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«Meroduxa pewenus 3adat — cped-
cT80, Mobuausyrowee Bawu 3na-
HUSL, HO He 3aMeHAlowee Ux».

How. Qukcon

IIPEJHCJIOBHE

Buaumo, MHorve u3obperaTesH H KOHCTPYKTOPH NPHMNOMHAT CJy-
4gay, KOrja OHH NomajajH B CJAEAYIOMYI0O TYNHKOBYIO CHTYalHIO: JJs
yJayuilleHHst KaKoro-iu6o ycrpoifictBa Miu cmoco6a Heo6XoxuMo OnlO Hafi-
TH TeXHHYecKoe pelleHHe, YAOBJETBOPsIOLlee B3aHMOHCKJIOYAIOUIHM Tpe-
GoBaHusM. Kak yxe OHJIO CKa3aHO B mnepBOfi KHHre CepPHH, MOJOGHHE
CHTyallHH 4acTO BCTpeyaloTCsi B Mpouecce pa3pabOTKH HOBOA TEXHHKH, H
AN BHIXOAA H3 HHX TpebGyeTcs pelIHTb 3ajayy — NPOTHBOPEUHS.

B 3rofi KHure 6yaer MpoAOJKEHO paccCMOTpeHHe MNOAOOGHHX 3ajay H
METONOB HX pewieHHsi. B Heil, Ha ocHoBe noHsTHA, BBefAeHHHX I'. C. AxerT-
wysrnrepom ¥ aBTOpaMH NepBofi KHUTH cepHH, pa3paboraHbl npasuja, Mmo-
3BOJISIOLIHE BHISIBASATL W YCTPAHATb (U3HUECKHE MpPOTHBOpeuHs B 60Jb-
IIMHCTBE MPAKTHYECKH BaXKHHX CJyuaes.

COBOKYNHOCTb 3THX NpaBHJ o6pasyeT AP0 KOHLUENUHH TaK HasnBae-
MOro napaMeTpHuecKoro MeToAa, OCHOBHOH 00/acTbio MPHMEHEHHS KOTO-
poro siBasieTcsi yJAydlleHHe XapPaKTEPHCTHK H3BECTHHIX TeXHHYECKHX CH-
creM J060ro GyHKUHOHANLHOrO Ha3HayeHHS.

JlaHHBIT METOA MOXeT C YCNeXoM NpHMEHATbCS B TeX cJiydasx, Kor-
Ja Hajo, HCNOMb3ys CTapue pa3paboTKHM, HAHTH peLleHHs, YAOBJETBO-
paiomine TpeGOBaHHSM HOBOrO TEXHHYECKOro 3aJaHHs, HJIH KOraa Haao
3HAYUTEJbHO MOBHICHTb KAayecTBO BHMycKaeMod MPOAYKUHH, He MPOH3BO-
A B Hell NPHHLHNHANBLHHX H3MeHeHHA. B oGlueM, napameTpHuecKHd Me-
TOL He3aMEeHHM MpH paspelieHHH TeXHHUeCKHX NpoGieM, B KOTOpHX Tpe-
Gyercsi, B paMKax H3BECTHOro, CO34aTb HEYTO HOBOE.

Kpome ToOro, pesyibTaTh, KOTOPHE YAAcTcs MOJYYHTb C MOMOIIBIO
fIpesaraeMoro MeToxa, MOryr GbTb HCMOJb30BAHH MpH:

— NpOrHO3HPOBAHMH Pa3BHTHS KOHKPETHOM TEXHHYECKOH CHCTEMH;

— paspaboTke rpynnu H3o6pereHnH, JOCTAaTOYHOR JJsi MOJyueHHS

npuopuTeTa B 3aJaHHOR 06/1aCTH TEXNHKH;

— COCTaBJEHHH TEXHHYeCKHX 3aJaHHii Ha pa3paboTKy HOBHIX YCT-

PONCTB H TEXHOJOTHH.

K ckasaHHOMYy Hajao A06aBHTb, 4TO 00JacTb NMPHMEHEHHs MapaMerpH-
YecKOro MeToja He OrpaHHUMBAETCS TEXHHKOH; OH SBJSETCS OOUIECHCTEM-
HEM MeTogoM. T103TOMY €ro MOXHO HCIONb30BaTh AJf yCTpaHeHHs mpo-
THBOpeuHli M KOH(JHKTOB, BO3HHKAIOUIMX B OPraHH3aUHOHHHX H COLHMAJb-
HHX CHCTEMaxX, YTO, KaK H3BECTHO, B HACTofillee BpeMs ABJAETCA 4pe3-
BHYAAHO aKTyaJbHOA 3ajaveft.

Tenepb KpaTKO O COJEPXKAaHHH KHHTH. B nepsotl 2aase KHHMTH, KaK H
MONIOXKEHO B MOAOGHOM CJyuae, NPHBOASATCA YCJIOBHS 3ajauH, KOTOPYIO
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MOXHO PpELIHTh C NMOMOILbI0 napaMeTpHyeckoro Meroiaa. Kpome aroro, B
Hell MOKa3blBaeTcs, Ha KaKOM 3Tame pa3paGOTKM HOBHIX TEXHHYECKHX CH-
cTeM NMPHXOJHTCA pewaTtb nojoGHble 3aaauH.

Bropas e2s108a moCBsiIEHA H3YYEHHIO JIOTHYECKHX MpPeINOCHJIOK Ma-
paMeTpHYECKOro MeTOoAa.

B rpersved u ueréeproii esasax OCHOBHOE BHHMaHHe yJeJsercs CTpoO-
roMy 06OCHOBaHHIO NMOHATHS ()H3HYECKOTO MPOTHBOpPEYHs, paspaGoTke mpa-
BHJl €r0 BLIABJEHHS H YCTPAaHEHHs B OOJILLIHHCTBE MPAKTHYECKH BAMHbBIX
cayyaes.

Ilaras enasa HocHT BcnoMoratesbHHN xapakrep. B Hell H3/10XeHhd
MeTOAHW [MpeACTaBJeHHS CBeNEHHA O TexHHYeckoii mnpobjeme B BHIE YC-
JIOBUH TMOHCKOBOH 3ajmauH.

3akJoyarolas KHHI'Y UlecTas 24a6a COJEPXKHT TEKCT ABYX BAapHAHTOB
napaMeTpHYeCKOro MeToja: aJropHTMOB MOBHILIEHHS KayecTBa M ycTpa-
HEHHs HeNOCTaTKOB TEXHHYECKHX cHcteM. KpoMe 3Toro, B Hee BKJIOYEHD
nog6opka yyeGHHX 3ajay, pelLleHHe KOTOPHIX MO3BOJNHT YHTaTeNI0 MOJY-
YUTh Haya/ibHH€ HaBHKH MNPAKTHYECKOrO MNPHMEHEeHHs NaHHOrO MeTOAa.

YyuTHBasi NpPHKJAJHOA XapakTep 3TOro Moco6usi, B HeM He MNpPHBO-~
AATCA J0KAa3aTeJbCTBA GOJIBIIMHCTBA BBOAHMLIX YTBEPXKAEHHH.



BBEJJEHHE

Ha npoTs:KeHHH Bcell HCTODHH YeJIOBEUeCTBA, ONpeeJsIOLIHM
¢ akTopoM ero pasBUTHs GLIIH NpOLECCH YAOBJETBOPEHHS pPa3HO-
06pasHbIX HHAMBHIYAJbHBIX H o6LIecTBeHHbIX NoTpebHocTell. imen-
HO 3TO NMOCJYXKHJIO NPHYHHOH NOSIBJEHHS BCEro, YTO CO34aHO YeJo-
BEKOM: T'OCYAapCTBEHHOCTH, HCKYCCTB, CIIOpTa H, KOHEYHO, BCEBO3-
MOXHBIX TEXHHYECKHX CHCTEM, C NOMOILIbI0O KOTOPBIX UeJOBEK
YAOBJNETBOPSieT OOJBIUIHHCTBO CBOHX MaTepHaNbHBIX H JAYXOBHBIX
notrpe6HocTeii.

[Tpouecc co3manusi 060N TEeXHHUYECKOH CHCTEMBI HaYHHAETCs
C 0CO3HAHHA YeJIOBEKOM KaKOH-IH60 NOTPeGHOCTH H COCTOHT H3
IBYX OCHOBHBIX CTaiMH: TIPOEKTHPOBaHHsi M u3roToBJjeHus. Co
BpeMeHeM 3HaYHMOCTb 3THX CTaAHH, C TOYKH 3peHHs JOCTH-
JKeHHs KOHEUHOro pe3yJjbTaTa, Inperepnena usMeHeHus. Ecau
J0 HayaJla BTOpO# npoMbliijieHHOH peBoJiionun (kosen XIX Beka)
onpenensiouieil GblJla CTaius H3TOTOBJEHHS, TO B AaJibHeflleM, H
oco6eHHO B HacTosiliee BpeMs, T'IaBEHCTBYIOUIYIO pOJb CTajla Hr-
paTh CTaiHsl TNpoeKTHpoBaHud. JIng Bce Bo3pacraioliero 4yucaa
TeXHUYECKHX CHCTEM HMEHHO OHa onlpejensieT AJHTEJbHOCTb LIHKJA
YAOBJETBOPEHHS NOTPeGHOCTH, 3aTpaT Ha €ro NpoBeleHHe, a Tak-
e Mepy YIOBJETBOpeHHs NOTPeGHOCTH, KOTOPYIO NPHHATO oOInpe-
LeJATh uepe3 NMOKas3aTeJb KauecTBAa TexHHuecKoH cuctemnl. Ilo-
clefHee 0COOEHHO BaXKHO, T. K. KaUeCTBO TEXHHYECKHX CHCTEM 3a-
KnaJbiBaercs NPH NPOEKTHPOBAHHH H Ha TNOCAEAYIOLHX CTaJHAX
€ro MOXHO TOJIbKO COXPaHHTb, HO HHKaK He YBeJHUYHTb.

[TosToMy cTaHOBHTCSI NMOHATHO TO GECNOKOHCTBO, KOTOPOE€ BbI-
3BIBAIOT HeraTHBHbIE TEHIEHIUH, HAMETHBILHeCs, y Hac B CTpaHe B
chepe npoekTHpoBaHHs. [J1aBHAas H3 HHX — 3TO CHHXKEHHe B
TeyeHHe nocnefHux 10—15 et KayecTBa co3ZaBaeMbIX NPOEKTOB,
B CPaBHEHHH C JIYYIIHMH MHPOBBIMH 06pa3unaMH.

JelicTBUTENbHO, (AaKTOPOJOrHYECKHE HCCJIEN0BAHHA JeATelb-
HOCTH pas3JHYHHIX mnpoeKTHBIX oprauu3dauuit (I10), nokaswiBaloT,
YTO BEPOATHOCTb pa3pabOTKH HMH TpOeKTa ¢ (HKCHPOBAHHLIM
ypoBHeM KauecTBa (/) 3aBHCHT OT

— yHcJa npoekTHpoBlIKHKOB B [10 (M),

— cpejHeil NPOH3BOAHTENBHOCTH TPyAa NPOEKTHPOBIIHKOB (E),

— MouHocTH 6a3bl 3Hanui [10 (B),

— YHCcJa OJHOBpeMeHHO pa3pabaThiBaeMbix npoektoB ([),

— cpenHelt ca0xHOCTH npoekToB (D),

— BpeMeHH pa3paboTku npoektoB (7).



OTH XapaKTepHCTHKH 06pasyioT ciaeaymoinyio (GyHKIHOHATbHYIO
3aBHCHMOCTb.

H=MET/IDB (1)

$lcHo, YTO HampaBieHHe H3MEHEHHs BeJHYHHB H 3aBHCHT OT
TOro, KAK H3MEHSJIHCh B TeUeHHe IOCAeIHCIO BpEMEHH TepeynceH-
Hble Bbillle (PaKTOPHI.

OTHOCHTENIBHO HX HMEIOTCHA CJeAyIOLIHe CTATHCTHYECKHE NaH-
Hble: «UHC/I0 pa3/HUHBIX KJacCOB TeXHHYECKHX 06GBbeKTOB (~/)
yABaHBaeTcsi B cpeiHeM uepe3 Kaxjable 10 JeT. Mepa CJOXHOCTH
H3JleIHil NO uHcay AeraJeit H y3noB (~D) Bospacraer B aBa pa-
3a yepe3 15 jser. O6BeM HayyHO-TeXHHUYeCKOH HHGbOPMaLHH, HC-
noJb3yeMblli B KOHCTPYKTOPCKHX pa3pabGoTkax (~ B), yaBauBaer-
¢ Kaxnable 8 ser. Bpemsa co3nanus HOBHX u3nenuit (~T) ymeHb-
nmiaercss B ABa pasa Kaxiable 25 ser». C aApyroil CTODOHBI, B TeX-
HAYeCKH pas3BHTHIX ctpaHax ¢ 1900 r. mo 1960 r. npousBoaHTE/b-
HOCTb TPyAa B NpPOHM3BOACTBE Bo3pocaa B cpexHeM Ha 1000%, a B
KoHcTpyHpoBaHuu (E) — nnmb Ha 20% (1, c. 13, 14). Ilo nan-
HbIM LICY CCCP uncl0 HHXeHepHO-TeXHHYECKHX H HayuyHBIX pa-
6OTHHKOB, 3aHATHIX B cdepe npoekTHpoBaHusi (M), yBeqHUHJOCH
cooTBeTcTBeHHO B 7 M 7,5 pa3a. OnHaKO B NOCJeNHHE NECATHIETHS
cHayaJla HabJ100aJoch pe3Koe CHHXKEeHHe TEMIIOB NPHpPOCTa BesH-
uHHBl M, a 3aTeM H ee KOJIHYECTBEHHOE YMEHbILIEHHE,

O6mbenuHeHHe 3THX CTAaTHCTHYECKHX JAaHHBIX B paMKax Bhpa-
XKeHHs (1) mosBossieT NMPHATH K BBHIBOLY, YTO 3a NOCaeaHee Jecs-
THJEeTHe B cpefHeM [Js chepbl NPOeKTHPOBAHHSA B HauleHd cTpaHe
6GBLLJI0O XapaKTePHO CHHXKEHHEe BEPOSITHOCTH CO3[aHHS NMPOEKTOB BEI-
COKOrO YPOBHS KauyecCTBa.

OTHOCHTENbHO JAaHHOTO BBIBOAA HEOGXOXMMO ciejaTb JBa 3a-
MeuaHus. Bo-nepBbIX, OH He NPOTHBOPEUYHT TOMY (aKTy, UYTO Ha-
6monaeTcss pocT nokasaresell GOJBUIHHCTBA TCXHHUECKHX CHCTEM.
310 0OBSICHETCA TEM, UTO B HalleM CJyyae pacuer TEMIIOB POCTa
NoKa3aTeJsi KayecTBa BeleTC] B CPaBHEHHH He C JOCTHTHYTHIM
yPOBHEM, a C MAaKCHMaJbHO BO3MOXHBIM, IPHPOCT KOTOPOTO OKa-
3biBaeTcsi GOJibllle TNPHPOCTa NMOKAa3aTeJsi KauyecTBa KOHKPETHBIX
TEXHHYECKHX cHcreM. Bo-BTOpBHIX, H3BEeCTHO, YTO B MOCJelHEe Bpe-
Msi ObIH CO3[aHbl H3[eJHS BBICOKOTO TEXHHUYEeCKOro ypoBHs. On-
HAKO 3TOT0 yJajoch N0GHTbCA B OCHOBHOM 3a CYeT KOHLEHTpaLHH
B OTAEJbIbIX 06J1acTAX TEXHHKH GOJBIIOrO 4YHcAa KBaJHGHLHPO-
BaHHBIX KaJpOB.

BosHHKaer 3aKOHOMEpHHI BONPOC — KaK MOXHO €CJIH HEe YCT-
pPaHHTb, TO XOTA OB OCJaOMTb 3Ty HeraTHBHyIO TeHAeHUHIO? Oue-
BHAHO, uTO B OJHXKaHllee BpeMs BpSAA JH NPHXOJHTCH OXKHIAThb
yMeHbUIEeHHs] 4YHCJa IPOEKTHPYEMBIX TEXHHUECKHX CHCTeM, HX
CJIOXKHOCTH, TEMIIOB NPHPOCTAa HayYHO-TEXHHYECKOH HH(pOpMalHH
HJIH yBeJIMYeHHs YHCJa INPOEKTHPOBUIMKOB H JAHPEKTHBHOTO Bpe-
MeHH Ha co3naHHe npoekToB. [loaToMmy pewaroomuii dakrop, Koro-
pHIl MOXKET MOJIOKHTENbHO TMOBJHATb HA INOBHILEHHE KauyecTBa
NPOEKTOB — 3TO Pe3KOe yBeJHYeHHe CpelHeH NPOH3BOAHTENbHOCTH
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TPyAa NPOEKTHPOBIIHKOB. JIpyrux cnoco60B NpOTHBOAEHCTBHSA AaH-
HOH HeraTHBHOH TeHJEHUHH B HacToOsilllee BPeMs He CYyLLeCTBYET.

[NoBhilIeHHe NPOH3BOAHTENbHOCTH TPYAa TOTO HJH HHOTO BHAA
yeJIOBeYECKOfl JesTeNbHOCTH — 3TO OJHA H3 TaK Ha3biBaeMhIX
«BeyHbIX» npo6JeM. UesoBeuecTBO peliaer ee Ha NPOTAKEHHH BCeil
CBOeH HCTODHH, H BPAJ JH KOoria NpHAET K 4eMy-1H60 OKoHua-
TeJIbHOMY.

B Hacrosimee BpeMss HanGojlee NepcleKTHBHBIM crnocobom pe-
IleHHs1 3TOH nmpo6sieMbl SABJSIETCH HCINOJNb30BaHHE Pa3HYHBEIX aBTO-
MAaTH3HPOBAHHBIX KOMIJIEKCOB. [l chepnl NPOEKTHPOBAHHSA 3TO
o3nayaer pa3pabOTKy W BHeJpeHHe B NPAKTHKY CHCTEM aBTOMAaTH-
3upoBaHHOro npoektupoBanusi (CAIIP).

Bpoae 6Bl naHHBHI BEIBOL NOJXKeH OOHajeXHBaThb — Belb Cell-
yac 3KCIVIyaTHPyeTcs HJH pa3pabaTeiBaeTcsi GOJbIIOE YHCJIO IO-
n06HbIX cHcTeM. OAHAKO He NMPHXOAHTCA HaAedATbCid Ha TO, 4TO C
HX TOMOIIBIO YAACTCA CHJIbHO NPOABHHYTbCS B pellleHHH npo6Je-
Mbl TOBBILIEHHS NPOHIBOAHTENbHOCTH TPYyJda B NPOEKTHPOBAHHH.
[TocMOTpHM, KaKOBbl BO3MOXHOCTH GOJIBLIHHCTBA COBPEMEHHBIX
CATIP. Bo-nepBEIX, OHH NO3BOJIAIOT BHINOJHATH HHXEHEpPHLIE pac-
yeThl, NPOBOAHTb ONTHMH3aLMI0 NapaMeTPOB 3aJaHHLIX TEXHHUeC-
KHX pelleHHH, OCyLIeCTBAATb NMOHCK HeOOXOAHMON HayyHO-TeXHHYe-
ckoii mHbopmauuH. Bo-BropbiX, 0GOpPMJATL UepTEXH H IAPYryio
NpOEKTHO-KOHCTPYKTOpCKylo HokyMeHtauuio (I, c. 3). To ecrs,
NpaKTHYECKH Bce, KpOMe BO3MOXHOCTH ()OpMHPOBATh HOBbI€ NpHH-
UHMNBl JAeACTBHA, YTO SABJSETCS OCHOBOH O6oJbLIHHCTBA H3006pere-
Huil. OpHako u3BectHo (2, c¢. 113—116), uTo pe3ko MOBHICHTb Ka-
YecTBO NMPOEKTOB MOXHO JIHLIbL 32 CYET HCNOJb30BAHHA B HHX 60Jb-
IIOr0 4YHCJa pas3auuHblX HoBauui. HuuyThb He yMandas 3HaueHus
yCHeXoB, AOCTHFHYTHIX NpPH CO3JaHHH H NPAaKTHYECKOM HCIIOJb30-
BaHud coBpeMeHHbIXx CAIIP, Heo6XoQHMO NpPH3HATHL, UYTO AaJbHeH-
llee MX Pa3BHTHE CBA3aHO C BO3MOXHOCTbIO aBTOMATH3AIHH Ha-
yaJbHBIX CTaJHH TNPOEKTHPOBaHHSA H, B NepBYyl0 ouepenb, H3o0pe-
TaTeNbCKOH AesATeNbHOCTH.

$lcHo, yTO 3TO Hempocras npo6jema — BeAb H306peTaTeJbCTBO
BCErja OTOXJECTBJAJOCh C BHICUIHM MpPOsIBJEHHEM TBOpYECTBA.
TeM He MeHee pSJ MCCAENOBaHHH NOCJHEAHHX JeT NO3BOJSAET Ha-
JeATbCsi Ha ee ycCNlelllHoe pellleHHe C NOMOILbI0O TaK Ha3blBaeMbIX
sKcnepTHhX cucreM (C) (3).

OcHoBOll NONOGHHEIX cHCTEM SBJAAIOTCA (GOpMaJbHble METOAH,
cocTosilliHe M3 ajroputMa H 6a3n 3HaHuil. [locleanss npencras-
Jasiet co6Gofi HaGop cBemeHHH, cOODaHHBIX 3KCIepTaMH, ChelHa-
JINCTAMH B TOH mpeaMeTHON 06/1aCTH, Ha KOTOPYIO OPHEHTHDOBaHA
co3naBaemass IC. dddekruBHocTh pabotst IC B nepByio ouepelp
onpejessieTcss MOLIHOCTBbIO H KauecTBOM ee 6a3b. 3HAHUL.

M3 ckasanHoro sicHo, uro ucnoJb3oBanHe JC B 06JacTH H30-
6peraTesbcTBa BO3MOXHO JIHIIL NOcjae pa3pabOTKH COOTBETCTBYIO-
mHX GopMajbHEIX METOJOB.

H3yuenHio M npaKTHYeCKOMY OBJIQJE€HHIO OJHOrO H3 HHX —
napaMeTpHYeCKOro MeToAa — M MNOCBsAlleHa AaHHas KuHura. Hano-
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JKeHHble B Hell MarepHasbl OblIM TOJYYeHBl B pe3ysabTaTe [allb-
Hefiurefi pa3paboTKH HAeH, BbiABHHYTOH H pasBuToif I'. C. Anbrt-
wynnepoM B paborax (4, 2). B coorBercTBHH ¢ 3TOi Haeeil Jo-
60e u3o6pereHHe npeacTaBifeT co6oi pe3yJbTaT paspellieHHS TO-
0 HJM HHOI'O TEXHHUYECKOro HJH (H3HYECKOro NPOTHBOPEYHS.

K ckasanHoMy Heo6xoauMo n06aBHTh, YTO (hopMa Npeacras-
JIeHHs TTapaMeTPHYECKOro MeToja B 3TOH KHHI'e OT/JIHYaeTcs OT TOH,
KOTOPYIO MOXHO OblJ1O0 Gbl HEMNOCPEACTBEHHO HCHOJNb30BAaThb NPH
paspaborke DC. B Heil Gyaer npeacraBieH 3BpHCTHYECKHH * Ba-
pHaHT JaHHOro MeToja. 3amHChb €ro OmepauHii npeamnoJaraer ILUH-
POKO€e INpHBJIEUEHHE NDH HX BBHINOJHEHHH 3HAHHH H yMEHHH NOJb-
30BaTeNs.

* Heo6XxomHMO OTMETHTb, YTO NOHATHAM (OPMAJBHOTO M 3BPHCTHYECKOTO
MeToAa MOXKHO Jarh CTporoe omnpegeneHse. OLHAKO, YYHTHIBAass MNPaKTHYECKYIO
HanpaBJIeHHOCTb 3TOM KHHIH, 3[leCb 3TO He AeJaercs.
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OueBHAHO, 4TO, CTaBs mepex coboil ueab — pa3paboTaTh MeETo-
Ibl, TpHMeHsseMble B o6sacTH H300peTaTelbCTBA, CHauaja Heo6Xo-
JHMO BBISICHHTb, YTO TaKoe H306peraTeNbcTBO, KaKO€ MECTO OHO
3aHMMaer CpelH pPasJIHUHBIX CTafHH pa3pabOTKH NpoekKTa.

CymmHocTb H306peTaTesbCcKOil AeATeNbHOCTH OAHO3HAYHO OTpe-
nensercs ee pe3yJbraTtoM — u3oOpereHHeM. B cBoio ouepenp rias-
HOe, YTO OTJHYaeT mnocjeaHee OT APYTHX INPOEKTHO-KOHCTPYKTOp-
CKHX pellieHHH — 3To ero MupoBas HoBu3Ha. CJleoBaTebHO, €CJH
OTBJIEYbCA OT HOBH3HBI H300peTeHHs, TO B OCTaJbHOM OHO Oyaer
CX0XKe C OCTaJbHBHIMH TEeXHHUYeCKHMH pelleHHsIMH. 1 TeM He MeHee,
H306peTeHHsAM NpHCYyLla OAHA cNelHpHYecKas uyepTa — GOJBILIHII-
CTBO M3 HHX NOSIBJISETCS Ha HayallbHbIX CTafHAX NPOEKTHPOBAaHHII,
Korjpa 3akJajabiBaercsi «oOJHK» Oyaywmero wu3genud. JHas Ttoro,
4TOGHl ONPEAEJHTb, KAKHE METOJbl MOXKHO OblI0 6Bl NPHMEHHTHh Ha
STHX CTaJHsX, HAAO BCIO HCXOAHYIO NPOEKTHYI0O HHGOpPMAaLHIO mpej-
CTaBHTb B BHJe ONpeJesieHHOH 3ajauH, B JaJjbHeHileM OHHM GyayT
Ha3bIBaTbCAd NPOEKTHBIMH. Heo6XoAHMOCTb 3TOrO CBsi3aHAa C TEM,
4TO COAEpKaHHe JMI060ro MeTOola 3aBHCHT OT TOTO, Ha pelleHHe
KaKoil 3a/layd OH ODHEHTHPOBaH. AHaJNHU3HPYs YCJOBHS CaMBbIX pas-
JHYHBIX 3aJa4, B HHX BCeria MOXHO BHIAEJIHTb JABE YacTH:
«dAHO» — ucxoauvie nanusle u «HAVWTH» — uckoMble naHHbIC.
OnpenenuTh 3TH YaCTH H O3HayaeT cHOPMYJHPOBAThH YCJIOBHS 3a-
JayH.

