e-mail: loos@loos.ru
www.loos.ru

00O BECTKPA®T - ochmumanesHein gunep LOOS International

tel.: +7 495 943 06 28

OTpacneBou goknag, LOOS

INTERNATIONAL

KOTEJNIbHOE OBOPYOOBAHUE

KoTenbHaga tTexHuka

[1Ba Bnga npomnssoacTea napa :
CpaBHEHME KOTMOB C 60nbLLIMM BOOAHbBIM

06BEeMOM 1 BOAOTPYOHbIX KOTMOB.

[MpombilneHHoe Npou3BOACTBO MNapa
cyulectyeT yxe cBbiwe 200 net B
nepeble 100 neT ObiNMM M3BECTHbI
TONbKO KOTMblI, aHanoru4yHbole
CcerogHAWHNMN KoTnam ¢ 6BonbLinm
BoAsiHbIM ob6bemom. B 1875 raogy [1],
Te. cnycta 106 net mocne Toro, kak
[bxenmc Batt n3obpen napoBow koTen
MW napoBYyK MalWwWHy, dupma
LWUTaiHmionnep BbinycTuna nepsbln
BOAOTPYOHbIN KOTEN.

C Toro BpemeHu Habntogaerca 6ypHoe
passuMTMe B obnacTy nNpou3BOACTBa
BOAOTPYOHbIX KOTNOB. B 1927 rogy 6bin
BBE/EH B 3KCMnyaTaLmio NepBbIi KOTen
BeHcoHa, BblipabaTbiBatlowWmMi nap
30T/4 npu pasneHun 180 Gap wu
Temnepatype 450°C. B 60-e rogpl 20-
ro CTONeTusi NPOM3BOAUIIUCH KOTIbI CO
CBEPXKPUTUYECKUMI MapaMeTpamu: C
naeneHnem 350 6ap 1 TemnepaTypon
cebilwe 600°C. B 1970 ropy 6bin
OOCTUTHYT npefgen npov3BOAUTENb-
HocT 1000 T/4. YXe naTblo rogamu

nosxe CTanu BbiMyckaTbCsi BOAOTPYO-
Hble KOTMbl Mapo MNpPOU3BOAUTENb-
HocTbo 2000 T/4.

Takow BbICOKOW MOLLHOCTM U NapameT-
poB Mo BbipaboTke nNapa HEBO3MOXHO
Obino Obl OOBUTbLCA Ha KoTnax ¢
oonblWIUM BOASAHbIM 06BEMOM O
NPUHUMNMAanbHBIM NpudMHaMm. Tem He
MeHee, paboTa MO COBEPLUEHCTBO-
BaHWIO KOTNOB C GOMbLUMM BOASIHBIM
o6bemMoM Takke He npekpallianacs. B
KayecTBe NPUMeEPOB 34eCb MOXHO
NPUBECTN BBOZ B 3KCMIyaTaLMio KoTra
C Tpems ra3oxofgamMu C pacrnaroXeH-
HOW BHYTPW OrFHEBOW KamepoWn
BOASIHOTO OXNaXOEHWS, BbIMyLLEHHOrO
B 1953 rogy no unuumatmee LOOS
INTERNATIONAL, a Takke paspaboT-
Ky ABYyxxKapoTpy6Horo kotna (1956r) n
NMOMEXOYCTONYMUBbLIX 3MNEKTPOJOB
ypoBHs Boabl (1977r.). Takum o6pasom,
KOTNbl C OONbLUMM BOASAHBIM 0ObEMOM
Ha CeroAHsWHWA [eHb Mo4YTH
MOJSTHOCTbIO MOKPbLIBAKT NOTPEOHOCTY B

Dr.-Ing. Eberhard Franz, LOOS INTERNATIONAL

naponpov3BoaUTENbLHOCTM A0 55 T/4. B
3aBMCUMOCTM OT pa3MepoB CO3JaeTCs
paenexne o 30 6ap n Temnepartypa
napa o 300°C

MogblTOXNBAA BbilWecKa3aHHOe
MOXXHO caenaTh BblBOA, O TOM, YTO 06a
KOHCTPYKTMBHbIX MpuHLUMNA WMeT
npaBo Ha cyLlecTBOBaHue. B obuiem un
LenomM BUAMUTCA unu Heuenecoobpas-
HbIM U HEBO3MOXHbIM B Kakon-nnbo
KOHKpeTHOM 06nactu npuMeHeHus
3aMeHATb OAWH MPUHLUWM Ha OPYrow.
Bce e vHorga MmerT MecTo WCKIH-
YeHMsa 13 3Toro npaeswna. HacTosuas
cTaTbs npenctaBnser cobon BCMo-
MoraTenbHbll Matepuan Ans npo-
dunenn TpeboBaHusl, NPU KOTOPbIX
MOryT ObITb UCMOMNb30BaHbl 06e KOHCT-
pykuun koTnoB. ByayT paccMoTpeHbl:
acnekTbel GesonacHocTW, 3Kcnnya-
TauMoHHbIE acnekTbl, uranyeckme
CBOWCTBA 1 LIEHOBbIE aCnekThl.

