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O CUHTES3E JIETKOTECTNPYEMbBbIX CXEM
1N Ob OIIEHKAX /IJIMHBI TECTOB

H.II. Pedvkun

AnaHOTa U

B craThe paccMaTpuBaOTCH eqUHUYHBIE TPOBEPSAIONINE TECTHI T CXeM U3 (hyHKITHOHAIb-
HBIX 3JIEMEHTOB IPY WHBEPCHBIX HEMCIPABHOCTAX HA BBIXOAAX 3JI€MEHTOB, TPOBEPATONIHAE TECTHI
IJIS CXeM B CJIy9dae OTHOTHUITHBIX KOHCTAHTHBIX HEMCIPABHOCTEH HA BBIXOAX 3JE€MEHTOB, €JIH-
HUYHBIE TUAIHOCTHYECKHUE TECTHI JIJId CXeM B OECKOHEYHOM 0a3uce, MUHUMAJIbHBIE TECTHI /I
CXeM, Peau3yonmx I3 boHKIn0. [IpuBoggaTCS HOBBIE OLEHKU JAJIMHBL ITUX TECTOB. DTU OIEH-
KW B PAJE CIyIaeB ABIAIOTCS HEYTydIIaeMbIMHT.

KiroueBbie ciioBa: OysieBbl QYHKIWH, CXeMBI 13 (DYHKIIMOHAIBLHBIX 3JIEMEHTOB, HEUCIIPAB-
HOCTHU 3JIEMEeHTOB, IPOBePAIONINNA TeCT, JMarHOCTUIeCKUNA TeCT.

[IpuBesem OCHOBHBIE OMpEIEIEHUS, KACAIOIINECS TECTOB MJisd cxeM u3 (DYHKIIHO-
HAJIbHBIX 37eMeHTOB (cM., nampumep, [1,2]). Ilycrs S — cxema u3 GyHKIMOHATBHBIX
3/IEMEHTOB B Oa3uce B, KOTopasi B HCIIPABHOM COCTOSITHUM PEATH3YeT HEKOTOPYIO OyIeBy
dyukuuio f(Z), vae & = (z1,...,x,). [peanosoxum, yro Ha cxemy S BozzeiicTByer
HEKOTOPBI MCTOYHUK HEUCITPABHOCTEN, O/ BJIWSHUEM KOTOPOTO KAKHE-TO 3JIEMEHTHI
cxeMbl (B 00IIEM CjIydae — COBEPIIEHHO TPOU3BOJIBLHBIE) MOLYT TEPEATH B HEHCIPAB-
HbIE COCTOsTHUSA. VICTOUHNK HEMCIIpABHOCTEH OOBIYHO ONMMUCHIBALTCS MEPEeIHEM TeX (DYHK-
uif, KOTOpbIE MOIYT PEaTH30BLIBATH 3JIEMEHTBI 0a3uca MPU MEePeX0/ie B HEUCIPABHBIE
cocrosuusg. Beskas Gyukuus ¢(Z), peasusyemas cxemoii S npu Hajuduu B Heil Hewuc-
MPABHBIX JIEMEHTOB, HA3BIBAETCS (PyHkyuet Heucnpasrocmu. @ yHKITNS HENCTIPABHOCTH
9(Z) cunraerca mpusuasvrod, ecmn g(z) = f(Z), n nempusuarvhot, ecnn g(z) £ f(Z).
Iycrs G = {¢g1(Z),...,9-(Z)} — MHOXKECTBO BCEX HETPUBHAIBHBIX (DYHKINI HEMCTIpaB-
HOCTEH /1T 3aJaHHON CXeMbl S ¥ 3aJaHHOTO MCTOYHUKA HEHCIPABHOCTEH.

Besikoe muao)kecTBO T' HADOPOB 3HAYEHUI EPEMEHHBIX 1, . .., T, HA3BIBAETCS NOA-
nom nposeparowsum mecmom (IITIT) nna cxembr S, ecau jis 11060i HETPUBUATBHOT
dbyuxmn wvencripasroctn g;(Z) 3 G B T Haidigercst XoTst ObI OIMH HAGOP & TaKoii, 4TO
() # g:(5); MmHO)KecTBO HAGOPOB T HA3BIBAETCS NOAHLIM OUAZHOCTNUYECKUM MECTNOM
(ITAT) g S, eciiu T gBiisieTcs NOJHBIM IPOBEPAIONIUM TECTOM st S 1 Jist JF000i
napsl (g;,9;) dynkunumit vencopasrocreit m3 G B T Haiimercsa xors Obl oqus HAbOp &
raxoit, 10 g:(3) # ;(5) (i # ).

