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The suggested models of dynamic programming encode the physical description
of natural and simulated change of air condition. The structural identification of
the obtained modes (Images) are mode by meansofloglesldesigning. Theexamples
of Interaction between suggested approaches of air condition synthesis are given.

TIpe,IlCTaBHM cHcTeMy KOH,nHQHoHHpOBaHHji B03,Ilyxa

(CKB) KaK ynOpji,n04eHHoe MHO)l(eCTBO 1l0rH4eCKHX 311e-

MeHToB, npe06pa3ylOllJ.HX HHcPapMaQHIO 0 TenllOBll~HO-

CTHOH06pa60TKe B03.nyxa B arperaTax, KOTOpblM OHH CO-
OTBeTCTBylOT.,Z:.(aHHbIHno,nxo,n n03BOllHll onHcaTb MHO)l(e-

CTBOH3BeCTHblX npOeKTHblX perneHHH B BH,ne HeKoToporo

1l0rHlJ:eCKoro yCTpoHcTBa - cPopMepa, 3anHcaB ero cPop-

Manb (CHCTeMY cPYHKQHHanre6pbl 1l0rHKH), 0TP~alOll.I.YlO

CBji3b Me)l(,Ily Bxo,naMH H Bblxo,naMH [2].
CHHTe3 CKB CTOlJ:KH3peHwI 1l0rHKH ee anropHTMa cPYH-

KQHoHHpOBaHHji ,nOll)l(eH 6b1Tb 06eCnelJ:eH cPH3HlJ:eCKHM

onHcaHHeM npOQeCCOB 06pa60TKH. OHO 0TP~aeT CYTb

npoeKTHoro perneHHji H CBji3blBaeTCji 60JIbrnHHCTBoM pa3-

pa6OTlJ:HKOBC HeKoTopoH KpHBOH Ha ,nHarpaMMe 3HTaJIb-

nHJI (1)- Bllaroco,nep)l(aHHe (d) B03.nyxa [4]. 06Pa3Y CKB

B BH,Ile1-d-KpHBOH H3MeHeHHji COCTOjiHHji B03,Ilyxa MO)l(-

HOconOCTaBHTb HeKoTopylO KO,nOBylOKOM6HHaQHIO.

PaccMoTpHM Mo,nellH CHHTe3a KO,IlHpOBaHHoro 06pa3a

CKB. I1x CBji3blBaeT e,nHHbIH no,nxo,n K perneHHIO 3a.na4H -

,nHHaMHlJ:eCKOenporpaMMHpoBaHHe.

MOOeJlb 1. CHHTe3 BepOjiTHOH nOClle,nOBaTellbHOCTH

H3MeHeHHJICOCTOjiHHjjHapy)I(Horo B03,nyxa BTelJ:eHHero,na.

3JIeMeHTbI 1- d-,nHarpaMMbl eCTeCTBeHHoro ro,nOBoro

H3MeHeHHJI COCTOjlHHji B03,nyxa
N

Dr =UD. (1).·1
,nOJDKHbIy,nOBlleTBOpjiTb yCJIOBHIO OnTHMaJIbHOCTH

J=maxf<1>[(i,d)cD.], (2)
n(N) •• 0

N
r,ne O(N)= L;w.2N

-. - YCJIOBHblH HH,neKC OnTHMaJIbHOH (B
.=1

CMblCJIe MaKcHMyMa BepOjiTHOCTH) TpaeKTopHH H3MeHe-

HHjI COCTOjiHHjI Hapy)l(Horo B03,nyxa, COCTOjlllJ.eH H3 MHO-

)l(eCTBa TOlJ:eK(i,d), Koop,nHHaTbl KOTOPblX jiBJIjilOTCji He-

3aBHCHMbIMH CJIY4aHHblMH BeJIHlJ:HHaMH:

<1>[(i,x)c D]= Hq»(x)q>; (i)dxdi (3)
(D)

