
MHHHCTEPCTBO HAYKH H BhiCIIIEfO OEPA30BAH1151 
POCCHHCKOH <l>EL(EP ~ 

HAIUIOHAJibHhiM HCCJIE,[(OBATEJibCKHH tJ. /J 
TOMCKHii: rOCY)1APCTBE!lllblit YllllBEPCIITET U/ ~ 

3.A. CocHHH 

TEOPIDI PEIIIEHIDI 
H30NPETATE~hCKHX3~Aq 

B <DOTOHHKE 

Yqe6uoe noco6ue 

IIo.n; pe.n;amHei1 ,n;oKTopa <PH3.-MaT. Ha)'K A.B. Boi1IJ,exoBcKoro, 
,n;oKTopa <PH3.-MaT. Ha)'K A.H. Con.n;amBa 

PeKOMeH006GHO peiJepanbHbV.1 y'le6Ho-MemoiJu'lecKu~w o6beiJuHeHlleA1 6 cucme.Me 
6blCmezo o6pmo6aHUJ! no yKpynHeHHOU zpynne cnelJUaJibHOcmeii u Hanpa6lleHuu 

noiJzomo6KU 12. 00.00 «C/JomoHUKa, npu6opocmpoeHue, onmu'lecK!Ie u 6uomexHu'leCKue 
cucme!o1bl u mexHollozuu» 6 Ka'lecm6e y'le6Hozo noco6tm OJ/Jl peanU3GIJUU 

o6pG3o6ameJibHblX npozpa.M.M 6blCmezo o6pG306GHUJ! no Hanpa.6lleHUJIM noiJzomo6KU 
Mazucmpamypbl 12. 04.02 OnmomexHuKa, 12. 04.03 C/JomoHuKa u onmouHpop.MamuKa 

2-e R3)J,aHRe, RCIIpaBJieHHOe 

TOMCK 
H3,n;aTeJibCKHH ,[(oM ToMcKoro rocy.n;apcTBeHHoro YHHBepcHTeTa 

2019 



Y.IJ:K 001:5+535.14+ 519.713+008:001.8 
liliK C66 

G64 

PeQeHJeHTbi: 

B.M AHuKuH- .!10KTOp QJH311KO-MaTeMaTI14ec!Gix na)'K, rrpoljleccop, 

,!1eKaH QJI13114ecKoro ljJaKyJibTeTa HaU110HaJibHoro HCCJie,!10BaTeJibCKOro 

CapaToBcKoro rocy.l1apcTBeHHoro YHI1BepC11TeTa 11MeHI1 H.l. qepHbiWeBcKoro; 

B. fl. Pbl:JIC06- .!10KTop QJH3HKO-MaTeMaTI14eCKI1 X Ha)'K, rrpoljleccop, no4eTHbJH pa6oTHI1K 

BbJcwero npoljJeccl1oHaJibHoro o6pa3osamUI Pocc11iicKoi1 <l>e.11epau1111 

e54 
Cocuuu 3.A. 
TeopiDI perneuiDI u3o6peraTenbc.Kl1X 3aAati B <j>oTOHHKe : 
yqe6. noco6He I noA peA. A.B. BoH.u.exoBcKoro, 
A.H. ConAaToBa.- 2-e H3A., Hcnp.- ToMeK: M3AaTenbcKHH. 
,Zl;oM ToMcKoro rocyAapcTBeuuoro yuHBepCHTera, 2019. 
336 c. 

ISBN 978-5-94621-784-2 

TeXHJ.flleCKHe CHCTeMhl prosHBaiOTCll no onpe,!1eneHHbiM JaKOHaM H rrpasHJiaM, 

HCnOJih3Yll KOTOpbie MOJKHO ycKOpHTb rrpouecc pa3BHTIUI . MeT0,!10JIOrH4eCKyiO 6aJy 

KHI1rH COCTaBIIliJOT 3aKOHbl 3BOJIIOUIDI UeJieHanpaBJieHHblX CI1CTeM (AnhTwyJI­

Jiep r.c., 1973; 3JIOTHH li.JI., 1989; Koporo,!111H B.I1. , 1991 ; CoCHHH 3.A., Iloi13-

Hep Ji.H. , 2000--2013). Ha HX OCHOBe aHaJIH3HpyeTCll pa3BI1THe CI1CTeM QJOTOHHIGI, 

,!1aiOTCll peKOMeH,!1aJUIH ITO HX C03,!1aHI110, COBeprneHCTBOBaHHIO H llp0rH03Hj)OBaHHIO 

pa3BHTHll . IlpHHUHllhl pa3BHTHll CHCTeM paCKpb!Tbl Ha ,!1eCliTKaX llpHMepax, o6o6ma­

IOIUHX ,!1aHHhie 6onee 4eM TPeXCOT JII1TepaTYPHbiX HCT04HHKOB. )J,aHO MHOJKeCTBO Me­

T0,!1H'!eCKHX peKOMeH,!1aUHH, CTHMYJIHPyiOIUI1X rrpeo6pa30BaHHe H C03,!1aHHe CHCTeM. 

