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Foamosckuit B. U., Baiinepman M. H.

PanuonanbHoe TBopuecTBO. O HampaB/IeHHOM IOHCKE HOBHIX TeX-
HUYecKHX pemreHu#i. — M.: «Peunoit Tpancmopts, 1990. (Meroan
aHanu3a npobjeM H MOMCKA pellleHHH B TexHuKe. — 120 c., .

B KHHre OCBElIEHBl OCHOBHBIE SJIEMEHTHl COBDEMEHHOH TEXHOJOTHH TBODYECKOro MOMCKA B
TeXHHKe. JlaHBl MNPEACTaBJEHHA O TEXHHYECKHX CHCTeMaX, 3aKOHOMEPHOCTSIX HX NOCTPOeHHS H
pPa3BHUTHA, a TaKXe MeTONHKA BbIfBJIEHHS H DPa3pelIeHHsl TeXHHUYECKHX MPOTHBOPEUHA H CTPYK-
TYPHO-3HEPreTHIeCKOr0 CHHTe3a CHCTEM. Bce IONOXEHHA  HAMIOCTPUPOBaHbI NPHMEPAaMH H3
pasNHIHBIX o6aacTted TeXHHKH.

Jnsi HWH)XEeHePOB, HayYHBIX DaGOTHHKOB, H3o6perarejefl, CTYAEHTOB BTY30B H METOLHCTOB
TEXHHYECKOr0 TBOPUECTBa. ByJeT Takke nose3Ha pa3paGOTUHKAM SKCHEPTHBIX CHCTeM, obecre-
GHBAIOI[HX INOHCKOBLIE STambl NPOEKTHPOBAaHHS.



NPENUCJOBHE K CEPUH

CnocoGHOCTD K TEXHHYECKOMY TBOPYECTBY MO3BOJIMJA YEJOBEKY
CO3JaThb CYMMYy TEXHOJIOTHH H TEXHHYECKHX CpelcTB, 00ycJOBHBIIHX
6nara Hallefl LMBHJAH3ALHH, OT KOTOPHX, HECMOTPS Ha HX MHOrO-
YHCJEeHHble HEeJOCTaTKH, MBI yXe He MoxeM OTKasartbcd. [lyTh y ue-
JIOBEYECTBA OJHH — BIepen.

HauaBmuce 6oJiee THICAYH YeJIOBEYECKHX ITOKOJIEHHH Haszal, Tex-
HUYECKHH Nporpecc NOCTOSHHO yckopsercs. [leBATb MecATHX moTpe-
GUTENbCKHX TOBApOB, OKPYKaIOIIKX Hac, B Hauale XX Beka BOOOIE
He CYIIeCTBOBaso. A CpPOKH OGHOBJIEHHS NPOAYKUHH B Haubojee OH-
HaMHYHBIX 06/1aCTSIX TEXHHKH YMEHBIUHJHCh 10 2—3 JeT.

[Tpy pa3HoOGpa3uu NPHYHH NOCTOSTHHOrO OGHOBJIEHHA TeX HJIH
MHBIX BHIOB TEeXHHKH CJeJACTBHE OJHO: HEYKJOHHO pacTeT MHOTpeO-
HOCTb B pP€3y/IbTaTaX TBOPYECKOIO MOHCKA, B HOBHIX TEXHHYECKHX pe-
meHusix. [IpuyeM pellleHHS! HYXKHBI He BCsKHe. HexkoTOpble 3KOHOMHC-
Thl CUHTAIOT, YTO B OsauKafiieM OyAylieM KaxAble TPH rojga HAOJXK-
HO NPOHMCXOAHTb YJBOeHHe NOKasaresJed MPOH3BOAHTENBHOCTH TEXHH-
yeckux cpenacts [30, c. 145]. Muaue oHu GynyT HEKOHKYDEHTHOCIO-
COGHBI, a HX BHeJpeHHe HepeHTabeJbHO. SICHO, YTO I/ 3TOr0 HYXKHH
pellleHHst BBICOKOro ypoBHA. Heo6xoauMmocTh nepexofa K NPHHIHMIN-
aJbHO HOBBHIM TeXHOJOTHSIM, cOeperaloliuM pecypchl, 06ycCJlOBJIEHA
Takxke BCe Gojiee o6GocTpsiollefics 3KOJOrHyeckoi o6craHoBKOH. Bos-
MOXHO, MBI HaXOJHMCSl B NpeAJBepHH I100aJbHOH TEXHOJOTHYECKOH
pEeBOJIONHH, NONOOHOH mepexoAy OT OXOTH H COGHpATeJbCTBA K CKO-
TOBOACTBY H 3eMJIELeJHIO.

O6uiecTBeHHas] NOTPeOHOCTb B NOTOKE CYINECTBEHHO HOBHIX TeX-
HHYECKHX peLIeHHH, BOBpeMsl NOABJAMIIHXCI B HyXKHOM MecCTe, MO-
XKeT ObITh YIOBJETBOpPEHa TaK e, KaK A0 CHX NOP YAOBJETBOPSAJIaCh
HyX)Ja B KaKoM-1HOO MaccoBOM NPOAYKTE, CO3LaHHEM COOTBETCTBYIO-
e TeXHOJOTHH.

B pmanHOM cJayyae — TeXHOJIOTHH TBOpueckoro mnoucka. [Toueck
HOBBIX pelIeHHH, KaK HeoOXOAMMHIH 3Tam CO3/aHHS HOBOH TeXHHKH,
JOJKeH OBITh OPraHUYHO BKJIOYEH B TEeXHOJOTHYeCKHH IHKJ paspa-
06OTOK H MNOAKpENJIEH COOTBETCTBYIOIHMH METOAAMH, SBJISIOIIHMHCH,
IO CyTH JeNia, ONHHM H3 BHJOB METOJOB NPOEKTHpPoBaHHS [2].

Bianenne cneuualbHHIMH METOJAaMH MOHCKA HOBHIX TEXHHYECKHX
pelleHHH JJisi COBPEMEHHOro CIeLHaJHCTa He MeHee BAaXHO, 4YeM
KOMIIBIOTEDHAS I'DAMOTHOCTb.

PaspaboTka TakHX MeTOJOB BeJeTcS BO BCEM MHpe, B TOM YHCJeE
H B Hamel cTpaHe. PasBuBaeTcs Hay4yHash OCHOBa METOJOB — TEOPHS

3



fI0MCKAa HOBHIX TeXHHueCKHX pemeHu#. Co3faHa H pacCIIHPSIETCH CETb
o6yuenust Merogam. Hspmaercsas JuTepaTypa, ONHCHBAIOLIAs pasJHy-
Hble MeTORHKH [l, 2, 24], BO3MOXKHOCTH HX aBTOMaTH3amuu [12], a
Takxe OCOGEHHOCTH NPHMEHEHHS MeTOJOB B HHXKeHepHHX pa3paboT-
kax [5]. [TosiBunuch yueGHbe moco6usi [6, 46] B OCHOBHOM 0G30pPHOro
THIA.

Cepusi KHAI NOX OGIIMM Ha3BaHHeM «MeToAH aHajH3a Npo6JeM
M TIOHCKAa pellleHHH B TeXHHKe», TaKXe HamHCaHa KaK yuyeGHO-MeTo-
JIHYecKoe mocobue. B Hell onucaHH pasjJHYHBIE METOAB IOHCKAa HO-
BHX pellleHHi: H (HOpManHN30BaHHHE, U AKTHBH3HPYIOIIHE HHTYHLHIO
yesJoBeKa. Belb OQHMM HHCTPYMEHTOM BHINIOJIHUTb BCe BHAH paGoT
Hesab3s. M1 MHOroo6pasuio 3ajauy 4YeJOBeK JOJKEH HPOTHBONOCTABHTDb
COOTBETCTBYIOLIlee MHOroo6pasue cmoco60B HX pelleHHs. MeTons mo-
HCKa B KHHrax CepHH AAIOTCS JOCTATOYHO MOAPOOGHO M CONPOBOXKAA-
I0TCSl MHOTHMH NPaKTHYECKHMH NOpHMepaMH. DTO MNO3BOJseT YHTaTe-
JIM He TOJbKO NO3HAKOMHTbCA C MeTORAMH, HO U OCBOHTb HX IpH-
MeHeHHe.

Bosbulas wacte Marepuanos, BOLIEAUIMX B CEPHIO, paHee He My-
6/1MKOBaJach ‘M INpeACTaBiseT co60f OpHrHHA/bHble pa3paGOTKH aB-
TOpoB. XOTS HeJb3sl He NPH3HATb, YTO pa3paboTKa HNAHHOrO MOCOGHS
OCYLIECTBJIANACh HE HAa NYyCTOM MecTe, H aBTOPH ONHPAJHChb H TBOP-
YeCKH pAa3BHBAa/JH BHICKa3aHHBle paHee HJAEH H METOLHYECKHE IIOA-
XOIHL.

[Ipakruueckass ampo6anusi U OTpaGOTKa METONOB, H3JIOXKEHHHIX B
CepHH, INPOXOAHJNAa B TeUeHHe NOCJAeIHHX O5—8 Jjer B Ipouecce
NpenojaBaHusl aBTOpaMH Kypca «TeopHsl M NpakTHKa NMOHCKA HOBBIX
TEXHHYECKHX pelleHHHA» B IEHTPaJbHOM HHCTHTYTe MOBBHIIEHHS KBa-
Judpukanun Kaipos MuHaBuanmpoma, B MOCKOBCKOM OOLIECTBEHHOM
HHCTHTYTe TEXHHYECKOTo TBOpYeCcTBAa M ['ODbKOBCKOM HapOJAHOM YHH-
BEpCHUTETe HAYYHO-TEXHHYECKOT'O TBOPUECTBA.

Cepusi paspabaTbiBaeTcs M H3JaeTcs IO MHHIHATHBE H NDH ydac-
THH HayYHO-TEXHHYECKOro KoomepaTuBa «Meroa» (r. Mocksa), KoToO-
pHI crnenuanuaupyercss B 06GJACTH HCCAENOBAHHS H Pa3BHUTHA TEODHH
TEXHHYECKOTO TBOPHYECTBA.

KHUry cepHu npefHasHaueHH JHJs IIMPOKOr0 Kpyra CrenHajHc-
TOB H, INpexJe BCero, pa3pabOTYHKOB HOBOM TeXHHKH, H306peraTe-
Je# H palHOHa/IH3aTOPOB.

X MOXKHO DEeKOMEHZOBAaTb TaK¥XKe HCCJENOBAaTE]sM TEOPHH MOHC-
Ka HOBBIX TEXHHUECKHX pelLIeHHH, MeTONHCTaM TeXHHUeCKOTro TBOpue-
cTBa, pa3pabOTYHKaM 3KCIEPTHHIX CHCTEM H, KOHEYHO, MOJOALIM HH-
JKeHepaM M CTyIeHTaM, XKeJalollHM OBJaleTh COBPEMEHHBIMM IIOAXO-
JaMu K pellieHHI0O H3006peTaTeNbCKUX 3a1al.

Kpurnueckue 3aMeuyaHHsl H INpPeNJOXKEHHS 10 METOJHYECKHM MO-
cobusiM ciaenyeT HampaBasTb mo agapecy: 119048, r. Mocksa, a/s 453,
HTK «Merons.

Pepakuus



NMPEAHUCJOBHUE K NEPBOA KHUTE

[Tocnanen npeucmonHed, sBUBLIMiCA 3a AylaMu Jwojell Ha 3eM-
JI0O B OJHOM H3 pacckas3oB aHrjmiickoro ¢(anracra k. Yuuiema,
[IOCYHTAJ XKeJaHHe YeJOBeKa MOJYYHThb HOOOJbIIE, 3amJaTHB 3a 3TO
noMeHsue, 6e3HpaBcTBeHHHIM. OJHAaKO B Halle BpeMsA MHHHMH3aLHA
3aTpaT Ha MNOJyyeHHe IOJE3HOr0 pe3yJbTaTa HAa3bIBAETCS ONTHMH3a-
nHeH.

CTpeMJieHHe K ONTHMH3aIHH XapaKTepHO MJs J1060H TeXHOJIOTHH.
M TexHONMOrHA TBOPYECKOTO MOMCKAa He HCKAouenue. [Tostomy asToO-
pBl OCHOBHOe BHHMAaHHe YAeJHJH HanpaBJeHHOMY IOHCKY HOBHIX pe-
LIeHHH, Kak HanboJiee panHOHaJbHOMY.

B oCHOBY KHHTH NOJIOXKeHH pa3paboTKH, 60JblIasi 4acTb KOTOPHIX
peasH3oBaHa B KOMIIIEKCHOM METOHE [OHCKAa HOBHIX TeXHHYECKHX
pewennii [3]. ['naBw 2, 3, 4, 6 u npunoxenus Hanucansl B. H. Toxa-
JoBckuM, rnasa 5 — H. WU. Baifinepmanom. I'maBa 1 namucaHa cos-
mMecTHO. O6mylo pepakuuro KHurd BeimoaHua B. M. Toamosckuil.

ABTOpHI BHIpaX«KaloT HCKpeHHIOI GsaromapHocts B. IT. Top6yHOBY
n A. Tl. CoxuHy, NpHHMMABIIHM yyacTHe B pa3paboTKax H HPaKTH-
YeCKOH mpoBepke HX pe3y.abraToB, a takxke lO. H. Illenomky 3a op-
raHM3alMI0 NpPaKTU4IeCKOH NPOBepKH M yuactHe B Hel. Ocobyio NnpH-
3HaTeJbHOCTh aBTOpH BHpaxaior I'. C. AsbTiiyanepy, GJjaropaps
pab6oraM KOTOpPOro OHH OOpPaTHJIHCL K HNpPOGJeMaM MOHCKa HOBBIX

TEXHHUYECKHX pemeﬂnﬁ, H HJIEH KOTODOro OKasa/JJH Ha aBTODOB 60.1b-
Ioe BJIHAHHE.



YCJIOBHbBIE OBO3HAYEHHS

a, b,c,d — CBOHCTBA, COCTOSIHHS 3JeMeHTOB (O6BEKTOB)
B — emecTBo (OOBEKT, 3JEeMEHT) '
rne — ruaBHas NoJe3Has (QYHKUHA

3 — 3ajaua

M3 — MOfeJb 3ajauH

MP — MoOZeNb pellleHHs (ONepaTHBHAS)

HP — HalpaBJieHHe pelIeHHs

HC — HajacHcTeMa

H3 — HexeJaTeJbHBIH 3 deKT

H3 — OTpHUAHHEe HexeJaTesJbHOTO 3ddexTa

OBP — OLeHKAa H BHIGOp pelleHHs

I — mnoJe (3HEepPronoToK)

1991 — TIPHHUHMN JeHCTBHS CHCTEMBI, MOACHCTEMH
np — INpUHUHNHAJIbHOE pelIeHHe

ITpC — npo6reMHas CHTYyalus

rnc — nojAcHCTEMA

o — mnosie3Hass GyHKUUsA (3JeMeHTapHas)

113 — NOJIOXKHTEJNbHBI 3¢ deKT

CP — CTPYKTYDHOE pellleHHe

cTn — COIHaJbHO-TeXHHUECKOE MPOTHBOpPEUHE

TII — TexXHHUECKOE IPOTHBOpeuHe

TP — TeXHHYeCKOe pelleHHe

TC — TeXHHYeCKas CHCTeMa

b — yIpaBJjsollas YHeProunenoyxka

YK — Y3J0BOH KOMIIOHEHT

oI — (usuyeckoe NPOTHBOpPEYHE

oP — (u3uyecKoe pellleHHe

oYP — (H3HUECKHE YCJOBHS peasiH3allHH MOJEJH DeleHHs

aC — 3JIeMeHTapHOe CTPYKTYpHOEe BBEHO



Faasal

TEXHOJIOTUSI TBOPYECKOI'O TIOUCKA
U NPOBJIEMA HANIPABJIEHHOCTH,

a TaKe O TOM,

KaK onpedesss 4es08eKa AMEePUKAHCKUL Y4enblil,

4TO MOJNCHO XPAHUT6 8 NOAUITUNEHOBOM naxere,

4T0 TaKoe «MeTo0 TblKA» U KAK OT He2o u36asuTsvCA;

Kpome To20, peud notider

0 nepesoske KoMOuKopma,

0 8000pa3bopHOll KOAOHKE,

0 ncuxoaozuyeckux bapovepax

U NONbLITKAX BbIPBATLCA U3 MUPA TPUBUANLHLIX npeacraeﬁeuud



<




B COYETAHHH CJOB «TEXHOJIOTHSI TBOPUECTBa» eCThb ONpeJeseHHOe
npoTuBopeune. Beab TBOPYECTBO CyThb HCKYCCTBO, @ BCSIKas TEXHOJO-
st MpeamoJiaraerT pemeciao, pyTHHy. OJHaKO Nepexoi OT YHHKalb-
HOTO HMCKYCCTBA, NOCTYNHOTO TaJaHTJIHBBIM €IMHHMIAM, K MacCOBOH,
BOCNPOU3BOJMMOH TEXHOJIOTHH THIIHYEH JIJIs BCeX BHAOB YeJOBeuec-
kol pesTenabHOCTH. OCOGEHHO IJsi JNEesiTeNbHOCTH, CBSI3aHHOA C IpO-
H3BOACTBOM MaTepHaJbHEIX GJaar u obecneyeHHeM O0e30MaCHOCTH.
Korzma-to BHGOp pasMepoB M NPOMNOPLHH COODYXKEHHH H MeXaHU3MOB
6a3HpOBAJCsl Ha HMHTYMUHMH M ONBITe Haubojiee HCKYCHHIX MacTepoB,
a cefiuac WHXKEHep — OJHAa M3 MaccoBHX npodeccuil. Huxro He
YAOHUBJISIETCS, KOTAa Ha JMCI/Iee NOsBJSETCS HM300pa)KeHHe caMoJera,
cnpoekTHpoBaHHOro JBM, xora B Hayaje BeKa CYMTAJIOCh YTO
«a3pOoMJIaH He MallliHa ¥ pacCuHTaH OHITb He MOxkeT». Tonbko Gna-
rogapsi peryJsipHOMy MOHHXEHHIO CJOXKHOCTH YacCTO IIOBTOPSIOLIHX-
cs npo6JieM YeNOBEYECTBO NOJYyYaeT BO3MOXKHOCTb DEIIaTh HOBHIE
nupobJeMbl, Bce 6oJjiee CHOXKHHIE.

IlpumeHeHHe METOLOB TBOPYECKOTO MOHMCKAa He YHHYTOXKAaeT TBOP-
4yecKHH Npolecc, a palMOHAJH3UPYeT €ro, MO3BOJsASA He TPATHTb CH-
JB H BpEMSl Ha NOHCK yXXe HaHIeHHOro. JTH METOAH BKJIOYalOT B
ce6sl TO MOBTOpsIOLIeecs, 3aKOHOMepHOe B TBOPUECKOM IIpoiecce, ue-
My MOXKHO HayyuTbCsl M YTO JesaeT NojydeHHe TpebyeMOro pesyJib-
Tata GoJiee rapaHTHPOBaHHHIM, o6Jergas npeonoseHue 6apbepos,
mnperpa)kJaoulix NYTH K HOBHIM pellleHHAM.

S S S

KaxaoMy uyesoBeky B TedeHHe XXH3HH IPHXOAHTCS NPHHHMAThb
MHOXKECTBO peLIEHHH: NPOCTHIX H CJOXKHHX, BaXXHHX H He O4YEeHb,
110-pa3HOMy BJIHAIOIIMX Ha OKpyxXKeHHe. Boobile cnoco6HOCTb CO3HA-
TeJbHO NPHHHMATh pellleHUS — OXHA M3 XapPAKTEDHHIX 4YeJOBEYeCKHX
gepT. AMepukaHckuii yuenn# M. Bplocc naxe ompeneasy yenoBeka
KaK «XKHBOTHOe, CIOCOGHOe MNpHHHMAaTh pelneHHs». M He3aBucumo
OT TOro, pellaeT JHM YeJOBEK KaKylo-TO NMOBCeIHEBHYIO, OHITOBYIO 3a-
Jlayy. WJH JOMaeT rOJIOBY Hal TpyJdHeilile#i npobieMoi, omHpaercs
JU OH Ha KakoH-nu60 MeTOx WJH NefCTBYeT HHTYUTHBHO -— B HpO-
gecce pelleHHss OH J0JKeH 006f3aTeJbHO NPOATH dYeThipe OCHOBHBIX
Jrama:

1) mocTaHOBKa 3ajauy;

2) NOUCK BapHAHTOB pelLUeHHS,;

3) aHa/au3 BapHAHTOB pellleHHs;

4) omeHKa BapHAaHTOB U BHIGOp pelIeHHs.

[TocraBuTh 3agayy — 3HAYHT YTOYHHTb HCXOAHYI0 NPOGJEMHYIO
CHTYallH1o, ONpEeNeJHB ledb, OTPAHHYEHHS ¥ KPHTepHil BbiGOpa pe-
weHHsd. Bce 3TH KaTeropuu ONpenesioT kKenaeMoe COCTOSIHHE, K KO-
TOPOMY HalO NPHHTH B pe3y/bTaTe pelleHHs.

Ilenbp omuchiBaeT »KenaeMBIf  pe3yJabTaT, COOTBETCTBYIOUIMI Ka-
KOH-1M60 oO6llecTBeHHOH (TexHMuYeckoil) mnorpe6HOCTH. Ompenenuthb
uesb — 3HAYHT OTBETHTb Ha Bolpoc: «UTo Me GyfeM HMeTb B pe-
3ysnbrate pelleHHs?». OOHYHO B (POPMYJHPOBKE LEJIH YKAa3hIBAIOTCH
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XEHUTECH FAAHST KAAHST 34TP0HAYA (N SA/PRAHYY-CRESXY|
TIARAHS TTAPANS -#0B088 | | -4AOB0BE-3AC

FECD [ NOCTAHOBKA & TOHCK BAPY- 3. AAMND BALH - §.O4EHKA BAPHAKTOB
SA4A4H AHIOB PEWENHS — AHTOB PEWENHS H BBIEOP PEWENHS

IBa COCTOSTHHs: HCXOZHOe H KOHeuHoe (xkesnaemoe). Hampumep: mo-
JYYHUTb U3 PyARl YHCTHIH MeTaslll.

OrpaHHYeHHS] YKa3HBAIOT YCJOBHS, NPDH KOTOPHIX JOCTHXKEHHE Ie-
JH MOXHO CYHTATh NpHEMJEMBM. DTH YCJIOBHSI OOBIYHO HMEIOT BHI
3anpeToB Ha H3MeHEHHe HJH NpHMeHeHHe dero-AH60 HJIH, Hao6OpOT,
yKa3aHH{i Ha HeEOOGXOAHMOCTb NDHMEHEHHS KakKOoro-1u6o ompefeseH-
HOTO CpeACcTBa JAOCTHXKEHHS meJH. K orpaHHYeHHAM OTHOCSTCH TakKke
YKa3aHHsl Ha JONYCTHMBIE pa3MepHl 3aTpaT pPecypcoB H Ha KOJHYeCT-
BEHHbIE XapaKTEPUCTHKM pelIeHHs, He OTpaXkKeHHHe B (HOpMYJHDOBKE
LeJH.

Kpurepu#i BHIGOpa pelileHHs OTpa)<aeT TOT M3 HauboJee CyllecT-
BEHHBIX NDHU3HAKOB XKeJae€MOro pelleHHss HJIH TY COBOKYIHOCTb CY-
INEeCTBEHHEIX NPH3HAKOB, N0 KOTOPHIM €ro MOXHO OyIeT BBIAEJNHTH
CcpelM MHOXKECTBA BO3MOXKHHIX peLIeHHH, 06eCHeynBalOIIUX JOCTHXKe-
HHUEe IeJH NpH 3afaHHBIX orpaHuueHHsx. Ilo KpHUTepHIO NMpPOBOAMTCSH
ontumusauus pemenus. OcHoBatenn cucrtemorexHukn I. X. T'yn n
P. D. Makon cuuTajH, 4TO <NPaBUJbHBEI BBIGOD KPHTEpHEB.., O CY-
IIeCTBY, KBHBAaJEeHTEH NpaBuJbHOH dopMynupoBke 3amauyu. OnHAKO
B GOJBIIMHCTBE CJAydYaeB 3TO HaeT OoJjblie, yeM (OpPMyJHpOBKa 3a-
Jaud, H B TOM YHcJe BHIOODP NMPaABHJIBHOH TOYKH 3peHHSl M NPaBHJb-
HOH 06/1aCTH AONMYCTHMBIX pelieHH#» [26].

B pesynbraTe mocTaHOBKM 3ajaud  mosyyaeTcs, HO CYTH Aena,
€MOJeJib PeleHUsi», KOTopasl CJYyXKHT OPHEHTHPOM Ha MOCJEYIOUHX
sranax. Oco6eHHO Ha 3Tame OIEHKH BapHAHTOB M BbiGopa pelie-
Hus. OZHaKo B Inpoliecce MOHCKA mOoR0oOHAs MOAeab, cGOpMyJIHPO-
BaHHas Ha ypOBHE BHEIIHHX, HADOAHOXO3SHCTBEHHBIX XapaKTEpPHUCTHK,
moMoraer MaJo. Jle1o B TOM, YTO KaXKJAO€ TEXHHYECKOE pelleHHe
IOJIXHO YJAOBJETBOPATh TPeOOBAHHAM Tpex ypoBHeH. PelleHue I0MXK-
HO OBITb!

