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B pabore npemnaraercs oobsicnenne popmysiam Trna popMysabl PamMaHyKaHa JJIs U3BJIe-
JeHns] KyOMYIeCKNX KOpHeM M3 HEeKOTOPBIX KyOMYeCKMX WPPAIMOHAJIBHOCTEH B CHUTYaIUH,
KOI'JIa 3TOT KOPEHb IIOIaJIaeT B YMCTO Kybudeckoe pacmupenue. Jlaercs mosiHoe onucanue
dopmyst Takoro Tuia B KauecTse oTBeTa Ha Borpoc 3unnesis. OKa3blBaeTcs, YT0 (pOpMyIIb
Tuna Gopmyasl PamaHy»kaHa B HEKOTOPOM CMbBIC/IE UCYEPIBIBAIOT CUTYAIUIO, B 9aCTHO-
CTU B IIPABOI YaCTU MOXKET CTOATH He 0oJiee TPeX CjlaraeMbIX U HOPMa MCXOHON UPPaIno-
HAJILHOCTH JIOJIXKHA OBbITh KyOoM. IIpu TakoOM OrpaHUYeHMH MBI COITOCTABIIAEM KyOMYIECKUM
UPPAIMOHATIBHOCTAM IUKJIMIECKUI KyOUIeCKrii MHOTOUJIEH, PA3JIOKIMOCTL KOTOPOTo (Hal
[IOJIEM PAIMOHAIBHBIX YHMCEJ) PABHOCHJIbHA BO3SMOYKHOCTH YIPOIIEHUSI COOTBETCTBYIOIIETO
JIBYX9Ta>KHOIO PaJMKaja. DTO obpallaeT Tak Ha3blBaeMOe COOTBeTCTBUE Pamamnyjikana,
OIMCAHHOE B MPEJBIIYIINX paboTax, KOraa IUKINIECKOMY YPABHEHUIO COMTOCTABIISIIIOCH Y-
CTO KyOM4YecKoe pacIIupeHue.

Karoueswie caosa: dopmyssl Pamany/pkaHa, ynpolieHe pajJukajos, coorBercrsue Pama-
Hy/[?KaHa.

1. Benenmne. B 3710it 3amerke MBI mIpe/yilaraeM OO0bsICHEHUE I OTHON (POPMYJIIBI
Pamanymxana, yrnpormaoreil BoIpaKeHne ¢ BJIOKEHHBIMA KyOMIeCKUMU PaUKAIAME, U
[TOKa3bIBAEM, UTO JIaHHAsT (DOPMYJIa — €IMHCTBEHHASI B CBOEM DPOJIE.

[Iycts F' C R—»3T0 NpOM3BOJLHOE BEIIECTBEHHOE T10JIe. Bo Bcex mpumMepax dmra-
TeJIb MO2KET IPE/IIIOJIAraTh, YTO B KadecTBe 6a30BOro mojs F' B3STO moste parmoHaAIbHBIX
qucen. s smementa D € F') He aBjsromerocst KyooMm, pacCMOTPUM YUCTO KyOHIeCcKoe

pacmmpenue F| = F [\3/5] C R. Iycte m € Fy \ F.

Bosaukaer Bompoc, KOT/ia «JIByX3TaKHOE» PAJIMKAILHOE BBLIPDAYKCHUE +/M MOYKET
OBITH YIIPOITIEHO TaK, KAK B CJIEIYIONINX IUCICHHBIX TPUMEPAX:

. ) 2 ) 4 )
353\3/?{/2c0577r+</260877r+€/2008677r; 1)
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O6e bopMyIIbl BCTPEUYaoTCs B 3allMCHBIX KHIZKKaX Pamanypkana [1|, Bropas dop-
MyJla IPUBEJIeHa B KadecTBe npumMepa B pabore [2|. Ee asrop P. 3unmens Ha c. 205 npu-
BOIUT OOIIy0 POpMyJTy YKA3aHHOIO BUJIA, [I0 CyTH IPUHAJIEXKAIYI0 PaMaHyKaHy,

</3\/3 vy(x +y) — (y* + 6ay? — 322y — %) = a2y — {12z +y) + V(@ + )2 (3)

7 33J1aeT BOIPOC, JEHCTBUTEIHLHO JIM 9TO — eJIMHCTBEHHAs (DOpMYyJia i YIPOIIEHUsI
«JIByX5TaKHOT'0» PAINKAJIBHOIO BBIPAYKEHUsI C KyOMIeCKUMU KOPHSIMU.

