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PA3JIEJI 1. INIAHUPOBAHUE UCCJEJIOBAHUM B PACTEHUEBO/ICTBE
Jleknus 1.1. IlnannpoBanne MHOropakTOPHBIX M0JIEBbIX ONILITOB B
PacTEeHHEBOACTBE HA OCHOBE METOAA «CMeIIMBAHM»

Bormpocsr:
1. Kareropuu nndopmanuu nosHon (HakTopruaibHONW CXEMbI TIOJIEBOTO OTIBITA
2. AKTyaJbHOCTH MeTOjIa OJIOKOB M OCHOBBI METO/1a «CMEIITHMBAHUS
3. dopmupoBaHue OJIOKOB Ha OCHOBE METOJIa CMEIIUBAHUS B cXeMax 2"
4. BIOKMPOBKA BAPUAHTOB B JBYX HampasjieHusx cxem 2°u 4°

daxkTopuanabHas cxema MO3BOJIAET BCIO MH(YOPMALUIO, TOCTABISEMYIO OIBITOM,
pa30uTh HA HECKOJIBKO KaTeropuii: riaBHble 3((PeKThl PaKkTOpoB, UX MAapHBIE B3aUMO-
neucTBUs (TIEPBOTO TOPSI/IKA), TPOWHBIE B3aMMOACHCTBHS (BTOPOTO MOpSAKA) U T. 1.
OTH B3aUMOJIEUCTBHSI MMEIOT Pa3HYI MPaKTUYECKYI0 3HauYuMOCTh. Hampumep mnpu
COBMECTHOM H3y4Y€HUHU JeBATU (pakTopoB mpumepHo 95% uHbopmanuu o0 uX Jei-
CTBUU M B3aUMOCBSI3M COCPEIOTOUYMBAIOTCS B IIABHBIX 3P (deKTax M MapHBIX B3aUMO-
neiictBusax. OcTajabHble B3aUMOACHCTBUSL BBICHIETO MOpsAKa (BILUIOTH JO BOCHBMOTIO),
KOTOPBIX OOJIBLIMHCTBO, COZIEPKAT B ce0e OCTaIbHYI0, COCTABIISIIOILYIO TOIbKO 5% OT
oOmieit, nHopmalrio. ITO yKa3bIBaeT Ha TO, YTO B3aUMOJEHUCTBHUS BBICIIETO MOPSIIKA,
KaK MPaBUJIO, UMEIOT MaJyl0 BEJIMUMHY. B CBsI3U C Te€M, 4TO MOJEBOM ONBIT, KaK yCTa-
HOBJICHO paHee, MOYTH BCErJa COIMPOBOXKIACTCS OTHOCUTENIBHO OOJBIION OIIMOKOMH,
B3aMMO/ICHiCTBUA OoJiee BHICOKOTO, YeM TEpBbIi, MOpsAKa, KaK MPaBUJIO, OCTAIOTCA B
CUJIy CBO€H MajoCTH HEYJIOBUMBIMU (He3HauYMMbIMH). OHU HE BBIXOIST 332 TPaHUIIbI
OLIMOKH OMbITA U MMOATOMY HE MOTYT B 3TUX KOHKPETHBIX YCIOBHUSX CUMTATHCS peajib-
HO CYILECTBYIOIIMMU. DTO 03HAYAET, UYTO TAKHE B3AMMOCHCTBUS HE UMEIOT MpPaKTUYe-
CKOTO 3HaYE€HUsI U UMU MOXKHO IIpeHeOpeyb (TO €CTh MPUPABHATH UX HYJI0) 0€3 KaKoro-
100 cyliecTBeHHOro yiiep0a obiei nndopmaiuu, u3BiekaeMon u3 onbita. K atomy
cienyer J00aBUTh, YTO B3aUMOJACHCTBUS BBICILIETO MOPSIKA, XOTS OHM U UMEIOT Mare-
MaTHYECKOEe BhIpOXKEHHE, Ha MTPAKTUKE TPYAHO UHTEPIPETUPYEMBI, BCICICTBHE YETO UX
JIOTUYECKOE COAECPIKAHNE TAKXKE MTPENCTABIIACTCS MAIIO3HAYAIINM.

[ToneBbie OMBITHI C TPOMO3AKUMH IMOJHBIMU (DaKTOpUATbHBIMU CXEMaMH B HC-
CJIEIOBATENIbCKOM MTPAKTUKE ITOBOAAT B OCHOBHOM 10 METOly PACIIEIIJIEHHBIX JEISHOK.
OTOT METOA JOCTarouHo ynoOeH mpu paboTe B MOJ€, HO OH MMEET CYIIECTBEHHBIN
HEIOCTAaTOK: B MHOTOBAPHAHTHBIX OMBITAaX C OOJNBIIUMH pa3MepaMu MOBTOPEHUI HAYH -
HAaIOT CHJIbHO NPOSBISATHCS HEPABHOTOYHOCTh CPaBHEHHUS MIABHBIX 3(P(EKTOB U B3au-
MoJIecTBHIM. D(P(PEKTh BAPUAHTOB, PAa3MELICHHBIX Ha CYOJEIsIHKAX, a TAK)KE B3aHUMO-
JEHCTBUS BBICIIMX MOPSAIKOB OLEHUBAIOTCS OOBIMHO Oo0Jiee TOYHO, YeM IvIaBHBIE 3(-
(eKTbl BapUaHTOB, 3aHUMAIOLIUX JEISHKA NEPBOro NopsAjka. Teopus MiaHUPOBAHMS
AKCIIEPUMEHTA PEKOMEHAYET B 3TUX CIIy4asix UCIOJIb30BaTh METOJl CMEIIMBAHUS. DTOT
METOJ] TTO3BOJISIET 3HAYUTEIHLHO MOBBICUTh TOUHOCTh CPABHEHHUSI INIaBHBIX 3(P(HEKTOB B
MHOTO(AKTOPHBIX OIMbITaX C MOBBIIICHHBIM YHCIIOM BapUAHTOB.

CoBpemeHHasl Teopus IUIaHUPOBAaHUS 3KCIIEPUMEHTOB J1a€T OPUTHHAIBHOE pa3-
pEIIeHUe ATOrO 3aTPyJHEHUs, PEKOMEHIys CIIelUalbHbIi, pazpaboTanusiii P. A. ®Ou-
IepoM, MeTO OJIOKOB. DTOT METOJ] COCTOMUT B TOM, UTO Ka)KJI0€ IIOBTOPEHHE, COJEPIKa-



1iee BECh OMpeaeisieMblil (pakTopruaabHON cXeMoil Habop BapuUaHTOB, pa30MBAETCS Ha
HEKOTOPOE YHMCIIO B OMPEJCICHHOM CMBICIIE PaBHOIIEHHBIX YacTeil — OJOKOB TaK, 4TO-
OBl OmMOKa OTBITA 3aBHCENA OT MECTPOTHI TUIOIOPO/IUS MOUBHI TOIBKO BHYTPH OJIOKOB,
HO HE BHYTpPH Bcero 0osiee 0OIMPHOTO MOBTOPEHUS, TJie OHA anpuopu Oonbiie. Eciu
Takue OJIOKM BKJIIOYAIOT 15-16 OMBITHBIX NEISHOK, TO SKCIIEPUMEHTANIbHAs OLIMOKa
OCTaeTCs Ha TOM JIOIYCTUMOM YPOBHE, IPU CKOJIb YTOJHO OOJBIIOM YMCIIE BApUAHTOB
B OIIbITE B LIeJIOM. TO €CcTh, METOJ] CMEIIMBAHUS IIPEyCMaTPUBAET BBIJCICHNUE BHYTPH
MOBTOPEHUH CIIEUATbHO OPraHU30BaHHBIX OJOKOB (HETOJHBIX MOBTOPEHHIT), BKIIIOYA-
IOLUX OIpEeeICHHbII Habop BapuaHTOB cxeMmbl. CpaBHEHHs BHYTpPH OJOKOB Oojee
TOYHBI, YeM MEXIy OJIOKaMH, U MOITOMY BapHAHTHI TPYNIHUPYIOT B OJIOKU TaK, YTOOBI
BHYTPUOJIOKOBBIE CPaBHEHHS COCTABIsUIM Hambosiee CyIIECTBEHHYIO YacTh Pe3yibTa-
TOB OIBITA, @ MEXKTyOIOKOBBIE CPAaBHEHUSI — MEHEe CylIecTBeHHYI0. Hanmpumep, MOXXHO
MOXKEPTBOBATh B3aUMOJICHCTBUSAMH BBICILIETO MOPSIKA, 3HAUUMOCTh KOTOPBIX MaJoOBe-
positHa. TakuM 00pa3oM, CMEITMBAaHUEM HA3bIBACTCS TAKOH CIIOCO0 pa3MeIIeHNs BapH-
aHTOB, MPU KOTOPOM B Ka)KJIOM TTOBTOPEHUHU BCe KOMOMHAIIMH BapUAHTOB TMOIPA3CIs-
10T Ha JiBe WK OoJjiee rpymn (O6J0KOB) Tak, YTOOBI PA3HOCTH MEXKy T'PYIIIIaMH COCTaB-
TSI B3aMMOJICHCTBUSA BBICILIETO MOPSIIKA, MPEACTABISIONINE MEHBIINI HHTEPEC, YeM
r1aBHbIe A(G(EKTH U B3aUMOJICUCTBUSI MEXIy AByMs ¢akropamu. Bzaumonencrsus
BBICILIETO MOPSIKA IPU TAKOM Pa3MEIIeHUH ONbITA OTOXKIECTBIIAIOTCS, CMELINBAOTCS C
MEX1yOJI0KOBBIMU Pa3IUYMUIMHU, U, CIEIOBATEIbHO, SKCIIEPUMEHTATOP KEPTBYET CBE-
JICHUSIMH O TAKUX B3aUMOJICHCTBHSIX.

Takum oOpa3oM, pacmpesesieHne BapHaHTOB BHYTPH MOBTOPEHUS TIAHUPYETCS
TaK, 4TOOBI pa3Nuyus OJOKOB COBIAJANNA C HECYHIECTBEHHBIMU B3aWMOJICHCTBUSIMU
BBICIIIETO MOPSI/IKA, TO €CTh MPOU3BOAT CMEIIMBAHUE STUX B3aMMOJACUCTBUN C OJIOKa-
mu. OTCI0fla Ha3BaHUE «METOJI CMEIIMBaHUM). 3ECh, TAKUM 00pa3oM, €CIi MPOUCXO-
IUT TOTepsi MHQPOpPMAIMHM, TO OHA Majla W OTHOCHTCS K Majo3Hayalield ee YacTH.
Paccmorpum 310 Ha nipocreiiiiem npuMepe. IIpu BocbMepHOM cxeme MOXKHO pacripejie-
JIUTh BapUAHTHI MO IByM OJIOKaM CIIEAYIOIIMM 00pa3oM:

[TepBsrit 10K Bropoii 6510k
N, P, K, NPK 0, NP, NK, PK

Ecnmu cpaBHuUTh 3TO pacmpeneneHue ¢ (HopMmynoid TPOWHOTO B3aMMOICHCTBUS
(NPK), TO MOXHO yOAUTHCS, YTO pa3Indue MEXKIy OJOKaMHU B TO JK€ BPEMS SIBIISICTCS
BEJIMYMHOMN (KOHTPACTOM), OIIPENEIIIONIEH 3TO B3aUMOJIecTBIE BTOporo nopsiaka. Ho
TaK KaK B3aMMOJECHCTBUE BTOPOrO MOPSAKA B CBA3U C PAHEE CKA3aHHBIM HE MOXKET
OBITh 3HAYUTEIHLHBIM U UM MOXKHO MIpeHEOpeUb, TO pa3inuue MKy CPEAHUMU ypOxKa-
sIMU OJIOKOB CJIEZIyeT B OCHOBHOM MPUITHCATh PA3IUUUIO TUIOJOPOAMS TEX YacTel mos,
KOTOPBIE 3aHUMAIOT 3T OJIOKH. TeM caMbIM ompeJiesieHHasi 4aCTh MeCTPOTHI ILI0A0PO-
nust (TJIaBHBIM 00pa3oM ee JIOKaJbHbIH KOMIIOHEHT), XapakTepu3yemas pazinuueM 0110-
KOB, CTAHOBUTCA IO/l KOHTPOJIb, YTO MO3BOJISET MIPU IMOMOIIHU CIIEIIUATbHON KOPPEKTHU-
POBKU JaHHBIX (IpUMEpbI OyIyT MPUBEACHBI JAJbIIE) UCKIIOYUTH 3Ty KOHTPOJIUPYE-
MYIO 4acTh OOIIETr0 BapbUPOBAHUS U3 OMIMOKH OIBITA, TO €CTh B TOW MJIM WHOU Mepe
CHU3UTH €e. B 3TOM cilyyae Mbl IepexoauM OT CPABHEHUSI BAPUAHTOB BHYTPU ITOBTOPE-
HUS B IIEJIOM K CPAaBHEHHUIO BHYTPHU OJIOKOB, BCIIEJCTBHE YE€TO MOXKHO OXKHJIaTh YMEHb-
IeHNe OmUOKK ombITa. MmmocTpupyeM 5TO TOJOXKEHUE HA TOM K€ MPUMEPE JBYX



onoxoB. Hanpumep, cienyer onpenenuts raBHbiid 3 dexT dpakropa N. Ecnu B nepBom
onoke onpeaenum Bennuuny 1/2[N+NPK)-(P+K)], a Bo BTopoM BeTMUuHY:
172[(NP+NK)-(0+PK)],

TO, HAXOJIA CpeIHee UX 3HaYeHue, onpeaeaumM naBHbii addext (N):

1/4[(N+NPK+NP+NK)-(P+K+0+PK)].

[IpaBaa, 1Ba YaCTHBIX KOHTPACTA, IPUBEACHHBIX BBIIIE, CAMU T10. ce0e HE UMEIOT
CMbICJIa PUBBIYHBIX «IIPHUOABOK», a MPEACTABIAIOT cO00I MPOCTO HEKOTOPHIE TPYIIIO-
BBIE CPABHEHUS, HO JUIsI KOHCTPYKIIMU OLIMOKU CO CTATUCTUYECKOM TOUKH 3PEHUS 3TO
HE MMEET 3HA4Y€HHUs, BaXKHO JIUIIb TO, YTO 3TH CPaBHEHHs MPOU3BOIATCS BHYTpPHU OJ0-
koB. TakuM 00pa3oM, XOTS 37€Ch U B3ATHl JBE YaCTHbIE BEJIIMYMHBI, «HE HMEIOIIHE
CMBICJIa», OAHAKO WX OOBEIMHEHHE JTa€T BIIOJHE PEAbHYIO BEJIMYUHY, B KOTOPYIO IO
OMPEJICTICHUIO BKJIAABIBAETCA CMBICH 1aBHOTO 3¢ dekra (N), moimyuyeHHOro cnocodbom
BHYTPHUOJOKOBOTO CpPaBHEHHUS BApUAHTOB. Takoe K€ IMOJOXKEHHE U C ONpelleJICHUEM
B3aumojencTeus, Haripumep (NP). 3necs BHyTpu 6510KOB 00pa3yeM KOHTPACTHI:

12[(K+NPK) -(N-P)] u 1/2[(0+NP)-(NK+PK)],

CpelHee U3 KOTOPBIX UMEET BHI:

1/4 [(K+NPK+0+NP)-(N+P+NK+PK)].

3nech B CKOOKY €O 3HAKOM IUTIOC BXOJST BapuaHThl, Iie N u P BcTpevaroTcs BMe-
cte ¢ (NPK u NP) unu o6a orcyrcrBytor (K u 0), a ckoOKy co 3HaKOM MUHYC COCTaB-
JISIIOT BapUaHTHI, B KOTOPBIX 00a (hakTopa MpecTaBiIeHbl B OTACIBHOCTH IPYT OT JIpY-
ra, YTO COOTBETCTBYeT omnpeaeneHuto B3aumozaeictsus (NP) (cm. ctp. 33). Takoe xe
MOJIOKEHHE M C BHYTPUOJIOKOBBIM OIMpPEICICHUEM IPYTHX MapHBIX B3aUMOJCHCTBHIA
(NK) u (PK). YUto kacaercsi TpoitHoro B3aumoneictBus (NPK), mockoibKy MMEHHO
OHO JIEJIO B OCHOBY 00pa3oBaHUsI OJIOKOB, TO €0 HENb3s OMPEAEIUTh CIIOCOOOM BHY-
TPUOJIOKOBBIX CPAaBHEHUI — OHO CMEILIAHO C OJIOKAMH.

[103HaKOMUBIINCH C OCHOBHBIM MPUHILIUIIOM METOAa OJIOKMPOBKH Ha MPOCTEM-
IeM MpUMepe CMENIMBaHus B3aumozeiicTBus Broporo nopsaka (NPK) ¢ Oinokamu st
BOCBMEPHOM CXEMBbI, pacipoCTpaHUM 3TOT IpueM BooOie Ha cxemy 2”". Ilpu 3tom
nepenieM oT KOHKpETHBIX HauMeHoBaHu# ¢aktopoB N, P, K k oOmieli CHMBOJIMKE HX:
A B C,Dur 1.

N3BecTHO, 4YTOo 111 OOECHEUeHUsT MPHUEMJIEMOM TOYHOCTH OIBITa CJIEIYeT
OCTEperaThbCsl BbIX0/1a 3a Ipenessl Tex 15-16 nensHoK B MOBTOPEHHH, KOTOPBIE PEKO-
MEHIYIOTCSI OOBIYHON METOIUKOM IOJICBOTO OMbITA. B 3TOM OTHOIIEHNH 11e1ecoo0pas-
HO O3HAKOMHUTBCS CO CXEMaMHU COCTaBHOI'O XapaKTepa, B KOTOPbIE BXOAST HECKOJIBKO
BOCBMEPHBIX CXEM HU IJI€ IO3TOMY ONHCAHHBIA CIOCOO APOOJIEHHUS] BOCBMEPHOM CXEMBbI
MOXKET HAaUTH TPUMEHEHHUE.

OnpiT 2*2%2*2=2% orHOCAIMICA K 4YeThIpeM (aKTopaM NpH aJbTEPHATUBHOM
KJ1accuuKaIuy Kaxaoro, COCTOUT u3 16 BapuantoB. Ero MoxkHO pa30ouTh Ha ABa 0J10-
Ka M0 BOCEMb BapMAHTOB KaXK[bIM, €CIM ¢ OJOKaMU CMEIIaTh B3aUMOJECHCTBUE BCEX
yeTbipex pakrtopoB (ABCD). Jlns onpenenaeHus: cocTaBa 3TUX OJIOKOB, COTNIACHO CKa-
3aHHOMY paHee (cM. cTp. 37), cneayeT K OHOMY U3 HUX OTHECTHU BCE BapUAHTHI, B KO-
TOPBIX UMEETCSl YeTHOE Ynciio (GakTOpoB U3 HaluX uetbipex 4, B, C u D, a k aipyromy

— BapUAHTHI C HEYETHBIM YHCIIOM TeX K€ (DaKTOPOB. DTH OJIOKHU TAKOBBHI:
[Mepssrit 610k: 0, AB, AC, AD, BC, BD, CD, ABCD.



Bropoii 6nok: 4, B, C, D, ABC, ABD, ACD, BCD.

Eciu paccMarpuBarh CXeMy JAHHOIO THIA C MATHIO (akTopamMu 2°, TO 31€Ch
MOXKHO 00pa3oBaTh WK JiBa OJIOKa 10 16 BapuaHTOB B KaXJJOM, UM YEThIpe OJIOKA 110
BOCEMb BapUaHTOB (TIOCJIEIHEE MPEANOYTUTENbHEH). B mepBom ciydae ynoOHee Bcero
CMeIIaTh B3aUMOJICHCTBHE CaMOTO BBICOKOTO Topsinka — (ABCDE), o6pasys O10KH 10
YKa3aHHOMY BHIIIIE MPABIITY (BAPUAHTHI C YETHBIM YUCIIOM (DAKTOPOB B OTHOM OJIOKE, C
HEYETHBIM — B IPYTOM):

[lepsoiii Onok: 0, AB, AC, AD, AE, BC, BD, BE, CD, CE, DE, ABCD, ABCE,
ABDE, ACDE, BCDE.

Bropoit 6nok: 4, B, C, D, E, ABC, ABD, ABE, ACD, ACE, ADE, BCD, BCE,
BDE, CDE, ABCDE.

Bo BTOpoMm cityyae — yeThipe 010Ka 110 BOCEMb BapUaHTOB B Ka)JJIOM — IOJIOXKe-
HUE ciiokHee. YeTelpeM OJ0KaM, Ha KOTOPbIE MpEeanoiaracTcsi pa3ouTh MOBTOPEHUE,
COOTBETCTBYET TPHU CTEIEHH CBOOOJBI U, CIEIOBATEIHHO, CMENIMBAHUIO C OJIOKaMH
JIOJKHO OBITH MpEeAHa3HAYeHO TPHU B3aUMOJCUCTBUS. JTH BCE CMEIIMBAEMbIE B3aUMO-
JICHCTBUS HE MOTYT OBITh BHIOpAHBI IPOU3BOJIBHO, TAaK KaK OHM JIOJDKHBI HAXOJAUTHCS B
CHeIuaIbHOM, COATaHCUPOBAHHOM COOTHOIIEHWU ApPYyT ¢ Apyrom. COalaHCHpOBaH-
HOCTh 3/IeCh NMOHUMAETCs Tak: Tpu B3aumojenctBus, Hanpumep, (ABC), (CDE) u
(ABDEFE) naxopstcsa B cOaJaHCUPOBAHHOM COCTOSIHUM, TaK Kak KaxIwlil daktop A, B,
C, D u E BXOOUT B CUCTEMY ITUX B3aUMOAECHUCTBUM ABaXxbl. DOpMaIbHBIM PU3HAKOM
3TOro sABseTCs mpousseneHue cumponoB ABC*CDE*ABDE = A’B°’C°D’E’, tne noka-
3aTeid CTETICHU BCEX IMSATH CUMBOJIOB OJMHAKOBHI U PaBHBI 2.

