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TIPE/IMCJIOBUE

HHTepec K NAPEHHI0 Tea B CBOGOXHOM COCTOSMIUM NPH IOMOIUI MAT HHTHBIX CHI BOSHHK
yie B r1yGokoii ApesnocTu. TISTECOT 1eT HIBECTHA JCTCRIA, COIACHO KOTOPOii capKodar
Maromera, IPHTSIHBASICH K MATHHTHOMY CBOLY, BHCHT B BOJIYXE H HE KACACTCS KAKIX-
mio npexmeros. B Goee nozamion omoxy (I—I1 B. 1. 3.) ¢ HOMOUILIO MATHHTOB HBITATHCE
3ACTABNTE BHCETH B BOYIYXC CTATYH XPAMOB.

B nacTosIIee BpeMst HITepec K JCBHTAIMI He TOIBKO HE 065, HO XA YCHLICS,
I cosmano ¢ i i 1ormm
(usmaeckuii oxcnepHMenT ¢ npoduBIM TexoM (8], mpuGopoctpoenne [52, 56), Tpanciopr

1261, w ap) NoJBecka BATONA MOBOANT MPEOXOACTH
y yiommii d1u Ko:iecHoro Gaphep 110 CKOPOCTH, JAUHTENLHO YMCHBIINT
wIyM i noBBICHT
TpenmymeeTna cuerem MarunTHoi o ¢
nator PACCHN THIBATH HA BAAHBIC NOCICICTRIS.
Todtomy y Mac B crpame u 3a pybexom B o MarnwTHO
i Goanumoii way i nore 3a nocaeaune naTH — KecHTH
aer BO3POCIO WMCT0 MY ii 0 NATCHTOB MO AaNHOii Teve.
Co3tambi u BHEApEHBI puGOpI, " oBpasus

TPANCHOPTHRIX YCTPOICTR ¢ MATHNTHOI ONOPOi. DTHM yemexam IuatumTeIbHON Mepe
CHOCOBCTROBAN MPOrpece, AOCTHIHYTHIE B MCXANMKE, HIEKTPOAMHAMIKE, TEXHHUCCKOi
i W APYIHX 0BaacTAX.

Oanako B >T0ii 061acTH erite WMEIOTCS npoGaaembi o
cpa. Takoit ii, Teco i ¢ i w
smametcss  mpobaema  yeroii « i encrempr. Oma

pacemarpusazack eme FunGepron (1600)  Mpumoy (1842). Mn Grin yeranosaen



axr ii MarmiTHO# Kondurypaum).
Brapoa o necrabuabocTn pasnosecks yrounna Bpayntex 169] (1940). On
NOKa3A, WTO PABHOBECHE MOKET GITh YCTORMMBLIM NI HATHYHN B CHCTEMe
amavarmmroro Tena, OINAKO B CBS3N €O CAAOBIM  MpOSIBACHHEM
AMAMATHETHIMA ¥ OGMHBIX BCUICCTB (32 HCKTIOWCHNEM CBCPXTPOBOIHNKOB)
PesyabTaThi BpaynGeKa He moIy TN IIMPOKOTO NPAKTHIECKOTO NPHMEHEHHS,
CymecTnennoe npo/BIkeNHe B NPOGIEME YCTORMMBOCTH CTATHUECKO!
MATHHTHOIi CHCTEMBI GLLIO 10CTHIHYTO G.12T01ApS NPONKHOBENIIO B 05IACTL
i wpeii C panee
HeyCTOIUMBOI CHCTEMBI OKAIANACK BOIMOKNOI GAArOZAps  ympaBiemmio
MATHHTHEIH citami. HMEHNo YIPARISeMas MATIHTHAS NHOABECKA NOXYHIA
B HACTOSIICE BPEMS MUPOKOe Pa3eHTHE. KPOME TOT0, OTKPhITHE WIEA/LHONO
AMAMATHETHIMA  BEUlCCTBA B CBEPXNPOBONSIEM  cocTosmuH (et
Meiicenepa — Oxcempennia, 1933), a Tawae onbirel Apkannena (Hucruryr
@uamacckux npodaem, 1945) pasmuTHIO
CHETEM HeYNPABIAEMOil MATHTHOI TeBNTAIIH.
K nposiieme yCTORMMBOCTH MATHITHOI CHETEMBI OTHOCSTCS! PE3yILTATHI

HO M3YMEHHIO HOBCACHHS ACTHI, O0AJAIONMX «HCTHRHBIMY MALHHTHBIM
MOMCHTOM [75]. ITH Pe3YALTATEL B CBOC BPEMSI HIPAN BAKKYIO POTE B TeOPHI
Mesona u saepubix e (Tawy, 1940). ORu cOCTOST B ToM, WTO cBOGOMHAN
MArHHTHAS YACTHIA He OCTACTCS HA CTALM- OHAPHOI| TPACKTOPHH, A MALACT HA

ArHUTHO NpHTATMBalomuii uentp («ipodaema 1 IRh). Bamuyio poas B

HOMMMAHNH 0COGEHHOCTEIi NOBEIEHHS MATHNTHON CHCTEMBI WIPAET Takke
e Bayeres ne
TOABKO B MATHHTHOI, WO W B CHCTEMAX APYToii NPHPOABI (cTabmimamms

crauamamm uakonepementoii cwioii [92]. On men

NEPCBCPHYTOT0 MasTHMKA ¢ KoneBmomeiics TOuKoii oNOphI, KecTkAm

POKYCHDOBKA UACTHIL B YCKOPHTESIX 1 AD.).
3a aecsiTh et B y AH YCCP Guum
NPOBEXEHEI NONCKOBBIC WCCTCIOBANNS ¢ HETbI0 OOHAPYACHHS HOBBIX
panee cneTemb

CBOGOMNEIX MATHMTHLIX Tet. PesyibTaThi JTHX HCCAIOBANMII WITOKENI B
Aanmoii monorpadum.

B meppoii  uACTH ANAIWINDYIOTCH  WIBECTHBIC PEIVILTATH 00
YETOiiuMBOCTH. ONMCAHBI ONBIT ADKAIbEBA C MATHWTOM, NADAILHM HAX
CBEPXNDOBOSIILCH NOBEPXHOCTRIO, TPAKTOBKA 5TO0 ONBITA PANIMMHBIMM
anropavn (Bykkean, Kpecun, ®eiinman u Ap.). Amammsupyiores pasorhi
Puandepra, Mpumoy, BpaynGexa, Mutkenuua, TOpHTONR M apyrux

i HeA0CTATOMHAS MariHTHOTO
BIAMMONEHCTBNS TOKOB B JAMKHYTEIX KONTYPAX 0e3 DIeKTpHuECcKoro

conporupenus. Jan 0630p «upodaembi J/RH (paGorst Tasma, TuusGypra,
BeTe W Ap.) W NOKAIANA HEAec00GPAIMOCTL HIYHCHIS CTECHOD AMHAMMIECKO
CHCTCMBI MATHHTHBIX 0GBEKTOB, B KOTOPOii pasMep TPACKTOPHN CPaBHUM ¢
pavmepoy ofhexta. OCHOBHOIi DeIYILTAT NepBOii UACTH COCTOMT B
oBocnoBamm Ho-




Boii sanasn Ee cBoxsTES K ABYM

Bo-nepix, noamas cmerewa ypasmemmit
ABIACHNS CBOGOIHBIX MATHNTHBIX TeI, yIuThiBatouas n Ioayns-renbioe
JABIACHME UEHTPOB Mace, I BpamIenHe BOKPYT newrpos macc. Jlse xopomo
WIBECTHBIC AA1AYN — 3A1AYA H TEN W 3ATA4A TEA ¢ HENOABIAHON TOUKOT —
Kak GBI CB3BIBAIOTCS B OX NPH TOMONI MATHHTHBIX I, ABHCSIINX 0T

ix Bo-BTOpRIX,
paceMaTpHBAETES He 0B C1YHAH MATHITHELX T¢I, 3 KOHKPETHBIE MOEIH
MATHHTHOTO BIAHMOJEHCTRIS, TSl KOTOPBIX MOAHO AHATHTHUECKH HaiiTh

ameprio i kak dymiumio

Koopumar.
(9 MaruHTHO it neprim U B y

CMBICIC MOCBSINENA BTOPAS MACTH PAGOTHL IeCh PACCMOTPEHM Takie

Mope:mn :

— munoak, ©

b BRIV TR YLIHNCO
JocuyThii naHncon
TOKOBRIC KOIBIA, IBA MATHHTA WAPOBOIi (BOPMBI, IIAPOBO MATHIT BHYTPH

JNIOAL, WICATEHO NPOBOIIIE
marmnTa o cpepuaeckoii monocrsio. Moaysens: dopyyast U b sapucnmocs
O crenencii cBOGOAL, B KAWCCTRE KOTOPHIX BRIOPAHBI WIIMWADHYCCKNE
KOODUMMATHI UEHTPOR Mace Ten W yraw Diiiepa. [is wmaruiron,

orp: eps 1= sneprus U naiiiena ne n
OBIILEM €1yHaE OPHEHTALLIM, & ISt MATHITHEIX MOMEHTOR, IAPALICTLNEIX 1
epUERIMKYIAPHBIX TI0CKOCTH 0poNTEL TToAPOGHO W3yuen oaHOMEpHEIii

cayuaii Mal HITHOTO B3AHMOAGIHCTBHS TOKOB 3AMKHYTRIX IWIEATBHO
NPOBOSITY KOWTY OB, OGHAPYAKen HoBbI HpderT — Mummmym meprimn U
KAk QYHKINN PACCTOSHNS MEATY ABYMS KOMTYPaMu (MArHWTHAS mo-
TenumaLRAs AMA).

BUL it SHEprm s i cHeTem bl

Ten, p yraamm

Jiinepa. I10T B HCNOABIYETCH B TPCTheil ACT IS NPHBCACHH —

COKPALIICHHS “HCIA TEPEMEHNBIX HA OCHORS MHTEIpaion ammacuss. [Lin

HATJISHOCTH NIPHBCACHNC OCYICCTRICHO CHA™ MAJIA LIS ABYX TeJI, 3aTeM s
wx amcaa. T y ABnens

cucrembr B dope, o o crapmieii
Tpusesente oc;

CCTRACHO B CHCTEME UEHTPA MHEPIUH COBOKYNHOCTH T
DM HATHUMH IHKITHYCCKUX KOOPHHAT M B TOM CIIyHae, HOTIA IHKANYECKHE
KOOPIHHATE OTCYTCTRYIOT.

B rperheii uactn b « xasm 06 yeroii nio o

K SACTH NEPEMEHHBIX MOZ0BHO M3YHACTCH YCTOHMMBOCTH PABHOBECHS
npuBeIennoii cHeTebi. EMy OTBEUaIOT ABA THNA  CTAUMONADHBIX
KONQHUIYPAWNI MCXOMOI CHCTEMBI — DABHOBECHE W OTHOCHTEIBHOE
opbuTankuoe ABWACHHe. JITAILNO M3YUEHA YCTOHYMBOCTL pABHOBECHS
O/NOT0 H ABYX CBOGONBIX IIERILNO MPOBO/ISIIIX KO/EW B MATHHTHOM HOJE
IO/ IBIATIOND KOLLA 1 MOJE NOCTOSH

10ii CHLALI THKCCTH, HANpAB Tentoil
no ocw menoxmwAnoro konwma. Ioayuena o6aacth yeroiiumsoctd
BRISICHENO BIMSINE PALTIHYHBIX IAPAMETPOB.



P i cueremb, u ap.).
3ana4a 1ByX Teac inoii it menTpoB Mace.
Mayueno BausinMe THIA MATHNTHX CHCTEM 1A YCTOR4MBOCTE Iia-
HETADHOIi KONHIY AL € HCOTLI0BANHEM HAIVIEHHEIX BO BTOPOil 4acTh
OPMYA MATHHTHOI JHEPIMN W JOCTATOMHBIX YCAOBHI yeTORUMBOCTH
naanerapnoii cnerembi. Tokazano, 4T0 B cayuae MepuEmUIKyIAPHOCT™
MOMeHTOB. JBHIKEHHS YCTOl

TPACKTODHH MOKET MMETH MeCTO LISl MATHNTOB BLITANYTOi dopwbi. B
cayuae Moventon B opbiThL,
HA060POT,  YCTONMMBOCTE MOKCT OBITH OCTHIHYTA  CILTIOCHYTHIMH
uTO0 B i MATHHTHOI

CHETEME TPACKTOPHS HE MOAKET HAMHOTO NPERLILIATE PAIMEPS MATHHTHOTO
Tena.

B ii uacT™ ana. ¥ onmir
OpOHTATLNOTO  IBWACHNS  CBOGONNOTO  NOCTOAMHOTO  MATHMTA,
IKCNEPHMENTATLRAS NPOBEPKA BANSHMS THIH MATHMTHON CHCTEMBI Ha
YCTOIMMBOCTE, ONBIT O NPOHCPKE YCI0BHil CYMECTROBANNS MATHNTHON

il MBI H ONBITHI YCTOI Teaa
B MATHHTHOI MOTeHIMATL RO sIMe.

ABTOp BhIpaKACT TIYGOKYIO GrarorapHocTh akaxewmkay B. M.
Faymkosy i A. 0. HILIHACKOMY 32 MHOTOWNCICHHBIC LICHNEIE COBCTHI 1t
Wen, BLICKAIANNBIE B IPoNEcce 0BCYATCHNS HESICHEIX BONPOCOB, I TaKKe
38 GO.ILIIYI0 OMOIIIL B OPAMIAINN HCCIEIOBANMIL, PE3YALTATEL KOTOPBIX
HAULIN OTPAKERNE B TOi KNHTE.




Yacrs

AHaJIN3 H3BECTHBIX NpeICTABIEHHI 00
YCTOMYHBBIX MATHHTHBIX CHCTEMAX

Kak yie 0TMeHal0ch, NPEICTABACHIE 06 VCTOiMmBoil cnerene
X MarHuTHO TeN  CBOAMTCS K CICAYIOUIEM|
neycroiiumocts, pauoBecus (tcopea HpHIIOY), HEYCTORMMBOCTD ILIAHCTAPHOIE
cucTeMBI («1pobuaema 1//75), 3ddeKT CTabHIM3ALIH 3HAKOTePEMEHHOI CHIION.
B 1annoii paGoTe NO.TyeHbI HOBbIC PE3YILTATHI 00 YCTOHMHBOCTH PABHOBECHS!
M nuaneTapHoii cucrembl. [ModTomy minke GyaeT nam MOAPOGHbI aHAIN3 JHIIL
nepBBIX BYX (AKTOB, MpHueM obcyAaaercss uX Quzmueckas cropona. Teopus n
obnacti  mpuvenenusi  d(GEKTA  CTAGHAMAMM  HAKONECPEMEHHON  CHIOH
npencrasienst B padorax 171.92].

€¢/IBHOBBCII
§ 1. 1. Teopema Hpumoy

B 1842 r. HpHuoy npues K BBIBOLY, “TO, eCIH 4acTHIbL dXpupa
npuTAUBalOTEn ¢ ewiofi, oGpario abHOii KBazpaTy

W, Hp Kak craTHueckas KOnuUrypauus
HeBOIMOKEH, CIACIYET OTMETHTS, 'T0 NpABMILHG AHATH3 YCTOHSHBOCTH 22
namnoro pansuwe Cubfepr. On mucan [12, c. 135]: «@pakacropul... rosopur, uro
KyCOUeK jKe/1e3a MOBHCACT B BOJYXe, TAK YUTO He MOKET IBHHYTHCS HH BBEDX, HH BHH3
B TOM Cllyuae, KOIIA HABEPXY OYACT NOMELICH MATHHT, KOTOPbIl B COCTOSUHMIL..
TSHYTH Kei1e30 BBEPX e, ero pums:
eJle30 KAk Obl YKPEIUIsiercss B Bo3lyxe. 10 HeJeno, Tak Kak Godee Gamdkas
MATHHTHAS CHUIA SIBJISIETCS BCEraa Gou1ee MOwHoiD». B 5T0M BBIBoJIC, cAe/1aHHOM 32 90
ger g0 nossaemmsi «Hauam HbIOTOHA, COICP/KHTCS CYLICCTBEHHBL d1eMEHT
COBPEMEHHOI0 I0KAIATEILCTRA

U



y n— 3max cnan mpn oT 0710 enns
pasioBecis

TeM He MeHee HeYCTORMNBOCTE PABHOBECHS CBA3HIBAIOT OGBIMHO O HMCHEM
Hpuwoy [29, 73, 74 , 76] Ocoberio NPO3PAYHBIM ABIACTCH OKAIATEILETBO ITOH
TCOpEMbI IS CHCTEMBI TOMMHBIX ICKTPHUCCKHX 3apsloB [76]. wepris
MEKTPOCTATHHECKOr0 B3AMMOCHCTRIS 35108

- <)

sBasieTc GyHKUmMeli KOOPAMHAT Xy, Vm, 2m 32paAoB €. Jas mumavyma W
HEOBXOMMMO 1 I0CTATONHO, uT00LI nepBbie nponssomibie Wi no Beem koopanmatam
BCeX 3apsIoB 0OPAAINCH B HYIb W STOOBI /LI 10G0r0 /1, Mo Kpaiineii Mepe,
BBINO.THSLTNCH HEPABEHCTBA

(12)

0? 0Vn 0 (13)

B cnay Toro, wro VMR — pemenue ypasnenus Jlanaaca. Iostomy aocratoutoe
yeaosue munumyma We He Bbinoansieres.
AHATOTHUHBII BB0J MOKET GBITE IOJIYHeH /1151 %1EKTPUYCCKH MM MATHHTHO
Tea. Bonpoc 06 ycroii ™ B 5ToM Catyuac noapodHo
pacevorpen Bpaynexom [89]. MM /10Ka3saHo, u4To paBHOBecHe He MOKET GbiTh
YCTOMUMBLIM, €CTH  OTHOCHTELHAS  HOJICKTPHMECKAS —HIH  MATHWTHAS
NponuuacMocTH Gonbie eXMHMUBL Tak KAK OTHOCHTCIBHAS MDICKTPHYCCKAst
NPONNIACMOCTL  BeerIa  00JbUIC  CUMHMUBL,  YCTOIMMBOC —paBHOBECHE B
oe Or MarHuTHas
NPOHUIAEMOCTL MAMATHHTHBIX MATEPHAIOB MeHbile eIMHHUbL. MjeaibHbivu
MAMATHETHKAMH  SBIIOTCS  CBepXTpoBomMMKM. [losTomy npu  Hamwumm
JMAMATHETMKOB  YCTOIUMBOCTL  pABHOBeCHs B CHCTeMe  MArHHTHO
HCTBY 0TIHX CBOGY Ten
Kak W B PACCMOTPEHHOM NPHMEpe TOYCUHBIX 3aPSIOB, BHIBOAbI Bpayn- Geka
OCHOBaHbI HA TOM, 4TO IHEPTHs NOCTOSHHOIO BO BPEMEHH IEKTPHUCCKOTO WJIH
MACHHTHOIO OISl HE MOKET JI0CTHIATH MHHHMYM.
B JHTepATYPHBIX HCTOUHMKAX Teopema MPHINOY (OPMY;HDYETCH HO-pasHOMY.
Cwaiit 510 fenaer Tak [73, . 25|: «3APAA B HIEKTPHUCCKOM TOJe HE MOKET
bot B OHUMU  HTIEeKTPI cnaammy.  Tamwm
3AKITIONAET, 4TO CYCTOIMNBAS CTATHYECKAS KOHOHTYPALIS H1CKTPHICCKNX 3APSI0B
neso3mokna» [76, ¢. 97). Y CTpoITona paccmMoTpen BapHaHT CBOGOMNOTO
° oy %, uTo
HAXOISIUIMECS! B MIEKTPOCTATHYECKOM 10JIe, He MOTYT YIepKMBaT
YCTOIUHBOT0 PABHOBECHS N0/ ICHCTBHEM O/JHHX TOJILKO YIEKTPHICCKHX CHID> [74, c.

0].




§ 1. 2. Db deKT IMAMATHHTHOTO OTTANKHBANNS

Bpayniek He TOAbKO CO3IAN TCOPHIO, HO M SKCICPUMEHTAILHO
HOATBEPIAI YCTORMMBOCTE PABNOBECHS AMAMATHETHKA B MATHHTOCTATHYECKOM T0TC
(90]: Emy yaanoch ocymecTHTL mofBec 8 MT BHCMYTR u 75 Mr rpaguta B

HOCTORINHOM Mo:Te HANpSACHHOCTHIO 23 000 3.

Hogyo Y OnbiTa 181 Ap [21. Mxen B ToM, uTOGH!
YemmTh 2bdeKT MMamarnuTHOro oTTankupamus 12, ¢. 301]: «IpuMCHEA CHABHO
AmaMarnwTHBIC Teaa, sBasIOTCR MO&HO TIpH

HeBGOBLIIOM MATHHTHOM T0JI€ MMeThb MoaBec ¢ OoabWIOH MOXbLEMHON  CHIOI.
OGepTBIBasK 3a7a4y, MOAKHO 3ACTABHTH HA CBEPXNPOBOIHHKOM MAPUTE MATHIT».
OubITEI, MOCTaBICHHBIE N0 ero npockde B HucTHTYTe dusnueckux npodiem AH
CCCPB1%45r., 12, ¢. 304]: Hamar 1ii nndpe- pasesbrii
GpycoK KBa/IPaTHOrO cevennst 4x4 MM® W LIHHOI 1 cM GbLT GPOLICH HA BOTHYTHIi
CBHUHIOBLIi THCK HAMETPOM 0K0.10 4 M, HAXOMBIIHIics Ha e cocyaa [pioapa ¢
AWM rees. COBEPUINE HECKOILIO YIPYTHX MPLIKKOD 110 BEPTMKATH, MATHT
mocie PAAAa  CAOKHBIX GBICTPBIX B
TOPH30HTAILHOM 10JIOKEHHH HAl CBHHIOM HA BBICOTE MHOIHX MIILIHMETPOBY.

PesyabTaT uien NPUMEHHTE B KaUecTBe IHAMATHHTHOTO TeJIa CBePXNPOBOIHHK
OKa3ajIcst GecTAMM — YMEHbIUIHB HA [BA NMOPSAKA YPOBEHb MATHHTHOTO MOJs,
YIQI0CH BO CTOJILKO 7K€ Pa3 YBEIHUHTH BeC APSIILEro Te1a.

Onwir A AN, ¢ 0THOI CTOPORBI, Kak
HEMOHCTPANNA W1eANEHON AMAMATHETHIMA CREPXTPOBOTENKA (9, ¢. 24; 40, ¢. 11; 62,
c. 114; 84, c. 41], a ¢ APyl — KAK NPUAUAN ICHCTBIA CBEPXMPOBOLAEE

MarsuTHoii onopei (40, c. 66; 10, 521.
OnHaKo B CMBICIE XAPAKTEPa 3aBHCHMOCTH MATHHTHOI CHJIBI OT paccroanua

onbiT A He BHeEC HOBBIX Cy
Tpuetennbie B (2] GOPMYIBI CHIbL, obpario Ho
“eTBepTOii cTenenn — xopomo i 3aKon icTais

MarHUTHBIX AMNoJIeii

§ 1. 3. Pesyantarii MHTKEBHYA H COBPEMEHHBIX ABTOPOB

Tlepsasi  mocraHoBKa  BONPOCA 0  B3aUMOJCHCTBHM  JBYX
CBEPXNPOBOISIIIAX KOHTYPOB € TOKOM TNPHHALICKHT, No-BHauMomy, B. @.
Murkesnty B paGore [57] o yMHTLIBACT 0COGEHHOCTH KOHTYPA §€3 DIEKTPHUECKOr0
conpoTupenns [57, c. 298]: «MarHHTHbIE NOTOKH, CHCTLTAIOMINECH ¢ KaKIbIM W3
KOHTYDOB, KaKUM  obt acrema  me
NOBCPraach B OTHOWIEHHH (OPMbI H PACTIOIOKEHHSD, |

* Ha paGory [571 asropy ykasaau I E. Tlyxos i O. B. Tozon




Opnako pacemoTpennbiii MuTKeBHUEM HACTHBI C1yuaii He NPHBET K KAKUM-
60 neodLIYNBLIM cBoiicTBaM cuibl 157, ¢. 298]: + B OIHCAHHOM
cilyuae npeeIbHOro COJIHAKEHHS! IBYX KOHTYPOB HX 001Iast 3/IeKTPO- KHHeTHeCKas
JMEPIIs yMENLUILIACH BABOE 32 CUCT HMENNO TOTO 3aN1ACA JHEPrHH B CHCTEME I
6bi1a COBEpIICHA SICKTPOMATHHTHOI CHI0/i MeXAHMYECKAS PAGOTA COMMKEHMS
KOHTYPOB».

Takum obpazom, b ¢ 3 MarHUTHOI
omeprum  MuTKeBHYEM He oOHMApyKena. JTO NPOM3OULIO NOTOMY, uTO
paccvoTpennbiii B [57] uacTubiii cryuaii 0IMHAKOBLIX 3aAMOPOKCHHLIX NOTOKOB
MCKITI0UACT CYNICCTBOBAHME MATHITHOI IOTEHIMATLHOI AMBI (M. §4.2).

Psut pagor o marnurnom ficTBun BYX Koutypon
NOCBAINeH  MpoGAEMe  CTAGWIMALMM  DABHOBECHS 3a  CUCT  NPOSBICHHS
3aMCPOKEHHOCTH MAFHHTHOTO MOTOKA HACANBHO MPOBOISIICTo BHTKA [26, 64, 80] B
padore [80] B KauecTBe MCXOAHOTO YCJOBHS YCTOHMMBOCTH MATHHTHON OTIOPHI
MCTIOIB3YETCA HEPABEHCTBO

b3 V-P>0. (14)

Boobuie roBopsi, 3T0ro ycJI0BHsi HEIOCTATOUHO (10JIKHA OBITH NMOJOKHTEALHON He
TOJIbKO CyMMa, HO W KaZI0€ craraemoe B J1eBoii uactu (1.4)). Hexomn us ycaosus
(1.4), nenaercsi BbIBOA 00 YCTOHYHBOCTH ONMOPBI /LISl CJAYYasi CBEPXNPOBO/ISIIIEro
KOHTYPa € HYJICBbIM 3aMOPOKEHHBIM TIOTOKOM. AHAJIOTHYHbII MPHMED U BBIBO] 06

yeToiiunBocTH conepikares B pagore [64].
TIpOTHBONOAO/KNAN ToWKA 3PCHUS W3M0KENA B 0030pHOii cTaThe [26], rae

HOKA32HO, YTO /1BA MATHHTHO OTTAIKHBAIOUIMXCS KOHTYPA HECTAGHILHEI B GOKOBOM

Hanpas.enii
Amamns pagor [64, 80] noKaskIBACT, UTO B HUX OTCYTCTBYET CTPOrast MOCTAHOBKA
3amaun 06 i n. Mmest KYI0 CHCTeMY o Testom,

06121 AI0MNM MIECTBIO CTENEHSIMH CBODO/IbI, BLIBO] 06] YCTOHMMBOCTH e1aeTCH Ha
OCHOBAHMH NOJOAHTEILHOM KECTKOCTH N0 oHoii Kkoopammate. Jlisi anaiusa
YCTOMMBOCTH PaBHOBECHS ABTOLI PaGoT [64, 80] MrHOPHDYIOT ToT aKT, uTo
Teopema 0 MUHEMYMe JHeprun (Teopema Jlewen — Jlupuxe, cm., nanpumep, [1, c.
289]) y ALHYIO, A He KaKy wnyto Suepriio YrodLr
MATHHTHAsE SHEPrHsi ObLIA MOTEHIHAILHOI, ee He0OX0HMO BBLIPAHTH Yepe3 Mar-
HHTHbIC OTOKH H MeXaHyecKkHe KoopuHaTh! 181]. O/HAKo B ynoMsiHyTHIX paGoTax
MATHHTHAS OHEDTMS TpeOyeMbIM  00pa3oM He  Bhipakena. CyNIECTBEHHO
O/T4EPKHYTE, U4TO B PaBoTax [26, 64, 80| paccMOTPeH CBEPXNPOBOSIILIIE KOHTYD ¢
HYJeBLIM 3aMOpOKeHHBIM nOTOKOM. Kak Gyzer nokasano mike (§4.2), 70T cayuaii
TaKIKe HCKITIOUACT MHHUMYM MATHHTHOI JHEprun

B paGore 1911" ykasawpl [BA NACTHBIX Caydas —B3aHMoJeicTBHS
WHIMIAPHYIECKOTO MATHHTA W COOCHOrO €My CBEPXNPOBOSNIEN0 BHTKA —
ot € HyIeBBIM TOTOKOM BHTKA W IPH-

* Ha oy pabory astopy ywasan JL. A. Jlewmu.



THAEHUE ¢ 3AMOPAAHBAHNEM NOTOKA BITKA HA HYJICBOM 3a30pe (T. ¢ PasMelIeHuen
MATHHTA BHYTPH KOABIA [0 €0 oXAaemns). B 00OMX CIywasx BO3MMK:
0COBCHHOCTH MATHHTHOH CHALI, O0S3AHHBIC S(GCKTY COXpAHEHHS NOAHOTO

MArHHTHOTO MOTOKA BHTKa. Buecro X KpMBBIX
1, 2 na puc. 1, omucrr

BAIOMIHX iicBne THHT) T M MaTHHTHO

ot e, b

armrmioii e P or paccrosmms R
KAYECTBEHHO HMMeeT BHJI, TNOKA3aHHBIH
kpusbivn 3, 4 na puc. 1. M3 rpaduxos

Puc. 2
BHIHO, UTO  MOHOTOHHBIi  XapakTep
MATHHTHOI CHLIBI HApY B cayuae i MATHHTA W BHTKA ¢
HYJIEBBIM 32MOPO/KEHHEIM NOTOKOM (KPHBast 4) M cOMUKENHH CHIA OTTAIKHBANNS
no ', I0OCTHIaeT HOI'0 3HAYEHHs, a 3aTeM

yMenbmaetest 0 nyast npu R = 0. B ciyuae samopakuBanusi noToka Ha Hy.JIeBOM
3a30pe CHJIA MATHHTHOTO MPHTsUKeHusi (kpubast 3 Ha puc. 1) npH coammennn
VAATEHHBIX MATHWTOB TAK/KE YBEIHUHBACTCH M, JOCTHIAS MaKCHMATLHOTO
nauenusi, yvensumaeres 1o uyast npu R -= 0.

Jlpa cayuasi, paccMOTpeHHbIX B padore (911, He OTBEHAlT MATHHTHOIN
NOTeHIMANLHOI sive. JLIsl CYIeCTROBAIMS MHHIMYMA MATHUTHOI JHepruH (puc. 2
6) HeoGX0aMMO, UTOGHI Hy/b MATHHTHOI CHIbI GbL1 HA HEKOTOOM KOHEMHOM
paccrostmun R = Ro > 0 u urofbi npm nepexojie uepes 1o nojiokeHne MArHUTHAS
Ccia WIMensIA 3uAK (BMecTo MarmmTHOro nputstkennsi npn R > RQ > 0 tomkno
GbITH MarnuTHOE oTTankHBanue npu 0 < R < Ro, puc. 2, a).

Taasa 2
TIAHETAPHASI KOHOUTY PALIHST

§2. 1. ITpodaema 1//13*

TpencrasjieHne 0 MMHAMHYECKOH MATHHTHOI KOH(HTYpa IHH, 0~
BHAMOMY, BiepBbie BOsHHKiI0 y B. Dmbdepra (12]. a

MArHHTE M 3HAs 0 KOMIACE, OH MPE/N0I0KII,
THe pacevatpupaiock IiibGepTom Kak

POMEIKYTOUH



aran. I'1aBHoli 3a1aveil VISl HEro SIBJISLICS TEPEXO OT ONBITOB ¢ MATHHTAMH K
«obmeii npupone Beeii 3eman», K Bonpocy o Tom, Kak ycrpoen mup. Mojromy
BOCXHILCHHBII TOIBLKO 4TO uennem Ko u ero,
Tiasepr 2 npuamny 0 10 Boge MarnuTa na
NPHYHHY JABH/KCHHS TUIAHCT: «..3¢MJISI TOJ BJHSIHHCM CBOHCTBEHHOTO CBETHJIAM
MaTHHTHOIO Pa3yMa COBEPUIACT BpAIICHHE /IS TOTO, STOOI OT NOCTOSHHOIO

cBeta 712 cMeHa Beleii: 5apa i MOPO3bl, POAKICHHE
W THGEb, IeHb W HOUB, YTPO M Beuep, NOJIeHb n rayGokan moub» [12, c. 2881;
«[IPHHHHEL CYTOMHOTO JBM/KCHHS, C/ICTYET HCKATE B MATHHTHOI CHIIO> (TaM e, C.
296); «IT0106HO TOMY, KAK MATHHT, HOCSICh TI0 BOJIE B COOTBETCTBYIOLIEM COCY/IC
TAK M NOTI0CH 3eMIH, €C;M Ob1 0HA OTKJIOHWIACH OT eCTECTBEHHOr0 H HCTHHHONO
CBOETO MOJ0ACHNS B MHDC..., BEDHY.IMCH BbI HA3AL.. TOCPEACTEOM MATHHTHOTO
ABHAKCHHS...» (TaM e, ¢. 165).

Ecan TWab6epT J1erko pacnpocTpanil MATHUTHbIE SIBJICHUS! /LISl 00 bSICHEHHS!
ABHKEnHs naNeT, To HLIOTOH 0KA3a/1CH B ITOM OTHOmIEHNH GoJiee 0CTOposKHbIM, On
XODOIIO MOHMMAT CXOICTBO MATHHTHBIX M TPABHTANMOHHBIX cwi [41, c. 281:
«.eMiCTBHE TOTO 7Ke MATINTA Go.1ee CHILHO HA B.IH3KOM PACCTOSIHMN, Clabee — Ha
JAJLHEM, WIH CHIIA THAKECTH 60.IbIIe B 10;THHAY, C1a0ee Ha BePUIMHAX BbICOKHX TP
H emie MeHbIIe (KAK BNOCICJACTBHH GY/IeT MOKA3aHO0) HA GOJIBIIMX PACCTOSHUAX OT
3eMHOT0 mapa» MaruuTHasi CHIA KAK aHAJ0T HCTOIb3YeTCsl TAKAKe B APYTHX MecTax
«Hauam (cm., nanpumep, onpeneienst 1, IV na c. 26, 27). Ml xake B TOM MecTe, r1e
YCTAHAB.IMBACTCH OCHOBHAR 4acTh 3aKOHA TSTOTCHHSI, ananormo HeioTon
TIPOOJKACT HCTIOIB30BATD: ... TATOTEHHE KO Beeil ILIaHeTe NPOHCXOMT H CIAraeTest
W3 TATOTEHMl K OTAEbHEIM HacTsiM ee [1010610T0 Pojia PHMEP HMeETCs! B NPH Tsizke-
HUSIX MATHUTHBIX M JICKTPHYCCKHX,— NPHTSKEHHE UEJIOr0 NPOHCXOIMT 0T
npuIsKeHHs K uactsivy [41, ¢. 5181, Oanako GOPMYJIHPOBKA OCHOBHOTO 3aKOHA Y
HbI0TOHA 0THOCHTCS TO.IbKO K TATOTEHHIO, & HE K 21eKTPHUCCKOMY HJIH MATHHTHOMY

ficreuio OH  BBIICIHI KAK HOBBIi BH/ B3aHMOJEHCTBHS,
KOTOPBII He CBOTHTCS K yike B T0 Bpemst ficrBuI0 MarHuTOB B
OTHOIIEHHH MArHETH3MA OH TOJILKO 0TMEYAeT, YT0 «..)T0 He MOKeT ObITh H3JI0KeHO
BKPATIIE, K TOMY e HeT H 0CTATOUHOIo 3amaca onbiToB» [41, c. 6621.

<

Tak ke, kak HLIOTON He COGARIMMICH MPHIMCATH MAPHHTHYIO NPHPOIY
BHIO maaner, O ii ctpykrypy aroma Peepdopi mpumsut
271eKTp! VIO npHpoy ii HACTHIL ATOMA, XOTSl HECKOJIbKO Paubile

HAPSLY ¢ TOMCOHOBCKHM «IIYIMHIOM» mpeuiaraics arom «Carypuus» ¢
rpaBuTaHORHOii npuponoii [65, c. 2231.

Haiizennast Tuab0eproM MACHHTHAS NJAHETAPHAS CHCTEMA J10T0e BpeMs
ocTaBasiach 3aBbIToil 1 Hem3syuenHoii. HHTepec K Heii BO3POTNICS HAMHOTO MO3kE B
CBS3M ¢ npodaeMoii saepHbIX cni. B 1926 1., T. e. KOIa SIPO NPeANoJaraioch

n3np " (HeifTpOH eme He GbLT H3BeCTeH), DpeHKeTEM
6bi10 crerano npeanoomenme [85, c. 4761 «Ecam mpummcats . exTponan
Marnm r, paBublil 10 Beanunne marnerony Bopa, To "
B3auMojeii-




CTBUS, KOTOpbIE, KAK H3BeEC
PACCTOSIHHSI, HA PACCTOSIHMSX, MEHBIINX

10, OGPATHO MPOTIOPUMONAILIEI HeTBEPTONi CTemein
- M, dO/UKHBI NPEBBIMATEH

JeKTpHCCKHe CubI 0T TIpecTaBASeTCs BO3MOKHBIM
YTBEpAIATh, HYTO CTPYKTYPa ATOMHOTO $APA NPAKTHYCCKM HE 3ABHCHT OT
MEKTPHUCCKHX 3aPS/I0B JICKTPOHOB M MP! W 01KHA besl B
OCHOBHOM HX MATHHTOCTATHYECKHM B ficrBieM... 3 2 !

UTO 31EKTPOH M MPOTOH MOLIH Gbl OCTABATHLCS B CTATHUECKOM DABHOBECHH HA
paccrosnun 5-10" cM Apyr oT apyra. ITo paBHOBCCHE OBLIO GBI, OIHAKO, He-
yeroitumppin... TIpeanonarasi, ¥To HIEKTPOH BPAMIAeTCs BOKPYT sPa, KPoMe
0BLIMHOIE 0HOKBAHTOBOI OPBHTEI patyca 0,55 « 107 cM, MBI 0/TyuaeM ele BTOpyIo
O/IHOKBAHTOBYI0O OpOMTY pammyca 3 -10° ™ cm, 0OYCJIOBJICHHYIO MATHHTHBIM
NPHTSKEHHEM, IPHYEM ICKTPHUECKOE NPHTSACHHE HIPACT B OTOM CIydae poih
caBoro BosMymienusi. VNOMSHYTAS BEMUHHA OuCHL OAMIKA K pasmepam
npocreiimmx step».

B stom B OCHOBY CTp usmicekoro ofbekta (aapa)
TOJI0KEHA  TUIAHETAPHASI CHCTEMA MATHHTHO  B3aHMOJCHCTBYIOHIHX  YACTHIL
Hcnoabsysi 3aKOH MArHHTHON CHJBI ABYX JHIOJeH, HAiileH MOPSIOK JHHEiHOTO
Pa3Mepa, KOPIA MATHMTHOC MDWTSKEHWE B HeOGXOWNMOE WHCIO pas Goabiie
/EKTPHYECKOT0 OTTANKHBAHNS! POTOHOB.

Onnako @pemkesb He W3YMHI YCTOMUMBOCTL DELIOKCHHON MATHHTHOI
cHCTeMbl. PACCMOTPHM CBOGOHYIO MATCPHATLHYIO HACTHIY B UEHTPAILHOM
cnroBoM noste ¢ motenmuanbioii sneprueii U — —UR®, r1e R — paccrosimme ot
HACTHIBI K MPHTATHBAIOWICMY LCHTPY; B — MOJIOKHTEALHAS MOCTOSHHAS.
OGosnaumm uepes £ u M MHTerpaibl SHeprum H MOMEHTA HMIIYJIbca, KOTOPLIMH B

JAHHOM ciydae JAMHAMHYecKas cucrema obnagaer. Ipeanonoxum, uro M@0,
Mssectho (cM., manpumep, [45, § 141), 4TO MIOCKOE JBIKEHHE MACTHIbLI MOKHO
cBecTH K ¢ ii Fneprueii:

u_uy <>

T3 NOM0ARNTETLROCTH KHHETHYECKOi SHEpTHI

XN

caeyer, uto R MokerT GbITh paBHo Hy.nio uist e > 2.

MoXHO NOKA3ATH, HTO NajeHMe Ha NPHTATHBAIOUWG LCHTD CBS3AHO C
yeroi IO o B 5% jave aABYX Ted. Beimmmem
AocTaTOuMBIE YCA0BHS YCToiuuBocTH TpackTopun R — (r® -f- 1)/

3anaue ary [24, ¢. 351]:

const B

e I, t — unmmmapnueckne koopmumater Towrn; U, Urr, Utt —
oTBETCIBYIONME it omeprum, BhIUNC 1e
HeBo3Myn” ennoii rpaamopn * =J7 . ¢ 0,.r=0. s cayuas irne il

320'u, + Urt>0,Ua >0, 23)
1%-n*3




Us=-1/?
u, =er5™. U, =~g(E+1)re+, U, =elr?2, (24

a HepaBeHCTBA (2.3) ¢ y4eTOM 3HAUCHHIT NPOH3BOIHBIX MOTCHIHATLHOI JHEPrHH
YIOBJIETBOPSIIOTCSH PH YCIAOBHH € <2.

Hmest ycoBHE YCTOIUHBOCTH, MOKHO MPOBEPSATH pasIHUALIe (puznueckne noss
Ha «reet e % 2». B 4acTHOCTH, 1151 TPaBH 0 JBYX
mace sueprust U 06paTio mponopuionaibia nepeoii crenenu paccrosms (e = 1 <2).
Taxoii 7e 3aKOH HMEET MECTO LIS YICKTPHYECKOTO B3AHMOCHCTRIS /IBYX TOUEHHBIX
3apsiioB. [lo3ToMy TrpaBHTAHOHHOE —B3aHMOJCHCTBHE TOYEUHBIX Mace M
27eKTpI iicrBue 3apsi08 i
IL1aHeTapHBIE CHCTEMBI’.

TpoBepka na «raut ¢ % 2» JMEPrHu BIAUMONEHCTBHS ABYX MATHHTHBIX AHIIOCH
Xi, X,

ut - 3 <4"HY

TNOKA3LIBACT, 4TO B IAHHOM CTy4ae HMEET MECTO Ma/leHHe, TAK Kak ¢
obcTosTenbeTro npueno Tavva k BbiBoay 1751 0 cy- * mecrBenHoii ocofennocTH
MOBE/ICHNST YACTHIIbE € «HCTHHHBIN MATHHTHBIM MOMEHTOM: OHA NATACT HA
MATHUTHO PHTSTHBAIOWMT IEHTD.

Tak 1R*» ( ust (151), KOTOpOii
nocesimentr pagorsi Taviva 177—791, Tunséypra [14—I171, Bere [71, Jlesu [941,
Kaeiina [931 n apyrnx aBropos. Ee cMbIC 3aKII042€TCS B TOM, 4TO €CITH CTATHYCCKHE
rPABUTAIMOHHASL, 31EKTPHYECKAs, M MATHHTHAs KOH(UIYPAIMH B  CMbICIe
YCTOIHYHBOCTH TOXO0/KH APYT HA APYTa (HEYCTOHYHBBI BC/IEACTBHE TOTO, YTO JHEPrHs
NOJIsi He MOKeT NPHHMMATh MHHHMAJbHBIC 3HAYEHHsl He HAa IpaHuue), 10 Aas
MHAMHYECKOi KOHGUTYPALIN BCTYNACT B HIPY CYUIECTBEHHO HOBII HICMEHT — CKO-
pocth cr K —o0 HEPIMH NPH  HEOrpaHHYEeHHOM
yMenbennn paccrosinust. C TOUKH 3peHNs KIACCHUECKOT MEXAHHKH ITa CKOPOCTH He
JIOJKHA TIPEBBIIATH ONpe/iesiennblii npeesn. Ilo nanHOMYy mpeneny «mpoxoasm

TPABNTAINONHOE N JICKTPHYCCKOE B3AMMOIGHCTBI, 1O  MariTHoC ner.
Marnutioe we ocrapur Y10 MATHITIYIO SACTHLY 1A KpYFoBOi
opouTe, u mpn cayuaii p ex

(KOAMANC) YACTHN, NPH  YBEMMCHHM HACTHIA YICTHT B  0CCKOHEHHOCTH.
HecTaBHILHOCTS TPACKTOPHH 0BS13aHA He H3JIYYEHHIO, HOTEPSIM JHEPIHH HIH KAKHM
60 Apyriv haKTopam. OHA BOIHHKACT TOILKO IOTOMY, HTO BIAHMOICHCTBIC MEHKITY
wacTHaMu MarnmTHOE. [0 3TOMY nonony THH3GYPT 3aKTI04AET, 4TO0 «B KJIACCHUECKOi
Teopun jBuenNe var Syaer . L e
NPOM30iiIeT X NajJeHHe APYT HA [PYTa, eCIH TONbLKO He YUHTBIBATH KAKOii-1HGO
JPYTOii dHeprum, Kpome M KHHETHYECKOi JHEPrHH OPOHTAILHOIO
nmaenns» [15, ¢. 2621,

+ Mbi He Y4HTBIBACM H1EKTPOMATHHTHOTO I3y 4CHIS.
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B KBAITOBOIi MeXaUHKe, €CIH YMHTHIBATE JHIIL TPEGOBANHE HENPEPLIBIOCTH
noToKa, ciryauns anasornuna. TIOTEHUMATLIAN JHEPIHS B OTICALHBIX TOUKAX HE
J10mKNA CTPEeMUTHER K — 00 cammcom Guictpo. Ecan U Gyser crpemumies k — 00
uicTpee, wem — 1/R?, To HOpMATbHOE coCTORMHC GYAET COOTBCTCTBOBATE WacTHIE,
saxommeiicn B Towke R = = 0, T. ¢ NPOWSOWICT IATCNHO» MACTHII 1A
npuTTHBaIoUMii TP 1-46, ¢. 78]. To3ake (§ 2.3) MBI YBIIM, UTO B KIACCHYECKOM I
KBAHTOBOM HOTXO1AX K <1poBaeMe 1//2% HMcIoTen pasmnams.

§2.2. VueT MPOCTPaHCTBEHROI NPOTSIACHHOCTH MATHHTHOI YaCTHIE!

Onnoii u3 mieii paspemenus «npnﬁmcm.l VR3> saserest upes
Teiisenbepra o neos W yuera P W MATHHTHOIE
MACTHILI, WIH, KAK €€ ell¢ HHAYE HABIBAIOT, «YYeT PCAKIMH COGCTBEHHOIO most
wactuusn 1 13, 15]. H3secrnsie gpopmyst norenunanshoii sueprin V = —\ ~ H
mexanmueckoro momenta K = / x H roueunoro marunthoro aunoas K Bo BHemnem

noae ff as nporskennoii MarnHTHOI YaCTHIL H3MEHSIOTCS K BIY
u=— X-7+JxHDtrydV, (2.6)
K=i>H + JxxH,D(r)dV. 7)
e Hj — coberennoe none wactmmes; D (r) — dopmdaktop; dV — snement obnema.
JlonomuTesnHoe caraemoe B gopmy.ie st K ¢ yuerom odbrunoii cesisn K= kM (n—
const; M — MOMeHT HMIy.Ibca) MPHBOIMT K TOMY, 4TO B YPABHEHWH BpAUICHHS
wacTumbt otHocHTebRo uentpa mace M = XM X M nosmasiercss onoannTebibiii
THBHBIi wWieH, ii, Kak 710 THH3GYProM, Orpani WHTH
POCT CeveHms! PACCEsHMsl ¢ YBETHYEHHEM HACTOThL. ITOT Pe3yIbTAT PEIacT 4acTh
«npotaemst MRH, casisannyio ¢ 3anaueii paccesinnst Ha MATHHTHOM MOMeHTe.