— (pH3HYECKH OCYLIECTBHMBEIM (COOTBETCTBOBATH 3aKOHaM MpHPO-
JAH) ;

— TeXHHYeCKH peajH3yeMHM (COOTBETCTBOBATb pecypcaM H Ha-
YYHO-TeXHHYECKOMY NOTEHIHAJNy 061ecTBa);

— JKOHOMHYECKH BHIOAHHM.
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Moypienb pellleHHS NpH NOCTaHOBKe 3afavyd (opMmyaupyercs Ha
ypOBHe 3KOHOMHMKH H OTYaCTH TeXHHKH, a NOHCK BeLeTcsl CHauaJa
Ha (U3MYECKOM YPOBHe H JIHIIb NOTOM NEpPeXOAUT K TexHuke. s
J060r0 TEXHHYECKOTO CpeACTBa (NMpoBelsl €ro aHaju3) MOXKHO OI-
pelle/NTh BCce XapakKTepHCTHKH Ha Jio6oM ypoBHe. B Tom uncie —
BCIO COBOKYIHOCTb IeJleH, KOTOphle MOTYT GHITb JOCTHTHYTH C MO-
MolLIbI0 3TOro cpeacrsa. OOpaTHHIH mepexo], OT LEJW H XapaKTepHC-
THK K CpDeJCTBY, BO3MOXKEH JIHIUb JJs TPHBHAJbHHX 3afad. K npu-
Mepy, camoe JellleBOe CPeACTBO MAJS XPaHEHHS TpeX JHUTPOB BOJH
MOXKHO onpefenuTb 6e3 3aTpPyAHEHHH: HOJHUITHUIEHOBHI MaKeT, CTeK-
JAfHHas Oanxka. Ecau Xe BOAy 3aMeHHTb yHHBePCaJbHBIM pacTBO-
puteleM (KOTOpDHIH pacTBOpsieT BCe BeLIeCTBAa), TO OJAHO3HAUHOCTDb
nepexojia OT leJH K CpPeACTBY 3aMeHSeTCsl IOJHOH HeompejJeH-
HoCcTblO. il ycTpameHMss  3TOH HEONpPeNeNeHHOCTH H NPOBOLUTCH
TBOPYECKHUH IIOHCK.

HecoBnanenue ypoBHeli omucaHHsi MOXENH pelleHus (Uean) H ca-
MOTO pelIeHHs (CpeACTBa), a Takke HHPODMALUOHHBIH pa3pHB
MeXJIy HHMH — 3TO OCHOBHOEe IIPOTHBOpEYHE INOHCKa HOBHIX pelie-
Hui. Paspellende 3TOro npoTHBOpeYHs H INpeojoJieHue Gapbepa He-
ONpeleIeHHOCTH H He3HaHHMA  OCYLlecTBJSETCS 3a cueT nepeGopa
BapuaHtoB. CHauyaja HaMeuaeTCsi HECKOJbKO BapHAHTOB peIUeHHS,
3aTeM € TMOMOINbIO aHajlHu3a ONpelensIOTCs] XapaKTepHCTHKH 3THX
BapHaHTOB Ha TpeOyeMOM YypOBHE, NOCJ€ Yero HyTeM CpPaBHEHHS Bhl-
SIBJTEHHBIX XapaKTePHCTHK C MOJe/bIO pelleHUs NPOU3BOLHTCS OTCEB
BCeX HENPHUrOAHHIX BAapHaHTOB M BHOOp peweHus. JIpyruMu cJjosa-
MH, CHaua/ja NoJe NMOMCKa pacIIUpsieTcsi, a 3aTeM CyXaercsi 710 Of-
HOro BapuaHrta. Pacumpsercs npH cHHTe3e, COXpaHseTCs NPH aHaJH-
3€ U CyxKaeTcsl nNpu BHIGOpe pellleHUs.

[Tepe6op BapHaHTOB KaK yHHBepca/bHasi CTPATerHsi MOMCKA pellle-
HHII B YCJIOBUSIX HEONPENeNeHHOCTH DaclpOCTPaHeH I0BOJbHO LIMpO-
KO M B NPHPOJE, H B uejoBedyeckod AeatenbHoctH. Ho mepe6op mepe-
6opy posub. OmHo neno Merod NMpo6 M OWHGOK B YHCTOM (NPHPOA-
HOM) BHJe, KOTAa NPOOHl AeNaloTCs CJIENo, XaOTHYECKH, GecCHCTEMHO
(rax cxasaTh, «MeToA ThiKa»). M 1pyroe aeno MeToA mOCJexOBa-
TeNbHBIX NPUOJHKEHHH, KOrAa KaXpjas nocjelylomas npoba yTou-
HseT NpeAbAylMd BapHaHT, NpHOJHXKAs Hac K pelleHHo. ScHO, uTo
Takas Qpopma mepe6opa ropasfio pamuoHaJbHee «MeTofa THIKa». Ho
JJIS TOro, 4TOOHl peaju3oBaTh SKOHOMHHIA NepeGOp MNpH NOHCKE HO-
BbIX TeXHHYECKHX pelleHHi, HeoOXOINHUMO INpeojoJeTh psifi Gapbepos.

B S B

Jlast HarisiiHOCTH NpeJCTaBUM MoJe IOMCKAa B BHAe AepeBa lie-
Jieit — CpeacTs, Ha KOTOPOM MOKA3aHBl CBSI3H MEXJIy LeNAMH H BO3-
MOXHBIMH NYTAMH MX RocTuxkeHHs. Ha puc. 1 B kauecTse mpumepa
TpHBeJeH (parMeHT Takoro jAepeBa AJIs NPOGJEMH <«yMEHBUIHTb 3a-
TpaThl BPEMEHHM Ha JOCTAaBKy KOpMa ¢ KOMOGHKODMOBOTO 3aBOAa MOT-
peburemo». B BepmiuHe nepeBa (Ha HyJeBOM ypoBHe) o6iasi LeJb,
AOCTHXKEHHE KOTODOH HeOGXOAMMO IJisi pelleHHs mpoGiaemu. OT Bep-
IIHHBl BETBSITC BO3MOXKHHIE TNYTH JAOCTHXKEHHS 3TOH ILleJH, HaMe-
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qajolHe HamnpaBJieHHe pelreHHs nmpobiaemu. Ilpu atom kKaxkpas ¢op-
MYJIHPOBKa ONHCHIBa€T CPEACTBO MJIS NpelABAylllero YPOBHS H ILeab
IJs mocaenyiouiero. Ha caMoM HHXXHeM ypOBHe JepeBa «BHCAT» pe-
HIeHHs, ONHCHIBaloLlle KOHKpDETHBle TeXHHuecKHe cpeiacTBa. K mpu-
Mepy, HampaBJIeHHIO «H3MEHHTb Tapy IAJs YCKODeHHs ee 3aKpHITHA»
MOTYT COOTBETCTBOBAaTb TaKHe pellleHHs, Kak NPHMEHHTb aBTOMAaTH-
3HPOBAHHYIO 3allUBKY Taph (MeIIKa), 3aMeHHTb 3alIHBKy CKpemJe-
HHEM C NOMOIUIbI0 CKOO, HCIOJb30BaTh 3aCTEXKKYy THMAa <«MOJHHA» H
T. n. Eciu Ha JdepeBo HaHeCTH OrpaHHYeHHe (HampHMep, 3aIPETHTb
MeHSITb TPAHCIOPTHOE CPEJCTBO M YJyullaTh KayecTBO XOPOTH), TO
TMOJYYAM MHOXKECTBO BO3MOXKHHX pelleHHH Npo6JeMbl, OZHO H3 KO-
TOPHIX SABJISAETCS NPEANOYTHTENbHEIM (ONTHMAJbHHM).

[lepBbili Gapbep Ha NYTH K DELIEHHIO 3aKJAI04aeTcsi B TOM, UTO,
KaK NpaBHJIO, UeJOBEK, pellalomuf 3afady, 3a OTAENbHBIMH <BETOY-
Kamu» He BUIHT JepeBa. OOBIYHO 3aJaya OCO3HAeTCS HAa HHXKHHX
ypOBHAX HAepeBa. Hampumep, «yCKODHUTb 3alIUBKY MEIIKOB C KOMGH-
KOPMOM>.

YesoBeueCKOMY MBIIIEHHIO MPHCYIIY CTEPEOTHIB], B KOTOPHIX 3a-
KpenJeHo BCe 4YacTo IOBTOpsBLIeecs B MNpouloM onbiTe. CTepeoTH-
Nbl 3TH HaBA3bIBAIOT YEJOBEKY ICHXOJOrHYeCKHe OrpaHHYeHMsl, PE3KO
cyKaiollye NoJie MOHCKAa BOKPYI MCXONHOH 3aJau¥ ¥ NPUBBIYHBIX Iy-
Tell ee pelteHusd. B pesysabrare mepe6op BapHAaHTOB HIAET TOJBKO Ha
«BETOYKaX» BHH3 OT copMynuHpoBaHHOH 3amauyu. [IpuueM wuaime Bce-
ro, 3TH BapHaHTHl MNPEACTAaBJIAIOT co00H HeOOJbLUINE BHIOH3MEHEHHS
M3BECTHBIX TEXHHYECKHX CpeACTB. KosnyecTBO creHepHpOBaHHBIX
unell oO6BIYHO HAXOAHTCS B NMpeJesax AecsTKa.

Ecan ucTHHHBIE OrpaHHuYeHHs He LIMpe MCHXOJOTHYECKHX, yCHex
np¥ TpPagHHHOHHOM NOJAXOJe, Ga3upylomeMcss TOJbKO Ha CHnocoGHOC-
TAX uesoBeka, obecrmeyed. OfHaKO A/ peIIeHHH BLICOKOTO ypPOBHS,
Aaolux Haubosapwiuii 3d¢dexkr, xapakTepHbl 6oJjee pajHKaJbHEE
H3MEHEeHHSI MO CPaBHEHHIO C H3BECTHRIMM cpeicTBamH. Buixoj Ha Ta-
Koe pemrenye TpebyeT mepecMoTpa M 0606meHus 3anaud. HeoGxoxum
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nepexoi Ha Jpyrue, KpymHble H OTAaJieHHble BETBH JHepeBa B paM-
KaX HCTHHHBIX OTpaHHYeHHH, KOTOpHle 3HAYHTEJNbHO IUHUDE MCHXOJIO-
ruyeckux. B 3To#l cHTyauuu NCHXOJIOTHUECKHE OTDAHMYEHHS CTaHO-
BSITCSl JIOXKHBIMHM, a MOPOXKAAIIIAs HX ICHXOJOrHYecKass HHepIHs
ABJISIETCH MNpPENnATCTBHEM JHJs HEOOXOAMMOro pacIIMpeHHss NOJd Mo-
HCKa.

Ha npeonosenyue Gapbepa JIOXKHBIX OTpaHHYEHHMH NPUXOAHTCS Tpa-
THTb MHOTO CHJI H BDEMEHH.

Ha puc. 2 mokasaHel cxeMHB BOJOPa300pHOfl KOJIOHKH, 3BOJIOLKIO
KOTOpO# aBTOp Ha6J0JajJ B OXHOM H3 HeOGOJBIUHX TOPOLOB CTPAHHI
Hanpapnenne 3BOJIOLHH NOHATHO: MOBHINEHHEe yA06GCTBa, yMeHblle-
HHe 3aTpauKMBaeMBIX uyesjoBekoM ycuauit. [Ipu mocnenunefi cxeme (puc.
2,r) IOCTaTOYHO HAJHTb B BEApPO INOJTOPA-IBa JHTpPA BOJABl, H OHO
«CcaMo» HauypHaeT YAepPXKHBAaTb pHYAr B HAXaTOM COCTOSHHH.
ITopaxaer Apyroe: moueMy cpasy He clenasu mo 3toit cxeme? Iloue-
My [ABHTa/JHCh OTAENbHBIMH ILIaraMH B TeyeHHe TpeX MAeCATHJIETHH?
OO06DbsicHeHHe 3TOMY OJHO — BJIHSIHHE MCHXOJIOTHUECKOH HHEpIHH.

[TpuMepnl NMONOOHBIX H3JepXKeK B CBOefl NMpaKTHKE MOXKeT IpH-
BECTH J1000# HHXKeHep. DTO NMPOCTOH LEJHX KOJJEKTHBOB H3-32 TOTO,
q9TO HYXXHOe pellleHHe HHKaK He RaeTcs B pyKH. HMam ynyumenHbie
BO3MOXKHOCTH, KOTAa xopollas HAes NDHXOAHT IOCJTe 3amycKa Ma-
HIMHBlL B NPOU3BOACTBO. B pesysnbrare Bcerga noTepu — OT MeJ-
KHX HEymOGCTB 10 Cepbe3HHIX YOBITKOB HJIH aBapuil ¢ Karactpoduue-
CKHMMH TIOCJeJCTBUSMH.

ITary6Hoe BsMAHME NCHXOJIOTHYECKOfl  WHEDIWH Ha TBOpYECKHH
nmpouecc 0Co3HaHO AaBHO. VIMeHHO Ha Gopb6y ¢ HeH HallesJeHH 3B-
pHCTHUECKHE METOAH, NpHMEHeHHe KOTOPHX Ha. NpaKTHKe HAayaJoch
3a pyGexom B 40-e roas Hamero crojetus [2, 6]. Cpexcrsa B 3THX
MeTOJaX HCIOJIb3YIOTCA pa3HHe: KOJNJEKTHBHHIA IOHCK C 3ampeToM
KPDHTHKM H HCIIOJb30BAaHHEM aHAJOruil (MO3ropast aTakKa, CHHEKTHKa);

14
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Puc. 2. DBosonus CXeMH BOJOPa3GOPHON KOJOHKH:
1 —phiyar; 2 —kuanaH; 3 —HanopHas  MAarecTpaizb; 4 —KpaH; 5— Bezpo.
4 | — mHanpaBleHMe NepeMelleHHS DPYKOATKH pHUYara AJs NOJaYH BOAH B KpaH;

@ — HampaBJieHHe Pa3BHTHA CXeMH
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HCIOJIb30BaHHE NOACKA30K, CAydaHHEIX (METOJ KaTajora) M CIellH-
aJbHO MOAOGpPaHHHX (MeTOJ KOHTPOJBHBIX BONPOCOB); KOMGHHHDO-
BaHHe NpPH3HAKOB 0GbekTa (MopdoJorndecKuii aHanaus) u T. 4. Ho
lielb OfHA: MOMOUYb YeJOBEKy pacCIIMpHThL MoJe Ioucka. [Ipuuem cuc-
TEeMaTHYeCKOE MNepPEeKPHITHE BCEro MmoJs Jaer ToJbKo MopdoJoruuec-
KHUH aHaJu3.

TpazuuHoHHbIe CXeMBl OHCKA Ha JepeBe LieJdell — CPelCTB H cXeMa
[IOHCKa C TMOMOLIbIO 3BPHCTHYECKHX METOJOB IOKa3aHH Ha pHC.
3 (a, 6, B).

OBpHCTHYECKHE METOAL, B3JaMBEIBAIOIIHE NCHXOJOTHUECKHH 6apb-
ep, 3ajayy CBOIO BHINOJHSIOT HocTaToyHo ycnewHo. C HX moMolbio
MOKHO MOJYYHTb OT HECKOJbKHX HECATKOB JO0 COTeH THICSY BapuaH-
TOB pelleHHss npoGjeMn (ocoGeHHO 3(eKTHBEH B 3TOM OTHOLICHHH
mopdosornyeckufi ananus). ORHAKO TYT XKe BO3HHKaeT HOBas mNpo6-
JeMma: Kaxk BbIOpaTbh M3 3TOH MacCH BapHaHTOB HauboJsee NpEANOYTH-
TeJIbHBIH?

IIpeonosers Gapbep nepebopa GOJBIIOrO YHC/Aa BapHAHTOB, Haxe
IPOCTO KOJIHYECTBEHHBIX H Jaxe c nomombio OBM, — 3anaua nage-
ko He mpocras. IToaToMy, HanpuMep, B MaTeMaTHYeCKOM IpOrpaM-
MHpOBaHUH (pa3fieJle MaTeMaTHKH, B HauboJbllel CTeNeHH CBA3aH-
HOM c rnepeGopoM) BHICOKO IEHATCS METOAB, MO3BOJSAIOUINE pe3Ko
COKPaTHTh KOJIMUECTBO paccMaTpHBaeMbIX CJyYyaeB, Kak B JHHeR-
HOM NpPOTDAaMMHpPOBAHHH, TAe MOHCK ONTHMyMa YHaJoch CBECTH K
CpPaBHEHHIO MeXJy cOo60fi BepIIHH MHOrOrpaHHHKa, OrpaHHYHBAIOILEro
npOCTPaHCTBO BO3MOXHBIX BapuaHToB. He cayuafino coszarenio Ju-
HeffHOrO mporpaMMHpoBaHus npucyXaeHa HobGemesckas npemus. He-
006XOZUMOCTb B OrpaHMuYeHHH Nepe6opa Da3yMHEIMH MpeleJaMH Ha-
CTOJILKO BeJNHKa, YTO B paMKaX CTPOTHX MaTEéMaTHYeCKHX METOJOB
HAYHHAIOT IIHPOKO MNOJb30BaTbCH NDHOJNHKEHHBIMH, 3BPHCTHUECKHMH
Metonamu [38, c. 299—303].
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Puc. 3. Bo3MOXHBI CXeMbl MOMCKA HOBBIX pellleHHH:

& — TPaJUUHOHHBIH; 6 — HEHaNpaBJIeHHbI HEeCHCTEMATHYECKUH; B — HEHalpaBJeHHHH
CHCTeMAaTHYecKuil; I — HanpaBJeHnmit nouck; 111111 wmcrnHHBe orpanHueHns;
— — — — [ICHXOJIOTHYECKHE  OlPaHHYEHHs;  ——- —— [OHCKOBEE  OlPAHHYEHHS;

. — NPEANOUTHTEIbHOE DeLIeHHE; @ — NepeKphiTHE NOJIA MOHCKa
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Cieflyer TakXke ydecTb, YTO, KaK TOJbKO BO3HHKaeT HEOOXOAH-
MOCTb OJHOBPEMEHHOro paccMoTpeHusi 6osee 7—10 BapHaHTOB, 4eJO-
BEK MCIBITHIBAeT INCHXOJOrHYecKui Aauckompoprt. SIcHO, uTO pacuiH-
peHue moJs MOHCKa AOJKHO OHITh MHHHMAaJbHHIM H B TO K€ BpeMs
IOJIXKHO NepEeKpHBaTh paHOH ONTHMAaJbHOrO pellleHHs. Takod IOHCK
Ha3biBaeTcss HanpasjeHHbiM. OH HauGosiee pauMoOHaJeH, SKOHOMHUYEH
d 3¢dextuped. Peanu3oBaTh HanpasJeHHHH IMOHCK MOXHO IyTeM
CTYNMEHYaTOr0 pPacUIMPEHUs] U CYXKeHHS IOoJs NOHCKA MO YPOBHAM Aepe-
Ba Iiejiefl — CPeJCTB NPU IBHKEHHH OT LeH (BepLIMHbI) K BapHAaHTaAM
cpenctB (puc. 3,r). I1Ipu 5TOM HeT HEOGXOAHMOCTH CTPOHThL BCe JIePEBO,
JOCTAaTOYHO TOrO, YTO MOTNAajaeT B JIOKaJbHBHIE DAaCLIHpEHHS.

Yro6bl noHCK OBl HAmpaBJeHHBIM, HajO0 yMeTb C(HOpMHPOBaTh
MOHCKOBble OrpaHHYEeHHUs, BHIBOASLINEe B PaHOH MNPEANOYTHUTENbHOTrO
pelreHusi. B cBolo ouepeib BO3MOXKHOCTb CO3AaHHA MOHCKOBBIX Orpa-
HUYEHHH CBsI3aHa C CYIIHOCTbIO HAIUMX IPEACTaBJEeHHH O HOBOM
pelleHuH. :

ABTOpaMH MeETOJOB, CO3JaBaeMHIX IJs MPEONOJIEHHS ICHXOJIOTH-
yeckoro Gapbepa, HOBOE pellleHHe NPEACTaBJANOCh KaK «IPOPHIB NOA-
CO3HaHHS», «HEYTO OpHIHHAJbHOE, HEOUEBHJAHOE», <«cJyyaiHas KOM-
OMHALHS TNPH3HAKOB», <«HEH3BECTHOE COYETaHHE H3BECTHBIX 3JIEMeH-
ToB». Takue mpejcTaBJeHHsS MOMOraloT YHTH OT TPHBHAJbHOIO, NPH-
BBHIYHOIO ¥ 00JIervaroT HOJIyueHHe pelIeHHS, eCJH ero CyTb TOJbKO B
HOBH3HE H OpHrHHaJbHOCTH. [loJcKasaTb Ke Hanpas/eHHe K pelle:
HHIO KaKOH-1n60 TeXHUUeCKOH 3ajayu OHH He MOryT. Brixox Ha Tpe-
fyeMoe pelleHHe NPH 3TOM BO MHOTOM JeJso cJydass (XOTs BeposAT-
HOCTb BHIlle, YeM NPH TPaJMLHOHHOM MNOAXOJe — 3a CYeT paclIupe-
HHS B3rsiga Ha npobnaemy). IlpuHnunuanbHas HeHaNpasJeHHOCTb
3BPHCTHYECKHX METOJOB, OGOPIOIIMXCS C IICHXOJOTHYecKoH HHepIHeH,
KOPEHHTCSl B HX YHHBepcaJbHOcTH. [IpeicTaBijieHne O HOBOM pellle-
H{H, MOJIOXKEHHOe B OCHOBY 3THX METOJOB, MOXET HCIOJb30BAaThCs B
JI00bIX 00J1acTsX uesJOoBeYeCKOH NesTEeJbHOCTH: TeXHHKe, OpraHu3a-
LUH, pekJaMe, HCKYCCTBe...

B To ke BpeMmsl ONBIT pelleHHs ONTHMH3aLMOHHBIX 3ajay IOKa-
3bIBaeT, YTO [JsI yMeHblIeHUs nepebopa HeoOXOZUMO MAaKCHMAaJbHO
YUHTBIBaTb OCOGEHHOCTH paccMaTpuBaemoil 3amauu [38, c. 300]. 3a
CUeT TaKOoro NoAxoja yIaercss B psilie CAyuaeB HACTOJbKO YIPOCTUTHb
3ajauy, 4to BMecTo DBM pocraTouHO Kasabkyastopa [43].

I'naBHOf O0COGEHHOCTBIO HOBHIX pelIEHHH B TeXHHKe SB/ISETCA HX
06GYyCJOBJNIEHHOCTb BHELIHHMH YCJOBUAMH. YTNOMSIHYTHE TPH YPOBHS
TpeGoBanuii k pemeHuo (cM. c. 10) orpaxkamoT HeoOXOZHMOCTH CO-
OTBETCTBHSI BHOBb CO311aBa€MOr0 TEeXHHYECKOIO CpeACTBa OGBEKTHB-
HEIM 3aKOHaM NpHPOJH, o6llecTBa M TeXHHKH B uesoM. [lonx meiict-
BHEM 3THX 3aKOHOB 3aKOHOMEDHBHIM CTAHOBHTCS M INpPOLECC DAa3BUTHA
TeXHHYEeCKUX cpelcTB. [loaTOMy cHeslaTh IOHCK HOBHIX TEXHHYECKHX
pelleHHH HanpaBJeHHBIM MOXHO, JHIUb NPEACTaBJSS 3TH pelleHus
KaK 3aKOHOMEpHBIE 3Tanhl B MPOIDECCHBHOM DPa3BHTHH TEXHHKH.
TonbKO 3aKOHBI MOCTPOEHMS M Pa3BHTHA OGHEKTOB TEXHHKH H OCHO-
BaHHHIE HAa HHX MOJEJH Pa3BHTHS TEeXHHUECKHX CPENCTB MOTLYT Cay-
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XKHUTb 0OBEeKTHBHOH 6a30fi Ajasg (OpMHPOBAHMS MOHUCKOBBIX OrpaHuye-
HHIi, 06ecrneyuBaOUX HANpPaBJEeHHOCTD.

[lpubiuKkenne CXeMbl BOJAOPa3bOPHOH  KOJOHKH K COCTOSTHHIO
«BepO CaMO yHepXKHBaeT pHYar B paboueM COCTOSAHMH» (pHC. 2r)
ecTh OTpaxKeHHe OOGBHEKTHBHOTO 3aKOHA pa3BUTHA TexHHkH. M ecan
3HAaTb €ro M pPYKOBOACTBOBATbCS MM IPH pa3paboTKe NPOEKTa, TO He
NOHAanO6GUJINCh OBl LecSTUAETHS NJA NOABJIEHHSA ONTHMAaJbLHOTO pellle-
HHs. «3aKOH eCcTh OrpaHHYeHHe pasHoo6pasusi» — B 3TOM oOmpeje-
JEHHH, CHeJaHHOM H3BECTHHM KHOGepHeTHKOM VY. DubH, HarJsAIHO
NoKaszaHa poJib 3HaHHS 3aKOHOB B O6eCNeyeHHH HaNpaBJEHHOCTH.

