0 < y < 1.

Jlpyroe aamedanye COCTOMT B TOM, 4TO IODHAMOK, B KoTOpoM OymyT cieno-
BATh DPOEKIAHA HTHX H306PaKal0MUX TOTEK 114 OCH Z, He OyaeT uMeTh HEKAKOTOo
OTHOIIENUA K TOPANKY, B KOTOpPOM OyayT clefoBaTh MX IPOEKIHA HA OCH Y;
¥ BOT KaKOE€ OTCIOfa CJIeJCTBHE.

PaccMoTpuM HECKONLKO JBOAKO-ACHMOTOTHYECKHX peIleHNit; OpH OTpHUa-
TeJBHLIX ¥ 04eHb GoJpmmX t Bee OHM OYAYT OueHb OJU3KH K TiepHOJEIECKOMY
PELIEHEI0 X HPEACTAaBATCA B OIpefeJeHHOM NOpAJKe, IpHIeM HEKOTOPHE W3
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gux Oynyrt Oosee OMmakumu, a Apyrme MeHee ONHBKUMH K IEPHOMUIECKOMY
pelieHnIo.

3areM BCe OHM CHILHO YHAIATCA OT UEPHOAWYECKOrQ pElIeHmA, HOTOM IPH
DOJOKATENLHKX B 09eHb OoJbWIAX { OBE CHOBAa OYAYT 0O4eHb GJH3KH K HEMY;
HO moz0a onu npedcmasamcs 6 cosepulenno uHom nopsdke. Ecnm m3 paByX
pemresnit meproe OJamKe NpHa f==— co K NEPHONHIECKOMY PEIIEHHTIO, 9eM BTO0O,
TO MOJKET CJIYJATHCA, 9TO OpE i=-co mepsoe OGymer Gosjee ymaleHo OT me-
PUOUTECKOTO PEmIeHUs, YeM BTOPOE, HO MOKET TaKMe CAYIMThCA OGpaTHoe.

Jro 3amMevaHMe CHORA 3ACTABJMAET HAC INOHATH BCIO CIOMKHOCTh 3aJa4d TPex
TeJl ¥ TO, HACKOJBKO TPAHCIEHIECHTHNE (YHKINHA, KOTOPbie HeoOX 0 uMO IpALY-
MaTh NI ee PENIeHUsd, OTAHMYAIOTCH OT BCEX TeX, KOTOPHE MH 3HAEM.

Terepoxnunnme pemeRns

399. CymecTByoT 1U TeTepOKTHHHEE PEIEHHA?

MH MoieM BHUJETH, YTO €CJIM MMEEeTCH OfHO, TO X mMeeTcs OecKkomedHoe
MHOKECTBO.

B camom pene, nycrs M, — TOUYKa, NPAHANJIEKAMAA IEPHAOJHICCKOH
cucteme; uycts MoA, m M B, — nBe acuMnTOTHIeCKHe KPHBHE, CXONANLIAECH
B 2TO# TOouke M,, mpHYEM OxHA TEPBOTrO, & APyraA BTOPOro cemeiicrea. Mu
BHJIEJH TOJBKO YTO, KAaKAM 00pasoM 3TH KPHUBEE OEPECEKATCH, OLpeneNds
TOMOKJHHHEE [BOSKO-aCHMITOTUYECKHE pPEIIeHUS.

Ilyecrs remeps My — Toura, mpuuajieskamad Opyzol NepUOXUIECKOH CH-
creme; nycte My4;,, M B,-— nBe acmMOoroTHYecKMe KpuBhc, npuuem M A
mepsoro, M,B,— Broporo cemeiicTsa.

IIpennono:xmm, aro M A, nepecexaer M B, B Qy; 2To mepecevenue Oyner
COOTBETCTBOBATH TETEPOKJIMUHOMY JBOSKO-aCHMIOTOTHYECKOMY PEIUEHEIO.

Ho ecnn atm 1Be xpusnie nepecexalorcs B (), To oRM OyAyT Tax#ie mepe-
cekaThCA B OECKOHEYHO MHOTHX TOYKax @, — mocaexymomux Touxu Q.

fl yrounsio; s upepmonaraiw, HaupuMmep, 4TO IEPUOJUYECKAS CUCTEMA,
9aCcThI0 KOTOpOU sBAseTcA M, cocTouT w3 maTtu T04ek My, M, My, My, M,;
TOT/la HATasg WOCHeAyIomas awboil Touskm rpmBoit Mo B, Taxme Oymer Haxo-
UWTBCA HA 9TOH KPMBOil M, BooOme, ecixu @, JIEIKAT HA 3TOH KPUBOMH, TO BTO e
Oyner U ¢ ee n-if nocnexyoueil Q,, AU 651 72 GBIIO KPATHBIM NATH.

IpenpnonosxkuM TakiKe, Y10 MEepUOTNIECKAA CHCTEMA, YACTHIO KOTOPOIl fAB-
asercs M|, COCTOMT M3 ceMU TOYEK; Torga, ecam Q, lesxur ma Kpmpod M Ag,
TO 2TO ke Oyzer m ¢ ee n-i mocaenyiomei ¢, 1mmb 66 7 GHIIO KPATHHM CEMH.

Wrax, ecoru iBe KpHBHe uMeIoT epeceyeHue B (Jy, To oHM 6y yT IepeceKaTbes
TaKXe B (J , 1umn 0wl 7 ObTO KPATHHIM TPUALATH TATH.

Urax, nycrs Qoll\Q, — ayra xpusoit M B, a QoK ,Q, — nyra M A,; coso
KYOHOCTE 9TUX JABYX AYT, UMEIODIWX OJ[HK M TO ’Ke KOHIIb, 00pasyer RAMKHYTYIO
KpuByI10. OTHOCHTEIBHO 3TOJ 3aMKHYTOH KPHBOH MBI MOKEM pACCYIKAATH,
Kak B II. 396; MBI BUAMM, CJe/0BATENBHO, ITO €CJHU J(BE JIyT'H HE MMEIOT J|PYyTHAX
00IMuX TOWEK, KPOMe MX KOHIOB, TO OTA 8AMKHYTaf KPUBAs HE MMeeT ABOHOA
TOYKN W OTPaHNIMBAET 00JIacTh, AHANOTHIHYK o6nacTu o, mynxToB 395 u 396.
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Ecam gee gyra mmelor gpyrue obmue TOYKY, KpOME HX KOHI[OB, TO MOHO
Ha#Ty jBe [pPyr@e AYIHE, COCTABIAAIOMEe 9acTh ABYX AYr QoHQ,, QK ,Q,, re
UMEIIZe APYTHUX 00IAX TOYeK, KPOMe MX KOHI[OB, A OTpaHK IUBAIOIAS 001acTh,
aHANOTHIHYH ;. OTHOCHTONBHO 9TOH 00J1aCTH @, MH OyaeM pacCy:KAaTh, KaK
B nyskrax 395 m 396, u ysumuM, 9TO Ha Ka)KEOHX M3 BTHX KDHBHIX MEKIY
nByMa JIO0HME TOYKAMM HEPECeUeHUs ¢ APYroil KpEBOi MOKHO HaiTH GecKo-
HEYHO MHOI'0 APYTMX TOYOK HepecedeHUsA.