[Ipexksie Bcero orMeTnM HEOOXOMMMOE U JIOCTATOYHOE YCJIOBUE YIIPOIIEHUS PaIiKa-
Ja BUAa /M, KOTOpoe SIBJISeTCS TaCTHLIM CIydaeM OCHOBHON TeopeMBl 3TOil Teopuw,
U3JI03KEeHHOI B Juccepranui [3], u BapuaHT KOTOpPOii oKasaH B padore [4].

IIpennoxkenune 1. B 0603HAMEHUAT, 66E0CHHLIT BbIULE, CYULLCTNEYIOM, IAEMEHID
ki,...,k, € F maxue, wmo /m € F [\3/ k1,..., Vkn| mozda u moavko mozda, xozda

. 3
m==~b- (ao + a1\3/5+ as Vv D2) das wexomopwix b, ag, ar,as € F.

WabIME CJTOBAME, BBIPA3UTH JBYXITAXKHbBIM PAJIMKAJ U€PE3 OIHOITAYKHBIE YIAeTCs
TOJILKO TI0 TPUBHUAJIBLHON TpuauHe. MBI He IUTHPYEM ODIILYI0 TeOpeMy, B KOTOPOii Tpedy-
€TCsl BBIIOJIHEHUE JOIOJIHUTENbHBIX TeXHUYECKUX YCJIOBUil (IPO KOPHU M3 €IUHUIIBI), &
MIPUBOIUM TIOJTHOE JTOKA3aTeIbCTBO CHOPMYJIMPOBAHHOTO TaCTHOTO CIydas B MPUIOKE-
HUM.

Bemencrsue mpeamoxkenns 1 yupoIneHue CI0XKHOTO paJnKajia B PacCMATPUBAEMOM
CUTYyaIMK BO3MOXKHO JIUIIb B TOM CJIy4ae, KOrja 1 — 9T0 KyOuJuecKasi UppaIioHaIbHOCTD
Takag, 4To ee HopMa Nmp, r(m) siBastercst Ky6om B F*. Ha nipojjoszkennn Beeli 3aMeTKu
MBI OyJIEM MIPEJIIIoJIaraTh, 9TO 3TO YCJIOBUE BBIIOJHEHO.

Ham ocHoBHO#1 pesynbrar chopmysupoBan B TeopeMme 2. [lo Kybuyeckoit uppariu-
OHAJILHOCTH 771 MBI CTPOUM IUKJINYECKOe KyOndeckoe ypaBHEHHE, KOTOPOe MMeeT Pallu-
OHAJILHBII KOPeHb B TOM M TOJBKO B TOM CJIydae, KOTJa JBYXITarkKHbBIH pajuKa /m
BBIPAXKAETC Yepe3 OTHOITAXKHBIE, TAK KaK 9TO C(hOPMYTUPOBAHO B MIPEIJIOKEHUN 1.

PaGora Broporo asropa [5| 6blia nocssmena dpopMynam tua (1) u (2), npounTan-
HBIM CIIpaBa HaJIeBO, W WX OOOOIIEHWsSIM Ha CJIydail CTeleHu, Bhile ueM 3. B maHHOI
paboTe MBI KOHIIEHTPUPYEMCsI Ha KyOMIECKOM CJIydae W, MPOYNThIBasl YKa3aHHbIE (POp-
MYJIBI CJIeBa HAIPaBO, TPAKTYEM MX KaK (POPMYJIbI YIIPOIIEHUS CJIOKHBIX PaINKAIOB.

2. OGparHoe coorBercrBue Pamanymkaua. B npenpinymeii 3amerke [6] mb
paccMaTpuBaJIM MPSIMOE COOTBETCTBHe PamaHy/zKaHa: 10 IUKJINIECKOMY KYOHMIECKOMY
YPABHEHUIO CTPOUJIOCH YUCTO KyOUUIECKOe PACIIUPEHUE.

