


OCHOBHb lM Tl-1nOM T8nJlo06M8HHbiX a ri n a pa 

TaB B ore-recraeunux Cl-1CTeMaX LJ,8HTpaJl l-1

3 0 Ba HHo r o cH a 6)\(8Hl-1s:l TenJlO M l-1 roPs:l4 8i1i 

BOAO ili s ans iorca nonor pe sarenn KO)\(yXOTpy6HOro 

l-1 cnOJlH 8Hl-1s:l. 

K Hl-1M OTHOCs:lTCs:l BOA O-BOA s:l Hb le nonorpesarenn 
ro pnao-rransuue no rOCT 2 7 5 9 0 - 9 9; ropnsourans
Hbl e napoaonsnue no OCT 108.271 .105-76 l-1 B8PTl-1

KaJlbHbl8 napOBOAs:lHbI8 no OCT 108.271.101-76 [1 - 3]. 

K OHC TP YK LJ, l-1 l-1 6~ Jll-1 pa3pa 60TaH~ B 50- e r ~ 

npouinoro Be Ka l-1 y)\(e K 90 -M rr. npnaaaaanncs YC

Ta p8BWl-1M l-1 . B n OCJl eAHl-1 8 15-20 Jl8T 3TO MH o r o

«pan- e OTMe4aJlOCb B n8p l-1 0Al-14 eCKOili n 84aTl-1 , Ha 

KOH ep8peH LJ, l-1 s:lX l-1 Cl-1 M n03 l-1 YM a x [4-6] . MH Orl-18 ru
Cs:l4l-1 8 A l-1 Hl-1 LJ, 3TOro 060 p YA o BaH l-1 s:l , H8CMOTPs:l Ha 

KOHCTP YKTl-1 BH08 HeCOB8pw eHCTBO l-1 Hl-1 3 KYIO Ten

JlOBylO 3 epepe KT l-1 BHOCTb , He TOJlbKO COXpaH s:lIOTCs:l B 

3KCn Jl yaTa LJ, l-1 l-1 , HO l-1 n pOAOJl)\(aIOT A O uacrosuie ro 
Bp 8 M8H l-1 esmvc xart.ca MHOrl-1M l-1 l-13rOTOBl-1T8Jls:lMl-1. 

K C8p 8 A l-1 He 8 0 -x r r XX B. np06JleMa C03AaHl-1s:l ,lJ,fls:l 

3 Tl-1 X Cl-1CT8 M KOHCTpyKTl-1BHO 60Jle8 COB8pweHHbiX l-1 

6 0 Jl88 3 epep8KTlI1BHb iX annaparoa KO)\(yxOTpy6HOro 

runa npno opena AOCTaT04HO ocrpsrn xapaxrep. 
IlpOB8A8HHbl ili TeXHl-148 CKl-1 i1i aaanua KOHC Tp yK 

Tl-1BHb IX l-1 epa KTl-1 4 8CKl-1 X p a604l-1X Xa p a KT8 p l-1CT l-1 K 

n 8 p 84 l-1 CJl eHHOrO 0 6 0 pYAOBaHl-1s:l no xasan B03 M O)\(

HOCT b l-1 X CYUJ,8CT B8HHOro YJlYYW 8Hl-1s:lAa)\(8 np n YC

JlOBl-1l-1 COXpa H8Hl-1 s:l B H l-1 X rnaAKoTpy6Hbi X nosepx
HOCT e ili TenJlo0 6M8H a. O Ka3 aJlOCb B03 MO)\(HbIM 

Ta K)l(8 OCBO l-1 Tb l-1 3roTOBJl8Hl-18 KO)\( YXOTp y6HbIX n o

norpesaren en HOBOro nO KOJl8Hl-1s:l Ha CyUJ,8CTBylO
c.: 

C\J w, eM 0 60pYAOBaHl-1l-1 683 BHeCeHl-1 s:l cepb83Hb iX l-13

a M 8H8Hl-1i1i B OCB08HHb l8 Te XHOJlOrl-148CKl-1 8 npOLJ,8C-
C\J 

Cb l [ 7 -10] . OAHa Ko H8 0 6 x OAl-1MOCTb n ansuetuuero 
YJlY4w eHl-1s:l l-1X T8XHl-1 KO- 3 KOHOMl-14 8 CKl-1X XapaKT8 

P l-1CTl-1K Tp 8 6y8T nepexona Ha n OB 8 p XHO CT l-1 , otiec

PI-1C. 1. Ony HeHHaS1 r ennooc v eusas rp voxa. 