K mactosmieMy BpeMeHH BHIFBJEHO AOCTaTOYHO O60JbINOE KOJHYE-
CTBO 3aKOHOB IIPOTPECCHBHOrO Pa3BHTHS OOBEKTOB TeXHHKH (KpaTKHH
0630p JsuTepaTypel cM. B npuaoxeHuu 1). Ha ux ocHoBe MOXKHO
NPOrHO3HPOBATh BEPOSTHHIE OYAyllHe COCTOSIHHS TeX HJIHM HHBIX TeX-
HUYECKHX CPeACTB, TO €CTb BECTH MAOBOJBHO HalmpaB/JEeHHBIH NOHCK
nporpeccuBHbIX H3oOpeTeHud. IIpuMepnl TAaKOro MOHCKa NPUBEAEHH B
[1]. OnHako misi peasibHBIX TeXHHYECKHX 3aJay IPOTPECCHBHOCTb pe-
LIeHHST — YCJIOBHEe HEOOXOAHMO€, HO He JOCTaTOYHOE.

HyXHo yunThHIBaTH H YCJOBHS peaju3alyu pelueHus. fcHo, uTO
pelIeHHe, KOTOpOe NOJKHO OBHITh «B 2Kese3e» yepe3 MOJrOAa, HECOM-
HEHHO OyZeT OT/IMYaThCf OT pellleHHd, CPOK peaju3alHHu KOTOPOTro
HaCTYNHUT JieT uyepe3 mnsATbh. B mocjefHeM cJiyuae MOXKHO IPOBECTH
HCCJIeJOBaTelbCcKYyl0 paboTy, BBeCTH B pa3pabaThiBaeMbl 0OBEKT Cy-
LECTBEHHO HOBBIE, HE OCBOEHHBIE NOKAa CpeAcTBa. A IpH Cpoke B
moJIrofla NPUXOLUTCSl HCIOJB30BAaThb TO, 4TO €cTb, C HEOOXOAHMBIMH,
JIETKO BHEIPSIEMBIMH H3MEHEHHSMH. YueT yCJOBHH peasH3alluy pelie-
HHSl IPOM3BONMTCS 4Yepe3 OrpaHUUYeHHs, HMelollue HeYeTKHH BHI
(THma <«nmpHU3HAKOB MNPENNOYTHTEJIbHOCTH»). I[losTOMy mnpu moucke
HOBBIX TEeXHHUYECKHX pelleHHH, B HauOoJiblleHd CTeNeHH OTBEYAIOLIHX
yCJIOBHAM HX peasiu3alliy, CTeleHb NepeGOPHOCTH OOBbEKTHBHO BhILIE
(a cTemeHp HampaBJEHHOCTH HHXKE), UEM INPHU CO3LaHHH NpPOIPECCHB-
HBIX H300peTeHuH 6e3 NMPHBSI3KH K KOHKDETHBIM MOMEHTaM BpeMEHIL
[To Mepe pa3BHUTHA TEOPHH MOHCKA HOBBIX TEXHHYECKHX peIUeHHH H
CO3JlaHMsl ClelHaTU3UPOBAHHBIX MOJAEJeN Pa3BUTHS TEXHUKH [25] Ha-
[PaBJEHHOCTb NOMCKAa AOJKHA moBhaTbes. OZHAKO H3-3a Ha/IH4MA
OCHOBHOTO INPOTHBOpEUYHS] INOMCKA HOBBIX TEXHHYECKHX pELIeHHH Io-
HCK 3TOT BCerna GylneT ocTaBaTbCsl BepOSATHOCTHHIM. [lostoMy u ceii-
yac ¥ B OyAylleM CJelyeT PYKOBOACTBOBATLCS NMPaBHJOM: Jyuyllle pac-
CMOTpPETh HECKOJBbKO JHIUHHX BapHaHTOB, YeM OGOHTH ONTHMAaJbHOE
pellieHue.



I'maBa 2

OCHOBHDbBIE XAPAKTEPUCTHKH
H 3AKOHOMEPHOCTH NMMOCTPOEHHUSA
TEXHHYECKHUX CHUCTEM,

a TaKsce o ToM,

KaK TPaHCnopTuposars 2py3 no 8030Yyxy,

KaK TOpMO3UTb 8ea0cuneducty,

KaK eyaaTe cobaKam 8 HOUHOE 8PEMA,

0 camoseTe U gepToiere,

0 naposoii camobezaoll mauiure

u Oaxce 0 KOHCTPYKYUU BETPAKLIX MEAbHUY,

¢ Koropoimu 6uaca [Hon Kuxor,

xots o [on Kuxote Kax pa3 e 6ydeT cKa3aHo HU CA084




KaxxJ0e HOBOe TEeXHHYECKOE pellleHHe OMHCHIBAeT KaKOH-TO HOBHIA
O6bEKT TeXHHKH HJH €ro OTJIHYHA OT H3BECTHBIX aHAJOTHMYHBIX 006b-
ekToB. [looTOMYy mnpexiae uyeM NPHCTYNHTb K PAaCCMOTPEHHIO 3JeMeH-
TOB TEXHOJIOTHH HaNpaBJ/eHHOTO INOHCKa, HEOOXOAHMO BLIAENHTb HaH-
6osiee OOLIHE YEPTHl M XapaKTePHCTHKH TeXHHUECKHX CDEACTB, MNpH-
BOAsIIME HX MHOrooGpasume K «obuleMy 3HaMmeHateao». [as storo
BOCIIOJIb3YEMCS MOJIOKEHHSIMH CHCTEMHOTO MOAX0Aa, KOTOPBIA LIMPO-
KO NpPHMEHsieTcss M B HAayYHBIX HCCJIENOBAHUSAX, H B NPOEKTHHIX pa3-
pa6Gotkax [45]. Bynem HaspiBaTh Ji06ble TeXHHYECKHE OOBEKTH Tep-
MHHOM TEeXHHYeCKasi CHCTeMa, IOoJpa3yMeBas IOJ CHCTEMOH He «CJOXK-
HYIO CHCTEMY MalllHH», a HEKOTOpOe LeJOCTHOe eauHcTBO. i Kpat-
KOCTH TeXHHYecKyio cHcTeMy o6o3Hauum TC. OcHOBHble XapaKTepHC-
tuk TC 6yAyT 3/7€eMEHTaMH TOrO fI3blKa, Ha KOTOPOM MOHAeT AaJb-
HeHIIHA pasroBOp O 3aKOHAX Pa3BHUTHA OOGBEKTOB TEXHHKH H O TeX-
HOJIOTHH MOHMCKAa HOBBIX TE€XHHYECKHX pelieHHH. XOTS TEPMHHBI CHC-
TEMHOro MOJX0Ja pacHpoCTpaHeHHml AOCTATOYHO IIMPOKO, PSiJl M3 HHX
HMeeT pasyuyHoe ToJKoBaHHe. [lo3ToMy HeOo6XOXMMO KpaTKO pac-
CMOTpeTb HanGoJlee CylleCTBeHHbIe AJIsi HAC MOHSTHA.

X S S

TexHHUECKYIO CHCTEMY MO2KHO ONpeAeJHTb KaK HCKYCCTBEHHO CO3-
JaHHOE MaTepHaJbHOE €JHHCTBO B3aHMOCBS3aHHBIX 3JIEMEHTOB,
HMeIOolllee I[e/bl0 CBOEr0 (PYHKUHOHHDOBAHHS YHOBJETBODEHHE HEKO-
TOpO#l MOTpPeGHOCTH OKpyXeHHs (ofLiecTBa HJIHM OKPYXKaIOIIHX TeX-
HHueckux cucreM). lLlenp cospanus u ¢yHkuuoHupoBanusi TC Ha-
30BeM IJaBHON noJie3Hoii ¢pynkuueii cucremnl (I'TID).

B cooreerctBuu ¢ I'TI® s1eMeHTH, cOCTaBJSIOLIHE CHUCTEMY, OI-
pelesieHHBIM (3aKOHOMepHBIM) 006pa3oM OpPraHH30BaHBl B INIPOCTpPaH-
CTBe M BO BPEMEHH. JDJIeMEHTHl 3TH (COCTaB CHCTEMBbI) MOTYT OBITb
OPHPOAHBIMH HJHM HCKYCCTBEHHBIMH, IIpHYEeM CTeleHb HCKYCCTBEHHOC-
TH 3JeMeHToB TC — 0JlHa U3 €e XapaKTepHCTHK.

daeMeHThl, 06pasylollie CHCTEMY, — 3TO OTHOCHTEJbHO HeNeJsH-
MBlE YacCTH I1le]oro. DJEeMEeHT CYHTaeTcss HeJeJHMBbIM B Ipejlesaax co-
XpaHeHHsl ONpeJe/eHHOTO NaHHOIO KauyeCTBa CHCTEMBl, 4TO 3aBHCHT
B NepBYI0 ouepeib OT Maclutaba paccmaTpuBaemol cHcreMbl. Ha-
npuMep, KopaGab mnpeAcTaBjseT cOo60H  CI0XKHOE COOpYyXKeHHe, CO-
CTOsIIeEé W3 MHOMKECTBA YacTeH: KOPIYC, ABHraTeJb, MajJyGHbBE Me-
XaHU3MBl M T. I. B TO XKe BpeMs B cHCTeMe <«MOpPCKOH NOpPT» KO-
pa6ib MOXKHO CUHMTATb 3/JEMEHTOM, TO €CTb HEJEeJHMBIM II€JBIM, TaK
KaK CJOXKHOCTb KOopaGJs NpH PacCMOTPEHHH CHCTEMBl «MOPCKO#H
NOpPT» B ONpeNeJeHHOM acCleKTe MOXeT He HMeTb HHKaKOro HpaKTH-
YeCKOro 3HayeHHS.

Kaxxnpifi, naxe caMblii mpoctoit sanemedT TC o6Jjazaer MHOXKecT-
BOM pa3JIMYHBIX CBOHCTB: reOMETPHUECKHX, MeXaHHYeCKHX, (usuuec-
KHX, XUMHUYECKHX.. BosbMeM, K mnpumepy, OOBIKHOBEHHHIH KapaH-
Jam. OH uMeeT omnpefeleHHyl0 ¢opMy, pas3Mmeph, Bec, NPOYHOCTb,
nBer; rpudesb ero MOXKeT OCTaBJATb CJAelbl HAa MNOBEPXHOCTH IpH
HaJIMYUY TPeHHs, NPOBOIAUTH 3JEKTPHUECKHH TOK W T. A. B 3aBucH-
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MOCTH OT TOTO, C YeM M KakuM oGpa3oM B3auMojeficTByeT KapaHpiall,
OCYIIECTBJSETCSH peasu3aluss TeX HJIH HHBHIX €ro CBOHCTB H BBINOJ-
HseTCS Ta WJH HHas QYHKUMS: OHCaTb, JeJaTh IBIPKH B Gymare,
CJYKHTb ONOpOfi KOMHAaTHOMY IBeTKY, CO3[laBaThb 3JEKTPOCONPOTHB-
JgeHye... JIpyruMH cJI0BaMH, peasiM3alus CBOHCTB 3J€MEHTOB 3aBHCHUT
OT CTPYKTypHl cucreMbl. CTpyKTypa — 3TO 3aKOHOMEpHAas YCTOHYH-
Basl CBsI3b MEX/y 3JEMEeHTaMH CHCTEMBl, OTpaxatomas ¢opMmy pac-
NOJIOXKEHHs] 3JEMEHTOB H XapakTep B3aHMOIEHCTBES HX CTOPOH H
cBoficte. CTpyKTypa JesaeT CHCTEMY HEKOTODHIM KauyeCTBEHHO OIlpe-
JeJIeHHBIM IeJbIM, OTJIHYHBIM OT CYMMBbI KaueCTB COCTaBJISIOUIHX ee
3JeMeHTOB — HMEHHO 3a CYeT TOTO, YTO OfecreyHBaeT B3aMMOMEH-
CTBHE 3JIEMEHTOB TOJIbKO ONpENeJEeHHBIMH CTOPOHaMH, CBOHCTBaMH, a
He B IIeJIOM.

Crpyxkrypa — BaxHeHlas xapaktepuctuka TC, H60O npH OZHOM
H TOM e cOCTaBe 3JI€MEHTOB, HO NpPH pas3JHYHOM B3aHUMOJEHCTBHH
MeXJIy HHMMH MEHSIOTCS H CIIOCOGHOCTH cuCTeMEl, ee (yHkuuu. Ha-
npHUMep, M3 3TEMEHTOB <«IOJI, CTOJ, CTYJ, YeJOBEK» MOXKHO COCTaBHTb
pasHble CHCTEMH:

1) cros, cTys M yenOBEK B3aHMOJEHCTBYIOT C IOJIOM, YeJOBEK —
CO CTOJIOM M CTYJIOM; BO3MOXHBle (DYHKUHMH — <«IIHCATb, YHTATb, OT-
IBIXaTh...»

2) 4eJOBEK CTOMT Ha CTyJe, CTyJ Ha CTOJe, CTOJl Ha MOJY; BO3-
MOXHHE (YHKIHH — «CMOTpPETb, I0CTaBaTh...»

CoctaB M CTPYKTypa CHCTEMBl XapaKTepPH3YIOTCS CJOXKHOCTBIO H
ONHOPOJHOCTbIO B NPOCTPAHCTBE H BO BpeMeHH (HEOZHOPOAHOCTb BO

] ]

!
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BpPEMEHH HMeeT BHJ JMHAMH3MAa 3JIEMEHTOB H CBA3EH MEXIy HHMH).
B 3aBHCHMOCTH OT TOro, KakHe CBOHCTBA 3JI€MEHTOB pEasH3yIOT
cTpykrypy, TC xapakTepH3yeTcsl TakXkKe CJIOXKHOCTbIO (OpMBl ABHKe-
HMSl MaTepHH B CHCTeMe: MeXaHHYeCKOH, (U3HYecKOH, XMMHYECKOH,
6uostoruueckoii. EctectBeHHO, 410 B TC MOTyT GHITH HCIOJb30BaHH
Te (OpMH [ABHKEHHS MaTepPHH H, COOTBETCTBEHHO, Te IDHPOAHHIE
SABJeHUsT U 3(P@eKTH, KOTOphle YeJOBEK MO3HAJ H OCBOHMJ HJH OCBaH-
BaeT TeXHOJIOIHYECKH.

Oco6eHHOCTH HCIOJb30BAHHSA B TEXHHYECKOH CHCTEME€ IPHPOIHBIX
aABJeHHA H 3(QdekToB, HanpaBJeHHHX Ha BHIOJHEHHe TIJIaBHOH IoO-
aesHot ¢ynkuuu ([TID), cocTaB/isfiioT NPUHNHUN AEUCTBHS CHCTEMEL.
dro BaxHas xapakKrepuctuka TC, ee cyuiecTBeHHHIH MpPU3HAK, IO KO-
TOPOMY pa3JIMYalOT CPEJNCTBA BLUIOJIHEHHS OJLHOH M TOH Xe (YHKUHH.
Hanpumep, GyHKUHIO «TpaHCIOpPTHPOBKA Ipy3a B BO3AYIUHOH Cpexes
MOXKHO OCYLIECTBHTb C IOMOIIBIO AHPHKaO6JIfl, BEpTOJETa, CaMOJeTa,
paketsl, cHapsaaa. M B camosiere U B BepTOJIeTe HCIOJb3yeTCs ONHO H
TO Xe NPHPOJHOEe siBJleHHE: 006pa30oBaHHe MOJBEMHOH CHJIBI Ha TeJse
0co60# (opMH, ABHXKYILEMCS B BO3AYIIHOH Cpefe C YIrJIOM aTakH.
Onnako B camoseTe 3Heprusi JABHraTesss mpeoGpasyercss B HEPTHIO
JBHXKEHHsI BCEro ammnapaTta B BO3AYIUIHOH cpeje, Kotopas mpeoGpasy-
ercsl B IOJbEMHYI0 CHJYy Ha Kpblle. A B BepToJieTe JHEprusi ABUTra-
Tesst mpeoGpasyercs B 0060COGJIEHHOE OT ADYTHX 3JEMEHTOB MBHNKeE-
HM€ MHOTOKDHIJIbEBOTO YCTPOHCTBAa — Hecymiero BuHTAa. COOTBETCT-
BEHHO Da3J/IMYyalOT NPHHUHUNB CO3MaHUA MOLBEMHOH CHJH «CaMOJIET-
HBIA» H «BepTOJIeTHBIH». OCHOBHIBasCh Ha OJWHAKOBOM MPHHIHIE
AeACTBHS, Mbl Ha3bIBAEM CaMOJIETOM M anmapar GpaTbe PalT u cos-
PeMeHHHH peakTHBHBIH JaiHep. ITo riaBHOA moJe3HOH (YHKUMH H
NpHHUUIY AEHCTBHSA CHCTEMBl ONpeleNsieTcss M NPHHAIJIeRHOCTh TOrO
HJIM HHOTO 3JeMeHTa K gaHHod TC.

[Tocko/bKy CBOHCTBA 3JIEMEHTOB B JIIOGOH CTPYyKType peausyloT-
csl He moJHOCThIO. B TC Bcerna mMeercsi MHOXKECTBO CKPBITHIX CBOHCTB
¥ BO3MOXHOCTed. YMeHHe BBIIBUTb H HCIIOJIb30BaTb 3TH CBOHCTBA —
OJHO H3 HEOOXOAMMBIX YCJOBHH YCIEIIHOTO TBOPYECKOIO IMOHCKA.

BsauMonefictBHe 3/7€MEHTOB M CONYTCTBYIOLIHE €My SBJIEHHS H
3] ¢eKTH CcOCTaBJIAOT BHYTpeHHee (yHKuuoHHpoBaHHe TC. B cBoio
O4Yepeab, Pe3y/bTaT BHYTPEHHEr0 (YHKIHOHHPOBAaHHS MPOABJSETCH B
(opMe BHEUIHHX CBONCTB CHCTEMBI, B BHAE ee «croco6uocreii». YacTb
«CIOCOGHOCTeH» NOKa3BIBAaeT, YTO CHCTEMa MOXKET JeJaTbh, TO €CThb
KaKoe JefiCTBHE MOXKeT cOBepllaTh (HarpeBaTb, NepeMellaTb, yiep-
XKHBATh...). IDTH HeficTBUS cyTh ¢yHkuum TC. OcrajbHble <«CIOCOG-
HOCTH» IIOKa3bIBAIOT, KAK BBHIMOJHAITCA (DYHKIHH CHCTEMBI (HampH-
Mep, HaleXHO, yA06HO) H C KaKOM HHTEHCHBHOCTbIO. HIMeHHO COBO-
KyMHOCTb «CIOCOGHOCTEH» MOKa3HBaeT, COOTBeTcTByeT JH TC melu
CBOEr0 CyIlecTBOBaHHA. DYHKIHH CHCTEMbl, HEOGXOAMMBIE H JOCTa-
TOUHEIE 11 BbnonHeHHs I'TIP, Gymem Ha3HBaThb 3JeMeHTAPHBLIMH
nonesnbiMu yHkuusamu (I1®). BuinosHenne Kaxpoll momesHoil (yH-
KIHE O0eCneyrBaeTcs 4acTbi0 B3aHMOJEHCTBYIOUIHX 3JEMEHTOB CHC-
TeMbl. JTa YacTb HA3BIBAeTCS MOACHCTEMON (IIC). B psme TC mon-
CHCTEMBl BBIIEJSIOTCS KOHCTPYKTHBHO, B BHJE OTHEJbHHX O6JIOKOB
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HJH OTHEJBbHOH COBOKYNHOCTH 3JemeHTOB. OIHaKO valle BCEro ORHH
B Te JKe 3JeMeHTH BXOAAT B Psif NOJACHCTeM, ofecmeyHBasi BHINOJHE-
HHEe HeCKOJbKHX 3JeMeHTapHex ¢ynkuu#. Hampumep, pama aBTOMO-
6uJs BXOJLHT B NOACHCTeMbl obecrieueHHs INBHXKEHHA H YHepKaHHE
rpysa. (B ofweM ciayyae B3aHMOJEHCTBHE 3JIEMEHTOB MEXIy co6o#
He copmanaer ¢ B3auMopeiicteueM moxcucreM.) Kax u TC B umesom,
KaXX1as NMOJCHCTEMAa HWMeeT CBOH NMPHHIMN AEHCTBHUS.

Cpeau 1noJIe3HHX (QYHKIHA H COOTBETCTBYIOLIHX HM MOJCHCTEM
ecTb cBOsi Hepapxus. Te mojie3Hble (QYHKUHH, BBIIOJHEHHE KOTOPHIX
HEINOCPe[CTBEHHO CBsi3aHO ¢ ocymecTsienneM ['TI®, naseBawoTCs
ocHOBHbIMH. OcTasibHble IOJIe3Hble (YHKIHH, ofecrneyHBaloulye BbI-
NnoJIHeHHe OCHOBHBIX (DYHKIMH, Ha3bIBAIOTCS BCIOMOraTeNbHBIMH.

IIpu Barasine u3BHe, U3 okpyxeHus, TC, Kak u JIOGYIO CHCTEMY,
MOXKHO NpEeACTaBHTh B BHAE TaK HA3bIBAEMOTO «YEPHOrO sUIHKa» C
Bxoaamu M Bbixogamu. CaM <«sILIMK» HrpaeT poJb Ipoileccopa, mpe-
o6pasywouiero Bxogsl W BhHXOAH. Brixoant TC  coorsercTBYIOT ee
«CNOCOGHOCTSIM», a BXOAR — 3aTpataM Ha (YHKUHOHHDOBaHHE CHC-
teMbl. Eme uactb 3atpar uzer Ha cosnanue camoii TC. B ¢usuye-
CKOM aCleKTe BXOJAhl M BBHIXOABl MPEACTaBJAOT cO0OH walle BCero
[OTOKH 3HEpPrHHu, BelecTBa W HH(OPMAUHH.

BxoAn H BHIXOAH [aJIeKO HEOZHOPOAHH MO cBoel ueHHOCTH. Te
«CIIOCOGHOCTH» H 3aTpaThl, KOTOpHle HEOOXONMMBI ISl BBHIUIOJTHEHHS
ITI®, cuyuTaloTcs NOJE3HbIMH, OCTajbHble — H30bLITOUHBIMH. 36HI-
TOYHBIE BXOAbl M BBIXOJAHI He MPOCTO HeloJe3Hble, HO U BpeaHble. IIpH-
Mephl 3TOrO MOBCIOAY: BBIXJONMHbIE rasbl aBTOMOOMJS, IIyM paGoTalo-
IIMX MEXaHH3MOB, TEIJIOBHE 3arps3HEHUS OKpYXKalouled cpelbl, NMblJIb
B BO3JyXe, MIOCTYNAIOIIEeM B LeXa 3JEeKTPOHHOrO NpoH3BoAcTBa... [IpH
3TOM CJeAyeT MOAYEPKHYTb, YTO MOJE3HOCTb H HENOJE3HOCTh BXOJOB
H BLIXONOB OTHOCHTeJbHa M 3aBHCHT OT I'TI® cucremn. Hampumep, y
3JIeKTPOLBHTATE/Is, BPAINAIOIIEr0 Ma/OULIyMHBIH MeXaHH3M, BCe BbIXO-
JBl, KpOMe BpallleHuss Bajaa (BHOpauus, WIyM, Tema10), GyAyT H3OH-
TOUHBIMH — BpeAHBIMH. A y 3JeKTpoABHraTess, MPUBOASIIENO BO
BpalleHne BHOGpaTop, BUGpAUUs NepeHaeT B YHCJIO MOJE3HBIX CNOCOD-
Hocrell. Ecnu e BO BpallleHHe NPHBOAUTCA CHpPEHAa, TO IOJIE3HBIM
CTAaHOBUTCS LIYM, a €CJH NOMeILeHHe, B KOTOPOM paboTaer 3JeKTpo-
IBHTaTe/]b, HyXKHO MOLOTpEBaThb, TO B YHCJIO IIOJIE3HBIX CIOCOOHOCTEH
NOMajaeT U BhIIEJEHHE TemJa.

