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TIONTEHC U BAPPOY, HBIOCTOH H TYK

B 1987 roxy mcmommmaoch 300 per «MareMaTrudecKnM Ha-
gajamM HaTypanbHo#i ¢uiaocodpum» HploToHA — KHHre, 3a.10-
JKUBIIEH OCHOBH BCeil COBPeMeHHON TeopeTHYecKo# ¢usukxm.
C 3Toil KHUTH, COOCTBEHHO TOBODPsA, W HAYWHAETCS TeOpeTH-
yeckas ¢mauka. [louTu TOrfa ke W TaM >xe HAYaJICA MaTeMa-
THdecKuil aHanam3. llepsasa myOaMKanusa IO aHAJIU3Y OTHO-
curea kK 1684 romy, m mpuHamae:kuT oHa He HploToHYy, Tak
u He OIMyGIMKOBABIIEMY CBOMX OTKDHTHA B 9TOM obnacra
a JleiiOEELILY. :

ToBopsa *) o copepxammu ¢MareMarH4ecKHX Hadal Ha-
TypansHOA ¢uaocodum», CTOUT HOCMOTPETh, Kak OBlIa HAOHU-
caHA 9Ta KHUTA, U3 4er0o OHA BO3HHUKJIA, KAKHWe 33Jlaud pema-
AMCH, KOIZ[a CO3MABAJCA AHAIHM3, A 4ero OH CO3JaBajICAH,
HoueMy OH TAK HA3HBAeTCHA, OTKYAA B3AIACH €r0 OCHOBHEHE
HOHATHS, HAIPUMED, I0YeMy B aHAIHW3e MH FOBOPHEM o (yHK-
ouax | T. A. »

Bce 3TH BOIPOCH OTHOCATCS K HbIOTOHOBCKOM 300Xe KOH-
na XVII Bexa, korga paboramra menasd miIeAnd GiecTANHAX
MaTeMaTHKOB. llociefyiomee PasBUTHe MAaTEeMAaTHKHA COBEP-
MIEHHO 3aTMIJIO WX NOCTHIKEHHS, HO3ITOMY TDAHAHO3HEIE OT-
KDHTHA TeX BpeMeH ceffuac M3fajeKa KayKyTCA HAM MeHb-
muME, YeM OHE Ownum Ha camoM geme. Cpepum aTHX MateMaTH-
KoB, KpoMe Bcem maBecTHHX J[lexapra, [lackama m Depwma,
npemmecrsoBasmux HrorToHy H Jle#tGamy, u paboTaBmero
memHoro mosske Moramsa Bepaynau, Heo06xoguMo HA3BATh
Bappoy, HemocpefCTBEHHOr0 NDeAIIeCTBEHHAKA U YIATEIA
Hzsioroma, m T'ojirenca, KoTOPEIHA pemraj Te jKe CaMule 3a1a4H,

*) HacroAamas KHIDKKa Npef¢raBliger ¢0G0il paclIEpeHHEI Ba-
pHEaHT JoKJIaja, HPOUYMTAHHOTO 25 feBpaid 1986 ropa OpH OTKPHITHHA
¢TYACHUeCKOr0 JeKTopHs MOCKOBCKOTO MaTeMaTHiecKoro obmecTBa.
ABrop 6narogaper A. I0. BaifrTpoGy, Ipefo¢TaBUBIIeMy CBOI 3allAch
sToro mokiaajza, a rtaxke B.JI. T'musbypry m A. II. JOmKesmuy 3a
HollesHEe 3aMedanuA. JOKIax XOMOJIHeH Marepmajaamu crarel «Tpuera
ler MateMaTHueckoro ecrecrBossamma» (IIpmpopa, 1987, Ne 8, ¢. 5—15)
u «Bropoii 3axon Helepa u Tomolorust aGeleBaX HHTETPAIOB) (KBaHT,
1987, N 12, ¢. 17--21).



gr0 m Heiotom ¢ Jlei#i6runem, o 06xuHO HeCKOMBRO omepe-
MaA ux @ 0e30 BCAKOr0 aHajgm3a. ' :

Maremarnueckne oTkpritEs [lofireHca moCTHriIa CTpaH-
HadA CyAn6a. BonsmMUHCTBO U3 HEX BOILIO B aHANU3 He HpH
ero yKU3HM, 2 3HAYUTENBLHO H03/[HEe, @ B OCHOBHOM 01arofaps
TPYAAM APYIEX MATEeMATHKOB (Hampumep, [ammasToHA, pa-
Ootasmero Gomee wem 100 xer cmycrs). Temeps sTu pesymsn-
TATH BXOJAT B HAYKY IO/ BHOM CHMILIOKTHIECKON reoMeTpu,
BAPHAIMOHHOTO WCYMCIEHWA, ONTHMAJILHOLO0 YOpPaBIeHHA,
TeopuH ocobeHHOCTel, Teopmm Karactpod, ... IIpo Heko-
TOPHI® U3 HAX MKl y3HaeM ToIbKo ceiiuac. Hampmmep, memas- .
HO BHIACHWIOCH (moknapy Bemmexema (1) *) ma cemmmape
Byp6akm), 9T0 B mepsoM yueGHMKe aHANM3a, HAMHCAHHOM
JlonaraneM mo nexmumaAM Horamma Beprynau, comepures
u300paskeHue MHOrooGpasusA HEPEryIAADHHX OPOHT IPYLIH
Horcrepa H3 (IOPOsREEHHOH OTDasKeHHAME B ILIOCKOCTAX
CEMMETDHUH HKOCa3fipa). ITO W300paskeHHMe HOABIAETCA TaM
He B CBASH C IPYNNOH CHMMeTPHil WMKOCAsApa, a& B KAUeCTBE
pesyirTaTa HCCICNOBAHMEA DBOIBBEHT IVIOCKEX KpPHBHX
¢ Touko# meperuba, mccrefOBaHH#E 04eHp OAMSKUX K Lioii-
reHCy (¥, BO3MOKHO, flayKe UM HPOfiedaHHEX, XOTHA LIEPBAA
OyOnuKamusA, OO-BHNUMOMY, NpHHa[IexRUT Jlommramio).
Haprunkn, mossusmuecs B HelaBEMX pafoTax o CBASH UKO-
casfipa ¢ 0CO0EHHOCTAME 3BOJIOT M 3BOJILBEHT, W, HAKO CKa-
3aTh, MNOJYYeHHEHE COBPeMEHHHIMH MAaTeMAaTHKaME He 0e3
TPyZAa u faxe ¢ momompio OBM, kak orasanzoch, Gnuim m3-
BeCTHHl yKe B Te BpeMeHa. '

K sBoasBeHTaM MHI eme BepHEMCA, a HOKa A paccKamy ob
ucropun Kuuru HriotroHa «MarteMarwueckme -Hawajga HaTy-
panbHOH ¢uiocopum» U 0 Cofep;KAHMM OCHOBHOM YacTd 3TOH
kauru. [lo cymecTsy, sta kmura Gnna Hammcama s peme-
HOA OHOU-e[WHCTBeHHOH 3amaun. M X0Ta B Heill comep:kares,
pasyMeercd, W TAK Ha3kBaeMble TpH 3akoHa HrploToHa =
Gonpmoe KOIMYECTBO APYrOro MaTepmajna, HO BCe 3TO GELIO
HaMCAHO OPAKTUYECKH MeHee 4eM 3a rof TOAbKO FIA TOTO,
49T00H HM3JI0KUTEL PelleHAe OFHOM 3alaum, a MMEHHO 3aJaqd
O JBWKEHWA B IIOJe CHJIH, OGDATHO LPONOPHUOHAILHOMN
KBafipaTy DPaCCTOAHEA [0 HPUTATUBAKINEro IeHTpa.

Ileppaa wacTh pacckasa — 39TO HCTOPHA O TOM, OTKYAA
B3AJACh HTA 3afada, nmo4yeMy HploToH cTan e saHmMaThCA u
49T0 OH, COOCTBEHHO TOBOPA, OO 3TOMY MOBOLY /0Ka3ai.
Jdro ucropua o Heiorome m T'yxe.

*) Cebllkm mof06HOTO BUA OT¢HUIAIT K IIpuMevaHuAM B KOHIe
KHHAT'HA,



IF'mrasa 1. 3AKOH BCEMHPHOr'o TArOTEHMA

§ 1. Heporon u T'yr

Vima HpioTOHA ¥ ero OrpOMHEIE 3aCIAyrd U Iepefi MaTeMa-
THKO#, U mepen ¢usukoir BceM xopomo usBectHH. OH popumi-
ca B 1642 romy, B rog cmepru Fammiaes, a ymep B 1727 romy.
PaGora HpioToHA B 067acTH TEOpHH TATOTEHHMA CTAJIH 3HA-
MeHHTH B KoHTmHeHTanhHO# EBpome Gaaromapsa Boasrtepy,
KOTODHI# B mociaefHEe rofsl ;xusHE HporoHa moceTmn AHT-
JUI0 W PacOpONAraHEfUpPOBAJ 33aKOH BCEMUPHOTO TATOTEHHS,
HNpousBeNmuUiA HA Hero Goxsmoe BumedarieHme. Boabprep e
HOBeJa] MHUDPY U 0 3HAMPHATOM f0JIO0Ke, 0 KOTOPOM €My pac-
ckasana miemaEEmna Heotoma Harepmma Baprom (2).

PoGepr I'yk — crapmumit coBpememEnk Hrnloroma — m3-
BecreH ropasgo Mempme. OH popmaca B 1635 romy, a ymep
B 1703 romy. I'yk Gel1 HeGOraTHIM 4eJOBEKOM W Hadal CBOIO
HeATeIbHOCTh B KadecTBe accucreHTa y Boiina (koropmii
Temeph BCeM U3BeCTeH Oaarofapa OoTKpeiToMy ['ykoMm 3ako-
my Boitna — Mapuorra (3)), 1. ., mompocry rosops, aabo-
panToM. Bmocnegersun I'yk cran paGoraTs B TOABKO 9TO 06-
paszoBaEHOM KopoieBckoM ofmecTBe (T. €. aHITMHACKOHE aKa-
JeMEH HAyK) B JOUKHOCTE Kyparopa. O6asaHHoCTH Kypa-
topa Hoponesckoro o6mecrsa Gslin BecpMa Hemerxmma. Co-
rIacHO KOHTPAKTY, OH HOJKeH OB HA KaKAOM 3acefaHuu
OGmecTBa (2 OHE HPOHMCXORUIH eyKeHele]hHO, KPOMe BpeMe-
HY JIeTHAX KAHHEKYJ]) IeMOHCTPHPOBATH TPH WJIM Y€THIPE OMbI-
Ta, JOKAa3HBAIMEX HOBEE 3aKOHK NPHPOIEL

Ha mocry kyparopa I'yk Haxopgmica B TedeHHe COPOKA
JeT W BCE 3TO BPeMsA THmATeIbHEHmMEM 00pasoM HCHOIHAIL
cBoH ofsAsaEHOCTH. PasyMeercsd, B KOHTDAKT He BXOJHIO
yCI0BHe, YTO BCE AEMOHCTPHPYEMb® 3aKOHH NOJUKHH OHITH
m3obperensl uM cammm. KMy paspemanock WATaTh KHETH,
MePEeHmECHBATECA C APYTUMHA YUYEHHIMA, HHTEPECOBATHCA WX
orKpuTrEAMza. TpeGoBanoch TONBKO HPOBEPATH, CHPABENIH-
BH JHE UX yTBep:KAeHEA, B yGempars wieHoB Hopoaesckoro
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00IecTBa B TOM, 9TO TAKOW-TO 3AKOH HAJEHHO YCTAHOBJGH.
Jag atoro Heo6xomuMo GHITO 3TOT 3aKOH 9KCIePUMEHTAT b-
HO JIOKa3aTh, HPONEMOHCTPHPOBAB COOTBOTCTBYIOMIMI OIKIT.
B sToM um cocroama cayskeGmas ‘eATeabHOCTH ['yka.

T'yk mo 06A3aBHOCTH WHTEPECOBAICA BCEMH ©CTOCTBOHHO-
HayqHEIMA OTKDHTHAME APYTHUX, HO U CAMOMY eMY TOKe IpH-
X0nunoch menarbh OTKpuTHA. K KOHOY Xu3HEW oH Hacam-
ThiBal 500 OTKpHITHX WM 3axoHOB. Hamo CKa3aTh, YTO 3TH
CTOIb MHOTOYUCIEHHEE OTKPHTHA I'yKa coCTaBafioT 0cHOBY
coBpeMeHHOX Hayku. OueHp MHOrue m3 Hux Gonee WIHM MeHee
UAPANAeNbHO OBUIE OTKDHTH [DYIUMH YUeHHMH, TOITOMY
O96Hh 4ACTO CeHYaC 3aKOHHL, OTKPHTHE L['YKOM, W3BECTHEL,
HO OPHOACHBAIOTCA APYruM AofAM. B mrore sakom ympyro-
CTH (CHJA DPOMOPHHOHAIHLHA yanuHeHWI0) HOCUT uMaA I'yka,
a OCTATPHBIE €r0 OTKPHITHA HOCAT APYyrWe mMeHa. I'yk, Ha-
IPUMED, OTKPEUL KIETOYHYI0 CTPYKTYDPY pacteHmit. OH yco-
BEPIIEHCTBOBAA MUKDOCKON U LEPBHM HaGIOfal, 4TO pacTe-
HUA COCTOAT u3 KieroK. OH pasrasApgsBan B. MEKDOCKOD
Pas3IU9Hbe IPEIMOTH U BCE, YTO BUIeN, 3apHCOBHBai. flc-
HO, ¥TO, IANA B MOKPOCKON Ha HOBHE BeIH, OH HeMeJeHHO
Real HOBEIS OTKPHTHA. 'YK caM nwaHO rpaBupoBan Kaprus-
KH, KOTOphle BUEA B MHKDOCKON, X [la)Ke M3Kaj] HA OCHOBE
aTor0 KHHry «Mukporpadus», mpusegmyn nosgHee JleBeH-
TYK3 K €ro 3HAMeHHUTHIM GHOJOTHIECKHM OTKDHITHAM.

B Te Bpemena merxo 6rmo COBepmMAaTh QYHIAMEHTAILHEE
OTKPHITHA, X BCE MX HOMHOTY M coBepmand. [ojiresnc,
K npuMmepy, yCOBEpHIOHCTBOBAJ TeJIECKON, IOCMOTPOI Ha
Catypm w oTKpHZI ero koasmo, a I'yx ofmapy;xun Kpacmaoe
nATHO Ha KOmmrepe. Torma oTRpEITHA He 6HAE HeOGHYHKME
COGBITMAMA, OHU HE DETHCTPUPOBANUCH, HO aTeHTOBAIUCS,
KaK cei9ac, OHU OBIIM 96M-TO COBEPIIOHHO MOBCEIHEBHBIM.
(Tar pemo 06cToANO0 He TONBKO B 06JACTH €CTECTBO3HA-
Huss. MaTemaTHueckume OTKDHITHA B TO BpeMA CHITAIMCH TO-
Ke Kak u3 pora wm3obumaua (4).)

Ho y I'yka numrorma me 6mno pmocratouro BpeMeHH,
9TO0H OCTAHOBHTHCH HA KAKOM-HEOYIL CBOEM OTKDHTUH
U DONPOGHO eTo Pas3BHTh, TaK KaK HA Clefyoliedl Hemene
eMy HY;KHO ObIT0 JeMOHCTPHUPOBATh HOBHE 3aKOHE. Hoatomy
IpH BCeM MHOroo6pasmu pmocTmxeHuii ['yka ero orTxprrms
BRIMIANEAA HECKOJbKO He3aBepmEHHHIMH, M WHOTAA OH B
CHCNKe 1enaj yTBePi[AeHHUsd, KOTOPHEe He MOT aKKyPaTHO
H CTPOTO MaTeMaTH4YecKd 0GOCHOBATSH.

OpauM u3 oTkpHTHH, Ha Kotopsie I'yk mperemposau,
OLLTO OTKPHTHE BONHOBOH HPHPOLH CBeTa. (4ro cBer —
9T0 BOJHE, IPUMEDPHO OFHOBPeMeHHO ¢ I'ykom yTBepmpman
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TaKKe H TroﬁreHc.) I'yk B cBOuX BHBOZAX OCHOBHBAJICH
Ha W3YYeHNH IBETOB TOHKHX HJEHOK (MHJBHHIX Iy 3HIpei,
ganpumep). OH cumTan, 4T0 HHATepdepeHnus CBETA B MEIb-
HHX IIGHKAX JOKA3HBAET ero BOJHOBYI mHpupony. B cBasm
¢ atuM 'y Boepsrie croakEyncsa ¢ HeloTorOM.

HsoToH Toe 3ammMajci npobuemoit csera. O pasio-
KU Gedbiii cBET HA Pafy;KHHE COCTaBAAOIIHNE, ONPEReTHI
[BeTa COJHEYHOrO CIEKTPAa W 3aJI0JKUJ TeM CaMBIM OCHOBEI
COBPEMEHHON CIEeKTPOCKONHH —
HAYKd B 3HAYATENBHOH CTOIEHU
ponuEoBoii. Tem He menee Hnio-
TOH OPUREPKUBAJICA  APYyrod
TEOPHH M CYHUTAJ], 9TO CBET COC-
TOUT U3 [ABHKYIMHAXCA YaCTHI.
3BYK — 3TO BOJHBI, HOTOMY 4TO
3BYK MOKeT OrumbarTh IPemATCT- \ / ,
BHUA (€r0 MOJKHO CJBIIATH, JHAKe vé
©CJIH HCTOYHUK CKPHT 33 X0JIMOM,

TAK 9T0 XO0JM, OO CYIMECTBY, HO = p,, 4 O6pasoBanue Koder,
ABAAETCA  OpenATCTBHeM HiA "Hoorona

3ByKa), & CBeT HPenATCTBUM HE

orm6aeT, M3-3a X0JIMa €ro He YBEAAL b—KaKHe Ke 3T0 BOJHEHI?

Hamo crasaTs, mpaBaa, ¥To, HeCMOTPSA Ha YTBEDPIKACHUE,
9TO0 C¢BET — 9TO 4WaCTHOH, HoI0TOH OB HEepBHM, KTO H3Me-
pua gAumHEy cBeToBoil BoaHH. Chenan oH aTo Tak. Bcam Ha
CTOKJI0 [OJOKHUTh JIMH3Y U OCBemaTrh cmepxy (pme. 1),
TO IMHE IyTeil CBETOBHX Jydueil, BCTPEYANMUXCA B ONHOL
TouKe, OYAyT pasjaMYHbE W, B 3aBHCUMOCTH OT TOTO, HEJIOMY
UIU HemeJa0My 9HCAY AJIUH BOJH paBHA DAa3HOCTH, Iy4H
6yryT yemamsath APYr Epyra mam racuthca. lIlosrTomy,
rAAgd Ha CTEKJO0 CBEPXY, MOJKHO YBHETh KOJIbLA, COCTOA-
mue U3 TOYEK PABHOW OCBEmEHHOCTH (9TH KOJbIA HABHBA-
forca KoapmamMm Hplotoma, Ho otkpel mx ['yk). Basxkso,
YTO TONMUHA BO3NYIIHOTO KIMHA MEKAY JAUH30H U CTEKJIOM
OPONOPOMOHAILHA Kéadpamy PacCTOAHUSA 0 TOYKM KaCaHAA.
Baaromapa 2ToMy pajmycH KoJem OKashBAoTCA HPOIOP-
OHUOHAJLHHMY KOPHIO KBAJPATHOMY U3 HPOA3BEeHUA JIAHE
BOJHH HA pafWyC KpDUBU3HH JaHMH3H. Beaemctsue artoro
pajuycH KoJem He TAK MAJs, KaK JJI4HA BOJHH, H KOJbOA
MOkHO HAGm0AaTh. VI3MEpHWB 3TH KOJIBLA, MOKHO HalTH
[IMEY BOJHH cBeTa, uTo HpioToH u cfeman. Ho xar sxe
OH BHYHUCJIHJI JJIHHY BOJHHI, €CIH B BOJHOBYIO IIDHUDPOARY
cBeta He Bepma? [eilo B cuenuEKe HHIOTOHOBCKOH TeOpHU
ceeta. OH cumTan, 9TO CBETOBEIE YaCTUIH JeTAT B IPOCTPAH-
CTBe HE PABHOMEDHO, a4 BO BPeMs JBHKOHAs HCHEITHBAIOT




nepuomiecKkue upucTyns (npunmagkm — fits — Hedro Bpome
COBPEMEHHEIX IDEJCTABJICHUA O BHYTPEHHHUX CTEHEHAX CBO-
6ommr wacTun). Takum o6pasoMm omH H3MEepAJ PACCTOAHUE
MEKIY HOJOMKEHHAME YACTUINH IPH ABYX COCETHHX HpH-
cTynmax.

Urax, mexpy Howoromom u T'yxom BosEmkIE pasHo-
rpacag. Mosker 6HTH, X ymanocs GH 0Goiith, ecim O
He oTAr4alomee 00CToATeALCTBO. HBI0TOH mua B KemGpup-
e, a I'yk — B Jlongone, u nepenucky o Beiu B 0CHOBHOM
depes cexperapa HKopozesckoro o6mectBa OangeH6ypra.
Xapaxrep y OnngenGypra 6un, cyms mo BeeMy, He OUeHS
Xopownii, ¥ 60IBIIOE YROBOJIBCTBHE €My TOCTABIIAIO CTAJK -
BaTh JIOJeH MeKAY coboit. B pesynbTaTe u BeaemcTame pas-
AU9UA B3TOANOB Ha NPUPOAY CBETa OTHOmMEeHHsA MexRy H bio-
ToHOM 1 'ykoM coBepmerno mcmopruaucs. Ho wepes mexo-
Topoe BpeMsa OabReHOYPTr yMep (M eme K HeMY BepHeMCH,
Korfa 6ymeM roBopuTs 06 amanmse), u I'yk manmucan Hpio-
TOHY OPUMHUDUTEJIBHOE NHCHMO. BOT ¢ 3TOT0-TO mHUCHMa
I'yka or 24 moabps 1679 roma u maumBaercs, B CYIDHOCTH,
MCTOPUA 3AKOHA BCEMHDHOTO TAroTeHHUA (5).

Cmpicn mpummpmrensnoro muesma I'yka Hporomy —
OpefjioKeHne COBMeCTHO# palGotsi. ['yk mpmsmaer sameua-
TeJbHEE® HocTHKeHWa HpoToHa u mpemaaraer cosmectHO
00CYREATh W JKCHOPUMEHTAIbHO IPOBEPATH BCEBO3MO K-
Hele ufen u reopun. I'yk npennaraer Heorony, B wactroCTH,
BEHICKA3aTh CBOM COOOPasKeHHUS 0 HECKOJIBKHX CBOMX THUIIO-
Tesax U obemaer He 00MKATHCS HA KPHUTHKY, ¢ TeM uYToOL,
3a06pocUB CTaphe Pa3mOpPHl, COBMECTHO B3ATHCA 33 MCCIE-
moBaHme HpUPOpH. B arom e mucsme I'yk coobmaer Heio-
TOHY 0 HOOCJAEJHUX (U3UIECKHMX U MATEMATHUYECKHUX HOBO-
crax. OgHa w3 HOBOCTEH — 3TO HOCTYNUBIIASA W3 KOHTHHOH-
TanabHO# EBpONE odYepefHasn TeOpWA HIAHOTHEIX [BUIKEHMI.
CornacHO 3T0M TEOPHH CYMTANOCH, YTO B KOCMOCE MOCTOSHEO
OymyoT BUXpH, yBIeKaomue 3a coboii OIaHeTH, HOAKep-
JKUBAJOMHAS HX U 3aCTABIAIONMUE BCIEACTBHE 3TOTO HX Bpa-
martbesa BOKPYr Conmma. [Ipyras Teopusa — »To rmmoresa
T'yka o mpursaxenun. B sToM nucsMe oH He TOBODHT 0 He#
IOAPOGHO, a TONBKO CHPAMUBAET, 4T0 Kymaer Hrporom
00 aroil runorese. Eme ogma rmmotesa I'yka — aTo 3akom
Kone0aHUN yupyrux Tea. B atoM ke muenme I'yx coobmaer
0 HOBHX M3MeDEeHHAX NYTW MepHAuaHa (X, CIEeX0BATEILHO,
pamayca 3emanm) PpaHOY3CKoi sKcmegUmuein IMurapa.

HeioToE oTBeTHN 0YeHB GHICTPO — wepes 4eTHpe NHA.
J10 3aMeuarennHoe muckMo Hioroma or 28 monbps 1679 ro-
fa HaumHAaercA ¢ unpusHaHHA Herloroma, wro om pacmpo-
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majicsa ¢ ¢Quiocopmeir @ JABHO YiKE 3aHEMACTCA ApYTHEMH
genamu. I[lo-BugEMOMY, CKashHBAeTCA BO3PACT (HeoTomy
yixe 37 1er, a 9TO TOT BO3pACT, KOTa 3aHUMATRCA MATeMa-
TEKOM fa | Pmaocodmei BooGme CTAHOBUTCA 3aTPYNHATEIH=
go). «fl HudYero He CJIKIMAN,— MHUIIET HsotoH,— 0 Bammx
rUIOTe3aX O NBI/KEHMM NJaHeT, HeCOMHEHHO X0pomo M3-
BeCTHEIX y4eHOMY MEpPY... Mosa cTpacrs K dunocodum yTHX-
7a, # g gyMaio o Heil He Goipme, UeM ‘ToproBem 0 TYKOH
TOProBJe WM KPeCThAHUH 06 yIeHBH.» .

Ci0BOM «fmmocodusa» B TO BpeMsa Ha3LIBAJIA BCE TOTHEIE
gaykum B meiaoM. (Dmsumka TOTZA HA3HBAJACH HaTypaJabHOH
¢unocopmeir. A Apyrue fena, 0O KOTOPHX IUIICT Heioron,
3aKII0YAJIACH, CyAd IO BCeMy, B YyBIeYeHUN aJIXuMHEH.
(Ee oH, mo-BERAMOMY, K ¢miIocopun He HpWIMCIAI, XOTA
mejah 3TOM HAYKW COCTOAJA B OTHCKAHHH pun0cOopCKOTO
rkamug.) Y Heoroma Osma Goapmas XuMEUYECKad (mnm,
ecIW YTOZHO, aJXEMUdecKas) aaboparopusa, A OH, UHTCH-
cupHO mopaboras B Bospacre 20—30 ;er B obracra MaTe-
MATAKE ¥ (W3SHKE W CeJaB TaM REHCTBHUTENbHO OYeHDb
MHOTO, TeIleph 3aHEMAJCA B OCHOBHOM IIOJIyIeHHEM 30JI0TA.
On co6upan B GOIBMOM KOJIHYIECTBE ATXUMAICCKIES pemenTH,
COXpAHWBITHECH €me OT CPEeJHEeBeKOBhA, U HAMEDEBAICH
WBTOTOBHTH 30J0TO B COOTBETCTBHH C COREDKAMUMACT B
HEX yKa3aEWAMHA. YCHIHA, 3aTPaieHHEE WM Ha 3TO, 3HA-
yATeApHO NPEBOCXOMWIH Te, YTO HOIJIW Ha CO3JAHUE O6ro
MaTeMATHIOCKHX W (mamuecKkmx paboT, HO HM K KAKOMY
OTe3HOMY pesyiIbraTy OHHA He MpPWBEeJH. Cam HproroH,
mpaBja, B ITOM IOpO# He GHI yBepeH. PacckaseBamnot,
9T0 B ero TeTpagAx (a OH mOApoGHeHmHM o6pasom
3aIMCHBAJI CBOU ONLITH, 3aIHCHBag, 4YTO C YeM CIH-
Baj, W KAKWe IpPA 3TOM IOJyYaJjuch Ppe3yabTaTH, NiA
toro, u9TOGH, HOJyYWB CAYYaiHO B8070TO, 3TOT IPOLECC
BOCIPOWSBECTU) BCTPEYaeTCA 3amUCh, B KOTOpO# mociie
mogpoGHOTO ONHMCAHWUs OPOU3BEJOHHLIX peiicTemii Tak €00G6-
maercs o pesyasTate: «BoHb yxacHas. Bugumo 1 6IM30K K
Oean.»

§ 2. 3agpava o mageHUA TexX

Bepremcsa k mucsMy HruloToHa. OH numer gaiee, 4TO,
XOTh W pEemuI B TAKOM IOYTEHHOM BO3pacTe He CONepHH-
4aTh ¢ Gojee MOJOAHMEH yMaM#, OH MOKET HDPeJJIOKUTh
OfHy 3afladyy, KOTOpas NPEACTABIAETCA €My HAOCTOMHOHR
TAKOT0 TOHKOTO SKCIepUMeHTaTOpa, Kak I'yK. dra sajgada —
nposepka yuennsa Homepanka, Hak yrrepiaer HomepHuk,
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3eMiA IBUKETCSA BOKPYT Conmma, a KpoMe ToTO, BpamjaeTcs
BOKPYT coGcTeenHo# ocw. HploTom mpemmaraer mpoBepHTH
SKCICPUMEHTANBHO BTOPOe YTBep:kieHme. [[eHiCTBUTENHHO,
COTJACHO TaJu1eeBy NPUHNWIY WHBADUHTHOCTH, PABHOMED-
HO IDpAMOJUMHEHHOe ABIKEHHEe CaMo 0 ceGe o6HADYKHATH
HEBO3MOJKHO, a BOT BpPAamEHHE, B OPHHOWIE, BCE-TAKH
moxHO Habnopars. IlostoMy, roBOpET HpworoH, 9T0bH
yOenquTs HeBepAmEX B TEOPHUIO Roneprwka (mpmsmaEHyIO
KAaTOJIWIeCKON ePKOBBI0, HAIPUMED, TOABKO B 1937 rony),
CTOMT HOUPOGOBATE HPOBEPUTH 66 ONHITHHEIM IyTeM. Ilo-BH-
maMoMy, HeioToH mepBriM mocTasui 3agady o6 3KCIepUMeH-
TAJIBHOM [OKA3aTEALCTBe BpameHWs 3emiadm. Bouee Toro,
npepsiarad 3Ty 3ajauy [yKy,
Hrorom ykasan cmoco6, 8 mpue-
ouNe MO3BOJAAOMUNA 3TO CHEIATH.

Ilpennosenne Hroroma cocro-
HT B caeayiomeM. FEcau 3emius
Bpamaerca, TO OPEAMETH, CBOGOJ-
HO pajaomue ¢ GOJABMON BHCO-
TH, OGYAYT OTKIOHATHCA OT BEp-

Puc. 2. Tpaexropus B ge- THKadm. IloaToMy nocratoumo ms-

BpamalomeMcs: NpOCTpaH- MEPHUTH  OTKJIOHEHHe majfeHus

CTBe TAKEJNEX MapoB 0T BePTHKAJILHO-

TO HanmpaBJeHUusA (yCTaHABJIMBAEMO-

IO IpA HOMOIMM oOTBeca), 4To6H O0GHAPYKUTH BpamieHUeE
3emunm. '

B camom nene, paccyxmaer HpoToH B stoM oEchsMe,
IPeCTaBUM cee, UTO MEF CMOTPEM Ha 3eMiio ¢ CesepHoTO
T0JI0Ca ¥ BURUM 3KBATOD W TOpYy HJHW, Jydme, 6amHi,
¢ KoTOpOil GpocawTca cBoGoxHO Hafalomue maphl, TOKoA-
muecsd B HAYAJABHBIA MOMEHT OTHOCHTENHHO GaIIHu (pme. 2).
Ilpenmonosxum, ato Komepruk OpaB, W 3eMiA BpamaeTcsd
¢ samaja Ha BOCTOK. Hesempa nopmymaer, mumer nanee
Hroronm, 4to Torpa, moxa map O6ymer mnamaTh, Semasg
IO HUM IIOBEPHOTCA Ha BOCTOK W mAP ymajgeT 3amanHee
TOro MeCTa, HaJl KOTODHM OH HAXOZWJICH HePBOHAYAIBHO.

Ho rakoe mmenwme, wacTo BrBHTAaeMOe B KawecTBe BO3-
PakeHus npoTus Teopun HomepHuka, coBepmeHmHo Hempa-
BunbHO. OmubKa cocTomt B TOM, uTO y mapa B MOMEHT
Opocka Guia HeHyJeBas HagaibHAH CKODPOCTH OTHOCHUTET b~
HO ¢HeMONBMKHOW» CHCTEMH OTCHeTa, HANDABIEHHAA Ha
BocToK. Bonee Toro, map maxommacs Haj 3eMuieil, moaToMy
9Ta CKOPOCTH Gblia Gonbie, TeM CKOPOCTH TOUEK Ha HOBEpX-
Hocta 3emanm. Ho cropocts mapa B TOPHU30HTAILHOM Ha-
npaBiaeHdAR He Gyner MeHATHCA Bo BpPeMA €ro UajeHus, TaK.
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4TO0 OH HPOifleT B BOCTOYHOM HAUpaBICHUU Gonpmmil OyTh,
geM TOYKA MOBEPXHOCTH, HAf KOTOPOd OH HAXOZWJICAH.
TaxaM o6pasoM, map AOJKEH yIACThHE 3amajfHee, a’ . BOC-
TOYHEe DTOH TOUKH.

~ Ecau 6pocath maps He Ha 3KBATOpe, 2 HA Haiieil mapo-
te, T0 spPerT 6yger HECKOIBKO MEHBIIE, HO TeM HEe MeHee,
roopET HBHOTOH, 0GHADYKHUTH €ro Gui10 Gl BO3MOKHO.
Komeuno, 3pdeKT 3TOT 04eHb MaJ, HOITOMY HgrioTom coBe-
TyeT cpelaTh Clefylomee. Ilox Touwoil 6poCaHUA CTPOTO
[0 oTBecy Hafo HATAHYTh B HAIPABJIEHMH ¢ CeBepa .Ha ol
TOHKYK IPOBOJOKY U (pocarh BO3MOKHO fonee TAKEILIe
mapsl, TOXBEMMABAA UX HAa HATH ¥ IEPeKHUIas €6, 9TOOH
n36eskaTh HeKeJATeNbHEX HAJAJBHHX TOXIKOB. Torpa,
ecid GpocHTh MAp KOCTATOYHO MHOTO Das W HORCIUTATE,
CKOJIBKO pa3 map, yAapHBITHCH O
IPOBOJOKY, OTJeTen Ha BOCTOK, &
CKOJIbKO pas — Ha 3amaji, MOKHO
Gymer, CpaBHHB 3TH JBa THCIA,
ompefeauTh, HaGaofaeTcA AA TOH-
Kuit 3¢pPeKT OTKJIOHEHHMA HA BOC-
TOK, WIH HeT. '

B cBoeM 3aMedaTeIBHOM IUCHME
Tyry HeioToE 3aTpPOHYI eme OXUH
pompoc. O mmcand, 9To OELIO OBl
OUeHH HHTEpPECHO Y3HaTh, Kak o
maBurajica Okl map mociae HROCTHA-  Puc. 3. Tpaexropus BEYT-
JKOHHs MOBEPXHOCTH, 6CTH O: B Pu e m0 Hslorory
Bemie 6oi1a maxTa (T. €. map CBO- , ’
6omHO G MPOXORWI CKBO3EH 36Mil0, He BCTpedad CONpOTHB-
nenug). HeloToH cumTaer, 9T0 TOT[A AP 6 ommcas CIH-
paip, U IId HATJIAZHOCTH HPABOLUT ITY cuupaJhb.B IUCEMe
(puc. 3). o

I'yk mpoumran mmcpMo HypioToHA Ha 3acefaHWU Hopo-
neBckoro obmectBa 4 mexaGps 1679 ropa. Sto BH3BAJO
GypHyI0 OHCKYCCHIO, B KOTOPO# NUPHHAIN yIacTse MHOTHE
yueHbie. Bce cTajgd 0KUBICHHO o6cykaaTh, AeiicTBUTENb-
Ho W MOJKHO HaGmofaTe ommcaEHoe HploTOHOM sABJICHUE
i B KAKYI0 CTOPOHY JOJKHE 0 TKIOHATHCSA MAPHL. Hanpumep,
xoposeBckmit actporoM (DaeMcTa BHCTyIHAI, KAK 3a puK-
caposano B nporoxonrax OO6mecTsa, ¢ 3aABICHHEM, 9T0
aeKT 3TOT JABHO ysKe M3BECTEH B APTUIIEPUM. A uMeHHO,
mo MHeHmi0 (DieMcTmAa, AXPO majaer oOpaTHO B JKEPJIO
opu yriae Bospumenns 87° (BUAUMO, HOSTOMY NAKe ceiivac
OTpAHMYMTONN 3HUTHHX ODYAHUi HE MO3BOJNMIOT HOLHATH
cTBOJI BBEPX Ha yroq Goapme 87°). 910, MO MHEHAIO Daem-
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CTANA, CBHJETENBCTBYeT 0 BpAIIeHHH 3emian, u6o wuHaue
OmacHH# yroa Gmr 6m 90°. MmpiMu croBamu, Daemcrmp
OPeNI0KAT HECKONbKO BULOH3MEOHUTE openiaoxkerne Hrpio-
ToHa. BMecTo TorO uTO6LI 6pocars mapm BHuS, @ nemernp
IPeANOKUI CTpepsaTh IYMEeYHWMHA SIPaMH BepTHKAIBHO
BBEDX ® CMOTpersh, GymyT am oHm magaTte o6GpartHO.

T'yx Bmictymua ma clrenyiomem sacenammm 11 mexaGps,
CHenaB HECKONbKO KPUTHYECKHX 3aMOTaHmil o0 MTOBORY
paccyxnenuii Hrortoma, Ha uTo Hrworon, He mepemocms-
MW HA Maeitmei KPATAKRY, oTBeTHA 13 nexabpa maummbM
ITHCHMOM, CONEep;KAMMM IPOCTPAHHOS 06Ccy:KeHEe BOIpoca
¥ ICHO IIOKa 3aBIIAM, ITO B 3T0 BpeMsa HpoTom eme He 3Ha,
KaK Ha CaMOM fienie HOMsKHA BHTIANETDH TPAeKTODHsT mapa.

Bo-nmepsux, T'yk cpeman ciaexyomee szamedaHue. Heol-
XOlUMO YuYMTEIBATH, 4TO HampaBIeHHE BePTEKAJIM — Ha-
HpaBJeHNE K NEHTPY 3eMIu — MeHgeTCH OpH IBH;KEHAN IIa-
Pa, MOITOMY CHJIA TAKECTH B pasimIEAX TOYKAX TpaeK-
TOpUA HampaBieHA HO-pasHoMy. 9ro OPUBONHUT K TOMY,
9TO ABWKYmMUNACH K BOCTORY map GyReT WCUHTHBATEL BIAA-
HUe, OTKIOHAKMmee ero o6paTHO Ha samap. Tak uro, xoTsH
Wap BCE-TAKH ymageT BOCTOYHEE TOUKH 0TBeca, Pe3yiInTH-
pyomee oTKiOHeHHe GyxeT MeHmIme TOTO, KOTOpOe mpep-
CcKasmBaa Hriorom, :

Ecau mu, Boopymusmucs mamumu COBPeMEHHHMH 3Ha-
HUAMH, aKKYpaTHO INpOXedaeM Bce BEITUCJIOHHA, TO YBH-
AEM, 9TO UCTUHHHHA 3ddexT cocrasamer 2/3 TOTO OTKJOHEe-
HUA, 9TO0 NOMKHO 6hin0 6 moxyumrses vy Hrorora (6).
Taxmm o6pazom, cxeur & BOCTOKY 3a CUeT pasHOCTH B pac-
CTOAHUAX MO0 peHTpa Semunmu CABHT K 3amany, BE3BaHHHH
bPasinuweM B HaupaBleHAH CHIH TAKECTH, — BeJTUIHHK
ONIHOTO HOPAfKA, TaK uYTO KadeCTBEHHOe paccyxmeHne
HroroHa B0OGmEe HesepHo. Benr umeii atu gna sdpdexra —
OTKJIOHEHWe K BOCTOKY W OTKIOHeHHE K samagy — He-
CROJBKO [pyroe oTHOmMeEHHe,— u KaveCTBeHHAA KapTuHA
Ouna 6u mpyroir.

Bo-BTopmx, I'yk CIPABEAIUBO 3aMe4aeT, 4T0 B CEBOPHOM
Tolymapuy map GyaeT OTKIOHATHCA He TONBKO K BOCTOKY,
HO TaK;ke u K 10ry. Boxee Toro, om yTBepxmaer (mo Hemo-
HATHO#X NpHYMHE), 9YTO B Hamux MAPOTAX OTKIOHEHHE
Ha or 6ymer maske Gonbme, 4eM Ha BOCTOK, o

Haxomern, Tperne zamewanmme I'yka orHOCHTCH K Tpaex-
TOpUN fBWKeHUA mapa BHYTpH Semiu. Om TOBODHUT, 9TO
CHOHpalb, HAPHCOBAHHAA HrioTomOM, BH3mBaer y ‘Hero
CoMHeEWs. [lo ero Mmenmio, BHYTpH Oymer npowmcxopmrhn
IPHGIMBATENRHO TO sKe, wTO UpA KojeGaHWH MaaTHEKa
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Ha BepeBke, I eciau map Gyner ¢cBoGOJHO BUTATHECA BHYTDH
JeM/W HEe WCHOEITHBAfA COIPOTHBJIEHHA, TO €TO TPACGKTOPHUA
fyfer SaMKHYTOH ¥ HAaNOMUHAIOMEH 3JIHIC (pmc. 4),
a COEpPATh MOKET HOJYyIUTHCA JUIIb C YIETOM CONPOTHBIIe-
gua Bosgyxa. Ho m B sTOM ciydae COUPanb HOTYIUTCA
coBceM He Takas, Kak y HrioroHa,— He JenamImasl OfUH
BETOK, a MO[JIEHHO 3aKpyYUBAm@AACH, ¢ GOJPMHAM KOIH-
gecTBOM 060poTOB (pHC. 9).