BHeCeHbl KOppeKTHBbl B cyweCTByiOIII11H annapaT TeOpHH peweHHll 11306peTaTeJib­

CKHX 3a,!1a'f (TPI13) C Y'feTOM COBpeMeHHOro ypOBHJI HayqHhiX 3aHHHH. Ilpe,!1JIOJKeH­

Hbie rnnoTe3hi MOryT 6hiTb 11Cnonh30BaHhJ .l1Jill HOBhiX propa6oToK s o6nacr11 TPI13. 

Kn11ra a.11pecosaua cry.11eHTaMH YHI1Bepc11TeTos B yqe6HbiX Kypcax, o6yqaiO­

IUI1XCJI no HanpaBJieHHliM n0,!1rOTOBIGI «<l>OTOHHKa 11 OIIT011HQJOpMaT11Ka», «CBeTO­

TeXHHKa H HCTO'fHHKH CBeTa» 11 «DHOQJOTOHI1Ka». KH11ra TaKJKe 6y.11eT nOJie3Ha Ma­

rHCTPaHTaM, acn11paHTaM, COI1CKaTeJIJIM yqeHOH CTerreHH B o6naCTI1 eCTeCTBeHHbiX 

Ha)'K, HaY'fHhiM pa6oTHHKaM, HHJKeHepaM, H3Y'faiOIUHM 11 KOHCTPY11PYIOIIIHM uc­

T04HHKH H3JiyqeHHll, a TaKJKe crreuuaJIHCTaM no npo6neMaM TBOp4eCTsa. 

<0/ J IT [l, n E yu Y)U( 001:5+535.14+ 519.713+008:001.8 
{ l.A/lll.kJ · \ o - H 1v lH ,I ~ 66K C66 

'n 
ISBN 97 8-5.:-§4621-784-2 © Cocmm 3.A., 2019 

Ytnrre:no u -o.: 
:Oopucy HI -o..: 
3a ero _-no6oBh -

KOTOp: 10 OH fi J 



OrJIABJIEHHE 

JiJiarOJJ;apHOCTH . ... .. .. ... .. ... .. ... .. .. . .. . . . .. . . .. ... .. ... .. .. ... .. ... .. .. ... .. .... .. ... .. .. ... .. . . . . 7 

CnucoK coKpa"-euuii . .. .. .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ... .. ........ .. .. ... .. ... 8 

IlpeJJ;HCJIOBHe ... .. .. ... .. ... .. .. ... ..... ..................... ... .............. .......................... 11 

JleKU,HH 1. HaiiTu ce6H s auTponoTexuou,euoJax ................................. 13 
BbiBOJJ;hl . . . ... .. ... .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. .. ... .. ... . . .. . . . . . . ... .. .. .. 25 
3aJJ;aHIUI ... .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. .. ... . . ... . . .. .. ... .. .. .. 25 
JlnTepaTypa K JieKI.IHH 1 .................... .. .................... ............................ 25 

JleKU,HH 2. JiaJOBble DOHHTHH, He06XOJJ;HMble JJ;JIH npOBeJJ;eHHH 

cucTeMuoro auaJIH3a o6'beKToB u HBJieuuii .............................. .. .......... 28 
2.1. Te3aypyc TeopHH cHcTeM ............................................................. 28 
2.2. ~Be MO)J,eJIH )J,Jlji H3MeHeHIUI rrpe,!I,CTaBJieHIUI 06 06'heKTe ........... 37 
2.3. Mo.D.eJIH o6neKTOB s cHcTeMHOM aHaJIH3e .................................... 42 
BblBO)J,hl . . . ... .. ... .. .. ... .. ... .. .. ... .. .. . . . ... .. .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ... ... .. ... . . . . . . 49 
3a)J.aHIUI ......................................................................................... ...... 50 
JlnTepaTypa K JieKI.IHH 2 ........ .......................... .................................... 51 

JleKU,HH 3. IlpHHIJ,HDbl DOCTPOeHHH TeXHH'IeCKHX CHCTeM .. ............ ... 54 
3.1. 3JieMeHThl TeXHJ.f'IeCKOH CHCTeMhl. TipHHI..IHII IIOJIHOThl 

'IaCTeH CHCTeMbT ................................ .. ... ................... ........................... 54 
3 .2. TipHHIJ,HII 3HepreTH'!eCKOH npOBO,!I,HMOCTH .. .. ............ ...... .. .......... 62 
3.3. fHIIOTe3a o6 yaeJIH'IeHIUI Ka'!eCTBa 3HepmH ............................... 68 
BbiBO)J,hl ............................................................................................... 74 
3a)J.aHIUI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 5 
JlnTepaTypa K JieKI.IHH 3 ...................................................................... 75 

