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AHHOTAIUA

A hypothetical analogue of a disk galaxy is considered - a flat,
extremely thin disk, inside which there is a some body, an analogue
of a star. The density distribution function of the disk is given, ac-
cording to which the forces acting on the body are calculated depend-
ing on its distance from the center of the disk. The calculated forces
are used to construct the so-called rotation curve. By adjusting the
disk density function, without involving external forces, it was possi-
ble to achieve that the disk rotation curve became close in shape to
the rotation curve of the real Milky Way galaxy.

PaCCMOTpeH TMIOTETUYECKUI aHaJIoT I[HCKOBOfI TaJJaKTUKHU —
IJIOCKUH, MPEIEIbHO TOHKUM JUCK, BHYTPH KOTOPOTO HaXOJMTCS Te-
JIO, aHaJIoI' 3BC31HI. 3az[aHa (bYHKI_II/ISI pacnpeaciicHud IIOTHOCTH
JAUCKa, I10 KOTOpOI71 BBIYUCJICHBI CUJIBI, I{GI\/'ICTBYIOHII/IG Ha TEJIO B 3aBU-
CHUMOCTH OT €Io y)laJ'IéHHOCTI/I OT LCHTpa AUCKA. Ilo BRIYHMCIIEHHBIM
cuJiaM ITOCTPOEHa TaK Ha3blBaeMmas Kpuas BpaunieHus. Koppexkrupos-
Kol (I)YHKLII/II/I IIIOTHOCTH JHUCKA, oe3 IMMPUBJICUCHUS BHCIIHUX CHII
yaJI0Ch J0OUTHCS TOTO, YTO KpUBasi BpallleHUs JUCKa cTana 1no ¢op-
Me OiM3Ka K KPUBOW BpAIIECHUs pealbHOW TajakTHKU MIleuHbIi
[1yTs.

KuaroueBnle ciioBa:

KpUBas BpAIEHUS, TAJAKTUKA, CUJIA TPUTSHKEHUS, TbUICOOpa3HBIA
TUCK, 0OpydY, IJIOTHOCTh BEIECTBA TAJIAKTHKH, 3aKOHBI Keruiepa,
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TabauuHas (QyHKIMS, anmpoKCUMAIs, UTepalus, YUCIEHHOE MHTE-
IPUPOBAHUE

1. Cuaa npuTsizkeHHsi BHYTPH IHCKA

B pesynbpTare acTpoHOMUYECKHX HAOIIOAEHUI BBIACHUIIOCH,
4TO 3BE3/Ibl HA Kparo TaJlaKTUK ABWXKYTCSI OBICTpEE, 4eM 3TOro Tpe-
OytoT 3akoHbl Kennepa. Ckopoctu 3BE31 0000IIEHHO OMMCHIBAIOTCA
TaK Ha3bIBAEMOM KPUBOMW BpALICHUS, TO €CTh, 3aBUCUMOCTBIO CKOPO-
CTH 00BEKTa OT €ro yJaJ€HHOCTH OT IeHTpa rajgakThku. CornacHo
KPUBBIM BDAILCHHUs, 3BE3bI C TAKUMH CKOPOCTSMH IONPOCTY JOJIK-
HBI IOKWHYTb FAJIAKTHKY, HO 3TOTO0 HE IPOUCXOIUT.

HekoTtopele ranakTuku NpeAcTaBisiiOT COOOM JUCK NEpEMEH-
HOM TOJILIVHBI, HATOMUHAIOIINAN CKOpEe CIIOPTUBHBIN CHApsJ — IHUCK
WM JIBE€ LUISNBI IPUIOKEHHBIE IpYyr K Apyry. B obmem ciayuae Ta-
KOH JIMCK rajlaKTUKU MOXXHO PacCMaTpHBaTh KaK OOBEKT, MMEIOLIUIi
Pa3HYyIO INIOTHOCTb, B 3aBUCUMOCTH OT YJAIEHHOCTH OT LEHTpA.

Jlailee MBI PacCMOTPUM THIIOTETHUYECKYIO CTPYKTYpPY, HEKOE
YCJIIOBHOE TI0JI00ME TATAKTUKH: TOHKHM, C HYJIEBOM TOJIIIMHOMN TbLIe-
o0pa3Hblil qUck paanyca Rg, BHyTpu KOTOPOro HaXOAUTCS TOUYEYHOE
Teno Maccod m. Hukakol NPUBSA3KHA K PEAJIbHOW T'aJIAKTUKE MBI HE
nenaeM. [lox mbu1e0OpPa3sHOCTBIO TUCKA MOJAPA3yMEBAETCS BO3MOXK-
HOCTb JUISl T€J, HaXOJSAIIUXCS BHYTPU HEro, OECTpensiTCTBEHHO JBU-
raTbCsl HE3aBUCUMO OT JPYI'UX €ro KOMIIOHEHT.

OCHOBHOH IEIBI0 HAIIUX BBIYUCIICHUM, UCCIEAOBAHUN SBJIS-
€TCsl OIpEIEICHUE BO3MOXXHOCTH 0 3apaHee 3aJaHHON npouseo.ib-
HOU KPUBOW BpalleHus chopMUpOBaTh TaKylo (DYHKLHUIO MJIOTHOCTH,
KOTOpasi, COOCTBEHHO, U (OPMHUPYET ATy KpUBYIO BpaumieHus. Ecmu
Takas Mpoueaypa BO3MOKHA, TO MHEHHE O TOM, 4TO JBHKXECHHUE 3BE3]L
Ha OKparHE raJakTHK He-KEIUIEPOBCKOE, CIEAYET, 110 MEHbILIEH Mepe,
MpU3HaTh HETOUYHBIM. Taxke 3To OyneT o3HayaTh, YTO TAKHE CKOPO-
CTH M BOOOIIE JII0ObIe CKOPOCTH HANpPSMYIO CBSI3aHBl ¢ (PyHKLHEH
IJIOTHOCTU JUCKOBOM TAJIAKTHKHU.

Bplunciaum cuily, OEHCTBYIOIIYIO Ha TEJIO M BHYTPU JTOrO
nucka. Beruucnenus OynemM NmpoBOAUTH, YCIOBHO pa3OWB JUCK Ha
Habop oOpydeid, KaXablil U3 KOTOPHIX MPUTATHBAET TEJIO M HE3aBU-
cuMo oT apyrux. Ha crnenyromem pucynke paauyc Ro— 310 paamyc
BCETO0 JIUCKA, BHYTPH KOTOPOTO MPOOHOE TEJIO M, AJIsi KOTOPOTO MBI U
BBIYHCIISIEM CHJIBI, HAXOAUTCA Ha yaaneHuu RX or nenrpa. Cunraem,
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YTO Ha NMPOOHOE TEJNO ACHCTBYIOT JABE YCIOBHBIE CHIIBI: CHJIA, IPUTS-
ruBaroiasl ero B LEHTP, CyMMapHasi cujia oT oOpydeil ¢ paamycom,
MeHbIIUM RX, u ocmabistomas e€ cuiia, HampaBlIeHHAs HapyXKy, OT
LEHTpa AMCKa. DTy OCIabISIONUIyI0 CUTy, OYEBUIHO, CO3/1al0T BHEII-
HUE yacmu o0py4ell ¢ paanycom, mpeBblnaonmM RX. BHemHue va-
CTH o0pyuel — 3TO Te, UTO HAXOATCS 3a KoopAuHATOM RX.

