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BBEJEHUE

[enpto GyHKIMOHUPOBAHUS JIHOOOW MPOU3BOJACTBEHHOM CHUCTEMBI SIBISIETCS
MOJIyYeHHE MPOAYKTOB B HYKHOM KOJIMYECTBE M TpeOYeMOro KauecTBa Mpu ONTH-
MaJbHOM UCIOJIb30BAaHUU BCEX HEOOXOIUMBIX pecypcoB. s pemeHus 3Tux 3aaad
NPUMEHSIOTCS] Pa3JIMYHbIE PACYETHBIE METObI, B OCHOBE KOTOPBIX JI€XKAT MaTepu-
aNbHBIA OanaHC, CBSA3BIBAIOIIMIA PACXO]l CHIPbSI C KOJIMYECTBOM MOJy4aeMOro mpo-
AyKTa, U SHEpreTHUecKuil OanaHc, MO3BOJSIOIIMN U3bICKAaTh CHOCOOBI Oonee pa-
[IUOHAIBHOTO MCIOJIh30BAHUS TIOTPEOIIIEMO YJHEPTUU (HApUMEp, ITyTeM HCIIOJb-
30BaHUsl BTOPUYHBIX SHEPreTUUYECKHX PECYPCOB, OOPa3yIOIIMXCS Ha XMMHUYECKUX
MIPOU3BOJICTBAX U T.II.).

OnHoit u3 xomneTeHuui OakanaBpoB 1o HampasieHuo 240100Xumuueckas
TEXHOJIOTHS ABIISETCS CIIOCOOHOCTh MPOEKTUPOBATH M IKCILTyaTUPOBATH XWMHUKO-
texHojoruueckue cucreMbl (XTC). B mporecce npoektupoBanus XTC mpoekTu-
POBIIMK pENIAET MPOOJIEMYy €€ CTPYKTYPhl U OINpEAeIeT MOTPEOHOCTh B COOTBET-
cTBytoux pecypcax. Hegocrarouno cnpoektupoBath XTC, HeoOXxoaumo aoka-
3aTh €€ Pealn3yeMOCTh, T.€. CBS3aTh PACXOJ PECYPCOB C OKYIIaeMOCThIO 3aTpaTr Ha
UX TPUOOpPETEHUE U SKCIUTyaTaluio Oyayuiero mpousBojctBa. Ilpu stom crout
UMETh B BUAY TOT (haKT, YTO OCHOBHBIMHU COCTABJISIOIIMMHU CEOECTOMMOCTH MpPO-
JYKTa SIBJISIFOTCS. CTOUMOCTD ChIPbsI M SHEPTUH (B OCHOBHOM, TEILJIOBOIA).

Hacrosiimue meTonuveckue ykazaHusl IpU3BaHbl 00€CIIEYUTh OCBOCHHUE CTY-
neHTamu, oOydaromumucsa mo HanpasieHnio 240100 Xumuueckass TEXHOJIOTHS
(mpodminp «XuMuYeckast TEXHOJIOTUSI OPTaHUYECKUX BEIIECTB»), METOIMK COCTAB-
JICHUSI MaTePUATBHBIX U TEIJIOBBIX OAJIAHCOB JIJISl PA3TUYHBIX XUMHUYECKUX TIPOIIec-
COB.



1 TeopeTuueckasi 4acTh
1.1 Pacuer cocTaBa HCXOAHBIX H PeaKIIMOHHBIX CMecei

CocTaB cMecell SIBISETCS BaXXHEUMIIMM MAapaMETPOM TEXHOJOTHYECKOTO pe-
’KMMa, OKa3bIBAIOIIMM BIIMSHHUE HAa CKOPOCTh XMMHYECKOW pEaKluu U COMPOBOXK-
Jaronmx ee (PU3MYEeCKUX IMPOIECCOB, KaueCTBO MPOAYKTa, OE30MaCHOCTh BEACHMS
npoiiecca u T.1. 3MeHeHue coctaBa cMecel MPOUCXOAUT B MPOLeccax CMENIEHUs,
pazlieNieHus: 1 XMMUYECKOT0 MpeBpanieHus. B mepBbIX ABYX ciydasiX cOCTaB cMecei
MU3MEHSIETCS B pe3yibTaTe (PU3NYECKUX IMPOIECCOB CMEIICHUS MCXOMHBIX BEIIECTB
WJIM pa3/IeJIeHus] CMECe Ha OTAeNbHbIE KOMIIOHEHTHI Wi (pakimu. B coydyae n3zme-
HEHHUSI COCTaBa CMECHU 32 CUET XMMHUYECKOTO MPEBPAILECHUS] — KOJIMYECTBO UCXOAHBIX
BEILIECTB YMEHBIIAETCS, a MPOAYKTOB — YBEIUUYUBAETCS.

[TpuHATO HA3BIBaTh MOTOK PEATEHTOB HAa BXOJE B PEAKTOP UCXOOHOU CMECHIO, A
BBIXO/ISIIIIMN U3 PEAKTOPa MOTOK — PeaKyUOHHOU CMEChHIO.

Paznmnuaror kaueCTBEHHBIN U KOJIMYECTBEHHBI COCTaBbI CMECEH.

Kauecmeennwiti cocmas BKIIIOYAET NMEPEYCHb KOMIIOHEHTOB, COJIEPKALIUXCS B
UCXOJTHOM WJIM peakIMOHHON cMecu. Hampumep, TeXHUYECKHM OCH30J1 COJIEPKHUT
kpome Oenzona CgHg (IOI€3HBIM KOMITOHEHT) HEOOJIBIIOE KOJUYECTBO MPUMECH B
Bujie Tonyosna CgHsCHs.

Konuuecmsennviii cocmag — TOUHBIE 3HAUYEHUSI KOJMYECTB BEUIECTB OTIEIb-
HBIX KOMIIOHEHTOB cMecH. KOJIM4YeCTBEHHBI COCTaB BBIPAKACTCS B aOCOITFOTHBIX
(kr, KMOJIb, M 1 T.I1.) U OTHOCHTEIbHBIX (MaccoBasi, 00beMHasl, MOJIbHAs J0JIsI, BbI-
pakeHHas B JoiisiX Wi B %) emununax. Konnenrpamnus BemiectB (BecoBasi, HOP-
MaJibHasi, 00bEMHAas, MOJISUTLHOCTD M T.J.) TAKXKE SBISICTCS MEPOW OTHOCHTEIBHOTO
COCTaBa CMECEM BEILIECTB.

Yaiie Bcero pacuer XMMHYECKOI0 MPOIecca OCYIIECTBISAIOT ¢ UCIOIb30BaHU-
€M OTHOCHUTENBbHBIX €IMHUIL JJIs1 OTIPEIeNICHUS] KOJIMYECTBEHHOIO COCTaBa CMeCeH.

B xuMuueckol TeXHOJIOTHH MOHATHS «CBHIPhE» M «pEarcHT» He BCEr/a COBIIa-
naroT. Peacenm —3TO MOJIE3HBIA KOMIIOHEHT CBHIPbS, KOTOPBIN B pe3yJibTaTe XUMHUYE-
CKOM peakliy MpeBpalaeTcs B LeaeBOM MpoayKT. OcTanbHble KOMIOHEHTHI ChIPbsI
ABIISIIOTCS NPUMECAMU K PEareHTy.

[Ipu mepecyere OTHOCUTEILHOTO COCTaBa B aOCOJIOTHBIN IMOJIb3YIOTCS IPO-
MOPUMEN WY TOHATHEM IIPOLIEHTA KaK COTOM J0JIM YUCJIA.

Ecimu onvH W3 peareHToB MOMAI0T B M30BITKE, TO €ro KOJIMYECTBO HAXOJSAT
crnemyromuM oopazoM. [Ipennonoxum, uyTo aist peakuuu HyxHO B3sTh 80T O, (U3
CTeXHOMETPUIECKOTO pacyera). [1o TeXHONIOrHH W30BITOK KUCIIOpOJa JOJDKEH CO-
ctaBisATh 12 %.KonmaecTBo KHCI0pOaa, KOTOpoe He0OX0IuMo B3Th (3arpy3ky O,),
paccuuTtbiBatoT o ¢popmyine 801,12 = 89,6r, B ToM uncie u30bITOK KUCIOPOAA CO-
crasut 89,6 — 80 = 9,6.

Ecnu BenmuuHa n30bITKa 3amaHa kak 120 %oT cTrexuomeTrpuu, TO 3arpyska
kuciaopozaa oyner papaa 80{1+1,2) = 17G.

