MwukpoTypbuHbl FlexEnergy

MHpopmauma o npogykTax KoMmnaHum
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MuKpoTypOUHHbIE peLLleHns

[MpMeHeHne 9KONMOTUYHbIX, 9Heprocbeperarowmnx
MUKPOTYPOUHHBIX TEXHONOMMI AN TPeX BUAOB 3aau:

— Wcnonb3oBaHne oTXo0O0B B Ka4eCcTBe ToOMnnmMBa

— CHabxeHune TennoBoWn N 3NeKTpNYeCcKon aHepPrmen
(koreHepauus)

— MHTeraLI,I/IFl C BHEWWHUMN UCTOYHUKaMIN SHEPTNA

nnun

nnun

MukpoTypOUHbI >
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OTnn4ne MUKpPoTypObUH OT ra3oBbIX TYPOUH

e BblcOoKkOnHTErprUpoBaHHbIE, COOPHO-Pa3bOPHbIE KOMIMNEKCHI.

° CI'IpOGKTl/IpOBaHbI B COOTBETCTBNN CO CTaHOAaApTaMW,
npuMeHaeMbiMn B NnNpon3soacTee nNpoMbILLITIEHHOIO o6opyu0|3aH|/|;|
TAaKOro Kak xosfioaunribHKM1, BogoHarpeBartesin, neym

e  OCHOBHbI€ y3rbl CKOHCTPYMPOBaHbI Kak UHTErPUPOBaHHbIE BNOKK, B
BONbLIMHCTBE CNy4YaeB 3aMeHsIEMblE KaK OAUH 3NEMEHT

 BonbLWMHCTBO BCOMOraTernbHbIX NOACUCTEM BKITHOMEHbLI B 0a30BbIN
N3KUOXK
o [lpncoegunHsieTca Kk obbekTam 3akasdmka NPoCcTo NOAKNIYEHNEM
— rasnpoBOAOB
— BeTeJIAUMOHHbIX KaHaJ10B
— anekTpokabenen
— BOOOMNPOBOOB .

Bosgyx gna ofecneyessn ropesnn >

- Harperas 5043 (yCTANOBKH € ONUWOMHOR
o
_ J-I M H M M CBﬂ3M CHETEMON YTHARIALNAW TEANA)
Tonnuetsil raz » . P Beixnon npogysTos Cropaiu
el B Teano oT pafioTaloWere KoMANEXEa

Boga {ann “’“"":ﬁ - > P CTpaEnuEaSM0Se TONAKBO W KOATYTAT

CHETEMON yTHIMIALMAA TENNA i
. SNME W3 NPOJOKP, KAANAKA MORAYR BOAW
(YCTAMOEKN C ONL, CHCTEMON YTRANIALMN TeRNa)

B YTRMEH KOMAREECS

BxogMbie YNPABNAKALME
BOIAeRCTERS

P Buixogmuie ynpanaRsgne
BOISeACTENS M JakHkIe
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MuKkpoTypOUuHbl cepun MT

MT7/0

B npounssoactee ¢ 2000 roga

* YcTaHoBneHHo 139 egmnHuy, Eo——

» Obwasn HapaboTka 6onee 1,9 MnH. 4YacoB

CHsaTa ¢ npousBoactea B 2007 roay

B HacTosALWMN MOMEHT BeayTCA

—
pabotbl no MT70 BTOpPOroO I—
NOKONEeHUs ‘ '
—
MT250 —
p—

B npounssoactee ¢ 2004 roga

* YcTaHoBneHo 86 eauHuy,

*O6was HapaboTtka 6onee 0,84 MnH. YacoB
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MwukpoTypouHbl FlexEnergy MT250

Hap,e)KHaﬂ TypbuHa

KomMmnakTHO pacnono)eHHble Bpalla-
250 KBT ra3oTyp6UHHAA KoreHepaLUoHHas OLLNECH yan Pati

cCnuctemMa e [NogwunnHUKM KayeHus
*  Bce noglwmnHUKK B X0N0o4HbIX 30Hax
CnpoektupoBaH Ha 6a3ze asurartens KG2

MaHenb ynpaBnexus Ymunusauua tenna  Pekynepatop VlHTeI'pVIpOBaHHaFI cuctemMma
yTUnn3auumun tenrna

| e Perynupyembin ypoBEHb MOLLHOCTU

— L *  YMeHbLUeHHas NOBEPXHOCTb OMnopbl

e OrtcyTtcTBME TpybONpOBOOOB
. lMpurogHa ons cuctem ¢ NTLEBOW BOAOM

NMaTeHTOBaHHLIN peKynepaTop
e ObecneumnBaet Bbicokmi K
° CuuTtaetcsa JTyHWKMM Ha pblHKE

CUHXPOHHbLIU reHepaTop

° Te »xe TEXHONOIrMn, 4To MCNOoNb3yrTCA
reHepnpyroumnmMmm n ceTeBbiIMUn
KOMMaHUAMMN.

*  JlocTynHo pesepBupoBaHue
NaTeHTOBaHHaA Kamepa

*  Huskum ypoBeHb NOX
YO0oBneTBOPSAET 3KONOrMYECKMM HOpMam

NI

. TypOUHHBIN
CHHXPOHHBIW reHepaTtop  Kamepa cropaHus nBUraTens
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Xapaktepuctmkmn MT250

* MowHocTtb 250 kBT no Hopmam I1SO

* [lnkoBast mowHocTb 120%(300 kBT)
B XOJI04Hble BpeMs
e Kria
— 29% C KOMMpeccopom
— 30% 6e3 komnpeccopa
— [0 65% B peXxunme KoreHepauum

* MexpernameHTHbIN pecypc 8,000
4acoB

e Cpok cnyx6bl 80,000 4yacos

* BoipaboTKka 3NeKTpo3Heprum B
aBTOHOMHOM UNMN napannenbHOM
CETU pexnmax

CLEAN ENERGY FOR THE PLANET




Kopnyc MUKPOTYPOUHbI

* KoH(purypauums:
— [ns BHYTpeHHero pasmeLlleHund

— [na BHewHero pasmeLlleHnsa ¢ Bxogamm u
BbIXJ1IOMHOM TPYyOOW, NnOCTaBNAeMOU B
pa3obpaHHOM Buae

— B Tponnyeckom 1 MOPCKOM UCMNOMHEHUN C
SS316 KOMNOHEeHTaMu

— [na pasmMelleHnsa Ha onacHbIX ObbeKkTax
e OkpyxatoLias cpeaa:
— Temnepartypa ot -23 go +46°C