<1>(x :5: d ~ X;y ~ i~Y)= <1>Ax)<1>; (Y)+
+<1>AX)<1>, (Y)- <1>" (x )<1>; (Y)- <1>AX)<1>; (y) - BepOHHOCTb

nona,naHHji CJIylJ:aHHOH TOlJ:KH (i, d) C Koop,nHHaTaMH, 3a-

,naHHbIMH COOTBeTCTBylOmHMH lliIOTHOCUIMH pacnpe,neJIe-

HHji <f>i{i) H cpJ..d) B npjlMoyrollbH)'1O 0611aCTb D COCTOpO-

HaMH, napaJIJIellbHbIMH Koop,nHHaTHbiM OCjlM;

<I>d, <I>; - H3BeCTHble cPYHKQHH pacnpe,neJIeHHjI BepOjlT-

HOCTHcllyqaHHoH BellH4HHbi BJIaroco,nep)l(aHHJI d H 3HTanb-

nHH B03,nyxa i COOTBeTCTBeHHO;

X, X y, Y - rpaHH4Hbie 3HalJ:eHHjI 0611aCTHD.
I1MeeM ypaBHeHHjI COCTOjiHHjI

II;t~I=";t=II~HI:::jn=I,N,

orpaHH4eHHji

k(n)e {O,I, ,K};

m(n)e {o, I, ,M};
k(N)= K; k(O)= m(O)= 0;
m(N)=M; I~N~K+M;

{

Um(.}-I,im(n)]X[dk(n}-o.l,dk<n}<-o,l] npu W2n_2 = 0,W2n_1 = I;

Dn = [im~}-o.l,i~(n}<-o.JX[dk(n}-l'dk(I»] npu (02n_2 = I, (02n_1 = 0; (6)
[lm(n}-l' lm(n)]X [dk(n}-I' dk(n)l npu I W2n_2 = I,(02n_1 = I.

im e[i:_O,l,i:+oJ, dk e[d;_O.l,d;+O,l], (7)
r,ne BepXHHH HH,neKC «*» 03HalJ:aeT 3a,naHHble 3HalJ:eHHjI;

~/1-2' ~/1-1 - onpe,neJIjleMble npHMHTHBbI, xapaKTepH-

3YIOllJ.He n-H YlJ:aCTOK1-d-KpHBOH;

CHMBOll «x» - ,neKapTOBO npOH3Be,neHHe.

TIpHMeHeHHe npHHQHna OnTHMaJIbHOCTH P. neJIJ1MaHa [1]
K aHaJIH3Y Mo,neJIH (1) - (7) n03BOJIjleT onpe,neJIHTb npH-

MHTHBbl HaH6011ee BepOHHOH 1-d-KpHBOH Hapy)I(Horo B03-
,nyxa

O2 = {(WO,WI~ ;",;(W2n-2,W2n-l)n ;",;(W2N-2,W2N-I)N}' (8)
C4eTHoe MHO)l(eCTBO (8) Mo,neJIHpyeT comaCHO (6) no-

CJIe,nOBaTeJIbHOCTb npoQeccoB H30BJI~HOCTHoro, H303H-

TaJlbnHHHOro HJIH nOJIHTpOnHoro H3MeHeHHJI eCTeCTBeHHO-

ro COCTOjlHHjI Hapy)l(Horo B03,nyxa Ha npOTji)l(eHHH ro,na.

MOOeJlb 2. CHHTe3 OnTHMaJIbHOH nOCJIe,nOBaTeJIbHOCTH

TeXHOJIOrH4eCKHX pe)l(HMOB B CKB.



Tpe6yeTCH onpe,neJIHTb MHO)f(eCTBO COCTOHHHHB03,nyxa

E= fmlm=l,M}, (9)
y,nOBJIeTBOpHIOIQHXyCJIOBHIO OnTHMaJIbHOCTH

w.(q) M s
<Pf;- = max L (-I) 11mv" (Im_1 ,1m )- VI (Im_1 ,1m ~ (10)
Cg G;r' E m.1 '

ypaBHeHHHM

tm =tm-I+Nm, m=I,M to =t~, tM =t:'" ,::" (11)
H OrpaHHlJeHHHM

(P) _ { i: - i:_1 npH d: = d:_"Cg ~tm - (. • ) ..._ra \dm_, -dm npH 'm = 1m_I,

i; ¢ i;_I,d; ¢ d;_,;
OJ2m-2 = OJ2m_1 = I,

y

r,ne VN (y, Y)= V cp, (t )dl, N = 0, I;
y

t - TeMneparypa AJIH m-ro COCTOHHHHB03,nyxa, K;
m .