B mannoit paboTe MBI CTPOMM COOTBETCTBHE B OOPATHYIO CTOPOHY, ITO PEIAET 38Ty
VIIPOIIEHUsI JIBYXITaXKHOIO PAJIMKAJIA PACCMATPUBAEMOrO BUIA.

st Kybudeckoit mppanunoHajgbHoct m € F [\3/ D]7 HOpMa KOTODOH SIBJISIeTCS KYy-
6om, wepes m’ u m” Mbl GygeM 0003HAYATH JIBE HEBEIIECTBEHHBIC KyOUYecKne uppa-
IMUOHAJBHOCTH, COIpsiXKeHHbIe ¢ m HaJ nojiemM F. Hepes &/m wmbl obo3HadaeMm Belle-
CTBEHHBIN KyOU4ecKnil KopeHb. JI1a ynoberBa Mbl (bUKCHpyeM obo3HaueHne uepesd v/ m/

3
JUIst JTI060TO BBHIGPAHHOTO HaMu KyOmdeckoro kopas u3 m'. ITocie wero gepes v'm' mbr
0003HaYaeM TOT €IMHCTBEHHBINA KyOUYecKmil KopeHb u3 m’/, IJIsT KOTOpPOTrO BBIIOJHEHO
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coorromenne /m - /m/ - ¥/m” € R. B cuy Toro, |ro Nmp, /p(m) = mm'm” asna-
eTcs KyboM B F' /711 BLIODAHHBIX HAMHU 3HaYeHHUN KyOMYIecKHX KODHed, HoJIydaeM, 9To
Ym-Vm' - m’ = Vmm'm” € F*.
Yepes w € C GyaeM 0603HaUATh HETPUBUAILHBIH KyOHUeCKHiT KOPEHb U3 €UHHUIILL.
Bajiaun yIpOIIEHNs IBYXITasKHBIX PAIUKAIOB </m u v/bm mist b € F* paBHOCHIb-
mEL 719 JaIbHeHTIIero oKaseiBaeTes ya06HO HOPMAIN30BaTh PACCMATPHBAEMYIO KyOute-
CKyTO WPPaIMOHATIBHOCTD M, JOMHOMXKAS e Ha TOIXOATINH 3/IeMeHT b Tak, ITOObI OBIIO

TrFl/F (m) =274+3 Q3/ NmFl/F(m) (4)

Uckmounrenbupiit caydait, korma Trp, jp(m) = 3¢/ Nmp, ,p(m) n HopMamusanus
HEBO3MOXKHA, OyJeT PACCMOTPEH OTIEILHO B IPEIJIOXKEHNH 7.

BLIITOJITHEHO COOTHOIIIEHHUE

Teopema 2. Paccmompum HEMPUBUAALHOE HUCTO KYOUMECKOE PACUWUPEHUE

F {\3/ D} sewecmeennoeo noaa F. ITyemo m — kybuseckas uppayuoraAbHOCTIL U3 No-
an Fy = F [\3/5} maxa, wmo Nmpg, ;p(m) aeocum 6 (F*)3. Ipednonoocum maroice,

wmo ewvinoarero coommouwenue (4). Tozda:

® SNEMEHMDL

. . 3
Ym+ Vm’ + Vm”
3

Im+ Vmlw + Vm'w? _
3 b

;o B=

3
I+ Vv + i
3

ABAANOMCA KOPHAMU KYOUHECKO20 MoAuHOMA ¢ KodPduyuenmamu ud nois F;

e umeemcea Kybuueckaa uppayuonasvrocms n € Fy ¢ conpasicennvmu n',n” maxas,
ymo npouseedenue nn'n’ aeasemca xybom 6 noae F, npouseedenue mn seasemca
xybom 6 noae Fy, u

(X —a)(X = B)(X —v) = X3 — (Vmm/m" +3)X* + (Vnn'n" +3)X —1; (5)
o Juckpumunarm muozousena (5) asasemes noinvim Keadpamom 6 nose F.

JIOKA3ATEJBCTBO. Ormernm, uro HaGop {a, 8,7} ¢ TOUHOCTBIO JI0 TIEPECTAHOBOK
HE 3aBHCHT OT BHIGPAHHOTO HAMII 3HAUEHIsI KyGHTIeCKOTO KOPHSI /1’ ¢ yIeTOM YCIOBHsI
Ym - V/m' - Ym" € F. TIposepka paruonambHocTn Ha F 3HAUCHMH CHMMETPITIECKIX
dyHKIWit OT «, 3,7 ABJISIETCS HECTOXKHBIM ylpaXKaenueM 1o teopun Lasya. Mbr mpemno-
9JIM IPUBECTH SIBHOE BBIYHC/IEHNE KO(DMDUIMEHTOB MHOTOUJIEHA ¢ KOPHIMU «, (3,7, TeM
6ojiee UTO paccykKJeHue u3 Teopuu lasya He MOKpBIBaeT ciydail, Korma «, 3,7y camu
OKa3bIBAIOTCS dJIeMeHTaMu 1oJist F.