UTo e H3BECTHO NpPOEKTHPOBIUHKY Iepel HawajoM paspabor-
KH HoBoro u3genusn? OG6GBIYHO 3TO Kakasi-NIHGO TeXHHUeCKas CHCTe-
Ma (B majbHeHlIeM — NPOCTO CHCTEMAa), PAL XapaKTEPHCTHK KO-
Topo#t Xxorenoch Gbl (HJIH HEOGXOAHMO) YJAyuliHTh. B H306pera-
TeJbCTBE NMOJOGHbIE CHCTEMBI NMPHHATO HA3bIBATb MPOTOTUNAMU; HX
ONHCaHHe B 3asBKe Ha H306peTeHHe sBJseTc 0053aTeJNbHBIM Tpe-
6oBanueM. [losToMy ecTb CMBICT B KauyecTBe HCXOJHBIX JaHHBIX
NPOEKTHOH 3ajayH BhIOpaTh UMEHHO ONHCAaHUE NMPOTOTHNIA HJM JAPY-
THMH CJIOBAMH — UCXOOHOLU cucTemsl. SICHO, 4TO pe3yJabTaTOM IIPO-
eKTHPOBAHHA TaKXe JoJKHa OHTh cucreMa. OpaHako He Jo6asi.
OueBHJHO, YTO pe3yJbTaT NPOEKTHPOBAHHSI MOXeT ObITb NpH3HAH
MOJIOXKHTEJNbHBIM JIHUIL B TOM Cjyuae, ecJH HaHAeHHAs NPH 3TOM
cucteMa (B gajibHeHINEM — NPOU3BOOHAA CUCTeMA) B KOJNHYECT-
BEHHOM NJ1aHe GyJeT «He XyXe» HCXOINHOH, a B KauecTBEHHOM IJa-
He — ToxKjaecTBeHHa efl. [loatoMy AJs TOro 4to6bl HAay4YHTbCA OI-
penensATb YCJOBHS TNPOEKTHOH 3ajaud, CHayaJa Hafo pa3obparth-
Cfl ¢ TaKHM «pacIVIBIBUaTBIM» TOHATHEM KaK CHCTeMa, yaensis B
nepByl0 oyepeib BHHMAaHHE ee KOJHYECTBEHHBIM H KayecTBEHHBIM
XapaKTepHCTHKAM.

B HayuHO-TeXHHYeCKOH JuTepatype HMeeTcsi 6OJbLIOE YHCIO
onpejelNeHuil CHCTEMbl; TOIbKO B pa6oTe (5) HX mpHBedeHo GoJee
rpuauaty. OnHako obiell TOYKH 3pEHHS MO NMOBOAY AAHHOI'O IO-
HSITHA B Hacrosulee BpeMsi HeT. [loaToMy nJs m36GekaHHs pasHo-
yTeHHii Heo6XOJHMO BHECTH ONHO3HAYHOCTb B OINpefe/NeHHE CHCTe-
mbl. [Ipn peureHHu Ttakoro poja npo6jeM OOBIYHO HCHOJb3YIOTCS
JOTHUeCKHe MeTolbl yHH(HKauuu noHsartHil. Kak nokasaHo B pa-
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6ore (6, c. 99—103), HauayumHe pe3yJbTaThl B CJAydYasX, aHaJo-
THYHBIX HallleMy, JaeT MeToJ peJsillMOHHOro o6o6uienusi. C ero
NOMOULIBbIO YAAJOCh NOJYYHTb YHHBEPCAJbHOE ONpeleJeHHE CHCTe-
Mbl, KOTOpO€ NPHMEHHMO B CaMBIX Pa3JHUHBIX OGJACTAX TEXHHKH
H HayKH.

Cucrema — 310 10606 06DEKT, KOTOpbLIL XxapakTepu3yercs
CBOUCTBAMU U OTHOWEHUAMU MexHcOYy 00DEeKTaAMU, ABAAOULUMUCS
€20 4acTaAMU.

Bxoasiiye B 3TO onpelesyieHHe NMOHATHS CBOHCTBA M OTHOLIEHHS
NpEeACTaBAAIT €o60fi pasjHyHble BHAB XapPAaKTEPUCTHK CHCTEMHL.
CBoiicTBO xapaKTepH3yeT ee KaK HEUTO LieJoe — HepacuwieHeHHoe
Ha YacCTH, KaK OTAeNbHO B3fATHH 00beKT. B oTaHuHe oT 3TOrO OTHO-
IIEHHS XapaKTEPH3YIOT CHCTEMY KaK rpynny o6beKToB, 06beauHss
HX TeM CaMBIM B HOBHII 00beKT. MOXHO CKa3aTb, YTO CBOHCTBa
ABJSIOTCS «BHEUIHHMH» XapaKTEPHCTHKAMH CHCTEMbl, a OTHOIIe-
HHUSl — «BHYTPEHHHMH»; OHHM TO3BOJISIIOT YBHAETb €€ KakK Ohl H3-
HYTpH.

CyuiHoCcTh NPHBEAEHHOTO ONpeleseHHss CHCTEMBI XOpOILO HJI-
JIIOCTPHPYET clefylouias cxema.

rAe wititld — cBOACTBA CHCTEMHl, i, ..., D; — 3JeMEHThl CHCTEMH

*

(Helle.HHMble 4YacCTH 06’beKTa), * * * — OTHOLLUEHHA MeEXAYy 3JeMEeH-

TaMH CUCTEMBEI.
Puc. 1.1. TeoMeTpHyecKasi HHTEPNpEeTALHS MOHATHS CHCTEMH.

IToHATHSA cBOMCTBAa M OTHOIIEHHS] IIHPOKO HCIOJb3YIOTCA B TeX-
Huke. Hanpumep, rab6apur, Bec, HaJ€XHOCTb, CTOHMOCTb SIBJISIIOT-
ci CBOMCTBAMH TeXHHUECKHX CHCTeM, a Macca, CKOpOCTb, TEMJo-
NIPOBOJHOCTb, BS3KOCTb — CBOHCTBAMH HX 3JIEMEHTOB.

B onucanuu mpoekTa JI06Oro H34€JHS MOXHO BhIAENHTbH 60Jb-
LI0€ YHCJO OTHOWIEHHH pa3HhX BHAOB. B cBoell COBOKYNHOCTH
OHH 0GpasyIOT pasJjiHuHbIe CTPYKTYPbL CUCTEMbL.

Bo-nepBHX, 3TO OTHOLIEHHE <«YacTb—Ile0e», «GHITb YacThbiO»,
KOTOpOe B HEeSIBHOM BHJE INPHCYTCTBYeT B OINpeLeJIeHHH CHCTEMH
H MCIIOJIb3YeTCs NPH ONMHCAHHH ee cocrasa. JIio6as cucreMa aomyc-
KaeT pa3jiiuyHble BHAB JeJeHHS Ha 34emMenTbl — OObeKTh (4acTH
CHCTEMBI) C OJHO3HAYHO ONpefleNeHHHRIMH cBoHcTBaMu (7, c. 5).
B ToM ciyuae, ecqn mepBOHAuaJbHO BHIAEJNEHHBIH 3JE€MEHT CHCTe-
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MHl NOABepraercs AaJbHeHlleMy YJeHEeHHIO, TO OH, N0 OTHOUIEHHIO
K HCXOJAHOH cHcTeMe, siBasiercsi nodcuctemoii. Ilponenypa ompene-
JIEHHSI COCTaBa CHCTEMBbI, KOTOPYIO HHOrJa Ha3bIBAOT HEKOMIO3H-
uuell, CBOAHTCA K ee «Pas3/IoXKeHHIO» Ha 3apaHee 3alaHHOM MHOXe-
crBe 00bekToB. JlaHHOE MHOXEeCTBO SIBJSIETCS COCTaBHOM YacThblo
MeToAa AEKOMIMO3HIHH CHCTeM — ero 6a3o0il 3HaHHH, NpHYEM HMeH-
HO oHa omnpejeJseT pe3yJbTaT npuMeHeHHs Merolda. OueBuAHO,
YTO MOXKHO NPEeAJIOXKHTb MeTOABl [EeKOMIO3HIHH C Pas3JHUYHBIMH
6Ga3aMH 3HAHHH, NO3TOMY IJs OJHOH H TOH XKe CHCTEeMbl MOXIHO
NOJIYYHTh HECKOJIbKO BapHAaHTOB €e COCTaBa, KAaXAbIi H3 KOTOPHIX
siBasieTcss gonyctuMbiM. Hanpumep, ans Takoil mpocreiiiiefi cucre-
MBI, KaK LIapHKOBHIH CcTep>KeHb, Aa)Ke NPH (PUKCHPOBAHHOM YHCJE
BHIIEJIEHHEIX 3JIEMEHTOB MOXHO NDEIJIOXHTb, KAK MHHHMYM, TDH
BapuaHta ee cocraBa. OAMH H3 HHX NpHBeJeH HHXe (CM. Takxe
puc. 1.3.).

/—{:— TPysxa

4 llacTa
Uarsanosonit /C ———C — Brwixa

CTEPKEHD

\——C“ /7.14\013/«:4“—J

\—C- [laTPY50K

C — OTHOILIEHHE «4YaCTb—LUEeJ0e»;
* — [IOJACHCTEMA.

Puc. 1.2. CocraB 1IapHKOBOTO CTEPXKHS.

IIpocTpaHcTBeHHbIE OTHOLUEHHS MEXAy 3JeMeHTaMH o6pasyioT
KOMNOHOBKY CUCTEMbl, KOTOPYI0O OOBIYHO (DHKCHPYIOT C NOMOMIbIO
uyepTexell obuiero Buaa. JlaHHas CTpPYKTypa XapakTepH3yeT CHCTe-
MY C TOUKH 3p€HHsi B3aHMHOTO PaclOJIOXKEHHS €e 3JeMEHTOB H MOo-
3BOJISIET ONpeAeJHTb, KAKHM 06pPa30oM OHH MOTyT B3aHMOAEHCTBO-
BaTh Mexay coboil.

Hanpumep, KOMNoHOBKa WIapHKOBOro crepxHs (cMm. puc. 1.3.)
MoxeT GbHIThb OMHCaHa cjeaylouiuM obpasoMm: mnacra (HaXOAHTCSH
BHYTpH> TpyGKH; macta <{HaXOAHTCH BHYTPH) TOJIOBKH CTePXKHS;
BTYJIKAa TOJIOBKH <3ampeccoBaHa B)> TpyOke; wapuk <3adHKCHPO-
BaH B) narpyOke roJIOBKH; nmacTa {(HaXOIHTCA B KOHTakTe C) LIa-
pukoM. 31ech (a3bl, NoMelleHHble B YrJOBble CKOOGKH, OMHCHIBAIOT
6uHApHBIE OTHOLUEHHSI — OTHOLIEHHSI MEXAYy ABYMSI OOBEKTaMH.
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L B [ 7

I — tpy6ka, 2 — nacra, 3 — rosoBka, 4 — wapuK, 5— naTpy-
60K, 6 — BTyJIKA.

5

Puc. 1.3. SCKH3 LIaPHKOBOTO CTEPIKHS.

BpeMeHHbIe OTHOILEHHSI THNA «3aTEM», <«IOCJE», <«UYEpes ... ce-
KYHI», «B TO € BPEMs», «3a ... CEKyHI 10 3TOT0» LIHPOKO HCIOJIb-
3YIOTCs NMPH ONMHCAHUH pexcumos paborel cucTem. DTO TOHSATHE XO-
pOLIO MJITIOCTPHPYET ONMHCaHHE OJHOH M3 (a3 3KCMIyaTallUH aBTO-
KpaHa.

Buis0P Yeraroska BULBHHEHHE
HCXOLHOO THLOPABNMECKHX TENECKOUHECKOA
TOAOHEHHEA Y/10R08 C7PE/1[bI
T
] i
77777 T V. 77 A T 7 7 1 M—m

OO

Puc. 1.4. Crapus mMoOArOTOBKH aBTOKpaHa K paGore.

Oco6yio po/ib B TEXHHYECKHX AHMCLHIJIHHAX, KaK BNpOYeM H B
GO/NIbUIHHCTBE APYTHX, HIPAOT NPHYMHHLEIE OTHOIUEHHS HJIH CBSI3H.
ViMeHHO ompepesieHHe cBsi3eli MeXAY 3/1€eMEHTaMH CHCTEMbl SIBJISA-
eTcsl HeOOXOJHMBIM YCJOBHEeM JJs1 NpPHBJIEUEHHS K €€ HCCJen0Ba-
HHIO MaTeMaTHYeCKHX MeToJoB. Eciin 06beKThl OTHOCATCA ApPYr K
ApPYry TaK, YTO Ha/JHYHe HJIH H3MEHEHHe NepBOro oGyC/aB/iMBaeT
HaluyHe HJH H3MEHeHHe BTOPOro, TO TaKO€ OTHOLIEHHE MEeXAIY
ob6beKTaMH sBasieTcst c8a3ero (8, c. 7).

COBOKYNHOCTH CBSi3efi MEXJY 3/7€MEHTaMH CHCTeMbl MOTryT 06-
PasoBLIBaTh pasJiHYHBlE BHABI NPHYMHHBIX CTPYKTYp. Bo-nmepBhix,
3TO CTPYKTYpbl, B KOTOPHEIX CBSI3aHbl CBOHCTBA CHCTEMbI (MOKa3aTe-
JH; nogpo6GHee cM. Ha C. 17) u cBOHCTBa ee 3JIeMeHTOB (napamer-
pos). HauGosee yno6HO Takoro poja CTPYKTYypbl ONHCHIBaTh C MO-
MOLIbI0 COBOKYNHOCTH (YHKUHOHAJbHBIX 3aBHCHMocTell, o6pasylo-
IIHX MaTeMaTHYeCKyl0 CHCTeMY, KOTOPYIO HAa3blBalOT maTemaru4e-
ckoil modeavto cucremvl. B obuieM ciayuae oHa HMeeT CjelylOLIHH
BHI:
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I =f,({Pn}) rae

e e e e e e I, ..., Il,—nokasarejH CHCTEMH;
— {Pn}=P,, ..., P,—mnapaMerpnl 3Je-
Tn=f m ({Pr)m) MeHTOB CHCTeMbI;n
@1 ({P:h)=0 fi» ..+, fm—CBfi3M B BHIE MaTeMaTH-
e e e e e e gecKHX YHKIHI;
N — 1.1y {Pah oo s Pdmo Py -, {PoYi—
e ((Pn}s) ' 0 (b MOAMHOKeECTBA MHOMeECTBa {P,,};n
Prt1 ({Pn}k+l)> 0 P1y oo e s Pry Pot1y o vy (P;—('I)YHKI.[I/IH',
L onpeaeJsiiolre 06/acTb AONYCTHMBIX
) 3HayeHHl NMapameTpoB 3JIEMEHTOB CHC-
9, ({P.}1) =0 TeMBI.

3aech HajO0 OTMETHTb, YTo Ha (opMHpOBaHHe 06JacTH AOMyC-
THMBIX 3HaUeHHH NapaMeTpPOB OKa3blBalOT BJHSHHE pPa3jiHUHbLIE
¢akropel. D10, BO-NEpPBHIX, NMepeyeHb (PH3HKO-XHMHUYECKHX CBOHCTB,
HCMOJIb3yeMbIX B T€XHHKe BeUIeCTB M MaTepHa/oB. Bo-BTOphix, A0-
NMYCTHMEIE COOTHOUIEHHS MeX]y NapaMeTpaMH 3JIEMEHTOB CHCTe-
mbl. Hanpumep, oTHolueHHe CONMpsiXKEHHBIX LIECTEPHEH B DPEIYKTO-
pe, pa3HOCTb TeMNEepaTyp W AaBjeHHH B NMEPBOM M BTOPOM KOHTY-
pe OxJaXAeHHs sIepHOro peakropa H MHoroe jgpyroe. Kpome To-
ro, Hcxons H3 (H3HYECKOr0 CMBICIA MOXKHO yTBEpXKAaTh, UTO BCe
napaMerphl 3J€MEHTOB CHCTEMEI CYTb MOJIOXKHTE/NbHbIE BEJHYHHBI.

B KkauecTBe npuMepa 3TOH CTPYKTYphl MOXKHO pPacCMOTPEThb
¢bparMeHT MaTeMaTHYECKOH MOJeJH IHIaPHKOBOI'O CTEPXKHS.

AWCT EYMATH
AUIR THCTA D=1+,
= 6
/L LS 0 >0 a0,
/ / h=>0, 6§>0. (1.2)

rae D — annHa cTepXHs, L — AJMHHA JIHHHH, OCTaBJsAEMOH CTepXK-
HeM Ha JHcTe GyMaru; [, — ajuHa TPYOKH, Iy — namHa narpyGka
roJIOBKH, d — BHYTPEHHHH AuaMerp TPYOKH, h — LIHDHHA JIHHHH
(npH6JIH3HTENbHO paBHA JHAaMeTpy LIapuKa), 6 — TOJIIHHA JIHHHH
(npH6MH3UTENbHO PaBHA 3a30py MeXIy IIAPHKOM M NaTpyGKoM

rOJIOBKH).
JIpyruM npakTHUECKH BaXXHbIM BHAOM TNDHYHHHBIX CTPYKTYp

SBJSIETCS TAaK Ha3biBaeMas (PYHKYUOHAALHAA CTPYKTYpA CUCTEMbL;
B Heft 06beaUHEHH (DYHKIHH CHCTEMBI H ee 3JeMeHToB (moapoGHee
cM. Ha ¢. 16). HauGosee HarJsaaHbM Crnoco6oM OMHCaHHS noxo6-
HBIX XapAaKTEDHCTHK SIBJSIOTCS ODHEHTHpOBaHHble rpads (oprpa-
¢bt). Ux npuMephl, 1S NPOM3BOJLHOrO H KOHKPETHOro cayuas,

nokasaHul Ha puc. 1.5. u 1.6.
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rae S—CHCTeMa, E — Cpena, BHEUIHAS MO OTHOILUEHHIO K CHCTe-

me S, 3,+39, — anementn cucreMu S, F — dyHKuus cHcreMbl S,
fr2=—fs4 — OYHKIHH 3/€MeHTOB cuCTeMH S, A — BO3aeficTBHE BHeEI-
Hel cpexbl Ha cucremy S, O — BepwnHa oprpada, - — pe6po
oprpada.

Puc. 1.5. ®DyHKuHOHaJIbHAS CTPYKTYpa NPOHSBOJNLHOA CHCTEMH.

Macasneui asrexrpo-
Haepesaresd

3,

[¥y

rre J; — TeNOBBHIJE/SIOUIHN 3/MeMeHT, J; — Macso, 33 — Kopnyc,
U — HanpsikeHne BHEHIHEro MCTOUHHKA, O — OKpyXaIOIIHH BO3-
AYyX, fig — «yBeJIHUEHHE TeMNepaTypH Macja», fo3 — «yBeJHYEHHE
TeMnepaTyphl Kopmycas, fi» — «PHKCAallHsl MOJIOXKEHHS Macia»,
F — «yBennueHne TeMnepaTypn OKpPYXKaIOLIEro BO3AyXa».

Puc. 1.6, Dcku3 u ¢(yHKUHOHAJbHAA CTPYKTYpPa MacCASHOrO SJE€KTpOHarpe-
saress.

ITpuBeneHHHI 3[ech NepeueHb CTPYKTYp HE€ TOJIbKO AOCTATOY-
HO MOJIHO HJIJIIOCTPHPYET DOJb OTHOLIEHHH B TeXHHKe, HO ‘H SBJs-
€TCl JOCTAaTOYHBIM C TOYKH 3pEHHSI IMPAKTHYECKOTO HCIO0J/Ib30Ba-
HHA NMapaMeTPHYECKOro Meroja.

AHnanornuneiM 06pa3oM Hajo NMOCTyNaTh H CO CBOMCTBAMH CH-
CTEeMBl — HYXKHO BHISIBUTh HX OCHOBHble pa3HoBHAHOCTH. CBoficTBa
J1060# CHCTEMBI MOXHO pa3ie/NuTh Ha JAB€ He3aBHCHMble T'PYIbl.
[TepBylo u3 HuX o6pa3yloT cBOHCTBA, KOTOpble ONpeeJsIOT <«rpa-
HHILy» CHCTEMEI, OTAENsollyl0 ee OT APYrux cucreM. Mcuesnose-
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HHe JlaXe ONHOro H3 HHX NpeBpamlaeT NaHHYIO CHCTEMY B HEYTO
apyroe. Takue cBojfictBa B jAajbHeiilleM GyayT HasbiBaTbCs Kaue-
creamu (9, c. 39), a cBOfcTBa APYro#l TpyNNE — noka3aTeAsMu.

Kakune xe CBOMCTBA TeXHHUECKHX CHCTEM OTHOCATCS K nepBoi
rpynne?

Panbuie oTMeuasioch, YTO NPHYHHON CO3JAHHS TEXHHUECKHX CH-
CTeM CJy>KaT HemocpeiCTBEHHbie HJH ONOCPeACTBOBaHHLIE MOTpe6-
HOCTH 4YesoBeka. [JoaToMy ryiaBHOe, YTO OT/IHYAeT OAHY TEXHHYeC-
KyIO CHCTEMY OT JPYyrod — 3TO TO, KaKyl0 MOTPeGHOCTh OHA MO3BO-
Jser ynosJeTBopHTb. CJlefoBaTe/NbHO, KauyeCTBO TEXHHUYECKHX CH-
CTeM OJHO3HAYHO omnpejesercsi NOTPeOHOCTSAMH, AJsi YAOBJETBO-
PeHHsl KOTOPBIX OHH co3aaHbl. [ogo6HbIE CBOCTBA B TEXHHKE MPH-
HATO HAa3biBaTh (PYHKIHSIMH.

HecmoTpss Ha IIHPOKOe HCMO/Nb30BaHHE MOHATHA (YHKUHH CH-
CTeMbl, OOIENPHHATOTO €ro ONpeleJNeHHs B HACTOsSIIee BpeMs He
BeipaGotano. Hau6Gosee ray6oko oHo Hccieayercss B paGore (1,
c. 72—78). Hcnonb3yss mnosnydyeHHble B Heil pe3y/JbTaThl H YUYHThI-
Basg, 4TO (QYHKLHS CHCTEMbl — 3TO OJHO H3 €€ CBOHCTB, MOXHO
NPeNJoXHUTh Celylolee OnpeaeaeHHe.

DPYHKYus CuUCTembl — 3TO ee CBOICTBO, KOTOpoe onpedeiseTcs
uepe3 deticreue (), oxassieaemoe AanHOL cucTemoil 8 ukcupo-
s8annbix ycaosusax (YY) wa eHewnull, no orHowenuro Kk wuell, 06%-
ekt (0).

[IpakTHKa HCMO/NB30BAaHHS 3TOrO ONpefeseHHs] NMOKa3biBaeT, YTo
peiictBue (1), okasniBaeMoe Jl000#i CHCTEMOi, MOXHO ONHCATh C
noMouplo caeaylomux (Wi O6JM3KHX K HHM 1O CMBIcay) ¢pas:
{u3MeHeHHe ...>, {H3MepeHHe...>, {COXpaHEeHHe ..>, I'le BMeCTO TO-
YeK MOACTABJSETCS KOHKPETHOe CBOHCTBO BHemHero ob6nekra (O).
OueHb YyacTo C LENbI0 NPHAAHHA 3THM ¢pa3aMm GoJjiee ecTeCTBEH-
HOrO0 3BYYaHHS HX 4YacTH OObeJHHSIOT B OAHO ciaoBo. Hanpumep,
«M3MEHEHHE I0JIOXKEHHS B IPOCTPAHCTBE» — KTPAHCIOPTHPOBKA»,
«yBeJHYEHHE TeMIIEpaTyphi» — «HArpeB», <«yMeHbLIEHHE CKOpPO-
CTH» — «TOPMOXKEHHe» H T. II.

Ycnosus peanusauuu GyHKUHH CHCTeMHBl (V) onpeaensiorcs
yepe3 COBOKYMHOCTb OTHOIIEHHH MEXJy CHCTEMOH H OKpPYXaloLiH-
MH ee 06beKTaMH, B TOM uHcJe 06beKTa, Ha KOTOPHIH HanpasJjeHOo
neiicteue JI. B tex cayuasx, korga uHdopmauus o6 ycI0BHAX pe-
aJu3alud QYHKUHH CHCTEMbl OYEBHAHA HJIH OHa MOXeT ObiTb pea-
JH30BaHa B JIOOBIX YCJOBHSIX, KOMIIOHEHTa B ONMHCAHHH (YHKUHH
MoOxeT ObITh omylieHa.

Jlanuoe onpenejeHHe NPHMEHHMO TakXe H K GYHKUHIM 3Je-
MeHTOB cHcTeMbl. [Ipu 3TOM, JI060H ee 3/J1€MEHT, C OAHOH# CTOPO-
HBl, pacCMaTPHBAeTCs KaK CaMOCTOsiTe/bHAasl CHCTeMa, a C Apyroit
CTOPOHBl — C TOYKH 3PEeHHs [APYruX 3J€MEHTOB CHCTEMBl — KakK
BHew Ui 06bekT. Hanpumep, TpaHCMHCCHSI aBTOMOOHJS MO OTHO-
IIEHHIO K ABHraTegql0 — 3TO BHEWIHH{i OObeKT, a 10 OTHOIIEHHIO K
KoJiecaM — 3TO CaMOCTOSITeJNbHas CHCTEMA.

