
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 







0 T 3 bl B 
Ha anTopecpepaT .[(11ccepTau;11vr BaTyT11Ha 3,n:yap;:i:a Hropesw:m Ha TeMy 

«TeopeTRY:eCKl1e OCHOBbl l1 TexH11qecK11e perneHHSI rrporpaMMHO

arrrrapaTHOfO o6ecneqem-rn c11HTe3a nor11qecKvrx MYJihTI1KOHTponnepon», 

npe,[1,CTaBJieHHOH . Ha COI1CKaHvre yqeHOH CTerreHll ,ll.OKTOpa TeXHJ-JqecKllX 

HayK ITO crreu,11anbHOCTl1 05.13.05 3neMeHThl ll ycTpOHCTBa 

BhJqJ,JCJil1TeJibH011 TeXHI1KH 11 Cl1CTeM yrrpaBJieHl15I 

B HaCTOSirn:ee BpeM5I 60JihIIJOe rrp11KJia,[(HOe 3HaqeHl1e I1MeIOT ll.I1<ppOBbie 

yrrpaBJISIIOW:l1e ycTpOHCTBa, pa60TaIOrn:11e B COOTBeTCTBI1I1 C 3a,[(aHHbIM anropl1TMOM 

(MI1KporrporpaMMOH) JIOfl1'IeCKOfO ynpanneHl151, opneHTHpoBaHHhlM Ha KOHTpOJib 11 

l13MeHeHI1e COCTO51Hl1e 3a,II.aHHOfO o6beKTa yrrpaBJieHI151 rryTeM o6MeHa C HMM 

,[l,BOI1qB..bIMI1 CHTHanaMl1 Ml1Kpoorrepau,11i1: M JIOfWieCKllX ycnOBl1M. Ilp11 I1X 

rrpoeKTHpoBaHl1l1 BO3HMKaIOT pa3JII1qHbTe ,[(l1CKpeTHhie Ol1Tl1Ml13au,11OHHhie 3a,[(a'9:I1, 

OTHOC51W:11ec51 K Tpy;:i:HoperuaeMbIM (NP-TPYAHhIM). MaTeMaT11qecKa51 Mo;:i:enh perueH11SI 

;:i:aHHhIX 3a)],aq B COBOKYIIHOCTI1 C MeTo,n:aM:11 l1X perueHl151 llMeJOT TeopeT11qecKyJO 

3Haq11MOCTb 11 rrpaKTifqeCKYJO u:eHHOCTb. ,l],n51 perueHI151 3a;:i:aq YKa3aHHOro Knacca Ha 

rrpaKTHKe C ycrrexoM rrp11MeH51lOTC51 3BpI1CTvJqecK11e MeTO,[(hI, 06ecrreq11BaJOrn:11e 

ITOJIY'9:eHI1e cy6- l1Jil1 KBa3llOIITl1ManbHhlX perueHMH Hermoxoro KaqeCTBa c pa3yMHhIMI1 

3aTpaTaMI1 Bbrq11c1111TeJibHOro BpeMeHI1. TaKI1M o6pa30M, paCCMOTpeHHaSI B 

;:i:11ccepTau:m1 HayL£HO-TexHwiecKa5I rrpo6neMa CI1HTe3a c:acTeM nor11qecKoro 

yrrpaBnemrn B 6a1Hce nonrqecKHX MYJihTMKOHTporrnepon c rrp11MeHeH11eM 

orpaHI1'9:eHHOro MHO)KeCTBa 3Bp11CT11qeCKl1X MeTO,ll.OB 5IBmieTC51 aKTyanbHOH . 

