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Pe3yabTaThl 00yueHus

06y‘IeHI/IH H IIOBBIIICHU A KBaJ'II/I(bI/IKaHI/II/I B

Kon Tpebdosanus ®PI'OC,
pe3ya [PesynpraTr 00yueHus (BBITyCKHUK JOKEH OBITh KPUTEPHEB H/HIIH
pTaTa [FOTOB) 3aMHTEPECOBAHHBIX
CTOPOH
ObwexynomypHule (YHUBepcaibHble) KOMNemeHyuu
[TonnmaeT He0OX0AMMOCTh camocTosTeNibHOrO (TpedoBanus ®I'OC

(OK-7), xpurepwii 5

Pl TEYEHUE BCETO Meproaa MpohecCnoHaATbHON AWOP
e TeTLHOCTH.
[TposiBisieT cnocoOHOCTh 3D PEKTUBHO padbOTATh
CaMOCTOSATEIFHO B KAYECTBE WICHAa KOMAHIBI TIO
P2 MEX IUCLUILIMHAPHON TeMaTHKe, ObITH uaepoM |l pedoBanus
B KOMaHJIe, KOHCYJILTUPOBATE 110 BOIIPOCAM ®I'OC(OK-6,
MPOCKTUPOBAHMS HAYYHBIX [1K-11),
MCCIICOBAHNM, a TAKXKE OBITh TOTOBBIM K kputepuii 5 AUOP
Mearoru4eckoil AesITeNbHOCTH.
'YMeeT HaxoIUTh 3apyOeKHBIX M OT€UECTBEHHBIX
MapTHEPOB, BIAACCTHHOCTPAHHBIM S3BIKOM, TpeGoaris BIOC
P3 MO3BOJISIONIAM Pab0TaTh C 3apyOEKHBIMU (OK-2, OK-4),
MapTHEPAMHU C YI€TOM KYJIbTYPHBIX, SI3bIKOBBIX kpuTepuii 5 AIOP
U COITMATBHO-
DKOHOMHMYECKHX YCIIOBH.
[TposiBIsIET MOHUMAaHKE WCIIOIB3YEMBIXMETOIOB,
00J1aCTH VX IPUMEHEHUS, BOTIPOCOB TpeGosamis GIOC
P4 0€30MaCHOCTH U 3JJPaBOOXPAHCHHS, (OK-3), kpuepii 5
IOPMIMYECKUX ACTIEKTOB, OTBETCTBEHHOCTH 32 | 11)p
npodecCHOHANTBHYIO NIEATeITLHOCTh U €€
BIUSTHUS HA OKPYKAIOIIYIO CPEIY.
Cnenyer xonekcy mnpodeccrnoHanbHOM 3THKH, |[pedoBanus ®I'OC
PS5 OTBETCTBEHHOCTH H HopmaM  Hayuno- ((OK-5), KpHUTEpUit
MCCJIEIOBATEIICKOU AEATEIIbHOCTH. SANOP

I IpogeccuonanvbHvle KOMnemeHyuu

[IposiBrisieT riyOOKHe €CTeCTBEHHOHAYYHBIE,
MaTeMaTH4YeCKHe MpodeccCuoHaibHbIe 3HAHUS B

TpedoBanus ®I'OC

(byHIaMEHTATbHBIXUCCIIEOBAHUSIX U
MpOeKTax B 00acTu pu3uKu

HU3KAX TeMITepaTyp,KOHICHCUPOBAHHOTO
COCTOSIHUS U MaTEPHAIIOBEICHUS, a TAKXE B

P6 MPOBEJICHUN HAYYHBIX UCCIICAOBAHUMN B (OK-1, I1K-1),
MEPCIIEKTHUBHBIX 00J1acTsaX mpodeccroHanbHoi  [Kpurepuit 5 AOP
eSATeIIbHOCTH.

P77 [[puHMMaeT ydacrtue B TpebdoBanus ®I'OC

(TIK-2), xputepwii 5
AVOP




MOJECPHU3ALUN COBPEMEHHBIX M CO3JaHUU
HOBBIX METOJOB U3YYEHUs MEXaHUYECKUX,
AIEKTPUYECKUX, MATHUTHBIX U TETUJIOBBIX
CBOMCTB TBEPJIbIX, )KHJIKMX U ra3000pa3HbIX
BEIIECTB.

P8

Crniocoben o6pabaTbiBaTh, aHAJTU3UPOBATH U
00001IaTh HAYYHO-TEXHUYECKYIO
UH(OPMAIINIO, TIEPEIOBON OTEUECTBEHHBIN 1
3apyOeKHBII OTBIT B MPO(HECCHOHAIBHOM
NESITETBHOCTH, OCYILECTBIIATH IPE3CHTAINIO
HAY4YHOU JESITENbHOCTH.

TpebdoBanus  OI'OC
(ITK-4), xputepuii 5
ANOP

P9

CnocoOeH TpUMEHSTh MOJYYCHHBIC 3HAHUS
JUTS PELICHUS HEUYETKO ONPEICIICHHBIX 3a/1a4, B
HECTAaHJAAPTHBIX  CHUTyalMsX,  HCIOJB3YET
TBOPYECKUIN MOAXOM JIsi pa3pabOTKU HOBBIX
OPUTHHAJIBHBIX UJIEN U METOJIOB UCCIEAOBAHUS
B 001acTu (PU3UKU KOHJIEHCUPOBAHHOTO
COCTOSIHUS, HU3KHX TEMIIEPATyp U COKUKECHHS
MIPUPOIHOTO Tra3a.

TpeboBanusa  OPI'OC
(TTK-3), kputepuii 5
ANOP

P10

Cnocoben IJIAaHUPOBATH
AHATMTUIECKHIX MMUTAIITOHHBIX
WCCIIEIOBAaHNM 1o npodeccuoHaATbHON
JESATEIIBHOCTH C MPUMEHEHUEM COBPEMEHHBIX
JOCTUKEHUM HAyKM U TEXHUKH, MEpPEIOBOIO
OTEYECTBEHHOIO M 3apyO0eXHOro OIbiTa B
o0nacTh HAay4HBIX MCCIIEJJOBAHUN, yMeeT
KPUTHUECKU OLIEHUBATh MOJTyYEHHbIE
TEOpETUYECKHEe U HKCIEPUMEHTAIbHbIE
JTaHHBIE U JIEAaeT BBIBOJIbI, 3HAET IIPABOBbIE
OCHOBBI B 00JIACTH MHTEJUIEKTyaJIbHOU
COOCTBEHHOCTH.

MIPOBEJICHUE

TpeboBanus PI'OC
(OK-4, TIK-6, TIK-7,
[1K-8, [1K-9),
kputepuit 5 AOP

P11

YMeeT HHTErpupoBaTh 3HAHUS B PA3JIMYHBIX U
CMEXHBIX 00JIACTSX HAYYHBIX UCCICAOBAHUHA U
pemraer 3agaun, Tpedyromue adbCTPaKTHOTO U
KpPEaTUBHOTO MBIIICHUS U OPUTUHAIHHOCTU B
pa3pab0TKe KOHIETITyaJIbHBIX aCIEKTOB
MIPOCKTOB HAYYHBIX MCCIICIOBAHUH.

TpeboBanus DI'OC
(OK-5, [1K-10),
kputepuii 5 AUOP




MunucTepcTBO 00pa3oBaHus U HayKku Poccuiickoit @enepanun
(benepanbHOE TOCYJapCTBEHHOE ABTOHOMHOE 00pa30BaTENIbHOE YUPEKICHUE
BBICIIIETO 00pa30BaHUs
«HAIIMOHAJIbHBIA UCCJIEJJOBATEJIbCKHUI
TOMCKHA TOJIUTEXHUYECKHUIA YHUBEPCUTET»

HNHctutyT — @U3NKO-TEXHUYECKUI
Hanpagnenue noarotoBku — Gusmka
Kadenpa — O6uiett pusuku

YTBEPXAIO:
3aB. xadenpoit
Jlunep A.M.
(ITogmuce) ([Jara) (D.U.0.)
3AJJAHUE
HA BbINOJHEHUE BHINYCKHON KBAJIM(PUKAIUOHHON PadoThI

B dopwme:
Marucrepckoi nuccepranuu
CryzeHry:

I'pynna 1017 (0)

0bM11 [puray6aesa JI.b.
Tema paboThI:

MojejiupoBaHue ropeHust JKUJIKOr0 TOIUINBA ¢ YYETOM TEIJIOBOI0 U3JIyYeHHUsI B
KaMmepe CropaHus

YTBepkaeHa IpUKa3oM JUPEKTOpa (JaTa, HOMep) \

CpOK Cla4yu CTYACHTOM BBIIIOJIHEHHOH pa60TBIZ

TEXHUYECKOE 3AJIAHUE:

Hcxonnbie nanHbie k padoTe 1.

N

VYcranoska SimFlow - 3To mporpamMmHoe obecrieueHue
mis - Computational  Fluid  Dynamics  (CFD),
npeJHa3sHauYeHHOe JUIsI HMHXKEHEPHBIX M Hay4YHBIX
LENIEH.

Kuzakoe TOIIMBO renTaH.

PCSYJ'II)TaTI)I MOACIIMPOBAHUSA AHAJIU3UPYIOTCA n
MHTEPIPETUPYIOTCS, YTO MOMOTaeT Jydlle MOHATh
¢du3nvecKre MpoIecchl, MPOUCXOAAIINE B CHCTEME
CTOpaHUs JKUAKOTO TOTUIMBA.

Ilepeyennb noaJieskaUX UCCJIe0BAHUIOL,

MPOEKTHPOBAHUIO " pa3paéoTke

HccnenoBanue npoliecca ropeHus )KUIKOT0 TOILIMBA C
YYETOM TEIIOBOTO U3ITyYeHUS MO3BOJISIET ONPEIENNUTh
ONITUMAIIFHBIE TTAPAMETPHI CHCTEMBI, TAKHE KaK BpeMs
TOPEHUsI, pacTpe/ie]ICHNe TeTIOBBIX Harpy3o0K,

A (EKTUBHOCTH CTOPaHMS U BBIOPOCHI BPEIHBIX
BEIIECTB.

.MOI[GJ'II/IpOBaHI/IC nponecca ropCHus KUAKOTO TOIJIMBA C

yquOM TCIIJIOBOTO I/ISHy‘—IeHI/Iﬂ C ITIOMOIIIBKO YHNCJICHHBIX
METOLOB SABJIACTCA BAXXHBIM I/IHCTPYMeHTOM JJISL
Hay4YHBIX UCCIIEJOBAHUMN, Pa3pabOTKH U OMTUMHU3AIINH
CUCTEM CTOpaHUs U MOBBIMIEHUS UX () (HEKTHBHOCTH U
0€30IMacCHOCTH.

Bonpocosn 3.

[IpoBeneHre MOAECTUPOBAHUE U OOCYXKICHUE PE3yIbTAaTOB.




DuUHACOBBI MEHEKMEHT pecypcoddPeKTUBHOCTh U
pecypcocOepekeHne
ComnmasnbHast OTBETCTBEHHOCTh

KoHcyJIbTaHTBI 110 pa3fesaM BbINYCKHOM KBATH(UKAIIMOHHOH PadoThl

Paznen KouncyabTanr

4.duHAHCOBLIN MEHEKMEHT, Mananuna Beponrka AHaTtojabeBHA




pecypcodhHeKTHBHOCTh
pecypcocOepexeHne

5.CoumnaiapHas OTBETCTBEHHOCTD

Ceunn AHapei AnekcaHIpoBUY

I[aTa BbIJa4YH 3aJaHus Ha BbIIIOJTHEHUE BLIHyCRHOﬁ

KBAJTH(UKAIMOHHOH padoThI 110 JTHHEITHOMY rpauKy

3aanue Bb1aJ1 PYKOBOJIUTEJIb:

Jo/kHOCTH OUO Yuenas Moanuch Hara
CTeNeHb, 3BaHNe
ACCHUCTEHT JlanireB P.C. K.T.H.
3aaHue NPUHSAJ K MCTIOJTHEHUIO CTY/€HT:
I'pynna OUO Hoanuch Hara
0bM11 [euray6aesa JI.b.



https://stud.lms.tpu.ru/user/view.php?id=442&course=4287

_ 3AJAHHE JUIS PA3JEJIA
«®UHAHCOBBI MEHEJUKMEHT, PECYPCOY®®EKTUBHOCTD 1

PECYPCOCBEPEXXEHUE)
Crygnenry:
I'pynna (0] 4 (0]
0BM11 [puiraybaesa JIs33aT BakbITKbI3bI
Ixona nATII OTtaenenne mkoasl (HOII) (06 1))
YpoBennb o0pa3oBaHust MarHCTpaTypa Hanpagsienne/cnemmansnocts | 03.04.02 «duzukxay

Hcxoanble faHHbIe K pa3geny «@HHAHCOBbI MeHEIKMEHT, pecypco3(pPpeKTHBHOCTD H
pecypcocoepeskeHnex:
1. Cmoumocmo pecypcog Hayunozo uccredosanus (HHU): | Broodocem npoexma — ne bonee 1,2 man. pyo., ¢ m.u.
MAMepUaTLHO-MexXHU4eCKUx, JHepeemuyeckux, QuHancosulx, | 3ampamol no oniame mpyoa — e 6onee 600 moic.
UHPOPMAYUOHHBIX U HENI08EUECKUX pyo
2. Hopmui u nopmamugel pacxodosanus pecypcos 3navenue noxkazamens uHmezpaIbHOL
pecypcoagppexmusnocmu — ve meree 4,4 6annos uzs
3. HUcnonvzyemasn cucmema HAL020001094CeHUS, CIMABKU Kosgpgpuyuenm omuucnenuii 6o 6nedrodxcemmoie
HA0208, OMYUCLEHUTl, OUCKOHMUPOBAHUS U KDeOUmogaHnus | ¢onovl

-30%
IlepeyeHb BONMPOCOB, MOIEKAIIMX HCCIETOBAHUIO, MPOEKTUPOBAHMIO U pa3padoTKe:
1. Oyenka kommepueckozo NOMeHYyuala u Ananus u oyenxa konkypenmocnocobrocmu HU
uHHOBayuoHHO20 nomenyuana HTH FAST-ananus

SWOT-ananuz

2. Paspabomxa ycmasa nayuno-mexnuveckoeo npoexma | HTH 6binoineno 6 pamkax 6blnycKHoll
K8ANUPUKAYUOHHOU pabombl, pazpabomxa
ycmaea He mpebyemcs

3. Ilnanuposanue npoyecca ynpasnenus HTU: Dopmuposanue niana u epaguxa paspabomru:
CmMpyKmypa u epagux nposedeniis, 61004cem, pucku u onpedenenue cmpykmypbl pabom,
Op2anuzayui 3aKynox KOHMPONbHbIE COObIMUSL NPOEKMA, pa3pabomKa

epaguxa I'anmma. @opmuposanue diodxicema
sampam na HU: mamepuanvuvie 3ampamol,
AMOPMU3AYUOHHBLE OMYUCTCHUS, 3aPAbOMHAs
nAAmMa, OMYUCIeHUst Ha COYUATbHbLE Yell,
npouU3600CmMeeHHble KOMAHOUPOBKU, HAKIAOHbLE

pacxooul.
4. Onpeoenenue pecypcrou (pecypcocbepezarouyell), Onpedenenue s¢hghexmusnocmu npoexma
@unarncogotl, 6r00HCemHOU, COYUANTbHOU U IKOHOMUUECKOT (oyenxa pezyrbmamos)

agh@exmusHocmu uccied08ans.
Hepeqeﬂb rpa(lmquKoro MATEePHUATIA (c mounbim yrazanuem obs3amenbHbix yepmedicei) .
1. «llopmpemy» nompebumens pesyromamos HTHU
2. Ceamenmuposarue polHKa
3. OyeHka KOHKYPeHmoCcnocoOHOCMU MeXHU4eCKUX peuleHul
4. Mampuya SWOT
5. I'paghux nposedenus u 6100xcem HTH
6. Oyenka pecypcroti, hunancosoii u skoHomuyeckou d¢pgpexmuernocmu HTH

Jara BpIIauu 3a1aHMA AJIS pa3/jesia 1o JUHeifHOMY rpauKy

3aganue BbIgad KOHCYJILTAHT:

Jo/KHOCTH dPHUO Yuyenasi creneHb, Ioanuce JaTa
3BaHHe
norent OCI'H Manannna Beponuka K.».H., gomienT
AmnaTopeBHA

3aHaHI/Ie NPUHAJ K HCITIOJTHEHUIO CTYICHT:
| I'pynna | ®UO0 Moanucn | Hara




| OBM11 | Ibinray6aesa Jls33ar BakbITKBI3HI




3AJIAHME JIISI PA3JIEJIA

I'pynna

DUO

0BbM11

HIsray6aesa JIs33aT BakbITKbI3EI

Ixosa Hn:xeHepHasi HIKOJIa JHEPTeTHKH Kadgenpa OO01mIeit GU3HKH
YpoBenb MarucTparypa Hanpasienne/ 03.04.02 ®usuka
o0pa3zoBanusi CHenUAIbHOCTh

Tema BKP:

MO)ICJII/IPOBaHPIe TOpEeHHUS KUJIKOI0 TOIJIMBa € y‘léTOM TENJO0BOI'0 U3JIYUYCHHUS B KaMepe

CropaHms

Hcxonnblie 1aHHbIe K pa3aeny «CouuaabHasi 0TBETCTBEHHOCTbY»:

BBenenue

XapakTepucTruka 00BeKTa
HCCIICOBAHMS (BemecTBo,
MaTepuai, MOpuOop, AITOPHUTM,

METOAMKAa) MW 00JacTh  ero
NPUMEHEHUSL.

Onucanne  pabodeld  30HBI
(pabouero MecTa) pu
pa3paboTke MPOEKTHOTO

PELICHUS/TIPU SKCIUTyaTaluH

Obvexm uccneoosanus: Co3naHne MaTEMaTHYECKON MOJEIN
mporiecca TOPEHHS JKUIKOTO TOIUIMBa (TenTaHa) B Kamepe
CropaHus

Ob6nacme npumenenus: Pa3paboTka nBurareneit

BHYTPEHHETO CrOpaHus

\IPabouas 30Ha: IPOU3BOICTBEHHOE MTOMEIIICHUE
[Konuuecmso u naumenosanue 060py0osanus paboueil 30Hbl:

KommbloTep u mnporpammHoe obecnieuenue, JlabopaTopHoe
000pyI0BaHUE

\Pabouue npoyeccol, C64A3dHHblIE C obvexkmom MCC]Z€006LZHM}1,

ocywecmensowuecs 6 pabouei 3o0ne: COOp W aHaIU3
TAHHBIX, Pa3pabotka MOJETeH, Breraucnurensnoe
MOJIeIMpOBaHue, AHAIM3 pPE3yJbTaTOB W BaJlUAAIUSL
Moereit, OnTUMU3AIUS U YIYUIICHHE MPOIECCOB TOPEHUSL.

[TepeyeHb BOMIPOCOB, TOICKAIINX HCCIIEIOBAHHIO, TPOCKTUPOBAHUIO U pa3paboTKe:

1. IIpaBoBbBIe M OPraHU3ANMOHHbBIE BOMPOCHI
obecneyeHus 6e30MaACHOCTH IIPH

JKCILIYATAINNA:

ClIeUaJIbHbIE (xapakTepHbIe
Opyd  OKCIUTyaTallud  OOBEeKTa
UCCIIEIOBAHUS, TPOCKTUPYEMOM
pabodeidi  30HBI)  TPaBOBEIC
HOPMBI TPYIOBOTO
3aKOHOJATEIILCTBA;

OpraHU3alMOHHbIE

MEpONPUITUS TTPU KOMIIOHOBKE
paboueii 30HbI.

Ib 03-576-03. [IpaBuia ycTpoiicTBa 1 Oe30macHOH
PKCILTyaTaIlMU COCYIIOB, PAOOTAIOIINX MO JaBICHHEM;

PJ1 34.40.509-903. TunoBast MHCTPYKIHMS 110 SKCILUTyaTalluu
CHCTEM pereHepalny BEICOKOTO JIaBJICHHUS YHEPTroOIOKOB
mMotrocThio 100-800 MBT;

TK P® Cratpst 351.6. OcoOeHHOCTH peryIupoBaHus TpyAa

[paOOTHHKOB B chepe AIeKTPOIHEPTETHKH, chepe

TEeTJIOCHAOKEeHNS, B 00JIaCTH ITPOMBIIIUICHHON
0e30macHOCTH, 06J1acT 6€30MaCHOCTH THAPOTEXHUIECKUX
COOPYXKEHMUII;

DenepanbHbIi 3ak0H 0T 28 nexkadbps 2013 . N 426-03 "O
CIeIHaTbHON OIIEHKE YCIOBUH Tpya.

2. TlpousBoacTBeHHasi 0e30macHOCTH IDH
AKCILIVATAIMM :

AHanu3 BbISIBICHHBIX BPEIAHBIX U
OMACHBIX  NPOMU3BOJCTBEHHBIX
bakTopoB
Pacyer ypoBHsA omacHOro wiu
BPEIHOTO IPOU3BOJICTBEHHOIO
¢axTopa

OnacHble (hakTOpBI:

1. CTpyHn >KHIKOCTH, BO3ICHCTBYIOIIME HA OpPraHu3M
paboTaromiero Npx CONPUKOCHOBEHNH C HUM;
2. [IpousBosacTBeHHBIE  (DaKTOpPBI,  CBSI3aHHBIE  C

Ype3MEpPHO  BBICOKOM  TeMIepaTypoll  MaTepHalbHBIX
00BEKTOB TPOM3BOACTBEHHON CpPEAbl, MOTYIIMX BHI3BATh
0’KOTH TKaHEH OpraHn3Ma YeloBeKa;

3. HemoaBrkHbIE pexyIIye, KOJIOIMUE, 00 Uparoiime,
Pa3phIBAIOIINE YaCTH TBEPJABIX OOBEKTOB.

4, VY napHbie BOJIHBI BO3AYIIHOM CpE/ibl;

5. [IpomsBoacTBeHHBIE  (AKTOPHI,  CBS3aHHBIE C
MOBBIIIEHHBIM YPOBHEM HOHU3HPYIOIINUX H3ITYICHHIA;

6. IIpousBoacTBeHHBIE  (DAKTOPHI,  CBSI3aHHBIE  C

JJIEKTPUYECKUM TOKOM,
JJIEKTPUYECKUX IIOTEHUUANIOB,
nomnajaeT paboTaroNHii;

Bpennbie pakTopsl:

BBI3BIBAEMBIM pasHuIeH
MoJi JCWCTBHE KOTOPOTO




[ToBeIIEHHBIH YpOBEHB 0011t BHOpalny;
[ToBrIIeHHBII yPOBEHB JTOKATBFHON BUOpAITHH;
[loBBILLIEHHBIN YPOBEHD 1IyMa;

OTCyTCTBHE WM HEJOCTaTOK HEO0OXOAMMOTO
HCKYCCTBEHHOTO OCBEILCHHMS;

5. [IpomsBoncTBeHHBIE  (AKTOPHI, CBA3aHHBIE C
AQHOMAJBHBIMM  MHKPOKJIMMATHYECKHMMH  HapaMeTpamu
BO3/IyLIHOM CpeJibl Ha MECTOHAX0XKIECHUH paboTaloIero;

6. MOHOTOHHOCTB TPY/ia, BEI3BIBAIOIIAsI MOHOTOHHIO;
1. JlmnTensHOE cocpeioTOUeHHOE HaOIroIeHHe.

Eal

TpeGyemble cpeIcTBa KOJUIEKTHBHOH W HHIMBUAYAJIbHOI
3aIIMTHI OT BBISIBJIEHHBIX ()AKTOPOB: BEHTHISAIIMOHHBIC CHCTEMBIL:
OOecreynBalOT MOJaYy CBEXEro BO3MyXa M OTBOJX OTPAaOOTaHHBIX
razoB M MNpOAYKTOB cropaHus. Llenpio sBisiercs obecnedeHue
HOpMaJIM3allil ~ COCTaBa  Bo3ayXxa B  pabouedl  30He W
NPEIOTBPAIIEHNE CKOIUICHNS ONAacHbIX KOHIICHTPALH I'a30B.
PacueT: pacueT YUCIECHHBIX MOJACIUPOBAHNE KUJIKUX TOILINB

3. DkoJoruyeckasi 0€30MaCHOCTb IPHU
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INTRODUCTION

Simulation of the combustion process of liquid heptane injection taking into account
thermal radiation in the combustion chamber using numerical methods.

This part of the work considers modeling of the combustion process of liquid heptane
injection in the combustion chamber taking into account thermal radiation. To achieve this
goal, numerical methods will be used that allow detailed and accurate modeling of such a
complex process. At the beginning of the work, an overview of existing studies and
models related to the combustion of liquid heptane will be conducted. Various approaches
and methods used for combustion modeling, including accounting for thermal radiation,
will be considered. Then a numerical model based on the equations of conservation of
mass, momentum, energy and mass fractions of components will be proposed. This model
will take into account the interaction of fuel with an oxidizer, combustion processes and
the formation of combustion products. Special attention will be paid to the modeling of
thermal radiation, which plays an important role in the combustion process.

After the development of the model, a numerical study of the combustion process of liquid
heptane injection in the combustion chamber will be carried out. Parameters such as
temperature distribution, component concentrations, and combustion rates will be
analyzed. The influence of various factors such as injection rate, ambient temperature and
oxygen concentration will also be investigated. Finally, conclusions will be drawn based
on the results of modeling and possible ways of further research in this area will be

proposed.



1. BASIC PRINCIPLES OF COMBUSTION
The basic principles of burning play a key role in understanding the process of fuel

combustion and its interaction with the environment. Here are some reformulations of the
basic principles of combustion known as the fire triangle. These components include a
combustible substance (fuel), an oxidizer (usually oxygen from the air) and a heat source
(ignition). If at least one of these components is missing or their concentration is
insufficient, combustion cannot occur. Maintenance of combustion: In order to maintain
burning, the continuous presence of three main components is necessary. When the fuel

and oxidizer are in certain proportions and a sufficiently high temperature is reached,



combustion becomes a self-sustaining process. Heat exchange: combustion is
accompanied by the transfer of heat from the source of combustion to the environment.
Heat is transferred through the processes of thermal conductivity, convection and
radiation. This heat exchange affects the rate of combustion and the ambient temperature.
Activation energy: To start combustion, it is necessary to overcome the activation energy,
which is the minimum energy required to initiate the combustion reaction. After
overcoming the activation energy, a chain reaction of combustion occurs, as a result of
which additional heat is released.

Combustion products: Combustion produces products that depend on the composition of
the fuel and the conditions of combustion. Common combustion products include carbon
dioxide (CO2), water (H20O), nitrogen oxides (NOx) and other harmful substances,
depending on the composition of the fuel and the presence of impurities. Reaction zones:
During combustion, various zones are distinguished, such as the pre-combustion zone, the
main combustion zone and the post-combustion zone. Each of these zones has its own
characteristics and plays a certain role in the combustion process. Pre-combustion zone:
This is the initial phase of burning, where the fuel is prepared for complete combustion. In
this zone, the fuel is heated and its fusible components evaporate.

Main combustion zone: This is the area where the main combustion reaction occurs with
the release of a significant amount of heat and combustion products. This is the most
intense zone, and the main products of combustion are formed here.

Post-combustion zone: This is the phase that follows the main combustion. In this zone,
combustion products that were not completely burned in the previous zones are subjected
to additional oxidation. This allows you to maximize the use of fuel and reduce the
amount of incomplete combustion. Combustion products: combustion produces products
that depend on the composition of the fuel and the conditions of combustion. The usual
combustion products are carbon dioxide (CO2), water (H20), nitrogen oxides (NOx) and
other harmful substances. Each zone has its own characteristics and various chemical and
physical processes associated with fuel combustion occur in it.

Kinetics of combustion studies the rate of chemical reactions that occur during

combustion. It depends on factors such as temperature, reagent concentration, contact



surface, pressure and other conditions. The study of combustion Kkinetics allows us to
optimize the combustion processes and increase efficiency.

Combustion and stoichiometry: Stoichiometry of combustion determines the optimal ratio
between fuel and oxidizer for complete combustion. This ratio is called stoichiometric. If
there is an excess of fuel, incomplete combustion occurs, and if there is a lack of fuel,
there is no combustion.

Influence of combustion conditions: Combustion conditions such as temperature, pressure,
oxygen concentration and turbulence have a significant impact on the combustion rate,
products and efficiency of the process. Optimal combustion conditions make it possible to
achieve maximum efficiency and reduce emissions of harmful substances.

Combustion regulation allows you to control the speed and intensity of the fuel
combustion process. This is important to ensure safety, efficiency and minimize emissions
of harmful substances. Regulation can be carried out by changing the fuel supply,
oxidizer, temperature, aeration and other parameters.

These principles of combustion play an important role in various fields such as energy,
industry, aviation and road transport. Understanding these principles helps to develop
efficient combustion systems and minimize the negative impact of combustion on the
environment.

Combustion and heat exchange interaction: Combustion is closely related to the processes
of heat exchange. During burning, a significant amount of heat is released, which is
transferred to the environment. The interaction of burning and heat exchange affects the
efficiency of the combustion process, the distribution of heat in the system and
temperature conditions.

Flaming and explosion hazard: Uncontrolled combustion can lead to flaming or
explosions. Flaming is the independent combustion of fuel without an external ignition
source. It can occur under certain conditions when fuel and oxidizer are mixed in certain
proportions. The explosion hazard occurs when burning spreads rapidly at high speed and
with large energy releases.

Physical and chemical properties of fuels: Different types of liquid fuels have different

physical and chemical properties that affect their combustion. This includes viscosity,



density, flash point, ignition temperature and the content of various chemical components.
Understanding these properties helps optimize combustion processes and select the most
appropriate fuel for specific applications.

Emissions and pollution of the environment: Burning of liquid fuel is accompanied by
emissions of harmful substances that can negatively affect the environment and human
health. Emission control and pollution reduction are important aspects in the development
and use of combustion systems. This may include the use of gas emission purification
technologies, optimization of combustion processes and the transition to more
environmentally friendly fuels.

The role of catalysts in combustion: catalysts can play an important role in the process of
liquid fuels burning. They are able to accelerate chemical reactions, improving
combustion efficiency and reducing the formation of harmful emissions. Catalysts can be
used both inside the burner and in emission purification systems to increase the efficiency
and environmental safety of the combustion process.

Influence of environmental conditions: Environmental conditions such as temperature,
pressure and oxygen content also have an impact on the combustion process of liquid
fuels. For example, low oxygen content can lead to incomplete combustion of fuel, which
leads to the formation of carbon monoxide. Understanding and controlling these factors
allows you to optimize combustion process to achieve the desired results.

Innovations in the field of liquid fuel combustion: Modern research and development in
the field of liquid fuels combustion are aimed at finding new approaches and innovative
solutions. This may include the development of new fuel compositions, the use of new
combustion technologies, the use of renewable and environmentally friendly energy
sources, and other areas. Innovations contribute to increasing efficiency, saving resources
and reducing the harmful impact on the environment.

Safety during storage and use: Liquid fuel is a potentially hazardous material that requires
compliance with safety measures during its storage and use. This includes proper storage,
handling of flammable substances, the use of special containers and equipment, as well as
training of personnel on safety rules. Compliance with these measures helps to prevent
possible accidents and ensure safety when working with liquid fuel.



Further development and improvement of liquid fuel combustion processes is expected in
the future. Some prospects in this area include:

Environmental efficiency: Due to the growing need for environmentally friendly energy
sources, research is aimed at developing and applying new technologies that will reduce
emissions of harmful substances and improve the environmental efficiency of burning
liquid fuels.

Use of alternative energy sources: The development of alternative energy sources, such as
solar and wind energy, can reduce dependence on liquid fuels. However, even with the
development of renewable energy sources, liquid fuels may remain in demand in some
industries that require high energy density and long-term energy storage.

Improving combustion technologies: Research is aimed at improving liquid fuel
combustion technologies to increase its efficiency and reduce emissions. This may include
the development of more efficient burners, improved emission control systems, and the
application of new methods for modeling and optimizing combustion processes.
Development of fuel compositions: Research is also being conducted in the field of
developing new fuel compositions with improved combustion characteristics. This may
include the addition of catalysts to improve combustion efficiency, the use of biofuels or
synthetic fuels, as well as the development of specialized formulations for specific
applications.

Integration with other technologies: In addition to improving the combustion processes of
liquid fuels, research is also aimed at integrating these processes with other technologies.
For example, integration with cogeneration systems is possible, where the heat released as
a result of the burning of liquid fuel can be used to produce electricity or other useful
types of energy. Integration with waste incineration systems is also possible, which makes
it possible to use liquid fuel for waste disposal and simultaneously receive energy.
Development of control and automation: Modern control and automation technologies
play an important role in optimizing improved combustion processes of liquid fuel. The
development of monitoring, diagnostics and regulation systems makes it possible to
increase the efficiency and reliability of combustion systems, as well as to ensure safety

and minimize environmental impact.



The definition and compliance with relevant norms, standards and regulations play an
important role in the field of liquid fuel combustion. The regulation is aimed at ensuring
safety, environmental protection and ensuring the quality of improved combustion
processes. It also facilitates the interaction between manufacturers, operators and control
authorities.

Exploring new approaches: New approaches to the combustion of liquid fuels are
constantly being explored to achieve more efficient and environmentally friendly results.
For example, combustion processes using supercritical conditions, aerosol combustion,
plasma combustion and other innovative methods are investigated.

Training and exchange of experience: Training and exchange of experience in the field of
combustion of liquid fuels play an important role in improving processes and professional
development of specialists. The organization of conferences, seminars and educational
programs promotes the dissemination of knowledge, the transfer of best practices and
stimulates further research and innovation.

ITOBTOP! Development of control and automation: Modern control and automation
technologies play an important role in optimizing combustion processes of liquid fuel. The
development of monitoring, diagnostics and regulation systems makes it possible to
increase the efficiency and reliability of combustion systems, as well as to ensure safety
and minimize environmental impact.

Exploring new approaches: New approaches to the combustion of liquid fuels are
constantly being explored to achieve more efficient and environmentally friendly results.
Gorenje Gorenje, for example, investigates combustion processes using supercritical
conditions, aerosol combustion, plasma combustion and other innovative methods.
Training and exchange of experience: Training and exchange of experience in the field of
gorenje liquid fuels play an important role in improving processes and professional
development of specialists. The organization of conferences, seminars and educational
programs promotes the dissemination of knowledge, the transfer of best practices and
stimulates further research and innovation.

Regulation and standardization: The development and compliance with relevant norms,

standards and regulations are important aspects in the field of liquid fuel combustion.



Regulation contributes to ensuring safety, environmental protection and the quality of
combustion processes, and facilitates interaction between manufacturers, operators and
control authorities.

1.1 liquid fuel and its combustion (types of fuel)
Liquid fuel and its combustion are an important research topic that has wide application in

various industries, including energy, aviation, automotive and industry. In this context, the
burning of liquid fuel means the process of converting liquid fuel into a gaseous state
when interacting with an oxidizer, usually air.

