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Abstract. It is proved that every predicate calculated by a Turing
machine that runs in bounded time is representable in the form: “a logic-
arithmetical equation has a solution in natural numbers whose lengths are
not greater than the value of some function of the length of the predicate
argument”’. A logic-arithmetical equation is an equation of the form P+ P” =
= 0 where P is a polynomial with integer coefficients and P” is a sum of
arithmetical conjunctions. The arithmetical conjunction is defined on
binary strings as the bit by bit logical product (known from computer hard-
ware). The time bounding function may be any polynomial or any greater
function. The solution length bounding function is a quadratic polynomial
of the time bounding function.

Our theorem gives a logic-arithmetical representation of every predicate
from the famous class NP. For predicates from NP there is a strict hierarchy
with respect to the degree of polynomials. So, using the result of [3], for
any n we give a degree n polynomial lower bound for some NP-complete
problem. These NP-complete problems have the following form: “a logic-
arithmetical equation in natural numbers whose lengths are not greater
than the value of some polynomial considered as a function of the length of
the predicate argument, is solvable”. Numerous NP-complete problems are
presented in [2] but without such polynomial lower lounds.

Jloruxo-apudpmernyeckum vpaBHeHHeM Ha3blBaeM ypaBHeHHe Buia P+
+P” =0, rae P — nojuHoOM ¢ uenbMu KodbdpuuueHTamu, a P — cymma
apupMeTHUeCKUX KOHBIOHKLUMH, KOTOpble OMNpENEeNAIOTCS Haj ABOMUYHBLIMU
3aMUCSIMM YKMCEJl aHAJIOTMYHO JIOTHYeCKoMY YMHOKeHHio B IBM. Ilo cy-
ILeCTBY B CTaTbe IpejJjlaraeTcst HeKoTopasl CTporasl Mepapxust Bcex Npeju-
KaTOB, BBIYUCJIMMBIX HEeTEPMUHUPOBAHHbIMU MaliiHamMK ThlopUHIa 3a NoJIU-
HOMHAJIbHOE uucjio waroB. [lonMHOMAMM [OCTaTOUYHO BBICOKOH CTereHu
SIBJIAIOTCSL HIDKHME OLEHKM paccMarpuBaembix nepebopHbIX 3amay. ITo
0co0eHHO Ba)KHO C MPAKTHUUECKON TOUKU 3peHHsi, IOCKOJIbKY 3ajaya ¢ HUK-
Heldl OLEHKOH CJI0KHOCTH, sIBJIsiOlleiics1 TOJIMHOMOM BBICOKOH CTeNeHH,
NpPaKTUYECKU HeBbluMcInMa Ha IBM.
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[Tpepnaraemas knaccupuxkauusi NPeAUKATOB MO3BOJISIET YIPOCTUTh MO-
JIVUeHUEe HWKHUX OLIEHOK 4YKCJA 11aroB HeAeTePMUHUPOBAHHBIX MalIKH
TblopuHIa, BbIUMCJISIOIMX TPeJMKAaThl, 3ajaBaeMble JIOTHUECKUM 00pasom
NoCPeCTBOM NpeBapeHHo! HopMaibHOU GopMmbl ¢ IPePUKCOM, COAEPIKALLUM
TOJIbKO OTPaHUYeHHble KBAHTOPHI CYLIECTBOBAHUS. ITO MO3BOJIET CBSA3aThb
TEOPETUKO-UMCJI0BOE TPEJCTaBJeHUe NPEeAUKATOB W BLIUMCJIEHHE UX Heje-
TePMUHUPOBaHHBIMK MawMHamu TblopuHra.

Hacrosiiee cooblieHue paclidpsieT XapaKTepu3aluo NPeAUKaToB KaK-
JOTo KJlacca Mepapxuu [Hxeropurka, nojvueHHvio B [1], Ha mnopknaccsl
KJacca Bcex Nepe0OpHbIX MPEAUKATOB.