nOBblWeHl.1e 3e:pe:peKTI.1BHOCTI.1 Tennoo6MeHHbiX anna 

npl.1 npl.1MeHeHl.11.1 onyHeHHblX Tennoo6MeHHbiX Tpy6 
/1, .T. H. M.A. lOTOBCKII1M, Be,lJ,YlljIl1M HaYYHblM COTPY,lJ,HII1K, K.T.H. B.A. n epMRKOB, Be,lJ,Yllj ll1l1HaY'IHb/MCOTpyt:lHH , 
K.T.H. K.B . n epMRKOB, 3a Be,lJ,YlOllj ll1MceKTOpOM, OAO «Hn o L.(KT/II», 
I .A. KYPMeneB, , eHepan bHblM,lJ,lI1peKTOp, 000 «P3 HTA", , . Cewcr-Flereptiypr 

n84l-1BalOUJ, l-18 l-1 HT8 HC l-1 epV1KalJ,l-11O rennooouesa B 

annaparax C OA Hoepa3HbIM l-1 (BOAa-BOAa ) \J1 I-\BYX

epa3H b lM l-1 (nap-s ona) T8nJl OHOCIIlTe m l MLtl. 

048Bl-1AHO , 4TO HOBbie T lIln bl nOBep X H O CTe~ 

AOJl )\(Hbl 6 bl Tb T8 XHOJlO r l-14Hbl B 1Il 3 r OTOBneH1111, He 

Tp8 6 0BaTb HOB Oro noporocrosuiero 0 60PYAOB8

Hl-1s:l, l-1M8Tb np04HOCTHbi e l-1 MeXaHlIlyeCKLtle CBO~C T 

aa, H8 vcrvnaiouine a HaJlO rl-14 HbIM xaparreoucra
KaM maAKl-1 X Tpy6 l-1 nonyc xar s T8 >Ke cnocotiu 38

xpe nneu us KOHlJ,OB B Tpy6HbiX A OCKax , xoropue 
npl-1 M 8Hs:lIOTCs:l ,IJ,fls:l rJla,lJ,Kl-1 X Tpy6 111 aHanor Vl4Hbie 

MeTOAbl 0 4 l-1CTK l-1 B HyTp e HHl-1X noeepxaocrea. Cy
UJ,8CT B8HH O Ta K)\(8 Or pa Hl-1 48 H1Il 8 YBe n W'1eHVl Sl no

reps AaBJl8Hl-1s:l Be Jll-14l-1HOili npnpocra rennosoa 
3 epepe KTl-1 BHOCT l-1 . n OBbIW8Hl-1e CTOIllMO CTVI T3KHX 

Tp y6 no c paBHe Hl-11O C rJl aAKl-1Ml-1 H8 AO n>KHO npesu
uia rs vp oeus 20% . 

C Y4 eToM 3T l-1X Tp 860Ba Hl-1i1i 6 blna npoaeneua 
0LJ,8HKa B03 MO)\(HOCTl-1 ncnonsaoeauas B oaccaar
p l-1Ba8MOM 0 6 0 PYAo BaHl-1l-1 p a 3 Jll-1 YHbIX IIlHTeHcHep vl

LJ,l-1pOBaHH~x noB8 p xHo cT 8i1i. 

B pane Opra Hl-1 3 a ~l-1i1l nnn r ensuoe BpeMSl npOBO

Al-1Jll-1 Cb l-1 CCJl eAOBaHl-1s:l l-1 HT8 HC l-1 epl-1KalJ,IIlLtl rennooo
MeHa C n OMOUJ,blO HaH e C8 Hl-1 s:l Ha T8nnoo5MeHHYIO 

nOB8pxH OCTb Cl-1CT8M b l c ep8p l-1yeCKIIlX JlyHOK [1 1, 
12] . B a )\(HOili OC068HHOCTblO Ta Kl-1X Tp y 6 Sml1SleTCSl 

TO , 4TO npn l-1 3roTOBJl8 Hl-1l-1 l-1 X C nOMOUJ,b lO HapylKHo

ro A aBJl 8Hl-1s:l Ha BHYTpeHH8i1i n OB e p XHOCTIIlTpy 6 T8K

»ce B03Hl-1Ka 8T l-1HT8HCl-1epl-1lJ,l-1 PYIOUJ,l-1 i!1 Te nnoo6MeH 

pensedi , 3 epep8KT l-1 BHOCTb xoroporo, Ka K 6blno nora
3aH O B onsrrax, ,IJ,fls:l Ty p6YJl8 HTHOill KOHB8KlJ,LtlLtl 6111'13