310 paccysKfeEue IOKA3KBAET, 9TO eCJIH MMEeeTCS OfHO TeTepPOKJIMNHHOE pe-
DIeHUe, TO HX uMeeTcAd OGECKOHEYHOe MHOKECTBO.

400. Ecan uMeercs reTepOKIMHEOE DEeIICHHE, TO CeThb, 0 KOTOPO MEL rOBO-
puau B m. 397, crasoBuTcH eme 0oJiee CI0KHOA; BMECTO ONHOH-UHCTBeHHOR
KpuBoid M A4, HaBuBawomeiics Ha camoe cebs, HEKorga ceba He mepecexas,
U mepeceKaomeldl 0eCKOHEIHO MHOIO pa3 APYTYI0 Kpmeyw M B, Mu Gyuem
uMeTh fiBe KpuBRe M,4,, M 4,, KoTopsie, HEKOrAa B3aMMHO HE IePeCeKasnch,
AON7KHK IepecexaTb OECKOHETHO MHOro pas M, B,.

B 0. 397 Mm onmpepemmmu mEOxectBo E,;, OTHOCHTENBHO TOUYKH M, u
acumnToTHYecKAX KpuBmX M, A, M,B,; Mu Morium OH onmpefelHTh aHAIOrMY-
HOE MHOJKECTBO OTHOCMTEIBHO TOYKM M, ¥ NBYX ACMMIOTOTHIECKHX KPUBHX
M4, M B,.

EciE reTepoKJIMAHOTO PEINeHAs HET, TO 3TH [BA MHOKECTBA NOJMKHBL Jie-
»KaTh BHE APYT ApYyra; CAefOBATeAbHO, OHA HEe MOTYT 3aDOJHATH MONYLJIOC-
KOCTb.

Ecxu, HEaupoTHB, reTepOKIUHHEOS peHIeHHe CYMecTByeT, TO 3TH JBA MHO-
JkecTBa COBHAaAyT. Mu BEgEM, 9TO CymecTBOBaHMe HOZOOHOTO pemIeHusd,
ecau ObI HaM YHAJIOCHh €T0 YCTAHOBHTH, OHUIO OH a8PryMeHTOM LHPOTHB YCTOH-
YUBOCTH.

B rnmase X111 My mayumau pags Heoxoma m Jlmmgmrepra, B m. 149 mu
OOKAa33JH, 9TO BTH PAJHI HE MOTYT CXOUThCA MJIA BCOX 3HAYCHUN IMOCTOAHHAX,
KOTOpHE B HEHX BXOgAT. Ho onum BOIpOC 0CTaBalCA COMHMTEIBHHLIM, HE MO-
YT 11 CXOOUTHLCA DTV PAILl JIA HEKOTOPHIX 3HAYEHHWHA 9THX LOCTOAHHEIX M,
HAIpAMep, HE MOJKeT JM CIYIATHCH, YTO CXONUMOCTH HMEeT MeCTO, KOTaa
OTHOWIEHHE n,/n, PAaBHO KOPHIO KBAJPATHOMY U3 paqUOHAJBHOTO YHCIA,
HO ABJIAIOIErocda TOIAHM KBajgpatom (cm. 1. II, crp. 420)?

Ho ecnu reTepoxImHHOe pemeHde CYIIECTBYET, TO OTBET HAa JTOT BOIPOE
FojxeH ORTH OTPEOATENBHEM. B caMoM Jese, IPeAION0KEM, 9TO LIA HEKOTO-
pHX 3HAYGHHH OTHOWEHWH 1,/n, pagu Huioxoma ¥ Jlmmmmreara cxomsares,
U BepHeMCHA K HameMy cuocoby npencrasienus. Pemennsa guddepernmalbHEX
VpaBHEHEHH, KOTOPHE COOTBETCTBOBAIM OH 3TOMY 3HAYEHHIO 1,/N,, MPEACTABH-
THCH GH ONIpefeNeHHHME KPRBOJABEAHHMU TPaeKTOpAAMEA. MHOMKECTBO 3THX
KpABHIX 00pasoBaio OB MOBEPXHOCTH, MONYCKAKILYI0 T€ e CBA3HOCTH, YTO
H TOpP, ¥ 3T HOBEPXHOCTH IEpeceKSa Obl HAIY IOXYMIOCKOCTh N0 OIpEee]eH-
HOH 3aMKHYTOd KpuBod C.

M=uokectBo E, 0 KOTOPOM MH TOJBKO 9TO TOBOPHIM, AONKHO OHI0 GH
JeKaTh IEIAKOM BHE 3TOH KPHWBOH MM IEJIHKOM BHYT|NT Hee.
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Iyery Toraa M, m M, — nBe TO4YKM, NPUHAJJIEKAMMUS ABYM pPAa3IHYHLM
cucrenaM. Ecau .M/, nexknt BEyTpM XpuBod C, a M; — BHe dTOH KPHBOHA, TO
MHO:KecTBO E, orHocmrensHo M, momKHO OHTH NENIUKOM BHYTPE Hee, TOrja
KaK MHOKeCTBO £, OTHOCHTeNbHO M| GymeT NeJuKoM BHE ee.

Takum 06paszoM, 3TH ABAa MHOMECTBA He MOIVIM Ol MMeTh HM OfHOM oOmei
TOYKM, ¥ TeTePOKIMHHOTO ACHMIOTOTEYECKOTO pEmeHds, mayimero us M,
B M,, CYmECTBOBATL He MOTJIO OHL.

Ho ecnm Mu jonycTum npefnonoKerue, BlcKasanuoe B Tome I1 ma crp. 420,
KOTOPOE fI TOJIBKO TT0 HAIOMHEMJ, T. €. €CJAHA OBl CXOQEMOCTH HMeNIa MECTO JJIfl
6eckoHe4YHOr0o 4mCJNa 3HAaYeHHH OTHONMEHHHA 1,/n,, HAODPHEMED, AIsi KOTOPHIX
KBajpaT €cTh PAI[MOHAlIbHOE UHMCJIO0, TO CYIMECTBOBANO Obl GECKOHEYHOE MHO-
eCTBO KpuBHX C, KOTOpHIE OTHAENANH OBl APYT OT APYra TOUKHA, HIPHHALIONA -
oe Pa3TUIHLM NEePAONMYECKHM CHCTEMAM. JTO NIPEANOJOKEHHE, CJAEKOBA-
TeJ1bHO, HECOBMECTHO C CYINECTBOBAHWEM IeTePOKJIMHHEBIX pemeHmi (Io Kpai-
Heii Mepe, ecxu gBe Togku M, u M, KoTOpLIC MK PAacCMAaTPUBAEM, WM, TOUHEE,
COOTBETCTBYIOIUE NEPHOAMYECKUE DEMEeHUsi, OTBEJAIOT ABYM DPA3INHTHHM 3HA-
YeHMAM FACIA n,/n,) [*].

