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PE®EPAT

Beimycknas kBanmdukanmonHnas padora 159 crpanun, 37 pucyHkos, 4
tabmuipl, 103 uctounuka, 5 mpumoKeHui.

KiroueBsie croBa: rpaaupHs, OamieHHas, BEHTWIATOPHAs, BUXpEBas Kamepa,
OpocCHUTelb, 000pOTHAs BOJIa, 3D PEKTUBHOCTS.

OOBEeKTaMH HCCJICNOBAHUS SBISIIOTCS PA3IMYHbIE KOHCTPYKIIMH TPaaupeH
DHEPreTHUECKUX U MPOMBIIIICHHBIX TPEANPUATHH.

I{enb paboOThI — HA OCHOBE MAPAMETPUUECKOIO aHAJIN3A PA3IMYHBIX TPATUPEH,

BBIMIOJTHEHHOTO TI0  YCOBEPIIECHCTBOBAHHBIM  METOJMKAM, BBIIBUTH  BIIHSHUSA
KOHCTPYKTUBHBIX OCOOEHHOCTEHW pA3NUYHBIX IpagupeH Ha uX 3(Q(EKTUBHOCTh U
MOKa3aTesii SHEProOJIOKOB.

JU71st TOCTYKEHUS TOCTABJIEHHOW LIS HEOOXOIMMO PELLUTD CIIETYIOIIUE 3a1auu:

o CoBeplIEeHCTBOBAaHME M aBTOMATU3AllMsA METOAMK pacueTa TeIIOTEXHUYECKUX
XapaKTePUCTHK OAICHHBIX TPATUPEH.

o CoBeplleHCTBOBaHHE M aBTOMATU3alMs METOAMK pacuera TeIUIOTEXHUYECKUX
XapaKTePUCTHK BEHTHIIATOPHBIX TPaIUpEH.

o CoBepIIeHCTBOBAaHHUE W aBTOMATH3AIUSI METOIMKH pacdeTa TEeIIOTEXHUIECKUX
XapaKTePUCTHK BUXPEBOM Kamephl.

o [IpoBeneHne mapaMeTPUUECKOTO aHaIM3a IO TOJYYCHHBIM pe3yiabTaTam
pacueTos.

B mporiecce BBIMOMHEHUs] TEMBI CO3/IaHO YCOBEPIICHCTBOBAHHOE METOIMUECKOE
obecrieueHue i pacyeToB 3(H(HEKTUBHOCTH OXJIAXKACHUS TPAIUPEH PA3IUYHBIX THUIIOB,
TIO3BOJIAIONIEE COKPATUTh CPOKM W CHHU3UTH 3aTpaThl Ha pa3pabOTKy 3(PQEeKTHBHBIX
BAapUAHTOB, KOTOPOE€ MOXKET WCIOIB30BaThCs HMHXEHEpAMH TIO0  OKCIUTyaTalluH
HHEPreTUUECKOT0 000PYI0BAaHUSI JJIs €r0 AUArHOCTUPOBAHUSL.

TectupoBanre COCTaBICHHBIX MPOrpaMM  OCYIIECTBICHO CpaBHEHUEM
PE3YNIbTATOB C U3BECTHBIMU PEIICHHUSIMHU, MTOJTYICHHBIMH paHEe.

AXTYanbHOCTh _palbOThl TOATBEP)KAACTCS HEOOXOIUMOCTBIO PEKOHCTPYKITUH

rpagupcH AJI1 IMOBBIICHMS 3(1)(1)€KTI/IBHOCTI/I, TaK KaK INOJIHOCTBO MCHATH OXJIaAUTCIIBHOC



YCTPOICTBO HE LIENECOOOPA3HO ¢ S3KOHOMUYECKOW TOUKH 3peHus. HyHO OcyliecTBUTh
BbIOOp  crmoco0a  COBEPIICHCTBOBAHUS  TPAaJUPEH €  IEJNbI0  TOBBIIICHUS
3 (HEKTUBHOCTH OXJIAXKAECHUS OOOPOTHOM BOJBI HA MPENNPHUATHIX. YCHEUIHOCTh BO
MHOI'OM 33aBHCUT OT TOYHOCTM W ABTOMATHU3AllMA METOJUK pacueTa XapaKTEePUCTHK
Bojooxyanuteneld. B mocnemHee  Bpems  y4acTWIMCh  IyOJIMKalMU 11O
YCOBEPILEHCTBOBAHUIO TI'PaIUPEH.

HDaKTI/I‘-IeCKaH 3HAYMMOCTb Da6OTLI 3aKJII04acTCd B TOM, YTO HMCIIOJIBb30BAHUC

CO3JaHHOTO METOJMYECKOro oOecreueHus: s omnpeneneHuss 3(pQpekTuBHOCTU
OXJIAKJICHUS TPATUPEH IIO3BOJUT COKPATUTh CPOKM W CHHU3HWTHh 3aTpaThl Ha
pa3palboTKy (D PEKTUBHBIX MPOEKTOB.

[IpenyioxkeHHbIE aBTOMATU3UPOBAHHBIE METOAUKUA OLEHKH 3(P(HEKTUBHOCTH U
TpaUpPEeH MOTYT HMCIOJB30BAaThCS WHXKEHEPAMU IO JKCIUTyaTaIlid SHEPTeTHYECKOTO
o0oOpyZ0oBaHUsl JUIsl €ro JAMarHOCTUpOBaHUS. BHeapeHHe aBTOMATU3UPOBAHHBIX
METOJMK B Y4€OHBIN MPOLIECC MO3BOJUT CTYJIEHTAM COKPATUTh BPEMs Ha «PYUYHBICH
BBIYKCIICHHS, TOBBICHT WX TOYHOCTh W JAacT BO3MOXXHOCTH  BBHITIOJHSTH
IapamMeTpUUYECKAN aHaJIu3.

I[OCTOBCDHOCTB MOJYUYCHHBIX PE3YJIbTATOB IMOATBCPKAACTCA COBIIAACHUCM

pe3yJIbTaTOB MAapaMETPUYECKOTO aHaIW3a, NPOBEICHHOTO C MCIOJb30BAHUEM
COCTaBJIEHHBIX IIPOTpamMM, C JaHHBIMU, I[IOJYYEHHBIMU paHee JIpyTUMU
UCCIIENOBATEIISIMH.

AnpoGanusi paGoTel. OCHOBHBIE TIOJOXKEHUS W Pe3yJabTaThl PadOTHI

JOKJIaJIbIBAJIMCh HA:
o MEXAYHapOIHON MOJIOJICKHOU HaydHOMU 11KoJie-ceMunape «Ternodusnueckue
npo0emsbl sHepreTudeckux TexHomoru» (TITY, 2015).

o VI Bcepoccuiickoit HaydyHOU KOH(MEpPEHIIMU C MEXIyHapOJHBIM Y4YacTHEM
«Tennodusnueckre 0OCHOBBI YHepreTudeckux Texunonorui» (TITY, 2015).

o MexnyHapoaHON MOJIOAEKHOM HayuyHOU KoH(pepeHuuu «TemnomacconepeHoc

B cUCTeMaxX oOecIeYeHMsT TEIIOBBIX PEKHUMOB SHCPTOHACBIIICHHOI'O TCXHUYCCKOI'O

obopynoBanus» (TITY, 2016).



O0o3Ha4yeHNs U COKpalIeHUS

BUI" — GamenHas ucnaputenbHas
rpaivpHS;

BI' — BeHTWIIATOpHASA TpagupHS;

BK — BuxpeBas kamepa;

P3 — pabouas 30Ha anmnapara;

TMO — TemmomaccooOMeEH;

OJ1Y — 0OBIKHOBEHHBIC
mu(epeHranbHble ypaBHEHUS,

CEP — yucno eguHuI] NEpEHOCA;

NO — ucnapurenbHOE OXJIXKICHUS;

[1C — mapoBO3ay1IHAs CMECH;

HIT — HagopocuTenbHOE MPOCTPAHCTBO;
ITIT — motopocuTENBHOE TPOCTPAHCTBO;
CP — cranmoHapHbBIN pEXKUM;

[IM — nepdopupoBaHHbIE MOTYJIH;
TMY — tennomaccooOOMEHHBIE
YCTaHOBKU;

TA — ternmomaccooOMEHHBIE anmnaparhl;

BO - BomooxnaguTenn,

OB — o6opoTHas Boaa;

KV — kanneynosureny;

D0B — 3 PeKTUBHOCTD OXJIAXKACHUS
BO/IbI;

NIIP — uMnynbCHO-TIEPUOANYECKUA N
PEXKUM OPOILICHHUS;

NPO — uMnyJIbCHBIN pEKUM OPOIIEHUS;
IIP — meproguveckuii pexnum;

TO — remnoBas 3(pPeKTUBHOCTS;

Ob — 3Hepro6Iok;

[IBII[ — mOBOPOTHBIX BEPTHUKAIBHBIX
LIUTOB;

KY — xanto3uiiHble yCTPOUCTBA;
CTB — cucreMa TEXHUYECKOTO
BOJIOCHA0OKCHHS;

HUWP — nayuno-nccnenoBarenbeKast
pabora;

T30 — TeXHUKO-3KOHOMHYECKOE
000CHOBAHHNE;

KIIT[ — ko3¢ duimeHT nojae3Horo

JICUCTBUSL.
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BBEJIEHUE

OYHKITMOHUPOBAHUE DHEPTETUYCCKUX U TMPOMBINUICHHBIX MPEATPUSITHIA
COIIPOBOXIAETCS BBIJCIICHHEM OOJIBIIION0 KOJUYECTBA TETJIOTHI OT TEXHOJOTHIECKIX
MIPOIIECCOB B AKCIUTYaTUPYEMOM O0OPYIOBAaHUH. DTY TEIUIOTY HEOOXOIUMO OTBOJIUTH
JUTS TIOJICp KaHMs pabouero pekuMa M 3aJJaHHOTO TeMITa H3TOTOBIICHUS PO TYKITUH.
B GonpIMHCTBE MPEANPUATHIA TS STUX LIEJIeH UCITOJIb3YeTCs 000pOTHAS BOJA.

