PeBepCI/IBHbIe KOHCTPYKTUBHbBLIEC JIOTUKN

H.H. HEOENBOJA

ABSTRACT. The subject of the inquiry is a new class of constructive
logics: reversive ones. They are induced by class of problems where all
actions are to be reversible (i. e. each sequence of actions can be undone).
Those actions do not lose and do not add information. Semantic of
reversive logic is based on amalgam of realizability and modified Girard’s
idea. Worlds and actions in their models are elements of the same group.
It is shown that reversive logic is formalizable and stated some basic
properties of reversive logic.

Karomuesoie ca06a: peBEPCUBHAS BEITUCIUMOCTD, KOHCTPYKTUBHAS JIOTU-
Ka, 00paTuMble IefCTBUS.

1 PeBepanHaﬂ BbBIYNCJJINMOCTD 1 €€ JIOTUKa

Eute 8 1961 1. P. JTangaysp [1]| ykasasn BaxkHbIil poji BIYUCIEHNU, He
HCCJIEIOBABIINIICS paHee U MAJIo MCCJIe/IyeMblii (XOTsI i He 3a0bIThIi)
IO CUX TIOP.

Pacemorpum Texuangeckuit mpumep, monobuelit npuMepy Jlamnmay-
spa. [lycTs y HAC eCcTh KOMIOBIOTED, COCTABJIEHHBIN U3 CBEPXITPOBO,IsI-
X 97eMeHTOB. JIJIsT coxpaHeHns CBEpXIPOBOIUMOCTH OH JOJIKEH
OXJIAXKIATHCsI, HAIPUMED, KUJKUM BOJOPOIOM, MOCKOJBKY BbIIE-
JIEHUE TEILIa MOYKET MOJHOCTBIO PA3PYIIUTh €ro CTPYKTYpyY. Takum
00Pa30M, BOZHUKAET BOIPOC: €CJIH HET «UH(POPMAIMOHHOTO TPEHUS >
npu obpaboTke nHGOPMAINN, MOYKHO JIM OPraHU30BATH €€ TaK, 9TO-
OBl TpU BBIYUCJIEHUSX HE BhIAeAsn0ch Terto? P. Jlannaysp nokazasn,
YTO BBIJEJIEHUE TEMa (DU3NIECKN HEM30EKHO, eC/IN OMePaIlnd KOM-
mbioTepa Heobpamumst. TeM caMbIM BO3HHK BOITPOC O BBIUNCTEHUSIX,
B KOTOPBIX Bce omeparmu 06patuMbl. COBOKYITHOCTH BBIUHCIUMBIX
pYHKIHI, 3aMKHYTYI0 OTHOCUTETHHO KOMIIO3UIIAN U B3ATHSA OOpPaT-
HOM (DYHKITMY, HA30BEM PESEPCUBHO.

Basupysice wa unee Jlammayspa, C. Benner [2] mpemmoxun B
1973 r. cosmars tornydecku peBepcuBnbiii Oysies kommbioTep. T. Tod-
o u . Openkun |3, 4] mokazasm, 9TO0 MOKHO CMOIETUPOBATH
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MTOJIHOE MHOXKECTBO OYJICBBIX OIEPAIMI HA CBEPXITPOBOAAIIEM KOM-
mbioTepe 6e3 Hapyenus ycaosuit Jlammayspa. P. Mepkie [5] npen-
JIOXKUJT IPYTOii BAPUAHT OyJIEBbIX PEBEPCUBHBIX BBIUUC/ICHU.

Koneuno ke, 3aanne UCXOTHLIX JAHHBLIX W YTE€HUE PE3YIbTATOB
0 CaMOIl CBOEH NPUPOIE HE PEBEPCHUBHBIE ONEPAIW, TAK YTO MOJ-
HOCTBIO UCKJIIOUUTH BLIJIeJIEHNe TeNJla HUKOTAa He YIACTCS.

Ho peBepcrBHOCTL BLIMHCIEHU ABJISIETCS OTHIONL He MCKJIIOUH-
TEJBHBIM CBOMCTBOM CBEPXIIPOBONHWKOB. Hampumep, «KBaHTOBas
BBIUHCJIIMOCTh» TaKyK€ PEBEPCHBHA IO CaMoii CBoeil mpupoje (3a-
JIAaHNE UCXOJIHBIX JAHHBIX U YTEHUE PE3YJIbTATOB U 3/ECh SIBJISTIOTCS
HEyCTPAHUMBIMI WCKII09eHnsaME ). B pegakTopax Ob110 GBI Kpaiine
JKEJIATeIbHO 00eCIeYnTh BO3ZMOKHOCTE OODATUMOCTH BCEX OTepa-
1wl BIJIOTH JI0 SIBHOTO TIOATBEPXKIEHUS CAEJAHHBIX n3Menenuii. B
buzHece 0OpaATUMBIMU SIBJSIOTCA 3aKa3bl U CYETA BILIOTH J0 UX YTBEP-
Kpaenud. Bojee Toro, pasHble 3aKa3bl W CUETA SABJIFIOTCA TYT HE
IpoCTO OOPATUMBIMY, & HE3ABUCUMBIMU, W 3/16Ch MBI UMEEM TIPUMED
KOMMYMAMUBHIT PEEEPCUBHBIT JICHCTBUIA.

Takum 06paz3oM, PEBEPCUBHOCTE HE ABJIAETCS YACTHBIM CBORCTBOM
HEKOTOPBIX OysIeBbix oneparuii. OHa XapaKTepu3yeT WHTEPECHBIH 1
BAaKHBIN OOl KJIACC BRIMUCJICHUN, W TIOSTOMY TPEJCTABISET WH-
Tepec KOHCTPYKTUBHAA JIOTUKA TAKOTO KJIACCA BBIYUCIEHUIN.

Her 60/1b1110i1 HEOXKMIAHHOCTH B TOM, UTO JAHHAA JTOTUKA BECHMA
OTJNYHA OT KOHCTPYKTHUBHBLIX JIOTHK JIPYTUX KJIACCOB BLIYUCJIEHUH:
byrKIMOHATBEHON (HHTyHHOHHCTCKOﬁ)l, JIMHEHHON U HUJILIOTECHT-
HOP JIOTMKM. DTH JIOTUKH TAKX)Ke UCKIUUTEBHO CUIBHO Pa3/imda-
H0TCH MEXK/y CODOT.

ManenbKoe 3aMedanne o TepMuHogorun. [IocKoIbKy mMeeTcs mo-
CTOSHHOE HEeI0PA3yMEHWe C MOPIIKOM KOMIIO3UIIUI, 3aMEeTUM, ITO

. f g
y Hac KoMmozuiust (pyHKiuil f o g o3Hauaer a — b —— c.

2 TI'pynma Kkak COCTOSHUS M OIIEPATOPHI.
A3BIK 1 ceMaHTHUKAa

[TockoabKy BCe AefiCTBUS B PEBEPCUBHBIX BBHIYUCIEHUSX 00PATUMBI,

'TIpenmaraeM Ha3BIBATL €e MMEHHO TAK, HOCKOIBKY OHA COOTBETCTBYET HH-
CTOMY THUIIOBOMY (DYHKIIMOHAJILHOMY MTPOTPAMMHUPOBAHUIO, & TEPMUH <UHTYH-
OUOHUCTCKad» KpaliHe HeyJadeH BO BCeX OTHOIIEHUAX, KpOMe HCTOPUYIECKOTO.
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€CTeCTBCHHO PaCcCMaTPUBATL IIPOCTPAHCTBO ACUCTBUN KaK 2pYynny.
BrickazkeM cieIyiontyio uaero’:

[MpoCTpaHCTBO COCTOSIHUIA Ta »ke camasl rpynna, YTo 1 rpynna AeicTeuii.

