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ROLLING SIMPLEXES AND THEIR COMMENSURABILITY, 2
(FIELD EQUATIONS IN ACCORDANCE WITH TYCHO BRAHE)

Master Key
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Annotation: Various Cartesian models of central power fields with quadratic dynamics are studied. These examples lead
the reader to comprehension of basic aspects of differential algebraic-geometrical Brahe — Descartes — Wotton theory,
which embraces central power fields whose dynamics is composed of flat affine algebraic curves of degree at most NV
(N =1,2,3,...). When N =2, a quadratic rolling simplexes law is proved by purely algebraic means.

Key words: field, Cartesian plane, affine chart, rolling, incompressibility, quadratic curve, focus, directrix, gravitation,
promeasure, prometric, differential algebra.

“QucThlil, He 3HAIOWWA MpeaesoB pa3yM ecTb camo O0oxkectBo.” Terenb.

The notes below do not talk about foundations of cosmic navigation and basics of field theory.
They are written neither for fans of science fiction, nor for “proud and learned” scientists (see [1]).
They are for those who following me will read them again. These are my thoughts on our education.
About the ways and reasons explaining one how and why we are all together proved where to be
predestined. Hoping for the future, skeptically referring to the past, indulging a wishiul thinking, one
is aware and knows (or he does think so), the other tries to calculate what is in advance waiting us
for. I am not impartial. My sympathy entirely lies on the side of such masters as Democritus, Tycho
Brahe, Descartes, Cavendish, Faraday, Maxwell. But [ have to be objective.

“I like persons better than principles
and [ like persons with no principles
better than anything.” H. Wotton.

1. There are principles at stake that one cannot surrender. When I was a second-year student,
my desk-mate Yuli Koshevnik drew a circle on a blank sheet of paper and offered me to plot a point.
Feeling some kind of trick I put it, just in case, not at the center of the circle, but a little to the left.
Then Yuli pictured a typical child drawing of a house with chimney on the same sheet and asked me
to raise smoke from it. I cautiously directed it straight up. He solemnly claimed that Albert Einstein
put a point outside of the circle and directed smoke in such a way that the house became looking like
a rhinoceros preparing to fight. Somehow it is branded on my memory just as the fact that at the end
of the second semester of our studies Eugene Solomonovich Golod frayed our nerves when he offered
to draw a perpendicular to a fixed point from a given line in the well-known model of the Lobachevsky
plane with the use of an ordinary compasses and ruler.

[ recalled those tests on mediocrity many years later, when I was finishing my manuscript [2].
Looking through popular series, in which names such as Copernic, Kepler, Galileo, and Newton were
praised up to the skies, I suddenly realized that Tycho Brahe (1542 - 1601), who laid an experimental
foundation and launched the development of technical principles of the future celestial mechanics
(Kepler worked at his observatory), was aware of the following fact.

Proposal (T. Brahe). All points of intersection of tangent lines to a circle which pass through
the ends of bisectants intersecting at one point inside of the circle lie on a straight line.

Proof (Descartes). Let us perform a projective transformation over an affine plane that maps the
circle into itself and the point of intersection of bisectants into its center.

At that moment the ring was circled, solution to the task suggested by E.S. Golod and the tests
of Yu. Koshevnik recurred to me. It has dawned on me that in the 17th century, R. Descartes had



already walked through the “wall” of quadratic curve. In his doubts about the location of the center of
the world, Tycho Brahe was not as judgemental as Kepler, who put that center at its focus. “Directrix”
and “focus” were still coexisting as two shoulder yoke, and were not bound to a particular metrics.
The way was still open. The barrier was set up later.

“De Omnibus Dubitandum.” R. Descartes.

2. Cartesiana: several examples of central fields, in each of which every movement is realized
over its quadratic curve. In the three-dimensional affine space K (K = R,C) a “centripetal”
movement R(t) = (x(t),y(t),z(t)) round the point O is characterized in any affine coordinate

—

system with the origin at O & (0,0,0) by the vector equality [R(t),R"(t)] = 0, which leads to
%([ﬁ(t),ﬁ’(t)]) — 0 and [R(t), R'(t)] = (i1,42,43), Where i1,i9,45 € K. That is why the space curve
R(t) lies on a plane given by the equation iy - +i2 -y + i3 -z = 0. So, our further consideration is
reduced to flat models of central fields.

2.1. Galileo fields — uniformly accelerated motion: =" (t) = g,, v"(t) = gy (92, 9y € K). In this
case point O lies on the ideal line in direction of the vector (g5, gy).

2.2. Harmonic oscillator: (2 (t),y"(t)) = —h - (z(t),y(t)) (h € K).

2.3. Coulomb fields: (z(t),y"(t)) = — 2Tk . (2(t),y(t)) (12 =2®+y% k € K).

(r(1)?
2.4. Ptolemy fields. Classics of genre:

z' 2 / 2
(2" (1), y"(t) = —2 - SELEH - (1), y(t) (6 € K).

When 6 > 0 (§ € R) the quantity 74 4 51/2 is called the radius of celestial sphere (a prototype of
Schwarzschilde radius).

2.5. Solar oscillator (volnokhron).

2.6. Theorem. Any analytic solution x(t),y(t), 7(t) (x(t)-y'(t)—2'(t)-y(t) # 0) of equations 2.5.1
with respect to complex variable t satisfies equations 2.5.2, and any analytic solution of system 2.5.2
x(t),y(t), 7(t)) is flat and contained in

satisfies equations 2.5.1. In particular, every curve R(t) o (

a quadratic one.

2.7. E.-G.-H.-universum. Equations 2.5.1, 2.5.2 defining differential algebra S admit first
integrals, by means of which E.-G. algebra S can be realized in a more habitual way, one should
say.

2.7.1. so-deformation.

2.7.2. A black point (Garin — Hooke accelerator).

2.8.

2.9.Theorem. Localization BQ[Ui%] of algebra Bs by o012 def (' -y — 2" -y) is an integral
domain, and its quotient field Q(Bs [01_%]) is generated by seven algebraically independent elements.
Moreover, the subfield of constants {u € Q(Bg[al_ém u' = 0} is isomorphic to a field of rational
[unctions of six independent variables.

Till this moment we were led in our narration by pure reason. But rumors, from time to time,
have brought in tidings to us from the bank of the Thames. It is the time to despise common sense
and dive into the depths of their paradigm.