Ilo MOBOY BTOPOi YACTH — W3GEAATE MAJCHNS HA MPHTSTHBAIONUINI HeHTP
Tumsbypr ormeuaer [15], 4To yder peakumm coGCTBEHHOTO OIS TAKKE MOKET
MCKIMIOUNTL NAJleHHe HA MATHHTHO NPHTSTHBAIOMMIi uentp. KauecTmemnbie
cooGpaenusi, mpuBeennbie B [15], CBOIATCH K TOMY, 4TO 1O Mepe cOmMAeHHs
MATHHTHBIX MOMEHTOB IHeprus Onuaxo cTpBro
9TOT BONpOC He pacemoT pen [15, ¢, 262—263]: «ciienyer... 3aMeTHTh, YT0 CTPOTo
OTCYTCTBHE NAZeHHs NPH yHeTe COGCTBEHHOrO MOJs HAMM ellle He mokasano». Kpome
TOTO, y4eT cOBCTBEHHOrO OISt He BCET/Ia NPHBONT K BOIMOKHOCTH HIGEAATE NAZIeHNS:
«Ec/iH MArHUTHBIE MOMEHTBI NAPALIENLHBI APYT IPYTY M JIMHHH, HX COCIHHSIIOLIEi, TO

~ ..., OTCYTCTBYET 1 MaZIeHHe I0TKHO HMETH
MecTon ||5 ©.262263]. AHAIOrHNIAS CHTY AU GYACT HAGMOTATHCH 1 TOVIA, KOTAA MAT
HHTHEIE MOMENTEI opGuTAIBHOTO




To>tomy Teopusi 113—151, BooGuie roBOPsi, He PaspymIAeT NPEACTABICHHS O

HEYCTORMMBOCTH, 06A3AIIIO0N MATHETH3MY KAK BHAY (H3HUECKOr0 B3aNMOeiicTBIS.
3a1auM BONPOC: ACEIA JIH MATHHTHOE B3aAHMOJIeiicTBHE 1aeT ¢ > 2? Pacemorpum
€ 970l ETBI0 IBA MPUMEPA MATHHTHOTO B3aumMoaeiicTBhst. TlepBbIii npuMep: coocHbIe
KoJbueBble 10KH. M3BECTHO, 4T0, €C/TH KOJILHEBLIC TOKH PACTIOIOAKEHBI 04eHb OIH3K0
APYT K APYTY, HX MarunTnoe B3anmoaeiicraue noxuunsieres sakony U ~ In R, a s1o ne
COOTBeTCTBYET cayuyaio e > 2. Creayloumii mpuMep: ABe MATHHTHBIC «TAHTEIH».
MaruuTHas TAHTENs — MOXEb UIMHHOTO I IMHIPHICCKOr0 MATHNTA B BIE ABYX
OMHAKOBLIX 110 BEH'HHE 1 PAHBIX 10 3HAKY MATHUTHBIX 3PSI08, PAYIBHHYTHIX HA
ABYX GUM3KHX ramTeneii onpenensercs B
TAK KaK 3aPSIIBI AATEKH APYT 0T
JIPYTa M He JAK0T 3aMETHOr0 BKIaAa Bo BiaumojeiicTeue. [TosromMy Mbl HMeeM Kak Obi
VABOCHHYIO KYJIOHOBCKYIO CHCTEMY € € = 1, 4T0 MeHbiie ABYX. VAA/sisi FANTEH, MBI
pasunuy B MeRIy pa u B npenene

TEPEXOM K TMIIOALHOMY 3aKOHY B = 3, 4TO 13T HEYCTOHUHBOCTS.

JTH B NPUMEPA KAUCCTBCHHO MOKA3BIBAIOT, YTO €CAM M MOKHO HMCKATH
YCTOHUMBBIC THHAMHYCCKHE KOHMHIYPALUMH, TO OHH 10JUKHBI OBIThL TECHBIMH, T. €.
TAKHMH, Y KOTOPBIX PA3Mep MATHHTHOTO Te/1a CPABHHM C PA3MEPOM TPACKTOPHH.

Ho >To, mo cymecrsy, Ta e uaesn TeiiseHOepra o HeoDXOIMMOCTH ydeTa

Bennoi MarmnTHofi  wacrmubi. Tlo>Tomy yMecTHo
OTMETHTE caeaylomee. Bripakenne (2.6) — NpaBHIbHAs crporasi GopMyia, HO B
oiuen ciry4ae GOPMBI MACTHIbI 1 MPOI namar

110 €€ 0GBeMy IONOTHUTEIbHOE C/IATAEMOE TOUHO ONPEAETHTH Heab3sl. OHO N0IaeTest
ML oueHKe. ITO MOKET OKA3aThCSl HEYAOBJCTBOPHTENBHBLIM sl BBIBOAA 00

i W, €CIM BBIEOX > K¢ 3aKony i

UTofbI M30EKATH OLCHOK M ONPEIETHTH B3AMMOACHCTBHE DoJee TOUHO, MOKHO
M3yuaTh He 0BUMIi CTyYaii POPMBI MATHHTHOTO Te:1a, 2 YACTHBIE CTYHaH, LISl KOTOPBIX
AOMYCTHMO NONY'HTE CTPOIYI0 hopmyy noTeHuHANLHO SHEPrH H.

Paccmorpum it mpumep: it mpeaabHbIi it
MArHHT B GOPME BHITSHYTOTO %LIMICONIA BPAICHHS (BEKTOD HAMAIHHYEHHOCTH BO
BCEX TOUKAX 0AMHAKOB M Napa/LIeen 601bI0i 0CH) W CBOGOIHbIi ToueuHbII M0,
X. B yrom npumepe wiest eiizenfepra HCnob3yerest ToAbKO /UIst 0/IHOI MATHUTHOI
wacTHupl (3aaunconn). 15 HeeAHATHTHUECKH MOKHO MOJYYHTH TOHOE pelcHHe
sajaum pacuera noas H. 11 it onep
samuncomna oyrer U = — X - /1, 1. e. ona onperensiercn no (2.6), mo Ge3
JOMOTHUTENLHOTO CIATAEMOT0, HA YTO PaHbIIE €1A1ACh CTABKA.

Hyme (§9.2) Oyzer jl0kazano, uTO CBOGOHBIN JIANONL MOXKET COBEPIIATH

opouTaIbHOE BOKpYT

JMNOJs B moJie




NPHEEM DLIMNCONI ONAEN ObiTh OHIATE/BNO BHITANYTHIM B HANDABICHHH,
HEPUEIUKYIIPHOM II0CKOCTH OPBMTEI, A BBITSHYTOCTL A0/UKHA GBITD He Membiie
onpeneIeHHoi BeMTHHLL Ir0 FHAWMT, MTO (GOPMA MArHHTHOIO TeIa OKA3BIBACT
.CYICCTBENNOE BANSHHC HA YCTOHMNBOCTL MATHNTHON IIANETAPHOi CHCTEMb.
TosToMy Jywwe moiiTn Ma MeHee oGwMii cayuaii jajgaunm, HO W30ABHTH cedsi oT

" fiCTBIS, «1YBCTBHTCIBIONOY K BHIBOLY 00
yeToiiunsocTn

§ 2. 3. [[pyrue BapuanTh1 pemennii «1posaemur 1/

Tor pakr, uto AxepbIii 1 wacTm oka: ¢

abubiv |, K M CYIECTBOBAHMS pelICHHsI

NOANOIi CHCTEMbI CTAWMONADHBIX cocTosmmii. B cBss ¢ yriM Bere mpentomn
«obpe3ate» 1 HA MATBIX P W 3aMeHsTH ero ApyrmM, mHe
pemmenmii, o1 To muenmio TunsGypra, onepaust

«obpexamms»  moTemmmana  HocHT  «DOPMATHHGIE  XapakTep,  sBaseTCS
Hepens ii 1 MoskeT Best L ji 112 To, wro Gotee noHAR

W Golee TouHas TeOpHS ABTOMATHYECKH NPHBEICT K KAKOMY-TO H3MEHEHMIO
13 (W aake Godee riryG Beeii 0BbIMHOI CXeMBI BBEICHS!

SUIEPHBIX CILT), KOTOPOE THO HeKoTOpoMY [15, c. 2541
UroBbl midemarh «o0pe3ammsy motemumara, Memiep u  Posenpenny
on aspuoro nozeii. Hx

cxema ObLIa yJIyy
HegomycTHMbIe Nomockl THNa j?* u 1/#6, KoTophle MOSIBARIOTCH B «CMEMAHHBIX)
TeOpUsIX B TOUHOI PeJSATHBHCTCKON nocTanoke. TamM, ojHaKo, mokasan 177], uto
YHeT pelsITHBH3MA He YCTPaHsieT TPYIHOCTeii, cBsi3anubIx ¢ nomocom 1/R*. B mees-
JlocKaspHoii Me3onHoii Teopun [7, ¢. 364] s sep na
coepkuT notennnan Kkasel M YJIeH, ONTHCHIBA

emblii 0-pynKumeil (KOHTAKTHOE B3amMojeiicTBHE). OBBIMHO WieH, YUHTHIBAOUIMIT
KOHTAKTHOE B3aHMO/ICHCTBIE, He IPUHUMATH BO BHManHe. Onnaxko Jiesu [94] B 1952
I. TOKA3a], MTO MMEHHO ydeT G-wieHa NMPUBOMT K TIOSIBJCHNIO OTTAIKHBAHMS HA
Magpix paccrosmmsix. Wiesn JIeBH COCTOSIa B TOM, UTO HEBOIMOKHO TOUHO
(uKcHpoBaTh mookeHne Hykaona JloGoe Memy

«PA3MBITO» 10 0GIAacTH, MMelomeii pasMepsl mo Kkpaiineii vepe //Mc. Baaronaps
«PaZMBITHIO» G-(y) natomeii oT Csl, 4TO ee HAJIMYHE B
S/IePHOM NOTEHIMAIE BIMSIET HA TIOBEeHHe BOIHOBOI pyHKumn. JleBH 10Ka3a, uto
YHeT 6-uJieHa 1aeT OTTATKHBAHHE HA MAJBIX pzccrom-mnx, TPIreM JT0 OTTANKHBAHIE

eta LIBuHrepom. CyTh STHX YIyMIICHHI — NONBITKA HCKTIOMHTE

JIOCTATOYHO  BEJIHKO, 4TOObI BHE
PeaytbTarel JIeBH CYIIECTBEHNO PAIBNTED Kaciitont 193], Bpioknepom n Batconom.
Takum  o0pasom, njest " SAEPHOr
Ha GoarbmX B suIepHOE OTT:




1A MAJILIX HMEET KBAINTOBYI0 NPUPO/LY  CRA3AINA € PHIIATION NEOTpPEAeenTocTH I1a
WIeR 1 ee PE3yABTAT He YCTPANSIOT NPEACTABJICHNE 0 HEYCTOHMNBOCTH MATHHTHOI
IaHETaPROii CHCTeMbI.

§ 2. 4. OcOBGCHROCTH HOBOIi MOCTAHOBKH 3a7A™H

B rayccooii cHCTeMe eIMHMII YPABHCHMS JICKTPOAHHAMHKH

y cpen B BIX HMCIOT BHA (cM., HANPUMEp, [43,
551)
20IH="-0F aVXB.rot£= -+
28
divD =dap, divB =0, (29)
O -=E )+ (4»-)VK H, B- + —BXX(210)

D m n—const, B m 1= const.
[ S, (Ven) B =const,n XH + (P- 1) D = const,
P, = 1%z $[é(n » B) —4- £21|dS, Pm = Jrotd x HAV +
I-j 7 x Has, (2.12)

V=R + OxrmR=Pe+P,, ©)3)
70=- X £)(«c £) — I £2(r X )]dS +

+¢r X (7 X H)dS+32 X (rot 7 X H) dV.

Onn coctosit u3 ypasmennst Makeseiuta (2.8) — (2.)0), yeiomii na rpanmue (2.11),
BRIpAKEHHIT LIS DIEKTPHHECKOH H MATHHTHOI cua (2.12) W ypaBHeHMil MHAMHIKH

(2.13)

cnerema auBa npu creny y
) JlBizkeiie MefLICHHO 1 (iHITHO 1, VX A(fe<. (e rom

cayuae Jlopenna cr "

ne ii Knaccmeckoii Kpove Toro, B oTHOmeRIN M015

M06Y10 CHETEMY KOOPMHAT MOAKHO CHNTATE WHEPUMAILHOI, OTPAHHUNBASCE, TAKHM
06pazoM, cemaTLHOI TeopHeil OTHOCHTETLHOCTH.
2. Jlamna soanbt X ~ ¢i0°), 0TBEUAIONIAS! YACTOTE MOJISH 10 B BAKYYMe, BEJHKA 110
cpaBrenmio ¢ pasmepamu tena / (1o <€ Cl~'). 310 nossoasier npenedpeun >dpdexramm,
c i pacnpocrpanenus BO3IMYIEHHI
IEKTPOMATHUTHOTO N0JTs1.
Hepuon 1H0JISt BEJIHK 10 co




s n (cor <€ 1. m —
BpeMsI cBOGOHOT0 1IPoGera). IT0 — CII0BHE NPHMEHH MOCTH 3akona Oma | — aF
4 PaccTostms, Ha KOTOPBIX 32METHO MENSIETCS H0J1e, 10LKHbI GhiITh GObLIIMMH 10
¢ pommoii o npodera (ue: y 2.8) — (2.10)
MHKpOCKOMUNLY). DTO YCIOBHE MQKCT OTHOCHTHCS, HANPHMCp, K «ri1yGune
npoHMKHOBeNMs» 6 ~ C.

Oteyreraue et stBaeHmii ( KT ii cu
MarnuTHOi p u or 310 COXpAHMTE cBSI3N
MY BeKTOPAMH st B Bite (2.9), (2.10) H PaceMATPHBATE YIPYTHe H I0JEBLIC
2(deKThI HE3ABHCHMO.

6. CHCreMa  HCTOUNMKOB  YICKTPOMATHHTHOTO  IOJS  HAXOMWHTCS B

(rep 3 u Mexa ) 4
0 yeaosue coh nuTHyIO Cy ¢ Temsopa
W T o smexTp  MarHHTHOro moneil, B KOTOPOM
VICTBYIOT WIeHsI, 00} ii (32 cuer Mexammicckoro
JABHAKCHHSI M NIOJS), A TAKKE APYTHMH
(I0THOCTBI0, TeMnepaTypoi, uro). W

Tensopa T CBOAMT 3/IeKTPOMATHHTHBIE CHIbI, A€fiCTBYIOIINE HA TeJl0, K JABJIEHHI0,
TepeaBaeMoMy Uepes OBEPXHOCTh, BHYTPH KOTOPOIi HAXOMTCS TeJI0.
7. PaccMaTPHBACTCH JBIKCHHC OTHOCHTEIbHO WHCPHHOMATBHON CHCTEMbI
otcuera. B kavccrne i 3 HCTIOB3YIOTCS 3aKOMbI
Ibca 1 movenTa OTveTiM, T >TH ypaBHemHA MOryT
6LTh 3ammcanst B popve Jarpamka nan FavmsTona. Ecan Kpome YICKTPIHICCKIX 1
MATHHTHBIX CHI YMACTBYIOT CHIBI APYroii Qu3mieckoii npupomsi (mampuep,
IPABHTALNONNEIC), MOCCINNE AOTKNBI OBITh 100ABICHEI B KAYCCTRE HEIABMCHMBIX
CAATAEMBIX IIABHOTO BEKTOPA H IIABHOT0 MOMENTA.

Cuerema ypasmennii (2.8) — (2.13) sanmcana ¢ Tounocrsio 70 wienos VC~'
BITIOUNTEALHO. B HeynpabisieMoii MATHUTHOM CHCTEMe CKOPOCTH W3MEHEHHst
MarmuTHOTO MO exoro

Jaextpuucckoe nose nveet nopstok £ c~'BU~ss

«Me-,B. Tipenebpesenne wienamn nopsutka VC-' 6 MarnuTHOii cucTeme €0 ckOpoCTIMMI
Membie 1 cM * ¢~} NPH HATHUIH CTE THRCCTH HKBUBATEHTHO HEYUETY CIL NOPAIKA
104 g, Jeiicteuteabno, Tak Kak HO~0

, A JeKTpHYecKas cHIa
nponopumonankha E\ Ui MATHHTHBIX CHJ, WMEIOUMX MOPSUIOK CHUIBI TSIKECTH,
HeyuuTbIBaeMasi CHJIA 110 NOpAAKY pasHa 107°g. Oxnaxo, ecim bl MBI NONBITATHCE
CO31aTH H3MEDHTE:N, CHIBL, HMEIOUNii YYBCTBUTEMLHOCTS Bhime 10-¥ §, B Teopuu
npuGopa 6bL10 GBI b yio cictemy y ii (2.8) —
(2.13) wam ee anasior

*Uro kacaercs To om0 ocy B cuereve
ii ¢ TeoM, a npu W22 (yeaoBme I) CHIILI HIMEDSIOTES OIHHAKOBO
B HENOABHAIION 1 NOABIANOI (KAK YTOAI0) CHETEMAX KOOPIMHAT.




|

HeoBX0M0 OTMETHTD TAKIKE, 4TO NPH XaPAKTEPHBIX CKOPOCTAX mopsiaka VC~' <
10-9 evemenmnx nopsitka 10~ e 115 cBoGoANOro Teta Maccoii 0,1 r mponssenemie
Be/HUHH, UMEIOLIee PAIMCPHOCTE OHEPIMS X BPEMs», HMeeT MOPSUIOK HOCTOSHHOI
Inanka:

MW ~ 0,1 1+ 105 ey » O m M) em ~ 10" apr» ¢ ~ .

DTO IMAUNT, 10 MAKPOCKOIM'IECKAS! CHETEMA HE MOKET GhITh ONIHCANA YpABHCHMSIMM
(2 13) B cuay (30, ¢. 26—301.
B namnoii pagoTe BONPOCHI IMHAMHKH MATHHTHBIX CHCTEM PACCMOTPEHbI B
npeanoioenuy, uTo uenamm nopsaka V' oo npencpeus. Toraa mexommbie
YPABHEHNS 1CKTPOMAHHTHONO 0151 PACHATAIOTCH HA BE HE3ABHCHMBIC HACTH — /LI
3JEKTPOCTATHYECKOT0 M MATHHTOCTATHUCCKOTO mojieii. Tak Kak H3ywaiores
MATHHTHLIE CHCTEMBI, YPABHCHIS

rotsl = divB=0,B=5+4a/,
(B ==psl), Bm n =const, n x 51 = const (2.14)

W ypaBHenus KaccHuecKoii Mexanmkn (2.13) — meceny” biii 316k npeamer.
Takum 00pa3oM, JMHAMHUCCKAS CHCTEMA MAPHHTHO B3aWMO/ICHCTBYIONINX
Tea Ha s3bIKE HBIX Y ii monsTHa. Omako Takoe
TNOHHMAHHE MAJI0 YTO JaeT. Jle/io B TOM, 4TO camMu No cebe ypaBHEHHs 110415 B cayuae
NPON3BOILHOI CHCTEMBI MATHHTHBIX Te H —
TPYAHBIE MaTeMaTHYecKHe 00beKThbL [l0ITOMY JM0JEKHBI OBITH m)nouuurenwue
ypomennsi. 31ech OHU CBOMATCS K CIEAYIOLIEMY.

PaccMaTPHBAIOTCH KOHKPETHbIC MOJIETH MAIHHTHOTO B3ammonciicraus. Tepsas
Mot (y Cwmaiira [73, c. 419] Takas MoJeldb HA3BAHA «MATHHTHON MIJIOID) —
MATHHTHASL «TaHTeIb» — TO3BOJSIET ONHCATH  B3AHMOJEHCTBHE JUTHHHBIX
WHIMHAPUYECKHX MATHUTOB,

HecMOTPS Ha TO MTO FAHTEILHAS MOEb CBA3AHA ¢ (PHKTHBHBIMH MATHHTHBIMH

ona Bo-nepBbIX, B 3TOM
cTyuae Ge3 MHTErpHPOBAHMS YpaBHeHMUi (2.14) MOKHO OTIPECTHTD NOTEHIMATBHYIO
IHEPTHI0 MATHHTHOIO B3AMMOJCHCTBUS. Bo-BTOPBIX, 5To— 0GOBIICHIE AHNONLHOTO
MArHHTHOIO B3auMmoeiiciusi. B dopmyie ais sHeprun B3aumojteiicrsus ranreneii
noken ObITh mapamerp /p— (/ — pasMep rauTeam; p — pPACCTOSIHHE MEAITY
FANTEISAMH, WIH «PA3MeP» TPAEKTOPHH), OT KOTOPOTO 3aBHCHT OPOMTAILHAN
yeToitumBocth. JleiicTBuTeIbHO, MpH /p~1 -> 0 moAyuaeM AMTOALHBI 3aKOH C
i Gyner
(oBpaTHo nepoii crenenu (}, 4To NPoX0ANT N0 «TecTy 6 % 2» KAK yCToiuMBOC.

JIpyroii MOJIesIbI0 PO TSIKEHHOr0 MATHHTHOTO TEIa, KOTOPAs PACCMOTPEHA B HT0i
pabore, TOKOBOE KOIBILO ( T. e He
obJ1aj1alo0lIee YIEKTPHYECKHM conpo

neyctoiiumsrivm opduramu. Ho npu 1(m~~ oo




THBJEHHEM). 3lech OKA3AIOCH YAOGHBIM HCHOJB3OBANNE PE3yabTaton Vaiita
Byacona [81, ra1. 1]. Popmy:ibl MAIHHTHBIX CHJI BHIDAKAIOTCS He MEPE3 MAPAMETPhI
015, 4 ¢ MOMOIIBIO MAPAMETPOB MATHUTHBIX UeMeii (IHOTOKOCHEILIEHHE W OTOK,
TOK, B3AMMHAsi W COOCTBEHHAN WHIAYKTHBHOCTH). BMecTo ypapmemnmii Mmnammki B
(opme (2.13) HCO.IL3YIOTCS ypaBHeHNs JIarpaHzka, B KOTOPBIX POJIb JIATPAHAKEBBIX
urpaior n bl, H MATHHTHBIE — ambo
NOTOKOCICTLICHHSL, GO TOKH.
Takuw 06pazom, 4100kl ONPENCTHTL MATHHTHOE B3aHMOICHCTBHC, YpABHEHHs
MaruHTocTaTHKH (2.14) 115 MATHHTHBIX TAHTE.Teli M TOKOBBIX KOJICI He IOHAT0OWINCE.
b B THX ) JMWB 205 IBYX THIIOB MATHHTHBIX
cucrem. B 0HOi H3 HHX PACCMATPHBACTCH CHCTEMA YLIHIICOWT —MATHHTHBII MNOb
(MM MMOJIH), B APYTOii — /IBA MOCTOSHHBIX MATHHT:, OTPAHNYCHHBIC CPePHICCKIMHU
Takoe uHCIO (oM 0Dyca0BACHO  ABYMS
YPHD) Mu — noayunTH  TouHylo  opMyTy
NOTCHUMANLHOH  JHEPIMM M TPYAHOCTAMHM  MHTCTPHPOBAHMA  ypaBHemmii
MATHHTOCTATHKH /ISl TEJI CKOJIb-HUOY/Ib CII0/HOi (POPMBI (€CTECTBEHHO, PH YCJIOBHH,
WTO TeJa PACNOI0KEHbI NPOM3BOJILHO OTHOCHTEAbHO APYr Apyra). B m3BecTHBIX
paboTax Takae PAccMOTpEH B OCHOBHOM map. B uactmoct, pa6orsi [48—50]
NOCBSIEHBI H3YYEHHIO CHJI, IeHCTBYIOIIHX HA HUTHBIH W
wap. B padore [831 i mapa ¢
KoMbUEBbIMI ToKaMH. Ecam dopma Teaa w oTamuaetest ot GopMbI mapa (Hanpuvep,
NpH H3YYEHHH BONPOCA O MOMEHTAX, BOSHMKAIOMIIX B De3yJbTaTe HETOMHOTO
H3rOTOBJIeHHsI cepHicckoro potopa [54, 821), 370 OT/IMUME MAJIO H He CBSI3AHO C

bIO HHTET il MATHUTOCTATHKH 151 06.12CTH CII0/KHOI
reomeTpuH.
BTOpbIM YNpOMIEHHEM, HCTIOJIbL3YeMbIM 3/1eCh MPH HCCIET0BAHHH MATHHTHOI
cHCTeMbI, SIBIAETCS it sneprum, ii ¢
TOKAMM, nepemMar TPeHHeM M IPYTHMH sIBJICHHSIMH,

BO3HHKAIONNMH TIPH /IBH/ACHHH T1a B MATHHTHOM 1101,
TIpeanosaraeTes  Takme, 4TO IPABHTAUMOMHOC  B3AHMOICHCTBHE  MCH

MATHHTHBIMH TETAMH KAK PHIMH MaccamH Mazt0 no

€ MX MATHHTHBIM B3aumojieiicisuen. Ho MarunTHo B3auMoieiicTBYIOmAas cucrema ¢

HETIOBIGKHBIM TEI0M MOKET HAXOMHTBCS B CTOPOHHEM IPABHTAHOHHOM 10J1¢, CHIA

KOTOPOro CPABHUMA € MATHHTHOH (CM. I.1. 8).
n

g N MarHHTHOTO
jicreus. O } i uacTH anaum  omperesoTest
MATHHTHOi  NPOTSKEHHOCTBIO  Teld M HeUeHTPAILHOCTHIO rHHTHOTO
iicreus, I b MCKTIOYACT  NEICTABICHWE  MATHHTA
MaTCPHAILHONl TOMKOH — OH PAcCMATPHBAETCS KAK A0COTIOTHO TBEpIOE Teilo,
mecTbi0 cBOGOILI Jlst TaKoro

Teaa y HEHTPA MACC M YPABHEHHsS BPAILICHMs!
BOKDYT HeHTpa Macc. JTH Y Bty

HCUEHTPAILHOCTH



B3AHMOICHCTBHS PACCMOTPENIEIX MOJIEei MATTHTA, DEePPOMArNHTHEI{, NPOBOS AT
WM CBEPXNPOBOSIIAI CBOGONBIIi AP, PACCMOTPENILII B YIOMSIHYTHIX PaGoTax, —

i» maruut Ero BOKPYTI HEHTPA MACC M IBH/KEHHE UEHTPa
Mace c1a60 koppe- ampoanst. Moyromy B padorax [21, 22, 31], kak npasi1o, ueHTp
MACC NPEANONArACTCs HENOIBIAKHBIM H PACCMATPHBAIOTCS HILL YIJIOBBIC ABHAKCHHS
TeAa, T. €. MOJIYuACTCH TOT 1M MHOi BAPHANT 34]124H 0 TBEPIOM TEE ¢ HEMOIBIANOI

Toukoii. B 3amauax Hebecuoii 1 5, 24,
noctys o n o i Tame caabas. JTo mossoasier
PA3AEIBLHO H3YYATh, C OJHON CTOPOHBI, MOCTY Kak

cBoGoHOii MaTepHATBHOI TouKH (3a1a%A 71 Ten Hebecnoii Mexanui [23, 241), a ¢ 1py-
T0iil — BpAIICHHE CIYTHUKA BOKPYT HOBILKHOIO UEHTPa Mac [S].
JIMHAMUKa H3YHACMBIX 31€ch Tel KAK «GIBHONOTIOCHBIX» MATHHTOR TAKOBA, HT0

T0CTYNATe/bHOE H BPAIIATEILHOE CHIIBLHO KOp- pe: 3anaun 71 Ten
M Tenac i TouKoif




Yacrell

B3aumojeiicTBHe TeCHOI CHCTEMbI MATHUTHBIX TeJ

Tnasa 3
JUIHHHBIE IMJTHHPUYECKUE MATHATDBI

§ 3. 1. IKBHBATCHTHOCTH CTAHTE/ MOTI0 LINHHOTO LHIHHAPA

TpocTeiv pacuetom |73, ¢. 419—420] MOKHO MOKA3aTH, 4TO N0 HA
OCH JUIHHHOTO LHJIHHIPHYECKOT0 MATHHTA TAKOBO, KAK €CJIH ObI €ro Co31aBajaH
OMHAKOBbIC MO BEIMYMHE M Pa3Hble MO 3HAKY TOUEYHbIE MATHHTHbIE 3apSIbI
(MOIOCHI) HA TOPHAX UHIHHAPA (CTAHTEB»), ITOT PE3YALTAT MOKET GBITH YCHJICH
JI0KA3ATENLCTBOM IKBHBATCHTHOCTH T0/151 MATHHTA MO0 3aPSI0B HE TOMBKO AIst
TOUEK HA OCH UHIMHADA, HO M JL15 JTIOGBIX TOUEK NPOCTPAHCTBA, YIAICHHBIX OT Ha-
PY/KHOIi TOBEPXHOCTH MATHUTA.

BexTop: noast, 0 Hamar J, KaeTest B
Bije [73, . 418; 61, c. 142]

41A -m IXn)r-'dV=p,d(vVx7) r~'dV +p,$s o~4 xdS.

Tle MHTETPHPOBAHHE TPOH3BOINTCA MO 00BEMY M MO TMOBePXHOCTH MarHuTa. [lns
O/IHODOHO HAMATHWYEHHOH 0B1ACTH (HAMATHMMEHHOCTH 7 — MOCTOSHHBI 1O
BeIMUMHE H HANIPABICHUIO BEKTOP) 06beMHBIii HHTerpa.t, coepxamuii V x J, pasen
HyJto.

B caydae JIMHHOTO WWIMHAPA (@, 21 — paguyc W JUIHHA), OIHOPOIHO
HAMATHH4eHHOTO 1o ocH, na Topuax J x dS = 0. ModTomy, BBOAS UMIMHAPHYECKHE
Bl P, 2, U3 i popmyaibt nouyuny, uro A Gyaer umers ML

o[y cocTaBIONIYIO:

(21

/4p—jjar~'J cos qddy, r = [a* + p® — 2ap coop +

+(B—
Tlo nepevenHoii ¢ 31ech TAKO e LIMITHUCCKHIT HATCIPAIL, KAK 1 B 331a4¢ 0
BEKTOP-IIOTEHINALIe TOKOBOTO KO.TBIA (¢M., Hanpimep, [73, c. 128]). Ero phiumcin
YHPOIIAETCS, €CITH YHecTh YCI0BHE MAIOCTH




PalyCa WHIHIAPA 110 CPABHENHIO ¢ LTMNOI. BB MaabIii napavierp B = 00™* = &
1p® (z—2z*)¥]"*** 1, u3 npeapiaymeii popmy.as1 noyunm

o p(®"+ ()T [P

()
+O (I ep) -

Orciona naxomum (opMyIbl A1t Kommnonent MarnuTHoii wnaykumn: 8 = Ho Jai

C P 1A
YL pAporsr |P'+(1+ * (3%
B, =+ o
@t P+ @+ 1y
KOTOpbIe c aas T BEKTOPA IEKTP i

unaykuin, ecn B Touke (0, ¢, [) momectuts snexrpuyeckuii sapsa X 4 nad, as

Touwe (0, , — /) — sapnn

<r = m < na4. 1o copnajenne pacNpOCTPAaHSIETCH yKe He TOJILKO HA TOUKH OCH
wiannapa. Ono A ToueK, 1 KOTOPBIX

VIOBJICTBOPSIIOT YCJIOBHIO P d (2 — 11060€) b0 | Z| > ' (p — Jo6oe).

OueBuano, moJE JIHOO CHCTEMBI JUIHHHBIX IHJIHHAPHYCCKHX MATHHTOB,
0/IHOPO/IHO HAMATHHYCHHBIX 110 0CH, MOZKET GbITH 3AMEHCHO 110J1eM TaHTeIei, ecim
GYIET BBINOJNEHO YCIOBHE MAJZOCTH PATHYCOB LHIMHIPOB MO CPABHEHHIO ¢

Ham MesRIy MarHuTOB. y BOM
TAKOi  3aMeHBI  SBJSIETCSH ™ B iicTBHS
um. MArHHTOB 1O il 3aps/i0B.

§ 3. 2. TloTenUMATLHAN HEPIHSI BYX MATHHTOR

PaccMOTPHM /B2 JUIMHHBIX 101 u

aruura,

HAMATHHYEHHBIX B0/Tb CBOHX Oceii. OIHH MATHHT pauycom ax u ammuoii 2/(% >< 0

NPE/NIONArACTCH HEMOBIKHbIM, APYToii MArHHT pamycom Oa i aaunoii 27 (@ - Z)
cBOGOMBIM (pHc. 3).

Kaaplii MaruuT Gyem paccMaTpHBaTh KaK /ABa TOYEHHBIX 3apsiia + X H — K,
PACTOJIO/KEHHBIX HA MATHHTHOH OCH MATHHTA H YJAJCHHBIX OJHH OT JPYroro Ha
KoHeunoe paccrosinme 21 1s 06onx MarnuTos.

Jlast onpejie/ienust NOTCHIMAILHON YHEPIHH IBYX TAKHX MATHHTOB BBeeM TPH
cuctembt koopuHaT (eM. puc. 3). Ock 0£ HenoBHzHOTo Tpexrpanuuka O£r)£ (pic.
3, a) ¢ opramu 7, iy, is Hanpasena no MArHUTHOI OCH HEMOIBIZKHOIO MATHHTA, A
nauano O naxodumcs nocepeaMHe MATHHTHBIX 3apsiioB+X M—X. Hauama asyx

wra O

OCTAJILHBIX CHCTEM KOOP/HI:
Ocn Tpexrpan-

TOMEIIEHbI B IeHTPe Mace CBOBOIHOIO M:




wika 0&10® (puc. 36) Bo Bpews
cooTBeTCTBYIOMIM 0csM Tpexrpanmmka CET1C, a Tpexrpammnk O(LpuC| ¢ opramm

7|, 7r, (5 mectko cBsizan co coGoanbiM Marmmtom. Ero ock O,L manpasiena mo
MACHHTHOIi 0CH CBOGOZHOTO MATHITA, 3APSUIL —X H +X yaaneus! ot O! Ha paccTosHne
R ————

Puc.3
npasiaennn ocn O(Ca yajien He 3apsi +X. KAK LISl HEIOJABH/AHOT0 MATHHTA, 4 3apsij
—x.

"Hcnosib3yem B KauecTBe cTeneneii cBO50/IbI HHIHHIPHYIECKHE KOOPIHHATRI P, d,
£ Toukn O, B HenoBmzAHOI cucteme 01 TIE, a Takwke yran Diinepa ft, u>. @ mewny
TpexrpanHuKaMHu n O&T". (0 — yroa
HYTAWNH; () — Yroa mpemeccHi; ® — Yro.1 cOGCTBEHHOTO BPALICHHs).

BBe/leM Takike BeKTOPBI paccTosnmii Mexiy marnutusivu sapsuiamn R1, Ra,
R». R*" 1 —u» T = 3 (pue. 4). Ecm R — panmyc-sexrop uentpa mace O, 1o n3

i A
Rk=R+(-1)4 + 6*

1,1, —1,—1(f=1,...4).

(32)
Buipawast opt % uepes oprot 1, T is u yrasi Jiiepa
=ssin ¢ sin Oi, — cos ¢ sin Oi, + cos fti, (33)
u yunteisas, uto R — pcos ai, + p sin at, + £»,, u3 (3.2) noayuaem
R = {p®+ p sin? 6 -f 26*p sin 6 sin (p — a) -f
+ £+ 6% cos ft+ (- 1) ZFIV" (3.4)
MorenunanbLHas SHEPrust Uaphbl 3apsiioB, B3aHMOJEHCTB! 3aK0HY
Ky.tona, pasna +x#T" Jlusn oxnonmennbix m —x2/? juist pasnonme X 3apsijloB

[451. BsaumoaeiicTaie 3apsiios Kakoro-mmGo



OIHOTO MAIHITA MOAHO HE YHITIBATS, HOCKOLKY CHIA IPHTSACHHS Me
sBasercs Buyrpenneii. Tosromy Tbuas Sueprus
MATHUTOB ONPECITCH CYMMOIi WICHOB BU.
na = N"R, werbipex nap MarnuTiex
3apsoB:

U :sz X A* {p® + psin®0 f
i

f-26*p' sin Osin (-¢p —ct) 4
+(C+B*0»0 + (- )'U*TT

@9)
A*=-1,11,-1
(A=l a).

B anmomsnom npubmkenmn (Z -m 0,
2/u K X — MarauTHbiii MoMeHT) 35 N

HEPrHH B3AMMOJIeiicTBHS Maphl MarnuTHEIX MomenTos Kj = Kig, X, = —
H=(X,*X,) R~—3 (ki+R) (X m R) RT*.

€CJIH TOIBKO PasioxknTh (3.4) B psix
uto

1opa 1o | (BI10TH /10 wieHOB ¢ /2) , yuecTh,

c0s (&, kJ =—cos O,
cos (K., 5) = £(pr - 0™,
cos (Xa, R) = — (p sin O sin (if — a) + £ cos dj (p* -f f*

§3.

Tpou3Bo/IbHOE YHCI0 CBODOIHBIX MATHHTOB

Ha pue. 5 Ba X JUIHHHBIX I KHX
MAarHNTa, HAMATHHYEHHBIX, Kak nokaiano Gyksamu N # S Onu npomssoanno
OPHEHTHPOBANBI OTHOCHTEILHO HEKOTOPOT0 HENMOJBMGAHOIO Tpexrpammmka 0£rf.
o B npoctpancrse. B nentpax mace O (t =
1,2) KAAI0T0 W3 MATHNTOB PACHOI0KEHbI HAYATA ABYX cHCTeM oTcyera Ofoll<&o n
npuyem ocn Tpexrpannukos OMIv&s n O £nlIMC« Bo Bee BpeMs JBHKEHHS
napa. ocam Tpexrpanmmka OErré (Ogl,.,

O2E20 1 1 T. 1), 2 0CH TPEXIPAHHHKOB axect
KO CBSI3aHBI C COOTBETCTBYIOMIMMH CBOGOHBIMH MATHHTAMH TAKHM 00pa3zoM, 4To
COBNAAIOT ¢ IABHBIMH HEHTPATLHBIMH OCSMH MACCOBBIX MOMEHTOR HHepIH. Ock
0.2, 1 O COBNANAIOT ¢ MATHHTHBLIMH OCAMH MArHHTOB. Ha mOOAHTEIbHOM
anpa c, ii nomoc N mepsoro marmura, na
O;I0KHTE B HOM HATIPAB. NN 027 — IOAHBII NOOC APyToro MarnuTa S. Ha puc. 5

W300paKeNb TaKIKE




Pue. 5
oprLL I, i, Tpexrpammuicon OrCONiobo HT,, (i, & Tpexrpanmm
k0B O&Thb.

OpHeHTAINMIO /-TO MATHNTA OTHOCHTETBHO Tpexrpammmka CETE (wmm ke
O&tpobl Gyzem onpexessith yraamu Jiinepa 6y, ip,, <P, rae O, — yroa nyraunu
(Meskay ocstvu 0<60 1 0<&); — yroat npeneccun (Mexxay ocsto O&o n mnneii ysios
O(P1); — yroa coderennoro Bpamennsi (Meway aunneii yuios OP u ocwio 0,b).
Paguyc-BeKTOp p( HEHTPa Macc /-ro MArHATA GyeM ONpeaeasTh WHIHHAPHYECKHMH
KoopaunaTamu p, at, ‘b ToukH o; B cucreme KoopauHat o[£ (p — pamuyc; & — yroa,
a £ — anmmkata opouTEI).

VunTLIBas 3HAKH 3aps/IOB HA PHC. 6 M HOMep Mijlekca K coemmmsommx mx
pos Ry, 1 ii sneprun
Us=w VM, I =—1,1, 1, —I pasii-1 4. (36)

Jlasiee, 3 pHC. 6 CJIEAYIOT OYEBHHbIE BEKTOPHbIC PABEHCTBA
RK—P,—pi—AJ, —(— ) G»6c=1,1,—1, |
s =1 4, (37)

tte, = |ja ((=1,2) — BeKTOpBI 0 HAMA10M B TouKe O, W KOHIIOM B TOUKE PACTIONOAKEHHS
MArHHTHLIX 3apSUI0B. VANTHIBas CBA3H MEAY OPTAMH /8 1t £, (~ Yepes yr:an

1M = lisin 6¢sin ¢,/(— | ,sin b, cos + heos ¢A (*=1.2) (3.8)

M 3aIHCBIBAsK BEKTOPBI

Pi = picosaA -f- Pisinad+ CJI *=»2), (3.9)



¢ novomsio Gpopmy: (3.7) — (3.9) Mozkuo noyunTh npeactapicuue sextopos RK B
Bute pasiowennsi no oprav 1 it, iS- Haiiun sarem kpaapater moyJeii kak cymmy
KBagpaToB npoekumii m menoapsys (3.6), mocie mpeoGpasopammii mosyuaem
HCKOMYI0 IOTEHUHAILHYI0 SHEPIHIO MATHHTHOTO B3aHMOEHCTBIS ABYX CBOGOIHBIX
IWHJHHAPHYECKHX MATHHTOB]

U = k* X, Aft {pi + pl — 2p,p* cos (a, — aj + Z +/| f (£, — £)° + + 2 “/»sin f* [p, sin
(b, — a) —sin (p*—a,)] + + 2 (— 1)*/, sin ft, [p*sin (¢, —
— ) —Pisin (g, —ay++ 2, [sinft,
sin Og cos (p? — — @a) + cos 61 cos 0J + 2
(cg—

[«A @<>+(-1)4 x X a-sOj}-*/.. Bioj

[} M3 570ii hOpPMY/TbI Kak SacTHEII
JyeT pe3yabTaT mpeabiaymiero maparpaga. Ona gomyckaer Takae oGofuienne Ha
cayuaii MPOM3BONBHOTO YHCIA JUIMHHBIX IHIMHAPHYECKHX MATHHTOB, €CIH
“HCTEHHBIE HHEKCHI 3AMEHNTH HA GYKBEHHBIE, CKAKEM HA | H Y, BMECTO H* 3amHcaTh

xf, u npocymvmposats o i, /, nexmouns caywaii i — /:

V=€ (< £ 11%(p? + p/— 2p,p, COS (a,—a,) + (2 +/, +m

cayuaii (ps = £g= 01 Og = o) eate
+(C—£)®+26// sin O, [p/sin (¢, — a,) — p, Sin (P, —a)] +

+2 (—1)* lsin O, [p, sin (¢, — a,) — p, sin (d, — a,)) -f-
+2J1*/]1, [sin O, sinO, cos (¢, — ¢,) -f- cos ft, cos ft,] +
+2&-1) [6" cos +(-1)* |y cos (3.11)
e N — 4ueao cBOGOIHBIX MATHHTHBIX Tell.
§ 3. 4. Hecopnanenye MarmuTHoii
W MaccoBoii cuMmeTpHii Testa
B DACCMOTEHHBIX BbIE CIYMAsX MpCINOAAraioch, UTO HEHTD

Mace cBOGOIHOrO Teja COBNALAET € HEHTPOM MArHMTA, 4 OAHA M3 IJIABHBIX
HCHTPAILHBIX 0Ceii LIMICONIA HHEPIHH — C MATHITHOI 0CHIO.




MpencraBasier MHTepec NOAYYHTH (OPMYIY ISl SHEPIHH MATHHTHOTO

BISE, KOLIA TAKOTO ner. Ono ¥ s

COCTABHON0 Tela M3 JUIMHHOIO IMIHHADHYCCKOr0 MATHHTA H  JKECTKO
NPUKPEILICHHOi K HEMY HEMATHHTHO# MACCHL.

Ofuwii cyuaii HCCOBNAZICHUS MATHHTHOI 1 MACCOBOi CHM

teTpuii o3mauact

NPOM3BOIKHYI0 OPHCHTAIMIO MATHHTHOI 0CH OTHOCHTEILHO

Puc. 7

OCH IHHAMHYECKOH CHMMETPHH H NPOM3BOJILHOE CMEIICHHE UEHTPA MATHHTA MO
OTHOINIEHNIO K LIEHTPY Mace
ChstkeM ¢ UeHTPOM MarsuTa O( KaKOro-HHGYIh Tl ¢ HOMEPOM | Hauaio
rpexrpannuka OJin/l. nanpasus och OZ.
HAXOHTCS MOJIOKHTE/IBHbIIE MATHUTHBII 3apsi +x (puc. 7). B uentpe Mace s1oro e
Teaa movectim nataaa Tpexrpammicon 0*O*0WoL/< 1 O,'&\kc* Ocu oceanero
1o ocsm Tena, a opueHTAIMIO oceii o*E/m>
OJIrpo. cOXpAHHM HeH3MEHHOIi NAPAIIEILHO COOTBETCTBYIONINM OCSM HHep-
unanbHoro Tpexrpanmnka O?1)£- 3azaaum opmentammio Tpexrpammnka O&i)&
oTHOCHTEIbHO TpexTpanmmKka 0*6'1)/b’ yraamu diizepa ft', ¢, @ , a nonoxenme
roukn O(B cncteve otcuera O Er|)*£% pr, a*,
£%, B KkauecTBe cTemeHeil cBOGOTLI BhIGEDEM, KAK M DaHbmIe, WHIHHIPHYCCKHE

MarHUTHOH OCH B CTOPOHY, ©e

p1a<, Toukn Q B au yrabl Jiiaepa ft( ¢, o, onpereasiomme

B3AHMHYIO OpHeNTaIo oceii Tpexrpannmion OT &uJl n O</crroiio.

