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Wejustified the choice method for solving the vector optimization problem for air conditioning systems. Disclo-
sure of graphic-analytical model of the fundamental concepts and basic engineering tools used in the method.
In the simple examples shown its essence and nature of the application. The necessity of further development of
this optimization method applied to more complex versions of air conditioning systems.
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B cO)J,ep)J(aTenbHoM BYl)J,e33)J,aya BeKTopHotl on-

TYlMYl33UYlYl)J,fl51CYlCTeMbl KOH)J,YlUYlOHYlpOBaHYl51B03-

)J,yxa (CKB) 6blna c<popMynYlpOBaHa B npe)J,bI)J,YLUetl

CTaTbe [I]. YYYlTbIBa51 YKa3aHHble TaM cnO)J(HOCTYl
npe)J,CTaBneHYl51ueneBotl <PYHKUYlYl B 51BHOM BYl)J,e,

B03MO)J(HOCTb YlCnOnb30BaHYl51 Yl3BeCTHbIX MaTeMa-
TYlyeCKYlXMeTO)J,OBBeKTopHotl OnTYlMYl33UYlYl YlCKnlO-

Y3eTC5I Yl )J,fl51peWeHYl51 C<popMynYlpOB3HHotl 33)J,alfYl

npYlMeH5IeTC5I CneUYlanbHO p33pa60T3HHbltI MeTO)J,.

Ero MaTeMaTYlyeCKYlH annapaT BnepBble 6bln rrpe)J,no-
)J(el-l0 pa6OTeA. 51. KpecnYlH5T [2] (TonbKo)J,n51 yaCTI-IO-

ro cnyya5l) Yl )J,anee cyw:eCTBeHHO pa3BYlT Yl 0606w.eH

)J,fl51WYlpOKOrO cneKTpa H3rpY30K npo<p. A. A. PbIM-

KeBYlyeM [3].
<1>YH)J,aMeHT3nbHbIMYlnOH5ITYl51MYlYl OCHOBHblMYl

YlH)J(eHepHbIMYl YlHCTpyMeHTaMYl 3Toro MeTO)J,a}lBn5l-

IOTC5I YlCXO)J,Ha51TepMO)J,YlHaMYlyeCKa51cxeMa (YITC),
Kn3CCbI Harpy30K Yl BeKTOp pe:>KYlMa<PYHKUYlOHYlPOB3-
HYl5l. I1x YlCnOnb30BaHYle, Bo-nepBbIX, npYl)J,aeT MeTO-

)J,ycyry60 npYlKn3)J,Hotl X3paKTep (TonbKo )J,n51 CYlCTeM

C TennOBna)J(HOCTHotl 06pa60TKotl B03)J,yxa), BO-BTO-

PbIX, KayeCTOeHHO MeH51eTno)J,xo)J,K nOYlCKY peWeHYl51

OnTYlMYl3aUYlOHHotl 33)J,aYYl, KOTOpbIH npYlHUYlnYlanb-
1-10OTnYlyaeTC5IOT nO)J,XO)J,OB,YlCnOnb3yeMblx B Tpa)J,V1-

UYlOHHblX MeTO)J,axBeKTOpHotl OnTYlMYl3auYlYl.

B MeTO)J,e YlCnOnb3yeTc5I rp3<poaHanYlTYlyeCKa51

MO)J,enb CKB, cO)J,ep)J(aHYle KOTOPOtl npe)J,CTaBneHO

KaK B BYl)J,eypaBHeHYltl, HepaBeHCTB, OrpaHYlYeHYltl,

TaK Yl rpaqmYeCKYl Ha l-d-)J,Yl3rpaMMe. fpa<poaHanYl-

TYlyeCKa51MO)J,enbBKnlOyaeT B ce651 n51Tb6nOKOB.

EJIOK 1. B )J,aHHOM 6noKe OCYLUeCTBnHeTCHCBe-

)J,eHYle Bcero MHO)J(eCTBa <paKTopoB, OKa3bIBalOw.YrX

OnYl51HYle Ha ycnOOYl51 <PYHKUYlOHYlpOOaHYl51 CKB,

K OTHOCYlTenbHOHe60nbwoMy YlXYYlcny, 3a CyeTTOrO,
YTO V1l-1cPopMaUYl510 KOnYlyeCTBel-ll-lblX oueHK3X nony-
yaeTC5I Ha OCHOBepe3ynbTaToB Yl3MepeHYltl, npOBO)J,Yl-

MblX B peanbHOM MaCWT36e BpeMeHYl. B pe3ynbT3Te,
HeCMOTp51Ha CnYlWKOM 60nbwoe YYlcno YlCXO)J,HbIXne-

peMeHHbIX, CB5I3aHHbIX C cPaKTOpaMYl, KOTopble )J,on)J(-

Hbl YYYlTbIB3TbC5I B MO)J,enVl, nocne Yl3MepeHVli1 Yl ne-

peBO)J,ape3ynbTaToB B KOnYlyeCTBeHHble OueHKYl 3TYlX

cPaKTopOB OCTaeTC5I nYlWb He60nbWa51 yaCTb rrepe-

MeHHbIX (B BYl)J,eKapKaCHbIX napaMeTpOB qn' Wn, mH),

KOTOpa51 OKa3bIBaeTC5I )J,OCTaTOYl-loi1 )J,fl51OnYlCaHYl51

nOBe)J,eHYl51CKB.

