YEBBIIIEBCKNIT CBOPHUK
Tom 12 Brrmyck 2 (2011)

Tpyabr VIII Mexpynaponnoit KondepeHiun
Anrebpa m Teopust Uuces: COBPEMEHHBIE TTPOOJIEMbI U TTPUIOKEHUST,
nocesiennoit 190-yieruto [Haduyrus JIbBosuua Hebdniena u
120-netmio Bana MarBeeBuua Bunorpagona

YK 511

O HEKOTOPBIX JIMODAHTOBBIX
YPABHEHUNAX

B. H. Ilosnskos (r. Capartos)

AnaHOTaMA

B pabore nosrydensr bopMysibl [jisi KOMIOHEHT &, Y U 2 PEIIeHuil ypaBHe-
Huit ax? £ my? = 2" oTAeIbHO IS YeTHBIX U OTAEIbHO I HEUeTHBIX 3HATe-
Huit n. Jaubl 00001IeHNsT 1 JIONOJIHEHNST HEKOTOPBIX pe3yibraroB JI. Ditiepa
n 2K. Jlarpamxa.

1. BBeneunune

B mannoit pabore gomnosiagroTcs u 0600maiorcesa pesyiabrarsl JI. Ditiepa u 7K.
Jlarpanza, Kacaionumecst ypaBHeHHit

az? —my? = 2", (1)

napu n > 2.
Hewmnoro ucropuun. ¥Ypasuenue

azr® —my? = 23, (2)
BrepBoie paccmorpedt JI. Ditep [1], mpeamoxus coremxyonuit KOMIIEKT hopMyIT a1st
KOMIIOHEHT &, Y U Z PEIIeHNuii STOro ypaBHEHHS:

r = au® + 3muv?,

y = 3auv + mv3, (3)
z = au® — mv?
(31ech u maiee u U U — MPOU3BOJIBHBIE TEJIble THCIIA).

Opnako yxke cam JI. Ditstep 3ameTnsi, 970 €ro GOPMYJIbl MOIYT HE JaTh IIOJTHOIO
perienust ypasuenus (2).
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Hanee uwa ypasuenust Bujia (1) obparun saumanue K. Jlarpanxk. OH Bugons-
MeHus1 BbiBoj, hopmy.n JI. Ditiepa s ypaBuenust Buga (2) ¢ a = 1 u upeioxui
MeTo/| ¢cBOeo6pa3HOro (“JIeCTHUYHOro") mepexoja OT ypaBHEHHs!

2 —my? = 2" (4)

C OJIHMM 3HAYEHUEM T K JPYroMy, IIPU KOTOPOM pPelIeHue ypaBHeHUs ¢ 1 = k uc-
HOJIb3YeTcst [IJIs perenusi ypaBHenusi ¢ n =k + 1 u 1. 1.[2]

[Ipu stom okazwiBaeTcs, uTo Meron 7K. Jlarpamrka He JaeT MOJHOTO pPeITeHusT
ypaBHeHus (4), TaK KaK OH IO3BOJISET MOJYUYUTh TOJBKO OJUH KOMILIEKT (hOpMY.I
I , Y U Z. 3aMeTnM erre, 9To Metos 2K.Jlarpan:ka Xopolir ¢ TeOpeTHIeCKOii TOUKI
3peHust, HO He BCera yj100eH Ha NPaKTHKE.

MpbI gaguM 3/1€Ch enie OJAMH KOMILIEKT (hOPMYJI /I KOMIIOHEHT PemeHuii ypas-
Herust (2) u nosyanm bopMybl st T, y U 2 JJist ypasaenuit (1) ¢ n > 2, pacemar-
puBasi OTJEJIBHO CJIyYad YeTHOrO W HEeYeTHOrO 3HAYEHUI MOKA3aTesisd CTEHeHH y Z
U He MOJb3ysACh, B orandue or 2K.J/larpanzka, peleHnsMu ypaBHEHUH ¢ MEHBIINM,
YeM pacCMaTpHBaeMOe YpaBHEHHE ITOKA3aTeeM CTeIeHN Z.