COCTABIM BEKTOPHEIC PABCHCTBA, OMCBIIHBIC I3 PHC. 7:
Rk = +(—1) U+ pn—p+pm—pl, (3.1))

6*=1,—1,—1lamk=1 4,
8788 83



H HC yeM /1Be TAO/ MBI KOCHHYCOB — MEALY 0CSIMH

rpexrpamuios Otnd& u OC-
&

%

assqyassty” — —sin cj)’ee"s% — snn (** sin 6%
—sin ¢ sin s/ cos 0, —cos ¢* sin (y cos ft*

«k @/ stat-+ —sing’sint* + — cost, sin O* (3.13)
4-sin ¢/ cos ¢ cos o/ -f- cos ¢* cos (y cos 0*
sin ¢ sto ® COS<]* shnf COS <tz,

2 TaKKeE MCATY OCHMHU TPEXTPAHHIKOB 0*§"*1°b* 1 * C&JT:
&
COB(, ass —— — sin ¢censly—

— sin<p, sin (y cosO, —— cosd, s nif, cosfy sinily sin 0,

cos ¢, sin % + —sin d, sin (y + .A(3.14)

Y+ StfA/COStf, cosft. (- cosqy cos)y costf, — cos If-sin

@ sin®, sin 0, cos ¢ sin ft, cos it,.
D20 103BOINT NOTYHHTH PACCTOSTHUE MEAKTY MATHHTHBIMH 3aPSIAMH TeJI ¢ HOMEpaMH
| u M ¥ noTeHUMATLHYIO JHEPIHIO MATHHTHOTO B3AHMOCICTBHSI B 0flIeM cay4ae
HECOBNATCHHS! MATHHTHOH CHMMETPHH [UIHHHBIX UHJIHHIPHYECKHX MATHHTOB M
0 Mace «pos» 71 Ten:

U—t>C I {A*{p? + Pm + Pts + pm + " +in + (£ — Cr)* +
+CI' + U — 2p,pm cos (a, — a,,,) + 2p<p, [cos (ty — a,) cos (co +¢,)—

—sin ((y —a,) cos ft, sin (o -f- ®,)1 + 2p,£ sin ft, sin (t(f—a,-) —
— 2p,pm [c0s ((« —a,) cos (am + ¢r) — sin (t, — a,) cos F>uX
Xsin (am + ¢,,)| — 2pAm sin  sin (p—a,) — 2>nP" Icos ((y —am} X

X €os (at + ¢,) — sin (t, — ««) cos ft, sin faC + ¢p) —
- *Pm£sin 0, sin ((, — am) + 2pmm |cos (tp — am cos (@ + 1) —
—  siN (iym—am) COS 0xSiN (2'M + @)1 + 2pME£> sin timsin ((y,—+
+ 2££* cos O, — 2°U cos 0/ — 2£,, cosi>m +
+ 24, €oS Om +2 (£ - cos 0, cos 0,* +
84



+(—1)* 1, COS «.COS +W.P( 17 W, ~<> e S sk
4-sin (b, —a,) cos d, sin «* COS (¢* + ®) + sin », cos fl. sin (*, -aft +

+2(—1)*i”p. ICOS (¢, — CH) sin 4, sin (1 4 D,,) 4
4 sin «.cosdi, sin (¢ - aa 4 sin (®*- a,) cos dr, sin C. cos (pr 4
4.q.)) _2d*/,pm [Cos (b, —a.) sin d'sin (¢ + ) +
+sin (¢p—a.) cos di sin d* cos (¢, 4 @) + sin 6, cos 6, sin (p<—
—a.)|—2 (— 1)* /«p. [cos (,—aj sin d. sin (1 4 ®T 4
4-sin (T —m) cos dm Sin d. COS (st + b,,) 4
-psind. cos d. sin (T — «,,)) + 2Atilni cos (%o. — @) [sin d, sin 0., *
Xs. (@ 4 4»,» Sin (¢ 4 @1) 4 cos d. cos d. sin di sin dm cos (@* 4
4 @) 0S (¢pr 4 ®1) 4- Sindi Sind. cos di cos d.) 4

4-2Jlul /s [sin di sin d. sin d* sin d,, cos (@I 4 @) cos (¢ 4- 1) 4
4COSd, COS dn COS it* cos dif}***). (3.15)

Tnasa4d

MATHHTHAS TOTEH LW AJIGHAS SIMA

$ 4. 1. Mieaabno npoBoasimuii KonTyp

€ TOKOM KaK MOJe:1b MATHHTA

3aMKHYTBI KOHTYD, THIICHHbII 2TeKTPHYECKOT0 CO
npoTuBCHus,
0BJANACT  UIBECTHBIM  CBOMCTBOM  COXPAHSITL HOCTOSRHHLIM  (FOBOPT el
3aMOPOIKEHNBIM) CBI3AHNBII ¢ KOHTYPOM MOJIHBIii MATHUT LI NOTOK [47, ¢. 41 66, ¢.
251. C  BLICOKOH TOUHOCTHIO WICABHAS MPOBOAUMOCTH  PeATM3yercn B

Onnako — 3T0 He TOJIbKO HeaTbHbII

NPOBONKK, HO eme M WieaTbHbI AnavarneTnk. ECIM B wieanbno npososimem
KOJIbIE TUIOTHOCTH TOKA OMNAKOBA NO CEMEHHMIO, MATHHTHOE NOIe M TOK B

KodbILe eHbl Ha ii rayoune (rayouna
nponukHoBennst S nveer nopstok (4 + 6) 10~®m). IT0 06CTOATEILCTBO NPHBOIUT K
pazanunbiv dop puty i T ™
' Tlo nanmbiv [471 yreabnoe conpoTubiente . pes
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IMIIENa HEOCTATKOB 0BLIMHO i popmyani (4 4). PKHeM, 4T0 110
conepikanmio BhIpakenne (4.8) — 3aKOH AMNIepa H HHKAKOTO JOTIOJIHHTCILHOTO
conepsanmst ne necer. To dopme ono ormuaercs: ot (4.3) nan (4.4) 3amenoii omoii
TapBI IePeMEHHBIX APYT0ii IPH OMOIIH JTHHEIHBIX COOTHOIICHHIT (4.5).
CapopMy.HpyeM Teleph MOCTAHOBKY 3/12H 0 MATHHTHOI NOTEHIMATLHOI AME
caexyiommum o6pazom. PaccMoTpim /1Ba (a He Kakoe- MO0 APYroe UHCII0) HACATLHO
KOHTYpa ¢ Konypbt "
OPHEHTHPOBAHBI I'AK, YTO MATHHTHAS CHIIA YIAJICHHBIX KOHTYPOB HMeeT XapaKTep
NPHTSZKEHHsl. T2  OPHEHTAUMS KOHTYPOB B JIaJbHeHIIEM He H3MEHSCTCH.

I b p X e MA10ii CKOPOCTLIO KOHTYPBI
cOmukaloTesi. Camoe GOJBINOE Xy W CAMOC MEHBIICe X, PACCTOSHHS MEKILY
KOHTYPAMH Y10B/ICTROPSIOT YC/10BHI0 O < X2 < 1 < 00. BakHO MOTMCPKHYTH, TO X;
MOKET MpeBLIIATL pasepui Goabmero womTypa. Kawoe-mmo mewyeersemmoe
BO3ICHCTBIE HA KOHTYP € TOKOM
M TOAK/IIOYEHHE KOHTYPa K HCTOMHHKY Toxa) B mpouecce COMMKEHHSI He
JonycKaeTes.

TIpH BBINOIHEHNN YKA3AHHBIX YCIOBHii MIIETCS MHHHMYM MOTEHIHAILHOI

JHePIHH MATHHTHOTO B3ammojeiicTeusi Tokos U Kkak ¢yHKuMM paccrostus X,
H3Mensoerocs na otpeske (Xg, J1\). Mnaue roopsi, npy BBINOJIHEHHH YKA3AHHBIX
YCI0BHi HILETEsS! HYJIB MATHUTHOI ciutbl P Ha HekoTopom oTpeske 0 < X, < X0 < Xj <
00 W OHOBPEMEHHO TAKOe H3MeHEHHe MATHHTHOH CHJbL, 4TO MpH X — Xo + AX
MAarHHTHASI CHJIA MMeeT XapaKTep NPHTSKeHHs, a IpH X = X, — JIx — xapaktep
orrankusanns (X >0 — MaJj0e npUpalLeHne paccTosHMst X).

3aMeTHM mpekie Beero, 4To (X) — MOHOTOHHO yGbIBalomas QyHKUHS X.
Mootomy npoussoanan L%/AX ma orpeske /X2, Xj oTpuuateasna u murze ne
o6pamaercs B ny;1s Kpome Toro, npousseenne LyLN seerna Goanme L. Moyromy
namenates B hopmy.te (4.8) Takike HUTIC He 0BpAIIACTEH B HY.b.

Mocie crenanubIx 3amevanuii u3 (4.8) Jierko HaXoIuMM JBa YCJIOBHsl, NpH
KOTOPBIX MATHHTHAS! CHJIA PABHA HYTI0:

— Vil (Xo), (4.9
(x). (4.10)

D70 — HCOBXOIMMBIC YCAOBHS CYNICCTBOBAHMS MHHHMYMa MATHHTHOI JHEpruu
(1y1h IepBoii NPOM3BOHOI).
3aMeTHM, UTO COBCTBENNBIE W, KAK NPABIIO, B3AMHAS MIVYKTHBHOCTH

nonowuTebHbIC BeumnmbL TloyToMy 15t BBUIOAHCHUS yeioBus (4.9) nan (4.10)
MOTOKH Y, M T I0IKNbI MMETh oun 3naK. TIpuMem JL1st ompesieientoctn, uro Y, u
HOT0KNTELHBL

Tokaem, 4To om0 w3 ycaosuii (4.9) mn (4.10) Moker GbITh puMuecKn
peajiuiyemMo. YUHTBIBasi, 4TO COGCTBEHHAs WHIYKTHBHOCTh KA/KI0OT0 KOHTYpa
WHAYKTHBHOCTH, MOAYuMM, uTo mph V, < YJ dusmueckn




arom ne noxxomut (Ln > L.g (x)). HaoGopor, ecim % < 2., dusmyeckn peanusyemo

auwb yerosue (4.10). Ecan V, = U¥, um 01uomy M3 HEOGXOMMMBIX yci10BHil
y Th HeJIb3sL. Jeii Toraa foukno 6bITE MG Ly = LN (%), mbo
LN = Ly, (X,). DT0 IKBHBAICHTHO MOIOKCHHIO, KOIIA KOHTYPBI COBNANAIOT APYT ¢

JPYrOM, UTO He MpEACTABISIET (U3MUECKOro WHTepeca. JIMIIEH CMbICAA TaKwke
caryuail, KOT/Ia 0N U3 32MOPOKEHHBIX TIOTOKOB PABEH HY.TIO (CYIIECTBOBANNE SIMBI
Ha GeckoHeuHoM yatenin kKonTypos). Moyromy 10H0 GbITE %, % Do, V,¢h 2,

VETAK, TOT AKT, 10 B3AUMUAS HHAYKTHBHOCTE ABYX KONTYPOB BCETAA MCHbIIE
MX COBCTBEHHBIX WHIYKT orp: Ha

b CymI MBI MArHUTHBIE TIOTOKH JIOJUKHBI
GbITh PA3HBLIMH 062 OTMUATLCS OT HY.IsL. B 9TOi CBSI3H HHTEPCCHO OTMETHTD, UT0
B W3BECTHOI padoTe [57] paceMoTpen cityuaii OIMHAKOBBIX MOTOKOB, B [26, 80] —
caryuaii 0IHOTO HYJICBOT0 NOTOKA. ITO OBLICHSICT, NOMCMY B H3BECTHBIX PAGOTaX Mar-
HHUTHASI NOTCHUHABHASI SIMA HE OJTyUeHa.

Veaosue (4.9) nan (4.10) 03HauaeT, YT TOK OIHOT0 KOHTYPA B MOOKEHHH
MATHHTHOI SIMBI PABEH HYJTI0. B 3TOM MOKHO YOC/IHTBCSI, NO/ICTABHB yei1oBHe (4.9) B
nepByio hopmy.y (4.5), a yeroue (4.10) — Bo Bropyio. Torna u3 (4.5) cenyer, uro,
ecam, wanpumep, = 0, n0Tok pasen Lis (x0 /2- T. ¢. ABASIECTCH NOTOKOM B3AMMHOI

KOHTYpa ¢ noToKom ?,> 2, ecn /g = 0, noTox
Yg paneﬂ TOTOKY B3aHMHON HHIYKIHH KOHTYPA € 3aMOPOKEHHBIM MOTOKOM
> %.

TToKaskKeM Teephb, 4T 01O W3 ye10BHii (4.9) i (4.10) He TOILKO HEOGXOHMO,
HO M . Tycrs s H < 741 BLUIOANSETCH HCOBXOTMMOE
yeaosue (4.9). Menonssys (4.8), mai
BLIMICIHM €€ B M0JI0KeHHH X = Xo. [IpH BBIMICICHHH TPOH3BOIHOI MPaBYIO YacTh
Bhapaskennst (4.8) yI00HO paccMaTPHBATh KAk NPOWIBETEHNE 1 CPAsy YUHTHIBATE
yeaoBue (4.9). Tora Bee c1araeMbie POH3BOJIHOI NPOM3BEICHHS PABHbI HY1I0, 32
HCKII0uERHeM Po3BOHOil wiena 4°, Ly — 2sLis (x). Mostomy

a* = L LELE-

(€M NPOM3BOIHYIO MATHHTHOH CHIBI 10 X M

(LuGOT* 14111

Kak yike 0TMe4aI0Ch, NPON3BOAHAS B3AHMHOI HHIYKTHBHOCTH 10 PACCTOSIHHIO
" (4.11) nurze ne B HYJIb. 3HaK BhIpazkennst (4.11) Mower
GbITh ycramoBden cieayiouuy obpazom. Ilpn Bhimoamenmn yciopms (4.9) u
nepasencts 2 < %, Lu > As (‘o) unmcamrtens apoéu B mupasoii wactm (d.11)
HOJ0KUTENCH. 3aMOPOKEHHBIE NOTOK 2 W ocTaibHble wiemb (4.11) Takke
nonownreasust. 3uaunt, AP AX\X=Xi<. 0. Ecim 6512, 6611 0TpHIATEILHBIM, 3T0 HE
noBsmsiio 661 na 3uak AP/AX 1*=* | tak kak uncanress 1poou B npasoii uactu (4.11)

PACCTOANMIO B NOJOAEHHH, [le BLUIOANSETCS HEOBXomMMOe yciosHe (4.9),
orpuuareasna. Ecam 651 BMecto (4 9) BBmoamsitoch
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yeaonme (4.10), MPON3BOANA» MATNHTHOI CHIIbI, KAK METPYANO NOKA3ATE, Takwe
Ghi1a GBI OTPHLATELHOI,
Orpratenbuniii 3nak

aBoii uacth (4.11) 03HaYAET, UTO BTOPAN NPOMIBOANAS
MAarnuTHOH moTenummanbhoii dweprum U B mosomenmm, rae Bbimoamsiercs
HeOGXOAMMOE YCI0BHE MHHHMYMA, MOJ0KHMTeIbHA. TeM CAMBIM 10CTATOMHOCTE
o/1HOTO 13 yctoBHii (4.9) wan (4.10) anst munnmyma U nokasana ®.

§ 4. 3. JlokasaTenbeTRO, HEMoML3yIomee Teopmio [81]

Ecan & oeprun marmntsoro noas 2W = / 1T, + 1P Bmecto TokoB /u
I¢ NOACTABNTY NPABBC SaCTiH GOPMY.A (4.6), HEPITA MO OKAKETCH Bt PAKCHNOI

uepes T\, (3 ectn
£18):
W --i- (Wi? — +LuV|) (LuLn - Lh~"- (4.12)
B 10ii (opvyie 3aMopoenibie Tokn Y, Ya ,‘lo'mmu paceuMATPUBATRCH KAk
arux TouKH 3penns
MOFYT GbiTh TIOGHIMM, OTHAKO B /CHCTBHTCTLHOCTH ONN OTDAHIHENbI CBEPXY
KPHTHYCCKHM NI0JeM, b

3sectno [81, 121, 1], 4T0 JHEPIist MATHITHOTO MO.15, BIPAKENHAs 1cPe3 NOTOKH

" bl 6Ol Sneprueii. oyromy marunrnas cuia P
onpeneanTen Kak wacTHas mpowssogmas oueprmm (4.12) mo mexammucckoii
KOODIHHATE X, B3ATAS! ¢ 0GPATHBIM 3HAKOM:
— o =
2~ox~ dbs  d
{Loa ? + £u— V-uLn + Lyj) 0by ¢ \n,
_ (o>

YncanTes ePBOro MHOKHTEIISH B 3T0ii (hoPMYJIe MOKeT GhITh paBeH HYJIO, T. e.
V', +LL)-<L,Wt+ (L, -0, (4.14)
eciIn TOABKO
L, - ZIVFT L, - . (4.15)
Bo3bMeM BTOPYI0 NPOH3BOHYI0 dHepri (4.12) o KoopwHaTe X B Toukax (4.15).

Ut 5TOr0 HeoBXoMO PO depenIpoBaTE (4.13) 0 X OMH Pa3 u NOACTABHTE
3uaueHnst £, BLIDAKCHHbIE Uepe3 nocTosmubie £,. £.,, U\, U, coraacno (4.15).

+ MarnuTnas noTenunatbuas sma Gbi1a oGnapyena asTopom B despane 1975 T.
40



B dy
d*W d*W (dLi V', dW d"Li, ox *\ ox ) + ax*

(4.6)

BTOpOE C.1ArA€MOC B YTOM BLIDAKCHIH PABHO HYJTIO B CHILY TOTO, 4T0 B TouKax (4.15)

dW/dLyt = 0. Yaen (AL"NX? — nonoxurensnas semmunna (caywaii dL"dx — 0

Gyaer pacemorpen nuse). Tooromy suax d'W/dX' onpeneaseres snaxom sropoii
. (4-17)

npomssoanoii pynkumn W no Ly, T. e. dynkumun, subli BUA KoTopoii naerest
Qopyy0ii (4.12). M3 5Toii (OpMyIBl Clelyer T. e. BTopas mpo3BOaHAs
MOTeHUNATLHOIi SHePTHH 10 X B Toukax (4.15) noxomutensna (LuL« > L*2, Li>0).
D70 3HAMNT, 4TO BLINOIHENbI 0CTATOuMbIE Ye10Bus Mummyma U. ITor pesyastar
BrepBhIe onybamKkoBan B pagote [35]. IouepKHeM, 4TO OH CHPABCLIHB B TOM
cayuae, koraa dLJAX @ 0. Ecam 651 510 G110 He Tak, HeoGXomuMOe ycioBHe
CYUICCTROBARMSI MHHHMYMA (PABEHCTBO HYITI0 MATHHTHOIi CHIIBI) BBITIOIHSLIOCH Obi,
HO JI0CTATOYHOE — HET.

Tycrs reneps ALIAX = 0. [pexcraBum NOTEHUHATLHYIO FHEPTHIO KAK CIOKHYIO
dynkumio koopmnatet U — V (%)) 1 3anuuem ee NpoH3BOHBIE 10 YeTBEPTOro
HOPSIKA BKIIOMHTEIBHO:

ox~ My ox

&O L fLLy ? JfL

\ox ) ddL JJa
PU &U (dLMN*, 0 & &L dlic ;o du &Ly
=" T/ r~a2 )+ L xe» ¢ (418) jw_ xu i XLu\* e XLi (dLs\8

~0*  WIa L1+l toXM b +

M3 >tux dopmya u yenosust dLU/OX ~ 0 enenyer, uto B Touxe ¢ dUIALU — o Bee
IPOH3BO/IHbIC JHEPIHH PABHKI HY.TI0, KPOMe

n (419

Kak 6110 nokazano seime, wien A*U/dLN B rouxe ¢ 5£/dL;2= 0 nosomurenen.
Toria m3 (4.18) CICAYET NOMOKITEILHOCTS AdCPCHINAIA ETBEPTOrO MOPSKA
d*v, ecam B Touke pasuosecus d°L'i!dx' @ @0



Takum o6pasom, cayuaii dLjdx = o
MArHHTHOI TOTCHUMATLHOM AMBI 4JIeHaMH BTOPOro mopsaka magocrn Ho sror
MEXaHH3M HAYHHACT TMPOSBIATHCA B AuddepeHumaie 4eTEepToro Nopsaka npu
YC/IOBHH, eCH BTOPasi MPOM3BOINAN B3AMMHOI MIIYKTHBHOCTH 10 KOOPIMHATE
oTaMuHa oT Hys. MOKHO NOKA3ATh, WTO MOBBINCHWE MOPSIIKA HEHYJIeBoil
MPOM3BOMNO B3AMMHON MHAYKTHBHOCTH 10 KOOPAMHATE, HC3ABHCHMO OT TOIO,
“CTHASI ONA WM HEUCTHAS, K ) y " ay mo-
TenumanbHoii JMeprum, T. e. K MumuMyMy B 5Tom mommo ySemtnen w (4.18),
©0J1ee BBICOKHX MOPSIIKOB.

§4. 4. YacTHLII MPHMEp COOCHEIX KoTeN

Ecam X —— paccTosiHHe MeaIy ABYMS COOCHBIMH HeaibHO
am it d (i = 1, 2), To, Henoab30BaB
TOJIy"eHHbIe BbIIIe Pe3y/bTaThl, Haiiiem
u—2ULMW - (J1* + 1 - 2rw) (1-y (4.20)
p-AaLvT=(m-y) (1y -0 (1 X
X Ne-A* (1+OT7 |2*"K (k) - (2- AY) E (41. (4.21)
¢-10CarL MW = (1 -y) (V- 1) (1 — (17 #+* " x
X (1L + B*(2-4)-4E[* K () — 2(1* — f -1- 1) (1.B"
4L+ A EM[+|1- ) (- +1)+4y@a—y) X
X (V- 1)1 (1-("T° 14* — *=(m+ E)*1 No"K (A) -
—R—AMEH)e (4.22)
3mech W, P M C — COOTBETCTBEHHO He3Pa3MePHAsi MATHHTHAS JHEPTHSA, CHJIA H
weerwoers (V, P, C — pasmepmas oweprusi, cwia u ecrioers); ¥
3aMOpOKeHHbIIi MOTOK T-10 KoABIA (» — 1,2); 1 — YyPT x X (LMLII") 7' ¥ — LI2
(Ealm)~ | —waT K (A) u E (A) — noansie 5w ecKHe HHTErPalibl IepBOro
1 BTOporo pora Moayst A — 2x X (00)*' le + <*S)* + I\ AT — (1 — A*yT* —
ponoanurenbnbiii moxyab; L, (i — 12) m Lu — cobeTsennbie n B3amvuas
MHYKTHBHOCTb, BLIYHCISIeMBIC 110 (hopMyIam
Li—pa (In st 4- 1—1,2 (4.23)
L, —y.[(4-A)K@®)--JE™)] (4.24)
@ — ryGuna oM. §4.1). ITH BRIpaEeHns

VIPOWAIOTCS LISl MAJIBLIX 1 GOIBUIMX A (COOTBETCTBCHHO CIyuaii yAAICHHBIX 1
Ganskopacnonokennbix koren). TIpH MatbIx A



H*) = =1+ -1+ AK* + O(, E(K)~

V=K, o) * = ir[(My + A)(A 4+ If)] L

(T—400W— ) O — ¥#*):== (JI* + I) 1—n + ¥V — 4uf + + 2if — 5ny +
3yf—Inf4
+O )
1d—jflifo*—2»w + 0+ dyx x (n — V)
(rw—1)10 —y“r’=
=(+1)[1—e6ny4-6y2—
— 20nf + 150 — 42ft/f° +
+218+ 0 (), n=u 3+
+1)
uTo naer

1% = | L EO* + I)* (e + T —

— oii?) |-O (i), (4.25)
c=-J- (1L +E) i3 [(A, + A,- 1) (1—an-
'k*) +
+4<AlA + )*a+ o (k). (4.26)
rae
A>= A2 A = (L)(L + (4.27)
Tpu Goabumx K yno6uo bCst ApYTHM NOJIHBIX

JHITHYecKHX HuTerpanion [19, ¢. 919,9201: K (K) = 1n -J- + V"' ("-p11

+HTr*' 17 7 9)+ .
E (i) = 1+ -TY-(ln1 -P - T + Rl G UM +eee
 pasy BYI0 yacTh (4.20) — (4.22) B psiL 110 ) B TouKe Y = 1 (HOJ10KenHe

Mar H0ii 1107

WAL SMBI):

(1 —#) (OX/ — MU —1)" 11 4-an, + en, 4- O ().



Puc. 9
r 1+u
w= L AV T

1(1- #2 (if— 2wy + 1) +4((1] - ) (g - 1)1 (1- y["'=
A Ip)E U+ — 1 + e2q + €°Ng+ O (eY)],

i+ 6u 1-TU* . q T+ 130
S K |—p e -r> + 4 O-n¥
Torna f
us= [+ + en, +0 (e9)d. =—p’ (4-28)

0/0,8 09/

0Q
Puc. 10

I--nhr Ne -*(! +9T- [I +»
+ 0 (e[ +r (P DT 4T
+0 (K'In-£)] (429)
Ce(I rm{(1- 11+« +Ju+O0 (31| +
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+0(*MIn -p-)| + (L — *2)11 + 41) — U + carbene +

+O0@)||—+5In - --1 +K' (e —g-In I+

+41n:-£-) + O (1" InTJ-)]} » (430)
Tpapuku Ge3pazMepHoii MArHHTHOI JHEPrUH, CHIbI H JKECTKOCTH B YaCTHOM
cayuae In 81" + AVT 2= 1 (t— 1, 2) nokasansl Ha puc. 8—10. OHN BEIYNCIICHBI KAK
ymicmmn K o Tounbiv dopmyan (4.20) — (4.22) 4151 HECKOALKHX 3HAvenHii fe3-
pasmepubix mapamerpos’ £ u 1. Touke
MHHHMYMa MarmuTHOH OHeprmm () )
oOTBeuACT  WyAb  MATHWTHOW  CHIBI M
cooTBeTCTBYIONEE M3MEHEHUE 3MaKa MO o0be
CTOPOHBI 0T 3T0ii TOUKH.
B3aumojeiicTBHE ¢ MHHHMYMOM MATHHTHOIE
JMEPTMM  0BWATEALHO  BACHET 3a  COBOI
CYIUIECTBOBAHMNE IIe O/IHOI XAPAKTEPHOI TOUKH
—  TOMKH MAKCHMYMA MATHHTHOH  CHTbI
NPUTSREHUS. WIH TOUKH HYJICBOI KeCTKOCTH
(cm. puc. 9 u 10). CymecTBoBanue Makcumyma
CHUIBI CIE/YeT M3 TOT0, 4TO NPH MAJIOM YAAIeHHN
OT NOJIOKEHNs IMBI NPHTSIKEHNE BO3PACTACT, A
HpH GOJBIIOM YIaZe> HEM CHIA TPWTSGKCHHS
y6biBaeT no 3akony® const R~*.
Tpencraaser uHTepec  marasmHoe
obbsAcHeHHe CYIIECTBOBAHMS MarHHTHOH
TOTEHUHALHOI  IMBI HAa OCHOBE CBOiHCTBa
OCTOSHCTBA  TIOJIHOTO  MATHHTHOTO  TOTOKA.
VYenosuo Gyaem cuuTaTh, 4T0
Puc. n noJaHbIe
MAarHHTHBIE IOTOKH KoJ1ell Ha

puc. n

paBub ancay CHOBBIX unmii,

NPOHM3BIBAIOINX ILI0CKOCTH Koaba. Tak, B Menbuiem koabue V, = = 5 = const, B

Huknem U*,= 13. oasprocts marnuTHbix nomocos N u S Gyaem onpeneasts no

npunuuny: w3 N cutosbie smmun Bpixoast, B S 3axonst. B Bepxnem noaomennn

KOJIbIA OOpauIeHbl JAPYr K JPYTY Pa3sHOMMeHHbIMH nomiocamu. Ilosromy oum

MATHHTHO HPHTATHBAIOTCH. EC/IH MeNbilee KOJbUO 3aiiMeT HILKIEe N0JI0/KenHe, ero
GyIyT IPOHU3LIBATE

> Pacuersi B
ocnoBamH,
Ao (em., wanpumep, (44,

noamenst H. B. KoGpiuuioii.
0 1100251 CHCTEMA YAICHHbIX TOKOB JKBHBAICHTHA MATHUTHBIM
140—141]).




CeMb CHUIOBBIX JIHIHIE MATHUTHONO 10151 mzKNero Koabua. Ho B ety caoiicrsa Y —
const gokHo 661TH Y, = 5. [103T0OMY B MEHbIIIEM KOJIbLE CAMONIPOU3BOJILHO HABECTCS
TAKOii TOK, 4T00bI CO31ATH MATHHTHOE 10J1¢, ABE CHIIOBbIE JIMHMH KOTOPOTO OyIyT

HANPABJIeHbI 00PATHO CeMH JIMHUAM o5l HiKHero Kouibua Torna U] =7 —2=5

Marnutnas KOJIbIA 32 CYeT 3 ToKa
u3Menutest. Bmecro npummuun KOJbHA OYAYT OTTANKHMBATHCS KAK MATHHMTBI,
ApYT K Apyry nomocamu. B HekoTopoM cpemien

TOJIOAENHN TOK B MEHbIIEM KOJTbile GYIET PABEH Y10 (BCe NSTh CHIOBBIX JIHHHE
BYIYT CO3TABATHCSA MOJICM HHAKHET0 Kobua). [103ToMy MarHuTHas cuna Gyaer paBHa
ymio. Takum 06pasom, no.y marnnTHAR ama: npn

KOJIell MATHUTHOE NPUTsIKeHNe, IPOXOs Yepes HY.Ib, IPEBPATHIOCH) B MAT HUTHOE
oTTaNKMBaNKE.

§ 4. 5. Hexotopeic oGooumenns

Korna mmeercsi He 0lHA KOOPAMHATA WJIH He JBA, 4 HECKOJIbKO

KOHTYpOB, MaruuTHOrO BHSL YCI0KHSCTCA.
Iycre KoHTYp obsianaer 1 CBOBO/IBI Yeaosust

MOKHO TPAKTOBATh KaK CBf3b MEKIY KOODAHHATAMH, OOecneuHBalomyo
MOCTOSIHCTRO B3aNVHOI uHKTHBHOCTH. JL1st 71 =1 cymiecTByeT TouKa (I0JI0KeHHE),
A0St 1= 2 — JMHMS (CBSI3h MY IBYMSI KOODHHATAMH), HA KOTOPOH MATHMTHAs
JHeprHs MHHIMATLHA. JUT5 TPEX KOOPMHAT BMECTO IHHHH HMCEM TIOBCPXHOCTb H T.
A

KoHKpeTHbIe TPHMepbI ABYX H€AIbHO MPOBOISIIINX KoJeln paxnycamu 6/, (i
Aatot caeqyromiee. ECH 0cH KOJIEN IepeceKaloTesl B IEHTPe MEHLINETo H3 HUX (PHC. 12,

ou B3AUMHAN HHYKTHBHOCTE
MOZKeT GbITh NPEACTABICHA PA3I0KeHHEM B Psil o Muorousenam Jle wanapa Py,.1
(cosO) [28, c. 169]. I'1asubiii wien sroro B HAIHX ¢
yuerom (4.9) Gyner nvets Bu

I'™M cos O = 4,47'Z-m = const, (4.31)

e npejy
JHEPrHsi MHHMMAJIbHA, HMeeT BHI COS @

10en0, 4T U, > Up Torna ypaBuenue JunHii, HA KOTOPBIX MATHWTHAS
const (pue. 12, @), rae 3mavenns
10TOKOB.

L% ABYX COOCHBIX KoJIe Ha PUC. 12, 6 ¢ TPEMS HEIABHCHMBIMH CMEIEHHSMH
MEHDBIIET0 KObIA X, V), 2 MOKET GBITh HCHO:b30BaHA dopmyia 28, ¢. 1671§

1 “rv. (2« +1>1 (P* 4 «o>'

§ Mpeanoaaracten, wro (p- -+ a%)"" < ¢, —a*
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» 142, f) pin (COS 0)°

cos d =z (p2-f 25

Cunras p Mesy KoJten namnoro pamny-
a
1610 KO.IBIL 1 OTPANNUHBASICH LICHAMH PSA OPSIA — NOIYUACM

ca 6ou

Sr0—y Hbix 1 ¢ ocvio 2 (puc. 12, 6).




Jln  wowrypa ¢ Tpews i ’
NPeACTABIsIeT HHTEPEC MHHHMYM MATHHTHOI SHEPrHH KaK (YHKIHH TPeX KOOPIHHAT
(rpexvepuan marmuTnas sma). Pazioaenne B pia Tei10pa MaruuTuoii sueprun
(4.12) B noomemm (4.15) Gyzer nveTh BHI y

Tponssomasn OLa|dX*|, uncieHno paBna MATHHTHOI CHIE eTHHUMHBIX TOKOB JBYX
KOHTYPOB B (@.15). ¥M 4ena MM BTOPOTO HOpSIKA

MAJI0CTH J0CTHIAETCS TOF/1A, KOT/IA 3T MPOH3BO/IHAS 110 BCEM TPeM Xt He PABHA HY.TIO0.
EC/IH y€CTh, STO MPOM3BOLHAN CHETEMA €T IKBHBATENTHA OHOi cie (FaBHbIii
BeKTOp) M oHoii nape (cM , nanpumep, (1, c. 39,1°71), To no kpaiineii Mcpe B ABYX

BEKTOPY,

MHIYKTHBHOCTH paBHa Hy.110. OTCI0/1a cIeIyeT Teopema.
Teopema 4.1. B icmeyrowet 0 00HUM
NOOBUICHBIM U y2 cywjecmsyiom maxkue mpu
y rm[// umo onepeuu

JIGZHIIWIHO('U 830%‘10()@!46”18” Kak )VHKYUU  omux mpex JUHEUHBIX
cmewenuti ne moogcem Obimb ()o¢muzuym unenamu 8mopo2o Nopaoka
Mmanocmu om gopmol

ra Teopema IKBHBAICHTHA mepmenum 0 CYNIECTROBANIN ABYX HYTEBLIX
oaHoii ot uyas MHIYKTHBHOCTH JIBYX KOHTYPOB
KaK GYHKIHH Tpex B3aHMHO 1x i i

Ecan uMeeTest He OMH TOJBHKHbIH KOHTYP, 2 TPH JKECTKO COEIH UEHHBIX
I He KOHTYpa, MATHHTHOI YHEPIHH MOKET HMETh
mecto Jlan y CTBa 3TOr0 Y npeanoaoKuM, uTO
KOHTYPBI TIOCKHE, TLIOCKOCTH KONTYPOB Ha TOTBIKHOM Tele B3auMHO

5, a NOTOKM JBYX KOHTYPOB PaBHbI

Hy/1l0. MarHuTHasi NOTEHUMAIbHAS Heprusi OyJeT HaiileHa, eciH CBSI3H MEKIY
MATHUTHBIMH NlepeMeHHbLIMU

=L/, 40-lg+0-Zs+ 7,0,

o=o"[4-Ljlg+oe/s+ NN ¢
0=07,+0m1,+Ms+LJ*
W= cLlg+ Lol < Loy,
b o TOKOB ™ pemenns B dopmy1y

sueprun maruntioro nost: 2W =/ 41, + |V, + |\Wg + + /[T = AT, + /]I*- Torna
noyunm

W=-1|V[ILLL -L.LU-LLL)-UVULLL,+
+ (LLzz,—LJJL, — LLLL — LJAF' (4.33)

B (4.32) yuTeno, uT0 eaMOpOKENHbIC IOTOKH KONTYPOR 2, 3 1 B3ANMHUEIE HHAYKTHRHOCTH
KouTypon 1, 2, 3, NpHIALIEARUINY 01HOMY TETY, PABILL Y110,
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0 Gysem pacemarpuats U Kar by Tpex
LM B rouxe
Li*= L.V, 9T" LM =l«=0 (434) Bce nepebie npoussousic
H BTOpbe CMEIANHbIE NPOW3BOIHbIE SHEPI it
(4.33) paBHbt Hy:110. OCTAIBHEIC BTOPBIC NPOHIBOIHBIC, PABHBIC
\Yif&u\iL
«WIFA™ L LL* ~LH' '

nosomutenbubt (Ls, L7, L< > 0; L, 1* > £2<). Tosromy B Touke (4.34) Bhimomens:
HEHDXOAMMBIE M I0CTATOUNBIC YCYIOBHS MunHMyMa Jneprun (4.33) kak dymiumm
TPeX B3AMMHBIX HHAYKTHBHOCTEH Ly, L« 1«

Tycts Tp B3anMHO 1e 1., X: TAKOBbI,
uTO Bee NepBbIe X MHJYKT B TOUKe
(4.34), paBHBI HY.1I0, 32 HCKJTIOMCHHEM

m-T- W, -
TOrIa NPOCTHIM BLIYHCICHHEM MOAHO IOKA3ATh, WTO B NOJoxkeHmH (4.34)
BLITBLIOSIOTCT 5 e ¢ ectonus 1y Banmus

MACHHTHOI JHEPIHH KAK GYHKIMH X, X, Ta.

Jlasi KaKHX-TH60 APYTMX B3AHMHO NMEPHCHMKYJISPHBIX cMemenmii X/, *2, *3
TAKIKE MMEET MECTO MUHHMYM dHeprin (4.33) Kak (ynKi pemennbix X/, x2, X3.
310 BhrTeKaET H3 (4.35) H 04EBUAHOTO C1EACTBIS TeopembI 4.1 He cylecTBYeT TaKoii

JIMHEiTHOiT KOOP/IMHOTBI Xt, 4T00bI NepBasi NPOM3BO/IHASN 1O X( XOTS ObI O/IHOI H3 Tpex

HHYKT Tpex xecTKo B3anMHO
KOHTYPOB poBHsi1ack Hy.10. Ilosromy y

Teopema 4JI. B 77 it cucmeme umeem
Mecmo 0 i anepeuu i
Kak ynkyuu  mpex UHBIX it cucmemvl  mpex

P YAAPHBIX KU HE X U0 1p 4y
KOHNIYPOG, eclu NOHbIL MAHUMHbII NOMOK XOMs Obl 00H020 UOEanbHO
Konmypa om nyas.
Takum o06pasom, 10DaBjeHHEM /BYX KOHTYDPOB, 00.1a71al0UIMX HICAJTbHON
10 1 y s MOWKHO 10GHTHES! T PEXMEPHOi»

MarHHTHOI il SIMbL J Po/a SIBJISIETCH CHCTeMa
TPeX B3aUMHO X KoJiell ¢ 0BIIHM HEHTPOM, KOK
onmoro 0 Tea, n 0 KOJIbIIA, KOK IPYroro

)
Te0. B 1osiokennu, Koraa Kakoe-audo KoJIbLIHO CBODOIHOIO TeJI0 COOCHO He-
TOJBHKHOMY KOJIbILY, 0THOLICHHE 3AMOPOKCHHBIX I0TOKOB COOCHBIX




KOJICH PAaBHO OTHOMICHWIO WX B3AMMHOi MIIYKTHBHOCTH K COGCTBENNOf, npm
HyJeBBIX nooKax ABYX KOJICH HMeET MECTO MUHHMYM
MAHHTHOI JHEPTHM 0 oT K Tpew ammeii cHETeMBI TPex
KoJeu.

TIPEACTABNET HITEPEE BONPOC CYIIECTROBANNS MIHIMYMa MATHHT HO¥i JHeprin

B CHCTEMeE /1 KOHTYPOB, ThCS OTHOCHTEILHO JPYT

apyra. B uacTHOM Ctyuae memyJieBoii MepBOil MPOMIBOINON KAAKIOH BIAMMHOI

MHJYKTHBHOCTH 110 KA10MY HE3aBHCHMOMY TICPCMCIICHHIO DTOT BONPOC CBOTMTCS K

3a7aue OTLICKANHS MHHIMYMA JHEPTHH 0151
21T~

.n)
kak dynkunn (71 — 1) nesapucnmbix nepemennpix Li(i ,n\
i ¢b. /). Pemennem 710ii 3aaun sBasIOTCS paBencTsa

A AL i <4 36)
HeobxoanvocTh yci10BHii (4.36) ci1enyeT u3 Toro, 4o B nooxkenun (4.36) Tokn Beex
KONTYPOB, 32 HCKJIIOMEHWEM OIHOT0, PaBHbI mymo. To3TOMy paBibI HYIO 1
MATHHTHBIE CHJIBI JIOOBIX IBYX KOHTYPOB (OHH NpPONOPUHOHATLHBI NPOH3BEICHHIO
TOKOB 3THX KOHTYPOB). J0CTATOMHOCTD YC10BHii (4.36) BBINOIHACTCH B CBAI3M € TeM,
UTO CMCIICHHE KakI0r0 KOHTYPA ¢ HYJEBBIM TOKOM B moaoxenmn (4.36) npu
HEMOBHAHBIX 0CTATBHBIX KONTYPAX ¢ HYJEBLIM TOKOM B mosiowkennn (4.36) ana-
IOTHYHO MOBEIEHHMIO CHETEMbI ABYX MATHHTHO B3aHMOJIEHCTBYIONIMX KOHTYDOB (C
§4.2u43).

PaccMOTpeHHbIe Bhillle CIYYaH NOATBCPANANT CKA3AHHOE B HAUAlE ITOr0
naparpaga yrBepiiIeHHe O CJIO0KHOCTH H3YYeHHsl MATHHTHOTO B3auMo/eicTBus
MPOM3BOLHOI CHCTEMBI KOHTYPOB. JIaIbHEHIIINE PE3y:THTATE MOTYT GbITh MOy HEHbI
KOHKPeTH3aLMeli reOMeTPHYCCKOii hOPMBI KOHTYPOB.

Taapa 6
CBOBO/IHBIE HAEAJILHO MIPOBOJISIIME TOKOBBIE KOJIBIIA

§ 5. 1. Dueprust /1 cROBOMBIX Kodtell

YacTHBIM  CayuaeM  KOHTYPA KOWKPETHOH  (opMbl  siBasiercs
okpyaHocTh. Moy GopMy.Y MATiNTHOI SHEPriM Kak YO KoOpuMHAT

CcHCTeMBbI KoJjen. B kauecrse
KOOPWMHAT Ka/I0M0 KOJIBIA KAK TBEPIOr0 Teaa BHIOPAHBI IHIMHIPHYECKHE
KOODIWMHATLI EHTPOB MacC Kostenl B HenoBHIKHOI cHcTeme otcdera CE£i) m yrast
epa, ONpeeIsIoNIHe OPHEHTAIHIO KOJICI 0THOCHTEILHO CHCTeMbi (pHc. 13).
Pacnosiokum B mentpe mace O, Kakoro-mm6o Koabla Hayalza JIBYX
‘Tpexrpannnios OJ1ca/«&o 1 0.1°1(£0 NPHYEM OCH TPEXTPANHHKOB
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OJIwollkXio # OJIbi4920C20 6ce BpeMA OCTAIOTCA TNapaUIeIBHBIMU COOTBET-
crByromum ocsim tpexrpanauka OO/1 (0,£ie. O 11 0| U T. 21.), @ OCH TPEXTPAHHUKOB
KECTKO CBA3AHBI CO CBOGO/THBIMHU TeTaMH TAKAM
06pasoM, YTOGE! COBIAMM ¢ OCAMH AMHAMMYECKOi cumverpuu tena. Ocb 0,€,
SIBJIAETCS MATHUTHO# 0CbI0 Kosbiia. Ha puc. 13 usobGpaskenst Tawke optel 7i (8
TpexrpanHikoB O|I)C, O&Yn&o u OpThl tk, »«, iy, HANPABJIECHHBIE IO OCAM
TPEXTPaHHHUKOB OpuenTanmio 1-ro

Puc. 13
TeJla OTHOCHTEJILHO Tpexrpanuuka o&|!£ (wmm ke obc%%,) Gyrem onpeneasTh
yraamn iinepa ft,, b, b, r1e — yroa myranun (vemay ocsvm O&i0 n 0,8,); d, —
yroa npeneccuu (Mexkay ockio O,&0 H JMHHei Y3108 0.P<); ¢/ — yroa uncroro, nian
COGCTBEHHOTO BpaueHus: (Meay JuHueii ysios 0P, u ockio 0£). Pamuyc-sekrop R

uenTpa mace i-ro teaa O, Gyzem onp Th TAMH P,
a,, £ Toukn O, B cHeTeMe KOOPAMHAT 0£T)£ (P, — PAIMYC; €C; — Yrou1; £ — anmiuKara).
Yepes bl BBIPA3HTE MATHUTHYIO IHEPIHIO.

Byaem uexomuts u3 Ti (4.2) M BBIPA3NM CHAYATA
uepe3 cremems CBOGOALI BIAMMHYIO MIAYKTHBHOCTH. C IT0i UE/LIO 3ammiiem
[ —

Rt = picos a'j + p, sin a<iz +
ac=a, (cos (p/iu +sin <pse). (6.1
dh — at (sin ¢/1# — cos @,«u) depi, 1=1, 2,

u BeKTOpHOE paBencTBo 72, = 0o, — @, + R, — R,, uto cneayer u3 puc. 13. Torna,
BOCHO/IB3OBABINCE  TAGMUell  MAnpaBisiommx  Kocumycos  (3.14), mocie
npeodpazoBanmii moIyHM

2 2
L, =a,a, Jdtp, J [cos 2, cos 2¢, sin 6, sin fl, +
+ (cos 24p( sin 26, cos ft, — sin 26p, cos 2¢p, cos ft,) cos (p — )| x

X (pf + p* + of + 82 — 2p«p, cos (&, —a,) + (£- £)* .






—  2p & -cos 2 ¢p/ cos (5Ip — a,) — cos d, sin 2. sin (Ip — a)] — 2p.a, I—
€08 2¢, cos (*¢p — a,) + cos d, sin 2¢p, sin (Yo—a,)] 4
4- 2pla, [— cos 20, cos (%o —a,) + cos d, sin 24, sin (sIP—a,)] +
+2p(-a; [cos 2¢p, cos (SIp—a,) — cos d, sin 2 ¢, sin (SIp —a,)] 4-
-f2a@, ](— cos 2, cos 2¢p,—sin 2 ¢ sin 2 ¢, cos d, cos d,) cos (SIr—S5p) +
-f (sin 2, cos 2, cos d,—cos 2¢p, sin 26, cos d,) sin (SIp—S5p) —
—  sinad, sin2¢, sind, sind,| + 2 (£ — £/) (a, sin 2¢, sind, —

—asin 2, sin o)} A< (%, /= T» M- (52)
Boipasus  B3auMHbIC HHIYKTHBHOCTH L,  4depes cremennm  cBoGoabl,
CII0Ib3yeMest HIBECTHBIMH HePIHH MATINTHOTO 10151
*=vyirl, (5.3)
M CBSI3eH MY MATHHTHBIMH NIEPEMEHHBIME B CHCTEME /1 KOHTYPOB € TOKOM
V,-r—II1,(i=1 ). (5.4)

Torza moTcHUmATLROI OHeprCii MATHHTHOTO B3amMociicTBEA Oy* xeT
Bhipakenne (5.3), I1¢ BMECTO A JIOJKHBI GBITL MOICTABICHbI PEUICHHS CHCTEMbI
ypaBHennii (5.4) OTHOCHTE/ILHO TOKOB, @ BMCCTO B3aNMHBIX HHAYKTHBHOCTCH —
npasbie wacTH Gopmy.si (5.2).

Pemenme cncremsr (5.4) /I NPOWIBOLHOTO 1 B ABHOM BHAC MOIYTHTE

HeBo3MokHO. Ecot 71— 2 (1BA CBOGOIHBIX Tesia), MATHHTHOI NOTeHUHANLHOIN
Ineprueii Gyer
U-a SATT. + (LuL,, - Q- (55)

e Ls onpezensierest mo (5.2) ¢ 3amenoii nijekea i na 1, a / na 2. Iroii e popmynoii
CcJIelyeT MOJIb30BATLCS M V15l CBOGO/IHOTO MATHHTHOTO MAsTHHKA — JIHHAMHYECKH
CHMMETPHYHOTO Te1a, IEHTP MAcC KOTOPOTo CMelien o 0CH TOKOBOIO KOJIblia Ha
BesuHy /. ECIH MasiTHHK HAXOAMTCS B MATHHTHOM T0Jie HETIOABH/KHOTO KOJIbHA
(puc. 14), w3venurest b dopmyaa st £,. [ocTynas aHATOTHUHO WITOKEHHOMY
BBIIE W HCTIOTB3YSl BEKTOPHOE paBenctso 51, = 8, — a,- p - | (em. pue. 14). nas
B3AMMHOI HIIYKTHBHOCTH TIOJTy4aeM
2021

X (p+V + P -2a*(1— cos X cos 21 — sin X sin 251, cos d) 4* + 2ap [cos 2X cos (a
— 510 + sin 291, sin (a—sip cos d— cos (X +






4- if — )] +- 2a£ sin 2A, sin ft — 2al sin % sin o + 2p/ sin (a—
— ip) sin o — 2£ cos fI}-1'* (-,). (5.6)

rjie ¢ — pajuyc Koseig; p, a, £, 0, p, <> — KOOPAHHATBI MasSTHHKA.
IpencTaBaeHHe MATHHTHOI YHEPTHH Yepe3 MATHUTHBIC IOTOKH H

KOOP/IHHATBI BO3MOAKHO /LIst TpeX Test. M3 (5.4) u (5.3) st 11 = 3 mosryunm
u="bz14? (Ya-&)+a? (V- <)+ (I-122+
+2%% — V) + 22% ([[2723 Ym) +
+ 2% (ys-1115)! (I3 + - hts-yz3- i)+,
T-W, lv=L,LL\ I*=LAL—

bi Ge3pasvepibie APAMETPLI, PABHbIE O
o K il BeJIMUMHE TAKOM

TBYIOIero
ke pasmepnocri. B
oK) u L (xapaxrepuas

e BB

KauecTne MOCACANX B3sThi T (XapaKTepHeIil MarH
MHIYKTHBHOCTD).