EJIOK 2. B 3TOM 6noKe no 3HayeHYl5lM nepeMeH-

HbIX qn' Wn, mil CTPOYlTC5IcPaKTYlyeCKa51YITC Yl on-
pe)J,emleTC5I Knacc Harpy30K B nOMeLUeHYlYl, xapaK-

TepHbli1 )J,n51 )J,aHI-IOrOMOMeHTa OpeMeHYl. HanOMHYlM,

YTO vlTC - 3TO TaKa510606LUeHHa51 cPopMa npe)J,CTaB-

JTeI-lVl51YlHcP0PM3Ul-lYl 0 TennOBJT3)J(HOCTHbIX qn' Wn,
Yl ra30BbIX mR, mA Harpy3Kax B rrOMeLUeHYrYl, KOTOpa51
06eCrreYI·maeT onpe)J,eneHYre npYl 3TYrX Harpy3Kax Ha-

Ylnyywero pe)J(l-lM3 <PYHKUYrOHYrPOB3HYr51CKB, C TOY-
KYl 3peHYlH 3Hepr03aTpaT Ha 06pa60TKY B03)J,yxa. YITC
MO)l(eT 6bITb npe)J,CTaBneH3 K3K B 31-1anYlTYlyeCKotl, TaK

Yl B rpacPVlyeCKoi1 <popMe. npYl rpacPoaHanYlTYlyeCKOM

Yl KOMnblOTepHOM MO)J,enYlpOB3HYlVl3Heproc6eperalO-

LUYlXpe)J(YlMOBCKB YlCnOnb3yeTcH rpacPYlyeCKa51cPop-

Ma npe)J,CTaOneHYl51I1TC Ha l-d-)J,YlarpaMMe.

YYYlTbIBa51 nepeMeHHbltI xapaKTep TennOBna)J(-

1-I0CTl-lbiX Yl ra30BbiX Harpy30K B nOMeLUeI-lYlYl, pac-

nonO)J(eHYre onopHblX TOyeK YITC (TOyeK A Yl A)
Ha l-d-)J,YlarpaMMe MO)J(eT 6bITb caMblM p33Ho06pa3-

HbIM. B 3TOM P33H006p33YlYl C)J,en3HbI BbI60PKYl orrpe-

JJ:eneHHblX KOM6YlHaUYrH YlX pacnonO)J(eHYr5I, KOTopble

H33B3Hb[ KJlaCCaMU Hazpy30K [3]. .
EnOK BKJTlOyaeT B ce651 CYrCTeMbIypaBHeHYli1 YlHe-

paBeHCTB )J,nH paCyeTa KOOP)J,YlH3T onopHblX TOyeK

HTC Yl ee nOCTpOeHYl51Ha l-d-)J,YlarpaMMe, a TaK)J(e

anrOpYlTM onpe)J,eneHYl51 KJTaCC3H3rpY30K.

EJIOK3. EnoK BKnlOyaeT Bce65I CYlCTeMblHepaBeHCTB,
ycnOBYli1 Yl OrpaHYlYeHYli1, He06xo)J,YlMb1X)J,fl51)J,eneI-lYr51

06naCTYl Hap~Horo KnYlMaTa I-Ia p3CyeTHbie 30I-lb[,
3 TaK)J(e anrOpYlTM onpe)J,eneHY151,K K3K0i1 Yr3I-IVIX6y)J,eT

OTHOCYlTbC5I33)J,aHHaHTOYKa Hap~Horo KnYlMaTa.



1)J10K4. B 3TOM 6JIOKe Jl)l51 Ka)l(llOH 113paCyeTHhIX
30H Hap)')ICHOrO KJII1MaTa Onpe,l1.eJ15leTC51nOJIO)l(eHl1e

Ha [ - d-,l1.l1arpaMMe BeKTOpa pe)l(J1Ma cPYHKUI10HI1-

pOBaHI151. ITO,l1. BeKTOpOM pe)l(l1Ma cPYHKUI10HI1PO-

BaHI151 CKB nOHI1MaeTC51 HanpaBJIeHHhIH OTpe30K,

HaYaJIO KOTOpOrO (TOYKa H) xapaKTepl13yeT napaMeT-
PhI Hap)')ICHOrO B03,l1.yxa Ha BXO,l1.eB KOH,ll.l1UI10Hep,

a KOHeu (TOYKa K) - napaMeTphl 1303,l1.yxaHa I3bIXO,l1.e
113KOH,ll.I1UI10Hepa,l1.0 l1CnOJIb30BaHI151 B03,l1.yxa BTOpOH

peUl1pKyJIHU1111 (CM. [2]). BeKTop pe)l(l1Ma cPYHKUI10-

Hl1pOBaHI1H HK, KaK npaBI1JIO, COCTOI1T113,l1.Byx-Tpex

BeKTopOB, ero COCTaBJI51IOliJ,I1X,KOTophle xapaKTepl13y-
lOT OT,l1.eJIhHhlenpoueCChl 06pa60TKI1 B03,l1.yxa B no,l1.-

CI1CTeMaXCKB. BeKTOp pe)l(l1Ma cPYHKUl10Hl1pOBaHI1H

nOJIHOCThlO onpe,l1.eJI51eTYI1CJIOBhle 3HayeHI15I Bcex no-
Ka3aTeJIeH, BXO,l1.51liJ,I1XB COCTaB KOpTe)l(a TIT, ,l1.JT51yero

B6JIOK BKJIlOyeHhl COOTBeTcTBylOl.l.{l1e paCl.JeTHhle ypaB-

HeHI1H.

