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I. 061 ypammeminm I'aycca

sin (z—g)=msin‘z.

§ 1. IIpenmeroMs Hacrodmaro m3cabnoBaHis ABIgeTcs ypaBHeHie ['aycca [1, art. 141]:
sin (#—¢q) = msinz (1)

BD KOTOPDOMD 7 W q CYATAITCS U3BBCTHEIMH, #z — HMCKOMEIMB. Mbl mMbeMb BB BUIY Ipak-
TH4eckylo Iban: o6nerynth pbmenie I'ayccoBa ypaBHeHis Impu ompenbieHin SIIMNTHYECKOH
OPOGHTHL MAJIOH INIAHETH; MBI GyZeMb II09TOMY IpeANoJarath, 4TO m U ¢ CYTh IOJOMHTEINb-
HE 4YHCJIa, ¥ YTO MCKOMELY KODeHb z GIM30KD Kb ¢.

Charlier [2, 1p. 2] monaraers, 9T0 OCHOBHOE ypaBHeHie BoCbMON (CelbMO¥) cTemeHH 3aladu 06b ompenB-
JieHiH OpOMT® ,BBH JHTepaTypB Hmpomiaro croiaBTis HOCHTH HepBpHoe HasBamie ypaBHemia ['aycca“, M 4To ypaBHeHie
9TO MONKHO HasbiBaThCs JlarpamkeBbIMBb. 110 8TOMY HOBOIY MOXHO 3aMBTHTH, NpexIe BCEro, YTO Bb COYMHEHIAXD IO
TeopeTHIeckol acTporoMin (cM. Bauschinger (3, p. 2], Herglotz [4, p. 397), IBaBOB® [5, p. 254], Pizzetti [6],
Tisserand-Perchot [7, p. 55—56]) 1 IOBBIEE TOBOPATH 00b ,ypaBEeHiM I'aycca“; HasBaHie 9TO IpHIHCHIBaeTCH
ONIHAKO OTHIOIb He MPUOAUNCEHHOMY ypaBHeHilo 8-0if cTemeHH, JaEHOMY JlarpaHXeM® [8, II mem. 2 13]

(05—Am?)? [By? + 2 05Ry cos (ay—4y) cos fy + 0,°] — A2 F® = 0 (@)
_ HO TOMy mpocTomy E cmpozosy ypabHemilo (1), Koropoe momysaercs Bb DeayaIbTaTh MCKINUeRiA Q KD ypaBHeHiH
o=k—1:r8 r“=R2+92—2Rgcosu{, ' (3)
mocB BBefiemis BcmomoraTenbEON I'ayccoBON HEHSBBCTHON 2 1O YpaBHEHIN:
sinz=gsiny:R. 4)

Bp Memyapaxp Jlarpanka HBTH M HaMeKa Ha BOBMOXKHOCTD CBECTH 8aJlayy Xb IPOCTOMY YPaBHeHilo
sin (z—gq) = msin?z, moYeMy H EBTH OCHOBaHili 9TO ypaBHeHie NPHUIHCHIBATH eMy.

Ypasaeris (1) u (2) pasandabl BOpodeMb He ToabKo mo ¢opmb, Ho M mo comepxkamilo. YpasHemie I'aycca
— CTpOro; IpaBia, OHO He JaeTh cpasy ¥e, OPH NEPBOMD DBIIeHiH, HCTHHHArO 3HAYEHiA 7, HO OPOHCXONHTD BTO
OTB ToOro, 4ro mapamerps k u I, purypupyomie 85 (3), onpenhasoTcs JMMb NOCABI0BATENLEBIMH NPHOIHAERIAMH.
Yro e xacaercs N0 JlarpammeBa ypaBHeHis (2), To mpu BhiBoqh ero Jlarpanxb npeHeGperanh MAJbIMM BBICIHXD
IOPSKOBD, H N03TOMY OHO He MOKETD OpeTeHa0BaTh Ha crporocTb. Tompko Jlanmmac® [9, xa1] ykasanb Th sHadveHisa
IapaMeTpOBD, NPH KOTOPHIXD ypaBEenie (2) o6pamaercs BH cTporoe; caMb ke JJarpaHE &b BHIBID BB ypamieuin @y
JUImMb NPHOIMKeHHOe cooTHomeHnie. Takb, Bb KOHIB cBOero Tperbsaro (mocibamaro), momcTHHB GitecTAmaro Memyapa,
OHD TOBOPHTH ,On aura une équation en 7 seul, laquelle pourra monter & la verité & un degré assez haut, mais
qu’on pourra dans une premiére approximation réduire au huitieme degré“ (xypcusb BHams). ‘

Boo6me MuBuie Charlier (I. c.) o ToMs, uTo JlarpamieMb IaHO aHATHTHYECKoe pBmeHie mPoGIeME! OPGATS, '
MBl CYHTaeMb yBledeHiemb. Bb ¢opmynaxp JlarpaHxa [aHbl SBHO JMIIb INABHBe WIEHbl, OPHYEMB- OHB YKasalb
Ha Meopemuneckylo BOBMOKHOCTb NONOJHEHiS MXB YIEeHaMH BBICIHXD HOPAAKOBD; TONBKO ['ayccoM®D JaHH Gbliu
3aKOHYeHHHIS, BOOJHB ompenbieHHbIT (OPMYJIE], NMO3BOJAIOMIA BOCIPOMSBECTH HAGMIofieHid ¢b MI0G0H TOYHOCTHIO.
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"B 0603Ha4YEHO

Tlo MEbmilo ['aycca [1, art. 150 TOABKO TaKoM MeTomb MOXeTH CuMfaThes phbmemiemb sanmaur, KotopeIft
03BOJAETH NOCTUTHYTH JIOGOH CTEIeHH mpubnuxkenia. Cb Takol Toukd apbHif, He Tombko (opmyns: Jlarpanma, Ho
H TB Gombe coBepmeRHbIA (opMyasl, KoTophis BhBeN® Charlier [2] (mo Jlarpanxy), He pBmAlOTH 3ajauH 06b
onpen'lmeﬂin Op6UTH, TaKb KaKb OOmik BHAD koodduuienTosd panosb Charlier Hemapberens.

MoxHO eme 3aMBTHTb, 9TO ypaBHeHie (2) MOkeTH GbITh pPasdcMaTPHBAEMO, KAKD aHAIUTHIECKAST HHTepHpeTaulﬂ
ycoBepIEHCTBOBAHHATO TeoMeTpHYeckaro pasenctsa Jlambepra [10, §16]; cM. mamp. Bruns [11].

Hakomends, Bb TO BpeMs Kakb HeHsBBCTHasZ BD ypaBHeHin (2) sBasercs QyHKUielt mpers mnapaMeTpOBD
Am2, cos (ag—Ay) cos By, AF, HeuspBeTHAS 2 BaBHCHTH JHIb OTH 06yxs IapaMeTPOBb: M K ¢, 9TO sBIAeTCH,
6e3CIOPHO, BamXHBIMD AHAIHTHIECKHMD YNpPOIIEHieMB.

§ 2. Vpasuenie I'aycca nrpaeTs IEHTPAIbHYIO POJB NIPH ONpeabiIeHin SIINITHIECKIXD
BJIEMEHTOBD 10 cmocoby Theoria motus; BcTpbyasdch BHOBb BB KAaMIOMD NPUOCIUMKEHIH, OHO

‘IOJKHO pBmarhesd MO HBCKOIBKO Pa3b IPH BCAKOM'B OnpenbieHin OpOGUTEHL

JIo cux®b 10p®s mpsAMoro phmenis ypaBHeHis (1) unu umblomaro 1 ke KOpHU anredpaunde-
CKaro ypaBHeHid BOCHMOH CTEIeHH (OTHOCHTEJ]BHO Sin z)

m?sin®z — 2 mcosq sin®z 4- sin® — sin%g =0 (1%

He CyIecTBOBAJO; II09TOMY Ha IpPAaKTHKE z onpenbidnoch IOMOmMBI0 INOCTBIOBATENBHHIXD
npu6auskeniii. He BnaBasck BB NMONPOGHOCTH, IePeYHCIUMD TUaBHblmie mpieMsl phmeHis.

a1 BRYMCIeHi! nocarbaoBaTelbHEIMY IPUOIINAKEHIAMI BaskHO, YTOOE HCXOIHOE 3HAYEHIe
Heus3BBCTHOH OEIIO BO3MOMKHO 61M3KO Kb MCTMHB. Binet [1, art. 142] cBeqrp 3amauy kb cab-
IylomeMmy IpocToMy nocrpoeHilo. Ilomaraa ctgz=2x, momyyaems u3b (1)

1 cos ¢ squ

aFad m w7

: . . —3/2
7 cabooBaTeJbHO BOIPOCH CBOOUTCA KB ompenbieHin mepechyeHilt kpusolt y=(1-4+2%) —

cosq sing

KOTOpas MOXeTH GHTb BEYePYEHa pash HABCerAa — Cb NpAMOl y=—_————==. TI'padurn

KpuBo Binet, — a rTakxe kpmBo#t y=z*(1 -{—xZ) , GomBe ymo6HOI mpum 2 GIMSKOMB KO 0°
mam 180° — mpuiomeHH Kb MeMyapy [12] mpod. P. ®ore .

Hasg To# ke nbam MOmHO OBl Takike HAYEPTUTh [iarpaMMy CeMeNCTBa KPUBHIX'D
y =msin*z, ¢b NepeMBHHEIMD IIApaMETPOMD m, W ONPeNBIATH TOYKy IepechueHid OXHOH M3D
KpPHUBHIXD [JiarpaMMEl C€b IOABWKHON cHHycouIol y=sin(z—qg). O6B 9TOMB IOCTPOEHIN
YIOMUHAEMD II0TOMY, ITO U3CABIYS TOYKH MepechyeHis MMEHHO 3TUX'h KPUBHXD JHEE [18, N 12]
U BHBEIb CBOM M3BBCTHHIA 3aKII0YEHis OTHOCHTENBHO KOpHell ypaBHeHia I'aycca.

Pizzetti [6] BHYepTHAD KPUBHSA ceMeHCTBa Sin (r—y)=msin‘z, KOTOpHS 0YEBHIHO

' MOKHO TaKMe HCIOJb30BaTh NpH phmeHin samadn. 3aMBTHMB, 4TO TOYHOCTH IPadUIECKHXD

IIpieMOBD BOOOIIE JOBOJBHO Maja, M I09TOMY IOBECTH CBH MXDh NOMONBH pbIleHie M0 KOHIA,
He NpuOBrad Kb BEIYHCIEHIAMD, Hea63A. I‘pa{bmcn JalTh HAIVIIOHOe IIpeICTaBieHie 0 CBOM-
CTBaXb ypaBHeHidA I'aycca M MOTYyTH OKa3aThCs IOJE3HHIMH IIPX KpaTHOMB pbmeninm. Ho mua
MaJBIXP MJaHeTh pBIeHie IPaKTHYECKH BCErJa OJHO3HAYHO, ¥ I0TOMY NpOME Ch CAMAro
Hayalla HUTTH BHYUCIHUTEIbHHIMD IyTeMb.

IIpy manomM» 2—¢, TepBOe NPUGIMKEHHOE 3HAYEHie 2z, MOKETH OBITh HAHIEHO H3D
dopmynsr sin (2,—q) =msin*q; Goxbe Toynoe, mo Tietjen’y [3, p. 272, mab opmymsr

msin’ n‘g

sin (z,—q) = T—at,

t, =msin%g ctg ¢ )
] \



Eme Gorbe Toymoe smadenie 2 MomeT®h GHITH moMydeHo m3b PopMyrs Witt'a [14]

4,

log sin (2,—g) = log (msin‘g) + —
1

.Mod ywygum logsin (z;—q) =log (msintg) + V{l—% . Mod
. —ih

rab 4 ompembusercsa ¢gopmynont (5), Mod=0.43429 ... ecThb MONYJb HATYPANbHHIXDB JOTa-
pueMoBb. Witt [l c] ykaseiBaeTs M cmoco6b 1A TEPeXona OTH # Kb OKOHIATENLHOMY

3HAYEHI0 2, HO €ro HBCKONBKO CHOKHEIA (OPMYNH NpPENCTaBIANTD HWHTEPECH JHUME Cb
alre6panvyeckor TOYkd 3phHid.

IIpn Hanu4im BCIOMOTATENBHHIXD TaGIAID HCKIOYATEILHYI0 TOYHOCTH NAeTh $opmyaa
Steinbrink’a*), namevarannas Bnepsre Witt'oms [14]:

sin (z—q) = msin‘g ¢ ' (6)
robh ¢ onpenbaserca Bb QYHKIiM ¢=?, U3 ypaBHeHis
p=01+ot (™
H¥Ecrompro Tounbe MOXHO MOJOKHUTEH [16]:
tg (s,—g) =msin'g @ ®)

IIpUYeMB OKOHYATEJbHOe 3HAaYeHie z MOKeTh OHITh HaiimeHo, mo Banachiewicz’y [16],
M3 BBHIDAMEHIN **)

log tg (¢—¢) = log tg (2;—q) + 3 (1 + %) log cos (2,—¢) 9)
wm
st =—3 (1) tg3(e,—0) (10)

rab x=dlogg:dlogs. Takoii MeTonds TpeGyeTh COCTABIEHIA OCOGHXD BCIIOMOTaTENBHEX'D
Ta0IUIb, KOTOPHIA IOKa M3NAHEl OBbLIM [16] JMmP 14 NATH3HAYHAIO BEIYHCIEHId.

Ilocas Toro, kak®s ywe u3BBCTHO 2, IJIA OTHICKAHIA 2 MpUMBHATS ['ayccoBekil [1, art. 11]
npieMb JIOrapHeMHYeCKHX'b INpUpamleHil, Berducasgsa Alog (sin(e,—g):msinte) mna 4z,=1",;
OOBIKHOBEHHO IPHUXOOUTCA MNpoABABBAaTE HBCKOABKO NpUOIMKeHil. — Cb aHaINTHIECKOU
TOYKM 3pbHiA Ham6oabe mpocTo Kasajoch OB yIOTpebieHie HUTepaliu

Sin (241 — g) = msin‘z, z = lim sinz,

HO CXOJMMOCTBH 3TOI'0 IIPOLECCa BECbMa MeIJIeHHad.

B® o6memb, Kakb BHIONMDB, ypaBHeHie I'aycca Morio pbmaThcd Jumb moCTbIOBATENE-
HEIMHM TIPUOIMKEHIAMH — CII0CO00MB, NPUMBHAEMBIMD BHYHCINTENAMH BOOGIE JHIML 32 He-
HMBHieMD Jy4maro. ’

Ina HaxomIeHis NPHOIHAKEHHAr0 KODHS 2, MOXHO IONb30BATbCA TBMH IpieMaMH, KOTOphle BHIpAGOTAaHBI IS
pbmenia ypasueri#t (3), opu yciaosin
1=k RS, (11)

ZBl0 BH TOMB, q9T0 yeiosie (11) OGBIKHOBEHHO Ha NpakTHKB GIMBKO Kb MCTHHE. BenOMOraTeNbHBIS TAGNHIBI I
HaxomAeHi r Bb (yBKUin k u snomrauin 1 mmblorea Bb Tpaktarh Onnosnbuepa ]17, mar XiIa  XIIb), H Bb BHAYH-
TeJbHO pacmupesEoMb Leuschner’oms Bugb BB 8-beMb Hapanin Kiuukepdysca [18, maex xvi). Membe mogpoGHO y
Charlier’a [19). Jiarpammer namer Bb cratbh Mello e Simas [20, ez VII]; TaMB e H TAGIUIEL. ITpocras HOMO-
TpaMMa yKasaEa HaMM BB HacToameld pa6orh; cM. Huxe § 6.

*) Henaseo A. 5. OpaoB % [15], oueBanmo He 3HAA cTaThH Witt'a, ykasans HBKOTOPHA MeHBe COBSDMERHRI $OPMYIHL.
Pas6epasn [16] mETepecHylo crathio OpJoBa, MH He3aBACHMO Hamuau mpeoGpasoBasie IllrelinGpunka [14].

*%) 3Havenia OCTATOYHHIXD YaeHOBD $opmyunr (9) W (10) mpu z—q <20 Hahnemn OwJH mosgEbBe W AaEH BB Tabin-
naxs lll-eft m IV-0fi, npaIoKeBAHXD Kb HacToAmeMy mscaBroBaBil (CTp. 2.22 M 2.28).
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'§ 3. Hamomumms 3xbes BammBimia cBoficTBa ypaBHeHis I'aycca. 3amava o0b ompe-
IbieHin OpOUTH UPHBONUTH Kb YPAaBHEHIAMB

e=k—3 (12), P—g*+2Rocosd+R? (13)

TIh ¢ M 7 CyTh MCKOMBIA pascTodHig miaHeTHl oTb 3emau u CodHma, B — paliych BEKTOPH

3eman, 0= 180°—+y BHUIMMAs BIOHTrAlid IIAHETH OTH TOYKM Ha cfepd, NPOTHBOIOIOMHON
CONHILY, k ¥ | HBKOTODPHIA BeJMYWHBI, TPUHUMAEMEA 32 H3BBCTHEA. ['aycch BBOIUTH BB
KadecTBS HOBON HeW3BBCTHON yroab 2 IpPHU INaHETH, Bb TPEYTOJABHUKS CONHIE — IIaHeTa —
3eMJlsl, TaKb YTO

sinz= R Sin J (14)
Ecan 1omoxuTh
using = Rsin o
w>0 } (15)
ucosg=Rcosd-}+k
-t (16)
m= u (R sin 0)3
TO B'b pesyapTaTh HCKIK4YeHid ¢ m » u3b (12), (18), (14) u moaydvaercd
sin (z—¢q) = msin%z. 1)

Bb BuIy reoMeTpuuecKaro 3HaYEHiA yIia z, BEIYHACIHTENS MOTYTDH HHTEDPECOBATH TOJIBKO
TH KOPHM IId Sinz, KOTOPHE NATDb 2 3aKIYEHHOe Mexmy O U d.
B® caydab Ge3kOHEYHO MAJBIXB IPOMERYTKOBDL MEXKIY HAOMIOIEHiAMH

1=k RS; C@1)

npu u3cabooBaHim cBoCTBD ['ayccoBa ypaBHeHis IONyCKalOTh, 4TO ycioBie (11) BHIIOIHEHO,
Uau, No KpaitHen MbBpb, uTo ypaBHeHia (18) WMBOTH ,36MHOH“ KOpeHB 0==0 (4ero Ha
caMoMb IBab MoxeTp W He OHTH NPU 3HAYUTENHHEIXD HHTepBajdaxb). Cabayers mostomy
uMBTH BB BHUIY, 4TO Pe3yJbTATH, IOJy4YaeMEe Bb STOMDB IOIyIIeHiM, — HanpuMbphb OTHOCH-
TEIBHO BO3MOKHALO YHCIa PBIIEHIH NPOGIeME], — HOCATH YCIOBHEIA XapakTeph TEOpeMb I
UeaJbHaro ciydad, ¥ Ha IPaKTHKB MOTYTH NOIyCKaTh HMCKIO4eHid. IIpu erporoMmds — noxa
HuKME He dannoms — pbmeHinm Bompoca 0 Yuca’h OpOUTDH, YIOBIETBOPAWIUXD TPEMBb HAOIIO-
IeHiAMD, HaZ0 OH IPUHATH BO BHHMAaHie maMbHaemocTb k m l; cp. sambyania Bb Memyaph
P. ®orema [12, crp. 12—14].

Bb mpexmonomenin, 4ro R3k docmamowrno Gnusko KB I, M 4TO k M | MOMHO CYHTATH
3aJaHHBIMM 4HCJIaMH, BHIBOIATH CIBIYIOIiA cBoficTBa I'ayccoBa ypaBHEHid.

1) VpaBuenie (1) nonycxaem; KOpeHb #z OJHM3KiI KB 0, COOTBBTCTBYIOMIiN 3eMHOU
opours (Faycc®) [1, art. 142]. BB camoM® pbak: paBeHCTBO sin (0—q) = msind ecTb TOKECTBO
opn R3k=1. '

OTo maBBCTHOE IONOXEHie He OIpaBIbIBaeTCS BB KiaccHiyeckoMb npumbpbs Ilepepmi! CooTBTCTBeHHOE
ypaBHeHie ecTb sin (z—187°15") =[1.2066] sin‘z; ,semHON“ xopemb, 2= 18°49’, ypasmeminn Iaycca oTHIOZF =He
yhoBnerBopsieTh. Bb 9ToMB ciIydaB HaGMIOMEHiA 0XBATHIBAIOTH Iepiond BB 260 aueil.

2) Takb Kakb ypaBHeHie (1) MOEeTh MMBTH He Goabe 3 IONOKHUTEIHHEXD KOpHeH,
H3b YMCIa KOTOPHXD HAN0 OTHATH ONWHD, IPUHALIEKAMIM 3eMHOM opomTB, TO Ha JIO0JIO
HeusBBCTHHIX'D OPOHTDH OCTaeTca He Gombe nBYX® KopHelt (Gauss [1], Encke [13]). Ipm

-8 KOPHAXB, TO-eCTH I ABOMHOTO PBIIEHis, NOMKHO GHTH 6>>63°26° (Encke [13]). — HoBmisa

MAQJBLS TUIAHETH HAOJI0AA0TCA NMPeUMYyLIeCTBEHHO OKOJIO ONIO3MIiM, KOTZa Yroddb 0 Malb;



I0STOMY I DM OompenBneHiu OP6GMTH Majo#f MIAHETH OTHCKHBATDH BTO-
Po# KopeHb IayccoBa ypaBHeHiT He mpuxomguTesd (OHD NPUHANJIEKUTD 3eMIB), u
MOMHO NOBOJBCTBOBATHOA ONpenbimeHieMb  HaUMEHLMAT0 KOPH 4.

Charlier, saMbTuBD, YT0 BO3MOKHOCTE IIBOMHOr0 pBmeHis 3aBUCHUTH MCKIOYUATEILHO
OTB MOJOKEHIA cBBTHIA BB IPOCTPAHCTBS, M306pasuid Ha depTems ([21] = [2, 1p. 13]) oTHO-
CHTENBHOE IOJIOMeHie IIAHETH BB ciay4yab IBofHOro phmeHid.

8) Yroxb ¢ He NMPEBOCXOAUTH II0 YHUCIEeHHOMY 3HadeHio arcsind/s = 8622 (Encke)

(13, % 12]. On® momoxurenens, ecium r>-R, u OTpULIaTeNeHD, Ipu 7 <R.
IIpaBuio oTHOCHTENBHO 3HaKa ¢, BeTpbyaeMb y Bauschin ger’a, Bb ero Ta6mu-
Uaxb [22, p. 104]. Omno gBIfAETCHA CABACTBIEMD TEOMETPHYECKOM HHTEPIpeTalin ¢, yKa3aHHOH

Lehmann-Filhes’omp [23]; cpaBum Takke Sidler [24]. AHamuTHYecKil BEIBOID,
em. Kopff [25].

§ 4. B® nanmpubitmem® BaKHYO pPOIb HTPaeTh BCIIOMOr'aTeJbHAA BEJIUYHMHA
t, = msin*g ctg g =msin®q cos q; (5)

HaMb HEOOXOIMMO HBCKOJBKO OCTAHOBUTHCA Ha e CBOMCTBaXb. OrpaHMYMBAEMCA NPH STOMB
HIEAJBbHEIMB CIy4aeMb, KOTJa PaBeHCTBO (11) CTPOro BEIMOJHEHO.

3aMBTEMD TIpEEKIe BCEro, 4TO eCIH NAHO TeOLleHTPHYECKOe II0JI0KEHIe IIAHEeTH Bb
MOMEHTD CPENHAr0 HAGNIONEHIA, TO-eCTh €CIM NaHH KOOPAMHATH ¢ X 0, TO STAMD BIOIHS
ompenbiAOTCsS BEJMYMHEL m M ¢. Bb camomb mbak: usb ypaBHeHia (13) MOmeMD TOTZA
onpenBmuts 7, mocab vero (12), mpm ycnosin (11), naers k, ¥ NPaBHA YaCTH ypaBHeHil (15)
CTAHOBATCA M3BBCTHEIMH, 4TO I03BOJIAETH ONPeXbIATh 4 U 9. HakoHews ypaBHenie (16) 1aeTs m.