Hopmanusanus B coorBercrBuu ¢ ycjaosueM (4) Gblia mpojesana Jjisi TOro, YTo0bl
[TOJIyYUTh PABEHCTBO
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afy =
(6554—34%7+-€457) (€Gﬁ+—€4%1u+—37n”u9) (€Gﬁ+—€4%1u2+-37n”w)

27
A " 3 3
m+m’ +m' — 3Vmm'm” 1
27 ’
TAaKUM 00Pa30M, MBI BBIYUCIUIN CBOOOTHBIN TJICH.
[Ipsimoe BBIYMCIIEHNE TTOKA3LIBAET, UTO
’ " m
m+m' +m” +6vVmm'm
a+B+vy= =
9
3 3
(m+m' +m” — 3Vmm/m”) + 9vV/mm'm” 3 —
= =3+ vmm'm”.

9

IMockonbky By =

<W _ \?/m’m” + %/(m/)z _ \B/mm” + %/(m//)Q _ \?/mm,>3
9 )

OCMBICJIEHHO OD03HAYNTH gepe3 1 SHAYCHUE BbIpazKeHUA

<\/ m'm ”) B m273m\3/mm’m”+3'{'/mfm’m" cF
3 o 27 1

u onpeaeauTb n' 1 n'’ aHAJIOTUYHLIM 00Pa30OM.
Torma

)

N RS AN
N 3 3

<JW\f@+ Ww)é

. ) 3
af = (\d/ﬁ“‘ WL;Q—&— 3n”w>

W3 pasencrra (57)(ay)(af) = 1 BbiTekaer, uro n +n' +n’ = 27 +3v/nn n”
1
Bosee Toro, nepemuoxast /m = Ja + B+ ¥y u Yn = ——, MBI

CpaBHuBast ¢ paBeHCTBaAMHI

— (3 3 3 3* 3/ 3/ 3/ _1 3= 5/ 3/
mf(\/a+\/g+\/§) a+[3+’y+6+3<,/i+\/;+1/ + 4/ +,/3+,/7>,
— 1 1 L 3_1 l l 3/ ¢ 3 _ﬁ a3 ,3/_*6 3/ s/_a
K (\3/—@ \3/_5 \3/_7> S a B 0 3( B \/’Y « & B 7)
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U yUNTBIBasd, 49TO Jjd m' = (\3/5+w2€/3+w\3/§)3 um’ = (\S/a+w\3/3+w2\3/§)3

3
UMeeT MeCTO BbraucjieHue vVmm'm' = o+ f + v — 3, MBI 3aKJIIOYAEM, UTO

1 1 1
Vnn'n" = — 4+ = 4+ = —3,
a B v

3Ymn=m— vVmm'm" =n— Vnn'n".

ILOKa3aTeJH)CTBO IIOCJIETHETrO YTBEPXKJICHUS TEOPEMbI IIPO JUCKPUMUWHAHT IIOJTIYy YUB-
merocd Ky6I/I‘{eCKOFO MHOT'OYJIeHa MBI BbIJEJIAEeM B OTACJIbHYIO JIEMMY 5. O

3
Paccmorpum nBe Kybudeckue MPPAIMOHAJIBHOCTH M U N u3 F {\/ D} TaKwe, ITO
HOPMAa KarKJOW M3 HUX SBJISETCS TOYHBIM KyOOM M KaxKjas U3 HUX YJIOBJIETBOPSIET CO-
orHomenuo (4). B pabore [6] MbI HasbIBaeM JiBe TaKue Ky61/1qec1<1/1e MPPAIMOHABHOCTH

63GUMHVLMU, €CITH OHH CBSI3aHBI COOTHOIMeHHEM 3/n = Vm?2 — v/m/m’, xoropoe Bos-
HUKJIO B JIOKa3aTeIbCTBE TEOPEMBI 2.

Sameuanne 3. OmuoweHnue 63aUMHOCTIU OAL KYOUHECKUT UPPAYUOHAALHOCTNET
DPACCMAMPUBAEMO20 MUNG CUMMEMPUYHO. To ecmb 6 0003HAMEHUAT Mmeopemv, 2 U3

3¥n = vVm? — Jm'm” caedyem, wmo 3Ym = V/n2 — /n'n".