IleiicTBUTEOALHO, €CIH M IPH HOMOMHU COBPEMEHHEIX
HAIIEX METONOB PENIEM 3Ty 3a4advy, TO YBUIHM, 9TO BHYTDH
SeMim JeACTByeT yske He 3aKOH BCeMUDPHOTO TATOTOHUA,

Puc. 4. TpaeKTOpHA BEYTPE 3eMm- Puc. 5. Yuer compoTuBlieHUA
am mo Lyxry po3gyxa mo ['yry

a sakoH I'yka — CHIa NDPUTSREHUA NIPAMO IPOMOPHUO-
HANBHA PACCTOAHWIO A0 HEHTpa SeMiH. ITosaToMy BHyTpH
TpaekTopua mapa Gyfer TaKoid e, KaK IpU yOpyrux Ko-
ne6aHuax (WIW Kak y MasATHEKA), T. e. 3NIAITAYECKOI.

Hoxpurakosas Hrioroma, I'yk TeopeTHIeCKUMHI PACCYIR-
NeHAAMN He OTPAHWYWICA H PEMWI BCE-TAKH LDOU3BECTH
JKCIEPUMEHTAJNHHYK IDOBEPKY. O ee pesyabTaTax OH
nonoxma O6mectsy 18 mexafpa. OH opraEmW30Bas ONBITH
HeCKOJIHKO WHAade m Opocan maps He Ha NIPOBOJIOKY,
a Ha BOMEHYI0 AOCKY, PACHOJOKEHHYI0 IO CJ06eM BOJKL,
KOTOpDHIH A0JKeH GHI 0cAabaATh CHIY yAapa. Ha pocke
Gria HaHeCeHA CeTOUKa M3 TOHKUX JWHUU C HEHTPOM IOX
TOUKOH IOXBECA NIA TOTO, YTOOH MOKHO OLLIO HO CIeRy
mapa ONpeReNUTh OTKJIOHeHHe He TOJHKO HA 3amaf WA
BOCTOK, HO U B HampaBieHu: cesep — for. Illapu 6poca-
amCh B coGope ¢ BEICOTH O0K0JN0 9 M IpH TIATeNBHO B3aKpH-
THX JBEPAX W OKHAX, YTOGH IPEJOXPAHUTDH MAp OT BPEXHO-
ro BO3JeiicTBHA CKBOSHAKOB. Ecam Kak ciepyer BCe IOA-
cumTaTh, yuTA TypOyAEHTHOCTH, TO CTAHET ACHO, 4TO IPH
TaKod MajeHbKOH BHCOTE HEKaKoro sgdexrta HaOA0OAATHECHA
He MoeT (Teopet mueckoe oTkiomeHme — 0,3 MM).
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Ho Tyx 6mn owens DCKYCHHM 3KCHePUMEHTATOPOM.
C-rex mop HE y Koro Goxbme 9TOT OWEIT He mHOJydaJcd,
HO y I'yka oH «moxywmmcsy. Hopoxescromy o6mectsy T'yx
coolmux, 9ro map UpH TPeX HMCHHTAHHAX KaKIHH pas
OTKIOHANCA Ha IOTO-BOCTOK He MeHEee d4eM Ha 4eTBepPTh
moiiMa. HO—BHI(IZ[MOMY, OH He COBCEeM BJafiesl CTATHCTHUEC-
KUM aHANMB0M, W 9YHCHO WCOHTAHHH G6wiTo HE[0CTaTOYHO
Beauko. Hpome Toro, om, CKOpee BCero, He MPOBEPHUI HOJIY-
9eHHOe OTKJIOHEeHHE o COOTBETCTBYIOINEMY YpPOBHI 3Ha-
9UMOCTH W NPUSHAJ ABJEHUe YCTaHOBJIEHHHM, X0TS HUYEro
me TONKOM KoKa3aHO He 6ui0. B mayajme 1680 ropa I'yr
HOBTOPUA CBOU HKCHEPHMEHTH W CHOBA «ycomemHo». 06
UX pesyipTaTax OH Coo6mmi Heorory B nucsme, mocian-
HoM 6 sEBaps.

§ 3. Baxon 00paTHHIX KBaJpaToB

Ilomumo paccrasa 06 I9KCOEepUMEHTAX, B 5TOM IHUCHMe
I'yxa comepsxatca taxme BaskHbie cinoBa: «fI mpegmomarap,
4TO OPHETAMEeHUe 0GpaTHO IPOIOpNuOHaIBHO KBAPATY pac-
CTOAHUA KO HEHTPa, COOTBETCTBEHHO OpeAnono;xesnn Ken-
€pa 0 3aBHCUMOCTH CKOPOCTH OT paccrogausa. Taanei,
BEPHYBMIUCH C OCTPOBa CB. Enenu, paccrasan MHe, 4TO
MAATHUK KavaeTcA Me[IeHHee Ha BepIIWHE TODH, 4eM y
[ONHOKBA, W HE MOT HOHATH npudwHE. fI ckasan ewmy,
TO OH pemus NaBHO 3aHUMABIIEE MeHZ Bompoc 06 yG6uBa-
HUHA TATOTEHASA C yAAICHHEM OF LeHTpa... 'oBops o magenun
BHYTPH 3eMJIH, A He. JyMaio 4TO 3aKOH OpATamenns Gyper
TAKUM K6 10 CAMOTO IeHTpa 3emiw, HO, HAIDOTHB, A CYA-
Tam, 4T0, 4eM Oamke Teno O6ymer w OeHTpY, TeM ciaalee
Oyner UPUTAKEHAE, BO3MOKHO, HON0GHO TOMY, KakK 3T0
HPOUCXOMHUT ¢ MaATHAKOM WA TejIoM BHYTPH BOTHYTO#
HNOBEPXHOCTH, T/l CUJIa YMEHBMIACTCH 10 Mepe npuOIHKEHAA
K HIWKHed Touke... IIpurmxenme ma BHAYATENBHHX pac-
crogEuax [oT HeGecHNX Tesn] MoxHO BHYUCIAATH OO0 yKa3aH-
HOW mpomopmuu [o6GpaTaRX KBafipaToB] Kak mpuTAKEeHME
CaMHUM TEHTPOM.»

JTOT 3aKOH 06paTHHX KBAaZPAaTOB W €CTh, MO-BEAAMOMY,
Ta Teopusa taroremms I'yka, MEeHuUe HeoTora o KOTOpOit
OH CIpAaIIuBaeT B epBOM OUCHME, u ero, mo MHeHm0 ['yka,
HEO0XO0RUMO y9WTHBATE uCClefys mafeHHme Tela Kak CHa-
Pysxu 3emum, Tar u BEYTpU. Ilpasma, BEyTpm, Owmer
T'yk, sakomH, xomeuro xe, Oymer [pyruM, Tax Kak opoiigen-
HBIE TEJOM ci0d GyZyT TAHYTH ero s PasHLe CTOpPOHE.
[losromMy zakoE nBmKEHES BHYTpH 6yl[eT,.]IO-BHJIIZ[MOMy,
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HOXO0MUM HA TOT, 4TO HaOJI0OHAeTCHd OPH YUPYTHX KOJe-
gaguax. [Janee I'yx mmcan, uTo oH, HCCHERysa STH CHIOBHIE
3aKOHEI, IBITAJCS OINPEREIETH (GopMEl OpOHT, IO KOTODHM
poKHEL 6s1m  Obl fBHraTHCA Tesa. M y Hero momyuMiocs,
qTp BHYTpH 3eMia® opOuTel GyRAyT mpUMepHO TaKHMH 3Ke,
KaK HpH Koje0aHWAX MAasgTHHKA, a CHAPYIKH, KOTA3 eCTh
TOJBKO OJEH NPUTATUBAOIMUA HEHTp, Teao GyHeT ABATATH-
¢ IO KPHUBO#, KOTOPYIO OH Ha38aJ DKCOEHTPHYECKUM 3JIIHAII-
TOHUIOM.

Cropee Bcero, geno obcroano tak. I'yk, He umes Heo6-
XOEMMOTO MaTeMaTW4eCKoTO ammapaTa, He CyMex TOYHO
pemuUTh ypaBHEHWH [BUKOHHA, IOIYy4aOMHUXCA W3 3aKOHA
o6paTHHX KBajfpaToB, W, YToOu HafiTm op6uTHl, dYHCIEHHO,
rpadgudecKky uau Ha aHAJNOTOBO¥E MAmMUHE BPORE YHOMAHY-
TO WM BOTHYTOH HOBePXHOCTH 3TH YpPaBHEHUA OPOHHTE-
rpupoBai. MsBectHO, 4To Takas MammHa y ['yka Omia:
OH WCCJEf0BaN XapaKTep [ABU;KEHUA IPHU Pa3IUYHEX 3AKO-
HaX NPUTAKEHUA, MONEJUDYA HPHUTMHKEHHe NedcTBUEM IO-
BEPXHOCTH Ha CKOJb3AMHHE 10 Hel Irpys. (3aMeTuM, 4To BCe
5TO MIPOUCXOAUNO 34 MECTH JIeT 40 TOT0, KaK Onja HamucaHa
kEATa HpOTOHA W cHopMyImpoBaHHW OOmue 3aKOHE Mexa-
gukd. [lo HamuM coOBpeMeHHHM OPefCTaBICHUAM B TO BpeMsd
eme MexaHuku He Guino. Tem He MeHee B aTu goMexaHH4ecC-
Kue BpeMeHa ['yk HaxoguT npmGnu;KeHHHE pemeHHs ypaB-
HOHWil [JBW;KeHHUsA HJAA B3aKOHA OOpaTHHX KBajfpaTos,
a T'oiireHc popMyaupyeT 3aKOH cOXpaHeHRs 3Hepruu. [Ipas-
na, I'viireHc mpuWBeJ ero He B caMoM o6meM Bupge, HO H B
ero ¢opmymmpoBke (7) 3akoH OnJ npuUMeHAM B HameM
clIydae W MO3BOJAJ HOHATH, YTO HIPHU OTCYTCTBAA COUPOTHUB-
JeHAA BO3yXa opOUTH KaMHA BHYTDH 3€MJIH HOKHH OHITH
saMkHyTHMz.) IIpomHTerpmpoBaB ypaBHeHHS [BHKEHHA,
I'yk BapumcoBanx opbETH ™ yBHAEN, YTO 0d4d NOXOKE
Ha saauncel. OTCIONa W BOSHHUKIO CI0BO 3jaauntomy. Has-
BaTh UX JIUIOCAME €My He IO03BOJHJA HayIHAS YECTHOCTD,
TaK KaK [OKAa3aTh JLIANTUIHOCTh OH He cMor. CpexaTs
ato I'yk mpemaoxua HroToHYy, cKasaB, 4To 0H He COMHe-
Baercs, 4To HBIOTOH ¢ eT0 IpeBOCXOXHEMA METORXAMH CIPa-
BUTCA C 3TO# 3afageid m yGeguTcsa TaKKe 4 B TOM, 4UTO Hep-
Buii 3akoH Hemiaepa (yTBepskmaromuil, 4TO IJIaHETH [ABHU-
JRYTCA [0 IJIJIHUICAM) TO;Ke CJIegyeT M3 3aKoHA 0GpaTHHIX
KBaJpaToB.

OtupasuB HpoToHy mHCEMO. ¢ TAaKUM LpPERJIOKEHHEM,
I'yr mepemen K caefyoOMHUM OTKDPHTUAM, TAK KAK BDEeMEHH
3aHUMATHCSA MATeMaTHIeCKUMHU NOApOGHOCTAMEH y HeEro
me 6ua0. Hpi0TOH ;xe 3aMonuan m Goabnie HAKOTAA HAYETO



Tyky He nmean (sa mexmouenmem ofHoro ¢xydas, KoTrHa
OH nepecnan I'ykKy mpocn6y ommoro mTaibAHCKOTO Bpaua,
HEJAIMEro COTPYAHMYATE ¢ HopojeBCKAM o0GIMecTBoM,
4, HOJAb3YACH ClydaeM, moGmarogapwa 3a CBeJeHHS 06
SKCHEPUMEHTAX C NAfAIIUMH WMapaMu), O HEPEHUCKEe C
HUM HUT[(€ He yNOMHHAJ (XOTA MHChMa XDAHHI) H O TOM,
aro I'yk mocrasun mepex HuM 3agawy o TATOTEHHH, HUKOMY
He TOBODPHI.

Ho s8a sagauy sty Hrworom B3AJICA, HCCAENOBAN 3aKOH
ABUKEHHUsi, YOeAWacsa, uTo HeHCTBHTEIHHO DOJYy9atoTCH
SANUNTAIECKHE OPOUTH, fOKA3ad, 4T0, M 0GPATHO, U3 3a KOHA
Rennepa 06 annunruasocTn op6uT cnemyeT 3aKOH oGpaT-
HEIX KBagpaToB *). [las Toro, 4To6h BCe 3TO Kak cregyer
00OPMHUTE M H3J0KHTHL B ROCTYOHOM BHJe, eMy moTpeGo-
BaJIOCh CHOPMYIUPOBATH OCHOBHBIE IPHHAIE, OTHOCSIOLHe-
C K 00muM NOHATHAM, TAKEM KaK Macca, CHia, YCKopeH™meE.
Tax mosBUnmMCH 3HaMeHuTHIe «tpz 3axoHa Hrworoma», ma
xoTtopsie cam HeloTom, mpaspga, me mperempoman (uepBurit
SaKOH — BTO BCEM JaBHO M XOPOINO W3BECTHHI 3aKOH MHEp-
nun lanunes, a ocranbHmie gBa HEKAK He MOriu GTh
OTKDHITH IO3Ke 4eM, CKayKeM, 3aKOH yopyroctm I'yxa
unu popmyna Iofirenca pas memTpoGemHoi cunsr). A BoT
B CBASU C 3aKOHOM BCEMHDHOTO TATOTeHHS HBIOTOH moBe:
cebs BechMa HEAKKYpaTHO.

§ 4. Principia

Ilo wrmpnmatuse acrporoma Ianies (1656—1742) Hplo-
TOH Hamucad paboTy ¢ mOApPOGHHIM WMB3I0)KEHHEM CBOUX
pesynnTaToB moj HaspaHueM «Philosophiae Naturalis Prin-
cipia Mathematica» («MaTemaTuueckue mauana HATYpaib-
Ho#l ¢umocodmmy) u mpmcnan ee Hoponesckomy o6mecty
28 ampens 1686 roga. B pyxommcu I'yx me Gmix VOOMAHYT
HE pasy. lannewo, kortoponi 6uix IpyroM oGomx, 9TO He
IOHDPABUAOCH, M OH yGenun HrioToHa BCTaBUTH CcCHIKY
Ha 'yka. HeoTom mogmancsa ma yroBopm, Ho ciemas ato
B BeCbM2 OPHTHWHaNBbHOE ¢opme. OH Hamwmcad, 9To UMeHHO
3aKOH 0GpPAaTHHX KBAJPATOB COOTBETCTBYET TpeTheMy 3aKOHy
HKennepa, «kax yTBepmanm HesaBHCHMO Pern, T'yx u Taxa-
neii». U Per m Tanneit — moomn, pasyMeercs, He clydaii-
Hie. PeH — apxuTerTOp, OQMH U3 0CHOBATeNEl Hopouaes-
CKoro ofmecTBa, 3aHAMAaBHIHUICA BMeCTe ¢ I'ykom Boccra-

*) JorasarenbcTBa UpUBefeHH HEKe, HA c. 75—79.
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goBiaeHueM JloHoHA mocae Beamkoro mokapa 1666 roma, —
OpUHAMAJ AKTHBHOE yyacTHe B RUCKYCCHH IO BOIPOCAM
peuskeHuA Tex. 'anneil, mpefckasaBmui BOOCAEICTBUA BO3-
BpameHne HOCAMEHd ero mMsA KOMETH, HPHUIOKHJI MHOTO
ycunui K TOMy, 4TO0H 3acTaBHUTH Hrworoma HanucaTs 3Ty
KHHTY, a €ro ONHTH ¢ YacaMd Ha ocTpoBe ¢B. EneHs mocay-
JKUJIU [JA 3SKCIEPHMEHTAJbHOTO LOATBEDIKICHHUs 3aKOHA
taroteHns. Tak uto, momectus ['yxa mesxay smmu, HeooTon
He TOJBbKO IPUHHU3UI €TI0 POJb, HO U JUIIHJI €T0 HOAJePKKHA
Apys3e#t B HauaBmeMcs BCKOpPe IPHOPHTETHOM CHOpe.

3mecyr yMECTHO CKa3aTh HECKOJBKO CIOB O MATePHaJIbHOM
HOJOKeHNd HAMUX repoeB. ['yk 6w GefeH u xux Ha Kalo-
BaHME, KOTOpoe BuIJaumBano eMy HopoaeBckoe obmecTso.
Kpome ToT0, OH mOfpaGaThIBajl, UCHONB3Ys cBoM oOMupHLIE
mo3HAaHUA B 00JACTH MeXaHMKM OPU IOPOBEJEHHH OrpOM-
HBIX BOCCTAHOBHTEJBHHX paloT mocie JOHROHCKOTO HoKapa.
JTOoT apXUTEKTypHHIi 3apabGoTOK W HOMOTr eMy B KOHIE
KOHIOB co31aTh cebe HeroTopoe Gaaromonaygue. HpooToH
ga xadenpe B HemOpumke monydyasa BHaduTeNbHO GojapIre,
7 IPUMEPHO TaKoH Ke JOXON NPHHOCHJIA eMy yHACIeLOBAH-
Hasi UM ¢epMa, KOTOpYI0 OH CHAaBaJ B apeH/Y H I'ffe pocia
sHaMeHuTas AGaoHEda. Hecmorps Ha To uto HiloTOH GHIO
KOBOJIBHO 00ECIEYeHHLIM Y6JI0BEKOM, TPATUTHCA HA M3TaHUE
KHUTH eMy He X0TeJoCh, W OH mpuciaa Principia B Ho-
polieBCKOe oO0mecTBO, KOTOpOoe HOCTAaHOBHJIO H3RATH HX
Ha cBou geasru. Ho gmeHer y O6mectBa He OHLIO, OITOMY
PYKONHUCH Jeada O Tex mop, moxa laameidr (a om Ouix
csIHOM GOTAaTOTO MEJIOBAapa ) He U3HaJ ee 3a ¢cBou cuer. ['anaei
B3AJ Ha ce0sa Bce 3a00TH DO HU3JaHUIO KHATH, OH [JajKe
caM Y#Tal KOpPpexTypsi, u HbpoTOH B mepemmcxke TOro
BpeMeHU HashBaad ee «Bama kHuray...

B aroii mepemmcke ¢ Taaneem HrioToH, oTBewas Ha
opock 6y ymoMaHyTh I'yxa, Hagucasn saMedaTenbHY®H $Ppasy,
pPaCKpHBAKIIY ero MHEHHe O DPa3iudud MEKAYy MaTeMa-
tukaMn 4 ¢usukamu. Ce6a HpoToH cumtan MaTeMaTHKOM,
a I'yka cumran ¢usuxom. Bor Kakx OB ommcmBaer pasHALY
B OOAXOfaxX MaTeMaTHMKa M (uU3UMKAa K eCTEeCTBO3HAHUIO.

«MaTeMaTHKHM, KOTOpHE BCE OTKPHBAIOT, BCE yCTaHAB-
JHBAIOT M BCE [OKa3KBAIOT, MJOJIKHHE [JOBOJBCTBOBATHCH
POJBI0 CyXUX BHYUCIHTENEH m depHopaGouux. [Ipyroit xe,
KOTOpHI#i HAYEro He MOKeT JOKa3aTh, a TONBKO HA BCE Impe-
TeHAYET U BCe XBaTaeT Ha JeTy, YHOCHT BCIO CJaBY Kak
CBOUX IPEAIIECTBEHHAKOB, TaK U CBOHX IOCJIEgOBaTEMEi...
M Bor A momxeH HpHSHATH Temepb, 4YTO A BCE MNOJYYUA OT
Hero, a 4YTo A caM BCEro TOJIbKO MOACIUTAN, AOKA3aJ W BHIIOI-
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HUJ BCIO paGoTy BBIOYHOTO ;KHBOTHOrO IO H306peTeHHmAM
3TOr0 BEJHKOTO 4eJ0BEeKah. '

Hapgo ckasate, uTo BCe OTKDEITHA, COACpKAIHUECH B
Principia, HeloToH cpenan He monb3yscs amaamsoM, XOTA HM
K ToMy BpemeHH Biajgen. Bce, uto TpeGoBanocs, oH qoKasan
upu moMomu Oonee unu MeHee 3KBUBANEHTHHX aHATHIY
OPAMEIX TEOMETPUYeCKUX JJIeMEeHTADHHX  pacey;kAeHUR
(a HE mepeBois aHAJHTAYECKHE BHIKIAJKM Ha TeOMeTpHIec-
KU# A3BIK) — eMy 9T0 GBLIO Jerue.

§ 5. Ilpuraxenne cgep

[TocMoTpuM, B KadecTBe mpuMepa paccysgeHmii Hpio-
TOHA, KaK OH [OKasblBall, 4TO HA KAMEHb BHYTpPH 3eMin
BHOUIHHE CIIOM HE [eHCTBYIOT, T. €. 4TO hoae mAdecmu
eHympu 00nopodHoi cPepst pasno Hyaw. PaHpme 3TOT
dakT m3yvancs B mKoJe, HO Temeph OH N3 HPOTPAMMEL BHIAJ,
OO03TOMY 3TO 3aMedaTeJdbHOE HOKA3aTEALCTBO, BO3MOIKHO,
H3BECTHO HE BCEM. |

PaceMorpum BHYTpE mapa,. OrpaEHYEHEHOTO GECKOHEUHO
TOHKUM IMAPOBEIM cioeM, TOURy P (puc. 6), BosbmeM Majenb-
KHA TejecHH yroi ¢ Bep-
muHO# B P u foxaskeM, 4To
CHJIEI, C KOTOPHIMM Ha HOME-
meHAoe B Touxke P Teno
HEHCTRYIOT fBa OECKOHEYHO
ManHX o00beMa, BHICEKae-

S_ MEIX 9THEM YIJOM U3 IHa-
A POBOTO CJIOS, YPABHOBEIIH-
, Baworcs. (Ceitac, mpemo-
> JAaBas aHAJU3, HE OYEHB-TO

J1064AT TroBOPUTH O GeCKo-

Prmc. 6. IIpmrsmenme mapoOBOro HEYHO MAaJHX BEJIHIMHAX,
crox me Heworomy W3-3a UEr0 COBPEMEeHHHIe
CTY[EeHTH HEe BOOJIHE BJA-

HeI0T 3TUM ABHIKOM. Me:XRy TeM UM Bce-Taku BIAETH HaJo.)
dtu aBa of0beMa OpPECTABIAT 0G0l GECKOHEYHO MAJIhie
opusMsl (#x ofpasynomue, KOHEYHO, CJIeTKA pPACXOMATCH,
HO BETHIMHOM 3TOr0 PacTBOPAa MOKHO IpeHeGpeuh, TaK Kax
omubka Gyner GeCKOHETHO Makoil G0aee BEICOKOTO mopsaaKa),
0GBEMBEl KOTODHX MOMKHO BEYWCIATH mo Qopmyire V = IS, ‘
rpe | — pauEa Goxosoro peGpa, a S — IWIOMAAH HONEePeTHOr0
ceuernsa. Ho peGpa y Hamux mpmsm paBmH Kax OTpe3KH, BH-
CeKaeMble Ha IPAMOM NAPOX KOHIEHTPHISCKUX OKDYRHOCTEH,
a MOLEpPeTHbIe CeYCHNsA OTHOCATCA KAK KBAAPATH PAaCCTOAHMM
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mo P. Takam oOpasoM, ata fBa o6beMa TAHYT Telo B Touke P
B PA3HHE CTOPOHH. ¢ OJAHAKOBHIME cmiaMd. ToWHO Tak ke
ypaBHOBENIABAIOTCA W BCe APYTrHe BIASHAS, MOITOMY PaB-
HONEeHCTBYIOIMaA BCeX CHJI paBHA HYJIIO.

Jdror 06pasynK HEIOTOHOBCKOTO PacCyXKIeHAs TOKa3kBaeT,
KaK MOKHO OHLJIO pellaTh 3afavd M3 TEOPHMH moTeHIHEaxa Ges
aHaJiA3a, He 3HAd HA TEOPHHA TrapMoHAYecKUX (QYHKnmi,
g (yHZaMeHTaJILHOTO DelleHAs ypaBHeHAs Jlanxaca, HE
OTeHNIAAI0B IPOCTOTO | ABoAHOTO ciod. [logobHEIe paccym-
[AeHAA, TPeleCTBOBABIINE BOZHAKHOBEHHMIO aHAJW3A, TACTO
BCTpeYaJuch B paGoTax TeX BpeMeH @ OKa3HBAIHCH IPE3BH-
gaiiHo MomAENME. BoT mpumep 3agaum, KOTOPYIO JIORHA Bposie
Bappoy, Hrorona, N'oiirerca pemunan 6H 3a ciATaHHLE MU-
HyTH (8) m KoTopyl coBpeMeHHEIe MaTeMaTHK: GHCTIpo pe-
IIATH, MO-MoeMy, He cHoco0HH (BO BCAKOM cilydae, s eme He
BHMEJ MAaTeMaTHKa, KOTOPH#A OHCTPo GH ¢ He# CIpaBHICA):
BHTACIHATH

sintg z — tgsinz
arcsin arctg z — arctg arcsin z

lim
x>0

HrloTor mokasall TaK:e, 4T0 00HOpodubl wap (ArIm mIa-
pOBO# Clloil) npumsazusaem mouku eneuLnell obaacmu maex xe,
KaE ecau Ov eca ezo macca 6waa cocpedomouena 8 Yewmpe.
Torasatenncrso HeloToHa siemeHTapHO, HO He MPOCTO (KaK
He NpocTo B 06 MOCYATATH COOTBETCTBYIOIIAA WHTETPAJ).
[IpmBefeHHOe HEXKE COBPEMEHHOE [NOKA3aTeJIhCTBO (BOCXO-
aamee K Jlanmacy), K coKaleHEIO, BHIXOAAT 3a DPaMK@ npe-
moJaBaeMHX B MKoJe (4, KAK 9TO HA CTPaHHO, HA MeXaHUKO-
maTeMaTmuecKoM daryasrere MI'Y) mHayk.

PaccmorpaM mone cropocTeil HecKEMaeMOH HHIKOCTH,
BamOJHAIMER BCe MPOCTPAaHCTBO A cepruecKA-CAMMETPHIHO
pacTeKaomeiicA To pagAycaM OT HaXOogAMmMeErocsi B Hadaje
KoopamHaT mcrouHEKa. CKOPOCTH TaKOTo TeYeHHs o6paTHO
mpomopuEOHaNbHA KBafpaTy pAcCCTOSHHASA [0 WUCTOYHAKA.

JleiicrBrTeIbHO, BCIEACTBAEC HECIKAMAEMOCTH, Yepe3 Kak-
Iyio cdepy ¢ DeHTpOM B BCTOYHAKE 3a €[WHANY Bpe MEeHHd IIpPo-
TeKaeT OAMHAKOBHIA NOTOK JKATKOCTE (CTOJBKO, CKOIBKO
npomssoguT uctouHuK). Benencreme cheprmieckoit caMMeTpAM
TEUEHHS, STOT MOTOK PaBeH NPOE3BeAeHUI0 IUIOMAAHA CPepH
Ha BeJMYUHY CKODOCTE NporeKamas depes Hee. Ho maomans
cheps mpaMo NMpomOpPNHOHANLHA KBafpaTy pafayca. JHAUAT,
9T06H WOTOK HE 3aBHCEN OT pafuyca, BeJEYAHA CKOPOCTH
AoJuokHA GHTH 0o6paTHO NMpomopHEOHAABHA KBajgpary pac-
CTOAHAA 0O WCTOYHHUKA, '
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Hrar, sakon ybrisanus cKopocmu cieputeckKu-CuMMempuy-
HO20 MEUCHUA HECHUMAEMOT HudKocmu ¢ PAcCMOAHUEM Om
Yenmpa makoi xe, KAK 3aKon YOwieanus Cuibl MazomeHus.
(Orciona BEAHO, KAk BHTIANHT €CTECTBOHHLI AHAJOT TIOMH
TATOTeHAd B N-MEePHOM NpPOCTPAaHCTBE: CAJA OJIKHA yOHBATH
o6paTHO mpomopmmoHansmo n — 1-fi crememm paccTosHUA.)

Ms noxazanu, 9T0 MOJTe CHIH NPATAMKEHUA MaTePAATIbHOMR
TOUKOH o06JajaeT caegyOMmMBEM 3aMedaTelbHHM CBOHRCTBOM
HECHUMBEMOCNU: €CIW CYETATH €T0 I0JIEM CKOpOCTel Tewe-
HOsA, TO BeJIHIAHA MOTOKA 4epe3 rpaHANy N60# orpaHmIen-
HO# obsacTh, He Cofeprkameidl NPUTATABAIILYI0 TOUKY, PaB-
Ha HYJI0: CKOJIBKO BTEKaeT, CTOJIbKO B BHTEKAaeT.

OxassiBaercsa, OpE a060M pacIpeleNeHAR Macc IOJe
CAJE TPATHKEHAA 3TAME MaccaMd BHE JTHX Mace obaamaer
TAK¥UM jKe CBOMCTBOM Hec:kmMaeMoctd. lledicTBmTennHO, pH
CIO}KEHHE TOJIed CKOPocTell BEJHIUHH HX MOTOKOB uYepes
106 yi0 IOBEPXHOCTH CKJAfbBaiorca. [109TOMY IPH CI0Ke IR
noJiell CKOPOCTed MABYX TeueHHO HEC}KAMAaeMOd HKHBIKOCTH
BHOBb HOJYYHATCA MOJie CKOPOCTeH HeC;KMMaeMoil KHTKOCTH:
DOTOK CyMMapHOTO MO 4 Yepe3 TpaHAIy 061acTd paBeH HYJIIO,
eclId PAaBHE HYJXIO MOTOKH CKJIAALIBaeMHX moje#. Mrak, cym-
MAPHARA CULA NPUMANCCHUS HECKOALKUMU MaAccaMu obsadaem -
ceolicmeom Hecacumaemocmy (B 061acTH BHE NPATATABAIONIAX
Mmace). '

B wacTmOCTH, paccMOTPEM NoONe CHIH DPUTAMKEHAA OLHO-
POTHHIM mapoM (Aad maposM cioem). Bo Bremmei o6xacra
3TO IOJI® COBMAMKAeT C MOoJIeM CKOPOCTeH HEeCKHMaeMoi ;RuI-
KocTH (KaK TOJIBKO UTo foKasamo). OHo cpepadecKkm-cammer-
pruno. Ho egmmcrBefimoe cdepmueckm cmmMMeTrpwmuHOE Mo
CKOpOCTeR HeCKAMaeMoi KETKOCTH 06paTHO NPOMOPIAOHAT b~
HO KBaJpaTy PacCcTOsHU] o IeHTpa. SHATAT, Wap (I Ciaoif)
OpATATHBAET BHENIHAE TOYKHA TaK jKe, KaK HEKOTopad Macca,
noMemeHHas B MeHTP. YTo Macca B meATpe [OJKHA COBIARATEH
¢ moJHO# Maccoil mapa (Bam ciosa), BANHO W3 CPABHEHANA MO-
TOKOB 4epe3 cQepH, 0XBaTHBAKONiAe WCCICAYeMEH Imap.

Teopema o ToM, 4ro cioi He mPATATHBAET BHYTPeHHHE
TOYKH, TAKIKe ClefyeT U3 dToro paccy:xnerns*). [O6e reopemsr
Hsrorora (o mpmrakeHsm cdeppuecKEME CHOAME BHYTPEH-
HAX @ BHEHHHX TOYEK) PACHPOCTPAHAIOTCS W HAa MPUTHMKEHHAES
CIOAME M€Y TOMOTETHYHHIME JJLIANCOATAMHE (POJb HEHTPa
ArpaeTt NpH 3TOM J1060% KOHPOKAILHNIA 3ILIATICOR], MEHbIIAH
u3y7aeMoro). JIIANCOMAN MOMKHO fajKe 3aMeHHATH ajre6pam-

*) 3apgadva. Buumeanrs cpepHee 3mavenEe QyERmEE 1/r mo
cpepe (zr —a)®+ (y — )2+ (z—¢) = R? m ¢ymxnmm Ini/r mo
ORpY:KHOCTH (z — a)® -+ (y — b)? = R2,
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yecKAME TloBepXHoCTsAMY jai0Goit cremenm (9). Bajkmo amms,
4706H MOBepXHOCTH OHiua rmmepbonmueckoii (mepecexasa
kaKIYIO MPAMYIO, BHXOJAMY A3 HEKOTOPOH TOUKH, CTOIBKO
pa3, KaKoBa CTeNeHh YPaBHEHAS] moBepxXHOCTH). |

§ 6. Morazan au HpioToH SIIHITHIHOCTD oponr?

B sakaioueHne paccKasa o 3aKOHe BCEMHPHOTO TATOTEHH S
cTOAT CKAa3aTh HECKOJBKO CIOB O NACKYCCHH, KOTOpasA pas-
BepHYJIach BOKPYT HEro B caMmile IIOCHeTHWe T'OIE B duzaqe-
CKOX ’kypPHaJax. B mpomuroM Takas gmcKyccms Onuia Gbl He-
BO3MOJKHOM, HO TeNMePh CUTYAIAsa H3MEHMIACh 61arofapAToMy,
410 IyX COBpEMeHHOH MaTeMaTHKA NPOHAK & B PA/H QE3AKOB,
HAaHeCH WM, KaK BTo cefiyac CTaHeT ICHO, HEKOTOPEHIA ymep6.
OHZ Hadagd COMHEBAaThCH B TAaKHX BOHmpOCax, 0 KOTOPHX
paHBIIE HAKTO 61 B Pa3roBapEBaTh BCEPhe3 He CTall. B aroit
[MCKYCCHE TIPEHAJIO ydacrde Goxpmoe HCIO QusmKoB (ot1-
wqer 0 Hedl MOYKHO MPOYECTh B OMHOM M3 BHINMYIIEHHHX HEllaBHO
c6opaEKOB «Dm3mKa 3a pybesxom» (10), a Tema cmopa dopmy-
JmpoBaiack ciexykommmM obpasom: nokasan am Heloron, wro
B3 3aKOHA BCOMEPHOTO TATOTEHAA Cle(yeT mepBEi 3aKon Hern-
aepa? .

B peficTBETENbHOCTH, Pedb AT BOoT o ¥eM. [lns Tpaekro-
PHH IBIKYIETOCA TOf leiCTBEeM CHIIH TAKECTH Tela SaKOHb!
Huiorora mator gaddepeHmumaJbHOe ypasBHEHHe

- kr

r o= — .

r3
BmecTo ToTo 4ToGH pemarh ero MO BceM NpaBHJAM HAaYKM,
HploTOH B CBOeii KHHre NpeIbABAJ MHOTO PEIIeHHAU ITOro
ypaBHeHAS B IPOBOPHI, YTO AJA JOGOT0 HAYAIBHOTO YCIO-
BAA cpeAWm HEX KMeeTcs yAoBJIepopsiomee eMmMy peleHne.
NEpMzE cloBaMu, AJjid MI000# TOYKHM B BeKTOpa B IPOCTPaH-
crBe BO MHOecrse Haimemmux HsioroHOM opbmr Haipercs
Takag, KOTOpas B HAYAJNLHHA MOMEHT NPOXOAAT dYepe3 3Ty
TOYKy W WMeeT TaM JAHHHN BeKTOop cKopocrm. lIpm arom,
ec/id HA9aJbHAA CKOPOCTH Tejia He CIAIKOM BeldKa, TO Op-
omra moaydaercs ajununrwaeckod. Ho kro crasai, copamm-
BAaIOT HCKYUIeHHEIE B MATEMATHICKUX TOHKOCTAX (U3AKHA, 4TO
He CYIECTBYeT Kakxo#-HmOyqh APYyTod TpPaeKTopHH, YAOB-
JeTBOPAIOMEA TeM jKe caMbHM HAYaJdbHHM YCIOBHAM, IO
KOTOpO# Texo IBEKercs, coOalofas 3aKOH BCEMADHOTO TA-
roTeHdAs, HO COBepmeHHO mHawe? MaremMaTHKE 3HAIOT, 9TO
OTCYTCTBHE TaKOi [PYroii TPAeKTOPHA HA3ZHIBAETCA TEOPEMOM
eIAHCTBeHHOCTH. Taxmm o6pa3oM, YTOOH BHBOJMTEL A3 3aKOHA



BCEMHUPHOT'O TATOTEHHA, 9TO TEJA [ABMIKYTCA TaK, a He @mHaue,
HrloTory Hago 60 He TOJBKO MpedbsaBATH MHOTO DemeHm
napdepeRnEaibHOTO yPaBHeHUsA, HO H [0Kas3aTb HJIA HETO
TeopeMy enmHcTBeHHOCTH. JloKasmBaer oH ee? Her. Hy,
TOTa B NOABL30BATHLCA DTAM 3aKOHOM JJIS ONHACAHAA JefcTBH-
TEeJILHOCTA TOe, BooOIme roBopsA, HENB3A, IOKA He JOoKa3aHa
TeopeMa egmucTBeHHOCTH. HTO 3T0 chexax nmepsuM? Woramd
Beprynnn. 3maunT, 970 OH, a He HploToH, BB 3akoH Hen-
Jepa W3 3aKOHA BCEMADHOTO TATOTeHMAsA, eMy W JOJKHA NMpH-
HaJJIe;KaTh BCA CliaBa. BoT KaK roBopAT PE3AKH, yIacCTBOBAB-
mpe B AACKyCCHHM, OBTOPAA NABHO CKa3aHHOE MaTeMaTHKa-
Mz (EanpmMep, B kHmre A. Bmmrmepa 1941 ropa).

Ha camoM pene Bech 3TOT CHOpP OCHOBAaH Ha IJIyOOKOM
sabay:xnennn. CoBpeMeHHbIe MATeMATAKA JeACTBATEIHHO Pa3-
JAE4alOT TEOPEMH CYIMECTBOBAHHAS B TEOPEMH €IMHCTBOHHOCTH
Aas quddepeHNAAIPHNX YPaBHEHUHE B Jaske NPUBOIAT NMPH-
MepH YypaBHeHHH, [JsA KOTOPHX TeopeMa CYImecTBOBaHMA
BHIoJXHeHa, a Teopema emmucrBerrocra Her (41). Tak gro
BO3MOKHH Pa3lAYHbE HEMPHAATHOCTA, A, ecld OH ypaBHeHHE
HrioToHa 6HI0 HENPAATHRIM, AeHACTBATEIBHO HeAL3A OBLIO
6H 7enars HEKakaxX BHBOHoB. OmmbouHasa ToUKa 3peHHd
NMPOACXOAAT M3-3a HEOMPABIAHHOTO paclIMpeHWs KjIacca
paccmaTpmBaeMux dyEKOEA. [{eso B ToM, 9TO B cOBpeMeHHOHR
MaTeMaTHKe DOHATAA YHKIEA, BEKTODHoe moJe, naddepen-
n@ajlbHOEe ypaBHeHAe MPAOOpPesH WHOW CMBICI IO CPAaBHEHHUIO
¢ KJaccHiecKoil MaremaTakoi. ['oBops o QyHKIAA, ME MOKEM
EMeTh B BHAY [OBOJIBHO CKBEpPHHH# 0ODBEKT — HEYTO OfmH
pas naddepernApyeMoe HIm fajke HA pasy, OPH ITOM MH
HOJIKHEI 3a]]yMBIBATLCA O coflepKameM ero QyHKIEoHAJIbHOM
Kixacce @ T. . A Bo Bpemerna HpioToHa moj clIoBoM QyHKOAA
MOHTMAJIA TOJABKO 049eHL Xopomme semd. WHorma sTo OnLIm
MHOT. .JeHH, AHOTAA PamAoHAJbHNE QYHKIAH, HO BO BCAKOM
cIydae BCe OHE OBUIM aHAJHATAYECKAMHE B cBoeil obmacTm om-
pelejieHAa W pasjarajidch B pags Teiimopa. B arom cayqae
TeopeMa eMHCTBEHHOCTE HWKAaKO# mnpobieMEl He IpejcTaB-
JsgerT, @ 0 Hed TOrga MPOCTO HAKTO He JyMal.

Ho s pedicrsarensHOCcTE y HploToma BCe MOKa3aHO # 1O
Gonee crporaM MepkaMm. BepHa Takas TeopeMma.

Iycrts mmeercs quddepernmaipHOe ypaBHeHHE

z=v(t 2
A NycTh A JA060T0 HaYaALHOTO YCJIOBAA 4 TPEIbABICHO

pemeHme z (¢, a) ¢ x (0, @) = a, npaveM 3TO pemeHme IIaaj-
KaM (1. e. GeckoHeuno nuddepeHmEpyeMHM) o00pa3oM 3a-



pacHAT oT a. Torma AaA 3Toro ypaBHeHAA BePHA TeopeMa e dH-
CTBEHHOCTH.

Teopema 3Ta HoKashBaercs odYeHSL Jerko. M3 cymecrso-
BaHAA IMAJKO 3aBUCAIMET0 OT HAYAJNLHHX JAaHHHX peleHus
caefyer, uro cymectsyer (nokannHH) maddeomopdusm,
KOTOPHIA BHINPAMISAET HCXOAHOE MOJie HANPaBJeHANR, IPABOAA
ero K CTAaHAapTHOMY BHAY NOIA TOPHU30HTAJBHHX HAIpPaB-
nennil (Hame pemeHde ® faeT 3ToT gaddeomopdusm: (£, a) <«
«~i (t, z (¢, @))). A Ana BHOPAMIAEHHOTO NOJS TeopeMa egWH-
CTBEHHOCTH, OYEeBHWIHO, BHIOJHEeHa, TAaK KaK YypaBHeHHe
npEHEMaeT Bup 4 = 0. :

TaxuM 06pa3oM, u3d Cywecmeo8anui peuleHus eOuHcmeer-
nocmb, 8oobwe 2080ps, He caedyem, Ho éce Oydem 8 nopadke,
ecAl NpedbABAeHHOE DeuLerue 2Aadko 3a8UcCUm om HALAAIbHO20
YCcA08usL.