B pa6oTe I1CIIOJih3OBaH p5I,II. op:anrnanbHbIX MO,[(l1q>I1Kal.I,I1H: Ii3BeCTHbTX MeTO,D;OB 

,[(I1CKpeTHOM KOM61rnaTOpHOH OIITl1Ml13aIJ.l1l1 (MeTO,l(a MypaBbl1HOM KOJIOHI1l1, MeTO,[(OB 

orpam-rqeHHoro rrepe6opa Ha 6a1e o6xo;:i:a cooTBeTCTBYIOW:ero ;:i:epena 

KOM611HaTopHoro rrepe6opa, MeTO,[(bI Ha 6a1e nap11au.m1 nop51,II.Ka Bbr6opa 3JieMeHTOB 

perueHI151) B KOM6HHau1nr co crreu11an11311poBaHHbIMI1 MeTO,[(aMI1 IlOCTpOeB.1151 

pa16vreH11i1 rpacp-cxeM anrop11TMOB ynpaBJieHl151 (rrocne.n.oaaTeJibHbre 11 rrapanrrem>HO

rrocne,n:oBaTenbHbIM MeTO,lJ.hl), o6rra,n:aIOW:I1X HayqHoH HOBI13HOH 11 ITO3BOJISIIOW:I1X 

rronyt.J.aTh peweHI151 (pa16I1emur) 6onee BbicoKoro Kat.J.eCTBa no cpanHeHmo c 

H3BeCTHbTMH aHanoraMI1, l.J.TO l1OJIO)KI1TeJibHO CKa3bIBaeTCSI Ha TeXHl1L£eCKI1X 

xapaKTep11cT11Kax co3.n.asaeM.bIX CI1CTeM ynpaBnemrn 11 B rrepBy1O oqepe,n:h Ha HX 

arrrrapaTHOH CJIO)KHOCTI1. 

KaK cne;:i:yeT 113 aBTOpecpepaTa, aBTOpOM o60CHOBaHHO IlOCTaBJieHa u:enb 11 

orrpe.n.eneHbI HayqHbre 3a.n.aq11 11ccne.n.osaH1151, BKJII0'9:aIOrn:11e B cefor: rrpone;:i:eHHe 

o63opa 11 B.&16op HarrpanneHI151 11cc11e;:i:0BaH11i1: Ha ero 6a1e, pa3pa6oTKY 

MaTeMaT11L£ecKoi1: Mo.n.en11 3a.n.aq11 rrocrpoeHmr pa1611eH11tt, pa1pa60TKY Teopen£qecK11x 

OCHOB perneHI151 ITOCTaBJieHHOH 3a,[(a'9:H, a TaK)Ke KOM611HaU:I1I1 TO'9:HhIX I1 

3BpHCTvJqecKHX MeTO)].OB, B COBOKYIIHOCTI1 pernaIOW:HX IlOCTaBJieHHYl:O 3a,lJ.aL£y, 

cpaBHHTeJibHYlO Ol.I,eHKy rronyqeHHhIX perneHHH H Bbipa60TKY peKoMem:i:au::ai1 no 

CTPYKTypHo-rrapaMeTpI1'9:eCKOll OITTllMH3aIJ.I-m rrpoeKTHpyeMhIX yrrpaBJT51JOW:HX CHCTeM 

no pe3yJibTaTaM BbI'9:IiCJIHTeJibHbIX 3KCrrepwMeHTOB. 

B pe3y11hTaTe I-nyqeHHSI co.n.ep)KaTeJihHOfi qacTa anTopecpepaTa crre.n.yeT 



0TMeTl1Tb HeCK0JibK0 0CH0BHbTX He,n:ocTaTK0B. 

I. I,fa TeKCTa aBTOpecpepaTa He 5ICH0, KaK ,n:o6aBneHHe KOMfornaTOpHbIX 803BpaT0B B 

C0CTaB HeK0T0pbIX 3Bp11CTJft.J:eCKI1X MeTo,n:oB (n. 2.1 lia~HOH H0BI13UbI, CTp. 6) 
BmrureT ua yBem,r-qeHtte 3aTpaT Bbit.J11cmnenbHoro BpeMeHH. 

2. B HeK0T0pbIX pa3,n:enax asTopecpepaTa yrroMJ,rna10TCR 611HapHble 0TH0llleHI15I Me)K,n:y 

BepumHaMH rpacp-cxeM a.nropHTM0B yrrpaBJieHJ,UI, o,n:HaK0 II0JIH0f0 0TIHCaHMR J1X 

C0CTaBa, I1X CBOHCTB 11 Heo6xo,n11MOCTI1 B HX rrp11MeHeHI1I1 He rrp11se,n:eH0, 

11HcpopMaU:MR o HMX rrpe,n:cTaBneHa cpparMeHTapuo. 