CpaBuenue ¢ . 225

401. TIpesxme 4eM OHTATHCH CTPOMTH IPUMEPHl TeTEPOKIMHHLIX pPENICHUH,
BepHEeMCA cefidac K npmMepy . 225, B KOTOpPOM MOKeT OHTH 00HAPY:KeHO Cy-
ECTBOBAHEE TOMOKJIMHHHX JBOAKO-QCHMITOTHYECKHX peNICHHA.

Mu nonommM

—F =p - ¢®*—2p sin? %—p.s(p (v) cos z,

e (p, z; ¢, y) — [ABe IapH COOPHKEHHLIX I1€peMeHHKIX.
3atem moctpomy yHEKOEO fkobm § ¥ pa3noKAM ee mO CTENEHAM =

S=S8,+ S+ S+ ....
OcraHOBEMCH Ha BTOPOM 4WieHe, npedeGperas e, m Haoumewm
S= So + Sie.
3aTeM MH Hanu
S, = A+ \/ETL_S‘VIZ + sinz—g- ay
W, NpHONCHBAA NOCTOAUHEM A, M kA HyneBoe 3HadYeHHe,
Sy= +2yTRoos L

Aanee MK HAM.IA

S, == pemecTBeHHON YacTH q)e"‘,
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rae ¢ — GyHRUIMA OT Y, ompejenseMas ypaBHEHHEM

i +2V2 ) bt sint 4 S < o (y),

Mu nmonoxwnm

¥, mpeamojarad, 4TO
i
2voe’

k=0, ¢(y)=siny, a=

Mu mamutk (ctp. 734, T. Il) pgBa swademma ¢, cooTBeTcTBYOMmMHE ABYM
aCHMMOTOTMYECKUM KPUBHM JBYX ceMeilctB. OnHO ®3 3TuX 3maveHwmi

5 ¢ .-,m t2%4t
b= VIZP‘1+12+H 2 S1+¢2s

t

a jgpyroe —

¢
5 ¢ , 122dt
r__ T res
‘P——\/25‘1+t2 it S1—{—ﬂ'
0
Torma ypaBHeBMAMHM [BYX AaCHMITOTHYECKMX TIOBepXHOCTed OymyT cue-
AYIOmMe:

d .
p = e (semecrBennas gacre [pe**]),

g = v/2p sin —'3‘ +e % (BemecTBeBHAA YacTh [Pe’*]),

7] N
p= sﬁ (BemecTBeEHAA "wacTh [P'e*?]),
— . d N
g = \2u sin % +e m (BewecTBEHHAsI YacTh [P'e*¢]).

Urobn HAWTH ABOAKO-ACMMITOTHIECKME peIIeHMS, HeoOXoquMo HCKaTh
uepecevYeHNe STHUX ABYX ACAMITOTHYECKUX IOBEPXHOCTEH; HAM JOCTATOYHO,
CIef0BATEIbHO, HIPHPABHATE [IBa 3HAUEHAS p W /Ba 3HA4eHMUA ¢.

Ilycts
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Mu mavigem
?d% (semectrennad vacts [Jie™™*¥]) =0,
Edi (BemecrBensas wacrs [Jie™* ) =0

anm, wonaras J = pe”,

z u
2V,

-{—m:Kﬁ—}—%,

rne K — mexoe.

TakoBo ypaBHEHME [BOSKO-aCHMITOTAYECKUX DPEINeHWHA.

9To ypaBHEeHHe J3eT HaM B JEeHCTRATENHHOCTH [BA DA3JUYHHX DEIIeHNS;
OXHO, COOTBETCTBYIOIIEE YETHHIM BHAYCHHHM, BTOPOe — HEYETHHIM 3Hade-
susam K.

402. MomHO yOMBUTHLCH TOMY, 9TO ML HRILJIM TAKAM o0pa3oM TOJIBKO JBa
ABOAKO-aCMMITOTHIECKMX PEIIeHUuA, TOTAA KaK MbI 3HAOM, ITO MX OECKOHEYHO
MHOTO.

Cregymompe npubamKkeHENsA TakKe Janu OB HaM JMIOE KOHEYHOS THCJIO
ABOAKO-aCUMOTOTHYeCKMX pentermi. Haxoso ke obwsacEHerme sroro mapa-
noxca?

B nmpempaymux OYEKTAX MHB BUJEGIH, 9TO DABIUYHLIE XBOSKO-ACHMITOTH~
gecKkme peimeHMs B 0ECKOHEYHOM THCJe COOTBETCTBYIOT PA3NWUYHEM Oepecede-
HEAM onpepeiennoi ayrm A H,C, ¢ pasaumuABMH IOCIEAYIOMEMY APYTOR
nyra A K,C,.

IpegnonoxuM, 4ro HepBast U3 3TUX NOCIASAYIONMX, Berpedaroman 4 ,H,C,,
mmeer nopspok N. Umexo N OGymer, 094eBHAHO, 3aBUCETH OT IOCTOABHOX & M
Gynmer Tem Ooxpime, 9eM MeHbIUe 3Ta IOCTOAHHAH. OHO cmanem GeckoneuHbiM,
kKozda e 6ydem HYysem.

Ho pasiarasg Do cremensiM e U OCTAHABIMBAACH HA IPOM3BOJLHOM WIEHE
pasiokennd, Mbl KakK Obl cauTaeM & GECKOHEIHO MATBIM.

Hyra A H,C, BcTpeuaer Torga nociegyioiiue fApyroi gyru Ay K C, ToIbKO
Geckonedso GONBIMOTO MOPAAKA, M KaK pa3 O6xarogaps dTomy Gonburas d4acTs
JBOAKO-ACAMITOTHYECKEX pCOIEHMH YCKOJNB3aeT OT Hamlero amaxmsa [2].

IIpumepsl reTepoRIMHHBIX peineHnit
403. Tlonmraemcs mepeiTd K 0000MEHMIO M IIOJOKAM
F==F - eF,.

Fy, — oynxuass p, qu y, a F| — dyEKkuua p, g, £ @ J; KpoMe TOro, 3TH JBe
$YHKIMM NEpPHOIWYHK KAK IO X, TAaK U IO J.
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Pacemorpum xpnehe
Fy=const, (1)

rjaa Mol GymeM CYATaTh P IapaMeTpPoOM, § ¥ J — KOOPAMHATAMM TOYKH.
Cpenm 9TMX KPHMBAIX Balie BHUMAHUE HOJKHE LPHBJEYb MMOHHO T€, KOTO-
Pble UMBIOT BONHKE TOUKU, OTH ABOMHEE TOYKM AGHCTBATENBHO COOTBETCTBYIOT
HEPUONAYECKUM pPEIIeHASM KAHOHWICCKHX YPABHEHMIH, KOrHa MBI IPeRIoJa-
raeM, 4To e paBHO HYyIW0, a F cBogmresa K F.
Msr umeem oo? rpusmx (1), ofmee ypaBHeHHE KOTOPHIX €CTh

Fy=h
I KOTOpPble 3aBUCAT OT ABYX IapamMeTpoB p H A.
fl roneroO uTO CKRA3aN, IT0 HamGo0Iee MATEPECHKMH ABIAITCH T€, KOTODHE
MMEIOT [BOMHYI0 TOYKY, 0cOOEHHO B cliyJae, KOTAa Kakwe-HEGYAb M3 3THX KPH-
BHIX UMEIOT fIB€ MY HECKOIBKO ABOMANX ToUeK. Torfa MH fefCTBHTEIBHO BCTDE-

THM TOTEPOKJIMHHbIE PENICHAA.
Kax B n. 225, nonmraemcs mocTpours ¢yEkmuio fxobm S m monommm

S=38,+¢eS; +85,+....
@Oyuruua S, D0JyIaeTCA HeMeQJIeHHO0; MH OyaeM HMeTh

a8 as
‘d—;:p’ ?y_():q' Sosz + S 9dy,

rae ¢ — QyHAKIEA OT Y, OLpejeleHHas ypaBHeHmeM (1) u BaBHCAIIAA OT JBYX
1apaMeTpoB p u A.