Liquid fuel, such as gasoline, diesel fuel, kerosene, fuel oil and others, is a mixture of
hydrocarbons of various fractions. During combustion of liquid fuel, its oxidation occurs
in the presence of oxygen, which leads to the release of energy in the form of heat and
light.

The combustion process of liquid fuel usually consists of several stages. The first stage is
fuel evaporation, in which the surface of the droplet heats up and the fuel begins to
evaporate. Then follows the mixing of fuel vapors with an oxidizer (air), forming a
combustible mixture. When the ignition temperature is reached, the combustible mixture
begins to burn, releasing heat, light and combustion products. The organization of liquid
fuel combustion requires certain conditions to ensure the efficiency and safety of the
process. This includes proper atomization of the fuel to form fine droplets and their
uniform mixing with the oxidizer. In addition, temperature control, the ratio of fuel and
oxidizer, as well as combustion rate are important factors for achieving optimal results.
The study of the combustion of liquid fuel has significant practical application, as it allows
you to optimize the burning processes, increase the efficiency and economy of fuel use, as
well as improve environmental safety. A lot of research is being conducted to develop new
combustion technologies and improve existing systems, including the development of
more efficient burners, improved fuel spraying methods, control of the combustion
process and reduction of emissions of harmful substances.

One of the main problems when burning liquid fuel is the formation of incomplete
combustion products, such as carbon particles, nitrogen oxides and sulfur. These

substances are air pollutants and can have a negative impact on the environment and



human health. Therefore, the development of combustion methods that minimize the
formation of these harmful substances is an important task.

An important aspect of the combustion of liquid fuel is also the study of its kinetics.
Studying combustion rate, flame structure, characteristics of heat fluxes and interaction
with the environment allows you to understand and optimize the combustion processes
more deeply. This is especially important when developing new types of fuels or when
using alternative energy sources.

In addition, safety is an important aspect when handling and burning liquid fuels. The
presence of substances with high ignition temperatures and explosive properties requires
compliance with certain precautions during storage, transportation and use.

As a result, the study of liquid fuels combustion is an important area of research, which
includes various aspects, from physical and chemical processes to optimization of
technical systems. This makes it possible to develop more efficient and environmentally
friendly methods of using liquid fuels, contributing to sustainable development and
reducing the negative impact on the environment.

Another important aspect of the combustion of liquid fuel is its energy efficiency. Liquid
fuel contains chemical energy that can be released during combustion and used to set
various mechanisms in motion or to generate electrical energy. The optimal use of this
energy requires the development of efficient combustion systems and the conversion of
thermal energy into mechanical or electrical form.

Depending on the specific type of liquid fuel, the combustion process may have its own
characteristics. For example, when burning oil or fuel oil in boilers or power plants, the
liquid fuel first evaporates and mixes with air, and then the mixture is ignited and burns in
a gaseous state. At the same time, it is important to ensure an even mixing of fuel and air
in order to achieve optimal combustion and maximum efficiency.

One of the key factors in the combustion of liquid fuel is the availability of sufficient
oxygen to maintain the reaction. The air in which burning occurs contains about 21%
oxygen, which plays the role of an oxidizer. If there is a lack of oxygen or insufficient
mixing of fuel with air, incomplete combustion may occur, which leads to the formation

of harmful products and a decrease in the efficiency of the process.



Various systems are used to ensure the efficient combustion of liquid fuel, such as fuel
atomizers, air supply systems, temperature and pressure control, as well as control and
monitoring systems for the combustion process. This makes it possible to achieve optimal
combustion conditions and ensure stable and safe operation of the system.

Different types of liquid fuels have different combustion properties, which affects their
application and efficiency. For example, gasoline, diesel fuel, and fuel oil have different
ignition temperatures and combustion rates.

The ignition temperature determines the minimum temperature at which the liquid fuel
will start burning in the presence of an ignition source. The higher the ignition
temperature, the more stable the fuel is and less prone to spontaneous combustion. For
example, gasoline has a low ignition temperature and can easily ignite from a spark or a
heat source, while fuel oil requires a high temperature to ignite.

Combustion rate determines how fast the process of fuel combustion takes place. This is
due to the kinetics of reactions, oxygen concentration, thermal and mass exchange during
combustion. Some types of liquid fuels, such as diesel fuel, burn slower, so they are
widely used in diesel engines, where long-term combustion is required to ensure high
efficiency.

Optimal combustion of liquid fuel is achieved with the correct mixture of fuel and air. For
this purpose, nozzle systems and air supply systems are used, which ensure uniform
atomization of fuel and its mixing with air to achieve a stoichiometric mixture. This
allows the fuel to burn completely and ensures high efficiency and low harmful emissions.
An important aspect of liquid fuel combustion is also the control of burning process to
ensure stable operation and prevent undesirable phenomena such as detonation or flame
attenuation. For this purpose, systems for automatic control and regulation of combustion
parameters, such as temperature, pressure and composition of the gas mixture, can be
used.

In the field of research and development related to liquid fuels and their burning new
technologies and materials to improve efficiency, reduce emissions and develop
alternative energy sources are actively introduced. Some of these technologies include the

use of biofuels, the gasification of liquid fuels, the use of supercritical conditions and low-



nitrogen oxide combustion technologies.

In general, research and development in the combustion of liquid fuels are aimed at
improving efficiency, reducing emissions and developing more sustainable and
environmentally friendly combustion systems. This makes it possible not only to use the
energy of liquid fuel efficiently, but also to reduce its negative impact on the environment.
Liquid fuel is one of the most important and widely used energy sources. Its combustion
plays a key role in various fields, including industry, motor transport, energy and heating.
In the context of the dissertation research, the study of various types of liquid fuels and
their combustion is a significant topic that can contribute to the development of new
energy solutions, optimization of combustion processes and reduction of negative impact
on the environment.

Types of liquid fuel:

Gasoline: Gasoline is one of the most common types of liquid fuel used by internal
combustion of car engines. It has a high calorific value and flash point, which makes it
suitable for use in spark-ignition engines. However, gasoline can also be flammable and
requires strict safety measures when storing and using it.

Diesel fuel: Diesel fuel is used in diesel engines and has a higher calorific value compared
to gasoline. It usually has a higher density and requires specific injection systems to
ensure efficient combustion. Diesel fuel also has a higher self-ignition point, which allows
the use of compression ignition in diesel engines.

Kerosene is a light liquid fuel widely used in the aviation industry. It has a high calorific
value and allows you to achieve high combustion speeds in jet engines.

Turbo fuel: Turbo fuel is a special type of liquid fuel developed for use in gas turbine
engines. It has a high calorific value and specific characteristics that ensure efficient
combustion and operation of gas turbine installations. Turbo fuel usually has a high octane
index and special additives that improve its burnability and stability.

Biofuels: Biofuel is a type of liquid fuel obtained from vegetable or animal sources, such
as grains, sugar, vegetable oil, etc. It is an alternative to petroleum products and represents

a more environmentally friendly and sustainable source of energy. Biofuels can be used in



a mixture with traditional fuels or as pure biodiesel.

Gasoline: Gasoline, or autogas, is a gaseous form of fuel that can be used in gas engines. It
usually consists of propane and butane, and has a high calorific value. Gasoline is a more
environmentally friendly type of fuel compared to gasoline or diesel fuel, since its
combustion does not emit such an amount of harmful emissions.

Synthetic fuel: Synthetic fuel is a type of liquid fuel produced by the chemical conversion
process of hydrocarbons, such as natural gas, coal or biomass. It can be produced using
various technologies, such as gasification, Fischer synthesis or the GTL (gas to liquid)
process. Synthetic fuel has a high calorific value and can be used in various types of
engines, including automobile and aircraft engines.

Hydrocellulose fuel: Hydrocellulose fuel is a type of liquid fuel derived from cellulose
contained in plant material such as wood, stems and leaves of plants. The process of
converting cellulose into fuel is called the cellulosic ethyl process (CEP). Hydrocellulose
fuel has a low sulfur and nitrogen content, as well as reduced greenhouse gas emissions,
which makes it a more environmentally friendly fuel option.

Rocket fuel: Rocket fuel is a special type of liquid fuel developed for use in rocket
engines. It has a high calorific value and specific chemical properties that allow it to
achieve high speeds and thrust. Rocket fuel can be hypergolic (consisting of components
that burn themselves when mixed) or reactive (requiring an external oxidizer). Examples
of rocket fuels are kerosene, liquid oxygen, hydrogen and other specific combinations of
chemicals.

Nanofuel: Nanofuel is an innovative type of liquid fuel that uses nanoparticles or
nanomaterials. Nanoparticles can be added to conventional fuel to improve its
characteristics, such as thermal conductivity, energy efficiency and combustion stability.
This opens up new opportunities to improve the efficiency and environmental
sustainability of existing fuel combustion systems. For example, nanotuels can be used in
cars to increase engine power and reduce emissions of harmful substances.

Biofuels: Biofuels are a type of liquid fuel produced from biological sources such as
vegetable oil, ethyl alcohol or biomass. It is a renewable and environmentally friendly

alternative energy source. Biofuels can be used in various industries, including automotive



transportation and power generation. It has the advantages of reducing greenhouse gas
emissions and dependence on oil resources.

Aviation fuel: Aviation fuel is a specially developed type of liquid fuel used in the
aviation industry to power aircraft engines. It has a high calorific value and special
chemical properties necessary to ensure safe and efficient flight. Aviation fuel is often
based on kerosene or jet fuel and must meet strict safety and quality standards set by
international organizations.

Fuel for nuclear reactors: Fuel for nuclear reactors is a special type of liquid or granular
fuel used in nuclear power plants for the production of electricity. It contains nuclear
materials such as uranium, plutonium or thorium, which are sources of nuclear energy.
Fuel for nuclear reactors is used in the process of fission of atomic nuclei, which releases a
large amount of energy in the form of heat. This fuel ensures stable operation of nuclear
reactors and has a high calorific value.

Gas fuel: Gas fuel is a type of fuel that is in a gaseous state under normal conditions of
temperature and pressure. It can be used in various industries, including industry, heating
and transport. Examples of gas fuels include natural gas, propane, butane, and methane.
Gas fuel has a high calorific value and clean combustion, which makes it a more
environmentally sustainable option compared to traditional liquid or solid fuels.

Electric fuel: Electric fuel is a new type of fuel that uses electricity as an energy source to
drive various devices and vehicles. In electric fuel, electrical energy is stored in batteries
or used directly for the operation of electric motors. This is an environmentally friendly
type of fuel, since there are no emissions of harmful substances or greenhouse gases when
using it.

Hydrogen fuel: Hydrogen fuel is a type of fuel that uses hydrogen as the main energy
source. Hydrogen can be liquefied (LX) or compressed (VD) for use in a variety of
applications, including automobiles, aviation and industry. The main advantage of
hydrogen fuel is its high energy density and zero greenhouse gas emissions during
combustion. However, the production, storage and distribution of hydrogen present
technical and economic challenges that require further research and development.

Biogas: Biogas is a type of fuel that is obtained by the biological decomposition of



organic materials such as manure, food waste or plant biomass. The decomposition
process takes place in special installations called biogas or biomethane installations.
Biogas consists mainly of methane and carbon dioxide, and it can be used to produce heat
and electricity. Biogas is a renewable and environmentally friendly type of fuel that
contributes to the reduction of greenhouse gas emissions and the disposal of organic
waste.

Hydrogenerator fuel: Hydrogenerator fuel is a type of fuel that is produced by mixing
water and a combustible substance such as hydroethylite or hydroxylite. Upon contact
with water, the combustible substance produces a reaction, releasing hydrogen, which is
then used to power a generator or other devices. Hydrogenerator fuel has low greenhouse
gas emissions and can be used in various applications, including cars and stationary
sources of electricity.

Fuel emulsions: Fuel emulsions are mixtures of liquid fuels and water, where small water
droplets are evenly distributed in the fuel. The emulsion is formed by mechanically
mixing fuel and water using special devices or by adding emulsifiers. Such a mixture can
be used in various combustion systems, including automobile engines and boilers for
heating. Fuel emulsions have a number of advantages, including reduced emissions of
nitrogen oxides (NOXx) and particles, as well as improved combustion efficiency.

Mixed fuels: Mixed fuels are combinations of two or more fuels that are mixed in certain
proportions. It can be a mixture of various types of liquid fuel, for example, biodiesel and
diesel fuel, or a mixture of liquid and gas fuel. The purpose of creating mixed fuels may
be to improve the characteristics of existing fuels, such as increasing the cetane number or
reducing emissions of pollutants. Mixed fuels can be used in various industries, including
automotive and industrial sectors.

Ammonia fuel: Ammonia fuel is a type of fuel whose main component is ammonia (NH3).
Ammonia is a nitrogen-rich chemical compound and can be obtained from hydrogen and
nitrogen using the Haber process. Ammonia fuel has a high calorific value and low
greenhouse gas emissions, which makes it a potentially environmentally sustainable fuel
option. Currently, research is underway on the use of ammonia fuel in cars, ships and

other modes of transport.



Fuel cells: Fuel cells are devices that convert the energy of a chemical reactor directly into
electrical energy. They work based on an electrochemical reaction in which a fuel such as
hydrogen or methane is oxidized using oxygen or another oxidizer. Fuel cells can be used
in various fields, including stationary energy sources, vehicles and portable devices. They
have high energy efficiency, low emissions and can operate more quietly and without
harmful emissions than traditional energy sources.

Argon fuel: Argon fuel is a type of fuel that uses argon as the main component. Argon is
an inert gas and is widely used in the industry for welding and cutting metals. Argon fuel
iIs used in the TIG welding process (Tungsten Inert Gas), where argon serves as a
protective gas that prevents metal oxidation during heating. This process ensures high
quality of welded joints and is widely used in industry, the automotive industry and
shipbuilding.

Coke fuel: Coke fuel is a type of fuel obtained from coke, a solid residue after oil
distillation in the process of coke production or coal coking. Coke fuel has a high calorific
value and is used in industry, especially in steelmaking and heating processes. Coke fuel
usually has a low sulfur content and can be used in special combustion systems where
high temperature and long-term gorenje are required.

Liquid natural gas fuel (LNG): Liquid natural gas fuel (LNG) is a type of fuel obtained
from natural gas by its condensation. Natural gas is liquefied at very low temperatures and
pressures, which leads to the formation of a liquid form. LNG has a high energy density
and is convenient for storage and transportation, since its volume decreases during the
transition to the liquid phase. LNG is used in various fields, including the automotive
industry, heating and industrial use. It is considered a more environmentally friendly fuel
option, since the emissions of harmful substances during its combustion are less compared
to traditional fuels.

Fuel Briquettes: Fuel briquettes are compact fuel blocks made of compressed organic
materials such as wood, coal or straw. They are an alternative to traditional fuels such as
firewood or coal. Fuel briquettes have a high calorific value and long-term burning. They
are widely used for heating houses, stoves and boilers. The advantages of fuel briquettes

are their compactness, convenience of storage and less ash and emissions during



combustion.

Solar fuel: Solar fuel is a type of fuel derived from solar energy using solar panels or solar
thermal systems. Solar energy is converted into electrical energy or heat, which can then
be used in various applications. This includes solar panels for electricity generation and
solar collectors for water heating or heating. Solar fuel is a clean and renewable energy
source, reduces greenhouse gas emissions and helps in the fight against climate change.

1.2 Combustion of liquid fuel

Combustion of liquid fuels is a chemical process of oxidation of liquid fuels, in which
energy is released in the form of heat and light. Combustion of liquid fuels usually occurs
in the presence of oxygen from the air and is accompanied by the formation of a flame.
The process of liquid fuels combustion begins with the evaporation of fuel. When a liquid
Is heated, its molecules acquire sufficient energy to transition to a gaseous state. The
resulting fuel vapors are mixed with oxygen from the air and form a combustible mixture.
Then, in the presence of an ignition source, the ignition of the combustible mixture occurs.
Ignition can be carried out by means of a spark, high temperature, flame and other
sources. After the ignition of the combustible mixture, the process of liquid fuel
combustion develops further. The following main reactions occur inside the flame:
Oxidation: Liquid fuel reacts with oxygen to form carbon oxides (CO or CO2) and water
(H20). The oxidation reaction releases a large amount of energy in the form of heat.

Light release: During the combustion process, some chemical compounds, such as carbon
atoms or soot, can be heated to high temperatures and emit light. This leads to the
appearance of a bright flame.

Radical reactions: During burning, free radicals such as hydroxyl (OH) radicals are
formed, which play an important role in further chemical reactions of combustion.

The combustion process of liquid fuel can be described using three main stages:

Initial phase: In this stage, the fuel evaporates and mixes with oxygen from the air,
forming a combustible mixture. The ignition source (for example, a spark) causes the
ignition of the combustible mixture and the formation of a flame.

Main phase: In this stage, the flame spreads and ensures the continuation of burning.

Oxidation reactions and heat generation occur. The heat released in this process keeps the



flame going and keeps burning.

The final phase: As the fuel is depleted, burning slows down and eventually stops. The
flame disappears, and the remnants of burning, such as ash or soot, may remain.

The combustion of liquid fuels is also accompanied by the formation of emissions, which
may include carbon dioxide (CO2), nitrogen oxides (NOx), sulfur oxides (SOx) and other
pollutants. These emissions can have a negative impact on the environment and human
health. Therefore, modern technologies and emission purification systems are used to
reduce harmful emissions from the combustion of liquid fuels.

In general, liquid fuels combustion is a process in which oxidation and energy release
from the fuel occurs. This is one of the main ways of using liquid fuels to generate heat
and energy, and it is widely used in various spheres of human activity.

The combustion of liquid fuels is a chemical process that results in the oxidation of fuel in
the presence of oxygen. The main components of liquid fuels, such as gasoline, diesel
fuel, fuel oil and propane, contain hydrocarbons, which are the main sources of energy
during burning.

The combustion process of liquid fuel begins with its evaporation and the formation of
combustible vapor. The steam is then mixed with oxygen from the air, which creates a
combustible mixture. Under the influence of a spark, a heat source or another initiator, the
ignition of the combustible mixture occurs, and active burning begins.

During the combustion of liquid fuels there is a release of heat and light, which is the
result of chemical reactions of oxidation of hydrocarbons. The main combustion reaction
is the combination of hydrocarbon with oxygen, which results in the formation of carbon
dioxide (CO2) and water (H20). At the same time, a significant amount of thermal energy
is released, which can be used for various purposes, for example, to drive engines, heat
rooms or generate electricity.

The combustion of liquid fuels also generates emissions that may contain harmful
substances such as nitrogen oxides, sulfur oxides and solid particles. To reduce harmful
emissions, various purification and filtration systems are used, which help to improve the
environmental efficiency of the combustion process of liquid fuels.

In addition, it is important to take into account the combustion efficiency of liquid fuels,



which is determined by factors such as the ratio of fuel and oxygen, the burning
temperature, the presence of a proper fuel supply system and sufficient ventilation.
Optimal combustion conditions contribute to the full use of fuel energy and reduce
emissions.

The ignition temperature of a liquid fuel, such as oil or fuel oil, is higher than its boiling
point. This means that when a drop of fuel oil enters the high temperature region, it
evaporates when heat is transferred from the surface of the drop. Then the formed fuel
vapors are mixed with the surrounding air, heated to the ignition temperature and burn in a
gaseous state. Thus, at a certain distance from the drop, a stoichiometric ratio between the
combustible gas and oxygen is achieved, and here a combustion front is formed, which,
when combustion in a stationary environment, is a sphere around the drop. Typically, the
distance from the drop to the combustion front is 4-10 drop radii. From the drop to the
combustion front, there is an intense movement of evaporating fuel vapors, where there is
practically no oxygen. In the combustion zone, a chemical equilibrium is reached between
the fuel and the oxidizer, and after it, the burning of the fuel residues and the removal of
combustion products occurs. At the same time, the oxidizer diffuses in the direction of the
combustion zone. The concentrations of fuel vapors (Ct) and oxidizer (Sap, oxygen)
decrease sharply within the combustion zone due to an intense oxidative reaction, and in
this area the temperature of the medium (T) reaches its maximum. The combustion of fuel
vapor proceeds in accordance with the laws of chain reactions.

The organization of liquid fuel combustion includes its initial spraying in the nozzle until
the formation of the smallest droplets, the size of which does not exceed 1.0-1.5 mm (the
average size of the droplets is about 0.3-0.5 mm), with simultaneous uniform distribution
in the flow of hot air coming out of the burner. In the process of mixing with air and
further movement of the resulting mixture, liquid fuel droplets quickly warm up due to
thermal radiation from the flare core and convective heat exchange with the gas-air
medium. The initial temperature of the drop is approximately 120-140 °C, while the
environment has a temperature of 300 to 500 °C. When the surface of the drop reaches the
evaporation temperature of the most volatile components of liquid fuel (for fuel oil - from
200 to 320 ° C), the process of its evaporation begins.



The Sreznevsky law, also known as the Sreznevsky-Mayer law, is an empirical
dependence describing the process of evaporation of a drop of liquid fuel. This law was
established on the basis of experimental studies and allows you to predict the evaporation
time of a drop based on its initial diameter.

The Sreznevsky law states that the evaporation time of a drop is directly proportional to
the square of its initial diameter. Mathematically, this can be represented as follows: the
evaporation time (t) is equal to the proportionality coefficient (k) multiplied by the square
of the initial diameter of the drop (d). Thus, t = k * d"2.

The Sreznevsky law has an important practical application in the development and
optimization of liquid fuel combustion systems. It allows you to estimate the evaporation
rate of the droplet and determine the necessary parameters, such as the burning time, fuel
supply and distribution of droplets in the burner. This makes it possible to achieve more
efficient combustion and reduce emissions of harmful substances.

The Sreznevsky law is one of the key empirical dependencies in the study of the
combustion of liquid fuels and is widely used in scientific and engineering research related
to thermodynamics and combustion processes.

The Sreznevsky law states that the evaporation time of a drop is directly proportional to
the square of its initial diameter. Mathematically, this can be represented as follows: the
evaporation time (t) is equal to the proportionality coefficient (k) multiplied by the square
of the initial diameter of the drop (d). Thus, t = k * d"2.

ITOBTOP! The Sreznevsky law has an important practical application in the development
and optimization of liquid fuel combustion systems. It allows you to estimate the
evaporation rate of the droplet and determine the necessary parameters, such as the
burning time, fuel supply and distribution of droplets in the burner. This makes it possible
to achieve more efficient gorenje and reduce emissions of harmful substances.
Sreznevsky's law is one of the key empirical dependencies in the study of gorenje liquid
fuels and is widely used in scientific and engineering research related to thermodynamics
and combustion processes.

When organizing the combustion of liquid fuel, it is important to ensure its effective
spraying and uniform mixing with air. This is achieved with the help of special burners



that provide the smallest atomization of fuel in the form of droplets no larger than 1.0-1.5
mm, the average size of the droplets is 0.3-0.5 mm. The sprayed fuel droplets are then
mixed with a stream of hot air. In the process of mixing with air, liquid fuel droplets are
warmed up due to the thermal radiation of the torch and convective heat exchange with the
surrounding gas-air environment. The initial temperature of the drop is approximately
120-140 °C, while the environment has a temperature in the range of 300-500 °C. As the
droplet surface heats up, the evaporation temperature of the lowest boiling fractions of
liquid fuel is reached, and the process of their evaporation begins.
When a drop of liquid fuel evaporates, fuel vapors are formed, which mix with the
surrounding air. Then this ready-made gas fuel composition moves forward towards the
combustion front. In this area, an intense oxidation reaction occurs, in which fuel vapors
burn. The temperature in the combustion zone reaches its maximum. Behind the
combustion front, the combustion of fuel residues and the removal of combustion products
occurs. An oxidizer (usually oxygen) diffuses to this area by an oncoming flow. In the
combustion zone there is a chemical equilibrium between the fuel and the oxidizer, and
the concentrations of fuel vapor and oxygen decrease sharply. This is due to an intense
oxidation reaction, which leads to a high ambient temperature of the mixture, liquid fuel
droplets quickly warm up due to the thermal radiation of the flare core and convective heat
exchange with the gas-air medium. The initial temperature of the drop is usually around
120-140 °C, while the environment has a temperature of 300 to 500 °C. When the
surface of the drop reaches the evaporation temperature of the lowest boiling fractions of
liquid fuel, their evaporation begins. This is due to the effect of heat from the
environment, as well as radiation and convection from the core of the torch. The
evaporation of the droplet leads to the formation of a combustible vapor-air mixture that
can support burning.
An important aspect when burning liquid fuel is the spraying of droplets. In order to
achieve uniform distribution and fine-dispersed state of droplets in the hot air flow, special
nozzles are used. This allows for more efficient mixing of fuel with the oxidizer and the
creation of optimal conditions for burning.

In general, the combustion of liquid fuel occurs by its evaporation, mixing with an



oxidizer (air) and subsequent combustion of the resulting combustible mixture. The
atomization of fuel and the creation of conditions for its effective mixing with the oxidizer
are important aspects in the organization of the process of burning liquid fuel. of liquid
fuel occurs by its evaporation, mixing with an oxidizer (air) and subsequent combustion of
the resulting combustible mixture. The atomization of fuel and the creation of conditions
for its effective mixing with the oxidizer are important aspects in the organization of the

process of burning liquid fuel.

1.3 MaremaTnueckast MOA€EJb OPEHUHA KUIKUX TOIUIMB, BIIPLICKUBAECMbBIX B KaMEpPy
Cropanus NpM BbICOKHUX JABJCHHUAX U BBICOKHX YHUC/IAX pei’mo.ﬂbuca

Mamemamuueckas Mo0enb 20peHus HCUOKUX MONIUB, BNPLICKUBAEMbBIX 6 KaAMepy
C2Opanusl npu BbICOKUX O0AGNIEeHUsIX U 8blCOKUX uucaax Petinonvoca, a61i1emcs ClOMCHOU
cucmemou YpasHeHuill, KOmopds Onucvléaem @usuyeckue npoyeccwvl, Npoucxoosyue
BHYMPU KaAMepbl CCOPaHus. Ima MOO0elb YUumsléaem 83aumMooeticmsaue mMexcoy HCUuoKum
MONIUBOM, 8030YXOM, MENIOM U XUMUUECKUMU PeaKyusimMu, NpouUcXooauumu 8 npoyecce
20pEeHUA.

B ocHOBe mMozienu nexaT Clenyomue YpaBHEHUSA:

VYpaBHEeHHE COXpaHEHMsI MacChl: JTO YpPAaBHEHHME OIMCHIBaeT OanaHC MacChl BHYTPHU
KaMepbl CropaHus, Y4YWUTbIBasg BIPBICKUBAHUE >KUJKOIO TOIUIMBA U pPACIPEICIICHUE
Bo3ayxa. OHO YYMTBIBA€T pAaCIpEIECICHUE MACCOBBIX IIOTOKOB U  HW3MEHEHUE
KOHLIEHTPALM¥ KOMIIOHEHTOB TOIUIMBA U BO3/1yXa B IIPOCTPAHCTBE.

VYpaBHeHUE COXpaHEHUs SHEPTrUuu: ITO ypaBHEHUE OMKCHIBACT OanaHC PHEPTUU BHYTPU
KaMmepbl cropanus. OHO YYUTBHIBAET TEIJIOOOMEH MEXIy TOpslMMMH Ta3aMu, CTCHKaMU
KaMepbl U BIPHICKOM TOIUJIMBA. YPaBHEHUE BKJIIOYAET KOHBEKTUBHBIM M KOHIYKTHBHBIN
TEII000MEH, a TAaK)Ke Y4eT XUMUYECKON PEaKIMu TOPEHUSI U BBIJICJICHHUE TeTlia.
VYpaBHeHUE COXpaHEHHUSI UMITyJIbCa: ODTO YpaBHEHHE OIKCHIBAET OallaHC HUMIYJibca B
CHUCTEME, YUYUTHIBAS IBUKECHUE Ira30B BHYTPU KaMeEpbl CrOPaHMUs, BIIPHICK TOIUIMBA U €TO
B3aUMOJICHCTBUE C BO3AYXOM. YPAaBHEHHWE YUYUTHIBAET CWJIbl JABJICHUA, TPEHUS U
VHEPLHH, BIUAIOLINE HA IBUKEHUE T'a30B.

YpaBHEHHE XUMHYECKOW KUHETHUKHU: JTO YpPaBHEHUE OINMMUCHIBAET CKOPOCTh XMMHYECKUX
peakiuii ropeHusi ToriBa. OHO YYUTHIBAET B3aUMOJCHCTBHE MEXK]Y KOMIIOHEHTaAMHU
TOTUTMBA U BO3JyXOM, OOpa3oBaHWE M TMOTPEOJECHUE MPOMEKYTOUHBIX M KOHEUYHBIX
MPOAYKTOB PpPEAKIMU. YPAaBHECHHE ONPEHEIAECT CKOPOCTh TOPEHUS TOIUIMBA W
TEMIIEPATYPHBIEC YCIOBHUS B KAMEPE CrOPAHUS.

METOJ] KOHEUHBIX 00bEMOB. DTH METO/IbI MO3BOJISIOT TUCKPETU3UPOBATH MPOCTPAHCTBO U
BpeMsi, pa30uBas UX Ha KOHEUYHBIE AJIEMEHTHl WU OOBEMBI. 3aTeM YpaBHEHUS MOJENU
nepeopMyIUpyIOTCST B JUCKpeTHOM Qopme U pemarTcs  yucieHHo. [lpu
MOJICJIMPOBAHUM TOPEHUS JKUIAKUX TOIUIMB MPU BBICOKMX [JABICHUAX M  YHCIAX
PeitHonb/ica Tak)ke YUYUTHIBAIOTCS OCOOCHHOCTH MpOIlecca BIPHICKA TOIJIMBA, TAKHUE KaK



pa3OpbI3TUBaHUE, UCTIAPEHUE U CMEIICHUE ¢ BO3yXOM. J[JI 3TOro MOTYT HCTOJ30BATHCS
JIONIOJTHUTEIIBHBIE YPABHEHUS M MOJEIW, TAKME KAaK YPaBHEHHS HUCIIAPECHUS TOIUIMBA U
MOJIENIA PACIPEICIICHUsI pa3MEPOB Kamesib. MoOAEIMpOBaHUE TOPEHUS KUIAKUX TOIUIUB
MpU BBICOKUX JABJICHUSIX U unciiax PeliHonbca SABISIETCS CIOKHOM 3a7a4yel, Tpedyromen
BBEIYHCIIUTEILHBIX PECYPCOB U TIIATEIBHOTO MOA00pa mapaMeTpoB Moaenn. OHAKO TaKue
MOJIENTA TO3BOJISIFOT TPEICKA3bIBATh IMOBEACHUE CHUCTEMBI, ONTHUMHU3UPOBATH MPOLECCHI
ropeHuss U paspabarbiBaTh Oosice A(DPEKTUBHBIE M HSKOJOTMYECKH YHUCTHIE CHCTEMBI
CropaHus )KUJAKOTO TOTUIMBA.

BaxkHo OoTMETUTB, 4TO pa3paboTKa M MPUMEHEHHE MaTeMaTUYECKUX MOJeleH TopeHus
JKHIKUX TOIUIMB SBJISETCS aKTUBHOM OO0JIACTBIO KCCJIEIOBAaHHM, M HOBBIE MOJEIH U
METOJIBI TTOCTOSTHHO pa3palaThIBAIOTCS JJISl YIIYUIICHHS IMPEACKA3aTeIbHON CIIOCOOHOCTH
1 3G (HEKTUBHOCTH MOJICTUPOBAHHMSI TIPOIIECCOB TOPCHUSI.

OnHOM U3 PacHpOCTPAHEHHBIX MATEMAaTUUECKUX MOJEJIEH TOPEHHUS KUAKUX TOIUIUB IMPH
BBICOKHX JABJICHUSIX M BBICOKMX YHCIaX PelHombAca SIBISICTCS MOJIEIb '€ TMHOTO CTagus"
(Single-Step Model). Dta Momeiar OCHOBaHA Ha MPEAIOIOKEHHH O TOM, YTO TOPCHHE
MIPOUCXOJUT B OJTHOM CTaJIMU, TO €CTh TOIUIMBO IOJHOCTHIO OKHUCIIAETCS B OJHOPOIHOM
PEAaKLMOHHOM 30HE.

Mogens "equHoro craaus" UCHOJIB3YET PsAJl YpaBHEHUMN JJIsl OMMCAHUS TOPEHUS KUJIKOTO
ToriiBa. OCHOBHBIE YPAaBHEHMSI BKIIIOYAIOT YPABHEHUE COXPAHEHUS MAaCChl, YPABHEHHUE
COXpaHCHMSI DHEPruM M YpPAaBHCHME XHMMHUYECKOIO PAaBHOBECHS. OTH  ypaBHEHUS
YUYUTBIBAIOT JU(PPy3UI0 MaCChl, TEILIONPOBOIHOCTh, KOHBEKIIUIO U XUMUYECKUE PEAKIIUH,
MIPOUCXOSIINAE BO BPEMS TOPEHUS.

JIns 4MCIEHHOr0 PEeNIeHNUs] MOJICNIA "€IMHOTO CTaaus" NPUMEHSIOTCA METOAbl KOHEUHBIX
3JIEMEHTOB, KOHEUHBIX OOBEMOB WMJIM KOHEUHBIX Pa3HOCTEH. DTU METOAbI MO3BOJISIOT
arMmpoOKCUMHUPOBATh YPABHEHUSI MOJICJIM HA CETKE U YUCICHHO PElIaTh UX JJISl TOJTYYCHUS
pacnpeaeneHust TEMIIEpaTypbl, KOHIEHTPALIMN U APYTUX MTAPAMETPOB B KAMEPE CTOPAHMUSL.

Oco0OeHHOCTH TOpPEHUs MPHU BBHICOKUX JABICHUSX M BBICOKMX uuciax PeitHonbaca, Takue
KaK TypOyJE€HTHOCTb, B3aUMOJICHCTBUE MEXKY KAarUISIMHU TOILJIUBA U JABUKYIIUMCS Ta30M,
U y4eT HEWJCalTbHBIX YCIOBUU BIIPHICKA, TaK)K€ MOTYT OBITh YYT€HBI B MOJEIHU C
MOMOIIBI0 COOTBETCTBYIOLIMX MOAMOJENECH U MapaMeTpoB. MaremaTuyeckue MOACIH
TOPEHUS KUJIKUX TOIUIMB TPH BBICOKMX JaBJICHUAX M BBICOKMX 4uciax PelHombaca
MMEIOT Ba)XKHOE MPAKTHUUYECKOE MPUMEHEHUE B Pa3IMUHbIX 00JIACTSIX, BKIIIOYAs aBHAIUIO,
SHEPIreTUKY U MPOMBINLUICHHOCTh. OHU MO3BOJISIOT ONTUMHU3UPOBATH MPOLIECCHI CTOPaHUsI,
ynyumaTh 3()QPEKTUBHOCTh U 0€30MacHOCTh CHUCTEM, a Takke pa3pabarbiBaTh HOBBIE
TEXHOJIOTUH W MaTepHuajbl JJIsi YCTOMUYUBOTO U DKOJOTUYECKH YUCTOTO TOPEHUS KUIKUX
TOILJIUB.