Ecnu B cxeme J0mMycKaercss TOJBKO OJHA HEUCIPABHOCTH (OJHOTO 3JIEMEHTA), TO
COOTBETCTBYIOMHMI TecT cunraercsa edunuunvim — nposepsionum (EIIT) umu nuaruo-
cruueckuMm (EJIT). TIpu ucciieoBanuyu eUHUYHBIX TECTOB OOBIYHO PACCMATPUBAIOTCS
HeU3OBIMOYHYLE CXEMbI, KOTOPBIE [IPU MOABJIEHUH JE000I (1011ycTUMOIl) 0JHOM Heucnpas-
HOCTU peasiu3yloT HeTpUBHAJIbHbIE (DYHKIIUM HeucupaBHocTu [2].

Yucsio HabOPOB B JIFOOOM TECTE HA3BIBAETCS AUHOT ITOTO TECTA; it TecTa 1 IIuHy
ero obozuatum depe3 L(T).

[Tycts paccmarpuBaercsa Kakoii-mubo onpeaenenusiii Bus rectos (IIIT, wau TTT,
win EIIT, win EJT). Torna L(S) = min L(T), rae MEHEMYM O€PeTCs 1O BCEM TECTaM
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paccMarpuBaemoro euga mas S; L(f) = min L(S), rae MurnMyM 6epeTcst o BeeM Cxe-
mam, peasusytonmm 6ynesy dyukuuoo f(Z); L(n) = max L(f), rae makcumym Gepercs
0 BCeM OyeBbIM (DYHKIIUAM OT 7 [MEePEMEHHBIX.

['maBHbIe 3a7a9W TEOPUN TECTOB s cXeM U3 (PyHKIIMOHATIHHBIX 3JEMEHTOB — 3TO
nccaenopanve nosesennst dbyukunn lennona L(n), a 1yt MHANBAIYATBHBIX OyJIeBBIX
dbynxmmit f — nosenenns dynxmmuun L(f). Dr1o knaccuueckne 3amadan. MoryT ObITh 1
JIpyTHe MOCTAHOBKH, KOTJIA, HAIIPUMED, BBOJISITCS JTOTOJTHUTEIbHBIE « KOHTPOIbHBIE TOY-
KH», TO €CTh PAa3PEIaeTcss IPU TECTUPOBAHUU HADIIONATH U YIUTHIBATH PEATU3YEMbIe
cxeMoil (pyHKIMU HE TOJBKO HA BBIXOJE CXEMbI, HO €I€ U B HEKOTOPOM KOJTHIECTBE
BHYTPEHHWX BEPIWH; MJIN KOT/IA, CKayKeM, NCMOJIb3YI0TCA (PYHKITMOHATBHDBIE 3JIEMEHTHI,
MNMEIOINe He 10 OJIHOMY, a 10 HECKOJIHKO BBIXO/IOB.

Hurke mpuBomsTCS pe3yabTaThl, TIOAYyUYeHHbIE 3a MOCIEHIE TPUMEPHO TATh-TECTh
ger Ha Kadeape TUCKPETHOW MATEeMATHKU MEXaHHKO-MAaTeMATHIeCKOro (axyibrera
Mockosckoro rocyaapcrsennoro yausepcurera um. M.B. Jlomonocosa.

1. E,I[I/IHI/I‘leIe nmpoBepdoIane TeCThbl OJId CXeM
IIPU MHBEPCHBIX HEUCIIPABHOCTAX 3JIEMEHTOB

[IycTs 3aman TpoW3BOIBbHBIN (DYHKIMOHAIBHO TOJHBIN KOHedHbIH 6a3uc B. Bymem
paccMaTpuBATh CXeMbI 3 PYHKITMOHAILHBIX 9JIEMEHTOB B Oa3nuce b u Oymem momyckarn
OJIMHOYHBIE UHBEPCHBLE HEUCTPABHOCTNAL HA BHLL00AL STEMEHTOB. DTO 03HAYAET, YTO €C-
JIU HEKOTOPBIA 3JIEMEHT B HMCIPABHOM COCTOSIHUU peanu3yer OyneBy (DYHKIUIO @ OT
MO/TABAEMBIX HA €r0 BXObI MEPEMEHHBIX, TO B HEHCIPABHOM COCTOSHUU ITOT IJIEMEHT
peanusyer p. HeucnpaBHbiM B cxeMe MOXKET ObITH TOJIBKO OuH (J11000i) 371€MeHT.