TakumMb 00pasoMb ¢ MOMET®H OHTH Pa3cMATPUBAEMO, KaKb QyHKIiA HACKJIIYUTEJIHHO
OTHOCHTEJBHBIXD KOOPAMHATH ILIAHETH, M I03TOMY YpaBHeEHie

IpeCTaBAAETD U3b ce0A Ha IJIOCKOCTH HBKOTOPYI KpHBYW, BB IPOCTPAHCTBE e — IOBEpPX-
HOCTH BpameHis. Jlyumylo kapTuHy maMBHAEMOCTH ¢, MOria OH [aTh HiarpaMMa ceMeHcTBa
KPUBHIX'D, I0Jy4alOMUXCS M35 YpaBHeHid (17) IpH pasHRIXD 3HAYEHIAX'D KOHCTAHTH. OIHAKO
CoCTaBjIeHie MiarpaMMbl M aHAlIMTHYeCKoe M3CABIOBaHie €S CBOHCTBDL IPeICTABIANO OHL
HeMaJIbld 3aTPyLHEeHis, BCaABHCTBie TOro, yTo KpuBHA ¢ (0,d)=const. cyTh aire6pamyeckis
KDPUBEA BeChbMa BHICOKAro IOPSIKA.

Haa mamuxb mhieit HocTaToyHO GyIHeTh H3CABOOBATH Iperbih usmbHAeMOCTH ?; BB
TOK 006J1aCTH MEXKIYMIaHETHAr0 IPOCTPAHCTBA, BB KOTOPOM OOHYHO HAGIIOJAITCA MAJHIST
IUJIaHeTH IPU UXb OTKPHTIM. Mscabmosanie MH mpoBemeMb, pascmaTpuBas BMbeTo ¢, HBKO-
‘TOPyI0 OIM3KYI0 Kb Hell BEIWYMHY v, ABIAOMYOC BB CBOI 0YepPeNb IPOCTON (yHKIieH oTH
TeOMETPUYECKH HATVIANHON BeJNYMHLI

sinz
f =gz (18)

IIpy aT0MB MEI GyIeMDb [OIB30BATHCS [EOMETPUIECKON HHTepIpeTaie BEJIMYUHD 4 U ¢.
Mer nonmKHEL 31Beh T0aTOMY IIPHBECTH H3BBCTHEISA [IOCTPOSHIS ; 320IHO MEI BIPOYEMD BHEBEIEMD
TeopeMy, MPUBOJAIIYI0, MeKIY IPOTUMbB, Kb HOBOM NiarpammB i onpemxbienia HemsBBCTHOH 7.

§ 5. BenoMorareabHHIA BeqHMYMHH 4 M ¢ UMBOTH IPOCTOE reoMeTpHYECKOe 3HaYeHie.
PascmaTpuBaeMB (YepT. 1) TPeYroMBHUKD ¢'b BEPIHUHAME BB S (conHue), T' (3emas), P (mianera).
Uvbemb Bb HeMb: ST=R, SP=7, TP=¢, 38TP=y=180"—0, 3 SPT=z.



Ornoxums Ha npamoir TP orpbsoms TR=Fk, u coemuHsemb mpsaMmoit Touky S ¢b R.
Ilpoexrupys orphsoks RS Ha npamMylo TR u Ha HalpasiieHie, el NepIeHIUKYIAPHOE, IIONY-
YAMDB COOTBBTCTBEHHO

RScos(SRT)=Rcosd-+k RSsin (SRT) = Rsin d (19)
u, cpaiaHnBaa 9TH DABEHCTBa C¢b (15), 3aKiI0YaeMD

RS=u SIS8RT=q 9. H T. I

Yepr. 1.

3amayy o0b ompenbieHin r MO NAHHEIMB &, ¢, | ME MOMeMD (OPMYJIHDOBATH IeoMe-
TPUYeCKH CIbIylomuMDb 00pasoMb. [lano RS=u u npamas RT, sagaHHasd yrIoMb g, KOTOPHIH
oHa o0pasyeTs ¢b HampapleHieMb RS. TpeGyeres maiitu Ha mpaMo¥ RT touky P
Takyo, 4To6H HMbBa0 MBCTO paBeHCTBO -

RP=1:P8 - (20)

i mOCTPOEHHOM TAaKAMB 06pa3oMb Touku P umbembp PS=r. YTOGH BB STOMbD
y6bauteca, Ha npamoit RT ctpomM® Touky T BB pascroaHin k orb R. Touka T oTCTOUTSH
Ha pascTodHim R oTb Touk: S, B yrons STR paBeHd 180°—4; ckasaHHOe BUIHO H3H ypaB-
HeHi#l (15), KOTOPHIMM ONpeXBIAIOTCS BENWYMHH 4 M ¢ BB QyHKIiM R, k u 0. OGosHauas
TP=¢ MH nMbeMb

PS2=0?+42 Rgcos 6| R?, o=Fk—1:P§3
(BTOpOE ypaBHEHIe I10 IIOCTPOEHiK) ; CpaBHUBAA 3TH ypaBHeHid ¢b (12) ¥ (13) MBI U 3aKI0YaeMb

P§=r 9. # T. O

Kb pbmeHilo paBHOCHIBHOM IeoOMeTPHUYECKOM 3ala4M CBeN'h IpoGieMy 00b ompembieHin
r eme Jlam6ept®s [10, § 16|, mpeamonaraBmili Bce ke !=FkR3 T. e. 3amaBaBmilicd TAaKUMD
JACTHHIMD 3HAaYEHieMb [, KaKoe aTa BEIMYNHA MMBETH IPA Ge3KOHeYHO MAJEIX'H IPOMEMKYTKAX'D.
3ambyasg, 4To

P8?2=08R*4 RP2—28R.RPcosgq,

IOZCTaBIAA BB 9TO ypaBHeHie RP m3b (20), W monaras PS—r7, MH NPAXONAMD Kb AHAJH-
THYECKON (opMysnupoBKE Hamel 3amadum 06D ompemrbieHim 7:

A
rewt(3) —2ngeoss @1

9T0 U €CThb OCHOBHOE yPaBHEHI® BOCHMOM CTeNeHM NPOGIEMH 00 onpexbieHin op6HT, ¢ury-
pupylomee y JlarpaH®a Bb 3HAYHTENHHO GOrbe CIOMHOMB BUIS, cp. yp. (2). OrmBTOMD,
9TO TeoMEeTPHIecKas I0CTAHOBKA MpOGNeMEl JIaMGepPTOM > NPABONUTE HEIOCPELCTBEHHO
Kb caMoil mpocroit gopmb ypasHenis Jlarpamma (cp. § 1, Menx. mp.), KOTOpHIE II09TOMY MOXHO
Obl Has3hBaTh ypaBHeHieM®b JlamGepra-Jlarpanxa.



' 1.7
Yro6er momyynts ypasuenie I'aycca, mpumbHAeMb Kb TpeyrompHuky RSP TeopeMy
CUHYCOBD; IPHHUMAs BO BHHMaHie, YTO yroaxb Ipu BepmuHb S ecTh z—q, NOIYYHMB

sin (z—g) :sinz=(l: %) : . (21%)

IlogcraBngs ciona sHadeHie r usb (14), mmbems,

sin (z—q) = siniz,

l
uR3sin30°
W, IDAHAMasg BO BHUMaHie ompembienie (16) m:

sin (z—q) = msin‘z 1)
T. €. ypaBHeHie ['aycca.
3ambTuMB 31bCh eme BamKHOE COOTHOMEHie, IoXydyaeMmoe W3b TpeyroapHuka SPR:

sinz={f.sing (18)
BB KOTOPOMD 0003HaYEHO ]
f=up:r (22)

§ 6. Bwmbero ! BBOZMMD HOBHIM IapaMeTph 4 IO ypaBHEHI
1=k R?; (23)
Opx Ge3KOHEYHO MAJHXD IPOMEKYTKAXD:

A=1 (24)

st coxpameHis IMCaHiA yclIoBMMCS JMHEHHEIA Pa3CTOdHIA BHpPaXaTh 30BCH Bb €IH-
HAIaXDb R 1 0003HAaYaeMDb: ‘

= 71 R 0 B k, (25)

YpaBuenia (12) n (18) ¢b HOBEIMH 0003HaYeHIAMM OAIOTH

3
"

28 }
91=k1(1————) (26) r2=1+420, cosd + g,%; 27

eCIIM Ke BBECTH eIle ,yBeNWYATeJIbHHY (axTopb“ v(1) mo ¢opmyrs

8
o
E] 37
2\ —A

v() = 27)

TO ypaBHeHid (26, 27) NPUMHMMAIOTH BHUIDB:
ky=o0v (26%), r2t=0v2+4 k2 2k vecosd (27%)

Ilyets 2 umbBerd Kakoe-HHOYIOb omperxbieHHoe 3HadeHie (Hamp. A=1). Kammomy moio-
aeHilo miIaHeTsl P BB mpocTpaHCTBB COOTBBTCTBYeT® Toraa BmoaHb onperbnenHas Todyka R
(uept. 1). B camomp nbBab: Touka R IeKHTDH, COINIAacHO es ompenbieniio, Ha mpamon TP,
Bb pascrodHin k, orp T; Ho k, ompexbasdercsa Bmonnk u3b (26%). 3amaeMcsa BOIPOCOMS :
KQKOB0 ZEOMEMPUUECKOE MBCMO MOouers R, coomsmsmemeyouurs 3a0annomy PACMOIHIO 11 NAGHEMDL
oms coanya? JIpyTEMM CIOBaMM, YTO MOKHO CKa3aTh O mojoxeHin JlamGeproBoi Touku R,
ecau u3BBCTHO, YTO Paliych BEKTOPD IIIAHETH €CThb 7 ?

[y



1.8

BeomuMp BB pascmorpbuie TouKy C (He HaHECeHHYI Ha depTex’), ¢b IONSAPHBEIME
KOOpJIMHATaMH, OTHOCHTENbHO 7, PaBHEIMH: o,=v, J,= 180°; Tourka C pacmoioxkeHa cabio-
BaTeNbHO Ha npsamod TS Bb pascrosHiu v oTb T. Tak® Kakb MONAPHEIA KOOPIMHATH R CyTh
k, m 6, To mpaBasg YacTh ypaBHEHis (27%) mpencraBisers u3b €6 KBAAPaTh pPa3CTOSHIA
C or» R. Hwmbempb mostomy

r2v® = CR? (27*%)

Ho nbBas gacte (27**) mpm cIblaHHEXD MpPeaNONOKEHISAXD IIOCTOSHHA, U MEL MOKEMDb
3aKIOYATE: TéoOMeTpHYeckoe MBcTo To4Yek®d R ecTh KPYyrs ¢5 pamiy-
coMD 7.9 X UEHTPOMDB BB C. Kpyrp »ToTh MOKETH OHTH Takke IOIYIeHD
(cM. ypaBH. 26¥) nyTeMb OTKIaJBIBaHid Ha npamoit TP — IpH BCEBO3MOMKHEIXD s ITOJIOMKe-
HifiXb — oTpb3ka TR=v. TP.

9Ta TeopeMa I03BOISETH YKa3aTh BeChbMa IIPOCTYIO miarpammy Iuis phmeHis ypaBHeHii
(24, 25) npm BCAKOMDB 3HAYEHIH 4. JIJId 5TOr0 CTOMTH TOJBKO BEYEPTHTH CEMEHCTBO KpPYTr'oBD

@+vP 492 = (v (Da)

rob v=r?: (n®—2%), ¥ mepeMBHHEIMB ITapaMeTPOMb, KOTOPHIMB MOMEYEHE KPYTH, CUMTAETCS
7! TOMBTKa Kpyra, NIpoXonsmaro 4epe3d TOYKY R, ¢b HONAPHEMHU
KOOpOIHHATAMHU k, " 6 U 6yNeTH HCKOMBMbD 7. UepTexdb 2 M IPEICTABIAETD

-~ (LI 2 25 3 32

H—oa
HH o
)

' ['E2N 0 1 f
Yepr. 2.
Homorpamma nmas onpenbaenia remiomenrpuueckaro pascTosania mo samamHBIMD k u 0.
Croco6n ymoTpeGienis : HaHOCATH TOYKY Cb HOJAPHEIMA KOOPAHHATAMH (OTHOCHTENBHO T) y=k:R u 4. Tombrka Kpyra,

OPOXOAAINAro Ipess 3Ty TOYKY, ecTb 7y = r: R. IlpumBps: % =2.05, J = 10%. Homorpamma paers : 7 = 2.96.

u3b ce6s Takylo niarpammy (D), mna A=1. YmorpeGienie miarpaMmst HECJIOKHO ; IIyCTh,
Hanpumbpb, (npr A=1), k,=2.05, 4 =10 (cM. 9epT. 2). IocTpouB® N0 BTHMB MONAPHEIMB
KoopauHaTaMb JlamGepToBy TOUKy R, OTCYMTEIBaEMB HeIoCPEICTBEHHO 7, = 2.96,



Ecnu 651 mMBTe mIOmoGHyi0 miarpammy mns PasHBIXD KPYIVILIXD 3HAUEHIH 4, TO MOMKHO
0u pbmaTe cucremy (26, 27) myTeMb WHTEepPIONALiN, HaXoAd 7, IJIA MNapul 3HAYeHId 4,

OXBaTHIBAOIIEH 3aJaHHOe. HerpyaHo omHako BaABTH, YTO M 9TOX IBIM AOCTATOYHO U OLHOHI
miarpaMmuer D;.

Bp camom® nBuk, xarums odpasoms nepeiimu oms cemeicmea D, xs D3 ? Ypaeuenie (D3) mOKasbiBaeTb, 4TO
IS BTOrO nOc'ra'roquo YBeNHYHT: BBH A pas® paniych kpyra (D) onucamnaro usb ToukH (—wv, 0), 6o pazmiycd

v
3TOTH =Tlv=2,UVv—_—1; IHOCHB 9TOro Kamkibli H3D NIpOH3BOAHBIXD KpPYrosb IIPUAETCA NOMBTHUTL YHCIOMbB
3

v
lll o1 To-ects A pa3p BaATOM HOMBTKOW MPOUBBOAAMAro Kpyra.

Bp Buay sToro pBmemie, moMomplo JiarpaMMbl D,, cHcTeMBl (26, 27) cBOEMTCA KB OTBICKaHilO mMaxozo
kpyra K, cemefictBa D;, xomopwii Gynydn yBeJHYeHD — OpH HeMaMBHHOMB IONIOKEHiH LeHTpa — Bb A pasb
npomesns 6bl 9epedb 3afaHHylo TOYKy B. Basras A pasb nomBrra K, u ecTp HCKoMoe 7;. BB cBolo ouepelb HaXOX-

. . 1, .
nenie K, MokeTh GbITH NPOH3BENEHO CHBIylomuMDb 06pasoMb. IIpoBoAMMb Ha HiarpaMmB mpamylo y = -k, sind.

A
Hsp R onuchiBaeMb Kpyrs K, HpOM3BOJBHBIMB PajiycoMb M HA TOIBKO 4TO YNOMSHYTOR NPSMOA OTHICKHBaeMb,
Touky M, KoTopas, HaXoAfcb Ha OJHOMB H3b Kpyroeb Kz cemeiicrBa D;, onumakoBo OTCTOsIa 6bl OTH ABYXDb TOYEKD
nepechuenia Toro me xpyra K cp xpyroms K,. Kpyrp K, npoxopamiii 4yepesb Takylo TOYKY, H €CTb HCKOMBIA
K, = K, notoMy uyro MR mopmaneHo kb K3 u xpyrs K;, pacmupHBmHCDH A pasb, mponzeTb 4Yepesb TouKy E.

Mpummuanie. Tpadudeckoe pbmenie ypasHemit (26, 27), npu A=1, noMompo CIOKHBIXH KDHBBIXD
k, = const., mpemmoxkeno Charlier [19]. PesyabraroMdb aTOro Memyapa IlTapibe sABiasieTCA HBCKOJIBKO INPHMH-
THBHAS Tabmuua [19, crp. 16—17] AAA HAXOKIEHid TeOLEHTPHYECKAro pasCTosiHidA; Cp. Tali. XIll a,b yueGHHKA
Onnonbuepa [17].

A. A. SkoBKHHD [26] npHEyManms MBAMHBIA CcIOCO6h pbmeris (26, 27), npu npoussossHoMs A,
[OMOI(bI0 [iarpaMMbl NPOCTOTO CEMEACTBA KPYToBDb M COMEACTBA DPAMBIXD; pBIIeHie JOCTHraercs 1n0CAS008amensHbLMY
NPUCAUHCEHTAMU. ’

§ 7. Uscabmyems 3nber mpeabusl yriaa z—q Il IUIaHETOMIHOH op6utel. Ecau Mbl
umbeMs 0610 ¢bh MaJoOH IJIAHETOH, TO MOKHO IPUHATH

556>r>15 ; (28)

Ha6IoeHis MaJHXPb IUIAaHeTh IPOM3BOASATCS OOBIYHO OKOJIO 3TOXHM IIPOTHBOCTOSHIA M yrodb
6 — pa3cTOAHie IJIaHETH OTb AHTHreJid — ObBaeTb Malb. Mbl IpuMeMD JHUIb

0<63°26" , (29)

B3ABH NPOM3BOJLHO 33 BepXHili mpenbab & camoe GOJIBIIOE ero 3HaueHie, IPU KOTOPOM
omperbienie opouTH eme BCer[a OJHO3HAYHO (10 O HK e). Bp pascMOoTpbHIAXD 3TOro mapa-
rpaa MH cynTaeMb R =1 I OrPaHUIMBAEMCS HICAIBHHIMB CIYIaeMD (24) 6e3KOHEYHO-MaJHXb
IPOMEKYTKOBD ; I0JIaraeMb CIBIOBATEJIbHO

=k . (30)

IloxameMb, YTO MOKa IMJaHeTa HaAaXOLHUTCHA BD o6aacTHu (28,29) yrouas
#—q Mald'b, — MeHbme 6°2.

Vpasrenie (21%), npn yeuosin (30), haq’m,

. 1k . 1o
sln(z—q)f;?slnzfﬁrsvs1nz , (31)

fipUdeMB MBI BOCIOTbBOBAJHCH COOTHOmeHiOMD (26%).



1w

ITpocnBauMs, BO-IIEPBHIXD,  KAKS USMIBHAEMCR 2—(, Rorja, NPU NOCMOAMMOME T, 0 uambmsercs BDb IePBOMB
KBajpaHTh. [liA 5TOro HanmHmeMDb Bhpaxenie (31) cBIyOILHUMD 06pa3oMb

k -
sin z—q)=’-13-sinz-ﬁ . (31%)

IIpu r = const. mepBhI (PaKTOPD HpaBOE YACTH, 3, IOCTOSHEHD. [eomerpuyeckn oveBnnmo, uro BTOpOK
pakTopd, sinz, yseamuusaercs, koraa 0, HaXoldch Bb NepBOMB KBaIpAaHTH, BO3DaCTaeTh: OJHOBPEMEHHO C¢b 0 BO3-
pacraers M 2. Hab Tpeyronbruka SRT, npuHuMas Bo BHHMamie TeopeMy § 6 o reomerpuyeckoMd Mbcrhs R, Bummo,

dk du

yTo 1) £<1 mpu 0<C90°, 2) aﬁ:ﬁ>l (T. . mepemBmenie Touku R mo kpyry [IPOEKTHPYETCA NOND MeHb-

dk d,
WHMB yraoMb Ha npamyio TR, wbvb Ha mpamyno SR), 1. e. Eﬁ> 1, 3) ZiL(;>O' HMBems :

dk_1 (dk k) au
dou w\ap  ulds
9TO0 BHIpaKeHie MONOXHTENBHO, T. €. H TpeTiit pakTopd sin (2—q) BospacTaeTs BMBCTB ¢b 0, M MBI MOXEMD
3aKNMIOMHTh: sin (2—¢) BospacTaeTs, NpH 7= const., OTD MHEHMYMa 1pd 0= 0° kb Hau60JbIEeMy 3HAYEeHilo
— Bb o6nactu (28,29) — mpn 0 — 63°26". '
IIpocnbauM®, BO-BTODHIXB, u3MIsHeHie sin (2—-q) npu sadamnoms 0.<63%°26". Bepems Bhipaxenie mis
sin (#—¢) Bb BHIB ' ‘

. R
sm(z'—q)_u.smz-ﬁ-;z3 ; (31)
dr
33 HesaBHCHMylo nepeMbHHYI0 npuHHMaeMDb Q. llpu 0 HaxomsameMmcs BB NepBoMb KBaApaHTh d_g >0, u nostoMy
dv  dvdr _ dsin z dz dr ) du
d—g = o oTpHuareiabHo. Takxke Qo = cosz - %< 0. — HBckonbko Tpymube onpexBIMTH 3HAKB EE
dk dv dr dv 3r2 3v
HOuddeperunupys papencrso k= 0v, nonyqaewb\ % =v4p g c79— ; HO i =1y — @1y

dk ( o 3 dr) ( o 3 ) .
H [03TOMY = 1—;7t1% > 1——7) Texp xaxe @<r, T0 nocabuuee BhIpamenie mooxkxu-

KHTEIbHO MpH 73 >4, T.-e. mpu r>1.59. Ho npu 7 <1.59 nmbemdp BB Hamelt obnactu Q:7 < 0.55 (KakD Jerko

BLIMHCIIHTE, IOJb3YACh FeOMETPHYECKHMH COO6PakeHisMH) H BbpameHie 1 — 0CTAETCH MOJIOKUTENBHEIMD [PH

m__1
r>1.5. Otclofa 3aKI0YaeMb, ITO, IIPH BO3pacTaHin @, k yBenuaumaercs, T.-e. Touxa R ynansercst ot T, u moaToMy

— d
Bo3pacraeTs H SE=yu; cabmoBaTennHo 7y “17< 0.

Kakb uamBuserca g:73?

1

d o ( dr) . dr
HmBews B r—3p9 o) Ilpu nmepemBmenin nmo mpamonr TP....— = cos 2.

do

d 1
HosToMy — 2 =2 (r—3 @ c0sz). Ho uan Tpeyronbuuka STP HaXoQHMD IPOEKTHDOBAHIEMD €I0 CTOPOHD Ha HAIPABIEH]e
dor3= P p P P p

d
SP....r=cos(0—=z) - @ cos z; npuHEMas Bo BHUMaHie 5To PaBEeHCTBO, NOIyYaeMb X r% = 1'14 (— 2748 cos (0 — z)),

a0
TO-eCThb d—g—r_3<0 npu r> 1.5,

Buguvn, uto B dpakTOpH BbhipaxeHnia (81) y6ruBanT® CcB Bo3pacTaHieMB 0.

ComnocraBiss pesyabTaTs HM3cIrbIoBaHis sin(¢—g) Npu NOCTOAHHOM® 7, W TPH IOCTO-
SAHHOMB 4, 3aKJ04YaeMb, YTO BB 06JACTH (28, 29) MakcuMyMD Ssin (2—q) pPUXOZHUTCS Ha

r=15 8 = 63°26’
Ilponssens BEIYMCIEHis, ModydaeMDb IS STHXh 3HAYEHIH 7 U O

(2—@)max. =692 : (82)

§ 8. BecpMa npuGiumenHoe sHaYeHie KOpHS Jlarpanmesa ypasnenia (21) 8-o#t cremenu
MOET® GHITh TOJYYeHO H3D YPaBHEHilt 4-0ff cTemenm, pasHaro Buia. Ilon3ysice mokasanHOM



1. 11

Bb § 7 MaJOCTBI0 yIila z—¢, MH IaIuMb 315CH reOMETpUYECKOe HMCTOJIKOBaHie aTOTro (akTa,
oTkpeiTaro Steinbrink oMb [14], ¥ eme HemaBHO HesaBucuMmo 3ambuenHaro A. . Op-
A0BHM®B [15]. Mw monyyums npu 9TOMD DPA3HHIA TIpeo6pa3oBaHid ypaBHeHia IMaycca.

1. PascmarpuBaeM® ONATH HAII'E OCHOBHOMN TpPeyroJbHUKD SPR (qepT 1) Hpoemnpya
ero CTOPOHH Ha HampasieHie RT, moiydaeMb.:

l
TCOSz 43 =pCcosq . : (88)

Ilonaras Bb 3TOMD ypaBHEHiM, Bb IepBOMb NpHOJIMKEHIH, COSz=CO0Sq, MBI U IIOJIY-
YaeMb ypaBHEHie 4-0f CTeleHM OTHOCHTENLHO 7. — Ynoonbe mepelitu Kb ['ayccoBoit He-
usBbeTHON 2. .