Cxema onbiTa 2° ¢ mecTpio GakropamMu U ¢ 64 BapuaHTaMH I03BOJISET 0OPa30-
BaTh BOCEMb OJIOKOB 10 BOCEMb BapHAHTOB B KaXKJOM, IIPUYEM B 3TOM CIIydae TAKXKe
JOJKHO COOJTIONAThCS yCJIOBUE COANTAHCHPOBAHHOTO CMEIIMBAHUS B3aUMOJIEHCTBUM C
6mokamu. BocbMmu 6110KkaM COOTBETCTBYET CEMb CTETIEHEH CBOOO/IbI, TAKUM K€ JTOJIKHO
OBITh U YHCIIO CMEIINBAEMBIX B3aMMOICHCTBUN. DTO MOXKHO CJENaTh, €CIU B3ATh IS
CMEIIMBAHUSA TPH B3aUMOIEHCTBHS, TaK Kak 2°=8. JI1s KOHKPETHOIO MPOM3BOILHOIO
BBIOOpA ITHUX TPEX CMENIMBAEMBIX C OJIOKAMU B3aMMOICHCTBUUN CIEAYET COCTABUTHh
cebe mpe/cTaBIeHUE O BCEH CUCTEME B3aMMOCHCTBHM, MOMJICKAIINX CMEIIUBAHUIO,
BKJIIOYAsl CIOJla MU aBTOMAaTHMYECKH CMelIuMBaembie. [ oOpa3oBaHUsI TaKOMl CHUCTEMBbI
B3aMMOJICHCTBHI pa3o0beM IIeCTh PAKTOPOB HA TPU MPOU3BOJIBLHBIE MMAPHI, HAIIPUMED,
AB, CD w EF. TlepBbie Tpu U3 CMEIIUBAEMbIX B3aUMOACHCTBUI 00pa3yroTcsl CoequHe-
HUEM TI0 JBa ATUX MapHbIX couetanuit: (ABCD), (ABEF) u (CDEF). OctanbHble
4yeThIpe OyAyT TPOWHBIMU, 0OPA30BAaHHBIMU U3 IIPEACTABUTEIICH» KaKJIOW U3 B3SATHIX
TpeX map Mpu yCJIOBHUM, YTO HUKAKKE JBa (aKTOpa HE BCTPEUaroTCs APYyT ¢ ApyroM 00-
nee ogHOTrO paza. Y Hac 310 oynyT: (ACE), (BDE), (ADF), (BCF). Jlerko BUIETh, 4TO B
ATOM CiIyuae coONroIaeTcs yciaoBrue cOamaHCUPOBAHHOCTH:

ABCD* *4ABEF*CDEF*ACE*BDE*ADF*BCF=A'B*C*'D*E*F".

B nanHOM ciyyae uMmeeTcsi BOCEMb TPy BAPHAHTOB, COCTABJISIONMIUX OJTOKH:
0, ABCD, BCE, ADE, ACF, BDF, ABEF, CDEF;,

AC, BD, ABE, CDE, F; ABCDF, BCEF, ADEF;;

B, ACD, CE, ABDE, ABCF, DF, AEF, BCDEF;;

C, ABD, BE, ACDE, AF, BCDF, ABCEF, DEF;
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ABC, D, AE, BCDE; BF, ACDF, OEF, ABDEF;
A, BCD, ABCE, DE, CF, ABDF, BEF, ACDEF;
BC, AD, E, ABCDE, ABF, CDF, ACEF, BDEF;,
AB, CD, ACE, BDE, BCF, ADF, EF, ABCDEF.

[Tpu pacnpenenennu BapuaHTOB 1O OJ0KaM B HAType CIIETYeT B COOTBETCTBUH C
oOIUM TIPaBUJIOM TMPOU3BECTH MX PAHIOMM3AIMI0 BHYTPU KaXKI0ro Ol0Ka, MpUYemM
3TO CHEAYET JAENaTh 3aHOBO JJISI KAXKJIOTO OIBITA IO JAHHOU CXEME.

BiiokupoBka B ByX HanpaBieHusx cxeM 2° u 4°. B m0J1€BBIX YCIOBHAX, 0COOEH-
HO TIpH OOJIBIIIOM YKCJI€ BAPUAHTOB, HEJIB3S BCE BAPUAHTHI IOBTOPEHUS PACIIOJIOKUTH B
OJIUH PSiJi U MOBTOPEHUIO MPUXOAMUTCSA MPHUAABATh MHOTOSPYCHBIA Xapaktep. B psne
CIydaeB 37€Ch MPEACTABISACTCS BO3MOXXHOCTh MPUMEHUTH JIBOMHYIO OJOKUPOBKY M
YYUTHIBATh U3MEHEHHUE TUIOAOPOINS yUacTKa B ABYX HampabiieHusX. OcobeHHo 3dek-
TUBHBIM 3TOT MPUEM CTAHOBUTCS, KOT/Ia YUCJIO BAPUAHTOB ABJISICTCS KBAJIPATOM 1IE€JIOTO
YyuCia U KOTAa MOYKHO MMOCTPOUTh CXEMY TaK Ha3bIBAEMOT'0 KBa3WJIATUHCKOIO KBaJpara.
B sTOM ciyuae MOXKHO 1O100path JIB€ CUCTEMbI B3aUMHO MEPIEHINKYISIPHBIX OJIOKOB,
OJTHA M3 KOTOPBIX OyJET YYUTHIBATh U3MEHEHHMS IUTIOIOPOIMS MOYBBI B OJJHOM (Ha uep-
TEXe B TOPU3OHTAILHOM) HANpPABIICHUH, a BTOpasi — B JPYyroM (Ha 4epTeke B BEPTH-
KaJlbHOM) HampaBiieHuu. B pe3ysnbrare nmoimyduTcs: 0ojiee MoHOe MpeCTaBIeHUE O Xa-
pakTepe M3MEHEHHUsI TUIOAOPOIHUS 1I0 BCEMY OINBITHOMY YYacTKy, YTO MPUBEIET K Oonee
3aMETHOMY YTOYHEHHIO OIbITa. DTy BO3MOXKHOCThH MOKa)K€M 37€Ch HAa MpUMEpPE TO-
CIIEZIHEN U3 PACCMOTPEHHBIX HaMu cxeM — 2°. B aTom ciryuae 64 BapuaHTa MOXHO pac-
MOJIOKUTH B BUJIE KBaJpara, COCTOSIIETO U3 BOCBMHU CTPOK U BOCBMHU CTOJIOIIOB IO BO-
CEMb JEISHOK B KaXOM.

Tak, ¢ ogHOW cuCTeMONl BOCBMU OJIOKOB cMellaHbl B3aumoneuctBus: (ACE),
(BDE), (ADF), (BCF), (ABCD), (ABEF) u (CDEF), tne 3a OCHOBY OJIOKMPOBKH ObLIN
B3STHI TpU Tapbl BapuaHToB: AB, CD u EF. Tenepb N HOBOW CUCTEMBI OJOKOB 3a
OCHOBY CJIEAYET B35ITh HOBBIE, HE COBIIA/IAOIIME C MEPBBIMU Mapskl, Hanpumep AC, BE
u DF, 9T0 AacT ceMb HOBBIX CMEIIMBaeMbIX B3aumoneucteuit: (ABF), (CEF), (ADE),
(BCD), (ABCE), (ACDF) w (BDEF).

Croco6 moCTPOEHH s CXEMBI OIbITa 2° C HEKOTOPBHIMU M3MEHEHUSAMU IPUMEHHUM U
IpY IIJJAHUPOBAHMU 0OJIee CIOKHBIX cXeM, Takux, kKak 2’, 2% m T. 1. Bomee BaxHO
PaccMOTPETh APYTYIO BO3MOKHOCTD IIPUMEHEHHUS Pa3padoTaHHON cxeMbl 2°. Peun uaer
0 IOCTPOEHHMHU HA €€ OCHOBE CXeMBI 4° IS ONBITOB ¢ TpeMs (paKTOpaMu, UMEOLIUMHU
YeTHIpE Ipajaluy Kax/Ibli. JJaHHAS BO3MOXKHOCTH BO3HHUKAET B CBA3U C TEM, UTO 4=27
¥ [IO3TOMY CXeMy 2° MOXKHO CBECTH K cXeMe 4°. IT0 ymoOHO IPOBECTH € MOMOLIBIO ME-
TOJ1a BBEJICHHUS YCIOBHBIX (PAKTOPOB.

Hamnpumep, Hano noctpouth (aKTOpUaIbHYIO CXEMY C COOTBETCTBYIOIIEH O110-
KUPOBKOU JJIs M3y4eHUS IeUCTBUs Tpex BUAOB ynoopennit N, P u K. Kaxapiit u3 atux
(akTOpoB B3AT B YeThIpeX (BKIIOYAs HYJIEBYIO) PAaBHOOTCTOSIIIUX J103aX, TaK, HAMPH-
mep, N umeet 10361 Ny, Ny, N> u N3, To xe otHocutes u k paktopam P u K. Tlpumem
ycioBHO N = =4, a N,=B, Torna (B CBSI3U C paBHBIM PACCTOSTHUEM JI03 IPYT OT JIPYTa)
MOXXHO cuutTath N3=AB To ecTb coBMecTHOro nmpumenenuss N; u N». WUTak, umeem:
N():O, leA, N2:B u N3:AB.

P



KBasunarunckuii kBagpar 2° ¢ 1BOMHON GIOKUPOBKOM

1 2 3 4 5 6 7 8
1 |C ACDE ABD DEF ABCEF BCDF AF BE
2 |ADF EF BCF ACE BDE AB CD ABCDEF
3 |BF ABDEF ACDF BCDE AE D ABC CEF
4 |ACEF CDF BDEF AD BC \ABCDE EO ABF
5 |ABCD BCE 0 ABEF CDEF ACF BDF ADE
6 |DE A ABCE CF \ABDF BEE ACDEF BCD
7 |BCDEF ABCF AEF B ACD CE ABDE DF
8 |ABE BD CDE \ABCDF F ADEF BCEF AC

KBa3zunaTnHCKUM KBagparT JJIsl ONbITa 4° ¢ nBOMHOM OJTOKHPOBKOM

1 2 3 4 5 6 7 8
1 NoP:K, N, P:K, N;P:K, NoP»K5 NiP K, N,P:K, NiPK, N>PoK,
2 N,P.K, NoPoK; N,PK, N.P. K, NLP:K, N;3PoKo NoPsKo N;P3Ks
3 N>PoK, NiP:K; NiP:Ks NoP:K, NiPoK, NoP2Ko N;PiKy NoPK;
4 N.P.K; NoP:K, N,P:K; NiP:Ko N>PKy N;P:K, NoPoK N3PoK,
5 N;P:K, N.PK; NoPoKo N;PoK; NoP;K; NP K, N2P:K, NP:K,
6 NoP2K; NiPoKy N;P K, NP K> N;P:K, N2PoK; NP;K; N2P3Ko
7 N,P:K; N;P.K, NiPoK; N>PoKo NiP:Ky NoP:K, N:P:K, NoP:K,
8 N;PoK, N2P2Ko NoP:K; N;P:K, NoPoK, N, P2K; NoPiK; N.P.Ko

ITpupasuuBas P=C, P,=D umeem: Pi=0, P,=C, P,=D u P=CD; u K\=F u K:=F
nmeem: Ko=0, K,=F, K,=F u Ks=EF. Vcnonb3ys 3TH COOTHOILLIECHUS JIByX CUCTEM CHUM-
BOJIOB, JIETKO 3aMEHHUTH cucTemy (aktopoB 4, B, C u T. 1. Ha cuctemy N, P u K.
Hampumep, Bapuant ACDE Oynet 3ameHed Ha HOBbIN cumBon A+CD+E=N,P;K,, Ba-
puanT ABDEF na N;P,Kj3, a Bapuant ABCDEF Ha N3;P:K3, To ecTh Ha BapuaHT ¢ Mak-
cUMaJIbHbIMM J103amMu. KonTposb, paccmarpuBaemeiii kak 000, nepexonut B NoPoKo.
DT1oil TabnuIe MOXKHO NMpUAaTh 0oJjiee HAIVISAHBIA BUJI, €CIH, 3aKPENUTh YCTAHOBJIEH -
HbI opsinok (aktopoB N, P u K, onyctuth nx 0603Hau€HUs: ¥ OCTaBUTh UX J103bI (B
ycnoBHbIX enuuunax 0; 1; 2 u 3) B BUJE TpeX3HAYHbIX YHUCEIT:

KBasunarunckuii kajapar 4°

1 2 3 4 5 6 7 8
1 010 131 320 023 313 232 102 201
2 122 003 212 111 221 300 030 333
3 202 323 132 231 101 020 310 013
4 113 032 223 120 210 331 001 302
5 330 211 000 303 033 112 222 121
6 021 100 311 012 322 203 133 230
7 233 312 103 200 130 011 321 022
8 301 220 031 332 002 123 213 110

B aTux 0603Ha4eHUSIX OJIE3HO NPUMEHSAThH CHEIHAIbHbIN KOHTPOJIb TPaBUIIbHO-
CTH TIOCTPOEHHMS BCEHl CXEMbl M paCHpEelesIeHUsT BapUAHTOB IO OJ0KaM: CyMMa 103
Ka)XK70r0 13 (haKTOPOB IO CTPOKE U CTOJIOITY TOJKHA OBITh paBHA 12 U, ClIeI0BaTENbHO,
CyMMa TPEX3HAYHBIX YHCEJI, 0003HAYAIONMINX BapUAHTHI, TOJDKHA cocTaBiaTh 1332. B
TO K€ BpEMsI CyMMa MPOMU3BEICHUN KaKJ10il mapbl (PAKTOPOB AOHKHA COCTABIATH 18.
MoxHo TpuMeHUTH U OoJiee 001mMii KOHTPoJib. CyMMa KBaJpaToB TPEX3HAYHBIX YHCEI
Kaxk0ro Onoka cocrasisiet 322788, uto BeITeKaeT U3 (OPMYJIbL:
Y(100N+10P+K)*= 10000ZN*+100ZP*+ZK*+2000ZNP+200ZNK-+20%ZPK,
rae IN? = IP? = 2K?*=2(0°+1*+2*+3%) =28 u EINP=XNK=XPK=18.
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OcHoBHas yuyeOHasi JIuTeparypa:

. I'puropses, 10.J1. MeToabl ONTUMAIBHOTO TUIAHUPOBAHUS SKCIIEPUMEHTA: JIMHEH-
HbIe Mozenu : yueOHnoe nocodue / FO.Jl. I'puropreB. — Cankr-IletepOypr : Jlanb,
2015. — 320 ¢. — Pexxum goctyma. — URL: https://e.lanbook.com/book/65949 .
— ISBN 978-5-8114-1937-1. — TekcT : 37eKTPOHHBIH.

. Homoyc, I'I1. OCHOBHBIE IE€MEHTHI METOJUKH IIOJIEBOTO ONBITA : yueOHOE
noco6ue / ['I1. [Tonoyc. — CraBpononsb : CtI'AY, 2009. — 96 c. — Pexxum nocry-
na. — URL: https://e.lanbook.com/book/5734 . — ISBN 978-5-9596-0615-2. —
TeKCT : DJIEKTPOHHBIN.

JononHuTenbHAs y4eOHAs JUTEpaTypa:

. Mensenes, I1.B. Maremarnyeckoe mianupoBanue dxcnepumenta / [1.B. Mensenes,
B.A. ®enoroB. — OpenOypr : OpeHOyprckuii rocy1apcTBEHHbIN yHuBepeutet, 2017.
—98 c. : Tabx., rpad., cxem., ui. — Pexxum noctyna. — URL: http://biblioclub.ru/
index.php?page=book&i1d=481785 . — bubnuorp.: c. 72-74. — ISBN 978-5-7410-
1759-3. — TeKcT : >EKTPOHHBIN.

. Moucees, H.I'. Teopus ninanupoBanust u 00padotku s3xcnepumenTa / H.I. Moucees,
0.B. 3axapos. — Homkap-Ona : IIT'TY, 2018. — 124 c. : w1. — Pexum noctymna. —
URL: http://biblioclub.ru/index.php?page=book&i1d=494313 . — bubnuorp.: c. 121.
— ISBN 978-5-8158-2010-4. — TekcT : 31€KTPOHHBII.

. Ilypun, K.B. MeToauka v npakTvka IJIaHUPOBAHUS U OPraHU3aluy SKCIIEPUMEHTA:
npaktuky™ / K.B. lypun, JI.A. Kocsix. — Openoypr : OpenOyprckuii rocyaap-
cTBeHHBIN yHuBepcuteT, 2012. — 185 c. : win. — Pexxum noctymna. — URL: http://
biblioclub.ru/index.php?page=book&id=260761 . — bubmmorp.: c. 177-178. — Tekcr
. DJIEKTPOHHBIN.

KoHTpoJsbHbIE BOIPOCHI:

. HazoBute u 00bsICHUTE CYIIHOCTH KaTeropuii HHPOPMALIUU TTOIHON (aKTOPHATBLHON CXe-
MBI TIOJIEBOTO OIIBITA.

. JaliTe 1 XapaKTepUCTUKy KaTeropusM HH(OpMAIMK MOJHON (aKkTOpUaIbHOU CXEMBI MO-
JIEBOTO OMBITA.

. YKaxuTe MPerMyIIeCTBa U HEJOCTATKHU MOJIEBBIX OIMBITOB C TPOMO3IKUMH MOJTHBIMH (hak-
TOPUATBHBIMH CXEMaMH, TPOBOJUMBIX 110 METOY PACIIETNIEHHBIX JICISHOK.

. MBnoxwure cymHocTs MeTo/a 6JJ0KOB B MHOTO(AKTOPHBIX OMBITaX HA OCHOBE TEOPUU CMe-
muBanus. [IpuBeaure npumep aeseHus Ha OJI0KM BOCBMEPHOM CXEMBI.

. IlpuBeaute mopsaok aHamusa 3pPEKToB HAa OCHOBE BOCBMEPHOMN CXEMBI MpU €€ JIeICHUU
Ha /iBa OJIoKa.

. W3noxkuTe NpUHIMIBI GIOKUPOBOK B cxeMe 2°. OXapaKkTepusylTe MPEeMMyILECTBA ITOIO
MeTo/a.

. Oxapakrepusyiite BO3MOXHOCTH OJIOKUPOBKH B JIByX HAIPaBIEHHUIX CXeMbl 2° 1 mocTpoe-
HUS HA €€ OCHOBE KBAa3WJIATUHCKOTO KBapara.

. WI3n0kuTe NPUHIMII KOHBEPTUPOBAHMS KBAa3WIATHHCKOro Kpagpara 2° B 4°. Vkaxure
croco0 KOHTPOJIsl cocTaBa OJOKOB KBa3MJIATUHCKOTO KBajJpara.
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Jleknus 1.2. OnTumMu3anusi cxeM MHOTO()AKTOPHBIX PEerpPecCHOHHBIX ONBITOB HA
OCHOBE KBa3H(PaKTOPHAJIBHBIX BHIOOPOK

Bormpocsr:
1. UudopmMaTUBHOCTH U HENOCTATKU (PAKTOPUATBHBIX CXEM
2. KBasudakropuanbHbie CXeMbI HA OCHOBE 2™
3. KBasudakropuanbHbie cxemMbl Ha OCHOBE 3"

[Tormubie akTOpHaTbHBIE CXEMBI JAIOT BO3MOKHOCTH MOJYYUTh MIUPOKYHO HH-
dbopManmio 0 xapakrepe AeHcTBUS (DAKTOPOB B JAHHOM WHTEpBaje 03 (MM KaKHX-
nubo npyrux rpaganuid). Jlns 103 B oOnbITe OOBIYHO BBIOMPAETCS OMpPEACIICHHBIM
«Iary», BeJIMYMHA KOTOPOTo MOJICKAa3bIBAETCS NMpakTUKOW. MHTepBan u3ydaembIX 103
(KOIMYECTBO 1IAroB) TAK)KE OMPENENSIETCS 3aJadyaMH UCCIIEA0BAHMS.

OO01iee konuuecTBO MHGOPMALMM, U3MEPSEMON YHUCIOM CTENEeHEeW CBOOOADI,
JIETKO OMPENENIUTh KaK MPOU3BEACHUE YUCENl, BXOAAIIUX B (HOPMYIy JAHHOW CXEMBbI
ombITa. Tak, ombIT 2*2*2 nMeeT BoceMb eIMHUI] HH(POopManuu, onbIT 3*3*3 naet coot-
BETCTBEHHO 27 equHull U T. 1. KonudecTBo MHGOpMaIUy NP 3aJIaHHOM II1are 7103 yBe-
JUYUBACTCS TIPU YBETUYCHUM oO0beMma m3ydaeMoi oOmactu 103. Tak, mpu MCXOIHOMN
eMHUYHOM 103€e, Hanpumep 20 KI' MUTATENBHOrO BElecTBa Ha 1 ra, cxema 3° Oomee
uHpopmaruBHa, 4eM cxema 2°. IIpu MoCTOSHCTBE 00beMa M3y9aeMOl 00IaCTH 103 MH-
dbopmManus yBeIMYMBACTCS 3a CYET YMEHBIIIECHUS II1ara M3MEHEHUs 103. Tak, B o0beme
103 npu 40 KT MUATATEIBHOTO BELIECTBA HA | ra mar cxemsl 23 paBeH 40 kr Ha 1 ra, a
cxeMbl 3° — 20 kr Ha | ra. B nepBom ciiyuae B 3a1aHHOM OObEME MBI HMEEM BOCEMb
OMOPHBIX TOYEK, a BO BTOPOM CIIy4ae B TOM k€ 00beMe — 27 onopHbIX Touek. Konuue-
CTBO HMH(pOpMAllMM YBEIMYMBAETCS 32 CUET IMPUCOEIWHEHUS] HOBBIX (PAKTOPOB: TaK
4eThIpex(aKTOPHBIA ONBIT 2*2%2%2 B nBa paza Oonee MH(OPMATUBEH, YeM Tpexdax-
TOpHBIN 2*2%2. OnbIT, NPOBEACHHBIA C TOBTOPHOCTHIO, MO3BOJISET MPHU AUCIEPCHOH-
HOM aHaJIM3€ BBIJEIUTH OCTATOK C OMpPENEJICHHBIM KOJWYECTBOM CTErNeHel cBOOOBI,
4T0 JAET MH(GOPMALIMIO O IIyMaX, BIUAIONINX HA PE3yJbTaThl OMbITA YCIOBHUM U (aKTO-
POB, HE KOHTPOJUPYEMBIX M HE PETYIHPYEMBIX B OMBbITE. JTa MHGOPMALIUS JICKUT B
OCHOBE CTAaTUCTHYECKOM OLIEHKH 3HAUUMOCTH OTJEIbHBIX PE3yIbTaTOB OIbITA.