«a K " Jly H0 4 HOM y" penserpv. 3TO ocooeu- o BalKHO 

,IJ,fls:l KOHB8KTl-1BHbI X T8nJlo06M8HHl-1KOB, B KOTOpblX 

T8 PMl-1Y 8 CKl-1 8 COn pOTl-1B Jl8Hl-1 s:l CTOpOH COLtl3Meplil

Mbl. npl-1 TaKOM M 8 ToAe l-1HT8HCl-1 epl-1KalJ,1Il 1ll o5ecne

-uiaa erca Ta K)l(8 OTHOC l-1T8Jlb HO H860 JlbW0 i!1 pOCT 

noreps AaBJl 8Hl-1s:l . n03TOMY 6 b lJlO npV1 Hs:lTO pewe

Hl-1 8 l-1CnOJlb3 0BaTb OJlYH8HHbl8 TPy6bl BM8CTO rran
Kl-1 X,IJ,fls:l peureuns n OCT aBJl8HH Oili Bb lW8 3aA a'-lLtl, 

4T06 bl pearu-aoa ars 3 Ty l-1A81O, H8 0 6 x OA liIMO 

6blJlO C0 3 A a Tb onsrn-oe np0l-13BOACTBO OJlYHe HHblx 

Tpy6 l-1 npOB8CTl-1 l-1CnbI Ta Hl-1 s:l nl-1JlOTHOr O KO>KyxO

rpvouoro n onorpesarena C nOBepxH OCTb lO renn o

0 6 M8Ha l-1 3 Ta Kl-1 X Tpy6 . 

Cneuwaru-cru 000 " P 3 H TA " B pa vxax COTPYA

Hl-148CTBa C OAO " H n O U,KTlI1 » paspaooranu 111 narc

TOBl-1Jll-1 0 p l-1 r l-1 Ha Jl b HYIO yCTaHoB Ky ,IJ,fls:l HaH eCeHLtlSl 

Ha nOBe p xH OCTb l-1 CXOAHbIX m aAK l-1 X Tpy6 cepepLtl'-le

CKl-1 X JlyH OK ( C03AaHl-18 Al-1CKP 8THOili p8rYJls:l p Ho i!1 we 

p OXOBaTOCTl-1) l-1 l-1 3 roTOBl-1Jll-1 n p06 HylO naprmo OJlY
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P VlC. 2. Cono craaneuue 3KcnepVlMeHTa nbHbix 3Ha "l eH Vl ~
 

K03<P<P Vll\VleHTa r ennone pena-ua AJl 51 o nyHeHHblx Tpy6 (K OKcn)
 
C p aC"IeTH b IMVl 3H a "leHVl51M Vl A n 51 rn a A KVlX Tp y 6 (KpacY) '
 

HeHHblX n arvuuux Tpy6,LJ,n51 onsm-oro napOBOA51HO

ro nonorpee arens , «oropsui 6 bln c n pO eKTlI1 pOBaH, 

V13 r OTOBneH 111 II1 CnbITaH . BHeWHII1 L1l B1I1,1], onyHeHHoLil 

Tpy6 K1I1 npencraanea Ha P 1l1c . 1. 
On1l1CaH1I1 e 3KC n e p 1l1 MeHTan b HoLil y CT aH OBK1I1 , 

on blTHble p e >KII1Mbl , M e TOAII1Ka 06pa60TK1I1 onsrruux 
AaHHbI X, OTHOC >lUJ,II1 XC>l K 1I1 CnbITaH1I1 51M orruruoro 

napOBOA51HorO n OAorpeBaTen 51 C nOBepxHocTblO 

r e n n o o o w e u a 111 3 onyHeHH bl X Tpy6 , nOAP06HO 111 3

nO>KeHO B [13]. 
Peavnsrars: 1I1 cnbiTaHlI1L1l noxaaanu 1I1HTeHc1I1<p1I1

L1,lI1pYIOUJ,ee Bn1l151HlI1 e nvuo« ua r ennoorna-rv KaK C 

BHyTp e HHe Lll , Ta K 111 C HapY>KHOLil CTOp OHbl rpvo . Ha

,,60nee cvuiecraeuuo, B 1,59 p a a a, BblPOC K0 3<P

q,1I1 LJ, 1I1 e HT Te n n OOTA a4 111 or CTe HKII1 Tpy6bl K BOAe (Xz. 