“He uaMblIIJIsIHTE CYIIHOCTEH CBEpX Mephbl”
Bunvam Oxxkam (1300 — 1349)

3. The history and the time: acgepa uau 3aroeop macrepos? B 1634 rony, npoxusas B [onnanguu,
Pene JlexapT, COTPYIHMK NEHCTBYIOLIErO pe3epBa I'BapAHH €ro BBICOKONPEOCBSLIEHCTBA KapauHana Pu-
1Iesibe, B IUCbME K OfIHOMY M3 CBOMX KOPPECIOHAEHTOB TaK BbIpa3uJ cBoe Kpeno: “UTo6bl KUTb XOPOLIO,
HaJl0 XXKUTb He3aMeTHO.” Bpewms Oblio HenpocToe. B Bosnyxe, pasymeeTcs, He BUTAJIH HIEH, CBSI3aHHBIE C
rUnep6oMoMI0M MHXKeHepa [apuHa — M3 yCT B yCTa MepefaBaluCh LUPKYJIUPYIOLIUE CAYXH O JKEHIIMHE,
JeTsled Ha nomese. [IpUXoauaoce He TONBKO B3aMMOLEHCTBOBATh U COTPYAHHUATD C NPEACTABUTENSMU
MeCTHBIX [1PaBOOXPAHUTE/BHBIX OPraHoB U mpoobpasoM Oyayulel 6putaHckod “Muresnnenxenc Cepsuc”,



HO W JIAIUTh CO CIeLCayKOaMH CBSITOH MHKBH3HIMK: NTOMUHHKAHLAMH, (paHLHUCKAHLAMH, He3yHUTaMH,
— BeJlsl MOCTOSIHHYIO TPOCBETUTEJbCKYI0 paboTy, B IepBYI0 ouyepelb, He Ha MOABJAACTHBHIX MOCJEJIHUM
tepputopusix. Cynboel Konepuuka, Ilxxopnano bpyno, [anunes nokaseiBasnu, 4To MjeTblo o0yXa He me-
pewn6uth. TpeboBasoch co3faHue M BOCHHUTAHHE W B HayKe, U B 00pa30BaHUM KaJpOB HOBOTO THIA.
3pesio MOHWMaHHWE TOTO, UTO CEKTAHTCKHMH crocobaMu 3Ty 3ajlady He pelldTb. HeoOXomUMBI ObLIH
MHCTUTYTHI. M Ha nepBoM 3sTamne peanu3allMd 3aJyMaHHOrO 3Ty 4acTb NPoOJeMbl B35JM Ha cebs Clelu-
a/JM3UPOBaHHbIEe KOJJIENXKH U MOHACTBIPH.

IT0 ObLI0 BpeMsl TUTAHOB. PunocodoB-cTpaTeros. 3aMbicya IPaHIHMO3HOTO MPOEKTa, PACCUUTAHHOIO
He Ha CHIOMHHYTHYIO Beirony. Ha Beka. Ymop nesasncs He Ha M3ydyeHHe yrKe IMOJYUEHHBIX pe3y/bTaToOB
M MCTHH, @ Ha HX TepPeOTKPhITHE B T0JIOBaX IPYTHX, HAa YCBOeHHE pa3pabOTAaHHBIX M IOHCKe HOBBIX
METOJIOB UCCJIeIOBaHUs, O6yarofgapsi 4eMy MHOTOKPATHO BO3pacTalo YHCJ/IO UX CTOPOHHHUKOB, 1J/151 KOTOPBIX
OTKPBITHS CTAHOBHJINCh HE UY>KHMH, a CBOUMU. TOHKO OBIJ yuTeH YHCTO INCHUXOJOTHUECKHH 3JEMEHT:
“3aBoeBaHHOe B 6010 LeHUTCs gopoxe.” [loa/rMHHBIE repou B COOTBETCTBMH C KPelO He HUMeJH IpaBa
BBICOBBIBATBCS, HOJKHBI OBIIM OCTAaBaTbCS B TEHH.

O6crosiTesIbCTBa G/1arONPUSATCTBOBAIN OYepeJHOMY MPOPbIBY, MOMEHT Oblsl YAOOHBIM:

a) Kenyep y»ke omy6JuKoBa BbIBOIBI HaOMoneHH# o6cepBaTopun Tuxo Bpare,

6) Jlekapt 3a/0XXu/1 M pa3padoTas OCHOBBI aHAJTHTHUYECKOH TreOMETPHH, MO3BOJABLIEH MepeBecTH
MCKYCCTBO I'eOMETPHUECKHX pacCyKAeHUH 0 CBOHCTBAaX KPHUBBIX BTOPOTO MOPSAKA B PYTHHY UHCJEHHBIX
U CHMBOJIbHBIX BBIUHCJIEHHH,

B) OH Ke BO3POIMJI MOHATHE CHJIbl, KAK CYILIHOCTH, BBI3bIBAIOLIEH yCKOPEHHE.

Bce caoxuinock camo co6oi.

“PasBepsJiach 6e3n1Ha — 3Be3Jl NI0JIHA. 3Be3aaM 4HCJa HeT, Oe3aHe aHA.”
M. B. Jlomorocos.

3.1. The bait: 3akonb! Kenuiepa. ['0BopsiT, 4TO MpoCTHIX pelleHHH He OblBaeT. BriosiHe BO3MOXKHO.
Ho BpemeHa, B pesysbTare AJUTENBHOH, KPONOTIHBOH 00pabOTKH 3KCIEepPUMeHTaNbHOH 6a3bl, pOXKAA0T
MHOT[a HarJIsiAHble MOJEJH, NONYyCKalllhe He3aMbICJI0BaTyI0, aleKBaTHYI (hOpMaIn3alHio U 4eCTHYIO
MX MHTEpPIPeTaLHIo.

O 3akonax Kensepa cefiuac M0OKHO y3HaTh M3 IMIKOJNbHBIX yUeOHHKOB.

3.1.1. 1-11 3aKoH. Bce naanemol 08UNYMCa NO IAAUNCAM, 8 OOHOM U3 POKYCO8 KOMOPO2O HAXO-
oumcs conruye.

3.1.2. 2-i1 3aKkoH. Paduyc-sekmop, nposedenHbili Om COAHUA K NAQHEme, 8 paBHble NPOMENYMKU
8pemenu samemaem pasHvle NAOUAOU.

3.1.3. 3-i1 3akoH. Ksadpamol epemer obpauleHus niaxnem omuocamcs mexncoy coboli Kak Kybol
6oavLuux nosyoceti opbum.

3.2. The hook: opmanusamus. He Tak IMpoKko U3BECTHO, UTO yKe APUCTOTeNb 3HAJ, KaK ycTpoe-
Hbl BCe MPOEKLHH MJIOCKUX CeueHHH KOHyca BpalleHHsl Ha OPTOrOHaJNbHYIO OCH MJIOCKOCTb, MPOXOASILYIO
Yepes ero BEpPIINHY, & HMEHHO:

a) mobasi KpUBasi BTOPOTO MOPSIIKA B 3TOH MJOCKOCTH C (POKYCOM B BepIIHHE MOJYy4YaeTcs TaKUM
Croco6oM;

6) BCce MPOEKIMH, He SIBJSIOLIHECs TPSIMbIMH HJM NapaMH TPSMbIX, NPEACTaBIIOTS U3 ceOst KPUBbIe
BTOPOTO MOpsiiKa ¢ OOLIUM (DOKYCOM.

C BBelleHHEM B MaTeMaTHUeCKHEH 00MXOJ OCHOB aHAJUTUYECKOH reOMETPHUH CTaJI0 BO3MOXKHBIM BhIpa-
’KaTb TON0OHBIE YTBEPXKAEHUS Ha si3blKe ajre6panueckux ypaBHeHUH. BosbMmeM B KayecTBe MpoOHOro —
KOHYC BpallleHH, 3a[aBaeMblii B €BKJHI0BOH CHCTeMe KOOpAMHAT (z,y,r) ypaBHeHueM z2 + 32 —r? = 0.
Torma nnist Moo MJIOCKOCTH, OMpesiesisieMON PaBEHCTBOM 7 = - x + - ¢y + §, TIPOEKIUs Ha MJIOCKOCTb
(z,y) ceueHHsi, BbIAEJNSEMOrO ABYMs 3TUMH ypaBHeHHsIMH, OymeT mpu & # (0 HeTPHUBHAJBHOH KPHUBOH
BTOporo nopsaaka: 2 +y% — (a-x + B -y +6)2 =0, u y Hac nonyyaercs

3.2.1. UnTepnperanus 1-ro 3akoHa. Bce naanemor dsuearomcs no Kpusgolm emopoeo nopaoxa
suda 2> +y? — (a-x+B-y+38)?=0, (6 #0,a,3 € K). Coanue naxooumcs 6 Hauare Koopouram.