JLsi YeThIpex KOHTYPOB BhbipasKel s Vo Gyner eme Gosee rpomosakm
YacTHbiii c1yuaii IHEPIHN TPEX KOHTYPOB € IBYMSI HY.ICBBIMH







HOTOKAMHU B MATHUTHOM NIOIE YeTBEpTOro KOHTYp 65U rioywen Bhime (o § 4.5,
dopmya (4.33).

B cBsian co @ eTh10 3aBucuMocT U ot MHJKTHBHOE Teif, a
B3AUMHEIX MH/yKTUBHOCTE}i OT KOOD/IMHAT 11e/IECO0BPA3HO YTIPOCTHTS
i bopmybr B pazi Teiisopa BOJIM3H HEKOTOPBIX

sapaHmbIX T00KenHii Konen. Hipke Gy/eT PACCMOTPEHO HOJI0KEHHE CO0CHOCTH
Koer,

$5. 2. B3auMuast HHYKTHBHOCTE M JHEPIHS! BOIH3H NOI0KCHHs
COOCHOCTH JBYX Kol
Hcxost w3 GopMy.bi (5.2), 3aNHIIEM OTHOCHTETBHYIO B3AUMHYI0 HHIYKTHBHOCTH
JBYX TOKOBBIX KOJICH PAMYCOB @y @y B BUAC 41 21
dK j (cos JT cos S cos ft 4- sin 5T' sin 5T) X
X [a? + ai + p8 + C — 2a,<" (cos JI' cos JI, + sin JI' sin
51 cos ft) 4-

+ 2agp (cos 51 cos 6 + sin 51 sin S cos ft) — 2agp cos (I' — 6) 4-

-f XC sin 5 sin ft)-*'»451 (r'=2]1,8=¢—a,a*=2a.as). (5.7)
10.107KeHHI0 COOCHOCTH OTBEYACT HATOP KOOPIAHHAT
C=5,00,p=0,ft=0, 56— moboe. (5.8)

B (5.8) BMecTo p =0 1 € =(0 @ 0 Mozkno B3s1TE p = p, D0, € ==, 4=|

Jlnddepenumpys noj 3HAKOM HHTerpaa (5.7), BBIUHCIsis IPOH3BO/IHBIE B TOUKe
(5.8) M HCIIO.Tb3Ys1 CBOICTBA HLIHITHYCCKHX HHTEIPAJIOB, NOIYYAEM

j=- PoU-u*m)  Coedlijcosd(o-fel-f Co—

— 2awar cos )+ dKy = JJ -

—~f (S X (5.9)

X-J.rikrt-A-AVIN, g =201 —51)> 7% = (@+a) . &

aa@.

me K (K), E (A) — noambie snmmrnveckne wnrerpab monyan K, a mmgexc o

03HAYAET, YTO MPOM3BOHBIE BLIYHCICHDI B TOUKe (5.8).
Omyckast TPOMOIKHE BLICAIKH, BLUIMIIEM 3HAYCHUS

TPOM3BOIHBIX B3AUMHOI HHYKTHBHOCTH, BHIMHC/ICHHBIC B




1I0,10:KeHUH COOCHOCTH KoJleI™!:
A Y N W W1+ *2) £ -2 K -

rrrrrr r(4+ (BAT [f12— 6® (£ — JI) + JT (1 + &) £]) ,
+4- <, +0,)' (Op)-" [¥ 2- 6@ (£- 10 +*' (1 + A) ]},
(

1) T
(=T )(- 4- OI'W'Ho «onIl T ** * (5'¢ —
<Y LT #ol6"K — (2 62) E +
_4 [2('— 6+ *%) £ — (2— 3% 4 *%) [CI) . (Mo)

(6-),7 "N * IMWAw) Ty X
X {(8— *66®+ TK* +*o) K — (8 — 12#® 4- 26") £ —

— <n* [2 (1 — 6 + 6<) £ — (2 — 31® + **) K] sin ft — ). OcTaabhbie
BTOpBIE IPOH3BO/HbIE B3AHMHOI HHYKTHBHOCTH PABHBI HY.IIO.
@opmyay (5.10) y106HO yNPOCTHT, BOCHOL30BABIINCH NPEICTABJICHUSIMH
MOHBIX JLTUITHYCCKUX HHTErPaior K £ 1151 MAJILIX H GOBIINX 6 (CM., HATIPUMEP,
[19, c. 919]). /L1t MaTBIX 6, UTO OTBEYACT YAATCHHBIM KOTHUAM, HOTYTHM

(1p-).=-JT IMI™" ' 66°<x
AR O
(-§amo= - )N T =i !>, H"x
x{i-[4+ 1 e <(’”
(wr),- CATF W —4- [2+
£ 4r(n 10 (g
00" x

N[ g 4 ockR)]
U Dopmyaei (5.10) noysens: O. T. YeGopuubin.






TIpn Mabix K', MTO 0TBEHACT G.IH3KOPACTIONOAKCHHBIM KOLUAM MONTH O HHAKOBOTO
pasmepa, Bmecto (5.11) mmeen

(egje )n:" 20N (Muna) ** . *12+ *ik 4

B S B ey U
—a-krInd. | +ofInifxy,

m=-3(m-).- (5.12)

(-aH.= 7 “Ne'-i> (W'W m'(

+ UK (4 o -8 R TT

+0 (ke In k~)j ,

(@3U- -seer” »r>. (tute)"™ ) [2 —y-r'—,
ST o A Rl
e Xy k¥ In W) + 0 (4 T A1) .
B BTOpBIE ii mHayKTHBHOCTH W (opMmyaa
(55) HaiiTn THI MATHHTHOI MOTEHIHATLHOI

SHEPIHI BO:TH3M NO0AKCHIUS COOCHOCTH KON

Caryuaii dusnueckoro mastruka (em. (5.6)) He usmensier gopmyast (5.12), 3a
nekouennem Toro, uro k UpD neo6xomnmo nodasuts cnaraemoe u'ps = 20(7pT sin
(& — a) (r = M2 — Gespasmepuas MasiTHH- KOBOCT), a k UM — cnaraemoe Um =
TaVUpp -K 2o (t"-k 2t/p«).

§ 5. 3. Crutbi M MOMEHTBI CHJI IBYX CHCTEM KOJILUEBBIX TOKOB

it y y BbIlE  (opMY s
varnnTHoi LHATLHOM JHEPTHH CHETEM KO.ILUEBLIX TOKOR, 110KA3A
15. CBoBomoe Te0 na puc. 15 n3ofpakeno B

LIX HA PHC.
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MarnuTHol AbHOi s1vb1. MarnuTHAS s1MA cumTACTCs TyGoKOil

— il TeJIa MaIbl 110 CPABHEHHIO C

pasmepom kosen. IryGokast var 51 5IMA CYINIECTBYET IPH BHINOIHENHH YCI0BHiE
amgLT? <1, amltfLVr «1

(a, L, 4f — xapakrepubiii pasvep, HHIYKTHBHOCTL H 3aMOPOKEHHBII MATHHTHBIiT

notok Koutypa; m, co, | Macca, 4ACTOTa KojieGanmii B MaruuTHoii sime n
CMemIeHHe).
W3venim THOC ] o Tena obpazom:

TYCTh BMECTO WHJIMHPHYECKHX KOOP/IHHAT HEHTPa Macc p,

Puc. 15

« £ ByayT nexaproBsl KoopauHaThi £, t, £, a BMecTo yrios Diiiepa ¢, sp ¢ — yrant
Jiinepa — Kpbitosa a, p, y. Takasi 3aMeHa MO3BOINT MePeiiTH K KOOPAUHATAM,
o0BBIuHO ' cncrem (27J, u npoute
COCTABHTD YPABHEHHS IBHIKEHHSL.

Tycrs nenoswsmbIii Tpexrpanmuk £11€ (och £ na
HENOJBH/KHOTO KOJIbHA M MapajiienbHa eii Ha puc. 15, 6) u Tpexrpannuk XyZ,
CBSI3AHHBIH CO CBODOIHBIM TEJIOM, B NOJOKEHHH MATHHTHON SIMbI B HAaualbHbII

e, 15, @ nanpasJjiena no ocu

MOMEHT BPeMeHH 0/IHHAKOBO OPHEHTHPOBAHBI (0Ch X NapaJLie/bHa 0cH £, 0Ch ) — 0CH
Tu, och Z Hanpasiena 1o oci £). VeaoBuMes, 4T0 a > 0 — yroa MoBOPOTA NPOTHB
cupemm UACOB BOKPYT OCH X, P — TO e BOKPYF 0CH ), } — TO e BOKPYT OcH Z.
N i npuTST COOCHBIX MATHHTOB:

1) MaII0e GOKOBOE CMEIIEHHE OT COOCHOCTH BHI3BIBACT BOCCTAHABIMBAIONIYIO CHAY I
MOMEHT, NepIeHIMKY.IAPHbIH 0CH MATHUTOB W CMEIIEHHIO, PHYEM CHIIA H MOMEHT
JABHOCTH LISl CHIIBI

pasen Upp, s momenta (/£»); 2) Manblii NOBOPOT BOKPYI OCH, mepreH-
JMKYISPHOI  OCH  MATHHTOB, BRIILIBACT MOMEHT W CHUIy, HANDABICHHYIO
TePIII/IHKYJISPHO 0CH OBOPOTA W OCH TOJIS MATHHTOR, IPHYEM BEIHIMHb MOMEHTA
M CHIBI JBbHBI YLy (a1 momenTa  Kod(duumeHT
nponopunonaLoctH pasen £/<mui uist st = Up&\




Henocpexcrsenno u3 puc. 15, @ caeayer, uro cuia Py, nanpasiennas no oc £
noocu £n Ha yrosi P BoKpyr ocu Y. AHAJIOTHYHO,

cua P, nanpasaennas no ock 1, o ocn T u nowop

BOKPYF OCH X Ha yrodt a, i, BB ' aup,
PASIHUHEL; LIS & CHIA HANPABJICHA B CTOPOHY MO/IOAHTELHBIX TJ, JUst p — B CTO-
PoHY OTPHUATENLHBIX £.

TMosromy ii 3aK0H B Ha ocu £, TJ, £ 1151 cHCTEMBI

Ha puc. 15, @ dyzer umeTs BHI

=—£/pt — </psP, M = — tppi] + Upa, ™ c—W

Jlast cocTaBeHus

aBHeHHii — BpaueHus

P —mgW& = L

MexaHuueckHit

MOMEHT Mar- HUTHOI
npupoast

=Kl +KK,

BrIpasiv uepes oprei i\, N Tpexrpanmmka XyZ, nenonnsys radmuy 4.4.21 pagotst [27]
B JmHeiinoM 110 a 1 p NpHGMwKeHHN (B TIYGOKOH MATHNTHOIL SIMe 4. P MBI, y

HPOWSBOALNO).  fC = [ + Ky3 K — Kgcosy + KPsiny,  Tora moayum
Ky=—Kgsinv+K,coy.

41 ‘0 MOMEHTA Ha co TeJIoM
ocn, u y Jiitepa 127], mocae
noayunm rpymnny ii B wactHOM cayuae

Anmavmeekoii cuvimegnn Tera (A = = B pC), mpamaiomerocs ¢ Goabmoii

CKOPOCTHIO BOKPYT 0cH T’ €0 CKOPOCTBI0 <0 = CONSt:

a" —sioP' = —n*J—n-
c ‘M La._S»_
. a2 *1 n<4
E, p" 4-wx'=— na + mm, (g jo)
Bmecte ¢ (5.14) omn BbicTpo

JMHAMHYECKH CHMMETPHYHOIO Tela B IIYGOKOI MATHHTHOIl sIMe COOCHBIX KOJelL.
Ecain 5ToMy Teaty cooGUINTE MasTHRKOBOCTH (ICHTP Mace YAa/IeH 10 0cH CBOGOIHOT0
KO.ILUA BHU3 Ha pacerostue /), BMecro (5.14) no.yunm

m = — </pP—(Uopi + t/ge) p, m<) = — UDO + -Ufa)«.*.)
mt=—U&

TIPOCKIMSAMH  VeXaHHHECKOT0 MOMETa Ha

ONBMKNBIE OCH B Ciyuae

MasTHHKA OyayT
K, =— (" + (lepp + <hl + + PNz, (5.16)
K,, « — (</,, + 1',p* + Ul + SUD T *« ="
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OT HIX J1€rK0 NEPEHTH K TPOCKUNIM MOMEHTA HA NOABIGKNBIE 0CH H COCTABHTE
pa macc. CooBpaKeNIsl, WAIOKENIbIC
NpH cOCTABCNMH YpaBHEnMil ANEAMMKN
cBoBoHOr0 Tena na puc. 15, 6. B cayuae r1y6oKoii MATHITHOI SMBI BCe KOOPANHATHL

>Toro Tea (£, > £@, p, y) MarsL.

Onycxkan npomesyTouRbIC sammmem opmyant st
NpOCKUMii TAABHOFO BEKTOPA M IAABHOTO MOMCHTA MATHWTHBIX CH1 B
NPCANOOAKCHNH, MTO PACCTOSHNE MEAIY OCAMH KOJCH CBOGOIHOTO Tela HAMHOTO

Goabme ux paguyca > a)
Pi - - 2a1- 2(&p, K. = - 2 (ll«, + Mz

i)+ 2tEm, 5 2l +
2Ujx K, = - 24/e«P - 2C&1;, (5.19)
sA=-2an K, -— 2UpPY

KunemaTHueckumu ypasHennsivi Jiiiepa ¢ yueTom Matocty a, P, V B 1annom
ae OyayT

P=a+K

q=—ya+p, (5.20)

P =pa+y,a MHAMHYECKHE ypaBHEHHs ilepa ¢
erom Bipaennii s K., K, K, Takosbi:

Ap - (C—B)qr =* — 2 (Lee + Uufi a 2tp6i),

+M-0rp--2Wep - 2U&& (5.21)
Crf-(B—JI) pg——
TnaBa s

MATHHTBI, OTPAHHYEHHBIE IOBEPXHOCTBIO
C®EPBI M DJ/TUIICOMIA BPALIEHHS

6 6.1. IocTanoBKa 3a1a4n

B orcyrcrsue ToxoB Mar-
HHTOCTATHKH JKBHBAICHTHLI ypapHenmio [1yaccona B 00JacTH HAMArHHYEHHOH
cpenst u ypasmemmo Jlaniaca B omacTn Bakyyma. CKAISPHbI MArHHTHbI

yioBet M — BCIOTy KOMeuHasn W
HenpepbiBHAA (QYHKUMs, BKmMouas rpamuny ". Ha rpammme paszena cpex ¢
PALIMUNBIME MATHHTHBIMH CBOJiCT yeosue ™

HOPMAILHOIl COCTABIMIOICH MATHNTHON MHIAYKIMN. 3T0 YCIOBHE MOKCT ObiTh
JAHCANO PAXTHUHBIMH

“ B GeckomeumoctH mnotemmmuan f goamen yGuLIBaTL KAk NOTEHNMAN AMNOIS HAM
MYJILTHIOIS GOJ1ee BLICOKOTO NOpSAKA.



cnocobamu. Ecaim nenoan3osarh cssh My Bexropavu B, Fu namarnnsennocrsio
J, oo npunuvaer Bux

B apyrom cysae, ue Y0 Th HAMATHYENTOii CpeLI P,
nosyuaem
Omna u3 it unrer ¥ i s f

HEM3BECTHBIM PACHpPee/eHHEM HAMATHHYEHHOCTH J B 05beMe PeaabHoro MarHuTa.
BbIXOX U3 TOr0 MOJIOXCHUSI MILYT JHGO B MPUBICYCHHH BHIXOSIIAX 33 PAMKH
MArHHTOCTATHKH MEXaHH3MOB HAMATHWYHBANNS (PePPOMATHETHKOB, MO0 B 3a1aHHI
pacnpesenerust J B o6neme Maruuta [73, 741. 31ech GyayT paccMOTpeHbI WiealbHbIe
TIOCTORH Hble MATHHTBI, B KaAI0ii TOYKEe KOTOPHIX BeKTOp J HMeeT oamy u Ty e
Be/IMUHHY H HAIPAB.IEHHE.

TPYAHOCTH HMHTET il pas / ceszama ¢
reoMeTpHYecKoii (GOPMOii MarHHTHOTo Teaa. M3BECTHBIE AHAIMTHUCCKHE METOILI
pacyeTa moJsi MPHCHOCOG/IeHbl K TeM CJAy4asM, KOIJa IPaHHIa pajiena cpex ¢

p MATHHTHBIMH CBOJ sBAsIeTCst HOli bI0
poii cuctembl a B ITHX )

Jlanaaca Hcnoabsys oany M3 TPHHAIUATH

i 158, c. 6121,

MOKHO HaiiTH moas mapa, Topa, Komyca,

GeCKOHeYHO /UIMHHOTO WHJIMHAPA W JPYIMX NPOCTRIX MO reomerpun Tei. Ecan
HMeeTcsl Ba TeJa, NPOH3BOJILHO OPHEHTHPOBAHHBIX OTHOCHTENbLHO APYr APYTa,
MOKHO HCTIOIB30BATE JIHIIL Gucdepu- Yeckyio (GHIIOSPHYIO) CHCTEMY KOOP/MHAT, B
KOTOOii  /Be  HEKOHUEHTpHUECKHE  C(epbl  SBASIOTCH  KOOPIMHATHBIMH
HOBEPXHOCTSIMH.

C yuetom ke noast BLITSIHYTOTO 1
cnlocHyToro  cepontos. JLisi  OmpeleieHusi / MPHMEHSIOTCH  KOODMHATHI
BLITSHYTONO 1 CILTIOCHYTOr0 YUIHNCONIOB Bpamenns d, T, ¢ [18, 39]. B stux

b MaruuTa 0, = const.
waii napasieabHocTn Bektopa J ocu ceponna (pemenne e 3aBHCHT

Pacemotpen
or ¢). Mapaverpom 0o Bapsupyeres Gopma MaruuTHOro Teaa. B wactiocrn, 3ua-
uenme a9 1 coorsercr
HAMATHUYEHHOMY JIHCKY.
Heo0X0MMO OTMETHTB, YTO M3 BCeX CHCTEM KOOp I ¢ pasIesommuMest
ypaBHenuem Jlaniaca He CymIeCTBYT CHCTEMbI KOOPIMHAT C JIBYMsl HECOOCHBIMH
Kak bIMH IT0 JHINACT BO3IMOKHOCT

HMMeTh TOYHOE PelIeHHe 32/1a'H 10151 IBYX c¢epou:lon. Bce JKe H3BECTHOE 110JIe 0THOTO
M3YUHTH cHerembl  cepon JHnoL

y, 0 O orpeuaer myeannno

yeT AIMHHOMY Mar

(noTenunanbHas
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JHEPIHS MNOAA  ONDEIEIAETCH €r0 MATNHTHBIM MOMENTOM W  IPaIHENTOM
noTeHuHaa noas cdepona).

Bucpepuueckas cucTeMa Koopannat £]£ HCMoab3yeTes 31ech s pactiera noas
JBYX IADOB H /LIS 0151 MAPOBOTO MAHHTA BHYTPH HAMATHHUCHHOI cepHuccKoii
060104KH. PaccMOTPEHbI HACTHBIC CTYSaN NAPALIEALHOCTH W NICPHCHIMKYISPHOCTH
BeKTOpa J 0TPE3KY, COCTMHSIIONIEMY FeOMeTPHUECKHE HCHTPbI MATHHTOB.

JLisi peuIcHIs PACCMOTPEHHBIX HIKe KPACBBIX 3124 HCHOJB3YETesh METoX
Tpundepra 120, . VI1J. On cBomMTCS K C1eyiomemy.

Mycrs pynkuns f nepemennpix S, s Sm YA0BJIETBOPSIET JHHei
Homy B UACTHBIX

Dfl=0, (63)
JIONyCKAIONEMY YaCTHOE pelieHue
f- S(s)f(sa, ... m,) (64)
rae S 3aBuent To1bK0 01'S,, a F ot S ne sapuent. Myers npu nozcranonke (6.4) B (6.3)
W eeHIM HA SF noayuaem

o+ K 118 (6”)
e oneparop D yzxe ne cogepkuT Sit a T, — GYHKIHH TOJIBKO
or TaKk uTo
D, = IF (A —const), (6.6)
22;-1(8)j |+ K <)+ <5150 <57>
Toraa, naeas $I Kakoe-MGo 3haueHme A — A* u obosmauas uepes Fyx m Sy
COOTBETCTBYIONIHE TOMY 3HAUCHHIO A PelIeHus ypaBHemmii (6.6) i (6.7), Ans hynKumm
fk—arx@)  @)f(Si, . smadsi (a, b —const) (6.8)

HoyunM W depeHImATLHOE YPaBHeHHE
B J(S)-g-S. W | +p, bl -0£-1 .
TlopsioK 3TOro ypaBHeHHs HA eTHHHILY MEHbIIIE OPSIKA HCXOTHOTO YPABHEHHsT
(6.3). Tpannunbie yeoust aast fk nosyuatores ymnozennem rpannuneix yenosuii s
/ (B namem cayuae yeaosuii (6.1) u fi — fo na r] (5O 5* (so dS, u unrerpuposanuem no

sj B uHTEpBATE Ia, n

Ecan fk naiineno, gynxuns f (a, ... s"J npexcraasiercst pazinokennem Bua
f-SAA{fr, (O[S, WIM.), (6.10)
e wnjeke K npunmvaer smauemnsi, npu koropuix dymkuns / (S|, ... .» sm)

YAoBICTBOPSIET ID! o res,.

3



§ 6. 2. Toste marnuTa cheponIATLIOI POPMBI
Tlyers BRrrsyTHIii cepow (puc. 16, a) Havarmmsen 5 nanpasienun

Boabmoii ocn 2 (mamarmmyennoers J = rae J = — const, 7. — opr mo ocii r). B
BLITSIHYTOTO 311 orep (i ABLHEBIX
KOOpAMHATAX, - CM., HApHMep,
AAK0T HAMATHH-
139, 0. 190; 18, c._396) nas Bektopa J B Buze e <0, it —
BeKTOpBI ABHBIX r. Onn Tak, uto
(6.12)
b MarHuTa a = er, = const > > 1.
Boabie 3uaenns napamerpa o, (Oo > 1) oTBeuaioT cdepe, snaterms 613)
(6.14)

Qo > 1 enmbii cTepenp.

He 3aBucstumii o1 <p ckansipubiii MaruuTHbli norernuman fi (0, 1) (-=1—

(615)
oBaacTs BHYTPH cePONIa, » = 2 — 0BIACTH BHE MATHHTA) Y/IOBICTROPSIET
) Jlannaca ny Ha rpanue 0 = 00
fi(Oo, i) ),
e o — HHbIH T (6.12)

nonyckaer uacrnoe pemenne f —F () S (1).
Togcrasasis ero 8 (6.12) n gemst na FS, noayuaen



Tovromys
(05 — I)Fer|~ 20Fy — f(* + )F = (ft — <onist). (6.16)

10y JBYMSI THHCIHHO P

siBasoTest pynkuun Jleswanapa Py Kak

Y Anastormioe ypaBnene Moo nosysmrs n S (7).

M



2 ua puc. 16 sBasiercs cuoBoii aunmeii, npowssomnas ASJAX B Touax T =1, x=—1
JOTANA PABHSITLCH Y10, ITOMY YC/IOBHIO Y108, HoMHOMEL
Pe),k=1,2,.

DynKisMM (6.8) B 1aHHOM c:Tyuae Takke GyayT noaunombi Jexanipa— 6o
Py (0), m6o Qx (0). VI3 yc/10BHS OrpAHHCHHOCTH PElICHUS! B 06:1ACTH MATHHTA 1
Bakyyma (yantbisast, uto Qk (0) -* 0o npu o -> 1, a Pk (0) > 0o npu a -*m 00)
noyunm

fik = AkPxk (o), 2 = BKQK (o), (6.17)

e npousBoibHbIe nocTosiuubie Ay, B* 101kHbI ONpeleasiThes W3 TPAHMMHBIX
yeaopnit s fi, fy,. TMocaemume momno moayumts ymmomenmem yeaopmii
HempepbiBHOCTH moTenmmaxa u yeaomii (6.1) ma Py(X)dXe mocaeayrommm
MHTerpHpoBaHHeM 10T B uHTepBase [—1,11. OTcioxa naxomnv

hk(°0) = U BI), (6.18)

HpHtEM B CHITY OpTOr H MHOTOWICHOB nnterpan B (6.19) ne
paBen HyJuo TobK0 st K = 1. losromy psi (6.10) B cityuae BhITsHYTOTO chepoma
COCTOMT H3 OJJHOTO CJIaraeMoro.

Vuntsisast nssectisie gopmyast [19, c. 1033; 18, ¢. 21, 671

@—b=' LM=PLO),

Qi(2)-2Arcthz—1,2P,(2) =32"—1, (6.20)
Qi (2) = -j- 2(32* — 1) Arcthz — 4- 3;® — 1),
mozkno onperemnnts Ay, By (6.17) (A* = By = 0 st k=£=I) ,, noayuurs nexomsie

BBIPAKEHHs! LTSl OTEHIHAJIA B 00,1aCTH MaruuTa /, (a, X) u B obaacTn Bakyyma /s (a,
X):

(0, 1) = -"-[08 — 1) (0. Ar cth 0, — 1) 0, (6.21)
fa(0.X) = (4—1)o,(aArchia—1 (6.22)

Henoun3ys 1a6it. 6.5—3 cnpasounnia [391, HOTEHUHATLI MOKHO BHIPA3HTH Yepes
JIeKapTOBbI KOOPAMHATHI. OTMETHM, 4TO H3 CBH3M 2 = cTa (2 — JeKaproBa
KoopauHaTa) M Gopmyabl (6.21) cleayer M3BECTHBIH (GaKT 0AHOPOAHOCTH 1OJs
BHYTpH cheponaibioro Marnuta [741. Ha GOMBUINX PACCTOSHMSIX OT MarmmTa

NOTeHUHAN (d, T) WMeeT BHJ
nveem

HIMAI0B noas. JlelicTBUTEILHO, ecan ¢ > 1,
Ar cth cract-' +-g-¢*-3, [,~-51. grad/,- J_,
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JList H30.1MPOBAHHOr0 MATHUTA B (hOpMeE CILIOCHYTOT0 cepomaa (puc. 17, 0)
Y0610 HCHO.L30BATE KOOPAHHATEI TAG1. 6.5—4 1391 YacTnbiMu pemenmusvMu
ypaBuenus Jlaniaca B 06:1aCTH MATHHTA B JaHHOM c1yuae GyayT dpymiuun Q* (ur)
Pu(r) ((— Muuvas exunnna), B odaactu pakyyma— dynxuin Qi(i0) Py(i), npiuem
paa (6.10), Kak M 115 BLITAHYTOro cieponsia, GYIET COCTOSTH JIHIIL H3 OTHOTO ClIa-
raemoro Omyckast POMEZKYTOUHbIE BIK:IAIKH, IPHBEIEM OKOHYATE:Th HYIO
Gopmyay 115l HOTEHIHANA B 06.1aCTH BAKyyMa-

Ja (%, 1) ---e----- 0o(1 + co)(o arcctgo — 1)r. (6.231

Meron I'pundepra y 3a/1a4H HA uHCI0

BJIOKEHHBIX IPYT B IPYra BLITSHYTHIX HIH CILTIOCHYTHIX cheponsios (puc. 16, 6, 17,
6), - ONICHLIBACMBIX YPABHCHUSIMI —

O( — const B OJJHOM U Toii e

cneTeMe chePONTATLHBIX KOOPIMHAT

(B obaacTsx Meaay cheponavn O(u

0 HAMATHIEHHOCTD J.i

netest

BEKTOPOM, Napa/LIelbHbIM ocH 2). B

YACTHOCTH, s BBITAHYTHIX

chepouioB HMeeM TAKYI0 KPaeByio

sapauy. Haiitn dynkumn fi (o, 1), Puc 17
YAOBIETBOPSIONIHE YPABHEHHIO

(6.24
1,..,ma>1>r>—T
M YCJI0BHSIM Ha noBepxHocTsix O] — const (t = 1. ycaoBuio
cHMMeETpHI
(6.25,
(6.261
= slk (ﬂ) F|k (l). Toacrasum f|k m (624). Mocre eae
ol *
8 na Suf, moaryum
0.
<6.27
Tlo Teopeme Ipundepra [201 aist pynkumu
fit (0) = 3fi (o, (628)
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HMeeM ypaBHeHue
o1 T 3

+<1-*m>h £2.=0. (6.29)
Tpannunsie yesroust st ful mosyuns ymuosxenuem pasencrs <6.26) na Fik <r) dx
W unTerpupoBammem no T B muteppase 1—1, I). U3 ycaopms nenpepwismocrn
notenmmana caeayer, uro Fi <r) onmnakossi s Beex obaacreii. Mosromy B Fy <r)
MOKHO OmYCTHTE HAEKC | 1 mOTy4HTH
fik jo—0, — —<+M »0-0" <6.311)
ff = AP (a) + BjQ (a), ftn-tnt — B, +tQ«(0).

Jlast onpenenenns nocrosumnbix JL, B, B (6.32) u3 yenonuii 6.30) u (6.31) noaysum

+ . o' I+>] 0315
Obimce pemenne ypasnenus Jlexanapa <6.29) B yuerom T\Gyemoit
OTpAHHYENHOCTH PeNeHus GYIeT HMeTh Bt
m=-J1(0).
fik = 4aPx (0) + BQ (0),

fik = Ap <) + BiQK (o). <6.32)
cHeTeMy ypaBHennit
AP* (a<) + B&y (cl — A+iP* (0,) — Bt+QK (p) =0,
AtPk ifli) + BtQn (a,) — A+iP* (G,) — B,-C* (B,) = 4- —«+m»(6.33)
1=1 n; An+ =Bt=0,
e
-w. = —Ji == JI+i) j "O.Wd’. (6.34)
CucTema IMHEIHBIX aarefpandecknX ypasnenuii (6.33) umeer eun- [“rBennoe
pemenie
A . Ov) «=a1; AN,
t— Pk (0y) Q10 ~ Q (Oy) p; (Oy)*
oy Q Q (0y) p; (Oy) )

§Jth.’p (Oy) i=un:
-P*(0y) Q0 —Q (0y) P\(0,)*






Kak u B ciayuae omioro cdepowna, ypasnennem s Fi spasercss ypasmenme
Jleanpa, npHHeM U3 YCIOBHS! OFPAHHUICHHOCTH Pewuenust npi [1| — 1 1eodxommo
31T nomHoMBI Jleskanapa P(m\ Tak kak nomunomsr P (T) 0pToronaibust na
otpeske [— 1, 11, nurerpa B (6.34) ne pasen ny;mo Toabko st K — 1. 3uaunt,
pemenne ft (o, T) Takwe Gyaer coctosTh U3 oHOro craraemoro. B uactrocTH, 1
obaacru Bakyyma (i = 7 +1) noayunm

Juhy (a,1) - A (0 Ar cth @ — 1) V (v =F Ju,)ay (<4y —1). (6.36)

Cpasnmsan  (6.36) u (6.22), BWINM, UTO PACCMOTPCHHOC pacnpercicHue
HAMATHUEHHOCTH NPUBOANT JWIIL K M3MEHCHHIO MOCTOAHHOIO MHOKNTCIA B
Gopmyae noTenmmana.

§ 6. 3. Dueprin cHCTEMBI cheponT — ANMOH

Ha puc. 18 m3o0panensl HemonBmkHbIE BLITSHYTBI chepons,
CBOGOHEII MATHHTHEL 1HI01b P 1 cucTeMbl koopmnat OXYZ, 0,002c20, O1X'Y'Z'.
Ecam ft, ¢, ¢ — yramt Diiztepa, onpenessiomue
opHenTammio csisammoro ¢ mmnoiem Ttpexrpanmmka OiX'iyZ' ormocutennno
TpeXrpanHmKa To
p=—pi's = — p(sin dsin ftij —
— cos ¢ sin ft n + cos 6tj),
(6.37) e
i\s — opr mo ocu O7; iy ig, i — oprsy,
NAPAIIETBHBIE 0CSIM TPEXTPAHNIKA HIH
Oxyz.
3amucaB  cKANSPHBIE  MATHWTHBI
notenuna (6.22) B Buae = — Ax (o Arctha —
1), rie A — const,
JbHAst IHeprust 0 MmOt

B MArHUTHOM NoJte pasha U p w grad
. Toatomy, menomssys (6.37), (6.38) u cosan™2XO

gradh = )**, TfArctho — jr—n)™ +
(6.38)
Mewry
opramu M ABHBIX (eM. 51, c. 2771),
noayuaem
H=TT[ (0% —1) *s*1% sin <" +
4 (Arcth o—azr) "P o | (639)



T/1e BMeCTo JBHOI q a, a nepexoa

ot a,rk Touxn O, B
cucreme OXye ocyliecTBAsCTes € MOMOLIBIO opMy.T

p*=a®(0®—1) (1—1°), | = cot.

Anasornuso, npecrasass pemenne (6.23) 8 sune f, — Jr (0 arcctgo — — 1),
HAXOTHM JILHYI0 SHEPTHIO 0 MATHHTHOTO
Puc 19

MO B NOE CILTOCHYTOTO Bbepomta:

"= Trf (“nj~rpstaOsnUa — Y>) +
e
po=a3(1 +m a3) (1 —13), £ = cor. (642)
Ec.1i chepomst u II0E BSOS (pue. 19),
JHepruu i Mycts iy, /u, Tot — opret

CBSI3aHHOIO €0 chepon/iom Tpexrpannnka Torjia BeKTop Ha
MArHHTHOTO 105t cheponra

51 = grad ft = Hi cos ®@»u + 51, sin <py + Sy 1a, (6.33)
TJ1e s BHITSIHYTOTO chepona
4-rrbr Eal. »e-4(* ab>—"),
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IS CILTIOCHYTOTO
S1-43017-)- ©-**> Onpeneans opuerrammo Tpexrpanmmia O7diCi oTHoCHTEBHO

HHepUHATbHOro Tpexrpanmika 0£TE yraamn iinepa d., dx, dx ¥ nemoansyn

TabJ My HANPAB/ISIOMMX KOCHHYCOB

6 It 4

€os <p, cos V, — €0S x sin dx +

*1n . . sin ¢x sin d;
—sin d, sin gx"#, — stoft cos dx credj

. . . (6.46)
1 —sindxcosp sin ¢x sin @, H- ~nc QN A
12 —CcOodsing|COS§i + COpx COpx COdj
*1) singxsind, — cos dx sin dj cos du
Haxoaum

S1 = {41, [cos Tp cos (¢ + HX — COS *« sin ¢x sin (@ + ®x)1 +
+41,sin O, sin ¢x) it +
+ {51, Isin ¢x cos (¢ + ¢x) + cos 0, cos ¢ 11T (¢ + px)1 —
— 512 sin O, cos X (s — [SAx sin O, sin (p + ¢X + 51, cosdj i. (6.47)

3azaBas opHenTammio aunost P = —Pi-u OM— opT 1o ocu yraamu diinepa

O, ¢y, b, u yunTHIBAS, UTO

im=sin ¢,sind 2it— cos ¢ sin 0,/, + cos dais, n3 (6.47) u (6.48) moayuaem
BBIDAZKEHIE ISl NOTeHUNATLHOI Heprin

U =— pesi=ps, {sin->sin (d,— x) cos (@ + px +
+[sin cos d,— cos O, sin d, cos () — @) sin (b + dx) +

+ pH|sin -i sin de cos (¢ — ¢x) + cos d, cos OJ. (6.49)
B (6.49) BBIDANTE b1 0, ¢, B uepes yrabI
1epa —x, ., §, (/ = 1, 2) n wwanHpUueckue koopaunare Pi, ai, & Touex O C
70 IeTBI0 3ANMIIEV CIIeyIoNIEe W3 PHO. 19 BeKTOPHOE PABEHBTBO:

Pi—Pa+SI==0 (p,—prcosad, + [0 sin eyl, + &i,

S1 = p cos g/x, + p sin ¢wx, +- CGN), oTkyAa caenyer
Pi cos a x— pg cos a, + 51 cos x Cos (¢ + p) —

— 51 cos O, sin ¢x sin (@ + ¢x) + £sin d, Sin ¢x = 0, pi sin <" — p,sin
a, + 51 sin gx cos (¢ + px) + (6.50)
4- 51 cos di cos ¢x sin (¢ + ¢x) — £ sin Oj cos px =» o,
(€]







Ci— e» 4- /7sinsin (<p + g>) 4- £ cos ft, =o,
£ = act,
rae f>=a[(o’_1)(— 2.
A7 BLITsIHYTOTO ceponna u p = a 1(1 + o)
(i— s enmocnyroro. H3 (6.50) naxoanm
p cos (¢ + ¢,) = ps cos (a— TP — pi cos (a, —
psin (¢ +vJ cos ft, = pgsin (a* — ¢,) —p, sin (B! — ¢,) f £ sin
(6.51) ¢
=—Prsin(a,—b,)+p,sin (@ —¢,) +(E—5) cos * (@* . 15— 1) = pf + p° —
2p cos (CH — a*) + (g — 5%
70 N03BOIAET BLIPAINTH NAPAMETPHI 0, T, «PB (6.44), (6.45) u (6.49) uepes cremenn
©B00O/IbI CHCPOHIA M IHIIO/IS, UTO H PEIIACT NOCTABJICHHYIO 37124y,
ECIH MMeeTCS He OIMH, 3 NPOM3BOJABLHOE HHCIO 71 CBOGOIMBIX AMIO Teii
(«VATHNTHBNE  Poii»), K OHeprmm (6.49) HeoGXOAMMO 06BHTH  SHEPIHIO

B3aHMOICHCTBHS THIOeii APYT ¢ APYroM. J06aBounblii wieH, Kak HeTPYIHO NOKA3aTh,
pasen

Hi — ig‘l{p,pg [sin ft, sin ft* cos (p<— ¢*) + cos ft, cos | Rjf 4
4-3pipk {sin ft, |p* sin (¢, — a*) — p, sin (¢, — at)} 4- (£* — £) cos ft,) X
X {sin ft* |p, sin (¢* — at) — p* sin (¢* — a*)| 4- (C— ¥ cos {t*} Rjf, Fue = IP? 4-
P* —2p,p* cos (a, —a*) + — YT1% (6.52)
§ 6. 4. Tlosle BYX WAPOBLIX MATHHTOB

OnpejieluM MarHUTOCTATHYECKOE 110JIe IBYX IAPOBLIX MArHHTOB ¢

no Be " namarungennocrn 1 = const
(uaeanbubiii MArHuT). PaccMoTpHM cHawama cayuaii mapanenbhocri J otpesky,
CcoeMHsIONIEMY IHTPELI 11apos 3] (pHe. 20). B aHHOM cityuae cKaJISIPHbIii MOTeHIHAN
f B o6aacTsix marmuros (I = 1,2) i Bakyyma (i = 3) yroBaersopsier ypasueniio Jlan-
7aca, a HA TPAHMUAX MATHHT — BaKyyM —
YC/IOBHSIM HENPEPIBHOCTH / M HOPMAILHOI
KOMIIOHEHTHI MATHHTHOI HHIYKIMN:
ft="fi. Po 'T +u =
0=12), (6.53)
e N 151 HOPMAJTh; Po — MATHHTHAsK
HocTostHHAs.

Puc. 20
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Jast f 3 pep y cHeremy
koopmmar &< [11, 58], B KOTOPOii JBE HEKOMUCHTPHUCCKHE C(epbI SBISIOTCSH
KOOPIMHATHBIMH MOBEPXHOCTSIMU T, = CONSt (t == 1,2). Ock X, MPOX0AsiIas Yepes TOUKH
A, B na puc. 21, SBIS€TCH 0ChI0 CHMMETPHH NOJIS MATHHTOB. B MepHIHOHATbHOI
TI0CKOCTH, IPOXO/ISIIICii Uepes 0ck X, MOI0KeHHe TOUKN MPOCTPAHCTEA 3A1AeTes BEH-

Puc. 21
“HHAMH £. T], 2 CAMA IIOCKOCTE — YI:10M (b, KOTOPBIii 0HA 0GPA3YeT ¢ IIOCKOCTHIO XY.
Tlosepxnoctn £ — CONSt mp £, GAM3KIX K 51, HMeIOT BepeTenooGpasiyio Gopy,

npu £ -»m oun mpespamanoTcs B cdepr ¢ yrayi
Orpesox AB p £ =11, noaynps BJ1eBo o1 A W BNIpaBo o1
B — «eepamnt == 0.
n n T = const (hepaMu, MpUUEM CHPaBA W ILIOCKOCTH 2
IHAMEHHS T NOJAOKMTEALHBI, CI€BA — OTPHEATENbHBI CaMa IUIOCKOCTH 2)
T 0. Tipn HOMOKUTELHEIX T PATHYCHI cep
T = CONSt yMeHBLINAIOTCs, 1 B npejiesie T) -> 00 cepbl npespamaioTes B Touky B. Ipn
v ot u ep r-* — 00 coor
Touke A.
EC/H BeKTOPBI HAMATHIYEHHOCTH 0GONX MATHHTOB HANPABICHBI E OTHY CTODORY,
ro 7, = JMX (Jt = const; i = 1, 2), re ix — opr no ock X na pue. 20. Ouesmno, J,
SIBJISIETCS T bynkmm JX B WX npejicTaB.ienne
B OHcdepHiecKHX KOOPIHHATAX
JI — — J( (ch r — cos £)” [ch 7] sin — hj os D) ,,1.] (6.54) moxno

ou1ysHTh, BRpaas X ucpes Gucikep: B

opmy:y
B GHedepuyeckux koopmnarax. Tak kak 3, He 3aBuesT o1 ¢, HcKoMoe
3aBHCHT OT ¢







V) Jlanaaca B Gncep ne B essan ¢
>THM BBeAEM dymKIII

V (E, n) = fi (E, n) (ch T — cos 9*"- (+-1.2.3), (6.55)
KOTOPbIC YI0BICTBOPSIIOT YPABHCHHIO
HET 1'r Hr) + >-TV -° " we2,3) 659
3 o yeaoBuii Ha rpammuax
MarnuT — Bakyym aas pynkunii Vi (E, TJ) CBOAMTCH K HCHOIB30BANMIO (OPMY.IBI
10 HOpMAJH K | = const (/ — 1,2), yeioBwii (6.53)
1 popmy:1 (6.54), (6.55). B pesyasrare npu — const, 0 E 51 (/ = 12) noysnm
Vi (€, J) In=, “ t7s (E» u) 114=1» (6.57)
Jgl,_azt_tql, (6.58)
Mo (ch y — cos F
e d— HiHBII Gep T

K 2THM yeTOBHSIM 106aBHM YCIOBUS HA TPAHMIAX KOOPAHHATEI E, HCMOIh3yst
TOT (GaKT, ¥TO 0Ch X HA PHC. 20 ABJISAETCH CHI0BOH auuueii: npu E =0, —o00 <1< +<»

(1-123), (6:59)

npu E=J—00< T <400
*oA0 € «1,23). (6.60)
TMyers Vi (E, T) = Fi (13) T (E) (/ = 1, 2, 3). Moacrasasist 510 B (6 56) u neas wa Fi T,
noayunm
+T0ir4r (" 4r) 17 (* #1,2,3). (6.61) Tepsoe caaraevoe B aeBoii yacti (6.61)
3ABHCHT TOJILKO OT TJ, BTOpoe — ToabKO of E. IModromy ais Kakoro-HHOYab
JelicTBUTEBHOTO A = A* iMeem

— V=0 (/-1.23), (6.62)

-E-((1-<*>D++n(«t1)IT <0 (t=cos g,V _ A--g-j .
(6.63)
Y VI (E, 1)y Teopeme T 201, B ¢
KOTOpOii 1151 pyHKuHii mepemennoii 1]
VU (-3 Vi ¢, 7) Tv (t) dt0=1,2, 3) (6.64)
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umeeM auddepenunanbuoe ypaBHenne

Xv= '~a~ 11" o (* =1.2,3) (6.65)
H rpaHMMHBIE YCIOBMS, omydaembie u3 (6.57), (6.58) myrem ymmosxenns wa TXdt n
unrerpuposannem no t B nutepsane I—1, 11:

Vak ) ypem = Vs* (1) 100 Sy @5
e
Ju- M) f A= 2L Ty (o dt. (667)
Me J (chr< —ty.

OBWHM penienHem cHETeMBI ypaBHenHii (6.65) ¢ y4eToM HeoGX0MMOro noBeen st
dymscwn ty* npu ja| -» co (mpu [11>* oo dymkimn V* T0TKHEI CTPEMUTECS K HYJTIO,
TAK KaK H3-3a MHOAKHTE s (Cti I — — COS[)*" Heub3st GyaeT HOaY4HTH OrPAHHYEHHOCTH
noTennman a /s(|, 1) sasiorest
V** = Q exp V®* = Ca exp (— M), j = C>shX* a+ C4 ch X*a1,

(6.68)
rae Cu Cs, C,, C,— mocTOsIHHBIE, ONpeaeasieMbIe H3 YCI0BHii (6.66). OTHOCHTENLHO
MeTBIPEX HEH3BECTHBIX OTH YCIOBHS [JAIOT CHCTEMY eTBIPeX ypaBHemmii ¢
©THHCTBEHHBIM PEIICHHEeM:

Cj= (1 P (— M) — JI) exp

Yo01-
C. =-I- [Jj* exp Ma — Ji* exp Mil),

(669) Cg*
] J#p (— MW + "J* exp Mil.
Cs— "af [J ** exp (— Mu»)—Jj.* exp Mill-
C yuerom (6.69) popmy.bi (6.68) nprodperaot Bu
VU = -m- (+* exp 1% (1 — T)—"U exp A1 (1 — rn)J,
Vi - -llI- 11 exp K (J1.— 1) — Jj* exp h (1, — T)I. (6-)

1ty 207 Cxp K L 17y J% b gy )
Oupesesnm teneps dynxmn Ty (1), koroprie o
(6.63) m rp:

(6.59) s ymsumii v; (£, 71)-

1 Y/IOBJIETBOPSITH




Obummm il
ymiunii Jlesanapa nepsoro poxa PV (O  gymsunii Jesanapa sToporo pora QV (/).
Tak kak QV (O B Toukax T — —1, t — +1 HMeIOT 0COBENHOCTD, HEOBXOAUMO BISTE
ToabKo pyHKumuH nepsoro poxa. Kpome toro,

(cos€ == === (v -hi (cos©. (6.71)

TT03ToMY H3 rPaHHYHBIX yeaoBuii st TV (£) u (6.71) moay4aem

P7:(COS£) e o- (cosa- 0. (6.72)
Takum obpasom, onpeneienne 7, (£) cBeroch K OTBICKAHHIO HyJeii (ymKumn
Jlesanapa P71 (cos £), o6umx uist £ —om £ — 51,

Teopust nyzeii cepiteckux dymkumii P7™ (cos £) nph £, 6amskix k 0w s,
winowena B padote 118]. Mpu £ — 0 mymn P77 (COS £) COBNAIAKT ¢ HyIsIMH
wiommpuyeckoii gynkunn Jn(2v sin J-). Ho J IkX X 0) — 0 npn mobpix
neiicrnrensusix K. Tpn £ -0 st nyan gpynxuwm PV (cos £) onpeneasiores dopmy:oii

v—m +n, n=o12.
Tlo>ToMy HujteKe A» B pyHKIHSIX VU IPHHUMACT 3HAYCHHUS!
Fy—V+4eV—1,23,..