Nmeer mecTo

Teopema 1 [3]. Jwbyio 6ysesy Pynkuuro moscHo peaiusosams HeudbbmowHotl
cxemoti, donycrarowel eduHuuHbLl NPOSEPAIOWUT mecm He boaee wem U3 mpex Habo-
pos.

2. IIpoBepgromiye TecThbl AJisl CXeM B cJydae
O/THOTUITHBIX KOHCTAHTHBIX HEWCIIPABHOCTEH
Ha BBIXOJaX 3JIEMEHTOB

31eCh TPEIOIAraeTCsl, 9TO NCTOYHUK HEMCITPABHOCTEH BBI3BIBAECT 00HOMUNHBLE KOH-
cmanmuvie Heucnpasrocmu muna 6, 6 € {0,1}, na evzodaxr 3neMeHTOB, 3aKjH0Ya-
IOIUEc B TOM, 9TO BCAKHI Hepemefuii B HeUCIPABHOE COCTOSHME 3JIEMEHT BMECTO
npunucannoil emy dbyHkun (HanpuMep, KOHbIOHKINK MOJABAEMbIX HA €r0 BXOJbI Ie-
PEMEHHBIX) HAYMHAIOT BHIJIABATH OYJIeBY KOHCTAHTY §. JIJis 3TOrO Ciiyuast TOJIyueH Pl
pe3ynbTaToB (GOJBIIEH JACTHIO ABIAIOMMAXCS YIKE OKOHTATETHHBIMH ).

Teopema 2 [4—6]. [z 4106020 namyparvrozo n > 2 6bNOAHACTCA PABEHCNEO
&N,
LI{IHT }(n) =2.

Teopema 3 [7]. Jaa arboti moromonnotl byaesol gynkuyuu [ umeem mecmo pa-
6EHCME0

LEG ) =1

Teopewma 4 [6]. B cayuae neucnpasnocmetdi muna «1» das 24106020 Hamypaavhozo n

B6HINONHAEMCA PABEHCIMNEO

&,®,1,0
Lén? }(n) =1
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Teopema 5 [6]. B cayuae neucnpasrocmeds muna «0» 0as 4106020 HAMYPAALHOZO N
BHINONHAEMCA HEPABEHCMBO

&,®,1,0
LIEHT }(n) <2

31ech W HUXKE BEpXHHE WHIEKCHI B obo3HaueHusx (yukiuii [llennona yxasbiBa-
o1 6asuc, a HukHHE — BU TecTa. CUMBOI « @ » 03HAYAET CJIOXKEHUE TIO MOIYJIII0 [IBA;
ompejiesieHre MOHOTOHHOI OyseBoii (byHKIMK MOXKHO HaiiTh, Hampumep, B [8]. Bepx-
HUE OlLEHKM B Teopemax 1-5 (U BCeX HOCJENYMONIUX) HOJIYyYar0TCsd KOHCTPYKTUBHO —
MTOCTPOEHUEM TOAXOIANNX cxeM. HUKHAA OneHKa TeopeMbl 2 CleayeT U3 yCTAHOBIEeH-
HOIl COOTBETCTBYIOIIEH HUKHEH OIEHKU /1714 SKBUBAJIEHTHOCTHU

&V,
Li{IHT }(35 ~y) > 2;

B TeopeMmax 3, 4 HUKHUE OIEHKN OYeBU/IHBI.

