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Section 1. Architecture
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SIGN ARCHITECTURE OF ALMATY CITY

Abstract: The article is aimed at considering the concepts of the sign and symbolism in architecture.
The question of rethinking and preserving memory in the urban environment was asked, under what
conditions the architecture becomes symbolic and what serves as an interaction between architecture
and social groups of the city. Examples of the landmark architecture of the city of Almaty are given.

Keywords: sign, symbol, semantics, language of architecture.

Yecrok Amumpuii IOpvesuy,

cmydeHm mazucmpamypot 2-Kypca no cneyuarbHoCmu apxumexmypa
Kasaxcxuti Hayuonaavnouii Hccaedosamenvckuti Texnuueckuti Yrnusepcumem
umenu K. . Camnaesa, Aamamut, Pecnybauxa Kazaxcman

E-mail: dmitriypais@mail.ru

Hbpaes bex Anapbexosu,

npodeccop, HayuHvLil pyKosoodumers

Kasaxcxuti Hayuonaavnouii Hccaedosamenvckuti Texruueckuti Yrnusepcumem
umenu K. H. Camnaesa, 3acayxennouii apxumexmop Pecnybauxu Kazaxcman

3HAKOBAYA APXUTEKTYPATOPOOA AJIMATbDI

Annoranua: CTaTbs HalleAeHa Ha PACCMOTpPeHNe IIOHATUM 3HaKa M CUMBOAM3Ma B ApXHTEKType.
3aaaH BOIIPOC MEPEOCMBICACHHS U COXPAaHEeHHs IIaMATU B TOPOACKOM CpeAe, IPH KaKHX YCAOBUSAX
ApPXMTEKTypa CTAaHOBHUTCS 3HAKOBOM M YTO CAYXKUT B3aUMOAEMCTBHEM, MEXAY apXHTEKTYpOH
Y COIIMAABHBIMU IpynmaMu ropoaa. IIpuBeaeHbl mpruMepbl 3HaAKOBOM apXUTEKTYPbhl TOPOAA AAMATHL.

KaroueBbie CAOBa: 3HaK, CHMBOA, CEMAaHTHKA, A3bIK aPXUTEKTYPBL.




Section 1. Architecture

BBeaenne

ApxHUTeKTypa, Kak OCHOBa MCKyCCTBEHHO CO3-
AQHHOM IIPOCTPAHCTBEHHOM CPEADBI, XPAaHUT CACABI
JeAOBEUeCKOM >XM3HH MHOTHE ThIcsueAeTHs. Ap-
XUTEKTypHbIe IPOU3BEACHHMS, CAOBHO HEMbIe OYe-
BHALIDI O€CKOHEYHOM, IOBTOPSIOIEHCs UCTOPUU
gyeroBedecTBa. Ecan pacmmdposars A3bIK, Ha KOTO-
POM IOBOPHUT apXHUTEKTYpa, MOXXHO IOHATD ee I0-
chIA. 3AaHME MOXKeT MHOTO€ PacCKas3aTh, HAYMHAas
c ero amoxu (YKA2AQ KU3HH AOAEHT, PHAOCOPCKHX
TeYeHMSX, IOAUTHYECKOM CTPOe, HCTOPHH HapoAa)
3aKaH4YMBas ero npeaHasHayenueM. [lamsars — Bak-
HBI aCIIeKT, [IOMOTAIOLIMI HAPOAAM OCO3HATh CBOIO
HAIJUOHAABHYIO MACHTHYHOCTb, YTO OYE€Hb IeHHO
B COBpeMeHHOM OBICTPOPa3BHBAOIIEMCSI MUPE, BCe
60AbIIIE CKAOHHOM K TAO6aAu3arun. 3HaHUSA O COObI-
THAX MPOLIAOTO TAKXKe ITOMOTAIOT IIPOAHAAM3UPO-
BaTh UCTOpUYECKHE COOBITUS U IPOLIeCChl, BbIIBHUTD
COBepIIEHHbIE OMKMOKY 1 BHIOPATh BEPHbIN BEKTOP
pasButis. OCOOEHHO BaXKHO 3TO IIOHATD B IIEPUOA,
KOTAQ POADb ApXUTEKTYPbI CTPEMUTEABHO PaCcTeT, pac-
mUpseTcs ee cPpepa BAUSHUSA, TOABASIOTCS HOBbIE
9AE€MEHTbI, pOPMbI, MPOCTPAHCTBEHHbIE HA3HAYECHUS.

3HaKoBas apXHTEKTypa

ApXUTEKTypa, B OAHOM U3 ITPEACTaBACHUI, 3TO
CHCTeMa IIPOCTPAHCTBEHHbIX CHMBOAOB M (popM
C OIIPEACAEHHOM CBSA3bIO /OTHOILIEHUEM. AanHyI0
CBSI3b CTAAM OTHOCHTD K OTA€ABHOI 00AACTH apXH-
TeKTYPHOM TE€OPUH, KOTOpas U3ydaeT apXUTEKTypy
Kak MTHPOPMaLMOHHYIO cucTeMy. C KaXKAbIM, AAHHAS
MHPOPpMaLIM MHOXKHTCS, MTOSBASIIOTCS. HOBbIE HCCAE-
AOBAaHUS M KOHITETINH, CBSI3aHHbIE C CUCTEMATH3a-
e AAHHOTO ITAACTA 3HAHUM.

Takue ompepeAeHUS KaK «CHMBOA>, «3HAK>,
«MH > OTHOCATCS He TOABKO K apxuTekType. B no-
BCEAHEBHOM XXU3HH, HAC OKPY>KAIOT YKa3aTeAH, dM-
OAeMbl, CAOBa, 3HAKH — [TO CBOEH CYTH, 9TO CHMBOAH-
9eCKHe dAEMEHTDI, BOIIAOIEHHbIE B ONPEACACHHOMN
MarepuaAbHOH popMme. CTOUT IOHUMATD, UTO Iepe-
Aaya U paclo3HaBaHKe 3HAKOBOM MHPOpPMAIMH BO3-
MO>KHO TOABKO CIIOCOOHOCTBIO K <« CHMBOAU3HPOBA-
HUIO>, IOCPEACTBOM aHAAOT M.

B pasHble mepHOABIL, MCCAEAOBATEASIMH, TIPEA-
AAraAOCh MHOXECTBO MOAEAEH MPOYTEHHS «A3bIKa
apxuTeKTypbl>. CylecTByIOT U3BeCTHbIE IIOAXOADI,
IIPEAOCTABASIOIIYE BO3MOXKHOCTD 9TH MOAEAH CpaB-
HUTb: HICTOPUKOAPXUTEKTYPHBINA, MUPOAOTHIECKHUH,
CEeMUOTHYECKUM U AMHTBUCTHUYECKHI.

C Touku 3peHus TeOpUU KOMIIO3UIIUH, B apXHU-
TEKTYPHOM 53bIK€ UMEeTCS TPU OCHOBHBIX YPOB-
Hf, HOCAIIMX pa3HOe Ha3BaHHE B COOTBETCTBUH
¢ aBropamu: mo A.A. bapabaHoBy aro — reome-
TPUYECKUM, CTPYKTYPHbIH, CEMHUOTHYECKHUM; IIO
A.A. MeAroAMHCKOMY — 3HAKM OpPHEHTAllUH, 3Ha-
KM KOHCTPYKTHBHO-TE€KTOHHMYECKHe, 3HaKH, He-
Cyliue MCTOPHKO-KYyABTYPHOE€ COAEpKaHHe; IO
A. A. KyAukoBy — reoMeTpHYeCKUil, CTPYKTYpPHO-
KOMITOHOBOYHBIM, XyAOXK€CTBEHHO-TIAACTUYIEeCKUM
(06pasubrit u 3HaKOBHI); 10 A. ®. YepToBYy — apxu-
TEeKTOHMYECKUH KOA, TPeAMEeTHO QpyHKI[MOHAABHbIN
KOA, COLIHaABHO-CUMBOAMYECKHUIT KOA, [1].

B cBolo ouepeab, apXUTEKTYpPHYIO CEMUOTHKY
PasAEASIOT Ha TPU OCHOBHBIX YaCTH: CEMAHTHKY, 3a-
HUMAIOIYOCSI CMBICAOBOM CTOPOHOM apXMTeKTYPbI;
CHHTAKTHKY, OTBEYAIOIYIO 32 OTHOLIEHWS YacTel ap-
XUTEKTYPHO pOPMBI MEXKAY COOOF 1 II0 OTHOLIEHUIO
K IIeAOMY; M IIparMaTHKY, 3aHMMAIOITYIOCSl OTHOIIEHHU-
SIMU MEXKAY ApXUTEKTYPHOM (pOPMOI, apXUTEKTOPOM —
ee CO3AATeAEM U <IIOTPEOUTEASIMIT> APXUTEKTYPHI —
AIOABMH, KOTOPBIM 3Ta apXMTEKTYPa aAPECOBaHa.

B aroii craTbe MbI OIPOOYeM B3TASIHYTh Ha ap-
XUTeKTYPy AAMATHI C TPeX IO3HILHi1, BBIAGAHB 00'b-
€KTbI, OTPa’KAIOIKe TIOAHOTY IOHATHS «<3HAK> !

— AyXOBHO-peAMrHo3Hble (3HaKOBble O6DBeK-
Thl, CBSI3aHHBIE C Pa3BUTHEM OINPEACAEHHBIX B3TAS-
AOB, 00YCAOBAEHHBIX BEPOI B CBEPXbECTECTBEHHOE,
C OIIPEAEAEHHBIM CBOA MOPAABHBIX HOPM U THIIOB
TIOBeAeHHsl, 06PSAAOB, KyABTOBDIX ACHICTBHI).

— HanumonaabHo-xyaoxecTBeHHble (06DEKTHI,
00AaAQIOIIHIe ICTETHIECKO 1I[eHHOCTBIO HAH BKAIO-
JajoIKe MPOAYKTBI XyAOXKECTBEHHOTO TBOPYECTBa,
MICKYCCTBa, KPEaTHBHOMN AEATEAbHOCTU HAPOAQ).

— ConuaapHo-ucTopudeckue (06DEKTHI, Ha-
IPSIMYIO CBSI3aHHbIE C HCTOPUYECKUMH COOBITH-
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SIMH, C ONPeAEACHHBIMH COLIMAABHBIMU IIOTpPeD-
HOCTSAMU M HAay4YHO-TEXHMYECKHMMHU YCAOBHMSIMH
peruona).

CroHT yTOYHUTD — 0OBEKTHI, pacCMaTpHUBaeMble
B paMKaX OAHOM IO3ULIMK, MOI'yT UMETb U APyIrue
3HAKOBble XapaKTePUCTUKH. B AaHHOM KOHTeKcTe,
BbIOpaHHAsI KATerOpHs BRICTYIAeT Kak HanboAee siB-
Hasl IIPH XapaKTePUCTUKe APXUTEKTYPHOTO 00beKTa.
Kpowme Toro, mpuBepeHHbIE TPUMeEPBI — 3TO AUIIb Ma-
AQs1 9aCTb BCEro pa3HOOOpasys 3HAKOBOH ApXUTEKTY-
PBITOPOAA M 00AACTH, ¥ BKAIOUEHBI B CTATHIO KAK HAH-
boAee U3BeCTHDBIE CBOEN «3HAKOBOM>» pellyTalHert.

AYXOBHO-peAHTHO3HbI€, 3HAKOBbIE 00'bEeKTHI

Masgsoaeit Paitsimbex 6arsipa

[TamarHUK HMeeT HeOOBIUHYIO GOpPMY, B BHAE
OCTPOKOHEYHOTO IIIATpa C MIOAyMecsIieM Ha BepIlu-
He, BHYTPH KOTOPOT'O HAXOAMTCS CapKOQar ¢ Ipaxom
Beamkoro repos (puc. 1.). MecTo 3axopoHeHus BbI-
paromerocs Paitbiv6ex 6arpipa (1705-178S ropbr)
MMeeT CBOIO YHUKaAbHYIO Hcropuio. ITo opHolt u3
AereHp, PaitbiMbex 6aTbIp mepea cMepThIO 0OpaTHA-
Csl K MOTOMKaM: «B cAydae Mmoen cmepTu 3aBepHHTE
MO€ TEAO B KOILIMY, IIOrPy3UTe Ha 6€A0ro BepOAIoAa,
U TA€ BO3ASDKET BepOAIOA, TAM U CXOPOHUTE MEHS>.
Ha ToM MecTe, rae BepOAIOA OCTAaHOBHACS, K OBIA BO3-
ABHTHYT MaB30A€H CO CKYABIITYpOil 6eA0ro Bepbaro-
Aa. C Tex IOp 9TO MECTO B HApOAE CUMTAETCs CBATHIM,

KyAQ ThICSYH AIOAefI IIPHUXOAAT Ha IIOKAOHEHHE [2] .

-

)

PucyHok 1. MaB3onein Panbimbek baTtbipa, 6opua 3a cBO60AY Ka3ax0oB OT OKYHrapCKUX
3axBaT4nkoB, ocBoboameLiero Cemupeybe. ABTOp npoekTta: b. Mbpaes

ITenTpasbHast MedeTb ropopa AAMaTbI

OpHa u3 xpynHenmux Mederedl KasaxcraHa,
paccunTaHa Ha 7 Thicsd mocerureseit. Ilocrpoena
B 1999 roay, Ha MecTe cTapoy Me4eTH, QyHKIIMOHH-
posasmeii c 1890 ropa (puc. 2; a). «Mcropus raacwr,
4TO BBICOYAFIMIAs OAlIHs MedeTH ObIAA IOCTPOEHa

I10 >XEAAHMIO ITPUHIIECCHI, BHILIEAIIEH 3aMyK IIPO-
TUB CBOEH BOAM, HECYACTHOM U rpycTHo. [Ipunn
IIOCTPOMA AASI Hee CaMyIO BBICOKYIO DalllHIo, HO He
3HaA, ¢ Kako# 1eapto. [Tocae 3aBepmenus crpou-
TEAbCTBA MPUHIIECCA CIPBIIHYAA BHU3, HABCTpEUy

cyapbe> [3].
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PucyHok 2. a) LleHTpanbHas meyeTb ropoaa AnmMatbl. ADXUTEKTOPbI:
C.K. barimarambeTos, X. H. LLlapanues, K. XXapbinraHos; 6) CeaTo-Bo3HeceHCckuii
KadenpanbHbini cobop. Apxutektopsl: K. A. Bopucornebckuin, A.Tl. 3eHKoB

Caaro-Bosnecenckuit Kadpeapaabnbrit c060p

OpuH u3 2-x KageApaAbHBIX COOOPHBIX XPaMOB
AcTanarickoit 1 AAMaTHHCKOM emapxun Pycckoi
npaBocAaBHOI iepkBy. Bria nocrpoen (1904-1907
rOABL) Ha TEPPUTOPUHM NTAPKa UMEHHU 28 TBapAeiiles-
nan¢uaosues (puc. 2; 6).

3emaerpsicenue 1910 roaa, paspymusinee Bech
rOpoA, IPEBPATHUB B Pa3BAAUHbI, CAOBHO OOOIIAO
CTOPOHOM BTOpOE IO BBICOTE ACPEBSHHOE 3AAHUe
B mupe. ITpu Coserckoit Baacty, B 1929 1. cobop
OBIA Pa3BOPOBaH, COPOIIEHbI KOAOKOAA CO 3BOHHU-
ITbI, YHHYTOXEH TPeXbsIPYCHbIA HKOHOCTAC C IT030-

AodeHHoM pe3pboit. Ho 18 anpeast 1995 ropa spanu

poaa (puc. 3; a).

OQUIIMAABHO OBIAO IIOAHOCTBIO IIEPEAAHO B OecCpod-
HOe IIOAb30BaHHUe eMapXHH, B KOTOPOM IO ceil AeHb
IPOXOAAT OOTOCAYKeHNUS (4].

HanmonaAbHO-XyAOKeCTBeHHbIe, 3HAKOBbIE
00 beKThI

My3eit HallTMOHAABHBIX HHCTPYMEHTOB

ITamsaTHuK ucTopuu u apxuTeKkTypbl Kasaxcra-
Ha, oOpasel] AepeBSHHOIO 30A4eCTBa OOIjeCTBEH-
HOM 3acTpoiiku T. Beproro (ceitdac mepeuMeHoBaH
B AAMaTbl). Hrine xpanur B cebe MHOXeCTBO HaIlu-
OHAABHBIX HHCTPYMEHTOB, KOTOPbIe HaIIOMHHAIOT
o 6oraron My3bIKAaABHOM UCTOPHU Ka3aXCKOI'O Ha-

6)
PucyHok 3. a) PecnybnmkaHCKnii My3ein HapOaHbIX MUHCTPYMEHTOB.
ApxntekTop: 3eHkoB A.T1.; 6) FocygapCTBEHHbIN My3ei MCKYCCTB

nm. A. Kacteesa. Apxutektop: 3. K. KysHeuosa, O.H. HaymoBa, 5. M. HoBunkoB




SIGN ARCHITECTURE OF ALMATY CITY

Kasaxckuit 9THOC — HOCUTEAb 60TraToi KyABTYpBI
U ApeBHel UCTOpUH. My3bIka UTPaeT BaSKHYIO POAD
B IIOBCEAHEBHOM XXU3HH 9TOTO HAPOAQ, SBASET CO-
6011 OTpaKkeHHe ero AyXOBHOTO MHUPA, €ro YasHUIL.
AaHHOe 3paHHe SIBASIETCSI He MeHee 3HAKOBBIM AASI
ropoxa [4].

TocyaapcrBennbIi My3eit nckyccTs uM. A. Kacreesa

3paHne OBIAO KA3aXCTAaHCKUMH apXUTEKTOpa-
mu Oab3oit Kysnenoso#, Oabroit Haymosoit u bo-
pucoM HOBHKOBBIM CIIEIIHAABHO AASI HYKA My3es],
u B 1976 roay raaepest 6biaa mepenmenoBana B [ocy-
AapCTBEHHBII My3eit uckyccts Pecrrybanku Kazax-
CTaH. AAsI TIOCETUTEAEN HOBOE 3AQHMe My3est ObIA0
OTKPHITO 16 ceHTs10pst 1976 rosa. B sirBape 1984 1.
My3eto 6b1A0 IprcBOeHOo uMst HapopHOTo XyAOKHU-
ka Kasaxckoit CCP A. Kacreesa (1904-1973 rr.)
(puc. 3; 6).

Boraras, pasHoobpasHasi, 6ecrieHHast KOAAEKIIHS
AQeT sIpKOe IIPeACTABACHHUE O XYAOXKECTBEHHOM KyAb-
Type Kazaxcrana, crpan EBpomnsr u Asun, MacTepos

3 Ee T

IIPOIIABIX 3II0X U HacTosIero BpeMeHu. Iucao axc-
IIOHATOB OCHOBHOTO OHAQ My3esi COCTaBAsIeT boAee
23000 epmam [S].

ConmnaApHO-HCTOpHYECKHE, 3HAKOBBIE 00'D-
€KThI

Bricoxoropnsiit karok Meaeo

CoraacHo pesyAbTaTaM COIIMOAOTHYECKOTO
ornpoca AAMaTHHIIEB (8 PaMKax CTYA€HYEeCKOTO Ma-
THCTePCKOro npoeKTa) IO KPUTEPUIO <TAABHbIH
APXUTEKTYPHBIN CHIMBOA TOPOAQ> OBIA BHIOPAH BBI-
cokoropHsit katok Mepaeo. (puc. 4; a). Croprus-
HBIN KOMITAEKC, PACIIOAOKEHHbIN B BbICOKOTOPHOM
ypouume Meaeo Ha BeicoTe 1691 M Hap ypoBHEM
mopsi, BOAu3u FOxxuo#t croanus: Kasaxcrana, qyTs
HiKe ropHoro Kypopra IIsimmMbyaak. Kpynuesimuit
B MUP€ BbICOKOTOPHBIN KOMIIAEKC AASI SUMHHIX BUAOB
CIIOPTa C CaMOM OOABIION ITAOIIAABIO HCKYCCTBEH-
HOTO AeAOBOTO I10ASI — 10,5 ThIC. KB. M. SIBASIETCS TO-
CYAQPCTBEHHbIM IIAMSATHHKOM I'PAAOCTPOUTEABCTBA
¥l QpXUTEKTYPbI PECITYOAMKAHCKOTO 3HaYeHus [6 .