[Ipu pacuere cocTaBa peakMOHHON CMECU MOJb3YIOTCS 3aKOHOM CTEXHOMET-
PUYECKUX COOTHOUICHUM: gewyecmea peazupyrom opye ¢ Opy2oM 6 COOMHOULeHUSX,



PABHBIX UX CIMEXUOMEMPUUECKUM KOIPhuyuenmam 8 ypasHeHuu peaxyuu.

CocTaB peakiMOHHONW CMECH HEBO3MOXKHO PAaCCUMTATh O€3 3HAHMS BETUYMHbI
KOHBepcuu (MPEeBpallieHHs]) peareHTOB, KOTOpasi CIIY>KUT OICHKON TIIyOUHBI TIpOTe-
KaHUs PEaKIUU WU, YTO TO E CaMoe, CTENEHU MCIOIb30BaHUs peareHnra. s pe-
akuuu A+ B=R + S KOHBepCHIO MOKHO pacCUUTATh MO peareHty 4 u B:

KoJju4decnieo npespauieHnoco peaceHma A
X, = [100%

KOJIUYecmeo nooaHHo20 peacenma

KoJju4decnieo npespauieHnoco peaceHnma B
Xp = [100%.

KOJIUYecCmeo nooaHHo20 peacenma B

Crnenyer OTMETUTB, YTO KOHBEPCHS IO pearcHTy 4 He paBHAa KOHBEPCUU II0
peareHty B.

KonnyecTBo mpeBpallleHHbIX PEareHTOB ONPEAEISIOT U3 MaTepUaIbHOro Oa-
nanca. C 3TOM LEeNbl0 HAaXOAST B MPUXOAHON YacTH MaTepUAbHOTO OanaHca KOJH-
YEeCTBO MOJAHHOTO B MPOLIECC «YUCTOT0» peareHTa, T.e. 0e3 mpuMeceid, U BHIYUTAIOT
U3 HEro OCTaTOK peareHTa, MPUBECHHBIN B paCX0JHON 4acTH OayaHca.

Crenenp npeBpaiieHuss MOKHO PacCUUTATh MO W3BECTHBIM 3HAYEHUSIM KOH-
LIEHTPALU PEareHTOB!

_Cx~Ca
AT ’
Co
rae Cyou Cy —HavanbHas ¥ TEKYyIasi KOHIEHTPALUK peareHTa 4 COOTBETCTBEHHO.
KonnuecTBo npeBpaeHHoro pearenra A MOXHO pacCUuTaTh:
XaCpo =Cpo = Ca,
a KOJIMYECTBO HENPEBPALICHHOIO peareHTa A:

Ca=Cpoll—X,).

Ecnu peakiust mpoTekaet ¢ u3MeHEeHHeM 00beMa, TO KOHBEPCHIO HYKHO pac-
CUMUTBIBATH 10 YPABHEHMUIO:

1-x
Ca=Cpo S

1- (A%AJCAOXA

rae Av = ZI/i — U3MEHEHHUE YuCcila MOJICH B Peakiuy,
i

V4, — CTeXUOMETPUIECKUH K03 PUIEeHT peareHTa A.

PacueT coctaBa peakiMOHHOM cMeCH HEOOXOJMMO HAaUYMHATH C ONpPEAeTICHUS
€€ Ka4eCTBEHHOI'0 COCTaBa, a 3aT€M IEPEXOAUTH K pacdyeTy KOJIMYECTBEHHOIO CO-
CTaBa CMECH.

XUMUYECKUE PEaKIMU Yallle BCEro MPOTEKal0T MPHU CAMbIX Pa3HbIX yCIOBU-
AX, JAJIEKUX OT CTaHJApTHBIX. [[0aTOMYy 00bEMBI ra3000pa3HbIX U KUIKUX CMecer
OTJINYAIOTCSI 00BEMOB ITUX CMECEH, paCCUMTAHHBIX JUIsl CTAHJAPTHBIX YCIOBUH, a
3TO, B CBOK OYEPE[b, CKA3bIBAETCS MPHU ONPEAEIECHUN 0O0BEMHOIO COCTaBa CMECH.
OO0beM ra3000pa3HbIX CMECEl NMpU TeMIIepaType U JABJIEHUU PEaKLUU MOYKHO OIl-
penenuTs no popMyJie, NOJYUYEHHON U3 yPAaBHEHHUS COCTOSHUS MI€aIbHOTO ra3a:




V =V, &l, a TJIOTHOCTh — 0 = 0 ET—O,
P To P T
riae Vo, Oo —00beM M IJIOTHOCTD ra3a Py CTaHIAPTHBIX YCIOBUIX (Oh IPUBOIUTCS
B CIIPABOYHOM JIUTEPATYPE );
Po=1arm, Tp=273K;
P, T — naBiieHne 1 TeMIlepaTypa ra3a IpH YCIOBHUSAX PEaKIIUH.
[T10THOCTB KUAKUX BEIICCTB B 3aBUCHMOCTH OT TEMIIEpaTyphbl IPHUBOJIUTCS B
CIIPaBOYHOM JIMTEpaTypeE.

1.2 Buabl MaTepuajibHOT0 fajianca

Pacuer marepuanbHoro OanaHca sSIBISETCS BaXKHEUIIUM 3TAllOM CHCTEMHOTO
npoektupoBanus. Ha ocHoBaHUM MaTepualibHOTO OajaHca pacCUUTHIBAIOTCS:

* MOTPEOHOCTH MPEATPUSITHS B CBIPhE U BCIIOMOTATEILHBIX MaTepuaiax;

* KOJIMYECTBO €ANHUI] 1 00heM o0opynoBanus XTC;

* KOJIMYECTBO €AWHUI] 1 00beM eMKOocTHOTO napka XTC;

* TEXHOJIOTUYECKNE, HEKOTOPhIE TEXHUUECKUE U SKOHOMUYECKHE TOKa3aTeln
s dexTuBHOCTH PyHKIIMOHUpOBaHUS XTC,

* TerioBo O6ananc XTC kak yacTHBIN ClTydail JHEPTeTUUECKOTO OalaHca,;

* SKCepreTHUECKUid OalaHC U SKOHOMHUKO-MaTemaTnueckue moaenu XTC as
BBITIOJTHEHHS 3a/1a4 CHCTEMHOTO aHaJn3a.

B mpakTuke TeXHOJOTMYECKHX PAaCcYeTOB COCTABISIETCS HECKOJIBKO MaTepu-
aJIbHBIX 0aJIaHCOB: MO YYaCTBYIOIINM B MPOIIECCE BEIIECTBAM U CTETIEHU HAJeKHO-
CTH HUCIIOJIb3YEMBIX JIs pacueTa OajaHca JaHHBIX.

Ilo sewecmsam, yuacmeyrowum 6 npoyecce, pa3nuyuaroT oowuLl, Wi 6pym-
mo-oanauc, 6aianHc no KOMHOHeHmYy, U YACMHbIU OAlaHC, N OANAHC NO dNleMeH-
my, Wi dJleMeHmHblL O6ananc.

OO1uit 6anaHc COCTABIAIOT MO BCEM KOMIIOHEHTaM ChIPbEBOTO U MPOIYKTO-
BOT'O TIOTOKOB, @ YaCTHBIN OallaHC — IO OJIHOMY U3 KOMIIOHEHTOB CHIPbs. DTOT BUJ
Oaylanca SIBJISIETCSl OJJHMM M3 3TamoB pacdeTra oOmiero Oamanca. K cocraBieHuto
AJIEMEHTHOTO OanaHca MpUOeTalT B TOM CiIydae, KOTa HeJb3s HIIM CII0XKHO pasfie-
JUTHh TTOKOMIIOHEHTHO CHIPHEBBIC W MPOAYKTOBBIE MOTOKHU. [Ipyn 3TOM BEIOMparoT
TOT 3JIEMEHT MOJIEKYJIbI MTOJIE3HOTO KOMIIOHEHTa CBHIPhS, KOTOPBIH B MPOIIECCE XU-
MHUYECKOT0 TIpeBpalIeHus 00pa3yeT KenaeMylo (yHKIIMOHATBHYIO TPYIITY B MOJe-
KyJie IpOAyKTa. Yalne BCero TaKMMH SJIEMEHTaMU SIBISIOTCS YIIIEpOI — JUIsl yTJie-
BOJIOPOIHBIX CMECEH CII0KHOTO COCTaBa; a30T — JIsl HUTPOCOCTUHEHUH WIIH APY-
I'HX a30TCOAEPKAIUX COSTUHEHH, cepa u ap. s cocTaBieHus: 3JIeMEHTHOTO Oa-
JaHca JOCTATOYHO OMPENENUTh CoJepKaHue 0aJaHCUPYEeMOro 3JIEMEHTa B U3BECT-
HBIX Maccax ChIphEBOM M MPOAYKTOBOM cMecel. YKa3zaHHbIE OallaHChl MOTYT OBITh
COCTaBJICHBI Ha OCHOBE TeopHH (meopemuueckuii 6ananc) M MPOU3BOJCTBEHHOM
npaktuku (axmuueckuti 6ananc). bonee HaIEKHBIM TSI TPOSKTUPOBAHUS SIBJISI-
eTcsl PaKTUUECKHUI MaTepHallbHbIN OanaHc.