B cBsa3m ¢ TeM, 4TOo Ha KOMOMHATaxX, 3aBOJAaX IPOUCXOJUT H3MEHEHUE
PEXKUMOB pabOThl, U CTOMMOCTb BOJbl YBEIUYMBAETCS, HEOOXOJAUMO MPUHUMATH
MEphI 110 TIOBBIIICHUIO PEHTAOCIBHOCTH TPOM3BOACTB. HyXHO CTpeMuThCA K
CHI)KCHUIO TIPOM3BOJMUTEIBHBIX PAcXOAOB W  yMEHBIICHUIO CE0ECTOMMOCTH
Opoaykiuu.  Jns  ydaydmieHuss — 9KOHOMHMYECKMX — ToKasaTelned  cleayer
COBEPIIICHCTBOBATh CXEMbI BOJIOMCIIONB30BAHMS, YMEHBIIATh MOTPEOJICHHE BOJIBI,
KOTOpast OTOMpaeTcss M3 CHCTEM BOJOMNPOBOAOB. B0O10000OpOTHBIE OXJIaXKIaIOIINe
CUCTEMBI  SIBIIAIOTCS ~ pAllMOHAIBHOW  CXEMOW  BOJOHUCIIONB30BaHUSA.  371€Ch
OXJIQXKJIAIOIIUM OOOpPYJIOBAHUEM SIBIISIETCA TPAJAUPHS — YCTPOWCTBO ISl OXJIOKICHUS
OOJIBITIONO KOJMYECTBA BOJIbI HAIPABIIEHHBIM TTOTOKOM arMochepHoro Bo3myxa. MHoria rpamvpHi
Ha3bIBAIOT TAIOKE OXJIAUTE/TEHBIMU OalITHIMU.

['pamupHM TPUMEHSIOT B OCHOBHOM TOTZA, KOTZIA OTCYTCTBYET — BO3MOMKHOCTh
UCTIONB30BATh ISl OXJIAXKICHHUST OOJIbIIME BOJAOEMBI (03€pa, peKH), a TakKe YISl TITyOOKOro
YCTOMUYMBOIO OXJIKIACHMS BOIBI MPU BBICOKMX YAEIBHBIX TMIIPABIMUECKUX Harpyskax. B
YCIIOBUSIX  PACTyIE KOHIIGHTPAIMA TIPOMBIIIUICHHBIX TPOM3BOJICTB, TIOBBIICHUS WX
SHEPrOBOOPY)KCHHOCTH TIPUMECHCHUE TPAIMpEeH — TICPCIICKTUBHBI METOJ] PACcCCHBAHMS
HU3KOMOTEHIIMATLHON TETJIOBOM 3HEPTUM B aTMOChEpy.

B TemnosHepreTuke mocie OXJaXICHHUS Ha TPAAUPHAX OOOPOTHOW BOJBI
MIPOUCXONNUT KOHJICHCAIMSI OTPaOOTaHHOTO Iapa W Ta3000pa3HbIX IPOAYKTOB,
OXJIQKJICHHUE KUJIKOCTH, a TaKKe 000PYy/IOBaHUS U MEXAHU3MOB JIJIsl TIPEIOXPAHEHUS
UX OT OBICTPOrO pa3pylIeHHs TOJ BIUSHUEM BBICOKHX Temmeparyp. B psge
nyoJIMKalui ~ yTBEpkKIAaeTcs, 4To OT A(DQPEeKTUBHONW pabOThl TpagupeH 3aBUCHUT
MIPOU3BOUTEILHOCTh TEXHOJIOTUUECKOTO 000PY0BaHMS, KAYECTBO U CEOECTOMMOCTD

BBIpa6aTLIBaCMOﬁ IMpOAYKIINH, YACIbHBIX pacxoaoB ChIpbA, TOILJINBA )41
8



anexkTposHeprur. CaenaH  BbIBOJ, UYTO HA  CETOAHSAIIHUA  JI€Hb  OTBOJ
HU3KOMOTEHIHAIIBHOM TEIJIOTHl OT MPOMBIIUICHHBIX anmnapaTtoB ¢ IMOMOUIBIO
rpagupeH — caMblil JIeIIeBbId CIOCO0, MO3BOJIAIONIMMI, COKOHOMUTH HE MeHee 95%
CBeel BOJbI U3 ceTu. OXJIaXIeHUE BOJbI B TPAJAUPHSIX MPOUCXOIUT B OCHOBHOM 3a
cuet 3¢ dekTa ucrnapeHus: 4acTyu BOJbI B BO3/IyX U MEXaHMW3Ma KOHBEKIIUU B CHUCTEME
«Boma-so3ayx». M3 uccnenoBanuii JI.J[. bepmana u3BecTHO, uTtO ucnapeHue 1%
BOJIbI TIOHMKAET €€ TeMIlepaTypy npuMepHo Ha 6°C

[To mpuHIUITy TOAaYM aTMOC(EPHOTO BO3yXa IPaJUpPHU JCNAT Ha OTKPHITHIE,
OalleHHbIE, BEHTWIATOPHBIC, 2KEKUHMOHHBbIC. OXJIaXJE€HHWE BOJBl B TPaTUPHIX
OCYILECTBIISIETCS B IJICHOYHBIX TEUEHHUSIX, OOBOJIAKMBAIOIIMUX IIUTHI OPOCHUTENS, a
TaKK€ B KalelIbHbIX, KaleJbHO-TJICHOYHBIX TEYEHHUSX, OOpa3yIolmuxcs MpH
pacrbUICHUU BOJBI Pa3OpBI3TUBAIOIIUMU coIlaMu ((popcyHKamu) U MpU CTEKAHUU
BOJIbI CO IIUTOB OPOCHUTEIS.

VYAy4muTh SKOJOTUYECKYI0O OOCTAaHOBKY ITO3BOJISIET MPUMEHEHHE T'paJupeH
COBMECTHO ¢ ¢uiabTpaMu, oOecreYrBas HCIOJb30BAaHUE BOJbI B 3aMKHYTOM
TEXHOJIOTUYECKOM ITUKJIE.

JIns  TOBBIIIEHUS TEIUIOBOM  A(P(EKTUBHOCTH TpagupeH MPUMEHSIOTCS
pa3lIMYHbIE TEXHUYECKUE PEIICHUS: CIEUHAIbHbIE 3aBUXPUTEIN, HMITYJIbCHO-
MEPUOANYECKHE KOHTAKTBI BOJIbI M BO3/lyXa U JIp.

Pa3paboTaHO HECKONBKO MPUONMKEHHBIX METOJMK pacyeTa TpagupeH, ¢
MTOMOIIIBIO KOTOPBIX BBISBISIOTCS A(()DEKTUBHBIE PEXKUMBI MX (PYHKITMOHHUPOBAHUS TIO
pa3nuuHbIM  KpuTepusiM. MccnmeayeTcss BIUSHHE  BbIOPOCOB TpaJMpEeH  Ha
MPUJIETAIOIIYIO0 TEPPUTOPHUIO.

ClOXHOCTh TUAPOJMHAMUYECKHX IPOLECCOB B3aUMOJACHCTBUS BOABI C
BO3/JyXOM BHYTPH IPOCTPAHCTBA TPaTUPEH 3aTPYIHSIET CO3JaHUE JTOCTOBEPHBIX
MaTeMaTUYECKUX MOJENEH, BBISBICHUS IUIIOCOB M MHUHYCOB IUICHOYHBIX H
KareabHbIX PEXKUMOB OPOIIEHUSI C SKOHOMHYECKON TOUKHU 3pEHUS U SHEPro3aTpar.

OTcyTCcTBHE HAZIEKHBIX METOJIOB pacyeTa Termi0-MacCOOOMEHHOT0 Mpolecca B
OPOCHUTENISIX TPaAupeH BBIHYKIAE€T HCIOJIb30BaTh pacyeTHbie (OPMyNIbl U

PCKOMCHAAINH, ITOJIYUCHHBIC OIBITHBIM ITYTCM. I[JI}I ITIOJIHOT'O aHaJIn3a W BBISABJIICHUA
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3¢ dekTuBHON pabOTHl TpagupHU TpeOyeTcss MaTeMaTHuecKas MOJENb Ipoliecca
TEIUIOMacCOOOMEHA MPOTEKAIOIIEr0 B OPOCUTENIE U NPOBEACHHUE MapaMEeTPUUYECKUX
pacyeTos.