1)J10K 5. OJIOK I3KJIlOyaeT 13 ceoH I1HcPopMaU111O

o Hap)')ICHOM KJI11MaTe, npe,l1.CTaBJIeHHYIO B TaKOM

I3I1.ne,KaK 3TO nOKa3aHO 13pa60Te [4]. on I1HcP0pMa-

UI151I1CnOJIh3yeTC51TOJIhKO Ha 3Tane npOeKTl1pOBaHI151

11(I1JII1) MO,l1.eJIl1pOBaHI15I.H<i 3Tane )l(e 3KCnJIyaTaUl111

I1HcPopMaUI151 0 KJII1MaTe onpe,l1.eJI51eTC51HenOCpe,l1.C-

TBeHHO Ha OCHOBe pe3YJIhTaTOB 113MepeHI1H.
fpacPoaHaJIl1Tl1yeCKa51 MO,l1.eJIh,CO,l1.ep)l(al.l.{a51ne-

peYI1CJIeHHhIe 6JIOKI1, He COOTBeTcTByeT KaKoMy-JII160
113113BeCTHhIX061.l.{l1XKJIaCCOBMaTeMaTl1yeCKl1X MO,l1.e-

JIeH, YTO TaK)l(e (nOMl1MO CJIO)l(HOCTl1 npe,l1.CTaBJIeHI151

ueJIeBOH cPYHKUl111B 5lBHOM BI1,l1.e)He n03BOJI51eT I1C-

nOJIh30BaTh,l1.JTHpeWeHI15I OnTl1MI13aUl10HHOH 3a,l1.aYl1

y)l(e l1313eCTHhleMaTeMaTl1yeCKl1e MeTO,l1.hl.

MeTO,l1., paCCMaTpl1BaeMhIH HI1)1(e, ,l1.JI51Ka)l(lloro

paCl.JeTHOrO MOMeHTa BpeMeHI1 pewaeT 3a,l1.ayy BeK-

TOpHOH OnmMl13aUI1l1 B Tpl1 3Tana. Ha nepBOM 3Tarre

I1HcPopMaUl1H 0 cPaKTl1yeCKl1X YCJIOBl151XcPYHKUl10Hl1-
pOBaHl151CKB npe,l1.CTaBJI51eTC51B El1.ne Y1TC l1 onpe,l1.e-

JIHeTC51KJIaCCHarpY30K. Ha BTOpOM 3Tane l13 MHO)l(eC-

TBa B03MO)l(HhIX nOJIO)l(eHl1H TOYKl1 K, }lBJI51lOl.l.{eHCH,

KaK ~e 113BeCTHO, KOHUOM BeKTopa pe)l(J1Ma cPYH-

KUI10Hl1pOBaHI151, onpe.neJIHeTC51 TaKoe nOJIO)f(eHl1e,

npl1 KOTOpOM TepMO,l1.l1HaMl1yeCKOe COCTOHHl1e CKB

6Y,l1.eTOnTl1MaJIhHhIM. ITPl13TOM l1cnOJIb30I3aHl1e I1TC

n03BOJI51eTcyl.l.{eCTBeHHO COKpaTl1Th MHO)l(eCTBO B03-
MO)f(HhIX nOJIO)l(eHI1M TOl.JKI1K, nOCKOJIhKY OHa,l1.0JI)I(-

Ha JIe)f(aTh TOJIhKO Ha I1TC 11B CTporo onpe,l1.eJIeHHOM

MeCTe. oe3YCJIOBHO, ,l1.JI51Ka)l(llOM KOHcPl1rypaUI1l1 CKB
npaBl1JIa MeTO,l1.a6y,l1.yTl1MeTh CBOl1 oc06eHHOCTI1.

3HaYI1MOCTh TOYKl1 K COCTOl1T B TOM, YTO OHa

He TOJIhKOnOKa3hlBaeT reOMeTpl1yeCKOe MeCTO pacno-

JIO)l(eHI1H KOHua BeKTopa pe)f(l1Ma cPYHKUI10Hl1pOBa-
HI1H, KOTOpbIH 6Y,l1.eTHBJIHThCH Hal1JIYYWI1M ,l1.JIH,l1.aH-

Horo paClJeTHOrO MOMeHTa BpeMeHl1, HO 11HeceT B ce6e

I1HcPopMaUI1IO, BO-nepl3hIX, 06 3TaJIOHHhlX 3HayeHI1}}X
nOKa3aTeJIeM, BXO,l1.51ml1XB COCTaB KOpTe)l(a TIT 11xa-

paKTepl13ylOI.l.{I1X OnTI1MaJIhHhie paCXO,l1.hl 3HepreTI1-

yeCKl1X pecypCOB, He06xo,l1.l1MhIe ,l1.JT}}peaJIl13aUl1l1

Bhl6paHHoro BeKTopa pe)l(l1Ma cPYHKUI10Hl1pOBaHl151,

11BO-BTOphIX, I1HcPopMaUl11O 0 TOM, 3a CyeT KaKI1X yn-

paBJI51IOI.l.{I1XnepeMeHHbIX (BepXHero 11 JIOKaJIhHOrO

YPOBHetl) 3Toro MO)l(HO ,l1.06I1ThC51.ITOJIyyeHl1e TaKotl

I1HcPopMaU1111COCTaBJI51eTCO,l1.ep)l(aHl1eTpeTherO 3Ta-

na peWeHI151 OnTl1Ml13aUl10HHotl 33,ll.aYl1.

CYTh paCCMaTpl1BaeMOro MeTO,l1.aOnTl1MI13aUI1I1
,l1.JT51CKB paCKphIBaeTC51 ,l1.aJIeeyepe3 nOCJIe,l1.0BaTeJIh-

Hoe peWeHl1e p5I,l1.arrpl1MepOB.