Teopemuueckutl 6ananc pacCUUTHIBAIOT UCXOMS U3 CTEXUOMETPHUH PEaKLUU U
M3BECTHBIX MOJICKYJISIPHBIX MAacC PeareHTOB M MPOAYKTOB. DTOT BUJ OanaHca co-



CTaBJIAIOT MPU MPOEKTUPOBAHUM MPOU3BOJICTBA HOBOTO MPOAYKTa B YCIOBHUSAX He-
nojHoi uHdopmanuu o nporecce. Teopernueckuii 0anaHc HEOOXOIUM B CHCTEM-
HOM aHaj3a MPH COCTaBJICHWH SKOHOMHUKO-MaTEMaTHUYECKOW MOJENH Ipolecca, a
TaKXe COIMOCTABUTEIBHOTO aHaIM3a padoThl NEHCTBYIOIIEH YCTAHOBKH B KaUeCTBE
OCHOBBI JIJIs1 CPAaBHEHHS.

Daxmuueckuii MamepuaibHelli 6aiaHc COCTABIAIOT Ha OCHOBE aHAIW3a pa-
60TBl Ta0OPAaTOPHBIX, MUIOTHBIX, TOIYIMPOMBIIUIEHHBIX U MPOMBIIUIEHHBIX yCTa-
HOBOK. [Ipym m3MeHeHuu maciiTaba MPOM3BOACTBA CTENEHb HAJACKHOCTH JAHHBIX
BO3pacTaeT. B 3Tux OanaHcax yYHTHIBAIOTCS COCTaB CBHIPhS M pa3Mep MPOU3BOJCT-
BEHHBIX MOTEPb, KOTOPBIX HEJb3s U30€KaTh MPU MAaCCOBOM IMIPOU3BOJICTBE MPOIYK-
TOB. [Ipon3BoACTBEeHHBIE TOTEPHU MPEACTABISIOT COOOM PACXO ChIPhs, MATEPUATIOB
¥ TOTOBOTO MPOJYKTa HA Pa3iNB, YTEUKY Yepe3 HEIIOTHOCTH ammapaToB, EMKOCTEH
U anmnapaTtypbl, MOTEpU MPU CIMBE U MEpPEeKauyKax, YHOC U3 PEaKTOpPOB alrazamu
(oTXOASIMMY Ta3aMH), IOTEPH YepPe3 BEHTHIISIIMOHHBIC JIMHUH U TIP.

IIpu pacuere GanaHca BEIMYMHON MPOM3BOACTBEHHBIX MOTEPH 33AI0TCS UC-
XOJs U3 JJAHHBIX Pa0OThI AHAIOTUYHBIX MPOU3BOJICTB MU CPEIHECTATUCTHUECKUM
3HAYEHHEM MOTEePb JUIsl COOTBETCTBYIOIIUX MpoLeccoB. Kaxaplil TeXHOIOrHYeCKuit
HpoIIeCcC MPEBPAIIEHUS ChIPbSI B TOTOBBINA MPOAYKT BHOCHUT CBOIO JIOJIIO B BEIMUUHY
norepb. CTaTUCTUKA MPUBOIUT CIENYIOIIME YCPETHEHHbIE JaHHbIE M0 BEJTHMYMHE
HOTEPD JUIS PA3IHMUHBIX MPOIIECCOB XUMUYECKON TeXHONOTH: ¢punbTpanus — 1-2 %,
cymka — 1-10 % pa3moun, npobnenue, cmemenune — 0,5 % Beinapka, TUCTUIUISIINS,
pextudukanua — 5-15 % ynakoska — 0,5 %0T 3arpy3ku cripbsi. DakTHUECKHE MO-
TEpH Ha JEHCTBYIOIIEM MPOU3BOACTBE ONMPEACISAIOT IO Pa3HOCTH MEXAY 3arpys3Ka-
MU CBIPbS U BBITPYKCHHBIMH MPOYKTaMU. MUHUMU3AIMS IOTEPh BO3MOXKHA TOJIb-
KO MPHU BBICOKOM YPOBHE OpraHU3alliu MMPOU3BOJICTBA, BHICOKOM TEXHOJIOTMUYECKON
IUCLMILTMHE, a TAK)KE MPU TEXHUYECKOM M TeXHOIornueckom coepiueHctse XTC
Ha BCEX €€ YPOBHSIX.

1.3 MecTo MaTepuajbHOTO 0ajlaHCca B MPOEKTHOM TOKYMeHTAIlUN

OCHOBHBIM TEXHOJOTHYECKUM JIOKYMEHTOM NPOHU3BOJCTBA XHMHUYECKOTO
OPOIYKTA SIBIISIETCS TEXHOJOTHYECKUU pPErjJaMeHT. TeXHOJOrM4eCKU pEerIaMeHT
ONpPENEIIAET ONTUMAJbHBIN TEXHOJOTHUYECKUNA PEXUM, MOPSAOK MPOBEACHUS OIe-
paruii TEXHOJIOTHYECKOTO MPOIecca, 00SCIEeYNBAONMINN BhIMTYCK MPOAYKIIUU Tpe-
OyeMoro kadectBa, O€30MacHbIE YCJIOBHS 3KCIUTyaTallud MPOU3BOJCTBA, a TAKXKE
TpeOOBaHMS IO OXpaHe OKpYXKaromel cpeapl. MarepuanbHbIid O0amaHC B TEXHOJIO-
TUYECKOM PErIAaMEHTE MOMEIIAETCS IOCIE ONMUCAHUS TEXHOJIOTMYECKOW CXEMBbI U
JaHHBIX TIO MPABOBOI 3alllUTE TEXHOJOTHMUYECKOTO IMpOoIecca U OCHOBHOTO 000py-
JIOBAHUS.

1.4 Metoauka cocTaBjieHUsI MATEPHAJILHOTO OajlaHca

BBI60p MCTOJAa pacu€Ta MaTCpPUaJIbHOI'O OanaHca 3aBHCHUT OT THUIIA HpHHHTOﬁ
TEXHOJOTMYECKON CXEMBI (HpHMa}I NN I_II/IpKy.TIHI_II/IOHHa}I) H TEXHOJOTMYCCKOI'O



KJ1acca peaknuid (pocTast Wi CII0KHAs, 00paTuMasi Wik HeoOpaThmasi).

[Ipexxae 4em mpUCTYNUTh K COCTABICHUIO MAaTEPHAILHOTO OallaHca, CIeayeT
UMETh YETKOE MPEJICTABICHNE O CAMOM TIPOIIECCE, €ro CTaNUIX, COCTaBE CHIPhS, Op-
TaHU3AIMOHHON CTPYKType Tpollecca M YCIOBHSIX €ro mpoTekaHus. McxomHble
TaHHBIE 71 pacdyera OajlaHCa MPUBOAATCA B MPOEKTHOM 3anaHuu. OCHOBOU s
HUX CIY)KUT MPOSKTUPYEMbIH 0O0BEM BBINYCKa TOTOBOW MPOAYKIUHU (IIPOU3BOIHU-
TEJILHOCTh YCTAHOBKH) JIMOO MPOIYCKHAsI CIIOCOOHOCTh YCTAHOBKH IO MCXOJIHOMY
CBIPBIO B HATYPAJIbHBIX eIMHUIAX 3a roj (MiH T/Toa wim Thic. T/rox). OcTanbHbIe
naHHbIe (KOHBEPCHS, BBIXOJ] IMTPOIYKTOB, XUMHUYECKHE CXEMBbI, BU U COCTAB CHIPbHS,
TEXHOJIOTUIECKHE CXEMBI U T.1.) MPUBOJISATCS B COOTBETCTBYIOIIUX pa3zeiiaX TeX-
HOJIOTUYECKOTO perjiaMeHTa.

AJroput™ pacdyeTra MaTepuaibHOro OajaHca MpeayCMaTPUBAET BHITIOJHEHHUE
CIEAYIOLIETO PAIa ONePaL:

1. AHanu3 MCXOJHBIX JaHHBIX (MPOEKTHOE 3aJlaHUE, TEXHOJOTUYCCKUU U
HKOHOMHYECKUHN pa3zieibl TEXHOJOTHUECKOTO PEriiaMeHTa) JJIsl MMOJIy4eHHUs] HeoO-
XOJMMON MH(OPMAIINHU O TPOIIEcCe, AT KOTOPOTO PACCUUTHIBACTCS] MaTePHUATbHBIHN
OasaHc.