B Hame BpeMs OCyLIECTBISIETCS aBTOMAaTHU3alUsl HMH)KEHEPHBIX pacyeToB,
UCIOJIB3YIOTCS METOJbl MAaTeMaTHYECKOIO0 MOJAENMpPOBaHUA. PacnmpocTpaHeHHBbIE
METOJMKHA pacueTa XapaKTEpUCTUK TIpaJupeH MpeACTaBIsAOT CO00H TpOMO3JKHE
BBIPQXEHUS, B KOTOPBIX HCIOJIb3YIOTCA TaOMUYHBIC 3HAUEHUS TETIOPU3NIECKIX
CBOMCTB WM CHEUUANbHBIX (PYHKIMHA, BMECTO PELIEHUS TPaHCUEHACHTHBIX
YpaBHEHUN TNPHUBJIECKAIOTCS HOMOTPAaMMbl M T.I., 3TO BIUSET HA TOYHOCTb
OKOHYATEJbHBIX pPE3YyJbTaTOB C HEraTUBHOM TOYKUA 3peHus. OCHOBHOE BpeMs
TPaTUTCS Ha 3alUCh IPOMEKYTOUYHBIX PE3YJIbTaTOB TMpPU BBIYMCICHUAX HA
MUKPOKAJIBKYJIATOpax. MHOTrOBapHaHTHBIE pacdyeTbl HEOOXOAMMO BBINOJHATH IS
BbISIBICHUS J(PPEKTUBHBIX XapakTepucTHK TpaaupeH. Ilostomy Tpebyercs
UCIIOJIb30BaHUE TMPOTPaMMHBIX CPEJACTB, YCTAHOBJIICHHBIX Ha IE€PCOHAJIbLHOM
KOMITBIOTEPE.

[lenb paboThl — Ha OCHOBE MapaMETPUUECKOTO aHAJIN3a Pa3jIMYHBIX I'PaJHUpEH,
BBIMIOJTHEHHOTO 10  YCOBEPIIEHCTBOBAHHBIM  METOAMKAM, BBbISIBUTH  BIIMSHMUS
KOHCTPYKTHUBHBIX OCOOEHHOCTEW TpagupeH Ha UX 3(PPEeKTUBHOCTh M MOKa3aTeNu

HEProOJIOKOB.
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I'IABA 1. KOHCTPYKTUBHBIE OCOBEHHOCTHU I'PAJUPEH

['pamupHn  mpUMEHSIOTCSA, KaK TPaBWIO, B  CHUCTEMax OOOpPOTHOTO
BOJIOCHAOXEHUSL ISl TIyOOKOr0 M YCTOMYMBOTO OXJIAKIEHHUS BOJBI MPH BBICOKHX
TEIJIOBBIX M YIEIBHBIX THIPABINICCKUX HATPYy3Kax.

1.1. Tunsl rpagupeH

Bce BogooxiiaguTenbHble YCTAHOBKH Pa3IMYarOTCs MO THUITY OPOILIEHUS, TO €CTh
Croco0y MOCTYTUICHHS B HUX OXJIAXKIAEeMOU KUKOCTH.
o  ILieHouHbIe — BOIA TOHKOM IJICHKOM CTEKACT 0 CTEHKaM OAIlICHHOM TPaJTUPHH.
o KaneabHble u OpbI3rajibHble — MPETyCMATPUBAIOT OPOCHTENN B (DOPCYHKH ISt
pa3OpbI3TUBaHUS BOJIBI.
. Cyxme — HHKAaKO OTKpBITOM BOIBL, TOJIBKO HAIPABJICHHBIE MOTOKW HAPYKHOIO BO3MYXa,
00/TyBarOILHE TEITIOOOMEHHHK, B KOTOPOM IIMPKYIIMPYET padboyast >KUIKOCTb.

Ecte u npyrue mnpuHiunuanibHbie oTiMuusa. Hampumep, crmocoObl mojadu
Bo3nyxa. [1o aToMy mapameTpy rpaupHu KJIaCCUPUITUPYIOT HA CIACAYIONINUE TUIIBI:
. bamennsbie. [lomaua Bo3gyxa obecrieurMBaeTCs 3a CUET €CTECTBEHHOW TSTH,
co37aBaeMoi OalrHel creruanbHOW KOHCTPYKIUU. TpeOyroT OOJBIION MIIONIAIH, HO
ropa3fo MEHBIIMX 3aTpaT Ha COJEpKaHUE MO CPABHEHHUIO C MPOYUMU THUIIAMH.
OxJaxxieHue Ipor3BOIUTCS MEIJIEHHO, HO CTAOMITBHO.
o BenTtuasropHsle. Harheranwe BO3ayXa OCYILUECTBISIETCA NIPU OMOLIU
BEHTWJIATOPOB. [103BOJISIIOT peryaupoBaTh PeXKUM paOOThI 3a CUET OTKIIOUCHHS WM
n00aBJICHUST BEHTWISATOPOB. B oTiou4me OT MpouuMx THUIIOB TPeOYIOT OOJBIIHIX
DHEPro3arpar, HO XapaKTEPU3YIOTCA  BBICOKOW  IPOM3BOAMUTEIBHOCTBIO.  MX
TEMITEpaTypHbI TIOPOT YyTh HWIKE OCTAJIBHBIX THIIOB, YTO ITO3BOJISIET OoJjiee
3¢ (HEKTUBHO U OBICTPO OXJIAXKIAATH BOIY.
o OrxpbIThle. PaboTaroT 32 CUeT CIUThI BETpa 1 B KEHUS arMocdepHbIX Macc. Mcnonns30Bars 1x
B TOJHOM OObEME TIO3BOISIET CICIMATILHO CKOHCTpyHpoBaHHas OartmHs. TpeOyrorT OobITioro
MPOCTPAHCTBA, MEIIEHHO OXJIAXKIAIOT BOLY BCETO Ha JIECATOK [PATyCOB, HO BHINO/IHBI C TOUKU 3pEHUS
COZIEPYKAHIST — HUKAKKX JIOTIOTHUTEITBHBIX SHEPrO3aTpar.
o  DiKeKUMOHHBIE. VICTIONB3YIOTCS AJISI HaTHETAHUS HY>)KHOTO 00beMa BO3/yXa s

p336pb13FPIBaHI/IH BOJbI IIOJ HAIIOPOM. B pE3YJIbTATC OTOTO IMpoHecca IMPOUCXOAUT
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3axBaT BO3/yXa, MCHOJB3YEMOTO ISl OXJaxaeHus. BbhICOKO 3(¢deKTHBHBI, HU3KUI
ypOBEHB IllyMa 1 BUOpAIiH, BEICOKHE dHEpro3aTpartsl [1].

EcTh eme ogHO CyIIECTBEHHOE OTJIMYME — HAMpaBJICHUE IBMKCHUS BOJBI U
BO37yxa. B 3aBHCHUMOCTH OT 3TOro mapameTpa rpaJupHHU ObIBAIOT MPOTUBOTOYHBIMH,
NEPEeKPECTHBIMU U CMEIIaHHBIMH.

B  pabore paccmarpuBaioTcsi OallleHHbIE ¥ BEHTWIATOPHBIE TPAJUPHU C

UCIIOJIb30BAaHUEM PA3TUYHBIX KOHCTPYKTUBHBIX OCOOEHHOCTEH.

1.2 IlpuHuun AeldcTBUSA OAalICHHOW IPAAUPHHA
Cxema OammenHo# ucmapurenbHoit rpaaupau (BUI) npuBenena Ha pucynke 1.1.
OCHOBHBIM 3JIEMEHTOM TaKOM YCTAaHOBKH SIBJIIETCSl BBITSDKHAsl OalllHs, U3 KOTOPOM
€CTECTBEHHBIM ITyTEM BBITECHSETCS BO3AYX HPU CTEKaHUH BOJBI IO OOJBIIUM
MOBEPXHOCTSIM, YCTaHABIMBAEMbIM BHYTpH OamrHu. [Ipu 3TOM BOJa, BO3AYX JABHIKYTCS

HaBCTpEYy JAPYT APYTY, MPOUCXOTUT TETIIOOOMEH.

Pucynok 1.1 - Cxema 0ameHHO# rpajupHu:

1 — opocuTesnb; 2 — BoaOpacnpeaeauTelib; 3 — pesepByap (O6acceiin); 4 — moaBoa

ropsiueid BoJbl; S — 0TBOJ OXJIA:KAEHHOM BOABI; 6 — mogaya BO31yxa
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OTOT METOJ OJIXOANT JUISI TIPOU3BOCTB, CBSI3aHHBIX C OOJBITUM TOTPEOICHUEM
OXJIOKJEHHOM TEXHUYECKOW BOJBI (XMMHYECKUE 3aBOJIbl, aTOMHbIE cTaHIMH). OHH
pacroaratoTcss HEMOCPEJICTBEHHO Ha IMPOU3BOJICTBEHHOW TEPPUTOPUH, CHaOXas Bce
nexa npeanpustusa. [lepepabaThiBatOT OrpOMHOE KOJMYECTBO SKUIAKOCTH, HE TpeOys
OOJIBIINX MaTepUATTbHBIX, SHEPreTUUECKUX 3aTpar.