[Tonmubie (akTOpHaNbHBIE CXEMBI 00IANAIOT OMPECICHHBIM KOJIHMYECTBOM HH-
dbopmManmm, KOTopasi MOKET Pa3INYaThCs M0 CBOEMY XapaKTepy M MPaKTUYECKOM 3Ha-
YUMOCTH. PaccMOTpuM cxeMy AUCIEPCHOHHOIO aHAJIN3a BOCBMEPHOU CXEMBI:

CpenHuil ypOBEHb SIBIICHUS OJTHA CTETEHBb CBOOOIBI
I'maBubIe 3 dexTr pakropos (4, B, C) 10 OJTHOM CTETIEHH CBOOOIBI
[Tapusbie BzaumoneiictBus (4, B), (AC), (BC) 10 OQHOM CTEMEHH CBOOOIBI
Tpoitnoe B3aumozaeiicteue (ABC) OJTHA CTEIIEHb CBOOO/IBI
Bcero 8 cTemneneil cBOOOIbI

[Tpu AByKpaTHOI MOBTOPHOCTU UMEETCSI BOCEMb CTENEHEN CBOOOIbI OCTaTOYHOM
JIUCIEPCUM, TPU TpexkpatHod ux 16 u T. aA. MHbopmauus, nocrapiseMas 3Kcre-
PUMEHTOM, UMEET HECKOJIbKO Kateropuii. IlepBas — undopmanust o cpeiHEM ypOBHE
ABJICHUS, O NIaBHBIX d(pPexTax (PaKTOpoB U O MAPHBIX B3aUMOJEHCTBUAX. DTO aAKTY-
asnibHasg uHPopmanus. Bropas kareropus — 310 uHGOpMAaIUA O TEX B3aUMOIEHCTBUIX
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BhIcIIero nopsaka (y Hac ABC), KOTOpble MOXKHO CUMTAaTh Majo3HAa4Yal[iMU; HA30BEM
ee JOoMOoJHUTENbHOU. YKcio creneHeit cBoOOIbl OCTaTOUHON JaUCIIepCUu, KoTopas Oe-
peTcs 3a 6a3y OLIEHKH 3HAYMMOCTH OTAEJIbHBIX PE3yJIbTaTOB OMbITA, OTHOCUTCS K 0a30-
BOil nHGopManuu. Kak yka3zpIiBajaoch, €Ciiv B3aMMOICUCTBUS BBICIIETO MOPSAKA alpuo-
pU HE3HAYMMBbI, TO JOMOJHUTEIbHAS MHGOPMAILIUS MOXKET UTpaTh pojib Oa30BOM WU
IIPUCOEIMHEHA K MocienHe. [Ipu nucrnepcuoHHOM aHaimu3e OmnbiTa C OrPaHUYCHHOMN
pangoMu3aImeit (mpeaeaamMu MOBTOPEHUS WU OJI0Ka) COOTBETCTBYIOIAs MHGOpMAIIHS
0 Pa3IUYUAX MEXKTY MOBTOPEHUSMHU WU OJIOKAMU UCKITFOYAETCS U3 PACCMOTPEHUS WITH
UTHOPUPYETCS; ATO UCKItodaemasi nHpopmanus. [Ipu ucmonp30BaHUN METO/Ia CMEIITH-
BaHUS B HEE MEPEXOJUT YaCTh JOTOJHUTEIHHOU MHGOpMAIMK (CMEIIaHHBIC B3aUMO-
JEeNUCTBUS BBICIIETrO mopsiaka). PaccMoTpum HHGOPMATUBHOCTD Pa3IUYHBIX OMBITOB,
HMMEIOIMX OJMHAKOBOE KOJIMYECTBO HaOIroAeHnM (AensHoK). B Tabnuie maHbl cBefe-
HUS O YEThIpEX KaTeropusix HHGopMaluu (B CTENEHAX CBOOOBI) JJIsl OMBITOB C MOCIe-
JIOBaTENILHBIM BKJIIOYEHUEM HOBBIX (DaKTOpPOB, HauMHas ¢ Tpex(hakTopHOro 2° U KOHYas
mecTr(hakTopHbIM 2°, pH yCI0BUH, 9TO 00LIEE KOIMYECTBO AEISHOK Be3ae 64, a mo-
BTOPHOCTH () paznuuHa. [Ipu s3ToM Oynem cuuTarh, YTO B OMBITAX MPOU3BEEHA JIBOM -
Has OJOKHMPOBKA, TO €CTh YTO OILIT 2° pa3MelleH 0 (opMe JIaTHHCKOTO KBaapara, a
ocTajbHbIE 10 (hopMe KBA3UIIATHHCKOTO KBajapara 8*8§.

Yucno crenedeit cBOOO0IbI pa3IMYHbIX KaTeropuii HUHGOpMaIuu

CxeMa M TIOBTOPHOCTb 23, n=8 2% n=4 25, n=2 26 n=1
1. briokos 14 14 14 14
2. CpenHero ypoBHs 1 1 1 1
3. I'maBHBIX 3QPEKTOB 3 4 5 6
4. ITapHbIX B3auMOACHCTBUI 3 6 10 15
5. OcTaJbHEIX B3aUMOACUCTBUHI 1 5 16 42
6. AktyanpHas ”HGOpMAIHs 7 11 16 22
7. bazoas undopmarnus 43 39 34 28
8. KoppektupoBanHnas aktyanpHas HHGOpMAIIH 6,62 10,35 14,88 20,11

Tabnuiia mokas3pIBaeT, UTO ¢ yBEIMUECHUEM Ynciia (aKTOpOB aKkTyallbHass HHMOP-
Malus MpOrpecCUBHO PACTET, HO B TO K€ BpeMs 0a3oBas MHGopManus yObIBaeT. ITH
JIBE€ MPOTUBOMOJIOKHBIC TCHACHIIUU MOXXHO OObEIMHUTH, €CIIU MPOU3BECTU KOPPEKTH-
POBKY aKTyaJIbHOM MH(OpMaIMM Ha OCHOBE TAaKUX COOOpaKeHUI. YMEHBIIICHUE YnCIia
CTEMeHe CBOOObI /JIS OLIEHKU 3HAYUMMOCTH PE3YJIbTaTOB ONbITa, KaK U3BECTHO, BIie-
YeT 3a COOOH MOBBIIICHUE KPUTEPUS 3HAUMMOCTH F. B Halmx 4deTbIipex ciydasx 6a30-
BOM nH(popMaruu 1pu ypoHe nosepus 0,95 st vi =1 u v.=43; 39; 34 u 28 s10T KpH-
Tepuil COOTBETCTBEHHO paBeH 4,06; 4,09; 4,13 u 4,20. Ecnu 661 MbI UMENH Vv, = 00 (TO
€CTh MCYEPIIBIBAIOIIYIO 0a30BYI0 MH(MOPMAIIHIO), ITOT KpUTepuid ObLT ObI Fy0=3,48. OT-
HOIlIeHHE F,, K TOMY WJIM UHOMY 3HA4eHHIO F MacT Mepy morepu uHbopMaluu BCie-
CTBHE HEIOCTATOYHO TBEPAOW Oa3bl cpaBHEHHUS. B Halem cirydae 3T OTHOIICHHUS CO-
otBeTCTBeHHO paBHbI 0,946; 0,939; 0,930 1 0,914 (To ecTh moTepu paBHul 5,4; 6,1; 7,0
u 8,6%). YMHOXasl yuclia, OTHOCSIIKECS B TaOiHIle K aKTyadbHOW MH(pOpMAIUU Ha
YCTaHOBJICHHbIE KOA(D(PUIIMEHTHI, MOJYyYUM KOPPEKTUPOBAHHYIO AKTYaJIbHYIO0 HMH(MOP-
MallHio, TPUBEJICHHYIO B TTOCJIEAHEN CTPOKE TAOJIUIIBI.
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W3 5THX JaHHBIX BHIHO, 4TO cxema 2° 6e3 moBTOpHOCTH Oosee MH(POPMATUBHA,
yeM cxema 2’ IpU BOCHMHMKPATHOM MOBTOPHOCTH, B Tpu pasza (20,11:6,62). B o6oux
Clly4asix pa3Mep OmnbITa OJMHAKOB (64 HeNsIHKH), CJIelI0BaTeNIbHO, 3aTpaThl Tpyaa U
CPEICTB OJIHU U T€ K€. DTO 03HAYAET, YTO TPEXKPATHOE yBEIMUYEHUE UH(POpPMALIUU HE
TpeOyeT OMOIHUTEIBHBIX 3aTpaT U MPUOOPETACTCS NCKIIOUUTEIBHO B pe3ynbTaTe 00-
Jie€ pallMOHAJIBHOTIO IUIAHWPOBAHUS IKCIIEPUMEHTA.

Jlanee mosie3HO 0OpaTUTHCS K BOIPOCY O PaCIIMPEHUH OIbITa B JPYTOM Harpas-
JIEHUH — B CTOPOHY YBEJIMUYEHHUS KOJIMYECTBa TIpajalvii WM 103 Kaxaoro ¢akropa,
IpUYeM Tereph YUCIO0 (HAKTOPOB CIIEAYET B3ATh MOCTOSHHBIM. OTpaHUYMMCS TpeMs
¢dakTopamu, B3sIB ONATH MOCTOSHHBIM pa3Mep ombiTa — 64 nensHku. Bospmem cHoBa
ONBIT 2° IPU BOCBMUKPATHON MOBTOPHOCTH, 3aT€M OINBIT 2*2*4 1pu 4eThIPEXKPATHOIM
MMOBTOPHOCTH, Jlajiee OmnbIT 2*4*4 B AByX MOBTOPEHUSIX U, HAKOHEII, ONBIT 4*4*4 B of1-
HOM MOBTOPEHHUH:

CxeMa M TIOBTOPHOCTb 25, n=8 | 4%2% n=4 | 4*2,n=2 | 4, n=1
1. brokoB 14 14 14 14
2. CpeaHero ypoBHs 1 1 1 1
3. I'maBHbBIX 3G PEeKTOB 3 5 7 9
4. ITapHbIX B3aUMOICHCTBHI 3 7 15 27
5. OcranbHbIX B3aUMOACHCTBUMN 1 3 9 27
6. AxtyanpHas uHoOpMaIys 7 13 23 37
7. bazoBas nndopmarus 43 37 27 13
8. KoppekrupoBaHHas akTyaibHast HHPOPMAIIHS 6,62 12,14 20,98 30,41

W3 cpaBHEHHs TONYYEHHBIX PE3YJIbTAaTOB C JIAHHBIMHU TPEIBIIYIICH TaOIUIIbI
BUJIHO, YTO YBEJIMYEHHUE YMCIIA TPaJaiuii B OOJBINEH CTENEeHU MOBBIIMIAET HH(POpPMA-
THBHOCTB SKCIIEPUMEHTA: €CJIU IIPU MEPEXOE OT OMBITA 2° K MIECTU(HAKTOPHOMY OIIBITY
2° KOMMYECTBO MH(POPMALIUKM YBEIMYUIOCH B TPU Pasa, TO MPHU MEPEXOJE OT TOIO XKE
Tpex(aKTOPHOTro OIbITA 2° NPY BOCHBMUKPATHON MOBTOPHOCTH K TaKOMY JKe Tpexdak-
TOPHOMY OIIBITY C HOBBIIIEHHBIM YHCIIOM 103 4° (B OHOM IOBTOPEHUM) UH(POPMATHB-
HOCTb OIbITa Bo3pactaeT B 4,6 paza (30,41:6,62).

VYcTaHOBIIEHHBIN 371eCh (PaKT MOBBIIICHUS HHPOPMATUBHOCTH SKCIIEPUMEHTA B
npolecce 3aMeHbl MOBTOPHOCTU YBEJIMUEHUEM YHUCHa rpajialiiii uiu A03 (pakTopoB, K
COXKaJICHUIO, B YCIIOBUSAX MOJHOM (haKTOPHAIBHON CXEMbl MOXKET UMETh OTPaHUYEHHOE
OPUMEHEHHE. JTO MPOUCXOJUT B CBSI3U C TEM, YTO MPU YBEIWYEHUH YHWCIIA Tpajaui
WIK 703 (PAKTOPOB YKCIO BApUAHTOB OBICTPO U MPOTPECCUBHO Bo3pacTaer. Tak, eciu
OTpaHUYMTHCS TpeMs (haKTopamu, TO TIpH uucie 103 2; 3; 4; 5 u T. A. monHas GaKTopH -
anbHas cxeMa TpebyeT COOTBETCTBEHHO 2°=8, 3°=27, 4°=64, 5°=125 u T. 1. BAPUAHTOB.
[IpakTrueckue yciaoBus MPOBEACHUS IMOJIEBOTO OMNbITA TAKOBBI, YTO IMPHU JABYKPATHOU
MTOBTOPHOCTH (KOTOpasi C arpOHOMHUYECKON TOUKHM 3pEHUS Yallle BCEr0 CYUTAETC MUHHU-
MaJIbHOW) BPSJl JIU BOBMOXKEH OIBIT C YUCIOM BapuaHToB, OosbiiuM 100. 10 03Haua-
€T, YTO JaXKe ONBIT 5° IpHU MOJHON (PAKTOPUATIBLHON CXEME CTAHOBUTCS IPAKTUYECKH
HEOCYILIECTBUMBIM.

C npyroit CTOpOHBI, B HACTOSIIEE BPEMS B pACTEHUEBO/ICTBE BCE OOJIbIIIEE 3HAYE-
HUE MPUOOPETAET PErPeCCUOHHBIA METO/ aHAJIM3a IAHHbIX, C MO3UIMIl KOTOPOTO TaKoe
YHCJIO TOUeK (HAOMIOACHUI) AT Kaxa0ro ¢pakTopa Kak TPU U JIa)Ke YeThIpe MpeCTaB-
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JAE€TCA CIWIIKOM MaJlbIM JUISl TOJIyYEHHS! CTaTUCTHUYECKH JOCTATOYHO HAJICKHBIX U
aJICKBaTHBIX U3y4YaeMbIM SIBJICHUSIM KPUBBIX WJIM B OOIIEM Cllydae MOBEPXHOCTEH Jei-
cTBUA (PaKTOpOB.

B cBsi3u ¢ 3TUM BO3HUKAaeT MOTPEOHOCTh HAWTU METO[, KOTOPHIN MO3BOJIST Obl
YBEJIMYUTh YHCIIO TPafaliiii Wik 03 (GaKTOPOB, HE BBIXOMS 3a MPEEbl JOIMYCTUMOTO
KOJTMYECTBA BAPUAHTOB. 3/I€Ch HAMpaIIMBaeTCS BHIOOPOUHBIN MeTO/I. B yciioBusx arpo-
HOMHUYECKUX HWCCIEAOBAHUM U1 COXPAHEHUs] HAITIIIHOCTH M HENMOCPEICTBEHHBIX
CPaBHEHHUM, CTOJIb HEHHBIX JIJI SKCIIEPUMEHTATOPA, JIyYlIe BCErO UCIIOIb30BaTh CUCTE-
MaTHYE€CKyI0 BBIOOPKY, aHAJOTHYHYIO TPUMEHSIEMON TpH OTOOpE PACTUTEIBHBIX M
MMOYBEHHBIX 00pa3IOB, OTOMPAEMBIX PABHOMEPHO TIO AWATOHAISIM TTOJISI WIJIH TIO KaKOH-
100 Ipyrou cucreme.

Heo0OxonuMo oOpatuth BHUMAaHUE U Ha CIIEAYIONIEE: paHee YKa3blBalIOCh, YTO B
YCIIOBHSIX TIOJIEBOTO ONBITA B3AMMOAECHCTBUA BBICIIETO TMOPSJIKA, HAYMHAS CO BTOPOTO
(TpoiiHBIC B3aMMOJICUCTBHSA), HE UMEIOT MPAKTUYECKOTO 3HAUCHHS U C HUMH MOXKHO HE
CUMUTATHCA. JTO CBOEro poja OanacT («IpUHYIUTEIbHAS Harpy3Ka»), COAepKaIIUiics B
NOJHOM (akTopuanbHO cxeme. YaCTUYHO ATH B3aUMOAECUCTBUS MOTYT OBITh MCHOJIb-
30BaHbl JUIsl CMEIIMBaHUsI ¢ OJOKaMH, OCTaJIbHAsl K€ YacTh MX, NMPUCOEAMHEHHAs K
OCTaTOYHOM JMCHIEPCUHU, UET HA YKperIieHHue 0a3bl OIEHKU 3HAYUMOCTH PE3YJIbTaTOB
onbiTa. Ho ecnu ocrarouHasi qucriepcus yxe AOCTAaTOYHO HaJeKHa (4TO MPOUCXOIUT,
KOIJIa MHOTOBAPUAHTHBIN OMBIT IPOBEJCH, IO KPalHEN MEPE, B IBYKPATHOM IIOBTOPHO-
CTH), TO TaKO€ MPUCOCINHECHNUE K HEW dTUX B3aUMOACHCTBUN MPAKTUYECKHA OECIoe3-
HO, TaK KaKk OHO IOYTH HE U3MEHUT BeIMUYuHy Kputepus F. [locMOoTpuM, KaKOBO KOJIH-
YECTBO 3TUX B3aUMOJICUCTBUN B MOCIEIOBATEIBLHO PACHIUPSIOMIMXCS MOIHBIX (haKTO-
pUAIIBHBIX CXEMax:

Cxema 23 33 43 5° 6
BzaumoneicTBUs BBICIIETO MOPSIKA 1 8 27 64 125
B % x o0meMy 4ucity BApHaHTOB 12,5 29,5 422 51,2 57,9

Kak BumHO, HaUMHas cO cXeMbl 5°, yixe Oonee 50% uHpOpMaLMHU, JOCTABISAEMON
MOJTHBIM (DaKTOpHUATLHBIM ONBITOM, B CBOECH OCHOBE Oecroyie3Ha W MPaKTUYECKU HE
HY)KHA.

KBa3zudakropuajbHbie cxeMbl. BO3SMOXKHOCTH SKCIIEPUMEHTAIBHBIX CXEM, SIB-
JISTIOIIUXCST BEIOOPKAMH M3 TMOJHBIX (DaKTOpPHANBHBIX cXeM, pa3inuuHbl. Cpeau Hanbo-
Jiee MOAXOASAIINX PU arpOHOMHUYECKHUX TMOJIEBBIX MCCIEAOBAHUIX BaXKHOE MECTO MpH-
HAJJICKUT KBa3u(aKTOPHAIbHBIM CXEMaM.

Hampumep, xenarenbHo oT cxembl 2*2*2 ¢ TpeMs (pakTopamu mpu JBYX Tpaja-
USAX KaXabli (BCEro BOCEMb BapUAaHTOB) MEPEUTH K OMBITY C YETHIPbMsI I'paJalisiMH.
Ecnu B3sTh MONMHYIO (haKTOpHANBHYIO CXeMy, TO TToHanoouTcs 4*4*4 = 64 papuanra,
YTO, MPEANOI0KHUM, B JJaHHBIX YCIOBUSAX HE MOXET OBbITh MPUHATO. Bo3bMeM OCHOB-
Hble (pakTopsl 4, B u C B 103ax 0 1 2 1 B TO k€ BpeMsl BBEAEM YETBEPThII — yCIOBHBIN
baxtop ABC — S B nozax 0 u 1, tak yto S=0 B Tepmunax 4, B, C oyzaet 000, a Si=1 Oy-
net 111. Tenepp npu miaaHupoBaHUU OyAeM UMETH JEJ0 C YEThIPEX(PAKTOPHBIM OIbI-
tom 2° ¢ pakropamu 4, B, C u S, U1 KOTOPOrO MOXKHO HPHMEHHUTH CIIOCOO GIOKUPOB-
KH:
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[TepBbiii O51OK: 0, AB, AC, AS, BC, BS, CS, ABCS;
Btopoii 6110k: A B, C, S ABC, ABS, ACS, BCS,

win B i poBoM obo3HadeHuu (10361 4, B, C=0u 2, S=0 u 1):
[TepBsiit O10K: 0000, 2200, 2020, 2001, 0220, 0201, 0021, 2221;
Bropoii 6510k: 2000, 0200, 0020, 0001, 2220, 2201, 2021, 0221.

Ecnu Tenepp nociennue uu@pel 3TUX YKUCEN, IPUHAAJIEKAIIUE YCIOBHOMY (aK-
Topy S, 3amMeHuTh cooTBETCTBEHHO 0 Ha 000 m 1 Ha 111, mocie yero ux CIOXKUTH C
MpeAeCTBYIOIMMHU TPEX3HAYHBIMU YKCIaMu, OTHocsmuMucs xk 4, B u C (Hanpumep,
st nocnennero Bapuanta 0221 umeem 022+111 = 133), To nonyyum cxemy B TepMU-
HaX TpexX U3y4yaeMbIX (PaKToOpoB:

[IepBsrit O10K: 000, 220, 202, 311, 022, 131, 113, 333;
Bropoii 6510k: 200, 020, 002, 111, 222, 331, 313, 133.

3nech kaxabid u3 paktopoB 4, B u C BcTpeuyaeTcs B 4eTbipex no3ax 0, 1,2 u 3,
HO YKCJIO BAPUAHTOB yxkKe He 43 = 64, a Toabko 2*= 16, mpuyeM, O4eBHIHO, YTO 3TH 16
BapUAHTOB COCTABIISIIOT BHIOOPKY M3 64 BapHAHTOB TMOJHOW (HaKTOPHAIBHOW CXEMBI.
Kak BHIIHO, COKpallleHHE CXEMbI IPOU30ILIO 32 CYET OTCYTCTBUS B HOBOM CXEME HEKO-
TOPBIX COYETAHUM 103, UMEIOIIMXCS B MTOJHOM cxeMme: 31ech 0 couetaercsi c 2 u 1 ¢ 3,
HO HeT coueTannii O u 2 ¢ 1 u 3. B repmunax 4, B, C u S onbIT (hakTOpHAJIbHBIN, B TEP-
MHHAaX k€ OCHOBHBIX (hakTopoB A, B u C OH HE SBIAETCS TAKOBBIM, B CBSI3U C YEM €MY
MOJIXO/IUT Ha3BaHUE «KBAa3U(AKTOPHUAIbHBIN.

brokupoBKa Takoro ombITa MOJUYUHSIETCS MpaBUiiaM OJOKHUPOBKH MOJIHBIX (ak-
TOPUAIIBHBIX OIBITOB: B KAXKJIOM OJIOKE CyMMa /103 KaX/I0Tr0 U3 TpexX (HakTOpoB COCTaB-
naser 12, a cymma Npou3BeAeHUM MonapHo B3sATHIX ¢dakTopoB — 20 (Gosiee oOuuii
KOHTPOJIb: CyMMa 4Hcell Kakaoro onoka 1332, cymma kBajapatoB ux 327228).

Tenepp pacmmpum 3agady: JOMYCTUM CIEIYET HU3YYUTh WIECTh 103 KaXKI0I0
dakropa 4, B, C, TO eCTh IPOU3BECTU TP MOMOIIH YCIOBHOTO (haKTOpa BHIOOPKY U3
nosHoOM (pakTopuanpHOUM cxeMbl 6*6*6. Bzss Sy=000, S'=111 u S,=222, a ocHOBHBIE
dakropel A, B u C B no3ax 0 u 3, umeeM Jy1si KBa3u(aKTOPUATLHON CXEeMbI (POpPMYITY
2%*2%2%3. Ecnn 00paTtuThCsa K COOTBETCTBYIOIIEH CXEME U B COITIACUM C HOBBIMH YCJIO-
BUSIMM 3aMEHUTH JUIsl pakTopoB A, B u C 1 Ha 3, To nmonyyum:

[epssiit 6mok: 0000, 0330, 3030, 3300, 0001, 0331, 3031, 3301, 0002, 0332, 3032, 3302;
Bropoii 6imok: 3330, 0030, 0300, 3000, 3331, 0031, 0301, 3001, 3332, 0032, 0302, 3002.