Ynpaxuenue. JlokasaTb, 4TO (OKYCHOE PacCTOSIHHE OT COJIHLA Yy TaKOHW KPUBOH paBHO 0.



3.2.2. Popmanusauus 2-ro 3aKoHa. B w060l momenm spemenu t paduyc-eexmop ﬁ(t) =
(x(t),y(t)), nposedenmwil u3 Hauwara Koopouwam K naiaweme, yoosiemsopsem pPABEHCM8Y
[R(t),R'(t)] = (z(t) - /(t) — 2'(t) - y(t)) = k, ede k € K. B uacmnocmu, 3a 11060 npomemcy-
mok epemenu At paduyc-sexmop R(t) samemaem niowadv pasmyo 2|k At u [R(t), R"(t)] =
(2(t) - " (t) — 2" (8) - y(1)) = O,

AprymeHTHl B 10JIb3y afeKBATHOCTH TAKOH TPAKTOBKHM BTOPOTO 3aKOHA XOPOLIO H3BECTHBI M HOCTYII-
Hbl CTyIEHTaM, BJIAJIEIOIIMM 3jeMeHTaMH aHanu3a B obbeMe nepBoro Kypca. OnHako owmwubGaeTcs TOT,
KTO CUMTAET, UTO IJIsl TAKOH MHTEPNpeTaluy CleyeT 3HaTh, 4YTO Takoe Nu(depeHHpOBaHHEe U HHTETPHU-
poBanue. (Bo BcskoM ciydae, B MpUBBIUHOM [ GOJBLIMHCTBA CMbICJe. B KOHIle KOHIOB, BCe MOXHO
CMUCATh Ha OuepeHYI0 reHHaNbHYIO JIOTalKy, Belb B CEMHAALlaTOM BeKe MUCAJNCh YTBEPKIEHHUST U Pop-
MyJibl okpyue (cM. Bbile .. 2.8.1).) JleficTBUTEbHO, PACCMOTPUM PAaBHOMEPHO ABHKYLIMHCS 00BEKT.
Torna no60i HabOAATENb B MPOU3BOJIBHON TOYKE MPOCTPAHCTBA BHE TPSIMOM JBUXKEHUS] OOHAPYXKHT,
4TO paluyC-BEKTOP OT HEero K OOBEKTy 3aMeTaeT B paBHbIE MPOMEXKYTKH BPEMEHH paBHbIE MJIOLIAMH,
a Tak Kak opmyna 3 - |z(t) - y(t) — 2'(t) - y(t)| nuowamn TpeyronbHHKA, 06PA3OBAHHOTO BEKTOPAMH
R(t), R'(t) oTHOCHTCSI K a3aM aHAJIMTHUYECKOH FeOMETPHH, TO OH MOYYUT HOPMYJIbl YTBEpKICHHS 3.2.2
¥ aBTOMAaTHUECKH TPUMET Pe3yJbTaThl O NPSMOM, KaK BIIOJIHE NPaBAONOAOOHYI0 THIIOTE3y O PABHOMEPHOM
(B cmbicsie BTOporo 3akoHa Kenusiepa) nBu:kKeHHH 1o J11060H KPUBOH BTOpPOro nopsiika. Ero yBepeHHOCTb
B MPaBUJIBHOCTH TAKOTO MPEAINOJOXKEHHUs MOAKPENUT TO, UTO MPU MOCTPOEHUH KaxKAOH TOYKH KPHBOMH
BTOPOTO MOPSIAKA, UCXOMsl U3 MATH ee MPOU3BOJNBHBIX TOUEK, a TaK»Ke KacaTeJNbHbIX MPSIMbIX B 3THX TOY-
Kax B appMHHON KapTe MeKapTOBOH MJI0CKOCTH (cM. [2]) mOCTaTOYHO MO/MB30BATHCS TONBKO YTOJbHUKOM
v JuHedKo#. Hy a posisiMHT, Mo3BOJISIOIIMA KOCTPYKTHBHO IEpeKaThiBaTh TPEYroNbHHKH, 0Opa3oBaH-
Hbie BekTopamu K(t1), R/ (t1) u R(ts), B (t2), npyr B Apyra, 3aBepLIHT 0. YK €CiH LKOJBHHK Ha
BCTYIUTEJbHOM 3K3aMeHe Ha MeX-MaT JOoJKeH Obl yMeTb 00OCHOBBIBATH 3J€MEHTapHBIMU CPEICTBAMU
(opmyJsy mioImany ceKTopa Kpyra, TO He HYXKHO OblJIO HMeTb CeMb Msifed BO J10y, 4TOObl B CeMHaala-
TOM BeKe U paHee MpOLe/aTh TaKylo e paboTy JJs JI0OOro 3JINNCA OTHOCHTENbHO MPOU3BONBHOK €ro
BHYTpPEHHEH TOYKH.

3.2.3. Conneunasi nocrosinHas Tuxo Bpare. Ilycts ¢ u b — GoJblliasi ¥ MaJiast MOMYOCH 3JIJTUIICA,
a T - mepuon oOpallleHHs] TJaHeTbl BOKPYT cosiHIA. Torma mjsi JObIX OBYX MuaHeT (i-0# u j-TOﬁ)

3(; T2 . 3/
coryiacHo m.m. 3.1.3 BBIMOJIHSIETCS PABEHCTBO 238)) = TQ—((;)) KOTOpPO€ MOXKHO Mepernucatb B BUIE ;2—((?) =

3(5 3
;T((jj)). CJIe,U,OBaTeJIbHO, OTHOIIIEHHE % HE€ 3aBUCHUT OT HOMEpPA IJaHEeThI. 9Ty KOHCTAHTY 0603HaUUM kS 41

Ha3oBeM cosreurol nocmoannot T. Bbpare. Tenepb Tpetuii 3akoH Kemnsepa MoxHO nepedopMyaupoBaTh
TaKHUM 00pa3oM.
3.2.4. [ina aroboil naaremo. omuoweHue Kyba 601bul0l NOAYOCU IAAUNCA, MO KOMOPOMY OHA
dsuacemces, Kk Keadpamy nepuoda ee obpauierus 80Kpy2 COAHUQA PABHO COAHEUHOU NOCMOAHHOU kg.
3.2.5. The mystery of three laws: /12/5 =4 .72 kg. JleficCTBUTEJbHO, TaK KaK IJIOLIA/b JIHIICA

m-a-b T-a-b

paBHa 7-a-b, To B cuay m.m. 3.2.2 T = T2 Ho a® = kg-T? (em. mm. 3.2.3) u a? = ks'(IHI/Z)Q' OTtkyna

caenyert, 4to k2 = 4 - 72 - kg - (b?/a). Ho b?/a — 3To hokycHoe paccTosHHe B 3/umce, a B m.o. 3.2.1
(cM. ynpaxkHeHHe) GbLIO MOAMEYeHo, 4To (hoKycHoe paccTosiHue KpuBoi 22+ 142 — (a-x+B-y+9)> =0
pPaBHO J, YTO U J0Ka3blBaeT COOTHOLLIEHHe MexAay J, Kk U kg.