OnHako CTPOST TOJBKO HA KPYMHBIX NPEANPUATUAX, TaK KaK BO3BECTH TAKYIO
KOHCTPYKIIMIO HEMPOCTO, TPEOYeTCsl CIOKHAsi CTPOUTENIbHAsE TEXHUKA, MaTepualbl,
OOJBIIME PAacXO/bl HA CaMO CTPOUTEIHCTBO. BhicOTa Takux OalmieHHBIX KOHCTPYKITUI
Moxetr pgocturate 200 M, a miomaas wucnapenus a0 10000 Mm%,  Baman

W3rOTaBIMBAIOTCS U3 CBEPXIPOYHOrO OETOHA.

1.3 IlpuHUuN AelCTBUSA BEHTHJIATOPHON IPAJMPHHU
Terutas Boja nonasaeT B IVIaBHBIA KOJUIEKTOp Bopopactpenermresst. [Janee mpoucxomur
TPAHCIIOPT Yepe3 chcTeMy TpyO K (OpCYHKaM, KOTOpbIE PaclbULIOT CTPYH BOIIbI HA OPOCHTETD,
CO3/aBasi SKpaH BOJIbI C OOJIBIION MOBEPXHOCTHIO KOHTAKTa. Boza, OTphIBAIOMIAsCS OT HIDKHUX
KpaeB 3JIEMEHTOB CTOKAa OpPOCHTENs, omnaiaeT B (hopMe JIOXKIS B MOAIOH, HAXOASLMICS TOA

TPaIMpHEi, OTKY/Ia HArHETaeTCst 00paTHO B OXJIXKIaro1iee ycTporcTBo (PrcyHok 1. 2) .

Pucynok 1.2- Cxema BeHTHJISAATOPHOU I'PAJMPHHU
[Ipouecc oxnaxaeHus BOAbI IPOXOAUT, B OCHOBHOM MEPE, 3a CUET UCIIAPEHHUS B
MPOTEKAIONIYI0 CTPYIHO BO3JyXa (TPAHCIOPT MAacChl), C HCIOJIb30BAHUEM TEILIOTHI
¢dazoBoro nepexoja (TEMIOTH UCIAPEHHUS ), TOTy4YaeMOi OT BOJHOM CTPYH, a TaKKe B

MEHBIIIEH Mepe 3a CYeT KOHBEKTUBHOTO TEIJIO00OMEHA MEXTY BOJOU U BO3TYXOM.
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[IpOTMBOTOUHOE TEUEHME BO3MyXa B TPAJIMPHHU BbI3bIBACTCS BBITSLKHBIM BO3ICHCTBAEM
OCEBOTO BEHTWJIATOPA, MPOM3BOAMTENBHOCTh KOTOPOro Mofo0paHa K TpeOyeMbIM MapameTpam
OXJIK/IEHUSL. BEHTWIIATOp YCTAHOBJIEH BHYTPH KOPITYCa, Ha IEPEKPBITUH OTCEKA TPATUPHH.

Bo3nyx BTAruBaeTcsi BHYTPb OTCEKa YEPE3 BXOJHBIE OKHA, OCHAILICHHBIE
JKaJ031, KOTOPBIE MPEIOXPAHSIOT OT MONANAaHUsS TBEPABIX TEN M3 OKPYKAIOLIEH
Cpellbl, HallpuMep JIUCThEB, a TaKKe OT Pa3OphI3TMBAHUS OXJIaX/IaeMOW BOJbI BHE
rpagupHu. Jlanee BTAHYTBIM BO3AYX MPOXOAUT Y€Pe3 30HY JTOKISA MOJ OPOCUTEIISIMU,
4yepe3 OpOCUTENBHOE 3all0JIHEHUE, B 30HY pa3OphI3rMBaHUs BOJbI HAJ OPOCHUTENIEM, a
Jlaliee MPOUCXOJUT 3aXBaT Kalelb BOJOYJIOBHUTENEM, KOTOPBIA YMEHBIIAET MOTEPHO
BOJIBI M3-3a YHOca Kanenb. [logorpersiii M yBIQXKHEHHBIM BO3yX IMPOTEKAET 4Yepe3
BEHTUJIATOP, IIOCJIE YETO Yepe3 BEPXHUU pa3pe3 KOpILyca BEHTUIISTOPA BBIAYBAETCS, B
OKPY’KAIOLIYIO CpENy.

Crenenp OXJaXAEHUS BOABl B MOKPOW TpagupHE 3aBUCHT OT TEMIIEPATYPhI
TEPMOMETpPA BIIAXXHOTO BO3/yXa, BTIATUBAEMOT0 CHAapyXH, oO0beMa BO3IyXa
(TpOU3BOIUTEIHLHOCTH BEHTHIISITOPA) U TEXHUYECKUX PEIICHUM caMoil TpaiupHHu.

['pagupHU POSKTUPYIOTCS I TOJIYYCHHS OXKUAaeMoro 3(pdexra oxmaxaeHus
B HauOoJjiee HEOJArompHsTHBIX YCIOBUSX U C YYETOM HEOOXOIMMOCTH BBIBOJA
MAaKCHUMAaJIbHOIO KOJIMYECTBA TEIUIOTHI W3 BoAbl. llox aHamormuHele ycioBus
noa0upaeTcsi TaKKe MOIIMHOCTh BeHTWIsATOpa. I[Ipu MOHMKEHUU TeMIEepaTyphbl
OKPY)KAIOLIEH CpEelbl, WU KOJIMYECTBA TEIUIOThI, KOTOPOE CIIEAYET OTBOIMUTH,
YCTaHOBJIEHHAS! MOIIHOCTh CTAHOBUTCS U3JIUIIIHEN.

JInsi CHMDKEHHUSI HSKCIUTYaTal[MOHHBIX PAacXoJOB, a TakXKe I YIy4dlICHUS
0€30MacHOCTH AKCIUTyaTalluM, B MPHUBOJAX BEHTUJISATOPA MOTYT OBITh YCTAHOBJICHBI
JIBYXCKOPOCTHBIC JBHUTATeNd. B Takux ciy4asx, OOOpOThI BEHTUJISTOPOB, a,
CJIEIOBATENBHO, U PACXOJ AJIEKTPOIHEPTHUH, YCTAHABIMBAKOTCS B 3aBUCUMOCTH OT

TEMIIEPATYPbl OXJIAKICHHON BOJIBL.
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1.4. IlpuHnun aeiicTBUS IVIEHOYHBIX U KaNeJbHbIX OpOCUTeIeH

OCHOBHBIM KOHCTPYKTHBHBIM 3JIEMEHTOM IUIEHOYHOM WM KalelbHO-TUIEHOUHON
TPaiUpHUA SIBJISICTCS. OPOCUTENb, MPEAHA3HAYCHHBIA U JPOOJICHUS CTEKAIOUIeH MO €ro
TIOBEPXHOCTH TUICHKH ITOTOKA BOJBI M OOECHEUYEeHUs] MakCHMMaibHOTO 3(ddeKkTa 3a cuer
KOHTaKTa C OXJIDKIAIOIIUM BO3AYXOM M JUIMTEJIHLHOTO BPEMEHHU B3auMOACUCTBUS. Tem
CaMbIM JIOCTUTAETCSl TIPU ONTHUMAIBHOM a3pOJAMHAMUYECKOM COMPOTUBIICHUM Tpedyemoe
CHIDKEHHUE TeMIepaTypbl BobI [ 1].

Opocurenu kiaccuGUIMPYIOT B 3aBUCMMOCTH OT XapakTepa Mmpeoliianaronei
MOBEPXHOCTH OXJAKICHUS HA: TUICHOYHBIC, KaIleJbHbIE, KOMOWHHpPOBAaHHBIC U
OpbI3raJibHbIC.

[IneHoUHBIN TUI OpOCUTENECH SIBISIETCS OCHOBHBIM, KOTOPBIM OOecreurnBacT
HauOonee  BbiIcOKMM  3dexT oxmaxnaeHus. HemoctatkoM ero  siBIsieTCS
YYBCTBUTEIBHOCTh K HAJIMYUI0O B CTEKAIONIEW BOJE B3BEIICHHBIX BEIECTB,
HEe(DTENPOAYKTOB, W MHOTHX JPYTUX NPHUMECEH, KOTOpPhIE MOTYT TPUBECTH K
3apacTaHuIo 3a30POB MEXK]Y dJIEMEHTAMU OPOCUTES.

