Hierxomko TIPUMBPOBD phiieHis ocodaro
poia 3ajayp O HaWOONBIIMXTH W HAUMEHB-
IMNXD BEINIVHAXD.

A. A. Maproga.

SAJTAYA 1.

Mexny pmawnsivu ToukaMu A um B (cM. pur. 1-10) npoBecTH Epardafimryo
EPUBYI0 JHHIO IpH cabiyoOmuxs IBYX's YCI0BiAXE: 1) pagiyes KPUBU3HE
Hallled KPUBOA IOBCHOJY IOI%&EHDH OHTh HE MEHLIIe JaHHOA BeTUUYMHH 0,
2) Bp Toukl A ERacarerprHas Kb Hauleli EpuBoil fommHA MMBTHL JaHHOe
manpasrerie AC.

PBIIEHIE.

Oyers M oxma u3B TOUeK® Hamed kpupoil, a upamag NMT coorsbr-
CTBYWINAH KacaTeabHa.

Obosnaunns OykBo s Xyry AM u Oyksoo ¢ yroas TNC.
- Sarbun BoseMeMs AC 3a 0Ch 2-0Bb, 4 NEPHEHJIUKYIADH KB meii AD
33 OCH §-OBG.

Torza, npuruMad s 3a mepeMbHEOe He3aBUCHUMOE, MOEEMSH BHPABHTH KO-
OpIuEATH x M y Touku M crbiyomuMu gopmyraMu
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ds ' ds e
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IIo yeropism® samagn Beh smauenmis OLSIL

OXHO U3B YUCENH ¢, 4 PABHO HyIMD.
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onperbINTh HaMMEHBIICE 3HAUEHIE

S = S:rdgo = §a+ﬁrd§b

0
IpH YCIOBiM

720,

Mpucrynaa k® pbmenino sroft sajawm, mpeiie Beero 3aMBTHMD, UTO
OTHOIICHIE :

ro-L3
E i TCOSYdy

SaJrﬁrsinwdw
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PaBHO KOTaHreHCY HBEOTOparo wmema y, Jexamaro Memiy 0 m a--4.

Cabrosarersro, mpw a—@2 <&, pasHo ka®k® u mpm c—- 8> 27 Mo-
#eMD IOT0KUTH

a a
a = ‘ +Btcos§0d§b =ccosy, b' = S +§rsimpdw =csiny . . . (9),
Jo 0

b ¢ o3mawaerTs WMo IONOEUTEIHOE, & Y 3aRIDYAETCH MeKLY 0 U a4,
BuBers en mhup umbems

a-1-3
¢ = S gL zcos(p — 7)dw
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H IOTOMY
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Orcona He TPYIHO BaKI0YMTH, 9T0 Npy a--8 < 7, paBHO KaKb U mpu
@~ > 27, HauMeHblIee 3uAUeHie WHTErPAIA
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U CcOOTBBTCTBYET® TOMY cCIyyal, KOTJa Kpubad JIuHig, onperbizemad
ypaBHEHiAMH

P ¢
= S TCOSQd Y , Y= S zsingdy ,
— E=

00pallaeTea Bh OPAMYI.

Ecin we a--8 saxrovaerca wewiy & um 27, To BB dopmyraxs (9)
9UCI0 ¢ MHOTJA HeMb3d CUMTATH IOJOKUTENRHEIMB M TOTJA TpeiHryulif
BRHBOID TepdAers CBOK CHIY.

Cw xpyroit croporn mpu z < -3 < 27 RamIH#E H3B UHTEI'paJ0Bb

a—+3 a3 a3
5 TCOSYdY , ( zsinpdy , S Tdy ,
0 <0 0 :

MOKHO Da30uTh Ha XBa: OJUHL 0Tb ¥ =0 X0 % =, IPyroif oTs P ==

I p=ca—+p.

CoorsbTcTBEHHO HTOMY NOI0HUMD

a3 a8
j TCOSYdy =2, , S Teospdy =4, j Tsinpdy =, , 5 Tsinpdyp=u ;
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a =2 —2, Brasigimn 0 0 Y

Ipu oxmux® u 1hxs e sHaueniaxs a4, 2y, 4, 4, HHTETpalb

r—!—@

v 0

Tdy,

15M5 MeHbme, IEME MeHbIIE MHETErpaiH
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A HanmemmmIis 3HAYEHIZ MOCTBIHMXD IBYXB HHTEerpagoss, NIPH IAHHHXB
a0, A, A, o, 1, onperbiraoTes HIE PopMYIB
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3 d T §
Zy O3HAYAETH HANMeHERINee 3HAYeHie | Tdy ,
0
a-§
BiER T > s Wy Tay ,
T

0<§0<n<§<a+ﬂ,,

i HAC «— @ wmeno gammoe, a Ay, A, My, & MOTYTH HOAVIATH Pas-
JUYHBA SHAYEHIA, TAKD KaKh JAHH TOIBKO PABHOCTH

hy—I=g", "‘-‘6—‘“:5’-

Me;my PA3INYHEMU BO3MOKHHMU BHAYERIAME Ay, 4, W, ¢ cibayers
OCTAHOBUTBCH Ha TEXB, IIA KOTOPHXE CYMMa 2y—2# XOCTHIAETEH CBOETO
HaMMEeHLIIATO BHAYCHIA, TAKD KAkbh HAUMEHLIIee 3HAUCHIe

b ™ a3
Sl=j rd¢=5 rdery zdy ,
0 0 T

PaBHO HAHMEHEBIIEMY B3HAYEHID £y 2 .
$opuyru (10) u (11) ranoTs

a' = zpco88, | zcos¢ , b = z8ing, + zsing .
Orcroxa mocpercTBoM® Ju(PepeRTUPOBAHIA BEBOJIAME
0 cos&odzy -+ coséde - 28in,dE, — #sin&d§ ,
0 = singydz, |+ sinddz -+ zyc08,dE, -+ zeosédg,
u 3a1BMB
sin(§ — &o)dey = £0008(§ — §o)d§o -+ 2d§
sin(§ — &)dz = — #2¢dSp — ze08(§ — §)d§ .. (12)
sin(§ — &0)d(z + 2y) = (2ds — z0d&o([1 — cos(§ — &p)]
Tlocnbanee paBeHcTBO MOKASHIBACTEH, YWIO CYMMa Zo—+ 2 JOCTHIAeThH €BO-
er0 NauMEeHBINAr0 3HAYEHIA BB OXHOMB U35 cABIYOIIUXE CIyIaeBE:
‘ S 1) £=0 umm =0,
2) &=0 mn §=a4F,