JIOKABATEJILCTBO. B camom jiete, MBI TTOKa3aJId, UTO €CJIN KyOUTIeCKOM UpPaIno-
HaJIbHOCTHU 11 OTBEYAeT IUKJINIECKOe KyOruIecKoe ypaBHEHNEe C KOPHSIMU «, (3,7, TO B3a-
UMHOH K Hell KyOMIecKOil MpPaInOHAJLHOCTH OTBEYAET [IUKJINIECKOe KyOMIecKoe ypas-
HEHne ¢ KOpHAMU ofl, [3’1,771. TlockonbKy Tepexos OT TPOMKHU IJTEMEHTOB K TPOITKe
OOPATHBIX JIEMEHTOB, OYAydN HTPUMEHEHHBIM IBaKJbl, IPUBOJUT K HCXOIHON TPOiiKe
3JIEMEeHTOB, 3aMedaHne JOKa3aHOo. o

3ameuanne 4. [logmopum 8 A6HOM 6ude uipadicerue OAf 63aUMHOT KYOUHECKOT
uppayuonaavrocmu u3 pabomos |6, npemin. 3.1.1]. Hyemv m = x + 3yv/D + 32v/D? €
Fy, 2de x,y,z € F, nopma xomopoti asasemcsa kybom. IIpednosootcum maxoice, 4mo m
HOPMAAUS0BARA MAK, WIMO HOPMA Pasha kyby sremenma (x — 9), m. e.

(x —9)® =2 4 27Dy® 4+ 27D?2® — 27Dxyz.
Toz0a umeem mecmo mostcdecmeo

(z 4 3yV'D +32VD2?)(9 — z 4+ Dyz + 3yVD + 32V D?) = 3+ yVD + 2V D?)>.  (6)

Baaumnas £ m uppayuonaivhocmo pasna n =9 — x + Dyz + 3y~/D + 323/ D?2.

IIpumep. s upparmonambHocTn m = 5 — 34/7 B3auMHOI K Heil siBJIsIeTCS N =

4 — 33/7. B stom cayuae /mn =3 — /7.
Jdemma 5. Jluckpumunanm mmozouiena (5), nocmpoennozo no xybureckoti uppa-

yuorasvrocmuy m € F [\3/ D}, ABAALNCA NONHBIM KEadpamom 6 F*.

JTOKABATEJIBCTBO. uckpmmnant paser (o — 3)%(8 — )% (a — 7). O6oznadmm
aepes /o, ¥/, /7 BeleCTBeHHble KyOUIeCKIe KOPHI, 3HAYCHNs KOTOPBIX PABHBI BBIPa-
JKEHUSIM, BO3BOJMMBIM B Ky0, B OIIPEIEJICHAN ISt v, 3,y U3 TE€OPEMBI 2.
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Tax kax (o — 3) = (Vo — /B)(Ya — w/B)(Ja — w?¥/B), 10cTaToIHO BBIYHCIUTD

KaXKJIblif 13 COMHOXKUTeJIelt:

2

Vo= /5 =5 (1= o)V + (=) Vi) = (= ) (Vi — PV,

Yo —wifB = é (@ =w)¥/m+ 1 =) V) = 2w —w)(¥m - w? Vi),
\B/E—wQ\B/B:%((l—wQ)%—I—(l—w)W):?(w—wQ)\/_” w?Ym).

Amajiornano moyqaeM /o — /7y = %(WQ — w)(W —w¥/m’),
Va - Wt = SR - W) (Y eV, Ve - wify = 5 - w)(Vm — wi/m).
1, waonen, VB — 7 = 5w — w?) (Vi — Vi),

VB wifi = 50— )= Vi), B w7 = 50— ) (i~ V),

ITepeMHOXKaA EBATH PA3HOCTEH M BO3BOASA PE3YJIbTAT B KBAJpaT, MOJYdacM, UTO
VICKOMBIIl JICKPUMIHAHT paBeH —z5 (m —m/)2(m’ —m/")?(m — m")2.

Hunckpnvuuant muorowreHa (X — m)(X — m/)(X —m”) oromvaercss or jauckpu-

MuHaHTa MHOTOWIeHAa X° — D muoxuresem w3 (F*)2) Tak Kak KOpeHb KasKIOTO U3

9TUX MHOTOYWIEHOB MOPOXKIAET ONHO U TO Ke KyOmdeckoe pacimmpenue F' [\3/ D] Tak

KaK JUCKPUMHHAHT MHOrowiena X° — D pasen —27D2, T0 AMCKPUMUHAHT ypaBHEHUS
27D?
39
KBa/IpaTOM. o

(5) oramMyaercsa JIOMHOXKEHUEM Ha KBAJIPAT OT BbIPAYKEHUS , & IIOTOMY sBJIdeTcs

IIpemgioxxenune 6. I[lycme m € Fy = F [\3/ D} — KYOUNECKAA UPPAUUOHAALHOCTND

maxas, wmo nopma Nmpg, , r(m) aeasemes xybom 6 F*. O6osnawum

Trp, /p(m) — 3¢/ Nmp, ,p(m)

k= 27

eF

m
u npednonoocum, umo k # 0. Ionazan m = 7 oaynack Popmyay ynpowenus pa-

QUKAABHO20 BUPAAHCENUA PAMAHYINHCAHOBCK020 Muna: Vm = Vka + Vkb + Vke, 2de
a,b,c € F* —smo xophu ypasrerus (5).