Kpome Mopenun "emuHoro cragus", CymIECTBYIOT W JIpyrH€ MaTeMaTH4YECKUE MOJEIIH,
KOTOPBIE YUYUTHIBAIOT TOPEHUE MKUJKUX TOIUIMB NPU BBICOKMX JIaBJICHUSX U BBICOKHX
yucnax PeitHonpaca. OpHOM W3 HUX SBISETCA MOJENIb '"MHOTOCTaAUHWHOrO TOpeHus"
(Multistage Combustion Model). Monens "MHOTOCTaAMITHOTO TOpeHUA" TMpEArnoaraer,
YTO TOPEHHE TOIUIMBA MPOUCXOAUT B HECKOJIBKUX MOCIEAOBATEIbHBIX CTAIUAX, YUUTHIBAS
pa3TUYHbIC XUMHYECKUE PEAKINK U (GU3HUECKHUE MPOIECChl. ITO MO3BOJSET 00JIEe TOUHO
OMHUCATh CJOXKHOCTHU, BO3HUKAIONIME MPU TOPEHUHM KUJKUX TOIUIMB TIPH BBICOKHX
JABJICHUSX U BBICOKHMX yuciax PeliHomnbaca.



B mMomenu "MHOrocraguiiHOro ropeHus" ypaBHEHHUS COXPAaHEHUSI MacChl, PHEPTrUU U
XUMHUYECKOTO PABHOBECHUSI JOMOJIHSIOTCS YpPaBHEHUSIMHU, OINKCHIBAIOIIUMHU KOHKPETHBIE
CTaJIy TOPEHUSI, TAKME KaK UCTapeHUe TOTUIMBA, 00pa30BaHKE TJICHKHU, TOPEHUE B MICHKE
u nuddy3noHHOe TopeHre B ra3oBod (¢aze. Kaxkmas cragusi UMeeT CBOW IapaMeTphl,
TaKhe KaK CKOpPOCTh HCHapeHus, Kod()(PHUIHMEHTHl TEIUIOOTIa4d W CKOPOCTh PEaKIIHH,
KOTOPBIEC 3aBUCST OT YCIOBUM ropeHus. YUCIEHHOE PEelIeHUuEe MOJIeNd ""MHOTOCTaIUHOTO
ropeHus" Tak)Ke BBIMIOJHSIETCS C MOMOIIBI0O METOJIOB KOHEUYHBIX 3JIEMEHTOB, KOHEUHBIX
00bEMOB WM KOHEYHBIX pa3HocTed. OIHAKO B 3TOM ciiydyae Tpedyercsa Oojiee CIoKHAs
CeTKa U y4eT OOJIBbIIEro 4Kciia MePEMEHHBIX, YTO JIeNaeT MOJENb 0oJjiee BHIYUCIUTEIBHO
MHTEHCUBHOU. BHIOOp KOHKPETHOM MOJIETN 3aBUCUT OT KOHKPETHOM 3a/1ayu U TIOCTYITHBIX
JMAHHBIX. Ba)XHO YYUTHIBAaTH OCOOCHHOCTH TOPEHHUS MKHUIKOTO TOIUIMBA, CBSI3aHHBIE C
BBICOKMMU JAaBJICHUSIMUA U BBICOKMMHU 4yucCiIaMu PeliHoublica, Takue Kak TypOyJI€HTHOCTbD,
B3aMMOJICUCTBUE C Ta30BoM ¢azoi U 3(DPeKThl BIpBICKA, A JOCTHKEHHUS TOYHBIX
pe3yJIbTaTOB MOACIUPOBAHUSI. MaremaTudyeckre MOJICId TOPEHUS
KUJKUX TOIUIMB MPU BBICOKMX JABJICHUSX U BBICOKHX uMciiax PeifHosbjaca SBISIOTCS
BOKHBIM MHCTPYMEHTOM B UCCIIEIOBAHUSIX U pa3pabOTKax B 00JACTH CKUTaHUS TOIUIUBA.
OHU TMOMOTarT TMOHSTh W ONTUMHU3UPOBATH MPOIECCHl TOPEHHUS, ONTUMHU3UPOBATH
MPOIIECCHI TOPEHUSI, YIYUIIUTh 3(PPEKTUBHOCTh CTOPaHUs M CHU3UTH BHIOPOCHI BPEIHBIX
BEILIECTB. DTH MOJIEIN MOTYT OBITh UCIIOIB30BAHBI IPU Pa3pabOTKE U YIYUIIEHUH CUCTEM
CKUTAHMSI, TAKUX KaK JBUTATEIN BHYTPEHHETO CrOpaHUsl, TOPEIKU JIJISi MPOMBIIUICHHBIX
neyel U KOTJIOB, & TAK)KE CUCTEMbI YTHIIM3ALUHA OTXOJI0OB.

MopenupoBaHue ropeHus KUJIKUX TOTUIMB MPU BBICOKUX JIABJICHUSX W BBICOKUX YHCIaX
PeitHosb/ica MO3BOJISET OMPEACIUTh ONTHUMAJbHBIE MMapaMETphl MpoIlecca, TaKUe Kak
BpeMsl BIIPHICKA TOTUIMBA, PACIPE/ICIICHUE TOIJIMBA B MPOCTPAHCTBE, CKOPOCTh CMEIICHUS
C BO3AYXOM U Jpyrue (akTopsl, Biustommue Ha 3HPEKTHBHOCTH U 0E30MacHOCTh
cropanusi. KpoMe TOro, MaremMaTH4ecKue MOJENIH MO3BOJSIOT MNPOBOJIUTH BUPTYaJIbHBIC
HKCIIEPUMEHTHI U ONTHUMHU3UPOBATH MPOIIECCHl ropeHus 0e3 HeoOXOAUMOCTH MPOBEACHUS
(bU3NMYECKUX UCIBITAHHUM, YTO YKOHOMUT BpeMsi M pecypchl. OHAKO ClIeyeT OTMETHTb,
YTO TOYHOCTh MAaTEMAaTHYECKUX MOJIENICH 3aBUCUT OT KayeCTBa BXOJHBIX JAHHBIX, TAKUX
Kak (U3MYEeCKUEe CBOMCTBA TOIUIMBA, XUMUYECKHUE PEAKIIMH, IMapaMeTpbl CropaHus u
rpaHu4Hble ycnoBUs. [103TOMY N7 TOCTUXKEHUSI TOUHBIX PE3YIHTATOB MOJEIUPOBAHUS
HEO0OXOJIMMO MPOBOAUTH IKCIIEPUMEHTHI U U3MEPEHHUSI, & TAKKE YUUTHIBATH OCOOCHHOCTU
KOHKPETHOM CUCTEMBI CKUTAHUS.

B nenom, maTeMatruueckrue MOJEIN TOPEHUS KUIAKUX TOTUIMB MPU BHICOKUX JABJICHUSIX U
BBICOKHMX 4uciax PeiHob/ca SBISIOTCS MOIIHBIM MHCTPYMEHTOM ISl UCCIICIOBAHUMN U
pa3paboTok B obsacTu cxuraHus ToruBa. OHU TMO3BOJISIOT 0oJiee TIIYOOKO TOHSITh
MPOIIECChl  TOPEHHUS, ONTUMHU3UPOBATh CHUCTEMbl CXKHIMaHUS W TOBBICUTh  HX
3G (HEKTUBHOCTH M KOJIOTHUECKYIO 0€301MacHOCTb.

B martemaTudeckux MOJENSX TOPEHMs KHIKHUX TOIUIMB TPH BBICOKMX JABICHUAX U
BBICOKUX 4ucliaXx PelfHoyb/ica yauThIBaeTCS psl GU3UIECKUX M XUMHUYECKHX MPOIIECCOB,
KOTOpPbIE TIPOMCXONAT BO BpeMs CropaHus. OTH MOJIeTM OOBIYHO OCHOBAHBI Ha
YpaBHEHUSIX COXPAHEHUSI MacChl, UMITYJIbCa, SHEPTUU U MACCOBBIX JI0JIEHl KOMIIOHEHTOB, a
TaKkK€ Ha KUHETUYECKUX YpaBHEHUAX peakiuil ropeHusi. OJJHUM U3 OCHOBHBIX aCIIEKTOB
MOJICTTUPOBAHUSI TOPEHUS KUAKUX TOIUIUB SIBISIETCS yueT (a30BbIX MEPEXO0I0B, TAKUX KaK
UCTIApEHUE U PA3JIOKEHUE TOIUIMBA. Y PaBHEHHUS, ONMUCHIBAIOIIME ITH MPOLIECCHI,



YYUTBIBAIOT TEIUIOBOM OOMEH, MaccooOMeH W auddy3uio B mapoBoil M ra3oBoi (aszax.
Mopenu Takke YYHUTHIBAIOT TMEPEMENIMBAHKME TOIUIMBA C OKPYXKAIONUM BO3IYXOM U
dbopmupoBaHue TOprOYeH cMmecH. J[Is ommcaHWS XHUMHYECKHUX PEAKIUHd TOpEHUs
NPUMEHSIOTCST  KUHEeTHYeckue Mojenu. OHU  ONHCHIBAIOT CKOPOCTH PEAKIUid B
3aBUCUMOCTH OT KOHIIGHTpAIluii KOMIIOHEHTOB M TeMmeparypbl. KnHeTHYecKne MOJeu
MOTYT OBITh OCHOBAaHBI Ha JKCIIEPUMEHTAIBHBIX JAHHBIX WJIH TEOPETHUECKHUX
MPEAnoaoKeHusax. MojaenupoBaHUE TOpPEHHUS JKHUJIKUX TOIUIMB Takxke TpeOyeT yuera
TypOyJieHTHOCTH B cucTteme. [Ipu BbicOkMX umciax PeliHonblica TypOyJle€HTHbBIE MOTOKU
OKa3bIBAIOT CYIIECTBEHHOE BJIMSHUE Ha MPOIECCHI NepEeMENINBaHus U Terooomena. s
MOJICIUPOBAHUSl TYpOYJEHTHBIX MOTOKOB YacTO MPUMEHSIOTCS ypaBHeHUs PeliHounbica-
aBepaka, KOTOPbIE€ OMHUCHIBAIOT CTATUCTUYECKUE CBOMCTBA TYpOYJIEHTHBIX MOJICH.

Bce 3T acniekThl MOJETMPOBAHUS TOPEHUS KUJKUX TOIUIMB MPHU BBICOKUX JABICHUSIX U
BBICOKMX YHclaX PeifHombaca TpeOyIOT CIOKHBIX BBIYUCIHTEIBHBIX aJTOPUTMOB U
YUCJICHHBIX METOJIOB. MoOJeTupoOBaHNE MOXKET TIPOBOJUTHCA C HCITOJIB30BAaHUEM
MPOTPAMMHBIX TIAKETOB, CHCIHATM3UPOBAHHBIX Ui PACUCTOB TOPCHHUS W COKUTAHUS
TOTUTHBA.

MareMatuueckre MOJICNIA TOPEHUS JKUJKUX TOILTUB TIPU BBICOKUX JIABJICHUSX U BBICOKUX
yuciax PeitHosb/ca MO3BOJIAIOT MCCIEAOBATh U ONTHUMH3UPOBATH PA3IMYHBIC ACHEKTHI
CKUTAHMS KUJKUX TOIUIMB B YCIIOBUSIX BBICOKOTO JaBJieHUs U uucia Pelinonbiaca. OHH
MIOMOTAIOT ONTHUMHU3HPOBATH KOHCTPYKIIMIO M Pa0O0Ty CHUCTEMBI CrOpaHWs, a TaKkKe
MIPEICKA3bIBaTh XapaKTEPUCTUKHU TPOIECCa, TaKUE KaK pacIpeeiCHUE TEeMIepaTypHl,
KOHIICHTPAITUX KOMIIOHCHTOB W CKOPOCTH PEAKITHH.

MaTteMaTH4ecKue MOJEIHM TIO3BOJISIIOT HCCICAOBATh BIMSHUE PA3IUYHBIX IApaMETPOB,
TaKMX KaK paclpefesieHue TOIUIMBA, JaBJIICHHE, CKOPOCTh BO3AYIIHOTO TIOTOKA U
XapaKkTEePUCTHKU (OPCYHOK Ha A(HPEKTUBHOCTh M CTAOMIBLHOCTH TopeHus. OHU TakKkKe
MO3BOJISIIOT ONTUMM3UPOBAThH MapaMeTPbl CUCTEMBI, HalpUMep, BHIOpaTh ONTUMAJIbHBIC
napameTpbl (OPCYHOK, paccyuTaTh ONTHUMAJIbHBIE COOTHOIICHUS CMECH TOIUIMBA U
BO3/lyXa, W OMNPENETUTh ONTHUMaJbHBIC PEXKUMBI pabOTHl cUcTeMbl.MaTemaTH4ecKue
MOJIENIA TOPEHUS KUAKUAX TOIUIUB TIPU BBICOKMX JABJICHUSX M BBICOKHX YHCIAX
PeliHOnpiIca MMEIOT MIMPOKUM CIEKTP MPUMEHEHUM, BKIIOYas a3pOKOCMUYECKYIO U
aBUAIMOHHYIO TMPOMBINUICHHOCTh, YHEPTETHKY, CYAOCTPOCHHE W ApyTrHe OOJacTH, TIe
MPUMEHSIOTCSI CHCTEMBl CTOPaHHMS JKUIKMX TOIMB. OHHU TIO3BOJISIOT TPOBOIUTH
BUPTYyaJIbHBIE JKCIEPUMEHTBI, WCCICIOBATh pAa3IMYHbIC CIICHAPUU € YCIIOBHUS, YTO
DKOHOMHUT BpeMs H PECypChl TIO CpPaBHCHHIO C PpPEaTbHBIMH  HCIBITAHUSIMHU.
MonenupoBaHue TOPEHUS >KHJIKHUX TOIUIMB TAaK)Ke IO3BOJIIET Oojiee TITyOOKO TOHSTH
(GU3MYEeCKUE TPOIECChI, MPOUCXOMSIINE B CHCTEME, | ONTUMHU3HPOBATH €€
MIPOU3BOUTEILHOCTD M 3PHEKTHBHOCTD.

B urtore, MaremaTrueckue MOJIETTU TOPEHUS KUIAKUX TOTIMB MPHU BBICOKUX JTABICHUSX H
BBICOKHUX YMcIiaXx PelfHONIb/ICa UTPAIOT BXKHYIO POJIb B pa3pabOTKE U COBEPIICHCTBOBAHHUH
cucteM cropanusi. OHU TO3BOJIAIOT yIy4ImIUTh 3PGHEKTUBHOCTh, CHU3UTH BBHIOPOCHI U
MOBBICUTH CTAaOMJIBHOCThH TIPOIlECCa TOPEHHs, 4TO WMEeT OOJIbIIOEe 3HAYEHHUE C TOYKHU
3pEeHUSI YKOHOMHUYECKON U IKOJIOTHUECKOU A((HEKTUBHOCTH CHUCTEM CHKUTAHMS KUIKUAX
TOTUIHB.



2. MATEMATHYECKASA MOJEJIb 3AJAYU O I'OPEHUH BIIPBICKA
AKUIKOI'O TOIIJIMBA

Maremarudeckas MOJIEIIb 3a/1a4M O PACIbUIE U TOPEHUU BIIPBICKA KUIKOTO TOILINBA
BKJIIOYAET B C€Osl ypaBHEHUE HEPA3PHIBHOCTH IS KOMIIOHEHTBI M, YpaBHEHUSI UMITYJIbCA,
DHEPIUH, COCTOSHUSA, K-€ Moaenu TypOyJEeHTHOCTH, HW3MCHEHHMS MacChl YaCTHIIBI,
JBH>KCHUS YaCTHUIL BJIOJb €€ TPACKTOPUU. 3AMUIIEM 3TH YPaBHEHUS JIJIsl HALICH 3a/1a4H:

YpaBHeHHE HepaS_Pf:IBHQC(TI/I )& s1 KOMIIOHEHTBI M

op -, = Pm ¢ S
—or " V(pmt) =V PDVL_ T} 1+ Bn + S,

rac P - II0THOCTH CMCCH, Pm_ napaouangbHas INIOTHOCTH M -1l KOMIIOHCHTEI,

oo C
u=(u,v,w) _ KOMIIOHEHTBI CKOpocTei ra3a, D - koadduruent nuddysum, Pr-

s
XUMHUUYECKUN MCTOYHHUKOBBIM YJICH, . WCTOYHHMKOBBIA YJICH BCJICACTBUC BIIPBICKA, 8m1 -

cuMBoJI KpoHekepa 1y1st My -2/ KOMIIOHEHTHI.
aRHCHHC-HMITYIILCA; -
AP gy -
- Vp-AV| k|+V +F°+ g,
u
+V uu =-
ot a’ 0 (3 )
rae Ag- koaduiueHt nepemexkaemMoctu, (Ag= 0 115 TJaMUHApHBIX Mojenen, Ay=1
1l TypOyJIEHTHBIX Mojenei), k - kuHetuueckas sHeprusi TypOyJIeHTHOCTH, O - TEH30p
BA3KHUX HANPSHKCHHM.

VY paBHEHUE DHEPT UM, -
N R
+V ul vu o VU=-VJ
ot (p,) ,
J=-KVT-pDYhV|™ | -
rae TEIIOBOM IIOTOK o Ul yAenbHAs BHYTPEHHSS
C
PHEprus, € - JUCCHUMAIUS DSHEPTrud TYpPOYJICHTHOCTH, Q - HCTOYHHKOBBIH YJICH
S
BCJICJICTBUE  XMMHUYECKUX  PEaKIIUM, Q. WCTOYHUKOBBI  YJIEH  BCJICACTBHUE

B3aUMOJICHCTBUS C BIIPBICKOM.
VYpaBuenus K - € Mmonenu uist TypOyJICHTHOM KHHETHYECKOW SHEPTUH K U ckopocTh

ee JUCCHUTIALINY € UMEIOT BU;
opk ~ - 2 - - "W{u\" ﬂ

;JFV.(puk):_;ka'U +0 -Vu +V-[ LPT |VkJ —-pe +W ,
aﬁig'(pu_‘é):_(zcal_caz)fm%'a‘l‘%‘ ((H_FVS —’+
R o8 NG|
+‘[C o -C pe +cWS].
k el VU g2 s

YpaBHeHHe COCTOAHUA OJIs1 CMECH I'a30B MOXKXHO 3aIlMcaTh Tak:

pP=R,T D (pn/W,)



BripaxkeHnue 17151 yieIbHOM BHYTPEHHEH YHEPTUU BBITJISIUT CIEAYIOIIMM 00pa3oM:
|(T) =2 (Pn/P)1n(T)
BBIpa)KeHI/Ie JUUIA yI[eJIBHOP'I TCIINIOCMKOCTH IIPpHU ITOCTOAHHOM JIaBJICHUU UMCCT BU/I:
¢ (M) =2 (Pn/ P Jepm(T)
BBIpa)KeHI/Ie JJIAd DHTAJIBIIUNA:
hy (T) = 1, (T) + RoT W,
Trac Ro — YHUBCpPCAJIbHAA ra30Bas IIOCTOSSHHAA, Wm — MOJIIpHAasA MacCa KOMIIOHCHTBI

m. Benuuaunsl hy(T) 1 cpm(T) B3STH U3 CIPaBOYHOMN JIUTEPATYPHL.
3aKOH COXpaHEHHs KOHIEHTPauu KoMroneHTsl M umeer Bux:

6(pcm) _6(pcmui)+ o Vp

oc
] — |+S
ot 8X| axlk I 8X|)

m

m

XVWMHUYECKHE PpEAKLUU, MPOUCXOASIIME B KaMmMepe CropaHusi, B O0OIIEM BHJIE
3aMKMCBIBAIOTCS CIEIYIOIUM 00pa3oM:

Zamer Emer L

II€ Xm - 9TO OAWH MOJIb KOMIIOHEHTBI M,  @nr © Dy,  [OPEACTaBISAIOT  cO0OM
CyMMapHbIe CTeXHOMETpUIECKHE KO DUITUEHTHI 111 peakIuu I,

CrexnomeTrprueckrue Kod(pPUIIMEHTH B COOTBETCTBUH C 3aKOHOM COXPaHCHHS
MAacCChl B XUMHUECKHUX PEAKIMAX JOJDKHBI YIOBJICTBOPATH CICAYIONIEMY PABEHCTRBY:

Z(amr _bmr )Nm =0

m

CKOPOCTh XUMHYECKOM peakiuu I 0603HavaeTcs yepe3 @ 1 MMeeT BUL
4 bror
CQ-=kfr]‘_[(pm /Wm)amr_ker(pm /Wm) :

[Mopsiaky 0OpaTHOM peakuu &'y 1 D' He paBHBI MOPSIKAM TPSIMOU PEAKIUH am U
Dmr ¥ OTIPEIETISIOTCS SMITUPUICCKH.
KoadduimeHTs! K ¥ Kpr 3aIACHIBAIOTCS CIICTYIOIAM 00pa3oM:
4 fr g br
ke = AT eXpLEITL kAT expl-E, T},
rne Ep— SHeprus axtuBanuu mnpsiMod peakuuu, Ef — 9Heprus aktuBauuu

00paTHOM peaKkIuu.
KoaddurmenTs B 00paTHBIX peakimsix ONpeesioTCs U3 YpaBHEHUS:

[1Pw W, )°mr=2mr = K (T)
3,[[6[?:1: K r(T — KOHCTaHTa PaBHOBECHSI, UMEIOIIIast BU/I:
C
K'=expyA InT +B /T +C +DT +ET2}, rne T =T/1000 K.
c r A r A r r A r A A

CkopocTy XUMHMYECKHX PEaKIUi @ BXOISAT B MCTOYHHMKOBBIA WIECH B ypaBHEHUH
HEpa3pbIBHOCTH:

pﬁ] =W, Z(bmr — 8, ),



a KOJIMYECTBO TEIUIA, BBIAEISIONIEECS B CHCTEME 3a CYET XHMHYECKOM
peaxIuu,
YYUTHIBACTCS B YPABHCHUN YHEPTHH:

F=2Q0w
r
3nech Q; - TeruioBoM 3G (HEKT peaKIuy TOPCHHS:

Qr = Z(amr - bmr )(Ahof )m

(Ah%),,

rae - TEIUI0Ta 00pa30BaHUsl KOMIIOHEHTHI M.
KoaduimenTs! nepenoca UMEIOT BUJ:

H:(l'O_AO)pVO + Mair +A0Cpk2 /81
=M D-—

)

A= Aqp, P, pS,

rae Vo — KHHEMaTU4ecKas BA3KOCTh IIPU HOPMaJIbHBIX ycaoBHAX, €,=0,09 —
IMITUPUYECKAsT KOHCTAHTA.

JInst  ydera  3aBHCHMOCTHM  JMHAMHUYECKOH  BSI3KOCTH  OT  TEMIEpaTyphl
ucnonb3oBanack popmyna CazepieHna:

AT 3/2
Mair =1
T+A,
1
31eCh A1 B Ay — SKCIIEPUMEHTAIBHBIE KOHCTAHTHI.
KoncranTta Az utst TypOyJIeHTHBIX TeueHuit pasHa (-2/3).

2.1 Moaeab ucnapeHus, rOpeHusi U CTOJIKHOBEHHS KareJlb

Pemenue 3amaun 00 ucmapeHUM KUAKUX Kamneidb W B3aUMOJICUCTBUU UX C Ta30BOM
ha3oil — ype3BBIYAMHO CIIOXKHAs mpooOsiema. J[JIs Toro 4ro0bl BRIYMCIMTE MAacCy, MOMEHT
UMITYJIbCa M TEIUIOOOMEH MEXIYy HCHapsIomencs] Karied W ra3oM, HY)KHO TPHHSTH BO
BHUMAaHHUE paclpelieJicHue Kameiab 10 pa3MepaM, IO CKOpPOCTAM M Temieparype. Bo
MHOTHX TEUCHHMSX IPHU pacyeTe paCMbLICHHBIX JXKUJIKOCTEH HEO0OXOAMMO YUYHUTHIBATH
KOoJieOaHUs Karejib, UCKAKEHUS U pa3pbiBbl. [l pacuera JBUTATeNel BHYTPEHHETO
CTOpaHMsl TaK)Ke€ OYECHb BaXXEH Yy4YeT CTOJIKHOBEHUHM Kamellb MEXIy coOoil u uX
00beIMHEHUS B 00JIee KPYIHBIE KarlIu.

Marematuyeckass MoJ€Nlb, KOTOpas CHOCOOHA OOBSICHUTH JTH  CJIOXKHBIE
dbu3nyecKre MPOoIECcChl, CBOAUTCS K (POpMYIUPOBKE YypaBHEHUs ucmnapeHus. M3 storo
ypaBHEHHUs HAXOJWUTCSA pachpeleicHre (QYHKIUM IJIOTHOCTH BeposTHOCTH f, KoTOpas
MMEET JECATh HE3aBUCUMBIX TMEPEMEHHBIX JOMOJHUTEILHO KO BPEMEHHU: TPU IO3UIUU
Kalull 1O X, TPU KOMIIOHEHThl CKOPOCTH V, paauyc I, Temmeparypa Iq (mpuHsTa
OJIMHAKOBOM B IIpejeiaxX KaIlld), OTKJIOHEHHE OT cepbl Y M M3MEHECHHE CO BpPEMEHEM
OTKJIOHCHUS .

dy/dt=y

bespasmepnas BenrunHa ) IPOMOPLUOHAIBHA IIEPEMEIICHUIO IOBEPXHOCTH KalljIu
U3 CBOEM MO3UILIMK PABHOBECUS Ha panyc Karu . @u3ndeckuil cMbici (QYHKIMH Kaneib



f(x,v,r,Td,y, y’t)dVdrde dydy- BEPOSTHOE YHCIO Kalulb B €IWHUIE O0OBEMa C
KOOpJAMHATOH X M BpeMmeHeM t, ckopoctsimu B mHTepBajie (V, V + dv), paguycamu B
uatepBane (r, r + dr), temneparypamu B unHtepBaie (Tq, Tq + dTy), u mapamerpamu
cMemennss B uHTepBamax (v, y +dy) m WY+ Spement xuaxoro oGbema 0,

OTpenesieTCs Kak:

0 = [ f4/3nr’dvdrdTadydy
Makpockonuyeckast INIOTHOCTb KHUJIKOH (a3bl P | onpenenena xax:

p'=psO

I7Ie Py — MHKPOCKOMMMYECKAsT TUIOTHOCTh JKHAKOW (ha3bl, KOTOpas MOXET, TeM He
MeHee, ObITh CPAaBHUMOM C ra30BOM MIOTHOCTHIO, TOTOMY YTO OTHOILIEHUE P4 K P BEIHUKO.
Benuuuna py npuHATa MOCTOSIHHOM.

W3menenne co BpemMeHeM (GyHKIUMH f MOXET OBITh IMOJYyYEHO IIyTEM PEIICHHUS

YPaBHCHUS UCIIAPpCHHA X(HHKOﬁ KallJInu:

of 0 d 0 o
_(fR+_9_ )+ v o .
6t \4 x(fv)+vv(ﬂ:)+ar 8Td (de ay(fY)+ ay(fy)_ coll+ bu

B ypasuenun (50) Bemuumnab F, R, Td, U Y U3MEHSIOTCS CO BPEMEHEM, HCXOS U3
0COOEHHOCTEN KaIlld, €e CKOPOCTH, pajuyca, TEMIEPATyphl, ¥ CKOPOCTH KoueOaHmii Y.

Benuuunbl fw”, fb” - HCTOYHHKH, O6YCJ'IOBJ'ICHHBIG CTOJIKHOBCHHUCM M Pa3pbIBOM KallCJib.

M CTOYHUK CTOTKHOBEHUS fCO” MOJKET OBITh 3aIMCaH KaK:

1
f = foov,r, T .Y,y 0fv ,r, T ,y.,y O +r)?v —v x

coll E 1 1 di, 1 1 2 2 d2 2 2 1 2 1 2

(O (VL Te, Y YVe, 1 Tan Vi %o Vo 10 Tao s Voo Yo ) —
=0 (V—vy)O(r—r)o(Ty =Ty )0 (y —v1)6 (y— W) -
=0 (V=Vy )0 (r—r,)d0 (Ty —Ty,)d (Y —Y2)0 (Y- ¥) X
x dv,dr,dT,,dy,dydv,dr,dT,,dy,dy,.

3nech (PyHKUMS TIOTHOCTH BEPOSITHOCTH CTOJKHOBEHHUSI G OIpejesieHa Kak:

odvdrdT,dydy _ BEPOSITHOE YMCJIO Kameslb CO CBOWCTBAMU B 3aJlaHHBIX WMHTEpBAIAX,
KOTOpBIC CJEAYIOT W3 CTOJKHOBEHMSI MEXIY KaIllAMU C 33JaHHBIMHU CBOWCTBAMU.
Bo03MO>KHBI Ba THIIA CTOJIKHOBECHUU:
- €CITU O/ BO3ICHCTBUEM CTOJIKHOBEHHMSI MapaMmeTp b yMeHbIIaeTcs 1o
CPaBHEHHUIO C KPUTHUECKOM OLIEHKOM D¢, , TO Karmmm ciamBaroTcs;
- ecimi b mpesbimaer Dg, TO KamM COXpaHSIOT CBOW pa3Mep H
TEMIIEpaTypy, HO UX CKOPOCTH MOIBEPTatOTCS N3MEHEHUIO.
Kputrnueckuit mapameTp Bo3aeicTBHS D, onpeesicH Kak:

b? =(r +r)?min(1.0,2.4f (y)/W ).
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BenmnunHa a—ko3pGUIMEHT TOBEPXHOCTHOTO HATSKEHHUS, KOTOPBHIM M3MEHSETCS B
npejenax oT 3Ha4eHUsl 8g MPU HAYalIbHOU TeMiiepatype o U 0 HYyJS OpU KPUTUUECKOU
Temriepatype T.. Boipakenue mis QyHKIUHM TUIOTHOCTH BEPOSTHOCTH CTOJKHOBEHHUS G
MMEET CIEIYIOIMNN BU:
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W cTOYHUKOBBIM WiieH, OOYCJIOBJIEHHBIH pa3pblBOM Kameiab ™, BbIPAXKaCTCH
CIEYIOLIUM f)6pa30M :

1 1 _di 1 1 d 1 1_d 1 11 1 1
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Pacman HOCUT BEpOATHOCTHBIN XapakTep, onpeaensercs GyHKIue pacnpeneacHus
B, ompenenennas kak BdvdrdTddydy — sto umcio kamenb B WHTEpBajie, B KOTOPOM
MPOUCXOAUT pacnaj Kamenb. IlycThb mocne pacnaga paauyc Kariv MOJYUHSIETCS
pacrpeeneHuro:

o(r)=te

F

CayTepoBCKU CpeHUN pamuyc 3 — CPeIHU 00BbEMHO TOBEPXHOCTHBIA PAIAyC
Kareb onpeaensercs GopMysio:
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CkopocTh NOJIYYUBIIEHUCS KAMIA TAKKE OTIMYAETCSA OT CKOPOCTU MATEPUHCKON
KaIlld, CKOPOCTHIO C BEIMYMHOW ® U C HaNpaBlIEHUEM, PACTPOCTPAHSIONIMMCS



IMPOU3BOJIBHO B IUJIOCKOCTH HOPMaJIM OTHOCHUTEIIBHO BEKTOpa CKOPOCTH MEXAY
MAaTEpUHCKOM Karuien u razom. Halnem BenmnunHy o:
w=1/2ny.
Bripaxxenue miia B nmeer pud; -
B=gn3(T T B~ [ov—( +o ]
d d 5 ¢ n)dn,
T
OnpenenuM (yHKIAHA, KOTOPBIE OIMPEACISIOT TPACKTOPHUIO JABUKCHUS KaXIou
Kari. B BeIpakeHWe I YCKOpPEHHS Karumk F BHOCSAT BKJIaA, a’pOAMHAMHUYECKOE
CONPOTHUBIICHUE U cHia TspkecTH [125-128]:
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TypOyneHTHas ckopocTh Tra3za U' pgoOaBlieHa K CpEIHEM CKOpPOCTH Ta3za Mpu
BEIYHCIICHUHM COMPOTHUBIICHUS Kalleldb M CTENeHW wucnapeHws. [Ipemmomaraercs, d9To
KKJBIN KOMII g% T U’ B3aT u3 ['ayccoBckoro pacmnpeneneHus: Co CpeTHUM KBaJIpaTHbIM
OTKJIOHCHHSIM . Takum 00pazoM, IPUHUMACTCS:

G(u'):(4/3m<)‘3’2exp{—3u’2/41<}

3HaueHue BenuuuHbl U BRIOMpaeTcss OMMH pa3 NpH  KaKAOM BpEMEHH
TypOyJICHTHON KOPPEAnd ty,,, B IPOTUBHOM CITydae OCTaeTCs TMOCTOSTHHBIM. Bpems

KOppECJIIIH KallJIn MOKHO HaAWTHU U3 COOTHOILICHMS:
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rac Cps —0,16432 — OMITUPUYCCKAs] KOHCTAHTa, tturb — MHUHHUMAJIBHBIM BPCMA

paspbiBa kamy, CTeneyb U3MEHEHUsI pajuyca Kami R onpenenseTcss COOTHONIEHUEM:
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rae Shy — uncno IllepByna mis mepeHoca Macchl, Y; — MaccoBas JI0JIsA MapoB

TOTUTMBA HAa TOBEPXHOCTU Karud, Yi = pi/p, (PD)r (T) kodhpummenT nuddys3uu napos
TOILUIMBA B BO3ayxe. Yucio Hlﬂaspéa OIPENIENISAETCS KaK:
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HOBerHOCTHaSI MacCCoOBas JOJIA Y1 MOJKET OBIThH MMOJIy4CHA U3 BbIPAKCHUA!
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Wit Wol Py (Ty)

rae Wy — jokanbpHasi cpelHsas MOJSpHas macca JUIsl BCEX Pa3HOBHJIHOCTEN MapoB
TormwmBa, a P, (Tq) — paBHOBECHOE MAaBICHHE IMApOB TOIUIMBA IPH TEeMIIepaTtype g.
TemnepaTypa Karuid sIBJIIETCS OJHOPOJHOM, a MaplUHaJbHOE JABJIEHUE MMAPOB TOIJIMBA Ha

ITOBEPXHOCTHU KANEJIbKU PABHIETCS PABHOBECHOMY JABIICHUIO mapa. i Dﬂl/l(i)(by:sﬂn rnapa
B BO3JyXE MCIIOJB3YETCA IMIIUPUUECKOE CooTHoleHue: (pD) (T)= DlT “rne D uD_ -
air 1 2

KOHCTaHTHl. VI3MEeHeHHWe TeMIepaTypbl Kamuii OOYCIOBJICHO YypaBHEHHEM OanaHca
DHEPTUU [‘illO, 120]:

p ar’cT —p 4ar’RL(T )=4nr’Q ,

d 3 I d d d d

rae ¢ — yAenbHas TemioeMKocTh skuakoctd, L (Td) — yamenbHas Termiora
napooOpazoBanusi, ¥ Qg - TEIJIOMPOBOJHOCTh HA TMOBEPXHOCTH KAaIUIM B CAWHHUYHOM
obobeme. YpaBHenue (70) o3Hauaer, 4yTO PHEPrUsi, MOJBOJUMAS K Karlie, HarpeBaeT ee,
BCJICAICTBHE YETO MPOUCXOTUT 6bucmapeHue. TermmonpoBoaHoCTh Qg MOXHO ONpPEaeTuTh
U3 CJIETYIOIIETO COOTHOIICHUS:
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d

Kar (T) - umcno Mpanars,
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I'ie ¢p — yACIbHas TCIIIOCMKOCTD IIPH ITOCTOSHHOM JIABJICHUM U IIPU TEMIICPATYPC

T=(T+2T0)/3 K, u K, — KoHCTaHTEL.