1 | 0 xcosQp a 1
Puc.1.1. Cuna nputsokenus mexay muddepermuanom dM maccsl

JUCKa 1 HpO6HbIM TCJIOM M BHYTPH JUCKaA

OnemenrapHas cuiaa nputsokenus dF, cosmaBaemas mudde-
PEHIIMATBHBIM JIEMEHTOM JIF000r0 00pyda paBHa

dF =Gerzxm =GdS><,or(2X)><m

Huddepennnan maccel oOpyda ompenensem uepe3 audde-
peHIman miomanu ds, KOTOpbIi paBeH
ds=dxxxdep (1.1)
Paccrosinue r mexxy Maccoil m u nuddepeHuanbHbIM 3JIEMEHTOM
r’ =x’sin’ p+ (R, —Xcosp)’
r’ =x’sin®p+R? - 2R xcosp+x>cos’ ¢ (1.2)

r’ =x*+R? - 2R xcosg
[Toncrasnsiem (1.1) u (1.2) B ypaBHEHHE CUIIBI
dF =G POM™ g4

X° +R; —2R XxC0s¢
Orta cuia UMeeT JIB€ OPTOrOHAJIbHBIE COCTABIISIOIINE — BJOIb OCH X
U TMEepHeHAUKYIIpHO eil. [lepneHauKyssipHble CHUIIBI, B KOHEYHOM
cueTe, KOMIEHCUPYIOT APYT Apyra BeieAcTBHe cummerpuu. Hac ke
UHTEpECYeT TOJIbKO CHJIA, HAIIPABICHHAS BJIOJIb TOPU30HTAIBHON OCH,
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(dopmupyronre 00IIYI0 CHITy IPUTSDKEHUSI M B CTOPOHY LIEHTpa JncC-
Ka. DTa COCTaBIISAONIAs ONPEALISICTCS U3 MTOAOOHBIX TPEYTOJIbHIUKOB
dF, R, —Xxcose
dF r

oF, = dF R, —XC0S¢
r

HOI[CTaBJ'ISIeM BCIIMYMHY CHJIbI
dF — R, —Xcos¢ 5 £(X)mx
" X+RZ-2Rxcosp X +R{—2Rxcosp
[Ipeobpazyem

dxde

dFX =Gm (Rx _XCOS¢)p(X)X/2 dXd(D
(x> + R?— 2R xcosg)

HHTerI/IpOBaHI/ICM 10 BCEMY paanyCy AHUCKa HAXOJUM ITOJIHYIO CHITY
272'R0

g (R, —xcose) p(x)x
F = [dF, = [[em = —dxdp (1.3)
0 00 (X + Rx —ZRXXCOS(D)3
DTO M eCcTh MOJHOE 3HAUYEHUE CUJIbI, ACHCTBYIOLIEH Ha m, KOTOpOE
HAXOJUTCS B CpeaHer 4acTu aucka. OTMETUM, 94TO OCNabIsAIoNas Cu-
Jla TeM CHJIbHEe, 4YeM OJInKe m K HEHTPY AMCKA. 371eCh CIIeAYeT OTMe-
TUTBH clenyrolee. PaccMoTpuM cymMmy B CKOOKax B UHCIHUTENE
R=R,—xcosep (1.4)

[Ipu BbIYMCIIEHUAX MHTErpajia BEIMYMHA X JUIS1 HEKOTOPOTO MOJI0XkKe-
Hus tena RX uamensiercst B untepBaie ot 0 10 Ro — Ha monHOM WH-
TepBaje paanyca AMCKA. ITOT MHTEpPBAI X clieAyeT (popManbHO paz-
JIETUTh Ha JiBa ydacTka. Ha nepBom ywactke Bcerma X < RX, Ha BTO-
poM — Bcerza X > RX. DTo npuBOIUT K TOMY, YTO B IEPBOM Cllydae
BenmunHa (1.4) u cooTBeTcTBYrOmMiA eif maTerpain B (1.3) okaspIBaeT-
Csl TIOJIOKUTENBHOM BETMUMHON 6ce20d, a BO BTOPOM, MPU HEKOTOPBIX
yriax @, BennunHa (1.4) u coorBeTcTByroUMid el maTerpan B (1.3)
CTaHOBATCA OTpULIaTeIbHBIMU. Ha 3HaKk MHTErpana 3HaMeHaTeNb BIIM-
SIHUSI HE OKa3bIBAeT, MOCKOJbKY CyMMa KBaJpaTOB BEJIMYMH BCErja
Oospllle MX YABOCHHOTO Mpou3BeAcHUs. JleWCTBUTEIbHO, MaKCH-
MaJbHOE 3HAUYEHHWE OTPHIATEIBHOTO CJIaraeMoro, CrocoOHOro cie-
JaTh 3Ty CYMMY OTPHMILIATEIbHON, ONPEAEIAETCS 3HAUEHUEM KOCHHY-
ca. MakcuMyM OTpHUILIATEIbLHOW BEJIMYMHBI OYEBHJIEH — 3TO €IMHUY-
HO€ 3Ha4Y€HUE KOCHHYCa:




R=R’+x*—2R xcosp (1.5)
B sTOoM cityuae nongydaem ypaBHEHHE

R=R*+x*-2R x=(R,—Xx)*>0

To ecTh, MBI MOTYYHIIM BEITUYHHY, KOTOpasi HUKOTJA HE MPHHUMACT
OTPHUIIATENLHBIX 3HAYEHUH, cieoBareNbHo, 1 (1.5) Taxke Bceraa mo-
JIOKUTENNbHA. JTO 03HAYaeT, YTO MPHU 3HAYCHHUAX Mapamerpa X, s
HEKOTOPBIX OOpYyYeH NHCKa, SBISIOMIMXCS JJII M BHCIIHUMH, CHIIA
MPUTSDKCHUST TIPU ONPEISIEHHBIX YrilaX () MMEEeT OTPHUIATeNbHBIC
3HAYEHUS, TO €CTh, YMCHBIIIACT CHJIY HMPHUTSHKECHUS Telia B CTOPOHY
[IEHTpa JHUCKa. 3aluileM OKOHYATEIbHOE YpaBHEHHE I PE3yJbTH-
pYIOLICH CHIIBI, ICUCTBYIOIIEH Ha IPOOHOE TEI0 M

Zﬂ'Ro _
F, ij j (R, —xCOs9)PX _ydpp (1.6)
x ?+R?-2R xco0s )3

BriBeieHHOE UHTErpaibHOE YPABHEHHUE MTO3BOJISIET OCTPOUTH
KPUBYIO BpallleHUs MO TpaduKy TUIOTHOCTH BEIIECTBA TaJIAKTHKHU.
JlJis TOCTHKEHUs MTOCTABJICHHOM e, onpeaesieHns QyHKIUU TI0T-
HOCTH TI0O KPWUBOH BpalIeHHs, HAM, OYEBUIHO, HY)XHA U (YHKIHS
3TON KpUBOU BpaleHusl.