PeweHHe 3a,l1.alJHBeKTopHoi1 onTHMH3all,HH )l,JUI CKB
B npHMepax

ITpl1MephI Hay 11HaIOTC51CcaMoro npocroro, B KOTO-

pOM OrpaHl1yeHI151 npl1H51Thl TaKI1MI1, YT06hI npe,l1.eJIhHO
ynpocTI1Th pewaeMylO 33,ll.aYy. B K3)j(,Ll.OMnOCJIe.nYlOl.l.{eM

npl1Mepe 33,ll.aya BeKTopHotl OnTI1Ml13aUI1I1 YCJIO)l(H51eT-

C513a CyeT 113MeHeHl151orpaHl1yeHI1M (Ta6JI. 1)

Ta6Jlulja J

Co.a:ep)f{aHHeorpaHH'leHIDf, npIDUlThlX B npHMepax 1-4
NQ

OrpaHWlt:HI1t: I OrpaHH'lt:Hl1e 2 OrpaHH4eHHe 3
npHMepa

1 mH = mn (-)Y qn=const;2
Wn=const

3 mH"; mH <mA,

fJJ,e mA < mn
oY qn=yar;4

Wn=yar

Bo Bcex npl1MepaX B paMKax l1.lleaJIhHOM Mo.nenl1

paCCMaTpl1 BaeTC5IcaMOCT051TeJIbHOcPYHKUl10Hl1pYlOl.l.{a51
CKB C TP3,ll.I1Ul10HHhIMI1 npoueCCaMI1 renJIOBJI3)f(HOCT-
HOM06pa60TKI1 B03Jl.Yxa, 06CJIy)I(l1BalOl.l.{a51nOMel.l.{eHl1e,

OTHOC5Iw,eeC5IK 06beKTy 1mna (CM. [3]). HopMl1pyeMhIe

napaMeTphl B03,l1.yxaB pa60Yetl 30He nOMew,eHl151COBna-

.nalOT C napaMeTpaMl1 y,l1.aJI5TeMOrO(Y) 1303.nyxa.
IIpHMep 1. ,QaHo:

- paCXO,l1.Hap~Horo B03,l1.yxamH paBeH pacxo,l1.y

npl1TOYHOrO B03,l1.yxa mn (ozpaHU'feHUe J), YTO xapaK-

TepHO ,l1.JI51np51MOTOYHotl CKB;

- HopMl1pyeMhle napaMeTph! B03,l1.YWHOtl cpe-
.nhl B pa60Yetl 30He nOMew,eHI151 3a.naHhI B BI1,l1.eTOYKI1

Y (ozpaHU'feHUe 2);
- 3HayeHI151 TenJIO- 11BJIar0l136hITKa (cooTBeTc-

TBeHHO qn 11Wn) B nOMew,eHI1I1 npl1HHTbl nOCTOHHHhl-

MI1 (ozpaHul1eHue 3);
- napaMeTphl Hap~Horo KJII1MaTa xapaKTepl1-

3YIOTC5Inpe,l1.CTaBl1TeJIhHhIMl1 TOy.KaMI1 HI 11H2•

,QJIHKa)l(llOMI13 npe,l1.CTaBI1TeJIhHhIXTOyeK Hap~-

Horo KJII1MaTa HI l1 H2 Tpe6yeTC51 onpe,l1.eJII1Th, 3a CyeT
KaKI1X ynpaBJIHIOw,l1X nepeMeHHhIX MoryT 6hITh .11.0-

CTl1rHYThI OnTI1 MaJIhH hIe TepMO,l1.I1HaMl1yeCKl1e COCTO-

51Hl1H CKB, npl1 KOTOphlX paCXO,l1.hI3HepropecypcoB

qx' qp mW' mil' mRI' mR2, rroTpe6mleMhIX Ha 06pa60TKY
B03,l1.yxa, 6y,l1.yTI1MeTh 3TaJIOHHhIe 3HayeHI15I (Pl1c. 1).

PeWeHl1e 3TOtl 33,ll.aYI1 OKa3hIBaeTCH .nOBOJIhHO

npocTbIM, nOCKOJIhKY TO, YTO Tpe6yeTc5I npe)l(lle BcerO
HaHTI1 nOJIO)f(eHl1e TOYKI1 K, 51I3JI}}eTC}}y)f(e 113BeCTHhlM,

TaK KaK npl1 mH = mn I1CKOMaHTOYKa K 6Y,l1.eTCOBn3,ll.aTh

C TOYKOM IT, xapaKTepl13Y1Ow,etl napaMeTphl npI1TOYHO-

ro B031Iyxa. Ll.n51BeKTOpOB pe)f(J1MOB cPYHKUI10Hl1pOBa-

HI151H1K 11H2K nOKa3aHhI TP3,ll.I1UI10HHhIe (XOT51MOryT
6hlTh 11,l1.pyrl1e) npoueCCbI 06pa60TKI1 B03,l1.yxa:,l1.JT51TOY-

Kl1 HI - C a,l1.l1a6aTHhlMYBJIa)l(HeHl1eM;.llJT51TOYKI1 H1-

C nOJIl1TpOnHhIM OXJT3)j(,Ll.eHl1eMC OCyWKOtl.



TepMo,uI1HaMI1l.JeCKOe COCTOHHl1e CKB XapaK-

Tepl13yeTcH CJIe,uYIOw.I1MI1 napaMeTpaMI1: < qTI' qn'
mW' mH> (qX= 0;mR1= 0; niR2= 0) -,uJIH TOl.JKI1HI;

<qx' qn' mH > (mw= 0; mRI = 0; mR2= 0) - ,uJIHTOl.JKI1
H2. YnpaBJIHIOw.I1MI1 nepeMeHHbIMI1 6y,uyT HBJIHTbCH:

g = {tTI' tA, tn' mH} -,uJIH TOl.JKI1HI; g = {tA, tn' mH} -
,uJIHTOY:KI1H2.