T~

PucyHok 4. a) BeicokoropHbii katok Meneo. Apxmutektopsl: B. 3. Kaues,
A.C. Kannapbaes, N.I. Kocorosa; 6) Komnnekc neyebHO-0300p0BUTENbHbIX
OaHb «ApacaH». ApxutekTopsl: B. T. XBaH, M. K. OcnaHos

Kommaexc Aeue6HO-03A0pPOBUTEABHBIX OaHb
«Apacan>

IToctpoen B 1979-1984 roapl. 3aaHue 4yeThl-
PEXOTaXXHOE, C BBICOKUM aTTHUKOBBIM aTaxkoM. OHO
CBEpPHYAOCH CIIMPAABIO Ha bepery pexu Maaast AaM-
tunka (puc. 4; 6). IlpeacraBaser co6oit BOA00O3AO-
POBHUTEABHBIN KOMIIAEKC, B KOTOPBIIL BXOASIT BOC-
TouHble (P TEXHMYECKOM pelIeHHH BOCTOYHBIX
GaHb UCIIOAB30BAH OIIBIT CTAPBIX CPEAHEA3HATCKUX

MacTepoB U BHEApPEHbl KOHCTPYKTUBHbBIE HOBIIe-
CTBa), pycckue u PpUHCKHe 6aHM, BOAOAeUeOHUIIa,
AylIeBOH IIaBUABOH, AeTCKOe oTaeAeHue. [ TamaTHuk
apxXuTeKTYpbI (BHECEH B peecTp peciy6AUKAHCKOTo
sHaueHus c 1984 r.). SIBAsieTCS YHUKAABHBIM COOPY-
JKEHUeM II0 CBOeMY Ha3HAYeHHIO U apXUTeKTypPHO-
KOMITO3UIIMOHHOMY pelneHuto [ 7].

Cobop, My3eil, HaMSTHHK — BCE 9TO UMeeT IPaK-
traecku 100% y3HaBaeMOCTD Yy AF060Tr0 TOPOACKOTO

7



Section 1. Architecture

yeaoBeka. [Ipu BceM npu 3TOM 3HAKOBOM apXUTEK-
Type COBCeM He 00s3aTeABHO ObITh TAAOHOM CTHU-
AS, OHAa BOBCE MOXKET ObITh TeXHUYECKHUM O0OBEKTOM.
CpeaAu 3HaKOBOM apXUTEKTYPbl FOPOAA AOCTOMHBI
YIOMMHAHUS TaKyie 0OBeKThI KaK:

— AEIO TPaMBAMHOM CHUCTEMbI TOpOoAa AAMATBI,
oTKppITOe B 1941 roay, HbIHe MCIIOAB3yeMOE€ IIOA
OO1LIIeCTBEHHYIO 30HY C apT-HHCTAAASIIUSIMU U Ma-
crepckumu. HecMoTpss Ha He mpuMedaTeAbHOCTD
ApXUTEKTYPbl, C HUIM CBA3aHO MHOT'O Ba)KHbIX UCTO-
PHYECKUX COOBITHII TOPOAA (pI/IC. 5;a).

— BO3BeAeHHas elrje B 1983 1. 3HaMeHuTas TeAe-
oamns Kok-To6e. [TaMaITHHK, HAITOMUHAIOLIHI O CO-

ey
alliy

el

BETCKHX BPeMeHaXx, HO II0 Cefl AeHb BBITIOAHSIOIIUIH
cBoto ¢pynkuuio (puc. S; 6).

— ABOpeI] IKOABHUKOB, SIBASIFOIIUICS YHHKAAD-
HBIM AOCTOSTHHEM KYABTYPbI U HCTOPHH, IIOCTPOEH-
b1t B 1979-1984 roaax (puc. S; B).

T'opoa AAMaThI HaCBIIIEH MHOXK@CTBOM 3HAKOBBIX
MECT, 3AQHHI1, HAaIIOAHEHHBIX UCTOPHEH, IaMSTDIO
U AF0OOBBIO ropoxkaH. Kazaxckuil rocyaapCcTBeHHBIN
1upk, [ocrununa «Kasaxcran>», Kasaxckuit I'ocy-
AQpPCTBEHHbIH aKaAeMHIECKHI TeaTp APaMbl UMEHH
Aya30Ba, Tearp omepsl u 6areTa uM. Abas, Kpisbia-
Tan u MHOTHE ApYTHE.

Puc. 5. a) TpamBariHoe geno ropoga Anmathbl; 6) TeneBn3noHHas
n paguoBewaTtenbHas 6awHa Kok-Tobe; B) AnMaTUHCKUIA OBOPEL, LUKOJSIbHUKOB

3akaroueHmne

3HaueHNe 3AQHUS B KOAAGKTUBHOM ITaMATHU He-
OTHEMAEMO CBSI3aHO C IIPOILIECCOM €ro IPOHU3BOA-
CTBa M TeM, KaK OHO IIPEOAOACAO PSIA KPUTHIECKUX
COIIMAABHO-KYABTYPHBIX H3MeHeHHH. XOTs Mbl He
MOXXeM JKHTb <« UCTOPUei> HAU COXPAHSITB IIPOLIAOQE,
yJacTHe B COXpaHEeHHU UCTOPHYIECKUX 3AAHUH, U3-
ydeHue, IIPOTyAKA IO HCTOPUYECKHM TOPOACKHM
YAHIIaM U ITepeyAKaM, HATOAHEHHBIM 3HAKOBOH apXH-
TEKTYpPOU, CTAHOBUTCS HHBECTHUIIMEH B «KYABTYPHOE

BbDKMBaHMe>. | JoHNMaHue s3bIKa apXUTeKTYPBl, ce-
MHOTHKH, UCTOPHHU, MOXET 3HAYUTEAbHO YAYYIIUTD
NIOHHMAaHHe apXUTEKTOPOB. DTO B CBOIO O4YePEeAb IIPHU-
BEAET K MOSABACHHUIO TPAaMOTHO CIPOEKTUPOBAHHBIX
ApPXMTEKYTPHO-TPAAOCTOUTEABHBIX IPOCTPAHCTB,
CIIOCOOHBIX U3MEHUTbD )KU3HD OYAYIINIT IOKOASHHIL.
CoBpeMeHHBII TOPOA, COXPAHSIS 0COOEHHOCTH CBO-
el KyAbTYPHOM MAGHTHIHOCTHU B COYETAHUU C Ilepe-
AOBBIMHU TEXHOAOTHSIMU HMeeT HauOOABIIHe IIAHCHI
CTaTh IPUTATaTEAbHbIM MECTOM AASL YEAOBEKA.
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BLOOD LEPTIN LEVELS IN PATIENTS WITH ISCHEMIC
HEART DISEASE WITHIN THE METABOLIC SYNDROME

Abstract: 53 patients with ischemic heart disease aged 45 to 69 years were examined, among
whom 39 patients had the disease within the metabolic syndrome, and 14 patients had no manifes-
tations of the metabolic syndrome. It was found that in patients with coronary artery disease within
the metabolic syndrome, significant violations of leptin synthesis, resistance to leptin were observed,
insulin resistance was observed in a significantly larger number of cases than in the group of patients
with coronary heart disease without metabolic syndrome.

Keywords: coronary heart disease, leptin, insulin resistance, metabolic syndrome.
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YPOBHM JIENTUHA KPOBU Y BOJIbHbIX ULLEMUYECKOW
BOJIE3HbIO CEPAUA HA ®OHE METABOJIMHECKOIo CUHAPOMA

Annoranusi: O6caep0BaHbI 53 GOABHBIX HIIEMUYECKON OOAE3HBIO CEPALIA B BO3pacTe OT 45 A0

69 AeT, cpeAr KOTOPBIX y 39 ManueHTOB 3a00AeBaHIe IPOTEKAAO Ha pOHE MeTabOANYECKOTO CUHAPO-

Ma, a y 14 marjeHTOB MpOSBAEHHI META0OAMYECKOTO CHHAPOMA He OBIAO. YCTAHOBAEHO, YTO ¥ 0OAD-

ueix IBC Ha (l)OHe MeTab0AMYeCKOro CHHAPOMa OTMEYAANCH 3HAYUTEADHDbIE HAPYIIEHHNS CHHTE3a

ACIITHHA, pE3UCTEHTHOCTD K ACIITUHY, B AOCTOBEPHO O0AbBIIIEM KOAUYECTBE CAy4Ja€B BCTpe€daAaChb NH-

CYAMHOPEe3UCTEHTHOCTD, 4eM B rpymite 60abHbIx IBC 6e3 MeTaboAMIecKoro cuHAPOMA.

KaroueBbie cAOBa: nmeMudeckas 60Ae3Hb CepALla, ACIITUH, HHCYAUHOPE3UCTEHTHOCTD, MeTabo-

AVYeCKHUH CHHAPOM.

Bcrynaenne. Meta6oanseckuit cunppom (MC)
SIBASIETCSI OAHOM M3 CAMBIX aKTYaABHBIX TPOOAEM CO-
BpeMeHHO! KAUHUYECKOI MEAUIIHHBI, YTO 00YCAOB-
ACHO €ro 3HAUYUTEABHOHN pPaCIpPOCTPAHEHHOCTHIO
Y COYeTAHHEM C BBICOKUM PHUCKOM Pa3BUTHS CePALY-

HO-COCYAUCTBIX OCAOKHEHHUH I CMEPTHOCTH OT HUX
[3,10-24].

Wmemuyeckas 6oaesup cepana (MBC) pac-
CMaTpHUBAeTCs B Ka4eCTBe OAHOTO U3 KOMIIOHEHTOB
MeTtaboamueckoro cuHppoma. Ilo pammsiM BO3
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(BceMupHOit OpraHM3aIuy 3APAaBOOXPAHEHHUS) Pac-
npocrpaneHHOCTb MC cpear B3pOCAOro HaceAeHHs
CHABHO BapbHPYeT U MOXKeT KoAeOaThcsi oT 14 A0 24%
(2, 23-33]. HecmoTpst Ha MMeIOIHECs] MHOTOYHC-
AEHHbIE AAHHbBIE, 9THOAOTHS U maToreHe3 MC a0 cux
IO OCTAIOTCSI CIIOPHBIMU U TPEOYIOT AAABHENIIEero
yrounenus [6, 3-20]. V3yuenue matorenesa mera-
6OAMYECKOTO CHHAPOMA B IIOCAEAHHE TOABI 00yCAO-
BHAO BHHMaHHe K BO3MOXXHOMY Y4YaCTHIO A€IITHHA
B Pa3BUTHU OCHOBHbIX META0OANYECKUX CABUTOB ITPU
MC [7, 54-58]. MHOrOQYHKIIMOHAABHOCTb ACIITHHA
Y HapyIIeHHUs ero $U3HOAOTUIECKOTO ACHCTBUS IIPH
MC moxxeT OBITh OAHUM U3 BeAYINHX GAKTOPOB B Ha-
pYyLIeHUN MeTabOAM3MA AUTIUAOB U Pa3BUTHS OXKUpe-
HUS Y TaKUX 60ABHBIX [4, 7-24]. Tunepaentunemus
HEPEAKO COYETaeTCs C AUCAUIIMAEMHUEH, TUIIePTAH-
KeMUeH, apTEPUAAbHON TUIIEPTEH3UEN U ABASETCH,
HapsIAY C OXKUpeHHeM, KOMIIOHEHTAMU MeTabOAMYe-
ckoro cuappoma [ 1,9-15].

Bricokuit ypoBeHb AeNITHHA B [TAa3Me KPOBH TaK-
e HepeAKO COTIPOBOXKAACTCS SHAOTEAMAABHOM AKC-
$yHKIIHEH, OKCHAATHBHBIM CTPECCOM, TPOBOCIIAAH-
TEABHBIMU U IIPOTPOMOOTHUIECKUMU HAPYLIEHUSIMU
[S,1415-1428].

IMeAn mccaepoBanms. B cBsI3U C BbIlIeM3A0KEH-
HbIM, [JeABIO AAHHOH PabOoTbI OBIAO U3yYeHMe U3MeHe-
HHI1 ypOBHEH ACIITHHA B KPOBHU B 3aBUCHMOCTH OT Ha-
AWYYST HHCYAMHOPE3UCTEHTHOCTH ¥ 60AbHbIX FIBC
Ha pOHe MeTAOOAMIECKOrO CHHAPOMA U 6e3 Hero.

MarepuraAbl 1 MeTOABI HCcCAepOBaHHsA. Hamu
6b1A 06cAep0BaH 53 6oabHOM (20 MY>XX4uH 1 33
)KeHIJ_II/IHbI) HBC, cpepn xoTopbixX y 39 maneHToB
3a60AeBaHue IPOTEKAAO Ha pOHE METAOOANIECKOTO
CHHAPOMA, 2 ¥ 14 marjeHTOB [pOSIBAEHUI MeTab0-
AMYECKOTO CHHAPOMA He OBIAO. AASI HCCAEAOBAHIL
[IPUBAEKAAUCH OOABHBIE, HAXOAUBIIHECS HA CTALIU-
OHApPHOM AeYEeHHH B OTACACHHSX TePaIIeBTUIECKOTO
U XHUPYPTrudeckoro npo¢uas XapbKOBCKON TOPOA-
CKOM KAMHHYeCKOW 60ABHUIBI N 2 MMeHH IpO.
A.A. [llaanmoBa.

BospacT 60AbHbIX ObIA B IIpeaeAax 0T 45 A0 69 aeT
(cpeanuit Bospact coctaBasia 59 £ 3,5 aer). B pesyan-

TaTe 00CAEAOBaHMS Y OOABHBIX BBIIBACHA HIIEMUYe-
CKast 6OAe3HB CepPALIa, KOTOPAsI IPOSIBASIAACH CTAOUAD-
Hol creHOKapaue# I ¢pyHkIonasbHOrO KAacca y 21
nanuenTa 4 II pyHkImoHaAbHOTO KAACca —y 32 manu-
enToB. KonTpoabHyI0 rpyniry coctasuau 12 npaxru-
4eCKH 3A0POBbIX AUI] B BO3pacTe oT 35 A0 45 aerT.

DOABHBIM OCYIIeCTBASIAU OOLIETIPHHATOE KAHU-
HUYeCKoe 00cAepOBaHNe. AUUAHBIN CIIEKTP KPOBU
orpepeAsiAM pepMEHTaTUBHBIM METOAOM. YPOBHH
MHCYAMHA OIIPEAEASIAM METOAOM ABYCTOPOHHETO
9H3UMHOIO MMMYHOQHAAM3a C ITOMOIIbI0 HAOOpPOB
Wucyaun — ELISA ¢upmer DRG (CHIA) HaTOIIlaK
U TIOCA€ HarpPy3KH TAIOKO30H. AAsL OTIpeAeAeHus HH-
Aekca uncyannopesucrenTHoctr (VIP) npumensiau
unaekc HOMA, koTopbIit paccuuThIBaAM 110 POPMY-
ae: Mapexc HOMA = uHCyAMH Haromak (MEA/ MA) s
YMHOXEHHBIHf HAa TAIOKO3y Haromak (MMOAb/A)
U pazpeAeHHbIN Ha 22,S. B Hopme He npesbimaer 3,0.
YpoBeHb AenTHHA KPOBU ONPEACASIACS C TIOMOIIBIO
nabopos gupmst DRG (CIIIA) Aenrtun — ELISA,
TBepAO(PA3HBIM IH3UMOCBSI3aHHBIM IMMYHOCOPOeHT-
HUM aHAaAM30M Ha aHaamn3arope « Humalyzer—2000>.

Crarucriyeckyro o0pabOTKy IIOAYYEHHBIX AQH-
HBIX IPOBOAMAM C IIPUMEHEeHHEeM IaKeTa IIPOorpaMM
O6pa6OTKI/I AQHHBIX 06Iero HazHadeHus Statistica
for Windows Bepcuu 6.0. AOCTOBEpHOCTb pa3AMYuil
MEXAY CPeAHHUMHU BeAMYMHAMHU OIPEAeAsAACh C HC-
noab3oBanueM t-xpurepus CrpiopeHTa. PasHura
CYMTAAACD CTATHCTHUYECKU AOCTOBEPHOM IIPU ypOBHE
BepoaTHocTU — p < 0,05.

Pesyabrarsl u ux o6cyxaenne. C 1eapio us-
Y4YeHHS POAU ACTITHHA B Pa3BUTHH HAPYIIEHUH yTAe-
BOAHOTO H AUIIUAHOTO OOMeHa, pasBUTHH U IIPO-
rPeCCHPOBAHUU METAOOANIECKOTO CHHAPOMA OBIAK
U3y4eHbl yPOBHH AeNITHHA KpOBH y 60AbHbIX ¢ IBC,
KOTOpasi pOTeKaAa Ha pOHe MeTAOOANIECKOTO CHH-
ApoMa. AHAAUBUPYS 0COOEHHOCTHU COAEPIKAHMS AeTI-
THHA B CBIBOPOTKE KPOBH, Mbl CPaBHHAH II0 3TOMY
nokasareato rpymiy 6oasubsix IBC ¢ MeTaboau-
4eCKUM CHHAPOMOM c rpymmoi 60apubix IEC 6e3
MeTabOAMIeCKOrO CUHAPOMA U IPYIIION KOHTPOAS.
CpaBHHUTEABHBII AaHAAN3 II0KA3aA 3HAYUTEABHO OoAee
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BbIcOKuil (Bbime Ha 6,2 Hr / Ma (44,6%)) ypoBeHb
AerrtrHa KpoBu y 60abHbix 1B C Ha pone MeTaboAu-
9eCKOTO CHHApOMa (13,9 + 1,4 5r/M™MA), uem y 60AB-
ubix UBC 6e3 meTaboauyeckoro cuaapoma (7,7 £
+,3 ur/mMa) u Ha 11,6 ur/MA (83,4%) BbImre, yem
B IpyIIme KOHTPOAS (2,3 £ 0,6 5r/MA), p <0, 0S.
Y 60apubx IUBC 6€3 MeTab0oANIeCKOr0 CHHAPOMA
HAaMH OTMeYeHO TAakKe ITOBbIIIeHNe YPOBHS ACIITHHA
kposu Ha 5,41 Hr/ma (70,2%) 110 cpaBHEHHIO C paK-
THYECKH 3AOPOBBIMH AHUIIAMHL.

IIpu aHaAM3e ypOBHEH ACITHHA B KOHTPOABHOM
TpYyIIIe B 3aBUCUMOCTH OT ITOAQ MbI YCTAHOBUAH AO-
CTOBEpPHOE IIOBBIIIEHHE YPOBHS ANTHHA KPOBU
y sxenmuH (3,5 + 0,7 Hr/MA) MO CPaBHEHHIO C My>-
wunamu (1,5 £ 0,2 ur/ma) Ha 57,1% (p < 0,05). Ana-
AU3 Pe3yAbTaTOB MCCACAOBAHHUS YPOBHEH AENTHHA
KPOBHU OTAEABHO y My>k4HH, 60abHbIX IBC Ha pone
MeTaboAngeckoro cuapApoma, 6oastbix IBC 6e3 me-
TaOOAMIECKOTO CHHAPOMA H IIPAKTUYECKU 3AOPOBBIX
AWI] KOHTPOABHOM TPYIIIIBI BBIBHA CTAaTUCTUYECKU
AOCTOBEpHOE IOBBIIIEHNE YPOBHS ACNITUHA KPOBH
B rpyme 60oapHbix FIBC Ha pone MeTaboamdeckoro
CHHAPOMa, B cpaBHeHuu ¢ 6oapubiMu IBC 6e3 Me-
Taboamyeckoro cuappoma (p <0,0S), B cpeanem ata
pasuuia cocrasuaa 7,2 vr / Ma uau 58,1%, a Taxoke 1o
CPaBHEHHIO C MPAKTUYECKH 3A0POBBIMH AHI]AMH KOH-
TPOABHOM I'PYIIIIbI (p < 0,001), B CPEAHEM 9Ta Pa3HU-
1ja cocraBasiaa 10,7 ur/ma vau 86, 8%. B rpymme myox-
apH, 60AbHBIX VIBC 6€3 MeTab0ANIeCKOro CHHAPOMA,
YPOBEHb ACTITHHA KPOBH CTATUCTUYECKH AOCTOBEPHO
IPEeBBIIIAA TAKOBO! Y IPAKTUYECKU 3AOPOBBIX AHIJ
KoHTpoAbHOI rpymmsl (p < 0,01), a B cpeaHeM aTa
pasnuia cocraBuaa 3,7 Hr / MA uau 69,6%.