Torja KaxkA0# TPOMTO3UITMOHANBHON DYKBE COTOCTABJISIETCS TO-
MHOYKECTBO TDYIIIBI®, KasKJIblil SJeMEHT IPYIIIBl (¢ IPEJCTaBIISZeT
dyuKIIIO AZ. 2 0 Q.

JlekcemMaMmu sSI3BIKA YUCTOW PEBEPCUBHOM JIOTUKU SIBASIOTCS TIPO-
MO3UIMOHAJNBHLIE CUMBOILI A, B, C, ..., OIThL JIOTHYECKUX CBA30K
KJTACCUYECKON JIOTUKYA D, =, A, V, -, HA3bIBAEMBIX OECKPUNINUGHbI-
MU C8AZKAMU, T TPU KOHCTPYKTUBHBIE JJOTHIECKIE CBI3KHE =, &, ~.
- M ~ — OJHOMECTHBIE CBSI3KH, BCe OCTaJIbHBIE AByXMecTHBIe. Cur-
HaTypa X — HEIyCTOE MHOXKECTBO ITPOMO3UITUOHAIBHBIX CUMBOJIOB.

Kraccuaeckne cBa3ku 9UTAIOTCS OOBIYHBIM 00Pa30M, = IUTAETCH
KaK «MOXKHO IIpeobpasoBaThy, A& B Kak «IocaeqoBaTe]bHas KOHb-
oKy wim «A, 3arem B»?, ~ A — mpeBenTHBHOE OTpPHIAHUE,
YUTAEMOE B PA3HBIX KOHTEKCTaX KAK «OTMEHHUTH A», «BOCIpersT-
cTBOBaTH A».

Kak ropopurcst B COBpeMeHHO iuTepaType mo nHOOpMaTHKE, Te-
CKPUNTHUBHBIE ¥ KOHCTPYKTUBHBIE CBSI3KHU IMOJTHOCTBHIO WHTEPOTIEPA-
HeJIbHBI, MOTYT CMEIUBATHCH TPOU3BOIbHO. PopMy/ia HA3BIBAETCH
deckpunmueHoil, ecJivi BCe ee JIOTUIECKUE CBA3KM Kaaccudeckue. Ec-
Jii B pOPMYJIE HET HU OIHOM KJIACCUIECKOH CBI3KU, OHA HA3BIBAET-
cd wuemo Konempyxmusrot. Takum obpazom, TPOMO3UIHOHAJBHBIE
CUMBOJIBI OITHOBPEMEHHO SIBJISTFOTCSI W JECKPUITUBHBIMU, U TIHUCTO
KOHCTPYKTUBHBIMU (DOPMYJIAMHU.

OcCHOBHOE CEMaHTUYIECKOE TIOHSATHE “JIEMEHT @ pegaudyem Hop-
myay A B unrepnperanuu [” (I = a®A). B cayuae, ecau unrep-
nperarus PUKCUPOBAHA, YIIOMUHAHKE O HEH OIyCKaeM.
OIMPEJEJTEHUE 1. Hnmepnpemauus CATHATYPHI > — Iapa u3

rpyunsl G u dyakmun ¢ : % — PG u3 MHOXKECTBa, IPOIO3UIHO-
HAJILHBIX CUMBOJIOB B MHOXKECTBO oaMHOKeCTB G. TlonMHOKECTBO,

2Buepsble Takas ujesi ObLIa lIPeJIOKeHa U yerenHo passura JK.-1. 2Ku-
PapoM B JIMHEHHON JIOTHUKE.

3Buumanue! He 06532 Te15HO0 HOATPYIIIA: B 3TOM KOPEHHOE OT/IHHHE OT KBAH-
TOBBIX U UM [OI0OHBIX JIOTUK!

4BrpoweM, MOKHO YHTATH W KAK «H» B CMBIC/IE 3HAMEHNTHIX KIMHIEBCKIX
npuMepos: «Marra BeIIIa 3aMy2K U pojaniia peberkas,«Mamma poanma pebenka
¥ BBIILJIA 3aMYZK>».
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conocrasiasgemoe A B uarepnperanuu I, obozuaunum (r(A). Ecmm 1
(bUKCHPOBAHO, HHIEKC OIYCKAEM.

OIIPEJIEJIEHUE 2. Peanmuzaius dbopmyssl B uaTepnperaimuu 1.

1. a®A £ a € ((A), ecim A — TPONO3UIMOHAILHEI CHMBOJI I
AeX.

2. a®AA B 2 a®A u a®B.

3. Jlng npyrux KJAaCCHIEeCKUX CBA30K OMPEIETCHNS TAKKE CTAH-
JapPTHBI.

4. a®A = B2 VYbe Gb®A D boa®B). Uraxk, a npeobpasyer

pertennss A B pemenns: B.

5. a0 b®A&B £ a®A A b®B. Pemenne B npuMeHsieTcst K pe-
mennio A.

6. a® ~ A £ a7 '®A. a annympyer pemtenne A 6o mpensiT-
CIByeT eMy.

MuoxkecTBo peamusanuii A obosmaunm ®A.

OIIPEJEJIEHUE 3. A wucmunno B wunrepnperammun I, ecian
{a|la®A} = G. A obwesnauumo, eciu A ncrurno B 110607 MHTEp-
mpeTanun ee CUrHATyphl. Obme3HaTnMocTs dpopMyasr A obozHATA-
ercst = A.

A peanrusyemo B unrepuperanun I, eciu {ala®A} # 0. A moowcde-
CMBEHHO Peasusyemo, ecin A peannsyemo B 000 HHTEpPIPETAIINT
€€ CUTHATYPHI.

(Ilpmvedanue 11si HEBEKECTBEHHBIX perer3enToB. To, aTo mpo-
CTPAHCTBO COCTOAHWI — Tpynna, a HE MOJyrpynna, u Haauuue &
IPUHIIUNNAIBHO OTANYAET HAILy JIOTUKY OT JuHeitHo# sorukm 2K.-
U. Kupapa (uneiinoe BawsiHEe KOTOPOil, KOHEYHO XKe, ecTh). To,
9TO Yy HaC €CTh ~ U &, TPUHIUITNAJIBHO OTJINYaeT €€ OT «MCHUCJIe-
Huit obsacreii». Y, HaKOHeI, ele OJHO KOPEHHOe OTJHYHE OT YKa-
3aHHBIX BBIIIE JIBYX aHAJIOTOB: HEYKJIOHHOE CJAC€J0BAHWE TTPUHITUITY,
JTABHO OCO3HAHHOMY B HAIlell Hay4YHOH IMKOJI€ N YIOPHO NTHOPHUPY-
eMOMy OOJIBITTHHCTBOM MPUKIATHBIX MATEMATHKOB W HHQOPMATH-
KOB: XYM Bpar XOPOIIAX CHCTEM — JIUITHAE BO3MOXKHOCTH. MBI
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CTPEMUJINCH BKJIIOUUTDHL B JIOTUYCCKYIO CUCTEMY JIMIITL CaMOE He06'
XOJIMMO€, 9TOOBI MMETh HaJeXkK/y He IIPOCTO HA Pa3peruMOCTh, a
Ha J10CTATOYHO 3(DDEKTUBHBIE AJTOPUTMbI PA3PEIIEHUT W [TOUCKA
BBIBO/IA. )

3 HekoTopsble pe3yabTaThl

[lepBhie nBE TeOpeMbl AT MUHUMAJIBHBIE YCJIOBUS TOTO, UTOOBI
peBepCUBHAS JIOTUKA MOTJIa, TPETEHI0BATEH HA 3BAHWE JIOTHYECKOTO
UCUUCIEHUS.