[NpuBoasiTcs mpocTsle npumepbl nepebopubix (T.e. /N P-NOJIHBIX) 3ajay,
IJIs1 KOTOPBIX JIOKA3bIBAKTCSA IMOJIMHOMUAJIbHBIE BepXHHUE U HM)KHUE OLEHKH
BpPEMEHM UX pelleHus HeleTePMUHMPOBaHHbIMU MaliMHamu ThlopyHra (3Tu 3a-
Jlauy HeBO3MO)YKHO pellaTh U JeTepMUPOBAHHBIMU MaliMHamu T bl pHUHTa 3a no-
JITHOMUaJbHOe uuctio waros). [IpuBoaumble npumepbl NepebopHLIX 3aJa4 nme-
10T CJIeAYIOWMHA BUA: pa3peiiumo JIM JIOTHKO-apupmMeTpUUecKoe ypaBHeHHe B
HaTypasbHbIX YKCJIAX, JJIMHBl KOTOPBIX He TIPEeBOCXOJST NMpeABapUTeNbHO 3a-
IAHHOTO OTpPaHMUEHHsI C MOMOLLblO GYHKLMM, Bbluncastoweit C - | X | mo X.

[TonyueHHble pe3yJsbTaThl MPEACTABJIAIT WHTepec NPU M3YUEHUH KH-
OepHeTHYeCKUX acreKTOB TEOPUM aJTOPUTMOB U IS MOJIYYeHUs AOKa3aTellb-
CTB HeBO3MO)KHOCTHU 3pPeKTUBU3ALUM HEKOTOPBIX NMepefopHBIX aJIrOPUTMOB.

OO0wupHa JuTepaTypa, MOCBsilleHHAsi Nepe0OpHBIM 3afayaMm (CM., Ha-
npumep, 0630p [2]). MHTepecHble NpUMepbl TEOPETUKO-UMCIIOBLIX Nepe6opHbIX
3ajay npusefeHbl B pabore [3]. B paGore [4] mpuBoAsiTcs NMpUMephl Teo-
PETHKO-UMCIIOBBIX 3a[ay, pelieHre KOTOPbIX BO3MO)KHO He[eTepMUHMPOBAH-
HBIMU MawHamu ThlOpUHra 3a MOJUHOMKUANbHOE YUCJIO 1LAroB.

JloxasaTebCcTBO QOPMYIIMPYEMON HUYKE TeOPEMBI UCTI0JIb3YET HEKOTOPbIe
KOHCTPYKLMHU, TPeAJIo)KeHHble B [5]. Ipyrue HMmKHHUE OLEHKM CJIOXKHOCTH
JUCKPETHBIX 3ajay IoJIvYeHbl aBTopom B [6].

[MonyyeHHble B 3TOH CTaTbe HIKHHME OLIEHKM CJIOXHOCTH BBIYMCIIEHMS
HEKOTOPBIX 33JjaU TOYHBI C TOYHOCTbIO 0 BO3BefeHUs] B KBAJpar.

1. OcHOBHBIE IOHATHA U Pe3yJbTAThI

Byaem nucare T (X, Y), ecan «Hi1 B 0fHOM paspsiie ABOMUHOH 3alucu
uucen X, Y He CTOUT OJHOBPEMEHHO eIuHULA» (CM., Harpumep, [5]). Xapak-
Tepusyiowmyio npeaukar T ¢yHkuuo Oyaem 0003HayaTh NOCPeACTBOM M:

VXY (M(X,Y) =0T (X,Y)), vXV(M(X,VY)=1).

Apudmernueckoi KoHBIOHKUMER OyaeM Ha3biBaTb (QVHKLHMIO, KOTOpas
110 JIBOMYHOM 3aM1cy Yucesl BLIUUCIISIET YHCII0, B JIBOMYHOMN 3aMUCU KOTOPOTO
CTOMT eIMHULA B TOM ¥ TOJIbKO B TOM paspsije, B KOTOPOM B ABOUYHOM 3anucu
aprymeHToB CTOUT OfHOBpeMeHHO 1. O603Hauum 3Ty onepaLuio MoCpeacTBOM
A . Jlerko yb6eauTbcsi, uTo

VXY (T(X, V) (XAY =0)).
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PaccmaTpuBatoTcst HefleTepMUHIPOBAHHbIE OJIHOJIEHTOUHbIe MaLMHbI Tbio-
pUHIa ¢ MOTeHLMasbHO OecKoHeuHO| TOJIbKO BIPaBO JIEHTOIA.