2. JIeKOMITO3HUITUST TEXHOJIOTUYECKOW CXEMBI C IETbI0 BBISBICHUS OMEPaTop-
HOTO COCTaBa M CTPYKTYPHI.

3. CocraBnenue (pyHKIIMOHAIBHON M ONMEPATOPHON CXEM ISl OTpPEeeIICHUS
Yyclia U HalpaBJICHUN MaTepHalIbHBIX CBSI3ed MEXIy MOJICUCTEMaMH U OIeparTo-
pami.

4. CocraBieHle XUMUYECKUX YPAaBHEHHUM peakluid, MIPOTEKAIOIUX B TIOJCUC-
TeMe (mojcucTeMax) XMMHUYECKOTO TMpeBpamieHus. Kaxayro peakmuio ciemyer
MPOHYMEpOBaTh, 3aTEM ATOT HOMEP HCIIOJIB30BaTh B OMHMCAHWU CTEXHMOMETpHUYe-
cKkuxX pacueToB. CloxHbIe XUMUYECKHE (DOPMYIIBI BEIIECTB, yUACTBYIOIIUX B Peak-
IIUM, MOXHO 3aMEHUTh OYKBaMH JIaTUHCKOTO andasura. Hampumep, BMeCTO peak-
101207

72 68 2

CH3‘CH-CH2-CH3 — CHZ-CH-CH=CH2 + 2H2

I I
CH; CH;
MOXXHO Hanucatb 4 — B + 2C.

Hap xaapiM KOMIIOHEHTOM YpaBHEHHS PEAKIIMH IMHITYT €r0 MOJICKYJISIPHYIO
Mmaccy. PykoBoncTBysich 3aKOHOM coxpaneHus: matepun (72 = 68 + 4)MoxHO 1po-
BEPUTH MPABUILHOCTh HAMMCAHUS CTEXUOMETPUUYECKOTO YPaBHEHUS U IIPU HEOOXO-
JUMOCTH YTOYHUTDH ypaBHEHUE.

5. BrlsiBiieHHE THITA TEXHOJOTHYECKOW CXEMBl M KJIACCU(UKALNAS XUMHUYC-
CKOI peakluy 1o TUITy MeXaHh3Ma JJisl BbI0Opa MeTo/1a pacueTa OanaHca.

6. CocTaBieHHe CXEMbl MaTEepPHAIbHBIX MOTOKOB HA OCHOBAaHWMU (DYHKIIHO-
HAJIBHOHM WJIM ONIEpaTOPHOM CXeMbI. B ciyyae MCTIONb30BaHUS OMIEPATOPHON CXEMBI
U3 HEE MCKIIFOYAIOT T€ OMepaTophl, B KOTOPBIX HE MU3MEHSIFOTCS COCTaB U Macca Io-
ToKa (IOJ0rpeBaTev, XOJIOAWILHIKH, EMKOCTH | TIp.). CXemMa MarepraabHbIX I0-
TOKOB SIBIISIETCSI OOILIENPUHATHIM METOJIOM KOJWYECTBEHHOTO OMUCAHUS B3aMMO-



CBSI3U MIOTOKOB ChIPbs, TPOJIYKTOB, BCLIOMOTaTEJIbHBIX MAaTEPUATIOB U OTXOJOB Ha
BCEM IPOTSHKEHUU TpoIecca. ITa cXxeMa MPeICTaBIseT cOO0M B3BEIIEHHBIH OpUEH-
THPOBAHHBIN Ipad, BepHIMHAMH KOTOPOTO CIyXaT MoJAcHCTeMblI (OmepaTopsl), a
pebpamu — MaTepuaabHble MIOTOKH, CBSI3bIBaIOIME MX. HanpaBieHne noTokoB yKa-
3BIBAIOT CTpEJIKaMH. MartepuaibHble MOTOKH, MOCTYMaIue B mojacuctemy (orme-
paTop), U300paxkaroT MPAMBIMH JTUHUSAMH, CXOIAIIMMKCS B BeplirHe rpada, a mo-
TOKH, HOKHIaoIue onepatop (MOACKUCTEMY) — pacXOAsIIUMUCs JTHHUSIMH. Pa3pe-
IAETCS B3aMEH CXE€Mbl MaTE€pPUAJIbHBIX MOTOKOB MCIOJIb30BATh OMEPATOPHBIE CXe-
Mbl. Haj KaXIIbIM MOTOKOM YKa3bIBA€TCSl «II€Ha», T.€. BCE M3BECTHBIC JIAHHBIE O
notoke (Macca, Ka4eCTBEHHBIM W KOJUYECTBEHHBIM COCTaBBI, ITApaMETPhl COCTOS-
HUS T'a30B).

7. OnpeneneHre KaueCTBEHHOTO COCTaBa ChIPHEBBIX M MPOAYKTOBBIX MOTO-
KOB BBINOJIHAETCSI HA OCHOBE aHAJIM3a COCTaBa ChIPbs, PEAKIIMOHHOW CXEMBI U TEX-
HOJIOTUYECKOT0 TOKa3aTelli — KOHBepcHH (10JIM MpeBpalleHHOro Chipbs). Hampu-
Mep, €CJIM B cucTeMe mpoTrekaeT peakuus A + B = R + § a B kauecTBe ChIpbs HC-
HOJIL3YETCSl cMech A + |, Tlie | —MHepTHas IPUMECh, U ChIpbe B HE COACPIKUT MPH-
MECEN, TO KAYECTBEHHBIN COCTAaB UCXOJHOU U PEAKIIMOHHOW CMECEU MOXKHO IpE-
CTaBUTh HA CJIEAYIOIIECH ONEPATOPHOM CXEME:!

A R, SA,B,j , mpuxy=xp=1
| 4,j,B_[< _-iS’A’J » Tpu xx71 xp#l
] T RSBy

npu X z1 xg=1
RS, PRI

pu Xp=1 xg#1

CxeMa MarepualbHBIX MOTOKOB JJIsi YKa3aHHOM CHCTEMbI, BBIIIOJIHEHHAS B
dbopme rpada, OyaeT BRIMISAETh CASAYIOITUM 00pa3oM:

\\. p )

‘\.“ /

-\_I v — y i

i ._ I il

o — —="

CxeMy MaTepualbHBIX IMOTOKOB COCTABIISIOT C IETBIO OMPEICICHHS CTPYK-
Typbl OaJlaHca ¥ MOJYYEHUs HEJOCTAIONINX AaHHBIX JIJIS €ro pacuera. B kadecTBe
mpuMepa COCTaBIICHHUS CXEMbl MaTepUalibHBIX MOTOKOB 0ajaHca UCMOJb3yeM OIu-
CaHHE€ TEXHOJIOTHUH MPOU3BOICTBA METAHOJIA.

IIpumep 1. Cexyro ra3oByI0 cMech CKUMarOT kommpeccopoM K-1 o
5 Mlla, cMenuBarOT ¢ MUPKYJISAIMOHHBIM ra30M U MOJIAIOT B TEIJI00OMEHHUKH -1
u T-2, rne ona HarpeBaercs 10 230 T 3a cyeT TEmIOTH peakimoHHON cmecu. Ha-
rpeTas ra3oBasi CMeCh IOCTYIAEeT B KOHTAKTHBIN anmapaT P-1, 3amoiaHeHHbIN OKuc-
HbIM Zn1O—-Cu-A1,0Os—xkaranuzatopoM. B peakTope mpoTekaeT CloXHas peaxius,
BKJTFOYAOIIAsi XUMHYECKUE TIPEBPAICHUS.
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28 2 32

CO + 2[‘12 _>‘ CH3OH, (11)

28 2 16 18

CO + 3H22 CH,4 + H,0, (12)
32 46 18

CH30H “— CHB)zO"‘HzO. (13)

PeakimonHnast cmech, coaepikaias MpoIyKThl PEaKIMi W HEMPEBPAICHHOE
CBIPBE, MOCJIC BHIXO/Ia U3 PEaKTOpa OTAaeT CBOE TEIUIO B TerIooOMeHHuKax T-1 u
T-2 u gepes xonoaunbHUK-KOHAeHcaTop X-1 moctymaet B cenaparop C-1. 3nech
KOH/ICHCAT TPOAYKTa PEAKIMH OTAEISETCS OT HEMpPEeBPaIICHHBIX T'a30B, KOTOPHIC
UPKYJSIIMOHHBIM KoMmripeccopoM K-1 nmoskumaroTcst 10 aBleHUS CBEXKEro Trasa,
CMEIIUBAIOTCSI C HUM M BHOBB IMOCTYMAalOT Ha peakmuto. XKuakas ¢asa (MeraHo-

ceipenr) mocrtynaetT B cOopuuk E-1. IpuHiunuanbHas TEXHOJIOTMYECKas cxema
IIPOMU3BOJICTBA MPEJICTABIIEHA HA pUCYHKE 1.

