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NPEANCIHOBUE

CrnennpuIHOCTh arpONpPOMBIIIEHHON MOTPEOUTENBCKOM SHEPTETUKU TPeOyeT
BBEJICHUSI CaMOCTOSITEIbBHOTO HAyYHO-TIPUKJIAAHOTO TMOHATUS 3(P(HEKTUBHOCTH
SHEPrOMCIIOJIb30BAaHUSI HA MPEANPUATHAX OTPACIU, pa3pabOTKA CHEHHATBHBIX
METOJOB CHUCTEMHOIO HAy4YHOrO aHajiu3a WU BHEAPEHUS IMPEBEHTUBHBIX MEp IO
CHHKCHUIO DJHEPrOEMKOCTH TPOAYKIMU. Marepuan, H3JI0KEHHbIH B Yy4eOHOM
MocoOuH, TMO3BOJIIET 3aJ0KUTh OyJyIIMM YYEHbIM OCHOBBI 3HaHWW Mg Oonee
[IyOOKOTO M CHUCTEMAaTHU3UPOBAHHOTO MOHUMAHUS CHEIU(UKU arponpOMBIIIIIEHHOM
MOTPEOUTENBCKON IHEPTETUKH, POJIOKUTh CAMOCTOSTENBHYIO pabOTy MO pa3BUTHIO
yYKa3aHHBIX HaIlpaBJeHUM.

Monyns «lIpuknagHas Teopusi TEIUIOBBIX M MAacCOOOMEHHBIX IMPOIIECCOB B
CUCTEMHOM aHajJiM3€ SHEPrOEMKOCTH NPOAYKIUU» SBIAETCS anpoOUpOBaHHBIM
aBTOpckuM Kypcom be3syOreBoit M.M, opraHn4yHO HHTETPUPOBAHHBIM B OOIIWIN
o0Opa3oBaTeNnbHbIN MpOoIecC MOATOTOBKA MarucTpoB mo HampasieHuto 110800.68 -
«ATpPOMHXXEHEPUsS» U NPOPUII0 «DIEKTPOTEXHOJOTUUA U 3JIEKTPOOOOPYAOBAHHUE B
CEJIbCKOM XO3SICTBEY.

[enpto  yuebHOro mocobusi  «lIpuxnagHas  Teopusi  TEIJIOBBIX U
MacCOOOMEHHBIX MPOLECCOB B CHCTEMHOM aHAJIM3€ HHEPrOEMKOCTH MPOIYKIIUN
SIBJISIETCA:

— QopMupoBanue  npopecCHOHANbHBIX  KOMIIETEHIIMH  MarucTpoB
(arpouH)XeHEpOB) B 00JaCTH  CHUCTEMATHU3UPOBAHHBIX  3HAHUU

3aKOHOMepHOCTeﬁ TENJI0MaccooOMeHa B YCTaHOBKAax M CHCTCMax IIO



MIPOM3BOCTBY M PACIPENCICHUIO YHEPTOHOCUTENEH B OTPEOUTEIBCKUX
sHeprocuctemax (I19C) arponpomsiniennoro komiuekca (AIIK);

— Ppa3BUTHUE HABBIKOB U YMEHUSI TBOPUYECKOT'O MCIOIb30BAHUS MPUKIATHON
TEOpPUH  TEIIOMACCOOOMEHHBIX MPOILIECCOB  MPU  PEIICHUH
NPAaKTHUECKUX 3a7ad ONTHUMH3AIMH SHEPTOEMKOCTH BBITyCKaeMO
MPOIYKIIMU U TIOBBIIIEHUS SHEPTO3(DPEKTUBHOCTH MTPOU3BOICTBA.

AIIK  xapaktepusyeTcs BecbMa OOJBIIMM  YHCIOM  Pa3HOOOpa3HBIX
MIPOU3BOJICTB, PA3NIUYHBIMU YCIOBUSMHU NMPOTEKAHUS TEXHOJIOTUYECKUX MPOIECCOB U
MHOTOO0Opa3reM  MPOU3BOJMMON MPOAYKIMH. BMmecte ¢ TeM TEXHOJOTHYECKHE
MPOLIECCHl MPEACTABIAIOT COO0N KOMOMHAIMIO CPaBHUTEIBLHO HEOOIBIIOTO YHCIA
TUIOBBIX TPOLIECCOB, JUIUPYIOUIYIO POJb CpPEIUd HUX 3aHUMAIOT TEIUIOBBIE H
MacCOOOMEHHBIE TMPOILECChl. DTH TMPOIECCH PEAIM30BAHBI B AJIEKTPOTEXHUYECKOM
00Opy/IOBaHUU PA3TMYHBIX KOHCTPYKTUBHBIX MOAM(PHUKAINN. 3aKOHOMEPHOCTH MX
OPOTEKAaHUSI OMNHUCHIBAIOTCS THUIOBBIMU 3aKOHAMH, YTO 3HAYUTEIBHO YIPOLIAET
pacdyeT W aHaIU3 DHEPreTHYECKUX IMapaMeTpoB  (PHEPTrOEMKOCTH MPOTYKIUH,
pe3epBa 3HEProcOepeKeHUs U T.11.).

Y4yeOHOoe mnoOcOOHME COCTOUT W3 BBEAEHUS U MATH TIJ1aB: METOOJIOTHS
CUCTEMHOTO aHaju3a MOTpeOUTeNbCKuX dHeprocucteM npeanpuaruii  AlIK;
OpUKJIaHasT  Teopusi  TEIJIOOOMEHHBIX  TPOLECCOB;  NPHUKIAgHAs  Teopus
MacCOOOMEHHBIX TPOIIECCOB, 3aKOHBl PABHOBECHs, PABHOBECHOE COCTOSHHUE,
HampaBJIeHUE MPOTEKAHUS U IBUKYIIAsl CHJIa TIPOIIECCOB TEIIIOMAacCOOOMEHa;
METOJMKa ONpPENEICHUS DSHEPrOEMKOCTH MPOAYKUMH B  MOTPEOUTENBCKUX
sHeprerudeckux cucremax AIIK.

3amayamMy  TEpBOM TJIaBbl  SBJSIETCS O3HAKOMIIGHME MAarucTpaHTOB C
METOJI0JIOTHEH CUCTEMHOTO aHAIHM3a TeTIOMacCOOOMEHHBIX MPOIIECCOB, aNMapaToB U
YCTAaHOBOK B  TOTPEOUTENCKHX  DHEPTOCHUCTEMAaX  CEIbCKOXO3SICTBEHHBIX
MIPOU3BOJICTB, a TaKkKe (POPMUPOBAHUE HABBIKOB NMPUMEHEHHs IHEProcOeperaronmx
NPUHIMIIOB M CXEM OpTraHW3alliil TMPOIECCOB, amnmnapaToB ¥ YCTaHOBOK IPHU

ONITUMHU3AlINH SHCProCMKOCTU TMIPOAYKIUH, IMPOCKTUPOBAHUU U 3HepFeTI/I‘—IeCKOﬁ



MozepHHU3auu. W3m0KeHbl MPUHIMIBI OJ0YHO—MEPAPXUUECKOTO MOIEIMPOBAHUS
npoueccos [19C.

Crnenyromue Tpu TaBbl OO0bEIMHAET 0OIAas METOAOJOTHYECKas OCHOBA
CTPYKTYpbl ~ M3JIOKEHMs Martepuana. llpencraBimeH  aHanuTHYeCKHil  0030p
byHIaMEHTAIbHBIX u MPUKIIATHBIX TEOPETUUYECKUX UCCIIEI0BAHUIM
TEMJIOMAaCCOOOMEHHBIX MPOIECCOB, ammapaToB U yctaHoBok [IDC. Paccmorpensr
3aKOHOMEPHOCTH TEIUIOMAacCOOOMEHA B YCTAaHOBKAX M CHCTEMax IO MPOU3BOJICTBY U
pacnpeneneHuIo SHEPrOHOCUTEIIEH.

B nsATONM rnmaBe mpeacTaBiI€HAa METOAMKA ONPEACICHUS IHEPrOEMKOCTH
MPOAYKIIMK B NOTpeOUTENbCckUx HHepretudeckux cuctemax AIIK u metonuka
OLICHKH HHEprod)(eKTUBHOCTH MNpPU HMHTEHCU(UKALMU HIIEKTPOTEXHOJOTHUYECKUX
MIPOLIECCOB CEJIbCKOXO3SIIICTBEHHOT O MIPOU3BO/ICTBA. [Tpoananu3upoBan
HHEPro’KOJIOrH4ecKui nHAeKe Bo3aercTrs 119C Ha okpyXaroniyro cpeny.

Crpykrypa yueOHOro mnocoOHsl TMO3BOJSET KOHLEHTPUPOBATh BHHUMAaHUE
MarucTpaHTOB Ha NPOOJEMHBIX M TEPCHEKTHBHBIX BONPOCAX MOTPEOUTENBCKUX
sHeprocucteM AIIK.

Y4yeOHOe mocoOue COCTaBIIEHO B COOTBETCTBHM € PabOYMMHU MpPOrpaMMaMH
muciuiuinabl «[IpuknagHas Teopusi TETUIOBBIX M MAacCOOOMEHHBIX — MPOIECCOB B
CUCTEMHOM AaHAJIN3€ DSHEPrOEMKOCTH MPOAYKIMM» W MNPEIHA3HAYEHO IS
MarucTpaHTOB, OOYYAIOMIMXCS MO HAIMpPaBICHUIO «ATPOMHXKEHEpUS» M MPOPUIIIO
«DNEKTPOTEXHOJIOTUU U 3JIEKTPOOOOPYAOBAHUE B CEIBCKOM XO3SHCTBE.

VYuebHnoe mocobme MoOKeT OBITh HCIOJIB30BAHO B OYHOM, 3a0YHOM H
JUCTAaHIIMOHHOM OO0y4Y€HUHM MaructpantoB. lIpencraBnser nuntepec nis 6akaaaBpoB,
CTYI€HTOB, ACMUPAHTOB, HAYYHBIX COTPYJHUKOB, arpOMHKEHEPOB U CIICIIUATUCTOB,

paboTtarommx B paznudHbix oonacTsax AlIK.



I'masa 1. METOJOJIOTUSA CUCTEMHOI'O AHAJIM3A
IHNOTPEBUTEJIBCKUX DHEPT'OCUCTEM (II12C)

Hayudnasi, uccnenoBarenbckas U MpaKTHYeCKasi MEATeILHOCTh MPOBOIUTCA Ha
0a3e MeTo10B (IMPHUEMOB HJIM CIIOCOOOB JIEHCTBUS ), METOAUK (COBOKYITHOCTH METO/IOB
U TIPUEMOB TIPOBEACHHSI MCCIEAOBAHNN) M METOAOJOTHI (COBOKYITHOCTH METOOB,
MpaBWJl paclpefeleHUusT W Ha3HAYCHHWS METOJO0B, a TaKXKe IaroB W UX

HOCJIGI[OB&TCJILHOCTI/I) .

1.1 CUCTEMHOCTb U3YYEHMUSA

B Hacrosiee BpeMsi HCHOJIB3YIOT TAKUE MOHITUS KAK «CHCTEMHBIN aHAIU3»,
«CUCTEMHBIN MOJX0/1», KTEOPUS CUCTEMY, KIIPUHLIUI CUCTEMHOCTI» U Ap.

Hauboiniee o01mmM noHsATHEM, KOTOPOE 0003HAYAET BCE BO3MOKHBIE MPOSBICHUS
CUCTEM, SBISIETCA «CUCTEMHOCTBH». CTPYKTypy CHCTEMHOCTH II€JIE€CO00pa3HO
paccMaTpuBaTh B TPEX acleKTaX: CHUCTEMHas TEOpHs, CUCTEMHBIM MOJXOJ U
CUCTEMHBIN METO/I.

Cucmemnass meopus (TECOpPHS CHCTEM) peaau3yeT OOBACHSIONIYIO U
CUCTEMATU3HPYIOUTYI0 (YHKLIMU: JAET CTPOroe€ HayyHOE 3HAHHE O MHPE CUCTEM;
OOBSCHSIET MPOUCXOKICHUE, YCTPOUCTBO, (PYHKIIMOHUPOBAHUE M PA3BUTUE CHUCTEM
Pa3IMYHON IPUPOJIBI.

CucteMHBI  MOAXOA  CIEAYeT  paccMarpuBaTh  KaKk  HEKOTOPBIM
METOOJIOTHYCCKHM TOAX0A K JEeWCTBUTEIBHOCTH, IMPEACTABISIIONINNA  CcO00
HEKOTOPYIO OOITHOCTh MPUHIIUIIOB, CHCTEMHOE MUPOBO33PECHHUE.

[Toaxox x cucTeMHOMY M3y4eHUIO TOTpeduTeabckux sHeprocucteM (I13C)— sto
COBOKYMHOCTh TMPHUEMOB W CIIOCOOOB BO3NEWUCTBHUS Ha OO0BEKT. [IpuHIIMD — 3TO
OCHOBHOE, HCXO/IHOE MOJIOKEHHE TEOpUHU, Hambosee 001lee MpaBuiIo eATeIbHOCTH,
KOTOpOe 00€CleurnBaeT €ro NpaBWIBLHOCTh, HO HE TapaHTHPYET OJIHO3HAYHOCTH

pelIeHus.



[Tonxon — 3T0 HEKOTOpas 0O0OOIIEHHAs cUCTEeMa MPEICTaBICHUM O TOM, Kak
JIOJDKHA BBITIOJIHATHCA Ta WM HMHAs JEATENIbHOCTh (HO HE JIETalbHBIA aTOPUTM
NEeWCTBUS), a MPUHIUI JEATCJIbHOCTH — MHOXECTBO HEKOTOPBIX OO0OOIIEHHBIX
MIPUEMOB U MPABUII.

Cucmemuolti nooxo0 — OTO METOJOJIOTHUS HAY4YHOTO TMO3HAHUS U
MPAKTHYECKON JICITEIBbHOCTH, a TaKke OOBACHUTEIBHBIM IPUHIIUI, B OCHOBE
KOTOPBIX JIEKHUT PACCMOTPEHUE 00HEKTA KAK CUCTEMBI.

CuCTeMHBIN MOJXO0/ 3aKJIF0YAETCS B OTKa3€ OT OJJHOCTOPOHHE aHAIUTUYECKUX,
JUHEUHO-TIPUYMHHBIX METOJ0B HccienoBaHusl. (OCHOBHOM aKIEHT TMpU €ro
MPUMEHEHUU JIeJIaeTCsl Ha aHaju3€ IEeJIOCTHBIX CBOMCTB OOBEKTA, BBISIBICHHUH €rO
Pa3JIMYHBIX CBSI3EH M CTPYKTYPhI, OCOOCHHOCTEH (DYHKIIMOHUPOBAHUS U Pa3BUTHUS
I[I3C. CucreMHBIN NTOAXOT MPEICTABIAECTCS JOCTATOYHO YHUBEPCAJIBbHBIM MOAX0I0M
NPy aHaJIu3€e, UCCIIEeIOBaHWU, NMPOEKTUpoBaHUU U ynpaieHun [19C. Haznauenue
CHCTEMHOI'0 TIOJXO0Ja 3aKJII0YaeTcsi B TOM, YTO OH HaMpaBisieT JACATEIbHOCTD
arpOUMH)KEHEpA-dHEPreTUKa Ha CUCTEMHOE BHJICHHE JedcTBUTENbHOCTU. OH
3actaBisier paccmarpuBaTh [I9C ¢ CMCTEMHBIX MO3UILIMKM, TOUHEE — C MO3UIUNA €€
CHCTEMHOT'O yCTPOMCTBA.

Takum o00pa3oM, CHCTEMHBIH TMMOAX0J, OyAydyd NPUHIIMIIOM ITO3HAHMS,
BBITIOJTHSICT OPUEHTAIMOHHYIO 1 MUPOBO33PEHUECKYIO (DYHKIIUH.

CUCTeMHBI METOJl peAIM3yeT IMO3HABATEIbHYI0D W METOHO0JIOTUYECKYIO
dbynaknuu.  OH  BBICTyHAaeT KaK HEKOTOpas HHTETpajbHas COBOKYITHOCTH
OTHOCHUTEJILHO MPOCTHIX METOJOB M MPUEMOB IMO3HAHUA, a TaKXke MpPeoOpa3zoBaHUS
JIEUCTBUTEIILHOCTH.

Koneunas 1enpb JIF000M CHCTEMHOM ACATEILHOCTH 3aKII0YacTCs B BBIPAOOTKE
peleHnid, Kak Ha craauu npoexktupoBanus 119C, Tak u npu ee ynpasieHuu. B stom
KOHTEKCTE CHCTEMHBIM aHaJIM3 MOKHO CYHTATh CIUIABOM METOJOJOTMH OOIeH
TEOPUH CHCTEM, CHCTEMHOI'O IIOAXO0Ja M CHCTEMHBIX METOJ0B OOOCHOBAHHS M

IIPUHATUS PELICHUMN.



1.2. ECTECTBEHHOHAYYHASI METOJOJIOTUSI U CACTEMHBIN IMOJIXO/I

[eHnTpanbHoe MecTo B uccinenoBannu 119C 3aHMMaroT 1Ba NpOTUBONOJIOKHBIX
NOJIXO0/1a: aHAIIU3 U CUHTE3.

Ananuz npenycMaTpuBaeT MpoLecC pa3iesieHns 1esoro Ha yactu. OH BecbMma
MOJIE3€H B TOM Cllydae, eclid TpeOyeTcs BBIICHUTH, U3 KaKUX 4YacTei (IJIEMEHTOB,
noacuctem) cocrout [19C. IlocpencTBom aHanuza npuoOpetaroTcs 3HaHUs. OAHAKO
IIPU 3TOM HENb34 MOHATH CBOMCTBA CUCTEMBI B LIEJIOM.

3aoaua cunmesa — moOCTpoeHUE menoro u3 yacteil. [locpencTBoM cuHTE3a
JOCTUraeTCsl TIOHUMaHUE.

B wuccnenoBanum 10001 mpoOiieMbl MOXXHO YKa3aTh HECKOJIbKO TIJIaBHBIX

OTaIlOB:

IMOCTAHOBKA 1I€JIN MCCIIEJOBAHMS,
— BbIFIeJICHUE NOpoO0JeMbl  (BBIACIEHHWE CHUCTEMbI): BBIACIUTH  TJIABHOE,
CYIIECTBEHHOE, OTOPOCHUB MajI03HAYNMOE, HECYIIIECTBEHHOE;
— ONHCaHWe: BBIPA3UTh HA EIMHOM s3bIke (ypoBHE (opManu3aIim)
Pa3HOPOHBIE IO CBOCH MPUPO/IE SABJICHUS U (DAKTOPBHI;
— YCTaHOBJICHUE KPUTEPHUEB: ONMPENCIUTh, UTO 3HAUUT «XOPOIIO» U «ILJIOXO0» ISt
OIICHUBAHUS MTOJTYYeHHONW MH(POPMAITUU U CPAaBHEHUS aJIbTCPHATHUB;
— wuaeanu3anus (KOHILENTYaJlbHOE MOJICIMPOBAHUE): BBECTH PAIMOHATBHYIO
uJeanu3aiuio npooIeMbl, YIIPOCTUTD €€ JI0 JOMYCTUMOrO0 Mpeiena;
— JCKOMITO3MIMA (aHANMM3): pa3feiauTh IIeJIoe Ha 4YacTh, HE Tepss CBOWCTB
11€JI0TO;
— KOMITO3UIIUA (CUHTE3): 00bEAMHUTD YaCTH B 1I€JI0€, HE TEPsisi CBOMCTB YacTe;
— PpCIICHUE: HAUTU pellIeHUe MPOOIEMBI.
B oTnnuune oT TpaaIUIMOHHOTO MOAXO0/a, IPH KOTOPOM IIpodJieMa pemaeTcs B
CTPOrOM MOCJIEIOBATEIBHOCTH BBILICIIPUBEACHHBIX ATANOB (WJIH B JPYroM MOPSIIKE),

CUCTEMHBIN noaxoa COCTOMT B MHOI'OCBA3HOCTH IIpoHEcCa PCHICHHA: OTallbl



paccMaTpHUBaIOTCS COBMECTHO, BO B3aUMOCBSI3U U JMAJIEKTHUYECKOM eauHcTBe. [Ipu
3TOM BO3MOJKEH NEPEXO0] K J000My 3Tamy, B TOM YHCIIE U BO3BpaT K IMOCTAHOBKE
EJIN UCCIIEOBAHUSI.

[1aBHBIM  NpPU3HAKOM  CUCTEMHOTO  MOAXOJa  SIBISIETCS ~ HAJIU4ue
JTOMUHHUPYIOIIEH pOJIU CIIOKHOTO, a HE MPOCTOro, IEJIOr0, a HE COCTaBIIAIOIIMX
aneMeHTOB. Eciu mpu TpaAUIIMOHHOM TMOAXOJE K MCCIEJOBAHUIO MBICIDH JIBHXKETCS
OT MPOCTOrO K CI0KHOMY, OT YacTel — K LI€JIOMY, OT 3JIEMEHTOB — K CHCTEME, TO B
CUCTEMHOM TMOJX0JIE, HA00OPOT, MBICIIb IABUMKETCS OT CJIOXKHOTO K MPOCTOMY, OT
Lejaoro K cocraBHbIM 4acTsaMm, oT [I9C k ananmu3y ee anemeHtoB. IIpu sTOM
3(PEKTUBHOCTh CUCTEMHOTO TMOAX0Ja TeM BbIle, 4yeM K Oosiee cioxHoi [I9C on

IMPUMCHACTCA.

1.3. CUACTEMHASA NEATEJBHOCTD

B Hacrosmee BpeMsi yCTOSBIIMXCS TEXHOJIOTMM CUCTeMHOro ananusa 119C B
npaktuke HeT. Cucremubii ananmm3 I19C mpeacrtaBiser coOoi clabOCBSI3aHHYIO
COBOKYITHOCTh TIPHUEMOB U METOAOB HedopMalbHOro M (opMalbHOrO XapakTepa.
Cutyanust ycyryOJseTcsi TeM, 4TO, HECMOTPS Ha TOJIYBEKOBYIO HCTOPHIO Pa3BUTHUS
CHCTEMHBIX UJICH, HET OJJHO3HAYHOCTH B IIOHMMAHNUK CAMOI'0 CUCTEMHOI'O aHaJIn3a.

B HacTosimiee Bpemsi CyIecTBYIOT CIEAYIOIIME BApUAHTHI CUCTEMHOI'O aHAJIN3a B

sHepreruyeckoi cepe AIIK:

1. OrtoxaecTBICHUE TEXHOJOTHH CUCTEMHOI'O aHalnu3a C TEXHOJOTHEH HaAyYHOTO
uccaenoBanus. I[lpy 3TOM It caMOTrO CHUCTEMHOIO aHald3a B ATOU
TEXHOJIOTUH MPAKTUYECKU HE HAXOAUTCS MECTA.

2. CBeneHue CHUCTEMHOTO aHaIM3a K CUCTEMHOMY KOHCTpyHupoBanuio. [lo cyTw,
CHCTEMHO-aHAJIUTUIECKAS NEeSITEILHOCTD OTOXKJICCTBIISICTCS c
CHCTEMOTEXHHYECKOH JIEATCILHOCTRIO.

3. OdeHb y3Ko€ MOHUMaHUE CUCTEMHOT0 aHaJIN3a, CBEJICHUE €r0 K OJHOU U3 €ro

COCTABJISIFOLIUX, HAIPUMEP K CTPYKTYPHO-(DYHKIITMOHAIbHOMY aHAIIU3Y.



4. OTOXIECTBJICHHE CHCTEMHOTO aHajh3a C CHCTEMHBIM IIOJIXOJOM B

AHAJTUTHUYECKOU IE€ATETbHOCTH.

5. IloHMMaHuMe CHUCTEMHOIO aHaJM3a KaK  HCCIEJOBAaHMSI  CHCTEMHBIX
3aKOHOMEPHOCTEHN.

B y3koM cMbIcie MOJ CHUCTEMHBIM aHAJIM30M JIOBOJIBHO YacTO [OHUMAIOT
COBOKYITHOCTb ~MaTEMAaTUYECKUX METOJOB HccienoBaHus cucreM. CBeneHue
CUCTEMHOTO aHaliM3a K COBOKYINHOCTM METOJOJOTHYECKHX CPEICTB, KOTOpPbIE
UCTOJB3YIOTCS JUIsl TOJATOTOBKH, OOOCHOBAHMSI M OCYIIECTBIICHUS PELICHUH 110
CJIOKHBIM TpobIeMam.

Takum 00pa3om, TO, YTO HA3BIBAIOT B HACTOSIIEE BPEMSI CUCTEMHBIM aHAJIU30M
B aHepretuueckoil  cdepe AIIK, mpencraBnser coboii  HeAOCTATOYHO

MHTETPUPOBAHHBIA MaCCUB METOJOB U IIPUEMOB CHCTEMHOM JEATEIBHOCTH.

1.4. MOAXOJbI K AHAJIM3Y U ITIPOEKTUPOBAHUIO CUCTEM

[Ipun aHanm3e u npoekThpoBaHuu naencTByromux II9C Moryr mHTEpecoBaTh
pasHbple aCHeKThl: OT BHYTPEHHEIO YCTPOMCTBA CHCTEMBI 10 OpraHU3aluu
YIpaBJICHHUS B HEU. B CBSI3M C ATUM YCIOBHO BBIIEISAIOT CIEAYIOLIME MOIXOABI K
aHaJIU3y U IPOEKTUPOBAHUIO:

— CHCTEMHO-DJIEMCHTHBIH,

— CHCTEMHO-CTPYKTYPHBIH;

— CHCTEMHO-(DYHKIIMOHAJIbHBIH;
— CHCTEMHO-KOMMYHUKATUBHBIN;
— CHCTEMHO-YIIPABJICHYECKUH;
— CHCTEMHO-UH()OPMAIMOHHBIN.

CucmemHo-31emenmublti 100xo0. HenpeMeHHOM NPUHAICKHOCTBIO CHCTEM
ABIISIIOTCS UX KOMIIOHEHTBI, YaCTH, UMEHHO TO, U3 4ero o0pa3zoBaHoO Liej0e U 6e3 4ero

OHO HCBO3MOXKHO.



CucmemHo-31eMenmHbIll NOOXO00 OTBEYAET Ha BONPOC, M3 4Yero (Kakux
3JIEMEHTOB) 00Opa30oBaHa cUCTEMa. JTOT MOJAX0/l MHOI/IA Ha3bIBAIM "TIepeUnCICHUEM "
cucteMbl. Ero BHavasne mpITaMCh MPUMEHUTD ISl UCCIIEIOBAHUS CIOKHBIX CHCTEM.
OpHako mepBbIE K€ MOMBITKH MPUMEHUTHh TAKON MOAXOJA K UCCIIEJOBAHUIO CHCTEM
yIOpPABJICHUS] ~ DHEPrONPENNPUATUIMUA W OpraHu3alsIMd  MOKa3alih,  4TO
«MEPEUYUCITUTHY CI0KHYIO SHEPTETHUECKYIO CUCTEMY MPAKTUYECKH HEBO3MOYKHO.

Cucmemno-cmpykmyptulii n00xo0. KOMIOHEHThI CUCTEMbI MPEJICTABIISIIOT HE
HAOOp cCiy4allHBIX OecCBs3HBIX OOBEKTOB. OHM HHTETPUPOBAHBI CHUCTEMON H
ABIISIOTCSI KOMIIOHEHTAMHU UMEHHO JTAHHOW CHCTEMBI.

Cucmemuo-cmpyKmypHwiti N00X00 HAIpPaBJICH HA BBIABICHUE KOMIIOHEHTHOTO
COCTaBa CHUCTEMBbl M CBSI3€M MEXIy HHMMH, OOECIIEUMBAIOLIUX LIEJIEHANPaBICHHOE
(YHKIHOHUPOBAHUE.

[Ipy CTpPYKTypHOM HCCJIEIOBAaHUU IPEAMETOM HCCIEI0BaHUM, KakK IpaBuio,
ABJISIIOTCS COCTAB, CTPYKTYpPa, KOH(UTYpaLysl, TOMOJIOTHUS U T. I.

Cucmemuo-ghynkyuonanvusili nooxoo. llenb BBICTyMaeT B cucTeME Kak OJUH
U3 BaXHbIX cucTeMooOpasyomux ¢(akropoB. Ho wnens TpeOyer paeicTBuid,
HAIPaBIICHHBIX Ha €€ JOCTHXKEHHE, KOTOPhIE €CTh HE YTO MHOE, KaK €€ (PYHKIIHH.
OYHKIIMM O OTHOIIEHUIO K II€JIM BBICTYNMAIOT KaK CIOCOOBI €€ JOCTUKEHHS.
CucreMHO-(DyHKIIMOHAJIBHBIM [MOAXOJ HampaBl€H Ha PAacCMOTPEHHE CHUCTEMBI C
TOYKHM 3PEHUS €€ MOBEICHHS B Cpele Ui JOCTIDKCHUS LeTu (yHKIIMOHUPOBAHHUS
I[T9C — cHMKEHNE YPHEPTOEMKOCTH POTYKIIUH.

[Ipn QyHKIMOHANIBHOM WCCIEAOBAHUN PACCMATPUBAIOTCA: JTUHAMHYECKHE
XapaKTePUCTHKH, YCTOMUMUBOCTH, JKUBYYECTb, SHEProd(pPEeKTUBHOCTH, T. €. BCE TO,
YTO MPU HEM3MEHHOW CTPYKTYpE CHCTEMbI 3aBHCHUT OT CBOMCTB €€ 3JIEMEHTOB M HX
OTHOILLIEHUM.

CucmemHO-KOMMYHUKamMu8Hvili nooxood. Kaxnass cuctema BCeraa sBISECTCS
AJIeMEHTOM (TTOACUCTEMOM ) Ipyroi, 6osee BrIcCOKoro ypoBHs. Cama cuctemMa, B CBOIO
ouepenb, 0OpazoBaHa U3 MOACUCTEM 0oJiee HU3KOTO YpoBHS. MHaue roBopsi, cucreMa

CBSI3aHAa MHOKECTBOM OTHOLIEHUW (KOMMYHHUKAIMi) C CaMbIMU Pa3IUYHBIMU



CUCTEMHBIMH M HECUCTEeMHBIMU 00pa3oBaHuAMU. CHCTEMHO-KOMMYHHKATHBHBIN
MOJIXOJ] HAaIMpaBJIeH HAa HM3yYE€HUE CUCTEMBbl C TOYKM 3PEHHUS €€ OTHOILIECHUH C
JIPYTUMU, BHEITHUMU O OTHOILIEHUIO K HEH, CHCTEMaMH.

Cucmemno-ynpasnendeckuii. nooxod. CucTteMa TOCTOSHHO HCHBITHIBAET Ha
cebe BO3MYIIAIONIKME BO3JEHCTBUA. DTO - MPEKIE BCEr0 BHYTPEHHUE BO3MYIICHUS,
SBJISIFOIITUECS] PE3yJbTaTOM BHYTPEHHEW MPOTUBOPEYMBOCTH JIFOOOH CHUCTEMBI. JTO U
BHEITHHE BO3MYILEHHUS, KOTOpPbIE IalleKO HE BCErja OJarompusTHBL: HEIOCTATOK
pPECypcoB, IKECTKHE OrpaHWyYeHuss W T. JA. Mexay TeM CcHCTeMa JKHUBET,
(YHKIIMOHUPYET, pa3BHBAeTCs. 3HAYWT, HApALY CO crheuupuyeckuM Habopom
KOMIIOHEHTOB, BHYTPEHHEH opraHu3anueit (CTpyKTypod) U T. A., €CTh U JIpyTue
CUCTEMOOOPA3yIOIIUe, CUCTEMOCOXpaHsomue GakTopsl. ITH (HaKTOphl 0OecTeueHUs
YCTOWYMBOCTHU >KU3HENEATEIPHOCTH CHCTEMBI HA3bIBAIOT yIpaBieHueM. CHCTeMHO—
yIPABJIICHUYECKUI TOAXO0J HAMNpaBJIeH HA W3YYEHHE CHUCTEMbl C TOYKH 3pPEHUS
oOecrieueHus ee IeJICHANPaBICHHOTO (PYHKIIMOHUPOBAHUS B YCIOBHSIX BHYTPEHHHUX
Y BHEIIHUX BO3MYILICHUMU.

CucmemHo-uHpopmayuonHvlti n00xod. YTPABICHUE B CHUCTEME HEMBICIHMO
0e3 mepenauu, MOJy4YEeHUs], XpaHEeHUs U 00paboTku uHpopmauuu. Muapopmanms —
3TO CTOCOO CBSI3U KOMITIOHEHTOB CUCTEMBI IPYT € IPYIOM, KaKJO0Tr0 U3 KOMIIOHEHTOB
C CUCTEMOH B II€JIOM, a CUCTEMBI B IIEJIOM — €O Cpelloil. B cuity ckazaHHOTO, HENb34
PACKpBITh CYITHOCTh CUCTEMHOCTH 0€3 U3y4YeHus €€ MH()OPMAIMOHHOTO ACTIEKTA.

CucreMHO-UH(OPMALMOHHBIN TMOJAXO0J HANpaBJIEH Ha H3YYEHHE CHCTEMBI C
TOYKH 3PEHHUS Tepeiayu, TOIy4YeHHs, XpaHeHHs W OO0paOOTKH JaHHBIX BHYTPHU

CUCTEMBI U B CBS3U CO CPENION.

1.5. PABPABOTKA METOJAUK CUCTEMHOI'O AHAJIU3A

KoHeyHast 1menb CMCTEMHOTO aHalIM3a — OKa3aTh IMMOMOIIb B IOHUMAaHUU M
pelIeHn MMEIOIICICsT MpOoOJeMbl, YTO CBOJAMTCS K TOUCKY M BBIOOpY BapHaHTa

pemieHust npoOnemMbl. PesyiabTaTom OyneT BbIOpaHHas anbTepHATHBA JMOO B BHUJE



YIPABJICHUYECKOTO PEIIeHUs, Tn00 B Buje co3nanus HoBor [19C unm peopranuszanuu
crapoil. Hemonnota undopmanmu o mnpoOIeMHOW CHUTyalluu 3aTpPyIHSET BBIOOP
METO/IOB €€ (HOPMaIM30BAHHOTO MPEACTABJICHUS W HE TO3BOJISIET C(HOPMHUPOBATH
MaTeMaTHYECKYIO0 MOJiedb. B 3TOM cilydae BO3ZHHKAEeT HEOOXOJUMOCTh B pa3pabOTKe
METOJIMK MPOBEJICHUS CUCTEMHOIO aHaJN3A.

Heobxoaumo ornpeaenuts nocieoBaTeIbHOCTh 3TAllOB CUCTEMHOTO aHAIN3a,
PEKOMEHJ0BaTh METOJbI [IJIsi BBIIIOJIHEHUS JTUX JTANoB, MNPEAYyCMOTPETh IMpHU
HEOOXOUMOCTH BO3BpaT K MPEAbAyIIMM »TanaMm. Takas MOCIeqoBaTeIbHOCTh
ompeeeHHBIM 00pa30M BBIICIICHHBIX W YIOPSIOYCHHBIX ATAloOB WM IOAJTAIOB B
COYETAaHUU C PEKOMEHJIOBAaHHBIMHU METOJAaM U TpPUEMaMH WX BBINOJHEHUS
MPEICTaBIIAECT COOON CTPYKTYPY METOJUKHA CUCTEMHOI'O aHaJU3a.

[IpakTKK BUAST B METOAMKAX Ba)KHBIM MHCTPYMEHT JJISI pEUICHUs MpoosiemM
cBOEH mpeaMeTHON ob6sacTu. M XOTs K CeroHsIIHEMY JIHIO HAKOTUIEH OOJIBIION MX
apceHall, HO, K COXKaJIeHHIO, CJeAyeT MpU3HATh, YTO pa3padOTKa YHHUBEPCAIbHBIX
METOJIOB M METOJIMK HE MPEACTABISIETCA BO3MOXHOM. B KaXIoM mNpeIMeTHOU
o0nacTu, I Pa3IMYHBIX THUIOB pEHIAEMBIX NPOOJIEM CHUCTEMHOMY AaHAIUTUKY
MPUXOAUTCS pa3pabaTbiBaTh CBOIO METOJMKY CHCTEMHOIO aHainu3a Ha 0ase
MHOXECTBa MPUHLMUIOB, WJEH, TUIIOTE3, METOJOB M METOAUK, HAKOIUICHHBIX B
00JIaCTH TEOPUU CUCTEM U CUCTEMHOTO aHAJINU3a.

[Ipn pa3paboTKe METOAMKM CHCTEMHOIO aHajliu3a IMpexkae BCEro Cieayer
OTIPENEIUTh TUI pelraeMon 3aaaun (mpooiemMbl). 3aTeM, eciiu MpodeMa 0XBaThIBACT
HECKOJIbKO  oOJjacTed: BbIOOp Iielield, COBEPILIEHCTBOBAHHE  OPICTPYKTYPHI,
OpraHu3alldi0 MpoIecca MPUHATUS U peau3alliy PEelICHUH, BBIACIUTh B HEH ITH
3a/1auu ¥ pa3paboTaTh METOAUKH IS KKIOM U3 HUX.

[Ipennaraercs cienyroumil NepeueHb MpoLeayp CHCTEMHOTO aHAIN3a!

1. Onpenenutb TrpaHULBl HUCCIAEAYEMON CUCTEMbl (BBLACIUTh CUCTEMBI U3

OKpY>KaroIlEen Cpeibl).

2. Omnpenenuth BCE MOJICUCTEMBI, B KOTOpPHIE BXOAMUT HUCCieayeMas CUCTEMa B

Ka4YCCTBC 4acCTH.



OnpenenuTs OCHOBHBIE YEPThl M HAIPABICHUS PA3BUTUSI BCEX HAJCUCTEM,
KOTOPBIM TIPUHAIJICKUT JAaHHAS CHUCTEMa B YaCTHOCTH, C(HOpMYyIHpOBATH MX
LEJIN U IPOTUBOPEUUS MEXKAY HUMHU.

Onpenenute poJib  HCCIEAYEMOM CHCTEMBI B KaXXJOW HaJCHCTEME,

paccMaTpuBad 3Ty POJIb KaK CPpCACTBO JOCTHUKCHUA ueneﬁ HaACHUCTCMEI.

CJ'ICI[yeT PaCCMOTPCTDh IIPpU 3TOM B4 aACIICKTaA:

— HWJCAUIM3NPOBAHHYIO, OXHJAEMYI0 POJIb CHCTEMBI C TOYKH 3pEHUA
HAJICUCTEMBI, T. €. T¢ (PYHKITUHN, KOTOPHIE CJIEIOBATIO ObI BHITIOIHATH, YTOOBI
pean30BaTh LEJIN HAJICUCTEMBI,

— PpeaJbHYIO POJIb CUCTEMBI B JJOCTH)KEHUU 1IEJIeH HAaJICUCTEMBI.

5. BBISIBUTH cOCTaB CHUCTCMBI, T. €. OIIPCACIUTD 4aCTHU, U3 KOTOPBIX OHA COCTOMT.

6. Omnpenenutrb CTPYKTYPY CHCTEMBI, MPEICTABISIONIYI0 COOOM COBOKYIHOCTD

CBSI3€U MEXKNY €€ KOMIIOHEHTaMHU.

Onpenenuth (QYHKIMM aKTHBHBIX JJIEMEHTOB CHCTEMBI, MX «BKJIaa» B
peanu3alrio poiaM CUCTEMBI B LEJIOM. lIpHMHIMIMANIBHO Ba)KHBIM SIBIISIETCS
rapMOHUYECKOE, HEMTPOTUBOPEUMBOE COUETAHWE (PYHKIUH Pa3HbIX 3JIEMEHTOB
CUCTEMBI. JTa mpolbiiemMa OCOOCHHO akTyaldbHa JUIA TOApa3/aeieHUN
npeanpuatuii AIIK, ybn (QyHKIMM YacTO BO MHOTOM «HE COCTBIKOBAHBI»,
HEJ0CTAaTOYHO MOJYMHEHBI O0IIEMY 3aMBbICTTY.

BbIsiBUTh TpUYUHBI, OOBEIMHAIOLIME OTACNIbHbIE 4YacTH B CUCTEMY, B
1EeJ0CTHOCTh. OHM HOCAT Ha3BaHUE MHTETPUPYIOUX (PAKTOPOB, K KOTOPHIM B
NEPBYKD OYEpEeAb OTHOCUTCS 4YEJOBEYECKass JIESITeNIbHOCT. B xone
NESATEIbHOCTH YEJOBEK OCO3HAE€T CBOM HWHTEPECHl, OMNpEeNeNseT e,
OCYUIECTBJISIET MPAKTUUYECKUE NEUCTBUS, (POPMHUPYS CHUCTEMBI CPEICTB IS
goctxkeHus: 1ened. VcXOaHbIM, MEPBUYHBIM HHTETPUPYIOUINM  (HAKTOPOM
sBisieTcs 1enb. Llens B mr000M cdepe AesTeTbHOCTH MPEICTaBISIET COOOM
CJIOKHOE COUYETaHUE Pa3JMYHBIX IPOTHBOPEUYMBBIX MHTEPECOB. BececTtopoHHee

IMO3HAHHUC HCJIM IMO3BOJBICT CYAUTH O CTCIICHU YCTOﬁqHBOCTH CHUCTCMBI, O €€



HETPOTUBOPEUYMBOCTHU, 1IEJIOCTHOCTH, MPEABUJIETh XapaKTEP €€ AalbHEHIIEro

pa3BUTHSI.

9. BeisiBUTH CBsI3b ¢ BHeEImHEW cpenod. [l JeHCTBUTENBHO TIyOOKOTO,
BCECTOPOHHETO U3YUYEHHUSI CUCTEMbI HEIOCTATOYHO BBISIBUTH €€ CBSA3U CO BCEMU
MOJICUCTEMaMH, KOTOPBIM OHa NpuHAIeKUT. HeoOxoaumo erie Mmo3HATh
TaKW€ CHCTEMbI BO BHEIIHEW Cpelie, KOTOPbIM MPUHAIICKAT KOMIIOHECHTHI
uccienyeMon cucteMbl. HyXHO BUIETh CBA3b MEXKIAY HUCIOIb3YEMbIMH Ha
NPEANPUITAA  TEXHOJOTUSIMU M «IPOCTPAHCTBOMY» HAYYHO-TEXHUYECKOTO
nporiecca U T. A. Oco3HaHUWE OPraHUYECKOro, XOTS M MPOTUBOPEUUBOIO
€IMHCTBA BCEX CHUCTEM, OKPYKAIOIIUX MNpEeANpUsITHE, MO3BOJISET MOHUMATh
NPUYMHBl €Tr0 1EJOCTHOCTH, IIPEOTBpallaTh IMPOLECChl, BEAyIIHME K
JE3UHTErPALNH.

10.PaccMoTpeTh HUcCIeyeMy 0 CUCTEMY B JUHAMUKE, B pa3BUTUH. J[J1 ri1yOoKoro
MOHUMAHHS JIFO00H CHCTEMBI HEIb3sS OIPAHUYMBATHCS PACCMOTPEHHEM
KOPOTKMX TMPOMEKYTKOB BpPEMEHU €€ CYIIECTBOBAaHUS U  Pa3BUTHUA.
Ilemecoobpa3Ho MO BO3MOXKHOCTH HCCIEA0BATh BCIO €€ HCTOPHIO, BBISBUTH
MIPUYUHBI, TOOYAUBIINE CO3AaTh 3TY CUCTEMY, ONPEIACIUTh UHBIE CUCTEMBI, U3
KOTOPBIX OHA BbIpacTajia W cTpowsaach. Takke BaXHO HM3y4aThb HE TOJIBKO
UCTOPHUIO CHUCTEMbl WJIM JAUHAMHUKY €€ HBIHCIIHEr0 COCTOSIHUS, HO U
MOMNBITATHCS, UCTIOJIB3YS CIEIUANIbHBIC IPUEMBI, YBUJETh Pa3BUTHE CUCTEMBI B
OymymieM, T. €. TPOTHO3MPOBAaTh €€ OyAyIllue COCTOSHHUS, IPOOJIEMBI,
BO3MO>KHOCTH.