Jnst Gosnpiielt HArISAHOCTH B BBIYMCIICHHSX MBI Oyaem uc-
MOJIb30BaTh PeajbHYI0 KPUBYIO BpaIlleHUS — HAOMIOJaeMyl0 KpuBas
BpauieHus rajgakTuku Miueunsiid [1yte. @yHKIHA 3TOW KpUBOM Bpa-
IIeHUsI TIPe/ICTaBIeHa B TaOnuyHOM Buje. Kaxaas KpuBasi BpalieHus
SIBJISIETCS] IPOU3BOTHOM OT CHJIBI MIPUTSDKEHUS M OTIPEIEISIETCS U3 pa-
BEHCTBA 3TOM CUJIbI CUJIE ueHTp06e>1<H0171

MIII mv?2
— (1.7
R ( )

Cuny TpUTSHKEHUST HaM TIO3BOJISIET BBIYHCIUTH HAIle WHTE-
rpanbHOe ypaBHeHue (1. 6) CHC}IOB&TGJ‘IBHO

27zRy 2
- R [ O 41
(x +R2 2R xcosp) * R,
[Tpeobpasyem ypasuenue (1.7)
FR=GMM_ 2
R
FR_gM _,
m R
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ITockonabKy M3BECTHOM, BBIYUCIISIEMOM BEIMYHMHOW y HAC SIBJISAETCS
cuna F, cpeHIoro 9acTh ypaBHEHUH OTOpachiBaeM

FR

m
3neck cunoit F saBnsiercst cua (1.6). Caenaem 3amuch emié Kopode,
MIPUCBOUB Macce m €MHUYHOE 3HAUYCHHE.
v=+FR

OT0 ypaBHEHHE MBI U OyJeM HCIIOJIb30BaTh JJISI MOCTPOCHUS
KpUBOH BpallleHuUs, SIBISIOMIENHCS MPOU3BOAHON OT (QYHKIMHU IJIOTHO-
cTH, MOCKOJbKY cuia F B ypaBuenuu (1.6) cama siBisieTcst pyHKIuei
IUIOTHOCTU. 3aMETHUM, YTO BBIBECTH OOPATHYIO aHAIUMUYECKYo 3aBU-
CUMOCTh — (DYHKLMHU TUIOTHOCTH OT CKOPOCTH BpallleHHs — 3ajauya,
KaK OKa3alioch, KpaiHE CIIOKHAs, €cli BooOmie paspemumas. s
pellleHrs TMOCTAaBIEHHOM 3alayM y Hac, TaKuM 00pa3oM, OcTaétcs
TOJIBKO OJTHO CPEACTBO — UTepanus. Mel 3a1aéM HEeKui 3aKOH, QyHK-
LU0 IJIOTHOCTHU, IO KOTOPOU BBIYHCIISIEM KPUBYIO BpallleHUs, CTPOUM
e€ rpaduk. Eciam 3T0T Tpaduk BU3yalbHO, CYOBEKTUBHO HE COBIA/Ia-
€T C STAJIOHHBIM, KOPPEeKTUpPYeM (DYHKIHMIO IIIOTHOCTH M IMOBTOPSEM
BBIUUCIICHUS JI0 TEX TOp, OKa He OyJeT AJOCTHTHYTO MUHUMAIBHOE,
IpUEMIIEMOE pa3JInyue rpauKoB.

2. ITocTpoenne NpoOHBIX THATPAMM

Wtak, Mbl BBIBEIM JOCTATOYHO MPOCTOE MHTETPAIILHOE YpaB-
HEHHUE JJI MOCTPOCHHUS CUJI, NEUCTBYIOIIMX Ha TEJIO0, MOMEIIEHHOE
BHYTPb IBUIEBOTO JUCKA C IEPEMEHHOM IJIOTHOCTHIO. B mpouecce ero
WCCTIEIOBAHMS, TIOCTPOSHUS KPUBBIX BPAIICHUSI IJIs1 pa3HbIX (PYHKITUH
TJIOTHOCTU OBLIM TMONYYEeHBI MHTEPECHBIC, U JaKe, MOXKHO CKa3aTh,
YAUBUTEIbHBIE PE3YyIbTATHI.

[TepBas >xe rpadudeckas mpoBepka cHOpMUPOBAHHOTO MHTE-
rpajia CWJ MoKa3aja JOBOJBHO JIFOOOMBITHBIA PE3yNbTaT, KOTOPOMY
MOKHO TPHBECTH JIOCTATOYHO JIOTHYHOE OOBsiICHeHHe. PaccMoTpum
TUarpaMMy CHJI TIPUTSDKCHHS TeJla, HaXOIAIIEroCs Ha pa3HBIX yaalie-
HUSX OT LIEHTpa BHYTPU OJHOPOJIHOIO AMCKA, AUCKA C HEU3MEeHHOU
IJIOTHOCTHIO. BBIUMCICHUS caenaHbl YUCICHHBIM WHTETPUPOBAHUE
ypaBHenus (1.6) B "caBoeHHoM" pexxume. B mporiecce uHTErpUpOBa-
HUS Ha MarpamMMy BBIBOAMJINCH JBA 3HAYEHUS, TI0 OJTHOMY JUISI KaXK-
noro u3 AByxX rpadukoB. OqHO B MOMEHT paBeHCTBa X = RX, korma



OMpeJIeJICHO YaCTUYHOE 3HAUCHUE UHTErpaja, B KOTOPOM NepeMeHHast
MHTETPUPOBAHUS X paBHA RX, paananbHON KOOpAUHATE TOYKH PaCIo-
JIO’KEHHS Telna m. JTO 3HaYECHUE UHTETpalia, MOHATHO, COOTBETCTBYET
BEJIMYMHE CUJIBI TOJBKO OT BHYTPEHHHX 00pyueil. Bropoe 3HaueHus
HWHTErpajia — KOHEYHOE, COOTBETCTBYET CHJIE NMPUTSHKEHHUS OT BCEX
o0Opyuer.
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Puc.2.1. Cunbl nputsxeHuss FX0 — TOIbKO OT BHYTPEHHUX OOpydei;
FX — or Bcex o0Opyueii; a) — paBHble MaciTadwl; 0) — rpaduk FX B
YBEJIMYEHHOM MacIiTabe

6 7 8 9 10

Ha BepxHem pucyHnke, puc.2.1a B paBHbIX MacuiTadax MnpuBe-
nensl rpaduku: FX — rpaduk momHOM CUIlbl, ¢ Y4€TOM BHEUTHUX CIIO-
€B mucka, FXo — 6e3 yu€ra atux cinoés. HamomuuMm, 4to 115 0ObeKTa
M BHEIIHUE CIIOM JTUCKA — 3TO YCIJIOBHBIE 0OpYYH C pajnycoM, Ipe-
BBIIIAIONIUM YIaJEHHOCTh 00bEKTa OT LeHTpa aucka. ['paduku Ha
puc.2.1a MONHOCTBIO BIHKCaHbl B quarpamMmy. Ha HMDKHEM pHCYHKe
puc.2.16 rpapuk FX mpuBenén B yBenmnueHHOM Mmacitade. Kak Bu-
UM, Ha HaYaJIbHOM ydYacTke rpaguk FX yxoaut B MuHyc. ITO O3Ha-



4aeT, 4TO TEJIO MPUTATMBAETCA HE K LIEHTPY AMCKA, a HAPYXKY, K €ro
nepudepuu, sHympu 00pyda TeJIO0 UCIBITHIBAECT CUILY IPUTSKEHUS K
ero Oaudicreti yactu. Ckadok rpaduka FX B camoM Havane KOopAuHAT
MOKET OBITh CBSI3aH, HaNpUMeEp, C AOCTATOYHO IpyOOi AHUCKpPETHO-
CTBIO HAa HAYaJbHOM JTarne. J[eNCTBUTENBHO, OKPYKHOCTh Ry panuy-
COM B OJIHY JHCKPETY IPOrpaMMoOi paccMaTpUBaeTCs HE KaK OKpPYXK-
HOCTh, a KaK MPSMOYTOJIBHUK co cropoHamu dX Ha mdX. pyroii Ba-
pUAHT OOBSICHEHUS NMHKa — HA HayaJlbHOM JTare, Ha MajblX JUCTaH-
LUSAX BIUSHUE BHYTPEHHUX CUJI JUCKa BbIlIE, yeM BHemHUX. [Ipose-
PUTh, YTO U3 ATOTO BEPHO, MOKHO JIMILb YBEJIMYUB TOYHOCTH BBIYHUC-
JIeHU B 00JIaCTH LIEHTpA JAKCKA.