— 3alwmTa oT JoXKAA B COOTBETCTBUU C
UL2200

— Betep 0o 160 km/4ac onuTenbHOCTLIO 3
CeKkyHAabl

— BbicoTa cHexxHoro nokposa o 30 cm
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KoHdurypauuna mogenun gna cesepa (-50°C)

250SM-54H-210
B uenom no naknaxy:
Integrated Controls Heat Recovery Recuperator «3amMeHa Pe3UHOBbIX
ArieMeHTOB
*BHewHee
OGOPYAOBaHMFI 3anycka

PerynupyoLwmn

[MNpurogHasa gnsa ana
s apuraTens
Temneparyp
naHenb
[MogorpeBaTternb
Turbine
: Ka cuctembl
Synchronous Generator Combustor Engine baka cucte
CcMasKu
TepmocTaTnyecku
ynpasnsemas
BEHTUNAUNSA
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BHYTpeHHUM

Ll |= i 3 Mpsseanme; Noraiasspe PaaMepsl
y - O y NEwENMIMTENHL, TOMBKD QMR e
NP BARATONBMOMD IEHADOBENAA, M
m":mm J moryT mesaTecs, Copayaimece ¥
TEYER" —L. | MOHTARHOMY EpTERY
| 3 f M SOTARNASAOY Ky DMp i Baw
| NPEEET CHBUWATIGCTOM £0MO@HW
’ : — - > Ingersoll Rand. gna nomyseHrR nonksod
Kpoummn |- -"‘“--,_‘__ 1 AFTYENEHOR WHECoMaLNE
BEHTHRALHK
unmm:-ﬁ E— { 1 “JaTemennbie NETANH NOCTABRNAMTCR
oxXnagMTRRR" ! ] f | ! . OTAEMEHD W MOHTHRYIOTCR NOChE
R men PAIMSUEHHA YETIHORKN HA NASLA RS
® = =
cEE
S 4 i — po
Kponwmesn F——) -1- . * w0

ANKEPHOMD __.--'“"'d#' e B3 | |
KEENBEHAR".

Manens Pyuka poccoeqMHHTENR
Nepexonsur qna YIPROBNEHHE 520G
ELIEACARCN myﬁu‘x‘
1 qasmﬁ_ —
E E Bug
Bug = cnepean
o = =
— §
™
E — 3
™ ol
=
) — (
J i =] — 4] 1
o 349.7 em - . 188.0 cm -
P 3721 cm ;.. I 2434 em -

CLEAN ENERGY FOR THE PLANET ' . £ FIGXEnergy



MHTerpauma MT250

Nopsayasn Boaa

0o 95°C h
XonopgHasa BoAa q

no 8,6 atmocdep

AneKTpo3aHeprus
380B,500ly, 3
dasbl

YnpaBneHue u cBA3b
» CoeanHeHmne kabenem
* Modbus

TonnuBHLIN ras

9130 go 70700 k[x/
M3

BeHTUNAUuUA
Temnepartypa Bosgyxa oT -23 go +46°C

MuHMManbHbIM NOTOK 1,27 M3/c
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MopgenbHbIN pag no TUny Tonnvea

Mopenb Tvn TonnuBa

@3 o4eHb HU3KOro YpOBHS
KarnopumHOCTuU

[[@3 HM3KOro YPOBHHA
KanopumHocTtn 1

MponunaHbln brnoras

[[@3 HM3KOro YPOBHHA
KanopumHocTn 2

@3 cpeHero ypoBHS
KariopuUmMHOCTU

@3 BLICOKOIO YPOBHS
KanopumMHOCTHN

CLEAN ENERGY FOR THE PLANET

MHpekc Bo66e, HTC

245-350 BTE/gyT?
(9130-13040 kx/m3)

325-600 BTE/dyT?
(12100-22340 kOx/Mm3)

325-600 BTE/dyT?
(12100-22340 k0x/m3)

500-970 BTE/dyT?
(18600-36100 KOx/Mm3)

800-1440 BTE/dyT?
(29800-53600 KOx/M3)

1380-1900 BTE/cpyT3
(51400-70700 kOx/Mm3)

Cyxas macca, npu 101 klMa
n15°C

CopepxxaHue
MmeTaHa%

ot 30 oo 41
oT 38 0o 63
oT 14 no 20
ot 55 oo 88

ot 80 go 97

(kpanHe
N3MEHYNBOE)

FlexEnergy




TpeboBaHuA K TONNIMBHOMY rasy

Mopgens | Tun TonnuBa Uekilhlelte MuH paBneHne | Makc paBneHue LG
ncrema TemMnepartypa

250SV  OueHb HU3KOe L?;;Z‘;?ﬂi (%3 ﬁﬂg) é‘ég Eﬂg) 175 °F (79 °C)

20y | ke L ;ﬂﬁ%ﬁi (égg ﬁ?lig) (égg E?lig) 175°F (19°C)

woss Vo Beoco 10009 1003 i75er (o)

Zeton | ks 2 ;?ab;ﬁ‘é'ﬁ’mi (gzoopfrilg) (égg E?Iig) L=y

Zeltehdl o CpEEgpe p,::jlefgﬁe (1ogn’;vn\nlc\:/vc:) (61.9pf|i'g|la) s ey
Bbicokoe 80 or 95 psig 2 140 psig 175 °F (79 °C)
nasnenne (551 or 655 klla) (965 «klla)

250SH Bbicokoe L?;;ZKH?AZ (57157'0;'1'%) é‘ég Eﬁig) 175 °F (79 °C)

Mpumey.:  106bIYHBIN

2 B 3aBMCMMOCTM OT TeMN/I0TBOPHOM CNOCOBHOCTM TONIMBHOIO ra3a

FlexEnergy
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[lnanasoH ncnonb3yemMmoro Tonnvea
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CLEAN ENERGY FOR THE PLANET | ¥ » . Fl@XEnergy




TonnnBHaa cuctema HM3KOro AaBrneHusd

e [loNHOCTLIO MHTErpUpoBaHa B
TonnuBHLIN KnanaH MAKNOX

* I3onnpoBaHHbLIN
BEHTUINTUPYEMbIN OTCEK

e Jl1aTymnK 3ara3oBaHHOCTU

e OTcyTCTBYIOT (hriaHLUeBble
coeVuHeHNs 3a npeaenavu
oTceka

o [IBonHOM «block and bleed»
TpybOoNpoOBOAHLIN AN3anH

~—

/

BuHTOBOM KOMMNpeccop
“air-end”
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BxoaHown chnaHey