Onpenens Vi (rj), TV (£) n npeanoaras nenpepuIBHOCTb HCKOMBIX (yHKIHiT Ve
(&, 1) Ha Teopembl 0 M B psiL N0
MOIKINO HOIYHIHTh HEKOMBIE B{PACIIES /LTH CKAIAPHOTO MATHITHOTO OTCHINATA:

U (E, JI) — ------(ch r — cos£)V’g Pk(cos£) x
i Pt A= ()| T [P O
(5.T3)
f—1
I
Te yuren e § W yerosie syt

Jlexanapa.

Tpn Goabuiom yiatennn wapos ui ke .:. (6.73) SBJSIETCH Pelienuem 3aaun
10151 0HOTO WeATbHOTO MapoBOro MarniTa. Toayuum H3BecTHbIN pesyabTar 174],
COCTOSIIMIE B TOM, 4TO 1OJie BHYTPH MIApa 0IHOPO/IHO.
Goabmmm T|l ——"2B
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@opyae (6.73). Tpn 310w muTerpan

f [IP.<IT* (6.74)
—O'» J

B oty opror H MHOTOMIICHOB pagen myao s Beex K, kpome K
— 1. Mooromy psin (6.73) GZeT COCTOSTL M3 OIHOTO CIAAEMOF0, A CKASPHBIIL
NOTCHUNA H BEKTOD MO BHYTPH mapa T > 41 GyIyT HMeTh B

fi (g, u— —--th — 9% @ oS E exp /--------—-- j (ch 4 — <x» D)*-4

(6.75)

H=gradfi= th 4v41 (sin 11 + cos £1'4).
Tpu Goasumx 4i mosepxuoern E = const Guedepuuccinx koopaunar (em. puc. 21)
NPHGINAAIOTCS K KOHYCaM ¢ BepIINHOIi B uenTpe mapa Ti — const. Mosromy npu 4!

1 xoopmunara ) Gucdepnuecknx koop
JIMHAT c it © cpep Tp, O, ¢,
CBOMM HAYAJIOM B IEHTP MIAPA TAKHM 06Pa30M, 4T0 0Ch X ONHCHIBAETCA ypaBHennem O
= 0. Oprbi cdeputeckux Kkoopauuar ip, i) npu 4 > 1 _cesizansi_c opramu It, u

caenyrommy o6pazom (eM. puc. 21): = —t,, ie = Oanopoanoe aktopuoe noste D = Di,,
napasienbhoe ocu X, sammmercst Tak: D = D (—sin O + cos Oip). Moatomy mose
BeKTOpa H BHYTPH 1apa O/IHAKO, eCITH HMECTCsI He OJTHH, 2
B WIAPA, OHOPOIHOCTH MO HAPYMIACTCS.
ParcMoTpuM  cyuaii y M BEKTOPOB Hamar J
OTPE3KY, COCTMHSIIONIEMY LIEHTPLI APOB (puc. 22). BMecto *5.54) nmeem
----..n.
(6.76)
ramu, wanpa no K MATHHTOB
HOpMasIM, GyyT
A=Yy (6.77)
Kak u Bbie, BBeeM hynKumio
(£, 4 §) =/< & 4. §) (ch 4 — cos (1—1,2,3),(6.78)

wte ft (5, 4, §) — cxansipubrii marnurbii norenuman 8 odaacru marmuros (i = 1, 2)
u sakyyma (i = 3). ®@ymkunst Vr (£, 4, ¢) yioBieTsopsier ypaBHEHIO B YACTHBIX
NPOM3BOHBIX

TH_IEswW)

(»=1.23)
(6.79)



M CIAYIOINM TPAHHYHBIM YCTOBHSIM:
npu n =Jle — const Oh >0, T< 0), 0<Ku1,

Vi=Vs  (I—12), (6.80)
46 iRh el (I=1,2), (681)
*1 Ho (chn, —coe$V> 4]

Puic. 22

npn £= ot

(*=1,2,3), (6.82)

npu b = 0, § M2st, — 00 <T < + 00, 0<E<
ug—0 0=1,23). (6.83)

W3 0B11Iero BIIa YACTHOTO peiieins ypasHenHs Jlaniaca B nede- puueckix

koopuumarax [11, c. 89]
(chn—cos g)* [4, e b*") " 4.8IT ") *j
X[C.PT (cos £ + DnQ~ (cos I/t (Em cos m<+ F,., sin m<)

(/4, B, .., F — const; PIT" (cos £), Q~™ (cos 1) — npmucoexnnenmbie pyHKimn
Jlexanapa), ye108uii (6.82) 1 (6.83), yKa3bIBAIOUIIX, 4T0 3ABHCHMOCTE PeLeHHs 0T
CBOJIMTCS K YMHOKEHHI0 Ha COS ¢, cileyer, uto B aannom ciayuae £, @ 0 Toabko ais
m =1,aFn=0u1n
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Beex 711 TIo3ToMy HCKOMOe peluenne pasaaraercs B psia no gpynkuusm Jexanapa P
(cos D, npiuem unexe K st yeqoBun (6.82) snavenus K =

Cornacno Teopeme I'punbepra [201 dynkuns

Y. () —J v.e’. Wd*(t-12 3) (6.84)
YAOBIETBOPSIET YPABHEHUIO
" T- - (e 4r)ee (6,84)
KOTOPOE JIerko MOIYHTE (6.79), u rp;
yeaosusiv npn T = const {| — 1, 2), nonyuaembim ymnozkenuem (6.80) u (6.81) na

c0s ¢ Pb (/) dt u murerpuposannem no t 8 nurepsane [— 1, 11:
vik=vve  (=12),

el — 0—1,2).
A»

- ® 86)  Jas
orpannenHocTH pemennii B oomactsx 1=1, 2 unensr THna exp Ay rae S > 0,
J0JKHBI ObITH onymiensl. [Tosromy pemennsivu (6.85) oyayr

= A, P du), ¥ = D>epiy, Gsn)

v# = B, sh ky + Crch fa,

IJie POM3BOILHBIC 10 (6.86). O Vik, a Takke

yuuTbiBas spipazkenns (6.10), (6.84) n pavencrso [[pUOS b -

3
TOYIIM HeKOMBIE OpMYTBE MarmITHLIX nom:
fif. 5. @> COSIMO» X
XV UT+I s(— "X
- -
X @I+ + J «=re 3l
».= 1. 2), €9
v—t ey F2mL2, 689
(,=3;1=1,2).






§ 6. 6. Lllap BiyTpu Havar dep

JIst MArHUTHO CHCTeMBbI HA PHC. 23, (@ TPAHKIAMHU Pa3fiena cpej ¢
PANTHMHLIME MATHHTHBIMH CBOHCTBAMH ABJSIOTCS HEKOHUEHTPHHCCKHE cephi T|<

= const (i = 1, 2, 3) oAHUX M Tex we Guede- puueckux koopaunar. Lus i = 1, 2
yeroBust Ha rpanmue MarnuT — Bakyym. Ilosepxocts
7], = const rpanuueit 0 MATHHTA H 0 MarHeTuka (p =

= 00), HA KOTOPOIi CKATIPHBI MATHHTHBI NOTEHUMAN SBJSICTCH MOCTOSHHOI
Beanmmoii. He yMenbiiast 0GLIIOCTH, NPHMEM 3HAtCHIE STOl

nocTosHNO paBHBIM Hy Mo, B cryuae T)s
npejcrasiennslii na puc. 23, 6.

ECIH HAMATHHYEHHOCTh BYX MATHHTOB HA pHC. 23 TapaiieIbHa OTPesKy,
coeqMusTIoNeMy IeHTpBI cdep TJ, = CONSt, pemenne kpaeroii 3axaun s fi (g, TJ)
AHAJIOTHYHO MO;TYMEHHOMY BBIIE PEICHNMIO /LT MATHUTHOI CHCTeMBI Ha puc. 20.
OT/HuMe COCTONT B TOM, YTO /ISl TPeX YpABHeHHii (6.65) 1 YeTLIPeX rPAHMYHBIX
yca10BHii (6.66) HeoGX0MMO 106aBUTE rpanmyHoe yeaosue V2™ (i0]:~q = 0, a pemenns
(6.68) 3anmcars B BuE

— 00 MATHHTHAS CHCTEMA MMEET BHJ,

«Ciexp (— li) Vak=C, sh X* (rj —Tu), ©

Y = C'sh 1u+ C* ch A*T).
Torna syecro (6.70) nosyuum

Coxn_ JIT Mo sh (1 (s -171+ 1 Sh (1 — 78)1}
~ shfaT -nr)], (6.91)

- sh [s1% (T—

)L+ X
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Hckombie GpopMy.ibl CKAISIPHBIX MATHHTHBIX HOTEHIHAIOB IPHHHMAIOT BHI

/(b II) = (ch T — cos B*’£ (cos B ( = 1, 2, 3), (6.92) rze v,

onpeneasioren w3 popmya (6.91), (6.67), a A* =K +-V.

Ecan  naviar MarnuTos VIAPHEL  OTpE3KY, coe-
JMHSIIOIIEMY UCHTPHI cdep T, = CONSt, To (OPMYJbI CKATAPHBIX MATHHTHBIX
1108, 10:1y amaornmo 15 MATHITHOI CHCTEMBI A HC.
22, TAKOB!
ft (£ 1), d) = (ch n — cos £)'e cos ¢ y V&P Veel,2,3),
(6.93)

rie V, onpexensiorest no (6.91), k*= K 4- a

LAy pr@
LA X101 fehy— LIC )

§ 6. 6. DOPMY.IbI MATHNTHOIi JHEPIHH
Hvesn pemlenns KpaecBLIX 3a1ad, JHCPIMIO B3AHMONCHCTBHS
WIAPOBBIX MATHHTOB MOKHO MOJYUHTH W3 CACTYIOUMX COOBpaskenuii. TLI0THOCTS
Sueprun noas B caydae J — const Gyzer 2W — p, (grad /) B o6racTi Bakyyma u B
o6aacTi marnnTa ¥ HTerpupoBanme m1oTHOCTH W 0 0GheMy, 3aHSITOMY TIOJIeM,
MOKHO CBECTH K HHTEIDHDOBAHHIO 1O MOBEPXHOCTH MATHHTA, €CTH YHecTh
Tomaectso (grad /)* = div X X( grad f) — f div grad/, pasénrs Bech o6nem na
HECKONLKO (BHYTDH MATHHTOB 1 OGhEM BAKYyMa) TAKHM O0GDA3OM, HTOGBI
VII0BIETBOPHTE YCIOBHSIM IPHMEHHMOCTH Teopembi ['aycca, IPeBpaTHT 00eMubiii
WHTErpaJl B HHTEIPa:T 110 NOBEPXHOCTH, 3 TAK/KE Y4eCTh PABEHCTBO HY.TI0 HHTErpana
—dS(, rae dSM, dSi.
~— BEKTOPbI IUIOUIANIOK, HOPMAIBLHBIX K HAPYKHOil TOBCPXHOCTH MArHHTA M
Bakyyma.
B pesyasTate dopmyaa sueprun maruutsoro nosst W Gyzer nvets Bu

10 GecKOHEeuHO 50JIbIIOH IOBEPXHOCTH 1 paBeHcTBO ASU

W = O* £ j sin g (ch % — cos 1) d€d<p, (6.94) rae N — uncio

const, TPAHHIEIf MATHHT — BAKYYM.

BLINHCIHE 3HAYCHNS! CKAISPHBIX MATHH
KOMIOHEHT HAMATHHUEHHOCTH HA
TOJIYMHM CIIEYIONLHe Pe3y.abTaThl u3 popmyini (6.94):

X HIHAIOB M HOPMAJ

nocae

“ o 51omy moBoay «m., nanpuwep, 111, «. 391.
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MarHuTHAsA cHeTeMa Ha puc. 20 (ucnonb3yiores dopmyibt (6.54), (6.73) 1
(6.94))

ot + —FW [My + M* — 2(V,JL <),
& (6.95)

2
MarHUTHas CHCTeMa Ha pro. 22 (ucnosbayiores Gopmyist (6.77), (6.88) u (6.94))
»r-fX." [My + Mi, — 2MuM,JIs%) (4, < 0, ,,, > 0).
(6.96)
(v-1,2; * +
MATHUTHBIE CHCTEMbl HA DHC. 23 O HAMATHMYEHHOCTHIO, NAPALIETHHOI

SHeneHTpHCHTETY (nenonsaytores opmysst (6.54), (6.92) u (6.94)),
Jpf, -+ ft. (6.97)

<m)

Pyy-«#"™ KWy (1, >4.545>0; v-1, 2; Uy + 1);

MarHUTHBIE CHCTEMBI Ha PHC. 23 B HAMArHUYEHHOCTBIO, MEPIeH/UKYIAPHOH

ety (ucro. (6.77), (6.93) 1 (6.94)),
Quixex*w . Afvfe (. >I, >1s >0; v =.. 1, 2; Z*-fc
Dopmymam (6.95) — (6.98) chpmﬂ 0 oSt KaK ¢y
bep i{HOTO TapameTpa HTHX KoopauHaTa. [l
M OT MesKIy HeHTPaMH apoB /? mapameTphl

,a neonouumo BBIPA3UTH Yepe3 R M pajuychl mapos o», B, (11, B. 76J. B
'-Jacmocm ecnn k < 0,ih > > 0, 10

—Arshj-J-sh (4, —1),)|,
Hi “Arsh [ *-sh (a,—h) T
a= sh (41 —"1J. (6.99)

n, - m,=Arch-—






Yacrs 111

HccnenoBanne IMHAMHKH H yCTOﬁ'ﬂ/lBOCTl/l
CTAHOHAPHBIX JBHKEHHIH

Taasa 7
TIPUBE/IEHUE

§ 7. 1. O 3aBHCHMOCTH MAarHHTHOH MOTEHLHAILHOM
9HEPIHH OT YIJIOBBIX KOOPIHHAT

B wacru II s psana mogiesieif MaruuToB Gblia ONpeesieHa
HOTeHIATEHAS SHEPTHA MATHATHOTO B3ammonieiictsus U. B KadecTse cremereii
CBOGO/TbT KAYK/I010 TeTa BEIGHPATHICH THTHH/APHYECKHE KOOD/MHATH IEHTPA Mace
D, a, £ H yrusl Diiziepa O, ¢, ¢, onpeiesAioNIe OPHEHTALHIO CBA3AHHOTO C TEJIOM
TPEeXTPAHHNKA OTHOCHTENBHO TPEXTPAHHWKA MHEPIMATHHOH CHCTEMBI OTCYETA.
TToMoyKeHte CBA3AHHOTO ¢ TeTI0M TPEXTPAHHHKA TOIGHPATIOCH TaK, UT0 €r0 HAYATO
COBIAJIATIO C LIEHTPOM MACC, @ OCb COGCTBEHHOTO BPALIEHUA — € OCHIO IMHAMUYE-
CKOii CHMMeTpMM Tena. B uACTHOM cyuae COBNAJEHHS MATHWTHOH ¢
JWHAMITECKOH  CHMMeTpHii Hawano cBasamEoro C TelOM TpEXTpaHHHKa
COBIIAJIATIO € LIEHTPOM MATHHTHOI CHMMETPHIL, @ 0Ch COGCTBEHHOrO BPALEHHA — C
MArHHTHOM OCBIO TeJIa.

TIp» CJIOBHAX B CITydae MarHHTHOH 1 9eCKoi
CHMMeTpHii MarHuTHas TOTEHIMaIbHas OHEPrHs He 3aBUCHT OT YIJIOB
coberBeHHOro Bpatenus ¢,. Ocnam,nme YIJIbI BXOZIAT B hOPMYJIy SHEPIHHU TOJIBKO
B BHJIC TPHTOHOMETP! ot aTHX Tounee,
sHeprus I/ apmsieTcs GyHKIH

U=ULx,&- (04 — o), a»(Pp» — th,), cos(o< —cQ .
1 sin

KOODPJMHAT BH/IA

i, m<=I,n 7.1)

Ec/in MarHuTHas M JIMHaMHUYecKas CHMMETPHH TeJia He COBIAJAIoT, BMecTo (7.1)
Oyziem umern

U=Ulpf,b—£ 0% — ®1). COS (¢/ — @), COS (CQ—@1 j,
CT=1,.,0n. (7.2)

Bup (7.1) uist JUIMHHBIX [IHHAPHYECKUX MATHHTOB cJiefiyeT u3 (3.5),
(3.10) , (3.11), y1s1 TOKOBBIX KOJter] — 13 (5.2), Juist cdeponzia u U0~
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aeit — w3 (6.11), (6.49), (165]), (6.52) Bux (7 2) B ciyuae mecoBmazemms
JMHAMHYCCKOH M MATHWTHOH CHMMETPHil /UIMHHBIX WHIHHIPUMECKHX MATHHTOB
caeayer w3 (3.15).
Xon noxasatenersa cnpaserausocry (7 1) wim (7.2) B 06uIeM C1yuae MaruuTa
¢ 0cenoii cummeTpueii Mo ceyIomui.
st 060 MOZETH JHEPIHS MATHHTHOTO B3AHMOXCHCTBHSI MOKET GbITH
onpeneeHa WHTCrPHPOBAHHEM MO 006beMy M HAPY:KHOH TOBCPXHOCTH MATHHTA

i ymiumm R memny MarRHTHOFO MO (X151
ATnmmOrO — ey ATA KOMBIA WA CPEabI €
navarmmicnnoctsio J — Meway

TOKOB W TOKOB HAMATHHMEHHOCTH).
2. Jlas mextopa paccrosmmsi R Beerna MoskeT GbITh COCTABIEHO BEKTOPHOE
ypabuenye THIa- (3.12), CTATAEMBIE KOTOPOTO MOTYT GbITh BLIDAZKEHbI YePE3 CTENEHH
€BOGOIbI Teul P, 8, L. <, ¢, d* (f = 11). Crrenoparennho, B obuenm cayuae R Gyxer
ynxumeii koopaHaT BHIA
Ji= sifit. & — U, @, O"(a. — ..). €0 (&, — ), COS (ax — a,,) X MII
COos |1

X ' <7.3>

3. Mpu marermupreanin no o emy n NOMpxtKICTH MITHHTH 3aBHCHMOCTE
OT YII0B () B CTyuae COBNAEHNs MATHHTHOI W AMHAMHMECKOi CHMMETPHIE HCHe3aeT.
10 caeyer w3 Toro, uto R nepuomuno no ¢ ¢ nepuoaom 2.1 Mosromy nuTerpan or
M060ii GHKUMM B HHTCDBate BeMUMHON 21 He 3ABHCHT OT HAYATA M KOHIA
unTepBana. Huaue roBopsi, B Ka4cCTBC YIJIOBBIX KOODAUHAT %IEMEHTOB 00bema I
W MATHUTA MOTYT ThCst YIJIBI COBCTBEHHOTO Bpamennsi cp. Ho
3TOr0 HEJIB37 1E/HTb, HAPHMED, B TOM C/1y4a€, KOTAA 0Ch COBCTBEHHOT0 BPALICHHS!
W MATHHTHAS! 0Ch KO.IBIIA C TOKOM He COBNA/IAIOT, @ napanieasisr. Tpn 05xoe TouKNn
KOJIBUA HH 21 PHIMHH JIyY, COCTHHSIOMIMIT 3Ty TOUKY € TOUKOii 0CH cOGCTBEHHOTO
BPAIIICHNS], MOYKET ONMCATH CEKTOP C YIIOM, MEHbIINM 1.
HITaK, CIPABE/THBBI CIEYIONINE YTBEPATCHNs.
Teopalm 7.1. Iomenyuanenas suepaus c6£60HbIX MASHUMHO 63a-

UX men OMHO CKUX Do
au Zi ueumpos Mace men u yenoe Jiiepa b, dy, o, npu ycm@uu, umo oce
COD noocu
mena, A6asemcs (])wxuueu Vzwsbl\ Koopounam euoa (7. 2) m. e. sasucum
om yenos a yenosvie 3
popmyne sunepauu cut)np‘mamuz MONbKO 6 slUde PA3HOCMU 8 MmpU-
20HOMEMPULECKUX (PYHKYUSAX.

Teopema 7 2. Tlpu evinonenuu ycnosuit meopesvt 7.1 »u cosnadenuu

men bHAS  JHepeUust

Ma2HumHo20 sfawfodeucmem AeIACMCA PYHKYUell yenosslx Koopouram
6uoa (1.1), m. e. Moabko om Y2noebix




1y “Cull Kax ap 1y 1p

HeCcKux L u yenos

seckux ynxyuil.
Cneocmeue. Teopempr 7.1, 7.2 CHpaBeLTHBbI A5 TPABMTAIHONHOIO H

NEKTPHYECKOT0 B3aHMO/ACHCTBHIL. ITO ClIe/IyeT H3 TOr0, YTO0, KAK H LISt MATHHTHOTO

cayuasi, NOTCHUMAILHAS JHEPIMS  IPABHTAUMOHHOrO M )JIEKTPHYECKOTO

ficTBmil TakKe nirer ynKunn
MEKTY IEMEHTAPHBIMH HCTOMHMKAMH Tosi. [103TOMY Ha3BamHBIC TEOPEeMbl
OTHOCHTEH KO BCIKOMY B3AHMOICHCTBHIO B KIACCHYCCKOI BH3MKe:

§7. 2. TipuBencnne B 3axase AByx MarmnTon [33]

Msyunm cnauana Goiee npoctoii cayuaii ABYX cBOGOMMBIX Tel ¢
noTeHumANLHOi FHepricii Biaa (7.1). Coracho Teopemam 7.1 1t 7.2 370 MOKeT GbITE
moGoe i i usmicn (rpasut JeKTpIUCcKoe
WM MATHHTHOE) WIH HX KOMOH HaUKs! (FPABHTALMONKOE + MATHITHOE 1 T. ). Toraa
113 OPMYJIBI KHHETHYCCKOIH IHeprii

T«£(p+p?0? +©+4-a'¢> 5™ +
+4- C(p<+%cos(=--J-)

(7.4)
' ypasnennii Jlarpamxa
dal-L

(-1, 2) eneayioFkBlotinkl Ridh (75)

m,p=mp*— ,

. (rknp"ctl) = 76)

&)

=-g- (At — C ¢/ sin 20f — Cpep sin 0/ — (7.8)

d.. ) . ./ 79

(Aiy sin? oi ++ Ct (¢/ + cos Of cos of| =—— ;1)

¥~ 1C< @/ + b cos of)| = — .

Cuerema (7.6) — (7.1) nocratouno ciomna Tostomy Hesecood pasy
MHTErpaJibl IBUAKCHUS, YTOObI COKPATHTD THCIIO IEPEMEHHbIX.




JUtst HAXOAIENHS MHTErPAIOB ABWACHHS HCTIOAL3YeM BHAYANE TOT GAKT, 41O
notenmmanbnas sueprus U ssasercss dynkumeii koopaunar suaa (7.1). Toraa,
ctomuB ypasennsi (7.7) u (7.10), B npasoii uacTu noyuum

dU_ gl gu_ g
soa’  daa <h)i djj,* (712)

Ho 3 (7.1) caeayer
vy lugNlw ’

A al Md.—a)’ W ]4 W

0j T — *(-D+ <« o(1).
d@i—a) a(p—a)’ Cmd(d—ad @13
(| —®2¢ w*<(®l—a)m *a(p—a) ’
M. kL ,mat/.
atita(dl—xai' " a(—at) *a(—a> *e

B3sIB CyMMy 00€HX uacTeii HAHCAHHBIX PABEHCTR, BIUIM, UTO B PABOii 4acTH
BCe WIeHBI B3aHVMHO yHHuTOKAI0TCs. T03ToMy (7.12) — ToRIeCTBEHHbIIl HY1b. ITO
03MauaeT, uTO Cymma JeBbIX wuacteii ypapmemmii (7.7) m (7.10) kak moimas
NPOM3BOHASL 10 BPEMEHH HEKOTOPOil (YHKIMH 00OOIIEHHBIX KOOPIMHAT WM
CKOpocTeii TAK/KE TOAKIECTBEHHO PABHA HYJTIO.

Toraa cama GyHKINS ABISETCS NOCTOSAHHOI, T. €.

M=V mpay + Jp* sin* 0, + Ci (<p< + ¢ cos d<) cos 6, = const
(7.14)
MHTerpan ABHAeHHs. DTOT MNTErpa 0GoGUAET MHTErpaT nomaneii |45, §.
14]
lasnee, u3 ypasrennii (7.11) KaK cIeICTBHE WMKJIHYHOCTH YIII0B COBCTBEHHOTO
BpalleHusi < CJAEIYIOT elle /BA MHTErpaja JIBHKEHHS — MOMEHTBI MM
COOCTBEHHOTO BPAIIEHHS:
Mi = Ci (¢, + ¢p( cos $<) = const (i = 1, 2). (7.15)
Ecan noscrasuth (7.15) B (7.14), MOKHO HCKTIOUHTE CKOPOCTH > B HHTErpaje
(7.14):

M = J1 mpta 4- Jigr sin’ O/ + Mi cos di
Teneps uesecoodpasHo NPOM3BECTH 3aMeny:
a,—a =a,px—«@=P, ¢, —a,=y, (7.17)
A)
Yepes TpH HOBBIE KOOPMHATEI a, P, V, HCHOIb3ysi (7.17), MOKHO BLIPA3HTE
KOMGHHALIMH CTAPBIX YIJIOBBIX KOOPMHAT aX, a, b, (*

const. (7.16) C

ax —Og=a, px—a, = P, —a, =



B npasoii wactu (7.1):
Y—a=P—q p—ar—a+y.¢p—p—P—a—y.(719)
C yuerom (7.17) u (7:19) sueprust (7.1) craner dynxumeii Buza
U=U,(ftC- *i.a,P,V) (»=1.2). (7.20)
Hekmouenme ckopocreii a, if, Mo&eT GHITH OCYHICCTEJICHO TAKMM 0GpAloM.
Tepenncas (7.16) B B 1 3AMHCAB el TPH COOTHOWICHHS:

2
32 (mpeu + Ad, sins0,) =M — Jh, cosO, =N (7.21)
a,— o» = “ if, — ifu =P — a—V, ¢, — a» = p, (7.22) BEITeKatOMHE W3
(7.18), MO;TYuHM CHCTEMY YETHIPEX YPABHEHHIi OTHOCHTEILHO HCTHIPEX HEH3BECTHBIX
a,, ¢, (i— 1,2). ITa cieTeMa MMeeT CAMHCTBCHHOE PelIeHNe:
«@=(C[N+(Q,+ B)a-Bp-Bwyl,
a,-0"™JI1-(Q +B)a+Bp-Byl,

ifi-<T“[N—(Q,+B)a+(Q - Q,+B)p-Byl, (7.23)
¢-<T'IN+«,+B)a—BP+(<2+Q, +B)yl,

Qi-m,p?, Bi-JL,sin» 0. Q—Q, + Q, + B, + Bz.

Jlo CHX 1OP MBI MOJIATaIH, UTO CHCTEMa oTcuera O£T]E, OTHOCHTEILHO KOTOPOi
u3yuaercs BYX e, NPOH3BOILHOI i
Tlycr OHA COBEPIIACT MOCTYNATE/bHOE IBH/KCHHE BMECTE ¢ UCHTPOM MHEPIH
cHcTeMbl IBYX Tesl. Tora Ha OCHOBAHMH 3aKOHA COXDPAHEHHSI HMITYJIbCA 3AMKHYTO
cncremst moayuny £ mé& - 0, —0,£m&—0, (7.24)

(—i =i 11 1€ T,, £, — 1eKapTOBbI KOOPIHHATHI IEHTPOB
mace O, KawI0ro 3 ABYX Te.

B cBSI3H ¢ OrpaHHYeHHeM Ha cucTemy oTcuera 0%| £ nesiecoobpasHo npoussecTH
3aMeHY JIMHEIiHBIX KOOPAMHAT

E|— b(X, if=b)y, — ba (7.25)
M 107106paTh NMOCTOSIHMbIC t>, TAKMM 06Pa3OM, UTOLI YC10BHS (7.24) BHLITOIHSAINCH
TOAKIECTBEHHO. OYEBH/IHO, IPH ITOM JI0JIKHO BBINOJTHATHCS COOTH! Hue
+mb =0 (7.26)
B naabueiimey 6yzem noarats, uto > 0. Toraa, ouesuano, f» < 0.

Ecanr, ¢,z — b, p

KOOPIMHATAM X, V, 2, 3amMeHa (7.25) u yciosue (7.26)




IKBHBA/ICHTHBI TOMY, 4TO

Pi—V.P»=—V.£—&=br, (727)

aaB 1= const, a—so,

rae b — by— b, — const > 0.

Kak u c/1e10BaJI0 0:KH1aTh, B CHCTEME 0TCYETA, CBA3AHHOI ¢ HEHTPOM HHEPUHH
CHCTEMb ABYX Te:1 O, UNTPEI Mace Te1 O, 1 TOHKA O HAXOLSTES 1A OO MPAMOiE

Mcnoapsys (7.27), (7.28), Moo na. uncaa
TepeMEHHBIX.

JleiicTBuTenbH0, W3 (7.27) CGAYET, UTO BMECTO P, W P, MOKHO BBECTH

KOOPMHATY T, BMeCTO £, M £» — KOODJMHATY 2, 2 KOODIAMHATA a eCTh MHTErpaix
JUBHIKEHUSI.

TMo>ToMy moTeHUMANbHAS SHEprisi cHeTembt (7.1) MOMKeT GbiTh MpeACTaBICHA
yHKIHeli meCTH HOBBIX KOOPIAHHAT:

U=U,(, 26,0,py. (7.28)

Uenoawsys (7.27), Moo ynpoctuth (opvyist (7.23). Temeps onm
NPHOGPETAIOT BI

a,-a,~ Q~‘(H
th-<T"[N+(Q,+Q, +B,p—Bl (7.29)
O*ZN _ aorere +B)n
W MOTYT GBI s uneaa ii Moxcrasanst (7.29)
B (7.4) 1 BLUNOJHSIS NPEOBDPA3OBAMS, TOTYIHM
T—  p(24-tH+-gAQi+-Ab-J-
1 AA Bk Of st 1 b
2(W-"Arin*0, XjSin'0,
X V-2Py) + (7.30)
rje yutens! sapncumoctn (7.27), a aas F, p enpaseamubi opmyant
o <lg”
p—wb] + mb (7.32)
CylmecrBeHHo, 4T0 NOCjie Nepexola K HOBBIM KOOPAHHATAM M CKOPOCTHM
IHeprust ii He GoJiee ueM 0T uIecTH 050BIIEHHBIX
ckopocteii (r, 2, 0, 0, P, y). Kpome Toro, B pesyibTaTe mepexoaa K HOBbIM

nepemMenHbIM MosIBIIOCH craraemoe F (2. 6], 6,), 3aBHCSIIEE TOIBKO OT KOOPIMHAT.
Kak u B 3a/1a4e 0 IBHKEHHH TOYKH B UEHTPAJILHOM 10.1e [45, § 14], 010 Moxer O
OTHECEHO K II0TeHIHAILHOI SHepruu.




Takum 06pasoM, MMesl 1EPBOHAUATLHO IMHAMUYECKYIO CHCTEMY C 12 CTENIeHSIMM
CBOGOIBI B CHIIOBOM N0JIe ¢ NOTEHIMANLHOI FHeprueii (7.1), Graronapst muerpaam
asmkenns M, Mi, M moxno B asa pasa cokpaTuTE 4HCI10 KOOPAMHAT H CKOpOCTEi 1
TOJIYHTD NPHBEICHHYI0 IMHAMHYCCKYIO CHCTEMY C IIECThI0 CTeNeHsIMH CBO0O0/IbI.

Kunerueckas SHepris npusesenioii cucremt ecs (7.30) es caaraemoro F (2,

0, ). DTo craraemoe 106: o K ii sneprun
cHeTeMbI
U =U(r 1,0, p,) + F(r, 06), (7.33) npuiem Ut (r, 1, O
) —dynKuus, noayuacmasi u3 (7.1) 3aMeHOi CTAPHIX KOOPAHHAT HOBBIMH 10
qmpwynaw (7.17), (7.19) 1 (1.27).
Hnaue rosops, 3 yr
Teopema 7.3. 3adana 08yx ce00 X mei 8 npou3eoi cunogom
(]Jurul{eucmw noze 6 ciyvae KO menu
uc nans K 3a0aue 00n020

€60000H020 mena.

YacTHBIM ciyuaeM TeopeMbl 7.3  sIBJsieTCsi TPHBCICHHE 32Ja4H  JIBYX
MATePHAILHBIX TOUEK B HEHTPAJILHOM CHJIOBOM ToJ€ K 3a1a4e 0IHOI TOYKH (CM.,
nanpuep, (45, § 131).

VPABHCHNS IBUACHNS PHBEICHHOI CHCTEMbI MOTYT ObITh moaysenbl 13 (7.30)
— (7.33), ypasuennii Jlarpana (7.5) M NOTEHUNATLHOI IHEPIHN CHIOBOTO MO,
KOTOpasi TAKJKe 10JKHA ObITh 3a1aHHOI. B YacTHOCTH, 151 IBYX CBODOAHBIX TeJ ¢

MArHUTHBIM i ABYX TOKOBBIX KoJIel|
y ii cHCTeMBI B ii popMe HMeroT BI

Xl=n X Ifi + T'(Cisin: O/p’ 4 Cy sine 0sP"Vk
Xi—n (I = Xt 4- ¢j sitf ft, + ¢~8sIn8 O, X, — rl~, xg = *").

Oi=-J5" 201 (/, 4 fl) —m™fi sin o) —«
(7.34) 08
= -y-sin 208 (/2 + fl) — m&'fa sin ©, —

P

— {[cs sins og™j 4 (x? 4 <i sins 6t) X, ctg 6021 P' +
4 ¢, sing 6, (Xi — *i ctg 0s©2) /}
Ve —2"IXT {[Csineji 4 (x? 4 ¢ sins 0z) X ctg Mil v* +

il t, 3/ n.df
*2pm

x24¢,

+¢45in°0g (X1 — X Ctg ©>©1) P }o-—pyr
e N = 641 (p?>L,,y fa — 6/) (I — 6”) (1 — ") — oTHOWeHHE XapaKTepHOIl
MarHHTHOH CHIIbI K ciile HHepuwu; JI<= 1At U~







= 1,2) — OTHOWeHHE XAPAKTEPHO MATHITHOI SHCPIUH K KHNETHMECKOii HHEprHM
cnercws € = A, (p()" (( == 1, 2) — omwomenie HEHTPAIHOO NOMENTA HHCpH

o ocn, MATHHTHOH OCH Tea, K XapaKTepHOMY

MOMEHTY HHEDIH CHCTMBI (p — NpHBeeHHas Macea; | — xapakTepbrii mneitnbiit
T

pasmep); m= Mt X X (p/'m)-" (t = 1, 2) — oTHOmCHHC MOMEHTAa MMmyabea

COBCTBEHHOT0 BPAILIEHHS K XAPAKTEPHOMY MOMEHTY HMITY.Ihea cHeTeMbl (10 — xapak-
TEpHAS YII0BAN CKOPOCTL BpAMIENIS; T= ut ﬁezpazMeplme spems, ' = d!dx)\ 6 =

T = Vede (LuLu)™*. s f.

[T rT——

Lu = Poe<At. /1, - In-" + X (1 - 1.2). (7.35)
an 2
/=Jdpj (sin 6, sind, cos 2tp; cos 2tp,— cos (P —y) X
ol

X (sin 2qpi sin 2¢, f cos 6j cos ds cos 2tpx cos 2¢,) +
 (cos 65Sin 2tpt cos 2tpg — €OS 6, COS 2 <pr SiN 2 ¢2) Sin (0 —Y)| X
x (t8 (xi + + b* + b% + 2bX; (&' (cos 0, sin P sin 21 —
— c0s p cos 20 4- b, (cos 63 sin'y sin 2<p, — cos y cos 2¢hs)]
+ 2bx: (btsin o, sin 291 — by sin os sin 2dps) + 1bb |(cos 2p cos 2p, +
+cos dj cos d, sin 2 sin 2¢ps) cos (P — y) f (cos 02 cos 2, sin 2¢p, —
— €08 6, Sin 2 ¢1cos 2dp;) sin (P —y) — sin 6, Sin ossin 2 ¢, sin 2¢a]} —Md,,

(7.36)
b,=al*, b.. - ojr',

e @, ¢, = const — paamyc M NOAHBI MATHHTHBI NOTOK TOKOBOTO KOJIbLA

i d(\ o1 — rayéuna P! (7.36)

HoTyteHa 3aMeN0ii HCXOHBIX i cuctembi B

Popmyae (5.2).
§ 7. 3. OGoGutenme na cayuaii /1 Ten

Onuuiem 71 cBOGOAHBIX JMHAMHYECKH CHMMETPHYHBIX Tel B

0CECHMMETPHHHOM CILIIOBOM 1101 6M KoopaumaTamu: p*, dy, tk 1. ¢*, ¢ k — 1
na £ bl HeHT

pa mace; 0, , ¢ — yram 3uuepa, npuyem 6 — i, ) — yo

®— yroa BOKPYT ock cummerpii noas). Torna

110 Teopene 7.2 norenunaisnuas sneprus U Gyer dymiuneii koopummar puaa (7.1), 1.

U-u(p*, C*, 6%, “(a* — 1), ©2S(%fc — @) cos (@ —aen)l.* wan
cin
(7.37)




JL15t YMEHbIICHHS HCITA TIepeMeHHBIX NPOU3BEICM CHawaTa saverty P* Cosa* =

V cos ft, £* =V auHy,

= (7.38)

Prsina* =y af, sin ft (1=1,...n)

W noxGepeM NMOCTOAMNBIE ¢, TAK, 4TOGbI 3aKOH COXPAHCHWA MMIYJIbea B CHCTEME
LEeHTPA HHEPIMH YI0B.IETBOPSICS TOKIECTBEHHO H 4TOGLI cyMmMa 1t 4aenos /1% (p* +
+ p* a* + i) npespaTIIACK B cymmy (11 — 1 )-ro unena p<- (2? + 2) X X pf + 2?) [l
ITOr0 JI0JKHO OBITH

¥ mroic cos a* —o0, y IlIxpk sina*=o0, (7.39)

V Torn.- 0, £ ay/ln = 0,p,— A2 1=1,
n—11® - (7.40)
3aviena (7.38) mpeoGpasyet (7.37) K BHAY, COfEP/RALIEMY PA3HOCTH KOODIHHAT, HO
TOJILKO BMECTO /1 YIJIOB a* Teneph oyier (r — 1) yrios fi. Tak kak KHHeTHUecKast
IHeprus

27 = £1pAr? + J1 02 +12) + 2 sin' #%) +
+ C, (<t + % cos #%)2] (7.-41)
(Pt,A* C* — MACCH H e po— He 3aBHCHT
oT yruios P,, ¥, w3 ypasmenuii Jlarpanka cireyer wut 1y/hea:
M=¢ +4£ Mi-n™ +y My cos O* = const. (, 42"
bi—ptr?  (1<i<n—1),
by = Ai—,+1 sin® ®/—-a (n —1),
e yurennt unrerpaan M* = C* (ep* +- % cos 6*) = const (K= =1, ..., ), o6si3annsie

WHKIHAHOCTH Y1108 (.
TIpou3Besiem aiee 3ameny
P1—P.-YuP,—P»-V, P—1—®1-Trl Y5, — 0, -tn,
& —Y>- Vit . @a-Yors, (7.43)
o py ¢* cucremy y ii, BRI yio (7.42) u
not (7.43). 10 pemennue

M OTHOCHTE)




CAMHCTBEHNO (ONPEEHTE Nl CHCTEMbI
A=Vby (7.44)

He pasen nymo), Tak 40 B (7.41) ¢ yuerom unterpanos M, Bo3moen nepexox or
ckopocreii jf, k exopoersm Yy (v = 1, . 21 — 2). Tlepexon & yraam Yy B (7.37)
ocymecTBIM ¢ novombio (7.38) u (7.43).

B urore anena (yHaEM HEKOMBIE (OPMYTBI:

4--g- V(P +12) +-y Y, (7 45)

- U(ry, it Tv) + -y Wt L

N, (7.46)
v,/=1,..,2n—2;N— M—y M, cos

e Uy — smeprusi (7.37), B KOTOPOii HCXOHBbIE KOODIMHATI P*, a* £% ft, §*. @
3avenensb KoopaunaTamu Iy 2/ Tv-

Teopema 7.4. Cucmema n 7 X U X
mei 6 npous Qu noaze, ocesoll
cummempueil, npueooumcs. 6 cucmeme ¢ 4 (n— 1) n cmenensimi c60600bL.

B uacTHom catyuae 71 = 2 (opmyani (7.45), (7.46) nepexopst B (7.30), (7.33), a
i i TeJI0 B CHJIOBOM loJie.

Hcnoasays (7.45), (7.46) n ypasienns Jlarpanzka, MOKHO NIOTY4HTh YPABHEHUS.
B dopwme, paspemennoii

OTHOCHTEILHO CTAPIICii NPOU3BOIHOI, OHI HMEIOT BT

+ 4 /10(m=1

(747)

2 {AT2 — NMy sin (M -






ST [(--11) £ D 2 wie-K 7 ) vt vt

P-P}(v_1

H).
P- = (b,b,J1~" ((&+& -Aw) X

X[£ba-X(1-£ »>.]-
—"k+i (— &*)&. —* +

+1K 17b-"0,+* +m> 2K+ K1}
B-1 2n-2),
6, = ILI? (I<!<«—1),
6(=J1",sin®o,_n+i (ne'<an—r).

§7.4. cuetemsl Ge3

M cnoab3yst TEXHHKY NPEABLLYIMX APArpados, MOKHO COKPATHTE
HMCI0 MEPEMEHHBIX B TOM CIIyvdae, KOIIA HCXOAHAS AMHAMUMECKAs CHCTEMA He
nmeer (cayuan i
H CHMMETPHH CHI0BOTO MO:TS)

PaccMOTPHM ¢ LeThio GoJ1ee POCTHIX BEIKIAIOK Cyaii IBYX CBO GOIHBIX Teut
B CHUIOBOM N0J1€ ¢ IOTeHUHANLHOI SHeprHeii Bia (7.2). T. €.
i

cos 1
U  Cl.GLsin (" — @ % (@ — ®*)cos (—«*) <p , (7.48)
ik=l.2 J

Mo © w0 8§72

n ¢ Toro, w0 B
npagoii wactn (7.11) yike Gyier me Hymb n PO He ABANOTCH UMKIMICCKMME

KoopumaTayu). TPoH3BEsI 3aMeRy VITIOBBIX KOOPM AT (7.17), BMeCTO cHCTeMbI
ypasnenuii (7.29) noayunm

2,=«= Q" (M— C, cos ®,<p, _ C® oS t.p,— — Buy),
4>=Q (M — Cj cos ¢p»ah,  Cs cos @2 + (03 + Bg) $ — Bay],

b= "1 — cos ¢.1— Cs cos pape— Bp + (Qo + Bj yl,
e

(7.49)

0o = [*JI, Q= Qo + B1 + B®, B = Assiif ‘&i + Qcosj (t=1,2) (7.50;



Toxcranoka (7.49) B (7.4) et KuneTHyec
2I'=2C, cos O.M.11 + 2C, cos e,py> - KI"" Aif> + 2 T)> X
X (C\ cos 0,9, + Co cos O,.) — Q~" (C, c0s 6,4, + C,c0S Byytha) +

+Bp +BJIV-QT' (B,P+ B.Vy + 1" (pi + M)+

+ Apt+Cg. (7.51)
11 IHeprust il cHCTeMBI Gy/1eT HMeTh BT
U=A, (pp£t. A,P.V. M+ F (Pr A) 0=1.2),

 (pi, p> «, °t> = 4-<21""JI11% = 4*M” (M +7p+ +

+ Aj sins A + Ci cos* 6, + Asin* o* + C, cost dj”, (7.52) rae Us (p,, £, p. ¥, b.)

(/ = 12) — noremuamsnas oueprusi (7.48), B KOTOpOii CTapbie KOOPAMHATHI
3aMeHeHBI HOBBIMH 110 opmynam (7.17) u (7.19). Yaen F <p,, ps, (. O B (7.52)—
TOBKO 0T T caaraemoe, B Pe3yIbTATE 3AMCHBI

TnepeMeHHBIX B JOPMYJIe KHHETHUCCKOI JHEPIHH W OTHECEHHOE K MOTCHIMATLHON
IHEPTHH NPHBEICHHOH CHCTEMBI.

TIpuBe/iennas cuCTeMa ¢ KHHETHYECKOii JHeprueii (7.51) B cuioBom mose ¢
HOTeHIMALHOI SHeprHeii (7.52) NOTyeHa B IPOH3BOILHO HHEPUMATLHOI CHCTeME
otcuera. Ecam HCNOIL30BaTh CHCTEMY, CBSI3AHHYIO ¢ UCHTPOM MHEPUMH BYX Tedl,
HYKHO 3AMEHHTE P,y Psy £, C* Ha T, r 110 hopMyaam (7.27). ITO OUEBUAHBIM 05Pa3OM
n3Mensier Bhipazkenust (7.51), (7.52), 4T0 31ech He BHUHCLIBACTCS.

v ii cHcTembl, sammcammbie B Qopme,
paspelniennoii OTHOCHTEILHO CTapIIeii NPoH3BoOHOiL, ¢ yuerom (7.5), (7.51) u (7.52)
HMCIOT BH

“ip( = d=i2),
APi - W-) OT" [T (At—-c,) (F, _QX, 1sin 20, +

+QC, sin 6,6, " (Ai— C)) Q=2 5in

(=12 X, =Pi,X, =y), (7:53)
4f|c,-(1,0,)7C, cosn) -

my (B, X, - (B,F\Q-'- C, cos 6,p,)1 = - =12),

A =£c,c0s O, +B.7- (X, =p, X, =),






Tnasa 8

VCTOHYUBOCTb PABHOBECHS

1 KOJIEBAHHSI CBOBOIHOTO TEJIA B MATHHTHOI NOTERIHATEHO
AME

§ 8. 1. PaHOBecHE COOCHBIX KoJTeI(

MarnuTHan NOTeHUMATLHAN AMA (CM. T31. 4) IPEACTABIAET HHTEpeC
A0Sl TOCTH/KEHHUS YCTOi 0 0 Tela B it
MArHHTHOH CHCTEMe NPH HATMMMH CHAbI TsiaecTH. O BOIMMKAIOUMX NPH JTOM
BO3MOKHOCTSIX Ia€T MPEICTABJICHHE 321242 MATHHTHOI «IIO/BECKI B CHCTEME IBYX
MIeATBHO TPOBOJSIINX TOKOBBIX KoJell. IT0 321242 06 YCTOHYHBOCTH PABHOBCCHS
CBOBOIIOr0 TOKOBOTO KOJIBIA, HAPYAEHHOTO CHIIO TstkecTH G, B MATHHTHOM T0/Ie
HETIOBIUKHOTO TOKOBOTO KoJbua. OTMETHM, UTO CBOGOIHOE KOIbIO 0BIazaer
WIECTHIO CTENensIMH CBOGOALI W MUHWMYM MArHHTHO{ JHEPIHH 10 PAcCTOSHHIO
MEUKITY HEHTPAMH KoJIeHL (cM. § 4.4) He 03HAUACT, UTO HMEET MECTO MUHUMYM 110 BCeM
KOOPIMHATAM CBOGOIHOTO Tea.