[Ipn onucaHuu QYHKUHH 3/71€MEHTOB HEOGXOAMMO YYHTHIBATH
ONHO OYEHb Ba)KHOE O6CTOATENbCTBO: AJS peann3anud QyHKUHE
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Ta6ruya 1.1.
I pumepor onucanus ynxyuu cucmemst

KoMnoHeHTH onHcanus ¢yHKUAH

Ne Hma cucteMbl

a (o] 0%
1 Y uuHB YBenuenue creneHu | IloJoTHO goporu —
doHaps OCBeLLeHHOCTH
2 Komnac Onpenesetne nanpas- | MarHuTHHE nosoc —
JieHust (Ha) Semam
3 Astomo6uab | Mamenenne nogoxe- | I'pys Ilpn  ycnosun
HHs HaJIHYHsi KOH-

TakKTa KoJec
aBTOMOGHJIA C
TIOKPLITHEM [0~

pord

4 Taxomerp HameHenue yncia o6o- | Teepnoe Teno —
poToB

5 Tepnoc CoxpaHenune Temnepa- Ipu  ycaoBuu,
TypB YTO BeleCTBO

HaXOAHTCH
-+« .+« ... .|Bemecrso BHYTPH TepMo-

YwmeHbllenne cKopoc- ca

TH OCTbIBaHHUA

CcHCTeMbl HeoOXOAHMO (YHKIHOHHDOBAaHHE BCEX €€ 3JeMEHTOB, NMpH
STOM pe3yJbTaT (YHKUHOHHUPOBAHHS ONHHX, 3JEMEHTOB CHCTEMBI
obecrneynBaetT HeoOGXOAHMbIE YCJIOBHA AN YHKUHOHHPOBAHHS APY-
THX ee 371eMeHTOB.

Bce ocranbHble CBOHCTBA TEXHHYECKHX CHCTEM OTHOCATCHA KO
BTOpPOH rpynmne, T. e. ABJAATCA nokadaresamu. W3 panbHefilero
6yner BHAHO, UTO OYeHb BaXKHOH HX XapaKTEPHUCTHKOH SBJIsETCS
TUN, KOTOPHII MOXeT ObITb JHOO MOJOXKHTENbHBIM, JHOO OTpHHA-
TeJIbHBIM.

Ilpu omnpemeseHHMH THNA NOKa3aTeJeji CHCTEMbl HCNOJb3yeTCs
OueHb NMPOCTOE NPABHJIO: eCAU 3HAYEHUE NOKA3ATeNR HeAaTeAbHO
YBeAU4UBAT, TO OH NOAONCUTEAbHbLUL, eCAu JHe e20 3HAYeHue de-
AQTeAbHO YMeHbwiaTy (8na0To 00 HYAs), TO 3TO OTPUYATENbHbLIE
noxasarens.

JKenatenbHOCTh H3MEHEHHs I[OKasaresel MOXHO OIpPEdeNHTh,
HCXOAsl M3 psiJa HAJACHCTEMHBbIX, NMPHHATBIX HJIH OYEBHAHBIX CO00-
paxenuii. Hanpumep, oueBHaHO, 4TO YeM MeHblle NacCaxKHp as-
To6yca TpaTHT BpeMeHH Ha mpoesd, TeM Jjyudme. CienosaresbHo,
cpeaHsii CKOPOCTh IBHXKEHHsi aBTOOyca sBJISIETCS MOJIOKHTEJNbHBIM
nokasarejeM. IIpumeM, uto uem Goublue KIII snekTpoasuraress,
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Tem Jgyuume. Torga norpe6GJisieMasi ABHraTejJeM MOILHOCTb Oyaer
OTPHILLATENbHBIM NOKa3aTeleM.

KpoMe Toro nokasarenu cCHCTEMbl MOXHO pa3jenuTb NO 8u-
dam c yueToM HX pa3MepHOCTH. B Hamem cjyyae ZOCTaTOYHO pac-
CMOTpeTb TOJbKO ABa M3 HHX. DTO, BO-NEPBHIX, JAUHElHble NOKA-
3aTeAu; OHH «BCeria HMeEIOT ONpeleNeHHYI0 HHTEHCHBHOCTb (KO-
JIMUECTBEHHYIO XapaKTePHCTHKY) H MOTYT H3MEHSTbCSl JIHIIb B Ha-
OpaB/eHHH YMEHblLUEHHs HJH YBEJHYEHHS ITOH HHTEHCHBHOCTH®
(9, c. 101). Hanpumep, Bec, rabapur, MOLIHOCTb, NPOH3BOJHTE/b-
Hoctb, KIIJ, croumocts M T. . B ¢u3nKe momo6GHbIe CBOHCTBA Ha-
3bIBAIOTCS CKaNsipPHHIMH. BO-BTOpHIX, TO%e4nble nokasaTeau; OHH He
MMEIOT KOJIHUeCTBeHHOH XapakrepucTHKH. Hanpumep, GeccMhic/eH-
HO rOBOPHTb O 60JiblIeil HJIH MeHbllell PeMOHTONPHTOAHOCTH (HJH
TEXHOJIOTHYHOCTH) CHCTeM B (PHKCHPOBAHHBIX YCJIOBHSX.

«Tem He MeHee yacTo GbiBaeT BO3MOXKHO PacnoJOXHTb OTAEJb-
Hble ToueyHble cBoficTBa (a 3HauuT, H nokasatean — B. I'.) pas-
JIMYHBIX TPEJAMETOB B MOPSiAKE H3MEHEHHS HHTEHCHBHOCTH, TakK
yTO6H HMX MHOXECTBO HAalOMHHAJO rpajainHio OJHOro JIHHEHHOTO
cBoiictBay (9, c. 102).

Tenepb MOXHO BBECTH HHTErpajbHyl0 KOJHYECTBEHHYIO Xapak-
‘TEPHCTHKY CHCTEM.

Ecau cpaBHHTL MeXAy co6ofi JBe CHCTEMBI, BBHIMOJHSIOLIHE OX-
Hy H Ty Xe (yHKuuio (B Aa/ibpHefiuleM — OOHOGYHKYUOHALbHELE
cucremst), TO B 0O6IEeM «ciyuae OHH OYAyT MMeTb pa3jHuHble 3HA-
yeHHS OJHOTHNHBIX Nokasarenell. IIpu 3TOM nmo psay ONHHX MOKa-
3areseit MoxeT ObITb Jyuylle nepBasi CHCTeMa, a IO psny Apy-
rux — BTopasi. Hanpumep, caMojer H BepTOJieT — 3TO OAHOGDYHK-
LMOHAJbHbIE CHCTEMbI; C TOYKH 3DEHHS MaKCHMaJIbHOH CKOPOCTH
TI0J1eTa Jyullle — CaMOJIET, a C TOYKH 3DeHHs IJIMHBI npoGera nmpH
BaJeTe W mocagke — Beproser. Kakas e M3 3THX CHCTeM Jydlue
B leJoM? B TexHuke Takue BOMPOCH BO3HHKAIOT OueHb yacto. [list
06OCHOBAHHS NPHHATHS pelleHHs B MOJAOOHHIX CJydYasiX HCNOJb3Y-
eTCsl MHTerpajbHOe CBOHCTBO CHCTE€Mbl — NOKa3aTe/lb KauecTsa.

IToxasaresr KauecTs8a CUCTeMbL— 3TO ee CB0UCTB0, 3HA4eHUE
KOTOp020 YBeAUHLBAETCA NPU YBEAUHEHUU  NOAOHCUTEAbHbLX 1L
yMerbuleR Uy OTPULATEAbHbLX nokasaTesel.

Il TOoro, 4to6BHl 3TO MOHSITHE MOXHO OBUIO NMPHMEHHTb MpH
OlleHKe u BHI6OpE CHCTEM, €ro OmpeiejeHHe Haao NPEACTaBHTb B
BUJe (OYHKLHOHA/JIbHOH 3aBHCHMOCTH:

+ + + — - —
K=f(”l» eery na, ooy ”by nb+l) eeey nc, eeey nd)’ (1'3)

rne K — mokasarenb KayecTBa,
f — GYHKUHST KauecTBa,
+ +

I, ..., [T, — nonoxurejbHble JHHEAHbIE I0KA3ATE/H;

+ +

Hayy, ..., [Ty — nonoXuTeJbHBlE TOUEYHbIE MOKA3aTesH;
sy, ..., 1o — oTpHILATENbHbIE JHHEAHBIE MOKa3aTelH;
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M, ..., 1 — oTpHuaTeNbHBIE TOYEUHBIE NOKAa3aTeJNH;

+
K, H;, ooy 174>/0;
f—06as QyHKUHS, yIOBJETBOPSAIOILAS CJAEAYIOIHM Tpe6Go-
BaHHAM:

+ +
of/oll, >0 (a=1, ..., a); Af/AIl,>0 (b=a+1,...,b);

of/ofl, <0 (c=b+1,...,0); Af/All;<0 (d=c+1, ...,d).

Ha npakTtuke npumensiercss 6Gosiee y3kHH Kjaacc (yHKUHHA Ka-
4yecTBa, KOTOpDhlE MOJYYalOTCS NyTeM YueTa psifa AOMOJHHTEJbHHIX
Tpe6OBaHH.

Bo-nepBbix, KenaTeabHO, uTOGH MOKa3aTeb KayecTBa OLL
6Ge3pasmepHoii BeJHYHHOH. Bo-BTOpBHIX, mMOKa3aTtenb KauyecTBa CH-
CTEMBI JOJI)KEH ONpeAe/siTb MePy COOTBETCTBHS APYrHX ee MOKa3sa-
TeJeli NMpeabsBIsieMbIM K HHUM Tpeb6oBaHuaM. Ilpuuem ecim mnoso-
JXHTe/NbHble TIOKa3aTeJH MeHblle 3THX Tpe6GoBaHHH, a OTpHLATENb-
Hble — GoJsibllle, TO NMOKa3aTeJb KauyeCTBAa CHCTEMHl DaBeH HYJIIO.

C yuerom 3Toro GYyHKIUHS KauecTBa IPHMET CJENyIONIHH BHI:

+ + = = + +p + +4r
K=6(171, . ,Hb, Hb—{—l, e ,Hd)-p(Hl/H,, e ,Hb/H,,,
ﬁb—*—l/ﬁbT-{—lr ey ﬁd/ﬁg)) (l°4)

rjue
+ +r +
1l —ecmn I, =111, I, > 17,,, H,,+| 17,,+1, .
6(...)= “'7ﬁd<ﬁd

0—B NpOTHBHOM cJyyae

..
mr, .. Hd — TpeéoBaHnﬂ npeabsABAseMble K IOKa3aTesam
Hh ooy nd9

K, Iy, .., g, Ty7, .., 0 >0;
p(. )——Juo6a;1 q)ynxuuﬂ YAOBJIETBOpPSIIOLIAS] CJEYIOIIHM Tpe-

6OBaHUSM:
+ +
00/0l1,>0 (a=1, ... ,a); Ap/AIl,>0 (b=a+1, ...,b),
00/0l1, <0 (c=bt-+-1,...,¢); Ap/All; <0 (d=c—+1, ... ,d).

IOas Toro, yTo6bl MOXKHO GBLIO BOCIMOJB30BAThCA 3TOH (GYHKIH-
el NpH OllEHKE KauecTBa peaJbHbIX CHCTeM, efi HeOOXOZHMO MNpH-
patb 6oJjiee KOHKpETHbI BHA. BuauMo, caMoii mpocTodl KOHKper-
HOW (yHKUHeH, ynoBJeTBOpsiomefi yKa3aHHBHIM Bbilleé TpeGOBaHH-
am (cM. 1.4), 6yner cneayromas QyHKIHA:

+ - by d _
K=8(l, ... 1) (¥, Kt 3 Ki) (1.5
a=1 d=b+1

19



Tlae

£+

+ Hy— 1t

Ka=l+—+—'TT (1.6)
Mg+ 117

- nt—n,

=1+ (1.7)
Mg+ %

Boipaxenusm (1.6.) u (1.7.) cooTserctByioT c/eiyioline rpa-

buxku.

£ oy
S __________ ai ______ £, r 8
rm==—==-= / A -
I |
| I
0 ] L 7
_ /707' a /,57 6
A K
; D) g d)
1 - -
I . |
! ) l _
a ljr /l- 0 J— T /]0/
[ ”d

Puc. 1.7. Tpaduru yacTHbix ¢pynkuuit kauectsa (K, l_(.).

Teneps, koraa B o6IKX yepTax sICHO, YTO TAKOE CHCTEMA H Ka-
KOBbl €€ KOJIHYeCTBEHHble H KauyeCTBEHHbie XapaKTEPHCTHKH, MOX-
HO cOpMYJTHPOBATH YCJAOBHS NMPOEKTHOH 3amaud.

ITpoekTHoil HasvisaeTca 3a0aua, ucxodnbvimu OAHHbLIMU KOTOPOU
fiBanerca Kakasa-aubo cuctema, a UCKOMbIMU OQHHLIMU — HEKOTO-
pas cucTema, 8bLINOARAIOWAR TY He (DYHKYUIO, 4TO U UCXO0HAR, HO
UMEIOUW,AA MAKCUMAAbHOE 3HAYEeHUe NOKA3aTeas KawecTsd.

M3 3toro omnpenesneHHss XOpOLIO BHAHO, YTO HCKOMASl CHCTEMA
JOJIXKHA yAOBJETBOPSITb ABYM TpeGoBaHUSIM. Bo-nmepBhbIX, oHa A0JI-
KHa BBINOJHATL Ty e (YHKIHIO, YTO M HCXOAHAasl, a BO-BTOPHIX,
€e MoKa3aTe/Nb KauyeCTBa JOJXKEH HMeTb MAaKCHMaJbHOe 3HaueHHe.
310 06CTOSATENBCTBO MO3BOJSIET YNPOCTHTb NPOLECC peLIeHHs Mpo-
©KTHOH 3ajlaud — pa3JiesiuB ero Ha J[Be He3aBHCHMble CTaJMH:

— ollpefe/eHHe MHOXEeCTBa CHCTEM OJHOQYHKIHOHAJBHBIX C
HCXOAHO;

— omnpejeseHHe B 3TOM MHOXECTBe CHCTEMbI ¢ MaKCHMaJbHBIM
3HAueHHeM MOKa3aTe/si KaueCcTBa (ONTHMAJbHON CHCTEMBI).
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HHbiMu cji0BaMH, NMPOEKTHYI0 3aAauyy MOXKHO MPEACTAaBHTb B BH-
Jie COBOKYNHOCTH JBYX CaMOCTOSITEJIbHBIX 3aJau: NMOMCKOBOH H 3a-
Jaueii Boibopa.

ITouckosoii nasviaerca 3adaua, UCXOOHbLIMU OAHHbIMU KOTOPOU
ABAAETCA KAKAA-AUOO CUCTEMA, QG UCKOMbOIMU OQHHBIMU MHONECTB0
cucTem 0OHOGDYHKYUOHAALHBLX C UCXOOHOM.

HcxoOnoimu damnbimu 3a0auu 8ul60pa CAYIHUT MHONECTBO 00-
HOPYHKYUOHAAbHBLX ~ CUCTEM, Q UCKOMBIMU — CUCTEMA C MAKCU-
MAALHOIM 3HAYEHUEM NOKA3ATeAs Ka4ecTaa.

Takoe pa3pgeneHue NpPOEKTHOH 3amaud MOXKHO NOSICHHTL C MO-
MOIIbIO cJedylolIed CXeMBbl:

MHOMECTBO MHOMECTBO
BCEBOIMOIKHBIX CHCTEM OLHOPYHKLYHOHANDHBIX CHCTEN

QITHMANBHAA CHCTEMA

rae Ilp. 3 — nmpoekTHasi 3agaua, A — npouecc pelleHHs MOHCKOBOH
3anaun, B — npouecc pemenus 3agaun BuiGopa.

Puc. 1.8. IlekoMno3HuHsi POEKTHOMA 3amauH.

Tlpu peleHun NOHCKOBOH 3ajayH BapbHUPYIOTCS HM3BECTHbIE (H-
BHYECKHE H TeXHHYEeCKHe OOGDBbeKTHl C IeJiblI0 HaliTH Takoe HX coue-
TaHHe, KOTOPOE B OMNpeAeJIeHHBIX YCJOBHSX MO3BOJISIET BLIMOJIHHTb
3agaHnyl0 ¢yukuuio. Ecan, nHanpuMep, QyHKIHS HCXORHOH CHCTe-
‘Mbl — H3MEHEHHEe TeMNepaTyphel, TO CPeiH HCKOMBIX OAHO(DYHKIIHO-
HaJIbHBIX CHCTEM OyAyT CHCTE€Mbl, OPraHH30BaHHBIe BOKDPYT TaKHX
©O0DBEeKTOB, KaK TepMmonapa, o6beM XHAKOCTH, OHMeTaJJHUeCKas
TJIaCTHHKA H T. I

Pewenne 3amaud Boi6opa mnpeanoJsiaraeT BapHalHIO 3HaYeHHH
TapaMeTPOB 3JIEMEHTOB, HaliJeHHOH paHee NPOH3BOJHOM CHCTEMBI,
«C II€JTbl0 ONMpPEJENHTh HX ONTHMAaJbHOE cooTHolleHHe. K momo6GHBIM
napaMeTrpaM OOBIYHO OTHOCATCS (OopMa, BHA MaTepHana, pa3Mepnl
‘3JIEMEHTOB H PAacCTOSIHHS MEXJAYy HHMH, pa3jHyHble KHHeMaTHuec-
KHe XapaKTePHCTHKH, TeMNepaTypa, JAaBjleHHe H MHOTHe Jpyrue
‘TIapaMeTphl.

ATH ABa THNa 3ajay HMEIOT Pa3/IMUHYI0 CTeNeHb MeTOAHYecC-
KOro obecneyeHHsi H pasjHYHOE OTHOLIEHHE K H306peTaTebCKoil
JesTeJbHOCTH. B oTyIHUHME OT NMOHMCKOBOH 3ajmaud AJs pelIeHHs 3a-
Jaud BhibOpa MOXKHO NpHBJEUb COBEepLIEHHBLIH anmapar MaTeMaTH-
yeckoro mporpaMmmuposanus (1, c. 177—186). Oanako nogasJsio-
11ee GOJIBLUINHCTBO H300peTeHHH MOSIBJASIOTCS HMEHHO B pe3yJibTaTe
pelleHHs] NOHCKOBHIX 3aaay. [leficTBHTENbHO, peLIeHHsI, OTJHYAlo-
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1HeCs HOBBbIMH KaueCTBEHHBIMH COOTHOLIEHHSMH TEOMETPHYECKHX
HIH (PH3HYECKHX NapaMeTpoB, PeJKO NPH3HAIOTCA H306pETEeHHSIMK
Jaxe B TOM CJayuyae, €CJH 3TO NO3BOJHT NOJYYHTb HEKOTOPHIH NO-
JIOXKHTEJNbHBIH 3D eKT.

B To xe BpeMs, mojiyueHHble B pe3yJ/ibTaTe peElIEHHS NOHCKO-
BBIX 3aJ1a4, HOBble KOMOHHAUMH (PH3HYECKHX H TEXHHYECKHX 00b-
€KTOB MOTYT CJYXHTb OCHOBOH AJIi CO3JaHHS NPHHIHNHAJbHO HO-
BbIX WJIH AJIA CTPYKTYPHOrO YJYyulleHHs H3BeCTHHIX H3Aeau#l. Ecan,
K TOMY Xe€, 3Ta KOMOHHALHA XapaKTepH3yeTcsi MHpDOBOH HOBH3HOH,
TO HMeEIOTCA Bce NPH3HAKH AJs TOro, ytoObl NpH3HAThb TakKoe pe-
LIeHHe TOMCKOBOH 3ajauu u3obperenuem. IlostoMmy, c onpeneneH-
HBIMH OrOBOPKaMH, IIOHCKOBYIO 3ajayy MOXKHO Ha3BaTb u3obpera-
TeAbCKOU, a ee pelleHHs pacCMaTpPHBaTh KaK MNOTEHIHAJbHbBIE H30-
6perennsi. OMHAKO H3BECTHBIE B HACTOsIIee BpeMs METOAbl pellle-
HHSI MOHMCKOBBIX 3amau (cM. TabGa. 1.2.) ellle majeKl OT COBepLIEH-
cTBa.

M nocaennee, 4To MOXKHO CKa3aTh MO NOBOAY COMNOCTaBJEHHS
3THX AByX 3ajgau. HecMoTpsi Ha BCIO BHEIIHIOI HECX0XECTb IO-
HCKOBOI 3a/lauH M 3ajJaud Bhi6opa y HHX TEM He MeHee OYeHb MHO-
ro o6uero. O6e OHH OTHOCATC K TaK Ha3bhlBaeMbiM co0epicaress-
Holm 3a0auam — 3ajayaM, YCJIOBHS KOTOPHIX CHOPMYJHPOBAHH B
PaMKaX eCTeCTBEHHOro fi3blKa C TOYKH 3peHHsi 3akasuuka. Pemre-
HHe TMoJOGHBIX 3ajauy JONYyCKaeT YTOYHEHHe HX YCJOBHH C IeJbIO
NOCTPOeHHst maremaruxeckoli modeau 3adawu. OKa3piBaeTcsi, 4TO
MOJeNbI0 [JISi 3THX ABYX 3aflad MOXET CJAYXKHTb 3a0a4a NPuHATUR
pewenuti. Ee ycnoBHs npejnosaraioT OnpejiejeHHe B HEKOTOpOM
3aJlaHHOM MHOXECTBe aJbTePHATHB (BO3MOXHBIX pelIeHHH) TaKo-
ro MX NOJMHOXECTBAa, KOTOPOE YAOBJETBOPSIET 3aJlaHHOMY KpHTe-
puio. JleficTBUTENbHO, DellleHHe MEPBOH 3aJayH MOXHO paccMmar-
PHBaTh KaK BHIGOP H3 BCEro MHOroo6pasvs H3BECTHBIX CHCTEM, Tex
M3 HHX, KOTOphie YAOBJIETBOPSAIOT KPHTEPHIO OAHO(YHKUHOHAIbLHO-
CTH C HCXOAHOH, a pelleHHe BTOPOH — KaK BbIGOD M3 MHOXeCTB2
0ZHOMYHKIHOHANBHBIX CHCTEM, CHCTEM, YIOBJIETBOPAIOLIHX KpHTE-
pHIO MaKCHMAaJbHOCTH NoKasaTeas Kauectsa. [loatomy, ominuas
5TH 3a/layd, HEOGXOAHMO BHMAETb TaKXe TO, UTO HX OObelHHSeT.

Bech gajpHeiIIHE MaTepHaa 3TOH KHHrH OyAeT NMOCBSLIEH H3y-
YeHHIO CBOMCTB MOMCKOBBIX 3aJay H NapaMeTpPHYECKOMY MeTOldy HX
pemenusi. [Ipexae yeM NPHCTYNHTh K OGOCHOBAHMIO H paspaboTke
3TOr0 MeTO/a, YTOUYHHM 006/1aCTh €ro NpHMEeHEHHs.

Ec/lH BHHMATe/JbHO NPOAHAJIH3HPOBATh YCJIOBHS NMOHCKOBOH 3a-
dauyu, TO He TPYAHO OTMETHTb, YTO B HHX OTCYTCTBYIOT KakHe-1160
Tpe6OBaHHusi K CTPYKTYpe HCXOJHOH CHCTEMBbI. He sicho, HyXHa an
HaM Kakas-TH60 HHdOopMalusg O BHYTPEHHEM YCTPOHCTBE HCXONHOM
CHCTEMbl, WJIH TIPH DELIeHHH NOJOGHBIX 3ajay J0CTaTOYHO 3HATH
TosIbKO ee GyHKIHIO? OKa3ajloch, YTO OTBET HA ITOT BONPOC HOCHT
NpPHHUHMNHAJBHbIA XapakTep, — yPOBEHb ONpEeNe]eHHOCTH (usyecr-
HOCTH) CTPYKTYPbl CHCTEMBI, YKa3aHHOA B YCJIOBHAX NMOHCKOBOM 3a-
1auH, ompelesieT METOH, KOTOPbIA MOXHO MPHMEHHTH [/ €€ pe-
menuss. Onupasch Ha 3TOT (akT, MOXHO MOCTPOHTbL THIOJNOTHIO
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MOHCKOBHIX 33ajlay B 3aBHCHMOCTH OT CTENEHH OmpeJleseHHOCTH
CTPYKTYpPHl HCXOAHON CHCTEMBI.

3mecb MPHUBOAATCA JHLIbL Te€ 3aJayH H3 3TOH THIOJOTHH (CM.
taba. 1.2.), MeToAbl pelleHHs KOTOPBIX B HAcTosillee BpeMs yxe
paspaboTtaHsl.

Ta6auya 1.2.
Tunbt nouckoselx 3a0a4 u Memodbi UX peuieHus
Tun YcaoBHA MOHCKOBOA 33AduH
MOHCKOBOH MeTton pemeHHA*
3afaun «JlaHo» «Haltu»
1-#t Tn | PYHKUHA  HCXORHGH CHHTe3 (PHU3HYECKOTO MpHH-
CHCTEMEI uuna peficteus (1), sHepro-

HHbopMauuoHHkIH MeTox (10),
cM. TakXe Ou6JaHorpaduuyec-
Kyi0O cnpaBky B pa6oTe

(1, c. 130, 131)

MHoxecTBO CcHe-
. TeM  OJHOQYHK-
2-i THn | DyHKUKA H GYHKUHO- | | yopanpupx ¢ Meron Koasepa (1), mop-
HalbHAs  CTPYKTYPA | yexonHoik dbosornueckuit ananus (12, 13)
HCXOJHOH CHCTEeMBI

3-it Tun | PyHKuHA, (YyHKUHO- OyHKIHOHANMBHO  CTOHMOCT-
HajbHasg CTPyKTypa Kblit ananu3 (14), APU3 (2).
H MaTeMaTHuecKasi Mo-
Ielb HCXORHOM cHcre-
MBI

* — NpHBeleHHHi NepeueHb HEe TNpETeHAYeT Ha HCYEpNbIBalo-
LIyI0 NOJIHOTY; B HEro BKJIOYEHbl JIHIIb HaHGoJiee H3BeCTHbIE Me-
TOAH pellleHHsI NOHCKOBRHIX 3a/7ay.

Tenepp MoOxHO Gosiee TOYHO ompejesuTh 06J1aCTb NPHMEHEHHS
flapaMeTPHYECKOr0 MeTona, — OH OpPHEHTHPOBAH Ha pelIeHHe Io-
HCKOBBIX 3ajnay 3-ro THma.