N3noxeHHass  MOCIENOBATEIbHOCTh MPOLEAYP CHCTEMHOIO aHajav3a He
SBJISETCS 00S3aTeIbHOM M 3aKOHOMEpHOH. OOs3aTelbHBIM SBIISICTCS TIEPCUYCHBb
IpOLEIYP, YEM HMX MOCJIEAOBATEILHOCTh. EJWHCTBEHHOE NMPaBWIO 3aKJIKOYAETCS B
11eJ1eco000pa3HOCTH MHOTOKPATHOTO BO3BPAIIICHUS B XO/I¢ MCCIICIOBAHMS K KaXKI0H U3
OMHCAHHBIX Tporenyp. TOIBKO 3TO SBISETCS 3aJ0TOM TITyOOKOTO M BCECTOPOHHETO

uzyuyenus u ontumuzanuu [19C ATIK.



1.6. CACTEMHBIN IMOJIXO/1 K ITPOBJIEME ITOBBIIIIEHUSI
SHEPI'O3PP®EKTUBHOCTHU
MMPOU3BOJICTBA CEJbCKOXO3HCTBEHHOM MTPOIYKIIUA

Metonsl 3HEprocOepexeHuss B crampoHapHoM mnpou3BoactBe AlIIK yxke
MPOJOJKUTENbHOE BpeMs pa3pabatreiBaioTcs Ha kadeape «0II u DT B AIIK».
MHorve u3 HUX MPOIUIM anpoOalMi0 W OMNBITHYIO IPOBEPKY. ITO IO3BOJISIET
paccMaTpuBaTh HMX COBOKYIHOCTh KaK METOJIMYECKYI0 0a3y uisl ajanTaluu IOJ]
3alauyu  ’HeprocOepekeHuss B MOOWIbHOM sHepretuke. OCHOBHBIC TOHSTHS,
[IOJIO)KEHHBIE B OCHOBY METOJUKH, CJIEAYIOLIHE:

1. Ilompebumenvckasa suepeemuueckas cucmema (II12C) u ee cxema.

OTnUYnATENBHBIM IIPU3HAKOM I19C SBIIAETCS HaJIN4ne B Hel
sHeprorexHojornueckux mnpoueccoB (DTII) TpEX BHJOB, OINPEACIAEMbIX
pe3ynbTaTtoM wucnosb3oBaHuss sHeprum: OTII-1 — pesymbrar -  npoaykuus

Opou3BOACTBa, BcrmomoraTenbHbix OTII-2 w  obecneunBalOIUX  YCIOBHUSA
xusHenestenbHoctn JTII-3. Cxema IIDC He TONBKO OTpaxkaeT mepexon K
IPOLIECCOBOMY AaHAJIM3Y, HO M BBICTPAMBAET JIOTMKY HMCCIECJOBaHUA: pacdyeTHOEe (Ha
OCHOBE HAYYHBIX MPEJICTABJICHUH mpoliecca), ONpeAeliCHHe MUHUMAIBHOTO PacXxoia
SHEPruu Ha pe3ynbTat kaxaoro DTII, uamMepenue HakTHUECKOro pacxoia SHEPTUH U
onpenenenue Hanbonee sHeproeMkux ITII u snemenToB. MOOHMIIbHBIE TIPOIIECCHI C
MCIIOJIb30BAaHUEM TOIUIMBA OTHECEHBbI K BcroMorarenbHbiM (DTII-2). ITockonbky B
olliee YHUCIO Pe3yJbTaTOB aHAJIM3UPYEMBIX IPOLIECCOB BXOAUT W BBITyCKaeMas
npeanpustueMm npoaykuusa, To [I9C cnenmyer cuuTaTh OCHOBHBIM M HAdaJlbHBIM
00BEKTOM B HMEpapXvu MPOU3BOACTBEHHBIX OOBEAMHEHUN MPU CUCTEMHBIX aHAJIU3aX
3¢ (HEKTUBHOCTH SHEPTOUCTIONH30BAHUS M0 KPUTEPUIO SHEPTOEMKOCTH MPOIYKIUH, B
TOM YHMCJIE U IIPU aHAIM3€ UCIIOJIb30BAaHUS TOILIABA.

2. VYuusepcanvnviti kpumepuii  duepeosghpexmusnocmu. OCHOBHOU KpUTEpHUI
3 (PEKTUBHOCTH — IHEPTOEMKOCTh MPOIYKIIMHA KaK OTHOIICHHE BCEH MOTPEOICHHOM

SHepruu (BKJIIOYas TOIUIMBO) K 00BEMY TMpOM3BEeAeHHON mnpoaykiuu. Kpome



OCHOBHOTO KpHUTepusi 3HEprodPGEeKTHBHOCTH BBEICH HOBBIA KPUTEPUHA — OTHO-
CUTENIbHAsI HAHEPrOEMKOCTb, OINpEIEAsieMbld KaK OTHOIIEHUE TMOJIBEACHHON K
AJIEMEHTY OJHEPrUM K OHEPruH, OTBOAMMOW OT Hero (sl Mepefarolux Hu
MpeoOpa3yIoUMX HSHEPTUI0 SJIEMEHTOB), JUHEWHO CBS3aHHBIA C OCHOBHBIM. C
MIOMOIIBIO 3TUX KPUTEPUEB MOKHO MOJIYYUTh SHEPrOEMKOCTh JOXOJA MPEATPUATHS
WIM  DHEPrOEMKOCTh  BaJIOBOTO  NPOAyKTa  oTpaciad. Takum  oOpaszom,
IHEProcOepekeHrne KakK BHJ NPO(ECCHOHATBLHON MEATEeTLHOCTH arpOrHXEHEpa II0
YIOPABICHUIO TOTPEOUTETHCKOM DHEPreTUKONM  00ECHedYeHO  OOIICTPUHSATHIMU
KpUTEPHUSIMHU ONTUMU3ANH U onleHKH. [Ipu Bkimodyennn B [19C MOOMIIBHBIX CHIIOBBIX
MIPOLIECCOB U OMOJIOTMYECKUX OOBEKTOB (JKMBOTHOE, MTHIA U PACTEHUE) KPUTEPHUH
HHEProdhHEKTUBHOCTH COXPAHSIOTCS BBUAY CBOEH OTHOCUTEIHLHOCTH.

3. Teopemuueckue  nonodicenus  3Hepeocoepedcenus 6 [IOC. MeToasl
MaTeMaTU4eCKOr0 aHajdu3a HE MOTYT paccMaTpUBaTbCcsl B KAyeCTBE TEOPUH
sHeprocoepekeHrsa. B ycroBusix morpeOUTEThCKOW CHUCTEMbl OCHOBHOW KPUTEPHIA
s pekTuBHOCTH  (PHEPrOEMKOCTh NPOAYKIMKW)  MPsSMO  HE  CBS3aH
muddepeHranbHbBIM ypaBHEHHEM C MOTpebsieHHo# sHeprueit. Kpome atoro, mpu
peuieHun 3aaa4 YPQPEKTUBHOCTU HEJb3s1 MPU3HATH MOIIHOCTh MOJHON MPOU3BOHOMN
SHEPruM, TaK KakKk WHTErPUPOBAHUE IO BPEMEHM SBISECTCS HUCKIIOYUTEIBHO
MaTEMaTUYECKOMN Omepalneii, He YYUTHIBAIOIICH Kakue-Iu00 yCIoBus (COCTOSHUE), B
YaCTHOCTH, YMEHBIIIEHHWE MOIIHOCTH JBIKYIIEHCS SHEPIHMU 3a CUE€T COOCTBEHHBIX
notepb. [loaTomy paspaboTanHbiii MeTO] KOHEUHBIX oTHOIIeHH (MKQO) ocHoBaH Ha
TOM, YTO JI000M TexHmueckui 3yeMeHT I[1D9C saBasgeTcs 0OBEMHBIM, B KOHCUYHBIX
CeUEHUAX oObemMa MPOXOAsIIas DJHEPTrUsi HE TOJBKO SBJSIETCS HWHTETPaIoM
MOIIHOCTH, HO M U3MEPSETCS CYETUYMKOM. Pa3HOCTh KOHEUHBIX MOIIIHOCTEH SIBJISIETCS
BBIpQ)KEHUEM 3aKOHa COXPAHGHHSI W JIETKO TIEPEeBOJUTCS B  IOKa3aTeNH
s dextuBHOCTH. JloKazaHo, 4TO sHepreruueckue jauHuM [19C, cocrtaBieHHbIe U3
MOCJIEA0BATEIBHO COEIMHEHHBIX AJIEMEHTOB, UMEIOT OTHOCHUTEJIbHYIO
SHEPrOEMKOCTh, PABHYIO MPOU3BEACHUID JHEPrOEMKOCTEH 3JIEMEHTOB. ITO

no3Bosiniio B MKO 000iiTi n3nomMbl (yHKIUI MOUTHOCTH B Ka)XIOM COEIUHEHHH.



st ucionszoBannst MKO kak mMeTonma BBIYMCIICHHS MoKa3arenei 3(pGeKTHBHOCTH
MIPOIIECCOB B DJIEMEHTaX HEOOXOIUMO HMETh JaHHBIE O (YHKIUSX DHEPTUH H
MOIIIHOCTA B  KOHEUYHBIX CEUYEHHUSX DJIEMEHTOB, KOTOpPbIE  OINPEHCISIOTCS
u3MepeHusIMU. MOOMIIbHBIE CHUJIOBBIE MPOLIECCHl TOTPEOYIOT APyTrue U3MEPHUTEIbHBIC
CXEMBI JUIsl OJTy4YEHHUs MMOKa3aTele SJHEPreTHUECKUX MPOIIECCOB.

4. Omuepeemuuecxkue xapaxkmepucmuxu o060opyooeéanus. (OCHOBHOW NPUUYUHOMN
MOBBIIIEHUS YHEPTOEMKOCTH MPOAYKIUHU SIBISIETCS POCT OTHOCUTEIIBHBIX MOTEPh B
000pyJIOBaHUU TPH OTKIOHEHUU PEKHUMa MOTPeOJeHUsT OT HOMHUHAIbHOTO. Jlis
HEKOTOPBIX BHUAOB OOOPYJIOBAaHUSI B TEXHUYECKOM JTOKYMEHTAIlUW MPUBOIATCS
MOKa3aTelld, XapaKTepU3yIollue CHIKEHHE A(P(EKTUBHOCTH  000PYIOBaHUSA
(manpumep, cHmwxkenue KIIJ[ acunxponnoro asuraresns). Takue gaHHBIC MOTYYHIA
Ha3BaHUE DHHEPreTUYECKON XapakTepUCTUKH oOopynoBaHus. OHa HYyKHAa JUIs
KOHTPOJISL COCTOSIHUS, YXY/IIIAIOIIErocs B MPOLIECCE SKCILTyaTalluid 000pyA0BaHMUSL.

5. Colepatcanue meponpuamuii N0 OP2AHU3AYUU NPAKMULECKO20 IHEP20COEPeHCeHUs.
Ha npednpuamusx. MacitaOHble paboTsl 1o sHeprocoepexenuto (AIIK paiiona,
pErroHa) OCYIIECTBISIIOETCS (UPMOM, CHenuaIu3upyIoNIeiicss Ha JOTOBOPHBIX
ayTCOPCHHTOBBIX  YCIIyrax notpedurensim  sHepruv. Hudopmanus 00
3 peKTUBHOCTH BceX JHepreTuyeckux mpouecco B IIDC mocrymaer oT
uHpopmarmonHo — uaMeputenbHoi cuctembl (MUC). nst koHTposst MOOMITBHBIX
MPOLIECCOB MCIOJB3YIOTCS CUCTEMbI TUCTAHUMOHHOTO KOHTPOJISI U JUCTAHIMOHHOU
nepenaun naHHbiX. OOpaboTKa MaHHBIX, MOJYYEHHBIX Mpu sHeproayautax [19C,
MPOU3BOJIUTHCS B JUCIETYEPCKOM INYHKTE, OCHAIIEHHOM YCTPOWCTBAMU TMpHeMa
nH(pOpMauK, BEIYUCTUTENBHON TEXHUKOH, Oa3aMHu.

IIpu paccmorpenun npowusBojacTBa AIIK  kak  CI0OXHOW  CHCTEMBI
npeABapUTEILHO HEOOXOJUMO H3YYUTh CBSI3U MEXKIY OJJIEMEHTAMH, BBISIBUTh
COBOKYMHOCTh yMPABIISIEMbBIX U HEYNPABIISIEMBIX MapaMeTPOB, CIOCOOHBIX BIHATH Ha
MOKa3aTeI SHEPrOEMKOCTH Tpollecca U KadyecTBO MPOoAykKiuu. K HUM OOBIYHO

OTHOCAT:



— COCTaBbl IOTOKOB, HX pacxolbl W TEXHOJOTMYECKUE MapaMeTpsl
(Temneparypa, JaBJI€eHUE, KOHUEHTPALMs U T.11.);

— KOJMYECTBO MOABOAUMOMN U OTBOJANMO SHEPTUH.

To ecTb Te mapaMmeTpbl, OT KOTOPBIX NPEXKAE BCErO 3aBUCUT IPOTEKAHHE
TEXHOJIOTHYECKOT0 IpOIECCa, BSHEPreTHUYECKHUE M KalmuTalbHbIE 3aTpaTbl Ha
IPOU3BOJICTBO MPOAYKTOB.

[Ipu pa3paboTke ¥ HCCIEIOBAHUU CIOXKHBIX CHCTEM, XapaKTEpU3YIOIIUX
0001 TEXHOJIOTHYECKU OOBEKT, BBIACISIOT, KaK MPAaBUIIO, JIBA KJIACCa OCHOBHBIX
3a1a4:

— 33Ja4M CUHTE3a, CBOJAILIMECA K BBIOOPY CTPYKTYphI U 3HaYEHUU MMapaMeTpoOB
Ha OCHOBE 3aJJaHHBIX CBOMCTB CUCTEMBI;

— 3aJlayd aHaJIN3a, CBSA3aHHBIE C U3YYEHUEM CBOMCTB MOBEJECHUS CUCTEMBI B
3aBUCUMOCTH OT €€ CTPYKTYpPBI U 3HAYECHU [TapaMeTpPOB.

Cunre3 TC — 310 omepanusi BbIOOpa THUIOB 3JEMEHTOB M CTPYKTYpBI
TEXHOJIOTUYECKHUX CBSI3€M MEXIYy HHMM, OIPEACIICHHUS NapaMETPOB 3JIEMEHTOB H
TE€XHOJIOTUYECKUX MOTOKOB CHUCTEMBI, KOTOPbIE, B KOHEUHOM CUére, 00€CIEeUnBAIOT
ONTHUMAaJIbHOE 3HAUYEHUE KPUTEPUS IHEPreTUYeCKON 3P(HEKTUBHOCTH.

CucteMoil Ha3bIBA€TCSd MHOKECTBO HAXOISIIMXCS B OTHOIIEHUSX U CBS3SIX
MEXIy cOOOM 3JIEMEHTOB, MPEICTABISAIOIINX €IMHOE 1IeJI0€ U NPeIHa3HAYeHHOEe AJIs
JIOCTHIKEHUS KaKOW-I1100 LIEIH.

CucteMa TEXHOJIOTMYECKHX IpolieccoB B mpousBoacTBax AIIK — »3r1o
COBOKYMHOCTb 3JIEMEHTOB, 00J1a/1at01Iast IBYMsI OCHOBHBIMH OCOOCHHOCTSAMH:

— TEXHOJOIMYECKHH OOBEKT Oa3upyeTcsi Ha aHaJu3e KOMIUIEKCa SIBICHUH,
XapaKTepU3yIOIIUX BCE TPOIECChl (IHEPreTUYEeCKHue, MacCOOOMEHHBIE,
MEXaHUYECKHUE U T. J1.), TOCKOJIbKY MPOU3BOJICTBO HENb3 PACCMATPUBAThH KaK
CyMMY OTHEJBHBIX TEXHOJOTHUYECKUX OINepanud U IpoueccoB. Kaxupii
OTJICJBHBIN AJIEMEHT MPOU3BOACTBA HEMOCPEACTBEHHO MM KOCBEHHO BIIUSET
Ha JIpyrue 3JIeMEHTbl. MeXy 3Je€MEHTaMU CUCTEMBI CYIIECTBYET CIOCOO

B3aMMO/ICHCTBUS, BEIPAKEHHBIN B €€ CTPYKTYpE (CTPYKTYPHOU CXEME);



— cuctemMa QyHKITMOHUPYET MPH B3aUMOACHCTBUU C OKPYKAIOIIEH CPeIoi.

DJeMEeHT CHCTeMbl — JTO CaMOCTOSATENIbHAs W YCJIOBHO HeAeluMas
COCTaBJIAIOLIAsl CUCTEMBI. JIFOOOH AJIEMEHT CHUCTEMBI pacCMAaTPUBAETCSl KaK CHCTEMA
0oJjiee HU3KOrO MOpPs/IKa, a caMa CUCTEMa — KaK 3JIEMEHT CHCTEMbI 00Jiee BBICOKOTO
YPOBHS.

CrpykrypHas cxema wucciaenyemoro oo0bekra (CC) BiIOYaeT YCIOBHO
0003HAYEHHOE Ha CXEME 3JIEKTPOTEXHOJOTMYECKOE O0OpyAOBaHHE (IIEMEHTHI
CHUCTEMBbI), UMEET BXOJbl M BBIXOJbI MH()OPMALMOHHBIX MOTOKOB (MaTepUANbHBIX,
SHEPreTUUECKUX U Jp.) C yKazaHueM HamnpasiieHus nepenoca. CC naet uHpopManuio
0 XapakTepax MOTOKOB U X MPEe0Opa30BaHUAX B 2JIEMEHTAX CHCTEMBI.

AHanu3 U CHHTE3 CHUCTEM OCHOBAaHbl HA MOHATHUSX HEPAPXUUYHOCTH, T.€. OTAEIbHBIC
YPOBHU CHCTEMBbI OMPEACNAIOT AachekTel ee¢ (yHKunoHupoBaHus. Pesynbrar
B3aMMOJICHCTBHS BCEX YPOBHEH CUCTEMBI ONPEIEISIET €€ padoTy.

Takum  oOpa3oMm, cucremHbli aHamu3  npou3BoactB  AlIK,  kak
TEXHOJIOTHYECKON CHCTEMBI, OCYIIECTBIISIOT 1O CJIEAYIOIIUM dTAIlaM:

— COTJIaCOBAHUE U pacIpeieleHHe MaTepUaIbHbIX U SHEPreTUUECKUX TOTOKOB,
orpeneneHne oo1el S HepreTUYECKON Harpy3KH Ha anmnaparsl;

— BBIOOpD M Ppacy€T TEXHOJOTHMYECKOTO OOOpYyIOBaHUS C OMpeAeliCHUEM
ko3 duienTa 3HeprodpPeKTUBHOCTH;

— ONpEJeNIeHHe »BHeprosarpar, 3aTpaT Ha BCE MPOU3BOJACTBO M aHAIM3
Pa3IMYHBIX BAPUAHTOB TEXHOJOTHYECKHX CXEM M0 KPUTEPUIO ONTUMHU3ALUU
— 3HeprodPpheKTUBHOCTH;

— OKOHYAaTeJIbHbIN BI:I60p TEXHOJOTMYECKON CXEMBbI IIpOU3BOACTBA.



I'paHHIA CHCTEMBIL
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JJICMCHTHBI CHCTCEMBI
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Puc.1.1. CtpykTypHas cxema

HaydHast cTparterus CHCTEMHOIO aHajiu3a M CHHTE3a TEXHOJOTMYECKUX
mporieccoB B morpebutenbckux — 3Heprocucremax — AlIIK,  meromomorus
OPOEKTUPOBAHUSA U Teopus pa3paboTku ontumManbHbix [IDC cuctem pazpaborana
HayyHod 1konod mpod. B.H.Kapnosa. Bomnpocer  ontummsanuu - [I9C
IPUMEHUTEIBHO K TEXHOJIOTHYECKUM cucTeMaM nepepaboTKu
CEJIbCKOXO3SIMCTBEHHON MPOAYKIIMM M ONTHYECKUM TEXHOJOTUSAM TEIJIMYHOIO
MPOU3BOJICTBA OTPaXK€HbI B paboTax HaydyHOW KOl mpod. be3szybneroit M.M.,
Hay4dHbIX uccienoBanusx npod. Pakyreko C.A. u norm. Kotosa A.B..

CornacHo HayuyHo# 1mikoisie be3zyOneBoii M.M. B mporeccax nepepadboTKu
ceipbg  AIIK 3amaum  sHeprocOepexkeHUs  BBICOKOA((DEKTUBHBIX CXEM U
000pyI0BaHUS 1E7€CO00Pa3HO PACCMATPHUBATE CO CIICTYIOIINX MTO3UITHA:

— BO-TIEPBBIX, C TOYKMA 3PEHHS] ONTHUMH3ALUU TMPOIECCOB MO OpraHU3aluu

JABHXKXCHUS U BSHHMOHeﬁCTBHH MaTCpPUAJIIbHBIX U DOHCPTCTHUYCCKHUX ITIOTOKOB B



CYLIECTBYIOIIMX amnmaparax, arperarax, yCTaHOBKaX, JHHHSIX MU CXeMmax
MPOM3BOJICTBA, a TAKXKE UX COBEPIICHCTBOBAHMUS;

BO—BTOPbIX, B Oojiee IIMPOKOM CMBICIE — 3TO pa3pabdOTKa HOBBIX
BbICOKOA()()EKTUBHBIX U pecypcocOeperaronmx TEXHOIOIHM, CXeM, JIMHUM,
arperaToB, YCTAaHOBOK U  HJHEPrO’KOHOMMYHOIO  00OpYyIOBaHHSA C
UCIIOJIb30BaHUEM ANEKTPOPUZNYECKUX, ANEKTPOXUMUYECKUX U
JIEKTPOOHOIOTNYECKUX TeXHOJIOrui. J[is pemeHus 3TUxX 3ajgad npobdiema
aHAJIM3UPYETCA Ha Pa3IMYHBIX YPOBHAX HEPAPXUH U C YUYETOM TpeOOBaHUIA,
OOyCIIOBIIEHHBIX  IPOLECCHO-ANNApPATypPHBIMU M TE€XHOJIOIMYECKUMHU
OCOOCHHOCTSIMH ~ TIPOM3BOJACTBA. Pa3BuThMe TMOAXOAa K  PEIICHHUIO
IOCTaBJICHHBIX 3a/ad MPUMEHHUTEIBbHO K IpoleccaM HepepaboTKu
CEJIbCKOXO3SIMICTBEHHOIO ChIPhS LIE1€CO00Pa3HO OCHOBBIBATh Ha CIEAYIOIIUX
MepapXUUYEeCKUX YpOBHSX: MeraMmaciirada, Makpomacirada, me3zomacurada
U Mukpomacmtada. [Ipu 3ToM cienyer uMeTh B BHUIY, YTO Tpaduieckoe
M300paXeHHe CTPYKTYPHO-(QYHKIIMOHATBHOW CXEMBl TEXHOJIOTUYECKUX
JUHUH nepepaOdOoTKU, MPeIONpeaeiseT ITalbl UCCIEI0BaHUS BCEH CHCTEMBI
B uenoM. Ilosromy  naHHBIE — HCClIEIOBaHMs,  CBSI3aHHBIE  C
COBEpILEHCTBOBAHMEM U  Pa3pabOTKOW  BBICOKOO((EKTHBHBIX U
AHEprocOEperaoumMx CcXeM ¢ 00OpyIOBaHMs, BO-TEPBBIX, JOJKHBI
MPOBOAMTHCS B paMKax TOW WJIM MHOW MOACUCTEMBI U ObITh HampaBlieHbI HA
JTOCTHKEHHUE TIOCTABICHHON IEIH — CHIDKEHUE YHEPTOEMKOCTH MPOIYKIHH
OpU TOBBIIICHUU €€ KayeCTBEHHBIX IOKa3aTeneid. Bo-BTophixX, aHaiu3
OCHOBaH Ha TPUHIUIEC HUCXOAIICH HEepapXvUu U BOCXOJAIICH HepapXuu
CHHTE3a B PEUICHUH MTOCTABJICHHBIX 3ajau.

B—TPETHUX, npobiemMa peraercs nmyTeM MPOTMOPIIMOHATEHO-
MIOCTIEIOBATEIHHOTO MPOJIBIKEHUS 10 BCEMY KOMIUIEKCY B3aWMOCBSI3aHHBIX
ATAamoB, TMPSAMBIX M OOpaTHBIX CBSA3€M MEXIy HUMH H© C HX
HHEPrOTEXHOJOTUYECKON OIEHKOM, a TakXe OINpeAesCHUs] BO3MOKHBIX

HalpaBJeHU ucciaenoBaHui. Ilpu 3TOM moCTaguiHBIM aHAIU3 C YYETOM



0COOCHHOCTEN U CHEU(PHUKU ITANOB NepepaboTKU CENbCKOX035IICTBEHHOTO
ChIpbid  OOecrneyruBaeT MNPUMEHEHUWE MPUHUUIA  [POCTPAHCTBEHHO-
BPEMEHHBIX MAacIITa0OB, KOTOPbIA HEOOXOIMM IJIsl HCCIENOBAaHUS U
pa3pabOTKM  COBMEIIEHHBIX  BBICOKOA((EKTUBHBIX  TEXHOJOTHYECKHX
IPOLECCOB U CO3AaHNUA MHOTO(QYHKIIMOHAJIBHBIX MAILIMH U aIIapaToB.
VYpoBeHb Meramaciutadba GJI04HON CTPYKTYphl cucTeMsl mpousBoactBa AIIK —
ATO B3aWMOJICUCTBUE NPOU3BOACTBA C BHEWIHEW cpenou. McecnenoBanus ¢ mo3unui
CHUCTEMHOI'O aHajM3a, COBMELIEHHOTO C SHTAJIBIIMHHO—3HEPTETUYECKUM METOJOM,
MO3BOJISIFOT ~ ONPEACIIUTh COOTBETCTBYIOLIMM KOMIUIEKC 3aJad 10 3HEpPro- M
pecypcocOepereHnIo, KOTOpbIE MOCIEAOBATENIbHO PACIPOCTPAHSIOTCA 10 YpPOBHA
Mukpomacitadba. OCHOBHbIE HAINpPaBJICHUs MCCIIEIOBAHUMN, BBIBIICHHBIX HA YPOBHE
MeramacuTada, JAODKHBI ObITh HaIpaBi€Hbl Ha pa3pabOTKy BBICOKOA(()EKTUBHBIX
TEXHUYECKUX PEIICHUH, KOTOpbleé OO0ECHEeUnBalOT MAaKCUMaJbHOE CHU)KEHUE
TEIUIOBOTO 3arps3HEHUs] aTMOC(EpPbl M CO3JIaHUE MAJIOCTOYHBIX MM OECCTOYHBIX
cxeMm. Ha ypoBHe MakpoMmacmTaba uccienyeTcsi CTpyKTypa MOJYJIEH U XapaKTepHbIe
DHEPrOTEXHOJOTUYECKHE CBSI3M  MEXAY HUMHU. YCTAaHABIMBAKOTCS OCHOBHBIC
HaIlpaBJICHUSI SHEPTrOCOEPEIKEHUS, KOTOPBIE OINpPEIEICHbl YCTAHOBKOM, arperaTom,
JMHUEH, LEXOM WM 3aBOJOM mpown3BojacTBa. OCHOBHBIE 3a/aud HaIIPaBJIEHBI HA
peuieHrue  BONPOCOB IO MHTETpallMd W ONTUMHU3ALMM  MaTEpHANbHBIX U
AHEPreTUYECKHUX MOTOKOB, MIPOLIECCOB u CHUCTEM, pa3paboTKu
DHEPrOTEXHOJOTUYECKUX PEIICHUN, IO UCKJIIYEHUI0 B CUCTEME PELMKINYECKUX H
0oOpaTHBIX CBSI3€H, T.€. MOBBIIIEHUIO CTPYKTYPHOW LIEJIOCTHOCTH CUCTEMBI, 32 CUET
YMEHBUIEHUSI YHWCIA €€ DJIEMEHTOB M YIPOIICHHE CBS3€d MEXIy HUMH, YTO
o0OecreunBaeT yBeJIMYEHUE CTENEHU OJJHOPOIHOCTH CTPYKTYPbI IIPOU3BOICTBA.
Ha ypoBHe Me3omaciiTaba mpoBOAWIICS aHAN3 TEXHOJIOTMYECKUX ONEPATOPOB
M UX CBsI3ell B MOJIYJAX TOJATOTOBKM CBIPbS, €ro MmepepadOTKH, YHNAaKOBKH,
TPAHCTIOPTUPOBKU U (TIpY HEOOXOAMMOCTH ) XPaHEHUS.
3a7aun CHUXKEHUS HSHEPrOEMKOCTH MPOJAYKIMKW HAa 3TOM YPOBHE PEIIAIOTCS

IMyTeM CO3JIaHHA HOBBLIX IIPOHCCCHO-AINIAPATHBIX CHCTEM, TIpPAaHHIBI KOTOPBIX



COBMANAIOT C TpaHUIAMU MAIIUH U amlapaToB, BBIMNOJHIIONIME O0a30BbIC
TEXHOJIOTHYECKHE ONEpALNH, a TaKKe ITyTEM COBEPUICHCTBOBAHUS JIEUCTBYIOIIETO
000pyI0BaHUS U ONITUMH3AIUN TEXHOJIOTUYECKUX PEKUMOB.

3amaun  3HETpO— U pecypcocOepeXeHHs: Ha YpPOBHE MHKpoMaciuTada
HaIpaBJeHbl, BO-TIEPBBIX, HA WHTEHCU(UKAIIMIO TMPOIIECCOB U YMEHBIICHUE
JTUCCUTIAIIMK DSHEPrUd B3aMMOJCHCTBUS Ha MeEX(a3HOH TOBEPXHOCTH YacCTHII,
my3bIpeii, Kamelb U WX TOTOKOB C paboyeil MOBEPXHOCTHIO (HYHKIIMOHAIBHO-
KOHCTPYKTHBHBIX 3JIEMEHTOB M y3JI0B MAIlIMH U alapaToB, BHIOJHAIONINX 0a30BbIC
TEXHOJIOTHUECKHE  omnepaund. Bo-BTOpeIX, Ha  pa3padOTKy  KpUTEpUEB
SHEpreTnyeckorm 3PQPekTUBHOCTH (YHKIMOHUPOBAHUS OOOpPYHOBAHMS, WMEIOIINE
HEPA3pBIBHYIO CBS3b C ONPEACISIIONIMMU  KOHCTPYKTOPCKO-TEXHOJOTHYECKUMHU
napameTpamH. NuTtencudukanus oOecrieuynBaercs PUMEHEHUEM
ANEKTPOPUZNYECKUX U PUIUKO-XUMUYECKUX METOJIOB, aKTUBALIMU TEXHOJIOTUYECKUX
oreparuii, HeHTPOOEKHBIX MOJIEH, YIbTPa3BYKOBbIX U HU3KOYACTOTHBIX KOJECOAHUM.
YMeHbIIIEHHE JUCCUIAMA SHEPIHMHM  JIOCTUTaeTCsl CO3JaHUEM  YCIOBUA H
OPUMEHEHWEM MAaTepUuajoB C TaKUMH (PU3UKO-MEXAaHMYECKUMHU CBOICTBaMH,
KOTOpbIE€ 00€CeUnBaOT CHUKEHNE KO3(PPUIMEHTOB TPEHUS U yAapa, MapyCHOCTHU (B
poueccax OYUCTKU CEMSH U OTAENIEHUS II010BOM 000JI04YKHM) U T.A.

B  pesynprate  HayyHO  OOOCHOBBIBAIOTCS ~ OCHOBHBIE  HaIlpaBJICHUS
UCCIIEI0BaHMM, pa3paboTKH u CO3JaHus AHEprocoeperaromx U
BBICOKO?(P(EKTUBHBIX TEXHOJIOTHH U 000pynoBaHus. Pa3zpabaThiBaeTcsi KOMILIEKC
pecypcocOeperarommx  TEXHHUYECKMX  pPElIeHMH U DHEProdKOHOMUYHOIO
000py10BaHUs TPOU3BOJICTRA.

Cornacho Hayunoi 1mkose B.H. KapnoBa cenbCKOX034iICTBEHHbIE
POU3BOJICTBA MOKHO NPEJICTaBUTh B BUJE HCKYCCTBEHHOW OMOHEPreTHYECKOU
cuctembl (MB3C). Baxneiimumu o0bektamu MBIC U COOTBETCTBYIOIIMMH UM
OTIl  saBustOTCA:  CENBbCKOXO3AMCTBEHHBIM  Ouonormueckuit  00bekT  (CBO),
ABJISIIONIMICS OOBEKTOM MPHIIOKEHUS OCHOBHOIO TEXHOJOTMYECKOIro Ipoliecca

Npou3BoJicTBAa mpoaykuuu g peanusauun (OTII)); TexHudeckue CpeacTBa



co3manusi mMukpokinumara (TCM), oOecreunBamme yCIOBHUS >KU3HEACATEIHHOCTH
(OTINy); O6monormueckue u texamdeckue cpeacrsa (BTC) moaroroBku oO6paboTKH
CBO, ofecneunBaromye MPoILECC MPEABAPUTEILHON IMOATOTOBKU YCIOBHH IS

OCYIIIECTBJICHUS] OCHOBHOTO Mpou3BoicTBeHHOTO Mnporecca (D TTIy).
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Puc. 1.2. CrpykrypHas cxema npou3Boacts AIIK:
OTII - 3HEProTEXHONIOTHYECKHUH MPOIIECC (TEXHOIOTHYECKHI MMPOIIECC), B X0A€ KOTOPOTO MPOU3BOAUTCS
JHEPreTHYECKOe BO3/eiicTBHE Ha 00beKThI; CBO - celnbCKOX035HUCTBEHHBIN OMOIOTMUSCKUN 00BEKT
SIBIISTFOIIMICS] 0OBEKTOM MPHUIIOKEHUSI OCHOBHOTO TEXHOJIOTHYECKOTO TPOIIecca MPOU3BOACTBA IPOIYKIIUU

nis peanmsatuu 711, ; TCM - TexHnueckue cpecTBa CO3JaHNs MUKPOKINMATA, 00eCIeUHBaIOIIHe
ycioBus xusHenestensaoctn 711, .

Brinonnenue IICPBOIro sTalla CUCTCMHOI'O daHaJIM3a BO3MOZKHO TOJIBKO ITIOCJIC
M3YUYCHHS TPOLIECCOB B MaTEpUaIbHOM OOBEKTe (MPOIYKIIMH), OOpasyrolieics Ha
Pa3JIMYHbIX 3TalldX, a TAK)KC BBIABJICHUA BCCX OrpaHI/I‘{eHI/Iﬁ IIpH €10 IMMPOU3BOACTBC.

Kaxxnyro TeXHOJIOru0 TPOU3BOICTBA MPOAYKIIMH, TPEACTABIIAIONLYIO0 CUCTEMY,
HCO6XOI[I/IMO paccMaTpuBaThb KakK CAUHCTBO IMPOTHUBOITIOJIOKHBIX CTOPOH:
IIECJIOCTHOCTHU U paC‘IHeHéHHOCTI/I.

PacuneH€HHOCTh OTpaxaeT OAHY M3 OOLIUX CTOPOH CTPYKTYpPbl CHCTEMBI U
XapaKTepu3yeTcs TpeMs IPU3HaAKaMHU:

— KadeCTBEHHAas crienudrka 4acTeil CHCTEMBIL;

— YHCJIO qaCTeﬁ, Ha KOTOPBIC pACHIICHACTCA pacCMaTpuBacMasa CUCTEMA,



— B3aMMHOE PACHOJIOKEHHE B MPOCTPAHCTBE U BO BPEMEHH.

Hanuuue oTHOWIEHUI U CBA3EH MeXAy dJeMeHTaMu, 00pa3yioluMHU CUCTEMY,
NO3BOJISIET €M BBICTYIIaTh B KadeCTBE €AMHOIO IIEJIOI0 BO B3aUMOOTHOLICHUSX C
BHEIIHEN CPEIOM.

[TapameTrpuueckas cxema wuccneayeMeix o00bektoB  (IICMO)  naer
IPEICTABICHHE O BCEX BHEUIHUX IlapaMeTpax, BO3ICHCTBYIOLIUMX HA CUCTEMY U
ONpPENCNSIONMX XapakKTep U peakuuio cuctemMbl Ha 3Tu BozaeictBus. [ICHUO
MPUMEHSIIOT MIPU COCTABJICHUH SHEPTeTUUECKIX U MaTepUATbHBIX OaTaHCOB.

OmnpeneneHrne MaTepUaNbHBIX U JHEPreTUYECKUX IOTOKOB, 00JaJaroIInuX
onpenen€HHbIMM CBOWCTBAMH M [apaMeTpaMu, a TaKXe MapaMeTpoB padOThI
otaenbHoro OTO mo3BoJsSET OLIEHUTh KaK XapaKTePUCTHKY, TaK U CTPYKTYpY JIH000H
MOJICUCTEMBl TEXHOJIOTMYECKOTO o00ObekTa. I[lpm 3TOM wuMmeeTcs B BHIAY, 4YTO
paccMaTpuBaeMblil OOBEKT TMpeAHa3HA4YeH [UIsl  BBIIOJHEHHS  ONpPENeTIEHHOM
(YHKIIMM, T.€. OCYIIECTBJIEHUS KaKUX-THMOO TEXHOJOTMYECKHX  OIEepaluid,
PE3yNbTATOM KOTOPBIX SIBISETCS BBIXOJ MPOIYKTA WIH MOTYIPOAYKTA.

Hcxond u3 BHEIIHUX NPU3HAKOB, IS CUCTEMBI MOKHO BBIIEIIUTH CIIEIYIOLINE

BHEIHKE CBs3U (puc. 1.3):

A

"

A A4

L

CHCTEMA

X, —Y, | -

x——— —

1]

K, K, K,

%/_/

K

Puc. 1.3. [lapameTpuueckas cxema:
xl y x2 y .X3 - BXOJHBIC IMAPaAMETPHI; X, ﬂ , K — BHCIIHMUEC CUJIBI; Y — PCAKIIUA CUCTEMBI, K'l, K2 y K3 -

Bo3zelicTByOIME apameTpsl; A, A,, A;- Bosmymaromme napamerpsl. y=@(X, 4,K) .



Bce mepeMeHHbIe, ONpeAENsIONIUE COCTOSHHUE TEXHOJIOTUYECKOTO OOBEKTa,
HE3aBHUCHUMO OT €ro (DU3UKOH CYIIHOCTH, MOKHO Pa3/IeIUTh HAa YETHIPE TPYIIIIHI:

I'pynna X. B a1y rpynmy BXoaaT (GakTopbl, KOTOPHIE XapaKTEPU3YIOT CHIPBE,
MIPOMEKYTOYHBIE TIPOAYKTHI U HE JOMYCKAIOT IEJICHANPABICHHOTO U3MEHEHUS B X0JIC
uccienoBanus. K BXOIHBIM M TPOMEXKYTOYHBIM MPOIYKTAM MOXHO OTHECTH
MCXO/HBIE BEIIECTBA WM MPOIYKTHI MPEIBIIYIINX 3BEHBEB TEXHOJOTHICCKON IIETIH.
Nudopmaris o 3HaAYCHHUSIX TEPEMEHHBIX 3TOW TPYMIBI MOJIYYAeTCS B PE3yIbTaTe
7a00paTOpHBIX aHAIM30B, HW3MEpeHHd W T. m. Yacto 3Ty rpynmy (HakTopoB
OTIPE/ICTISIOT KaK KOHTPOJIUPYEMbIE, HEYIIpaBisieMble (paKTOpHhI Mpoliecca.

I'pynna K. Oty rpynny o0pa3yroT ymnpasisieMmble ¢dakTopbl nporecca. C ux
MOMOIIBIO peaTn3yeTcsl 3aJaHHBIM TeXHOJOoTHueckuil pexuM. K HUM oOTHOCATCA
MMOKa3aHUsI PacXoJOMEPOB, YCTAaHOBOK pETyJIATOPOB W T. M. Ha 3HadeHwHs
yIpaBiieMbIX (PaKTOPOB HAKJIAABIBAIOTCS TEXHOJIOTUYECKUE OTPAHUYCHHUSI.

I'pynny Y Ha3pIBalOT BBIXOJHBIMU KOHTPOJIHUPYEMbIMH MapameTrpamu. K ux
YUCITYy OTHOCSITCS BEIMYMHBI, XapaKTEPHU3YIOIIHE SKOHOMHUYECKYIO 3(PPEKTHBHOCTH
nmpolecca, TEXHUKO-d)KOHOMUYECKHE TMapaMeTphbl, TEXHOJOTHYECKHE CBOWCTBA U
XapaKTEPUCTHKH TOTOBBIX TPOAYKTOB. [lepeMeHHBIE OJTOW TPYHIBI  YacTo
UCIIOJIB3YIOTCS B KAUECTBE 11€JIEBBIX BEJIMUMH MIPHU ONTUMU3AIUH TPOIECCOB.

I'pynny A o0Opa3yloT HEKOHTPOJIUPYEMbIE, BO3MYINAIOIINE (PAKTOPHI, KOTOPHIC
HE MOTYT OBITh HW3MEPEHBI (HEKOHTPOJIUPYEMBIE TPUMECH B CHIPhE, CTapCHHC
KaTanu3aTtopoB © T. J.). MMeHHO Hamuuue d5Tux (HAKTOPOB B OCHOBHOM
oOyClaBIMBaeT  BEPOATHOCTHBI  XapakTep OONBIIMHCTBA  KOHKPETHBIX
TEXHOJIOTUYECKUX TMPOIECCOB M TPHBOIUT K HEOOXOIWMOCTH HCITOJIB30BAHUS

CTaTUCTHYCCKHNX MCTOJ0B OLICHKHN UX COCTOSHMA.



I'masa 2. IPUKJIAZJHASA TEOPUSA TEIIVIOOBMEHHBIX TPOIIECCOB

2.1. OBIIME CBEJIEHMUSA

[Iporiecc nepeHoca TEIIOTHI, MPOUCXOSAIIUN MEXTy TeJIaMH, UMEIOITUMU pa3-
JTUYHYIO TEMIIEpaTypy, Ha3bIBA€TCS TEIII000MEHOM. ET0 NBIOKYIIEH CHUIION SBIISETCS
pPa3HOCTh TeMIlepaTyp MEXay Oojiee M MEHee HarpeTbIMM TejlaMH. Tera,
Y4acTBYIOIIME B TEIJIOOOMEHE, HA3bIBAIOTCS TEIUIOHOCUTENIMU. Paznudaror Tpu
crocoba pacrmpoCTpaHEHUs] TEIUIOTHI: TEIUIOMPOBOJHOCTh, KOHBEKIIMIO U TEIJIOBOE
U3JTy4YCHHE.

Tem1onpoBOAHOCTL TIPECTABIAET COOOM MEpPEeHOC TEIIOTHl OT Oojiee K Me-
HEE HArpeThIM ydacTKaM TeJla BCJIEACTBHUE TEIJIOBOTO ABWKCHHUS U B3aUMOJICUCTBUS
MUKPOYACTHI], HEMOCPEJACTBEHHO COIPUKACAIOIMMXCSA APYT ¢ JApyromM. B TBepabix
TeIax TEIIONPOBOJIHOCTh OOBIYHO SIBISIETCSI OCHOBHBIM BHJIOM PacIpOCTpaHEHUs
TerIa.

KonBekumeil Ha3bpIBaIOT TMEPEHOC TEIUIOTHI BCIEJACTBUE JBWKCHHUS U
nepeMeIINBaHNS MaKPOCKOIMMYECKUX 00BEMOB Ta3a WM KUJIKOCTH. [lepenoc Temia
BO3MOXEH B YCIIOBUSAX CBOOOJHONW KOHBEKIMH, OOYCIIOBICHHON Pa3HOCTHIO
IJIOTHOCTEH B PA3NUYHBIX TOYKAaX O00bEMa KUJIKOCTH, BO3HUKAIOUIEH BCJIC/ICTBHE
HEOJMHAKOBBIX TEMIIEPATYP B HUX WJIM B YCIOBUSIX BBIHYKJICHHON KOHBEKIIUM, KOTIa
MIPOUCXOJIUT MPUHYIUTEIILHOE ABMKEHHE BCETO 00BhEMa JKUAKOCTH, HAPUMED, MPU
MEPEMEIIMBAHNN €€ MEILIAIKOM.