[Ivere | X| o603HauaeT AJIMHY JBOMYHOTO MpeACTaBleHUs uucia X,
NP1 3TOM BCe HYJIM, NpeJUIeCTBYIOLLME MEPBOH efUHULE, He YYUTBIBAKTCS.

Teopema. Bo-nepBeix, ec/ii IpY HEKOTOPBIX MOJIO)KMUTEJbHBIX HATY pajb-
HbiX uucnax C, C” npeauxar IT BbIYUCIUM HeJeTepPMUHUPOBAHHOM MALIMHOM
TbloprHTa ¢ orpaHMYeHrHeM Ha YKCJI0 LI1aroB, 3aaaBaemMoe GVHKLMeH, BbIUKC-
asiioweit no X BoipaykeHue C”7 - @ (| X|)C, To 3TOT npeayKar Mpyu HEKOTOPOM
C”” npeacTaBUM B BUjE

3X” ($2C11.¢(|XI)2'C)3 Y (=X") (P(V, X)+P" (V) = 0), (%)

rae @(X)=X,P — MNoJUHOM C LenbiMU KodpduuueHtamu, P’ — cymma

GYHKUMA M, Y — CHOUCOK TepeMeHHBbIX, U NPU YCTPaHEHUU OTrpAHUYEHUs
Ha MepBblil clieBa KBAHTOP MMOJIYUAEeTCSl SKBUBAJIEHTHOE MMpPEACTaBJIeHUE Mpe-
Aukara I1I.

Bo-BTOpBIX, Ka)K/AblA NpeguKar, NpeicTaBuMblii B Buje (% ), BBIUMCIIUM
HeJleTepMUMHMPOBaHHOM Mawunoil Thlopuira 3a 4YncJo WAaroB, BhIpa)<aemoe
dyHkumen, Boluncsoweil no X BeipakeHue C”- P (| X|)*' ¢ npu Hexoro-
pom C”. O

SaMeTI/lM, yTto 3[eCb U pgajiee B q)opmynax, BbIAEJIEHHbBIX B CTPOKY,
OYAYT OMyCKAaTbCs KBAHTOPbI BCeoOIIHOCTM MO0 CBOOOAHBIM NepEMEHHBIM
JJIs1 HaTYpPaJibHbIX UYUCEJT. Cnucky cBoOOABIX U CBSI3AHHBIX NMEPEMEHHBIX AJIs1
HaTYpaJIbHHBIX UHUCEJI o60o3HayaroTcst HaJUePKHYTbIMH OYKBaMH.

Cnucok NMEPEMEHHBIX HE MNMPEBOCXOJAUT HEKOTOPOI'O0 BbIPAXKEHUS, €CJIU
Ka)Kaas nepemeHHasi Takoro CriiucKa Heé NMPeBOCXOAUT ITOI0 BbIPpA)KEHUS.

B pesynbraTe, B UYacTHOCTH, MOJIVYaeTcsl CTporas uepapxusi Hpeau-
KaroB, BbIYUCJIMMBIX HeJeTepPMUHMPOBAHHBIMU MauinHamu ThlopUHra 3a noJju-
HOMMHAJIbHOE YUCJIO 11aroB (B 3aBUCUMOCTH OT CTETEHU MoJIMHOMa). Tak Kak
AJIS1 HeleTepMUPOBAHHBIX MalMH ThIOpUHIA WMEETCsl CTporasi Mepapxus
10 BPeMEHU UX PElleHUs] B 3aBUCUMOCTHU OT CTeleHH MOJIMHOMA, OTpaH1uBa-
IOLIEro YKCJI0 LIAroB, TO B pe3yJbTaTe MOJYUAM CTPOTYVIO MepapXur INpeau-
KaToB BHMA: «JOTMKO-apupMeTHyecKoe ypaBHEeHMe HUMeeT pelleHre B HaTy-
pasbHBIX UMCax, JJIMHA KOTOPBIX OFpaHUyeHa IMOJMHOMOM» (B 3aBUCH-
MOCTU OT CTEIeHU MOJIMHOMA).