Pasnbuas 065 cTtopons! (33) Ha 7 coSz 1 OPHHUMAs BO BHMMaHie, 4To, corsacHo (18, 22):

M sin z (34)
r sing ’
mojIy4aeMb CHadaJa
4+ sinfz 1  sinzcosg
sinfgufcosz singcosz
ITomarasa xe
sinz cosq 7 l. cos®z /A |
singcosz pEcostq urcostq n
OJIyJyaeMb CHCTEMY
1 1 ¥
71:;7*&)qu T =1, cos’z F—tFt=1 tgz=Ftgq L (GY)

Jerxo phIaeMy MOMOIBI MTEPAIiOHHATO IIpolecca, eCIM COcTaBileHa Tabmuia (yHKmin F
II0 apryMeHry -=.
TIpumbuanie. Bpons sb (38) BMBCTO 2 HeH3BBCTHYIO ¥ Io ypaBHeRio sinz =1y : V'm, v nonvayscs (34) u (15,16),
3 3
MBI JIPTKO NOJIydaeMb ¥y —y*=a, rob a= Vm [sinz —sin(2—q)]. B® nepsoMb UpuGnuxenin a=— V'm sin g. 910

npeo6pasoBadie H ykasaHo 6bl0 A. . OpNOBBHM®B; JHmMb @ Mbl Hanmkcald Bb HBCKOIbKO H3MBHEHHOMB BHILE.
3

Bb aorapuemuyeckoit fopmb: a= V'msin g cos (z— )q) sec }g.

2. Bénpmyo TOYHOCTH IIepBaro NPHUOJIMMKEHIA NaeThb IPOEKTUPOBaHie CTOPOHD Tpe-
yronpuuka SPR Ha Hanpabiedie SR, Takb Kakb TOZa Bb I¢PBOMD NPUOIMKEHIH NPH-
XOOUTCS IPHHATH cos(z—q)=1, uro BbpHbe, 9BMB €0SZ = C0Sq.

OTp 1poexTHPOBaHisI MOJYy4YaeMb

r cos (z—gq) + r% cosq=uy . : (385)

l . -
Pasnbaaas o6b vactu Ha 7, um 0003HAYAT t,=ﬁ; cosq, f=(u:r)=sinz:sing, HaXOOUMB :
f—fit,=cos(z—q) . _ : . (85%)
OTKyna, 0603Hadad v="1,cos®(z—q), F'={:C08(¢—q), MOIy4aeMb COBOKYIHOCTH dopmyan

t =l;l;cos q v =1, cos® (z—q) F—rvFt=1 sing=F.sinq.cos(z—q) . (@)

v ~



Bb mepBoMb NPUGIUKEHIM MOKHO MOJOKUTH 2=¢ BB IPABEIXH CTOPOHAXH BTOPOTO
H YeTBEPTaro ypaBHEHisd, KOTOPHA Jerko pBmanTcsa HTepaliedl, ecld JaHB TA0IUUH yHKUin F';
MOHATHO, YTO UTepauis 3nber cxonuTes 6picTphe, YbMB BB (G;), IOTOMY 4TO €0S (2—q) uambHAeTCS
MeHbIne, 9EMB COS 2. st yeuneHis cxomumocTH NpuBOAMME mocibaHee ypaBHeHie (G,) Kb
Ipyromy BHIY, moci’k yero mmbeMms:

l — 8 (,_  r Fi— — p_singcosq .
t1=ECOSq v =1, cos® (z—7q) . F—tFt=1 tgz_Fl—Fsin% . (GY)

IloncraBnas BB BHPpaweHie ¢, 3HayeHie x® IO IlepBOMy W3B ypaBHeHi#t (15), U o6pa-

! .
masch Kb onpexkbieHio (16) mapamerpa m, HaXOIUMD t, — ﬁzcosq=msm3q €0s¢, T. €. BBeIeHHAA
HaMu 30BCh BENHMYMHA f, TOMIECTBEHHA CBH BEJUYHHON § 4.

3. Ucxomumsb usb ypaBHenid (85%). Onperbasems HBKOTOpHI napaMerpbh v TaKb, YTOOHI
f—Ffv=1 . (85*%)
BriynTas 3T0 paBeHCTBO H3B (35%), HaKHIeMDB

. cos (z—q)—1 2 sin? § (2—q)
T — t _—— = —_——_— =’
1 r* rt
Hast  ompembnenis z mocabmoBaTENBHEIMM IPHGIMKEHIAMM IIOJIy4AeTCHd COBOKYII-

HOCTH (opMyTH .
t1=’—izcosq 1"=t1—1275in2;(z—q) f—rv=1 sinz=f.sing . (Gs)

9To Ipeo0pa3oBaHie OHIIO y#e yKkasaHO [16]; 1. ¢. 1us ¢ maHO Ipyroe paBHO3HAYHOE
Y
BHIpaiKeHie, a HMEHHO

7" = msin®q cos § (z + g) sec § (z—q)

4. MomHO NOCTMIHYTH GOJIBIIEH CXOIMMOCTH, €CJIH THocah onpenbieHis f, Kake BB
3-eMb 1peo0pa3oBaHiu, MCKATh NPAMO MAJHIH yrodb z—¢q, BMBCTO 2. — Teopema cunycos®
Bb npuMbHeHin Kb TpeyroabHuky SPR naers

l
— sing = f*t, tgq

‘7 T. e. sin(z—g)=(’—‘)4“

r

AR

sin (z—q) : sing=
TakuMp 06pasomMs
l 2 ., , .
t,= e cosgq v =t — 7 sin?§ (z—q) —fiv =1 sin (z—q) = (¢, tg ¢) . f* (@)
(upavens ¢t tg g = msintg).
1o mpeoGpasoBaHie Haercs BIepBhe 31BCh.
5. Pasgbnsa o6% cTopoHH HocIBAHATO ypaBHeHis rpynns (G,) Ha cos(¢—gq), uMbeMsb
f )4
we—0= (/=) 4 tgacostc—o

Beime Mer monmyumnm ¢opmyas (G,) IIA IMOCTENEHHATO BEIYHCIEHis F=f:cos(2—q);
nNpuMBHAA UXb, HalileMDb CHUCTEMY :

l
t= i cos g T =t cos® (z—q) F—vhFé=1 tg(e—g)=F*.v.tgq . (Gy)

910 3amByaTenbHOe MpeoGpasoBaHie NMpHHALIEXUTH Steinbrink 'y [14].-



MEr He GynemDb u3cabI0BATH CXONMMOCTH UTEPAIlill B HAIMCAHHBIXD IPEOOPA3OBAHIAX |
pbmenie, npeanaraemMoe HaMu, OCHOBHIBAETCS HE HA TOMB WIM HHOMB IpPEOGPA30BAHIM, HO HA
PasJIOkEHIN BB PSb, KOTOPOE MOKETH GHITH OAMHAKOBO NOMYYeHO M3B JIOGOC0 M3b HUXD.

§ 9. Mu moxemd Temeph paspbmuTh 3amavy § 4 o npenbnaxs uambHenin ¢,. Pas-.

CMOTPMMD [UISl 9TOr0 CHAYada (YHKI{D f=pu:7r.

IIpu BeAKOMD 3aJaHHOM® 7, f BO3pacTaeTh BMBETS ¢b & : BO3pAaCTaHie BEINYHHEL 4 IIPAMO
BBEITEKAETD I'€OMETPUIECKH U3D TEOPEeMH § 6. Kaxs usmmnsemcs p:r npu sadarroms 0 2

UmbemMb
if dp 1 (dy, )
=@y —r\a— ! (86)
H du _cosg
6TPYIHO IIOKA3aTh I€OMETPUYECKH, ITO, BB 0011acTH (28, 29), ar osz B® camomb

obnb — cm. vepr. 1 u gopm. (23) —
‘ fR:l:r3=l5R5(7c:r3)
Ilppaumas A= R=1 (cM. dopM. (26%, 25))

PR32,
PR=Fk:r*==-v
Vmbemb, mpu MOCTOSHHOMD 4:
2 %<0, KaKp IOKa3AHO B § 7
dQ r3 ’ .

2 <0, Takbp Kakb v=173:(r’*—1)
dr ’ : .

IosTomy nmnuHa oTphska PR ymewswaemcs TpU YBeJUdYeHIM r, W HeusMBHHOMD o,
T0-ecTb d PR:dr <0, N TaKkb KaKb, COIVIACHO UEPTEKY :

dPR=du.secq—dr.secz ,

d d
10 “# cosz— cosg< 0, T. e. 2 84

9. 1 T. .
dr dr “cosz A

Ho, ¢b mpyroit cTopoHsl, f=sinz:sing, u m0sTOMy BEIpasKeHie BB CKOOKaXh Bb IIpa-
BOH JacTH (opMyJbl (36) OTPHUUATENHHO, KOrma z<45° (Bb Hamel o61acTH z<<37%); To-eCTb
g<o, opu r>1.5, 06<63°26". (37)
s BCEro mpeIEIymaro MoixeMD BEIBECTH 3aKiIOYeHie, aHAJIOTUYHO MOJIyYEHHOMY BHIIE
IVl BEJIMYUHH 2z—¢, @ HMMEHHO: BB 06JaCTH 5.5>7r>1.5, 6<63°26°, Benuuuna f umbers
maximwm TpA r=1.5, 6=68°26", u minimum npu r=>5.5, d = 0°.
BriunciienieM» HaxoouM®B:

OpA r=1.5 0 = 63926’ e 108 fimax. = 0.0709 ;
, r=55 0=0° e 108 fmin. = 0.0021 .~

Tak® Kakb NpH f, 3aKI0Y€HHOMD MexAy aTuMmu Ipembiamu, d+’ :df>0, To cooTBBT-
CTBEHHHl 3HAYEHIT ¢’ 1o ypaBHeHilo (85*%), f—f%7 =1, CyThb SKCTPEMAJbHHIA, U HUMBeMD :

10g 7 max. = 8.965 — 10
log v’ min, = 7.688 — 10 . (88)
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Ho BeamyuHa ¢’ BechbMa 6AM3Ka Kb f; UMbeMDb MMEHHO:

t, : 7 = msin®q cosq : msin®q cos § (z-}+-¢) sec § (2—q)
78078 ) ’ :
¢, : v = cosgq cos } (z—q) sec (¢ -+ (2—q))

(39)

Wab reomerpuyeckaro sHaveHig IIA ¢, SCHO, Bb BUIY TEOpPeMHl § 6, YTO maximum q
BB pPasCMaTpUBaeMOdl 00JACTH NOJUKEHD IOJYYUTHCA IIPH R pacnojoxeHHOM'> Ha T'DAHHYHOMN
npsaMoii: 6=63°26. Ho BB § 7 Obmo NOKa3aHO, 4TO, NpH TepemMbmeHin P 1o IpaMoi
0=const., du:de>0. Tax® xakb HaubGoJblIee 3HAYEHIE ¢ HA npsaMol 6 = 63°26° IOy 4aeTes
Opd HAaWMEHBIEMD u, W, CIBLOBAaTEIbHO, HAUMEHBIHXb @ U 7, TO Mmaximum ¢ Bb 00JACTH
(28, 29) coOTBBTCTBYeTH B3HAYEHIAMb: =1.5, 6=63%26". BrruncaenieMds Haxooumb
Imax. = 30°26°, MaKCHMyMDB e (v—¢) ecTb 6°2, cormacuo § 7. IlpuHumas 5To BO BHHMaHie,

JIETKO HAXOMWMb, JorapueMupyd (39), uto |log(¢,:7")|<<0.015.

- O6pamasice Kb paBeHCTBaMD (38), 3aKI09aeMBb: B'b 0612 CTH 5.5>7> 1.5, 6<63°26",
BCIOMOTaTEeJbHHN MapaMeTPd ¢, YAIOBIETBOPIETH HEPABEHCTBY

8.980 — 10 >log ¢, >7.673 — 10

(40)

§ 10. Bpv BuAy HmCKNIOYMTENBHAr0 3HAaYeHis, Kakoe HMBETh BB NATbHBHmEMD Ipe-

obpasoBasie (G,) § 8, MBI BEIBEIEMb ero 3X5Ch BTOPHYHO YHMCTO AHAIHUTHYECKH.

3aMbyaeMb TOMIECTBO
sin (z—gq) = [sinz ---sing] cos § (z—g) sec } (z-+¢) ,

mo3Bodstiomee ['ayccoBo ypaBHeHie (1) HamucaTh Bb BUIS:
sinz — sing = sec } (z—gq) cos } (z-}-¢q) . msin‘z
Ilonaras 3mbew; Kakb paHbme
sinz=Ff.sing 7' =msin®g sec § (z—q) cos } (z+4q) ,
I0JIyYaeMb CBA3b MeXNAy [ M v Bb BUIB
f—vft=1

sin*z
sinq

Ho, cornacno ypaBHerilo I'aycca, sin(z—gq)=msinig. , TI03TOMY

sin (z—gq) = (msintg) . f* .

Has  aHamuTHYecKaro BHIBoZa npeoGpasosamis IllTednGpmuKa (G,
BB ypaBHEHin (1) z—q=y:

siny =msin* (¢+y) = m (sing cos y | cosq siny)* = msin‘g costy (1 4 ctg ¢ tgy)t .

[Ipuanmas
7=msin*q ctg g cos®y tgy=1tgq.p.7v

rab ¢ ects wbkoropas ¢yHkuia v, momyyaeMb muA e ompexBieHis
| 9=(1+g0t ,
npuyYeMb, Bb BUAY ypaBHeHis F—vFt=1:
¢ =F"*

a®

(41)

IoJiaraeMp

(1)

(42)

(43)

(44)
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§ 11. Cpemn pasupix®s mpéobpasoBaniit (§ 8) I"ayccoBa ypaBHeHis 0c06aro BHHMaHifA
Ch NPAKTUYECKON TOYKM 3pbBHIA 3aciaykuBaOTh TH, (G,) U (G5), BB KOTOPHXDb pbmeHie mpu-
- BomUTCA Kb ompenbiaeniio sin m tg masazo yraa z—q. HewsObxkuas morpbmHOCTE BB ¢ —
- (yHEUiM HAGMONEHHHIXD BEIWYMHD — BCEIBIO BXONMTH BB ONpeXbIeHHOe M3B ypaBHeHId
laycca z; mosToMy, NIpHM HaXOXIEHIM Majo — II0 CPABHEHID ¢b ¢ — BENHYWHBE 2—(,
BIOJIHB pPallioHaJBHO IOBOJBCTBOBATHCA MEHBIIEH 0mHOCUME6n0% TOYHOCTHIO, TBMB TOYHOCTD,
sin
tg
3HAKOBH, MEHBINIUMD TOI'0, Cb KaKHMDb Belercs onpenbienie op6utel. Bb camoms xbak,
pas3bepeM, ¢s xaxu.ms Haxmopoms, &, 6xodums 65 logsinz owudxa dlogsin (z—q). Ipenmomaraemsb
IpPH 3TOMB, YTO z IO Sin(2—q) u ompembiasercs.

Ch KOTOpoH u3BBCTHO ¢. 3ambuaHie 5TO M0O3BONAETH BHYUCIATH log S (»—¢) ¢b YHCIOMB

Nmbems
. M . M
6logsmz=@6z. u 6logs1n(z—q)_méz
. (M .... MORYIb JOrapHAOMOBD)
OTCIOZ1a, HMCKIKYAA 0z:
dlog sinz=¢.dlog sin (2—q) (45) &= tg'(:r_jq) (45%)
D

Tak®b KaKb, TOXKIECTBEHHO

tg tg (z—
tgr=tglg+(—o) = ELTECD,

_ tglz—9) . .
S_tgq—-i-t};_(?—_q—)[l —tgqtg(2—q)], 4, BB mpenbaaxs (28, 29):
_ tglz—9)
¢ <tgq+tg(z—q)

Ho, cormacHo (42), tg(>—¢)=tgg9.9.7, u nos'Tomy

“ .;r:w .7=¢%7

& < 1+ ¢1/‘

Taxumb 00paszoMb, 10 (45):
|61og sin z | < (9. 7)| 6 log sin (z—q) | .

Ecau e 060sHayuMD 4Yepesb ¢, 3HadYeHie (yHKIiM @, cooTBBTCTByIIEe v=t,, TO Bb BHUIY
t,>7, o, >9, MokeMb a fortiori Hammcarts:

el @t |dlog sinz| < ;% | 0log sin (z—q)| . (46)

daxTopp ¢,”*t, mMmBerp cabayomisa 3HayeHis

log ty = 17.60 8.00 8.40 8.80 8.90
log ¢, @;" = 7.6052 8.0135 8.4370 8.9106 9.0582
Lot =1 Yo g 1o g

Manocts ¢akropa f ¢," 06yCIOBIMBAETH COGOH BO3MONKHOCTH DAIiOHAJLHAIO COKpA-
meHia 4ucjia 3HAKOBbD — Ha ONMHD MIM B3 — IPH HAaXOKAEHIH sin(z—q¢) u tg (e—q).

§ 12. Xora BoiBeleHHH Bhime (§ 8) mpeoGpasoBamia I'ayccoBa ypaBHeHis ¥ 12T
GHICTPO CXONAMIifCA MOCHBIOBATENbHELA NPUCIMKEHIA, HO BCE e OHH OCTABJAIOTDb HEIPH-
KOCHOBEHHEIMD CaMEIl METONb, JIMIIb TEPINHMEI BHYHCIHTENIMH, Kakb malum necessarium.
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Mu nepeiiieMb Temeph Kb H3:10XKeHI0 IOpaAMoro pbmeHis mOMOmMBI GHICTPO CXOLSAITMXCS
6e3KOHEYHHKX'h PSANOBB. [aBHAA TeopeTHYecKas TPYMIHOCTH 3aJa4M COCTOHTD JHUIIb B'b SCHOM
ed NOCTaHOBKS M BB HaJjexameMb BHOOpS HesaBucuMOl mepeMbBHHOM.

BBogumMb BB KauyecTBS HOBOM Hen3BBCTHOH BeIHYUHY

T=97 . , ‘ (47)

Ecan yaacTcs onpexbauTh x, TO 3THMDb CaMHMb OyIeTh HallIeHO M z—q, TaKb KaKb
coryuacHo (42),
tge—q)==ztgq . (48) °

YpaBHeHie (43) MOkeTHh OHITh HamHUCaHO Z:v=(1-2)%, To-ecThb

=7 ' (49)

x
A foF
IpuYeMb, COIJIaCHO (42):
tl — tl
(1 + tgz (z_q))% - a + x2 tgz q)% ’

v=t, cos®(z—q) =

(50)

Takb 4TO ypaBHeHie (49) maeTs

x i

IF=r~ (F=tg?g™

(51)

Bynemtb cyurate Bb HaapHbAmeMD f, 3aJaHHBIMB IapaMeTpoMb. Torna z, mo ypas-
HeHilo (51), MOXHO pa3CcMaTpUBATh KaKb (YHKIiI0 tg?q, saBumcamylo oTb f,. Me Gymemb
MCKATh DasjiokeHid x Mo cTemeHAMD tg2¢; ¢b BTOH WHIBI0 ME IIOCTApaeMCsl NPUBECTH ypaB-
HeHie (51) Kb TakoMy THIy, IJIl KOoToparo Mmbercsa rorosoe pbmerie.

Taxp xaxp tg?q BXOmMTDH BB (51) BB JHHEHHON KOMGHHALIM, TO HETPYAHO IOJYYHUTEH
u3b (51) ypaBHeHie, paspbmaemoe 3HaMEHHMTON CTpokoit Jlarp a H Xk a.

IlycTe maHO ypaBHeHie OTHOCHTENHLHO T
¢ —a,—af(@=0 (52)

raB 2 ¥ « GyAeMb cYATaTH ABACTBUTENbHBIMH 9ACIaME; OycTh $yHKNis f(z) romomopdra BBH HbBKOTOpOiH Ob6macrm D, comep-
®amel TOIKy x;. 0603HaIAMD Iepesn C OKpPYKHOCTH KpPyra, HaXOASMmMArocs Bb obaacta D, ¢k HeHTPOMD BB TOYKD zy, A OyCTh
IS BCBXDb TO9EKB & 3TOR OKPYKHOCTH

mod 'L(':D) <1 . (58)

x—;

Ypasrerie (52) momyckaers Torga BEYTPE C ORHED H TONBKO ONHHTL KODEHb; 0603HAYHBD Yepess IT(r) IPOH3BOABHYI
ronoMopdaymo, BEyTpA C, yHKLiO 3TOr0 KOpHA, UMBeMB crodawiica psab Jlarpamxa:

@)= H@)+ Z e P @) - (54)

(n+1)!dw”

Ecar BB pasnoxenim (54) OrpaHHIHTHCS WIGHAMA 0 of BKIIYATENBHO, TAKD 9ITO

n-1

O@=1 (wx>+Z DT = (1@ P @l + By (55)
TO OCTATOYHHA WIeHDB R,,_’_l, gafifeEEnt Cauchy, Moxkers 6HTs HamHCAH® BB BEAB

1 —af'(z) [af(@)]kH
RH- 27", H( )“’—“’1"' a;(w) a:—a:l da: y : (56)

rak HETerparb Gepercd mo BhimeompexbueHHOd oxpymmocrm C; i=V_—],



’ L2
OGosnauaem®s, s cokpameniﬂ nuchMa
“a=tg2q . ‘ (57)
YpaBHenie (51) HemocpeICTBEHHO npnBonﬁTcﬂ Kb BHIY

x2

1—a t1=/a 1+ )P x—h —1 =

0 . (58)

O6o3HaYNMD Yepesdb x, waumeHsuee 3HaYeHie x, U3b ypaBHeHid (51), npu a=0; IyCTh
®; €CTb- HaumeHobwiee 3Ha4eHie @, cooTBBTCTByWOIEe, 10 (43), =1, TaKb 4YTO
T =@1. 4 (59)

-

TFay—t (60)

YMHOXaeMDb ypaBHeHie (58) Ha x—wx,, U IOACTaBJIgeMb Bb Hero sHadexie f; usb (60);
TIOJIYy UMD © :

z—w;—af(x)=0 , | (52%)
rab 0603HAYEHO ‘
f(@) =“§ 3={ (}—j:%l)/ (%)J” —1}ie—a) . (61)

3HaMeHaTeJb § IPH Z =2, NPUHMMAeTHh BUAB O0:0; ycaoBuMcA cYUTATh (3) = Lim. 3.

z=—2, z==x

®dyHKUig f(¥) MOXETH CYUTATHCS TOTNa peryJddpHOi BB 06JacTH TOYKM ¥, M npumbHeHie
¢popmyns (54. 55, 56) BmoaHB 3akoHHO. OnHako ¢opMajbHasd HeONpemXBIeHHOCTH [(z;), MPO-
HCXONAmasl OTh HeH30BKHONM MCKYyCCTBEHHOCTM BB CBeJleHin Hamel 3aJadyu Kb IpoGiemb
Jlarpanska, 006ycI0BINBAETH COG0M MPAKTHYECKiA HeyT0o6CTBA IIpH HaXomAeHin u uscabmoBanin
3Ha4YeHi!l NPOU3BOAHBIXD f(Z) BB 00JaCTH TOYKH Z;.

§ 13. Mu npuauMaeMd 3415¢ch W BO BceMDb NalbHBAmMEMD HU3-
cnbnoBaHiu 663KOHEYHHXD PIATOBD

z2—g<2° , logt <8.900—10 . (62)
W3p mocabaHAr0 HepaBeHCTBa CIABIyeTh
x, <0.129 102 . (63)

HscabayeMb, TIpH 9THX'D yCIOBiAXD, OCTATOYHHIA WieHb R,., U JTOKAKEMD CXOILUMOCTH
pana (54) mas Hamero ypaBHeHia (52%).

OnumeMdp M3Bb TOYKH Z; Kpyrs C pandiycoMs r=cx, (c< 1), HACTOJIBKO MAaJBIMb, YTO
BHYTPH ¥ Ha okpyxHocTH C 3HAMEHATeJb 3 HU pasy He ofpamaeTcd B Hyldb. BHyTpu u Ha
okpyxuoctn C 3 GymeTp roidoMmopdHON ¢yHKIjen x, u, cJBIoBaTeNbHO, f(@)=2?:§ GyIeThb
TaMB ke roiomopdHa. IloaToMy f(x) momyckaeTp Ha C BepxHiit mpeabas, U mpu docmamouro
Mavxs o GyIeTh Ha BCE OKPYKHOCTH BEIIONHATHCH ycioBie (53): |af(@)|<<r, T.e. pans (54)
6ymerp cxomamumca. HaMb OmHAKO HEOOXOAMMO J[I0Ka3aTh He CXONUMOCTH IpH docma-
MOUHO MALYZs @, HO IPHA BCBXD 3HAYEHIAXD BTOr0 IapaMeTpa, I KOTOPHIXB BHIIOJIHEHEI
ycaosia (62).

