«M30IMPODJIEKC-115A» VS «Cransb B [IITY»: uTo BHIOpATH?
TexXHUKO-IKOHOMHYECKOEe CPaBHEeHHE TPYOONPOBOIOB M3 MOJUMEPHBIX M CTAJBHBIX
MaTepHajioB Ha mMpuMepe pacdera B mporpamme ZuluThermo.

baunvix /[mumpuu — OO0 «I pynna [IOJIUMEPTEIIJIO», unen coeema Accoyuayuu
npouszgooumeinell mpyoonpogoonvix cucmem, Emenvanos [Imumpuii — OO0 «[IOJIMTEPM»,
unocenep koucynomanum; Knumos Cepeeii — OO0 «JIFOKC-npoexmy, sxcnepm, 00Kmop
mexuuyeckux Hayk; Knumoe Kupunn — acnupanm Canxkm-Ilemepoypeckoeo noiumexuuieckozo
yrusepcumema Ilempa Benukxoeo; XKeenaxos Tumogpeti — AO « Ypaiimennosnepeusny, navanoruk [1TO

000 «I'pynma ITIOJIMMEPTEIUIO» r. MockBa — pa3pabOTYMK H IPOU3BOAMTEIb
Tpy6omnpoBo1oB U3OITPODIIEKC-115A u «Crans B [TITY ».

000 «I1OJIUMTEPM» r. Cankrt-IletepOypr — pa3paboT4uK MPOrpaMMHOIO OOECIICYCHHS B
o0acTi reonH(GOPMAIMOHHBIX TEXHOJIOTUH M KOMIIBIOTEPHOTO  MOJICIIMPOBAHUS MHKEHEPHBIX
KOMMYHHUKAIHA, B T.4. mporpammbl ZuluThermo.

000 «JINOKC-npoekT» r. SIKyTCK — IPOEKTHO-KOHCAJITUHIOBasi KOMIIAHMUSL.

AO «VYpaiiterosneprusi» — Enunas terocHaOxaromias opranuzanus T.Ypail, XaHTbl-
Mancwuiickuit aBToHOMHBIN OKpYT (XMAO).

TpaguioHHO, IpU PEMOHTE TEIUIOBBIX CETEH, 4acTo 0€3 MOATrOTOBKM IMPOEKTHO-CMETHBIX
JOKYMEHTAalMil W IPOBEIEHUS TEIUIO-TUIPABINYECKUX PACYETOB, IPUMEHSIOTCS CTaJIbHbIE
TpyOONpOBOJBl, B TOM YHCIIE B MUHEPAJIOBATHOM TEIUIOBOM M30JALIMM C HeoOecrneueHHOH
rusipo3amuToi. X MOHTaX, Takke TPaJuLMIOHHO, COIIPOBOXKAAETCS TOJIMMHU (HECKOIBKO HE/lemb
WK JTAKE MECSIICB) 3¢MIITHBIMH U CTPOUTEIIbHO-MOHTXXHBIMHU padoTamMu. OT 3TOr0 €KEro{HO HaIlIN
ropojia CIIOLIb MEePEKONaHbl, Y JKUTEIEH OTCYTCTBYET ropsuee BOJOCHA0KEHUE B JIETHUI MEPUO/L.
Co0roaTe HOPMAaTUBHBIN CPOK CIYKOBI TEIUIOBBIX CET€H B pealbHbIX YCIOBUAX JKCIUIyaTalluH C
yCTapeBUIMMHM MaTepuaiaMi U TEXHOJOTMSMHU NPAKTUYECKHM HEBO3MOXHO. 3a4acTylo, IIaHUPYs
3aMeHy, K mpumepy, 10 KUIIOMETpOB TEIUIOBBIX CETEH B TEUCHNE HECKOIBKUX JIET, 3aKaHUINBasi padoTy
Ha IIOCIEIHEM Y4YacTKe, HOBas 3aMeHa YK€ TpeOyeTcss Ha IEpBbIX YYacTKaX 3aMEHEHHOIO
TpyoonpoBoga. OO0 H3OBITOYHBIX TEIJIOBBIX MOTEPSAX, YTEUYKaX W TOBOPUTH HE MPHUXOIUTCS. C
HACTYIJIEHHMEM 3UMHET0 Iepruo/ia 00pa3yroTcsi MPOTAIHMHBI BAOJb TEMJIOTPACC U MTOCTOSHHO Mapsiiue
TEIUIOBBIE KaMEPhl, OTAIIMBAIOIINE BO3YLITHOE TPOCTPAHCTBO.