JTOKA3ATEJBCTBO. Cireyer HEMOCPEJICTBEHHO U3 TEOPEMBI 2. O

IIpemgoxxenuune 7. ITyemv m € Fy = F [\3/5} — 9MOo KYOUNECKAA UPPLUUOHAND-

HOCMb makas, wmo nopma Nmp, p(m) asasemca xybom 6 noae F. Ipednonosicum mak-
orce, 4mMo Trpl/F(m) =33/ Nmpl/p(m). Tozda cyuwecmeyrom asemenm £ € F u kybuue-

] _ ] 3
cKaA uppayuorasvHocmy p + qv D, 20e p,q € F maxue, wmo m = £ - (p +qv/ D)
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JIOKA3ATEJBCTBO. Cwm. mpejyioxkenue 2.2.4 u3 paborst [6]. O

Taxum 06pa3oM, B BBIPOXKJIEHHOI CATYAIMH MMEET MECTO YIIPOINEHUE COCTABHOTO
PaMKAIBHOTO BBIPAYKEHUs /M. B HEBBIPOK/IEHHON CUTyalnyu Mbl HOPMAJIN3yeM KyOu-
YeCKyI0 UPPAIMOHAJIBHOCTD € TeM, YTOObI BBINONHSI0CH cooTHomerne (4). Torma Ha Bo-
[pOC TIPO BO3MOYKHOCTH YIIPOCTUTH CJIOXKHDIA pajuKas /1 OTBET JaeTCs CJIeLyIONTM
IIPEJIJIOYKEHNUEM.

IIpengioxxenme 8. [lycmv dano nodnoae F' C R w anemenm D € F*, ne saes-
asowutics xkybom. Jlas xybuveckol uppayuonasvhocmu m € F [\3/5} \ F paccmom-

PuM 6cnomozamenvhoe yukauueckoe ypasuenue (5). Ecau ono me umeem xopns 6 nose
F, mo ne cywecmeyem saemenmos ki,...,k; € F maxux, wmo &/m aesxcum 6 nose

F[\d/k_la%aa\j/k_l]

JOKABATENBLCTBO. Ilycts Fy = F'm F; = Fj_ [w/kj]. Jlerko mpoBeputnh uH-
JyKimel 1o j, 4to ypasHenue (5) He mMmeeT KopHeit B Fj. B camom nene, pacmiupernue
F;/F;_y sABnsieTcs HEHOPMAJLHBIM KybudeckuM pactupenueM. OgHaKO, ecyu Obl IUK-
yudeckuil Kybudeckuil MorowreH (5) MMesl KOpeHb « B mojie Fj, HO He MMeJ KOpHsS B
F;_1, Mpt 661 momymin, 910 L; = L;_1[0] sBIseTcss HOPMAIBHBIM PACIIHPEHNEM IIOJIS
L;_, muorowiexa (5) —9T0 MOJHbIA KBAIPAT.

Tak Kak &/m nexut B Fj, To u v/D nexur B Fj.

MynbrunukarusHast dakroprpyimna F;/F* aBisercss KOHEIHON TPYIIION HOPsIKa
3% 1151 HEKOTOPOTrO HATYPAIBHOTO K, T.€. BEKTOPHBIM IIPOCTPAaHCTBOM HaJ 3, ecim Ty
baKTOPIpyIIly 3aUCHIBATE 8 UTHBHO. TaK KaK KJAcC 3JIeMeHTa v oTBeuaeT HEHY-
JIEBOMY BEKTODPY B 9TOM BEKTOPHOM IPOCTPAHCTBE, €r0 MOYKHO CIYUTATDH HMOCIETHUM IJIe-

MEHTOM B HEKOTOPOM Oa3uce ¥ 3anucarb F; B Buje F [\3/6_1, oo Y, \3/5}
ITockosbKy F' [\d/ﬁ_l, R \3/@_1} {\P/ﬁ} =F [\3/6_1, e \3/@_1] [m], T.e. m siBIIsIETCST