ITycts F),,, — Oymes omepaTop W3 m OTIANIHBIX OT KOHCTAHT OyneBBIX (yHKIMit
f1(@),. . fn(@), THe & = (21,...,2,), a S — cxema u3 YHKINOHAIBHBIX 3JIE€MEH-
T0B, peamusyomas Iy, ,,. Habop G = (¢1(Z),...,9m(Z)) dynkmit Hencrupasrocrei
cxeMbl S CUMTACTCH HEMPUBUAALHBIM, €Cid X0Ts Obl oaua dyukuusa ¢;(Z) uz G or-
JudHa oT coorBercrByoieil eii dyukuuu f;(Z), To ectb ¢;(Z) Z fi(Z). Muoxecrso
T BXOIHBIX HAOOPOB 3HAYEHWIH MEPEMEHHBIX CXEMBI S HA3BIBAETCS NOAHbLM NPOGEDA-
owum mecmom das S, ecnu s 1r000TO HETPUBUAJIBHOrO Habopa (yHKIHUH Hewmc-
npasuocreit (g1(Z),...,9m (%)) B T maiimercs xorst ObI ommH HAGOp & TaKOii, €TO

(f1(@), .-, fm(3)) # (91(5), - -, gm(5)).

Teopema 6 [6]. oy cucmemy F, ., u3 m omausHsir om xoncmanm 6yneeuir
Pynryuts mostcro peanruzosams cremotl 6 basuce {&,V, "}, donycrarowets noanwiii npo-
separowult mecm we bosee wem u3 k + 1 nabopos, 2de k — wucao dynkyut uz F,
COTPAHAOUUT OUHUYY.

B nocneaHef/i TeopeMe BEPXHAA OIICHKa JJWHBI TeCTa B O6H.[eM CJIyYae HeyaydriaeMa.

Teopema 7 [6]. /by cucmemy u3 m OMAUNHOLEL O KOHCTNAHM MOHOTNOHHHLL
boynesur PYHKUUT MOHCHO PEAAU08AMb CTEMOU, ONYCKAOWET NOAHBLT TPOSEPAIOULUT
mecm u3 08yx nabopos.

[naBuas umges, ucrnosb3yeMas MPHU MOy YeHUN BEPXHUX OIMEHOK Teopem 1-7, 3aKirio-
4aeTcsd B 0DABJIEHUU B CXEMY CIIEIUATBHBIX «KOHTPOJIbHBIX» JJIEMEHTOB WU [TarKe Iie-
meii W3 JIeMEeHTOB, KOTOPbIe caMmu 1o cebe, B ODIEeM-TO, U He yYACTBYIOT B BBIYUCJTIE-
HUU peajum3yemMoii cxemoil (byHKINMU, HO 3aTO OMpPEIeJeHHBIM 00pa30M «pPearupyroTs
HA TIOJIOMKH 3JIEMEHTOB CXEMbI U TEM CaMbIM MO3BOJIAIOT JOCTATOYHO TPOCTO (TO €CTh
C UCMOJIb30BaHUEM HEGOJIBIIOrO YUCIa TECTOBLIX HAOOPOB) OOHAPYIKUTL MEPEXOJ, CXe-
MbI B HEHCIIPABHOE COCTOSHNE, KOIAa CXeMa Peanu3yeT y2Ke HeTPUBUATIbHYIO (DyHKIHIO
HEHUCIPABHOCTH, OTJUIHYIO OT MCXOAHON (DYHKINH, peaanu3yeMoil CXeMOi B UCIPABHOM
COCTOSTHUM.

3. JdmarHocTu4yecKue TeCThbI JJIs CXeM
B OJHOM OecKOHeYHOM basmce

B maremarudeckoit Teopun CIO0KHOCTH CXeM U3 (DYHKIINOHATHHBIX JIEMEHTOB yCTa-
HoBsieHO (mpezkze Beero B paborax O.B. Jlynanosa), 4To npu yCJOKHEHUH JIEMEHTOB
6a3uca (pu yBeJIUYEHUH YUCJIA BXOJIOB Y 9JIEMEHTOB) /Il «[I0YTH BCeX» OyJieBbiX (DYyHK-
Ui MOYKHO JOOUTHCST CYIIIECTBEHHOTO YMEHBITIEHUS CJI0KHOCTH CXEM, OIEHUBAEMOI, CKa-
JKEM, YUCJIOM (PYHKIIMOHATBHBIX 3JIEMEHTOB B cxeMax. KpaitHuMm cirydaem yCIOXKHEHUs
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0a3MCOB €CTECTBEHHO CYUTATDH MEPEXo, K OECKOHeYHbIM Da3ucaM. VccmemoBanns Caoxk-
HOCTH CXeM B OECKOHEYHbIX 0a31cax HPOBOAMUINCH PSJIOM aBTOPOB, U OBLIO yCTAHOBJIEHO,
YTO Iepexo/l K DeCKOHEeIHOMY 0a3KCy, KaK IIPAaBHJIO, II03BOJISeT BECbMa CyIeCTBEHHO I10-
Hu3uTh poct ¢yuknun [lerrnona, 3aga0meil HANMEHbITEe BO3MOXKHOE 9UC/I0 (DYHKIIH-
OHAJIBHBIX JIEMEHTOB, JOCTATOYHOE [IJIsi PeaTn3allnu CXeMoil J1r000it OyieBoil (byHKIIN
OT M TIePEMEHHBIX.