B 3akmiouenne 3To# ryiaBH C/lefyeT KOCHYTbCS BONpoca Mocra-
HOBKH TOHCKOBBIX 3ajay; Belb B peaNbHOH mpakTHKe H3o6perare-
JIH B KayecTBe HCXOZHOM HHGOpPMAIIHH HCHOJIb3YIOT ONHCAHHSA Ma-
JI0 MOXOXHe Ha YCJOBHSI NOHCKOBOM 3ajgaud. OOGBIYHO OHH CBOIO
JIeATeNIbHOCTb HAYHHAIOT C H3YYeHHs npobaemHoil curyayuu. B ee
ONHCAaHHH BCerja MOXHO BBIEJNHTb JBe OTHOCHTEJIbHO CAaMOCTOS-
TeJbHBIE YacTH: cuTyayuro (yclnoBHS H 0O6CTOSTENbCTBA, B pPaMKax
KOTOPHIX MNPEeANoJaraeTcsi YCTPaHHTb MOCTaBJEHHYIO Mpo6JieMy) H
apobaemy. Tlocnennsiss, B cBol0 ouepeAb GopMmyaHpyeTcsi Kak He-
COOTBETCTBHE MeXJY CBOHCTBAMH OOBEKTOB, ONHCAHHBHIX B CHTYya-
LHH, H NpelbsBAsieMblX K HHM Tpe6oBaHHAM. JlaHHOe mWOHATHE
Jiydllle BCErO NOSICHHTb Ha NpPHMepax, B KOTOPBbIX npobJieMHble CH-
TyalHH NPHBEEHBl K BHAY C YETKO BBIJEJEHHOH CHTYaLlHOHHOH H
npo6JeMHOA YacThio.
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ITIPOBJIEMHASA CHTYALHA 1

(CUTYALLHS>
IIpu aBTOMaTHYeCKO# 3/1€KTPOCBAPKE B Cpefle 3al[HTHOTO rasa

yacTb napaMeTpoB INpoLecca KOHTPOJNHPYETCS MOCPeNCTBOM Teje-
KaMephl.

rie 1 — 6pBI3rH XHIKOrO MeTaja; 2 — CBapHOH WIOB: 3 — CBapH-
BaeMble JeTajiH; 4 — oOGbEeKTHB TeJeKaMephl; 5 — 3allUTHBIf Tras.

IMpouecc cBapkH compoBoxpaercas 06pa3oBaHHeM GOJIbIIOTO
yHcaa OpBI3r XKHAKOTO MeTalsia, KOTOphie, MOoNaB Ha MOBEPXHOCTb
00BbeKTHBA NPHJAMNAIOT K Hell. B KOHEUHOM HTOre 3TO NMPHBOAHMT K
06pa3oBaHHI0 Ha OOGbEKTHBE HENpPO3payHOil KOPKH MeTaJlja.

([TPOBJIEMA>

HenpospauHblit cjofi Meranja YXyAWaeT YCJIOBHS KOHTPOJS
npouecca CBapKH.

IIPOBJTIEMHASl CHTYALHA 2

(CCUTYAL US>

H3BecTeH cnoco6 [e3aKTHBAIlMH INHTbEBOH BOAbI, B KOTOpPOW
NeHCTBYIOIUHMH areHTaMH sIBJASIOTCA HOHbl cepe6pa u Menu. Ilo-
nas B BOAY, OHH CJy4YaHHbBIM 06pa3oM B3aHMOAEHCTBYIOT C MHKpO-
opranuaMaMu. [IpuueM, posu pacnpenensiioTcs chaenyiouium obpa-
30M: HOHbI cepeGpa y6uBalOT GaKTEepHH, a MOHbI MeIH paclnpabJs-
I0TCS ¢ BOJOpocAsAMH H MHKpoduiopoit. PeannsoBath 3tor mpouecc
MOKHO C NMOMOMIbIO CJeNYIOILero ycTpoicTBa.

§ Jpe=
7 R

rie 1 — kopnyc, 2 — nopucrtoe Teso U3 claaBa cepebpa M MeAH.

HOns ocymecTBieHHss Ae3HH(EKUHH NOCTAaTOYHO NPONYCTHTH 3a-
rpsI3HEHHYIO BOAY 4epe3 JaHHOe yCTPOHCTBO.
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<{[TPOBJIEMA)>

OnHHM H3 IVIaBHbIX HENOCTATKOB 3TOji YCTAHOBKH SIBJSIETCS €€
HH3Kasl NPOH3BOAHTENbHOCTb (OmpejensieTcss CKOPOCTbIO MpoTeKa-
HHS1 BOJBI Uepe3 MOPHCTOE TeN0), a TaK¥kKe OTHOCHTEJNbHO BBICOKast
crouMoctb. [locaennee o6bscHsieTcd HeOGXOAHMOCTLIO HCMOJb30Ba-
HHSA B Heli Joporocrosiiero cepe6pa.

Ecan npobieMHass cHTyalHs HCHOJNb3yeTcsi B KayecTBe HCXOJ-
HO# HHGOpPMALHH, TO ee BCeria MOXKHO CBeCTH K NOHCKOBOH 3aja-
ye — Toro HJH HHoro THna. ITogo6Horo pojna mpoueaypsl Gyayt
fI0ApO6HO paccCMOTPeHbl B MOCJEAYIOLIHX YacTsAX cepHH. Bce nmpo6-
JIEMHble CHTYallHH, KOTOphle PacCMaTPHBAIOTCS B 3TOH KHHre, MOX-
Ho Oyner 6e3 ocoOLIX cJIOXHOCTefi mpeo6pasoBaTh B MOHCKOBYIO
3amauy 3-ro THna.

YIIPA)KHEHHSA

1.1. Onpenenure QYHKIHH CACAYIOUWIHX CHCTEM: 3JIEKTPHUYECKHIt
TpaHchopMaTop, 4Hach, ABHraTtesb, NpeJOXPaHHUTENbHBIH KJjanaH
KacTpIOJIH CKOPOBapKH, 3y6HJIO.

1.2. Onpenennre (QYyHKIHOHAJNBHYIO CTPYKTYPY 3JIE€KTPHYECKOii
JlaMIbl,

1.3. Onpepgenute THN CAeAYIOUHX MOKasaTeseli: Bec CTyJja,
KII TemnoBoro ABHraTessi, TOYHOCTb XOXAa 4acoB, B3JI€THas CKO-
pOCTh camoJsieTa, JHaNa30H H3MEpeHHs aMnepMeTpa.

1.4. Boigenure B MPHBOAHMOH HHxKe mnpobsieMHO# cHTyauuu 3
npo6JIeMHYI0 H CHTYAl[HOHHYIO 4aCTH.

B 3emJe, nocne ee HcrnoJb30BaHHS B JHTeHHOH ¢dopme, ocra-
IOTCSl MeTaJl/IHYecKHe 4YacTHIB. Ilepel MOBTOpPHBIM HCNOJB30OBaHH-
eM JIHTeHHOH 3eMJIH HX HeoOXOAHMO ymaautb. EciH 3TH yacTHLB
(beppoMarHuTHH, TO AJIs1 3TOrO MOXHO BOCHOJIb30BATBhCS 3JEKTPO-
MarHHUTHBIM CcenapaTopoM, KOTOpHIH pabGoraer ciaeayomum obpa-
30M: JHHeHHasa 3eMysd | ¢ MeTa/JIHUeCKHMH BKJIOYEHHIMH 2 ¢ MO-
MOLIBIO JIEHTOYHOro TpaHcpopmartopa 3 mnepeMeniaercsi BOJIH3H
3jieKTpoMarHura 4.

MeranyiHyeckHe 4YacTHUbl INOJ JAEeHCTBHEM  MATCHHTHOrO MOJs
fIDUTATHBalOTC K 3JjeKkTpoMaruuty. Ilociie Toro, kak o6beM uac-
THI JOCTHr'aeT OMNpejeJieHHOro ypOBHSI 3JEKTPOMAarHHT mnepemernia-
ercsi K 6yHkepy 5 u «cOpaceiBaer» ux Tynaa. Iloka BenmoJHsercs
flocjielHsis omepauusi TpaHcnoprep ocraHoBieH. Ilocne mepememe-
HHS 3JIeKTPOMAarHuta B HCXOAHOE [MOJIOXKEHHE OH BKJIOuaercs
BHOBb.
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I'JIABA 2

JIOTMUYECKHE TITPEAITOCDBIJIKH
[TAPAMETPHUYECKOI'O METOJA

UAU O TOM, NOYemy napamerTpuseckuti meroo
npednourTuresvHee QYHKYUORANLHO-CTOUMOCTHO20
anaauza (PCA)
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H3yyeHHe mapaMeTpHYECKOro MeToAa HayHeM C OTBeTa Ha Ta-
Ol BOmpoc — «A Kak BoOGHIe MOXHO PeLIHTb MOHCKOBYIO 3ajauy
3-ro Tuna?» JleficTBHTENBHO, €CIH HCXOJHTh H3 TPaZHIHOHHOTO
TOHHMAaHHSA, TO NPHMEHEHHe MeTOoAa K pelIeHHI0O KaKOo#-iH6o 3a-
Jadyd O3Hauaer npeo6pa3oBaHHEe €€ HCXOAHLIX AAHHBHIX B HCKOMBHIE
6e3 mNpHBJEYEHHSA NONONHHTENbHOH HHPopManuun. OueBHAHO, UTO
€ClH K /1060fi MOUCKOBOH 3ajaye NPHMEHHTb MeETOJ, COCTOSIHMI
TOJBKO H3 OMNepalHH JIOTHYeCKOrO Xapakrepa, TO B JydllleM CJay-
yae 6yayT HafijleHn TPHBHAJbHHE pelleHHsA. DTO OOBsACHAETCS TeM,
4yTO AefiCTBHE TaKHX METOJO0B CBOJAHTCA K KOMOGHHHDOBAHHIO 3Je-
'MEHTOB HCXOJIHBIX AaHHBIX 3ajgaud. ITosroMmy nio6o#i MeTox, KOTO-
pPbifi MO3BOJIMN OHl MOJYYHTb pa3BepHyTOe pelleHHe JI060# mOHC-
'KOBOH 3aJayH, NOJIKEH coJepXkaThb B CBOEM COCTaBe psj JAOMNOJHH-
TeJNbHBIX CBeIEeHHH, KoTopbie o6pasyiot ero 6asy.

Kak H3BecTHO, yc/JOBHS NOHCKOBOH 3amgayd 3-ro THNMa cojep-
KaT (QYHKIHOHAJABHYIO CTPYKTYpPy HcxonHO# cucreMnl. IIpexcra-
BHM 3Ty CTPYKTYPY, a Takxke cpeny QYHKIHOHHPDOBAHHS HCXOJHOMH
'‘CHCTEMBI B BHJe oprpada.

DI O,

Ve g 5 3, 4

Tae S — ucxomHas cucrema; I, ..., J: — 3J€MEHThl HCXOIHO# CH-
CTEeMBI; fig, ..., fitl — QYHKUHH 3jemMeHTOB; F — GyHKIHSA HCXOJHOM
cucrembl; Op, Oy — 3neMeHTH cpelbl (YHKIHOHHPOBAHHA HCXO[-

‘HO# cucTeMbl; A — Bo3zeficTBHe cpeiibl (He06X0AHMOe YCJIOBHE BbI-
MOJIHEHHS] HCXOMHOH cHcTeMOM QYHKUHH F).

Puc. 2.1 ®ynkuuoHaNbHAsi CTPYKTYpa HCXOMHOH CHCTEMBbI

He croHT yauBasitbcsi TOMY, 4TO NaHHas CTPYKTYpa «JHHeH-
Ha» (  -—- ), xoTa Bpoge 6Bl peub HIAET O NMPOHM3BOJBLHON CH-
.creMe. dT0 O6GbsICHAETCSs TeM, YTO, BO-NEPBHIX, paccMaTpHBaeMmas

CHCTeMa BHIMOJIHAET TOJNBKO OAHY (GYyHKIHMIO. AHalorHyHasi CTPYK-
Typa MHOTOQYHKIIHOHA/NbHOK CHCTeMBl OyIeT colepXKaTbh «pa3BeT-

BJIeHHA» ( <7 ). Bo-BTOpBIX, HEKOTOpHIE H3 3JIEeMEHTOB
34, ..., 3; MOryT GHITh TOXKAECTBEHHBl APYr Apyry. Yuer 3atoro ¢ax-
tTa npusea 6bl K (GYHKIHOHAJBHBIM CTPYKTYpaM, COJE€pXKaUIHM
<«Koabua» ( > wuaH 1 ). Kpome 3TOro, yacte H3 (yHK-
UHHA fi2, ..., fi—1)i MOTYT ObITb «HyJeBhIMH». OHH HCMOJB3YIOTCH A5
TOro, 4TO6Hl YNPOCTHTb ONHCAHHSA CTPYKTYP NPOH3BOJIbHBIX CHCTEM,
B CTPYKTypax JXe KOHKPETHbIX CHCTEM OHH NMpPOCTO He YKa3bBalOT-

cs1. Hanpumep, ecin dynkumus fg3 — «nysiesasi» (puc. 2.1.), 1o ee
MOXHO OIYCTHTb, M MPH 3TOM COAepXKaTelbHas HHTepnpeTalHs
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naHHoro oprpada He H3MeHHTCA. [IpuHHMas BO BHHMaHHe 3TH A0-
NOJIHEHHs, He TPYAHO N0Ka3aTh, YyTo Ha puc. 2.1. npuBeneHa ¢yHk-
IHOHANbHAsA CTPYKTypa NPOH3BOJIbHOH CHCTEMBI.

[To ompenenenuio (cM. c. 16) GYyHKUHA CHCTEMBI OJHO3HAUHO
onpefensiercs: ee QYHKUHOHANbHOM CTPYKTYpOH, a NMOCJEAHIO, KaK
3T0 cJefyeT H3 NpeAbIIyUIMX pPacCykKIeHHH, BCerga MOXHO ompe-
JeJINTh uepe3 MnepeyeHb (yHKIHH 37eMeHTOB cHcTteMbl. CiegoBa-
TeJNbHO, (YHKLUHIO CHCTEMBI BCErna MOXHO ONpEeNeNHTh uYepe3 mne-
peueHb ¢QyHKIHH ee sneMeHTOB. CHMBOJIHUECKH NaHHOE yTBepKie-
HHe 3aMHCbhIBaeTCs CJefylolHM 06pa3oM:

F:fi, fo -y [ (2.1.)

TTonyyeHHOe BbipaXkeHHe SBJASETCS CBOEOGPAa3HBIM <«KJIOUOM» K
pelleHHIO MOHCKOBLIX 3axay 3-ro Tuna. I eldcTBHTENbHO, NPEANoJo-
XKHM, YTO H3BECTHO MHOXKecTBO cucteM &, cpenH KOTOpBIX HMEIOT-
Cs CHCTEMBI, XapaKTepH3ylollHecss (GYHKLUHSMH f"g’ .y fi. Boine-
JuM H3 Hero moamHoxectBa cHcreM &, 6, ..., &;, BemoaHsio-
miMe ykasaHHble Bhille QyHKuHH. Torma nojyuaercs, YTo Kaxjaas
3 OYHKUH# fi, fo, .., fi MOXET ObITb peasH30BaHa Pa3JHUYHBIMB
cnoco6aMH.

2

\ e
Puc. 2.2. YHuBepcanbHOe MHOXECTBO CHCTEM.

Ecnn rtenepn /1060 3J€MEHT HCXOAHOH CHCTEMBl (HampuMmep,
3;) 3aMeHHTb Ha KaKylO-HH6YAb CHCTEMY H3 COOTBETCTBYIOLIErC
nogmHoxectBa (&;), To, KaK caeiayer H3 BblpaxeHHs 2.1., moay-
yeHHasi B pe3yJbTaTe 3TOr0 NPOM3BOAHAsl cHcTeMa OyaeTr OJHO-
¢yukuuonanpHa ¢ ucxonHo#. IloBTopss maHHylo MNpoueaypy sk
Pa3IMYHBIX 3JEMEHTOB HCXOZHOH CHCTEeMbl H 3JIEMEHTOB MOJMHO-
xectB S, S,, ..., &, MOXHO HaliTH pelleHHe MOHCKOBOH 3ajauH
B TOM 006beMe, B KOTOPOM 3TO Aomyckaer mHoxecrBo &.

CnenoBaTesibHO, AaHHOE€ MHOXKECTBO HJH HEYTO eMy NoJoOHOe
ABJSETCS TE€MH CaMbIMH «JOMOJNHHTEJbHLIMH CBEAEHHSIMH», De€Ub
0 KOTOPHIX 1J1a BHILUE,

[pencraBaenHblit 31ech NOAXOA 6e3 0coObiXx H3MEHEHHH Npeos-
pa3yeTca B TaK Ha3blBaeMHl (PYHKYUOHAAbHOLL MeTOO, TpPOTOTH-
namu 6asbl B aJrOPHTMa KOTOPOro cjyxaT MHoxectBo & u mpo-
1eaypa 3aMeHbl 3JeMEeHTOB HCXOJHOH CHCTEMBI.

JlaHHBIH MeTOJ SIBJSETCS «OCHOBHBIM KOMIOHEHTOM»  00Jb-
LIHHCTBA H3BECTHLIX ceHYyac METONOB pelLIeHHs IOHCKOBHIX 3ajmad.
HckaloueHHeM, BHAHMO, SIBJSETCS JHLIb MeTO0 MATeMATU%ecKozo
MO0Oeauposanus, KOTOPHII MO3BOJNSET HA OCHOBE H3BECTHOrO COCTa-
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Ba, KOMIOHOBKH M DEXHMOB PabOThl KOHKPETHOH HCXOLHON cHcTe-
MBI NOJYYHTb €€ MaTeMaTH4YecKylo Mopenb. IlociaenHssi, Kak 3To
creayet u3 onpeneienus 1.1, onHcbiBaeT MHOXKECTBO OQHO(DYHK-
IIHOHAJIbHBIX CHCTEM, OTJHYAIOLIHXCSA IPYr OT APYra TOJBKO 3Ha-
YEHHSIMH NMAapaMeTPOB HX 3JIEMEHTOB, YTO H TpeGyeTcs OT pelIeHHsT
MOHCKOBOH 3anayH.

Tenepr B 06iHX uepTax SCHO, KaK MOXKHO NOJOHTH K pelle-
HHIO TIOHCKOBbIX 3a/1a4. DTH Pe3yJbTaThl MOXKHO 6blI0 Gbl MPH3HATL
BIOJIHE YNOBJIETBODHTEJbHBIMH, €CJIH NOJYyY€HHE MHOXECTBAa OJHO-
OYHKLHOHAMbHBIX CHCTEM fBASAJNOCH Gbl camouenbio. OQHakKo, Kak
y¥e FOBOPHJIOCh, NMPAKTHYECKYI0 LE€HHOCTb, B OCHOBHOM, MpEACTaB-
JiieT pe3yJbTaT pelleHHs NPOeKTHOH 3ajpaud. [losromy, pemas
NOMCKOBYIO 3ajauy, HaJO YYHTBIBaThb, KaK INOJIyYyeHHbIE pe3yJbTa-
Thl MNOBJIHAIOT Ha INpoLecc peuleHHs 3amayd BuiGopa. OxasaJocs,
4TO 3HAYEHHe MOKa3aresell KauecTBa GOJIBIIOTO YHCJA CHCTEM, IO-
JiyuaeMBIX ¢ NOMOLIbI0 (YHKIHOHAJBHOTO METONA, HHXKEe aHaJo-
THYHOH XapaKTePHCTHKH HCXOJHOH cHCTeMBl. ITO B JajibHefiliem
CYLIECTBEHHO OCJIOXKHSIET pelleHHe COOTBETCTBYWOLIEH 3agauH BHI-
6opa.

CreneHp BJIHSHHSI pe3yJ/ibTaTa pellleHHs NOHCKOBO# 3ajayH Ha
TPYJNOEMKOCTb pelleHHs CBS3aHHOH ¢ Hell 3ajmauelt BrI6GOpa MOXKHO
OLIEHHTb C NMOMOILBIO TAKOro MoKa3aress MeTONOB MOHCKA, KaK MX
HanpaBJeHHOCTb. DTOT NMOKa3aTejqb UWIHPOKO HCMOJNb3yeTcs B pabo-
Tax MO TEXHHYECKOMY TBOPYECTBY, XOTSl B GOJIIIHHCTBE H3 HHX
€ro onpenensioT yepe3 TaKHe HHTYHTHBHbIE MOHATHS KaK «HJaealb-
Has CHCTEMAa» WJIH «HAeaNbHHIH KOHEUHBIH pe3yabtaTt» (2, c. 49).
[Tostomy, 3mech mnpeasaraercsi 6oJiee CTPOroe omnpenesieHHe 3TO
XapaKTEePHCTHKH.

[TpennoyiokuM, 4TO B pe3yJabTaTe NPHMEHEHHSI HEKOTOPOro Me-
TOJAa NOMCKA YAAJoCh MOJNYyYyHTb N OZHOGYHKLHOHAJBHBIX CHCTEM,
H3 KOTOphIX N; CHCTEM HMeEIOT 3HayeHHe [oKa3aTejJeHd KauecTBa
GoJiblile HJIH PaBHOE aHAJOTHYHOM XapaKTepHCTHKe HCXOAHOH CH-
crembl. Torpa nanpasaenHocTs panHoro Metopa (Q) onpenensier-
csl yepe3 oTHoweHHe BeaHuHH N, N.

Q=N\/N. (2.2)

Kak BHAHO H3 3TOro BhIpa)KeHHs, ONpejeseHHe HaNpaBJeHHO-
CTH METOAAa MpeArnoJaraerT NpeABapHTENbHBIH MNOJACYET BEJHYHHBE
N, uT0o No cBOe#l TPYLOEMKOCTH CPAaBHHMO C pelLIeHHEM COOTBETCT-
Bylouieil 3anauu BbiGopa. ITosaTroMy Ha npakTHKe HampaBJEHHOCTb
METOJIOB MOHCKA OLIEHHBAETCs «C TOYHOCTBIO 0 I»:

Q<1 Q=1

Ha ocHoBanuH 3TOro BBHIAEISIOT ABa KJjacca METOJOB IOHCKa:

Henanpasaennvie (Q<1) u nanpasaennoie (Q=1).
M3 ckasanHoro sicio, yto (pyHKUHOHAJbHBI MeTold, B OOLIEM
c/lyuae, OTHOCHTCA K MEPBOMY M3 yKa3aHHBIX KJaaccos*. Jlanb-

* — 310 He 03HayaeT, YTO B HEKOTOPHIX YAaCTHHIX CJay4yasgx C NMOMOILIbIO
prHKLlHOHaJleOl"O MeToJa HeJb3sl MOJYYHTb MHOXECTBO NPOH3BOJAHBIX CHCTEM,
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HeHllee pa3BHTHE NAHHOTO MeTO#a, CPeNH NPOYEero, mpeanojaraer
TaK¥Ke yBeJIHUe€HHe ero HanpaBJeHHOCTH. OueBHAHO, YTO NOGHTbLCA
3TOro MOXHO OyJeTr JHLIL B TOM Cjyuyae, €CJH NMPOHU3BOAHTL TOJIb-
KO TaKHe 3aMeHbl 3JIeMEHTOB HCXOJHOM CHCTeMBbl, KOoTopble obecme-
YHBAIOT YBeJHYEHHE ee NoKa3aTesss KauecTBa.

Haunb6osnee npocto 3ta uaes peanusyercsi TOrjaa, Koraa nokasa-
TeJb KauecTBa HCXOAHOH CHCTEMEBI OmpejessieTcs TOJNbKO uepe3 ad-
durusHble noxasareau. VIX riaBHON OTJMYHTENIbHOH uyepTOH SABJISA-
€TCAd TO, UTO CaMH OHH ONpeleNsioTcs uepe3 CyMMY aHaJOrHYHbIX
napaMeTpoB 3JIeMEHTOB cHcTeMbl (P;).

M= P. (2.3)

K takoro poma mokasaTtensiM OTHOCSTCS TaKHe XapaKTEPHCTH-
KH CHCTEM KaK Bec, rabGapHT, CTOMMOCTb, B HEKOTODBIX CJyyasiX,
HaJeXKHOCTb M T. IL

ITo oTHOLIEHHIO K NMOHCKOBBIM 3ajayaM, HCXOIHble NaHHbIe KO-
TOpBIX Y/JOBJETBOPAIOT YKa3aHHOMY BHlLE TpPeGOBaHHIO, MOXKHO
TIpeJIOXKHTh BapHaHT (yHKLUHOHAJIbHOrO METOJA C HampabJieHHO-
CTblo, paBHo# 1. Jlasi 3TOro, BO-MepBBIX, HANO ONpPENEJHTh 3HAYe-
HHe aJJHTHBHBIX NnoKasaTtejefi cHcreM, o6pasyiomux 6a3y QyHk-
1lHOHAJbHOrO MeTojna. BoO-BTOpBIX, BHIOH3MEHHTb €ro aJropHTM
TakHM 06pa3oM, 4ToObl B KauecTBe 3aMeHbl 3JIeMEHTOB HCXOJHOMH
cHcTeMbl (HampuMep, 3;) HCNOJAb30BAJHCh JIHIIb T€ CHCTEMBI H3
cooTBeTcTBylomux noamuoxects ( &;), cymma nokasaresefi KOTO-
DHIX BHILIE aHAJOTHYHOM XapaKTEPHCTHKH 3aMEHSIEMOro 3JIeMeHTa.
QOueBHAHO, 4TO MOCJE 3TOTO C NOMOLILI0 (YHKIHOHANBHOrO METO-
Jla MOXXHO NOJIyYHTb NMPOHM3BOJHbIE CHCTEMBI, MOKa3aTesb KayecTBa
KOTOPBIX BbIlle AHANOTHYHOM XapaKTEPHCTHKH HCXOJHON CHCTEMBL.