TemyioBoe wu3Jy4YeHHe - TIPOIECC PACIPOCTPAHECHUS DJICKTPOMATHUTHBIX
KoJieOaHUW C pa3IuYHOM MJIMHOW BOJH, OOYCJIOBJICHHBIA TEIJIOBBIM JIBUKEHUEM
aTOMOB W MOJIEKYJ M3JIydYaromiero tena. Bce Tena crnocoOHBI M3IydaTh SHEPTHIO,
KOTOpasi MOTJIOIIAETCS APYTUMU TeJIaMHU M CHOBA MPEBPAIACTCS B TEIUIO.

NHTEHCUBHOCTh TEIJIOBOTO M3JIYyUYEHHS BO3pAcTaeT C TMOBBIIMICHUEM TeMIIe-

paTypsl Tella U IPHOOpeTaeT JOMUHUpPYIoIIee 3HadeHune Toibko mpu t >600°C. bonee



MOJPOOHO 3TOT CHOCOO PACIPOCTPAHEHHUS TEIJIOTHI PAcCMOTPEH B Kypce
«INEKTPOTEXHOTIOTUSD.

B peanbHBIX yCIOBHSAX TEIUIO MEpEeAaeTcs HE OJHUM CIIOCOOOM, a ABYMsS WM
TpeMms..

TensiooTaaya - 3To MEPEHOC TEIUIOTHI OT CTEHKHU K Ta3000pa3HON (3KHAKON)
cpelle Uiau B 0OpaTHOM HampaBieHuHW. Temonepenaya - 3TO MPOIECC NEpenayvu
TEIUIOTBl OT 0Oo0Jiee HarpeTol K MEHEee HarpeToil KuJIKOoCcTHU (Tra3zy) depes
pa3AeNAIoNyI0 UX TOBEPXHOCTh UITU TBEPIYIO CTEHKY.

B HenpepbIBHOAEHCTBYIOMIMX anmnaparax TEMIIEPAaTypbl B Pa3IMYHBIX TOUYKaX
HE M3MEHSAIOTCS BO BPEMEHHM M IMPOTEKAIOIIHME MPOLECCHl TEIJI000OMEHa SBISIOTCA
YCTaHOBUBIIUMHUCS (CTAallMOHAPHBIMK). B mepuomuyecku NEHCTBYIOMIUX armapaTax,
r7Ie TeMIepaTypbl MEHSAIOTCS BO BPEMEHH, OCYILECTBISIOTCS HECTALMOHAPHBIC
IIPOLIECCHI TETUI00OMEHa.

TeroBoe BO37CHCTBHE HA MaTepHaNbl SBISIETCS HEOOXOIUMBIM YCIOBHEM
TEXHOJIOTMYECKHUX MPOIECCOB OOJIBIINHCTBA NepepadaTbiBatonmx npousBoacTs AIIK.
Temiota pacmpocTpaHsieTcss B Cpelax, pazIuyaronmxcs crenupuyecKuMu
cBolcTBamMu. B mpoiiecce TeXHOIOTHUECKOM 00pabOTKU MaTepualbl MPETEepPreBaOT
BO BPEMEHU KAauyeCTBEHHBIE TPEBPAILCHUS, YTO BBI3BIBAET COOTBETCTBYIOIIEE
U3MEHEHHE yCIoBHM Teruionepenaud. [loaromy MHOrue mpoiiecchl TemIooOMeHa B
nepepadaTbIBa€MbIX cpeAax MPOUCXOAT B IEPEMEHHBIX, HECTALIMOHAPHBIX YCIOBUSX.

3amaun  TErUIOBOM 00pabOTKM MaTepuajoB M TEXHOJOTHYECKHX Cpej
pazHooOpa3Hbl. B 3aBucMMOCTH OT 1€lel TEXHOJOTUU MPOUCXOAAT CIEAYIOIINE
TEMJIOBbIE MPOLECCHI:

a) HarpeBaHUE M OXJIAXKACHHE OAHO(A3HBIX M MHOTO(A3HBIX CPE;

0) KOHJIeHCallMs TAPOB XUMUYECKU OJTHOPOIHBIX KUJIKOCTEH U UX CMECEH;

B) ICIIaPEHUE BOJIbI B TAPOra30BYyIO cpeay (YBIAKHEHHE BO3/AyXa, CyIIKa

MarepHuaioB);

I') KUTICHUE JKUIKOCTEH.



B GonpmmHCTBE CTyyaeB HEMOCPEICTBEHHBI KOHTAKT MPOIYKTOB C APYTUMHU
TEIJIOHOCUTENSIMA ~ HEIONYCTHM, IO3TOMY TEIUIONEpeaady OCYIIECTBISIIOT B
pPa3NMUYHBIX TEIUIOOOMEHHUKAX, TJ€ TBEpHAas CTEHKa paslielsieT padouue Cpebl.
TBepaas cTeHKa CIY>KUT MOBEPXHOCTHIO HAarpeBa M KOHCTPYKTUBHO BBHITIOJIHSIETCS B
BUJIEe TPYO, pyOarek u T.1.

Pacuer TermooOMeHHO# anmapaTypbl COCTOUT U3 2-X OCHOBHBIX 3TaIlOB:

1. Omnpenenenue TEMIOBOrO NOTOKA (TEIJIOBOM HArpy3Ku arapara), T.€.
KOJIMYECTBa TEIJIOThl QQ, KOTOpOEe JOJKHO OBITh IMEpe/laHO 3a OIpeeTIeHHOE
BpeMsi OT OJJHOTO TEIUIOHOCUTEJNSI K JApyroMy. TemnaoBOW MOTOK BBIYUCISETCS
MyTEM COCTABJICHUS U PEIICHUS TEIIOBBIX OAJIAHCOB.

2. OmpeneneHune MOBEPXHOCTH TeriooOMeHa F, obecnieunBaromieit

nepenayy TpeOyeMoro KoJuyecTBa TeIUIoThl ( B 3aJaHHOE Bpems T.
[ToBepxHOCTH TETIIOOOMEHA HAXOAST U3 OCHOBHOTO YpPaBHEHUS TEIUIONEpeaauH,
BBIUKMCIIUB MPEABAPUTEILHO 3HAUEHUE CPEIHEU Pa3HOCTU TeMIepaTyp MEXIy

TermioHocuTensmu At , u koapduuunent reronepenayn K:
Q=K F-At, . (2.1.)
2.2. TEINIOBOW BAJIAHC

Terora (@, oTnaBaemoe 0oJyiee HArpeThIM TEIJIOHOCUTEEM, 3aTpauyuBaeTCs
Ha HarpeB OoJiee XOJOMAHOTO @, W Ha KOMICHCAIUIO MOTeph Q, B OKPYXKAIOIIYIO
cpeny.

BennunHa TEIIOBBIX MOTEPH B amnmaparax, NOKPBITHIX TEIJIIOBOW M30JSALIUEH,
npuHUMaeTcs B auamnasoHe 3..5%. B mepBoM mNpuUOIMKEHHH €0 MOXKHO

npeHedpeys. Torna TennoBoi 6anaHc BhIPA3UTCS pABEHCTBOM

Q =0, =0, (2.2)

rae Q - TenoBas Harpy3Ka arnrapara.



Ecnu pacxozap! "ropsiuero” u "Xos0aHOr0" TENJIOHOCUTENEH COCTABIAOT Q U

(Q; COOTBETCTBEHHO, a MX PHTAJIBIIUU HA BXOJIE B anmnapar Iy, I,, v Ha Beixozae I g,
I, YypaBHeHWE TeIJIOBOTO OamaHca OymeT WMETh CICAYIOIMHUA  BUJ
Q = Gy(Iiy — Lig) = Go(z — L2n). (2.3)

Jlns ciydast TersiooOMeHa 0€3 M3MEHEHHUsl arperaTHOrO COCTOSIHUSI TETIOHO-
CUTEJIeH, SHTANIBIUS MOCIEAHUX 3aMEHsETCsl Mpous3BeacHueM TemioeMkoctu C Ha

Temieparypy t:
Ly = Cip tig, g = Cog " g, Loy = Cop ~ tay, Iy = Cop -ty (2.4)

Bemuuunsl Ciy n Cig - DTO CpelIHUE YJIECIbHBIE TEIUIOEMKOCTH ''TOPSYEro"
TEIJIOHOCUTENIS B Iuana3zoHe u3MeHnenus temmneparyp ot 0 1o t;y (Ha Bxone) u tix
(Ha BBIXOJI€) COOTBEeTCTBEHHO. s "XxomoaHoro" Temmonocutens Coy u Chi -
CpeIHHE yIeabHbIe TerIoeMKOCTH B mpenenax 0 - t,y 1 0 - t,5. B Texamdecknx
pacuerax 3HAUYCHMS SHTAJIBINUNA OOBIYHO HAXONAT MPU 3aJaHHOM TeMmIlepaType H3
TEIJIOBBIX U SHTPOMUNHBIX AUArpaMM WK CIIPABOYHBIX TAOJIHII.

[Ipy M3MeHEeHNU arperaTHOro0 COCTOSIHUSI TETUIOHOCUTENs (KOHIeH calus napa,
UCTIApeHHE O KUAKOCTM H T.JI.) WIM TPOTEKAHHWH XUMHUYECKUX PpEeaKIluil,
COTIPOBOXK/IAIOMIMXCS  TEIVIOBBIMU  d(pdeKkTamMu, HUX HEOOXOAUMO YUHUTHIBATH.
Hanpumep, npu KOHIOEHCAIIMM HACBIICHHOTO Tapa, SBISIONIErocs 'TopsyuM'
TETUIOHOCHUTEJIEM, BEIMUNHA [ B ypaBHEHUH (2.3) mpeacTaBiseT coOO0H SHTATBITHIO

YAQAIEIEMOro IapoBOro KOHJACH Cara.

2.3. OCHOBHOE YPABHEHHME TEIUIOIIEPEJAYN

OCHOBHBIM YPAaBHCHUCM TCILIONCpEaAAYN SBIISACTCS O6IJ.[3.$I KHHCTHYCCKasa

3aBUCHUMOCTH MEXKY TEIJIOBBIM MOTOKOM Q M TOBEPXHOCTHIO TeraooOMeHa F:

Q=K-F-Aty T, (2.5)
rae K- koagduimeHT Terionepeayu, onpeaesIionni CpeTHIOI CKOPOCTh



nepejayy TEIUIOThI BJIOJb BCEH MOBEPXHOCTH TemiooOMeHa; At., - cpemHsis

Pa3HOCTb TeMIEpaTyp MEXAY TEIUIOHOCUTENIAMH, OIMpeAeNsionias CpeIHI00
JIBIDKYLIYIO CUJTy TIpoliecca TeIuionepeAadyd WIM TeMIEepaTypHbI Hamop, T -
BpEMSL.

J171s1 HempephIBHBIX MPOLIECCOB TEIJIOOOMEHA YPAaBHEHHE UMEET BUI!

Q=Q'/t=K-F-At (2.6)

Cp?
rae Q - TemIoBoW MOTOK (KOJHMYECTBO TEIUIOTHI, MPOXOIICe B EAMHUILY
BPEMEHU Yepe3 MPOU3BOIBHYIO TIOBEPXHOCTD).
N3 1npencraBieHHBIX YPAaBHEHUHW MOXKHO OINPENEIUTh pPa3MEPHOCTb U

¢uznueckuii cMbica Ko3puuuenrta remionepenaun K

11 =[] = [l = il @7)

F-At'T M2-cek-Tpaj, ‘Tpaj,

Koaddunuent rennonepenaun mnokasbiBaeT, Kakoe€ KOJUYECTBO TEIJIOTHI (B

JIx) mepexoauT 3a 1 cek or "ropsuero" K "XoogHOMY'" TEIIOHOCHUTENIO uepes
2 .

MOBEPXHOCTh TEIUI00OMeHa 1 M” mpu cpeHel Pa3HOCTH TeMIIepaTyp MEXAy HUMH,

paBHOM | rpan.
2.4. IEPEJIAYA TEILIOTHI TEIJIOMPOBOJHOCTHIO U KOHBEKIIMEN

[Ipouecc mepenayum TEMJIOTHl TEIJIOMPOBOJHOCTHIO OIUCHIBAETCS 3aKOHOM
dypre, cornacHo KOTopoMmy KonudecTBo Teriotel dQ, mepegaBaeMoe MocpeacTBOM
TEIUIOMPOBOJTHOCTH  4epe3 dJJEMEHT moBepxHoctd OF, mepneHIuKyIsIpHbIA
TEIUIOBOMY IOTOKY, 3a BpeMs (T TpsMO MPOMOPIMOHATIBHO TEMICPATYPHOMY

rpaauenty dt / dn, moBepxuoctu dF u Bpemenu dv:

dt
dQ = 15 dF - dx. (2.8)

TeMmrepaTypHbIM TI'paIMEHTOM HAa3bIBA€TCs IPOU3BOAHAS TEMIIEPATyphl IO
HOPMAJIA K H30TEPMHUYECKON MOBEPXHOCTH.

KoaddurmeHnTt TemnonpoBoHOCTH UMEET pa3MEPHOCTD:



-l

M ' rpaj,
U MOKAa3bIBAET, KAKOE KOJUYECTBO TEIJIOTHI IEPEHOCUTCS ITyTEM TEIIONMPOBOIHOCTH B
€AUHUILYy BPEMEHU YEpe3 EIUHUILy MOBEPXHOCTU TEIIOOOMEHA TIpU MaJCHUU
Temneparypel Ha | rpajg Ha €IUHHUIY JIMHBI HOpPMajld K HU30METPUUYECKOU
MMOBEPXHOCTH.
JInst XapaKTepUCTUKN TETUIOMHEPIIMOHHBIX CBOMCTB BEILIECTBA BBEJEM IOHSITHE
nLyn nLyn

korddunrenTta TemneparypornpoBogHoctu "a". UYem Oosbine BenmuuumHa 'a' y

B€II€CTBA, TCM 6BICTpee OHO HArpeBaCTCs UM OXJIAXKIACTCA.

) =[] = | Fpaﬂ ‘ 2

KT - Tpaj rpaa M3

NHTEHCUBHOCTh TEpEHOCA TEIUIOTHI KOHBEKIMEH 3aBUCUT OT CTENEHU
TypOyJICHTHOCTH TIOTOKA KUJKOCTH U TEPEMEIIMBAHUS YaCTHUIl BHYTPHU €TO.
KonBeknus 3aBUCHT OT TUAPOJIMHAMUYECKUX YCIOBUM TEUEHUS MMOTOKA KUIKOCTH.

B sagpe 1moToka mepeHOC  Temua  OCYHIECTBISETCS  OJHOBPEMEHHO
TETUIONPOBOHOCTHIO U KOHBEKIIMEH. COBMECTHBIN MEPEHOC TeIjIa ITUMHU CIIOCO0aMu
HA3bIBAETCA KOHBEKTHMBHOW TEIUIOOTHAauel. MexaHu3M MnepeHoca Telia B Sape
MOTOKA TMpU €ro TYpOYJEHTHOM JBWXKCHHHM XapaKTepU3yeTCsl HWHTECHCHUBHBIM
NEPEMEIIMBAHUEM MaKpOOOBEMOB Cpeflbl, KOTOPOE MPHUBOIUT K BHIPABHUBAHUIO
TEeMIIepaTyp A0 HEKOTOpPOro cpenHero 3HadeHus Uty 110 mepe mpulbnmxeHus
CTEHKE MHTEHCUBHOCTb TEIUIOOTAAYM aIacT.

OT0 00BSCHSETCS TeM, YTO BOJIM3U Hee 00pa3zyeTcs TEIIOBOW MOTPaHUYHBIN
CJIOM, TTOJAOOHBIA TUAPOJUHAMUYECKOMY MOTPAHUYHOMY CJIOI0, HO OOBIYHO MEHBIIIE
ero mo ToimmHe. B aTOM croe, mo mepe mpuOSMKEHUS K CTEHKE, Bce OoJbliee
3Ha4YeHUE NMPUOOPETAET TEIUIONPOBOIHOCTh, a BIUSHUE TYpPOYJIEHTHOCTH CTAHOBUTCS

npeHedpexumMo Mao (puc.2.1).



[InotHOCTH  TypOyneHTHOro  TeriooOMeHa (, B HampaBieHuu ocu '"y"

ONPCACIISICTCA BBIPAKCHUCM:

dt
qr = —Ar "ay (2.9)

rae At - KoaphuuueHT TypOyJIeHTHOM TETUIONPOBOIHOCTH.

Benmnmunna ko3ddunmenta TypOyJeHTHOW TEIUIOMPOBOJHOCTA B  00JacTH
TETUIOBOTO CJIOSI YMEHBIIIACTCS TI0 Mepe MPUOIIMKEHIS B CTCHKE.

Jlist maTeHCH(DUKAIIMY KOHBEKTHBHOTO TEIJI000OMEHAa HEOOXOAMMO YMEHBIIHTH

TOJIHUHY TCIIOBOT'O IIOTPAHUYIHOTO CJIOA.

cm

Puc. 2.1. Cxema KOHBEKTHBHOT'O TEINIOOOMEHA

NHTEeHCUBHOCTH MEpEeHOCa TCIIa B AApPC IMOTOKA 3a CYUCT }\T OIIpCACIIACTCA

K03 puLeHTOM TypOYJIEHTHONU TEMIIEPATYPOIIPOBOIHOCTH:
ap = 3—2 (2.10)
BEJIMYMHA KOTOPOro B OOJACTH TEIUIOBOTO CJOs, MO Mepe MPUOIMKEHUS B CTEHKE
yMmeHbiiaercs. Jljis mHTEeHCU(UKAIMM KOHBEKTUBHOI'O TEIJIO0OMEHa HEOO0XOIUMO
YMEHBUIUTH TONIIHMHY TEMIOBOTO MOTPAHUYHOTO CJIOS.
CHOXXHOCTb ~ MEXaHuW3Ma KOHBEKTHMBHOTO  TeIUIoOOMeHa oO0yclaBiIMBaeT

TPYAHOCTH pacydeTa Mmpouecca TCII00TAauu. TouHoE pEeIICHUC 3aJa4r O KOJIUYCCTBC



TEIUIa, IePeIaBaeMOro OT CTEHKH K Cpefie, CBA3aHO ¢ HEOOXOAMMOCTHIO OTPECIICHNUS
TEMIIEPATypPHOIO TpaJHEeHTa Yy CTEHKM U Npouias H3MEHEHUs TeMIIepaTyp
TEIUIOHOCUTENS. BAOJb MOBEPXHOCTU TEIIOOOMEHA, YTO BECbMa 3aTPYJHUTENIBHO.
IlosToMy nyg pacyera HENPEpPBIBHOIO IpoLecca TEIUIOOTAAYM HCIIOIb3YIOT

ypaBHeHue HbroToHa:

Q=a-F(te — ty) (2.11)

3nech o - KOOPPUIMEHT TEIUIO0TAaYH, KOTOPBIN MOKA3bIBAET KAKOEe KOJIMYECTBO
Termia mepenaercs oT | M° MOBEPXHOCTH CTEHKH K KHIKOCTH B TedeHHe 1 cek mpH
PA3HOCTH TEMIIEPATyp MEXKAY CTEHKOM M KUIAKOCTBIO | rpas.
OH 3aBHUCHT OT CIEAYIOMUX (PAKTOPOB:
— CKOPOCTH >KMJIKOCTH W, €€ IUNIOTHOCTU P M BSA3KOCTH |, T.€. IEPEMEHHBIX,
ONPEIEISIONINX PEXXKUM TEUEHUS )KUIKOCTH;
— TEIUIOBBIX CBOWCTB JKUIKOCTHU (ynenbHOM TEIIJIOEMKOCTHU Cps
TEIJIONPOBOAHOCTHU A, KO3 duIimeHTa 00beMHOTO paCIIUPEHUs 5.
— TEeOMETPUYECKHUX MapaMeTpoB - (hopMa U ONPEAEIISAIOIINE pa3Mepbl CTEHKH (1J1s
TpyO - ux auameTp d u muHA L, M1epoXxoBaToCTh €).
Takum oOpazom:
a=fW,up,c,Ap,dLe). (2.12)
Orcroia BHJIHO, YTO NIpOCTOTa ypaBHEHUS HBIOTOHA TOJIBKO KaKylIasics.
Tpynnocth 3akimouaeTcss B pacuere BenuumHbl " a . Kpome TOro, HEBO3MOXHO
[OJIyYUTh PACYETHOE YPAaBHEHHE, IPUTOJHOE JUISl BCEX CIIyYaeB TEIIOOTAAYN. TOJIBKO
nyTeM OOOOIIEHHS ONBITHBIX JAHHBIX C TOMOIIBIO TEOPUU TOJOOUS MOMKHO
NOJIYYUTh OO0OOLIEHHBbIE (KpUTEpUATbHBIE) BBIPAKEHUS [JIs THUIOBBIX CIIy4aeB
TEIUIOOT/IayM, TO3BOJAIOLIME  paccuuTaTh  KOA(PQPHUIMEHT  TEIUIOOTHAYd  JUIs
KOHKPETHBIX yclIOBUNA. VICXOAHON 3aBUCMMOCTBIO JJIsi TOTO SIBJIAETCS OOIIMM 3aKOH
pacmpesielieHdsl TeMIeparyp B JKUIKOCTH, BbIPaXEHHbIH Iud@epeHnnanTsHbIM

YPaBHCHHECM KOHBCKTUBHOTO TermI1000MeHa.



2.5. JIMOPEPEHIIUMAJIBHOE YPABHEHUE KOHBEKTUBHOI'O
TEIINIOOBMEHA

B ycTaHoBUBIIEMCSI MOTOKE »XUIKOCTH BBIICIUM dJIEMEHTApPHBIM 00BeM (B
Bunae kyoOa) ¢ rpamsmu dx, dy, dz. IIpumem, 4TO IJIOTHOCTH XHUIKOCTH P ,e€
KO3(QGULIHUEHT TETUIONPOBOJAHOCTA O M yHeNbHAs TEmIoeMKOCTh C MOCTOSHHBI, a
Temreparypa t uameHseTcs B1oJib rpaHei kyoa. [Ipoekiuu ckopocTy ABUKEHUS
xunkoctr W Ha ocu koopauHar X, Y, Z cocrasisator Wy Wy, W, cooTBeTcTBEHHO.

bynaem cunTtaTh, 4TO TEIIOTAa MEPEHOCUTCS B KUIKOCTH ITyTEM KOHBEKIIMH U
TETJIONPOBOIHOCTH M 3aTPAuMBaETCA TOJBKO Ha M3MEHEHHUE SHTanbluu Kyba. Torma

KOHBCKTHBHAsA COCTABJIAKOIIAA TCIIJIOBOI'O ITIOTOKA 6YI[CT HUMETH BUI.
at at at
AQuons = —p - € (S Wi + S WG, +22W,) - aV -, (2.13)

riae dV- 00bem Kyoa.
Koyin4ecTBO TEIIOThI, BHOCUMOTO B 3JIEMEHTAPHBIH 00BEM 3a BpeMs T IyTeM

TCIIOIIPOBOJAHOCTH, COCTAaBHUT.

0%t .~ 9%t = 0%t
AQrery = A(ﬁ+a—y2+5) .dV - dr. (2.14)

Oomee  kommyectBo  Temmotel dQ,  moaBogMMoOe — KOHBEKHMEH U

TEIJIOIIPOBOJHOCTEHIO.

dQ = dQKOHB + dQTenn’
(W W W) v P P
dQ = —p-c (5 Wy + 5 W, + W, ) - dV dr+7\(axz+ay2+ ) -dV - dt (2.15)

DTO KOJWYECTBO TeIJla PaBHO COOTBETCTBYIOIIEMY W3MEHEHUIO JHTAIBITHH
AIIEMEHTApHOTO Ky0a:

dQ=c-p-%-dV-dr, (2.16)
[Tocne mpeobpazoBaHMil MOTYyUNM:



ot ot ot ot 0%t = 9%t . 9%t
E+£m+awy+£M/Z—a(ﬁ+a—yz+g), (2.17)
e a - Ko3(pUIMEHT TeMIepaTyporpOBOIHOCTH
A

Bripaxenue sBusercs auddepeHIManbHbIM - ypaBHEHUEM KOHBEKTHBHOTO
TeIIoOOMEHa ¥ B OOIIEM BHJE BBIPAXKAET paclpeneiieHne TeMmreparyp B
JBUKYIIEHCS )KUIKOCTH.

[Tpu ycTaHoBUBIIIEMCS MPOIIECCE TEIIOOOMEHa:

dt/dt = 0. (2.19)
qTO6I>I IMOJIYUYUTH ITIOJIHOC MATCMATHUYCCKOC OIIMCAHHC IIPOHCCCa YPABHCHHC

HEOOXOAMMO JOTMOJHUTh YCJIOBUSIMM Ha TpaHULE pa3jieiia HOTOKA W CTEHKHU
anmapara. Beliie Mbl paccMaTpuBaiy IMOTOK KUJIKOCTH KaK JIBYXCIOMHYIO CHCTEMY,
COCTOSIIYK0 M3 MOTPAHMYHOIO TEIUIOBOTO CJIOS WM spa IOTOKA, JBUTAOLIErocs B
TypOyJIEHTHOM pexXHuMe. B NOorpaHuyHOM CJO€ TeIloTa OT CTEHKU amnmapara
pacnpocTpaHsAeTCsl TEIUIONPOBOIHOCTBIO. JTO K€ KOJWYECTBO TEIUIOTHI IE€peraeTcs
AJIpy MOTOKA COrjacHo 3akoHy HbroToHa. YpaBHEHUE, XapaKTepU3yIollee yCIOBUS Ha
TPAHUIIE UMEET BU/L:
AL = a(te, — ty). (2.20)
on
[TomyyeHHbIE BBIPAKEHHUSI MOXHO IPUBECTH K PACUETHOMY BHUIY TOJBKO JUIS
npocredmmx ciydaeB. llosToMy OOBIMHO MCHOJB3YIOT JIpYyrol MyTh, 3a-
KJIFOYAIOIIUICS B TOM, YTO PacyeTHbIE BBIPAKEHUS MOJydaroT U3 oOmux audde-
pEHIMATIBHBIX yYPAaBHEHUM, MPUMEHSSI METOJbI TeOpuH mojaobus. VX mnpuBoasT k

KOHKPETHOMY BUJY C IIOMOIIbIO SKCIICPUMCHTAJIbHBIX JAHHBIX.
2.6. TEIINTOBOE INOJOBHUE

PaccmoTpum cHaudana mogobue rpaHuyYHbIX ycioBuid. OHO OINHUCHIBACTCS C

IOMOILIBIO0 KpuTepus Hyccenbra:

Nu ==, (2.21)



PaBenctBo  kputepueB  NU  xapakTepuszyeT  MoA0OME  MPOLIECCOB
TEIUIONEPEHOCA HAa TPAHULE MEXKIY CTEHKOM M MOTOKOM JKHUIAKOCTU. OH SBISIETCS
MEpPOM  COOTHOIIECHUS TOJIIMHBI TOTPAHUYHOTO CIOSI W ONpPENENSIONIEro
Tr€OMETPUYECKOr0 pa3mepa. B kpuTepuil BXOAUT ompenenseMas B 3agadyax Io
KOHBEKTHBHOMY TETNIOOOMEHY BETUYHMHA ! .

PaccmotpumM ycnoBust mono6ust B ajpe noroka. OHO ONMUCHIBAETCA C MTOMOIIBIO
Kputepusi Dypbe, KOTOPBIM XapaKTEpU3YEeT CBA3b MEXKIY CKOPOCTHIO H3MEHEHHS
TEMIIEpaTypHOTO TOJIsI, pa3MepaMH KaHajla, B KOTOPOM IPOUCXOJUT TEIJIO00OMEH, U

(bu3MYECKUMU CBOMCTBAMHU CpeJibl B HECTAIIMOHAPHBIX YCIOBHSIX:

at

Fo = TR (2.22)
PaBeHcTBO KputepueB FO B CXOAHBIX TOUKAX TEIJIOBBIX MOTOKOB SIBJIAETCS
HEO0OXOIMMBIM YCJIOBUEM 0J1I00US HEyCTaHOBUBLINXCS MTPOLIECCOB TEIJIO0OMEHA.
Kpurepuii Ilekne mnokasplBaeT COOTHOLIEHHE MEXKAY KOJIMYECTBOM TEILIA,
IIEPEHOCUMBIM IIyTEM KOHBEKLMHU U TEIJIONMPOBOJHOCTH NPHU KOHBEKTUBHOM TEILIO-
oOMeHe:
_wi _ wi v

Pe = —-—= Re - Pr. (2.23)

a v a
Kpurepuit Ilpanaris xapakrtepu3yeT moje TEemIOPU3NYECKUX BEJIMYHUH

IIOTOKA )XKUAKOCTH:

vV_ K
Pr=-=—. (2.24)
a ap
Kpurepuii I'pacroda BBOAUTCS NMpU TEMIIOOOMEHE B YCIOBHSIX €CTECTBEHHOU
KOHBEKIIMM M TOKa3bIBAET MEPY OTHOLICHUS CHUJ TPEHUA K IOABEMHON CHIIE,
ONpPENEIIEMON Pa3HOCTHIO INIOTHOCTEW B PA3JIMYHBIX TOUKAX MOTOKA!

B-At

g’
Gr = V—Z' (225)

re f - Kod(pQUIMEHT 06BEMHOTO PACIIMPEHHs KHUAKOCTH, Tpaj ., At -
Pa3HOCTh TEMIEPATyp TOPSYMX M XOJIOAHBIX YAaCTUL JKHJIKOCTH, BBI3BIBAFOIIMX
€CTECTBEHHYIO KOHBEKIIHIO, IPal.

HeoOxoaumbiMu  yCIIOBUAMM — TOJIOOMST  MEpeHOca  TEIUIOThI  SIBJISETCA

coOmro/ieHne THAPOJAMHAMHYECKOTO U TeoMmerpuyeckoro momoous. IlepBoe



XapaKTEepU3yeTCsl PaBEHCTBOM KPUTEPHEB RE B CXOJCTBEHHBIX TOYKAX IMOJOOHBIX
MMOTOKOB, BTOPOE -ITOCTOSTHCTBOM OTHOIIICHHSI OCHOBHBIX TE€OMETPHUECKUX Pa3MepPOB
crenku L1,L2 ,...,L, K HEKOTOpPOMY XapaKTEpHOMY pa3Mepy.

Takum oOpa3zoM, KpHUTepUaIbHOE ypaBHCHHE KOHBEKTHBHOTO TEIUIOOOMEHA

BBIPAYKACTCA B BUJIC:

L L L
Nu = f (Fo,Re, Pr,Gr,22,22, .., 2%). (2.26)
Lo Lo Lo
Kputepuit NU siBasiercss omnpeaensieMbiM, T.K. B HETO BXOJUT HCKOMas
BCIIMYHUHA KO3(1)(I)I/IHI/I€HT3 TCIJIOOTAAUYNU . HpI/I YCTaHOBI/IBHIeMCﬂ HpOHeCCG
TEIJIOOOMEHAa W3 KPUTECPUATBHOTO YpPAaBHEHHS KOHBEKTHBHOTO TEIIOOOMEHA
HNCKIIKO4YarT KpHTepI/Iﬁ FO. HpI/I BBIHy}KI[eHHOM YCTaHOBI/IBHIeMCH JIBHUXKCHHUHN
BIINSIHHUCM KpI/ITepHH Gr Ha TGHHOHepeﬂat{y MO>XKHO HpeHe6pe‘H>
Ly L L
Nu = f(Re, Pr,=2,2, ..., 2). (2.27)
Lo Lo Lo
Bua ¢pynkuuu onpenensieTcss ONbITHBIM MyTeM, TPUYeM OOBIYHO €M MPUIaoT
creneHnyo ¢Gopmy. Hampumep, mpu ABHXKCHHH MOTOKAa B TpyOe muamerpoM d u

mHOM | ypaBHeHHE IpUMeT BU:

Nu=%%=c-Re™- Pri()P. (2.28)

Benuuunel C, M, N, P ONpeAeisitoTCs MO ONBITHBIM JaHHBIM. Koadduiment
TEIUIOOTAAYNd ¢ OIPEHCIACTCS 110 HaWJICHHOMY W3 KPUTEPUAIBHBIX YPaBHEHUU

kpurepuro Hyccenbra.
2.7. TEINIOOTAAYA BE3 UBMEHEHUS AT'PEIATHOI'O COCTOSIHUS

PaccMoTpuM BBIHYKIIEHHOE JBIDKEHUE BHYTPH TpyO MpH TYpOYJICHTHOM
pexume (Re >10).

Jlnst reoMeTprUUeCcKH TOJOOHBIX IPAMBIX TPYO:

afaxs — Nu = 0,023 - Re®8 - pr04 (2.29)
K



riae d,,, = 4S/I1 (S - miomank MomepeyHoro CeYeHus MoToKa; /7- CMOYCHHBIN
MIEPUMETP CEUCHHS).

Jiis Tpy6 xpyrioro ceuenus d,, ., = d.

3HaueHWE O 3aBUCHT OT CKOpocTd motoka (Re), ¢ Bo3pacTaHueM KOTOPOW
YMEHBIIIAETCS TOJIIIMHA TEIJIOBOI'O MOTPAHMYHOTO CJIOS, U €r0 TEeIUIO(PU3NUSCKUX
ceoiicTB. [Ipu | / d <50 BBoAMTCS MONPaBOYHBIH KOAPPHUIIMEHT.

B ciydae 3HauUMTENEHOTO M3MEHEHHS (PU3MUECKUX CBOMCTB TEIUIOHOCUTENEH B

mponecce TermiooOMeHa

0,25
Nu = 0,021 - Re®8 - pr043. (P—r) . (2.30)

PrCT

B dopmyny Bxomutr kputepuit Ilpanarns Pr mnpu Temmneparype CTEHKH
arrapara.
[Ipn Hanuumy BHYTpPH amnmapaTta 3MEEBUKa MOSBISAETCS JONOJIHUTEIbHAS

TypOynu3anus, AJig y4eTa KOTOPOil BBOJUTCA MOMPABOYHbBIN KOADDUIIHEHT:
ar=a-(1+354-%), (2.31)

rjae d- BHyTpeHHui quameTp TpyObl; D - nnameTp BUTKa 3MEEBHKa.
JlaMUHapHBIM PEXUM OCJIOKHSETCSI E€CTECTBEHHOW KOHBEKIMEW, KOTOPBIU

BO3HHUKACT BCJICACTBUC PA3HOCTHU TCMIICPATYP MO CCUCHHIO ITOTOKA!

Pr
Nu = 0,17 - Re®33 - pr043 . (—)02> (2.32)
PTCT
Kputepnii Gr BBoAUTCS IS y4eTa BIUSHUS €CTECTBEHHOW KOHBEKITUH.
OcoOblif  MHTEpeC MpeAcTaBisieT TEIUIOOTAaya IPU  MEXaHUYECKOM
IepeMelIMBalnm. [[ns anmapaTtoB ¢ MeEIIaJKaMH, CO3AAIOMMMHA MMPEUMYIIECTBEHHO

paanajlbHBIC ITOTOKH JKUJIKOCTH:

Nu =c-Re["- Pr"(“LCT)O'“, (2.33)
Kpurepuii Rej; onpezeneH BbIpakeHHEM
2

Re,, = 24 2.34

ey p (2.34)

TJI€ [ - BSI3KOCTb CpEAbI IIPU TEMIIEPATYPE CTCHKHU.



VYpaBHeHHE TMOJIY4YEHO MJsl amnmaparoB 0e3 BHYTPEHHUX OTpPa)KaTeIbHBIX
neperopook. Koadduurents m, N, C HAXOAATCS OMBITHBIM ITYTEM.

[Ipu ecTecTBEHHOW KOHBEKIIMM HArpeThle YacTHUIlbl, MMEIOIINE MEHbBIIYIO
IUIOTHOCTh, TOJHUMAIOTCS KBepXy. WX cMmeHsioT Oojiee XOJNOAHBIE, KOTOpHIC
OIyCKAaIOTCSI BHU3 M, HAarpeBasich, TaKXe MOJHUMAIOTCS BBepX. B pe3ynbrare

BO3HHKAIOT KOHBCKIIMOHHBIC TOKH TCIINIOHOCHTCILA:

Nu =c - (Gr-Pr)™. (2.35)

2.8. TEINIOOTAJAYA ITPU UBMEHEHUU ATPET'ATHOI'O COCTOSIHUSA

Onpenensoomuye pa3Mepbl CUCTEMBI ISl MPOLECCOB KOHAEHCAUUMW Tapa H
KUIIEHUsl XKUAKOocTed pa3nuuHbl. [Ipym KoHAeHcauuu mnapa ompeaessitolmuM Oynaer
JIMHEHHBIM pa3Mep IOBEPXHOCTU HArpeBa, H3MEPSEMBIA BIOJb IIyTH CTEKAHUS
KOHJIEHCaTa (HalmpuMep, BbICOTA BEPTUKAIbHOW MOBEPXHOCTU H WM HApyKHBIHI
JMaMeTp FOPU30HTAIILHOM TpyOKH d,,).

[Ipy KuWIeHMM TakUM pa3MEpPOM CTAaHOBUTCA JMOO KPUTHYECKUU paaNycC
oOpasyromerocsi my3slpbka mapa R, aubo ero muamerp do B MOMEHT OTpBIBA OT
noBepxHocTU. llpu KOHAEHcaluuMyW napoB Ha TOBEPXHOCTH HarpeBa OOBIYHO
oOpa3yeTcsi CIUIOIIHAs IUIeHKa KoHJeHcaTa. OHa cTeKaeT BHU3 B Pa3IMYHBIX
TMIPOIMHAMHAYECKHUX pexuMax. 1103TOMy MHTEHCHBHOCTh TEIUIOOTAAYH 3aBUCHUT OT
TOJIILMHBI TUICHKU KOH/IEHCATa U PEKUMA €€ TCUCHUSI.

JUJist JIEHOYHOM KOHJEHCAlMU Tlapa MpHu JJAMUHAPHOM T€YEHHUH IUICHKH:

Nu =c-(Pr-Ga- Ku)%?5, (2.36)

rae ¢ = 0,943 - nns BeprukanbHbix nmoBepxuocted (I=H); ¢ = 0,728 - npu
KOHJICHCAIIUY Ha HAPYKHOW MOBEPXHOCTH ropu30HTaNBHEIX TpyO (1=d,).
Kpurepuii ¢azoBoro npespamienust Kyrarenanze nmeer Buj
TK

Ku = v (237)

r. - Temiora KoHAeHcamwu, JIK/Kr; ¢, - TCINIOEMKOCTh KOHJIEHCATa,

JIx/kr-Tpam; At - pa3HOCTh MEXIy TEMIIEpAaTypaMH mapa u cTeHku, °K.



Kpurepnii I'amanes:

-l
Ga =L, (2.38)
2.9. TEIIVNIONEPEJAYA YEPE3 IIVIOCKYIO CTEHKY

PaccmoTpum mpouecc Temonepenadyd MexAy TEIJIOHOCHTENSIMU, pa3fe-
JICHHBIMH TIJIOCKOW CTEHKOH (puc.2.2.).

OnpenenuM KOJMYECTBO TEIJIOTH Q mepegaBaeMoe B €AMHUILY BPEMEHH OT
ropsY€ero TEMIOHOCHUTEIIS C TEMIIEPATYPOH t1 K XOJIOAHOMY C TEMIIEPATYPOH t, uepes
Pa3JIEIAIONIYIO UX CTEHKY TONIIUHON 0 U KO3(P(PUUHUEHTOM TEIUIONPOBOIHOCTH A.
TeMmmneparypbl MOBEPXHOCTEN CTEHKU torq U Loy COOTBETCTBEHHO. KoadpuimeHTo!

TCIIOOTAAa4U AJIA ropsA4Cro TCIJIOHOCUTCIIA (4, a XOJIOOHOI'O - (5.

Puc. 2.2. Tennonepenaya yepes MIOCKYIO CTEHKY

[IpumemM, 4TO mpoLECC TEIUIOOTAAYM YCTAaHOBUBIIMKCA. B 3TOM cCiydae
OJIMHAKOBOE KOJMYECTBO TEIUIOTHI 32 OJMHAKOBOE BPEMS IEPENAETCS OT TrOpPSUEro
TEIUIOHOCUTENISL K CTEHKE, YEPE3 HEE U OT CTEHKHU K XOJIOJHOMY TEIJIOHOCUTEITIO.

B paccmarpuBaeMom cityyae:



KonuyecTBo TEIIOTHI, IEPEIABAEMOE UEpPE3 TOBEPXHOCTH F OT ropsiuero

TCIIOHOCHUTCIIA K CTCHKC, I10 3aKOHY HrroToHa cocTaBUT:

Q = a,(t; — ter)F. (2.39)
KoM4ecTBO TEMIOTHI, IPOXOIALIErO MyTEM TEIIONPOBOAHOCTH YEPE3 CTEHKY

TOJIIIMHOM O ¥ MOBEPXHOCTHIO F, M0 3akoHy Dypbe OyneT paBHO:

A
Q= g(t1 —tere) * F. (2.40)
KonnM4ecTBO TEIJIOTHI, HEPENaBaeMOE 4Yepe3 IOBEPXHOCTh F OT CTEHKHM K

XOJIOHOMY TEIIOHOCUTEIIO, MO 3aKOHY HBEIOTOHA COCTaBUT:
Q = ay(tcry — tp) - F. (2.41)

[IpeoOpa3yem 31U ypaBHEHHUSI CIAEAYIOMIUM 00pa3oM:

Q
(ty —ter) = o (2.42)
Q &
(tery — terz) = 7 (2.43)
Q
(terz — t2) = p—— (2.44)
CJI0KMB JIEBBIE U IIPABBIE YaCTH 3TUX YPABHEHHHI, IOy YHM:
_e(r,8, 1
(t—t) =%(Z+5+2) (2.45)
W
1
Q=557 Flts —t). (2.46)
a1 2t
Koaddumment K paseH:
a1 A ar

Bennuuna, oopatnas K, Ha3bIBaeTCs OOIIMM TEPMUYECKUM CONPOTHUBICHUEM

1 obo3Havaercsa R:

R=<=—+42+- (2.48)

K aq ar

1
rac a— - TCPMHUYCCKOC COIIPOTUBJIICHUC TOPAYCTO TCIIJIOHOCUTCIIA,
1

1
a— - TCPMHUUYCCKOC COIIPOTUBJIICHUC XOJIOAHOI'O TCIIJIOHOCHUTCIIA;
2

0/A=V(,, - TEPMHUYIECKOE CONMPOTUBJICHHUE CTCHKH.

B cnyyae MHOTOCIONHON CTEHKM B YpaBHEHHUE BMECTO J/4 MOJCTaBISETCS

CyMmMma TCPMUICCKHUX COHpOTI/IBHeHI/Iﬁ KaXXa0ro CJjJ10s1 CTCHKH.



Tornma:

11 5§ 1
R===—+)-+— 2.49
k= TEIT o (2.49)
Jia  uHTeHcH(UKalMKU Tpoliecca TEIIoNepeadl CleIyeT YBEJIUYUBATh
MEHBIUN 13 KOA(POUIIMEHTOB TEIUIO0TAaYH. J{J1s 9TOr0o, HAapUMEp, YBEINIUBAIOT
CKOPOCTh TEIUIOHOCUTENSI C MEHBIIMM O WU TypOyJIM3UPYIOT TOTOK APYTUMHU

crroco0ammu.
2.10. ABUKYIIASA CUJIA TEIIVIOOBMEHHBIX ITPOLHECCOB

JIBHoKyIIe cuioi mpouecca TEmIooOMeHa SBISETCS PAa3HOCTh TEMIEpaTyp
tertoHocutener. [lox mercTBreM 3TOM Pa3sHOCTH TEIUIO IMEPENAeTCs OT TOPSYETO
TEIUIOHOCUTENS K XOJOAHOMY. IIpm 3TOM HBMXKylIash CHiia HE COXPAaHSAET CBOEIrO
IOCTOSTHHOTO 3HAUEHUs, a U3MEHSETCs B/I0JIb MOBEPXHOCTH TeriooOMeHa. [loatomy
BBOJIUTCA TOHATHUE - CPEAHSS Pa3HOCTh TEMIEpaTyp, IpH KOTOPOMl ONpeAesstoTcs
YUCJIEHHbIE  3Ha4YeHWs  (uU3MUecKUX  mapaMeTpoB  cpeipl.  TemmepaTypsl
TEIJIOHOCUTENIE HW3MEHSIIOTCS IO CEYEHHUIO IOTOKAa BCIIEJACTBUE HAIMYHUS IO
TEMIEPATYp U CKOPOCTEH, a TakKe BIOJb MPOTOYHOM YACTHU TENMIOOOMEHHUKA IO
MeEpEe OXJIAXKIAEHHUS TOPSIYEN Cpelibl U HArPEBAHUSI XOJIOHOM.