COBOKYITHOCTb IIOJIE3HBIX «CIOCOGHOCTeH» ompeaeasieT MOJE3HBIH
pesyabrar ¢yHKUHOHHpOBaHusl TC, HasbiBaeMBI TakXke QYHKHHO-
HaJabHBIM 3¢dekroM. A oTHoweHHe PYHKUHOHAAbHOrO 3¢deKra K 3a-
TpaTaM HasbiBaeTcs 3()(EeKTHBHOCTbIO CHCTEMBl. B ¢usnueckoM miaaHe
3¢ heKTHBHOCTh (YHKUHOHHPOBAHHS ONpefesseTcss OTHOLIEHHEM IO-
JIE3HOr0 BBIXOJA KO BCceMy BXOAy. JJs OTZeNbHBIX BHAOB 3aTpar
¢dusnueckas 3dpdexTHBHOCTs (YHKUNOHHDOBAHHS HMeEET BHJ TaKHX
pacnpocTpaHeHHBIX XapaKTepHUCTHK, KakK Ko3h(HUHEHT [0JIe3HOTO
IelcTBHA, KO3Gh(HUIHEHT HCIONb30BAaHUS BPEMEHH, Becopas OTJaya M
ap. U3 onpepejeHus 3peKTHBHOCTH BHAHO, YTO OHa CHHXKaeTcs C
poctoM H36bITOUHOCTH TC, TO ecTb C yBeNlHUEeHHEM JOJNH HEHOJEe3HBIX
BHIXOJOB H HepeaJHM30BaHHBIX CBOHCTB 3JeMeHTOB. Kpome 3¢deKTHB-
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noctd TC B 11eI0M OYeHb NOJE3HO BBHAENATh PPEKTHBHOCTD OTAE/b-
HBIX TMOJCHCTeM, cpaBHHBasl BkAajA 3TuXx [IC B o6mui mosesHbd 3¢-
tekT ¢ ux noJeill 3atpar. Tako# aHaJIu3 MOMOraeT BHIABJIATb De3ePBH
COBEPUIEHCTBOBAHHS CHCTEMBI: 3¢ (eKTHBHOCTh BcroMorateasHeix [1C
He HOJMKHa ObITh 3aMeTHO MeHblueft, ueM sdbdekruBHocts [IC oc-
HOBHBIX.

CrouMu BxozaMu M BhxoaaMu TC B3aumMoZeHCTBYeT ¢ OKpyxKe-
HHEM, OCYIIEeCTBJIsIsl BHeluHee ¢yHKuHOHHpoBaHHe. [Ipu 3ToM B OKpy-
JKeHHH HeOGXOAHMO BBIIENATh OGBEKTH (CHCTEMHI), BXOJASILIHE BMeEC-
te ¢ paHHoii TC B cucremy GoJsee BBICOKOTO paHra (HaicHcTeMy —
HC) B kauectBe ee moxcucteM. KpoMe Toro, s3aumonelcTByioliye €
TC 06beKTh ee OKpyXKeHHS MOTYT BXOAMTb B COCEJHHE HAACHCTEMBI.
Bcio ocTasbHYI0 4acTb OKPYIKEHHS, CBSI3aHHYIO C CHCTeMOH, MOXKHO
CUUTATH CPEeHOH.

Cros1b KOHCIIEKTHBHOE M, B H3BECTHOH Mepe, YIpOLIeHHOe pPaccMOT-
peHHe OCHOBHHIX IOHSITHH, CBfI3aHHHIX C TEXHUYECKOH CHCTeMOH, He
ucuepneiBaetT 3T0A TeMbl. ONHAaKO 3THX NOHATHA W OPEACTaBJIEHUH O
chcTeMe J0CTaTOYHO, 4TOOBI Ha KaueCTBEHHOM YpOBHe BBINOJHHTD
aHaiu3 TC, yTouHsis ee COCTaB, CTPYKTYPY, BXOABI H BBIXOABI U aK-
LIEHTPHPYs] BHHMaHHe Ha OTMeEUYeHHBIX BHIe HauGo/ee BaXKHBIX Xa-
paktepucTukax. (BoJsee moapo6HO mpouexypa TaKOro HCCAELOBAHHSA
CHCTEMBI, Ha3bIBAEMOTO NpPEAMETHO-QYHKIHOHAJBHEIM aHaJH30M, H3-
noxena B [2, 3].)

ES B S ES

CocraB xapakTepHCTHK BHeIIHero ¢yHkunonuposanus TC no cyrtu
neJa OTPaxkKaeT YCJIOBHS CBS3H CHCTEMBl C ee OKpyx)eHHeM. OcHOB-
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Hbie Tpe6oBaHusi K TC, BhHINOJHEHHE KOTOPHIX JeJaeT CHCTeMy NpH-
eMJIeMOH [JIS OKDPYXKEHHSI TaKOBHI:

1) noaesnnie «cmoco6uoctu» TC (I'TI®, ¢yHkuHOHAJIBHHE 3¢-
(eKT) HO/KHH COOTBETCTBOBATh MOTPEGHOCTAM OKpYXKeHus (oGuie-
CTBA);

2) saTpaTh Ha cosfaHne H (yHKnuonmposawue TC HOMKHH ©€O-
OTBETCTBOBATb BO3MOXKHOCTAM OKpyxkeHuss (TC pomkHa OHTH 30-
(hexTHBHOM) ;

3) MOMXKHO GHTH oGecneueHo HajexHoe BumnoJiHenne ['TIP (Ha-
nexHoe ¢yukunonupoBanue) TC;

4) ppenuble BHXOAN TC AONXKHH OHTH JAONYCTHMHE IJs OKpY-
JKEHHUS.

Stn TpebOBaHHSA, PACIOJIOXKEHHHE M0 CTeMEeHH HMX BaXKHOCTH, OT-
paxKawoT 3aKOHH (YHKIHOHHDOBaHHsA o0llecTBa H MO3TOMY olpele-
JSIIOT CTPOEHHe M pa3BHTHE TeXHHUeCKHX cHcreM. KameHeHue B Cuc-
TeMe, CHOCOGCTBYIOLIEe BHINOJHEHHIO 3THX TpeOOBaHHH, CYMTaencs
yayullleHHeM (IIOJIOXKHTEJNbHBIM 3(deKToM), a Medlamoulee HX BH-
HOJIHEHHI0O — YXYAUIeHHeM (HexXeJdaTeJbHHM 3(¢beKToM).

Kak BumHO u3 cnucKa TpeGoBaHHH, ompeflefsiolled XapaKTepHC-
THKOl cHcTeMH siBasiercss ee ¢ynkuus (I'TIP). Co creneHbio BHIIOJ-
HeHHMs QYHKLUHH CBA3aHB THIH 3aJay, KOTOpDHe HEOOXOAMMO pellaTh
npu pa3paboTKe U COBEPINEHCTBOBAHHU TEXHHKH:

1) TTI® He BHMOJHAETCS HOJHOCTbIO (cHCTEMH HeT, TpebGyercs
noctpoenune TC c Hyas);

2) TTI® ue shmosHsieTcss yacTHYHO (Tpebyercsi moctpoiika TC);

3) I'TI® BhmosHsIeTCs, HO MOJOXKUTENIbHEIE H HexeJaTelbHble (-
¢dekTH BCTymaloT B NpoTHBOpeune (Tpebyercsi mpeobpasosanue TC).

ES B ES

QyHKIHOHHPOBAHHE ONpENENsieT M CTPOEHHE CHCTeMBI: COOTBETCT-
BHe Mexnay ¢dyHkuueii  cTpykrypoit TC — 3T0 06beKTHBHBIH 3aKOH,
KOTOpPHIH NpOSiBJSieTcs uepe3 pSA 3aKOHOMEDHOCTEH, HMEIOIMHX BHI
Tpe6oBaHuil K JIOO6KM paborocmoco6HBM TC.

Kaxnass TexHHueckasi CHCTeMa JOJKHAa ObTh (YHKIHOHAJAbHO
MOJIHOH, TO ecTh COCTaB ee NOJACHCTeM (3JeMeHTapHHX GYHKIHI)
NOJKeH OHTb xocratoueH Anas BumouaHeHuss I'TI® cucremu. Tpe6o-
BaHHE 3TO Ka)eTcs 3JeMEHTapHBIM, NOCKOJBbKY NpH rpy6oM ero Ha-
pymwennu TC craHoBuTcs s1BHO HepaGorocmocoGrof. OnHako He pel-
KM CJyyaH, KOrja [IJIl YacTH 3JieMeHTapHHBIX (YHKLUHMH, yallle BCero
BCIOMOraTe/bHHX, OTCYTCTBYIOT MOICHCTEMB, H TorZa pabGora TC
ofecrneunBaeTcs 3a cueT yesoBeka. Hampumep, sesocumen ¢ mepass-
MH GBI co3faH B 1840 r., a TopMO3 Ha HeM IOSBHJICS TOJbKO B
1846 r. [6]. Ho 3TOro BeJOCHINEIHCT TODMO3HJ COGCTBEHHHIMH Galll-
makamu. DyHKnHOHANbHAss HemoJHoTa TC sABIsgeTCs NpHUYMHOMA mO-
fIBJIEHHS TeXHHYeCKHX MnpobJeM IpH KaueCTBEHHOM pocTe NOTpe6-
HOCTe# M cooTBeTcTBylolleM pacmupeHun I'TI® cucrembn. 310 coOT-
BETCTBYeT 3ajlaue Ha MOOCTPOAKY CHCTEMHI, B pe3yJbTaTe peIIeHHS
koropoit TC «oGpacraers HOBHMH moxcucreMaMH. K npumepy, xoraa
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obecrneyenne 6Ge30macHOCTH OeryHOB M co06aK OT aBTOMOOHJBHOTO
TpaHCMOpPTA B BeUepHEe BpeMs OCO3HAJNOCh KakK mpobieMa, B C[.HA
NPOMBILIJIEHHOCTb OCBOMJIA IIPOH3BOJACTBO KPOCCOBOK C IMOJCBETKOH, a
B AHrauu GBI M300peTeH OIIeHHHK AMsico6aK cO CBETORHOJAaMH (IpH-
YyeM IIOACHCTeMa IOJACBETKH B TOM H JAPYroM clydasx HMeeT cOOCT-
BEHHHH HCTOYHUK NMHUTAHHSA).

[Tockoabky ITI® cucTeMbl xapakTepu3yeTcs He TOJbKO KauyecT-
BEHHBIMH IPH3HAaKaMH, HO H KOJHYECTBEHHBIMH MNapaMmeTpaMH, paGo-
tocnoco6Hass TC po/aKHa HMeTh 3HaueHHe IVIABHOIO Napamerpa, €o-
orsercTeylomero I'TI®, He HuXKe HEKOTOPOro MHHMMAaJbHOTO YypOB-
Hs — «napamerpudeckoro mopora». Has TC «caMoser», Hampumep,
NOMOGHBIM NOPOroM OBIJIO CO3JaHHE MONABEMHOH CHJB, NpeBHIIIAI0-
wel Bec camosera Ha 10—209%. Tosnbko mpu 3Tem YCJOBHH camoJer
mor ysepenHo Jerath. Jas TC «mapoxoi» napaMeDpHueCKHH mOpOr
6bla1 CBSI3aH C PAcCTOSIHMEM, KOTOpPOe NapoXOoh MOT NpoiTH 6e3 mosa-
NpaBKH TOMJNHBOM. KMMeHHO ¢ mpeomoJieHHEM 3TOro mopora GBI CBS-
3aH Nepexoj OT PEYHOro NapoxXola K MOPCKOMY, a 3aTeM OKEaHCKO-
My. Heo6x0aumMocTh NpEONOJEHHS INapaMeTPHYECKOrO IOpora npH
CYIUIeCTBYIOWIMX B JaHHBIH HCTOPHUECKHH MNEpHON OrpaHHYEHHSIX Ha
TEXHOJIOTHYeCKHE BO3MOXKHOCTH OOILIecTBA ONpeNessieT NPHHLHN Aek-
CTBHsI cO3JaBaeMOH TexHuueckoi cucreMbl. Eme B XIX Bexe cropon-
HHKM CO3JaHHsA JeTaTeJbHBIX alnapaToB TsAxkKesaee BO3Ayxa OBLIH
YBEDEHBI, 4TO YeJOBeKa B BO3AYX MOJHHMET BHHT (TO €CTb OpHEHTH-
POBAJIUCh HA NPHHUHKN NEHCTBHSA, Ha3biBaeMblil cefiluac BEPTOJIETHHIM).
He wns6exanu storo yBneuenuss u GpaTbsi Paiit. Ho 6bictpo y6enu-
JIUCb, YTO [Jisi PeajH3allMH annapata C HeCyIIHM BHUHTOM HYXKeH
JIETKHA M OYEHb MOUIHBIA JBHraTeslb, KOTODOrO TEXHHKa B TO BpeMs
JAatb He Morsia. [TosTomy OHM OGpaTHJHMCH K CAMOJIETHOMY IpHHUHIY,
IIPH KOTOPOM 3a CYeT a3POJHHAMHYECKOro KauecTBa KphLIa YaaJocCh
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NoAHATbCA B BO3AyX B 1903 r. mpu CKpOMHOH MOIIHOCTH ABHraTelist
B 12 ;m.c. A BeproJeT yBepeHHO B3JeTesq (Ha 18 M) ToJbKO uepes
27 aer [21].

CooTBeTCTBHE MeXKAYy COYETAHUSIMH OCHOBHBIX KOJHUECTBEHHBIX
napaMerpoB (YHKUHOHHDOBaHHS H Haubosiee NOAXOISLIMM NPHHIH-
noMm gelictBuss TC AHKTyeTCs B OCHOBHOM OrpaHHYEHHSIMH Ha pecyp-
Chl, TO €CTh KOHOMHYECKHMH TpeGoBaHHAMH. PH3HUECKHe BO3MOXKHO-
CTH NpHMEHEHHS TOrO WJH HHOMO NpPHHLHMINA JeHCTBHS Bceria IIHpe
sKoHOMHueckHX. [TepeMecTuTh Kakoi-mH60 0O6BeKT Ha 10 M MOXKHO H
3a cyeT sIBJeHHs TelsoBoro pacmupenusi. Ho HeumenecooGpasmo. st
npuMepa Ha pHc. 4 MOKa3aHO COBPeMeHHOe paclpefeseHHe pasJHyHBIX
TpPaHCOOPTHbIX cpenctB [40] ¢ pasHbBIMH NpUHUUMIAMH JAEHCTBHS IO
«<MmapaMeTPHYECKHM HHMIIAM» Macca — CKOPOCTb.

OnHuM H3 NPOSABJIEHHH 3aKOHA COOTBETCTBUSI (DYHKUHUH H CTPYKTY-
pHl sABJseTCs TaKkKe TpeGOBaHHE COOTBETCTBHS MeXJY H3MEHYHBOCTDHIO
yCa0BHH (YHKUHOHMPOBAHHSI H YNPAaBJISIEMOCTHIO TEXHHUYECKOH CHCTe-
Mbl. TC nu60 HomKHA OBITh HEYYBCTBUTEJNBHOH K M3MEHEHHIO BHEIUHHX
yCcJOBHH M meJsieli YHKHHOHHDOBaHHSA 6e3 HexesaaTelbHBIX IIOCJEACT-
BUl, AH00 HMeTb H3MeHseMble (ympaBJsieMble) 3JeMEHTH, 3a CYeT
KOTOPBIX OHA MOXKeT IIPUCNOCOOHTbCA K ITHM H3MeHeHUAM. [Ipu artom
nas kaxpoi I'TI® cymecTByeT HEeKOTOPBII MHHHMYM («IOpDOr») yI-
PaBJIsAeMOCTH, HH2Ke KOTOPOrO ONYCKAaThCS HeJb3sl. B HCTODUH TeXHHKH
U3BeCTHHI cJaydaH, koraa TC okasbiBaauch HepabOTOCIOCOGHBIMY HMeH-
HO H3-32 HEJOCTAaTOYHOH ynpasJsiemocTH. Hampumep, mepBhlii caMo-
XOAHBIH CYXONYTHBI SKHIIaX ¢ [apoBBIM JBHrateneM (paHuysa
H. )K. Konbo (1769—1770 rr.). Hame xe HeynpaBiasiemble TC mpocto
He ocTaBJasaAM caeia B ucropuu. B EBpome, rae HanpaBieHHe BeTpa
nepeMeHYHBO, He YAaJOCh HANTH CBHIETENbCTBO O CYLIECTBOBAaHHH BeT-
PAHBIX MeJbHHUI, He HMEIOIHX BO3MOXHOCTH NMOBOpAaYHBaThb OCb Bpa-
LIEHHS] KpHlIbeB HaBcTpeuy Betpy. [IpaBma, B Halle BpeMs Ha 3anaf-
HOM Oepery octpoBa KpHuT ycnmemHo pa6oTaloT MEJbHHIE C BajoM
BETPSIHOTO KoJseca, GUKCHPOBAaHHBIM B OZHOM moJioxkeHun. OHH pacho-
JIOXKEHB Ha CKJIOHE I'Opbl M HPHUBOASITCA B AeHCTBHE B ONpeAeseHHHe
Yyachl MOAHHMAIOUIUMHCS C MOpST PeryJIsipHbIMH NOTOKaMH Bo3nyxa [36].
Ho 310 enBa Jsim He efMHCTBEHHOe HCKJIOYEHHe, BHI3BAHHOE OCOOLIMH
XapaKTepHCTHKaMH MeCTHOCTH, JIHIIb MOATBepXkKJaeT OOIIyI0 3aKOHO-
mepHocTb. (CienyerT 3aMeTHTb, YTO HapylIeHHe TpPeGOBAaHHA O IIPeEO-
JIOJIEHHH <«IOpOra YMpaBJseMOCTH» He PEAKOCTb M B HAIUH JAHH.)

Bce TexHHUCCKHE CHCTEMBl MOXKHO pas3felHTb Ha ABa OGOJbIIHX
KJacca: JHHaMuuecKHe (MallUHBI) H CTaTHUeCKHe (COOpYXKeHHS).
B nunamuueckux TC nmpoucxoguT o6MeH C OKpy:KeHHeM H npeolGpaso-
BaHHe IIOTOKOB BEIIeCTBa, HePTHH M HHbopManuu. [Ipuuem Haubo-
Jee OOmMM NpPH3HAKOM S$IBJIsieTCs 9HeprooOMeH, TaKk Kak IIOTOKH Be-
mecTBa ¥ WHGOPMAIHH 0053aTeNbHO CONPOBOXAAKTCS HEPrONOTOKA-
MH WJIH COBIAfalOT C HUMH. Y COODYXeHHH HeT sIBHOro oGMeHa C OK-
pyxeHHeM. OHM XapaKTepH3YIOTCH BOCNDHATHEM BHEIIHHX BO3JEHCT-
BHi, B OCHOBHOM 3HEepreTHYEeCKHX, peo6pa3oBaHHeM HX B yCHJHA (Ha-
NpsiKeHHs]) M Nepefavyy YCHJIHA K OCHOBAHHIO COOpPYXeHHSl (TPYHTY).
C HeKOTOpOH AaoJiefi YCJIOBHOCTH KapTHHY MeXaHHYeCKHX HalpsiKeHHH
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Puc. 4. Pacnpesescrue NPHHUMNOB [EACTBHS TPAHCHOPTHBIX TEXHHYECKHX CHCTEM IO
«mapaMeTpPUUYECKUM HUIIaM» Macca — CKOpOCTb

B COOpPYXKEHHH TOXKe MOXKHO CUHTaTb KaK OBl «3aCTHIBIUIMM» 3Hepro-
[IOTOKOM.

ITosTomy MoxKHO copmupoBaTh obmiee TpeGoBanue ko Bcem TC:
TeXHHYecKasi CHCTeMa [OJIKHA ObITb IHEepreTHYecKd NpPOBOAMMOI
(obGecrieynBaTbh IMPOXOXKJEHHEe JHEPrHH MO BCeM CBOHM YacTsM)
H 3HepPreTHyecKH noJHOiH (obecrmeuuBaTh Bce HeoOXOmMMble mpeobpa-
30BaHUS SHEPTHH B CHCTEME).

B TexHOJOTMYeCKOH cHCTeMe, IpefHa3HayeHHOH HJs 06paboTKH
(M3MeHeHHs1) MaTepHaJbHBIX NpeiMeToB (M3Ienauii), B oblieM ciayuae
INPHCYTCTBYIOT CJeAylolllie SHepreTHYeCKHe KOMIIOHEHTHI:  HCTOYHHK
SHepruu, npeobpa3oBaTeslb SHEPTHH HCTOUYHHKA K TpeGyeMoMy BHAY
(aBHratesnb), mnepenaya SHEPTHH OT [BHrareJss K HHCTPYMEHTY
(TpaHcMuccHsi), MHCTPYMEHT, OCYLIECTBJISIIOLINH SHepreTHYECKOe B3aH-
MOJEeHCTBHe C HM3IeNHeM, a Takxe opraH ynpasnaeHus. IIpu stom oc-
HOBHOH 3HEpromoTOK HJAeT 4Yepe3 HHCTPYMEHT K H3JeJHIO.

AHnasorHuHBle KOMIOHEHTH €CTb B 3HEPrONOTOKaXx HH(OpMAalHOH-
HBIX («M3MEepUTEeJbHBIX») W JHEPreTHYecKHX CHCTEeM, YacTb M3 HHX
€CTb ¥ B coopy:KeHusix. OHAKO B HHUX 3HEProNOTOK HIET, KaK MpaBH-
JIO, OT U3JeJHS K HHCTPYMEHTY.

Pasymeercs, mosnblii Hab0p HepreTHYeCKHX KOMIIOHEHTOB BCTpe-
yaercsi paneko He Bcerna. O6s3aTeNbHO [OJKHBI GHITh TOJBKO H3Je-
Jue U uHCTpyMeHT. [Tox M3menueM NOHHMAETCS 3JIeMEHT CHCTEMEHI, B
npeo6pasoBaHUH MJIH COXpaHEHHH (CTaGHIM3alHH) CBOHCTB KOTODPOIO
HJIM B INOJNyYeHHH HHPOpPMALHH O KOTOPOM 3akJiodaeTcs (GYHKIHA
3TOA cHcTeMbl. [IpuueM H3Je/NHe — 3TO He TOJBKO KOHEUHBIH MPOLYKT
¢dyukunonupoBanuss TC («ToBap»), HO M HCXOJHOEe «CHIpbe», o6paba-
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THiBaeMoe cucTemoil. WHCTpyMeHTOM cuHTaeTcss 3JE€MEHT, Helocpen-
CTBEHHO B3aHMOJEHCTBYIOIHA C H3/EJHEM C LeNbI0 MOJYYEHHS MOJe3-
HOro pesyJabrara (BeimosHeHHst ¢yHkuun TC). B TokapHOM cTaHKe,
HampHUMep, MOXKHO BBIAEJHTb ABa OCHOBHBIX HHCTPYMEHTa: pesell H
NaTpOH, NPHAAIOMINI JeTaly BpallaTeJbHOe JBHKEHHE.

PeanbHble cCHCTEMBI OGBIYHO BKJIOYAIOT B ce6sl 4acTH pa3HbIX (PyHK-
IHOHANbHBIX THOOB. B s060M CcTaHKe 3JeMeHTH, ob6ecmeyHBalollHe
H3MEHeHHe M3JeJHs, KPENsTCS Ha CTaHHHe, KOTOpasi MO CYTH SIBJISETCH
coopyxKeHnHeM. B u3aMepuTeNbHBIX NMpHOOpax CHUrHaJ, Hecylu# HHGOD-
MallHI0 O COCTOSIHHH H3JeJHUs, NOCJe ero MOJYYeHHS B «H3MEpHTesb-
HOM» G6JIOKE MOXKeT 3aTeM MONBeprathcs o0paboTKe B «H3MEHHTENb-
HBIX» 6J0Kax (GHIBTPOBATBHCS, YCHIHUBATbCS, NEpPEBOAUTbLCA Ha HPY-
rue Hocutenu). [ToaTomy, aHanu3upyst 3HepreTHueckHe noTokH B TC,
nesnecoo6pa3sHo paccMaTpHBaTh OTHeJbHbIE INOJCHCTEMEl, BHINMOJHSAIO-
1He 3J1eMeHTapHble NMose3nble (GyHKUHMH. B Kaxno# noacucreMe cCOOT-
BETCTBEHHO BBIIENSIOTCS CBOH H3lenne W HHcTpyMeHT. (B mpenene
Mo6YI0 CHCTEMY MOXKHO pa3GHTh Ha (DYHKIHOHaJbHBE NMapbl B3aUMO-
JeACTBYIOIINX 3J€MEHTOB, OAMH M3 KOTODHIX OYyJeT CUHTAaTbCs H3Je-
JIieM, a IPYrofl — HHCTPYMEHTOM.)

-TIocKONBKY ONHH M TOT K€ 3JEMEHT MOXET BXOAHTb B HECKOJbKO
nofcHCcTeM, HHCTpyMeHT ofHo#l [IC mMoxkeT oKa3aTbCs H3LENHEM B ADY-
roii. Peseny TokapHoro craHka (HHCTPYMEHT IO CBOEMY OCHOBHOMY
Ha3HAUeHMIO) BXOLHT KaK H3JeJHe B NOJACHCTEMBbI NEepPeMEeNIeHHS pes3-
a ¥ OXJaxXIeHHUs.

CJIOXKHOCTE CTPYKTYPBI (TO eCTb CJIOKHOCTb 3JE€MEHTOB H B3aHMO-
HNEeHCTBHI MeXIy HUMH) Tak¥Xe JHOJMKHA COOTBETCTBOBATb CJOXKHOCTH
¢dynxkunonuposanus. Hanpumep, croxuyio no ¢opme AeTalb MOXKHO
M3TOTOBHTb 3a CYET CJOXKHBIX BO3AeHCTBHH NpPOCTOTO HHCTPYMEHTa
(xoBKa, yekaHka), JHG0O 3a CUET NPOCTOrO BO3AEACTBHSA CJOXKHOIO
MHCTPYMeHTa (LITaMIOBKa).