Takoro poja MeToihl B jajbHeiilleM OyIyT Ha3blBaThCA dyHx-
4uOKAAbHO-a00uTUBHbIMY, Cpeln HHX HalO0 BHAENHTb (YHKIIHO-
HaJbHO-CTOUMOCTHBIH  METOH, KOTOPBHIi N0 CBOHM LeasiM H CYTH
61M30K K (YHKIIHOHAJBHO-CTOHMOCTHOMY aHanu3y (14, c. 30, 63—
64). C TOuKH 3peHHs HanpaBJeHHOCTH TAaKOro pojia METOABI Jy4lIe
«uyHCcTO» (PyHKIHOHANbHOrO Meroda. OfHAKO MO OTHOLIEHHIO K NpO-
U3BOJIbHBIM MOMCKOBHIM 3ajadaM 3-T0 THNa JOOHTbCS MaKCHMalb-
HOfi HampaBJIEHHOCTH Npolecca PelleHHs ¢ HX MOMOLLbIo HE yna-
eTcs. DTO CBSI3aHO C TEM, YTO B OOIeM cjyyae HCXOJQHAs CHCTEMA
XapaKTepHayeTcsi He TOJIbKO aJJIHTHBHBIMH MOKasaTe/IsiMH. [ToaTo-
My HafileHHHe ¢ NoMollbio (QYHKIHOHANBHO-aAAMTHBHBIX METON0B
TIPOH3BOJHEIE CHCTEMbI N0 PsAAYy MOKasaresiefi MOTYyT OKas3aThCs Xy-
xe HexonHoft. To Xe camMoe BepHO H A/ MOKa3aTesns Kauecrsa B
1eJIOM.

fI0Kas3aTeNb KauecTBa KOTOPHX Oyjaer OGosblue (paBeH) aHAJOTHYHOR XapakTe-
PHCTHKH HCXOQHOM CHCTEMBI.
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CrnenoBatespHO, Hafl0 HCKaThb APyrue cnocobbl MoAHdHKaLHK
(YHKIHOHANBHOTO MeTOJAa, KOTOphe Oblid OBl HampaBJeHHBIMH MO
OTHOLIEHHIO K JI0060# moHCKOBO# 3apmaye 3-ro tuma. OgHo#t H3 Ta-
KHX MoaHdHuKauui siBAseTcs napaMeTpHYECKHii MeTol, 06GOCHOBa-
HHIO M H3JI0XKEHHI0O KOTOPOTrO MOCBSILIEHBI MNOCJAEAYIOUHe TIJaBhk
KHHTH.
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ITonsiTe ¢H3HUECKOro NPOTHBOPEUHS 3aHHMaeT UEHTpaJbHOe
MeCcTo B KOHLENUHH mnapaMeTpuHueckoro Mmeroga. B koHeuHOM cue-
Te BCe ONMepallHH 5TOTO METOJa HanpaBJeHB Ha BLISIBJEHHE H YCT-
paHeHHe (H3HUECKHX MPOTHBOPEUHH, MPHCYUIHX HCXOJHOM CHCTEME.

Kak yxe oTMeuasoch, JaHHOe NMOHSTHE MOJYYHJIO LIHPOKOE pac-
fipocTpaHeHne B CBs3M ¢ pab6oramu I'. C. Anbryanepa. Omnako
B HHX (DHU3HYECKOe NpPOTHBOpEYHe BBOAMTCS H aHaJH3HpyeTcd B
PaMKax HHAYKTHBHOTO MOAXOAA, T. €. MOJy4aeTcs B pe3yJbTaTe
060011eHHsT psila YaCTHBIX NPHMEPOB, YTO SIBHO HENOCTATOYHO JJIS
Tay6OKOro H BCECTOPOHHEr0 HCCJIeJOBAHHS 3TOrO MOHATHA. B KoH-
LEenuHH NapaMeTpHYECKOro MeToaa B KayecTBe HCXOZHOH HHGOp-
MAallMH HCOOJB3YEeTCS He COBOKYNHOCTb NPHMEDOB, a MaTeMaTHue-
CKas MOJeJb CHCTE€Mbl. DTO MO3BOJSET HE TOJbKO BBECTH CTPOroe
onpeznesenne (H3HIECKOr0 NPOTHBODEUYHs, ONPENEJHTh €ro pasHo-
BHIHOCTH, HO H c(OPMYJHPOBaThb OAHO3HAYHHIE NMpPaBHJa €ro BHI-
SIBJICHHS.

Paccmotpum npoc“Teﬁmnﬁ cayyail MaTeMaTHYeCKON MOZENH CH-
CTeMbI, ONHCHIBAIOIUKH BCEro JIHWIb JBa ee nokasaress, npuieM 06-

714CTb M3MEHEHHs NapaMeTpoB 3JeMeHTOB cucremsl ({P,}) ompe-
AensieTcst ONHUM HHTEPBAJIOM.

I, =f, ({Px}1) rae I1,, IT,—noKasaTe/H CHCTEMbI;

I, =f, ({Pr}s) {P.}=Py, ..., P,—napameTpH 3.e-
MEHTOB CHCTEMBI;

PP <Py, (3.1) {P.};, {P,}— moaMHOxectBa MHO-
xectBa {P,};

P,,, P,,—npefe/al usMeHeHus napa-
Py <P.<P, metpa P,; n=I1, ..., n.

\

OueBnaHo, uTo B o6wem cayuae MHoxkectBa {P,},, {P.}, nepe-
ceKaloTcs, T. e. 4actb RapaMerpoB {P,}° BXOAMT KaK B nepsoe,
TaK M BO BTOpoe MHOXecTBo. Takue mapa-
MeTpn OyZeM Has3biBaTb OGLUMMH, a MOKa-
3arelH, B OYHKUHH KOTOPHIX OHH BXO-
aar, — ceadannoimu. IlocaenHue obnana-
IOT OYEeHb HHTEpPEeCHBHIM CBOHCTBOM — OJ-
HOBDEMEHHO H3MEHSTb CBOH 3Ha4YeHHS NpH
H3MeHeHUH Jio6oro obuiero AJs HHX mna-
pameTpa, BHe 3aBHCHMOCTH OT TOrO, KaKHe
3HayeHUs] HMEIOT OCTajbHble MapaMeTphl.
Hau6osnee nonHo 3T0 CBOACTBO MOXKHO HCCJAENOBaTh C IOMOIUIbIO
CJIeIyIOIHX YaCTHBIX NMPOH3BOIHBIX:

01, /0P =/},,; OI1,/0P={,, (3.2)

rae P — o6uuit mapamerp Py<P<P,.

SlcHo, uTo BbipaxeHHs1 f'1p U f’2p Ha HHTepBaje PP, MmoryT
6uTh aH60 < (<) 0, mu6o > (>) 0, au6o = 0. Kpome 3TOTO,
paHblile BCE MOKa3aTeJlH CHCTEM ObIIM pa3jeeHl Ha ABa THNA:
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NOJIOXHTEJNbHbIE M OTPHLATeNbHble. YYHThIBasg JaHHble (AaKTHI,
MOXHO MOJYYHTb THNOJIOTHIO Map CBsI3aHHHIX MOKa3aresefl mo cre-
NeHH HX NpOTHBOpeuHBOCTH. CpelH HHX BHILENSIOT NPOTUBOpEYU-
8bvle, HenpoTusopeuusble U 4acTU4HO nporusopewussvie. Ilasa onpe-
JleJIeHHs1 THNa napbl MoKa3aTeJedl MOXHO BOCNOJb30BAaThCA CJeLy-
IOIHMH TPaBHJIaMH.

Tabauya 3.1.
I1pasusa onpedenenus muna nape. noxasameaet
no cmenemu ux npOMUGOPELUBOCIU
1 ECJIN TO 11 ECJIK TO
o1, 10P> () 0 01, 10P> () 0
+ H _ H
uoll,/0P>(>)0 u oll,/o0P> (=)0
+ —
a1, /0P > (>) 0 - al1,/0P> (>) 0 -
+ p—
u 0, /0P <<(<) 0 u 01, /0P < (<) 0
+ —
oll, |]0P << (<L) 0 n 0l1,/0P < (<) 0 m
+ —
u 0T, /0P>(>)0 u ll,/OP> (=)0
+ —
o1, /0P < (<) 0 H olT,/0P < (<) 0 H
+ —_—
u 0l1,/0P < (<) 0 u 0l1,/0P <(<) 0
IV Ecau 3sHauyeHusi XOTA OBl ORHOMN
1 EC/IN TO yacTHO!l MPOMSBOJHON paccMaTpH-
T —_ BaeMoll maphl CBSISAHHEIX MOKasa-
Teseil Kak O6oJibllie, TAaK H MEHb-
0l /0P> (>) 0 n we Hyas (= 0), TO AaHHHE IO-
u ol P> (>) 0 KasaTesJId YacTMYHO NpPOTHBOPEUH-
2 - BHI.
-+
o1, |oP> (=) 0 H
u 01,/0P < (<) 0
+
oIl /0P << (<) 0 H
u 0ll,/0P> (>) 0
+
0i1; /0P < (<) 0 m
u 0l1,/0P < (<) 0

rae I'I, H — coorBeTcTBEHHO NpOTHBOPEYHBLEIE H HENPOTHBOPEUHBBHIE
noKa3aTeJiH.
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31ech Halo OTMETHTb, YTO 3TH NPaBHJa MOXHO GbIO Gbl COp-
MYJHpPOBaTb H mno-ApyroMy. ONHaKO HMEHHO 4YacCTHble NpPOH3BOJ-
Hble NMO3BOJIAIOT HauboJjiee NPOCTO YCTAHOBHUTb CTENEHb BJHAHHSA
#Ha 3HaYeHHs NOKa3aTeJsl CHCTeMbl KaKOro-iu6o eIHHHYHOro mnapa-
MeTpa ee 3JeMeHTa NpH (HUKCHPOBAHHBIX 3HAaYEHHSX APYrHX mapa-
MEeTpOB.

CBOfCTBY NPOTHBOPEYHBOCTH MNOKa3aTeneff MOXHO [daThb Ha-
TJSJHYIO TeOMEeTDHYECKYI0 HHTEpPNpeTalHio, HCIONb3ysl AJs 3TOro
rpaduku QyHKuui f; U fo. PaccMoTpuMm cayuait, korra o6a mnoka-
sareas II; u Il; — nonoxurenvHole. Ecau n3o6pasuth rpaduku
<byHKUHA f; U fo B OLHOA CHCTeMe KOOPAHHAT, TO MOXHO MOJYYHTb
TPH NPHHIHUNHAIBHO OTJIHYHBIX BapHaHTa HX B3aHMHOro pacnoJio-
JKEHHS.

\’7 o | 4
‘ | \\0| |
o ° | p I/Z p
4 “ A

a B) c)
Puc. 3.1. TeoMeTpuueckasi HHTeplpeTalHsi CBOACTBa NPOTHBOPEYHBOCTH Ia-
(PH NoKa3areJeil.

CornacHo BBeJeHHOM THMNOJIOTHH mNapbl MokKasarenell, (yHKUHH
KOTOPHIX H300paxkeHhl Ha puc. 3.l. a, ABISIOTCS NPOTHBOPEYHBLIMH
(cM. Taba. 3.1., I, 2-ag crpoka); Ha puc. 3.1. B — HenpoTHBOpeyH-
BboiMH (cMm. Taba. 3.1, I, 1-a ctpoka), a Ha puc. 3.1. ¢ — uacTHu-
HO NPOTHBOpPeuuBHIMH (cM. Tabu. 3.1., IV).

[TocMOTpHM, K Y€MYy NPHBOAHT HalHYHE y CHCTEMBI Mapbl NpO-
THBOPEUHBBIX NOKa3aTeled, HanpuMep, NOJOXHTeNbHbIX. He Hapy-
iuasi OGLIHOCTH paccyXIeHHH, npumeM, 4to f'1,>0, f2p<0 ans
Bcex P u3 uHtepBana P+ P,.

Torpa, ucxons 13 Bugameﬂml 3.2. yacTHble NpPOH3BOAHLIE (YHK-

dtuu nokasareneft I1; u Il MOXHO onpelesnuTh uepe3 NMpHpalLIleHHS.
+ +
All All,

ap S fia; Ap foa (3.3)
rae AP=P°—P*; a= (P°+ P*)/2;
P°, P* — CcOOTBETCTBEHHO HCXOJHOe 3HauyeHHe napaMerpa H
HEKOTOpOe 3HaueHHe napaMerpa P H3 HHTepBaja
Py=—P; (cM. puc. 3.1.);

+ + +

All, Aﬁz — COOTBETCTBEHHO mNpHpaieHue mnokasarenei 1, u II,
npH M3MeHeHHH napamerpa P ot P° po P*.

CorsacHo ompeje/eHHIO, MNOJOXHTEJNbHBE IM0Ka3aTeNH XKeJa-

TeNbHO yBeJaHYHBaTh. CJleOBaTeNbHO, KeJNaTeJNbHBIM  SBJSETCS
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a060e HX noJjoxuTenbHOe npHpameHue. CHMBOJHYECKH 3TO YT-
BepXKJEeHHE MOXKHO NMpPEACTaBHTh CJAEAYIOIHM 06pa3oM.

+ +
K (AIT,>0, All;>0), (3.4.)

U3 Buipaxenus 3.3. caexyer, 4to
rae )K(...) — «xKenaTeabHO, YTOGHI ...».

AT~ 1a-AP; Ally~F'2-AP. (35)
B COOTBETCTBHH C 3THM MOXHO NMpeo6pa3oBaTh BhHipaxeHue 3.4.
XK (f'1a-AP>0, f'24-AP>0). (3.6.)
YuuthiBas, uto f14>0, a f24<0, moJayyum,

JXK(AP>0, AP<0) uiu JK(AP=0). (3.7.)
Tak kak AP=P°—P*, 10

X((P°—P*)=0) uau )X (P°=P*), (3.8.)

[Tocnennemy BEIpaXXeHHIO MOXHO HaTh OAHO3HAYHYI® TIeOMeT-
PHYECKYIO HHTepNpeTamnHio.

4 8 rae A, B — unrepBann
n - L p XKeJlaTeJbHbBIX 3HaYeHHit
A 7 % napamerpa P.

CornacHo BoipaxeHHI0 3.8., kenaTeJIbHOH sIBJSETCS TaKas CH-
Tyauus, Korja mapamerp P ofHOBpeMEHHO paBeH IBYM JIOGHIM
3HayeHHAM H3 HHTepBaaa A u B, B ToM uucie 3HaueHusM P, u P,.
CrnenoBaTesbHO, BEDHHIM fABJsETCA Clelyiolllee YaCTHOE YTBepXK-
JeHue:

JK(P°=P,, P°=P,) (3.9.)

B TepMHHax ecTecTBEHHOro f3blKa JaHHOE YTBEpXKIEHHE HMeeT
caenylouee 3Hauenue: «)KemnartenbHo, uTo6bl mapaMerp P 6u1 pa-
BEH Pl H P2>).

IIpoBoasi Takoro poma paccykIeHHs MO OTHOUIEHHIO K ADYTHM
Pa3HOBHIHOCTSIM MPOTHBOPEUYHMBHIX MOKa3aTeseH, MOXHO MNOJYyYHTb
TOYHO TakKHe Xe yTBepxkiaeHus. Mx o6oblueHHe NO3BOJISAET BBECTH
NoHsATHEe (H3HYECKOro IMPOTHBOPEYHsT H onpelenutb (GHopMmy ero
OMUCAHHA.

dusuveckoe nporusopedue — 3TO B3AUMOUCKAIO4AIOUWue Tpe-
60sanus, npedsasinemble K 3NeMEHTY CUCTEMbl, COCTOAWUEe 8 TOM,
4T0 00UH U3 XAPAKTepUYyowux e20 Napamerpos O00ANCEH UMETb
08a pa3AudHblx 3HAYEHUS.

[TapaMeTp 3/eMeHTa CHCTeMbl, KOTOPHIi YIIOMHHAeTCs B 3TOM
onpexneseHny, GyAeT Ha3BBATbCA Y3408blM NAPAMETPOM, a Xapak-
TepU3yeMBIfi UM 3JI€MEHT — Y3408blM INEMEHTOM.
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Hns Bcex ¢usuueckux mnporuBopeunist (PIT), koToprie BcTpe-
49aTcs B peasibHON MPaKTHKE, MOXHO NDPEINJIOXKHTh €IHHYI0 ¢op-
My 3aNHCH, HJIH KaK HHOTZla roBOPAT — 0006lieHHYI0 (GopMyJy.
Ona umeer enefyIolui BUI.

«(P> NOJIDKEH BBITb <A>, UTO IIO3BOJIUT <C> I
<{P> NOJI)KEH BbITb <B>, UTO ITO3BOJIHUT <D> <{/I3>», (3.10)

rae P, I, [I, — coOTBeTCTBEHHO €CTECTBEHHOSI3BIKOBOE HMS Y3JIO0-
BOrO0 NapaMeTpa M NPOTHBOPEYHBHIX MNOKAa3aTesell CHCTeMBI;

A, B — 3HaveHHs y3JI0BOro napamerpa, KOTopbie 06ecnedHBaloT
TpebyeMoe H3MeHeHHe moKasatenen I1, u I1y;

HC, D — rpebyemble HanpaBJeHHUs H3MeHeHHN mokasartenaefi [T,
H [lg.

Tabauya 3.2.
3nauenun nepemerneix P, A, B, C, D

Ilepemennas 3naueHHe nmepeMeHEOA

P Hma yanosero napamerpa, Hanpumep, «¢jJHHA», «CKODOCTbI,
CIIOTHOCTbY, «A&BJEHHE» M T. II.

A, «Kax MOXHO 6oJsiblles, ¢KaK MOXKHO MeHblIe», «6oJiee (yKasnBaer-
B

Kpome 3THX «HeueTKHX» 3HaueHHiH, KOTOpHE B KOHKpeTHmx PIl1
BCTPEUaloTcA HanGoJsiee 4acToO, MOXHO HCIOJb30BaTh H ApYrue,Tou-
HBle 3HAueHHs Y3JIOBOTO Iapamerpa.

, «YBeJHUHTbY (AJS TOJOXKHTEJbHHIX TNOKa3aTesefl), «YMEHbLIHTbY,
CYMEHBIIHTb RO HyJs» (418 OTPHIATEJbHBIX IOKa3aTeJeil).

oo

rEe P* — onpejeieHHoe 3HaYeHHE Y3JI0BOrO napamerpa.

Kpome «pa3BepuyThixs ¢opmyn PI1 B mapameTpHueckoM MeToO-
file HCIOJBb3YIOTC TaK HasbiBaeMble Kparkue ¢opmyser DII. Ux
obuiyio ¢opMy MOXKHO MOJYYyHTb H3 Bhipaxenus 3.10. myrem mc-
KJIIOUeHHs1 W3 Hero (pa3, B KOTOPHX (HKCHPYIOTCS mNpeAnoJaraes
MHe pe3yJbTaThl H3MeHeHHs1 NoKa3atenefi, CiemoBaTeJbHO, KpaT-
Kas ¢opmyna ®II umeer cienyromnii BuI:

«(P> [IOJI)KEH BbITb <A> u <(B)». (3.11)

IMosicuum nousitue ®I1 u dopM ero onucaHHs Ha psjae NpHMe-
POB H3 pa3JHYHKIX 00JiacTeii TEXHHKH.

Jlio6oft Meramnoo6pabaTHBaIOUIHA CTAaHOK XapaKTepH3yeTcA
TaKHMH NOKas3aTeJssMH KaK MaKCHMaJbHbI pasmep o6pabarthiBae-
smoft netanu (L) u croumoctb (C). IlepBHii M3 3THX nokasarteselt
8BJIsIeTCS NMOJIOXKHTEJNbHHM, @ BTOPOH — OTPHUATEJNbHHIM, NpHUEM
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o6a OHHM NPAMONPONOPLHOHA/IbHB XapaKTepHOMY pa3mepy pab6o-
geii 3oubl cTraHka (/).

CnenoBaTtenbHO:
Z__ bl rie Ry, ky,—KO3(pdIueHTs NPONOPLUHOHAIb-
- M noctH; k>0, k> 0.
C == k2l

Ha ocrHoBaHuu 3toro MoxHO cdoOpMYy/THPOBATh CJeayioulee
®Il: «XapakrepHnfi pasMmep paGoueit 30Hb ctanka JOJIDKEH
BbITb xak moxHo Ooubiie, HTO [IO3BOJIWUT ysenuuuth Mak-
CHMaJbHLIA pa3mep obpabaThiBaeMoil neTajid; XapakTepHbii pas-
mep pa6oueii 3oHb cTanka JJOJID)KEH BbITb kaxk MoxHO MeHblue,
YTO TO3BOJINUT yMeHBUIUTh €ro CTOHMOCTbY.

B xpatkoii ¢opme. «XapakrepHblil pasMep paboueil 30HLI CTaH-
ka JOJI)KEH BbITb kak MoxHo 6oJibllle H KAaK MOXXHO MEHbIIE.

M3BecTHo, uTO miomanb, 3aHuMaemas aspojapomom (F) B oc-
HOBHOM oOINpejensieTcsd IJHHOH ero B3JEeTHO-NOCAaZOYHOH MOJIOCH —
BIIIT (I). C npyroii CTOpPOHBI OT 3TOH XapaKTEDHCTHKH 3aBHCHT
yHHBepCanbHOCTL aspoapoMa (U) — cnekTp THNOB caMoJIETOB, KO-
TOpbIE MOTYT CaAHThCS Ha 3TOT a3pOJPOM H B3JleTaThb C Hero. YuH-
ThiBasi, UTO MEPBHI NOKa3aTeJb a3pOJpOMa OTDHIATEJbHBIH, a
BTOPOil — MOJIOXXKHTENbHBIH, TO (parMeHT ero MaTreMaTHYeCKOH Mo-
JeJIH HMeeT CJaelyIouui BHA:

rae n—uucao BITIT;

—____ *
F=kpnl+F F* —nowab, 3aHHMaeMasi OCTaJIbHbIMH CJTY K-
+ 6aMu a3pojapoma.
U=kl PORp
CaenoBaTenbHO:

«Jauna BIIIT aspoapoma JOJIDKHA BBITb kak MoxHO 6OJb-
wre, UTO I103BOJINT yBenuuuTh YHHBEPCAJbHOCTb a3pOApOMa;
anuna BIIIT aspoapoma JOJIDKHA BbITb kak MOXHO MeHblie,
YTO ITO3BOJIUT yMeHbUIHTb €ro mJaouaib».

B kpatkoii ¢opme: «Iausa BIIIT aspoxpoma JIOJIDKHA
BbITb kak MOXHO GoJiblile H KAK MOXHO MEHbLIE».

Jlns moJsiyyeHHs PEHTTEHOBCKOrO CHHMKa JIEFKHX YeJloBeKa HC-
noab3yercsi uooporpaduueckast ycraHoBka (®Y). Uem Goablue
MOL[HOCTb PEeHTreHOBCKOTo H3ayueHus PY (n), Tem Bhille Kave-

+
ctBo cHuMKa (A). OmHako 3a 3TO NMPHXOAMTCA «PacnayHBATbCA»
+

BLICOKON 1030#t o6ayuenus nauuenra (B). CrenoBatesbHO:
+
A=k n* k, >0, k>0,

B=knP  a>0, p=>0.

®I1: «Momsocts pentrenockoro uaayuenuns JOJIDKHA
BbITh kak moxuo 6oabwe, YTO ITO3BOJINT yBeanuyHTh Kayect-
BO CHHMKa, MoJydyaeMoro ¢ nomolipio @®Y; MOLIHOCTb PEHTTeHOB-
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ckoro uanyuenus JOJIDKHA BbITb kak mMoxHo MeHbwe, UTO
[TIO3BOJIUT ymeHbIHTb 103y O6JyYeHHs NalHEHTa».

B kpartkoit ¢opMe. «MOILHOCTb PEHTIEHOBCKOTO H3JyYyeHHs
JOJI)KHA BbITb kak M0oxXHO 6OJblile M KaK MOXKHO MeHbLIES.

Baaropaps pa6oram I'. C. Aabrirynnepa moHatde (H3HYECKO-
ro NpOTHBOPEYHS MOJYUYHJIO IIHPOKOE DacnpocTpaHeHHe B JIHTepa-
Type no TeXHuuyeckoMy TBopuecTBy. OfHaKO B Heji JO CHX NOp HeT
pPasBepHYTOro OTBETa Ha BOMNPOC «YTO Takoe (H3HUYECKOe MpPOTH-
Bopeune?» CorsacHo npensoxexHoit B pabore (15, c. 133—137)
Knaccubukauuu npotuBopeunsi, ®I1 MOXHO OTHECTH K TaK Hashl-
BaeMbIM aHTHHOMHAM-npobieMaMm. OHH «NOSABJASIOTCS B Ipolec-
ce MO3HAHHS H HMeIT BHJA (OPMasbHO-JOTHYECKHX NPOTHBOPEUHH
(HanpuMep, «KamuTaJ BO3HHKAaeT M He BO3HHKAaeT B OOpallleHHH»).
B mefCTBHTENBHOCTH 3TH NpPOTHBOPEUYHsI SIBJIAIOTCH AHAJEKTHYeC-
KHMH, YyKasbiBaloliHe Ha CYILEeCTBOBaHHE HEKOTODOH HepeleHHOH
npoGJeMbl, HCKJIIOYAIOUHX aJbTEPHATHB, MO OTHOLIEHHIO K KOTO-
PHIM OJHOBDEMEHHO CTPOHTCS THNore3a 06 HX COBMECTHMOCTH.
B npensioxeHHAX, COOTBETCTBYIOHIMX aHTHHOMHSIM-npob6JjeMaM, HH-
uero He yTBepKAaeTcsd M He OTpHUAeTcs, a (HKCHpPYeTCs HEKOTO-
pbifi 3anmpoc MbicaH.. Koraa 3T aHajseKTHYecKHe NPOTHBODEYHSA
pelIalTCsi, TOrJa OHH YXK€ He BHIpaXKaloTcsi B NapajoKcalbHOH
dopme>».

M3 paHHOro onpeaeseHdst cjaenyeT, 4TO AJs OJHOBPEMEHHOro
yJAyUIIeHHs KaKHX-MH60 [ABYX NDPOTHBODEYHBLIX MOKa3aTeJed CH-
cTeMbl He0OGXOJHMO 3aMEHHTb COOTBETCTBYIOLUIHH HM Y3JIOBOi 3Je-
MEHT OO'bEKTOM, YIOBJETBOPSIOIIHM Tpe6OBaHHAM, 3aHKCHPOBAH-
ueiM B OI1. B atoM cayuae rosopst, uto DPII ycrpaneno.