3aTeM MBI HAXOTUM )

dF,dS, , dFydS, (2)

B dF,/dp, dF,/dg u Fy M camTaeM p DOCTOSHHOM ¥ 3aMeHSieM B HUX ¢ ero
3HaveHdeM, HoAyuenHEM u3 ypasaenns (1). Cregosarensno, ypapsesme (2) —
TuRefiHOe ypaBHEeHEe OTHOCHTEJBHO IPOM3BOAHLIX 0T S,, K0d)PHIHeHTH KOTO-
POro ABIAIOTCH 3aMaHHKME QYHKOEAMMA OT Z M Y, 3aBUCAMEME, KDPOME TOIO,
0T IapameTpoB . @ p.

Tak rak ¢yuxuuma F, nepmofudHa 0 z, TO A HOIOKY

Fl = Z(Dme‘.mz’

rge @, Tax jKe, KaK ¥ NPOM3BOAHLIE OT F;, BABUCHT TOABKO OT Y.
A momaramw Takxe
— Mz
Sl - Zq)me ’

n Qynruus ¢, Gyner sajmaHa ypaBHEHEEM

dF dFy dy,,
.+ R+, =0, 3)

K03(PULEEHTH KOTOPOr0 ABIAKTCH 3aJAHHHIME (YHKIMAME OT .

im
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Ouensmmno, MO:XKHO HPOMHTOIDHEDOBATE 3TO YDABHEHME B KBajpaTypax.

IlonsiTaeMcs ONpeseuTs 9TUM OYTeM HAIK ACHMOTOTAICCKHE DOBEPXHOCTH,
Cragana Mel ROMKHE BLIGPaTh HOCTOAHHEE A B p TaK, urobm Kpmeaa (1)
EMesa JBOMHYIO TOUKY; A OPEJHONOMY, KPOME TOTO, YTO 3TH LOCTOAHHEE Ta
KOBBI, YTO KaA0MYy 3HAYEHMIO J COOTBETCTBYIOT /(B BE(ECTBOHHKX 3HAUCHHASA ¢
(aro mmeer MecTo B mpmmepe m. 225).

JTE ABa 3HAYEHHA ¢ ABIAIOTCA NEPHOAUIECKEME (YBKIMAMHA Yy, KOTODPHIE
CTAHCBATCA DaBHHMHA ADYT ADPYTY B ABOHHOM TodYke, HaOpAMep IPU Y==Y.

M#b MoKeM Tax sKe, Kax 9To [edaiu B 0. 225, CIATATH 3TH [[BA 3HAUCHUA ¢
aHAJIATHYECKEM IPOAONKeHMEM IPYT Apyra.

Torpna GyHRIMA ¢ OKa3HBaeTCA 00HOFHAYHOL 10 ) W UEPHOLUUECKOI

¢ mepuogoM 4w, mogobuo sin %,

Idra egHo3HaYHAA QYBKOEA GyHeT UPMHUMATH OJHO K TO K6 3HAYEHME NPH
Y=Yy B y=yo+2m.

Ecau 611 BMecTO OgHO#M NBOABOM TOYKHM MBI UMEIU HOCKOJIBKO, TO MEl CHOBA
CMOIIY OH CIATATH ¢ OFHO3HAYHOR QyHKIMEH I ¢ HepUOKOM 47, eca: Ghl TUCIO
ABOLXHKIX TO9eK 6nino BeverHnM. Kemxu 611, Ha060poT, 3T0 9HEI0 GRI0 YeTHEIM, TO
MEI IMeJIH Ol 1714 g fBa 3HAYeHWH, KOTOPHE HE MPHAIKCH GK DOJNAMA, KOTAA Y
VBEIHYHABAETCH Ha 2T, M KOTOPHIE, CICGHOBATEILHO, MOKHO GBIIO OB paccMaTpH-
BAThb KaK JIBE PasiluiHbe OJHOZHAYHHEe QYHKIUM OT Y, MMEIOI{ME Iepuox 2T,

[as onmpepenenHocTE OymeM mpegmosiaraTh, 9T0 Mbi MMEEM J[Be [IBOMHBEE
TOYKM, COOTBETCTBYIOIIHE 3HAYCHHAM Y, M Y, NEPEeMEHHOM y.

Orciofa BHTEKAET, YTO OPY Y=}, ¥ UPH § =Y, ypaBHenne (1) JOIKHO BMETE
ABOIHOM KODEHb, HOCKOJALKY [iBA 3HAYEHHA ¢ COBIANAIOT, X, CIEXOBATEILHO,
gponssopHan dFy/dg momwua o6paTUTBCA B HYNE,

¥paBeenue (3) ABIgeICHA JMHEHHHM ypaBHEHAEM ¢ IPABOX YACTHIO, MHTE-
TPHPOBAHAE KOTOPOTO CBOXMTCH K MHTErPHPOBAHWMIO ypaBHeHHA (e3 npaBoi
94CTH ®, CIELOBATENBHO, K UHTErPHPOBAHUIO YPABHEHMUS

dF, dF, db

OTK Y3

(Dysxnua 0, onpefenennsas TakaM 06pasoM, ABAALTCH TOIOMOpHHON PyHE~
nuelt ¥ NIA BCeX BEeECTBOHHHX SHAUCHHMA 9TOH HEePEeMOHHOU, 38 MCKIIOUOHMEM
3HAYeHRH Y=V, J=1,;, KOTODPHE COOTBETCTBYIOT XBOHHEIM TodukaM. Jlaa arux

smauenmit gyuxuna 0, urparoman pons, aHaNOTUMYBYI0 pONM == tg %— B u, 226,

obpamaeTcd B HYIb MN¥ (eCKOHEYHOCTD.
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3areM MH HaXOXUM
; 6-md_ dy s
¢,, = 0" ——dl«‘: + C, 0",
dq
rage C, — UOCTOAHHAA HHETOIPHPOBAHMSA, OTKYAA

Sl — 2 elmetma: ﬁ_i:?mdy + E Cmeimeimz_
n
dg

Uto6s HAHTE ypaBHEHMS ACHMITOTHYECKMX LOBEPXHOCTEH, MH HATHIIOM
as ds

p:E' q—d_y_’

NIPATHACHBAA UOCTOAHHLIM HMHETEIDHPOBAHUA HaJIeKAIHE 3HAYCHHA.
Crawana npemebperxeM e; MBl IpEMEM, CiIe0BaTelAbHO, S=US;, H AagaMm
MIOCTOAHHKM A W p=p, 3Had9ends, COOTBETCTBYION[WE KPWBOA, MMEIOMEIH [B6
IBOMHBIE TOYKH.
C aram npuliammenueMm fuddepeEnuanbaHe YDABHEHMA NOIYCKAKT B Ka-
9eCTBE UEPUOMIECKHX PpOLICHMH

P=Dpyy 9=y Y=VYp (9)
D = Py q9=1ay, Y=Yy (6)

e Yo, Joi Y1» g1 — KOODAUHATH ABYX ABOHXHHIX TOYEK.