TonnMBHaga cUCTeEMa BbICOKOIro AaBfeHUS

[ToNHOCTLIO MHTErpUpoBaHa

B M3KNOX
3onnpoBaHHbIN

BEHTUNUPYEMbIN OTCEK
[laTymk 3ara3aoBaHHOCTU

BeHTunauus

TonnuBHbLIN KNanaH
]
i
v

OTcyTCcTBYIOT briaHuUeBbIe | de
coeNHEHMA 3a npegenamu

oTceka

[BonHon «block and bleed» 2

TpybonpoBOAHLIN AN3aNH /

CLEAN ENERGY FOR THE PLANET

KnanaH KOHTponsa Tonnuea

BnyckHas Tpy6a

FlexEnergy




ba3oBble pabo4yne xapakTepUCTUKN

o
.18 -7 4 16 27 38 49 °C
310
MowHocTb
290 { 33%
= 270 i1 32%
g —
~ 250 { 31% f;’
= L
(&)
Q 230 1 30% E[
=] [~z
§ 210 1 29%
190 { 28%
170 i1 27%
150 1 [l 1 1 1
0 20 40 60 80 100 120 o

TemnepaTtypa Bo3ayxa Ha Bxoae

Mpumey.: bes yyeTa pacxoaa 3NeKTPO3HEPrnn Ha cobCTBEHHbIE HYXKAbl BycTepa TONIMBHOIO rasa
BblumTaTtbh 3.5% Ha Kaxkaple 1000 ¢pyToB (305 MeTpoB) BbICOTbI HaA, YPOBHEM MOpPA
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XapakTepucTuKn 1 MectopacrnonoxeHue

 MoryT ObITb pasmMelleHbl B MOMELLEHNN N CHaPYXK
 KnnmaTtunyeckoe ncnonHeHue ot -23 o 46°C
« KI1[ meHsaeTcsa ¢ BbICOTOM Hag, YPOBHEM MOPS

-18 -7 4 16 27 38 49.¢
310 0.34
290 - 0.33
Bce 100% Bkntovas 6yctep
= 270 -4 0.32
m —W @ Oft
x em— W (@ 2500t 8
n 250 e KV (@ 50001t 1 031
5 = Eff @Oft I
o 230 — Eff @2500ft - 03 X
I o | Eff @5000f —
=
g 210 - 0.29 &=
s x
190 - 0.28
170 - 0.27
150 ‘
0 20 40 60 80 100 120
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XapakTepuUCTUKN N PEXNMbI PpadboThbl

oe -18 -7 4 16 27 38 49 °C
0.31 F
0.29 |
. 0.27
S o5 |
ES
=i 0.23 | Pexxum 100% 3arpy3ku
E 021 | Pexxum 75% 3arpysku
. o~ Pexum 50% 3arpy3ku
0.19
0.15 : L . . ] I
0 20 40 60 80 100 120 °F

TeMmnepaTtypa Bo3ayxa Ha Bxoae

CLEAN ENERGY FOR THE PLANET : G . Fl@XEnergy




[Nnarpamma umkna MT250

256°C
OQNeKTp Boixn Tenn
MYyecTB ///Pekyn
o AT ) AA N

0,4 kB
50y
* 3 (pasebl

Kamepa
cropaHwu

T p6
MHa

NeHe
1 500 o6/8uA. T

Bosayxos

45 400 oO6/MuUH.
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KoHQurypaumna rasoreHeparopa

o) y
K pekynepaTtopy c:oKal::ﬁzbl  Ha ocHoBe HageXxHoU
KOHCTPYKUnn KG2

\ — HaBecHble, KoMNakTHO

pacnofioXeHHble BpallatkoLlnecs

1 KOMMOHEHTb
' & — Bce nogwmnHmnkmn B xonogHom
.f A 30He
$ao i e 45,400 060pOTOB B MUHYTY
% ’  PagunanbHble komnpeccop u
. — TypOuMHa
— [nddpy3op Kpbinb4aTku
\ e Komnpeccopa

— Connosow annapat TypOuHbl

e HasHa4yeHHbIN pecypc 80,000
4yacoB (C KarnpemMoHTOM)

o 3,500 xonoaHbIX LUKIOB
e [1o 20,000 ropaymx LUMKNOB

FlexEnergy
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KoHdourypauusa npmsoaa reHeparopa

I_I Olu'aq a Kamepa cropaHus B bIXJ] O N
TOMnJMBa

Pekynepatop

3agHada PREEEN [MNepenHss
CTOpPOHa CTOpPOHa

KoreHepaLu oHHbI

[a3ocbopHmK
moaynb

BbIXsfiona Typ6VIHbI

4-X NOMOCHBIN CUHXPOHHbIN
reHepaTop

Bbixon,
NnepeMeHHOoro

> R TOKa
)

[a3oreHepaTop Craptep asuratens

PenykTop

BXOLI, Bbixon Bxon
Bo3gyxa Bopa

FlexEnergy
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Pekynepatop

e Vlcnonb3oBaHa Ta e camad TEXHOMNOIs, YTo U
npoaykumnm BOEHHOINO Ha3Ha4eHn4.

e 80 000 yacoB cpok crnyx6bl, 7 000 xoroaHbIX LMKIOB

* [1pOTNBOTOYHLIN TENNOOOMEHHUK C NONepeYHbIM
KOINEKTOPOM
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NHTerpupoBaHHblie pekynepaTtop n KC

* Hunsknu nepenag
OaBneHue

e HapexHas
KOHCTPYKUUS

FlexEnergy




Bo3gyLUHbIN NOTOK

* TemnepaTypa BXOOHOro BO3ayxa B UHTepBane ot
-23 0o 46°C

e Tenno BbIXnorna MOXeT ObITb YTUNN3UPOBAHO
OMNUMOHHON BHYTPEHHEN CUCTEMOW KOreHepaumm

* /Inn HenocpeacTBeHHO HaMpaBieHo BO
BHELLHee YCTPOUCTBO:

400 2.50

350 -2.25

Maccogay, ¢ -2.00
Temnepatypa 300 kopocry, MaccoBas
Bbixrona (°C) ] T 1.75 CKOPOCTb

S -1.50 notoka (Kkr/cm)
T T na
------------- Temnepatyp2 BBIXNO -1.25
200 T I T T T T 1 00
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CocTaB BbIXJ10MHbIX ra30B