Takb Kakb BO BeBX® NPOYMXD CIYUAAXH BCEIJLA MOKHO YMEHBUIUTL STY
CYMMY 2y -z TOCpeICTBOMNH HEKOTODHXB JOCTATOTHO MAJLIXD M3MbHEmHId

quceas & 1 S .
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Coorsbrereenno sromy umrerpars

5
{ Tdyp = §

AOCTUraeTs, IpH & < &—-F < 27, €BOEr0 HAMMEHBIIATO 3HATEHIA TOILEO
TOrja, Korja EpuBad JWHiA, onperbiseMas ypaBHeHiAMH

<)

©
7 — j TCOSQPdy , Y= Tsingpde ,
—0k a

v —

ofpamaerca Bb IBS DpAMES, COCTABIAOIIL B 0CHO 2 VIR —a 1 -8,
UIH BB OXHY NpAMYW. BemoMuums, 910 npy ¢4 <& g upu at+p8> o
TOTH @€ MHTErpalb NOCTHIAeTH CBOET0 HAMMEHHIIALO0 3HAYEHIS TOIBEO
TOTXa, KOrfia EpHMBad JuHiA onperbisemas ypaBHemisu

-G

x=S TCoOsSQpdy , Y= S zsingde ,
L a

00pamaerTcd Bb NpPAMYD,

Comocrapaas »rm pesyasrat cb Gopuyranz (5), (6) u (7), 3agIn-
da€Mb, YT0 IpH ¢ >0 m > 0 1yra S JL0CTHTAeTH HAUMCHBIIAT0 3HATE-
Hif JL1d Tako# Epusoii AMB (cMm. uT. 2-D), KOTOPAL COCTOHTH H3D XIyra
AM, spyra pajiyca ¢, wst mpamoit My M,, racaTerpHON Kb ayrt A ,
u3% xyru My M; xpyraro kpyra pajiyca ¢ u, HAKOHEIb, HSH IPAMOIL M B,
racareabHol kb ayrb Mol , wim —H3H IyI'B TPEXD EPYroBs pajiyca o
U M35 OpAMOH (M. ¢ur. 3-m).

Ramnua xpb cMemmps uwacrn Hamei: KEpUBOH, KOHEYHO, IONEHH BB
obmeit nxs Tourb mmbrn obmyn KacaTeIbHYI0.

SaMBTUME elme, uwTo JIA EPHBO, COCTABICHHON M3 TPeX® LYI' ¥ OTHOM
UDAMOM, NEHTPH XBYXD EPYrOBB, KACATEILHHXH KD IDAMOf, NOMMHE Je-
#aTh 10 ONHY H TY iKe CTOPOHY OTH 3Toft mocabirmeir.

HoxolHEMS e 006pasoMs yobimMes, aro npu ¢ =0, paBHO KaKb H MpH
B=0, ayra S pocruraers HAEMEHBIIATO B3HAYCHIM JII Taroi KPUBOIT
AMB , ®oropad COCTONTEH HU3B OLHOM Ayra4 Epyra pajiyca @ U IBYXB
UDAMEIX'B, RACATENLHHXE Kb Hell (Qur. 4-a), WM —uss IyI's JABYXH EpY-
TOBB pajiyca ¢ W mpaAMOi, KacaTelbHON &b HEMB (Qur. 5-).

Ao CHXT NOPT ME Npefuoiaramld ¢ u S JAHHHIMIL

Mz mpepmonaraim Takke WsBBCTHEIMD, ROTOPHI H3b IBYX'B NPOMERKYT-
KOBB, 0T 0 J0 —& WIM 075 O Lo #, mepenbouas ¢ IPOXOJIHTH JBAKIEL.

Coorebrersyomee sTHND JAHHHME HaMMeLEsmee sHaueHie S 0003HATEND

gepess .
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Ha camoms xbab umenra @ ¥ @ MOIYTSs HOAYYATH DAsTUUHHSA 3HATCHIA
W U3B IBYXH IPOMEEYTEOBB, 0orb O X0 — ¢ u 0Ts 0 X0 £, nmepembmHAad
@ MOEETH NPOXOJHTh ABAXJIK TOTH HIH IPYLO.

9100 HeompexbIeHAOCThI0, 0YEBUIHO, CIBAyeTH BOCHOAL30OBATHCA TAKD,
yTO0H X JOCTHIIO CBOEr0 HAMMENERIIAT0 3HaYeHid, Koropoe BMEerh b
rEMB OyleMD HANMEHBMIUME B3HAUEHIEMB S.

Ilpuerynas Eb pa3HCEAHID HAWMEHBIIEr0 B3HAUeHiA <, OCTAHOBHMCH
cHAYANA HA TLXB cIyyaaxs, Koruga kpusad ADMB cocrapieHa U35 JABYXD
IYI's U IBYXB LPAMHXE.

Buberhs e¢s 1hMe 1aa oupenblreHHOCTH NDOIOEMMB, UTO @ HPOXOIUTH
- JIBAEJIE OPOMEXYTORE O01H O 1o — «&.