B uactHocTH, nosuHoM C - | X|K siBnsieTcst HipKHell OLIeHKOI uKcJia 1aros,
HeoOXOMMBIX HeJeTepMUPOBaHHONH MauivHe ThlOpUHra JJIsi pelleHusl BOT-
poca: paspeliumo JIM JIOTHKO-apupMeTHyecKoe ypaBHeHHEe B HATYpaJibHBIX
unciax, JAJIMHBI KOTOPHIX He MpPeBOCXOJSAT MapameTpa, OrpaHM4YeHHOro ¢
nomowbo GYHKUUHK, BbluMCHsiolweld BolpaxkeHne C”-|X|2°K+2 no X npwu
nekotopom C”’. CkasaHHOe BEpPHO U JJIsI JETEPMUHUPOBAHHBIX MawnH Thio-
pUHTa C JIEHTOH TAawKoro ke TUMA, KAK U V HefeTepMUHMPOBAHHBIX MAUIMH
Tolopunra. Ctporasi knaccudpHKalys 3jeMeHTapHbIX Mo Kanbmapy GbyHKuui
C poCTOM HaTypajbHOro uucia K, eciu B Teopeme B KauyecTBe GYHKUUKH P

B3Tb (DYHKUMIO, BBIYMCTISOWYI0 1o X BepaykeHne 2 %, rge uuppa 2
nostopena K pas. Teopema no3BoJisieT NoJyyuTh NMpecTaBieHue BceX mpeu-
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KaTtoB kyacca N P, eciu B Teopeme B KauecTBe @ B3SIThb NOJIMHOMHAJIbHbIE
GYHKUMH.

HaxkoHell, nosyyeHHble Pe3yJIbTaThl MO3BOJISIOT NPEMJIOKUTb MOAXOM K
peleHro OTKpbIToi npobsemsl U3 [3]: BepHo sin, uto N P = /D? B KauecrtBe
CJIEACTBUSI TeopeMbl nojvyaem, uto N P = ) Torja u TOJIbKO TOrja, Koraa
npeauxar T NMpUHAJIeKUT Kaaccy D.

2. Cxema J10Ka3aTebCTBa OCHOBHOH TEOpeMbl

JloKa)xem BTOPYIO UacTb TeopeMbl. [1yCTb HEKOTOPBIHA NMpeguKaT npejcra-
BMM B BHMIE, YKAa3aHHOM B TeopeMe. HeJeTepMUHUpPOBAHHOE BbIUMCIIEHUE
XapaKTePUCTUYECKOH PYHKLMM TAKOTO TNMpeAMKATa MOXHO TPOU3BECTH Clie-
aviolum obpasom. HenerepmuHupoBaHHbIM crioco0oM BbinKchiBaeM yuciaa Y
He Goustee, uem 3a M-C” . @ (| X|)* € waros, rae M — 4KCJI0 apTYMEHTOB B P.
3aTem npoBepsieM YCJIOBUE

P(Y,X)+P"(Y)=0.

st Takoit npoBepku pocratouyHo C”- (| X| + 2> | Y|+ |P”| + |P|)? wa-
roB, rae |P| u |P”| — mauHBI 3anucei BoipayxeHuit P U P”’ cOOTBeTCTBEHHO,
2 |Y| — cymma pnuH BceX KOMIIOHEHT BekTtopa Y.

Taxkum 00pa3om, HefeTepMHHHPOBAHHOE BBIUMCJIEHHE MPEIMKATA OKa-
3aJ0Cb BO3MO)KHbIM 3a C, - @ (|X|)* € waros npu HexoTopom C,.

JloKa)KeM NepBYI0 YacTb TeopeMbl. IIVCTb HEKOTODBI NMPeANKAT BbIUKC-
JMM HefeTepMHUHUpOBaHHOH MawnHod TblopuHra 3a Bpemsi, 3ajaBaemoe
¢vHkuueit, Bbluncasioweit no X soipakenue C, - P (| X|)C.

[Monyuum JsoruKo-apudpmMeTHyecKoe MnpeicTaBieHne MPeJMKaToB, BblUKC-
JIMMBIX 3a YKa3aHHOE BpeMs HeJeTepMUHUPOBAHHOW MaiivHOH ThlopuHra.