to*, t
M

* - TeMneparypa COOTBeTCTBeHHOHapy)f(HOrO H

npHTOlJHOrO B03,nyxa, K;
Wr.(q) - Ol..{eHKaro,nOBoro :mepronorpe6JIeHHH CKB,

~ro,n;
G

a
* - cpe,nHero,nOBaH npOH3Bo,nHTeJIbHOCTb CKB,

Kf/C;
c (P) - y,neJIbHaH TenJIOeMKOCTb B03,nyxa, ,[()I(/(Kr·K);

g

't'- ro,nOBaHnpo,nO~bHOCTh 3KCnnyaTaI..{HHCKB, c;

ra - y,neJIbHaH TenJIOTa napo06pmOBaHHH AJIH BO,nbI,

~Kr;
S = 1 npH nOHCKe MHHHMyMa, xapaKTepH3ylOIQerO

HaH60JIee 3KOHOMH4HbIH npH 3KCnJIyaTal..{HH BapHaHT

eKB;
S = 2 npH nOHCKe MaKcHMyMa, xapaKTepH3ylOIQerO

HaH60JIee HMe)f(HbIH BapHaHT CKB.

Mo,neJIHpOBaHHe no (9) - (14) npHBo,nHT K napaMeTpH-

qeCKoMY cHHTe3Y C4eTHoro MHO)f(eCTBa xapaKTepHbIX co-

CTOHHHHB03~a npH ero OnTHMaJIbHOH B COOTBeTCTBHHC

(10) HCKYccTBeHHoH 06pa60TKe. 11M COOTBeTcTByeT no-

CJIe,nOBaTeJIbHOCTbnpHMHTHBOB, <pOPMaJIbHaH 3anHCb KO-

TOPOHHMeeT BRA (8) C TOlJHOCTblO ,no HH)f(HHX HH,neKCOB

(OTJIHlJHeB N OT M). Pe3YJIbTaT (8) HBJIHeTCHHCXO,nHbIM

AJIHCJIe;orlOIQero 3Tana CHHTe3a CKB - JIOrHlJeCKoro npo-

eKTHpOBaHHH.
Henocpe,ncTBeHHoe on03HaBaHHe 06pma (8) cpe,ncTBa-

MH JIOrHlJeCKOrO aHaJIH3a cOnpOBO)f(AaeTCH npHBe,neHHeM

no,n06HbIX, pH,nOM pacnOJIO)f(eHHbIX npHMHTHBOB no CJIe-

.nyIOIQeMYnpaBHJIY (HMnJIHKaI..{HH):

{

M:=M-I,

(W2m_2 = OJ2m) 1\ (OJ2,"_1 = OJ2m+l) ~ OJ2m ~ OJ2m+2 m = I,M -I, (15)
C02m+1 - Q)2m+3 t

r.ll.eCHMBOJI«1\» - KOHblOHKI..{HHMe)f(Ay onepaHAaMH JIOrH-

qeCKOrOyMHO)f(eHHH, 3aKJIIOlJeHHbIMH BymoBble cK06-

KH<...>;
CHMBOJI«~» - HMnJIHKaI..{HH;

CHMBOJI«:=» - «npHcBoHTb 3Ha4eHHe».

Onepal..{HH (15) n03BOJIHeT HCnOJIb30BaTb npH KJIaCcH<pH-

Kal..{HH06pma npH3HaK CTpyKrypbI MB= M H npH3HaK npo-

l..{eCCOB,paBHblH KOJIHlJeCTBYCHMBOJIOB«1» B nOJIylJeHHOM

Ko,ne. Ha3BaHHbie H .n,pyrHe HHcTpyMeHTbI JIOrHlJeCKOrO

aHaJIH3a no,np06HO onHcaHbI B [2]. OCTaHOBHMCJI Ha npH-

MeHeHHH nOp0)f(AaIOIQeH MaTpHl..{bI.

nYCTb npH CrpYKTYpHOM On03HaBaHHH 06pma CKB noc-

JIe (15) H BBe,neHHJI B on03HaBaeMbIH KO,nHeKoToporo lJeT-

Horo lJHCJIaCHMBOJIOB«0» npOH30111JIOoT06pa)f(eHHe

02 ~B", (16)
r,ne B" = P:).I",P:'.K-IP~.KP"K+I ... P",N-J30.N; (17)
BepxHHH HH,neKC«*» - HH<p0pMaI..{HOHHbIH CHMBOJI.