Tenepp cnenyet uudpst 0; 1 u 2, cTosMe B KOHIIE STUX YEThIPEX3HAYHBIX UM -
CeJl M OTHOCSIIIMECS K YCIOBHOMY (hakTopy S, 3aMeHUTh coorBeTcTBeHHO Ha 000, 111 n
222 ¥ CIOXKHUTH C NPEbIAYIIUMHI TPEX3HAYHBIMU YMcIaMU. B pe3ynbprare nmeeM:

Tlepseiii Gmok: 000, 033, 303, 330, 111, 144, 414, 441, 222, 255, 525, 552;
Bropoii 6mok: 333, 003, 030, 300, 444, 114, 141, 411, 555, 225, 252, 522.
(KonTpons:  cymma uncen 6roka 3330 u cymma ux kBaaparos 1295370).
OCTaHOBUBIIUCH TIOKA HAa 3THUX TMPOCTEUINUX CIydasx HPUMEHEHHUS METoja

YCJIOBHOTO (hakTopa ajsi co3AaHus KBa3u(aKTOpHalbHONW CXEMbl, OTMETUM €r0 0COOEH-
HocTU. YcinoBHBIN pakrop S=ABC, npunumaromuii 3HaueHust S;=000 u S;=111 B nep-
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BOM cxeMe M 100aBOYHOE 3HaueHue S$>=222 — BO BTOPOH, C arpOHOMHYECKOW TOUYKU
3pEHUS MOXKET pacCMaTPUBATHCS KaK MEHSIOUCA (OH, HA KOTOPOM M3y4aeTcsl BOCh-
mepHas cxema ¢akropoB 4, B u C ¢ unreppasiom 103 0-2 B nepBom u 0-3 BO BTOpoM
cinyyae. Ecnu npencraButh cebe ocu KOOpAMHAT B TPEXMEPHOM MPOCTpPaHCTBE A, B u
C, TO TEOMETPUYECKHU B MEPBOM CiIydae o01acTh 03 OyIeT SBISATHCS KyOOM CO CTOpO-
HaMH, paBHBIMU TPEM €IUHHIAM, @ BO BTOPOM — IIATH eauHUIaM. BHyTpu 3TOr0 Kyba
npoxoauT nuaro”ans yepes Touku 000, 111, 222, 333 B nepBoM cityyae U 4epe3 TOUKU
000, 111, 222, 333,444, 555 — Bo BTOpoM cityudae. ITockosibKy BOCbMEpHasi cxema reo-
METPUUYECKH TaKKe MOXKET OBbITh MpEACTaBlieHAa B BHUJE KyOa, HAIld HOBBIE CXEMBI
MPEICTABISIIOT CO00H 0c000€ COeNMHEHUE TAKUX AIEMEHTAPHBIX KYOOB: B IEPBOM CITy-
yae JBYX, a BO BTOPOM TpeX. OCOOEHHOCTh 3TUX CXEM 3aKJII0YaeTcs B TOM, YTO B Iep-
BOM M3 HUX HadayibHas Touka (111) BTOporo kyba comepKuTcsi BHyTpPH MEPBOTO, a BO
BTOPOM CXeMe BHYTPH NEPBOTo KybOa copepkarcs HadajdbHble Touku (111 u 222) nByx
nocienyomux Kyoos. M3-3a 3T0ro mocienoBaTelbHOCTh KyOOB MMEET CBOEH OChIO
JIMaroHanb 00JIacTh J103. ITa 0COOEHHOCTh CXEMbI IIPEJICTABIICHA HA PUCYHKE:

N

s

\
: |

o it = —

I
L s

Cxema 2°*3

31ech SICHO BUAHO JUAroHaJbHOE pacIojiokeHue KyOoB. B cBs3M ¢ 3TM mpowuc-
XOIUT KOHIIEHTpAIus HAOMIOMaeMbIX TOYEK (BEPIIMH dSJIEMEHTapHBIX KyOOB) BIOJb
JIMArOHAJId U OTCYTCTBUE UX B BEPXHEM JIEBOM U HUYKHEM IIPABOM YIUTy. ITO O3HAYAET,
YTO U3 ONbITA MCKIIFOYEHBI CIUIIKOM KOHTPACTHBIE COYETAHMS J103. ATPOHOMHYECKHU
3TO 0OCTOSATEIBCTBO HEJB35l Ha3BaTh OOJBIIMM HETOCTATKOM, TaK KaK MPAaKTHYECKHU Ta-
KHE COYETaHUsI OOBIYHO HE MPEICTABISAIOT O0NbIIOro HHTEpeca. C MaTeMaTHYeCKOH ke
TOYKH 3PEHHUSI TIPU UCIOJIB30BAHUH PETPECCHOHHOTO aHANIM3a JAHHOE OOCTOSITENHCTBO
CIIelyeT paccMaTpuBaTh, KaKk XOTA M HEOOJIBIION, HO BCE K€ HEAOCTATOK, TaK Kak
MMEHHO KOHTPACTHBIE COYETAHUS UMEIOT OOJIbIIIee 3HAYCHUE JJIsi TOYHOCTU BBIUUCIISIC-
MBIX TAPAMETPOB, YEM MEHEE KOHTPACTHBIE.

Teneps paccMOTpUM NMPUMEHEHHUE METOa YCIOBHOTO (akTopa ajisi 32-BapHaHT-
HOTO OIIBITA, CBOAMMOIO K IIOJHOM (hakTopHanbHol cxeme 2°. YenoBumes B 0603Haue-
Husx. B npenpiaymux kBa3u(akropuaibHbIX cXeMax Oblla B3sATa BOCbMEpHas cxema 2°
MIpH JABYX J103aX YCIOBHOTO (hakTopa So 1 Si B IEPBOM U3 HUX U TpexX ao03ax So, Si, 1 >
BO Bropoii. [TosToMy mpumenumMa 2°*2 njs nepBoii cxembl U 2°*3 1ys BTOpOH, ycIo-
BUBIIUCH CYUTATh MOCIETHII MHOXKUTENh YKa3aTelIeM YHclia 03 YCIOBHOTo (hakropa.
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JUist B3ATOM 32-BapMaHTHOM cxeMbl OyneM MMeTh (hopmyity 2°*4, To ecTh BO3b-
MeM 4eTbipe N03bl poHa S=ABC: S;=000, S\=111, §,=222, §;=333. Torna, nomnaras
A=4, B=4, C=4, D=111, E=222 u DE=333, MOXXHO OJIOKMPOBKY, MPECTABICHHYIO Ha
cTpanule 48, n300pa3uTh B IUGPOBOM U pE TaK:

[lepBsiit 610K: 000, 440, 515, 155, 626,266, 333, 773;
Bropoii 610k: 404, 044, 111, 551, 222,662, 737, 377,
Tpetuii 610K: 400, 040, 115, 555, 226,666, 733, 373;
Yerseproiii Ook: 004, 444, 511, 151, 622,262, 337, 777.
(KonTponb:  Xx=3108,  Xx’= 1653900 mis kaxmoro 610Ka.)

Oco0060if MaHEeBPEHHOCTHIO OMMCAHHOTO BHUAa 00JaJjaeT cxeMa 26 ¢ 64 BapHUaHTAa-
MU, B BUJIE KBa3UJIATMHCKOTO KBajpara 8*8. DTo ee CBOMCTBO MOXKET ObITh COXPAHEHO
BO BCEX MPOU3BENICHHBIX OT Hee cxeMax. [Ipexe Bcero, ecnu daktopy F npujarh 3Ha-
yeHus 1 (oTcyTcTBHE 3TOTO (hakTopa) v 2 (HAJIMYKE ero), KoTopbie OyayT o3HadyaTh HO-
Mepa OBTOPEHUH, U TPOU3BECTU COOTBETCTBYIOIINE IEPECTAHOBKH, TO MOIYYHM (haK-
TOpUAJIbHYIO cxeMy 2° ¢ 32 BapMaHTaMM B JBYKPATHOM MOBTOPHOCTH, Pa3MEILEHHYIO
o (¢opMe KBa3WJIATUHCKOTO KBajpara. K 3Toil cxeme MpuiokuMbl Bce mpeodpazoBa-
HUS, O KOTOPBIX TOBOPUJIOCH BhImIe. [locimeqHee U3 onucaHHbIX MPeoOpa3oBaHUl JacT
onbIT 4%; panee onucanHble MOIU(PUKALUKE MOTYT IaTh TPeX(AKTOPHBIE OIBITEI COOT-
BETCTBEHHO 8%8*8, 7*7*7, 6*6*6 u npyrue. [Ipumenss k cxeme 2° METO YCIOBHOIO
(dakropa npu ycnoBuu F'=S ¢ gozamu 00000 u 11111, MOXKHO MOTYYNUTh MPOU3BOAHYIO
cxeMy MATU(AKTOPHOTO ONBITA 4° ¢ KBa3MIAaTUHCKUM Pa3MEICHUEM BAPUAHTOB.

Jlo cux mop B OCHOBY BBIOOPOYHBIX CXeM ObLIa MOJIOKEHA TOoJHAas (DaKToOpUalib-
Has cxema 2". JIaHHBIA TPUHIIUIT €CTECTBEHHBIM MOPSJIKOM MOXKET OBITh paclpocTpa-
HeH U Ha cxeMy 3". O6parumes K onbity 3* ¢ qBOlHOM GokupoBKoii. Eciu 3xeck nep-
Bbie Tpu 1UPpbl (oTHOCAmUECS K dakropam A, B u C) 0, 1 u 2 3aMEHHUTh COOTBET-
ctBeHHo Ha 0; 3 u 6, a yeTtBepThie 1UPpHI (hakTop D=S) 0; 1 u 2 Ha Tpex3Haunsie 000,
111 u 222 1 cIOXUTH UX C TPaHCHOPMHUPOBAHHBIMHU YKa3aHHBIM 00pa30M MPEIbLTyIIIH -
MU TPEX3HAUYHBIMU YMCJIaMU, TO TIOJyUYeHHas 3TUM ITyTeM §1-BapuaHTHas cxema Oyner
BBIOOPKO U3 OoJiee oOmHpHON (hakTOpHanbHOU cxeMbl 9*9*9 (B momHOM cocTaBe 729
BapuaHTOB). TakuM 00Opa3oM, MepexoJ] K HOBBIM OyJeT MPOU3BOIUTHCSA TaK: BapUAHT
2210 nepenpner B Bapuant 663+000=663, Bapuant 2011 B 603+111=714, Bapuant 0122
B 036+222=258 u T. 1.

Kak yka3bIBanoch, Ipy NOCTPOECHUU TAOIMIIbI, HA OCHOBE KOTOPOM CKOHCTpYH-
poBaHa AaHHas BbIOOpouHas cxeMa 9*9*9 OGpuin cMemianbl B3aumonenctBus ABC 1,
ABD 111, ACD 11 u BCD 1V no ropuzontanu, B3aumonectsusi ABC Il, ABD IV, ACD
III u BCD 1 no BepTHKaIy, a TAaKXKe B CBA3M C OAJIAHCUPOBAHUEM CMEUIMBAHUS BO3HUK-
JI0 HEMPOMU3BOJIBHOE CMEIIMBAHUE «JIMATOHAIBHBIX» CHCTEM KBAJpaToOB C B3aUMOJCH -
ctBusmMu ACD 1 u BCD IIl (o aBe crteneHu cBoOozbl). Temepp, Korma MPUHATO
D=5=ABC, untepnperanus Npolecca CMEMINBAHNS B HEKOTOPBIX OTHOILIEHUSX YCIIOXK-
HEHa, HO MPABOMEPHOCTh OCHOBAHHOW HA CMEIITMBAHUHU OJIOKUPOBKU OMBITA OCTAECTCS B
CHIIE.
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Bribopounas cxema 9*9*9 ¢ TpoitHOI OIOKHPOBKOM

bnoku-crpo- broku-cron6iisl

KU 1 2 3 4 5 6 7 8 9

1 330 066 603 222 858 585 771 417 144
2 882 528 255 441 177 714 000 636 363
3 111 747 474 660 306 033 552 288 825
4 606 333 060 588 225 852 147 774 411
5 258 885 522 717 444 171 366 003 630
6 477 114 741 036 663 300 828 555 282
7 063 600 336 855 582 228 414 141 777
8 525 252 888 174 711 447 633 360 006
9 744 471 117 303 030 666 285 822 558

(KonTposnb: £x=3996, ¥x?=2393604 nus ka0 CTPOKH, CTOJIONA ¥ KBAApaTa)

B ciiyuyae npoBeieHust onbITa B IBYX MOBTOPEHUSIX MPEACTABISIETCS BOSMOXXHBIM
BO BTOPOM IOBTOPEHHUM CMEIIAaTh HOBYIO CHCTEMY B3aUMOJICUCTBHIM, KOTOpask UMeEeT
CaMOCTOATENLHBIN XapaKTep U HE 3aBUCUT OT MIEPBOM. ITO HOBas CHCTEMa B TEPMUHAX
A, B, C u S Oyznet Takoii:

10 TOPU30HTAJIH: ABCIII, ABSII, ACS 1, BCS 1I;
10 BEPTUKAJIN: ABC IV, ABS1, ACS 1V, BCS III.

MOoXXHO OmpeneuTh pa3MelIeHne BapUaHTOB MO OJIOKaM BTOPOTO MOBTOPEHUS
IPU YKa3aHHOM 3/1€Ch HOBOM CHCTEME CMEIIMBAHUS B JIBYX HAIlpaBICHUSAX. B maHHOM
cillydyae HEMpPOM3BOJIBHOE CMEIIMBAHUE C «AUMAroHaJbHBIMMY» KBaJpaTaMHU KOCHYJIOCH
B3aumoneiicteuit ACS Il u BCS 1. B tabnuiie HaOMr0ma0TCsl paBEHCTBA 10 OJ0KaM XX
=3996 u Xx°=2393604.

Bribopounas cxema 9*9*9, BTopoe nmoBTOpeHme

bnoku-crpo- broku-cTonousn

K1 1 2 3 4 5 6 7 8 9

1 330 006 663 822 588 255 171 747 414
2 282 858 525 441 117 774 600 366 033
3 711 477 144 060 636 303 552 228 885
4 666 333 000 258 825 582 417 174 741
5 528 285 852 777 444 111 036 603 360
6 147 714 471 306 063 630 888 555 222
7 003 660 336 585 252 828 744 411 177
8 855 522 288 114 771 447 363 030 606
9 474 141 717 633 300 066 225 882 558

Ecnu nuaroHanbHOE HampaBlIeHUE HE IIPEACTABISACT HHTEpPEca, TO CIEAyeT
MPOU3BECTU PAHIOMH3AIMIO BCEX JCBSITU CTPOK U JIEBATHU CTOJIOLIOB, HAPYIIIMB TEM Ca-
MBIM II€JIOCTHOCTh KBajpaToB. Eciu >ke OJOKMpOBKA MO KBajapaTaM JIOJKHA OBITh
COXpaHeHa (3a CYEeT MOTEePH YKAa3aHHBIX BBIIIE B3aWMOJCUCTBHIN), TO CHaYasla CIEAyeT
PaHIOMHU3UPOBATh TOPU3OHTAIBHBIE U BEPTUKAIBHBIE MOJIOCHI, @ IIOTOM COOTBETCTBEH-
HO CTPOKHU M CTOJIOIBI BHYTPH 3THX MOJ0C. Bo3pacTtanue 103 KaXKI0TO U3 M3y4aeMbIX
(akTOpOB MPOBOIUT K YBEIMYCHHUIO OTHOCHUTEIHHOTO KOJIMYECTBA B3aWMOJCHUCTBHIMA
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BBICIIIETO MOPSJIKA, KOTOPbIe OOBIYHO CTOJIh MajIO3HAYaly, YTO (PaKTUUYECKU HE JAI0T
HUKakoW nosne3noi undopmanuu. [IpaBaa, oHu MOTYT OBITH YHOTPEOIEHBI JJIsl YKpET-
JeHus 6a3bl CpaBHEHUS, TO €CTh OepyT Ha cedst poJib MOoBTOpHOCTU. Ho, HaunHas ¢ He-
KOTOPOTO MOMEHTA, 3Ta poJib CTAHOBUTCS Masio3aMeTHOU. OTcrofa, Kak 3T0 OBbLIO yKa-
3aHO, TAaKH€ B3aMMOJICUCTBUS CTAHOBSITCSA B U3BECTHOM CMBICIIEe Oecroyie3HbIMU. B cBsi-
3M C 3TUM TNPEJCTABISET UHTEPEC YCTAaHOBUTH BIHUSHUE OMHCAHHOTO 3/I€Ch Crocoba
o0Opa3oBaHus BHIOOPOYHON CHCTEMBbI BAPHAHTOB HA MOTEPH aKTyallbHOM WHGMOpMAIINH
Y Ha YMEHBIIICHUE YKAa3aHHOW MPaKTUYECKH Oecrone3Hoi nHhopMaIiuu.

Bossmem nonHbiil hakropuanbHbiid onbIT 9%9*9. 3neck To, uTO paHee ObUIO Ha-
3BaHO aKTyanbHOU mH(pOpMaIuei, odmanaer 217 cTeneHsIMUA CBOOOBI, & JOTIOTHUTEIb-
Has uHQopManus (B3aUMOJEHCTBUS BhICIIErO mopsaka) — 512 creneHsamMu cBOOOBI.
Ternepp Ha OCHOBE ATOW MOJHOW (PAKTOPUATBLHON CXEMbI, cocTose u3 729 BapuaH-
TOB, KOHCTpYHpYETCsl BbIOOpOUYHas KBa3u(dakTopuanbHas cxema 3*3* *3*3 conepixka-
mas 81 Bapuant. CrenoBarenbHO, 0011ast UHGOpMAIIUs YMEHbIIIEHA B IeBATh pa3. On-
HAKO B 3TOM HOBOMW cXeMe akTyalibHasi uHpopMaius obmanaet 33 creneHsMu cBoOO/bI,
TO €CTh YMEHbIIIEHA 110 CPABHEHUIO C MpEAbIAyIIel MpUMEPHO B ceMb pa3. C apyroi
CTOPOHBI, K JOTOJIHUTEIBHONU (B OCHOBHOM OalllacTHOM) MHGOpMallUU Tenepb OTHO-
cutcsa 48 crerneHeil cBOOOIbI, TO €CTh OHA yMeHbIIWach moyTu B 11 pa3. Takum 00-
pasoM, 37ech mepexoj oT haKTopuaabHON cXeMbl 9*9*9 (mpakTHdeckn HEOCYIIECTBH -
MoI) K KBasmdakropuanpHO cxeme 3*3*3*3 ¢ 81 BapuaHTOM NHpPOU3BEIEH TakK, YTO
HanOOJBIITNE TIOTEPU HECET HAUMEHEee 3HaYMMast JOTIOTHUTEIbHAS HHPOpMAITUs U MaK-
CUMaJIbHO COXpaHseTCsl Hanboee 1eHHas HHPOPMAIHs, OTHOCSIIASACS K TIIaBHBIM (-
(dbexTaM U B3aMMOJIEUCTBUSAM IMEPBOTO MOPsAKA. JTO O3HAYAET, YTO JaHHAs BbHIOOpPKA
MIOCTPOEHA B U3BECTHOM CMBICIIE€ PAI[MOHAIIBHO.

OcHoBHas yuyeOHasi JIuTeparypa:

1. I'puropses, FO.J[. MeToabl oNTUMANBHOTO IJIAHUPOBAHUS YKCIIEPUMEHTA: JTUHEMN -
HbIe Mozenu : yueOHnoe nocodue / FO.J1. I'puropreB. — Cankr-IletepOypr : Jlanb,
2015. — 320 c¢. — Pexum noctyna. — URL: https://e.lanbook.com/book/65949 .
— ISBN 978-5-8114-1937-1. — TekcT : 31€KTPOHHBIH.

JlonoTHUTEeIbHASL yUeOHAas JInTepaTypa:

1. Hpeinep, H. [IpuknagHoii perpeccuonHblil aHanu3: B 2-x kH. [ TekcT] : mepeBonHoe
mznanue. Ku. 1/ H. Jlpeiinep, I. Cmur ; nep. ¢ aurn. FO. I1. Annep. - 2-e usn., nepe-
pab. u gom. - M. : ®uHaHChHl U cTatucTuka, 1986. - 366 c. : ui.

2. Mengenes, [1.B. Marematuyeckoe minanupoBanue sxcnepumenta / [1.B. Mensenes,
B.A. ®enoroB. — Openbypr : OpeHOyprckuii rocyiapcTBeHHbIN yHuBepcurert, 2017.
—98 c. : Tabm., rpad., cxem., wi. — Pexxum noctyna. — URL: http://biblioclub.ru/
index.php?page=book&i1d=481785 . — bubnuorp.: c. 72-74. — ISBN 978-5-7410-
1759-3. — TeKCT : 3IEKTPOHHBI.

3. Moucees, H.I'. Teopus rutanupoBanus u o6padbotku sxciepumenta / H.I. Moucees,
10.B. 3axapos. — ﬁomKap-Ona (TII'TY, 2018. — 124 c. : wi. — Pexxum nocrymna. —
URL: http://biblioclub.ru/index.php?page=book&i1d=494313 . — bubmuorp.: c. 121.
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— ISBN 978-5-8158-2010-4. — TekcCT : 37E€KTPOHHBIH.

ypun, K.B. MeToarka 1 npakTyuKa MUIAHUPOBAHUS U OPTaHU3ALUNA dKCIIEPUMEHTA:
npaktuky™ / K.B. lypuHn, JI.A. Kocsix. — Openoypr : OpeHOyprckuii rocynap-
CTBeHHBIN yHUBepcuTeT, 2012. — 185 ¢. : un. — Pexxum noctyma. — URL: http://
biblioclub.ru/index.php?page=book&id=260761 . — bubauorp.: c. 177-178. — Tekcr
. DJICKTPOHHBIU.

KoHTpoJsibHbIE BONIPOCHI:

Onummure cnocod OUEHKHM MHPOPMATUBHOCTH CXEM IOJEBBIX ONBITOB HA OCHOBE
YHCIa CTeNeHel CBOOOIbI B COOTBETCTBUU C KAaTErOPUSAMU UH(DOPMALIMH.
Oxapakrepusyiite UHHOPMATUBHOCTD (PAKTOPUATIBHBIX CXEM B COOTBETCTBUU C UX
MMOBTOPHOCTHIO U YHUCJIOM BapuaHTOB ((haKTOPOB).

Oxapakrepusyiite HHOOPMATUBHOCTh (PAKTOPUATILHBIX CXEM B COOTBETCTBUU C UX
MOBTOPHOCTHIO U YKCIIOM BapHAHTOB (Tpajaiuii (hakTopos).

W3noxure mnpobiaemy, CBSI3aHHYIO ¢ MHOTOBAPHMAHTHOCTBHIO MOJHBIX (haKTOpHAIb-
HBIX CXEM U €€ TIePEerpyKEHHOCTHIO HeaKTyaIbHOU HH(OpMAaIueH.

OnumuTe NPUHIUIIBEI KOHCTPYHMPOBAHHS KBa3H(PaKTOPUAIBHBIX CXEM IOJIEBBIX
OMBITOB.

[IpuBenuTe npuMep KOHCTPYUPOBAHUSI KBA3U(PAKTOPUATIBLHBIX CXEM IOJIEBBIX OIbI-
TOB Ha OCHOBE KOMIIJIEKCOB 2".

N3noxure nopsiiok OIOKUPOBKHU KBa3U(aKTOPHAIBHBIX 2".

OxapakrepusyiiTe OCOOEHHOCTh KBa3H(AaKTOPUAIBHBIX CXEM, MOCTPOCHHBIX Ha
OCHOBE MCMOJIb30BaHUs YCIOBHOTO (haKkTopa.