Torma

2=(2Q—|—ﬁ)@—{—z@+2,
a = 2gsine - osing - zocose - zcosB s
b = 20c08¢ — 9— 0C083 — Zysina -+ zsing .

Orcoxa, mo AuddepeEnNPOBAHIN, IOJIYIAEME:

d2=20dc—+0dB -+ dzy +dz,
cosadzy —+ cosBdz = (z,sine — 20cosa)da + (zsin@ — ocosB)ds
sinadz, — sinfdz = — (z,cose -+ 20sina)de -+ (zcosB - osinB)ds3 ,

U 3aTEMEB

sin(a - B8)dzy = — [zpco8(e - B) -+ 2¢sin(a -+ 8)]de -+ 2d8
sin(e + B)dz = zode -— [zcos(a + 8)--osin(e -+ 3)]d8 , o5 (14)
sin(e -+ 8)d 2 = (zde + 2dB)[1 — cos(a =+ 3)] .

HocxbrHee paBeHCTBO NMOKABHBAETH, YTO IPH 2y, #, ¢, 8 He PABHHXD

HYJII0 2 BCErJa MOMKHO YMEHBITUTL MOCPENCTBOME HBEOTOPHXSE XOCTATOYHO
MAINXD U3MBHEHI BB UMcIaxX® ¢ U B.

Wraue crasars, Epusta AMD, cocTaBIEHHHS U35 IBYXD IYI'b U XIBYXH
NDAMEXD, He NAIOTH. JI4 2 HaUMEHBIIATO 3HAUEHIA, e€cIM HU OfHA H3D
STHXTE IVI'h U UPAMEXD HE HCUE3AETH.

Femn Be Hamed kpuBoil mcyesaeTd OXHA M3D NPAMHXSB, TO TAKYID EpH-

BYI0O MO&HO PpAa3CMATPUBATE KAKB YACTHHN CIyYall EPHBHXB, COCTABICH-
HHXB U35 TPeX® IYI's M OXHOH HmpAMOIL.

JTuMu mocrBIHUMY EPHBEME MH Teleph M 3aiiMemed.
Jaa Bux® mmbens:
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S=020+842, 2>0,
a = 2¢sina - gsing - zeosé ISR L
b=20c08¢ — 0 — 0cos@ -} ssing, —a<E<R.
Orcoza, mo IH(PEPERNHPOBAHIN, BEBOLUMS:
d 2= 2ode—odf -+ dez,
cos§ds — zsingds = — 2gcosade — geosfds
sinédz —+ zcos§d§ = 2gsinade — psinBdg ,
M 3aTEMB
de = — 2¢cos(a - §)da — pcos(§ — B)dg3,
#d§ = 2¢sin(a +- §)de -+ gsin(§ — 3))d?3, e
A2 = 20[1 — cos(a 4 §)Jda -+ o[1— cos(§ — 2)]d8 .

Orcoora BHIHO, YTO HauMeHLIIee 3HAYEHIE X MOEETE CooTBBTCTBOBATE
TOJAPEO OZHOMY ¥3H CcIbIyOmMuX® Ccayyaens:

) =ty ¢ mll o8 0 5.
2) §=£, >0, >0, £2>0;
8) g==0;

4) e=0 wmm B=0.

T =i, 2 0, 8 0, 550 b

osin(a—3)

d§ = — 5

dg,

d(é+a)=da~—wdﬂ

e

A2 =0o[1 —cos(a-}R)]d8,

H MOMEND YMEHBIINTE = CTOUTH TONGKO  YMEHPWHTH HA HEEOTOpOE
AOCTATOTHO MAI0€ DOIOKUTEIRHOE UHCIO £, & & yBeIHYUTh Ha HhKOTOpOe
Tak#e L0CTATOYHO MaJoe YHCIO 7, VJIOBIETBOPANILEE HEDABEHCTBY

s @sin(gw%’) s

Msa npexmonraraems srben, uro cymma « - £ me pasHa 27. KEcim me
§=—aualtp=2z, 10

*




= P ==

2 B
S ocospde =§ osingdp = 0 ,

e

7 2 MOXHO YMEHBIIMTL HAa BEeJWYMHY PaBHYIO

8
g odyp = 279 .

-

Hame sanbuamie o cayuab

E=—g

MO:KHO PACIPOCTPAHHUTH M HA CIyYall
§=2¢.

MosroMy mpu ¢ u S He PABHHXE HYIO X MOEETH TOCTUTATH CBOET®
HAUMEeHBINATO 3HAUEHIA TOIBKO JJIdA Takod rpusoit AMDB, xroTopad co-
CTONTH M3H JIBYXH JYI's; UPAMOIWHEHHHS e YACTH TOLEKHE MCYE3ATH
(cu. ¢ur. 6-1). :

ComepmenHO0 Takb e yobxumesa, uro npu a¢==0, paBHO Kakb ¥ Opu F=0,
2 MO®®eTHs MOCTUraTh HAUMEHBIIATO SHAYCHIA TOJBKO IJIA TaKOH KPHBOH
AMB , roTOpad COCTOUTE H3H OLHOUN NMpAMOH ¥ OXHOH AYrd (¢M. (ur. 7-1).

Kpusyio AMB, cocraBieEHYID u3b npamoit AM u xyru MDB, cabuyers
OTOPOCHTE, TAKD EaKB Ipu ¢ =5=0, 2>0, 8 > 0 ¢opuyiu (16) ranrs

dz = — pcosBdp ,
z2d§ = —osinBdp3 , zd(a-+§)=zda— osinBds3 ,
d2= 0(1 — cosp)dg,

1 IOKa3HBAIOTH, YTO 2 MOKHO YMEHLIINTE.

Cp JIpyroii CTOpoHW u3H dYepTesxa He TPYAHO BUILTH, YTO KpHBAd
AMB , cocraBienHad U3b ABYX'h JAYI'b, MOEETH JaBATH HAMMCHBIIEE 3HA-
deHie 111 X TOABEO BB THXP CIyIaqAXb, EOTJAA TOUka B JIEHKUTH BHYTPH
OLHOTO U3B JBYX'H KEDPYIOBH paxiyca ¢, kacaomuxcs opamoid AC Bb Tou-
kb A (cm. ¢ur. 8-w). (Iyra AM, cb racatersHO® IMyB IpeICTABIAETH
NLIWHY MEHBIIYI CYMMH cooTBbreTByDIIUXD Iyres AM u MDB).