ITocmorpmm, uro 6uio y Heiorora. OH gis Kakgoro Ha-
9adbHOTO YCIOBHAA NpeIbABAN PeIeHWe, ONACAJ eTro, W h3
HTOTO ONMACAHAA CpPa3y CTAHOBAJIOCH SHCHO, 9TO YKasaHHOE
peleHwe IJIaTKEM 06pa3oM 3aBACHT OT HAYAJBHOTO yCHOBHA.
Wrak, coMuennii 8 emaECTBeHHOCTA HeT, n HploTOH npaBminHO
mokasan mepsuii 3akoH Hemmepa. .

MoHO, KOHEYUHO, BO3Pa3ATh, YT0 HBIOTOH He 3HAX JTOH
teopeMHl. [{eficTBuTeIBHO, OH ee He JOPMYJIHPOBAJ B TAKOM
pAje, Kak 3To ceiwac cuexanu 6u Mu. Ho mo cymecTtsy oH.
ee HaBEPHAKA 3HAJ, TAK ke KaK @ MHOTHe APyTr@e IPHAJIOKe-
HAA TEOPHA BO3MYIMEHAN, —marTeMaTnIeckil amann3 Heorona
B 3HAYATEJHHOHA Mepe W eCTHh [JajleKO Pa3BUTAA TEOPUS BO3-
MYIeHAN.

Hulorom 3amermi, 9To 3aKOHH NPHPOAH BHPAKANTCH
nzoGperernnME aM auddepennuanrsaumMa ypapaeHuaMa. Or-
AelbHEIe, W IOPOH ovYeHL BaykHEE, NuddepeHunansHLe ypas-
HeHUs PaccMaTPHBAJACH B Ja’Ke PelIalECh W PaHBIMe, HO
pmerHo HuloTomy oHm 00A3aHH CBOAM IpeBpAIeHHEEM B Ca-
MOCTOATEJAbHEIA W OYeHh MOIHHEIA MaTeMaTHYeCKHAA HHCTDPY-
MEHT.

Tnasa 2. MATEMATHYECKHI AHAJIN3

§ 7. Amaans Kak TeopuA CTeleHHBIX DPANOB

HelotoH oTKpHI cnoco6 pemeHus JA0OHX ypaBHEHHIH,
npmdeM He TOoabKO NuddepeHNUANBLENX, HO H, HampaMep,
anrefpamuyecKux. JTO OTKPHTHAE OH CYATAJN CAaMBIM BaKHEIM
CBOMM JIOCTHIKEHWEM W HAMEHHO €r0 3aKOfMpOBal B MHCHME
K Jle#6runy 24 oxrabpa 1676 roma (mocmammom wepes Oub-

25



OeH6ypra W TOTOMY BONIEINIAM B HMCTOPHWI0 IO HAa3BaHAEM
«Bropoe mnmcemo x Onpaembypry» (epistola posterior)),
B KOTOPOM OH ONHWCAJ AHAJAS.

Anann3 — 310 MOBOJBHO TPYAHO ompedelseMoe MOHATHE.
HeloToH moEEMaeT mom aHaiIu3oM HccleqoBaHAEe ypaBHEHWId
npu noMoma Geckomeunux pamos. QcHosHoe oTKpuTEe HBl0-
TOHA, MHKMHA CIOBAMH, 3aKII09aeTCA B TOM, 9TO BCE HAXO pac-
KIafHBaTh B Geckonednrie pagn®*). Iloaromy, Korga eMy npo-
XO[@IoCh pemiaTh ypasHeHHe, Oynn To AuddepeHmmaIbHOE
ypaBHeHHAE HJHA, CKayKeM, COOTHOIIeHHE, ompefejsiomee He-
KOTOPYI0 HEHM3BECTHYI QYHKIHIO (Temeph 5TO Ha3HBAlIH OH
OfTHAM ©¥3 BHMOB TeopeMH o HeaBHo# ¢ymKImE), HeioToH
meiicTBOBaJ Mo clefyiomeMy pementy. Bce ¢yERIEE packia-
AHBAIOTCA B CTENEHHHE DPAAH, PANK NOACTABIAIOTCA APYT
B Apyra, mpupaBHEABAOTCA KOo3PpPUIACHTH NPHA OJAHAKOBHX
CTeTIeHAX W OAH 3a APYrEM HaxoiArcAd KoodPmmmeHTH He-
m3sectHOd PyHKmma. TeopeMa o cymecTBOBAaHAN B eJHHCTBEH-
HocTu pemeHmil nuddepeHNAANBHEX YPaBHEHAHA ITHM CIIO-
co60M MOKa3KBaeTCA MTHOBEHHO 3a0[HO C TeOopeMo# o 3aBH-
CAMOCTH OT HAaYaJIbHHX YCJOBHH, €CJHHU TONBKO He 3a00TATHCA
0 CXOMAMOCTA MOJYIAalmAXCA pANoB. UTo KacaeTcs cXofd-
MOCTH, TO PAAH 9TH CXOAATCHA HACTOIBKO 6ucTpOo, ¥r0 HEloTOH,
XOTA CXOIAMOCTHA CTPOTO H HE JOKA3KBaJ, B Hed He COMHe-
paaca. OF BIagel MOHATHEM CXOQHMOCTHA B SIBHO BEIYACJAI
DA 1A KOHKPOTHHX IPAMEPOB ¢ OTPOMHHIM UACIOM 3HA-
KoB (B ToMm jke nachMe Jleii6Hany HrioToH mmmer, dro emy
(OpOCTO CTHAHO NPH3HATHCHY, ¢ KAKAM YHACIOM 3HAKOB OH
npofenas 3Ta Beramcierua). OH 3aMeTH, 9TO eT0 PAAH CXO-
IATCA KAk TeoMeTpwdecKas MPOTPeccHAs @ MOTOMY COMHEHWH
B CXOLEMOCTH eTo pANOB y Hero He Gmmo. Bexem 3a csomm
yumresnem Bappoy, Heloron co3HaBan, 9To aHAIM3 JOIMyCKaeT
060cHOBaHMe, HO COBeDIIEHHO CIPaBeNJIABO He CYATAN IO-
Je3HKIM Ha HeM safepskmBaThes («MorkHo OHIO OH yATHHATH
apmarorauecKaM**) paccyxeHmeM,—nacax bappoy,—Ho ansa
gero?).

§ 8. Muoroyroasauk Hsotona

Kpome creneHHHX psAmoB, B KOTOPHE PAacKIaIHBaJIAChH
pemerns nuddepeHgEanbEHX ypapHeHmE, HpooToH momB-
30BajCA H JpoGHO-CTeNeHHHMHA, NPAMEHAIIMUMHACH, KOoTAa

*) «d10 yuenme [0 cremeBREIX pAnax] HAXORWTCA B TAKOM JKe OT-
HOmEeHHA K ajrefpe, Kak yieHHe O [eCATHIHHIX ApOOHX — K OOHKHO-
pepHoil apmmeruken (12).

**) ¢OT OpPOTMBHOTO», T. €. CTPOTHM,
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pajflo HAHTA DpasnoskeHme Mas aarebpamueckodl Qymrimn
y (%), 3ajlanHOil ypaBHEeHUEM f (z, y) = 0. Ilycrs, HAapEMeD,
Hamo pPeATH ajareGpamyecKoe ypaBHeHHe

ax® 4+ by® + cxy® + da* = 0.

Torma, rosopaT HeloToH, Hajo coenaTs caepylomee mpeobpa-
gopange (ceifdac aHAJOTHIHEI® npeo6pa3oBaHEAA HAZHBAIOT
npeO6p330BaHHHME d)ypbe, HO B TaHHOM CJiy4ae 3TO BCe-TaKH
npeobpasosanue Hoviomona).. MEOTouNeH mepecraior cUMTATH
pyHEKOHmel mepeMEHHHX Z B Y, a paccMaTPHEBAIOT €T0 KaK
GyHKOHUIO Ha MeN0oYRCAeHHOHE PemmeTKe Ha MIOCKocTA. B TouKe
¢ KoopammaTtama (m, n) 9Ta QyHKN@A TpAHEMaeT 3HaUYeHHE,
paBHOe Kodddmnmenty MHOTowreHa npa z™y". Temeps or-
MeTEM Ha pelmeTKe TOYKH, COOTBEeTCTBYIOIHAE OTHOWICHAM
¢ HeHyJeBHMA Ko3ddHANAeHTaMU, ¥ BO3bMEM HUX BHIYKJIYIO
obonoury. lloxyumrcs Mmoroyroanmmk Hulotoma (pme. 7).
(OxassBaeTcHa, YTo OTHOTIe- A
HE[, KOTODEE COOTBETCTBY- A7
J0T BePUIIMHAM, OKa3aBIIUM- L’
¢A BHYTPH MHOTOYIOJB-
mEka, ma ¢QopMy psaga He ' ch‘\ ,
BIAAIOT, NP0 HAX NOKa N
MOKHO 3a0HTBH, a paccMaT- \L T m
_ b >~ 1 5

pHEBAaTh HAJAO0 TOJBKO CTOPO > )
gui. Hanpmmep, cropore AB
Ha pHEC. 7 oTBeYaeT AByWIeH- Puc. 7. Mroroyroasank HelotoHa
Hoe ypaBHenne ax’-+by3=0.
Pemms 5To ypaBHen@e, 3a6HB IIOKa IIPO BCE OCTAJbLHOE, Hal-
meM y Kax QymKmmio ot z: y = kx*3, Jdra QyHRnmA paer
xopomee TPHEGIMKEHAEe OKON0 HYJA K peNIeHdl0 HaUIero
ypaBHeHEA. Ecam My XOTAM HafTH cirefylomee IpaCidKeHne,
To Hajo Hammcarh ¥y = kx*® + z @ mofCTaBATH ITO B HCXOJ-
Hoe ypasHeHHEe. IlocIe MOICTAHOBKE CHOBA MOJYYATCA anre6-
pamdecKoe ypaBHEeHHAe, HO TeePh OTHOCATENBHO Z, C KOTOPHM
Hajo MOCTYNIaTh TOYHO Tak jKke. MTepmpys aror mpomecc, MH
moaxyumM ApoGHO-cTemeHHOd pAf (Temeps OH HAa3HIBaeTCHA PA-
nom Ilom30), KoTopuil maer pemenme y () ypaBHeHAsA B OK-
PecTHOCTH Hadaja KOODAAHAT. JTOT MeTOJ BCerja JedcTByer.
Ecam 6H MH HAYaJH ¢ JPYToi CTOPOHH MHOTIOYTOJHHAKA,
TO TNPAMAR OH K JAPYyroMy pAAY, KOTOPHIMA COOTBETCTBYeT
Apyroii Bersm anre6pamueckoit Ppymrmma. Cropoma BD Ha
puc. 7 oTBeYaeT 3a ACHMNOTOTHKY Ha OGECKOHEYHOCTH.

fI pacckazan smech 3ToT me6GonbLIOH KycoUeK m3 PaGOTH
Hzioroma, KoTopoil 0H 04YeHb TOPAMICA B KOTODAs NOMemeHa
B ToM jke camoM nmcebMe 1676 roma OxnmemGypry, oT4acTH
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IIOTOMY, YTO €ro, K COMKaleHHIo, He paccKa3HBaWT ctyieHTam
Ha TMEpPBOM Kypce, XOTA 3TO OCHOBHOH pabodmil anmmapar B
JOKAJTLHOM aHAJHW3e, A K TOMY ke odeHpr Kpacusmii. B co-
BpeMeHHO# MaTeMaTHKe MHOTOYTONbHEKE (B MHOrOTDAHHEKH)
HpoToHA BKIKNYATCA B TEOMETPHIO TOPEYECKAX MHOI000-
pasmii, BosEAKMY okono 1973 roga *), a B ¢usmKe m B Me-
XaHAKe — B TeOpHE Nofo0Ms, pasMepHOCTed W aBTOMOMENb-
HOCTH.

Macemo x Onpaen6ypry npefHa3HAYAJIOCH, KaK YK€ T0-
Bopmaock, Jlei6umny. Ho Jleii6run xmx B I'epmammm, a
HeoroH sku B AHranm, @ B Te BpeMena Griio HebezomacHO
NepenmcHBaThCH ¢ MHOCTPAHHEMA yieHNMA. HploTom nmcsMa
Jlei6EANY He MOCHIAT, a OTmpaBmi ero cexperapio Hopo-
neBckoro obmecrsa OapneEfypry, 9ro6sl IOHECHMO MOILIO
ofpmumansaeM nyTem. OnpaeEOYPr sKe mepefgall 9T0 THCHMO-
Jleti6anny. [Ipenocroposrocts HpoToHa He GHIa H3TAIHEH.
Yepecuyp obmurensroro Onapaen6ypra saknioumim B Taysp
3a CBSA3h ¢ AHOCTpAaHIAMH. : -

§ 9. Bappoy

Tenepsr peusr moifleT o HAYaJaX aHAA@A3a, A HAYHY A C
pacckasa o Bappoy. Vumrenr Hrioroma Mcaak Bappoy po-
nmiacs 8 1630 rogy m ymep B 1677 rony (13). B ornmume or
po6koro m 3acremdumBoro HploTOHA, KOTODHH, maxe Gyayd:
m36par mpefcrasmreieM ot HemGpumka B Ilapmament, He
npom3HeC TaM HE cXosa (yTBep:KHAloT, Tpasfa, 4To ONHEH
pas HploToH Bce-Taxm BHCTYNEI Ha 3acefannd Ilapaamenra,
HO C OUeHH KPaTKO#l pe¥nio: OH MONPOCHI 3aKPHTH OKHO),
Bappoy B 0HOCTA GHI 04eHb 6yitHEM UeaoBeKoM. Orer ero —
JIOHIOHCKHAA TOpPTOBeN MOJOTHOM — yOeqmicsd, YTo MyCKaTh
cHHa m3-3a OyficTBa XapaKTepa N0 KyHeYecKHM [ejiaM
Hellb35, U OTOPABMI ero YIUThCA.

Bappoy o6yualncsa pasHBM HayKaM, HO 6ojpIme Bcero ero
npmBieKna Teoiords. Ilo ero coGCTBeHHBIM clI0BaM, XOJ
MHICJeH, onpefeABIAA ero NalXpHEAAR MyTh, GBI TaKAM:
«9ro6H 6HTH XOPONIEAM TEOJOTOM, HAA0 3HATH XPOHOJO-
THIO. . .»

Uness o ToM, 49TO XPOHOJOrHA — 0YeHH BajKHasd HaAYKa,
GBLTA 1A BCEX B TO BpeMsa oYeBHIHOM, He oGomia oma m Helo-
tToHa. U cefivac HeKOTOpHle MAaTeMAaTHKHW, BEPOATHO, BCJeN
3a Bappoy m HrloroHoM, xors B me B Araud, a B Mockse,

*) Khovanskii A. G. The Geometry of Formulas // Mathe-
matical Physics Reviews.—N. Y.: Harwood, 1984 (Soviet Scientific
Reviews, Section C.), — Vol. 4.— P. 67—92.



ocTpo mHTEepecylores npobiemama xporosorad  (14). Heoron
0Y6HD CePLe3Ho 3aHmMajics XxpoHogormeii [{pesmero Krmmra.
B meit 6mua caemyiomas mpobxema. Hceropmdeckmx csmpe-
TeIBCTB, OTKPHTHX K TOMY BPeMeHH, HAKOIWIOCH YIKe CTOIb-
KO, 9TO OHO HAKAK HE COTJIACOBHBAIHACH ¢ OGEOIEACKEME CpoO-
KaM# coTBOpeHHs Mmpa. [Ipome:kKyTox BpeMeHH, OTHYIMEH-
g no Bm6nmm Ha Bce wejiopedecTso oT Hos mo poskaecTsa
Xpmcrosa, scero 2348 mer, a GapaoHOB ® TEHACTAHA MHOTO,
@ BCe He yMemaoTcA. HBOTOH mmcasn coenmmalbHEE TEKCTH,
B KOTODHX IpeJjaraics HeKOTODHI BHXOJ W3 3TOT0 3aTPYA-
permsa. On games B Bubamn gapaoHa, AMsA KOTOPOTO HaYAHA-
ercs ¢ 6yxsu C (Cecak), a y 'epogora ynmoMsHyT gpyroi ¢a-
paoH, ¢ IPYTHEM, IpaBja, AMEHEM, HO TOKe Ha C (Cezeoctpuc,
renepp HasmBaemuid Cerypcer). Bor Hrorom m mpegmrosxan
CYATATH 3THAX ABYX apaoHOB OHEM, HCIPABHAB COOTBETCTBYIO-
maM 06pa3oM [PeBHEETANEeTCKYI0 XPOHOJIOTHIO (COKPATHB €e
pa 2000 aer — BmOJXHE B [yXe COBPEeMEHHHX MATeMATHKOB).
Ho, mo-BAfEMOMY, B 3TO BpeMs co3peBajtd m Gojiee HayIHEIE
MogXogH K 3TOMYy BoIpocy. Bappoy, HampmMep, TIpefmojaral
ACTIONIb30BaTh CBHEAETEALCTBA O 3aTMeHHEAX. U mosromy oH
rosopaT: «4ToGH GHTH XOPOIIUM TEONOTOM, HAf0 3HATH XPO-
HoJIOTHI0, KOTOpad TpeGyeT 3HAHHAS ACTPOHOMHM.»
3HaKOMCTBO ¢ AaCTPOHOMHEH B CBOIO odepeghb IPHABEJIO
Bappoy K reoMerpgd. Jro cBA3aHO C ABYMA OPAYMHAMH.
Bo-mepBEIX, Hafo TeIeCKOI HABOJAWTHL HA 3BE3[H, a BO-BTO-
PHIX, TeJECKOI Halo fiedaTh, T. ©. IindoBaTh AJsl HETO JHAH-
an. Hagamo mearenpHocT:H HbloTOHA TOME CBA3AHO C acTpo-
gommeii. OH m3roToBEN mEepBLl pedaeKTOP: 3ePKANBLHHA Te-

necxon (15).
Bappoy Hauajg ¢ TOro, 4T0 OTKDHI CBOI 3HAMEHHATYIO

dopMyny SUH3H 7=ri1+712-’ KOTOpYI0  Temeps  IIpo-
xomAT B mKonxe (6es ymommmamms wuveHE Bappoy). Urobm
BHBECTA 3Ty $OpMYydy, Hafo yMeTh IPOBONHATH KAaCATeJIbHEIS
K JAm3e, ACKATH TOUKH NepecedeHdms GeckoHedHo OaA3KAX
“HOpMaJIeid, aHAJIA3EPOBATh NOMyIaomuecss PoKaJLHEEC TOIKH,
Tax Bappoy 3aHaicsa reoMerpmei.

Ho um3HEL y Hero, Hafio CKa3aTh, OHJIa 09eHB TAKeJIad,
TaK Kak B AHTINE B TO BpeMsa GHJIA elle 0YeHb CAILHH He-
pe:xxaTKE feoganmasMa, TaM MeHANACH JHHACTHAN, IPOMCXO-
AWAA PEBONIONAH, NIOAY NOABOPTaJAch IPECIefOBAHHAAM 34
pesuruosHsie yGexgeHAsA (B TO BPEMS 9TO CYMTANOCH BIOJHE
MONYyCTHMEM faké B CAMHX IHBEJA30BAHHEX CTPaHaX).
Penmrmosnsie mpepcrasiiernss Bappoy mHe coBIAfaJHd ¢ TeMH,
KOTOpHe B TaHHGIA MOMEHT rocmomcTBoBanm B Amriamn. Iloa-



TOMY éMy Hajo GOm0 Kyfia-HmGymp oTTyma yexath, W o oi-
npasmica K ['poby I'ocmomaI0, 9T00BI 3a0AH0 BCE IPOBEPHATH
Ha MecTe. Ho Bo BpeMs myremecTBas Ha uxX Kopalab Hamanm
oEpaTH, #, XoTa Bappoy, eAWMHCTBeHHHNA H3 HACCAKUPOB C
MEY0M B PYKaX IPHECOSAMHABIIWHACH K KOMaHAe, OPHAHSI yda-
crae B abopaa:kHoi GATBe W mApaTOB mOGemmi, Mo Head my-
TemecTBHsA oH He nobpatucsa. Bappoy 6naromony4Ho BepHYyJICA
B ARrInio, B KOTOPO# K TOMY BpeMeHHA CMeHAJACh JAHACTHAA
u penarmozHasg obcramoska. IlosToMy oH cMor moJyYuTh
Kadenpy, ocmoBaHHYI HekmM Jlykoir (lempm Jlyracom),
3aBeNIaBIIAM JeHLTE HAa OPraHAsamuio KadegpH MaTeMaTAKH
B Hem6pnsxe. Bappoy, usydmsmuaii K ToMy BpeMeHA reoMeT-
pHio, HadaJ YATATH TaM JeKI@:A mo MareMarake. HeoToH O8I
TOTHA CTYAeHTOM-BTOPOKYPCHAKOM, OH, IO-BHIUMOMY, CIy-
maJj 31a aexnud. Jleknnu Bappoy GHuE BHOCTIeCTBAN BA3Ma-
HH, OTHY u3 ero Kgur B 1673 rogy kynan Jled6ran. JleiiGann,
mpaBfa, TOBOPHAJ IOTOM, 9TO OH PefKO BHAAE] YejIoBeKa HJIH
KHATY, W3 KOTOPHIX OH He MOT OH chejaTh KaRrROTO-HAOGYIB
ynoTpe6aennsn, Ho KEUTY Bappoy mocraBmin Ha IOJAKY # He
qATall. -

Yro e comeprranocs B AeKnmax Bappoy? Byp6aks namer
¢ HeKOTODHM IIPe3PEeHHAEeM, 9TO B €T0 KHATe Ha CTO CTPAHMAIL
rexcra mpaxoaures okomno 180 wepresxeir (16). (O xm@rax ca-
moro Byp6akm MOMHO CKasaTh, 9TO TaM Ha THCAYHA CTPaHMAIL]
He OPHEXOAATCA HEA OFHOTO YepTe;ka, W He COBCeM HACHO, UTO
xysxe.) U m3-3a o6@nmsa sTAX depreskeil, mo MueHA Bypba-
KH, HAKTO HE 3aMeTWJI TOTO, 9TO COAep’Kaloch B 3TOH KHHATE,
TaK KaK BCe ee CcolepyKaH@e HAXONWJIOCh B TeOMETDHISCKOM
o6mmumn. B 210l KHATe He BBOJHMJIOCH HOBHX TeDPMHHOB H
OOHATHMH, TaM He Ohin0 Hn QYHKOAA, HA OIPOA3BONHEIX. B oc-
HOBHOM OHA OBLIa IMOCBAMEHA PAa3BATHIO ONHOTO €JHAHCTBEH-
HOTO NPHHOUIA, A3 KOTOPOTO OBLIO BEIBEIEHO O0YeHH MHOTO
caencrsaii. [[pgEAD 5TOT 3aKIIO9aeTCA B TOM, UTO MOKAY
3aJlayaM@A O KAacaTeJHHHX @ 3aJadaMd O ILIOMAAX HMeeTcs
IBOMCTBEHHOCTH *).

Jra mBOMCTBeHHOCTL MO3BOMAET HAM BCAKHAH pa3, KoTrha
pemeHa Kaxas-EmOydpr 3afada O KacaTeJbHHX (MH 3HaeM,
KaK IIPOBECTH K HOKOTOPOH KPHBOH KacaTeIbHYIO HJIH BH-
9ACIATE HOJKACATeNbHYI0O, HOPMAaJdb A T. .), PENIATH CO-
OTBETCTBYIOIIYIO 3aa1y O IJOIMafsAX, B KOTOPO# 5Ta KpuBas
Gyner orseroM. B faBoiicTBeHHO# 3amade pevs HAET O MJIoma-
OAX o[ APYroil KpEBOH, KOTOPYIO MOKEO NOJYIATH A3 IepP-

*) W3 coxpanupmmxca Gymar HblorToHa BHAHO, 4T0 OH 3HAX 00
3TON [BOHCTBEHHOCTH Y:Ke B 1665 mim 1666 roxy, BOSMOMKHO, He3aBH=-
ceMo ot Bappoy.
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poit reomerpauecku. Taxam o6pasoM, 5Ta KHETA PaKTHIECKHA
geia mocsamena ¢opmyne Heioroma — Jleit6amma, wero
Bappoy 3HaTh He MOT, TaK KaK Jel0 IPOMCXOJHJIO JeT Ha
[BAALATH paHBII® HX IePBHX nybamxanmit. Bappoy BuBOgMN
@3 3TOT0 OPHHITANA TaK:Ke B CJIeICTBUA, KOTOPHE IIOpOH 3a-
XOIAIA AOBOJLHO MajeKo. HNCIM TOCMOTPETH BHAMATEJHHO,
TO MOYKHO OGHADY)KHUTH [Ba OCHOBHEIX TAKHX CJEJICTBHA.
C ogHO#X cTopoHH, 3T0 GopMYya 3aMeHEI IePeMOHHHX B OIpe-
[eJeHHOM HHTErpaje, a ¢ APYrod — MHTETPApPOBaHHEe OGHIK-
HOBEHHHX Mnd¢depeHNAaNIbHHX YPaBHOHHAH ¢ pasfelasalma-
MHCH TepeMeHHHMH. [IpmdeM B KoHNe, Ho#dasa [0 TEOpPeMEH O
3aMeHe IepeMeHHOHX B mHTerpaie, bappoy mobaBiaser, d9ro,
K COKAleHHAIO, OH OTKPHII 3TOT PaKT OYeHHL HMO3JHO, a eCIH
6Hl 3HAJI €TO PAHBINE, TO MEHOTOe B IPEIBIYIHEM TEKCT® MOKHO
65110 68 ynpoerats. Ho us-3a toro, aro y Bappoy Toke 6xmo
MHOTO APYIAX M€J, OH 3THX W3MEHEeHHH B TeKcTe He IPo-
B3BeJ.

Kunra Bappoy medicTBuTensHO YATaeTcHd ¢ 6OJBIIAM TPY-
mom (17), m Hemapom rosopmr Bypb6akm, uro, He pasbmpas
syt 180 uepTemkeit, noHATL B Heil Eudero Hexb3a. Ho Hsio-
TOH cJyIal JeKIA® DBappoy W IO3TOMYy BCe NOHAMAI #
npexpacuo pasb@paicA B COlep:HABWA KHATH. Bo MHOTEX
cIyuafax oOH [aske YIOPOIMAJ HNJIA yJIydmaJd H3JI0KeHHe,
o 4eM Bappoy, 4enosex Kpaiime nobpocoBecTHHI, coobman
YATATENI0 B COOTBETCTBYlomeil ccrinke. Ho raasHmX myHK-
toB — gopmyasl Hseioroma — Jleii6amna m pemeH:As ypas-
HeHU# ¢ pa3meJAIINMACHA HepeMeHHHMA —3Ta HoMoms Hulo-
TOHA COBEpIIEHHO He Kacaercsa. JTo 3aciyra camoro bappoy,
u He0TOH Ha 3TH OTKPH THSA HOAKOTJA He IpeTeHgoBaJ.

Bappoy, 3aMeTdAB TakKoro cmocOOHOTO YYeHHKA, KOTODO-
My B 27 JeT yke IpHHANJIEMAA0 HECKOIBbKO IIyboKEX OT-
KpHTHHA W B yJIy4IDIeHAA TeIeCKONa, W B OUTHKE, W B reoMe-
TPHE, CYeJ, YTO CaM OH YK CIWIIKOM CTap JJA TOTro, YTOOH
3aHAMATL CBOI0 Kade[py (eMy Gbino 39 yeT) m pemml mepeidTn
HA A[E0JOTHICCKYI0 paboTy, a Kadeapy mepenars Heworomy.
Bnocnepcrsum oH CTOJNKEYICA ¢ Gonpmod TpymHOCcTHIO. emao
B ToM, 9To Bappoy EMe] caH CBAIIEHHOCIY;KUTENS A TOJIBKO
fraromapsa 3ToMy MOTr IOCTOAHHO 33aHUMaTh A Kadenpy.
B re manexme BpeMeHa MOCTOSHHO 3aHMMATh Kadenpy, He IpH-
HAB CBAMEHHEYECKOro obera, Obuto Hepo3Mo)kHO. HeloToH
He XOTel NpAHEMATH 00erT (X0Td eMy oGemaju JeKaHCTBO).
Tem camuM HreloTom He Mor octaBaThcsi Ha Kadempe Hem-
6pmmxa 6onee, uem cems mer. Ho Bappoy 6ua BrasreasHbIM
de0BeKoM W, HokmHYyB HemGpwmx, caesanca B Jlommome
IpPAABOPHEIM HpomoBenHAKoM. [losTomMy oH cMor pmoGurhea
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ana HepoToHa cuenualpbHOTO paspemeHdAs OT KOpons B Io-
panke mckaouerns. Tak Hroron coxparnu kadeapy B Hem-
OpamKe ¥ OPOJOJIKAJ TaM CBOI OYeHH IJOJOTBODHYIO JIes-
TEJIHHOCTH.

§ 10. Pagm Teiinopa

Nrrerpmposanme BcTpedaeTca Yy:ke y ApxmMena, audg-
pepernmpoBanme — y Ilackama m DepMa, CcBA3D MEKIY
ob6emMu omepanuaMm Ghsia @3BectHa Bappoy. UTo ske cuenan
HroTor B amanmse? B uemM ero ocHoBHoe MaTeMaTHIeCKOe
orkpeitne? Hpoorom m3o6pen pagu Teiimopa — ocHOBHOe
opygue aHaJ®3a.

KoreuHo, TYyT MOsxeT BOSHAKHYTH HEKOTOPOe HEJOyMeHHe,
cBA3aHHOe ¢ TeM, uro Teinop 6ma yuermkom HrloToHa 1 co-
OTBETCTBYIOIIAaA ero padora orHocHTCca K 1715 roxy. MoskHo
make cKasaTb, uTo B paborax HeiorToma pagos Teisopa Bo-
o6me HeT. ITO BEPHO, HO TONBbKO oTIacTH. Bor uro 65110 CHie-
JaE0 Ha caMoM fexe. Bo-mepsux, HrioToH Hamies pasioke-
HAA BCEeX JJeMeHTapHLIX (YHKOHAA — CHHyCa, 9KCIOHEHTH,
gorapadMa ® T. I.— B psAAH Teiimopa m TakEM o6pasom y6e-
AUJICHA, YTO BCE BCTpeYalmuecs B aHaJm3e QyHKIHAH pasja-
raloTca B CTeNeHHHEe pAfb. JTE PANE — OJHAH M3 HAX TaK
7 HasmBaeTcs gopmynoir 6mHOMa HploToHa (mOKasarens B
aTo# (Qopmyie, pasyMeercsa, He o0a3aTelIpbHO HATypaJbHOS
YECI0) — OH BHIMACAJI W IOCTOAHHO WX HMcmoib3osal. Helo-
TOH CHpaBelJIABO CYMTANl, YTO BCe BBHIUMCICHUA B AHAIU3O
HaJgo0 OPOBOJATH HE IyTeM KpaTHEX gaAPdepeHnmpoBaHUi,
a ¢ mMOMOmbBI0 pa3nokeHd# B cremeHHse pagsl. (Hampmmep,
dopmyna Teiimopa cIy:KHia eMy CKOpee NI BHIACJICHHAS
IPOM3BONHBIX, 9YeM [JIs pasloKeHAs (QYHKOAR — TOIKa
3peHns, K CO’KajeHWl, BhiTeCHeHHAd B IpENoJaBaHEA aHA-
A73a TPOMO3IKAM anuapatoM. GeckoHeIHO Manux JleiGrmna.)
HsioTor BEHBEI aHAIOrAUHYI0 pany Teinopa GopMyly B HC-
YACIeHNM KOHEYHHX pasHocTedl — ¢gopmyny Heiortoma, m,
HaKOHeI, y Hero ecTh m cama gopmyna Teiimopa B obmem
BHe, TONBKO B TEX MeCTaxX, Tjie JOJIKHEL OnTH QaKTOpHAlN,
CTOAT KaKHe-TO HeBHIIHCAHHEE SABHO KOd(PPHIIACHTEH.

HpioToH MOT cKa3aTh, KaKAe TaM NOMKHE OHTH Kodddu-
mueHTH *) (Bemb B dopMyle 1Ja KOHETHHX pasHocTeit daxro-
pHEaJEl OH IOCTABAN), HO He MOCYATAJ HY)KHHIM STO CHeJIATh.
BepoaTHo, Ha 3T0 y Hero 06HIa HCEXOJOTAYeCKAs NPHIWHA.

*) B coxpanmsmmXxcsa 6ymarax HbeoToHa pAj BHIONCAH HOTHOCTHIO
(7 6maromaper A. Il. IQmkesmay 3a ary mudopManuio).
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Jleno B ToM, 9ro BeqmyEHE Aas HeloToHa He Grimm aGerpaxt-
HHIMA 9ACJIAMU, 4 AMEJHE KaKyIO-TO (QHE3AYECKYI0 CYMHOCTS.
Ho Bce senmamnn h" B fopmye Teitnopa amMeoT pasanie pas-
MepHOCTH, H, 4To6H Bce OO0 B HOpsAKe, mepen Karkmoi
NOIKeH CTOATH Kod@umEeHT ¢ COOTBETCTBYIOMmEH pasmep-
gocThio. Ho Torma B Apyroi cmcreMe eguHAN K0dpPummeHT
tojKe NOKeH OnTh aApyraM. ExmHOA cHECTeMH egumui; B TO
ppeMsa He OHIO, efWHANH H3MepeHHAs MeHAINCh OT CTPAHSBI
K cTpaHe # Jaske oT rpadcerBa K rpadersy. Ilosromy pasmep-
ghie K03(@PAIAeHTH IpeqIoYATaI® He yKa3sBaTh B dopMyin-
pOBKaX 3aKOHOB, a TOBOPHJHA IPOCTO O MPOIOPHAOHANILHOCTH,
Kak, Hampumep, B 3akoHe 'yka: «sIKo ynnaHeHAS, TAKO A CATIA be
Ecnm dpopmyny Teitnopa Toxke 3ammcaTs B TaKoM Oe3pasmep-
HOM BHfe, TO GaKTOpHaJH NPONAaAyT B IOJYYHATCH, UTO CJa-
raeMsle B IpApameHAn QYHKOEM NPAMO NPOMOPIAOHAJLHEL
n-d NPOHM3BOJHON M n-ii cTeNeHM NPHUpAIeHAd apryMeHTa.
KosdpdrmuenT mpomopmHoOHANHLHOCTH IOCHE ITOTO KarKIEIH
MOKeT HAATH caM B 3aBHCHMOCTH OT TeX €I@HMAIN, KOTOPHIMHA
OH IOIB3yeTcHd.

B dopmyne HooToEa mcudAC/ieHMS KOHEYHHIX pasHOCTEH
paxTopHadbEEe KodpPEIMeHTH moToMy OHLIE BHIHECAHH
ABHO, 9YTO B YTOM clydae eJUHNIA A3MepeHUs (EKcApOBaHA
peI6OpOM mHara pemeTxkdA. ['poMosnkme o6o3HaueHHA crap-
mAX OPOM3BONHEIX Io Jled6HANY ymo6HRE AMEHHO TeM, 4TO
aBTOMATHYECKHA YYUTHBAIT Pa3MepPHOCTH, TaK IT0 OpMYJIH
BHIJIAOAT OFWHAKOBO HpPH M0G0 cmcTeMe eTWHUI.

CBoZx OTKpHTHA B o6nacra amaansa HrloTon He ony6am-
xoBanr. OH TonbKO coobmun Jlefi6HANyY, 9TO yMen «cpaBHHA-
BaTh NIOmMagd JoOHX PATYp 3a IOJOBAHY YEeTBEPTH dacay.
He 3maM0, focTATaeTCs MM 3TOT YPOBEHDL BIAJEHAS AHAIA3ZOM
COBPEMEHHEIMA I EePBOKYpPCHHKAMH.

§ 11. Jleii6amn

I'oBops 06 mcToprw aHANA3A, HEJNB3A HE CKa3aTh HECKOIb-
Ko ciaoB o coumeprmke Heorona — Jlei6Hane.  Hsorom
9pe3BHYAHO CePHe3HO OTHOCHANCH K IPUOPHUTETHHM BOLIPOCAM.
OH moBOJXBHO PaHO CHOPMYIMPOBAT TAKOW NPAHITAN: KasKIbLH
9eJI0BOK MOJUKOH OMHAKEH CAeJaTh BHOOp — JamGo HAYETo
He myOJAKOBaThH, MU60 MOTPATHTH BCIO KHA3HL Ha GOpPBOY
3a coit mpmopurer. [lna ce6s HeoToH, mo-sagumomy, Toske
OpUHAJ IO 3TOMY LIOBOAY pemeHde, BHOpPaB @ To, W JApyroe.
Ox, BO-mePBHIX, OYTH HAYETO HE OMYGAAKOBAI, a BO-BTOPHX,
moCTOAHHO 0OpOJNCA 3a CBOH I PHOPATeT.

Yro KacaeTrca H306peTeHWs aHAJW3a, TO 37ech IEPBHeE
ny6nukanen npmHagae;kar Jlefi6HAmy, rosopmBmemy, dTO
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oH paspabortas cBoe guddepeHnmaIbHOe W UHTETPANBHO®
mcumcaerae mesasucaMo oT Bappoy m Hsioroma. Tem me
MeHee JUCKycCHs 1O TOMY HOBOAY Ppasropejachk HACTOABKO
6ypHas, 9TO B pe3ylibraTe BOSHHKIO MHeHHe, Uro Jydmre
V3K -BoOOme He OTCTaWBaTh IPHODHTET, WM BECTH TaKHe
JHACKYCCHH, )

Torppun Buasrensm JleiGaun (1646—1716) 6u1 mammo-
MaToM MaitHIIcKOTO KypdopcTa *), mocaanHEM umM B 1672 roxy
8 [lapmx B oueHs TAKENOH 06CcTaHOBKE. B TO Bpems Dpannms
yxe GslJa oObeguHeHHOI, abcomoTHOR nep:KaBod IOA BJa-
crei0 Jlomosmka X1V, upespwuafiHO CHJIBHOW B BOGHHOM
OTHOIIeHNH, a ['epMaH@s OuJa pa3gpobIeHHOA @ He MOTIa
HAYero IpOTHBOIOCTABATH BoeHHoii Momm Jlromosmra XIV,
YpE KaBaJepHiicKme KOPIyca MOTJHM HPOKATATHCH IO BCeH
TepMaHWW 33 CYWTAHHBE NHE # dacH. Hemnsl 9Tor0 OYeHb
omacalmlch W XOTead HaiTH KaKoi-EmOydahr BHx0[. JlefA6HmM,
¢ DpUCYMAM eMy AHIIOMAaTEYSCKEM yMeHHEM, W306pen Me-
Tox cnaceHmA ['epMaEm@m 0T (PAHIY3CKOTO HAUIECTBHEA B
6ra mocan B IlapmsK A7 OCyIecTBIeRAs 3Toro miaHa. Me-
ton Jleii6EuIa COCTOAN B CAeTyHOMEM: OH XOTeJ HOACYHYTH
Jliomosuky XIV npoekr sasoesammsa Krumra. Jleit6amy co-
CTaBNJI COOTBETCTBYOIMWA NPOGKT M JEeHCTBATENLHO BPYTHI
ero ¢ppaHIy3cKoMy npaBuTeabcTBY . (DpaHIy3cKOe HPABATEIb-
CTBO uepe3 HEKOTODOe BpeMs IIPOEKT peajmsosaixo. IIpo-
A3011JI0 3TO He 04eHb CKopo, y#ke np:a Bomamapre, HO IPOeKT
BocxoauT K Jleii6HANY.

Xota Jliogosnk XIV m He peasmsosax mpoexr JleiiGHana,
noe3nka B [lapmxk e 6sima GecnonesHoi. Jlefi6ran TaM T03HA-
kommiacg ¢ LoiiregcoMm. ['ofireHc GBI TOJMIAHICKHAM YIeHBIM,
a0 B 1666 rogy 6ma mparmamen so @pamnmio, 9T06H CTATH
mepBHM mpencemaTeaeM Axagemma. Boocaexcrsmm, Korga
moce orTmens Harrckoro spakTa 8o D paHmmna B0306HOBAIHACH
ImpecleoBaHMsA 3a peIArHo3HHE y6emmeHns, eMy IpHm-
JIoCh BepHYTHCA B [onmaHA@io.

Or Twiirerca JleA6Hun y3HAJ 0 CYIIECTBOBAHHH OY€HB
MATepecHbX MaTeMaTHaecKAx pabor. JIefGHAN ¥ paHBIIe HH-
TepecoBaJCA MaTeMaTHKO#, IIOTOMY 4TO BCerja MHTEpecoBaJ-
¢A BCAKEME OGIMME BemaMid B EMe] BCAKES ofmue men **).

*) Bopoma 3a Mup u JuOEpaIbHOTO OPABHTENA, JajkKe OTMEHUBIIETO
B CBOeM KHMKeCcTBe C/HUTaHHme BelIbM.

*¥) Mex gy opounM, JlefiGHuny OpadanIe AT nesnCcoCTaBIeHHEIH
mo mopydermio Ilerpa I mpoekr Hamedt ARaxeMun Hayx, mw — raxxe
mo mopydermio llerpa I — 1pOeKT MepeCTPOKM PyCcCKOTO CyjlOUPO-
HA3BONCTBA W TpeBpalieHUsAs Hamlero rocy/aapcTBa B IIpaBoBoe.



HanpuMep, oH cauTal, 9TO HaJO OGHEWHATL BCE PEIHUIVHAj
eCJIE BC® He yJacTcsa, TO MO KpadHed Mepe BCe XPHCTHAHCKHE,
eCIE ITPABOCJAABHEE HE COTIJAINAITCA — XOTA OB KaToIm-
KOB H IIPOTECTaHTOB, Hy a €CJHA A 3T0 HEBO3MOKHO, TO 00be-
IAHATH X0TA Obl BcexX mporecTarToB. IIpaBpma, m aro emy He
yIal0ch, XOTA OH W NpPWJIArajl BCe YCHJIMA.