ByJeM HCXOMMTE W3 Y i o Texa, 0

UHIHHAPHYECKHMH KOOPHHATAMH UEHTPa Mace p, &, Z u yrnamu Jiinepa 6, ¢, <,
ONPEIESIONMMH €10 YIJIOBYI0 OPHEHTAWMIO (Yrab1 Jiijepa BBEICHbI TAK, UTO 0Ch
COBCTBEHHOTO BPAIEHUS! SIBISIETCS MATHHTHOI 0CHI0 CBOGOHOI0 TOKOBOTO KOIb1A)
TAKHMH YPAB HEHHSIMH SIBISIOTCS Y (7.6) — (7.11)

t, TIe K MArHHTHOH NOTCHUMATLHOI JHeprim, onpeaeasievoii dopmyaoii (5.5),
HE06XOHMO 106aBHT, uite +G. £, IHTLIBAIOUII CILTY TSIKECTH: T. €. KOTAA KOAbIA
COOCHBI, 2 WX ILIOCKOCTH YIATCHBI HA Co - h,

U= 4(Tl W0, + 'Y=, (LyZey, - &17 = OT (8.1) B 310ii dhopmye Lo, LM,

4, Ny, G — a b OT °
KOJIbLA JaeTesl BhipazkeHueM (5.6), B KOTOPOM HHIEKC i MOKHO 3aMEHHTb Ha 1,
uHjeKe / — Ha 2

3HAK «MHHYCH OTBEUACT HANDABJICHWIO CHIBI THKECTH B NOJOKHTETLHOM
nanpaiennn ocn 0£ (£ — BepTHKAABLHAS KOOpAMHATA). B yTOM ciyuae cuia
THAKECTH CTPEMHTCH COMMHTE KOABIA, T. . arnmTan 3
Hao60poT, 3HAK «ILTIOC» OTHOCHTCS K MAFHHTHOI «TIOBECKe», KOTA CHA THKECTH

B CTOpOHY YBe MewRTy

Ecan BBINOHEHO 01HO W3 ABYX yeouii 00//]], - G
=0 ©2)
B TouKe ( = (],

= const,

p'0,C-Co—const. ' —d=-yp=£= #=0,0=0
O,a=¢p=6=¢=0,

83)

HEeOOXOIMMBIE H 10CTATOYHbIE YCJIOBHS

(PaBeHCTBO HYJII0 CHJI H MOMEHTOB, e CTBYIOMMX



Ha cBoGOMNOE Te0) (DHMYECKM OTH YC/IOBHA O3MAYAOT, HTO CHIA THKECTH

0 KoJIbUA Y MATHHTHBIM B HCTBHEM KOIbIEBBIX
TOKOB. B OIHOM CllyMae MbI HMEEM MATHHTHYIO NOIYWIKY (CBOGOANOE KOBIO
HAXOTHTCS HAT HeTOABHAKHbBIM), B IPYTroM — KOJIBLO

T ——
§ 8. 2. J0CTATOMHLIC YCI0BHS YCTORMNBOCTH PABHOBCCHS

Beezem Mabie Bo3MyIennst koopauuar p, £ 0, a — if, *1—P.= £
—(1+).X4=0Xp=x. a Bosmymenns X2, X6, X6 xoopaunar a, if, <p Gynem
CUNTATH MPOM3BOILHBLIMH BGH3H

Q506 0,K
Puc. 24 Pue. 25
COOCHOCTH TOKOBBIX KOJIEI IOTEHIMATLHAS JHEPIHS MOKET ObITh PALIOKEHA B PSIL 110
MATBIM Xv x,‘, Xe, x"
U

= 47 1O g U x4 47 T + 4 YWX 7+ UvoXyXB, (8.4)
rae Vpp, ... onpejeiens: Bbie (e §5.2).
Coraaciio Teopevte o6 y 1 mo K wacTi 1671
¥ b (8 3) 1o or ko, £ @, a — if onpexeasiercs

NOI0KHTENLHOCTLIO opmyJbt (8.4) npu mankix X, X6, X6, Xy n modwix X, Xo X6,
“TO Ca0AHbIM 06Pa3OM 3aBHCHT OT psixa mapaverpos cucremst (I, T, w) [us

¥ ° obaactu y (rouKm 3aurT obaacT
Ha pHc. 24) BOCIO/b3YeMCs KAYeCTBEHHBIM IPadUKOM MaTHHTHOI CHIBI OT PACCTOsi-

nust N Mesky coocnbivm kosbuamu (puc. 25)

Kpubasi / na puc. 24 noctpoena no ypasuennio T = y Eii oTBeuaer Maruuthas
W HYJIh MAarHHTHOI et (Touka h = hy na puc. 25). pu 1>
V enna P umeer xapaktep npursikenusi, npu 1| < y — XapakTep oTTaakuanus B
060HX CTYHasX MOKHO YI0BJICTBOPHTH HEOHXOTHMOMY YCJIOBHIO CYIIIECTBOBAHHS PaB-
nosecnsi (7.2), B3sie Uy Buge Ug = -fGE —Gt. Ho Up >> o roanko npu 1) >y
(TOUKH, PACTIONOKEHHbIE BRINEC KPUBOH / Ha puc. 24), 4T0 OKBHBAICHTHO

TOTEHIMATBHAS SV

JOCTHIHYT W B CHCTEME ( MATHHTHBIM NPHTSKEHHEM, HO
He ¢ MarHNTHBIM oTTATKHBaHHeM [103TOMY BLIBOX 06 YCTOHMHBOCTH paBHOBeCHS
CBODO/IHOIO TeJla B CHCTeMe JIBYX Ma 0 0T HBAIOHIMXCS CBEPXNPOBOSIIIHX
KoHTYpoB (80) ommGouen. Ouiovepuas Mojeab, npunsitas B (80) 1 omucanus

CBOGOTHOFO Teita, «CMPATAIA» BoHMKaAIOMIce NP T)< Y HepaBeh-






cteo UPP < 0. JT0 HepaBeHCTBO 03HAYACT, UTO BOHMKACT HEYCTOHMMBOCTH B
HANAB.ICHHH, NEPNENTNKY.IAPHOM THHMN ACHiCTBHS MATHITHOI CHIbL. OTMETHM B
SToii cB3M Takike paGory 1515], rie BRIBOX O HCYCTONMMBOCTH JBYX MATHHTHO
OTTAIKHBAIOUIMXCS  KOHTYPOB JI€IA€TCS HA OCHOBE HAIISUIHOFO KAYECTBCHHOTO
anammsa.

M3 rpapuka ma pHc. 25 CIeIyeT, §TO GKECTKOCTh MATHHTHOI ONOPBI
nosoxuTenbHa na yaactke on N o Ny, rae JOCTUFACTCS! MAKCHMYM CILIB! MATHUTHOTO
npurskenns Ha yuacrie h > BB CHITBI TSIKECTH
e mozker 6biTh noayuena (U~i < 0). Kpnnan 2 na puc. 24 MOCTPOEHA N0 YPABHCHUIO
Cu =0, npusem Uit> 0 1151 Touek mike >10ii kpuoii loyromy 061acTh yeToiimsocti
HAXOAUTCS MCKAY KPHBBIMH 1 U 2.

MecTonosokeHNe BePTHKAILHOTO OTpe3ska 3 ma puc. 24 ompexeisiercs
ypasnennem S = U& Utn — U= 0, npuuem nepasencrso S < 0 Bhinosmsiercs st
TOMEK, PACHONOKEHHBIX CHPABA OT OTPe3ka, HepaBeHcTBO S > 0 — /ISl TOUCK,
PACHOTOKERHEIX c1eBa T oTpeska. ToTokentie 0TpesKka 3 JABMCHT OT MASTHIKOBOTO
Tena 14]. B uactnoctu, ecm masitankosocts oreyrersyer (1 — 0), km- » 0,73 (36].
TlonoAuTeLHAS MASTHHKOBOCTE (T > 0, | > 0) caBuraer orpesok 3 na puc. 24 Bupaso
(0611aCTH YCTOHYMBOCTH YBEIHUHBACTCS), OTPHIATE/ILHASI MASTHHKOBOCT (T < 0, / <
0) cABHIAET 0TPe30K 3 BIEBO I CYAKACT 06:12CTh YCTOIMMBOCTH.

Hexoms w3 dopmya (5.11) — (5.13), moyuaem NpHOIIKeRHbIe 10CTATOMHbIE
YCI0BHS YCTOIMMBOCTH paBHoBecHs (8.2). B yacTHOCTH, IpH Mabix K'

UppUWec | —1 +41s—siny] + 4t (r+ kk ) x

X" 1--eeoy- S -4-3siny) »

[sf 411’ (—1 —s—3siny) + +41* (1 s4-3s

iny)J,- --(8.5)

s= 1+ —ys+ 4T (1—65),S =K,y =—

TIpH HATHUMH TOJIOKHTELHON MASTHHKOBOCTH (T > 0) MOJIOKHTENLHOCTH S /151
YCTOIMMBOCTH PABHOBECHS MSIE THHKA B CHCTEME ;1H3KODACIIOJI0KEHHBIX COOCHBIX
Koen (JI' = Ks-*,0) 41£' (1 —65) + -y s
>1 C TOYHOCTBIO /10 S ITO IKBUBAJIEHTHO IIPOCTOMY YCJIOBHIO




i > -J- (8.6) %

11 TpeGosanue >0 naer t > -j-, uro pu manpix k u Buinoanentom yeaosun
(B-6) yaoniersopsiercst
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Ecu 651 He 6b10 MAATHUKOBOCTH (2 = 0),T0 § > 1w k < K7/3» « 0,88, uto Gimsko
K 3Hauenuo ft » 0,73.

J1A BHIACHEHHS YCIOBHI yCTOHYHBOCTH € OTPHUIATENBHOH MasATHH- KOBOCTBIO,
Hexozs u3 (5.15), 3aIIeM

s "j 3s% 12 — s + 12ftx (ft' 4- ftt) (1 + s)L,
=[-HTOHT+2U1 +T5)+457(* + ) |- 187> 35+18b(1 + 4-s]j

[gxs

Tlpu masbix $ (ft-*m() u3 yenosus s > O (5.11), (5.13) mosyanm

(8-8)
Ecsiu 661 He 6bUI0 MasTHUKOBOCTH, U3 YCJIOBHSA S > O JI0JDKHO GBUIO ObI GBITh $ <,
uTO BRIMONHAETCS. U3 yenoeus Jlee > 0 ceayer s <-|- wn ft =Ks < |/0,89, uro
63K0 K 3HAUEHHIO ft «= 0,73,

OrMeTnM, YTO JIMHUH 1 U 2 HA PHC. 24 OTBEYAIOT YacTHOMY ciydao JI = 5 B
dopmyJie cobeTBeHHOI HHAYKTUBHOCTH Kostblia L = ma/l. Jlia Apyrux sHaueHnii JI
MX Ka9eCTBEHHBIH XapaKTep COXPAHHTCHA, a MECTONOJIOXKeH e OTpeska 3 oT JI He
3aBHCHT.

§ 8.3. O6 ycTOHUYNBOCTH PABHOBECHS
JApYTrHX MarHUTHBIX CHCTEM

1T i cHCTeMBI C; BABUCHUT OT YHCTIA,
(OPMBI M OTHOCHTETBHOM ODHEHTALMHM HJCATHHO TPOBOJANX KOHTYPOB.
PaceMoTpuM 0COOEHHOCTH YCTOHYUBOCTH PABHOBECHA B CHCTEME He JIBYX, KaK 9TO
GBIIO C/IEJTAHO BBITIIE, A TPEX H/IEATHHO TPOBOAIIMX KOHTYPOB (381.

Ecsn Bee TpH KOJIbIA TEeXHHUKY (em. 1. 7),
MOXHO TOJIyYHTDb CJIE/IyIOlIHe BhIDaKeHUs KuHeTHdeckoi T u noreniuanbHoi U
9HEPrUil PUBE/IEHHOM CHCTeMbI:

2T-£ A&+ SHU + M- + £ (AW +
4-2]1~* (271 (to» 4- toa 4- to<) +
4- (too + to«) + TsY.Mjk (8.9)
Z] =t/a (v, 2, TV) + 4" A" (M1~
JI4, M — const,




A =1/(»=1,2>,1, =X, lI- 4,6in®<h. M " + " sinsay,
Al =X, —Xi +6a A, —6] —65 =/IgSin’ftj 4-
+ sinz fly, 6, = Aa sinz 0,
J=Su” + £ JI*510lre*-
<=
371ech 1 — NpHBe/IeHHble Macchl; JI* — eHTpaIbHbIe MOMEHTbI HHEPIHH Tell

OTHOCHTENIBHO OCH B IUIOCKOCTH Konbiia; M u M¥— MHTErpaIbl ABIKEHHS
(COOTBETCTBEHHO CyMMa HMTYTBCOB TO a*, % ¥ TpH HMIYIbCA WHCTOTO

spautenns); Ua (T zi A*, yy) — TOTeHIHAIbHAA 9HEPIHs HCXOHOM CHCTEMbI, T1e
OCYINECTBIIeH TIEPEXO K HOBEIM KOOD/IHHATAM 10 hOPMyaM

Precosag = S orAfiCosPj, prsinas— <i,»rsinp, S

(8.10)
—Pi4-P» =Vi.—Pa +Vi=Ya. —0. + =%m —®a + O» = Va
1,2,3),
TIPHYEM @y, = const i1
m-$
jut il oHeprueii it cucreMsr CcyMMa 9Heprum
MArHHTHOTO TIOTIA, if uepes o V, u TBL, M
SHEPrUH IPABUTAIMOHHOTO 1071 G (T, 4-T,):
V,=Gl(z,4-2,) + -y- u—{f+@—-v9P, +@—ybP +
+2p, (Y«¥B— Vx) + 2p: (y"a — Ya) 4- 2p,ps (11 — ya) 1(1 + 2y,yoya —
— ffi —v2—va)~'» 8.1l
Yo = Lagle, Vo= Lisln, Y, = 28445 = VLT
e .
211N
L*J d(pkJ (cos 2<py cos 2<p» sin sin 0, 4- (sin 2<py sin 2<p,. 4-
4- c08 2<Pyc0S 2<Pre c0s <h> cos cos Gy» 4- (cos 2g>, sin 2<pp c0sOy—
— sin2<p,cos2<pacosO)sin Gy») {Sir? 4- BY%r? + 4-

4- (BZ\ + B&p 4- 2a(B& 4- B'\(sin 2<p.sin <K — sin 2<pg sin 0») 4- 4- 2aB,r,
(cos 2tpy cos (tv — M — cos 2<pr cos (p* — pj —
— sin 2<pv sin (dy — pj cos ey 4- sin 2<py sin (% — Pj cos O» | 4- 4 - 2aBya
[eos 2<py 60s (ijiv — Ps) — sin 2<py sin (¢py — p,) cos dy —

M o7



— €08 2<p* c0s (% — pj) + sin 2<p, sin (% — P,) cos 0*| 4
4-2€" (1— (COS 20 COS 2* + sin 2<V si n 2g*cos dy cos 0*) cos i>* +
4- (sin 2 y sin 2p* cos oy — cos 20P os 2% cos <P) sin y* —
— sin 2y sin 2%, sin fly sin o*n~"dag4 (v, K —1, 2,3; y* = gy — ¢*), Bi =aw —

ei*y 6% = Om—as*.

Ecan unrerpanbi anmwenisn M. M* paBbi Hy:10, papnoBecie npHBeeH
cueTemst

Mo, =2=2>=0,y,20=004= —,
Vi=T>=V¥=0.®1=Dr=d =0, (8.13)

r,=I,=2,=1,=0,00 =y, = ®* 0

HO IBYX I KOJIeH, COOCHBIX

TPETheMY HEMOTBHANOMY KOTBILY, NPHYEM cnia Takecrn G HANPABJEHa 1O ocH
HENOBHAHOTO KOTbIA.
Heo0X0/MMBIM YCIOBHEM CYIIECTROBAHMS pemterist (8.13) BOIH3H NOIOKEHMs

MarnuTHOi AbHOI AMBI BygeT R N
K KLy
+ &' pfa (B K,)+£]| = G, (8.14)

we1+p—ff; @
e e — p — Vio> 0 — manas Bemanna ), — suauenns J,. Vo b Touke (8.13)); K»
— K (0, £=£(*) (=1,2), = 2a(lor+
4-110) ki — @ (a® + ry0)

" (8.13)mo o r,
2,0, Oy ¥, + Y ¥y + Yo HA Teopembi P [671 Gynyr
urr > o, (v+,%,> 0, U«fl. >0, (Yo,e.>0,
>0, Hyy >0, Uwfi >0, (8.15)

AN IHVWViHVXALY > O,

——@©Y B——wY, > 0, TAc KoIbdUUHEHTHI
abwoii Incprum, B

paBHbI

w? I
U,,) =10 —p) (1—3p +2po [2%. (E, — K> + 4fE,',

U*-2Q — 1K (JI, - £) + »1€d +m 4-
vy
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= We., = 200 = 22°<? A- If ' (2 - ) (k- £,) -

-i£11 + 4- u,
ho, - Ue.H. = 0Q 4-1(8 - 88§, - *;> (K,_£) -

21 (2- h%E, + ~T#,1
<J.,, -2U.h.=2(,¢ -2aQ — |ii 4+ hl) (K, —£) —
-h! (2- hi) £

Cvy - UW, - Wy, - 2Uyv - 2U,,,v. - 4£,,
Un- 28, 2Uw.g — 4 ("M —-L-U)

Q5F 0 +p-
Yuciennoe pemenne nepasencts (8.15) B wactnom cayuae L — Bro (@ — pamye
KOJIbIA ) 1° 1aeT CJIe/lyIolee eIHHCTBEHHOE Ye/I0BHe: 'h, <0,69. (8.16)

DU3HYECKHIT CMBICJ ITOT0 HEPABEHCTBA COCTOMT B TOM, 4YTO OJIHM3KO-
PACTIONIOKEHHBIC COOCHBIE KOJTBIA PAIHYCA @ € OINHAKOBO HAPABJICHHBIMH TOKAMN
HEYCTOIYHBBI 1O YIJTY MEKIY OCSIMH, B TO BPEMsI KaK YIaJIeHHOe KOJIbIO CTPEMHTCSI
3aHATBL COOCHOE TOJIOkeHHe ¢ APYruM Koibuom Ho ecam pambme ¢ oguum
CBOBOHBIM KOLLOM (CM. § 8.2) H HY.1eBOi MAsTHHKOBOCTHIO 6b1.10  » 0,73, To s
JBYX CBOGOIHBIX KO/ OTPAHMNCHHE CBEPXY HA GIM30CTH KOJell, CCTECTBEHHO,
Gostee ecroe. OTMETHM, UTO BMECTO ODJIACTH YCTONUMBOCTH Ha puc. 24 3iech
MOJIyHEHO LB YCIOBHE HA MECTONO.I0KEHNE BEPTHKATLHOTO 0TPe3ka 3 Ha phe. 24.
OCTANBHbIE YCTOBHS BLITOINSIOTCH, TAK KAK BOTH3H MOJI0KEHHS MATHHTHOI SIMbI
KECTROCTD NOI0KHTETbHA.

$ 8. 4. O6 ycroiiunBocTH KoslebaHMi

3anmmmem ypasnennsi (7.34) — (7 6) ans cayuas M — *— M| —
Mg — o, i CHCTEMBI BYX OIHHAKOBBIX

iPOA, 2
- t--JTb 2--
+ -$m JIsn 2,8, A A (£, sin’ O,)

cBobo

X Te:

T« §§ BHateHms POMIBOANELIX 1t peggprme HepasencTs (3.15) moayuens: O. T. Yebo






3jtech p —m -y — npuneaennas macca; A— UEHTPATLHBII MOMENT HIepuM Tema

OTHOCHTEILHO OCH, JeAaMeii B ILIOCKOCTH TOKOBOTO KOALLA; T, 2, @i Pl, p, —
Bl i s 1, 2, by Oa, Pi. p< — ckopocrn npuenennoii
cucTeMbl. AFF,F
4,- F-' (P? +ii),
F, = F~"|(ur* JIsin* O* p, — Asin* 3~,1, F, - F™ ((ur* +

Asin*OJp,fAsin*O;_l) Ffpr*Asin*S, +ysin*O,. (8,18) MorenunanbHas

bopmyae (7,36),
PacemoTpum 3aKOMBI W n cropocteit
TPHBEIEHHOI CHCTEMbI;
r=rt),e=o, —o—

(8.19) 2
—2(t),2—0,0,—®»—p—Pa—o.

THM 3AKOHAM OTBEUAIOT NPSIMOJMHCIHAN TPACKTOPHS UCHTPOB Mace Ted H
U KOTOPOii TOKOBbIE KOBIA COOCHDI, &
oBuast och Kol COBIATACT ¢ TPACKTOpHeii eHTPoB Macc. [oxuepkuem, uTo 06a
Tea sBASIOTCH cBOGOMbIMH, Haiile yc10Bus, Koraa 3aKonbi (8,19) gomyckatores

(8,17), Tpn ,19) B y 8,17)
TOC/ICHHE NPEBPAIAIOTCS B TOAIECTBO 0— O, KPOME YPABHEHMUS! /1151 KOOPAHHATHI
2. Jlnsl Hee mocJie NOJCTAHOBKH MoIy4aeM

—pr(D—{ (8,20)

n ou
2Ne U. osnauaer np npn (8.19),
Vpasnennio (8,20) OTRENuACT OAHOMEPHOC JBWACHME B CHIOBOM NOIE 0

notenmuanbnoii sueprueii Uy, roe Vi — SHeprus
cHCTeMbI, B KOTOPOii BMecTo Koopunat 2, O, ->, Pa noicrajienb 3navenus
npaBbix uacreii coornomennii (8,19), Hasectno (44, ¢, 37], 4To Takoe ABHKeHME
00J1a/1aeT HHTerpajiom HOM YHepIHu:

p-yr + -~ — JI = const, (8,21)
obduee pemieHne ypaBHeHHst

OTKya 1y
(8,20);

/4 fie-uv" *- +C. (8.22)
B 5ToM pemleHHH PoJib BYX HPOH3BOJILHBIX MOCTOSHHBIX HIPAIOT MOJHAS
neprust £ n nocrosnnan murerpuposamus C, Tak Kax wien
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p— —IO0JIOAKHTENLHAS BEJIMYHHA, INOJHAS OHeprusi Oyaer Bceraa GoJbiue
AbHOI, T. e MozkeT Th Ha yuactke, e U10 -"E.

Touxn, B kotopeix Uy = £, rpanmIBl (TouKn

Ecan Touex ocranoskn ase (N, hj— aemkenne uuntno, T. e. npoucxomut na
otpeske [/»!, Ji]. ECM TOHeK 0CTAHOBKM HeT WM TOALKO OIHA,— JABMKEHHE
MHQUHHTHO (TOUKA YXOIHT § +). Hac Gyzer mn b QuunTHOE
JIBHKCHHE, KOT/Ia Te/Ia He MOTYT YAAMHTLCS APYT OT PYra Ha GeckoHeuHo Gonbinoe
pACCTOSINME M He MOTYT NPHGIMSMTLCS OIGKE HEKOTOPOr0 MHHHMAILHOIO
PACCTOSIHHSI MEATY UCHTPAMH MACC TeJl.

DHEHTHOE ABWKEHHE MOKET GIT TO/ILKO B NOTEHIMATLHOI SIME, T. €. KOTIa B
nexotopoii Touke 2 = Jlo (JIs < h < JI) umeer mecto mummvym Uy Yeaosus
MHHHMYMA CBOJSATCH K TOMY, 4TOGbI YIOBJIETBODHTDL OZHOMY M3 JBYX PABEHCTE,
CBA3LIBAIONMX OTHOMICHHE TOTOKOB M ) "
(BLIMHCTCHHOI B NO0KEHIH T = Jlo) K cOGCTBEHHOIl MHIYKTHBHOCTH KOHTYPa (cM. §
4.2). BO3bMeM 01HO W3 ITHX HePABEHCTB:

W= (LL~")& (8.23)
ak Kak Beerna £, < L, neodoxomnmo yenosnthes, uro Ys >%. Mmexe 0 B npasoii
wactH (8.23) 03MAuACT, UTO B3AMMHAS HHAYKTHBHOCTH BHIMHCIeHA B Touke 2 = No
(coberBennas murykTHsHoCTE L oT 1 e 3aBucnt).

H3BecrHo, uTO IHeprust ¢l ¢ TOYHOCTBIO 0
NPOM3BOILHOFO CIAraeMOro. BLIGepey TaKOE 3HAEHNE HOCTOSNNOI HHTErPHPOBaHHST
C B (8.22), 4T0GBI U151 GeCKOHEUHO YIANCHHBIX Tea (2 -* 00) Heprus u MuTerpan
neprim £ papnsimmcs mymmo. Takmy smasenmen Gyzer

C--(1+4uT) u] (L) (8.24)
Torna Byecto (5.5) noaysmm
U* =-0r Ki+ W)L - m (1-»">"]. (8.25)

et " U T=const<luy = £, (r) L-.
Henobsys (8.25), dhopyyaty (8.22) MOKHO 3amucaTh B BHIE
<828)
I7le ¢ YHeTOM 3HaueHHii KOOpAMHAT 2, O, 0,, &, p. B pynkunn U, n opmyant (5.2)
HOTYUHM Yike BCTp bopmyary ot i
COOCHBIX KOJI

y=HOL-[(4-- %) K (A)-4 E(*)].
Tem caMbIM 32KOH IBH/KEHHS KOOPIHHATHI 2 (0 B MATHHTHOIi IMe yYCTAHOBJICH —
bymemnn 2 (Q, 3an B BHze (8.26), p: (8.20). C yuerom
0 BbILIEC OTI JIpYTHX noay4aem, 4To 3aKonsi (8.(9),
e 2 (f) naerest popmynoii

(0






(8.26)— uacrioc peuteiii ypasiieui ABICHIS UPHBCLCHNOI: CHCTENbL.
cumM BOMpoc 06 yeToii pemennn (8.19), B3B B KawecTne (ymkumN
JIAnyHOBA HHTETPA 0O SHEPTHH BOIMYICHHOI

Puc 26 Puc27

NPUBEICHHOI CHCTEMBI H pasiaras ero B psyt Teillopa 1O CTeNeHSM MAabix
Boavymenmii. C oToii leAw0 BocmomLayeMes Moryuemmuvm B § 82 m 8.3
pesyabTaTavu mo y n Tio ¢ my:
yuecTs, uro MEIKILY HEHTPAMH MACC HE NIOCTOSIHHASK
Beanunna, a Gynkuus Bpemenn. Kpome TOro, HEOGXOUMO yHECTh PABEHCTBO HYJTO
HHTErpajioB aBukennst M, J11.. M2 # TOT aKT, 4TO He 0/1HO, 2 002 TOKOBBIX KOJIbIA
SIBJISIIOTCSL CBOGO/IHBIMH.
B TOre HOYTIM 0GAACTS YCTOTMBOCTH, NOKASAINYI0 INTPXOBKOii 13 pic. 26.

Kpusas 1=y orp: CHU3Y HA b H 1o

B oci Tokobix Kkozew. Ecan
paccrosme r Meany uewrpavm wace Gonbme o (norowenne, ornesaiwimee
MarmnTHOI ii s1ve), yeroii o nveer

mecro. Ecam e 2 < h,, (Tena maxomsiress Gimke NMOJIOKeHMS MATHUTHOMH sIMBbI),

yeroiiumBocTh  Hapymaercs. Tlo3ToMy Ha ydacTKe MATHHTHOTO TODMOKEHHS

TOJIOKEHHE IEHTPOB MACC Te/l HeYCTOoiunBo. OTCIONA Cle/lyeT, YTO HA YYaCTKe TOp-

MOKEHHS  JI0JKHA  OBITh CBSI3b, TpPENs

napajuie/ibHbIX TOKOBBIX KoJlell B ABJICHHH, 11¢) IMKYJISIPHOM HX 0f1eii ocH.
JlAsi KOJMYECTBEHHOI OUEHKH BOCHOJIB3YeMCSl [IAHHBIMH TOPOH/IAJTLHOIO

0M1a, OnMCanoro B padore [86] ", Byxem cunrats TakaKe,

Jlanierp topa 1,8 m, umc:o Birkos 6000, wayxrusnocts 166 i, Tok sanu

con
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uTo Macea Ka#xoro Texa pasua 5 - 10° kr (npuseaenuas Macea p — = 2,5 + 10% kr),
ho = 1m — paccrosinue, Ha KOTOpOM Hy.IL MATHHTHOIT CHIIBI (THOI0%EHHE MATHHTHOI
NOTEHIHANLHOI SIMBI).

Ha puc. 27 rpaduicn i g — Ux & H3 ye0BHs
HY1eBOil HAYATLHO CKOPOCTH COMIKHHMST) 115 TISTH 3HA-

Puc. 28 Puc. 29

wenmii paccrostust hj (200 M, 100 M, 50 M, 30 M, 20 M), OT KOTOPOT0 TeJla HAYHHAIOT
COMKATELCS 32 CHET MATHNTHOI cHTbl. TIPH COMIKEHNE HA PACCTOSIHEE MeHee 10 M
JUISL BCeX MSITH HAMATLHBIX paccrosinmii N, snauenns E — npakTuuecku coBnajaior.
OHH NPeICTABJICHBI O/IHOI KPHBOii HA pHc. 27, 6. MHHUMAILHOE 3HAYCHHE YHeprin £

— OTBEMACT NOOAKCHIIO MATHITHOI MBI, ToTkH, B KoTopbix £ — Uso= 0,— Tomkam

(nyteBoii oT ii cixopoct Tear). [t pasanumbx suauennii h,
(MAIBHME TOYKH 0CTAHOBKH) GJIMKHEH TOUKOI 0CTAHOBKH NPHHSTO O/IHO M TO e
paccrosinme hi = 0,4 M. OTverim, uT0, eCTH HAMATBHAS CKOPOCTH COMHAKCHHS He
PABHA HYJIIO, GJIHAHSISI TOYKA OCTAHOBKH Gy/1eT Ha

— 0,4 M. ecan Vo = 1 Me—, cKOpocTh Byjer
noramena na paccrosimn 1, 1a 0,07 m.

Ha puc. 28 u300pazkentl rpauKkn OTHOCHTEIBHON CKOPOCTH cOmaenns Tel,
COOTBETCTBYIONIHE SHEPTHSIM Ha PHC. 27. Ha PaccTOsHMM, 0TBeUaloNeM NOT0KEHII0
MATHHTHOI NOTEHIMANBHOI SMbI, CKOPOCTE MAKCHMAIBHA 1 COCTABISIET Vo, = 0,43
Me—.

Ha puc. 29 nokasambi rpauKH YCKOPEHHS OTHOCHTEIBHOTO COMMKEHHS.
MaKcHMATbHOE YCKOPeHHe OYIeT HA Y4ACTKe TOPMOKEHHS B GukHeil Touke
ocranoskn (Wom a 3,54 mc-?). Ot mauaabnoro paccrosmmsi Ny sasucur spems
comkenns Ten. Takas 3aBHCHMOCTL PEICTABIeHa Ha pic. 30 1P,

1 Pacuer kpuBBIX 1a pic. 27—30 peimoanen O. T'. YeGopibs
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§ 8. 5. Hexoropuie
KOIMCCTBCHHbIE PACYCTBI

Toaysennbie B § 8.2 1 8.3 e3yILTATE MOAKHO PACCMATPHBATE KaK
00OCHOBAHMC ~MACHHTHOIi ONOPHI CBOGOMHOTO Teaa. OHA OCHOBAHA Ha
HETIOL30BARMN MATRTHOI i vt Tlo ¢ m i
onopoii (3GPeKT AMAMArHHTHOO OTT B
XAPAKTEPe MArHNTHOIH CHIbI, KOTOPBIC TI01E3HO OLCHHTE KOHHCCTRENHO.

PAccMOTPHM UACTHBI PHMEP 3a1AH 0 MAKCHMA.IbHOH TPY30MObEMHOCTH B
YCAOBHSAX OrpaHUCHN —

no ypoBmio marmmtHOro moas  CBepx-
npoBosimee Koabuo (@ — pamye, d <€ a
TOIIMHA) PACTIONOKEHO HA OIHOM H TOM e
paccrosmmt W B o1 mom caywae max
CBEPXNPOBO/ISIIICHi IIOCKOCTBIO, B IPYTOM —
MO TAKHM ’Ke CBEPXNPOBOISILIHM KOJIbLOM
(pue. 31,4, 6).

Cunras kpurnueckne moas H, mas
ILIOCKOCTH W KOJTEN 0HHAKOBBIMH, TpebyeTcst

OmpeneTHTh MAaKCHMATLHYIO cnay
AMaMarmmTHOTo  oTTanKmBammst Py m
MaKCHMATBHYIO cnay MArHHTHOTO
npHTsACHUs TokoB Koen P, B 3aBHCHMOCTH
orh
Cina P, mozker GuiTh onpeaesena no
dopmyae
P, =/, (dLn/dx),=2h, (8.27)
rae 1X—TOK; — B3aHMHAasi HH

AYKTHBHOCTH  COOCHBIX  Kojew; X —
MeRTy HX T Tlas

onpesiesieHHsi  TOKa OyaeM HMCXOAMTH M3

YCIOBHS PABEHCTBA MAKCHMAILHOIO 1051 ST

Ha MOBEPXHOCTH CBEPXMPOBOMAMEro Koabma Tomofl. (runotesa Cuacom, cm.,
nanpuwep, (9, . 1871). Toae 51 cocrout 3 codersennoro nos H,, pasnoro My = |
(ar” ', w noast S,

KOTo 7Ke KOJIbUA, yiajdenHoro na paccrosume X = 2h. s

noas 51, vn npu d & @ opmynamu 173, c.
2naH2o0 = IK[ Klk)+ J-(1+KHER) |, (8.28)
4raHv = 1K |K(K) - E (K)\, k=a(@*+MT*
e K, K'= (1— fc)’» — mouyan u tomo:mmmren
snmmmmunecknx nurerpanos K (K)  E (ft). Toraa
asiosl, =/, (4 —37) (K*+ k' E2) —2 (4- k2) KE\'u. (8.29)
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AbHbri Toxk /]

1
Anai* (4ad~ + |(4 — 3 AB) (Ko + A™HEr) — 2 (4 — A?) Kg[TIV
(830)
JLA%t AMAMATHITHOI CHABI ¢ yaeTom (8.30) 1 (4.24) moayunm
16w e uH [k— === (1 + fe'~) £1
. — - L . (8.31)
* AN (4 —3K4 (K + f £ — 2 (4 — A”) KfiPP B B

Cuna P, BMecto (8.27) MoskeT GbiTh ompenesena no gopmy.ie
P»= 7J,(dLiJdxb-h, (8.32)
e TOK /# < /, HOH3BECTEH 1 10.TAeH ObITh HAIUIEH 13 CBSI3Cil MEATY MATHUTHEIMI
TepeMeHHBIMU: .
V,=Lk+ L1, ¥»- LJi + L. (8.33)
TMoaarasi, kak o6bruno, t] =V, VIy — Lif ' (y<1,4> 0, T>y), u3 (8.33) noyunm

we JoAy (8.34)

P
M3 (u3MtecKHX cOOBPAKCHHii SICHO, YTO pA3pylIenue CBePXNPOBOIMMOCTH
KPHTHYECKHM TOJIeM PaHblle HACTYNHT ISl KOJbUA ¢ GOJLIIHM 3aMOPOKEHHBIM
notokom %. Toraa mosie Ha MOBEPXHOCTH KOIbHA ¢ MOTOKOM % 3a CHeT TOKA » B
JPYroM KoJiblie Gy/ieT onpeneasiTeest hopmy.noii (8.29) ¢ 3ameHoil Ha /,, MOLYJIs K Ha A,
= 2a (4a* . I8 u K" ma K\ - (1 — A?)”. I1o nozsoasier 3ammcats BhIpakenne 1
MaKCHMATLHOTO TOKa:
1X = 4maH* (dad-' + (4 —y) (1 —r[p)-* (4 —3A?) (K? + Aj E?) —
— 2(4- A?) ALifl, % K = K (k0, B (A1), (8.35) uto ¢ yuerom
(8.32), (8.34) u (4.24) naer ciienyiontyio oMYy MATHTHOI CHILI TOKOB COOCHBIX
KoJgen:

5( +*> ~>_]—y0—
n-~'
(-1 JIET

(836)
Tak KaKk MeA1y A, W A CYIIECTBYeT CBSI3H
A, 2A (14 3A+/-, ®8.7)
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npagsie uact Gopyy: (8.31)  (8.36) MO PACCMATPHBATE (BYHKUNAMHU APryMEHTOB

K, -j, u. Ha puc. 31, 6 nokasanb rpadukn Gespasyepubix cm P: = - u ux ornomenus

n=PP~'B uacriom

ayuae -y = 10.

Jlanpie pacueta nokasbiBaior caenyiomee. Ecam 3asop N man {Goawmoe K),
MAKCHMAILHAS TPY3ONOXLEMHOCTE, HOBOIl MATHTHOIi OIODbI IPUMEDHO B B2 pasa

Gonbiue Py onoper, na dexte
AMAMATHHTHOTO oTTaiKMBatusi. TIPH 5TOM KOHCTPYKTHBHBI 3a30D M KPHTHYECKOE
MarHHTHOE mOTE, OIP pocr  rpy n,

Ecam 3a30p h Th, To, sddexTHBHEE

01I0Pa, OCHOBANNAS HA MAMATHHTHOM OTTATKHBANMM,
Takum 06pa3om, HOBLII CHOCOG MATHHTHOI OMOPEI NPEATIOUTHTELHEI 1A MATLIX
3a30paX — TIPH OTHOM W TOM ke KPHTHYECKOM Nole OH JaeT BLIATPLIN 1O
TPY30M0ABLEMHOCTH PHMEPHO B IBA Pa3a.
DToMY BLIBOY MOKHO 1aTh CIeTyloliee HATIAIHOE 0B bcHenme, MarnuTHas cua
B OGOMX CIYUAsX NPONOPIMOHATHHA MPONSBEICHMIO TOKOB /j/i W MpOW3BOAHOI
B3anMHoil muaykTHBHOCTH OB, /OX. JIASi INAMATHUTHOIi ONIOPBI NPON3BE/ICHHE TOKOB.
Beerna Gosble, MPHYEM C YBEJHYCHHEM PACCTOSHHS PAsHHIA MEKILY ITHMH
JL151 JIBYX OTIOP Y 3HAYMT, N0 YWIeHy TMAMATHHTHAS ONOPa
aeT GOJIBIIYI0 rPY30N0beMHOCTh. OIHAKO 10 APYTOMY MHOKHTETI0 ee TMOKA3aTean
xyxe. Ecam 3azop pasen h B ofemx KOHCTPYKUMSIX, MPOM3BOXHYIO /LISl OTOPHI,
OCHOBAHHOI HA MATHHTHOI sSIMe, CII/IYeT BBI. “HCISITH TpH X — h, B To Bpemst Kak st
JMAMATHHTHOIH  Onopnl  HeoOXoaumMo mojarate X= 2h (cHCTeMa  KOABIO —
ILI0CKOCTE THA /IBYM KOJILIAM HA YIBOGHHOM 3a30pe).
Tak kak ALNX— wonoronno yousaoman gynkuns 3azopa x, wien (JJ11./0x)x=n
Goatbinte wiena (1.1s/iiX),=211, NPHYEM PA3HNLA STHX TAPAMETPOB YBEIHUHBACTCS MPH
yMenbuennn 3a3opa ft. Bor nouemy, naumnnas ¢ K 0,5 (cm. puc. 31, B), marunTnas onopa
HA HOBOM MPHHIAIE dpeKTHBHEE IMAMATHITHOIH ONOPLI PACueThI, He OTpAKEHHEIE
wa puc. 31, 6, NOKA3LIBAIOT, 4T0 rpaduKK oTHOWennst cu P, u P, npakTiveckn He

NPH IPYTHX 0 napamerpa ad~'-
JUISi NOJYMCHHBIX BBINC JAHHBIX MO MAKCHMATLHOIN IDY3ONOILEMHOCTH
06 KPHTHYCCKOM MAPHITHOM TI0JIe 1BYX
Mo T3 CNIOM 1€ EATIINA KpITIFCCKOFo MOAR GYACT pAATIHOf, 370 pasiwne

exnoormeii varepuasios. Hssectio
[25,701, uTO CILIOWHOI CBEPXNPOBOHMK, KAK NPABIUIO, MOKCT GBITH H3rOTOBJICH
TOJLKO H3 CBCPXIPOBOJHHKA NePBOTo poaa. OFPA3ULI B BIIC TOHKOI NPOBOIOKH
(AT MOTYT GbITh H3TOT 3 AeeTRIX

1* Pacuer kpussix na puc. 31, 6 srnomnen O. T. YeGopuusi,
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BTOPOTO Poaa, KOTOPbIC MMEOT Goaee Bbicokme (Ma 1— mopsAKa) 3mawemms
KPUTIMCCKOTO MATHUTHOTO M1, TAK KAK PeaTH3AINs AHAMATHITHOI ONIOPbI TPEByCT
CIUIOWINOTO CBCPXNPOBOANNKA *, B WIBECTHOH ONOPe OIMO W3 Tex OyieT

¢ YPOBHEM MarHHTHOT0 Mo MopsKa 1%0% 3.
Moo 0,5 10% D oTBewacT MarnuTHOE AABACHHE

P=4M>XT 100 kT * cm~2 (8.38)

“TO B THICAUY Pa3 IPEBINIACT AABICHNE MAMATHITHOI ONIOPH.
B paote [10] noayuena $opMya MATHITHOI CIHLILI KATYUIKH, YCpATBAIOIICHi

cBepXmpoBOAIT JCK pagmyea @ Toxmmoii i, Menoabsys oty dopwyay am
Gespasveproro mapamerpa 11 = Pf-T* (G, — Bec mmucka), moayumnm

n, (8.39)

rle Y — yjelnbHblii Bec mMaTepuana ameka; b — mmpnna karymm; ty < 1 —
paBHbiii o noas x nomo [1-H
Jlasi MATHHTHON CHIBI B CHCTEME JBYX KOJICH € Y4eTOM TOro, 4ro cuia P,
YPABHOBEWIMBACT BEC KOIbIA, 4 He ACKA, BMECTO (8.39) sammuem

1= 1"M.H\(nlye', (840)
rae n =» Pyp?' (s 30ne masnix 3a30pos 71 - 0,5, em. puc. 31, 6).
3aasasiy ~10 T eem?, ; t1MM, @ ~ 1 cM, b ~1mm, moyunm
Vposens o 10% (0% 10*
Ih 10% 1——
10t 10 109 10*
Pacuer orp: M JIMAMATHUTHOI OTOPBI

(npouepkn aas 10% 3, 10% D 03HAUAIOT, 4TO B HACTORUIEE BPEMsI HET CILIOUINBIX
cBepxNpOBOANITKOR ¢ ST* > 10* ). HanpoTis, 0nopa, 0CHOBANHAs HA HCTIOL30BARNT
MATHNTHOH ~ MOTCHUMATGHO/  AIMbI, TOBONCT  PCATNIOBATH  YCTOHYNBYIO
py yae B momix H ~ 05 « 100 J, a m
CBEPXIPOBOHMKH, NOXYUHTH ONOPY, PATOTAIONIYIO B YCIOBUSX NEPErPy30K 1000
Bhime.

HEKOHTAKTHYIO 0N

10J1B3Y51 KeCTKHE

KpoMe Trpy30nobeMHOCTH MATHHTHOi 0nopsl P Bakuylo pouh urpaer ee
aecTkoerh C. DToT napaverp ceszan ¢ P, n 1as ouenkn C AMaMarHuTHOI onopbl
mowno samncars Q ~ PYT\ rie @ — xapaxteputii pasmep cBoGounoro teia. To ke
CHPABE/IMBO M IS ONOPBI B Mar] 0ii siMe ABYX KoJien. Oanako cnennduyeckas
3aBHCHMOCTH MATHHTHOIi CHUIBI OT PACCTOSIHMS! B CIy4ae MATHUTHOI SIMbI 0NyCKaeT

#© [l ays

10 cnutommoro crepxnporoaumKa (nnodus) nps T — 4,2 K noe Hy => 1400




OIIOPY € OYeHb MAJIOH JKeCTKOCTBI0. Vjiest Takoil omops! sicHa u3 puc. 32. Kpusas
1—2 — MarHHTHas CHIa MexAy Kosbiamu ! k 2 (caydail B3anMOJEHCTBHSA C
MHHHMYMOM MarHHTHOH OSHEpruM), KpHBasg 2—3— MAarHHTHAs CHJIA MEKIy
Kombuamu 2 u 3. Takoil BHI KpHBOH MOMKHO OBecHeduTh B YaCTHOM CITydae
HYJIEBOTO 3aMOPOKEHHOTO TOTOKA KOJbIa 3. CyMMa Op/IMHAT KPHBBIX 1—2 U 2—3
JIaCT KPUBYIO A, HMEIOLLYIO OYeHb IIOJIOTHil y9aCTOK MEKAy /?, i
KosnuecTBeHHasl ONEHKa Masioii JKeCTKOCTH Moxer ObiTh MpoBesieHa
crepyomum  06pasom.  DmHeprus
O/IMHAKOBO Y/IaJIeHHBIX KOJeIl C HyJIeBBIM
TIOTOKOM Koutbla 3 Oyzer

e OA T [1 +02 — 21ly,. + 4-

(8.41)
MAarHUTHOIO B3AMMO/IEHCTBHA Tpex

+1I8 (V22 + +0<V,2>

C y4eToM TOTO UTO B3aMMHAs MH/TYKTHBHOCTH YJQJICHHBIX KOJlen 0GPaTHO 1po-
TMOPIHOHATbHA KyOY PACCTOAHMH X,
THOITYSHM (hOPMYJTHI CHUTBI 1 KeCTKOCTH:

P.m3x(1]—y) G. (8-42)
-4t + + 14t]2y + o(aY)| G/u= Yo =Y)-
Tlycrs
=1iG"Lx. (8.43)
Toraa
Ca » B311/GgX-1 [y 1), (8.44)
M ecJIn Y ~ 1073, TO Cs ~ 10 G,X . B TO Bpems Kak 6e3 [0JI0roro
yuagTxa C— GIX-,
Cyuerom ' ~ Bna\ L ~ G — 21ab1y (&, t — MUPUHA 1 TOTIMHA KOTBIA; Y —

YAETBbHBIH Bec) yeroBHe (8.44) MOKeT GbITh 3aMHCAHO B BHE

B1)Y = rb/ypox. (8.45)

Tyers y 10°, B~ 10° T'c, b — t ~ KI® M, y — 10 T'» eM™. Torpa x « 50 e, a
pamuyc koser Gyner mopsiaka 1 cM (a10 obecreunt y 10 ). Takum oGpasom,

MeRay yia. Ha 1 M, MOJKHO OCYIIECTBHTh
MarHuTHYIO 010py Koubiia Becom C ~ ~ 1T ¢ sxectkocrbio Cy ~ 10% 6 Tem-t.
MarHuTHbIE CHJIBI u

cBOGO/IHOTO TeJTa. B 9acTHOCTH, /U1si MATHUTHOM CHCTEMbI Ha PHC. 31, 6 B OTCyTCTBHE
ZApyrux (KpoMe MarHUTHbIX) CHJI HMEIOT MecTO Kosiebanus. YacTOTbl U IIePHOJL THX
KoJ1eGaHHii B 3aBHCHMOCTH OT yPOBHSA IOJIA B
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TIpu6ope npuBesieHbl HIKe. CHCTEMa TpexX KoJlell, 0GecrieanBaloIas Ma Jyro

JKECTKOCTB OTOPBI, 1aeT co ~ 10“' ¢, T'~ 104 ¢.

o (o* 10> 10»
co.e T i00,5- Ne10 0,5+ 10% 5. 10™ 10 5 ¢ O~ KT
c
I'nasa 9
YCTOINYUBOCTD IIJIAHETAPHOU CUCTEMBI C

MATrHUTHBIMA MOMEHTAMM, NEPIIEHAUKYJISIPHBIMHA
TJIOCKOCTH OPBUTBI

§ 9. 1. JlBa UMIMHAPHYECKUX MArHHTA

it sHeprus i CHCTeMBbI, 5KBUBAICHTHAS
JIBYM CBOGOHBIM LIWIMH/PHYECKHM MAarHHTaM ¢ yyeToM (3 10), (7.17), (7.19),
(7.27), (7.31), Oyner mvers Bu

=1(M — A”cosfrj — MjjCOsOa)z (nr*fr~=-b Asin*#, +

4-Asin* #,)14-x1 S (r* + z* 4- 2rl K— 1)" sin Oj sino —
—64sin 0, sinyj — 2z |(— 1)" cos#, 4- 6,,cos#4| 4-
4-2P[1 ]1,,080,c080.— [I; sin ft, sin #, cos (0— T)H*/*. (9.1)
(7.34), rne U 10 (9.1),

YaCTHOE ellleHie

T'=To,I'=0,#, =#,=0,0 = const, y = const, (9.2)

r=0,2=0,06,=#=0=y=0.
TIpH 5TOM JI0JDKHO GBITH BBINOJIHEHO YCIOBHE
(M — M, — /W,) b 2yeN? (ro3—JI-3). fj = (fo + 4(2)/. (9.3)
PaBHOBecHIO IIpHBEJEHHON cHcTeMbl (9 2) oOTBeyaer —IUIAHETApHAs
KoHUrypauus JBYX I[MIMHADUYECKHX MArHUTOB C MArHUTHBIMM —OCSAMH,
TIepTIeH/INKYJAPHBIME  TJIOCKOCTH ~ OPOWTBI  IIEHTPOB ~ MacC ~MAarHUTOB, U

TBEHH BOKDPYT ~MAarHHTHBIX oceil. [l
cyi TaKOro MarHuTHO® JIOJIKHO Th
TEeHTPOGEKHBIE CHITBI OPOHTAIBHOTO ABMKEeHNsA (yesmoBre (9.3)).