3.2.6. Resume. [losyueHHas (opmysa no3BosisieT O reOMeTPUYECKHM XapaKTePUCTUKAM TPaeKTo-
PUH TIJIaHETHl BBHIYHMCJSTH Uepe3 COJHEYHYH MOCTOsiHHYI Tuxo Dpare BaxkHble NIMHAMHYECKYIO Xapak-
TEPUCTHKH €ee JBHMXKEHHs: CKOPOCTb 3aMeTaHHs MJOLafed, mepuon obpalleHHs, CKOPOCTb B KaxKIoH
TOYKE.

3.3. The trap: ot mocryjaaroB popmann3ma K ypapHeHusaM nuHamMuku no Kenmepy. [Ipencrass-
Te cebe, UTO Ha BPEMEHHOH OCH B KaKOH-TO MOMEHT mosiB/asieTcs: HekTo, KTo

(a) momoJiHsIET MPUBBIUHYIO MJIOCKOCTh “UleasbHON” — GeCKOHEYHO ynaJeHHOH — TPsIMOH;

(6) moHMMaeT, UTO TaKOe MPOEKTHBHOE TMPeoOpa3oBaHHe MOMOJHEHHOH TJIOCKOCTH, U CIIOCOOEH 3THUM
T0JIb30BaTbCS;

(B) BBOOMT B Hay4HbI OOHMXOH KOCOYTOJIbHYIO CHCTEMY W NPOBOIHUT B HEH BHIYMCJEHHS HapaBHE ¢
NPHUBBIYHOM MPSAMOYTOJIHOH;

(r) ymeer B JI060H CHCTeMe KOOPAMHAT BbIPAXKaTh YPaBHEHUSMHU KOHYC U TJIOCKOCTb B TPEXMEPHOM



POCTPAHCTBE, MPSIMYIO U KacaTeJbHYIO K 3JJIHICY Ha MJOCKOCTH,;

(1) OTKpBIBaeT B KJacce palMOHaJbHBIX (YHKLUHE OT MepeMeHHOH ¢ TJIaBHBIH 3aKOH
nuddeperuranbHo-aaredpandeckoro opmanusma (f(t) - g(t)) = f'(t) - g(t) + f(t) - ¢’(t) n HauuHa-
eT TPaKTOBaTb TePMHH “cHuia”, KaK CYIIHOCTb, BBI3BIBAIOIIYIO TOJNBKO HM3MeHEHHe CKOpocTH: v'(t);

(e) morazmbiBaeTcsl U yMeeT 0O0CHOBBIBATh B UACTHBIX C/ydasiX, 4TO BTOPOH 3akoH Kemsepa paBHOCH-
JIEH TOMY, YTO BEKTODP YCKOPEHHs IJIaHeThl HalpaBJieH K COJHILY;

(%K) BBIBOIUT (hOPMYJY AJISI BEIUMC/EHHS TJIOLIAAH TPEYroNbHHKA B MIPOM3BOJNBHOH CHCTEME KOOPIH-
HaT, JOKa3blBaeT HHBAPHAHTHOCTb MOJYYEHHOTO BbIpayKeHHsl OTHOCHTENBHO POJIJIMHTA, YKa3blBaeT Ieo-
MeTpPHUUeCKHH Crocod MepeKaThiBaHHsSI TPEYTOJIbHHKOB, HaTsHYThIX Ha BekTophl R(0), R'(0) u R(t), R'(t)
IPYT B Opyra, Koraa KOHLl paguyc-BeKTopoB R(t) def (x(t),y(t)) nexar Ha KPUBOH BTOPOTO MOPSIAKA.

HesaBucumo ot Toro, rae Ha ocH Haxogutcsi JlekapT, Cc/JI0XKHBIIAsICS CHTYalUs TOACKA3bIBAET ITOMY
HUK4YeMHOMY HekTo, uTo Hensoxo Obl ObJIO /15 HAMISIHOCTH HAUTH KOS(P(ULHEHT MPONOPLHOHAIBHOCTH
MEXKIy KoJlIHHeapHbIMH BeKTopamu R(t) u R”(t) u menaer mpeiBapUTesbHBIN LIAr.

3.3.1. The first step: Borunciienne BekTopa ckopoctu R'(t). Ta npoueypa NouTH He OTIMYAETCS
OT BbIBeleHHs] (hOPMYJIBl KacaTeJbHOH [/ KPUBOH BTOporo mnopsinka. Kpusasi samaercsi ypaBHeHHEM
22+ 9y —(a-z+p-y+05)2 =0, a ee napavMerpusanus ypapHenrem x(t) -y (t) — 2'(t) - y(t) = K (cm.
n.m. 3.2.1 u 3.2.2). [lonBepruyB o6e yacTu MepBOro paBeHCTBA NMpeobpazoBaHuio “IITPUX” (CM. CBOUCTBO
(1)) OH MOJyuYHT CHCTEMY ABYX ypaBHeHHH masi x'(t) u ' (¢)

2-2'(t) - x(t) +2-4/(1) y(t) =2 (a-2'(O) + 8-y (D)o -2+ 8-y +0) =0,

z(t) -y (1) —2'(t) - y(t) = &

Peurutp ee HukuemHomy HekTo Tpyna He cocTaBUT

W)\ __=r ()= 8-d)
( y'(t) > S 6-d(t) < —z(t) — - d(t)) ) ) (!
d(t) déf - x(t) + G- y(t) +46 (dQ(t) _ $2(t) + y2(t)).

[Ipu 3TOM OH, B OTJIHUHE OT HAcC, yXKe 3HaeT, YTo MpsiMasi, 3afaBaeMasi ypaBHeHHeM -z + -y + 06 =0,
— 3710 “nupektpuca” KpusoH x2 4+ y? — (- + B -y + 6)2 = 0, u TpakTyeT ee B Jyxe MPeANOKEHHS U3
n.m. 1.

3.3.2. The second step: BbIYNCIeHUE BEKTOpPa yYCKOpEeHUS ]%”(t). Hab6us pyky Ha nepsom Liare
B MaHHUMynupoBaHHH “mTpuxoM” (cMm. (1)) Hexkro Hukuemnnift, “nponnddepenuupyer” obe yacTu pa-
BeHCTBa (!) W, HCMOJIB3YS €ro elle pa3 [Jis UCKJIIOYEHHsS U3 MPaBOH YacTH BHOBb MOJYYEHHBIX PaBEHCTB
2'(t),y'(t),d (t), J€TKO MOJYUHUT COOTHOLIEHHUSI:

a’(t) \ _ =kt 1 [ a(t)
(0 ) =5 aw (s )
dit) L a-w(t)+ 8- y(t) +5 () = 2%(1) + 2(1)).