TEOPEMA 4. Muoosicecmea 061e3Ha4UMbBLE U TROIHCICCTNEEHHO De-
AAUSYEMBLL POPMYA NEPENUCAUMDbL.

HokazareabctBo. [lycte Gy — seMeHTapHas Teopus TPYIII ¢
JIOTIOJIHUTEJIBHBIMU OJIHOMECTHBIMU [PEIUKATAMHU [IJIsi BCEX CHMBO-
JioB . g HOBBIX IpeaukaroB akcuom Her. OupeneauMm nepeso/l
T(A, z) dbopmyn pesepcuBHOii toruku B popmynbl Gy, ¢ eMHCTBER-
HOI CBOOOIHON TTEPEMEHHON .

1. T(A,x) £ A(r) 11 IPONO3UIMOHAILHOTO CHMBOJIA, A.

2. T(AAB,z) 2 T(A,z) AN T(B, z).

3. T(AV B,z) £ T(A,z) vV T(B, ).

4. T(AD B,z) 2 T(A,z) D T(B, ).

5. T(—A,z) £ -T(A, ).

6. T(A= B,r) = Vy(T(4,y) D Subst[T(B, ),y o z]).

7. T(A&B,x) £ Jy32(T(A,y) AT(B,2) Az =y o 2).

8. T(~ A,z) =2 Jy(T(Ay) A=y

®opmyna A obmesnaduma Toraa u Toabko Toraa, Korma VaT (A, x)
NCTUHHO BO BCEX MOIEJIAX G’E, u, 3HaFII/IT7 TOT' Ja U TOJIBKO TOF;[a,
korya VaT(A, x) nokazyemo B Gy.

CooTrercTBenno, hopmyna A TOXKIECTBEHHO peam3yeMa TOTIA
u ToJLKO Torma, korga JrT (A, x) mokaszyemo B Gy. Q.E.D.
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CJIEJCTBUE 5. Mootcto nocmpoums ucHucierus 0as 06uLe3Ha-
YUMBLL U O PEAAUSYEMBT POPMYA PECEPCUBHOT AOZUKU.

[MPOBJIEMA 6. $IBHO TOCTPOWUTH HUCUUCIEHUS AT PEBEPCUBHOMN
JIOTUKHN.

TEOPEMA 7. Mnooicecmea 6cex 0buLe3HAMUMBIT U MOHCICCTEEN-
HO PEAAUIYEMDLT HOPMYA PEGEPCUBHOT A02UKY 3AMEHYMBL OMHOCU-
MEABHO ONEPAUUY TOOCMAHOBKY NPOUIEOALHOT POPMYABL BMECTNO
NPONOUYUOHAABHOZO CUMBOA.

Jdoka3zaTeabcTBo. Teopema cienyeT U3 JIeMMEBI, JOKa3bIBaeMO Hero-
CPEACTBEHHON MHAYKIUCH 110 OIPEAE/ICHUI0 PEAJIN3yEeMOCTH.

JIEMMA 8. Ecau A[B] — ¢opmyaa ¢ swvidesernoti noddopmyaoi
B, p — nponosuyuonasvsiti cumeon, ¢ nee ne exodauwud, u ((p) =

{a | a®B}, mo
{a [ a®A[B]} = {a | a®A[p]} -

Q.E.D.

4 HexkoTopnle cBoOiicTBa peBEPCUBHOI JIOTUKMI

PaccmoTpum Tenepnh HEKOTOpPBIE 0OCOOEHHOCTH 1 BHIPA3UTEIbLHBIE CBOI-
CTBa PEBEPCUBHON JIOTUKH.

YTBEPK/IEHUE 9. A peasusyemo (ucmunno, mootcdecmseenmo
PEANUBYEMO, TONCICCMBEHHO UCTNUNKO) MOo20a U TOALKO Mo20a,
k0200 COOMBEMCMBEHHOE CBOTUCMBO BHNOAHEHO s ~ A.

JokazareabcTBO. MHOKecTBO X HEIyCTO TOT/IA U TOJBKO TOIJA,
Korya muoxectso {x | x71 € X} menycro. Ecan xe X cosmasaer co
Beeil rpymmoit, To {z | 7 € X} Tak:Ke coBmagaeT co Beeil rpymnmoil.

Q.E.D.

Taxum 06pa3oM, BHEITHE HAIA JOTUKA BBITVISAUT HECKOJIBKO He-
OOBIYHOM: OHA TMPENEJBHO TPOTUBOPEUNBA B TOM CMBIC/IE, ITO JTI000e
yTBepKJIeHUEe UMeeT TOT Ke CTATyC, YTO W ero MPEeBEeHTHBHOE OT-
punanue. Ho 910 He o3Ha9aeT KOHCTPYKTHUBHONW IKBUBATEHTHOCTHU
YTBEPKJIEHUA U €r0 NPEBEHTUBHOIO OTPUITAHUAL.
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[MPUMEP 10. PaccMmorpum MyAbTUILIMKATUBHYIO TPYIITY PAIHO-
HAMBHBIX ymces. Ilycrs snavenne p ects {1,2,3}. Torna MHOXKECTBO
peanuzanuit ~ p ectsb {1, %, %} Her Taxoro pamuoHa/IbHOTO YUC/IA,
[IPU YMHOKEHUN KOTOPOTO HA 9JEMEHTHI TEPBOTO MHOYKECTBA [TOJTY-
YAJNCEH OBI 9JIEMEHTHI BToporo. Takum obpasom, A =~ A He Bceraa
peamsyemo.

YTBEPXKJEHUE 11. /Jleckpunmuenas dopmysa obwesnanwuma
moada U MoAavko mozda, K020a 0HG MONHCIECTNEEHHO DEAAUSYEMA,
u mozda u MoAvKko Mmoada, K020a 0Ha KAGCCUMECKU 0DULE3HANUMG.

JokazarenbcTBo. Bropas sKBUBaJIEHTHOCTH CJAEIYET U3 TOI'O, YTO
JUTd TTPOBEPKY ODIIE3HAYMMOCTH JOCTATOYHO PACCMOTPETH HPOPMY-
JIy Ha €JMHUYHON I'pyIIe ¥ 33JlaThb BCEBO3MOXKHBIE [IPUCBAUBAHUS
BHAYEHU MPOTO3UTINOHAIBHEIM OykBaM. [lepBasg uz Toro, uTo ecau
dopmyia He aBageTCd OOIE3HAUINMON, TO €CTh HHTEPIIPETAIUs, T1e
OHA, TOYKJIECTBEHHO JIOXKHA (TaKyKe HA €JMHUIHON rpyrme). Q.E.D.