[Ipu strom mns 3agannoit I'TI® Bcerga ecTb HEKOTODHIH -MHHHMaJb-
HBI YPOBEHb CJOXKHOCTH CTPYKTYpPHI, o0ecrneyHBaeMblli COOTBETCTBYIO-
UM non6opoM NMpHHIMNA AeficTBUA. A npu 3apanubix ['TI®O u TI0 —
ONTHMH3aUHeNl OpraHH3alHU CHCTEMBl B NPOCTPAHCTBE H BO BPEMEHH.

B3 B3 B3

PaccmoTpeHHBIE 3aKOHOMEDHOCTH, SIBJSIIONIMECS YacTbl0 3aKOHOB
[NOCTPOEHUST TEeXHHYECKHX CHCTeM, HeOOXOAHMMBl KaK OCHOBaHHe
AJs  ammapara pellleHHss 3ajay Ha [OCTPOEHHe H  JOCTPOHKY
TC. KpoMe TOro, nockoJbKy 3akoHbl noctpoeHus TC neficTByIOT Ha
BCeX 3Tamax KU3HEHHOrO IMKJa CHCTEM, ONMHCAHHBIE 3aKOHOMEPHOCTH
HeOGXOIUMBl M JAJsS DAcCMOTPEHHsS Da3BHTHSI TEXHHYECKHX CHCTEM.
Benb mpouecc pasButia TC MOXHO NpEeNCTaBHTb KaK yCTpaHeHHe
paccorsiiacoBaHHsl Mexay TpeOyeMbIM (YHKIHOHHPOBaHHEM H HMeIO-
IHMCSI COCTaBOM H CTPYKTYpo#l cHucTeMbl. PopMBl ycTpaHEeHHsS 3TOro
paccoryiiacoBaHHs TaKXe 3aKOHOMEPHH M CBSI3aHBl C paspellieHHeM
IPOTHBOpEYHH.

30



I'maBa 3

NMPOTHUBOPEYHUS B TEXHUYECKHUX CUCTEMAX,

a TaKxce 0 TOM,
nouemy Her xyda 6e3 dobpa,

nouemy 2ubHYT MOPCKUE TAHKePbL,

nouemy KOHCTPYKTOPbL MYHUAUCL C BUHTOBKOL;
Kpome TO20,

0 2OHOYHOM asTOMOOUe,

0 pese pPeaKTUBHO20 camoneTa,

006 aKKymyaaTopax

u, HaKoHey,

0 s0%ce hakupa, Tom camom, 4To u3 o0Hux 2sosdeil




«Her xyna 6e3 mobpa u nobpa Ge3 xyna». CrnpaBelJHBOCTb 3TOM
MIOrOBOPKH, OTpaxalolled AHaJeKTHYeCKYl0, NPOTHBOPEYHBYIO MpPHPO-
Ay Hallero MHpAa, M3BECTHA KaXJOMy H306peraTelio, KaXXAoMy pas-
paboTuHKy HOBOHW TeXHHKH. HeT HH OJHOro TeXHHYECKOTO HOBILIECTBA,
BBEJIEHHE KOTOPOro He MOBJIEKJO 6B 3a cO60H KpOoMe NOJIOXKHTEJIbHO-
ro s¢pexra eme H 3¢pPeKT HexesaTeJbHHIH. PacnpocTpaHeHue KoM-
NbIOTEPOB H MHKDO3JIEKTPOHHKH, K NPHMepY, OTKPHIBaeT Iepel YeJio-
BEKOM OrpOMHBIE BO3MOXKHOCTH COBEPLIEHCTBOBaHHS MOYTH BCeX 06Ja-
CTeldl J1esiTebHOCTH — H OJHOBPEMEHHO MOpOXAaeT NpoGJeMy yTHJIH-
3alliH OTpaboTaBIIHX MNOJYINPOBOJHHKOB, MHKpOGaTapeek H IpyTHX
AeTajlieil 3JIeKTPOHHKH, COJepKaIHX PTYTb, MBIIbSIK, NpOUHe $AOBH-
Thle HHIPelHEeHTHI.

3TOT npHMep HarJSAHO HJLIIOCTPHPYET AeHCTBHE 3aKOHA eJHMHCTBA
H 60pbOBl NpPOTHBONOJOXKHOCTeH, KoTophii B. WM. JleHun waszBan «sam-
pPOM nHajleKTHKH». B cOOTBETCTBHH C 3THM 3aKOHOM HCTOYHHKOM pas3-
BHTHSl TEXHHYECKHX CHCTeM, KaK H BCSKOTro Apyroro o6bekra MaTepH-
pHaIbHOrO MHpa, ABJsAeTcs 60pb6a NPOTHBONOJOKHOCTEH, CBS3aHHBIX
C 3THMH CHCTeMaMH. A caMO pa3BHTHe BHIIVIAAHT KaK NpPOLECC 3apOXK-
JeHusl, O60CTPOEHHS H paspellleHus] NpoTHBopeuuH, mpucymux TC.

Oco6eHHOCTb CBSI3H JHaJIEKTHUECKOIO MPOTHBOPEUHSI C Da3BHTHEM
3aKJII0YaeTcsl B TOM, 4YTO NPOTHBOpEYHe BHICTYNMAaeT KaK HCTOUYHHK Ca-
MOJBHXEHHSI H CAaMOPa3BHTHS.

Texnnueckne cucTeMBl, CO3JaHHBIE YeJOBEUECKOH IHBHJIH3ALHEH,
He $sIBJAIOTCS CaMOpPa3sBHBAMOIIHMHCA B NOMJHHHOM CMBICJE 3TOrO
caoBa. Bce namenenns B TC — neso pyk uesnoBeka. [1ostomy TexHH-
UeCKHH MNporpecc, Kak INpolLecc Pa3BHTHS TeXHHYECKHX CHCTeM, HOJ-
*KeH pacCMaTpPHBAaTbCSl B CHCTEMe «OGLIECTBO — TeXHHKa» KaK OpyaHe
paspellleHHs] TIPOTHBOPEUHS MeXAy NOTpeCHOCTAMH O6IIecTBa M BO3-
MOXKHOCTSIMH HX YJOBJIETBOPEHHs C NOMOIIBIO TEXHHUECKHX CpeACTB
[32, 49]. D10 mpoTHBOpeuHe, KOTOPOE MOXKHO Ha3BaTb COLHAJbHO-TEX-
HHUECKMM npoTHBOpeueM [39], npHHHMaeT pasHble (HOPMHI.

ITpn BO3HHMKHOBEHHH KaueCTBEHHO HOBOH MOTPeGHOCTH OO6IeCTBA
COLIMa/IbHO-TeXHHUECKOe NPOTHBOpEUHEe BO3HHKAaeT Cpa3y U B YHCTOM
BHJe; NMOTPeOHOCTb €CTh, @ HYKHOrO TEeXHHYECKOro cpeicTBa H, COOT-
BETCTBEHHO, BO3MOXHOCTH YIOBJIETBODEHHSI 3TOH NOTPEGHOCTH HET
(To ecTb BO3HHKaeT 3ajaua Ha nocrpoeHue TC).

HekoTopble npoTHBOpeuHsi, BO3HHKHYB, OCTAaIOTCSl Hepas3pelleHHH-
MH CTOJIETHIMH HJIHM JaxKe THICsiueNeTHAMH. I[IpuMepoM MoXetr cay-
KHTb npobJeMa OCBOeHHS BO3AYLIHOTrO npoctpaHcrtBa. IloAaHATbCS B
He6O U mpoJeTeTh Haj 3eMJieil Gblo AaBHeHd meuTol uejoBeka. U Jio-
JH YNODHO HCKaJH TeXHHYeCKHe CpPeACTBA .5 OCYLIECTBJEHHS 3TOH
meutbl. [lenan u Hkap, Jleonapno na Bunuu, X. Tiofirenc, M. Jlomo-
HocoB, [I. Keiinn, A. Moxafickuii, 6pates Pafit, K. Ilnonkosckuii...
Y, nakoneu, Bo BTopoit nosoBruHe XX Beka: «B oTnyck H KOMaHIHPOB-
Ky — camoJsieraMu». [lpoGaema peleHa, Meyra cTaja peaJsbHOCTBIO.
Jlpyrue npoTHBOpeUHsi pa3pelalTcs MOYTH OLHOBPEMEHHO C MOsIBJIE-
HueM. M60 3ayactyio KayecTBeHHO HOBasi MOTPeGHOCTb NOSBJISAETCS
TOrJa, KOrla 0CO3HaeTcss BO3MOXKHOCTb ee yAoBJeTBopeHHs. Tak GO,
HanpuMmep, Korja DAMCOH, NOHSB, YTO 3BYK TaK ke, KaK H H300pa-
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JKeHHe, MOXHO 3a(HKCHpPOBaTh, CO3MaJ CBOH ¢oHOrpad, COeAHHHB B
HOBYIO KOMOGUHALHIO H3BECTHBIE 3JIeMEHTHL

B nm06oM ciaydae mosiBJeHHe KaueCTBEHHO HOBOH OOIeCTBEHHOM
noTpeGHOCTH, YAOBJETBOPHTb KOTOPYIO HeO6XONHMMO C IOMOLIbIO TeX-
HUKH, NOpPOXKJAAaeT HOBHIA (PYHKIHOHAJbHHH KJ1acC TeXHHYECKHX CH-
creM. UHCJIO TakHX KJacCOB CPABHHTENbHO HEBEJHKO, pOXKAAIOTCS OHH
He Tak yacro. COOTBeTCTBEHHO NPOGJEMB], CBSI3aHHBE C NOSABJEHYEM
KayeCTBEHHO HOBOH NOTpPeOGHOCTH, — SIBJIeHHe CPaBHUTENIbHO peAKOoe
(xoTs1 yacToTa HX NOSIBJIEHHS IO Mepe YCKODEHHs TeMIIOB TeXHHuec-
KOro nporpecca M yBeJHYEHHs AOJH INepefaBaeMblXx MallluHe (yHK-
1Hil YyeJlOBeKa pacTer).

Topazmo 6Gosee wacTHf ciayyall — KOJHYECTBEHHBIH pocT o6LiecT-
BeHHbIX norpe6HocTel. IIpn sTOM cHayasa BO3HHKaeT KOJHYeCTBEHHAs
JNHCTIPOTIOPLHA MeXAY NOTpeGHOCTbI0O H BO3MOXKHOCTBIO ee¢ YAOBJETBO-
peHus. DTa AHCIPONOPIHA NOHAYaJy YCTpaHseTcd 3a CYeT COOTBETCT-
BYIOLIlEr0 KOJIHYECTBEHHOTO H3MeHEeHHS NapaMeTpOB H3BECTHOH TexHi-
yecko#l cHcTeMbl, He MeHssl ee KayecTBeHHO. OJIHaKO ¢ HEKOTOpPOTo
MOMEHT2 JOT'OHATb NMOTPEGHOCTb 3a CYeT TAKOTrO M3MEHEeHHs mapamer-
poB TC craHOoBHTCS BCce TpyAHee, M AMCIPONOPLHS NpeBpailaercs B
COLHAJIbHO-TeXHHYeCKOe NPOTHBOpEYHe, KOTOPOe MOCTeNeHHO 060CTps-
ercsi. TpeGyercst KauecTBeHHO H3MeHuTb TC.

[Touemy ke H3BeCTHOe, MPOBEPEHHOE TEXHHYECKOE CPENCTBO BIAPYF
IlepecTaeT yJOBJAETBOPSATh pacryllyi norpeGHocts? [esno B TOM, 4TO
J060e, maxKe HeHOJbIIOE H3MEHEHHe B CHCTeMe, HamnpaBJeHHOe Ha
yJyullleHHe OAHOH H3 ee CTOPOH, ONHOBDEMEHHO NPHBOAHT K yXyAlue-
HHIO ApYrofl CTOPOHBI, K HexXeJaTeJbHOMY 3¢¢eKTy. YBelHUeHHE KO-
JIHYeCTB4 yIJepoja B CTaJH yJydyllaeT ee NPOYHOCTHBIE KayecTBa H
OJIHOBpeMEHHO YXY/JlIaeT CNOCOGHOCTb NPOTHBOCTOSITb YAApHBIM Ha-
rpyskaM. PocT rpy3onoabeMHOCTH TaHKepa YBeJHUHBAeT €ro TpaHC-
NOpTHYIO 3((GeKTHBHOCTb, HO, H3-3a COOTBETCTBYIOIIEr0 pocTa BOJO-
H3MellleHHs], yXYAllaeT MaHeBDeHHble KayecTBa CyAHa H CO3haeT NO-
BBIIUEHHYIO 3KOJIOIMYECKYI0 ONAacCHOCTb. ABapHH TaHKEPOB C TSIKKHMH
3KOHOMHYEeCKHMH H 3KOJIOTHYeCKHMH TIOCJeJCTBHSIMH TOMY I[OATBEp-
XK eHHe.

YBenHnueHHe 4HCJa HHCTPYMEHTOB B HaGope YJydyllaeT BO3MOXHO-
CTH IH(p(}epeHUHPOBAHHOrO BO3AeHCTBHA HA H3MAeJHe, HO YXYJIIaeT
ycJ0BHsl paboThl ¢ Ha6OPOM, KOTODHIYl CTAHOBHUTCS 60Jiee TPOMO3AKHM.

Takoe efMHCTBO yJayuuieHuss H yxyaumeHuss ctopoH TC, eaHHCTBO
NOJIOXKHTENBHOTO H HeXeJaTeJbHoro 3¢ hekToB, 00yC/I0OBJIEHHOE H3Me-
HEHHEM HJH COCTOSHHEM HEKOTOPOH 4YaCTH CHCTEeMbl, Ha3bIBaeTcs
TeXHUYEeCKUM npoTHBopeunem '[3].

TII=I19+H3; TI1= (I[13—-H3),

rae TIl — TexHuueckoe NPOTHBOpEYHE;
[19 — nosecxurensHefl 3¢ dekr;
H3 — nexenarenvusiil adoexr;
[13 - H3 —I13 npuunna HI3.
TexHHuecKoe NPOTHBOpeUYHEe — 3TO JAHAJCKTHYECKOe IPOTHBOpEYHe
TeXHHYEeCKOH cHCTeMBbl B JaHHOH cHcTteMe orHomlenud. Kaxkpgas TC.
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MOXeT OBITb OXapaKTepH30BaHA NDHCYHIUM el «OyKeToOM» TeXHHYeC-
KHX NPOTHBOpeuYHH He MeHee KPaCHOPEYHBO, YeM KOMILJIEKCOM OOGHY-
HHX NapaMeTpoB. DTH NPOTHBOPEUYHS POXKHLAIOTCS BMECTe C CO3LaHHUEM
cHCTEMbl H M3MEHSIOTCS HJH HCYe3aloT NpH KaueCTBEHHOM H3MeHEHHH
9TOM CHCTEMH HJH ee OKpyxkeHHA. [IpHueM riaBHHEe NPOTHBOpeuHd,
CBfI3aHHBIE C NPHHUIMIOM JeHCTBHS CHCTEMH], ONpefessioT Te npobJe-
MH, KOTOpHIe MOCTOSIHHO NPHXOJAHMTCS pellaTh B Mpolecce COBeplUEH-
crBoBanus sroi TC. Hanpumep, camoJieTHBI NpHHIHN AEACTBHS NpPH-
BOJHT K HeOOXOMHMMOCTH pasbera NpH B3JieTe H mpo6era npH Mocaike.
1o mopoxaaer TII MexAy JeTHHM H B3JETHO-MOCAJOYHEIM KauyecT-
BaMH CaMoJ/leTa, HeOOXOAHMOCTb paspelleHHs KOTOpPOro mnpuBeaa K
Macce H300peTeHHH: OT MeXaHH3alHH KPHJAa IO CO3JaHHS THGPHIAHHX
annapatoB C BepTHKaJbHHIM B3JeToM H nmocajikoi. IMeHHO TexHHuec-
KOe NpOTHBOpeuHe SIBJISAETCS HCTOYHHKOM Da3BHTHS TEXHHYECKOH CH-
CTeMHl, €CJH pacCMaTpuBaTb 3TO pasnmne KaK OTHOCHTE/JbHO CaMo-
CTOSITEJBHHI Ipolecc.

IToka nonoxurenbHuf 3¢ ¢ekT npeaumaer HeXeJaTeJbHHHA, Tex-
HHYecKoe NPOTHBOpeuHe MaJio 3aMerHo. Korza Xe yxyAlleHHe HayH-
HaeT MPHOGJHXKATbcA K rpannuam gomycrumoro, TII nauunaer o6oct-
pAtbes. COOTBETCTBEHHO AHMCIPONOPLHS MEXIAY MOTPEGHOCTbIO H BO3-
MOXHOCTBIO €€ YIOBJETBODEHHS NepepacTaeT B COIHAaJbHO-TeXHHYEC-
KOe IPOTHBOPEYHe, KOTOpOe HAaUHHAeT OGOCTPATLCS BMECTE C TEXHHUEC-
KuM npotuBopeuneM. IIpu paspemennn uau ycrpanenuu TIT oxmHospe-
menHo paapewaercss H CTTI. TakamM o6pa3oM, HOBHE TeXHHUECKHE pelie-
HHs, NpelnoJiaralollie KauyecTBEHHOe H3MeHeHHe HCXOAHOH CHCTeMH
(To ecTh pemrenue 3afaun Ha npeoGpasosaHue TC), cBsizaHO c paspe-
IleHHeM OGOCTPEHHOTO TexXHHuecKoro mporuBopeuns. (Ciexyer oTMe-
THTb, 4TO CBs3b ycTpaHenus TII c¢ cospanunem n3oGpeTeHHs GhlJa BH-
sBJleHa Gosiee 30 JieT Has3aj, XOTHA NMpPeACTaBJEHHE O TeXHHYECKOM IpoO-
THBOPEHH B TO BpeMs OhlJIO He coBceM BepHHM [19].)

[ToHsiTHe «TeXxHHYecKOe NMPOTHBOpEYHE» OYEHb BaXKHO MJIs Hampas-
JIeHHOTO MOHCKa HOBHIX TeXHHYeckux pemenuii. [Tockosnbky TII (B oT-
JHYHe OT COIHaJbHO-TeXHHYECKOro NPOTHBOPEYHS) YBSI3HBAaeT NPOTH-
BOTIOJIOXKHOCTH BHelllHero (YHKIHOHHPOBAHHS! C BHYTPEHHHM (YHKIIHO-
HHpOBaHHEM, C COCTABOM H CTPYKTYPOH CHCTEMH], C COCTOSIHHEM ee 3Jie-
MEHTOB, NO3HaHHe (HOPM H MeXaHH3Ma paspelleHHs  TeXHHYECKOro
IPOTHBODEYHs, a TaKXKe aHaJH3 KOHKPETHHX IIPOTHBOPEUYHH IO3BOJSIOT
co3JaThb ammnapar, NOACKAa3HBAIOUIUA HANpaBJeHHs K pelleHHIO.

* * *

PaccMOTpHM CYIIHOCTb pa3pellleHHs] TeXHHYECKOro NPOTHBOPEUHs.

Paspemnts 060CTpEeHHOE TeXHHUYECKOE NPOTHBOpPEuUHEe — 3HAUHT Ile-
PEBECTH TEXHHUYECKYIO CHCTEMY B TaKOe COCTOSIHHe, IIPH KOTOpOM
yXyAlIeHHe OXHON H3 ee CTOPOH, CBSI3aHHOM ¢ JaHHHM IPOTHBOPEUHEM,
nepecraer GHTb HENONYCTHMHM, yrpoxamomuM. ITOCKOJbKY NOHSITHE
«yxyaumeHnne ctopoHH TC» 3aBHCHT OT OKDYXKEHHS CHCTEMH, OT KpHTe-
pHeB ee OLIEHKH, pa3pelllHTh TeXHHYECKOe NMPOTHBOPEYHe MOXKHO KakK 3a
Cuer M3MeHEeHHs e€ BHYTPeHHero (yHKUHOHHDOBAHHS NPH HEH3MEHHHIX
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BHEIUHHX CBSI35IX H OLlEHKAaX, TaK H 3a CUeT H3MeHEeHHs BHellero (pyHK-
nuonupoBanusi TC.

[Tpu ycTpaHeHHH 06OCTpPEeHHS TEXHHUYECKOrO IPOTHBOPEYHS CTOpPO-
HEl TEeXHHYECKOM CHCTeMBI, cocrtabJswonue 3to TII, aubo ocralorcs
NPOTHBONIONOXKHOCTAMH, JH60 mepecTaloT GbITh UMH. B mocaennem ciy-
Yae MOXHO CKa3aTb, YTO JaHHOe TeXHHYECKOe IPOTHBOpeYHe yCTpaHe-
HO noJsiHocTho. OlHaKO TeXHHUECKHX CHCTeM Oe3 MPOTHBOpeuHH He OHI-
BaeT. Bmecto ycrpanennoro TII Bo3nukaeT apyroe, KOTopoe HOJIXHO
6bITb HEOGOCTDEHHBIM. B NpOTHBOMOJIOKHOM ciyyae yCTpaHeHHe HC-
XONHOTO TEXHHYECKOTO NpPOTHBOPEUYHsS HeJb3s CYHTAThb MPHEMJEMBIM.

Uro6bl JMyyllle YSICHHTb CYLUIHOCTb MOHSTHH «paspelleHHe» H «YyCT-
paHeHHEe» TeXHHYeCKOro NMpOTHBOpeuHs, o6paTHMCsl K NMpPHMEpY H3 pa-
6ot ®. duresbca «HMcropus BuHTOBKH» [9]. ¥ pyKbsl HIH BHHTOBKH,
3apsKaeMblX ¢ AyJa, ¢ yBeJHYeHHeM [JHHH CTBOJA yJyyllaercs CIO-
COGHOCTb K WITHIKOBOMY 0010 H YXYALIAaeTcsi  CKOPOCTPEJbHOCTDb
(puc. 5). Iloka pyxbe OHLIO IVIaZKOCTBOJBHHIM, YCJOBHE oGecmeye-
HHSl NPHEMJEMBIX CKOPOCTPeIbHOCTH (By=Dbmin) ¥ CHOCOOGHOCTH K
WITHIKOBOMY 6010 (A=Amin) BHNOJIHANOCh (IAaI<Ig,, npu a<<lg).
[TpoTHBOpeuHe MeXIy CKOPOCTPENbHOCTbIO H CIOCOGHOCTBIO K HITHIKO-
BOMY 6OI0 CyllecTBOBaJo, HO GHJIO HeoGocTpeHHHIM. B 3THX ycJoBH-
sIX, MeHss [JIMHYy CcTBoJIa B npefenax oT [a 40 Ipi, MOXHO OBHLIO
BapbHPOBATb CTEleHb YJYUYLIEHHS H YXyHALIeHHS yKa3aHHHX CTOPOH
PYKbsi, OCYIIECTBJISISI KOMIPOMHUCC.

Koraa ctBosl pyXbsi CTajH AeJaTh C Hape3aMH H pyXbe NpeBpa-
THJIOCh B BHHTOBKY, CHTyallHsi H3MeHHJacb. 3apsKaTb BHHTOBKY INy-
Jieli, Bpe3aBIllecs B HapesHl, CTaJo TpyldHee M IpH NpexHed NJHHE
CTBOJIA CKOPOCTPEJbHOCTb CYIIECTBEHHO yMeHblIHaach (b52). Teneps
yXKe IpHeMJeMble 3HaUeHHs CKOPOCTPEJbHOCTH H CNIOCOGHOCTH K IITHI-
KoBoMy 060I0 He yjAaBaJioCcb O6GecneyHThb, TaK KakK AJS 3TOr0 JOJIXXKHO
6LL10 BHIOJHSTLCS HEBHIIOMHHUMOE YCioBHE: [hz<JI<llpo mpHu [a>15,.
ITporuBopeune 060CTPUIOCH A0 KPaHHOCTH.

H3o6peratenbckasi Mucab 3apaborana, H 6GHJa co3jlaHa IyJd,
MeHsiomas cBoft nuamerp. Ilpu 3apaxKanuu oHa GHIA TOHKas H JIETKO
IPOXOJAHKJIA B CTBOJ, a 3aTeM C IIOMOILIbIO YAapOB LIOMIIOJA KO BHCTpe-
Jla WJId noj AeHCTBHeM rasoB IIPH BBHICTpeJe YTOJIaJach M Bpesajach
B Hape3bl. 3aBHCHMOCTb CKOPOCTPEJbHOCTH OT AJHHB CTBOJIA CTaJja
TakOH Xe, KaK U y TJaJKOCTBOJBHOrO pyxbs (bs=5,). IIpousomo
paspellleHHe NPOTHBOPEYHs, KOTOpPOe OCTaJoCh, HO CTajlo HeoGOCTpeH-
HeiM. Korja e ciesiajii BHHTOBKY, 3apsXKaBLIYIOCS C KaseHHOH dac-
TH, TO CKOpocTpesabHocTb (b4) mepecrasia 3aBHCeTb OT AJIMHBEI CTBOJIA.
[MporuBopeure MeXAY CKOPOCTPENbHOCTbIO H CIOCOGHOCTBIO K IITHIKO-
BOMYy GOIO HCYe3s10, TaK KaK 5TH CTODOHH MNepecTajH GHTb NPOTHBO-
noJioKHHMH. TIpOH30LIIO yCTPaHEHHE MPOTHBOPEYHS.