Touno Tak ke JleOHAN CUMTAN, 9TO HAMO OTKPHTH TAK
HA3HIBAEMYIO XaPAKTEePUCTHRY *), HedTo yHHBEpCaJbLHOE, ITO
COEMHAT BCe B HayKe W OyHeT comepsxaTh B ceGe BCE OTBETEH
Ha Bce Bompock. Ou m m306peTan
BCEBO3MO)KHEI€  yHHBEDCAJBHBIE
OpHeMHl [JIg pemieHAsa BceX 3a-
nad cpasy **). Hanpumep, om
E3TOTABJIABAJ BHYACIATENILHEE
MammEel  Beaen 3a  Ilackamewm.
(B oramame ot apmdmomeTpa
IMacrkanxs, apudpmomerp JleiiGum- vacamenwas
0a yMeJ eme HM3BJEKATh KBaj- N A\ waomans
patHH# Kopens.) Cam apm¢mo- ; <
MeTP He COXPAHMJICH, HO JI0 HaC . ikacameionas nodwopmans
MONITH CBHAETENHLCTBA O IOE3JKe
JleiGrnna B AHIAMIO, IA6 OH 1€~  Pyc. 8. MnpuHATE3MMANbHELH
MOHCTpHpoOBajJ ero paboTry Opm- Tpeyroasmmk Ilackansa m pas-
ragckuM yueHnM (Iyr TorHac amanble GyHROEN
e YIYIIIHI er0 KOHCTPYKIIAL ).

Nrak, Mmatematuka JleitGuANy o9eHs HpaBAJACH, OH XOTEA
o0beIAHNTL BCE ©¢ MeTONH, W ['I0WreHC MOCOBETOBAJX €My
n3yanth Ilackana. Jleii6HA pasnobunx y HackemHEKoB Ila-
CKaJIf ero NHChMa ¥ B3aOACKA (BHOCHEACTBHH yTePAHHEe)
m gamea y [Tackama KapTHHEKY, Ha KoTopoil 65l M300pasken
3sHaMeHUTHIE pEddepeHIAaIPHENA TPEYroAsHEK (pmc. 8).
K sromy Bpemenm Jlexaprt, Pepma, Ilackans ymennm padde-
PeHIEPOBATL MHOTOUIEHE A 3HAJA, KAK IPOBOJATEL KaCcaTeNb-
HEIe K ImapafojaM BcexX cTenmeHeidl, a ¢yEHmaMeHTaInbHHIH Gec-
KOHeYHO Majhi TPeYTONBHHK YiKke SBHO NPHUCYTCTBOBAJ B

opdurama

\ K}

*) A. H. apmus pa3bsacHON MHe, 9TO (XapaKTepmcrura» Jleitd-
HUI[A [0 CYDIECTBY COBHIAajaer ¢ «HyMepanweil I'émelis», Ipm OoMoUm
KOTOPO# NOCTefHMHA [OKA3al HeNOJHOTY BCeX HOCTATOYHO IMOJHEX
Teopmii, OmpPOBEPrHYB TEM CAMEM JelHOHUNEeBCKU-THILOEPTOBCKYIO
oporpaMmy QopMalm3anuym MaTeMaTHKM.

*¥) «Xopomee HACIefCTBO Jydme caMoil KpacHBOH HpobaeMsr
reomerpun — wucalx Jle#ibuun Jlommramio,— Tak KaK OHO Wrpaer polb
o0mero Meroja M MO3BOJAeT PemINTh MHOTO OpoGaem» (18).

CcHJIKA Ha WAeI0 YHHBePCAJBHOCTH He OODABRHBAET NWHM3MA
srofi myrku JleliGuuma: mogoOHas KomyHCTBeHHAsa ¢pasa ObuIa OH
HeMbicTuMa B ycrax Bappoy m paske HbroroHa.
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paborax Ilackans. B paborax npyrax reomerpo — I'ioii-
rerca, Dappoy — Tak:xe (UrypaApoBaim MHOTOYHUCICHHLIO
00'BEeKTH, CBA3aHHbE C aEHOH KpmBoit. Ha pmc. 8, Bampamep,
AMEITCA TaKHe BeJHIMHR: abcmucca, opfuHaTa, KacaTejibHad
(oTpe3or KacaTeapHON OT ocH alCHmECC [0 TOYKHW KacaHHA),
HaKJOH KacaTelbHOHW, NJomaAp KpHBONWHeHmo# Quryps,
mopxacaTeJibHasg, HOPMaib, TONEOPMans # T. 1. OOnuHO BCE
9TH OOGBEKTH pacCMaTPpWBAJACH IO OTAeJAHLHOCTH. Dappoy,
K NpUMepy, BHBOAWJI COOTHOIIGHHA MEK]Y IOTHOPMAJBIO
W DOIKacaTeJbHOH IPA NOMOINY HOBOA KPWBOM, PUCOBABIIEi-
cd B HOBO# mnIOCKocTA. JIe#6GHWI, CO CBOWCTBEHHHM &My
CTpeMJIeHNEeM K YHABEPCAJbHOCTH, PEIIWI, 9TO HALO BCE DTO
paccMaTpuBaTh egAHBIM o6pa3oM. [lasa 3TOTO OH BBEJ eNWHHIA
TePMUH AJA M060i W3 BeJIAYWH, CBA3AHHMX C JAaHHOH KpH-
BOH, ACHOJHANINAX 0 OTHOMGHAI) K JaHHOH KPABOM KaKyIO-
BEGYp YHEKIHI0, — TepMuH QyHKrua. [Ipumepamn ¢yEKIHIil
OBLIA BCEe BeJMYUHBI, BCTpedajommecsa Ha puc. 8. Hampummep,
abcmmcca, oppmEATa, DOTHOPMAJib, HOJKACATeJbHEAS H T. [

Taknm o6pazoM, mo Jle#ibruny ¢ Kpusoil Obli0 CBA3AHO
MHOTO ¢yEKnmit. ¥ HproroHa 6bla npyroi repMud — ¢(IrodH-
Ta, 03HAYaBIINHA TeKYINas BejIMYWHA, MEePEeMeHHAd BOJIUIAHA,
W CBSA3aHHKA TeM caMbiM ¢ asmxeHmeM. Ha ocHoBaHUm m3y-
gerns [lackans u cBomx coGeTBeHHBIX paccy:kmeruni Jlerbamy
NOBOJBHO OBICTPO pa3Bua (opMaJbHHIMA aHAJHA3 B TOM BHJeE,
B KOTOPOM MHI €T0 ceiidac 3HaeM. To ecTh B BHOE, COOIAAILHO
OpucHoco6JieHEOM [ o6y4eHWs eMy JIIofei, KOTOpHe ero
coBceM He mommMaioT. Jlei6mmm mmcam: «Ilmoxas rtoJosna,
06Jaias BCIOMOTATEeNHHHMA IIPEAMYINSCTBAMH, . . . MOJKET
IepemoroJsaTs CAMYI0 Jy4llyw, mogoGHO TOMy, KaK pefeHoK
MOKOT IPOBOCTY II0 JHHEAKEe JNHUI0 JYIe, 1M BeJin1a i
macrep oT pykm». (G uh ra uer, Leibniz’s deutsche Schrif-
ten, Bd. I,S. 377—381). @opmanpure npasmia omepApoBa-
HAfA ¢ 66CKOHETHO MAalIEIM¥, CMbICJ KOTOPHIX HesCceH, JleilHary
NIOBOJABLEO ORICTPO YCTAaHOBHJI.

Cuooco6 y JleiaGanna 6o Taxoir. Om cuurali, 9To BCA MA-
TeMAaTHKA, TAK jX6 KaK W BCA HAYKa, HAXOQUTCA BHYTPHA HAC, ¥
C DOMOmbI0 OFHOM (hAIOCOPUE MOKHO OO BCEro JO/yMaTheCd,
eCJId BEMMATeJIbHO MPUCAYNIATHCH K HpOmeccaM, IPOACXOJA-
muM BHYTPH Hamero pa3yMma. TaKuM MeTOIOM OH OTKpPHIBaJ
pa3nUuHBe 3aKOHH W HWHOTAA O4YeHp ycmemrro. Hampumep,
OH OTKpHLI, 9T0 d (z -+ y) = dz + dy, w 910 3aMedaTeabHO®
OTKDHITHE HEMEIJIeHHO 3aCTABUJO €r0 3aJ[yMaThCA O TOM, YeMy
yKe paBeH auddepeHNEan Ipom3BefeRus. B cooTBeTCTBHH
C YHABEPCAJBHOCTHI0 CBOMX Da3MHIIJIEHAA OH OGRCTPO HpH-
mex K BHBOJY, 4To nuaddepeHmuapoBaHAe — TroMoMOpPHE3IM
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KOJBIA, T. ©. UTO JAOJUKHA WMeTs MecTo gopMyna d (zy) =
= dx-dy. Ho 4depes HeKoTopoe BpeMs 0B y6enuics, ITo 5TO
IPUBONAT K KAKAM-TO He NPHAATHHIM CJISACTBUAM, W Hagle] mpa-
BAABEYI0 Qopmyny d (zy) = zdy + ydz, koTopas Temeps
Ha3eBaercs mpasuioM Jlefibmmma. Hukomy m3 mmnykrusHO
MBIC/IAIIWX MaTeMaTnKos — HM Bappoy, mm Heworomy, ko-
TOPOTO BHOOCIENCTRAA HASHBAJA OMOAPHICCKUM OCITOM,—
HAKOTZA OBl He IPHANLIA B TOJIOBY HepBOHAdYa bHAA THIOTE3A
Jleiibmuna, Tak KaK @M GHLJIO COBEDHIEHHO OYEBHIHO, IEMY
paBeH nuadPepeHNHEAT IPOH3BE[e-

HUfA, @3 NPOCTOM KapTHHKU (pAC: day 7
9). flcro, uTOo mpmpameHuwe mIOmMA"
fE UPAMOYTOJNBHAKA COCTAaBIAETCH

u3 Tpex cJaraeMBIX: ILJomajel IByx .
GeCKOHEYHO TOHKHAX IIPAMOYTOJbHHA-
KOB zdy # ydr m GecKoHEYHo MaJjo- = 7
ro 6o1ee BEICOKOTO mopsafmka dzdy, :
KOTODEIM MO:;KHO nperebpeus. Umesn
mepes TJa3aMHd TaKyl0 TIeoMeTpude-
CKYI0 WHTEpIpeTanuio, HAKAK He 3all0[03PUIIb, 9T0 WCKOMO®
OpEpameHne paBHO 3Toll npeHeGperaeMoir Benmumme. Ho
mns cxojacrta Jleiibmma Takof asrefGpamuecKmii xoj MbIC-
ne#d oveHp THNUIEH¥).

Puc. 9.
Dopuyna Jleiibumna

§ 12. Qnckycensa o6 m3obperenmm amaamsa

Hapo meckomsko cioB ckasaTs m o GesoGpasHoM cmope,
pasropesmemMcsa Mesxxny Helororom u JleiiGrmrmem moce Toro,
xak Jle#t6mmy B 1684 rogy omy6amkoBanm cBoe mcumciaenme
06CKOHeTHO MaJIHIX.

B resenne mpmmepEo mecaTd Jer Bce Ghi0 THXO M MEpHO,
HO moToM ydeHuknm Heworoma w Jleiifmuna mawamm cmopmts
0 TOM, Ue#l y4mTelsp HePBHIM NPHAAYMAJ aHaJM3.

Tepmur arnaaus ymorpeGiaen HrloToHoM B cMucre «<mc-
clefoBaEMey (KPABRX NDH HOMOIW CTeNeHHHX pPAJoB).
Hporom paccMaTpuBall aHaims KaK pasBATHE aHATATAIE-
CKOH reoMeTpmu J{ekapTa, KOTOPYIO BHCOKO T[€HMII.

Jlns cocTaBhTeNel MIKOIBHEX IPOTPAMM U YueGHUKOB Mo~
eT 6uTh HeGe3HHTepecHO, 4T0 HBOTOH BRIy 3ieMeHTH
reoMerpnd He mo EBkamay, Kak momaranocs (m mojaraercs,
B CYIHOCTH, O CHUX mop), a mo [{eKapTy — BO3MO;KHO, IO-
9TOMy OH # m300pea aHajms!

*) Jlefi6unn eme B 1686 rogy cumrall, 9TO0 ORpPYKHOCTD KPHUBH3HH
lepecekaer KPUBYIO He MeHee 4TeM B 9eThipeX CAMBINAXCA TOTKaX.



HeoToH TO3Ke mOBes ceGsi B 3TOH MCTOPHMM He JIyuliuM 00-
pasom. O cobpan Kommccmio, 3ajladeil KoTopo# Oniio paso-
6paThCA C BOIPOCOM O IPHOpPHTETe H BEIHECTH OKOHYATEIHHOE
pemenne. HpioTom K ToMy BpeMeHH OLIT y e mpesmeHTOM
Hopoaesckoro ofmecTtBa *), D09TOMy B COCTAB KOMHCCHH
A DpufaHuma eil Gosbpmiei GeCIpUCTPACTHOCTH OBLTH BRIIIO-
qeHBI, II0 €70 CIO0BaM, MHOTOYHUCJeHHbEE Y4YeHble W3 Pa3HEIX
crpan. HoMuccra paccMoTpena Boopoc o IpHOPHTETHOM cIope
g omy6amkoBana orier. OTueTy WHTEpHANUHOHANHHON aBTO-
pUTETHON GeCIpHCTPAaCTHON KOMHCCHE IIPEJINeCTBOBANH Ta-
gue caosa: «Hukro He MosKer GmTH caM cefe Cyabeir U CBH-
HeTeNLCTBOBATH IO cBoeMy fexy. Tarol cyaba GymeT cyabeit
FellpaBeIHbIM, B OyAyT HOOpPaHH 3aKOHH BCeX CTpaH, ecld
KTO-TO GyJer HoIymeH B KadecTBe 3aKOHHOI'O CBHJETENs IO
csoeMy coOcrperHOMY Hexy.» Jlamee muer ompapgamue Hpio-
toHa ¥ oOBHHeHWe JleiiGHHI]a B HeoGOCHOBAHHBIX IIPHUTA3A-
HUAX Ha HeonyOiwkoBaBHbIe HploromoM pesynbraril.

Bnociiencrsum, mocme cmeptE Hpioroma, w3 ero Gymar
BRISICHHIOCH, 9T0 Hp10TOH pyKOBOgMII cocTaBiieHHeM OTIeTa,
¥ DaTeTA9ecKoe oOBMHEHUE HEIPAaBeQHOI'0 CyAbd ORJIO HAIH-
CAHO JINYHO UM, a (MHOTOUHCJEHHBIX yUeHbIX» He U3 AHTIHHU
ObLI0 BCEro ABOE, M JHWIOL ONWH W3 HUX OBl MAaTeMAaTHKOM.

OcraBasas 3Ty TPYCTHYI0 HCTODHIO, B3 KOTOPOH MHI BCE
JOJIKHBI eJaTh BEBOJE 0 HAYYHOH MEHHOCTH IPHOPUTETHHEIX
W WHHX OKOJOHAYYHHEIX JUCKyCCHH **), A pacCKa;Ky HEMHOTO
0 Te€X reoMeTpHYecKux paboTax, KOTOpDHe IpHBeJIR K CO3Ha-
HUIO aHAJU3A.

Fxamsa 3. OT 3BOJII)BEHT JO KBASARPUCTANJNOB
§ 13. OBonbsenrs I'ioiirenca

Hrorony amanus Obill Hy;KeH B OCHOBHOM JJif WCCJIE0-
BaHUA KPHBHX, KOTOPEe BOBHUKAIOT B MeXaHUKE W B TeOMeT-

*) Toawxko mocae cMeptm I'yka, B 1703 roxy Hblotom corinacmicsa
3aHATH MOCT Dpe3neATa Koponesckoro o6mectsa. 11 ogunM U3 HepBHIX
axToB Hbpi0TOHA Ha 3T0M mOCTy OHLI0 YHUYTOMKEHWE BCEX HHCTPYMEHTOB
ymepmero I'yka, a mawxe ero 6ymar m moprperoB. Tak 9ro Temeph
KoponeBckoe o6mectBo pacmojiaraeT NOpPTpeTaMH BCeX CBOMX UJIEHOB,
kpome I'yra. Hm ommoro msobpamenma I'yka, KOTOpHE GHJ WIEHOM,
KypatopoM H cekperapeM Hopolesckoro o6mmecrBa, He COXPAHMIOCH.
Ha 06103kKe HelaBHO BHIyMeHHO#H y Hac Kumkkm o ['yxe (20) mMeer-
CA ero mopTpeT, HO HOPTPCT DTOT HC HACTOSMMUI, a COCTaBJEeH MeTo-
JaMH COBPEMEeHHOH KPHEMUHAJNHCTHKE IO CIOBECIHM ommcaHmAM ['yxa.

**) O mojoKeHmm B Omomormueckol mayke: Cremorpaduaeckmit
orger ceccmn BACXHUJII.— M.: OTN3—Cenbxonrns, 1948.— 536 c.
B. 'mus6ypr. 3amerwn oo uosopy // tlayka u musab, — 1988,
— N 6. — C. 114 — 119,
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Brocanencrsud, o cosery Bappoy, o6Hapy;KEBImeTo Heé-
3HAKOMCTBO CBOETO yueHMKa ¢ EBKammom Ha oksamene, Huro-
TOH TmaTelpHO Hpopaboran EBkauma u BApPTYO3HO BIATENX
TexHHKO} IpeBHHX, HO LepBOHadYaJpHO LBKIAN eMy HE Io-
HpaB@ACH, W60 OH CIUTAN, ITO GECCMEICJEHHO JOKA3HBATE BE-
N, KOTophle W TAK OYeBUIHEL. ' )

Anann3 HpioToEa — 5T0 IpHMeHeBUWe CTeIeHHHX PANOB
K WCCJAETOBAHHI0 ABWKeHHs, T. e. QYHROAA m oToOpasKkeHHit,
Kak Mbl On ceiiwac ckaszanm. Y JleitGHwma, Kak MH BHJeNH,
amanm3 6o 60dee GOPMANBHHM ajre0pamdeCKmM yIeHHEM
o JupdepeHNUANBHBIX KOJNBIAX.

BoT HeCKONBKO JeTajel 3TOTO CIOPA, HOKA 3bIBAOINUX ACHO,
Y10 He CiAeJyeT BOOOIMIe BeCTH IOXOOHBIE COODHI, NOTOMY 9ITO
TAKHe 3aMeuaTeNbHBIe AI0AW M BelluKdHe MaTeMaTHKH, Kak
Hriortor, Jleii6munm, Morame BepHynam, BECTYIAIOT 31eCh
B KaKOM-TO Y}KaCHOM BHU[JE. ‘

B oroit mcropuum, HampuMep, (EUrypEpyer aHOHUMHO®
HHCHMO. DTo mHCHMO, onyOnmxopanHoe JleiOHAmeM Ges mOA-
nucu B GKypmane yuembix», Hammcan Moramm bepHymnw,
yuennk JleitGauna. B Hem on 3amummaer Jlei6runa 1 HaagaeT
ga Hpworona. Ho uepes rox HeioToR u ero yieHWKH, OTBedasl
HA 9TO MUCHMO, HA3BIBAIOT ero muchMoM Bepmynnd. Beprya-
NH, yBANeB, YTO eMy He yAajJI0oCh COXPAHUTHL HHKOTHHTO, YKO-
pan JleiiGHEOa B TOM, WTO TOT CCOPHT €ro C HewoToHOM, KO-
TOPEI TONBKO YTO LPOBeN BepHYINH B aHTIHACKYIO araje-
Map, a B OymgymeM ofeman BuGpars = chHa. «f ymus-
aawcs,— nucan Horarn Bepryann Jlei6runy,— kak Hooron
MOT y3HATh, ¥TO MUCHMO HALHCAI 5, HOCKOJBKY 00 9TOM He
3HAJ HH OHH CMepTHHIH, KpoMe Bac, KoTropoMy s ero IocJaal,
W MeHdA, KOTOpH# ero Hammcam». Ho wepes HekoTopoe BpeMs
3aTajKy yAAJI0Ch pacuyrats. B ogHOM MecTe IHWCHMa IpO-
CKONMB3HYJNO BHpajkeHme <«meam formulamy», T.e. CCBUIKA
Ha Moo fopmyry». Tax kax ymoMaHyTas GopMysa IpHHAN-
aexxana Woramry Bepuynnu, HrioTom 6es Tpyfa yCTaHOBHUN
aBTOpa IHCHMA.

JleiiGEUN HamucaJ IHCLMo upmEnecce HapoaumHe, sKeHe
opuHLa Y 9A15CKOI0, KOTOPHIA B GyAyImEM J0KeH OBIJI CTATDH
KOpoJeM, Tile IpefocTeperas ee, YTO0L OHA «He MO3BOJIUJIA
aromy Ges36osxauKy IlploTORY CMyTHTH CBOXO HPOCTORYIIHYIO
HEMeIKYI0 Bepy». B Te Bpemena (a Gbrro a1o oxoxo 1715 ronia)
5T0 GHLIO OIAaCHOe obGpWHeHHe HaA IHpOTOHA, KOTODHHE 3a-
AEMAaJ] TOTJA BEICOKHE TOCYAapCTBEHHSIH IOCT — OH OELN
[EPEKTOPOM MOHETHOTO ABOpa. I'oCynapCTBeHHHX THHOBHHK,
OGBHHeHHEIH B 6e360iH, MOI MEOrmM momaaTmrscd. K cua-
crbio 1A HeloToHA , 9TOTO B laHHOM CJlydae HE opom3somno(19).



puu. Mo y:xe BHAenW HEKOTOpHe CIIOCOOH BO3HHKHOBEHHA
kpuBHX. [{pyrme cnocobGu Geuim Haiimenbl ['ofireHCOM, KO-
TOPHIA HCCHETOBAN PAJ 3a7a¥ aHAJW3A, ONTHKA U MEXaHHUKH.
Hanpumep, 3a 11 aer mo mepmsix nybamramuit JleitGuuma mo
amaqu3y u 3a 13 mer gm0 moaBieHWA «3aKoHOB HpoToHA»
Tofirenc onyOamkoBalx cBoe BHIYHCHEHHEe IeHTPOGEKHON
CHJIN IPH ABUWKEHWH O OKPY;KHOCTH (T. €. IBAaKIOH IPONH(-
¢depeHIMPOBAl BEKTOP-QYHKONUI0 H MCIOJB30BAJ «BTOPOHR
sakon HrpioTomHa).

T'ofirenc pemaJ BCe 3afla¥d mpH IOMOMIM 9JIeMeHTAaPHEIX
TreoMeTpHdeCKHX IIOCTpOeHWH, HO IpH 9ToM mobmBajcHa 3Ha-
YHTeJIHHHX DPe3yJbTaToB.

OgHuM ¥W3 Ba)KHEIX NOCTH;ReHHH [lofirenca Orjio mccle-
NoBaHWe BBEJEHHLIX WM DBONHBEHT. JBOJbBEHTHl NPHCYTCTBO-
BaJIM BO MHOTHX CTAaphIX y4yeOHWKax aHAJNW3a, HAYWHAS OT

Punc. 10. OGpasoBaHWe 5BOJLBEHTH IIPH IOMOINW HATH

mepporo yueOHura Jlonwrana u npmbamsurensHo mo I'ypcea,
HO B COBPeMEHHEIX KypCax HMeeTcsa TeHJeHIHWA O HHUX yMal-
9UBATH.

ITycrs mama xpuBasg. Ee sgosubéenma — 2T0 TpaeKTOpHS,
KOTOPYI0 OLHUCHBAaeT KOHell HATAHYTOW HUTH, CMAaTHBaeMOH
¢ Hameit kpuBoit (puc. 10). 3amMedaTeLHEIM CBOHCTBOM DBOJIH-
BEeHTH SIBNAETCA TO, 9T0 y Hee HMeeTcA OCTpHe B Touke P,
H, OHTasACh ONHCATH €€ B OKPECTHOCTH DTON TOYKH € IOMOIEHI0
pama Teitmopa, Mel yOempmaeMcsa, 9T0 OHA B 9TOM MeCT€ He
TIagKasg, XOTA ¥ Ka:KETCs HaM TaKoBoil (4, Gosee TOro, mMeer
KacaTeJbHBIE BO BCeX TodKax). HeriagkocTs ciaefyet U3 TOTO,
YTO pagdyc KPUBH3HH B TouKe X 5BOJbBEHTH paBeH [JIUHE
csoBomHOTo KoHmA HETA Y X, a TaK KAK HUTH CTAHOBUTCH
BCe KOpod9e IO Mepe npubnmxenns Toixku X K P, To KpuBuU3-
Ha B Touke P oKasmBaeTca GeCKOHeYHOH, a caMa TOUKa, CJe-
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moBaTenbHO, 0c0b0il. OKasbIBaeTcs, B 9TOM TOYKE 3BOJLBEHTA
gMeeT oco0eHHOCTH THMA 3/2, T. €. B OKPECTHOCTH TOUYKH P
oHa JupdeoMopdra moTyKyOHUecKo#r mapabome y = z%/2,
IloueMy Ha pHUCYHKe 3BOJbBEeHTA H300pakeHa ¢ IBYMA BET-
Bamu? Bo-mepsrix, sammcaB ypaBHeHHe IOJNyKYGHUeCKOH ma-
paboasl B BHfe y? = 2%, ME yBUAUM W y Hee BTOPYIO BeTRb,
a BO-BTOPHIX, 9TO MOKHO IOHATH, eCAU IIOCMOTPETh HA 3Ty
KapTHHY € TOYKH 3PEHUs COBPEMEHHO# TeOMeTpHd.
ITpepgmomomum, 910 Hama KpuBasA BRIOYKJIA, d IYCTH § —
HaTypaJapHLIH mapaMerp BAoJgp Hee (T. e. NJIHHA KpHBOi),
7—:(3) — pagmyc-BeKTOp TOYKH Y KPHBOil, COOTBETCTBYIOMIEH
3HaYeHWI0 Iapamerpa s, a { — JAHHA CBOOOMHOTO YYACTKA
puTH. Torga pagmyc-BekTop TOYKH X 5BOJBBEHTH, IIOIYYAI0-
melics, Korja HATH OTPHIBAETCA OT KPHBOH B TOUKe Y, paBeH
r(s) +YX =7 (s) +47 (s), Tak Kak s — 9TO LIEHA BROIb
KpuBoit. Mmr, TakuM oGpasoM, moiyduaeMm orobpasxenue F
IJIOCKOCTH C KoopAwHAaTaM¥ (S, !) Ha IJIOCKOCTH, B KOTOPOR
Ie;KAT Halla KpuBas. Jlerko BHAETH, ITO 3TO oTOGpaskende
rnangkoe, HO guddeoMopdusMoM oHO He ABiagerca. Hecmaomx-
HBIA aHadm3 oToGpaieHus F IOKaseBaeT, 4To o0pa3oM ero
ABNACTCA YacTh IJIOCKOCTH, JIEJKAIMas MO OJHY CTOPOHY OT

(L
\\\\\

.
TN, vy
/ /

Pnc. 11. Tlocrpoennme mByx mpo- Pmc. 12. - OGpasoBanme 3BONb-
06pas30oB Toukm X BeHT IPHM CKJIaRBAHUHT

Yy

KpHBO#, IpHIeM BCe TOIKH 00pasa, He IPHHAJIERANAe KpH-
BOM, IMEIOT POBHO Jiza mpooGpasa (cM. puc. 11), a y Kaxnoi
U3 TOWeK KPHBO# mpoobpas toapko opuu. Ilosromy otobpa-
)KeHHe [ yCTpoeHO Kak oTo6pajKeHHe IIPOEKTHPOBAHUA Ha
LIOCKOCTh HMOBEPXHOCTH, CJIO;KeHHOH Hax Hamel KpHBoi
(pmc. 12). Takoe oroGpakeHHme Ha3bIBaeTCH OTOGpaKeHUEM
CKJIaIHBAHUSA. :

Temeps BEAHO, OTKy/a Gepercs anonsBeHTa. OHA BO3HUKA-
er, ecniu QUKCUPOBARA JAJMHA HATH, T. e. cymMMa s + £. Ypas-
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HeHHe s -+ ¢ = a ompeJenser Ha ILIOCKOCTH (s, {) ceMeHCTBO
mapaJiiieIbHELX IPAMBIX, KOTOpOe IpeBpamaerca B HEKOTOpoe
raajKoe ceMedCTBO JUWHWHA HAa CHKIAJHBAaeMOH IOBEPXHOCTH
M 1O0CJe NPOeKTHPOBAHUS JaeT CeMEMCTBO KDPHBHIX BHH3Y.
Kaxgasa »BoAbBEHTa COOTBETCTBYET KAaKOMY-TO, 3HAYGHHIO
OAMHEL ¢ W IOTOMY J€KAT MeJAKOM Ha OJHOHM W3 3THUX KpH-
Berx. Ho Rakfas W3 Takmx KpUBHX mMeer ABe BersH. OmHa
BeTBb COOTBETCTBYOT BepXHeH JacTW JWHHU HA OOBEPXHOCTH,
a gpyraa — ee HmxHell wactd. Ilosromy-To y 3BOJBBEHTH
M HapHCOBaHA BTOPAA BeTBH, KOTOPAA COOTBETCTBYET HUKHEH
9aCTH. JTO [Be YACTH OfHOW KPHBOM, M BTOpaA fABAAeTCA

Puc. 13. O6pasoBanme oGenx Ber- Puc. 14. 130XpOHAN#H Ma-
Bell 9BOJNLBENT NPH IOMOIIHA aruuk Tojirenca
nuTa

AHAJMTAYECKAM IIPOMOJKeHHeM IepBOil, COOTBETCTBYIOIIHM
OTPHIATENLHEM 3HAWeHWAM napamerpa ! (fusmueck:m 3TO
03Ha9aeT, 9T0 HATH Telleph CMATHIBAETCA 10 IpyToMy; puc. 13).

Hanuure y 9BOJBBEHT 3aMeYaTENbHHX OCOOHX TOUeK
orkpua I'rofirenc. OH 09eHP XOpOIIO HCIONB30BAJ . HTH 3a-
MeuaTeJbHbe TOYKA IPH CO3JaHWA 30X POHHOTO MAATHHKA.
Feam MasTHEK, IoABelieHHHA Ha HHUTH, 3aCTAaBHATH KoOJe-
faThCA MeXAY IMeYyKaMH, ClHeJaHHHIMEA B (opMme IHKJIOHIBI
(pmc. 14), To om Gymer ABHTATHCA IO HBOALBEHTE IHKJIOUIH
(KoTopas ToKe ABIsAETCS MUKJIOHAOH) ® BCe €r0 KoleGaHWA
(r. e. He TONBPKO Majbie, HO W Oonbmue) OyIyT HMMETH ONHH
H TOT XK€ IepHof.

§ 14. Bomnosse dponrn Ioiirenca

OBONBBEHTH CBABAHKE C OOBEKTOM, BCTPEIAIOIUMCA B
IpyroM mcciefoBanuu ['loirenca, a HMeHHO B TEOPHH BOJHO-
BHXx ¢porrToB. [olirenc, paccMaTpHBad pacIpoCTpaHEHHE
BOJNH, HCIOYyCKaeMbIX KaKHM-TO HWCTOYHHKOM, OOHAPYKHUI,
YTO H 37[eCh TOKe MOI'YT BOBHHKHYTH O0COOEHHOCTH.

ycrs, mampuMep, mMCTOYHWK wuMeeT (OpMy »JIUICA H
BOJTHBI pacIPOCTPAHAIOTCA BHYTPH DJIIHNCA ¢ eNUIHTHON CKO-
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pocreio. Ilo mpmanuny lwiirenca, depes Bpemsa ! BoxHOBOM
¢porT Gymer ormbalomeii cemeficTBa OKpPY:;KHOCTed pagmyca
{ ¢ MeATpaMd Ha 3JIHIce W Opd HeGouasmux ! GyneT sKBuou-
cragToR srunca. Ecam ¢ Gymer Bo3pactaTs, TO B HEKOTO PHII
MOMEHT Ha ormbaiomeld mospaTca ocobemmoctu (pmc. 15).
Oru ToKe Gymyt umonyryOmdgeckoro tmma. OcoOpie TOUKH
GeLIM odeH: BasKHBI Mg [lofireEca IpuW HcciefoBaHAH CO-
OTBeTCTBHA Mexly BOJHAaMu # 00BeKTaMW, KOTODHIE MEI Te-
Heph OTHOCEM K BAapHAIMOHHOMY WCYMCIEHWIO, OINTHMH3a-
1[WH, TAMHABTOHOBOM MexaHuKe . . . Iloatomy B ero paborax

Pnc. 15. OcoGenmocta Pmc. 16. 9B0JIbBEHTH KaK BOJHOBLIE
BOJIHOBOTO (JpOHTA $pOHTH

U II0 TeOPHH BOJH, H 10 TEOPHH MasITHAKA, BEIIOJHEHHKX €le
B D0-x romax XVII Bekra, comep;XuTCa MHOTO HOXOOHHX pH-
CYHKOB C WCCJIedOBaHWEM BCeX BO3ZHUKAWOIIHX TaM 0CO0eH-
HOCTEH .

PacemorpuM Ha maockocrum obnacrth, OTpaHEIeHHYIO He-
KOTOpOil KpUBOii, ¥ IYCTh B OMHOR W3 TOUeK KPHUBOH IOMEIIeH
rcToyHuK Bo3Mymenusn (puc. 16). Torma dporTH, cocroamue
W3 TOYeK, [0 KOTOPHX BO3MYIeHHe MOskeT JOATH 3a KaK0e-To
ompefeseHHOe BpeMsi, ormbas IpendaTCTBEE, OTPAHUICHHOE
KpuBOH, 6yAyT BONM3W TPAHANB LIPEIATCTBHA 3BOJHBEHTAMHE
sroit Kpupoii. Taxmm oOpasoM, 960.bserINsL KPUBOTL, 02PAHU~
YUeAYell KAKY-mo 004acmb, MONCHO PACCMAMPUBAMb KAK
2101i2eHco8bl g0AHOgLle PPOHMIL HA MH02006pasUL ¢ KpaeM.
Taro#t GpoHT, XOTA 3TO M Ka)KeTcs HA IePBLIH B3TNAN YAUBH-
TeIbHEM, WMEeT 0COOEHHOCTH THHAa 3/2 B ToYKaX KpPHBOI
(m, caemoBaTeIbHO, IOCAe AHAJTHTAYIECKOTO IPOXOJKEHUS
y HEero IOMABHUTCH BTOpasg BEeTBb).

§ 15. IBoaBBEHTHI H HMKOCAJIP

HanbHeifimee TPOOIKeHNe DTAX HCCASTOBANNN IPABOIAT
K H3YYeHHIO 0COGeHHOCTEeH B TpeXMepHOM IITPOCTPAHCTBE WIH
0COGEHHOCTE Ha ILJIOCKOCTH, HO B 00Jlee CIOKHOR CHTYAIHH,
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Iomygaromuecs mpu 5TOM KPUBBIE H IOBEPXHOCTH OKA3HIBAIOT-
Csi TOHE BechbMa 3aMedaTeNbHbIME. MHOTWe W3 HAX H3yUadACH
Bo Bpemena [oiiremca mam wyTth mosgmee. HaupuMep, 3mHa-
MeHHTad KaycTHKa Owaa BBefleHa YwmpHTay3eHOM HeHAMHOTO
nose pabor T'ofirenca, a BoNHOBEHE POHTH W CBA3aHHEIE
C HAMH CeMeHCTBA 3BOJBBEHT HPHUCYTCTRYIOT YK€ B LepBOM
yueOHHKe aHa/M3a, HanmcaHHOM JlommTameM Io JeKmmAM
Beprynnu. -

B »Toit kEWre pa3o6paH, B YACTHOCTH, CeYIOMAH CIydail.
[IpemmomoskumM, 9T0 Ha IJIOCKOCTA 3aJaHA KpHBAg O6MIero
LDONOKEeHUs. Y TaKOM KpWBOM Mojker GbITH TOuKa meperumba,
HO TOJHKO IpOCTeHmas (Tperbsa IFPOU3BORHAA COOTBETCTBYIO-
meit pyHKOUE OTAMYHA OT HyJA, TAK KAaK BTOpAA H TPEThA
IOPOM3BOMHAA HE MOTYT OFHOBpEMeHHO OOpaTHThCA B HYIb
nag GyExouE oOmero monoenua). HyskHO BHACHETH, Kak
OymeT BHIIAANETH CeMEHCTBO OBONBBEHT TaKOH KpHBOH.

‘ Hackoasko s mnommEMaIo,

oA MaTeMaTHKOB .TeX Bpe-

MeH — bappoy, Hriorona,

/ JleitGuuna, Beprynam u

Ja)ke [OaA ero y4eHHKa

Jloomranss — sra  samaua

OBLIa BOOJNHE IIOCHJBLHA.

Homeuno,ona st HEX Opefi-

CTABAANA HEKOTOPBIE TPYJ-

Prc. 17. 9BonsBenTa KyOmueckoit HOCTH, HO HE CTOAb 6OJb-

napaboxs mre, KaK JIA COBpeMeH-

HEIX MaTteMmaTukoB. fI gy-

Malp, 9TO0 OGOJPIIMHCTBO COBDeMeHHHIX CTY/eHTOB, H3Yy-

YAKIMuX aHAJAH3, Na3Ke OTIAIHAKOB, HOCTPOHTH DBOJHBEHTY

KyOmuecKoil mapaboar y = z® Boobme He B cocTosmmn. OTBeT

B 9TOH 3aja¥e BechMa zamedaTendpHud (puc. 17). Kak u mpesx-

e, 9BOJMbLBEHTA HWMeeT oCo0eHHOCTH Tmma 3/2 Ha caMoii KpH-

BO#, HO, KPOME TOTO, Y Hee ecTh 0COOeHHOCTH THIA 5/2 Ha

KacaTelbHOH, LPOBEJEHHOM dYepes TouKy meperuba. Ecam

MEHATH [JIHHY HATH, TO HOJYYIATCA CeMEeHCTBO JWHHUHA, 0CO-

OeHHOCTH KOTODHIX B3aIOJHAIOT JBE KpHBHE — CaMy KyOH-

UecKyl Hapaony u KacaTeasHywo mepermba (pme. 18). Ity

rapruEKy Bemmexen (1) m o6mapyssun B yueGmEKe Jlommra-
asa «OCHOBE aHaJIE3a».

Xora sTa KapTHHKA @ IPACYTCTBYeT B crTaphix paforax,
00HAPY;KUTH e CMOTJIM TOAHKO LOTOMY, 4TO €€ HapHCOBAJH
COBPEMEHHble MATeMAaTHKH, 3aHWMABINeCH APyro# 3ajadei,
OpaBa, TOKe CBA3AHHOW. C dBOJHBEHTaMu. B CoBpeMeHHOM
MaTeMaTHKe ObLIO 06HApys;keHo, YTO BCTPEUAOINECH 3TeCh
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0COOEHHOCTH CBA3AHH C PYUIaM¥, IOPOKAeHHEIME OTpasKe-
gAAME. B wacTHOCTH, HAIla KAapTHHKA CBA3aHA € IpyIumoi
Hgy. 910 — rpynna CHMMETPHA MKOCasapa, KoTropas Hopo-
JHIEHA OTPAKEHAAME OTHOCHUTENHHO ero 15 miocKocTed cuM-
merpuz (21).

IMosiBienwe TpaBUIBPHKEIX MHOPOTPAHHWKOB JacTo ORIBaer
HeOKuIaHHEIM.

Eme Hennep, msyvaa ABWKeHHe ILIaHeT, HApARY C M3-
BeCTHHIME Cei7acC TpeMsa 3aKOHAaMH, CHOpMYyIHpPOBAJ deTnep-
THIA, MACTUYECKAN 3aKOH, yrBepKAAKINHHA, yro GoxpImue Io-
ayocd opOHT BEITHCAAIOTCH Yepe3 IPaBUIbHbBIe MHOIOTPaHHN-
k. C rTex mop IpaBMABHEE MHOTOTPAHHHKH IOABIAIHUCDH

/

Puc. 18. CeMelicTBO 3BOJILBEHT BOJAHMSH TOYKE mepernfa KPHBOH

CTONB Ke HeOKWIAHHO W B APYTHEX cilydadX, INe, OJHAKO,
oHH Gollee CBA3AHE C CYMeCTBOM Jea.

Y rpyunmH CcHMMeTDHH HWKOCAdApa MOMKHO pacCMOTPerh
TaK HA3HIBaeMHH duckpumurarnm. BoT Rak OH IOJyYaeTcs.
IIpocrpancreo R® xomMmiaexcmpuuumpyercA d@ LIPEBpaIaeTCs
B (C® — KoMIIeKCHOe TpexMepHOe IPOCTPAHCTBO, TTe TOKE
meiicrsyer rpymma Hg. @axrop-mpocrparcrso (C? mo sroi
rpynme croBa m3oMopdHOo mpocrpanctsy C? (aTo HeMenneHHO
ciaefyeT W3 aHANOTAa OCHOBHOH TEOPEeMEl O CHMMeTpHYeCKUX
MHOTOUYIEeHAX, KoTopad, KCTaTd, TOMKe mcde3a W3 Kypca ai-
re6per). Takum o6pasoM, 3mech mMelOTCA TPH 0asWCHHIX WH-
BapHmaHTa, depe3 KOTOPHE BCe HHBAPHAHTHHIE MHOTOWIEHH!
9TON TPYINH BHPaskaTCs moaunoMuanpHo (22). C apyroi
croponn, B ucxoguoM (C? HaxopATcA 3epKajia, OTHOCHTENHHO
KOTODPHX IIpom3BOfATCs OTpaxkeHus (wmcirom 15). Ymemo
00pasoB y TOUKH, HE Jie;Kalneil HA Ha OXHOM H3 3epKaJl, paBHO
nopagky rpymusr, T. e. 120. [{na Toukm Ha 3€pKade IuCIO
o6pasos Oymer meHbme. Touka aKTOP-IPOCTPAHCTBA — OP-
6HTa 3TOH TPYIHE B MCXONHOM TpeXMepDHOM IIPOCTPAHCTBE —
HA3HBAGTCA pe2y4ApHOL, eClIu TOYKH, W3 KOTOPHIX OHA CO-
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¢rout, He Je;xaT Ha sepKamax. OcraapHHE OpOUTH W COOT-
BETCTBYIOIMME MM TOYKH (AaKTOP-NPOCTPAHCTBA HASKIBAIOTCH
HEperyJIsipaEMu. MHoecTBO BCex HeperymapHBIX op6ur —
o6pas ogHOro 3epkaixa upum oTo0paskeHnd (PaKTopH3amUE —
ABJSETCA LIOAMHOTOOGpasmeM B dakTop-mpocTpancrse. Ile-
pecedeHmeM 3TOr0 NOAMHOroo0pasus ¢ MHOKEeCTBOM BEIIECT-
BEHHHIX TOUeK OyJeT HeKOTOpoe MHOT006pasme ¢ 0CoBeHHOC-
TAMH, KOTOPOE W HABKIBAETCA NHCKPEMHHARTOM Tpymnmu H.