TEOPEMA 12. Hu 00na wucmo x0HCmpyKmueHas hopmyas He 46-
agemcea obueanauumot. Hu daa odnoti wucmo KoHCmpyxkmuehol
POPMYABL HE ABAALMCA ODWEIHANUMBIM €€ KAACCUNECKOE OMPULa-
Hue.

HokazaTeabcTBO. /[0CTATOYHO 3aMETUTE, ITO, €CJU TPUIATH BCEM
MPOTIO3UIINOHATIBHBIM OYKBAM MHOYKECTBO peasm3yemoctu {e}, To
MHOKECTBO peam3yeMocTn Bceit popmyier Takxke Oymer e. Q.E.D.

Ob6me3naunmbie POPMYJIbI
(1) ~~A=A
3aKOH ABOMHOrO IPEBEHTUBHOIO OTPHUIAHUI.
(2) ((A&B)&C) = (A&(B&())

AcCconmaTUBHOCTE MOCICNOBATEILHON KOHLIOHKITIN.

A&(A = B) D B;

(3)
AD B& ~ (A= B).
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Takum 06pazom, ~ (B = A) moxkeT paccMaTpUBaTLCS KAK JPYToii
BUJT KOHCTPYKTUBHON uMILIuKanun. OObIYHY0 UMILTHKAIAIO MOXKHO
Ha3bIBaTb I/IH"beKTI/IBHOI'./'I7 NOCKOJIbKY (byHKLU/IH )\.CCZ' O a 4dBJjideTrcd
unbeknueit A B B. Bropas uMILIuKaus CIOPbEKTUBHA, IIOCKOJIBKY
~ (B = A) orobpaxkaer A ma Bce B (u, BO3MOXKHO, KyIa-Ju00
eme). CIOPbEKTUBHY IO MMILTUKAINIO 0003HAMNM .

(4) A> (B= A&B)
Hu omny w3 wmMmmmnkarnuit B ganuoi opMmysie Heb3s 3aMEHUTH Ha,
APYTYIO.

(5) ~ (A&B) =~ B& ~ A

CooTBercTByeT M3BeCTHOMY TOXKjecTBy B rpynmax (aob)™! =b"lo
—1
a .

ToxknecTBeHHO peann3yembie HPOPMYJTbI
6) A=A

Dt1a HopMysIa MPEACTABIIET TTPUMED TOXKTECTBEHHO PEATN3yeMOott,
HO He obriesHadnmoit, dhopmysnsl. B camom Jiesie, BO3bMEM aJlJTu-
TuBHYIO rpynmy neabix uncen u {0} B kawecTse maTepuperanun A.
Torna ®A = A = {0}. Peanuzanust 3roit popMysibl 00s13aTeIbHO
BKJIIOYAET B Ce0sl eNMHUITY TPYIIBLI €, HO HEe 0043aTe/IbHO CBOIUTCS
K Helt.

YTBEPXKJIEHUE 13. A = A ucmunna mozda v moavko moezda,
Koz2da aubo ucmunna A, aubo ucmunna —A.

JokazaresbcTBO. HacTb «ToTay oueBUIHA. « TOJIBKO TOTIa» J10-
KaxkeM 0T TpOoTuBHOTO. IlycTh ecTh 3/1eMeHTHI a, b, Takue, 9T0 a €
®A, b ®A. Torra a ' ob € ®A. B camom zese
-1 _ —1 _
ao(a " ob)=(aca ")ob=0b.

Q.E.D.

(7) B= (A= A&B).
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Peamuzammeit sroit hopmynbl aBigercd, B yactaoctu, e. [lepecta-
HOBKa MOCBUIOK HEBO3MOXKHA.

DopMyJIbl, XapaKTEPU3YIOMIE HEKOTOPbhIE Ba>KHBIE
cBOiicTBa
Dopmysta

(8) A&B = B&A,

BBITIOJTHEHHAA KaK JIOTHYECKU 3aK0H, XapaKTepru3yeT KOMMYTaTUB-
Hble TPymnbl. VX 2Ke XapakTepm3yeT W NPUBEAEHHBLIN HUKE KOH-
CTPYKTUBHBIN 3aKOH KOHTPAIIO3UIINH.

9) (A= B)=(~B I~ A). (Contraposition)

IMPOBJIEMA 14. Jlokazath Jub0 OMPOBEPTHYTH CJIEAYOIIEE.
RL+Contraposition siBjisiercsi peBepCUBHON JIOTHKON KOMMYTATHB-
HBIX T'DYTIII.

Ncrunnocts popmysab
(10) A&(AV —-A)

osnagaer memycrory A. B camom mene, ecim B A ecTh X0Td ObI O1UH
QJIEMEHT, OH JacT B JAHHOM IIPDOU3BCACHUN BCE IJICMEHTHI I'DYIIIIbI.
®opmymy (10) oboznauunm JA.

[MPOBJIEMA 15. W3 nagwaus mpeapLay et hopMysIbl CIeIyeT, 9To
73 PA3PETUMOCTH MHOYXKECTBA OBIIE3HATNMBIX (DOPMYJT CIEAYET Pas-
PEIIUMOCTh MHOXKECTBA TOXK/IECTBEHHO peajn3yeMbIX. Pazperumer
JIM MHOKECTBA O0MIE3HAUMMBIX U (MJIM) TOXKJIECTBEHHO Deajn3ye-
MBIX POpMYIT?!

[MPOBJIEMA 16. MoXHO /i BBIPA3UTh HEMYCTOTY, HE UCIOIb3YS
cBsa3km &7

VcTaHoBUM HECKOJIBKO OOIE3HAYUMBIX (DOPMYJI.
(11) 3(A&B) = (3AA3B).
(12) 3A =3~ A.
(13) (JAA3-B) =3-(A= B).

(14) (ﬁEIA V —E|—|A) = —E|ﬂ(A = A)
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JlokaxkeMm BaxkHYI0 (DOPMYILY.
(15) (3(A=B)=3(B=A))=((A= B) =~ (B=A4)).

HokazareabcTBo. B ciayuae, korga obe dopmyast 3(A = B) u
(B = A) noxHbl, 062 MHOXKECTBA Pean3yeMOCTH U3 3aKIFOYeH sl
MyCTHI.

B ciyugae, ecnin ob6a onn Henyctsl, u a®(A = B), b®(B = A),
10 (b"ob)oa=0b"1o(boa), n, snaunt, b '®(A = B). O6parnas
MMIIJIMKQIOHWA JOKA3bIBACTCA aHAJIOTHUYHO.

Eciu ofH0 u3 9THX MHOYKECTB IIyCTO, a BTOPOE HET, TO JIOXKHOCTh
TO2K/JeCTBa B 3aKJ/IIOYEHUU O4Y€BU/IHA. Q.E.D.

WNerunnocTs hopMyIb!
(16) (A&A=A)N(A=~A)NTA

osHaudaeT, 970 ®A ecThb MOATpYIIIA.

5 Pacmupennas peBepcuBHAad JIOTHUKA

Hobasum k RL mporno3uninoHa bHy0 KOHCTaHTY F, HHTepIpeTaly-
eif KOTOPOI SIBJIAETC MHOKECTBO {€e}.

VYTBEPXKJIEHUE 17. E neswpasuma ¢ RL.