Pacxoxuii aprymMeHT o «HeXBaTKe (UHAHCUPOBAHMS» JIMIIb MPUKPHIBAET HEXKEIaHHE
TEIUIOCHA0XKAIOLINX OpraHU3alMil MPOBECTH MHBEHTAPU3ALMIO U MAaCHOPTU3ALUIO CYIIECTBYIOIINX
ceTell TEIUIOCHAOXKEHUS, PaCCMOTPETh M CPAaBHUTH NMPHUMEHEHHE TPYOONpPOBOJOB M3 pa3iIMYHBIX
COBPEMEHHBIX  MAaT€pUajoB, NPOBECTH  TEIUIO-THMAPABIMYECKHA  pacd€T  HKOHOMHUYECKOHN
1e1ecoo0pa3HOCTH NPUMEHEHUs TeX WIM HHBIX TeXHoJIoTWd. Beab B OONBUIMHCTBE Ciydaes,
CYIIECTBYIOIIME TpPyOONPOBOABI HMMEIOT  3aBBINIEHHBIH JMaMeTp MO MpHYUHE [OTEepH
NPUCOETUHEHHOM Harpy3ku, JuM00 OTCYTCTBHs Tpebyemoro auaMeTpa mnpu 3ameHe TpyO. Ilocre
BBITIOJTHEHUSI ONTHMHU3ALIMOHHBIX PACYETOB M MOJEIMPOBAHMUS OYyAYyT BUIHBI «y3KHE MECTa» M
MOSIBUTCS] BO3MOYKHOCTD TUIAHUPOBAHMSI X YCTPAHEHUS C LIEJIbIO OBBIIIEHUS HAJEKHOCTH CUCTEM U
CHIDKEHHUS DKCIUTyaTal[MOHHBIX 3aTpar.

CYH_ICCTByIOH_II/IC OrpaHHU4YCHUA I10 POCTY TapI/I(ba N TCHACHIUSA CHHWXCHUA 6IOI[)KGTHOFO
CbI/IHaHCI/IpOBaHI/ISI MO3BOJIACT UATHU TOJBKO IO IMTYTH OINITUMHU3ALIUNH, ITIOMCKA BO3SMOXXHOCTU CHUXCHUSA
OKCILTYaTallTUOHHBIX 3aTpaT, KOTOPbIC B TCUCHHE CPOKa CJ'Iy>K6I)I TEIUIOBBIX CETEH MOTYT HECTHU
OKOHOMHYCCKHUEC Y6LITKI/I.



Lenp nanHON pabOTHI: MPOBECTH OOBEKTUBHYIO OLIGHKY W aHAU3 PA3UYHBIX TEXHUYECKUX
pelIeHnH 10 KOHCTPYHUPOBAHUIO TPYOOTPOBOIOB, KOTOPbIE MOTYT ObITh MPUHSTHI IPU PACCMOTPEHUHN
BOIIPOCA NMPOBEAEHUS MOACPHHU3ALIMHN TEIJIOBBIX CETEH.

IIpenmerom wuccnenoBaHus SBISETCS IPOBEAEHHE TEXHUKO-3KOHOMHYECKOIO aHajlIW3a Ha
OCHOBE pacd€ra TEIUIO-TUAPABINYECKUX PEKHUMOB CYIIECTBYIOIIUX TEILIOBBIX CETEH B I. Ypap,
XMAO wu Boibope Tuma TtpyoonpoBoga (M3OIMTPODIIEKC-115A wumu Crame B IIITY) ¢
UCII0JIb30BAHUEM PACUETHO-IIPOrPaMMHOro Komiuiekca - ZuluThermo.

[IpakTuyeckass 3HAYUMOCTh COCTOUT B HCIOJB30BAHUU PE3YJIbTATOB JTaHHOH pabOTHI
IIPOCKTHBIMU OpPraHU3aLMsAMHU, a TakKe B KadyeCTBE IIOMOIIM TEXHUYECKUM CICHHAIUCTaM
TEIUIOCHA0XKAIOUINX OpraHu3alMi Ui NPUHATHUSA PELIeHUs O BbIOOpE BapHaHTa TEXHOJIOIMU IpU
CTPOMTEINIBCTBE WIM MOAEPHU3ALUHU TEILIOBBIX CETEH.

Jnsi cpaBHEHHS C CYIIECTBYIOIIEH CHCTEMOW TEMJIOCHAOXEeHHUs BBIOpAHbI IMOJUMEpPHBIC
npenuzonupoBanubie [IITY tpy6omnpoBoasl «U3OIMPODIIEKC-115A» u metamnndeckue «Ctaib B
IIITY» (Bemosnensl mo ['OCT) — o0a Buga TpyOONpPOBOJAOB U3 HOMEHKJIATYPHI OJHOTO
npousBogutensi: OO0 «I'pynna ITOJIMMEPTEIUIO». Ins 3Toro mpou3BOAWTENb MPEICTABUI
XapaKTepUCTUKU TPyOONpoBOI0OB: (PU3UUYECKUE U TEOMETPUUECKHE (B IPHIIOKEeHUH K CTaThbe).

CTOoHUT OTMETUTH, YTO TPYOONPOBOJBI B CHIy PasziH4udsi MAaTEPUAIOB MMEIOT OTIMYHS IO
SKBHBAJICHTHON IIEPOXOBATOCTH BHYTPEHHEH IOBEPXHOCTH HAMOpHOW TpPYyOBl, IOKa3aTeIsimM
TEIJIONPOBOAHOCTH HAMIOPHOW TPYOBI, TOJNIIMHE TEIUIOM30SILIUOHHOTO ciiosi (Harnpumep, «Crtanb B
[ITY» nmeeT OONBIINI CIIOW TETUIOM30JISIINH, T.K. TPyOa pacCuuTaHa Ha IapaMeTphl AKCIUTyaTal[iH
1o 150C, Takke TONIIMHA U30JSIIMM OTIMYAETCS U3-3a MPUHIUIA €€ HaHeCeHUs! Ha TpyOonpoBo),
no crnocody MoHTaxa (HampuMep, CTajJbHbIE TPYOOIPOBOIBI KOMIUICKTYIOTCS ~OTBOAAMH,
KOMIIEHCATOpPaMH, MOJBM)KHBIMU U HENOJBM)KHBIMU OIIOpPaMH, a MOJUMEpHbIE TPYObl HE TPeOyIOT
UCIIOJIb30BAHUS JAHHBIX YJIEMECHTOB).