W3 npusegeHHoro mpuMepa BHAHO, uTo paspemeHne TII ceasano,
KaK TpaBHJIO, C MeHee KapJAHHaJbHHIMH H3MEHEHHSIMH B CHCTEME, UeM
ycTpaHeHHe NpoTHBOpeuHs. KpoMe Toro, cTemeHb 3HaYMTENbHOCTH H3-
menenus1 B TC npu paspewtedun uiaum ycrpaneHun TII 3aBucut oT ero
3HAUYHUMOCTH, OT CBSI3H 3TOTO NPOTHBOPEUHS C NPHHIHUIOM AeACTBHA
CHCTEMBI (MOACHCTEMHI).
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Puc. 5. CBAsb CTOPOH CHCTEM <«PYXKbé» M «BUHTOBKa» ¢ JJMHOR cTBOJaA I:

A — cnocoGHOCTb K IITHIKOBOMY 6010; b — cKopocTpeabHOcTb (b3 — pyxbs;
B, — BHHTOBKH, 3apsixkaeMoil ¢ JAyJa OGHIKHOBEHHOH myseit; bBs — BHHTOBKH,
3apsixkaeMol ¢ Ayna ayJeH, MeHswomell auHamerp; b, — BUHTOBKH, 3aps-
®KaeMoll ¢ Kas3eHHOH 4YacTH); Amin, Bmin — MHHHMAJbHO JOMYCTHMHE YDOBHH CTODPOH
A u B; l4— nnuna crBosa npH A=Amin; lp— AnHHA cTBOVIa NPH 5 =Bnin.

[Tpumep u rpaduk Ha pHc. 5 NOKA3HIBAIOT TaKXKe, YTO CyAHTb 06
06OCTpeHHH, paspellleHHH HJAH ycTpaHeHHH TII MoOXHO JuIIb Ha oC-
HOBAHHH KOJHYECTBEHHOro aHaJju3a cucreMun. [Ipum stoM mnpoTHBOpe-
yye MPOSIBJSIETCS B BHIE HECOBMECTHMHX HepaBeHCTB.

Kaxpoe wH3MeHeHHe B CHCTeMe, HANpaBJeHHOe Ha paspelleHHe
(unu ycTpaHeHHe) TeXHHYeCKOro NPOTHBOPEYHS, MPHBOAHT, pasyMeer-
csl, K BO3HHKHOBEHHIO HOBHIX yXyAieHufi. Ilyna, puamerp xoropoit
«OT3BIBUMB» K MHefCTBHIO NOPOXOBHIX ra3oB HJH YJLapoB MLIOMIIOJA,
0Ka3aJlacb YyBCTBHT@JbHOH H K APYrHM BHEIIHHM BO3AeHCTBHAM, UTO
NPHBOJHJIO K ee NMOopYe MPH XPaHEHHH HJH TPaHCIOPTHPOBKe. 3aTBOP
B Ka3eHHOH YaCTH CTBOJIA 3aMETHO YCJIOXKHHJ KOHCTPYKLHIO BHHTOBKH.
[TosTomMy, pa6oTasi ¢ TeXHHUECKHM IIPOTHBODEYHEM, HEO6XOAHMO He
CTOJILKO CTPEMHThCSI K yCTpaHeHHIo ucxoaHoro HY, cko/bko n06HBATh-
Csl CHATHSI 00OCTPeHHs1 BCero KOMIJEKCa HexXeJaTeJabHbiX 3ddeKros:
H HCXOJHOTO H BO3HHKAIOIIHX BHOBbD.

X * E S

Hauunate paboTy ¢ NpOTHBOpEYHEM HAafO C €ro BHBJIEHHS  Ha
KayecTBeHHOM ypoBHe. M3 ompenenenns TII caenpyer, uto aast storo
Heo6XOAHMO YCTAHOBHTb, KaK CBSI3aHBl MeX1y c06O0i MOJOXKHTEJIbHEH
H HexeJaTe/lbHBIH 30 GeKT yepe3 BHyTpeHHee (yHKuuoHupoBanue TC.
Hpyrumu cnoBaMH, HEOGXOAHMO MOCTPOHTb NPHYHHHO-CJIEACTBEHHYIO
UeNoYKy MeX1y yJaydmiaeMOH M yXyAmaeMmofi cropoHaMH cucteM [3].
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Vayumaemas cropona TC
(mostoxuTeNbHHH 3¢ deKT)

OcHoBHule npu3Hakd TC Ha ypoBHe BHYTPEHHeEro
(OYHKUHOHHPOBAHHUS (M3MEHEHHS B CHCTeMe HJIK
ee coCTosiHHe), obecrneynBalolIHe yayylleHHe
YKaz2aHOH CTOPOHBI

[ToceacTBHE 3TUX NMPU3HAKOB (H3MeHEHHH,

cocrosiHusi) B BHJIe 3¢(deKTOoB H SIBJIEHHH Ha

YpOBHe CBOHCTB H B3aUMOJAEHCTBHH 3/eMeHTOB
TC

Vxymuenne apyro#i cropornl TC (HexXenaTeabHBIA

3P dekrT)

,U.JIH BHHTOBKH, 3apﬂ>KaeM0ﬁ C AyJa, TaKkasgd MpHYUHHO-CJIEACTBEH-
Hasl 1nernoyka WMeeT BHI:

YayunieHne cmocOGHOCTH K IWITHIKOBOMY 6010
(nonoxkuTenbHb# 3pdext — I13)

IlITeK pocTaTOYHO yjAaseH OT NpHKJIaja
Bosbiias anuHa cTBOJA
Ilyss npu 3apszae NpoXomHT GOJBLIOH NMyTh
Bosbuive 3aTpaThl BpeMeHH Ha 3apsiKaHHe
Boubiine HHTEpBaJbl MeXAy BHICTpeJaMH

Huskasi ckopocTpenbHOCTb (HexXenmaTelNbHb

spdpext — HI)

Ecau HauaTh JBHXKeHHE 1O MOJYYEHHOH IENOYKe CHH3Y, OT Hexe-
JaTeabHoro 3¢dekra K MOJOXHUTENBHOMY, TO MOXKHO 3aMETHTb, UTO
Kaxjaoe H3 YeThipexX 3BeHbeB BHIIE MO3HIHH <«He)KeJaTeJbHBHIH 3¢-
¢dekT» (BkJIOYas 3BeHO «6oJbLiasi AJHHA CTBOJIA®) NPEACTaBJSET CO-
60it kak 6bl oTBeT Ha Bompoc «[loueMy?» mo OTHOLIEHHIO K OJHXKafi-
HIeMy HHXKeCTOslleMy 3BeHy. A HauuHas co 3BeHa «GoJblliast [JIHHA
cTBoJIa» Bompoc «[loueMy?» cMeHsercsa Ha Bompoc «as vero?». Ta-
KOE «IOTPaHHYHOe» 3BEHO NpPHYHHHO-C/JIEeJCTBEHHOH IENOYKH SIBJISETCS
y3JIOM TpOTHBOpEuYHs H onucelBaeT coctosikue vuactHi TC, xoropoe
o6ecneyHBaeT CYLIeCTBOBaHHEe NOJOXHTeNbHOro 3¢dexkTa H OXHOBpe-
MEHHO SIBJsieTCS] NPHYHHOH HexenaTeabHOro sg¢dexkra. dra yacTb CH-
CTeMbl, Ha3blBaeMasl y3JOBbIM KOMIOHEHTOM, MOXET HMETb BHJ 3Je-
MEHTa, IPYNNE 3JeMEHTOB HJIH B3aHMOJEHCTBHUS 3JeMEHTOB CHCTEMHI.
CocTosiHHe Y3/I0BOIO KOMIIOHEHTa MOXKET MMeTb BHJ KOJHYecTBa He-
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KOTOpOro napaMerpa (MJH H3MeHeHHS 3TOro KOJHYeCTBa), HaJHUHS
HJIM OTCYTCTBHSl MapaMeTpa, CaMOH YacTH CHCTEMBHI.

CBs3b COCTOSIHHSI Y3JI0BOrO KOMIIOHEHTa C yJyullaeMo# ¥ yxymniua-
eMOH CTOPOHAMH TeXHHYEeCKOH CHCTeMBbl, COCTaBJAIOIIAS YIPOILEHHYIO
Jgoruueckyto cTpykrypy TII, npeacraBnena Ha puc. 6,a. M3 npusenesn-
HOM CXeMHl BHAHO, KAK OJHO3HAaYHOe COCTOSTHHE  4YacTH CHCTeMBl Ha
ypOBHe BHyTpeHHero ¢yHKiHOHHpoBaHHsl TC pa3aBauBaeTcsi Ha NPOTH-
BONOJIOXKHOCTH: Ha YJyulleHHe H YXYALIeHHe BHEINHHX CTOPOH CHCTe-
Mbl. TaM Xe IOKa3aHO, YTO TEXHHYECKOE NMPOTHBOPEUHe MOXKET Cylie-
CTBOBaTh B ABYX cuMMeTpHuHbX (popmax (TI1” m TI1”), coorBercrtBy-
IOIIHX ABYM IPOTHBONOJIOXKHBLIM COCTOSIHHSIM Y3JIOBOTO KOMIOHEHTa H,
COOTBETCTBEHHO, ABYM COCTOSIHHSIM cHcTeMH. [Ipumep crpyktypwmt TII
aas TC «BUHTOBKa, 3apsxkaeMas ¢ AyJa», mokasaH Ha puc. 6,6. Co-
OTBETCTBYIOIIHE (POPMYJHPOBKH TEXHHUECKOrO NDOTHBOPEUHS HMeeT
BHI:

«yJyqlieHHe crnocoGHOCTH K WITHIKOBOMY 600 3a cueT GoJbLIOfH
JUIHHBL CTBOJIA BHHTOBKH yXYyJIIaeT ee CKOPOCTPENbHOCTb» HJH «YJyd-
LIeHHe CKODOCTPe/JbHOCTH BHHTOBKH 32 CUeT yMEHbLICHHS IJIHHBH ee
CTBOJIa YXYAIIAeT CHOCOGHOCTb K IITHIKOBOMY GOMO».

X X ES

BhisiBleHHe TeXHHUYECKOTO NMPOTHBOPEUHs HEOGXOAMMO He CaMO IO
cebe, a A TOro, YTOGH Ha OCHOBe aHa/H3a NPOTHBODEUHS HAMETHTb
nyTH ero paspewreHusi. (CJelyeT OTMETHTb, YTO, XOTSl TEPMHH <«T€X-
HHYeCKOe NMPOTHBOpEYHE» HCIOJNb3yeTcs B Psifie MEeTOAOB, aHAJH3 IPO-
THBOPeYHs! JJIsl MOBHIIIEHHS] HANpaBJeHHOCTH IOHCKA B MOJHOH Mepe
NpHMEeHsIeTCs TOJIbKO B KOMIVIEKCHOM METOfe IOHCKAa HOBHX TeXHHUe-
ckux pewenufi [3].)

B cooTBeTCTsHH C 3aKOHAMH AHANEKTHKH MeXaHH3M paspelleHHs
NPOTHBOPEUHH 3ak/I04aercss B AHAJEKTHUECKOM OTPHIAHHH.

R=SN

[TpuMeHHTEiBHO K TEXHHYECKOMY NDOTHBOPEUHIO OTPHUAHHIO (HMH-
BEPCHH) AOJKEeH MOJBEPrHyTbCsl HexesaTeNbHHH 3((}EKT, a nojoxH-
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TeJbHHA JOJIXKEH OCTaThCs:

_ TII=II3+HD,
rie H3 — orpuuanne (unBepcus) HI.

ITocKoMBKY NOJIOXKHTEJNbHHIH H HexesJaTeJbHHA 3¢¢eKTH Ccoenu-
HeHH MeXJy cO60H NpHYHHHO-CJNeACTBEHHOH IEMOYKOH, TO OTpHIaHHE
H3 npennonaraer orpuHuanHe 3BeHbeB 3TOH LEMNOYKH (KpOMe CaMoOro
yayulleHns).

Ecan comocraBHTb Apyr ¢ APYroM ABe LEMOYKH: HCXOAHYIO H MHO-
JYYEHHYIO TOCJIe OTPHIAHHS — H HAMETHTb BO3MOXKHHE BapHAHTH me-
pexola ¢ ofHOH Ha JApyryio (OT NMOJOXKHTeJbHOro 3¢d¢dexkTa K OTpHHA-
HHIO HeXeJjaTeJbHOro s¢¢dexra), TO MOJYYHM BO3MOKHHE HampabJe-
HHsl paspellleHHs TeXHHYeCKOTrO0 NPOTHBOpEYHs, COOTBETCTBYIOILHE OCO-
GeHHOCTAM NaHHOH cHCTeMH (pHC. 7). DTa mpouefypa B KOMIJIEKCHOM
MeTOoJle NMOHCKAa HOBHX TeXHHYECKHX pellleHHA Ha3hBaeTcsi <«oOlepaTo-
poM oTpHUaHHA» [3].

Ecms 8 cucmenre Cmano “waodoporm
13
1
2
o9 ——— ———
3
4
5

Hife—————=—H3

Prc. 7. Cxema mocTpoeHust HanpaBJeHui DaspelleHHs TeXHHYECKOTO NPOTHBOPEUYH:
9epe3 OTpHLAHHE 3BFHbEB NPHYHHHO-CJEJCTBEHHOH LENOYKH:
113 — nonoxutenvubiit sahdekr; HI — nexenareavunifi  sdpdekr; HI — orpunanme

(ycrpanenne) HY; aVYK — cocTosiHHE Y3JI0BOrO KOMIOHEHTA: O — 3BeHbH

DPHYHHHO-CJIEACTBEHHON IE€NOYKH; @ —— OTPHUAHHE 3BE€HbEB MNPHYHHHO-CJEA-

CTBEHHOH HENOYKH; 1—5 — HalpasjieHHs paspelleHus] NPOTHBOpPEUHsI.
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O6paTtuMcs K npHmepy. Macca rOHOYHOrO AaBTOMOGHJS HOJIKHA
6HTh MHHHUMAJLHOH, 94TO6E 06eCneyuTh XOpOlIHe MaHeBpeHHHE XapakK-
TepucTHKH. Oco6eHHO pasroH H TopMoxeHHe. OIHAaKO y JIerKOro as-
TOMOGHJ/IST KoJleca cJabo NMPHKHUMAIOTCS K IOBEPXHOCTH JOpOrH, 4TO
yXynlliaeT NyTeBYIO YyCTOHUHBOCTb.

OrTpHLIaHHe 3Be€HbeB NPHYHHHO-CJEJCTBEHHOH IeNIOYKH 3TOro NmPOTH-
BOpeuHsl NMpHBeJeHO B TabJauue 1.

B pesysabTaTe noJyyaeM TakHe HanpaBJleHHsI pa3pelleHHS NPOTH-
BOpeuHs: ,

Ta6aunnal
Orpunanye 3BeHbEB- MPHYHHHO-CJENCTBEHHOX HEMOYKH TEXHHYECKOro TPOTHBOPEUHS
«MaHEeBPEHHOCTb — YCTOAYHBOCTb ABTOMOGHIS>

Eers 8 cucreme Crano "Haodopor”

‘YnyumeHue MaHeBpeHHNX

XapaKTepucTHK aBTOMOOUNA

y —
Manas macca aBromMoGusia Bonbmaa. Macca aBToOMOOUNA
. 2 . T
Manwirt Bec aaToMOGHNS Bonbuoi Bec aBTomoGuns
- |
Manas cvla nNpuxMMa Kosec K 3 Bommas cuna npvxuma Kane
2
NOBEpPXHOCTU HOPOTH K MOBEPXHOCTH ZOpOTd
Cna6oe cuersieHue Konec c 4 CunbHoe cijenneHne Koaec c
floBepYHOCThI0 JIOpOrk \ NOBEPXHOCTHY JIODOT'H
£)
Manag GokeBas cuia Ha Bonbwas GoxoBas cuaa
Konece apn GOKOBOM Ha Konece

nepemMeweHNn asToMOOUNA 6 Bonbwasa GOKOBam cHMIa

He Ha Kozaece

5 .
Yxynwenune nyresBoi Xopouwas nyTerasn ,

, yCTOHYNBOCTN ABTOMOSUAA YCTOHYMBOCTH aBTOMOOMAA

1) xopouine MaHeBpeHHble XapaKTEPHCTHKH NpPH 6OJbIIOH Macce
aBTOMOOGHJIS;

2) GosbLIOH Bec aBTOMOOHJIS NPH MaJIOH ero macce;

3) Oosbluas cuna NPHXKHMA KOJEC K NOBEPXHOCTH AOPOTH INpH
MaJjioM Bece aBTOMOOGHJIS;

4) cmibHOe cuemJieHHe KOJieC C NMOBEPXHOCTbIO AOPOTH NpPH MaJjoff
OHJIE IPHXKHMA;
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5) GoJblias GOKOBasi CHJIAa Ha KoJece NMPH C1aGOM CUENJIeHHH KO-
JieC C NOBEPXHOCTBIO JOPOTH;

6) Goubiuas GoxkoBasi CHJIa He Ha KOJece, a Ha KAaKOM-TO APYroMm
CpelcTBe (3JeMeHTe);

7) xopollasi nyTeBast YCTOHUHBOCTb NpH c/1a60i GOKOBOH CHIIE.

YnpaBaath rpaBHTanuell (HanpaBJeHHe 2) MH IIOKa He yMmeeM, a
IJISI OCTaJIbHBIX HampaBJIeHHH H3BECTHH CJEeLYIOLlHe pelleHHS:

— NpUMeHeHHe YCKOPAIOIIMX H TOPMO3HHIX ABHrateneir (1);

— CO3/laHH2 CHJIB NPHXKHMA KoJlec K AOpOre 3a CueT SHeprHH Hale-
rapuero Ha aBTOMOGHJb BO3AYLIHOTO NMOTOKAa (3a cueT (OpPMH Ky-
30Ba M YCTAaHOBKH «aHTHKpPHUIbEB») (3);

— npodHaHpOBKA NOKpHILIEK NO MmHpHHe (5);

— NpHMeHeHHe a’pOJHHAMHYECKHX CTaGHJIH3HPYIOIHX (U ympas-
Jso1Hux) njaockocreir (6, 7).

CpaBnenne >THX pelleHHi#l ¢ (GOpMYJHpOBKaMH HalNpaBJeHHH pas-
pellleHHs] TeXHHYeCKOro NPOTHBOPEYHs MOKa3HIBaeT, 4TO yXe H3 ¢op-
MYJHDOBKH HampaBJleHHS MOXHO yBHJeTb, ¢ mpeo6pa3oBaHUeM KaKOH
yacty TC cBs3aHa peasiM3auusi 3Toro HanpaBbJseHHus.. [loaTomy npu or-
pPaHHYEHHSX HA H3MEHEHHe CHCTEeMBl B TOH MJH HHON YacTH MOXKHO
cpasy e OTGDOCHTb HampaBJeHHS, Hapyllalollue OrpaHHYEHHE.

K npumepy, ecqn Ha H3MeHeHHe KOJleC HAJIOXKEH 3ampeT, TO Ha-
npaBJjieHHsl 4 U 5 MOXKHO He pacCMaTpHBAaTh.

Yci0BHEM YCHEIIHOTO MNPHMEHEHHs «ONepaTtopa OTPHIAHHA»> SB-
Jsercsl TINATeNbHass OTPabOTKa MNPHYMHHO-CJENCTBEHHOH LEMOUKH.
ITpakTHKa mokasbiBaeT, 4TO MOCTPOEHHE JIOTHYHOH H ZOCTaTOYHO JNpo6-
HOH lenoYkH TpebyeT He MeHee ABYX-Tpex npubJauxkeHuit. Uem Gosee
noApo6HO OYyAyT BHISIBAEHH! yCJaOBHS, NpHBOAsIIHe K HD u cocraBasio-
I1Me NPHYHHHO-CJEACTBEHHEIE 3BeHbs, TeM 6OoJblie NMOTeHIHAJIbHLIX IIy-
Tefl paspelleHHs NMPOTHBOpeuyHsi ypactcsl Hametutb. C He MeHblled
TUIATEJNbHOCTBIO CJeJyeT NPOBOAHMTh H OTDHIaHHE 3BEHbLEB IIEMOUKH,
Ilpu sTOM MHBepCHH HaiO MOABEpPraTh KaxKAbIH H3 CYLIECTBEHHBIX MpH-
3HakoB. Hampumep, nJjs 3BeHa «B3aHMOXEHCTBHE PAa3HOPOAHBIX JH-
3JIEKTPHKOB» MOCJI€ OTPULAHHA NMoJyuyaeM Takue popmynuposku: «Her
B3aUMOJEeHCTBHS pPa3HOPOIHEIX LH3JEKTPHKOB. B3aaumonmelcTBHe OXHO-
POIAHBIX AM3JEKTPHKOB. B3aumopeiicTBHe NPOBOAHHKA C OH3JEKTDH-
KOM (IIPOBOJHHKOM) ».

Ecau NpH COCTaBJICHUH npnqnﬂno-c.nencmenﬂoﬁ EenoYkKH HOﬂpOGHO pacnucaTth
NpUYHHBEI BO3HUKHOBEHHSI HEXeJaTeJbHOro 3(1)(21)8KT3 H COCTaBHTb BCE€ BO3MOXXHBIE
BapHAaHTBl «HA000pPOT», TO MOJACKA3Ka MNOJYYaeTcsi NOBOJbHO OJHM3KOH K peIIEHHIO.
HanpuMep, y aBHALMOHHBIX PEaKTHBHBIX ABHrarejeil NJs NMOJYYEHHS XOpOLIeH TArH
NpH XKECTKHX OrpaHHYEeHHsX Ha Maccy H pa3Mepbl ABHrarejsi CKOpPOCTb peaKTHBHOﬂ
CTPYH J[O0JXHA ObiTh Goabliofi. Ho B3auMonefcTBYss ¢ HENOABHKHHIM BO3AYXOM,
YaCTHUBl CTPYH Ha €€ rpaHHlax CHJbHO 3aBHXPSAIOT €ro, Nnopoxiaa BCeM 3HaKOMBI
peB peakTUBHOro paBurateass [42]. BosbMeM OJHO 3BEHO 3TOr0 MNPOTHBOPEUHS:
«CKODOCTHBEI€ 4YaCTHIBL peaKTP[BHOﬁ CTpyH Ha €e rpaHHuax B3aHM0Ilel7ICTByl0T C He-
NOABHKHEIM BO3AYXOM», H NpoAesaeM ONepanHioO OTPULLAHHUSA.

IMoayuaercs:

— C HENOABHXXHHIM BO3AyXOM B3aPlMOIleﬁCTBy10T .HECKODOCTHBEIE UYaCTHIHI;

— € HENOABHXKHEIM BO3AYXOM Bsanmoneﬁcmyw'r YaCTHILBI HepeaKTHBHOﬁ CTPYH;

— CKOPOCTHHIE YaCTHUH CTDYH B3aHMOIEACTBYIOT ¢ NMOABHXKHBIM (IBHIKYILHMCS)
BO3AYXOM;
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— CKOPOCTHHIE YacTHIH CTPYH B3aHMOJAEHACTBYIOT C HEMOJABHXHHIM BO3AYXOM
He Ha TrpaHHIax CTPYH.

Ecnn nonbitaThc OOGBEAHHHTb BCE 3TO, TO BHAHA HAes pellleHHs NpPoGJeMbl:
BOKDYI DeaKTHBHON CTpYH co3jaercs c/lofi BO3fyXa, ABHXKYIIErocs B TOM Xe Ha-
NpaBJeHHH, HO C MeHbIlefi CKOPOCTBIO. DTOT MPHHIHMN PeaNH30BaH B JBYXKOHTYDHBIX
K TypGOBEHTHIATODHEIX PEaKTHBHEIX ABHTaTeNiX, KOTOPhie B HacTosilllee BpeMs IIH-
POKO NPHUMEHSIOTCS B JO3BYKOBOH TPaHCIOPTHOH aBHAIMH.

S ES B

[Ipn nmocTpoeHHH NPHYHHHO-CAEACTBEHHHX ILleNoueK Haa0 YYHThHI-
BaTh, YTO JIHHefHash CTPYKTypa NMPOTHBOpEYHs B YHCTOM BHJe BCTpeua-
eTCsl CPaBHHTEJBHO PENKO.

Kak mpaBujio, CTPYKTypa TEXHHUYECKOTO MpDOTHBODEUHS HMeer
ciaoxHui BuA. Ha puc. 8 mpencraBiieHb CBSI3H MeX]IY HOJIOXKHTENb-
HBIMH H HeXejlaTeJbHBIMH 3¢dektamMu aas TC «BHHTOBKA, 3apsxKae-
Mmas ¢ AayJaa». Ha stoit cxeme I13y, I13; u I13; — yayuwenus ¢dyHk-
nuoHanbHEX xapakrepuctuk TC, a HD — yxyauleHue onHOH H3 HHX.
I194 u 135 cBs3aHH ¢ ynpouleHHeM KOHCTPYKILHH, XapaKTepH3YIOLUM
CHHIJKEeHHe 3aTpar Ha H3roToBjJeHHe. M3 cxeMbl, B YaCTHOCTH, BHIHO,
4TO 060CTpEHHOe NMPOTHBOpeYHe BOCIPHHHMAJOCH N0 JHHHHU [1d34>HD,
B TO BpeMsi KaK 3T0 06OCTpeHHe CBs3aHO H €O BceMH Apyrumu [13.