JleKU,HH 4. 3aKOHOMepHOCTH pa3BHTHH TeXHH'IeCKHX CHCTeM .... .. ... .. 77 
4.1. HepasHoMepHOCTh pa3BHTHji TC ...... ................ ............................ 77 
4.2. ComacosaHue-paccomacosaHHe TC ........................................... 81 
4.3. TioshiiiTeHue .D.HHaMH'IHOCTH u ynpasJijieMocTH TC .................... 94 
4.4. PaJsepThiBaHHe-csepThiBaHue TC H nepexo.D. K Ha)J.CHCTeMe ...... 97 
BhiBO)J,hl ............................................................................................... 102 
3a.D.aHHji ............................................................................................... 103 
JlnTepaTypa K JieKI.IHH 4 .......... ...................................................... .... .. 103 

5 



TeopUR petuenUR U3o6pemameJlbCKUX JaOa'l 6 fjJomonuKe 

JleKUHH 5. TeJieouoMn'lecKoe onncaune 3BOJIIOUHH 
3HTpODOTCXHH'ICCKHX CHCTCM ............................................................... . 

BbiBO.LJ.bl ............................................................................................. .. 
3a.LJ.aiUUI .............................................................................................. . 
JiliTepaTypa K ne~HH 5 .................................................................... .. 

JleKUHH 6. Pecypcbi n cneunaJinJnposauuble onepaTopbl 
npn pemeunn Ja.LJ.a'l ............................................................................... . 

6.1. K.naccw<jlHKaU:IDI pecypcos H cnoco6os HX wcnoJibJOBaHJUI ...... .. 
6.2. BenoJibHaM <jlopMa JanHCH Ja.LJ.al.fH H perneHIDI .......................... .. 
6.3. BenoJII>HaM <jlopMa npe.LJ.CTaBJieHJUI HCTO'-IHHKOB HJJI)"--eHIDI: 
OT npou:eccos cnoHTaHHoro wcnycKaHIDI cseTa 
K CaMOOpraHH3aU:HH ............................................ · ...... · · · · · · ................... . 
BbiBO.LJ.bl ............................................................................................. .. 
3a.LJ.aHIDI ............................................................................................. .. 
Jlt!TepaTypa K ne~HH 6 .................................................................... .. 

JleKUHH 7. OnepaTopbi paJpemennH ci»nJn'lecKnx npoTnoopeqnif .. . 
BbiBO,ll,bl ............................................................................................. .. 
3a.LJ.aHIDI .............................................................................................. . 
JlHTepaTypa K Jie~HM 7 .................................................................... .. 

JleKUHH 8. OnepaTopbl paJpemennH TexunqecKnx 
npoTnBopeqnif ........................................................................................ . 

BbiBO,ll,bl ............................................................................................. .. 
3a.LJ.aHIDI .............................................................................................. . 
JlHTepaTypa K Jie~HH 8 .................................................................... .. 

JICKUHH 9. IlocTpoeune H3,ll,CHCTCM ...................................................... . 
BbiBO.LJ.bl ............................................................................................. .. 
3a.D.aHIDI Ha nepcneKTHBY ........................................................ · · · · .. · · · · .. 
JlHTepaTypa K Jie~HM 9 ........................................ : ........................... .. 

BMecTo JaKJIJO'IenHH .............................................................................. . 

6 

106 
123 
123 
124 

126 
129 
148 

152 
166 
167 
168 

171 
191 
192 
192 

195 
298 
300 
301 

316 
324 
324 
325 

327 

JiJI.ArO ~.\PH()( 

5I Bbipa)KaiO 

cnara.r:rn: MeiDl H3 rop,a B ron H C.1e.1a:111 

BnaouMupy Hearweu'ly K opozoOuH) 
TeOpHH U:eJieHanpaBJieHHbiX CHCTe. I ll 

!Opwo AReKcaHopoeu'ly PbL1KUH) -
rrpmillMaTb Ha)'Ky KaK scer.ua HeJasep 

YMa; 
Kupu!l!ly AcjJaHacbe6u'ly C"-106 

CTH TeOpHH pernemUI H306peTaTe.Th Kl . 

AReKcelO HuKonaeeu'l.y 3axapo6). 6e3 
na 6I>I coseprneHHO .upyroH:; 

fl106oeu AHamonbeeHe KoJ/Ceemt · 
pa3BHTIDI TBOp'leCKOH JIJ1llliOCTH; 

Bacunu10 HuKonaeeu'l.y MaHoHm06) 
HbiX CBH3eH; 

Ba!lepu10 AneKceeeu'ly Muxai'L1o6)· ­
MHOrO'lliCJieHHbie MaTepHaJibl ITO Teopl 

3ap,aq; 

C/>unu'leey Cep2e10 AneKcaHopoezr, 
,UaHHOM IIpOeKTe, MaTepHaJibi H KOHC~ .Th 

5I TaK)Ke 6narop,apeH CBOHM po.11rre. 

u JllOOMU!le AcjJaHacbeeHe, no.1ap11BIIIJ 

rronHoe y.uusneHHH:. 