JuA . mpencTaBleHES HAMAX ACHMATOTHYECKHX IOBEPXHOCTEH MHL MoO-
JKeM B3AThL TOUKY YeTHIPEXMEDHOr0 IPOCTPAHCTBA, KOOPAHHATH KOTOPOM
(p+a) cos z, (p+a) sin z, (g-+b) cos y, (q+b) sin y, rme a u b — nse moxo-
FKUTEIbHEe DOCTOSHHbBIE, AOCTATOYHO Golbuive, 3T06H MOsKHO 6HIIO paceMar-
PMBATH TOJABKO IOJOHCUTENbHbIE 3HAYENHA p-+a M q-+b.

Torna ypaBuenus (5) z (6) npepcTaBiaAT IBE 3aMKHYTHE KPHBHE 3TOTO
YeTHPEXMEPHOro IPOCTPAHCTBA, COOTBETCTBYIOINUE ABYM NEPHOAUIECKEM pe-
UEeHHAM.

Uepes KamayHo M3 3THX KPHUBHIX IPOXOAAT ABC ACHAMOTOTUYECKHE LIOBEPX-
HOCTH OfHA IEepBOro, APyras — BTOPOr0 CEMEUCTBA.

Ho c npmusToil cTeneHbo npubiusenys, T. €. eciu Mul npenebperaem e,
9T 9YeTHpe ACHMIITOTMYECKMS IOBEPXHOCTH HOAPHO COBMANAIOT.

B camoM pmene, ypaBHeRHAMHM ACHMNTOTHYECKHX MOBEPXHOCTEH GymyT

pP=Dpg, Fy=h.

Kak mut Bmgenm, ypaBHeHue Fy=h NONyCKaeT KBa KOPHA, KOTOPbHIE CAK-
BAXOTCH UDH Y=Y, ¥ OPHA J=Y,, KOTOPHE HE MEUAIOTCS POIAMH, KOTAA J YBEIU-
gHBAeTCA HA 27, W KOTOPHIE HePHORMYKL! 110 ¥ ¢ nepuogom 2=, [lyers ¢’ mq'” —
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9TH ABA KOPHs; TAKAM 00pa30M, YPABHEHMA HAINAX ACHMITOTAIECKUX IOBEPX-
HOCTe# UPUHUMAIOT BUL

P=Po q=1¢, )
P=pn q=q".

Ho past Toro 4ro6sl yToYHUTH 3HAYEHUE ITHX ypaBHEHUR, Mbl OyneM pasiu-
49aTh HECKOJBKO BEeTBEH Haummx moBepxHocTeidl. Mbl ¥MeeM WeThipe aCUMITOTH-
YeCKHe IOBEPXHOCTM; Ka*K[asg U3 HUX IPOXOAMT 4epe3 OOHY M3 KpHEBLIX (D)
win (6) u genwmTes 3TON KpUBOHA Ha IBO BETBU, KOTOPHE A 0003HAYY CJEYIO-
mumM o0pasom:

IToBepxHOCTEL WepPBOTO cemeiicTBa, HPOXOHAMIAA uepe3 KpEBYIO (D), Oypmer
pasgeneHa Ha fee BetBm N, u N|.

ITopepxsocThr BTOpOro cemeiictsa, mpoxojAmasn depe3 Kpusylo (D), Gymer
pasgenena ua fase BeTBm N, m V.

ITosepxHOCTE HEpBoro cemeiicrsa, mpoxojAmasn gvepez kpusyio (6), Gymer
pasgenena Ha fBe BeTBH [Ny M Vs,

IloBepxHocTs BTOpOTO cemeiicTBa, mpoxofAman depes xpusyio (6), Gyner
pasgeneHa Ha jgBe setBH NV, u N,

Torpga, ¢ OpuHATOH cTeneHp0 HpUONMIKeHUA, YPABHEHHA 9THX BeTBel
OyRAyT MMeTh BHJ:

Ny p=pp 9=45 y>Yu N p=0, 9=9¢, 1<y
Ny p=pDp =4 Y>Yo Ny p=po 9=0¢" y<Vp
Ny p="Dp 9=¢ y>4; Ny p=p,. 0=0¢", y<yu
Ng p=pp 9=9, y>y; Ng p=pp 9=9, y<y.

Mu BaguM, 4TO ¢ 3TOM cTemeHsio npudnum:Keunsa Ase moBepxHoctn IV, -+ N;
n N,+ N cimBawres, Rak H xBe moBepxaoctm N,-+ Ny u N+ N
Wrak, nepeiineM x cieayiomeMy upuOIMKEHMI0O M BO3BMEM:

S§=S8,+¢S.

UroGn 3aBepmuTs onpejeneHme S;, Hajgo BuOparh mocrosauune C,.

Has serseit N, u N; MH JOI’KHH BHOPATH 9THM HOCTOAHHKE TaKUM 00pa-
30M, 9TO0H yHKUME ¢, ObIM pery.ispHel Opu ¢=¢q', y =y, HAOCTATOYHO
cociaTecA Ha aHanu3 Ha cTp. 139 Il Toma, 9TO0H ODOHATH, YTO BTO YCJ0-
BUe JIOCTRTOYHO, UTOGH HOJHOCTRIO ONpeleanTh 3Tn nocroannke. f nasosy S,
¢yrrmuio S,, ompejelNeHHyl0 TaKUM 0ODPa3oM.

Hna setseit N, u N; Mu BuGepem C, TaxuM oOpasom, 9To0L GyHKunH ¢,
ObuIM perynApHH Upu ¢=¢’, ¥ =Y, # HasoseM §, , ¢yHKuNIO S,, ompe-
JeTeHHYI0 TakuM obpasoM.

HAna serseit N, u Ny Mu BuGepem C, Tag, urofs ¢, Gerim perynapus
opu g=gq", y=1y,;; Aaa serseit N, m N, ¢ysxnouw ¢  nomxsn Gurs pery-
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AApHN OpM ¢=q', ¥ =Y,. Mu oGosnaunm uepes S, ;u §, , ABe pynruMH S,
onpejeneHHse TAKUM 06pasoM.
Wrak, ypapHeHMA deTsipeX UOBEPXHOCTEHl NPHHHMAIOT BIIJ

, ds
N+ Ni  p=pptemil;  g=q e 1];
, ds . dS
Ny+ Ny p=pyt+e—3=; g=q'+e 1y2; (8)
, dsy, 3 " dsy, 3
Ny+ Ny p=pote—g=: a=q¢"+e—5~;
1 dS1,4» dsl,-l
Ny+Ng  p=pte—— ¢=0+e——.

