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AnHoTanus

B crarne ompenesnsiercst 6eckoHedHas Cepusi TaK HA3BIBAEMbBIX TPEYTOJbHBIX OMHAPHBIX
sepeBbeB. OCHOBHOI pe3ybTaT PabOTHI - BBIUUCEHBI [IECOYHBIE TPYIIBI I'PagOB JAHHON
cepuu.

KuaroueBbie cJyioBa: 1mecovHble T'PYIIbI, TPEYroJbHble OMHAapHDLIE JE€PEBbsl, HOPMaJIbHAs
dopma Cmura.
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1 Bseaenne

3a mocreHMe 1BA/IATH JIET BBIIIJIO HECKOJIBKO JECSTKOB CTaTel, MOCBAIEHHBIX U3y IeHHIO U BBITHC-
JeHuio necounblx rpymn rpados (em., nanpumep, [[1],[[2]],[[3]]) Hockonbky He cymecrByer yHuBep-
CAJIBHOTO CIIOCODA BBIYMC/ICHUS TPYIILI rpada, TOMUMO IPUBEIeHUs ero MaTpullsl Jlamimaca Kk ¢popme
Cwmura [[7]], B HekoTOpBIX paborax, mampumep, [[4]],[[5]],[[6]], siBHO BBIMHCISITOTCS TIEcOUHBIE TpYIIIBI
JIUIsl HEKOTOPBIX OECKOHEeUHBIX cepuil rpadoB. B Hacrosiem TeKcTe Mbl BBOIUM I[IOCJIEI0BATEIILHOCTD
TaK HA3bIBAEMBIX TPEYTOJILHBIX JIEPEBHEB W JIOKA3BIBAEM, UTO MX HEeCOUHasl TPYIIA €CTh CTEHeHb IHK-
suteckoit rpynmnet Cs.

2 Omnpegenenust

[Ipex e Bcero jaum orpejesenue mecodnoii rpyumsl rpada. Cpasy cTouT 3aMeTUThb, 9TO CyIIECTBYET
JIBa OIIpeJIeJIeH sl 9KBUBAJIEHTHOCTh KOTOPbIX JokasaHa B [[1]]. 3aeck Gyzer npeiokeHo ToJIbKO OJIHO
U3 HUX.

[Iycts G - HEKOTOPBIN TpoCTOit cBs3HBI rpad. Jlas mpon3Bo/IbHON HyMEpaluu BEPIIUH 3TOTO I'pa-
da mocrpoum ero marpuity Jlamiaca - M. ObozrHaunMm kak N MaTpHILy, TOJIYIeHHYIO U3 MaTpuisl M
yIaJeHueM [IPOM3BOJILHBIX CTOJIONA U CTPOKH C OJUHAKOBBIMU HOMepamu. PaccMOTpuM HOpMAabHYIO
dopmy Cmura marpurisl N - OHa OYIET MPEICTABIISITE U3 cebsl IMArOHAJBHYIO MATPHUILY, COJIEPIKAIILY O
[IOJIOYKUTEJIbHBbIE HATYPAJIbHBIE YHC/Ia Ha JuaroHaju. MyJIbTUMHOXKECTBO 9TUX YHCes 0003HAYNM KakK
N (masee Bcerya MyJIBTHMHOMKECTBO, MOJYHEHHOE Uepe3 HPHBEICHHE HEKOTOPOil MaTpuipbl A K HOp-
MasbHoit hopme Cuvuta, Gysiem obozHadaTh Kaxk A).

Bropoe onpesiesienne, ocHoBaHHOE Ha Marpuile Jlamiaca, JOMycKaeT KPaTKyio nepedopMyInpOBKY:

Onpenenenue 1 [lecounot epynnot epaga G nazvisaemcs 2pynna H Ch.
keN

(Yepes Cy Mbl 0603HAUAEM IUKJINIECKYIO IPYIIILY HOpPsijika k).

Hasee necounyto rpymmy rpada G 6yuem obosnadarb Kak S(G).

[TostesHo 3aMeTuTh, 9TO JJIst Bbranciaenus: S(G) HAM J0CTATOYHO HOJIYYUTh HOpMaJIbHYIO hopmy Cmu-
Ta Marpuipl M, notomy Kax B Hamewm ciydae M = N U {0} u, coorsercrsenno, M \ {0} ouesuambim
obpaszom onpezensier 3nadenue S(G).