BBojst Masibie y 2,7z, #y #y 1 iir,T, 0, Oy O,
¥, @ TaKKe cunTas ouny o 3

JIOKasKeM, UTO I10JIHAs DHEPTUs BOZMYIIEHHOI
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npusesenHoii cucrembi V Mozker GbiTh no

or K MRJIBIM BO3) M. Verosus noaoxuresnoctn V noaysaores u3
KpuTepust CHALBECTPA H KO 108 ii sneprun
BO3MYLICHHOIi CHCTEMbI 10 MAJIBIM BO3MYIIEHHAM. TH KOO (HUHEHTDI,

YMeHbIICHNbIE B 2X-2 Pa3, TAKOBBI:
=1-x?— laxiX. U, =I-Xi+ 12xU, >0,
VAelT® = K, (1— *? + Xx>m (1 + tf) — 3 sin?Mx- (1 — x®)
1=1,2)

Uefi, = 1(3A=? + x' + 4»sin 6 sin y + <1+ x?) cos P cos y|.
Uit), = — B2ox™x, sin p, Ly, = b x,sin Y ivo=M — M, —
X, =zom'; *s = *MAJ w
Hepasencrsa CHLBECTDA, IPH KOT opbix V SBASETCS MOA0KHTETHHOI
Qynxuneii, CBOJITCS K nonosntensoctn U,,. U, Uofir (» =1, 2)
H TOI0KHTENLHOCTH ONPEIeTHTest
| Ur Urt .,
[ A*  tatrUsy oo (9.4)

1UrbUneuw = 1
[103T0MY YCTOIMMBOCTL IIAHCTADHOI CHCTEMbI 3ABHCHT OT IBYX TeOMTPHUECKHX
NapaMeTpoB X, x* napamerpos K, i yrios P,y
He3aBHCHMBIM FeOMETPHUCCKHM YCTOBHEM SIBISCTCS YCIOBHE NOIOKHTEILHOCTH

Ur, (vesrosue panaisHoii yeroiiunsocrn)
1—x,-12xx >0

Ecan Maruntst yeaosue (9.5) o 132,331

>0.425 (96)

Cwmbica sToro B creny TIPH MAJIBIX PACCTOSHISIX

y AVMHHBIMH NApa/LIeJ-HbIMH MATHHTAMH KOTOPble NPHTATHBAIOTCS APYr K
HeTBHe o.

(BKaaj X N0.110COB He3HAUNTeNLHBIT) B 3rom

Abnas dHepris Kak — J W YCTOHMMBOCTE OPGHTEI

y opouTHI

[y pasHHIy B MeRTY " MH

NOJIOCAMH B B npesene K i IU=—11¢

i Mosromy npn POM OTHOLICHHH MY pasMepom

opo) b u pasmepom maruuta 2/npo

10






uexomuT «repexon» uepes zakon U = —MI paytensioumii B3ammozeiicteue ¢
YOTONMMBLIMM M HeyCTOMUMBEIMH Tpaektopusivit. JUIsi OXMHAKOBBIX JUIMHHBIX
THIIPHYECKIX MAFIHTOB 7T0 COOTBETCTBYET YCA0BHIO (9.6).

Ec.1H pa3vephi 01HOF0 MATHUTA HAMHOTO GOJILLIC PA3MEPOB APYTOr0, BMECTO (9.6)
v

nou;

K (b20~'>05. o7
ECH HMIY15Ch! COBCTBEHNOTO BPAIICHIS! MATHHTOB HAMHOTO G0bIIE HMIY.HCa
OpOHTALHOTO BpAeHIS
M,> M, (i=1,2), 1 (fe,e, n
(9.4) GYIYT MONOKUTCALHEIMH TPH TI05HIX P 1 y
Takum 06pa3om, CIPABELTNBO C/IEAYIONICE YTBEPHICHHC.
it

Teopema 9.1. as 8yX p CKUX Ma2-
HUMOos, P X ONHOY PO nue. bbicmpoe
6OKpy2 ocu, ] CYAAPHOTL
n. ) yemoir il ecu MoabKo pasmep Heeo3-
Myuy i He np pazmer 7 1 Z
vaznanm.
Ecau pasvepsi opouThI Gobme MarHuTa, y

b
(napymacrest ycaosme (9.5) TOra NPHXOIMM K H3BECTH HOMY Pe3yibTary
HEYCTOIMHBOCTH ABIKEHIS! AL MATHHTHBIX MoMenToB 1115].

§ 9. 2. BorrsmyThiit cepon — MO

Boimmmem eme pa3  Haiiiennyio Bbime (opMyJqy MAarHHTHO#H
noTeHIMABHOI dHepruM (6.39) B CHCTEMe HCMOABHAHOTO MArHHTAa B (opme
BBITHYTOTO 241, " 0 MATHHTHOTO A0S

U=4pa—| —F~(a! T)sin9sin (a— ) +*
+ Aretha—)cosol,
2As- o1, + (Rt—4aC)V*, 2aM - R, — (R? — ta"CT", (9.8) 1, = fl + p2 +- C2

A, p, a— const>0.

Vi Tena ¢ Hoii dueprueii (9.8),
3aNHCAHHBIE B IATPANKeBOii hopme

L-T-U, %-ea.t, 0,p, ®. 9.9

ot

e
2T-m(p2+p22+£%) + A (2sim9+6°) + C (o +®cos Oy
o






<m — macea; 4, C HeNTpaIblble MOMENTbI MHEPUHH), A0MYCKAIOT HACTHOE
pemenne

P-Iya-e>,ic=0,0=0,¢-m», &=to/ p

«=®0.C”0,0=0,p — <., ¢ =10,(10>, 10, ¢, — const >0).

Emy orBeuaer mnoas no Y H B IKBAT HOIT
TUI0CKOCTH u 0K0J10 MATHHTHO{
0CH, KOTOpAS! MEPHEHNKY.ISIPHA FKBATOPHAILHOI N10CKOCTH.

pemennst (9.10) ABISCTCH PABEHCTBO

MoJyJieii HeHTPODE:KHOH H MATHHTHOH CHIT

me,0 — A'pa~' (r00)™. °0 = ‘~' (a* 4- %" >
2 J0CTATOYHBIMH YCJOBHSIMH €r0 YCTOYMBOCTH 110 OTHOWEHHIO K P. £, 6, p, £, i& —
/1BA HE3ABUCHMBIX HepaBeHCTBA [34]:

2,<a¥2 (0<13), (911)
C (to, + tos) + mrotop (Arcth 0, — ¢O’b on > Ato- (912)
JTH HEPABEHCTBA MOKHO IOy HTE, HCHOJL3Ys HHTErPa ypasHenuii (9.9)
2V - KM, — M cos 62 4- 2U + m (p«+ £) + Ad++
+AK (¢ — a)* mpesin: O = const,
M,=C (to, + t0), M,—moo + M,, K =(mp* + Asini0)-*, reopemy [67] n kpurephii
CunabBectpa.

Ouenio, BLIGOPOM Pazmepa PUUHTHOI TPACKTOPHI I COBCTBCHHOTO HMIIYIILCA
MOKHO Y10BICTBOPUTE yeiaoBmsiM (9.11), (9.12) Jlisi cBOGOIHOTO Tela TOMEMHBIX

pasmepos (A = C = 0) y yeroii i Tp pun u
OPHEHTAIMH MATHHTHOI ocu Byjer

(9.11) . Ecan 1Mmoib M SJITHICOM TOMEHSTH MECTAMH (IHIOJIb Hemo-
JIBHZKEH, HIMNCON CBOGOHbII), yetosue (9.11) coxpannres, (9.12) — wmer, Ho emy

TAK/KE MOKHO YIOBJIECTBOPHTH [10CTATOYHO OBICTPHIM COGCTBEHHBIM BpaIIEHHEM
anaunconna.
Caoiictsa 0, T, & H ycaoBHe noas K y (a.> ¢,)
orp: na popmy KOI/IA ellle MOKHO Y/I0BJIETBOPHTE
yeaoBuio (9.11). OKa3bIBAETCH, UTO IKCUCHTPHCHTET HLTHICOMIA I0KHBI OBITH
Gosbie 1/173, JIpyrne cHCTeMbl ¢ MATHHTHBIMH MOMEHTAMH, NEPIEHIMKYISPHBIMH
ILI0CKOCTH TPACKTOPHH (B MACTHOCTH, WIAP — JNNOb, CILTIOCHYTHIi 1ANNCONT —
JMI0L), HEYCTOHMMBHI.
/MokHO MOKa3aTh, 4TO YC/I0BHE YCTOiuMBOi TpaekTopun (9.11) IKBHBAIEHTHO

yeaosmioB <28 acU Ono yera



HAB/MBACT CYUICCTBEHRYIO OCOCHNOCTH YCTOHMNBOI MATHHTHOH CHCTEMBI: pa3vep
TPACKTOPHH HE MOKET HAMHOTO NPCBHILATH Pasvep Goabwero marnuta. MosTomy
3AKOH ya/eHHbIX MATHHTOB (2.2) K ycroituuBocTH He npusomu. Ho a1t 3akona (9.8)

B odmacrn 1 < Oi < 0- < V3 cBoGoamas TpacKTopHs yCToiiMMBa, 1 MaICHHE He

MBO TaKKe MATHHTHOI OCH HIIOJIS1.

§ 9. 3. MaruuTHBIE CHCTEMBI APYTUX THUIIOB

Hcnobays TeXHHKY NpeAbLIYINX Naparpaos, MOKHO W3yMHTE
YCTOHMMBOCTE ILIAHETAPHOl KOH(UIYPAIIH ¢ APYTHMH MOZEAMH MATHHTOB. C HEbI0
JKOHOMHMH MECTA ONYCTHM IPOMO3IKHE BBHIKIAKH M ONMIIEM KAYeCTBEHHO
y B y agst X TOKOB M X MArHHTOB. JTH
PE3YILTATLI OTHOCHTCSH K HACTHOMY CTYR10 GLICTPOr0 COBCTBENHOrO BPAICHHUSL.
6.12CTh YCTOMBOCTH NIAHCTAPHOI CHCTEMbI BYX WICATHHO NPOBOISIINX
KOJ1€1L, 0CH KOTOPBIX NePIEHMKY.ISPHbI I110CKOCTH KPYTOBOii 0pBHTLI LIEHTPOB, HMCET
BHL 0BJIACTH, 3AIITPHXOBARHOI Ha puc. 24. TIPH 5TOM TOUKH, JIeKAIINE BHILIE KPHBOI
/, KaK W 1751 YCTOMUMBOCTH PABHOBECHSI, OTBEYAIOT MATHHTHOMY NPHTSIKEHHIO, YTO
HEOBXOMMO LISt CYIICCTBOBAHNS MATHHTHOI NIaneTapHoii Kongurypauwmn. Toukm,
JlekalMe MK KPHBOH 2, JKBHBAICHTHBI OTPAHMYEHMIO CBEPXY Ha pasmep

yeToiiunBoii TpaekTopui. OTHuHe KPUBOH 2 /151 paBHOBecHs OT KPHBOIl 2 st
IIAHCTADHOIi CHCTEMbI B TOM, 4TO B NEPBOM CIy9ae JKeCTKOCTH (HPOH3BOTHAS
MATHHTHOI CHJIBI IO CMEILEHHI0) I0JIZKHA OBITH 0JI0KHTEILHON, B TO BPeMsI KaK /ISt
YCTOIMMBOCTH IIAHCTADHOI CHCTEMBI JTO YCIOBHE MeHee 7KeCTKoe (YC710BHe
«I03BOICHHOT0» TOTeHIHANA ¢ < 2). MecTono 10:KeHne BePTHKAILHOTO 0Tpeska 3 Ha
phc. 24 B 30me K < 1 B CTy'ae N;IaHETAPHOI CHCTEMBI KOJIEH ¢ MAPALICTLHBIMH OCHMH
SBISCTCH YC/IOBHEM HEKACAHNSI.

Jlunavmveckas cucTeMa WApoB (cM. puC. 22), COBEPMAIONIIX GhICTPoE

or
Pa3MEPOB APOB 1 Pa3MEPOB OPOHTI.
Taasa 10
IUIAHETAPHBIE CACTEMBI C
MATHHUTHBIMM MOMEHTAMH
JIEXKAUMMM B IJIOCKOCTH OPEUThI
$10. 1. JIBa LMIMHIPHYECKHX MArHUTA
y it cnetembr (7 47) (= = 2) ¢
ii sneprueii (9.1) uacroe pemenne 2 = I'a, 2 = 0,0, =0, =

0 r
0 (M= Ma —o),

i
°
2

i

8

1

~

1l
-

1l

Y, 8>8n 13



ecan ToaKo nepsas nponssomnas Uy o r, Burimcacnnan & (10.1),
HOACKHTENLHA W pABHA

[(&r-20%+ b 211" -2

(10.2)
PasroBecuio npuenennoii cucrembr (10.1) 0TBeuaeT OTHOCHTCIbHOE OPOHTATHHOE
ABIKCHHE UEHTPOB MAcE ABYX CBOGOANBIX IHTNHAPHHECKIX MATHHTOB 110 KPYTOBOii
OpONTe C pasMelieHHCM OcCeii MATHHTOB B ILIOCKOCTH OPOHTHI H HYICBEIMH
HMITYTHCaMH COGCTBEHHOTO BPALIEHNS BOKPYT MATHHTHBIX OCEil.

B3wp B kavuccse dynKuun JIIMYROBA HHTCIPA NOHOI SHEPTHH BOIMYIICHROI
CHCTEMBI, NOIYSHM 0CTATOMHOE YC/I0BHE YCTORMBOCTH TPACKTOPHH LEHTPOB Mace B
BHJIC IBYX HCPABECHCTB:

B2 2 xu2L__ 4,

Tlepsoe u3 T ye10BHst (9.5). MOTYHEHHOT0 LISt
cayuasi NepHeHINKYISIPHOCTH MATHHTHBIX MOMEHTOB TLIOCKOCTH OPOHTHI (HCKITI0OUAs
cayqaii JI] = Ac=0), Bozre U,. (10.3) u (9.5) Gyner eme
W notomy, uro snavenns nponssoabix U,, U, , Bhauc:ienubie B mooeimm pasvete-
HHS| MATHHTHBIX MOMEHTOB B ILI0CKOCTH OPOHTBI, He PABHBI 3HAYCHHSIM IIPOM3BOHBIX

U, u, B CTH MOMEHTOB
op6iTH
Henonsays (10.2), (10.3) w omyckasi MPOMEKYTOUHbIC BRIKIALKH, BWIM, 410

nepsomy HepasencTsy (10.3) yI0BICTBOPHTE HEeB03MOKHO Mae B cayuae Ay = Az = 0.
Otciofa cjeayer, YT0 paccMaTpHBaeMasi IUIAHETADHAs CHCTEMAa He  sIBJsieTCS
YyeToitunBoii.

=y- U, +u,

> 0 B ClyuaC JCKAUIX B II0CKOCTH OPBHTLI ILTHIPHUCCKHX MATNITOR COCTONT B

DuIHCCKMIE CMBIC HEBOIMOKHOCTH YOBICTBOPHTE YC/IOBHIO S

caenyiomem. Yciaosue S > 0 orp: i CHABI 1O

p Mewway MATHHTHBIMH 10

Menbie p: MesKy MarHHTOB, A CHIBL Gotble.

TM03ToMY, HECMIOTDA Ha 3aKOH CHJIbI B OT;MuHe oT caydas § 9.1 (paccTosHue Mewmy
paBuo MEKIY UEHTPAMH MArHHTOB)

Th nEpBOMY (10.3)
§ 10. 2. JIsa cBOGOHBIX TOKOBBIX KObIa 2!

pim Gostee cayuaii yeroii wn

CHCTEMBI JIBYX nieaabHo

YPABHEHHS! IBIAKEHHNS IPHBEJCHHOI CHCTEMBI m
noayuens: convectno ¢ O. T YeSopumbin.

14



(7.34) ¢ novenumanbnoii sueprueii (7.(7>). Ilycrh KOOPANHATHI M CKOPOCTH
NPHBEICHNOI 020TIMH IPHHMMAIOT 3Ha%EHHs

2—h,2=

0,P=0,1=0.

Toxcranonka npanbix wacteii (10.4) B ypasnernns apwenns (7.34)' exe M, = /H,
=0, u yuer dopmya (5.10), (5.13) Boc ) B

Townectso 0 = 0, Kpome ypasHenms Jlarpanka AHS KOOPMMHATHI 2. 3ech Mm
oy

Uy = M2 (phyt (10.5)

10 coo sBaserest Vi
(10.4). P oTBevaeT Ly . KOH(HIYpALHsI: UEHTPbI
macetea O, COBEPIAIOT IBIKCHNUE 110 KPYTOBOii TPHEOTAPHii BOKPYT 0BIIET0 LEHTPa
Mace O, 0CH TOKOBBIX KOJICIL JA€KAT B ILIOCKOCTH TPLIKTPPiin Touek O, Ha NpsMoi,
i Touky O ficR ¢ MOCTOANHOI YIIOBOIi CKOPOCTHIO; CKO-
POCTH BPAICHNs Tel BOKPYT MATHHTHBIX Oceii paBHa Hy/io. DusmuecKHii cMbica
yeaosus (10,5) oueBmaen, ecm BenommuTb, uto M — OpoMTATLHBIE MOMeHT
HMIYJIbea CBOGOIHBIX TeJI H, bJITIPBLTIIOTP, npasas yacto (10.5) — uenTpodemnas
cuna. Modtomy yciosne (10.5) o3HauaeT, 4TO B /BO3MYWICHHOM IBWAKEHHH
IIAHETAPHOIT CHCTeMBI MATHUTHBIE ciIbl U, 0/IKHEI yPAaBHOBECHTh LEHTPOGEKHEIC
Ccuatbl unepuHH. UTOBBI 3T0 GBLIO BO3MOKHBIM, MATHHTHBIE CHITbI 10JKHbI HMETH
xapakrep nputsikennst (U, > 0). AK0E YCIOBHE MOKET GBITH BBINOJIHEHO.
i n pemenns (10.4). C Toii neabio

BBIIM y ™

X> =

G0

*1=1,X,=2,X=>«/, x,= 0, Xu=p, x, = V,

, 6) MAJILIMH 110 BesHUMHE.

) 0 iomyunm  caieyiommv  06pazom.
Boipasum ooppuiinath M ckopoctd B (7.34) uepe3s BO3MYIIEHHS W 3HAYEHMS
000TBETOTBTIONIIX KOOPAWHAT WM CKOPOCTEil B THBP3MTIINT- HOM JABHKEHHH.
3aTeM H3 NOJIYEHHBIX BLIPAKENHI BLINTEM CPPTBITOTRT- joue ypaiensi (7.34),
B KOTOpBIX 1 cropocTH suavenns (10.4) (B namem cyuae
910 yeaosue (10.5) aasi ypaBHeHMsi 10 KOOpIMHATE 2 H TOAKIECTBO 0 = 0 JUIst
POTHLIBTHIX ypaBHenHii)

camras X, X (i
Vi

2
g

8+ /%1786 115



noayunm

X, =30 U (h+x) {Fio+

. (10.7)
A«*IKH» + AESIN*XoX, o B Ja
pe1 <o de Asin® ac A, sin*a 1310V HIT
Aty —— — 4 MT*obim 2x, — 4 AJIk sin 2x,,
AXe= — 4- MFig sin2x.c. 4 Afiicstn 2,
> Tr<d<qsitx) = — LA -a-(M»sin''x,) = —
e
Fa=mi/c"(i=1,2), K=p(h+ X"+ Asin" X, + Asin’ Xa.
Fao = {ffs {h + xj* -f A, sins x| Xg — A, sin’ *,xg} Ne',
F40 = {[p (ft + *s)38.++ Ai sin’ Xgl xg — Al sin’ xx) Ne!,
U, =4<YLn-2Y, YLJ (£,,£, - Lf)-1,
Lm== ajaJJ[cos x,cos X, cos 2<pi cos 2Gp —
0o
—  (sin 2qp sin 2 ¢, +- sin Xg Sin X4 C0S 26p COS 2 ,) COS (X — X,,) —
—  (sin X4sin 2¢h1 cos 2 g, — sin Xs cos 2! sin 2¢b,) sin (Xs — X,,)| X
X {(Xi+fiy +x| +@?+s @l ++ 2 (X + h) [@l (—sin X cos X, sin 2¢p, +
+5in X208 20! + a (— Sin X4 €0S Xe Sin 24, +- SiN Xe €0S 26h,)| -f
+2xJ (8 COS xg sin 20p| — @ cos X4sin 2¢p.) +
+2a,a, [(Cos 2¢p! COS 2 ¢, +- SN X, SiN X, SiN 2 4 SiN 2 a) COS (X, — X,) f
+ (—sin X4.€0S 2 ¢hy SiN 2 ¢p” + SiN Xg sin 2 [ €OS 2 ¢p, SiN (X — X,) —
— COS X2 COS-X, Sin 2¢p1 sin 24, [} »d<pidepa. (10.8)
Tak Kak Bo3Myuwlenuasi npuseenmas cucrema (10.7) — (10.8) sisasercs

KOHCepBATHBHOI, €¢ 10IHAsK JHEPTHsI GYJeT HHTErpaIOM ABIKeIsL. TOT HHTerpas
MOKHO B3iTh B Kavecrse dpyniunn Jsmynosa V H, BOCHOIL30BABIINCE MATOCTHIO
Bo3Mymennii X< X,, pasnoauts V B psia Teitnopa B Touke Xt — 0, % =0 () =1, ..., 6).

70 PABIOKEHIE HATMHACTCS C WICHOB BTOPOTO NOPSIKA, KOTOPLIMM H OTPAHIMHMCS.
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Tpoussoaubie pynkumn U, (xy(.. X£ 10 Bo3MyIennsiM Xy, BbIMHC/ICHHbIE B TOUKe

X, — 0, — He 4TO MHOE, KaK ByIoume 3 e ALHoi
HEPIHH NPHBEEHHOI CHETEMBI, BBIMHCICHHbIC B NOIOKCHIH COOCHOCTH KOJIeI (M.

§5.2). Hanpumep, -1 = (. w7 = UPP u 1. 1. TIo>Tomy Kodhuuments: pasioenus

ii sneprin  patoTen y (5.13).

M3 nouty it cnenyer B pan Teitnopa pynxunn V
(At=Az=A) 137):

2V —p @2 4- x)) + Ax| 4 Ax* 4--g- A (X — Xjf 4-
+ -§-wWI'(H + 4g) + 0K

+ (Me + -$IXF + (Vee + +
4- 2tpexjx, f 2Ue,is,XeXe 4- UDOX, 4- U"XI 4- 2Vm.e,*JIs- (10.9) rne
(5:13), a napaverp P2 = opa’A — —
maccy p, pammyc
TOKOBOI0 KO/IBHA (I M UEHTPAILHLI MOMEHT HHepUHH Tea A OTHOCHTENLHO 0cH,
JiezKaniei B IJI0CKOCTH KOJIbIA.

B cooTBeTCTBHH ¢ KpHTepHeM CHIBBECTPA /UIS  NOJZOKHTENLHOCTH

kBagpaTnunoii  dopmer  (10.9) P BBl -3m-
XALGAUN PN <IN u_ziin iy unke
(10.10)
(s +0j.ur [, (wes, + +Uw,) -
-VUj>0. (10.10)

Mo Teopeme JlamynoBa [53] OHN JKBMBACHTHBI JOCTATOMHBIM YCIOBUSIM
yeroiiunBoctn pemenns (10.4) 1o oTHOmERMIO K T, T, § D1, P, ¥, T, T, <4, P, V- B cBot0
ouepe/lb, JIOCTATOYHBIC YCJIOBHS YCTOHYMBOCTH NpPHBEIEHHONH cHCTeMbI GyayT
b1 My i " i muanerapuoii

CHCTeMbI JBYX CBOBOMMBIX Te (BHEM  HICAIBHO
NPOBOSIMX TOKOBBIX KO
Ha puc. 33 wipuxoBKoii NpeACTaBIeHA 061aCTL YCTOHYMBOCTH B MACTHOM
cayyae L = Spoa. Huansis Kpupas P = ) orpaHuumMBaer 06.Jacrh Bl enust
Hcoﬁwnuwnrn YCJIOBHSI CYIIECTBOBAHMS ILIAHETAPHON CHCTEMBbI (I0JIOKHTEILHOI
i j n BTOpOE B0 (10.10). Bepxine KpHBbIe, 10CTPOCHHbIE 15t

PaBIHUHBIX

«t>/< 17



Suavenmii PV orp: o6 nepsoro
Ba (10.10). I Bo (10.10) BHOCHT orpamuyenme Ha
Moyab saaunTHuecknx unrerpanos J (J7 <, 0,61). OcTanbHbie HepaBeHeTBa (10.10)

JIS1 TOUEK 3amr i 0b1acTH ABTOMATHYECKH.
Oficyanv dusmeckuii cMbICT noayyenoro pesyanrata. Touka C, na puc. 33
COOTBETCTBYET NOJOKCHWIO, B KOTOPOM OTHONICHHC TOTOKOB KoJel paBHO
OTHOUIEHHIO ux B3aHMHOi
WHIYKTHBHOCTH K COBCTBOHHOH
(T010KeNMe MATHHTHON TOTeHUHATLHOI
AMBI). B 3TOM NOOKEHUN TOK B OHOM
KOJIbIC PABEH HyJMI0. 3HAYMT, pPaBHA
Mo 1 MarmuTHas cuta. osToMy B Tou-
ke C> He BBINOIHSETCS HeoGXoAMMOE
YCT0BUE  CyIECTBOBANNS TIAHETAPHOI
CHCTEMbI  —  HAJHUHE  MATHHTHOTO

NPUTSREHNS KoJTeN.

B Touke C*, orBeuatomeii Menbuemy
PACCTOSIHHIO MEXIY UEHTPAMH Koen,
TOTOK B3aHMHOIi MH/YKUMH BO3pACTaCT,
st BBINOHERNS yeaosust
3aMOPOKEHHOCTH MATHHTHOTO NIOTOKA
HICAILHO  NPOBOASIEr0  KOHTYpa B

KOJIbIAX TOKH TpOT J Takue ToKH
or W, 3HAUMT, yeaose cy nIaneTapHoii
cucTeMbl HE TaKiKe HeyCToi b B
NepNeHHKYIAPHOM 0CH KoJlell.

B Touke C. morox i y y no  yerosuio
3aMOPOKEHHOCTH MOTOKA B KOJILIAX HABOISATCA TOKH 0IHOT0 Hanpap/enus. Takne
TOKH MATHHTHO NPHTHIHBAIOTCS, W yeaosue

i cHeTembl JlocTHraeres  Take

i b B HANpa yasiprom ocu koden. Ho o yray mesuy
MACHHTHBIMH OCSIMH KoJlel B Touke C, ycroitunBoctn ner. Ee MOKHO 00bsICHUTE
CBOHCTBOM CHITBI i TokoB yobiBaTh €

VA2 MEKIY OCHMH OUHHAKOBBIX OAH3KO0-
PACTIOJIOKEHHBIX KOJICI 0TBEHAIOT cO/IHAKEHHEe OHHX Y4ACTKOB KOJIell H yIaJeHHne
Apyrux. T105TOMy BOSHHKAET W3OBITOK CHIbI, HATIDABJCHHBIE B  CTOPOHY

) uro BYeT 0 HeycToii n. Ho ecom
KOJIbIA YIaJIeHbl, HA000POT, YCTOHUMBOCTL 1O YIUIY MMeeT MecTo (yiajieHHoe
KOJIBHO KAK MATHHTHBIIi JIHII0Jb CTPEMHTCSl OPHEHTHPOBATH MATHHTHYIO OCh O
CHJIOBBIM JIHHHMSIM 1051 JIpyroro Koabua). Ilosromy cymecTByeT HeKoTopoe
PACCTOSIHME MEAILY UEHTPAMH COOCHBIX MATHHTHO NPHTATHBAIOMIMXCSH KOIBUEBbIX
TOKOB, KoTopoe rpanumy it H M HeyCToii u no yray

MY HX MATHHTHBIMH 0CsiMi. JLIs ILIAHETaPHOI CHETeMbI o/ Ha-
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KOBBIX KoJIeN TAKoii rpanmueii siBsiercst K »0,61. Vicakem HA 3aBHCHMOCTb 3HAUCHUS

rpanMubI y n or BuIa ) mapLl Kosen.
Hanpumep, ecim 0IHO K0JIbLO a japyroe B
rpanmueii 6yxer snauenne K 1a 0,73 (em. § 8.2).

c h ¢ moayas k) TokoBbie koabua
npunﬁpcl‘am'r CBOIICTBO CHCTEMbI Y/IAICHHBIX TOKOB B3aHMO/CHCTBOBATE N0 3aKOHY
umoneii 145, ¢. 137). 3o K Heycroii " ii MarmuTHOI

cncrembi (rouxa C na puc. 33).

Heo6X0MMO OTMETHTS 3aBHCHMOCTH BepXHeii KpUBOii 06.1aCTH YCTORMNBOCTH
Ha pHc. 33 oT mapameTpa p2. JIisi YHCIICHHOTO PAacueTa GLLIH B3SITHI TPH 3HAYUCHHS
1oro mapamerpa: 0,5; I; 2. 3nauenue Pi = 0,5 oteeuaer nosomy mnamnapy paamyca
a, Beicora kotoporo /1 B M6 na 4,25 pasa Goabuie paxuyca d TOKOBOTO Ko.IbIa,
€00CHOTO OcH WHH/Pa (i ciutomHoro wmmpa ¢ H — a V21). 3nauenmio Px
=1 orseuaer noustii unaunap H ="6a nan enaownoii unmnap H = 3a. 3navennio
P — 2 OTBeuAaeT TOHKOE KOJIBLO pajuyca d.

§ 10. 3. YcroitunBocTh IPYruX MATHHTHBIX CHCTEM

Vpasuenns npnncuennon cucremst (7.47) y10010 HemoIL30BATH
npu i CHCTEMBI ¢ JPYIHMH MOJIENSIMH
MarmITIOro p3amMoxciicTaA. B 4ACTHOCTH, /U5l BLITSIHYTOTO ChepoiIa i IO
MATHHTHYIO NOTCHINTLHYIO JHCPIINO NPUBCACHHOI CHCTEMBI MOANO NOTYNTE,

Henoab3ys (6.49) 1 cBA3M MEKITY i n cuerem
(7.38), (7.43). Toraa noyunm
.m JIOP (S ndjSiny —
~a\ (e*—1r%)(o*—1) 1
+| Aretho o [N
X [cos @, cos @, — sIn sin ®* cos ¢ —y)|]. (10.11)

Jlast cnniockyToro cepouia i wnos Bhipakenue st oneprin U, kotopoe ne
Gy/leM BLIHCHIBATE, HAXOHTCS AHANOTHYHO, HEXO/st W3 (.41

TIpuMensisi TeXHMKY TNpefbUIymero maparpada, MOKHO NOKA3aTh, HTO
YPABHEHHSIMH [IBHUKeHHsI CHCTeM  cepoii™ JIMNOJIL  JIONYCKAIOTCS  YacTHBIE
PelIeHNs!, KOTOPBIM OTBEYAET ILIAHETAPHAN CHCTEMA C KPYTOBBLIMH TPACKTOPUSIMM
nenrpos mace cdepomta u aunons. TIpH HTOM MATHHTHBIC OCH JEKAT HA OHOI
npsAMoii, BpAWAOWICHiCA B TLIOCKOCTH TpackTopmh. JLIsi CyIIeCTBOBAMMS ITHX
JBHAKEHHIT  HEHTPODEKHBIE  CHJIBI  OPOMTAJILHOIO  JIBH/KEHHS  HeoOX0aMMO

Th MArHHTHBIM o

KPOME TOX0, QUAI0NINHO LIOAEHHOMY BLILIC MOANO HOYINTE J0CTATOMILIC
yeqoBus y " yK: i
BO3MYIICHHOIi CHCTEMBI, COCTOSIIIAS H3 NOTEH-
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O FHEpruN (10 11)” W KHHETHUCCKOIE IHepPrum, Gepercst B KauecTse hynKuun
Jlsanynosa, pasiaractess B psn Teil10pa MO MAILIM BOIMYHICHUSIM W HUIYTCS
YC/IOBHS, TPH KOTOPHIX KBAIPATHUHAS (OPMA  SIBISCTCH  ONPEICCHHO-
TOJI0KHTEbHOI PyHKIHMEIH.

Onyeckas BBIKIAIKH, HAIOKHM OKONYATCIBHbIC PE3YILTATHI YKABAHHBIX
nncpnuum Bn ncpnux, CHCTeMa BBITSIHYTOTO c)epoMia W THIONS He siasiercs

Th mepBoMy

Tpackropun (103) HaoB0poT, /L1A CITIOCHYTOT0 CepONIa 1 AMNOIA MePBOMY
nepasenctay (10.3) MoHO y10BACTBOPHTE. B uacTHom cayuae JI! = 4, = 0 ycaosus
YCTOHMMBOCTH TPACKTOPHH CILTIOCHYTOr0 c(EpoMIa W AMNOMS CBOMATCS K
HCPABEHCTBY

o <3a1. (10.12)
EMy MOKHO YJ0B/ICTBODHT BLIGODOM pasviepa HCBO3MYUICHHOH TPACKTOPHH 2.
CBOJiCTBA KOOPIMHAT CILTIOCHYTOr0 cePONIA H YC/IOBHE He- KACAHMS AMIONS K
©<1/Y 3) orp: Ha dopmy U3 (10.12)
CJIEIYeT, 4TO IKCHEHTPHCHTET CILTIOCHYTOro cepona 10/uKeH 6bITh Goabuie Vs. IT0
SHAUNT, STO LISl MeHee CILTOCHYTHIX CHEDOWIOB YCTOMMBas TpaeKTopus
He SIBJISIETCH Y cHcTema map — aunoas. Tor
(baKT, UTO KPYTOBas TPACKTOPHSI CHCTEMBI AP — IO HE SIBISICTCS YCTORMMBOI,
MOT GBITH JI0KA3aH, HCXO/I5 M3 IHEPIHI MATHHTHOTO B3AMMOCHCTBUS /IBYX WIAPOB
(dpopmyaa (6.95)), e pasmep 0HOTO H3 MATHHTOB HEOBXOIMMO YCTPEMUTD K HY.TIO.
Boutee T0ro, HexXo/ist w3 (6.95), MOKHO 10K23aTh, 4TO HE3ABHCHMO OT COOTHOWICHHS!
PA3MEPOB WIAPOB ¢ HAMATHINICHHOCTBIO, NAPALICIHOi ILI0CKOCTH OpOHTHI, Tpa-
EKTOPHSI He SIBJISIETCS Y . Coor T 3/1eCh
TPHBOTHTHLCS He ByayT.

§ 10. 4. OO ycTOHYMBBIX NMIAHETAPHBIX MATHHTHBIX
KOH(pHUrypanusix

M3BecTnas wiest peumiennst npodieMbl YCTORMMBOCTH MATHUTHOI
CHCTeMbI («TpoGeMb OCHOBAHA HA yHeTe NPOTSKEH
HOCTH  MarmuTHON uacTmupt. B paforax (13—171 Teopus crpomres s
TPOH3BOILHOI (GOPMBI H pacnpeleNieHHs] THIOJIBLHOT0O MATHHTHOTO MOMEHTA MO
obbemy uacTuubl. B 1annoii paGore Hcno.n30Ban KOl MOIX0A peaH3aIuu Wjien
YHETa IPOCTPAHCTBCHHOI NPOTSIKCHHOCTH MATHHTHOI YACTHIILL. OH 3AKIOUACTCSH B
M3YUEHHH MPOCTHIX, HO PASTHUHBIX 10 POPME MATHUTHBIX Te:1, 0O3BOIONINX HAHTH
TOUNYIO hOPMY.Ty MATHHTHOI NOTEHIMATLHOI JHEPIHH.

yeroii ¢ Takmm YCTaHOBHTE

npesKie BCEro To, YTO Mo as cueTeMa Mower GbITh yeroitunsoii. Jlokasano
TAKiKe, UTO YCTOIMMBAS MATHHTHASI CHCTEMA SIBJSIETCS (TeCHOI, T. €. TAKOI, y
KOTOpOil XapaKTEpHbiii PasMep TPACKTOPHN CBOGOINOTO TE:1a CPABIIM ¢ PasMEpOM
MarHuTHOro Te1a. Hanpumep, Maruut

% Jlan BhrTanyToro cepona. Egp cpepons cttocnyt, sutpaenne s U nioe.



biii MNOITL MOKET YCTOHMMBO JIETATL MO KPYroBoii OPOMTE BOKPYI JUIHHHOTO
n KOro MarnuTa (ocH W noJIst yASPHbI ILT0CKOCTH
TPACKTOPHH), eCTH MAMETP OPGHTHI MEHbIIE LTHHEI W THHPA.

HccenoBanne ycToiiuHBOCTH MOKA32710, UTO OHA CJI0KHBIM 05PA30OM 3aBHCHT 0T
[COMETPHH MArHHTHOI CHCTEMBI, PA3MEPOB TPACKTOPHH LCHTPOB Mace MarHHTOB,
TOI0/KeHHS MATHHTHBIX 0Ceii H TEOMETPHI Mace cBOGOIHBIX Tell.

C/IM MATHHTHBIC OCH .YSIPHBI TLTOCKOCTH KpY} X Tp:

LEHTPOB Mace cBOGOMMBIX T& 1, KDOME TOTO, MOMEHTBI HMIY1bCOB COBCTBEHIOTO
BPALCHI TeT BOKPYT MAIMNTHBIX OCCii HAMIOTO GOTBUIC MOMENTA WMIYIhcA
opbuTaBHOr0 b i MarnuTHO# CHCTeMBI
3ABHCHT OT TeOMeTpWYECKoii (OPMBI MATHMTHLIX Tel M PA3MCPA TpPACKTOPHH
uentpos macc. Kak caenyer us tada 101, B KoTOpOii HATISINO MPEICTABICHBI
Pe3y.ILTATHI [1. 9, YCTOIMHBOCTL HMEET MECTO /LISt IPOTSAKEHHBIX MATHHTOB ¢ MAOi
IIOWABI0 MATHHTHOTO TOJOCA 10 CPABHEHMIO ¢ KBAAPATOM PACCTOSHUA MEAITY
nomocamu. TAKOBBI, B 4ACTHOCTH, VIMHHBIE IHTHHIPHYCCKHE MATHHTBI, CHCTEMA
BEITSIHYTBIH Chepont — Tumos.

C yBeMYeHHEM OTHOUICHHS IUIOIIAAH MATHHTHOIO NOJIOCA K KBaJpaTy
PACCTOSHIS  MCKLY  HOMOCAMH  MATHMTHLIE CHCTEMBI yiKe  HE  SBISIOTCH
CHCTEM SIBJSIOTCS MATHHTBI B opMe
cnnmcﬂyroro cq:epowla H WTIOI51, /IBA O/IHOPOIHO HAMATHHYEHHBIX IAPA.

B ciryuae napa/ielbHOCTH MATHHTHBIX MOMEHTOB TeJl 0TPE3KY, COeHHSIOIEMY
UEHTPbI MATHHTOB, B NPENO/I0KEHMH, UTO BCSI MACCA MATHHTA COCPE/IOTOMEHA B €r0
uende, yCroiiuMBOCTE KOWGHUIypawmm ycramasamaeres Taoa. 10.2. M3 owoii
TAGAMUBL, HALISUINO WUTIOCTPHPYIOUICH PE3yIbTATHI . 10, CACAYeT KApTHHA
YCTOii*NBOCTH, B U3BCCTHO Mepe 0GpaTHAR KapTHHe YCToiimMBOCTI Knnﬁ)m)paunu
Taga. 10.1. 18 ATHHHBIX IHTHH; KHX MATHHTOB )

HEBO3MOKHA, B TO BPeMsl KaK /151 CILTIOCHYTOT0 cheponia AMmost rpnemopnn ye-
roiiunsa npu R: < 3a’,

Ocodoe mecto B Tadmn. 10.1 n 10.2 cHeTeMbl
TOKOBBIX Koel. B JIaHHOM CIyuac CyWICCTBEHHYIO POJb HIPACT MEXAHHIM
MATHHTHOI NOTeHIMANLHON SIMBI (CM. T 4), UTO PACUIMPSIET BOIMOKHOCTH
JOCTHTHYTDL  ycToifumBocTH. Kak caexyer m3 Taba. 104 M 102, ABa HIEANLHO
TPOBOSINIHX KOJIBIEBLIX KOHTYPA ¢ TOKOM 06Pa3yloT yYCTOIMHBYIO TECHYIO CHCTEMY

ot Toro, 1 HX MATHHTHBIE OCH ILIOCKOCTH OPBHTHI AN
2Ke JIEKAT B ITOH ILI0CKOCTH.

OTVeTHM, 0HAKO, UTO €CH KOJbUEBbC KOHTYPI He 0B1aNal0T WIEATHbHOI
JIEKTPHYUECKOIl NPOBOIMMOCTHIO, BHIBOIBI 00 YCTOWMMBOCTH m3wensiores. Jlist
KOHTYPOB € 1apa/L1e.TbHBIMH OCSIMH B3aHMHAst HHIYKTHBHOCTh PA3.1araeTcst B psii o
crenensiv (a51-)", naunnas ¢ 71 =1 (a — paanye Koabua, R — paccrosmne; cm. (28,
c. 1671). Moot an oneprun U, IbHas
B3aUMHOI HHYKTHBHOCTH, PA31AracTest B psii 1o cremensivt R7, R, ..

My Marnm




Ta6aunal0.l

Tvn marHuTHON

| OB/acTh yCTOMMBbIX

Scku3

crcTembl TpaeKTopwit
[/1Ba 0AHHAKOBLIX LIHHHBIX
MarnuTa 2//2+ > 0,425

|21

J
[Cuctema panunoro u masoro
Mmarnuros (/,> ¥ 21ur*>05

[BorrsnyThiii chepont —
jumoas

(720)-<U > 1772 (SL71) min «a
1,23 <To(Co— 1) = 5I*J

|/lea varmmsx mapa

Hesasuenmo ot a™
yeroitumsocrn ner npu
[moduix R

(Coumocnyiii ceponn
mos,

6GZD

[Cucrema neycroiiansa

/1ea wiea:1bio npososmux
TOKOBBIX KO:TbIIA
W,

const 51051 2
u!
TaGamua 10.2
ITi i Jowes 06/1aCTb YCTONYMBbIX
N MarHUTHON cucTeMb TpaeKTopuit
VlBa wimmnbix nuamHaph- Hesasucnvo ot [j£' ye-
ueckux marunta [roiiunsoctu ner
ap—Jr

[Cucrema neycroiiumsa

:l:.lely'n.lii cepons — Cets it
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Hpodonsicenue maba. /0.2

o 1aCTh YCTOMYMBBIX
|T1n MarHUTHOW CUcTEeMBbI ScHu» 06 TpaeY(TOOPMLl"IiA
- [Ro~~<V5
(CritocnyTrii cdepomn —
o
<¥3
ek — umoas
IV A
1 1 ran ga, a»
|lBa MarmuTix mapa © © (Cucrema neycroitunsa
bray* *1
|/lBa mieaanno nposoasmIx F IR R*2
[ToxoBLIX KoILIA I
CI1e70BATEILHO, MOTYHeH «HEA03BOCHHbIID moTemman U— e>2

©  HEYCTOIMMBHIMH TpacKTOpHAMH. JTOT BHIBON MOTMMEACTCH obmeii 3a-
KOHOMEPHOCTH TAB.L. 10.1 (T. €. YCTOHMHBOCTH CHCTEM € MAJTBIM OTHOMIEHHEM ILIOUA
MATHHTHOTO 10/10CA K KBAJPATY PACCTOSIHHS MEKIY NONIOCAMH; LIS KOJIBIA 9TO
oTHOWeRIE, HAOGOPOT, Go.TbII0E).

ECIH KOJIbIA COOCHBI H GJIH3KO PACTIONOKEHbI, Y00HO MOJB30BATHES TAKOI
opmy:10ii B3amMHOil wHAYKTHBHOCTH [28, C. 1481:

—u-T | «!o+ ...|in4--
E—e <5=(i°3) Tora B MPEANOTOKENTH HYIEBLIX MOMCHTOB

wnepiun yesoswe yeroiiunsoii rpaexropun S — 3R~'Ur + Uy °, sanmcannoe otio-

®Kct o

cuteanno £, umeer B
105 \ 4 13,261,

)Lotg=n-t-5-2-

s,

(6--— E* + -jg-«*+

1 F > (10.14)
B umreppaie 0 < £ 1 omo yioBterBopseTes, cc
55085 (10.15)
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T103T0MY TPACKTOPHS TCCHOi ILIAHETAPHOI CHCTEMbI COOCHBIX TOKOBBIX KOJICl, He
001AAIONIIX  GECKONEHNOI  HTEKTPHYECKOii NPOBOANMOCTHIO, YCTOHHNBA,
oTBeuaeT obueit Taba. 102 (yeToii CHCTEMBI HMeIoT GotbIoe
OTHOIIEHNE MLIONAN NOTIOCA K KBATPATY PACCTOSNIS MEALY NOTIOCAMH).