HanpOTmBm; kpusag AMB, cocTaBTeHHAd U356 JNYI'M M IPAMOH, MOKETH
IaBarTh HaWUMeHERITee BHAYEeHIe JiIf X TOALKO BB THXB CIYYAAXB, KOTjA
roura B memurs BHE 000MXB EPyross pajiyca @, KAacaTeNBHHXDH Kb IpH-
Moit AC BB Tourt A (em. dur. 9-w0). (Iyra AMM, cb xacateassHono M,B
NpeficTaBIAeTs JINHY OOXpmYN CyMMH 1yrs AM u MM B, Takp Eakb

T . P
M, AM < M,B-+ MUB).




e

Hraxp, eciu Touka B 1emuTs BEb 060MxB KEpyroes paliyca ¢, Kacamo-
muxced npaMoii AC B TouRb A, TO xaA moAyUeHiA HcEOMOf KpaTyaiimen
kpusot AMB cabayers npoBecTH H3H T0YKE B RACATENBHYI Kb Gammaii-
IeMy H3B STHXD KPYross M COCTABUTH 3aTBMB EPHBYO U3B LyITU KpPyra
M IPOBEJeHHOX HAMH KacaTelIbHOH KB HeMy.

Ecin me 1ouka B 1e®NTH BHYTPH OIHOTO H3B EDPYIOBB, KACAKMUEXCA
upamoii AC BB Touxh A, T0 HcEOMyO EpaTvafimymn EpuBy crbryers
©OCTABIATL U3H IBYXH JIYI'B.

SATAYA 2-a.

JaEH HanpapreHif IBYXT NpaMoiumeiiuxs nyreii AOB u COD (em.
$ur, 10-0).

Tpedyercsa coegmeuTs 5TH UyTH Takow EpuBow XMY (courbe de raccor-
dement), roropad Gmia O Eparuaiimen npu ¢IBIYOIMUXT YCAOBIAXD:

1) rama kpusBad XAMY X0LEHA EacaThcd BE OJXHOMDB H3B CBOUXD KOH-
moBs X mpawoir AB, Bb Apyrows Y —mpasoir CD:

2) EpuBH3HA ed BH Haualh M BB KoENB XomKHA OHTH PaBHOK HYIWO,
@4 BB JPYTHXE TOYRaXbh JOXEHA HE NpPEBOCXOLHTh HBEROTOPAr0 JIAHHALO

1
gucra — |
L
8) HpOUBBOAHAA OTH KPHBH3HE IO Iyrs moBcoxy MOMELHA OHTH He

60JbIIe APYroro XAHHATO YHCIA g;

4) HavalbHOEe HANpaBIeHie IBHEEHIZ 10 HAIIeH EpuBoii, 015 X Kb Y,
JOIEHO COBHALATH CB AB, a okomuareasnoe — ¢t CD.

PBITEHIE.

M peakoir Tournm M mameil KpuBoii 0603HAUMME 1yry XM depess s,
2 yroas BNT wexny AB u racarersEon NJMT Eb KPHBOH Uepess ¢ .

Ipu sToMB GyJeM® UPUIABATH ¢ IOJOKEUTEABHOE 3HAUEHIE III TAKAXD
yraoss BNT, ROTOpPHE MO#EHO TWOAYIUTH IHOCPELCTBOME nosopora NB
0EOI0 N 10 HAanpaBiemio crTpbIEM 4YacoBB; B NPOTHBHOMSE e cryuab
OyleNb NPHIABATL ¢ OTPHIATEIHHOE 3HAUCHie.

Iyers yroas BOD BHpPAKASTCS THCIOMB .
CornacEo uepremy mpumems

0<§DO<.7I.

Haromens Oyusow S ofosmauuns Beo xyry XMY.

Ho ycroBiAMS 3a7aud HAUANBHHA 3HAYEHIT s W @ PABEH HYID (Iid
Toukn X). ‘
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3arhNE TPM HenpepHBHOMT H3WLHEHIE s 4HCIO ¢ TOMKHO U3MBHATHCA
Takke HeNPePHBHO ¥ OKOHYATeNpHOE 3HAdeHie ¢ (114 Touku Y) pPaBHO:
Py UL P,— 27,

IlpexnorokuMs, uTo ¢ mnocrosmHo Bo3pacraers Buberh c¢p s. Torga
OKOHUATEIRHOE 3HAUEHIe @ YHCIO MOJOKHUTENLHOE U DPaBHO @ .