Pucynok 1 —IIpuHuunuanbHas TEXHOJIOTMYECKAs CXEMa IPOU3BOACTBA METAHOJIA

Ha ocHOBanwu onmcaHus cocTtaBisieM (GYyHKIMOHATBHYIO CXEeMY CHHTE3a Me-
TaHOJIA, BBIOJHUB JCKOMITO3UIIMIO TEXHOJOTUYECKON CXEMBbI M PACUICHUB €€ Ha
OTIENbHBIC TIOJCHCTEMBI (PUCYHOK 2).

Pucynok 2 —@®yHKIHOHAIbHAS CX€Ma CHHTE3a METaHOJIa

Ha cxeme moka3aHbl Bce MAaTCpUAJIIbHBIC IIOTOKH, IMO3TOMY €€ MOXHO HUC-

11



MOJIb30BATh AJI pacueTa MaTepualbHOTO OanaHca 1Mo ypaBHEHUIO!
GotGr=Gy+Grt+Gp.OnepaTopHast cxema cHUHTe3a MeTaHoda (PUCYHOK 3)
MOJKET OBITh MOTyYeHA U3 TEXHOJOTUIECKON CXEMBI.

Pucynok 3 —OnepaTopHasi cxemMa CHHTE3a METaHOJIa

HcknounB M3 ONepaTOpHOM CXeMbl MOJI0rpeBaTellb, KOMIIPECCOpP U XOJIO-
JTUIBHUK, MOYKHO IMOCTPOUTH CXEMY MaTe€pUaJIbHBIX MOTOKOB 0ajaHca C yKa3aHUEM
KIEHBD» KaXXI0T0 U3 HUX.

Ecnu u3BecTHBI Macchl BCeX MOTOKOB HAa BXOJE U BBIXOJIE, TO MaT€PHATIbHBIH
OanmaHc OyJeT BBIIAIETh TaK ke, Kak U OajaHc, COCTABICHHBIN 7151 (yHKIIMOHATb-
HOM CXEMBI:

Got Gr=Gu+ G+ G

8. [lonbop exunMI] pacuera Oananca, GU3MIECKUX U XUMUYECKUX KOHCTAHT,
TEXHOJIOTUYECKUX TOKa3aTeNeH.

9. Pacuer HemocTaOmUX AaHHBIX. YTOOBI COCTaBUTH OallaHC HY>KHO 3HATh
Maccy MOTOKOB, BXOJAILIMX B CHCTEMY M MOKHUJAIOMIKX ee. Macca KaXI0ro MOoToKa
CJIaraeTcsi U3 Macc COCTABISIONIMX €ro KOMIOHeHTOB. Ecin Macca motoka miu oT-
JENbHBIX €r0 KOMIIOHEHTOB HEM3BECTHA, TO MPHOEraroT K €€ pacyery, UCIOJIb3Ys
CTEXHMOMETPUIO PEeaKLUu U UCXOJHbIE TaHHBIE O mpolecce. PacueT nmpousBoAsT Ha
OCHOBE CTEXHOMETPHUECKHX YPaBHEHHH peakiuii, omepupys KOJIMYECTBAMH HC-
XOJHBIX BEILECTB, PACXOAYEMBIX B PEaKlUH, U KOJIWYECTBAMH IOJIy4aeMbIX HpO-
aykToB. Beruncnenus BeayT B pacuere Ha ynctbie (100 %#Hble) peareHTH U Mpo-
AyKThl. [IpuMecH chIpbs, HCKIIOUEHHBIE U3 3TOM CTAJUM pacueTra, YUUTHIBAIOT MPU
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COCTaBJICHUH OKOHYATEIBHOTO OanaHca.

Mamepuanvhulii baranc paccuumvléarom moibko 8 eOuHuYax maccol (KT in
T). OHAaKO B Ka4ecTBE MPOMEKYTOUYHOW EIMHUIIBI pacyera JIydlle HCIOIb30BaTh
KWJIOMOJIY, TIPHYEM YHUCIIO KUJIOMOJIEH, MTOaHHbIX B MPOIECC WU TOTYyYEHHBIX B
X0JIe TIpolecca, CIeNyeT CYUTATh C TOYHOCTBIO JI0 TPETHETrO WM YEeTBEPTOrO 3Ha-
KOB, 4TO B JAaJbHEHIIIEM 00ECTICUHT JIyUIIyI0 CXOAMMOCTh TIPUXOTHON U PacXOIHON
yacteid OamaHca. [lepeBoj KMIIOMOJICH B KHJIOTPAMMBI BBITIOTHSIOT TOJNBKO LIS
KOMIIOHEHTOB TIOTOKOB, TPEACTABJISIIOIINX BHEITHUE CBSI3U CUCTEMBI (BXO/I-BBIXO/T).

10. CocrtaBnenue oOuiero MaTepuaabHOro OajaHca M MPEICTaBICHUE €0 B
yIIOOHOM TS BHITIOJIHEHUS TATBHEHIIINX pacueToB hopMme.

1.4.1 ®opma npeacTaBieHUs MATEPHAJIBHOIO 0ajIaHCa

MarepuaiibHbI OaIaHC MOXKET OBIThH MIPEJCTaBIICH B popMe ypaBHEHUs, Ta0-
Tuubl WM auarpammel. Hanbosnee yacto martepuanbHblil OalaHCc MpeCTaBIsIOT B
Buje Tabmuupl 1. YacTHbIA M 37IeMEHTapHbIM OanaHChl, a TakKe IKOHOMHKO-
MaTEMaTUYECKYIO0 MOENb MMPUBOAT OOBIYHO B (hOpME YpaBHEHUS.

Tabnuua maTepualibHOro OanaHca COCTOMT W3 ABYX 4acteld. JleBas yacTh
UMEHYEeTCs IPUXOJHON U 0003HauaeTcs cinoBamu «lIpuxon». 3nech 3anuchbIBalOTCs
BCE ChIpbEBbIE NOTOKH, NocTynatomue B XTC, noacucteMy Wi OTAENbHBIN anmna-
paT, ¢ MOKOMITIOHEHTHOH pacmugpoBkoii. [IpaBas yacTb UMEHyeTCsI pacXOAHON U
oOo3Hauvaetcd ciaoBaMmu «Pacxon». B 3Toli yacTu OanaHca 3aIUCBIBAIOT BCE ITOTOKH,
nokuparomme XTC, moacucremy (YCTaHOBKY) WJIM OTACNBHBIN ammapar. Croja oT-
HOCSITCSI IIOTOKH MPOJYKTOB (IIETICBOTO M IMTOOOYHBIX), HEMPEBPAIIICHHOTO CHIPhS U
notepu. CrneayeT NoIUEepKHYTh, YTO MAcCy HEMPEBPAILEHHOTO ChIPbS, T.€. €ro Oc-
TaTOK, 3alIMCBIBAIOT B PAcXOJHOM 4YacTU. M3pacxoJ0BaHHOE Ha PEAKLUIO CHIPbE
OMPENENSIIOT KaKk pa3HOCTh MEXY MOJAHHBIM Ha MEPEepadOTKy ChIPhEM M €ro OC-
TaTKOM, T.€. Pa3HOCTb MEXIYy MPUXOJHON M pacXxoJHOM yacTsimu Oananca. Takum
oOpazoM, cioBo «Pacxon» ajig 0003HaUeHUs] IPaBOi yacTu OanaHca BOBCE HE 03-
HAYyaeT, 4To 37ECh MIEPEUUCIIEHbI BEIIECTBA, U3pacX0J0BaHHbIe B mpouecce. [Ipocto
HAaMMEHOBAaHUE 3aMMCTBOBAHO TEXHOJIOTHEW M3 OyXraiaTepcKol TEPMUHOJIOTHH, HO
NOTEPSIIO MEPBOHAYAIBHBIA CMBICIL.

Tabnuma 1 —MatepuanbHblii 6anaHC MPOU3BOACTBA. . .

IIpuxon Pacxon

Komnonent Kr/4 % macc. Komnonent Kr/4 % macc.