HeTpynHo noragaTbCsi, YTO NMOJYYeHHBIE Pe3yJbTaThl: NpaBHJA
BuisBaeHuss OI1 u 3HaYeHHs NMepeMEeHHBIX BXOJALIHX B HX (GOpMY-
asl (cM. Ta6a. 3.1.) — B nosiHOM o6beMe NMPHMEHHMBI JIHIUb B TOM
cayyae, ecqii 06a NMPOTHBODEYHBHIX MOKa3aTessl SABJIAIOTCA JHHEH-
HbiMH. IS ToyeuHBHIX mMoKa3aTesiefl BCce 3TO He MOAXOJAHT, T. K. HX
¢yHKuuH, B otaHyHe OoT PYHKUHA JHHeAHBIX mokasaresed, nudode-
PeHIHpYeMBl He BO BCeX TOYKax obJjacTH uX omnpeneneHus. Ilefcr-
BHTE/IbHO, COIJIACHO ompeneteHuio (cM. c. 18), ToueuHbl mokasa-
TeIb MOXET HMeTb BCEro JHIIbL [IBa 3HaueHHd: «l» — B TOM cCay-
yae, ec/IH OH npHcylly cucreme, H «0» — B o6paTHoM cayuae. Cue-
JOBaTeNbHO, HX QDYHKUHS NOJKHA COAepkKaThb XOTS Obl OJHH «CKa-
YOK», MPOCTEHIIHH CAyyaldl KOTOPOro NMpHBeJeH HHXKe.

SlcHo, 4TO (YHKUHMH NOAOGHHIX MOKa3areneli HexuddepeHUHpy-
eMbl Ha BCeM AHMamna3oHe H3MeHeHHs ee nepeMeHHBIX. [Tosromy nas
nap CBS3aHHBIX NOKasaTesel, COAepXKallHX XOTA Obl OJHH TOUYeY-
HBIfI NOKa3arejb, HEOGXOJHMMO HCKaTh IpyrHe npaBHja onpenee-
HUA U HOPMBI OMHCAHHA HX NPOTHBOPEYHBOCTH.

Kak nokasniBalOT npeaBapuTesbHbE HCCJIeJOBaHHs, NpaBHIA
onpejesNeHHss NPOTHBOPEYHBOCTH B 3TOM cCJiyyae 3aBHCAT OT TOro,
KaKOji BHJ HMeeT (YHKIHs TOYEYHOro mokasarens. B jpanno#t pa-
60Te GYIyT PacCMOTPEHB TOJBKO IB€ Pa3HOBHIHOCTH NOAOGHBIX
¢yuguui (cM. puc. 3.3.), Kotopble HanbOJiee YacTO BCTPeYaloTCs
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B npaktuke. OgHako 3Toro 6yJeT NOCTaTOYHO, 4TOGH AJsI TOYey-
HEIX MOKasaTeseH, MMeloumux (GYHKUHH ADYroro BujIa, aHaJOrHd4-
HHe NpaBuJa MOXKHO ObIIO cHOPMYNHPOBATHL CAMOCTOSITENBHO,

!

Im====

P

p 7

rae IT — roueunnii mokasareab, P* — 3Hauenue nmapamerpa P, npm
KOTOPOM 3HaueHHe Mokasatens [l u3MeHseTcs CKauKooO6pasHO,

Puc. 3.2. dparMeHT GyHKIHH TOYEYHOTO MOKa3aTeJs.

; ,
1t ——r—— 1= 0

} ;
e T i

rae I1, — toueunnifi mokasareab cucreMu BHAa A, ITg — Toueunn
OOKa3aTesb CHCTeMH BHAa B, P — nmapameTrp 3JAeMEHTa CHCTEMH,

Puc. 3.3. Pa3noBuaHOCTH PYHKUHA TOYEIHHX HOKa3aTesed.
C yuetoM pa3HOBHIHOCTei TOYEUHHX MOKa3aTejefi MOXKHO

OpejJIONKHTh O pas3jHIHbIX BaPHAHTOB Map CBA3aHHHX MOKa3aTe-
Jeft,

Tabruya 8.3.
Bapuaumet nap cesasanneix noxasamenei
JIHHeRHWR TodednuA mokasa- | ToueuHbIRt MOKa3a-
Tun nokasatens nokasareJb Tesb BHAA A Tenb Buga B
JlaHefiHHI noKa3aTenb — 1 2
Toueynnii mokasaresb Buga A 1 3 4
ToqeuHult nokasaresnb Buga B 2 4 5
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Herpyano mokasarte, 4To napH CBSI3aHHHX MNOKa3aresefi, OT-
HBOCAIIHXCA K BapHaHTy 1, HHKOrxa He GYyAyT NPOTHBOPEYHBHIMH,
SroT (aKT XOpOWO HJIIOCTPHPYIOT CHEHyIOIIHe TIpaduKH.

n.n @ /A .
12 /;, /71
VA /7.
| | | ' |
I | \
‘ L _p 5 L _p
7 2 7 2

rae Hh, I, — cooTBeTCTBEHHO JHHEHHHH H TOUYEUYHHI MNOKa3aTesp
Bura A.

Puc. 34.

H3 sroro prcyHka BuaHO, 4TO AJsi 06OHX ciayuyaeB (a u B) XKe-
JAaTeJNbHBIM SIBJASIETCS TOJbKO OJHO 3HaueHHe mapamerpa P-penH-
aHHa P;, T. K. HMeHHO NpH 3TOoM o6a mnokasareas (/1 u I1;) no-
CTHraioT «Hau.nqurx» 3HaueHudi. ClenoBaTre/bHO, MapH CBS3aH-

HHX nokasartenelt I1,, Il u II,, Il, BHe 3aBHCHMOCTH OT TOro, Gy-
HIeT JH nokasateab [I; NOJOXHTENbHHM HJIH OTPHIATeNbHHM, fB-
JISIOTCS HEMPOTHBOPEUHBBIMH.

Jlpyrue mapsl TOYEUHBIX W JHHEHHBIX MOKa3aTenefi (BapHaHT 2),
B o6ueM caydae, 6yAYT NPOTHBOPEUYHBHIMH BHE 3aBHCHMOCTH OT
THNA 9THX NOKasaTteJes.

B ToM Xe cnyuae, korna o6a mokasaTessi TOYeYHHe, A ON-
PelesieHHs1 CTENEHH HX NPOTHBOPEUHBOCTH HCNOJBL3YIOTCH CJeRyIo-
niHe NpaBHJa.

Haa sapuanra 3

«Eciiu oAMH H3 TOYEUHBIX MOKasaresefl, KOTOphie OTHOCATCA K
BHAY A, NOJIOXKHTENbHBIN, a APYrofi OTpPHUATeJbHBIA, HIH Ha060-
POT, TO OHH SIBJSAIOTCS NPOTHBOPEUHBHIMH; B NMPOTHBHOM clyyae —
OHH HENPOTHBOPEUHBHI».

aa sapuanra 4

«EC/IH OofMH M3 TOYEUHBLIX NMOKa3aTeJell OTHOCHTCA K Buay A, a
Apyroit — K BHAY B, TO OHH, BHe 3aBHCHMOCTH OT HX THNA, SIBJIfA-
JOTCS1 HENPOTHBOPEYHBBLIMHY.

s sapuanra 5

«Ecin 06a ToueuHHIX MoKasaTesasl OTHOCATCA K BHAY B, To oHH,
BHEe 3aBHCHMOCTH OT HMX THNa, SIBASIOTCS NPOTHBOPEYHBHIMH».

OueBHAHO, YTO YY€T pa3MepPHOCTH NOKa3aTesejl BJHsSET H Ha
¢dopmy onucanus PII. O6o6mennas dopmyna PII, comepxamux
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TOYeuyHble MOKa3aTesH, OyldeT TaKoidl Xe KaK H CTaHZapTHas (CM.
3.10). Onnako BXoAsiliHe B Hee MepeMeHHbEe GYAYT HMEThb ApYrHe
3HaueHHs. DTH H3MEHEHHsS BbI3BaHbl HEOGXOAMMOCTHIO MNPHAATh
KOHKpeTHHIM ¢dopmyaam OPII GoJsee ecrecTBeHHoe 3Byuanue. Ha-
npHMep, BMECTO <«YBEJHYHTb PEMOHTONPHFOAHOCTb CHCTEMBI» JyU-
e cka3aTh «O0G€CNeYHTb PEMOHTONPHNOAHOCTh CHCTEMbI». [103TO-
MY AJIs TOYEUHBIX MOKasaTesned 3HAYEHHS YKa3aHHBIX BhLIIIE Mepe-
MeHHBIX o6o0wenHo ¢dopmyasl PI1 ompenensirorcs  caenymwouled

TabauLel.
Ta6auya 3.4.

ITepenmerrole 0606uieHHOL POPMYABL PUIUHECKO20 NPOMUBOPEHUR

INepemeHHas 3HayeHHe nepeMeHHOIl

Jlas noaoxcumensHolx nokasameaeu:

(Cy, (D) «obecneynTby, «1OOHTbCAY, «CO3/1aThy, «yAYHWHTbY H T. M.
a3 ompuyamervrbix noxasamened:

«H36exaTb», «OOOHTHCb» H T. II.

YKasblBalOT KejnaeMble 3HAUEHHA TOYEYHHIX mMoKasaTenedl. Ha-
(ITy), (ITp) NpUMEP, «TEXHOJOTHYHOCTb», «PEMOHTONPHIOAHOCTbY, «(YHK-
LHOHHPOBAHHE» H T. .

OTH H3MEHeHHS MOXHO HNDOHJJIIOCTPHPOBATh Ha KOHKPETHOM
npuMepe.

HsBecTHa chaenywouias mnpobjemHas cutyauus. JHas  mpuro-
TOBJIEHHs1 TPaBSHBIX cMeceli Gepyr cemeHa 2—10 BHIOB TpaB,
cMellIHBalOT M BhiceBaloT B mnoJie. Ilocsie y6opkH cpasy mosydaror-
cs rOTOBHIE K HCHOJb30BaHHMIO TpaBsHble cmecH. OpnHako Takas
TEXHOJIOTHSI HMEeT HENOCTAaTOK — TepsieTcsl 4acTb ypoxkas Tpas,
NOTOMY 4TO OAHHM TPaBbl yrHeramoT pocT Apyrux. Hampuwmep, su-
MEHb yrHETaeT ropox, oBec — CyAaHCKyl TpaBky. [locie toro kak
STO BBISICHHJIOCH, PEIIHJH KOMIOHEHTHl TPaBSIHOH CMECH BbIpallH-
BaTh OTJEJbHO APYr OT ApPyra, a motoM cMemuBatb. [Ipu Takoi
TEXHOJIOTHH YpPOXKaHHOCTb TPaB [OCTHraeT HOPMEI, HO TpebyloTcs
MalIHHBl AJS HX IMOCJeNyIoUlero CMeLIHBaHHsS, NMpHOOpeTeHHe KO-
TOpBIX 3aTpyAHeHo. s peanH3alHH NMEpBOH TEXHOJOrHH OHH He
HYXHbI, T. K. JOCTaTOYHO CMeIlaTh CEM€Ha Nepel MOCEeBOM, 4TO, B
BHAY MaJjoro X o6beMa, He TpebyeT CHEUHAJbHBIX MAIIHHY».

Ecau npuHATL B KauecTBe NOKasaTeJied CHCTEMbl NPHIOTOBJE-
HHE TPaBSIHBIX CMecell «B3aHMHOE YrHeTeHHe DOCTa TPaB» H «BO3-
MOXHOCTb NPHIOTOBJIEHHs cMeceli 6e3 cMecHTeJel», TO MOXHO
cdopmyaupoBats caenyouee PIL

«Tpassl JOJIDKHBI pactu psmom xpyr c apyrom, UTO TIO-
3BOJIUT oboiituch 6e3 cmecurenedi; tpassl JNOJIDKHBI pactu
orgenbHo, UTO TTIO3BOJIUT us6exarh B3aUMHOTO YrHETEHHS

pocTa Tpas».
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W3 npuBeneHHBIX yTOYHEHHH BHIHO, YTO KpaTKHE (OPMYJIBI MO-
Ao6HbIX PIT HHueM He OGyAYyT OTJIHYATBHCH OT Te€X, YTO MPHBOLHJIHUCH
BhIlLIE,

Tenepp paccmorpuM npyryio npobnemy. HMHorza mpu aHamuse
NMPAKTHYECKHX CHTyaUuH ypmaercs copMyJHpOBaTh yTBepXKAEHHS,
BHemHe moxoxkue Ha PII, ogHaKO HecBOAHMBIE K HHM TOJIbKO 3a
cueT 3KBHBaJIEHTHBIX Mpeo6pasoBaHHui.

UYro6bl pa3obpaThcs B NDHYHHAX MOSIBJIEHHS MOAOOHBIX YTBEpK-
AeHull, npoBeaeM HeGoJibLIOe HccJefoBaHHe. g 3TOro XOMOJHHUM
MaTeMaTHYeCcKyl0 Mojejb cHcTeMbl (cM. 3.1.) ycjioBHEM MaKCHMH-
3anuu ee QYHKIHH KayecTBa:

max K=f(I,, ..., I1n). (3.12))

CoBokynHocTh BhipaxeHuy 3.1. u 3.12. o6pasyer mareMarHue-
CKYIO MOJeJib 3aJ1auH BhGopa.

PesysibTaToM ee pelieHHs siBAsieTci HaGoOp TaK Ha3bIBaeMBIX
ONTHMAJIbHBIX 3HAYeHHH MapaMeTpoB 3jeMeHTOB cHcreMbl. Oue-
BHJHO, YTO BCE€ 3TH 3HAYEHHsS NPHHAAJEXAaT JONMyCTHMHIM HHTEpBa-
JlaM H3MeHeHHil cooTBeTcTBYloUMX nmapamerpoB. He napymas o6ui-
HOCTH DAacCyXIeHHil, MOXHO yTBepXJ1aTb, YTO OAHA rpynmna 3THX
mapaMeTpoB NPHMET OLHO W3 KpaHHHx 3HaueHufi P, uam Py (cm.
puc. 3.5.), a ocralbHble — KaKHe-ITHOO IpyrHe «CpeiHHEe» 3Haue-
uua. OueBHAHO, UTO Bce Y3JioBble mapaMeTpel OyAyT NpHHaAJe-
®KaThb KO BTOpOi rpymme, a B MepByI0 BOHAYT TaK Ha3biBaeMble
npedeabHble napameTpbl.

0 0

% £
VL LI LI L INLLLI Ll LLLLL) i
; 2

rie P,—P; — ogHH M3 HHTEpBaJoOB H3MeHeHHs napamerpa P,
P, — onTHMalbHOE 3HAyeHHe mapaMeTpa P B TOM ciyuae, Koraa
OH sIBJSieTCS1 Y3JOBBIM, P,° — OonTHMajlbHOE 3HauyeHHe napamerpa
P B TOM ciiyuae, KOraa OH SIBJISIETCS NPeNeJbHBIM.

Puc. 3.5. OntHMajbpHOe 3HAUEHHE Y3/0BOro H MNpEeREJLHOro napamerpa.

[penenbHBIM NMapaMeTpaM MpPHCYIa OAHA HHTEPecHass 0CobeH-
HOCTb. 3a CueT Hx JAajbHefillero yBeJHYeHHs (HJIH yMeHbIIEeHHS)
MOXHO Obl10 6bl HOOGHTbCA yJAyYLIEHHS Psila NMOKa3aTeJed CHCTe-
MBI, HO B CBSI3H ¢ HajauuueM npexpena (P, uau Pj), KOTOPHIHi HOCHT
HaJCHCTEMHbII WK (H3UUECKHH XapakTep, CAeNaTh 3TO HEBO3-
MOKHO.

HanpuMep: oueBHAHO, YTO YHCIO BaroHOB Noesga HeOOXOXHMO
YBEHYHBATh, T. K. 9TO MO3BOJHT YBEJHYHTh €ro BMecTHMocTb. On-
HakKo IJIHHA NaTdOpM KEeNe3HOLOPOXHBIX CTAHUHA (uUKCHPOBA-
Ha, MO3TOMY YAJIHHEHHE Moe3fa Norpebyer HX MePeCTPOAKH, 4TO
HexeJlaTeJsbHO.
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Xotesoch 6Bl, YTOOB! MIOTHOCTD KOHCTPYKIIHOHHBIX MaTe€pPHaJOB
6Bl1a KaK MOXHO MEHblIe (3TO MO3BOJIHJIO Obl CHH3HTb BEC CHJIO-
BBHIX KOHCTPYKIH#), HO CYyILeCTBYIOLIHE MaTepHaJbl HMEIOT BIIOJ-
He onpejieJIeHHYI0 MHHHMAJIbHYIO IJIOTHOCTb.

IlpuBeneHHble MpHMepHl OTAANEHHO HANOMHHAIOT (OPMYJIBI KOH-
KperHbix @I, OxHAaKO TONMLKO HAaNMOMHHAIOT; CBECTH HX K mono6-
HBIM ¢(OpMyJiaM HEBO3MOXHO, T. K. B 3THX npobjemax ¢urypupy-
€T BCero JIMIIb OAHMH NOKa3arelb CHCTeMbl. B mepBoM npHmepe —
3TO BMECTHMOCTb II0€31a, a BO BTOPOM — BeC CHJIOBBIX KOHCTPYK-
IHH.

U Ttem He MeHee momoGHBle NMpoOJieMBl MOXHO NpeCTaBHTb B
dopme OII, Hcnosib3ys A STOrO CAEAYIOLHA MPHEM.

JlonosHHM MaTeMaTHUYeCKyo Moaenb cucreMbl (cM. 3.1.) ¢yHK-
LHAMH ClNelHaJbHBIX M[OKa3aTejiei — peaausyemocTs cucremv. no
napamerpy P (II?). DtoT nokasaTeib siBAseTcs ToueuHbM. Ecan
3HaueHHe nmapamerpa P 3jieMeHTa CHCTEMbl HAaXOZHTCS B yCTaHOB-
JIEHHOM Mpefese, TO €e MOXKHO H3TOTOBHTb, HCIOJb3ysl CyLIecTBY-
IOll[He MaTepHaJbl, H MPH 3TOM OHAa OGYAeT BLIMOJHATb CBOKIO (YHK-
nuio. Toraa I1?=1. B npoTuBHOM cjyuyae cHcTeMa HepeaJH3yema,
H [1P=0. Ou4eBHAHO, YTO KOJHYECTBO MOJOGHHIX MOKa3aTesned paB-
HO YHCJly NpeleJbHbIX MapaMeTpoB B MaTeMaTHUYECKOH MOJENH CH-
cTeMbl, a2 HX QYHKIHH HMEIOT cJefylolHui BHA:

1 —ecau Ph1<Ph<Ph2 (3.13)

”p= P -
k=[x (Py) 0—ecan P, < Py, umu P, > Py,

rie B — uHCJIO MpeaeNbHbIX TapaMeTpoB.
Tenepb He TPYAHO AoKa3aTh, 4TO ecau I1 — mokasareib CH-
creMbl S, GYHKIHS KOTODPOro COAEPKHT NpelesbHbi mapamerp P,

npHueM %>(>} 0 unmu <(<)0, 10 OH o6pasyer c NMoKa3aTeneM

«peajii3yeMoCTb CHCTEMBl 1O napaMerpy P» NpOTHBOpeYHBYIO

napy.
PaccMoTpuM 3TO yTBepXKAEHHe AJA Clyuasl, KOraa nokasarellb

IT — no/I0XKHUTENbHBIH.

/7//“’1 /7,/7"{
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a) B)
rae — — HanpaBJeHHE XKeNaTeJbHOrO H3MEeHEeHHs MoKasareJel
(TaM, rie HanpaBleHHe CTPeJOK Ha rpaduke QYHKUHI MOKasare-
Jefi He COBNMafaloT — 006J1acThb MPOTHBOPEYHBOCTH MOKa3aTesel

().

Puc. 3.6.
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ol7
Ecau P >0 (cM. puc. 3.6.2), TO MOXHO MpPENJIOKHTH ciaeny-

foiyo ¢opmyay PII.
«[lapamerp P JOJI)KEH BBITb 6oapme P,, UTO ITO3BO-.
JIUT ysennuuts mokasarens II; mapamerp P JIOJI)KEH BBbITh

Menbwe Py (Ho Gombmwe P;), UTO I[TO3BOJIUT peajiu30BaTh CH-
creMy S».

HcnonbsoBanue naHHOro mpueMa MO3BOJIsIET MPOGJAEMbI, peus
O KOTOpBIX LI BbIlE, cBeCTH K (opMynaM KoHKperHhx PII.

«Yucao Baronos moesga HOJIDKHO BbITb kak MOXHO 60.b-
awe, UTO I[TO3BOJIHUT yBeNHuYuTb €ro BMECTHMOCTb, YHCJO BAro-
HOB moe3fa NOJIKHO OHITb He Gosiee n ((HKCHPOBAHHOE 4HCIO),
UTO TIO3BOJIMUT o6ecneunts ero KCMIyaTalmHio NPH CyIlIecTBy-
fowed nauHe naathopm».

«[110THOCTL KOHCTPYKIHOHHBIX MaTepuajoB JOJIDKHA BBITh
paBHa Hymao, UTO TTIO3BOJIUT yMeHbUIHTb BEC CHJAOBBIX KOHCT-
PYKUMH; MJIOTHOCTh KOHCTPYKIHOHHBIX Marepuasos JOJI)KHA
BbITh nHe Menee p* (MHHMManbHO AOmMycTHMas MJIOTHOCTB), UTO
TIO3BOJIHT co3narh 3TH KOHCTPYKLHH>.

[Tonublii mepeyeHb MPaBHJ, C MOMOIULIO KOTOPHIX MOXKHO BHI-
aBuTb QI B nogobHoro poma ciyuasx, npeacrasieH B Tabuuie 3.4.

[TpaktHueckyio 3Hauumocts nmocnenunuit Bug ®I1 mpeobperaer B
TOM cJjydae, KOrja MaTeMaTHuecKash MOJENb CHCTEMBI COCTOHT H3
OIHOrO0 ypaBHeHHs. Takoro pofa NMOHCKOBHIM 3ajgayaM MpealecT-
BYIOT npo6JieMHble CHTYallHH, B KOTOPBIX TpebyeTcs yJIyYLIHTh
TOJILKO OJHH mokasartesb. Ilogo6Hoe BcTpeyaeTcsi HOBOJILHO 4acToO.
$IcHO, 4TO NMpPH TaKHX YCJOBHAX TpPagHUHOHHOe mnoHsTHe PIT ne-
NPHMEHHMO, a CJeJOBaTe/JIbHO, HEMPHUMEHHM H CBSI3aHHbIE C HHM
napaMeTpHYeCKHii MeToA. 3aTO B (YHKLUHIO 3TOrO0 €XHHCTBEHHOIO
floKkasaTesNss MOTYT BXOAHTb NpenestbHele mnapaMerpel. Iloatomy,
HCHOJIb3Ysl OMHCAHHBIA BhIIIE MPHEM, MOXHO cHOpMyJNHPOBATH OX-
HO unu Heckoabko PII, uro nmo3BoJsieT NPHMEHHTb NapaMeTpHue-
CKHil METOJ H K MOJOGHOro poxa NMOHCKOBHIM 3afauaM.

K ckasanHoMy HeoGXOAHMO caesaTh JBa 3aMeyaHHS.

Bo-nepBbiX, B Hauajle 3TOif IJaBbl ObLIO NPHHATO AOMNYILIEHHE,
q10 o6JacTh H3MEHEHHs JIo60ro napaMerpa 3JIEMEHTOB CHCTEMH
(Py, ..., Ps) ompenensierca oxHuM uHTepBajoM. OnHako B ob6uem
ciayuae 3ta ob6jacTh mpeicTaBisieT cO60f COBOKYMHOCTb HHTEPBa-
JgoB. Hanpumep,

1/ L

1 1 [ V7 ____p
D 5 & 44

J
%
B arom cilyyae HCCJIeNOBaHHE CHCTEMbl Ha NpeAMET HaJTHIHA

y nee OII npoBoguTcs AJMA KaXKAOro HHTEPBaja OTIAEJNbHO.
45



HOFi CXeMBl, siBJseTC HampaBieHHBM. [logoGHoro poxa pasHo-
BHIHOCTb (PYHKIHOHAJNBLHOrO MeToZa B AajbHefieM 6yaer Has-
BaTbCA NAPAMETPDUYECKUM METOOOM.

B o6mem cayuae ero 6a3y o6pasyloT CHCTEMbI, BHIROJHSIOLIHE
TY HJIHM HHYI0O QYHKLUHIO H YIOBJETBOpSIOUlHEe TpPe6OBaHHSIM KaKoO-
ro-mu6o ®II. Kak yxe roBopuioch Bbllle, B 3TOil KHHre Gyger
paccMaTpuBaThcs 3BPHCTHYECKHH BapHAHT NMapaMETPHYECKOrOo Me-
Toxa. Tak Kak NOXOGHBI MOAXOA NpEANOJaraeT UIHPOKOE MNPH-
BJleyeHHe 3HAHHH H YMEHHH NOJIb30BaTessi B NPOLECCE NPHMEHe-
HHS MeTOAa, TO 3TO MO3BOJISIET CYLIECTBEHHO YNDOCTHTbL ero 6aasy.
Hanpumep, crenyouum o6pasoMm. Bce 3neMeHTH 6a3bl 3BPHCTH-
9eCKOro BapHaHTa MapaMETPHYECKOTO METOJa ONHCHLIBAIOTCS TOJb-
KO MO0 ONHOMY NPH3HAKy — «YyJNOBJETBOPATL TpeGoBanusam O®II..».
A npu3HaK <«BHINOJHATH (QYHKIUHIO..» OMNpPENENsSeTCs MOJb30BaTe-
JieM B pe3yJibTaTe aHaJH3a NPOH3BOAHBIX CHCTEM Ha MpeiMEeT Of-
HOYHKIHOHAJIBLHOCTH C HCXOZHOH CHCTEMOIi.