JokazareabcTBo. Paccmorpum npoussosbhyio dopmyiny RL u
mpousBosbHyto mapy rpymn Gp, Ga, rae G 9BAgeTCS HeTPUBHUAhb-
Hoil pakTop-rpynmnoit Go. BosbMeM HEKOTOPYIO MHTEPIPETAIAIO 17
nponosunuonanbhbix 6yks Ha G1. Onpenennm Iy (P, x) kak I1 (P, ).
Torna ®1,A = {z | 2®, A}. Takum obpasom, ecn ®r, A = {e},
®,A = {z|z =e}. Q.E.D.

Pacmupenusiit Bapuant RL oboznaanm ERL. Hamu reopemsr me-
penocsarcs na ERL. B ERL Boipa3uMbl HEKOTOpPBIE CBOMCTBA, HEBBI-
pasmMeie B RL. Onao 3 Hux — A MCTMHHO Ha €IUHCTBEHHOM 3JI€-
menTe. Onpememnm 31 A Kax

(17) 3(A = E) A JA.

JlokazarenscTBo Toro, aro 31 A Heswmpasmmo B RL, coBeprmenno
AHAJIOTUYIHO IIPEIIOKEHNIO 4.

Konrekcr A = F — equHCTBEHHBIN KOHTEKCT, Iae F MeHseT 3Ha-
JeHre KOHCTPYKTUBHBIX CBSI30K.

(18) (E=>A)=A (B&A)=A (A&E)=A ~E=FE
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6 Jlormueckaa Teopus rpynn

PaccMoTpenne peBepcuBHOHN JIOTHKHA TTOJBOUT K CJIETYIONIEN MaTe-
MaTHIECKON Teopuu, JiexKaleil Ha rpanu Mexky aJjiredpoit u joru-
KOIf, KOTOpasi, HACKOJIHFKO W3BECTHO aBTOPY, HE M3yYaIacCh, TTOCKOIh-
Ky aareOpamncThl «3alUKINANCHY Ha TOM, YTO OCHOBHBIM M HEOOXO-
JUMBIM TTPEUKATOM $SIBJISTIETCH PABEHCTBO.

PaccMoTprM HEKOTOPYIO TIPOIO3UITMOHAIBHYIO CUTHATYPY 2. Bee
MPOMO3UITNOHABHBIE OYKBBI TTPEBPATUM B OIHOMECTHBIE TTPEINKA-
Thl. PaBeHcTBa HeT. MeroTcss AByXMecTHas OIepalis © M OJIHO-
MeCTHad Oollepariyst -1

V ozHadaer COBOKYIHOCTb KBAHTOPOB BCEOOIITHOCTH II0 BCEM CBO-
BOAHBIM TIepeMeHHBIM TToCae Ay omed (popmyabr. Ilycers tlu] — Tepwm
C BBIJEJEHHBIM BXOXKJIEHUEM [epeMeHHOH u, a t[r], coorBercrBen-
HO, Pe3yJIETAT 3aMEHBI ITOTO BBIJIEJIEHHOTO BXOXKJIEHUS HA TEPM 7.
Teopus G% COCTOUT W3 BCEX aKCHOM BHUJIA

ley, Z(P(tlz o (yoz)]) = P(t[(xoy)oz2)])
(19) W, y(P(tlz o (y o y™h)]) = P(tlz]))
Wz, y(P(t[(y o y™") o z]) = P(t[z]))
( )

g seex P us Y.
He nro6as Momesn TaHHON TEOPUH SIBJISIETC IPYIIIOii, HO PaKkTopP-
MOZEE JTI000# MOIENN [0 OTHOIMEHNIO SKBUBAJICHTHOCTH

{< a,b>| vt € Term, P € S |= Y(P(t[a]) = P(t[b])))}

siBjigercs rpymnoit. 3meck Term — MHOX)KecTBO BCex TepMoB, FV —
MHOXKECTBO CBODOIHBIX TIEPEMEHHBIX TepMa. Takum obpasom, JaH-
Hasl TEOPpUd ABJACTCS MOJHON JIOPHYECKON Teopueidl OJHOMECTHBIX
npenukaToB Ha rpynmax. [longarume peammdyemoctu pOpMysa peBep-
CUBHO# JIOTHKH (DOPMYJTUPYETCS B JIAHHON TEOPHH.

[MPOBJIEMA 18. Bepuo ju, 9TO 1O BBIPA3UTEIBHBIM CIOCOOHO-
CTSIM GOE n RL coBnamamoT B ceayioneM CMbICIe:

g kaxk ol 3aMKHYTOI (hOpMYIThI G% MOXKHO TTOCTPOUTDL (POPMY-
ay RL, uctuamyio TOTIa ¥ TOJBKO TOT/A, KOT/Ia MCTUHHA MCXOITHA
dopmyna?
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[MPOBJIEMA 19. Bepro ju, 9T0 10 BBIPA3UTENBHBIM CIIOCOOHO-
cram peanmzyemoctu GY u RL COBIaIaloT B CIE/IyIOMeM CMBICIe:
Jist kazk10it bopmyser A(x) Teopun G ¢ om0l cBOGOHOM TIEpe-
MEHHOH = MOXKHO IOCTpouTh (opmyry RL A, takyro, 4to B J1t060ii
HHTEPIPETAINE Ha TPYIIIE

{z | 2®@A} = {z | A(x)}?

Pacmupenue jsjorugeckoit Teopun rpymi Jjist F BKIOYAET CIeTy-
TOIIee MHOXKECTBO aKCHOM 1 Bcex P € 3.

VeE(@oxz )  Ve(@z(E(x)AAl))=A(mozt))

JItst 3TOTO pacIMpeHnsl MOXKHO TOCTABUTH 33/aUM, aHAJOTHIHBIE
3aa4aM O 1 6.

7 Habpocok aabTepHATUBHOIO MOAX0IA:
TUNU3NPOBAaHHAs pPEeBEPCUBHAA JIOTUKA

Jecars jieT Ha3a/] aBTOPOM OBIIA, IPEJIOKEHA, TIEPBAsST CUCTEMA pPe-
BEPCUBHOI JIOTMKM, HO OHA OKa3a/aCh HEYIOBJETBOPUTEJBHON 110
MHOI'MM KPHATEPUAM: KaK 10 IPAKTUYCCKON IIPUEMJIEMOCTH JJIst 33~
Jlaq aHajm3a 1npobseM WHMOPMATUKYM, TAK U 10 SCTETHYECKUM U
BHYTPUJIOTHUECKUM KPUTEpPUsIM. BecTunoBast peBepCUBHAS JIOTHKA
KazKeTCd HaMHOT'O JIy4dIe, HO HeO6XOﬂI/IMO II0OKa3aTh 1 BOBMOXKHOCTH
THUIIOBOTO TIOJXO0IA.

CaMbIM CUJIBHBIM TIPETIONOKEHNEM HAIell PEBEpCUBHON JIOTUKH
ABJIACTCA TO, YTO IIPOCTPAHCTBO COCTOAHUN U neficTBURl — npaxkTu-
TeCKHU OJIHO M TO XKe: rpymmna G u ee aBTOMOP(MOUIMBI BUA AZ. A O X.
Ho y rpynmer G MoryT OBITH U ApyTHE aBTOMOPQUIMBI, W Jarke
BbIYUCJ/INMBIE.