YKa3aHHhie 3aMe"L!aHH5I He H0C5IT rrp11HU,I1TTI1aJibH0r0 xapaKTepa, He CHI1)Ka!OT 

Hayt,IHOH 11 rrpaKTW{eCKOH u,eHH0CTH pa60TbI I1 He CTaB5IT rro,n: C0MHeH11e 

,n:oCT0BepH0CTb 11 o6ocHOBaHHOCTb II0JI)'11eHHblX pe3yJibTaT0B. 

Tipe,ncTaBneHHa5I pa6oTa 0TJIJ1.qaeTC5I HOBI13HOM rrpe,nJI0)KeHHbIX no)].X0)].0B K 

,D.0CTH)KeHHIO TTOCTaBJieHHOH u:emt, xapaKTep113yeTC5l aKTYaJibH0CTbIO pelllaeM0H 

HayqHoH npo6neMhI. B u:enoM .[J.HccepTau:110HHa5I pa6oTa BaTyT11Ha 3.n:yap,n:a 

I1ropeBHl.£a .Sl'BJI.Sl'eTCR 3aKOHl.£eHHOH Ha~HO-HCCJie,n:oBaTeJibCKOH pa60TOH, HMeIOlll.eH 

HayqHy10 H0BI13HY H npaKTH"LieCKYIO u:eHH0CTb, cooTBeTCTByeT Tpe6oBaHIDIM BAK Pct>, 
rrpe,II,o5IBJrneMbIM K ,n:MccepTaU,H0HllhIM pa6oTaM Ha C0HCKaHJ{e ytieHO.H. CTerre1rn 

,n:0KT0pa TeXHHl.£eCKI1X HayK, a ee aBT0p 3aCJIY)KHBaeT rrp11CB0eHIDI ~eHOH CTerreHH 

,ll,0KT0pa TexH11qeCKI1X l-IaYK no crreu:MaJibH0CTl1 05.13.05 - 3JieMeHTbI J1 ycTpOHCTBa 

Bbll.fl1CJI11TenbIIOH TeXHHKH I1 Cl1CTeM ynpaBJieHH.SI' . 

.LI:aIO cornac11e Ha BKJIIOl.£eime CB0l1X rrepcoHaJibHbIX ,n:aHHbIX B arrecTaU,110HHbJe 

,n:0K)'MeHTbl C0HCKaTen.sr 11 11X ,n:aJ1bHei1rny10 o6pa6oTKy. 

PyKoBO.ZJ.HTeJib OT;::i:eneHl15I <l>I11.I: I1Y P AH, ;::i:.cp.-

« ()» HfOHH 2022 r. �~� 
..&'lllllDilCr:a:t,~ 
•\e,p3iflb~fOp r 

$le .... ~v, UCHro .. OC' 
�~� \,._, .-,\'U '1 V -~ '1~;J,..f/. 

C11HHU:l1H B.H. 
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Cscnemr.sr o cocraswrene OT3bIBa o,_,11~· ·,.,, 

<l>a:\neurn, H~rn, orqecrso: C11HHUHH Bmuu1M11p ffllhl'll~'ii" 
3all(lUIJ.arT .L(HCCeprauaoHHYIO pa6ory no CflCUHarTbHOCTH:: 05.13.01 «CHCTe.\UlblH aIIarTH3, ynpas:re1me 
11 o6pa6oTKa HHcpop~au.mrn 
OpraHH3at{IDr: <l>e,ncpanbHOe rocy,napcTBeHHoe yqpc)K.L(em1e «<t>e,LleparibHbIH HCcne.n.osare:rbcKHH 
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Cai1T opramnau11H: http:// www.frccsc.ru 
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Þâ×ì1Ò
ÝÐ ÐÒâÞàÕäÕàÐâ ÔØááÕàâÐæØØ ±ÐâãâØÝÐ 3ÔãÐàÔÐ 14ÓÞàÕÒØØÐ ÝÐ