Pacuernsrit kommieke ZuluThermo, B KOTOpOM MPOM3BOAMIIMCH BRIYHCIICHUS, padoTaeT Ha Oa3e
reornH(opmannonnoi cucremsl ZUIUGIS. KoMiuiekcHOe IpUMEHEHHE TPOrPAMMHOTO 00ECIIEUCHHMS
MO3BOJISIET CO3JIaTh AJICKTPOHHYIO MOJIENIb CHCTEMbI TEIUIOCHA0XKEHUs, 1O KOTOPOH MOHHMAETCSI
MaTeMaTHYecKasi MOJIENIb CUCTEMBI, MPHBsI3aHHAs K TONOrpaduvecKkoil OCHOBE TOpoaa C Y4eToM
KaJacTpOBOTO JETCHHUs TEPPUTOPUH, TpPEAHA3HAYCHHAs IS MMHUTAMOHHOTO MOJIEINPOBAHUS
pexxumoB €€ pabotel. IlporpamMmHoe oOecrneueHune MO3BOJSAET (HOPMUPOBATH IOJB30BATEIBCKUE
CIPAaBOYHHUKHU TPYOOTPOBOIOB U TETJIOU3O0SIIUOHHBIX MAaTEPUAJIOB.

[Ipu pacuére oboux THUMOB TPyOONpPOBOJA HMCIOJB30BATUCH OJHHM M TE€ K€ METOJUKH.
OO0s13aTeNIbHBIM  TpEOOBaHUEM JJISl MOJYYEHHs] KOPPEKTHOIO pe3yjbTaTa SIBISETCS INPaBUIbHOE
BBeJIeHHE MH(POPMAlIUK TI0 CYIIECTBYIOIIEH TEMIOBOM ceTH B mporpaMMy. Pacuérsl mpou3BoAnINCH
Ha OCHOBAaHMHM UCXOIHBIX JAHHBIX, IPeA0CcTaBIeHHBIX AO «YpalTeNI03HEPrus» Mo CyIECTBYIOIIEH
CXeMe TeIUIOCHAOXKEHHS OJJHOTO U3 pailoHoB roponaa Ypait (XMAO). Ha pucynke 1 mpencrasiena
UCXOJHAs cXxema TertocHa0xkeHus B I.Ypail. Cnenuanucramu npoektHoi komnanuu OO0 «JIFOKC-
IIPOEKT) BBIMOJHEHBI TPH BapUaHTa pacyera: CyIIecTBYoIue ceTH, TpyoonpoBoas! «Ctaib B ITITY »
u nonumMepHslie TpyoonpoBoasl «M3O0ITPODIIEKC-115Ay, tuameTpsl KOTOPIX ObUIH OJ00pPaHBI C
MPUMEHEHHEM KOHCTPYKTOPCKOTO PAacyeTHOTO0 MOAYJs HporpamMMHoro komiuiekca ZuluThermo.
[TomaroBslit anroput™ paboThl C MPOrpaMMOil MPUBEIECH B IPUIIOKEHHOM K JJAHHON CTaThe CChUIKOM
https://youtu.be/Yeon-Hmmm9w .



https://youtu.be/Yeon-Hmmm9w

Pucynok 1. McxogHas pacueTHas cxema CETH TeIIOCHAOKEHUS.

ITpoBeneHHbIN pacy€r (C KOTOPHIM MOYKHO O3HAKOMHUTBLCS B MPUIIOKEHHUU K JIAHHOM CTaThe)
[I0Ka3aj, YTO BCE BapHaHTHl IOJHOCTBIO COOTBETCTBYET TpPEeOOBaHMSIM, IPEABABIAEMBIM K
TpyOOIIpOBOJIaM TEIUIOBBIX CETEH I10 MTOKA3aTEeII0 HOPMAaTUBHOTO YPOBHSI TEIUIOBBIX MOTEPh. Takxke
BUJIHO, 4YTO MOAOOpaHHbIE B KOHCTPYKTOPCKOM pacueTe aAuaMeTpsl 3(deKkTrBHee CyIIecTBYIOIUX
(KoTOphl€ 3aBBILIEHBI) C TOYKHM 3pPEHUs 3aTpaT U TEIUIOBBIX IMOTEPh 4epe3 HM3OJALMI0, CPeaHEH
CKOPOCTH JIBUKEHUS TEIUIOHOCUTENS U KaK CJIEJICTBUE, TEMIIEPATyphl Ha BBOJE B TEIJIOBOU IYHKT.
IIpu »stOoM wucnonws3oBanue Tpyoonposoaos M3OINPODIIEKC-115A mno3Bosiser yinydlIuTh
I'MJIPABINYECKUE PEXUMBI HKCIUTyaTallMM TEIUIOBOM CETH (3a cueT MaJlol 1IepoXOBAaTOCTU U IMOKOM
CXEMbl TPOKJIAJKU) W IPU HCHOJIb30BAHUU CXOXKHUX IO COPTAaMEHTY IUaMETPOB 3HAYUTENBHO
YMEHBIIUTD [TOTEPU HAlOpa Ha CETSAX, YTO MO3BOJISIET CHU3UTH TpeOyeMblil pacrionaraeMblii Harop 1
KaK CJEJCTBUE YMEHBUIMTHh 3aTpaTbl Ha DSJEKTPUUECKYI0 B3HEPIrUi0 Ipu paboTe HACOCHOTO
obopynoBaHus. MiMeeTcst BO3MOXXKHOCTb IPUBECTH paclioyiaraéMble Haopbl B TOUKE MOAKIIOYEHUS K
OJIMHAKOBOMY 3HAU€HHIO TeM caMbiM yMeHbINTh auamerpbl Tpyo U3OITPODIIEKC u BBIpOBHATH
3aTpaThl Ha TPAHCHOPTHUPOBKY BOJbI, HO B JAaHHOM CpPaBHEHHM JENA€TCSl YIOp Ha CHUKEHHE
HENpPEPBIBHBIX JKCIUIYaTallMOHHBIX 3aTpaT, KOTOPHIE CHMKAIOT CTOMMOCTb TOCJENyIoIIen
9KCIUTyaTallil MH)KEHEPHBIX CUCTEM U JIAeT JOTOJIHUTENbHBINA pe3epB NPOIYCKHON CITIOCOOHOCTH /IS
00€eCTeYHrusi BO3MOKHOCTD MOJIKJIFOUEHUS MEPCIEKTUBHBIX NOTPEOUTEEH.