OnummuTe MPUHLHUIBI KOHCTPYMPOBAHUS KBa3u(aKTOPUAIBHBIX CXEM Ha OCHOBE
KOMIUIEKCOB 3"

OxapaktepuzyiTe OCOOEHHOCTh pa3MEHICHUS  KBa3U(AKTOPHAIBHBIX  CXEM
'/5(9*9*9) B KBa3UIATMHCKOM KBajpare 9*9.
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Jlekuus 1.3. Hemosinbie pakTopraibHbIE CXeMbl HA OCHOBE «BIIMCAHHBIX KY0OB)
u ¢pparmeHToB cxembl 3*3*3

Bormpocsr:
1. IIpuHuuIbl pa3pabOTKH HEMOJIHBIX CXEM OIBITOB Ha OCHOBE BIIMCAHHBIX KyOOB
2. Pa3BopaumBaHue CXeM IOJIEBBIX OIBITOB HA OCHOBE BIIMCAHHBIX KyOOB
3. Pa3zpabotka cxeM ombITOB U3 (PparMeHTOB (paKkTOpUATBLHOM cXeMbl 3%3%3
4. Pa3BopaumBaHuE CXEM IOJIEBBIX OIBITOB M3 ()PAarMEHTOB CXeMbI 3*3*3

Paccmotpum cnioco6 mpoBeneHus BHIOOPKU W3 MHOTOBapUAaHTHOM (PakTOpHab-
HOM CX€MBbI, KOTOPBI HA30BEM CITIOCOOOM BIIMCAHHBIX KyOOB, Ha IpUMEpPE TpexPaKkTop-
HOTO OmbITa (HE MPEACTaBIACT TpyAa pPacHpoOCTPaHUTh HTOT CHOCOO Ha ciyyai
yeTbipex U Ooisiee (aKTOpOB, UMESl B TAKOM ClIydae JeJI0 C TaK Ha3bIBAEMbIM THIIEPKY -
6amu). Bo3bMeM cxemy 2° ¢ maroM, paBHbIM TPEM J103aM, TO €CTh Ky, IIOCTPOEHHBIH B
npoctpanctBe ¢ koopauHaramu A, B u C (unu B onbite ¢ ynoopenusimu N, P u K).
Brnmewm B Hero meHbmii Ky0 ¢ pedpom 1. B pesynbrare nonyuum cucremy u3 16 Ba-
PHUAHTOB:

Buemnmii ky0: 000, 003, 030, 300, 033, 303, 330, 333;
BHyTpeHHnii kyoO: 111, 112, 121, 211, 122, 212, 221, 222.
03 J03
i
033 |
" <2 | R
/2_7: 222
I
MR
D A
A s 302‘;\\
a70 J30

Ky6 c pebpom 1, BnrcanHslii B Ky0 ¢ pedpom 3

3nech u3yuarorcs 10361 0T 0 10 3, To ecTh 4 1035l (BKJIIOYAsi HYJIEBYIO) KaXK10TO
u3 Tpex ¢akropoB. Ecim OBl ONMBIT ¢ TAKUM YHCIOM 7103 TpeX (HaKTOpOB ObLT MOCTaB-
JIEH MO TMOJHOW (paKTOpUAIBLHOM CXeMe, TO MOHAaN00uI0Ch Obl 4*4*4=64 BapuaHnTa, B
YUCJIO KOTOPBIX BXOAAT M NEpeYucieHHble Bbilie 16 BapuanToB. CiegoBareabHO, 3TO
HOBAasl cxema IpeJcTaBisaer coooil 1/4 monHol GakTopuasbHON CXEMBI U SIBIISIETCS BbI-
Oopkoii u3 Hee. B 3Tol cxeme KoiaudecTBo HHPpopMaluu (M3MepsieMO B CTEMEHAX CBO-
00/1bI) TAKOBO:

Buenrawmii ky6 BnyTpennuii kyo Bcero
1. Cpennuit ypoBeHb 1 1 2
2. I'maBHbIe 3 dexThr 3 3 6
3. I1apHble B3auMoeHCTBUS 3 3 6
4. TpoiiHble B3aUMOJIEHCTBUS 1 1 2
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3/1ech B OMBITE B OJIHOM IOBTOPEHUU 3a 0a3y OLICHKU 3HAUMMOCTHU MPUXOAUTCS
Opath BE CTENEeHU CBOOOABI TPOMHOTO B3aUMMOJECUCTBUS, 4TO Tipu F=18,51 naet Hu3-
Kuii nonpaBoyHblid koaddunment 3,84:18,51=0,207 u manyto nHGOPMATUBHOCTH BCETO
ombita 14*0,207=2,9 enunuiisl nHGOpMaIuu. Takoil OMBIT HE CJIETYET CTaBUTh O€3 MOo-
BTOpHOCTH. HO mpu ABYKpaTHOM MOBTOPHOCTH, KOrja 6a3a OIEHKH 3HAYMMOCTH OIUpa-
eTcst yke Ha 17 creneneit cBo00bI (00beAMHEHNE OCTATOYHON TUCTIEPCUH C TPOMHBIM
B3aUMOJICHCTBUEM), TTONPABOYHBIN Kod(duimeHT Bozpactaer 10 3,84:4,45 = 0,863 u
KOJM4eCcTBO MH(popManuu cocTaBuT 12,1 equnuiel. CpaBHHBAsS 3TOT Pe3yabTar ¢ pac-
4eTamMu IS TAaKOW Ke, paHee TOTyUYeHHON KBa3u(paKTOpHalbHOU |6-BapuaHTHOU cXe-
MBI 4%2% ipu n=4, BUIMM, YTO HOBasi BLIOOpOUHas cxema (0003HaumM ee 2°+2°) naer 1o
Ke KOJIMYECTBO MH(OpPMAIIUU, HO MO3BOJISIET, BO-NIEPBBIX, YBEIUUUTh YUCIO J03 JBYX
(daktopoB ¢ 2 10 4 U, BO-BTOPBIX, CHU3UTh MOBTOPHOCTD OIbBITA C YETHIPEXKPATHOM 110
IBYKpatHO#. Eciii cuuTaTh, 4TO MOBTOPEHUE, COCTOALIEE U3 16 BapuaHTOB, BEIUKO, TO
MOXXHO MPUMEHUTH OJIOKUPOBKY, HCTIONB3YS JIJIsl ’TOTO OAHY CTENEHb CBOOOIBI TPOMHO-
ro B3aumojieicTBus. Pa30uB BapraHThl Ka)XJ0ro U3 KyOOB Ha JBE T'PYIIIHI M0 MPaBU-
nam oOpa3oBaHus OJIOKOB MPU BOCBMEPHOU cXeMe:

I'pymma a I'pynmna ¢
Bueunuit ky06: 000, 033, 303, 330 333, 300, 030; 003
BuyTtpennmuii kyo0: 111, 122,212, 221 222,211,121, 112
Y COEIUHSSI 3T TPYMIBI HAKPECT, MOTYUUM JiBa OJI0Ka:
[epBblit O10K: 000, 033, 303, 330, 222, 211, 121, 112,
Bropoii 6mok: 333,300, 030, 003, 111, 122, 212, 221.

(Konrpoms:  Xx=1332, 2x*=322788)

OObenuHeHue IByX KyOOB 234+2° moka He BBIBEJIO HAC U3 npeaenoB 4 103, XOTs U
OKa3aJIOCh B YKa3aHHOM BBHIIIIE CMbICTIE 3(PPEKTUBHBIM 11O OTHOIIECHUIO TTOJIHON (haKTO-
puanbHOU cxeMbl 4*2° u Tem Gonee cxembl 4°. MIHOIIA KenaTeNnbHO UMETh B OIBITE
OoJIbIIIee YHCIIO J103. DTO MOXKHO JOCTHUTHYTh, €CIIM MOCTPOUTH €IIl€ OJUH BHEIITHHUI
KyO, TO €CTh B34Th TP Ky0a ¢ pa3HbIMU Iiaramu 7103 (1; 3 u 5) kaxaoro u3 GpakTopos:

[lepBsiii G110k Bropoii 610k
Breninuii kyo0: 000, 550, 505, 055; 555, 500, 050, 005
CepenuHHbIN KyO: 111, 441, 414, 144, 444,411, 141, 114
Buytpennnii ky0: 222,232,323, 233; 333, 322, 232, 223,
KOHTpOJIB: ¥x=3330, Xx*= 1277610

CucTeMy BIIMCAHHBIX APYT B Apyra Ky0oB 2° (mogo0HyI0 JePEBIHHBIM «MaTPEL-
KaMm») MOXXHO paculMpUTh W Jajee, HalmpuMep, CHCTeMa U3 YEeThIpex KyOoB
2°+2°+2°+23, comeprkamas 32 BapuaHTa, MOXKET OBITH PasMeEIleHa B YETHIPEX OJIOKax
10 BOCEMb BAPUAHTOB B KaXkJIOM:

[TepBrrIii 650K BTtopoii 610k
000, 770, 707, 007, 7717, 700, 070, 007,
444,334,343, 433; 333, 344, 434, 443;

Tpetuii 610k YetBepThiii 610K
111, 661, 616, 166; 666, 611, 161, 116;

555, 225, 252, 522; 222,255, 525, 552.
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B 1anHOM Cilyyae Halll IIPEKHMIA KOHTPOJIb — MOCTOSHCTBO 110 OJI0KaM XX’ yiKe
HE MMEET CHUJIbl. DTO OOBSICHSETCS TE€M, YTO B MPEIBIAYIIMX CXeMaX BCE UCIBIThIBAE-
MBIE JI03bI OJMHAKOBO IIPEACTABIEHBI BO BCEX OnoKax (Hampumep, B cxeme 2°+2°+2°
Kaxkzas u3 J103 Jiroooro daktopa 0 u 5; 1 u 4; 2 u 3 ABakABI BCTPEUAETCS B KAXKIOM U3
IByX OnokoB). BcneacTBue 3TOro cymMmbl KBaJpaToOB /103, KOTOPHIE BXOAST B CYMMY
KBaJpaToOB TPEX3HAUHBIX YHMCEN XX, TAKXKE OJMHAKOBLL B moOcIeqHell ke 4eThpex-
OJIOUHOM cXeMe B IIEPBOM M BTOPOM OJIOKaX JBaXK/bl BcTpedarores 10361 0; 7; 3 u 4, a B
TPEThEM U YETBEPTOM OJIOKaxX J03bI 1; 6; 2 1 5; cymMmma KBaJpaToOB MEPBBIX COCTABIISIET
74, a BTOpeIX — 66. OTCrona anreOpandecKy CIEMYET, YTO XX MO OIOKaM HE MOXKET
ObITh OAMHAKOBA. B Takux ciydasx (OHM BCTPETATCS HaM M Jlajee) KOHTpoJeM Oyaer
PABEHCTBO IO OJIOKaM XX U CyMMbI IPOU3BEACHHUN 103 KaKI0M napsl (pakTOpoOB, KOTO-
peie 0003HaYMM Xzv. B mocneaHeil M3 mpuBEACHHBIX BblIE cxeM uMeeM 2x=3108 u
>zv=98. (CnenoBaTesbHO, 3/1€Ch KOHTPOJIb BBIPAXKEH B MEHEE KOMIAaKTHOU (popme).

HecMoTps Ha mpoCTOTY 3TOM CXEMBI M OTHOCUTEIBHYIO MaJIOYUCIEHHOCTD €€ Ba-
puaHTOB (OHA MpEJCTaBIsAET cO00M BHIOOPKY 32 BapHaHTOB M3 MOJHOW (haKTOpHUalib-
HOM cxeMbl 8°, cocrosmieil u3 512 BapUaHTOB, TO €CTh ABIAETCA /16 DTOM MOCIEAHEH),
OHAa B arpOHOMHYECKOM OTHOILIEHUU BPSJ JIM MOXKET CUMTAThCS yAauyHOU. /[eso B ToMm,
YTO B HEW OOJIBIIIOE OTHOCUTEIHHOE KOJTMYECTBO UMEIOT CIIUITKOM KOHTPACTHBIE COUe-
TaHus 103 GakTopoB, Takue, kak 700, 070, 770 wm 611, 161, 661, 4To arpoHOMHUYECKU
BOCIPUHUMAETCSI BecbMa KpUTHYEeCKH. [IpaBna, 3TM KOHTpACTHBIE BapUAHTBI COAEP-
)KATCs ¥ B IOJHON (haKTOPUAIBLHOM CXeMe §°, OTKy/a OHM U HOIaNaoT B BEIOOPKY, OfI-
HAKO OTHOCHUTEIBHOE KOJIMYECTBO X B ATOM IMOJIHOM CXEME 3HAUUTEIbHO MEHBLIE, YEM
B JJaHHOU BBIOOpKE. C MareMaTuuyecKol TOYKU 3pEHHUSI B OCOOCHHOCTH TOTJA, KOrja
ONbITHBIE JAaHHBIE MOAJIEXKAT OOpabOTKE PErpecCHOHHBIM METOIOM, B YKa3aHHOU
KOHTPACTHOCTU HET HUYEro IUIOXOTO0, M Jlake, HAa00OpOT, JAHHOE OOCTOSTENBCTBO CO-
JEHCTBYET MOMy4YeHUIo Oosiee HaAEKHBIX NapamMeTpoB ypaBHeHus perpeccuu. [lo-
BUJIUMOMY, 3/1€Ch HEOOXOAMM HEKOTOPBIA KOMIPOMHUCC MEXKIY STUMH JBYMSI TIPOTHUBO-
MOJIOXKHBIMU TOYKAMH 3PEHUS.

HenmocrarkoM ONmMCaHHBIX BBIIIE CXEM, MOCTPOCHHBIX HAa OCHOBE CTaHAAPTHOU
CXEMBI 2°, ABJISETCS TO OOCTOATENBCTBO, YTO BO BHYTPEHHEH 4acTH M3yd4aeMol obia-
CTH 7103 CETh HAOJIOAEHHBIX TOUYEK OoJiee rycras, a BO BHEIIHEH 4acTu HECOpa3MepHO
penkas. Beibopka oxBaTbIBaeT 3Ty 0071aCTb HEPABHOMEPHO. DTOT HEIOCTATOK MOXKHO
YCIIPABUTh, €CIIM BMECTO CTaHAAPTHOIO Kyba 2’ B34Th 32 OCHOBY CHCTEMY PACIIMPSIO-
IUXCS ¥ B TO K€ BpeMsi 0oJiee HACBIMEHHBIX (DMKCUPOBAHHBIMHU TOUYKaMH KyOoB. Tax,
IEPBBIA BHYTPEHHUM KyO MOXHO IIOCTPOUTH 110 MPEXHEHR popmyse 2°, 4To 1acT Bo-
CEMb BapMaHTOB, HO BTOPOil — BHEIIHUI Ky0 MOXKHO B3STh B BHJE 3°, uTO maeT 27 Ba-
puanToB. Tak Kak cxema 3° MMeET IIEHTPalbHYI0 TOUKY, TO YTOObI HE BBOIAUTH ApO0-
HBIA KOI IS 103, mar cxeMbl 2° (pebpo BHYTPEHHEro Ky0a) CIEAyeT B3STh PABHBIM
IIBYM, TOTJIa M IIar CXeMbI 3° OyleT Takxke aBa. B 1e110M HaGOp BAPUAHTOB B 3TOM CIIy-
yae OyleT TaKuM:

Bayrpennuit xy6: 111,113, 131, 311, 133, 313, 331, 333

Buemnuii ky6:{ 000, 002, 004, 020, 022, 024, 040, 042, 044;
200,202, 204, 220, 222, 224, 240, 242, 244;
400,402, 404, 420, 422, 424, 440, 442, 444.
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[ToBTOpeHue, cocrosimiee U3 8+27=35 BapuaHTOB, MO MPUHITOMY Y HAC YCIIO-
BHIO, CIUIIKOM BeluKo (6ojee 15-16), u mosToMy OCyIIECTBIECHHE TAKOTO OIbITAa B Ha-
Type TpedyeT OJOKMPOBKU BapUaHTOB. B aHHOM citydyae yno0HO BOCIOJIB30BaTHCS CH-
CTeMOM GJIOKOB, MOCTPOEHHOM 11 cxeMbl 3°. Kaxaplil n3 Tpex OI0KOB BHELIHETO KyOa
OyZeT UMEeTh MO JIEBATH BApUAHTOB. 3a YETBEPTHIM OJOK CIEAyeT B3ATb BHYTPEHHUU
KyO ¢ BOCEMbIO BapuaHTaMHU, HO, YTOOBI C/I€JIaTh €r0 PaBHBIM IO YHCIIy BapHUAHTOB C
MEPBBIMU TpeMs OJIOKaMU, MOXKHO T00aBUTh «HEUTPAJIbHBIN) BapHAHT, KAKUM SBIISCT-
Cs LEHTP CXeMbl — 222. DTOT BapuaHT OyJIeT y4aCcTBOBATh ABAXKILL B CXeMe 3° M B Ka-
yecTBe J100aBOYHOrO 4ieHa K cxeme 2°. B 1eoM cxema, KoTopasi CAMBOJIMYECKH MO-
KeT ObITh 0003HaueHa 1 +2°+3°= 36, Gyzer mocie GJI0KMPOBKU TAKOM:

IlepBslii 610K: 000, 204, 402, 022, 220, 424, 044, 242, 440;
Bropoii 010k: 002, 200, 404, 024, 222, 420, 040, 244, 442;
Tpernii 65ok- 004, 202, 400, 020, 224, 422, 042, 240, 444;

YeTBepThiii OJ10K: 111, 113, 131, 133, 311, 313, 331, 333, 222.
(Kontponb:  Xx=1998, Xzv = 36.)

KoHeuHo, Kak ¥ BO BCEX APYTUX CIydasX, BHYTPH KaKJA0ro OJ0Ka A0HKHA ObITh
npoBefieHa peHaoMu3aiuu. [IpuBeneHHas Bblllie cxema sBsieTcs: BbIOOpKoil 36 Bapu-
AQHTOB M3 MOJIHOM (haKTOpHaIbLHOU cXeMbl 5*5*5, cocrosmieit u3 125 BapuanToB. Ecnu
OBl OBLIIO JKEJIATEeIbHBIM PACHIUPHUTH 00IACTh U3yUaeMbIX J103 o0bema 7*7*7 = 343, 1o
JIOTUYHO OBLIIO OBl MOCTPOUTH HOBBIM BHEUTHUN KyO, KOTOPBIN JIJISi COXPAHEHUS TOTO
’Ke 111ara B JIB€ SIWHHIBI JOJDKEH COOTBETCTBOBATH cxeMe 4*4*4. CnenoBarellbHO, B
ATOM clly4ae oOIee KOJIMYeCTBO BApUAaHTOB MOCTUTIIO Obl 36+64=100 (mpu O10KHpPOB-
K€ MOTpeOOBaOCh OBl €Ile HECKOJIbKO J00aBOYHBIX AYOIUPYIOMIMX APYT Apyra HeH-
TpaJbHBIX BApUAHTOB). Takoe OOIBIIIOE YKCIIO BAPUAHTOB B YCIOBUSX MOJIEBOTO OIbBITA
SBHO HEIMOCUJIBHO.

B cBsA3u ¢ 5THM IIpH Tepexoe K cxeme 7*7*7 MOXKHO BHEMHMH Ky0 4° 3aMEHHTE
Ha 3°, TO €CTh OBTOPUTH ATy TOCIEIHIOK CXEMY JABAXKIbI, HO C Pa3IMYHON BEJINYUHON
mara (2 u 3 equHunel). B aToM ciydae cxema Oyner copepxarb 36+27=63 Bapuanra u
YKCJIO OJIOKOB M0 JIEBSATH BAPHAHTOB BO3PACTET J0 CEMH:

[TepBbrIit OmoK: 000, 306, 603, 033, 330, 636,066, 363, 660;
Bropoii 610k: 003, 300. 606, 036, 333, 630,060, 366, 663;
Tpetuii Giok: 006, 303, 600, 030, 336, 633,063, 360, 666;
YerBepThlii OJ0K: 111, 135, 153, 313, 331, 355, 515, 533, 551;
[1saThI1i1 OM1OK: 113, 131, 155,315,333, 351,511, 535, 553;
Hecroii 6ok 115, 133, 151,311, 335, 353,513, 531, 555;
Cenpmoii O110K: 222, 442, 424, 244, 422, 242, 224 444, 333.
(KonTpoub: Xx=2997, Xzv=81.)

PekoMeHIyeTCs B IBYX YYACTBYIOIMX 3/1ECH CXEMaX 3° IPOU3BECTU CMEIIMBAHUE
c OJIOKaMH pa3IUYHBIX Map CTETeHeN CBOOObI B3aUMOACHCTBUS BTOPOTO Mopsiaka. Y
Hac BO BHEINHEN cxeme 3° cMemrana napa crenenei cBoooast ABC 1, a B mpoMexyTou-
Hoit cxeme 3° — mapa ABC 1I (naparpad 7).

Ecnu m ara cxema OKaXeTcsk HEelpUEMIIEMOM BBUIY €€ IPOMO3AKOCTH, MOYKHO
IPOMEKYTOUHYIO CXeMY 3° 3aMEHHTh Ha 0oJiee KOPOTKyIo 2°, uTo mact (BMecTe ¢ 100a-
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BOYHBIM LIEHTPAJbHBIM BapUAHTOM) cxemy u3 36+9=45 BapuantoB. OHa MOXET OBITH
TaKOM:

[TepBsrit O10K: 000, 306, 603, 033, 330, 636, 066, 363, 660;

Bropoii 610k: 003, 300, 606, 036, 333, 630, 060, 366, 663;

Tpetuii 6ok: 006, 303, 600, 030, 336, 633, 063, 360, 666;

Yerseptoiit O1ok: 111, 155, 515, 551, 444, 422, 242, 224, 333;

[IsTh1ii O10K: 555, 511, 151, 115, 222, 244, 424, 442, 333.

(Kontpons: 2x=2997, Xzv=81)

B ciyuae eme Oomplero pacmupenus 001acTi U3ydyaeMbIX 103 (pyU HEM3MEH-
HOM ENWHUYHON J103€ KaXKJIoro (QaxTopa) MOXKHO IyTeM MpHOaBICHHUS K CXeMe
1+2°+3°+3> HOBOIT BOCEMEPHOM CXeMBI 2° MONYYHTh cXxeMy ¢ 2+2°+2°+ +3°+3°=72 pa-
puaHTaMu IpHu UHTEpBaje 103 oT 0 10 8, ABJIAIOLLYIOCS BHIOOPKOM M3 MOIMHOU (haKTO-
puanbHOM cxeMbl 9*%9*9 . cocTosiiieit uz 729 BapuaHTOB. ITa cXeMa KOHKYPUPYET C pa-
HEE ONMCAHHOW §1-BapMaHTHOM CXEMOW, MOCTPOECHHOM MO MPUHIMIY KBAa3UJIATUHCKO-
ro kBajpara. Hopast cxema, oTHOCSIIIasiCs K TOM e, YTO U paHee, 001acTH M3ydaeMbIX
103 9*9*9, obnmagaer TeM NPEeuMyIECTBOM, YTO OoJiee WM MEHEE PaBHOMEPHO OXBa-
TBHIBAET BCIO 3Ty 00JIACTh U B TO K€ BPEMSI UMEET YMEHbBILIEHHOE YUCIIO BapuaHTOB (72),
HO BMECTE C TE€M 3/1€Chb BO3MOXKHA TOJBKO OAMHAapHas OJIOKMpOBKa ombiTa. [IpexHss
cxeMa u3 81 BapuaHTa J0IycKajia JBOMHYIO (M 1ake TPOMHYI0) OJIOKHPOBKY, HO MMEIa
Ty 0COOEHHOCTb, KOTOpasi ObUIa Ha3BaHa «JIMAarOHAJIBHBIMY PACIIONI0KEHUEM OITIbITA.