YpaBHeHHe ML YCKOPCHHA HW  HJI  [IapaMCTpPOB HM3MCHCHHA KaIllIh HMCCT

CIEIYIOIINI BU: ,
2 p (U+u' —-v) 8a(Td)y 5u(T,)
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Py Par

rae u(Ty) — BSI3KOCTh JKUAKOCTH. YpaBHeHHE (72) — 3TO ypaBHEHHE 3aTyXaroIluX
rapMOHMYECKUX KoJIeOaHWM, B KOTOPOM BHEIIHSIS CHJa OOECIEYMBACTCS Ta30BBIMU
a’POJIMHAMUYECKUMH  CWJIaMH  KaIlJld,  BO3BpaTHas  CHJIA o0ecrieuynBaeTcs
MOBEPXHOCTHBIMU CHJIAMHU HAMNPSsKEHHOCTH, a 3aTyXaHHWE MPOUCXOJUT 3a CUET BS3ZKOCTH
KUJKOCTH.
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®Oyuxupn: P F QW' nonyuens cymmupoBanueM ko3(p(UIHEHTOB N3MEHEHMS:
MacChl, CKOPOCTH JBM)KEHHSI U DHEPIUM BCEX Kallellb, HAXOIAIIMXCSA B MOJIOKEHHU X B
MomeHT Bpemenu t. Torma umeeM:



p° =] fpg 4nr?RdvdrdT,dydy,
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3nece PP - CKOPOCTH W3MEHEHHUS MAacCChl, UMITyJIbCAa W SHEPIrUH BCEX

Karelb, UMEIOIINX PaUyC - BEKTOP X B MOMEHT BpeMeHH 1. WS CKOPOCTb, IPU KOTOPOH
TypOyJICHTHbIE BUXPHU COBEPIIAIOT pPabOTy IO PACIPOCTPAHCHUIO BIPHICKMBAEMBIX
Kareib.

st pacuera konebaHudt W apoOJeHUs Kamelb HaMm  TpeOyeTrcss JBa

JOIIOJHUTENLHBIX yPABHEHUS It VP | ¥ . Bennuuna Y» mponopriMoHanbHa CMENIEHUIO
MOBEPXHOCTH KalleJib U3 COCTOSIHUS PaBHOBECHS, TPagyHMpOBAHHOMY PagUyCOM Karuiu.

Kamns pacimagacTcCida, Toraa v TOJbKO TOoraad, CCJIN Ye IIPCBLIIACT CAUHUITY.

JIlna oOHOBAEHWI 3HaueHWid YP W %  KAKIOrO BBIYMCIMTENBHOIO LUKJIA
HCTIOJIb3YEM YPABHEHHUE:
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B KOTOPOM: o - 4ucio BeGepa, Y - otnHocurenshas CKOPQCTb MEXK/Y KaIlIeh
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¢ - KBaJpaT 4aCTOThI KOJICOAHUH.
3aMyIleM HauyajibHble U TPAaHUYHBIE YCJIOBUSA 3a/ladydl O TOPEHHUM KUIKUX TOIUIMB B
KaMepe CropaHus. B HayaJIbHbII MOMEHT BPEMEHH T'a3 HaXOAUTCS B COCTOSHUU IMOKOS U
HAYaJIbHOE paclpeieNieHue TeMIIepaTypbl OCTOSHHO:
t=0: u=0; v=0; w=0; T=T,.
Ha creHkax pansi modsl CKOPOCTH 3adaeTcs TYpOYJIEHTHBIM 3aKOH CTCHKH,
TaHTEHIIMAJIbHAsl KOMIIOHEHTa CKOPOCTEH KOTOPOTO OMpeNessieTcsl JOTapu(pMUISCKIM
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OTHOCUTEILHO CTCHKHU: Ha PacCTOSIHAM ) OT CTEHKH, u™* - TMHaMU4ecKas
CKOPOCTb, KOTOpas COOTHOCHTCS C TaHTCHIIMAIBHBIMH KOMIIOHEHTAMHU HAMpPsKCHUSI
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TemnepaTypa Ha CTeHKe 3ajaercsi (UKCUPOBAHHON U JJIA HEE MCIOIb3YeTCs
yCJIOBUE TypOYJICHTHOTO 3aKOHA CTEHKHU:
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3. MOAEJIUPOBAHMUE INPOLIECCA I'OPEHUS BITPBICKA )KUJAKOI'O
I'EIITAHA C YYETOMTEIIJIOBOI'O U3JIYYEHUS B KAMEPE CIT'OPAHUA C
NOMOLBIO YUCJIIEHHBIX METOJ10B
[{enapt0 JaHHOrO HMCCIEAOBAaHUS SIBISETCA CO3[JaHUE MATEMaTHYECKON MOJIENH IMpolecca
TOpPEHUS KUJKOTO TOIJIMBA (renTaHa) B KaMepe CropaHusi, OCHAIICHHOW MHXKEKTOPOM JUIs
BIIPhICKA TOIUIMBA, C YYE€TOM TEIIOBOro wuznydeHusa. Ocoboe BHUMaHUE YIEIsETCS
MCCJIEIOBAHUIO PACIBUICHUS TOIUIMBA MEPe]l €ro MCIapeHWeM U CMEIIMBAHHEM, TaK Kak
TO UIpaeT BaXHYI poyib B obecrnieueHUd HGOEKTUBHOTO CTOpaHUS M XOPOIIUX

XapaKTEPUCTUK BHIOPOCOB.

JInst 1OCTUKEHUS TOCTABJICHHOW IIeNId HEOOXOJUMO PEIIMTh Psii 3a7ad, BKIIIOYAIOIIMX
BBIOOp METOJa MOJIETUPOBAHMS, pa3padOTKy MaTeMaTHYeCKOW MOJENM Mpouecca
TOpEHUs, MPOBEACHUE YUCICHHOIO MOJIECIMPOBAHMS C YYETOM TEILUIOBOTO H3JIYyYEHHS U
aHaJIN3 MOJYYEHHBIX PE3yIbTaTOB.

B nmaHHO#l paboTe ropeHne paccMaTpUBAETCA KaK MPOLECC B3aUMOJECUCTBHUS KHUIKOTO
TOIUIMBA C KHUCJIOPOJOM, CONPOBOXIAIOUIMICS BBIIEJIEHUEM TEIUIa U CBETa B BHJE
IJIaMEHU. DTOT MPOLECC MPOUCXOAUT B PA3IMYHBIX YCTPOUCTBAX, TAKUX KAK €YU U



JIBUTATENIH, U1 MOKET MIPUBOJUTH K 0OPa30BaHUIO MOOOYHBIX MPOAYKTOB, BKIIIOYAsl BOAY U
YTJIEKUCIIBIN Ias3.

MaremaTtnueckas MOJAENb, pa3padaTbiBaeMas B JaHHOM HCCIIEIOBAaHUH, IO3BOJISIET
omnucaTh MPOIECC TOPEHHUs KUAKOTO TOIUIMBA B LMJIMHIPUYECKOW KaMmepe CTOpaHus C
BBICOKOM TOYHOCTBIO, YUUTHIBASI TEIJIOBOE M3IIy4YEHHE. DTO MO3BOJISIET MOJIYYUTH OoJee
MOJIHOE TIPE/ICTABIICHUE O PaclpeIe]ICHUN TeMIIEpaTyp U JaBJICHHUN B KaMepe CropaHus BO
BpEMsI TOPEHUSL.

Jlyis MoaenupoBaHus Ipolecca TOPEHUs C YYETOM TEIIOBOTO M3IYUYCHHs] MPUMEHSIOTCS
YHUCIIEHHBIE METOJbI, KOTOpbIC IO3BOJSIOT MPOBECTH BHUPTyaJbHbIE SKCIIEPUMEHTHI U
NOJyYUTh JIeTaIbHYI0O HWHGOPMAIMI0O O XapaKTEepHCTUKaX Tporecca. Pe3ynbrarsl
MOJICJIMPOBAHUS AHATU3UPYIOTCS U WHTEPIPETHPYIOTCS, YTO IMOMOTAeT Jy4Yllle MOHSThH
duznyecKre NpoIecchl, MPOUCXOISAIINE B CUCTEME CTOPAHUS KHUJIKOTO TOTLITUBA.

Takum oOpa3om, MOAETMPOBAHKE MpPOIECCa TOPEHUS KUAKOTO TOIUIMBA C YYETOM
TEIUIOBOTO U3IYYEHHUS C UCIOJIH30BAHUEM YHMCIECHHBIX METOJIOB SIBIISIETCS Ba)KHBIM
UHCTPYMEHTOM JIJIsl UCCIIEIOBAHUS M ONTUMH3ALUU CUCTEM CTOPaHHUsS KHUJIKOI'O TOILJIMBA.
OTO MO3BOJSIET YIYy4IIUTh 3()PEKTUBHOCTH TOPEHMs, CHU3UTH BBIOPOCHI BPEIHBIX
BEILIECTB U MOBBICUTh 0€30MACHOCTh PabOThl YCTPOWCTB, B KOTOPBIX HCHOJIB3YETCS
TrOpeHHe JKUIKOTO TOINIMBAa. B mporecce MOJENIUpOBaHUS YUUTHIBAETCS BBICOKOE
JaBJICHUE U BBICOKME 4Yucia PeliHonbica, KOTOpbIE XapaKTEpHbI JJi KaMep CropaHusl.
Bb160p COOTBETCTBYIOIIMX YHUCICHHBIX METOAOB MTO3BOJISIET YUECTh CIOXKHBIE (PU3HUECKUE
SIBIICHUS, TAKUE KaK TypOyJEHTHOCTh MOTOKA TOIUIMBA, B3aUMOJICHCTBUE TOILIMBA C
OKPY>KarOIINM BO3TyXOM, UCIIAPEHHUE U CMEIIEHNE KOMIIOHEHTOB C BHICOKOW TOUHOCTBIO.
Maremaruueckass MOJENb, OCHOBAaHHAsI HAa YMCJICHHBIX METOAAaX, YYUTHIBAET TaKKe
TEIUIOBOE M3JIy4YCHHE, KOTOPOE SIBISETCS BAXKHBIM (DAaKTOPOM B MPOIECCE TOPEHUS
KHUJKOTO TOIUIMBA. TemoBoe W3MyuyeHHWE OKa3blBaCT 3HAUMTENbHOE BIHMSHHE Ha
pacmpesnenenue TemrepaTyp W JaBlI€HUN B KaMepe CropaHusi, MO3TOMY €ro yuer
MI03BOJISICT OMYYUTH O0Jiee TOUHBIC Pe3yabTaThl MOICTUPOBAHUS.

HccnenoBanue mporecca rOpeHHsl KUAKOTO TOIUIMBA C yYETOM TEIUIOBOTO H3ITy4eHUs
MO3BOJIIET OMNpPENEIUTh ONTUMAaJIbHbIE MapaMeTpbl CUCTEMbl, TAKUE KaK BPEeMs T'OPEHMS,
pacrmpesiesieHne TeIJIOBBIX HArpy3okK, 3((EKTUBHOCTh CTOpaHUs U BBIOPOCHI BPETHBIX
BEUIECTB. OTO BaXXHO M pa3pabOTKHM HOBBIX TEXHOJIOIMH CropaHusi, yJIydlIeHHs
CYIIECTBYIOIINUX CUCTEM M CHIKEHHUSI HETAaTHBHOTO BO3ICUCTBUS HA OKPYKAIOIIYIO CPELy.
Takum oOpa3oMm, MOAETUPOBAHWE TMPOIECCa TOPEHHUS KHUAKOTO TOIUIMBA C YYETOM
TEIUIOBOTO HM3JIy4E€HHsS C TIOMOIIbI0 YHUCJICHHBIX METOJOB SIBIISIETCS  BaKHBIM
WHCTPYMEHTOM JUIsl HAYYHBIX WCCIICIOBaHMA, pa3pabOTKW W ONTHUMH3AIUU CHUCTEM
CropaHusi ¥ NOBBILIEHUA UX YP(HEKTUBHOCTH U O€30MaCHOCTH.

Marematuueckass MOJIENb TOPEHHs JKUAKOTO TOIUIMBA B IMJIWHAPUYECKOW Kamepe
CrOpaHusl C BBICOKMM JaBJICHHEM M BBICOKMM uHciioM PeiiHonmpaca Tpebyer ydera
pa3nuuHbIX (AKTOPOB, BKJIOYAs TEIJIOBOE H3MydeHHe. [l JOCTHMXKEHHsl 3TOM Lesu
UCIIOJIB3YIOTCS YMCICHHBIE METOJbl, KOTOpbIE MO3BOJISIIOT MOJAEIUPOBATH IMPOIIECC
TOPEHUS U OTIPEACIIATH €r0 XapaKTePUCTUKH.

OnHOM W3 KIIIOUEBBIX 33/a4 B MOJEITUPOBAHUU TOPEHUS SIBISIETCS YYET TEIJIOBOTrO
u3nydeHus. TeroBoe M3MydeHHEe BO3HHMKACT B Pe3yJIbTaTe BBIICICHHS SHEPTUU B BUIE
DJIGKTPOMArHUTHBIX BOJH TIpU TOPEHWHM WM HarpeBe wmatepuainoB. J[ias 3Toro
UCIIOJIB3YIOTCSl CHEIUaIbHbIE MOJIENU, KOTOPhIE MO3BOJSIOT OLIEHUTh KOJMYECTBO U



pacrpeeneHre TEIIOBOro U3IyUYEHHs B KaMEPE CTOPAHUSL.
OpnHoll M3 TakuX MOJENEH SIBIsieTCsl MOJieNb TerioBoro u3nydenus Cumncona-Knapka.
Ona ocHoBaHa Ha (opmynax, paspadoranabix Cummnconom u Kmapkom B 1947 romy. B
TOM MOJIENIM YYWTHIBAIOTCA pa3JIMYHbIE MapaMmeTphl, TaKhe Kak TeMIleparypa,
OMUCCHUBHOCTh, JJIMHA BOJHBI W KOA(D(PUIIMEHT TMOTJIOMICHUS, YTOOBI OIMpPEaeInuTh
KOJIMYECTBO TerioBoro wusmydeHus. 3akoH Credana-bonmpiMana ucnons3yeTcs Uis
ONPENCIICHUSI BBIXOAHOM MOIIHOCTH HW3JIYYCHHs, 3aBUCALICH OT TEMIIEpaTypbl U
koahduimenta uznydenus. Mogens Cumrncona-Kiapka MoxeT ObITh NpUMEHEHA s
pacuera TEIIOBOrO U3JIyYEHHUS B Ta30BbIX U MBUIEBBIX ITOTOKAX.

Eme o1HOM MOJENbIO, HCTIOJIB3YEMOM IS YU€Ta TEIUIOBOTO U3ITyUYEHUSI, SIBJISIETCS MOJIEIb
[llycrepa-llImunra-bpunnoysna. OHa ocHOBaHa Ha 3akoHE bpuioy’Ha, KOTOPBIi
YUUTBHIBAET JUIMHY BOJHBI, TEMIIEPATYpy U KOI(P(GULUHUEHT MOTJIOMIECHHS I ONpeeIeHUs
m3nydenua. Mogens Illycrepa-llImMunara-bpriioysna MOKET IpPUMEHATHCSA JUIsl pacdera
OMUCCUU M3JIy4ECHHs] B OINPEICICHHOM [JMaIla30HE JUIMH BOJH W HCIOJIB3YETCsS IIpU
aHAJIM3€ U3JIyYCHUS B Ta30BBIX IIOTOKAX, NBUIEBBIX ITOTOKAX M FOPALIUX TOILIMBAX. Takxke
CYLIECTBYET MOJIETb TEIJIOBOIO U3ITyueHUs: AU(PPYy3HON IIIOCKOCTH,

VYpaBuenue P1 umeer crneayroniuii BuI:
4 s 4 4 1

Sr=50d0" =0T + V- (zoT)
[lepBblil uneH ypaBHEHUS OOBSCHAET, KaK KOHIIGHTpAIUsl MEHSETCS CO BPEMEHEM H3-3a
KOHBEKITMH. BTOpO# 4jieH onmrchIBaeT M3MEHEHHE KOHIICHTPAIIUU B TIPOCTPAHCTBE, TAKKE
CBSI3aHHOE C KOHBeKIued. TpeTuil uneH orpaxaeT nuddy3uOHHBIA EPEHOC MPUMECH, a
YETBEPTHIA WICH OTBEYACT 32 MCTOYHHWKHU WIJIM CTOKH NMPUMECH, TaKWe KaK XUMHYCCKUE
peaknuy WM BHEIIHWE WCTOYHUKH 3arps3HeHus. Mopaenb Pl mmpoko mpumensiercs B
pa3IMYHBIX OOJIACTSAX, BKIIOYAs adpPOJIMHAMUKY, XHUMHUYECKYIO TPOMBIIIJICHHOCTD,
OMOTEeXHOJIOTHIO, OKeaHorpaduio u apyrue. OHa o0JaaeT MIaBHBIM NMPEUMYIIIECTBOM —
TOYHBIM OTTMCAHUEM PACTIPEICICHUS KOHIIEHTPAIMHN MPUMECH B IPOCTPAHCTBE U BPEMEHH,
YTO OCOOCHHO BaXKHO JJISI MOJEIMPOBAHUS TEXHOJOTHYECKUX TMPOIECCOB, CBA3AHHBIX C
NepeMENICHHEM BEIIeCTBA B MOTOKAX Ta30B HIIN KUJKOCTEH.
B nmannoit pabore mMbI OyneM UCHOJIb30BaTh MoJeidb Pl TEmioBOro u3mydeHwHs], Tak Kak
OHa SIBJISIETCS CaMOU MPOCTOM M MOHSITHOM JJIs HOBUYKOB B JAHHOM 001acTU. DTa MOJIEh
MIPUMEHSETCS Il OTIMCaHUS PacCIpOCTPAHCHUS M3JIYYCHHUS B TPEXMEPHOM MPOCTPAHCTBE
U OCHOBaHA Ha YypPaBHECHHSIX IEPEHOCA H3IYYCHHS, KOTOPHIC OMHUCHIBAIOT W3MCHCHHE
WHTEHCUBHOCTH U3JTyYCHHUS B MPOCTPAHCTBE M BPEMCHH.
3.1 ®uzuyecKkue ¥ XMMHUYECKHE CBOMCTBA renTaHa
['enran, xumudeckas popmyna C7THI16, sBASETCS OCHOBHBIM 3TAJIOHHBIM TOIUTHBOM LIS
oTpe/ie]ICHUs] OKTAaHOBOTO Yucia O€H3WHA U CIIYKUT 3aMEHUTEJIEM H-aJIKAaHOB B TSKEIIBIX
torumBax. OH oOnamaer clueayrmuMu (GU3NYECKUMH W XUMUYECKUMH CBOMCTBAMMU:
renTaH - OecIiBEeTHAs KHIKOCTh, KOTOPasl JIETKO UCIapseTcs U HepacTBopuMa B Boje. OH
SBJIIETCSI OJHUM U3 KOMIIOHCHTOB O€H3MHA U 00JIaJaeT TOJBIKHOCTHIO, a TaKKe
XapaKTEPHBIM 3alaxoM, HaloMUHAIMUM HePTh. Ero mapsl Tsokenee BO3myXa M MOTYT
00pa3oBBIBATH B3PHIBOONIACHBIE CMECH.

H-FCHTaH, WM TICIITAH B HOPMAJBbHBIX YCIOBHAX, TaKXE ABIACTCA 6€CHBCTHOI>'I



KUIKOCTBIO C pe3kuM 3anaxoM. llpu armochepHom paBnenun 1 armocdepa u
temriepatype 20 °C ero motHOoCcTh coctaBiser 683,8 kr/m3. H-remram wumeer
temneparypy miasiaeHus -90,61 °C, temmeparypy kumenusi 98,42 °C, temmepatypy
BocruiameHenust 223 °C u temnepatypy Benbiku -4 °C. Kpurnueckas temrnepaTrypa H-
rentana paBHa 267,01 °C, a kputudeckoe naBieHue cocrasiser 2,74 Mlla.
B3priBoomacHass KOHIIEHTpaIusi Ta30BOM CMECH H-TeNTaHa C BO3AYXOM HAaxOJIUTCS B
nuamazone ot 1,06% no 6,7% mo oOwbeMy. YjaenbHas TemjaoTa CropaHusi H-TeNTaHa
coctasiset 45,105 MJIx/kt, a ero mossspHast macca paBHa 100,21 r/mob.

dopMyiia peakliui rOpeHus renTaHa ¢ 00pa3oBaHUEM BOJIbI YIJIEKUCIIOTO rasa:

C;H16 + 1102kH_) 7C02 + 8H20,
= 5% 1012 ex (—_15 80)
rae Ky p —)

Ora peakuus NpeAcTaBiseT co0oi I100aIbHOE MPeoOdpa3oBaHNEe H-TENTaHa U KUCIOPOAa
B BoAy, H20, 1 IBYOKHCH yTII€po/ia, YIIEKHUCIOro rasa.

3.2 IIporpamma Sim Flow 4.0

SimFlow 4.0 - ato nporpamMHoe obecnieueHue, pazpaboranHoe st Computational Fluid
Dynamics (CFD) u npenHa3HaueHHOE AJI1 MCIOJIB30BAHMUS B MHKEHEPHBIX UM HAYYHBIX
HesIX. ITO MOIIHBIA HHCTPYMEHT, KOTOPBIM BKJIIOYAeT Bce HeoOxoaumble pyHkuuun CFD
U MOKET OBITh HMCIIOJIb30BaH Ha omnepanuoHHbIx cucremax Windows u Linux. SimFlow
UCTIONB3YeT OMOIMOTEKH C OTKPBITBIM HUCXOAHBIM KoaoM OpenFOAM® wu obnagaer
MHTYUTHUBHO MOHATHBIM 0JIb30BATEIbCKUM UHTEPHENCOM.

C nomouipto SimFlow MOXHO MOAEIMPOBAaTh Pa3IuyHbIe (PU3HUECKUE SBJICHUSA, BKIIIOYAs
XUMHUYECKUE PEakUud, MHOTO(a3Hble IOTOKH, TEIIOOOMEH, TypOYJEHTHBIE MOTOKH,
KABUTALMI0O U IIOTOKM COKMMAaEMbIX M HEC)KMMaeMbIX Xuakocteil. IIporpamma Ttaxxke
IPEIOCTABIIIET BO3MOXKHOCTh IPHUMEHSTh COBPEMEHHBIE MOJAETU TYypOYyJE€HTHOCTU H
YUCJICHHBIE METO/IBI.

PesynbraThl MOJAEIMpOBAaHHWsS, MOJYYCHHbIC C moMomislo SimFlow, Morytr ObITh
UCIOJIb30BaHbl ISl ONTUMHU3ALMU KOHCTPYKIUHU 10 €€ (U3NYECKON peanu3auuu U AJs
IPEIOCTABICHUS. BXOIHBIX JAHHBIX JIJIsl aHanu3a HanpsbkeHwid. SimFlow  sensiercs
M0JIE3HBIM UHCTPYMEHTOM ISl MH)KEHEPOB U MCCIIEI0BATENEH, TO3BOJISIIOLUIUM [TPOBOJIUTh
JeTalbHbIE U TOUYHBIE PACUEThl U aHAIU3bI IOTOKOB KUAKOCTH U ra3a.

4. PE3YJBbBTATBI MOAEJIMPOBAHUA

B nannoii pabore wmcciemyeTrcs TEIJIOBOE HW3JIYYCHHE B KaMmepe CTrOpaHusi BO BpeMs
TOpEHMs TelnTaHa ¢ Ucnosib3oBaHueM moxaenu Pl (cm. pucynok 1). Kamepa cropanus
uMeeT (popMy MIIIMHApPA C PaIdycoM 8 CM M BBICOTOM 2 cM. B HIDKHEH 4acTH KaMepbl
PacroyIOKeH WHKEKTOp, 4Yepe3 KOTOophid BhpbickuBaeTcs 0,1 Mr >kuakoro TOILIIUBA.
TeMmneparypa B kamepe cropanus nojjepxupaercs Ha ypoHe 800 K.

3afava 3aKJIF0YaeTCs B U3YUYCHUHU XAPAKTEPUCTUK TEIJIOBOTO M3JIYYCHUS W €ro BIIMSHUS
Ha MPOIIECC TOPEHHUS TenTaHa B JAaHHOU Kamepe.
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Hab6nronenue 3a TemnepaTypoil B KaMepe CropaHus.

B 3TOM puCyHKE MOXHO CIEIUTh 3a MAaKCHMAJIbHOM M MUHHMAJIBHON TEMIIEpaTypoi
KaMmepe cropaHusa. BHe3alHO€ TIOBBIIEHWE TEMIIEPATyphl SBISIETCS  PE3yJIbTaTOM
pouecca ropeHusl.

Mpl 3amycTuiii BTOPOM pacueT 4ToObl HM3Y4YUTh BIIMSHUE TEIUIOBOTO H3JIyYEHUs Ha
rOpeHHe renTala U NOJYyYHIM PpacueT ¢ MOJEINBIO U3JIyYeHHE
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Habmonenue 3a remnepaTypoit B kamepe cropanus ¢ yuetaMm uzinydenue Pl.
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a), 0), B), ) JIBM>KeHME YaCTHI] BIIPHICKA IeNTaHa 0€3 U3TyYCHUEM.
3nech MOXKHO BUACTHh pe3yjbTaTa aHAIHW3a JABMKEHUE YACTHI[ TE€NTaHA BHYTPU KaMepbl
CTOpaHHS .
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JIBrKEeHWE 4acTHIl BIPHICKA renTaHa ¢ u3iaydeHueM Pl.

5. DPAUHAHCOBBIN MEHE/’KEHT, PECYPCO®P®EKTUBHOCTD H
PECYPCOCBEPE/KEHUE

[enpto gaHHOrO paszzaena SBISETCA OIEHKA MEPCHEKTUBHOCTU
MOJCIMPOBAHUS CUCTeM oOMeHa JaHHBIMH Mexay ycrpouctBamu ACY TII
BBICOKOABTOMATU3UPOBAHHBIX MMOJICTAHIINI C TOUYKU 3PEHHS] SKOHOMHYECKOMN

3(pPEeKTUBHOCTU U TIEPCIIEKTUBHOCTH, a Takxke pecypcodPdHEeKTUBHOCTH U



KOHKYPEHTOCTIOCOOHOCTH MPOEKTA.

Jlist  MOCTWKEHUSI TOCTAaBICHHOM 1M HEOOXOJMMO PEUINTh
CICMYIONIME 3aJadd: MPOAHAIM3UPOBATh KOHKYPCHTHBIE TEXHUYECKHUE
pemenus mpoekrta; npoBecth SWOT-aHanu3 [UIsl BBISIBICHUS CHIIBHBIX H
craObIX CTOPOH; BBHIMOJNHUTH IUIAHUPOBAHHE W OPTaHHW3AlHUI0 HAyYHOTO
WCCIICIOBaHMsI, HA WX OCHOBE IIOCTPOUTHh nuarpammy [aHTTa, a TaKxke
OTIPEAETUTH OI0IKET U pecypcodrPPEeKTUBHOCTh HAYYHOTO TIPOEKTA.

[ToTeHIManbHBIMU MOTPEOUTETSIMU PEZYIHTATOB PAOOTHI MOTYT OBITh AKCILTYaTUPYIOLTUE
OpraHu3aIHH.
5.1 MIPEJNPOEKTHBIN AHAJIU3
5.1.1 HIOTEHIHUAJIBHBIE TITOTPEBUTEJIN PE3YJIBTATOB
NCCIEAOBAHUA
B Hacrosiiiee Bpemst CyIecTByeT HECKOJIBKO PEHIEHUH 10 00eCTIeYeHUI0 MOIETMPOBAHUS
cucteM oOMEHa JJaHHBIMU Mexay ycrpoiicTBaMu ACY BBICOKOABTOMATU3UPOBAHHBIX
MOJICTAHIINM, TIpeJIaracMble TAKUMHU KOMITaHUAMH, kak Siemens (['epmanus), «naecu»
(Poccust). Onu npenoctapisioT pazpadotky ACY TII (aBroMaru3zaiusi CUCTEM YIIPaBICHUS
TEXHOJIOTUYECKUM IPOIIECCOM), HA OCHOBE KOTOPOU MPOU3ZBOAUTCS BCSI MOJIEIIb IO KOTOPOI
OyZeT npoucxoauTh oOMeH1aHHbIMU Mexay ycTporicTBamu ACY TII. Takoii cioco0
0o0OMeHa MO3BOJIIET MOBBICUTH HA/IEKHOCTh, OBICTPOJEHCTBUE BCEW CUCTEMBI, UTO BEAET K
CHMKEHUIO 3aMEHBI UM PEMOHTa 000PYI0BaHUS.
[ToTpebHOCTH B pazpaboTke TexHuueckoro 3aaanus (T3) Ha MpoeKTUpPOBaHUE TaKOW MOIeNH
aKTyaJIbHA JIJISl SHEPTETUYECKUX KOMIIAHUHN, KOTOPBIE
IKCILTyaTHPYIOTIIeKTpooOopynoBanue nojactanimu (I1C).



Jlng ananu3a mnoTpeOuTened pe3yabTaTOB MCCIEIOBAHUS HEOOXOAMMO
PacCMOTPETH LETIEBOM PHIHOK M IIPOBECTU €TI0 CETMEHTUPOBAHUE.

[leneBoil PBHIHOK — CETMEHTHI PBIHKA, HA KOTOPOM OYIET MpOJaBaThCs B
Oyayiiem pazpaboTka.

CerMeHTHpOBaHHUE — pa3JIeJI€HUE OKYATeNel Ha OTHOPOJHBIE TPYIIIIbI, 1JIs
KQKJI0M U3 KOTOPBIX MOXKET MOTPeOOBATHCS ONpeIeNIEHHbIN ToBap (yciyra).

MoxHO IPUMEHSTH reorpaduyeckuit, reMorpaduyecKkuil, MoBeICHYCCKUN U
WHBIC KPUTEPUN CETMEHTUPOBAHUS PBIHKA TOTPEOUTEICH.

IIpoBenem CErMEHTUPOBAHUE SHEPreTUYECKUX KOMIIaHUH,
3aMHTEPECOBAaHHBIX B pa3pabotrke T3 s monaenu oOMeHa AaHHBIMU YCTPOICTB
ACY TII mo cruenyroomuM KpPUTEpPUsSM: pasMep KOMIIAHUM —  JOJIA

3JIEKTPOOOOPYIOBAHHS, KOTOPYIO MOXKHO ITU(GPOBU3NPOBATH (TabuIa 5).
Ta6mz1ua 5-— KapTa CECIMCHTHPOBAHUA S9HCPIrCTHYCCKUX KOMHaHHﬁ, 3aUHTCPCCOBAHHBIX B

pa3pabotke T3 mist Mogenu oOmeHa naHHbIMU yeTpoiicTB ACY TII

Jlons 3neKkTpooOOpyA0BaHUS, KOTOPYIO MOYXHO
1udpoBU3NpoOBaThH, %0

25 50 75
Pasmep KpymHuble *% Kk Kk
sHepreruyeckoii | Cpennue | * ke ke
KOMIIaHUH Menkue | * * Hx

* - HU3Kasl CTENEeHb 3aMHTEPECOBAHHOCTHU
** - cpeHsIs CTENEeHb 3aMHTEPECOBAHHOCTH
*** - BpICOKAs CTETNICHb 3aMHTEPECOBAHHOCTHU

B pesynbrare aHaim3a KapTbl CETMEHTUPOBAHUS MOKHO CIEJIaTh BBIBOJ, YTO
NOJIyYEHHOE B XOJI€ BBINOJHEHHUS AaHHOM pabotel T3 ans Moxmenu oOmeHa
naHHbIMU Mexay ycrpoiictBamu ACY TII Oyner nHTepecHO KPYIHBIM U CPEIHUM

HPHEPTreTUYECKUM KOMIIAHUSM, B KOTOPBIX JIOJS AJIEKTPOOOOPYI0BAHUS, KOTOPYIO

MOXHO IUGPOBU3UPOBATH, cocTaiisgeT 50-75%.

5.1.2 AHa/IU3 KOHKYPEHTHBIX TEXHMYECKHUX pelleHui



B nmanHOM pasznene mpoOBOIWTCS aHAIW3 TEXHUYECKOTO PEIIEHUS, KOTOPBIU
MO3BOJIUT B HAMOOJBIIECH CTEIEHW OMPENCIUTh XapaKTEPUCTUKH, OMUCHIBAIOIINE
Ka4ueCTBO pa3pabOTKH, a TAK)KE MEPCIICKTUBHI €€ pa3BUTHUS
B pamkax pmaHHOM paboOThl TPOM3BEAEM CpPaBHEHHE OTHOCHUTEIBHO MOJOJON |
MEPCIEKTUBHOM TEXHOJOTUM “BBICOKOABTOMATU3UpOBaHHAsI TMOACTaHIUSA C  YXkKe
CYIIECTBYIOIIEH, TaK Ha3bIBAEMOM, TPAIUIIMOHHOM MOJICTAHIAEH.
O1eHka uccie10BaHus TPOBOJAMUTCS MO CIEAYIOIIUM IpyIIiaM KpUTEPUEB:

1. Texuuveckue KpUTEPUU OLIEHKH KadecTBa pa3pabOTKH:

— Y 106CTBO B 3KCILTyaTalnK (COOTBETCTBYET TPEOOBAHUSIM IMOTPEOUTENICH);

— OyHKIHMOHATIBHAS MOIIHOCTh — KOJIMYECTBO 3aIUT, MPEIOCTABISIEMbIX
mkadom;

— HagéxHocTh — 3aKito4aeTcsi B ObICTPOBPEMEHHOM OTKIIFOUEHUU KOPOTKOIO
3aMBIKaHUSI W PE3EPBHPOBAHHE CHEIUATBHBIMHU 3alllUTaMH, I COXpPaHEHUS
000opy10BaHUS;

— DJEeKTpOMarHuTHas COBMECTHMOCTh BTOPHYHOTO OOOpYyIOBaHUS —
cTabusibHas U 6e30Tka3Has pabora obopyaosanus Ha [1C npu yciaoBuu TpeboBaHmUi
OMC.