Bropoe npepmnosioxkenue Halei JOruKu — 3aMeHa TPaIUIINOHHON
KOH'BIOHKIINU Ha MOCJI€A0BATC/JIbHYIO KOH'BIOHKIUIO. Tpa/:[I/H_[I/IOHHaH
KOHBIOHKIIUS TaKKe MPEKPACHO MIPEICTABUMA B T€OPUU I'PYIII, HO B
9TOM CJIyUae peaau3alueil ee ssB/IseTcs yKe Apyras TPYIa: TPaMoe
IPOU3BEIEHNE TPYII, PEAJU3YIOIINX €€ YJICHBI.

A BOT moYeMy HET MUIBIOHKITAH, TTPY TAKOM MOTX0O/IE€ CTAHOBUTCS
MTOJIHOCTBIO TIOHATHO: B KATErOPUM TPYII HET NPAMOil CyMMbl. B
KaTeropuu KOMMYTATUBHBIX TPYIIIT OHA €CTh, HO TaM OHA, COBIIA/IAET
C TIPAMBIM TPOU3BEIEHNEM. [aK YTO OTCYTCTBHE KOHCTPYKTHUBHO
JIIUBIOHKIUN — (DYHIaMEHTAJbHBIH (DEeHOMEH PEBEPCUBHOCTH.
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Ectb HEKOTOPBIH HEMYCTON MOAKIACC TPYIIN, KOTOPHIE €CTECTBEH-
HO Ha3BaTh A02U4ECKUMU ePYnnamu: TPYIIIbl, W30MOpQHbIE COO-
CTBEHHOH TPyIIe aBTOMOPMUIMOB U MPIMOMY HPOU3BEICHUIO Ca-
Moit Ha cebsg. Caabo aozunecxan 2pynna — rpynna (G, m3omopduas
G x G, n Takag, 9TO ecTh m3oMopduam ¢ : G «— G X G, Takoii, 94To
Jutst Besikoit mapwl (a, b) mMeercs Takoe ¢, 4To

po(Mx.zola,b)og ! =Ar.coux.

Ha morwueckux u c1abo JIOTHYIECKUX TPYIIAX MOXKHO WHTEPIIPETH-
poBaTh HECTUIIOBYIO PEBEPCHUBHYIO JIOTUKY C ABYMSI KOHBIOHKITHSMI:
TOCJIEAOBATEIBHON W MOYTH TPASUIIOHHOIN.

Ho xaaccer norndeckux u ¢1abo JIOTUIECKUX TPYIII HE sSIBJISTIOTCS
MHOT'000Pa3UsAMU, OHU OYE€Hb Y3KH W II09TOMY HEIOHATHO, Oy/eT Jin
COOTBETCTBYIOIIAS JOTUKA, (DOPMAII3YEMOIA.

Paccmorpum JIpyryio KOHCTPYKIHUIO.

OIMPEJIEJTEHUE 20. PeepcuBHble THIBI U UX H30MOPQMHOCTH
3aJAI0TCS  CAEAYIONIAM OJHOBPEMEHHBIM WHIYKTUBHBIM OIIpese-
JIGHUEM.

1. 0 — Tum.

2. T~ T, THe T — NPOU3BOJbHBIN PEBEPCUBHBIIN THII.

3. Ectm 7~ 7w, TO W~ T,

4. FcmmT>~mum~p, 10T >~ p.

5. Ecan 7 n m — ranst, 1o (T — m) — THIIL

6. Ecmmt~p ro0(T—m~(p—->mu(r—71)~(1—p).

7. BEcm 7, ..., T — THOHL, @1, ...,0, — PABJIUYHBIE CJOBA, TO
(a1 : 71 X+ X ap:Ty) — THUIL

8. (a1:Tlx---xai:nxai_i_lznﬂx---xan:Tn)z
(a1t 71 X oo X Qi1 2 Tip1 X Qi 2 Tj X oo X Ay 2 Tp),rae 1 <4<
n.

9. Ecmn 7 ~ p, TO

(a:TXap:TI X ap:Tp)2(@:pXay:T X - ap:Ty).
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N3 sTor0o ompesesienus OYEBUIHO CJIEAYIOT MPOCTEHITne CBO-
CTBa 2.

(ro7m)~(n—-m)) < (T~n)A(r=m);
(
((

Tereps onpejies M ecTeCTBEHHBIN n30MOpdu3M Hat 1060 napoit
“30MOPMHBIX TUTIOB, TTPEINIO/IATA, 9TO (DYHKIIUA U IPIAMbBIE TTPOU3-
BeJ/IEHUs] UHTEPIPETUPYIOTCs ecTecTBeHHO. [Ipu aToM He npejnosia-
raercd, 4T0o uHTepuperanus (GyHKIMOHAJIHHOTO THUIA BKJIIOYAET B
cebst 6ce PyHKIUU; HO MHO2KECTBO BCEX MHTEPIIPETAIINil 00s13aTe/ b
HO 3aMKHYTO OTHOCHUTEJBHO KOMITO3HUITHH.

OIPEJEJIEHNE 21. EcrecTBenub1it n30MOPMOU3M €7, 1) H30MOph-

HBIX TUIIOB.

((a:7xb:m)~(a:1y xb:m)) < (T~7) A (T ~m);
) =

((a:7xb:m)~(b:m Xa:T1) T~ A (T~ 1))

Leror) = Az. 2.

2. €((a1:71 XX an:Tn)—(a1:p1 X Xan:pn)) — (6(7'1—>p1) XX e(Tn—>pn))'

3. Hnsa mponspenenntt
T=(T1X XA Tn) WP = (A1) : Po(1) X" X Qy(n) * To(n))>

rie ¥ — nepecranoska gucen [1,...,n],
lrmp) = (e(T_)Tl) X e(pﬁpl)) o A\x. Pry(1) T, -5 Pry(n) x>
L e(rp)=(n—p)) = (E(r=r) O €(r—p) © €(pmpr)):

DTO Orpe/jiesieHne KOPPEKTHO U YIOBJIETBOPSIET HEOOXOIUMOMY CBO#-
CTBY CTAHIAPTHBIX N30MOPGMUIMOB:

Cr—m) © E(r—p) = E(r—p):

OHo Ke MOTHUBUDYET BBeJIEHNE METOK WIEHOB NMPAMOTO TTPOU3BEIe-
Hug: 6e3 MeTOK HEBO3MOXKHO OJHO3HAYHO OIPE/IESINTH CTAH/IaPTHBIE
A30MOPQPU3MDI.

[ycts mam HeKOTOPBIN yHUBEPCYM cocTogumit — rpymma S. [To-
CTPOMM HaJ[ HUM OalHio Ipymm. MHATepuperanmuu THIOB T — T B
9roit GallHe ABAAI0TCH IPYIIIAME, OCTAJbHBIE — ITPOCTO MHOYKECTBA~
MU OUEeKIni.

OIIPEJIEJIEHUE 22. VuTepuperaliusi TUIIOB.
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. 3[0) = 8.

. ,HJIH KaXKJI0ro KjaacCcCa 3KBUBaJICHTHOCTH THUIIOB, UMEIOIITNX BHU

T — T, TIe T UMeeT TaKyio ke (OpMy, BbIOEPEM HEKOTOPDIiH
[peJICTaBATENb KJIACCA T U Jyist Hero onpeneaum J | (17 — 7)|
KakK HeKOTOpPyto moarpymmy Aut J [7].