3 Omnucanue cepuu rpadon

Ha pI/IC H306pa}KeHbI IIepBbi€e HECKOJIbKO 1JIECHOB OECKOHEYHOMH 110CJIe JOBAaTEC/IbHOCTU Fpa(l)OB, JJ1s
KOTOpOfI MbI XOTUM BBIYUCJIUTH COOTBETCTBYIOIILYIO ITOCJIEJOBATE/IbHOCTD NECOIHBIX I'DYIIII.
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Puc. 1: T
e Tl Puc. 2: T'ry P 5 T
uc. 3: Trs

Jlajtee n-THI YjeH 9TOH MOC/IEIOBATEILHOCTH MBI OylaemM 00o3HavaTh Kak 171, W Ha3bIBaTh "Tpe-
yroapHoe 6unapuoe mepero". IIpexkme Bcero cTporo ompejenuM 3Ty cepuio Tpados. Jasa ymobersa



omnpeneneHns OyIeM CIATaTh, YTO KaXKIblil 13 IrpadoB cepun cHaOXKEH POBHO OJIHON ITOMEYEHHOU Bep-
IIMUHOI.
T'rq upexacrapiseT U3 ceds MUK U3 TPEX BEPIIUH, OJHA U3 KOTOPBIX - IIOMEYEHA (pHc. )

Puc. 4:
Try, (s n > 1) crpourcs us AByx Kouwii rpada T'r,_1 1 OHON JONOTHUTEBHON BEPIITHHBL - 9Ta,
BEpINUHA U JBE IOMEYCHHBbIC BEPINUHLI IPadoB 11,1 O0bEIUHSIOTCA B IUKJI, KAK 9TO OKA3aHO Ha

prc. {7}

£5 2 | o
Puc. 5: T'rp, 4 Puc. 6: Puc. 7: Tr,

Tenepb eMHCTBEHHO TOMeUeHHOMN BepiuHoit rpada 1'r, OyIeT cIuTaThcs Ta U3 BEPIIUH, BOIIE/I-
IUX B HOBBII 3-TIMKJI, KOTOpasi paHee He Oblia momedeHHOil. Takum 00pasoM, IOCJIEIOBATETHLHOCTD
rpadoB MOJHOCTBIO orpeiesieHa. CTOUT J00ABUTD, UTO B 9TOI cepuu HAC OYJIEeT HHTEPECOBATH TOJIHKO
CTpyKTypa rpadoB - oTMeUYeHHbIe BEPIUHBI SBJISIOTCS JIUITb BCIIOMOTATEIHHBIM 3JIEMEHTOM JIJIs OIIH-
CcaHus KOHCTPYKITUN.

Hasee mHaMm moHam00stTCs MaTpuIlsl Jlammaca rpadoB IpeaiokeHHoi cepun. st nx onmmrcaHns BBeIEM
HYMEPAIINIO BEPIIUH JJIsi KaXKJI0r0 u3 rpados.
Beprmuunt T'r; nponymepyem ducaamu ¢ 1 o 3. Tak, 9To0bI moMeveHHasT BEPITUHA Oy InIa HOMED 2

(pI/Ic.

Puc. 8: T'rq
I[Iycrs Teneps n > 1. Slcno, uaro rpad 1, cocrout ms (27! — 1) sepmmn. Kax 6b110 yrnomamyTo
pauee, T'r,, cocTouT U3 ABYX HOArpadOB U MOMEUYCHHON BEPIIUHBLI. BepImuHbl ogHOTO U3 MnoArpadon
cJlejlyeT IPOHYMEpOBaTh HATYpPAaIbHBIME ducaamu oT 1 10 (2" — 1), BepIIuHBI BTOPOTO - YUCIAME OT
(2" 4+ 1) o (2" —1). (B obonx ciaydasx MOpAgI0K HyMepaIuy J0KEH COBIAIAT C HOPSIKOM HyMe-
paruu rpada T'r,_1.) Ilomedennoit Beprmue npucsonm HoMmep 2. B kadecTBe mpumepa Ha pnc@
n300pazkeHa Mporeaypa HyMepamnuu BepinH rpada 1y

2% &% &% &2

1 3 5 7 9111315

1 3 5 7 9111315171921 2325272931

Puc. 9: T'r3 Puc. 10: Puc. 11: T'ry



Marpuny Jlamnaca rpada T'r,, COOTBETCTBYIOIIYI0 TAKOMY CIIOCOOY HyMepalluud BepIuH 0003Ha-
anm KaK M,,. Marpuity, moaydennyio u3 M,, 3amenoii (2", 2")-roro siementa Ha —4 OyemM 0603HAYATH
kak M.

B Takom ciaydae, M npumer BUI:

U, coorBercrBenHo, Marpuiia M| npuMer Bu:

-2 1 1
1 -4 1
1 1 -2
fcuo, uro M, nosydena, Kak 61049Hast, uepe3 oobeaurenue M, |, MATPUIbI, COCTOSIIEH U3 OHOIO

snementa (-2) u M! | ¢ nocieyionum npucsoenueM sHadenus 1 smementam (27, 2771) (2771 2n))
(271 4 2n—17 2n—1)’ (2n—17 omn 4 2n—1)’ (271) on 271—1)7 (2n 4 2n—17 2n)