3.3.3. In the grip of the formalism: ypaBHeHns munammuku no Kemmepy. B cuay Tperbero
nocrynata (cM. m.m. 3.2.3, 3.2.4) oTHoweHHe k2/§ OTIMYAeTCS OT COMHEUHOM MOCTOSHHOM Ha YMCJO0BOK
MHOXHTeb 4 - 2. [103TOMy MOXKHO TepenucaTh MOCJeIHHE PABEHCTBA B BUJE

(o) == (),

e r(t) = (a%(t) +y* ()%



3.3.4. Intellegence and mind: coorHomenus H. Hukuemuoro. IlpuBep:keHel KOCOyTroJbHON
cUCTeMbl KOOpPAMHAT NOCTapaeTcsl BBHIHTH 3a PaMKH MOCTy/aToB Qopmanusma n.m. 3.2.1-4 u cpenaer
TpeTuil war. OH NonbiTaeTcst BBIYMCIUTD BEKTOP LEHTPOCTPEMHUTEBHOIO YCKOPEHHs MJIsS JIOOOH KPUBOH
BTOPOTO TOPsIKA, 3aJaHHOH ypaBHEHHEM

a2t +2-app-x-y+an -y +2-a-2+2-b-y+c=0
1 HeHU30eXKHO MOJYYHUT COOTHOIIEHHS

aip a2 a
det a1l a9 b

57(553 > - <a-x<t>ib~5<t>ic>3'<§gg)

[Tpu ¢ # 0 KBagpaTHUHYIO KPUBYIO MOXKHO 3aJaTb ypaBHEHHEM

pan 2+ 20y + pon -y — (a4 By +0)2 =0.

TOF}la npeablayuiye paBeHCTBa MPUMYT BUL

d_2<90(75) > ___’<52.det<ﬂll 12 )_L.<ﬂf(7§) )
de2 \ y(t) 5 p2 po2 ) d3(t) yt) )’
e d(t) = a-x(t) +B-y(t) +6  (d*(t) = par - 2?(t) + paz - () - y(t) + p2z - y2(1)).

3.3.5. Girl dreams: ! + ¢okycupoBku miaockux BoaH. O6beKT cOpachiBaeT CKOPOCTh M BHE3AMHO
“MaTepuasnusyercsi”’ Ha 9KpaHe JIOKATOpa, 3aTeM OMUCHIBAET AYTY, YCKOPSIETCS U MCUe3aeT, He NOCTHTHYB
Kpasi Aucries. 3HaKoOMas KapTHHa, He mpaBpaa Jju? [lamsaTys o6 HCTHHe, 4TO He3HaHHWE HAYMHAETCs
IO HayKH, a HEeBeXeCTBO IOCJe Hee, s He CTaHy [aBaTh KaKylo-JHO0 (PU3HUECKYI0 HHTepIpeTaluio
noc/IeAHUM (OpMYJIaM YCKOpPEHHs], a OTPaHHUYCh CYyXOH KOHcTaTalued (akTa.

Teopema (H. Hukuemusiit). /[1s 1106o.x anarumuueckux pewenuti z(t),y(t) (dimg (K -x(t)+
K -y(t)) = 2) (Oeticmeumeavioco uiu KOMNAEKCHO2O nepemeninoco) ypasrenuil n.n. 8.2, sadarouiux
keadpamuunslil xaoc Tuxo Bpaee, cnpasediusol paserncmsa J’;l(%) = —m;((tz)yy/:g;:z/(g)j/(/t()t) = y;((t';) a
npu dimg (K - 2'(t) + K - y/'(t)) = 2 auneiinoie noonpocmparcmea K -1+ K - z(t) + K - y(t) + K -
(z(t) /2" ()3, K -2%(t) + K - 2(t) - y(t) + K -y2(t) + K - (x(t) /2" (t))*/® ne 60ree uem mpexmeproL.

3.4. The trick: Ot ypaBHeHHUI1 AMHAMMKH K noctynaTtam cdopmanusma. Bropoil 13 Hux 6osee yem
owesnner: (z(t)-y' () —y(t)-2' (1)) = [R(t), R (1)) = o(t)-y" (1) —y(t)-a" () = 4-7*-ks-[R(t), R(£)] = 0.
(MHe He 1OBOAMJIOCH BCTPEUATh YUEHOr0, KOTOPBIH MPH pellleHHH AuddepeHIHanbHbIX YPaBHEHHH MocIe
TOJTy4eHH s TIepBbIX HHTErPAJIOB MOMbITAJICS HAYaTh B MOEM MPUCYTCTBUU UX AU (hepeHIHpoBaTh. TpyaHo
CKasaThb, Kak s Obl OILleHUJ MOA0OHYI0 CUTyaluio. Bo3aMoXKHO, 4TO 1 cues Obl ero UIHOTOM.) YMHOXKHUM
o6e yactu paseHcTsa (z(t),y" (t)) = 4'1”7;,2('55 A(z(1),y(t)), (r(t) = (z%(t)+y3(t))"/?) ckanspHo Ha BekTOp

R'(t) = («/(t),y/(t)). Torna

DN |

I v 472 kg /
(') + ' (1)%) —(—(t))

22(t) + 2

1, , 472k def
3 (a: (t)2 +y (t)Q) — (Tﬁ) =F (E € K,r(t) = /22(t) +y2(t)) .

(Crynenra, Kotopbli HauHeT AH((EpPeHIMPOBATb HA K3aMeHe B H3y4YeHHOH BIOJb U MOTEpeK CHUTya-
LIMU BbIBelEHHbIE MM MepBble UHTErpasbl, BPsA JH JOCAYIIAIOT 10 KOHLA. BO3MOXHOCTb MOJydyeHHs UM

!Ceepxckopoctr, UFO, /eTamliye TapeaKkH, rpaBUTO/IETh, TapaboJon HHX. TapuHa, momelo. ..



OTJIMYHOH OLIEHKH KakeTcs MHe KpakHe mpob/eMaTHdyHOH.) BocnosbayeMess KOMOHHATOPHBIM COOTHOLIE-
Huem Kiepo

2 2

- 4y-y x-y —a- "2 K
P+ 0P =" | | A=) = (VP ) ) + 5
x2_|_y2 $2+y2 ¢ +y

U TepenuileM paBeHCTBO ¢ 6YKBOH F cienymoliuM o6pa3om

2

1, 1 k2 4.7k
2 Oy mm s S E

@dopryHe OBLIO YrOAHO TPOJETETb MUMO MeHSl JABaXK[Abl: HE3aBUCHMO NPyl OT 1pyra, ¢ pasHuleHd B

ABEHAOUAaThb JIE€T, ABE CTYAEHTKH IONbITAJIUCh HAa MOUX TJa3aX HpO[LI/ICqueII)EHU,I/IpOBaTb 06e 4acTH 3TOro

paBE€HCTBA 2

2 2 !
(3t + 5 oo - 2R <y @
2 2 r2(t) r(t)

3.4.1. 3ameuanne. Torna st He GBI 3HAKOM C HAPOAHOH MYAPOCTBIO, YTO YMHYIO »KEHILIUHY OT LYpPHI
He oT/iMuullb. [IpusHaloch — B rosoBy Jesna Gojee paaukajbHas OleHKa mpoucxopsiiero. Ho s Basn
ce0sl B PyKHM UM HampaBHJ JajbHelllee 06CyKIeHWe BOMPOCA B TMPUBLIYHOE PYCJO. YIUBUTEIbHAS Bellb
Halla namsitb. B Hell HUYero He mponanaet. B KakoH-TO MOMEHT HYyKHOe (M HEHYKHO€) BO3HUKAeT B Hell
C MOpPa3UTeNbHON SICHOCTBIO. $1 MPUMOMHHUI C/IyUHBILIeecs Mapy JieT Ha3aj, Koraa 00oyMbIBas MpobiemMy
pacKpbITHSI MapaMeTPOB U KJacCH(HUKaLUK MoJell B 06001eHHOM xaoce Tuxo Bpare. ¥YTBepKaeHue m.1.
2.6 v ypaBHeHus m.m. 2.7.1, 2.7.2 MHOI0O y»Xe ObIJIH MOJY4YeHBl W §1 TOCTOSIHHO K HHM BO3BpalllaJcsl.
B ouepenHoii pas 4To-TO 3aMKHYJ0Ch M paBeHCTBO (!!) MHe mokasajoch o4eHb 3HaKOMbIM. B rosoBy
3aKpa/ach KpaMoJibHasi MblCab: “A KakoBa BO BceM 3TOM poJjib ypaBHeHusi z2 + y? = r2, MoxeT 6bITh

eBKJIMJIOBA METPHUKA — 3TO BCETO JIMIIb YHOOHBIH CMOCOO MOACUETa OTHOLIEHHS IBYX OPHEHTHPOBAHHBIX
miomanei LY D=y ()-2"(t) o
z(t)y' (1) —y(t)-2' (1)
3.4.2. IlogBeneHue wuTOroB M cOop ypomxasi. PaseHctBo (!!) MOXHO mepemnucaTb Tak