Bild 1: Versandfertiger LOOS-Hochdruck-Gro3wasserraumkessel in

Zweiflammrohrbauweise, 35 t/h, 16 bar in der Endmontage
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Bild 2: 100 MW HeiBwasser-Wasserrohrkessel beim Transport
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Be3onacHocTb

B HekoTOpbiXx pas3BMBalWUXCS
cTpaHax KoTfbl ¢ 60MbWNM BOASIHLIM
006BbEMOM He HaLLMK LMPOKOro Npume-
HeHus. KayecTBO Mpov3BOAUMBIX B
9TUX CTpaHax KOTMOB C GonbluMm
BOASIHbIM 06 EMOM HE UAYT HY B Kakoe
CpaBHeHMWe CO CTaHAapTaMu KayecTBa
HEeMeLUKMX npousBoguTenen. OTO B
paBHOW Mepe kacaeTcd 1 obecneveHns
6e3onacHOCT B Criy4asx NpeBbILLEHUS
[ABNEeHUs WM CHWXKEHUS YPOBHS
Boabl. COOTBETCTBEHHO HU3KUM
SIBMsieTca YypoBeHb 6e30MmacHoCTU.
Onacascb KaTacTpoduU4eckmx noc-
NeACTBMIA B Criydae B3pbiBa NapoBOro
KoTna W Mo npuynHe Gonbliero
BOASIHOrO o6bema KOTIOB B 3TUX
CTpaHax 3a4acTyl KOHCepBaTUBHO
HacTpOEeHHble MNPOEKTUPOBLLMKHN
oTAalT npennodTeHve BOAOTPYOHbIM
kotnam. Hapspgy c acnektom 6eso-
MacHOCTM HeMaroBaXHYK ponb Mnpu
39TOM Takke wurpaet 1O obcCTosiTENb-
CTBO, 4YTO CPOK CIy>Obl N3roTOBMEHHbIX
B 3TMX CTpaHax KOTMoB C 6Gonblium
BOASIHBIM 06 BLEMOM OYEHb HeMnpQaor-
XKUTENEH.

3a nocnegHue pgBaguaTtb net B
fepmaHunm He ObINO HU oaHOMN
cepbe3HoOn aBapuu, CBSA3aHHOW C
3KCnnyaTauuen KoTnoB c 6onbwnm
BoAsHbIM obbemMomMm. He nocnegHioto
ponb 34ecb Cbirpano BBeAeHVWE B
1977r. [4] NOMexoyCTOMYMBON SMEKT-
POAOHONM CUCTEMbI AN PErynMpoBaHus
N OrpaHWYeHUst YpOBHS BOAbl U HOPM
6e3onacHocTn, 0OYCMOBMEHHbIX
KOHCTPYKUMEN KOTMOB C O6OmnblIMM
BOAsIHbIM 06bemom , 1985, [2,3].

KoHCTpykTMBHO o06ycrnosneHHas
6e3onacHOCTb O3Ha4yaer oTkas  oT
onpefenieHHbIX MaTepuanos, Kak K
npumepy, 19Mn6 nnn P355GH, oTtka3
OT KOHCTPYKLMOHHbIX MPUHLMNOB (Han-
pvmep, NpeaBapuTenbHO 3aBapeHHbIN
non, 6anka Ans XecTkoro KpenneHus
nona), BO3MOXHOCTb OCMOTpa W
obxoga BHYTPEHHeW 4acTu kotna u
[OCTaTo4yHOe paccTosHue Mexay
anemMeHTaMuM KoTna C pas3Hown
TemnepaTypon.

BaxHbIM acnektom sBrsieTcs Wc-
nblTaHUe rapaBINYeCKUM AaBreHem
npu MOBbLILEHHOM W3GLITOYHOM
[OaBrneHun, YTo No3BOSISAET NPOCTHIM U
HadeXHbIM cnocoboM OUEHUTb
CcoCTOsIHME 1 6e30nacHOCTb KOTIOB C
6onbLUMM BOASIHBIM 06BbeMoM [5].