[Ton mepBbIM HOMEPOM B PACXOJHOM 4acTh OajaHCa 3allMCHIBAIOT LIEJIEBOU
IIPOJYKT, O] MOCJIEIHUM — IToTepu. He ciienyer pasmemars KOMIIOHEHTHI peaKiu-
OHHBIX CMECEH KaK MPOCTYIO MOCJIEI0BATEIBHOCTh BEleCTB. JIyulie KOMIIOHOBATh
UX IO NMPUHAMJIEKHOCTU K OTIEIbHBIM IOTOKAaM: ra3000pa3HOMY, KUAKOMY WU
TBEPAOMY.
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OTnenpHbIE claraemble MPUXOAHON M pacXOAHOM YacTeil Ha3bIBAIOT CTAThSI-
Mmu Oananca. [IpuxoaHas 4yacTh J0JKHA PaBHATHCS pacxoJHOU. B ciiyyae HepaBeH-
CTBa yacTeu OajaHca ClAeayeT YCTAaHOBUTh MPUUYUHBI PACXOKIACHUS — <HEBS3KU» —
O6ananca. OHu MOTYT OBITh Pa3HBIMH. HE MIPUHATHIC BO BHUMaHUE IPUMECU ChIPbS,
HEYYTEHHBIE NTOTEPH, B TOM YHUCJIE UCTIAPEHHUE, YTEUKU Yepe3 HEeIUIOTHOCTH, «MepT-
BbIE» OCTaTKHU B pe3epByapax, OMMOKK aHAIM3a MPU OINpeeICHUH MOKOMIIOHEHT-
HOTO COCTaBa MOTOKOB, HEBBICOKHI KJIAaCC TOYHOCTH PACXOJOMEPHBIX YCTPOUCTB U
T.1L.

Cpenu npyrux IpUYUH MOTYT OBITh 3aMMCTBOBAHUE JTAHHBIX JJI pacuera u3
MCTOYHUKOB PAa3HOM CTETICHW HAJICKHOCTH, OIIMOKK B pacyeTax, CBSI3aHHBIC YaIlle
BCETO C OKPYTJIICHUEM PE3yIbTaTOB. YTOOBI OTIIMYUTE dJI€MEHTapHbIC apudmMeTrye-
CKHE€ OITMOKN OT CUCTEMATUYECKON OMMMOKY CUYETa ONPEACIISIIOT BETUINHY OTHOCH-
TEJTHHOM MOTPEUTHOCTH, KOTOpasi CYMTACTCS MPUEMIIEMOM, eciti cocTaBiseT 2-3 %0.
Hwuxe nan npumep pacuera OTHOCUTEILHON MOTPEIIHOCTH.

IIpumep 2. [Ipuxon Y, coctaBun 5,62t, pacxon Y, — 5,421. Haiftu oTHO-
CUTENIBHYIO IOTPEIIHOCTh «HEBS3KW» OanaHca. [IpuONmKeHHBIM 3HAYEHUEM HC-
TUHHOW BEJMYMHBI CTaThM OajlaHca OyJeM CuuTaTh CpeaHee €€ 3HauyeHHE:
V _ Yl +Y2 _ 562+ 542

2 2
cocraBut A = (5,62 — 5,42)/2 = 0,L

B aTOM cityyae ucTUHHBIN BeC CTaThu 0ajlaHCca MOYKHO MIPUHATH PAaBHBIM

Y + A =(5,52 £ 0,1). OtHOCHTEIbHAS TOIPEITHOCTH COCTABUT:

0= é100= O’—01100= 18 %.
5p2

= 5p2 1. Tornma npenenbHas aOCOIIOTHAS MOTPENTHOCTH

Y

Bbpytro-6anaHc paccYMTHIBAIOT TOJBKO B eIUHUIIAX Macchl. OcTallbHBIC
CTOJIOIIBI TAOJIMIIBI MCITONB3YIOT JUIS TOJIydeHUs MHPOPMAITUU O COCTaBe MOTOKOB,
BBIPAJKEHHOM B IPYTUX aGCOMIOTHBIX M OTHOCHTEIBHBIX SAMHANAX (KMOJIIX, M,

% Mmonb mitr % 00., Wi KMOIB/M®) WS yI0OCTBA MOCIEAYIOMUX PACIETOB, T10-
CKOJIbKY YKa3aHHYI0 HH()OPMAITUIO JTyUIlIe COCPEIOTOUUTh B OJJHOM MECTE.

Tabnuunas popma GasaHca HE AaeT BO3MOXKHOCTH MPOCIICIUTh CBSI3U MEKIY
OTJCJILHBIMU TIOTOKAMH U ammapaTaMH, T.e. He TI03BOJISICT BbISIBUTH CTPYKTYPY CHUC-
TEMbI WM OTACIBHBIX €€ JIEMCHTOB. YKa3aHHBINA HEJIOCTATOK JTMKBUAUPYETCS TPU
MCIIOJIb30BaHUU THArpaMMHON (opMbl Oananca. B 3ToMm citydae MarepuaibHbIe T0-
TOKH M300pa)katoT B (JOPME IOJIOC, TOJIIMHA KOTOPBIX COOTBETCTBYET MOIIHOCTH
notoka (pucyHok 4).

TexHoJIOrHYeCKre CXEeMbI KIIACCU(PUITUPYIOT TI0 PSTy MPU3HAKOB: OpraHM3a-
[IMOHHOM CTPYKTYpE Ipollecca, TEXHOJIOTHYSCKAM MapIipyTaM MaTepHATbHBIX I10-
TOKOB, YHCTY XUMUYCCKHX CTaIWMi, HOMEHKJIATYPE BBITYCKAEMOW MPOIYKIIAH, CIIO-
cobaM peKyIepari SHepPrud, YPOBHIO dKoyoru3anuu u Jp. Kakmas cxema obia-
JaeT MpU3HaKaMH HECKOJBKUX KiaccoB. B MeToauke pacuera OanaHca I HEKOTO-
pOro THIA CXEeM eCTh CBOM OTiImuMs. [Ipexae Bcero, 3To KacaeTcs MEPBBIX JABYX
THUIIOB.
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Pucynok 4 —Jluarpamma MatepraibHOTO OanaHca HUPKYISIUOHHOTO Iporecca

1.4.2 Oco6eHHOCTH COCTABIEHUSI MATEPUAJIBHOIO 0ajlaHca
AJIs1 Pa3JIMYHBIX THUIOB TEXHOJOTHYECKUX CXeM

B 3aBuCcHMOCTH OT OpraHM3aIlMOHHOW CTPYKTYpPHI MpoIlecca pa3indaroT ne-
puooureckue U HenpepvigHvle CXeMbl. B nepuoouueckoti cxeme chlpbe 3arpyxaroT B
peaxTop, TJe ero BBIACPKUBAIOT MPH 33IaHHBIX YCIOBUSAX JI0 331aHHON KOHBEPCHHU.
[TpoayKTHl BBITPYXAIOT, W MPOIECC MOBTOPSIETCS CHOBA. Bce TexHOmormyeckue
oTepalnuu, MPUMEHSIEMbIEC B MOJCUCTEMAX MOATOTOBKHU CHIPhSl U XUMHYECKOTO TIpe-
BpAIlICHUS!, BBITIONHSAIOTCS B OJIHOM ammapare MOCIea0BaTebHO. B CBsI3u ¢ TewMm,
YTO COCTaB PEAKIIMOHHOM CMECH B MEPUOIUYECKOM IPOLIECCe U3MEHSETCSl BO Bpe-
MEHH, pacyeT BBIOJHSIIOT HAa BECh MPOM3BOICTBECHHBIN UK anmapara. B kadecTBe
CJIMHUIIBI pacyeTa UCIOJb3YIOT KHUJIOTPaMMBbl WJIM TOHHBI Ha UK (KT/IHKII WIIH
T/IUKI).

banaHc MOYKHO COCTaBUThH HE TOJIBKO Ha ITUKJ pabOTHI peakTopa, HO U Ha Cy-
TKH, MECSIIBI WK ToA. Hanpumep, Mponu3BOIUTEIHHOCT MEPUOTUIECKOTO PEAKTO-
pa coctariisieT 5 T/umki. Bpems mpous3BoacTBeHHOTO 1MKiIa — 64. Torna nepecyn-
TaHHAas MPOU3BOAMTEILHOCTD peakTopa coctaBuT (5-24)/6 = 2Q/cyT win
20-340 = 680@/rox, rae 340 —konuuecTBO pabOYMX JHEH B TOY.

B uenpepuvignvix cxemax TEXHOIOTUYECKHE OTEPAIlMU MPOBOIIT B Pa3HBIX
anmaparax (CMECUTENsX, peaKTopax, MoJ0TrPeBaTeNIsIX, Pa3Ie/IONUX YCTPOHCTBAX
U TIp.) B IOTOKE HEMPEPBIBHO JIBIXKYIIETOCS Yepe3 HUX ChIPhS CO CKOPOCTHIO, JIOC-
TATOYHOM I oOecreueHus 3aJaHHON KOHBepCUH. MeTonKa pacueTa MaTepuaib-
HOTO Oayianca JjIsl HeMPEePhIBHOM CXEMBI OTIMYAETCS OT METOAMKHU pacuera OanaHca
U1 TIEPUOJAMYECKOTO Mpolecca TONbKO €AMHMIIAMU M3MEpeHMs: OajlaHC Herpe-
PBIBHOTO TIpoIlecca OOBIYHO pacCUYMTHIBAIOT B Kr/u. Pacder OajlaHca BO BpeMeHU
B)KEH ISl HEIPEPBIBHO JIEHCTBYIOMIETO 000Dy I0BAHHUS.