B yacTtHOCTH, IpU KOHJEHCALUMU Mapa W KUIEHUH >KUJKOCTH, TEMIIEPaTyphl
TEIUIOHOCUTEIEH TNPUHUMAIOTCS TOCTOSIHHBIMH, KakK TeMmIepaTrypsl (ha30BOro
npeBpamienus. [Iporeccsl TemnooOMeHa B anmaparax HENPEpPhIBHOTO JIEUCTBUS
MOTYT OCYLIECTBISTHCA B MPAMOTOKE, MPOTUBOTOKE, NEPEKPECTHOM M CMEIIAHHOM
IOTOKAX.

[Ipy HarpeBaHuu uIM OXJAXKJICHUM paboueld cpenbl (0€3 U3MEHEHHS
arperaTHOro COCTOSIHHSA) TEMIIEpaTypa €€ BJIOJIb MOBEPXHOCTH HArpeBa M3MEHSETCS

0 SKCTIOHEHITUABHBIM KPUBBIM (puc. 2.3.a,0).
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Puc. 2.3.CxeMbl OTHOCUTEIBHOTO JBMKCHHUS pad0YHX CPEe/l U U3MEHEHUS UX TeMIIeparyp
BJI0JIb IOBEPXHOCTHU HAarpena:
a - [IPAMOTOK; 0- IMPOTUBOTOK

HpI/I HpOCTGﬁMHX ClIydadx TCIuIonepcaadu - IIPAMOTOKC M IIPOTHBOTOKC,

CpeaHsisi pa3HOCTh TeMIEepaTyp onpeesseTcs o ypaBHeHuo ['pacroda Kak cpeaHss

norapu@muyeckast:
At = ﬁ (2.50)
Jlns mpsiMOTOKA:

Atg = tig — ton; (2.51)
Aty = tix — thk- (2.52)

J{nst mpoTUBOTOKA!
Atg = tix — togs (2.53)
Aty = tig — tk (2.54)

Haubounee coBepilieHHON CXeMOM TeIIonepenadu SBIsieTcsl IPOTUBOTOK,
npu kKoTtopom At umeer HauOOJbllIee 3HAYEHHE M3 BCEX BO3MOXKHBIX CXEM
TEIUIONEPENauy MPY NPOYMX PaBHBIX yCIoBHsX. IIpy Teruionepenaye B MpOTUBOTOKE
HarpeBaeMblii MOTOK MOXXET OBbITh HArper a0 Oojiee BBHICOKOM TeMMeparyphl, Yem
KOHEYHas TeMIepaTypa HarpeBarollero notoka. HaumeHbllee 3HaYeHUE IpuU
IIPOYMX PABHBIX YCIOBHUSIX UMEET CPEIHAS PA3HOCTh TEMIIEPATYP NP MPSIMOTOKE.

[Ipu Gosiee CIOXKHBIX CIIy4asX OTHOCUTEIBHOTO JABMKEHUS TEIJIOHOCUTENEH

(mepeKpecTHhI TOK, HEPABHOE YHCIIO XOJOB JJIsi O0EWX J>KHIKUX Cped W T.J.) B



pacCHYCTHBIC (l)OpMy.]'IBI BBOOATCA IIOIIPABOYHBIC (bYHKI_[I/II/I, YUCJIICHHBIC 3HA4YCHU

KOTOPBIC HAXOAATC B CIIPABOYHHUKAX.

2.11. KOHAEHCALIUA

Konpnencamueit Ha3biBaeTCs Mepexo]i BEIIECTBA U3 Mapo- WM T'a3000pa3HOro
COCTOSIHMSI B >KHUJIKOE, MTPOBOAMMOE ITyTEM OXJIAXKICHHUS €r0 BOJOW WIIM XOJIOAHBIM
Bo3ayxoM. KoHaeHcarusi mapoB HIMPOKO MPUMEHSETCS B Mpolleccax MepepadboTKu
CEJIbCKOXO3SIUCTBEHHON  NPOMBIIUICHHOCTH  IPH  TMPOBEJACHUU  IPOLIECCOB
BBITIAPWBAHUSA, BaKyyM-CYIIKH U Jp., IS co3naHus paspexenus. [Ipu sTom mapsl,
HoJyIeXkKallue KOHIEHCAllui, OOBIYHO OTBOJAT B IPYIOM ammapar - KOHJIEHCATop, I1ie
OHHU OXJIQXKJAI0TCS BOAOH MM BO3LyX0oM. O0BEM MOJy4yaeMOro KOHAEHCATa B ThICAUY
u Oojee pa3 MeHblIe o0ObeMa mapa, W3 KOTOporo oH oOpazoBaiics. [losTomy B
KOH/ICHCATOpE CO3/1aeTCsl pa3peXeHHe, KOTOPOE YBEJIUYMBAETCS MPH YMEHBUICHUU
TeMrepaTypbl KoHaeHcanmu. [l moaaepkaHus BakyyMa Ha TpeOyeMOoM YpOBHE H3
KOHJECHCATOpa  HENpPEPbIBHO  OTBOAATCS €  IOMOINBIO  BaKyyM-Hacoca
HEKOHJICHCUPYIOIINE Ta3bl.

[To crtocoOy oxmakAeHHs pa3IuyaroT IBa TUIA KOHIEHCATOPOB:

— CMEIICHUS;
— TOBEPXHOCTHBIE.

Kongencaropbl cmemieHuss — 3TO ammaparbl, TAe Tap HEMOCPEACTBEHHO
cMemmMBaeTcss ¢ oxyaxpatrouled  Bomgoil. Ilo  cmocoOy  oTBoma  BO.BI,
HEKOHJICHCUPYIOIIUXCS Ta30B W KOHJAEHCaTa pas3iMyaloT CyXue€ U MOKpBIE
KOH/ICHCATOPBI CMEIICHUSI.

B cyxux (Oapomerpuueckux) KoHaeHcatopax (puc.2.4.) Bojga W KOHJEHCAT
YAAIAIOTCS COBMECTHO, a Ta3bl OTAENBHO C IMOMOINbIO BaKyyM-Hacoca. BHyTpu
Koprryca 1 B3auMoJeiicTBHE Mapa W BOABI MPOUCXOIUT B MPOTUBOTOKE. Boma mopa-
eTCsl yepes3 IITYyLEep B BUAEC TOHKUX CTPYH MEPETeKaeT ¢ TapesKu 2 Ha TapesKy uepes

otrBepcTus U 6opTa. [lap mocTynaer cHU3y yepe3 WTYLEp U MPU CONPUKOCHOBEHUU C



BOJIOM KoHAeHcHupyeTca. CMech KOHJIEHcaTa U BOJBI MOMAaeT B 6apOMETPUUECKYIO
TpyOy 3 BbIcOTOM OKOJI0 10 M 1 manee B kosozen 4. Tpy0a 3 u Kooael UrparoT Poh
TUAPABIMYECKOTO 3aTBOPA, IPEMATCTBYIONIETO MPOHUKHOBEHUIO HAPYKHOTO BO3/lyXa
B anmapar. HeckoHeHCHpOBaBIIMECs ra3bl OTCACHIBAIOTCA Yepe3 MTYIEp 8 BaKyyM-

HacocoM. [Iporiecc koHIeH cauu napa npoTekaet mnoj Bakyymom (0,01...0,02 MH/MZ).

Bozdyx

Boda

I

|
BN EARABARAN | | L]
1

B cmox

Puc.2.4. bapomeTpuueckuii KOHAEHCATOP:

1-xopmyc; 2- Tapenka; 3- bapoMeTpuieckas Tpyoa; 4 — KOJIOJAEL; S5 - JIOBYIIKA

B NOBEpXHOCTHBIX KOHJEHCATOPaxX KOHJICHCHUPYIOLIUWCS Iap OTHAaeT CBOE
TEII0 Yepe3 CTeHKY. OOBIYHO Map KOHJECHCUPYETCS Ha HAPY>KHBIX WM BHYTPEHHUX
MOBEPXHOCTIX TPYO, OMBIBAEMBIX C MPOTHBOMOJIOKHONW CTOPOHBI BOJ0M. [losTomy
MOSABJISECTCA BO3MOYKHOCTD Pa3/IeIbHOIO OTBOJA KOHJEHCATA U OXJIAKAAIOWIEN BOJBIL,
YTO MO3BOJISIET UCTIOIB30BATh KOHAEHCAT, €CIIM OH MPEJICTABIIAECT COO0M KaKyr0-Tu00
LEHHOCTh. Hampumep, ecnm CKWKEHUE W OXJAXKICHUE KOHEYHOrO IIPOIYKTa,
MOJIy4a€MOI'0 B BHJIE€ IMEPErpeToro mapa, SBISIETCA 3aBEPLIAIOLICH ONEpalen

TEXHOJIOTHYCCKOI'O IIponecca.



[ToBepxHOCTHBIE KOHAECHCATOPHI 0OJiee METAITIOEMKH U TPEOYIOT OOJbIIEro
pacxojia BOJbl. B NMpPOMBIIUIEHHOCTH B KayeCTBE MOBEPXHOCTHBIX KOHJAEHCATOPOB
UCIOJIB3YIOT PA3IMYHbIE TEIUIOOOMEHHUKH, HAIIpUMEpP, TPyOUaThle U OPOCUTEIbHBIE

XOJIOAWJIBHUKHN-KOHACHCATOPHI.

2.12. METOJ ®OPMAJIBHOI'O AHAJIN3A
NHTEHCUOPUKALIMUA TEIIJIOBBIX ITPOHECCOB

NHTEHCUBHOCTH TEIIOOOMEHA MOKHO BBIPA3HUTH KaK:

At, —At, At,, —At,
At

2319 1 [1+Z5i+1j2’3lgAtH
K o, A a Aty

rae K — koadduiuenT temnonepenayn; S — NOBEPXHOCTh TEIJI0O0OMeHa; t —

1
= =KAt=K
[ Szt : (2.55)

BpeMsi; At — cpenHsisi pa3HOCTh Temmepatryp; At,, Aty — HadalnbHas U KOHEYHAs
pPa3HOCTh TeMIEepaTyp MEXIy TEIUIOHOCUTEISIMA, U «ay — KOIPPUIIUEHTHI
TEIJIO0TAAUU; Ji — TOJIIMHA CTEHKH, OCaJKa, 3arps3HEHU; Ai — TEMIONPOBOIHOCTD
CTE€HKH, OCAJIKa, 3arPSI3HEHUM.

DTy 3aBUCUMOCTb MOKHO HMCIIOJIb30BaTh JJISl COCTABJICHUSI HATJIAIHOW CXEMBI

NEUCTBUA MO HMHTEHCU(UKALMK KOHKPETHOTO TEMJIOOOMEHHOIo  Mpoliecca,

0003HaUMB T — HEOOXOAUMOCTb YBEJIWYEHUS] U | — HEOOXOJUMOCTh YMEHBIICHUS

TOTO WJIM UHOTO MapameTpa.
3aBucuUMOCTb (2.1) MOKHO 3amucath B BUJIE:
1T = At T, Atgl, a; T, 0il, AT, a1 . (2.56)
Takas cxeMa HarJISIIHO TOKAa3bIBA€T HAMPABICHUE M3MEHEHUS T€X WM WHBIX
napaMeTpoB Ipoliecca WM KOHCTPYKTHBHBIX XapaKTEPUCTHK arrapara JJisi UHTEH-
cuduKauu npoiiecca TerioooMeHa.
Heo6xonumo yBenmuuuBaTh K03 UIIMEHTHI TermooTnaun al u a, mais oboux
TEIJIOHOCUTEJIEH, TeIIONPOBOAHOCTh MaTepuaja anmnapata U UHKpyctanuu Al, Ha-

YaJbHYI Pa3HOCTh Temneparyp Aty ; yMEeHbIIaTh KOHEYHYIO PA3HOCTh TEMIIEPATYP



MCXKAY TCIINIOHOCHUTCIISIMHA AtK " TOJIIWHY CTCHKHU TCHJ’IOHCpC,Z[aIOHICﬁ IMOBCPXHOCTHU

Y 3arpsA3HEHUN O, .

AHanu3 mpoiiecca M BBISIBICHHE JUMHUTHPYIOIIETO YPOBHS B COOTBETCTBUU C
W3JI0)KEHHBIM BBIIIIE METOJOM IO3BOJIIOT 0TOOpaTh u3 dopmyibl (2.56) dakTophl,
COOTBETCTBYIOIIME 1O  MacmTady  JIMMHUTHPYIOUIEMY  YpPOBHIO.  AHanu3
(opManM30BaHHBIX 3aBUCUMOCTEH HEOOXOAMMO MPOBOJHUTH C IICNBIO TOBBIIICHUS
9HEProd(pPeKTUBHOCTH TEXHOJIOTHUECKOTO TpoIiecca.

Jlnia omnpezeneHus: najabHEHIIEro HaNMpaBieHUs] UHTEHCU(UKALIUKA PAaCCMOTPUM
YpaBHEHHUS TEIUIONIEPEHOCA M UCIIOIB3YEM OJHO U3 U3BECTHBIX BBIPAXKECHUU NI 0 U

O, B BUJC KpHTCpI/IaJIBHOﬁ 3aBHUCHUMOCTH:

o= % ARe®® Pro®(Pr/Pr., )% (2.57)
Ortkyna, He yautsiBast (Pr/ PrCT)*?, mony4aem
o = AN o,sl—o,zpo,scg,ssﬂ—o,zw’ (2.58)
rie A — TEIUIONPOBOJHOCTh TCIUIOHOCHTENS;, | — Ompeaesronuil JTNnHEHHbIH
pasmep (HampuMmep, TOJIIMHA cliosg TemioHocurens);, Re=V Ip/u — xkpurepuii

Peitnombaca; Pr=ul/(pa)— kpurepmii ITpanarns; V — cKopocTh; a= /1/(Cp p)
KO3 PUIIMEHT TeMIEPaTypONPOBOIHOCTH; p — INIOTHOCTh; Cp — TEIIIOEMKOCTb.
Torna ¢popmymna (2.58) npumer Bua:
1=t P At 8er e Mhaarp Py AT V1T p11 G2l {2 V21 p2t Cztlal 2. (2.59)
Nupexcel 1 1 2 OTHOCATCS K XapaKTEPUCTUKAM ITOTOKOB JBYX TEIJIOHOCHUTEIIEH.
[Iporpamma wunTeHcuukanuu TII BrarowaeT B ce0sd Kak pPEXKUMHO -
TEXHOJIOTHMYECKHe, TaK W  allapaTHO-KOHCTPYKTHUBHBIE  XapaKTEPUCTUKH

TEMI000MEHHOT0 MPOLECcca Ha PA3IMYHbBIX YPOBHIX UEPAPXUU CUCTEMBI.



I'nmasa 3. HPUKJIAJTHASA TEOPUSA MACCOOBMEHHBIX ITPOLECCOB

3.1. OBIIME CBEJAEHUSA O MACCOOBMEHHBIX MPOLECCAX

TexHomornyeckue MpoIecchl, CKOPOCTh MPOTEKAHUSI KOTOPBIX OMPEIEISIETCS
CKOPOCTBIO IE€pEHOCAa BEHIECTBa (Macchl) U3 OJHOM (pa3bl B JIPYryr0, Ha3bIBAIOTCA
MacCOOOMEHHBIMHU TPOLIECCaMM, a amnmaparypa, NpeJHa3HaueHHas IS MPOBEJCHUS
ATHUX MPOIIECCOB, - MACCOOOMEHHOM ammapaTypoi.

B MaccooOMEHHOM amnmapare MOIYT HPOM3BOJIUTBCA Pa3HOOOpa3HbIE
npoueccbl. OCHOBHBIMU U BOKHEUIIIMMU U3 HUX SBIISIIOTCS aOCOPOIHS, SKCTPAKIIHUs,
pexTuduKanys, aacopous u CyIKa.

Abcopoyusi — wu30UpaTeNbHOE TMOIJIONICHUE Ta30B WM TMapoOB KUIKUMHU
norinoTuTenssMu  —  abcopbentamu. Ilpomecc  wucmonb3yercs BO — MHOTHX
MIPOU3BOJICTBAX, [JI€ U3 CMECU ra30B HEOOXOAUMO M3BJIEYb KaKOH JTMOO KOMIIOHEHT
WIM TPYyNIy KOMIIOHEHTOB. B 3TOM mponecce uMeeT MeCTO Mepexo] BEIEeCTBA WIH
IPYIIbI BEIIECTB U3 ra30BOM WM NapoBOM (a3l B KUJKYIO.

Oxcmpaxyus (KUAKOCTHASA) — U3BJICUEHHUE PACTBOPEHHOTO B OJHOM KUAKOCTU
BELIECTBA WJIH TPYNIbl BELIECTB JAPYrod XuUIAKOCThIO. IIpomecc ucnoisb3yercs B
cilydasiX, KOrja M3 pacTBopa HEOOXOJUMO H3BJIEYb PACTBOPEHHOE BEILIECTBO WIIM
rpyniy BewlecTB. B 3TOM mpomecce MMEET MECTO MEPEXOoJ] BellecTBa M3 OHOU
KUJKOU a3kl B IPYTyIO KUJKYIO (azy.

Pexmughuxayus — pazaeneHue XKUIAKONW CMECH Ha YMCThIC WM OOOTallléHHbIC
COCTaBJIIOIIME B PE3YyJbTAaT€ MPOTUBOTOYHOTO B3aMMOJICUCTBUS MOTOKOB Mapa H
xuakoctu. Ilpomecc uMeer OO0JbIIOE 3HAYEHUWE B TEX MPOU3BOJCTBAX, I/IE
HEO0OXOMMO YaCTUYHOE WJIU TOJIHOE Pa3leNIeHUE XKHUAKUX OJHOPOJIHBIX cMeced Ha
YUCThIE€ KOMIIOHEHTHI WJIH HUX TIpynnbl. OYEBHIHO, B 3TOM IPOLIECCE UMEET MECTO
Nepexo/]l BelecTBa U3 XUAKOHN (ha3bl B TAPOBYIO, U HAOOOPOT.

Aocopoyus — n30uparenbHOe MOTJIONIEHUE Ta30B, TAPOB WM PACTBOPEHHBIX B

KUJKOCTSIX BEHIECTB TBEPABIM TIOTJIOTUTENIEM — aJCOpPOEHTOM, CHOCOOHBIM



MOTJIOIIATh OJHO WJIM HECKOJBKO BEIIECTB M3 MX cMmecH. [Iponecc ucnomb3yercs BO
MHOTMX IMPOU3BOJCTBAX, II€ U3 CMECU Ta30B, MAPOB WIM PACTBOPEHHBIX BEIIECTB
HE0OXO0IMMO U3BJICUEHUE TOTO WM JIPYroro BemiecTBa. B 3ToMm mporecce BeliecTsa
MEePEXOIAT U3 TA30BOM WM KUIAKOH (a3 B TBEPAYIO.

Cywixa — ypAalleHHE BJard W3 TBEPABIX BJIAXKHBIX MaTEPUATIOB MYTEM €€
ucnapenus. [Ipu 3Tom mpoliecce UMEET MECTO MePEXo/] BIIark U3 TBEPIOTO BIAKHOTO
Marepuaia B IapoOBYIO WM I'a30BYIO CPELY.

JI71s1 Bcex mepeurciaeHHBIX MPOIEcCOB OOIIMM SBIISIETCS TEPEX0/]l BEIIECTBA U3
oJIHOM (pa3wl B APYTyI0, WK Macconepenada. [lepexon BemecTBa U3 0HOM (a3l B
JPYTYIO CBSI3aH C SIBJICHUSMH KOHBEKTHBHOT'O MIEPEHOCA U MOJEKYJISIpHOU nudPy3um,
[O3TOMY IEpPEUYMCIEHHbIE BBILIE MPOLECCHl MOJYYNUINM Ha3BaHUE MacCOOOMEHHBIX,
i 1P Py3MOHHBIX TPOLIECCOB.

Macconepeoaua — niepexoj; BemiecTBa (MJIM HECKOJIBKUX BEIIECTB) U3 OJHOM
(a3l B IpYryro B HAPABJICHUH TOCTHXKEHUS] PABHOBECHSI.

B MaccooOMeHe y4acTBYIOT KaKk MHUHUMYM TpPH BELIECTBA: PacHpelesIonee
BEIIECTBO (WJIM BEIIECTBA), COCTAaBJAIOLIEE MEpPBYIO (pa3y; pacupelesonee
BEILIECTBO (WJIM BEIIECTBA), COCTaBIsIONIEE BTOPYIHO ¢aszy; pacupenensemMoe
BEILIECTBO, (MJTM BEIIIECTBA), KOTOPOE MEPEXOAUT U3 OAHOM (hasbl B IPYTYIO.

Uepes  onpenenéHHbli  IPOMEKYTOK  BPEMEHHM  CKOPOCTH  MEpexoa
pacmpenensieMoro BelecTBa M3 OAHOW (a3bl B APYryH0 U OOpAaTHO CTAHOBSTCS
OJIMHAKOBBIMHM. Takoe COCTOSSHME Ha3bIBAETCS PABHOBECHBIM. B  cocTosHMM
paBHOBECHS B KaXJIOM KOHKPETHOM CIlydyae CYUIECTBYET CTPOro OIpeAesi€HHAs
3aBUCUMOCTh MEXAY KOHILIEHTPAUMSMH PACIpPEAENIIEMOro BEIIECTBA, KOTOPbIE MpHU
PABHOBECUU CUCTEMbI Ha3bIBAIOTCSI PABHOBECHBIMU.

Tak Kak KOHIIEHTpalUs MPOMOPIMOHANIbHA YUCITYy YaCTHll, TO, CJIEA0BATENbHO,
CKOPOCTh TEpexoja paclpeiessseMoro BellecTBa U3 OIHOM (a3sl B ApPYyryro
MPONOPLIMOHAJIBHA pa3HOCTH MEXK]Y dbakTHIecKoit KOHIICHTpAaILNei

pacrpeensieMoro BenecTna B JaHHOU (a3e U paBHOBECHOM KOHIIEHTPAIIUECH.



OCHOBHBIMH BOIIPOCAaMH, U3y4aeMbIMU B Maccorepesaye, SIBISIOTCS: 3aKOHbI
(da30BOro paBHOBECHS, MO3BOJISIONINE YCTAaHOBUTH PABHOBECHBIC KOHIICHTPAIUU U
HampaBJIeHUE TEUYCHHs IMPOlecca; BMKYINAs CHJIa MacCOOOMEHHBIX IPOIECCOB;
KO3 (UIIUEHTHI CKOPOCTH MaCCOOOMEHHBIX MPOIIECCOB.

JlBa TOCIEIHUX BOMPOCAa COCTABISIIOT TaK HA3bIBAEMYI0 KHHETUKY
Maccomepesayl M PacCMaTPUBAIOTCS  CaMOCTOATENBHO; BOMPOCH  (ha30BOTrO
paBHOBECHSI, PACCMATPUBAIOTCS Pa3JEIbHO MPH H3YyUYEHUU KaXJAOTO KOHKPETHOTO

Imponecca.
3.2. MATEPUAJIBHBIN BAJJAHC MACCOOBMEHHBIX ITPOIIECCOB

B oOmeM Buje MarepuaibHbIi OallaHC MacCOOOMEHHBIX (IU(PPy3nOHHBIX)
IIPOLIECCOB MOKET OBITh COCTaBJIEH Ha OCHOBE CIEAYIOIIMX PaCCYKICHHM.
O0603HauUUM BECOBBIE CKOPOCTH pacrpeieistomux (a3 BIOJb IMOBEPXHOCTH HX
pasniena, BIpaKeHHbIE B KWJIOTpaMMax MHEPTHOTO BellecTBa B 4ac, yepe3 G u L, a
KOHIIGHTPALMs PACIPEACIIIEMOr0 BEMIECTBA COOTBETCTBEHHO Y KI/KI HHEPTHOTO
BCIECTBA U X KI/KT HHEPTHOTO BEIECTBA.

Vo-bx o HXa =Gl
G G

(3.1)
Jnst TpPOTMBOTOYHOTO B3aUMOAEHCTBUS (a3 MOXKET OBbITh IOJIYYEHO
YpaBHEHHUE:
Lo GX, —-LY, . (3.2)
G G
N3 3Tux ypaBHEHUH CIEAYET, UTO KOHIEHTPALMU PACIIPEIEIIIEMOIO BELIECTBA
B dazax G M L CBsA3aHbI JUHEWHOW 3aBUCUMOCTHIO. [loaTOMY yIOOGHO MpPOIIECCHI
MaccooOMeHa MpEACTaBIATh Ipaduuecku B KoopauHatax X —Y, TO €CTh B BHJIE
3aBUCHUMOCTH MEXJY TaK Ha3bIBAEMbIMU paOOYMMHU KOHIICHTPAIUSMU. Y PaBHEHHE
PSIMOM, BhIpAXAIOIIEeH 3aBUCUMOCTb MEXTy PaOOUYUMH KOHIICHTPAIUSIMHU, HA3bIBAIOT

0ObIYHO paboyeil TMHUEH mpoiiecca.



JIBrKymasi Cujaa MacCOOOMEHHBIX TPOIIECCOB OMPEICISETCS CTEMEHbBIO
OTKJIOHEHHsI OT DPAaBHOBECHS WM «PACCTOSHHEM» OT paBHOBecus. Ilociemnee
OMPEICISIETCS PA3HOCTBIO MEXIY paboucii W PAaBHOBECHOW KOHIICHTPAIIMSMH HJIH
paBHOBECHOW W paboueif, B 3aBUCHMOCTH OT TOrO, KaKWe U3 HHX OOJbIIIe.
JIBHKYIIYIO CHITy MOYKHO BBIp@KaTh JUOO Yepe3 KOHICHTPAIMH PaclpenessieMoro
BemiecTBa B (haze G, TO ecTh uepe3 Y , 1ub0 uepe3 KOHIEHTpaluu ero B (ase L, To
ecThb uepe3 X .

Bo Bcex ciywasx, JABHKYIIEH CHJIOW mporecca OyaeT pasHOCTh MEKIY
paboueii 1 paBHOBECHO# KOHIICHTPAIMSMHE, B35Tas C MOJIOKUTEITLHBIM 3HAKOM.

U3 M3705KEHHOTO CJIEAYET, YTO OCHOBHOEC YPABHEHHE MACCOIEpPEIadd MOXKHO
3amKcaTh JABOSIKO:

dM = K,AYdF = K, AXdF (3.3)

K,AY =K, AX . (3.4)
JIBrokylias cujia MEHSIETCS ¢ U3MEHEHUuEM pabouyux KOHIICHTpalui, MO3TOMY
JUIsL BCEro TMpoIecca MaccooOMEHa, MPOTEKAIOIIEr0 B IMpeAesiax H3MEHEHUS
KOHIICHTpAIUi OT HAYaJIbHBIX JO KOHEYHBIX, JOJDKHA OBITh ONpeJieSieHa BEJIMYUHA

CpEIIHEN IBUIKYILICH CHJIBI.
[Ipu ompenesnieHUM BENIUYUHBI CPEAHEW IBUKYLIEW CHIJIBI MOTYT BCTPETUTHCS

JIBA CITy4ast:

1) 3aBHCHMOCTh MEXIy PABHOBECHBIMH KOHIICHTPAIMSIMH HE JIMHEHHA; /IS 3TOTO
Clly4yas paBHOBECHAsl KOHIIEHTpalUs omnpesensercs oluieid (QpyHKIHOHATbHON

3aBuCHMOCTHIO Yy = (X);

Benmunna cpeiHeit IBIKyIIeit cutbl it cirydas Yy = f(X).

(3.5)




[TonoOHas cTpyKTypa ypaBHEHHI COXpAHHUTCS U B TE€X CIy4asiX, KOTJla BMECTO
KOHILICHTpAlMi MCHOJIB3YIOT JPYrMe IIapaMeTphbl, XapaKTEPU3YIOIIUE CHUCTEMY:
SHTANBIINIO, XUMUYECKUI IIOTEHIIHAAIL.

2) 3aBUCHUMOCTh MEXIY PaBHOBECHBIMH KOHIICHTPAIUSMHU JIMHEWHA, TO €CTh

Y, =AX (rme A, - IOCTOSIHHAS BEJTHUYMHA).

B ciydae korga Mexay paBHOBECHBIMM U pa0OYUMHU  KOHLEHTpaLUsSIMU
CYILIECTBYET NPAMOJIMHEVHASA 3aBUCUMOCTbD, JUJIS ONPENCICHUs CpPEOHEN IBUXKYILIEH

CHUJIbI MW YHClIa CIUHHI IICPpCHOCA MOI'YT OBITH BBIBCJICHBI Ooiee ITPOCTHIC

COOTHONLICHMSI.
a7 - W =Yor )=V Vo) AV, —aY, (3.6)
I = Ven 231g A
Y. Y, AY,

rae AY, =Y, —Yp, - JBWKYIIas cujla B Hayajle MOBEPXHOCTH (Ha30BOr0 KOHTAKTA,

AY, =Y, =Y, - ABMXKYIIAsl CHUJIa B KOHIIE TOBEPXHOCTH (PA30BOT0 KOHTAKTA.
AX,, = (XPK — Xﬁ)_()T_PH _ )?H): AKK _A_XH

. : 23lg X«

H AX

3.7)

Ing
X oy — X

rae AX, =Xp, —X,, - ABIXKYIas CHJIa B Hadalie MOBEPXHOCTH (ha30BOTO KOHTAKTA;
Ay = Xp — X - IBHKYIIAs CHJIA B KOHIIE MOBEPXHOCTH (PA30BOT0 KOHTAKTA.

CrnenoBarenbHOo, g NPSMOJUMHEWHOW PAaBHOBECHOW 3aBUCHUMOCTH  CPEIHSS
JBWKYILAs CUJIa TPOLEcca OMPENENsieTcsl Kak CpeAHss Jorapupmuyeckas MExKIy

JABMOKYIIMMH CUJIaMH B HayaJle U B KOHIIE MOBEPXHOCTHU ()a30BOr0 KOHTAKTA.
3.3. MOJUNPUIIUPOBAHHBIE YPABHEHUA MACCOIIEPEJAYHN

B HekoTOphIX MacCOOOMEHHBIX ammaparax MOBEPXHOCTh COMPUKOCHOBEHHSI
da3 G u L, WM MOBEPXHOCTh (Da30BOr0 KOHTAKTA, JIETKO OINPEAENAEeTCS MPOCThIM
F€OMETPUYECKUM  BBIUMCICHMEM; B JPYrHX ammaparax dTa TMOBEPXHOCTh

reOMETpUYECKH HeompeneinMma. B mepBom ciydae s pacu€ra anmapaTypbl



HauboJsee 1enecooOpa3Ho MPUMEHEHWE OCHOBHOTO YpPaBHEHHUS MAacCOIepenayu, BO
BTOPOM — MOJIU(DUIIMPOBAHHBIX YPAaBHEHUH.

Ecniu moBepxHocTh  (ha30BOro  KOHTaKTa MacCOOOMEHHOro  armapara
F€OMETPUYECKH HEOIPEIEIMMa, OCHOBHOW TEXHUYECKOW XapaKTEPUCTUKOW €ro
MOXKET CITY>KUTh 00bEM, BHICOTA WJIM YUCIIO CTYTEHEH (pa30BOro KOHTaKTa.

Ecnu B kauecTBE OCHOBHOM XapaKTEPUCTUKH amnnapara BIOUpaeTcst ero 00bEM,
OCHOBHOE YpaBHEHHE MAacCCOIepeaayu LenecooOpa3Ho BHUIOM3MEHHUTH CIIETYIOIIUM
o6pasom. ITycts V (B M) — 00bEM ammapara u o (B M%/M°) — y/Ie/IbHAS IOBEPXHOCTB
(ha3oBOro KOHTaKTa, pa3BuBaeMas B 1 M° 00bEMa. [JoBEpXHOCTH (ha30BOr0 KOHTAKTA:

F =Vo u, ciieqoBaTebHO:

M M M

M M __ M (3.8)
AY K,o AY K, AX K,

rae K,, =K,o, Ky, =K, o - 00béMHbBIE K03hDUIIMEHTH MacCoNepelayun.

OyeHp 4YacTO 3a OCHOBHYIO XapaKTEpHUCTHKY anmaparta NPHUHUMAIOT €ro
BBICOTY.

2
O0o3HaUnNM acpe3 f, M" miomaas cCeyeHus alIiapara, a 4epe3 H , M ero

BBICOTY; Toraa F =Hfo.

"
H= f —=hm, =h,m,, (3.9
Yi

rae h, =

OTU ypaBHEHUS MOTYT OBITh COIOCTAaBJIEHbl C OCHOBHBIM YpaBHEHHEM
Macconepenayu, HamMcaHHbIM B popMe
F_r 1 (3.10)
M K, AY,
ConocTaBieHre YpaBHEHMI IIOKa3bIBae€T, 4YTO BBICOTA, HKBUBAJIECHTHAs
eAMHUIIE TIEPeHOca, HMEET CMbBICT BEIUWYMHBL, 00paTHON KO3 UIMEHTY
Maccorepeiauu, a Yucjio eNHUI] IEPEeHOCca — BEJIMUUHBI, 00paTHOM JIBIKYIIEH CHUIIe

npoiiecca.



Jlns onpeneneHus 4uciia €IMHUAL EPEHOCA B KAYECTBE BCIOMOTATEIbHOTO MpUEMA
MOXET CIYKUTh CIIOCOO OMNpeNeNieHus] 4ucia CTYNeHed HW3MEHEHHs pabouux
KOHIICHTPALUH.

Jomyckass, 4TO B TpeAerax OJHOM CTYNEHHM MOXKHO C HEKOTOPBhIM
MPpUOIMKEHUEM TIPUHATH CYIIECTBOBAHKE JIMHEHHON paBHOBECHOM 3aBUCUMOCTH, ISl
ompeesIeHHs 00Iero YKuciia eIMHMI] IEpeHOCca MOYKHO MPEJI0KUTh PABEHCTRBO:

" " Y, -V,
my :Zmov ZZ% (311)
1 m

1

3.4. OCHOBHBIE 3AKOHbI MACCONIEPEJAYN

B nporeccax nepeHoca pacnpeensieMoro BeniecTsa (Macchl) U3 oJiHOM (a3bl B
JIPYTYIO HAJICKUT Pa3IndaTh JBa CIydas:

1. mepeHOC W3 MOTOKA JKUIKOCTH B MOTOK JKUIKOCTH, WJIA MacCOOOMEH MEXKTY
MOTOKaMHU >KUJIKOCTH;

2. TIEpeHOC W3 TBEPAOrO Tela B MOTOK XUAKOCTU (WM MEpPeHOC B OOpaTHOM
HaIlpaBJICHHH), TO €CTh MAacCOOOMEH MEXay TBEpAOU ¢a3oi, coaepkariei
BHYTPU TIOp WM KaNWIUISPOB pACIpENesieMoe BEIIEeCTBO, U TMOTOKOM
KHUIKOCTH.

DieMeHTapHBIMHU 3aKOHAMH, KOTOPBIM MO TYNHACTCS nepeHoc
pacmpenenseMoro BemecTBa W3 OAHOW (a3el B JIPyryro, SBJISETCS 3aKOH
MOJIEKYJISIpHOM T dy3uu, 3aKOH MaCCOOT/Iauu U 3aKOH MaCCOIMPOBOTHOCTH.

3axkon monexkynapuoii ougyzuu (nepewiit 3axon @Duxa). KomudectBo
npoaudPyHIUPOBABIIETO BEIIECTBA MPOMOPIUOHATILHO TPAAUCHTY KOHIICHTPAIIHH,

TJIOIIAH, TIEPIICHIUKYIISIPHON HarpaBiaeHuo 1udPy3MOHHOTO MTOTOKA, M BPEMEHH:

M =-0% drdr, (3.12)
ox



oC
rie dM - KoiaumdecTBO NpoAu(yHIMPOBABIIEIOCsS BEIIECTBA, w IpagueHT

KOHIIEHTpaluu B HampaBieHun auddysuu; dF - sIeMeHTapHas IUIOMIAJKa, 4ep3
KOTOpylo mpoucxoaut auddysus; dr - Bpems auddysuu; D - xodhdULHEHT
POTNOPIUOHATIBHOCTH, WK KodputineHT nuddy3uu.

Kosdounument muddy3nn mnokaspiBaeT, Kakoe KOJIMYECTBO BEIIECTBA
mbbysapyer depes moBepxHocTh B |1 M° B Tedenme | U mpH  PasHOCTH
KOHIICHTpAllMM Ha PACCTOSHUU | M, paBHOM €MHULIE.

3HaK MUHYC B IIPaBOM YacTH YpaBHEHMS MOKA3bIBACT, YTO MPU MOJICKYIISIPHON
¢ ¢y3un B HAPaBICHUH IIEPEMEILIEHUS BEIIECTBA KOHLEHTpalus yObIBaeT.

Kosddumment nuddys3un He sABISETCA MOCTOSIHHOW BEIMYMHOM; YHMCIICHHBIE
3HaYeHUs] €ro OOBbIYHO OEpyT M3 CIPABOUYHMUKOB WM HAXOAAT IO CIETYIOIIHUM
dbopmynam:

JJIA Ta30B:

D =0,00155 b (3.13)

TUIS SKUJIKOCTEH:

D =0,00278 . +—, (3.14)
1 1} MA |\/|B

AB 1| V7 +V3

rae T - abcomroTHast Temriepatypa B °K; p - maBneHue B atM; V, U V; - MOJbHBIC
00BEMBI B3aMMOJICHCTBYIONIUX BeleCTB A U B; M, U M, - MOJIEKYJIsIpHbIE Beca
B3aMMO/JICHCTBYIOIIUX BEIIECTB; 4 - BSI3KOCTh KUJIKOCTH, B KOTOPOW MPOUCXOIUT
muddy3us, B cn3; A U B - ONBITHBIE KOHCTAHTHI, 3aBUCAIINE OT MIPUPOJIbI BEIIECTRA.
Koadpdpunment muddy3un 3aBucut, mpexkae BCEro, OT arperaTHoro COCTOSHUS
cucteM: Tak, koddurment muddy3un sl Ta30B MPUMEPHO HA YETHIPE TOPSIKA
BbIIe, yeM i >kujkocteil. Koaddunuent nuddysun yBennuuBaercs ¢ pocToM

TCMIICPATYPbI U YMCHBIIACTCSA C ITOBBIIICHUCM JIaBJICHUA.



J17151 KOHLIEHTPUPOBAHHBIX PACTBOPOB:

Dszdmsz@+dmZ) (3.15)
dinC dinC

rae D, - koodduiuenT nuddy3un B pacTBOpPe ¢ KOHIEHTpalyei C ; a - aKTUBHOCTh

mubyaaupyromero BemiecTsa; C - KOHIEHTpanus Tu(yHIUPYIONIETO BEIIeCTBa,;

y - KOO(pPHUIIUEHT aKTUBHOCTH.

Jugpghepenyuanvnoe ypasnenue monexkyaapuoi ouggyzuu (emopoii 3axon Ouka)
0°C  o°C  oC

dM = D( PV PY: t— ]dx-dy-dz-dr. (3.16)

C npyroii CTOpOHBI, Ty k€ NpUOBLIb KauecTBa TUPHYHAUPYIOUIETO BEIIECTBA B
AJIEMEHTE MapajUlesieluIea MOXXHO HAWTH YMHOKEHHEM O0ObEMa 3JeMEeHTa Ha

M3MEHCHHME KOHIIEHTPAIIUH 3a BpeMs d7, TO €CTh:
dMm :dx-dy-dzg—cdr. (3.17)
T

Comoctapisisi cooTHornenust (3.16) u (3.17), monyunm auddepennmaibHoe

yYpaBHEHUE MOJIEKYJISIpHOU TudPpy3uu:

~ 2~ 2~ 2~
ac_%éc 8°C ac} (3.18)

o o a

3axkon maccoomoauu (3axon Illyxkapéea). 3axon Illykapésa MoxkeT OBITH

chopMyTUPOBAaTh TaK: KOJHMYECTBO BEIICCTBA, TMEPEHECEHHOTO OT IMOBEPXHOCTH

pazgena (a3 B BOCHpUHHMAIONIYO  (azy, TPOMOPIHUOHATBLHO  PA3HOCTH

KOHIICHTpAIlMi y MOBEPXHOCTH paszzaena ¢a3 U B sApe MOTOKAa BOCIPUHUMAIOIICH
¢a3pl, TOBEPXHOCTH (a30BOTO KOHTAKTA M BPEMCHH.

dM = (C, —C, JFd<, (3.19)

rie B - KOdPOUIMEHT MaCCOOTIAA4M, XapaKTEpHU3YIOIIM TEepEeHOC BelIecTBa

KOHBEKTUBHBIMU U I ()Y3HOHHBIMU MOTOKAMH OJTHOBPEMEHHO; C, - KOHIICHTPAIIUS

r

B BOCIIpUHUMAIOIICH (Da3e y MOBEpXHOCTH paszjienia ¢a3; C, - KOHIICHTpAIHS B sIApe

NOTOKa BOCHpPUHUMAlOLIEH (a3bl; ocTajabHble 0003HaueHus mpexHue. [lpu 3TOM



BAXHO OTMETUTb, 4YTO KOHUEHTpauus Ha TrpaHuie C, paccMaTpuUBAETCS Kak

r

pPaBHOBECHAs KOHLICHTPALH.
Koaddurment Maccooriauu mokasbpiBaeT, KaKOe KOJIMYECTBO BEIIECTBA MepeaacTcs
OT TMOBEPXHOCTH pasiena (a3 B BOCHpHHHMAONTYIO hasy depe3 | M° MOBEPXHOCTH
(ha30BOro KOHTAKTa B T€YCHHUE | 4 pU pasHOCTH KOHIEHTparmii 1 kr/m>,

HuddepenunansHoe ypaBHEHHE MacCOOTIauu:

~ ~ ~ ~ 2~ 2~ 2~
oC oC oC aC D(ac o°C acj. (3.20)

I R VR A i WP VPR

Kpumepuanvnoe ypaenenue KoHeekmugHou oughgpyzuu. BbIBEICHHOE
muddepennmansuoe ypaBHenue (3.20) sBisieTcss MaTeMaTUYECKUM OIHUCAHUEM
mpolecca TMepeMelieHrs BellecTBa B JKUJIKOM  (ra3oBoi, mapoBoil) ¢aze
KOHBEKTUBHOU auddy3ueit. i MoaHro MaTeMaTH4eCKOro OMMCcaHus mporecca 3To
ypaBHEHHUE JOJDKHO OBITH JTOTIOJHEHO ypaBHCHHEM, XapaKTEPU3YIOIINM YCIOBUS Ha
rpanuiie paccMarpuBaemoi (aspl. KonmudecTBa BelecTBa, MepeMeENIaronerocs w3
da3el B a3y y TpaHHIlbl, MOXHO OIpPEAEIUTh HCXOAS M3 OCHOBHOTO 3aKOHa

KOHBEKTHBHOH ubdysuu: dM = g(C, —C, JdFdr, wm, o6osnauas C,-C, =AC,

MOJTyYrM:

dM = SACdFdz . (3.21)

OTo K€ KOJIMYeCTBO BemiecTBA dM  MOXKET OBITh ONPENENICHO JPYruM

crocoboM. Y MOBEpPXHOCTH pazzena (a3 BEIIeCTBO MEPEXOIUT B JApyryro ¢aszy 3a

cu€T MoJekyssipHon qudy3un. Ha 3ToM ydacTke myTH KOJIMYECTBO MEPEJAHHOTO U3

da3el B a3y BemectBa dM  MOXKHO HaWTH MCXOJI M3 OCHOBHOIO 3aKOHa
MOJIEKYJIApHON 1 dy3un:

M =D drdr. (3.22)
OX

OueBuaHO, 4TO BennyrHa dM B TIOCJIEIHEM YpaBHCHUU U B ypaBHeHUU (3.21)
OpEACTaBIsIeT COOOW OJHO M TO JK€ KOJMYECTBO BEIIECTBA, BBIPAKEHHOE

pa3iIndYHbIMHU CHOCO6aMI/I, H, CJICOOBATCIBHO.