[lyctb BHewHMM asndaBUTOM MaliMHbI ThIOpUHTA SABJsIETCA andaBUT
A={s, ...,86,) Byksa 6, cunTaeTcsi CUMBOJIOM MYCTOii sTUEHKHN JIEHTbI Ma-
wuHbl TohiopuHra. [1py gocTpauBaHWM JIEHTHl HOBbIMHM siyelikamu npeprona-
raercsi, YTo B HUX HaxXoAuTcsi OVKBa 6,. B camoit neBoif KJleTKe JIEHTBl Haxo-
OMTCS1 3HAK %, KOTOPbIA He MOykeT OblTb HM CTepT, HM BIMCAH B JPYIVIO
KJIeTKY. MauirHa MO)KET HaXOAMTbCS B OJHOM M3 CJIEIYVIOLIMX COCTOSIHU
Pos - - -» Py; COCTOSIHME D, SIBJISIETCSI HAa4YaJIbHbIM COCTOSIHUEM, a COCTOSIHUE
Po — 3aKouuTesbHbIM. Komanaa mawnuel TblOpHHIa MMeeT OJWH U3 Clle-
AVIOIMX TpeX BHJOB

’7 - -~
Pk 8 = pxn6", Pk = Px”» Pk = Px”>

rae 6 u 67 — Oyksbl anpaBura AU{*}, K=1, K”=0, cTpenka cepxy
03HayaeT CABMUI TOJIOBKM MailuHbl ThIOpUHra HAa OJHY sIUeiKY B HampaBJie-
HUHM, YKa3aHHOM CTpeJsikoil. Konpurypauuei (MM MTHOBEHHBIM OMMCaHKMEM)
Gyaem HasbiBaTb BCsikoe CioBO BMAA % T py T u Buga % Tpe T”, tne T
u T” — cnoBa B anpaBute A. ITU MTHOBEHHblE OMUCAHHUSI COOTBETCTBYIOT
ciefyioleid 3anvck Ha JieHte: % T T”'. CTpeska Haj COCTOSIHUEM B KOH(HU-
rvpauuy ykasbeiBaeT Ha 6YKBY, 0603peBaemyio roJloBKOH MawKHbl ThlopHHra.,
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HInsa panbHeiiero yio6Ho KoMaHAbl MalMHbl ThIOPUHIa 3aMEHUTh MOA-
CTaHOBKAaMH (NpaBUJIaMi HOPMabHBIX anropudmos) B andasute A U{x }U

U{pPo - - -» Pr» Po» - - -» Py} KomMaHpa nepBoro B1jia 3amMeHsieTCst IBYMsI TOJ-
CTaHOBKaMM

- - ’’ poy ’?
Pk 6—~pk~8, 6pk—6" pk~.

Komanua BTOPOr0 BUAA 3aAMEHSAETCA HA CEPHI0 NMOACTAHOBOK BH)Ia

- = - -
Pk 6—~6 px» Px6~>Pk46

nas mo6oit O6vkBel 6 anpasura AU{* }. Ha aHasoruuHyio cepuio nojcTaHo-
BOK 3aMeHSIeTCSl KOMaHJa TPETbero BUAa

6 Pk ~6Pk” 6Pk~>Px~6.
3ameTuM, YTO 3TH NOACTAHOBKM He M3MEHSIIOT IJIMHY CJIOBA, B KOTOpOe
NIPOM3BOAMUTCS TMOACTAHOBKA.

Byaem cumtath, uyro mamuHa ThlopuHra HauumHaer paboTy ¢ KOHOUIY-
pauuu % X6, ... 6y I'le X — YUCJIO, 3aMUCAHHOE B JBOMUYHOH CHCTeME CUHC-
JieHus ¢ uudppamu 6;, 6,, 0003HAYAIOIMMU COOTBETCTBEHHO HYJIb U eAUHULY.

[lycTh MaminHa 3akoHyuna paboTy 3a e waroB. Torga cyulecTBYIOT
cioBa @, I, K, E u T, 0AMHa Ka)KAOr0 U3 KOTOPBIX He IPEBOCXOAUT
(Ix] +e+2)-(e+ 1) u Takue, uto