Opocurenp IEHOYHOTO TUIIA — 3TO CUCTEMA IUIOCKO-TIApAIIIEIbHBIX KaHATIOB [1]
JUTSL B3AaMMOJCHUCTBUS KUIKOCTH, KOTOPAst IBMYKETCSI BHU3 TI0 OPOCHUTENIO B BUJIC IIJICHKH,

U IMOAHMMAIOMICIOCsA B IIPOTHBOTOYHOM HJIM IIOIICPCYHO-TOYHOM HAIIPABJICHHUHM ITOTOKA

BO31yXa (pUCYHOK 1. 3.a).

l G-.I E | | a)

PucyHnok 1.3 - Cxema mj1eHOYHOT0 OpOCUTEISI IPOTUBOTOYHOM IPagUupPHH
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[penmnonaraercs, 9To Topsdas BojAa TOCTYMAeT Ha OpOCHTENb B KommdectBe Gy ¢
Temreparypoit 1,y 1 BbITekaeT B KomuuectBe G, ¢ Temmeparypoit t,,. [IpotiBoTOKOM B
IPAIUPHIO TIOCTYIIACT BIIAXKHBIA BO3AYX C Iapamerpamu ty, fiy, X3, h; B kommuectse Gy Ha
BBIXOJIC M3 OPOCHTEISI BIKHBIM BO3TYX HMEET CIICIYFOIIHC ITapaMeTphl ty, fi, Xo, ho.

B mneHouHOM OpocuTeNe Mpu B3aWMOACHCTBHE MOTOKOB MPOHUCXOIUT TEPEHOC
TEIUTOTHI ¥ MAacChl BEIIECTBA Yepe3 TPaHMILy pasjiena ra3000pa3HOil U KuIKoH Qa3
(pucyHnok 1.3,0).

B mocnennee Bpems HalLIM MPUMEHEHHE TUICHOYHBIE OPOCHUTENH JINCTOBOU U
SYEUCTON KOHCTPYKIIMH. B MaHHBIX OPOCHTENSIX KOJIMYECTBO KaIellb WCKIF0YaeTCs
WM MAHUMAJIBHO. PElIeTKy U MMThl M3rOTaBIMBAIOTCS U3 JepeBa, aCOCCTOIIEMEHTA,
TTACTMACCHI.

Opocutens KameiabHOW TPAagupPHH COCTOMT W3 PCEHICTHUKA B  BHUJC
TOPU30HTAILHO  PACIOJIOXKEHHBIX  JICPEBSIHHBIX  PEEK  TPEYroJbHOTO WU
IIPSIMOYTOJIBHOTO PACITOJIOKCHHS.

CBoOOIHAS TOBEPXHOCTH BOJIBI B PEIICTHUKE CKIIAABIBACTCS M3 TPEX OCHOBHBIX
yactel (pucyHok 1.4):

o BOJSHOM TIJICHKHW, BO3HUKAIOMICH HA DJJEMEHTaX pEIICTHHKA BO BpeMs
0o0TeKaHUs X BOJIOM, AJAIOIICH CBEPXY;

o KPYITHBIX Karellb, KOTOPbIe 00pa3yroTCsl Ha HIKHUX KPOMKaxX KaXJIoro spyca
9JIEMEHTOB PEIICTHUKA U TIQJAFOIINX 3aTEM BHHU3;

o MEJIKHX Karieslb WM OpbI3T, 00pa30BaHME KOTOPBIX MPOMCXOIUT MPH COYAAPESHIN  KPYTTHBIX
KarieJTh O BepXHHE ITIOCKOCTH HIDKE PACTIONIOKEHHBIX H/IEMEHTOB.

Pazmepnt 11 hopma Karests 00pa3oBaBIIMXCS TPH CTEKAHNH C PEITICTHUAKA BOJIBI 3ABUCST OT:
BHEIIIHUX CWI, KOTOpBIE JICHCTBYIOT Ha JKHJIKOCTb, YCTIOBUSI PABHOBECHSI CHIJI TIOBEPXHOCTHOTO
HATSDKEHIIS, A TAKOKE PACTIONIOKEHIS, (POPMBI, yITIa HAKIIOHA YICMEHTOB.

B pemretHrke BelieACTBHE HEPAaBHOMEPHOCTH PAacTEKaHUS BOJBI IO IJIEMEHTY
IpU OJHOW W TOH e TUAPABIMYECKOW HArpy3Ke HaOJromaeTcss Kak oO0pa3oBaHHE
Karellb HEMOCPEICTBEHHO Ha HUXXHEH KPOMKE MOBEPXHOCTH JJIEMEHTa, TaK U
CTEKaHWE pachajalwmuxcs 3areM cTpyek. CpbiBaromuecs C HIDKHEH KPOMKH

PCIICTHUKA KAIIX IMaAal0T B OCHOBHOM BCPTHKAJILHO BHU3.
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Henocratku opocuteneil, M3roTOBIEHHBIX W3 JEpEBa: JIPEBECHHA YyBCTBUTENIBHA K
OMOJIOTMYECKOMY BO3JICUCTBUIO M XUMHYECKOMY, BCIEACTBHE paspylleHUs] U KOPOOJICHUS
JIPEBECUHBI, KOTOPOE IPOUCXOIUT TpPY BHIMBIBAHMM BOJIOM W3 HEE JIMTHHMHA, IUIaHKA
opocuTesell TObKHbI ObITh He ToHblle 10 MM. B wuTOre ocraercst TONMBKO IIEJUTHONO3a,
CBSI3BIBAIOIIASL KJIETKM B JIPEBECHMHE, HO M OHA CTAHOBUTCS JOCTaTOYHO HempouHou. Ha
MHTEHCHUBHOCTH Ipoliecca JeTMTHUGHUKAIMY BIHSET COIEpyKaHKe B BOJIE aKTMBHOI'O XJIOpa B

3HAYUTESTHHOM KOJIMYECTBE U BbICOKHE 3HaueHus pH [1].

IlneHKa !=_. 7 |
W A
% 1
!
| 2
KpyIHEIE KaILTH :
n
BpsIsrH | W
!
04 2
78

7 7

Pucynok 1.4 — Cxema KanejabHOIro OpoLIeHUs

AcOecTolEeMEHTHbIE OPOCHTENI MB3IOTABJIMBAKOTCS M3 CTAHIAPTHBIX IUIOCKUX WIH
BOJIHUCTBIX JIMCTOB. ACOECTOIIEMEHT WMEET CIISIYIOIIME TOOKUTEIbHbIE OCOOSHHOCTH::
XOpOIlias CMaYMBAeMOCTb BOJIOM, TMTPOCKOIMMYHOCTh, BIUTHIBAEMOCTH J10 12% COOCTBEHHOM
Macchl B ce0st BOMY. ITH Ka4ueCTBA 00ECTICUMBAIOT XOPOIIIEe PACTeKaHNE BOIbI B BUJIE TUICHKH T10
€r0 JICTaM, YTO BAYKHO JITS YITyUIIICHHs OXJIaauTesbHoro Addexra [1].

Henocratki  acOecTOIeMEHTHBIX OpOCHTENCH: KOHIIEPOTEHHBIE CBOMCTBA, CPABHUTEIIHHO
OornbIlias Macca Ha €IUHMITY IUIOIMIQIM, BbBBIBAIONIAS — YTSDKEJICHHE HECYIMX KOHCTPYKITUA,
CKJIOHEH K 3apacTaHHIO COJIIMHU KapOOHATa MOBEPXHOCTH JIMCTOB [ 1].

[TmacTMaccoBble TUIGHOYHBIE OPOCHTENM OIHA W3 HAWOONee PaCTPOCTPAaHECHHBIX W
TMIEPCTIEKTUBHBIX TUTIOB. Ee BhINOIHOE OTIIMYKE OT IPEBECHHBI 3aKITF0UACTCS B TOM, YTO OHA MOYKET

IMPOTHUBOCTOATH XUMUYCCKOMY BIIMAHUIO MHOI'MIX paCTBOPOB, COJ'ICﬁ, H.ICJ'IO‘ICﬁ, KHCJIOT.
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['pamupHr OTHOCATCST K KAaTeropuu TEIIOOOMEHHBIX armaparoB, B KOTOPBIX
TEIUIOHOCUTEITh OTJACT TEIUIOTY OXJIAXKIAIOLIEMY areHTy IyTeM HENOCPEICTBEHHOTO
KOHTaKTa [2].

[ToBepXHOCTH TEMIO0OMEHA MPEACTABISAET OOIIYI0 MMOBEPXHOCTh BCEX Karelb U
IIJIEHOK BOJIbI, TOCTYMNAIOIINX B COMPUKOCHOBEHHUE € BO3MyXOM. OJIHAKO HEBO3MOKHO C
JIOCTATOYHOM TOYHOCTBIO yUECTh pa3Mephbl M KOJUYECTBO Karellb U CTPYEK BOJIBI MPHU
Pa3IMYHBIX KOHCTPYKIHUSX BOJOPACTIPEACIUTENICH U OPOCUTENIEH U PA3HBIX CKOPOCTIX
JBIDKCHUS BO3ayxa. [ TUIGHOYHBIX TpagupeH MMEET MECTO JOIYyIIeHHE: OOKoBas
MOBEPXHOCTH IITUTOB OPOCUTEIISI IPUHUMAETCS B KAYECTBE MOBEPXHOCTHU TEIJIOOOMEHA U

OHa COCTABJIICT HANOOJIBIIYIO 1101110 [3].