Jlajiee MbI paccMOTPUM 3/1€Ch YPABHEHUs BH/IA

ax® +my* = 2" (5)

U [OJIyYMM JIjIsi HUX PEe3YJIbTaThl, “MapaJuiejibHbie” TeM, 410 Oy/ayT IpejcraBiie-
Hbl st ypasrenuit Buga (1). Ilpm s1om suist geTHbIX 3HaveHuil n Mbl (cJemyst
7K.Jlarpan:ky) mpesmoaraem, 9to a = 1.

2. Ypasuenns az’ — my? = 2"

TEOPEMA 1. Pewenua ypasnerus
2 — my? = 22

MONHCHO HATOOUMD NO HOPMYAAM:

T = u2k+c2mu2k22+04 22k44+06 32k66_|_08 42k: BUB—I—

CQk 2 U va 2+mk 2k
y = 021k 2k: 1U+C’§’kmu2k 3 3_|_05 2 2k_51}5 CQk 1 1UU2k_1,
z = U2 — mvz.

TEOPEMA 2. /[asa omvickanus peuenuts YpasHeHus

az? — my? = 226+
npu20dHvL HopMYyAvL:
N s 2kl 2k—1,2 m2u2k—3
r = —i— C’2 +1gk 572Lu + CQk+1a 2k u vt
pug kHa 2k i ok 022k3+1m ;w -2 2k—4,,5
Yy = C’Hla;é 1v+C'k+1a "mu =203 + O3, a"?mPu +
+ O Lamb=Ty2p2h=1 4 by 2ht!)

z = au2 — va.
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Mpl jloKazKeM JIMIIh TeopeMmy 2, TaK KaK JI0Ka3aTeJbCTBO TeOpeMbl 1 4yTOUKY
IPOIIE W MPOBOAUTCI AHATOITIHO.

Jloxazamenvcmeo. Cremys JI. Ditnepy, nonoxum v/a = A, y/m = M (cuurag,
9TO @ W M — HATypajibHble uyucia). Torja jieBas 9acTh ypaBHEHUS PACIAIAeTCsI
Ha MHoxkurean. JI. Ditep ucuoab3oBasa muoxurean Ar + My, a mbl OyaeM 10Jb-
30BaThCst MHOKATE MU A £+ e MYy (ABOIHBIME MM TTADAKOMILIEKCHBIMU YHCIAMH,
3aech €2 = 1),

JL1st BbIBOJIA PUBEJIEHHBIX B (DOPMYJIMPOBKE TeOpeMbl (pOPMYJI JIJIst T U Y TOJIO-
JKAM

Az + eMy = (Au + eMv)* = A%+ 24 o A%k e Mo+

2 2k—1, 2k—1 772 2 3 2%k—2, 2k—2_7r3 3 4 2k—3, 2k—3 ) rd, 4
+CO5 AT T U T M0 4 O AT T e M 4 Oy AT T u™ P M
+C8 AR MO + CF, L AR TR MO0+
o CFF L AR VR g pAR LR

OTcioga TOHATHBIM 00pPa30M, TO €CTh IPUPABHUBAS “BeIIeCTBEHHBIE X W ‘MHUMBbIE"
YaCTH ITOrO paBeHCTBa, nojydum dopmysl i Az u My, a norom — nocje co-
KpallleHusl 00erX 4acTeil MOy YUBIIUXCS COOTHOIIEHHI, COOTBEeTCTBeHHO Ha A 1 Ha
M w mocsie Bo3BpaleHus K cTapbiM 0603HadeHIsIM KO3bhUIHEHTOB ypaBHeHUs (TO
€CTb K @ U M) — NOJIyIuM (HbOPMYJIbI IEPBOrO KOMILIeKTa /i x u y. Dopmya s z
MOJIYYHUTCS TMOCTe TMOICTAHOBKY BBIPAKEHMIT, IOy YIUBIIUXCS 71 T U Y, B ypaBHEHHE
1 COOTBETCTBYIOIMX HPeoOpa30OBAHMIA.