H20
Temn. | Pacx. | Pacx. 028 H20 B Temn.
B aTM. BO3/. 1 1/To4ka pocbl
Bo34 | Bo3a. | Tonn. (100% BRax) Bbixnonel|lkamepsbl cr| Bbixnone |Bbixnone!|sbixnone BbiXyiona

I e e

233 249 0.07 18.04 2618 2688 1346  77.93 225

178 243 73 0.13 17.98 2635  2.765 1.36 77.9 22.9 211
122 237 72 0.21 17.89 2668 2878 1375  77.85 23.6 218
-6.7 2.31 70 0.34 17.81 2.675 3.015 1.378 77.8 24.4 224
11 226 68 0.55 17.71 2645 3195 1366  77.73 25.4 229
44 222 66 0.82 1756 2631 3451 1358  77.63 26.7 234
100 217 65 1.2 17.35 2612 3812 1351  77.48 28.4 240
156 213 63 1.72 17.06 2589  4.309 134 77.29 305 245
211 209 61 2.41 1668 2567 4977 1321  77.02 33.0 249
267 205 59 3.34 16.15  2.542 5882  1.303  76.67 36.0 253
322 202 57 454 1544 2544  7.084 1286  76.19 395 258
378 199 55 6.07 14,51 2.58 8.65 1.27 75.57 43.3 262
433 196 54 7.99 13.31 2.66 1065 1254  74.78 473 266

MpupoaHbiii ras: CH,=96%, C,H,=2%, C,Hy=1%, CO,=1% L BnaxHoCTb %
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NHTerpupoBaHHasi KOreHepaLuuoHHas cuctema

HarpeB Boabl oo 95°C (pacxon Ao
400n/mMunH no Hopmam 1SO).

KoHTponb Temnepatypbl BOAbl MNpu
pacxoge ot 0 40 NnonHoro.

Tennoo®bMeHHUK: MNPOTUBOTOYHbLIN, C
nonepeYHbIM KOSIIEKTOPOM, OaBrieHne
BoAbl 40 862 klla

MegoHblie Tpyokn (H55), antomuHueBoe
opebpeHue.

3mMeHaemMoe nonoxeHmne 3a0BUMXKKN.

CLEAN ENERGY FOR THE PLANET
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TennoBag MOLLHOCTb

380
240 / / / / / / / /
320 §/ §/ S/ ~ s/ s/ S/ §/
X/ X/ X/ X/ < x/ x/ X/

300 &) (@) D Q ) = . @)
280 V?/ @// &/ (%O/ OCDO/ 0? O\// (’?/
260 / / /

Pacx. 40 / / / / / / /

BOAbl 220 // / / / / / /

(n/MuH) 200 / / / / / / /.
ol / / / / / /
syl e yd pd A / %
140 // / 3aaBmKKa YaCTUYHO -
120 - / 3aKpbiTa B 3TOI
100 — 3oHe. Tennosasa
50 - MOLIHOCTb MeHbLUE
60 | _ — i 300 KBTI
40

0 10 20 30 40 50 60 70 80 90

ISO, +/-15% Temnepatypa Boabl Ha Bxoae (°C)
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AP PEKTUBHBIN, KOMMNAKTHLIN peayKTop

BHewHWe 3yGubl

KOMbUEBON LWECTEepPHH

(BpawaoT reHepaTop 1
oXnaxOawwWwuin Hacoc) Fenepatop

MNnanetapHan
nepegaua
BTOPOM CTYNEHH

MnaxeTtapHan nepega4a
BTOPOM CTYNeHu (Bpawaet
BEHUOBYIO WeCTepHIo) BuytpexnHue aybywl
KONbLLUEBOMA WECTEPHH
{Bpawaroca ot nna-

HETApPHOW Nepega4m)

Ban
reHepaTopa

MNnanetapHan
nepegava
nepson

CTYNEHW

MnaxeTtapHan nepegaya
nepeoW cTyneHu (BpawaeTcn
OT CONHEYHOR WeCTepHK)

BxoaHoi

Konbuesan
Ban

WwecTepHA

ConHe4yHan WecTepHA Mmbkan mydra

W BXOOHOR Ban

Ban
reHepaTtopa

R .
o

7 SNy
S, 3 —I -

o

Begyuwan wectepHAa /
cTapTepa W Hacoca
oXnamoeHun

e

s
SRR

.._
A AOAIARRA S WA
X

A E LT G SR E LIS S ELEL

=

3\\"@\{\ ConHeyHan
; wecTepHs
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[eHepaTop MT250

 BbinonHeH no craHgapTHOU
NPOMBbILLSTEHHOW
TEXHOMNOrMn.

 C rmbkoun cuctemomn
perynmpoBaHuns.

 Ypcrtasa, HagexHas
TEeXHONorns.

» Jlerko pasbupaetcs Ha
aetanm.

o CoeanHeHne «3Bes3na»,
TpexdasHbIN,

e  CHWHXPOHHbIN reHepaTop,

cuctema Bo30yXKOeHUSA C
MOCTOAHHbLIM MarHUTOM

— 4 nosnwca

— 1,500 obopoToB B
MUHYTY
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Cuctema ynpaeneHuna MT250

* YCTOMNYMBbLIW, MPOMbILLSIEHHOrO TUMNa ogHOMNMNATHbLIN
KOHTpOnnep.

 MOHWUTOP, NOKa3bIBaKOLWNUNA COCTOAHNE MALLUUHbI U
obcnyXnsaHue.

e [panBepHble yCTpOUCTBA U LNPPOBOU BbIXOA

« PaccunTbiBaeT 1 nogaepxunsBaeT e
3a[laHHYIO TEMMOBYIO HAarpy3Ky — SECECHEEss, | it S
- Onpepnenser ycrnosus nosine- k& =
HUS MIaMeHn Ha Bbixrone, No %
HopMmam NFPA 37 -9.3.1(7).