— KauecTBo MHTEIUIEKTYyalIbHOTO MHTEpdeiica — HATMYUE MyJIbTa yIPaBICHUS
Ha JIMLEBOM MaHEeNIN U ero NpocToTa

2. DKOHOMHYECKHE KPUTEPUH OLICHKH d(PPEKTUBHOCTH pa3pabOTKH:

— CTOMMOCTB BTOPHYHOTO 000PYTIOBAHUS;
— 3aTpaThl HA KaOEJIbHBIE COOPYKEHUS U KaOeIbHYIO MTPOIYKIIHIO;
— 3aTpaThl HA IPOCKTUPOBAHMUE;

CTOMMOCTb MOJiepHU3anuu TepmuHainos [1C;

OrneHoyHas KapTa, IpeJCTaBlICHHas B TabiuLe 6, MO3BOJIIET BHOCUTh KOPPEKTUBHI B
HAay4YHOE MCCIICAOBAaHMA, TAK KaK [IPEAYyCMaTPUBAET €TI0 ONPEAEICHHBIC TEXHUYECKUE U
YKOHOMHYECKHE OCOOCHHOCTH pa3padOTKH, CO3AAHMS U KOMMepLyann3auuy. B cury
OTCYTCTBHUSI HEHTUYHBIX MpPeIaraeMOMYpPEIICHHIO Pa3pad0TOK HEBO3ZMOXHO MTPOBECTH €T0
CpaBHEHHUE C APYTrUMu. B cBs3u



3TUM, MAaKCUMAJIbHBIN OAJIJ1 XapaKTepU3yeT MOJHOE BBIMOJHEHUE TOTO WIIK HHOTO
nokazatens. TeXHUYecKrue KpUTEpUH ONPEAEIIOTCS COTJIacHO TPeOOBaHUSIM
NPENBABISIEMBIX K pa3padOTKe AAaHHOW MPOTrpaMMbl. DKOHOMUYECKHE KPHUTEpUU



oTnpeeeHbl COrIaCHO (PMHAHCOBBIM BO3MOXHOCTSIM, a TAKKE aKTyaJIbHOCTHIO UCTaAUEH
TOTOBHOCTHU TEXHUYECKOTO PELICHUS.
AHanM3 KOHKYPEHTHBIX TEXHUYECKUX PEIICHUH OTpeIesieTcs o GopMyIie:

Hcp = ZBi' Ei

rac Hcp CPCOAHCB3BCUICHHOC 3HAYCHHUC IIOKA3aTClIsI KadCeCTBAa H

MEPCIEKTUBHOCTH HAYYHOU pa3paboTKH;
Bj — Bec mokazaresns (B J0JISIX €TUHULIBI);

b — Oai I-ro mokasares.

Ta6Jmua 6— OHGHO‘IHaH KapTa AJjist CpaBHCHHA KOHKYPCHTHBIX TCXHUYCCKHUX peH_ICHI/Iﬁ

(pa3paboToK)
Kpurepun onieHKn Bec | bamisl KonkypenTocnocobHocT
KpUT b
epus | Beicokoa (Tpan.IIC Bricokoarto | Tpan.IIC
BTOMATH MaTHU3UPOBa
3UpPOBaH HHas [1C
Has [1C
1 2 3 4 5 6
TexHu4ecKkue KpUTEPUH OLEHKH Ka4eCcTBAa Pa3padoTKu
1. VYnobecteo B|0,15 |5 4 0,75 0,6
DKCIUTyaTaluu
2. Hane>xHocThb 0,2 5 4 1 0,8
paboTHhI
3. Oynkuuonanp | 0,2 5 4 1 0,8
HOCTb (cexTp
BO3MO>HOCTEH)
4. Onektpomarau | 0,1 5 3 0,5 0,3
THasi COBMECTUMOCTD




BTOPUYHOTO

o0opynoBaHUs

5. KauectBO
HUHTCIUICKTYaIbHOTO

uHrepdeiica

0,15

0,75

0,6

IKOHOMHYECKHE KpUT

epHuH OlleHKHU 3(PPEeKTUBHOCTH pa3padoTKn

1. CroumocTh
BTOPUYHOTO

000opynoBaHUs

0,09

3

5

0,27

0,45

2. 3atpartsl Ha
KaOeIbHbBIC
COOPYKCHHUS u
KaOCIbHYIO

MPOLYKIIUIO

0,04

0,2

0,12

3. . 3aTtpaTel Ha

MPOEKTUPOBAHUE

0,04

0,2

0,12

4. CTOUMOCTH
MO/JICpHU3AIUN

TepMuHaiioB [1C

0,03

0,15

0,12

Hroro

1

3,91

ITo pe3ynpTaTam pacdeToB, MPEACTABICHHBIX B Ta0nuie 6, MOKHO CIENaTh
BBIBOJI, YTO II0 TEXHUYECKHUM U HKOHOMHYECKMM KPUTEPHUSAM TEXHOJIOTUHU

“BpICOKOaBTOMATHU3UPOBAHHBIX MOICTAHIAN  MPEANOYTUTEIbHEN TPAIUIIMOHHBIX.



5.2 Swot-AHAJIN3

SWOT-ananu3 npoBOAUTCS Ui aHAIW3a BHYTPEHHUX U BHEIIHUX (PaKTOPOB,
CIIOCOOHBIX TOBJIUATH HAa HAYyYHO-HCCIEAOBATENbCKUNA MpoekT. Ero wmarpuima
MO3BOJISIET ONMPEACINTh B3aUMHOE BIHMSIHUE (PAKTOPOB U CIIEIaTh BHIBOABI, KOTOPHIE
MOMOTYT TpH pa3pabOoTKe CTpaTeTHH MPOBEICHUS HAy4yHOTO uccienoBaHus. K
CHJIBHBIM U CJIa0BIM CTOPOHAM MOXHO OTHECTH BHYTPEHHHE YE€pThl HAay4HOTO
UCCJIETIOBAHMS, @ K BO3SMOXKHOCTSAM M YIPO3aM — XapaKTEPUCTUKU BHEIIHEH CpeJibl.

B PE3YIbTAaTC aHAIN3a COCTABILACTCA MaTpula, IIPCACTABJICHHAA B BUAC Ta6JII/IHI>I 11.



Ta6muna 11 — Marpuiia SWOT anann3a HayqyHO-UCCIEA0BATEILCKOTO MPOEKTa

CuibHbIe CTOPOHBI HAy4HO-
HCCJIEI0BATEIbCKOIO IIPOEKTA:

C1. HHOBaLMOHHBIE PELICHUS;

C2. YmeHpuieHHE 3aTpaT BPEMEHHU H
HAaKJIaJJKH C KOHTPOJIEM 3aILUT;

C3. bonb110ii cpok cIy>KObI;

C4. Bbicokas 4YyBCTBUTEIBHOCTh K
aBapUIHBIM pEXUMaM;

C5. MuHuManbHBINA YPOBEHH IIyMa U

BpEl OKPYKAIOILEH cpee.

Caa0bie CTOPOHBI HAY4YHO-

HCCJIe0BaTEIbCKOI0 MPOEKTA:
Cnl.
0aza;
Cn2. VYcioxHEeHHE TpPOEKTa B CBSI3U C
peanuzanueid Ha Oa3e craHgapra MOK
61850;

Cn3. Tpebyercst onbIT pabOTHI U 3HAHUE T10

Cnabasi HOpPMaTHBHO-TEXHHYECKAs

AKCIUTyaTauu 000py10BaHUS;
Cnd.
[IOCTOSIHHOTO TOKA IS MOIKJIIOUYEHUE

TpeOyercst  OTHENbHBIE  1IEMH

U3MEPUTETBHBIX TPAHC(HOPMATOPOB.

Bo3moskHocTH:

Bl. BnempeHwe HOBBIX TEXHOJOTHN Ha
MAacCOBOE€ MPOU3BOJICTBO;

B2. [IlpumeHeHne >HEPronpeanpUATAIMHA

YCTPOMCTB, KaK OCHOBHYIO 3aIlUTY TJIaBHBIX
CXEM BJICKTPOCTAHIINI;
B3.

MOJICTAHIINK B 0003pUMOM Oy ayIIeMm;

Peanuzanus HEOOCTy)KUBaeMOM
B4. Bo3MOXHOCTh 3alllUTHI U 3aMEHBI 0oJiee
JOPOTOCTOSIIIET0 000PYAOBAHUS;

B5. IloBsliienue cripoca.

[IpenmymiecTBEHHO CBOUM
XapaKTEPUCTUKAM, YCTPOMCTBA MOTYT
00JIbII0E

YCTaHaBJIIMBAIOTCA Ha

KOJIMYECTBO IIEKTPOOOOPYIOBaHMS,
Omarogapst 3ToMy OyAeT BO3MOXKHOCTh
3aKyINTH 0oJbII0E KOJINYECTBO
YCTPOMCTB 32 MEHBIIIYIO CTOUMOCTB;
Jonrunn  cpok

YBCIINYHUTE CIIPOC,

CIIY’KObI ~ TIO3BOJIUT
obecrieunBas TeM

CaMbIM 5KOHOMUIO Ha IMOKYIIKC HOBBIX.

N3-3a HOBBIX TEXHOJOTMM M CTaHAapTa
BO3MOXXHBI TPOOJIEMbl C YCTAHOBKOW M
obOecrieueHneM  Tepefadyd  JaHHBIX B
peaTbHOM BPEMEHH;

JIist  COXpaHHOCTH DHEProoOOPyI0BAHUS
notpedyercs Uit O0ydeHust

[IEpCOHAJIA MOJIb30BAaHUS 000PYIOBAaHUEM U

BpeMsl

€To IporpaMMHbBIMHU KOMIIJICKCaMU.




Yrpo3ssi:
V1. I[IpobGnema ¢ CHHXpOHU3aLKUEN TpUeMa
JTaHHBIX;

V2. Bo3moxHas, JTOTIOJIHUTEIbHAS
rocyJapCcTBeHHas cepTudUKaIus
000py10BaHUs;

V3. DxoHOMHYECKass CHUTyauusi B CTpaHe,
CHOCOOCTBYIOIIAsT 3aKPBITUIO TPEANPUITHIA
0 IIPOU3BOJICTBY YCTPOICTB;

V4. OtcyrctBue  (hMHAHCUPOBAHUS
MOJTy4Y€HHE HOBBIX TEXHOJIOTHIA.

Ha

VY noBneTBOpeHue KeJaHu MoTpeOuTes
MOXET IPUBECTH K JIOMOJTHUTEIBLHON
rocyJapCcTBEHHOM cepTudUKauu, 10

KOTOPOU YCTPOMCTBO MOXKET IOJYyYHUTh

JIOTIOJIHUTEIILHBIC cpeacTna Ha
COBEPIICHCTBOBAHUE CTapbIX
TEXHOJIOTUH;

O6nagast JOJATHUM CPOKOM CIIYXKOBI U

BBICOKOM qyBCTBUTEIBHOCTHIO K
aBapusMm, YCTPOMCTBO 3aTMEBAET
aHAJIOTUYHbIE o0opyaoBaHus

KOHKYPEHTOB.

Hcnons3zoBanue 000pyaoBaHusl IPUBEAET K

CHIDKEHHIO  CIpoca, ©  00eCle4uT
KOHKYpPEHTaM pa3paboTKy 3apyOeKHBIX
IporpamMm Oonee BBICOKOTO u

COBPEMEHHOTO KJIACCA;

®upma sBIETCS 3apyOeKHONW KOMITAaHUEN
Y BO3MOYXHO YBEJIMYCHHE IIEHBI B CBSI3U C
YKOHOMHMYECKON 00CTAaHOBKOH.




[To wtoram SWOT-ananu3a ObUTH OMNpeeNieHbl CHIIbHBIE U clIa0ble CTOPOHBI
IIPOEKTA, & TAKXKE €ro BO3MOKHOCTU M yrpo3bl Juis ucnoiaHeHus. [locne npoBeneHus
aHaJIM3a BCEX ATUX CTOPOH OBLIO BBISBJIEHO, UTO MPOEKT UMEET JOBOJIBHO XOPOILIHUE
NEPCHEKTUBBl IS pealu3aldd M €ro CHJIbHbIE KayecTBa MOIYT HHBEIMPOBATH
HEJO0CTaTKHU.

5.2.1 O]_[eHKa TOTOBHOCTH MPOCKTA K KOMMEPIHAJIU3IANUNA

Ha xakoi#i ObI cTamuu >KU3HEHHOTO ITUKJIA HE HAXOJWJIACh Hay4YHas pa3paboTka
MOJIC3HO OTICHUTH CTETICHD €€ TOTOBHOCTH K KOMMEPIIHAIA3AIUN U BBISICHUTH YPOBCHb
cOoOCTBEHHBIX 3HAHUI ISl €€ TIPOBEACHUS (UK 3aBepiiieHus). st 7Toro HeoOX0UMO
3allOJIHATh  CHCNHMaIbHYI0  (opMy, coAepKallyl0o TOKa3aTeld O  CTEHeHH
MpOpadOTaHHOCTH TMPOEKTAa C TMO3UIMH KOMMEpIHUAIU3allud M KOMIIETCHIIUSIM

paspaboTurka HayqHOTO MpoekTa. [lepedeHs BompocoB npuBeeH B Tabauie 12.

Tabmuna 12 — biaHk OLIEHKH CTENeHH TOTOBHOCTH HAYYHOTO POEKTa K KOMMEPIUAIN3auT

Crenenp YpoBeHb
Ne| HammenoBanue pOpabOTaHHOCTH MMEIOIIUXCS
Hay4YHOI'O 3HAHUU y
MIPOEKTA pazpaboTuuka
1 | Onpenenen UMEIONNICS HAy4HO- D 4
TEXHUYECKUH 3aIE]1.
OmnpeneneHbl NEPCIEKTUBHBIC HATIPABJICHMS]
2 | KOMMepIHAIN3alii HAYYHO-TEXHUIECKOrd 5 4
3ajena.
3 | OnpeneneHbl OTpaci W TEXHOJOTHH 5 4
(TOBaphkl, yCIyru) A NPEeAJIOKEHUS Ha
PBIHKE.
Onpenenena TtoBapHas (opMa HaydHOA
4 | TeXHHMYECKOTO 3ajiena JUIsl TPEICTaBJICHHUs| O 3
Ha PBIHOK.
5 | OmpenenieHpl  aBTOPBI M OCYIIECTBIICHA O 5
OoXpaHa MX IpaB.
6 | I[IpoBenena OLIEHKA croumocty 3 3
WHTEJUICKTYaJIbHONH COOCTBEHHOCTH.
7 | IIpoBeneHBI MApPKETUHTOBBIC UCCIICIOBAHUS| O 3
PBIHKOB COBITA.
8 | Pa3paboran OuzHec-TUIaH 4
KOMMEPITHAIN3aIMU HAyYHOU pa3pabOTKHU.




9 | OnpeneneHsl MyTH TPOABMKCHHS HAYYHOM | O S
pa3paboOTKH Ha PHIHOK.
10 Pa3paGotana cTpaTerus (popma) 5 4
peann3ainuy HayqyHou pa3paboTKH.

[Ipopabotansl  BOMPOCHI
11 mexayHapogHoro — cotpyaHuuectBa w4 3
BBIX0J1a Ha 3apYOCIKHBIN PHIHOK.

[IpopabGoTansl BOMPOCH HCIOJIB30BAHMS

12 ycnyr  wHGPaACTpYKTYpbl  MOIIACPIKKH, 3 2
MOJTyYCHHS JIBTOT.

13 IlpopaGoTaHbl  BOIPOCHI 3 2
(UHAHCHPOBAHHMSI KOMMEpITUATN3AIUH
Hay4YHOU pa3pabOTKH.

14 VMmeercs koMaHa JIsi KOMMEPIHATU3AIAH| O 4
Hay4YHOU pa3pabOTKH.

15 Ilpopabotan  MexaHM3M  peanu3auuy 5 5
HAYYHOTO TIPOCKTA.
NTOI'O BAJIJIOB 68 54

[Ipn mpoBeneHun aHanusza MO TaOJIUIE, MPUBEJACHHOW BBIIIE, MO KaXIAOMY
NOKA3aTeNI0 COCTAaBJIIEM OIIEHKY IO nATuOayipHOW mikane. Ilpu sToM cucrema
U3MEpPEHHsI MO0 KaXIOMY HampaBleHUIO (CTENeHb MNpPOpadOTaHHOCTH HAYYHOTO
NPOEKTa, YPOBEHb MMEIOMINXCS 3HAHUH y pa3paboTunka) oriudaercs. [Ipu orneHke
CTeneHu NpopaboTaHHOCTH Hay4YHOTO MpoekTa: 1 6at o3HavaeT He MpopabOTaHHOCTh
MpoeKTa, 2 Oasia — ci1abyro mpopaboTaHHOCTh, 3 Oaljia — BBIMOJHEHO, HO B KaUeCTBE
HE yBepeH, 4 OaJiia — BBIIIOJHEHO KaueCTBEHHO, 5 0a/I0B — UMEETCS MOJI0KHUTEIBbHOE
3aKJIFOUYE€HHE HE3aBUCUMOT0 3KCIEepTa.

JInsi OLIEHKM YpPOBHSI MMEIOUIMXCS 3HAHWM y pa3paboTurka cuctema OalljioB
NPUHUMAET CIEAYIOUMi BUI: | 03HauaeT He 3HAKOM WJIM Majo 3Haro, 2 — B 00beMe
TEOPETUUECKHUX 3HAHWM, 3 — 3HAI0 TEOPHIO U MPAKTHYECKUE MPUMEPhI MPUMEHEHUSI, 4
— 3HaI0 TEOPUIO U CAMOCTOSATEIHLHO BBIMOJHSAI0, 5 — 3HAIO TEOPUIO, BHIMOIHSIIO U MOTY
KOHCYJIbTHPOBATb.

Or1ieHKa TOTOBHOCTA HAYYHOTO MPOEKTa K KOMMEpLHUAIU3aiy (UM YPOBEHb

UMEIOIINXCS 3HAHUK y pa3paboTUnKa) Orpeaensercs mno hopmyse:
chM = Z b

rae By — CyMMapHOE KOJIMYECTBO OAJUIOB IO KayKIO0MY HalPaBJIEHHIO;



b; — 6ayut mo 1 — My TIoKa3aTeo.
3nauenue by, 103BOJIAET TOBOPUTH O MEPE TOTOBHOCTH HAYYHOH pa3pabOTKU K
ee pa3paboTynMka K KOMMepluaau3anud. [lepCreKTUBHOCTh AaHHOW pa3paboTKu
MOXHO CUHUTATh BBIIIE CPETHETO, TaK KaK bcyM momydusiocs ot 68 no 54.
5.2.2 UHuumanms npoexkTa
Wunnpanus mpoeKTa OmpenesseT W3HAdalbHbIe I1IETM H  COJICpKaHUe,
BHYTPCHHHE U BHEITHHE 3aMHTEPECOBAHHBIE CTOPOHBI IpoeKTa. J[anHas nadopmarus
3aKperIsieTcsl B Y CTaBe MPOCKTa.
YcraB HaydHOro MPOEKTAa MAarucTepckod paboOThl COACPIKUT CIEIYIOULYIO
CTPYKTYPY, IPEACTABICHHYIO B IMOIpa3eiiax HUXKE.

5.2.3 Hean u pe3yJbTaThbl NPOEKTA

I/IH(bOpMaI_[I/IH O 3aWMHTCPCCOBAHHBLIX CTOPOHAX IIPOCKTA IIPCACTABJICHA B

Tabmure 13.
Tabnuna 13 — 3anHTepecoBaHHBIE CTOPOHBI TPOEKTA
3anHTEepecoOBaHHbIC O:xuaHus 3aMHTEPECOBAHHBIX CTOPOH
CTOPOHBI IPOEKTA
PykoBoaurenn Peann3zanus IIPOEKTA,  KapbepPHBIM  pPOCT |
(hUHAHCUPOBAHNE HOBBIX MPOCKTOB
Nuxenep Peanuzanus npoekTa, KapbepHBI pOCT

Nudopmarus o uepapxuu 1eaeid npoeKkTa U KpUTEPUIX UX JOCTHKCHUS
npejcTaBiieHa B Tabnuie 14.

Tabnuia 14 — [enu 1 pe3yabTaThl MPOEKTa

I/I3yquI/Ie BJIMSTHUA TCIIJIOBOI'O M3JIYUYCHUA HA ITPOLCCC TrOPCHUA

]_Ieﬂ]/[ NMpoOeKTa: KUIAKOI'O TOINIMBA B KaMEpPE CropaHus.
Oxugaembie

1. ABTomaTu3alus mpoiiecca 00paboTKH U Mepeauu TaHHBIX;
pe3yJbTaThl .

2. [ToBpITIIeHNE HAZIEKHOCTH 1 O€3aBapUITHOCTH;
NMpoeKTAa:
Kpurepun PesynpTaToM mpoekTa sSBisieTcss (PopMUpPOBaHUE TEXHUYECKOTO
NMPUEMKH 3alaHdsT Ha MOJICJIMPOBAHUE CHCTEMbl OOMEHa JTaHHBIMU
pe3yJbTara Mexy yerporictBaMu ACY TII BBICOKOAaBTOMAaTHU3UPOBAHHBIX
MpPOeKTAa: MOJCTAaHIIUH.

5.2.4. Opranu3anMoOHHAs CTPYKTYPa NPOEKTA
JlanHble 0 cocTaBe paboueil rpynmbl, poiisix, GYHKIHUIX U TpyAo3aTpaTax

Ka)KIOT0 yYaCTHUKA JaHHOTO MPOEKTa MpeIcTaBiIeHbI B Tabmuie 15.



Ta6muma 15 — Paboyas rpymma npoexra

®UO,
Ne | ocHOBHOe Poanb Bl o Tpyno3zarparsl,
n/m| mMecro padoTbl, | NMpPOEKTe YHRIHH KAJL.JIH.
HOJIKHOCTD
KonTtpons 3a wucnomHenuem
Kynemosa IIPOEKTA, IIPOBEPKA
Enena PaBUWIBHOCTH
1 Omnerosua, HU | PykoBomutens | GopmMupoBaHuUs 32
TITY, k.¢p-M.H., TEXHUYECKOTO 3aJIaHMs,
noueHt 0209 IOMOIIIb B IOATOTOBKE K
3alIUTE MPOEKTa
Ucnonnenue MIPOCKTA:
dbopmupoBaHue
[eraybaena TEXHUYECKOTO 3aJlaHusl Ha
JIsa33ar MOJEIUPOBAHUE CUCTEM
2 BakbITKbI3BI Nuxenep oOMeHa JaHHBIMH Mexnay | 88
TITY, YCTPOMCTBAMHU
CTYJIEHT




5.3 [lnanupoBaHUe HAYYHO-HCCJIEI0BATEIbCKUX PadoT
5.3.1 CTpykTypa padoT B paMKax HAy4YHOT' 0 HCCJIeI0BAHUSA

B pamkax miaHupoBaHMs MPOBEJACHUS HAYYHOTO UCCIENO0BaHUS (PopMUpyeTCs
KOHKPETHBI MEpeYeHb JTAaloB, HAa KOTOpBIE JEIUTCA BCE MCCIENIOBAaHUE, HX
MOCJIEIOBATEIBHOCTh, COJIEPKAHUE BBIIIOJIHEHHS 3allIaHUPOBAHHON paboOThI, IO
KKJOMY BUJTy KOTOPOU 3aKpEIUISIETCS] KOHKPETHBIM HCTIOTHUTED.

Jl7is BBIMOJMHEHUSA HAYYHBIX HCCIENOBaHUM (Qopmupyetcs pabodas rpymma, B
COCTaB KOTOpPOH BXOJUT PYKOBOIWUTENh W WHXkKeHep. B Tabmuue 17 npeacrarieH

PE3YyJIbTAT MMO3TAITHOTO INIAHUPOBAHHA pa60T, C 3aKpCIUVICHUEM HUCITIOJIHUTCIIA.

Tabnuma 17 — Ilepeuens 3TanoB, padoT U pacnpeeieHIe UCTIOTHUTEICH

OCHOBHEI€E dTaIIbl No Conepxanue padboT JIOJDKHOCTB
pab WCTIOJTHUTES
Pa3paboTtka 1 CocraBnenue U yrBep)kIeHHE | PykoBoaurenn
TEXHUYECKOTO TEXHUYECKOTO 3aJIaHUs
penieHus
Br16op nampaBnenus |2 [lon6op u uzyuenue matepuaios | Muxenep
UCCIIEIOBAaHUN 110 TEME
3 Br16op HarpaBlieHHi | PykoBoauTens
VCCIIEIOBAaHUN Nnxenep
4 KanengapHoe MJIaHupoBaHue | PykoBoaurens
paboT 1o TeMe
Teopernueckue ub AHaJIN3 UCXOOHBIX TAaHHBIX
DKCIIEPUMEHTAJIbHBIE (6 AHaIN3 AKCIUTYaTallMOHHOM
HCCJICIOBAHUSI JTOKYMEHTaLIUU 110
MHUKPOTIPOILIECCOPHBIX yCTpoicTB | MHxkenep
7 Pa3palboTka s3kpaHHbIX OpM U
MPUCBOCHHE JTMHAMUKH K
000pyI0BaHUIO
8 Pa3paboTka JOrHMYecKuX CXeM U
HacTpoiiku P3A
9 PacdeT ycTaBoOK 3amuT
O0001enne nonenka 10  |Ouenka addextruBHOCTH | PyKoBOAMTETH
pe3yJbTaToB MOJTY4YEHHBIX PE3yJIbTaTOB
Pazpabotka 11  |AccnenoBanue joruueckux cxem | MHxkenep
TEXHUYECKOU MHUKPOIIPOLIECCOPHBIX YCTPOUCTB
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JOKyMEHTAIUU u (12  |BeiOop u pacu€T KOHCTPYKIIUU PykoBogutens
IPOEKTUPOBAHUE Nuxenep
13  |TexHMKO-PKOHOMHUYECKHE HNnxenep
pacyeTsl
Odopmierne otueta (14  |CocraBieHue nosicHUTENbHOU | HXkeHep
o HAP 3aIUCKU

5.3.2 OnpenesieHue TPY10€MKOCTH BbIIIOJIHEHHUsI padoT

KonnyecTBeHHass OLEHKa 3aTpar SABISIETCSI HEOTHEMIIEMOM 4YacThIO aHaIM3a
UCCJIEIOBAHNUSI C DKOHOMMYECKOM TOYKM 3pEHUS U IO3BOJIIET ONPEIEIUTh €ro
3¢ pexTUBHOCT B JaHHOM acnekTe. Kak nmpaBuiio, O0NbIIYIO YacTh OFOIKETa HAy4YHO-
MCCJIEI0BATENBCKOrO MPOEKTa COCTABIISAIOT 3aTPaThl Ha 3apabOTHYIO UIaty. B cBs3u ¢
3TUM OMNpeelieHue TPYJOEMKOCTH pPabOT KaXIAOro Y4YaCTHHKA CTAHOBUTCS
NEPBOCTENEHHOW 3aJjaueil Ipu pacy€Te SKOHOMUYECKUX MMOKA3aTEeNe NCCIeT0BAHMSL.
JInst ompenesieH s 0KUIaeMOro (CpeIHEro) 3HaUCHHSI TPYIOEMKOCTH Iy, B YETIOBEKO-

AHAX, UCITIOJB3YCTCA CIICAYIOIIAsa q)OpMYJ'IaZ

_ 3tmini + 2tmaxi
Lowi — 5 '

et — OXKKmaeMas TpyJI0EMKOCTb BBITIOJTHEHUS 1-0M paOOThI Yes.-JIH.;

tmin i — MUHUMAJIBHO BO3MOJKHAsl TPYJOEMKOCTh BBITIOJIHEHUS 3aJJaHHOM 1-OH
paboThl (ONTUMHUCTHYECKAs] OLICHKA: B MPEANOJIOKEHUN HamOoJiee OJaronpusiTHOrO

CTEeUYEHHUS 0OCTOSATEILCTB), Y.~ TH.;

tmax i — MAKCUMaJIbHO BO3MOXKHAsi TPYJAOEMKOCTh BBIIOJTHEHUS 3aJaHHOU 1-OM
paboThI (IECCUMUCTHYECKAS OIICHKA: B MPEOJIOKEHUH HanboJiee HeOIaronpusiTHOTO

CTeUYEeHUsI 0OCTOSTEILCTB), YEI.-TH.

Hcxons w3 oxugaeMod TpPyAOEMKOCTH pPaboT, HEOOXOAUMO OMNpeleUuTh
IPOJIOJKUTEIBHOCTD KaXK10M paboThl B padounx nHAX T, ¢ y4€TOM mapajuienbHOCTH
BBITIOJIHEHUS Pa0OT HECKOJIBKUMH HCIOTHUTEISIMU, YTO IIO3BOJUT IPOBECTH

000CHOBaHHBIN pacueT 3apabOTHOI MIaThl.
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rae Ty — IpOIOIKUTENIBHOCTh OJHOM PadOTHI, pad. IH.;
toxi — OKHJIaeMasi TPYJ0EMKOCTh BBITOJTHEHUSI OJTHOM pabOThI, YeI.-H.

qi — YHUCJIICHHOCTDB HCHOHHHTeHeﬁ, BBIIIOJHAOIINX OJHOBPCMCHHO OJHY U TY KC

pa60Ty Ha JaHHOM 3TalIC, YCJI.

JlanHas paGoTa BBINOIHAIACH HHIUBHIYAIbHO MO3TOMY Tpi = to.. Oxupaemas
JUTUTEIBHOCTD KaX 10 U3 paboT nmpuBeeHa B Tadiuie 18.

J17is mpaBUIIBHOTO TITAHUPOBAHUS paboT cocTaBisieTcs: quarpamma ['antra — 310
JEHTOYHbIM TpaduK, HA KOTOPOM OTOOpa)kaeTcsi HeoOXxoaumas HHpopmanus o
IUIAHUPOBAHUIO HAYYHOI'O HCCIIEOBAHMS: J1aThl Hayajla U OKOHYAHUS BBIIOJHEHUS
paboT, UX BpeMeHHas MPOTSHKEHHOCTh W MCTHOIHHUTENb. /[ yaoOcTBa MOCTpOCHHS
HEO0XOAMMO JIMTEIBHOCTh KayKJ0r0 ATarna padoT EpEeBECTH B KaJeHIapHbIE IHU, JUIS

Yyero npumMmensiercs Gpopmyra:
TKi = Tpi ) kKam
rie Ty— MPOJOIKUTENBHOCTD BBIMOJIHEHHUS I-i pa0OTHI B KAJICHIAPHBIX JHSX;
T,i — IPOMOIKUTENILHOCTD BHINIOJIHEHHUSA 1-1 paOOTHI B pa00OYMX JHAX;
Kya— KOO(DOHUIMEHT KaJIeHAapHOCTH.
®opmyia ko3 puimeHTa KaneHJapHOCTH:

T

k — Kal

Kan_T T

’
Kall BBIX Tl'[p

1€ Ty — KOJIMUECTBO KaJICHAAPHBIX THEH B TOY;
Tpx — KOJMYECTBO BBIXOJHBIX JHEW B TOJY;
Tp — KOTM4ECTBO NPA3AHUYHBIX JHEHN B rOIY.

OxpyrauM 710 1IEeTTOTO YKCiia KOJTMYECTBO KAJICHIAPHBIX JTHSX M0 KaX0i padboTe

Ti K 1 cBeJieM pacCUMTaHHbIC 3HAUCHUS B OJHY TaOauIly (Tabiuima 18).
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B kadectBe nmpumepa pacueTa pacCMOTpUM pykoBoauTens (6 qHeBHAs pabodast

HG,ZICJISI) — COCTABJICHUC U YTBCPIKACHUC TCXHUYCCKOI'O 3a/IlaHUA:

3tmin + 2tmax_ 371122

t = = 1,4 = 2 yen. —1H;
0K 5 5
to 2
T L. =T = = .
pi 1 2 IHA;
T 365
k., = = =1,22;

Ten— Tomx—Top  365-52-14

an— |
Ty=Tp kgw=2-122=2,44 = 3 nus.

Nuxenep (6 maeBHas paboyast HeJes ) — HO00P U M3ydeHUE MaTePHAJIOB:
Btmin + 2tmay  3-1+2-2

t = = 1,4 = 2 yen. —nau;
0OX 5 5
t 2
Ty = = —=2 nus;
pt qi 1 i
T 365
Kyan = = se5—gs— = 122
rat TKaJ'I B TBI:.IX B Tnp - T
Ty =Ty kgw=2-122=2,44 = 3 nus.
Tabmuua 18— BpemeHHbIe mokazaTeny MpoBeeHNsI HAyYHOTO HCCIIEJOBAHUS
Ha3Banue paboTsl TpynoemkocTs paboT JnurensHoc | JInuTenbHOC
tmin tmax Coxi Tb paboT B|Th pabOT B
yeJ- ye- yela-IHu | pabounx KaJICHIapHbI
JHA JHA aHaX Ty X gHAX T i
e ea) e
=] = = 5 5
& & = S =
Sl el Bl el 2 e | H 53 = 53
= O = O = O o) sl Q an
(@) s Q an @) jan) 2] 3) /M D)
[aa) 5) /M O [aa) D) @) % @] %
®) % o) 5 e) % < ® < ®
SE|EIEIE|E (R 45 |& a8 =
=S I - T - - -
CocraBieHue ul2 |0 4 10 |3 |0 3 0 4 0
YTBEPKICHUE
TEXHUYECKOI0 3aJaHus
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[lon6op u wu3zyuyeHue
MaTEepPHUAIIOB 10 TEME

Bribop  HampaBneHUs
UCCIIEJOBaHMS

Kanennapnoe
IJIaHUPOBaHUE PaboT
10 TEME

Ananuz HCXOJHBIX

JaHHBIX

[IpenBapuTenbHbIN
BBIOOD 3ammuT P3

Pacuer napamerpos P3

[InannpoBanue
ABAPUMHBIX PEKIMOB

Pacuer YCTABOK 3allluT

10

15

12

12

15

Onenka

3¢ peKTUBHOCTH
MOJTyYCHHBIX
pEe3yJIbTaTOB

Kontpones  kauecTBa
BBITIOJIHEHUS ITPOEKTA
U KOHCYJIbTUPOBAHUE

HCIIOJTHUTCIIA

10

11

Pazpabotka 0JI0K-
CXEMBI,
MPUHIUTTAATBHOU

CXCMBbI

Beibop wu
KOHCTPYKITUH

pacuer

10

Texuuko-
IKOHOMUYECKHUE
pacueTsl

Cocrasienue
MOACHUTEIHLHOU
3aMUCKA

11

10

Utoro nuelt (pyKOBOAUTEND)

21

Htoro nuelt (MHXEHED)

88

Ntoro nueii (mpoexT)

109
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CocTaBneHue n yTBEpPXKAEHUNE TEXHNYECKOTO 3a4aHNA

Mofbop v U3yyeHne maTepuanos no Teme

Bbibop HanpaBieHUs uccien0BaHNUM

KaneHzapHoe nnaHvposaHue pabot no teme

AHaIM3 UCXOAHbIX AAHHbIX

AHanu3 sKkcnayaTauMoHHOM AoKymeHTaumm MO
MMKPOMNPOLLECCOPHBIX YCTPOMICTB

Pa3paboTKa aKpaHHbIX GOPM 1 UX PACKIHOUKM

Pa3paboTKa N0rMYecKnx CXem M HacTpolika P3A

PacueT ycTaBOK 3awwuT

OueHKa 3GPEKTUBHOCTM NONYYEHHDbIX PE3Y/IbTaTOB

HOHTpOﬂb Ka4dyecCTBa BbINOJIHEHUA NPOEKTa U
KOHCY/1IbTUPOBaHWNE NCNONHUTENA

MccnenoBaHme I0rMUYECcKMX CXeM MUKPOMPOLLECCOPHbIX
yCTPOMCTB

BbIBGOp M pacyéT KOHCTPYKLUK

TexHMKO3IKOHOMUYECKME pacyeTbl

CocTaBneHve NOACHUTENbHOM 3aMNUCKK

24.01.2023

31.01.2023
07.02.2023

% u

14.02.2023
21.02.2023
28.02.2023
07.03.2023
14.03.2023
21.03.2023
28.03.2023
04.04.2023
11.04.2023
18.04.2023
25.04.2023
02.05.2023
09.05.2023
16.05 2023

v
VY

A4
A

s

Pucynox 71 — Jlnarpamma ["antTa

VoL

Takum oOpa3zoM, corJIacHO

UCCJIeIOBAaHUs, CPOK BBITIOJIHEHHUS padOT MO MPOEKTY KAKI0T0 YYaCTHUKA COCTABIISET:
- pykoBoauTeNb — 21 pabouux AHe; - unxkenep — 88 padbouux qHeit. CyMMapHbIN CpOK

BBHITIOJIHEHUS TIpoekTa: 19 paboumx aneit. Jlmarpamma ["aHTTa TO3BOMSET HATJISITHO

CILIAHUPOBAaHHOMY

— Nmxenep;, I  _ PyxoomTens;

rpaduKy

0TOOpa)kaTh MOCJIEA0BATEILHOCTh M CPOKH BBITTOJTHEHHUS Kaxaoro 3tana BKP.