O6pamaeMcss Kb BhIpakeHilo (56) ocrarousaro wuineHa R,,. O6Gosmadas depesn II
MaKCHMyMB MOZAyJs Brpamenias II(z)[l1—a f (x;)] Ha okpyxHOCTH C, 4Yepesb m eeprHid

3
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npexbas MOAYNA af(x) Ha TOM e OKDPYNHOCTH, MOMEMD HammcaTb, nonaarai K=m:r, H

CUHUTad ¥ >m
II

T (64)

| Rapa | <K"‘|'1

OGosnauaa yepesb m, eéeprwidi npenbias Momyds axz? depesb m, Huxcwit Hperbias
Monyas 3 — o6a Ha okpyxHocTH C — mMbeMb
my . .
m<— . 65
Py (85)

[epBuitt mpexbas, m,, onpexbasercs cpasy e; TaKb Kakb MOAyJb x? TBMB Gosabme,
gEMb 60JbIIE MOAYNL 2'a, TO HAUGOJIbIIEEe 3HAYEHie MONYJId ax? Ha OKPYHHOCTH C IOJYyYHUTCS
OpH T =27 U I03TOMY

m=a(x +r2=az?(l4c)? . (66)

3ariMeMess ompembieHieMb m,, HIWKHArO npexbiaa Monynd 3 (61) — samader, paspb-
IMEeHHON HaMH [JaleKO He TaKb IIPOCTO.
Takb Kakb MOLYJIb T —; O/IHHAKOBD Ha okpyxHocTd C (M paBeHD 7), TO IOCTATOYHO

OymeTh BMBCTO 3 pa3cMaTpUBaTh (PYHKIIO =3 —mx)

() e

0G03HAYNM'D Yepe3d 3, 3HadeHie 3 i HBKOTOpoi Toykn M wa okpyxHoct: C, yepess R
i~
J006YI0 KPUBYH, BEOymyo OTH TOYKH z; Kb M. PascMoTpuMb [ d_; dx BHOJNb KpuBOK R; OHB

PaBeH'h PA3HOCTH 3HAYEHIH § I IpeabIbHEXD ToUYeks M U 2. Takb Kakb, JUIA & =1, § PABHO
HyJI0, TO UMBEMB -
— dy
3;=J&; dz . (68)
)

Bb kavecTBl mpOM3BONBHOK KpMBOX R BO3BMEMDB Ppaliych BEKTOPDh, COEIHHSIONMIIN
M c¢b z,. Bpoap Hero 6yners

dx=dp (cos ® 4 i sin w)

rob depesb ¢ U @ 0GO3HAYEHHl IOJISAPHBIA KOOPOMHATHI TOYKHA M OTHOCHTEJBHO «,. Ilon-
cTaBasAsd 9TO 3HadeHie dz BB (68), IMONYyYUMD

— . . dy
3.,=(cosw+zs1nw)fd—:cdg ,
) ]

OTKyIIa

r

- d;
modg,:mod[d; do , (69)

TaKkb KaKb mod (cosw +isinw)=1. Ecau 0603HaYMMD Yepe3D u (¢) NBHACTBUTENBHYIO U Yepesp

dx .
Ez?ac’ TaKb UTO g =u(e)+tv(e), To, cornacHo (69)

m0d§«=m0d[fu(e)de +ifv(9) de] :
(] 0

mod-a_,>modfu(g) do
. 0 . .

1v(¢) MHHMYW 4YacTh IPOM3BOIHON

A TI03TOMY



HazoBeMs Yepesb a4 HUMKHIA Npexbad a6COIIOTHAIO 3Ha4YeHia #(g); COrJIaCHO TOJIBKO
49TO IIONYyYEHHOMY HEpPaBEHCTBY

modz.>7.a . (70)
U TI03TOMY 3a m,, HIKHIN npenbap MOXyldsd QYHRLIM §= =3:(x—2,), MOKHO NpPUHATDH
my=a . (71)
Bompocs cBomuTes TakuMb 06pa301~;1> Kb ompemrblieHi0 a, T.-e. HUICHAZO npedraa adco-
3

SOMHAR0 3HAUEHIR Omticmeumenswod wacmu ;o BHYTPH Kpyra C M Ha €ro OKPYKHOCTH.

Huddepenuupysa (67) momydaeMs:

5 2 2/3 (1 + x\%
—dd_x 2em(TE) a—sq) . (12)
. : dﬁ
Haﬁ]leM'b. _— 1) HUAKHIA npez[’ﬁ.n”b Jnoay/m az 0003Havyasad 39TOTH Hpeﬂ'lsn'b qepes3db Mg,

. . dy
— 2) BepxHit mpexbads R aGCONOTHAro 3HadYeHIA amnaumydv — aﬁc . O6a atu npenbaa

MIOyTCSI BHYTPM ¥ Ha OKpykHocTH C; ecJum OKamercs, 4T0 2<%/, TO MOXHO OyIeTb
3a a IPUHATH
a=mgCcosQ . (78)

1). Yro kacaercs ms, TO OYEBUIHO UMBeMDb

2/, 1+x e
me> 2 (LEA) s )

Ionaras r=cwx,, (c< 1), mepenucsBaeMb 5TO HEPABEHCTBO Bb BUIB

2 tz/s 1+(1 c)x. 5/s
61 —1_—'—6——1—) [1—3(1-—}-c)a:1] , 501458

> % A+o"Q+tz) ™z 1+0—0z]*[1—3014)z] . (74)

14 x)’

2%). PazpimeMd cHayajla MAaKCUMyMDb aMINIATYIBL ( p
HazoBeM’s 4epesh ¢, o IOJAPHBIA KOODAMHATHL TOYKM M, PACIOJIOMEHHOH exympu HIH
na okpyxHocru C (e<7). Torma Oymers Tr—x, =0C0Sw-+108Sin @, TO-CTH

r=(x;,+0cosw)-}i0sinw
1+z=(01-+=z+ecosw)4igsinw . (75)

HazoBeMD 4epesb ¢, W @; aMmuTyasl z u 14z CormacHo (75), oHB oupemxbagnTca
¥3b ypaBHEHId

osin @ osin®

tg%:xl—l-gcoso) tg%:l-l—:cl—l—gcosw
1
AMIIATY 13 BHIpaKeHi — @,. TTono®UMD ¢ = ¢, 2, (¢, 2, < c2y)
n onpexbauMb tg(p,—9s):
| ¢ & sin® ¢, T, sinw
tg@o—tg®; ®Fcizcos® 142 46 % 050 ¢, sin ® 76
tg(%—%)::l—l—tg%tg%_ ¢tz 2sin’0 1+Q4¢?2 +ecosw(l+2x) )

1+ (¢, 2, cos @) (14, --¢, 2, cos W)
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IuddeperunpoBanieMs 1mo ¢, Jerko yobautees, 9TO ymceHHOe 3HadeHie tg(gp,— ¢,)
YBEJIHYHMBAECTCA BMBCTE CBb ¢;; OTHICKMBAag MaKCHMMAJLHOE 3HaueHie |q>2—¢1|, MBI MOMEMDB
TI03TOMY OrPAaHMYHATECH TOYKAMH, PACIOJOKEHHHIMH Ha OKPY&HOCTH C, IS KOTOPHXb
%, =cx, =7, 0 A Korépux"b, crbIoBaTeNbHO, ¢, =c.

Berumenumb, 10 KaKOro ®, 0603HAYAEMAr0 w,,,, a6COMIOTHOE 3HAYEHIie tg (. — ¢,)

d .
JoCTUraeTds MakcuMyMma. IlpupaBHUBas Hyio 7w 18 (92— 91), mONyuuMB ypaBHeHie
[1+(14c*)z,]cos omax+c(1422)=0 . 77

d
g 3HavyeHis wp,,, yaoBaerBopsaiomaro (77), Etg(%—%) NepexXoauTs OTH II0JIO-

HATEJBHBIXD 3HAYEHId Kb OTPULATENBHBHIMB — KOTIA ©,,, JEKHTH BO 2-M'b KBaJIpaHTs u,
crbnoBaTenbHo, Korga tg(g,—o,)>0 — u oTb OTPULATEJIbLHEIXD 3HAYEHIH Kb IOJOKUTE I b-
HEIM'D — KOI'la ®g,, HAXOANTCH Bb 3-Mb KBanpaHT'Is, ", c1'B10BaTeNIbHO, KOora tg (9, — ¢,) << 0. —
Orcoosa 3aKI11098€MD, 4TO Wn,, NAETH Harcumyms | tg (¢, — @) .

[lonaras BB (76) wn,, BMBCTO ®, HaXooUMD, YMHOXKHBD YHCIUTEIA ¥ 3HAMeHaTeJs
Ha COS Wp,, U IOJB3YSACH ypaBHeHieMb (77):

€ 8in Wmay. COS Wpay. __ COS Omax. 1
—c(1422,)sin? Wy, sin Wpax. 1422, ’

tg (P2 — @ )mex. =

8in Wpax.

otg (P2 — @ )max. = — c0S Dpax

(14-2z,) , u orciona

. 1
sin? (@, — @;)maxr. = —

in2
14 25080 () | o g,p2

c052mmax.

, U, TMONB3YACh (77):

1 c?

1+[1—|—(1+c")x,]‘—(1+2x‘)zcz=[1+(1_c,)xI],, TO-CTH
c?

8in% (P — @) )mer. =

. Cc
SIN (P2 — @1 )max. =% 10—z Ta—&z ° (78

TaxuMb ypaBHeHieMD NaeTcs MakcHMalbHad aMILIMTYAa (1 4-z): . IToaTomy :

1+4=x

x

5 )
MakcumMymMs aGe. sHay. aMmmi. ( ) =g arcsin

c
e P 9

2°). PasbimeMD Telepr MaKCHMYyM®b aMIUIATYBI 1 — 32 BHYTPM M Ha okpyxHocTH C.
OGosHavaeMb ammiautyny 1—38xz 4depesb ¢, ILas BCAKOH TOYKU M, c¢b MONAPHEIMH KoOpIH-
HaTaMH — OTHOCHTEJBHO &, —@, ®, UMBeMDb

8osinw
1—8x —8pcosw

tg g =— (80)

Ilpy  mocTosHHOMD ¢, alComoTHOE B3HaueHie tgg, MOCTHrAeTH MaKCHMyMa IpH

3 .
COS Wypy. =1Tg71’ KaK'b JIETKO yobautees nudepenunposaniems. Orciona 30=(1—38z)cosw
H, MONCTaBIASA 39TO 3HAYeHie BB (80), NOJIyYuUM'b, IJ 1:g|qpa

max.y

.
max, *

(1 —82,) cos Wpay, sin Omax, CO8 Wpqy,
1—382 —(1—3x;)cos? Wnax.  sin Wmax,

tg] @5 [mex. =

_8%e

mer. =713z, °

Orciona 8in | @, | e, = coS 0



Bripaxenie sTo nponopmoHanLHo e ¥ JIOCTUraeTdh NpeabibHAaro 3HaveHid Ha OKpYH-
HocTH C, KOTZa ¢ =7=cx,; MOSTOMY

. 3cx .
| 95| max. = arc sin — | 81
e 1—3z, (81)

5/s
Takb KaKb 2, cormacHo onperbienio, ecTs BepxHilt npeabas aMINIATY AL (1 + x) (1—32),
TO, COIIOCTABIISAS pesyasTaThH (79) u (81), umbemsb

3cx,

5
Q<2aresin— % arc sin ———
=~ + 1—3x,

3 1+ (1 —¢Y)z, (82)
U 33 @, CM. (73), MOKHO NPHHATH, — IIPH YCJIOBiH TAKOrO BHIGOpA ¢, 4TO Q< 7/, —

G

(1—|— o)~ (14-=,) ="z, 1+ (1~ ¢)x, ] [1—3(1—|—c)x,]cos{ arc sin 1_*_6—‘)—; -+ arcsin

Hmbems nanvme, usb onpembienia K, u HepaBeHCTBa (65)

r my?
WIH, Bb BAAy (66), u r=cz,,
K<aw *(14-9?

acx,

¥, IpUHEMasd BO BHHMaHie (83):

28 (1) 1+ s 14 |
K< (az, )§_c—— (1—|—(1—|c)a:,) [1— 3(1—}10):1:,] cos{ arcsin J-arcsin Scx, }
1+(1 )z, 1—3z,

(84)

9TO HEpaBeHCTBO He HADYMMTCH, ecau BMBCTO #, IONCTABUMB BB HEro mpexbanHoe
3HAYEHie 3TOM BENMYMHEL, Z;=0.129 102, motoMy d4ro Bch (PaKTODEI IPaBOX €ro YacTH IpH
BO3pacCTaHid x; WM OCTAITCA IIOCTOAHHBIMU HJIX BO3PACTANTb.

YTBepxaenie aTo 0YeBHOHO He cpasy JHMb MIf mocabauaro gaxrtopa. 060sHAYHMB

—éarcsin—c———{-arcsin dem
=3 IFad—a)e, 1—3a °

¢ mpexnonaraeTcs BHIGPAHEBIMB HACTONBKO MANbIMB, 9T0 @ < 7/;. Hmbems

dp _ 5 1 —c(1—¢) -y 1 36
iz, 3Y1—clFU—)zm2l+0—Nz)l ' YT _9da'1—8x)2 (1—3%)’

5
Heperifi wiems BTopol YaCTH, OTPHUATENBLHBIH, GOJbme —50(1—02)"', BTOpO#t Gonpme 3c. IloaTomy

dg 5 21/ . g
Ti_i,>—§c(l—c) * 4 8¢, u, npn c<1""d:c,>0

dsecp | sing dg dsec g 0 9. HT
- - .HT. A
Ho iz, +cos’g) iz’ ™ e >

IoncTaBuBh BH NMpaByl 4acTh (84) Bcooay, kpomB mnepsaro $paxropa, x, =0.129 102,
MH monydaemb K BB QyHKLiH 0TH HeonpenbleHHAaro moka Iapamerpa c. BosbmeMm®b Temeps
¢=0.2; maa aToro sHayeHis K:az,® GIMBKO Kb MHHAMYMY.

1. 21
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ITogpcTaHOBKa 3Ta OaeTh:

108 8/3 « e vveeeeeeennns 0.17 609
C o log(10.2y" L ...... ... 0.29 033
108 (0.2) 1 «oevvnnnnnn. 0.69 897
log(L+2)” ............ 0.14 062
log(14-0.8z)"........ 9.92 886
log[1—38(14+0.2)z,]~1...0.27 146
log sec 24%20°48” ... ...... 0.04 045
2...154678 T. 0. K<35.22a22 . (85)

IoncraBnas npexbibHOe sHadYeHie z, ¥ BB IocabaHee HEpaBeHCTBO, uMbeMB
K< 0.5871tg%q . (86)

HepaBencTBo (86) mokasbiBaeTh, 4To IpH log? < 8.9—10, mscabayeMelt HaMM AN
HasbpHoe cxomures (K<C1) eme mnpum q=>52"5. Takoe 3Ha4eHie ¢ NpPeBLINAETD BEpXHi
npexbab BO3MOMKHAr0 ACTPOHOMHUYECKH . .

Yrto kacaerTess az,?=tg%qx,%, TO BeIMYHMHA 3TA MAJO OTJIHYAETCA OTDH tg2(z—9).
O6BIYHO z—¢ COCTaBJIAETH IpOOH 1° m mosaromy K MeHbIIe /0. OTcCloma BUIHO, YTO pas-
JI0KeHie O CTeNeHAMD a CXOAUTCA OEHICTPO. BrpoyeMb, Kakb OydeTb BUIHO M3B HajbHbBU-
maro, nmpexkIb ocTaTo4YHAro uyieHa R,,,, monydaomidcs usb (64) mpu sHaveHin K mo (85),
CyIECTBeHHO Gosibme — IO KpaiHel MBpH IUIA MaJHXb % — IBACTBUTENBHAr0 OCTATKA
pana (54) ona ypaBHeHia (52%).

§ 14. [IokaszaBb CXOAMMOCTH Pa3io¥eHid romomMopdHoi PyHKUiM z’'a MO CTENEHAME a,
MH TlepeiiieMb Temeph Kb BHIYHCJIEHI OCN[Ar0o 4YieHa 9TOr0 pAasjIokeHif, OrpaHUYH-
BasCh CIy4YaeMb

HHxy=2z . (87)
Ypasuenie (87) maerp II'(xr)=1, u moaToMy — CM. (54) — HCKOMHIMD SBJAETCA
BHIpaxeHie
dn
dxl,.f’”“(wl) , (88)

ros ¢yukuis f(z), paBHag x%5*, ompexbiserca ypaBHeHieMb (61).
[Ipo6neMy pbmaemb 1O cabayromeMmy ILIaHY :

1) HaxX0OMMDB OOMM 4IeHD PAa3JIOMKEHiA § II0 CTENEHAMD L —,;

2) ” » ” » 6_1 ” ” » b
3) ) ”» ”» » x26—1 ” ”» ”» :
4) ” koa(uiienTs NpH (z—=2,)" Bb pasiomenin f"'(z) mo cremeHaMs *— ;.
1. Umbems
(z—=z,)g=t"Q1+x)yfzr—1 , (89)

rob nna ymo6erBa 0603pBHIA 0603HAYEHO
p="%s g=—"/ . (90)

- OInddepennupyd mo z’y » pasb PaBeHCTBO (89) C¢b mpuioxeHieMb mpaBuia Jlei6-
HHUUA, N0JdyYaeMb

dn S
i (x—x) 3=t /.kZO On,k (1 - )Ptk ga—k . (91)
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rab 1oJoxeHo a”,k=(2)p(p—1)....(p;n+k+1)q(q—1)....(q-——-k-l—l), TO-€CTh

a=(3) (.Z) &) e —m1%r . o

nin—1)....(n —k-41)

n
CuMBOJIOMB (k) 0603Ha4aeM'b, KaK'b IIPUHSATO, BEIpaxkeHie 1o A

(3)=1; k1=1238....k; 0!=1.

IIpu xz=ux,, npuHUMass BO BHHUMAaHie 3HaudeHie f, u3b (60), uMmbeMs:

, IpuYeMb

(%t—n (x—uxz)3 )z=z.= kzo O 1 (1 2+ 2, —*

H, crbIoBaTeNLHO, pasiokeHie (x—wx,)3 BB pand Tafmopa umbers BUID

)
(o]

T(x_wl)”

(z—z) = : —n!—‘-kzoan,h (=) trw,—*
n=1

A II03TOMY, 0003HAYAs

S|

an—l =

Y ans(ltz) "z (93)
k=0

nmMbeMb

=t i@ —a)+ g @ — 2y + 8 @—a) e —ar (94)
Iocabania n8b PopMyJIH W HAOTH HCKOMOE pasiokeHie 3.

2. TpebyeTcs pasioKHTb 10 CTENEHAMD Z—%; QYHKIIIO y=".
Hmbemsp '

8y = 1
1-asd TIpOM3B. II0 Z 7y + 39’ =0

2-ad » » ((2,) iy + (?)ay + (g)ay”=0
............................................ | ©5)
i-ag DPOM3B. , » (8) Oy + (i), vy + (z)ayi=0

N e ) T (A LTART

TomIecTBa STH IO03BOJSAOTH ONPeXBIUTE ¥, ¥, VA y™ 10 %, ¥, 3,....3™ IpH
BCAKOMDb 2, M, Bb YaCTHOCTH, IPU T =2;. IIpn nocirbaHeMb 3HAYEHIH X umbeMb §=a,,
¥ =ay, § =a,....5™=a, O003HAYUMD

[y="1 [y =0 [y =bs..... [y =bu
z=2x z=ux; z=2 . z=ux
Jlerko yobaurbesd, 9TO onmpembanTens cucreMsl (95), ¢urypupyomii Bb 3HaMeHaTeNh
BCBXD HemaBBCTHHXD by, by, . ... b, €CTh 3" = ot (mpowsBeleHie 4YIeHOBD TJIABHOW miaro-
Hanm). 3amMBTHBB 9T0, MMbBeMBb:

Dy

96
i (96)

b= (l_ l)m




1 2

rob D, ecTh ompenbiauTeab

D= ((1)) a, (i) a, 0 0 0.vuennn 0
' (02)% (f) o (g) a 0 Ouernnn. o
T S AT T
(m(; 1) Am—1 (mII) Am—2 (m;l Om—s (m; 1) U (ﬁ}) a,
e Do @oe Cems o " Ya

O6mift gnensd onpexrbautens D, — BB -0 CTPOKB U k-OMb CTOIOLS — €CTh

(kil)“"""'l'l
Bb wactHocTH, M3B (opMyda® (96) M (97) HmoIdyvaeMb

1 e _20%—aqyq

2
b b b 6a,a, a,—a,2a;—6a’
v =g  h=g k= =

3 3 4
ay a,

(98)
b _ 24a*—364a,a7a,-}-8a,"a, a5 {-64a,2a’ —aa,
L= 5
)

Pasnarasg y="/; b pane Taitmopa, umbems
b, b 21 bs s b
y="b,+ T(w—xl)—l——z—!(x—x,) —}—g—!(x——:z:l) +... .+’7!(x —z).. .. (99)
3HaveHia KoaduiieHTOBD maoTea PopMmyaamu (96).

8. Yro xacaerca ¢yHkuim x2 To mMBeMB IpoCTO

=[x+ @—z)'=2'+2z @—=)+@=—2z) ,

A NI03TOMY, €CJIH IIOJOKUMD

f(x)=%'=co+c,(x—z.)+c2(x—x,)=+....-|-cm(x—x,)m-|-.... : (100)
TO 111 K03PPHUIEHTOBD ¢, IOIydaeTcs |
=M —Dbrs 20z, b 2B . (101)
d

n
4. Ocraerca HaliTu ( i f”+1(x))z==.’ TO-ECTh B3ATHIN 7! pazb KoapPuLieHTs npu (@ —z)"

Bb pasiomeHin f"'(x) mo cremeHaMb x—=z,. HaXonms (n--1)-yi cTemeHb Ge3KOHEYHArO
psana (100) mo mpaBumiy HploToHA, MONYyYHMB

-----

dr !
(z) = Z Tt el =k Dl B e, (102)

=z,
ot ... +an=n+41
af+...+nau=;v|-

npuyeMb Yepesdb F,,, HaMu 0603Ha4eHD KOd(PHIieHTD BB MCKOMOMD paslomeHin (54)
z =242, F (2, @)z, F, (z,* a)+2 Fy(x2a)®+.... . (108)



1. 3
3amBTuMB, 9T0 06mas dopmyna (102) maersb

(@)=  E(Zr@)=2ae  L(Zr@)=sweiton aon

=z . z=z, z=2x,

1(d 1 [ d¢ . )
;f.(,ﬁgf4 (‘”)) =40, (e, + 8 coe; 04 co%¢) Y] (d—w‘;fﬁ (33)) =5¢(a* 180’ 1263074t ey c3co¥ey) .

z= T=ux,

ConocraBneHie.

i  BeIYMCIEHIT d060T0 koapdunienra F,,, BB pasnomeniz (103) HaxoJIuMb
Aoy Ay, Ayy . ...Q, TIO (i)OpMleaM’b (98), moeas dero (bop\aynm (96) nmanyr® by, ), by, ....b,,
dopMyasl (101) — Coy €1y Cy . ...Co M F,, Halimerca mo (102).

§ 15. Ilonrayscs o6mumu Qopmysnamu, BErgucauMs F,, F, F,.

1. Tlo ¢opmyrs (98), BEIBeOsS 33 CKOGKM BB @, GHHOMD 1 4z) ™"z, ™, umbeMsb
to= A+a)tz—{pz+qata))
a.=%(1+wl)—zw.—z{p(p—l)w.’-l—%q(l+w.)w.+q(q—l)(1+xl)’}

=%(l+xl)_3x1_3{p(p—1) (p—2)x,3—|—3p(p—1)q:cl’(1 +2)438pg(@g—1) =z (1 +x)* -+ 105
+a@—1@—2)(+a)) (109

as=%(1-|~w.)‘4ﬂc,“1L p(p—1D)(—2)(p—3)z*+4p(p—1)(p—2)qz2(1+=z)+
+e6p(p—1)g(@—1)z2(14=)+4pg(g—1)(@—2)z, 1+, +
+e@—D@—D@—)A+2)}

3aMBTHUBE, 4TO

~80 80

8 40

r= 3 p(p—l)=g pip—1(p—2) = 57 p(p—l)(p—2)(p—3)——*§
2 10 80 880

¢=—3z q(q—1)=g q(q—l)(q—Z)——ﬁ q(q—l)(q—2)§4—3)= =

81 ’
IoNy4YuMd u3b (105), mocas npuBeneHiss MOMOGHBEIXD YJIEHOBD :
2 —1 0 —1
ao=_§ (I+z) 2z 1(1—38x)
1
9

14-=z)2z,2(6—6z,+922 (106)

© 80
ty=—rgr (1+z) 0z
20
ag = ﬁ (1—]—1:,)—43:,—4(11—[—129:,)

O6pamaeTs Ha ce6s BHMMaHie GOJbMas IIPOCTOTA BEIDAKEHIH IV a, U a: k03¢ pu-
IieHTH NP BHICIIHXD CTENEHAXD 2, B3AMMHO . YHUYTOKAIOTCSI, 4Yero a priori Heab3s GBLIO
OXHUNATh U YTO OOYCJOBJIEHO JIUIIEL “ACHIHOLMU. UWUCLEHHOMU anaqemamn P Hq. .