ECJIH ,nBOHlJHbIH KO,n(17) HBJIHeTCHO,nHOHH3 CTpOK no-

p0)f(,naIOIQeH MaTpHl..{bl

0 0 PI,K+I PI.K+2,,,PI.N

f = ~ ...I,: ,~.. ,:'~',~~:...~2.~,~~::::.~,~....= 11(1 K )I(f~~I,
o 0 ... 1 PK,K+I PK.K+2 ,,,PK.N

TO BbInOnHHeTCH npaBHno

B,/I=OM'
PI.K+2.. ,PI.N

P2.K+2., .P2.N

PK•K+I PK,K+2 ,,,PK.N

(1K) - e,nHHHlJHaH no,nMaTpHl..{a nopH,nKa K;
0M- HyneBoH BeKTOp-CTpoKa nopH,nKa M;

H =II~~I-npoBep04HaH MaTpHl..{a, co,nep)f(aIQaH N

CTpOK H M = N - K cTon6uoB;

o
o

= (1M )- e.n,HHHlJHaHno,nMaTpHua npo-

o 0 A.
M

BepOlJHOH MaTpHl..{bI, 3JIeMeHTaM rJIaBHOH ,nHarOHaJIH KO-

TOPOH nOCTaBJIeHbl B COOTBeTCTBHe JIOrHlJeCKHe yCJIOBHH

1..1,1..2"", AM' 06pmylOIQHe <pOpMaJIb.

CyMMHpoBaHHe npH Bbl4HCJIeHHH MaTpHlJHOrO npoH3Be-

,neHHH (19) oCyIQeCTBJIHeT.CH no MO,D,yJIIO2, T.e.

mod2 (1+ 1)= 0, mod2 (1+ 0)= I, mod2 (0 + 1)= I, mod2 (0 + 0)= 0, (20)
a KO,n (17) npOBepHeTCH Ha lJeTHOCTb •

npaKTHlJeCKOe npHMeHeHHe npaBHJIa (19) CBO,nHTCHK

BbllJHCneHHIO Mepbl 6nH30cTH Ko,na (17) C nepe6HpaeMbl-

MH cTpoKaMH MaTpHUbl (18):

K N

A'j = Lmod2(P:l,n +P~.n)+ L mod2(13o,n +Pj,n),
m=l n=K+1

r.n,ejE { 1,2, ... ,K} - onpe,nenHeMbIH npH On03HaBaHHH HO-

Mep Ko,na;

Po - paccToHHHe no XeMMHHry .
.1

ComaCHO (19) AJIH HaH,neHHoro HOMepa j



Po, = o. . (22)
ECJIH ~e Y.llaeTCR HaHTH KO.ll, Y.llOBJIeTBOpRIOUlHH (22), TO

)l,JIR HaH.lleHHOrO B npOl.{eCCe nepe60paj-ro KO.lla C MHHH-

MaJIbHblM paCCTORHHeM no XeMMHHry

A;j=min{AII,AI2,· .. A,K} (23)
J

CJIe.nyeT npoBepHTb B03MO:>KHOCTbHCnpaBJIeHHR (17). Kop-

peKTHpylOUlHe KO)l,bl [3] B npe.llJIO:>KeHHOH nOpO)l()l,alOUleH

MaTpHl.{e [2] n03BOJIRlOT Ha,lle:>KHO06Hapy:>KHBaTh .llBa OlUH-

60LJHblX CHMBOJIa, HCnpaBJIRTb )l,Ba «CTepThIX» (He «0» H

He « 1») H HCnpaBJIRTb O.llHY 0llm6Ky npH OTCyrCTBHH «CTH-
paHHH».