PesynbraThl 10100HBIX HCCAEAOBAHMIA 110 CJIOXKHOCTH CXE€M 3aKOHOMEPHO HABOIAT Ha
MBICJIb O IIOCTAHOBKE COOTBETCTBYOIIAX TECTOBBLIX 3a/a4 110 JUACHOCTHKE U KOHTPOJIIO
UCIPABHOCTH cxeM. IIpeicrapisiercss aKTyabHbIM, HAIPUMeEp, TAKOH BOIPOC: MOXKHO
JI1 TOOUTHCS CYIIECTBEHHOTO (M HACKOJIBKO CYIIECTBEHHOIO) COKPAIICHUS JTUHBI Te-
CTOB JIJIsT CXeM TIPH TMepexoie K OecKoHedHbIM Oazncam? 371eCh MBI MTPUBOIUM MPUMED
0eCKOHEUHOTO 0a3mca, MO3BOJISIONINN TaTh YTBEPAUTEIbHBIN OTBET HA MOCTABJIEHHBIN
BOIIPOC.

Bymem paccmarpuBarh cxeMbl 3 (PYHKIIHOHAIBHBIX 3JEMEHTOB B OeCKOHEIHOM Oa-
suce B = {z1&xo, v1&xo&xs, ... ;21 Vag, 21 VraVas, .. .; T} (B B BXOAAT KOHBIOHKINH
U JIU3BIOHKIUU OT JII0O0r0 YnC/Ia MepeMeHHbIX u orpunanue). JIag ¢yHKImuoHaaIbHbIx
9JIEMEHTOB CXeM OyIeM TMPEeNnoJaraTh BO3MOKHBIMHU OJHOTUITHBIE KOHCTAHTHBIE HEWC-
[IPABHOCTH Ha BbIXOzax 3jeMenToB. CopaBeiiuBo Caeayolnee yTBEePKIeHHE.

Teopewma 8 [9]. Jwbyio bysesy dynxuyuto f(x1,...,2,), n =1, moocro peasuso-
eamb cxemoli 6 bazuce B, donyckaowed edunuunsiti duaznocmuueckut mecm, OAuHa
Komopozo we npesocrooum 2[logy(n +1)] + 2.

3amevanne. g anasorundHoi 332491 CHHTE3A JIETKOTECTUPYEMbBIX CXEM B KOHEY-
HoM Gasznce {x1&xo, 1 Ve, T} HAWIYUINAsA N3BECTHAS K HACTOSIIIEMY BDEMEHH BEPXHsIsI
OlIEHKA JITUHBI €UHUYHOrO JIUATHOCTUYECKOTO TECTa, HOCHUT JIMHEHHBIH (10 ) Xapak-
rep [10]: n06yio GyneBy dDyHKIMIO OT 1 II€PEMEHHBIX MOXKHO Peajn30BaTh CXEMON u3
dyukuuonanpubix semenToB B 6asuce {x1&xs,x1V T2, T}, A0NyCKAOIEH eMHUIHBLI
JIUATHOCTUYECKUH TECT, JIJIMHA KOTOPOTO HE MPEeBOCXOJUT 2n + 1.

Cy1mecTBeHHOI 0CODEHHOCTHIO CXeM, UCTIOIb3YEMbBIX MPU J0KA3ATETbCTBE TEOPEMbI 8,
SIBJISIETCST TO, YTO 3TH CXeMBI cozepxkar Mazno (He Gosee deM [logy(n + 1)]) muBepro-
POB; BO3MOXKHOCTH pEAJM3AINu JII000# OyIeBoil (DYHKIMH OT 7 TMEPEeMEHHBIX CXEMOI,
cofeprkarreil Takoe YMCI0 WHBEPTOPOB, ycTaHoBiaeHa A.A. Mapkosbiv B [11].