* Onpegengdet ycnoBusi 6riokm-
POBKW BO3adyxa Ha Bxoae no
COOTBETCTBYIOLLEMY arTrTOPUTMY.
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YnpaBneHus npu pabote B napannenb

* [lapameTpbl HaNPSXXEHUS N YacTOTbl 3a[atoTCH
CETbIO

e ABTOMaTU4eCcKun peryndartop HanpsaxeHna MT
yrnpasnseT napamMmeTpamm 3agaHHON MOLLHOCTU

e [lapameTpbl 3agaHHOU MOLLHOCTU pPerynmpyroTcs
pacxogom Tonnuea

* B napannenb MoryT paboTaTtb Kak ofiHa TaK U
oonee MT

CLEAN ENERGY FOR THE PLANET : . » ‘ FlGXEnergy




YnpaBneHune npu paboTte Ha Harpysky

« MT ynpaBnaeT napameTpamu VO
HanNpPs»XXeHUs1 1 4YacToThl ?
ABTomaTtunka MT ocyLlecTBnseT ﬁ, -
perynmpoBaHne HanpsXXeHna u FLs =
ynpaBsneHne peakTMuBHOU MOLLHOCTbHO

* YnpaBneHune 4yacToTon Npon3BoaAnNTCA M3MEHEHNEM
pacxoga Tonnuea

* [lpun paboTte B cetn bonee yem ogHom MT mncnonb3yeTcs
cucrtema “master-slave”

* [Tpumeyvanue: Mogenn ans padoTbl Ha ra3e BbICOKOTO
OaBrieHust ObiIcTpee pearnpyroT Ha UBMEHEHME Harpy3Ku
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Cucrtema ynpaBrieHUs U MOHUTOPUHra

* YCTOWYMBLIW, MPOMBbILLIEHHOrO TUNa
ogHoNMaTHLIN KOHTpONnep.

 MoHuTOpP, NOKa3bIBaOLLNN
COCTOSIHME MaLUMHbI U
obcnyXnsaHue.

* [pamnBepHbie yCTPOUCTBa U
LMJOpOBOU BbIX0O4

CB43b C nonb3oBaTenem
OCYLLECTBNSAETCS NOCPEeOCTBOM:

— [NpoBoAHOro AUCTaHLUMOHHOTO

Folders ’
_FYSTEM [ 1nFO | SETTINGS |
I r Actual SetPoint
ynpaeneHme

\\\\

R

Wi
-~
[ ]

Electric Powe
{ 245 250 W
Pag
Water Outlet Temp Actual SetPoint
118 120 * — Modbus
Staf)‘; LU Run Hrsd:3522_45 16-JUN-2004_13:05:23L1- Alarm or
Ready Alarm trip indication 1Y)
UReady jai— s " — CeHCOpHO MaHerbio yrnpasneHus
Microturbine / Curren t /’age / in folder
operating state control mode number

FlexEnergy
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|EI,Ba TUMNa CBA3N B CUCTEME YIpaBJIEHUA

[lpoBoOgHOE
ANCTAaHUMOHHOE

JlokanbHas
nocriegoBaTesribHas
Modbus
communication

KommyTupyemag
IP-LAN or RS-485

CLEAN ENERGY FOR THE PLANET

>
Factory | Customer
Microturbine enclosure Wiring | Wiring
24 Vd
:Lo[:]& S
Remote shutdown RET A
by fire alarm, etc. :]O
SHLD
+24 Vdc, O—f—
Heat recovery RET :l
heat exchanger ]
engage/disengage )
+24 Vdc,
RET

Optional power control

power output inversely

Remote start/stop

signal; microturbine

proportional to

E B0

4-20 mA signal
#24Vden
Power source for
optional constant power —— RET [:]O*
control device
Floating-point read-only output:* SHLD,
 Electric power output o Number of starts
e Generator output line-to-line o Microturbine serial number ():K)
voltage o Compressor inlet temperature erntact
o Generator speed o Fuel temperature O[:]O
. J
* Generator power factor o Heat recovery water inlet MC)\:IC)—
* Output power setpoint temperature -
e Powered hours o Heat recovery water outlet b0 Vac IIlO
o Running hours temperature —O:]O_
Floating-point read/write values:* _O:]O—

« Power output setpoint

» Heat recovery water temperature
setpoint

Digital read-only values:*
o Engine running

« Engine ready to start

« Engine not ready to start

e Any alarm active
e Any trip active

Digital read-only string values:
o First out alarm
* Machine time

o First out trip

Digital write-only command values:*
* Remote start

* Remote stop

f

Remote shutdown by
fire alarm, etc.
(dry contact; close to run)

Heat recovery system thermostat
(dry contact; close to engage
microturbine heat exchanger)

Remote start/stop
(dry contact; close to start,
open to stop)

Optional power control
device (4-20 mA)

Optional power control
device power terminals
(not used if device has
self-powered mA loop)

Remote annunciation
of microturbine fault

Fuel inlet solenoid
valve coil

Remote emergency stop
circuit (dry contact;
close to run)

FlexEnergy




OCHOBHbIe cpeacTBa KOHTPONSA U OTOBpaXXeHus

padbmyecknin gucnnei

KHonka ynpaenesusn
KOHTPACTHOCTLI

KHonka INGERSOLLRAND.

noaTEepXOeHUs
KHeonku ypaBneHws

E3 s A HaBurauven no
S
KHonka cbpoca JKpaHOMY MeHIo
A 1w y ik PNt
118 120 *
i HFS: S 435 35 - 0008 13:0500
; KHonka Beona

KHonka octaHoBa

I 0

KHonka nycka
I—'—-—_._____‘
e
|

MuovkaTtop pyHKLMK
OAVWCTaHUWOHHOIo
ynpasneHus

KHonka aeapMlHoro
ocTaHoBa

MuaukaTtop
BKMHOYEHHOro
COCTOAHWA
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J[laHHble BbIBOAUMbIE HA OAUCMNEN

Mankwu

SYSTEM [ SETTINGS
Electric Power Actual SetPoint

245 250

water Outlet Temp Actual SetPoint

118 120 °F
Mugukatop
CTpoKa cocToAHMA L Eréggd?;zz Lt 16_JUNA;§9$ 4’13;9—5-"23' —— IE:::;:auoc-rH}

CTpaHuua o

ocal 1/1

. YkaszaTens obwero
Yyucna cTpaHuu B

nanke
CocTosHue paboTthl Pexxum Ykazatens Homepa
MWUKPOTYPOUHBI perynupoBaHus CTpaHuubI
(ceTh)
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BapuraHTbl oToOpakeHUsa OAaHHbIX