PaccMoTpHM npHMephl, ,llJIR KOTOphlX B CHCTeMe KOOp-

.llHHaT IOd 3a,llaHa CeTOLJHaR 06JIaCTh

Ajd=AjxAd, (24)
r.lle A. - CLJeTHOe MHO:>KeCTBO3HaLJeHHH 3HTaJIhnHH B03.ny-

I

xa,~Kr;

A -CLJeTHOe MHO:>KeCTBO3HaLJeHHH BJIarocO.llep:>KaHHRd
B03JlYXa, r/Kr.

OnHcaHHe nJIOTHOCTeH pacnpe.lleJIeHHR BepoRTHoCTH 3H-

TaJIbnHH, BJIarOCO.llep:>KaHHR H TeMneparypbl npHHRTo )l,JIR

MocKBbl no [5].

llpUMep 1.
Aj= {-I9,0; -8,0; -4,0; 10,0; 17,6; 18,4; 20,5; 24,4; 27,1;

27,9; 40,0; 52,S};

Ad={0,40; 2,00; 3,00; 4,00; 4,75; 5,20; 5,32; 6,05; 6,15;

8,00; 9,60};

B (7) im E Aj, dkE Ad'
Onpe.lleJIHTh HaH60JIee BepORTHYIO nOCJIe.llOBaTeJIbHOCTh

H3MeHeHJijf COCTORHJijf HapY:>KHoro B03JlYXa B TeLJeHHe rO.lla.

110 MO.lleJIH 1 H B pe3YJIbTaTe npHMeHeHHR npaBHJIa (15)

nonyLJeHbl 3JIeMeHTbl 1- d-KpHBOH eCTeCTBeHHoro ro.llO-

BOro H3MeHeHHR COCTORHHR B03.llyxa H cooTBeTcTBylOUlHe

HM npHMHTHBbl, KOTophle npe.llCTaBJIeHhl B Ta6JI. 1.

llpUMep 2.
A.= {-I9,0;-8,0;-4,0; 10,0; 18,4; 24,4};

A>{0,40; 2,00; 3,00; 4,00; 4,75; 5,20; 5,32};

10* =-20,0 °C; IM*=II,I °C.

Onpe.lleJIHTb OnTHMaJIbHYlO nOCJIe.llOBaTeJIbHOCTb COCTO-

RHHH KOH)l,Hl.{HOHHpyeMoro B03.llyxa H 06eCneLJHBalOUlHe ee

npOl.{eCCbl HCKyccTBeHHoH 06pa60TKH.

I1pHMeHeHHe MO.lleJIH 2 H npaBHJIa (15) npHBO)l,HT K pe-

3YJIhTHpYlOUleH Ta6JI. 2. OHa CO)l,ep:>KHT 3JIeMeHTbl KO.lla,

HCnOJIb3yeMble npH ero on03HaBaHHH. AHaJIH3110Ka3aJI, LJTO

nOpO)l()l,alOUlaR MaTpHl.{a [2] CO.llep:>KHT KO.ll B
3

= (0
5
)( 10)

(0
8
)( 11 )(0 1)(0

2
) C aHaJIOrHLJHOH npH S= 1 nOCJIe.llOBaTeJIb-

Ta6Jlu~a 1
BepOJlmHble COCmOJlHUJIHapyJICHOi!O603Oyxa U ux Koi}upo6aHue (npUMep 1)

MHolKeCTBO 3HTaJlbnHlI, BJlaroco)l,ep- 3J1eMeHT KO)l,a

COCTOllHlIlI KL\JKlKr lKaHlle, r/n (npIIMHTHB)

D) -19,0 < i <10,0 0,40 01
D2 10 0,40 < d < 2,00 10
D) 10,0 < i < 40,0 2,00 01
D4 40 2,00 < d < 9,60 10
D5 40,0 < i < 52,5 9,60 01

Ta6Jlu~a 2
COCmOJlHUJIKOHi}u~uoHupyeMOi!O 6030yxa U ux Koi}upo6aHue (npuMep 2)

MHO- 3J1e-3KC-
MeHTTpe- lKeCTBO 3HTaJlbnHlI, BJ1aroco,1\ep- KO,1\a flpo-

MyM COCTO- K)l,lK/Kr lKaHHe, r/Kr
(npH- uecc(S) lIHHll

MHTHB)