MepeuncneHHble npasuna n obopy-
[OBaHuve, ncnonb3yemble B [epmanum,
BOT YK€ Ha MPOTSHKEHUN AEeCATUNETUN
cnocobcTByloT GesonacHow aKkcnnya-
TauMmu KoTnoB c 6onblUIMM BOASHBLIM
ob6bemom 6e3 cepbesHbIX aBapun. IT0
yTBepXAeHue Henb3si C MOSHON
YBEPEHHOCTbIO OTHECTW WM K ApYrum
KOHCTpyKUMAM KoTnos [6,7]. Kotnbl ¢
bonbwumM BoAsSIHBIM OOBLEMOM NpwU
COOTBETCTBYIOLLEM KayecTBe M3ro-
TOBIIEHUS U KOHCTPYKLMUM FrapaHTUPYHT
BbICOKYlO CTeneHb 6e3onacHoCTM U
NPOAOIIKUTENbHbIA CPOK  CryX0Obl.
MpoekTnpoBLLMKaM 1 3KCnnyaTaunoH-
HukaMm cneayeT obpawartbcsa K
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N3rOoTOBUTENSAM, Ha CHETY KOTOpPbIX
YUCHUTCS [OCTaTOMHOE KONUYECTBO
b6ecnepeboriHO paboTatomx ycTaHo-
BOK.

3KCI'I.I1yaTaLIMOHHbIe aCneKTbl

B paHHOM pasgene WM3noXeHbl
TpeboBaHMA MO KayecTBy BOAbI,
TEXOOCNYXMBAHMIO U MEPUOANYECKUM
MCMbITAHUAM.

CoBepLUEeHHO 04eBUAHO, YTO Ka4eCTBO
nuTatenbHOW BOAbl WUrpaer Ang
NMapoBbIX KOT/IOB CYLLECTBEHHYIO POJSib.
TpeboBaHua Kk BoAe 3ayacTyl
conpsiXeHbl C onpeneneHHbIMKU
OEHEXHbIMU pacxofgamu.

Ona 6onbwnMHCTBA KOHCTPYKLMWNA
BOAOTPYOHbLIX KOTMOB HE pPEeKOMEH-
OYeTca pexuM aKcnnyaTauumn gaxe c
HU3KUM cofepxaHuem conen [8].
Huskoe cogepxaHue conen o3HavaerT,
4YTO 3rneKkTpuyeckas NPOBOAMMOCTb
nuTaTenbHoOW BoAbl ANS KOTNa MeHbLUe
unn paBHo 2000mc/cm. PekomeHpay-
eTcsl - a MpU NoKarnbHOW MNIOTHOCTU
TennoBoro noToka cabille 250 kBT/Mm? -
npocto Heobxoamma nuTarenbHas
Boga 6e3 copepxaHusa conen BO
nsbexaHve 3awnakoBku Tpyb, 4TO
BrieyeT 3a coOOM CHWXeHue Tenrno-
nepegaun. At TpeboBaHWa MoOryT
OblTb BbIMOMHEHbI TOMbLKO MpMK
npoBefieHnn [OCTaTOYHO [0poro-
CTOSILMX MEpPONpUATUIA MO BOAO-
noaroToBKe.

KoTnbl ¢ 6onbLlumMm BoassHbIM 0GbeMOM
MOTYT 3KCnnyaTupoBaTbCs MNpu
MCNONb30BaHUM conecoaepxalien
BOAbl. (3NeKTpuyeckas NpoBOANMOCTb
MeHbLUe unu pasHo 6000mc/cm). Het
OMacHOCTM MOBPEXAeHUs MoBepXx-
HOCTM HarpeBa KoTna BCreacTBue
coneBbIX OTNOXeHWU OGnarogaps
BO3MOXHOCTU ydaneHus conen. Ons
BOAOMNOATOTOBKM MOTYT ObIiTbhb
MCMNOMb30BaHbl MPOCTbIE YCTAHOBKM
OIS CHUXKEHUS! XKeCTKOCTM Boabl. Bua
BOAOMOArOTOBKM 3aBUCUT OT 3KO-
HOMMYECKUX MPEANOCHLINOK U KayecTBa
ncxogHon Bodbl. BakHoe 3HaveHue
npyv 3TOM VMEIOT CPOKM OKYNnaemocTu
KanuTanoBIOXeHWI B OPOrocTosiLme
BOJOMOArOTOBUTENbHBIE YCTAHOBKMU,
CBsi3aHHble C COKpalleHWeM npoay-
BOYHOro oobema.