I1TC, nOKa3aHHaH Ha Pl1c. 1 B BI1,ueOTpe3Ka, COB-
na,ualOw.ero CJIyl.JOMnpol.J,eCca B nOMew.eHI1I1 en 11or-

paHI1y:eHHoro cBepxy TOY:KOH Y, a CHI13Y - T04KOH

n, HI1KaKot! POJII1B peWeHl111 3a,uaY:11He I1rpaeT, noc-

KOJIbKy ee onopHble TOl.JKl1 H 11A COBna,uaIOT C TOl.J-

KOt! n.
npHMep 2. B OTJII1Y:l1eOT npe,ubl,uyuJ,eH 3a,uaY:l1,

3,ueCb 113MeH5IeTC5IOrpaHI1l.JeHl1e I (CM. Ta6JI. 1) 11Te-

nepb pacxo,u Hap)')KHOrO B03,uyxa mH MO)\(eT Bapbl1pO-

BaTbCHB npe,ueJIax OT MI1Hl1MaJIbHO-HeI136e)KHoro mA

,uo MaKCI1MaJIbHO-l.J,eJIeco06pa3Horo mA 3Ha'feHI151,

T. e. mA ~ mH ~ mA. IIpl1 3TOM nOCKOJIbKy mA < mr ,
TO B03HI1KaeT He06xo,uI1MOCTb B I1CnOJIb30BaHI111 pe-
l.J,l1pKyJIHl.J,110HHOroB03,uyxa.

IIapaMeTpbI Hap~Horo KJII1MaTa xapaKTe-

PI13YlOTC5I ceMblO n pe,uCTaI3I1TeJIbHbiM 11 TOY:KaM 11

HI' H2, .. ·, H7 (Pl1c. 2).
B 3TOM npl1Mepe KOHel.J,BeKTopa pe)\(I1Ma cPYHK-

l.J,110Hl1pOBaHI151npl106peTaeT O,uHy CTeneHb cB060,ubI:

TOl.JKaK ~e He COBna,uaeT C TOY:KOH II l1, OCTaBa5lCb

Ha JIyy:e npOl.J,eCcaen' MO)\(~T CK~b3I1Tb no HeMy Me)\(-

,uy onOpHbIMI1 TOY:KaMI1 H l1 H. HaJIl1l.Jl1e CTeneHl1

CB060,ubi B BbI60pe nOJIO)\(eHI151TOl.JKI1K 06yCJIOBJIeHO

TeM, Y:TOn05lBJI5IeTCHB03MO)KHOCTb 113MeH5ITbpacxo,u

Hapy)l(Horo B03,uyxa m~1' C l.J,eJIblOHal160JIee nOJIHOrO

I1CnOJIb30BaHI151ero TepMo,uI1HaMI1l.JeCKOrO nOTeHl.J,I1-

aJIa. POJIb l1TC (Ha PJ1C.2 OHa nOKa3aHa n nJ1,ueOTpe3-

Ka YH) B npl1Mepe 2 51BJI5IeTC5I~e cyw.ecTBeHHoH.
)J,Jl51Ka)K,uOH 113 npe,uCTaBI1TeJlbHbIX T04eK Ha-

P)')KHoro KJII1MaTa HI' H2, .. ·, H7 Tpe6yeTc5I onpe,ue-
JII1Tb TaKoe nOJIO)\(eHl1e TOYKI1 K Ha JIyy:e npOl.J,eCca

en' Y:T06bl TepMo,uI1HaMI1'feCKl1e COCT05lHI1HCI1CTeMbl,

cooTBeTcTBYIOw.l1e 3TJ1M TOYKaM Hap~Horo KJII1Ma-

Ta, 6bIJII1 OnTI1MaJIbHbIMJ1. TaKJ1e nOJIO)l(eHI1H TOYKI1

K (B BI1,ueTOyeK KI' K2, ...• K7) ,uJlH Ka)K,uOHI13 npe,u-

CTaBI1TeJIbHbiX TOl.JeK Hap)')KHOrO KJII1MaTa nOKa3aHbI

Ha PI1C. 2. npl1 3TOM CJIenyeT 06paTI1Tb BHHMaHlofe

Ha TO, YTOTOl.JKaK MO)\(eT OKa3aTbC5ITaK)Ke H non JII1-

HHeH <p= 1 (HanpI1Mep, TOl.JKHK, 11K2).

napaMeTpbI, xapaKTepl13ylOw.l1e TepMo,uI1HaMI1-

yeCKOe COCT05lHl1e CKB 11 nepeMeHHble, KOTopble

,uOJI)KHbI 6bITb npl1HHTbi B Ka'-leCTBe ynpaBJI5IIOw.HX,

,uJIHKa)K,uOH 113npe,uCTaBI1TeJIbHbiX TOl.JeKHap~Horo

KJII1MaTa, nOKa3aHbi HJ1)1(e:

TO'-lKa HI: <qp mW' m~1' mRI' mR2> (qx= 0);

g= {mA' IKI (In), tn,mRl'mR2};
TOYKa H2: <mW' mH, mRI' mR2> (qT= 0; qx= 0);

g= {mR. tfi, mRI' mR2};
T04Ka H3: <mW' mH• mR1> (qT= 0; qx= 0; mR2= 0);

g= {mR, fK3, mR2}; I

TOYKa H4: <qx' mJV' mH, mR2> (qT= 0; mRI = 0);

g= {mA,fK4,t4,mR2};
T04Ka Hs: < qx' mil' mR2> (qT= 0; mw= 0; mRI = 0);

g= {mR,fKS,fs,mR2};
TOYKa H6: <qx' mH, mRI, mR2> (qT= 0; mw= 0);

g= {mA' ffj,mRI' mR2};
T04Ka H7: <qp mH, mR2> (qx= 0; mw= 0; mRI = 0);

g = {mR, fK7• mR2}·

BbI60p nepeMeHHoff IK, I1JII1 In B Ka4eCTBe yn-

paBJIHIOw.eH 3aBHCHT OT Toro, KaKa51 npl1H5ITa noc-

JIe,uOBaTeJIbHOCTb06pa60TKJ1 B03,uyxa: JIH60 CHaYaJIa

HarpeB Hapy)I(Horo B03,uyxa,u0 3HTaJIbnJ1H IK1, a 3aTeM

ero CMeWI1BaHHe C mR1, JII160 CHaYaJIa CMeWI1BaHl1e,

a 3aTeM Harpen CMeCJ1,uo 3HTaJIbnl1J1 In. DepeMeHHbie

IK1 J1In OTHOC5ITCHK BepxHeMy ypOBHIO ynpaBJIeHJ1H.