Touno rar ;e mo mioGoi Apyroil Tpynme, TOpOKIASHHON
OTPaKEHUAMH, MOKHO IOCTPOMTH HEKOTOPOe MHOTQOGpasme
¢ ocoGeHHOCTAMU.

Bor mpumep, korga Bee aTo MOsKHO yBHMeTh sBHO. Pac-
CMOTPUM Ha IAOCKOCTH TPH UpAMEEe mof yraamu 120° gpyr
& apyry (pmc. 19). Tpynna, IIOPOKJeHBAS OTPaXKeHUAMHA OT-
HOCHTeNBHO 9THX UPAMEIX, COLEPKUT MeCTh IEMeHTOB, a pe-
TyasapHas opbura coCromT W3 mecTm TOYeK. Bce 5TO MOIKHO

14

Prc. 19, Tpynma orpasenmit, ee sepKana, opbuta H AWCKpPHEMAODAHT

npencraBursh cebe Tak. Peanusyem mamy miockocrs xax TLIoC-
ROCTH B TPEXMEPHOM NPOCTPAHCTBE ¢ KOOPAWHATAME. Zy, 2y,
Z3, BaNAaHHYI0O YPaBHEHWeM z; + 2z, + 23 = 0. B srom Tpex-
MEPHOM IPOCTPAHCTBE NeHCTBYeT TIPYLNA TNepeCTaHOBOK H3
TPEX DIEMEHTORB, IEPECTABIAIOMAs OCH KOOPAHHAT. JTa rpym-
[Ia DOPOKACHA OTPA;KEHUAME B 3ePKAJaX 5; = Zj, CIeIHl KO-
TOPELX Ha HAIIEH IIOCKOCTH H €CTh MCXOAHEE TPH LpPAME.
Hoaromy opburm ma mmockocT:m — 810 OPOCTO TPOHKH UH@-
CeJ C HyJNeBOH CYyMMOMH, PacCMaTPHBAEGMEE C TOYHOCTHIO mo
nepecraHoBoK. Perynsprbie opbure — aro TPOWKH, BCe TPm
Aucaa B KOTOPHIX pasiaumyuel. HaxkuM e ecrecTBeHHEIM Cio-
co00OM MOKHO LapaMeTpE30BAThL TaKme HeyIOpAXOYeHHEe
TPOMKY TuCeN (KOMIJIEKCHEIX, TaK KAaK IOJATAeTCH coenars
KOMIITEKCHPUKANHAI0), JAIOMAX B CyMMe HYJA5? ITOT cImoCco6
XOpOIIo M3BECTEH, TAK KaK HeYIOPAXOYCHHHH HAGOD U3 Tpex
qucesl OJHO3HAYHO OUPENEeNIACTCS KaK MHOMKECTBO KOpHeif
kybugeckoro ypasmemus z3 -L- Mz -+ Aoz + Ay = 0. Ho ma-
IIT 9WCa B CYMM€ [aloT HYJTb, moaroMy A, = 0, m mpocrpan-
CTBO OPOHT 9TOM TpyIIH, HNOPOKIeHHON OTPaKeHNAMHE, B3ATM-
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HO OJHO3HAYHO IapaMeTpu3yercsa KyOHIeCKUMY YPABHCHAAMH
paga z3 + az + b = 0. To ecrp QarTop-npOCTPaHCTBO —
5TO IPOCTO ILIOCKOCTH ¢ KoopauHartamu (a, b). Kaxkmoi rou-
K€ 9TOH ILIOCKOCTH COOTBETCTBYeT KyOwueckuil MHOTOUYNIEH,
a Ka;KIOMY MHOTOWIeHY — TPH €T0o KODHfA, CPegd KOTOPHX
MOTYT OKa3aThCA paBHHE. Ecam y MHOTOWIeHa €CTh COBIIA-
[AlOIIHe KOPHH, TO COOTBETCTBYIOIad eMy opbura Gymer He-
peryaspHoii. Takum oOpasom, ypaBHeHme AUCKDPEMAHAHTA
aToif rpymmn B mpocrpaHCcTBe (C? MEI mOJyumM, IPHPaBHAB
HYJAI0 [ACKPHMHHAHT KyOW4eCKOoro MHOTOUJIEHa ¢ Koaddm-
nHeHTaMu @, b. Wrtak, OucKpEMUHAHT B JaHHOM Cliyiae —
aro KpuBasa 4a® + 27b% = 0, 1. e. monykyOmieckaa mapabo-
na. VimenHO 3Ta rpymnna, NOpOosKAE€HHAA OTDaKeHHAMH, COOT-
BETCTBYET BCEM TeM IOJyKRYOAIeCKIM 0COOeHHOCTAM, KOTODEe
Bcrpesanucs y I'rofireHca.

Jlna QUCKPWMWHAHTOB APYTEX T'PYNH, MOPOKTEHHEIX OT-
pasKeHHSAMH, TOKe CYIeCTBYIOT aHAJNOTHIHbIE KOHCTDYKIWH.
Wrak, InA Fpymnusl, IOPOKAEHHOR OTPAKEHHAME B ILIOCKOC-
TAX CHMMETPHI mKocas[pa, moJydaercsa HEKOTOpas HOBePX-
HOCTL B TPeXMepPHOM mpocrpaHCcTBe. TeopeMa, KOTOPYIO MOK-
HO II0 9TOMY IOBOAY AOKA3aTh, COCTOHT B TOM, 9YTO 5Ta IO-
BepxHOCTh pudpPeomMopdHAa IMOBEPXHOCTH, W30OpasKeHHOH
y Jlommrans (19). Ecim ocobemHOCTH 9BOJNBBEHT B OKPECT-
HOCTH TOYeK BHITYRIOCTH KPHWBON — 3TO OCOOEHHOCTH THIIA
3/2, mo roukaM mepermba COOTBETCTBYET OCOGEHHOCTH, YCT-
pPOEHHAS Kak OPOCTPAHCTBO HEPETYJIAPHHEIX opOmT IPYIIH
mKOCasIpa.

Yro6K 73 ceMeficTBA 3BOJBBEHT KyOHZeCKOH IapaGossl
OOJYYHTH IMOBEPXHOCTh B TPEXMEPHOM IPOCTPAHCTBE, HY;KHO
BCe BTH HBOJBLBEHTH IoMecTHTh B [R?® B pasHEIX TOPH30HTAND-
HEIX ILTOCKOCTAX, 4 EMEHHO 9BOJBBEHTY, COOTBETCTBYIOMIYIO
3HATEHMIO IapaMeTpa a, HoTHATH HA BHCOTY a. Pmc. 18 Mom-
HO II09TOMY TpaKToBaTh KaK u300pajkeHme IIOBEPXHOCTH,
U TeopeMa yTBep:KAaeT, uTo ama noseprrocmd duppeomoppra
OUCKEPUMURGHINY 2pYnnl cummempuil ukocasdpa H .

§ 16. Mxocasp ¥ KBASMKPHCTAJIBI

Teopmsa rpynu, TOPOKAEHHBIX OTPAKeHHAMH, CBA3aHA
¢ Kpucraldiorpajueii. A WMEHHO HEKOTODHE U3 HTHX TPYII
COXPAHAT KpHCTALIWIecKylo pemerky. Hampmmep, pac-
CMOTpDEHHAsA BHINE TpyIma, HOPOKAeHHAA OTPaKeHHAMH OT-
HOCHTEJIHHO TPeX HPAMEX Ha ILIOCKOCTH, COXPAHAET MIECTH-
yronsaylo pemerky (pmc. 20). Bce xpmcranmorpagudeckne
IrPynmosl PaCKNacCEQUIEPOBAHK, H BCe IPO HHUX XOPOIIO m3-
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BecTHO. OHE COOTBETCTBYIOT MPOCTEIM anre6pam Jlu (m, cae-
floBaTeNbHO, mpocteM rpymmaM Jlm). Ommako rpymma mxo-
Casnapa B 9Ty KIacCmumranuio HEe MOMAafaeT, TaK KaK oHa He
COXDAHSET HUKAKOW DEMeTKE B TPeXMepHOM IPOCTPAHCTBE.
Touno rax ;xe me monagaer mog 9Ty KIAacCH(pmKamuio u rpym-
IIa OATAYTONBHAKA. ITO OTPAKALT TOT PAKT, TTO IPABWIHHH 6
HATAYTONHHAKA B KPHCTALIAX HE BCTPEUAIOTCH 7 He GHBaerT
ODHAMEHTOB ¢ CHMMETpPHe# IATOTO HOPAKA, KOTOPEMH MO3K-
HO GOm0 GH 3aMOJHATH IIOCKOCTB. )

Me:xny tem B mocmenEme meckonpKo mer Pr3urE-sKCIC-
PHMEHTATODH, 3aHEMAIONIHECS PEeHTTE€HOCTDYKTYPHEIM aHajn-
80M KPHCTAJNJNIOB, CTand o6-
Hapy’)KHBATh HA PEHTTeHO-
TpaMMax NATAYTONBHAKE B
HOBOJIBHO OOJBIIAX KOMH-
gecrpax (23). MunMum cio-
BaM®, OwIH OGHApYIKeHH
BeIIEeCTBa, MMEIOIWe, Io-
BHIMMOMY, TATHYTOALHYIO
cammeTpuo. OrE 6RIE Ha-
BBAHH KBaSHKPHCTAIIAMH,
B IaMATH O MaTeMaTH9eCc Ko
TeOpeMe, yTBeprKmaomeR, 4ro macrommmMmu KpHmcranaaMu
OHA ABIAATHCA HO MOTYT.

HKax xe Bce 310 o0bAcHAETCH? OxasuBaercs, uro B Teo-
puH, 0 KOTOPOH ceHiuac mja bedp,— B Teopmu ocoGeHROCTE,
CBASAHHEIX C DBOJBBEHTAMH, CYIECTBYeT KOHCTPYKIOHSA, Ko-
TOpas TojKe OPHBONAT K HOXOGHEIM KBasHKPHCTAJLIAM.

Pacemorpum mns marmsgmocrm me TPpynaoy wmKocasfpa,
a Goxee mpocryio TPynny cCEMMeTpHE UATHYTONBHHKA. X o-
POINO HM3BECTHO, UTO ITy TPymmy Hexsds peanmsoBaTy Kax
TPymly cuMMerpuil, cOXpamsomux HEKOTOPYIO DeieTKy Ha
nrockocrd. PacemorpmM, tem me MeHee, NATEMEPHOe IpPOoCT-
PAaHCTBO, B KOTOPOM, TOYHO TAK K€ KaK B PaccMOTpeHHOM
BEIIIE MpUMepe, MEeACTBYeT Ipynna mepecraHOBOK KOODAWHBAT
u3 120 snemenros. Dra TPynmna, oYeBUTHO, COXPAHAET MeNo-
HCICHHYI0 HATEMEPHYI DemIeTKY. (B Teopmm rpymm, mo-
PONICHHLIX OTPayKeHHAMY, OHA WIBECTHA KAK rpymma 4,.)

Baoxenmas B rpymny IePeCTAHOBOK TPYIIA HATHYLONb-
HAKA TOTRA TOKe HefiCTBYeT B mATHMEPHOM IPOCTPAHCTBE,
HO 3TO IpefcTaBieHne IPHBOIAMO. Heticrurensro, Bpame-
HAA IIOCKOCTH, IePeBOAsMiEe IpaBUIHAI OATHYTONbHNK
B ce0s, mMeI0T COBCTBOHHNIME THCaAME KODHH IATOR CremeHwm
U3 epmannue. HopHum camm pacmomoxeni s BE€PIMZHBAX Ipa-
BUIRHOTO HATHYTONBHAKA, W, 00beINAST B Oapsl KOMIIEKC-
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HO CONpAKeHHbE KOPHHA, MBI MOJYIHM, 9TO IPOCTPAHCTBO [R5
PacmajiaeTca B CyYMMy Tpex WHBAPHAHTHEIX Ioampo-
CTPAHCTB — OJHOMEDHOTO, COOTBETCTBYIONIEI0 KOPHIO 1,
U ABYX IByMepHEIX. OfHOMEpHOE IPOCTPAHCTBO — 9TO nua-
POHAILEL — HOMIPOCTPAHCTBO BEKTOPOB, BCE IATH KOOPAMHAT
KOTOPLIX DPaBHBL MeKgy co6oit. B oproromansmoM momosme-
HUM K [UarOHAJWM HO-IPe;KHEMY JeficTByeT TpyuUIa NATH-
YTOMbHUKA, H IO-IPEKHEMY TaM HMEeTCA Pemerka, KOTOPYIo
oHa coxpanser. Ho B mByMepHnx wmEBapmanmramx mpocrpas-
CTBaxX pemieToR yke Her. I{ak ImOKa3WBAaIOT HECTOKHLIE BLI-
IHCICHAS, Kaj[{oe U3 BYMePHHX WHBADHAHTHHX MHOKIPO-
CTPAHCTB JIGKUT IO OTHOMEHWIO K pemerxe B R* mppammo-
HaJbBEIM 06pa3oM, T. €. He COEPIKHT KpoMme HyJs HHA OJHOMH
HeJoH TOYKM (3TO CIeAyeT W3 MPpPaNEOHATBHOCTH 30J0TOTO
cedeH¥s). )

Ilyers Temeppr B obBemmomenm IPOCTPAHCTBE HWMEETCH
¢yHEOEA ¢ cuMMerpmei pemerkm (nepmongwmueckas, T. e. mA-
BapHAHTHAA OTHOCHTENHHO CHBHTOB Ha BEKTODH peMeTHH
4 BRo0aBoK mepexogamas B cebg OpH JeHCTBUE BCEeX IBUKE-
HUA ¥ OTpayKeHWil, MepeBOAAMuUX pemerky B cebs). Orpanu-
9eHHEe 3TOH (YHKIHMH HA WHBADHAHTHOE ABYMEPHOE IIONIPO-
CTPAHCTBO He OyJer yyKe NMepHOTHYeCKOM dyarnuei, mo 6y-
fer QYHKOUeR HOYTH mepmogmuecKoi. Dra mourwm nepuogrye-
cKasd QYHKIHUA COXPAHAET 0CTATKE CHMMETPHHN IATHYTOJAbLHA-
ka. OGHapyKUTH WX MO;KHO caefyromuM obpasom (24).

PaznoxuM monywennyno nourn nepuogudecKyo GyHKIAIO
Ha mwirockocru B paf tuma Dypse, f(z) =3} f.e' & . Bonmo-
BEIE BEKTODH & (¢<HOMepa» rapMoOHHK Dypre) npoberaror He-
KOTOPO€ MHOMKECTBO BEKTOPOB JBONCTBEHHOM IIIOCKOCTH. DTo
MHOKECTBO HA3EIBAGTCH CHEKTPOM IOYTH IIePHOLHYECKON
¢ynrmun. B cuexrpe coxpanaores CAeIH UATAYTOJNbHOK CAM-
METPHH WCXONHOH NEPAOTAICCKOM byHRIEE, 3agaHHOl B 0GB~
eMIIomeM (JeTHPeXMePHOM WIH OATHEMEPHOM) IPOCTPAHCTBE.

A wMeRHO paccMoTpHM cHauaja CHeKTD 9TOH WMCXOHOI
MePHOAWIeCKOA QYHKIEA. ITOT CmeKTp, BooGme roBopsa,
npefcraBaser coboit obwanyI0 PemerKy, mIBOHMCTBeHHYIO HC-
XOJIHO# pemIeTKe B 06BEMIOmEM OpoCTpaHCTBe.

Kasxgomy asymepmomy OOATPOCTPAHCTBY mM0Goro mpo-
CTPAHCTBA OTBETAET ABYMEPHOE (HaKTOD-MPOCTPAHCTBO CO-
HpsREHHOro mpocrparcrsa. OHO momydaerca daxropmsammeit
[0 IPOCTPaHCTBY NUHEHHBIX HopPM, PABHEX HYII0 Ha H3yiae-
MOM IBYMEPHOM HOAIPOCTPAHCTEE. :

WabiMu cnoBaMu, TPOCTPARCTBO BONHOBEIX BeKTOPOB IaAsA
H3yIaeMOM [BYMEPHOH INOCKOCTH noryvaerca w3 GoJbMOTO
TIPOCTPAHCTBA BOJNHOBHIX BEKTOPOB O0BEMIIOMETO IpocTpaH-
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CTBAa IIPW €CTECTBEHHOM IPOSKTHPOBAHUH BONEL HEKOTOPOTO
eT0 MOAIIPOCTPAHCTBA KOPasSMEPHOCTH [Ba.

B srom Gompmom mpPOCTpaHCTBE BOJHOBHX BEKTOPOB 00-
eMJIIOMEero MPOCTPAHCTBA NEKAT pemerka rapmoHuk Dypre
ACXOHOX NePHOTWIECKON (QyHKNWH, 33MaHHOA B 06BEMITIO-
meM npocrpaHcrBe. CHEKTD ImOYTH mePHORHISCKOH (QyHKIHH
moJgydaeTcs U3 5TOH MHOTOMEDHON PENMIeTKH NPH ONUCAHHOM
BHIIIE€ €CTeCTBEHHOM IIPOGKTHPOBAHHH CONPSKEHHHX IIPO-
CTPAHCTB (ABOHCTBEHHOM BIOKEHHIO ILIOCKOCTH B 0GBEMIIO-
mee IPOCTPAHCTBO).

BBuay «mppanmoHANBHOTO» DACIONOMKEHHA BYMEPHOH
IUTOCKOCTH II0 OTHOIIEHHWIO K pemeTKe MepHOf0B 00heMIIome-
r0 NPOCTPAHCTBA, IPOSKIHA MEOTOMEPHON PEIMIETKHA TaPMOHHK
Oymer BCIONY ILIOTHHIM MHOKECTBOM HA INIOCKOCTH BOJHOBEIX
BexropoB. Takum o0pasoM, CHeKTp mony4almeicAs IpH or-
PaHAYEHAN HA .OAOCKOCTH IOYTH HEPHONWUYSCKOH (PYHKIHH
Oymer, BooGme roBops, BCIOAY IJIOTHEM MHOKECTBOM HA IIOC-
KOCTH BOJTHOBHX BeKTopoB. Ha mepBmuil Bsrasg us Hero Tpyn-
HO H3BJ€Yh KaKyI0-Tubo HEQOPMALNHIO 0 CHMMETPHAX.

O6GparuM remepr BHEMaHHE Ha KO3PPHOHEHTH  paAga
Dypre. Y ucXOLHON NEPHOATIECKOH PYHKIHE B 00beMIIOMEM
opocTpaHCcTBe (KOTOPYIO MH CYHTAEM TAA[KOM) K03 QPRI HTH
QDypse GricTpo yORBAIOT M0 MEpE VAAJISHHAA BOTHOBOTO BEKTO-
pa or HyadA. llosToMy 3aMerHYyI0 BeJHUMHAY WMeEET TONBKO KO-
HegHoe uncio KosdpdunumenroB Dypre, oTBEUarOmMUX rapMoOHT-
KaM ¢ He0OmbIIHMHM HOMEpaMd.

CnegoBareqbHO, M y Hoaydalomeiica OrpaHAYeHHEM IOT-
TH NePHONAYECKON (YHKIWH Ha IJIOCKOCTH 3aMEeTHYIO BeJd-
9EHYy EMeeT TOJBKO KoHeUHoe dmcao rapmormk. Coorsercrt-
BYIOII¥We TOYKZ cIeKTPa 06pasyior KoHeIHoe MHoKecTBo. OHO
ABAACTCA IpoeKnuedl Ha MIOCKOCTh KOHEYHOTO o0aara 6am3-
KOX K HYJI0 TOYEK MHOTOMEDHON pemerKd. JTa IPOeKIHSA
COXPaHfAeT CACNH NATHYTOAbHON CHMMETDHH MHOTOMEDHON
pelmeTKd B BHAe Gpocalomuxcs B Iiaasa (XOTA W HE COBCEM
OPaBUIBHHX) OATHYTOAHHAKOB (pmc. 21).

AmanoruiHoe pa3NoKeHWE CYMIECTBYET H A IPEICTaB-
JeHHs TPYOOH CHMMeTpHil mrocasgpa (25).

Nmenno 3TO pasiosxkeHune 00BACHAET CBA3H MEKLY HKOCA-
3[[POM U 9BOABbBEHTaMH I'I0iiTeHCA, TaK 9TO €r0 OTKPHEITHE MOK-
HO pacCMaTPHBaTh KaK 3aBEpIIeHHME HAaYaTHX [IOATeHCOM HC-
caeoBaHKM.

C mpyroil CropoHE, IPW PEHTTEHOCTPYKTYPHOM AHAJIH3E
KPHUCTAJLIOB HaOIXI0JaeTcsA, B CYMHOCTH, CIHEKTDP (YRKIHUH,
AMEIOmed CHMMETPHIO KPHCTANINIeCKON pemmerku (To4Hee —
IPOEKIMA 3TOTO TPEXMEPHOTO CIeKTPa Ha WI0oCcKocTh). Toukm
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COeKTPa BHTIAAMAT, KaK OJUKU (IPKWe HATHA) Ha PEHTTEHO-
rpaMMe, OPHYEM APKOCTH TeM BHIIE, ¥eM HOJIbIIe aMILIATYHA
COOTBETCTBYIOMEH rapMonuKu. I[losToMy mpaxTwdeckm Ha-
0aIofaeTcs He BeCh CIEeKTD, a UMb ero 9acTh, COOTBETCTBYIO-
mas TapMOHHKAaM ¢ He CJIHIIKOM OOJbIIMMHE HoMepaMiu.

W Bor mpum amanmse 9Tux W306paKeHHH A HEKOTOPHX
BemecTB ORIIM 3aMeYeHH DPEryaspHHE CTPYKTYPLl H3 IpH-
OMM3HTENHHO IPaBHIBHHX IATHYTOABHAKOB (puc. 21). (23)

Q o 0 o o ©
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Pmc. 21. RBasHKpUCTATIMIECKHIT CUEKTD

Teopma, mocrpoeEHas AnA oGBACHEHHA CBAE MEKLY
WKOCAaAPOM K SBOJHBEHTAMH, CPasy ke 00bACHAET, KaK MoO-
JKET MO yInThCA TaKoi coexrp. Mzygaemas ¢yHKmmA B Tpex-
MEePHOM IPOCTPAaHCTBE [OJKHA OHTH HE IEepHOHIECKOI,
a MOYTH IePHOAHYeCKOH. A HMEHHO OHa JOJHKHA IONYIATHCS
U3 NepHONUIECKOl QYHKINA INeCTH MePeMeHHbIX, AOMyCKaIo-
mieil CAMMETDPHH HKOCAdApa, IPW OTPaHMYCHWH Ha (HPPAIHo-
HalbHOE» TpexMepHoe IpocrpaHCTBO. He ocTamaBImBasch
34eCh Ha BOIPoce 0 GU3MIECKOM CMEICIE TPEX [OMOJHATEIHHEIX
(KBAHTOBHIX» MePeMeHHEIX, 3aMeYy TOJNBKO, 9TO TEOPHH, TIPeS-
JIOKeHHKEe (U3MKaMH AAA o0bACHeHWmsA HaGNOfeHWH KBa3m-
KPHUCTAJIOB, HAeiHO OGNW3KM K OUMCAHHBIM BHIOIE IIOCTPOE-
HASIM, BO3BHUKMWM KaK HOGOYHHE NPOAYKT HCCIETOBAHAA
ocobeHHOCTEH 9BOJHBEHT W BOJHOBHX ¢poHTOB Il0fiTeHCa, —
eme OfMH IPWMEp TOTO YOUBHTEIHHOTO €IWHCTBAa, KOTOPOE
Tak mopaskamo Hr0ToBa W ero coBpeMeHHEWKOB, UTO oHH
UCTOJKOBHIBAIHM €T0 KaK [OKa3aTeJbCTBO CYINeCTBOBAHUS
Bora.



Faasa 4. HEBECHAA MEXA HHAKA
§ 17. Heoron mocae Principia

Hu oTkprTHe cuCTEeME MUpO3JaHUA, HA CO3JaHUE Teope-
THYeCKO# (m3WKw, Hu IOCTpoeHHme HebecHo# MeXaHWKH He
BXOAM/IY HE B TOZOBHE ILIaHE HeMGDHIKCKOTO yHHBEpCHTe-
ta m Hopoaesckoro obmecTsa, HA B WX ILIaHH Ha IEPCIEK-
tuBy no 1700 roma. 700-crpagmurne Principia HrroToma 6ni-
AW HAWCAHEL WM B TeueHHMe MOAyTOopa JeT o HaCTOATeNbHOM
npocbbe Tamnes. Ho, mockonpky KHura He OHla BKIKYEHA
B maaH, [ajjen NPUmMIOCH W3MaBaTh ee 3a CBOM cdYer.

HsoTom B 910 Bpema 61 npodeccopom B Tpurmrm-KOI-
nemxe. Y Hero 6nuto Tpum crymerra. OH gaTaN JeKnuu — II0
apudMernke, reorpadum, onTHKe W JPYTEM Haykam. Jlekmum
guTaluch TOABKo B ocemmeM cemecrpe (10 mekmumit B Top)
U OPOLOJKANUCH N0 moixgaca. VIHorja HUKTO W3 caymaTeneit
He mpuxofmia (mexnum HpioToHa ClIaBUINCH HEIOHATHOCTHIO),
¥ ToT[la OH BO3BDAIAJICA JOMOI. ’

Bonasme Bcero cmn u BpeMenu HploTonm morparmnm Ha au-
xumuo # Teoaormio. OcHosHEe oTKpHTHA HbIOTORA CleMaHEl
UM B JBa CTyAeHYeCKHMX rofa, Ha JBaANaTh TPEThHEM W ABaJ-
narp gerseproMm rony sxmaHm. ITocne Principia (oxomueRHBIX
IM B BO3pacTe COpoKa deThipex ner) HploToH oTomea oT ak-
TABHONX HaydHO# paGoTH ¥*). :

B 1696 rogy HsiotoH OmN HazHad9eH YIPaBJIAIIINM,
a IIOTOM JHPEKTOPOM MOHETHOTO ABopa B JIOHMOHE W CHITpak
3HAYMTENBHYI0 PONb B 3KOHOMHUECKOH pedopme, mMpoBereH-
HOH ero GHBIIMM yueHmKoM, JopmoM MomTerio 'axndarcom
(ocHOBaTeNEM AHrnmiickoro GaHKA, YIpaBIAKIEM CTPaHOM
BO BPEMSI OTCYTCTBHA KODOJA).

3araAysmuecA HA HECKOJBKO AECATHICTHA DPEBOJIIONHOH-
Hule mpeoGpasopaHmsa B AHIIUH, HadaBIIMecH TPaKAAHCKOR
BONHOM W 3aKOHUWBINHECH «CAaBHOH pesoxonueiny 1688 ro-
da, IpHBeAW 3JKOHOMHKY CTPAHH B THAMKENO0€ IIOJOKeHHe:
KOPPYIIHA W Apyrue HeTaTWBHHE ABJIEHHA IPENIIeCTBOBAB-
mux AecArmiermit morpeboBaim SKOHOMHIECKOH DEPOPMEL,
B Xofl¢ KOTOPOH HPHILIOCH CPOYHO W3BATH W3 oOpalieHHs
CTaphee, HEIOJNHOBECHHE MeHbTH, HE NPH3HABAE@MEICE HHOCT-
PAHHBIME TOCYLapCTBaMH.

Hpi0TOH 3a KOPOTKOE Bpems B BOCeMb pa3 yBenwdymsa ge-
KaHKY MOHeTH, He IIOCTABHB HH OJHOT0 HoBoro cramEka. On-
HOBPeMeHHO OH BeJi CLICK W caemcrsme u 3a oxun 1697 rog me-

*) B rogu 3actos B atom obeuEAIH A. Jl. Caxaposa.
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pelai B CYA felna, o KOTOPbM 6bl10 KasHeHo 0Koao 20 ga5-
MUBOMOHETIAKOB.

B 1703 rogy HeloTon crexanca eme u mpesnmgentom Hopo-
meBcKoro ofmectBa (cM. ¢rp. 39) m ocraBalcs WM o CBOeH
cmeptu B 1727 ronmy.

§ 18. Harypanpsas ¢uaocodua Herorona

Cpegn BajkHEHmMEX (WIMYECKHX NPWAMATIOB, ComepKa-
muxcA B Principia, mysB0 ormeruts: 1) ugeio ormocuTensHoC-
TH IPOCTPAHCTBA W BPeMeHH («B IPHPOMe He CYMECTBYeT HA
IOKOAIEroCs Texa, ... HA DPABHOMEDPHOrO [ABWKEHMAY),
2) TEIOTe3y CYINECTBOBAHMA WHEPIHANBHEIX CHCTEM KOOD/IH-
HaT, 3) OPUHNAIN [eTePMAHAPOBARHOCTH: TOJOKEHHAS A CKO-
poCTH BCEX YaCTUIl MAPA B HAaYaAbHHN MOMEHT ONPENeNAIOT
Bce mx OyAaymee u Bce WX IIpoOMLIOe.

Bcenennas, mpegcraBisBmasca XaoTHIECKOH, OKa3amach
nocre Principia momo6meM xopomo Hama;KeHHOTO TaCOBOTO
MeXaHU3Ma. JTa PeryIAPHOCT W IPOCTOTA OCHOBHEIX IPHH-
LMI0B, W3 KOTOPHIX BHIBONATCA BCE CIOMKHEE HAGIIOTACMEIE
ABUWKeHUA, BocupmHEManucs Heloromom (26) kax morasza-
TenbcTB0 Brtua Bosbero: «Taroe maammeiimee coemmmenne
ConHna, nmadeT W KoMeT He MOTJIO WIPOHW30HTH HHAEE, KaK
0 HAMEPeHWIO W IO BJIACTH MOTYIIECTBEHHOTO M IIPeMyqpOTO
cymecrsa... Gel yupasnsfer BceM He Kak qymIa Mmpa, a Kak
BIACTUTENb BCENEHHOH, W IO TOCHOACTBY CBOEMY MLO/IKEH
mmeHOBaThCA L'ocmons Bor Beemepsurens (mavroxpatop)s.
Teopermueckan ¢usukra ocraBamacy B cosganrOoM HBIOTOHOM
pao GonpIme IBYXCOT JeT, MOKAa KBAHTOBAfA MEXAHHKA ¥ 06-
mas TeopusA OTHOCHTENBbHOCTH He pa3bmim DTHX HANIO3WIH.

Ilepegmcnuts 3mech x0T Gbl IIaBHEE KOHKPETHEE [OCTH-
KeHHs, u3iokeHHsle B Principia, memosmommo. Ymomsmy
JIUOIb TIOCTPOCHHE TEOPHH IIPeResoB (OTAHIAOMeecs OT CO-
S8PEMEHHOTO pasBe 0003HATCHASAMHE), TONIOJOTHIECKOE HOKA3A-
TeJIBCTBO TPAHCIEH[CHTHOCTH abeleBHIX WHTOTPaNoB (reMMa
XXVIII), suuncienne conpoTUBNeHAA ABUKEHMIO B paspe-
KeHHOH cpejie ¢ GONbMAME CBePX3BYKOBHME CKODOCTAMHE (Ha-
mWefilee NPUIOKEHNUS JNUINL B DIOXY KOCMOHABTHKH), WCCIe-
JoBaHMe BADHANMOHHOW 3aaYHé O Tele HAMMEHBIIETO COIIPO-
THBJICHAA IPW NaHHOM AJIMHe W IMMpPUHe (peleHHe 9TOM 3ama-
94 WMeeT BHYTPEHHKWIO ocobeHHOCTH, 0 KoTopoit Hsiorom
3HAN, a ero msgarenu B8 XX Bewe, BUAWMO, He 3HATM ¥ CTJa-
mung gepresx  (27)), pa cuer BosMymermil npmmenums JIyHLI
Conmnem.
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§ 19. Tpuymds: HebGecHoit mexaHMKHU

PasBurue mebecmoit Mexaruku mocie Hporoma nmpefacraB-
nser cobol nMEEHEE PAX TPHYMPOB 3aKOHA BCEMHPHOTO TH-
TOTEHHA: KKYIMHecs OTKIOHEHHS OT HEro CO BPeMeHeM 00mb-
SCHANACH HEOCTATOYHO TOYHHIM yHETOM BOSMYMIeHHH. (3Ha-
MEHATOe HCKIIOTeHNE — IpeneccHs mnepurenus Meprypus.
Hab6nogaemoe ee smazenne — 599” B cromerue, yieT BO3MY-
menui naer 557", Hemocraomme 42" — sddext obmeit Teo-
pun orHocurTensHocTH. HoBasi Qusmka o6sMHO HaumHaeTCH
C YTOYHEHHA MOCNEeJHHX 3HAKOB!)

IlepsriM TpEymMdoM Teopmu TATOTEHEmS GHITO HmpeNcKa3a-
HHe Bo3BpameHHa KoMmers ['annes. Tanneit me oTRpHLI cHpa-
BE[IUBO Ha3BAHHYIO €Tr0 MMeHeM KOMETY, a IOJMeTHJ CXOf-
crBo op6ut Komer 1456, 1531, 1607 u 1682 romos u oTBarKEA-
¢ Npe[icKa3aTh BO3BpameHHEe KOMETH 4epes 76 jer, T. e.
Ha 1758 ron. Ho wms-3a Bosmymenus IOmmrepom m CaryproM
KoMeTa 3amosfania (mo suamciaenmsM Hiepo, ma 618 nmeir)
U IpomJia mepureiuwit ammb B Mapre 1759 roma, mourm xak
u Ommo mpenckasamo Kaepo.

A PyruM AiBNeAneM, BHISHIBABIIAM COMHEHHE B YHABEPCATD-
HOCTH M TOYHOCTH 33KOHA TATOTEHWSM, OBLUIO MENJIeHHOe, HO
HeusMeHHO HabnollaBmeecs yckoperme IQmmrepa u sameme-
Hde Carypma (Hemnep, 1625; Tanneit, 1695). Ecam 65t ator
IpOIecC mpofloiiKalca OH B TeUeHMe ECATKA MAJLIHOHOB JIeT,
T0 OH G5l copepmernHo maMerm1 Conneunyo cucremy: IOmmrep
npubnusunca 6t kK Connny, a CaTypH ymaamics GH.

CymmapHas Macca ITaHeT IPHMEPHO B THCATY Pa3 MEHDB-
me Maccer ConmIla, MOITOMY ¥ B3aWMHEE BOSMYIIEHHS Ma-
HeT IPYT JPYTOM 3a TOJ[ COCTABIAIOT BeJIWINHY MOPSAIKA THI-
CAYHOH MOIH NpoiifieEHOro NyTH. FEcim 65 5TH BO3MymeHHS
HaKAI/IABAJNMCh B TeGeHHE THICAUCNOTHH, MIAHETH MOTIH OBl
nafarb Ha CoNHIIe U CTAaJIKHBATHCA IPYT ¢ IPYTOM, 36MIA MOT-
na 6u maxero yirrnm or ConHNa U 3aMep3EyTH.

Ilouemy sxe aroro me mpoucxomut? [eso B TOM, 9TO BO3-
MYIEHHS, HCOHTHBaeMEe IIaHeTAMH B Pa3HOe BpeMs, He
HanpapjeHs B JGUCTBHTENHHOCTHM B OHY CTOPOHY, a HOCHT
KonebaTeNpHBI XapaKTep. "

Marematwaeckn Taxue BOSMYIIEHHS BHPAMKAKTCS CyMMa-
MH claraeMmbiX, IPONOPHMUOHANBHKIX €0S @l ¥ Sin ot — me-
PHONWICCKHX, HEONACHHIX Bo3MymeHui. Hakamnmpanomuecs
BO3MYIIEHHsI IPOABIAAITCA B BHIe PacTymuX CO BPeMeHeM
CllaraeMHIX, NPONOPUHMOHANBHEIX f, Wi KoixeGammi pacry-
med aMuadTyaH, tcos (wt -+ 6) (pume. 22). IIpomoprmo-
HaJbHEIE BPEMEeHH CJaraeMble Ha3HIBAIOTCS 8eK08bIMU, TAK KaK,
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HAOpHMEpP, BOSMYIIeHHe al, Make eciH Kod(QQHUIHeHT a Mal
(ckaxeM, mOpAAKA ORHOM THICAYHON), CTAHOBHUTCA OOJIHIIUM

gepe3 HECKONBKO BEKOB. :
TarxuM o6pasoM, BOSHAKJA ImpobieMa BEKOBHIX BO3MYIIe-
HUA: BBHAY OFPOMHOCTH KOCMOTOHHYECKOTO  BpPeMeHu

VAN

Y

o /
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Puc. 22. Hepuopmueckme, BeKOBhe H CMeIIAHHHE BOSMYIIeHHA

(MENTEADABL ET) Majke OYeHb MAJble BEKOBHE BOSMYIICHHA
KapEHANBHEIM o0pasoM Mensior mcropuio CosmedHoit cmc-
TeMHEl W, B YACTHOCTH, 36MJIH.

§ 20. Teopema Jlanuaca 06 yCTOIMBOCTH

Bompoc cocTosa B TOM, CYMECTBYIOT JH Ha CaMOM Jieje
BeKOBEIC BO3MYNIEHHS, WIW OHH SBJIAOTCA apredaxramMu —
crefcTBHEM HeylauHOH MareMarnmieckoir mpomenyps. (Ha-
npEMep, PAaccMOTpPUM MAATHHK, KoJNeONIOIMHUACH MO 3aKOHY
Z = cos oi, W IPEeJUmONOKEM, ITO Mbl HEMHOTO BO3MYTHIH
9acToTy ©, 3aMEHHAB €e Ha ® - @, TAe a oYeHs Maixo. Torma
pasnokeHHe BO3MYIIGHHE B PAJ HO CTENEHAM @ IPABEIeT
B IepPBOM K€ OPHUOIMKEeHHH [0 & K BHIPQKEHHI0 T =
= cos (@ + @) t = cos ol — at sin wt..., comepIKaImeMy
OIACHBIH «CMeMaHHLy wien ¢ at. Meskqy TeM WCTHHHAS aMH-
nETyAa KojeGaHWE MasTHHKAa BOBCE HE pacreT ¢ TEICHHEM
BpeMeRH, a OCTaeTcsi OTPAHWICHHOM.)

AHann3 NIaHeTHHX BO3MYIMEHU! B KOHIE KOHIOB IPHBEJ
JMarpamxa (1776) u Jlannaca (1784) x «reopeme Jlammaca 06
yerofiumpocra ConmHeunoit cucremsn (28): B3auMHEEIE BO3-
MyIMeHAs MIaHeT, IBIKYMAXCA 0O Malo 9KCHeHTPHTHEIM He-
mepeceKalmEMCa dANKICcAM MOYTH B OXHOH IJIOCKOCTH H B
OIHY CTOPOHY, HPHBONAT NHMb K HOYTH 9TO MEPHONAIECKUM
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KoJeGaHMAM DKCIIHTDHCHTETOB W HAKJIOHOHHN BOIM3HW HY-
A7, B TO BpeMs Kak Paccrosuud fo Connna Rone6mo'rcn BOJLM-
3W CBOMX HAJAJHbHHIX 3HAUYCHHA.

WNauMu ciroBamd, Goabme OCH KeIJIEPOBBIX BJLIHICOB
He HMEIOT BEKOBHIX BO3MYINEHH.

«Teopema» Jlammaca He GHNa WM B CTPOTOM CMBICHE [O-
Ka3aHa, TaK Kak OH IPEeJICTaBNAN BO3SMYIIEHHA PANaMH
U [0Ka3ad JAMIME OTCYTCTBHE BEKOBHIX CJaraeMBIX CPElH Iep-
BHIX 9JI€HOB psfa.

BroociencTBuu OTCYTCTBHE BEKOBHIX H CMEHMIAHHBIX Cla-
TaeMBIX YCTAaHOBHJIHN JJfA BceX wieHoB pama. Ho u3 Toro, wro
BEKOBHIX UYJI€HOB HET, He clief[yeT, 4To [JJAHHH GOJBIIAX OCeH
KeIIePOBhIX DJITUIICOB BEYHO OCTAHYTCHA OJMBKHMH K CBOHM
HavaJbHBIM 3HAYEHUAM, TaK KAK CAMH pPAAH PACXORATCH
(RexoTOpHIe WX UJIeHH Beauku). llepBrie wIeHH pafa JaioT
Xopomee NpubIM;KeHEne Ha OrpaHWYCHHOM OTPE3Ke BPeMEHH,
HO HE II0O3BOJIAIOT CYJUTH O NOBEICHHH OPOMT HAa KOCMOTOHH-
9eCKHUX BpPeMeHaX.

UYro racaercs B3amMHHX Bosmymemmi IOmumrepa m Ca-
TYPHa, TO OHH, KaK morasax Jlammac B 1784 romy, mpusomar
NMUIIH K MOJTONEePHONWISCKOMY, a HE BEKOBOMY H3MEHEHMIO
DKCIEeHTpHCHTETOB opbuT, ¢ mepmomoM mpumepro 900 ier.
3a 450 xer, B TegeHEE® KOTOPHIX BO3MYIeHHNEe HAKAILIHBAETCS,
OHO ycmeBaer c/BHHYTHh Carypm um IOnumrep mMembme weMm Ha
OMWH Tpajyc.