B 3aBuCHMOCTH OT TEXHOJOTUYECKHX MapIIPYTOB CHIPBS PANIUYAIOT NpsAMble
U YUpKyJIsAayuoHHvle CXeMbl. [Ipsimbie cxemwbl UCTIONB3YIOT TSI TIPOIIECCOB C BBICO-
KO KOHBEPCHEH CHIPhS 33 OJMH MPOXO/I YepPe3 PEaKTOp MM OJUH MPOU3BOJICTBEH-
HBIN UK (pUCYHOK 5). [Jupkynsiyuonusie cxemvl BIOUPAIOT JUIs MTPOIECCOB C HU3-
KOM KOHBEpPCHUEH CBhIpbs, KOTJa B PEAKIIMOHHON CMeCH, KpoMe MPOIYKTOB, OyIeT
COJIEPKATHCSl HETIPEBPAILIEHHOE ChIphe. B 3TOM ciyyae mMpoayKThl OTACINSIOT, a He-
MPEBPAIIEHHOE ChIPhE BO3BPAILIAIOT B PEAKTOP BIUIOTH JI0 €T0 MOJHOTO MCIOJb30-
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BaHMI.

Pucynok 5 —MarepuanbHblii 6ajgaHc IPSIMON CXEMBbI

OI[HI/IM N3 HEAOCTATKOB HUPKYIIIUOHHBIX CXEM ABJIACTCA HAKOIIIICHUC B PC-
uKie (BO3BpalIaeMOM CHIPhE) MHEPTHBIX MPUMECEH ChIPhsi, KOTOPHIE 10 TEM MU
HNHBIM C006pa)KeHI/I$IM HC OTACIIAAKOT OT ChIPbA B IIOACUCTEMC ITOJATOTOBKH.

KonunuecTBo mpumeceil B TaKOM ciy4ae yBEIMUMBAETCS 32 CUET MHOTOKpaT-
HOTO J00aBJIEHUS K PE€IHKITY ITOTOKA CBEXKETO ChIPhA B3aMCH IIPCBPAIICHHOTO. I[J'I?I
NOJIEP>KaHUSl TIOCTOSTHHOM KOHILIEHTPAllMd NpUMeEced B pEIUKIIe YacTbh PEeLHpKY-
JUPYEMOI'0 ITOTOKA C6paCI>IBaIOT B ITPOLICCCE MPOAYBKH, T.C. IOTOK BO3BpaIiacMoro
CBIPpBbA OCJIIT HA JIBA. peyuxi 1 2as3 I’lpOOyG’KM. ypaBHCHI/IH MaTCpHUaAJIBHOTO Oatanca
oe3 IIPOAYBKH H C HpOI[YBKOﬁ HMEI0T COOTBETCTBEHHO CJ'ICI[YIOH.II/Iﬁ BU.

Go+GR=Gp+GR 41 Go+GR=Gp+GR+GC5p.

Ha PHUCYHKaxX 5u6 IIPUBCACHBI CTPYKTYPhl MaTCpHUaJIbHBIX OajlaHcoB Inps-
MOHU U pCHPIpKYJI}IHPIOHHOﬁ cxeM. O4eBUaHO, YTO CHCI_II/I(bI/IKa pacueTra 1mpoiecca ¢
pequKynﬂuHeﬁ 3aKJII0OY9a€TCA B TOM, 4YTO IIOJHAA 3arpy3Ka peakTopa OKa3bIBACTCsA
0oJbIIe, YeM MPSIMON CXEMbI, Ha BEJTMUMHY NOTOKA penukia. ['maBHas 3amgaya pac-
qcTa — OIPCACIINTD 110 3a/JTaHHOMY KOJIMYCCTBY CBCIKCTO ChIPbs (qaCTB ChIpbi, CHIC
He MOOBIBABIIIETO B peaKTope) WK TEJICBOro IPOAYKTA IMOJHYIO 3arpy3Ky pCakKTo-
pa, H€06XOI[I/IMYIO JUIA OIIPEACIICHUA €TI0 OCHOBHBIX PasMEpPOB.

Pucynok 6 —MatepuanbHblii 6alaHC PEHUPKYISIIUOHHON CXEMBI

HHpKynHHI/IOHHaH CXeMa MOXKET BKIIOYaThb OJMH HJIM HCCKOJIBKO IIOTOKOB
pEeuHKIIA. HpI/I YCTAaHOBUBHIEMCA COCTOSAHHH KOJUMYECTBO BBOJUMOI'O B CHCTEMY
CBCIKCTO CbIPbiA 6y,Z[CT PaBHO KOJIMYECTBY OTBOAMMBIX M3 HCC IPOAYKTOB.

Go = G, (1.4)
B sTtoM ciydae mojiHas Harpy3ka peakTopa
GE=Go+GR, (15)

rne Go — 3arpys3ka peakTopa CBEKHUM ChIPhEM B3aMEH MPOpearupoBaBIero (mps-
MOW ITOTOK);

G, —Macca BBIBOAMMBIX U3 CUCTEMBI IPOAYKTOB;

Gy —moJtHast 3arpy3ka peakropa (TJIaBHbINA MTOTOK);

Ggr — OTOK perukia (moOOYHBIN MOTOK).

Ecim st cOpoca MHEPTHBIX MMPUMECEH CHIPhS B CHCTEME OpraHU3yeTCsl Ipo-

IyBKa, TO MOTOK PEIMKJIAa YMEHBIIACTCS Ha BEJIMUYMHY MacChl COpachIBAaEMOro Ipo-
nykta Ggg).
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PabGoTta cxembl C PEIUKIOM XapakTEPU3yeTCs OTHOIICHWEM CTETIEHBIO pe-
mupkysiuun R, mu6o kosddunuentom perupkyisaiuu Kg. OTHOILIEHHUE PEIUPKY-
nsun R mokaseiBaeT, Kakasi 10Ji TJIABHOTO TOTOKA MOCJE €ro pa3BETBICHHS BO3-
BpaImaeTcst B MpoIiecc:

Tlobounwiti nomok Gr

- = : (1.6)
I'nasueii nomox Gy
Koadhdumment perupkynsmun Kg MOKa3bIBaeT, BO CKOJIBKO pa3 TJIABHBINA T0-
TOK 0O0JIbILIE TIPSIMOTO:
I nasnviti nomok Gs

Kp = = . 1.7
R IIpsmoii nomox Gy (L.7)
VuuteiBag, uto Gs. = Gy + Gg, MoxxHO 3anucath. R=1—-1Kg u
Kr=1/(1 -R).
KoadhdummenT penupkyisiimu MOKHO HAWTH U3 BRIPAKCHUS
KRr= Gz G 1 (1.8)

1
Gp Gs;-Ggr 1—Gy 1-ar’
Gs
rae aR = G%Z — MaccoBasi JI0JIs PEIKKIIa B 00IIeH 3arpy3ke peakTopa.

[Tpu ycTaHOBHBIIEMCSA COCTOSHUU KOA(D(DUIIMEHT PELUPKYISIIIUE HEOOXOAUM
TUTSI OTIPEICTICHUS:

* [IOJIHOY 3arpy3KHu peaKkTopa

G:=KrG& (1.9)

* KOJMYECTB (BBIXOJIOB) MPOJAYKTOB PEaKIUK MPU pabOTE YCTAHOBKH IO ITUP-
KYJISITUOHHOM CXeMe, TaK KaK MpU YMHOKEHMM 3HA4Y€HMs BBIXOJA MPOAYKTOB 3a
OJIUH MPOXOJ ChIPbS YEPE3 PEaKkTOp Ha KOIP(HUIHUEHT PEUUPKYISIIUN MOTydaeTcs
NepecunTaHHOE 3HAUEHUE BBIXOJIa MPOAYKTA B pacueTe Ha CBexkee chipbe. B mup-
KYJISITUOHHBIX CXE€MaX KOJMYECTBO MPOJYKTa 3aJlal0T B BUJE €r0 MAacCOBOIO CO-
JIep>KaHUsl B MOTOKE PEAKIMOHHOW CMECH, MOJyUYeHHOM 3a OJIUH MPOXO0] Yepe3 pe-
aKkTop.