Eme onHMM OOBEKTUBHBIM ITYHKTOM CpPaBHEHMsI BapUAHTOB SBISETCS OLIEHKAa pe3epBa
MIPOIYCKHOW crIOCOOHOCTH TpyOOmnpoBo10B. B kauecTBe pe3epBa NpUMEHSETCs BEIMYMHA pacxoja,
KOTOpass MOXKET OBbITh MOJAKJIIOYEHAa Ha OTpe3Ke YydacTKa C COXPaHEHHEM KayeCTBEHHOTO
TEIUIOCHA0XKEHUSI M 0OecreueHHsl BceX MOTpeOUTeNlel pacueTHBIM KOJMUYECTBOM Teria. TpyOsl
N3O0IMMPODJIEKC 13 ciinToro noaui3THiIeHa UMEIOT 00JIe€ TIaKYI0 ITOBEPXHOCTh U COOTBETCTBEHHO
MEHbIIIee THAPABIMYECKOE CONpOTHBIEHUE. Pe3ynpTaThl pacueTa caMoro JJIMHHOTO YdacTKa
TEIUIOCETH MOKa3bIBaIOT, YTO B cpeiHeM, TpyOsl U3OITPODJIEKC npeBocxoasT cTanbHble TpYOBI 110
pe3epBy MPONMYCKHOM cmocoOHocTH moutu B 3 pasza! PacueTHble mapameTpsl CeTH A JBYX
BapHaHTOB IPE/ICTaBICHbl HAa PUCYHKE 2 U B Ta0nuie 1.
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Pucynoxk 2. Pesynbratsl cpaBauTensHoro pacyera Tpyost U3OITPODIIEKC-115A u Crans IITY.

Tabmuua 1. IlokazaTenu pe3epBa MPOMYCKHOM CIOCOOHOCTH BapuaHTOB TPYOOIIPOBOIOB

N30IMPODIIEKC 115A Crans B IIITY
Ilyts oT Jnuna -
MCTOYHHKA | OTPE3KA | Jyamerp | Mcxoambiii Peseps | Peseps Jinamerp Ucxonusiii | Peszeps Peseps
M M " pacxos /4 pacxoxm | pacxon " pacxon pacxon pacxon
T/9 % T/9 T/9 %
27,2 27,2 0,088 21,32 102,88 483% 0,100 21,32 54,62 256%
54,4 27,3 0,088 21,32 66,89 314% 0,100 21,32 34,46 162%
81,7 27,3 0,088 21,32 51,28 241% 0,100 21,32 25,88 121%
108,9 27,2 0,088 21,32 42,28 198% 0,100 21,32 20,87 98%
133,8 24,9 0,088 16,46 37,19 226% 0,081 16,46 14,80 90%
158,8 25,0 0,088 16,46 33,36 203% 0,081 16,46 11,51 70%
183,7 24,9 0,088 16,46 30,26 184% 0,081 16,46 9,54 58%
209,1 254 0,072 11,8 25,14 213% 0,070 11,8 7,40 63%
234,6 25,5 0,072 11,8 21,64 183% 0,070 11,8 6,11 52%
260,1 254 0,072 11,8 18,98 161% 0,070 11,8 5,19 44%
284,6 24,5 0,060 7,11 15,35 216% 0,051 7,11 3,52 50%
309,1 24,6 0,060 7,11 12,91 182% 0,051 7,11 2,68 38%
333,6 24,5 0,060 7,11 11,15 157% 0,051 7,11 2,16 30%
359,2 25,6 0,040 2,39 7,20 301% 0,039 2,39 1,42 59%
384,8 25,7 0,040 2,39 5,48 229% 0,039 2,39 0,98 41%
4104 25,6 0,040 2,39 4,44 186% 0,039 2,39 0,67 28%
230% 79%