- oC
AC =-D— . .
pAC > (3.23)

Ypasuenus (3.20) u (3.23) He pa3pemuMbl sl BCTPEUAIOLIUXCA B MPAKTUKE
CllyyaeB U, CIJEJOBAaTElIbHO, HE MOTYT CIYXUTh Ui HENOCPEACTBEHHOIO
OTIpeJIeICHUs] YMCIICHHBIX 3Ha4eHUH Kod(PQHUIMEeHTOB MaccooTnaud. [lostomy B
pacuéTHOM MpaKTUKE MOJB3YIOTCS KPUTEPUATbHBIMU YPaBHEHUSMH, MOyYEHHBIMH
u3 ypaBuenuii (3.21) u (3.23).

Jnsa nonydenuss aAud@Py3MOHHBIX KpUTEpPHEB TOJA00Ms  MpeodpasyeM
ypaBaeHus (3.20) m (3.23) meromamm Teopum moaoous. M3 ypaBHenms (3.23)
JeJieHneM 00eux dYacTell ypaBHEHMsI Ha NpPaByI0 YacTh IMOJIyYUM Oe3pa3MepHBIN
KOMILJICKC:

BAC x
DoC -

BbluepkHyB B IOJyY€HHOM KOMIUIEKCE CHUMBOJIBI AUPHEpEeHLNPOBAHMUS,
pa3HOCTH W HampaBlieHUs (3aMeHa X Ha HE OPHEHTHPOBAHHBIA B OMpEACIEHHOM
HampaBJI€HUM JIMHEUHBIM pa3Mep |), Mmociie COKpalleHus nouydaeMm Aud@y3noHHbINH

kputepui Hyccenbra:

NU, :% . (3.24)

N3 nuddepenimanbHOro ypaBHeHUs KOHBEKTUBHOM AU Dy3un:

oC oC oC oC 0°C 0°C o C
—t o t+t—o,+—0,= S t—t+t—;
or OX oy oz OX oy oz

0°C

X2

noyyaeM Oe3pa3MepHbIe KOMIUICKCHI JICJICHUEM BCEeX YICHOB ypaBHeHMs Ha D

aCox* . oCw, o>

or-Do’C ' ox-Dé*C

BbluepkHYyB B TOJyYEHHBIX KOMIUIEKCAX CHUMBOJIBI JAU(depeHIupOBaHUs
(Bktouass CUMBOJBI Topsaka AuddepeHurpoBaHUsl) U HANpPABJICHHS, MOCIHE

cokpatieHuii nmoixydaem auddy3nonnsii kputepuii Oypobe:



1 |2 Dr

EZE nJIn FO,ZZZI_Z' (325)
Huddy3uonnsiii kputepuii [ekie:
ol
pe =Y 3.26
.- (3.26)

Kpurepnii Fox XapakTepusyeT U3MEHEHHUE CKOpPOCTH II0TOKa

TG GyHIUPYIOIEH MacChl BO BPEMEHHU; OH HEOOXOIUM TOJBKO IS XapaKTEPUCTUKU
HECTaIlMOHAPHBIX MPOIECCOB MU Hy3HUN.

Kputepuii Pe, 00OBIYHO NPeOOpPa3OBBIBAIOT M IPEACTABIAIOT €r0 B BHIE
MIPOM3BEICHUS TBYX KPUTCPHCB:

ol o v
PeH:B:;'BZRePrﬂ.

Re ABIAETCS KPUTEPHEM I'MIPOAMHAMMYECKOIO IOJO0MUS, 8 HOBBIM KpUTEpHUH Pr, -
muddy3nonnbii  kputepuid IlpaHarns — HaXoguTcs UL 1O  (PU3NYECKUM

napameTpaM U XapakTepHU3yeT Mmojo0ue moyiei Gu3nyecKux BeITUUHH:

v_ 4 _ g
pr,=2=#_4 27
=51, D, (3.27)

B caywasx, korga MaccooOMEH MpPOTEKaeT B YCIOBHUSX €CTECTBEHHOMH
KOHBEKILIMHM, BBI3BAHHOW PpAa3HOCTBIO IUIOTHOCTEM pPAacTBOPOB C  Pa3IUYHOMU
KOHIICHTpAIMEN, [JIs XapaKTEepUCTUKH IIpoliecca BMECTO KpuTepusi Re (uiam
JOTIOJIHUTENIBHO K HEMY) BBOJAT KpuTepuii ['pacroda.

[Tonmy4yeHHslii kpuTepuid Moa00ust Aa€T BO3MOXXHOCTh HAWTH KPUTEPHUATLHOE
ypaBHEHUE KOHBEKTUBHOUN U y3un:

f (Re,Gr,Nu,,,Pr,,F,,)=0. (3.28)

U3 Bcex xputepueB ypaBHeHMs (3.28) TONEKO Nu, HE COCTOMT LECIMKOM M3

YCJIOBUHM OJHO3HAYHOCTH, IOATOMY OH SIBJIIETCSI ONpeAessieMbIiM kputepuem. cxoas
U3 3TOro ypaBHeHue (3.28) npencrapisieTcs B BUE:

Nu, = f(Re,Gr,Pr,,F,,). (3.29)



[TpumeHuTeapHO K KOHKPETHBIM 3a/ladaM MaccooOMeHa 00I1iee KpUTEepUaaIbHOE
ypaBaenue (3.29) moxetr ObITh ympoieHo. [Ipu paccMOTpeHUM CTalMOHAPHBIX

IPOLECCOB MACCOOOMEHA U3 KPUTEPHUAILHOIO YPABHEHUS BHINNANAET KPUTEPUM Fy, , U

OHO MMEET BU/I:
Nu, = f(Re, Gr,Pr,). (3.30)
[Ipy BBIHYXJICHHOM JBUXEHUU TOTOKAa (ha3bl €CTECTBEHHON KOHBEKIIMH
MOYHO IIPeHEOpeUb, TOT/Ia U3 YPaBHEHHUS BbINAJAET KpUTepuil Gr !
Nu, = f(Re, Pr,) (3.31)
158105
Nu, = ARe"Pr". (3.32)
B ycnoBusix ecTecTBEHHOM KOHBEKIIMU (a3bl M3 ypaBHEHHUS BbHINAJACT
KpUTepuid Re:
Nu, = f(Gr,Pr,) (3.33)
158105
Nu, = AGr" Pr" (3.34)
ITo HalICHHBIM K3 KPUTEPHAIBHBIX YPAaBHEHUM 3HAYEHUSAM Nu, JIETKO

onpenensitoT Kod(phUIMeHTh MaCCOOTIauu:

B=Nu,—, (3.35)

D
I
a 110 HUM U KO3(DPUIIMEHTHI Maccolepeaayu.
Buipasicenue  koappuyuenma - macconepedauu - uepez - KoIppuuuenmot
Mmaccoomoauu.

Omnpenenenue kodpdunreHTta macconepenauu K, :

1
I A

+
By By

Omnpenenenue kodpdunmeHTa macconepenauu K, :

K, = (3.36)



1

1 1
74_7
Aol Px

K, = (3.37)

A =tgo.

Koaddumment wmaccootnaun mnpeacrtaBisieT coOOM BEeTWYMHY, KOTOpas
YUUTBHIBAET CONMPOTUBIICHHE NIEPEHOCY BEIIECTBA 3a CUET MOJIEKyIsIpHOM nuddysuu, a
TaKXX€ COINPOTHUBJICHUE IIEPEHOCY IMOTOKaMU JKUIAKOCTH, TO €CTh YHUCTO
KOHBEKTUBHOMY mepeHocy. (CrenoBaTenbHO, Ha BEIWYMHY KO3(P(PUIIUEHTOB
MacCOOT/auu OKa3bIBAIOT BIUSHUE BCE T€ (DAKTOPHI, KOTOPHIE OMPEAETSIOT CKOPOCTh

MOJIEKYJISIpHOU T Py3uu, a TakKe CKOPOCTh KOHBEKTUBHOTO TIEPEHOCA.
3.5.MACCOIEPEJJAYA B CUCTEMAX C TBEPJIOHN ®A30M1

Macconepenaua B cucteMax ¢ TBEpAoH (a3oi mpeacTaBisier co0oil 0COOCHHO
CJIOXHBIN npouecc. B aTom mpouecce, KpoMe MacCOOTAa4u OT MIOBEPXHOCTH pasjieiia
(da3bl B MOTOK >KUAKOCTH (rasa, mapa), IMEET MECTO U INEpPEMEIICHHE BEIIECTBA B
TBEPOH (paze MacCOPOBOIHOCTHIO.

K ykazaHHBIM mponeccaM IpEACTABISIETCS BO3MOXXHBIM OTHECTH IPOLECCHI
afcopOIMK, CYIIKM W BbILIEIAYMBaHUS (M3BJICUCHHE BELIECTBA PACTBOPHUTENIEM M3
op TBEPAOIO TEIA).

KonmuuectBo BelecTBa, mepeMecTHBIIErocss B TBEpAoOM (asze 3a cuér
MacCONPOBOAHOCTH, MNPONOPLUHAOHAIBHO TPAAUEHTY KOHLEHTpaluu, IUIOLIAIH,
NEPHEHANKYJIIPHON HAPABJICHHUIO IOTOKA BEIIECTBA, U BPEMEHH, TO €CTh:

dM =—K§dFdr.
19)4

2 .
B stom ypaBHeHuM k03 dunMeHT nponopiuoHanbHoctd K (M7/4), umeronmit
pasMepHOCTh Kod(durmenta nuddysun, MoxeT ObITh Ha3BaH KOdDPHUITUEHTOM

MacCCOITPOBOJHOCTH.



[Ipy mnpuHATOM 3aKOHE MAaCCOMPOBOJAHOCTH TIPOIECC TEPEeMEIINBAHUS
BEIIECTBA BHYTPU TBEPAOM a3bl MOKeT ObITh omucaH AuddepeHInaIbHbIM

YPaBHCHHUCM MACCOIIPOBOAHOCTH:

~ 2~ 2~ 2~
@_K(ac o°C acj. (3.38)

or o oy? P

KoaddummenT wmacconmpoBOAHOCTH 3aBUCUT OT TPHPOABI MPOXOJSIIETO

nporiecca (aacopOmus, CyIka, BhIeIaunBaHne), OT psaa GakTOpOB, OMPEACIISIONTIX

BEMYMHY KOX(P(UIIMCHTa MOJEKYISIpHOU nuddy3uu, U OT CTPYKTYPHI TBEPIOTO
MIOPUCTOTO TeJa.

Huddy3ronnsiit kputepuii buo:

A
Bi, =—.
4K

Huddysuonnsiit kputepuit dypne:
Kz

12

Fos =

XapaKTepU3yIOINi HM3MEHEHHE CKOPOCTH IMIOTOKAa BEIIECTBA, MEPEMENaeMOT0
MacCOMPOBOTHOCTHIO B TBEPAOM TEIIE.

Hubdys3nonnsle kputepuu Bi, M F,, IO/DKHBI BOMTH B KPUTEPUAIILHOE

04
ypaBHEHHE, KOTOpPOE OIMChIBAaeT IEepeMEIIeHUe BellecTBa B TBEPAOM ¢aze u
ABJISIETCS] TEOPETUUECKON 0a30if i1 00pabOTKH BCEX ONMBITHBIX MCCIEAOBAHMI ATOTO
nporecca. JuddepeHimaisHoe ypaBHEHHE MAaCCOMPOBOAHOCTH IS MPOCTEHUIINX
CJIy4aeB OJHOMEPHOIO NEPEMEIIECHHs BEIIECTBA UMEET AHAIMTUYECKOE PEIICHHE B

BUAC:

C- : X
E:6 EP —f(Blﬂ,Foﬂ,gj, (3.39),

C- . . . .
rje c é’ - TapaMeTPUUYECKUN KPUTEPU, TIPEACTABIIAIONIUN cO00i Oe3pa3MepHYIO

KOHIICHTPAIUIO PacIpeiesIIeMOro BelecTBa B TBEPAOM (Pa3e B TOUKE ¢ KOOPAUHATON

x, C - KOHIOCHTpAaOHusA B TOYKE C KOOplII/IHaTOﬁ X B MOMCHT BpPEMCHH T,

>

COOTBETCTBYIOIUN ONPEAEAEHHOMY Fo, ; & - KOOQOHUIHUEHT, ONPEAEIIAIOIINN PasMep



Tela, COCTABJSIONIETO TBEPAYIO (a3y; x/J6 - Oe3pa3MepHas KOOpAWHATA TOYKHU, B

KOTOPOW KOHLICHTpAIMs paBHA

3.6. METO @OPMAJIBHOI'O AHAJIN3A IIAPAMETPOB,
BJIMAIOIUX HA THTEHCUBHOCTD TII

Ecnu ucnonb30BaTh OCHOBHOE ypaBHEHHE MpOIlEcca MaccolepeHoca, TO s
HamOoJiee PACIPOCTPAHCHHBIX TapesibuaThiX MacCOOOMEHHBIX amnmaparoB (axTop
WHTECHCHUBHOCTH MOKHO OTIPEIEIHUTD 10 PopmyTie

I=M/v=KSAC/v, (3.40)
rae M — macca BelecTBa, MEPEHECEHHOTO B SIMHMILY BpeMeHu; v= N(v0 + vc ) =
=nS(H; + H; ) — 00beM TapenpuaToro ammapara; N — 9UCJIO CEKIUH B anmapare; v 0 ,
L C — COOTBETCTBEHHO 00beM paboyeil (Harmpumep, 6apOOTaKHOMN) U cenapalMOHHON
30H OJTHOM CEKIIMM amnmapara; S — Iionajab MOBEPXHOCTH MOJIOTHA Tapenku; H;, H,.—
COOTBETCTBEHHO BbICOTa 0apOOTaXXHOW M cemapaunoHHOUN 30H; K — xoadduument
Maccorepesads, OTHeceHHbI Kk 1 M° monortHa tapenkn; AC — pasHOCT
KOHIIEHTpalui (ABMXKYIIasi Cujia Imporiecca).

JIns OpOTMBOTOYHOTO amnmapara, cuuTas Ko3(pPUUUEHT Maccomnepenayn
HE3aBUCSIINM OT KOHIICHTPAIMH, 3alUIIEM

i = KAC/[n(H, +H,)]. (3.41)

N3 dopmyner (3.41) BHIHO, YTO HA BEJIMYMHY (PaKTOpa WHTEHCUBHOCTHU
OKa3bIBaeT BIUSHUE MapameTp K, XapakTepusyromui KUHETHKY MacCOOOMEHHOTO
npouecca, mnapametppl AC ©W N, TECHO CBS3aHHBIE CO CTAaTUYECKUMU
XapaKTepUCTHKaMH Tpollecca, B YAaCTHOCTH, C paBHOBECHEM MeEXIy (dazamu,
oTpesiesieMble TEPMOINHAMUYECKUMHI CBOMCTBAMH KOMIIOHEHTOB CHUCTEMBI, & TAaK)Ke

napamerpamu H; u H.. llocienHue 3aBUCAT B OCHOBHOM OT KOHCTPYKTHUBHBIX



0COOCHHOCTEW ammapata M (PU3MKO-XMMUYECKUX CBOICTB IepepadaThiBaeMbIX

npoayktoB. Eciu ucnons3oBate nouatue 3pGEeKTUBHOCTH CTYIIEHH KOHTAKTa 77, TO
i =KAC/[n, (H, +H,)], (3.42)
IJ1€ N, — YUCIO0 HEOOXOJUMBIX TEOPETUYECKHUX CTYNEHEN KOHTAKTA.

Torga anropuT™ WHTEHCHU(UKAIIUU MaCCO-OOMEHHOTO TPOIlecca MOYKHO 3alucaTh
TaK:
11 =ntK14Ctnm|H; | H,.|. (3.43)

Ecnmn ananmm3 mokas3piBaeT, YTO JUMHUTHPYIOIIUM SIBIISIETCS MOJEKYJISIPHBINA
ypOBEHb, TO HEOOXOJMMO MCKATh MyTH YBeIW4YeHUs: Koddduimenta macconepeaauu
K.

st Toro 94TOOBI YYEeCTh JHEPro- W MaTEPHAIOEMKOCTbh TEXHOJOTUYECKOU
CHUCTEMBI, BBEJIEM B Ka4eCTBE MMapaMeTpa, XapaKTEPHU3YIOIIETO0 MHTEHCUBHOCTL T,
VACIBbHYI0 TPOU3BOIUTEIBHOCT, T.€. IPOW3BOAUTECIBHOCTh, OTHECCHHYIO K
KOJIMYECTBY PHEPTUU M BPEMEHH, 3aTpayeHHBIX Ha pealu3aluio Impoiiecca, 00beM
WM TIJIOIIA/Ib ammapara:

M
u= m, (3.44)

Meton QopManbHOro aHaiau3a MapaMeTpOB, BIUSIONIMX HA HHTEHCHUBHOCTb
TII, moka3biBaeT HampapiieHWE OOLIEr0 MOAXOoAa MpPU MEPBHUYHOM PACCMOTPEHUU
TEXHOJIOTUYECKOM CHUCTEMBI C LEIBI0 €€ MOJCPHHM3alMM W  MOBBIIICHUN

3Heprod3(pHeKTUBHOCTH.



I'nasa 4. 3AKOHBI PABHOBECHSA. PABHOBECHOE COCTOSHHE.
HAITPABJIEHUE TPOTEKAHUSA U ABU/KYIIASA CHUJIA
TEXHOJOI'MYECKHUX ITPOIHECCOB TEIINIOMACCOOBMEHA

OcHoOBHas 33/1a4a TEXHOJIOTMYECKHUX MPOIIECCOB TEIIIOMAacCOOOMEHa COCTOUT B
HaIpaBJICHHOM (33JJaHHOM) MU3MEHEHUU MaKPOCKOIMYECKUX CBOMCTB y4aCTBYIOIIUX
B OTOM IIPOLIECCE BEIIECTB: COCTaBa, arperaTHOrO COCTOSIHUSA, TEMIEPATYPHI,
napieHus. s 3Toro Ha cucTteMy BO3ACHCTBYIOT IMIOJA4YE€H WIM OTBOJAOM TEIUJIOTHI,
BHEIIIHUMU CWJIOBBIMH IIOJISIMH, IIEPEMEIICHUEM 1O TEUCTBUEM CHUJIbI TABJICHUS U T.
M., 4YTO MPUBOAMT K NEPEHOCYy CyOCTaHLMA — SHEPruil, Macchbl, HMIIYJIbCA.
IIpenenbHbIM COCTOSHUEM CHUCTEMBI SABIIAECTCS MOABUKHOE PaBHOBECHUE, KOTOPOE HE
MIPUBOJIUT K M3MEHEHUIO MAaKpPOCKOIHMYECKMX CBOMCTB YYacCTBYIOIIMX B IpOLECCE
BEIIECTB BO BPEMEHU U NpOCTpaHCTBE. TakuMm oOpa3oM, paBHOBECHBIM Ha3bIBalOT
TAKO€ COCTOSHHUE CHCTEMbI, NPU KOTOPOM IEPEHOC CYOCTAaHLUHA OTCYTCTBYET.
3aKOHbl DPAaBHOBECUS IMPU PELIICHWH WHXXEHEPHBIX 3a4a4 NPUMEHSIOT A
OIIPEICIICHNs HAIIPaBICHUs POTEKAaHUs U BEJIMYMHBI JIBWKYLIEH CHJIBI.

BennunHa JBWXKYIIEW  CHIIBI ABJISIETCSL  ONPEAENSAIOMUM  (PAKTOpOM

9HEProdhHEKTUBHOCTH TETIIOMACCOOOMEHHBIX MPOIECCOB.

4.1. YCJI0BUAA TEPMHUYECKOI'O PABHOBECHUA U MACCOIIEPEHOCA

VYcnoBuss paBHOBecHMs B Mpoleccax NepeHoca TEeIIoThl  (TEmiIoBOro
PaBHOBECHUSI) ONPENEISIOT CPAaBHHUTEIBHO MPOCTHIMHU HW3MEPEHUSIMH TEMIEpaTyp
conpukacaromuxcs das.

HamHoro cnoxxsnee omnpeneneHue yCciiOBUSI PaBHOBECUSI CUCTEMBI B MPOLIECCAX
nepeHoca macchl. [loaToMy naHHOMY BUIY paBHOBECHS OYyJET yAEIeHO OCHOBHOE
BHUMAaHHUE.

[Ipomecc mepexoma Macchl U3 OAHOW (a3bl B JPYTyI0 B H30JUPOBAHHOU

3aMKHYTOH cHCTEME, COCTOsIIENd W3 JABYX WiIM OoJsibLIero uducia ¢a3, BO3HUKAET



CaMOTIPOM3BOJILHO W TPOTEKAeT A0 TeX IOp, MOKa Mexay (da3zamMu TpU JaHHBIX
yCIIOBHSIX  (TeMmmeparype W JaBJICHWH) YCTAaHOBHUTCS TOABMXKHOE (Da3oBoe
paBHOBecue. OHO XapaKTEepU3yeTCsl TeM, YTO B €IUHUILY BPEMEHU U3 MEpBOMl (a3bl
BO BTOPYIO NMEPEXOIUT CTOJBKO € MOJIEKYJ KOMIIOHEHTAa, CKOJIbKO M3 BTOPOW B
nepByio (T. €. IPEUMYIIECTBEHHOIO MEepexo/ia BElIecTBa U3 OJHON (a3bl B APYTyIO
HeT). JIOCTUTHYB COCTOSIHMSI PaBHOBECHS, CUCTEMa MOKET HaXOJUThCS B HEM 0e3
KOJINYECTBEHHBIX M KAUYECTBEHHBIX M3MEHEHUN CKOJb YrOJHO JIOJNT0, TOKa KaKoe -
00 BHEIIHEE BO3/CHCTBUE HE BBIBEJET €€ U3 ITOr0 COCTOSIHUS. Takum 00pa3om,
COCTOSIHUE M30JMPOBAHHOM CHUCTEMBl MPU PABHOBECUU OIPEIACTICTCS TOJBKO
BHYTPEHHUMH YyCIOBUSMU. [loATOMY TpagueHThl HWHTEHCHUBHBIX I[1apaMETPOB U

COOTBCTCTBYIOIIMC UM IIOTOKH OOJIZKHBI OBITH PaBHBI HYJIIO:

dT=0; dP=0; d# =0, (4.1)

rne I' — rtemneparypa, P — nasnenwe;, H; — XumMuueckuil mnoreHuman l-ro

KOMIIOHCHTA.

Bripaxxenust (4.1) Ha3bIBalOT YCJIOBUSIMH COOTBETCTBEHHO TEPMHUYECKOTO,
MEXaHMYECKOTO U MaTepUaIbHOTO PaBHOBECHSI.

N3 BTOpOro 3akoHa TEPMOJWHAMHUKH CIIEYET, YTO B CaMOIPOU3BOJIBHBIX
MpoIieccax PHTPOMHUS S CHCTEMBI BO3PACTAE€T M B YCIOBHHM PAaBHOBECHS JOCTHUTACT

MAaKCHUMAJIbBHOI'O 3HAYCHHUA, T.C. B 9TOM CJIy4dac

dS=0 (4.2

VYpasuenus (4.1), a Taxke ypaBHeHHUE (4.2) ONPEACIAIOT YCIOBHE PAaBHOBECHUS
CUCTEMBL.

CyIiecTBEHHBIM  BOIIPOCOM, KOTOPBIM OMNpeeNsieT COCTOSHUE CHUCTEMBbI,

SIBJISIETCS CTETICHb €€ YJaJeHUsl OT COCTOSIHUS paBHOBeCHsl. CHCTEMbI, HAXOISIIUECS

B COCTOSSHUM PABHOBECHUS, HE MEHSIIOT CBOEr0 COCTOSIHUSL BO BpemeHu. [[ns

BBIBEJICHUSI TAKOW CUCTEMBI U3 COCTOSIHUSI paBHOBecHs (T.e. 0OECIEYeHHs yCIOBUM



JUTSI OCYIIECTBIICHUS TEXHOJOTUYECKOTO TPOIecca) HEOOXOIUMO BIUSHUE HA HEe
W3BHE MTyTEM YHEPTreTUUECKOTO BO3/ICUCTBUS.

[Ipu onenke »HHEProdGHEKTUBHOCTH OJAHUM U3 BAXKHEMIIHUX BOIPOCOB
SIBJISIETCS BOMPOC O HAIMPABICHUU U3MEHEHHUSI B COCTOSIHUM CUCTEMBI IIPU BHEIIHEM
AHEPreTUYecKoM Bo3JelcTBUM. McciaenoBaHue 3TOTO BOMpOca ONMUPAETCS Ha JIBa
NOJIOKeHUs TepMouHaMuky: npunnumna Jle - lllatense u npasuna ¢a3 ['md0ca.

Cornacno npuniuny Jle—Illatense B cucTeme, BBIBEICHHOW M3 COCTOSHUS
paBHOBECHUS, MPOUCXOAT U3MEHEHUS, HAITPABJICHUE CUJI KOTOPHIX MPOTHUBOIOI0KHO
HaIpaBJICHUIO CHUJI, BHIBOJSIINX CUCTEMY U3 paBHOBecus. [Ipumensis npunnun Jle—
[ITaTtenbe K KOHKPETHBIM MPOIECCaM, MOKHO YCTAaHOBUTDH, KaKWE MapamMeTphbl HYKHO
U3MEHHUTh, 4YTOOBI BBI3BATh HEOOXOJMMBbIC I TIPOM3BOJICTBA HW3MEHEHUS B
COCTOSIHUU CUCTEMBI.

[IpaBuno ¢a3 ['ubbOca ycTraHaBIMBaeT 3aBUCUMOCTh MEXKIY YHCIOM

KOMIIOHCHTOB CHUCTCMbI K, YHUCJIOM (1)33 @ ¥ 4YHUCIIOM CTEIICHHU CBO60,Z[I>I S:

S=K-o® +2. (4.3)
daza — ompeneaeHHOE KOJIMUYECTBO BEIECTBA, (PU3UYECKH OTHOPOIHOE BO
Bcei macce. Cructema MOXKET COCTOSITh U3 OJTHOM WJIM HECKOJBKUX (ha3.

KoMIOHEHT — YKCThIe XUMHUECKHUE COSAMHEHHMS, U3 KOTOPBIX: COCTOAT (ha3bl U
KOTOPBIC MOTYT MEPEXOIUTh U3 OJTHOU (Pa3bl B APYTYIO.

CocTosiHME CHUCTEMBbl ONPEACISIETCS COBOKYIMHOCTBIO €€ WHTEHCHUBHBIX
CBOMCTB — MapaMeTpOB, B Kaue€CTBE KOTOPBIX MPHUHATHI JaBJICHUE, TeMIepaTypa,
KOHIICHTpAIUs, yACIbHBIA 00BEM.

Uucino HE3aBUCUMBIX MapaMeTpoB, KOTOPOE MOXKET ObITh BBIOpPaHO
MPOM3BOJILHO U ONpEAEisieT 3HaUeHUE OCTAIBHBIX TTapaMeTPOB, Ha3bIBAETCSI YUCIIOM

CTeeHer CBOOOMEL.
Ilpumep npumenenusn npunyuna Jle - Illamenve

NMeercs 3akpbIThIA cOoCys ¢ MOPIIHEM B BepxHEW yacTu. B cocyn HanmBaeTcs Boja, Haj
MOBEPXHOCTBIO KOTOPOM MoJa mopimHeM HaxomuTcs map. [lpu omyckaHuu mMOpIIHS B cCoOCye

co3naercs nasnenue. CormacHo npunuuny Jle - Illatense mpu coOm0aeHUN HU30TEPMUYECKUX



YCJIOBUM B pacCMaTpUBaeMOM CHUCTEME JOJKEH HA4aThCsl MPOTUBOJCUCTBYIOIINNA MpOLEcC. ITUM

mporeccoM OyIeT KOHICH CAIUS TTapa, 9TO U HA0JII01aeTCs B ICHCTBUTEIHHOCTH.

Ilpumep npumenenus npasuna ¢pasz I'uooca

OHOKOMITOHEHTHAsl paBHOBECHAss CUCTEMa, HAIPUMEpP, MOXET COCTOSITb W3 OJHOMU, JIBYX
Wi Tpex (a3, HaXOoAAUIMXCs B paBHOBECHH. B COOTBETCTBUY ¢ IpaBUIIOM (a3 B IIEPBOM Ciiydae S =
1 - 1+2 = 2. Eciu B o6beMe UMEIOTCS TOJBKO Iapbl BOJbI, TO TEMIEpaTypa U JaBJIEHUE MOTYT
MEHAThCA B JOBOJILHO 3HAYMTENbHBIX IIpe/enax 0e3 Toro, yToobl BO3HUKaIA HOBas (a3a (KUIKOCTb
i sen). Jns aByx a3 u3 ypaBHeHus cienyer, 4ro S =1-2+ 2 = 1. 3To 3HAYUT, YTO €CIIH B
3aMKHYTOH CHCTEME B PaBHOBECHH HAaXOJSATCS BOJA W BOASHOW Map, TO JAaBJICHHE W TEMIIEparypa
CBSI3aHbl MEXy COOO0M CTPOroil 3aBUCUMOCTBIO, T. €. KaX/10i TemnepaType OyJeT COOTBETCTBOBATh
CTpOro ompejeseHHoe AaBieHue. Ecim jke MombeITaThCsi NpU JTAHHOM TemIeparype IMOBBICHTH
JaBlIeHHE, TO STO MPUBEAET K WCHAPEHHIO BOABI, U O TEX MOp, MOKa BCS BOAA HE WCHAPUTCA,
JaBlieHHE TIOAHATh HE yaacTcs. Eciam ke MombITaTtbesi MOHM3WTH JABJICHUE, TO mmap Oyner
KOH/IGHCUPOBATbCsA, U TOJIBKO IIOCJI€ HCYE3HOBEHHMs mapoBod (a3l yAacTcs MOJy4YUTh
PaBHOBECHYIO CHUCTEMY I@IpM HOBOM JaBjieHMU. Takum oOpasoMm, ansi  JByxda3HoU
OJTHOKOMIIOHEHTHOM CHCTEMBI MOKHO MTPOU3BOJILHO BHIOPATh TOJBKO OJWH IapaMeTp —IaBJICHUE
i temreparypy. Hakonen, Tpu ¢a3sl — jef, BoJa U BOASHOM Map — MOTYT CYIIECTBOBATH JIUIIb
IIPU €IUHCTBEHHOM 3HAa4eHUHU Temreparypsl U nasieHus (S=1 - 3 + 2 = 0), T. e. cucrema He UMeEeT

HHU OJIHOH CTEIIeHU CBO60I[I:>I.

4.2. IBU/KYIIIAA CHJIA TEIINIOMACCOOBMEHHBIX ITPOLHECCOB

[TonsiTHEe «ABMXKYINAs CUJIa» SIBISETCS OCHOBHBIM MPU PACCMOTPEHUU JIFOOOTO
nporiecca. Ona mpeacTaBisieT CcoOOW HEKOTOPYHO pa3HUIy TOTEHIHUAIOB,
XapakTepHYIO0 [JIs KaXAoro Buja mpoueccoB. [IpuumHON mnepeHoca Macchl WU
DHEPTUU SIBJISETCS HATU4KME B CUCTeMe HepaBHOBecus. [[000HO 3ieKTpudecKoMy
MOJII0, 0Opa3yroIIEeMyCsli BOKPYT TOUYEYHOTO 3apsijia, TOUCUHBIH HCTOYHUK TEIJIOTHI
oOpa3yeT TEIUIOBOE TeMIlepaTypHoe moje. HecrtarmoHapHoe U CTalMOHAPHOE
TEIJIOBOE TeMIIEPaTypHOE T0JI€ OMUCHIBAIOTCS (DYHKIIMOHAIBHBIMUA 3aBUCUMOCTSIMU:

T=1f(XY,Z,7), (4.4)



T=1(X,Y,2), (4.5)
rane X,Y,Z,r - IpOCTPAaHCTBCHHBIC MU BPEMCHHbBIC KOOPJAMHATHI.

Kaxxnast Touka 3JIEKTPUYECKOTO IOJIS XAPAKTEPUIYETCA CBOUM MOTEHIIUATIOM.
ONEKTPUYECKUI TOK BO3HUKAET MEXIYy TOYKAMH IIOJIsSI, €CIM MOTEHUMAaNbl B HUX
pasnuusbl. T.0. IBIKYyINAs CWIA IPOLECCa €CTh Pa3HOCTh MOTCHLIUAIOB B ABYX
TOYKax IPOCTPAHCTBA. ECIM COEIMHUTB BCE TOYKH IBYXMEPHOTO IOJIS ¢ OJUHAKOBOU
TEMIIEpaTypol, TO 00pa3ylOTCs U30TEPMUUYECKUE KpUBBIE. Mepoil HHTEHCUBHOCTH

N3MCHCHUA TCEMIICPATYPhI ABJICTCA OTHOIICHUC A-VAI, rge AT — H3MCEHEHUE

TCMIICPATYpPhbI, OTBCHAIOIICC IICPCMCIICHNIO HAa BCCbMa MaJIOM OTPC3KEC | HaH6OJIeC
CYIIICCTBCHHHM ABIISICTCA MHTCHCUBHOCTHL M3MCHCHUA TeMnepaTypH B HaHpaBJ'IeHI/II/I
HOpMaJIn n, KOTOPOC B IPCACIIC HOCUT HA3BAHUC I'PaIMCHTA TCMIICPATYPbI:
Iim(A-VAn)An_w = (6%n)ﬁ = gradT , (4.6)
Fpa,Z[I/IeHT TEMIICpATyp ABJIACTCSA BCKTOPOM, HAIIPABJICHHBIM II0 HOPMaAJIU
K U30TEPMUYECKON IIOBEPXHOCTU B CTOPOHY BO3PACTaHUSI TEMIIEPATYPHI.
[loasTne «'pagucHT» ABJEICTCA YHHBCPCAJIBHBIM JIA  XAPAaKTCPHCTHKH
,Z[BH}I(YHleﬁ CUJIbI TCXHOJOTHYICCKOI'O IIpoHcCccCa.

Tax, ABMKYIIYIO CHITy NPOLIECCOB MAaCCONEPEHOCA MOKHO MIPEICTABUTh B BUJIE

rpagyueHTa KOHLICHTPALIUIA:

im(AC/), ., =©@C/ )n=gradC (4.7)

ac C+ AC
dn

Puc.4.1. K onpenenennio ABYKYIIEH CHITBI



['pamveHT KOHUEHTpAUUU ABISIETCS BEKTOPOM, HAMPABJICHHBIM 0 HOPMAaJIH K
M30KOHIEHTPAIUOHHONW TOBEPXHOCTH B CTOPOHY BO3pacTaHUs KOHIICHTPAIIU.
BemectBo  caMONpou3BONBHO — MEPEXOJUT TOJBKO B  CTOPOHY  yObIBaHUSA
KoHIeHTparuu. KommdectBo BemectBa G, MEPEHOCHMOTO depe3 KaKyroJan0o
M30KOHIEHTPALlMOHHYIO TOBEPXHOCTh B E€IUHUIY BPEMEHH, HA3bIBAECTCS MOTOKOM
BEILIECTBA. [lotox  BemiecTna, OTHECEHHBIH K  €AUHULE  IUIOAgu

I/ISOKOHHCHTpI/IquKOf/'I IMOBCPXHOCTH, HA3BIBACTCA INNIOTHOCTBIO ITOTOKA BCIHeCTBa],

KOTOpasa ABJECTCA BCKTOPOM, HAIIPABJIICHHBIM IIO HOPMAJIHU K HSOKOHHGHTpaHHOHHOﬁ

HIOBEPXHOCTH B CTOPOHY YOBIBaHMS KOHIIEHTpanuu. TakuM 00pa3oM, ju grad JiexKar

Ha OJHOM NPSIMOM, HO HAIIPABJIEHBI B POTHUBOIIOJI0KHBIE CTOPOHBI.

4.3. HAITPABJIEHUE ITPOTEKAHUSA TEINIOMACCOOBMEHHBIX ITPOIECCOB

Pacnpenensiemoe BelecTBO BCErja nepexoauT u3 ¢asbl, I7I€ €ro coiepraHue
BBIIIIE PABHOBECHOTO, B (ha3y, B KOTOPOM KOHUEHTPALMS 3TOrO BEIIECTBA HUXKE
paBHOBecHOM. HanpaBieHne mnepeHoca paclnpenesnsieMoro BeEllecTBa, T. €.
HaIlpaBJE€HUE MAacCCONepeadl, MOXKHO OMPEAEIUTh C MOMOIIbIO JIMHUH PAaBHOBECHS
u paboueii iunaum (puc.4.2.).

PaGouass nuHMS mpencTaBisieT co0OMl TpsAMyrO, KOTOpash HAaKJIOHEHa K
TOPU30HTY MOJ YIJIOM, TAHT'€HC KOTOPOTrO paBeH A, U OTCEKaeT Ha OCH OpJIUHAT
OTpe30K, paBHbI B. PaGouass muHus 1uisi BCero ammapara orpaHHYeHa TOYKAMH C
KOOpJIMHATAMU Xy U V, (BEpXHUU KOHEI| ammapara) U y, U X, (HIDKHANA KOHEI]
arapara).

ITycte Maccomepenava mnpoucxomutr mexay (asamu @, u O = pabouue

KOHLIEHTPAl1 KOTOPBIX PaBHBI X Uy COOTBETCTBEHHO.
Ecnu pabouast nmuHMs pacnosioxkeHa HIKE JIMHUK paBHOBecus (puc. 4.2., a), TO
JUTsL 000U TOYKM, HAallpuMep TOYkH A pabouelt muHuu, y <.y* u x > x* roe y* u

x* — PaBHOBCCHBIC KOHICHTpPAIINU. CJ'ICI[OBaTeJ'IBHO, pacipcacisicMoc BCIICCTBO



(KOMIIOHEHT) OyJ€T IEPEXOAUThL B 3TOM citydae u3 (pasbl @, B pazy @ | . Ilepenoc B

TaKOM HaIlpaBJIEHUU MTPOUCXOJIUT, HATIPUMED, B Mpolecce peKTUuduKauu, rjae oosnee
JeTy4Ui KOMIIOHEHT NepeXoauT U3 kuakoi ¢assl (Dy) B maposyto (Py) (cM. riaBy
4). Ecnu sxe pabovast JIMHHS PacrojioKeHa BbIIIC JUHUK paBHOBecHs (puc. 4.2., 0),
TO JIJI1 MPOU3BOJILHO BHIOpAHHOM Ha paboueil TUHUU TOUYKU A KOHIEHTpalus y > y*
u x <x* Ilpu 3ToM pacnpenenseMblii KOMIIOHEHT OyzeT nepexoauTs u3 ¢asel Oy B

bazy O,.

+b },‘: £(x) (‘DX - @L'

e ———————

e
v
—
d
»
e
—

Puc. 4.2. Onpenencaue HampaplieHHs Maccomnepenaun 1mo Y — X-amarpamme:
a—pa60qa;1 JIMHUS HWIXKE JIMHUU PABHOBCCHUS, 6—pa60qa;{ JIMHWA BbIIIC JMHUW PABHOBCCHUS.

B kauecTBe npuMepa Takoro HaImpaBJICHUS MACCONEPENAYM MOKHO yKa3aTh Ha
HaIpaBJICHUE MepeHoca B IMpoiecce adcopOIuu, rae pacrpeaeaseMbliii KOMIOHEHT
(ToryoniaeMelIil Ta3) NEPEXOUT U3 Ta30BOM (Da3bl B KUAKYIO.

BennunHy ABMXKYIIEH CHJIBI M HANpaBleHUE MPOTEKaHUs Mpoliecca ycTa-
HABJIMBAIOT M0 B3aMMHOMY TOJIOXKEHHUIO PAaBHOBECHOM U paboyeit unuii. [[BrKyimast
cujga  SIBASETCS ~ OJHMM M3 OCHOBHBIX  (PAKTOpPOB,  OMpEACISIONINX

3Heprod3pheKTUBHOCTH MPOIIecca MaCCOIEPEIaYH.



4.4, KHHETUYECKHE 3AKOHOMEPHOCTH INPOLIECCOB INIEPEHOCA
CYBCTAHIIMH

[Tpu ananu3ze sHeproddpdextuBHOCTH DTO U BBHIABIEHUU OCHOBHBIX (DaKTOPOB,
BIMAIONIMX Ha DSHEProOeMKOCTh TMPOAYKIHH 0co00e 3HauYeHHE HMMeEeT 3HaHUe
KMHETUYECKUX 3aKOHOMEpPHOCTE mpoleccoB, mnporekamommx B ITO, T.e.
3aBUCUMOCTEH, CBA3BIBAIONIMX CKOPOCTH IPOTEKAHUS IPOLECCOB C JABWKYUIMMHU
CHJIaMH.

EnMHCTBO KHHETHYECKMX 3aKOHOMEPHOCTEH TPYIIN OCHOBHBIX IPOIIECCOB
no3BoJsieT  copMynupoBaTh  OOIIMH  3aKOH,  OINMCHIBAIOUIMHA  MPOIIECCHI

MacCO3HEPromnepeHoca:
U _A_ka (4.8)
Fdz R

CkopocTh Tporiecca nmepeHoca MponopIoHaIbHa IBIKYIIEH CHIIE |
0o0paTHO MPOMOPIIMOHATBHA COITPOTUBIICHUIO TIEPEHOCA.

B ypaBuenun (4.2) npuHsAThl cieayromue oOo3zHaueHus: U — KoimuecTBo
MacChl WK HEpruu; F— miomaas, yepe3 KOTOPYIO MPOXOJAUT Macca WA SHEPTHs; T
—  TOPOJOJDKHTEIBHOCTH Tporecca; A — [IBWXKyIIas cuia mpormecca; R —
COTNPOTUBJIICHUE Macco — WM JHepromepeHocy; K— kodpduimeHtT ckopocTu
MPOTEKaHus mpolecca
(K = I/R).

Jliis mepeHoca TemoTsl ypaBHeHue (4.8) 3anuiercs:

dQ At

——=—=KAt, 4.9

Fdz R ° (4.9)
rie Q — KomWuecTBO mepemaHHOM TermnoThl, kJDk; F — mOBepXHOCTH

TEIJIOOOMEHaA, MZ; t — Bpems, c; At - nBKyIas cuia mpoiiecca Temionepenaydu, °C;
R;=1/K; —tepmudeckoe compoTtuBieHue; K; - KodQPUIMEHT CKOPOCTH Mpolecca
(s cimyyast TETUIOOTAAaYu — 3TO KOA(PGUIIMEHT TEIJI00TAauu O ; IS TeTUIonepeaun

— 370 KO3 PHUIMHT Teronepenaun K).



Jnst ABUKEHMS )KUAKOCTH WJTK Ta3a Yyepe3 CJIOM 36pHUCTOr0 MaTepuana:

dv.  Ap
— _ P _KA 4.1
fdz R, 280, ( O)

o 3
rac V — 00BeMm MMPpOTCKAOIICH KUAKOCTU H , f— mIomaab IOIICPCUYHOI0 CCUCHUSA

2. _
ciosi, M*; Rp = 1/K, — ruppaBmuueckoe comportuBieHue ciosi; K, - xodhdummeHt

ckopocTh; AP — ABIKYIIas cuiia mpouecca, H/m®,

Jlst cimydast mepeHoca BeriecTBa B Audy3noHHOM Tporiecce

%:é—:: K,AC, (4.11)

rie M — macca BellecTBa, MEPEHOCMMOTo M3 ofHoi ¢as3sl B Jpyryw, kr; F —
IMOBEPXHOCTH KOHTAKTa (ha3,M%; Ac — ABIKYIIAs CHIIA TIPOLIECCa;
Rs= I/K3 — nuddy3nonHoe conpotusieHue; Kz — k03Qp(ULIUEHT CKOPOCTU Mpouecca
(s citydast MacCoOTaauu — 3TO KO3 (UIMEHT MaccooTaaqH 3 ).