Bubers ¢p mhues umbemsn
1 de
— >0
- = P e
U He TPYIHO YOLIUTHCA BB CHpPaBeIIHBOCTH -CIBIYIOMUXDE HEPABEHCTBE:

de \ 2
(ds) 299 <0,

do \2 :
(dg) 29(po — ) <0
TaED RaKDBb 10O YCJIOBiHM’B BO]IpOC&

a | (dp)\? sgldw

o] (@) 20w} = 2{ =)
A [[dp\*__ o |0® ag
ds{(ds) 29(Po — @)}—u{d —+g } .s>0’

(@) — 2g@ o0palaeTca BB Hme upu s =20, ) —2¢(9o—¢) obpa- -

das
ImaeTcd Bb HYAh IPH s=S. :
IMosToMy
e D
dg W=V2gp 9=V 2gg—09)
Co mpyroit cropoEn mMbeMB
c?(J ds
= 2
S SO P (2)
Paznuunvs Temeph 1Ba caydad:
1
e 2).0 e —

]/9%

Ecau
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To opu 0 < @ <E9 Bch HepasemeTsa (1) PAaBHOCHILHE BTOPOMY
doy, 1
a9 =y 2g¢
Po .
a Opn o < 9 < @y — TpeTheMY
ds = 1

9=V 29(p,—g)

Pas6usad coOTBETCTBEHHO 2TOMY HETErPATH

S?O ds
o a9

Ha IBa

ds %o ds
Su dp ¥

wt’cﬁ

dé
u 3aMbHAL chp BH mETErparbh

%o
2
S ds o
0 dgo
: 1
BHpaKeHieNs ———, a BH HHTerparb
V299
Fo
s
5?0_61_99 ng L)
BHpAKEHIEMD ——, DPUXOLUMD Kb HEPABEHCTBY
V29(90—9)
‘fg e
. Po
g3 j 2—......(3)
1/2J90 _1/2(% %) g

He tpyzmo marme Burbrs, uro S paBHAercs QI/% BB TOMB CIyuab,

ROTIA
Pa

opr 0 < ¢ < —— unbens 75 =g,




= 2uq

S

Po a9
a Tpu 5 <@ < @, anbemsn st
Ecmu xe
1
> = ?
]/,9%
T0 IIpeisfe BCETO M ONPeNBINMB IBa uhcaa @ U @, 10 YCI0BiID

1 1

i

——— = =
V299, l/ g(%-—%)
EOTOPOE IaeTh

gD]:%—-%:T.;@é’ g = G5— 2;()2, Po— §01—€P0—'g—;
Iloka ¢ mempme ¢, , Bch HepaseHcTBa (1) paBHOCHIBHH BTOPOMY
ds 1
9= YVagy
mpr ¢ < @ < ¢y OHM DABHOCHIBHE TEPBOMY
ds
= ¥ =0

H HaEOHEN® HpH @y < @ < ¢y — TPETHEMY

ds
l/ 29(@0——@0)

COOTB%TCTBGHHO JaTOMY p&SOHB&eM'B Hall'b HHTETPAIb

Ha TpH

ds
H 3aMbHAEMP ——
dg

% Js : 1
BBb HHETErparb —— do BHpAKEHIEMD S
P jo g r R V299 ™
CD‘Z ds
» » ‘y d(;ﬂ = » 0,
® 1
b » ° ds — (@ »

dQD Vﬁg(mo-———wj :

. (4)

(5)
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Takum® 06pasoMt MH NPHXOAUMG Kb HEpPABEHCTBY

dgp
;5'2 —— od e D) =6
1/&9 +Ll ok (1/ 09 (6)

20(Pg—P) 99

EOTOpPOe 00palIaercs BH PABEHCTEO

BB TOMD YaCTHOMB ciydab, koria

npu 0 < ¢ < ¢; umbems 7s? =g,

dp 1
upu ¢; < @ < @, » e
72
H IpH @y < @<, » ;f; =y,

CoBepmerHO Takb-iEe MOJAYYAND HEPABEHCTBO

2% —q,
2 [/ HPH 0 e
g V9(2% — 90)

S

v

1 HEPABEHCTBO

1 1
820(%—-%)-}—?}5 mpu @ >

]/9(2“—%) G
. €CIU NPEJIOJI0KAMD, UTO NPU BO3PACTAHIM S UHCAO ¢ MOCTOAHHO YOHBAETD.

Y Hach 0< @y <7 u HOTOMY HauMeHBIIee 3HaueHie S BO BTOPOMbB
NpeJUoI0EeHIM Oodpe YEME BE IEPBOME:

27—g, l/ %o " 1 1

2 l/-——— 2 — u QT — — > e
e 7 (27 — @o) - e e e 0
Ofparumca &b pascMorpbui ThXB EpUBHXB, LI KOTOPHXD IPOUSBOL-

d
Had —d—ge NOIy9aeTs EARD IOJOEUTEIbHHA, TAaKbh U OTPUNATEILHEA 3Hade-
S

Higd. Jas ompexbieHHOCTH TOIOEUMSB, uTO mOCKbIHEe 3HAUEHIe ¢ PABHO ¢,.
HOycts BamMensIee 3maveHie ¢ a4 Hamell EpuBoii pasHo «. KoHEYHO

B0

i (2] & dq) rd
Burunens usp Hamefl Kpusoil Th uacTH, Ha KOTODHXB T < 0. O0maa

Aauma BCBXB OCTaBIIEXCA dacTell, KOHEURO, GyZeTH MeHbIIe S. Jra ram-




= 6h =

Ioft W3B HUXB %> ¢ u Buberts ¢ ThMp me TpypEO yObAMTHCA BB cumpa-

BeLIUBOCTH CJI’ﬁ,Z[YIOH.[I/IX’B HepaBeHCTB'D:

W dg\*_
(_dE) 29(p—a)<0 u (ds) 29(po—9) L0 .

Orcoza sarbus, pascymjpad Mo TpemHEMY, 3aKI0YAEMB, 4TO

= g 1
5 >4 l/% s o e
58 g ]/9’(@00— ¢)

1 1
S>o(py—a) -+ mu ¢ > —————
: 99 Vol — )

CoBepmeHHO TAKB-i#e MOIYYHMDH HEPABEHCTBO

§>9 |/ 2——;’”—;‘”’3 mpu ¢ < Soge lcp ey
e )

U HEPABEHCTBO

1
>
! Vg2a—@y+6)

8> 027 — ¢y -+ 8) 4- npu

1

g9

ecId UPeIHOX0EUMDB, uTo mocrbjHee sHAUEHIE @ PaBHO ¢, — 27 U Hau-

foapmee paBHO 3. '
ComocrapunMs Temeph Beh HaIIM Pe3yIBTATHL.