Jlia cpaBHEHUs pexuma paboThl CUCTEMbI TEIUIOCHAOKEHUS 110 MecsAllaM U CyMMapHO 3a rojl
BBITNIOJIHEH LMKJI NTOBEPOYHBIX PACUYETOB Ka)XJAOIO0 BapUaHTA Ha CPEIHEMECSYHBIE TEMIIEPATyphl
HapyKHOTO BO3[yXa M TeMIepaTypbl B mojaroiieM TpyoOonpoBoae. COOTBETCTBEHHO, /Ul pacyera
Heo0X0/IuM rpauK OTIyCKa TEIJIOTHl OT UCTOYHHMKA, M0 MOYKHO M0J00paTh pacYeTHHIM IYTEM, C
npumenenueMm moaynsi ZuluThermo: «Pacyer TemmepaTyp Ha MCTOYHHK», JIMOO BOCIOIB30BATHCS
YTBEPKJCHHBIM Ha MpeIpusTHH rpadukoM. B pesynbrarte pacuera mo MecsiiaM U CyMMapHO 3a rof,
TEH/ICHIIUSI COXPAHMJIACh: TOI0BBIE KCIUTyaTallMOHHBIE 3aTpaThl Ha TPYOOINPOBOJBI U3 CTAIBHBIX
Tpy6 B III1Y u30n11MK HE3HAYUTENBHO OOJbIIE, YeM Ipu ucnonb3zoBanuu Tpyo M3OIMTPODIIEKC-
115A.

Crnenyer OTMETHTh, 4YTO TpH Oojiee BBICOKOH CTOMMOCTH TIOJMMEpPHBIX TpyO W
KOMIUIGKTYIOIIUM K HHUM ([0 CpPaBHEHHIO CO CTaJbHBIMU TpyOamu), TpyOOIpPOBOIbI
N30IMPODJIEKC-115A uMmeroT psja NperMMyHIeCTB HAa BCEX CTAaIUAX JKU3HEHHOIO IMKJIa:
MIPOEKTUPOBAHHUE, CTPOUTENIbCTBO, OKCIulyarauus. B Tabmuue 2 mnpuBeneHbl OCHOBHBIE
MIPEUMYIIECTBA IUNIACTUKOBBIX TPYO M 0OOCHOBaHUE.



Tabnuua 2. [IpeumymiecTBa miacTuKoBbIX TpyOomnposooB U30ITPODIIEKC

Cranus IIpeumymecrBa O0ocHOBaHue
JKU3HEHHOI 0
HMKJIA
IIpoexTupoBanue | e Yrpoienue mpomecca | @ OTCyTCTBYeT HEOOXOAUMOCTh MPOEKTUPOBAHMUS
MPOEKTUPOBAHUS. KOMIIEHCAaTOPOB, CIIYCKHUKOB, cucteMbl OZIK,
e Y ieleBaeHue OTKJIFOYAIOLIEH apMaTypbl. 3HAYUTEIBHO
[IPOCKTUPOBAHHSL. COKpAIIAE€TCs YUCIIO Y3JIOB TEIJIOBOM CETH

(Tpy6ompoBoier U3OITPODIIEKC
IIOCTAaBJIAIOTCA B OyxTax JuinHOH ot 150 1o
1500M B 3aBUCHMOCTH OT THAMETPA).

e YMeHbIlIeHHE 00beMa TPOSKTHBIX PadoT.

Hocraeka o e CHIKEHUE e [l1acTuKOBBIE TPYOBI UMEIOT MaJIbI BEC U
MecTa TPAHCIOPTHBIX OTrpy’KaroTcst KoMnakTHeIMU OyxTamu. [lorpyska
CTPOUTEINILCTBA pacxoioB. oCylLIeCTBIIseTCs O3 KpaHa.
e CoKpalieHle CPOKOB ¢ 3a peiic MOXKHO yBe3TH 00JbIINNA 00BeM TPYO 1O
IIOCTaBKH. CPaBHEHHIO C METAJUINYECKUMHU.
CrpoutenbctBo | @ CokparieHne CpoKoB e CpoK NPOKJIAJIKH IIJIACTUKOBBIX TPYO
CTPOUTENBCTBA. coKparaercs B 3-5 pa3 3a cueT MaJloro Beca
e YrpouieHue TUTACTUKOBBIX TPYO, HCIIOIE30BAHHS
TEXHOJIOTUU JUIMHOMEPHBIX OTPE3KOB, IPUMEHEHHUS
IIPOKJIAJIKH. TEXHOJIOTUM Oe3cBapHOro coequHenus. He

TpeOyeTcs co3/1aHIe OCHOBATEIbHBIX IJIOMIAT0K
JUIsL XpaHEHUs TPYyO.

e MOHTaX MPOU3BOAMUTCS O3 KpaHa U CBapOYHOTO
anmapara. MUHUMaJIbHOE KOJIMYECTBO Y3JIOBBIX
COEIMHEHUH U BBICOKAsl TEXHOJIOTHYHOCTD
cOOpKH TEILIOCETH.

OKcIutyaTanus e OTCcyTCTBUE e [[i1acTukoBBI€ TPYOOTIPOBOIBI MPU IKCILTYaTAI[UU
HE00X0IMMOCTH HE UMEIOT KOPPO3UH U U3MEHEHUN TEXHUYECKUX
PEMOHTA TEIUIOBOM XapaKTEPUCTUK.