. ZLHSI OCTaJIbHBIX THUIIOB, UMCIOIIUX BUI 71 — T2, I'/Ie 7; UMCIOT

Takyto e ¢hopmy (M 10 HAIIEMY OTPEIEIeHUIO JOJKHbBI ObIThH
9KBUBAJICHTHBI), 1 P SIBJISIETCS TPEICTABATEIEM UX KJIACCa K-
BUBAJIEHTHOCTH, N0JI0KuM J | (71 — T2)| =

{e|WWETL(p—=p))AE=C€(r—p oV 0 e}

. Mg mpown3BeneHnin

~ ~ ~

Jl(ar :m X Xap:m)] =T |ar 7| x - xT|an: 1]
Ecau BCe 9TH THIBI SBIAIOTCH IPYIIAMU, TO times IOHUMA-
eTcsl KaK MpsMOe TPOM3BEICHNe TPYII MPeobpa3soBaHuii.

. Hng dbysruuit u3 npousBe/ieHus B IPOU3BEJIEHUE € OJIUHAKO-

BBIMM METKAMY W THUTTAMHE
Jl((ar:m X Xan:Ty) — (a1 : 71 X -+ Xay:7))| =
Jl(ar:m —ar:m)| X+ xXT[(an:Th = an : )],

rJe X MOHUMAETCd KaK IPAMOe IPOM3BEJCHUE IPYIIT Ipeod-
pasoBaHuii.

. Hnst ocranbubix GyHKIM U3 TpousBeeHus T = (T X« - X ay, :

Tp) B pOU3BEEHNE p = (@y(1) : Py(1) X *** X Ag(n) * To(n)), T/1€
¥ — mepecranoBka uuces [1, ..., n], momoxum

=l ={e|HW@eT(r =) Ne=voeq_p)}.

YTBEPXKJAEHUE 23. /Jlas xaotcdozo muna T — p MOHCHO Halmu

maxolt mun ™ — ™, ¥mo

Tl —=pl={e|HW@eTl(r—m)| Ao =e@romovoemy)}.

JIerko JoKa3bIBAETCH MHIYKIUEH 110 OMTPEETEHUI0 HHTEPITPETAIAN.
PaccMoTpyuM OpOIO3UIIMOHAILHYIO JOMHKY C KOHCTPYKTHBHLIMU
cBaskaMn =, &, &&,~ m OOLIYHLIMU KJIACCHICCKHME CBA3KAMI.

Ceaska && Ha3bIBACTCA NAPasLeabHOTl KOWBOHKUUET 1 IMEeT He-
OnpesIe/IeHHY0 MeCTHOCTL. Takum obpasom, (A1&& - &&A,) ne
ABJISCTCA COKPAICHUEM.
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OIMPEJIEJTEHUE 24. Twumer gpopmyit.
Omupenennm ornomenue Type(A, 7), untaemoe «popmymna A mmeer
an tauy. ITO OTHOIIEHUE HE sABJIseTCa QyHKIme.

1.

2.

8.

. Ecim Type

(A
(A
. Ecmu Type(A, 1), To Type(~ A, ).
. Ecau Type(A4
(A

. Eciu Type

Ecmu A — snementapuas dpopmyna, To Type(A,0).
Ecau Type(A, 7) u Type(B, ), to Type((A = B), (7 — =).

)

,0), Type(B,0), To Type((A&B),0).
)
)

,7), Type(B, p)), To Type((A = B), (1 — p)).
, (1 — 7)), Type(B, (r — p)), 10

Type((A&B), (1 = p)).

. Ecim Type(Ay,71), ..., Type(An, ™)), a1, ..., an, — pasaud-

HBIE CJIOBA, TO

Type((A1&& -+ - &&Ay), (a1 : 71 X -+ X an 1 ).

Knaccrnueckue cBa3km Thna He MEHSAIOT.

OIIPEAEJIEHUE 25. lTpunuceisanue tunos TheType( A[B]) Bxox-
perusam toadopmyas B B dopmyny A. DTo mpunuceiBanmne sABJIs-
ercst byHKIIMEN, TPUYEM, BO3MOXKHO, HE BCIOJIy ONPEeJIeJIEHHOM. DTa
pyHKIMSA ompenereHa HeodHo3HAYHO.

1.

Bceewm skzemiispasm o/iHO# U TO# 2Ke MPOno3unoHAIBHON Oy K-
Bbl L OPUIINCHIBACTCA OAWH W TOT K€ THII.

. Ecin 8 mondopmyne B = C B u C npunucaibl n30MopQHbIe

turbl, 70 TheType(A[(B = C)]) moxer 6bith nbo Tunom B,
au6o tunom C.

. Toumo Tak ke gag cea3ok D, V, A, =.

. Ecin Boigenena noadopmysia ~ B, To

TheType(A[~ B]) = TheType(A[B]).
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5. Ecnm Beigenena moadopmyna ~ B, To

TheType(A[-B]) = TheType(A[B]).

6. Ecan Boigesnena noadopmyrna B&C, n TheType(A[B]) =
(T = p);
TheType(A[C]) = (p — m), o TheType(A[B&C]) =

(T — 7).

7. Ecmn Beinenena nogdopmyna B&C, u TheType(A[B]) = 0,
TheType(A[C]) = 0, To TheType(A[B&C]) = 0.

8. Ecanm Beigerena noadopmysna B1&& - - && By, n
TheType(A[Bi1]) = 71, ..., TheType(A[By]) = m,u a1, ..., an
— pasJIdYHbIEe CJI0BA, TO

TheType(A[B1&& - - - &&By)) = (a1 : 71 X -+ X ap : Tp).

9. TheType(A[A]) nHasbiBaercs Tunom camoii hOpMyJIbl IPHU JaH-
HOM MPUTTUCHIBAHNM.

QopMyna Koppexmma, eCan XoTs Obl IPU OJHOM ITPUTHCHIBAHUN OHA
WMeeT THUII.

DTO oTpeesIcHNe HAKTAIBIBACT CACTYIONNE CHHTAKCUTIECKAE OT-
panudeHus: a18e POPMYJIbI MOTYT CBI3LIBATHCA CBA3KOM, OTTHIHOM
or && wnn &, sumb B TOM Ciydae, €CaM y HUX UMEIOTCA W30-
mopdubie Trnbl. JIBe dbopmyasr A, B MOTYT CBAZBIBATHCA CBIA3KOM
& sk B TOM cydae, ecau oHH 06e nMetoT Tl (0 OHOBPEMEHHO
WJIU JKe JIJI HEKOTOPBIX TUIIOB T, 7, p BbinosHeHo Type(A, (T — )),
Type(B, (1 — p)).

TakuMm 0b6pa3oM, JUIIL MapasIebHas KOHBIOHKITAS MOXKET CBSI-
3BIBATH MTPOU3BOJIbHBIE POPMYJIBI. BO BCEX OCTAMBHBIX CIYUAAX MBI
MOTPY/IMJIUCH, YTOOBI IPU TTpeobpa3oBaHmsaxX WHMOPMAIUS He TOIB-
JIATACH W HE TePAIach.