[Ipn mnnanupoBanum OrOPKETa HAYYHOTO HCCIEAOBAHUS JOJDKHO OBITH

00ecreueHo NOJIHOE U JOCTOBEPHOE OTPAKEHUE BCEX BUJIOB IIJITAHUPYEMBIX PAaCX0/I0B,

HCO6XOI[I/IMBIX JJI €I'0 BBIIIOJIHCHUA.

5.3.1. brokeT HayYHO-TEXHHUYECKOTO UCCIICIOBAHUS

BBIITOJIHCHUA

15



B mpouiecce popmupoBanus 0101KeTa, MIIaHUPYEMBIE 3aTPaThl TPYNIUPYIOTCS

0 CTaThsIM, MIpeicTaBIeHHBIM B Ta0mumax 19 u 20.

3aTpathl Ha ClIEMaJIbHOE 000PYI0BAHKE
B naHHyIO CTaTbi0 BKJIIOYAIOT BCE 3aTpaThl, CBSA3aHHBIE C MpPUOOpETEeHHEM
CHelMalbHOTO 00OpYyIOBaHUSA, HEOOXOAMMOro M MpoBeACHUs paboT 1o
KOHKPETHOU TeMe.
Omnpenenenue CTOMMOCTH CIEN000PYA0BaHUS TPOU3BOAUTCS 110 ACHCTBYIOLIUM

HcHaM, IIPCIOCTAaBJICHHBIM HOI[pSII[HOﬁ opraHmauHeﬁ.

16



Tabmuna 20 — 3aTparsl Ha crieloO0pyI0BaHKE AJ1s1 BBIMOJIHEHUS TPOSKTHOM pabOThI

HanmeﬂosaﬂneK(m_BO Ilena exuHuubl  (3aTpaThl Ha/O0I1as CcTOuMoOCTh

Ne 060nVIoBaHs S I 000py/1I0BaHNS, [10CTABKY M MOHTAK00OPY/0BaHMSI,

n/n pyA 000opynoBaHusIpyoO. (15% ot uensbl) pYyoO.

1 E:ﬁf{‘:oaf;‘“’m 31 698,00 4 754,70 36 452,70

2 i‘iﬁgﬁﬁme 1 8 795,00 1319.25 10 114,25
JIunensus HAa

3 ggggﬁ:f;‘;‘;e 5000 750,00 5 750,00
MicrosoftOffice

HUroro: 52 316,95

OO1ue 3aTpaThl Ha BBIIIOJIHEHUE MPOEKTHOW pabOThl ¢ yUETOM MaTepHaIbHBIX
3arpat coctaBuiu 52316,95 pyo.
OcHoBHas 3apaboTHas mata
B naHHyI0 cTarpi0 BKJIIOYAETCS OCHOBHAsl 3apa0OTHas IjlaTa HAYYHBIX U
WHXEHEPHO-TEXHUYECKUX PAOOTHHKOB, a TaK)Xe padOuYMX OIBITHBIX MPOU3BOJCTB,
HEMOCPEICTBEHHO YYacTBYIOLIUX B BBIIOJIHEHUU PalOT IO JaHHON Teme. Bennunna
pacxoloB 1O 3apabOTHOW IUIaTe OINpEAeNsieTcss Ha OCHOBE TPYIAOEMKOCTH
BBINIOJIHAEMBIX PabOT M ACHCTBYIOIIEH cHUCTeMbl TapU(HBIX CTAaBOK M OKJIanoB. B
COCTaB OCHOBHOW 3apa0OTHOM IJIaThl BKJIIOYAETCS MPEMUs, BbIINIaUMBaeMast
exxemecsiyHO U3 (oHaa 3apaboTHOMl miatel B pasmepe 20 — 30 % ot Tapuda wnu
OKJIaJa.
CraTbst BKJIIOUAIOT OCHOBHYIO 3apab0THYIO IU1aTy paOOTHUKOB, HETIOCPECTBEHHO
3aHATBIX  BhIMoJsHeHnemM HTU, (Bkirouas mnpemuu, JOIJIAThI), a  TaKXKe

JOTIOJTHUTENBHYIO 3apab0THYIO TUIATY:

C31'l = 3OCH + 3]101'[’

I'ne 3, — OCHOBHas 3apaboTHas ILIaTa;
300 — JOTIONTHUTEBHAS 3apabOTHAS TUIaTa.

Pacder ocHOBHOI1 3apaOOTHOM IUIaTBl  BBINOJHSAEM TI0  (dopmyIie,

Hpe,HCTaBﬂeHHOﬁ HHIKE:



Boen 11 3 [T,

rae, 3,,— CpelHeTHEBHAs 3apa0doTHasI 11aTa paboTHUKA, pyo.;

T,— IpOJOIKUTENBHOCTS PAa0OT, BHIIOIHAEMBIX PAOOTHUKOM, pal. JIH.

Pacuet cpenHenHEBHOM 3apaOOTHOM IJIATHI BBITIOJIHSIEM 10 (hOopMyJIe:

3 13, 1M

pis

e, 3, — MECSYHBIN JTI0JHKHOCTHOM OKJIaa pabOTHHKA, PYO.;

M — konu4ecTBO MecsAleB paboThl 6€3 OTIyCKa B TeYeHHUE rojia (pu OTIYCKE B

48 pab.mueit M=10, 4 mecsma, 6-1HEBHAS HEACIS);

F, — JelcTBUTENbHBIA TOA0BOM (QoHA pabouero BpeMEHU MepcoHAla

coctaBisget 237 pad.queit s 2022 roga u 236 nis 2023 rona.

CornacHo ¢ npon3BoACTBEHHBIM KaneHaapeM 2022-2023 roga, 1eMCTBYOIUM

Ha Tepputopuu PO, nns 6-tu queBHOU padoueit nenemu u ¢ TK PO, coctanen 6ananc

pabouero BpeMeHu paboyeil rpymnibl IpoeKTa, IpeICcTaBIeHHbIN B Ta0auIe 21.

Tab6numa 21 — bananc pabodero BpeMeHH UCITOJTHUTEIICH

IToka3arenu pabouero PykoBonuresnn Nnxenep
BpEMEHU

Kanennpapnoe uucio quen 365 365
KonuyectBo Hepabouux qHeil

-BBIXOJIHBIE W Mpa3aHUYHbIE (06 67
TTHU

[Torepu paboyero BpemMeHU

-OTITyCK 48 48
-HEBBIXO/IbI TIO OOJIC3HU 14 14
JlericTBUTEIBHBII rojioBoi [237 236
dbon paboyero BpeMeHu

bonbHuuHBIC npeaoCTaBIIAAIOTCA B COOTBCTCTBHH C

OpraHMU3allnH.

MecsiuHblii JOJKHOCTHOM OKJIa] pabOTHHUKA:

KOPIIOPATHUBHBIM MOPSIKOM



30T 3ie (L0 Ky T Ke) T Ky

riae 3,. — 3apaboTHas 11aTa mo TapudHO# cTaBKe, pyo./MecsI;

Kyp — IpeMuanbHblil Kodddunuent, npuaumaemslid papasiM 0,3 (1.e. 30% ot
31o);

K, — KoaddunmenT normar u HandaBok coctapisiet npumepro 0,2 — 0,5 (8 HUU
— 3a pacmmpenue chep oociyxuBanusi, 3a NpohecCUOHATHLHOE MaCTEPCTBO);

K, — paifonnslif koaddunuent, paubiii 1,3 (111 ToMcka, Kak 11 CEBEPHOTO
paiiona P®).

JlononHuTenbHAs 3apaboTHAs IJ1aTa €CTh BO3HArPaXICHUE 3a TPYH CBEPX

YCTaHOBJICHHON HOPMBI, 32 TPY/IOBBIE YCIIEXH U 32 0COOBIE YCIOBUS TPYAA:

3.1k .13

Jom — Jomn — OCH !

r71€ Ko — KOOPOUIUCHT JOMOJHATEIBHOMN 3apa00THOM 1aThl, IPHHUMAaEMBbIH
0,12.

OcHoBHasi 3apaboTHas miata pykoogutens (ot TIIY) paccumThiBaeTcsi Ha
OCHOBAaHWHU OTpacieBOM oruiatel Tpyaa. OTpacieBas cucrema omiatel Tpyaa B TITY
npearnosaraeT Caeayolnid coCTaB 3apab0THOM TUIATHI:

1) Oxnan — onpenensiercs npeanpustaeM. B TITY okmazsl pacnpenaeieHbl B
COOTBETCTBUM C 3aHMMAEMBIMU JIOJDKHOCTSIMH, HalpUMEp, aCCHUCTEHT, CT.
nmpernojiaBareinb, IOIEHT, npodeccop. ba3oBwiii okimam omnpeaensercs UCXOIs H3
pa3sMepOB OKJIAA0B, ONPEICICHHBIX IITATHBIM PACTIMCAHUEM MPEATIPUSTHS.

2) CTUMyIMpYIOLIIME  BBILJIATBI —  YCTAHABJIMBAKOTCS  PYKOBOJAUTEIIEM
noApazfeneHuit  3a  3G(EKTUBHBIA  TpyJ,  BBHINOJIHEHUE  JOTMOJHUTEIBHBIX
00s13aHHOCTEH U T.1.

3) MHble BIMIATHI; paifoHHBINA KO DHUITHEHT.

PacueT ocHOBHOM 3apabOTHOM MJIATHI TPOU3BEIAEM HA IPUMEPE PYKOBOIUTEIS:

Mecsa4HbIi OKJIaJ PYKOBOIUTEISA:

3.1 2050017 (11 0,311 0,4) 11,3 17145350,00py0./Mecsir,

CpennenneBHasi 3apabOTHAs TUIaTa PYKOBOIAUTEIIS:

. 45305 7110,4

3 ~11988,07 - 2022 ron

nul
py0./neHn
237



5 1 1100 1906 49py6.nem - 2023 ron

w2 236
OCHOBHaH 3apa60THa;1 IjiaTra pYKOBOILI/ITeJIH:
3., 1988,07 38 11996,49 _ 27 _129451,89py6.

AHaloOru4uHbIC PacCUCThI IIPOU3BCACM IAJIA KypaTOopa U MHIKCHCPA. PCBYJILT&TI)I

pacyeToB 3apa00OTHOM IMJIAThI CBEIEM B TaOHILy 22.

Tabnuua 22 — Pacuét ocHOBHOI1 3apabOTHOM TIIaTHI

T,
HcnommaunTenn 310, PY0.  |Kup [Kx [Kp [3mPYO. |35 pYO. pgﬁm{ 3ocmr PYO.
1988,07 |38
Pykosomurens |20 500,00(0,3|0,4|1,3 {45 305,00 1996.49 |27 129 451,89
151 10 000,00(0,3 (0,2 {1,3|19 500,00 895,79 1295 305 854,14
HOREHED Dt bbbl b Y~ (859,32 102 > 854,
Htoro 435306,3

JlononHuTenbHas 3apaboTHAs IJ1aTa HAYYHO-TIPOM3BOICTBEHHOIO IIEPCOHANA
B naHHyro crarhio BKIIIOYAETCS CyMMa BBIILIAT, MPEAYCMOTPEHHBIX

3aKOHOAATCIBCTBOM O TPYyAC, HAIIPUMCP, OIlNIaTa OUCPCAHBIX U JOIIOJHUTCIIbHBIX
OTITYCKOB, OIlIaTa BPCMCHH, CBA3dHHOI'O C BBIIIOJHCHHCM TI'OCYAApPCTBCHHBIX H
06H_[CCTBCHHBIX O6H3aHHOCT€f/'I, BBIIIJIaTa BO3HAIrpaXACHUA 3a BBICIIYTY JICT U T.II.

(B cpenueM — 12 % oT cyMmMBbI OCHOBHO# 3apabOTHOM TIATHI).

Tabnuia 23 — 3apaboTHas 1miaTa UCIIOJHUTENEH MTPOEKTa

3apadoTHas PykoBoaureJipb Nu:xenep Cymma
mjaarTta

OcuosHas 129 451,89 305 854,14 4353063
3aprJara

JonomHuTenshas |y g gay g 36 702,50 52236,73
3apruiara

Wrtoro Cm 487543,03

Takum oOpa3om, 1o pe3ysbTaTaM pacyeToB, KOTOPHIE CBEJICHBI B TAOIUITY 23,
OblJJa TIOJMyYEeHBl CyMMa TIOJHOM 3apabOTHOM TuTaThl pabodeil Tpymmbl, KOTOpas

coctaBuiia 487543,03 pyoueii.



OTuncieHus Ha COLMAJIBHBIC HYK/IbI
B nanHoOM craThe pPaCcCMaTpPUBAOTCA OTUHUCICHUA BO BH€6IOI[)KGTHBIC (1)OHI[I>I,
KOTOPbIC IMPCACTABIIAIOT co0oli 00s13aTeNIbHEIE CTPAxOBbIC OTYHUCIICHHA OT 3aTpaT Ha
OIlIaTy TpyHda pa60THI/IKOB opraHaM COIIHUAJIbHOI'O CTpaxOBaHUs, ICHCUOHHOI'O q)OHHa
N MCIUIOUHCKOI'O CTpaxOBaHU.

JlaHHBIE OTYMCIICHUS PACCUYUTHIBAIOTCS IO hOpMYIIE:

C,. k. .13,

BHEO. BHEO

rie: Kuyes — K03 QHUIMEHT OTUMCIICHHI Ha YIIaTy BO BHEOIOKETHBIE (DOH/IBI.
Hananbiit kod@dumment paseH 30% wa 2023 ro 1 BKIIOYAIOT B CeO0s:

- 22% Ha 00s13aTeIbHOE TIEHCUOHHOE CTPaXOBAHME;

- 2,9% conmansHOE CTpaxOBaHHUE Ha CIy4yall BPEMEHHOW HETPYJOCIOCOOHOCTH U B
cBs13u ¢ MaTepuHCTBOM (1,8% 171st HHOCTPAHHBIX TPAKIAAH U JIUI] O€3 rPaXK1aHCTBA);
- 5,1% Ha o0s3aTenpHOe MEIUIIMHCKOE CTPaXxOBaHUE.

BrimonHeHHBIE pacyeThl CBEICHBI B TaOIuUILy 24.

Ta6mmma 24 — Pacu€t oTurclIeHni BO BHEOIODKETHBIC (DOHIBI

Htoro Chaues:

Ucnomaurenn 3.m PYO. Keies | Canesy PYO
pyo.
PykoBoauTens 144 986,12 |0,3 43 495,84
146262,83
Nrxenep 342 556,64 0,3 102 766,99
Haxmagueie pacxozpl

K HaknagHbIM pacxosiaM paboueil Tpymnibl OTHOCSTCS BCE 3aTPaThl, KOTOPHIE HE
ObUIM Y4YTE€Hbl B MpPEIbIAYIIUX CTaThsiX pacxoioB. K HHUM oTHoOcsSTCS oriara
AIEKTPOIHEPTUH, TPAHCIOPTHBIE W MOYTOBBIE PACXOJbI, YCIYTH MEYaTH U COTOBOM
CBSI3U U T.II.

Pacuet HakIagHBIX PACX010B MPOU3BOIUTHCS 11O PopMyIIe:

CHaKJ’I —‘ ] 3OCH —‘ 3)101'[ : —| k

HakJ !
T71€ Ko — KOIPPHUIMEHT, YIUTHIBAIONIINI HAKJIAHBIC PacxXobl, paBHbIi 0,8.
CyMMapHble HaKJIaJHbIE pacX0bl MPOEKTA:

Coaen | 487543,03710,8 ~ 390034,424py6.
dopMupoBaHue O10/IKETa 3aTPaT MIPOEKTa



B nmamHOM pasmene OyJeT MNpOM3BENEH TOJCYET HTOTOBBIX 3aTpar Ha
NPOBEJCHUE HAYYHOTO WCCIEJOBAHUSA, KOTOPBIA SIBISETCS OIPEACTSIONINM B
dbopmupoBaHUU OFOKETA 3aTpaT MPOCKTA.

Bromxet 3aTpaT Ha HayYHOE MCCIIE0OBAaHUE OTPEACIISETCS KaK cyMMa 3aTpar 1o

Ka)XJIOM 13 cTaTel U MpUBECH B TaOIuUIle 25.

Tabnuna 25 — Pacuet Oro/pketa 3aTpaT Ha HAYYHOE UCCIIeIOBAaHUE

HanmenoBanue craTtbu Cymma, py0. Y nenvHbIi Bec, %
1. CneumnansHoe o6opynoBanue | 52 316,95 4.86
2. 3arpathl TI0  OCHOBHOM 4353063 40.4

3apabOTHOM TIIaTe
3. 3aTpaThl MO JOMOJHHUTEIHHOM

. 52236,73 4.84
3apabOTHOM TIIaTe
4, OTunciaeHus BO | 4 46262,83 13,58
BHEOIOKETHBIE (DOH/IBI
5. Haknagneie pacxoasl 391334,424 36,2
bromxer 3aTpart npoekTa 1077 457 100

Takum 00pa3oM, Ha OCHOBAaHUU JIAHHBIX CTaTEH, MPUBEIECHHBIX B TaOmuIe 25
Oro/pKeT Ha pa3paboOTKy TeXHHUYECKOoro 3amanusi, coctasisieT 1 077 457 pyOneit u3
KOTOPBIX camasi OoJjibiras 4dacth pacxonoB (40,4%) wimer Ha BBIILUIATY OCHOBHOM

3apabOTHOM TIaThl paboyeil rpyre (PyKOBOIUTENIO U UHKEHEDPY ).

Onpenenenue pecypcHoi 3QpheKTUBHOCTH UCCIICTIOBAHUS
Pacder pecypcoapheKTHBHOCTH OCYIIIECTBIISIETCS C TOMOIIBIO HHTETPATBHOTO

nokasaresisi pecypcodpheKTUBHOCTHU:
rae |, — MHTerpanpHblil HoKa3aTelb pecypcodPPEKTUBHOCTH;
aj — BecoBOM K03(h(DUITUEHT I-r0 BapHaHTa,
b; — OambHas OLIEHKA ITPOEKTA.

Pacuer nnTerpanbHOro nokasarens pecypcod@EeKTUBHOCTH NPEICTABIEH B

tabmnuiie 26.



Tabnuua 26 — CpaBHUTENbHAs OIICHKA XapaKTEPUCTUK MPOEKTA

Kpurtepun Becosoi banbnas OLICHKA
Kod(ppuueHT pa3paboTKu

1 O¢ddexTuBHOCTD 0,25 5

2 Hanexuaocthb 0,25 5

3. Yno6ctBo B 3kcrryatanmu | 0,25 5

4 PeMoHTONIPUTOAHOCTH 0,125 4

5 OYHKIIMOHAJIBHOCTh 0,125 5

Hroro 1,00

NurterpanbHbiii MoKa3aresb pecypcodPpHeKTUBHOCTH TUISt

pa3pabaTbIBaeMOr0 HAyYHO-HCCIIEIOBATEIBCKOTO MIPOCKTA:
[,,=025-5+0,25-5+0,25-5+0,125- 4 + 0,125 - 5 = 4,875;

Takum 00pa3oM, HMHTETrpajbHBIM MOKa3aTellb PecypcodPGEKTUBHOCTH COCTABUII
4,875 w©3 5 BO3MOXHBIX, YTO CBHJAETENbCTBYET 00 J(OPEKTUBHOCTH pean3aiuu
TEXHUYIECKOTO TPOEKTA.

6. COHUAJIBHASA OTBETCTBEHHOCTb
BBenenue

CornuanbpHasi OTBETCTBEHHOCTh UTPACT BAXKHYIO POJIb B HAYYHBIX UCCIEIOBAHUSIX, BKITFOYAs
WCCJICIOBAHMSI BIIMSHUS MIEPOXOBATOCTH HA a3POIUHAMUKY KPUBOJIUHEHHON MOBEPXHOCTH.
B coBpeMeHHOM Mupe Bce 00Jblle MPU3HAETCS BAXKHOCTh YU€Ta COUUAIbHBIX U
AKOJIOTHUECKUX aCTIEKTOB MPH MPOBEICHNN HAYUHBIX HCCIEAOBAHUHN, B TOM YHCIIE B 00JIaCTH
a’pOMHAMUKHU.
CoruanbHasi OTBETCTBEHHOCTh HAYYHBIX MCCIEAOBAHUM MOIpa3yMeBaeT HE TOJIBKO
CTPEMJICHHE K JIOCTHXKCHHUIO HAYYHBIX PE3YJIbTATOB, HO M YUET U yIPABICHUE BO3MOKHBIMU
BIUSHUSMH Ha OOIIECTBO U OKPYKAIOIIYIO cpedy. B ciyuae ucciaenoBanus BIAUSHUS
IIEPOXOBATOCTH Ha adPOJUHAMUKY KPUBOJIMHEHHOM MOBEPXHOCTH, PeUb HET O Ooee
IyOOKOM MOHUMAaHWHA U MUHUMU3AIIMN TTOTCHITUATBHBIX HETATUBHBIX TTOCIIECTBUNA ATOTO
BITUSTHUSA.
OmHOM U3 OCHOBHBIX 1IEJIeH NCCIIETIOBAHMS SBIISCTCS OTPEACIICHUE BIMSHUS IEPOXOBATOCTH
Ha a3pOJIMHAMHUYECKHE XapaKTEPUCTUKN KPUBOJIWHEHHON MOBEPXHOCTH. DTO MOKET TIOMOYb
pazpaboTuukam U WHXKEHepaM co3aaTh 0ojiee 3pPeKTUBHBIC U OE30MaCHBIC CUCTEMBI,
OCHOBaHHBIC HA adPOAUHAMUYCCKUX TTPUHITUIIAX.
OnHako, MPOBEJICHUE TAKUX MCCIEAOBAHNN JOKHO TAK)KE YUUTHIBATH COITUAIBHBIE U
IKOJIOTUYECKUE acTIeKThl. BO3MOKHbBIE HETaTUBHBIC TTOCIEACTBHS, TAKUE KaK 3arps3HEHHE
OKPY KaIOIIel cpeibl MIM BOZHUKHOBEHHE HOBBIX MPOOJIeM 0€30MaCHOCTH, JTIOJKHBI OBITh
UACHTUDUITMPOBAHBI 1 MUHUMHU3UPOBAHBL. KpoMme TOTo, yUeHbIe U UCCIIeIOBATENH TOJKHBI
o0ecnevynTh MPO3PaYHOCTh U IOCTYIHOCTh PE3YJIbTATOB CBOMX MCCIETOBAHUM JIJIs IIUPOKOM
OOIIECTBEHHOCTH.



Takum oOpa3zom, colMaiibHasi OTBETCTBEHHOCTh B UCCIEAOBAHUAX BIUSHUS IEPOXOBATOCTU
Ha a’pOJAMHAMUKY KPUBOJIMHEHHOM MOBEPXHOCTHU 3aKIIOYAETCSl B TOCTOSTHHOM CTPEMIICHUH
K JTJOCTM>KEHHUIO HAyYHBIX PE3yJIbTaTOB, C YUETOM MOTEHIIMAIBHBIX BIMSHUN Ha OOLIECTBO U
OKPY’KaIOIIIYIO CpeAy. ITO MO3BOJISIET CO3/1aBaTh MHHOBAI[MOHHBIE PEIICHMUS,
CIOCOOCTBYIOIIME YCTOWYHUBOMY Pa3BUTHUIO U 00€CTIeUeHUI0 0€30MMaCHOCTH BO3YIIIHON U
MPOMBIIIUICHHON TEXHUKHU.

6.1 IlpaBoBbIe U OPraHN3alMOHHbIE BONMPOCHI 00ecnieyeHust 0€30MaCHOCTH NPH
IKCILIYyATALMU:
[TpaBoBbIE U OpraHU3AIIMOHHBIE BOMPOCH! 00ecreYeHrs 0€30MacHOCTH MPH IKCILTyaTalluu
UCCJIEIOBAHUSI BIMSIHUS IIEPOXOBATOCTH Ha a3pOJAMHAMUKY KPUBOJIMHEHHON MOBEPXHOCTH
ABJISIIOTCS] B&XKHBIMU aCIIEKTAMH JAHHOW TeMbl. BOT HEKOTOpBIE U3 HUX:
Co0J1101eHe HOPpMATUBHBIX TpedoBanuii: [Ipu mpoBeaeHnn Uccie0BaHUS HEOOX0IUMO
YUYHUTHIBATh COOTBETCTBYIOIIME HOPMBI M CTAaHAAPTHI, OIIPEACIICHHBIE 3aKOHOJATEILCTBOM B
obnactu 6e3onacHocTu. BasxkHo coOmoiaTh TpeOOBaHUSI 110 3aIUTE TPYa, MOKAPHOU
0€30MacHOCTH, FIKOJIOTHYECKOI 0€30MaCHOCTH U APYTUE MPUMEHUMBIE HOPMBI.
Ouenka puckos: [lepen Hauanom UCCIENOBaHUSA CIEAYET IPOBECTU OLEHKY BO3MOMXKHBIX
PHUCKOB, CBSI3aHHBIX C DKCIUTyaTallUed UCCIeNYEMON CUCTEMBI. DTO BKIIIOUYAET BBISIBIICHUE
MOTEHIIUAJIBHBIX OMACHOCTEMN, OIIEHKY BEPOATHOCTU UX BOSHUKHOBEHUS U OIPEEICHUE MEp
0 YNPABJICHUIO PUCKAMHU.

Pa3padorka Ge3onacHbix npoueayp: Heodoxonumo pazpaboTaTh U BHEIPUTH O€30MacHbIC
paboune mporeaypsl sl MPOBEICHUS UCCIIEIOBAHUS. DTO MOXKET BKIIOYATh MHCTPYKIIUU TIO
PaBUILHOMY UCITOJIb30BAaHUIO 000PYI0BaHUsI, 00yUeHUE TIepcoHaa B 00JacTH
0€30MacHOCTH 1 YCTAHOBJICHUE MPOTOKOJIOB JICCTBUH B CiTy4yae Ype3BbIUAWHBIX CUTYaIUH.
O6opynoBanue u nHppacTpykrypa: s obecrieueHnss 6€30MaCHOCTH MPU dKCIUTyaTaIuu
UCCJIeIOBAHUS HEOOXO0IUMO 00ECIEYUTh COOTBETCTBYIOIIEE 000PYI0BaHUE U
UHOPACTPYKTYPY. DTO MOKET BKITIOUAThH CHEIUATBHBIE CUCTEMbl BEHTUJISALINH,
MOXKapOTYIIEHNE, aBAPUITHOE OTKIIIOUEHHUE, a TaK)Ke TPOBEPKY U 00CTyKUBaHUE
000pyI0BaHUs COTJIACHO YCTAaHOBJICHHBIM TPEOOBAHUSIM.

OO0yueHne U 0OCBeIOMJIEHHOCTH nepcoHasa: [lepconan, padoTaromumii B paboueit 30He
UCCIIEIOBAHUSI, I0JKEH OBITh 0O0YyYEH MO BOMpocaM 0€30MacHOCTH U JIOJDKEH UMETh
OCBEJIOMJIEHHOCTb O MOTEHITUAJIBHBIX OMMACHOCTIX U Mpolielypax Mpe10TBpaLISHHUS
HECUaCTHBIX ciTy4yaeB. PerynsipHoe 0OHOBJICHUE 3HAHUHN U HABBIKOB TAKXKE SIBJISICTCS
BAKHBIM.

MonuTtopunr u ananau3: B nporecce 3KcITyatanuu uccieaoBaHus HE00X0IUMO
OCYIIECTBISTH CUCTEMATUYECKUI MOHUTOPUHT U aHaJIn3 0€30MacHOCTH.

[Ipomomkas 006Cy)aeHUE PABOBBIX M OPTAHU3AIMOHHBIX BOIIPOCOB 00eCTIeueHus
0€30MacHOCTH MPH IKCIUTyaTalluy UCCIEAOBAHUS BIUSHUS IEPOXOBATOCTH HA
a’pOJIMHAMUKY KPUBOJIMHEIHON MOBEPXHOCTH, CJIEYET y/IEIUTh BHUMAHHUE CJICIYIOIINM
acreKkTam:

MonuTopunr u ananau3: B nporiecce SKCIuTyaTaiuy UCCiaeI0BaHus HEOOX0IUMO
OCYILIECTBIISATh CUCTEMATUYECKUI MOHUTOPHUHT U aHAJIN3 O€30MaCHOCTH. DTO BKIIIOYAET
peryssipHbie MPOBEPKHU COCTOSIHUSA 000PYI0BaHUs, KOHTPOJIb paboyeil cpe/ibl, aHalu3
JAHHBIX U BBISIBJICHHUE JIIOOBIX OTKJIOHEHWH MU MOTEHIUATBHBIX TPo0eM 0e30MacHOCTH.
Pe3ynbraThl MOHUTOPUHIA U aHANIN3A JOJKHBI UCIIOJIB30BATHCS ISl IPUHATUSA



COOTBETCTBYIOIINX MEP M YIYUIICHUSI CUCTEMBI 0€30MTaCHOCTH.



Cucrema ynpasJieHus1 0e30aCHOCTBIO: PekoMeHTyeTcst pa3paboTaTh M BHEAPUTH CUCTEMY
yhpaBiieHus 0€30MaCHOCThIO, KOTOpasi OyAeT BKIIIOYATh MOJUTUKY O€30MaCHOCTH, POJIM U
00s13aHHOCTH MepCoHaa, MPOLeAYyPbl YIPABICHUS PUCKAMH, TPEHUHTH U 00y4YeHue
NepPCOHANa, a TAKXKE CUCTEMY 0OpaTHOM CBS3H U YIYUIICHUI. ITO MO3BOJIUT 00ECIIEYUTh
HEIMpEePhIBHOE yIyUllleHne 0€30IaCHOCTH U PEarupoOBaHUe HA U3MEHEHUS U HOBbBIE
TpeOOBaHMUSL.

Co0J1101eH1e peryJTupyoIuX HOPM U cTaHaapToB: VccnenoBanue q0KHO OBITh
MIPOBEICHO B COOTBETCTBUU C MPUMEHUMBIMU PETYIHPYIONTUMA HOPMaMH U CTaHIapTaMu B
obyactu 6€30macHOCTH. DTO MOKET BKJIIOYATh MEXKTYHAPOIHBIE CTAaHIAPTHI, HAIIMOHATHHBIC
3aKOHBI ¥ TIPABUIIA, & TAK)KE WHIAYCTpUAIbHBbIC cTaHIapThl. COOMIOACHNE 3TUX HOPM U
CTaHJAPTOB MTOMOXKET 00ECTICUNTh 0€30MaCHOCTh UCCIICIOBAHUS 1 3aIIUTY HHTEPECOB BCEX
3aMHTEPECOBAHHBIX CTOPOH.

B3aumoaencTBue ¢ 3aMHTEPECOBAHHBIMHU CTOPOHAMM: BaXHO B3aMMOJIEVICTBOBATH C
Pa3IMYHBIMU 3aUHTEPECOBAHHBIMU CTOPOHAMHU, BKIIIOUAsi PyKOBOJACTBO OpraHU3aIliH,
COTPYJHHUKOB, CIICITUAIIMCTOB 10 0€30MaCHOCTH, PETYIUPYIOIIUE OPraHbl U COOOIIECTBO.
OO0ecneuenne 00yueHusi U 0CBeJOMJIEHHOCTH: Bee paboTHUKY, 3aHsThIE B pabouelt 30He
WCCJICTIOBAHMSI, TOJDKHBI OBITH OOYYEHBI BOITPOCAaM 0€30MTaCHOCTH M OCBEIOMIICHBI O
MpaBuiIax v Mpoueaypax, CBAI3aHHBIX C AKCILUTyaTallMeN UCCIECTYEMON CUCTEMBI. JTO
BKJIFOYAET 00yUYEHUE MO MpaBuiIaM padoThl C 000pyAOBaHUEM, YIIPABIECHUIO PUCKAMH,
MPOIIeTypaM dBaKyallK U JCHCTBUSAM B UPE3BBIYAHBIX CUTYalUsIX. PerynspHbie TpEHUHTH
¥ OOHOBJICHUE 3HAHUW ITOMOTYT MOJACPKUBATHh BHICOKHIA YPOBEHD 0€301TaCHOCTH.
JlokyMeHTHpPOBaHME ¥ 0TYETHOCTD: Bce acmmekThr 6€301acHOCTH, CBSI3aHHBIC C
HKCIUTyaTale uccieoBaHus, JOKHBI ObITh JOKYMEHTUPOBAHBI U YUETHBIC 3aITUCH
JIOJDKHBI OBITH XpaHEHBI B COOTBETCTBUU C TPEOOBAHUAMH. DTO BKIIOYAET MPOIEAYPHI,
WHCTPYKITUH, POBEPKU, MOHUTOPUHT, 00yUEHHE U APYTYIO CBSI3aHHYIO0 HHPOPMAIIUIO.
PerynspHas oT4eTHOCTH 11O BOpOcaM O€30MaCHOCTH MO3BOJIUT KOHTPOJIUPOBATH
coOmrosieHre TpeOOBaHM M MPUHUMATh MEPHI 110 YIYUIIEHUI0 0€301MacHOCTH, €CIIH ITO
HE00XO0IUMO.