CETH B TCYCHHE BCETO | @ B cilyuae MEXaHHUYECKUX TTOBPEIKACHUN PEMOHT
CpOKa CITy:KObI — 49JI€T. | OCYLIECTBISETCS PYYHBIM CIIOCOOOM B

¢ Bricokas MUHUMAaJbHbIE CPOKU. J[axe B cirydae
PEMOHTONPUTOJJHOCTb. | TE€peMep3aHHMsl, IUIACTUKOBLIE TPYObI HE

e HenzMeHHOCTH JIOMAOTCA U MOCJE OTTAHKHU COXPAHSIOT
MPOINYCKHOU CBOICTBA.
CIIOCOOHOCTH B e Ha BHyTpeHHel MOBEpXHOCTHU IIACTUKOBBIX TPYO
TEYEHHE BCETO CpoKa He o0Opa3yercs HaieT u 3apactanue. CTeHKH
IKCILTyaTaluu. COXPAHSIIOT U JaKe yJIy4dlIaloT U3HAYAJIbHYIO

HHU3KYIO IICPOXOBATOCTD.

Oco0yt0 aKkTyalnbHOCTh NPHUMEHEHHE IUIACTUKOBBIX TPYOONPOBOJIOB MMEET B IPAKTHUKE
BHEJIPEHHsI KOHILIECCMOHHBIX COTJAllleHUH B cdepe KOMMYHAJIbHONH HHQPPACTPYKTYpPbI, KOTOpBIE
coliepkaT  JOJTrOCpOYHbIE  O0s3aTelabcTBa  KOHIleccMoHepa. [Ipm  3ToM  KOHIlECCHOHEp
(PKcruTyaTHpYIOIIas OpraHU3aIlsi) MAaKCUMAaIbHO 3aMHTEPECOBAH B A(P(PEKTUBHOM HCIIOJIH30BAHUH
MPUHATOrO Ha OaJlaHC UMYIIECTBA U €MY BBIFOJIHO M3HAYAIBHO CO3/1aTh HA/ICKHYIO, SKOHOMHUUHYIO
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CHCTEMY TEIUIOCHA0XKEHUs, YTOOBI BIIOCIECICTBUM HMCKIIOYUTH JOIMOJHHUTEIbHBIE 3aTpaThl Ha
COZIEpKAHUE W PEMOHT. OTO IO3BOJMUT COKPATUTh CPOK OKYHNAeMOCTH IPOEKTa M IOJIydaTb
JONOJHUTENbHYI0 NpuObUIb. [Ipenu3onupoBaHHbIE IUIACTUKOBBIE TPYOONPOBOJBI IOJ3EMHOM
npoksagku U30ITPODJIEKC-115A B MakcuManbHON CTENEHU YAOBJIETBOPAIOT TaKUM YCIOBHSM,
TaK KaK HE MPEAINoJaraloT 3aTpaT Ha cojepaHue (PEMOHT MOKET OBITh TOJBKO B aBapHIHBIX
CUTYyalUsAX Wwiu npu popc-maxope). B To Bpems, Ipu sKCIUTyaTalluu METAJUINYECKUX TPyOOIIpOBOIOB
BO3HUKAIOT pETrYJIspHbIE DPACXOAbl, CBS3aHHBIE C PEMOHTOM, 3aMEHOM M TEXHUYECKUM
00CITyKBaHUEM.

Jlyiss 060CHOBaHMS M HATJISIHOCTH TPABUIBLHOCTH BBHINICHU3IIOKEHHON TO3HMIIMHA MTPOU3BEICH
pacuer 3KOHOMHYECKOW d3((PEeKTHBHOCTH MpoOeKTa CO3JaHUsT W  OKCIUTyaTalldd  CUCTEMBI
TEIUIOCHA0XKEHUS Ul pacCMaTPUBAaEMBIX B CTaThe BapHaHTOB. [IpOIOIKUTEIBHOCTD KU3HEHHOTO
[UKIa mpuHATa 49 JeT, B COOTBETCTBHH CO CPOKOM cIy:kObl TpyOompoBogoB M3OITPODIIEKC-
115A.

Cormacao 1.6.10.3 Hamumonanbnbix cranmaptoB CTO HOCTPOM 2.18.117-2013 3amena
METAIMYECKUX TPYyO JO/DKHA MPOU3BOIUTHCS depe3 30 JeT HJKCIUIyaTallid, HO 3TO IIPH
HOPMATUBHBIX YCJIOBUSX, 4YTO HAa IMPAKTHUKE IOCTUYh MPAKTHYCCKH HEBO3MOXHO W 3aMEHY
MPUXOJUTCS TPOU3BOAUTH Topa3no damie. [IpUduHBI, ONpPENeNSIIONINe HU3KYIH0 HaICKHOCTh
METAJNTNYECKUX TEIUIOBBIX CETEH, XOPOIIO BCEM H3BECTHHI. DTO HEY/OBIETBOPHUTEIBHBIM BOIHO-
XUMHAYECKHI PEKUM CETEBOUM BOJIbI, HAJTMUUE BO3yXa B CUCTEME, OTCYTCTBHE CPE/ICTB JUATHOCTHKH
JUTSL BBISIBIICHUS OCJIA0JICHHBIX Y9aCTKOB ITO3EMHBIX TEIIONPOBOIOB. B TOKe Bpems IepeunciIeHHbIE
(hakTOpHI HE OKA3BIBAIOT HETATUBHOTO BIIMSHUS HA MOJIMITHICHOBBIC TPYOBI.