M, 1|0 -~ 0 1
0 0
0 0

10 0] —2]0 0 1
0

0 0

10 0] 1 M.,

4 Ilecounsbie rpyimbl rpadoB cepuun

Temepb MbI XOTHM BBIYHMC/IATH IECOYHYIO Ipyiiy rpada 1r,. Kak 6bL10 yIoMsHyTO paHee, IECOYHasI
rpynna rpada OJHO3HATHO OIIPeIe/IsieTcsl HopMaJibHO ¢gopmoit Cmura MaTpuibl Jlammaca 3Toro rpa-
da. Wau, aro TO Ke caMoe, MyJIbTHMHOXKECTBOM YMCEN, PACIIONIOXKEHHBIX Ha JIMArOHAJIN HOPMAJIbLHOM
dopmbr Cumuta. fIcHO, UTO Ci0KeHNe /BbIYUTAHIe OJJHON CTPOKU (11K cTOJIOIA) MATPHIILI U3 JIPYTOii He
CKa3bIBAETCs Ha COOTBETCTBYIOIIEM MYJILTUMHOXKECTBe. TaK 2Ke SICHO, YTO ecid A - MyJIbTUMHOYKECTBO,
COOTBeTCTBYOIIEe MaTpuile Jlamiaca HeKoTOporo rpada, a B - MyJIbTUMHOXKECTBO, COOTBETCTBYIOIIEE
MaTpHIle, MOJyIeHHOH 13 MaTpuIlbl Jlamiaca myTéM ymaaeHns CTPOKH U CTOJIONA ¢ PABHBIME HOMEpa-
v, To A = BU{0}. DToro sHam J0CTATOYHO JIJIsl BBIUUCJICHUS MYJIBTUMHOXKECTBA, COOTBETCTBYIOIIETO
marpuiie rpada 1r,.

My/IBTHMHOKECTBO, COOTBETCTBYIOIee HeKOTOpoil MaTpuie A, najee Gymem o603HauaTh Kak A.

Borunciium suavenusi M,,. Henocpencrsennas npoBepka mokasbisaet, uro My = {1,3,0}.
Tenreps pacemorpum Matpuity M, (n > 1). IToouepémno mpubasnm K eé 2"~ 1-Toit crpoke cTpokn ¢ 27

>



mo (2" — 1), a zarem x 2" !-Tomy cronbiy crombme ¢ 2" mo (27! —1). B pesymbraTe momydm:

Bouyno-marona bHbIil XapakTep MOy YeHHON MATPHUIlBl BJIEYET 3a cOOOH paBeHCTBO

M, =M, UK, (1)
Baecy K, nMeer BUII:
-210 0 1
0
1 M!

K, - mommonuenne K, mo marpurs! Jlammaca HEKOTOPOTO CBSI3HOTO rpada:

-2 1|0 0 1
1 =210 0 1
0
0 0
11 M,
fcno, uro L
Ky = K\ {0} (2)

Temepp Momudupyem K, Iy TéM TIOC/IeI0BaTeILHOTO mpubasienns K eé (27! + 2)-roit crpoke
cTpok 1 u 2, a 3aTeM K e€ (2"’1 + 2)-Tomy crosbity cTosoios 1 u 2:



Pesynbrar cHoBa 6JI09HO-MAaroHa eH, IPUYEM COOTBETCTBYIONIEE MYJILTUMHOMKECTBO JJIsi OJJHOTO
u3 6s10koB - M,,_1, a jyist apyroro - {1,3}. T.e.

K, =M, U{1,3} (3)

Cobpas BoeHO paBeHCTBA (1., [@), momyam:
m = Mn,1U7K7n =M, 1 UK, \ {0} =M, UM, 1U {1, 3} \ {0}
O6ozuaunm M, \ {0} xak H,, Torma mouydum:
H,U{0}=H,1U{0} UH,—1U{0}U{1,3}\ {0},
Te. H,=H, {UH,_1U {1,3}
C yuérom Toro, uro H; = {1,3} MBI JIlerko MOXKeM yTBep:KJaTh, 9T0 B H, copep:KaTcs TOJIBKO 3Je-
MeHTHI "1"u "3"u Karkplii U3 HUX BCTPEYAETCS B 3TOM MYJILTUMHOXKeCTBe poBHO 2" — 1 pas.

Kak 6b110 ckazano B riase [2, suavenne H,, 0JHO3HAYHO OlpeJIe/seT necounyo rpyuiy rpada Ty,

kak S(Try,) = H Ck. Yro u BIeUYET CIpaBeIJINBOCTD TEOPEMBI:
keHy,

Teopema 1 S(Tr,) = (C3)*" L.

5 buaarogapaocTtn

Aprop 6marogaputr Jlyxuna Cepresi BacuibeBruua 3a HaydHOE PYKOBOJICTBO, TOMOIL B padore ¢ TEX
[IpU HAIIMCAHUU JAHHOW CTATHhU U IEHHBIE PEKOMEHIAINN 110 O(POPMICHUIO PabOTHI.
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