Ha Bepxnem pucyHnke puc.2.1a BumHO, 4to 06a rpaduka co-
IUTUCh B OJIHOM TOYKE. DTO TaKke OOBSICHUMO: Ha Kparo JUCKa y
MIPUTSTUBAEMOTr0 TeJIa HEeT BellecTBa "3a CIMHOU", To3TOMY 00€ pas-
Hble CUJIbl IPUTSKEHUS HallpaBJICHbl B IEHTP AUCKa. BennunHa 3Toit
CHJIBI, OYEBHJIHO, HE JOJKHA 3aBHCETh OT CIIOCO0a €€ BHIYUCICHUSI.

I'pa¢puk FXo mpakTthyecku NpsMONMHENHHBIM, TO €CThb, CUia
MPUTSKEHUS. K LIEHTPY OJHOPOJHOTO AMCKa Tela, HaXOJSIIerocs Ha
€ro Kpato, IpsiMo IPONOPLUOHAIbHA PAJUYCY JHCKA.

0 1 2 3 4 5 6 7 8 9 10

Puc.2.2. Cunbl npuTsHKeHUS AMCKA C TUNEpOONIMYEecKON (QyHKIUeH
IJIOTHOCTU: FXO — TOJIBKO OT BHYTpeHHUX o0pyueit; FX — ot Bcex 00-
pyuen

YTo MHTEPECHO U Jake YIMBUTENIBHO, MPU yuéTe "BHEIIHUX
cnoéB", o0pyuel Takoro aucka rpauk Cuibl FX ITOBONBHO JOJTO
pacTéT MOYTH IO 3aKOHY Mapaloibl, a BOIU3U Kpast JUCKa — CKOPOCTh
pocTta pe3Ko BO3pacTaeT. IJTO O3HA4YaeT, YTO CHJIa MPUTSHKEHUS
BHEIIIHUX YacTed AMCKa HapyXy OyKBalbHO "mojaBiser" CUIy HpH-
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TSDKEHUS! BHYTPEHHHUX AUCKOB. /{11 cpaBHEHUS OCTPOUM TpauK CHUI
JUIS IMCKa C TUNepOoIndeckod (pyHKUIMEW MIOTHOCTH, IUIOTHOCTH,
KOTOpas yObIBaeT OT IIEHTpPa AUCKA K ero nepudepun — puc.2.2.

Jis  Takoro 4acTHOro, CHeHu(pHUYEeCKOro pacrpeaeacHus
IUIOTHOCTH JIMCKa KpUBas BpalleHust nmpuolOpena BUI, SIBHO OTJIMYA-
IOIIMICA OT KEIJIEPOBCKOIo, puc.2.3.

10 | e i w i vy
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Puc.2.3. luck ¢ runepbonanueckoil (QyHKIMEH IIOTHOCTH
UMEEeT KPHUBYIO BpalCHUS, TPUOIIKAIONIYIOCS K HAOI0AaeMON Kpu-

BOM BpanieHus rajlakTuku Mueunsii [1yTs

HavanpHplii ydacTok rpaduka IUIOTHOCTH Ha puCc.2.2 U
puc.2.3 yxoauT no runep6ose nanexo BBepX. Ero ypaBHeHue

p(=—L= (21)
1+/x
Pa3ymHee ObLIO MPEANOIOKUTH, YTO IUIOTHOCTH Py HEM3MEHHA HE
TOJBKO B TOYKE, a HA HEKOTOPOM HHTEpBaJIe€ HaYaJIbHOTO y4acTKa, B
LEHTpalIbHOU YacTu aucka. [locne KOppeKTUPOBKHU, YCTAHOBKH IUIOT-
HOCTH Po Ha TAKOM y4acTke rpadux npruodpén takoit Bua puc.2.4.
Heusmennoe 3Hauenue miotHocT ObUTO 10 T = 0,59 BKIIIOUHM-
TenbHO. BHemHee, mpuONIM3UTENbHOE CXOACTBO Ipaduka ¢ KpUBOM
BpauleHusi Mneunoro IlyTu, HECOMHEHHO. A €ClIM MU3MEHUTH ILIOT-
HOCTh Ha JPYroM WHTepBajie paauycoB? [TONBITKH TOYEYHOTO H3Me-
HEHUsI TUIOTHOCTH MOKa3aIM, YTO NPSIMON, MPONOPLIMOHATIBHOMN CBSI3U
MEXIy TpauKOM TUIOTHOCTH M KpPHBOW BpamieHus HeT. Kaxapiid uz-
rub rpaduka MIOTHOCTH, U3THO B JIOOON €ro TOYKE MPUBOAMT K U3-
MEHEHHIO KPUBOMW BpaIIEHUS TAK)KE U B IPYTUX €€ TOUKaX.
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Puc.2.4. luck ¢ runepOoaruecKkord (yHKIMEH IUIOTHOCTH H
OTCEYEHHBIM BEPXOM, MAaKCUMyMOM HMEET KPUBYIO BpAIlCHHUs, [0-
BOJIFHO CHJIBHO MPHUOIIKEHHYIO K HAOII0IaeMOM KpUBOM BpalieHUs
rajiakTuku Muneunsiii [1yTe

_____ ™ |

Vaen(T)

0 1 Z 3 4 5 6 7 8 9 1‘6
Puc.2.5. HeGonpiioii BbicTyn Ha rpaduKe MIOTHOCTU BEAET K
CHJIbHOMY UCKa)XEHHUIO0, BCIUIECKY Ha KPUBOH BpallleHus

HeOonpias miomazka B o6aactu I = 4,5 npusena K JOBOJIBHO
ceprE€3HON nedopmanuu KpuBoi BpamieHus. [IpoGyem ckaukooOpas-
HO M3MEHUTh IUIABHOCTh M3MEHEHUs IUIOTHOCTU B KOHLE rpaduka,
nocyue I = 8.

[TnotHOCTH ObLTA chopMHUpoBaHa GAaKTUUECKU U3 JIBYX UHTEP-
BasioB (ckauok Ha 8). [lo 8 mokazarenb creneHu B ypaBHeHUU (2.1)
n=0,5, nocne 8 nmokazarenb n = 0,3. [Ink Ha KPUBOI BpalllEHUSI OKa-
3ancst BechbMa KpyThiM. Ha rpaduke cuibl FX 3TOT ckadok cyie-
CTBEHHO MEHbIIE, YTO OOBSICHUMO €0 KBaJIpaTUYHOW 3aBUCUMOCTBIO.
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3aM€TI/IM, 4qTo rpa(bmc IJIOTHOCTU B KOHIC OHWCKAa MMCECT HCHYJICBOC
3HaA4YCHUC.

Vurw(T)

0 1 2 3 4 5 6 7 8 9 10

Puc.2.6. Ctynenbka Ha rpaduke TUIOTHOCTH BEAET K CHIIBHO-
MY UCKQ)XCHUIO, IIMKY Ha KPUBOW BpallCHUS

Cumras, 3TO HE COBCEM BEPHO, BHOCUM HEOOJIBIIYI0 KOPpEK-
TUPOBKY B ypPaBHEHME IIJIOTHOCTH, CJI€JIaB €€ 3HAaYCHHUE Ha Kparo JAMC-
Ka paBHOU HYIIIO

Po P
n n
1+x° 1+ X,
®opmupyem HOBBIM uHTEpBan N = 0,45 mocne r =8 u crpoum aua-
rpammbl. CKadoK NpUBEd K HEMHOTO YMEHBUIEHHOMY 3(QQeKTy, HO
MO-TIPE)KHEMY C 3aMETHBIM MMKOM Ha KPUBOM BpaIlleHHUS.