3aBucuMocTh (4.8) onmMChHIBa€T U 3aKOHOMEPHOCTH TMEPEHOCA DJICKTPUUECKUX
3apsiioB (3akoH Oma | = U/R, tae U — pasHocTh moTeHImanos, R —conpoTtusienue,
| — cuna Toka), 4TO SBJISIETCS CIEICTBHEM €JIMHCTBA 3aKOHOB IEpEHOCA B
MaTepHAIbHOM MUPE.

Bce npuBecHHBIC BBINIEC YpaBHEHUS N30MOP(]HBI, T.€. UMEIOT OJIMHAKOBYIO TIO
dbopMe MaTeMaTUYECKYTO 3aITUCh.

N3 ypaBHenus (4.8) BbITEKaeT M OCHOBHOM NPHUHIIMI WHTEHCU(DUKAIIUU
MIPOIIECCOB TIEPEHOCA: YBEIWUYCHUE IBIDKYIICH CHIJIBI U CHI)KCHHE COMPOTHBIICHUS

HIepeHOCy.



I'naa 5. METOIUKA OHPEAEJIEHUA DJQHEPTOEMKOCTH
HPOAYKIHUHN B HOTPEBUTEJIBCKHUX JHEPI'OCUCTEMAX AIIK

5.1. KOHIENIAA OLEHKH TOILUIMBHO - SHEPTETUYECKOM
IOPOEKTUBHOCTHU NNPOU3BOJACTBA AIIK. OBIIIUE CBEJAEHUSA U
INHOCTAHOBKA 3AJIAYA

OO0mue cBeeHNS U MOCTAHOBKA 3a/1a4H.

3HauuTEIbHbIE  3aTpaThl  TOIUIMBA NPH  MPOU3BOJACTBE  MPOLYKIHH
OTHOCUTEIBHO JPYTHUX BHUAOB DSHEPrUM CYIIECTBEHHO OTJIMYAIOT HSHEPreTUKY
npeanpuatus AIIK oT sHepreTuku nmpoMbIIUIEHHOTO npeanpustus. 3akoH PO «O6
HHEProcOEpeKEHUU U O MOBBILIEHUH HYHEPreTHUECKON 3PPEKTUBHOCTH» HE BHOCHUT
paznuuus MeXIy TOIUIMBOM W BHJAMH 3Hepruu. B HacTosmeld KOHIEHIUU
paccMaTpuBaeTcsl pacxojJ TOIUIMBA Ha DSHEPreTUYECKOE OOECHeueHUE CUIIOBBIX
MOOUJIBHBIX U TPAHCTIOPTHBIX IPOLIECCOB.

[TIpownsBoactBo B AIIK nMmeeT, kak mpaBuio, JIBE COCTABISIONIIMUE:

- CranuoHapHO€ MPOU3BOACTBO — OTPAHUYEHO OOBEMOM 3JaHMsI, MOTPEOISET,
KaK TpPaBWJIO, DHEPTUI0 LEHTPAIU30BAHHBIX HCTOYHUKOB (AJIEKTPOIHEPTHS,
TEIUIO), ABTOHOMHBIX (AM3EJIbreHepaToOpbl, KOTEIbHbIE, HCIIOJIb3YIOLINE
AKUJKWAE U TBEPJbIC TOILUIMBA) U BTOPUYHBIX SHEPreTnyeckux pecypcos (BOP),
B BUJIE TEILIA.

- MoOunbHOEe TMPOU3BOACTBO — MACIITA0bl OMNPENCISIIOTCS, B OCHOBHOM,
IOMAASIMU 00pabaThIBa€MbIX 3€MeJb, OCHOBHOM HCIIOIb3YEMbIM HCTOYHHUK
SHEPTUH - )KUJIKOE TOIUIUBO.

B npenenax 3emenpHoM miiomanu npeanpustaii AIIK cymecTByroT, kak
MIPaBUIIO, PECYPCHI BO30OHOBIISIOMINUXCSI UCTOUYHUKOB dHeprun (BUD):
- OmO’HEpruu, KOTopasi MOXKET ObITh TPpeoOpa30BaHa B Ta3 WIH KUJIKOE TOTUTUBO

C MOIYTHBIM MOJYYEHUEM YAOOPECHU;



- BETPOBOM 3HEPIHMH C BO3MOXHBIM MPEOOpPa30BAHMEM B MEXAHUYECKYIO WIIH
ANEKTPUYECKYIO;
- BHEPruH BOJHBIX MOTOKOB C BO3MOXXHBIM MTPEOOpPa30BaHUEM B IJIEKTPUUECKYIO.
- COJIHEYHOU PHEPTHH, MpeodpazyeMoi B JEKTPUUECKYIO U TEIUIOBYIO.
OpnHako, 9TH UCTOYHUKHU HE TOJIBKO HE WCIOJIB3YIOTCS, HO U HE OMPEACIIeTCS
UX pecypc, HECMOTPSl Ha TO, UYTO CEJIbCKOXO3SIMICTBEHHOE MPOM3BOJICTBO Hauboiiee
MOAXOIAIIAN MOTPEOUTEND.
3agaua sHEeprocOepeKeHUs (TOBBIIIEHUS 3HeprodPheKTUBHOCTH
POU3BOJICTBA) — YMEHBIICHUE HSHEPrOeMKOCTH MPOAYKUUU (OTHIOAb HE
YMEHBIIICHUE MOTPEOJICHUsT SHEPTUH). BhInoiHeHUe 3a1aun B TaKoil (GOpMyJITHUPOBKE
JOJDKHO — paccMaTpuUBaThCsl Kak  YJIOBJIETBOPEHHUE TpeOOBaHUI  PHIHOYHBIX
OTHOIIEHUH, TIOCKOJIBKY SHEPrOEMKOCTh OIpEAeseT KOHKYPEHTOCIIOCOOHOCTh
nponayknuu. CrenoBaTeNbHO, ycmenrHas paboTa arpoMH)KeHepa B HampaBICHUH
HEProd(HEKTUBHOCTH BBIBOJUT €r0 TMPOW3BOJICTBEHHBbIC (YHKIMUA 32 PaMKH
OTBETCTBEHHOCTH TOJBKO 3a TEXHHYECKYI0 COCTABJISIONIYI0 W TMPUONMIKAeT K
YIPABJICHUIO YKOHOMUYECKON COCTABIISIONIEH (K MEHEIKMEHTY). OIHOBPEMEHHO C
noBeIeHreM dHeprodddextuBHocTH B AITK HOMKHBI permaThCs 3a1a4i TOBBIIIECHUS
HSHEPTrOBOOPY)KEHHOCTH Tpy/Aa H DHEProoOeCreYeHHOCTH COIHUaIbHO-OBITOBOTO
KoM(dopTa CeTbCKOro HaCeNeHHs, CHIKAIMUX wurpamuio. l[losromy o6muMm
PE3YyNbTAaTOM PAMOHAIM3AINNA CEJIbCKOW YHEPTeTHUKU JIOJDKHO CTaTh YBEIUYCHHE
NOTPEOJICHHS] PHEPTUN TPU MAKCUMAIIbHON 3(D(PEKTUBHOCTH €€ MPOU3BOJICTBEHHOTO

HCIIOJIb30BaHMUA.



5.2. OCHOBHBIE 3JIEMEHTBI METOJAUKHU OIPEJAEJIEHUSA
JHEPI'OEMKOCTHU NPOU3BOJACTBA NPOAYKIIUU U OKA3AHUA
YCJIYI B TEXHOJTOI'MYECKUX DQHEPTETUYECKUX CUCTEMAX

5.2.1. CTPYKTYPA U CMBICJIOBOE HAITIOJIHEHHME 3JIEMEHTOB METOJUKHN

OIIPEAEJIEHUSA DHEPTTOEMKOCTHU B TEXHOJIOI'MYECKUX SQHEPTETUYECKHUX

CUCTEMAX

MCTOI[I/IKa BKIIFOYACT CJICAYIOIIHUC COCTABHBIC 3JICMCHTLI C UX HAIIOJIHCHUCM

KOHKPCTHBIMU ITOJIOKCHUAMU IIPHU KAKAOM OTACIbHOM ITPUMCHCHUU:

uAeHTUUKAIMS Ha3HAuYeHUsA (C IeJIbI0 00ecTeueHUsl IHEprocOepexeHust ¢
y4ETOM 00s13aTENIbHBIX MEP 110 OXPaHE OKPYKAIOILIEH CPeJIbl);

BHIOOp  METOJIOB  (QHAJIMTUYECKHM, HMHCTPYMEHTAIbHBIA,  PACUETHBIMH,
AKCIIEPTHBIN, ay AUTOPCKHIA );

ONpENECICHUE  OCHOBHBIX  TEXHMYECKMX  CpPEACTB  TEXHOJOTMYECKOMU
HHEPreTUUECKONM CHUCTEMBbl (HOMEHKIJIaTypa OCHOBHOTO TEXHOJIOIHMYECKOTO
000pyI0BaHus1) U CPEACTB U3MEPEHUN;

ONpENEICHUE BCIOMOTATENbHBIX TEXHUYECKHX CPEICTB TEXHOJIOIMYECKOM
HHEPreTUUECKON cucTeMbl (HOMEHKIIaTypa BCIIOMOTaTeIbHOIO 000pYyIOBaHUS
Y OCHACTKH);

yCTaHOBJICHHE TPeOOBaHUN K KBaM(UKAIMK KaapoB (0Oy4EeHHOCTh OCHOBaM
WHCTPYMEHTAJIBHOTO,  OPTraHU3aIlMOHHO-TEXHHUYECKOTO ¥ HOPMAaTHBHO-
METOJAMYECKOr0 O0ecneyeHus: 3HeprocOepeKeHusi BO B3aMMOCBSI3U YEThIPEX
00s13aTEeNbHBIX ACIEKTOB JEATEIbHOCTU: MPOU3BOACTBEHHOM, SKOJIOIMUECKOM,
COIMaJILHOM U pecypcocOeperaromieii);

YCTAHOBJICHHE TIOCJIEIOBATEILHOCTY M  OIEHKAa BECOMOCTH  ONepaluii
(nporiesryp)  BBIIONIHEHHWS ~ pabOTBI MO  OLEHKE U O0ECHEUYeHUIo
TEXHOJIOTUYECKON IHEPTOEMKOCTH TPOU3BOAUMON MPOAYKIIMHA U OKA3bIBAEMBIX
yCIIyT;

BBIOOP KOHKPETHOTO aJropuTMa MOJIy4eHUs (B T. 4. BRIUMCIICHUS) PE3YJIbTaTOB



OLICHKH TEXHOJOTUYECKOW SHEPrOeMKOCTH (Ha OCHOBE OOIIEro ajropurMa,
YCTaHOBJIEHHOI'O B HACTOSAILEM CTaHIAPTE);
ONpe/eNieHuEe TNOopsAAKa JOKYMEHTUpOBaHUS (0QOpMIIeHHUs]) pE3yJIbTaTOB
OLICHKM TEXHOJOIMYECKOM JHEPrOEMKOCTH IPOU3BOJUMON MPOAYKIUH U
OKa3bIBAEMBIX YCIYT;
pelieHre npoOaemMbl METPOJIOTUYECKOTO 00ecnieYeH s (C yUETOM BO3MOKHBIX,
UMEIOIIMX MECTO IOTEPh JHEPrOPECYpPCOB B TEXHOJOTMYECKUX IpOLEcCcax
M3rOTOBJICHHSI, XPAHEHUsS, TPAHCHOPTUPOBAHMS, MOTPEOJICHHUS OLIEHUBAEMOU
OPOAYKLIMHU U €€ JTUKBHUJIALUU TI0CJIE UCIIOJIb30BAHUS 110 HA3HAUEHUIO);
OLIEHKa DKOJIOTO-TEXHOJIOTUYECKOU U COLIMAJIBHO-PKOHOMHUYECKOM
3¢ (PeKTUBHOCTU  (MMPUMEHUTETBHO K KOHKPETHOMY TEXHOJIOTHYECKOMY
IpOLECCY IPOU3BOJCTBA MPOAYKLINHU, UCTIOTHEHUS YCIIYTH).

[Tpu rmutannpoBaHUU U 00ECTIEYEHUN CHUKEHUSI SHEPTOEMKOCTH
TEXHOJIOTHYECKHUX MPOLIECCOB HEOOXOAMMO YUUTHIBATh U YCTPAHATh

BO3MOXHBbIE otepu TOP.

Atmocdepa
IT 3amura OKpy>Karomiei
p cpelbl
0
u HanexHnoctsb 3/10pOBbeE, O
3 TpeGoBanus 0€301MacHOCTh 0
B ||| oOmecTBa L 111
0 Hpyrue e
i} COO0paxkeHUs C
c T
T B
B CoxpaHeHue 3Hepruu U 0
a €CTECTBEHHBIX

pecypcoB
3anacsl IPUPOJHBIX PECYPCOB

Puc. 5.1 CtpykrypupoBanue repmuna «I'pedoBanus obmecta» (corinacuo MCO
8402) BuyTpH siapa nHPOpMaIMOHHO-TpadUIECKON MOIENN CTaHIapPTOCOhUN
«OKO 3EMHOE»



5.2.2. XAPAKTEP BO3MO’KHbBIX DHEPI'OIIOTEPb U HAIIPABJIEHUS UX CHUXKXEHUS HA
CTAIUAX KKU3HEHHOI'O HUKJIA MTPOAYKIUU U UCITOJTHEHUSA YCJIOYT'U

[loTepu D3HEPreTUYECKUX PECYpPCOB C YBEIMYEHUEM TEXHOJIOTUYECKON
HSHEPrOEMKOCTH MPOAYKIIMU U YCIYT BO3MOKHBI, KaK MPABUIIO, 1O PSIIY CIAETYIOIINX
MIPUYHH:

— HEMpaBWJIbHOE MPUMEHEHHE W/WUJIM HEJOTPYy3Ka OCHOBHOTO TEXHOJOTHYECKOTO
000py10BaHUS;

— HapyLIEHUE [EPCOHAIOM TEXHOJIOTMYECKUX PErVIAMEHTOB IPOHU3BOJACTBA
MPOJYKLIHUH, OKa3aHUs YCIYT U Apyrue 0ecxo3siCTBEHHbIE TOTEPH;

— HECOOTBETCTBHE  CpeIbl  BHYTPHM  IPOU3BOJACTBEHHBIX  IOMELICHUUI
YCTaHOBJIEHHBIM  TEXHOJOTMYECKMM  TpeOOBaHMSIM 1O  HOPMAaJbHBIM
KJIIMMAaTUYECKUM YCIOBUSAM (DYHKIIMOHUPOBAHUSI OCHOBHOI'O 000PY/10BAaHNUS;

— HecoOmofieHre TpeOoBaHMM MO CEepTU(PUKALMU KadyecTBa DSJICKTPUUECKOH
sHeprum Ha coorBerctBre 'OCT 13109;

— METOJMYECKHUE MOTPEIIHOCTH PACUYETOB 3HEProOasaHCOB B COOTBETCTBUM C
I'OCT 27322;

— HapyuieHue TpeOOBaHUI HOPMATUBHBIX TOKYMEHTOB 110 OXpaHe OKpY’Karole
Cpelbl;

— HapylieHue TpeOOBaHMM HOPMATHUBHBIX JIOKYMEHTOB IO OOECHEYEHHIO
€IUHCTBAa U3MEPEHUMN U IpoBeAeHUs nenbiTanuil cornacHo [P 50.2.009;

— HEKBaIU(PUIMPOBAHHOE JOKYMEHTHUPOBaHHE pe3ynbTaTOB OLICHKHU
TE€XHOJIOTUYECKON SHEPTOEMKOCTH;

— HEHUCNOJb30BAHUE WM HEIOUCIIONb30BAHUE BTOPUYHBIX JHEPreTUYECKUX
pecypcoB.

HenpaBunbHoe MpuMEHEHUE W/WIIM HEAOTPYy3Ka OCHOBHOTO TEXHOJIOTHYECKOTO
000pyI0BaHUs MPUBOJAT K MOTEPSIM B TEXHOJIOTMYECKUX MPOLIECCAX, B 0OCOOEHHOCTU

MIPU MIPOU3BOJICTBE JICKTPOIHEPTUHU 3aJaHHOTO KaueCTBa.



Jns ymenbiieHus: notepb TOP B TEXHOJOTMYECKOM IHMKJIE HEOOXOAMMO
M0/1aBaTh MX MOTPEOUTENIM B CTPOIOM COOTBETCTBUHM C JACHCTBUTEIBHBIMH, a HE
pacyeTHbIMM Harpy3kamH, 4YTO 3aBHCUT OT OOYYEHHOCTH (KOMIIETEHTHOCTH) H
100POCOBECTHOCTH 00CITyKHBAIOLIETO nepcoHania. s YMEHBILICHUS
0eCcX035UCTBEHHOCTH HEOOXOAUMO CHMXaThb mnotepu TOP, ckpeiBaemble B
JoIycKkaeMoM HeOanaHce (TMOrpelIHOCTH) y4eTa. JTa HNOTPEIHOCTh JIO0JKHA OBITh
YETKO YCTAHOBJICHA U MOATBEPKIEHA | 0Cy1apCTBEHHBIM METPOJIOTHYECKUM OPTaHOM
B YCTAHOBJICHHOM IOPSJIKE, T. €. OyXraJaTepCcKUe MporpaMMbl PacueToOB CyMMapHOU
CTOMMOCTA 00OBEMa BBIIIYCKAa 3JIEKTPOSHEPIHMH JIOJDKHBI OBITh aTTECTOBAHbI B
coorBercTBUM ¢ ['OCT P 8.563 ¢ y4yeTOoM yCIIOBHM M3MEPEHUN B COOTBETCTBHH C
I'OCT 8.395.

K motepsiMm 0T HECOOTBETCTBUS CPEIbl BHYTPH MIPOU3BOJCTBEHHBIX IOMELIEHUIN
YCTaHOBJICHHBIM TEXHOJIOTMYECKUM TPEOOBAHUSAM 0 HOPMAIbHBIM KIMMaTHYECKUM
yCIOBUSM (DYHKIMOHHPOBAHUSI OCHOBHOTO OOOPYAOBAHUSA OTHOCSATCS IMEpPErpy3Kku
000pyZOBaHUSI M POCT TEXHOJOIMYECKOW 3HeproeMkoctd. (Ocoboe BHUMaHHE
JOJDKHO OBITh yAENEHO COOJIOJCHUI0 TPeOOBAaHUH K KayeCTBY JJIEKTPUUYECKOU
sHeprun (I'OCT 13109) npuMeHHTENTbHO K KOHKPETHBIM TEXHOJIOTHYECKUM
HHEPreTUYECKUM CHCTEMaM, 4YTO JOJDKHO MOATBEPKAAThCS CepTU(UKAIIMOHHBIMU
UCIIBITAHUSIMU.

[Totepu mpu pacyerax »3HeprodansaHca BEAYT K CHHIKCHHUIO TMOTYYCHUS
BO3MOXKHOH 3((PEKTUBHOCTH MCHOJIB30BAHUS DHEPIETUUYECKUX PECYPCOB MpHU
CYILECTBYIOILIEM YPOBHE Pa3BUTHUSI TEXHUKHU, TEXHOJIOTUHN U COOIIOEHUN TpeOOBaHUM
K OXpaHe OKpY’Karolleld TeXHOTeHHOMU cpefbl moTpedutenem TOP (MHIUBUAYAIbHBIM
TOJI30BATENIEM WM FOPUIUUECKUM JIULIOM).

K notepsm ot HapyieHus TpeOOBaHUN HOPMATUBHBIX JOKYMEHTOB IO OXpaHe
OKpY>Karollel cpeAbl OTHOCATCSA IITpadHbIE CAHKUMW 3a MPEBBIIICHHE 3HAYCHUN
MpeeabHO TOMYCTUMBIX BBIOPOCOB M COPOCOB, MPEIECIBHOIO KOJMYECTBA OTXOOB,

HaxXOoOAIIUXCA Ha TCPPUTOPUU IMPCAIPUATHSA, YTO YCTAHOBJICHO B ,Z[GI\/’ICTBYIOH_II/IX



MIPUPOIOOXPAHHBIX HOPMAaTUBHBIX JIOKyMEHTax u JIOKYMEHTaxX
I'ockomcamamananzopa Poccun.

K mnotepssMm 0T HapylleHUH METPOJOTHYECKOTO XapakTepa OTHOCATCS
OTCYTCTBME Ha BXOJIE U BBIXOJIE TEXHOJOTHYECKUX SHEPreTUYECKUX CUCTEM
cueTynkoB TOP, a Takxke NpeBbIIEHNE NOTPEITHOCTEN OT 3aJaHHBIX B TEXHUYECKOU
NOKYMEHTAIIMM y UWMEIOIIUXCS CPEACTB M3MEPEHH, B T. Y. CUYETYUKOB
AIEKTPUUYECKOM, TETJIOBOM SHEPTUU (B T. 4. TOPSTUECH BOBI).

K notepsim u3-3a METOIUYECKUX MOTPEIIHOCTEN pacuyeTOB OTHOCATCS OUTUOKHU
B OIpEJICICHUU:

— HOPM BBIPaOOTKH, TOTPEOJCHUS IEKTPOIHEPTUU, TETNIOBOM SHEPTUH, TOTUIMBA

JUTS1 TPOU3BOJICTBA NPOIYKIIMH U OKa3aHUs yCIIYT;

— HOPM TIOTEPh B TEXHOJIOTMU TMPOU3BOJCTBA DJEKTPOIHEPIUH, TEILJIOBOM

SHEPIruu, TOIUIUBA JJIsl TPOU3BOJCTBA MPOAYKIIUA U OKA3aHUS YCIIYT;

— Ha3HAYEHHBIX W M3MEPEHHBIX  OOmHUX  OOBEMOB  HCIOJIb30BAHUS

ANEKTPOIHEPTHH, TETUIOBOM 3HEPTUU, TOIIMBA JJIs MPOU3BOACTBA MPOAYKIUU

Y OKa3aHMS YCIYT.

Jst camxenust noteps TOP u puHAHCOBBIX pecypcoB HEOOXOAMMO CIIEIUTH,
YTOOBI OIIMOKKU PACYETOB HOPM BBIPAOOTKH M TEXHOJOTWYECKUX MOTeph TOP Obuin
PaBHBI TOYHOCTH MHKEHEPHBIX PACUETOB U HE MPEBBIIIATN CyMMapHO 5 %.

K mnorepsMm oT HeKkBaIH(pUIIMPOBAHHOTO JOKYMEHTUPOBAHUS pPE3yIbTaTOB
OLICHKM BSHEPrOEMKOCTH OTHOCUTCS HEIOYYeT pacxoja »dJIEKTPOIHEPIHuH Jis
cobcTBeHHBIX HYk 1 TOLI, mOoCcKoNbKY WX MTOKAa3aHUs BEHIYUTAIOTCS U3 00IEero oobeMa
BBINTyCKA DJEKTPOIHEPTUU TPU BBIYUCICHUM OOIIEr0 KOMMEPYECKOrO OTIIyCKa
anektposHeprun TOLl moTpeduTtensiMm uepes 1enu nepeaadu.

[loTepyu OT HEWCHOJIB30BAHMS WM  HEJOUCIOJb30BAHUS  BTOPUYHBIX
DHEPreTUYECKUX PECYpCOB, KOTOPhIE MOXKHO TIOJYYUTh C MPUMEHEHHUEM
COBPEMEHHBIX BBICOKMX T€XHOJIOTHM, HanpumMmep u3 1 T Mycopa, COCTaBJISIOT:

— 620 kr TommBa, Mo KATOpUuitHOCTH cooTBeTCcTBYIOMIEro 300 11 MazyTa;

— 50 Xr CTpOMTENIBHBIX MaTepuaioB (Iecka, MmeOHs, KaMHs, HU3MEIbYCHHOTO



CTEKJIa U JIp.);

20 Kr UBETHBIX M YEPHBIX METANIOB, C HCIOJb30BAHHEM KOTOPBIX
HYHEProeMKOCTh BTOPUYHON NPOAYKIIMU U3 HUX 3HAUYUTEIBHO CHUXKAETCS;

65 Kr miacTMacc;

100 xr makynatypsl (6e3 20 % kotopoii B CILIA 3ampeliieH BeITycK OyMar);

5 Kr XUMUYECKHUX COJIeH, MHCIOJNb3yeMbIX B MPOMBIIUICHHOCTH U

J1a00paTOPHSX.

5.2.3. OBOBIIEHHBIN AJITOPUTM IOJIYUYEHHUA PE3YJIBTATOB ONIPEJAEJIEHUS
(OIIEHKH) TEXHOJIOT MYECKOM SHEPTOEMKOCTH ITPOU3BO/ICTBA IMTPOAYKIIUA U

HUCIIOJTHEHUA YCJIOYT

OO000UIEHHBIH aNTOPUTM MOJYYEHHSI PE3YIbTATOB OLIEHKH TEXHOJIOTUYECKON

OHCProCMKOCTH B KOHKPCTHBIX YCIIOBUAX ITPOU3BOACTBA IIPOAYKIHNH U UCIIOJTHCHUA

YCIYT BKJIFOYAET CJICAYIONIME MPOLIEAYPHI:

1) onpenensitoT (Ka4eCTBEHHO U B MIPOLIEHTAX) CTPYKTYPY SHEPro3arpaT Mo KaxJIoMy

BHUAY BBIHYCKaeMOﬁ IMPOAYKIINH 1 HCIIOJTHSIEMOM YCIIYI', YIYUTBIBAsA, B HaCTHOCTH:

IpsIMBIE 3aTPaThl B OCHOBHOM IPOU3BOACTBE 10 BUuaam TOP,

KOCBEHHBIE SHEPro3arpaThl, BKJIIOYasi BCIIOMOraTeJIbHOE MPOU3BOICTBO,

nouo sHepro3zaTpat TOC B 00111€3aBOJICKUX pacxoaax,

noito 3aTpat TOC B 00IIEIIEXOBBIX PACX0/IaX,

OTUYHMCJIEHUS HA aMOPTHU3ALIMIO,

OTUHMCJICHUS HA TEKYIIHI PEMOHT U 00CITyKUBaHHUE 000PYI0BaHNU,
HHEPro3arpaThl Ha TPaHCIOPTUPOBAHUE BEILECTB, MaTepHaoB,
KOMILIEKTYIOIUX U3JIEINI, COCTABHBIX YaCTEW MPU U3rOTOBICHUU MPOIYKIIHH,
OKa3aHMH YCIIYT,

SHEpro3arpaThl Ha  CO3JaHUE  HOPMAJIbHBIX  YCIOBUH  paboThl B
POU3BOJICTBEHHBIX TOMEHIEHUAX (OCBEIIEHHE, OTOIUIEHUE, obecreueHue
ropsueii BOJAOH, TPAHCIOPTOM U JAPYTUMU HEOOXOAMMBIMHU >KU3HEHHBIMHU

ycIllyramu),



— TPUPOIOOXPAHHBIC 3aTPATHI;
2) 3amMepbl U/UIN COOTBETCTBYIOIIEE BHISIBIICHNE (HA OCHOBE aHAIN3a JOKYMCHTAIIHH )
AHEPro3arpaT ¢ MOCIAEAYIOMUM OIpeiesieHneM (PAKTUIECKON TEXHOIOTHYECKOM
HHEPrOEMKOCTH ISl KOHKPETHOTO BUAA MPOAYKIIMH U YCIYT MPOU3BOJAT CITY>KObI
TJIABHOTO TEXHOJIOTA ¢ YIaCTHEM JIA0OpaTOPHA M SHEPTOCTYKO:

— B TEUEHHE CYTOK,

— TIOMECSIYHO,

— TIOKBapTaJIbHO,

— B TCUCHHE r0JIa,
CpaBHUBAS U YCPEIHSSI (CYMMUPYsI IPU SKCIIEPTHBIX OIIEHKAX ) Pe3YJIbTaThI C
000CHOBaHUEM U JIOKYMEHTUPOBAHUEM UX;
3) mepeBoaAT BCE pa3MEpPHBIE XapaKTEPUCTUKH SHEPTo3aTPaT B YCIOBHOE TOTUIHBO;
4) TEXHOJIOTHYECKYIO SHEPTrOEMKOCTh BBIUUCIISIOT 110 OTJEIBHOCTH JIJISl IPOAYKITUH,
YCIIYTH KaX0TO BUIA, UCIIONB3Ys, HAIIPUMEP, pPaCUETHBIC (JOPMYIIBI, YIUTHIBAIOIITHE
pecypco3arpaTsl (Ha BEIIECTBA, MaTEPHAITBI, KOMIUICKTYFOIIIHE ), SHEPT03aTpaTh (B T.
Y. Ha TPAHCIIOPTUPOBAHUE U XpaHEHUE MPOYKIIUH), TPYI03aTPAThI PA3INYHOTO
pona;
5) OLICHUBAIOT CYIIECTBEHHOCTH BIMSHUS YJHEPTETUUECKON HArpy3KU
TEXHOJIOTUYECKON IHEPTeTUUECKON CUCTEMBI Ha OKPYKAIOIIYI0 OOBEKT Cpeny H,
TOJIBKO €CITH OKa)XETCS HEOOXOIMMO, TIPH OTPEICIICHUN YHEPTOEMKOCTH YUHUTHIBAIOT
3aTpaThl HA MEPONIPUSITHS TI0 OXpaHEe OKPY>KAOIIEH cpeibl (IK03aTPaThl).
6) TEXHOJOTMYECKYIO DHEPrOEMKOCTh IPOIYKIHH, YCIYTH (Dyp ) ONPEAETAIOT B
ob1iemM Bue 1o hopmylie

DHepeozampamel Ha docmasky Onepeozampamel  DHepeozampamel DHepeo3ampanvi
+ + +

UCXOOHDBLX pecypcos Ha mexnpoyecc HA nepconai HA 9KOJlIo2Uuro . (5 1)

9Hp,y - !

O6u4a}l Cmoumocms 6‘blnyM4€HHOIZ npodyxuuu (CWIOWI/lOCWZb OKdA3AaHHbIX yC/lyZ)

7) moKasareiib TEXHOJOTHYECKOW SHEPTOEMKOCTH TPOIYKLIUN U YCIIYTH MOXKET UMETh

pasuyHbIe Pa3MEPHOCTH, B OOIIEM Clly4ae MPUHUMAS BUJ:



— osuepro3atpatel  (I'JIx, MJx, k/x)/HarypanbHble €OUHHUIBI 1O BHUIAM
NPOAYKIHH, ycIyT, B yacTHocTH: MJx/(kB1-u) n/umun M/x/kkan (mst TOP),
MJIx/kr,

— MJbx/T, MJIx/1000 enuHu, (MI[)K/Mz, MJx/M°, MJbk/THIC. pyo. (s
MPOIyKINH, ycIyT), MJx/den-4, gyen-4/H.€ (71 ycIyr).

Jns  ydyera mnotrpebiieHuss Bcex BuAOB TOP HeoOXoIMMO MPOBOIUTH
nepepacyeT, OPUEHTUPYSACh HA YCIOBHOE TOIUIMBO. [loj YCIOBHBIM TOIUIMBOM
MOHMMAIOT TOTUIMBO C TeII0ToM cropanus 29300 kJ{x/kr.

[lepepacuer HaTypaJbHOTO TOILIMBA HA YCIOBHOE MIPOBOJIAT 1O (popMmyiie

By = By - Qu/ 29300. (5.2)
rae By — koaM4yecTBO yCIOBHOTO TOIIMBA, KI; B — KOJINYECTBO HATypPaJIbHOIO
TOILIUBA, KT; Q, — CpelHss TEIUIOTa CropaHusl HATYPaJbHOTO TOIUINMBA, K/[K/KT.

[lepecueT SMEKTPUYECKON, TEIIOBOW DHEPTMH M TOIUTMBA Ha YCJIOBHOE
TOILUIUBO  JOJDKEH MPOU3BOJUTHCS MO MX (U3HYECKUM  (SHEPreTUUYECKHM)
XapaKTepUCTHKaM Ha OCHOBAHUU CJIEYIOIIMX COOTHOLICHHA
I xry.T. = 29,30 M/Ix = 7000 xkaun;
1kB1-uy=3,6 M [%x=0,12kry.T.;
| xr qu3enpHOrO TOIIMBA paBeH 1,45 Kry.T.

1 KT aBTOMOOMILHOTO O€H3MHA paBeH 1,52 KT y.T.;
I xkan =427 xr-m=4,19 k/I)x = 1,163 Bt'u;
I n.cu=2,65 MIx; 1 MIx = 0,278 kBTu.

[Tpu onpenenennn pacxoaa aBromooOuasHOro 6en3uHa (1 1 Ha 100 kM
npo0era) Ha TPAaHCIOPTHUPOBAHUE TPY30B JIMHEHHBIE HOPMbI YBEIUYHUBALOT:

— mnpu paboTe B 3MMHEE BpeMsl B I0’KHBIX paiioHax — 110 5 %;

— mpu paboTe B 3UMHEE BPeMs B CEBEPHBIX pailoHax — 10 15 %;

— mpu paboTe B TOPHBIX yCIOBUIX — OT 5 % 10 20 %;

— Ha JIoporax co CJIOKHbBIM Ti1aHoM — 10 10 %;

— B uepre ropoga — 10 10 %;



— TIpU NEPEBO3KE IPY30B, TPEOYIOMINX MOHUKEHHOU ckopocTh, — A0 10 %;

— npu novyacoBoi padore — a0 10 %;

— mnpu padboTe B Kapbepax, IBHKEHHUH 110 1oJir0 — 110 20 %.

Jl1st onipeiesieHus TEXHOJIOTMYECKOM SHEPrOEMKOCTH MPOIYKIIUU U YCIIYT

UCIIOJIB3YIOT aHATUTHYECKHE BhIpakeHus (9.3 - 5.8) (I BapuanT);
1) moyHy10 3HEPrOEMKOCTh NPOAYKIUH UIIN YCIYT (Oyp.y) B METAIDKOYIIAX HA
HaTypayibHbIe enuHUILI (M/JK/H.€.) n3mepenus (IIT., ThIC. pyO., 4aCOB U Jp.)
OTIPEENAIOT TI0 (hopMyJIe)

Ohpy = e+ Oyt ¢ + 3, + O, (5.3)
riae 9, — MoJiHas Y3HeproeMKocTh TOP, HE0OXOAUMBIX I TPOU3BOJCTBA
MPOAYKIIMH, UCTIONHEHUS YCIYT; 3,, — MOJHAs JHEPTOEMKOCTh HCXOIHBIX CBHIPBS,
BEIIECTB, MaTEPUAJIOB, KOMIUIEKTYIOIIUX U3/AETIUI, HEOOXOIUMBIX AJIsl IPOU3BOJCTBA
HPOIYKIHMH, UCIIOJIHEHUS YCIyT; Oy — HOJIHAs YHEPrOEMKOCTh OCHOBHBIX
npon3BoACTBEHHBIX (hoHI0B (OIID), aMOpTU3UPOBAHHBIX MPU TPOU3BOACTBE
INPOLYKLIUH, UCIIOJIHEHHU YCIIYT; 3, — MOJHAas YHEPTOEMKOCTh BOCIIPOU3BOACTBA
paboueit Cuiibl TPU MPOU3BOJICTBE MPOIYKLIMH, UCTIOJTHEHUH YCIYT; 3, — MOJIHAs
HSHEProeMKOCTh MEP 0 OXpaHe OKPYKAOIIel Cpebl IPHU MPOU3BOICTBE MPOTYKIUH,
UCTIOJTHEHUH YCIIYT.

2) O, onpeAensoT mo Gopmyiie

De=0n+ Oy + O+ 9y, (5.4)
rae Op — MOJIHAs DHEProeMKocTb TOP, pacxomyeMblX HENOCPENCTBEHHO IIPHU
IIPOU3BOJICTBE NPOIYKIUH, UCIIOJHEHUN YCIyr; Jy — IOJIHAsA SHEProeMKocTh TOP,
pacxoayeMbIX MpU TPAHCIOPTHUPOBAHUM HCXOAHBIX CBIPbS, BEILECTB, MaTE€pPHAJIOB,
KOMIUICKTYIOIUX HM3eNnii; Oy — CHIKEHUE TMOJHON SHEPrOEMKOCTU MPOAYKIUU U
YCIyT 3a CYET HWCIOJb30BaHUs OOpPa30BAHHBIX MPU TMPOU3BOJACTBE MPOAYKLUUU U
UCIIOJTHEHUU YCIIYT TOPHOYMX OTXOJ0B, COPOCOB U BHIOPOCOB; I, — MpHUpAIICHUE
MOJTHOM SHEPrOEeMKOCTH, 00YCIIOBIIEHHOE UMIIOpTOM TOP (eciu oH uMeeT MecTo).
3) O,, onpenesioT 1Mo hopmyiie

Dy = o + v + Oy (5.5)



rae Dy, — IMOJHAS DHEPrOEMKOCTh OTEYECTBEHHBIX HCXOIHBIX CHIPbS, BEIIECTB,
MaTEepHAIIOB, KOMIUICKTYIONUX H3EIUi, HCOOXOIUMBIX JUIS MPOM3BOJCTBA OJHOTO
U3JICTUS,, WCIOJIHEHHWsS] OJHOHW  yCIOYrH; Oy, — TOJHasg SHEProeMKOCTb
UMIIOPTHPYEMBIX HCXOTHBIX CBHIPbs, BEIIECTB, MAaTEPHAJIOB, KOMIUICKTYIOIINX
U3/ICUHA, HEOOXOAMMBIX JIJIS TPOU3BOJACTBA CAWHMIBI MPOAYKIIUH, HCIOTHECHHS
OJTHOMW yCIyTH; Dy — CHWKCHHUE TIOJHON SHEPrOeMKOCTH MPOAYKIIUU M YCIIYT 3a CUET
UCIOJB30BaHUSA OOpPa30BaHHBIX IPU IMPOM3BOJACTBE CAUHMIGI MPOAYKIHU H
HCIIOJTHEHUH OJTHOM YCITyTH TOPIOYHX OTXOI0B, COPOCOB U BHIOPOCOB.

4) Dy, onpenensioT o hopmyie

94) Zgad)i'ad)i y (5'6)

rae | — uanexc suga OINd; agi — 00BEM I-ro Buga OIl®D, aMOpTH3UPOBAHHBIX MPU
POU3BOJICTBE MPOAYKIIUH, OKa3aHUHU YCIYT (B Pa3MEPHOCTH HATYypalbHbIE €IMHUIIBI
OIld/H.e. a1 NPOIYKIMU WIH YCIyrn); 3y — MoiHas 3HeproeMkocts OIID i-ro
Buaa (MJx/H.€. 17151 TPOAYKIIUU WU YCIIYTH).
5) 3, onpenensror 1o Gpopmye

Dy =a, D, (5.7)
TI€ a, — YJEJIbHbIE TPY03aTPaThl HA MPOU3BOJICTBO MPOAYKIINH WIIH OKa3aHHE
YCIIYTH, C YY€TOM OIUIATHI TPYAa B OTPACIIH, YEJ-Y/H.€. ISl TPOYKIIUU WU YCIYTH;
9, — MOJIHas DHEPTOEMKOCTh Tpyao3arpat, MJx/H.e. AJ1sl NpOaYKIIUKA WIIH YCIYTH.
6) O, onpeaesioT Mo GhopMmyiie

3,=>a,-3,, (5.8)

r7e a,i — KodhduimeHT o6pa3oBaHusl HEBO3BPATHHIX (B IAaHHOE MPOU3BOICTBO) WU
yAAJISEMBIX OMACHBIX OTXOJIOB I-T0 BHJIA, T/H.C. I NPOAYKIIMH ;AN YCIIYTH;
3,i — TNOJHAas DSHEProeMKOCTh YCTPAHEHUS TMOCIEACTBUM OTPULIATEIIBHOTO
BO3JICHCTBHS Ha OKpPYXKarollyto cpeay | T HEBO3BpaTHBIX (B TaHHOE IPOU3BOJCTBO)
WIH yIaIsSEMBIX OMACHBIX OTXO0B i-ro Buaa, MJx/T.

[Tpu OIPEACIICHUN TEXHOJIOTHYECKOMN BHEPrOEMKOCTH MHIIEBOM,

CEJIbCKOXO3SIMCTBEHHOW MPOAYKLUHUH, CTPOUTEIBHBIX KOHCTPYKLIUW, 30aHUU U



COOPY)KE€HUI, TPAHCIOPTHBIX U JPYTUX YCIAYr IEJIeCO00pa3HO HCIOIh30BaTh
dbopMmynel ¢ yderoM »3HepreTudeckux dSkBuBaieHTOB (Il BapmanT ompenenenus,
CTaHJapTU3YEMbIH B OTPACIEBBIX TOKYMEHTAaX).

3HaYEHUs SHEPreTUUYECKUX OHKBUBAICHTOB it TOP M HEKOTOpBIX BHJIOB
METAJJIOB, MATEPHAJIOB, COOPYKEHUMW, TPAHCHOPTHBIX CPEACTB, a TaKXe 3aTpar

’KUBOTO TPYJa JJI1 HEKOTOPBIX KaTeropui paboT npuBeieHbl B Tabuuie S.1.

Tabmuna 5.1.
JHepreTuvyecKue IKBUBAJIEHTHI
HaumenoBanue o0bekTa DHEpPreTUYeCKuid | IHeprocoaepraH
SKBUBAJICHT ne TOP, Jx/kr
TonymmBHO-3HepreTuyeckue pecypebl (MJk/Kr)
TommBo:
- IU3EJIbHOE 10,0 42,7
- OEH3HMH aBHAIIMOHHBII 10.5 44,4
- OEH3UH aBTOMOOUIBLHBIN 10,5 43,9
- KEPOCUH TPAKTOPHBIH 10,0 43,9
- ouora3s — 36,2
DNEeKTPOIHEPTUS 8,7 MJIx/(kBta) |—
TennoBast sHEprUsi 0,0055 MJIx/kkan |—
Hpoxyxkums (M x/kr)
TpakTopbl, CAMOJIEThI, BEPTOJICTHI 120 —
CenpCKoX035HCTBEHHBIE MAaIIMHEL, ciienku |104 -
[Iponykuys MalmIMHOCTPOECHUS 144 —
Kupnuu 8,5 -
Martepuanbl (MJx/kr)
Cranp (Trpokar) 45,5 —
AnromuHui (M3 TIIMHO3EMA) 343 —
Mens 83,7 —
LemenT 7,0 -
W3BeCTKOBBIE MaTEpUAIIBI 3,8 —
KoHCTpyKIMHU U COOPYKEHHs (MI[)K/MZ)
beroHHBIE KOHCTPYKIIMHT 8,3 —
3/1aHus U COOPYKEHUsI (HKUIIbIE) 4810 —
ITpon3BoICTBEHHBIC 3/TaHUS 5025 —
AJMUHUCTpPAaTUBHBIE U KYJIbTYpHO- 5662 —
OLITOBLIE 3IaHUS
IToicoGHbBIE TOMENEHHS 4180 —
OrpaxaeHus 383 —
OBouHbIe NPOAYKTHI pacTeHueBoacTBa (MJIK/Kr)
Kaprodensb 8,0 —
IToacomHeyHUK 5,0 —
Kykypy3Hoe 3epHo 5,0 —




OxoHuanue Tadmn.5.1.

[Tmenuna 6,8 —
CaxapHasi CBeKJIa 18,4 —
3aTparsl xkuBoro tpyaa (M/:x/(4esn-4) mo kareropusim padboTbl
Ouenb jerkas 0,60 —
Jlerkas 0,90 —
Cpennsis 1,26 —
Tsoxenas 1,86 —
OueHb TsKENnad 2,50 —

5.2.4. ®OPMbI JOKYMEHTHUPOBAHUA UCXOJHBIX TAHHBIX U PE3YJIBTATOB

[Tpu nokymMeHTrpoBaHuU (0(POPMIEHUH) PACUETOB MOTHOU (TEXHOJIOTHYECKOM)

OQHCProCMKOCTH ITPOAYKIHUHU U YCIYI' IAHHBIC CBOISAT B Ta6J'II/II_[bI.