SAMEYAHUE 1. U3 dopmya meopemvr 1 npu k = 1 nosyuaromes dopmyao
K. Jlazpanoica [2] ona ypasnenus v — my? = 2% Bom owu:
r = u® + mv?,
Yy = 2uv,
2z = u? — mv?

Bmopoti xomnaexm dopmya daa smozo ypasrenua:

r = u? — mv?,

SAMEYAHUE 2. Bmopot u caedyrowgue 36 HUM KOMNAEKMbL POPMYA ONA T, Y U
Z Mbl 8 00WEM CAYUaAE 8VBOOUMD He OYIEM, G YKAHCEM UL AUWDL ONA HEKOMOPHLL
wacmHux cayuaes. Boobwie orce 0aa nosyuenus Gopmyns 6mopo2o KoMniekma Hado
noaostcums (daan =2k +1)

Az +eMy = (Au + eMv)* (Au — eMw)
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u deticmeosams nodobro npedvdyusemy caywaro. i noiywenus Gopmys mpemvezo
KOMNACKIMA HYHCHO UCTOAB30BATND PABEHCMEO

Az 4+ eMy = (Au+ eMv)* 1 Au — eMv)?

u mak dasee. Beezo makum obpazom moorcno noaywume [n/2] + 1 cywecmesenno
DPABAUYHBLT KOMNAEKMOE POPMYA OAH KOMNOHEHM T, Y U Z.

BAMEYAHUE 3. U3z @opmya, nosyuennvir npu 00Ka3amessecmsee meopemo, 2,
npu k = 1, noayuwaromes gopmyav, JI. Sdnepa (3) daa ypasnenusn (2). Qopmyao
6MOPO20 KOMNACKMA NPU IMOM Gbl2AAOAM MAK:

r = au® — muv?,

2 3
Y = auv — mu°,

2z = au® — mv>.

Ecim obparuTbea K ypaBHEHUIO

2 —my? = 24,

TO TEePBBI KOMILTEKT (DOPMYJT /i HETO TaKOB

r = u* + 6mu?v® + m2v,

y = 4udv + dmuv3,
z = u? — mv?
OTtn HOPMYIIBI CIEAYIOT U3 Halelt TeopeMbl 1, HO MOTYT OBIThH MOJIYYEHbI U HETO-
CPeJCTBEHHO.
Bropoit komiiekT hopmyit it ypaBHEHUST TaKO:

r = ut — m*?,

y = 2udv — 2muv?,

2 = u? — mov?.

Ectb u Tpernit KomiiekT dhopmy.:

r = ut — 2muv? + m2u,
y =0,
2z =u? — mo’.

s nostydenusi (popMyJ1 BTOPOro KOMILIEKTa, IO IaraeM

r+eMy = (u+eMv)*(u—eMv),
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a JJId IOJIyYeHud (bOpMYJI TPEThbEro KOMILJIEKTa CJIEAYET B34dTb
r+eMy = (u+eMv)*(u — eMv)?

U 1Ipo/JieJIaTh HeOOXO0IMMbIe U TOHATHBIE TpeoOpa3oBanus. PaccmarpuBarh npejicras-
JIeHne BUJIA
r+eMy = (u+eMv)(u—eMv)?

HeT HEOOXOJMMOCTH, TaK KaK MPH TOM MOJYyYIarTCs hOPpMYIbl TUIA (hOPMYT BTO-
pOro KOMILIEKTa ¢ U3MEHEHUEM 3HaKa Y .