KyOMYeCcKoii UppaImoHaJIbHOCTBIO HaJL TToJileM F' [\3/61, ey A Kk_l], MOKHO 3aMEHUTD TI0-
sge F' ma nose F' [\3/61, ey Kk,l], U BCE YCJIOBUA IIPEJJIOKEHUS OCTAHyTCA B CUJIE JIJId

3TOro GOJIBIIEro MOJIA. 3aTO MOCTe HpOI/ISBe,ZLeHHOI;'I 3aMEHBbI MBI MOXKEM CYHUTaATb, 9TO M

3
siBJIsteTcs Kybom B F {\/ D}.
O6oznaunm /m € F {\3/ D} qepe3 P, a CONpSKEHHbIe C HUM 3JIEMEHTHI depe3

p€F {w v/ D} np’ €F [wZ \3/5} Torma KOpeHb BCIIOMOTATEIHBHOIO KyOUIECKOrO ypaB-

p+p/+p//
3

MTPEIIIOJIOZKEHUTO. O

3
Henus (5) BBIIUCHIBACTCS B BUJIE ( ) , TO €CTh IPUHAJIEKUT NOJTI0 F' BoIrpekn

3. Cayuaii ABy4YJI€EHHON KyOMYeCKOU MPPAIMOHAIBHOCTU. B sTOM pa3ziee
MBI PACCMATPUBAEM CIIy4ail, KOT/Ia KyOWUIecKas UPPAIMOHAJIbHOCTD M = ¥ + y\C’/ﬁ +
2v/D? , TIe x,y, 2 € F| aBisgercs ABywieHHoit, To ectb yz = 0. g aByaieHHoit KyOmde-
CKOW MpPaIMOHAJIBHOCTA MBI IIOKA3bIBACM, YTO ¢IMHCTBEHHAS BO3MOXKHOCTD YIIPOIICHUA
JIBYX3TaKHOTO pajuKasa BUIa </m Jnaercs Kiaccuaeckoit dopmymoit (3).

Baaromapst nmpeokennio 7 Mbl MOXKEM CIUTATH, ITO 1M YIOBJIETBOPSIET COOTHOIIIE-
Huto (4).
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Ilpenmoxenne 9. Jlis HOpMaau308aHHOT KYOUHECKOT UPPAYUOHAAOHOCTIU T €
F [\3/ D} pacemompum yursuseckuti xybuneckut noaurom X° — pX +¢X — 1 ¢ xopua-

MU @, 3,7, nocmpoennuli mak, xax 6 meopeme 2. Tozda uppayuonasvrHocms m bydem
08YH4NEHHOT 8 TNOM U MOALKO 8 MOM CAYHAE, K020a

p+qg+3=0. (7)

,HOKA3ATE.HBCTBO. B JI0Ka3aTeJIbCTBE TEOPEMBI 2 MBI BUae/ 1, 9TO

m=a+pf+v+6+3 €/§+3§+§/i +3 \3/§+</i+\3/§ .
B Y Q o} B ¥

(U5 e ) (5 3 5

=3+ (a+p+7)+By+ay+af), (8)

9TO JIOKA3BbIBAET ITPE/IIOKEHUE. O

Hanomuum, 9410 GOJIBIIMHCTBO ABTOPOB (CM., HAUPUMED, [7]) HA3BIBAIOT IIOJUHOMBI,
Y/IOBJICTBOPSIIONTHE COOTHOMIEHHIO (7), WenKCo8biMU B 9eCTh PabOTHI [8].
Jlnst menkcosa momaoMa X° — uX? — (u+3)X — 1 = (X — a)(X — B)(X —7)

dopmyita
e/a+$/ﬁ+e/§:€/u+6—3€’/u2+3u+9 (9)

upuBouTCs 6osiee ueM B jiecaTKe pabor (cM. i npumepa dopmyny (1.7) B [9, c. 786]).

ITokazkeM, uTo B ciaydae, Korga F = Q u JaHHBIII MHOTOWIEH UMEeT PaldOHAJIbLHbIH
KOpeHb, (9) npesparmaercs B bopMyJLy yIPOIIEHHsI ABYyX3TasKHOro pagukaa (3). Xoporio
M3BECTHO, YTO KOPHU a, 3,7y meHKCOBa MOJIMHOMA, TIPY TTOIXO/ISIIIENR HyMEPAIAH CBA3AHBI

COOTHOINECHUAMU Y =

g a; =7 n 5 S T~ T . B camom meste, He ymasIsts OOITHOCTH,

cuuTaeM, 4TO B HpousBeleHun (8) paBeH HyJIO Hemeﬁ COMHOXKHUTEJIb:

o= 5Ty =yl (15 1) = /2 (100 5) = 2 (1 2).