U3b mux® cabryers, uro mpu onpexbiemiu kparuaiimein kpusoir XMY
HAJ0 pasiIuyaTh JIBA CAydad:

1
2 l

1
1 < — il 9
) %o o )%>gg |

]- &
Eemmn ¢y < q_Oé’ TO Kpardaiimiad kpusad XMY [poXmHA COCTOATH H3E
Py A

IByx® uacreil. Ilepsaa wacth ompenbirgerca ypaBHEHIEMB

_1 2
= g8

o " )



e e e

Po

5 » & BTOpAd YacrTh—YypaBHEHIEMS

opa yeaosim 0 < g <

gt L R
¢_¢0 2.J = g

IpH YCIOBid % <P < @g.

1 :
Ecnn xe q>0>7, TO EpaTuaimas Epusaa XMY [IOXEHA COCTOATH
99 .

N .

u3b Tpexd vacreil. Ilepsas 4acre ompeibiagercda ypaBHEHieMB

1
y——0

)

-

mpa yeaosim 0 < ¢ < @ = '7(/10

5. Bropasg dacTh Iyra Epyra pajiyea ¢ #

onperbagerca ypasHeHIeMSB

IpH YCIOBIM ¢ < @ < @y = @y — Haxonens TpeThd dacTh omperh-

2 .

290
IJeTcsA ypaBHEHieMB

5]
1 1 3
P == ¢0_72‘9(9¢0+Eé‘“3)

IPH YCIOBIH ¢y < @ < @ .

Jaa oromvarensmaro ompepbieHid womoKeHiA W BuIA EpaTuaiimeil Epu-
BOM mpuMeMT mpaMyn OA 3a ock z-0Bb, a OD 3a oCh y-oBH. HHaue
CEA3aTh, OyLeMb MPOBOAUTH Uepess KamAyo ToURy M Hamel kpusoii 1sh
npamMudga ME u MF coorsbrcrBenno napariefsala A0 m DO u oGo3Ha-
UMD IauEy ME 4epess x, puuny MF depess y.

Ipu Takux® 0003HAUECHIAX's HE TPY[LHO BHBECTH crbryomia gopmyan:
0 sin(po—g) ds

r=\| ——————dg

sinp, de

(7)
sing ds
sing, dg

y=|
v 0

Bs wactmHOCTH 1A TOuRM X
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Hol 7
x___[ sin(po—gp) ds
0

i g, sy . )
A X4 TOURM Y
i sing ds
=0, y=j0 _sﬁép;%dgo AR e
B3 nocabrmnxs gopuyraxs (7), (8) n (9) IIpOHBBO,ﬁ;HEI.H . IIOCTOAHHO

ay
DaBHA HAaWGOIBNIEMY HSE TDEX's BHpAKEHil

i 1
== Q
Ve ™ 'V2g(p—0)

SambTums eme, wuro EparTdyaiimad xpusad XMY pacmolo:keHA CHMMET-
PUTHO OTHOCUTENBHO mpamoir OH, pbrameir yroas AOD womozams.

Aua  Toukm mepechuemia mpamoii OH ¢ EpaTuaumen KpuBo XMY
umbens:

Taney sing ds .
y—x-—JhO S R e

Pascrodmie e 5TOf TOUEM 0TH O paBmO
@
. sing ds
b £gs L 49

Ipn mocrpoenin kparuaiimedt KEDUBO# INABHYK TPYAHOCTH NPeCTABIA-~
016 75 vacra e, rrb

By o :
9 Vg  Viglp—9)

Ilo cummeTpuyHOCTH EpuBOf OTHOCHTENHLEO QX TOCTATOYHO PascMoTphTh
OJXHY U3b ATHXTE YacCTei.

Ocramosumea ma mepsoit, rrk

S o
9 Vi

Jdaa sroit wactu umbems




y Sing, =

=)o s )vE T
5 ; |
2 9 1 ¢ |
—gl/g——a]/gg—[— e e e e T
1
"""'cosrpd(p 1
x=a—-v0mf‘ycos¢o=
o >
'_—CL—“-JCOQQ.'Q——\ *dé - L, ( : dp — ..
V29 T2 ), VY
A 5
=q - ycosgp, — 3 +—l— (p—z——— e
Vg T3 Vg
rah
o sin( ) ds sing  ds
“:,go siloqagw ~d _"S 3111ng dop s sl

Bricrpora cxozumoctn Hamuxt pagoss (11) m (12) 3aBHCHTH OTH Re-

JHINHHE YHCJa .
3 (p k) 2992

: 1
HpI’I JTOCTATOYHO MaJbXP SHAYCHIAXD 200° MOHEEO IOJOEUTH

“4s

3
2

1/29

C.)u|[~3

ysing, = —
1;.......(14}

Qgp7
a=— 2 - yeosgy, = 1/29

UHAaYe CKa3aTh, MOKHO 3aMBHHTL nepeyo wacts kpuBoii XY mapadoron
TPETheld CTeNeHU

ysin%:%(awxr{—ycesgog)f”. e
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Jieras mpUMBHEUTE HAWU Pa3Cy#kJeHIA EF HeIB3HO-TOPOEHON NpPaKTH-
‘&8, momommmsb, cormacao ,Taschenbuch zum Abstecken von Kreisbigen®
bearbeitet von O. Sarrazin und H. Oberbeck, 1888;

1

e=I00v =500

Snbch 33 eTMHMNY TJIMHH TPHEATH MeTph. lIpm Tarux® B3HAUCHIAXD
© U g UMbeME:

a— x -+ yeosg, <—¢: < 407,

Ob6pamadcs 3atEMB Kb pajaMb

BUHIVMDB, YTO ILJId EKaMIXAr0 H3D HUXD OTHOIIEHIe BTOpPOr0 YieHA Kb Iep-

BOMY MEHBIIE OTco1a MOEKHO 3aRIOYMTH, 4T0 Hapadora (15) Tpersei

2900
crTelern NBHCTBUTEIFHO MAI0 YEIOHAETCH OTH HEPBOfl UacTH Hamle# EpaT-
gajimeir KpuBoil.