Bruipaxkeniemds nnd a, MH [Oajdboe He TOaIB3yeMes.
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2. IlomeraBisa HalOeHHBIA 3HAYeHId a, ¢y, a, Bb (ﬁopmynu (98), moiy4yaeM®d mocrh
TIPUBEJeHiN :
3tz S 15—6z49x

b ="% 1—3a h=TT Ta—say (107)

1(Q+z) e 2 s__ 4
bg = é‘é‘ W (5 60 x, 378 " 1T 324 x, 243 x, )

3. Ilo ¢opmyrs (101) mmbempb, mocih npnBeneHm:

__§(1‘|‘3"1)‘1"'1B _

2 1—3z, A==

(——%3—? (17 — 30 2, — 27 2;,%)

1
Co=— Z

(108)

—1 -
e =_%%-'—;—%;T(283 — 9482, +3782,>9722,° + 2483, Y) .

4. Ilonpsyscek Temepb BEHpaxeHiAMH (104), mosydaeMb, MOCHS IPUBEIEHIl :

%(«%"ﬂw)) Z(lltxé)xwl (da:fz( )) Zgi+§)§; (17 —30z, —272,?)

T=2 T=2,

1

=z

U oTcioja, 1o (102):

_ 3 1+$, 3 1+$ ,
Fl— 21—3x F2 8(1—3 l)3(17 30(131 27%1)

(109)
F3=—I16(1—1j—x—‘)5(575 2004 7, + 162 2,2 + 2916 7,3+ 1215 7,4) .

Bb psanb (103) a BrICTYHaeT®s BCIOAY ¢b PAKTOPOMB .
OGosHaynMB A1 Beero HaapbHBHmAaro

+Vaz, =% , (110)
E—a, tgg=9,t tgg=(msin'q)p, . (110%)
- VMHomas ooh CTOpPOHHL (103) Ha V5=tgq, [ojly4yaeMb, Bb BULY (48):

g =S+ FETREF I+ .. (111)

Hcxons usb 3TOr0 pAAa MOMKHO OBl IOJIYyYMThH PA3JIOMKEHiA 10 YETHHIMD MM HEYEeTHHIMD
creneHaM®s § (wan tgq) maa logtg(z—q), logsin(z—q), 2—q u T. 1. — ¢Bb xoadpunienTamu,
ApnaomumMucsa ¢QyHKUiAMH omHOro mapamerpa f,. Ho BHIKIamKH, KOTOPHISI HAach IPUBEIH
Kb (111), HACTONILKO MUIMHHEL, YTO IIOKAJIYH TOJBKO IPYrod HE3aBUCHMEIH BHIBOID YIOMSHYTHIXD
OCHOBHBIXD DPadjIOkeHit yOBAUTH YATATeNs BB IOMHOM UXBb KOPPEKTHOCTH.

§ 16. CaoxHOCT: BHIKIAIOKD IBYXD NPENHIYNIMXD §§ OOBACHIETCS, B BHAUMTEdb-
HOH cTemeHH, TBMB HEBHIONHHIMB IIPE06pPa30BaHieMDb ypaBHeHia (51), KOTOpoe MOHAI0GHMIIOCH
ana mpuBeleHia ero kb JlarpanmxesBy Tumy. Bomrbe MBSmHEE PesyIBTATEL MOKHO 0Ly YUTh
npumbHeHieMB TeopeMEl BpoHCKaro, YacTHHMB CIy4aeMb KOTOpPOH SBJseTCS pasio-
#enie (54) Jlarpanaxa. Metoas Bporckaro MO#ETH OBITh, KOHeYHO, IPUMBHEHD M Kb ypaB-
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HeHil (51), ocHOBaHHOMY Ha npeo6pa3oBamin IlITeHG6pHMHEKaA, HO, g Coxke Bcecro-
poHHe# npoBbpkM, ME Bo3bMEMB 30bBCH 32 I/IGXOIIHOG Ipyroe npeoGpasoBaHie, nmerHo (Gy),

cM. § 10.
ITonaras
v =msin3gcos } (z-}¢) sec i (z—q) * (112) , =147 (118)

(f.... BaAMeHbIIee 8HaYeHie, yAOBIETBOpSAIEe STOMY ypaBHEHIN)
MOKeMD IIONYyYHTH KopeHb ['ayccoBa ypaBHeHis M3B COOTHOMEHis
sin (z—gq) = (msin%g) . f* . (114)

O6osHauuMb, Kakb paHbme, ¢ = (msin%g)ctgq=msin®qcosq; mycrb f, ecTb COOTBBT-
CTBEHHOe 3HaueHie f u3b (113). O6GosHauMMB eme, KaKkb BHIe, &= (msin'g)f,%, 410 JaeTh
no (114):

sin (z—¢) = (f*: 9§ . (115)

3aMBTHBB, 4TO C0SF (24-9) = c0s [g++ (¢—q)] = cos ¢ cos § (#—q) —sin ¢ sin § (2—¢), nMBemb
g ¢, mo (112):

' =msindq cos ¢ — (msintg) tg } (z—q) =1¢, — sin (;;q) tgi(e—q)=t,— F sin?} (z—q) ,
, —g)—1
7 =t,-|-9‘°‘—(if4i)—— . (116)

IToncraBnas aro 3HaYeHie v BB (113), molydyaeMb BHOBH ypaBHeHie (35):

=147t +cosz—p—1 , f—1r*t =cos(z—q) .
Ho cos (z—¢q) =[1 —sin? (z—¢)]" =[1 — (/i (®]", u moaToMy mocTrbIHee ypaBHEHie 1aeTh
L=t — @A =0 . | (117)
BpoHuckill ykasaxs [27, crp. 31] pa3iOKeHie 10 CTENEHAMD Xy, Tz, T3, . ... INPOU3BOIBHON

¢yHEuin F(x) KOpHA x ypaBHEHid
0=Ff@)+azf @+ zh@+tzl@+.... .

b £ @), fi@).f2 (@), f@),.... cyTb 3amaHHbig ¢yHkuin. Iloassysce ¢opmysoir Bpomckaro,
BB es YaCTHOMD ciaydah, Korma umbercs JUIb OIHa He3aBHCHMAs MepeMBHHAS, MBI MOIVIH GBI
HanucaTh mnd (117) oﬁmm YJeHb pa3JoKeHid Jo60oi (PYHKIIM apryMeHTa [ IO CTENeHAMDb
& f,~°, npuyeMb Roaqxl)muemm 3aBuchbau OB OTH mapamerpa ¢, IlepBoHayaJbHO MBI U IIpH-
MBHAIN BTOTH METOOHL Kb ypaBHeHi (117), Bb ero Hempeo6pa3oBaHHOMD Bumb. Ilis
IIPOCTOT0 BBHIBOJA TaKMKe M OCTATOYHAr0 4YieHa pSIOa, ME 30BCh U3IO0KHUMD DPe3yJIbTATHL,
KOTOpHIE IONy4aloTes, ecau ypaBHeHie (117) mbienieMb Ha f° NPUBECTH KB BUIY

G(h—p=0 , (118)
ToB I0I0AEeHO
G =r*—r*+2tr2—t (119), B=8f— . (120)

Oyers H (f) = H ecrs amanmrmieckas Pymxmis xopms f ypasmemis (118). [lma n'olr mpomsBommoR H mo g mmbeMs
(cM. Zorawski [28]):

dnH

1)
1 i@ dG 4@  dGn— dH
ap =112, (1) i(df) W ( ) (121)

aF’ —dT: —Tif_’ aF
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b camBonoM®s W o6osHadend onmpeabumrens Bpomckaro. Ilomaras

iG . d@ . anGk iE _ ®H _,
W:G,W:(Gz),.... df'"' =(G")(’”), d—f=H ,W:H A T. L,

EMBeMD, COrIacHO ompexbinenilo BpoHCKiaHOB® :
G’ (G’ (G3) ....(Gn—1)y H

G” (Gz)// (Gs)n e (G'n—l)” H”

iG¢ d@  dG—1 dH :
W(d_f’d_f""'_df—’ 'ﬁ)= ....................................... (122)
G (G (G, ...(Gn—1)» Hm)
: ) . dH dH
Bynemb orMBuaTh MHIEKCOM® 1 BEH3y 3HadeHia ¢ymknix mpm B =0. Takp Haup. (0_19)1 = (d—ﬂ)ﬂ—o' Paairo-
keHie H mo cTemeBIM® £ BB DPAIABL MaKiOpeHa NaeTh
I 4. II wr. I w9,
dH B2 (RH g (BH pn fdnH ,
m—m=(55),+% (), 4§ () -+ 5 (5) 2o (128)
mpuyYeMb OCTATOYHHA WIeED BB ¢opmB JlarpaHxa paBeEbD:
i (iH
Bo1 =D d,sm+1) (124)

dnH H
TAB OPOH3BORHAS (W"ﬁ) Gepercst ans EBKoTOparo 3HaveHis HeaaBucEMaro mepembrHaro Mexny O m g MoxmO Takke

HAOHCATD .
B ((5)-(35),) o

ITo (121) nim ¥e HeIOCPeICTBEeHHHIMB HuPpdepeHnUpoBaHiEMb HAXOMUMD :

dH H’ d2 H 1 ’ 4 7’ ’ ds ‘H 1/76) ’ ¥/ "’ ’ ” 4 ’ 7

F—F g @E—H, d_,93=c%((3‘; ' @G")H —3GG H -{—G”H”) . (125)
BBois 0603Ha4eHis :

d=—4-}+372—3¢tf° d'=12—"7f"}4¢,° A" =—80-F14f2—5¢ 5 (126)

noiyyaeMs oTb AuddeperunpoBania (119):
G =2 =614 Q" =24f1g” (127)
npu f=0, T.-e. mpu [ — cM. (118, 60) — paBHOMB f,=1-z,
d'=—(1—38z) 4" =5—102, —8x,? d,”’=—16-}—239:,—-[—931;12 . (126%)

[Ipunumas Bo BHMMaHie mocabania GopMyIIE, IOy YaeMb BEPAXKEHIs WIEHOB'S pana (123):

__§ite= o,
I g ——51_330'15[. ,
I = g;{'3(1+w)(5—10w —8z,)H/' (1 (1 H”
qjp, = 81 —8x) i 1 & VA z)(1—382,) 1 } (128)
I wi =:—-§?;—{8(1+x)(161—-616m + 890 z,% -+ 432 2,8 YH' —
. 48( —3:”1)5 '1 1 1 z +81.’J¢| )Hl

. —9'(l+w,)z(—5+25$| _27$v1,—Qxls)H}/"*‘(lf"ml)B(l_ 6:1:,—[—9:1:,’) H‘”’)}



Yro6E BHIBecTH pasioxeHie mug logsin(z—q), molaraeMsb

H =log sin (z—q) =1log (msin*q) |- 4logf , OTKyZIa
aM aM : 8 M
H=-— H'=—— M= e
F F B'="5
H, =log§ H'=4MQ1-42)? H"=—4M(1+x)2 H"=8MQ1-+}=z)* .

®opmyaa (123), BB Bnﬁy (128), maers:

logsin (z—q) =logE4- A, &+ A B+ A B8+ .... (A)
rob I0JI0XKEeHO ‘ —
o 2M . M 2
A‘_—l_—?)_w, Ag—m(l4—27xl—9x,)
(129)
M
Ay =— [EIEEry (440 — 1635 2, -} 945 z,2 4 1215 z,% 4 243 1,9
ITono6HEIME 06pa30Mb, MOIB3yAch (PopMmysaamMu (114, ....128), MOXHO OH HAHTH pas-
JOMEHiA, 10 cTeneHAMD § (yHKUik sin(z—q), cos(z—q), logcos(z—¢).... u T. 1. .

§ 17. MVcxons wsb pasuomenia (A) mis logsin(¢—g), MH HaiieMB nocarsdosamensro
K03 PHUIIEHTH PANOBD ‘

2] sine—9 = E+BEFBELBEL;. . ®)
Bl cose—g) = 1+GEFGEFCGEF.... (©)
[Z] logcos(e—q) = D, 8+ Dy Dofot-.... D)
[5] logtg(z—q) =logé+4 E &+ E &+ E85+.... ®)
6] tget—0 = E+FRE+RELFI+. ... (F)

ITocaboHee pasnoxenie ObIIO y#e HaMu HalneHo BB § 15. DBriBoga pasnomxeHis
(A), (B), (C), (D), (E), (F) mocarmdosamessro, 0OOQHO H3B NPYIroro, ME IOIYYHUMB KOHTDPOIH
XOTS M TPOCTHIXb IO CYMECTBY, HO XJONOTIMBHXD BHIKIAIO0KD.

[2]. Koopouuientsr B;, B, B, Bopamaorea Bb QyHRmin 4;, 4, A4, crbayio-

mMUMB 00pPa3oOMb .

1

1 1 ’
MBl = Al MB2 = Ag—!—mAl' .MB3 = A3+ﬂAl Ag + FMT Als ’ (130)

KaKp JIerKo Ha#iTh, BO3BHCHBEL 10 BB cremeHb logsin(¢—g¢). IlomcraBnsas Bp (130) BEIme-
HalIeHHBIA 3HadeHid KoadQuiieHTOBD A4, MOJyYnMB, OTIACTH MOCTB NIMHHBIXD IPHUBENEHil :

=1{1—sz)P

_ 2 3 1 6_13z —3z2

'B‘— 1—3z, B’_2(1—3w,)5(6 182 —3a7)
.(180%)

By 1 1 (— 2084853 7, — 651 2,” — 513 2,3 — 81 %) .

1. 29'\
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[3]. Taxs takb cos—(1—sin?)*=1_}sin®—}sin*— fgsin®...., To Ana koa(pu-
uientoBd C, Bp (yHKUiEm B, moaydaeMb
1 1 1 1
C=—35 —02=Bx+§ —Cs=§(B|+1)+Be 6 - (181)
Otcona, mone3ysch (130%) —
co——L =85tz 1 1 (1618210, —1892,°—272%) . (131%)
! 2 2T 81—3z, 8 16(1—3=z,)*

[2]. Koapduuientsr D Brpamaiorea B PyHrnin C crbayomuMs 06pa3oMb

1
D, = MG, Dy=M(C, —5C.) Dy=M(C—Ci C+309 . (182)

IToncraBnsas cona (131%), mmbeMsb

M _ M743az, M 1 .  om N
D=—3 D=1 352 Ds——_ﬁ_(l—3w,)‘°’(55 90z, — 108z, —27,%) . (132%)

[5]. [purmmas Bo BHuMaHie, 4To logtg=logsin—logcos, moyIaemMs:

El = A' _‘Dl E2 == _D2 E3 =A3—.D3 , (133)
__8M 14z ' 3M 1-}z, ot
B=—5 13 B = G—say ' 12®m—9%)
(133*)

M
%(1—_:—)5(110 — 92652, — 303 2,2+ 531 x,% -} 621 ,* - 162 ,5) =

M
—— 4(11J'—)-5(110 875x, + 72 x> 4 459 2,2 - 162 x,%) .

E3=—

+

[6]. Hakomeus mna xoapduiuientos F, mosydaemb, HamomoGie (130), ypaBHeHid :

, 1 1
,M.F'l =.E| MF2=E2 +‘2T[El, MF3 E8+MEl E2+6—JZ.—2E13 . (134)

TMoncraBasas cona BeIpaxkeHisa (133*), HaxoouMb, Iocab NpuUBeIeHIN :

__381+4m 3 142 1
F, = R - Fy= 80—3x )5(17 30 x, — 27 2,7
(134%)
1
Fy—— 16(1_1ﬁ1?’(575 2004 7, + 162 7,? 2916 2,8 + 1215 7,%) .

CpaBHuBas 9TH BHIpameHisa HJd F ¢b BHBEIEHHEIMH y Hach panpme [(109) BB § 15]
n3b mpeo6pazoBaHia IllTeftH6puHKa M Teopemsl Jlarpamxa, MEl 3amByaeMB IOJIHYI HXD
TOKECTBEHHOCTh, WBMB poBBpAeTCA IIMHHEIN DI aHAINTHYECKUAX'D Pa3CyKIeHilt ¥ BHKIAI0KD.

§ 18. 3afimemcs 3xbch BEBONOMB eme IPYTHUXD PasilokeHilt.

. Honarag Bp (B)....5=tgn, nmbemp
log tg (¢—q) =log tg n+ E, tg’'n+ E, tgtn+ Ey tgén+.. .. (E*)



Yromrs n 61m30KB Kb 2—¢. — MbeMDb TOXECTBEHHO
log cos?7 = p log cos 7 = p log (1 + tg¥n)—* = — -123 log (1 +tg*n), mim

' M M M »
logcosPn=——§ptg2n-{—Zptg‘*n—gptg%-[- ceas

Brruntas aTo ypaBHeHie w3b (E¥), momyvaem®, npuHABD p=—2E;: M
log tg (z—q) —log tgn.cos—2B: ¥y — (E2 + %E,) tgtn+ (E3 — %E,) tgén+ ... (EE)
[8]. Umbemsb BoOGmE: arctg=tg —%tg3 -+ —15— tgd ——%tg7 +.... , TaKkp yrto, M3Db (F):

1 1 1
c—o=t+(F-2)e+(n-—r+l)er(R+r—Rn—r—Det
Ecan Teneps mosnoxumb, Kakb Bhme, §=tgn, u 3aMbTUMB, 4TO

_-_1_ 3 l 5\__]; 7 —_

FsB 48— g8+ =,
TO, MoJjarad, IJisd COKpalleHid

G, =F G,=F,—F, Gy=Fy+ F,—F,—F?*, (185)

MEL IOJIyYUMD PasilokeHie

(z—q)=n+ G tg2n+ G, tgbn4 G tg"n 4. . .. (@)

IToncraBadd BH (185) 3HaveHis F u3b (134%), HAXOOIUMD:

G, = 3 14z, &, 9 14wz

== = T 57— 32,2
21—3z, sI—3ayl 18z t3a)

(135%)

G, 1 14z

=i —52) (737 — 3372 z, + 3942 x,3— 324 3 + 729 x,%) .
- 1

@'. 3aMBTHMDB, 4TO, Ha ocHoBaHim (1), logsinz=} (logsin(¢—q)—logm). Otciona,
MOJIb3YSCh pa3lloKeHieMb (A), HaXOAUMD :

. 1 1 1
log sin z =1log sin ¢ 4 log f; +(ZA1x1’)tg’Q+(ZA2$1‘) tgtqg + (ZAax,G)tqu—{- R (58]

§ 19. IIpn o6HIYHEIXD YCJIOBiIXD ompexbieHid MIaHETHOH OPOUTH BEIUIMHA €2 oueHb
Majia ¥ WIeHBl HAIIMX'h PAas3jIOkKeHil yOEIBAlOTH BechbMa GbIcTPo. BosbMeM®b, s mpumbpa,
Majyl0 NJaHeTy H3b CepelIMHEl ACTEPOMIHOH 30HBI (logt, = 8.40), HaOJIOIECHHYI0 HEIAJIEKO
oTh MOMeHTa mporuBocroaHig. Ilo Baymmumurepy [3, p. 271] 2 BB TaKHXb CIy4Yadxb BPANDB-IH
moxkerdb mpessoiitn 8°.  omycrum®, 4ro Mel umbemMb B0 MMEHHO Cb NpPeNBIBPHEIMB
(¢=8° ¢="747"), ONd CXO{MMOCTH HAMHUXD PANOBD HamMmeHbe GIArONpIATHEIME CIyYaeMb.
Ina logt, = 8.40 —10 HaxoAuMB, Ipu q="T7%47":

log 9, =—0.0481  logz;=log ¢, t,=8.4481  logE;=9.8641,—10  logE,=0.4627  logEs=1.2367

log& =logz, tg ¢ =7.5838 — 10

1.31
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Bb pasnomenin (E) mus logtg(s—q) sHadeHia mocabroBaTeNbHEXD 4IEHOBD CYTh:

10+logé 7583 8.. ... ... ...
E, £ —0.000 010 76. '
E, & +40.000 000 000 628
E,; & —0.000 000 000 000 055

Ecim, onpexbmuss logtg(s—¢), MH BHYHMCIAMD OTCIONA 2—q H IO HaliIeHHOMY 2
onpexbauMsd logsinz, TO Bb BHIY MAJOCTH yria z—q omubka BB logtg(s—q) Boitmers BB
logsinz yMenpmeHHOR Goake, wbMBb BB 37 pasb (cM. § 11); TakUMD 06pPa3OMDB YiKE WIEHD
E, & nocturaers, BB logsinz, aumpb 0.3 emuHunsl VI-ro 3Haka, Biiguie ke dneHa K,&
MeHbme 0.2 enuHHIH X-To 3HakKa. IIpu mecTH3HAYHOMB BBHIYHCIIEHIN OPOMTH MOKHO GHl BB
IaHHOMB TpAMEDPE OrPaHAYHUTHCS IEPBHIMDB YIEHOMB: logé.

Yro6sr uMBTH 6€3cIOpHOE IIpaBO OTOPACHIBATH BH PA3JIOKEHIIXD YJIEHH BEICIIUXD
MOPANKOBD, HEJIOCTATOYHO OJHAKO 0oOpamlaTh BHMMAaHie Ha MAaJOCTh IePBHXD OTGPACHIBAEMLIXD
YWIEHOBD ; HEOOXONMMO IIPH B3TOMD OCHOBLIBATHLCA Ha M3CIBHOBaHIM ocTaTka psama. Mul
BHIe (§ 13) yxe BHBeau, 0 Merony K o mr m, BEpaxeHie mis BepXHAro mpexbiaa 0CTATOYHATO
YjleHa HAHAXD Pa3jOmeHId M ¢Bb ero IOMOIIBLI0 NOKA3aJH CXOOUMOCTH PSIMOBB. JlJs YneieH-
Haro ompexbiuenis mpenbna morpbmHoCTH 0CTaTOKbL (56) Komm oxaseiBaercs Maso mpuron-
HEIMD X HE MOMKETH yNOBIETBOPUTHL Hach. Takb, Hampumbpb, ecan Bb HameMmb npumbpb
BB pasnoxeHin log (tg (z—q) :§) =log (z:z,) B3ATH WieHs 10 E,&* BRIOYATENHHO, TO 0CTATOKD R,
COIJIaCHO BEIpaKeHiAMD (64, 85), MEHEINe, 110 a6COJNIOTHOMY 3HaueHi (35.22)3E0 % (r 1) :(r—m)).
— MaxkenMymD Momyns log(x:a,) Ha OKDYKHOCTH, ONHCAHHON H8H TOYKH ¥; PaXiycoMd 0.2z,
uvbers Mbero mpu z=0.8z; u paBeHd |log0.8|=0.097. darrops (1 —af'(z)) (v:(r—m))
HBCKOJIbKO 6ONBINE eNMHMIL ; IPHHUMAA €ro PaBHBIMB |, MEL IaXe yMEHLMHMD npembas R.
B® sromp mpenmosomeHinm momydaems:

| B, | << (85.22)°§° X< 0.097 | T.-€. | R,]<<0.000 000 000 0135 .