Taroke 6BIAO YCTAHOBAEHO, YTO CPeAU OOABHBIX
HNBC Ha doHe MeTaOOAMIECKOTO CHHAPOMA HHCY-
AMHOPE3UCTEHTHOCTD BCTPEYAAACh B CTATHCTHIECKU
AOCTOBEpPHO OOAbIIIEM KOAUIECTBE CAyYaeB (Ha 41,3%

qame), yeM B rpymme 6oapabx UBC 6e3 MeTaboan-
gecKoro cMHApoMma, p < 0,001. B rpynme xoHTpoAs
uapekc HOMA ne npesbimaa sHavenue 3,0. Cpean
o6caepoBanHbIx 60AbHBIX VIBC Ha $poHe MeTaboAw-
94eCKOTO CHHAPOMAa HMHCYAHHOPE@3UCTEHTHOCTb OT-
Medarach B 89% cay4aes. Y 6oapHbx IBC 6e3 meTa-
OOAMYECKOTO CHHAPOMA HHCYAUHOPE@3HCTEHTHOCTD
obHapy>xeHa B 48,3% cAydaeB, OAHAKO ee CpeAHUit
IIOKa3aTeAb OBIA AOCTOBEPHO HIDKE IO CPABHEHHUIO
¢ TakoBbIM y 60abHbIX VIBC Ha $poHe MeTaboAMTe-
ckoro cuHpApoma. Hamboaee BbicOkMe IOKasaTeAH
HHCYAUHOPE3UCTEHTHOCTH B rpymie 60asabix IBC
6e3 MeTabOAMYeCKOr0 CHHAPOMA BBIIBAEHBI IIPU
AAMTEABHOM TedeHuH 3a6oaeBanus (6oabme 10 aeT).
Y 60abHbix F1IBC Ha poHe MeTabOANIECKOTO CHHADO-
Ma C HHCYAUHOPE3UCTEHTHOCTBIO CPEAHHIT YPOBEHb
ASTITHHA KPOBH ITpeBbIaA Ha 67,5% AaHHBII ITOKa3a-
TeAb Y OOABHBIX 0€3 MHCYAUHOPEe3UCTEHTHOCTH.

BriBopbL. [ToaydenHbIe B paboTe pe3yAbTaThI CBU-
AETeAbCTBYIOT O 3HAYUTEABHBIX HAPYIIEHUSIX CHHTE3a
AerrruHa 'y 60abHbIX IBC Ha poHE MeTaboAMIEeCKOTO
cunapoMma. Taioke y 9TO# KaTeropuu OOABHBIX OTMe-
JaeTCs Pe3UCTEHTHOCTD K ACIITHHY, KOTOPasi U SIBASIET-
CsI TIPMYUHOM ITOBBIIEHHSI YPOBHS ACNITHHA B KPOBH,
0COOEHHO B COYETAaHUHU C OXKHPEHHEM.

Bb1ao ycTaHOBAGHO, uTO cpeart 6oabnbx MIBC Ha
¢oHe MeTabOAMIECKOTO CHHAPOMA HHCYAMHOPE3H-
CTEeHTHOCTb BCTPEYAAACh B CTATUCTHIECKU AOCTOBEp-
HO 6OABIIIEM KOAUYECTBE CAyYaeB, 4eM B IPyIIIie O0Ab-
ubpix IBC 6e3 MeTaboamaeckoro cuuapoma, p < 0,001.

Y 60apubix IBC Ha poHe MeTaboANIeCcKOro CHH-
APOMa C MFHCyAHHOP€3HUCTEHTHOCTBIO CPEAHUI yPOBEHb
AEIITHHA KPOBU OBIA AOCTOBEPHO BBILIIE, YeM AAHHBII
TIOKAa3aTeAb Y OOABHBIX 63 HHCYAHOPEe3UCTEHTHOCTH.

HapymieHue mpoAyKIIMU A€NITHHA MOXKeET ObITDh
OAHUM H3 CYIIeCTBEHHBIX PAKTOPOB Pa3BUTUSA TH-
KeABIX MeTaboandeckux Hapyuenuit mpu IBC.
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Mosxedok CTpyKTypa roaosHoro mosra (I'M)
JeAOBEeKa, OTBEYAIONIast 32 KOOPAMHAIIMIO ABIDKe-
HUI, KOHTPOAHMPYIOIIasi KOTHUTHBHbIE, SMOIHO-
HAaAbHbIe U BereTaTHBHble QYHKIIUM y 4YeAOBeKa.
CbaraHCHpPOBaHHOE ITHTAHHE OAMH H3 OCHOBHBIX
¢paxTopoB GOPMUPOBAHHUS BAOPOBOTrO 0bOpasa Kus-
nu (302K) ueroBeka. [eneTndecku 06ycAoBAEHHbIE
paccrporictBa MeTaboausma Butamuuos E, A, B9,
B12, mpuobpeTeHHDINT AePHUIUT ITUX BUTAMUHOB

B OpraHU3Me Yy MaIlHeHTOB MOI'YT CONPOBOXXAATHCS
aCTeHMYeCKUMH, ACTeHO-HeBPOTHYECKUMH, aCTEHO-
WMTOXOHApHYecKuMH Hapyenusmu. Butamun E (E)
CIIOCOOCTBYET 3aIHUTe OPraHU3Ma OT OKUCAUTEABHOTO
crpecca (OC), mporpeccupoBaHus AeTeHepaTUBHBIX
3a6oaeBanuit HepsHoit cuctembl (A3SHC) u crape-
HHSl OPTaHU3Ma. DKCIIEPUMEHThI B KA€TOYHBIX KYAb-
Typax y >KUBOTHBIX TIOKa3aAH, 4To E urpaer xaroue-
BYIO POAb B KaueCTBe AaHTHOKCHUAAHTA ITPY aKTUBAL[UH
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MePeKHCHOTO OKUCAEHHS AUTIMAOB B MeMOpaHe KAeT-
xu. (Ultratowsky L. et al, [15]). E — a-Tokodepoa —
SIBASIETCSI OAHUM K3 BOKHEHIINX AUETHIECKUX AaHTH-
OKCHAQHTOB C HEHPOIPOTEKTOPHBIMH QYHKI[USIMHL.

Aedunur E B opraHusme nposiBasieTCs IpesxAe
BCEro HeBPOAOTUYECKUMU CHHAPOMAaMH, B YaCTHOCTH,
HMHTEAACKTYaAbHO-MHECTHYECKIMU PACCTPOHCTBAMH,
CEHCHUTHUBHOI, MO3)KeUKOBOM aTakcusimiL. B rmeuenu E
CBSI3BIBAETCS C TOKOPEPOACBSI3BIBAIOLMH OeAKaMH,
prI€M HauOOABIINM CPOACTBOM obaapaer RRR-a-
tokodpepoa. (Moposkuna T. C.U coasr,, [1]). Apy-
THe TOKOPEPOABI BBIACASFOTCS M3 TIEYEHH C XKEATHBIMH
KHCAOTaMU. JTH OeAku AocTaBasiioT E B KpoBb B co-
craBe ATIOHIT. B raasme KpoBH IIPOHCXOAUT 0OMeH
E mexxay ATIOHIT u ApyrumMu AMnonpoTerHaMH Kpo-
. O6MeH MeXAY GPaKLHSIMH AMTIOTIPOTEUHOB (0co-
GEHHO MeXAy AHUIIONIPOTEeMHAMU HU3KOH IIAOTHOCTH
(AITHIT) u AMMONpOTeUHAMHU BBICOKO# TAOTHOCTH
(ATIBII)) u spuTpouuTamMu obecriednuBaeT paBHO-
Becue KoHIleHTpanuii E B kpoBy, Tpancropra E us3
TIIeYeHH, YTO IIPHBOAUT K CHCTEMATHYeCKOH HEeXBaTKH
E. He BcocaBmmuiics B kumeyHuke E BIBOAUTCS € Ka-
aom. ITpoaykrer MeTaboamsma E — TokodeprnoBast
KHCAOTA U €€ BOAOPACTBOPHMBIE TAIOKYPOHHUABI — BbI-
BOASTCS ¢ MOYOH. E KOHTpoAMpyeT cuHTe3 HyKAeH-
HOBBIX KHCAOT, K09H3UM Q, MuosuHoByro AT®-azy
KaapueBoit AT®-a3pl, KaTaAasbl U IEPOKCHAA3DL,
a TaKkKe IeMa, BXOASAIETO B COCTaB IJUTOXPOMOB:
P-450, nuroxpom-C-peayKTassl, reMOrAOOHMHA U MU-
oraobuna. E 06aapaeT criocoOHOCTBIO yrHETATh aK-
THUBHOCTb pocPoAnazbl A2 AM30COM, paspyIiarome
pochoanmmasr membpat. [ToBpesxpeHie MeMOpaH AU-
30COM IIPUBOAHT K BBIXOAY B IIUTO30Ab IIPOTEOAUTH-
4eCKUX (pepPMEHTOB, KOTOPbIE U IIOBPEKAAIOT KACTKY.
(Moposkuna T.C. [1] u coasr.,)

ITpu repeanTapHbIX aTakcusx: aTakcus Ppuppeit-
xa, cnuHonepebeaaspbie arakcuu VI tuna (CLIAVI)
y MalMeHTOB GOPMUPYIOTCS YXYAIIEHUS QYHKIIHO-
HHPOBAaHHE MO3)XeUKa, pOPMUPYIOTCS MO3KEIKOBbIE
atakcuu. (Wallace S.E. et al, [17]) Pesyasrars Hayu-
HBIX HCCAEAOBAHUII TIOKA3bIBAIOT, YTO ¥ OOABHBIX CO
CLAVIII ¢opmupyercsa pepuuut E B opranusme.

(Cellini E. et al, [9]) HacaepcTBeHHas aTakcus BcAeA-
crBue aepunura E (HA,A,E) A3HC. I'lo poaHuBIM aB-
TOPOB UCCACAOBAHNS, B HACTOsIIIee BpeMs B Foro-BOC-
tounoit Hopserun y 171 yeaoBeka BepuduIrpoBaH
pmargo3 HAAE. (Elkami L A. et al, [11]) DTo 3a60-
AeBaHHe HACAEAYeTCs 110 Ay TOCOMHO-PeIjeCCUBHOMY
turry. HeBpoaoruyeckue mposiBAeHHs y TaIjeHTOB
MOAOOHBI KAMHIYECKUM IIPOSIBACHUSIM y OOABHBIX
C aTakcHen CDpI/IApeIZxa. OaHako, HeBpoAOTHYeCKHe
nposiBAeHns y manueHToB ¢ HAAE passuBaroTcs
B Bo3pacTe 45 AeT. Yaire y 60ABHBIX perucTpupy-
eTCsI IPOTrPEeCCUPYIOLINI THII TeYeHHUsI 3a00AeBaHNUS,
CKAQaHAHUPOBAHHAS pedb, 9IAeMEHTHI HYAbOAPHOTO ITa-
paAMya, MUpaMUAHAS HEAOCTATOYHOCTD, CMEIIaHHbIe
¥/ nan nepudeprdeckre TeTpanapessl, CCHCUTUBHAS,
MO3)Ke4YKOBasl ATAKCUH, CeHCOPHbIe TOAMHEHPOaTHH.
ABTOpPbBI MCCACAOBAHHS BbIIIOAHHAN TeHEeTHYecKoe
TeCTHpOBaHMe 3 MAIIMeHTOB, Y KOTOPbIX OBIAO IOA-
TBEP>KACHO HaAMYMe MYTalluil B TeHe NepeAaTyHKe
nporeuna a-rokodepoaa (I'TIIIE). ABropsr Hayd-
HOTO MCCAAOBAHUS IIPOAHAAUZUPOBAAU PE3YABTAThI
KAMHHYeCKHX, AA0OPaTOPHBIX, HHCTPYMEHTAABHBIX
METOAOB HccAeAOBaHuIT 225 matrieHToB u3 100 ceMei,
crpapasmux HAAE. (Becker A.E. et al, [8]) V ma-
ruenToB ¢ MyTtanusamu B I'TIIE, ¢usuosormgeckoe
BcachlBaHue B kumeyHuke E He Hapymaercs. Auarsos
3a60AeBaHIS HEOOXOAUMO BepUPUIIHPOBATH Y MALIU-
€HTOB B PaHHEM AETCKOM BO3pacTe. ABTOPbI HCCAe-
AOBaHMS HaOAIOAQAU TTAITMeHTa crpaaasuiero HAAE
C MHOKAOHMYECKOM aucTroHuerl. HeBpoaoruyeckue
9KCTpPaNMpPaMHUAHbIE CHHAPOMBI PEAKO BCTPeYaloTCs
B KAMHUYECKOH KapTHHe AeTe ¢ BepUPUIIMPOBAHHBIM
amargosoM HAAE (Becker A.E. et al, [8]).
ITanentam B TedeHue 10 MecsIieB IpOBOAMAACDH
tepanus E B po3e 2400 Mr esxepAHEBHO, ITEPOPAABHO.
Y GOABHBIX YMEHBIIHAUCH [IPOSIBACHUS AM3APTPUH,
AVUCAMAAOXOKHHE3d, COXPAHHAMCD: CTaTHKO-AOKO-
MOTOPHAsl aTaKCHs, AOKAAbHAs IIepBUKAAbHAS AMC-
TOHUS. ABTOPBI HCCACAOBAHUS IPOAHAAMSHPOBAAU
3¢ PeKTUBHOCTD Tepanuu LIePBUKAABHON AUCTOHHU
IIPYU MCITOAB30BAHUU CUMIITOMATUYECKOTO AeYeHMs
C IIOMOIIIBIO IIPEIapaToB: OOTYAOTOKCHHA, IIKAOAOAR,
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KAOHa3erama, TpUreKCuQpeHNANAA. ABTOPbI HCCACAO-
BaHUS POAHAAU3HPOBAAU PE3YABTAThl KAUHHKO-MO-
AEKYASIPHO-TEHEeTHIEeCKOTO MCCAeAOBaHusA 132 manu-
entoB c HAAE us Tynuca (El Euch-Fayache G. et al,
[10]). Ae6ror 3a60aeBanus cocraBua 13,2 + 5,9 aer.
VY HMccAeAOBAHHDBIX IAIMEHTOB HAaOAIOAAAACH MO3-
JKEUYKOBasl aTaKCHs, CEHCUTHBHAsl aTaKCHs, IPOBO-
AHHUKOBBIE IIHPAMHAHBIE PaCCTPOMCTBA, CKEACTHbIE
Aedpopmariun. Tpemop roaossl HabAropacss y 40%
maneHToB. HelipomaTuu oTMedasnch 6oaee, yeM
y IIOAOBHHBI HCCAEAOBAHHBIX MarjeHTOB. Hanboaee
vacro y nmanuenToB ¢ HAAE, nposxusasimmx B Tysu-
ce, icmanum, Mtaanu, Qpannum, perucTpupoBasach
744delA myrarus B ['TITTE. BoAbHBIE HECKOABKO Me-
csues nmoaydasn E B o03e 800 Mr B AeHb, IepOPaAbHO,
C TIOAOXKHMTEeAbHBIM adPekToM. Beaok-nepeHocunk
E (BIIE) yuacrsyer B Meraboausme E, cnoco6crsys
cexperun E n3 nedenn k mupkyaupyromum ATTHIT.
HacaeacrBennsie myTarmu B I'TITIE npusoasr x dop-
muposanuio HAAE. MoaekyasipHble MeXaHH3MBI,
c moMo1pio koTopsix TT'P obaerdaer cexperuio Toko-
¢depoaa, B HacTosIIee BpeMs HeM3BeCTHbL. ABTOPbI HC-
CA@AOBaHM U3y4aAu Apyrue Thiibl MyTarmi B I'TITIE:
RSOW, R221W, n A120T 3amensr. OHU ycTaHOBHAH,

YTO IIPY HAAUYUY STUX MY TALIUH yXYAIIAIOTCSI CIIOCO0-
Hoctu BITE o6aeryars cexkpermio E us kaetok, yse-
AWYHBAETCS HEBPOAOTHYECKUI AeQHUIIUT Y ITAIJEHTOB
c HAAE. (Qian J. et al, [13]). BITE pacrioaaraercs,
FAABHBIM 00pa3oM, B reraronuTax y yeaoBexa. Omoc-
PeAOBaHHOE BAMSIHHE Ha ero (yHKIIMOHUPOBAaHHUE
okasbiBaetcs 6oaee 300 renamu yeroseka. (Qu Y-H.
etal, [14])

B akcIeprMeHTaABHBIX paboTax 6blaa AOKa3aHa
CBSI3b MEXAY HapyIIeHHeM QYHKITHOHHPOBAHHUS [IepH-
pepuyecKrx HepBOB Y 9KITEPUMEHTAABHbIX )KUBOTHBIX
c aedurmrroM E ¢ caxapHbIM ArabeToM. (Van DamP.S.
etal, [16]) Aepuuur E dopmupyercs y manueHTOB
C CaXapHBIM AHA0ETOM, 3AOYIIOTPEOASIIONX AAKO-
rOAeM, XpOHUYECKUMH 3200AeBaHUSIMH XKEAYAOIHO-
KHIIEYHOTO TPAKTa C CHHAPOMOM MaAbabCoOpOLuy,
IpH HeCOAAAHCHPOBAHHOM ITMTAHUH. Y OOABHBIX Ha-
OAIOAQIOTCSI HEBPOAOTHYECKUE PACCTPOMCTBA B BUAE
IPUAMHUAHBIX ITPOBOAHUKOBBIX PACCTPOMCTB, IIOAH-
HEBPUTHYECKHX CHHAPOMOB, CEHCUTHBHOH aTaKCHUH.
30K, cbarancupoBaHHOE MUTAHME, IATOTOHETHYE-
CKast, CHMIITOMATHYeCKasi TePaIIvs, 3aHsATHS Ae4eOHOM
duskyaprypoit (ADPK) mo3BoANT 3aMeAAUTD IpOTpec-
cuposanue ASHC.
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NMO>XXAPOBE3OIMNAHCHOTb BO3AYX0OBOA4OB CUCTEM
NMPOTUBOABLIMHOM 3ALLUTbI BO BbETHAME

AHHOT&I.II/ISI: Pa3pa60TaHa METOAHMKaA pacqéTa OTHECTOMKOCTH U IMapaMeTpoOB OIrHE3aIUTDI BO3-

AYXOBOAOB CHCTEM HpOTHBOAbIMHOfI 3alIHTHI.

KaroueBbie cAoBa: ITOXXapHas 66301'IaCHOCTI), OI‘HGCTOfIKOCTb, OrHe3alnTa, IACMEHTDI KOHCTPYK-

I.IHfI BO3AYXOBOAOB, IIPOTHBOABIMHAS 3allJHUTA.

B mocaeaHee pecsiTrAETHE H3-32 OBICTPOTO POCTA
ABTOTPAHCIIOPTHOTO ITApKa KPYIIHBIX TOPOAOB CTPO-
HTEABCTBO OOBEKTOB TPAHCIIOPTHOTO HA3HAYEHHSI
npruobpeao MacmTabHbIi xapakTep. K Takum 065-
eKTaM OTHOCSITCSI X TOHHEAH.

CucreMa IPOTHBOABIMHOMN 3AIUTBI SIBASIET-
CsI OAHOI U3 CHCTeM, UTPAOIINX KAIOYEBYIO POAb
B IIPOTHBOIIOKAPHOM 3aIUTe IIOA3EMHOIO CO-
opyxenms. OHa IpeAHA3HAYeHA AAST HCKAIOUEHHS
3aIIOAHEHUS 0OPa3yIOMUMUCS IIPU MOXape Mpo-
AyKTaMy ropeHust (ABIMOM, TOKCHYHBIMH Ia30BO3-

AYLIHBIMH CMECSIMH) )KU3HEHHO BXKHBIX 30H: Iy Teil
3BaKyallMt; MeCT CIIaCeHUS AIOAEH; IMOMEIeHMH,
TpeOyIONIHUX TOCTOSHHOTO IPHCYTCTBHS IIEPCOHA-
AQ; MECT IPOBeAeHHs 00eBO# PabOTHI CIIeIIAABHBIX
IIOAPA3AEAEHUI 10 AMKBUAALIMY YPE3BHIYANHOM CH-
tyauuu. HapéxHoe QpyHKIIMOHMpOBaHUE 3TOM CH-
CTeMbl ITPU ITOXKApe 0COOEHHO BaXKHO B KPYIIHBIX CO
CAOXKHOM IMAQHUPOBKOM IMIOA3EMHBIX COOPY>KEHHAX
Y TOHHEASX.