1.5 IlpuHUUN AeldCTBUSA BUXPEBOM KaMepbl

Pucynok 1.5 - BuxpeBasi kamepa ¢ IUCKOBBIM pacnblINTe €M U PO3PAYHbIMU
CTEeHKAMH

['opswas Boma BxoauT B BK (pucynke 1.5, 1.6) yepe3 matpyOok 1, 3aTem B
pachbUTUTENh 2, KOTOPBIN 3aKperyieH Ha Baly, OTKyAa PacIpOCTPaHSIETCS MO IUCKaM
pasHBIX JaWaMeTpoB. Ilpw BpamieHWH Bajia KUIAKOCTh CPBIBACTCSI C JIMCKOB
pacnbUTMTEs] B BHJIE Karellb, OTOpAachIBA€TCS B pas3HbIE CTOPOHBI, MPU HTOM
oOpa3yercst 00beMHBIN (aken pacnbiia. FiMest pa3HbIil fuaMeTp, TUCKU BPAIIAIOTCS C
OJIMHAKOBOW YTJIOBOW CKOPOCTHIO, W O0Opa3yrOT TOJUAMCIICPCHBIA KareIbHbIN

pacnbul, Otaromaps ueMy pabouast 3ona (P3) ammapata paBHOMEPHO 3amoHSIETCS, HE
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MpoUuCXoauT O6paBOBaHI/Ie 3aCTOMHBIX 30H, YTO YBCIIMYMUBACT TGHHOM&CCOO6M€HHYIO

(TMO) s¢pdpexTuBHOCTD TTporiecca [4].

I Bxon

O KUAKOCTH

Bxon
BO3/yXa

Bxon
BO3yXa

<}

Boixon
KUAKOCTH

6

6 Beixon 4

PucyHnok 1.6 — Cxema BUXpeBO#i KaMepbl ¢ JMCKOBBIM PaclblLINTeIeM:

1— IaTpyOoxk Juist BXOJa ropsiueil BOJIbl; 2 — IUCKOBBIM pPaCIbUIUTENb;

3 — momactu; 4 — matpyOOK AJIs BBIXO/A BO3yXa; 5 — TAHTEHIIMAILHO-

JIOTIaTOYHBIN 3aBUXPUTEN; 6 — TaTpyOOK I BBIXOA OXJIAXKIEHHOM BOIBI.

Jlomactu 3 3akperuieHbl Ha Baly. Pacmomararorcs B matpyOke 4 Ha HEKOTOPOM
PacCTOAHUM IPYT OT APyra B HECKOJIBKO PANOB JUIS BBIXOAA BO3AYXa, UTO IO3BOJISAET
YMEHBILIUTh JAUAMETP BBIXOJHOIO MaTpyOKa, 3TO MO3BOJISIET YBEIWYUTh O0BEM
paboueit 30ub1 BK. Ilpu BpameHue jonacteid co3aaeTcsi MOHMKEHHOE /1aBJICHUE B
naTpyoke 4, uro oOecreyuBaeT TATY BO3JyXa B KaMmepy 4epe3 TaHICHIHAJIbHO-
JIOTIATOYHBIA 3aBUXpUTENb 5. Bo3ayx mnpuoOperaer BpamarelibHOE JIBHXKECHHE,
IepeMeIasch K LEHTPY amnmapara, W Kaljld BOBJIEKAIOTCS B COBMECTHOE
BpallareiabHoe ABkeHue. [Ipu B3anMoaeiicTBre Kamenb BOJbI U BO3lyXa oOpa3yercs
B P3 anmapata MeIKOAMCHNEPCHOTO BPAIIAOLIETOCS KaleIbHOrO CJOS, 4YTO

CIIOCOOCTBYET  YBEIWYCHHUIO TIOBEPXHOCTH MEXK(]a3HOTO B3aUMOJCHCTBHS U

WHTEHCUBHOCTH TipoTekanuss TMO mporiecca. Uepes matpyOok 6 oxjiaxaeHHas BOja

BeIxoauT u3 BK [4].
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4. PAHAHCOBBIA MEHE[)KMEHT, PECYPCOR®®EKTUBHOCTH
PECYPCOCBEPE/KEHUE

[enpto pmanHOrOo pasgena pabOThl  SABISETCS  TEXHUKO-PKOHOMHYECKOE
0o0OCHOBaHME Hay4HO-UccienoBarenbckux padbor (HMP). OHo mpoBomuTCs ¢ LENbIO
OIPENEIICHUS U aHAJIN3a TPYIOBBIX U JICHEKHBIX 3aTpaT, HAIIPABJICHHBIX HA PEATTU3ALINIO
HWP, a Tax:ke ypoBHsI HAydHO-TEXHUYECKOM pesyspratnBHOocTH HUP.

B pamkax panHoit pabGotei HUP BkirodaroT B ceOs aBTOMaTH3AIUIO U
MOJICPHU3AIIMIO Tpollecca pacueTra OAalleHHBIX M BEHTHISITOPHBIX TPagUpEH IMyTeM
CO3/IaHUsI MPOrpaMMHOIO Komruiekca. [Ipu co3maHum KOMILIEKca HMCIOJIb30BAIaCh
cpena mnporpammupoBanus Turbo Pascal. Ha ocmoBe HHUP odopmicna

JccepTalMonHas paboTa B makere nporpamm Microsoft Office.

4.1 Texuauko-3KoHOMHUYecKoe ooocHoBanue HUP

Texauko-skoHOMHUUeckoe obocHoBanue (TO0O) — 3TO KOMIUIEKT pacueTHO-
AHAJTUTUYECKUX JIOKYMEHTOB, COJAECP)KALIMX KaK HCXOJHBbIE JTaHHbIE, TaK M OCHOBHBIC
TEXHUYECKUE W OPraHU3ALMOHHBIE PEIICHUS, PACYETHO-CMETHBIE, OLICHOYHBIE U JIPYTHe
MOKA3aTellM, TO3BOJIIOLIME pPacCMaTpUBaTh LENECO00pa3sHOCTh U 3(PPEKTUBHOCTH
HMHBECTUIIMOHHOTO TIpoeKTa. 3amadei coctaBieHus TOO sBiseTcs OICHKA 3aTpaT Ha
IPOEKT U €0 Pe3yJIbTaTOB, aHAJIN3 CPOKA OKYIIAEMOCTH ITPOEKTA.

B paborte mpoBoamiics aHaNIM3 XapaKTEPUCTHK OAallleHHBbIX W BEHTWISATOPHBIX
rpanupen Tabnwia 4.1. beut mpoBeneH aHanu3 peIHKa rpaaupeH B Poccun.

B tabmumax I'.1-I'2 mnpeacTaBieHbl XapaKTEPUCTUKH BEHTHIIATOPHBIX
rpagupeH pa3HbIX (UPM TPOU3ZBOAMUTENEH, KOTOphIE SIBISAIOTCS  Hauboiee
PACIIPOCTPAHEHHBIMU Ha PBIHKE, C PACXOIOM OXJIaKACHHOI Bobl 400 1 120 M/u.

I'pagupan  pupmer «bAJITOHEPI'OMAII» mapku «['pam» BBITOJHSIOTCS
TOJIBKO MO OJJHOBEHTHJIATOPHOW CXEME C HUKHUM PACIOJI0KEHUEM BEHTHIIATOPA, T.K.
TPaJUpPHA C HECKOJIBKHUMH BEHTWIATOPAMH CYMMapHO MOTpeOsioT Ooblie
AIEKTPOIHEPTUM M TMPU BBIXOJIE M3 CTPOS OJHOTO BEHTWIATOPA MPOUCXOAUT

HEKOHTPOJMPYEMbI YHOC Kamneib. Takke BO3MOXKHO NPUMEHEHHE CIELHAIBHOIO
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YaCTOTHOTO TMPHWBOJA PETYJIMPOBAHUS OOOPOTOB BpAIICHHS BEHTUJISTOPOB, YTO
oOecrieunBaeT 0oJiee YeM IBYKPATHYIO SKOHOMUIO MOTPEOICHUS DICKTPOIHEPTUH.

JIOCTOMHCTBOM TpasupHU «POCHHKA » ABISIETCA TO, YTO OHH aJIallTHPOBAHBI K
paboTe B 3UMHUX YCIOBHSIX B JIFOOBIX pernoHax Poccum, mocturaercs 3a CHET TOTO,
YTO BEHTWISATOPHAs YCTAHOBKA pAcHOJIOKEHA BHYTPU KOpIyca TpagupHu U
MOCTOSIHHO OOOTpeBaeTcsl MaJaloluidi BHU3, TEIJIONW BOJOW. DTO MPEMSITCTBYET
oOpa3zoBaHuio JbAa. Ho Tpu TakoM HCHOJB30BaHUE MOTYT OBITh aBapHITHBIC
cutyanuu. Bo nzbexanue aBapuit pupma «EBPOMAILD» W3roToBisieT rpaupHu ¢
BBIHECEHHBIM M3 KOpIyCa BEHTWISTOPOM M COEAUHEHHBIM C KOPIIyCOM TI'pagvupHHU
nocpeacTBoM auddysopa.

Ha camoMm pnene y kak10il U3 JaHHBIX MApOK I'PAJUPEH €CTh CBOM ILIIOCHI U
MUHYyChl. Hampumep, Bce GUpPMBI HCTHONIB3YIOT MOJIUMEPHBIE MaTepuaibl IS
OpPOCHTEJIECH, YTO B CBOIO OYEPE/lb yIIydIllaeT paboTy rpaJupHHU.