4. O MUHMMAJbHBIX TecTax AJId CXeM,
peaqn3yrwinnx JU3bIOHKIIUIO

Tecrbl muist cxeM, peanu3yomux AU3bIOHKIMIO, paccMarpuBaiuch B [12]. B kauecrse
HEUCIPABHOCTE! MPEIOIarajuch NHBEPCHBIE HEUCIPABHOCTH: a) HA BXOJAaX cxeM; 0) Ha
BXO0/IAX JIEMEHTOB CXEM; B) Ha BBIXOJAX 3JIEMEHTOB CXEM.

Ecin Ha HEKOTOPBII UCHPABHbBIA BXOJ CXEMbI MMOJAETCH MepeMeHHas &, TO MPHU Iie-
pexozie 3TOr0 BXO/a B HEUCIPABHOE COCTOSIHUE HA HEro mojaercs T. J[jas WHBEPCHBIX
HEUCIPABHOCTEN HA BXOJAX CXEM TECTBI ONPEIEISIOTC TOJIbKO Peaan3yemMoir pyHKIm-
eif, a TOTOMY YaCTO HA3BIBAIOTCS TeCTaMu (hYHKITHIA.

Teopema 9 [12]. Munumasvhod edunuwnvili nposeparwud mecm GYHEUUY
1 V...V x, codepocum odun Habop, a MUHUMAALHbLT COUHUNHBLT JuazHOCUYECKUT
mecm amot orce PyHKUUU codepacum N Habopos.

Teopema 10 [12]. Munumasvrod noawsdi nposepaowuli mecm GyHEUUY
21 V... N &y codeporcum odun Habop, & MUHUMAAHBT NOAHBLE JUGZHOCTNUNECKUT mecm,
amoti oice pyuryuu codepotcum 2" — 1 wnabopos.
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Ecnu wcnpasvbiii snement FE npu momade Ha ero 1-if, ..., i-if, ..., k-ii BXO-
JIbl [IEPEMEHHBIX X1, ...,L4, ..., L peanudyer o(T1,...,T;,...,Tx), TO B CJIy4ae HUH-
BEPCHOIl HEUCHPABHOCTU {-I'O BXOAA ITOT 3JIEMEHT peasu3dyer o(T1,...,Ti,...,Tk),
a B ClIydJae MHBEPCHOI HEMCIPABHOCTH Ha BLIXOAE 3dJeMeHTa F oH OymerT BhIIABATH
D(x1, oo Xy ooy T)

JIJ1s1 MHBEPCHBIX HEMCIPABHOCTEH HA BXOJAX 3JIEMEHTOR ITOKa3aHa

Teopema 11 [12]. Jlaa 4106020 namyparvrozo n > 2 UMEEM MECTNO COOTMHOULEHUE
L@ v . va,) =L@ v . vae,) =1.

1719 vHBEPCHBIX HEMCIIPABHOCTEH HA BBIXO/IAX IJEMEHTOB CIIPABE/INBA

Teopema 12 [12]. Jlas 14106020 namypasbhozo n = 2 uMeem Mecmo COOMHOULEHUE
L@ v . va,) = L@ v.. . va,) =2.

Yreepxkaenus Teopem 11 u 12 cupasemuBbl u i cxeM B nosiHoM Oasuce {& — y, T}
[12].

PaGora seinosaena npu dbunancosoii nogaepxkke POOU (npoext Ne 08-01-00863) u
ITporpammbl nozepkku Beaymmx HaydHbix mkoa P® (upoexr Ne HITI-4470.2008.1)

Summary

N.P. Redkin. On the Synthesis of Schemes Permitting Short Tests and on the Estimates
of the Test Lengths.

The paper regards single checking tests for schemes of functional elements by inverse errors
on the element outputs, along with checking test for schemes in case of one-type constant errors
on the element outputs, single diagnostic tests for schemes in the infinite basis, minimal tests
for schemes realizing disjunction. The new estimates are produced for the length of these tests.
In certain cases these estimates are best possible.

Key words: Boolean functions, schemes of functional elements, element errors, checking
test, diagnostic test.
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