Ha ypoBHe no,uCI1CTeM OHI1 TpaHccPopMl1pylOTc5I B yn-

paBJl5l1Ow.l1enepeMeHHble JIOKaJIbHOrO YPOBHH.
)J,JI5I paCyeTa 3HayeHJ1H pacxo,uoB B03,uyxa mH,

mRI' mR2 ,uOCTaTO'-lHO3HaTb TOJIbKO nOJIO)\(eHJ1eKOHl.J,a

BeKTopa pe)\(I1Ma (T. e. nOJIO)\(eHJ1e TO'-lKJ1K) Ha JIy'-le

np0l.J,ecca en- TaK, nOJIO)l(eHJ1e TOYKJ1K OTHOCI1TeJIb-



HO OnOpHblX TOl.JeKH 11R XapaKTepJ.-l3yeT He06xo,UYI-

MblM pacxo,U Hap)')KHOrO B03,Uyxa mH; nOnO)l(eHl1e TOI.J-

KI1 K OTHOCYlTenbHOTOI.JKJ1IT, HBnHIOll.I,eMCHMeCTOM

nepeCel.JeHI1Hnyl.Ja npouecca En 11nl1Hl111 <p = I, xapaK-

Tepl13yeT He06xo,UI1Mb1M pacxo,U B03,Uyxa nepBOI1 pe-

Ul1pKynHUYlYl mRI; nOJIO)l(eHl1e TOI.JKYIK OTHOCI1TenbHO
TOI.JKI1IT xapaKTepYl3yeT He06xo,UHMblI1 pacxo,U B03,Uy-

xa BTOpOMpeUl1pKyJIHUl111 mR2"

)J,nH paCl.JeTa3Hal.JeHYlJ1qp qx' mw Tpe6yeTcH 3HaTb

nOJIO)l(eHl1e BCerO BeKTopa pe)l(MMa ¢YHKUI10Hl1pOBa-

HYl5I,nOCKOnbKy pa3HOCTYl3HTaJlbnHM UK -IH) YI Bna-
roco,Uep)l(aHI1H (dK - dH) Me)l(.L(yero KOHUOM 11Hal.Ja-

nOM nponOpUl10HanbHbl COOTBeTCTBeHHO pacxo,Uy
TennOTbl qT (Y1nl1xono,Ua qx) 11pacxo,Uy BO,Ublmw

IIpHMep 3. ITo cpaBHeHYlIO C npe,Ubl,Uyll.l,I1M npl1-

MepoM 3,UeCb113MeH5IeTC5IorpaHWleHl1e 2 (CM. n6n.
1), 11Tenepb HopMYlpyeMble napaMeTpbI B03,UyrnHOM
cpe,Ubl D pa601.JeI130He nOMell.l,eHHH 3a,UaHbl D DH,UeHe-

KOTOpOM 06naCTI1 YaY6Y.Yr, 0603Hal.JeHH0I1 oY. 3TO

BHOCI1T,UonOJIHYlTeJIbHO elUe O,UHYCTeneHb cB060,Ubl

B B03MO)l(HOe MeCTOpacnOnO)l(eHI1H TOI.JKYIK (Pl1c. 3).
IloCKOJ1bKy Tenepb, B· 3aBI1CI1MOCTI1 OT napa-

MeTpOB Hapy)l(Horo KJ1I1MaTa, TeKyll.l,ee nOnO)l(eHl1e

TOI.JKI1Y 6y,UeT 113MeH5ITbC5IB npe,Uenax oY (HanpYl-

Mep, no ,Ul1arOHanl1 YaY.)' TO CJIe,UOBaTenbHO 6y,UeT
113MeHHTbCH YI nOnO)l(eHl1e nyl.Ja npouecca B nOMe-
ll.I,eHl111 npl1 HeYl3MeHHOM 3HaI.JeHI111 ero yrnoBoro

K03¢¢Y1Ul1eHTa En" Il03TOMy TOI.JKa K MO)l(eT nepe-

Mell.l,aTbC5I_nO JI~I.JYnpouecca En Me)K'uY onOpHblMI1

TOI.JKaMI1 H YI H (TaK)I(e KaK 3TO 6blJlO B npl1Me-

pe 2), 110 TO)l(e BpeMH CMell.l,aTbCH BMeCTe C JlYYOM

npouecca.
)J,Jl5Ionpe,UeJleHYl5I n0J10)l(eHI1H TOI.JKYIK B 3TOM

cnyl.Jae npe,UBapI1TeJ1bHO Tpe6yeTcH on pe,UeJlY1Tb

nOnO)l(eHYle TOlJKI1 Y, KOTopoe ,UOJl)I(HO CTporo CO-

OTBeTCTBOBaTb napaMeTpaM Hap~Horo KJIYlMaTa
M5I ,UaHHoro MOMeHTa BpeMeHYI. B l.JaCTHbIX CJlYl.JaHX