Ogenp Ba)<HO, 4TO OPOHTH HAXONATCSH MOYTH B OI[HOﬁ
niaockocTd; ecad Obr op6ura Jlymmr moeepmymacs mHa 90°,
TO DKCHOEHTpHcHTeT JIyHB IO BAWAHHEM BO3MYIMEHHH oOT
Conmma Hadasn Onr pactd Tak 6HICTPO, TTO JIyHa Bpe3aJIach
6nr B 3emiio Bcero dYepe3 4 roma  (29).

§ 21. Mapaer nu Jyma ma 3emmo?

Hawubonee cmoxmoit mpobieMoit [oJTHe TONK OCTABAJIOCH
nem:reHne JIyHEI, Tak Kax m3-3a Gamsoctd JIyHBI ME MOsKeM
NEeTKO 3aMETHTH Majleiillne 10 BeTHINHEe CMEIMEHHsS, ¥ B pas-
NOKeHHAX NPHXOMHUTCH YIUTHBATH WIEHH BHICOKOTO MOPAIKA
Mmanocta. ¥Yxe B 1693 rogy Tanneit samerun, aro npm cpapHe-
HAW HaONioNeHHW# 3aTMeHHH 1o apaGCKMM W AHTHYHHIM HC-
TOYHHKAM C COBPeMeHHBRIMH mepuojy ofpameHus JIyHH,
a clefloBaTeNibHO, W ee opOHTa OKasalNWCh YMEHHIIAIOIIH-
MHCA (¢BeKOBOe yCKopeHHe» cocraBasiao 10" B cromerme).

B 1770 ropy Ilapmxckas axageMus NPeIJIOKHIA IPEMUIO
2a AccaeloBaHHE O TOM, MOKET JI TEOPHS TPaBHATAI[HEA 06bAC-
HHTH 9TO ABICHHE W He IPHBENET S yMeHbIIeHHE JyHHOH! op-
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6uTe K mageHno Jlyust Ha 3emanio. Jilep B KOHKYDPCHOM CO-
YAHEHAW CYATAJN (TBEPIO YCTaHOBICHHHIM C HECOMHEHHOI
0YeBHTHOCTHIO, UYTO BEKOBHIE HEPABEHCTBA JYHHOTO IBHIKE-
HAA HE MOTYT BHI3HBATHCA CHIaMH TAToTeHHAY. OH 00bsACHAT
yckoperme JIyHH compormBieHHeM Cpemb, IPHBONANAM
B KOHII® KOHIIOB K Kartactpode *).

Ho B 1787 rony Jlannac Hamen o6bACHeHNE: FOJITONIEPHO-
nudecKue Kone0aHAs HKCICHTPHCHTETA OPOHTH 3eMIHm MOf
HeACTBHEM NNAHEeTHHX Bo3MymeHHiA. llepmony »THX MalHX
KoJe0aHWi NOPANKA HECKOJIBKHX [ECATKOB THICAUENIOTHI,
MOATOMY B(PPEKT KayKeTCS BEKOBBIM.

Hone6amms skcueHTpHCATeTa OpOMTH 36MJIHA — ONHH H3
OCHOBHHIX (PAKTOPOB, BHI3HBAIOIHAX HACTYNICHHAE JETHHKOB
(odPexTHBHAA MHPOTA JIEHHHATpaga JETOM BCIEICTBAE DTHX
KoyieGaHmE MeHseTCS OT MEPOTH TafiMbipa go mmporhl Hue-
Ba 3a HECKOJBKO J[EeCSATKOB THCAY JeT — Mrmaakosmd,
1939).

Yro ke racaercs JIyHsr, To oGbsacaenne Jlamiaca BepHO
JUAUIh HANOJOBHHY: IOCIE yUeTa M3MEHEHHA DKCICHTPHACHTE-
ra op6ATEL 3eMIE ocTaeTcs KaMcylmeecsi BEKOBOE yCKODeHTe
Jyusr (5" B croserme), BH3LIBaéMO€, BHIAMO, HPAJIHBHBIM
TpeHAEM (IO HEKOTOPHIM OlieHKaM, BepMHT0BO MOpE Iaer IyTh
a7 He nmoxoBHHY 3ddexta). Ilom BamsIEEEM HPHIABHOTO Tpe-
A JIyHA BCe BpeMsa ymaisieTcd 0T 3eMJIH, a BPAmeHue 3eM-
am samemiserca. CYTKE YIJIAHATCA BIBOE 3a BpeMs IOPAN-
KA MAJLINAPHOB JeT (Ce30HHBIEe KOIe0aHusI NP0 OIKATEIHFHOC-
THA CYTOK BCJECTBHE IepepacIpeneaeHnsi MOMEHTA B aTMocde-
pe M B OKeaHe pa3 B cTO 0OJbNIE, IeM TOJ0BOE YIJIMHEHHE CY-
TOK BCJEJCTBHE OPHJINBHOTO TPEHHUs). 3aMeIJIeHAe BPAaMeHnAs
3eMiIEm ¥ OPHBOTHT K KarkymeMmycsa yckopermio Jlymm (30).

§ 22. 3apaua Tpex Tex

B 10 BpemMsa kak 3amava O IBMKEHMH ABYX TOYEK peUIeHA
HrioronoM, To9HOE aHATATAYECKOE peMIeHAE 3aJadd O IBH-
SKEeHHH XOTA OB Tpex NPHTATABAIIMAXCA MAaTePHAIBHBIX
TOYeK NPH O0MHX HAYAJBbHHX YCIOBHAX (3agadd Tpex Tel,
mocTaBJeHHOH eme B Principia) me Toapko He HalimeHO, HO
A B HEKOTOPOM CMEICJIe HEBO3MOKHO (31).

*) Teopus Jiiicpa, H0-BRIAMOMY, IpUMEHAMA He K Jlyume, a kK Do-
focy, cmyrEmKy Mapca, TopMo3gmeMycda €ro arMocepoidl M 0TTOro
yekopsaomemyced. OH noiukeH 6w ymacTh ma Mapce uepes 100 man xer,
HO, CKOpee Bcero, paHbme Gyjer pas0pBaAH UPAIMBHLEIMH CHAAME H
IPEeBpaTATCA B KOJBIO.
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Tem me meHee y:xe Jitnep (32) ykasan HECKOJIBKO CIe-
LIAANBHLX peIeHnA, IPH KOTOPHIX B3auMMHO€ PACIOJIOMKeHNe
BCEX TPex Tell 0CTAeTCs MOCTOSTHHBHIM — Tella BCe BpeMs pac:
moJioMeHH Nu60 B BepPIIHHAX NPABHIBHOTO TPEYTONBHUKA
(Jarpamr  (33)), 1abo Ha ONHOHX HMPAMOH.

9TH pemeHHA Kasalmch UMCTO MAaTOMATHIECKAM Kyphe-
soM, Toka (8 1906 rony m mossxe) Ha opbmre IOmmTepa He OBI-
nu oGHAPYIKEHH (IpeKUy A «TPOSHIE) — [Be I'PYIIbl MaJIBIX
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Pnc. 23. «T'pexmy m «Tpoanns»

nnamer, obpasylomux ¢ Conmnmem m lOmmrepom nBa paBHO-
CTODOHHAX TPeyroabHHKA (TPOAHIE OTCTAIOT, & TPEKA Ome-
pesxator IOmmrep; pme. 23). :

CooTBeTCTBYIONMAE TPeyroJbHAKAM PemeHAs 3afavin Tpex
TeJ YCTOMYHBEI, IO MeHbHmEH Mepe B namHeitHOM mpHOImKe-
HAW, B TO BPEMs KaK PemeHus, IPE KOTOPHIX BCe TPH Tela
pACIONOKeHK HA OTHOH NpAMOi, 3aBEOMO HEYCTOMIHABH
H MOTOMY [0 HOCTENHAEX €T CIETANHCH MPAKTHIECKH Gecmo-
JIe3HBIMHA.

OmHEAKO B 3M0Xy KOCMOHABTHKH MOJOMKEHHE M3MEHHJIOCH.
Cramnus, IOMeNeHHAs B COOTBETCTBYIONIYIO JANEpOBy pe-
meHmo «ToUKy ambparnumy Mexpy Jemuedr m Conmmem, Ha-
XOIHATCA B ONTHMAJBHHIX YCIOBHAAX A gabnonernit CoaH-
ma. OTo MoJOKeHWe HEyCTOHIABO, mogo0HO MOJOKEHNIO
MaATHAKA (BBepX Horamm». HeGonpmme CIyIaiHEE OTKIO-
HeHHWA CTAHIMHA OT TOYKH JHOpamud ¢ TeIeHneM BPeMOHH Ha-
pactaior. Ho, mOCKONBKY TOYKa JNHGPALAE COOTBETCTBYOT
TOWHOMY DPEIIeHHIO, CKOPOCTh POCTAa BO3MYMeHHE BOA3H Hee
mana. OrasmBaercs, 3aTpaTh DHEPIHH HA HOCTOAHHOE KOpP-



peKTipoBame opPGHTHI, 3aCTaB/IAOMEe CTAHNHAIO BCe BpeMs
HAXORMTECA BONHBA TOYKE ubpanud, HEBeIMKH (OHH Tem
MEHbIIe, 7eM MEHbIee OTKIOHEHH® CYATACTCS NOLYCTHMEIM).
Y4er BO3Mymaomero BIMAHAA NPYTAX Tel He OPHABONAT,
OPE OPAaBANBHOM BHOOPe KOPPEKTHPORAHUSA, K H3MEHEHHIO
OKOHYATEJIBHOTO BHBOTa (34).

Taxum oGpasoMm, TouHEIe pemeHHs, o0HapysKeHHEI® e(e

B XVIII Beke, cefivac mpakTnueckn HACHOJIB3YIOTCA B KOCMO-
HaBTHKE.

§ 23. 3axon Tunmyca — Boge m Mausie myaHeTsI

Bo spemema Hwiooroma ConHeuHas cmcTemMa B8aKaHYEBA-
macbk CatypHOM. YpaH cayuwaitHo otxpur Iepmenem 13 Map-
ta 1781 roma («me oGpemeneHmENl TpagUIEAME, KOTODBIC IpH
IOJTrOTOBKE CHeIHAJUCTOB MOBCIOLY OIPAHHIMBANU CHepy
nx o0a3aHHOCTeH W MOJe JOmycKaeMoit aKTHBHOCTH, OH CMOT
n30paTh HempoTopemHhie myTtmy — llammexyk, Mcropms act-
POHOMHUH).

Orkpoirne Hentyma «Ha KoHumke mepa» (B mpepcKasaH-
HoM ApmamcoM u JleBepre mo Bo3MymeHmsM YpaHa MecTe)
B centsabpe 1846 roma ssmiocs HoBhM TpEyMoM 3aKoHA
BCEMHAPHOTO TATOTEHHNS.

BopoueMm, mpenckasaHHas op6mTa CHIBHO OTAMYATach
OT HCTAHHO# (ee cpegHee paccTosHme ot CoaHma okomo 30
4CTPOHOMUYECKAX eJMHHI[ BMECTO NPENCKAa3aHHEHX I8, HC-
TAHABA JKCHEHTPHCATET BO MHOIO Pa3 MeHBIIe IpefcKasaH-
HOTO). _

HexroTopsie mccnemoBaTenm cImTaoT, 9T0 OTKphTHE Hem-
TyHa Ha DpPeACKa3aHHOM MeCcTe — CYacTImBasg CIydai-
HOCTH: HMeBIIAecs HAaONIONeHHs BO3MYIeHMH YpaHa Bie-
KYT IpefcKasaHHoe mojiokenme Henrtyma gmme B coBOKym-
HOCTH ¢ NpAHATOX Apamcom u Jlemepne HesepHOIi rmmoTe-
30# 0 TOM, 9TO pajgHyc OopPGHTH HogYMHAETCH (3akoHy Bo-
ne» (otkpuitomy Tummycom).

Jdmumprieckmii 3akoH Tunmyca, myGrmkanumo KOTOPOro
Bone o6mapy:xmn B 1772 rogy, gaer crenyomue pa3Meprl
opbmt: 4 (Meprypmit), 4 + 3 (Bemepa), 4 + 3.2 (Bemus),
4 + 3-4 (Mapc), 4 + 3-8 (?), 4 + 3.16 (IOnmvep), 4 + 3-32
(Carypn), 4 + 3-64 (Ypam). Ymcno 28 mpmxommiocs mpo-
OyCTHTH, TaK Kak Memay Mapcom m IOnmrepom me Gsiia0 m3-
BeCTHO HAKakod niaHeTw. Hepgocrawomyrn miaamery mawanm
HACKATE.

3a orkpmitaem 1 sitABaps 1801 roma Manoit miamers: Ile-
peput (mmamerpoM oxoxo 1000 Km) GhicTpo mocaemoBaIE OT-
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kpeitasa [lannams (600 kM), Becrar n I0HOHE. OpbmTer Beex
9THX MAJHX IHJAHET HAXOgATcsA Memy opbutamm Mapea
n [Onmrepa. B HacroAmee Bpems aCTPOHOMEI peryJIspHO
CHeNiAT 33 OBMKEHHEM JBYX C NOJOBMHON THICAY MOFOGHHX
TN, HA3HIBAGMBIX TelePh ACTePOMIAME, THAMETPAME OT CO-
TeH KHJIOMeTpOB [0 coTen MeTpos. Umciao acTepommos pas-
MepoM ¢ mim Goanmme pacrer, BAXAMO, o0PaTHO HMPOIOPINO-
HaJgpHO KBajpatry d. Ilpegmosaraior, WTo DoOTHOE YHCIO
aCTepongoB AHAMETPOM (OoJbIme KMIOMeTPa JOCTATaeT MAJ-
JHOHA.

Op6rTH HEKOTOPHIX acTepommoB OPOXONAT GIM3KO OT Op-
OuTH 3emuan. [[pyrue acTepoOMIH, OTKIOHABIIACH npd Gams-
KoM mpoxoskmeHN® IOnurepa mam Mapca, MoTyr cmiIbHO W3-
MGHATH CBOM OPOWTHL M TAK}Ke OKa3aThCA BOIM3W SeMid.

Ilo coBpeMeHHBIM NaHHHIM, CTOIKHOBEHHS DeMIH ¢ acTe-
POHJAMH KpyIIHee HOJYKAJIOMeTPA AHAMETPAaM IPOHCXONAT C
HHTOPBallaMA HOPAJKA COTHHE TeCHT ner (35).

Kparepsi, o6pasyomuecs npu sTHX CTOXKHOBEHAAX, AMe-
0T PasMephl NOPSJKA JECATKOB KMIOMETPOB (Ha ONHOM H3
TaKAX KpaTepos cTomt Hanyra), a mHOTOA M COTeH KUJIOMeET-
pos (6ams ycrea p. Ilonmrait ma cesepe Cubmpm). OcoGerHo
KPYIHHIH aCTePORJ MOKeT MPOGHTE KOpy Semunn (Yumn mpep-
nojaraeT, 410 TaK obpasoBanacs Mcemampms).

BeposTHOCTS CTONKHOBeHAS ¢ 20-KMIIOMOTPOBEIM aCTePOH-
IOM Ipoc (CKOPOCTH BCTPeun 14 KM/c) B TeueHWe 6rmKamax
400 MEIIHOHOB lleT cocTaBIfeT, Mo COBpPEMEHHHM OlI€HKAM,
oxomo 1/5, pgmamerp ofpasyomerocs KpaTepa — OKOJIO
250 M. - _

HocnencTnas CTONKHOBeHHS ¢ GOJBIIAM aCTEPOMIOM TO-
MOOHEI HOCHENCTBHAM ANEPHON BOWHE: aT™Mocepa MmpaKTH-
TeCKH He yMEeHBIIAeT CKOPOCTH aCTE€POHIA, W BCH 6r0 KAHETH-
JeCKasl 9HePIHA MIHOBEHHO BHIENIAETCS IPH yAape 0 3eMIo.

OcofernE0 CHIBHBE CTONKHOBEHHS MOTYT HMETh DKOJOTH-
9eCKOe 3HaYeHNE W BIUATH Ha BHIMAPAHHE BUZOB Ha OTHEN b-
HBHIX KOHTHHEHTaX H JajKe Ha Bceit niaamere. Taxum o6pasom,
9Q(eKT OT CTONKHOBEHHS ¢ ACTEPOMIOM CPABHEM C pesyab-
TaTAMH JEATOJPHOCTH Y€JI0BEYeCTBA M HC YIPOKAET IIeJOCT-
HOCTH 3eMHOTO Imapa.

§ 24. Jlioku u pesoHaHCH

ITepmoper oGpamenns GonsmmHECTBA aCTEPOUJOB BOKPYT
ConHma BaKIOYEHH MEKIY MEPHOTAME ob6pamenass Mapca
n [Onmrepa, HO BamoaHsIOT 9TO MHTEPBAI KpaiiHe HepaBHO-
mepHO. B 1887 romy Kmpksyp oreprin wmokmy (pume. 24) —
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dHTepBalBl HA OCH IEPHOJOB, CBOGONHEIE OT MEPHOIOB acte-
poHmOB. JIIOKH COOTBETCTBYIOT PE30HAHCAM (COMBMEPHEMOCTH
OePHONIOB): ONWH W3 JIOKOB HAXOAUTCS BOIHM3H NOJOBHHEL
nepmona IOnmrepa, npyro#t BOamsm 2/3, mMeroTCS IIOKH, OT-
‘Bevaromme pesoHaHcaMm 2/5, 3/5 m T. §.,— WeM BIme mops-
INOK pe30HAHCA, TeM Y:Kke JOK.
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Pmc. 24, Jloxkz Kumpxsyna

ABaIOTHYHEE NIOKaM IMeJIH EMEITCSH B Kolbie CaTypHa.
Camas Gonbmas mexh M1y KoablnaMm 4 m B 6rna 3ame-
gena eme Haccmam B XVII sexe. Ha cpenmammrix Bosmxe-
pom-2 dpororpadmax (36) xoasma B CartypHa (pmc. 25) scHo
BHJHA TOHKAA CTPYKTypa: Koabuo mupuaoir 30 000 KM cocTo-
AT #3 paAfga 6ojee TOHKAX KoJeln, Pa3NeJeHHHX MAPOKAMH
mMeNsMi, KarkJoe M3 TOHKAX Koler (ojJee Y3KAMH meIsMe
paspelieHo Ha eme 60Jee TOHKAE KOJEUKH U T. . [0 KoJei,
MAPAHA KOTOPHIX, BHFWMO, CPaBHEMA C TOJIMUHOH— HOPSAM-
Ka KWJIOMeTpa.

Iilcam B wouabue CarypHa COOTBCTCTBYIOT Pe30HAHCAM
¢ ero cnyTHHKaMu. Heckodrko der Hasam npm HaGIoeHAU
C CaMOJeTa MOKPLITAS 3BEe30sl Y PAHOM cJaydYaiiHO Obiam 06-
HapY;KEHHl 6ro KoNbla. AHANN3 HX PE30HAHCHOH CTPYKTYPH
no3Bonma coBeTckmm acrporomaMm H. H. I'oprkasomy u
A. M. Opagmary (37) mpefckasats LeNyoo CEPHI0 CIyTHH-
koB YpaHa. Yepes moaroga npz mposere Boamxepa-2 B6an-
sm Ypama 24 smBaps 1986 roma Bce 2TH COYTHEKRE ObLIM
o0Hapys;keHH Ha TPEJCKa3aHHHIX PACCTOAHAAX OT YpaHa —
eme OAWH TPAYM( TEOPHA TAroTeH:ms IHpoToHA.
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B pykax Yitnepa, Jlarpamwa u Jlanaaca MatemaTmaecKme.
meTonsl IBOTOHA MONYYANHE OTPOMHOE TEXHHUECKOe pa3BH-
THe, B KO BpeMeHm Jlesepne yiKe GLIIO TOCTHTHYTO MPEKpac-
Hoe coriacme Teopmm ¢ HabmogeHnsmu. Ho B mpeitHOM OTHO-
INeHAHA BCE STH CJOIKHLIC BHYNCICHNA OCTABAIACH BAPAAHTAMA
TeOpHWH BO3MYyIIeHHH, co3naHHOl HbroToHOM.

Prc. 25. Koxsno B Carypma (yaacrok oxomo 6000 xm, T. e, TeTBeprs
MUPAHE KOXLIla B)

JIByxCOTIeTHAR NMPOMEIKYTOK OT TeHHATBHEIX OTKPHITAHR
Troiireaca 7 HpOTOHA [0 reoMeTpH3allHd MaTeMaTHKA Pama-
goM 7 IlyaHKape KajyKeTCsi MaTeMaTHIecKo mycTHHeH, 3am0J-
HeHHOH OTHAMH JANIH BHYACICHAAMHA.

IIyaHEkape, 0OCHOBATEIb TOIOJOIMA W COBPeMeHHOH TeOPHH
[MHAMITECKAX CHCTeM, TOCTABHJI BOIPOC mMo-HOBOMYy. Bmecro
OTHICKAHEA (OPMYJ, BHPAKAONAX H3MEHEHHE NOJIOKeHHH
HeGecHLIX TeJl ¢ TeYeHHEeM BPEMEHH, OH 3aJaJCs BOIPOCOM
‘0 KadecTBeHHOM IOBeleHAHM opiut: cOJIMIKAIOTCA JH IJIaHe-
THI, MOTYT NE OHH magath Ha CoJHIE HIN YXOINHTH JaJeKo
or Hero 7# 7. . «Teopema» Jlamaaca He maer oTBETA Ha JTU
BOIPOCEI, OTHOCSMMECs K GeCKOHeTHOMY HPOME;KYTKY Bpe-
MeHH, MOCKOJBKY ero pamnl, Kak ycraHosma Ilyamkape,
pacxogsaTcH.

C «Hoswx MeromnoB HeGecHoii MexaHmKH» H «Analysis
situsy (romosormm) Ilyamkape (38) HawmHaeTcst HOBAA —



Ka9eCTBeHHANT — MATEMATHKA, O IPUMECHEHEAX KOTOPOH B He-
GecHOII MeXaHNKe 3[eCh MOKHO CKAa3aTh TOJNHKO HECKOIBKO
CIIOB.

Oxa3zanoch, 9T0 B 3aBECAMOCTE OT HaYalNBHHX YCIOBHH,
IBHKEHHe B CUCTeMe Tpex m (ojlee Tej HHOTNA PeryJspHO,
a mEorma xaotwuHo. [IpmmepoM peryaspHOro gBmKeHEA AB-
JAeTCS MIaHEeTHOe JBWeHHe II0 HBOJIOIHOHAPYIOIMEMY Kel-
JIepoBY BJUIANCY, MeNJeHHO W MAal0 MEHAMEMY CBOH DKC-
LIEHTPHCHATET B TeYeHWE OECKOHeYHOTO BPEMeHH M MejIeHHO
BpamamomeMycs Nopn NedCTBHEM BO3MYINeHHH, BCYHO OCTa-
BAafCh B CJ1€IKa NOKATHBAIOMEHCA OKOJ0 HEH3MEHHOTO HOJIO-
MMEHAA MJOCKOCTH, KaK IPEINACHBAET NPACIMKCHHAS TEO-
pua Jlannaca.

ITpumepoM xaoTnUeCKOTo NBHKOHHS ABIAETCA IBIKCHAE
acrepomna BOam3m noka Hwmprsyma (A. M. Hedmrapgr,
k. JI. Temmmcon m gp. (39)) — pesomamcHoe B3amMomeii-
crBEe ¢ JOmuTepoM mpoBOOAT K «CIYYAHHLIMY, X20THICCKHM
H3MEHEHUAM DKCIIEHTPACUTETA TO B TY, TO B IPYLYI0 CTOPOHY.
ITocnemoBaTedbHbBIE («CKATKAY DKCIEHTPHUCHATETA ¢JIalo 3aBHCH-
Mul. Ilo 3aKoHaM Teopuu BepOATHOCTEH XAOTHIECKH MEHIIO-
MuicA SKCIEHTPUCHTET HHOTHA CTAHOBUTCS OOJIBUIAM, B TOTJa
ACTePOH MOJKeT, Hampumep, ymacth Ba Mape. Ilpemgmonara-
eTCsI, 9TO AMEHHO TaKOH# MeXaHABM (BEIMETaHAS) ACTEPOH/IOB K3
moxoB HEpKByZ#a mpmsex 3a COTHA MHINHOHOB jJer K ofpa-
3oBagmd0 d0K0B (Bracgom (39)). Xaoruweckn meraercs u op-
6ura womers: l'anmess (B. B. Ympmros, B. B. Bsueciasos
(40)). | |

HavanpHIe ycaoBus peryagapHLIX I XaOTHIECKHUX JBHKE-
HER mepeMerkaoTceA (pac. 26) momoGHO PAalHOHATHHEIM B HPPa-
IHMOHAJNBHHIM YHcJIaM (C TOH pa3HUIe#l, YTO BEPOSTHOCTA KaK
PeryisApHOro, TaK W XAaOTHYECKOr0 MOBENEHHS IIOJOKA-
TEJBHBI, 4 BEPOSTHOCTH TOT0, UTO CAYYAWHO BHIOPAHHOS YHC-
JI0 palAoHANbHO, paBHA HYJ0). TakmM o6pasom, fgayke ecid
ABUKeHHE NJAaHETH WX aCTePOAla PerylspHO, JOCTATOTIHO
CKOJb YrONHO MAaJIOTO BO3MYINEHHAS HAYAJBHOTO COCTOSHHSA,
9100bi CHEJATHh ero XaoTHYHHIM. K CwacThIo, OJHAKO, CKO-
POCTH pPa3BATAA TAaKAX XAOTHIYECKHX BOBMYMIeHHA KpaitHe
Malia, TaK 9T0 BPeMs, 4epe3 KOTOPOe CKaKeTCS Xa0THIHOCTh,
IOPH JOCTATOYHO MAJOM BO3MYHMIEHAH HAYaJBHOIO COCTOSHHS
OypmeT BeJEKO N0 CPAaBHEHHWI0O ¢ BPeMeHeM CYIecTBOBa-
Hua Conmeunoit cmcremst (H. H. Hexopomes (41)). Tax
q9T0 3a OAmKaHmmit wmmnamappy Jnet CoJNHEYHas CHCTeMa
BpAJ JA CYmEeCTB6HHO W3MEHHATCS M ONHCaHHKH HpoTO-
HOM «9aCOBOW MeXaHM3M» OyReT HPOAOKATH WCIPABHO Pa-
GoraTs.
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Puc. 26. PerynsapHEe H XaoTHUecKHe



Taxasa 5. BTOPOHN 3AKOH REUJIEPA
1 TOIOJIOTUA ABEJEBLIX MHTETPAJIOB

§ 25. Teopema HptoToHa 0 TPAHCIEH/IEATHOCTH HHTErPAKOB

B Principia ectp gBe YACTO MATEMATHIECKHe CTPAHMIH,
comepKalNAe YAHBATEIHHO COBDEMEHHOE TONOJOTHIECKOe J0-
Ka3aTeJHCTBO 3aMEYaTeIbHOH TEOPEeMbl O TPAHCIEHIeHTHOCTH
abeneBux mHTerpaiios (42).

BaTepsiHHEAA cpeqA HeGeCHO-MeXaHWISCKAX HCCIO{OBaHHAN,
ata Teopema HrioTona mourn He of6paThia Ha ce0s BHAMAHAA
MaTeMaTAKOB. B03MOKHO, 5TO IPOU300LI0 HOTOMY, IT0 TOMO-
JOTHUECKHe paccy;kmeHAsn HboToHa 060rHAlH ypOBeHb HAy-
KB ero BpeMeH: Ha mapy coreH jer. flokasaremsctso Helo-
TOHa B CYmHOCTH OCHOBAHO HA WMCCJIENOBAHHA HEKOTOPOTO
SKBHBalleHTa PIMAHOBHIX MOBEPXHOCTEH airefpanvecKAx KpH-
BHX, HOSTOMY OHO HEMOHATHO KAaK C TOYKH B3DeHAsS ero Co-
BPeMeHHMKOB, TaK H JJs BOCHATAHHEX HA TEOPHA MHOKECTB

U=@2-2%/2

Puc. 27. Jlemanckara (HE
Bepaynnm) — aiareGpan-
YecKaa KpEBag y? = 22—
— z* — n@EAS  yPOBHA
sneprnm Ha $as0BOH miIo-
CKOCTH YaCTHIH, NBIKY- yP=at-ut
meiica B CHIOBOM IIOXe
C TBYMA CEMMETPHYHKIMH
HOTeHIMANbHBIME  IMaMKI

Y

7 Teopud (QYHKIHHA NEACTBATENHHOTO NEPEeMEHHOTO MaTeMa-
THKOB BAJIATOrO BeKa, 0OSAMUXCA MHOTO3HAYHBIX (YHKIIHH .
K tomy ke HroToH 0UeHr KpaToK U He 00BACHAET OUeBHJI-
HEIE [IJIS Hero, HO Bomejpmne B o0meMaTeMaTAIECKAR 00UXO0
MHOTo0 mo3:ke gaxTs. Bmo6aBok, MokazaB TeopeMy, oH c006-
ImaeT HanocCjegoK ¥ 00 A3BeCTHHX 6My KOHTPOpHMepax K Hei.

Kpmeas Ha NIOCKOCTH Ha3HBAGTCHA a.A2€6pauteckol, ecln
OHa yaoBJIeTBOPsieT ypasHeHHn P (z,y) = 0, rme P — me-
Hynepoit MHorouixeH. Hanpmmep, okpymmocTh 22 4 Y2 =
= {1 — anre0pamuecKas KpmBas. AnrefpamieCKAMEH KPHBH-
MH SBJIOTCH DJUIAICH, rumepGonsr, jdeMHUckarta (He Bep-
gynnn) y? = 2% — z* (pmc. 27). Camyconga — He aareGpan-
qecKas KpuBas (moueMy?).
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ODyEKOAA HABHBAGTCH alrefpamdeckoid, ecim ee rpa-

Pux—anreGpanveckas kpmsad. Hampumep, y= -+ V1—z?
—JBy3Ha9YHAfA axrefpamuecKas QyHKIHA. '

PaccmoTpuMm asnreGpaddecknii 0Bal (3aMKHYTYI0 BHIIYK-
Ayl anrefpamdecKyo KPHBYI).

Onpenmenenne. Opar HasmBaerca a4ze6pauiecku
Keadpupyemsim, eclm  MWIO-

AY az +by=c magpb Jo00T0 ero CcerMeHTra
BHpa’kaercd alire6pamdecKH.
WNuarivMa ciosamm, miomans

s S cermenTa, 0TCeKaeMOro mpA-
Mo#t ar + by = ¢ (pme. 28),
moJxHa OHTH ajiirebpamaeckoi

z OyHKIEe#E oOT npsMoit, T. e.
>  JIOJIKHA YOOBJIETBOPATH AalJl-
Pmc. 28. Ilnomane S xax Gynk- TreOpamdeCKOMy  YPaBHEHHIO
nms or (a, b, c¢) meanrebpamana P (S; a, b, ¢), rme P — HeHy-

JIeBOH MHOTOYJEH.
3ameuganme. Ecazm oBan anre6pamdecKu KBagpHPY-
eM, TO ¥ IJIOmAaxb CEKTOPa, OTCEKaeMOro OT HEero yrioM
¢ ne)kamell BHYTPH oBajia BepIHHOM, ABIgeTCA ajrefpanmye-
ckoil dymEKImmeir or npsMbx, ofpasynmux yroa. MGo mio-
magh TPEYroJhHAKA, OTIWYAIONET0 CeKTOp OT CerMeHTa,
anreGpamgna (mogpo6HocTH cM. Hmke B § 29).

HpioToH DocTaBRI cefe Ielibi0 HaiTHA Bce alrefpamdecKn
KBaJpEPyeMEe 0BaJb. Fro pesyibraT TaKOB:

T eo pewma. Beakuil aszebpauvecku K6adpupyemulii 08a.4
usmeem ocobsie mouKwu: éce 24a0Kue 06aabl aszeOpauHecKU He
Kéadpupyemol. ) '

IMIpruMep. Ounmmc anre6pamdecKd He KBaJPHPYeM.
Orcioma ciegyer, 4To ypaBHemme Hemiepa, ompeneisiomee
[OJI0KeHAe IIAHeTH HAa KEeIJePOBOM HINIAICe KAK (QYHKIAIO
BpeMeHE (B COOTBOTCTBHA CO BTODHM 3axoHoM Hemiepa,
Ho KOTOPOMY IUIOIAflb, 3aMeTeHHAs PaJHyC-BeKTOPOM, IpO-
HnopImAoHaiibHa BpPeMeHu), — TPAHCIGHZEHTHOe W HE MOKeT
OhITH pemeHO B ajrefpamyecKAX (QYHROUAX.

9ror npuMep ® mpuBen HrloToHa K ero ofmeil Teopeme.
VYiameaTeAbHA TEOpeMa MOTOMY, YTO Ha NEPBHI B3IJISAMN M-
Ky ajre6pamuecKoil KBafpHPYeMOCTBI0 W OCOOHIMH TOIKAMH
He BHIHO HHKAKON CBASH.

BamMegamue. B cospemeHBHX 00603HA4EHAAX ypPaB-
genne Kemnepa mmeer BHR z — e sin £ = {. 910 ypaBHeHH®
CHITPallo GONBIIyi0 Poab B mcTopnn MaTemataku. Co BpeMeH
HroToHa pemeHHe r HCKadd B BHge pPAfa MO CTENEHAM
pKCI[eHTpHCHTeTa ¢. Panm cxomares mpm | e | < 0,6627434...
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Hccneposanme NMpPOMCXOMKAEHHA 5ToRk  3aramoumod KO-
CTaHTH OpmBejo HOomE K CO3TaHUI0 KOMIJIEKCHOTO aHAIM3ae
Taxwme QyEmaMeHTaNbHBIE MaTeMATATSCKHE HOHATHASL B Pe-
8yampTaTH Kak Qymrumm Becceuxs, pamm @ypse, Tomosorn-
YeCKHil HMHIEKC BEKTOPHOTO IIOJs W (HPHAIAN apPTyMeHTay
TeopHr (QYHKNEHA KOMINIEKCHOIO IEPEMEHHOIO TAKIKE BIIEp-
Bhle DOABHJHACH IIPW HCCICNOBAHAE ypaBHeHms Hemuepa.
HorxaszarteanscTBo Teopemu HbioToHa.
BriGepem mouxy O BHYTpE 0Bama m GymeM HOBODAUHBATEH
BEIXONAMAH w3 Hee nyu. Ecam oBanm anreGpamueckm KBaj-
pupyeM, TO IJIOMAanb, 3aMeTaeMas DPaJEycC-BEKTOPOM TOUKH

Pnc. 29. 3amerennasa pa-

IAYC-BEKTOPOM ILIOMAfb

Kak ¢QyHKD@AA or ¢ He
anre6panuHa

opana (pmc. 29) pmomkHa GHTH aisrefpamueckoir QyHKnuTeit
OoT TaHTeHCa [ yria HAKJOHA Jy4a K OCH Z. :

3acraBmM sy4 oferaTh 0BAJN CHOBA H CHOBa. LIpm Kaskmo
oGopoTe 3aMeTeHHAS NMIOIMANb OYJET YBEJIWYMBATHECH HA BCIO
BeIEIAHY IUIOMALHA, OTPABEAYEHHOH oBagoM. CremoBaTenpHO,
3aMeTeHHAA IIOMANb, PAacCCMATPHBAaEeMas KaK MHOTO3HaTHAA
QyHRIASA OT ¢, MMeeT 1A OAHOTO B TOTO K€ TOJO0KeHHs Jyda
6eCKOHEYHO MHOrO PAa3IHYHHX SHAUCHHI.

Ho anreGpamdeckas QyHKIAs He MOmeT OBITH GeCKOHETHO
MHOTO3HaUHOM, TAK KAK YHCJO KODHEH HEAyIeBOro MHOIO-
4JeHa He IPEeBOCXONAT €ro CTEeIeHH.

CremoBaTeabHO, 3aMeTeHHAad NIJIOMAND — HE anre6pamae-
‘cKasg QYHKI¥A, a DOTOMY 0BaJ anreGpamiecKE He KBajpH-
pyeM. .

Hoiotor 3amewaer, aTo Takoe e pacCy:KIeHHEe TOKa3H-
BaeT i HeaJre0pamdBHOCTh NIMHEl IYTH 0BaJa.

§ 26. I'mobanbHaA m JOKamTBPHAA AAreGpPAMIHOCTSH

Nrax, anrefpamdeckn KBaJpHPyeMbie 0BAJEH HE CYIECT-
syfor? Her, HrlotoRy yixe Gbinz M3BeCTHE mMpHMePH 0BAJOB,
OJOIMANA CerMEHTOB KOTOPBIX BEIPAKAKTCH ajreGpamdeckn,
I OH ynoMunHaeT 0 HHX NPN obcy;xmeBEA cBOeH TEOpPeMH
B Principia.
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Ipocrefimmit npmMep pocraBiser osax puc. 30, y? =
= z? — 7. OGo3HauEM dYepe3 { TaHreHC yIjia HAKJIOHA Ce-
Kymeii, y = tz. Torma #* = 1 — z, oTkyna moiryuaerca ma-
paMeTpH4ecKoe IIpecTaBJeHNe 0Bala,

=1 —¢8,
y=1=t—1.

W3 sroro mpemcTaBlieHAS BHJHO, YTO HHTETrpPas ILIOIMAH

{ ydz — mmorouner ormocmTenbEo {. MosToMy myomamp M-
60ro CerMeHTa, 0TCEKAaeMOT0 OT 3TOr0 OBaJa NPSIMOM, BEITHC-
asgerca anrebpamueckd.

XoTa mocTpOCHHBIE 0Ball He TIagKAi, paccyxgerde Hrio-
TOHA K HEMYy IPEMEHHMO. OHO mOKa3nBaeT, 4TO IIJIOMATb,
Ay 3aMeTeHHas1 PafAyC-BEKTOPOM,
‘ He BHIPAYKAETCH B IEJIOM ea-
HO# anre0pamdeckoil PyHKITH-
eii. I meficTBmTeNpHO, KA ALIH
pas, korma x(f), y(¢!) mpoxommT
gepe3 0co0yo (YrioBYI0) TOIKY
oBaja, aidrefpamieckKas QyHK-
1A, BHPAKAKMAST  3aMe-.
TeHHYI0 MJOmAafb, CKAYKOM
3aMEeHseTCA Ha Hoeyl aiared-
pam4ecKyw QyHKITHIO.

Pmc. 30. JlokaabHo axreGpam- Ipegsaymaii npEMep mo-

YeCKH KBaJpAPYEMEIH oBaX C O~

BOR 0cOGOH (yIOBOH) roukod KABEIBAET, UTO QYHKITHSA MOKET
OBITH 40KaabHO anreGpamyec-

KO#, He Oymyum anreGpamueckod B muedom (pmc. 31). B

9TOM CMHICIe Ham oBax puc. 30 MomKHO Ha3BaTh JOKAJBHO

anre6pamiecKn KBAJZPAPYEMHIM.

IIpaxtudeckn, NokanbHAs aarefpamuecKas KBaJpupye-
MOCTH IIOYTH CTOJIb jKe IMoJe3Ha, KaK B HACTOSmad, rioGann-
Has. IlostoMy y Hbl0TOHA €CTeCTBEHHO BOBHHK BOIIPOC: MO-
Jcem AU 2aadrull aazebpauveckuil 06as 6sIMb AO0KAALHO A~
eebpauuecku keadpupyemvin? To ecTb MomeT am miIomamp S
cerMeHTa, OTCeKaeMoro mpaAMoi ax + by = ¢, OHTH anarel-
pamiecKoit QymKmEe# oT (@, b, C) B OKpPECTHOCTH Kakmoi
TOYKHA?

Yro6m mocrpomts (MeromoM pmc. 30) imokanpHO anreG-
PanYeCKM KBaJpHpYeMHlil 0BaJi, BCIOJY HAMEONAH KacaTelb-
HYI0, JHOCTATOYHO NOXOOPATH HOTXORANYI0 APy MHOTOUYJie-
soB. Hanpnmep, MBOTOUNEeRH £ = (# — 1)?, y = ® — ¢ 3a-
JAIoT 0BaJ pHC. 32, AMeMMEMA /laske HENPEPHBHYI0 KPUBH3HY
(nouemy?). Taxum o6pa3oM, ME DOAYIHIA COBEPIEHHO Tiaj-
KA H3 BMJl 0BaJ, KOTODHH JOKAJBHO alre0pamiecKm KBaj-
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papyem (rnobanpRas anreSpamueckas KBagPEPYeMOCTh w
3fech HCKIOUaerca paccyskpermem Heoroma).

3angawga. Ilocrpomts (NoKampHO) asreGpamyeckn
KBAJIpEPYeMEIii oBaji ¢ ONHOX 0c060# TOUKOM, sBASOITACH

AY
T
Prc. 31. Tpapmk dokaabmo ai- Pumc. 32. JioKaabHO ajreGpand-
refpamdeckoif, HO Be ajireGpam- YecKH KBaJPAPYEMEIA 0BaJ C He-
YecKol (QYHKmER IPePHBHOH KPHBE3HOHK

B OKPECTHOCTH 0€000i1 Toukm rpadmxoM QYHKIIWHA, EMEMOINER
1989 HempepHBHHIX TPOW3BONHHX (2 B OKDPECTHOCTAX OC-
TaNBHHX TOYeK — rpamIKOM HEOTPAHHYEHHOE UHCJIO pa3

sEepenmmpyesodi Gymemm).

§ 27. Teopema HpioToHa 0 MOKaNBHON HeanreSparmYHOCTH

Hrak, moxansHO aire6pamdeCKr KBaJPHPYEMEIi 0BAJ MO~
MeT HMeTh CKOJb YrogHO OOJBIIYI0 KOHEYHYIO TIagKOCTh
(MoxeT BCIOAY B3amaBaTECA (QYHKIHAMA CO CKOJb YTOXHO
GonpmmM dmcJOM mpomsBomEbix). OgHakKo BO BCEX HamAx
npuMepax Ha OBajJe eCTh 0c00as TOUKa, Ijae IPOM3BOIHAS
HEKOTOPOTO IOPSMKA Pa3pLIBHA.