Manka zHa4YeHWIA

/

MNocnegHee (INFG I—ISET'HNGS BblﬁpaHHblﬁ I EYETEM I INFO BET”NGS]
3apermcTpupo=- Event Name Time _ pate] peXum control Mode
BaHHOE COBLITHE 1 stop (Local) 09:18:44 0720 —— Remote Functions Disabled
2 start (local) 09:08:43 0720 Nanka Remote Contral by Dry Contact
3 Reset (Local) 09:08:23 07200 i Remote Control by serial comm's
4 Flame Out Trip (B:58:41 0720 aFHavYeHuW Remote Control by SCM
g start (Local) (8:58:23 0720
& Stop (Local) 08:24:01 07203
CJ'IEJ]}FIOI.I.I,B.H """"-...._:-‘ start (Local) 08:23:12 07208 J
cTpaHuua: |G| serives
Read Y L] 2/3 Sy I Local 2/4
5 1 006543.2 sStarts @ 000234
nnﬂ npocMoTpa -5 1 006123.4 cCycles : O001R9
Connects : 000LBS
HaXaTk KHOMNKY Start Attempts @ (000241
Beoa serial : 0000234

S ver @ 223574208-18B-ENG
BCM ver: 2.54
First Out: _TRP-Fuel In Pres Low

Mepeoe
[ Ready ocal ___3/3

cobbLITHE

sYsTEM | mFo | ISETTINGS| | , ;
chnKa YyCTaBKW [ ] I SYSTEM I INFO | 8 H!Hﬁﬁ;l
Setpoint Options: CTpoKa ycTaBku

HanpsaXeHus \ Power Setpoint 200 Kw MOLWHOCTH SATROIAT fptione:
-"""'"-.._ S Py r S2TPOINT 200 Kw

valtage Setpoint
P.F. Setpoint

Lacal 4/4

YcTaBka -
HanpsokeHus ~ | YetaBka -
MOLLUHOCTH

a/4
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QneKkTpocTapTtep

 BcTpoeHHbIN 24 B anekTpocTaptep, NUTaeMbIn
KOMMIIEKTOM aKKyMYNATOPHbIX DaTapewn.

« CTapTep CMOHTMPOBAH Ha BCMOMOraTesribHOWM
nroLwjagke pegykropa

o CTaptep packpyymBaeT poTtop asurartens go 12000
00./MUH.
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[Ounarpamma 3anycka (XonoaHbin cTapT)

1 ; ] : '
B Z 4 5 i
708 i n / ; i ; ;
| i ! } : :
0 e ST ! ' . E E
1811.44 ;l ¥ Ready to : I ' l v
1 Il prestart ; 1 1 :
NGEN :l I Prestart to | 1 : :
| L : I I | |
i i S 1 1 : i
35;85——“/ TR Za— ] i : ‘
| 1A s | ! : :
| inmi | Lohtingto | g | :
Kiwe EI II l/ E Running " I :
255.66 :l : ' ] : '
1 1 . .
09 —4 i | :
Moo Yo " : :
SRR I | A A - ; i
TA40A 1 1 1 ; ;
160358 | [ | ; ;
| [ |
7473 i (' ; :
109857 I —1 : .
1 1 ! - s
T 1 | 2 min 30 sec !
TAB0 - - | | ‘
109857 ! 1 :,ﬁ : r 2 minZ0sec
[ 1 E 1 :
: | 1 : E
) 35.67 't el B i 1 : [
ChartWidth = 200'sec SN 42004 B:58:40 &M
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Pe3anctop TopmoxeHua reHepartopa (PTI)

e [NaBHbIM 0Opas3omM NPUHNMAET
ydacTue npu octaHoBe U 3anycke W

;
|

* Tak e obecnedymBaeT nnaBHoe _ )
perynupoBaHue Harpysku B 2]

apuraTernsi. QJW

87.2cm

1522 cm ref.

s

PR

-

pexnme napanfenbHO C CeTbIo e

* [logpepxxnBaeT perynmpoBaHue B
peXnmax ¢ HernoJsIHoOU Harpy3kou

e I I

| S—
3
i
|
165.1 cm

treemses
76.0 cm

5 8
f3d
i i
[l III
gror o7 (I
%
(= ==
[
|
o\
RN % 8 x g 5
|\ EE38 E3
3 Qigf 23
3 &2
5f
83
3
S
8:
£
¥y F Y

Bua cnpasa
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UepHbin cTapT

[1peaycmoTpeHo ABa NCTOYHMKA SHeprnn Ans
«YepHoro ctapta»

«Auxiliary Loads» — BHYTPEeHHUN NCTOYHUK OS1S
CUCTEM YynpaBneHud, BeHTUnsaummn, oborpesa

— Pa3smelleH BHYTPpU Nakuaxa
— JlocTtatouyeH gnsa 3anycka MT koHurypaunm Ha rase
BbICOKOIO JaBreHus
«External Fuel Booster» — nucrounmk 1. 41
AN CUCTEMbl MOBbILWEHNA OaBNeHns | x|
— Pasmelwlaetcs 3a npegenamm nakmoxa =,
— BblgaeT nocTt. Tok HanpsxeHnem 600 B

[TpumevaHue: MT Takke BKNoYaeT
batapeun (24 B) npegHa3Ha4yeHHble
Onga 3anycka gsuratens
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MuKpoTypOUuHbI cepumn FP

* BbIGpoCbI 61IM3KMe K HYnHo

« PaboTaeT Ha rase co 3Ha4YeHnem BTE Huxe
50

* He TpebyeT noarotoBKM rasa

* AKOHOMUYECKU onpaBaaH

« OTBe4yaeT BCeM CTaHOapTam

 MpocT B 3kcnsnyaTaumm

* Hn3kue 3aTpartbl Ha ob6cnyxuBaHue

* [OpAYMN YNCTbIN BbIXNION MOXET ObITb
UCNoJfIb30BaH

« 3aHMMaeT Manyr nnowaab

HomunHanbHas MOLWHOCTb 250 kBT
MwuHuManbHasa KOHUEHTpaLms Tonnmea 50 BTE/gyT3
MunHnmanbHoOe gaBneHue rasa 2 psig
KoHueHTpauma Nox B Bbixrione <1 ppm
KoHueHTpauusa CO B BbIxrone <1 ppm
TennoBasi MOLLIHOCTb 3,750,000 Btu/hr
Temnepartypa BbIxriona 450-500 F
CkopocTb rasa B BbIxsione 2.13 Kr/cek

Bec 54,000 Ibs
Mnowaab 20 ftx 12 ft

CLEAN ENERGY FOR THE PLANET
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MwukpoTypbuHa FP250

716.1 cm

742.8 cm

FlexEnergy
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PaboTa Ha pa3Hbix BUAax Tonnmea