...............
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Puc.2.7. Ilux Ha KpHBOM BpalleHHs BO3HMKAET MpPH JIOOOMH,
Jla’ke caMoi Majiol CTyIeHbKe Ha rpaduKe MJI0THOCTH

— |

0
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D¢ dexTsl ABHO BBI3BaHBI ckaukom TOoTHOCTHU. [Ipodyem 3a-
MEHHTh CKAa4OK B I' = 8 IUIaBHBIM NEPEXOJOM U Ul CPaBHEHUS J0-
OaBisieM CKaUKM Har=5wuHar=9,2.

Virn(T)

0 1 2 3 4 5 6 7 8 9 10

Puc.2.8. [InaBubIli u3rubd, mepexoa Ha rpaduke IUIOTHOCTH
BeIET K TaKOMY K€ TUTABHOMY M3THOY HA KPUBOW BpAIICHUS

[IpocmarpuBaeTcsi 3aKOHOMEPHOCTh: CKaYKH IJIOTHOCTH BCe-
I7la IPUBOJAT K MOSBJICHUIO TMKOB Ha KpUBOI Bpamienus. Hanportus,
TUTABHBIA Tepexo Ha (YHKIUHU TUIOTHOCTH HPUBOIUT K TaKOMY Ke
IUTaBHOMY M3ru0y KpuBOH BpaiieHus. i1 HOBOI MPOBEPKH JienaeM B
obnactu r =5 nmapaOoJIMYECKyl0 BBIMYKJIOCTh HA (PYHKIIMH IJIOTHO-
ctu. C nonyuyeHHO! (pyHKIMEH MIOTHOCTH (parMeHT KPpUBOM Bparie-
HUS IpUoOpen BUJ

10 —p | L ) s o LA SRS |01 RS
PR [ et I r
PN V(@) 47
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i
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H
i p(r)
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0 ]
0 1 2 3 4 5 6 7 8 9 10

Puc.2.9. IlnaBueiii napabonnyeckuil u3rud Ha rpaduke mioT-
HOCTH TIPUBEN K 3HAYUTEIFHOMY, HO TUIABHOMY HM3rHOy Ha KpUBOM

BpallICHHUA
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Ha rpaduxe BuaHO, 4TO B TOUKE U37I0Ma (DYHKIIMH TNIOTHOCTH
Ha KPUBOH BpAIllEHUS TaKKe 00pa3yeTcst 3aMeTHBIN u3ioM. Ho mias-
HOCTh M3MEHEHHsI (YHKUMHU IUIOTHOCTU TMO-TIPSKHEMY MPHUBOIHUT K
[JIaBHOMY HM3MEHEHHIO KpuBO# BpamieHus. lpu 3Tom MoxHO mpen-
MOJIOKUTh, YTO HA WHTEpBANE HeusmMeHHocmu (PYHKIUHU TUIOTHOCTH
KpuBas BpaileHusi pacmém. OO0miasi TeHACHIMS K YMEHBIICHUIO 3Ha-
YEHMs IUIOTHOCTU BEAET K TAKOMY K€ YMEHBUIEHMIO U BEIMYUHBI
CKOPOCTH Ha KpUBOM BpaIlleHHUsI.

3. Moadop pyHKUMHU MJIOTHOCTH

MO>XHO OTMETHUTh, YTO HMCIIOJL30BAHHUE TJIAJKNX aHAIIUTHYC-
CKUX KPUBBIX I (YHKIUHU IJIOTHOCTH JAET CTIIQXKCHHOE, IJIaBHOE
npuOIKeHne K KpuBoil BpameHuss Mneunoro Ilytu, e€ rpaduxy,
(dbopMHUpyeT JTOCTATOYHO TUTABHYIO KPUBYIO Ha BCEM €€ TIPOTSIKCHHH.
WNHuaue roBops, nepeMeHHas MJI0THOCTb MO3BOJISIET OJIYYUTh KPUBbIE
BpaleHUsl C Pa3JIMYHBIM YKIOHOM. Takum o0pa3om, cleayeT Mpei-
MOJIOKUTh, YTO MOKHO IMOCTPOUTH KPUBYIO BpalleHHE 170601 (HOPMBI,
B TOM YHCJIE, U MaKCUMaJbHO MOXO0XYI0 HAa KPUBYIO BpalleHUs Ta-
naktuku Mueunsiii [lyts. B camom gene, cnupanbHbI TUCK Trajlak-
TUKHU BIIOJIHE MOXXHO paccMaTpuUBaTh KakK CIUIOIIHOW, HO WMEIOIIUI
MEPEMEHHYIO IIJIOTHOCTh BEILIECTBA.

[IpoBeeHHBIE BHIYMCICHUS JOCTATOYHO OTUETIUBO TMOKA3AIN
TaKyl0 BO3MOXKHOCTbh KOPPEKTUPOBKM KPUBOM BpaIllEHUsS U3MEHEHU-
eM (QyHKUMM MI0THOCTH. OJHAKO CIIOXKHOCTh Moadopa (yHKIUU
IJIOTHOCTH, B CBOIO OYEpeb, MOKa3ajga, 4To JJIs JalbHEHIINX IO-
CTpOeHU TpedyeTcsi pa3zpaboTaTh KaKOW-TO MEXaHU3M, IMPOIEaypy,
obneryaromue GopmupoBanue pyHKINUU IOTHOCTH.

OyHKIUS TUIOTHOCTH, KaK U Bce rpaduK Ha JUarpaMmmax, B
Halux BbIYHMCIEHUsIX cocTouT U3 1000 Touek, mo3TOMy U3MEHUTH UX
BCE€ BT JIM BO3MOXKHO U HE00X01uMO. [ToaTOMY MBI 1€TMM BECh WH-
TepBasl QyHKIuH Ha 10 y4acTKOB, Ha KOTOPBIX KPUBOJIMHEHHBIN Tpa-
(UK QYHKIIMU TUTOTHOCTH 3aMEHsIeM MPSAMBIMHU JTUHUSIMH. Vcmomns30-
BaHHE BMECTO MPSAMBIX JTUHUHN Napa0dol UM THUIepOo 0Ka3aloch He-
OTIPABJAHHO CJIOKHBIM, TTOCKOJIBKY B HEKOTOPBIX CIydasx H3JIOMBI
COXPAHSJIUCh U JaK€ BOSHUKAJIM HEECTECTBEHHbBIE OTKIOHEHHUSI.

3meHeHnss TPOM3BOAMM B y3jaX OJTHX MPIMOJIUHEHHBIX
Y4acTKOB, B TOUKaxX M3JIOMa, coeuHeHus auHui. Mcnonb3yem 11 To-
YeK, COBIMAJIAIONINX C JIMHUSAMHU CETKH rpadwuka: ro, los, r1...l10. I'pa-
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(GuUKy IUIOTHOCTH B HA4aJbHOM YacTH MPHUCBAaMBaeM el OJWH Mapa-
METp — 3Ha4eHUEe MAKCUMYyMa, IHKa rpaduka.