9tors mpenbns mud R BH HameMb npuMBEpB HMYTORHO Maldb, HO OHB €6 BECHMA
IajleKb OTh NBACTBUTENBLHAr0 3HAYEHIA OCTATKA, KOTOPHIM, Ha CaMOMB IBirs, MeHbme cib-
IyI0mMaro ieHa pasioxenis, 0.000 000 000 000 055, T.-e. Bb 250 pa3’b MEHBIIEe Ipexbiia, MoJIy-
JeHHaro mo Merony Komwu. B® nanHoMbd yacTHOMD ciaydyab Ri HaxoouTes HajeKko 3a IIpe-
IbiaMM TOYHOCTH BEIYMCIEHIl, M 9Ta pasHUUA (e3pasivyHa; HO NI GOIbIUXD ¢ U 2-—(Q MEI
noiy4yman 65l M3B ocTaTka Komu coBepmeHHO HempaBHJBbHOE mpelcTaBieHie 0 GeICTPOTS
CXONMMOCTH HAIMXB PANOBB. Mer He comHbBBaemcda, 4To mpu Gonbe HETANBHOMD HM3ydYeHin
MaKkcuMyMa GyHKUiN af(z):(r—z,) Ha OKpykHOCTH C, MOMKHO GBI HAUTH BMBCTO IIOJIy YEHHAI'0
Hama KoadduiienTa 85.22 MEHBIIEEe YHCIO; HO MHE AyMaeMb, UTO IO cymecTBy mbia Takou
MeTONb W3CABIOBAHIA OCTaTKa NaeTh MIA R,,, CIMIIKOMB BBICOKIH npenbanb: 3JIeMeHTH
MHTerpajla NPUXOoAuTCd 3aMBHATH HXD aCCOJOTHHIMA 3HAYEHIAMH, MeKIy THMB KaKb Bb
NBACTBATENHHOCTH MHOIie M3b HHXB MOTYTH B3aNMHO YHHYTOKATEHCH.

§ 20. Mu nacn;hnyeM"b norpbmHocTs, R,, 0CHOBHOH (HOpMyJIH
logsin(e—q) =log§+ 4, £ + 4,8 + 4, +-R, ,

HCX0Nd JId 9Toro usb ¢Popmyas (124), mpm H =log sin (¢.—g) = log (msin4q)+log r*.
Hocnbauas usb PopMyas (125) maer®, B BuUAy (127):

S ' dBH M
P ds ) (186) -
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rob o6osHaueHo S=27d2—12d' d”+9d'd’+2d% — Bruucaums S.

27d”? = ~ 3888 —4356 f2 - 1323 f* 4 2592, 5 — 1512¢, f7 + 43242 f10
—12d'd"=—1440+ 1752 , — 504 , —1820 , 4+ 684 —180
9d'd" =— 4324 576 , — 189 , — 468 , + 207 —108
2d2 =4+ 32— 48,4+ 18,4 48 , — 36 + 18
8  =-+412048—2256 f2 4 648 f¢+ 852% f5— 5674 f7 4 162 1,210 (187)

&#H - .
Takb Kakb 4pF BHIPAIaeTcs SABHO Yepesdb f, HO He 4epe3b B, TO, IJIs TpUMBHeHid

¢dopmyasl (124%), HAMD HEO6XOMUMO U3CIBIOBATE 06/1acTh M3MBHEHIN (7); CKOOKaMu MBI GyIeMb
00603Ha49aTh 3Ha49eHia QYHKIiA g HBKOTOpParo 3HaYeHid B, YAOBIETBOPAOIIAr0 HEPABEHCTBAMD:

Efi—8>p>0. (138)

Mel mOMEHEI TaKke BHIYMCINTL MaKCHUMAaJbHOEe 3HadeHie &2, IOmMyckaeMoe HAMUMHU
OCHOBHBLIMU Or'paHHYeHigMHu (62).

Huddepenmupys yp. (118), HaxomuMd df =dpf: G, umu, no (127), df =f°dap:2d’. Unre-
TPUpYyd BTO PaBEHCTBO, IOJNyYaeMb

ﬂfg
"=t + f Lo (139)

[}

_ (1 f2)?
) 2(—1+432y) °

. dd .
oHa orTpuuaTentHa. Mwmbemb manbme z=3f(2—5% f?); 9TO BEHIpQXKEHie IIOJOKHUTEILHO TIPU

[Ipm B = 0 momBpUHTErpalnbHad QYHKIIA o6pamaercs Bb 4, cIBI0BaTENBHO,

f<f, , TaKb 4TO LpPU ymeHsuweriu [ AGCONIOTHOE 3HAUEHie OTPUIATEIBHON BeJIUIUHEl d pacmems,

af
OTPULIATENLHEI e ef 3HAaKD coxpaHdercd. Iloka f>>0, mmbeMb moaTomy B 0, mpuyeMb

. d "
a6CoJIIOTHOe 3HayeHie (d—g) €cTh MAKCHUMYM®B nmpu f=0. UmbeMb, TaKUMD 06pasoMb:

1 +x)° . b= 14z §2

O<fl'—(f)<2(1—_3d:; F(1—3a2y) (140) .
BriBeneMb Temeph BepxHill mnpexbar oaa §2. Usp (115) moaydaems,
§2=sin®(z—q) . /,°F 7% . (141)

IoncraBusgeMdb 3Hadenie §2 mo (141), Bb HepaBeHCTBO (140), KOTOpOe BHINOJHSETCS BB
qyacTHOCTH Ipu (f)=/[; moxarafd, I KPaTKOCTH, ¥ =f, — [, UMBeMb

Y <z SO e—0) AP CLFS (142)

Tab I0JI0XKEHO
C=0.92142 sin% (z—q) : (143)

. . . 14z
yHCIeHHEH K0aP(PHIieHTD ecTh 3Ha4YeHie npoou S —sx,) UPH @ =0.120102, oM. (63).

HepaseHctBo (142) mepenmuceHBaeMb BB BUIB

UL P A
y'f1<ﬁ' ;g 9 T.-€. y'f1<f1 (l_yfl)g
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IomcraBusds BO BTOpPOM YacTH 9TOr0 HepaBeHcTBa BMBCTO y:f, GOnbmee Ywcio

,gfxs ... (f=sinz:sing>1) , moiyvyaemb
1

c 1 .
y:f1<71 (l——Cf17)8 , T.-€., IEPEXonsi Kb onpen'ﬁ.nemlo Yy,

fl—f<(l—+f17)8 (144)

IlIpm logt,<<8.9 mmbemMb f,<1.1291, u, BB BuAy -143), HaXoAUMD CHAYajJa, 3aMb-
HaAg Bb 3HaMmeHatens C M f; UXD> MaAKCHUMAJbHHIMU 3HAYEHIAMH :

fi— < 1.0213 C=0.9411sin%(z—q) . (144%)
Tonaras u 3nber 2—q =20, momy4yaeMb OKOHYATEJIHHO
0.001 147> f, —(f)>0 . (145)
s §2, cormacHo (141), mOMy4aeTCA HEPABEHCTBO
£ <sin?20. fi8 fB=sin?20. (1 —y:f)~8 .

sin? 20

U taxp kKakb u3pb (144¥) momydaercs y:ﬂ<1.0213(0:f1)<1.02132(1~—3x)

10 mua § umbems

=0.001015,

£2<[0.00353] sin2 20 << 0.001228 . (146)

BéapmuMb 3HaYeHIAMD £2 cOOTBBTCTBYIOTH, npu logé << 8.90, sHadeHia z—q > 2°.

§ 21. PazcmaTpuBaeMDb IpaByl 4acTh BEIpaxeHis (186). Hmbems

f*8Y__(f*8) _ umcaur.
( a’s ) ~ (d%) T aHamen. (147)

Hamb umspberHo yixe, m3b mpemmiaymaro §, uro (d)<<d,’<<0; Im0aToMy
@% =df(1+e"), Tob & >0 . (148)

Yro MomHO ckazaTh 0 uHcauTeH ?
Bassb mpomsBoguyo 7248 mo f, Haxomumb, HocaB IpUBemeHii:

a‘sz?‘ S=f25{ ”2—}? +24 S} =3 f“{ 16384 —19552 f2- 60484+ 82361, f5>— 58591, fT-+ 1836t12f1°} (149)

Mbl orpaHMYMBaeMCs BCIOAY TpeamonomeHieMb logt <8.90, (4,<C0.079433), T.-e.
log /,<0.0527331, f,<<1.12910; npu 1<f<f, uMbBeMb CIBIOBATEIHHO :

f<<1.12910, f4<C1.27487, 13<C1.439486, 1*<<1.62530, f?<C1.83512 (150)

Korna Bumonnensl HepaBeHcTBa (150), TO CyMMa II€DBHIXB TPeXDh YJIEHOBD BB Puryp-
d
-HHIXBP CKOOKaXb (149) IIONOKHTENbHA, TaKD KaKb 3(16384—19552 f*4+6048f49 <0, mnpm

f<1.12910, wMmemnay tBMP Kakbp mpm [=1.12910 .... 16384 — 19552 f2 4 6048 f+> 1287,
T-¢ >0. CyMma IByX® NanbHBAMEXD WIeHOBH, 82361, f°— 5859¢, 17 =t, /° (8236 — 5859 [?)
TaK#e IOJIOAKHTeNbHA, IOTOMY 4YTO 00a e (aKropa NOJOMUTeNbHE. HakoHeUDb UIeHD
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_ J _
1836¢,2f10 — momoxuTeNeHh. BB 00meMb CIbIOBATENHEHO d—ff24 8§>0. Bwmbers c¢p TBMB

BEIpaxenie f2¢S, mpu f>>1, NONOKATENLHO, IIOTOMY YTO OHO IOJOMKHTENBHO y#e mpH =1,
KaKkb cpasy BuAHO m3b (137). IlosTomy, mpmHuMas Bo BHHMaHie, 4To f,>(f)>>1, MOXeMb
HaNHucaTh :

(18 =28, (1—¢), TOB 1>¢>0. (151)

OcraTouHmlt uneHd R,, Bb ¢opmb Jlarpamma (124), ¢opmyist

logsin (z—gq)=log§+ 4, 8+ 4,84+ R,

g8 (d3H ,
€CThb Ra=3_!(@~3), U, coraacHo (136), (148), (151):
_BM(S), 1—¢ BB (dBH) 1—¢  1—¢
By=313 d’}® ﬁ—e"_:ﬂ(d_ﬂ*’)l1+e"_1—|-e"A3§6
Orcona
| Rs| <<| 458%] - (152)

Ha smoms mepasercmern 0a3upyemcs meopia HOUMUXS 6CROMOZAMENHIXs madsuys [30] daa
prwewia I'ayccosa ypaswenin npu WECMUSHAYHOMD 6bIVUCIEHIU OPOUMDL.
O Benmuymub wieHa 4,&% maers mpemcraBieHie Humkecabayomas TaGIuLa.

A,8 B1® enmHuMumax® VIro 3maxa.

g=>5° g=10° g=15°
log ?, < 8.40 0.0000 0.0000 0.0000
logt; =8.60 0000 0000 0001
8.80 0000 0007 0092 (158)
8.85 0000 0029 0356
8.90 0.0002 0.0144 0.1777

§ 22. Bepuemes kb uscrbroBanio ocratka R, pana (4) § 16. Cormacxo (124*) u (136)
_BPM(rs) (1S
.umbemd R,=37 5\ 75 ) —\75),( » OTKyHa, BB Buly (148) u (151), monyJaemd

T 1 312 \a® /i T 147381 \dp )i 1+4e”

”

IocTapaeMesi HaWTH BepxHie IpeaBIbl IOJOKHTENBHHIXD YHCENDb & M & .
CorsacHo OCHOBHO¥ TeopeM’b O KOHEYHHIXB IPHPAIIEHIAXD

d
(48— 15’)1=[(l‘)—fll><[np01z1313.d—ff“éY JUIS  TIPOMEJK. 3Haq.]
JI'sBas 4acTh 9TOr0 paBeHCTBa paBHa —e& (f248), cormacHo ompembieniio (151) Beuu-

yune ¢ ; |()—fi|<(fi—p . Ioaromy momydaemd

r =8 yg) i1 24"’_5 24
“<HTE (df’" S)_ﬁ"s1 (v [df+ 7 S])
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Orciona, BB BuUOy TOro, 4to (f):f;<<1, moiydaeMb

e'<f (dS 24) (155)

1

8642+ 1420¢,f3 ecTh YMCIO MOJIOKUTENBHOE, yBeINYnBaomeecs BMberh ¢b ¢, u BMBeTS ob f.

MakcuMyMDb es 6yneTd NpH 10g 4 =108 () max. = 8.90 — 10, f=fpax =1.1291. Brrymcienie na-
eTb: 864f%+4 1420%,/3<1300. — Bennumua: —13828¢ 54 540%,2f8=¢, f5(— 1323 4 540¢, f3)

- as
— OTpHIaTeJIbHa BB MHTEPECYIeH Hach 06JacTH. Bb o6meMb, cabooBaTeNbHO, d—f< 0 m
BepxHiil mpenbas (155) BEAUYMHH & YIPOIAETCS :

v <3 (F)e—n. (155

Paszcmorpums cHauwana ¢akrops (S):S,. Ilo Teopemb 0 KOHEYHHX'D IPHUPAMEHIAXD

as
nmbeMb (S)—8,=[()— fl]x[npomB af J9A TIPOME. 3Ha‘i]
as :
CoruacHO BEHIpaMKeHil0 s ar uMbeMb OYEBHUIHO ld_f|<3f‘(1504+1323 t1%, u

. as
MOACTAaHOBKA MAKCHMAJIBHEIX'B 3HAYEHIN f; U {, maeTs Id_f|<5800 .

Beime, cm. (145), 66110 BEIBeNeHO, 4TO |f—f;|<C0.00115. Takumb 06pasoMBb IOIY-
qaeMb: (8)<S8,+7, T.-e. (8):8,<<1+ (7:8,). Hanmenomee 3HaueHie BeIMYHHBL

8 = 2048 — 2256 f;* + 648 f;* + 852 (f, — 1) f, — 567 (f, — 1) ;3 + 162 (f, — 1)*f,* =
= 440 — 1635 2, + 945 z,® + 1215 z,3 + 243 2,1

umberp MBero, BB obmacTH 0<<,<0.129102, mpm z,=0.129102 (KaKb JerKo yOBaIuTHCA
IugpepenIupoBanieMd 10 ;). [loncraHoBKa BB S, 9TOro 3HAYeHid z, HaeTh: min. S, =247.85.

IToaTomy :
(8):8,<C1.08 .

3ambHAA eme Bb (155%) f guepesd 1, f,—f depesdb 0.001147 — OTH Yero HePaBeHCTBO
He HapymHTCAd — IOJY4aeMb '
8’ < 0.0284 . (156)

HOasa onpenbnenia &” odpaayeM"b pasHocTs (—d')—(—d' ,. Haxomums, mo (126):
(—d@)—(—d)y=38[f'"—( )]—84[[*— ()] . |
ITepexons kb HepaBeHCTBY
(—a@)— (= @) <8I — () =38[(N+ AllL— (N <<6F, [f, — ()] < 0.00778 .
Ho Taxp kakp (—d'),=1—82,>>0.6127, To momywaercs
| (—d)<(—d), (1 +0.0127) .
BosBonsa aT0 HepaBeHCTBO BB NATYI CTeleHb, UMBEMD :
(—d®)<<(—d"),(1+40.0652) , MIAH (d'5)=d',5(1+¢"), NPUYEMD

8 < 0.0652 . (157)



Cornacno (154), mckomas morpbmHocts |R,| okasnBaeTcs MeHBIIE

’ ”

) &
|R4 <7 |4s]5°<C0.088 ] 45 £°, (158)

T.-6. MeHBIIEe /11 aGCOMOTHAro0 3HadeHis wieHa A4,&% (cM. Ta6m (153)).

OcraTor® pasnoxenis (H)§ 18, ecim Bb HeMb OTPaHUYUTHCS HANWCAHHBIMU YICHAMH,
MeHBbINe, OYeBHIHO, /44 06CONIOTHArO 3HaYeHia A,E&S.

§ 23. [na gBKOTOPHXD M3 BHINEBHBENEHHHIXD PA3JOMKEHIll MBI COCTABMIIM TAGIHIIET
[81], cymecTBeHHO ympomaomis uXb NpuMmbHeHie Kb BHYHCIEHID 2. J[Jd IOIB30BaHIA
panamu (E) u (H) M, KpomB ¢yHEUiN @, U f;, yKa3HBaeMDb JOTapUOMHl YHCJIEHHHIXD 3Ha-

. . 1 1

JeHi¥ IePBHXD ABYXD K0apuiienToss: E,, E, u 74:i%?, 74,%*, HO He JaeMb yxe 3Ha-
. 1 . .

denitt By u 7 4,2,° 3aro Mel HBOKONBKO W3MBHSIEMD 3HaYeHie BTOPHIXD K03((HUIIeHTOB®:

1 .
E,n 74,2,* — 10 TakoMy NJIaHy, YTOGEl BO BTOPOMD WieHb IDPHHATH BO BHUMAaHie 3HAaYH-

TeJIBHYI OJI0 TpeThsro. Hamp mpiems Gasupyercsa Ha CIBIyOmMUXE COOGPAKEHIAXD.

IIyers TpeGyerca ¢ymkmiio a&® mpemeraButh, BB mpoMmemyTkb &>E> 0, pyHkuiein b &
Ch BO3MOKHO HaMMeHbINeH morphmHuocTeio (a=0). Mim BHpamadachk onpenbnenabe: TpeGyeTcsa
HalTH Takoe b, YTOOBl BEpXHIill npembas, L, aGcoJlTHAro 3HadeHis pasHoct: O ()

O@)=all—0§, (159)

npu uaMbHeHin § Mexny O m § — OBLUIH GBIl BO3MOMKHO MAagb.

Bapinpysa b Ha db MEI, 04eBHIHO, MU YBeJIUYNBAEMb MM yMeHbmaeMb O (§) Bo BCeMD
uarepBanb. Orcioma 3akdodYaeMb, 4TO O(§) He MOKETH COXPAHATH IIOCTOSHHATO 3HAKA BO
BCeMBb MNpPOMEXKYTKB, m 4YTo O(§) MOMKHO obpamaTrbecsd BB HYJb VIS HBKOTOPAro mpoMexy-
TOYHOro 3HaveHias §=§ (§>§>0). Bp camomd bbb, ecam Opl, HanpumbBps, O(E) GbLIO
Bce BpeMsa >0 mnpum HBKOTOPOMD 3Ha4YeHiW b, TO yBeIW4YHBD b Ha 0b MBI yMEHBIIUJIHN Obl BCH
3HadeHid O(f) Ha &.6b, oTH vero ymensmuioch 6el u L. Ilosromy HenmpemBHHO miasd HEKO-
Toparo 3HauyeHia £=§ umbeMb: 6(§)=0, To-ecThb a§®=0&* min

=a§12 §o>§1>0 . (160)

IMoaToMy 6 (&) =a (£8—&,28Y) . IIpomwsBogHas ég—@ MBHAETH 3BHAKD, 06PAIAICH BH HY b,

4 7 2 [ 7 4
Bb HamMeMDb WHTEPBATB, IAMb I §=§ , npudems §’=3&*. Hwbems 6@E)=—570a&°;

umbeMs Takme O (£))=a (5 —E&2&Y. Dynkuia 6 (f) npu msmbHeHim § Mexay O u & Hempe-
PHIBHO BOBPaCTaeTh (MM YOHIBaeTB), IocaB 4yero Mexny & M & — OHA HENPEPHIBHO yOHI-
BaeTh (MM BO3pacTaeTb). TakUMB o6pasoMb uymeaa 0, O(£), O(§), ABIALTCT BKCTpe-
MaJbHEIMM 3HadeHismMu O(§), u L pasHo muu |0 (§)| uam |6(&)|. Jlerko cooGpasuts, 4To
npu Tpe6yeMOMB IONOOPB b MOMMKHO OHITH

0EF)=—86() - (161)

Eciu 6u ycaoBie (161) He OHIIO BEIIONHEHO, TaKb 4YTO, HanpuMBp®, O (E) GHIIO OHI
o aGCoMOTHOMY 3HaYeHjlo 6oaepme O (§) Ha KOHEYHYI0 BEJIMYHHY, TO, COOOIMBD § Bapialino
df, BB COOTBBTCTBEHHOMD HANpaBieHiM, MH yMeHbmMmIu Obl |6(§)|, m BMBerh ¢b aTHUMD

1. 37
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taxxe L, 9T0 INpoTHBOPBYMIO OH TpeCyemMoMy CBOHCTBY b. CornacHo (161) mmbemsb
cI510BATENIBHO ©

—_24:7“§1G= —a(GP—5&%5Y -

TIonaras

(%)2 —¢ (162)

HoJIyyaeMb g { KyOHMYecKoe ypaBHEHie ;
27, 217
3 il o S
G+7e—5=0.
8 1/ V_lls
nmbomee OIuHD THACTBATENBHEN KOPEHb, PaBHEIM 3 [1+V2)*+(1—V2)"].

TakzMb 06pa3oMsb, 1o (162) 1 (160):

b= ga (A4 V2) 4 (1—V2) E2=10.89411a &2 . (163)

Ilpx TakoM® BHIGOPE b a6COMIOTHOE sHavenie af5—bg, mpu §>>E>0, HEe NPEBOCXO-
4
, TO-eCThb 2—7(0.89411)3a§06, u

L <0.106|a|&S . (164)

4
IUTD |:2—7 ak’

®opmyny (163), corsiacHo (160), MOMHO TONKOBATH CIBIYOMUMB 06pas3oMb. Briume-
/3

JUBD §1=§0{§[(1 + V4@ —ﬁ)"’]} , BHOHPATH b TaKUMB, YTOOH mId E=§ WIeHD af
TOYHO BOCIPOM3BOIYIICS 4Yepe3d bE:.

§ 24. Ilepeitmem® Temeppr Kb IETAIHHOMY ONMCAHII pa3joXkKeHil, HA KOTOPHIXD ML
ocraHoBMINCh BB ,OcHOBHEIXD Tabmuuaxbp“ [31] COCTABIANIIMXDE BTOPYID YacTh HAaIIero
nacabnoBania. Mel mpeamonaraeM’d IOCTOSIHHO: logit, <8.90—10; 2z—q<2°.

1. Corunacuo (E) umbeMms:

log tg (z —q) =<log § + E, £ + E, §* + E, £° ()

rob E,, E,, E,onpexbasiores mo popmynams (188%) , E=x,tgq=9,t, tgq . Ynens E,E MoxeThb
OBITh, KaKh BHIE IIOSICHEHO, 3aMBHEHD 4depeddb 0.89411 E3§02§4, C¢b IOIpBIIHOCTHIO, HE IIpe-
BocxoAsAmen, mpu 0<E<§,, BEIMINHEL

0.106| B3| &S .

Jast 6oNbMUXD 3HAYEHIN {, MB NPUHMMaeMbB 3a & To 3Ha4YeHie £, KoTopoMmy CoOTBBT-
ctByeTh 2—q=2% [lna ThXDb 3HadeHilt .¢,, IPM KOTOPHXB, [0 MAHHHEMB TaGIUIb DHKE,
(2 — Q) max.<<2°, MH GepeMb 3a §, HamOoJbllee BO3MOMKHOE 3HadeHie &.

Me1 momxEBl 3IBCh OOBACHHTH, KAKMMB 06DA30MB HAMH BLIBEIEHO GBHUIO (2—g)mex. M85 NAHHBIXE D HEe.
By Tabmuub 1 Omre [13] maercs Bb QyHKUiH g, BB YHCIB APYTHXD BeJHYHHB, logm” — Hawmensuiee BOBMONKHOE
sHadenie logm.

VYmmomas m” ma sin®qcosq, ME momyuaemb, #nsm BeAKArO , HauMeHswiee BOBMONHO® BHAUEHI®
(!)min. =m" sin® g cos ¢; sHAvenie aT0, KAK® Jlerko yGBAMTHCS BHIYMCIERieMB mo TaGaHWB, BospacTaeTs BMBCTH
¢b ¢g. Pasp Takb, TO TO sHauemie ¢, K0TOpoe cCOOTBBTCTBYETD (fy)min., €CTb HaudoALWeE BoéMomuoe, mpH .t = (¢1)min.
3Ha4eHie 9TOro yIia == (gmax.; HO §=q)1 t,tg 9 Bo3pacraers, OpH NaHHOMB fy, BMBCTB ¢b Q, ¥ TI03TOMY HaHAd,

mo aprymesTy log (% )min., 8HAYEHie Q= q max., MBI NOIYIUMB §m“,=§o=(q),)m,n, (t))min. t€9mex. - Taxump 06pa-
80MB HaMH BHIIHcieHa Tabauua (165).