0. E — cJioBO, NOJIYUEHHOE TM0CJIEA0BATENIbHBIM MIPUMUCHIBAHUEM JPYT K
APYTY HECKOJIbKMX KOHQUTYpauui,

1. K = %p;x6,

2. @ umeeT BUJL 6, . . . 6,, YTO IKBUBAJIEHTHO D 8, = 8, D,

3. K® E nonyyaercsi u3 T B pe3vJbTare MocjaeJ0BaTeIbHOCTH JETEPMHU-
POBAHHBIX 3aMeH ABYOYKBEHHBIX CJIOB, COCTOSIIMX M3 Pa3HbIX, HE UC-
M0J1b30BaHHLIX paHee OYKB, HA JIeBble YACTH TOJCTAHOBOK, 3aMeHHUB-
IIMX, KaK YKa3aHO Bblllle, KOMaHAbl MallUH ThIOpUHTa,

4. ET nonvyaercs u3 T B pe3yJbTaTe M0OCJIEI0BATEIbHOCTU HEJETEPMHU-
HUPOBAHHBIX 3aMeH TeX jKe JBYOYKBEHHBIX CJIOB, YTO ¥ B MYHKTE 3 Ha
TnpaBble YaCTH MOJCTAHOBOK (BMECTO TeX )K€ CJIOB, BMECTO KOTOPBIX
ObLIM MOJCTABJIEHBI JIEBblE UACTU COOTBETCTBYIOLIMX MOACTAHOBOK),

5. B I" BXOUT p, UIH P,

Vcnosnb3yemble B NyHKTe 3 [JeTepMUHUPOBAHHbIE 3aMeHbI MOTYT ObITb
no cnocoby 0. B. MaTtusiceBuua cBefieHbl K 3aMeHaM OXHOOYKBEHHBIX CJIOB
Ha 0fHOOYKBeHHbIe, TaK KaK 3aMeHbl MPOU3BOJSTCS BMECTO ABYOYKBEHHBIX
CJIOB CMeLMaIbHOro BUJA (MM CBeJleHbl K 3aMeHaM NMYHKTa 4).

Ba)xHO, 4TO UCMOJIb3yeMble B MYHKTE 4 3aMeHbl ¢ MOMOLIbI0 BBEJEHUS

HE€ UCIOJIb3YEMBIX paHeEe OVKB MO)>XHO CBECTH K HEeIETEPMUHUPOBAHHBIM 3a-
MeEHaMm Bujaa

X =[Y]eBic e (% %)

(BMECTO KaXIOT0 BXO)KJAEHMs cloBa AB B CJI0BO Y MOACTaBJIsieTCS OJHO U3
cinos CE, C” E”). Ilpn 3atom OykBbl A, B oTnuyHbl Apvr ot papvra. s
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3aBeplLIeHUs] JOKA3aTeabCTBa AOCTATOYHO apu(hMeTU3UPOBATL BCe YKA3aHHbIE
VCJIOBUSI, UCTIONb3YS MOJMHOMBI M npeaukar T.

Komom cinoBa P B K-0ykBeHHOM andaBute, Ha OGYKBBI KoTOporo Gymem
CCBUIATbCSI M0 UX HOMepam B MOCJIEA0BATEJIbHOCTH BXOXKIEHHUSI UX B CIIUCOK
Bcex OykB andasura, Oviem HasbiBaTh cucTemy u3 K+ 1-ro umcna, B Ko-
Topo#l Kaykaast E-asg komnoHeHTa npu E < K “MeeT JBOMYHYIO 3aNUCh, N0JY-
yaeMyio U3 P 3ameHoit Kayaoro BxoyaeHus E-off 6ykBbl Ha uudppy 1, u
3aMeHo BXoyKIeHUi ocTanbHbIX OVKB Ha uudpy 0, U B koTopoit K + 1-e duc-
70 B ABoMyHOH 3anmucu umeet BUA 10 ... O (uncjo HyJeil paBHO JJIMHe CJIOBA
P). $1cHo, 410 CJIOBO OJIHO3HAYHO BOCCTAHABJIMBAETCS 110 CBOEMY KOAY M YTO
KoJ, nmycToro cyoBa umeer Bug O, ..., 0,1.