Tenepb, Korga H3BeCTHBl BC€ OCHOBHbIE KOMIOHEHTHI KOHIIEMN-
OHH NapaMeTPHYECKOr0 METOAa, MOXKHO OINpeNeJHTh NOCIel0Ba-
TEeJbHOCTh €ro omepanui, npaBga, MOKa Ha <«yPOBHE CXEMEI®.

AHANAZ [10KAZATE- LoPmMyAHPOBKA
mm 7], ,/7a2
AEF HA NPOTHBO- (7,2 ousiveckors |2

PEYHBOCTS NIPOTHBOPEM
LK.
Boisor w3 {07 Samera K v3n0- Anamis cue-,
w, | oBvEATOB, vaosaeT-| 5l |a0ro snemena ol | TEM S, H (S I
~TK i gopsvouyx TPESOBA- cHeTemsl 8,066~ P ya ozHoww- F—
wsm PHIHVECKDTD | DCw MTAMY 3 0% KUYHOHAN ~
neorusorews ¥ | YK Hoers

fs

F
A | Awanus cricrem S, (S}, {5},
| A TOKBECTBEHHOCTS MATE

| MATHYECKHX MOLENEH

rae So— HcXonHas cHcremMa, MM — maremaTHueckass Mojenb So,
(11, I;) — npoTuBOpeuHBble mNOKa3aTead, ¥ — ¢usHueckoe npo-
tTHBopeune, {O*} — Ga3a 3BpPHCTHYECKOrO BapHaHTa IapaMeTpHdUe-
ckoro Merona, ®C — ¢pyHkuHOHANbHAsA cTPYKTypa So, {S} — mMHO-
KeCTBO MPOH3BOJAHLIX cHcTeM, {S¥} — MHOXECTBO CHCTEM, OXHO-
GYHKIHOHANBHBIX ¢ HCXOAHOM, {S} — HCKOMOE MHOXKECTBO CHCTEM,

Puc. 3.7. BJok-cxeMa napaMeTpHYECKOI'0 MeToAa

FnaBHasi TPyAHOCTb, BO3HHKAIOLIAs NPH MNPAKTHYECKOH peasiH-
3alHH ZAaHHOTO MeTOAa, COCTOMT B (POPMHDPOBAHHH €ro 6a3bl—MHO-
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Iymaercs, cKa3aHHOrO AOCTATOYHO AJS TCTO, YTOGHI YHTATENb
OJIyYHJT pa3BepHyToe INpeacTaBleHHe KaK 06 OOGLIHX CBOHCTBax
<@JI, Tak U 0 KOHKPETHHX (OpPMax HX NpOSIBJEHHS B TexHHKe. Te-
fiepb HEOGXOLAHMO BHISICHHTb, KaK (aKT HaJHYHS y HEKOTOPBIX CH-
creM @I moMoxer HaM MOBBICHTb HANPaBJEHHOCTb (PYHKIHOHAMb-
HOro Meroja.

OtBer Ha 3TOT BONpPOC B HESIBHOM BHAE NPHCYTCTBYeT B OIpe-
JAenedur @II. Ecan Hcnmonmb3oBaTh €ro B KayecTBe HCXOAHOH mO-
CBIJIKH, TO MOXHO H0Ka3aTb CJEeAYIOllee YTBEPKACHHE.

YTBEP)KIEHHE 1

«Ilyctb maHa HcxomHasi cucreMa S, NOKa3aTelb KauecTBa KO-
Topo#t ompenensiercs uepe3 mnokasarenu 1, u Il npuuem mo or-
HOLIEHHIO K 3THM IMOKasaTeasiM H napamerpy P cdopMyaupoBaHO
<usnueckoe nporuBopeune W,

B pesyanbrare 3aMeHbl 3jeMeHTa O HCXOAHOH cHcTeMbl Sy, KO-
TOpHIKi Xapakrepusyercss mapamerpoM P, Ha o6bekr O, ynoBaer-
BOpAIIKA TpeboBaHHAM (pu3nueckoro nporuBopeuus W, moayue-
Ha MPOH3BOJAHAas cHcTeMa S.

Torna, ecqin CTPYKTYpHl MareMaTHYECKHX Mojaeseidl cucreM S H
So TOXIEeCTBEHHB, TO MOKa3aTelb KauecTBa CHCTeMH S G6oJblue
AaHaJIOrHYHOA XapaKTEPHCTHKH CHCTEMBI Sg».

Bxoxsimee B 3TO yTBepXKAEHHE YCJIOBHE TOXKJIECTBEHHOCTH
CTPYKTYP MaTeMaTHYeCKHX MoJeJiefi HCXONHOH H MPOH3BOAHOH CH-
CTEM O3HayaerT, 4TO Bce (YHKIHH NMEpPBOH MOIENTH MOXKHO CBECTH
K COOTBETCTBYIOIIHM (yHKUHSAM BTOpoit Moaxenu. Jas npoBepku
BBHIIOJHHMOCTH JAHHOTO YCJOBHSI OOBIYHO MCHOJB3YIOTCA 3KBHBA-
JIeHTHble npeobpa3oBaHHsl anre6paHuecKHX BbIpa)KeHHH, NpHMep
KOTOpbIX 6yneT npuBeneH HHxe (cM. c. 116).

Ucnonp3ys Bblle CKa3aHHOE, MOXKHO MOAH(HIHPOBATh (YHK-
LLHOHAJbHBIE METOX M AOBECTH €ro HampaBJEeHHOCTb 10 MAaKCHMY-
Ma — g0 1. JeilicTBUTeNbHO, pa3nesuM MHOXecTBO cuctemM &, sB-
Jasiioeecsi 6a30d JAaHHOrO METOAA, HE TOJbKO MO (DyHKIHOHAJb-
HBIM CBOMCTBaM, KaK 3TO MOKa3aHO Ha puc. 2.2, HO M MO CBOHCT-
BaM «yJIOBJIETBOPSITh TPEOOBAaHHIO PA3MHYHBIX (PH3HYECKHX MPOTH-
sopeunit ¥y, ..., ¥;». B obuweM cayuae nmomnoGHble cBOicTBA OYyAyT
MPHCYIIH TONBKO YacTH cHcteM u3 MHoxkectBa &. Bcex HX MOXKHO
pacnpesenuts no noamHoxecrBaM &/, .., & CuexoBaTesbHo,
qactb cucteM MHoxectBa & OYyAyT BXOAHMTh OQHOBPEMEHHO KaK B
oxHo H3 moamuoxectB &y, .., S;, Tak u B OQHO H3 MOAMHOXECTB
S/,.., 6. Ilyctb N0 OTHOIIEHHIO K HEKOTOPOMY 3JIeMEHTY HC-
XOIHOH cHcTeMbl So, BHIIONHAKOLIEMY GYHKIHIO f;, chOpPMYyJIHPOBa-
Ho (usuueckoe mpotuBopeure ¥;. 3aMeHHM 3TOT y3/0BOH 3JI€MEHT
cHcTeMoll, BXoaslleii KaKk B noaMHoxectBo &;, Tak H B MOAMHO-
xkectBo &;’. B pesynbrare 6yaer mojyueHa MNPOH3BOAHAs CHCTe-
ma S. Eciiu CTPYKTYpH MaTeMaTHYeCKHX Mopeseil cucreM S H So
TOXKIECTBEHHbI, TO COIMJIaCHO TeopeMe 1 MoKasaTesJb KauecTBa CH-
creMbl S 6yner GoJbluie aHANOrHYHOA XapakrepHCTHKH So. Cienmo-
BaTeJbHO, (PYHKIHOHAJNbHHII MeTOHA, paboTalollui B paMKax [aH-
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HOFi CXeMBl, sBJseTC HampaBieHHBM. [logoGHoro poxa pasHo-
BHIHOCTb (PYHKIHOHAJNBLHOrO MeToa B AajbHefieM 6yner Hasi-
BaTbCA NAPAMETPUYECKUM METOOOM.

B o6mem cayuae ero 6a3y o6pasyloT CHCTEMbI, BHIROJHSIOLIHE
TY HJIHM HHYI0O QYHKLUHIO H YIOBJETBOpPSIOUlHEe TPe6OBaHHSIM KaKoO-
ro-iu6o @II. Kak yxe rosopunoch Bhle, B 3TOH KHHre Gyner
paccMaTpuBaThcd 3BPHCTHYECKHH BapHAHT NMapaMETPHYECKOrO Me-
Toxa. Tak Kak NOXOGHBIA MOAXOA NpEANoJaraeT UIHPOKOE MNPH-
BJleyeHHe 3HAHHH H YMEHHH NOJIb30BaTessl B NPOLECCE NPHMEHe-
HHS MeTOAa, TO 3TO MO3BOJISIET CYLIECTBEHHO YNDOCTHTbL ero 6asy.
Hanpumep, crenyouum o6pasoMm. Bce 3neMeHTH 6a3bl 3BPHCTH-
9eCKOro BapHaHTa MapaMETPHYECKOTO METOJa ONHCHLIBAIOTCS TOJb-
KO MO0 ONHOMY NPH3HAKy — «YyJNOBJETBOPATL TpeGoBanusam O®II..».
A npu3HaK <«BHINOJHATH (QYHKIUHIO..» OMNPENENSeTCs MOJb30BaTe-
JieM B pe3yJibTaTe aHajH3a NMPOH3BOAHBLIX CHCTEM Ha MpeiMEeT Of-
HOYHKIHOHAJIBLHOCTH C HCXOZHOH CHCTEMOIi.

Tenepb, Korja H3BEeCTHBl BC€ OCHOBHbIE KOMIOHEHTHI KOHIIEMN-
OHH NapaMeTPHYECKOr0 METOAa, MOXKHO ONpEeNeJHTh NOCIef0Ba-
TEeJbHOCTh €ro Oomnepanuii, nNpaBa, MOKa Ha <«yPOBHE CXEMEI®.

AHANZ 110KABATE- LoPmMyAHPOBKA
mm 7], ,/7a2
AEH HA POTHBO- (3,2, ousiveckors |2

PEYHBOCTS NIPOTHBOPEWH
L K.
Boisor w3 {07 Samera K v3n0- Anamis cue-,
w, | oBvERTOB, vaosaeT-| 5 |a0ro snemena ol | TEM S, H (S D
~TK i gopsvouyx TPESOBA- cHerems 8,065~ HA OLHOPWH- >
ws PHIECKDID | DCw EMTAMU 3 0% KUYHOHAND ~
neorusorews ¥ | YK Hoers

fs

F
A | Awanus cricrem 8§ #{S’) {5}
| A TOKBECTBEHHOCTS MATE

| MATHYECKHX MOLENEH

rae So— HcxonHas cHcremMa, MM — maremaTtuueckass Mojenb So,
(11, I;) — npoTuBOpeuHBble mNOKa3atead, ¥ — ¢usHueckoe npo-
tTHBopeune, {O*} — Ga3a 3BpPHCTHYECKOro BapHaHTa IapaMeTpHde-
ckoro Merona, ®C — ¢pyHkuHOHANbHAsA cTPYKTypa So, {S} — mHO-
JKecTBO MNpPOH3BOAHBIX cHcreM, {SF} — MHOXecTBO CHCTEM, OIHO-
GyHKIHOHANBHBIX ¢ HCXOAHOM, {S} — HCKOMOE MHOXKECTBO CHCTEM,

Puc. 3.7. BJok-cxeMa napaMeTpHYECKOI'0o MeToAa

FnaBHasi TPyAHOCTb, BO3HHKAIOLIAs NPH MPAKTHYECKOH peasiH-
3alHH ZAaHHOTO METOAa, COCTOMT B ()OPMHDPOBAHHH €ro 6a3bl—MHO-
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xkectBa {O*}. JeficTBHTEJbHO, KaK HafiTH OOGBEKTHl, yIOBJETBOPSA--
IolHe TpeGOBaHHAM BCEBO3MOXKHBIX (PH3HUECKHX NPOTHBOPEURAP

Ilpexxne ueM MBI OPDHCTYIHM K IIOHCKY OTB€Ta Ha 3TOT HENpoO-
CTO#l BOIpPOC, HEOOXOMHMO HAYUHThCS NPHMEHATh Ha NMPAaKTHKE Mpa-
Buna BeisABNeHusA H onucanus OII. Ha sto u HameneHsl npuBOAE-
Mble HHXKe YIpaXKHEHHS.

YIIPAJKHEHH S

3.1. Ilpeo6pasyiite, eciii 3TO BO3MOXHO, CJeAyIOLIHE TEKCTH B~
nosuble H Kpatkue popmynn PII.

1). UsBecTHH TemjoBble ABHraresH, paboraiomue Ha 3¢pdek-
T€ TEeIJIOBOrO pacIIHpPEeHHS TBEPJOro Teja, HalpHMep, MeTaJJH-
yeckoro crepxHsa. OueBHAHO, YTO IJs YyBeJHU4eHHA 4Hcaa 060pO-
TOB TAKOro MABHraTejs [IJHHA METaJJIHUECKOrO0 CTEePXKHS JOJXKHE-
6LITh KaK MOXKHO G6oJibllle, a AJs yMeHbIIeHHS ra6apuTOB ABHra-
TeJis Ha060POT — KaK MOXHO MeHbIIe,

2). YBenuueHHe NOMYCTHMOro 3HaueHHs cHAB F, pactaruBaio-
el crepxKeHb, 33 CYET YBEJHYEHHS ero AHaMerpa, MNOPHBOJAHT K
yMEHBUIEHHIO CPeLHEro Mo AHaMeTpy npejena NPOYHOCTH MaTepH-
ajla CTepXKHs.

CTEPEHL

3). OueBHAHO, 49TO €ClH HEOGXOAHMO MOBBICHTb KE€CTKOCTh-
IVIaCTHHH NpH H3ru6e, TO 3TO MOXKHO CAeNaTh 3a CUeT yBeJHUEeHHS
ee TOMUHMHH. OXHAKO BHIGOP TAKOro peleHHs NPHBENET K POCTY
Beca IJIaCTHHBI, YTO B AAHHOM CJydae HeZOMyCTHMO.

4). Heo6x0nHMO CHH3HTb NMOTEPH OT TPEHHS B nmape BajJ—BTYJ-
Ka. YCJIOBHs SKCIJIyaTallMH HaHHOrO YCTPOficTBAa He IO3BOJSAIOT
MCIOJIb30BaTh AJIS 3TOj IENH JKHIKYI0 cMas3ky. Marepnaaum mno-
KPBITHH KOHTAKTHPYIOLIHX MOBEPXHOCTEH Bajla M BTYJKH mojgo6pa--
Nl TaK, YTO MO3BOJAIOT OGeCNeuYHTh MHHHMaJbHOE 3HaueHHe KO-
s¢pHUIHEeHTa TPEHHSA MEeXIy HHMH.

5). H3BecTHO, 9TO A/ NPEROTBPAILEHHS 3JEKTPHUECKOrO KOH-
TaKTa MeXAy NpPOBOJOM H ONOPOH JIMHHH 3JIEKTpONepexaud HC--
HOJIb3YIOTCSA CTEKAssHHbIE H apdopoBEie H30AATOPH. DTHM yCTPO#-
CTBaM NPHCYLl OXHH HENOCTATOK: JIETOM B YTPEHHHE 4Yachl H30Jf-
TOPHl MOKPHIBAIOTCS POCOM, YTO MHOTAA MPHBOAHT K 3JIEKTPHUECKO-
My npo6oio mo ux nosepxHocTH. [lo3ToMy B 3THX ciayuasx mpeg-
JlaraeTcst HCIOJb30BaTh H3OJMSTOPH C YEepPHOA NOBEPXHOCTHIO, 4TO:
yJyullaeT HX DpOrpeB 3a cuer coJiHeuHoro uanyuenus (16, c. 137).

3.2. Coopmynnpyiite ®I1 nHa ocHoBammu Tekcra IITPOBJIEM.-
HbIX CUTYALUUN 1—3 (cM. c. 24, 25), ucrmonab3ys AJas 3TOro
cJeyIOolIHii SBDHCTHYECKHH aJIrOPHTM.

1. Onpenenutb HMS CHCTEMBI, MO OTHOLIEHHIO K KOTOpO# cdop-
MyJIHpPOBaHa mpobJieMHast CHTYalHus,
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2. OnpenenuTes HMEHa MNOKa3aTejell CHCTEMBl, KOTOpHIE YyKa3a-
Hbl B Mpo6GJIEMHON CHTYaIlHH.

3. Onpenenuts ¢yHKUHOHAJNbHBEIE 3aBHCHMOCTH MEXAYy MOKasa-
TEJNSIMH CHCTEMBI H NapaMeTpaMH ee 3JIeMeHTOB, HCNONb3ys HAJs
3TOro JaHHble NPO6GJEMHON CHTYalHH.

4. Onmpenenutb cpelu MOoKa3artejeidl mapbl CBSI3aHHBIX MOKa3a-
TeJeH.

5. OnpenenuTh THN CBS3aHHBIX MOKa3aresnefl.

6. Onpenenuth cpenH Nap CBSI3aHHBIX MOKasaTeJed — MpOTH-
BOpeuHBHI€.

7. Onpenenuts AJs Nap NPOTHBOPEYHBHIX IMOKasaTejed coOT-
BETCTBYIOIIHE MM Y3JIOBbHl€ MapaMeTpPhl H Y3JI0Bble 3JIEMEHTHI

8. ChopmyaupoBats PIl no oTHOWEHHIO K KaXJIOMy Y3J0BO-
My 3JIEMEHTY.



TJIABA 4

I[TPUEMbI YCTPAHEHH
PHU3NYECKHX TMPOTHMBOPEUU
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Hau6osnee oueBnmumii noaxons k paspaGoTke Ga3wl napaMerpH-
9€CKOro MeToJa COCTOHT B aHaJ/iH3e DPe3yJbTaTOB yctpaHeHHs DI
H BHIIBJIEHHE B HHX OOBEKTa, YIOBJIETBOPSIOLIEr0 ero TpeGoBaHH-
AM. JlanHblil MOAXOA, MpaBAa, C y4ETOM onpejeseHHHX 3aMeyaHHi,
6u1 peanusoBan I'. C. Anbrmysgepom (cM. HanpuMmep, paboOTH
2 u 16). Onupasico Ha cBoi0 rumortesy, uyto JwGoe u3obpereHue
NOSIBJISIETCA B pe3y/IbTaTe YCTPAHEHHS TEeXHHYECKOro NPOTHBOpe-
ausi (o6paTHas ¢opma OII), oH nmpoaHaaH3HpOBaJ GOJbLIOE YHC-
JI0 aBTOPCKHX CBHAETEJLCTB (a.C.) H naTeHToB. [loJyuyeHHBle HM
cBelleHHst 00 0ObEKTaX, yIOBJETBOPSIOHX Tpe6oBaHuiM @I,
npejcTaB/ieHbl B OopMe 3BDHCTHYECKHX NDHEMOB YCTPaHEHHS TeX-
HHYECKHX H (DU3HYECKHX NPOTHBOPEUHH, a TaKXe, OTYACTH, B BHIE
«CTaHIapTOB».

¥ KaHHOro NMOAXOAa ABa NPHHUHIHANBLHEIX HELOCTaTKa, BO-Mep-
BBIX, OH 4pe3BblYyaiiHO TpydoeMmkuil. [To ciaosam I. C. Anbrmynse-
pa, Easi BhisiBNeHUsi 40 NPHEMOB yCTPaHEHHs TeXHHYECKHX MpPOTH-
‘BOpedHii norpe6oBajioch NpoaHanu3upoBath 40 THIC. a.C. H maTeH-
TOB. DTO OYEHb MHOTO C TOYKH 3DEHHs 3aTPayeHHHIX YCHJHH, HO
OYeHb MaJioO C TOH TOYKH 3P€HHS, YTO BHE HCCJENOBAHHS OCTAJHCh
MHJIJTHOHBI HHTepeCHBIX H306perenuii. IlostomMy mnpuxomurcs npu-
3HaTh, YTO HaHAEHa TOJBKO Majas 4aCTb HCKOMHIX OGBEKTOB.

Bo-ropuix. Jlaxe ecsiu ONMHCaHHBI BHIlIe MOAXOJ PeatH30BaTh
8 MOJHOM Oo6beMe, T. e. MPOAHAJIH3HPOBATh BCE CYLIECTBYIOLIHE
a. C. H MaTeHTH, TO BCe paBHO OYAYT HalJeHb AaJIeKO He Bce 00b-
€KThl, ynosiaerBopswpoumue TpebGoBanuam OI1. [efictBuTtesabHo, Beib
‘BHE NOJISL IOHCKa OKa3blBAlOTCS T€ H3 HHX, KOTOPble HEe HCNOJb30-
BaJHCh B (popMynax H306peTeHHi, HO TeM He MeHee YNOBJETBOPS-
10T TpeGOBaHHAM KakHX-1#60 ®I1. OueBHAHO, YTO C NMOMOLIBIO ITHX
‘00BEKTOB MOXHO 6bl0 6bl cpesaTh HanGOJee OpHrHHAJbHBIE H30-
O6pereHHs, HO NaHHBI MOAXOA B NpPHHIHNE HE MO3BOJSET HX BHI-
ABUTb. Bce 3TO 3acraBisieT nepecMOTpeTh «IOHCKOBHIE 06pa3»
©00BeKTOB, yIOBJeTBOpsoIHX TpeGoBanusM PII. B kauectBe 3TO-
ro «o6pasa» HeoOXOAHMO HCIOJb30BaTh KaKyl-I1HGO IAPYrylo Xa-
PaKTEPHCTHKY, NMPUCYINYI0O BceM NMOJOOHLIM OGBEKTaM.

Takoro poxa XapakTepHCTHKY HETPYAHO «BbIBECTH» H3 OMNpe-
Jenenns ®I1 u Toro dakra, uro J11060# 0OBEKT XapaKTepH3yercs
KOHEUHHIM uHcjoM CBOHCTB (9). Eciu NPHHATH 3TH YTBepXKIEHHS B
KauecTBe HCXOJHBIX, TO MOXHO J0Ka3aTh CJAelylollee yTBepXKIeHHe,

YTBEP)XJEHHE 2

«JI1060f1 06BEKT, XapaKTePH3YIOWIHHCS XOTS Ohl ABYMS OJHO-
THIIHBIMH CBOHCTBaMH, YAOBJIeTBOPSieT TPeGOBaHHSIM COOTBETCTBY-
somiero GpHU3HYECKOr0 MPOTHBOPEUHS».

[TpoBepuM npaBHJIBHOCTb [JAHHOFO YTBEDXKAEHHS Ha psile KOH-
KpeTHbIX npumepoB. B pesysnbrarte BbnOJHeHHs ynpaxHeHus 3.1,
MoryT GbITb MOJYyYeHH cJepylomue Kpatkue (opmyast PII.

1) «IInuHa MeTaJJHyeCKOro CTepXKHS NOJXKHA OBITh KaK MOX-
#o 6GoJbllie H KaK MOXHO MEHbILEey.
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2) «JlnaMeTp cTepKHs JOJXKeH OHITh KaK MOXHO G6oJiblle B
KaK MOXHO MeHblIe»,

3) «TonmmuHa nacTHHE JOJXKHA GHITh KaK MOXHO 6oJjblle H
KaK MOXHO MeHbIe»,

Tpe6osanusim neporo ®I1 ymoBiaerBopsier Takoii O6BLEKT Kak
CIHPaJb — OHA XapaKTepH3yeTcsi JABYMs JHHeAHHIMH pa3MepaMH3
ofwel NJHHOH M raGapHTOM MNOMNEPEeYyHOro ceueHHs. Bo BTOpOM
cilyyae MOAXOAHMT TaKO@ OOBEKT KaK TPOC — €ro AHaMeTp 3HauH-
TeJNbHO GoJiblle AHAMeTpa COCTAaBJSIOLIHX €ro mnposoJoyek. M Ha-
KOHell, roppHpPOBaHHAas MJIaCTHHA — OHA XapaKTepH3yeTcs KaK Oul
JABYMs TOJILIHHAMH: TOJILHHON JIHCTa, H3 KOTOPOro ciejaHa nJa-
‘CTHHA, H BHICOTOM rodp.

HeTpyaHno mpoBepHuTb, 4TO BKJIOYEHHE 3THX OOBEKTOB B COOT-
‘BETCTBYIOIHE HCXOJHbleé CHCTEMhI BMECTO Y3JIOBHIX 3JIEMEHTOB IO-
,?BOJ:;;{T YCTPaHHTb yKa3aHHble BhHIIe npo6JeMu (cM. ynp. 3.1,

B nmanbHeiimieM Takoro poga o6BbeKTH GYAYT Has3wBaThcs 06%-
eKTamMu ¢ napruimu ce0UcTéamu. B yTBepKIEeHHH 2 rOBOPHTCS, UTO
a060l 006BEeKT ¢ NapHEIMH CBOHCTBAaMH YHOBJeTBopsier Tpe6oBa-
HuAM Kakoro-HuGynb ®II. CregoBatenbHo, Gaza mapaMeTpHUYECKO-
ro Meroiga MOpeacTaBJisseT COG0H MHOXeCTBO OGBEKTOB C NapHH-
MH CBOHCTBaMH.

OcHoBHIBasicb Ha 3TOM (aKTe MOXHO KOODIHHAJbHO CMEHHTh
obJsacTh noucka sjieMeHTOB 6asnl mapaMerpuueckoro Meroma. Mx
Jyullle HCKaTh He B HopMysax usoOpeTeHHl, a CpeqH pe3yJbTaTOB
¢H3HIeCKHX HCCIeNOBaHHH, T. K. B 3TOM CJyyae MBI CMOXeM HaM-
TH BCE H3BECTHble Ha NaHHHI MOMEHT BpeMeHH OGBeKTHl, yIOBJeT-
Bopsiolixe Tpe6oBanusiM PII.

dopMa npeacTaBjeHHS Pe3yJbTaTOB TAaKOro MOHCKa Takxe Oy-
JeT OTJIHYaThCH OT IPHEMOB YCTPaHEHHS TeXHHYeCKHX NpOTHBOpe-
9Hi M «CTaHAapTOB». DTO OOBACHSETCS TeM, UTO HaJHYHe TeX HJH
HHBIX CBOMCTB Y KOHKPETHOro OGbeKTa omnpelesisieTcs YCJAOBHSMH,
B KOTOpPHIX OH Haxomurtcsi. Ilocnennue npeacraBasior coboit  co-
BOKYITHOCTb OTHOLIEHHH JaHHOro OObeKTa ¢ ADYTHMH, OKpyXKaro-
muMH ero o6bekramu. [Tosromy B onucaHHH o6beKTa C NMapHBIMH
CBOMCTBAMH YKa3bIBalOTCSl KaK CaMH 3TH CBOHCTBA, TaK H YyCJOBHA
ux peanusauud. OgHa U3 BO3MOXHBIX (GOpM MOAOGHBLIX OMHCAHHK
NPHBOKHTCS HHXKeE.