TexHuueckue pellleHHsi, pas3pelliuBlUINe NPOTHBOPeYHE, MOLLIH MO
HanpasJieHUsIM oTpunaHus [13s u 1394, TO ecTh 3a cUeT yBe/HUEHHS 3a-
TpaT, HO He B YyIep6 (QYHKUHOHAJIbHBIM XapaKTeDHCTHKaM. DTO COOT-
BETCTBYET MPHOpUTETY QYHKIUHH Mepefl SKOHOMHYHOCTLIO B CIIHCKe Tpe-
6oBanuit k TC co CTOpOHH OKpYXKEHHs, NPHUBEJEHHOM B NpelblAylieH
riase.

[MonHasi (c/oKHast) CTPYKTypa TeXHHUECKOTO MPOTHBOPEUHs CTPO-
HTCSl TaK K€, KaK M IpOCTasi NIPHYHHHO-CJeNCTBeHHas lenouka (ot H
¢ nomoiusio BoripocoB «Ilouemy?» u «JIlas uero?»). ITocTpoenue moJ-
HOl cTpyKTypH TII TpebyeT HeCKOJbKO 60JbIIEro BpeMeHH, YeM BHI-
fiBJIEHHE IPOTHBOPEYHS MO yrnpolineHHOi cxeMe. OfHAKO MOJHAsA CTPYK-

45



- My m, 3, M
flpocToTa Y nywmenite floBruetine Y ry wenue
W3 COTOBNEHUA TOWHOCTH A&aNbHOCTH CNOCOGHOCTU
W XPAHEHUA cTpenslb CTPEAbOn K WTHKOBOMY
oy (t) (t) oow (ti)

t

1 1

1

flynn meeer (npn
W3COTOBACHUM)

Boavwas cxopoern
noxera aym (1)

Bosbwoe orcTORHME WTHKA
or npukssga (t3)

Kanuép, cooTBeM

E

CTBYWOMMA Hape-~

Cusbeoe BaaumopeitcTane

Boabwasa gauna

aam (t,+t),) aynu co craoxoM (t,+t,;) cTBaNA
(tieto+ta)
£ - '
3apaxanve Bombwmue ycuaua npn Npoxoxgerue
¢ ayna || 3apasammu 60ABWOrO NYTH NpU
(t;) (t,) sapakanmu  (t,)¥

(lpocroTa
KOHCTPY KNI
BUHTOBXM

!

'

2

Bomuue 3arparm
BpexeHu Ha 3apAkaHue
(t2)

{

Bonbune uHTEpbany
MeX]y BbiCTpeAaMu
(ta)

13

Huakas cxopocTpensHOCTb HI

(1*'&)

L
2

Puc. 8. IpuunHHO-C/IeICTBEHHbIE CBSI3H MEXAY NOJOXHTENIbHBIMH H HeXeJaTeJbHH-
i 3¢pdekramu TC «BHHTOBKa, 3apsikaeMmasi ¢ Lynaas:
{4 — BpeMsl BBICTpeJa; f; — BpeMsl 3apsikaHus; fs — BpeMs LITHIKOBOTO 6os;

l—> 6oJiee cu/bHOe BJHAHHE, ]—)- MEHe€ CHUJIbHO€ BJIMAHHE.



Typa NO3BOJSIET He TOJbKO HAMETHTb BO3MOXHEE HanpaBJeHHs pa3-
peirenust ganHoro TII, HO M BHIIBHTb HOBHE HexeJaTelbHHe 3ddex-
TH, COOTBETCTBYKWILIME 3TUM HanpasieHusM. Ha Takyio cTpykTypy
yROGHee HaKJajnblBaTb OrpaHHYeHHs. MHOroacmekTHOCTb pPacCMOTpe«
uusi TII no3BosisieT HCHOJb30BATh 3aKOHBI NOCTPOEHHST H pa3BHTHA
TC npu BbGOpe HanpaBJieHU! pa3pelleHHS NPOTHBODedHH. B pesyib-
TaTe BEIGOD HampaBJIeHHS NOJydYaercsi GoJjiee 0GOCHOBAHHBIM.
OGHYHO paspellieHHe NPOTHBOPEUHS MPOTHBOIOCTABJSAIOT KOMIPO-
muccy. Ho npu paspemennu Jso6oro TIT HensGexxkHo BO3HHKAIOT HOBHE
HexeJjiaTenbHble 3¢ dekTs, HOBBEe mpoTHBOpeunsi. [loaTtoMy Jo6oe pe-
mIeHHe — 3TO0 KoMmnpomucc. Hano TOJBKO pas3inyaTh KOMIPOMHCC B
paMkax ogpHoro mpocroro (snunefinoro) TII (omHOro KauecTBeHHOro
COCTOSIHHSI CHCTEMBI) OT KOMIIDOMHCCAa MEXAY pPa3HBIMH NPOCTHIMH
TIT (HecKONBKMMH KaueCTBEHHBHIMH COCTOSIHHSIMH CHCTeMbl). B moc-
JIeHEM CJIyyae BEPOSITHOCTb IMOJYYEHHS! NeACTBHTEJbHO ONTHMAaJbHOI'®
pelleHHs] 3HAaYHTeabHO BHIUe. OCylIecTBHTb e KOMIIPOMHCC MeXAY
TI1 Ge3 BuIfiBJEHHS] NMOJHOH CTPYKTYPH NPOTHBODEUHS] HEBO3MOXKHO.

* * S

Ecnu npu OTPHIAHHH TEXHHYECKOTO NPOTHBODEUHS OTPaHHYHTHCA
pacCMOTpEeHHEeM TOJIbKO Y3JIOBOI'O 3BeHa NPHUYMHHO-CJEACTBEHHOH Ne-
NOYKH, TO NOJYYaeTcs, YTO AJs YCTPaHEHHs HeXesJaTelbHOrO H COXpa-
HEHHs TOJOXHUTEeNbHOrO 3ddeKrra He06XOIHMO COBMECTHTh ABa NMpPOTH-

BOINOJIOXKHEIX COCTOSIHHSI Y3JIOBOT'O KOMILIEKTa: a H a. DTO SIBHO BHAHO
H3 ynpolueHHo# Jsoruyeckoil ctpykrypsl TII (pume. 6,a). Hanpuwmep,
KOJIHYECTBO YI/epoJa B CTaJNH JOJNKHO GHTb GOJbLIMM (AJs yayuile-
HHSI NMPOYHOCTHHIX KAauecTB) H HOJIKHO GHTh MajeHbKHM (YTOGH He
yXyAUlajgach CNOcOGHOCTb NPOTHBOCTOSITh YAAapHHIM Harpyskam). Has:
YHCJIO HHCTPYMEHTOB B HaGope MOJIKHO GHTb GOJNBIIHM (YTOOH yJayd-
IUHTh BO3MOXKHOCTH O06pabOTKH H3LeNHsI) KW JOJIKHO GHITb MaJieHbKHM
(uTo6n HaGop He GHJ rpomo3fkum). CtpeMmsch y6paTh KOHGIHKTYIO-
1IHe, TPOTHBOpPEYHBHE OTHOIIEHHS MeXIy BHEIUHHMH CTOPOHaMH TeX-
HUYeCKOH CHCTeMHl, NMOJYYHM INPOTHBOpeYHe Ha ypOBHe BHYTpeHHero
(yHKIHOHHPOBAHRHS CHCTeMHL. Takoe MpOTHBOpeuYHe, B OTJHYHE OT TeX-
HHYeCKOro, Ha3biBaercsi ¢uanueckum nporusopeunem (PII) [1, 3, 17].

Heo6xonuMo oTMeTHTb, YTO TepMHH «(hH3HYECKOe IPOTHBOpEUHEY
B onpefiefieHHO# cTeneHH ycJjoBeH. COCTOSIHHE Y3JIOBOTO KOMIIOHEHTa
MOXKET OTpa)KaTh He TOJbKO (H3HYECKHe, HO H XHMHYeCKHe HJH GHO-
JIOTHYeCKHe CBOHCTBA 3JIeMEHTOB CHCTEMHIL.

(Ha3panne «du3uyeckoe HPOTHBOpEUHe» A STOf JOrHYecKofi KOHCTPYKIHHA
npenyoxun B 1973 r. Gakunckufi ¢usuk 0. B. Topun, nopuepkupas stHM, 4TO
OTHOILIEHHS] TPOTHBODEUHs NepeHeceHH Ha YPOBeHb (H3HYECKHX CBOKCTB H B3aHMO-
JeHCTBHI 3JIEMEHTOB CHCTEMH, Kak HanGoaee o6mux miasa TC).

Jlornyeckast cTpykTypa (pH3HYeCKOro NMpOTHBOpeYHs B O6IlleM BHAE
npefcTaBieHa Ha pHC. 9,a, a MPHMep IJs CHCTEMbl «BHHTOBKa, 3aps-
Kaemasi ¢ nyna» — Ha puc. 9,6. TunoBas dopmyauposka PIT umeer
Bua: CocrosiHue yasaoBoro KommoHeHTa (a¥YK — ykasaTb) J0JXKHO
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6LITb (ROJIKHO OHITH GOJBIIMM), YTOGH  yJy4lIuTh CTOPOHY A (yKa-
3aTh), H He AOJKHO ObIThb (ZOJXKHO GBITh MaJIEHbKHUM, HOJIKHO OHITh
NPOTHBONONOXKHEIM — a ¥K), uTo6H He yxyawarb (yayyllaTb) CTOPO-
Hy B (ykasatb)».

Kak BumHO H3 pHC. 6 M 9, (H3HUeCKOe NPOTHBOpEUHe OJHO3HAUHO
CBsI3aHO C TexHHieckHM: Kaxaomy TII coorsercteyer ®I1 u Hao6oporT.
@usnyeckoe NMPOTHBOpPeYHe — 3TO, MO CYTH Jesa, ¢opMa BHIpaXKeHHS
npo6JieMBl YCTPaHEHHs] TeXHHUYeCKOTO NpPOTHBOPEUYHS, YaCTHBIH ciayuai
aHTHHOMHE-NPOGJEM, H3BECTHhIX B ¢uaocodun u ¢opmaabHOH J0-
ruke [29].

'naBHass LEeHHOCTb (PH3HYECKOrO NMPOTHBOPEUHs 3akJio4aeTcs B
ToM, 4yTO B (popme OPII Jerue Bcero BHISABJAATHL NPOTHBOpeuYHe INpH 3a-
JlaHHBIX COCTOSIHMSAX HWJIH CcBoHcTBax ofHo# H3 yacteit TC, a Takxe
npu ¢opmHpoBaHMH TpeGOBaHHMH K 3TOH 4acTH (YTO OYEHb YacTo
BCTpeuaercsl B npolecce noucka). Eciu 3amaHHble COCTOSIHUS, CBOMCT-
Ba WJH TPeGOBaHHS HECOBMECTHMH! (IPOTHBONOJIOXKHBI), TO B CHCTEME
ecTb npotHBopeuHe. [IpH 3TOM HafO OTHICKATb CTOPOHH CHCTEMBI, LJIS
yJyullleHds] KOTOPHIX HYXKHBI 3TH COCTOSIHHfl, CBOHMCTBa HJH TpeboBa-
HHS, U cocTaBHTb cTpyKTypy ®II, oT KOTOpO# Jlerko mepeHTH K CTPYK-
type TII.

®opMyupoBKa (U3HYECKOro NMPOTHBOpeYHs, Kak H Bce (GopMyJH-
POBKH aHTHHOMHH-mpo6JeM, ob6nagaer GoJbUIOH 3BPHUCTHYECKOH
neHHocTblo. IIpeiacrasisis B npefielbHO 060cTpeHHO! (hopMe npobiemy
ycrpanenus TII, ¢usnueckoe mpoTHBOpeuHe B TO e BpeMsl yKasblBa-
€T U yCJOBHE 3TOro yctpaHeHHs. IIpHueM Ha TOM Xe ypoBHe (cBOHCTB
u B3auMoneficTBMs sjemeHToB TC), Ha KOTOpDOM (OpPMHPYETCS TeXHH-
yeckoe pellleHHe. (YUHTHIBasi 3BPHCTHYeCKyIo neHHocTh ®II, mpaBusb-
Hee Obl10 Obl Ha3hBaTb 3Ty (GOpPMY BHIpaXKeHHs NpoGJeMbl ycTpaHe-
uust TI1 3BpHCTHYECKHM NIPOTHBOpEUHEM).

Ecau ¢ nosuuuii ¢opManbHO! JOTHKH BhipaxkeHus thna ®II — sto
TYIHK, OIH6KA, TO C MO3ULHHA JHaJEeKTHUECKOH JIOTHKH HeCOBMECTH-
MOCTb — TMOHfATHE OTHOCHTesNbHOe. HecoBMeCTHMOCTh HCTHHA JIHLIb
IpH onpele/ieHHbIX YCJIOBHAX, NpH HX abcosorusauuu. [lostomy s
COBMEIIEHHS] HECOBMECTHMbIX TpPeGOBaHUH K Y3J0BOMY KOMIIOHEHTY
HaJ0 OPOaHaJH3HPOBATh CHCTEMY H HAHTH «3allenky», HAHTH TOT ac-
HEeKT, B KOTODOM 3TH TPeOOBaHHS HNPOTHBOMOJOXKHE He aGCOJIOTHO.
[Ipr 3TOM HeOGXOAMMO HCHOJIB30BAThb CHeLHaJbHble NMPHHIHNL pas-
peuteHus ¢uanyeckoro npotusopeuns [1, 3]. B nepsylo ouepelr HeoG-
XOIHMMO IpPOBEpPHTb, AEHCTBHTEJIbHO JIH HeoO0XOJHMO cOoBMewaTb 06a
NPOTHBONOJIOXKHBIX COCTOSIHHSI KOMIIOHEHTOB B OJHOH H TOH 3Ke TOuke
NPOCTPAHCTBA M B OLHH H TOT XKe MOMEHT BpeMeHH. IIpyrumu cioBa-
MH, HeJb3Sl JIH paspellnTb NPOTHBOpDEYHe B IPOCTPAHCTBE HJH BO
BpemeHu. [Ipn pasgesneHnH HeCOBMECTHMBIX CBOHCTB WJIH JeHCTBHEH B
IPOCTPAaHCTBE B OOBeKTe BHIAGJSAIOTCH ABe uvacTH (IBe oG6GJacTH),
KaxJasi M3 KOTOPHIX HMMeEeT CBOH CBOHCTBA HJIH BBIIOJHSIET CBOH
JeHCTBHS.

Korna moramanuch, uTO HayrJepoxKeHHasi TBepaas CTajb HYXHa
TOJIbKO Ha NOBEDPXHOCTH JeTalH, a BCA JeTajJb MOXKET OCTaBaThCi Ma-
JIOyrJlepofiucTOH, Onlsia u306peTeHa LeMeHTalUs, MOMHPHBIIAS MpPOY-
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HOCTb M YHapHYIO B3KOCTb. B COOTBETCTBHMH C S5THM Xe NPHHIHMIOM
6blIH pa3paboOTaHE pe3UH COCTaBHOA  KOHCTPYKUHH, aBHAIHOHHHE
KOMIO3HTH THNA «C3HABHY», HECHMMeTPHUHHE (apH aBTOMOGHJ s, &
TaKXke BHHTOBKA, 3apAXkKalolWlascs C Ka3eHHOH YaCTH (MyTH NyJad HpH
3apsiXKaHHH H NPH BHICTPeJe Pa3HEeC]IH B MPOCTPAHCTBE).

[Ipu pasjeneHHH HECOBMECTHMHIX CBOMACTB HWJIH AeHCTBHE BO Bpe-
MeHH OGBEeKT MEHsSIeT CBOH CBOHCTBA HJIH JefiICTBHS B pa3HHE OTPE3KH
BpeMenH. CHCTeMa NpH 3TOM CTaHOBHTCS Gosee AHHaMuuHO#. Tak GH-
JH NMpHAYMaHb YNOMHHABINAACS yXKe NyJas C MeHSIOUIUMCS AHaMeT-
poM (YMeHbIIEHHHIM NPH 3apSKaHHH H COOTBETCTBYIOUIMM KaJHGDY
MPH BHICTPEJIE), OYKH «XaMeJeOH» ¢ MeHsoueldcss NPO3PayHOCThIO
CTEKOJI, yOuparolllHecss WACCH CaMOJIeTa, CKJIAAHOH BeJOCHIEN.

Koraa mpoTiBonosioxkHue TpeGOBaHHS K Y3JOBOMY KOMIIOHEHTY
JOJIKHBE 0053aTeJbHO PeasH30BLIBATbCS B ONHHX H TeX K€ TOYKax
IPOCTPAHCTBA H MOMEHTaX BpeMeHH, Heo6XoxuM GoJsiee TOHKHA aHaJIHU3
cuctembl. CHaya/a peKOMeHAyeTcs NMPOBEPHUTb, B OAHHAKOBOM Ju CTe-
NEeHH 3aBUCAT MOJOXKHTENbHBEIH H HeXesaTeJbHHIH 3(p¢eKTH OT cocTos-
HUsl Y3JI0BOTO KOMIIOHeHTa. EC/IM HaJumO CyllleCTBeHHast HeslHHef-
HOCTb, MOXKHO NPHMEHHTb NMPHHIHUN YaCTHYHON peanuszanuu TpeGoBa-
HHH, OTDaHHYHB OJHO H3 TPeGOBaHMH [0 MHHHMyMa (MHHHMH3ALHA
nmapamMerpa B IIPOCTPAaHCTBe H BO BpeMeHH). HampuMmep, B akkymyJas-
TOpax Cenaparop, OTAEASIOUIHHA OAMH 3JIEKTPOJA OT APYroro, HMesa BHA
nephopHPOBAaHHBIX MJACTHH M CO3[aBaJ 3aMeTHOe CONPOTHBJEHHE Ie-
PEeNBHKEHHIO HOHOB. B TO e BpeMsl aHa/NU3 BJIUSHHS pa3MepoB Cena-
patopa Ha ero ¢YHKUHH NOKa3aJ, 4TO AOCTATOYHO BMECTO MJIACTHH
HMeTb DS OTHeJbHHIX Kaneab mniactMmacchl. (Xors Bpex nogoGHOMN
«CBepXH36BITOYHOCTH» OUEBHJEH, TaKHe CJyYau NMOKA He pelKH).

Ecan MuHMMH3anus ORHOro M3 TpeGOBaHHH HEBO3MOXKHA, HEOOXO-
JUMO IIPOBEPHTb BO3MOXKHOCTb paspelieHHs] (H3UYECKOTO IPOTHBOpE-
YMsi B Pa3HHIX OTHOIIEHHSX, TO €CTb HAHTH TOT acHeKkT peasH3alUHH
KaxKJIOr0 H3 HeCOBMeCTHMHEIX TpPeGOBaHHH, KOTOpHIH HeOOXOJHM H JO-
cratoyeH AJs cucTeMbl. Heo6xoAuMo mpoBepHTb, ¢ OZMHAKOBBIX JIH
TOYEeK 3DEHHs HJH OTCYeTa BHIABHHYTH 3TH TpeGoBaHus. K mpumepy,
NpOTHBOpeUHe «OOBEKT [OJIKeH [BHTaTbCSl M He JOJIXKeH IBHraTbCs»
BIIOJIHE Da3peUWlMMO, ec/]H IepBoe TpeGOBAHHE NOJXKHO BHINOJNHSATHCA
[0 OTHOUIGHHIO K JOpore, a BTOPOe — IO OTHOLUEHHIO K aBTOMOGHJIO,
JBHXKYIleMycss no 3Toff mopore. Mam ecau nepBoe TpeGoBaHuHe (ABH-
rartbcsi) AOJXKHO BHINOJHATbCS a6COMIOTHO, B JIIOGHIX TOUKAX MPOCTPaH-
CTBa, a BTOpOe (He ABHraThCsl) — OTHOCHTE/NbHO, KaK yCJOBHE He BHI-
XOIUTh 32 HEKOTOphle I'PAaHHIHL. B 3TOM ciiyuae o6a TpeGoBaHHS BHI-
NOJHSIIOTCS NpH ABHXKEHHH BHYTPH 3aJlaHHOH 06JIaCTH MpPOCTPaHCTBA,
HanpuMep, MO 3aMKHYTOH KPHBOH HJM B BHJAE KOJeGaHHH.

HnrepecHH NMOAX0J, € NOMOMMbBIO KOTOPOTO MOXHO OTHICKHBaTh (oOpMHL pas-
pellleHHsT NPOTHBOPEUHH B PAa3HHIX OTHOUIGHHAX, MPeNJIOXHJI GakMHCKHH HCCIefo-
Bareab E. B. Kapaeux [28f: HCNOJIb30BAaTh H3BECTHHE (OPMBI €JMHCTBA NPOTHBO-
nonoxHocrefl. Yacts m menoe, popMa U cofepkKaHHe, NPHYHHA H CJIEACTBHE...

IlpuMepoM pa3pelleHHs] NPOTHBODPEUHS MEXKAY YacTbio H IeEJIHIM MOXeT CJy-
XKuTb Joxe Qakupa. Kaxnaplit oTaenpHei TBO3Ib OCTpHIY, a Ha JIOXKE, 7acTO YTH-
KaHHOM TakKHUMH IBO3AAMH, MOXKHO 6e30MmacHO JieXKaTb, TaK KakK JaBJIeHHS, NPHXOAA-
Mmerocss Ha OXMH IBO3Jb, HEAOCTATOYHO AJS NPOKOJA KOXKH.
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ITpotHBOpeuHe «BelleCTBO JOJIKHO OBITb.. M BELIECTBO He HOJXKHO GBITbY JIETKO
paspemiaercs, ecJH TpeGOBaHHEe «IOJXKHO OHITb» OTHOCHTCA TOJBKO K XHMHYECKOMY
coctaBy BemiectBa (K conepKaHHIO), a TpeGOBaHHE <«HE JOJIKHO ObiTb» — K KOHK-
peTHOMY arperaTHOMY COCTOSIHHIO 3TOro BellecTBa (K ero ¢opwme).

Tlpn paspemwennu PI1 Mexny npuuHHOd H CJEACTBHEM aGCOJIOTHO peau3y-
ercs, Kak NpaBmjo, OXHO H3 Tpe6oBaHHf, a JApyroe — KOCBEHHO, Uepe3 JOCTHKe-
HHe pesyjbTaTa, 3a cuYeT B3aHMOAEHCTBHS C JADYrHMH 3JieMeHTaMH (BIJIOTb JO
NoCTpoeHHs crnenuatbHoft mojcucreMel). Ha 3TOM NpHHUMIE NOCTPOEHBI BCE CHCTEMBI
ynpaBJieHnsi, Korga cjaaboe (ynpasJasiollee) Bo3feficTBHE NPUBOAHT K CHJIbHOMY
H3MEHeHHI0 B cHCTeMe (KaK MaJIeHbKHA KaMylllek NMOPOXKAaeT B ropax KaMHenaz),

PaccmoTpenunle npuHuunu paspemenuss ®I1 (B mpoctpaHCTBe, BO
BpeMeHH, YaCTHYHAasl peajH3alHdsl U B Pa3HBIX OTHOLIEHHSX) OMHCHIBA-
10T NMOTeHUHalbHbie (OPMH COBMeIleHHs MPOTHBOMOJNOXHBIX COCTOS-
HHH KOMIIOHeHTa cHCTeMH. OnpelenuTbh Kakas U3 HUX GyleT peasiuso-
BaHa B fanHoit TC, MOXHO TOJILKO MepeGopoM (OT MPOCTOro K CJOXK-
HOMY).

Cnenyer OTMETHTb, YTO aHaJH3 M OTPHLAHHE NMOJHOH CTPYKTYPH
NpOTHBOpEYHsl naeT Osn3kue M 6GOjee KOHKpeTHHIE MOJACKa3KH K pas-
pewennto, TII, Hexenn ananua ¢usuyeckoro mporusopeuus. OcobeH-
HO, €CJIH Ha CTPYKType OTPa3HTb OPTaHHU3aLHIO CHCTEMH BO BpPEMEHH
(xak 3To cmenaso Ha cxeMe puc. 8) u B mpoctpancrse. [Tostomy mo-
TeHuHasJbHele (GopMbl paspewmienus PI1 uenecooGpasHee Bcero  uc-
1I0J1Ib30BaTh Kak JOMOJIHEHHe K aHaJH3y NpHUYMHHO-CJEeJCTBEHHHIX IIe-
NOYeK.

ES ES E S

Ectb eme o}HO CpeAcTBO, MOMoOramllee paspelieHHI0 MNPOTHBOpe-
yuii: MHpOpMaNKs O THNOBHIX pelIeHHsX, TO eCTb O BEPOSITHHX (op-
Max HM3MeHeHHS HCXOJAHOH TeXHHYeCKOH cHcTeMH. O630p H3BeCTHHIX
MOAXOJ0B K IIOCTPOEHHIO MaCCHBOB MH(POPMAIHH O THIOBHIX pEIIEHHSIX
IaH B NPHJIOXKEHHH 2. B KauecTBe mpuMepa HEKOTOpHIE THIOBHIE pe-
IIeHUs] NIPUBENEHBl B NPHJIOXKEHHH 3.