Myvers Xy, oy Xpy X4y — KOR CoBa X, a Yy, ..., Vi, Vi1 — KOI
cioBa Y. Jlerko BMJeTb, UTO ABa CJIOBA COBIIAJAIOT TOIJ@ U TOJbKO TOTAQ,
KOTJa MX KOAbl MOKOMIIOHEHTHO COBIAJAIOT M UTO KOXOM cyioBa XY sBJSA-
eTcsA CJeAyIollast CucTemMa 4ducest

X1 YtV oo X Y+ Yio Xiwr Yiesr -

[MoHsATHSI, KoTopbie HeoOXORAMMBI AJIs1 OKOYATeJbHON apupmeTH3auuu U
KOTopble ObUIM NpeaJsIoyKeHbl U ucrob3oBanel 0. B. MarusiceBuuem, Hanpu-
Mep, JBYMECTHbII MpeAnKarT «ObITh TeHbIOY, 3aAaHHbIA HAa 6YKBaX, U T. I, MOTYT
OBITb JIErKO BBIpa)KeHbI B MpejJiaraeMoil KoaupoBKe. 3auHTePeCOBaHHbIH 4u-
TaTeJb JIETKO 3TO MOYKET BBIMOJIHMTb aHAJOTMYHO TOMY, KaK 3To caena: lO.
B. MarusiceBuu B cBoeii pabore Ha cTp. 8l.

[Moaromy 06paTum BHUMaHME TOJIbKO Ha 3JIEMEHT CYIIECTBEHHOH HOBU3-
HBl: apupmernsaumio GopMyJbl [JIST HeJeTePMUHUPOBAHHON 3aMeHBl (% % ),
B KOTOpoit X M Y — nepemeHHble JJIS1 CJIOB, OCTaJbHble OVKBBI — Iepe-
MeHHble i1 OYKB paccmaTpuBaemoro ajadasuTa.

Apudmernsauusi 3Tol GopMyJsbl Mo)KeT ObITb NpOBeJEHa C IOMOLIBIO
apupMeTNUecKOH KOHBIOHKLMU, apUPMETHYECKON AU3BIOHKUMHY C AaJIbHERILUM
UCKJIOUeHHEeM MX TPHU KCIO0JIb30BAHMM CJIEAYIOLIMX COOTHOWIEHUH. s Jio-
obix X, Y umeeT MecTo

X+Y =(XVY)+(XAY).

KaxoBbl Obl HY Obl1M yKcna X, Y u X", Aj1MHa 3alUCH KOTOPBIX MeHblIe
JJIMHBL X 41, BBIMOJIHSIETCS

X=(YANX)oTXxs1— 1=V, X)AT (Xg41—1-X", X) A\
AT(Y-X, X" -X).
3nech Xy, AODKHO OBITb TOC/eHEH KOMIOHEHTO! CUCTeMBl UMCel, SBIsi-
Io1eicsl KOJIOM HEKOTOPOTO CJIOBA.
B kauecTBe HM)KHMX UHAeKcoB v X u Y 6vieM HMCNoJb30BaTb MHOTAA

OYKBbI BMecTO HoMepoB OVkB. YmoOHo nocpeactsom X (A), X (C), X (C”),
Y (A), Y(C) n Y(C”) o6o3nauutb

XA/\2'XB, Xc/\z‘XE, XC”/\Z.XE")
YaA2-Ya YeA2-Yg YerA2 Ve,
COOTBETCTBEHHO.
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dopmyna (* %) IKBMBAJIEHTHA KOHBIOHKUMU CIIEAVIOIMX YTBEPIKJIE-
HUi

Bo-nepBbiX, Xx 41 = Yx4y T. € JIHMHBI CJ10B X ¥ Y COBNAjaloT.

Bo-BTophixX, B X HeT BXo)<feHHuii coBa AB, 1. e. X (A) = 0.

B-tpetbix, Y (A) A (X (C)V X (C”)) = Y (A), T. e. BXOKeHUss AB B Y
HaXOJISTCA TOJbKO HA TeX MECTdX, Ha KOTOPbIX B X uUMeloTcst BXxo aeHusi CE
unmu C”E”.

B-ueTBepThIX, AJ1s1 BCAKOTO ¢, He NMpeBocxosilero K, BbINOJIHSIETCA

Y (A VLY (A)2]VY, = Y (A)VIY (A)2]V X,

T. €. Y, coBnagaer ¢ X, 3a UCKJIOUEHHEM MECT, Ha KOTOPbIX UMEITCS BXOXK-
nenusi AB B Y. Ha 3ToM 3akaHuyMBaeTcs1 U3JI0)<eHHe cXeMbl JOKa3aTebCTBA
TEOPEMBI.
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