"
(r(t) — 4’;#) = —‘1';2,2—(53 : (r(t) - 47::#) M Mepell HAMH BO3HHKAeT 3HAKOMasi CUTyauusi (CM. ILII.
9.7.1)
4.7%. kg " 4.-72 . kg 4.-72 kg
R .t G R ]

B KoTOpoi BekTop yckopenusi (z”(t),y”(t),r"(t)) xomnuueapen Bektopy (x(t),y(t),r(t) — %)

HanpasJ/eH Bce BpeMmsi B oaHy Touky (0,0, %zﬁ) CnenosatenbHo, kpuBas (x(t),y(t),r(t)) aBasercs

MJIOCKOH W COOTBETCTBYIHOINAS MJOCKOCTb TPOXOTHT Yepe3 TOUKY (0,0,4'7:{#). [Tostomy r(t) — 6 =
a-z+ -y (g nonxopamux o, 3 € K u 6 = %), YTO BMecTe ¢ paBeHCTBOM 72(t) = x2(t) + y2(t)
NPUBOIHUT K cooTHoweHuaM z2(t) +y?(t) = (a-z+ B-y+0)2, 0 = 47;# KOTOpble BbIPa’KaloT MepBbli
M TPETHH MOCTYyJaThl (opMaar3Ma, COOTBETCTBEHHO.

3.5. An odd fish: 2-e o3apenune. Xopoio H3BecTHO, UTO HbIOTOH GBI CTOPOHHHUKOM TeOMeTpHYe-
CKOH ONTHKH Y NPUAEPKHUBAJICS KOPIYCKYJISIPHOIO B3IJIsa HAa NIPUPOAY BOBHHKHOBeHHs cBeTa. OH pe3ko
BBICTYTIAJ TIPOTHUB TeOpUH 3¢upa U Buxpeil Jlekapra. CornacHo ero Bo33peHHMsM YacTHIlA CBeTa AOJKHA
JIeTeTb PaBHOMEPHO MO eCTEeCTBEHHOH Treofie3ndecKodl B TpexMmepHoM (ad¢puHHOM nekaptoBom!) mpo-
CTPaHCTBe C OTPOMHOM, HO MOCTOSTHHOH CKOPOCTbI0. MOXKHO TOJIBKO HOTafblBaThCsl, KAKOH LIOK JOJKEH
OBl UCTbITaTh HBIOTOH K KOHIY »KH3HH, KOT/la TIepPBbIM, OMepPeIrB Ha TPH BeKa CBOE BPEMS, MOIMBITAJNCS
3aMeHMTb NpobHbIi KoHyce 22 + y? — r2 = 0 Ha cBetoBo#t 22 + 2 — % - 72 = 0.

*Tpom cpean sicHoro He6a. CaMblii pasyMHBI MyTh K 1esu. OGXOIATCA BCe PACCTaBJeHHbIE JOBYIIKM H COO/A3HbI: U3HU-
YTOXKAETCS TOPSTUO0 JIIOOUMBIE (PU3HKAMH M CTOJIb JOPOTOH cepAlly MexaHHKOB cHMBOJ E.(EcTb Gosee KOPOTKHH MyTb B 06XO01
E. lnsi aToro Hajgo mpocTo npoauddepeHIpoBaTh KOMOHHAaTOpHOE cooTHoleHHe Kiepo.)



3.5.1. Emotions.

Ho cux nmop mbl Bce, HbioToH,
Yrum Tebst, TBOH caH, TBOH IOM.
PasBe mor mogymath oH,

Uro HaBeK 3aHMeT CBOU TPOH?

Ha xoHedHo, BCe MpH HEM:
Maccsbl, cu/1a U 3aKOH.

Jbip He BUAHO, CIOPY HET:
MeTpuKOH MPUKPBIT MPOEKT,
®doKyc CyHYJH B TPOCBET,
JlupekTpucy noj 3amper...

Ho ckBo3uT, CKBO3UT MpoeM —
Mepy Hano 3HaTh BO Bcem!
Benb xonuTh omMHUM MyTeM
Bce paBHO 4TO fHEM C OTHEM —
Hy HM xanjgud MBICJH B TOM.

PossuHr ecTh U BUXpeM OH
CkBO3b 3(bUp CTPYUT B 00bEM
Pasywm, Bosio, 0yX, moabem,
MuposnaHuil HOBBIX COHM,
[IpeBpaiiasi GUATUHT B JIOM.

* ok K
[losieM MeTpuKYy UyTb TKHH,
Bmepy kapry noxuend,
U Ttorna y»x He BepHyTb,
Mup, 4To ynasnoch NPOTKHYTb...

3.5.2. MacTtepcTBO He mponbelb. [ak racuT ABOpoBas MyapocTs. Ho ero u He mepenaiib. YXonut
yesloBeK, U 3TO YXONMT BMecTe ¢ HUM. OcTaloTcs Moc/efoBaTe/ M U pemecso. ° Haao oTaaTh Ao/KHOe
HbioToHy, KoTOpBIH B oT/MuMe oT [lnaToHa, yHHYTOXKaBllero (pusnueckue 3K3eMIJsipbl (rUa0cohCKUX
uned JleMokprta, BceMepHO croco6cTBoBaM nepensnanuio Tpynos [exapra (1596-1650). beuin omy6-
qukoBaHbl: “[lpaBuna masi pykoBomcTBa yma” (msm. 1701), “Tpakrar o cere” (u3m. 1664), “Hauana
¢dunocopuu” (1644), “Paccyxnenue o nepsoii ¢punocodpuu” (1641), “Teomerpus” (1637).

Hy a o Tom, uro elle comep:kajocb B 3alHCsX, MepelaHHBIX JleKapToM CBOMM KoJjieraMm-
KOpPPeCIIoHJeHTaM, * Mbl, 0-BUIHUMOMY, HUKOTA 6OJblle He y3HaeM.

3The great skill is impossible to spend on drink. That is a parish wisdom. But nobody can transmit it to anyone else.
When he is gone, it is gone with him. The only things the master leaves here to us are his deeds and thoughts in brains of
his followers.

*Henry Wotton: "There is no such thing as a good influence, Mr. Gray. All influence is immoral. Immoral from the
scientific point of view. The aim of life is selidevelopment. That is what each of us is here for.” The portrait of Dorian Gray.

°Tenpu Yorton: “JIMTIOMaT — 3T0 O6POTOPSAIOUHBIH MOAaHHBIH, OTOCHAHHBI Ha UyXKOHHY 1aGHl JITaTh Ha G1aro rocyaaps
u BBepeHHoro emy OteuectBa.” Mctopust nuniomatuu, ToMm 1. M: OTU3, 1941.