Kaxnpii y4acTok 3amaéM KOOpAMHATAaMU Hadajla M KOHIA
(XuYn - XYx). YpaBHEHUE JTMHUM ompenensieM Mo 3TUM TodkaM. CHa-
gasia HaxoauM Kod()(PUIIMEHT HaKIOHA TIPSIMOI

y,=ax, +b
y,=ax +b
yH - yK' = a.>(H - aXK'
gz Yu— Ve
XH - Xk
CBOOOIHBII YIEH HAXOAUM U3 MIEPBOTO YPABHEHUS
y =Y Yey 1
XH - XK
i
b=y, ———%Xx,
XH - XK
Cucrema ypaBHEHUM ISl TOCTPOCHUST 000OIIIEHHO UMEET BH/T
y=ax+Db
ao Yu= Y
XH - XK
b — y yu y
H XH _ XK Il

B nepBoM BapuaHTe Ha Ha4aJIbHOM MHTEPBAJIE MBI UCIOJIb30-
BaJIM MapaloJINYECKyI0 KpUBYIO, 10A00paHHyt0 paHee. s Gpopmu-
poBaHus paboueil (GyHKIMU MIOTHOCTH ObUIa MCHOJIB30BAHA UCXOJ-
Hast QYHKIMS MI0THOCTH (2.1), rpadmK KOTOPOIi Mmocie anmpoKcHMa-
UM OTPE3KAMU MPSAMBIX TPHOOPEN cne;[yloumn BUJ
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Puc.3.1. Ucxonnas pyHKIUS MIIOTHOCTH

Hcnonb3ys 3ToT rpaduk TUIOTHOCTH JAUCKA, IO €70 KOPPEKITUU
CTPOMM HCXOJIHYIO KPUBYIO BPAICHHUS.
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Puc.3.2. KpuBas BpameHust o UCXOAHOH (PYHKIINH IUIOTHOCTH

OtmedaeM, YTO KpuBasi BpallleHUS SBHO, CHJIBHO OTJIMYAeTCA
OT KemjepoBckoi. Ternepb BHOCUM HU3MEHEHHE B (DYHKIUIO IUIOTHO-
ctu. [ly1g Hayana KOppeKTUPYEM TOUKY X1
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Puc.3.3. Kpusas Bpaienus nocie JegopManuy KCXOJHON QYHKIUU
IJIOTHOCTHU

V3MeHeHre KpUBOW BpallleHUs BUAHBI TOCTATOYHO OTYETIIHU-
B0. HamomHuM, 4T0 Hac nHTepecyeT (QyHKIMS IUIOTHOCTH, IPUBOJIS-
masi K KpUBOM BpalleHHUs HAIIeTo JMCKa, MOJA00HON HaOIrogaeMoin
KpUBOW BpameHus ranaktuku Mieunslii IIyte. llocienosarensHo,
MHTYUTHBHO BHOCHM M3MEHEHHMsI B JAPYrue TOUKU (PYHKUIUU TIOTHO-
ctu. I'padux dpopmupyeMoil KpruBOil BpallleHUs] 3aMETHO MPHUOIIHIKa-
eTCsl K KpUBOW BpallleHUs TaJlaKTUKH.
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Puc.3.4. IlepBoe nmpubnmxeHrne KpUBOH BPaAIICHUS K 3TATOHY

[Tockonbky MUK KPUBOM BpallleHUS IUCKA OBLI 3aMETHO CMEIIEH
BIIPAaBO OT IHMKAa KPUBOM BpalleHUs rajakTUku Miteunsiii [1yTs, Mbl
YBEJIMUWIM MUK IUIOTHOCTH aucka 10 50. CMelieHne yMEeHbIIMIOCh.
Ha cnepyromux pucyHKax NPUBEICHBI PE3yNIbTaThl IPYIUX IOCIENO0-
BaTENIbHBIX OMIIMPUYECKUX MPUOIMKECHUH, TOATOHKH (QYHKIUU

IINIOTHOCTHU
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pO)=50

p(r)

L 7 S - N R V)

S = N W A M 9 ®

0 1 2 3 4 5 6 7 8 9 10
Puc.3.5. a)...1) — mocnenoBaTenbHbIC MPUOIMKEHUS KPUBO Bpariie-
Hust V() IMCKa K 3TAIOHY — KPUBOM BPAIICHUS Viny(I) TaTaKTHKH

Mneunstii [1yTs

Ha puc.3.5a)...1) npuBeaeHbl KpUBbIe BpALICHUs AUCKAa U CO-
OTBETCTBYIOIIME UM (DYHKIIMU IJIOTHOCTH, MOJIyY€HHBIE B PE3y/IbTaTe
uX TmnocnenoBareabHo aedopmanuu. Kpuble BpallleHus 3aMETHO
NpUOIM3UINCh K KPUBOW BpallleHUs TalakTUKH Mieunsiid IlyTs.
[IpoGyem em€ TouHee cOMM3UTH rpaduku. 3aKIHOUUTEIBHBIA 3Tl
TAaKoOro mojadopa MpuUBEAEH Ha cienyromeM pucyHke. Kak Buaum,
KpUBasi BPAIICHUSI JUMCKA BBITVISIIUT JOBOJBHO OJM3KOM K Habomae-
MOM KpUBOM BpalleHus rajlakTuku Mueunsiii [yt
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Puc.3.6. ITogoO6pannas GyHKIUS TUIOTHOCTH P(T) U COOTBETCTBYIOIIIAS
eil KkpuBast BpaiieHus V(I) mprueMmiieMo, MaKCUMaIbHO COBITAIA0IIAs C
ITAJOHHOW, HaOMIOMAeMON KpHBON BpalieHuss Vmw(f) TraJakTHKH
Muieunsii IlyTe

Pesynbrar, coBnazenre KpUBbIX BpalleHUs Ha puc.3.6 cieny-
€T MpU3HATh XOopomwM. HekoTopsie cnenupuieckrue OTKIOHSHUS B
Hayajie ¥ KOHIIE KPUBBIX MOXHO 00bsAcHUTH. Ha HawyanbpHOM d3Tare
JOCTUYh XOPOIIEH TOYHOCTH HE IMO3BOJISIET AWCKPETHOCTHh rpaduka.
[Teprie 10 Touek BbIBOuATCS ¢ morpemHocThio OT 10 mo 200%.
Hamnpumep, paznuuvs MeXay MepBbIM U BTOPHIM IIaraMH JIBYKpat-
Hble. B KoHeuHOI Touke rpaduK KPUBOM BpallleHUs IMCKa CBA3aH CO
CJIOKHOCTBIO TOA0O0pa (PYHKIMU TUIOTHOCTU. MHTEpBanm ciaumikom
JUTMHHBIH JIJIs1 TOCTaTOYHO MOAPOOHOMN AeTanu3ainnu (yHKIUH.

Bmecte ¢ TeM ciemyeT y4yecTb M €lI€ OAHO HEMaJOBAXKHOE
00CTOSITENTLCTBO: aNMpOKCUMUpyeMas HabNogaemMasi KpuBasi Bpalile-
Hus ranakTuku Mieunsiid IlyTe cama mocTpoeHa ¢ JOBOJIBHO OO0JIb-
LIOM MOrPEIHOCTEIO.