OTKy/1a ToJiydaeM Tpebyembie cooTHomrenus. [lomcrasiss o = Yy B dopmyiry (9), mosy-
x

qaeMm dopmyny Pamanypkana (3).

4. Jloka3aTeJbCTBO NpeajioxkeHust 1.

,Z[OKABATEJ‘IbCTBO [Ipeamonoxxum, aro maiigyrca takue kg = D, ko, ..., k,, 910
ImeFy=F [\S/k:l, N ] He ymasisist 0OIIHOCTH, MOXKHO CYUTATD, YTO JJIsI TOJIEi
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F;=F [\3/161, ..., Y/k;| Bxmouennsa F; C Fjy, sBIAIOTCA CTPOTUMH I j = 0,...,n—
1. Obosnauas mia xkparkoctu ¢; = v/k; € R, 3ameuaem, uro mabop m3 37 saemeHToB
02 -4 | e okazaTesm creneneit puHIMatoT sHaderns 0, 1,2, seisercs Gasmcom
F; man F. Dror ke Habop saBisercs 6asucom Fj(w) Hax F(w), MOCKOIBbKY JIMHEHHO
MopoKiaer GoJIbIliee U3 ITUX JIBYX TOJIEH, & CTeNeHb PACIIUPEHNUST COXPAHSIETCSI.

I'pynna Fanya G = Gal (F,(w)/F(w)) uzomopdua (Z/3 Z)" upurtom sjiement rpyt-
mot Lamya o = (by,ba, ..., by), rie b; = 0, 1,2, neficTyer Ha o6pasyiomux 110 GopMynam
o (¢;) = wb - £;. Yaurbsas cormamenne {1 = /D, nognomo F(w) [\3/ D} B F,(w) orse-
aaer noarpymma Go = {(0,ba,...,by) |b; =0,1,2}, usomopdnas (Z/ 37)" .

IMoxnomo F(w) [\3/ D, \3/m} OTBeYaeT HEKOTOPast IOJrpyIIia uHjaekca Tpu B G, ume-
FOIast BUJT

n
H=4(0,ba,...,b,)]| chbj =0 p JyIf HEKOTOPBIX Ca,C3,...,Cn € 2/ 37Z.
j=2

L v -
Torma snement ¢ = H2 E;J sexkuT B Tosie maBapuanTos F,(w)f NR = F [\3/ D, Wm]
J:

ITockombky ¢ & F [\3/5}, MBI 3aK/I09aeM, 9to F [\‘75, %} =F [\3/5, E] Bri6epem

POM3BOTLHEIH 3TeMenT o € G\ H. 3aMeHsIst, TP HEOGXOIMMOCTH, 0 Ha 02, MBI MOYKEM

canTaTh, 9To 0 (Y/m) = w - Jm. Samenas, mpu HeobxomumocTH, £ Ha £ MBI MOYKeM
3

cuntarh, 9r0 0 ({) = wl. Torma smemeHT JIEXKUT B II0JIE MHBAPUAHTOB IO PYIIIIBI

(H,0) = Gy, m.e. B nose F(w) [\3/ D]. B cuity BemecTBEHHOCTH 3TOT JIEMEHT JIEXKUT

B F [\3/5} = F(w) [\?/5] N R. O6oznauaz (> = ] k]c-j yepes b € F, mosydaem, 4To
j=2

, , 3
m=~0- (ao + a1 VD + asV D2) JJIsL HEKOTOPBIX ag, 41, a2 € F. O
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This paper contains an explanation of Ramanujan-type formulas with cubic radicals of cubic
irrationalities in the situation when these radicals are contained in a pure cubic extension.
We give a complete description of formulas of such type, answering the Zippel’s question.
It turns out that Ramanujan-type formulas are in some sense unique in this situation. In
particular, there must be no more than three summands in the right-hand side and the
norm of the irrationality in question must be a cube. In this situation we associate with
cubic irrationalities a cyclic cubic polinomial, which is reducible if and only if one can
simplify the corresponding cubic radical. This correspondence is inverse to the so-called
Ramanujan correspondence defined in the preceding papers, where one associates a pure
cubic extension to some cyclic polinomial.

Keywords: Ramanujan formulas, simplification of radicals, Ramanujan correspondence.
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