AyauThI M IPOBEPKHU COOTBETCTBHS: PeryspHbie ayuThl U IPOBEPKH COOTBETCTBUS
MIOMOTYT YOCIUTHCS, UTO BCE MEPHI OE30MTaCHOCTH COOTBETCTBYIOT YCTAHOBIICHHBIM
TpeOOBAHMSIM | MPABHIIaM. DTO MOXKET BKJIIOYaTh BHYTPCHHHE ayAUThI, HE3aBUCUMBIC
MIPOBEPKH M PEBU3UHU CO CTOPOHBI PETYJIUPYIOIIMX OPTraHOB. Pe3ybTaThl ayAMTOB TOJKHBI
WCITOJIB30BAThCS JUISI BHECEHUS YIYUIIEHUH U KOPPEKTUPOBKH CUCTEMBI 0€30ITaCHOCTH, €CITH
3TO HEOOXOAUMO.

YnpasJjieHue upe3BblYaiiHbIMU cuTyanusimu: Heo6xoqumo pa3paboTaTh U peaaTn3oBaTh
TUTaHBI YPE3BBIYANHBIX CUTYAIIN, KOTOPBIE OYyT ONPEeNesaTh JeHCTBUS MepCOHAIa B
ClIydae aBapuii, MoKapoB WM IPYTUX HEIITATHBIX CUTYyaI[ui. DTO BKIIIOYAET OMpeIeiICHNE
poJieii u 00s3aHHOCTEH, CUCTEMY OTIOBEIIICHUS U dBAKYaIlNH, UCIIOIH30BaHNE CPE/ICTB
MOXKAPOTYIIEHUS U APYTHX MEP 10 MPEAOTBPALIEHUIO WU YMEHBIIICHUIO TIOCIICCTBUN
YpE3BbIYAHBIX CUTYAIUH.

[TocTostHHOE M3y4YeHNE HOBBIX TEXHOJOTUM, METOJIOB M HAYYHBIX JIOCTHXKCHHUHN B 001aCTH
0€30MacHOCTH ITOMOKET OOHOBJIATh M COBEPIIICHCTBOBATh CUCTEMY 0€30ITaCHOCTH TIPH
AKCILTyaTaIMK UCCIIeI0OBaHuUs. PerynsapHbie 0030pbl M aHAIW3 UHITUACHTOB, a TAKKE
oOpaTHas CBS3b OT pAOOTHHKOB M IPYTHUX 3aWHTEPECOBAHHBIX CTOPOH, IMTO3BOJISAT BBISBIISATH
ySI3BUMbIE MECTA U MPEANPUHUMATH MEPHI 711 UX YCTpaHeHUsl. BHepeHre cOBpeMeHHbIX
METO/IOB U TEXHOJIOTUM, TAKMX KaK aBTOMAaTHU3AalMsl, YAAICHHOE HAOII0ICHUE U YIIPaBJICHHE,
aHanu3 OOJBIIMX JAHHBIX U UCKYCCTBEHHBIN UHTEIJIEKT, MOXKET CIIOCOOCTBOBATH



MOBBIIICHHIO 3(PPEKTUBHOCTU U 0€30MAaCHOCTHU MPOIIECCOB.

B nenom, agppextuBHoe obecnieueHne 0€30MacHOCTU PU IKCILTyaTallui UCCIIEJOBaHMUS,
CBSA3aHHOTO C MCCJIETOBAHNUEM BIIMSHHUS IIEPOXOBATOCTH HA a3POIMHAMUKY KPUBOJIMHEHHON
HOBEPXHOCTH, TPEOYET KOMIIEKCHOTO MOX0/a, BKIIFOUAIOIIETO COOIIOIEHNE HOPM U
CTaH/apTOB, Pa3pabOTKy O€30MaCHBIX MPOLEYP, 00yUEHHE ITEpCOHaNa, PETYJISPHBINA
MOHHUTOPHUHT U aHAJIN3, COTPYAHUYECTBO C 3aMHTEPECOBAHHBIMU CTOPOHAMMU, AYUTHI U
IPOBEPKHU COOTBETCTBHUSI, YIPABICHUE YPE3BbIYAHBIMU CUTYAUSMH U CTPEMIIEHUE K
HEMPEPBHIBHOMY YIIYUIICHUIO O€30MaCHOCTH. DTO MOMOXKET 00eCeunTh OE30MacHyI0 U
IPOIYKTUBHYIO SKCILUTyaTalMI0 UCCIAEAOBAaHUS 1 MUHUMU3HPOBATH PUCKH JJIs1 pAOOTHUKOB U
OKPYXaroUIEH CPEIbl.

TpynoBoit komekc PQ@® ycranaBnuMBaeT mpaBa M O00S3aHHOCTH paOOTHUKA U

paboTonaTens, NpaBuia HOPMHUPOBAHUS W OIUIATHl TPYyAa, TPYIAOYCTPOHCTBO, BOIPOCHI
oxpanbl Tpynaa. OGecnedeHue npaB paOOTHUKOB Ha OXpaHy TpyJAa BKIIOYAeT IpaBa U
rapaHTUd Ha oOecleueHue YCIOBUM, COOTBETCTBYIOINIUX TpeOoBanusiMm. B crarpe 219
TpyAOBOro Kojekca P® neranusupoBaHbl mpaBa pabOTHUKOB, COTJIACHO KOTOPBIM Y KaX 100
paboOTHHKA JOJKHO OBITH paboyee MecTO, COOTBETCTBYIOLIEE IpaBUjaM OXpaHbl TpyAa.
['ocynapcTtBo rapaHTHpyeT paOOTHMKaM 3alllUTy UX TMpaBa Ha TPyA B YCJIOBHS,
cooTBeTcTBYIOIUX TpeboBanusiM oxpanbl Tpyda (TK P® Crares 220). ObGecneyeHue
pabOTHUKOB CpEeACTBAMHM MHAWBHIYaTbHOW 3aIlIUTHI, a TaKXKe OCHAIIEHUS pabOYMX MecT
cpeactBamu KosuiekTuBHOM 3amuThl (TK P Crates 221).

Cornacno I'OCT 12.2.032-78. «Cucrema cranmapToB 6e3onmacHOCTH TpyAa. Pabouee
MECTO TPH BBIMOJHEHUHU PAbOT cuas. OOIMe 3proHoMUYecKue TpeOOBaHUS» CTOJ JOJIKEH
COOTBETCTBOBATh COBPEMEHHBIM TPEOOBAHUSM IPTrOHOMHKA M MO3BOJIATH PACIONOXKHUTH Ha
paboyeil MOBEPXHOCTH Bce HEOOXOAUMOE O00OpyJIOBaHHE, B 3aBUCHUMOCTH OT Xapakrepa
BbIMOHsIeMol paboTel. CooTBeTcTBUE pabodyero mecta TpedoBanusim ['OCT 12.2.032-78
npejcTaBiieHo B Tadmuie 5.1.

Tabnuna 5.1 — TpeboBanus kK opraHu3anuu pabodyero mecra

3HayeHue
TpeboBanue Tpebyemoe 3HaueHNE apaMeTpoB B
MTOMEIIEHUN
Perynupyemas BbicoTa
Bricora YIpy
. (680-800 Mm) Heperynupyemas
paboueii MoBepXHOCTH
crona Heperymupyemas BbICOTAa 750 MM
BbICOTA (OoJiee 725 Mm)
. [TonbEMHOTTIOBOPOTHBI
PabGounii ctyn | ; . p
(kpecio) i, peryaupyemMblil IO BBICOTE He cootBecTByer
P U YI'yJl HAKJIOHA CIIMHKU




Pacnonoxenne
MOHHTOPA OT IJ1a3 600-700 mm CooTBecTByeT
10JIb30BATEIISI
J11s BEIOTHEHUS BCeX TpeOOBaHHM HOPMAaTHUBHBIX aKTOB M0 OpraHU3aIiK pabovyero Mecra
n1abopaTtopur HEOOXOAMMO TMOIaTh 3a8BKY Ha MPUOOpETEHHs paboyero cryna ¢ QyHKIUAMU
PETyJIMPOBKY MO BBICOTE U YTy HAKJIOHA CIIMHKU JUIS MPO(PHUIAKTUKH MOHOTOHUH U
epeyTOMIICHHUS.

6.2. IlpousBoacTBEeHHAs 0€30MACHOCTH MPH IKCIJIyaTAIlUN:

[Tpon3BoacTBeHHAs 0€30MACHOCTD MIPH IKCILIyaTaIldU UCCIICA0OBAHMUS, CBA3aHHOTO C
WCCIICIOBAaHMEM BJIUSHUS IIEPOXOBATOCTH Ha a3POIUHAMHUKY KPHBOJIMHEHHOM MOBEPXHOCTH,
SIBIIACTCS BaXKHBIM aCIIEKTOM, YTOOBI 00eCIeUnTh OE30MacHyI0 paboTy MepcoHaa u
IIPEIOTBPATUTh BO3MOYKHBIC IPOU3BOICTBEHHBIC MHITUACHTHIL. H1ke pHUBeIeHBI HEKOTOPHIS
MEpbI, KOTOPBIE MOTYT OBITh IPEIIPUHSATHI 11 00€CIIeUCHUS IPON3BOICTBEHHOM
0€e30IMacCHOCTH:

Ouenka puckoB: [IpoBenuTe TIIATENHHYIO OLIEHKY PUCKOB, CB3aHHBIX C KCIUTyaTallen
uccienoanus. UneHTnduumpyiite moTeHInaIbHbIE OMACHOCTH, CBA3aHHBIE C PabOTOM C
o0opynoBaHuEM, MaTepralaMi, HHCTPYMEHTAMHU i XUMHUYECKIMH BEIIECTBAMH.
Pa3paboTaiiTe npouenypsl 1 MEPHI IO MPEAOTBPALIEHUIO U YIIPABICHUIO PUCKAMH.
Hcnonb3oBanue 3a1iuTHOr0 060pynoBanusi: O6ecrneubTe paOOTHUKOB HEOOXOJUMBIMU
CpelCcTBaMU MHAMBHTyalbHOM 3amnThl (CU3), TakMMHU KaK 3aIIUTHBIE OUYKH, IEPUYATKH,
pecnupaTopsl U Apyrue, B 3aBUCUMOCTH OT PUCKOB U TpeboBaHui O6e3omacHocTh. Bee
PaOOTHUKY JTOJHKHBI OBITh 00YUYEHBI U JIOJDKHBI CTPOTO COOJII0IaTh MTpaBujia UCTOIb30BAHUS
CHs.

OO0y4yenue u nHCcTpYKTaXK: [IpegocraBbre 00yueHHEe U UHCTPYKTaX pabOTHUKAM, 3aHATHIM
B AKCIUTyaTaluu uccienoBanus. O0yuure ux npasuiiaM 0€30macHoi paboThl, IpoLeaypam
AKCILTyaTaIlui 000pyI0BaHUS, YIPABICHUIO PUCKAMH U JICHCTBHUSIM B UpEe3BbIYaiHBIX
cuTyanusax. PerynspHo nmpoBoanTe MOBTOPHBIE 00YyUYEHHS U TPOBEPKU 3HAHUH.
Hoaaepxanue 000py10BaHMs B HCIIPABHOM COCTOSIHUM: PeryisipHo npoBepsiTe u
oOciy)uBaiiTe 000py10BaHHE, UCIOJIb3YEMOE B UCCIIEI0BAaHUH, YTOOBI FapaHTUPOBATH €T0
HaJUIeKaIyio padoTy U 6e30macHoCTh. B ciydae oOHapy)eHus nedeKToB uin
HEUCHPABHOCTEH, MPUHUMANUTE MEPHI 110 UX UCIPABICHUIO WM 3aMEHE.

VYnpapienne XuMU4ecKuMu BenlecTBamMu: Eciu B Mccie10BaHUN UCTIONB3YIOTCS
XUMHUYECKHE BELIECTBA, 00eCTeybTe UX MPAaBUILHOE XpaHEHUE, MAPKUPOBKY U 00pallleHue C
HumH. CrienyiiTe yKazaHUsIM IPOU3BOAUTENECH U COOTBETCTBYIOIINM MPaBUIaM
0e30macHOCTH TPHU paboTe ¢ OMAacCHBIMH BemecTBaMu. O6ecedbTe JOCTYI K HEOOXOMMBIM
CpeICTBaM ISl IMKBUIAIMH YTEUEK U MPETOTBPAIICHHSI 3aTPSA3HEHUS OKPYKAIOIICH CPEIbl.
Cucrema ynpasJieHus1 0e301acHOCTBIO: Pazpaboraiite u peasiu3yiTe CUCTEMY YIpaBIEHUS
0€301acCHOCTHIO, BKITFOYAOIIYIO TIOJTUTHKY 0€30MaCHOCTH, CTaHAapThI MPOU3BOICTBEHHOM
0e30MmacHOCTH, IPOIEAYPHI M HHCTPYKIHH. ONpenenuTe OTBETCTBEHHBIX JIUI] M CO3aiTe
MEXaHU3MBI JJIs1 OTCIC)KUBAHMS COOITIOICHUS TPaBUiI 0€30MaCHOCTH U HETIPEPHIBHOTO
yIydieHus: 6e30MacHOCTH TPOIECCOB.

CucremMa 0TYETHOCTH M AHAJIN3a HHIUAEHTOB: Y CTAaHOBUTE MEXaHU3Mbl OTYETHOCTH O
IIPOM3BOCTBEHHBIX MHIMACHTAX U OMMU3KUX K HUM cuTyanusix. [IpoBoaute ananu3 npudanH
WHIICHTOB U MPeANPUHUMANTE MEphI IO MPEJOTBPAIICHUIO UX MOBTOPEHUs. PerymnspHo



MIPOBOIUTE TIPOBEPKH U ayIUTHI MPOU3BOICTBEHHON 0€30MaCHOCTH TSI BHISIBIICHUS CIIA0BIX
MECT ¥ BHECEHHUS COOTBETCTBYIOIIUX YIyUYIICHUH.
CoTpyaHHYecTBO € 3aMHTEPeCOBAHHBIMU CTOpOHaMu: BogiekaiiTe paOOTHUKOB,
poCcor03bl U IPyTrue 3aMHTEPECOBAHHBIE CTOPOHBI B ITPOLIECCHI 00ECIIeYeHUs
MPOU3BOICTBEHHOM 0€30MaCHOCTU. YUUTHIBAWTE UX MHEHUS U MPEJIOKEHUS MTPU
pa3palboTKe 1 BHeApEeHUU Mep Oe3omacHoCTH. OpranusyiiTe 0OMEH OMBITOM U epeaady
3HaHUU B 001acTH OE30MACHOCTH.
HenpepoiBHoe yayqmenune: CtapaiiTech NOCTOSHHO YJIy4IIaTh CUCTEMY
POU3BOJICTBEHHOM 0€30I1aCHOCTH, OCHOBBIBASACHh HA aHAIIM3€E PE3YJIbTATOB, OOPATHOM CBA3U
Y U3MEHCHHSIX B TEXHOJIOTHSIX U CTaHJApTax 0€30MacHOCTH. BHeApsiiTe HHHOBAIIMOHHBIE
MIOJIXO/TbI ¥ TEXHOJIOTUH JJIs1 MOBBIIICHUS () (PEKTUBHOCTH U 0€30MAaCHOCTH MPOIIECCOB
UCCJIEI0BAHHUS.
[Tpu cobmroeHNH BBILIETIEPEUUCIECHHBIX MEP IO 00ECIIEUEHHIO TPOU3BOICTBEHHOM
0€30MacHOCTH MOXHO MUHHUMHU3HUPOBATh PUCKU U 00ECIIEYUTh O€30MaCHYI0 IKCILTYTAIlNH
MCCIIEIOBAHHUSI, CBSI3aHHOTO C BIMSHUEM IIEPOXOBATOCTH HAa A3POJUHAMUKY KPUBOJIUHEUHON
noepxHocTu. OJIHAKO, CIeAYET OTMETUTh, YTO KOHKPETHBIE MEPbI 0€30aCHOCTH MOTYT
pa3nnyaThCs B 3aBUCUMOCTH OT CIIEUU(DUKU U YCIOBUN pabOThI ¢ KOHKPETHON
KPHUBOJIMHEMHON TOBEPXHOCTBIO U MIEPOXOBATOCTHIO.
Hekoropble u3 JONOTHUTENBHBIX MEP 0€30MTaCHOCTH, KOTOPBIE MOTYT TPUMEHSTHCA,
BKJIFOYAIOT:
HN3o0anpoBanue padoyeii 30ab1: OrpaHuYbTE TOCTYI K paboyueil 30HE TOJIBKO
aBTOPU30BAaHHOMY MEpPCOHAITY, oOecreunBasi PU3NYECKYIO0 U30JISLUIO UCCIIETyEMOM
MOBEPXHOCTH OT IMTOCTOPOHHMX JIUII. DTO IOMOXET MPEIOTBPATUTH BO3MOMKHBIE TPABMBI WIIH
HEIMpaBUJILHOE UCTIOIb30BAHUE 000Dy I0BAHMUS.
Ouenka puckoB: [IpoBeauTe CHCTEMaTUYECKYIO OLIEHKY PUCKOB, CBSI3aHHBIX C
MCCIIEIOBAHUEM BIIMSIHUS IIEPOXOBATOCTH HA a3POIMHAMUKY KPUBOJIMHENHON NOBEPXHOCTH.
Nnentudunupyiite moTeHIIMaIbHbIE OMACHOCTH, TAKMUE KaK BO3MOXKHbBIE TTIOBPEXKICHUS
000pyI0BaHUs, PUCKHU MOKapa WK B3pbIBa, U pa3padboTaiTe COOTBETCTBYIOIIME MEPHI 10
YIPABICHUIO PUCKAMHU.
Hcnoab3oBanue 3a1IMTHOTO o0opyaoBaHus: O6ecreubTe pabOTHUKOB HEOOXOAUMBIMU
cpenctBamMu MHAMBUAYaIbHOM 3auThl (CU3) B COOTBETCTBUHM € ONPEEICHHBIMA PUCKAMH.
Bo3MOXHBIMU CpeACTBAMHU 3aLTUTHI MOTYT OBITh 3alIUTHBIC OUYKH, 3AIIIUTHBIE KOCTIOMBI,
nepyaTKy, peCUupaTopbl U IpyTUE.
OOyuenue u nHcTpykTax: ObecrneubTe 00ydeHHE M HHCTPYKTAX MEPCOHANA, 3aHATOTO B
WCCJIEIOBAHUH, OTHOCUTEIILHO O€30MMaCHBIX METOIOB PAOOTHI, IPOLIEYP IKCILTyaTaIlluu
0o0opynoBaHus U Mep OE30MACHOCTH, CBI3aHHBIX C HIEPOXOBATOCTHIO U a3pOAMHAMUKON. Bee
pabOTHUKH JTOJKHBI OBITH OCBEOMIICHBI O TTOTCHITUAIBHBIX OMACHOCTSAX M 3HATH, KaK
MpaBUWIbHO Kcnoab30BaTh CU3.
Co0aroieHre CTAHAAPTOB U pPeryJupoBaHmii: YO0e1uTech, 4To UCCIeI0BaHUE IPOBOIUTCS
B COOTBETCTBUU C TPUMEHHUMBIMHU CTAaHJIAPTaAMU U PETYJIUPOBAHUSIMU, CBSI3AHHBIMHU C
0€30MacHOCThIO UCCIIEIOBATEIBCKUX TIPOLIECCOB.

AHallu3 BO3MOXHBIX BpEIHBIX W OINACHBIX (AaKTOpOB NpU pabdoTe B HAyUYHOU

7a00paTOPUH MIEPCIIEKTUBHBIX MAaTEpHUAJIOB IIPEACTABIICH B TabIHUIIE 5.2,

Tabnuma 5.2 — Bo3mMoxHbIE BpeiHbIE U ONacHbIe (PaKTOPHI

dakTopbl | HopmatuBHBIE TOKYMEHTBI




OnexTpobesor I'OCT 12.1.009-76  Cucrema  CTaHIapTOB
aCHOCTb 6e3omnacunoctu Tpyaa (CCBT)

o (ITopaxenue I'oCT P12.1.019-2017 CCBbT

2 | QMEKTPHICCKIM D71eKTpoOe30MacHOCTb

Q| TokOM) I'oCT 12.1.038-82 CCBT.

5 «9nektpobe3onacHocTh.  [IpedaenbHO — AOMyCTUMBIE
YPOBHH HANPsHKEHUN TPUKOCHOBEHUS U TOKOBY

[IpousBoicTBE I'OCT 12.2.003-91 CCBT. O6GopynoBanue
HHBIN TpaBMaTU3M npousBoicTBeHHOE. O01IKe TpeboBaHMs 0€30MMaCHOCTH.

Tpynoson konekc Poccuiickon ®enepanuu ot
30.12.2001 Ne197-®3 (pen. ot 27.12.2018)

OTKJIOHEHUE I'OCT 30494-96. 3naHus JKUJIBIE U
nokasarenen oOmecTBeHHbie.  [lapameTppl  MUKpOKIMMara B
MUKPOKJINMATa MOMETIEHUSX

CanlluH 2.2.4.548-96. l'uruennyeckue
TpeOOBaHUS K MHKPOKIUMATy MPOU3BOACTBEHHBIX
ITOMEIICHUN

HenocraTtouna CHull 23-05-95*, EcrecTBennoe "
s OCBEILIEHHOCTD | UCKYCCTBeHHOE ocBerieHue (¢ M3menenuem Nel
paboueil 30HbI CanlIuH 2.2.1/2.1.1.1278-03 urnennveckue

TpeOOBaHUSI K €CTECTBEHHOMY, HCKYCCTBEHHOMY M
COBMEILIEHHOMY OCBEILEHUIO JKUJIBIX U OOLIECTBEHHBIX
3IaHUH.

IToBBINIIEHHBIHI I'OCT 12.1.003-83. Cucrema cTaHIapTOB
YpOBEHbB ITymMa oezonmachoctu  Tpyna (CCBT). Ilym. OOmue

o tpeboBanus O0e3onacHocth (¢ M3menennem Ne 1)
2 [ToxxapHast CIT 12.13130.2009. Onmnpenenenue KaTeropuii
| omacHOCTh MIOMEIIEHN, 30aHUM W HAPYXKHBIX YCTAHOBOK IO
:‘8* B3PBIBOMOKAPHON U MOKAPHOM OMACHOCTH (B pea. U3M.
No 1, yrB. mpukazom MUYC Poccum ot 09.12.2010 Ne
643)
I'OCT 12.1.004-91 Cucrema CTaHJapTOB
oe3omacHoctu Tpyaa. [loxxapras 6e3omacHocTh. OO0mne
TpeOOBaHMS

[Tepenanpsixen IocTt 12.0.230-2007 CCBT. Cucremsl
ue 3pUTENBHOTO | yIpaBieHus: oxpaHod Tpyna. OOmue TpebdoBaHUsS
aHanuzaTopa CanlluH 2.2.2/2.4.1340-03  «I'uruenudeckue

TpeOOBaHUS K MEePCOHATLHBIM
AJIEKTPOHHOBBIYHCIIUTEILHBIM MAIIMHAM U OpTaHU3AINH
paboTHD»

MOHOTOHHOCTB MP 2257-80 PexoMeHmanuu 1o yCTPAHEHUIO U
Tpyna

peyTnpexICHUI0 HEOIarompUsiTHOTO BITUSTHUS
MOHOTOHMM Ha PpabOTOCIOCOOHOCTh YEIOBEKAa B
YCIIOBUSX COBPEMEHHOTO npousBojacTBa/laTa




aktryanuzanuu: 01.01.2021

B nestensHOCTH JTaGOpaTOPUHM HIMPOKO HCIOJB3YETCS AJICKTPUUECTBO, KOTOPOE MPHU
3aMBIKAaHUHU DJICKTPUUYECKOW IIeTM MOXKET OBITh OMAaCHBIM HMCTOYHUKOM JJISI OpTaHHW3Ma
qenmoBeka. lIpeAaenbHO OMyCTHUMBIE 3HAYCHHS HANpPSDKCHUH TPUKOCHOBEHHSI U TOKOB,
cormacio ['OCT 12.1.038-82 CCBT. «3nekrpode3onacHocTh. [IpenenbHo gomycTUMbie
YPOBHH HAINPsDKEHUN TPUKOCHOBEHUS M TOKOBY MPEACTaBICHBI B Tabymie 5.2.1.

Tabnuua 5.2.1 TlpenenbHO AOMYyCTUMBbIE 3HAYEHUS HANPSHKEHUM MPUKOCHOBEHUS U

TOKOB
Pon Toka U B ‘ l, MA
A He 6onee
[Tepemennsrii, 50 20 03
I'n
[Tepemennsiii, 400 3.0 04
I'n
[TocTosgHHBIN 8.0 1.0

HanpsbkeHuss NMpUKOCHOBEHHSI M TOKH, IMPOTEKAIOIIME Yepe3 TENO YelOBEeKa IpU
HOpPMaJIbHOM (HEABApUMHOM) pEXKHUME SJIEKTPOYCTAHOBKH, HE JOJDKHBI IIPEBBIINIAThH
3HAUYECHMM, yKa3aHHBIX B Ta0iuie. CpeacTBaMu 3allUThl OT BO3JEHCTBUS DJIEKTPUUECKOTO
TOKA SIBJISIFOTCS: M30JUPYIONIUE YCTPOUCTBA U MOKPBITUS, TPEJOXPAHUTEIIbHBIE YCTPOUCTBA,
YCTPOMCTBA aBTOMATHYECKOTO OTKIIIOYEHHUS, NPEAyNpeAuTeSIbHAs CUTHAIU3alus, 3HAKU
0e30macHOCTH

TpebGoBanus k mpom3BOACTBEHHOMY obOopymoBanuto corsmacHo ['OCT 12.2.003-91
CCBT: KOHCTPYKIIHSI POM3BOJACTBEHHOTO 00OPYI0BAaHUS U €r0 OTACIBHBIX YacTel JOJDKHA
WCKJIFOYaTh BO3MOKHOCTh MX MaJE€HUS, ONPOKUIBIBAHUS U CAMOIPOU3BOIBLHOIO CMELICHUS
MIPY BCEX MPEAYCMOTPEHHBIX YCIOBUAX IKCILTyaTAIUU.

MukpokiIuMar MpOU3BOACTBEHHBIX MOMEIICHUN ONPEAENSETCs JIEUCTBYIOIIMMHU Ha
OPTraHu3M YeJIOBEKA TeMIEPaTypOil, OTHOCUTEILHONW BIIAXKHOCTBIO U CKOPOCTBIO ABHKEHUS
BO3/yXa, a TAKXKE TEMIIEPATYPOU OKPYKAIOIIUX [TOBEPXHOCTEN.

JlnutensHOE BO3JEHCTBHE HA 4YEJIOBEKAa HEOJIArOMPUSTHOTO MHKPOKJIMMATa PE3KO
YXYIIIA€T €ro CaMOYyBCTBHE, CHIXKAET MPOU3BOJUTEIBHOCTh TpPyJa W MPUBOAUT K
3a0oneBanusM. Bo3aeiicTBHE BBICOKON TeMIIepaTypbl W BIAXHOCTH OBICTPO YTOMIISET,
MOXET MPHUBECTH K IMEPErpeBy OpraHu3Ma, TMOBBIINICHUIO apTepPHAIBHOTO aBJICHUS,
00e3BOKMBaHUIO opranu3ma. [loHmwKeHne TeMIepaTypbl U MOBBIIICHUE CKOPOCTH JBUXKCHUS

BO3ayXa CHOCO6CTBYIOT YCHUJICHUIO KOHBCKTUBHOTO TEemI000MeHa U nponecca TCIIo0T1auun



Ipy WCHApPEHWH T0Ta, YTO MOXXET MPUBECTH K TEPEOXTAKICHUIO OPTaHW3Ma, YacThIM
pecnupatopHbiM 3a0osieBaHusIM. OnTUMaIbHBIE H JIOMYCTHMBICE METEOPOJOTUUYECKUC
yCIIOBUSI TEMIIEpaTyphl U BIAXHOCTH ycTaHaBnuBaioTcsa coriacHo CaulluH 2.2.4.548-96.
OnTuManbHBIE TOKa3aTeIM MHUKPOKIMMaTa Ha padodymx MecTax MPOU3BOJICTBEHHBIX
NOMEIICHHI NpUBEIEHbI B Tabiuie 5.2.3.

Tabnmuua 5.2.3 — OntuManbHblE MOKa3aTeIM MUKPOKIMMATa Ha pabouux MecTax

IMPONU3BOACTBCHHBIX HOMCHIGHI/Iﬁ

Kareropu TeMm Temne OTtHO Cko
IT s paboT 1o pOCTB
neparypa paTtypa CUTEIbHAS
epHo YPOBHIO IBIDKEHUS
BO3/yXa, | MOBEPXHOCT | BIAXXHOCTH
roja sHEeprosarpar, °C eit. °C Bo3yxa, % BO3/IyXa,
Br ’ ’ M/C
X
I, (mo 22- 60- He
ononmt 139) 24 21-25 1 4 Soree 0.1
Te 23- 60- He
TIJIBIA la (0 139) 25 22-26 40 oouee 0.1

OnTuManbHble MUKPOKJIMMATHUYECKHE YCIOBUA OOECIEYMBAIOT OOIIEee M JOKAIbHOE
OILYIICHUE TEIUIOBOIO KOM(OpPTa, HE BBI3BIBAIOT OTKJIOHEHHH B COCTOSHHM 30pPOBBA,
CO3MAI0T TMPEANOCBUIKM JJII BBICOKOTO YpPOBHS pPabOTOCIOCOOHOCTH U SBISIIOTCS
NPEeANnoOYTUTENbHBIMA Ha pabounx mectax. HepgocrarouHass OCBEIIEHHOCTh pabouell 30HBI
BBI3bIBACT HapylleHHE pabOThl 3HUTEIBHOIO ammnapara ¥ oOllee YTOMJIEHHE, MOXKET ObITh
OPUYUHOW TOJIOBHBIX OOJIeH, CHMXKAeT MPOU3BOAUTEIBHOCTh Tpyaa. OnTumaibHas
OCBEUIEHHOCTh  MPOMU3BOACTBEHHBIX TOMEIIEHH u pabodeil 30HBI oOOecrneyrmBaeT
TMTUEHUYECKHE YCJIOBUS Uil pabotaromiero mnepcoHana. [IpaBuiabHO mMoaoOpaHHBIE U
pacnoJIOKEHHbIE MCTOYHHUKM CBETA MOBBIMAIOT 3(PQPEKTUBHOCTh TPyHa, MPEJOTBPALIAIOT
3a00JIeBaHUs IEPCOHAIa U MUHUMHU3UPYIOT PUCKH HApYUICHUS] TEXHUKU 0€30M1aCHOCTH.

[To crnocoOy pa3meleHuss U PacHpelesIeHUI0 OCBEIEHHOCTH NMPUMEHSIOT o0lee U
KOMOMHUpPOBaHHOE oOcBelleHre. VICKyCCTBEHHOE OCBEIIEHHE B TOMEIICHUSX IS
skcruryaTauu [1K 1omkHO oCcyIecTBIATHCA CUCTEMON OOIIEr0 paBHOMEPHOTO OCBEIICHMS.

B cnyyasx mnpeuMyniecTBEHHOM paboThl C JOKyMEHTaMH, CIIEIyeT MPUMEHAThH
CUCTEMbl KOMOMHUPOBAHHOT'O OCBEIICHMS, KOTJa K OOILIEMY OCBEHICHUIO JOMOJHUTEIHHO
YCTaHABJIMBAIOTCSI CBETUIBHUKH, MPEAHA3HAYEHHBIE JJII OCBELIECHUS 30HBI PACIOJIOKEHUS
JIOKYMEHTOB. Y CTPOMCTBO TOJIBKO MECTHOTO OCBELICHUS HEAOIYCTUMO, TaK KaK OHO CO3JacT

OOJIBIIYIO PA3HOCTh OCBEUIEHHOCTH Pa00UYMX MOBEPXHOCTEN U OKPY’KAIOIIETO MPOCTPAHCTBA,



YTO HeOJaronpusaTHO CKa3bIBaeTcs Ha 3peHuu, cornacao CHull 23-05-95*,

Oxna B IMOMCHICHUAX, T'IC OKCINTYAaTHPYCTCA BBIYMCIINTCIIbHAA TCXHHUKA, JOJIKHBI OBITh

OPHUCHTHPOBAHBI Ha CCBCP U CCBCPO-BOCTOK. HopMpreMHe I1oKa3aTcjii CCTCCTBCHHOIO,

HNCKYCCTBCHHOT'O

n COBMCIICHHOIO

OCBCIICHUA B

2.2.1/2.1.1.1278-03 yka3ansl B Tabmwuie 5.2.5.

COOTBCTCTBHUU C

CaunlluHom

Tabmuua 5.2.5 Hopmupyemble Moka3aTeld €CTECTBEHHOTO, HMCKYCCTBEHHOTO U

COBMCIICHHOT'O OCBCIICHU

Paboua EctecTBennoe CoBMelIeHHOEe
i OCBCIICHHUE OCBEIIICHHUE
[ToBepxHOCTH KEO e, % KEO e, %
1 IUNIOCKOCTH
HOPMHUPOBaH
nst KEO u
ITomele | ocBemeHHOCT [Ipu IIp ITpu
HUSA u (I'- BEpXHEM WJIH " BEpXHEM WJIU TTpn
TOPU30HTATh | KOMOMHUPOBAH | OOKOBOM | KOMOMHUPOBAH 6OKOBOM
Has, B- HOM OCBEILEH HOM ocpetierit
BEepPTUKAJIbHA OCBCIIICHUH 1704 OCBCILICHUH
) U BBICOTA
IJIOCKOCTH
HaJ II0JIOM, M
KabOuner
bI, paboune
KOMHATHI, r-08 3.0 1. 18 06
ouchsl, 0
MIPEICTaBUTEIIb
CTBa
HckyccTBeHHOE OCBEILIECHUE
OcBenieHHoCTh, JIK
[Ipu KOMOMHUPOBAHHOM Koad
[Tomerme OCBEIIEHUH IIp Iloka3zar | ¢unmeHt
HHUE A 001IEM eJIb MyJIbCalluU
Beero Ot OCBEIIEH | AUCKOM(OPTa, | OCBEIIEHHO
o01Iero 1505 M, e 6omee | ctu, K %,
He 0oJee
KabOuner
bI, paboune
KOMHATBL, 400 200 30 40 15
oucsl, 0
MIPEACTABUTEIb
CTBa

XapakTeprucTuka oMelieHus Jabopatopuu: JUIMHA = 7 M; IIMUPUHA = 5 M; BBICOTA =

3.5 M; OKpaCKa CTCH — 66.]]351; OKpacCKa IIOTOJIKa — Oenasi. J_—[J'I}I OCBCIICHUSA HCIIOJb3YIOTCA




CBETWJIBHUKH C JIIOMUHECHIeHTHbIMU Jamnamu O/ 2-40, ¢ nqounoit 1230 mwm, mupuHOit 266
MM, BeicoTol 158 Mm, KIIJ 75%.