OAHUM 13 OCHOBHBIX 9A€MEHTOB CHCTEMBI IIPO-
TUBOABIMHOM 3aILIMTHI IBASIETCS Pa3BETBACHHAS CETh
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BO3AYXOBOAOB C HOPMHUPYEMbIMHU IIPEACAAMU OTHe-
CTOMKOCTH.

YcaoBus pabOTBI BO3AYXOBOAOB CHCTEMBI ABIMOY-
AAQA€HUS IPUHIJUITHAABHO OTAMYAIOTCS OT YCAOBHI UX
OTHEBBIX HCIIBITAHHIT II0 METOAKE HOPMATHBHBIX AO-
KyMEHTOB, AeJICTBYIOIUX Ha TeppuTopuu Brernam [ 1],
IpeXAe BCero HAAMIHMEeM HHTEHCUBHOTO BHYTPEHHETO
HarpeBa CTeHKU ABIMOBBIMU I'a3aMU, TEKYIJMHU BHYTPU
BO3AyX0BOAQ. IT0aTOMY HermocpeACTBeHHBII IIepeHoC
Pe3YABTaTOB CepTUPUKALMOHHBIX (HOPMATHBHbIX) HC-
TIBITAHUI BO3AYXOBOAOB Ha HATYPY HEBO3MOXKEH.

3 13A05X€HHOTO CO BCEl O4eBHAHOCTBIO CAEAYET
BOXHOCTD X HEOOXOAMMOCTD pa3pabOTaHHOI C 9TOM
IJeAbI0 KOAAGKTHBOM aBTOPOB METOAUKH PacdéTa
OTHECTOMKOCTHU U TPeOyeMbIX TOAIMH OTHe3aIUThI
BO3AYXOBOAOB IIPOTHUBOABIMHOM 3aIITUTHI, IIO3BOASIO-
Ieil yYUTBIBATh OTAMYHUS YCAOBHI CEPTUPUKAIIIOH-
HbIX UCIIBITAHUI OT YCAOBHUI X pabOTHI IIPH BEPOSIT-
HOM IIO)Kape B IOA3€MHOM COOPY>KeHHUH.

Pac4éT TOAIMHBI OTHe3AIUTHI BHIOPAHHOTO Ba-
puaHTa, HEOOXOAMMOI AASL ObecIiedeH s TpebyeMoro
(HOpMUpyeMOro) mpeaeAa OTHECTOMKOCTH KaXKAOTO
KOHKPETHOT'O BO3AYXOBOAQ, IIPOU3BOAHTCS U3 YCAOBHSL:

p 5> P,
TAE P(1> — $paKTHUYECKUI IPeAeA OTHECTOMKOCTH BO3-
AYXOBOAQ C OTHe3aI[UTO;

PTp — Tpebyemoe (HOpMATUBHOE) 3HaYEHHE TIpe-
A€Aa OTHECTOMKOCTH.

AOIIOAHUTEABHO K IPU3HAKAM IIPEASABHBIX CO-
CTOSIHUH BO3AYXOBOAOB IIPH IIOXKape, CGOPMYAUPO-
BAHHBIM B AEHICTBYIOIIMX HOPMAaTUBHBIX AOKYMEHTaX
Brernam [2] mo nosxapHO# 6e30macHOCTH, IpUMe-
HUTEABHO K BO3AYXOBOAAM CHCTEMBI ABIMOYAQACHHUS
TOHHEABHBIX COOPY KEHHIT, OBIAML BBEACHDBI CACAYIO-
1M IIPU3HAKHY, KOTOPbIE II03BOASIIOT KOHKPETH3HPO-
BaTb U pOPMAAM30BATD HX C IJEABIO HCITOAB30BAHILT
B pa3pabOTaHHOI MAaTeMaTU4eCKOI MOAEAH TEIIAO-
MaccolepeHOCa U HaIIpsDKeHHO AepOPMUPOBAHHOTO
COCTOSIHUS BO3AYXOBOAOB.

ITpeaeABHBIMU COCTOSIHUSIMH BO3AYXOBOAQ NPsi-
MOY20AbHO20 ce4eHus Ha YIACTKAX, Har PY>KeHHBIX
HewHUM 0dBAeHUEeM, IBASIOTCS:

a) TOTepsl MPOYHOCTH — MpPEBBIEHNe MAKCH-
MAAbHBIM AEHICTBYIOIUM HaIpsDKeHHEM IIPEAEAbHO-
ro 3HaYeHHs, PABHOTO ITPEAEAY TeKy4eCTH MaTepHaAa
CTEHKU IIPU AAHHOM TeMIleparype;

6) TOTeps KECTKOCTU — TPEeBbIIIEHUe MAKCH-
MaABHBIM OTHOCHTEABHBIM MPOTM6OM cTeHKH [ 1]
mpeaeAbHOTO 3HaueHwus, pasHoro 0,05;

B) yMeHbIIeHHeE TIAOIIAAU TIPOXOAHOTO CedeHusl
BO3AYXOBOAQ BCAEACTBHE IIPOTHOa ero CTEHOK AO
IIPEAEABHOTO 3HAYEHHS

(F aned Fn.p,e(l)) / FA.Aeq): 0,5

rae F F  —3HayeHus IAOIJAAU IPOXOAHOTO Ce-

Aded T maed
JeHHs BO3AYXOBOAA AO U IIOCAe AepOpMaITHH.

IIpepeAbHBIMU COCTOSIHUSMH BO3AYXOBOAQ TIpSi-
MOYTOABHOTO C€YEHUS HA yHACMKAX, HAZPYHEHHDIX
BHYMPEHHUM 0a6AEHUEM, IBASIOTCS:

a) TOTepsl MPOYHOCTH — MpPEBBIIEHNe MAKCH-
MAAbHBIM AEHCTBYIOIUM HaIpsDKeHHEM IIPEAEAbHO-
ro 3HaYeHHs, PABHOTO ITPEAEAY TeKy4eCTH MaTepHaAa
CTEHKU IIPU AAHHOM TeMIleparype;

6) IOTepsI 5KECTKOCTH — MPEBbIIeHNE MAKCUMAAD-
HBIM OTHOCHTEABHBIM IIPOTUOOM CTEHKH IIPEACABHO-
ro 3Havenus, pasaoro 0,0S.

IIpepeAbHBIMU COCTOSIHUSMH BO3AYXOBOAQ KpPY-
24020 cewenus Ha y4acTKax (CeKIHUAX), Harpy>KeH-
HbIX BHEUHUM OABACHUEM, SIBASIOTCS:

a) TOTepsl MPOYHOCTH — MpPEBBIIEHNe MAKCH-
MAAbHBIM AEHICTBYIOIUM HaIpsDKeHHEM IIPEAEAbHO-
ro 3HaYeHHs, PABHOTO ITPEAEAY TeKy4eCTH MaTepHaAa
CTEHKU IIPU AAHHOM TeMIIeparype;

6) moTeps YCTOMYMBOCTHU — Pe3KOe U3MEHeHUe
¢$opMbI IpH NMpeBbIIIEHHH AeHCTBYIONIeH Harpys-
KON KPUTHUYECKOTO YPOBHS, COOTBETCTBYIOIEro
AQHHOM TeMIIeparype.

ITpepeAbHBIM COCTOSTHHEM BO3AYXOBOAQ KPYy2A0-
20 cewenus Ha ydacTkax (CEKIMAX), HATPY>KEHHBIX
6HYmMpeHHUM 0asAeHlUem, SBASIETCS IOTepsl IPOY-
HOCTH — IpeBbIllleHHe MAKCUMaAbHBIM AEHCTBYIO-
UM HaIpsDKeHHeM IPeACAbHOIO 3HaueHus, paB-
HOTO IPeAeAy TeKy4ecTH MaTepHaAa CTeHKHU IpU
AQHHOM TeMIIeparype.
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TpebyeMble TOAIIMHBI BBIOPAHHOTO CPEACTBA
OTHe3aIUTBI BO3AYXOBOAA B 001IIeM CAydae OImpepe-
ASIFOTCSL B3aUMOCBSI3aHHBIMU MeENAOMeXHUHeCKUM
U cmamu4eckum pac4émamu C UCIIOAb30BaHHEM
ycaoBus P 5> P

B pesyabrare mpoBeaeHuUs TEIAOTEXHHYECKOTO
pacuéTa HaXOAATCS TeKylliie PaclpeAeACHHs IIO
AAMIHE BO3AYXOBOAA TEMIIEPATYPhI ABIMOBBIX I'a30B,
ABIDKYIIUXCS BHYTPU HEro, U TeMIIepaTypHOe MOAe
B CTEHKE BO3AYXOBOAQ.

B pesyabTaTe npoBeaeHHs CTaTUYECKOTO PacyéTa
OINPEACASIIOTCS IePeMelleHUs CTEHOK BO3AYXOBOAQ
U AGHMCTBYIOIHE B HUX HAIIPsDKEHHS B 3aBUCHMOCTH
OT BpeMEHHU.

Ilpu ncroAb30BaHUM AASL OITPEACAEHHUS TIPeAeA
OTHECTOMKOCTU METAAAUYECKUX BO3AYXOBOAOB II0O-
HATHUS «KPUTHUYECKas TeMIepaTypa>» MeTaAAl, TOA-
IMHA BBIOPAHHOTO CPEACTBA OTHE3AIUTHI OIIpeAe-
ASIETCSL MENAOMEXHUHECKUM PACYEMOM U3 YCAOBUS
HeIpeBblIIeHHs TeMIIEPATy POl CTEHKH BO3AYXOBOAQA
KPUTUYECKOTO 3HAaYeHHs B KOHIIe OTHEBOTO BO3AEH-
CTBUS B TedeHHe BpeMeHH, PaBHOIO TpeOyeMoMy
IIPEAEAY OTHECTOMKOCTHU:

Pq) > PTP*

Kpurnueckas remneparypa MeTaAAd pacCMaTpH-

BaeMOI'0 BO3AYXOBOAQ ONPEAEASIeTCA IO MPU3HAKaM

¥ N {:D
) =

IIPEAEABHBIX COCTOSIHUM, CPOPMYAMPOBAHHBIM PaHee,
cmamuyeckum pacuémom Ipy AOIYIeHUHU O PaBHO-
MEpPHOM PaCIpPEAEACHUH B KOKABII MOMEHT BpeMeHH
TeMIIepaTyphl 10 TOAIIMHE CTEHKH BO3AYXOBOAA.

Karnaa AbIMOyAaA€HIS B OOIIEM CAYYae MOXKET CO-
CTOSITb U3 Y4ACTKOB, IIPEACTABASIIOIIX COOOM CTaAb-
HbIe BO3AYXOBOADBI, KOTOpBIE IPOXOAST KaK depe3
aBapHUMHOE IOMeIeHHe, 3alIOAHEHHOE BBICOKOTEM-
IIEPaTypPHOM Ia30BOM CPEAOMH, TaK U Yepe3 CMEXKHbIE
IOMellleHHs], 3alIOAHeHHbIe BO3AyXoM. OH MOXeT Tak-
’Ke IIPOKAAABIBATHCS BHYTPH JKeAe300€TOHHBIX CTPO-
UTEAbHBIX KOHCTpykuuii. Kpome Toro, Ha mpakruke
BCTPEYAIOTCA CAyYaH, KOTAQ ABE MAU TPY CTeHKH KaHa-
AQ BBIIIOAHEHBI U3 CTAAHM, 3 OCTAABHBIMH €I'0 CTeHKAMK
SIBASIIOTCSI )KeAe300eTOHHBIE CTPOUTEAbHbIE KOHCTPYK-
nun. 1, HakoHel], BO3MOXXHBI CAy4aH, KOTAQ MEXAY
CTAaAbHOM CTEHKOM KaHAAa AbIMOYAQAEHHS U JKEAe30-
6eTOHHOM CTEHOI HAXOAUTCS BOBAYIIHAS IIPOCAOKKA.

Ha napy>xHyI0 MI0BEepXHOCTb y4aCTKa BO3AYXOBO-
AQ, PACIIOAO’K€HHOTO BHYTPH aBApUIMHOTO YCAOBHO-
IO IIOXKapHOT'O OTCEKA TOHHEAS, AeMICTBYeT ra3oBas
cpead, UMeloIas TeMIlepaTrypy Tf( t). TenaoTa oT
ra30BOM CpeAbl K HapY>KHOM IIOBEPXHOCTH CTEHOK
3TOM YaCTH BO3AYXOBOAQ IepeAaeTCs KOHBeKIuen
u u3AydeHueM. [azoBas cpepa sIBASIETCS ONTHYECKH
ITIAOTHOM CPEAOIL.
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PucyHok 1. O606LeHHasa cxema xapakrepa ra3oobmeHa
1 Tennonepegayn B CUCTEME NPOTUBOAbIMHON 3ALLNTHI
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O606ménHast cxeMa XapakTepa ABIDKEHUS AbI-
MOBBIX I'A30B U TEMAOIIEPeAAYH B CHCTeMe IIPOTHBO-
ABIMHOM 3aIIMTHI ITPeACTaBAeHa Ha puc. 1. MoxHo
BUAETD, 4TO ra30Bas CPeAd AaBAPUMHOTO IOMeEIeH S
(ropstmero 06’béMa TOHHEAS), UMEIOIAS TEMITEPATYPY
T, mocTymnaeT BO BHYTPEHHIOK TOAOCTD BO3AYXOBOAA
ABIMOYAQAEHHS Yepe3 KAATaHbI AbMOyAaAeHus (3).
IIpu aToM e€ TeMnepaTypa HeCKOABKO ITOHMKAETCS

1 — aBapuiiHOe MOMelljeHHe, 3aTIOAHEHHOE I'a30-
BOM CPEAOH C TEMITEPaTypOi Tf(x, t);

2 — cMeXHOe IToMellleHHe, 3alI0OAHEeHHOe Ira30BOoM
cpeaoit (BO3AYXOM) € TeMIlepaTypoit T & 3 — KAamaH
ABIMOYAQAEHHS; 4 — cTeHa (eperopoaka); S — KaHaa
ABIMOYAQAEHUS, TIPOAOYKEHHBIN B BO3AYXOBOAAX C OT-
He3aIl[UTOM, KeAe300€TOHHBIX CTPOUTEABHbIX KOH-
CTPYKIJSIX U T.IL; 6 — yCTPONCTBO AASI TIOAQYH pac-
IIBIAGHHOTO OXAAQAMTEAS] BO BHYTPEHHIOIO ITOAOCTD
BO3AYXOBOAR (CTIPUHKAEPBI MAM ApEHYepbI); 7 — BeH-
THASTOP IPOTUBOABIMHOM BEHTHASIIMHY; 8 —XapakTep
M3MEHEeHUs TeMIlepaTyphbl AbIMOBBIX Ia30B IO AAUHE
KaHaAa ABIMOYAQAEHHS TIPH OTCYTCTBHH () U mpu
naaunann (b) moaaur 0XAaAHTEAS B €TO BHYTPEHHIOH
MOAOCTDb; T —TeMreparypa AbIMOBBIX I'a30B;

T - KpuTHYecKas TemIreparypa paboTbl BeHTH-
AsiTopa (OTpeAeAsIeTcs TIPEeAEAOM ero OTHECTONKO-
cTH); T, — Temmieparypa Hapy>KHOH MOBEPXHOCTH
BO3AYXOBOAQ B CMEXXHOM IOMeIeHnH; 1 — AAMHA
060rpBaeMOro yJacTka BO3AYXOBOAQ; 1, — AAMHA
Heo6OorpeBaeMoro yyacTka (paccrosiHue OT BXOAR
B BEHTUASILIUOHHYIO KAMEPY AO BEHTUASTOPA)

ABbIMOBbIE ra3bl ABUDKYTCS BHYTPH KaHAAA ABIMO-
yaasenus (S) B cropony BentHAsITOpa (7), 06Me-
HUBAsICh TEMAOTOM C ero creHkamu. Hampasaenue
TEIIAOBOTO IIOTOKA Yepe3 CTEHKY 3aBUCUT OT COOT-
HOIIIeHMs TeMIIepaTyp BHyTPEHHEro U Hapy»HOTo
razos. Tak Ha yyacTke, pacIIOAOKEHHOM B CMEXHOM
nomentenut (2 ), TEMAOBOI TOTOK HATIPABAEH Hapy-
XY, BCAGACTBHUE YeTO ABIMOBbIE Ta3bl OXAAKAAIOTCAL
IIpyyeM, MHTEHCUBHOCTD UX OXAQKAEHHS 3aBHCUT
OT TeMAOU30AHUPYIOLIIel CTIOCOOHOCTH CTEHKHU BO3AY-
X0BOAQ (B YaCTHOCTH, OT TOAI[HHBI CAOSI OTHE3II[HT-
HOTO MOKPBITHUSL), 2 CTeTIEHb OXAKAEHUS Ha yIaCTKe

OT BX0A2 B oMemenue (2) A0 BEHTUASITOPA — OT €To
aanssr (1).

TpebyeMast TOAIIMHA OrHE3AIUTHL BO3AYXOBO-
AQ Ha y9aCTKe AAMHOM |, ompepaeAsieTcss U3 yCAOBHA
IOBBIIIEHUSI TEMIIEPATYPBI €T0 HAPYXKHOM II0BEPX-
HOCTH 32 BpeMsl, paBHOe TpefyeMoMy IIPEAEAy Or-
HECTOMKOCTH CHCTEMBI IPOTHBOABIMHOM 3aIHTHL.
CaepOBaTeAbHO, YeM OOABIIIE TEMIIEPATypa ABIMO-
BBIX ra30B Ha BXOAe B moMemenue (2), TeM 6oAbIIe
TOAIJMHA OTHE3ALIUTHI K TEM MEHBIIIEe OXAKAAIOTCS
ABIMOBBIE Ta3bl Ha YYaCTKe AAMHOM |,. AAnHa aToro
Y9aCTKA OIIPEAEASIETCSI B OCHOBHOM 00'bEMHO-IIAQHU-
POBOYHBIMU PeLIeHUSIMU KOHKPETHOT'O COOPYIKEHHS,
¥ BO3BMOXKHOCTD €€ IIPOM3BOABHOTO H3MeHeHNUS Kpail-
He OrpaHUYeHa.

TaxuMm 06pa3oM, IPUHIJUITHAABHO BO3MOXKHBI
CAy4Yau, KOTAQ TEMIIEPATyPa ABIMOBbIX ['A30B Ha BXOAE
B BEHTHASITOP IIPEBbIIIAET KPUTHIECKOE 3HAUEHHE.
B aTHx cAy4asix BO3HUKaeT HEOOXOAUMOCTb B AKTHB-
HOJ1 TEITAO3AINHTE BEHTHASITOPA ABIMOYAQAEHHSL.

AASL MaTeMaTHYeCcKOrO OIMCAHMS IIPOLIECCOB
TEIIAOMACCOIIEPEHOCA B PACCMATPUBAEMOIT CUCTEME
B 0611eM CAyYae MOXKET OBITh HCIIOAb30BAaHA U3BECT-
Hasl cucTeMa AUQpPepeHIIHAABHBIX YPABHEHUIL: He-
PaspBIBHOCTH, ABIDKEHUSI Fa30BOI CPeABL, AU Py3uu
KOMIIOHEHTOB Ia30BOM CMECH, 3aIIOAHSIOIIE BHY-
TPEHHIOI OAOCTb KaHaAa ABIMOyAaAeHuUs (BO3Ay-
XOBOAOB) U aBAPUITHOTO MOMEIIeHHs], COXpaHeHHs
9HEPIUU U HECTAIIMOHAPHOMN TEMAOIPOBOAHOCTHU
B CTEHKaX KaHaAa (BO3AYXOBOAOB) M OTPasKARIOIINX
KOHCTPYKIJHSIX. AASI 3aMbIKAHHSI 9TOM CUCTEMBI K Hell
HeOOXOAUMO A0DABASITh COOTBETCTBYIOLINE YCAOBHS
OAHO3HAYHOCTH, YPaBHEHUS AAsI [IAPAMETPOB TYp-
6yAaeHTHOTO mepeHoca (MoAeAb TypOYAEHTHOCTH)
U HHTETPaAbHO-ANPepEHIIMAAbHbIE YPaBHEHMS
AY4HCTOTO ITePEHOCA B Fa30BOI CpeAe.