âÕÜã < < 1ÕÞàÕâØçÕáÚØÕ ÞáÝÞÒì1 Ø âÕåÝØçÕáÚØÕ àÕ1ßÕÝØï
ßàÞéÐÜÜÝÞ-ÐßßÐàÐâÝÞÓÞ ÞÑÕáßÕçÕÝØï áØÝâÕ×Ð ÛÞÓØçÕáÚØå

ÜãÛìâØÚÞÝâàÞÛÛÕàÞÒ)' ßàÕÔáâÐÒÛÕÝÝÞÙ ÝÐ áÞØáÚÐÝØÕ ãÝÕÝÞÙ
áâÕßÕÝØ ÔÞÚâÞàÐ âÕåÝØçÕáÚØå ÝÐãÚ ßÞ áßÕæØ€| -Ó1ìÝÞáâØ

05.13.05 - 3ÛÕÜÕÝâì1 Ø ãáâàÞÙáâÒÐ Òì1çØáÛØâÕÛìÝÞÙ âÕåÝØÚØ

Ø áØáâÕÜ ãßàÐÒÛÕÝØï.

[ØááÕàâÐæØÞÝÝÐï àÐÑÞâÐ ±ÐâãâØÝÐ í.Ø. ßÞáÒïéÕÝÐ àÐ×àÐÑÞâÚÕ
áßÕæØ€| "ÛØ×ØàÞÒÐÝÝì1å ßàÞéÐÜÜÝì1å Ø ÐßßÐàÐâÝì1å áàÕÔáâÒ ÔÛï ßÞÔÔÕàå{ ÚØ

ßàÞæÕááÐ áØÝâÕ3Ð áØáâÕÜ ãßàÐÒÛÕÝØï ÛÞÓØçÕáÚØå ÜãÛìâØÚÞÝâàÞÛÛÕàÞÒ.

ÀÕâßÐÕÜìâÕ ×ÐÔÐçØ ïÒÛï} Þâáï ÒÐï{ Ýì1ÜØ ÒÒØÔã ÝÐ]1ØçØï ÝÕÞÑåÞÔØÜÞáâØ

ÞÞ×ÔÐÝØï æØäàÞÒìâå ãßàÐÒÛï} ÞéØå áØáâÕÜ, àÐÑÞâÐâÞéØå ßÞÔ ãßàÐÒÛÕÝØÕÜ
ßÐàè1ÛÕÛìÝì1å €è1ÓÞàØâÜÞÒ. [ { à, ßàÐÚâØçÕáÚÞÙ àÕÐÛØ×ÐæØØ áØÝâÕ×ØàãÕÜì1Õ

áØáâÕÜì1 ãßàÐÒÛÕÝØï ÔÞÛå{ Ýìâ ÞÑÕáßÕçØÒÐâì âàÕÑãÕÜÞÕ ÑìâáâàÞÔÕÙáâÒØÕ Ø ØÜÕâì

ãÜÕàÕÝÝã} Þ ÐßßÐàÐâÝã[Þ áÛÞ)ÚÝÞáâì' ÓÐÑÐàØâÝìâÕ àÐ×ÜÕàì1

íÝÕàÓÞßÞâàÕÑÛÕÝØÕ/âÕßÛÞÒìâÔÕÛÕÝØÕ Ò áÞÞâÒÕâáâÒØØ á ßàÕÔêïÒÛïÕÜì1ÜØ Ú ÝØÜ

âàÕÑÞÒÐÝ ØïÜØ Ø ÔØÚâãÕÜì1ÜØ ßàÐÚâØÚÞÙ ÞÓàÐÝØçÕÝØïÜØ äØ×ØÝÕáÚÞÙ ßàØàÞÔìâ.

