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OPUEHTUPOBAHHBIX I'pad OB
A. PyxoBuu4

B mannOM pa6oTe MCCIEAYIOTCA KPUTEPUN CYIIECTBOBAHUSA IIAHAPHBIX OprpadoB ¢ 3a1aH-
HBIMHI CTEIeHHBIME MMOCIeI0BATEILHOCTAMA. deTKue (pOPMYIUPOBKN CM.HIXKE. AHAJOTMIHBIC
KpuTepuu 6e3 yCJIOBUsA IIAaHAPHOCTH CIIPABEIJIUBLI U JOKA3bIBAIOTCA elle 0o/ee mpocTo.

[l1sa mocaeqoBaTEIBLHOCTEN A1, A2, A3, ...0, W by, by, b3, ...b, CcTeneHen BXOma W CTENEHEN BbI-
XOMa MPOU3BOJBHOTO Oprpada BBIIOJHACTCSA YCIOBUE

(*) a;+as+as+...+ay, :b1+b2+b3+...+bn.

[lercTBUTEIBHO, KOIUIECTBO pebep oprpada 0JHOBPEMEHHO PABHO U YNUCIY ‘BHIXOIOB pedep
73 BepIIUH’, 1 9UCJAY ‘BXOI0B pebep B BEPIIWHBI .

Teopema LM. [Lianapnuiii opuenmuposanmubili epagp ma n 8EPpUURGT CO CMENEHAMYU 6L00a
ay, Ao, a3, ...a, U CMENEHAMU 6b1500a by, by, bs, ...b, cywecmsyem mozda u moavko moezda, Ko020a
sbinoaneno ycaosue (*).

B rpage 6e3 meresb CTeneHb BHIXOIA (; BEPIINHEI i MEHbBIIIE CYMMBbI CTEIIEHEN BXOIa OCTAIb-
HBIX BepiuH. [lopTomMy B 060M rpade 6e3 meTerb co CTeNeHAME BXOAA a1, do, 43, ...0, U CTe-
MeHsAME BbIX0Aa by, by, b3, ...b, BBIIOJHEHO yCIOBUE

(**) a; +b; < by +by+bg + ... + b, A1 1FO6OU BEPUIVHEL 7.

Teopema M. [lianaprviti opepagd 6e3 nemeav wa N 8ePUUHAT CMeENeHEl 81000 a1, Ag, A3, ...Ay
u cmenenet svizoda by, by, bs,...b, cywecmeyem mozda u moavko mozada, Ko20a 6bLINOAHEHD
yeaosua (*) u (*%).

Yucao pebep B oprpade €O CTeneHaMu BXOAa a1, ds, A3, ..., PABHO ai + ag + ... + a,. B
cBA3HOM Tpade He meree n — 1 pebep. 3Ha4uT, ecan HaII oprpad caabo CBIA3EH, TO

(***) a1+a2—|—...+an Zn—l

Teopema LMc. Caabo c843HbI NAGHAPHBIT OPUEHMUPOBAKHBIT 2pagd HG N 8EPUUHAT CO
CMENEHAMY 8L00G (71, A2, A3, ...Ay U CMENEHAMU 6blzoda by, bs, b, ...b, cywecmsyem moezda u
moavko mozda, Koeda ebinoanenvt ycaosus (*) u (***).

Teopema Mc. Caabo cea3ubili naanapubili opepagd 6€3 nemep Ha N BEPUUHAT cmeneHed
exoda ay,as,as,...a, u cmeneneti svixoda by, ba, bs, ...b, cywecmeyem mozda u moavko moeda,
sbinoanenvt ycaosus (*), (*¥) u (*¥¥).

Hoxazameavcmaso meopemvr LM. Hacts ‘Torga’ moxkaszana Beimre. /[okaxem 9acTh ‘TOIBKO
rorga’. Bosemem n Bepumn 1,2, ..., n. Iocrpoum B -1 Bepumue min{a;, b;} meress.

Hazosem Bepuimuy i ® ucmounukom, eciu a; > b;, ® netdmpaom, eciu a; = b;, ® cmokom,
ecan a; < b;.

Hapucyem Ha mMI0CKOCTH & TOYUEK, e & PABHO CYMMe @, := a; — b; IO KaX T0MY HUCTOUYHUKY
i. HasoBem sTm Touku BepumHkamu (He BeprmaaMu). Hapucyem Ha IUIOCKOCTH @) CTPEIOK
(He pebep), BEIXOIAMNX M3 UCTOYHWKA | B BEPIIMHKY IO HOMEpaM# OT @) + ...+ aj_; + 1
10 ay + ...+ a,. AmanormvHo, HaApUCyeM Ha MIOCKOCTH b, := b; — @; CTPEJOK, BBIXOIALINX U3
BEPIIMHOK 1O HOoMepamu oT b} + ...+ 0;_; +1 no b} + ... + ;. Bce >Tu Havana u KOHIEL
pUCYyeM MOMApPHO HEeMepeCceKAIMUMUCA BHe (yKe HAPUCOBAHHBLIX) meTenb. Tak Kak a; + as +
ag + ... + a, = by + by + b3 + ... + b, TO 001IEE KOIMIECTBO CTPEIOK, BXOANIUX B BEPIIUHBI
PABHO KOMMIECTBY CTPEJIOK, BXOAANINX B BEPIINHLL. TaK XKe, B KaXKIyI0 BEPIIUHKY BXOAUT OTHA
CTPEIKA U BEIXOJAWT OTHA CTPeaKa. Terneps yIaiuM Kax  1yIi0 BEPIIUHKY i 1 CTPETKH, BXO ALY 0
U BBIXOIAIIYIO U3 Hee. BMecTO HUX OCTPOUM peGpo MeX Iy BepIINHOU, U3 KOTOPOU BBIXOIUIA
CTpeJKa B i, U BEPIINHOU, B KOTOPYIO BXOIWIA CTPEIKa W3 7. OTO MOXKHO CAEIATb, ITOOBI
HOLYYeHHBIN Tpad) He uMel caMonepecedeHun (cMm. puc.l).