Cnepytollee pasnunyne npepcraenset
cobol Tennonpou3BOAUTENBHOCTb
OTHOCUTENBHO KOHCTPYKTUBHOTO
pa3smepa. [lpu paBHbIX TpeboBaHUAX
no Tennonpon3BoOAUTENBHOCTU KOTSbI
c 6onbwMM BOAAHLIM 06BHLEMOM
3aHMMatoT 0BbIYHO NloWwaib MeHbLLNX
pa3mepoB.

Mo TexobenyxunBaHuio:
TexobcnyxuBaHue KoToB ¢ 6onbLUMM
BOASHbIM 06GBEMOM 3HAYUTENLHO MPO-
e MO CpaBHEHWIO C BOAOTPYOHbIMU
KoTnamu. 310 06yCrnoBMNEHO B NEPBYIO
oyepenb 0Oonee HU3KMMUK Tpydo-
3aTtpataMu npu nycke u OCTaHOBKE U
NerkMmM OOCTYNoM K MOBEPXHOCTAM
Harpesa.
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Mogo6Has kapTuHa Habntogaercsa U Ha
NnpoBeAeHUN MNEPUOLAUNYECKUX WCTbI-
TaHui. Ha koTnax ¢ 60nbLUMM BOASIHBIM
ob6bemom, M3roTaBnMBaemMbiM B
COOTBETCTBMM C BbllLeYyKa3aHHbIMU
npaeBuriaMmm MpekpacHo 3apeKOMeEH-
poBana cebsi mpocTtasd, HagexHas u
3KOHOMMYECKM BbIrogHas cucTema:
BM3yarnbHasi NPoOBepka BaXkKHbIX AeTa-
nen koTna nocne ruapaBlINYeCKOro
UCNbITaHUsi NPU MOBbILLEHHOM W30bl-
ToYyHOM paBrnieHuun, cm [3,5]. Oha
Mo3BOSISIET OTKA3aTbCS OT NPYMEHEHUS
HepaspyLualLwero MeTqaa UcnbiTaHus,
Hanpumep, ynbTpasByka. Ha Bogo-
TPYOHbIX KOTMax Mo onpeaeneHHbIM
NpUYMHaM, He ykasblBaeMbiM B JaHHOM
cTaTbe, He 3apekomeHgoBano cebs
rmapaBnunyeckoe WucnblTaHue npu
NOBbILLUEHHOM U30LITOYHOM AaBMNEHUN.
Kpome 3TOro 3HauuTenbHble Yy4acTku
BOOOTPYOHOro Koma HeLOoCTYMHbI AN
BU3yanbHOro KOHTpPONs (CKpbITble
y4yacTku). Mo aTon npuyrHe BO3HUKaeT
HeoOGXxoAMMOCTb B MPUMEHEHMUMU
ynbTpassyka 1 T.M.

®dusnyeckue cBoOMcTBa

[oBOpa O uanyecknx CBOMCTBAX
HeoOX0AMMO 3aTPOHYTb NO3ULIMM, Han-
pAMYK0 crnefyluwme u3 KOHCTPYK-
TUBHbIX MPUHLUWMNOB: BOASHOW 06bemMm,
akKkymynupytowas CnocoBHOCTb,
paboTa B pexuMe YacTUYHbIX
Harpy3sok.

OTHOCMTENBHO TEMNNONPOM3BOAUTENb-
HOCTM y KOoTna ¢ 6onbwuM BOASHBIM
ob6beMoM 06bEM BOAbl 3HAHUTENBHO
BbllLe, YeM Yy BOAOTPYyOHOro kotna.
Moatomy koTen ¢ G6oMbLNM BOASHLIM
o6bemom bornee ycTonumB k koneGaHu-
AM Harpysok u ypoBneTBopsieT
TpeboBaHUSIM MO Harpyskam, BpeMeH-
HO MpeBbIlWAWMM HOMUHANbHYO
MOLLIHOCTb KOTra. OTO MOXET NPUBECTY
TONbKO K KpaTKOBPEMEHHOMY MOBbI-
LUEHWIO BNAXXHOCTM Napa, He okasblBas
HUKaKoro HeraTMBHOIO BIIUSAHMA Ha
Tennonepegauy.