Ha ocHoBanum uccnenoBanus, MPOBEACHHOTO JOKTOPOM TEXHUYECKUX HAyK, MpodeccopoM
kadenpsl puszukun GPI'EBOY BO «BoenHno-kocmuueckas akagemus uM. A. @. Moxaiickoro» I1. I1.
PriMkeBUY U, KaHAUAATOM TEXHUYECKUX HAYK, rIaBHbIM cniermaiuctoM AO «["a3mpom mpomras» A.
C. T'opmkoBeIM pa3zpaboTaHa MaTeMaTHyecKash MOJENb, IO3BOJIIONIAS MPOTHO3HPOBATH CPOKHU
3aMeHBl  TemuoceTeil B 3aBUCHMOCTH OT  HAKOIUIeHMs  ToBpexjeHuii’. C  ydeTom
CPEIHECTATUCTUYECKOTO YPOBHS HAKOILJICHUS MOBPEKICHUM, HauMHas ¢ AePEKTOB MaTepHUajoB U
MOHTaXka 1 3aKaHYMBasi HECBOEBPEMEHHBIM BBITIOJHEHUEM, JINOO HEBHITIOJIHEHHEM PEMOHTHBIX paboT
3aMeHa METaJUIMYeCKUX TpPyOOINpPOBOJOB JIOJDKHA TPOU3BOAMTHCS dYepe3 Kaxaple 10 et

OKCILTyaTaluu.

UYro kacaeTcst Cpoka CIyKObl IUIACTHKOBBIX TpPYyOONpPOBOIOB, TO OMNBIT UX HpPUMEHEHHUs
JOCTaTOYHO TpojopkureneH. [lonmuaTunen Hadaiau MaccoBo npuMeHsATh B AHrmu u CIIA B
cepenune 50-x rr. mpomutoro Beka (70 ner Hasam)’. Biaromaps OTKpHITUAM XHMHYECKOH
IIPOMBIIITIEHHOCTH, B 80-€ IT. Ha MPOM3BOJACTBAX HAYalM IPUMEHATh TEXHOJOTHUIO CIIMBKHU
MOJUATUIIEHA. DTO TMO3BOJWIO TMPOU3BOJUTH IOJUATUICHOBBIE TpPYObl IS IeNeil ropsdero
BOJIOCHAOXXKeHUs1 M TerulocHaOxeHus. [Ipy 3TOM cTaTuCcTUKM aBapuil W HapylleHH B pabote
MJIACTUKOBBIX TPYyOONpoBOJIOB He 3adukcupoBaHo. B Hamiel cTpaHe MOTOKUTEIbHBINA OIBIT
MPUMEHEHHsI pacCMaTpUBAaeMOl TEXHOJIOIMHU TUIACTUKOBBIX TPYO cocTaBiseT nopsaka 20mer.

3arpaThl Ha CO3/JaHUE CeTe TeMJOCHA0XKEeHHsS pPAacCUMTaHbl Ha OCHOBAHUH JEHCTBYIOIIMX
MpaiCc-TUCTOB Ha TPYOOIPOBOJIHYIO MPOIYKIIMIO M CMETHOH CTOMMOCTH Ha MpPOKJIAJIKy CceTel
TeriocHabkeHus. [Ipu 3ToM CTOUT aKIIEeHTUPOBAaTh BHUMaHUE Ha TOM, YTO B Pe3yJIbTaTe MPOBEACHUS
3aKyIMOYHBIX MPOLEAYp, KaK MPaBHIIO, CTOUMOCTh PabOT UM MaTepHalloB CHUXKAETCS U B OOJbIIEH
CTETIEHH 3TO OTHOCUTCS K 3aKYIIKe IIACTUKOBBIX TPYO.

1 A.C. Topuikos, TLIT. PeivkeBud. M3HOC 1 TOBPEK/IEHUE TETUIOBBIX CeTel. Penenue pobiemMbl KadecTsa 1
HaJIe)KHOCTH 3HeprocHadxkenus. XXypnan «3Heprocoepexenue» Ne5 2019r.
2 https://www.rosteplo.ru/Tech_stat/stat_shablon.php?id=3521



DKCIUTyaTallMOHHBIE PACXO/IbI, BKIIOUYAIOIINE 3aTPAThI, CBI3aHHBIC C TIOTEPSIMH TETUIOIHEPTUU
W 3aTpaThl HA SJIEKTPOIHEPTHIO (MPHUHSTHI TOJBKO M3MEHSEMBIE CTaThU 3aTpaT) PACCUMTAHBI IO
KaXXIOMY BapUaHTY, HCXOSl U3 TOJYYEHHBIX NTAPaMETPOB U YCTAHOBIICHHBIX Tapu(OB Ha PECypPCHI U
sHeproHocutenu. [Ipu 3TOM dKCIUTyaTallMOHHBIE 3aTPaThl y BapuaHTa C TUIACTUKOBBIMU TpyOamu
HUXKe. JJOMOTHUTENBHO, MPU IKCIUTYaTAllMHA CTATBHBIX TPYOOIPOBOJAOB HEOOXOAMMO MPOU3BOIUTH
WX PETYJSIPHYIO TIEpeKIaiKy — 4 pasa 3a pacuetHbid iepro. C yueToM HHOISAIHHA CTOUMOCTh TaKUX
paboT KaXKablil pa3 Bo3pacTaeT (PUCYHOK 3).