Ho saxso orMerurs, 9To (bymcmm §,,1» HaspmMep, PeryiApHAA OpK
Y =Y, uepecTaeT OHTH PeryinApHON UpH y = Y,; OTCIOA BEHITEKAaeT, 4TO HAIY
ypaBHeHUsA cTaHOBATCSA HEeOPUTORHHMY [aske B KadecTBe NEePBOro HPHOIM-
JKeHHMsA, KaK TOABKO MH NpoiifieM 3Ha4YeHHe Y.

Hna Gonbmeit RKOXONUUBOCTH A OrPAHHYYCH CASAYIOUINM 3aMeddHUCM:

IIyers y' w Yy’ — gBa Takux 3HAYEHHUA Y, 4TO

Yol Y <y, <Y

Hycrs M, — TOYKA acHMMITOTHYECKOH KPMBOM, COOTBETCTBYIOmMaAsd 3Hade-
HAo Y'; oycth M, — ee n-f Nociefgyloman; A Ipeanosaraio, 9ro MH Gepex n
pocTaTodro GonbmmuM, 3To0H COOTBETCTBYIOINEe 3Ha4eHwe Y Oniio Gonbwe y''.

3Hadenne, KOTOpPOe CIefyeT IPHUUCATH 7, 0YeBHIHO, 3aBHCHT OT z M He-
OTpaHMYEHHO BO3pPACTAET, KOTAA & CTPEMHTCA K HYJIIO.

Bor, BooGme rosops, 3BadeHEA Yy, OPH KOTOPHX HAIOW YPaBHERMA MOTYT
CIAYKATh HEePBHM NpUOIMKEeHRueM:

N, m Ny Y1 >Y>Yes Nypwm Ny oy >>y>y —2m
Nyu Ny yo+2n>y>y; Nyu Ng oy, >9>Y,

Ecnm mosepxmoctu N, m N,’, Hanpumep, mepecekarTcs, TO IepecedeHue
OyaeT cooTBeTCTBOBATH MeTePOKIMHHOMY ABOAKO-aCHMITOTAYECKOMY PeIMeHUuIo,
KOTOpOe NpH t=-—oco OyAeT o9eHb OJIM3KUM K MEePHOXUIECKOMY permeHmio (5},
8 upm t=-4co — O0YeHb OJM3KHEM K DepHopmdeckoMy pemermio (6).

Jas wccrepoBaEMSA 3TOrC mepecedeHds COLOCTABEM ypaBEewws N, m [V

a8y, a8,
P=pote——1 P=Pte-—4—;

OYeBHAHO, IepecedeHue 6YIIET 3alaHO YpPaBHCHUEM

d(S;,1—81,4)

P =0. (9)
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Pasmocrs S, ;—S5; 4 ABNAETCA QYyHKIHEER OT Z | Y, PABAOKHEMOKR HO I@JIBIM
NOMOXHATEJBHHIM A OTPHIATEJBHBIM CTENEeHAM

eie;‘z.

Ham BamHO, 9TO 5TO mepmop#decKas GyHKIHEA OT Z; CJIeA0BATEILHO, OHA
JONYCKAET IO MEHbIIeH Mepe OffMH MAKCUMYM W OZWH MWHAMYM; TaKuM obpa-
30M, ypaBeesxe (9) fonyckaer, Do MeHbIIe# Mepe, ABA PEINEHHsA, 4TO CBOMUTCH
K YTBED’K[EHMI0, UTO MMEeTcd, IO MeHbmed Mepe, /B4 TeTEPOKIMHENX pe-
IeHHs.

Mu goxasanm GHI Take, 9TO HMEETCHA [BA PEmEeHMA, COOTBETCTBYIOMHX
nepecedeHusM moBepxmocTer N, @ N, ABa pelleHAs, COOTBETCTBYIOMMX IIO-
BepxHocTAM N, m N, u nBa — momepxsoctam N m N,

Hpeamnymuit aHaIA3 HE NaeT FOMOKIMHHBIX PEIIeHMH.

404. Boawsmem, Hanmpmmep,

Fy=—p—q*+ 2psin? L 0sin? L5200,
F,=yp cos z sin (y — y,) sin (y — y,).

Ilepnoguueckme pemernws (5) u (6), K KOTOPHM CTPEMATCA TeTePOKIMHHLIC
pemeHusa npu {—=—oco | t=-}co, TOTAA CYTh

r=t, P:QIO, Y=Y
z=t, p=9g=0, y=y,.

Mu samerum, uto upuw p==0 ¢yEruma F cBomurca k —p—g®. CaenoBa-
renbro, npu p=0 dyaxqua F 3aBECHT TOAHKO OT IEPEMEHHLIX IEPBOTO PAAA P
H g B He 3aBECAT OT IEePEeMEeHHHX BTOPOro psafa x u y. Taxmm obpasom, PyHK-
nna F mmeer gopmy, paccmorpenrEyw B nyHkTtax 13, 125 m 1. &.

OREako ML HE OrpaEMYAMCH DTEM IPUMEPOM, KOTOpHH MOKA3HIBAET, UTO
KaHOHNMYECKHe YDaBHEHHA BHAXA, PACCMOTPSHHOIO B m. 13, Moryr gomyckarn
TeTePORIMHHAEE peIlenus.

B camom pexne, o6a pemenus (5) 1 (6) COOTBETCTBYIOT ONHOMY 1 TOMY e 3Ha-
qeani0 xonwdect® dz/dt m dy/dt, a mmeHHo:

dz

dy__
E:i, vl 0

dat — 7

Ho »ta Benmumasl dz/dt u dy/dt ABIAIOTCA He 9eM MHHIM, KaK Y4CIaM¥u, Ha-
3BAHEHIMHA BHINE N, ¥ N,.

CreqoBaTeTBHO, ME BMIHEM, YTO CYHIECTBYIOT ABOAKO-aCHMOTOTHICCKEE [e-
ITeHEMA, KOTOPHE NpPH {=-—00 M OpH {=-}co HEOIDAaBMYEHHO IPHOAMKAIOTCH
K [IByM DAa3aMYERM IEDPHOAMYECKEM DEMEHHAM; HO STH /[BA IIEPHOAAYECKIX
peIneHMs COOTBETCTBYIOT OJHNAM W TeM jkKe BHAUCHWAM THCEN Ny W M.
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Urak, s cefiuac mocTporo gpyroi mpEmep, B KOTOPOM ME YBHAHM ypaBHE-
HUS TOH ke GopMHL, 9T0 ¥ A0 1. 13, KoTophe 00JIaJaI0T KBOAKO-ACUMOTOTHYE-
CKAMM peIleHHsAMY, HEOTPAHMIEHHO UPUOIHKAIOMEAMECH K JBYM IEPUOLH-
YeCKUM DEIeHAAM, KOTOPhe He TOJIBKO DA3IHIHH, HO M COOTBETCTBYIOT pas-
JNYHBIM 3HAYGHHAM OTHOIMEHHAS N,/M,.

fI emory noxaszaTh, UTO 9TU peIIEHMSH CYMECTBYIOT JJA 3HAYCHUHA p, OJu3-
KHX K eJWHHUNE, HO, K CO’KAJIEHHUIO, A elle He B COCTOAHAM YCTAHOBUTE, ITO OHA
CYLIECTBYIOT TAKiKe IDH MAJHX 3HAYOHUAX W.