HeloToH cumTan ECTHHHO riIafKoi KPHBOH JWME TaKYIO,
KOTOpas B OKPECTHOCTH KAasKMOi TOYKH SIBJISIETCH rpafuKoM
OYEKIMA, Pa3lAralmeAcs B CXOIANMUNACS CTeNeHHON DAL

Yy = ax + a,2? + agx® +

(rme Hagano KoopoUHAT BHODAHO B PacCMAaTPHBAEMOIl TOUKe).
Cefigac TaKkume KPHBHE HASHBATCH QHALUMUYECKUMU.

3aMedaHHe Pazinume B mMOBeeHAW KPHBEHIX pas-
NAYHOM KOHeYHO# riagkocT® Obino HreoToHy xopomo ms-
BecTHO m oOcyxmaercs B Principia, a pasmokenme Bcex
arrefpamdecKAX W 3IEMEHTAPHHX (PYHKIHHE B GHICTPO CXO-
OAM#Eecss CTeeHHLIe PANE OO OJHUM M3 OCHOBHHIX €ro
MAaTeMATAIECKAX MOCTHIKCHAN.
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Ws Teopemun § 25 HeioToH BHBOZHMT ropasno 6oJiee CHIB-
HOe yTBepKJIeHne,

Teopema. Jwboi anasumuueckull 06a.s aszedpaute-
CKu He Keadpupyem Oajce U AOKGALHO.

NNoxasaTenbCTBO JOKaTbHON anrefpamieckoi
HeKBAaJ{pUDPYEeMOCTH aHAJIATAIECKHX OBAJIOB.

Ecnm 651 0Basd GELI JOKaJBbHO, HO He Tn06aapHO aarebpan-
qeCKH KBALDPHEPYEM, TO 3aMeTeHHAs IJOMAalb BHPaXKaJach O
omHOR anre6pamyeckoil PyHKIAeH IO ONHY CTOPOHY OT HEKO-
TOPOH €ro TOYKA H JPYroil — mo APYTYIO. Ho nnsa amanmrta-
9eCKOT0 0Baja 3aMeTeHHAs IUIOMANh AHATHTHIECKH 3aBHCHT
oT HampaBieHHs ayda. lloaTomy ofe ykasamHEe airefpau-
weckrme (yHKIEA DA3NaraloTCsi B OKPECTHOCTH TOH TOUKH
aAHAJATHYECKOTO 0BAJA B ONWH W TOT K€ CXONANTAUCH CTeNeH-
Hoii psj. 3HaumT, 00e 3TA aareGpamieckne QyHKIAH COBHA-
[AI0T @ B OKPECTHOCTH ykasaHHON Togkd. Ho Torma oHE coB-
pafaioT Boobme BCIOLY (910 ClegyeT W3 TOTO, YT0 MHOTOYJCH,
He DaBHBIE TOMIECTBEHHO HYyMN0, He MOKeT Amerh Goxsme
KOpDHeii, 9eM ero CTeNeHb).

Mrtak, ecam OH CYNMECTBOBaJ JOKAJTBHO anreGpamiecKu
KBaJpAPYeMHii aHATHTAYECKHAA OBaN, TO OH OHLI Ont axred-
pamIecK:H KBaJpPApPyeM H B IIeJOM. A MOCKOJBKY DTO HEBO3-
MoxHO (§ 25), To aHATWTHYeCKHIH 0Ban He MOkeT OHITH ai-
refpamuecKnm KsagpHpyeM Ja)ke H JOKAIbHO.

§ 28. AHaraTAYHOCTH FIAANKEX anreGpamyecKux KpUBHIX

KpuBaa HasbiBaerTcs GeCKOHEYHO TJIaJKOM, €CJIH OHA JO-
KagbHO sBasAeTcs rpadmeoM QyHKMEZE, KAPPepeRmEpYeMor
CKOJBKO YrOmHO Da3.

Teopewma. DBeckoneuno zaadrai aszebpauyeckas Kpu-
604 AHAAUMUYHA. . ’

JYror daxt Gma Hriotomy masecteH, Tak kak HbioToH
yMeJ 3aIHCHBATH yPaBHeHHe Ji000H (BeTBH» anrelpamdecKom
KPHBOH B OKpecTHOCTH I060f ee Toukm B BEAe GHCTPO CXO-
aAmerocs pAnxa

y = a,xt/™ + apx¥" + ag®™ + ...

(e HAavajo KOODAMHAT IIOMENEHO B HCCIETYeMyK TOUKY).

[Teopemy o cxommmocTm 3T0oro paga HeloToH $opmyinn-
poBan Tak: «YeM naxblie pa3BepTHBAETCS HPH HOCTATOYHO
MaIOM Z Pe3yabTaT, TeM (Goiee OH IOTXONAT K HCTHHHOMY
3HAYEHMAI0 Y, TAK UTO Pa3HOCTH, HA KOTOPYI OH OTIHIAETCH
OT TOYHOrO0 BHAUGHHA Y, NeJAeTCs, HaKOHeI[, MEHbIIe BCAKOM
mamHO# BenmumHED (43).
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:Papg CTPOWTCS IpHW mOMOIA MHOroyroirHmKa HEBOTOHA;
cm. § 8.1

Kasxgerit uien psAga ¢ HEIeJbIM MOKA3aTelleM MMeeT JHIIb
OrpaHWYeHHOe YACJIO0 IPOM3BONHHX. Ecam B pagy mpmcyrer-
ByeT XoTsA OH OfFH TAKOIl YJeH Heielod CTeIeHH, TO Ompefe-
MeHHas PAJOM KpuWBad yyKe He MOKeT OHTH GeckoHeYHO
IIafKOM B OKpPECTHOCTA H3ydYaeMo# TOUKH,

Ilnsa 6eckoHeTHO riafKoi anreGpamdeCcKodl KpUBOL B pas-
JOKeHAN YYACTBYIOT ITODTOMY TOJBKO IeALRIe CTEIeHH, & 3TO
A 3HAYAT, 9T0 KpHBasg aHAJNATHYHA.

CnemctTsue. Bcakuil 6eckoneuno 2aadruil aszebpau-
yeckuii 0eéas aazebpautiecku Hekéadpupyem 0aie A0KAALHO.

Hrax, GeckoHeTHO ITagKas 3aMKHYTAas BHITYKJasd KpABAA
He MOkeT OHTH [Jajke JOKAJIBHO aarefpamiecKd KBafgpHpYe-
MoOH, ecad oHa aireGpamuHa. Mojxer OHTB, JOKANBHO al-
re6pandecKn KBaJpPHpPyeMEle KPHBLHE CJHENyeT HCKaTh Cpemd
Healire(pamIecKAX OBAJOB?

§ 29. AxreGpam9HOCTH JIOKAJIbHO ajireOpamiecKn
KBaJ[PAPYEMBIX OBAJIOB

I'napknit HeanreGpamdecKui oBas anreGpamyecKd HEKBas-
papyeM. 310 clemxyer W3 JOKa3aHHOTO BhIme, mbo crmpaBef-
ndBa

Teopema. Beakuii 1okaavho aszebpaudecky keadpu-
pYyeMmuili 06an aszebpauucH.

dror pakt HeoToH HCmONB3yeT Kak oueBHAHEIA. Bugamo,
OH PacCCyKgaJ TaK:

Jemwma. OQzubawwyas awo-
6020 aazebpauueckozo cemeiicmea
npAMBE aAze6paAuULHA.

NHEMEA CIIOBAMH, €CJIA MHO-
JKECTBO KacaTeJbHHX K KpH-
BOH yHoBIETBOpPseTajrefpanaec-
KOMY YPaBHEHHI, TO CaMa KDH-
Bag aare0pamiHa.

HJoxkaszaTenscTBO
7 eMMB. PaccMoTpaM e Oam-
3KHMe KacaTeJibHEE C TAHTeHCAMH
yriaa HaKJOHA K OCH I, paBHHME Puc. 33. Ormbaoman aire6-
tmt-+h (puc. 33). Mx Touka pamdecKoro ceMmeiicrsa mps-

MHX aareGpamiga
mepecedeHns1 nmpoferaer IpH Ie- :
peMeHHOM [ m PEKCHDOBAHHOM h .
anre6pamueckyo KpABYIO (A306paykeHHYI0 Ha PHC. 33 MITPAXO-
poit nimHAEH). CTemeHb 3TOi KpHBOiA (T. €. CTeNeHb MHOTOYJICHA ,
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ee 3ajlalolNero) OrpaHEAYeHa He saBmcAmEil oT h MOCTOAHHOM.
(9to cuemyer -@3 TOTO, WTO YCHOBHE COBMOCTHOCTH JBYX
anre6padyecKAX yPABHEHHA BHPAsKa®TCH PABEHCTBOM HYJIO
MHOTOYJEHA OT AX K0o3(PrmuerToB — QaKT, o6CyKIa0OnAics
HeoToHOM BCE Ha TexX ke OBYX cTpaHAMmax Principia, rme
3a0IHO 00BACHAETCH, 4TO IBe aJrefpamIeCKAe KPUBLHIE CTe-
meHeH m W n TepeceKalTcs He (ojee ¥eM B mn TOYKAX.)

[pm crpemiernn k K HYIIO TOYKa NEPeceTeHAs GrABKAX
KacaTenbHHX CTPeMATCH K HCXOogHON Kpueoii. Bymysm mpe-
meimoM anre6pamdecKuX KPHBHX OTPAHHYGHHON CTONOHH, MC-
XOTHAs KPHBAA TAKKe ABIAETCS anreOpamIecKoi.

NorxaszarteanbcTBo Teopewmu. HacarerpHme
K OBAaJy OTCeKAalOT OT HEro CerMeHTH HYJIeBOH NJIOomad.
HosroMy KacaTenbHEHe ar + by = ¢ & anreGpamvyecKn Jo-
KanbHO KBAJPHPYEMOMY OBAaJdy YAOBIETBODAIOT anrebpamie-
ckomy ypasmermo P (0; a, b, ¢) = 0 (cm. § 25). Ilo memme
oBan ainre0pamIeH, ITO W JOKA3HBAGT TEOpeMYy.

§ 30. AnreGpanyecks HeRBajpupyeMble KpHBLIE A
¢ 0ocofeHHOCTAMHA |

Takum o6pazoM, Bce GECKOHETHO IJIAJKHe OBAJIEH aIrel-
pa¥decKkn HeKBapEpyeMH (Raxe IoKaibHO). Bomee Toro,
paccyxnernss HboTOHA [OKAa3HBAKT JOKATbHYI anreGpam-
YeCKYI0 HEKBAJPAPYeMOCTh GECKOHETHO TIANKAX HEBEIIYK-
JHX B3aMKHYTHX HOCAMOLNEPECeKAIOMMXCH KPHBHIX ¥ INajKe
MHOFAX KpPHBHX C OCOOPHHOCTAMH.

Puc. 34. JokaabHO airebpamvecKk? HeKBaJAPHPYeMEe KPHBHE C TOY-
KaM#E BO3Bpara

JlokanpHO anrefpamyecKHm HEKBAIPEPYEMHl BCe KpHUBHE,
BCe 0COOH® TOYKHM KOTODHX SBIAIOTCA TOYKAME BO3BPATa;
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B YAaCTHOCTH KDWBHE, 3aflaEHHe ypaBHeHmAME J? = 23 —
— 2zt anm y* = (1 — 2°)® (pmc. 34), mim KPHBHE ¢ 0co0eH-
HOCTAMHA THOA Y = x P/9, TOe ¢ HEYeTHO, W T. M.

Hsroorom 3amesaer, uto mas Toro, wroGh TapaHTAPOBATH
JIOKANBHYIO anre0pamyecKyio HeKBaJpPAPYeMOCTh, JOCTATOTHO
morpeGoparh, ITOGH K TOYKAM 3aMKEYTOI KpHBOH HE IoJ-
XOWIH (COUDSKOHHBIE BOTBH KPHBOH, yXomsmeidl Ha GecKo-
meunocTsy. Bunumo, om mven B BERY mpmMepH Bpone pre. 30
u 32, rhe TaKme «CONpSIKeHHEE BOTBH) €CTh.

B peiicrBaTensroCTH, cTOBA (yX O sIIHe HA GECKOHOTHOCTE)
IIOCTABNEHE TYT 1m0 omubKe, HyKHO 06sA3aTenbHO IOTpPEGO-
BaTh OTCYTCTBHA KaK®mX OH To HE 6HUI0 caMomepecedeHHi.
HlocTaTouHoe ycioBEe OTCYTCTBHS caMoNepeceTeHmA Ha 3aMEK-
HYTO#i KpUBOi, yroBIeTBOpsAlOme# ypasHeHH0O P (z, y) =0,
COCTOHT B TOM, 9T0 MHOTo4aeH P ofpamaerca B Hyls POBHO
B ABYX TOYKaX OKPYKHOCTH C IEHTPOM B n060fi TouKe KpH-
BOf, ©CIH pAgAyC OKDYKHOCTA OCTATOIHO MAJ (6oxee
YI6HOe YCHOBH® OTCYTCTBHAS CAMONGPECeYeHHH TAKOBO:
OBaJ ABJIACTCS B3AMMHO OTHO3HAYHEEIM 00pa3oM OXHON H3 Be-
IeCTBOHHEIX KOMIOHEHT CBASHOCTH CBOeH HODMANHW3AIIHE).

Meronom HsrloToEHa moKazEIBaeTCA

Teopewma. Bce necamonepecerarwowuecs 6 yrasaumom
CMbicAe aazebpauteckue Kpushe aaze6pautecky Hexksadpupyems
(Oasce aokaavho). .

Hanporns, camonepecexaromas 3aMKEyTas Kpmsas BIOJ-
He MOMKOT OKa3aThCs JOKAJBHO anre0pamdyeckKwm KBagpmpye-
Mot (3Ty BOBMOMHOCTE HbBIOTOH MOYeMy-TO YIYCTHJI, KOTAa
nmcan «yxopsAmme Ha OeckomewHocTH»). IlpmMepom smiser-
¢A nemmmckarta (He Bepmymmm) y? = 2% — 2% (pmec. 27):

Sydz = Jz Y1 — 2%z = —(Y T = 223/3

— aureGpawdeckas QyHKIHA.*)
Ho mnna camonepecexaomuxcs KpHBHX anre0pamueckas
KBaJIPEPYeMOCTh — PEHKOCTb. ,
U3 paccympermit Helotroma pmAHO, g0 CyMMapHasl 1Ji0-
Mane, OFPAHMYGHHAs CAMONEPECeKAIoNeHcs 3aMKHYTOH I1o-
KaJbHO anre6pamiecK:m KpajpApyeModl KpmBoit (c ygerom

* Jror mpEMep 6ma ykasam TiofiremcoM B mucnbMe Jlelt6HMIY B
1691 r. Cu. Taxse Brougham H.,,RouthE. J. Analytical View
of Sir Isaac Newton’s Principia. — London, 1855, Jleit6rEn B OT-
BOTHOM HECHM® CTAaBHT BOHPOC O TPAHCIEHJEHTHOCTH ILIOMAMel cer-
MBHTOB, OTCOKA®MHX OT aJreGpaWYeckoil KpPUBOM, 3afaHHOH ypaBHe-
HHOM C PALHOEAJILHHMA KO(QHIEeHTAME, NPAMLIME C ajareGpamge-
CKHAME KospdmnuenraMu (HanpuMep, Ymcia 5 m aTorapudMoB axres-
pamvecKux wmcen). Bonpoc JledGHmma copmepmur cenpiylo npobaemy
T'masGepra m, xamercs, mo cux mop He pelmieH.



3HaKoB), paBHa Hyx. Hanpumep, memmmckata anreGpamde-
CKE KBaJ[pEpyeMa IHImb DOTOMY, 9T0 06e merTian JeMHACKATH
[Aal0T B CYMMApPHYIO ILIOIMAfh IIPOTHBOIOJOMKHEIE BKIANEL,
W ecnz mpogedopMApPOBATH JEMHACKATY TaK, ITOOH MONYyNH
miomajell IeTenb CTAalW HEPABHEHIMHA, TO OHA YTPATHT JioO-
KaJbHYI0 aJreGpawmdecKyi0 KBaJpHEPYeMOCTh.

§ 31. lorazarenscTso HpioToma B CoBpeMEHHAA
MaTeMATHRA :

Teopema HpooTOHa NEpeHOCHTCA Ha T'HIEPHOBEDPXHOCTH
B uwerHoMepHoM mpocrparctee (B. A. Bacmabes, 1988).
B HeueTHOMGPHOM IPOCTPAHCTBE [ielo 0oOCTOMT CJOKHEe.
Hanpumep, B TpexMepHoM ciIyIae o6beM cepmIecKoro cer-
MeHTa aJrefpamYecKm B3aBHCAT OT OTCEKalomed ero mioc-
Koctm (reopeMa Apxmmepa). OTamYEble OT 3JIANCOHIOB
anrefpanyecKn KBafpHpyeMbe TeJa MHe HEH3BECTHH, .HO,
KakK mokaszax B. A. Bacmines, ecid 0OHE H CYymECTBYIOT, TO
TONBKO O9YeHBb cHIemmaibHoro suaa. O4eBHIHEE CBA3H TOrO
BOIIpoca ¢ Teopmeil ocoGeHHOCTeH, AHTerpanibHOl reoMeTpreH
7 ToMorpajmeii, BePOSTHO, IIO3BONSIOT €ro PEeIIATH.

CeromHA wWHeH, Ha KOTOPHIX OCHOBAHO [JOKa3aTelbCTBO
HsloToHa, HA3HBAWOTCA HAEsAMHE AHATATHYECKOro IPOTOJIKe-
Bas 7 MoHOogpoMud. OHE Nie’KaT B OCHOBE TEODHH DEMAHOBEIX
HOBePXHOCTEH# H Psifia OTHeJOB COBPEMEHHOW TOIOJNOTHH, al-
re6pamgeckoil reoMerpmm H Teopma AEPHePEHNHANBHEIX
ypaBHeHMII, CBA3aHHKX Ipemne Bcero ¢ mmeHem Ilyanka-
pe, — TeX OTHeJNOB, IJe aHAJA3 CKOPee CIHBAGTCA C [eoMeT-
pumeii, geM ¢ anreOpoii. ' :

3a6uroe (44) poxasatensctso HeloToma anreGpamye-
CKOj HOKBaJPAPYEMOCTH OBaJOB OHIIO HePBEIM (J0KAa3aTeNb-
CTBOM HEBO3MOYKHOCTH» B MaTeMATHKe HOBOT'O BpPEMEeHH —
npoo6pasom Gyqymux AOKA3aTENBCTE HAPa3PEIMMOCTH AaJ-
re6paguecKkmx ypapHeHEil B pagmeanax (AGens) m Hepas-
pemmamoctr gadPepeEnEaNbHEX YPAaBHEHHA B DIEMEOHTAPHHX
pysrnmax mam B kBagparypax (JImysmmnns), m HeloTom Hena-
pOM CpaBHHEBAJ ©r0 C JOKA3aTeIhCTBOM HPPANHOHAIBHOCTH
Kopmeit ksappatHHX B «Hagwamax» Epxampga.

CpapHmBas cerogea TeKCTH IEBOTOHA ¢ KOMMEHTADHSIMH
ero Imocliegoparejeil, ImopaskaeImbCs, HACKOJNBKO OPArAHAND-
Hoe m3nokeHme HBOTOHA COBpeMeHHee, IOHSTHee B HMASHHO
Gorage, weM NPHHAMIEKAMMAA KOMMEHTATOPAM IIEPEBON €ro
reoMeTpudecKmX @Aeidl Ha (GopMaNBHHNA A3HK HCIACICHAA
JleiiGunma. ‘



No6asmenme 1. JOKASATEJIBLCTBO NIAOTHTHOCTR
oPbAT’

Jloka3aTeasCTBO. OCHOBAHO HA CHORYIOIMEX [BYX Teo-
peMax.

PaccMoTpHM SITANC ¢ MeHTPoM B Touke ( Ha IIOCKOCTH
KOMIIJIEKCHEIX THCOJ. '

Teopewma 1. IIpu 6oseedenuu uucesr 6 Keadpam ma-
Kol saaunc nepexodum é asaunc ¢ gorycom & mouxe 0.

Ilna moxasaTenbcTBa yHKOGHO BOCIONB3OBATHCS IMAUNCA-
My K yr06cK020, ONpPETENAGMHIMA CIONylomel KOHCTpyKIHel
(pme. 35). '

Jemma 1. Kozda moura z npobezaem OKDYIHHOCTNb

1
lz]=r>1, moukaw=z-+ — npobezaem 4AUNC C YEHM~

pon 0.
NNoxasartreasctno xemmu 1. Ilyers z=
= r cos ¢ -+ irsin . Torma w = a cos ¢ + ibsin @, rpe

3“nun0 Tyre

OmMOCRANKEHUE - 9rmoopaKeHUE
T yrobokozs  w=z+L-  bomina wi=z?e L4 o

Pnc. 35. 9aauncu I'yxka m Hroroma

a=r-+r? b=r—r, aro m Tpe6opasoch: HOIYOCH
aanmnca jHykxoBckoro paBHH & H b.

JleMmuma 2. Dorycw asrunca Hlyroeckozo aexcam 6 moi-
xax 2.

NoxaaaTeabCcTBO JNeMMBH 2.

¢ =a?— b =4

JMev ma 3. ITpu eoseedenuu 6 readpam assunc /Hyroe-
ckoeo nepexodum e sasunc Hyroecrozoy cleunymwil Ha 2.
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HorxasateanncTBO neMMu 3.
1
w2=z2—}—z—2—|—2.

HoxaszareancTso Teopemu 1. Keagpar an-
nmnca Hyroscroro mmeer 0 Qoxycom, Tak Kak mpm cpaBure
Ha 2 doryc—2 nepexogmr B 0. Jlw6oit sinmme c TIEeHTPOM
B TouKe 0 morywaercs ms mopXomsmero sanmuca JKyKoBCKo-
TO paCTsAMeHAEeM W HOBOPOTOM. 3HATAT, W €r0 KBajpaT EMe-
er 0 dorycom.

Cnepgcreme 1. Beakui saaunc c gorycom 0 seaa-
emca Keadpamon (eduncmeennozo) sswunca ¢ yewmponm O.

HoxasartenscTBo caegcTrms 1. Cpenu s2-
anncos JHyKoBCKOro BeTpedaroTcs HanmMmCH ¢ MIOGHIMEA OT-
HOICHAAMA IONYOCEi. '

OcHOBHO# 3IEMEHT HKOKA3ATENBCTBA BIIANTHIHOCTH op-
OET B IION® TArOTEHAA — CBeIEHHE NBIKEHHS IO 3aKOHY
TATOTEHHA K JABIKEHHWIO OO 3aKoHY ['yka mpm moMomm BO3-
BeNCHAA IOCHAGNHOT0 [BHKEHHsA B KBapaT — 3aKIIOYCH
B caepylomeit teopeme Bonmma (45).

Teopema 2. Hycmv mouka w naockocmu Komnaerc-
HUZ uuces Oeuscemca no sakony I'yka iv = —w. Boseedem w
6 xeadpam u esedem Ha mpaekmopuu mourku Z = w?® Hoaoe
épema T mak, wmoby 6wnoanAAcA 3akoH naowadel. Tozda
Z (1) ydosaemeopsem YpasHeHulo 3aKOHA MAZOMEHUS

#BZ ez
dte — lZ|3 .
e 2.4
MoxasatenscrBo. 3 saxoma mnomapeit l-l%’-=
22 pd i Zh
== const, %:const. Brifupaem E:—= }T]lﬁ_ Torna
d . wend osromy SZ L 4 (1 dwy
2 yd_ﬁ‘wﬁﬁ(ww dt | =
_2d<1dw_ 2 (1 dwdw w\ __
T wwdt ?ﬂ>*" wH (ﬁdtﬂ'l'f)—
= — 2073 (W 2+ | ®) = — 4Ew Y53

(lw|*+ | w|* = 2E Broas Tpaexropum mo 3aKOHY COXpa-
FeHHms smeprum). Teopema noxazama; ¢ = 4E.
INIMNTAYHOCTS ABWKEHAE ¢ OTPANATEIHHOM IOIHOM 3HeP-
rEel B D06 NPHTATHBANINEIO M0 0GHIHOMY 3aKOHY TATOTE-
HES OEHTPA BEITeKaeT w3 Teopem 1, 2 m cuepgcersma 1. Ieitct-
BATENbHO, TeOpeMa 2 MOKA3HIBAeT, 9TO KBAJPATH I'yKOBCKHX
3JUIMICOB ABIAIOTCA OPOUTAME [BW)KEHUA B MONE TATOTOHH,
a Teopema 1 — 9TO 3TH KBAfPATH CAME ABISIOTCS BILIAIICAME
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¢ JorycaMm B OPATATABAIOMEM NEHTPEe, HAKOHEN, W3 CJIE-
cTBust 1 BEAHO, 9TO 3TH KBAaAPATH IONXOAAMHMX TYKOBCKHAX
HIIAICOR HOCTAIOT PEMICHHWS YPAaBHEHAA 3aKOHA TATOTEHHA
¢ TI00BIME Hamepey 3aXaHHLEIME HaYaJbHHMMA YCAOBHAME, N
KOTODHIX IIOAHAS 9HOPTAsA B HAYANbHHIN MOMEHT OTPANATENb-
ma. IIoCKONBKY HOPENBABICHHBIC DPEINICHHS TIAafKO 3aBHCAT
0T HAYANBHEX YCIOBHIA, APYTAX PEMEHWHA ¢ TAKUMHA Hadalb-
HLIME YCHOBHSIMHA HET.

BamMeganrmme. HeckoldpKo TAaMHCTBeHHAs BHEKIAagKa
B NOKasaTenbcTBe TeopeMil BonmHa cramoBmTCA, OHTH Mo-
)KeT, DOHATHEe, ©CJHm CHerKa o6o0muTh pesyibTar.

Teopewma 3. Tpaekmopuu OsudceHus mMOYKL W RO
NAOCKOCIU KOMNACKECHBX HUces 8 YeHMPAAbHOM nose npumas-
HCCHUR, CUAQ KOMOPO20 NPONOPYUOHAAbHA DACCMOAHUW 00
yeHmpa 6 cmenenu a, nepexodam npu npeobpasoéarnuu Z =
= w® ¢ Mpaekmopuu OBUNCEHUS 8 YEHMPAALHOM Nose, CUAL
KOmop020 NpONOPYUOHALLHAG PACCMOanUl 00 Yenmpa & cme-
nenu A, ecaw (a + 3)(A + 3)=4%, a=2 .

Taxum o6pasoM, [asA Ka)KHOTO0 CTEIEHHOTO 3aKOHA IpPA-
TSKOHAS WMMEeTCA eNWHCTBEHHLIA [BOMCTBEHHHI 3aKOH

AA

Hetomok

I
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|
|
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|

1\ 1 1
% -5 2\ /| 7
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Prc. 36. JIBoiicTBeBBEE 3aKOBH NpHTAKEHUSA

(pme. 36). Hanpumep, saxory I'yka (a = 1) nsoiicTBeH 3aKoH
rsarorerns (A = —2) n o6paTHO. PopMyny, CBA3HBAIMYIO
LBOACTBOHHE® 3aKOHK, MOKHO H3BIEYb M3 IPABEEHHOTO
HeloToHOM BHIpasKeHHEA HIA yriaa MEKAY HepANCHTPAMH 09~



TA KPYropoit op6urel (46). CamonBoficTReHHEE 3aKOML oT-
BOUANT ¢ = —1 mw ¢ = —5. D; cayuam Taxme 0cobo BEIfE-
nensi B Principia. _
Hdoxasarenscrsno TEopeMEH 3 moBTOpAET
BHEAAAKY NOKAa3aTENBCTBA TEOPOME 2 '

d? Q- d a
G =—wlw[ o =|w[**,
= —CZ|ZI*, C—=2Fa(a—1)
a+1
2B=|ip+ 2207

Cnenmcrrme 2. T paexmopuu deuncenus e YyeHmpais-
HOM nose npumadsicenus, cusa Komopozo o6pammuo nponopyuo-
HALbKA  nAmow cmenenu paccmoswus 0o yewmpa, roeopa-
wusatomes npu nodrodaweil unsepcuu.

IBmxerne B mone, cmua KOTOporo o6paTHO HPOHOpPLHO-
HalbHA NATOH CTENEHH pACCTOAHE, PaccMOTpeHo yike B
Principia: Heioton foKa3all, 4TO0 CPE[M TPAGKTOPHHA mMe-
I0TC51 OKPYIKHOCTH, HPOXOAAMAE YOPe3 TEHTD IpHTIKeHH
(47).

Cnenpcreme 3. Bee mpaexmopuu deusxcernus 8 o06viu-
HOM nose mazomenus nocae usesetenus keadpamiozo KOpHA
Npeépawyalomes 6 mpaekmopuu OeuxceHus 8 ALHelHoM Yenm-
paivhom nose Z'' = —CZ na naockocmu komniercrwr
wucen. ‘

Teopema 4 Bece mpaeEmopuu 0suxcenus 8 00BUHOM
10 MAZOMEHUL — KOHUNECKUE CeueHUR ¢ HOKYCoM 6 npu-
mazueaowem Yewmpe.

Horxasareanbcrro TeopeMu 4 Cuegcreme 3
IONy9asTCA U3 TeOPeMH 3 mpm @ = —2, o = 1/2. Iosromy
sHaKkM E n C = 2Ea (@ — 1) mpormsomonossmmL. Tpaexro-
PAM (BIKCHHA B NWHEAHOM HojIe — OeHTPAaTbHO-CAMMETPHY-
HEI® 3anuncil npa C > 0, rmmep6oast upn € < 0, mpamuie
upa C = 0. Bossens sanmmes: p KBafipaT, HOJYYAM Kemae-
POBHL 3EnCH (Mo Teopeme 1).

I'mnep6ona ¢ memrpom B 0 OpHA BO3BENEHAHW B KBajpar
OpeBpamaeTCA B OONOBEHY rmmepGonnl ¢ Poxycom B 0.

TOOH B 3TOM ybenaThea; KocraTogHO paccMoTpers ranep6o-

1
au JHyKoBcKoOro: w=z + — mpoferaer Taxyo ranepboay,
Korfa z npoberaer npamyio, npoxopamyio gepes 0. I'mnep6o-
an JHyKorcKoro KOHQOKATBHE 3AAICAM HRyroscxoro. [Ipn

BOSBENCHAN W B KBajpaT QoKyc —2 cxsmraercs B HAYauao
KOODAWHAT (Kak JuA PANEOCOB), : '

o



KpoMme Toro, mcaesaeT BTOpas BETBb, TaK Kak 2? mpoGe-
raer ye He OpPAMYI0, a TONBKO JIyd.

Caygait C = 0 M0o}KHO DONYIATH NPeAeIAbHEIM HEPexofoM.
Bupodem, OH Ipome paccMOTpeHHHX: mpaman {t 4 i} upm
BO3BE[GHAM B KBagpaT Ipeppamaerca B mapaboay {t* —
— 1 + 2it}. Ee ¢oryc — Touxa 0, mmpexrpmca — IpAMast
{is — 2}. H6o

(12 — )2 422 = (8 + 1)2.

Teopewma 5. Ilpu dsuncenuu 6 awbom noie npums-
HCEHUSL, CUAG KOMOPO20 NPONOPYUOHKAABHA G-I CMmenenu pac-
cmoskua 00 Yewmpa, HeKomoptle mpaekmopul aaaiomca o06-
pasamu npAMRT npu npeobpasosanuu

—7 Bt 2
w=127", ﬁ—a  a43°

II pumep. B mome 3axoma BCeMEPHOIO TATOTOHHA ITO
nmapa6onmaeckme Tpaexropum, f = 2. B mone, cana Koroporo
o6paTHO NPONOPHHEOHANbHA NATOH CTENOHA DPACCTOSHHA [O

HEeHTPa — OKPY/KHOCTH, IPOXONAIMuEe Yepes mentp, f = —1.
OJorasareaxbcTBo. Ecam B BHRIagKe AoKasa-
az

TeaBCTBA TeopeMul 3 moioxars £ = 0, 1o =0, 1. e.

dd
TpaeKTopAd Z — IPAMEE.

NoGasmermme 2. JEMMA XXVIII U3 PRINCIPIA
HBIOTOHA

«He cywecmeyem maroii samkrymoli 08a4bHOU KPUGOU, oas
KOMOpPOY naowads, OmcekdeMas NPOU3EOALHO NPOBOOUMBMU
npamumu, onpedeasrace Gb 6 obuyem 6ude YpasHeHUAMU €
EOHEUHBM YUCAOM HACHO8 U EOHEWHOU CmeneHu.

IIycts BEYTpH oBaNa B3ATA KaKag-HAOYHbL TOYKA, OKOIO
KOTOPO#, KaK OKOJIO HOJNI0CA, PABHOMEPHO BpAmaeTcs IIps-
Masd JHHAA, W ONHOBPEMEHHO W3 IIOJAI0CA BLHIXOAAT TOYKA
W OBHKETCA IO BTOH HPAMOU CO CKOPOCTHIO, HPOTOPTIAOHAIB-
HOM KBajipaTy HJAWHH OTPe3Ka 3TOH OPAMOA, 3aKII0ICHHOTO
BHYTPH 0Bajia, M@XNY HoiiocoM m mepmmerpom. IIpm TamoM
ABH’KOHHM TOYKa OMACHBA®T COMDPANh N3 GECIMCICHHOr0 MHO-
xmecTBa oboporos. Ecam 6 dacTh WIOmMAAA oBana, OTCe-
KaeMas CKa3aHHOM mIpsMoii, Morda OH OHTHh HalIeHA OPH
OoMOINH anre6pamvecKoro ypasHeHHMA ¢ KOHOYHRIM YHCIOM
YIeHOB, TO OPW IIOMOIIM TOrO K€ yPaBHeHWA Hamioch OH
A pacCTOSHMe TOYKA COHPANE [0 HONIOCA, KOTOPOe 9TOM
OI0MAl HPONOPHAOHATBHO; CAGNOBATEIBHO, BC TOIKHA CIIH-
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panm Mornm Gbl GHITh HAWNEHH IPH HOMOIE KOHETHOTO ax-
re6pamiecKoro ypasHeHH, HO3TOMY W TOYKH. HEPECeYeHms
¢ KaKOH yTOMHO 3aamHON 1o TI0I0IKOHUI0 MPSAMOI, OXpenen -
nuch G IpA NOMOmE anreGpamsecKoro YPaBHEHUS KOHETHOX
crenemd. Ho Bcaras meompemenmemmo OPONOIKeHHAsT [ps-
Mas DepeceKaeT cumpans B 6@CKOHEIHOM WHCie TOYeK, ypap-
HOHHE jKe, ¢ HOMOMBI0 KOTOPOTO HAXONATCS TOYKHE nepece-
ICHHA ABYX JMHWH, JOCTABISAET HX BCOME CBONME KODHSA-
MU ¥ B TOM ;K€ YHCJIE, CHEeOBATENBLHO, CTENeHD YDPaBRHEeHAS
moMKHEA OHITP TAaKOW0 K6, KAKORO 9YHCTO TOYGK mnepece-
YOHHA.

Tak, sanpmmep, nmpa Kpyra mepecexalorcsi B ABYX ToY-
Kax, W Ka)[as W3 HAX HAXORMTCS HE WHAYG, KaK OpA DOMo-
I0d YPAapHOHAS BTOPOE CTENOHH, KOTOpPHM ompenenseTcsa
BMECTe C HOI0 U BTODasA TOYKA HepPeCeYeHns. JBa xoEmueckmx
CeUCHHSA MOTYT IEPECEKATHCSA B YETHIPOX TOYKAaX, @ 5TA TOY-
Kd, pooOme, Henxs3sa HaiTh UHAYe, KaK OPW HOMOI(A Yypas-
HeHUs TETBEPTOH CTENEHM, KOTOPHIM OHE BCO OIPeACASAIOTCA
COBMECTHO. JTO HPOHCXONHT IIOTOMY, 9TO €CIHM O HCKATH
KajK[loe M3 JTHX IepeceueHmH B OTHEJBHOCTA, TO TaK KaK
AL HAX JUIS BCOX YCIOBHMSL OHE W T€ K€, TO W BHYHCICHEE
LI KaKNOro mepeceveHmst Gynmer To sxe caMmoe, moaToOMy |
HONYYIUTCSA OMHO W TO K€ OKOHYATEIHHOE YDPaBHEHHE, KOTO-
PO€ NOMKHO KOCTABNATE BCE HEPOCEICHMS COBME@CTHO, IOJHO
m Gespasnmuno. Taxmm 00pa3oM, MePEeceYeHHs KOHEIOCKOTo
COICHWSA W KPWBOH TPOTEETO WMOPANKA, TAK KAK X MOKeT
OHITH MIECTH, MOCTABIIIOTCH COBMECTHO YPaBHEHHEM IIECTON
CTEHOHN; MEePeCceYCHMs [BYX KPHBHIX TPeTHETO HMOPANKA, Ko-
TOPHIX MOKOT OHTB NEBATH, NOCTABIIIOTCA YpaBHeHEEM [e-
BATOE cremend. Ecam 6m sTo Morio OHTH WHAYe, TO BCe
Aanatn, OPUBONAMME K YDAaBHOHHUAM TpeThei CTEIOHH, MOK-
Ho OHLT0 GH cCBOIATH Ha 33[1a9d IIOCKMAS, T. €. PeIlaeMble Ipa
0MOIIY YPaBHEHWH HEpPROM m BTOPO# crenend. Bee jxe za-
Aatd BHICHIMX CTONEHOH — K 3agagam TpeThei cremen:  (48).
31eCh 5 rOBOPI0 0 KPWBHX HOIPUBOAMMEIX, W00 ecim ypag-
HEHNE, OUPENeNsAlomee KPHBYIO, MOMKET OHITE OPHABENEHO
K YPaBHOHMIO HU3MIGH CTeneHH, To 9Ta KpHBas He mpocTas,
4 COCTABNICHHAS W3 [IBYX WM HECKONBKEX, KOTODHIX mepe-
CCICHHUS U MOrYT GHTL HAXONMAME B OTHEIbHOCTH IUIA KasK-
noit. Taxwmm oGpasom, mepecewenms ABYX OPAMEIX W KOHH-
I6CKOTO COUCHUS IOCTABIAITCA BCOINA YPaBHEHASAMHA BTOPOi
CTOICHH, TPeX NPAMHX W HEIPHBOXUMOM KpmBOH Tpernero
HOPANKA — YPABHEHHAMHA TpeThei CTeIeHM, YOTHPOX mHps-
MHX W HeNPUBOXEMOH KPHBOH WeTBepTOrO OOPAXKA — ypag-
HEHNAMY YeTBEPTOH CTENOHH W T. §. [0 6ecroHe9HOCTH.

80



CxenoBaTensro, GECYHCICHAOE MHOMECTBO TOUOK nepece-
JCHH OPAMOE W COUPANH, TAK KAK 9Ta KPHBAsg LpPOCTas
U HOIPUBOAMMAS, IOTPEGYIOT NS CBOOTO ONIPENONCHHAS ypaB-
HeHAs ¢ GeCKOHEYHBIM YHCIOM KODHEH m GOCKOHOTHO 6oJib-
IO} CTeNeHH, KOTOPOe MOTIJI0 6B NOCTABHTD BCE nepeceYeHns
COBMECTHO, B00 [/l BCeX HEX OMH W TOT Ke 3aKOH W OJHO M
TO 3Ke prIMCNeHne. Kcam m3 momoca omyctuts Ha cKa3aEHYI
COXYIIYI0 NePHeHAUKYIAD B BPAmaTh ero BMECTE ¢ CeKymeil
OKOJIO HOJI0CA, TO MEePECeYeHUS COMPANE GYAyT HEPexXONHTh
OHO B ipyroe; To, KOTOpoe ORIIO HEepPBHIM WM OnmKaimmM
K "OCHOBAHWI0 NePIEHAHKYIsApA, Yepes ofmH ob6OpOT CTaHeT
BTOPEIM, HOCNEe NBYX 00OPOTOB — TPETHEM W T. Ji., MOKAY
TéM CaM0e YpaBHCHW® HE WHAYe MOKeT HIMEHHTHCH, KaK
TONBKO OT W3MEHGHWs BEJHYMHE TEX KOAMIECTB, KOTOPHIME
OLPEeNeJIIeTCA MOJN0KEeHAe CaMOi CeKyme. A Tak Kay mocie
KaKJOT0 IOJTHOr0 060poTa 5TH KOJIMYECTBA IPHHAMAIOT CBOM
OpeXHMe 3HAYCHHA, TO W YPABHEHHAE BHORL HPHHAMAET CBOM
NePBOHAYAILHHI BHAN W, CIENOBATENBHO, OynyYnm egmHCTBEH-
HEIM @ 0CTaBasCh HOH3MEHHEIM, JIONIKHO [OCTABATH BCO TOUKH
Iepece eHHAs B (ECKOHOTHOM YHCHe, CIENOBATENHHO, OHO
MOJKHO WMOTh GecamcieHHoe umcno KopHed. MTtaxk, menbss
OLPEeNeNuTh, BOOGME, NOPEceYeHns NpAMO# W CHEpaim opa
NOMOIMA KOHOYHOTO YPABHOHHS, MOITOMY M HO CYIECTBYeT
3aMKHYTOTO OBaJNa, KOOT'0 INIOIANh, OTCEKAeMAs IPOM3BOJb-
HO B3ATOK HPAMOE, MOria Gl BHpPa)KaThCA B OOMEM BUIO
OpE HOMOMM TAaKMX YDPaBEOHHIA.