BogoTpybHbIM KOTRMaM He npucyLLm
BblLLIEyKa3aHHble CBONCTBA.
KonebaHusa paBneHus HensbexHo
BMUSAIOT Ha Tennonepenayy BCreacT-
BMEe BO3HMKAKLWEro Mpu 3TOM
N3MEHEHUS NNOTHOCTN.

Bonblwon obbem BoAbl KOTIOB C
6onblMM BOAAHLIM O6GBEMOM Hapsaay
C BbILIEYNOMSHYTbIMA MPENMYLLECT-
BaMW VMeeT HefocTaTku B criyyae
xonogHoro 3anycka. Kotnam c
bonbWwWKMM BOASAHBIM O0ObemMoMm
HeoOxoammo 6Gonblle BpeMeHu Ansi
NpOM3BOACTBa Mapa Mo CpPaBHEHMUIO C
BOOOTPYOHbIMU KOTNamu. K Tomy xe
KaXXObI XOMOAHbIA 3amnyck KOTMOB C
oonbWNM BOASAHBIM OOBEMOM BbI3bl-
BaeT 0Oonee BbICOKYID MeXaHW4ECKyto
Harpysky, 4Yem OObIYHbIA pPexum
akcnnyatauum [10]. U3 aToro cnepyer,
YTO XONOAHbLIA 3anyck KOTMOB C
OonbLINM BOAAHBIM 0O bEMOM [0MKEH
NpoOBOANTbLCS LAAALLIMM CNOcO60oM

Mo npuyvHe MeHblIero BOASHOrO
obbema BOOOTPYOHbIN kOTen Gonee
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BbICOKOW MOLIHOCTM BO MHOTUX
CTpaHax MOXeT WCMoNb30BaTbCA B
KayecTBe TaK Ha3blBAEMOro MNpous-
BOACTBEHHOro KkoTma Onarogaps
yaobcTBy MoHTaxa [9].

[ns cpoka cnyx6bl MapoBbIX KOTMOB
Ba)KHOE 3HaYeHWe MMEeeT KOMUYecTBO
3anycka ropenok. Hapsgy ¢ npasurnb-
HbiIM noabopom koTen/ycTaHOBKa
onpefensilWnM 34ecb SABMSETCSA
pasMep MMWHUMaNbHOW Harpysku,
oToaBaemol kotnom. Ha komax c
oonblWKUM BOASIHBIM OObemMoOM aTa
MUHUMarnbHasa Harpy3ka COOTBETCT-
BYyeT MWHUManNbHOW TEenmnoBOWn
MOLLHOCTM, 3adaHHOW ropenkon. Ha
BblpabaTbiBaLWNX ropayvni nap
BOAOTPYOHbIX KOTMax oOnpegerieHHbIX
KOHCTPYKLMIA 3Ta MWHUMarnbHasi Har-
py3ka ropeniok He MOXeT oTpaarbcs
Ha KOTre, Tak Kak M3-3a COoKpalleHusi
MacCOBbIX BOASIHbIX MOTOKOB Ha
Tennonepeaady okasbiBaeTcs HeraTuB-
HO€E BO3ZENCTBUE, YTO MOXKET NPUBECTU
K HexenaTtenbHoMmy addekty 06ep-
HayTa B 0611acTi NfOTHOCTU TEMNJIOBOMO
noToka.

LieHa n cpoku

Ecnu npocdunb TpebGoBaHM MOXET
MOKpbIBATbCA 3a CYEeT YCTaHOBKMU
HECKONIbKMX KOTMOB C OOonblWuM
BOASIHbIM 06beMoM, BbIGOp Takoro
KOTNna npwv yCrnoBmM COOTBETCTBYHOLLETO
YPOBHSA LeHbl 1M KadecTBa npeacras-
nsieT cobon 3KOHOMUYECKU BbIrOOHYH
anbTepHarmBy. Kpome atoro, cnepyer
OTMEeTUTbL 0Oonee KOPOTKME CPOKMK
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NnocTaBku 1 Bpemsi, Heobxoammoe ans
MOHTaxa 060opyAoBaHMs.

KoTnbl ¢ 6onbLluMM BoassHbIM 0GbeMOM
npu aHanoruyHow TemnepaType
OTXOASLUMX ra3oB M COCTape 3a CYeT
MEHbLUMX MOTEPb OT U3NyYeHus u
NPOBOANMOCTU UMEIT Ooriee BbICOKMNA
KMNA no cpaBHeHUto ¢ BOAOTPYOHbLIMU
KoTnamu.