Cxembl, MOCTpOEHHBIE U3 (pparMeHTOB dakTopuanbHON cxembl 3*3*3. Meton
IUTAHUPOBAHUSA OTIBITA MO CUCTEME HEHTPAIBHBIX M OOJEKAIONINX APYT Apyra KyOOB B
CBOEM YKMCTOM BHJE, HanpuMep B Gopme 1+2°+3°+4°, uMeeT Ty IOTOKUTENBHYIO CTO-
POHY, YTO PAaBHOMEPHO PEMPE3ECHTUPYET M3ydaemyro obaacTh A03. OnHAKO HegoCTar-
KOM 3THX CXEM SIBJIECTCS TO, YTO YHCIO (PUKCUPYEMBIX TOUEK (BAPHAHTOB ONBITA) BECh-
Ma OBICTPO BO3PACTaeT II0 Mepe yBeIMueHus obmactu no03: 1+2°=9, 1+2°+3°=36,
1+2°+3°+4°=100 u T.1. CyIIECTBYIOT HEKOTOPBIE CIIOCOOBI CMAIYEHHs 3TOIO HEAOCTAT-
Ka, HapyIIaloIlKe OJIHAKO PAaBHOMEPHOCTh paclpeesieHUsl ToUeK HaOoAeHus B 00ia-
cTH 103. Takoe MIaHupOBaHKUE OMBITA SABJSETCS ONPEIEICHHBIM KOMIPOMHCCOM MEXTY
TpeOOBaHUSIMU CTPOTOil TEOPUM M MPAKTUYECKUMHU BO3MOKHOCTsMH. Ho maxe sToT
KOMIIPOMHUCC MOYKET OKAa3aTbCsl JJI NMPAKTHYECKUX YCIOBUN HE BCETNA MPUEMIIEMBIM.
Hanpumep, Takas yrmpouieHHas cxema, kak 1+2°+3°+3°, Bce ke TpebyeT ocymiecTsIie-
HUs 63 BapuaHTOB, YTO B PAJE CIy4aeB BECbMa 3aTPYyAHHUTENbHO. Bo3HUKaeT Bompoc:
HENb3s JIM MO JIMHUU KOMIpPOMKCCAa UATH Jajiee U enie Ooiblie OONerduTh CXeMy B
npenenax 3agaHHol 00JacTu 1037

DTOT MyTh OTKPBIBAET OJHO OJAronpusiTHOE 0OCTOSTENbCTBO. Jleno B TOM, YTO
cxema 3*3*3, cocrosimiast u3 27 BApUAHTOB, MOXKET OBITh pa30UTa Ha HECKOJIBKO YacTen
— (pparMeHTOB, KOTOpbIE B M3BECTHOM CMBICIE PAaBHO3HAYHBL. JTU (parMeHThl Mpu
no3ax (axropos 0; 1 u 2 Takue:

entp cxemsr: 111;

OxTasnp: 011,211,101, 121, 110, 112;

Ky6 2° 000, 200, 020, 002, 220, 202, 022, 222;

KyGoxkrasnp: 100, 120, 102, 122, 010, 210, 012, 212, 001, 201, 021, 221.
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Bo-niepBbIx, J€rko yOeAuThCs, YTO 3/1eCh B HAJUYUU BCE 27 BApUAHTOB CXEMBbI
3*3%*3. Bo-BTOpBIX, 3Ta IPYNIUPOBKA BAPUAHTOB MOAYMHEHA TAKOH 3aKOHOMEPHOCTHU:

®parMeHT Yucno BapuaHTOB Cymma 1103 dakropa CymMma nonapHbIX
MIPOU3BEICHUN 1103
LlenTp 1 1 1
OxTasnp 6 6 6
Ky6 2° 8 8 8
Ky6okTasip 12 12 12
B 1iestom 27 27 27

Takum 00pa3oMm, JaHHBIE 3/1€Ch YETHIPE TPYIIBI BAPUAHTOB XapaKTEPHBI TEM,
YTO CyMMa /103 KaA0ro (pakTopa ¥ cymMMa MPOU3BEACHUN 103 MOMAPHO B3STHIX (PAKTO-
pPOB paBHA YMCIY BapuUaHTOB B Ipymme. JTO O3HAYaeT, 4TO CpedHss 03a (pakropa u
CpelHee MPOU3BEACHHUE IMONApHBIX 03 B KAKIOW M3 3TUX TPYII U BO BCEU cXeme
3*3*3 onuHaKOBBI U paBHBI enuHUIle. UMEHHO B 3TOM cMBbICIe (PparMeHThl paBHO3HAY -
HBI MEXJTy co00# 1 cxeme 3*3*3 B 11e710M U penpe3eHTUPYIOT €€, XOTSA U C Pa3IMYHON
cTeneHplo aetanu3anui. OOBSICHUM TeOMETPUUECKHE HA3BaHUS ITHX TPYII BapUaH-
ToB. [lepBoe U3 HUX — LIEHTP CXEMBI HE TPeOyeT UCTOIKOBAaHUS (ITO CepeIuHHAs TOUKA
cxeMbl 3*3*3). OkTasp — MHOTOTPAHHUK C MIECTHIO BEPIIMHAMH, COOTBETCTBYIOILIUMHU
IIECTH BapyuaHTaM BTOPOU rpyIIibl, NPEACTABICHHBIN Ha pUCYHKE (a). DTOH rpymnre Ba-
PHAHTOB MOXKHO J1aTh M JPYTO€ HAIVISIHOE MCTOJKOBAHUE: OHU SBIISIOTCA KOHIIAMH
B3aMMHO TIEPIICHIUKYISPHBIX OTPE3KOB MPSIMBIX, MPOXOAAIIUX Yepe3 IEHTP W mapai-
JIENBbHBIX OCSIM KOOPJUHAT (0).

b /17
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BapI/IaHTBI I10 BCPUIMHAM OKTasapa U B ICHTPC

Tperbs rpynma — KyO 2° (pUC. @) MIM HEpPECeYeHHE YETHIPEX IUaroHajei
(puc. 6) He TpebyeT CrenUaIbHOTO OOBSICHEHHUS.
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Hakowner, yeTBepras rpyrima, cocrosmias u3 12 BapuanToB, oOpaszyeT KyOOKTa-
9P, KOTOPBIH MOTYYaeTCs, €Cl y Ky0a OTCeUb Y BEPIIMH PAaBHOBEIUKHE TPEXTPaHHBIC
nupaMu/ibl (puc. a).

102 702 H
; V4 212
| 27 N
I 0
J0/ ¢ aor e~ P
0z il
100 &
o10 = 210
g 20

BapuanTsl o BepimHam KyOoKTasmpa.

JlaHHas TpyIa MOXXET UMETh M JAPYroe reOMETPHUYECKOe UCTOJKOBAHHUE: OHA
npeacTaBisieT co00i BEpIIMHBI TPEX KBAAPATOB, JIOKAIIUX HA TPEX B3aHMMHO TICPIICH-
JTVKYJSIPHBIX TIOCKOCTSX, MPOXOAIINX Yepe3 ICHTP U MapalIeIbHBIX TPEM KOOPIIH -
HATHBIM IIJIOCKOCTSM (pHC. ).

OObeaHEHNE ITHX YETHIPEX TeOMETpUUIECKuX (uryp, gaet kyo 3*3*3:

~ N
O603HAYEHUA:
N Q@ yENTID

T’ A owma3dp
yi,

w Ky :
o KYEONTAITD
Cxema 3*3*3 u ee pparMeHTHI

Yetbipe pparmenta cxemsl 3*3*3 u ux pasinyHble COUETAHUS MO3BOJIAIOT pe-
IIPE3EHTUPOBAThL JAaHHBIA 00bEM /103 3°; CTENeHb penpe3eHTHPOBAHMs OyJET 3aBUCETH
OT YHMCJIa BAPUAHTOB B ()parMEeHTE B TOM MJIM MHOM MX COYETaHUU. Tak, HEHTPaJbHbIN
BapuaHT 111 B HekoTOpOil Mepe, XOTs U cinabo, penpe3eHTUpyeT 3TOT o0beM. Ecnu k
ATOM TOYKE MPUCOETUHUTH OKTA3/lp, TO COBOKYMHOCTh M3 cemu BapuantoB (111, O11,
211, 101, 121, 110, 112) Oyzet y>ke HECKOIBKO JIydIlle PEACTABIATh 3TOT 00BbeM. JIyu-
1lIE 9TO JIENAET COEAMHEHUE LIEHTPa ¢ KyOoM 2°, cozepikaliee JeBATh BapuaHToB. Eine
JTy4uie OyJeT, eclid K HEHTPaIbHOM TOUYKE MPUCOEIMHUTH KyOOKTasIp, 4Tto Jact 13 to-
yek. KoMOuHanus ueHTp — okrasap — Ky0 jnaet 15 touek, KoMOMHAIMS LEHTP — OKTa-
A1p — KyOokTasip — 19 Touek, coueraHue LHEHTp — KyO — KyOokTasap — 21 Touky u, Ha-
KOHEIl, HEHTP — OKTa’yIp — KyO — KyOOKTas/p aeT Bce 27 TOUYEK MOMHBIA (paKTopUab-
HOM cxembl 3*3*3. Bo Bcex MepeuncaeHHbIX CIydasX OCHOBHOE CBOMCTBO — PaBEHCTBO
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CPEIHUX J103 KaXI0To (DaKTopa W CPEIHHUX MPOU3BEACHHUM MOMAPHBIX 103 (PaKTOPOB —
MOJIHOCTBIO COXPAHSETCS.

JlaHHOE OOCTOSTENHCTBO TO3BOJSIET BMECTO TOTO, YTOOBI CTPOUTH MOCIIEIOBA-
TEJIBHO pacIIupsIoIecs 00beMbl 103 MyTeM Iepexoaa OT OHOH (aKTOpHaAIbHON cXe-
MBI 2° (IepBas «000I0YKa») K CIIeAyIoIIei MonHoi cxeMe 3° (BTopas «060i0uKay), 1a-
Jiee K cxeMe elne 0oJiee BICOKOTO MOopsiaKa (TPEThsl «000I0UKay) U T. 1. (4TO, KaK CKa-
3aHO, OBICTPO YCIIOKHSET CXEMY OIIbITa), CTPOUThH TAaKHE PACIIUPSIONIUECS CXEMbI Ha
OCHOBE yKa3aHHBIX ()parMeHTOB KyOa 3°. IIpu 3TOM, Kak U B ciaydae, Korja «o0o0j04-
KI» CTPOWJIMCH Ha OCHOBE TMOJIHBIX (DAKTOPHATBHBIX CXEM, IIPH MEPEX0Jie OT BHYTPEH-
HUX «000JI0Y€K» K BHEITHUM IIIar TO3UPOBOK (HAKTOPOB MOCIECIOBATEILHO OYJIET COOT-
BETCTBYIOIIMM 00pa30M yBeIMYMBaTHCSA. B 11e10M 3TOM mpoliecc MpencTaBieH B Ta-
onuue:

]
- @®parMeHThl 1 UX COUYeTaHUs < S 53 . 5
N ) 5o q N 3
= g 'J" qr) o & 5 o O
= 54 =5 O Q =
[®) o o g o = == 2
(o) = = = X §-<> M
o g S T & s =
2 = ©
0 entp 1 1 1 1 100
1 Oxkrasp 6 7 3 27 25,9
2 Ky6 2° 8 15 5 125 12,0
3 Ky6oxTasnp 12 27 7 343 7,9
4 Oxkrtasap+ky0 14 41 9 729 5,6
5 Oxkrasap +KyOoKTadIp 18 59 11 1331 4,4
6 Ky6+ky6okTasmp 20 79 13 2197 3,6
7 [Tonnas cxema 3° 26 105 15 3375 3,1

3neck B rpadax mociaenoBaTeabHO YKAa3aHO: YHCIIO TOYEK B KAXKIOU «000JI0UKE»;
CYMMApHO€ YHUCJIO TOYEK B JAHHOU «000JO0YKE» U BCEX BHYTPEHHHUX 10 OTHOLIEHUIO K
HEW; Janee JaHO YUCIOo 103 Kaxaoro (aktopa (a) Ha KaXAOW CTaauy HapalluBaHUS
«000moueK»; ciemyromas rpada gaer obmee YucIo Todek (a’), KoTopoe IMOHAT00MI0CH
OBl MPU OCYIIECTBICHUH MOJHON (PAKTOPUATBHOM CXEMBbI, U, HAKOHEIl, TOCJIEHSS Ipa-
(a mokasbIBaeT, KAaKOW MPOLIEHT OT YKCJia BApUAHTOB MOJIHOW (aKTOpUATIBLHON CXEMBI
COCTaBJISIET BLIOOPKA BApMAHTOB, COOTBETCTBYIOIIASI TOM MIJIM MHOW CTaJUU MOCIEI0Ba-
TEJIHLHOTO HAPAIIUBAHUS «O00I0UEK», COCTABIEHHBIX U3 (PPArMEHTOB CXEMBI 3°.

CrnenyeT 3aMeTUTh, UYTO MPU JAHHOW CUCTEME OTOOpa BapHAHTOB PaBHOMEp-
HOCTb paclpesiesieHusl HaOMIOEHHbBIX TOYEK MO BCeil 00acTu 703 B U3BECTHON Mepe
HapymaeTcs. B nientpe 3toi obiactu HabtoneHus OymayT TUIOTHEH, B HAIIPaBIICHUH T1e-
pudepun oHu OyIyT BCTpeUaThes Bce pexe u pexxe. Ho 310 siBnenue OyneT meHee Bbl-
pa)keHo, YeM TOrJa, KOrJa BCe «0OO0JIOUKI» CTPOSTCS Ha OCHOBE OJHOM M TOM ke cXe-
MbI 2°. Pajii COKpAIleHHsl YKClIa BAPHAHTOB B CXEME OIBITA C IIUPOKON aMILIUTYI0M
U3Yy4aeMbIX 103 C 3TUM OOCTOSITENHCTBOM MPUXOIUTCA MUPUTHCA.

[ToniHOE pa3BepThIBAHUE CHCTEMBI «00OJOYEK», MPEACTABICHHOE B paccMaTpH-
BaeMOM TalJvlie, Ha MPAKTHUKE Yalle BCEro OKa3bIBAECTCs U3MUIIHUM. Ee Bcerga MOXKHO
COKpPATUTh, OCTAHOBUBILIHUCH HA KAKOM-JIMOO OoJiee paHHEM 3Tare, HallpuMep Ha IMSATOM,
r71e HEOOXOIMMO UMETh 0K0JIO 60 BapuaHTOB, UJIM HA YETBEPTOM Npu npumepHo 40 Ba-
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puaHTax. PaccMOTpuM B KayecTBE MpUMepa 3Ty MOCIEIHIO cXeMy (4eTBEpTOro JTa-
na) 6osnee netanbHO. Tak Kak B 3TOM CiIy4yae YMCIiO /103 KakaA0ro gakropa paBHO 9, TO
€CJIM CYMTATh HAadyaJbHOW HYJEBYIO /103y, & KOHEYHOW — BOCBMYIO, CEpEeIUHHAs 1032
(menTpanpHas Touka) Oynet 444. Ilepas «o0oioukay Oy/eT UMEeTh J03bI: IEeHTp*1, TO
€CTh 37IECh ATH JI03bI 3 U 5; CTPYKTYPHO 3Ta «000JI0YKa» COOTBETCTBYET OKTa’Ipy, TO
€CThb IPU HEU3MEHHOM CPEJIHEM YPOBHE JIByX (akTopoB (103a 4) TpeTuii dhakrop Oymer
NPUHUMATh yKa3aHHbIe 3HaueHus 3 u 5. Bropas «00o0s0uka» CTpOUTCS Ha OCHOBE J103:
HEHTP£2, TO €CTh 2 U 6, U CTPYKTYPHO UMeEET (PopMy 3HAKOMOI BOCHBMEPHON CXEMBI C
HadalbHBIM BapuaHToM 222. TpeTbs «00ojouka» OymeT WMETh 103bI (HaKTOPOB:
HEHTP+3, MPUYEM CTPOUTHCS OyHeT Tak: OIUH U3 (AaKTOPOB UMEET CpeHee 3HAUCHHE
(mo3a 4), a aBa Apyrux OyAyT MpPEACTaBICHBI BCEMHU YETHIPHMS COUETAaHUSIMH UX 703 |
u 7. Hakoner, nociennsisi — 4eTBepTas «o0oyiouka» OyAeT UMETh J103bl LEHTp+4, TO
ecth 0 1 8, B3ATHIX B COYETAHMAX OKTa’apa U Kyba 2°. B nenom sra gpparmenTapHas
cxeMa OyJIeT COCTOSITh U3 CIAEAYIOIINX BAPUAHTOB:

HyneBas «obomnouka» : 444;

IlepBas 1 344, 544, 434, 454, 443, 445;

Bropas 222,226,262, 622, 662, 626, 266, 666;

Tpetbs : 114,174,714, 774, 141, 147, 741, 747, 411, 417, 471, 477,
YerBepras 044, 844, 404, 484, 440, 448, 000, 008, 080, 800, 880, 808, 088, 888

Bo Bcex «obomoukax» cpenmHssi m0o3a Kaxzaoro (aktopa paBHa 4, a cpenHee
MPOU3BEACHUE MOMAPHBIX 103 — 16, TO €CTh M0 3TUM MPU3HAKAM, JISKAIIUM B OCHOBE
TJTAHUPOBAHUS CXEM TaOIHIIBI, «OOOIOUKI CPAaBHUMBI.

Bepercs mu cxema TabIUIBI MOTHOCTHIO WM OHA MCIOJB3YETCS B CBOEM HeE3a-
BEPIIICHHOM BHJIC HAa TOM WJIM MHOM dTaIle €€ pa3BepPThIBAHMSI, 00IIIee YUCIIO BAPUAHTOB
OTIBITA, €CJIM HE CYUTATh MEPBBIX ITAMOB, CIMUIITKOM BEJIUKO JJI SAMHUYHOTO ITOBTOPE-
Hus. ClieoBaTeNbHO, aKTyalIbHBIM CTAHOBUTCS BOIIPOC U OJIOKUPOBKH BapUAHTOB BHY-
TPU TIOBTOPEHHS. ITOT BOIPOC JIETKO pa3periacTcs, €C TyOaupoBaTh IEHTPaTbHBINA
BapuaHT cxeMbl 111, ¥ MPUCOCTUHHUTD €ro K OKTad/Ipy, B pe3yJbTare 4ero 27-BapuaHT-
Has cxema TpeBpaTtutTcs B 28-BapuaHTHYI. B 3ToM ciydae mpencTaBisieTcsl BO3MOX-
HBIM 128 BapuaHTOB pa30oHUTh HA CeMb TPYIII (OJIOKOB) MO YETHIPE BapUaHTa B KaXKIOM:

[TepBsrii O110K: 111, 111, 110, 112 Oxrasp+asa enTpa
Btopoii 670k: 011,211, 101, 121

Tperuii 6:10K: 000, 022, 202, 220 Ky6 2’

UYeTBepThlii OJIOK: 002, 020, 200, 222

ITsaTEIi O10K: 001, 021, 201, 221

[Iecroit 6110K: 010, 012, 210, 212 Ky6oxTasap
CenpMoii 0110K: 100, 102, 120, 122

Tak KaK BHYTpHU KaXKJIOrO U3 3TUX OJIOKOB CyMMa /103 JItoOoro (pakropa cocras-
JseT 4 1 cymMMa TOTIapHBIX TPOU3BEACHHUH 103 TakkKe 4, TO OJOKH IO 3THM MTPU3HAKAM
cpaBHUMBL. B ciemyromieit Tabnuiie gaHa 6J0KupoBKa ombiTa 9*9*9 mpu BeIOOpKE MO
METONy (pparMeHTOB, pACCMOTPEHHOTO BHIIIIC.

Oo6omouka ITepBas Bropas TpeTps Yerpeprad
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344 | 434 [ 222 | 626 | 114 | 714 | 044 | 404
544 | 454 | 662 | 266 | 174 | 774 | 844 | 484
443 | 444 | 226 | 622 | 141 | 741 | 440 | 444
445 | 444 | 262 | 666 | 147 | 747 | 448 | 444
| = = 1 — T4 ] 471 o000 | 808
o = a7 417 088 | 880
T T2 2 008 | 800
— | 080 | 888

[lepBr1ii 650K

Bropoii 610k

Tpetuii Giok

UeTBepThIii 010K

31ech B CBA3U C HaJMYMEM JIByX OKTa’3[pOB MPHUIUIOCH BBECTU TPU JOTOIHU-
TEJIbHBIX EHTPAJIbHBIX BapHAHTA.

Takum o00pa3zoM, mpu 4-«000I04HON» cXxeMe (PparMeHTOB MOXHO H3YyUWTh pa3-
auyHble coueTanus 9 103 (ot 0 10 8) Kaxa0ro u3 Tpex (GakTopoB, B3siB Bcero 44 Bapw-
aHTa (M3 HUX LIEHTPaJIbHBIN BapuaHT 444 MOBTOPEH YETHIpE pa3a), pacIoIOKEHHBIX B
cucreMmy 11 610KkOB 1O 4eTbIpe BapuaHTa B KaxjaoM. [Ipu aToii cucteme OIIOKUPOBKH,
rae 4 u Xzv=4, MOKHO CUUTaTh, 4YTO TJIaBHBIE d(DPEKTHI (HAKTOPOB U WX MAPHBIC B3au-
MOJIECTBHSI OCTAIOTCS HECMEIAaHHBIMU. OJJTHAKO 3TO TPeOyeT CBOEr0 YTOYHEHUS, YTO
1 OyJEeT CIEeNIaHO B JAJIbHEHUILIEM.

B maparpadge 9 Oputa paccmorpeHa BbIOOpOYHash M3 (PAKTOPUATIBHOIO IJIaHA
9*9%9=729 cxema ¢ 81 BapuanToM. Ha cTpanuiie 92 Obuta mokazaHa cxemMa U3 TOTO ke
(dakropralbHOTO IJIaHa ¢ 72 BapuaHTamu. Tenepb moiydyeHa HoBas 44-BapHaHTHas
CX€Ma, OTHOCSIIASICS K TOMY K€ UCXOAHOMY IiaHy. Kaxkaast u3 3TMX cXeM HUMEET CBOU
NPEeUMYIECTBA M CBOM HEAOCTATKH, OPUEHTUPYSACh HA KOTOpbIE IKCHEPUMEHTATOP
UMeEeT BO3MOXKHOCTD CJIENaTh YOBIETBOPSIONINNA €ro BEIOOP CXEMBI.

OnucaHHbIN NPUHIUT OJIOKUPOBKH, OTHOCAIIUNCS K 4-000JI0YHON CXeMe, JIETKO
pacIpoCTpaHUTh U Ha OOJIbIIIEe YUCI0 «000m0uek» Tabnuibl [I—19 (u naxke BwIiiTH 32
ee rpaHuiibl). TOUHO TakK k€ MOXKHO pacHpOCTpPaHUTh MeToJ| (parMeHTOB U Ha Oosee
CIIOJKHBIE CIydad, HAIlPUMEp Ha clydail «runepkyba» 3°.