SaMeTnM, 9TO mapasenbHas KOHbIOHKINS He WIAEMITOTEHTHA W
He accoruaTnBHa. OTCYTCTEUE KAKWX-TO MMIIIHKAIUH MexXay A u
A& & A menszbexkno, MOCKOMLKY TP TIEPEXOIE OT OAHON POPMYIBI K
npyroii aubo nybaupyercs, jnbo Tepsercs nndopmarus. Heaccoru-
ATHBHOCTD SIBJIAETCI CKOPEe MHTYUTUBHBIM DEIIEHNEM, HABETHHBIM
AHAJIOTHEN MEXK Ty KOHBIOHKITHEH W CTPYKTYpaMy Janubix. Hu onnm
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rHMOPMATHK HE CKAYXKET, 9TO TPU CIUCKA

(a,b,¢),((a,0),¢), (a, (b,c))

SKBUBAJEHTHBI TIO nHpoOpManun. A GOpMyIbl THIIA
(A&L&B&&C) = ((A&&B)&&C)

MPOCTO CHHTAKCHIECKN HEKOPPEKTHBI.
WMcTHHHOCTE M pealn3yeMoCTh KOPPEKTHON hopMy/Ibl Ha OallrHe
TPYIIT OIPEIeIsIeTCsT eCTECTBEHHO, TaK ke, Kak J1d RL.
KoMMyTaTHBHOCTE TapaJiiebHON KOHBIOHKIIMH BBITTOJTHAETCS.
Dopmyia

(A&&B) = (B&&A))&&((B&&A) = (A&& B))
TOXKJIECTBEHHO PEAJIU3yEMa.

8 HexkoTopsie BBIBOALI AJd METOJOJIOTHH,
nHQOPMATUKI U IJIEKTPOHUKU

BuumarensHo paccmarpusasi Tak HasbiBaemblit «Toffoli Gate» 3],
PeKJTaMUPYeMbIil KaK peajnu3aliis YCJIOBHOTO OMEpaTopa it pe-
BEPCUBHBIX BBHIYUCIECHUH, BUAUM, UTO OH OTHIO/Ib HE TTPOTHBOPEUNT
HAIIMM BBIBOJIAM O HEPEBEPCUBHOCTHU JM3BIOHKIHNA: WHMOPMAIUs
yasamBaercs! Takum 06pa3oM, KazKIbI YCJIOBHBIH omeparop Ju6o
IIWKJI BBI3BIBAET €ITe OJHO ayOaupoBanue wHdopMalmu, 06padaTsi-
BaeMOU B HEM.

DTO MOKA3BIBAET, TIOYEMY COPBAIUCH TTPOEKTHI CBEPXIIPOBOIAIIETO
cymepKoMIbioTepa. Takoil cymepKOMIBIOTED MOYKET ObITE JIAITH BbI-
YUCJIUTETHHON MEJTbHUTIEH I TPAKTUYECKHU TPIMBIX BbIYUCTEHU.
Bce ympasienune (He roBopsi y:Ke 0 BBOJE U BBIBOJIE HHMDOPMAIUH)
JIOJIZKHO OCYIIECTBJISITHCSA BHEITHUM TPAJUIMOHHBIM KOMIIBIOTEPOM.

Ho curyanmst ¢ 9KOHOMHUYIECKOH PEBEPCUBHOCTHIO HE BLITJISIIAT
CTOJTH Oe3HANEKHO. [T0CKOMBKY NTyHANPOBATHCS JIOKHA JIUIIEH Ta
nHMOPMAIHS, KOTOPasi MEHSIETCsI HEITOCPEICTBEHHO MPU BhIOOpE, a
Ha3bl TaHHBIX BCE PABHO IPOMaJIHBIE, PEBEPCUBHOCTL MOXKET OBIThH
3/1€Ch BIIOJTHE IPUEMJIEMBIM DEIeHueM.

3aMeTnM Tenephb, 9T0 (HOPMATBLHO JOMYyCTUMAsT ¢ TOYKH 3pe-
HUS TPYMIOBON WHTEPIpETAryy PEBEPCUBHOCTH  MapajiiebHas
KOHBIOHKITHST CPa3y Ke MPUBOANT K KOJOCCATLHOMY YTIKETCHHUIO
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KOHTIeNIrii. Tak 910 OOIMKil BHIBOI O TOM, 9TO JIUITHIE BO3MOYKHO-
CTU — CaMbIil CTpAIHBI Bpar, TeM 00Jiee B HBIHENIHENR CUTYAIINH,
KOrZa YOOMHHAHHUE «HOBBIX BO3MOXKHOCTEH» BJIeYeT IIPUCTYIL CJIIO-
H$IBOT'O TeJIIYbero BOCTOPra, MoJydaer elle 0ojiee KeCTOKOe II0/I-
TBepKAeHme. Jlake TeopeTHuecKr MOJHOCTHIO 0DOCHOBAHHAS BO3-
MOXKHOCTH MOXKET Ha TIPaKTUKE OKa3aThCdA Bparom, MOCKOJBKY XO-
pollas Teopusl BCerga OJHOCTOPOHHSIA.

Jlasee, ere pa3 MOATBEPIKIALTCS, UTO HET JIOTUUIECKOTO ILIIOPa-
gu3Ma. EeTh mpakTuvdecku OIHO3HAYHBIN MTOCTIE OCO3HAHNUSA 3aJat,
YCAOBUIT M PECYPCHBIX OTPAHUYEHUN BBIOOD JIOTUKW, MOIXOIATIEH
MMEHHO K JaHHOi# curyanuu. Tak uTo ecTh JIOrmYecKkoe MHOT00Opa-
3ue, JOTUIECKUE AJbTEPHATUBEI, JIOTUIECKUH BLIOOD, KOTOPHIH, KaK
U BCAKU DyHIAMEHTAIBHBIH BRIOOD, JTOJIZKEH JI€JIATHCS BECHMa OT-
BETCTBCHHO.

Eme pa3 nokazano, 4To pa3/uyHble PECyPChl BEJIYT K COBEPIIEH-
HO Pa3JuYIHbBIM JorukaM. J[oCcTaTouHO CpaBHUTH HUJIBIOTEHTHYIO,
VHTYUIIMOHUCTCKYIO, JMHEWHYIO0 W PEBEPCUBHYIO JIOTUKU. 1akK d9TO
CTAJIb MBIIJICHUS YeJOBEKa, CYUTAIOIIEr0 OCHOBHON IIEHHOCTBIO
JACHbBI'H, U1 CTUJIb MBIIIJIEHUA TOTO, KOTOprfI CUYNTAET OCHOBHOM neH-
HOCTBIO BpeMsl, HECOBMECTHMBI. A y3K 9TO TOBOpUTE 00 ucture! Ilo-
WCTUHE, HEb3d CIYKUTH ogHoBpeMento bory u mammore (;Lo6aBI/IM
erre, U CyeTe).

A B 001mIEM, BUIHO, 9YTO PEBEPCUBHBIE BRIUUCIEHUST — MTPEXKJIE BCE-
ro eme OAWH CTUJ/IL IIPOTPAMMUPOBAHUA CO CBOEH HCKJIIOYUTEIbHO
CBOEOOPA3HO JOTUKOM, 1 TJIABHOE MPEMNSITCTBIE 3/1eCh — HEBO3MOK-
HOCTBb IIOAXOJUTL K HUM C TPAIUNNOHHBIMUA MEPKaMU.
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