Taasa 11

IKCNEPUMEHTAJIBHOE ~ OBOCHOBAHME  VCTOITYHMBBIX
MATHUTHBIX CHCTEM

§ 11. 1. ONLIT OPGHTAILHOTO MOSIETa CBOGONOTO MATHHTA

Hapsily ¢ TEODETHUECKHM JOKA3ATEILCTBOM  YCTOIMMBOCTH

ILIAHETAPHBIX MATHUTHBIX CHCTEM NPEICTABISCT WHTEPEC KCHEPUMCHTATLHOE

H 0pOHTATLHOTO SrTa padora Ghuta Hauata ¢

paspaGoTku p: B KOTOPBIX NP t0ck cosnanme op-

OuTAILHOTO /llm:kel-mn TOCTOSIHHOI0  MarHura nTHOCMTE"ILHO HENMOJABHKHBIX

MATHHTOB B KOHTAKTE € JJIEMEHTAMH KOHCTPYKHHH € MOCTEIYIOUHM HCKYC-
CTBEHHBIM WIH CCTECTBEHHBIM YCTPAHEHHEM 5TOT0 KOHTAKTA.

PaceMoTpuM  Godtee  moapoGHo  exemy

KOHCTPYKINH Ha pic. 3d. Marnutnasi cucrema

cocTouT M3 aMcKoBoro Marmnta 1 (amamerp 7

MM), o s 0

OPONTATLHOTO  MOJeTA,  HEMOTBIKHBIX

WHIHEAPHYecKkHX MarnuTos 2, 3 (1mamerp 15

MM, BEICOTa 50 MM), Koabuesoro marmnta 4

(amamerp D,, — =90 mm u De, = 40 mm, BbicoTa

10 wm), crepaneii 5, 6, ueka 7 W KpLIMKH 8.

JUis HAcTOiiKM  MATHHTHOI CHCTeMBI B

YCTAHOBKE MOKHO OBLIO W3MEHSTH pPasMephbi,

OTMeteHHbIe THHISIMM €O CTPEKAMH. MArHHTbI

HAMATHHYEHBI B HANPABJCHHH, MOKA3aHHOM

Gyxsamn N u'S.

Crepikun 5, 6, ek 7 1 Kpbiuka 8 Guum
HIOTOBJEHB! M3 OOBIMHOI  MAFHHTOMSITKOIE
cramm, a marnntet 1—3 — w3 anusorponnoro
okciwmo-  Gapuesoro  deppura  2BA ¢
HPEHMYIIECTBENLIME  MATHHTHBIMH  CBOJICT-
BAMH B HAIPABJICHIH OCH YCTAHOBKIL

Jas 3an )1b30BAICH
ToHKHii mtexTpHyeckuii crakan 9 (mamerp 60 Mm) ¢ MeanbIM phraakkom 10 u

Puc. 34

cranmubiv rpysucom 11, Fpysiice poiu: Mor nosop ben B

Hoii Craxan 9 B0 eKTponBHTaTE-
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atem. Moz cbenm cTexusNbIM Komakom 12 mor cosxasathes Bakyym.

Mepen samyckom Marmur 1 BpySmyo yCTamapampaics na BHYTDEHHIOI
wHIHApHYCcKyI0 moBepxHoeTE crakana 9 B 30ne kontakta rpysuka 11 ¢ wapyamoii
nOBepXHOCTLI0 cTakana. TIpHTsAeHNE MeATY TPYIMKOM 11 M Marmutom / Gbiio

CHIbHEe MPUTSUKEHHS MAarHNTa 1 K HEMOABIAHLIM MarmmTam 2,3 BeaexcTsue
6 y ot ocn 3 Mostomy marnur 1 npn nenoxsmamom u
crakane 9y HA ero BHyTPeHHeii MOBePXHOCTH.

Tipu packpyrke crakana 10 300 o6/mun rpysux 11 orpeisancs ot napyuoii
HIOBCPXHOCTH CTAKAHA H 3AHMMAT MOI0AKCHNE, NOKA3AHHOC mynKTHpoM. Marmur 1
npH JTOl  CKOPOCTH YACPKHBAJICH HEHTPOOEKHBIMH CHIAMH HAa BHYTpeHHeil

noBepxHocTH crakana. [lo Mcpe yMmeHbIIeHHsI CKOPOCTH 10 /1 J= 220 00/MHH
UEHTPOGE/AKNAS CHIA MATHHTA YMEHBIIATACH HACTONLKO, HTO NPUTSUKCHHE
HCTOJIBMAHBIX MATHHTOB «BLITSTHBAJIO» €T0 HA OPOHTY 6€3 KOHTAKTA €O CTAKAHOM

9, mocie 4ero CTAKaH OCTAHABIMBATH.
b yeroii opouTAILHOrO 0 MarnuTa B
T0/1C HEMOBWAHBIX MATHUTOB YCTAHOBKH HA PHC. 34 CTMTATACH 0GOCHOBARNOI O
11

pasMepbl MarHHTA 1 HAMHOTO MCHbIIE

MeRIy N u S marunros 2 u 3 (mocennec
MOIJIO YCTAHAB/IMBATLCH B AHanasone or 70 a0 90 MM), Npeanojaraiock, 4ro
MarHHTHOC B iicrBue B ananormuno iicTBuIo 1BYX Hemo-

JBWAHBIX MATHUTHBIX 32PSUIOB PA3HOTO 3HAKA («I AHTCIIH») i MATHHTHOTO NTIOISL.

Mo teopun (cM. (9.7) w Tadn. 10.1) Kpyrosas TPAeKTOpHs CBOGOIHOTO
MATHHTHOTO JHTONS SBJSETCH YCTOMMMBON, ecTM Maverp 0pﬁm'u Menbie
PACCTOSIHUSL MEKIY MardHUTHLIMH Koro

marnuTa (1. e. paccrosnms 21 na puc. 34).
[07ToMy JUIRt YCTORUMBOCTH OPBTHI HEOBXOINMO GHLIO HE TPEBLICHT T

etel

70 MM (BHYTpeHHHIT IHAMETP IMDIKTPHYCCKOTO cTakana 9).
CHAYAIA ONBITHI MPOBOIATHCH Ge3 BakyyMa. CBOGOHbIE
€ HECKOJIBKHX BHTKOB — CHHPA. i

JIETHI HAYMHATHCE

najennem G0 Ha MaruTHl 2, 3, 6, MMGO BH3 Ha ocHOBaHMe ycTaHoBKH. Iocae
HACTPOHKH MATHUTHOIN CHCTEMBI BPeMsi CBOGO/IHOTO N0JIeTA YIAJI0Ch YBEJHYHTH /10
HECKOJILKHX CKYWI. B OTACTBHBIX ONBITAX MATHHT CHAYAJA JBHFAICH 10
3aKPYMMBAIONICHCH CHMPAITH, 3aTeM PA3Mep OPOHTEI YBeaNuNBAIiCs W CHOBA 0POUTA
NpeBpANAIACH B CHMPATL ¢ KOWIOM HA HEMOMBWAHBIX Marnuiax. Habmonamnce
TAKiKE TOJETHI N0 COMPATH ¢ BepT

HueM MX AMIVIHTYIA HA HAMAIBHBIX BHTKAX ObUIA 0GBIMHO ol
HOCIIE/Y 10X,

Mocite TOro Kak 6e3 BaKyyMa GbLI0 10CTHIHYTO HECKOILKO CCKYIIL MOJETa,
OLITL HAYAIN IPOBOTS B BAKYYMe. OKA3AI0CH, UTO ¢ paspesRenust Bo3IyXa
/I KOJIIAKOM 3aMETHO BJMSIET Ha BpeMsi CBOGOXHOIO MoJ
VBE/MUNBATECS, , HAKOHEIL, IPH BAKYYME

a

ie, yem







103w PT. e YAAI0Ch OCYIIECTBHTH TPH ONBITA CO BPeMeHeM CBOGOAHOr0 nojera 5
MuH 58 ¢, 6 MuH 2 ¢ 1 6 Mun 35 ¢

CB0GOHBIIT MOJICT B YTHX ONBITAX NPCACTABSI coboii caenylomee. B Teuenne
0,5—1,0 MHH ILI0CKAH KPYrOBasi TPACKTOPHS MATHNTA PACHOJAIAIACH HCCKOABKO
HIKe CCPCUMHBI pACCTOSHMS Meaay Marmutamu 2, 3 M mpakTudeckn He
m3mensiaack. 3arem pamye R 1 HaunHan ) best OT
30 110 25 MM, 2 CKOPOCTH BPALICHNST TIOCTENEHNO YBEHUHBATACH OT 11 « 230 110 11 23
250 06/mun.

‘YMenbien

e pammyca TpaeKTopHH oT 25 10 10 MM amI0Ch 4— 4,5 MuH B
ILIOCKOCTH TMOJIeTa W yBeTitenuen
CKOPOCTH BpawIeHHsI 10 1 1= 3004- 350 06/MutH. KpoMe TOTo, H3MCHSLICS YTo MCALY
MArHHTHBIMH OCSIMH CBOGOIHOT0 MArHNTA 1 1 MarunToB 2, 3. B nauase cBoGonoro
nozera om cocraBama okoao 10°% mpu R - 10 MM ocm GbLm mpakTHueckn
napaIeLHEIMI
Tlo Mepe yMeHbIIenns paxuyca TpaeKTopui, Hamiast ¢ R = 10 v, B mosere
BO3HHKAIH Ko/IeGAHMs! CBOTOIHOIO MATHHTA B BEPTHKAILHOM HANPABICHHH C
4ACTOTOl TOrO e MOPSIKA, 4TO W CKOPOCTH OPGHTAILNOro Bpamenms. Ux
AMILTHTY/A NOCTENeHHO YBE/THUHBATACK, 1, HAKOHELL, TIPH /? = 5 MM MarHHT / naja

na nomoc marnnta 2 nam 3,

§ 11. 2. AHa/IM3 ONIBITA OPOUTAIBLHOTIO 0JIeTA

Tpexae Beero OTMETHTH CTBHE TEOPHH H
JKCIepHVenTa. B TeOpHH YCTOIMMBOCTH OPOTAILHOTO /IBIKeHHs MarHuTa (1. 9)
He YMHTHIBAIACH AMCCHUAWNS JHEPTHH, KOTOPOl B OMBITAX MOIOGHOTO THIA He
mbekarh. B Heil OKAILIBAIOCH BOIMOKHBIM CYNICCTBOBAHHE HEBOIMYIICHHBIX
KPYrOBBIX OOHT, TOIJa KAK B ONBITAX MATHHT JBMIAICH N0 HEKOTOPHIM
CIHPATIEBHHBIM TPACKTOPHSAM.

B npuumne reopust Moriia 6brrs, ¢ it Mojtenb10
IHeprin. OHAKO ITO YAAIHI0 Gbl €€ OT M0.10/KEHHs, KOTOPOE 0HA XO4eT 0Ka3aT)
BOIMOKHOCTE YCTOHUMBOCTH KOH(HIYPALNH B KOHCEPBATHBHOI CHCTEME.

MoOKHO GbII0 MOMBITATHCH MPUOIMINTL OMBITHYIO CHCTEMY K HICAbHOI,
YMEHBLIIHB TI0TEPH JHEPIHH BCJICACTBHE /IBIUKCHUSI MArHHTAa WJIH OPraHH30BaB
TNONMNTKY, KOMICHCHPYIOIIYI0 JIHCCHIIAIMIO OHEPruM B cHcreme.  Onnako
YMEHBIICHHE TIOTEPh He MOKET ObITh CBEICHO K HYJIO, 2 TMOANMHTKA 3aTPYAHsET
BOJNCHCTBHE HA CHCTEMY TAKHM OGDA3OM, uTOBHI OCYNECTBISITL TOIBKO
KOMIICHCALIHIO TIOTEPb.

Kpove yKa3aHHOro HeCOOTBETCTBHS TEOPHH H ONHCANNBIX ONLITOB HEOTXOMMO
YKa3aTh elie M HA TO, UTO TEOPETHYECKH H3YHAJMCh YHCTO MATHHTHBIC CHCTEMBI, B
TO BPeMsI KAK ONBIT OPOHTAILHOIO NMOJIETA OCYUICCTBJICH NPH HATHUHN CHILI
TSKECTH, HANPAB.ICHHO 10 0CH HENOBHAHBIX MATHHTOB.

“ OnprTel aBTopoM ¢A.C. K bom, ®. A. K nox
pykosozcTsom A. H. Muasixa 8 1970 r.
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Tokazkem BIUSIHHE CHILI THAECTH HA POCTOM NPHMEPE ABIGKENNs! CBOGOHOI
TOMKH 110 OKPY/KHOCTH, NPHTSIHBACMOii K HENOBMIHOMY IEHTPY HCKOTOPOii CHIOH
P no 3axony o6parneix keagparos Kpove cuiibl P Ha TouKy JeiicTBYeT nocTosHHas
cna TukecTH G NEPICHIMKY.ISPIO I10CKOCTH 0pOTEL. TOTeHIMAIL AR JHeprHs
—--C_—bGz [C=const > 0), (111)
(pa+r)m

e p, 2 — Bl TOUKH. b
Tpaexropun p=R, 2=r,,
SBISIOTCS HEPABEHCTBA

ce yeroiiumsocrn

3/I"10. + U»>0, Ua> 0.
rae Up, Hpp, Ua — cootsetcTByIomue YacTHbIC MPOM3BOHbIC NOTEHUHAILHOH
IHEPIHH, BbI'NC/IeHHbIE B Touke p = R, 2 — 2p. Herpyano nokasats, 4To nepsoe u3
X paBeHcTB Beerna, BTopoc — npu yeaosnn R > Zo K2.

n BO THO Bam cun P, Ou

uentpodesknoii cnbt P,

GP~'<0,707, GP~ < 0,578. (112)
Ecam 661 3akon cnmet P G (oBpatno abno
ETBEPTOli CTCNEHN PACCTONHNS), HEPABEHCTBA CHJl OBLIH Bbl TAKHMH-
CP7 < 4- GP™'< 0.48 (11.3)
3aKon i JUTHHHBIX  IIH. YeCKHX MAarHHTOB, KaK ywke
o6eymnanoch B § 9 1, MOKET HIMCHSTECA OT oU==—1IRg (p
HAMHOTo Goiblue pasMepa Goiblero mMarmuta) o Kyaomosekoro U = —//R

(PAcCTOSINME HAMHOTO MeHbiNe pasMepa Marmmta) [103TOMY W3 HANMCAHHBIX
HCPABEHCTB CEIYeT, MTO /LIS peal3aii YCTOIYHBOI TPAGKTOPHH B MATHUTHOI
KoHurypammm, B rpa noae,
ILI0CKOCTH OPBHTHI, MATHHTHOE ||pumz:euue JOTKHO NPEBBINATE THKECTH CBO-
GoHoro MarHuTa Mo Kpaiineii Mepe BY3 -s- 1 5= 1,73 — 2,23 pasa.

B 0ONBITAX CBOGOHBII M0JIET MATHHTA HAYHHAJICS ¢ pajinyca opouTel R =3 evu

ckopocTn Bpamenusi 71 ® 2 0 06/mun. [105ToMy OTHOIIEHHE MATHHTHOI CHIIBI K Becy
B HAuAJE CBOGOHOTO MOIETA COCTAB- TA/10 NPHOIMINTELHO 1,78 1 ¢ yMenbIIennem

BUTKOB YBeMYHBAIOCH. DTO MOITBCPALACT BLIIOTHHMOCTS YCTOHMMBOCTH 10
BepTHIAIN, e/ BianMojeiicTBHE Ky.1on0BcKoe (1,78 > 1,73), 1 OTPHUACT BOIMORK-
HOCTB YO u s oB iicraus (1,78 < 2,23).

ECTECTBENHO, 5K0H HOTCHIMALNO/i HEPTHH B PACCMOTPENHOM NpHMEpE He

3aKol TAILHOI MATHHTHOII CHCTEMBI.

oyromy b HA KOIMYCCTRERIYIO

TouHOCTh. OJHAKO OHH NOKA3BIBAKT, HACKOJIBLKO CYIIECTBEHHBIM OKA3bIBACTCSH
HAIMYNE CHILE TSUKECTH




FICXO/151 U3 BBILICH3/103KCHHOTO HEOBXOAMMO 3AKTI0MHTb, UTO B TEOPHH H ONBITAX
NPHXONNTCS M3y4aTh CBOWCTBA HE ONHOH, @ PANIMMHBIX JMHAMUMECKHX
KOH(HIYpALMii, IPHYEM T0CTHKCHHE MOJIHOTO COOTBETCTBHS MEAKIY HHMH CO31aeT
NPHHUHIHABHbIE TPYANOCTH. TT03TOMY BbIBO TeOPHH 00 yCTOIMHBOCTH KPY20BO1L
OPGUTLI He MOKeT GbITH NPOBEPEH HKCIICPHMEHTAILHO, H B 3TOM CMBICIE ONBIT
OpPOHTAILHOIO NoJeTa HIMMUICH. OJHAKO, MOCKOALKY AHATOTHMHbIC ONBITHI €
MATHHTAMH, T0-BWIMMOMY, OCYNIECTB/CHBI BIEpBble, NPEICTABISCT MHICpeC
BBUICHHTD BONPOC 00 YCTOMMMBOCTH TOr0 IBIKCHWS, KOTOPOE ObLIO B ONBITE 1
KOTOPOE He H3Y4EHO B TCOPHH.

PAccMOTPHM BONIPOC 00 YCTOMMHBOCTH /BIGKCHUS MATHWTA, NPOJICTABIICIO B
TedyeHHe 5 MHH B NOCTOSHHOM MArHHTHOM MOJe HEMOABHAHBIX MAarHHTOB 0e3
KAKOTO-MG0 NCKYCCTRENMOr0 RO3ACHCTRIS 1A OTOT Moer. YTobh! MMeTh pago
roBoputh 06 n ocst na
npuTsK HeHTP, Heod PKHYTh, 4TO0 B MAarHHTHBIX
KOHGHIYPALNMSY, KAK M B MIaHETHBIX 1241 M CIYTHMKOBBIX 3azauax [S|, mveer
CMBICT PACCMATPHBATH BONDOC 06 OPOUTAILHOI YCTOYMBOCTH, T. €. CHOCOGHOCTH
ABHAKYIIErocst 00beKTa COXPAHATH
TpaeKTOpHIo. EC.1H TAKOBOIi SBISETCS OKPYKHOCTH, MATHHT CTPCMUTCH OCTATHCS Ha
OKPYKHOCTH, €I 5TO CHMpaih (KAK B ONBITE C NO0JETOM MATHHTA, Il H3-3a
HEHICATLHOCTH  CHCTEMBI OKPYAKHOCTL HE MOeT ObITH J0CTHIHYTA),— TS

YCTOHUMBOCTH  TpacKTOpHH YCTAHOBHTE b COXpARSTH
CIMpATLHYI0 TPACKTOPHIO.

TJ1aBHOC HEYI0GCTBO H3Y yeroii W cnupann B ToM,
To TPyANO yeTanOBHTE €& (T e 5 ) cnmpamn kax

WACTHOC pellienie ypaBHENHi ABHACHHS, B KOTOPHIX YUTEHA MCCHTIALIS FHEPIHH).
TM03TOMY € HE/IbI0 YIPOIICHNS! AHATH3A YCTORUMBOCTH B ONBITE MOKHO TOCTYIHTH
caeayoumm o6pasom. Llonycmm CHAYaJIa, 49T B ONBITE NOTEPb HET, A MATHHTHbIIT

notenmman umeer sy U = — 1IR3 1. e. rakoii, kakoii nenoansyeres B [75] (na

OCHOBAHMH TOT0 3AKOHA CICAAH BHIBOL O HEYCTOHYHBOCTH /THHAMHYECKOI{

KOHQUIYPALMH ¢ MATHHTHBIM B Biem). Tora MowHO Thes

YPABHEHHEM TPACKTOPHH TOUKH B IEHTPAILHOM ToJte [45, c. 45
t=J(@m~ |£ —U (] —Mm™/rV" dR+C,

si=(pec.2¥)"” (11.4)

(/ — Bpemsi; m — macca; £ u M — 3navenust uHTerpaaoB mosHoii JHepruu u

MoOMeHTa yabea; C — nHTer pe—

KOOP/IHHATBI TOUKH) M OUEHHTH BPEMsi, 32 KOTOPOe pasMep TPACKTOPHH MATHHTA

ymensumest ot Rt = 0,8R, 10 0,3R, (RO = 3 eM — nepeonauaibHbIi pazuyc

opoHTHI cBOBO/IHOTO MoJieTa) Tak Kak
E

- 5- mRoo = -4- mRocm
(11.5)

M = mfatotn (ii« 33,5¢
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1
(0)o — navabmas yroBas cKopocTh BpamenIs WO 0pouTe), T0, BBOM X = RRT*, ¢

yuerom (11.5) npeodpasyem ypasnenne (11-4) k Buzy

<16

e C = 0, umest B BIY HAYAI0 OTCHETa BpevenH ¢ mooxenus -| = = RRO" = 0,8 <
1- M3 (11.6) cateyer, uro / 0,06 c- Takum 06

PasoM, ecam GbI CBOGOXHBI MATHNT NPUTSATMBAICH 10 3aKOHY, HA OCHOBAHHH

KoToporo yr v TAPHI MATHHTHLIX MOMCHTOB

[15], ymenbmenne pasviepa or 0,8 10 0,3 nep ILHOI 0pGHTHI

0 noaera 3 b1 32 coTBIX cekynabI- B onbite 310

BpeMSI HMceT NOPS/I0K MHHYTBI, UTO HA TPH MOPSUIKA He COOTBETCTBYET TEOPHH
ABHGKCHHS MATHUTHEIX MOMCHTOB (15]. TI03TOMY /IaHHbIC ONBITA 10KA3LIBAIOT, UTO B
KCNIEPHMEHTATLHO MATHHTHOIl CHCTeMe peatusyercst BlauMojelicTsie He ¢
notenmmanom U = — 1/R”

‘OaHaKo ITO elie He 03HAYACT, YTO ABH/KEHHE YCToliunBo. B onbiTe MOrio 6bITH
peanmsoBano Bauvoneiicreue ¢ motenmmatom U = —1/2¢, re 2 < e <3, KoTopiit
TAKKe AMBISCTCS «HEA03BOJNCHHBIM». Tlostomy Bamno ouemnth Bpems t s

norenmmana U = —a/R+*%j, rie a =m = const > 0, — 0. Mo&HO 10Ka3aTh, YT0 B
aToM caryuae BMecTo dop
MYJBI (11.6) HOTYuHM

t= V2 (eu<I J (xx— 2 In x — IF'xcx (11.7)
nam
=1(%=08x=03). (11.8)
Orcioia ciiefyer, 4To B il cHereme ¢

1/[7++el, B, -»* 0, BPems nOAETA MOKeT GhITh Kak yrojno Gomsumoe. loyromy
BpEMS GKNIMI» MAMHWTa HA OPONTE He MOACT ObITh apryMeHTOM A
OKAIATELCTBA YCTOMMMBOCTH, TAK KAK 3a CYCT KAK YIOAHO Maaoro B! BO

BuH, e jony ) W, OHO MoOwKeT
OBITH KAK YTOHO GOTBITHM.
TIpeanookuM Teneps, UTO B ONbITE GbLIO Peatu3oBaHO B3aMMOJEHCTBHE C

«I03BOJEHHBIM»  TOTCHUMAIOM, A  TaZeHHe  NPOWIOULIO  BCEACTBHE
ADPOMHAMMUECKOTO TOPMOKeHusi. JLIsi OUEHKH TOPMOSSNIEr0 MEXAHHUECKOro
momenta K, BbI3BABIIEr0 NajeHHe MATHNTA 32 NATH MHHYT, BOCHOJb3yeMcs
ypasHenem

(p2a) =K, (11-9)

noJarasi, 4To yrjioBasi CKOpocTh d = CONSt = co (B ombiTe CKOPOCTH BpalIeHHs
yseanunsaiack or 230 10 350 06/m). Torna

d(pY) £+=. /C (MtoF'd 1o (11-10)
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K=mRlor" 0a 0,7r *33.6¢"* 3" em+’ ¢ 3I1'<' ~ 10~ T » em.

C pyToii CTOPOHBL. HCMO/IB3Ys (881. MOKHO MOKA3aTh. YTO B OMBITAX C TI0JCTOM
armuTa mpn Bakyyme mopsuka KIT* MM PT. CT. uMe1o Mecto ofbrunoe
rasounammyeckoe Teucnue (uneao Maxa M » 0.5, uncio Peiinoanaca Re na 0,05).
DT0 NOIBOMICT IS OUCHKH MOMEHTA a)POIMHAMMYECKOTO TOPMOMKCHHS
HCIIOI30BaTE (OPMYJTY CIITEI CONPOTHBIICHHS IBUKCHHIO B BA3KO0i AHIKOCTH (42.
€. 757

/C=PR, =6npdwoRo * 6 - 51-1.27+10"7T. ¢ * em~’ X
X 0.7 cm+33.5¢ "+ 320m%~ 103 T . em. (11.11)

e p=127-10 T + ¢ » cM ' — mumammsieckan
BA3KOCTE BO3AYXA NpM AaBewimn 138 + 10" v
pr.cr.

Cpasnenne momentos K n K\ nokaseisaer.
4TO ITO BEJHYHHBI 0HOTO Mopsiaka. IMosTomy
NajeHHe MATHUTA MO BBI3BATH TOPMO3SIIIMiE
MOMEHT  2)PO/IMHAMHYCCKOTO  TOPMOKEHHSL.
HIMEHHO MOT BBI3BATE. & HE BBI3BAIL NOTOMY UTO
ONBITOM OPOMTATLHOTO NOJETA HEB3A JA0KA™
3aTh, UTO B CHCTEME PCAIM30BAHO  B3a-
HMo/IeiicTBHE ¢ TIOTEHIHAIOM. KOTOPbIii

Takum  obpatom. Wi BeIBOAA 00

He Tomsko e mmeer pina U --—-—-— /R3. o u ne npuaaznexur k Ty U =

= —I/R™i. e ¢, -* o (. . npud, K p y ay U =—IIRY).
OTMETHM. UTO B OMBITE ¢ MSITHMHHYTHBIM TI0J1ETOM TIOKA3ATETh CTeNIeHH OT.IHUACTCH
OT ABOIKH JIMIIB HA MHJLTHOHHYIO J10J110.

YCTOHYMBOCTH KPOMe ONbITA OPOMTAALHOIO TO0JeTa HeoGXOAMMO I0Ka3aTh
KHOCT MATHUTHOTO 712 K Kacey U=—1/R.e

<2
Opun w3 cnocodon ol B ATHHTHO

CuIbt npuTsIKennst P. B 3aBHCHMOCTH OT PACCTOSIHHSI MEKITY MATHUTHBIMH ocsivn R
" 1y rpaduka ¢ noct 0 3aKoHy
H3MEHEHHsl HeHTPoGEe:RHOI cHItbI 22 = const R”. YeToiiunBoCcTL HMeeT MecTo Toraa.

KOIJIa B TOUKe nepeceyenns rpagukos e P2 u Py Gosee nooroii ssasieress kpusas
et Pl Ecan MCnoan3osaTh lorapudmudeckylo mikaiy. cwiam P2 Gyrer
COOTBETCTBOBATH My'MOK MapaLIebbIX npsameix Ig P2 = const — — 3 Ig R. Jter
CHOCOB /10KA3LIBACT YCTORMBOCTL KOMQHIYPAUMI ¢ GOALUINMH MOMENTAMH
HMITY.15COB COGCTBEHNOTO BPAIICHHS MATHHTOB. T. €. KOT/2 BONDOC 06 YCTOMMBOCTH

JList OnpesieienHst 32K0HA MATHHTHOI CHJIBI B 3ABHCHMOCTH 0T

PACCTOSMMS  MEALY MATHHTAMH  HCHOJB30BAIACH YCTAHOBKA. CXEMATHYCCKH
nokasannan na puc. 35. K Tonwoii cramsnoii crpyne 1 (00.15 mw.
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| — 300 M), 2, 3 aest wemarmimbii kopnye 3

e armuTon 5, a B kopryce 4 — marmu 6. Kopye 3 ecTko cozan ¢ HeMarmHTHbIN

PLMArOM 7, KOTOPLi CHONM KONNOM WIAPHHPHO OMUpAACH Ha BumT 8,

npeana; it o per FOPH30HT: i marnura 5,
DJIeKTPOMATHHTHBII BHOPATOP 9 H parTop- P YACTOTHI 10 y am
CTpyHBI B or MesKILy MATHHTaMH

ak KaK Pe3OHAHCHAS YACTOTA KOJIeDAHMII 3aBHCHT OT HATSIKEHMSI CTPYHBI, TO,
3aMepsist 5Ty YACTOTY, MOAKHO ONPEAETHTb CHTY PHTSKEHHS MeAIY MATHUTAMH 5 1
6.

IKCNEPHMEHTAIBHOE OTIPe/IeIeHHe CHIIBI CTPYHHBIM MET0I0M GbLII0 IPOBEIeHO
HA CHCTEMAX H3 CAMAPHIi-KOBATHTORBIX MATHHTOR (pHC. 36). M3 MArHHTHEIX HCKOB
06 MM 1 BBICOTOI 2,5 MM GbLIH CO31AHbI THHHbIE WHINHAPHYECKHE MATHHTHI (PHC.
36. 3, 6) (0 6 MM, / — 50 Mm). OHHU SKBUBATEHTHBI paceMoTpeHHoii B § 9.1 cHeTeme
ABYX UHJIMHAPHYECKHX MATHMTOB. MarHuTHbLIM auckam Ha (puc. 36, 6, 2)
IKBHBAJIEHTHBI /IBA OHHAKOBBIX TOKOBBIX KOJIbUA, He ODJIALAIOUINX HIeANbHOI
21€KTPHYECKOii NPOBOIIMOCTBI0.

IKCNEPUMEHTAILHBIE IAHHbIE MATHHTHOI CHJIbI IPHBEICHBI

CucTema MarHaToB, puc. ft. o

ke:

PT 156 113 84 6856 48 3934
Rww 7 g 9 1011 12 1314
P.r 0 26 25 2 15 1310
Rwa 15 35 17 35 28,54
CcTema MarHToB, puc. 36, 6
P 438 276 190 134 100 77 57 44 36 30
Rowm 51 52 5354 55 56 57 58 50 (0
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Pr 840

CuCTeMe MarHaTos, pHC. 36,

570 410

315 250 203 166 136 115 97 80
Pwm 251 261 272 283 294 304 314 324 s 344 355
P,r7362 4737 30 24 13 1612 11
R, MM 36,537,539,541,5 435 455 475 495 515 535
THHTO puc. 36,a
P, r R1450 1200 1004 856 720 622 542 474 214
MM [ 10 1 12 13 14 16 16 L7
Pr 370 328284 256 220 202 176 162
RMm 18 19 209 2223 24 25
Pr 143 138 126 114 102 94 87 84
Ryowm 26 272,8 29 30 31 32 33

Ha prc. 37 B 10rapudMuueckoii mKkaze nokasanb rpaguKH MATHHTHBIX CHJI.
KpuBBIM @ —— 2 OTBEYalOT COOTBETCTBYIOLIME CHCTeMbI MATHHTOB puc. 36.
Cnsomnbie napasienbHbie mpsMbie 1 Ha puc. 37 ONMCHIBAIOT MpefedbHOe

Puc. 37
ssaumonelicrane U = — 1/R2 nynk
—7,

CucreMa JUIMHHHBIX MarHuToB Ha puc. 36, @ obaajgaer

Hble 2

KyJoHoBcKoe B3aumopeiicteue U =

iicreue U 1//7%,
YCTORUHBOCTEIO,
NOCKOLKY KpUBast @ Ha puc. 37 Gosee moiora, uem npsimbic 1. 3o naxomuTes B
cootBeTcTBMM ¢ Teopmeii § 9.1 (cm. Takuke Tada. 10.1). B usMepennom 1manazone
B3aUMOJEHCTBHE JTHX MATHHTOB MOMTH  Ky.JOHOBCKOE  (HAB.I0JaeTcst
nApa/LIeABHOCTH NPsIMOiE 2 W KpuBoii a). B He yajoch b
TPAHUILY [IEPexXo/1a 0T YCTOHYHBOCTH K HEYCTOHYHBOCTH, KOTOPasi HACTYNAeT, Koria
pasviep Marnnta 21 Menbme 0,425 mamerpa opoutsi 2R (cm. (9.6)). Ito camzano ¢
TPYIHOCTBIO TOYHOTO 3aMepPa MAIbIX MATHHTHBIX CHJII B ONBITHOI YCTAHOBKe
(nopsiaka 0,1 T).

. uphbie npambie 3 —
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Cucrema marnuTos ma puc. 36, 0 dksupanentna wsywapmeiics B § 10.1
TeopeTHueCKoil MOJEAM ¢ PAIMCIICHHCM MATHHTHBIX MOMEHTOB B IIOCKOCTH
TPACKTODHM LENTPOB Mace Marmutop. Jlisi Takoii KOHGHIYPAINH NHCPABEHCTBA
YCTOIMMBOI TPACKTOPMH MOTYT GbITh HCTIONB3OBAHBI YC/IOBHO, KOIAA MOKHO
CUTATH BCIO MACCY MATHHTA COCPEIOTOMENNOil B 0mnoii Touke TOrIa CTanoBuTCH
3aKOHHBIM CIHOCOD ONPE/IeICHHS YCTORMMBOCTH, KOTOPBIii 31ech Hemoabsyercst. M3
cpapuenust kpuBoii 6 u mpvbix 1 na puc. 37 BIHO, HTO IKCMEPHMENT OTPHUACT
BO3MOKHOCT YCTOHUMBOCTH U1l CHCTEMBI MATHHTOB Ha pHe. 36, 6. IT0 HAXOMMTES
B €OOTBETCTBHH ¢ BhIBozoM § 10.1 1 Taba. 10.2.

CHeTeMa IMCKOBBIX MATHHTOB HA pHC. 36, 6 He 06.127a€T YCTOHUMBOCTEIO, TAK
KAK KpUBAS 6 WieT Go1ee KpyTo, uem npsivbie 1. Teopmst (§ 10.4) nenaer Takoii e
BLIBO/1 I/IS1 ITOii CHCTEMBI.

HanpoTue, THCKOBbIC MATHHTBI HA PHC. 36, 2 (KpHBasi 2 HA PHC. 37) H TOKOBbIC
KO.IbIIA, MATHHTHBIE MOMEHTBI KOTOPBIX NApA/LIEIbHBI OTPE3KY, COCTHHSIOMEMY
HeHTPBI KoJten, f1omy pa 3R-'U, + > 0. B § 10.4 aast
BLUIOIHCHHS HTOT0 HEPABCHCTBA G110 MO.TyueHo yea0BHE 2a/20" > 0,85, re 2a —
JAMAMeETp ToKoBOro Koabua; R — paccrosmme mesiy uenTpamm Kosen (.auaverp
HEBO3MYIICHHOH OpouTHI). YeiaoBue s LIHEI\OBHX MarHHTOB, TOJy4aeMoe H3
IKCNePHMEHTA CPABHEHHEM HAKJIOHA KPHBOIi 2 H npsiMbix 1 Ha puc. 37, nmeer Takoii
Bux: 2a/%0'* > 0,84, DToT HAKT TOBOPHT O TOM, 4TO TCODHS H JKCHEPHMEHT
O/IMHAKOBBI He TOJILKO B BBIBOJE 00 Y M, HO M JIAI0T TeIbHO
COBNAJIAIOMIHE PE3YJILTATHI MO Pa3Mepy 00,1aCTH YCTOHYHBOCTH

§ 11. 3. OnbIT N0 NpoBep
MArHHTHOI simbi [35] %

ycaoBuii cymiect

Monyuennbie Bhime (§ 4.2, 4.3) HeoOXoaMMBIE M JOCTATOUHBIE
YC/IOBHS  CYIIECTBOBAHMS MHHMMYMA NOTCHUMATLHOH OHCPIHH  MATHHTHOTO
B3AHMOJEIHCTRIS WICATLHBIX TOKOB JUISI JBYX OJAMHAKOBBIX KOHTYPOB CBOISITCS K
yeaouio — ¥, VT, rae Ly — piaumnas
MHIYKTHBHOCTH KOHTYPOB B NOJIOKeHHH Marmuthoii svbi; L — cofernennas
MBIYKTHBHOCT; ¥, H ¥, — 3aMOpOKeHHBIe TIOTOKH KOHTYpoB (Y, < < V¥3). 310
YC/I0BHE MOKET GBITH BHITOHEHO, €CIH MOTOK OHOT0 KOHTYPA ABJISIETCS NOTOKOM
B3aHMHOI HHIYKUH Apyroro Koutypa. Ilosromy omeiT mo TpoBepKe yeaoBmii

CYMCCTBOBANA MATHITHO AMbI MO- eTh GuITh HPOBCICH Mo Takoii cxeve. B
Montype 2, KoTopblii y106HO c1etaTh phiii
HavaILHbI TOK /o. TlyeTh NPH YT0M 10TOK KomTypa 2 Gyier y,. Taxoii %e KOHTY /,

MOZKET H3Ven:

Th CBOE T10JI0/KeHHE OTHOCHT

KOTOpH! 1o KouTypa 2, 6 npouecce
3aBeCHHs TOKA B KOHTYpe 2 (uKeHpyeTcsi Ha Hekoropom paccrosmn N = h, or
Kontypa 2. Ecam Kakum-1u6o IIHTE WeaIbHYI0

KOHTYpa /, To HAJM4He KOHTYpa 1 B Jone /'

Tt On

moamen H. JI. Koo H M. Hy proxosrim.



noae konrypa 2. C Kourypom / Gyzer
cBsisan M0T004Y MATHMTHOTO MOISi KONTYPA 2, KOTOpbiii, 110 ONEe;Tenuio, TaK
oTHOCHTES K MOTOKY Y\, KAK B3AHMHAS HHIYKTHE HOCTh OTHOCHTCS K HHAYKTHBHOCTH

MATAITHOTO noAR KoRrTYDA 2 e CxameTen

L. D70 3uauur, 4TO AANMAn TeOMETPHSCCKAR KOHQUIYPALNS KOHTYPOB OTBEHACT

MarnuTHoi WOl MBI, ecnm B mpomecce BO3GyAents
HEIATYXAIOUIEr0 TOKA B OAHOM KONTYPE APYIOil KONTYp BPEMCHHO JMUIACTCH
P>
-5
Puc. 39

posomoctH. MeXo/st M3 9T0T0, ONBIT 110 NPoBepke
POBE/IeH 110 CIIeYIONIeii METO/Ke.

MICATBHOM 2IeKTPHYECKOi
YE/I0BHiE CYNIECTRBOBAHMS MATHHTHOI AMBI GhLT

VeranoBka (puc. 38) COCTORIA M3 TEIHEBOTO KPHOCTATa 3, HEMOABHAHON
CBEPXNPOBO/SINIEH KATYIIKH 2, HOABHAHON cBepxnposojsumeii karymkn 1,
HeMATHWTHOTO WTOoKA 4, TEIIOBOrO KJOua 5, ONOPHI 6 M H3MepHTENs CHIBI 7.
VeTpoiicTBa 1St 3aBe/IeHNsl He3ATYXAIONIEro T0Ka B 00MOTKY KATYIIKH 2 W PHKCALHH
karymicn 1 otnocurennno karymikn 2 na puc. 38 we noxasani, Buewmuii mmaverp
KOPOTKO3AMKHYTBIX Katymiek 1,2 pasen 44 mm, BuyTpenunii — 34 MM, Tommmna
KaTyliek 5 MM, 4nc:10 BITKOB 220 HCn0.1530Ba.1¢5 MEHEHHBII NPOBOI IMAMETPOM
0,33 mm u3 enurasa 656 T.

OmbIT npoomwics Mo Takoii cxeve. CHauaia nogBHAHAs KaTymka 1
(HKCHPOBAJIACH B MOJIOKEHHH, KOIA 3a30p My OJMNIEKANMMH TOPUAMH
xarymex h = JI, 3atevt o6moTka karymicn 1 Tennossiv kimouom 5 nepeommacs u3
CBEPXIPOBOSIIEro B HOPMAIbHOE cocTosiiue. [IpH 2TOM B OGMOTKE HENOABHAHOI
KaTymkn 2 Bo36yAIaIcs He3aTy
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xatouwii Tox /0. Tocae BosGyaienns Toxa /o Tenaonoii k0w 5 oTKmONAICH

it i >1an — karymkn 1 cnbt
B3aHMOIHCTBHS KATyIIeK 1 U 2 6 3aBHCHMOCTH 0T paccrosnmsi ft npn momoum
yerpoiicrsa 7

Tpadukn et ficTBnn KaTymex A paj ii ft u /o
nokazanbi na puc. 39. Cuta B3ANMOCIHCTBIA P MEATY KaTYIIKAMH B TOM OmbiTe
cocronTa W3 cnabt ficrBus  Tokos, mp no  oomoTkam
Kopor YThIX KATYIICK (CHIIBI WICATBHLIX ToK0B PJ, 1

CHBI, 0BsI3al
cnast P2 JIas Bbiae/eHHs! IMAMATHHTHOIN ciibl S GbLT MOCTABJICH APYToii ONBIT,
iicn o1 0 Tem, uTo i yuacTok 0GMOTKM KaTymiKH /

10 IICATLHOMY IHAMATHETH3MY OOMOTOK KATYWICK (AMAMAIHHTHOM

BCe BpeMsi 0CTABA/ICS B HOPMAbHOM cocTosinmn. Iocae u3mepenusi et P2 nos

DUKCHPOBANHOTO ft 13 W3MEDCHHBIX JAHHLIX CHTbi P NEpBOTO ONLITA BHIMHTANICE
Ranubie P Boporo ombiTa.

3 puc. 39 ceayeT, “TO Hy:Th MATHHTHOI CILIbI B3aHMOICHCTBUS WICATHHBIX
TOKOB H 3HAKa fiCTBHSI MIEANBHBIX TOKOB OTBEYAIOT
nosowennsvM Mesty Karymkamu J =Jlo, T. €. TeM NOJOKEHMsIM, T/1e BHITOIHSIETCS

YCJI0BHE CYIIECTBOBAHHSI IMBI 110 TCOPHHL.

§ 11. 4. OnbIT YCTOHYMBOIO paBHOBECHS

OxjazkienHe BHTKA HHKe TeMIIepaTypbl CBEPXIPOBO/IALIEIo
nepexoa ¢ PasMEMeHHLIM BHYTPH BHTKA MATHHTOM 3aMOPA/KHBACT B BHTKE
OTIMUHBI OT HYJISi MATHHTHBII TOTOK, 4TO MPHBOMT K 0COGCHHOCTH MATHHTHOI
CHIbI TIPHTSKEHHS. (IPH BHITATHBAHHN MATHHTA OHA YBC;HUMBACTCS, A0CTHIas
MAKCHMYM3, 2 3aTeM MOHOTONNO yObiBaeT 10 myas, cm. puc. 1). ITo MowHO
HCHOJIB30BATE LISl CO3IAHMS  YCTOI ° Tena (npu
HaMuMn CHIbl TakecTH). Ofnako B padote [91] ONbIT ycToliuMBoro paBHOBecHs,
OCHOBAHMbIH HA MCTIOIL30BAHMN CHI NPHTSKEHNS, He ObLI NoOCTaBieH. B ke-
nepuMeHTaIbLHOM uacTH [91] MCMOAB30BANACH MATHHTHAS CHIA OTTATKMBAHWS
KOHTYPA ¢ HYJIEBBIM 3aMOPOKEHHBLIM MOTOKOM, UTO He 00CCTIeuMBACT GOKOBYIO
yeToiiunBocTh. [M05TOMy AJ51 AOCTHAEHHS YCTOHYHBOCTH BMECTO KOJbUA ObL1
npPHMeHeH KoHYC (KAK IHAMATHETHE).

B ri1. 8 6112 y b JIHOTO H JIBYX CBOBO/IHBIX
Tea B MArHHTHOI ii ave. M3 momy X pesy JALTATOB CACAYeT, uT0
st i " Th CHIBI na

YHACTKe MX BOIPACTAHNS MPH YBeAWSCHMH paccrosmms. Kpovie Toro, Heooxoammo
obeceunTh  YCTOMYMBOCTL 110 MEKILY MATHHTHE ocsimm.  Yeaosne
YCTOMMBOCTH 10 YITy 3ABHCHT OT FCOMETPHH MAIHITHOi CHCTEMb.

LISt KAUECTBEHHOIi /1CMOHCTPALMH TCOPHH II. 8 GBLIM NPOBEICHBI ONBITHI

=

0 BYX Kojlel B moje MOCTOSHHOTO
MarHuTa WUIHIAPHYecKoii dopvibl (puc. 40). Ciavara B T 1,
xoabua 2, 3 u 4 pasmemaucy, kax nokasano ua puc. 40, d.

3areM BCs CHCTEMA MOMEIIANACH B JKHIK oncraska 4 menenno

ONyCKANACH 110 OTHOMICHHIO
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k marmuty. Ilo Mepe onyckamms noxcraskn koabua 2, 3 samsm csoGounoe

noaokenne, nokazammoe ma puc. 40, 6. CRoGOMNOC pPAaBNOBECHE OTHETMRO
5 Abi0ape, nenoce- PepenIyio mooCKy.
P ii Kopnyca n MArHHTOM, KOTOpBIii

HOAHOCHIICH K CHETEME MATHITA 1 KOJICI 1 3TeM YA oT mix. Bo Beex cayuasx
BOSMYIICHHIi BU3YALHO HABMOIATHCH i komen (cio
K0.1€aHMS), KOTOPBIE M0CIIE YCTPAHEHMS! BOMYIICHHi IOCTENCHHO HCHE3ATH.

6
Puc. 40

TIpHHUMIHATBHOE OTJIHYHE MATHHTHOH CHJIBI TOCTABJICHHOTO ONBITA 1O
cpaBnenmo ¢ ocobennocTEI0 cuk1 B [91] ykazano Beime (em. § 1.3). Kpove Toro, B

[91] He MOCTABJCH ONBIT, B KOTOPOM YCTOii b
HieaTbHoi 10 a  He ero  HaeadbHbIM
auamarneTusmMom. OmnbiT ABYX Tea B Hey i
MarHUTHOI CHCTeMe He onucaH .

B onbite JIHCh. puii MAarHuTLl B BHJIE JHCKA

AMAMETPOM 6 MM 1 BLICOTOI 2 MM. FI3 HHX GbL1 BLIGPAH WHAMHAD BLICOTOI 18 My.
Macca MeHbLIIero HHOGHEBOrO Koabua 0,19 r, BHyTpenmuii averp 10 M, Toomuuna
0,5 Mu. Macea Goutbiiero koibia 0,35 r, BiyTpenuii anamerp 15 mm, Tommna 0,5
MM

b 3230poB KOJIEIl 0T HAYAILHOIO 3230pa
nokazama wa puc. 41. Mpn hO ~ 17,5 mm pasnoBecwe Kogenm okabiBaioch
HeBO3MOKHBIM, Tak Kkak npu No 17,5 MM MAKCHMAJLHAS MATHHTHAs CHJIA
CTAHOBHTCH MEHBIIIE CHITB TSUKECTH KoJTell.

i b B BepT HOM  HAnpal Tem, uTo
MarHuTHOE MPUTSEKeHMe Koaen na yuactke [Jlo, KJ wm [fte, ifa] ysemmmpaeres ¢
pocrom R. B G0KOBOM HAmNpaBJIeHHH YCTONYMBOCTH JIOCTHIAETCs Gaarojapst
TPHTATHBAIOMIEMY XapaKTepy MATHHTHOH CHIIbI, 2 YCTOHYHBOCTB 1O YLy MEATY
MACHHTHBIMH OCSIMH — TeM, JIHAMETP MATHHTA JIOCTATOYHO MAJI 110 CPABHEHHIO C
pazMepanu Koeit.

“ B mwanectnoii Avoiinoii noasecke Buvca [29] HCNOILI0BANA CHCTEMA CTAGHIMIALIN
oGpaTHoili cBsLY
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