Bce BO MHOroM 3aBUCHT OT TOrO, KaKOW pacxoj] OXJIAKIAeMOW BOJIbI, HaM
HYXEH U Kakasl TeMIlepaTrypa Ha BXOJE, a TAKXKE KaKOM IIIOIIA/IbI0 pacrojaraeM JJis
pasmenieHus rpaavupHu. Hampumep, eciii cpaBHMBaTh IO TEMIIEpAType KOTOpas
MOXeET OBITh Ha BXOJle, TO Oyner BbIOpaHa rpamupHs mapku «BeHTta», HO eciu
cMOTpeTh 1o rabapuram, To «Hwuarapa» Ha y Hee MakcHMalibHas TeMIlepaTypa Ha
Bxojie Bcero 40 °C.

Tabauua 4.1 — Cpok IkcIIyaTalMu rpajupeH 0alieHHOT0 U BEHTUJISITOPHOT O

THIIA

bamennas Bentunaropnas
Cpok 3KCIuTyaTaluH, JeT 60 (o6opynoBanus 25-30) 15-30
bamienHpie rpagupHU IMIMPOKO PACIPOCTPAHEHBI HA KPYMHBIX MPOMBIILICHHBIX

npeanpusaTusax 1 TOLl. OHH O3BOJISIIOT OXJIaAUTh O0JIBIIION 00beM BOJIBI 0€3 3aTpaT
AJICKTPOIHEPTHUH, OJHAKO, TIPH BCEH IMPOCTOTE KOHCTPYKIIMU OalleHHBIC TPaJrpHU
TpeOYIOT PETyJISIPHOTO peMOHTa B 00HOBIeHUsA. [loaToMy Majno ¢upm 3aHUMAIOTCS
UX TIPOM3BOACTBOM, B OCHOBHOM Ha CETOJMHAIIHUN JICHb 3aHUMAIOTCA WX
PEKOHCTPYKIIUSAMH, BHEIPEHUEM IMPUMEHEHHUS Pa3IMYHBIX HACAJOK, 3aBUXPHUTEIICH,

3aMCHa ACPCBAHHBIX OpOCHTCJ’ICfI Ha MOJIMMCPHBIC U.T.II.
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4.2 3aTpaTbl Ha POEKT

Brimonnenue paboTsl mpenoiaraeT 4 OCHOBHBIX 3Tara:
1)  OO030p auTEpaTyphl ISl YTOYHECHUS HAIIPABJICHUS HCCIICIOBAHUS.
2)  HccnenoBaHue pa3IYHBIX BHIIOB TPATUPEH.
3)  MaremaTudyeckoe MOJICIMPOBAHUE TIPOIIECCOB TEIUIOOOMEHA B  TPAAUPHSIX.
CoBepIlIeHCTBOBaHHUE TIPOIECcCa pacueTa XapaKTepUCTUK TPaJUpPEeH OallleHHOTO W
BETWJIATOPHOTO TUTIOB.
4)  ®opMUpOBaHHE BBHIBOJIOB.

B npoekre 3aneiictBoBansl 2 corpyanuka: HP — Hayunsiil pykoBoaurens, U —
unxeHep. [lepedens paboT ¢ ykazaHUEM UCIIOIHUTENSA U TPYJIOEMKOCTH IIPEICTABIICH
B Ta0auma I'.3.

PaccuutaeM cMety 3aTpaT Ha pa3pabOTKy MaTEMaTHYECKON MOJIEIN MPOLECCOB
TerooOMeHa B TpajupHE. 3arpaThl Ha pealu3alMio MPOeKTa CKIAJIbIBAIOTCS W3
CJIEIYIOLIUX 3JIEMEHTOB:

1) MarepuaJibHbIC 3aTPATHI.

2) AmopTH3anus.

3) 3apaboTHas 1uIaTa.

4) CouualibHbIe OTYHCIICHUSI.

5) Ilpouue 3aTpaThl.

6) HakmamHble pacXxo/Ibl.
3arpaTsl Ha pa3pabOTKy MPOEKTA!

Pacuetnbie popmyis ¢ (4.1) o (4.10) B3sThI M3 IOcOOMs [93].

(4.1)

=u,,,tu, tu, B +u., +unp +u

npoeim. nax
CToMMOCTh pacxoAHBIX MaTepuanoB Ha KaHiensputo coctasuwia 1300
pyousieit. JlanHble mpuBeaeHbl B Tabnuie ['.4 maHHbIE O CTOMMOCTH HMCIOJIB3YEMOTO
o0opytoBaHUs NpeacTaBieHbl B Tabnwmie ['.5 [94].
OcHOBHYI0 3apaOOTHYIO IUIATy JMI], YY4aCTBYIOIIUX B pa3pabOTKe MPOEKTa

paccuuThIBaeM 1o Gpopmyie

317 = (31, -7, + 1) - K, (4.3)
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rae 311, py0. — MecsiuHbIi OKIIaz, Pyo.;

k1=1,1 — KO3 PUIMEHT, yYUTHIBAIOIINNA HEOTpaObOTaHHOE BpeMsl (OTITYCK);
J1, py0. — noraTa 3a y4eHYIO CTEIEHb;
k =1,3— pallOHHBIH KO3()HULIUEHT;
Paccuutaem 3apaboTHyro miuaty aisi HaydHoro pykoBoautens (3I11) 15-ro
paspsaa u unxkenepa (3I12) 10 — ro pazpsina.
311, =(23300-1,1+2200)-1,3=36179 pyo.,
311, =14500-11-1,3=20735 py6.
Paccunraem 3apaboTHYIO MaTy Ha BBIMOJTHEHNE BCEH pabOTHI:
311" =(3I1,/21)- n, py6., (4.4)
rze N — KoJM4ecTBO OTpabOTaHHBIX THEH MO (aKTy.
3apaboTHas miaTa HAy4YHOTO0 PYKOBOJIUTENA 15 pa3psia cocTaBUT
3I1¢ =(311,/21)-n=(36179/21)-18=31010,6 py®.
3apaboTtHas miata uHxeHepa 10 paspsga cocTaBuT
3117 =(311,/21)-n=(20735/21)-101=99725 pyb.
Paccunraem 3apaboTHYIO MIaTy y4aCTHUKOB Pa3paOOTKH MPOEKTA:
U, =311 + 311 =31010,6+99725=130735,6 py0. (4.5)
B Hacrogmmii MOMEHT B COOTBETCTBHUHU C 3aKOHOM Ne212-®3 BeiruuuHa

OTUUCIICHUI BO BHEOIOJKETHbIE (OHIBI cocTaBisieT 27 % OT 3apaOOTHOM TJIATHI
cOoTpyaHUKa. Torna u3epKKy Ha OTYUCIIEHUS IO NPOEKTY COCTABAT:
U.,=021-1,,=0,27-1307356=35298,6 pyt. (4.6)
Henpensunenuele 3arpaTel W 3aTpaTbl OTHOCSAT K IPOYUMM M YCIIOBHO
MpUHUMAIOT paBHBIMU 10% OT CyMMBI BCEX U3JIEPKEK MO MPOEKTY:
an = 0’1 ) (H.wam + Hau + H3.n + Hc.o )’ (47)
an. =0,1-(28300+130735,6+35298,6) =194334.2 pyo.

pr&BHCH‘I@CKI/Ie N KOMMCPUCCKHUE HU3ICPIKKH, a4 TAKIKC IPOUYHNC HAKJIAIHBIC
pacxoabl, KaJIbKYJIIMPYIOTCA H PA3HOCATCA 110 PA3JIMYHBIM BHAAM IIPOAYKIHNH B
COOTBCTCTBHMU C IIPUHATBIM MCTOAOM. I[JIH OIIpCACIICHUA 6IO,Z[}K€T3 IIPOCKTa
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JOTyCKaeTCsl PUHSITh HaKIaaHbIe pacxoasl B pasmepe 200% ot donaa 3apaboTHOM
TUTaTHl OCHOBHOTO TIepcoHaa. B Hamiem ciiydae, 3TO COCTaBHT:
H,,, =2 U, =2-1307356=2614712 pyo. (4.8)

3arpathl Ha pa3pabOTKy MPOEKTa COCTABIISIOT:

K pocs = 28300 +130735,6-+35298,6 +194334,2+261471,2 = ,
=650139,6 py6. '

CBezieM Bce COCTaBIIAIONIME 3aTPAT HA MPOEKT B Tabuity [°.6.
4.3 Ouenka Hay4YHO-TexHn4Yeckoro yposusst HUP
IIpn ouenke HayuyHO-TexHMUYecKOro ypoBHs HUWP wucnone3yrorcs pasznudsblie
(akTophl, BIMAIOLIME Ha €€ KOJMYECTBEHHYIO OLICHKY. B kauecTBe pakTOpoB mpH olieHKe
HAY4YHOU pe3yJbTaTUBHOCTM JAHHOW pPAa0OThl MPHUHATHL: HOBHU3HA MOJYYEHHBIX
PE3yIbTATOB, TITyOMHA HAYYHOU IPOPAOOTKU, CTENIEHh BEPOSATHOCTH yCIeXa.
B Ttabmune I'.7 npuBeneHsl (GakTopbl W MPU3HAKU, XapaKTEpU3YIOLIHE
HAay4HYIO PE3YJIbTATUBHOCTD, & TAKKE YMCIOBbIE 3HaUeHUs Ky 1 Ky

PaccuntaeM ko3 puIIMEHT HAYYHOU pe3yabTaTUBHOCTH 1O (opmyde 1:

K,=> K, K, (4.10)

i=1

K,,=0,5-0,7+0,35-1,0+0,15-1,0=0,85.