Tabnuma 5.2.
(I)opMa AOKYMCHTUPOBAHUS UCXOJIHBIX JaHHBIX U PE3yJbTaTOB
Bun TOP, npyrux Enunune! usmepenus, |3atpatel  |[lonHas ITonnas
PECypcoB U IoKasaTeneil |HaTypajbHbIe pecypca,  [9HeproeMkocTs 9HEProeMKOCTh
9HEProcoOepeKeHus €IMHUIBI (H.€) H.e./T.e. pecypca, MJx/H.e. |npoayKuuy,
M]x/T
1 2 3 4 5

B rpade 1 ykaspiBatoT Ha3BaHUS BUJIOB PECypcOB, palOOT, 3aTpaT, KOTOPHIC
ONPENEIISIIOT YHEPro3aTpaThl HA MPOU3BOACTBO MPOJIYKIIMU U HUCIOJHEHHE YCIYT, a
TaK)X€ COOTBETCTBYIOIIMX MOKa3aTesield SHEProcOepeKeHUSI.

B rpade 2 yka3piBaroT aOCOJIFOTHBIC WM Y/IeTIbHbBIC (HA SUHUIY JaHHOTO BUIA
MPOAYKIMHU WUJIK YCIIYTH) 3HAYEHUS PacXo/la Ha3BaHHOTO pecypca.

B rpade 4 yka3pIBalOT COOTBETCTBYIOIIYIO BEIUYUHY COCTABJISIONICH MOJHBIX
sHepro3arpaT (mpu 3amojHeHuu rpadbl 3 aOCOMIOTHBIMU 3HAYEHUSIMU Pacxojia
pecypca) WM TOJHOM HHEProeMKOCTH (mpu 3amnoiHeHuH Tpadbl 3 yaeabHBIMU

3HAYCHUSMH Pacxojia pecypca), 00yCIOBICHHOM 3aTpaTaMu Ha3BaHHOTO pecypca.



BenuunHy monHBIX 3HEpro3arpaT (B aOCONIOTHBIX €IWHUIAX) WU TOJHOU
SHEPrOEMKOCTH MPOAYKLUHMH WIH YCAYrd (B YAENbHBIX E€AUHUIAX) WM IOJHOU
HSHEPrOEMKOCTH MPOAYKIUU WIH YCIYyTH (B YIEIbHBIX €AUHUIAX) OMPEICISIIOT Kak

CyYMMY BCCX COCTABJIAIOMIINX.

Tabmuma 5.3
Buabl TOP u nokasaresu 3HeprocoepexeHus

Enunnnbt Benuunnbl CrpykTypa IIpumeuanus
Bugst 3aTpat TOP, N3MEpEHNus, |3IHeprosarpart, |3Hepros3arpat, %
MaTepHaIBHBIX PECYpPCOB, HarypanbHbie |I'JIX/THIC. PYO.
Tpyno3arpaT eIMHULBI (H.€.)
IIpsiMbIe 3aTpaThl B OCHOBHOM
MPON3BOJICTBE IO BUugaM TOP
KocBeHHBIE 2HEpro3aTparsl
Jomns sueprozatpat TOC B
00111€3aBOICKUX Pacxoaax
Joms 3atpatr TOC B 1eX0BBIX pacxoax
IIpuponooxpaHHble
OTyrceHUs] Ha AMOPTU3AIIHIO
OTuncneHus Ha TEKyLIU PEMOHT,
o0ciykHBaHHE 000pyJOBaHHS
OHepro3arparsl Ha
TPaHCIOPTUPOBAHHUE BEIIECTB,
MaTepHajIoB, KOMITJIEKTYIOIIHNX
U3JIEIUH, COCTaBHBIX 4aCTEH, IIpU
M3TOTOBJICHUU MPOTYKIIMH, OKa3aHUU
ycayr
OHepros3arpaTsl Ha CO3/1aHHE
HOPMAJIBHBIX YCJIOBHH pabOTHI B
MPOM3BOJICTBEHHBIX MIOMEIIECHHUIX
ITonusle sueprozarparsl, ['JIx, kkan [MomHas sneproemxocts I'JIx/T, I'Ix/THIC. pYO.

5.3. FHAEKCHBIIH METO/I YYETA BJUSHUS 3HAUYNTEJIBHOCTH
BO3JEVCTBUA TEXHOJIOTHUECKON SHEPTETUYECKOW CUCTEMBI HA
OKPYXAIOIYIO CPENY

[Ipn mpousBoACTBE MPOAYKIIMU U OKA3aHUU YCIYT B YCIOBUSIX, HAIpPHUMED
KOHKPETHOTO 1IeXa MepepadOTKU MPOAYKIMU, YYUTHIBAIOT €ro MmpsMoe WU
KOCBEHHOE  BIIMSHHE KaK  TEXHOJIOTMYECKOTO0  JHEPreTHYecKoro  oOBeKTa,
yOpaBJIsieMOro JIIOJbMH, Ha OKPYXKAIOUIYI0 CpPely B BHUJE JHEProdKOJIOTHYECKOTrO
uHaeKca (J,oc).

Oo6menexoBeie  dHepro3arpatel  (OL[D3) s  M3roTOBICHHMS 3aJaHHOTO

KOJIMYECTBA IIPOAYKIIMM 3a MCCALl, KBapTal, TIOAd MW HCIOJHCHUA YCIYyIu



3a0MPENICTICHHBIA TEPUOJ] OMPEACISIOT KaK CyMMY pPacxoJ/IOB 3HEPrOpPeCcypcoB Ha
OCHOBHBIE M BCIIOMOTaTeIbHbIE TEXHOJOTHUYECKHE MPOIECCHI, TEM CaMbIM OIICHUBAS,
BO YTO OOXOJHUTCS B DHEPreTHYECKOM CMBICIIC BBITIOJIHEHUE, HAMPUMEpP, MECIIHOM
MIPOU3BOJICTBEHHOM MTPOTPAMMBL.
Kaxk npaBuiio, uMeet MmecTo ciieayromuit pacxoa TOP Ha olmieriexoBbie

HYKJIBI:

1. TexHONOTHYECKHUE MPOIIECCHl ( OCHOBHOM U BCLIOMOTATEIIbHbIC);
OTOILICHHUE;
OCBEILICHHUE;
BEHTWJISIUA (C YJIaBIMBAHUEM BHIOPOCOB);
KOHJIULINIOHUPOBAHUE;
TPAHCIIOPTUPOBAHUE TOTOBOM MPOYKIINUH;
TPAHCIIOPTUPOBAHUE, XPAHEHUE OTXOJI0B;

IMOoAACPKAHUC HO)KapHOﬁ CHUCTCMBI,

© 0o N o g~ W N

nepeKavyka CTOYHBIX BOJT;
10.xpaHeHHe TOTOBOM MPOTYKIIHH.

[Tepeuncnenus 4, 5, 7, 9 OTHOCATCA K MEPONPUATHSIM 10 OXPaHE OKPYKAIOIIEH
TEXHOTE€HHOM CpEJIbl.

OmnpenenstoT 3a BEIOPAHHBIN Mepro1 00IIEIIEXOBbIE SHEPrO3aTPaTHI,
CYMMUPYS dHEPTo3aTpaTsl 1Mo nepeuncienusm 1 — 10:

OLD3=01+09;+ 03+ 3,4+ 35+ g + D7+ Dg + g + Oy, (5.9)

OnpenensitoT pakTUIECKYIO 1010 (B 0e3pa3MepHON «MHIEKCHO» Gopme)

3atpat TOP Ha ympaBiieHue 3alUTON OKpY Karolei cpebl o Gpopmyre

) OI[33
D, 40, 4D, £, + 0,

(5.10)

[Ipy mIaHUpPOBAHWUU TPOTPAMMHBIX MEPOIPHUATHNA 0 DHEProcOECPEIKCHHUIO
YCTaHABJIMBAIOT KOHTPOJIbHBIC IU(PPHI 10 ONTUMHU3AIMN 3HAYEHUS TOTO WHJIEKCa.
IIpu oneHKe 3HAYUTEIBHOCTH W IUIAHUPOBAHMM JONMYCTUMOCTH BO3ACHCTBUU

SHEPreTUYECKOM Harpy3ku Ha OKPYKAIOIIyI0 CpeAy C OLIEHKOM HeoO0XOAMMOCTU



3aTpaT (UHAHCOBBIX CPEACTB Ha TUIAHOBBIE WM OKCTPEHHBIE SKOJOTUUYECKHE
MEpONPUATHS  LEJIECOO0PAa3HO  HKCIOJB30BaTh  CIEAYIOUIYI0  3MIHMPUYECKYIO
3aBUCUMOCTh  JUISI  OMNpEACNICHHs]  TIOKaszaTesii  JHEPreTMYeCKOW  Harpys3Ku

TEXHOJIOTHYECKOT0 00BEKTA HA OKPYKAIOLIYIO CPENly:

Mo)
II9HTO,, = (JZ -M(o)/

KOJSO,?, (5.12)
y=1

rie KO, — kiacc omacHOCTH mJisi HMOTEHUIHMAlIbHOTrO 3arpssuurens (y); M(0) —
oOlee KOJMYECTBO 3arpsi3HUTENEH, MOTEHUUAIbHO MOTYIIHMX BO3ACHCTBOBaTH Ha
OKpYXaIoIylo cpeAy (Kjacchl omacHOCTU 2; 3; 4) B TEXHOJOTUYECKHX Ipolieccax
nexa; Z — oO0Ilee KOJMYECTBO BHUJIOB MPOAYKLUH, MPOU3BOJUMMBIX ILIEXOM 32
paccMaTpuBaeMbIi IEPUO.

Heobxomumo omnpenenuts 3Hauenus [IOHTO, 3a Mecdi, kBapran, Toj
pabOThI aHATU3UPYEMOTIO 11€Xa U TOJIbKO Ha 3TOM OCHOBE NPUHUMATh OKOHYATEIbHOE
pelIeHuE O 3HAYUTEIBHOCTH BO3JCUCTBUS TEXHOJOTMYECKOM SHEPreTUYECKOMN
CUCTEMBl Ha OKpYKalolllyl0 Cpely 3a paccMarpuBaeMmble mnepuonbl. Eciu
cobmoaaetcs yciaoBue (5.11), To a3HEpreTUUECKyI0 HArpy3Ky Ha OKPYKAIOUIyIO Cpey
3a paccMaTpuBaeMbli NEpUOJ ClieayeT npu3HaTh jomnyctumou. Ilpu stom
CHeUuaIbHble TIOJOXKEHHSI B DKOJOTMYECKOW TIOJUTUKE JOMOJHHUTEIbHO HE
IJIAHUPYIOT, HO JEHCTBYIOLIME HOPMATHMBHBIE TpeOOBaHUA HEOOXOAMMO CTPOro
cOOJII0AATb.

[IpumenuTenbHO K mNOpuUHATOMY KpuTeputo (9.11) mobOoe Bo3aeicTBHE,
BBIBOJISIIEE TEXHOJIOTMYECKYIO 3HEPreTHUYECKY0 CHCTEMY 3a IPaBbIA MPEIEN ITOro
HEPABEHCTBA, JIODKHO CUMTATHCS 3HAUYUTEIHHBIM M MPUBOAUTH K HEOOXOJAUMOCTU
JOTIOJTHUTENbHBIX 3aTpaT Ha MEPOINPHUATHSA MO OXpaHE OKPYKAIIIEH Cpeabl, YTO
JOJDKHO  CKa3blBaTbCSl HA  YBEIMYEHUM  TEXHOJOTUYECKON  IHEPrOoeMKOCTH
COOTBETCTBYIOIIMX BUJIOB BBITYCKAEMOM MPOAYKIIMU U OKA3bIBAEMbIX YCIYT.
Ucnonb3oBanue uncna 0,7 B KauecTBe KPUTEPUAIBHOTO (OMOPHOIO) MPU MPUHATUU
pEIICHUI B MPOU3BOAUMBIX OIICHKAX COTJIACYETCS C MEKIYHAPOIHOU U 3apyO0eHOM

OPAKTUKOW. ITOT KPUTEPUM HEMOCPEICTBEHHO BBITEKAET TAaKXKE W3 aHajlu3a



«pyHKIMM KenaTeabHOCTHY (XappUHITOHA): pu OaiibHOU onieHke (0,7 UMeeT MecTo
TOuKa Tmepernda «(yHKIUU HKENATeNIbHOCTH» C HEOOpAaTUMBIM COXpPaHEHHEM
HO3UTUBHBIX U3MEHEHUH ITPU OLIEHUBAHUH CBOMCTB KOHKPETHOI'O OOBEKTA.

JInst 5KOJIOTMYECKUX I1eNed M Mpu pa3pabOTKE METOJUKH KOMIUJIEKCHOM OIEHKH

OKOJOI'MYCCKHUX peHIeHI/Iﬁ HCIIOJIB3YCTCA TOT KC KpHTepHﬁ.

5.4. METOAUKA OHEHKH DQHEPI'O®P®EKTUBHOCTHU
IJIEKTPOTEXHOJIOI'MYECKHUX ITPOHECCOB
CEJBbCKOXO3AMCTBEHHOI' O ITIPON3BOJICTBA

OneHka MPOU3BOAMTCS HAa OCHOBE aHAIM3a YHEPreTUYECKOro O0ajaHCOBOIrO
YPaBHEHUS, COCTaBJICHHOIO II0 CTPYKTYpPHBIM UM IApaMETPUUYECKHM CXEMaM
CUCTEMHOTO aHaJM3a HUCCIENYEMOTO CEIbCKOXO3SHUCTBEHHOrO 00bekTa. OCHOBHOM
XapaKTePUCTUKON KaXJ0ro HCCieayeMoro Ojoka (3JIeMEHTa) B CUCTEME SIBIISICTCS
€ro »HeproeMkocTh. /s Oosiee TiyOOKOTO aHalu3a MPOLECCOB B SHEPreTUYECKUX
0JIOKaX C Y4YeTOM HUX (PU3HYECKOW NPHUPOABI MOXKET MNPUMEHATbCA Hauboiee
aZCKBATHBI B KaXJIOM KOHKPETHOM ClIy4ae MaTEMaTHYECKHUW ammapar: BEKTOP
YMmoBa-IloiiHTHHTA NpU 3JIEKTPOIHEPTETUIECKOM aHAJIU3€, CBETOBOM BEKTOP (BEKTOP
I'epryna) npu (hOTOIHEPreTHUECKOM aHalIM3€, 3aBUCUMOCTHU MpoayKTuBHOCTH CHO
OT BHEUIHUX BO3JECHCTBUI NpU OMO3HEPTeTUYECKOM aHaJIU3€ U T.1.

VYpaBHEHUE FHEPreTUYECKOro danaHca:
rae Q,— SHeprus Ha ero BXoje; Q,— SHeprus Ha ero BhIXoJe; AQ | ;. TIOTEpH

sHepruu; &£, —0000IIeHHBIC KOOPIMHATHI, B KOTOPBIX OMHICHIBAIOTCS U3MEHEHUS

COCTaBJISIOIIMX BEKTOPA X ;C Pa3MEPHOCTBIO M (X, — HAOOp MapaMeTpOB, YHCIEHHO

XapaKTepU3yIOIINUX co3/1aBaeMble ycinoBus pyHkunonupoBanus CbO

BripaxkeHne 111 SHEpProeMKOCTH B a0COJIFOTHBIX €IMHMITAX :

Q.
QK

E =

c (5.13)



BBIpa)KeHI/Ie JJIA 3Hepr0€MKOCTI/I B OTHOCUTCJIIBHBIX CI[I/IHI/IHaX:
e=K.e,, (5.14)
rac kg - KO3(1)(I)I/IHI/I€HT OTKIJIOHCHUA 3HepFOGMKOCTI/I;

&€, - HOMHUHAJIbHOC 3HAUYCHHE OHCProCcMKOCTH.

Kpurepuit ontumuzanuu pynkuuonupoBanus UB3C

a_H—O.ma_H_)min 5.14
X, G X, ! (5.14)

rae /1 - ICHCKHOC BBIPAXKCHUE PA3HULBI MCXKAY JOXOAO0M, IOJIYy4YaeMbIM IPpHU

peanuzanuu npoaykuuu UB3C u 3atparamu Ha ee noxyyeHue (IpuobLIb).

VY ci10BUE ONITUMU3BAIIAN

k _ i
sem = 7 (5.16)

re K,y - koadduiment sdpexTnBHOCTH BHEIpenus nHTeHcHpukarmu DTII &; -
HHEPrOEMKOCTH ATara B 06a30BOM BapuaHTE €ro MPOBEICHUS;
& - SHEpProeMKOCTb TANa MPH MPOBEACHHH HHTEHCH(HKALINI TIPOLIECCa.
Oyukunonanshbie 3aucumoctn € = f.(¢)  xapakrepusyror 3aBucumocts

HHEPrOEMKOCTH dTama ¢ MapaMeTpoM ¢ OT BEITHMUYMHBI TapameTpa & .
IIpn aHanu3e 3aar0TCs HAYaIbHBIE, KpPAEBbIE, TI'PAaHUYHBIE YCIOBUA U
orpaHu4eHusi, xapakrepusie 151 pynkunonuponanuss CbO B pamkax UBIC.
3HaYE€HHE SHEPrOEMKOCTH N MOCIEA0BATENBHO COEAUHEHHBIX SHEPIE€THUECKUX

0JIOKOB B CUCTEME MNOAYNHACTCA MYJIbTUIINIMKATUBHOMY 3aKOHY

e=[1e (5.17)



[Ipu mapannenbHOM COEAMHEHUN N 3HEPTETUYECKUX OJIOKOB (C JoJei

MOTPEOIAEMOM SHEPTUHN &; KaKJIbIM), BBIMIOTHSIETCS aJ/ITATHBHBIA 3aKOH JIJIS

O6paTHI>IX BCJINYNH

%;Zn:ﬂ. (5.18)

Koadduiment obmeit 3¢phekTHBHOCTH U3 N 00BEKTOB BBIUUCISIETCS T10

MYJIbTUIINIMKATUBHOMY 3dKOHY

Koew = ll[kacM, (519)

Oo6ocHoBanue pexuma ITII npousBoauTces Mo GyHKIMOHATIBHBIM
sapucumoctsam € = f.(¢), myrem npoBenenns cooTBeTCTBYIOMMX OpraHU3alMOHHO-

TEXHUYECKUX MEPOTPHUITHIA.

DHeprocOeperaromumii anroput™ ynpasienus DT popmupyercs mo
KPUTEPUIO TIOIJIEPKaHUSI MUHUMAIBLHOTO 3HAYEHUSI YHEPTOEMKOCTH B 00BEKTaX
CHUCTEMBI B JIFOOO MOMEHT BPEMEHH, 110 PE3yIbTaTaM MOCTOSHHOTO MOHUTOPUHTA
napametpoB OTIL

[IpencrapiieHHass METOIMKA UMEET NMPAKTUYECKYIO 3HAYUMOCTh U TIO3BOJISICT
dbopMyIUPOBATH PEKOMEHIAIIUHU 10 MOBBIIIEHUIO YHEPTOIDPEKTUBHOCTU PAOOTHI
CEJIBCKOXO03SIICTBEHHOT O TPOU3BO/ICTBA.

5.5. 3HEPTOCBEPET'AIOINME TEXHOJIOI'MHU ITPOLHECCOB
TEIINIOMACCOOBMEHA B IIEPEPABATBIBAIOIIHNX

MPOU3BOJACTBAX AIIK
5.5.1. IYTU SKOHOMMMU SHEPI'MM B TEIUVIOBBIX INPOLUECCAX PEKTUOUKALIUU

Pextudukamus  sBnserca OAHUM U3 SHEProeMKux mporeccoB. llpu
MPOEKTUPOBAHUM PEKTU(PUKALMOHHBIX YCTAHOBOK HEOOXOJUMO HCIOJIB30BaTh BCE

BO3MOJKHBIC ITYTU 3KOHOMHWH SHCPIUU. K HuUM oTHOCSATCS:



1. OGecnieueHne MUHUMANbHBIX TOTEPh TEIJIa B OKPYXKAIOLIYIO Cpeay IyTeM
THIATEFHOM TEPMOU3OJISIUN PEeKTU(PHUKAIIMOHHBIX KOJOHH. [lpu sTOM 3aTpaThel Ha
U30JISIUIO JOJDKHBI KOMIIEHCUPOBATHCSI CTOUMOCTBIO COKOHOMJIEHHOTO TEILIA.

2. Pacxompl rperolero napa 1 oXJaKAaromield BOIbl BO3PACTAIOT C YBEIMUYECHUEM
KodpdunueHTa u30bITKa (aerMbl © U JOCTUralOT HAaUMEHBIIWX 3HAYEHWH NpuU
MUHUMaJIbHOM (aermoBoM uucie R min, 1. e. mpu 9 =1. COOTBETCTBEHHO
YBEIIMUMBAIOTCS 3aTpaThbl. BCIEACTBUE YMEHBIIEHUS YHCIA TapesioK CTOMMOCTH
KOJIOHHBI ¢ pocToM © uimu R = R min O cHuxkaercs A0 HEKOTOPOIO 3HAYEHHUs, a
3aTEM BO3PACTaeT U3-3a OINEPEKAIOUIETO YBEIMYCHUS NHAMETPA KOJIOHHBI, a TaKKe
pabouyux MOBEPXHOCTEN MUCTUIUIALIMOHHOTO Ky0a M KoHJeHcaTtopa. OnTuMaibHO B
HKOHOMUYECKOM (B TOM UHUCIIE U IHEPTETUYECKOM) OTHOLIEHUH (DJIErMOBOE YHCIIO
R onm, cOOTBETCTBYIOIIEE MUHUMYMY CYMMApHBIX 3aTparT.

3. 3HauuTeNbHAs SKOHOMMS TpEIOLIEr0 Iapa MOXET ObITh JOCTUTHYTa B
pe3ynbTaTe MCHOJIB30BAHMS TEIUIA IApPOB, YXOIAIIUX W3 KOJOHHBI, JHUCTHIUIATA,
KyOOBOIr0 OCTaTKa M KOHJEHCaTa IPEIOIIEro napa (Ha HarpeBaHue UCXOJHOM CMECH U
IPYTrUe NPOU3BOICTBEHHBIC HYK/bI).

4. Ilpu pexTu(uKauym romM0oa3eoTPONHbIX CMECed B JIBYX KOJIOHHaX MpPU JBYX
pa3HbIX [JaBJICHUSAX Mapbl M3 KOJOHHBI C OOJIbLIIMM JaBJICHUEM MOTYT OBITh
UCIIOJb30BaHbl JJIsi 000rpeBa KOJIOHHBI HU3KOTO IaBJICHUS; NPU 3TOM OTHAlaeT
HE00XOJAMMOCTh B KOHJIEHCATOPE MEPBOM KOJIOHHBI.

5. 3HAYUTENIbHYI0 AIKOHOMHIO BSHEPTUU MOXKHO JOCTHYb C HCIIOJIb30BAHUEM
MPUHITMIIA TEIJIOBOTO Hacoca IO CcXeme, M300pakeHHOW Ha puc. 5.2, a. Ilap,
YXOIAIIMM M3 KOJIOHHBI 3, CXXUMaercss Komipeccopom | 10 nmaBieHus,
COOTBETCTBYIOILIETO TpeOyeMol TeMIeparype €ro KOHICHCALlMW B HarpeBaTeIbHOU
KaMmepe JUCTUIUIALMOHHOTO KyOa. [Ipu 3ToM He HY)KHO yCTaHaBIMBATh KOHJEHCATOP;
KpOME TOT0, COKPAIAIOTCS PAacXO/bl Mapa U OXJaKJarolend Bojbl. PaccMaTpuBaeMas
CXeMa BBITOJIHA BO BCEX CIydYasX, KOIJa CTOMMOCTb SHEPruu, mNoTpedssieMoin

KOMITPECCOPOM, YCTYIAaeT 3aTpaTaM Ha Tperoluil map. IKOHOMUYHOCTh YCTAHOBKHU



BO3paCTacT IO MCPC YMCHBUICHHA PASHOCTU TCMIICPATYP KHUIICHHWSA KOMIIOHCHTOB

PEKTUGUIIUPYEMOM CMECH.
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Puc.5.2. PextudukanoHHbIE YCTAaHOBKH C TEIUIOBBIM HACOCOM:

a — YCTAaHOBKa ¢ KOMIIPECCOPOM IJIA CKATH IAPOB, YXOAAIINX U3 preHHHIOHIeP‘I YacTH KOJIOHHEL: 1 — KOJIOHHA, 2
— kommpeccop; 3 — ¢aerma; 4 —IUCTHILIAT, 0— YCTaHOBKA ¢ TAPOCTPYHHBIM HHXEKTOpOoM: | — KoJloHHa; 2 —
COCYII-PACIIUPUTEINB; 3 — HHXEKTOp; 4 — HHXCKTHPYIOUIHIA Map; 5 — MOTOK KyOOBOTO ocTaTtka; 6 — cMech
CXKaThbIX I'a30B

6. B ciydasx, korjga KyOOBbIM OCTAaTKOM IMPHU PEKTU(PHUKAIIUU SBISIETCS BOJA,
BBITOJTHO 000TPEeBaTh AUCTHILIAIIMOHHBIN KyO TOJIBIM TIApOM, a HE Yepe3 MOBEPXHOCTh
HarpeBa. [loMmumo yzemieBiieHus: peKTU(GUKAIIMOHHONW YCTaHOBKHU, B JJAHHOM CITydae
MOXET OBITh JOCTUTHYTA 3HAYUTEIbHAS DKOHOMHS TeIIa ITyTEM HCIIOJIh30BaHUS
MIPUHITUIIA TETUIOBOTO HACOCA C MTOMOIIBIO MapOCTPYHHOTO MHXKEKTOpa (puc. 5.2, 0).
3nech KyOOBBIN OCTATOK MEPEXOUT U3 KyOa B COCY-PacCIIMPUTENh 2, TNI€ CO3MAETCS
paspekeHrne Onarojgapsi TMPUCOCIWHEHHIO €ro MapoBOTO TPOCTPAaHCTBA K
BCACHIBAIOIIEMY IITYIIEpYy MapoCTpyWHOro uHektopa 3. M3 mocnemnero ckaras
CMECh WHXCEKTHUPYIOIIETO TMapa W BTOPUYHBIX TApOB, O0Opa30BaBIIMXCS B

CoCyacpaclinpuTeiiC, MoAacTCda Mmoa HHXKHIOIO TapClIKy I/IC‘IepHBIBaIOHleﬁ KOJIOHHBI,



HCUCIIAPpUBIIAACA U OXJIAKIACHHAA 4aCTb KY6OBOF O OCTaTKa OTBOAUTCA N3 CHCTCMBEI.
OKOHOMUS TeIja 3aBUCHT OT PasHOCTHU I[aBJ'ICHI/Iﬁ B JUCTUIIIAIIMOHHOM KY6€ u

cocyJie-pacuimpuTese u OT KO3(PHUIIUEHTA WHKEKIIUH.

5.5.2. MYTU DKOHOMMWHU SHEPI'MHA B TEIIJIOBBIX MMPOLECCAX IIPU
KOHIEHTPUPOBAHUU PACTBOPOB BBIIIAPUBAHUEM

CymiecTByeT Tpu OCHOBHBIX CIIOCO0a SKOHOMUH SHEPTUH:
— MHOT'OKOPITYCHOE BBIIIAPUBAHUE;
— TPUMEHEHHE TEPMUYECKON KOMIIPECCUMU;
— TPUMEHEHHE MEXaHUYECKOU KOMIIPECCUH.

Hcnonp30BaHue OJHOIO U3 3THUX CIIOCOOOB IMO3BOJIIET 3HAYMTEIBLHO CHU3UTH
MOTpeOIeHNE SHEPTUH U MOBBICUTH 3HEproagdextuBHocTh TII. Yacto cymiecTByer
BO3MOXKHOCTh COY€TaTh JBAa TaKUX croco0a [UIsl COKPALEHUS KalUTaJbHBIX U
AKCIUTyaTallMOHHBIX 3aTpar. B HamOoJiee CIIOXKHBIX BBINAPHBIX YCTAHOBKAX MOTYT
MPUMEHSATHCS BCE TPHU CIIOCO0A.

[lpu pa3paboTKe MHOTOKOPITYCHBIX BBIMApHBIX ycTaHOBOK (MBY) wuacto
ObIBa€T, YTO WMEIOIIUNCS B PACHOPSHKEHMH OOUIMI MOJIE3HBIM TeMIepaTypHbIN
Harop Ha MBY HebGombIm0ii, 1 yBenuueHnue unciia kopmycoB MBY orpannunBaercs
HEBO3MOYKHOCTBIO JAJIBHEMIIIETO YMEHBIIEHUSI TEMIIEPATYPHBIX HAIIOPOB Ha KOPIYC.
Tak, nns MBY, npumeHstommxcss B IpOU3BOJICTBE KOHIIEHTPATOB, MaKCUMaJIbHAs
TeMIIepaTypa NPOAYKTa B IIEPBOM KOPIyCE€ UCHAPUTEN HAXOAUTCS B auanaszone 70—
75 °C mno ycnoBusiM oOecneyeHusl KadecTBa KOHIEHTpaTa, a MHUHHUMaJIbHas
TEMIIEpaTypa B KOHAEHCATOpE OrpaHHyYeHa, Kak mnpaBuiio, 40 °C mpuMeHEeHHEM B
KauyecTBE XJIaJjareHta OoOOpOTHOW BOAbl. B momoOHBIX ciydyasix Ui MOBBIIICHUS
SHEPreTUYECKOro TMOTEHIMAlla BTOPUYHBIX IMAPOB MOXKET OBbITh MPUMEHEHO €ro

c)KaTHe, OCYIIECTBIIEMOE TEM WJIH HHBIM criocobom (puc. 5.3).
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Puc. 5.3. MBY ¢ napoctpyiiHBIMH KOMITpECCOpaMu

Ha mpakTike ¢ 1enbl0 TOBBIICHUS KOIPPHUIMEHTa SHEPreTUIeCKOn
(O ()EKTUBHOCTH BBIMAPHBIX YCTAHOBOK MPUMEHSIIOT C)KaTHE BTOPUYHOIO Tapa
NapoCTpyHHBIMU KoMIpeccopamMu. HecMoTpsi Ha TO, YTO KOMIIPECCOPHI 3TOTO THIIA
umeror Hu3kuh (25-30 %) tepmoaunamuueckuit KIIJ[, »tu yctpoiicTBa Hamnum
IIUPOKOE NPUMEHEHHUE MpeXJe BCero Omaroaapsi MpoCTOTe KOHCTPYKLMHU, MajbIM
rabapuTam, a clieJJoBaTeIbHO, HU3KOH IICHE.

B orux ammaparax OCYIIECTBISIETCS TMPOIECC HMHXKEKIMU — Tepenayu
KMHETUYECKOW  DHEPrHM  OJHOTO  MOTOKA  JAPYroMy TOTOKY —  IyTeM
HermocpeacTBeHHOro cMetieHus. [ToTok pabodeit (akTUBHOM) cpefbl, 00JagaroIInii
OO0JIBIIMM J1aBJIEHUEM IOKOS , MPUOOPETAET 3a CUET ITOrO JABJICHUS B CIIELUATBHOM
paboueM coruie OOJNbIIYI0 CKOPOCTh (OOBIYHO MCIOJIB3YIOTCSI CBEPX3BYKOBBIE COILIA
JlaBans).

PaboTa cTpyWHBIX KOMIIPECCOPOB XapaKTEPU3YETCs CIASAYIOITUMHA OCHOBHBIMHU

napamMeTpaMu: CTETIEHbIO CKAaTHsl, CTENIEHbIO PACIIUPEHUs U KO3 OULIMEHTOM

HHXCKI NN ,B = G“ G.° T. €. OTHOIICHUECM MACCOBLIX paCXO0d0B BTOPHUYHOI'O U OCTPOIO0
0



Ha puc. 5.4 nokazan pa3pe3 napocTpyWHOr0 KOMIIpeccopa, KOTOPbIA COCTOUT

13 TpEX OCHOBHBIX YacTel: comio 4, kamepa BcachiBanwms 3, u auddysopa 6, 7, 8.

Puc.5.4. [TapocTpyiiHblil KOMIIpeccop:

1-dmanerr; 2-comnoaepxaTens; 3-kaMepa BcackiBaHus;, 4-coruio; S-pmansr; 6,7,8-muddyzop

Bxoanyro yacte nud@y3opa Ha3pIBalOT KOHPY30pOM WM KAMEPON CMEIEHUS.

Octpsiil nap ¢ gaBieHueM P, noasoautcs k comty 4. IIpoxonas dyepeB comio, nap

pacmmpsieTcs, aBjieHue €ro MajgaeT, a CKOpocTh BospacrtaeT g0 1000 m/cexk u
BbIIIe. Beixons u3 comia ¢ OOJBIION CKOPOCTHIO, Tap MPOJIETaeT depe3 KaMepy
BcacbiBaHua B auddy3op, yBiekas Mo MyTd BTOpUYHBIA map. B auddyzope
CKOPOCTH Iapa MajacT, a IaBJIeHue €ro BO3pacTaer, T.e. KoMIpeccop paboTaeT Ha
MIPUHITUTIE TTPeoOpa30BaHUs MOTCHIIMATBLHON YHEPTUM B KUHETUYECKYIO B COTUIC U

HA000pOT, KHHETHYECKOM B IMMOTCHIIMAILHYIO B TU(dy30pe.

Ha puc. 5.5 moka3zaH mpoiiecc pacuIMpeHHsi OCTPOro napa B COIUIE U Mpolece
ero ckatus B quddysope B i-S quarpamme. Touka A xapakTepu3yeT HadaJIbHBIC
napaMeTpbl OCTpOro mapa mepes corioM. 1o nmuaum AB, paBHo# h, mpoucxoaut
aanabaTUYecKoe pacllupeHue napa B COIuie ¢ NaJeHUEM JIaBJICHUS 10 JIaBJICHUS B
Kamepe BcaceiBaHus. [Ipu ABM>KEeHHWM mapa B COIUIE YAacTh KMHETUYECKOM SHEPTUU
TEPSETCA HAa TPEHHUE U IPEBPAIIAETCS B TEIUIO, MO3TOMY B JIEMCTBUTEIBHOCTH
pacliMpeHue napa Xapakrepusyercs mnonuTponunueckor auHuerr AC. B come

CpeAHUX pa3MEpOB MpPEBpalIEHUE KUHETUYECKOW SHEPIUU B TEIJIOBYIO COCTABIISIET



0,1 h,, moaromy, otnoxkuB ot Touku B BBepx 0,1 h,, momyuum touky D. [TpoBoms
rOpU30HTaNb U3 ToUku D 1o u3obapel P, nomyunm Touky C, mapameTpsl mapa B

KOTOPOM M COOTBETCTBYIOT KOHIly HCTeueHHs u3 cormia. K cominy moaBoauTcs
OCTpBIM map, HO MPH BBIXOJE M3 COIUIA MapaMeTpbl ero MeHsitorcs. [IpaBuiibHee
OyJeT OCTpbli Map Ha3bpIBaTh pabOYUM, TOT/Ia HAa BCEM MPOTSKEHUU CTPYH Map

6yz[eT COOTBCTCTBOBATb 3TOMY HA3BAHMUIO.

BropuuHblii map moaBOAUTCS B KaMepy OOBIYHO MEPIEHANKYJSIPHO CTPYyE
pa0ouero napa 1 CKOpOCTh €ro HE3HaYUTENbHA, B TO BPEMsI KaK CKOPOCTh pabouero
napa Ha BbIXOJE€ U3 coruia orpomMHa. [loaToMy HemzOexeH HEeynpyruil yjaap cTpyu
pabodero mapa O CTPyH0 BTOPUYHOIO C NOTEPEH KUHETHUYECKOH DSHEPIUU U
MOBBIIICHUS TeIuIocoaepxkanus napa. [Ipouecc cxxarus HaunHaetcst He U3 Touku C,

a Bbime mo wu3obape P, w3 Toukm M. Jlumms MN=h,6 xapakrepusyer

aanabaTuyeckuil mpoiecc cxatus napa B auddysope. B nuddysope taxxke Oyayrt
MOTEPU KUHETUYECKOW »HHEPrMM Ha TPEHHE C HEU30EKHBIM TOBBIIICHHEM
TEIUIOCOJICPKAHUS Mapa, U JEUCTBUTEIbHBIA MPOILECC CHKATUA MOUAET MO JIMHUH
MN,.

K  HemocratkaM  MapoCTPYWHBIX  KOMIPECCOPOB  (KpOME€  HHM3KOIO
tepmoarHamudeckoro  KIIJ[) MOXKHO OTHECTH HEHM30€KHOE CMEIIMBaHHUEC
KOHJICHCATOB TMEPBUYHOTO W BTOPUYHOTO Tapa. B mopamistomeM OOJBITUHCTBE
CJIy4aeB CMEIIaHHbI KOHAEHCAT UMEET COCTAB, HE MO3BOJISIONIMKA BO3BPAIAThH €TI0
B TEIUIONYHKT ©O€3 MPOXOXJIECHHUS CTaauyd BOJOIMOATOTOBKH, 4YTO TIOBBIIIACT
CTOMMOCTh Tperoriero mnapa. Kpome Toro, mist mocTixkeHus Ko3(hGUIIMEHTOB
WHXKEKIUU, ONM3KUX K 2, naxke B BakyyMHoui MBY crnenyer pacnosiarath nmapom
JIOCTATOYHO BBICOKOTO JaBjeHus — cBbiie 1 MIa.

CrpyiiHbIE KOMIIPECCOPBI, TPUMEHSAEMBIE ISl TOBBIIICHUS [apaMETPOB
BTOPUYHOIO Mapa, MO CBOMM CBOMCTBAM 3aHUMAIOT MPOMEKYTOYHOE 3HAUYCHUE
MEXy MTapOCTPYHHBIMHU KEKTOpaMU U UHKeKkTopaMu. OHU paboTaroOT B AUana3oHax

creneHeit cxarusa 1,2-2,5 u kodpdunuentoB nmwxekuuu 0,7-2 . KoHCTpyKTUBHO —



ATO CTPYMHBIE aIApaThl C MUIMHAPUYECKON KaMEPOW CMEIICHUS, KOTOPAask MOXKET

UMETh KOH(PY30pHBIA y4aCTOK TON WIJIM UHOU JJIMHBI.

NI

P, V1,6, X,

B VaipgtpXs

Puc. 5.5. Pabora kommpeccopa B i-S Auarpamme

Jpyroit cnoco® MOBBIIMIEHUSI SHEPTrEeTHUECKOTr0 MOTEHIIMajaa BTOPUYHOTO Hapa
— 3TO €ro CXKaTHe MEXaHMYECKUM KOMIIPECCOPOM KaKOro-JMOO THIIA: MOPIIHEBbIM,
POTALIMOHHBIM WJIM, Yalle BCEro, TypoOokoMmmpeccopoM. Takue MamuHbl JOCTUTaloT
noctaroyHo Oosbiux TepmoanHamudeckux KII: 80—-85 % mpu mpousBoAUTENBHO-
ctu He meHee 14 000 m3/mun. Ho mpu mMenbluein npousBoautenbHocTH ux KITJ|
camxaercs (He 6onee 75 % nns 1000 m3/mun). Beicokas 3pdexkTuBHOCTH pabOThI
MEXaHUYECKUX KOMIIPECCOPOB NpU OOJBIIMX MPOU3BOJUTEIBHOCTIX BbIIAPHBIX
YCTAHOBOK TI03BOJISIET MNPUMEHSITh HMX JaK€ B COYETAHUU C OJHOKOPIYCHBIM

BBIIIAPHBIM aAIIIAPATOM.



Ha puc. 5.6 mokazaH OZHOKOPIYCHBIM POTOPHO-TJICHOYHBIA HCHAPHUTENh B
COYETaHWH C MEXAaHUYECKUM KOMIIpECCOpOM BTOpuYHOro mnapa. Ilpm pabote B
YCTaHOBUBLIEMCS pEeXUME TaKOW amnmapaTr HoTpeOssieT HE3HAUUTENBHOE KOJINYECTBO
IIEPBUYHOIO I'PEIOLIEro Napa Ha KOMIIEHCALMIO TEIUIOBBIX IOTEPh M OTBOJ TEILIA C
napoBbIM KoHJeHcaToM. OTOOp OCTaTOYHOIO BTOPUYHOIO Iapa OCYUIECTBIIAETCS B
€lle MEHBIIMX KOJMYECTBAX B OCHOBHOM JUIsI OOECHeueHUs OlepaTUBHON
PETYJIMPOBKU IIPOLECCa, MHOTAA I OTBOJA M30BITOYHOIO TEIUIA, CBS3aHHOTO C
[IEPETPEBOM BTOPUYHOIO Iapa B pE3yJbTaTe€ €ro CXaTus B KOMIIPECCOPE, 4YTO
BO3MO>KHO, HAaIlpUMEp, IIPU BBITAPUBAHUU IIEPETPETOrO MpoAyKTa. [l mycka Takon
YCTaHOBKH HEOOXOAMMO MOJaTh B pyOalIKy MCHApUTENs TPEOUIUil map B MOJIHOM
o0beme (Kak Ha BBIIAPHOM arapare 0e3 KOMIIPECCUH I1apa) U M0 Mepe BBEJICHUS B

paboTy KoMIIpeccopa MeperTr Ha 000TPEB CKATHIM MTAPOM.

[Tap
JF£=D' BTOPHYHL
—4
) ' OCTATOU HEI i
"11.'::"'.1.1.'ll'|lrlll I:I-'|. H[.'Fl'l.'IL"liL"ﬂ'l'[.'l‘['-l:l
NpoayeETr —*
- [] [ap
. [] FPe
.. CHATHI ap
' [] BTOPHUHBI HA
- PERYTICPHEALIHID
[N Py
Kowaencar |
*
Koneunmii [ Hap nepasHbi nvckopoi
ROHLUCHTPAT  L— Tap n0noaHnteibHBi

MYVCKOBROT

Puc. 5.6. BY ¢ MexaHM4eCKMM KOMIIPECCOPOM BTOPUYHOTO Mapa

Mexanndecky HanOoJIee BBITOIHBIM SIBIISICTCS H30TEPMHUICCKHI KOMITPECCOP.

VY nenbHas padota A no cxatuio 1 kr mapa (raza) onpeaensercs Kak:



A=pyin(*)), (520
1
r7ie p, ¥ p , — AaBJICHUS COOTBETCTBEHHO MEPE]] U MOCIE CKATHS; V — YICIbHBIN
00BeEM.
[Ipu annabaTtnyeckoM cKaTUM rasa (mapa):
A=i, —1,, (5.21)

UIame BCCT'O KOMIIPCCCOP OCYHICCTBILACT ITOJIMTPOITHOC CKATHC!

n-1

A= (nL_J oV (E—ij =1 (5.22)

rje N — nokaszaTelb moautpornsl (1 <n <Kk, K — mokasarens agnadarsl).

B yka3zanubix popmynax padota Oyzaet Oosbliield Ha BETUYUHY (]

mp !
COOTBETCTBYIOIIYIO PabOTe CUJI TPEHHUSI, KOTOPAsiHE MPEBBIIIALT, Kak mpaBuiio, 10 %
OT BEJIMUYMHBI A.

st TypOOKOMITPECCOPOB, TJI€ MPOIIECC CKATUS OJIM30K K aarnabaTHOMY,
paboTy omnpeaensoT no Gopmyre:

2 _\\2
A:iz—z'1+W2—2W1—q, (5.23)

2 2
-W,
rze ( — morpaBKa Ha OTBOJ TEIUIA U TPEHUE; ——— 5 L — mompaBka Ha Pa3HOCTb

CKOpOCTEH Ha BBIXOJIE U Ha BXOJIE B TypOOKOMITPECCOP.
B MHoOrocryneHdarblx KoOMIpeccopax HaubOojee BBITOAHBIMHU  SIBJISIFOTCS

PEXKUMBI, KOTJa CTENEHU CHKaTHs HA OJIHOM CTYNMEeHHW (X ,) OTHOCATCA K TOJHOM

CTEIIEHU CXKaTud X =&, KaK x, =( x)% , TIe N — yucio cryneHeu cxarus. [lpu stom
1

it yBenuueHust 3(HEKTUBHOCTH PabOThl HEOOXOAMMO OCYIIECTBIISTh OXJIAXKICHHE
rasa (mapa) Mex,1y CTyleHsIMH CKaTusi, YTOObI TeMIlepaTypa Ha BXOJE MOCIeAYIONIeH

CTYIIEHU COBIIAJajia C TEMIIEPATYPOU HA BXOJE MPEABIAYILEH CTYIIEHH.