3.6. Improvements and developments: ot Tuxo bpare n [lekapta uepe3 Papanes u Makcses-
Ja B 1epOu mo pumaHoBou reomerpum. OTrnpaBHasi TOUKa APYroro Hay4HOro MPOpPbIBA B MaTeMaTHKe
U MeXaHHKe XapaKTepusyeTcsi NByMs yTBepxKIeHusiMu. [lepBoe — 6biyo cnenaHo bBosbiimanoM o6 anek-
TPOMAarHWTHOH TMpPUPOLE TIPOMCXOXKIEHHSI MacChl 3JeKTpoHa. BTopoe — cBsizaHo ¢ umeHem I[lyaHkape,
MOAMETHBILIEMY, YTO BTOPYIO TIPYINIy ypaBHeHHH MakcBessa, Bbpaxkamllylo OTCYTCTBHE MarHHUTHBIX
TOKOB U 3apsiioB, MOXKHO MHTEPNPETHPOBATb KaK KOIMKJ, U yKa3aBIIeMY, UTO 3TH ypaBHEHHs Bblpaxa-
I0OTCSl Ha sI3blKe YeThIPeX-MOpOXKIeHHbIX MeTabeseBblx anredp Jlu, ompenenseMblX TaKUMH KOLMKJaMH,
a TaMUJbTOHOB (DOPMAJU3M MJis NMHAMUKH JIBUKEHUS 3apsi2KeHHOH YaCTHIbl B 3J€KTPOMAarHUTHOM T10-
Jle BoccTaHaB/aMBaeTcs AedopMalvel ® yHHBepcanbHOIl o6epThiBatowieil mocae paciienaenus (cu. [3])
MeTabeJsieBo anredpsl JIM o ecTecTBEeHHOH Bo3pacTaiolled (UAbTPALUHU.

Hauano storo srana 3aBepiuaeTcss C BBeIEHHEM 3JeKTPOMArHUTHOrO MOTEHLHA a W CO3JaHHEM
MunbkoBckuM U [lyaHKape OCHOB pesISTMBHUCTCKOH MeXaHHWKH, B KOTOPOH TMpPUBBIUHBIE TaMHJbTOHHA-
Hbl KJIACCMYECKOT0 Mapabo/MYecKOro THIa 3aMEHSIIOTCS PeNATHBUCTCKUMH — THNepOOHYeCKUMH.

JlanbHelIasi sKCMaHCHs 3TOTO HAIpaBJEHHS MPOUCXOAMJA B MOJHOM COOTBETCTBHH C TPeMSs MPHH-
IMIIaMU YCTELIHOr0 MeHeIXKMeHTa B Hayke W 06pa3oBaHHUH.

1. Korga Hayke He XBaTaeT apryMeHTOB, OHa paclUUpsieT CBOH CJOBapb.

2. YponnuBble (haKkTbl yOHUBAIOT KPacHBbIE THIIOTE3bI.

3. Bcemy cBoe Bpewms.

3.7. Jackpot. B yactHocTH, ocTascs HeBocTpeGoBaHHBIM (hopManu3Mm [epmana Beiissi, npenoxus-
LLIEr0 MCIO0Jb30BaTh COOTHOLIeHUs] Kanesan He TONBKO [JIs1 CelapUpOBaHHUS Pa3/jMYHbIX KJIACCOB Tpaek-
topuit (em. m.m. 2.5.1, 2.5.2 u 2.8.1, 2.8.2), HO ¥ [/ OTBICKAHHSI Pa3yMHBIX THIOB raMUJIbTOHHAHOB B
6e30peXHOM OKeaHe pa3pabaTblBaeMBIX TEOPHH.

Cnenyst 3a HuM (cM. [1]), MBI OCTaBUM “TOPHBIH MacCHB TOMOJNOTHH™ W NeOpH PUMAHOBOH TeOMeTpUH
BMeCTe TEOPUSIMH CTPYH, CYNepCTPYH, KOCMOTOHHI U BepHeMcs ¢ Hebec (cM. muoHepckyto padoty T. Ka-
ayuu [4]) Ha 3emsi0 K HamuMm repouHsm-ctyneHTkam. (Keratu o nomesne. Cynb0Obl 06eMx B AajbHeHIIeM
CJIOKHUJIUCh BMOJIHEe OsiaromosiyyHo. [lepBasi M3 HMX 3allMTHJIA OUCCEPTALMIO MO CepUH paboOT O BOJY-
ke (cMm. [5]). Bropoi#t — mMbl 00si3aHbl ajbTepHATUBHOH (6oJee, ueM MPOCTOH) KBaHTOBO-MeXaHUYeCKOH
MOJIeJIbI0O SHepreTHUECKHX YpOBHeH atoma Bomopoaa (cm. [6], [7]).)

3.8. Va-bank: the differential-combinatorical glamour of an affine algebraic quadratic curve.
W13 teopembl H. Hukuemuoro (cm. m.m. 3.3.5) caemyet, 4To AJsi JIOOBIX pasyMHbIX perueHuil x(t),y(t)
ypaBHeHM# M.11. 2.8.2, 3aaolux KBaapaTuuHbii xaoc Tuxo bpare, 10/KHO BBINOMHATHCS PAaBEHCTBO

2ty A)
det | 2"(t) y"(t) A"(t) | =0, (1)
:U/”(t) y”’(t) A/"(t)

~
N—r

-

rae A(t) def (m;((tz)i;gg:z/(%)x’fl(;(;)> °. U3 ypasuennit O. B. Tepacumosoil (cm. mm. 2.5.2, 2.6, 2.7)
CJIeNlyeT, YTO CIPaBelJIMBO U 00paTHOE YTBepXKieHHe.

3.8.1. Teopema I'epacumoBoit — Hukuemuoro. /Tycmo anarumuueckue pymukyuu x(t), y(t) maxo-
8oL, umo pazmeprocmos noonpocmpancmea K -2/ (t)+ K -y (t) 6oavue edunuybl. Toeda onu seasromes
pewenusmu ypasrenud n.n. 8.2 zadaroujux xeadpamuunsili xaoc Tuxo bpaece mozda u moavko mo-

eda, koeda 0aa x(t), y(t) seinoansromes pasercmsa

() -y () — 2" (t) - y(t) =0,

wl—=

(), y'(8), (x/(t) '.?Z"(t) —y'(1) x”(t)>—

z(t) -y (t) —y(t) - 2'(t)

SYIMeHHO B 3TOM MecTe Gblia OCTABJIEHA IIMPOKO pacMaxHyTOH KaJUTKa, 3a KOTOPOH OTKpBIBaJCs MYyThb K HOBOMH, Cy-
IeCTBEHHO HEKOMMYTAaTHBHOH, TEOPHH — KBAaHTOBOH MexXaHHKe, B KOTOPOH KJlacCHUeCKHe MapadoJsiiyecKHe raMHJbTOHHAHBI
o6pesii BTOPYIO >KHM3Hb. DTa BO3MOXKHOCTb HAMHOI'O OMepe/id/a CBOe BpeMsi, TaK KaK coiepxKaJja cooTHolleHusi [eiizeHbepra,
KaK BaXKHbIH, HO BecbMa YacTHBIM c/aydal B KJjacce MeTabesieBbIX JIMeBbIX a/reop.



(Jra Teopema, Mo-CyLIECTBY, PABHOCHJIbHA CJEIYIOLIEH JeMMe.)