4.4 Jxonommnueckas 3¢ GpeKTHBHOCTH MPOEKTA

OxnaxjaeHue BOABI 3aJaHHOTO pacxoja A0 HEOOXOIUMOW TeMrepaTypbl
oOecrieuynBaeTCsd Ha TPATUPHIX PA3HBIX KOHCTPYKIIMH W TUIIOB C HEOJWHAKOBHIMU
3aTpaTaMd TPYAOBBIX W MATEPUAIBHBIX PECYPCOB M TIPU  HEOJUHAKOBBIX
JOTIOTHUTENBHBIX HAarpy3kax Ha OKpyKaromryto cpemy. Iloatomy mpu paspaboTke
HOBBIX W IMPUBA3KE CYIIECTBYIOUIUX MPOEKTOB T'PAJUPEH K MECTHBIM YCIIOBUSIM
CTPOUTENBCTBA W JKCIUTyaTallMM CJIEAYET MNPOU3BOJAUTH SKOHOMHUYECKHE PACUEThI
BO3MOYKHBIX BApUAHTOB I'PAIMPEH JJI OLIEHKU U BEIOOpa HanboJiee parmoHaTIbHOTO B
KaXJIOM KOHKPETHOM CITy4ae.

Bo3MoxHbIE  BapuaHTHBIE  pPEIICHUS  HA3HA4YalOTCsI HAa  OCHOBAHUU

TCXHOJOTHYCCKHUX PACUYCTOB, KOTOPLIC 0o0ecrneynBaroT TpC6OBaHI/IH TCXHOJIOTNHU
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IIPOM3BOICTBA O Pacxoay 0OOPOTHOW BOJBI U TeMIIEpaType, HO OTIMYAIOTCS TUIIOM
Y KOHCTpYKUMEHN rpaaupeH. ['pagupHu, KOTOpble padOTAIOT COBMECTHO B OJTHOM 000-
POTHOM LIMKJIE, JOKHBI ObITh OAHOTUITHBIMHU.

Kputepuem BpiOOpa BapuaHTa SBISETCS MUHUMYM 3aTpaT, PaCCUUTHIBAEMBIX C
y4eToM (paKTopa BpPEMEHH, WJIK MAaKCHUMYyM HAPOJIHOXO03HCTBEHHOTO 3 deKTa.

Pa3HOCTp mNpuUBENEHHBIX 3aTpaT SBIAETCA IIOKAa3aTeIeM HKOHOMUYECKOU
3¢ (HEeKTUBHOCTH MPU CPABHEHNU TEXHUYECKHU OCYIIECTBUMBIX BAPHAHTOB I'PAIHPEH.

IIpuBeneHHbIE 3aTpaThl 3TO CyMMa €KETOJHBIX IKCILTYyaTallMOHHBIX PacXoJ0B
P OJTHOBPEMEHHBIX KalUTAJIbHBIX BIIOKEHUSX, KOTOPBIE MPUBEAECHBI K T'OJOBBIM
€AMHHUIIAM U3MEPEHHs C MOMOUIBI0O HOPMATUBHOTO KO3(PHUIIMEHTa CpaBHUTEIbHOU
HKOHOMHUYECKOUN 3PPEKTUBHOCTH.

UtoObl  ompenenuTh  HauboJiee  DKOHOMUYHBIE  pa3Mepbl  TpagupeH
IPUBEICHHBIC 3aTPaThl JOJKHBI OMPENENAThCA isi 3 — 4 MEepeMEHHBIX pa3MepoB
AJIEMEHTOB TPH Pa3HbIX KOHCTPYKUHUAX TEXHOJOTMYECKOT0, HECKOJbKUX BapHUaHTaX
CUCTEM pacIpeelieHuss BOAbl M MPOTHUBOOOJIEACHUTENBHBIX YCTPOMCTB, a TaKkKe
BEHTWJISITOPHOTO 00opynoBanus. C peXUMOM pabOThl MPOU3BOJACTB C OLIEHKOU
MIPOU3BOAMTENILHOCTH YBSI3aH KaXK[IbIil BApHAHT rPaiMpHHU.

[IpuBeneHHbIE 3aTpaThl pACCUUTHIBAIOT NPU 3 — 4 BapuaHTaX, OTIIMYAOIIUXCS
TUIIOM TPaJupeH, UX pa3MepaMH U pa3MeIlEeHUEM, YTOObl ONPENEeNUTh Haubosee
HSKOHOMUYHOW CHUCTEMBI OXJXKJEHUS, KOTOPbIA TpeOyloeT IO pacxoay BOAbI
OPUMEHEHHUsl TPYMNIbl OAHOTHUIHBIX TIpagupeH, CpaBHEHHE CTOUMOCTH YAOOHO
POM3BOANTG O CYMMApHBIM 3aTpaTaM, OTHECCHHBIM K | M° BOXBI TOIOBOL
IIPOU3BOJAMTEIILHOCTH TPAaJUPHU, T. €. IO YJAEIbHbIM NPHUBEACHHBIM 3aTpaTaM.
3HaueHue 3arpar  SABISETCs  O00OOLIAIOUIMM  TOKa3zaTeleM  3KOHOMHUYECKOU
3¢ (HeKTUBHOCTH pabOTHI COOPYKEHHSI U BBICTYNAeT B KAayeCTBE PE3yJIbTATUBHOTO
npu3Haka.  OOBIYHO  BBIABISIOT  3aBUCUMOCTh  3aTpaT  OT  CYTOYHOM
POM3BOINTENFHOCTH y/ICNbHBIX NMPUBEICHHBIX 3aTpar, KOm/(M>Tox), B LEHAX 10
01.01.91 r. npu cpaBHEHUHU CYXUX TPAAUPEH C MOKPBHIMHU.

CebecToMMOCTh OXJIAXKIEHUS ATO APYroil yA0OHBIN MOKa3aTeNb JIJIsl CPAaBHEHUS

HKOHOMHUYECKON 3(PPEeKTUBHOCTU PabOTHI COOPYKEHHIl CHCTEM BOJOCHAOXKEHUS U
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3 o
BOOJOOTBCACHHUA ABJIACTCA I M BOAbI, KOTOpad HNpCACTaBIISICT c0o00li OTHOILIEHUE
06H_[I/IX OKCIIyaTalMOHHBIX  H3JACPKCK IPOU3BOJACTBA 3a TIOJ K FOI[OBOI71

IMPOU3BOAUTCIIBHOCTHU COOPYIKCHUAI.

BriBoabI K I1aBe.
Pa3paboTaHHblii IPOrpaMMHBIM KOMIUIEKC HANpaBiI€H Ha aBTOMATU3ALMIO
IIpoliecca pacyeTa XapakTEPUCTUK IPaUpPEH.

Texnuko-3koHoMuuyeckoe obocHoBanue HUP cBuaeTenbcTByeT o TOM, 4TO B
Cllyyae BHEJIPEHMs NPOrPaMMHOI0 KOMILJIEKCA MPOUCXOAUT CHUKECHUE BPEMEHU Ha
pacyeT pacCCMOTPEHHBIX METOJMK PACUETa XapAKTEPUCTUK IPAIUPEH.

B paboTe MBI UCHOJB30BAIM KOMIBIOTEPHYIO MOJENb I'PAJUPEH, UTO SBIAETCA
ropaszio MEHEE 3aTpaTHbIM [0 OTHOLICHWIO K CO3JaHUI0 PEAIbHOW MOJEIU WU
CO3JaHMs peaJbHbIX YCIOBUN paOOThI AJIA MOJIYYEHHUS] HYKHBIX HaM JaHHbIX. Takxke
DKOHOMHYECKM BBITOJAHBIM SIBJISIETCSA JIETKOE BapbUPOBAHUE TI'€OMETPUYECKUX H
BXOJHBIX IMapaMeTpOB MOJEIH, B JAPYrOM Ciydyae KaXAyl MOJIelb MPULUIOCH Obl
co3JaBaTh CHOBA, YTO MPHUBEJIO Obl K HOBBIM 3aTpaTaM Ha IMPOM3BOJACTBO. Takoe
IPOU3BOJCTBO YBEJIMYUT 3aTpaThl HA MPOEKT B COTHHU pa3, T.K. 3a BpeMsl pabOThI
OBLJIO paccUMTaHO OOJIBIIOE KOJUYECTBO PA3HBIX Mojeneil. Takke OlleHKa Hay4HO-
TexHu4eckoro ypoBHs HHWP mnoka3ana BBICOKYHO 3HAUMMOCTh IIPOBEICHHOTO

HCCICOAOBaHUA.
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