N3 mpoBeAEHHBIX BBIYMCICHUN MOXHO cienath BbiBOA. Ciie-
IyeT TPU3HATh MNPUHIUIHAIBHYIO 803MOXNCHOCMb (HOPMUPOBAHUS
maxkotl (YHKIUHA TUIOTHOCTH JIMCKA, W3MEHEHHUS €r0o pPaJuaibHON
IJIOTHOCTH, KOTOpasi TO3BOJISIET MOMYYUTh J1H00VI0 3aJaHHYI0 HaMepen
dbopmy kpuBOW BpameHus. B dacTHOCcTH, copMHUpOBaHHAS BBIIIES
BIIOJIHE pealibHasi (YHKIUS TUIOTHOCTH JWCKA MO3BOJISIET MOJYYHTh
KpUBYIO BpalleHUs], IPEIEIbHO COBMAAAIONIYIO ¢ HAabI01aeMoi Kpu-
BOM BpaieHus rajgaktuku Mueunsii Ilyte. CnenoBarensHo, cymie-
CTBYIOT Takue >X€ (DYHKIIMM TIJIOTHOCTH JUCKA, COOTBETCTBYIOIIHE
KPUBBIM BPAILEHUS IPYTUX TANAKTHK.
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UTO HENMOCPEICTBEHHO KACAETCs B3ATOM 3a 3TAJIOH TaJlaKTHKU
Mneunsiii [lyTh, TO moOCTpouTh s He€ axmuyeckyio (PYHKIHIO
IUIOTHOCTH, BUJUMO, TEXHUYECKU BO3MOKHO. CyJsl TI0 BceMy, HE0O-
XOJUMBIE JIJISl BBIYMCIICHUN OCHOBHBIE ITapaMETPhl BCeX €€ COCTaBIIs-
IOIIUX W3BECTHBI: KOOPJMHATHI 3BE3/] M UX MacChl. BriojiHe BO3MOXXHO
MOCTPOUTH TpaduK cuJjl, AEHCTBYIOLIMX HA HEKOTOPYIO 3BE31y, Mapa-
METpPBI JABUKEHUS KOTOPOU, MPEANOI0KUTEIbHO, HE COOTBETCTBYIOT
3akonam Kemnepa. [TonsitHO, uTO 111 3TOr0 MOTPEeOyeTCs MPOU3BECTH
BBIUMCIICHHUS €€ CHJIOBBIX B3aUMOJECHCTBUI C HECKOJBKUMH MUJIIU-
apJlaMU OCTaJIbHBIX 3BE3] TaJaKTUKU. Takue BHIYMCICHUS SBISIOTCS
SKBHBAJIIEHTOM PAcu&TOB IO TUIOTHOCTH, MPUYEM B HUX VCPEOHEHHA
IJIOTHOCTh MPEJCTAaBIICHA B MOYHOM IHUCKPETHOM BHUJE, B BHUJE Map
3Be3na-3Be3/1a. CepbE3HYyI0 TPYAHOCTh MPU TAKUX pacy€Tax COCTABHT,
BUJIUMO, YUET MacC ra3oIblUIeBbIX O0BEKTOB. BhluncieHHas cuna Juis
MPOOJIEMHOM 3BE3/IbI JACT TOYHOE 3HaUeHUE e€ (PAaKTHIECKOH CKOpO-
CTH, COOTBETCTBYET JIM OHA €€ yCTOMYMBOMY OpOUTaILHOMY JBHIKE-
HUIO.

4. @yukuus Maccol aucka M(r)

[ToMumo KpHBOW BpalieHUs QYHKIUS IJIOTHOCTH IO3BOJISET
MIOCTPOUTH TaKXe U Tpaduk pacrpeneseHus maccol 00bekTa. IIpose-
NEM CpAaBHMTEINIbHBIN aHAJIN3 IOBEJICHUS MACChl JUCKA, CPABHUM aHA-
JUTUYECKOE U YHCIIEHHOE UHTErpUpOBaHUEe (QYHKIIMU MAcChl: Kak 3a-
BHUCHUT NOJIHAS M YaCTHUYHAsl Macca JIMCKa OT (YHKIMH €ro MIOTHOCTH.
Hccnenyemblit TUCK UMEET B OOLIEM Cllyyae nepemeHHylo pajuallb-
HYIO IUIOTHOCTB, 3aBUCSLIYIO OT YAAJIEHHOCTH OT LieHTpa. B ciydae
NEepEeMEHHON IUIOTHOCTU AuddepeHnran Maccel, Macca 3J1eMEHTap-
HOT'O y4acTKa JIMCKa ONPEIENSETCS B CIEAYIOIEM BUIE

dM = p(X) xdxx xde (4.1)

Hailiném yacTuuHyr0 MacCy JUCKa, €r0 BHYTPEHHEH JMCKOBOMN
YacTH HEKOTOPOTro paguyca RX, To ecTb, paduanvroe pacupeneneHme
Macchl. JTa Macca, OYEBHIHO, HapacTrarolas, 4eM OoJiblie pagauyc
RX, Tem Oonbme macca. Wcnonw3ys nuddepenuuman (4.1), maccy
MOKHO HaWTH MHTETPUPOBAHMEM, yKa3aB paguyc aucka Rp B kaue-

CTBE BEPXHETO TPeJIeia MHTErpaIa 1o Paanyc-BEKTOPY
R 27 Rs27

M(R) = [ [dM(r,p) = [ [xx p(x)x dxde
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3aMeuaeM, YTO MOABIHTErpalbHas (PYHKIUS HE 3aBHCUT OT yIJa, YTO
HE YAMBUTEIBHO, IIOCKOIBKY MBI M3HAYAJIbHO YCTAaHOBWIM YIJIOBYIO
cumMeTpulo. 11oaToMy cpa3y ke BbIUMCIISIEM MHTETpal I10 3TOH Iie-
PEMEHHOI

M(R) =27 [xp()dx (4.2)

PaccmMoTpuM TpM NPUHUMIMAIBHBIX Cllydas, OIPENENIseMbIX
3aKOHOM H3MEHEHUs IUIOTHOCTH. IIepBbIi Cilydail, KOTOPBIM MOKHO
Ha3BaTh KEIJIEPOBCKUM, — BCA Macca JIUCKAa HaXOAUTCA B €ro LIEHTPE,
IUIOTHOCTH Aucka — "nukoBas" p(0)= po. UncieHHOE UHTErpUpOBaHKE
naéT Takod BUA (QYHKIIMU MacChl

5

M(r)
4

3
2

1
p(r)

0 1 2 3 4 5 6 7 8 9 10
Puc.4.1. [Ipu HaXxoXJICHUH BCEil Macchl B LIEHTPE aucka Maccsl M(r)
BCEX YaCTUYHBIX, BIIOXKCHHBIX TUCKOB PaBHBI 9TOH Macce

B sToMm cinyyae Macca KaXkA0ro 4acTHOTO JIMCKa OJIHA U Ta XKe
¥ paBHa Macce, Haxojsmeics B ero meHtpe. s HarimsgHOCTH U
yo0CTBa BRIYUCICHUN UHTETpaj B 001ieM Buje (4.2) amns 3Toro ciy-
qas JKeNaTebHO M3MEHUTh, a TOYHEEe, Pa3/IeNIuTh Ha J[BA MHTErpaa.
Macca Takoro Jucka COCpelIOTOYE€HAa B €ro ILEHTPE U, OYEBM[HO,
MMEeT HEKOTOPbIH MUHUMAJIbHBIN 00bEM, paauyc lo. B ocTanbHbIX
TOUYKaX MJIOTHOCTh paBHA HYJIIO, TIO3TOMY

) Rx
M(r) = 27;oojxdx+ 2, I[p(x) = 0]xdx
0 Iy
2

XK
:271007 00+0=7;DOI'02=|V|0

Macca He 3aBHCHT OT pajMyca YaCTUYHOIO IHMCKa M BCETAa
paBHa My. Pe3ynbTaThl YUCICHHOIO M AHAJIUTUYECKOIO MHTETPUPO-
BAaHMS, KaK BUJUM, COBIAIIN.