~

Qil
Field
Tail

Flex Powerstation™

Oil Field Associated Gas

Gas Perimeter

Gas

Closed Landfills

Active Landfills

Bio Gas
Conditioning
Tail Gas

Digester Gas

Oil Field Overhead
Vapors

Natural Gas
Pipeline

Abandoned mines

Coal Beds/Coal mines

R e e m— t

2

10
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15 20
MJ/Nm3

25

30

T EEh S et

40

45 50+
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[lnarpamma umkna FP250

AneKTp B bl X Te 256°C 620°C
gquT eKyn 566°C

0,4 kB
50U
» 3 ¢pasbl

FeHe
1 500 o6/w@£ 10

Boaayxos
abopHUK 45 400 06/MUH.
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OCcoDeHHOCTUN TEXHONOMN

Tra

High Quality Moisture Remova

Fuel Gas vl

GENERATOR === COMPRESSOR === TURBINE =~ ==
| ~15 Btu/scf
AIR

° ACI'II/IpaLl,I/Iﬂ TOMNJIMBHOIO ra3a Ha BXoge B CUCTEMY MNMO3BOJIAET
OTKa3aTbCs OT UCMNOSb30BaHUA JOXUMHOWN KOMﬂpeCCOpHOVI YCTAHOBKA

— Paszxmxkaet ra3 Huke 1.5% cogep)xaHnsa MeTaHa Ha Bxoge B TypOuHy

o Onekncnoansep (TepMmnYeCKNn OKUCNNTENDB) 3aMEHAET KaMepy

CropaHmn4a n nNo3BosdeT OTKa3aTbCA OT CUCTEM MNOATroOTOBKU TOMNJIMBHOIO
ra3a

— Wcknrovaet obpasoBaHne NOx ogHOBpeMeHHO paspyliass CO u netyume opraHn4eckue
coeguHeHus

— Temnepartypa nogaepxusaetcsa B nHTepsarne ot 790C go 1,260C
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[locnegoBaTenbHOCTL NpoLiecca OKUCNEHUS

* [a3 1 BO3Qyx CMeLmMBaKOTCA 40 nodadun B KOMMNpeccop
(acnupauus)

e [a3 pasbaBnsieTcsa HMxke HmxkHero KoHUEeHTpaLnoOHHOro
[Mpenena BocnnameHeHna — BNPbICKMBAETCS B BO34YLLUHbIN
KOMMPECCOP — UCKIOYaET NMPUMEHEHNE OOXUMHOro
Komnpeccopa

« Cwmecb nogorpeBaeTcs pekyrnepaTtopoM A0 TemnepaTtypbl
Ornn3kom K TemnepaType caMoBO3ropaHus

« [laTeHTOBaHHbIN Priekcngansep pasnaraeT yrrneBoaopoabl
Ha CO, n H,O npu Temnepatype meHee 2300°F (1260°C),
YTO UCKNOYaeT BO3HUKHOBeHUe Tepmmyeckoro NOX

e CyuwlecTBeHHasa ANUTENbHOCTb NPOoLIeCCa OKUCIIEHUS -
MO3BONSAET MOMHOCTBIO OKUCINTb NPU HU3KUX TeMnepaTypax Oxidizer

 bepgHasa cmeckb NpensaTcTByeT MrHOBEHHOMY 0Opa3oBaHUIO
NOX

» Bbicokoe cogepxaHune O, criocobcTsyeT npespatieHnio CO
B CO,
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MT250 versus C200. Outperforms
MT250 Dramatically Outperforms C200 in Cold Weather

-40 -22 -4 14 32 50 68 86 104 °F

320
Ingersoll Rand
300 MT250 Microturbine
280
0 i
= 260
e
— 240 } Power Lost
o Using C200
g 220
o
200 bm—————— == T
180 Capstone Turbine
C200 Microturbine
160 |
140 L L L L [
-50 -30 -10 10 30 50

Air Inlet Ambient Temperature (°C)

* FlexEnergy MT250 produces more power in colder weather

* Capstone microturbines power limited in colder weather
— Capstone design weakness robs customers of power and energy savings
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MT250 npotne C200. ABTOHOMHbLIN PEXUM

MT250 nerko nobexagaet KOHKYpPeHTOB npu padoTte B
peXxume CUNOBOro OCTPoOBa

* He TpebyeTca baTapesi NpoxoAdsilen Harpy3ku

e CUHXPOHHbIN reHepaTop
— BO3MOXXHOCTb JIMHEWHOrO Nycka bonbLwmnx asuratenen (Cm.
criegyowunm cnana)
— He TpebyeT yCcTponCcTB NfaBHOro rnycka urmm 4acTtoTHO-
perynmpyembiX a5IeKTpoOnpuBoa0B
— BO3MOXHOCTb yCTpaHeHna HeucnpaBHocTen 6e3 ocTaHoBa

* /I3HOCOCTOMKOCTb BUHTOBbLIX KOMIMPECCOPOB
 [lponsBognTCca B Te4eHnn 8 net

* bornee coBeplleHHas KOHCTPYKLUUA peKkynepaTopa
— lNnactnHyatein TennoobmMeHHUK (MT250) npoTmB NepBUHHON
nosepxHocTn (C200)

e bOonbLas BbIXoAHAst MOLLHOCTb piel% XOJiogHOM noroae
CLEAN ENERGY FOR THE PLANET . % ‘.,.. FIGXEnergy




MT250 npotne C200. ABTOHOMHbLIN PEXUM

e B 0ObIYHLIX ycnoBuax, MT250 MoXeT npuHMMaThb Lwaru
HarpyxeHua geuratens no 100 n.c. (Nycku Npamoro
BKITHOYEHUA HaMPsXKeHns)

— cxoosa 3 npownoro oneita, MUKPOTYpObuHBLlI Capstone B
COCTOSAHUW MPUHATDL JTNLWb MEHbLUY Harpy3sky (0obi4HO 20 n.c.
ana C200)

* [eHepaTop MUKPOTYpOUHLI MT250 nmeeT bonee
LLUMPOKNI 3anac no KBA

— ['eHepaTop MT250 400B nepeMeHHOro Toka paccyuTaH Ha 541
amnep (cooTHoweHme 1.25:1 npm makc. mowHocTn B 300 KBT)

— ['eHepaTop C200 400B nepemeHHOro Toka paccymtaH Ha 310
amnep (cooTHoweHne 1.07:1 npu makc. mowHocTm B 200 KBT)
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MT250 npotne C200. ObcnyxunBaHue

e 3aMeHa KamMepbl CropaHus
— MT250: CHATb 3aBUXPUTENDb N 3aMEHUTDL
— C200: 3amMeHunTb Becb ABUraTenb

* [0goBOU MHTepBan obCcnyXnBaHUA

e C obcnyxmBaHnem MT250 cnpaBuTcs NpPOCTON TEXHUK-
MeXaHUK

— [nsa obcnyxunesaHne C200 Tpebyetcsa bonee
KBanMounuUUpoBaHHbIN TEXHUK-INTEKTPUK

* BO3MOXHOCTb aBapuMnUHOro (4epHoro) nycka MT250
npesocxoanT Takosyto y C200
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MT250 npotus C200. byctep TONNMBHOIO rasa

* MukpotypbumHa C200 ¢ onumoHanbHbIM bycTeEPOM Ha

base cnmpanbHOro KoMnpeccopa coaep>XnMT cMas3o4vHoe
Macno/xnagareHT.