£(1) -19,0 < i<--4,O 0,40 01 HImin
£(2) --4,0 < i< 24,4 0,40 < d < 4,00 11 P(I)
£(3) 24,4 4,00 < d < 5,32 10 113YB

£(l) -19,0<i< 10,0 0,40 01 HI
max £(2) 10,0 0,40 < d < 4,00 10 113YB
(2) £(3) 10,0 < i< 18,4 4,00 01 H2

£(4) 18,4 4,00 < d < 5,32 10 113YB

npHMe'l8HHe. HI, H2 - HarpeB B03JlYXllnepBblll H BTOPOHCOOTBeTCTBeHHO;
P - peUHPKYJ1l1UHlI;H3YB - H303HTaJlbnHHHOe YBJ1alKHeHHe.

HOCTblO npHMHTHBOB. CK06KH B 3anHCb KO.lla BBe.lleHbl ,llJIR

06JIerLJeHHR BocnpHRTHR nOCJIe.llOBaTeJIbHOCTH npOl.{eCCOB

<pyHKl.{HOHHpoBaHHR CKB, npe.llCTaBJIeHHOH BTa6JI. 2. CpaB-

HeHHe .llaHHbIX Ta6JI. 1 H 2 nOKa3bIBaeT, LJTO

E(l) cD" T.e. MHO:>KeCTBOE(l) CO.llep:>KHT HaH60JIee Be-

PORTHble COCTORHHR Hapy:>KHOrO B03)l,yxa, HCKyccTBeHHoe

nOJIyLJeHHe KOTOpbIX Tpe6yeT npH S= 1 MHHHMaJIbHbIX 3a-

TpaT. HanpalUHBaeTCR BbIB0.ll 0 npHMeHeHHH ynpaBJIReMoro

HarpeBa B03.llyxa npH COCTORHHRX E( 1).

AHaJIH3 Ta6JI. 2 npH S = 1 H S = 2 nOKa3bIBaeT, LJTO.llJIR

YMeHblUeHHR 3aTpaT Tpe6yeTcR OrpaHHLJHBaTb nepBHLJHbIH

HarpeB B03.llyxa, a )l,JIR nOBhIllIeHHR Ha.lle:>KHOCTH- yBeJIH-

LJHBaTb ero H BBO.llHTb BTOPHLJHblH HarpeB C .llOnOJIHHTeJIb-

HhIM H303HTaJIbnHHHbIM yBJIa:>KHeHHeM, 3aMeHjfR pel.{HpKy-
JIjfl.{HlO.

I1pe.llJIaraeMblH no.llXO)l, pacnpocTpaHReTcR Ha MaTeMa-

THLJeCKOe 06eCneLJeHHe HHTepaKTHBHblX npOl.{e.llYP CHHTe-

3a, KOTopble HHBapHaHTHbI K onHcaHHIO npOl.{eCCOB nepe-

Hoca TenJIa H BJIarH B 3JIeMeHTax CKB. Ha3BaHHbIe npo-

l.{e.llypbI C03.llalOT yCJIOBHR .llJIR l.{eJIeHanpaBJIeHHOrO <pop-

MHpoBaHHR 06pa3a npoeKTHpyeMoro 06'beKTa Ha OCHOBe

reHepHpyeMbIx CTpyKrypHbIX BapHaHTOB. OHH 06'bRCHR-

lOT (HJIH nO.llTBep)l()l,alOT) HHryHTI1BHblH BbI60p pa3pa60T-

LJHKa, KOTOpbIH pelliaeT 3a.llaLJY MHoroKpHTepHaJIbHOH on-

THMH3al.{HH. l1oTpe6HOCTb B TaKHX npOl.{e.llypax OLJeBH.llHa

Ha paHHHX CTa.llHRX npOeKTHpOBaHHR, KOr.lla He06xo.llHMO

060CHOBaHHe paCLJeTHbIX pe:>KHMOB <pyHKl.{HOHHpOBaHHR

pa3pa6aTbIBaeMoro 06'beKTa.
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