¡ÐãÝÝÐï ÝÞÒØ×ÝÐ ÔØááÕàâÐæØØ 3ÐÚÛ1ÞçÐÕâáï Ò àÐ×àÐÑÞâÚÕ ÕÔØÝÞÓÞ ßÞÔåÞÔÐ

ÔÛï àÕ1ßÕÝØï ÔØáÚàÕâÝì1å ×ÐÔÐç ßàÞÕÚâØàÞÒÐÝØï æØäàÞÒìâå ãßàÐÒÛï} ÞéØå áØáâÕÜ

áßÕæØ€!-ßØ×ØàÞÒÐÝÝì1å Òì1çØáÛØâÕÛìÝì1å ãáâàÞÙáâÒ, ÒÚÛ} ÞçÐâÞéÕÓÞ âÕÞàÕâØçÕáÚØÕ

ÞáÝÞÒì1' ÜÐâÕÜÐâØçÕáÚØÕ ÜÞÔÕÛØ' ÜÕâÞÔì1 Ø €| ÛÓÞàØâÜì1.

€ÛÕÔãÕâ ÞâÜÕâØâì ÜÞÔÕÛì ßÞáâàÞÕÝØï àÐ×ÑØÕÝØÙ, ÞâÛØçÐ} Þéã} Þáï

ÒÞ×ÜÞ} ÚÝÞáâì} Þ ÜØÝØÜØ×ÐæØØ âàÐäØÚÐ ßÕàÕÔÐçØ ãßàÐÒÛÕÝØï ÜÕ} (Ôã ÜÞÔãÛïÜØ

ßàÞÕÚâØàãÕÜÞÙ áØáâÕÜì1' Ø ßÞ×ÒÞÛï} Þéã} Þ ßàÞØ3ÒÞÔØâì ÞæÕÝÚã ÕÕ ÐßßÐàÐâÝÞÙ

áÛÞ)ÚÝÞáâØ ßÞ àÕ×ãÛìâÐâÐÜ ÝÐåÞ)ÚÔÕÝØï àÐ×ÑØÕÝØÙ ÛÐàÐÛÛÕÛìÝì1å ãßàÐÒÛï} ÞéØå
€| "ÛÓÞàØâÜÞÒ.

Ò ÐÒâÞàÕäÕàÐâÕ

ÞßâØÜÐ1âìÝÞÓÞ

ÐßßÐàÐâÝã} Þ

áØÝâÕ×ØàãÕÜì1å áØáâÕÜ
Ó| àØÒÕÔÕÝì1 íÚáßÕàØÜÕÝâ€| _ßìÝì1Õ ÞæÕÝÚØ áÛÞ} ÚÝÞáâØ

Ò ×ÐÒØáØÜÞáâØ Þâ áßÞáÞÑÐ Øå áâàãÚâãàÝÞ-

äãÝÚæØÞÝÐÛìÝÞÙ ÞàÓÐÝØ×ÐæØØ Ø ×ÝÐçÕÝØÙ âÕåÝÞÛÞÓØçÕáÚØå ÞéÐÝØÝÕÝØÙ, ÝÐ

ÒìâÑÞàÕÞáÝÞÒÕ ÚÞâÞàì1å áäÞàÜãÛØàÞÒÐÝì1 àÕÚÞÜÕÝÔÐæØØ Þ

áßÞáÞÑÐ ÞàÓÐÝØ×Ðâ\ °°, ßÞ×ÒÞÛï} ÞéÕÓÞ áãéÕáâÒÕÝÝÞ

áÛÞ} ÚÝÞáâì.

1. ÝÕ ïáÝÞ, ÚÐÚØÕ €} ÛÓÞàØâÜì1 ßàØÜÕÝïÛØáì ßàØ

ÜÐâàØæ ã1 ÚÐÚ ÔÐÝÝÐï ×ÐÔÐçÐ áÒï×ÐÝÐ á ×ÐÔÐçÕÙ

ÛÞÓØçÕáÚÞÓÞ ãßàÐÒÛÕÝØï.
2. ÝÕÚÞâÞàìâÕ ÐÑ6àÕÒØÐâãàìâ, ßÞ-ÒØÔØÜÄ'ã'