3akoHOMepHBle (OPMHI paspellleHHs NPOTHBOpeYHii B  mpolecce
passutus TC 6yayT paccMOTpeHH B cjelylomell riase.

B X *

3asepiias riaBy, MOXHO PEKOMEHJOBATb CJIeAYIOUHI MOPSAOK pa-
60TH C IPOTHBOPEYHSIMH B TeXHHYECKON CHCTEMe:

1) BHISIBUTb H MOCTPOMTH MOJHYIO (CJHOXKHYIO) CTPYKTYPY TeXHHYeC-
KOro NPOTHBOPEYHs; MOKa3aTb Ha Hell O0COGEHHOCTH MPOCTPAHCTBEHHO-
BpEMEHHO}l OpraHH3aluM CBOHCTB M B3aHMOAEHCTBUH 3JIEMEHTOB B CH-
cTeMe;

2) OTMETHTb OCHOBHBIE BO3MOXHBIE HAaNlpaBJieHHs paspelleHusi Mmpo-
THBOpeyHs (JIHHHH H 3BeHbs NMPHYHHHO-CJEICTBEHHOH CTPYKTYpH, OT-
pHIaHHe KOTOPHIX MNpHBeJeT K YCTPaHEHHIO 3aJaHHOrO HexeJaTelb-
Horo s(dexra);

3) CpaBHHTb HaMeueHHBle HaNpaBJeHHsl C OTPAHHYEHHSIMH, BHI-
6paTb HOMYyCTHMHIE; ’

4) nna y3n0BOro KOMIIOHEHTA, OTPHIIAHHE COCTOSIHHSI KOTOPOrO CO-
OTBETCTBYET AONYCTHMBIM HamnpaBjeHHAM paspelienus TII, cdopmy-
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aupoBath @I, u npoBepHTb BO3MOXKHOCTL paspellieHHs ero B HPOCT-
paHCTBe, BO BPeMeHHM HJIH MHMHMMH3auueil mapamerpa. Ecau npocreit-
wne popmbl paspewenuss PI1 HempuMeHHMBl (a TakXke IPH paspelle-
Huun PI1 Bo BpemeHH), HEOOXOAHMO MPOAHANU3HPOBATL CTeNeHb ab-
COJIIOTHOCTH H OTHOCHTEJNBHOCTH HECOBMECTHMHBIX TPeGOBaHHH K COCTO-
SIHHIO Y3J10BOrO KOMIIOHEHTa;

5) nag NOMycTHMBIX HampasieHu#t paspewenusi TI1 chopmyaupo-
BaTb THIOBHIE 3aJayH, 0 KOTOPHIM NOJOGPAaTh COOTBETCTBYIOIIHE TH+
[OBBHIE pellleHHs] (U3 MMEIOIIMXCS MacCHBOB MH(bOpMauHuH);

6) Hcnosab3ys BCIO BHIABJAEHHYIO HHPOpMAIHIO, CHHTE3HPOBaTh BO3-
MOXHBIE pelleHHsl.

I'naBHBEIM yc/lOoBHeM [IJISl YCIEIIHOrO NOHMCKA pelleHHH, paspelnarno-
IIUX TEXHHYecKOoe NPOTHBOpeuMe, SABJAseTCs TILAaTeJbHH, MHoroac-
NeKTHBIH aHaJ/i3 3TOr0 NPOTHBOpeuHs, NPOACHAIOLIHMA «06pas» pelle-
HHS.
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3AKOHOMEPHOCTH PASPELIEHHS
NMPOTUBOPEYHUH B NPOLLECCE PABBHUTHUA
TEXHUYECKHX CUCTEM,

a Taxse o0 ToM,

yT0 u30bpes xuesckuti crydenr 8 1910 200y,
xKak pasbombuau mocr Ha dyHae,

KaK X0A00UNbHUKOM 0602pesaTs mMa2asur;
Kpome Tozo,

0 no4To80L Mapke,

CMEHHbLX KPbIAbAX,

00HOPA308bLX 3AEKTPOOPUTBAX,
KOCMU4eCKUX KOHCTPYKYUAX

u 0 mHozom Qpyzom
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Kak ormeuasoch B riaBe 2, 3aKOHOMEpPHHMH SABJISIOTCA HE TOJBKO
CTpOEeHHe TeXHHUeCKHX CHCTeM, Ho H ¢opmmbl mpeoGpasoBanus TC mpu
paspelieHHH NPOTHBOpEYHH B mpouecce pa3BUTHA. POPMH 3TH OTpa-
JKaIOT 3aKOHBl Pa3BHTHS TEXHHYECKHUX CHCTEM.

3Hanne 3akoHoB pa3puthsi TC mosBoJsieT NpH peUleHHH 3ajad
YUHTHIBATh HE TOJBKO CYThb KOHGJIHMKTA H CBSI3H €ro CO CTPYKTYPCH
CHCTEMBI, HO H OCOOEHHOCTH 3Tana Pas3BUTHS, Ha KOTOPOM HaXOAHTCH
nanHas TC. Kpome Toro, Ha 6a3e 3aKOHOB pa3BHTHSI TEXHHYECKHX
CHCTEM MOXKHO NpPOTHO3HPOBATh BeposiTHble OyayliHe COCTOSIHHS CHC-
TEMH, npeaynpexjaas o60CTpeHHEe NPOTHBOPEYHH.

* * *

OGpaTHMCs K pacCMOTPEHHIO INpouecca pPa3BHUTHA TEeXHHYECKHX
cucreM. Hexoropeie cumraior, uto TC poxnaercss yHHBepCaJbHOH,
CHenHaNUu3upysch mo Mepe pasBuTHs. Ha caMoM geje HNpH POXKIECHHH
TC HpuHUMN AeACTBHA 3TOH CHCTEMBl 00eCNneYyHBaeT BHINOJHEHHE
IJIaBHOH moJie3HOA (YHKIUMH B CaMOM MHHHMAaJbHOM oObeMe.
KakoBa crenmenb yHHBEpCaJbHOCTH HJs caMoJjieTa, KOTOpHI CIO-
coGeH TOJILKO MOAHATHL JeTUYHKa B Hebo H OoJiee uJH MeHee rapad-
THPOBAHHO BepHYTh ero Hasaa? Mam «skumaxka ¢ MOTOpDOM», mepeme-
IlaloUmero Mo Jopore ORHOrO — ABYX dYeJOBeK CO CKOPOCTbIO MEHb-
we#, yeM CKOpoCTh phicaka? Ha 3toM srame (CTaHOBJIEHHS CHCTEMH)
WIAaBHOH 3aflauedl sBJASETCA YXOJ OT IapaMeTpHuecKoro 6apbepa, 4ro-
6u BenosHeHnHe ['TI® G0 HageXHHM H rapaHTHpoBaHHEIM. Hso-
OpereHus, MeLIAOIMIMe 3TOMY, B IEPHOA CTAHOBJIEHHA CHCTEMBI He
NpHKHBAIOTCA.

B 1910 r. xueBckuil crygeHr ®. WM. BuiHHKHH H306pes HHTEp-
[enTop: MJAacTHHKY, KOTOpasi BCTAaeT HOMNepeK MOTOKAa IephneHIHKYJsp-
HO MOBEPXHOCTH KpBL1a, yMeHbllas MNOABEMHYIO CHJIy Kpbljla H YBe-
JUYHBasi compotuBieHne. Y npuMeHuJ ero Ha cBoeM camoJjere IJs
yOpaBJieHHs NOABEMHOH CHJOH. M3o6perarejbCKHii CKaYoK NPH 3TOM
6b1 cpenaH Gosbwoit. (MHTepuentop — 3TO «aHTH3JEPOH», TO €CTh
HHBEpCHSI 3JIepOHA, NPHMEHSBIUETOCA AJs YINpaBJeHHs MOJEeTOM, B
OCHOBHOM NyTeM YBeJHUYEeHHS MONbEMHOH CHIH Kpblia). OfHaKo npH
JebHuuuTe MOLIHOCTH [ABHTaTe]si M NONBEMHONH CHJIbBl HHTEPLENTOp
oKasaJjicsi BpefieH. MoHonsian @. Y. BuinHKHHA He B3Jjeres], a HHTep-
LeNTophHl HALLIH IHPOKOEe NpHMEeHeHHe TOJbKO Ha PeaKTHBHBIX caMoJie-
tax [47].

OGuecTBeHHast MNOTPeGHOCTb, AJA YAOBJETBOPEHHS KOTOPOH Yyaa-
JIOCh CO3/aTh TEXHHYECKYIO CHCTEMY, 3aKOHOMEpHO HauWHaeT pacTH, 00-
pasysi Bce yBeJHYHBawIylocs <(PYyHKUHOHAJAbLHyl0 Humy». CoorBer-
cTBeHHO HauuHaer pactd [TI® cucreMnl, cTpeMmsimiefics 3aMONHUTD 3TY
HUIIy CBOMM npuHUMNOM JAeficTBug. (Ha camom pnene crpemurcs K
3TOMY 4Y€JIOBEK; He YIOMHHAas uesJOBeKa, Mbl cuHTaeM pasutHe TC
OTHOCHTEJLHO CaMOCTOSITNILHHM). PocT 3T0T, mnposiBAAIOmIMACT B
yBeJIHUeHHH HaHGoJiee BaXKHHX NapameTpoB (CKOPOCTH, TIpYy30mOAb-
€MHOCTH, NMPOU3BOAHTEILHOCTH, TOYHOCTH ...), IPHBOAHUT K 0OOCTpEHHIO
TEeXHHYECKHX MpPOTHBOPEUHA MeXIYy pasJHYHBIMH [OJEe3HHMH (YHK-
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LIHSAMH CHCTeMH. PaspelieHHe 3THX MPOTHBOPEYHHA OCYILECTBJ/AETCS
nyTeM CHeHHaJH3allH, To eCTh 3a cueT cyxeHus ITI®. «DyHKuHO-
HajlbHasi HHIIA» JEJNUTCS NMPH 3TOM Ha HECKOoJbKO OGosiee MeJKHX,
KaXIyl0 H3 KOTOPHIX 3aHUMaeT CIelHaJH3NPOBAHHbHIA BapHaHT CHC-
TeMBI.

YBenMueHHe YHCJA CHCTEM C HX ORHOBpeMeHHoH nuddepeHuHamu-
eli u crneunanusauuell — sakoHomepHocts pasButua TC. IlposiBaser-
CA OHa M Ha YPOBHE 3JIEMEHTOB CHCTeMHl (B NEpPBYIO ouepelb — HH-
crpymenToB). CaMoJieThl, KOTOpHIe Cpa3y e CTajH HCIO0JNb30BaThCS
B BOEHHOM JeJie, pa3jeNH/IHCh Ha pa3BefyHKOB, 60MOapaHpOBLIHKOB
¥ HcTpeGuTesieii. A TOKapHBe peslbl — Ha OOJHpHbIE, YEPHOBbIE, UHC-
TOBblE, TOplEBHE, o0pe3Hble, pe3bGoHape3Hble M T. I. Bsaumozeicr-
BHe cnennain3npoBaHHelx TC ocyllecTB/seTCs 3a CYET HAACHCTEMBL
Ilpu sToM ypmaercs pelwatb 3ajayl, JJsi KOTOPHIX HET COOTBETCTBY-
IOIHX CINEeNHaJbHbIX cpeacTB. B 1941 r., Hanpumep, Halleli aBHaLHH
yaajsocb pas6oM6HTb MocT uepe3 [ynait y byxapecra 3a cuer Hc-
noJb30BaHHsl «3BeHa» B. C. BaxmucrpoBa, COCTOAILEr0 H3 TsKEJIOro
6ombapauposmuka Th-3, Hecymero Ha ceb6e naBa ucrpebutens M-16
[47]. (IlpumeHeHHe Takoi KOMOHHALHH OBLLIO BBIHYXIEHHBIM, TaK
KaK y Hac He OBLJIO MHKHUPYIOIHX GOMO6apAHPOBIIHKOB C COOTBETCT-
ByIOIllefl JaJbHOCTBIO NOJETA).

[Toayuenne TtpeGyemoro (yHKLHOHAJIbHOTO 3(¢¢eKra, COOTBETCT-
BYIOILEr0 KOJHUECTBEHHOMY pAacCIUIHPEHHIO «(QYHKUHOHAJbHOH HHIIHY,
3a cuer KOMOMHAUHMH OAHHAKOBBIX MO NPHHUMNY AeHCTBHA H (YHK-
LIHH, HO HMEIOUIMX pasjiMyHble («CABHHYTbI€») XapaKTePHUCTHKH CHC-
T€M HJHM 3JeMEHTOB — 3TO 3aKOHOMepHass (opMa paspelleHds MNpo-
THBOpeuHi, BO3HHMKawIHX B mnpouecce pasputus TC. Harasgubii
npuMep 3QPEKTHBHOCTH TaKOH KOMOHHAUHMH Ha YPOBHE 3JI€MEHTOB—
GuMerannnyeckass miactiHa. OObelHHEHHe JBYX MeETaJJIHYECKHX
IJIaCTHH C pas3HbBIMH Ko3(hdHIHeHTaMH TeIVIOBOrO pAaCUIMpPeHHs IM0-
3BOJIMJIO TIPH HarpeBe YBEJNHYHTb MepeMellleHHe KOHIOB IJIAaCTHH 060-
Jee ueM Ha nopsifoK. (CooTBeTCTBYIOIlee THIIOBOe pelleHHe «OH—
npuHuun» 6biio npepsnoxero T. A. Kenrepau B 1973 r.)

Cnennannusauys — HCTHHHOe 6Jiaro TOJBKO B TOM CJjyyae, KOrjia
IJ1sl CHelHau3HPOBaHHOH CHCTEMBI eCTb NOCTOSIHHast pabora. ITosto-
MY, KaK TOJIbKO TO3BOJIUT YPOBEeHb Pa3BHTHs TeXHHKH, OJIH3KHE CHe-
TeMbl OOGbeNHHSTCS B OXHY, Gosee yHuBepcaabHylo. Korma-to Hc-
TpeGHTeNH H JerkHe 60MO6apAHPOBIIMKH CYLIECTBEHHO PpasJHyYajHCh
N0 3HEpPrOBOOPYKEHHOCTH. ¥ COBpPEMEHHBIX CBEpX3BYKOBHIX CaMoJie-
TOB 3THX THIIOB 3HEPrOBOOPYKEHHOCTb NpPaKTHUYeCKHM CPaBHAJNAaCh, IO-
3['1‘01i4y BO3HHK eNMHBI KJacc Hcrpebureneli — 6omMb6apaHpOBILHKOB
44].

Huknabl «cneuuanyusaunus — YHHBepCaaH3alUsi» B IpOIEcCe pasBu-
Tusi TC MoOryT moBTOPSIThCS HECKOJIBKO pas.

[To mMepe pocra Hanbosee BaxKHbIX NapaMeTPOB TEXHHYECKOH CHC-
TeMbl Bce yamle obocTpsiercs IyaBHoe nporuBopeuue aroi TC u  Bce
TPYAHee [aeTcsi ero paspellieHHe. DTO CBHIETEJNbCTBYEeT O NpHOIHKe-
HHMH K NpefejiaM BO3MOXKHOCTeH NAaHHOro NmpHHUHuna pefictBus. Paspe-
lueHHe NPOTHBOPEYHS B TaKOH CHTyaUHH BO3MOXKHO 3a CYeT KOMOM-
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HaUHK OJNH3KHX No (YHKUMH, HO Pa3/HYHBIX MO NPHHUHMNY AeficTBHA
cucreM. [IpuueM B KOMOMHAUHMH JOJXKHbl B3aHMHO KOMIEHCHDPOBATb-
C HeJOCTAaTKH KaXJAoro H3 NpHHUHMNOB JefictBHA. [lpumep Ttakoi
«rHOpUAH3AUUN» Ha rpaHule <«(QYHKUHOHAJbHBIX HHIU» — CaMoJIeT
BEPTHKAJbHOrO B3JieTa M mocajikKH (oObejHHeHHe NPHHLHIOB HeH.I-
BHS CaMoJieTa H PaKeThl).

[Ipn HcuepnmaHHM BO3MOXKHOCTEH NPHHUHMNA JOeHCTBHS CHCTEMHl
NPOHCXONHT ero 3aMeHa GoJiee NepCHeKTHBHBIM. Ha JieHMHrpaiackoMm
o6benuHeHUH «HeBckHil 3aBoj» 1718 3aMeHbl MeXaHHYECKOro crocoba
pas3BaJbLOBKH TPY6 TemI000MEeHHHKOB ObIJIO ONpo6OBaHO NpHMEHe-
HHE 3JIeKTPOTHADABJHYeCKOro 3¢ deKTa, 3JeKTPHUECKOro B3phiBa IpO-
BOJIOUKH, MMIYJbCHBIX MAarHHTHBIX MNOJied, a TakiKe B3PBIBYATHIX Be-
mectB [41]. Ceituac ofHuM H3 HauboJsiee NEPCIEKTHBHHIX NMPHHIHIIOB
pa3BalbLOBKH CUHTAeTC HCIOJNb30BaHHE «JeAsHOA TeXHOJIOTHH»
nzobperarenss I1. A. Paguenko [1]. Cmena npunuuna pneiicrBus TC
(baKTHUeCKH O3HayaeT pOXJeHHe HOBOA TEXHHYECKOH CHCTEMHI.

Boo6ite nporpecc TeXHHKH MOXHO NpeACTaBHTb cebe B BHIE IABYX
JOMOJIHAIOMIUX JPYr JApyra MNpPOLECCOB: ¢ OJHOH CTOPOHH, B KaxKAo#
«(YHKIHOHAJbHOH HHUIlIE» TNPOUCXOLUT HeH3OexkHass CMeHa MpHHIHMNA
neficreuss TC Gosiee nepCneKTHBHBIM, M, C APYIOH CTOPOHBI, BHOBb
OTKPHITHIA TPHHIHUN AeHCTBUSI CTPEMHTCH 3aNOJHHTb BCe MOAXOASIIHE
«(yHKIIHOHAJbHbIE HUIINY.

B Tex cayuasx, Korga npuHuMn geiictBusi TC CMEHHTb HeJb3st
(u3-3a orcyrcTBHs 6GoJsiee TEPCNEKTHBHOTO MNPHHIHMNA AEHCTBHS HJIH
U3-3a2 HEBO3MOXKHOCTH TNOJNYUHThL Tpebyembili 3ddekr), poct ¢yHK-
LHOHaJAbLHOTO 3 deKTa noCTHraercss 3a cuer HajacHcTeMbl. Ilpu 3ToM
TeXHHYecKasl cHcTeMa 6oJiee IUVIOTHO <«IPHBSI3bIBA€TCSI» K HaJACHCTe-
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Me, ee CBSI3H C COCEJHHMH CHCTEMAaMH H3 OPraHH3alHOHHBIX Iepexo-
IAT B (PH3HUYECKHE.

CKOPOCTb JBHMKEHHS OGBHIYHOrO NOPOXHOrO BEJNOCHINENa, KaK CHCTEMH], MPHBO-
JHMO# B [BHXKEHHe MYCKYJbHOH 3Hepruedi uejoBeKa, HMEET, eCTECTBEHHO, CBOM
npefes. MoxHO 3aMeHHTb 3SHEPrHIO YeJOBEKa 3HePrHed MOTOpa, HO TOria BeJo-
cHmea mnepecTaHeT OHITb BeJocHnenoM. Mexly TeM CPeLHIOI0 CKOPOCTb IepeMelne-
HHSL BeJIOCHIEAa IO TOPOAY MOXKHO 3aMETHO IIOBHICHTb, ©CJIH BHUIEJHTb ClielHallb-
HHE BeJOCHNELHble NODOXKKH, CleJaTb cClelHajbHble TPAHCIOPTHhIE Pa3BSA3KH HJH
mepefiTH K KpPHITHIM BeJOCHNEJHBIM TpaccaM, pacloJIOXXKEHHHIM Haj 3eMJaell mogo6HO
Tpacce MoOHOpesnbca. B0O3MOXKHO Takxke INPHMeHeHHe CaMOABHXKYLIMXCS BeJOXOPO-
xek [34].

Eme onHa ¢opma paspellleHHS NPOTHBOPEYHH, CBA3aHHHIX C NPHHUHIOM JeR-
crBusi TC, 3a cueT HaJCHCTEMH 3aKJIOYaeTCs B Pa3fieJIeHHH CHCTEMBI Ha HECKOJIBKO
CMelHaJH3HPOBAHHBIX yYacTeft, KOTOpHe REACTBYIOT TOJbKO BMecTe, BCTynas B (PH3H-
ueckoe B3aumogefictBHe. IIpumepoM Takoro npeo6pasoBanus TC, mnosBoJsioLIero
COeHHHTb NOCTOHHCTBA CNEIHAJH3alHH H YHHBEDCAJH3aLHH, SBJSAETCS NPOEKT aBHa-
LHHOHHON TpaHCmOpTHOR cHcTeMil, npengoxenHoit B CIIA. CucremMa 3Ta COCTOHT
H3 NOCTOSIHHO JIETAIOILEro MO 3aMKHYTOMY MapUIPYTy THKeJOro caMoJieTa C aTOM-
HHIM J(BHraTeJleM M HEeCKOJbKHX CTHIKYIOIHXCS C HHM JIErKHX caMoJIeToB, oGecme-
YHBAIONIHX AOCTAaBKy MNaccaXXHPOB Ha THAXeJHH caMoJjer ¢ 3eMaH H oGparso. Llens
paspaGoTKH — YCTDAaHHTb BPEIHOe BJHSHHE THAXKEJHX CaMOJIETOB, B3JIETAIOUIHX H
NPH3eMJSIOMHUXCS yepe3 HeOOJblIHEe NPOMEXYTKH BpeMeHH, H YMeHbIIHTb nortpeb-
HOCTb B OGOJBIIHX aspoapoMax. IJiaBHOe OTJHYHe 3TOH CHCTEMB OT «3BeHa»
B. C. BaxMucTpoBa 3akJjioyaeTcsi B TOM, YTO HCNOJIb30BAHHE dYacTell CHCTEMH [1O-
PO3Hb NPAKTHYECKH HEBO3MOXKHO.

B S * *

Y couHajbHO-TEXHHYECKOTO NpPOTHBOPEYHsS €CThb JBa AacleKra.
ITepBHIfi 3ak/IOYaeTcst B omepexalolleM pocTe MOTpeGHOCTElH Mo CpaB-
HEHHIO C BO3MOXHOCTAMH HX yAoBJeTBOopeHHs. B pesyabrare I'Tl® u
(QYHKUMOHAJNBHBIH 3(¢eKT TeXHHYECKHX CHCTEM I[OCTOSHHO pacTyT.
3akoHoMepHble (opMbl H3MeHeHuss TC HaMH yXKe pPacCMOTPEHHL.
Bropo#i acnekt 3akJiouyaeTcss B NPHHIHNHAJAbHOH GeCKOHEYHOCTH IO-
TpeGHOCTel NPH KOHEYHHIX BO3MOXKHOCTAX (pecypcax). Paspemurs
3TO NPOTHBOpPEYHE MOXKHO JHLIb 33 CYeT MOCTOSIHHOrO pocTa 3¢-
(eKTHBHOCTH TeXHHYECKHX CHCTEM, KaK OTHOIIEHHe MOJIE3HOTO pe3yJib-
Tata K 3arpataM. [loBwienne sddektuHocTH TC — mpouece mo-
crosHHbIl. OH OCTaHaBJIMBaeTCsl TOJBKO B TOM CJayyae, KOraa BCTyma-
€T B NPOTHBOpeuHe C NOBbILIeHHeM (YHKUHOHaJAbHOrO 3¢pdexkra. Ha-
LIS AHOE TOATBEPXKAEHHE 3TOMY — HCTOPHSI DasBUTHS paKeTHOH KoOc-
Muyeckoli TexHUKH. B mepBoit Tpern XX Beka 6blI0 MHOro Haed o6 wuc-
II0J1b30BAHHH aBHALHOHHBIX NPHHIUNOB, 06GJEryamlinX BhIX0J PaKeThH
B KOCMHYeCKOe MPOCTPaHCTBO H MOBHIIAIOIHX 3 (EKTHBHOCTh KOCMH-
yeCcKHX cucteM. K HHM OTHOCATCS: HCIOJIb30BaHHE a3pOJHHAMHUYECKOTO
KauecTBa M KHCJOpOJa BO3AyXa Ha arMoc(hepHOM ydyacTKe I0JeTa,
MHOTOpPa30BO€ HCIIOJb30BAaHHE KOCM!YeCKHX annapaTtoB, 3amycK pa-
KeT C aspocrara WJIH caMmoJeTa, pakeTHble aspomiaHn [37]. OpHako
IIpeofoJieTh NMapaMeTPHUeCKHH mnopor (mepByl0 KOCMHYECKYIO CKO-
POCTb) YJaJoCh CaMblM pacTOYHTEJbHHIM CIIOCOGOM: yepe3 arMocde-
pPY HanpoJioM, OKHCJIHTeNb ¢ co6oi, ofHOpa3oBLie pakeThl. M Toub-
KO ceffyac HayHHAeTCsl HCNOJIb30BaHHEe HJeH, NOBHINAOMHX sbhdex-
THBHOCTb [23].
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