«(0> XAPAKTEPHU3YETCd <«CI1, C2> IIPHU YCJ/IOBHH,
qTo U,

rie O — ecTecTBeHHOS3BHIKOBOe HMsSI OGBbEKTa MJH CHCTEMH,
C1, C2 — cooTBeTCTBEHHO CHMBOJIHUECKHe HMeHa l-ro W 2-ro cBoO#-
ctBa, U — eCcTeCTBEHHOS3LIKOBOE ONHCaHHe YCJOBHH peaJH3alHH

napubix cBoiicte Cl, C2 y o6bekra O.

B pganpHefimieM MaccHB OGBEKTOB C NapHBIMH CBOHCTBaMH, KO-
TOpHlE HMEIOT TAaKoro pofia OMHCaHHs, OYAyT Ha3bIBaTbCs MacCH-
BoM Tuna A, uam npocro MaccuBoM A. IlpenBapHTesbHBIE OLEHKH
NOKa3hIBAIOT, 4TO JJISl YCHNEIIHOrOo peuieHHs MHPOKOro Kpyra IOHC-



KOBBIX 3aJa4 MacCHB TaKOro THNA JOJIKeH COZepKaTb oKoJsio 1000
ONHCaHMH, MJIS pa3MellleHHss KOTOPhIX MNoTpeGoBajics OH  BeCh-
o6beM 3rtoit KHHrH. [TosToMy 3mech MPUBOAMTCS JHIIL (BparMeHT
noaoGHOro mMaccHBa (CM. NpHJOXKeHHe 1), MO3BOJSIIOWHA MONYYHTH
Gosee KOHKpeTHOe NpeNCTaBJeHHEe O ero COAepKaHHH, a IJs ycTpa-
Henust ®II ucnosnbsyercs MaccHB apyroro Tunma. B onucanuu o6-
pPasyiolHX ero O6beKTOB He YYHTHIBA€TCS THN NapHLIX CBOHCTB
THN OGBEKTOB — HOCHTeJefl 3THX CBOficTB. B panbHefimieM Tako-
ro poga MmaccHB OGyleT Ha3blBaTbC MacCHB THNa B, uiau mnpocro
MaccuB B.

OueBuaHo, uTo MaccuBe A u B umeor Mexny cobofi ompene-
JeHHy!o cBa3b. Ecau 6bl HaM O6bl H3BecTeH MaccuB A, To mpo-
KJIacCHQHIHPOBAB €ro 3JeMeHThl nyTeM aGCcTpardpoBaHusi («OT--
OGpachiBaHHSI») OT THNOB MapHBIX CBOHCTB H HX HOCHTEJEH, MHl MO~
Jy4uM MaccuB B.

£\

Vi A\
ALBCTRPAKLIMA

rie ----—TCPaHHIKE KJIacCOB 3JeMEeHTOB MaccHBa A, - — 3jeMeHT
maccHBa, A, A — sjeMeHTH MaccHBa B (Kjacch 3/71€MeHTOB Mac-
cuBa A), 1, ...,i — HOMepa 3JIeMeHTOB MaccHBa B.

Puc. 4.1. B3auMocBsi3b MacCHBOB OGBEKTOB € NapHHMH CBOACTBaMH pas--
JIHYHHX THMOB.

OueBHAHO, 4TO MaccHB B Gyaer 3HauMreJbHO KoMmaktHee. Of-
HaKO HCNOJb30BaHHE 3JEMEHTOB 3TOrO0 MacCHBa B KayecTBe Hero-
CpPeNCTBEHHO! 3aMeHhbl Y3JI0BHIX 3JIeMEHTOB HCXONHOH CHCTEMbI He-
BO3MOXKHO B BHAY pa3jiHuHs B ypOBHE KOHKDPETHOCTH HX ONHCAaHHI.

Jas Toro, 4ToOB TaKylo 3aMeHy OCYLIeCTBHTb, HEO0OX0JHMO-
KOHKDeTH3HPOBaThb ONHCaHHE 3JIeMeHTOB MaccHBa B no ypoBHsS
ONMHCaHHs 3J€MEeHTOB MaccuBa A, T. e. BBHIIOJHHTb Npoueaypy, o6-
patHyo a6crparupoBaHuio (cM. puc. 4.1.). Ecan 66 HaM Obla H3-
BecTeH MaccHB A, TO mpoueaypa KOHKpeTH3auu Gulna 6B cTporo
(¢opMasibHOH H ee BBHINOJHEHHE He MNPeACTaBasno Obl KaKo#-1H6o
ciaoxHoctd. OfHaKo B HalleM cJyyae coJepXKaHHe 3TOro MaccHBa
HeomnpeneNeHHO, MO3TOMY YKa3aHHas BHILIE MNPOLEAYypa KOHKPeTH-
3alHH HOCHT TBODYECKHH, HJH KaK HHOrZa FOBOPSIT, 3BPHCTHYEC-
Ku#t xapakrep. Ee ocHOBOA sBJsieTCsl MOHCK 4€JOBEKOM OOBEKTOB,.
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KOTOpHIE NMOJOGHH 3Je€MeHTaM MacCHBa B, BHIOJHSIOUIUM B 3TOM
cllydyae poJib «OHCKOBOro o6pasas.

W3 cka3aHHOro SCHO, KaK HCNOJIb3YIOTCS 3JIEMEHTH MocJejHe-
£O MaccHBa NpH peleHHH MOHCKOBHIX 3aja4y, OLHAKO HEMOHSTHO,
rie H Kak HX HcKarb. OueBHAHO, YTO HCNOJb30BaTh AJS 3TOr0 pe-
3ysabTaThl (H3HYECKHX HCCJEeNOBaHHH, KaK B cJyyae C MacCHBOM
A, GeccmeicnenHo. IloatoMy naist onpelesieHHs 3Je€MEHTOB MaccCH-
Ba B npensaraercsi BOCHOJb30BaTbCs OOpaTHHIM MNOAXOAOM — IO-
JIyYHTb HX ONHCaHHe H3 psila O4YeBHAHBIX (PaKTOB B paMkax (QHK-
CHPOBaHHBIX OrpaHHYEHHH.

K nocnegHuM oTHOCcHTCS cienylouiee. Bo-mepBhHIX, KenaTeabHO,
yTOGbl BXOASILUHE B MAacCHB OOBEKTHl C MapHLIMH CBOHCTBaMH ObI-
JIH npefesbHO MPOCTHIMH. Bo-BTOpBIX, CpellH BceX OTHOIIEHHH, KO-
TOpHIE MOTYT CYLIeCTBOBaTh MeXJy ABYMS OObEKTaMH, OrpaHHYHM-
€5l PacCMOTPEHHEM JIHIIb HECOBMECTHMBIX MeXay coboii mpocrpaH-
CTBEHHBIX, BPEMEHHBIX OTHOLIEHHH H OTHOLIEHHS 4YacTb—IeJoe.

Torpa, ucxoas u3 ouyeBHAaHOro ¢akrta, 4yto Jiobas cHcTeMa Xa-
paKTepH3yeTrcsi MapHLIMH CBOMCTBaMH, €CJH XOTs Obl JBa ee 3Jje-
MeHTa XapaKTepH3YIOTCS OLHOTHNHBLIMH CBOHCTBAMH, MOXKHO NOKa-
3aTh cjelylollee yTBepXAeHHE.

YTBEP)KIEHHE 3

«MaccHB O6BeKTOB C NapHLIMH CBOHCTBAaMH THNa B cocrout
@3 mectu cucreM (Sy, ..., Se)».
EcrecTBeHHOA3LIKOBOE H rpa¢HuecKoe ONHCAHHA 3THX CHCTEM

TIDHBOJHUTCS HHXKe.
Cuctema S, cocTout H3 oaHoro sjeMeHra (o6bekt O), KOTO-
PHIi XapaKTepH3yercst AByMs oZHOTHmHbIMH cBoiicTBamu (Cl, C2).

N

Cuctema S; cocrout u3 ogHoro asiemeHra (o6wekt O), Koro-
phiii xapakTepusyercsi cBofictBOM C, HMEIOLIHM NPOCTPAHCTBEHHOE
pacnpeneseHHe 3HaYeHHH.

P ]

Pacnpenenenue 3HaueHHH

csoiictea C no Bektopy X.

Cuctema S3 COCTOMT H3 OLHOro 3jeMeHTa (0ODBEKT 0), KoTOpHIt
xapaktepusyetcst cBoficTBoM C, HMEIOLIIHM BpeMeHHoe pacnpeinene-
HHe 3HauYeHHH.
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Pacnpenenenne 3nauenuii cBofictea C Bo BpeMeHH.

Cucrema S, COCTOMUT M3 JBYX, HaXOASIUUXCS B NPOCTPAaHCTBEH-
HOM OTHOLIeHHH, dJeMeHTOB (o6bekTH O, O,), KOTOphHE XapaK-
TepPH3yIOTCS OXHOTHNHHMH cBodcrBaMu (Cl, C2).

Cucrema S5 cOCTOMT H3 [JBYX, HaXOASILIHXCS BO BPEMEHHOM OT-
domeHHH o6bekToB (0;, O2), KOTOphle XapaKTepH3YIOTCH OJHO-
THOHRIMH cBoiictBamH (Cl1, C2).

X4 Ze
-G

rae T, T — JIBa Pa3JuyHHXx MomeHTa BpeMeHH; O;, O, — HanpH-
Mep, JBe pa3iuuHble (a3bl BElIECTBaA.

Cucrema Ss¢ — nwobas cucrema (S), KoTopass XapakTepu3yercs
rakaM ke cBofictBoM (C), Kak onuH u3 ee sjaementos (O).

@)

C ToukM 3peHHs HCHOJNb30BaHHS HauGosee YAOGHOH (opMOk
OPEACTaBJIEHHS 3JE€MEeHTOB MaccHBa B SABJAIOTCS TaK Ha3blBaeMhHE
9BDHCTHYECKHE npuems. YCTPAHEHUR uaudeckux npoTusopeull.

HIx 9HC/I0 3HAYHTENbLHO MNpeBHILAeT YHCJIO 3JeMEHTOB MacCHBa
B. 910 o6bsicHSeTCS TeM, UTO <«MPeBPaTHThb» Y3JOBOH 3JIEeMEHT B
O6BEKT C MapHHIMH CBOHCTBAMH MOXHO He TOJBKO 3a CYEeT ero 3a-
MeHHl Ha TOT MJIH HHOH# 3JIeMEHT MaccHuBa B, HO H 3a cueT H3Me-
HEHHS YCJOBHHA, B KOTOPHIX HaxXOLHTCS Yy3/70BOi 3aeMeHT. C yue-
TOM BCeX BO3MOXHBIX CIHOCOGOB «npeo6pa3oBaHHi» y3JOBOro 3Je-



seHTa MOXHO monyunTs 30 npuemoB ycrpaHenuss ®I1. Onnako ms
9THX «TeODEeTHYECKH BO3MOXHBIX» NPHEeMOB ToJbKo 18 mmeror ca-
MOCTOATENbHYI0 LEeHHocTb. B pmaHHO# e paGoTe mnpeacTaBJeHH
JMIIb Te H3 HHX, KOTOpble MOATBEpIAHJH CBOIO 3((EeKTHBHOCTb Ha
fIpaKTHKe, DTH MPHEMBl COOTHOCATCS C SJeMeHTaMH MaccHBa B cae-
RyIOIIHM 06pasoM.

cHeTEMB S, s, S S, 5 S
ANNANNANN AT

PHEMb 4 1018 2 5 6 7 1 12 8 1 3 9

Huxe 6yayr npuBeneHb onucaHus npHeMoB ycrpaHeHus OI1 m
JIDHMepHI, MOSICHSIOIIHE HX NMPaKTHYeCKOe NMpHMEHeHHe.

Bo Bcex sTuX mnpuMepax yKas3hBalOTCAd [JBa THNA pelieHHA:
NPUHYUNUAAbHOe W TexHu4eckoe. [lepBoe H3 HHX MoJydYaeTcsl my-
T€M NOJCTAHOBKH B TEKCT COOTBETCTBYIOLUIHX HNPHEMOB BMECTO me-
PEeMeHHBIX BHIA: «Y3JIOBOM 3J€MEHT», «y3JOBOH NapaMmeTp» — HX
KOHKpeTHHIX 3HaueHHlt H3 ¢opmyan OPII. Texnuueckoe peleHHe
floJlyyaeTcsi M3 NPHHUMIHAJBHOTO 32 CUeT KOHKpPETH3allHH 3Haue-
HHUHA psifa mapaMeTpoB o6beKTa C MapHLIMH CBOHCTBaMH, BKJIOYEH-
HOrO B COCTaB HCXOJHOH CHCTEMBbl, HJIH 33 CUEeT YTOYHEHHS H3Me-
HeHHHi ycnoBHH (YHKLHOHHDOBaHHA Y3J0BOro 3JjeMeHTa. Takas
JByXcTajuiiHasi KOHKpeTH3allHs mno3BoJiser 6e3 0COOBIX CJOXKHO-
crefi mpeo6pa3oBaTh O6BEKT C MNAapHLIMH CBOHCTBaMH THma B B
aHaJIoruuHbii o6bekt tuna A (cm. puc. 4.1.).

B HekoTOpHIX ciaydasx mop6op NOZOGHEIX NPHMEPOB BHI3Baj
sarpyaHenue. [TosToMy A/ yacTH NpHeMOB B KadyecTBe HJJIIOCTPa-
1Hfi BO3MOXKHOCTH HX HCIOJb30BAaHHS Ha NpPaKTHKe MNPOBOLHTCS
‘ONHCaHHe KOHKPETHHX OOBEKTOB C MapHHIMH CBOACTBaMH — COOT-
BeTCTBYIOLIHX 3JI€MEHTOB MaccuBa A.

Kpome storo cieayer OTMeTHTb, 4YTO, BO-NEPBhHIX, NPHEMH B
MIPUBOJHMOM HHXE IepeyHe pacHoJIOXKeHb He cJaydafinbiM ob6pa-
30M, a B COOTBETCTBHH CO CJEIYIOUIHM 35KCNEePTHHIM NpaBHJIOM]I
«UeM MeHbllle HOMep NpHEMa, TeM BhILIE BEpPOSTHOCTb C €ro Io-
Molbio ycrpaHuts ®II». Bo-BTOpHIX, B TeX MpHeMax, KOTOpble Ha-
flpaBJieHl Ha 3aMeHy y3/10Boro siaeMenra (mp. 14, 7-+10, 13)
HJIH H3MEHeHHe YPOBHs ero paccMorpeHus (np. 14), HesBHO mpen-
noJiaraercsi, 4To yCJOBHS, B KOTODHIX HAaXOAATCA AaHHBIA H HOBHEA
3JIEMEHT HCXOJHOI CHCTEMbI, COBIaJalor.

IIPHEM 1. 3amenuts Y3/10BOH 3JIeMEHT CHCTEMOH, coCTOsIeR
H3 JABYX 3JIEMEHTOB, KaX/Jhfi H3 KOTOPHX XapaKTepH3yeTcs OJHHM
#3 3HaUeHHH napameTrpa, YyKa3aHHOro B ¢opmyJie (H3HIeCKOro
NpPOTHBOpEYHS.

HaBecTHa cHIOBasi KOHCTPYKUHS 1, H3rotoBJeHHas H3 KOppO-
3HOHHOCTOMKOro MaTepHaja H pa6oTaiolias B arpeccHBHON cpene
2. OHa xapakTepu3yeTcs TaKHMH NMOKa3aTeJsIMH KaK IJHTEeJNbHOCTM
SKCILTyaTalHH H CTOHMOCTbD.
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K TIPUEMY 1




Ecae npHHATL B KauectBe y3/10BOro siemexta (Y3d) — cHio-
BYI0O KOHCTPYKLHIO, a B KauecTBe y3JoBoro mnapamerpa (¥YII) —
THI MaTepHana, H3 KOTODOro OHa H3roTOBJIEHa, TO MOXHO cdop-
MyJHpoBaTh cienymomiee ®I1.

«CHyioBasi KOHCTPYKUHS HOJKHA OLITb H3ro-
TOBJIeHa H3 MarepHasa THma K (kKOoppo3HOHHO-
CTOAKHA MaTepHas), YTO MNO3BOJIHT YBEJHUYHTH
AJIHTEJILHOCTD €@ 3KCIJIyaTallHH; CHJIOBAs KOHCT-
DYKLHS JOJXKHA GHITh H3rOTOBJIEHA M3 MaTepHa-
Ja tHna [ (HeKoppO3HOHHOCTOMKHA MaTepHal),
U4TO NMO3BOJIHT YMEHBUIHTh €€ CTOHMOCTbHY.

Ycrpanenue DI1

IIpunyunuarvroe peuwierue. 3aMEHHTb CHJIOBYIO KOHCTDPYKIIHIO,
H3TOTOBJIEHHYIO H3 KODDO3HOHHOCTOMKOrO MaTepHaljla, Ha KOHCT-
PYKUHIO 1, H3rOTOBJEHHYIO H3 <«IeLIeBOfi» CTaJH, HO HMEIOILLYIO
KODPO3HOHHOCTOAKOe NOKpHITHE, HanpHMep, cJofi KpackdH 2.

Texnuueckoe peuwierue

< ATPECC
(r PECSHBHAA CPELOA

7]

IIPHEM 2. 3aMeHHTb Yy3JIOBOH 3JeMEHT O6beKTOM, Pas/iHYHHEe
4acTH KOTODOrO HMEIOT pas3/jiHYHhHE 3Ha4deHHs NapaMerpa, yKas3aH-
Horo B (popmyJie ¢pu3HUIECKOr0 NPOTHBOPEUHS.

OZHHM H3 OCHOBHHX 3JIEMEHTOB MHOTHX CHJIOBHX KOHCTPYK-
uuft sABJASeTCA KOHCOMIbHO 3akpemJeHHass Ganka 1. Ee ¢ynkuus
COCTOHT B nepejaye K onope ¢GHKCHPOBAHHOH HarpyskH.

F
e\iﬁ/ )
_.@..__

Takoro poja cul0OBOA 3J€MEHT CpelJH Npodero XapaKTepH3yeT-
Cs TaKHMH MOKa3aTeJdsMM KaK BeJHUHHA NepejaBaeMod Harpys-
kd — F H Bec.

Ecan npuusth B KauecTBe YD NaHHBIA CHJIOBOH 3JIEMEHT, a
IJollajb €ro MONepeyHoro cedeHHss NPHHATH 3a YII, TO MOXHO
chopmynupoBats caenyiomee PIT.

«[lnomans monepedHoro cedeHHs Ganku AOJXKHa OHITb paBHA
S*, 4T0 MO3BOJIHT O6ecneyHTh mepegauy Harpy3kH BeJHuHHOA F;
nyowafb MomnepevHoro ceuyeHHss GasnkH NOJXKHA OBITh KaK MOXKHO
MeHbllIe, YTO NO3BOJIHT YMEHbIIHTH ee Bec (S=mnd?/2).
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Ycrpanenue DPI1

Ilpunyunuasvnoe pewenue. 3aMeHHTb O6ajiKy, HMEOLIYIO B@-
BCeX 4acTAX IOCTOSHHYIO IVIOILAAbL MONepPedyHoro ceueHHs, Ha Gan-
Ky C nepeMeHHOH MO AJHHe IVIOLlAIbI0 NMONMEPEeYHOro CedeHHs.

Texnu4eckoe peuierue

4 8, F 44 oaS
o a4 2, % e
4 & 2>,

INPHEM 3. 3aMeHHTb Y3JI0BOH 3JIEMEHT CHCTEMOH, cocTrosiief-
H3 MHOXeCTBAa OJHHAKOBHIX 3JIEMEHTOB, KaXKAHA H3 KOTOPHX Xa-
pPaKkTepu3yeTcsi OLHUM 3HaueHHEM mapaMeTpa, yKa3aHHoro B ¢op-
MyJe (H3HYECKOro NPOTHBOPEUHS, a CHCTeMa B IIeJIOM — APYTBEM-
3HaUEeHHEM.

JJasa nmogBoxaa 3JIEKTPHYECKOr0 TOKa K MeTaJ/IJIHYeCKOH MJacTH-
He 1 uepe3 IDHSJEKTPHUECKYI0O TKaHb 2 HCHNOJb3yeTCs 3JEKTPOIIH-
Ha 3, BHINOJIHEHHAst B GOpMe HIJIHL.

Sra cHcTeMa XapaKTepH3yeTCs TaKHMH MOKa3aTessiMH KaK CH-
Jia TOKa, NMPOTEKAIlOIero Mo 3JIeKTPOLIHHE, M CTeNeHb MNOBpeXJes
HHS THSJEKTPHYECKON TKaHH.

Eciu npHHATH B KauecTBe YO 3JIEKTPOUIHHY, a B KauecTBe:
¥I1 — nomans KOHTaKTa MEXIY Heli H MJIACTHHKOA, TO MOXHG-
cpopmyaupoBath ciaenyiomee PIT.

«[Tnomane KoHTaKTa JOJXKHA OBITh KaK MOXHO G6oJibllle, 9TO
AO3BOJIUT YBEJHYHTb CHJYy TOKa, MPOTEKAIOIIero Mo 3JEeKTPOIIHHEe]
IIoIIaAb KOHTAKTa HOJXKHA OLITh KaK MOXHO MeHbllle, 4TO NO3BO-
JHT yYMEHbUIMTh CTENeHb NOBPEXJIEHHS KHIJIEeKTDPHUECKOH TKaHHY,

Ycrpanenue PI1

IIpunyunuasrsvroe peuwierue. 3aMEHHTb 3JEKTPOLIHHY, COCTOA-
IyI0 H3 ONHOA HIVIBI Ha 3JEKTPOIIHHY, COCTOSILIYI0 H3 MHOXECTBa
HrJl 3HAUHTEJbHO MEeHbLIEero JHaMeTpa.

Texnuueckoe peuierue
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CyMMapHas nmJjolaab 3JeKTPHIECKOT0 KOHTAKTa OTAeJNbHHIX HIJ:
€ MJAaCTHHKOH MOXET 3HAa4MTEJbHO NpEeBHIIATh aHAJOrHYHYIO Xa-
PaKTePHCTHKY HCXOIHOH CHCTEMBI.
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IIPHEM 4. 3aMeHHTb Y3JI0BOji 3JEeMEHT OGBeKTOM, KOTOpH&
XapakTepHu3yeTcsi JByMsl NmapaMeTpaMH, aHAJOTHYHBIMH Y3JI0BOMY
napaMeTpy, KaXXAHi# H3 KOTOPHIX HMeEeT OJHO H3 3HaYeHHH, yKa-
3aHHHIX B popMyJie (H3HUECKOrO NPOTHBOPEUHSI.

HsBecTHa cucTeMa, npeiHasHaueHHas [Js NOACBETKH MJIOCKHX
mKaj aBuanpu6opoB. OHAa COCTOHT H3 CBETOBOJAA, COCTaBJIEHHOIO
H3 2-X NJOCKHX KJHHbeB 1, HCTOUHHKA cBeTa 2 H 3epKaJa 3.

Ilo aHasorum c Hefi OBIa NpefJioXeHa CHCTeMa TNOACBETKR
cepHyeCcKHX IIKaJ aBHaNpHO60POB.

CPEPUUECKAA WHKANA

NMAICKASL  LWKANA ABLANIPHEC 4
2 e LBTIER iy 2. Wwyc3
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7 =
7

[Tocnennssi cucreMa nMoACBETKH MO3BOJISIET NMOJNYYHTh paBHOMEp-
HOe ocBellleHHe cepHYECKOA WIKaJbl, HO NPH 3TOM BO3HHKAaIOT OMN-
THYECKHE HCKaXXeHHsl NPH CUMTHIBAHHH NHJIOTOM NOKa3aHHA 3THX
npu60poB. ¥ npoToTHna nogo6GHOro HeJOCTaTKa HeT.

Ecnu B mochienHeii cucteMe NpHHATH B KayecTBe Y3 CBETOBOI,
a ero chepuuecknii paguyc — B kauectBe YII, To MoxHO chopmy-
aupoBath caenyiouee OII.

«Coepuueckni paguyc CBETOBOAA HOJXKE€H OHTh paBeH G6ecKo-
HEYHOCTH (pagHyC NJIOCKOCTH), YTO NO3BOJIMT CYUHMTHIBaTh MOKa3a-
Husl npub6opa 6e3 ONTHYECKHX HCKaXKeHHH; chepHUeCKHHA pagHyc
JoJxKeH OhITh paBeH pagHycy WIKajbl npu6opa, 4TO MO3BOJHT obec--
NeYHTh PAaBHOMEPHOCTb €€ OCBELIEHHS».

Ycrpanenue ®@I1

ITpunyunuassvrnoe pewenue. 3aME€HHTh CBETOBOJ, HCNOJb3yeMblfr
B HCXOJHOH CHCTEMe, Ha CBETOBOJ, KOTODLIA XapaKTepH3yeTcsl ABY-
Ms chepHUECKHMH pafHyCaMH, OAHH H3 KOTOPBHIX paBeH 6eCKOoHedY-
HOCTH, a JApyroif — pajguycy WKaJjabl npubopa.

Texnuuveckoe peuenue

CPEPUYECKAR LKANA
ABLAMPHEOPA

-3
\__—5\‘%’

NP4

rae 1 — cBeToBOM, 2 — HCTOYHHK CBeTa, 3 — 3€pKaJo.
IIPHEM 5. Vi3MeHHTDb yCJIOBHsI, B KOTOPbIX HaXOAHTCS Y3JIOBOf
SJIEMEHT, TakHM 06pa3oM, yToOhl ero pasjiHyHble 4YacTH HMeJH
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