M. Nordling, mackonxsro MAS uspbermo, mepBHit TperIO®UID COSTUHATH
UPAMYI €B EPYTOMB IOCDEICTBOMT HapalOXi TpeThefl cTeneHH ).

Opu mswbEeRinm oJHuxX® 5reMentoss kpusoii X MY Heo0XofuMO u3Mb-
HUTH M Jpyrie ed BHIMeHTH IJIA TOro, YToOH He OHJIO paspsBa HU BB
€aMoil KpHBOH HA BB 3HAYCHIAXD €A pajliyca KPUBHSHH.

Jia yacHeHid Bompoca OCTAHOBMMCH elle Ha TOMB crydab, EOria
1

i
fe o

*) Annales des ponts et chaussées 1867, ,Note sur le raccordement des courbes des
voies de fer“, par Nordling.

—



T 7

=~

Br sToMs cryuah MH coctapisems kpuBylo XMY ush TpeXb UaCTEH.
Ecmu mepeyo uwacts M sambruws mapaoron (15), 10 paiiych KpHBU3-
HH 14 9Tofi vyacTH Hameli EpuBoil OyieTh paBeHb

3

1-1p2)?
iy A
V2gy V299
3
1 Sy 2)2
Ilpy 9=¢, BHpamenie ——— obpamaercd BH @, & BHPAKEHIe (»——l—:g)_—)—
1/2!]99 299

o] e

9
86 0(1+91%) " .
Tloarony, sambnups mepsyo uacts Hamell kpardafimeii kpusoii XMY

mapaGomon (15), MH JOLEHH 3a paliych KPHBHSHE BTOPOM UacTH B3ATH
3

=z
HE 0, a o(1+9?)", uin me UPOLONEKHTH WEPBYH YacTh KO TAKOrO 3HA-
YeRid @, KOTOpOe YIOBIETBOPAETH YPaBHEHIN

3
M=Q...........(16)
V299
Mu mpexmonomuMs mocabiEee H 000BHAUMM KODEHb ¢ YDABHEHI (18)
gepess ;.
He tpyxuo pupbrn, uro ypasmemie (16) paBHOCHIBHO CIBIyOIIEMY:

et SRR R
5 (1=~ . (17)

Heo6xX0zuM0 NpPHEATE BO BHEMaHie Takme M TO 00CTOATENBCTBO, UTO
nepenbnEas @ BB ypapmemiaxs (14) He yroxs TNEB, kakb npexte, a
TQHTEHCH 9T0r0 yraa. IlosrTomy, ecad EelaeMb COXPAHUTH 33 ¢ IDEKHES
3HAueHie, To BH ypaBEeBiax® (14), (16) u (17) cabiyers sawBbEUTE ¢ Ha
D=1tgyp.

Teneps MH MOEEMB COCTABHTH M35 JAYI'H Kpyra pajiyca ¢ ¥ U35 IBYXD
COBEPIEHHO OJMHAKOBHXD Hapafors TpeThell CTEMeHH TAKyl EPUBYI, KO-
Topad OyieTh YAO0BICTBOPATH BCEMH yeropiaM® Hamell 3aKadf, kpoMb ox-
HOro: oHa He OyIeTh Kparvaimeil. Jauma ed paBHA

@ ST,
STl
o Vg
U Malo OTIAMYaeTCA OTH JIUHH EpaTdaiilieil RpUBOIL.

Yo nacaercda pascroamii OX, OY ors O 710 TOYek’b EacaHid HOBOH
EpuBo# ¢b mpamumu AB u CD, To OHE pDaBHH

o(p, — 2arctgd;) -+ 2




== SO e

‘3]/6‘51—_]_ Po ]/51_ th%q_q.’l
Vg = 3 s V29 ' Viter

Bw ,Taschenbuch zum Abstecken von Kreisbigen“, na ctp. 54—55,
npuselens npumbps cocraBiemia kpusoit XMY usb Iyrd Epyra u JIBYX'B
napadors Tpersefi cremennm. OCTAHABIABAACH Ha HTOME upuMtph, 00T0KINE

1,89863 (108°47'0",3).

1
¢ =300 (MeTpoBs), g = el

Ilpu TaRuX® TAHAHXE

1
91 = 77 =0,0666667 (3°49'11"),

@, = 0,0675844
arctg®, = 0,0674817 (3°51'59",1).

JmuEa xpyru Epyra: pas kparvaiimeft EpuBoii — 529,589 (MeTpoB®),
A14 EPUBOH, COCTABAGHHOH M35 IyTH Kpyra u JIBYXB napabdonrs, = 529,100
(MeTpoBs). ’

Obwas xIuEa JBYXB IPYIMXTE 9acTell: IIi KpaTyafimei EpuBoii = 80
(Merpow®), nIa EpHBOH, COCTABIEHHON H3D Lyrd Epyra ¥ JIBYX® Tapalolsb,
= 80,586 (MeTpoB®H).

Bea pauma kpardaiimefl kpuoii = 609,589 (MeTpoRB), NIWMHA EPUBOIL,
COCTABICHHON W3B AYIH KPyra M JBYyX® mapabors = 609,686 (merposs).

Jamua orphacoss OX: i kparvaiimefi kpupolf = 439,215 (yeTpoBs),
JIs KPHBOIH, COCTABICHHON M3B XYIM Epyra M JIBYXH Mapadols, = 439,267
(MeTpoB®).