405. Mu BozsMeM [Bé HAPH COUPAKOHHEIX II@PEMEHHLIX

Ep M B My
AU 3Ke
Ty Yis Tas Y
mojaras
£, =2z, cosy,; 7,=y2z, siny,.

Jra 3aMeHa IIeDEMEHHHIX HE MEHJET KAHOHMYECKOH (HOpMHI ypaBHEHHIA,
Mu BO3bMEM

F=Fy(1—p) + ..

Ilpegnonoxum, aro Fy — dyraruma, ronoMmopdHEad 0 T, ¥ T,, HE BABUCH -
Madg oT Y, | Y,; 9TO UpU = a?/2, z,=1/, Ms mMeeM

aF, aF,

li—:C;——O, Ez—l-——i
u 9ro npm z,='/,, z,=a?/2 Mu uMeem

arF, aF, _ A.

=, SRy,

A OpeRmoiarawp, Jro BeaqmamHa o < 1.

W3 srux mpeamonoskeHHil BhTEKaeT, 9ro ecau moaoxars p=0, oTkyaa
F=F,, 10 samu ypaBHeBHs GyIyT AOOYCKATH [BA 3aMeYaTENBLHHLIX HEPUOMH-
YECKHAX DpEINCHHA.

HepBoe pemenne, KOTOpoe A HAa30BY O, 3aOMIIETCA B BHUE.

a2 1
=75 To=73; Y=t y,=0,

&

E,=acost, 7,=asint, §=1, 13,=0.

Bropoe, xoropoe s mazoBy o', samumercs:|

e

2
z, = z,=== ¥y, =0, Yy =1,

1—71 9
£, =1, 7, =0, §,—=acost, m,=—oasint.
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Ileproe pemenme cooTBercTByer n,=1, n,=0, Bropoe — n,=0, n,=1;
3T JBA NEPUOXHYIECKAX POINEHESA HE COOTBETCTBYIOT, CIENOBATENBHO, ONHOMY
M TOMY ;#e 3HAYeHWIO OTHOWMEHHA N1y/n,.

Iaa onpemenemms F, A moxaramo

§,=1-—rcoso, &=1—rsino,

OpANUCHEBAA nepeMennoﬁ r CYImeCTBEHHO IIOJOXHUTEJIbHOE 3HAYCHHEe.

3areMm § IpegmoNAaraw, YTo (€CIH p — OUCHB MAN0E HOJQKATENBHOO KOIH-
4eCTBO) MH HWMEeM IpH I > p

9o

73 —1)2 w©
F—— .1;—"1 _r - ) +5¢£z)- 1)

rre ¢ (®) — QYHKIMA OT w, PEryaApHAA JJIA BCOX BEIECTBEHHKX 3HaUeHH o,
nepHOJHYECKAH ¢ HePHOKOM 27 U, HakoHeN, o6pamanmancs B HY.Ib BMECTe
co cBoeit npomssoxHod npr 0=0 # mpm w=mn/2.

Tax xax pyrrnus (1) Guna 6u 6eckonegnoit upn r=0, 1. e. mpm § =§,=1,
TO A NPesuoaoy, 970 npH r <, p Qynxuua F, OpHHEMAET NPOM3BOILHHS
3HAYEHNA, OfHAKO TAK, 4TO OHA OCTAETCA KOHEYHOE M HOIpPeDHBHOU, KAK H ee
DpOM3BOJHEIE IOPBHX ABYX IOPARKOB.

Jlerxo nporepuTs, yro npa p=1, T. e. npu F=F, RaW# YpaBHEHUA TAKIKE
TOIYCKAIOT {BA IEPHAOUIECKHEX PEIIEHUA O U o’; I MOPBOr0 M3 ITEX PeMeHUuR
mu mMeem o=0, #Aua sroporo — w=wn/2,

OtTcroga ME Cpasy e 3aKI09aeM, UTO 045 6Cexr 3HAHEHUL p. HAITIH ypaBHe-
B OYAYT KOMYCKATH DTH JBA NEPHOTHIECKUX DEINCHHH.

406. Ceiiyac MH IpPOMHTETPMpPYEM HAIIH ypaBHeHUA B caydae p=1 (mo
KpaitHefl Mepe B IPeAINOJOKEHMH, 9TO I' BCEIKA OCTAeTcCHd > p).

Ecnz 661 MBI DpefIonoKenu cHagana, aro e=0, To BeTpermanch Gul ¢ 3aja-
geii MEHTPAJBHEX CHJ, M MHTETPHDOBaHEe BHIOIHAXOCH Obl 603 Tpyma. OHo
fyger HmuyThL He TPDYAHee u B obmem ciaydae.

B camom pene, mMeron fixo6m mpmBoaMT K YpaBHEHMIO B YACTHHIX IPOH3-

BOJHEIX

LY 4 () H b,
rae b — nocroaunad. llonoxum
z(%) —s @@=k,

rjae k——BTO]’)aH OOCTOAHHAA, M MH UO0Iy4IUM

Sz\/ESVh—riz—(’—‘zﬂdr+\/§5'\/k+sq,dm.

23 A. Ilyamrape, T. I
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Taxkum o6pasom, ofmee pemeHnme HalUMX VPABHEHUWIT UMeeT BUJ
E—Dn+E— 1) =V2hrt —2k —r2(r — 1),
(El - 1) 712"‘(52”— 1)"11 :\/2\//‘- + ed.

rdr
—=h' +t,
V2hre — 2k — r2 (r—1)2 +

¢ dw 2dr

— =k,
,S“/Zk—{—quJ ,S‘rVZhrE—Zk—ﬂ(r—i)z
0

rae W' u k' — nBe HOBHE DOCTOAHHHE.

Mu majizeM Hamy jgBa NepUOLWYECKHX pemennsa o M of, naBasg HOCTOAH-
HHEIM YaCTHHE 3HAYEHUH

a

k=0, h=%, KyZ%=0,

a2 T [
k=0, h=—, Kk \2k=-,
2 2
IIpeanonomxaM, 9T0 MEl XOTHM BOCHOJNB30OBATLCH ypaBHeEmeM (2), 4ToOH
onpejenwrs r B QyBKUuUN A’ -+1; eclW MBl HaauM DOCTCHHHEM k M h 3nadennus,
bamakue k Hymo u o?/2, o r Gyaer nepuopmuecKoil dyHrumen {-+A’. Muimo-
JIOKUM

u=n (t+~’),

rje 9uclIo n BHOpPaHo Tak, yToObl 7 OBLIO mePHOAMIECKOM QyHKIUEH OT U ¢ 1e-
puofioM 2w, JTO UMCIO 7, KOTOPOE SBIAETCH 9eM-TO BPOJAE CPEJIHEro ABH;KE-
HusA, Dyjer, ecTeCTBENHO, 3aRUCETL OT IOCTOAHHLIX h u k.