[Ipu cpaBHeHHMM CyMMapHBIX 3aTpaT BHJHO, YTO HauOoJibllee BIUSHHE HAa (PUHAHCOBBIC
pe3yibTaThl MPOEKTA OKA3bIBAIOT KAIIMTAJIbHBIC BIOKCHUS HA PETYJBSIPHYIO IEPEKIIAIKY CTaIbHOTO
TpyOonpoBoja. JlonoJHUTENbHAS SKOHOMHS OT SKCIUTyaTallMOHHBIX pPAacXoJ0B BO3HHUKAET IpU
BapHUaHTE MJIACTUKOBBIX TPYO.

I KansnoxkeHusa M3onpodnekc KansnoxeHua Cranb B MMNY
dKcnayaTal,. 3aTpaTtbl M3onpodnekc SKcnayarau,. 3atpatbl Ctans 8 MMNY
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Pucynok 3. duHaHCOBass MOJIENb KU3HEHHOTO IUKJIA IPOeKTa (M1 KanBJIOXKEHUI JIeBast OCh,
JUISL OKCILTyaTallMOHHBIX 3aTpaT — MpaBast OCh, B THIC. PYO.).

Ha pucynke 4 moka3zaHa CTpyKTypa HaKOIUIEHHBIX 3a MEPHOJ KU3HEHHOTO IUKJIA MPOEKTa
3arpar mo BapuaHTaM. HamOompmass SkoHOMHsT B pasmepe 36,6MIH.py0. IOCTHTaeTcs IpH
HCIOJIb30BAHUH IJIACTUKOBBIX TPYO.

Takum oOpa3om, ¢ y4yeTOM JOJITOCPOYHOW SKCIUTyaTalliy HauOoliee BBITOJHO MPUMEHSTH
npeauzonupoBannbie [TITY Tpy6onpoBoast U3OTIPODIIEKC-115A.

Haneemcs, uto mpeacrasnerHsiii mpumep pacuéta TpydornpoBoioB «M30TTPODIIEKC-115A»
u «Cranp B IIITY» B cpaBHEHUM C TPaJUIIMOHHON CHUCTEMOH TEIIOCHAOKeHHs OyAeT IMOJIe3eH U
BoCTpeOOBaH B CBOeH paloTe cHelHMaIicTaMi TEIIOCHAOKAIOMIMX OpTraHU3aIMi, MPOEKTHBIX
OpraHM3aluii, a TakXke CHeUUaNIUCTaMU MNPEeANpUATHd, HWMEIOIUMU Ha CBOEM OajaHce CeTH
TEIUIOCHA0XKEHUSI.

Taxoke HazmeemMcs, 4TO pean3alusi MEpOIPHUATUI 0 MOJICPHU3AIMH CETeH TEMIOCHAOKEHHS ¢
WCIOJIb30BAHUEM CIIEIUATM3UPOBAHHBIX MPOTPAMMHBIX MPOAYKTOB, Takux kak ZuluThermo wu
COBpeMEHHBIX cucteM TpydonpoBoaoB, B T.4. M3OIIPODJIEKC-115A no3Bonut obecrneduThb
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KayecTBEHHOe M OecrepeboiiHoe TeriocHaOKeHne MOTpeOuTeNel, MOBBICUTh HEPreTHUYECKYIO
0e30macHOCTh M JHEProd(PeKTUBHOCTh, CHU3UTH AaBAPUHHOCTH CHUCTEM TEIUIOCHAOKEHUS |
YIAYYIIUTh (PMHAHCOBBIE TIOKA3aTEIH ACATEIBHOCTH TEIUIOCHAOKAIOIINX OPraHU3aIHi.

= KanurajabHbIEe BI0XKCHUS B BKCHHyaTaHI/IOHHHC 3aTpaThbl
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Ipenu3oanupoBaHHbIe CTATbHBIC TPYOOTIPOBOALl  [Ipear301upOBaHHbIC OIUMEPHBIE TPYOOTIPOBOIBI
"Cranp B ITITY" «30ITPODIIEKC-115A»

Pucynok 4. ®uHAHCOBO-9KOHOMHYECKOE CPAaBHEHUE BApUAHTOB, (B THIC.pYO.).

B03M0KHO, B BBIIIEU3I0KEHHOM CTaThe HE PACKPBITHI BCE ACHEKThl U TPEHIbI, C KOTOPBIMU
CTAJIKUBAIOTCS CIIELIUAIUCTHI B 00JIACTH MPOEKTUPOBAHUS U HKCIUTYaTaIl[MH CUCTEM TETJIOCHAOKEHMS .
B aroit cBa3u cnenuanuctel OO0 «I'pynna ITOJIMMEPTEIIIO» (r. Mocksa), OOO «JIFOKC-
npoek™ (T. AAkyrck) u OO0 «llomurepm» (1. CankT-IleTepOypr) roToBbI K TadbHEHIIIEH COBMECTHON
pa0oTe B JaHHOM HalpaBJICHUH.