Ilono6arm xe o6pasoM, B3sAB 3a paccrosmme M@Ky HO-
T0COM W MOBMKHOI0 TOYKOI0, ONUCHBAKMEH crmpanb, Aad-
HY, HPOIOPIAOHANBHYI0 OTCEKAGMON 9acTH HmEepEMeTpa 0Ba-
Ja, MOKHO AOKA3aTh, 4TO HJIMHA NEPAMETPA HE MOMKET GHTb
HalifieHa BooOmie IpH HOMOIMM YPaBHOHAH KOREYHOH CTOHOHM.
Hon 3aMKHEYTHM oBajoM s pasyMel0 snech Taxme KpHBHIE,
KOTOPLI® HE KacaloTCA CONPSIKeHHHIX ¢ HAMH KPHBHX, YXO-
AAMAX B 6@CKOHEYHOCTD.

Caedcmeue. Taxam o6pasoM, nis smranca miomank, Onud-
ChiBaeMas pajimycoM, IPOBOAAMHM W3 foKyca K NBIDKYIS-
MyCs Ty, He Mo)KeT OHTh HONyYeHa IO NAHHOMY BPOMEHH
IPA HOMOMZ KOHOYHOI0 aareGpamdecKoro YPaBHOHASA, W 103-
TOMY He MOKeT OHTH ONDPeeNeHa NePeceYeHmeM BIJIHICA
C reoMeTpUYeCKH PandoHAAbHOH (anrebpamieckoit) KpPuUBOA.
A BaswBal reoMeTpWuECKE paNEOHANEHEIME (anreGpamge-
CKAMHA) KPABHME TaKHe, BCE TOIKE KOTOPHIX OIIPeNeJIAIOTCA
IpH IOMOIM [{NWH, OHPENesAeMEX B CBOK 096peNs anreGpan-
9OCKUMA YPAaBHEHASMH, T. €. IPHA MOMOIHA CIOKHEIX W COC-
TABHLIX OTHOMEHWH MEXNY AnamBamu. [Ipoume sxe KpuBHe



(kak cmmpalim, KBagPaTPHUCH, TPOXOWAK) I HAZHIBAIO TEOMET-
prUiecKH MPPANAOHANLHLIME (TPAHCHEHNCHTHHMHA), HOX06HO
TOMY KaK NJAAHH HA3HBAIOTCA apAPMETHISCKHA pALHOHANb-
HEIMA, €CJAH OHA OTHOCATCA APYT K APYTY, KaK HEJI0€ 9hCio
K IeJI0MY, ©CNH K€ TAKOro OTHOIICHWA HE CYMECTBYEeT — To
apaPMeTHIECKE WPPANUOHANBHHIMA, KaK 0 TOM CKA3aHO
B KEATe X «JIEMEHTOBY.

Orcedenme e oT siIMICA MIOMANH, TPOIOPNEOHAIBHOMN
BpPeMeHH, P HOMOIIH FeOMETPAYCCKA HPPANMOHATBHON KpH-
BOM HMCHONHAETCH CHENYIOMEM 00pasoM ...»

Dpaza 06 oTCYTCTRHE YXORAMEX Ha GECKOHOYHOCTD BOT-
seii pcramena HrloromoM sammb Bo BTOpOM wmW3maEMH, B
1744 ropy. Ho-smgmmomy, HroTomy He GHIH W3BECTHH
3aMeuamns Jleit6rmna m Ioiirenca, KparmroBaBmMEUX TeKcT
1687 rogna. "

«f1 me cumTal0 BO3MOKHHM npmnmcats HEBOTOHY ero
IPEIOKeHAS, TAK KAaK OH HAKAK He MCIOAb3YeT LPHPORY
TOr0, 9TO OH Ha3HBAEeT OBAJOM, a TONBKO TO, YTO 3TO 3aMK-
HyTas KpUBas, 3aMHKalomagcsa Docae OXHOro oGopoTa, ¥To
He HMCKI0YaeT AaKe CIyJad KBafipaTa WIH TPEyTOJbHHA-
ka» — mmcan I'wiiremc Jle#t6many B 1691 romy (49).

«Hr10T0H, H1A 3aIMETH HEBO3MOKHOCTA KBAaKpPATYpPH OBa-
0B, fonkeH OH ORI OTBETHTH, YTO TaKoi oBall [06pasoraH-
HEIA JyraMm ByX mapaGox)] He HacTogmu# m He cocTaBaen
OfHOHE oferalomeii ero Kp@WBOi, Kak Toro Tpe6yeT, mo-BHNH-
MoMYy, ero paccysneHne, n6o. ogHa @3 napabod mp:a IPOJ0J-
*KeHHW He moiner mo npyroi. Ho Bama xpmBas B dopme
BOCBM@DKA NEHCTBHTENBHO oferaeMa, m €ro paccyxIeHHme
OPUMEHHMO K He#, XOTsA OHA W HE COBCEM MMEeT OPMYy ORa-
Ja; WTaK, 0O 6r0 pAacCYKHeHWI0 OHA HE NOJKHA OH OHTH
KBafpmpyeMoii o6mumM obpasom [mMers anrefpamgeckme mio-
manm cerMenToB]. Brio 6m moxesmo paccMoTpers caMo ero
paccy:knenme, 9YToOGH HOHATH, Y6ro e B HEM HE XBaTaer.
UYro macaeTcA Kpyra WM 3IUTHICA, TO HOBO3MOMKHOCTH WX
o0mero KBagpEpOBAHMS JOKAa3aHA B JOCTATOTHOH Mepe, HO
A eme He BHMeJ HAKAKOI'0 JOKAa3aTeJbCTBA HEKBAXPHPYEMO-
CTH IEJOro Kpyra miId KaKoHA-nmGo OmpenejeHHO# ero gac-
TE» — omead JleiGmmn I'rofiremcy 10/20 ampeas 1691 ro-
Ra (49).

Kpmsas B dopme BocbMeprm — aemmmcraTa ¢He Bepmyi-
am y? = 2* — 2%, obcyxnasmasica 'oiiTeHCOM B mpepysyry-
mux nmcbMmax. TaxmM ofpasoM, ommfra Kak wmcXomHOTO,
TaK 7 McOpaBiaeHHOro TeKcra Hrloroma Gmina 3amewena I'ioi-
TeHCOM eme Ao Toro, Kaxk Hriorom Bmec mempamienms.
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®pass 0 HENPHUBOKEMOCTA KPHBHIX TaK:Ke BCTABICHEI
aumb Bo BTOpoe m3ftamme. Hemomsrtmo, 3aveM Hrroromy mo-
TpeGoBajioch MEPeCeKaTh KPHBYIO TPETHEH CTOICHHW ¢ TPeMsA
HOPAMEIME, YeTBOPTOH — ¢ 9eTHIphMsa ® T. A. Jlo BHeceHms
VIOMOHAHEA O HEIPHABOKAMOCTH 3TO MECTO JIOIYCKAJIO0 HHOE
TONKOBAHUe: mepeceuenme (npsaMoi) ¢ KPHBOH TpeThe# cTe-
OeHHW, KaK M ¢ TPeMs HOPAMEIMHA, OTHICKEBAETCA C HOMOMIBIO
KyOM4eCKOro ypasHeHAsA, ¢ KPHBOK 96TBEPTOH CTONOHH, KAK H
C YeTHIPHMsA HIPAMBEIMHA, — ¢ IOMOIBI0 YPAaBHOHHSA YETBEPTOA
CTemeHW H T. X. )

B TakoM ciydae 3TO MECTO MOKET PaccMaTPHBAThCA KaK
IJIaH 096Hb HPOCTOre TOHOJOTHYSCKOTO JOKA3aTenbCTBA TEO-
pemsl Besy: mpm momcuere Wmcia TOYEK HEPECEYSHHUS IBYX
KPHBHIX MO)KHO KPHBYI0 3aMEHATh LPAMEMHA, IACIO KOTO-
PHX PABHO CTEHEHHM KPHBOM (IOCKONBKY MIA KPHBHIX NaH-
HEIX CTeHeHell o6Mmero IMOJOKeHWS YHCI0 KOMIUIEKCHHX TO-
YeK IIepeceYeHns HE 3aBHCHT OT CIENHAJILHOTO BHGOpa KpH-
BEHIX, €ro [OCTATOYHO HOCYMTATH A KPHBHX, OIA3KAX K
DOTHOCTHI0O pacHaBMIEMCS HA NPAMBIE; [IA HAX K€ YACIO
TOUGK MEePeCceYeHnsl TAKOe jKe, KaK AJA HONHOCTBIO paclas-
mAxcs KPHEBHX, T. €. PABHO HPOM3BENCHAIO CTeNeHeH).

HrioToH IO DOBORY [OKaszaTeibcTBa TeopeMil Besy cchl-
naeTcs HA To, 4TO HMHAY® KyOWMIecKHMe HPPanEOHAILHOCTH
cRoEmIACh OH K KBajpaTHYHHIM H T. I. — MO¥KHO TaKKe
cKa3aTh, 4TO OH CCHUIAETCS HA HOPA3POIIEMOCTH IIPOOIEMBI
Pe3oNbBEHT WM TPEHAEUaTodl mpobmemu 'minbepra mis ax-
re6pamuecknx QyHKO@E (B omimume oT Teopemu bBesy, atm
yTBEp;KNEHAA B OOIMeM cCayIae HE JOKA3aHH W CEroNHA).
BnpoueMm, myxuas Hriorory sacts TeopeMn Besy ouermpma.

Henomsarro, gusa vero Hel0ToH onycKaeT nepueHgUKYIAD
Ha HOONBMKHYI0 HPAMYIO: /IS JMOKAa3aTeJBLCTEA HOCTATOYHO
OrpPaHNYHTHCA IPSIMBEMHA, TPOXOAAMEME 9€Pe3 NeHTPAAbHYIO
TOYKY, B OT HOE W HaYWHATH orcueT. Ilo-BmamMomy, Hriorom
IJIST 9ero-TO XOTEJ pacCMaTPABATH IIOMAfh Kak QyEKoAIo
OpsAMoi, ONPeNeNeHHYI0 NJIA BCeX IPAMLX (BONPEKA MHCHHIO,
970 oH m36eran QyHKOAA MHOrAX HEPEMEHHHX, 3ech cpasy
BBOOUTCS, B AyXe mpeoGpasopammst Panoma, mmTerpainpHol
reoMeTpmH Wid ToMorpadmm, QYHKOHMSA HA MHOrooGpasmm
OpPAMEIX).

Ceasp MEXNy TPAHCIHEHACHTHOCTHI0 QYKOME W TpaHC-
NeHACHTHOCTHI0 YHCEN, Ha KOTOpYI0o HaMmekaer Jlei6GHum B
B KOHIN@ NHTAPOBAHHOT0 nmchMma I'iodireHcy, rayb:ke, deM
RajkeTCH Ha UEPBHE B3TAAX (cM. /-10 mpobiemy I'manGepra).



IIPUMEYABNAA

(1) Bennequin D. Caustique mistique // Seminaire Bour-
baki.— Novembre 1984.— N 637.— P. 1—37.

(2) 3moit Boawrep mucan, uro Heworonm o6sa3aB cBoeit Kaphepoit
¢He HCYHCICHHI0 GeCKOREYHO-MAJHX H TPABHTANEE, a KPacore CBOEiH
TIIeMABHATEY.

Jo6umas nmemaurEna Heioroma, B ceMmbe KOTOpO# OB HpoBen
mocienHue JBeHaAnaTk JeT cBoeil ;xEsHE, K. Baprom craBuwiace me
TOABKO KPacoToi, HO U ymoM. Buorpads Hrlotoma coobmaror, uTo oma
ROITOe BpeMA OLLTa NOMONpaBUTEIbHUIEH YIeHHKa Herorora, rpada
Mogrerio I'anadaxca, nosra u KPYNBEHIIeTO TOCYNAaPCTBEHHOTO NefaTe-
114, WICHA PETEeHTCKOTO COBeTa AHTJIME, UEPBOTO JOp/a Ka3EadeicTBa
E OCHOBarels ARTIMiCKOro Gamka. Ilocme ero cmepru B 1715 TOoxRy
K. Baprom yHaclefioBala OT HeTo 3HAYATENLHOE COCTONHEE. Hsworor
#e o6a3an ropxy Camudarcy nomxnocToio CMOTPHTENIA MOHETHOTO J[BO-
pa. CM. More T. L. Tsaac Newton. A Biography.— New York,
London.: Charles Scribners sons, 1934,— 676 p.

(3) 3axoH srOT BasHIBAOT TalKe BaKOHOM BoHaA. Boins, peicr-
BUTEJILHO, HEPBHIM Omy0amkoBax ero B 1660 ropy B ceoeii KHETe, HO
€0 ccHIKOE Ha I'yka, Kak Ha aBropa 3aKoma, He IpeTeHAYyA Jame HaA
COaBTOPCTBO. i

(4) Opmaxo ysxe B 1781 roxy Jlarpamk mucan Haxambepy o co-
BPeMeHHOI eMy MaTeMaTHKe: «...d yMalo TaX)Ke, YTO MIAXTa CTABOBUETCS
CAMMKOM TIy0OKa M 9TO ee MPUETCA PABO WIH HO3IHO OpocuTh, ecan
He GYIYT OTKPHITH HOBHe DYJAOHOCHHE KEIH. DHIEKA W XEMUA npep-
CTaBJIAI0T HHHE COKPOBRINA TOPa3fo Golee GaecTAmae B JeTKO sKCIIya-
TEPYyeMEe, TAKAM 06pasoM, HO-BH/MMOMY, Bce BCemel0 O0GpaTHIHCH
B 3Ty CTOPOHY, B BO3MOKHO, YTO MeCTa IO TeOMETPHY B aKaJ[eMUH BayK
ClleIal0TCA KOTfia-BUGY/b TeM, 4em SABJIAIOTCHA B HACTOAMICe BpeMs Ka-
denpy apaGCrOTo A3HKa B yHHBEPCHTETAX.»

(5) Bmocrencreum, B 1694 rony, HpOTOR HECAT, 9TO OB OTKPHLY 3a-
KOH BCEMHAPHOTO TATOTeRMA yiKe B 1665 wam B 1666 roxy. Eme nos;xe,
B 1714 rony, Hrlorom flaTmpyer cBOji BHBOJ JIIWITHIHOCTHE opbmr us
3aKOHA O6paTHHX KBajparos «1676 wim 1677 romom». Opeako BE B me-
pemzcke 1679 roga ¢ I'yroM, BE parbme, Hro0TOR 0 CBOEX OTKDHTHEAX

or



B 3TOM 06JIaCTH He YIOMHEHAJI: OB HX He DYGIAKOBAJI M BAKOMY 0 HUX
He paccKasbiBall. HbI0TOR 06BACHAET 9TO TEM, 9TO M3-32 ReBEPHOTO 3Ha-
YeRHS pajEyca 3eMJH, HPERATOIO MM, BHYHCICHELE YCKOPEHAA KaMHSA
u JlyHE He{0CTaTOYRO TOYHO YKJIAJAHBAJINCh B 3aKOH 00PAaTHEHX KBajpa-
roB, IlepBag ny6aeranna I'yka o cdile TATOTORESA KAK BO3MOKHOHE OPH-
Yy@EHe LIEOTAIEOCTH Op6uT oTHOCHTCA K 1666 roxy.

(6) Paccymp,enne HrioroBa, Kak ReTPYABO BEAETh, JaeT OTKJIOHe-
HAE © |/ 2h3/g npu majieHE® ¢ BLICOTH k Ba aKBaTrope (§ — yCKOpenme
CHJIH TAMKECTH, ® — YIJ0BaA ckopocrb 3emam). Pacuer ¢ yueTroMm CHIH
Kopmoxnrca, paromEd B DOJITOpA -
pasa MeBBIllee OTKJIOHeRHWE, HpuBe- AY £
nen, mampumep, Ha c. 90 yIebmE-
Ka: Aproxs g B. . O6uxmo- A
BeEEHE AupdepeHNHATLHNE YpaB-
genma.— M.: Hayra, 1984.— 272c¢. /

(7) Twiireac paccMaTpuBal cH-~ ¢ 4
CTeMHE CTAIKMBAIOIMHUXCA W PacXo- dZ
JAMAXCA MAPOB, COCfARCHHLX HE- %
TAME WIH CTEeDXEAMA HAJAA KaTam0- =’

muxcA B JKeJ06ax, M ROKAa3HBAJ,
YTO MEHTP TAMECTH CACTEME HAKOI-
Na Be MOJEIMeTCH BHIIE CBOETO Ha-
YaJNbHEOIO DOJIOKEHRUA, eclIu IPefo-
CTaBHETH CHCTeMy caMoii cebe, OTIY- Pac. 37. Brmcaenme mpefera
CTHMB Maps 6e3 BavaJbHOM CKO- |AB| | |D'E'} .

pocru.

(8) EcrE rpadMKE HeCOBHANAIOMEX aHANETHICCKAX  (YHER-

nuit f @ g Kacalorca OpAMOA y = z B Hyde (puc. 37), TO OTHOINERUA

AB|[|BC |u|BC|/|ED | crpemarca k epummie, KOTja A cTpeMuTcsH
k mymo. Iloaromy mcroMEni mpegen orgomernusa | AB |/ |D’E’ | paser
eIEAMUIIE.

(9 Cum.u.58§ 7ra. 6nac. 481 Brumre: Kypanmr P, I mab-
6epr . Merom maremaradeckoii pusuxa. T. 2.— M.: Tocrexmspar,
1945, — 620 c. Cm. Taxwe: Aproasb g B. . O BRIOTOBOBCKOM NDH-
THKOREA CKOILIeHWH NHIeBEABENX wuacren // YMH.— 1982.— T. 37,
BuI. 4.— C. 125; Aproas g B. . O BLIOTOEOBCKOM UOTEHOMATe
ramepbormyecknx  cioes // Tpyxn  TGHEIACCKOTO yHHBEPCHTETA.—
1982.— T.232—233.— C.23—28; Tuwsemraxb A. B. Iloauno-
MHATBEOCTH  dJeKTpocraTmieckmx uoremnmaiop // YMH.— 1984.—
T. 39, Bum. 5.— C. 253—254; ApraoxspnB. A. Marswrese ama-
norm reopem Hproroma m Afsops // VMH.— 1983.— T. 38, Bum. 5.—
C.145—146; Badmsmreitn A.J[., Mamnmpob.3. Msoro-
MepHHe agajora reopeM HrioToEa B AfBOpDH | ®ynrn. apanus u ero
mpuroxenna.— 1985.— T. 19, eum. 1.— C. 20—24. CemeficTBO KOB-
doraaburx HOBEPXHOCTEH BTOPOTO HOPAAKA B N-MePHOM eBRIEJOBOM

Ve

ne



IPOCTPAaBCTBEe OUpelelIAeTca KaK ceMefcTBo HoBEpXHOCTEH, ABORCTBER-
HHX K HOBEPXHOCTAM eBKIHJOBA HyYKa KBafpmk (A — AEz, z) =1
¢ nDapamerpoM A. Ilpm n = 2 romdorambmmse (IIOBEPXHOCTHY — -3T¢
SJLTUIICH ¥ TUNePOONH ¢ o6mumMu Pokycamu.

(10) Beiimcroxr P. Pasobrauemwe BexoBoi Jeresnu: «Mare-
MaTA9ecKue Havala HATYpalabHOE ¢urocoduny Heoroma u op6utu opu
ABICKeHWE B NOJe NeRTPANhbHOH CcHAH, 06paTHO HPONOPIHEOHAILHOM
KBafpary paccroanrus // ®@suka 3a pyGesxom — 1984. Cep. B.— M.:
Muap, 1984.— C. 178—207 (Weinstock R.// Amer. J. of Phy-
sics.— July 1982.— P. 610).

(11) HampmMep, ypaBEemHe # == z2/? mmeer pemerusa z = ()
u z = %/27 ¢ o6mum Hava bREM yeaoBumeM z (0) = 0.

(12) C. 25 B «Merope Qmoxcai» (Herortom U. Maremarmue-
ckme paborer.— M.; JI.: OHTH, 1937.— 452 c.)

(13) Tlepen cmeprnio Bappoy ckasan Ipysbam: «Haromen-to a yu-
HAI0 pemeHue MHOTMX IeOMETPHIECKHX M aCTPOEOMEYECKHX BOIPOCOB,
O, Tocmopgm, xaxoit Tt reomerply

(149 ®omenxo A. T. Tro6axbEas XpPOHOIOTHUECKAS KapTa //
XaMwa # xouasEs.— 1983. — Bum. 9.— C. 85—92.

(15) Cpmdr mucax: «Mom Bparm PacopocTpaEAT CAyxHE of
. HeoroBe, pemeciiennmke, M3TOTABJIMBAIOMEOM WHCTPYMEHTH... Io-
BOPAT, 9TO €T0 CIABa 3aTMAT MOI0.»

(16) Mcaucnenne Geckomeuno maxnx, F. C. 198 B xmure: B y po6a-
k® H. Odeprm no wumcropmm martemarmmm.— M.: HJI, 1963.—
292 c. ’

(17) CoBpemeREHM MareMaTHKaM BOOGmIE TPYZHO YATATE CBOUX
OPe/EeCTBeHAKOB, KOTOpHe WHcaidu: «Ilerd BEIMBI pyKw» TaMm, Ife
pocTo ciefoBaxo crasarh: «CymecTtByer # <7 0, Takoe,.uro o6pas
Hera (;) Totxu ¢ mpu ecrecrBernoM 0TO6paskennwm ¢+ Iers () upm-
Ha[VIKAT MHOKECTBY TPASHODYKHX H TaKOe f, A8 HOJIYHHTEpBalda
(¢, 0], wT0 06pas TOuKH f; DPH TOM e OTOOpasKeHAR NPHHAJIEHKAT
MOHOJIHEHWI0O K MHOMECTBY, O KOTOPOM IIa pegb IPH PACCMOTPEHHAR
TOUKH £;.»

(18) Oeuvres mathematiques de Leibniz. I partie, 2 volume.
Paris, A. Franck, 1853, 344 pp., p. 255.

(19) Hrroron Grux Re GesGoxEEKOM, a CKODee, TARAKM apUaHeM —
epeTmKoM, orpmmaBmmM paormar Tpommm. Ilo caopam 6uorpados, on
ca@rai, Iro, kpome Xpucra, y Bora Moryr Gurh ApyrHe CHHOBBs, ue-
pes KOTODPHIX OH OTKPHIBAeT JIOAAM CBOH HCTHHH W, KajKeTcd, POSHB-
muck B06aBok 25 nexaGps, Becepbes CUHTAM ceGs ONHEAM U8 TAKHAX opo-
poroB. Hri0TORy OpHEBajIexKaT TOAKOBAHAA ANORAIHIGHCA W mpopo-
decTB [JlamMAda; B HACTHOCTH, OH NpeJCKasHBAJ LaJieHWe IANCKOTO
opecrora ¥ 2000 roxy.

(20) Boroamo6om A, H. PoGepr I'yk.— M.: Hayka, 1984, —
240 c. B oroit xaure Ha ¢. 55 xMagEREBH PUTYpH, 006pa30BaHENe CKOII-



NMeHmeM mecka B6IMau Hydel cofcreemmof QyHKIEE KoTeGmomencA
FOPHAORTANbEOM MIACTUHKY (B OTKphThie I'yrOM Goxee 4eM 8a CTO JeT
po Xmammw), HagsamH QuArypamu Jinccaxy (nocrefEMe B TPyAax T'yxa,
RasKeTcA, HOKA elle He 00HaDY KeHH).

(21) 1 amx o O. B. Kaaccupurkanua KPETHIECKHX TOUCK ¢yHKR-
muit Ba MEOT000pasEA ¢ 0COGEIM Kpaey /| DyHKN. aHAIUS3 H ero MpAJIO0-
sxerma.— 1983.— T. 17, sum. 3.— C. 20—36; I e p 6 a x O. I1. Oco~
GOHEOCTH CeMEiCTBA PBONBBERT B OKPECTHOCTH TOYKE Hepernta KpuBod .
u rpynoa Hj, DOpOMKJEHHAA OTPaKeHWAMHA /| ®yrKO. apajus H €ro
npmroxerns, 1983.— T. 17, sum. 4.— C. 70—72; Mep6axO. Il
BoasoBue (POHTH H TPYIHE OTPAaKeRHH, // YMH.— 1988.— T. 43,
Bun. 3; FmsensraabA. B. Ocofue JarpamKeBH mEOT0006pasHa
¥ BX JarpamKeBs oTo6paxenua.— M.: 1986.— 94 c. (Jlen.s BAHHTH
or 5 mous 1986 ., Ne 4130 — B). Urorm mayxm.— 1988.— T. 33.

(22) Cremenm mHBapHaHTOB paBEH 2,6 @ 10; HHBapHAaHT CTeHeHH
2 — r0 KBaj{paT PacCTOABEA [0 Havala KOOPAHHAT, 3 AHBAPHAHTH CTe~
nemeit 6 7 10 moxywalorcs us 12 BepmER u 20 rpaBel uKocasfpa (xax
IponssefieARa JMHeHHKX QyHRUEH, PABENX - 1 B BepmEHAX ¥ B IEHT-
pax rpameit). '

(23) Cu., mampumep: SchechtmanD., GratiasD.,
CahnJ. W., Microscopic evidence for quasi-periodicity in a solid
with long-range icosahedral arder / Comptes Rendus Acad. Sci. Pa-
ris.— 1985.— T. 300, Serie 11, Ne 18.— P. 909—914.

(24) Hpyro#t cmocof yBupeTh OATHYTONBEYH CHMMETPHIO COCTOMT
B clefylomeM, PacCMOTPEM «JIECTHHNY», COCTOAINYI0 U3 ry6oB 00beM-
MoMero XPoCTPaHCTBA ¢ BePIIMHAME B TOYKAX Oed0YHCIeHHOH pemer-
K#, TepeceKalI{UX H3ydYaeMoe HPPANHOHANHHO PACHOJ0MKEHHO® HOA-
mpocrpancrso. IIpoexnEs IPaHENH JeCTHENH Ha 5T0 IHOXTPOCTPABCTBO
ompepelifer ero pasGEeHRe HA MHOrOIPAHEUKA KOHETHOTO HCIA THIIOB,
HOBTOPAIOIMXCH, OfHAKO, He HepHOJHYECKE — TaK HasHBaeMOe pas-
6menme Ienpoysa. Ha pme. 38 mso6paskeno mofobuOe pasGHennme ILIOC-
KOCTH ¢ SBHHMH CJeJaMH IATHYTOIbHO# CEMMETDPHH.

MexAy OpoIEM, KOHCTPYKIMA JECTHANH JOCTABIACT 3aMOIMECHHA
OIOCKOCTH PasSEEMY POMOaMHA, KOTOPH® aJArOPUTMUIECKY HeBHYACTEME
(we mMoryr GHTb HOCTPOEHH HAKAKOH BHUMCIATEAbHOH MAaMBOHE ¢ KO-
HEYHOH TPOTrpaMMOi).

IeficTBETENLHO, JOCTHANA H3 Ky0OB TPeXMepHOTO IPOCTPAHCTEA,
HepecexaoIUX HPPANUOHAILEO PacHON0KEHEHYI0 IIOCKOCTh, — fec-
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Bce rparm BepxHeil KPHIIKY CIPOSKTEPYIOTCH B HapalIedbRO Ie-
PeHECeHBH e HapaJIeJOTPaMME, ONHOKPATEO 3aUOJBEAIONIAe BCIO ILIOC-
KOCTh. YmomsauyToe adrEBOe Hpeobpasosanme UPEBPATHT BCe 9TH Ha-
paierorpaMmsr B pOMOH.

Hampapremue ®mCXOHOH IIIOCKOCTH OHpefeNAeTcS IOJyIeEBEIM
samomenueM. Ho BanpapieRWil KORTEHYYM, a OpOTpaMM CYETHOE MHO-
eCTBO. 3BAYMT, HEKOTOPHE W3 NOJYYeHEHX 3aMOINEHHH (A JasKe DOU-
TH BCe OHH) BEBHITHCIHME.

N\

Puc. 40. Ilocrpoenme KBasHIepHOLHIECKOTO pasbuemna Ilempoysa
[0 MAaPROBCKOMY pasOHeHHIO0 TOpa

Onucannme Bume pasbmeRus Ileppoysa KBasmmepmOjwaBH. KBa-
sgneprofimuecKkne pasbuenma IleHpoysa moaywawTca W3 pasbmeRHA TO-
Pa Ba HPH3MH ¢ OCHOBAEAAMM, TapaJlIeJbEEME EPPanAORAILHOMY IO/~
OPOCTPAHCTBY, Ha KOTOPOM H BHCEKaeTcHd KBASHIeDPHOLAIeCKOe pasbme-
Hue. Taxoe pasbmenme aBymMepBOro Topa E3oGpaxeno ma pumc. 40 (ama-
JAOTEYHEe PasbHeHMsA BCTPEYAIOTCA B 3PTOIAYECKOH TeOPHH B KadecTBe
TaK BaSHBAaEMHX MapPKOBCKMX pasGuennii, BBefegnux fl. I'. Cmraewm).

Ilocrpoerutie BHme (IPE DOMOINHE «IECTHEN®) pasbmenna Ilempoy-
3a TaKJKe BHCEKAIOTCA B3 pPasOHeHRII TOPOB Ha UPHSMH ¢ JapaJIeAbLHH -~
ME OCHOBAHEAMH. Tax 4TO KOBRCTPYKIHMA ¢ OPHE3MAME MOMKET PaccMar-
puBaThcA KaK 0006MEeRHe KOBCTPYKIHN ¢ ACCTHHOEH.

HKBasmnepuosuaeckoe paséuenne Ilempoysa — 3ro pasGuenme mp-
PaqAOHANBLEOrO MOAIPOCTPAHCTBA HAa MHOMKOCTBA YPOBHA COONHEATLHON
KBaspIepHo@IecKo¥ (YEKIMM ¢ KOBROYHHM YHCIAOM SHAYeHWHA. DTa
¢yEKnES mOTyYaercAa IPH OTPAHAYCHARW Ha HPPANHOHATHEO® HOIIPO-
CrpancrBo QyHKGHE ¢ KOHeYHKM YHCIOM 3HAUOHMI Ha TOPO, TOCTOSBEOR
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Ha MPE3MAX ¢ NAPAITeIbREIME HONIPOCTPAHCTBY OCHOBAaHHAMHE. Hj.
30BeM TaKWe KBasumepmopmueckue PyHrmua GyHRmmAME Henmpoyay,
Jwbyo BempepHBEYI0 GYBEIHEI HA Tope n1060ii pasMeprHOCTH MOHQ
¢ m060i ToYBEOCTHIO ANIPOKCAMUPOBATh GYHKIHeH ¢ KOROIERIM qACIToN
3HAYeRWil, HOCTOAHROM Ba IPABMAX C I PALIeIbEEMHI TAHHOMY Bampag.
MeHE0 (11060# pasmepHOCTE) ocHoBammAME. Ilosromy 106y10 KBagy.
HePHOKAIECKYI0 GYHKIHEIO MOKEO CKONhL YTOJIHO TOYHO Al POKCAMUpO-
BaTh KBasmHepuofudeckod ¢ymrnumeii Ilempoysa rakoi me DepHOIAY-
HOCTU (BHICEKAEMOI TeM ke HpPpPAmMOHAIbHEM IOJIPOCTPARCTEOM, yrq
ncxopHag PYHKOEA).

Orcioma scBo, 9T0 y80p, KOTODHIA MH BEIEM, paccMaTpEBasg KBagu-
UepAONMIeCKYI0 (GYHKIMIO (ee NMRHE YPOBHA, CeTh OCOGHX TOUOK
H 1. II.), BCETHA AOMKOR RAIOMWEATH pasGEenHe Hempoyaa. ITpu 5TOM,
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Prc. 41. Croxacrmieckas mayruma

eclIi UCXORHAA GYBKIUA EMeNa KAKYIO-I1u60 CHMMETDHIO, TO 1 anmpox-
caMmpyiomee pasGuenme Ilempoysa (mocrpoemmoe mo KaKoMy-1u60
€CTeCTBeHHOMY aNTOPHTMY) Gyfier MMerh Ty ’Ke CHMMeTpHIO.

Tarum o6pasom, MK IOTyyaeM eme OFEE CI0CO6 IOPOKIEHAA KBa-
SHKPHCTAIMIECKAX CTPYKTYP: JOCTATOYHO HAYATH C KBASHIODHOJEIE- |
CKO¥ QYBKNEE ¢ HY/KEO#t CHMMeTpHEei I nepepaGorarh ee B pasGumenne
KaKHM-THGO eCTeCTBEHRHM aITOPHTMOM.

Crepmylompii mpmmep 8roro poja ob6mapymen I'. M. Bacaascxum,
M. 10. 3axapossm, P. 3. Cargeess, H. A. Yourossm m A. A. Yep-
EuKOBHM (CroxacTHiecKas mayTuma u muddysusa 4acTHI B MAaTRATHOM
moxe // IIT®.— 1986.— T. 91, sum. 2.— C. 500—516; Temepanua
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yHOPANOYeHENX CTPYKTYP ¢ OCbI0 CHMMETPHH W3 TaMEILTOROBCKOM
neEamuky, // ITucoma B HITD.— T. 44, Bam. 7.— C. 349—353) mpu
aHEATHMSe PesOHAHCHOTO B3aMMOJEHCTBMA YaCTHI, ¢ BOJHOH B IIasMe,
IOMeINeHHEOE BO BHemEee MArEWTHOe IXOJe.

PaccmorpuM mpeofpasoBaEHEe IIOCKOCTH B ceba, sajammEOe $op-
mynoii T = AB, e A — moBOpoT Ha yroX 2np/g, a B (z, y) = (z, y+
-+ g sin 7). BHUYACAATENHHHI HKCHEPEMEBET MOKA3HBAET, Yr0 NpH
MOXXOAAIeM BHOOpe RAYaIbHON TOYKM 00 PAsH HTOH TOUKA HPH MHOTO-
KpAaTHOM IOBTOpeHHM IIpeo0pasoBarns I 3amONBAIT CeTh H3 TOBKEX
OpHE MaJHX & JEHUH — (CTOXacTHIeCKyI0 MAYTHRYY C CHMMeTpHeN
mOpAKa ¢, BHriANAIYIO na,u;anexa momo6Eo pasbuemmio Ilempoysa
(puc. 41, ¢ = 17).

O6bacHenne cocTouT B clegyiouiem. Ilpu ¢ = 0 orobpaxerme I'?
ocTaBlifeT Bce TOYKM INIOCKOCTE Ha Mecre. IloaroMy mpu maioM €
Ra)K[asg TOYKA IOJ meiicrBHem orofpasxemua I'Y cpBUraercs Ha Maloe
paccrogmEme mopajka &. C Jpyroi CropomH, oTOGparenus A »n B,
a sEaunt u T, coxpamaor mromazna. Ilosromy orodpamenue 7’4 ¢ T04-
HOCTHI0 70 MaJHX MOpAXKA &2 IpejcraBaszer coboit mpeofpasoBanue
3a BpeMs & B (a30BOM OTOKe, 3aJaHHOM HEKOTOPO# QyHKiued I'aMmin-
roga H mo ofwramod dopmyne

de _oH 4y _ _ oH
dt ~ oy dt — oz °

Brumcnenns woxasHBalor, uro (yEEnEa [ammrsToBa H (z, y)
EMeeT BHJ
H=cosoy+ ...+ cosag,

Tle o — JAuBEeHEAas QYHEKROUA Ba ILIOCKOCTH, pDaBRAA CKAIADPHOMY
IpOH3BEJEeHUI0 PAJEYC-BEKTOpA TOUKHE (z, y) C PAiEYC-BEKTOPOM k-ix
BepIIMEH IPABAILHOIO ¢-YTONbHHKA C IEHTPOM B Haualle KOOPAUHAT.
97a ymxnas H KBasmnmepuofWIHA M HMeeT CHMMeTpHMIO IOPAAKA ¢.
(H BHCeKaerca ¥s CyMMH KOCHEYCOB, SaJaHHO# Ha ¢-MepHOM TOpe,
IpY BIOKEBEE O ABYMEeDHOH INIOCKOCTH B g-MeDHHIA TOp B BHUje MPpa-
OHEOHATHLEOTO IIPOCTPABCTBA HENPHBOJAUMOTO LPEJCTABJIERAA IHKIU-
yecko# TPYOOH HOpAAKA ¢.)

Qyrknusa Famansrora H gBisercs MepBHM MBTETPANOM CHCTeME
ypasmermii [ammasroma. ITosroMy npum DOBTOpeHWH oroGpakennsd
T'9 Toura WIOCKOCTH Gy/eT 0CTAaBATHCA HA TOH e JUHWA ypOBEA QyRK-
gum H, rpe Jemala BadadbHAdg TOYRa (M0 MeHbmel Mepe B IEPBOM
IIPHGIMKORHE TEOPHE BO3MYIIEEME OO &).

Urax, HabmofiaeMaa CroxacrmyecKas IayTrupa ONEsKa K JMHHAA
ypOBEA KBASHIODUOAHIecKOH QyEKnmE H, EMEIOmed 0YeBUJRYIO CHM-
MeTpHI0 IHOpAAKA g¢. THM H 00BACHAETCA CXOJCTBO HAYTHHH ¢ KBasH-
KpHCTaaaHdecKnM pasfuenmem Ilempoysa ¢ cEMMerpueid mopAjkKa g.

Hemocpe/crBeHEOe M3yUeHHMe IHEHA ypoBEA ¢yEKmumm H mopo-
MaeT TAKWe e KBABHKDHCTAJIMIeCKHe CrPYKTYpH HA IIOCKOCTH,
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Tapabyan [Turnbull H. W., The Mathematical Discoveries
of Newton.— London and Glasgow: Blackie and Son, 1945.— 68 p.]
OTrMe4aeT, 9r0 paccy:ienHe HplOTOHA «HeceT gBHHE 9YepTH HIeH, mO-
JAyJIMBIVX ITOTHOE PasBUTHE B TeODMM TPynn Kax I'amya, Tax u Jluy.
Cuercn oroii past, Ba KOTOpyo yKasax Mme A. II. IOmxesm, Be
BHOJEE ACEH: IPH 4eM B8Jech rpynms JIu?

B rmmre Ieiirena o6cymaaerca Taxxe paGora I'peropm, porasas-
mero eme 70 HpHOTOBAa TPAaRCIEEAGATHOCT TPUIOHOMETPHIECKUX
$yHKRI M.

(45) Bohlin K. Bull. Astr. 28 (1911), 144.

(46) Principia, Ilpepmomenme X, c. 191 OATUPOBAHHOTO pycC-
CKOTO HSJaHNA.

(47) Principia, Hpepnomenne VII, ¢. 85, IUTEPOBAHHOTO pycC-
CKOTO H3TAREA.

(48) Mloox Hoioroma memomATeH, HO «reopemy Besy», mo xoropoi
KDUBHI® CTOIeHOH m H n HepeceraioTca He 00xee, 4eM B mn TOIKAX
(mfo mo menoi koMmOHEETe), OB 3Eax. JlOKasHBATH 9Ty TeopeMmy
OE Mor rak. Ecam ypasmemmsa f (z,y) = 0, g (z, y) = 0 (deg f = m,
deg ¢ = n) paspemEMH OTHOCHTONbEO z HPH NAKEOM ¥, TO cucrema
fu + gv = 0 m + n auHeHBAHX OAHOPOJBHX yPABHEHHH OTEOCHTEIbHO
HOUSBECTHHX MHOTOYNEHOB 4 (x), v (z) cTememeii n — 1 u m — 1 mMeer
HeHyJZeBoe pemenue. Torja ofpamaercs B Byah HOKOTODHHE MHOTO-
WIeH OT KOS(pYUIEERTOB CHCTOMH, Ha3HBAGMHIE pesyIbTAHTOM (xar
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Mu Ckasanm OH cefidac — oOpejiesTeNh CHCTeMH). IIpsamoe Brramcie-
HUe NOKAa3HBaer, 9ro CreleHb Pe3yALTAHTA IO y paBEA mn (JoKaxK@Tel).
Ecnm pesyabradmr He TOMICCTBEREHI HYJIb, TO YHCIO ers KOpHeH# y
He OPEBOCXOQUT mn. _

Urax, Babop ToYex mepeceuyeHUs IPOCKTAPyeTcA HA OChL y, a 3HA-
98T 4 Ha A106y10 HpAMYy, B He Gollee yeM mn TOYeK, a 3HAYAT U CO-
cromT u3 Be (Golee 4eM mn TOYEK.

Bopouem, HpI0TOR HMCIONB3yeT HEIKE TOXLKO OYEBULBYI0 KOHEY-
HOCTh uMclIa TOUYER IepecegeBHa alrefpamuecKoli KPHBO#l ¢ mpaMmoi
(2 BeNPHEBOJAMOCTD COUPAJIH).

(49) Oeuvres mathématiques de Leibniz, I partie, 2 volume,
Paris, A. Franck, 1853, 344 pp, pp. 90—93.
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The book contains the point of view. of a modern mathemati-
cian on the story of formation of the calculus and of the theoretical
physics in the works of Barrow, Huygens, Hooke, Newton, Leibniz.

The author describes the relations of works of 1680-th and of
1980-th — from the first steps of the singularities theory of wave
fronts (in the form of evolutes and involutes theory of Huygens) to
the relations of the Coxeter reflections groups (including the icosa-
hedron symmetries group) to the modern variational calculus on
one side and to the quasicrystallic symmetry theory on the other.

He discusses the recent generalizations of the Newton theorems
on the ellipticity of orbits, on the attraction by the spheres and on
the transcendence of the abelian integrals (including some results
of modern mathematicians, which are direct continuations of the New-
ton’s results).

A short survey is given of the theory of regular and chaotic moti-
on in celestial mechanics, including the gaps problem in asteroids
distribution and the recent (1985) prediction of the Uranus satteli-
tes based on the resonant structure of its rings.

One of the appendices reproduces the Newton’s topological
proof of the transcendence of abelian integrals. The other one conta-
ins a proof of the ellipticity of orbits, based on the Zjukovski functi-
on of complex variable. This proof gives at the same time a new dua-
lity law, describing the relations between the motions in different
central forces fields (the universal attraction law. is dual to the
Hooke law). ’

The comments contain among other things, 45 annotated referen-
ces, some invectives against the modern mathematical scolastise,
the Voltaire's and Swift’s insinuations against Newton, and the con-
struction of the Penrose quasicrystallic tilings which are not const-
ructibel by any computer.