— Mogynbe C200 ansa HU3KOro gaBrieHns He ABIAETCH
beamacnsHbIM!

* byctep C200 4yyBCTBUTENEH K BELLECTBAM, 3arpA3Ha-
IOLLMM TOMJSIMBO, TaK Kak:

— [BuraTens cnmparnbHOro kKoMrnpeccopa Morpy»eH B Macrio,
KOTOpPOE KOHTaKTUPYET C TOMNSIMBOM!

* byctep C200 pacnonoxeH Huxe razoTypouHHOro
oBuratens

— YTe4KkM TONNMMBHOIO ra3a MoryT NnogHMUMaTbCs B OTCEK
apurarteng!

CLEAN ENERGY FOR THE PLANET : G . FIGXEnergy




MT250 npotuB C200. KoreHepauus

* basoBbi mogynb MT250 moxeT

BKJ1KOYAThb BCTpoeHHyI-O CI/ICTeMy MT250 gencTBUTENBLHO
yTUnmsaummn Tenna ang NMeeT BCTPOEHHY IO
KOoreHepauuoHHOro NPUMEHEHUS °"”"'82"5’g?':;':a”““’

* B 6aszoBom moayne C200 HeT mecTa

OIS CUCTEMbI pereHepaumn Tenna ans
KoreHepauumn, n Tpebyer:

— JOMNONMHUTENbHOW NnoLwaan AN BHELLUHEero
MOAYNs yTUnu3aumm Tenna

— MPOKNaAKn AOMNOSTHUTENBbHBbIX
TpybonpoBoaoOB MeXay MUKPOTYPOMHOM 1
BHELLHMM MOAynem

— [OMNONHUTENbHbIX PACXOA0B Ha YCTAHOBKY

CLEAN ENERGY FOR THE PLANET | ¥ » . Fl@XEnergy




MT250 npotne C200. PaboTa B ceTtu

MowHocTb ceTn

e MT250 HenpepbIBHO NOAAET SHEPTUIO K NOTPEOUTENSM
CTaHUMM Npu NoTepe CeTeBOU MOLLHOCTU, AaXe BO

L)
MM
$ BpeMS aBapuu ceTu

Pacnpeaycrpoiicrse  —  FABTOMaTUYECKW pasMbIKaeT ceTeBoe pacnpedyCTpoucTBo npu
napannenkHoro obHapyXeHun notepu cetu

BKInKO4YeHus

— HaunHaeT aBTOHOMHYIO nogayvy aHeprun 6e3 npepbiBaHUS NUTAHUS
notpebutenen

é $ — YnpaBnsieT MOLLHOCTbLI0, MOAaBaeMou K Harpyskam, npu

aBTOHOMHOW paboTe

— BbINoONHAET aBTOMATUYECKYI0 CUHXPOHM3ALMIO 1 BO3BpaLllaeTcs K
Harpyaku cTanumi paboTe napannenbHO C CeTbIo NPV NOSABNEHUN SHEPTUN B CETU

* [lepekntovyeHne 6e3 paspbiBa Lenu — NoTpebutenmn He
OLLYLLAIOT NpepbIiBAHUA NOOAYN SHEPTUN U HE
BbIKNOYaloTCA/HE nepesanyckatoTcs

Yup.

Gen

€H.

MT250 e C200 TpebyeT nepeksioveHnst ¢ pa3pbIBOM LEenu npu
npekpaLwleHnmn nogavym aHeprum

— [lopayva QHEPIMKN K Harpy3kam ripekpawaetcqda Ha KOPOTKOE BpeMHA

— C200 gomkHa nepesarpy3nTtbca ans Hadana paboTbl B
aBTOHOMHOM pexume
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MT250 npotuns C200. lNogwmnnHmukm MT250

e llITaTHble cOBpeMEHHbIE NOALLINMHUKA
C MacnsgaHOM CMa3Kou

| * Ban MT250 obopynoBaH porimkoBbIMU
| [MoALWMNHUKaMK
— O4yeHb CTOMKKE K N3HOCY
— |_|OLI,LLII/II'IHVIKVI C OMEeHb MallbiM NoTepAaMun
— [opas3no nydwee gemngupoBaHne

— BblaepknBatoT Kak oceBble, TaK U
OMOpPHbIE Harpy3Ku
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MT250 npotns C200. lNoagLwmnnHmkm C200

* Ha Bpawatowemca sany C200 ycTtaHOBMNEHDI
aspocTaTnyeckmne nogLLunnHUKKU N

* [NpeumyllecTBa: T e oM
— Heckonbko ymeHbLaT TpeHne Bepxsmit crioi :‘
— He TpebyoT Mmacna ans cMasku U oxnaxgeHus honerm

e HepocTaTKu:
— YyBCTBUTENbHbI K 3arpsA3HEHNAM (TPsi3b U
XVIMVIKaTbI) B BO3,£I,yLLIHOl/I nMnreHkKke
— Bnara moxet 3abnoknpoBaTtb NOALWMMHUK
— Ban AOJIKEH CaaUuTbCA NP OCTaHOBE N 3allyCke

 OcHoOBHOW BMA M3HOCA

e OrpaHu4MBaEeT KONMYECTBO AOMYCTUMbIX
pabo4mnx LUMKNoB

Llenka Bana

— XpynKaa KOHCTPYKUMA NoALWNNHMUKA € PONbromn Mpeaocraanero NASA
C Ype3Bbl4aMHO MaJibIMKN AOMNYCKAMM

— HewnsberKHO NPOCKanb3biBaHME HA XPYMNKOM
NOBepPXHOCTM GONbIU
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bnarogapum 3a BHUMaHue !
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