3TO KOHeI.JHO,He Tpy,UHO. Hanpl1Mep, ,UJIHpaCl.JeTHOM

311MHeMTOI.JKYIHap~Horo KJII1MaTa 3TO 6y,UeT TOI.JKa

Ya, a MH paCl.JeTHOI1J1eTHeI1 TOI.JKH Hapy)KHOrO KJIH-

MaTa - TOI.JKaY •. O,UHaKO non O)l(eH l1e TOI.JKI1Y,Uon)l(-

HO onpe,UeJ1HTbCHHe TOJIbKOMH 3TYlX ,UByx paCl.JeTHbIX

TOl.JeK, HO 11MH JII060I1 TOI.JKI1Hapy)l(Horo KJIYlMaTa

3a ro,UoBoM UYlKJ1 3KcnJlyaTaUI1I1. Ha PYlC. 3 TaKYI-
MH TOI.JKaMYIHBJ1HIOTCHTOI.JKH HI 11H2, ,UnH KOTOpbIX

nOKa3aHbl nOJlO)KeHHH COOTBeTcTByIOll.I,HX HM TOl.JeK

YJ' Y2 YI KJ' ~.
CJle,UyeT OTMeTHTb, I.JTOeCJlH MH TOI.JKH HI H~-

KOMaH TOlJKa KI COBna,UaeT C onopHoM TOI.JKOM H,

TO,UJl5ITOYKH H2HCKOMaH TOI.JKaK2 CMeCTYlJlaCbOMec-

Te C nyl.JoM npouecca En 11 113MeHI1na (npl1 BbI6paH-

HOMpaH)I(HpOBKe PA-2mK) CBOe n0J10)l(eHYle Ha 3TOM
nyl.Je [4].

TepMo,UI1HaMl1l.JeCKOe COCTOHHHe CKB xa-

paKTepYl3yeTcH cne,UYIOlUl1MI1 napaMeTpaMYI:

<qT"mH,mR2> (qx= O;mw= 0; mRI = 0) -,Un51 TOI.JKI1HI;

<mW'mR,mR2> (qT= O;qx= O;mRI= O)-MHTOI.JKM
H2• YnpaBnHIOll.I,l1MI1 nepeMeHHbIMYI 6y,UyT 51BJI5ITbCH:

g= {tKJ'mA,mR1} -,UJlHTOI.JKH HI; g= {mR,mR2}-

M5I TOI.JKI1H2.

IIpl1Mep 4. ITo cpaOHeHHIO C npe,Ubl'uyll.l,HM npYl-

MepOM 3,UeCb 113MeH5IeTC5I (orpaHYll.JeHYle 3), H Te-

nepb 3HayeHI151 qn 11 Wn CTaHOB5ITC5InepeMeHHblMH.

CJIe,UoBaTenbHo, 3HaI.JeHI1e yrJ10BOrO K03¢¢I1UHeHTa

nYI.Ja npouecca En TaK)l(e 113MeH5IeTCH.3TO 03Hal.JaeT,

I.JTO npH 113MeHeHYlI1 ycnOBI1J1 ¢YHKUI10Hl1pOBaHI1H
CKB nyl.J npouecca B nOMell.l,eHI1Y1MO)l(eT He TonbKO

napanneJIbHO CMell.l,aTbCH, KaK 3TO 6blno B npYlMepe 3,
HO, KpOMe Toro, 11nOBOpaI.JYlBaTbC5I.Il03ToMy M5I O,U-

HOM H TOI1 )Ke TOI.JKHY (KoTOpa5l, TaK)Ke KaK H B npH-

Mepe 3, H3MeH5IeT CBoe n0J10)l(eHYle B npe,Uenax 06nac-

TH Y.Y6YaYr) MoryT 6bITb pa3Hble nOJlO)l(eHHH Jlyl.Jetf

npoueCCOB, B 3aBYlCYlMOCTI1OT 3HaI.JeHYl5IY1X yrJloBbIX

K03¢¢HUHeHTOB En" Ha PYlC. 4 Y1306pa)l(eHbl TpH Ta-

KHX nyl.Ja npouecca (EnJ' Em' En)' Ha KOTOpblX nono)l(e-

HH5I HCKOMbIX TOl.JeKK" ~' KJ nOKa3aHbl ycnoBHO.
flpe,UCTaBYlTeJIbHble TOlJKM Hap~HOrO KJII1MaTa

HI' H2, HJ 11BeKTopbI pe)l(].1MOB ¢YHKUI10Hl1pOBaHYlH

3,UeCb He nOKa3aHbI. [l03TOMY napaMeTpbl, xapaKTe-
pJ.-I3yIOll.I,l1e TepMO,UYlHaMl1l.JeCKOe COCTOHHl1e CKB,

H ynpaBJlHIOll.I,He nepeMeHHble 3,UeCbHe npHBO,U5ITCH.



YKa3aHHoe BbIWe H3MeHemfe B OrpaHHYeHHH
3 BHOCHT.uonOJ1HHTeJ1bHOew.e O.uHy CTeneHb cB060.ubI

B B03MO)[(HOe MeCTO pacn0J10)[(eHH5I TOYKH K, noc-
KOJ1bKY n0J10)[(eHHe J1yya npOll,eCca B nOMew.eHHH,

a CJ1e.uOBaTeJ1bHOH n0J10)[(eHHe I1TC, Ha KOTOpOJ1

pacnOJ1araeTCH :na TOYKa, MO)[(eT 113MeHHTbC5IBeCbMa

cyw.eCTBeHHO. Ha pHC. 4 nOKa3aHO TpH TaKHX nOJ1O-

)[(eHH5I l1TC: l1TCj, HTC2, I1TC3, KOTopble OrpaHI1-

yeHbI cBepxy TOYKOJ1Y, CHH3Y TOYKaMH KI' ~' K3,

COOTBeTCTBeHHO.

B pe3YJ1bTaTenpl1 nepeMeHHblX TenJ10BJ1a)[(HOCT-

HbIX Harpy3Kax B rrOMemeHHH DJHI onpe.ueJIeHH5I rro-
J10)[(eHI15ITOYKH K B Ka)[(.ll.bIJ1paCyeTHbIJ1 MOMeHT Bpe-

MeHH Tpe6yeTC5I orrpe.ueJ1HTb CHayaJ1a ¢aKTHyeCKOe

3HayeHHe yrJ10BOrO K03¢¢HlI,HeHTa En J1yya npoll,eCca

B nOMew.eHHI1, 3aTeM napaMeTpbl, KOTopble .u0J1)[(-
Hbl nO.u.uep)[(J1BaTbC5IB nOMew.eHI1H (T. e. n0J10)[(eHHe

TOYKH Y Ha .uHarOHaJIl1 YaY.)' H TOJ1bKOrrOCJ1e3TOrO
n0J10)[(~HHe_TOYKHK Ha J1yye npOll,eCca En Me)[(.ll.yTOY-

KaMH H H H.