4 max. log (%) min. log §o (—9) max. Qmax.  loglt)min. log§, (2—9) mex.
9°  7570—10 6.776—10 0° 2’1 18 8.418  7.981 00329
10 7.704 6.959 3.1 19 8.480  8.076 41.0
11 7.823 7.123 4.5 20 8.538  8.168 50.6
12 7.931 7.274 _ 6.5 21 8.592  8.256 1° 1.9
13 8.030 7.413 8.9 22 . 8.642  8.340 1 152 (165)
14 8.120 7.541 12.0 23 8.690  8.492 1 80.8
15 8.204 7.661 15.7 24 8.734  -8.502 1 48.7
16 8.281 7.774 20.4 25 8.775  8.580 2 10.2
17 8.352 7.880 26.1 26 8.814  8.656 2 34.9

Ta6nuua sTa NOKA3HIBAETDH, MEXIY NpOYUMB, 4TO Z— q > 20 B03MOXHO JMmb mpu q > 240,
B® Tabmuub I natorea mus pama (E'), mo aprymenty logt, =logt, BeanmuuHH
logg=1logg,; logg =log(— E,); logg”=Ilog (E,-+ 0.89411 E, &2 . (166)
TaxuMB 06pasoMsb
log tg (z — q) ===log (msin* q) +log o — 9" & + 9" §*, @

rob §=(msin*q)p, BeanmumHH ®e ¢, ¢, ¢ OepyTecs M3b TAOAMUE I IO aprymeHty
logt=1log (msin*q) —logtgq.

[Torpbmuocts ¢opmyner (I) cknanmerBaercsa: 1) W3b OMUOKH, KOTOPYO MH IbiaeMb,
OTPaHUYMBAsIChL BB (K) YleHaMu IO IDECTOr0 IOpANKA, OTHOCHUTENBHO & BKIIOYHTENBHO; 2)
U3b OMHUOKK OTH 3aMBHBI pasioxkeHia (), HOBeNeHHaro MO0 dieHa ¢b Hj; BRIOYUTENBHO,
6onbe mpoctoit ¢opmymosr (I). Ilocabmusas ommlGra, Kakb crbayerp U3H JOKA3aHHAIO BB
§ 23, wmenmpme 0.106 E;&, u Bb Makcumym®b, mpum logt=8.90, & =2°0/4 nmocTuraers
0.000 0000 178; BB logsinz orcioga BO3HHKaeTh omuOKa < 0.000 0000 021. — YTo Kacaercsa
OmuOKM NpHOJHKeHHoN ¢opmyast (E'), To 0OHa MOXKeTH CKa3aThesd, KaKb CeHYach yBHIUMD,
aumb BB X-oMBb 3HaKB logsinz. Bb Bumy cxomerBa Mexmy panoMs (4) paa logsin(z—q) —
1N KOTOPAro MBI AHAJUTHYECKH NOKA3aJd MaJocTh |R,| — u pamomb (E) mua logtg(z=—q),
MEL OrpaHMYHBaeMCA TBMB, 4TO MOKAXKEMb MaJ0CTh OMUOKM OTb OTGPACHIBAHIA WIEHOBD
BHICIIAXD IOPSOKOBD OMIMDHUYECKH, Ha PANB YMCIEHHHIXD> IPUMBPOBE.

Ilyets m ¥ q Takb HOHOOpaHEl, 4To log§=8.5107638 60, mpu log¢, ="7.70, 8.20,
8.60, 8.70, 8.80, 8.85, 8.90. CoorBbTcTBeHHOE 3HAYeHie z—q==1°51" m 6au3Ko, cibmo-
BaTeJbHO, Kb NpembipHoMy. Berumciasems logtg(z—q), ¢b OIXHOM CTOPOHEHL, MO Gopmyrs (E'),
¢b IpPYTOl CTOPOHBI, — IOJIB3YACH CTPOTMMD IIpeoGpasoBaHieMb 7=t cos?(2—q), tg(z—q) =
=g.7.tgq, T1B @ OTHICKMBAETCS IO apryMeHTy v.

Ms npuBoaMMDB 8RBeh CHavyaja BHAYEHIA BCOOMOTATENbHBIXH QYHKLiK, NOmaxo6uBmifCA HAMB VIS
9THXD BBIKJIANOKD. )

log @ log E, log Ey . log Ey
logt, =17.70 0.008 8633 78 9.822 807597 0.376 47 1.10537
8.20 029 2004 53 9.843 8424 61 0.420 27 1.1720%
8.60 081 4908 79 9.901 8165 57 0.542 30 1.3587n
8.70 108 2706 78 9.934 0301 87 0.610 94 1.4643n (167)
8,80 147 4924 36 9.984 9555 67 0.720 68 1.6339n
8.85 174 8432 39 0.023 5864 77 0.804 94 1.7647n

8.90 210 9324 84 0.079 3647 47 0.928 18 1.9572n
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Ina vETepnonAnionnaro ompembieHia log @, MBI MONb30BANHCH elle CIBAYIOIMMU €ro 3HAYEHIAMY !

logt log @y logy log ¢y log# log @y

7.698  0.008 8219 18 8.599  0.081 2667 99 8.848  0.173 6085 26

7.699 008 8426 24 8.698 107 6356 15 8.849 174224201  (168)
8.198 029 0579 48 8.699 107 9525 50 - 8.898 209 2583 68

8.199 029 1291 08 8.798 146 5313 22 8.899 210 0925 45

8.598 081 0434 54 - 8.799 147 0107 64

PasHOCTH TpPeTHAro HOpsaKa log @ MoryTh GHITH 0GpasoBaHbl YHTATeNeMB 10 ,OCHOBHBIMB TabIHMIAMB“.

Cb oTHMH faEEbIMH, ME momxyamin (logtgq Boaucsiendb Kaxb log§ —log @, 4 ; T COOTBBTCTBYETH CTPOromy
aHaveHil cos (z—q) ). :

logt = 7.70 8.20 8.60 8.70 8.80 8.85 8.90

log & 8510763360 8.510763360 8.510763360 8.510763360 8.510763360 8.510763360 8.510 763360
E, & — 698770 — 733448 — 838191 — 902728 —1015038 —1 09464 — 1261512
E, & + 2627 2906 + 3849 4508 4 5804 + 7047 4+ 93 59
E, &8 — 15 — 17 — 27 — _ 34 — 50 — 67 — 105

Zx<logtg(e—q) 8510067202 8.510032801 8.509 928991 8.509 865106 8.509 754076 8.509 660876 8.509511102 (169)

log = 7.699318003 8.199318111 8.599318436 8.699318637 8.799318985 8.849319277 8.899 3197 46
log ¢ 0.008 849218 0.029 151784 0.081 338074 0.1080537 88 0.147 164167 0.174 421478 0.210 3604 81
log tg g 0.801 8999 82 0.281 5629 07 9.829 2784 81 9.702 4926 82 9.563 2709 24 9.485 9201 21 9.399 8308 75
>=logtg(z—q) 8.510067203 8.510032802 8.509 928991 8.509 865107 8.509 7540 76 8.509 6608 76 8.509 5111 02

CpasamBasd cTporoe sHadenie logtg(z—q) — BB 9-oit cTpoxb Tabmuusr (169), ¢b Npu-
6IUAKEeHHBIMD, MNOIYYeHHHIMD mo Qopmyns (E'), BB 5-0f cTporh, ME 3aMbByaeMBb IOIHYIO
HXD TOXKECTBEHHOCTh BB Npenbiaxh TOYHOCTH MEBATH3HAYHAI'O BEIYHCIIEHIA.

ComocraBiasa pesynbTaTs 3aKiI0YaeMBb, 9To ¢opmyaa (I) maers logsinz ¢b omubKol, He
npeBocxonamen 2—3 enuHuib IX-ro necarnynaro snaka. Takas BeIMYHHA OMMOKH BO3MOKHA
BIPOYEMD JHUMEL BB HCKIOYUTEJBHO DBAKUXD CIydadxXb.

Hna 66npmelt yacTH Ta6IMUD, BIJIOTH OO logt=8.555, unens ¢”&* HEUYBCTBUTEIEHD,
1 moceMy ¢” coBCEMB Bb HHXB HE IIAHO.

2. Cormacuo (H) mmbeMpb
. . 1 g
log sin z == log sin ¢ + log f; + (Z 4, xlé) tg2q -+ (% 4, x14) tgtq + (% 44 xls) tgtq (H')

Bp nameit taGnunb I mamsl, mo aprymenry logt —logt¢, smavenia Bemmuuas logf,
logf’, logf”, rob o6o3HadeHO: '

f=fis  =—g Az /"'=%Agml“—{—%ABlexo,SMll&,‘A . (170)
Takumb o6pasom®b sinz ompenbisgerca usb PopMysIEr
log sinz == log (fsing) — f' tg?g + " tgtq . (1D
§, mmBeTp Tome 3HaYeHie, YTO M BHme, cM. § 24, Hayalo.

RakoBa morpBmuocts pasexcrsa (I[)? Oua ciaraeTca: 1) usb omuGKH dopmyast (H');

| 2) &b OMHGKH OTD 3aMBHE (H') 60mrbe mpocTott popmyaoir (II). Mab MOKa3aHHATO BB § 22 cab-

AyeTs, 4TO IepBas OmuGKa HapbpHoe MeHbme 0.022 | 4, = 0.022| 4, |z, tg®q (M. dopm. (158)).
Buipamenie aTo BBH maximum, mpu log# =8.90, log§=18.5445—10, logA4,=2.0157,,
MeHbpme 0.000 0000 043; BmpoyeM» — CyOd, IO BBIYHCJICHIAMD, NPOBENEHHEIMD HAMH I
TBXD #e sHadeHilt log¢ u ¢, NP KOTOPHIXD MH H3CIBI0BAIH omu6xy gopmyasi I — mbitcTBH-



TeJbHE peXbas aToit morpbmHOCTA pa3a Bb UeTHIpe MeHbIle, M GIH30KDL Kb exuHuund IX-ro
IEeCATHYHArO0 3HAKA.

YTO6H HArNANHO MOKABATH YHTATENIO CTENeHb npuGaumenis gopmymst (H') ¥ NOPANOKE BeJdHYHHBI PasHBIXD
€s YIeHOBD Bb CAMBIXB HEBBIMOJHLIXD YCJOBifAXH, HpPH GONBMOMD & COCTaBIfeMD CHAYala CIBAYONIYI0 TAGIHIY.

log £ log % 4, log 71— 4, log 4£ 4,
logt, = 7.70 0.002 2158 446 9.343 4704 9n—10 9.896 658 0.6253 n
8.20 007 3001 132 9.359 4210 9 » 9.934 304 0.6854 n
8.60 020 3727 197 9.404 3225 7n 0.040 605 0.8552 7
8.70 027 0676 695 9.429 8412 5n 0.101 255 0.9523 n (167%)
8.80 036 8731 090 9.470 961197 0.199 401 1.1096 n
8.85 043 7108 099 9.502 7544 0 n 0.275 669 1.2320n
8.90 052 7331 211 9.549 5103 6 n 0.388 500 1.4186n

Mo npunHMaeMb, Kakb Bbime, log §=8.510 7633 60; ¢ GymeTd COBIOBATENBHO TAKHMBb, 4TO tgg=E&: @, ¢,
9TO CTpOroe ypaBHeHie ilaeTh HAMB ¢, W8b HalilleHHaro ke Boiume log tg (2—¢) momydaemds z—g. OTCIOI2 MOXKEMB

BBIYHCIHTL CTPOro H sin 2.

Ty me BenuuuHy noiyyaeMb B3aTbmMb npubauxesno usb (H'), samBTuBb, 4TO

z tgg=_¢.

Ta6i. (169%).
log i, = 7.70 8.20 8.60 8.70 8.80 8.85 8.90
log tg ¢ 0.801899982  0.281562907  9.829272481  0.7024926 82 9563270924  9.485920121  9.399 8308 75
q 81%1'58712049 62°23'38715675 34°01°02776834 26%5705703807 20°05'37724230 17°1°17720788 14%5'42718918
—q 151 13.30186 15112.77365 15111.17995 15110.19938 151 8.49549 151 7.06558 151 4.76832

82 53 11.42235

64 14 50.93040

35 52 13.94829

28 36 15.23745 21 56 45.73779

18 52 24.27346

15 56 46.95750

:

log sin z 9.996 6442 171  9.954 5701 024  9.767 8648 528  9.680 1148 792  9.572 5616 752  9.509 8451 647  9.438 9180 902
logf;sing 9.996 8750 897  9.954 8095 660  9.768 1302 419  9.680 3962 229  9.572 8707 475  9.510 1775 128  9.439 2878 423
a8 — 2317 380 — 2404 074 — 2665933  — 2827274 — 3108049 - 3344 114 — 3724235
1A,¢ + 8 704 + 9 492 + 12124 4+ 13941 4 17476 4 20832 4 27012
1A, — 49 - 56 — 83 — 104 — 149 — 198 — 301
log sinz<s 9.996 6442 172 9.954 5701 022  9.767 8648 527  9.680 1148 792  9.572 5616 753  9.509 8451 648  9.438 9180 899

Caugas log sin 2, BBHIYHCIEEHBIH 1O NPHGIMKEHHON GopMyaB (H') u maxomsmiiics B Hocabuselt cTPokb, co
sHaueHieMb logsinz mo 5-oif cTpoxB, sambuaeMb ‘Menkis pasHoryacis Jumb Bb X-OMb NECATHIHOMB BHAKB; NpH
aToMb z—q uMBeTh yie BechbMa Gonbilis sHAYemid, BPAND JH Korja JH60 MOTYmif BCTPBTHTBCA BB aCTPOHOMH-
gecKoll NpaKTUKB.

Yro racaercss BTopodt ommGru (II), To ona, cornacHo (164), Mennpme 0.106 mocabmHAro
ynena BB (H'), T.-e. MeHbme 0.000 0000 051. Bb o6mems, cabroarTensno, omubra @opmyanst (II)
HapBpHOe He JocTUraeTh omHOH exmuuuel VII-ro sHaka, Bh NPEAIONOMEHIN, KOHEYHO, YTO
2—q<2, logt,<8.90. N

dopmyna (II) oxaseiBaercs, TAKUMDB 06pasoMb, HBckoabko Menbe rTouHod, ybmb (I),
HO TPAKTHYECKH, BIUIOTH [0 CEMHM3HATHAr0 BHIYHMC/EHiA z, PasHUIA dTa He3aMBTHa, BB BUIY
BEICOKOHt TOYHOCTM 060MXDH Bhpameni. Ilo cpasmerio c¢b (I), dopmyna (I) menbe ymoGua
THMB, 4TO, IV IOLydeHis pesyTbTaTa PaBHOM TOYHOCTH, OHA TPeCyeTd BHIYMCIEHIA IPaBOX
YaCeTH ¢b 6GIBIUMD UHCIOMDb 3HAKOBB. KpomB Toro, koapduuients: [ u [ mbHALTCA 3HA-
qurensHo ObicTphe, YBMB ¢ W ¢, YTO 3aTpyNHAETH WHTepmoauposanie. 3aro ¢dopmyna (II)
JaeTh NPAMO 3HAUYEHie OCHOBHON HeusBbBerHOH, logsinz, mpy BEIYMCIEHIAXD Ke b MEHB-
MAMB KOJIMYECTBOMb BHAKOBD, HAMpuMBP® €b 5-10 WM 6-10, MHTEPNOJMPOBAHie NOYTH TaKD
#e TPoCTO, KaKb BB Clydyad ymorpeiaeHid D.



1.4

Mositso eitie 3aMbTHTh, 410, BoOGmE CFoBOpS, OMHUOKH OTH HEM3GBIHBIXD BHIYHCIUTENL-
HHIX'b 3aKpyTVIeHilt MeHbe BIiAOTH Ha HeusBbCcTHOE 2z TpHU peryucienin mo gopmyas (I), name
eciu Boluucienie mo (I) Bemercd ¢b ONHHUMD HECATHYHBIMB 3HAKOMD MEHBIIE.

8. Mul OCTAHOBMJIHCH Hajbie Ha pasnoikenin (EE). Bv nameit Tabnunb I o6osHageHo

. _ : _d]ogtp)
—2E:8M=1+4x (""dlogt , (171)

— coo6pasHo ¢b 00603HAYeHisMm BD Hamedl cTaThkb [16] B® Hse. Hmn. Axad. Hayws, rob
yKa3aHo OBLIO pPaBeHCTBO (0€3b 0,):

log tg (2—¢) = log tgn 18 (1 +x)log cosn+9d; , (1)
IIPUYEMD IIOJIOKEHO .
tgn=8=¢ titgq . (172)

HononHuTeNbHEM 4IeHD 0, naercs Hamel tadauueit III Bb ¢ynkuin logt u 2. Onbp
BHIYHCIEHD 10 ¢opmyns, em. (EE):

7

b=(Bt18)tgin+ (B— 15 )tgen . 173)

®opmyaa (IIl), e ocratkoMms mo (173), Tounbe (I) u (II), moToMy 4YTO BB Hell IPUHATH
IBJIUKOMD 4JeHBI IIeCTOr'0 IOPSAIKA.

4. Ilpu toMp ®e ompembiaeHiu (172) (bymmin n, UMBeMb, coriacHo (G):
t—q~==n+ G tg’n+-9; . av
B® nament I-off Ta6nunb mosomeHo
G=—vy , (174)

IpUYeMDb Y BHIPAMEHO BB CEKYHNaXb Ayrdw. JIOMONHMTENBHEIX WIeHDb 0, OBLIB HAMH BHI-
4pcaeHs 1o gopmyab:
0= Gy tg5n+ G5 tg™7 (175)

OHb AaHb BB Tabauub IV BB q)yﬁxn,m log¢ u n (tabm. IV 4), u Bp ¢yukuin logt u ¢
(rabn. IV B).

Jlorapuemsl kKoadduiienToBs G; U G5, BEIPAKEHHHXD Bb CEKyHIaXh NYTH, CYTh:

logt  log G’y @’ logt  logG’, log G”g

8.40 6.30490  7.1231, 8.80  6.53976 7.4893,

8.50  6.33482 7 1695, 8.85 6.61721 7.6112, . (176)
8.60 6.37699 7.2850, 8.90  6.73109 7.7913, :

8.70  6.43943  7.3322,

Rak®p HarnsagHo BUOHO U3B Tabauubl IVB, BB OGHYHHIXD CIy4adxb O, IPaKTAYECKA

ecTh Hynb. 3amBTuMB, 9TO OT6packBaf 6, Bb (III), ME mhiaems OmHOKY, PaBHY MPHUOJIH-
BUTENBHO %/3 OMUOKM OTDH OTGpacHBaHis 0, B (IV)



®opmyna (IV), xakb u (lI) — BB orTamuie orn I) u (II) — ToOYHA D0 MAJBIX'D MOPSIKA
&8 exanuumensro.

Hna gucmennor mpoBbpkn ¢opMyas (UI) m (IV) wMel Gepemb Kpahmii npumbpb: logt =8.90,
log § = 8.510 76383 60. )

8(14+x%)=—2E,: M = 5.528 5396 = 1051"24" log cosp = 0.000 2280 620.
log & 8.510 7633 600
3(1+%)logcosn — 12608 498
(Bo+3E)tgtn 4 86962
(B,—yE)tgn  — 1046
mo dopm. III logtg (z—gq) =  8.509 5111 02

9to smauemie logtg (2—¢) BWIOTH IO MOCHBIOHArO 3HAKA COIJACHO Ch BBHINIEHAHIEHHBIMb, CM. CTP. 1. 40,

HaxomuMp eme :

log Gy” =5.756 00558, log G,” = 6.731 0881 log G3” =17.791 837,

n 19517247000 000
g

G, tg?n — 19.422 078
Gyte®nm -+ 0.192710 i
Gytg™n — 0.002 826

mo ¢opm. (IV) z—g= 1951" 47768 31

Bro 3mavemie z—g¢ oTaMyaeTcs Bcero Ha 0700001 OTH BEImeRahmennaro, crp. l.41.

§ 25. Hamb yxe ocraeTcad TONBKO ONMUCATH CNOCOGH COCTABIEHid HAmuXb ,CHOB-
HEIXD Tadaumb“. MBI CTpeMHUJIUCH KB TOMY, YTOGH NOCHBIHIM 3HAaKb OBLIH BCIOAY BbBpeHD
X T03TOMY, KaKkb O0Iiee IPABHUJO, BHIYHCIIAIN BCH BEJUYHHEL CBH IHCJIOMD 3HAKOBD, HA 2
GOALMUMD YMCIa 3HAKOBD Bb TAOHMIAxb. IIpu TakoMb MeTonb BEIUKC/EHIH OMUOKM BB Tal-
JAMYHBIX'> BeJMYUHAXD BecbMa Majo BBpoATHH. YTO ke KacaeTcd IIABHLIXD QyHKIUIH, log ¢
u logf (mocabausas OblJa BBIYHCIEHA JHUIIB Cb 8-bI0 3HAKaMHu), TO GOBLIN OTABABHO pascMo-
TpBHE Beh ciydanm, Bb KOTOPHIX> MOMHO OBLIO ONACATHCA IPU 3aKPyrieHiM OmMMOKH Gojbile
0.5 mocaboHaro ocraBiasgeMaro sHaka. TakuM’b 06pa3oMb loge U logf IOMKHEL OHITH IIO-
CTONBKY TOYHEI, IIOCKOJBKY ®TO BOOOIle BO3MOMKHO IPH JaHHOMD ypcas 3HAKOBb.

Ins BbIYMCHeHiS @ U [ OpefcTaBIAiMCh DasHble NyTH. Bo-nepBhiXb, ypaBHenis

p=>1-t+9t (177) , f—tft=1, (178)
KOTOpsIMM @ H f onpexbasioTes BB QYHKIiM ¢, CyTb ypaBHeHis 4eTBEPTOH CTelEHH OTHOCHTENBHO @'t = f u nosTomy
MOKHO BHIPasMTh H8b HHXD [ SBHO 4Yepesb ¢ BD KOHeUHOMb BHIL. Ongako QopMysbl, moayyaeMmbld NpR 3TOMD,

OPaKTHYECKH CAHIMKOMB CJIO¥HBL. — Bo-Brophixh, yp. (178) pasphbmaerca cTpoxoi Jlarpanxa
’
1 _ 7, 1110 . 15.1413 , 19.18.17.16
slogf=tt+gt+55 0+ ¢+ 555 T (179)
npayemb log @ MOXKHO 6bl HafiTH, kakb 4logf; HO CXOAMMOCTD CTPOKH (179) sepamuag. — Bb-TpeThbHXDB: ¢ Bbipa-

KaeTes BecbMa TPOCTO depesd [

U (150

1. 4
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cOCTaBHTh TabAMLY ¢ BB (I)ynmibn f Herpymuo, mocis ke ocraercs JMmb 06paTHTH ee. Kb coxambHilo, 1o cuxp -
nopb He COCTaBleRbl, 60irbe YBMDB ¢b CeMbI0 NECATHYHbIMH, ,TaGIHLBI JOTapHOMOBD BBIYHTAHiA“, Ha monoGie Ta6-
munb Zech'a. IlepsoHavanbEo [16] Mbl ¥ mpumbmuan ¢opmyny (180) nas Boiiciaenia ¢ mus 180 sHagenin log
ors 0.001 mo 0.180. »

MEL 0CTaHOBHJIACH HA METONS BEIYHCIEHIA log ¢ momomeio mpo6s. Ilonmaras BB (177)
¢ =secda, umbemsn :

sinacosta =Vt . (181)

Hajing mpo6amu sHaveHie ¢ IJIsi TPEXh PABHOOTCTOAMMXB 3HadYeHil logt, Hampumbps
s logt=8.60, 8.61, 8.62, MBI ompenbisiN SKCTPAIOIXPOBAHIEMDb, Bb KAaKOMB HecATKS
CeKyHIP 3aKJI0YeHb yroarb e i ciabayomaro 3HaueHia log¢, Hamp. logt=8.63; mocab
BTOr0 JJs IBYXD Pa3audanmuxcs Ha 10 3HaUYeHIN a, comepmamuxb IrBIoe YHCIO NECATKOBD
CEKyHIb ¥ OXBATHBAOIIMXD HANIEHHO® @, MHl BHIYHCILIN log (sinacos®a: V¢). Hurepmonn-
pOBaHieMP HAXOAMIIOCH 3HAYeHie a, ofpamapiiee BB HyJlb HOCHBAHIN JIOrapmeMb, M IOTOMB
log f=2logseca, logy=_8logseca. Jlag monyyeHia 8-ro 3HaKa Bb log ¢ HEOOXOLMMO OHLIO
YTOTPEOJIATE 9-U 3HAYHEIE JIOTAPHOMEL TPUTOHOMETPUYECKHXD (DYHKIIIHL.