Bropoil npuHIUIManbHblid Cily4ail — IJIOTHOCTh JUCKA HEU3-
MEHHA 10 BCEMY €ro 00bEMY, paauycy
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2

r X r )
M(r)=2wojxd><=2wo?0=7wor
0

HTor aHaqIMTU4ECKOrO0 MHTEIPUPOBAHUSA O3HAYAET, YTO IPHU
TaKOW OJHOPOJHOM IUIOTHOCTH Ka)KIbIA IIPOMEKYTOUYHBIM ITUCK HMeE-
€T Maccy, IIPONOPLUOHAIBHYIO KBaapaTy ero paguyca. ducieHHoe
MHTErpHPOBaHHUE TAKXKE MOKA3aJ]0 Ha JUarpamMMe 1apadoiy, TO eCTb,
rpadu4ecKuil pe3ysbTaT COBMAJ C AaHAIUTHYECKUM
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Puc.4.2. B omHOpOIHOM THCKE MAcChl BCEX YACTUYHBIX, BJIOKEHHBIX
JIMCKOB PacTyT IPOIOPLUHUOHAIBHO KBAIpaTaM UX paanuyCcoB

Tpetwuii ciydait oTHOCHUTCS K (YHKLHHU TUIOTHOCTH, MPUBOJIS-
el K pacmpesielIeHHI0 Macchl, MOX0XKeH Ha runepOooIuvecKoe pac-
npeaAciiCHUC MacC B JHCKOBBIX T'aJIAKTHKaX. PaCCMOTpI/IM BapHuaHT
FI/II'Iep6OJ'II/ILI€CKOFO YMCHBIICHUS TIJIOTHOCTH, YCTAHOBHUB, YTO B HY-
JeBon TOYKEC, B ICHTPC I'AJIAKTUKHU INIOTHOCTb paBHA Po
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M(r)=2mp,(r —In(L+r))
OtmeTum, yTo Jorapugmuueckas 0ob6aska K paguycy 3aMeT-
HO MEHbIIIE CaMOTO paJHnyca, MO3TOMY IpadUK BBITJISAUT MpPaKTHUE-
CKM Kak mpsmas nuHusa. Hanpumep, npu r = 1000 qo6aBka coctaBiis-
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€T 4yTb MeHblle 7. PaKTUYECKH Macca MPOMEXYTOYHBIX, YaCTHBIX
JUCKOB TaKOW TallakKTUKH PacTEéT MPOMOPLUOHAIBHO HX pajauycy, a
ero jorapum He BHOCUT MPAKTUUYECKN HUKAKUX KOPPEKTHB

0 1 l 3 4 < 6 7 8 ‘1 I‘(l
Puc.4.3. B gucke ¢ runepOOIUYecKr yMEHBIIAIOUIEICS OT eHTpa K
nepudeprr TUIOTHOCTBI0, MACChl BCEX YaCTUYHBIX, BIIOKCHHBIX IHIC-
KOB PacTyT MPsIMO MPOMOPIHOHAIBHO UX pajinycam

OTH Tpu NPUHLMIMAIBHBIX, HArJAQHBIX BapUaHTa paccMar-
pPHUBAIOT MPOCTEHINE aHATUTHUECKUE (HE TaOMUYHBIC) (QYHKIUU
IUIOTHOCTH. PaccMoTpuM Teneps Maccy aucka ¢ TabiauyHou (Gopmoit
(YHKIIMU TUIOTHOCTH, MOJOOpaHHOW paHee MOJl KPUBYIO BpalllCHUS
rajiakTuku Mireynslii [1yTh.
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Puc.4.4. Pacipenenenne maccel nucka ¢ (PyHKITUEH TIJIOTHO-
ctu p(r), Mog0OpaHHOM MO/ HAOIIOIAEMYIO KPUBYIO BpameHus Vmw(r)
TIAKTUKN MIIEYHBIN ITyTh

['paduk moka3piBaeT BEIMYMHY MAcChl YaCTHYHOTO JMCKa, 3a-
KIIIOYEHHOW B Kpyre COOTBETCTByMoLIero paauyca. Ilonnas macca
nucKa Ha pucyHke paBHa 10. OTMeTuM e€ HEeKOTOpble OCOOEHHOCTH.
BOam3u nentpa aucka, o06J1acTi, UMEIOIIEeH MpenenbHy0 TUIOTHOCTb,
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COCPENOTOYEHA BCETO JIMUIb AECATAs YaCTh €ro MOJHOW Macchel. Jlen-
CTBUTEIIbHO, TUIOTHOCTh B MHKE 3TOW yacTH paBHa 50, TO €CTh, MOYTH
B 100 pa3 mpeBsilIaeT IIOTHOCTh HAa MOJIOBUHE pajdyca JUCKa, paB-
Hyto 0,5. Macca noioBUHBI JUCKa MO paguycy COCTaBISIET Bcero 65%
oT o01el Maccsl. HanpoTuB, OJI0BHHA MACChI IMCKA COCPEOTOUEHA
B npezenax paauyca 40%.

Bcé 310 MOXKeT moka3aTbCsl CTPaHHBIM: YacTh AMCKA C MAlOU
IJIOTHOCTBIO BECUT OOJIbLIE, YEM €r0 YacTh C CYIIECTBEHHO Oo.bluel
IUIOTHOCTHIO. OJIHAKO CTPAHHOCTH JIErko 00bscHUMA. bonee miuotHas
4acTh JMCKA 3aHMMAET CYIIECTBEHHO MEHbIIUN 00bEM. MeHee mioT-
Hasl Macca COCTaBJISET, 110 CYyTH, OCHOBHYIO YacTh AMCKa, €F0 MacCHl.

BroiBoasbl

B nHammx BeIUMCIEHUSX MBI HE pacCMaTpPUBAJIM AUCK KaK IOJI-
HBIH aHAJIOT KakoW-110o rajakTuku. Tem He MeHee, TO, UTO €ro KpH-
BYIO BpaIlleHHUs YAaJI0Ch IOCTaTOYHO TOYHO MPUOIU3UTH MO POopMe K
KpUBOW BpallleHHsl rajiakTuku Muteunsiii IlyTh, cBuaerenbcTByeT o
803MOdCHOCMU (HOPMUPOBAHUS 170001 KPUBOH BPAIICHUS TaJIaKTHKH,
000 TaJlakTUKU HMCKIIIOYUTENBHO 3a CUET CIelU(pHUUECKOro pac-
npezAesnieHust €€ BHYTpeHHeH wmacchl. To, 4TO BO3MOXHO JjIsi a0-
CTPaKTHOTO, HO (U3MUYECKH BO3MOXKHOTO OOBEKTa, HECOMHEHHO,
JIOJKHO OBITH BO3MOKHO U 11 (PU3HUECKOro 00BEKTa peaIbHOro.

JUis nocTukeHHus MOCTaBIEHHOW Iienu — (GOpMHUpPOBAaHUS 3a-
NaHHOW (hOpMBI KPUBOW BpaIl€HUsS — Mbl HE MCIOJb30BaJIM HUKAKUX
BHEIIIHUX, CKPBITBIX CWJI WIU cyOctaniuil. Bce 6e3 uckimroueHus
"CcTpaHHOCTH", BO3HHUKIIKE B IPOLECCE BBIUMCICHUN, HE SIBISIFOTCS
MPOTHUBOPEUYUSIMH, BCE OHU HAIIIU JIOTHYECKOE O0OBSICHEHUE.

Anpec CTaTbUu B I/IHTepHeTeI
http://samlib.ru/p/putenihin p w/dcl15.shtml
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