B npHBe.ueHHbIX Bblwe npl1MepaX 6bIJ1H pac-

CMOTpeHbI, XOT5I11npOCTble 3a;J.aYI1, HO .uOCTaTOYHble

LI.J15IToro, YT06bI nOKa3aTb Cyrb MeTO.uapeWeHI15I 3a;J.a-

"111BeKTOpHOJ1OI1TI1MI13all,I111M5I CKB. He yrJ1y6JIH5ICb

B npaBI1J1aonpe.ueJ1eHI15In0J10)[(eHI15I TO\.fKJ1K (B npe-

.ueJlax CTaTbH 3TO c.ueJlaTb HeB03MO)[(HO), 6blJl0 nOKa-

3aHO, KaK MO)[(eT113MeH5ITbCHee nOJlO)[(eHHe B 3aBHCH-

MOCTI1OTnpl1HI1MaeMblx I1CXO.uHbIXyCJIOBI1i1.

Ha npaKTHKe, KOHeYHO )[(e, BCTpeyalOTC5I 60JIee

CJ10)[(HblecJlyyal1, Hanpl1Mep:

- Bo-nepBbIX, Koma Tpe6yeTC5I y\.fHTbIBaTb BJlH-

5IHl1e paHee l1.ueaJIl13l1pyeMblx ¢aKTOpOB, Hanpl1Mep,

B03Myw.alOw.I1X B03.ueJ1CTBI1J1B KaHaJIaX TpaHCrrOpTI1-

pOBKH B03.uyxa;
- BO-BTOPbIX, eCJ1HCKB MO)[(eT ¢YHKlI,I10HI1PO-

BaTb COBMeCTHOC MeCTHbIMH CI1CTeMaMH MHKpOKJIH-

MaTa (.uOBo.uYHKaMI1,CMe)I(HbIMI1 CI1CTeMaMH);

- B-TpeTbl1X, Kor.ua BMeCTO· Tpa.ul1l1,HOHHbIX

npOll,eCCOB TerrJIOBJ13)I(HOCTHOJ106pa60TKH B03JIY-

xa MO)[(eT HCn0J1b30BaTbC5I, Harrpl1Mep, YBJl3)[(HeHl1e

B03.uyxa Hacblw.eHHbIM napOM HJlH ero ocywKa B B03-

.uyxOocywI1TeJIe;

- B-\.feTBepTbIX, KOma paCCMaTpHBalOTC5I nep-

CneKTI1BHble cxeMHble peWeHI15I CKB, B \.faCTHOCTH,

.uBYXKaHaJIbHa5I no.uaya Hapy)KHOro B03.uyxa, npH KO-

TOpOJ1 MO)[(eT 6blTb .uOCTl1rHyTO MaKCI1MaJIbHOe HC-

n0J1b30BaHHe TepMo.uI1HaMHyeCKOrO nOTeHlI,l1aJIa

Hap~Horo B03.uyxa; pa3.ueJIbHa5I TenJIOBJla)[(HOCTHaH

06pa60TKa Hapy)[(HOrO H pell,l1pKyJl5IlI,HOHHOro B03-

.uyxa C nocJle.uymw.eJ1 no.uayeJ1 3TI1X nOTOKOB B03.uyxa

B nOMemeHl1e; CKB, 06CJI~BalOw.a5I nOMew.eHI15I

C pa3HoxapaKTepHbIMI1 Harpy3KaMI1, T. e. OTHOC5IW.H-

ecn C 06beKTy IITl1na.

PaccMoTpeHHbIJ1 MeTO.u OnTI1MI13all,I1H 3aKJIa.ubI-

BaeT ¢YH.uaMeHTaJIbHYIO OCHOBy pa3pa60TKI1 :3Hepro-

c6eperalOw.Hx pe)l(l1MOB .uJ15IBcex 3TI1X 60Jlee CJ10)[(-

HbIX cJlyyaeB. O.uHaKo npH 3TOM Tpe6yeTC5I ero .uaJIb-

Hetlwee pa3BI1Tl1e.

1. KO'leHKOe H. B., HeMupoecKoJi B. B. Co.uep)[(a-

TeJlbHa51 nOCTaHOBKa 3a;J.aYI1 BeKTOpHotl OnTI1MI13a-

lI,HH .uJ15ICHCTeM KOH.uHlI,I10HHpOBaHH5I B03.uyxa / /

BeCTHI1K MAX. 2012. N<l 1.

2. KpeCJIUHb A. fl. ABTOMaTI1\.feCKOe peryJlHpoBa-

HHe CI1CTeM KOH.ul1l1,HOHl1pOBaHI151B03.uyxa. - M.:

CTpoJ1H3.uaT,1972.

3. PbIMKeeU'I A. A. CI1CTeMHbIJ1 aHaJII13 OnTI1MI13a-

lI,l1H 06w.e06MeHH0J1 BeHTI1JI5IlI,l1l111KOH.ul1l1,I10Hl1pO-

BaHH5I B03.uyxa. - CIT6.: ABOK C-3, 2003.

4. KO'leHKOe H. B. 3Heproc6eperalOw.He pe)[(J1Mbl

CHCTeM KOH.ul1l1,I10Hl1pOBaHI15IB03.uyxa: MOHorp. q. 1.

CKB, 06CJIY)[(I1BalOw.l1e nOMemeHI151 C o.uHoxapaK-

TepHbIMH Harpy3KaMI1. - CIT6.: BKA HM. A. <1>. Mo-

)[(ai1cKoro, 2009.