¡ÕÚÞâÞàìâÕ ÝÕÔÞáâÐâÚØ Ò ÐÒâÞàÕäÕàÐâÕ, ÝÕ ØÜÕ} ÞéØÕ ßàØÝæØßØ€} Ó{ ìÝÞÓÞ

åÐàÐÚâÕàÐ ÝÐ ÞÑéã} Þ ÞæÕÝÚã àÐÑÞâìâ:

áßÕæØ€è1ØáâÐÜ' ÝÕ àÐá1èØäàÞÒÐÝìâ Ò âÕÚáâÕ ÐÒâÞàÕäÕàÐâÐ (Ú5Ú, èÚ5Ú, ...).
[ØááÕàâÐæØÞÝÝÐï àÐÑÞâÐ ±ÐâãâØÝÐ 3ÔãÐàÛÐ ÙÓÞàÕÒØØÐ ÝÐ âÕÜã

< < 1ÕÞàÕâØçÕáÚØÕ ÞáÝÞÒì1 Ø âÕåÝØçÕáÚØÕ àÕ1ßÕÝØï ßàÞÓàÐÜÜÝÞ-ÐßßÐàÐâÝÞÓÞ

ÞÑÕáßÕçÕÝØï áØÝâÕ×Ð ÛÞÓØçÕáÚØå ÜãÛìâØÚÞÝâàÞÛÛÕàÞÒ)>  ßàÕÔáâÐÒÛïÕâáï

áÝØ×Øâì

Òì1ßÞÛÝÕÝØØ ãÜÝÞ)ÚÕÝØï
èàÞÕÚâØàÞÒÐÝØï áØáâÕÜ

ÞçÕÒØÔÝì1Õ ã×ÚØÜ

×ÐÚÞÝçÕÝÝì1Ü ØááÛÕÔÞÒÐÝØÕÜ' áÞÞâÒÕâáâÒãÕâ âàÕÑÞÒÐÝØïÜ ±°1{ , ßàÕÔêïÒÛïÕÜì1Ü



2

Ú ÔÞÚâÞàáÚØÜ ÔØááÕàâÐæØïÜ, Ð ÕÕ ÐÒâÞà ×ÐáÛãÖØÒÐÕâ ßàØáã)ÚÔÕÝØï ãçÕÝÞÙ
áâÕßÕÝØ ÔÞÚâÞàÐ âÕåÝØçÕáÚØå ÝÐãÚ ßÞ áßÕæØÐ_]1ìÝÞáâØ 05.13.05 - 3ÛÕÜÕÝâì1 Ø

ãáâàÞÙáâÒÐ Òì1çØáÛØâÕÛìÝÞÙ âÕåÝØÚØ Ø áØáâÕÜ ãßàÐÒÛÕÝØï.

°.°' !7ÕçÝèÚÞÒ

1{ í.9{ ,.2ñ22

€ÒÕÔÕÝØï Þ áÞáâÐÒØâÕÛÕ Þâ×ì!ÒÐ
Ä ÐÜØÛØï' ØÜï ) ÞâçÕáâÒÞ :  [ { ÕçÝØÚÞÒ °ÝÔàÕÙ °ÝÐâÞÛìÕÒØç
3ÐéØâØÛ ÔØááÕàâÐæØÞÝÝã} Þ àÐÑÞâã ßÞ áßÕæØ€| "ÛìÝÞáâØ: 05.13.18
< < ÙÐâÕÜÐâØçÕáÚÞÕ ÜÞÔÕÛØàÞÒÐÝØÕ' çØáÛÕÝÝì1Õ ÜÕâÞÔì1 Ø ÚÞÜßÛÕÚáì1 ßàÞÓàÐÜÜ)
9çÕÝÐï áâÕßÕÝì: ÚÐÝÔØÔÐâ äØ×ØÚÞ-ÜÐâÕÜÐâØçÕáÚØå ÝÐãÚ (1981), ÔÞÚâÞà
âÕåÝØçÕáÚØå ÝÐãÚ (201 1)

ÄàÓÐÝØ×ÐæØï: °ÝáâØâãâ ßàØÚÛÐÔÝì1å ÜÐâÕÜÐâØçÕáÚØå ØááÛÕÔÞÒÐÝØÙ
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