[Moxyaurcs maanapuei oprpad ¢ 3aganabiMu creneravu Beprmma. QED



Hoxazameavcmaso meopembr M. JacTs ‘Torbko TOrga’ mokasaHa Boime. /[lokaxeMm dacTh
‘rorga’. Ilo Teopeme LM cymecTByeT HapMCOBAaHHBIM Ha ILIOCKOCTH 0e3 CaMOIEpecevdeHun
oprpad G ¢ TpebyembivMu crenensmu BepumH. (Ho oH, Bo3MOXKHO, mMeeT merau. ITOOBI
NOXy4IuTh rpad 6e3 meTenb, OyaeM yIaiaTh merau.) [[ycTh ecTh meT/s B BepIInHe i.

[llokaxkemM, 9T0 B HeKOTOpOou rpanu rpada GG, cogepxkaiien ¢ HaugeTca peopo jk Takoe, 9T0
BEPIINHBL j U k OTIMYHBL OT ¢. [lercTBUTENIbHO, ecau TAKOro pebpa HeT, TO U BO BceM rpade
HeT pebpa, 06e BepIIuHBI KOTOPOTo OTJIMYHBEI OT ¢. Ho Torga Bce pebpa rpada ambo BXOIAT
B %, 1100 BBIXOIAT U3 ¢. TaK KakK eCTh MeT/IsA B BepIIuHe ¢, TO a; + b; > by + by + b3 + ... + by,.
[Tory1ennoe mpoTuBOpetdne TOKa3bIBaeT TpebyeMoe yTBepXK IeHUeE.

Ynamum pe6po jk u meraio B ¢. [Jomoauum rpad pebpamu ji u ik Kak Ha pUCYHKe 2, T.e.
9TOOBI MOy IeHHBIN Ipad ObLT TanapabiM. HeTpyaHo 3amMeTuTh, 9TO cTEneHu BepiiuH rpada
IpU 3TOM He U3MeHWIuCh. [lOCKOIbKY BepIIUHBI j U k OTJIMYHBI OT %, TO HOBBIX METEIb HE
IIOABUJIOCH. TOF,[[& KOJIMYIeCTBO neTeab COKpPaTUJIOCh Ha OIWH. TaKI/IMI/I onepanmaAMN MOXHO
yIaJIATh BCe MeTIu B rpade, He MeHAA cTemeHen BepmiuH. [loxyumTcs mckombin oprpad 6e3
mereas. QED

Hoxazameavcmaeo meopemvr LMc. YacTh ‘Toabko Torga’ (pakTHUecKHd TOKA3aHa BEIIIE.
Moxaxem gactey ‘Torga’. [lo Treopeme LM cymecrByer mianapusii rpad G ¢ HYXKHBIME CTe-
meHsMu BepinuH. [lyCcTh OH COMEePXKUT ¢ KOMIOHEHT caabou cBa3uoctu, rae ¢ > 1. U3 ycroBus
(***) BeITekaer, 4To B rpade He Menee n — 1 peGep. Tak kak n — 1 > n — ¢, TO XOTs OBl B
OJHOU KOMIIOHEHTE CJIa0OU CBA3HOCTU €CTh HEOPUEHMUPOBanHbll yuka (T.e. MUKI, B KOTOPOM
pebpa MOryT ObITH OPHEHTUPOBAHBI B Pa3HBIE CTOPOHBI). BoszbMeM peGpo ij STOro UUKIa u
POU3BOJIBLHOE PeOPO kI KOMIOHEHTHI CIA0OU CBA3ZHOCTH, HE BKAIOYAIOMIEH dTOT UK. Y JaJIAM
o>Tu pebpa u gobaBum pebdpa il u kj, kak Ha pucyHke 3. CTeneHn BePIIMH COXPAHMINCEH, IUCIO
KOMIIOHEHT C1a00U CBA3HOCTH TOHU3WIOCH HA OOHY. l[laamapHOocTh rpada coxpaHmiack. Ta-
KIMH OIEePANUAMEI MOXKHO MOHU3UTH IUCI0 KOMIIOHEHT C1a00 CBA3HOCTH M0 oxHou. [lomydamrcsa
crabo ceasubiu rpad. QED

Yacts ‘Torga’ B Teopeme Mc BoiBoguTCA u3 TeopeMbl M aHATOTUYHO, TOCKOJBKY MPU TPU-

MEHEHUHU OMUCAHHON OMePAIU He MOT'YT MOABATHCA MeTIU (U3-3a TOro, 9To pebpa ij u kl ObLiun
B PA3HBIX KOMIOHEHTAX CJIa0OU CBA3HOCTH).