9TUMPB InpieMoMb ObIM BHUMCIEHH logf u logg mua 90 sHaveHil logt wmexmy
logt="7.60 1 8.50 (uepess 0.01), mna 72 3HaYeHiir Mexay 8.50 m 8.86 .uepess 0.005) u
nis 140 snadvenit (uepesb 0.001) log? memny 8.86 m 9.000. Brrymesenis mpomsBemeHsl
oMompI0 necatudHadHaro Thesaurus logarithmorum [32], mpuyeMb ONHAKO HECATHIH 3HAKD —
33 HCKIOYeHieMP mocabauaro mHTepBaja NI logt — BO BHUMaHie He IpPUHHMANCH. ITpu
HAX0KIeHIn 3Ha4eHil yraa a, oﬁpamalomni'b Bb HyJb log(sinacos®a: V%), Heo6xomumo OBLII0,
Iust GONbMHKX® 3HAdeHid logf, MpUHMMATL BO BHHMMaHie DPasHOCTH BTODOTO NMOPAIKA JOra-
pUeMOBD Sina M cosa: 10-U CeKyHIHbIE WHTEPBAJIBl Thesaurus’a CIUMKOMD BEIHKH.

OcTanbHbia 3HaveHis logg HaleHH MHTEPIONMPOBAHIEMD, M TAKAMD 00pa3oMp IOIY-
YeHa eocomusHayHad Tabauua loge mas log? orp 7.600 mo 8.860, wepess 0.001; mis
log ¢ orp 8.860 mo 9.000 Beh 3HaueHis loge (u logf) MMBINCH HA-IMLO ¢b NEBATHI0 3HA-
KaM{ ¥ HHTEPIONAPOBATH He NMPUIMJ0Cch. [IpaBmiIbHOCTE TaGIMIE IPOBBpEHa 110 Pa3HOCTAMD.
Hocas aroro cocraBiena sotemusHadyHas Tadnuna logf (Bb mHTepBaxh 0TH logt 7.60 mo 8.86)
yMHOXeEHIeMDP Ha 0.25 HCXOAHAro 3HaveHis loge m mocabIoBATEIBHEIMD npubaBieHieMb /4
PasHOCTH MekKay cochboHuMmm 3HadeHiaMH logg. Takb Kakb logf HaeTcs Bb HANIMXD TAOIH-
axb JUMb Cb 00HUMs 3HAKOMD MeHBINEe, TO, IS O00€3IeYeHiss KOPPEKTHOCTH MOCIBIHALO
3HaKa, NPUIIOCH NponbnaTh I MHOTMXD 3HadeHil logt cneumianbHeA Brrymesnenig. Co-
CTOAJNN OHH BB TOMB, 4TO, LI 3HAYeHi# logf ¢b mudposr 5 Ha BockMoMDBb MbBeTh (a Takxke
4+ nam 6—), Berumeasyics log? mo (180), mpuyeMD yNnoTPeCIANHCH NECATHSHAYHELIE JIOTA-
puemsl yncens. Ilocad sroro cenpmas mugpa log¢ yseamumBanach Ha eNUHULY WJIH 0CTa-
BJIAJNACh NpeMXHEH, Bb 3aBHCHMOCTH OTH TOr0, NOAY4YaJoch I s logt sHauemie ...99..

‘ma ...001... . IlonoGHHIMB 06pasoMB yCTAHOBIEHHl GBLIM Bb BO30YKIAI0IMUXD COMHBHIe
cly4adxb UCTHHHEIS 3Ha4eHid logo .

B® aTHXb paGoTaxh NPWHANE yyacTie cTymeHTH T. D. CBeHCOH'h, BLHYMCIHBIIIN
HE3aBHCHMO OTB Hach loge musa 200 sHaveHidt log¢ memmy 8.100 u 8.300; xpomb TOIO,
r. CBeHCOHD NEpPeBBIYACINID, TAKKE He3ABHCHMO, 25 COMHHUTEeNBHEIXD 3HAYEHIH log 9.

JlorapuemMs ¢ maEmb BB Hamuxb TaGaUUAXD, MPEIHASHAYEHHHIXD U Cemu3HAUHALO
ompenbiaenis OpOWTH, CHAYajJa JUINEb Cb 5-0 3HAKAMM BILUIOTH IO logt=17.950, motom® ¢Bb
6-b10 — BHIJIOTE 10 log?=8.860, M TONBKO Hus Goabe BHICOKMX'H 3HAYEHIH logt — ¢ 7-10
sHakamMu. Taxasg sKOHOMIA BB YHMCHB NECATHYHHIXD BO3MOKHA 6rarogaps TOMY, 9TO OMHGKA
Bb Jorapuems ¢ BXomuTH BB logsinz ¢b MalbIMB $akTopoMB, MeHBmEMB tf% (cM. § 11).

Jlorapuems xe [ maHb ONHOOOPABHO CH CEMEKI0 NECATHYHEIMA. <



1. s
9ro kacaerca mo kco¢pduunientoss E,, E,, A4,, A, T0 UXD IPOCTHSA BEPAKEHIT BB
$yHEnin 2, =@, ¢, He 6N M3BBCTHH KO BPEMEHH COCTABJEHIA TaGiIMI'b, ¥ OHM HAXONUIHCH

dlo dx
0 HuKecabaylomuMs (opMyIaMb, Bb KOTOPHSA BXOAATH x=ngq—; ¥ -; (IumeMb BCoOIY

¢ BMbeTo ¢,; Beh QYHRUIM ¢ mpennonaralnTcs BEYHCIEHHBIMH IS t=t,):

3 3 1 3 dlogxn
E=—2 2yl it
= — 2 M+ B=g {30+ R+t ]
(182)
1 ) M 1 1 dlogx
IAix12=—§thx ZA2$14=—1_6A1 @3 88 {dloirt — 14 7tpt+69)tx}
ITonesysce ¢opmynamu
do _ 4f® _dlggp _ f—1 dx__ 4f% .
dt ~ 4—3f = dlogt ~ ~ 4—3f dt— (4—3[)° (183)

YUTATENE IepeineTs 6esb Tpyna oThb (182) kb (1383%) u (129).

dlog % . .
Bennunnb % u dlog? » BXOMAMIA BB (182), BEIYMCIEHH OBLIU Mmexaruueckums Ougge-

peryuposariens TAGIUID 10g , YTO OKA3aJOCH BO3MOKHBEIMB 6laronaps GOJNLIIOMY YHCIY
IeCATUYHEIXD 3HAKOBB, Ch KOTOPHIMB MMBIMCH 3HaUeHif STOM OCHOBHOM (YHKIIiM.

Bmbero ompenbnenia kosddunientosbr E;, 4;, BXoAAmMUXb BB BEpaxeHis (166) u
(170) nna ¢~ wm f”, BEIYMCIEHH OblIM G6au3Kie Kb eauHuNS (PaxkTopEl #, ¥ x,, Takie, UTO OTH
TIOJICTAaHOBKU %, H, n #,A, BMbcTo E, 1 A, Bb NPNOIUKEHHE DPAaBEHCTBA :

> . . 1 . 1
log tg (z—q)=1log &+ E, 2+ E, & log sin z ==log (f; sin q) -+ (Z 4, x,‘) tg2q -+ (Z A, x,“) tgtq
IBBBIST WXB YACTH CTPOr0 PaBHANINCH NPaBLHIMB IIPH 3HaYeHiH §=§;, mpuyemMsb

— _ 1/g
. £ =& {g [(A+Vo)ye4(1—V 2)‘/=]} : (184)
OTHOCHTEJBHO &, cM. Ta6x. (165).

[Tocn’s aTOrO MPHUHATO :

¢ =u. E, =% (% 4, ac.“) . (185)

3HadeHid aT¥ s ¢  # [ TOXeECTBEHHH ¢b (166) m (170), ecau npeHeGpedp morphm-
HoctaMH (Popmyas (E') m (H') mpm §=§, (cM. § 23, xOHeW®).

DaKkTOpH %, U %, GBI HAHIeHH IyTeMD NeBATH3HAYHATO BHYMCIeHia logtg(z—q) u
necaTusHayHaro — logsinz, ana log§=8.510763360 (cm. § 24, TaGn. (169, 169%)).

Mz mamIn
log ¢, log #, log %4 log log %, log %,
7.70  —0.0023 —0.0025 8.80 —0.00376 —0.00374
8.20 24 . 25 8.85 414 417
8.60 © 30 30 8.90 —0.00485 —0.00482
8.70 —0.0082 —0.0032 :
HafineHHble TAaKMMB 00Pa3OM’b JOrapueMel x, M x, (Toynbe — 3HayeHis (1—=x,) "

(1—=x,)) GHLIM yMHOMEHH — BDb BuIy b=ag? cm. § 28, xoHeus — Ha (§:[8.510 7633 60])?,
LS TpHUBeleHid uUXb Kb 3HaYeHio §=§.
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~ Yuemo 3naxoB® loge’, loge”. logf’, logf” mano BB ,Tabauumaxsp“ — BOOOmE IOBOPS
— ¢b TaKHMB PacyeroMb, 4YTOOH OmMMOKa HA ONHY eNMHHIY MOCIBIHArO OCTaBJIEHHAr0 BB
3TUXD KOdP(UUieHTaXs NeCATH3HAYHATO 3HaKa, MpoMsBoAWia Bb logsinz omubky <C0.2

“VII-ro 3Haka. Taxb, Hampumbpb. loge’ mawp misa logé==8.075 ¢b ONHUMD 3HAKOMDB, IJIA

logt—=8.080 — yxe c¢b nByMa. [na mocabmusaro sHademia log?, — log§,="7.484—10,
J0rapueMb MaKCHMaJbHAro sHadeHia ¢ &2 ecTb 4.81—10, ¥ JorapueMsb Ionpasku logsinz,
Bb 3aBHCHMOCTH OTH wieHa ¢ &2 Menpme (/23X ¢'§2<2.91—10, u (IOmpaBKa

- 1
log sin 2) < 0.000 0000 81; mpu wusmbHeHinm log®’ Ha 0.1 3Ta MONpaBka H3MBHUTCS Ha 7 09

IO, T.-e. HA BEJUYMHY, MOYTH Hocturawmyo 2 enuaun® VIII-ro smaka. [las cabayomaro
3HadeHis logg’ cooTBBTCTBEHHAs IONpaBKa M3MbBHUIACH GEL OTH HETOYHOCTH log @ yixe Gomke,
9bMp Ha 0.000 0000 2, oTyero u cabiand Bb 3TOMb MbBeTh Imepexoqb Kb GOJabIIEMy YHCIY
3HAKOBH. — 3aMBTHMB, 4YTO OMHUOKA BB HMHTEPIOIMPOBAHHOMD 3HAYEHIM TAGIUYHON BeJH-
YHHBl JIMIb BB HUCKIOYATEIHHOMD CIAyda’h MOEKETH BO3PACTH IO IOJHOM e€NMHHIBLI mociab-
HATO MBeTa, U 4T0 ommoOKa BB 0.2 VII 3HaKa BO3MOXKHA JUIOb IPH NpearbibHOMD 3HAYEHIn §. —

Yro kacaeTcad MO0 BeIUYHHD 1 4% u logy, TO mepBadg W3b HUXD BBHIYHCIEHA, KAKD
yXe CKa3aHO, MeXaHWiyeckuMDb muddepeHUnpoBaHieMb, IOCab 4Yero MOJAy4eHa M BTOpad
mo ¢opmyars

3 1
Y=5 s 1+% - (186)

Bennunuel 3TM IaHH OJHOOOPA3HO Cb 4-MA 3HAKAMH.

OcraTtoyHble 4ileHH 0, U 0, BEIYMCJIEHBI IIO dopmynams (178) u (175).

Ta6nu4yHbA pasHoCTH Bb I-0i Tadauns 6blin mpoBbpeHHl Bh KOppeKTypHLIX'b JIMCTaX'b
Ha apuemomeTph crymeHToMbs K. B. Kyndppepoms.

Msr npousBoguiM BCH BEIYHCIIEHIA, MOCKONBKY II03BONAND 9TO XapakTepb (POPMYb,
OpM TOMOIW CYETHOH MAIMHLEI; BB HAMEMD pACIOPSEKEeHiM uMBICA HOBHIM, G6e3yKOPU3-
HeHHO nbicTByIomil, apuemMoMeTpb OmHepa Né 20742.

Jlomoanenis u mpumbuanis.

Kb § 2, erp. 1.3. — Radau [29] yxasan® cmoco6m rpaduueckaro phmenis ypaBHeria I'aycca nomompio
CeMbH NpAMbIXD JuHiK. IlepemuceiBaeM®b (1) BB BUAB

cos ¢ Y— sin ¢

X} Yetgz=sin%2 (187) ., mpuiemp X = p p

(188)

Cunrasg 2z apaMeTpoMB, MOKHO pascMaTpHBaTh (187), Kakb ypapHeHie ceMeHCTBa NPAMBIXD Bb J|eKapTOBHIXD
koopnusaTaxbk. IIyeTs cemeficTBo (187) BbIYepYeHO, WpHYeMB NPAMBIA NOMBYEHH NPHHALIEKAMEMH UMD 3HAYE-
HiaMu 2. TlocTpouBb Ha KoOpIMHATHOW INIocKOoCTH Touky M c¢b xoopaumaTama X u Y mo ypaBHeHiaMb (188), M
ToIyYuMB 2, KaKb UOMBTKY HpAMOH, mpoxoasmed gepesb M. Radau [l. c.] naers rpaduk® npaMbIxs (187), npu-
9eMb z MBHAETH depesd 50,

Ilo mpocToTs waew phmenie Radau BecoMa 3aMBIATENbHO, HO Bb HOPMAJLHOMB CJIydaB IUIAHETHOH OpPGHTHI
ero rpagukb COBePMeHHO HENPHTONEeHD. Ilpu O6BIYHBIXD ycioBiaxp X u Y Mansl, 6yny4d BeJIHYHHAMH
nopanka 4 ~'sin3q u ¢, ~1sintq; Takumb 006pa30Mb [JIs HaXOXJIeHid 2 IPHXOLUIOCH 6Bl MOJNB30BATHCS JHMb MAJEHHKOH
JaCTHI0 NarpaMMel, TS Ha HeGOAbIIOMD HPOCTPAHCTBS MOMBMAGTCS MHOTO NPAMBIXD CeMEMCTBA, BCIBICTBIE Yero z
MOTNIO 6Bl GBITH HOJYYEHO JHIb HEeHaNeXHO. - OTOTH HENOCTATOKD cmdcoba HMBeTh OpraHH'ECKill XapakTepb — OHD
He ycTpauseTcd. yBeludeHieMb MaciuiTaba geprema. B0 Bb TOMB, YTO PAsCTOSHIe, BD OGIACTH TOYKH M, nByx®
CMEXHBIXD NPAMEIXD CeMeHCTBa ecTb BelWdWHa mopamka i, —'sin2g . dz, u, crbooBaTenbHO, BB KAKOMB MacmTath
MBI Obl HM HAaYEePTHIH HiarpamMy, TOYHOCTB ONpeABIeHiA 2 GeanpenBbibHO yOLIBAOTD MO MBpt yMmespmeHnia ¢q. Heasss
T03TOMY YOHBJIATBHCHA, 9TO jniappamma Radau mano u3BBCTHA ] GONBe CTPAHHO TO OGCTOATENHCTBO, YTO HHKBMDB HE
6510 eBb/IaHO MONBITEM TNPUMBHHTE umeu Lalanne’a, mexamis BB -ocHOBB rpaq)nxa. Radau, xp 6Goake whie-
cooﬁpaanouy pbmerilo ypaBmeria Iayeca. .



Kb § 2, e 1.3 — Jlua mepexosia ofh sHavenin 2, moiydemmaro mo (6), Kb Gowbe TOMEOMY 2,
ButrTd [l. ¢.] yrasmBaers dopmyry log sin (2, —¢) = log sin (z—¢) — 4 (1 — 3¢, ¢)'logsec (z—¢q), ,KOTOpas
HaRe Bb OYeHb HEGIArONPiATHHXD CIyYasiXb NAeTh 3HadeHie z,—g, COIVIACHO® Cb MCTHHHBIMB BB mpegbiaxp 17.“

Kb § 2, crp. 1.3, — ITonpITKy aBHanHTHYecKaro phmeris ypapuemia (1) mbaaers BuubeB'® [33], BEIIH-
CIMBIIIA TepBhle NATL KOPPHUIEHTOBD DA3JIOkKERis z—g NO CTemeHAMD M. BeabacTsie MeIIeHHO CXONUMOCTH
cTpoRa Buibesa ppakTHueckaro METepeca He NpelCTaBIAeTh. MBI CONMOCTaBNISEMDb 3ABCh, A NABHBIXD YHCIEHHATO
opuvbpa Buibepa, 3HaueHiA IepBEIXb UIEHOBh ero psama IH Z-—¢, CO B3HAYEHIAMH [ePBHIXD UIEHOBH Halel
ctporu (G) § 18, mawomel Ty e BeSTHIHHY.

Jammbig: m=[1.30455], ¢=5%614. Haxzouumb: ¢ = [8.346264— 10], ¢,f = [8.388222—10],
tgn=1[7.405 241 —10], G,”"=[5.53409,], G," =1[6.2923], G3" =[7.104,].

Bunbens BanaxeBHYb
Yners c» m 476711 n ‘ 45247403 e e
w  » m 4 4227 . unendb ¢b tgdn —0.005 621 . \
» » m 4 515 ,  » tg®n  —4-0.000 000 208
. w o m 074 _ , » tg'm —0.000 000 000 009
» - m 4 0.09 ' z—g=- 52440

”
z—g=-4524.4
Mul BHIHM'B OTCIONA, HACKOJIBKO CKOpBE CXONHTCS BTOPO® DpAasiiOkeHie; Takb, HanpuMBpH, IeTBEPTHIA ero
wiess Bb 8.10'° pasn MesBbme, YbMb Bb [EePBOMB.

K® 8§ 5, erp. 1.5. — Ve caMoMy JlarpaHxy Oblrb uaBbereEb [8, Il mém., N 14], nepexomd O0Th
TeopeMel JlaMGepTa Kb ypaBHeHilo BOCBMOM CTemeHH. XOT#A CTENeHb STOTO YDABHEHiA He MONKETH ObITh NOHHXEHa
6orbe whbMb Ba eNMHHIY, TO TBMD He Menbe KpHTHYecKis sambuanis Jlarpania, Ho HOBORY YDaBHeHis wecmo
crenesd Boskowicz’a (npunucsiBaemaro JlarparxeMm® JlamM6epTy) OCHOB&HBI, KaKb BBHIACHHME BB IPyroMb Mbers,
Ha HeJopasyMbHiu: ypaBHeHia BockxoBHYa u JIarpaHXa OTHOCATCA Kb DasHBIMb Npo6ieMaMb.

Kb § 5, crp. 1.9. — Paagbaas o6b CTOpOHbl ypaBHenm (21) Ha M2, momyyaeM® :

1—f2-{—f"—-—2f6 4cosq, - (189)
rab mo0keHO, KAKH Beerna, f=— W :r=sinz:sing.
Tlonarasa
X=1lcosq:u*, Y=0P0:ub a=(f2—1):2f° b= —(f2—1):/8 (190)

MokeMb HanHcaTh ypapHeHie (189) BB BHIB:
= —|- 3=1- (191)

Cunras f nepeMBHEBIMB IapaMeTpPOMb, MOXeMB pa3cMaTPHBATh (191), xakp ypaBHeHie ceMeHCTBa OPSAMBIXE,
3aJaHHBIXH CBOMMH OTpbakaMH @ M b Ha ocsxb KoopnuEaTh. Ecan cemeiicTBO (191) BBIYepYeHO, TO MOCTPOHBD
TOYKY M, c¢p KOOpAHMHATAMH X u Y, Hahgemd f, Kakb NOMBTKY NIpAMOH, NpOXoAsmeNd dYepestb M, IIpakTuunbe
HOMBTHTH IpAMbA ceMeficta (191) smauemiamu log f*.

Msb1 npuBoAMMB 31BCh NAHHBISA, 10 KOTOPHIMB JIETKO NOCTPOHThH CEMEHCTBO NPSMBIXB (191) U CIy4aeBb,
BeTpBualomuxess NpH ompenbieHid IJIaHETHOH OPGHTEHI. B Ta6muuBb MB JaeMb 3HadeHie @, Hu, BMBeTo b,

abeuucey = a——l—(a'b) TOYKH, Bb KOTOpOI mpsaMas ceMeiicTBa IepecBKaeTs aunilo Y =0.1. J[0CTaTOYHO CTPOUTH

YaCTH npaumx'b, 3aKMI0YeRHBA BB YeThpexyroapuukh X =0, X=0.1, Y=10, Y=0.02.

].Og f‘ a a_lo(a b) Iog f‘ a lo(a b) lOg f4 a a—%(a: b)

0.00 0.0000 0.0500 0.13 0.0555' 0.1181 0.25 0.0812 0.1582
.01 0056 0565 14 0584 1221 .26 0826 1609
02 0110 0628 .15 0812 1260 27 0838 1635
.03 0161 0688 .16 0638 1297 .28 0850 1660
04 0210 0746 17 0863 1333 .29 - 0860 1685
.05 0257 0802 .18 0686 1368 .30 0870 1709
.08 0301 0855 19 0708 1402 .31 0879 1733
.07 0343 0907 .20 0728 1434 .32 0887 1756
08 . 0383 0957 21 0747 1466 .33 0894 1778
.09 0421 1005 22 0765 1496 .34 0900 1800
10 0457 1052 .23 0782 1526 .35 0906 1821

.1 0492 1096 24 0.0798 0.1554 .36 0.0911 0.1842
A2 0.0524 0.1140 -
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Dlpyris Beipamenin X u Y cyrs, mo (190) u (&) § 8: X =1t Y=(fsec g)2. UYTo6H BOCNOJIBBOBATHCS
ana pbmenia ypaBmenis I'aycca rpaguroMb IPAMBIXD (191), crpoarn Toury M (¢, t,2sec?g), oTcunTHIBATE log f*,
¥ MOGTB ATOr0 BHIYHCIAKNTH 2z M8b coorTHomemil (Gy)

sin (z— q) = f* (m sin%q)

Ilpu maumb rpaduka Jumb BB 10 caBHTHMETPOBB, BHICOTH 2 CaHTHMeETpa, TpeTik 3HAKD BB Sin 2 IOIydYaercs
CTpOro, NprdeMb BH OGBIYHBIXD CIYYasXb, IOPH YMBPEHHBIXD t;, Jerko TaKuMb 06pa3aOMb NMOJYYHUTH M YeTBEPTHIH
3HAKD. DBhICOKas TOYHOCTb pBIeHis 06YCIOBIHBAeTCS BHLITOMHON TpaHCPOpMALied M MAJOCTBIO yIila Z— ¢ NPOTHBD Z.
Bb cMblcaB TOYHOCTH M IIPOCTOTHI Tpaudeckaro phileHis mnajibime, NOXKadyH, UTTH HEKYAa.

Ypaprerie (189) MOrio 6bl HOCHYXHTb OTIPABHBIMD IYHKTOMB [JsS HANIMXD PANOBB, HaOPUMEPD I pasio-
*emis f mo cremeHsMb tg2q.

Kb § 16, crp. 1.29. — CxomumocTb pasnoxenia H (f) mo cTenemaMb B, T.-e. 1o cTemenaMD §2, MBI MOTJIH OBl
H3CI'BIOBaTh Ipome, YBMB 3T0. MBI CABJAIH BB § 13, pascmarpuBas [ Kakb (QYBKIil0 KOMIUIEKCHOH HepeMbHHOM B,
onperblennyo AByMa yciaoBiaMu: 1) ....f=f; mpu =0, 2)....df:df=1:G". Ilna aroro, coraaceo $yHna-
MenTaimbHOM TeopeMB Ko mu, focTaToyHo 6bIIO 6Bl H3CIBH0BATH DPasCTOsSHie TOUYKH f=1/, oTP Onumaimen HYJIEBOK
Toykn ¢ysrmin G'. Mexay IpOYMMB HeTPYAHO GbUIO 6bl TAKHMB 00PasOMb yOBIHTHCA, OCHOBLIBAACH Ha BbIBENEHHOMB
Bb § 9 HepaBemerBb |log (t,: 7)< 0.015, uTo pAmBl HAmMH CXONATCA HPH JIO00MB MOJIONKEHiH NaHeTbl BEYTPH
o6macTH (28, 29). Tako¥ MeTOX® He Najdb Obl, ONHAKO, HUKAKHXD yKasaHIA OTHOCHTEIBHO BEJMYMHEI OCTATOYHArO WieHa.

Kb § 18, crp. 1.31. — Bn Hse. IIyas. Occeps., Ne 78, MBI naemb, Gesb BbiBOJa, CBUylOmYyI0 dopmyury :

2—q==§4-J 8T8 _ (192)
bwi6:)
111 3, 1 323 — 567 ¢, — 4592 — 81 2,3
J=— = Jy =— 7
1 6 1—3x ' T2 40 (1—3=)3 (193)
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