B wacTHOCTH HaMu 6BIAO TTOAYYEHDIL:

— AATOPUTM pelIeHUs COIPDKEHHOM 3aAauM
pacyéra MrHOBEHHBIX PaCIpeAEACHHI TeMIIEPATy-
PbI ABIMOBBIX ['a30B I10 AAUHE KaHAAA ABIMOYAQAEHUSI
U HECTAI[OHAPHBIX TEMIIEPATYPHBIX [IOAEH B €ro
CTEeHKaX;
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— YHCAEHHOE pellleHre yPaBHEeHUI COXPaHeHHUsI
9HEPIMU U MACChl ABIMOBBIX a30B, ABIDKYILUXCS
BHYTPH BO3AYXOBOAQ ABIMOYAQA€HIS IIPH [TOXKape
B COOPY KEHHSX TOHHEABHOTO TUMA (B OAHOMEPHOM
NIPUOAKEHUN );

— HpUOAKEHHOe AaHAAUTHYECKOe pellleHre HH-
TerpaAbHbIM METOAOM 3aAaYM O HeCTaIJMOHApHOM
TeIrAoIepeAade OT ABIMOBbIX I'a30B K CTPOUTEAbHBIM
KOHCTPYKIJUSIM COOPY>KeHHs Yepe3 CTAAbHYIO CTeHKY
BO3AYXOBOAQ U BO3AYIIHYIO IIPOCAOMKY.

Cnucox AuTeparypsi:

1. TCVNS687:2010. Ventilation-air conditioning — Design standards.
2. Vietnam Building Code on Fire Safety of Buildings 2010.
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NPOBJIEMbI 9BAKYALMU OETEU NPU NOXXAPE BO BbETHAME

AnnoTtanus: B crarpe paccMaTpuBaeTcs HpobaeMa OPMUPOBAHIS y ATel TOTOBHOCTH K OIIac-

HOCTH ToXXapa. [IpoaHaAu3HpOBaHbI TPYABI PsIAQ YIEHBIX IO U3Y4aeMOIl IpoOAeMe, ITPEAAOIKEHDI

BapHAHTBHI €€ pelIeHNU .

KaroueBrpie cA0Ba: ITOXXapHas 6e3OHaCHOCTb, 1YBCTBa, 9MOLJMOHAABHOE COCTOSHHUE, I'[OTPE6HOCTI)

B 66301’IaCHOCTI/I, (POPMI/IPOBaHI/Ie TOTOBHOCTH K 6e30HaCHOMY IIOBEACHHMHIO.

ITpobaema 6e3omacHocTr BO BreTHAMe CTaHOBHT-
Cs1 Ype3BBIYAIHO AKTYAABHOM B CBSI3U C 0COOEHHOCTSI-
MU PasBHUTH Halleit crpaHbl. He BhIsbiBaeT coMHeHus
HOTPeOHOCTD B OOyUIeHNH IIOAPACTAIOIETO TOKOA€-
Hs1 6€30IIaCHOMY AASI Ce051 M OKPYIKAIOIIUX ITOBeAe-
Hyto. OueHb BOXKHO TIOABOAHUTD YEAOBEKA K OCO3HA-
HUIO HeOOXOAMMOCTH 6e30MacHoro moBeaeHus | 1].

PenteHrie 910 PO6AEMBI HEOOXOAUMO AASI AAAD-
HeFIIero MO3UTHBHOTO 9KOHOMHYECKOTO 1 COIfHAAD-
HOTO Pa3BUTH 001IeCcTBa, YTO TpebyeT OCyIecTBAE-
HISI OIIPEeAEASHHON O0OpPa30BaTEAPHOM IIOAMTHKHU
B 00AacTH 6€30aCHOCTH.

Be3omacHOCTb YeAOBeKa U YeAOBEYeCTBA B IIEAOM
paccCMaTpUBaeTCsl B PAMKAX TPEX COCTABASIIOMIUX
cdep ero >KU3HEHHOTO IIPOCTPAHCTBA — IPUPOAHOT],
COLIMAABHON U TEXHOCQEpPBL

BesomacHOCTD KaK 9AeMeHT 00y4eHHs 1 BOCIIH-
TaHMS BKAIOYAeT CHCTEMY 3HAHHI, CIIOCOOOB Aesi-
TEABHOCTH, IJeHHOCTeH, HOPM, ITPaBHA 6e30IacHO-
CTH, OCHOBHas QyHKIIH KOTOPBIX — OPMUPOBaHHE
U pa3BUTHE Y ACTe TOTOBHOCTH K IIPEAYIIP&KAEHHUIO
OTIaCHBIX GAKTOPOB, UCIIOAb30BAHMIO COITMAABHBIX
ycaoBuil 6esomacHocTU. Beayiast poab B AocTIDKe-
HHUU 3TOH IIeAM MPHUHAAACKHUT 0Opa3oBaTEAbHBIM
YIPeXACHHAM.

B pAaHHOI cTaTbe BhIAGAGHO HalpaBAeHHE Pop-
MUpPOBaHHs 0e30IIaCHOTO IOBEAEHMS AeTeil Ipu
noxape. Iloxap — HekOHTpoAupyeMoe ropesue,
IPHYUHSIONee MaTePHAAbHBIH YIepO, Bpea KU3HH
1 3A0POBBIO I'PAKAAH, HHTepecaM 001jecTBa 1 rocy-
AapcTBa. JTO caMasl PacIpOCTpaHEHHAs, OIacHas
U CTpAIHAs 10 KOAMYECTBY >KePTB Ype3BblyaiiHas
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curyanus (UC) Bo Brername. He Aro6oit moxap
paccmaTpuBaercs Kak IC (xom AASI OTAEABHO B3SI-
TOTO YeAOBeKa U, TeM OoAee, pe6EHKA — 9TO BCE PaBHO
9KCTPaOpPAMHAPHOE HpOI/ICIlIeCTBI/Ie), HO OYEBUAHO,
9TO AASI KQKAOM CEMbH H ITIEAArOT'a O’KOTY MAM IO eAb
pebéHKa — cTpamHoe cobbITHE.

Kak moxaspiBaeT CTaTUCTHKA IIOCACAHUX AET, BO
MHOTOM 6Aaropapsi KOMIIA€KCHBIM MepPOIPUSITHSM,
IIPOBEAEHHBIM I'OCYAAP CTBEHHbIMU OPraHAMH BAACTH
U 00IeCTBEHHBIMU OPraHU3ALUSIMH, BEAYIIHMH Ae-
SITEABHOCTb 110 OOYYEHHUIO HACEAEHHUS (B TOM 4nCAe
U AeTeil) B 06AaCTH IIOXKApHOU 6e30IIaCHOCTH, yAQ-
AOCb AOOUTHCS TEHACHIIUU K CHIDKEHUIO KOAMYECTBA
MOTUOIMIMX npu noxapax aerer, ot 9 B 2012 roay poo
S -B2016 roay.

B pemmennu 3apa4 MoXxapHOi 6€30IaCHOCTH BaX-
Hasl POAb OTBOAUTCS CIIeUPUIECKH CAOXKHOM COLIU-
AAPHO-3KOHOMMYECKOM CUCTEME — CUCTeMe obecre-
YeHHs IOXKAPHOI Ge3omacHocTH [2].

IToTpebHOCTD ObIIECTBA B IOATOTOBKE HaceAe-
HUS, YYAIIUXCS M BOCIIMTAHHUKOB 00Pa30BaTeABHBIX
YIPEXKAECHUN K ACMCTBUAM B YpE3BbIYANHBIX CUTYA-
IIMSX IBASIETCS TepBOOYepeAHoi. B To xe Bpems Boc-
IUTATEAH, YIUTEAs] 0Opa30BaTEAbHBIX YUpeXXACHHUI],
B TOM umcae, npenoaasareau OBJK, Hepocrarouno
OPHMEHTHUPOBAHbI HA U3y4EeHHEe IMOLIMOHAABHOTO CO-
CTOSIHUA BOCIIUTAHHUKOB U YYalIMXCS NPYU HAAUYIHU
OMACHOCTH.

Hepopaborka mporpamm oOydeHHsT U HeAO-
CTaTOYHOCTh BPE€MEHH, OTBOAUMOIO Ha H3y4YeHHue
BOIIPOCOB IIOXKAPHOM 0e30macHOCTH B 6asHCHOM
y4eOHOM IIAQHe, OTCYTCTBUE B OOABIIMHCTBE 06pa-
30BaTEABHbIX YIPEXKAEHHUI 000PYAOBAHHBIX KAACCOB
U YTOAKOB IIOXaPHO¥ 6€30I1aCHOCTH, HeHH- pOPMU-
POBaHHOCTD POAMTEAEH — BCE 3TO CHIXKAET YPOBEHb
¢$opMHUpPOBaHKA TOTOBHOCTH AeTeH K OITACHOCTH [3].

B conmaapHBIX ceTsIX AO HACTOSIEro BpeMeHU
He CO3AaHbI COODIECTBa, MMOCBAIEHHbBIE ACTCKOMN
6€e30I1acHOCTH, a MOTOK MHPOPMALINH, HAYIHIT U3
HMHTEPHET- peCypCOB, He BCErAa OKa3bIBaeT IIOAOXKH-
TeABHBIN 3QPEKT Ha MUPOBO33peHHEe U AAAbHeHIIee
IIOBEAEHIE AETEH.

Kpome Toro, Mar0appeKTHBHO UCIIOAb3YeTCS I10-
TeHIJMAA IITATHBIX ICUXOAOTOB OPTraHMU3AL[UH U IIKOA
B MCCA€AOBAaHHUH IIOCTTPABMATUIECKOTO COCTOSHHA
AeTell, AMaTHOCTHKE 1 KOPPEKLIUY TOBEAEHHs 00y4a-
IOIIUXCSI K BOCIUTAaHHUKOB C y4ETOM UX IICUXOPHU3U-
OAOTHYECKUX U BO3PACTHBIX OCOOEHHOCTEH B CAydae
OIACHOCTH C LIeAbI0 GOPMUPOBAHKA Y HUX KOHCTPYK-
THUBHOT'O OTHOIIEHMs K OIacHOCTU noxapos u 4C,
TOTOBHOCTH K 6€30I1aCHOMY II0BEAEHHUIO.

Bcé, c ueM CTaAKMBAIOTCSI AETH B IIOBCEAHEBHOI
’KH3HHM, BbI3bIBA€T Y HUX TO MAM MHOE€ OTHOIIEHHE.
YyBcTBa — 3TO OAHA U3 POPM IepeKMBAHUA YeAOBe-
KOM CBOEro OTHOLIEHHUS K IPeAMETaM U SIBACHHAM
AerictBuTeAbHOCTH. OAHU SIBA€HUS, CUTYallUU Hpa-
BSITCSL MY, PAAYIOT, APYTHe 6eCIIOKOSIT, HACTOPAXKU-
BaIOT, CO3AaBasi YyBCTBO AUCKOM(OPTa U Ae3apaITa-
rimn. Mup 4yBCcTB AeTeil pasHOOOpaseH. [ToBcepHeBHO
HaXOASICh B IKOABHBIX KaOMHETaX, yIuTeAs], a TeM 60-
Aee, AeTU He O0OPAIIA0T BHUMAHIS HA BO3HUKAOIIYIO
yrpo3y moxapHoi omacHoctu. K Heit oTHOcsaTCA:
BeTXasl, IPOBUCAIOLIAS IAEKTPOIIPOBOAKA M HE3aKpe-
IAE€HHBIE DAEKTPOPO3ETKH, FOPIOYMN OTAECAOYHBIN
MaTe€pHaA Ha CT€HaX, METAAAMYECKHE PEelIeTKH, Ha-
TAYXO BMOHTHPOBaHHbIe B OKOHHbIE IIPOeMbl, MeOeAb,
paccTaBA€HHas HA ITYTAX 9BAKYALIMU U3 IIOMEIeHHH.
Aa ¥ B AOMAIIHUX YCAOBHAX MaMbl, Pa3BeIINBasl HaA
ra30BOM IAUTOM OeAbe AASI CYIIKH, TIOAB3YSICh HEHC-
IPaBHBIMU OBITOBBIMU SAEKTPOIIPHOOPAMU, OCTABASIS
AeTeli 6e3 IIPUCMOTPA, IIOABOASAT MX K OIIACHOM YepTe.
OImmacHOCTDh «AOKHAAETCSI>»> MOMEHTA, KOTAQ YEAOBEK
TepsieT OAUTEABHOCTb, U 3aCTaéT ero Bpacmaox. ITo-
Teps OCTOPOXKHOCTH, OTCYTCTBUE IyBCTBA OIMIACHOCTH
OT BO3MOXXHOCTH BOSHMKHOBEHMS I10XKAPa, HEIIPEA-
BHAEHHBIX OOCTOSITEABCTB IIPUBOAST, KaK IIPABHAO,
K HETIOITPAaBUMbIM ITOCAEACTBHSIM.

YeaoBeueckre YyBCTBA SABASIIOTCS IIOAOKUTEAD-
HOMH I1eHHOCTDIO; )KM3Hb YeAOBEKa HEeBO3MOXKHa 6e3
nepe>xuBaHuil. I [praém AAs1 9MOLMOHAABHOTO HACHI-
I[eHHs HY>KHBI He TOABKO ITIOAOXKUTEAbHbIE YYBCTBA,
HO U YYBCTBA, CBSI3aHHbIE C OECITOKOMCTBOM.

TToAaoxuTeAbHBIE OMOIMU YEAOBEK HMCIIBITHI-
BaeT, KOTAQA PEaAbHblE€ PEe3yAbTaTbl AEATEAbHOCTH
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COTAACYIOTCS C HAaMEYEHHBIMU HAU OXKHAAEMBIMHL.
CocrosiHre AUCCOHAHCA CyObEeKTHBHO IIepeXXHBa-
eTCsI KaK AUCKOMPOPT, BHyTpeHHee HEYAOOCTBO, OT
KOTOPOTO YeAOBEK CTPEMUTCS U30ABUTHCS. AAS 9TO-
0 Y KAKAOTO YEAOBEKA €CTh ABA BBIXOAA: U3MEHHTb
CBOU OKHUAQHUS TaK, YTOOBI OHM COOTBETCTBOBAAU
PEaABHOCTH, UAM IIOAYYUTh UHPOPMALUIO, KOTO-
past ycTpaHuAa 6bI IPOTUBOpPEYHE U COTAACOBAAACH
C IPEXXHUMH OKHAQHUSIMEL. TakuM 00pa3oM, BO3HU-
KAIOII¥ie 9MOI[OHAABHBIE COCTOSIHUSI PAaCCMATpPU-
BAIOTCSI KAK OCHOBHASI [IPUYMHA COOTBETCTBYIOLIVX
AEVICTBHIL U IOCTYIIKOB.

OMOLIMOHAABHBIE COCTOSIHHSI OIIPEAEASIFOTCS
HMEIONIUMUCS Y pebeHKa SKeAQHHeM HAU CHAOM aK-
TYaABHOU IIOTPEOHOCTH, C OAHO CTOPOHBL, U OLjeH-
KO, KOTOPYIO OH AA€T BEPOSATHOCTH €€ YAOBAET-
BOPEHMUS,— C APYTOIL. DTy OL|eHKY BepOSTHOCTH OH
IIPOU3BOAUT Ha OCHOBE BPOXKAEHHOTO U paHee IIpHU-
o6perenHOro nM ombira. I IprdeM aMorysa BO3ZHUKAeT
TOTAQ, KOTAQ IMEETCSI PACCOTAACOBAHIE MEXAY TeM,
9TO HEOOXOAMMO 3HATH AASL YAOBAETBOPEHMS JKeAd-
HUS, M TeM, YTO Ha CAaMOM AeAe u3BecTHO. Hanpumep,
00XXHTasiCh OTHEM OT CITMYKU MAU BHASL, KaK TOPUT
TOIIOAMHBII ITyX,  3aTEM [TAAMSI OXBATHIBAET BCE, YTO
CIIOCOOHO rOpeTh, OH 3aAYMBIBAETCS O CHAE M MOIIU
OT'HsI, HEIIOIIPABUMBIX ITIOCAEACTBHUSIX, KOTOpPbIE OH
MOXeT IIPUHECTH.

TakuM 06pazoM peOEHOK MOCTOSHHO, BOABHO
HAM HEBOABHO, COIIOCTABASIET HEOOXOAUMYIO €My
nHpopManuio (0 CpeACTBaxX, BpeMeHH, Pecypcax),
KOTOpasi TpeOyeTCst AASL yAOBAETBOPEHMS JKEAQHMS,
¢ nHpOpMaLHer, UMEIOILIENCs y HEero B AQHHBIN MO-
MeHT. Tax, HapuMep, 9MOLMS CTPaxa pPa3BUBAETCS
IIPH HEAOCTATKe CBEAEHHIT, HEOOXOAMMBIX AASL 3QIIIU-
ThI B CAy4ae IIOXKapa B AOMe, He 3HasI, KTO HAXOAUTCS
TaM, IMEeTCSI AUl B AOMe I'a3 U XPAHSITCS AU AETKOBOC-
[IAQMEHSIOIIeCS] HAU FOPIOYHE XUAKOCTHL

ITorpebHOCTH B 6€30IIACHOCTH, CTAOHABHOCTH,
3amuTe, CBOOOAE OT CTpaxa, TPEBOTU U Xa0ca I10-
AOGHBI PU3NOAOTHIECKIM,— ITH KEAAHHUS TAKXKeE
MOT'YT AOMUHUPOBATh B OPraHU3Me: PELIeIITOPBL, M,
[aMSITh U BCe IIPOYHEe CIIOCOOHOCTU HHAMBUAYYMA

B AQHHOW CHUTYallUH [IPEBPAIAIOTCSI B OpyAre o0e-
crievenust 6ezonacHocTr. Kax 1 B cAydae C FOAOAHBIM
4eAOBEKOM, TAABHAs 1]eAb He TOABKO AeTePMUHUPY-
eT BOCIIPUATHE HHAMBHAYYMA, HO U ITPEAOIIPEACAS-
eT purocoduro Oyayiero, praocoduro IeHHOCTEN.
Ecan aT0 cocTosiHne HabUpaeT 9KCTPEMAABHYIO CHAY
HAU TpUOOpeTaeT XpOHIIECKHUIT XapaKTep, TO MbI IO-
BOPHM, 4TO YeAOBEK AyMaeT TOABKO O 6€30MacHOCTH.

[TorpebHOCTD B 6€30MACHOCTHU y A€Tefl IPOsIB-
ASIeTCS B MX TAT€ K ITIOCTOSHCTBY, K YIIOPSIAOYEHUIO
IIOBCEAHEBHOI KU3HU. PeOEHKY s1BHO KOMOpTHEe,
€CAH OKPY>KaIOIHI ero MUp IpeACKa3yeM, pa3MepeH,
opraHusoBaH. Bcskas HecripaBeAAMBOCTD MAM IIPO-
SIBACHUE HEITOCAEAOBAaTeAbHOCTH, HEIIOCTOSIHCTBA CO
CTOPOHBI OAHOKAACCHUKOB, POAUTEAEH, YIUTEAEH,
PasAMYHbIE OMACHOCTH (B TOM YHCA€, BOSHUKHOBE-
HUS TO’Kapa) BBI3BIBAIOT y pebéHKa TpeBory, becro-
KOMCTBO, AMCKOMQOPT.