Odpamaacs kb Taschenbuch, sambuaens, wro Beh BHumeremiz 5Toil
EAUKEA OCHOBAHH HA TARKUXB UPUOIMKEHEHXD (JOPMYIAX'S, IPH KOTOPHXS
KpUBaH, COCTABICHHAA WU3L AYIH EPYra M XBYXH Uapadolb, COBIAIACTE
dopMaIbHO €P KpaTUANIIEd EpPUBOI.

Taxoe ¢opmarbHOE coBuaieHie IOXLEHO, o MoeMy MEBHID, COMPOBO-
HWJATHCA BAMBTHEIMG DaspHBOME KAEKB B BANYuNs KPHBUSHH EPHBOL, TAKD
H BB BeIMIUHB yraa ¢, ecam TOIbE0 uapaloxel He OYIYTH 3aMbHEHE
BHINEYRASAHHLIMI EDPUBHMYU, JJIA KOTOPHXB HPOH3BOLHAAL OTH KPUBUIHEL
mo Xyrb CoXpaHdeTs NOCTOSHHOE 3HAUEHie.

JB10 BB TOMB, 9TO HpH

1

0 =300, 9=To000" ¢

=1

paxiyes EKpuBMSHE mapaboxs (15) oramuaerca ors ¢ = 300 ma 2 (merpa)
I ¢ 0TIHYaeTCH 0TH arctgy ma 0,000098 (20").
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SATAYA $-a.

Tauu HAUpaBIEHId IBYXD NpAMoJIuHedHHXB uyreir AB u CD u vk
Touk 4 u D Ha HuXB (cM. ¢ur. 11-m).

Tpebyercad COELMHUTH 9TH NYTH TaK0 Epusow AMD, K11 Koropoit
NPOM3BOLHAA OTH EPUBMBHH 10 Xyrb HauMenbe YRIOHAercH OTh HYIA LU
cobaojenin crbIyOMUXs yeI0sli: ‘

1) EacarelbHas Kb Haureil EpuBoil BB TOUED A J0MmKHA COBIATATH CB
AB u 5 Tour’s D—c¢v CD;

2) npu yseauyeniu Ayru AM rmouka M JOIXEHA MOCTOAHHO YIATATHCHA
o1 AB ¥ upubmimarsca kb CD;

3) Bp TOYKaX® A um D EpuUBM3HA Halledl KPHMBOH JoJkHA 00palfarhcH
Bb HYIb.

PBUIEHIE.

Sambaups X #ma 4 uw Y ma ), Mb MOEEMB UOJIL30BATHCH O0003HAYE-
HiAMH DnpexmIyWel 3axauv: s, ©, $o, L, Y.

OTHOCHTEIRFHO YHCAA g IONpPEeKRHEMY MOKeMb NPeIUuoI0KUTh, UT0 O0HO
Baga0YaeTcA MeEkly O u m.

Iyers orpbsku OA u OD BuipamaoTcsa cOOTBETCTBEHHO YucIaMu a U b.

Ilpr Tagux® 0G03HAUEHIAXH UMBEND:

=0 u —d—[(g:o npu s=20
(

day
g=q, U %:0 npy s=29S
s e )
0<9 <9

s S

Sinl@gy — @ - S
e

o Sing, o Singg

Pascmorpums Teneph NPOMBBOABHYKH KPHBYIO, YIOBISTBOPAOUWYI BCHMB

: = A
DTUMD YCJIOBIHMCB, U 0003BAYHMDB JIJAA Hed PlaH6DJIBHIee OTRJIOHEHIe ii)’
as
NPOU3BONHON EpUBHBHKE 110 AyIh, 0B HyJA OYRBO ¢; Takh UTO
d%g -7
—ggdq2§+g i AR S S

Pascy®iad coBepmieHHO Takb-#e, Kakh Npu phinmeHis Npeiuymied 3axa-
I, HPUXOJUNE KB HePaBEHCTBAMB
15




=

= @
—_ 1 {® sinfpy—g) dp |, 1 (" sin(po—gp)  dy :
i L <8 ’ Telnai
g sing, V 20 a Jo, sing, 1/2(%__93)
2
u
Fo Oy
]/—> 1 > ging _dy £a a ‘ _sing dqo (4)
I3 sing o ', sing Sl s e R
Po V2 - $o S1Pg \Po 90)
OTEY/la 33ThEMB BHBOJLUME
E—COS(?TD—_Q‘\) g : ;
~ ! : - =t =g . (5}
J= L cos Vo

Buberh ¢p Thus me TpyHO YOBAUTREA, UTO ¢ MOKHO CABIATE PABHEIMGD
HAHOOJMbUIEMY M35 IBYXE Uucexp ¢ U g,

B camoms xabak, ecam a>b, 1o g jocruraers sHaUeHis pasHaro ¢
XLas kpuBoir AMPE, cocraBieHHOE M3B CIBAYOIAXE Tpex® yvacrei:

1) meppasd 9acTh UpAMAS JUHIA ¥ oupejrbiserca ypaBEeHieMD

y=Uompmyoein b= o a0, Lo N

2) Bropas uacrh onperbIfeTCs YpaBHEHIAMH

i g sin(go—¢)  dp
Yo NI e :
o e Ay

- sing g -
g b ({’—0—,_, mpu yexosin 0 < g < 20

by singy /g7y

3) Tperhst wacrh onmpeibisercda ypaBHeHiAME

y:

S .

: g sin(@y — @) daep

== : s —
Yo singg V20" (Po—) (o

A G
smgp dg
= g f,Hm~f<¢<%
Co S92 (g—g) j

Eean me g <b, 710 g JXOCTHTaeTD 3Hayedid papmaro ¢ JIId KpuBoi:
AMB, cocrasrenHofl U35 caBAYIOMUXT TPEXH vacTed:
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