OcHoBHas1 yyeOHas JuTeparypa:

1. I'puropses, FO.J[. MeTonsl ONTUMAIBHOTO IJIAHUPOBAHUS DKCIIEPUMEHTA: JTUHEMN -
HbIe Mozienu : yueobHoe nocobue / FO. /1. I'puropreB. — Cankrt-IleTepOypr : Jlansb,
2015. — 320 c¢. — Pexum goctyna. — URL: https://e.lanbook.com/book/65949 .
— ISBN 978-5-8114-1937-1. — TekcT : 31€KTPOHHBII.

JlonoJiHMTEIbHASA Y4eOHAas JuTeparypa:

1. Mengenes, I1.B. Maremarudeckoe mianupoBanue skcriepumenta / I[1.B. Mensenes,
B.A. ®enoroB. — Openoypr : OpeHOyprckuii rocyiapcTBeHHbIN yHuBepcutet, 2017.
— 98 c. : Tabx., rpad., cxem., mi. — Pexxum noctyna. — URL: http://biblioclub.ru/
index.php?page=book&id=481785 . — bubnmumorp.: c. 72-74. — ISBN 978-5-7410-
1759-3. — TeKcT : 3EeKTPOHHBIN.

2. Moucees, H.I'. Teopus ninanupoBanus u 00padotku s3xcnepumenta / H.I. Mowucees,
10.B. 3axapos. — Homkap-Omna : TIT'TY, 2018. — 124 c. : w1. — Pexum noctymna. —
URL: http://biblioclub.ru/index.php?page=book&i1d=494313 . — bubnuorp.: c. 121.
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— ISBN 978-5-8158-2010-4. — TekcCT : 37E€KTPOHHBIH.

. llypun, K.B. Meronuka u npakTUka IUIaHUPOBAHUS U OPTaHU3ALMH YKCIIEPUMEHTA!
npaktuky™ / K.B. lypuHn, JI.A. Kocsix. — Openoypr : OpeHOyprckuii rocynap-
CTBeHHBIN yHUBepcuTeT, 2012. — 185 ¢. : un. — Pexxum noctyma. — URL: http://
biblioclub.ru/index.php?page=book&id=260761 . — bubauorp.: c. 177-178. — Tekcr
. DJICKTPOHHBIU.

KoHTpoJsibHbIE BONIPOCHI:
OnumuTe NPUHIUIB KOHCTPYUPOBAHUS HETIOIHBIX CXEM MHOTO(pAKTOPHBIX OIIbI-
TOB Ha OCHOBE BIIMCAHHBIX KyOOB.
N3noxnure 0COOEHHOCTH «HACBHIIICHUS IKCIIEPUMEHTAIBHBIMU TOUKAMH (DAKTOPH -
aJILHOTO MPOCTPAHCTBA B BEIOOPOUYHBIX CXEMaX Ha OCHOBE PACHIMPSIOMINXCS 00010~
YeK BIIUCAHHBIX KyOOB.
OxapakTepusyiiTe ”HHOPMATHBHOCTD HETIOJTHBIX CXEM OITBITOB Ha OCHOBE BITMCAH-
HBIX KyOOB.
OnumuTe NpUHLIUIBI OIOKUPOBKU BHIOOPOUHBIX CXEM Ha OCHOBE MHCAaHHBIX KyOOB.
VYkaxkure 0cCOOEHHOCTH KOHTPOJISI cCOCTaBa OJIOKOB.
W3noxxute NPUHIUIIBI pa3paOOTKU CXEM IOJIEBBIX OMBITOB U3 (PparMeHTOB (aKTO-
pHUaTBHOM cxembl 3*3%3.
Oxapakrepusyiite ¢parMeHTsl (akTopuanbHou cxembl 3*3*3 «lleHTp cxeMmb» H
«OxkTtasap».
Oxapakrepusyiite (parMeHThl (hakTopranbHOl cxeMbl 3*3*3 «Ky6 2°» u «Kyob-
OKTadp».
OnumuTe TPUHLIUIIB KOHCTPYUPOBAHUS BEHIOOPOYHBIX CXEM HAa OCHOBE PACIIUPSIO-
muxcst 000104eK — PparMeHTOB (PaKkTOpUaIBLHON cXemMbl 3#3%3.
W3n0xuTe MPUHIMITB OJJOKHPOBOK BHIOOPOUYHBIX CXEM Ha OCHOBE PaCIIUPSIONINXCS
obonouek — (QparmMeHToB (akTOopUanbHOU cxembl 3*3*3. Vkaxure mNOPsIIOK
KOHTPOJISI COCTaBa OJIOKOB.
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Jleknus 1.4. JlucnepcuoHHbIM aHAJIU3 MHOTO(QAKTOPHBIX ONBITOB € MOJTHBIMH
(pakTOpHAJIBLHBIMH CXeMAMHU

Bormpocsr:

JlucriepCHOHHBIN aHaIN3 JAHHBIX BET€TALMOHHOTO YKCIIEPUMEHTA

. JucniepcMOHHBINA aHAJIN3 JaHHBIX MOJEBOIO ONBITA IO METOY PAHJIOMU3UPOBAH -

HBIX [TIOBTOPEHUN

3. JlucnepcHOHHBIN aHAIN3 JAHHBIX MOJEBOTO OMbITA IO METOY PACIICTUIEHHBIX J€-
JISTHOK

4. JlucnepCMOHHBIN aHAIU3 JAHHBIX TIOJIEBOTO OIBITA IO METOIY PacHICTUIEHHBIX 0JI0-
KOB (HAJIO’KEHUSI BAPUAHTOR)

N =

JlucriepCUOHHBIN aHalii3 JaHHBIX MHOTO(AKTOPHOTO BEreTallMOHHOIO OIBITA,
MOCTABJIEHHOTO METOJIOM ITOJHOW PaHAOMU3ALMKU, ITPOBOAUTCA B JBa 3Tamna. [lepBbiit
ATall — pa3jioKeHUe OOIIeH Bapualliyd PEe3yJIbTaTUBHOTO MpHU3HAKa Ha BapbUPOBAHUE
BAPUAHTOB U OCTAaTOYHOE:

CY:CV+C2.
Ha BropoMm sTane cymMma KBaapaToB OTKJIOHEHHUS JJIsl BADMAHTOB pas3jiaracrcsl Ha
KOMITOHEHTBI, COOTBETCTBYIOIIME WCTOYHWKAM BapbHUPOBAaHUSA, — TIaBHbIE A((EKTHI

n3ydaeMbIX (PaKTOPOB M UX B3aUMOJICHCTBUS. B nByX(akTopHOM OMBITE:
C= CHCst+Cs.
B tpexdakTopHoMm ormbiTe:
Cr=Cyt+CptCctCyptCuctCre + Cuse.

AJ'IFOpI/ITM aHalin3a paCcCMOTPHM Ha IIPUMEPC }IByX(l)aKTOPHOFO OIlbITa, ITIOCTAaB-
JICHHOT'O ME€TOAOM MMOJIHOM PaHIOMU3aIUH.

VYpoxaii 3epHa staMeHs B AByX(akTopHOM ombiTe 2*3 (T Ha cocyn)

A3zot 4 doctop B VYpoxaii, X Cymmsbl V Cpennue
bo 24,1 25,8 23,0 27,0 99,9 25,0
ao b 28,4 29,7 30,1 27,4 115,6 28,0
b, 28,7 30,4 32,0 27,0 118,1 29,5
bo 30,7 34,4 34,0 31,0 130,1 32,5
a b 46,7 45,4 47,1 46,3 185,5 46,4
b, 59,4 50,7 64,5 60,1 234,7 58,7
O6mas cymma 883,9=%2X 36,8 =x,

JlucnepcroHHbIN aHalu3 IBYX(aKTOPHOTO OMbITA MO M3YUYEHHIO JBYX I'pajaluid
dakropa A (uucio BapuaHtoB L,=2) u Tpex rpaganuii paxtopa B (4uCiIO BapuaHTOB
L=3), IpOBEACHHOTO B YETHIPEX MOBTOPHOCTAX (n=4), UAET B UETHIPE HTAIA.

1 OmnpenensitoT CyMMBI M CpEHHUE 10 BapuaHTaM, OOIIYI0 CYMMY M CPEIHHU ypoxai
1O OTIBITY.
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2 Bp4UCIAIOT O0UIYI0 CyMMY KBaJpaToB OTKJIOHEHH, CYMMY KBaJpaTOB JJisi BApUaH-
TOB U OCTAaTKa:

N = Ly Lyn=2-3-4 =24,

C = (ZX):N = (883,9)*:24 = 32553,3;

Cy=XX*- C= (24,1 + 25,8 +..+ 60,1%) — 32553,3 = 3515,5;

Cy=2V%n—-C=(99,9*+ 115,6> +...4234,7%): 4 — 32553,3=3374,5;

C~= Cyr-Cy=3515,5-3374,5=141,0.
3. Jlist BeIUMCIEHUSI CYyMM KBaaparoB 1o (aktopam A, B u B3aumonericteuio AB co-
CTaBJIAIOT BCIIOMOTATEIbHYIO TaOJUIly, B KOTOPYIO 3alHCHIBAIOT CYMMBI YPOXKaeB IO
BapuantaM. Cymmupyst udpbl, HAXOAIT CyMMBI A, CyMMbI B ¥ BBIUHCISIOT CyMMBI
KBaJPATOB OTKJIOHEHUN:

Azot 4 dochop B Cymmsbl 4
bo bl bz
ao 99.9 115,6 118,1 333,6
ai 130,1 185,5 2347 550,3
Cymmbl B 230,0 301,1 352.8 883,9=2X

Cymma kBagparoB s paktopa A (a3ot)

C,= ZA*:Lpn—C = (333,6° + 550,3%):3- 4 -32553,3 = 1956,6;

npu (L,—1) = (2—-1) = 1 crenenu cBOOOBI.

Cymma kBaaparoB 11 axtopa B (pocdop)

Cp=XB* L,n—C=(230,0* +301,1% + 352,8%): 2 - 4 - 32553,3 = 950,3

npu (Lz— 1) = (3—1) =2 creneHsix cBOOOBI.

Cymma kBajaparoB s B3auMoaeiicteust AB (NP) HaxoasT o pasHocTu

Cuz=Cr—C—Cp=3374,5-1956,6 — 950,3 = 467,6;

npu (Ls,— 1) (Lg—1)=(2 — 1) (3 — 1) = 2 creneHsx cBoOOIbI.

CyMMBI KBaJIpaToB 3alMCHIBAIOT B TAOJIMIly IHUCIIEPCHOHHOTO aHAIM3a U OIpe-
JeNstoT (haKTUYECKUe 3HAUCHUS Kputepus F:

Hucnepcus Cymma kBaj- | Crenenu cBo- | Cpemnnuit Fo Fos
paroB 001BI KBaJ[pat
OO6mas 3515,5 23 — — —
A3zora 4 1956,6 1 1956,60 249,88 4,41
®docdopa B 950,3 2 475,15 60,68 3,55
BzaumogeiictBus AB 467,6 2 233,80 29.85 3,55
Ocratok (ommoKmn) 141,0 18 7,83 — —

3nauenue Fos OEpPyT U3 CTATUCTUYECKON TAOIHIIbI, UCXOS U3 CTETIEHEW CBOOOIBI JHC-
nepcur TIaBHBIX AG(HEKTOB U B3auMOACHCTBUS (YuciuTensb) U 18 creneneld cBOOObI
ocTarka (3HaMeHaTelnb). B Hamem npumepe — neicTBUE U B3aUMOJICHCTBHE H3y4aeMbIX
¢dakropoB 3HAUMMO Ha 5%-HOM ypoBHE (Fy>Fos). HyneBas runore3a Ho:d=0 otBepra-
ercsl.

4 JIns OUEHKHU CYLIECTBEHHOCTH YACTHBIX PA3JIMYUN BEIYUCIISIOT



K V 7,83
S.;':V-—n—r- —-4—""'=l,40 T;

sq=V2%:n=)2.7,83:4=1,98r;
HCPy; = fy55y = 2,10-1,08 = 4,15 ~ 4,2 r.
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3HaueHue KpuTepus fs>2,10 6epyT U3 cTaTUCTUIECKOM TaONuIIbl 171 18 cTerneHei cBo-

001pI qUCTIEpCHH OCTaTKa (OMUOKH).

PCSYJ'IBTaTBI OITbITA U CTAaTUCTUUCCKOM 06pa6OTKI/I JaHHBIX MOKHO IIPCJACTAaBHUTb B BUJIC

TaOJIULIBL;

JleiicTtBue azora u ochopa Ha ypoxkail sumens (T Ha cocyn, HCPys=4,2)

Jlo3bl a30T1a Jo3sl docdopa
0 1 2
0 25,0 28,9 29,5
1 32,5 46,4 58,7

JIucnepCUOHHBIN aHaIU3 JaHHBIX MHOTO(AKTOPHOIO IOJIEBOIO OIMbITA, MPOBE-
JNEHHOT'O METOJIOM PEHOMHU3HPOBAHHBIX TOBTOPEHUM.

Cratuctuueckyro 00pabOoTKy JaHHBIX IPOBOAST B TAKOW MOCIIEI0BATEIIBHOCTH:
HcxonHble AaThl 3aHOCAT B TAONMILY YpOKaeB, ONMPEACNISIOT CYMMBI U CPEIHUE,
[IPABUWIBHOCTb BBIYMCIICHUH ITPOBEPSIOT 110 COOTHOLIECHUIO X P=X1=2.X
Bbruncnsior cymmBbl KBaJparoB sl o0miero BapbupoBaHus Cy, BapbUpPOBAHMS
nosropenuii Cp, BapuantoB Cy u octatka Cz T. €. 00pabaTbIBaOT JaHHbIE TAK
e, KaK U pe3ysbTaTbl OAHO()AKTOPHOTO ONBITA;

N :LALBI’I

C=(Zx)":N

C Y= ZXZ—C

Cp=XP*:L-C

Cy=2V>n-C

CZ = CY — CP —C Vv

O6miee BapbupoBaHue BapuaHnToB Cy paziaraloT Ha KOMIIOHEHTHI — IJIaBHBIE A(-
(beKTbl u3ydyaeMbIx (AKTOPOB U UX B3AUMOACHCTBUS;

Cy=2A%Lsn—C
CB: Zle LAI’Z —C
CAB - CY - CA_CB

CocraBnsoT TabIUIly AUCIEPCUOHHOTO aHAIN3a U MPOBEPSIOT HYJIEBYIO THIIO-
TE3y O CYIIECTBEHHOCTH JCUCTBHUS M B3aUMOACUCTBUS (HAKTOPOB IO F-KpUTe-
pHIO.

MHnozogpaxkmopmwiti OucnepcuoHHbIlL KOMNJLEKC — MO COBOKYHHOCHb UCXOOHBIX

Haono0eHull (0am), nO380AAIOWUX CIMAMUCTIUYECKU OYeHUMb Oelicmeue U 83aumooeti-
Cmeue HeCKOIbKUX U3YUAeMblX (hakmopos8 HA UBMEHYUBOCHb De3YIbmMAaAmueHo20 npu-
3naka. I EeKT B3aMMOACHCTBUS COCTABISAET Ty YAaCTh OOILEr0 BapbUPOBAHMS, KOTOpas
BbI3BaHA PA3JIMUHBIM JIEUCTBHEM OJHOTO (hakTopa MpU pa3HBIX ppa- AAIUIX IPYroro.
Cnemuduueckoe neiictBue coueranuid B [IDD BeIABIsSIETCS TOTAA, KOTJAa MPU OJHOM
rpajaiuu nepporo- (akTopa BTOPOH IEUCTBYET Ci1abo WM yrHETAIoIe, a Mpu APyrou



35

rpagainyyi OH IPOABIIACTCS CUJIIBHO U CTUMYJIHMPYCT PAa3BUTHUC PCIYIILTATUBHOI'O IIPU3HA-

Ka.

B monieBoM 3kcniepuMenTe 9acTo 3PGEKT OT COBMECTHOTO NMPUMEHEHHUS U3ydae-
MBIX (pakTOpOB OOJIbIIIEe (CHHEPTU3M) MM MEHBIIE (AaHTArOHU3M) CYMMBI 3(()EKTOB OT
pa3neNbHOrO MPUMEHEHUS Kaxa0ro u3 Hux. CieaoBareiabHO, CYIIECTBYET B3aUMOJIEH-
CTBUE (pAaKTOPOB: B MEPBOM CJydyae MOJIOKHUTEIBHOE, a BO BTOPOM — OTPHUIATEIILHOE.
Korma daxTopsl He B3aUMOICHCTBYIOT, TPHOaBKa OT COBMECTHOTO TPUMEHEHUS UX PaB-
Ha CyMMe€ NMPUOABOK OT Pa3JeIbHOTO BO3IEHCTBUS (aITUTHBU3M).

[Ipumep pe3yabTaToB TUCIIEPCUOHHOTO aHaIn3a ABYX(haKTOpHOTo onbiTa 3*4 mpoBe-

JIEHHOTO METOJIOM PEHIOMU3UPOBAHHBIX OJIOKOB

Jncniepons Cymma kBag-|Crenenn cBO-|CpeaHuii Fo Fos

paToB 007161 KBaJapar
OOmas 5494.8 47 - - -
[ToBTOpEHuUI 215,6 3 — — —
Opomrenus JI 3182,0 2 1591,0 205.8 3,30
A3zora B 1231,2 3 410,4 53,1 2,90
Bzaumoneiicteus AB 610,9 6 101,8 13,2 2.4
Ocratok (ommoKmn) 255,1 33 7,73 — —

4. lns oueHKH CYIIECTBCHHOCTH YACTHBIX PA3IIMYHUH OMPEICIISIOT:

e

232

8gq == Sm——

7,78

-—-—-"—-—139!:,

_—V-2773

1,97 u;

HCPy; = toﬁsd =2,0:1,97 = 3,94 1.

5. OuenHka cyniecTBeHHOCTH TaBHBIX 3(dexToB u B3aumoneiictaus no HCPys B

ATOM MpPHUMEpE YaCTHBIE CPETHUE OMMUPAIOTCS HA n=4, a CpeHue I TIIaBHOTO dPQeK-
Ta A — Ha nLs=4*4=16 u cpennue nis rmaBHoro dpdexra B — Ha nlL,= 4*3=12 nabmto-

nenuid. Beraucnsrot Sd u HCPys muis tnaBHbIX 3G eKTOB:

1 paxropa A4:

V 252
§d = I’LZB

V2773 0,98 u;

HCPys = fo58g = 2,0-0,98 = 1,96 1;

s hakTopa B u BBaHMOHGﬁCTBHH AB:

V 2¢%
Sd = nlp

2.7,73°
43

=[,13 m;

HCPy5 = lpgsg = 2,0-1,13 = 2,26 u,
B 3akmtouenue cocranisitoT uToropyto Tadnuiy(HCPys=3,94 nist u.p.):

Opomenue 4 Jo3sl azora B Cpennue no paxtopy
0 60 120 240 A (HCPs=1,96)
bes opomenus 17,3 19,5 18,5 19.0 18.6
YMepeHHoe 25,0 36,5 38,5 41,3 353
OobupHOE 24,8 34,5 36,8 49,3 36,4
Cpennue no axropy B
(}II)CP05=2,2 6‘)1’ by 22,4 30,2 31,2 36,5 30,1
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JIMCTIEpCUOHHBIN aHAJIN3 JTAHHBIX ITOJIEBOTO OMNBITA IO METOAY PACIIEIUIEHHBIX
nenstHoK. CxeMa pacuierJIeHHBIX JIETITHOK 4acTO MCIOJIb3yeTcsl s (pakTopraibHBIX
AKCIIEPUMEHTOB, B KOTOPBIX MPUPOJIa IKCIEPUMEHTAIILHOTO MaTepHraa Wiu oneparuu,
CBSI3aHHBIE C €TO MPOBEJICHUEM, 3aTPYIHAIOT BOBMOXHOCTh OJIMHAKOBOTO BO3JIEHCTBHUS
Ha BCE coveTaHusi (DaKTOPOB WIJIM B T€X CIIydasix:, KOTJa MCCIENOBaTelNb JKEIaeT yBe-
JUYUTh TOYHOCTH OIEHKH OAHHUX 3(P(EKTOB, KEPTBYS TOYHOCTHIO OICHKU JPYTHX.
OcHOBY CcXeMbl pacIIEIUICHHbIX JEISHOK COCTAaBJISIET pa3MEIIEHUE BAPUAHTOB OJHOTO
(dakTopa 1Mo TIaBHBIM JENSHKaM (JIeJITHKaM 1-To mopsiaka), pacrioioKeHHBIM, B CBOIO
o4yepeslb, 0 CXeMe TMOJTHOW PaHIOMU3AINU, PECHIOMH3WPOBAHHBIX OJOKOB WM Jia-
TUHCKOTO KBajjpata. BapuanTsl apyroro ¢akropa pasMeniaroTcs no cyoaensHkam (ze-
JISTHKYU 2-TO MOPSKa) KaXA0M TaBHOM JensiHKu. Cxema 0ObIYHO KEPTBYET TOUHOCTHIO
OlICHKH cpeaHux 7((PEeKTOB BapUaHTOB IIABHBIX JEIASHOK. YacTo OHA MOBBIIIAET
TOYHOCTh CpaBHEHMS cpeAHUX 3(P(HEKTOB BapUAHTOB, PACHOJIOKEHHBIX MO CyOAeIsH-
KaM, U TP HAIMYUKM B3aUMOJICUCTBUSL CpaBHEHUS 3(PGEKTOB BaApUAHTOB CYOJIETSTHOK
OJTHOM TJIAaBHOM NENSHKUA. DTO CBS3aHO C TEM, UYTO SKCIEPUMEHTAJIbHAs OInOKa JjIs
IJIaBHBIX JIEJISTHOK OOBIYHO OOJIbIle, YeM KCIEPUMEHTANIbHASI OIINOKa, UCTIONb3yeMast
JUIsL CpaBHEHHUS BapuaHTOB CyOienstHOK. OOBIYHO BEIMYMHA OIIMOKM ISl BApUAHTOB
CyOnensiHOK MEHbIIIe, YeM OInOKa, mojdydaeMas B Ciiydae pa3MelIeHHs BCEX COYeTa-
HUW BapUAHTOB 10 CXEM€ PEHAOMU3UPOBAHHBIX OJIOKOB.

[Tpumep BrIrOUaeT nBa Qakropa: a3oTHOE ymoOpenwe (N) B IBYX Tpadarusix
(n=2) u 3enenoe ynoopenue (G) yerpipex BuAoB g=4). O0IIee KOITUIECTBO BApUAHTOB
ATOTO OMbITA COCTAaBUT n*g=8. Bce BoceMb BapHaHTOB BCTPEUAIOTCS OJTHAXK/IbI B KaX-
JIOM U3 Tpex OJIOKOB, & BHYTPU OJHOTO OJIOKa Mbl HAXOJUM BCE€ BAPUAHTHI MPUHSIITHIX
ypoBHel azota BMecTe. [Ipu HMCMoab30BaHUM Pa3HBIX UCTOYHUKOB a30Ta HEOOXOIUMO
MIPUMEHSTh CXEMY PEHIOMHU3UPOBAHHBIX OJIOKOB C JIByMsI BapUaHTaMU B TpeX OloKax.
Crenenu cBOOOABI JJIsI STUX IMIECTH IJIABHBIX ACJISTHOK PACTIPENEISIIOTCS aHAJOTUYHO
CXEME€ PEeHJIOMU3UPOBAHHBIX OJIOKOB.