Peax1yis ucIryra 9acTO BO3HUKAET Yy AeTell B OT-
BeT Ha CTOAKHOBEHHe C HOBBIMHU, He3HAKOMbBIMU, HEY-
IpaBAsieMbIMU CTUMYAAMH U cuTyanusamu. Harmpumep,
AIOOOIIBITCTBO pebeHKa K IIPUTSATATeABHON CHA€ OTHSI
IpU OTCYTCTBUM MHPOPMALIUK U HEYMEAOM €ro pas-
BeAGHHMHU B AOMe MAM KBapTHpPe MOXKeT IIOBA€YD 3a CO-
60¥1 HEKOHTPOAUPYEMOE PACIPOCTPAHEHHE OTHS, ITO
3a4aCTYIO IPUBOAMT K TPArUYeCKUM ITOCAEACTBHUSIM.

IToTpe6HOCTD PEAKO BBICTYIIAET KaK aKTHUBHAS
CHAQ, OHa AOMHUHHPYET TOABKO B CUTYallUAX KPUTHU-
4eCKHX, 9KCTPEMAABHBIX, T00YKAASl OPraHU3M MOOU-
AM30BaTbh BCe CHABI AASL 6OPBOBI € yrpo3oit. MoxHO
IIPUBECTH COTHH U TBICSYHU CAy4aeB, KOTAQ AETH, Ha-
XOASICb AOMa 0e3 poAUTeAeld, B CAydae IIoxKapa bepyT
OTBETCTBEHHOCTD Ha ce0sl, 32 CeKYHADI IPHHUMAIOT
pellleHre U CITacaloT MAQAIIHX IT0 BO3PACTY, HAXOAS-
muxcs B o4are rnoxapa. Ho omars caepyer 3aMeTuTs,
YTO He KAXKABIN pe6éH0K AAEKBaTHO OTpearupyer Ha
AQHHYIO cuTYyanuio. FiIMeHHO Mbl, B3pOCAbIE, AOAXKHBI
YUYHUTDb AeTeil He3aMeAAUTEAbHO U aAeKBATHO pearu-
POBaTh Ha CUTYAIIMIO OIIACHOCTH.

Heo6xoanMO 3HaTh, IOHHUMATh CAMHUM U AOBO-
AWTD AO CBEACHUS AeTell HHPOpMALIMIO O PU3UKO-
XMMHMYECKUX SIBACHHUSX, IPOUCXOASIIMX B IIpoljecce
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TOpeHHsI, CKOPOCTH PACIPOCTPAHEHHS U OIACHBIX
dakropax noxapa (3aAbIMACHHE, TOBbIIIEHHAS TEM-
HepaTypa, BO3MOXKHOCTb OOpyIIeHNs] KOHCTPYKIIUH,
HEAOCTaTOK KHCAOPOAQ), CPEACTBAX MOKAPOTYyIIIe-
HMS, 3HaKaX 6€30IMaCHOCTU U, TAABHOE, ACHCTBUAX
B CAy4Yae BO3HHKHOBEHMS IIOXKapa.

ITomapast B Tparu4ecKyro CHUTYAIUIO 3aBUCUMO-
CTH OT pOAUTEAeH 1 BO3HUKIIIE! Ha 6a3e « HCXOAHOTO
3Aa> arpeCcCUBHOCTH 10 OTHOIIEHHIO K HIM, pebeHOK
Gecco3HaTeABHO BbIPabaThIBAET CPEACTBA 3AIUTHI OT
BHYTPEHHero KOHQAUKTA; B KA9eCTBE OAHOTO U3 HUX
BBICTYIIAeT IMPUMUCHIBAHIE YTPOXKAIOIIel PpyHKIIUU
He POAUTEASIM, 2 KAKOMY-AHO0 HHOMY OOBEKTY.

Hcxopss M3 M3AOKEHHOI'O, COTAACHO B3TASAAM
IpeACTaBUTeAeH IICHXOAHAAN3A, CTPAXH B ITAAHE CBO-
€ro 06pasHOro COAEPXKAHUSI OTPAXKAIOT He UCTHHHBIIN
MCTOYHHK YTPO3bl (BO BCSKOM CAydYae, B CHTYaluu
HEBPOTUYECKOTO PA3BUTHSL), & €T0 «CUMBOAUYECKOE
3aMellieHre » ; ICXOAHBIM JKe MOMEHTOM, OIIPEAEASIIO-
IIIM BO3HUKHOBEHHeE CTPaXa, SIBASIETCSI OeCCO3HATeAD-
HbIV BHYTPEHHUI KOHPAMKT, II0 OTHOILIEHHIO K KOTO-
POMy CTpax BBICTYIIAeT KaK OAHA 13 GOPM 3aIHThL

B rymaHHCTHYeCKON IICHXOAOTMU IpobAeMa
CTpaxa TaKoKe CBSI3bIBAeTCS C PppycTpanueil HoTped-
HOCTHU B 6€30IaCHOCTH, 4TO, COTAACHO OOIIell TeH-
AEHIIHU AQHHOTO HAIIPaBA€HMHS, IIPEILITCTBYeT BO3-
MO>XXHOCTH CAMOAKTYaAU3ALUH AMIHOCTH.

Taxum 06paszoM, HEOOXOAUM O3UTHUBHBII BeK-
TOp o6pa3013aTeAbH0171, AMArHOCTHYECKOM M KOPPEK-
LIMOHHOM paboThl, HeCymuil B cebe Kak pacuupeHre

CyObeKTHBHOI «30HBI 0€30IIACHOCTU» pebeHKa 3a
CYET BKAIOUEHHS €T0 B HOBbIE TUIII B3AMOAEHCTBHS
CO B3POCABIMU U CBEPCTHUKAMH, TaK U CTUMYASIITHIO
TBOPYECKOM aKTUBHOCTH, MHUITHATUBHOCTH U CAaMO-
CTOSATEABHOCTH pebeHKa.

B njeasix obecneuenus 6€30MacHOrO IOBEACHMS
AeTell HeOOXOAUMO CO3AQHUE U IIOAAEPKAHHE yC-
AOBUH COLMAABHOIIAPTHEPCKOIO B3aMMOAEHCTBUS
FOCYAQPCTBEHHBIX M OOIeCTBEHHbIX HHCTUTYTOB,
a TaKKe OCyIeCTBACHHE KOMIIAEKCA MepOTIPUSATHIH:

3aAeHCTBOBATD IIOTEHITUAA IIIKOABHBIX IICHXOAO-
rOB B AMAaTHOCTHKE U KOPPEKIIMU IIOBEAEHHS AeTel
B CAy4ae BO3HHUKHOBEHUS OIIACHOCTH, UCCAEAOBaHHUU
IOCTTpaBMa- TUYECKOTO COCTOSHMS, pOPMUPOBAHUU
Y HUX aAeKBaTHOTO NoBeAeHus rmpu noxxkape u IC.

— pa3paboTaTh METOAOAOTHIO U IIPOrpaMMy 06-
Y4eHHUsI AeTell MepaM [OXKapHO¥ 6e30IIaCHOCTH B CH-
CTeMe AOIIOAHUTEABHOTO 0Opa30BaHIS;

— TIOBBICUTD 9P PEKTUBHOCTb B3AUMOAECHCTBH
00pa30BaTEABHBIX YUPEXKACHUI C IOAPAZACACHUSIMH
AOOPOBOABHOIT IIOXKAPHO OXPAHbI 1 OPTaHAMHU OCY-
AQPCTBEHHOTO II0)KaPHOT'0 HAA30Pa AAS TIPOBEACHMS
COBMECTHBIX MEPOIPHUSTHUII IO 0OYYeHHIO IKOABHH-
KOB MepaM MOXKAPHO 6e30II1aCHOCTH, OPTaHH3aLIU
AESTEABHOCTHU AOOPOBOABHBIX APY>KHH IOHBIX IIOXKAp-
HbIX; IPUBA€Yb BETEPAHOB U AEHCTBYIOIIUX COTPYA-
HHUKOB II0)KapHOM OXPAaHbl, CAyIIaTeAeH 1 KypCaHTOB
obpasoBaTeAbHBIX yupexaeHuit MBA BpeTHama aAst
OpraHu3allMy BOCIIUTATEAbHOM U MPOOpHEHTALU-
OHHOJ pabOTBI C TOAPACTAIOIUM IOKOACHUEM.
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INFLUENCE OF AMBLIENT TEMPERATURE ON HRSG EFFICIENCY
IN ALSTOM COMBINED CYCLE WITH GAS TURBINES

Abstract: A mathematical model of a combined cycle Heat Recovery Steam Generator (HRSG)
with gas turbines Alstom has been developed. Computer simulation of thermo- physical processes
in the HRSG with changing ambient temperature was performed. The relative power of the HRSG
decreases from (1.05% to 0.95%) with increasing ambient temperature from (-20 to 50 °C). The
results of computer simulation are in good agreement with the technical characteristics of the Alstom

combined cycles.

Keywords: Heat Recovery Steam Generator (HRSG), combined cycle, Alstom gas turbine,

efficiency, ambient temperature.

The issue of improving the efficiency of electric-
ity production at thermal power plants is one of the
key to solving the problems of energy and resource
saving in the energy industry. In recent years, the re-
construction of old design and construction of new
power plants is carried out using gas turbine units
(GTU) and combined-cycle power plants (CCPPS)
or Power Generation Units (PGU) technologies.
Combined technologies have great potential for im-
provement [1]. According to expert estimates, the
share of PGU will reach 50% in world of electricity
production in the near future [2].

The Brighton — Rankine cycle underlies the prac-
tical implementation of combined-cycle plants. In

this case, the gas turbine unit operates on the Bray-
ton cycle, and the steam turbine unit on the Rankine
cycle. Thus, the gases at the outlet of the gas turbine
are the source of heat for the steam cycle [3].

Alstom combined-cycle power plants with gas
turbines GT24 and GT26 consists of gas and steam
circuits [4]. The steam circuit includes: the main
boiler, (Heat Recovery Steam Generator (HRSG))
and the single-shaft complex of three stages steam
turbine. The most frequent combined cycle plants
are supplied with a double-circuit (HRSG) consist-
ing a part of high and low pressure.

Part of the high pressure includes a superheater,
an evaporator and an economizer, and a part of the
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low pressure includes a superheater, evaporator and
a gas condensate heater [S; 6]. This is due to the fact
that the single-circuit HRSG has a low efficiency.
The HRSG of the ALSTOM KA24-1ICS combined
cycle is characterized by [7]: two steam pressure lev-
els for production and reheating (low pressure P =7
bar and T= 320 °C; high pressure P= 160 bar and
T=565 °C;; high exhaust gas temperature at the inlet
of the HRSG (around 640 °C, making its efficiency
comparable with the efficiency of standard HRSG
with three steam pressure levels).

The combination of two thermodynamic cyclesin
a PGU causes a significant effect of the parameters of
the Brighton cycle on the parameters of the HRSG.
One of the main parameters of the Brighton cycle, af-
fecting the efficiency of heat recovery in a steam boiler,
is the temperature of the exhaust gases from the gas
turbine. Itis advisable to study the optimal parameters
of the HRSG depending on the temperature of the
exhaust gases after the gas turbine. Studies are based
on data of the Alstom combined cycles [21].

Research tasks. Evaluation of the effect of ambi-
ent temperature on the HRSG efficiency. Evaluation
of the effect of the HRSG efhliciency on the overall
efficiency of the Alstom combined cycles.

Effect of the ambient conditions on gas turbine
combined cycle power plants

Currently, the use of natural gas for power gen-
eration considering its cost is justified, in most
cases, by high-efficiency installations, which are
typical of combined cycle power plants. In this type
of generating unit, the operation problems pointed
out above manifest themselves, and they are aggra-
vated as a consequence of the presence and the in-
terconnections of the main components, namely
the gas turbine, HRSG and steam turbine. Besides
these operational problems, those units, designed
for ISO conditions (15 °C ambient temperature, 1
bar atmospheric pressure and 60% air relative-hu-
midity) are extremely sensitive to changes in ambi-
ent conditions. The main reason for this sensitivity
is the influence of these parameters on off-design

gas turbine operation (namely ambient tempera-
ture, atmospheric pressure and relative humidity
are different from those under ISO conditions),
where, on average, about two-thirds of the plant’s
total power is generated. Nevertheless, it is pos-
sible to say that combined cycle power plants with
similar configurations present similar off-design be-
havioral trends, al-though different capacities have
been designed [22].

While the air temperature increases in relation to
the design temperature, the power generated by the
plant decreases. This is explained by the consider-
able influence that this parameter has on the power
generated by the gas turbine.

According to Kehlhofer etal. [22], the gas turbine
is designed to operate with a constant air volume in
the compressor. When the ambient-air temperature
in-creases, its specific mass is reduced. In order to
ensure the same air volumetric flow, the mass flow is
reduced, so causing the power of the gas turbine and
the amount of heat generated in the HRSG to fall.
The influence of the atmospheric pressure is related
to the air density variation. For low pressures, that
is, high altitudes in relation to the sea level, the air
density decreases. Disregarding the pressure losses
in the gas turbine’s inlet and outlet ducts, and consid-
ering that the efficiency of the steam cycle does not
change, the combined cycle plant presents a behav-
ior that is similar to what was previously explained
for ambient temperature.

The effect of the ambient pressure on the perfor-
mance must be considered, mainly during the de-
sign phase, for once the plant is installed, the varia-
tions of this variable are neglected. While the air’s
relative-humidity increases, the power generated by
the combined-cycle plants also increases, provided
the other parameters remain constant. In this case,
the gas-turbine’s efficiency is slightly reduced, as
well as its power. However, the temperature of the
gas-turbine’s exhaust-gases rises, and therefore the
power generated by the steam cycle is increased.
The final result depends on which of the factors de-
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scribed above is predominant, but in both cases, the
total power variation is very small.

Technological scheme for the utilization of the
exhaust gases heat of GT24/GT26. The Figure 1

e A

= gases
— Watel
— steam

GT24/GT 26

shows a scheme for the utilization of the exhaust
gases heat of GT24/GT26 in a double-circuit utili-
zation boiler, summarizing the positive aspects of the
schemes presented in the articles [8; 9].

Steam turbine

Nel

[~
S\

Pl

Figure 1. The basic thermal scheme of a dual-circuit
combined-cycle plant of the utilization type

GT24/GT26 produces electrical power (Ne,),
and its exhaust gases are sent to the (HRSG), which
has two circuits for generating water steam. The high
pressure circuit (HPC) generates high-pressure wa-
ter steam in quantity D ™" and directs it to the high
pressure turbine (HPT). After expansion in the
HPT, this water vapor is mixed in low pressure tur-
bine (LPT) with the water vapor generated by the
low pressure circuit (LPC). The total flow of water
vapor expands into LPT and enters the Condenser.
As aresult, the steam turbine generates power (Ne,).
From the Condenser, the condensate from the steam
that has been exhausted in the turbine by a conden-
sate electric pump (P1) is sent to a gas condensate
heater (GCH). Part of the condensate (heated in
the GCH - recirculation Dp) , is mixed into the con-
densate before entering the HRSG. This technical
solution provides the temperature of the condensate

inlet to the HRSG - T ““", which eliminates corro-
sion of the output heating surfaces of the D. Water
steam is generated in the amount of D ' In the low
pressure circuit of the HRSG. The scheme (Figure 1)
provides for the heating of condensate with water
vapor, which is taken from the low pressure circuit
of HRSG. Heating steam consumption to Deaerator
is Dd. The amount of steam entering the condenser
is D + D '* — Dd. From the storage tank of the
Deaerator feed water is diluted to the contours of
the HPC and LPC. Feed water is fed into the LPC
drum by nutritious electric pump of low pressure
(P,). Feed water is fed into the HPC drum by nutri-
tious electric pump of high pressure (P,).

Similar data for computer simulation. The GT24
is single cycle GTU of a complex cycle with intermedi-
ate heating. The power of the GT24is 165 MW. GT26
has an enlarged model of the GT24. The power of the
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GT26is 240 MW. Recently, the company Alstom up-
graded gas turbine GT24 and offered the consumer a
model KA24 [10-13]. Gas turbine GT24 and GT26
have a high degree of pressure increase in the com-
pressor (P = 30 bar). And also important thermody-
namic feature: equally high gas temperatures = 1500 K
(1227°C) at leaving the first and second combustion
chambers. Turbine KA24 has a degree of pressure in-
crease in the compressor — 35.4.

The temperature of the exhaust gases and exhaust
mass flow after the turbineisnormalized: GT26 - T
=608°C, G =542 kg/s; KA24 - T =597°C, G =
=505 kg/s; GT24 Teg =610°C, Geg =376 kg/s

The theory of dimensionless quantities [14] al-
lows us to distribute data on the dependence of the
flow of combustion products in the turbine GT13E2
on the ambient temperature on the turbines GT24,
GT26 and KA24. By analogy with the data of work
on the rated characteristics for the turbine GT13E2
(Alstom), it can be assumed that the above given
characteristics of the turbines GT24, GT26 and
KA24 correspond to an ambient temperature of
1S °C [1S, 21]. It is noted [15] that the ambient
temperature (air temperature at the turbine inlet)
significantly affects the above technical characteris-
tics of these turbines.

Data [12] can be approximated by the following
regression equations: for the dimensionless flue gas
temperature in front of the HRSG
©(Ta)=1.42-4.042x10" xTa+8.968x10° xTa’; (1)

For the dimensionless exhaust mass flow in front
of the HRSG
¢(Ta)=0.692+5.197x10"° xTa—1.434x10° x Ta’; (2)

Where Ta — ambient temperature, K.

Meteorological data [16] give the following de-
pendence of the change in ambient air temperature
in Iraq. The average value of the ambient temperature
is described by the following empirical dependence,
for computer simulation of the utilization contour,
we use the regression equation:

For ambient temperature, K:

Ta(n)=4.4+4.8-n+0.42-n"—0.066-n" +273; (3)

For average absolute moisture content, kg/kg
2x107° +4.2x107 - n-5x10"-n* if 1<n<6
d(n)= 0.009 if 6<n<8 (4)
-0.0605+0.015-n—7.857x10™" -n” if § <n<12

For temperature in the waters of the Al — Anbar
area:

Tw(n)=143+7.7-n-0.5-n" =5.5x107 -n’,  (§)

Where n — number of month in year.

Ensuring the reliability of the gas turbine blades
requires intensive cooling of them. This is provided
by an excess of air over the required amount of air in
the process of burning fuel (excess air ratio). The ex-
cess air ratio in gas turbines can be estimated on the
basis of data [17]. Data processing [17] give excess
air ratio from 3.4 to 3.7 for ALSTOM gas turbines
GT24, GT26 and KA24.

The content of methane, propane, butane and
other organic substances is very different in natu-
ral gas. The following average concentrations sub-
stances in Akkas field are taken for computer simu-
lation of the HRSG: methane (CH,) - 82.684%;
ethane (C,H,) — 9.075%; propane C,H -3.266%;
other (equivalent C H, ) - 1.134%; hydrogen (H,) -
0.01%; nitrogen (N,) — 3.439%.

Thermal parameters of exhaust gases. The calcu-
lation of the thermal parameters of exhaust gases was
carried out according to the known method [18].
Some dependences for calculating the thermal pa-
rameters of exhaust gases were presented in forms
convenient for computer simulation. Namely:

— Equation for determining the net calorific

value of natural gas
Qnr =358.2-nch4+637.5-nc2h6 +

+860-1c3h8+1186.5-nc4h10+108 - nh2;

(6)
Where concentration: nch4 - methane;
nc2h6 —ethane; nc3hS - propane; nc4h10 — butane;
nh2 - hydrogen.

— The heat capacities of gases (k] /kgK) are de-
termined by the following regression equations, ob-
tained on the basis of processing tabular data [18].
Temperature range - 273...973 K (0 ... 700°C)
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Table 1.
Equation Cvi=a+bT+cT2+d-T?
Coeflicient a b c d
Air 0.935 -9.478-10°° 2.491-107 -8.528- 107"
Nitrogen 0.942 -1,337-10"* 2.632- 107 -8.61-107"
Carbon dioxide 0.880 1.506- 107 -9.044- 1077 2.457-107"°
Water vapor 1.097 ~7.884-10° 3.804- 107 -1.618-107"°
— Stoichiometric (theoretically necessary) air 2 600
. . 2 = I
flow is determined by the formula: | T
Z 540 ™ GT26 —
2-nch4+3.5-nc2h6 + (7) = e
Vo =0.0476- = o~
+5-1c3h8 +6.5-nc4h10 +0.5- nh2 B 480 Ko P
HRSG cycle parameters. The mathematical ; Wi -
model of thermal processes in the HRSG corre- E T GT24
sponds in its characteristics to the provisions set Sl .
forth in the regulatory method [19]. Selection of i

empirical formulas in solving problems carried out
according to recommendations [19] and includes
two stages: decision data is applied to a grid of rect-
angular coordinates, the experimental points are
joined by a smooth curve and selected roughly the
type of formula; calculate the parameters of the for-
mulas that best would correspond to the accepted
formula.