3. Ypasraenns az? + my? = 2"

TEOPEMA 3. Pewenus ypasnenus
z? +my? = 2%

MOACHO HATOOUMD NO CALOYOULUM HOPMYNAAM:

- — CZomu?h 2 4 O mPuh 4_06 32k66+08 k88—
2h—2 )
C’km5u2k’ 1010 4 (—1)k-Lo2k wv2k- 2+(_1)k k2t
_ w21y 3 k=33 2 Bk 5 Vo —
y= Cyu — C5.mu + C’kazkul
—CTm? 2k WL (< 1)FIOR T 2L
z = uz—l—mvz.

TEOPEMA 4. /[las omvickanus peuernutss ypasreHus

CL.CL’Q 4 myQ — Z2k+1

npu200HsL cAedyrouue HopMYNbL:
— dFuZR 02 k212 2,,2k—3,4 —3,7)34,2k—5,,6
r = a"u"""—=C. kHa mu +Cy kHa m*u —C8,a" v

A 2E—T8 5,,2k—9,,10 sk 2k
+C2k+1a — O3 1dFPmbu + .o (=D)RC mPuv,

_ k2,3 2, 2k—4,5
y—C’kHau U—C%Ha "mu =203 + O3, a"2mPu?

2z = au® + mv?.

Zokxazameavcmeo. [ljisg jokaszaresbersa TeopeMbl 4 cjejlyer BOCHOJIb30BATHCS
IOJ/IX0/IOM, AHAJIOTUYHBIM TOMY, YTO ObLII HCIIOJIB30BaH JIIs JIOKA3aTE/ILCTBA TEOPEMbI
2, HO IPUMEHUTDH OOBIYHBIE KOMILJIEKCHBIE YHCJIa, TTOJIOKUB

Az +iMy = (Au 4 iMv)**
Pacnucap BTopyio dacTh paBeHCTBa, HOJIYIHM
Az 4 ZMy A2I<:+1 2k+1 =+ Z021k+1A2k 2kM,U - 02k+1A2k_1’LL2k_1M2'U2—

ZC’Qk+1A2k—2U,2k_2M3U3 + C k+1A2k 3 2k; 3M4,U4 + iC k+1A2k 4 2k 4M5 5
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6 2%k—5, 2k—5 116, 6 _ 7T 2k—6, 2k—6 3 17, 7 8 2k—7, 2k—T ) 18, 8
—Cop i AT MY — iCo AT T uT TP M v 4 O AT ™ T MR
IO, AT Sy O0 — (10 | 429, 2k—0 10,10

o (SO AuMP o 4 (— )OI M2,

Orcroza nosydaem, Kak u padee, upejcrapienus jiss Az u My, oTKyua u cieayior
Y ) )

JoKa3biBaeMble hopmyJbl J1uist ¢ 1 Yy (mocse cokpaiienust #Ha A u M cooTBeTCTBEHHO

W BO3BDAIIEHUSI K @ W M).

SAMEYAHUE 4. Ilpu k = 1 us dopmys meopemo, 3 nosyvwaem ananoe Gopmyn
XK. Jlazpanoca dra ypaenenus 2 + my? = 2% :

T = u? — mov?,
Yy = 2uv,

2 = u?® + mov?.

Bmopoti komnaexm dopmya daa 9moz20 ypasrenus marxos:

r = u? + mv?,
y =0,
2 = u? + mv?.

[Ipu £ = 1 u3 dopmyn Teopemsl 4 moaydaem anaJsor dopmya JI. Ditnrepa mis

ypasnenus azx? + my? = 2%; Bor onu:

r = au® — 3Imuv?,

y = 3au’v — mv3,

2 = au® + mv?.
Bropoii komiutekT hopmyst 3/1ech TaKOB:

r = au® + muv?,

y = auv + mv3,

2z = au® + mv?.

Jlaiee MOXKHO MOJTy4IuTh (POPMYJIBI JIjisI YpaBHEeHHiT ¢ n = 4, b u Tak jaJee.
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