B peaibHBIX KOMIIpECCOPAaX MOIIHOCTb AJIEKTpoABHrateis cocrasiser 110-—
140 % ot noTpebiisieMoil KOMIIPECCOPOM IIPH CKATUU Tra3a (1mapa) MOUTHOCTU. Takum
oOpazoM, TIpH CKaTuW Mapa, Hanmpumep B 3,5 paza, pabora, 3arpaunMBaecMas Ha
CKaTue Mapa B OJIHOKOPITYCHOM BBIMTAPHON YCTAaHOBKE, MOXKET cocTaBUTh 10—15 % oT
TEIJIOBOM Harpy3k BbINApHOW YCTAaHOBKH (TIpU Tepecuere TEIUIOBOM Harpy3ku U
MOIIIHOCTH JIEKTPOJBUTATEINSI KOMIIpEccopa B OJTHU €AUHUIBI U3MEPEHHUS).

OueBUHO, YTO 4YeM OOJIBIIE CTEICHb CXKATHS, TeM OOJbIIe HEOoOXOomauMas
MOIIIHOCTh KOMIIpEeCcopa, 3aTpaurMBaemas Ha cxatue | 1/4 BTropuuyHoro mapa. C
Y4ETOM TOTr0, YTO CTOMMOCTH 1 KBT 4 3J€KTpO3HEPTUM 3HAYUTEIBHO OOJIbIlE, YEM
CTOMMOCTh JHEPTrUM NOTpeOJIIeMOro BOJSIHOTO mapa (B mepecduere Ha KBT u),
UCIIOJIb30BAaHUE MEXAHWYECKOTO KOMIIpeccopa € OOJBIIMMHU CTETECHSIMH CXKaTHUs
MOXET ObITh HepeHTAaO0EIbHbIM. [10ATOMY 1711 CKATUsL BTOPUYHOTO Tapa 4aiie BCero
UCIOJIb3YIOT OJIHOCTYTIEHYAThIE TYPOOKOMIIPECCOPHI, MOBBIMIAIOIINE JaBlieHue B 1,2—
1,7 paza u oOecneuynBaromye OOIIMIA TOJE3HBIA TEMIIEpAaTypHBIA HaAMop Ha
BBINIAPHYIO YCTaHOBKY He Oonee 15 °C.

[Ipu nprUMeHEHNN MEXaHUYECKOTO KOMITpeccopa, padoTaroIEro B COYETaHUH C
yeTelpexkoprycHoi MBY, MOXHO A0CTHMYb TNPOM3BOAUTENBHOCTH BBIIAPHOU
yctaHoBkM B 100-125 kr BeimapeHHoid Biaru Ha 1 kBT Y IIOABOIUMOM
AJIEKTPOPHEPTUU. DTO O3HAYAET, YTO MOTpediisieMas KOMIIPECCOPOM MOIIHOCTh
cocrasisieT 1,3—1,5 % OT TennoBoil Harpy3Ku BBIMAPHON YCTAaHOBKH (OYEBUJIHO, UTO
IIpU 3TOM TeMIlepaTypHblid Hanop Ha kopiryc MBY He nipeBbicut 4 °C).

K rnmaBHOMYy HENOCTAaTKy BBIMAPHBIX YCTAHOBOK C MEXAHMUYECKHUM CXKATHEM
rnapa MOXXHO OTHECTH BBICOKYID CTOMMOCThH MPEIHA3HAYEHHBIX [JI1 JTOWU IEIu
KommpeccopoB. Ilomumo 3Toro, OonbIas IUIOMIAAL TOBEPXHOCTH TEINIOOOMEHa
BBITIAPHON YCTAaHOBKH, OOYCJIOBJICHHAsE HU3KUMH TEeMIIEpaTypHBIMH HaloOpamH, a
TaKXK€ TPUMEHEHUE JOIMOJHUTEIbHBIX 3JEMEHTOB OYUCTKM BTOPUYHOIO Tapa
(manpumep,  ckpyOOepoB),  OOYCJIOBJICHHOE  TOBBIIMICHHBIM  TpeOOBaHUEM
KOMITPECCOPOB K KA4yeCTBY CeMapaluyd BTOPUYHOTO Mapa W OTCYTCTBUIO y HErO

KOppO3I/IOHHOf/‘I AdKTHUBHOCTH, 00eCIeYnBalOT BBICOKHI YPOBCHb aMOPTU3ALIMOHHBIX



pacxoJoB Il TAKWX BBIIAPHBIX YCTAHOBOK. MeEXaHWYECKHE KOMIIPECCOPHI,
MpeHa3HAYEHHbIE ISl MOBBILICHUS JABJICHHUS BTOPUYHBIX MApoOB I0J BaKyyMOM,
BBIIYCKAIOTCSI B OIPAaHMYCHHBIX KOJIMYECTBAX B OYEHb HEMHOTMX CTpaHax, MU
3a4acTyl0 3KCIUTyaTalMsl BBIIAPHOM YCTAHOBKM C MEXAaHUYECKHM CXKaTHEM Iapa
TpeOyeT pa3paboTKu CHEHHUAIbHO JUIsl HEE IPEIHAa3HAuYEHHOTO0 KOMIIpECCopa, YTO
CYLIECTBEHHO YBEJIMYMBACT CTOMMOCTH IIOCJIEIHEro. BrlmapHbIE yCTaHOBKU C
MEXaHUYECKUM C)KaTHEM BTOPUYHOIO Ilapa HMMEKT JIOCTaTOYHO OTPAaHUYEHHOE
npuMeHeHue. Yaiie BCero OHM HCIIONB3YIOTCA B CTpaHax, I'IE UMEETCS JelIeBast
THIPOIJIEKTPOIHEPIHsl, @ YPOBEHb LIEH Ha TOIUIMBO, OOECIEYMBAIOIIEE ITOIYYCHHE

napa, BbICOK.

BrinapuBaHue ¢ INpPUMEHEHHMEM  TEIUIOBOIO  HAcoca OCHOBAaHO Ha
WCMOJIb30BaHUM BTOPUYHOI'O Mapa B KayeCTBE TPEIOMIET0O B TOM YK€ BBIIAPHOM
anmapare. Jljist 3Toro temmeparypa BTOPUYHOIO Tapa J0JDKHA ObITh MOBBIIIEHA J10
TeMmreparypsl rperouiero napa. l[loBelmieHne Ttemmeparypbl BTOPUYHOIO I1apa
JOCTUTAETCSL CHKATUEM €ro B KOMIIPECCOPE WJIM MapoOBOM HMHXKEKTOpe. B kaudecTBe
KOMITpeccopa 0OBIYHO UCTONb3yeTcs: Typookommpeccop (Puc. 5.7). Bropuunsiii map
JaBJICHUEM Ppr M SHTAIBIUEH 1, BRIXOASIINN U3 BBIITAPHOTO ariapaTa, 3acachblBacTCs
B TypOOKOMITpECCOp, B KOTOPOM CKHUMAETCS J0 JaBlieHUs P;. DHTaIbIus MPU 3TOM

BO3PACTACT O I TaKM 00pa3oM, 3a CueT cxKaTHs map npuoOpeTaeT TeIIoTy

Al = i, — 1. CxaTpIii Tap MoCTymnaeT U3 TypOOKOMIIpeccopa B IPEIOIIYI0 KaMepy

BBIIIAPHOI'O aIllrapara.



Puc. 5.7. Brmapnoii anmapar (1) ¢ rypboxkommnpeccopom (2)

TennoBoit 6anaHc nporecca:

G,c,t, +DI"+Wi_ =G, c t, +Wi+(D+W)i'+Q,,, (5.24)
NI
G,c,t, +DI"+Wi_ =G, —W)+Wi+(D+W)I'+Q,, (5.25)
OTKYJIa PacXo/] IPErOIIEro mapa
t, —c,t I—cyt, —i
D=G, St Sty 70t Tl B g )

401041

D:GH M‘FW i_CKtK _icofc + QH

" 1!

iI"—i 1" =i T (5.27)

rac ICM - YACJIbHAaA SHTAJBIIUA BTOPUYHOI'O ITapa IMOCJIC CKAaTUA B

Typookommpeccope, kJx/kr; Gy,Gk - KOMMYeCTBO UCXOTHOTO U YITAPEHHOTO

pacTBOpA, KI/c; ¢y, Cx - yACIbHbIE TEIUIOEMKOCTH UCXOIHOTO U KOHEYHOTO PacTBOPA;



0. j
ty, tx — TeMIepaTypbl HCXOJJHOTO ¥ KOHEYHOTO pactBopa, C°; | — sHTanbmms

BTOpUyHOTO napa kJx/kr-K;

N/
I' - sHTanenus kouaeHcata, KJx/kr-K; | - saTanenms rperomero napa, kJx/kr-K;
W — xonmaecTBO pacTBOpuTes (Boabl), Kr/c; D — KomudecTBO rperomiero napa, Kr/c;
Q7 - TOTepH TEILIOTHI B OKPYIKAOIIYIO cpeny, KJxK.

W3 ypaBHeHus (5.27) BUAHO, UTO MPH BHIMAPUBAHUH C UCTIOIB30BAHUEM
TEIUIOBOT'O HACOCA PacXo/] IPEIOIIETO Mapa CHUKAETCS 3a CUET MOBBIIICHUS

OHTAJIBIIMKM BTOPHUYHOI'O I1apa Ha BCIIMYNHY icm

e (5.28)

OI[HEIKO HapAaAay € AKOHOMUEHU T PCOIICTO I1apa H€O6XOI[I/IMI>I 3aTpaThbl

QJICKTPOOHCPIUHU Ha ITPUBCACHUC B JICHCTBUEC Typ601<0aneccopa. MoOIIHOCTh

_ Wi ) %
360077, My | (5.29)
rae n,, — agmabaruueckuit KIIJI typGoxommpeccopa; 7,,, — MEXaHUYECKUM

KIIJI snekTpoasuraTesist U MpUBOJIA.
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Puc. 5.8. Boimapnoii anmapar (1) ¢ ”HXEKTOPHBIM TETUIOBBIM HACOCOM

VYcTaHoBKa yJI0poXkKaeTcsl TakKe Ha CTOMMOCTh TypOokommpeccopa. B yctanoBkax
C TapoBBIM HWHXEKTOpPOM (puc. 5.8) rperommii map M3 KOTEIBHOW MOCTYIaeT B
napoBoi HHKEKTOp. [lapoBoil WHXKEKTOpP NpeACTaBIsieT CcOOO0H HECI0XKHOE
YCTPONCTBO THIA coIuia BeHTypu, Mpu H3roTOBIEHUU KOTOPOTO HE Tpedyercs
3HAYUTENBHBIX 3aTpaT MeTauia. B pe3yiabTare co3laHus BaKyyMa B HHXKEKTOP
3acachIBacTCsl BTOPUYHBIN Map naBjieHueM Ppr v sHeTanmbnuel 1. Kaxmas maccoBast
€JIMHUIIA TPEIOIIETO Mapa 3acachlBa€T M MAaCCOBBIX €AWMHUIl BTOPUYHOIO mapa. B
pe3ysbTaTe MOJIydaroT Tperonuii map B koiguuectBe D (1 + m) ¢ nmaBiaeHuem
MEHBIITUM, YeM JaBJIEHUE T'PEIOIIEro IMapa, HO OOJBIINM, YEM BTOPUYHOIO Mapa.

Yacts napa, paBHas W — mD, cOpacbkiBaeTcsi ¢ yCTaHOBKM Ha BTOPUYHBIE HYKIbI.

TemnoBo# 6aaHc mporiecca OMMChIBAETCS PAaBEHCTBAMHU

D@+m)i_, +G,c,t, =G, Cty +Wi+D(AL+m)i'+Q,,; (5.30)

Cety —Cutyy W I—c,t, Q.

“@rmy(,, - @+my@,, —i" i @+m)(i_, —i") (5.31)



5.5.3. IYTU DKOHOMHNU DHEPIT'UU B MACCOOBMEHHOM
INPOLHECCE CYIIKAN

CoBeplLICHCTBOBAaHME  TEXHOJIOrMYecKoro mpouecca cymku B AlIK
00yCJIOBJIEHO HEOOXOAMMOCTBIO SKOHOMHHU 3HEPrOpPECYpPCOB, YIIYUILICHHS KadecTBa
OpOAYKIMHM W ToBblieHUs1 3HeprospdexkrusHoctu TII. Peanusyroresa crnenyrommue
HaIPaBJICHMSL:

— TMPUMEHEHHE TEXHOJIOTHM, MpH KOTOPHIX Ha CYIIKY MOCTYHaroT Hauboliee
NOJIOTOBJICHHbIE K HEW MaTepuaibl (HAmpumep, TOHKOJUCIEPCHBIE, C
LIIMPOKUMH [IOPaMHU U T. I1.);

— pa3paboTKa THUIOBBIX CYUIWJIOK, MPUTOJIHBIX JJIs CYIIKHM OOJBIIMX TPy
MaTepHUaoB;

— CO3/IaHHE ONTUMAJIbHOM I'MAPOJMHAMUKH B CYIIMJIBHBIX anmaparax;

— palUMOHANIBHOE COBMEIIECHHE MOATOTOBUTENBHBIX CTaJAHM MEXaHHYECKOIrO
00€3BOKMBAHUS,  BbIMApUBaHUS (I  CTYHIEHUS  SKMAKOM  (a3bl),
IpeIBapUTENILHOTO  IEperpeBa  pacTBOpOB  (IIPM  PacHbUIMTEILHOM
BBICYILIMBAHUM ) U COOCTBEHHO CYIIKU;

— pa3BUTUE HETPAJUUMOHHBIX crnocoboB cymku-UK u YO wuznydenuewm,
BbicokouacToTHOM, CBY wu akyctuueckod, co cOpocoM naBieHus (B
MaTepHuasie MPOUCXOIAT CAMOBCKUIIAHUE U YACTUYHBIA MEXaHUYECKUI BBIHOC
BJIarM), TNEPErpeTbiM MapoM (€ro TEIIOEMKOCTh OOJIbIE TEMIOEMKOCTH
BO31yXa, IO3TOMY K MaTepuansy TMOJBOAUTCA OOJjbllIee KOJIUYECTBO
TEIUIOThI), ¢ wucnoiab3oBanueM I[IAB (oHu o0cCia0OnsOT CBA3b BIAru C
MaTepuaioM);

— MPUMEHEHHE KOMOMHHUPOBAHHBIX CYIIWIOK - C KOMOMHHPOBAHHBIM
MOJIBOJIOM TEIUIOTHI, a TAKXKE COYETAIOIIMX CYLIKY C APYTMMHU IpoLeccaMu

(M3MenbYEHUEM, TPaHYJIMPOBAHUEM, XUMHUUYECKUMU PEAKIUSIMHU U T. 1.);



— HCIIOJIb30BAHUC SKOJOTHYCCKHU PpPAlMOHAJIBHBIX CYIOIHWIIOK - 663}’HOCHBIX
(CYIHKa IMpOUCXOJUT OAHOBPEMCHHO C YJIABJIMBAHHCM T'OTOBOI'O IPOAYKTA,
HallpuMCp B CYIIUIKaX CO BCTPCYHBIMHU 3aKpPYUYCHHBIMU HOTOKaMI/I), C
OpFaHI/IBaHHGfI ImponccCca TaKUM O6p&30M, yTOOBI Ha INBIJICOYUCTKY
MMOCTYIIaJI0O MCHBIICC KOJIMYCCTBO KPYITHOANCIICPCHOI'O MaTcpualia, a TaKKe C

MaKCHUMAaJIbHOU YTHHHSaHHCﬁ TCIIJIOTHI O’I‘pa6OTaHHOI‘O CYIIMJIBHOI'O arcHrTa



3AK/IIOYEHUE

[ToaroToBKa KaaApoOBOTO OOECTICUCHHSI PEIICHUS OTPaCIeBOM MPOOIEMbI
noBbIIeHUs dHeproddextuBHoCTH (IpHopuTeTHBIN B AIIK) OyaeT pe3ynbTaTUBHOM
TOJIbKO TIOCJI€ IIeJICHANpPABIEHHOTO (PYHKIIMOHHpPOBAHUS Habopa H3y4YaeMbIX
TUCITUIUIMH ¥ WX cojaepanus. HaydHoil mkonoit kadenpsl «DHEproodecrnedeHue
POU3BOJCTB U 3ekTpoTrexHonoruu B AITK» npesnoxen 6a30Bbiii 00bEKT U3YUYEHUS
— noTtpedbutenbckast saHeprocucrema (II13C) npennpustus, mpeacTaBisonias codoon
COBOKYMMHOCTh  TEXHHYCCKHX  DJIEMEHTOB (HE  TOJIBKO  DHEPTEeTUYCCKHUX),
XapaKTEPU3YIOIINXCS COOCTBEHHBIMU MOKa3aTeJsIMU s exTuBHOCTH
OCYIIIECTBIISIEMBIX UMM DHEPTETHYCCKUX TPOIECCOB. BimsHME 3THX MMOKa3aTene Ha
equHblii cuctemMHblid (st [I9C 3TO 2HEProeMKOCTh MPOAYKIIMH) 3aBUCUT OT
BEJIMYMHBI MTPOXOJISIICH Yepe3 JIEMEHT DHEPTUHU, YJSIBLHOTO pacxoja SHEPTHUH, OT
MOJIy4aeMOTO TPOIIECCOBOTO  pe3ysibTaTa M OT MecTa (SMIIMPHYECKOTO ajapeca)
AJIeMEeHTa B OOIIeH cUCTEME.

3amayamu  ydyeOHoro mocobusi «llpuknanHas Teopus  TEIUIOBBIX U
MaCcCOOOMEHHBIX U MPOIIECCOB B CUCTEMHOM aHAJIU3E JHEPTrOEMKOCTH MPOIYKIUI
U OJHOMMEHHOW JUCHUIUIMHBI, BKJIOUEHHOW B oOmeHaydnbii 1ukia  OOIT
«Arpounkenepusi» (nMpoduiib «IJIEKTPOTEXHOJOTUH M DIEKTPOOOOpPYJIOBAHUE B
CEJILCKOM XO3SIIICTBEY) SBJISICTCS:

— O3HAKOMJICHHE C CHCTEMHBIM aHAJU30M TEIIOMAaCCOOOMEHHBIX  IPOIIECCOB,
anmapaToB M YCTAaHOBOK B TOTPEOUTEIBCKUX  DHEProCHUCTEMax
CEIHCKOXO3SIMCTBEHHBIX MTPOU3BOJICTB;

— OCBOCHHE OONMX 3aKOHOMEPHOCTEH TMPOTEKaHUS TEIIOMAcCOOOMEHHBIX
MPOIIECCOB B anmapaTypHO-TexHonornyeckux cxemax [19C;

— OBJIQJICHUC TEeOpHEH U COBPEMCHHBIMU METOTaMH pacdeTa

TEIJIOMAaCCOOOMEHHBIX IMpoUeCCOB, alIapaToB U YCTAHOBOK;



— OCBOCHHE IIPUHLIATIOB 0JI0YHO-HEePAPXUIECKOTO MOJIEJIMPOBAHUS
TEIJIOMAaCCOOOMEHHBIX TPOIIECCOB, anmapaToB U ycTaHoBok [19C;

— U3y4YCHHE METOJIOB, QJITOPUTMOB pacdera " ONTUMU3ALNN
TEMIOMAaCCOOOMEHHBIX TMPOLIECCOB MO KPUTEPUIO SHEPTOEMKOCTH MPOAYKIINH;

— (opMHpOBaHME HABBIKOB IMPUMEHEHMS] HHEProcOEperarolmx MNPUHLIUIOB U
CXEM OpraHM3aliM TEIJIOMacCOOOMEHHBIX MPOILIECCOB, ANNApPaTOB U YCTAaHOBOK
Ipyd  ONTUMHU3AIMM  SHEPrOEMKOCTH MPOAYKUHHM, a TaKkKe MpH HUX
IPOECKTUPOBAHUH U SHEPTETUYECKON MOJACPHU3ALUH.

[IpuoOperaemasi  MarucTpaHTaMH B YHHMBEPCUTETE CIOCOOHOCTH YIIPaBIISThH
s¢pextuBHOCTRIO [IDC BO3MOXKHA TOJBKO 4Yepe3 MPUOOPETEHUE UMHU CHUCTEMHBIX
3HAaHUU 10 TEOPUHU U IMPUKIIAJHBIM 3aKOHAM HamOoJjee paclpoCTPaHEHHbBIX B JIMHUSAX
nepepabOTKU  ChIPbSl TEIJIOMAaCCOOOMEHHBIX MPOLIECCOB, IO METOJIaM €IUHBIX
KPUTEpUAIbHBIX OLEHOK 3(()EKTUBHOCTH BCETO pa3HOOOpa3usi SHEPreTUUYECKUX
IPOLECCOB, MO COBPEMEHHBIM HH()OPMALIMOHHBIM TEXHOJIOTUSAM, IO3BOJISIOIIUM
MCIIOJIb30BaTh JaHHBIE i cucTeMHoro aHanusa s¢pdexrusaoctu [19C. B I[19C npu-
HUMaeMble  pEIIEHUs MO  TOBBIIICHUIO  HHEProdPHEeKTUBHOCTU  SBISAIOTCA
CUCTEMHBIMH.

VYyebHoe mocodre COOTBETCTBYET ITUM TPEOOBAHUSIM.
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SHCpFOCI/ICTCMBI TexHudeckue. OCHOBHBIC HOHHTI/I}I)



[Tpunoxenue 1

TepMmunbl U onpeaeeHus U3 MexayHapoanoro crangapra MUCO 13600

JHeproHocureu: BemecTBo umm siBieHne, KOTOPOE MOKET ObITh UCTIOIb30BAHO
JUTSI IPOU3BOJICTBA MEXAHUYECKON paOOThI MU HarpeBa, WM XUMUUYECKUX PEaKInid,
WM (PU3UIECKUX TIPOIECCOB.

JHeproroBap: ['0TOBBIN (TOJHBIN K NpOAaXe, MpeAHA3HAYEHHBIN 1S IPOJAXKH )
TOBAp, UCTIOJIb3YEMBIH, ITaBHBIM 00pa3oM, JJisi TPOU3BOACTBA MEXAHUUECKOU PaOOThI
WX TeIlIa, WA XUMAYCCKUX PEaKIuil, Wi (U3NISCKHUX TPOIECCOB. (CM.
PUIIOKHHE 2)

[Ipumeuanus:

1 TepMun «€nergyware» MoxeT ObITh IEPEBEJEH KaK «IHEProTOBAP», HO B PyCCKOM
S3BIKE OH, KaK MPaBWIIO, PUTYpPUPYET KaK «IHepPrush» He B pusiocopckom, a B YUCTO
TEXHUYECKOM cMbIciie. B coorBercTBUM co cranmaptom MCO 13600 ncnons3yrorces
aJICKBATHBIC TEPMUHBI «IHEPIrOPeCypPCHBIN TOBAP», «IHEPropecypehbh).

2 DHeproToBap (HopMaIbHO, B COOCTBEHHOM CMBICII€, OTHOCUTCS (SIBJISIETCSI YaCThIO)
K JHEpProHocuTedsiM. B 00IIECTBEHHOM CO3HAHMM MOJOKEHHE SHEPrOHOCUTENEH
ABJISIETCS [I0KA MOJYMHEHHBIM 110 OTHOLIEHHUIO K SHEPTUH B LIEJIOM.

Cucrema, pacxoaywiuasi 3JHepropecypcbl (cucreMa 3JHeEpPromorpedJieHus):
TexHuueckasi 3HEProCUCTEMA, PACXOAYIOLIAs IHEPreTUYECKUE PECYpChl, a TaKKe
IPYTUe S3HEPreTHYECKUE HOCUTENIN U IPOU3BOAAIIAs TPOIYKIIUIO, YCIYTH.

Ob0sacts morpedHOCTEld B JHepropecypcax (3Heproodecneuenue): Yactb
TeXHOCepbl, 1Ledb KOTOPOM — TMPOU3BOAUTH HEOOXOJUMOE KOJIMYECTBO
HHEPropecypcoB U JOOBIBAThH MPUPOIHBIE PECYPCHI.

Cucrema npou3BOACTBA IHEPropecypcoB: TexHUYecKas 3HEprocucremMa, Kotopas
npeoOpaszyeT NpUPOIHBIE PECYPCHI B BHEPTOPECYPCHI.

Cucrema yrwamsanum  (BO3BpaTa, BOCCTAHOBJIEHHUSI) JHEPropecypcoB:

TexHuyeckass HSHEProcUcTeMa, KOTOpas TpaHCHOPMUPYET BTOPUUHBIE PECYPCHI



(mojyiexamiue BO3BpaTy, BO3BpallaeMble OTXOAbI, COpPOCBI M BBIOPOCHI —
Oounocdeposarpsa3HUTETN) B SJHEPTOPECYPCHI.

Cucrema XpaHeHHsi JHEpPropecypcoB (3HeproHakonurenm): TexHuyeckas
HHEProcucTeMa, KOTOpas MOXKET MOJIy4daTh U XPaHUTh SHEPTOPecypchbl, 0CBOOOXKIas
UX MO3KE B TOM K€ BHJIC.

Harpyska Ha okpy:xkawomyw cpeay: HMcrouenue mOpUpOAHBIX PECYPCOB,
HAKOIUICHHUE OTXO0JI0B, COPOCOB M BHIOPOCOB, HKCILITyaTaI[MOHHbIE BO3/ICHCTBU.
IIpupoanbie pecypebl: BelecTBa uin siBieHUs, HAXOASAIIMECS B IPUPOJIE, KOTOPHIE
MOTYT HCIIOJIb30BaThCA B TeXHOC(hEpE sl MOTPEOICHNUS.

Hponykr: IlpenHamepeHHbII peanbHbIl (MaTepuaabHbI) BbIXOA (OTHAYa)
TEXHUYECKON SHEPrOCUCTEMBI.

Ycayra: IlpenHamepeHHBII M HeOCs3aeMblid (HEYJIOBUMBINA, HE MaTepHUabHbIN)
NPOJIYKT TEXHUYECKOW HSHEPreTHYECKOM CHUCTEMbl WM T0JIb3a OT MPUMEHEHUS
POJIYKTA.

[Ipumeuanne — VYcayra, Kak MOpaBWIO, PEANU3yETCd C YYAaCTHUEM JIKOJEH
(HeoOXxoMMOE YCIIOBHE), XOTS M HE BCEr/a IpU €€ peanu3allii HENoCpPEACTBEHHO
Y4aCTBYET dHEProcucTeMa (JOCTaTOYHOE YCIOBHUE), HAPUMEP MTPU YCTHOM MEPEBOAC
TEKCTa C s3bIKa Ha fA3BIK, NP OOYYEHUH Ha BO3AyXe (BHE MOMEIIEHUH), KaK 3TO
Ob110, HaripuMep B Akanemuu [InaTtona u T. 1.

Texnuyeckass dHeprerudeckas cucrema: KomOunanus o0opyAoBaHus U
npennpusaTysa (3aBojia), B3aUMOACHCTBYIOMIMX APYr C JAPYroM JjIsl MPOU3BOJICTBA,
noTpediieHusT WM, BO  MHOTHUX  CIIy4YasX, [peoOpa3oBaHHs, XpaHCHHS,
TPAHCIIOPTUPOBAHUSA UM 00paOOTKH YHEPTOTOBapa (KaK sHEpropecypca).
TexHocepa: Bce TexHUYECKHME DHEPreTHYECKUME CUCTEMBI M MPOAYKTHI,
IPOU3BOJMMBIC WMH, B TOM COCTOSIHHH, NPHU KOTOPOM OHHM HE OYAYyT CUHUTATHCS

BBIOpOCaMU.



JlonoJIHUTEIbHbIE OCHOBOMOJIATaI0IIe TEPMUHBI U TOHSTHUSI
B TEXHO- 1 Ouocepe

Cucrema (rped.): MHOXKECTBO 3aKOHOMEPHO CBSI3AHHBIX MEXY COOOH 3JIEMEHTOB
(TIpenmMeToB, SIBICHWM, B3TISAO0B W T. JM.), NPEACTABISIONIMX COOOH IIEIOCTHOE
oOpazoBanue, enuHcTBO. CHcTeMa OTKpbITas (TpagunuonHo): Cucrema, COCTasB,
uHbopMaIUs W SHEPTHUs KOTOPOM HU3MEHSIIOTCA H3-3a OOMEHAa HMMH C BHEIIHEH
Cpenon.
Hoocdepa: Cdepa pasyma, wmbicidmas o000J04YKa, BBICHIAS CTAauds Pa3BUTHS
Oouocdepbl, CBA3aHHAs C BO3HUKHOBCHHEM U Pa3BUTHEM B HEH MBICIAIIETO
yenoBedecTna (1o B. U. BepHaackomy).
Ikocdepa (0T rped. «oMkocy» — JAoM U cepa — map): AdGuoruueckas cpena
3eMJTd, co3Aarolasl yCJIOBUS JJIs KU3HHU.
Texnocdepa: CrpaTernueckoe MNPOCTPAHCTBO  B3aUMOJCHCTBUS  PECYpCOB
pecypcocdepsl, 000pyA0BaHUS U JIOACH cOIMOC(ephl, KOTOPbIE B TEXHOJIOTHYECKUX
nporeccax MpeoOpa3oBaHUs ChIPhs, MaTEPUATIOB, KOMIUICKTYIOUIUX W3JCIUN B
JAaHHOE BpeMs M B JaHHOM MECTE pealu3ylOT 3apaHee IIOCTaBJICHHBIC IIEIH
XO3SUCTBEHHOTO Pa3BUTHS W  BBIyCKAa TMPOAYKIMH B  TPOW3BOJICTBCHHOU
ToBapocdepe ¢ ycroBueM coxpaHeHust 0nochepsi.
Buocdepa (ot rpeu. «Onuocy — xku3Hb u chepa — map): O061IacTh pacIpOCTPAHCHHUS
KU3HU Ha 3emJie, BKJIOUawmomas B ce0s HIDKHIOW 4YacTh aTtMocdepbl, BCHO
ruapochepy, BEPXHIOIO 4YacTh JHUTOCHEpPhl U SBISAIONIYIOCS CaMOW KPYITHOMU
DKOCUCTEMOM  3eMJId, HAaCEJNCeHHOM KuBbiMU opranusMamu. Counmocdepa:
CoumanbHasi OOIIHOCTH JIFOAEH, BCTYIMAMOIIUX B pPa3IMYHbIE MPOU3BOJICTBEHHBIE,
KyJIbTYpPHBIE ¥ POJICTBEHHBIC OTHOIIICHUS JIPYT C IPYTOM U OKPYKAIOIEH Cpemo.
Pecypcochepa: Conepxamuecss B 3eMiie  NPUPOJHBIE  3aNICKH  TOJE3HBIX
MCKOIIa€MBbIX, UCTIOIb3YEMBIX JUIsl TIOJICPKaHUS U PA3BUTHS [IUBUIIN3AIINN.
Pecypcbi: JIt0Obie MCIIONB3yeMble M TMOTCHIIMAIBHBIC UCTOYHUKU YOBJICTBOPEHUS

TEX WM UHBIX MOTpeOHOCTEH 00I1ecTBa.



Cucrema ynpaBjieHusi OKpYy:Kawomeii cpenoii: Yacte o00meil cuctemsl
aIMUHUCTPATUBHOTO YMOPABJICHUS, KOTOpas BKJIIOYAET B ce0s OpraHu3allMOHHYIO
CTPYKTYpY, IUIAHUPOBAHUE, OTBETCTBEHHOCTb, METOJbI, MPOLEAYPHI, MPOLUECCHl U
peCypchl, HEOOXOAMMBIC ISl pa3paOOTKW, BHEAPCHWS, peaTM3alldd, aHaIu3a H
noanepxxanus sxosornueckoi nonmutuku ('OCT P UCO 14050).
Bbuocdeposarpsisaurenb; bC3: DaekTpoMarHuTHOE WU3IYyYEHHE, TBEPABIE OTXOJBI,
KUAKAE COpOCHI, Ta3000pa3Hbie BHIOPOCHI WM WX COYCTAHHS, YTHETAOIIC
JEUCTBYIONIME Ha OMOECTECTBEHHYI0 M TEXHOTEHHYIO CpPElibl, a TakKe Ha >KHUBBIC
OpTaHU3MBI.

Crparernyeckoe oueHUBaHHE (IHEPreTHYECKOro 00beKTa): DKCIEPTHAS OLCHKA
HSHEPreTUYECKOro O0BEKTa, BKJIIOYAs TEXHUYECKOE pEIIeHUE, MPOU3BOJICTBO,
COOpY:KEHHUE, PHEProToBap, Ipoliiecc, paboTy, yCIYry, C y4€TOM YEThIpEeX TPYII
«TpeboBanuit oOIIECTBa», B COOTBETCTBUU C KOTOPHIMH Ha OCHOBE TEOpUU
cTtanaaprocopuu chopMHpPOBaAHA «PaMOYHAs TEXHOJIOTHS aHAIM3a OTPAaHUYCHHM OT
YeThIpeX 00s13aTeNbHBIX OJIOKOB aCMEKTHBIX CTpaTeruil JIIoOOM NeaTeIbHOCTH, B T. Y.
[0 PHEPromnoTpPedICHUI0, YHEPTrocOEPEKEHUIO: MPOU3BOJICTBEHHBIX, YKOJIOTHUECKUX,
COLIMATBHBIX W  pecypcHbIX (pucyHok I1.1), coBMecTHas, OJHOBPEMEHHO
YUYHUTBIBAEMAsl COBOKYITHOCTh KOTOPBIX OMPEAENSIET COCTOSITENbHOCTh, YCTOMUUBOCTh
XO035IUCTBEHHO-3KOHOMUYECKOM, OPraHU3alMOHHO-TIOJUTUYECKOW, ITO3HABATEIbHO-
oOpa3oBaTenbHOM U JIOOOW MHOM NESATEIBHOCTH Ha CTAAMUSIX >KU3HEHHOTO KA
HHEPTreTUYECKOr0 0ObEKTa B HACTOSIIIIEE BPEMSI U B MIEPCIIEKTUBE Pa3BUTHA.

ACIHEKTbI JIeSITeJIbHOCTH; aCIeKTHbIe cTparerud cranaaprocopum: Yetsipe
00s13aTeNIbHBIX BUJIA JEATEIBHOCTH, BKJIIOUYas MPOU3BOJACTBEHHO-TEXHOJIOTUYECKYIO,
TEXHOJIOTUYECKYI0, IKOJIOTHYECKYIO, COIUATILHYI0 M PECYpCHYIO, 00€CIIeUNBAOIIIHE
IpyU OJHOBPEMEHHOM YyueTe€ U peaju3allid HaJeKHOCTh W3JACIHUM, 3aluTy
OKpYXarome cpeapl, O€30MacHOCTh JIOJeH, CcOepexeHue MaTepHATbHBIX U
YHEPTeTUYECKUX PECYPCOB, YTO COOTBETCTBYET MEXKIyHApOAHBIM «TpeboBaHUSIM

0o0111eECTBAY.
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Puc. I1.1 — Crparernueckasi cTpyKTypH3anus cep KU3HeASITeIbHOCTH 00IIeCTBa
BO B3auMojielicTBUU TexHOchephl ¢ bunochepoit. (Moaens «tHOMO-STRATEGICy
Ha ocHoe MCO 13600)



[punoxenue 2

TpaanunoHHbIe JHEPropecypcHbie NPOAYKTHI (FHEProToBaphl) COIVIACHO NMPHJIOKEHHIO A

HNCO 13600

1 TBepaoe ToNJIMBO

OHepreTu4eckui yroipb

Beco yronp, n3BiaeueHHBIN U3 36MIIH, 32 UICKITIOUEHUEM
METaJUTyPrHYEeCKOTO yIiis AJisl QUIbTPOB

DHEpPreTHIECKUi TOpd

Topd, sHEpreTHUECKN OTIHYAIOIIHIACA OT Topda, HCIOIB3YeMOT0
JUIsl YCOBEPIIEHCTBOBAHHOW TOYBHI (TPYHTA) WK JIPYTUX Teneit

Kommepueckue nposa

[lenku nepeBa U ThIpca - MOAIEMEHTHl KOMMEPYECKHX JIPOB,
HCTOJB3YEMBIX KaK DJHEPronpoAyKT (3HEProToBap)

Hpyras 6momacca

«DHepreTuvyecKue Jiec, CoIoMa, TPOCTHHUK, BRICYIIIEHHBII
KOPOBHH HaBO3, KYCTapHUK, CTPYYKH CEMSH, HCTIOTb3yEeMbIE B
KauyeCcTBE TOILINBA

TormBHBIE OPUKETHI U
IpaHyJIbI

I'oprouee BemecTBO CKOMAeMOTro WM OMOJIOTHYECKOTO
MIPOUCXOKICHUS B JOpMeE MOPOIIIKA, 3epeH (TpaHyil) U MEIKOH
Ie1bl, YINIOTHCHHBIX B 6J'IOKI/I IJI1 MEXaHU3allu1 MOrpy304HoO-
pa3rpy304YHbIX padoT

[peBecHbIl yronb

TBepablil 0CalOK JECTPYKTUBHOM NEPETOHKH U MUPOJIN3a ACPEBa,
KpOME JIPEBECHOr0 YIisi [Uisl GUIBTPOB

Koxkc

TBep0e TOTUIMBO, NOTYYEHHOE U3 YT IyTEM HArpeBa B
OTCYTCTBHE BO3/lyXa

2 Kuakoe TonamBo

Cripas HepTh

Hewnssneuennas HedTh, He ABISIOMIAsics 3HEpronpoaykroM. OHa
CTaHOBHTCS SHEPTONPOTYKTOM Cpa3y, KaK TOJIBKO JOOBIBACTCSI
(13BNEKaeTCH)

HedrenpomykTsr:

- MOTOPHBIH T'a30JIUH

- aBHALIMOHHBIN Ia30JIMH
- Ipyroil KepoCcHH

- TU3ENBHOE TOIUIMBO

- ra30MIb JUISI OTOILJIEHUS
- TOIUTMBHAs HePTh

MoryT ObITh MPUBEACHBI B IPYIIAaX pa3iHYHbIX
SHEPronpoayKToB. JIrobast U3 OTHETbHBIX KUIKUX CMECel
OBICTPOUCTIAPSIIONIETOCS YTIIEBOIOPOJHOTO OyTaHa U MpOoIaHa

LPG (cxxmxeHHBIN
He(TAHOM Ta3)

[IpeObIBaeT B ra3000pa3HOM COCTOSTHUH MPH aTMOC()epHOM
JIABJICHUU M CTAHOBUTCS XUAKUAM TIpH 15 °C 1 o1 HU3KUM
nmasieaneM ot 0,17 mo 0,75 MlIla

[omyuncThie TPOaYKTHI

Kunkue yrneBogopoabl, BKIIOUAEMbIE B CIIHCOK
SHEProNpPOIYKTOB HE3ABUCHUMO OT TOTO, UCTIONB3YIOTCS JIM OHH
U1l IPOM3BOICTBA TOIUIMB MM KaK HEPTEXUMHUECKOE HCXOAHOE
ceipbe. HeTsiHOM KOKC — He 3HEpronpoIyKT, AaXe €CIIU
3HAYUTEIbHOE KOJIMYECTBO MCIOIb3YETCs] KaK TOIIIMBO

MoTopHBIE CIUPTHI

OTUIIOBBIN CIIUPT, METUIIOBBIM CIIUPT ¢ 100aBKaMH U CMECSIMH U3
COCTAaBOB U I'PYIII OPraHUYECKUX KUCIOPOLOCOAEPKALTUX

cOCTaBOB (3(hMPHI U CIIUPTEHI) C JISTKUMH TOTUTMBAMHU

NGL XKunkue yacTu NpUpOJHOTO ra3a, KOTOpblE BOCCTaHOBIIEHBI
(ra30KOHJIEHCaTHBIE (perenepupoBaHbl) B c€napaTopax, MaXTHOM

AKHUJKOCTH) 000pYJIOBaHUH U T'a30T'€HEPATOPHBIX YCTaHOBKAX

Tomnnuga, PactuTenbHble U )KUBOTHBIE Maciia, U3BJICUEHHBIE U3

MMPOU3BOJAUMBIC U3
PaCTUTECIIBHBIX U
KHUBOTHBIX MacCC

PAa3JIMIHBIX paCTCHI/Iﬁ U ) KMBOTHBIX




(Oxonuanue) TpaguMOHHBIE YJHEPropecypCcHbIe MPOAYKTHI (3HEProTOBAPhbI) COIJIACHO
npusoxenuro A UCO 13600

3 I'a3000pa3Hoe TOILINBO
TormBO W3 MPUPOJTHOTO Ta3a:

- IPUPOJIHBIN Ia3 MeraH 1 ra3oBble CMECU

- LNG (cxxmxeHHBII [TpupoaHsbIii ra3, CKMKAEMbIi IPU HU3KOH TEMIIEpaType
TIPUPOJIHBII ra3) JUISL IOCTIETYIOIIETO XPaHEHHs! ¥ TPAHCTIOPTUPOBAHMS
[IpeobpaszoBanue (KOHBEPTHPOBAHHOE) Ta3000pa3HOE TOILIIUBO:

- ra3, U3BJICYCHHBIN U3 ITomy4yaemblii u3 yris

yrast

- TOMOYHBIN a3 [Tomydaemblif U3 METAUTYPrU4eCKOro yriist

- ra3suUIMPOBaHHAS

O6uomacca (uau 6momacca
B ra3000pa3zHoM
COCTOSTHHIH )
- ras, IoJxy4aeMblil IIpH
MEePETOHKE
(HedTezaBoCKOM
[HEKOHAEHCHUpYIoLuiics])
- ra3 OBITOBOTO ["a3, mpon3BOIMMBII /17151 OOLIIECTBEHHOTO
Ha3HAYCHHS (KOMMYHaJIBHOTO) CHa0KEHHS
(KOMMYHaJIbHBIN WK
TOPOJICKOIN)
- Obuoras (buomacca) CocTaByIeHHBIH II1aBHBIM 00pa30M U3 CMECH METaHa
JTUOKCHJIA yIIIepo/ia, IPOU3BEICHHONW aHAIPOOHBIM
BbIBapUBAHUEM OMOMACChl; METaH, OTAEIIIEMbII BHE 3TOU
CMecH, Ha3BaH «OroMeTaHOM». ['a3 U3 KUIKOT0o HaBO3a,
OOJIOTHBIN a3, ra3 OT Mycopa (CBaJIOK) U T. II.
4 Bonopoa

B razoo0pa3Hoii nim xuakou popme, mosydyaeMslid U3
MCKOIIa€MBbIX MJIM BO30OHOBIISIEMBIX HCTOYHUKOB

5 SInepHoe TONJIMBO
VYpan, TOpUil ¥ INIYTOHUM — PACILLEIUIAIOIINEC U
BOCIPOM3BOSIINECS MaTeprabl (3JIEMEHTHI)
6 CereBoe 3J1eKTPHYECTBO (MJIH JIEKTPHYECTBO JHEPrOCUCTEMBI)
DHEepPronpoayKT, IPOU3BEACHHBIN B CHJIOBBIX YCTaHOBKaX
U pacmpeie]ICHHBIN M0 0011IeCTBEHHON UITH TI0I00HOM
CETH
7 Kommepueckoe Tenio, paiioHHOe Terjio
["opsyast »KUAKOCTH UIIH NIap, UCTIOJIb3YEMBIC B
KOMMEPUYECKUX TETJIOBBIX pacHpeleIUTeIbHbIX CUCTEMAX,
MIOJIyYEHHBIE U3 JPYTUX DHEPTONPOIYKTOB,
BO300HOBJISIEMBIX PECYpPCOB, BKJIIOYAsl TAKHUE, KaK
COJIHEYHasl paJiualysi ¥ Te0TepMaIbHOE TEIIO0
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