As reference points on the path of the HRSG are
accepted: thermal parameters of exhaust gases; heat
load on the boiler; dependencies of temperature and
exhaust mass flow in front of the boiler from the am-
bient temperature; condensate temperatures at the
inlet to the high and low pressure stages.

Data (Figure 2.) show that the amount of exhaust
gases after turbines Gt24, GT26 and KA24 decreases
with increasing ambient temperature (Ta), and the
temperature of exhaust gases increases. It is advisable
to investigate the combined effect of changes in the
exhaust mass flow and temperature on the amount
of heat available before.

The calculated dependences of temperature and
exhaust mass flow in front of the HRSG are shown
in Figure 2.

240 260 280 300 320 340
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Temperature in front of the HRSG, K

840
240 260 280 300 320 340

Ambient temperature, K

b)
Figure 2. The calculated dependences

of temperature (a) and exhaust mass
Flow rate in front of the HRSG (b)

Of the two types of water vapor condensers (wa-
ter and air), the latter is selected for computer simu-
lation. This decision is based on the need to assess
the work of the cycle on the territories of Iraq with
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water deficiency necessary for the operation of the
steam condenser.

The data [20] substantiates the expediency of
using Modular Air Cooled Condenser (MACC) in
combined cycles in countries with a hot climate in the
absence of water bodies. The efficiency of combined
cycles is lower when using MACC than in the case
of water condenser. But data on the effectiveness of
the operation of the MACC allow us to estimate the
minimum efficiency of the HRSG in combined cycles.
The change in the Dimensionless Amount of Heat of
Condensed Water Vapor (DHCWYV) in MACC from
changes in ambient temperature shows in Figure 3.
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Figure 3. Dependence of DHCWV in
MACC from ambient temperature

The data [20] allow us to predict the change in
temperature of the exhaust gases after the DCG of
the HRSG (Figure 1) depending on the ambient
temperature (Ta).

Discussion of computer simulation results. The
main parameters determining the efficiency of the
boiler are: the amount of available heat in front of the
boiler (le), kJ/s; the enthalpy of exhaust gases be-
fore (Iegl) and after (Iegz) the boiler, respectively. For
compare the various combined cycles the available
heat in front of the HRSG is advisable to present in
a dimensionless form. Relative power of the equip-
ment Alstom combined cycle is shown in Figure 4.
Calculation of the change in relative power was car-
ried out in the range of changes in ambient tempera-
ture from 253 to 323 K (20 to 50°C) “Reference

point” — technical parameters of equipment at an
ambient temperature Ta = 288 K (15°C) [15, 21].
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Figure 4. The dependence relative power
of Alstom combined cycle equipment
from the ambient temperature

The data (Figure 4) show that the ambient temper-
ature does not significantly affect the technical param-
eters of the HRSG, as the technical parameters of the
gas turbine. The overall reduction in relative power of
the Alstom combined cycle is determined by a signifi-
cant decrease in the relative power of the gas turbine.
And it does not significantly depend on the modifica-
tion of the gas turbine — GT24, GT26 or KA24. The
Alstom combined cycle loses about 15% power when
the ambient temperature rises from 288 Kto 313 K (15
to 40°C). It should be noted that ambient temperatures
above 288 K (15°C) are characteristic of Iraq’s climate
for 9 monthsayear [ 16]. In addition, the ambient tem-
perature of more than 298 K (25°C) is observed in the
spring. summer and autumn seasons. This causes sig-
nificant economic losses in the production of electricity
during these periods of the year.

Conclusion. The ambient temperature affects
on the HRSG efficiency for all considered Alstom
combined cycle with gas turbines GT24, GT26
and KA24. The efficiency of the HRSG is reduced
by 5.0...5.5% with increasing ambient temperature
from 288 K to 323 K (15 to 50°C). The efficiency of
gas turbines is reduced to 30% at an ambient tem-
perature of 323 K (50°C). This leads to a decrease in
the efliciency of the Alstom combined cycle to 20%
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at an ambient temperature of 323 K (50°C). Such a
decrease in the overall efficiency of the Alstom com-
bined cycle in hot periods of year leads to substantial
economic losses in the production of electricity.
Reducing economic losses in the production
of electrical energy in power plants with Alstom
combined cycle in hot periods of the year requires

the development of effective measures to reduce
the temperature of turbine-entering air from the
environment. One of these activities is the evap-
orative cooling of the air inlet gas turbine. This
necessitates a computer simulation of the effect
of evaporative cooling of the outside air entering
the gas turbines.
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ON THE IMPOSSIBILITY OF COMPARISONS TRANSFORMATIONS
OF 4-PHENYL-, 4-BROMO- AND O-XYLENE IN AN OXIDATIVE
AMMONOLYSIS WITHIN THE SAME REACTION SERIES

Abstract: Comparison of reaction capability of 4-phenyl-, 4-bromo- and o-xylene at the vapor-
phase oxidative ammonolysis under the same conditions, were studied. For the estimation the reac-
tion capability the conversions of original substances are used and it was determined that the men-
tioned aromatic compounds are located due to reaction capability in the following series: o-xylene
> 4-phenyl-o-xylene >4-bromo-o-xylene. It was given explanation that in the connection with the
prevailing role of steric factor of volume phenyl radical in absorption stage as well as electron fac-
tor of bromine atom in the kinetic region the comparison of transformations of 4- phenyl-o-xylene
and 4-bromo-o-xylene in the frame of the same reaction series is impossible, that determines the
uniformity type of limiting stage and polar effects in these complex processes. It was discussed that
for the both substituted o-xylenes in the process of oxidative ammonolysis the kinetic control is no
of the single type and therefore application the principle of free energy linearity (FEL), i.e. eligibil-
ity of application of p-o analysis or proportionality (additivity) the influence of electron effects of
substituents within the same reaction series are not performed.

Keywords: oxidative ammonolysis, 4-phenyl-, 4-bromo- and o-xylenes, reactivity ability and
series.

Bazupsade I'yry Axmed ozvl,

doyenm kadedpot buoPusuteckoii u 6UO0p2aHUEcKOl XUMUL
Aszepbatidncanciuti meduyurckuil yHusepcumem

E-mail: qulu.bagirzade@gmail.com

O HEBO3MO>XXHOCTU CPABHEHUU NPEBPALLEHUA
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AnnoTtanus: I13ydeHs cpaBHeHue [IPU OAUMHAKOBBIX YCAOBHSIX, PEAKIIMOHHOM CIIOCOOHOCTH 4-de-
HUA—, 4-6pOM— U 0-KCHAOAQ IIPH ITApO(a3HOM OKUCAUTEABHOM aMMOHOAM3E. AASI OLJeHKU PeaKI[HOHHOM
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CIIOCOOHOCTH HCIIOAb30BaHBI BEAMMUHBI KOHBEPCHU HCXOAHBIX BEI[eCTB U OIPeAEAEHbI, YTO YKa3aH-
HbIe ApOMATHYECKHe COEAMHEHMS 10 PeaKI[HIOHHOM CIIOCOOHOCTH PACIIOAATAIOTCS B PSIAY: O-KCHAOA
> 4-peHHA-0-KCHAOA >4-OpOM-0-KCHAOA. AQHO OOBSICHEHHE, YTO B CBSI3U C IPEBAAUPYIOLIHIL POAH
CTeprIecKoro $pakTopa 00eMHOr0 GEeHHAPHOIO PAAUKAAA B AACOPOIIMOHHOM CTAAMU U 9AEKTPOH-
HOTO $aKTOpa aToMa HpOMa B KMHETHIECKOM 00AACTH, CpaBHEHMe IpeBpaIe I 4-peHHA-0-KCHAOAA
U 4-6pOM-0-KCHAOAA B PAMKAX OAHOI PeaKI[MOHHOM CEPUU HEBO3MOXKHO, YTO OIPEAEASIAO He OAHO-
TUIIHOCTb AUMUTHUPYIOLIEH CTAAUH U MOASIPHBIX 3P PEeKTOB B 9TUX CAOXKHBIX Iporeccax. O6cysKAeHsl,
4TO AASI 0OeHX 3aMellleHHBIX O-KCHAOAQ B IIPOLieCce OKMCAUTEABHOTO AMMOHOAM32 KMHETHIeCKHUil KOH-
TPOAb HE OAHOTHITHBII M [I03TOMY IIPMMEHMMOCTD IPUHIUIA AMHEHHOCTH cBO6oAHDIX aHepruil (ACD),
T.€. IPaBOMOYHOCTD IPHMEHEHHUSI P-0 aHAAU3A MAH IPOTIOPLIMOHAABHOCTD (AAAUTHBHOCTD) AGHCTBHS

9ACKTPOHHBIX 9P PEKTOB 3aMeCTUTEAEH B PaMKaX OAHOM PeaKIIMOHHOM CepUU He BbIIIOAHSETCS.

KaroueBble CAOBa: OKUCAUTEABHBII AMMOHOAN3, 4-$peHUA—, 4-OPOM— 1 0-KCHAOADI, PEAKIIMOHHOM

CIIOCOOHOCTD U CepUHL.

AKTyaABHOCTb AQHHOM ITPOOAEMBI CBSI3aHO CO
CpaBHEHMeM PeaKIJMOHHOMN CIIOCOOHOCTH 0-KCHAOAR,
ero 4-penus— u 4- 6GpomM3aMel|eHHbIX B TAPOPaZHOM
OKHCAUTEABHOM aMMOHOAHM3€ IIPH OAMHAKOBBIX YCAO-
BISIX C TEOPETUYECKIM 0000IIeHIIeM BAUSHIUS KaK
9AEKTPOHHOrO $paKTOpa aTOMa OPOMa, TAK U CTEPU-
4eCKOro GpakTopa 06beMHOTrO PEeHUABHOTO PAAUKAA]
B 4-1oAO>KeHHHU. AefCTBHe CTepHIecKoro gpakTopa
AASL QEHMABHOTO 3aMeCTUTeAS 4-PpEeHHA-0-KCHAOAQ
C TOUKHM 3peHUs] KOHPOPMALIUH U3-32 0OPa3OBAHIU
NepIIeHAUKYASIPHON (pOPMBI B CBSI3H 3aTPyAHEHHEM
aACOPOLIMY MOAEKYABI C METUABHO IPYIIIIOL, IIepe-
HeceHa M3 KHHETUYeCKOM 00AACTH Ha IIPeALIeCTBY-
IOI[YIO — AACOPOLIMOHHYIO CTapmIo. B pesyabrare de-
HUABHBII 3aMeCTUTEAb B OTAMYME OT aToMa Opoma
HCKAIOYEH U3 PeaKIIMOHHOM CePHUH, 3TO TIOATBEPXKAA-
eT pa3AMYHe Pe3yAbTaTOB KHHETHYECKON KOHTPOAH
060X 3aMeIeHHbIX 0-KCHAOAQ.

AASL OLIeHKH PeaKIMOHHOM CIIOCOOHOCTH UCIIOAD-
30BaHbI BEAUMHHBI KOHBepcHH (,% ) MCXOAHDIX Be-
IeCTB, ONpeAeACHHBIE B OAMHAKOBBIX YCAOBHSAX: TEM-
nepatypa 673 K, Bpemenu konTaxra 0,91 ¢, MoabHOE
COOTHOILIEHNE CybcTpar: Bo3ayx: ammuak 1:30:50.
M3sydeHune porjeccoB OKMCAUTEABHOTO AMMOHOAM32
0-KCHAOAQ, ero 4-$peHrA— U 4- 6poM3aMellleHHbIX Ha
V-Sb-Bi-Zr/v-Al O -okcuaHOTO KaraausaTopa noka-
3aA0, 4TO BBEAEHHE B APOMaTHIECKOE SIAPO 0-KCHAOAQ
KaK GeHHABHOTO PAAUKAAQ, TAK F aTOMa OpOMa, OTpHU-

IJaTEABHO BAVSIET HA €T0 PEAKI[IOHHYO0 CIIOCOOHOCTS:
o-kcraoA (a—96,42) > 4-penua-o-kcunon (a — 89,60)
> 4-6pom-o-kcuaoa (a — 84,22).

W3y4eHne peakiiny OKMCAUTEABHOTO AMMOHOAM32
0-KCHAOAQ U €T0 4-3aMeljeHHbIX IPOBOAMAOCH B 6e3-
IPAAMEHTHOM IIPOTOYHOM PEAKTOPE C BUOPOOXKIDKEH-
HbIM caroeM V-Sb-Bi-Zr/ y—AlZO ,-OKCHAHOTO KaTaAm3a-
Topa ipu arMocdepHom AaBaernu [ 1,39-43]. BuaHo,
4TO BBEACHHE B KaYeCTBE 3aMeCTUTeAeH PeHHAbHOM
TPYIIIIBI ¥ aTOMA OpOMa B IIOAOYKEHHH 4 apoMaTHye-
CKOTO SIApPa yMeHbIIaeT KOHBEPCHUIO 0-KCHAOAOB, IIPU-
4yeM (eHHABHBII 3aAMeCTUTEAD OKA3bIBaeT MEHbIIIee OT-
pHILIaTeAbHOE BAVSIHUE.

C 1eAbl0 OOBSICHEHUS OTPULIATEABHOTO BAW-
SHYMST (EHHABHOTO PaAMKAaAa BAXHO OTMETHTS,
4TO 3TO IpYIIa OTHOCUTCS K 3aMecTHTeAsiM III
poaa (yraepoaHbie p-CHCTEMBI UAU HETIOASIPHBIE
T-9AEKTPOHHBIE CHCTEMbI), KOTOPbIE MOTYT MPOSIB-
ASITh KaK 9AeKTPOHOAOHOPHBIE, TaK U JAeKTPOHO-
aKIeNITOpPHbIE CBOMCTBA, IIOCKOABKY UX BaACHTHBIE
opbuTaAn sHepreTUYECKH OAATOIPUSITHBI AASL CO-
OTBETCTBYIOIUX B3amMoAencTBuil [2, 849-859].
Kpome Toro, B MoAaekyae 4-peHHA-0-KCHAOAA e-
HUADBHAS TPYIIIIA SIBASIETCS ITIOABIDKHBIM 3aMeCTHTe-
A€M C TOYKH 3peHHsI KOHPOPMAIIHH, KOTAQ pedb UAET
0 BHYTPHUMOAEKYASIPHOM BpAlIlleHU! 110 O— CBSI3H,
COEAMHSIIONEN ABa OEH30ABHBIX KOABLA, OAArOAApsI
OTCYTCTBHIO 3aMECTUTEACH B OPTO-IIOAOKEHHUSAX II0
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OTHOIIEHUIO K YyTAEPOAHBIM aTOMaM, CBSI3BIBAIOIINX
ABa apOMATHYECKUX IUKAa [ 3, 83-88].

C opHOI1 CTOpOHBI, GpeHHABHAS IPYIIIA KaK JAEK-
TPOHOAOHOPHBII 3AMECTHTEAb OAATOIIPUATCTBYET CO-
IPSDKEHHIO U CTAOUAUBUPYET OUCCEKTOPHYIO GOpMy
MOAEKYABI 32 CYET B3aHMOAEUCTBUS GParMeHTOB |4,
4098-4102 ], 5T0 PUBOAMT K PACTIOAOKEHHUIO PEHHAD-
HOTO PaAMKaA B IAOCKOCTH O-KCHAOAQ U TAKOKe IIpe-
ILITCTBYyeT CBOOOAHOMY BpaieHuio Bokpyr C-C-
OaHaxo,
4-deHnA-0-KCHAOAA PE3OHAHCHbIE OCTOSHHbIE (07)

CBA3H. IIOCKOADBKY B MOAEKYAE

(l)eHI/I.AbHOI:I nu MeTPIAbHOfI I'PYI'IH, paCHOAO)KeHHI)IX
B Hapa-HOAO)KeHI/IHX pa3A1/ma}0Tc5[ HE3HAYUTEADBHO
(a* =-0,19,6"

CeH3 CH;
Aeit Aoy =0 [S, 210], ToO MOXHO CAEAATH BHIBOA, UTO

=—0,17), a AAS MeTa-3aMeCTHTE

COIIPsDKEHIE 3AeCh He Urpaet 3aMeTHOI poan. C yue-
TOM OTCYTCTBHE 3aMETHOH POAU COIIPSDKEHUS, T.e.,
9AEKTPOHOAOHOPHOCTD (pEHHABHOI IPYIIIIbI, MOKHO
CKa3aTb, YTO 3TO TPYIIIA B MOAEKyAe 4-peHHA-O-
KCHAOAQ IIPOSIBASIET TOABKO 9A€KTPOHOAKIIEIITOPHbIE
cBoicTBa [ 6, 47-49]. C ApyTOit CTOPOHBL, B MOAEKyAE
4-denna-o-kcraoAa GpeHUAbHAS TPYTIIA KaK dAEKTPO-
HOAKIIEITOPHbII 3aMECTUTEAD BMECTE C IIOAOXKHUTEAD-
HbIM UHAYKTHBHBIM (+]) addexTom mapa-MeTHAbHOI
TPYILIbI HALIPABASIFOTCSI B CTOPOHY aKTHBALIAH I1apa-
METHABHO IPYIIIIbI OTHOCUTEABHO PEHHABHOTO 3aMe-
cTHUTeAs. 3A€Ch HAAO MIOAYEPKHYTD, YTO (eHHABHASI
TPYIIIa, KaK U3BECTHO, He BAVSIET HA aKTHBALIHIO METa-
METHABHOM IPyYIIIBL V13 BBIIIEH3A0KEHHOTO BHITEKAET,
9TO IIPU OKHCAHTEABHOM aMMOHOAHU3e 4-(eHHA-o-
kcuaoaa Ha V-Sb-Bi-Zr/ y—Ale ,"OKCHAHOM KaTaAH-
3aTope NepBoit aKTHBUpYyeTcs napa— | 7,23-27], a Bro-
poit Mera — MeTuabHble (8, 430-440] rpymms! mo
OTHOIIEHHUIO K 3AMECTUTEASIM B APOMATHIECKOM SIADE.
OAHaKo, HECMOTPSI Ha aKTHBALUU I1Apa-METHABHOM
TPYIIIB OTHOCHTEABHO PEHUABHOTO 3aMECTUTEAS, [IO
CPaBHEHUIO C 0-KCHAOAOM ITOHIDKEHHOE PEaKIIOHHOE
CIIOCOOHOCTD 4-(eHHA-0-KCHAOAQ CBSI3AHO C IIOSIBAE-
HUEM €0 PA3AMYHBIX IIPOCTPAHCTBEHHBIX GOPM, BO3-
HUKAOIIVX [IPH U3MEeHEHNH OTHOCUTEABHO OpHeHTa-
LMY OTACABHBIX €€ YacTell B pe3yAbTaTe BHYTPEHHErO
BpamjeHusi pparMeHTOB BOKPYT OAMHAPHOM CBSI3H 32-

TPYAHSIET BBIIBACHME PEaKIJOHHOCIIOCOOHOM KOH-
popManuu cybcTpara IpHu aACOPOLIUM C METUABHOI
rpyIIoi Ha Karaausarope. IIpu aToM ¢ poctoM poan
CTepUYecKoro GpakTopa yBeAUYMBACTCS AOAS ITepIIeH-
AUKYASIPHOM GOPMBI MOAEKYABI U TIPH PaCIIOAOKEHUH
00ONX LIIKAOB B [TEPIIEHAUKYASIPHBIX TAOCKOCTSIX TPe-
OOBaHHUe KOITAQHAPHOCTH HE MOXKET OBITh COOAIOAEHO.
CaepoBaTeAbHO, MOXKHO CKa3aTb, YTO GpeHHABHOM pa-
AMIKAA KaK OO'beMHBII 3aMECTHUTEAb CIIOCOOEH BBI3BATh
3HAUMTEABHOE CTePHUYECKOe 3aTPYAHEHNe U TeM CaMbIM
3aMeTHO M3MEHMTb ITepBOHAYAABHYI0 KOHPOPMAIIHIO
MOAEKYABL Takum 06pa3oM, MeHbIIIAsl peaKIIMOHHAS
CIIOCOOHOCTD  4-eHHA-0-KCHAOAQ IO CPABHEHUIO
C O-KCHAOAOM MOXET ObITb OOBSICHEHA CTEPUIECKUM
pakTOpOM: 0OBEMHDIIT (PEHHABHBII PAAUKAA IIPEILST-
CTByeT aAcopOLmu 4-(peHUA-0-KCHAOAQ METHUABHOM
rpynnoi. ApyrumMu CAOBaMHM, YIUTbIBasl OTCYTCTBHE
BAMSHIS B ITapa-TIOAOXKEHHH CTEpHUIECKOTo $aKTopa,
AEHCTBHSI KOTOPOTO AASl pEHHABHOTO 3aMeCTUTEAS
4-JeHrA-0-KCUAOAA C TOYKH 3peHH KOHPOPMALIUH 13-
3a 06pa3oBaHMH IePIIEHAUKYASPHON GOPMBI B CBSI3U
3aTpyAHEHHEM aACOPOIIMH MOAEKYABI C METHUABHOM
TPYIIIOH, IIepeHeceHa U3 KMHeTHYeCKOM 00AaCTH Ha
IPEALIECTBYIOLIYIO — AACOPOLIMOHHYIO CTAAUIO, B pe-
3yAbTaTe 4ero 3TOT 3aMeCTHTEeAb B OTAMYHE OT aTOMa
OpoMa HCKAIOYEH U3 peaKIjMOHHON cepuu. Takum 06-
pa3oM, MOXXHO CKa3aTb, YTO B CAydYae aACOpOLHU
4-peHnA-0-KCHAOAQ METUABHOM IPYTIIION, 3aMETHYIO
POAD HTpaeT CTepHUIecKHil $aKToOp, a B CAydJae aKTHBa-
uuu (xeMocop61um) — 2AeKTpOHHbI ¢akTop [9,
9-13].