3.8.2.Jlemma o “mupektpuce” u “¢pokyce” (O. B. I'epacumoBa). /[15 1t06bix Oeiicmeumenvioblx
yucen a, 3, 6,7y Kaxdoe beckoreuro duggepenyupyemoe peuterue x(t), y(t) (x(t)-y'(t)—a'(t)-y(t) # 0)
cucmemol Ougpeperyuarvroix ypasrenuil (" y") = —mvwr—(s)g (x—a,y—>b) (a,b € R) sexmum na
ceoell kpusoti mopoeo nopadka, 0as Komopoil “goxyc” pacnoroxcer 8 mouke (a,b), a “Oupexmpuca”
8 cmoicae npedrosxcenus T. Bpaee onpedessemcs ypasHenuem -+ -y —+ 90 = 0.

3.8.3.Teopema E¢dumoBckoit — HukuemHuoro. /lycmo anarumuueckue ¢gynkyuu x(t), y(t) ma-
Ko8bL, umo pasmeprocms noonpocmparcmea K - x'(t) + K -y (t) pasna dsym. Toeda onu searsromes
pewenuamu ypasrenud n.n. 8.2 zadaroujux xeadpamuunsili xaoc Tuxo bpaee mozda u moavko mo-
eda, koeda 0aa x(t), y(t) seinoansromes pasercmsa

z(t) -y (t) = 2"(t) - y(t) =0

2(t) -y (t) — o' (¢) - :L‘”(t)>_§
z(t) - y'(t) —y(t) - 2/(t)

OTMeTHM B CBSI3H C 3TOH TeOpeMOU Cjelylollee YTBepKIeHHe, KOTOPOe, MO-BUAUMOMY, OBbIJIO HU3BECT-
Ho 3apmoJsro 1o Pobepta ['yka.

3.8.4.Jlemma 0 Kpokoauie, ogaBUBLIEMCH SO0JOKOM. /(15 1t00bix OelicmBumenvHoblx 4ucen vy,
a1, P, ag, P2 (a1-Pa—as-P1 # 0) kaxcdoe 6eckoneurno ougepernyupyemoe peutenue x(t), y(t) (x(t)-
y'(t) —2'(t) - y(t) # 0) cucmemovr uppeperyuarvroix ypasrenut (x",y") = — 5 -

V(a1-a+P1-y)-(az-a+PB2-y)

(x,y) aexmum Ha ceoeli kKpusol 8mopozo nopsaodka, Kacaroueics obeux npamoix: ai-x + -y =0,
az-x+ B2y =0.

3.8.5. KiioueBoe ypaBHeHWe LEHTPAJIbHO-KBAaApPATUYHOW AWHAMHUKH. V3 /10606 U3 Teopem
3.8.1, 3.8.3 HemocpenCTBEHHO BBITEKAET, UTO B LIEHTPAJbHBIX CUJIOBHIX TOJSX C KBaJPATHUHOH JAMHAMH-

=0.

(), 2(t) - (1), 52(0), (

KOH OTHOIIEHHE IIIOLIael IBYX OPHEHTUPOBAHHBIX TPEYTOJbHUKOB A aef (" =2y (x-y — 2 y).
YIOBJIETBOPSIET CJIEAYIOIEeMy OObIKHOBEHHOMY AH((epeHINalbHOMY YPAaBHEHHIO TPeThero Mopsaka

9 A" A2 45 A" A A +40- (AP 49 (A) - (AP =0,
(cM. HHXKe 3aKOH KBaJPaTHYHO KaTSLIUXCS CHMILJIEKCOB).

4. PecraBpanus: a3bl anreopandyeckoil teopuu bpare — Jlekapra — Yorrona. Bee nytu 3akan-
YMBalOTCS B OOHOH Touke. HasBanue Toil Touku — “M3baBnenue oT usmosui”. CTpeMsch camMoyTBep-
IMTBCS, KaX/10€ HOBOE TOKOJIEHHe JeKJapupyeT, 4YTO OHO NOYMHee NpeAblayiuX. [lJs onTHMH3MA eCcTb
BCe OCHOBaHHMA. 3a MOCJeIHHEe YeThlpecTa JieT B MaTeMaTHYecKoM 00pa3oBaHHWH Ha BCEX €ro CTalu-
X Hcuesso MoHsTHe “poJinHr’. Padoras ¢ ap@uHHOH KapToH NeKapTOBOH MPOEKTHBHOH IJIOCKOCTH,
TeOMEeTpPbl BBEJHM B YHOTpebJieHUe podcmeeHHbil mepmun “Ne3aproBa MJIOCKOCTh . YUeOHUKH 10 aHa-
JUTHYECKOH TeOMETPHH HAaYMHAIOTCH ¢ (DOPMYJIBI PACCTOSIHUS MeXIy ABYMs TOuKaMH. Mepa u npomepa
He cuuTatoTcs Gosee yeM-To nepBUYHbIM. OHM BOCIIPUHMMAIOTCS, KaK HEUTO MPHU3BOLHOE OT METPUKH U
MPOMETPHUKH. BbUMCAAIOTCA AJMMHBI KPUBBIX M IJIOLIAAM MOBEPXHOCTEH, He oOpallasi BHUMaHMs Ha TO,
4TO B pelIeHMAX KJAaCCHUYeCKMX 3afad MeXaHHWKHU (PUIypHUPYIOT OTHOILLEHHsI MOMEHTOB, He 3aBHCsllMe
OT BEI6OpPA EBKJMIOBBLIX METPHK H cHcTeM ad@HHHBIX KOOpAuMHAT. | B pesyabrare ugen T. Bpare, P.
Iekapta, I'. YortoHa, npesoMuBIIMCh B 3aKoHax Kensepa, mosydusid BOMJIOLIEHHE B 3aKOHE BCEMHP-
HOTO TSATOTEHHS, KOTOPBIH C MaTeMaTHUeCKOH TOUKM 3peHHs He HMMeJs TaKoro 3amaca OOIIHOCTH, Kak
paspabaTbiBaeMble MU MOfe/Id. M 3TOT mpoluecc MOCTPOeHHs] HOBBIX METPHUECKHX BEPCHH TEOPHUH MOJIs
OCTaHOBUTb yxKe HeJib3s. So it goes, one shoud say. Tak yto Bnepen. Bnepen B 6ynyiee!

4.1. “TaiiHbl” HEeHTPaJbHO-KBAAPATUYHON AMHAMMKHU.

4.2. Ilpounrterpaisl: TeH3op Hekapra — I'yka.

4.3. UeHTpanbHble pacmiupeHus JoKaausanui nudgepeHnuanbHbIx aaredp By, Da. PaccmoT-
pUM caMble NMPUMHUTHBHbIE CIIOCOObI WIHOPHPOBAHHS 3aKOHA KBaApaTHYHO KaTSLIMXCH CHUMIIJIEKCOB 3a
CUeT yBeJHMYeHHUs] Pa3MepHOCTH (Pa30BOr0O NMPOCTPAHCTBA.

"Bekamu urHOpHpyeTcs TOT (nexcaujuii Ha nosepxwocmil!) (haxt, UTo B UEHTPAJBHHIX TOMSX TPEXMepHOro addHHHOTO
NPOCTPAHCTBA, JUHAMHKA KOTOPBIX KBaJpaTH4YHA, CaMO ABHXXEHHE Peasu3yeT 3aKOH KaTALIMXCH CHMILJIEKCOB.
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