OrpaHuyeHue paHJAOMU3AIMK MPU PA3MEIEHUH BapUAHTOB BHYTpH OJIOKa J1aeT
B pe3yJbTaTe JIB€ BEJIMYMHBI OLUIMOOK JIJISi CXEMbl PACIICIIEHHBIX AeNsHOK. Ommbka
JUISL TJIaBHBIX JICNITHOK OOJIbIE, MOCKOJBKY OHA BKIFOYAET BapHAOEIbHOCTH MEXKIY
OONBIIMMHU TIO Pa3MEpPy U YAJUHEHHBIMHU JCISTHKAMHU, a OHIMOKa JUIisl CyOJeNsTHOK
OOBIYHO MEHBIIIE, TOCKOJIBKY OHA BKJIIOYAET BapraOEIbHOCTh MEXKYy OJIM3KO PacIioyo-
KEHHBIMH CyOJIeIISTHKAMU BHYTPH TIIABHBIX JCIISTHOK.

CxeMa pacuIerIeHHbIX AESHOK (CILUTUT-IJIOT) MOXET OBITh UCIOIb30BaHA U JUIsS
OoJbIIero, 4eM JBa, yucia (akTopoB, MOCKOJIbKY HET HEOOXOJUMOCTH B JOTIOJHUTEIb-
HOM PACIIEIUICHUH JIETISTHOK JIJIsl KaXKJ0ro HoBoro (akropa. Hampumep, B ombiTe 1O
OIICHKE JIByX COPTOB Ha (hOHE JIByX ypOBHEH a30THOTO yIOOpEHHs, BHOCUMOIO B JBa
CpOKa, Ha IJIaBHBIX JCJISTHKaX MOKHO Pa3MECTUTh YEThIPE COUETaHUsI KaK COPTOB, TaK U
yI0OpEeHUM, TPUYEM ITH JEISTHKH MOTYT OBITh pacIIeIJIeHbl Ha CYOJICNISTHKY JIJIsl OIICH -
KU BIMSIHUSL CPOKOB BHeceHus azota. g tpex dakropoB (4, B, C) npu AByX WU
00JIbIIEM YHCIIErpalaliiid KaKI0T0 U3 HUX UMEETCS MIECTh PA3IMYHBIX BOBMOXHOCTEH
JUTsl BEIOOpa IaBHBIX AensHoK: A, B, C, AB, AC, BC.

Besikas Momudukanys cxembl pacIICTUICHHBIX JICTSTHOK BHOCHUT JIOTIOTHUTENb-
HbIC 3HAYCHUS BEJIMYUHBI SKCIIEPUMEHTAIBLHON OIMMUOKU, KOTOPBIE CIEAYET UCIOIb30-
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BaTh JIJIsl OLIEHKHU Te€X WM UHBIX 3(PPekToB BapuaHToB. [103TOMY Ba)KHO PacHOIOKUTH
(bakTopbl TaKUM 00pa30M, 4TOOBI MOJYUYUTh CAMYIO BBICOKYIO TOYHOCTH OIIEHKU B3au-
MOJIEHCTBUS M CpeHUX I(P(HEKTOB BAPUAHTOB, MPEACTABIAIONIMX ISl AKCIIEPUMEHTA -
TOpa HauOOJIBIINI UHTEPEC.

[Inan AucrepCMOHHOrO aHanM3a JBYX(PAKTOPHOIO OIBITA MO CXEME pacIIeIeH-
HBIX JICJSIHOK, U CXEME PaHJOMU3HPOBAHHBIX OJIOKOB:

Cxema
VicTOUHUKY BapHanuy CreneHe cBOGOAD ‘ paciuen- gggﬁﬁﬁfﬁ
JIeHHBIX HBIX
aenaHoK 6,I0KOB
Cy6reasuku (SP) ngb—1 : 23 23
Inapueie peasukun (MP)  nb—1 5 —
Buaoxu (B) b—1 ' ' 2 2
Asotnoe yaobpenne (N) n—1 ‘ I=] 3 4%
Ownbxa (MF) o—1 (n—1) ' 2. o
3enensie yjaoopenus (GQ) (g—1) 3« 3 <«
Bzauwmopeiictsusa (N X G) (n—1) (g—1 3 < 3~
Oumbka (SP) =1 [(g—D+(n—=1 (g—1)] 2. ° —
OwutGka (RCB)* >—1) [(n1~]~ D+(g—1)+(rn—1X 14 __
X(g—1)

"PanIOMU3HPOBAaHHBIE OIOKH

Cranaaprablie ommdku u HCP. JIns OleHKU pe3ysibTaToB dKCIIEPUMEHTa HE00-
xoaumo onpenensate HCP. CranaapTHbie OMIMOKU JJIsi ATUX OLIEHOK BBIYHMCIISIIOT Ha
OCHOBE BapHaOEIIbHOCTH MEXIY DKCIIEPUMEHTAIBHBIMU €IMHUIIAMH, 10 KOTOPBIM pa3-
MEIIAIOT BapUAHTHI. B ombITax, 3aJI0)KEHHBIX 110 CXEME PAaCHICINICHHBIX JEISIHOK, pac-
YEeThl CTAHJAPTHOM OIMIMOKH JIJIsi HEOOXOIMMBIX CPAaBHEHHUI BapUAHTOB YCIIOXKHSIOTCS B
CBSI3U C TEM, YTO MBI MMEEM JBa MCTOYHHMKA SKCIIEPUMEHTAIHHON OIIMOKH: OJHA U3
HHUX OTHOCHTCS K OCHOBHOM JEJISHKE, a Ipyras — K CyOIeIITHKaM.

HeobxonuMo momuepKHyTh, YTO CTaHAApTHAs OMIMOKA JJisi CPAaBHEHUS CPEIHUX
M0 BapuaHTaM CyOJEIISTHOK BHYTPHU TJIABHBIX JCIISTHOK BKJIIOYAET TOJBKO OITHOKY CyO-
JIESTHOK, OJTHAKO €CJIM CPAaBHEHUE CPEAHUX CYOIENITHOK MPOU3BOAUTCS ISl pa3iand-
HBIX [JIABHBIX JICJSTHOK, TO CTaHJapTHasl OIIMOKA BKJIIOYAET KaK OLIMOKY CYOIENSTHOK,
TaK U OIMMOKY INIaBHBIX JIETSHOK.

He 3arparuBas rmy0oko anreOpanyeckoid CTOPOHBI BOIPOCa, HAXOAUM, YTO CTaH-
JTapTHasi omKMOKa JJIsl CyOAENISTHOK SIBJIIETCS CPEeIHEH B3BellleHHOW BenuuuH Ea u Eb;
BeJIMYMHA cpeHel B3BerieHHON s Ea u Eb coctaBnsaioT 1 U b—1 COOTBETCTBEHHO.
[Tockonbky 1+b—1=b, 3namenarenem Oyuet br, rne b — 4KUCIIO BApUAHTOB CYOICTISTHOK
U 7 — TIOBTOPHOCTb.

HCP nns olleHKH pa3iMuuii MEXIy BapMaHTaMU IVIaBHBIX JIEJITHOK (B IpUMeEpe
MEX]Ty CPETHIMHU YPOBHEH a30THOTO yIOOpPEHHS):

HCP =t ) 259,

rae ¢, — tabiIuuHasg BEJIUYUHA ¢ I YUcia cTeneHel cBoooanl Ea.
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@opMysbl pacueTa CTaHIaPTHBIX OLIMOOK JJI ONBITA, 3AJI0)KEHHOTO MO CXEME pacIlel-
JICHHBIX JEJISTHOK

CrannapTHasi omnbKa cpej-

ITapsi cpaBHHBaeMbix CpesHHX HUX ¥, §—

7

BapuauTel MMaBHBIX NEJNSHOK: ' Ea

BapuanTtel cy6esHOK: ' Eb

Bi— B, " ra

BapuanTsl cy07e1sHOK BHYTPH ONHOH TJIaBHOH RENAHKH: £b

B1A{— By A, r
BapnanTh cy6ensiHOK AJif PasHBIX IVIaBHBIX JEJISTHOK: /(b— 1) Eb+Ea

ByA{—BiA; umn BiAg— BsAs ] =

HCP nnst OIGHKH pa3Induii MEXy BapuaHTaMU CyOJIEISTHOK (MEXKIY CPeIHUMHU
3€JICHBIX yI00peHMU):

2(Eb
HCPy=t, )/ ZE0

HCP nnst OUEHKM pa3nuyuii MEXIy BapHaHTaMU CYONEJISTHOK BHYTPU OJHOM
[JIaBHOM JESTHKY (MEXIy CPETHUMHU 3€JIEHBIX YIOOPEHH Ha OJHOM YPOBHE a30THOTO

yaoOpeHus):
HCP  =t, ]/ 21(56)

r
HCP nnst olleHKW pa3nuduii MeXIy BapuaHTaMU CYOJEISTHOK Pa3HbIX TIIaBHBIX
JENSHOK (CpaBHEHUE Pa3HBIX CPEAHUX 3E€JCHBIX YAOOPEHUN MPH Pa3IUYHbBIX YPOBHSX
a30THOTO yIOOPEHMSI WM CPaBHEHHE CPEIHUX OJHOTO BHUJA 3E€JICHOTO YIOOPEHUS MpH
Pa3HBIX YPOBHSX a30THOTO YIOOPEHHUS):

2[(b—1)Eb-}Ea
HCP05=fab]/ [( )rb Ed al’

I€ f,» — B3BCLICHHAs BCJIMYMHA f, 3aHUMAloias MPOMEKYTOUYHOC MOJIOKCHHUE

MEXy 3HAaYCHUSIMH £, U I5, BBIYUCIACTCS 110 HOpMyIIe:

- (b—1) (Eb) (tp)+Ea(ts)
ab ™ (b—1)EbJ-Ea

Cxema paclIEIJIEHHBIX JEISHOK OTBEYaeT TPEOOBAHMAM (DaKTOPUAIBHOW TPyII-
bl BapuaHToB. CXema BKJIIOYAET Clly4ailHOoe pa3MelleHrue BApUaHTOB OJHOTO (akTopa
WIK coueTaHus (HaKTOPOB HA IVIABHBIX JENISHKAaX, KOTOPHIE 3aT€M paCUICIUISIIOTCS Ha
CYOJIENSIHKY Ul CIy4allHOro pa3MeElIeHMs] BApUAHTOB JAPYTroro (hakropa WM coyera-
HUs (pakTopoB. B cpaBHEHUU €O cXeMOW peHAOMU3UPOBAHHBIX OJIOKOB TOUHOCTh CPAaB-
HEHMsI BAPMAHTOB IIaBHBIX JIEISHOK U BAPUAHTOB CYOJEIISIHOK Pa3HBIX IVIaBHBIX JEJIsI-
HOK CHMJ)KAeTCs, OJJHAKO MOBBILIIAETCSI TOUHOCTh CPABHEHHUS BapHAHTOB CYONEISTHOK U
BapUAHTOB CYOJEIISIHOK, PACTIONIOKEHHBIX BHYTPU OAHOM TJIABHOM JEJISHKU.

JIuCepCHOHHBIN aHAIN3 JAHHBIX IOJEBOTO ONBITA MO METOLY PaCIICIUIEHHBIX
0JI0KOB.
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B aT0# MoguduKanmm cXeMbpl paclIeIUICHHBIX JISISHOK BapUAHTHI BTOPOTO (hak-
TOpa HAKJIAJIBIBAIOT ITOJIOCAMH TIOTIEPEK IIEJIOTO TTOBTOPCHKS BAPUAHTOB INIABHBIX JICIIS-
HOK. Ecniu Ti1aBHBIC JCISIHKU PACIIONOKEHBI IO CXEME JIATHHCKOTO KBajipaTa, TO BapH-
aHTBI BTOPOro (pakTopa HAKJIAJbIBAIOT MOJIOCAMH TOMEPEK IIEJI0r0 psija WM CTonOa
IJ1aBHOM AensHKu. Takoe pacnojiokeHHue 4acTo 00JierdyaeT MpOBEACHUE TEXHOJIOTHYe-
CKUX orepanui (MmojaeBbiX paboT) Ha JAENIHKAX-M0JIOCAaX, HO CHUYKAET TOYHOCTh CPaB-
HEHUs MaBHBIX 3G (deKToB pakropa B. DTa cxema Jacto yinydliaeT cpaBHeHue 4B-B3a-
MMOJICHCTBHM, 0COOEHHO CpaBHECHHMU B-CpemHHMX IS 3aJIaHHOTO YPOBHS (akropa A.
Ota cxema Hanbosee A (HEKTUBHA I MPOBEACHUSI MPEABAPUTEIIBHBIX HCCIICIOBAHHMA
B IIEJISX BBISBICHUS TEpBOHAYANBbHOTO d(ddekTa BapuanToB. [Ipexae dyem mpuMeHSThH
€€ B CBOMX HCCJIEOBAHUSX, CICAYET MOTYUYNUTh KOHCYJIBTAINIO Y CICIIHAINCTA, 3HAKO-
MOTO C HEH.

B cxeme pacuierieHHbIX OJOKOB JIEISHKH BTOPOTO (paKTOpa PacIoIOKEHBI T0-
MEePEeK IVIABHBIX JICJSHOK IEJ0ro OJIOKa, U, TaKUM 00pa3oM, Kakas JEIsTHKa BTOPOTO
HOpsIJIKAa pacuieIuIseT OJoK. JIpyruM TEpMHHOM, MPUMEHUMBIM K 3TOH CXEME, MOXET
OBITh CXeMa — «I0JI0CAa — JEJISTHKUY», MOCKOJIbKY, 00a gaktopa 4 u B HakiIaIbIBalOT
nojocamu. [y BapuaHTOB 000UX (haKTOPOB MPOBOJSAT HE3aBUCUMYIO PEHIOMHU3ALINIO
B Ka)KJIOM [TOBTOPEHUH.

CremneHu cBOOOIBI SISl ICTOYHUKOB BapUAIlUK CXEMbI PACIICTIIIEHHBIX JEISTHOK U pac-
ICTUICHHBIX OJIOKOB

Crenenn crobonw
pacoienaeHHBe
Hcrounukn Bapuanum *
dopMyna
IelARKH 610Kk H

Cy6nensiuxu rab—1 79 ' 79
TnapHBle JeJITHKH ra—1 19 : 19
biiokn r—1 3 3
darTop A a—1 4« , fei
MP-omubra (r—1) (a—1) 12| omubra a IQ.J omubxa a
QaxTop B —1 3+ 3«
AXB (a—1) (b—1) 12+ 12 l‘—
Omubra nojaoc-fensHor (r—1) (b—1)————o ! ' 9—! |owudka b
Ommnbka cybuensnok  (r—1) (a—1) (b—1)——45—1 omubka b** 36 omudka ¢

* =4 moBTopeHwus, a=5 rpaganuii pakropa A, rpamanuu dakropa B. CKOOKH M CTPEIKH yKa-
3BIBAIOT HEOOXOIMMBIE OIIMOKHU (COOTBETCTBYIOIIUE CTETICHH CBOOOBI) /Ul pacueTa F-KpUTEepHEB.
** B maHHOM citydae 00beuHseT df 11 OIMOOK b M ¢ CXEMBbI paCHIETUICHHBIX OJIOKOB.

B Tabnuiie mokazaHo pacuierieHne oOIIero ynciia creneHeid cBoooas! s ooe-
UX CXEM C YYETOM YEThIPEeX MOBTOPEHUM JUIsl Kaxaou U3 HuX. OTMeuaeTcs TpedoBaHue
CXEMBbI PacCHICTVICHHBIX OJIOKOB O pa3JeeHUH OMMOKHN b CXeMBbl PACIIETIICHHBIX Jes-
HOK Ha JIBE€ OIMMUOKH, YTO YMEHbIIAET YHCIIO CTETICHEH CBOOOIBI /ISl OIEHKH ITIaBHBIX
s dexToB BapraHToB ¢akropa B. OnHaKO HaJOXKEHUE BTOPOro (pakTopa mojocaMu ye-
pe3 IIaBHBIE JACISIHKU YCTPAHAET YacTh BapHaIliU U3 OMMOKHU b CXeMbl pacIIeTIEHHbBIX
JICJISTHOK, TTOCKOJIbKY M3 HEE BBIJCISICTCS €IIe OIMMOKA ¢ ISl CXEMbI PACIICTITIEHHBIX
OJI0KOB, KOTOpasi BCIEACTBHE CBOCH MEHbBIEH BEIMYMHBI YAaCTO oOecreynBaeT Oonee
TOYHYIO F-OLIEHKY 3()(PEKTOB B3aUMOACHCTBUI.
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CrangapTHble OIIMOKH JTaHbI B TAOIULE C UENbI0 UX UCIIOIb30BAHUS MPU OLICHKE
YaCTHBIX pa3nuuuii ¢ nomomeo HCP:
CranjapTHble OIMUOKHU CPEAHUX JUIsl CXEMBbI PACHICTVICHHBIX OJOKOB *

CpaBuMBaeMBle CpefHHC CragpapTabie omHOKH {-3HaYeHUs
Ea
A-cpennue 5 o
Eb
B-cpenune — ty
A-cpe/iHHe A OJHOTO RJH (b—1) Ec+ Ea ; _(b—1) Ec(ty)+Ea(ty)

pasHplX ypoBHell B e (b—) Ec--Ea

rb
B-cpennue ans opHoro ypos- V(a—l)Ec—}—Eb y =(a——l) Ec(t,)+Eb (tp)
na A \ ra i (@—1) Ec+Eb

* 4 — BapuaHThl (DaKTOpa, U3y4aeMOro Ha TIABHBIX ACISIHKAaX, B — BapuUaHTHI
dakropa, u3y4aemMoro Ha CyOJeisiHKax; a, b U r — YUCIIO BapUAHTOB (Tpajalluii) rias-
HBIX JICJITHOK, CYOCISTHOK U TIOBTOPHOCTh COOTBETCTBEHHO. E,, E), E.— cpeaHue KBa-
partbl omuooK; {—Tabnuunabie BenuduHsl df, Ea, Eb, Ec COOTBETCTBEHHO.

HCP (5%) npu cpaBHeHUU N-CpeaHUX a30Ta JUIsl OJHOTO WJIM Pa3HBIX CPOKOB
yoopxku (H):

2[(b—1) Ec+ Ea]

HCPy=t,,

rb !
t i (b—l) EC (tc)""Ea (ta)
ac (b—1)Ec+Ea

HCP (5%) npu cpaBHeHun H-cpemHux CpoKoB yOOPKHU C OJTHUM YPOBHEM a30Ta

HCP, = t,, ]/2 [(e—1) Ec+Eb],

ra

; - (a—1) Ec(t;)+-Eb (tp)
be = (a—1)EcEb

(NV):

B cxeme pacuienieHHbIX O0J0KOB OJOKHM JIENSHOK (pakTopa A paclueruisitoTes Ta-
KUM 00pa3oM, 9TO KaXXAbli BapHaHT dakTopa B pasMemniaeTcs ma HEMpepBhIBHBIX MOJI0-
cax, MPOXOAAIINX yepe3 Bech Onok. i kaxaoro Oyoka AenstHok ¢akropa 4 MpoBoO-
JUTCSI He3aBUCUMas paHIOMHU3alus BapuaHToB ¢akropa B. [IpenmyiecTa 3T0il cxe-
MBI 3aKJIFOYAIOTCSl B YMEHBIIIEHUH 3aTpaT TPyAa Ha TEXHOJIOTHYECKHUE OTepaIluu, CBs-
3aHHBIC C MPOBEICHUEM DKCIIEPHMEHTA, a Takke B OOJbIIEH TOYHOCTH OLEHKU A *B-
B3aumozeiicTBus. K HemocTaTkam 3TOH CXeMbl SKCIIEPUMEHTa OTHOCAT: HOHM)KEHHYIO
TOYHOCTH omnpenenenus, 3pPexTor pakropa B, OONBIIYI0O KOMIUIEKCHOCTh PacyeTOB U
3aTPYyIHEHUS B OLIEHKE YaCTHBIX PA3IUYHil.
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KoHTposabHbIEe BONIPOCHI:

[TpuBeauTe Momenb AUCIEPCUOHHOTO aHalK3a TPEX(HAKTOPHOTO OMBITA, IPOBEIEH -
HOTO METOJIOM MOJIHOW paHaoMu3anuu. OxapakTepuszyiTe €€ COCTaBHbIE YaCTH.
W3noxxkute MOpSIOK BBIYMCICHHUS CyMM KBaJpaToB W 4MCa CTENEHEH CBOOOJbI
TPEX(HAKTOPHOTO OMBITA, MPOBEAEHHOTO METOIOM TTOJTHON paHA0OMHU3AIIIH.
W3noxxkure anropuT™M JUCHEPCHOHHOTO aHajdn3a TPEX(PAKTOPHOTO OIbITa, MPO-
BEJIEHHOTO METOAOM ITOJIHOM PaHAOMU3ALINH.

[IpuBeauTe M OXapaKTEPU3YWUTE MOJEIb IUCIEPCHUOHHOIO aHaln3a JAaHHBIX TPEX-
(aKTOPHOTO OIBITA MOJIEBOTO OMbITA, TPOBEAEHHOTO MO METOAY PAHAOMU3UPOBAH-
HBIX TOBTOPEHUU.

N3noxkuTe MOpsIAOK BBIYKMCICHUS CyMM KBaJpaTOB W YKCJIA CTEIEHEH CBOOOJIbI
TpEX(PAKTOPHOTO OIbITA, MPOBEAEHHOTO METOJAOM PaHJIOMU3UPOBAHHBIX MOBTOpE-
HUU.

[TpuBeanTe Momenb AUCIEPCUOHHOTO aHaM3a TPEX(HAKTOPHOTO OMBITA, TPOBEIEH -
HOI'O METOJIOM PaCILEIUIEHHBIX ACISHOK.

N3noxure 0COOEHHOCTH BBIYUCICHUSI CYMM KBaJPAaTOB M YKCJIa CTETIEHEH CBOOOIBI
TPEX(HAKTOPHOTO OMBITA, MPOBEAEHHOTO METO/IOM PACIHICTUIEHHBIX IETISTHOK.
Onuiure 0COOEHHOCTH MUCIEPCHOHHOTO aHaIu3a, MPOBEAEHHOIO METOIOM pac-
LIEIUIEHHBIX JIEJSHOK.

[TpuBeauTe MOmeNs AUCTIEPCUOHHOTO aHAM3a TPEX(HAKTOPHOTO OMBITA, IPOBEIEH -
HOT'O METOJIOM PaCIICTUIEHHBIX OJIOKOB.

N3noxuTe 0COOEHHOCTH BHIUMCIICHUSI CYMM KBaJIPaTOB U YUCJIA CTETIEHEH CBOOOIbI
TPEXPAKTOPHOTO OMbBITA, MPOBEAEHHOTO METOIOM PACIHIEIIIIEHHBIX OJIOKOB.
OnuiurTe 0COOEHHOCTH IUCIIEPCUOHHOIO aHAIN3a, MPOBEAEHHOTO METOJIOM pac-
HIETIEHHBIX OJIOKOB.
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