B oxucanteapHOM aMMoHoOAu3e 4-6poM-o-
KCHAOAQ IIPU XeMOCOPOLIMH IIPOUCXOAUT AKTHBAIINS
METHABHBIX IPYTII B TAKOM 5Ke II0CA€AOBATEAbHOCTH,
KakK Yy 4-QeHHA-0-KCHUAOAQ, T.€. IPeBpaljaeTcs IepBoH
Iapa-MeTHAbHAs IPyTIa, BTOPOM — MeTa-MeTHAbHAs
TPYIIIa [0 OTHOIIEHHIO K 3AMeCTUTEASIM aToMa Opo-
Ma. DTO CBA3aHO, I0-BUAMMOMY, C 9A€KTPOHHBIMU
daxTopamu B MoAeKyAe 4-6poM-0-KCcHAOAQ. AeHICTBU-
TEABHO, B MOA€KYAe 4-OpoM-o-kcraoaa +1-apdexr
Iapa-MeTHABHOM rpymmsl 1 —[-adpdexr aroma 6poma
HAITPaBASIOTCS B CTOPOHY aKTHBAIMH, a +M-addexr
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aToMa 6p0Ma IIPOTHUB AKTUBALMH TOM METHABHOM
rpymms! 4, ¢ yaetom —IBr > + MBr [ 10, 47] u3 ckazan-
Horo BbITekaeT, yto +ICH, + (-IBr) >> +MBr. Kax
U3BECTHO B MOA€KYAe 4-OpoM-0-KCHAOAA aTOM Opo-
Ma, He BAUSIET Ha aKTUBAITHIO METa-MeTUABHOM! IPYII-
IIbI, KOTOpasi caMa 0bAapaeT TOAbKO +1 adpdexTom.
YuuThIBasl BHIIIEN3AOXKEHHOE, CAEAYeT OTMETHTD, YTO
9AEKTPOHHBII GaKTOp aTOMa OPOMA KaK 3aMeCTUTEAS
B 4-IIOAOK€HHU TIPH XeMOCOPOLIUH IIOAOXKUTEABHO
BAMSIET Ha AKTHBALIUIO 4-6pOM-0-KCHAOAA.

OaHako, HeCMOTps Ha aKTUBALUU ITapa—Me-
THABHOM TPYIIIIBI OTHOCUTEABHO aToMa 6poMma, 1o
CPaBHEHHIO C O-KCHAOAOM IIOHIDKEHHOM peaKIfu-
OHHOM CIIOCOOHOCTH 4-OPOM-0-KCHAOAQ CBSI3QHO
c apdexrom compsuxenus (+M) HemopeseHHOM
Hapbl 9AEKTPOHOB TAAOTeHA C AGAOKAAM3OBAHHBI-
MU T-3AeKTPOHaMH Koabna [ 11, 285-289], uto 3a-
TPYAHSIET OTPBIB IIPOTOHA BCAGACTBHE Te€TEPOAUTH-
yeckom puccoruanuu MetuabHoit C-H cBsi3y, T.e.
3aMeAAsieT MATKYIO aKTUBAI[UIO AP OMaTUYeCKOTO CO-
epuHenus [ 12, 55-58]. AeficTBUTeABHO, B yCAOBHSX
OKHCAMTEABHOTO AMMOHOAH32 ITPH IIEPBUYHOM B3aH-
MOAEHMCTBHH C OKCHAHBIM KaTAAH3aTOPOM y AaAKHAQ-
POMATHYeCKIX COEAMHEHHI pa3pbIBaeTcsi 60KoBast
C-H-cB#13b, HAXOASIIEHCS B A-IIOAOXKEHUH K apOMa-
THYECKOMY SIAPY C IIPOTOHU3AIIHEl BOAOPOAA U 00-
Pa3soBaHHEM COOTBETCTBYIOIIUX AAKHAAPOMaTHIe-
CKHX Kap6aHMOHOB Ha He MOAMUIIMPOBaHHOM [ 13,
96-118] n Mopudurmposantom [ 14, 1079-1084]
V-Sb-Bi-/ Y-A1203-OKCI/IAHOM KaraauzaTope. OpHa-
KO, KaK BUAHO W3 BBIIIEU3A0KEHHOI'O, AASI TAKOT'O
POAQ aKTUBAITUH CTePHYECKOe IPEILITCTBHE, OKa3bl-
BaeMoOe GeHUADHOM I'PYNION B 4-pEeHHA-0-KCUAOAE
MeHee CYIIeCTBEHHO II0 CPAaBHEHHUIO C BAUSHUEM
+M - addexra aTomMa 6poma B 4-6pOM-0-KCHAOAE.
B cooTBeTCTBHHU C 3THM CAEAYET OTMETHUTD, YTO Ha-
IpaBASIOIIee BAHSHIE CTEPUIECKOTO HAU JAKTPOH-
HOro $paKTOpa 3aMeCTUTEAEH, HAXOASIUXCSA B 4-110-
AOXKEHUH apOMAaTHYeCKOTO KOABIIA O-KCHAOAQ Ha
PEaKIHOHHYIO CIIOCOOHOCTD CHABHO 3aBHCHT OT €0
reOMeTPHHU U IPUPOABL Tak, 06beMHast GpeHHAbHAS
TpYIIIIa 3aTPYAHSIET aACOPOILHIO CybcTpaTa BIAOTD

AO TOT0, YTO CTepUIeCKUI PAKTOP CTAHOBUTCS IIpe-
00A2AQIOIINM, @ B CAy4ae aToMa GpoMa, HeCMOTPsI
Ha HaAW4Me 0OABIIOrO 06beMa, PeIIaromuM OKa3bl-
BaeTCsl 9AeKTPOHHBIN ¢pakTop. B pesyapraTe mpe-
BAAHMPYIOIIUI POAH CTepUYECKOro ¢pakTopa 06b-
eMHOTO $eHHUABHOTO PAAMKAAA B AACOPOLIMOHHOM
CTAaAUH U dA€KTPOHHOTO $aKTopa aroMa Gpoma
B KMHETUYeCKON 00AACTH, CpaBHEHHII IIpeBpallle-
HUT 4-QeHUA-0-KCHAOAQ B 4-OPOM-0-KCHAOAQ B PaM-
KaX OAHOM peaKITMOHHOM Cepuu HEBO3MOXKHO, YTO
OIPEAEASIAO He OAHOTHIIHOCTb AMMHUTHUPYIOIIei
CTaAUH U MOASIPHBIX 9P PEKTOB B 3THUX CAOKHBIX
nponeccax. Kak n3BecTHO, B MHOTOCTAaAUMHBIX pe-
AKIMSIX O0IIast CKOPOCTD IPOLIECC OIPEACASETCS
CTaAMEHN C CAMOM MaAO¥ KOHCTAaHTOM CKOPOCTH, KO-
TOpasi Ha3blBaeTCs AMMUTUpYIomel. B cBs3u c atum
AAS 4-$peHnAa—, 4-6poM— U 0-KCHAOAQ HapyIIAeTCst
OAHOPOAHOCTD peaklIMOHHOM cepuu. Toraa B pe-
aKITMOHHOM CepUH U3 TPeX COeAMHEeHMI OCTaloTCs
ABa, 13 KOTOPBIX O-KCHAOA SIBASI€TCSI OA3HCHOE, T.e.
INPUHUMAETCS 32 HyAb OTCYETa, a Apyroe- 4-6pom-
0-KcHAOA. CAaepOBaT@ABHO, HEBO3MOXHO FOBOPHTD
0 KOPPeASIMOHHOM aHAAM3€, IIOTOMY, YTO PpaKTHye-
CKH OCTaeTcsl oAHa Touka. ITockoabky aast peHnab-
HOTO pajpMKaAa B Mapa—IIOAOXKEHUHU CTepUYeCKHH
$aKTOp OTCYTCTBYeET, HO €rO ACMCTBHE IlepeHeceHa
3 KHHETHIeCKOM 00AACTH Ha [IPeAIIeCTBYIOLIIE aA-
copbrmonnsie crapuu. OTKAOHEHHEe OT AMHEHHOM
koppeasinuu npunnuna ACO cBsizaHO 0cOOeHHO-
CTSIMH CTPYKTYPbl MOAEKYABI 4-(peHHA-0-KCHAOAQ
U e€ KOHPOPMAIMOHHBIM COCTOSHHEM, a TaKXke
cMeHOM AumuTupylome# ctaauu. Konpopmanmon-
Hble SBACHHS MMEIOT OIPOMHOE 3HaueHue B opra-
Hudeckol xuMmun. OHM XapaKTepHbI IPAaKTUYeCKH
AASL AFOOOTO OPTaHHYeCKOTO COEAMHEeHNs], HauHHas
C MIpOCTEeNMHUX, KaK TOAbKO mosBuaach C—C-cBa3pb
[15, 14-16]. IToaTOMy, HEBO3MOXXHO CPaBHEHHE
npespameHnil 4-peHna—, 4-6poM— U 0-KCHAOAQ
IIPH OAMHAKOBBIX YCAOBHUSX B OKHMCAUTEABHOM aM-
MOHOAHM3€ B PaMKaX OAHOM peaKIMOHHOM CepHuH.
V13BeCTHO, 4TO TEpMUH «PeaKIHOHHAsS CepHsi>»> 000-
3HAYaeT COBOKYIIHOCTb PeaKIiuil, 0ObeANHEHHbIX
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10 IPHU3HAKY Y4aCTUSA B OAHOTUITHOM XMMHUY€CKOM [16,988-1016]. B aToMm cMbIcAe ypaBHeHue [amme-

npouecce. B paMmkax oAHON peakIJMOHHON CEpUM  Ta, TaK K€ U THe «COOTHOIIEHUSI AUHEHHOCTH
)

06BIYHO OIIPEAEASIOT OAHOTHIIHOCTD AMMUTHPY1O0- CBO6OAHI)IX 3HePFHfI>>, SABASICTCA ‘IpeBBbI‘—IafIHo I10-

meﬁ CTAaAMH M IIOASIPHBIX 3(]?(1)6KTOB (p-O' CBA3aH- A€3HDBIM B IIEAX ITPEACKA3aHMI peaKI_[I/IOHHOfI CIIO-

HBIe MEXAY co0011 BEAMYHH) B CAOXKHOM mporecce  COOHOCTH OPraHMYECKUX COEANHEHU [17,9-16].
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SYNTHESIS AND ANALYSIS OF NEW Pbl -
BASED INTERCALATION COMPOUNDS

Abstract: In the present article, Pbl, solubility in DMAA, density and dynamic viscosity of Pbl, solu-
tions in DMAA were determined. Two intercalation compounds were obtained in Pbl,/DMAA. X-ray

diffraction analysis and diffuse reflectance spectroscopy were used in identification of the obtained inter-

calation. Thermography was used to determine the stoichiometry of the obtained intercalation compounds.

Keywords: intercalation, intercalation compounds, layered structure, single crystals, density,

viscosity, solubility.

Introduction. The intercalation process is a
reversible chemical reaction of intercalants (atoms,
ions, molecules) insertion into the interlayer gaps
of crystalline inorganic matrices of a layered struc-
ture (graphite, dichalcogenides or transition metal
halides, etc.). An important property of intercalation
process is to preserve the integrity of the crystalline
structure of the matrix, with a possibility of only a
slight increase in the lattice parameters of the matrix
in one or several directions. Furthermore, the result-
ing intercalation compounds have significant difter-
ences from the matrix-material. Their physical and
chemical properties, electronic structure, electrical,
magnetic, and spectral properties differ, which make
these compounds interesting. They are potentially
productive as applied materials and can be used as
catalysts, semiconductor superlattice materials for

solid-state electronics, electrodes in primary and sec-
ondary current sources and solar cells, etc.

The organic molecules intercalation into layered
matrices of Pbl, was first discovered and studied by
V.M. Koshkin and his students [ 1-3].

Our study subject is the intercalation of PblI,
single crystals with the N, N-dimethylacetamide
intercalant (DMAA).

The objective of this article is:

— to determinate physical and chemical proper-
ties: solubility of Pbl, in DMAA, density and dy-
namic viscosity of Pbl, solution in the intercalant;

— to develop methods for intercalation com-
pounds obtaining in Pbl, /DMAA;

— identification of the obtained intercalation
compounds;
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— determination of the stoichiometry and en-
thalpy of the obtained intercalation compounds
formation.

Methods. The method development for obtain-
ing intercalation compounds in Pbl, /DMAA, re-
quires knowledge of the physical and chemical prop-
erties of the solutions in DMAA, namely solubility
(C,) of Pbl, in DMAA, density ( p ) and dynamic
viscosity (77) of Pbl, solutions in the intercalant,
which are currently unknown. DMAA purified by
the standard method and Pbl, single crystals grown
from the melt by the Bridgman-Stockbarger tech-
nique was used to research those properties.

The density was measured in capillary pycnom-
eters with a capillary diameter of 0.8 mm and a ca-
pacity of 10-25 ml. The relative error in the density
measurement did not exceed 0.02%.

Glass capillary viscometers VPG-2 and VPG-3
with a capillary diameter of 0.34 to 0.56 mm were
used to measure the dynamic viscosity of the Pbl,
solutions. The viscometers with at least 300-second
flow time were used in experiment.

The dynamic viscosity (1) of Pbl, solutions was

calculated by the following formula:

n=k-p-t,

where k is the viscometer constant value calculated
from the known viscosity value of double-distilled
water and glycerin; p is the solution density; A —is
the mean flow time of at least S measurement results.
The relative error in the viscosity of solutions calcu-
lation did not exceed 1%.

Solubility of Pbl, in DMAA was determined by
visual inspection based on the opalescence appear-
ance, as well as by calibration curve using UV spec-
troscopy of the solutions (spectrophotometer
SF-56). The calibration curve shows the Pbl, con-
centration (C, mol/1) in the DMAA solution depen-
dence on the wavelength shift A , at the optical den-
sity value D = 0.5.

Results. Table 1 shows the results of the physical
and chemical properties study of Pbl, /DMAA: Pbl,
mole fractionin ( N, ) solution, density ( p ), dynam-
icviscosity (#) and solubility (C, ) of Pbl,in DMAA.

Table 1.- Results of the physical and chemical properties study of Pbl, /DMAA

N, p-103,kg .- m n,mPa-.s C,, mol/l
0.0020 0.9419 0.93
0.0040 0.9493 0.96
+
0.0051 0.9530 0.99 1.103£0.003
0.0065 0.9597 1.02

The data obtained were used to develop repro-
ducible methods for producing Pbl, -based intercala-
tion compounds.

Pbl, -based intercalation compounds were ob-
tained by two methods: by immersing Pbl, single
crystals in Pbl, saturated solution in the intercalant
or by slowly cooling the supersaturated Pbl, solution
in the intercalant.

The initial Pbl, single crystals are bright orange.
The intercalation produces two intercalation com-
pounds that differ from each other in color (light
yellow and white crystals). It should be noted that
earlier in [4] the obtained intercalation compound

was Pbl, /DMAc of light yellow color with a 1:1 stoi-
chiometry. We synthesized the intercalation com-
pound of white color for the first time.

The obtained intercalation compounds were
identified by the method of X-ray diffraction analysis
(DRON-3 X-ray diffractometer). It shown the evi-
dent difference between the structure of both inter-
calation compounds and the initial structure of Pbl,
single crystals, which was noticeable by remarkable
change in interlayer distances d and relative intensi-
ties of X-ray diffraction pattern I.

The X-ray diffraction pattern of the new intercala-
tion compound (white crystals) was identified the

42



SYNTHESIS AND ANALYSIS OF NEW PbI2—BASED INTERCALATION COMPOUNDS

same way as described in [1]. The structure of this
compound can be viewed as orthorhombic, derived
from Pbl, hexagonal lattice, with an increased inter-
planar distance ¢ = 10.2A (for a pure Pbl,: c= 6.86A )
by increasing the distance between the three-layered
Pbl, after insertion of DMAc molecules and the dis-
torted Pbl, lattice in the basal plane with doubled con-
stantsa ¢’ =24 and b = 24+/3 against the initial Pbl,. It
is evident that the interplanar distance (10.2 A ) in the
intercalation compound can be considered as the sum
of the thickness of the three-layered Pbl, (~3.5 A)
and the length of the DMAc molecule (~6.2 A).
Comparison of the experimental values and measures
of the interplanar distance d of the intercalation com-
pound showed a very satisfactory coincidence (£ 1%).

Diftuse reflectance spectroscopy was used for
the qualitative analysis of the obtained intercalation
compounds.

It was conclusively established in [ 5] that during
intercalation of Pbl, by donor molecules (amines
and amino alcohols) a significant, short-wavelength
shift of the fundamental absorption edge of PblI,
takes place. A similar effect occurs for the intercala-
tion compounds obtained in this work, which can be
considered another confirmation of the structural
difference of the obtained intercalation compounds
from the individual structure of pbl, . The diffuse re-
flectance spectra were studied using the PDO-1 se-

rial supplement to spectrophotometers. The spectral
measurement range was 340-700 nm.

The intercalation process is reversible, which al-
lows us to determine the stoichiometry of the ob-
tained new intercalated compounds by thermogra-
phy. this  purpose  Q-derivatograph
(Paulik-Paulik-Erdey) was used. Research was con-

For

ducted in a dynamic mode, at a heating rate of 6.6
degrees/min., and sample weight of 250 mg. As part
of the process, sample temperature change (T), sam-
ple loss weight (TG), rate of the change in sample
weight (DTG) and the differential thermal analysis
(DTA) curves were recorded. In Pbl, /DMAc analy-
sis, two distinct weight loss points in samples of white
crystals on the TG curve were found: at 150 and
250 °C. This may indicate the existence of two differ-
ent intercalation compounds in Pbl, /DMAA. The
stoichiometry parameters were taken from the TG
curves, and the formation enthalpies of the new in-
tercalation compounds were calculated using the
method [6]. The stoichiometry of the light yellow
intercalation compound Pbl, /DMAc coincides with
the stoichiometry obtained in [1] and corresponds
to the proportion 1:(0.9 £ 0.1), the formation en-
thalpy of this compound is 50 + 5 kJ/mol. The stoi-
chiometry of the new (white) intercalation com-
pound corresponds to the proportion 1:(1.9 £ 0.2),
and the formation enthalpy is 96 + 8 kJ /mol.
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