Amnajsiorugno, dr/dt Gypger nepuopmueckoi QyHrnuMe#r or u.

Hpu k=0 Me uMeeM 1pocTO

r=1+ 2k cosu.

407. Vtax, MH HMeeM JBA NEPHOJWYECKUX pPEUNIEHUA S W ©', KOTOpPHIE
OpPeACTaBIEHEl JABYMS BaMKHYTLIMYM KDHBBIMU, €CIM MHL YCIOBHMCH pac-
CMaTpPHUBATH BEIUIMHE £ 11 ¥ KaK KOODJAMHATHI TOYKA B YETEHIPEXMEPHOM TPO-
crpasctBe. Yepes KamAyo M3 3TAX KPUBHIX OPOXOAST ABE ACHMITOTHICCKUE
OOBEPXHOCTH, OJHA — LEPBOr0, APYras — BTOPOrO CEMEUCTBA; MEl YBHAUM
ceiigac, 9TO 9T UYeTHPE HOBEPXHOCTYM IIONAPHO CIMBAIOTCH, KAK ITO HMCIO
mecto B m. 403 [ypaBmenme (7)] nmpum mpemebpe:cenun e.

B camom gene, grobn HailTu ypaBHeHuA 3THX IIOBEPXHOCTEH, JIOCTATOYHO
ATk NOCTOAHNEIM & w1 A sraverua 0 m «2/2; trakum 06pa3oM, MBI HOJTY9HM

E—Dn+E—Dn=rye—(r—1)7
E—Dn—E—1)n= ivlz“f;’
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TaKoBH ypaBHeHUA aCUMUTOTHYECKUX UHOBepXHOcTel npu = 1; Mu BuguM,
YTO HAIIIY TO.IBKO J[B€ U3 3THX NOBEPXHOCTEH, COOTBETCTBYIOI(HE HABOHHOMY
3HAKY y BTOPOrO pajuKana.

I pednosoxcum, umo Pyrnryus e, o6 pawsaroyascs 8 Hyav npu 0 =0 u 0=
= /2, nosoxcumeavHa 045 6CCT OCMAALHLIE 3HAYEHUL O,

Tenmeps MH TODHITAEMCSA COCTABUTEH YPABHCHHA ACHMOTOTHIECKHX LOBEpPX-
sHocTell A sHadenmit p, Gouskux x 1.

Mu umeem

F=F 4 (1 —p)(Fy—Fy);
F, u F,—roiomopdpnsie yrxipunr or § M 7 M, CHe/0BATENBHO, OT I, ©,
dridt n dow/dt.

YpaBHeHHA HAIDAX HOBEPXIOSTEH 3aNMMYTCA B BHJE

(El——i)m—*—(Ez—i)n?:rdd-—Sr,

S
(51——1)712—(52—1)7112%——,

rje S-——(bYIIKILHH OT I ¥ W, YJO0BIETBOPAKIIAA YPAaBHEHUIO B YaCTHHX HpPO-
HN3BOJHHX

F = const,

M T pPOH3BOJHAL dr dUJ 3 HAI H ) L ds
B KOTOpO:. pon 3 e d dt dMEHeHhl Ha F H T_ZH'

Pasnowum S mo cremedsam 1 — p:
J— 2
S=8+1—p)S+{d—p2S+...,
MH I0JIY9MM B NEepPBOM OpPHOIM;KEHMN YDaBHEHHMA aCHMOTOTHYECKHX HOBEPX

HOCTEH B BHJIE

(51—1)ﬂ1+(52~1)ﬂ2:r——+( p)r ddf.ly

6— 1) — G — ) =G0+ (1 — ) T,

Mu yxe namnn

a8,
dr

d

=\ (r— 1P, _ﬁ_ +20.

Ocraerca onpeaennTb Sl’ JUIA 3TOro0 MBI MMeeM Yy]DaBHCHHUE

d8q,dS, , 1 dS,dS,

d_r"dr+ do dw =F —F

IIpoussonune dr/dt u do/dt B upaBoii 4acTH MOKHH OHTH 3aMeHENH

—_— 1dS %
Ha dS,/dr = \/a® — (r — 1)? 1 ua ﬁ%’: + ,'22541 . Taxum oOpasom, 8Ta npaBas

4acTh ABIAETCA U3BECTHOH QyHKUuedl oT r U o,
23+
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Ypaseenme npuEEMaeT BUJ
P \al — (r — 1S o Vg Sl (8 — By,
ITonoxnam
—f(___4da
—‘Slr'é‘\/a‘l——(r—— 1)2'

Mu BuguM, garo r u ya*—(r—1)2—uepuopuueckre ¢ysrumm or v,
O MH JOUKHH CcIMTaTh S QyHKNHed v u w.
Torga Hame ypaBHeHHe IPAMET BHJ

e e )

YlpaBas 4acTh — M3BecTHaA QYHKOUA OT UV U ©, NEPHAOSHIECKAH OTHOCH-
TeIBHO V.

9JTo ypaBEeHHe — COBPPIIEHHO TOIO jKe BHAA, 4To m ypasHenme (2) m. 403,
IPHYEM U HrPAeT POib Z, & ® — Y.

Mu mocTynuMm ¢ HEM TaKHEM ke o0pasoM; MH onpepgenmm meropamda m. 403
geTnipe QYBRUEA Sy, 1, Sy, 3 Sy, 3 Sy, 4 COOTBETCTBYIOMHE YOTHPEM ACHAMITO-
THYECKEM IOBEPXHOCTAM.

Rak 7 B 0. 403, Mur HajifeM, 9TO 9TH aCHAMIOTOTAYECKHAE IOBEPXHOCTH Iepe-
€CEKaIOTCA M 9TO0, CHEXOBATENBHO, CYMECTBYIOT T'STePOKIHEHLIe PONIOHHA,

Ho 310 ycraEOB/I€HO TONBKO KA 3HAYEHME p, GMM3KEX K 1; A He 3HAI0, CIIpa-
BO[IMBO JIK 3TO TAK:Ke NI MAJKX 3HAYCHAA p.

Taxmm o06GpasoM, pe3yabTaT ABIAETCA HOBOJABHO HEHOJNHKM; OfHAKO 5
HaJEI0Ch, IT0 MHE LPOCTAT AJIMHHOTY STOrO OTCTYILIGHHMH, H60 BOLPOC, KOTO-
DPHI A CKOpPee MOCTABWJA, 9€M PEIIHI, OKA3HBAETCA HEIOCPECTBEHHO CBA3ZAH-
HBIM ¢ BOIPOCOM 00 ycToiuuBOCTU, Kak A Dokasad B m. 400.
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