Pacuer o00mero paBHOMEPHOIO MCKYCCTBEHHOT'O OCBEIICHHUS TOPU30HTAIbHOU
paboueli TMOBEPXHOCTH BBIIONHICTCS METOAOM KO3(PQUIIMEHTa CBETOBOTO TIOTOKA,
YUHUTHIBAIOIINM CBETOBOM MOTOK, OTPAXKEHHBIN OT MOTOJIKA U CTEH:

_E,-SK,-Z 300351511
N n 7-0.49

D = 5051 (m) (5.6)

Hopmupyemas ocsemennoctsb, corinacio CaunlluH 2.2.1/2.1.1.1278-03 E,=300 n1m. B
COOTBETCTBUHU CO 3HAUYEHUEM PACCUUTAHHOTO CBETOBOro motoka ¢=5051 JIm, Onmxaiimein
CBETOBOW JIFOMHUHECHEHTHOM Jiammnion sBisiercss jamna tuna JIXb ¢ asnektpuyueckon
MOIIIHOCTBIO OCBeTUTEIbHOM cucTemMbl 80 BT, cBeToBBIM moTokoM 5000 M.

JlommyckaeTcsi OTKJIOHEHHE CBETOBOT'O TIOTOKA JiamIibl He Oosee yem Ha —10 % — +20 %.

JI71s1 9TOrO BBIMOJIHSIETCS MTPOBEpKa 1o hopmyiie

@ -@ -
—10% < " T 100% < +20% = 8000 - 5051 -100% =-1.02%

Qjﬂ.cmam) 5000

Takum 00pa3om, OTKIIOHEHUE cocTaBuiIo — 1.02 %, 4TO HE MPEBBIIIAET JOMYCTUMbIE
HOPMBI.

Pacyer ocBemieHuss NOPOM3BOAMTCS METOAOM KO3(p(ULHEHTa  HCHOJb30BaHUS
CBETOBOT'0 MMOTOKA, KOTOPBII MOKA3bIBAET, KaKas 4aCTh CBETOBOI'O MOTOKA JIaMIT [TONaAaeT Ha
pabouyro MOBEPXHOCTh U 3aBUCHUT OT:

— HHACKCA IIOMCIICHU A

i- S _ 3B
= -0.83 (5.7)
h-(A+B) 35-12

— koa(dduienTa oTpaxkeHus: cTeH (CBekenoOeJIeHHbIe, ¢ OKHAMU 0e3 IITOop):
Pem=20%);

— K02 hULIMEHT OTpakeHUs OToJIKa (CBeXxxenobeneHHbit): p,=70 %.

Jlyist 001iero ocBelieHNue MPUMEHSIIOTCS Ta3opa3psiHbie Jamibl: aHeBHou (JIJI),
xonoaHo-0enou (JIXB), rerno-6enoii (JITH) u 6enoii iBernoctu (JIB).

[Tomerienus 1abopaTopru UMEET CIIEAYIONINE TTapaMETPHhI:

- BeIcoTa nTomemnienus: H = 350 cm;

- paccTosIHUE CBETHIILHUKOB OT MepekpeiTus: N, = 35 cm;

Paccuutaem BBICOTY CBCTHJIbHUKA HaJl IIOJIOM, BBICOTY ITIOJABECA.



h,=H-h=350-35=315 cm (5.1)

— BBICOTA paboueil MOBEpXHOCTH Haj MosioM: h,, = 75 cm;

— paccunTaeM BBICOTY CBETUJIbHUKA HaJl paboydell MOBEPXHOCTHIO:

h=h,-h,,=315-75=260 cm (5.2)

[Ipu ocBemenun pabodyero MOMENIECHUS IBYXJaMIOBBIMU cBeTuiabHUKaMu O] mpu
OJIMHOYHOM yCTaHOBKE WM TPHU HEMPEPBIBHBIX psiiax W3 OJUHOYHBIX CBETUJIHLHHKOB B
COOTBETCTBUM C TpeOOBaHUSMHU HAaWMEHbIIAs JOMyCTHUMAasi BBICOTA IOJBECa Haja IOJIOM
cocranisier 3.5 M. PaccuntanHas BenmmunHa h=2.6 M HEe COOTBETCTBYET TPEOOBAHUSIM.

— paccTosTHUE MEXTY COCETHUMHU CBeTUIIbHUKaMu: L =3.75 wm;

— paccTosHUE OT KpaiHUX CBETUIIBHUKOB 10 cTeHbL: 1=0.9 M.

JlaHHOE paccTosiHUE OT KpallHUX CBETUJIBHUKOB JI0 CTEHBI SIBJISIETCS MOJIXOSAIINM, TaK

KaK H€06XOIII/IMafI BCIIMYMHA paBHA:
L 375

7T =1.25 () (5.3)
3
OTHOIIIEHUE PACCTOSIHUS MEXIy CBeTHJIbHHUKaMU L k BbIcoTe MX mojaBeca h,,
ONPENETSACT BEINUNHA, PaBHAS:
A2 =L/h (5.4)
OnTuManpHOE 3HAYCHHUE JIJISI PACTIOJIOKEHUS JIFOMHUHECIICHTHBIX CBETUJILHUKOB 0e€3
3ammuTHOM pemetkn TuUnoB OJ u OO cocraBaser 1.4. PaccumtaemM ontumanbHOE
paCCTOSTHUE MEX]y CBETUIIbHUKAMMU:
L=A-h=1.4-2.6=3.64 (m) (5.5)
Pacnionoxenre CBETWJIHBHUKOB B J1a0OpaTOPUU COOTBETCTBYET YCTaHOBJICHHBIM

Tpe6OBaHI/ISIM . KommuectBo psAaoB  CBCTHIBHUKOB C  JIIOMHMHCCUOCHTHBIMU  JIaMIIaMHU

omnpeaesieTcs mo hopmyiie:

(B—ZL\ (5—2-3.75\
n,,ﬂaJ 3 )+1=L 3 J+1=1.66
L 3.75

Hcxons w3 TOMYyYEeHHBIX pE3yJbTaToOB, ONTHMAJbHBIM OYIET pacroioKeHue
CBETWJIbHUKOB B J1Ba psia. Koln4ecTBO CBETMJIBHUKOB C JIOMHUHECIICHTHBIMH JIaMIIaMH B
psny onpenssieTcs mo popmye:

2
(7— -3.75\

)
§J |\ 3 J=2.59
“ 1.405 1.23+0.5




OnTuManbHOE KOJMYECTBO CBETHJIBHMKOB B psAny 3. Takum oOpazoMm, s
cobOmoieHnst TpeOOBaHMI OCBEUIEHUS JTA0OPaTOPUU HEOOXOAUMO 6 CBETHIIBHUKOB C
mroMuHecHeHTHRIMU Jamnamu O] 2-40.

[IpeBbIieHrie  ypoOBHA IIIyMa BO3HUKAeT TpU paboTe MEXaHWUYECKUX |
amekTpoMexanndeckux m3aemuid. B coorBerctBum ¢ ['OCT 12.1.003-83. «Cucrema
craugaptoB Oe3onacHoctu Tpyda (CCBT). Iym. OOmmue TtpeboBaHus 0€30MaCHOCTH
JOMYCTUMBI YpOBEHb IIyMa IpU padoTe, TpeOyIoIeld COCpPeIOTOYEHHOCTH, padbore ¢
MOBBIIICHHBIMU TPEOOBAHUSIMU K IpolieccaM HaOJIOJICHUS] U IUCTAHIIMOHHOTO YIPaBIICHUS
MPOU3BOJCTBEHHBIMM IIMKJIAMHU Ha padouyMx MecTax B TOMEIICHUSX C IIYMHBIM
obopynoBaHueM, coctapisiet 75 ab.

B HayuHoif nmaGopaTopuu BBICOKOMHTEHCHUBHOW HWMILJIAHTAIMM HOHOB OCHOBHBIMH
UCTOYHUKAMHU IIlyMa SIBIIAIOTCS: TpHHTEp BizOon2, xommbioTepbl (OXJIaXIEeHUE BHYTPHU
cucteMHoro Onoka, onrtudeckue npuBoasl DVD-ROM). B coorBerctBUU  cO
cnenudukanueii npuntep Bizon2 umeer ypoenp myma 25 ab. YpoBenb myma Oioka
MATaHUgd KoMIbloTepa coctaBiigeT 25-30 nb, ypoBeHb IIyMa OXJIaXKJAIOIIETO YCTPOMCTBA
npoueccopa 15-20 b, ocTanbHbIE SJIEMEHTHI OXJIAXKIACHUS SIBISIIOTCS MACCUBHBIMU M UX
yYpOBEHb ITyMa He yuuThiBaeTcs. Lllym, BbI3bIBacMbIii pabOTON ONTHYECKUX TPHBOJOB,
TaK)K€ HE YUYNUTHIBACTCS, TaK KaK OHU HCITOJIB3YIOTCS B paOOTE HE3HAYUTEIHHO MAJIOE BpEMSI.
3BYKOM3OJISIMS B JTa0OpaTOpUM HE TpeOyeTcs, TaKk Kak MpelebHOe 3HAUCHUE YPOBHS ITyMa
HE JIOCTHTAETCH.

B 3aBucuMocTH OT XapaKTepUCTUK BEHIECTB W MAaTEPUATOB, HAXOJMSIIUXCA B
MTOMEIIICHHH, 110 B3PBIBOTIOKAPHON U MOXKAPHOU OMACHOCTH MOMEIIEHUS MOAPA3ACIISIIOTCS Ha
kareropun A, b, B, I' m J| B coorBerctBum c¢ CII 12.13130.2009. PaccmarpuBaemoe
MOMEIICHHE JIa0OPaTOPUK OTHOCUTCS K KaTeropuu B, Tak Kak B HEM COJEpKATCA TBEPIIbIC
TOPIOYHE BEIIECTBA B XOJIOIHOM COCTOSIHUU. BO3MOKHBIE IPUUYNHBI BO3TOPaHUSL:

— paboTa ¢ OTKPBITOH dIIEKTpOAIapaTypoi;

— KOPOTKHE 3aMbIKaHUsI B OJI0KaX MUTAHMUS,

— HECOOII0/IEHHUE MPABUIT MOXKAPHOH 0€30MaCHOCTH.

Cormacao 'OCT12.1.004-91 npodunakTrdeckiue MEpONPUATHS, TTOAPA3ACIIIOTCS Ha
OpraHU3aAIMOHHO-TEXHUYECKHUE, OSKCIUTyaTalluOHHBIE U peXUMHBIE. (OpraHu3anuoHHO-

TEXHUYCCKUC MCPOIIPHUATHA 3aKIIOYAaOTCA B IIPOBCACHHU PETYJIAPHBIX PIHCTpYKT&)KCﬁ



COTPY/JIHUKOB OTBETCTBCHHBIM 3a TOKApHYI O0€30MacHOCTh, OOYYEHHH COTPYIHHKOB
HaJJIeKalleld HKCIulyaTalluk OOOPYJIOBaHHS W HEOOXOJUMBIM JEUCTBUSIM B Clly4ae
BO3HMKHOBEHHUSI TMOXKapa, MAcCMOpPTU3AIMIO BEIIECTB, MaTepUalIOB M H3ACIUA B YacTU
obecrieueHrs TOKapHOW OE30MaCHOCTH, M3TOTOBIICHUE M MPUMEHEHUE CPEJICTB HATJISTHOM
arUTalii 10  O0ecredYeHuIo moxkapHoi Oe3omacHocTH. K 3KcIIyaTanmmoOHHBIM
MEPOTPUATUSAM OTHOCIT MPOPUIAKTUYECKUE OCMOTPBl 000pyIoBaHUS. MeponpusTus
PSKHUMHOTO XapakTepa BKJIIOYAIOT YCTAHOBIIGHWE TMPaBWUJ OpraHU3alud padoT U
coOJTr0/IeHrEe TPOTHUBOIIOKAPHBIX MEpP.

Cobnrofenre  MpaBuII MOXKAPHOM 0€30MacHOCTH, MPEOTBPAIIAET BOZHUKHOBEHHE
BO3TOPAHUU U MOXKAPOB:

— CoJlep)KaHME TIOMEIICHUM B COOTBETCTBUU C TPEOOBAHUSIMU IOKAPHOU
0e30macHOCTH;

- HaJuIeKamas  dKCIuTyaTalus  00OpynoBaHus  (MPaBWIBHOE  BKIIIOUCHHUE
000pyI0BaHUS B CETh JICKTPOIUTAHHUS, KOHTPOJb HarpeBa 000PYyI0BaHNUS);

— oOydYeHre MPON3BOACTBEHHOTO TIEpCOHAIa MpaBUjIaM MOKapHO# 0€30MMacHOCTH;

— HaJIM4Me,  MpaBUJIBLHOE  pa3MEIIeHHWEe W HUCIOJIb30BAaHUE  CPEJICTB
MOXKAPOTYIIEHUS.

B nmomeniennn ¢ 35ekTpooOopyI0BaHuEM, BO U30€KAHUE TTOPAKEHUS dIEKTPUICCKUM
TOKOM, IIeJIeCOO0pPa3HO KCMOIB30BaTh YTJIEKUCIOTHBIC WM TIOPOIIKOBBIC OTHETYIIHTEIIH.
OraerymmuTenyn cleAyeT pacrmojiaraTh Ha 3alldIacMOM OOBEKTE B COOTBETCTBHUHU C
TpeOOBAHUSIMHU TaKUM 00pa3oM, YTOOBI OHU OBUIM 3aNTUINEHBI OT BO3JICUCTBHUS IMPSIMBIX
COJIHCUHBIX JIydel, TEIJIOBBIX ITIOTOKOB, MEXaHUYECKUX BO3JACHCTBUA W JIPYTUX
HeOIaronpusTHHIX (PaKTOpOB (BUOpaInsi, arpecCUBHAs Cpejia, MOBBIIMICHHAS BIAXHOCTh U T.
n.). OHM JOKHBI OBITH XOpPOIIO BUIHBI M JICTKOJOCTYIHBI B Cjydae IoXxapa.
[TpeamoyTUTENbHO pa3MemaTh OTHETYIIMTEIW BOJMM3W MECT Haubojee BEPOSTHOTO
BO3HMKHOBEHUS TIOXKapa, BIOJIb MyTeH MPOX0Ja, a TAKKE OKOJIO BBIXOJA U3 MOoMelleHus. B
nabopaTopuu, Ha dTake HaxomuTcs 2 orHerymmutenas OII-3, mepeHOCHBIC TOPOIIKOBHIC.
JlecTHUYHBICE TPOJNIETHI  OOOPYNOBAaHBI TUAPAHTAMH, MWMEETCS KHOMKA TIOXApPHOU
CUTHAJIM3AITUH.

6.3 be3onacHOCTh B Ype3BbIYAHHBIX CUTYalIUSIX MPU IKCILTYaTALMH



be3onmacHocts B HPGBBBIqaﬁHBIX cutyanusax SBJBICTCA BaXXKHBIM — ACIICKTOM  IIPpH
IMPOBCACHHUN MCCIICAOBAHUSA BIIMAHUA ICPOXOBATOCTU HA a3pOANHAMUKY KpHBOHHHCﬁHOﬁ
IIOBCPXHOCTH. B ClIyda€ BO3HHMKHOBCHMU:A ‘Ipe3BI>I‘-IaI‘/’IHBIX CHTyaHHﬁ, TAKUX KaK II0XKap,
aBapus N APyTruce HCOXKHNIAHHBIC CO6BITI/I$I, H€O6XOI[I/IMO MMpCaAyCMOTPCTh
COOTBCTCTBYIOIINEC MCPbBI oe3omacHocTH. Bot HCKOTOPBLIC pCKOMCHAALINN:

[Inan d4pe3BpluaiiHbIX curyauuid: PaspaboraiiTe 11aH JE€WCTBUM Ha  Cllydai
BO3HMKHOBEHUS YpPE3BbIYAHBIX CUTyalllid. B maHe JOJKHBI ObITh ONMUCAHbI TPOLIETYPhI
’BaKyallluH, UCIIOJb30BAHUS CPEACTB MOXKAPOTYIICHHS, CBSI3U C SKCTPEHHBIMU CITyKOaMu
U Ipyrue He0OXOAUMBIE MEPHI.

OOyuenue u TpeHupoBku: [IpoBonure 00ydeHUE UM TPEHUPOBKU COTPYAHHMKOB, UYTOOBI
OHM 3HAJIM, KaK pearupoBaTh Ha YpPE3BbIUYAWHBIE CUTYallMH. OTO BKJIIOYAET 3HAHUE
IPOLEYyp 3BaKyallMM, YMEHHUE IOJb30BaThCsl CPEICTBAMH I0KAPOTYLICHHUS] U NEPBOU
MIOMOIIH, a TAK)Ke 00y4eHHEe KOMMYHHUKAIIUN B SKCTPEHHBIX CUTYyalHUsIX.

O6opynoBanue Oe3omnacHocTu: ObOecrneubTe HaTWYUE HEOOXOJIMMOIo O000pYIOBaHUs
0€30MacHOCTH, TaKOro KaK OTHETYIIMTEIH, JaTYMK{d JbIMa, CHCTEMBI TIOXKApHOM
CUTHAJIM3AIIUN ¥ aBapuiiHOE OCBelIcHHE. PeryispHo npoBepsiite paboToCIOCOOHOCTh U
TOTOBHOCTB 3TOT'0 000PYAOBAaHHUS K SKCILTyaTaIluH.

OBaKyallMOHHbIE MAPIIPYTHI U MIaHbl: O003HAUbTE 3BAKYallMOHHBIE MAPIIPYTHl U MECTA
cbopa, 4yToObI B cilydae HEOOXOAUMOCTH JIIOJIM MOTJU OBICTPO M 0€30MaCHO MOKUHYTh
pabouyro 30HY U coOpaThcs B Oe3omnacHoM Mecte. [IpoBoauTe MpOBEPKU M UCIIBITAHUS
IBAKyaI[MOHHBIX MapIIPyTOB U IJIAHOB.

CBsI3b C DKCTPEHHBIMHM CIIY»KOaMH: YCTAaHOBUTE HAJICKAIIYIO CBS3b C AKCTPEHHBIMHU
ClIy’)k0amMH, TaKUMU KaK TOKapHas Ciayk0a M CcKopas MOMOIIb, YTOOBI B CIy4yae
Ype3BBIYalfHON CUTYAllMM MOKHO OBLITO BBI3BATh IMIOMOIIb HEMEIJICHHO.

M3onsamust omacHeIX 30H: B pabGoueli 30HE, Iie NMPOBOIUTCS HCCIASIOBAHUE BIIUSHHS
IIEPOXOBATOCTH Ha adPOJIMHAMUKY KPUBOJIMHEHHON MOBEPXHOCTH, HEOOXOIUMO MPUHSTH
MepHBI ISl U30JISILIUU OTMACHBIX 30H. DTO MOXKET BKJIFOYATh MCIOJIb30BaHUE (DU3NUECKUX
O0apbepoB, 3HAKOB OE30MACHOCTH M OrpaHUYEHHE JOCTyMa TOJIBKO aBTOPU30BAHHBIM
JINIIaM.

Perynspuoe oOcnyxuBanue u mpoBepku: [IpoBoawTe perynspHoe OOCTyXKUBaHHE U
IpOBEPKU 00OPYIOBAaHMS, CUCTEM OE30MACHOCTH U JAPYTUX CPEICTB 3alUTHI, YTOObI
rapaHTUPOBATh UX UCIIPABHOCTH U HAJICKHOCThH B UYPE3BBIYAMHBIX CUTYAIIHSX.

OOpatHast cBsizb M yinyulieHwe: Cucremarnuecku coOupaiite oOpaTHYIO CBSI3b OT
COTPYIHHUKOB U YYACTHUKOB UCCJIEIOBAHNUS OTHOCUTEILHO O€30MaCHOCTH U MpejiarainTe



VIy4IICeHWs] B CHCTeMax MW TIpoleccax, 4YTOObl TOCTOSTHHO COBEPIIEHCTBOBATH
0€30MacHOCTh B paboueii 30He.

Cobmonenne 3akonoaarenscTBa: CoOnromaiiTe TpeOOBaHUS 3aKOHOAATEIHCTBA, HOPM U
CTaHJIAPTOB, CBS3aHHBIX C OE30MAaCHOCTHIO, BKIIOYash MEphl MO MPEIOTBPAIICHHIO
HOXapoB, 00ECIIEUEHUIO 3JEKTPOOE30IaCHOCTH U YIPABICHUIO PUCKAMHU.

BaxxHo mNOMHHTH, 4yTO O0€30IIaCHOCTh B UPE3BBIUYAHHBIX CUTYallUAX JOJDKHA OBITh
IPUOPUTETOM TIpU TPOBENECHUU HCCienoBaHUsA. PerymspHoe oOyueHue, OOHOBIIEHUE
IUIAHOB U TPOBEPKH 00OPYIOBaHMSI MOMOTYT MHUHHUMHU3HMPOBAThb PUCKU U OOECHEUUTH
0€30I1aCHOCTh BCEX YYAaCTHUKOB M OKPYKAIOIIEH CPEIbI.

UpessbiuaiiHas curyauus (YC) — oOCTaHOBKAa Ha ONPENCICHHOW TEPPUTOPHH,

CIIOKUBILIAACS B PE3yJIbTaT€ aBapHH, OIACHOTO TMPUPOTHOTO SBJICHUS, KaTacTpO(sl,
CTUXUHHOTO WM HMHOTO O€ICTBUA, KOTOpPBbIE MOTYT MOBJIE€Yh WM TIOBIEKIU 3a COOOM
YEeJIOBEYECKHUE KEPTBBI, YIIepO 3J0pPOBBIO JIOJCH WM OKPYXKAIOIIEH MPUPOIHOU Cpele,
3HAUUTENbHBIE MaTepUaIbHbIC MOTEPH U HAPYIIIEHUE YCIOBUN KU3HEIEATEILHOCTH JIFOICH.

[Tox ucrounnkom YC nOHMMAIOT ONACHOE IPUPOAHOE SIBJIEHUE, aBAPUIO HIIA OMACHOE
TEXHOTEHHOE MPOUCIHIECTBUE, IUPOKO PACTPOCTPAHCHHYIO HH(PEKIIMOHHYIO 00JIe3Hb JIIOJIEH,
CEJIbCKOXO3SIICTBEHHBIX JKUBOTHBIX W PACTEHHH, a TakKe INPUMEHEHHE COBPEMEHHBIX
CPEIICTB MOPAKEHUS

PaccMoTprm BO3MOXKHBIE aBapUNHBIE CUTYALUU:

— [Toxxap B 37aHWM B pe3yibTaTe HEHMCIPABHOCTH B DJICKTPUUECKUX CETSX,
HapYIIEHUS TEXHOJOTHYECKOTO PEXUMa, HAPYIMICHUS TEXHHUKHU IOXApHOW Oe30MMacHOCTH
COTPY/IHHMKOB.

Hopwmbl mokapHoit 6e3omacHoctu mpu padore Ha I[IOBM wu comyrcrByromieit
oprrexuuke yrtBepxkaeHsl B ['OCT 12.1.004-91 «Iloxkapnas Oe3omnacHocTh. OOmue
TpeOOBAHUS.

— PaGoTaTh TOIBKO 32 UCTIPABHBIM 000PYI0BAHUEM.

- He monkmiouaTh OJHOBPEMEHHO K CETH KOJMYECTBO MOTpeOUTENCH,
MPEBBIMIAIONINX JOMYCTUMYIO HATPY3KYy.

— ViMeTh TIepBUYHBIC CPEACTBA MOXKAPOTYIICHHUS (OTHETYIIMTEIH, TI0KapHBIC
TUJPAHTHI).

— CB0OOIHBIE IBAKYaITMOHHBIE BHIXO/IBI.



- PacnonojkeHne CcXeMbl 3BaKyallHOHHBIX TyTed B MecTe HauOOoIbIIero
COCPENOTOYEHUS COTPYIHUKOB.

B ciyyae BO3HMKHOBEHHMs MOKapa B 31aHUHM aBTOMATHYECKU CpadaThIBAIOT JATUUKU
MOKAPOTYIIEHUsI, U 3BYKOBas CHCTEMa OINOBEIIAET BCEX COTPYJHUKOB O HEMEINJICHHON
dBaKyallUd W3 31aHus. Ha aTake HaxoUTCs 1Ba OTHETYIIUTEINS U MIOKAPHBIX KpaHa, a TaKKe
TPH 3BaKyallMOHHBIX BBIXOJA.

MeponpusaTys no 3aluTe HaCeJIeH!s IPU BOZHUKHOBEHUAX YC poBOIATCS COINIACHO
['OCT P 22.3.03-94. bezonacHocts B UC. 3amuTa HaceneHus. OCHOBHBIE MOJIOKEHHUS:

DBaKyanus COTpyIHUKOB 13 30HbI YC.

- Hcrnonb3oBaHue CpEICTB WHIAMBHUIYAIBHOW 3alUTBl OPraHOB JbIXaHUS W
KOXHBIX TOKPOBOB.

- [TpoBenenune aBapuitHO-cacaTeNbHBIX M JAPYTUX HEOTIOKHBIX padOT B 30HAX
qcC.

— [IpoBeneHre MepONpPHUIATHII MEIWLUMHCKOW 3alluThl (IepBasg MEIUIMHCKAS

TIOMOIIIb).

6.4 BbIBOBI 11O IJIaBE
B rnaBe paccMoTpeHbI BpeHbIC B OMTacHbIC (PaKTOPHI:

- 3JIEKTPO0E30MacHOCTh (MOPaKEHUE DIEKTPUUECKUM TOKOM)

- IIPOU3BOJICTBEHHBIN TPaBMaTHU3M

— OTKJIOHEHHUE MTOKa3aTesield MUKPOKIIMMAaTa B J1a00paTopuu

— HEJ0CTaTOYHAas OCBEILIEHHOCTh paboyeil 30HbI

— MOBBIILICHHBIN YPOBEHb 1lIyMa

— N0’KapHasi OaCHOCTh

— nepeHanpsHKeHUe 3pUTeIbHOTO aHaIM3aTopa

[IpoBeneH pacyeT CUCTEMBI OOIIEr0 PABHOMEPHOI'O MCKYCCTBEHHOTO OCBEILIECHHUS IS
nabopatopun. PaccMOTpeHbl upe3BblYaiiHbIE CHUTyallud, W MEpbl JIMKBUJALUU UX
NOCJIEACTBANA. MeponpusaTuss N0 MpEeAyNpeXICHUI0 HETaTUBHOIO BO3IECHCTBUS BPEAHBIX U
onacHbIX (PAKTOPOB HA COTPYJHUKOB, HX COOTBETCTBUM HOPMATUBHBIM TPEOOBAHMIM
ONMCaHbl B COOTBETCTBYIOIIUX pa3/ieiax IiaBbl.

Hayunas maGoparopusi NEpCHEKTMBHBIX MaTEpUAIOB OTHECEHAa K Kiaccy B mo

MOKapOOMacHOCTH U K 1 kaTeropuu mo 35eKTpo0e30nacHOCTH.



3AKJIIOYEHHUE:
B nmanHO# paboTe ObUIO TPOBEACHO MOJICIMPOBAHHUE MPOIIECca TOPSHUS BIPHICKA KHUIKOTO
rernTaHa B KaMepe CrOpaHus ¢ yYeTOM TEIJIOBOTO U3ITyUEHUS C UCTIOIB30BAHUEM YHCICHHBIX
MeTo10B. L{enpro paboThl OBUIO JOCTHYHL OoJiee TITyOOKOTO TIOHUMAaHUs CIIOKHOTO TpoIiecca
TOPCHHUS KUAKOTO TOTUIMBA U €T0 B3aUMOJICUCTBHS C OKPY)KAIOIICH CPEIOi.
B xone uccnemoBaHusi ObUT MpoBeneH 0030p CYIISCTBYIOIMIMX HCCIEAOBAHUNA W MOJETCH,
CBSI3aHHBIX C TOPEHHWEM JKUIKOTO TenTaHa. beUM pacCMOTpPEHBI pa3IMYHBIE TOIXOIBI U
METO/Ibl MOJICITUPOBAHUS, & TAKKE YUET TETUIOBOTO U3ITyUCHHS.
Ha ocHOBe moyly4eHHBIX MaHHBIX ObLIa pa3paboTaHa YUCICHHAS MOJENb, YUYUTHIBAIOIIAS
B3aMMOJICHCTBHE TOIUIMBA C OKUCIIMTEIEM, MPOILIECCHl CTOPaHUsl U 00pa30BaHHE MPOTYKTOB
roperusi. Ocoboe BHHMMaHHE OBLIO YAENEHO MOJCIUPOBAHUIO TEIUIOBOTO W3IyUYCHUS,
KOTOPOE OKAa3bIBAET 3HAUUTEIHHOE BIMSIHUE Ha MPOLIECC TOPEHUS.
[IpoBeieHHOE YMCIEHHOE HCCIEOBAaHUE IIO3BOJIMJIO aHAIM3UPOBATh paclpeesieHue
TEMIIEpaTyphbl, KOHIICHTPAIIMI0 KOMIIOHEHTOB M CKOPOCTh TOpPEHHS BIPHICKA KUIKOTO
renTaHa B Kamepe cropanusi. Takke ObUIO HCCIEAOBAHO BIMSHUE Pa3IUYHbIX (HaKTOPOB,
TaKMX KaK CKOpPOCTh BIIPBICKA, TEeMIEpaTypa OKPY>KaIOIIeW Cpeabl U KOHIEHTpaIus
KHCIIOPO/JIa.
B pesynbrare MopenupoBaHus ObLIO TOJNyd4eHO Oojiee MIyOOKOe IMOHUMaHWE Mpolecca
TOpPEHUsl BIPBICKA JKHUJKOTO TeNTaHa C Y4YeTOM TeIioBoro wusnydeHus. l[lomydeHHbie
pe3yAbTaThl MOTYT OBITH TOJIC3HBI JIJII ONTHMHU3AINWNA W YIYUIICHUS MPOIIECCOB TOPEHMS, a
Takke I pa3padoTku Oosiee 3(HPEKTUBHBIX CUCTEM CTOpaHUS U CHIDKCHHSI BO3JICHCTBUS HA
OKPYKAIOIIYIO CPey.
OpHako clieTyeT OTMETUTh, YTO MOJICSTb UMEET CBOM OTPAHUYCHHS M YIPOIIECHUS, KOTOPhIC
MOTYT OKa3bIBaTh BIUSHWE HAa TOYHOCTHh PE3yNbTaTOB. JlanmbHEHIIME WCCACAOBAHHS MOTYT
OBITH HAIIPaBJICHBI HA YYET 00Jiee CIIOKHBIX (U3MUCCKUX U XUMUYECKHUX MTPOIIECCOB, a TAKKe
Ha HKCIIEPUMEHTAIBHYIO BEpUDHUKAIIIO MOJICIIH.
B uenom, MomenupoBaHue TMporiecca TOPEHUsI BIPBICKA JKUIKOTO TeNTaHa C y4eTOM
TEIJIOBOTO M3JYy4YEHHUS C HCIOIb30BAHUEM UHCIEHHBIX METOJOB TIO3BOJIAET MOIYYUTh
Ba)KHBIC MPEACTABJICHHS O XapaKTEPUCTUKAX W MOBEICHUM TOPEHUS B JAHHOUM cucTteMe. ITo
MO3BOJISIET MCCIIEIOBATh BIMSHUE PA3JIMYHBIX MTapaMEeTPOB M YCIOBUN Ha MPOIECC TOPEHUS,
a TaKXe ONTUMU3UPOBATH €T0 JIJISl TOCTUKEHUS KEITAEMbIX PE3yJIbTaTOB.
MopenupoBaHue TOPEHHUS C YYETOM TEIJIOBOTO HM3IyUYCHMsI TaKKE WUMEET IMPaKTUYECKOe
npuMmeHeHne. OHO MOXET OBITh HMCIOJB30BAaHO B Pa3padOTKE M ONTHMH3AIUU CHUCTEM
CropaHus, TaKWX KaK JBUTATCIM BHYTPEHHETO CTOpaHWs, KOTIbI M Tiedd. biaromaps
MOJICIMPOBAHUIO, MOJKHO TIPEJCKa3aTh paCIpeACIICHHE TeMIIepaTyphbl, KOHIICHTpAIUi
MPOJYKTOB TOPCHHWS M APYTHX BaXXHBIX IapaMeTPOB, UYTO IIOMOTAET ONTHMH3UPOBATH
MIPOIIECCHl CrOpaHUs C TOYKH 3peHUs S(DPEKTUBHOCTH M IKOJIOTHYECKOW OE30MacHOCTH.
OpnHako, HEOOXOJAWMMO YYUTHIBATH OTPAHWUYEHHUS YHCICHHBIX METOJIOB H MOJEIEH,
UCIIOJIB3YeMbIX B JIaHHOM ucciefoBanui. OHU  MOTYT BKJIIOYATh YNPOIICHUS U
MpPUOIMKEHUSI, KOTOPbIEe MOTYT OKa3bIBaTh BIIMSHHE HA TOYHOCTH Pe3ynbTatoB. [loaTomy
BKHO MPOBOJUTH JOTIOJHUTEIBHBIC IKCIIEPUMEHTANLHBIE MCCICIOBAHUS JJIS MPOBEPKU H
Bepu(DUKAITUU MOJICITH.

B 3akiroueHue, MOAEIMPOBAHUE MPOLIECCa TOPEHUsT BIPHICKA KUJIKOTO TeNTaHa C YYETOM
TEIMJIOBOTO M3JIyYEHHUS] C HCIOJIb30BAHUEM YHUCJIEHHBIX METOJOB sBIsieTC 3(h(HEKTUBHBIM
WHCTPYMEHTOM JUIsl U3yYEHHs] M ONTUMM3ALMU TOPEHUs KUIKOro ToruinBa. IlomydyeHHbie



PE3yNBTAaThl TO3BOJISIOT JIYYII€ MOHATH MPOIECCHI, MPOUCXOIANINE B KaMepe CropaHus, H
UCIIOJIL30BaTh ATy HMH(OpMaIuio i pa3paboTku Oosiee 3PGEeKTUBHBIX U IKOJIOTUUYECKHU
Oe30mmacHBIX CUCTeM cropaHus. JlanmpHeimme wuccienoBaHWs B 3TOH 00JacTH MOMOTYT

COBCPHICHCTBOBATL MOACIM MW MCTOJAbI, a TaKXKXC IIPUMCHATHL HUX Ha IIPAKTHUKC I
JOCTUKCHUS OIITUMAJIBHBIX PC3YJIBTATOB.
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