Onpeneneuuas 1I1HTeHCII1<p1I1KaLJ,lI151 TennOOTAa4111 Ha 

BHe W He Lil n OBepXHO CTII1 onyHeHHbl X rpyfi np1l1 nne 

H04 HOLil KOHAeH CaLJ,1I1111 n apa Ha HeLil TaK >Ke, CYA 51 no 

Bc eMy, 1I1 Mena M e CTO, HO npn 0 6pa 60TKe peaynsra

TOB onsrros eLil npeu e operann. 

V1 3MeHeH1I1e K03<P<P1I1LJ,1I1 eHTa r ennonepena-rv 
npu np1l1MeHeH 1I1 111 Tpy6 C nyHKaM1I1 np1l1BeAeHO Ha 

puc . 2. KaK B1I1AHO 111 3 rparpu xa, K03<P<P1I1LJ,1I1eHTTen 

nonepeAa4111 np1l1 1I1 Cn onb30BaHlI1l11 TaKII1X Tpy6 (K) 
Ha 28% Bblw e e r a Benll14l11Hbi An51 rnaAKII1 X Tpy6 

(KpacY) ' 3Ha4eHlI1e K03 <P<P1I1LJ,lI1 e HTa rennonepena-w 
An51 n apOBOA51HOrO nOAorpeBaTen51 n onYY1I1nOCb 

paBHblM np1l1M epHO 6,2 KB T/ ( M 2· K) , 4TO BABoe Bbl

we 3Ha4eHII151 ,LJ,n51 nonorpeaareneu MapK1I1 nn n o 

[2] . K03<P<PII1LJ,lI1 eHT runpaenw-recxoro COn p OTII1Bne 

HII151 TpeH1I1eM n OTOKa o xnaxnaioutea BOA bl BHyTp1l1 

on y HeHHblX Tp y6 )'TP BblPOC B 2,1 p asa . 

Ta K1I1M 0 6pa 30M, II1HTeHclI1<pII1LJ,1I1pYIOUJ,ee Bnll1,51

HlI1 e nyHoK Ha Tenno0 6MeH B nOAorpeBaTen51 X, 

np1l1MeH >leMblX B C1I1 CTeMaX TennOCHa 6 >KeHII151, nOA

TSep>K,lJ,eHO 3KCn e p 1l1 MeHTan b Ho. nOBblW eH1I1e Ha 

28% 3 HayeH1I1 51 K n03BOn51 eT Ha -reraepns YM eH,b

WII1Tb KOn 1l14e CTBO YCTaH OBn eH H~ X nOAOrpeBaTe

n eLil a Ha n o r 1l1'--l Hb iX T1I1nOpa 3MepOB npn YBen1l14 eH1I1111 

CT0 1l1 M OCT 1I1 om-oro nonorpeaarens nll1Wb Ha 10
12%. ,l],ocT1I1rHyTo e nOBblWeH1I1e K0 3<P<P1I1LJ,1I1eHTa 

rennonep ena-m n03 BOn1l1nO C03AaTb cepvno BOAO 

BOA 51H~ X nOAorpeBaTeneLil C 1I1 HTeH C1I1<p1I1KaLJ,1I1 eLll 

rennootiweua, no r ennoaon 3 <p<peKT1I1 BHOCT 1I1 111 

3 KcnnyaTaLJ,1I10HHblM x a pa KTe p 1l1CTlI1KaM npeaocxo
A51UJ,lI1e arinaparu nnaCT1I1H4aTOro runa. 

Cnenyer o c060 nOA4epKHyTb , 4TO y CTaHoBKa 

onyHeHHbl x Tpy6 BMeCTO rnaAK1I1 X B T py6HbiX nv-ucax 
OCTalOUJ,1I1 XC51 B 3 KcnnyaTaLJ,1I1111 nonorpeaarenen He 

rpebver CneLJ,1I1anbHOLil II1n1l1 AopOrOCT051UJ,eLll OCHa

CTK1I1, MO>KeT 6 b lTb ocvuiecrsneua np1l1 nnauoasix 
pewourax B nepuon OCTaHOBOB C1I1naM 1I1 c 0 6CTB e H 

HOro pewo-rruoro nep couaria 06beKTa, 111 TaKII1M 

0 6pa 3 0M n03B On51eT nOBbl C1I1Tb II1 X rennoavio 3 <p

<peKTII1BHO CTb np1l1 MII1HII1ManbHblX sar parax, 
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