KoTnbl ¢ 6onbLLMM BOASAHbIM 0GbEMOM
Onarogapsi ynoOCTBY Texo6Cnyxu-
BaHWUsI Takxke rerye aKcniyaTmpoBatb,
4TO Takxe cBuaeTenbcTBYeT 00
3KOHOMWYECKOW BbIFOAE WX WCMOMb-
30BaHuS.

3aknr4eHue

O6nacTti npumMeHeHus KOTNoB ¢ 60o5b-
WM BOASHbIM OObemMoM ” BOAO-
TPYOHbLIX KOTSIOB YETKO pasrpaHuyeHbI.
K npumepy, Ansi npou3eoAcTBa napa
1000 T/4 npu paBneHumn 180 Gap u
TemnepaTtype 450 °C HeBO3MOXHO
ncnonb3oBaTbh KOTen C GonbluM
BOAsIHBIM o6bemoM. [Ona 2007/4, 30
6ap 1 300 °C ucnonb3oBaHne OQHOrO
UMW HECKONbKMUX Takux KOTNOB
npeacTaensloT coboil 3KOHOMUYECKM
BbIFOAHYIO ansrepHaTMBy Gramaaps
yAo6CTBY MOCTaBKM U 3KChryaTaumu.
CoBpeMeHHble MeTOfbl U3roTOBMeHUs
M npaBuria KOHCTPYKTMBHO 06YCroB-
NeHHon Ge3onacHocTM obecneymBator
BbICOKWUI YypoBeHb 6GesonacHocT U
NPOAOIKUTENbHbIA CPOK  CRNYyXObl.
MepeuncrneHHble B [aHHOW cTaTbe
acnekTbl OTpa)keHbl B MPUBEAEHHON
HUXe Tabnuue.

Kputepun
o6bLemMoM

KoTen ¢ 6onbwum BoAsAHbIM

BopoTpy6HbIii koTen

KauyecTBO BOAbI

TexobcnyxuBaHune

[Mepuoaunyeckne ncnbiTaHns

LleHa npu aHanormiyHom ypoBHe
13gepXXeK Npou3BoAcTBa 1
Ka4yecTBa

KoahcpmumeHT nonesHoro
nencTBus

PexumM yacTuyHoM Harpysku

BopasiHol o6bem

AkkymynupytoLas cnocobHocTb

Bpewmsi noctaBku
3aHumaemas nnowagb
Bpemsi MoHTaxa,

[NepBOHavanbHbIN BBOA B
3Kcnnyaraumio

Bonee Hu3kne TpeboBaHus,
BO3MOXHOCTb 3KCNIyaTauuu Ha
BO/e C CofiepXaHunem coneit

[MpocTtas ouncrka

MpocToTa ocmMoTpa nocne
UCMbITAHWSI NOBbILLEHHbLIM
[aBreHvem

McnbiTaHusa 6e3 paspyLueHui,
Harnpumep, ynsTpasBykoMm, peako
1 B HebonbLIMX 0bbemax

Hwxe

Bblilwe, npocToTta obpalleHns

MosxeT BbITb ucnonb3oBaHa
o6nacTb perynupoBku NnnameHu,
npW HeJOCTaTOMHOM
MUHWManbHOWN Harpyske ropenku
NErko oTKIovatoTes

MpuHUMNMansHo oGycrnoBneHo
BbllLe

Bnaropaps 6onbluomy o6bemy
BOAbI - YCTONYMBOCTb K
kone6aHnAM [aBneHus n
Harpysok

Kopoue

HebGonbluas

KopoTtkoe

Bonee Bbicokue TpebosaHus, Ans
6OnbLUMHCTBA KOHCTPYKLUMIA -
aKkcnnyatauus Ha Boge 6es
cofepxaHus conen

Bonee 3atpaTtHoe

MomMVMO ruapaBnMyeckoro
UCTIbITaHNUS HEOBXOAMMOCTb
UCMbITaHWS YNBTPa3BYKOM U T.1.
CooTBeTCTBEHHO Gornee BbiCOkME
BPEMEHHbIe U (hMHAHCOBbIE
3aTparhbl

Bbiwe

Hwxe, 6onee cnoxHas
akcnnyarauus

HeobxoanmocTb orpaHnyeHns
YaCTWUYHOW Harpy3ku y HEKOTOPbIX

KOHCTPYKLWIA, CIIOXHOCTb
OTKITHOYEHNA ropenok

Hwxe

BocnpuumumeocTb k konebaHunsm
HarpysoK 1 AaBneHus

Oonblue
Bbicoko

MpogonmxuTensHoe
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