IMpumep 3. Jlst peakimn A + B +— R + S MaccoBblil cOCTaB MIOTOKA pe-
akimoHHou cmecu, % macc.: 4 — 50;B — 10;S— 15;R — 25.PaccuuraTh noJjiHytO
3arpy3Ky peakTopa, MOTOK PelrKiIa U KOJMYECTBO 00Pa30BaBIIMUXCS TPOIYKTOB SH
R, ecnm 3arpy3ka peakTopa CBEXuM ChipbeM paBHa 20T.

Pacuem 6ananca.

1. Macca peaklMOHHOW CMeCH paBHa Macce TJIaBHOTO MOTOKa, MO3TOMY QR
MOYET OBbITh BBIYMCIICHA KaK JIOJIA PEaKIMOHHON cMmecH (4 + B), KOTOpPYIO ClieayeT
BEPHYTh B nporecc. Paccuurtaem KOAQDUIIMEHT  PElUPKYJIALHH:

KR = 1 = 1 = 25
1-a, 1-(05+01)
2. Onpeaenum MoTHYIO 3arpy3ky peakropa Gy = Krlly = 2,920 = 50r.
3. Haitnem notok perukina Gg = Gy — & = 50 — 20 = 3Q.

4. IIpoaykra R o6pazoBasiocs: 2,925 = 62,5 Yaum 0,62320 = 12,5t1; npo-
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nykra S 2,915 = 37,5 Yanmm 0,37320 = 7,5r.
[ToTok penukia MokHO HaiTh U3 pasHoctu (Gy — ) Wi BeIpakeHUs

o1=6l5-He

['opazmo crnoxxkHee OyaeT pacueT ¢ 6oiee 4eM OJHUM TIOTOKOM peIHKIiIa, KO-
r7ia CIeyeT COXPaHUTh ONPENeICHHOE COOTHOIIEHUE MEXKy peareHTaMu Ha BXOJIe
B PEAKTOP, a KOHBEPCHUH PEAreHTOB MPU STOM pa3Hbie. JIJIs TaKOTo Cirydas 3arpy3Ky
OJTHOTO W3 PEarcHTOB B CBEXEM ChIphe (KaK MPaBHIIO, 3TO KIFOUYEBOH KOMITOHEHT)
MPUHUMAIOT 32 MMOCTOSIHHYIO BEJIMYMHY, a 3aT€M PACCUUTHIBAIOT 3arPy3Ky BTOPOTO
peareHTa.

IIpumep 4. B peaxtope mporekaer peakuuss 4 + B — R+ § B koTopom
peareHThl 4 U B HaXOmATCS B Pa3HBIX arperaTHBIX COCTOSHUAX. PeareHTwl 3arpy-
KAIOT B HECTEXMOMETPUIECKOM COOTHOIIEHUH, TIOOTOMY KOHBEpPCUS A OTINYACTCS
ot kouBepcuu B. Torna B mpoiiecce 00pa3yroTcs ABa MOTOKA PEIMKIIA: Ta3a U KUI-
KOCTH. B cBsi3u ¢ TeM, 4To KoHBepcHH A U B HEOIMHAKOBHI, IPU CMEIICHUN CBEXe-
r'0 ¥ BO3BPATHOTO CHIPhsI HAPYIIAIOTCS 3aIaHHbIC MPOTIOPIIMH MEXKIY 3arpy3kamu A
U B Ha BXOJIE B peaKkTop.

Benem cienyrorre 06003HauEHUS:

&= Ggo/Gao;

Q,, Qg —MacCOBBIE JIOJU PEeUKIOB 4 U B B oNIHO# 3arpy3ke peaktopa Gy;

Cy, Cp, Cr, Cs —MaccoBoe cojiepkaHue KOMIIOHEHTOB A, B, R, SB peakiinoHHOH
CMECH, MOTYYCHHOH 3a OJIMH MPOXO/] TIOPIIUH CHIPHS Y€PE3 PEaKTop, B MPOIEHTAX K
CyMMe 3arpy30K cBexero coipbs ¢ peareHTaMu A (Gag) u B (Ggo).

dukcupyeM 3HAUCHUE 3arPYy3KU CBEKETO CHIPhS A B PEAKTOP U COXpPaHSIEM
ATy BEJIMYMHY MOCTOSTHHOM B XOJI€ pacuera. Toraa rnojHas 3arpy3ka peakropa ofl-
penenuTcs Kak

Gzz GAO+ GB()"' aAﬂz"‘ 0’3[(32. (110)

W3 ycnoBust COONIONCHUS ONPEIETICHHOTO COOTHOIICHUS MEXy pearecHTaMu
CIIeTyeT:

Gpo + aples = &Gy + a5 ), (12.11)
rne a,[bs, azplds — Macchl TIOTOKOB PEIMKIA HEMPEBPAIICHHOTO ChIphsi A U B.
Cymma (Gyo + a,/Gs ) u (Gpg + apfdy ) — monHas 3arpy3ka peakTopa KOMIIOHEH-
TamMu A U B.

Pemaem cucremy ypaBaenuit (1.10)u (1.11)c nByms HemsBecTtHbIME (Gs U
Ggo). U3 ypaBuenus (1.11)onpenensem:

GBO = é(GAO + a’Aﬁz) - a’B[G; ) (112)
nojicTaBuB Kotopoe B ypaBHenue (1.10),momxyunm

Gy =G+ &Gy + a5 - apley + a5 + apldy =Gyo+ Gyp +

+ £O'AZGZ+ a’Aﬁz nin GE - UAEZ - 80;1[(32: GAO + EGAo,

Gy [(1-(ay - €a4)] = G (1 + 9,

+
G = 1(—1(1‘?5)/2 '
A
KoadduimenT peunupKyasiuny B pacyeTe Ha CyMMapHYIO Harpy3Ky peakropa

(1.13)
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CBEXXHM CHIPbEM MOKET OBITh TIOJTyYeH M3 COOTHOIICHHMSI
R G +G
AO BO
Torma cymma KOJM4IeCTB (BBIXOIOB) yIAISIEMBIX M3 CHCTEMBI IPOTYKTOB
R = KgCgr, S = KgCs, A = KRCa, B = KgCg 1oimmkna coctaButh 100 %.

(1.14)

1.5 OcHoBHbIE TEXHUYECKHE U TEXHOJOTHYECKHE MOKA3ATEIN
3¢ PeKTUBHOCTH XUMHYECKOI0 MpoLecca

PacueT OCHOBHBIX TEXHOJOTMUYECKHX IOKa3aTEJEH IMO3BOJISIET AOCTATOYHO
MOJIHO OLEHUTH TEXHOJIOTMYECKYIO 1EeJIECO00Pa3HOCTh U SKOHOMHUYECKYIO 3 dek-
TUBHOCTbh XMMHUYECKOTO Npou3BoacTBa. K unciny Hanboliee BaKHBIX TEXHOJIOTHYE-
CKHUX TMOKa3aTesied, KOTOpble PACCUMUTHIBAIOT HA OCHOBE MaTepHalbHOrO OanaHca,
OTHOCSATCS KOHBEpCHUs ChIphbsi (cM. moxpaszmen 1.1), BBIXOJI MPOAYKTa, CEICKTHB-
HOCTb U PacXoiHbIe KO3(P(UIUEHTHI MO ChIPHIO.

[Toxazarens cerexkmuenocmu MPUMEHSETCS sl OLICHKU 3(PPEKTUBHOCTH Iie-
JIEBOM PEaKIy 1O CPAaBHEHUIO C TOOOYHOU B CIIOXKHBIX Mporieccax. B mpocThix pe-
aKLHUAX, CKOJBKO OBl MOOOYHBIX MPOAYKTOB B HUX HHU MOJYYHIOCH, IOHATHE CEJIeK-
TUBHOCTH HE UMEET CMBICIIA, T.K. PEAKLHsI UAET TOJIbKO B OJJHOM HalpaBJICHUH, O-
BJIMSITh HA COOTHOIIEHHE MPOAYKTOB HEBO3MOKHO U HET COOCTBEHHO BBIOOpa (Se-
lect).

C Touku 3peHusl ympaBiIeHHUs MPOIECCOM OUEHb BaxkHa ougdepenyuanrvras
CeleKMUBHOCMb — OTHOIICHHE CKOPOCTH IIeJIEBOM peakluu K OOIIed CKOpOCTH
nporiecca.

B TexHosornueckux pacuerax yJn0OHEe HCIOJIb30BaTb UHIMESPANbHYIO Ce-
JIEKMUBHOCMb WA u3dupamenvhylo Kongepcuto (naiee - ceIeKTUBHOCTH). Celnek-
TUBHOCTb S PAaCcCUMTHIBAIOT KaK JIOJII0 peareHta A, MoIIeaIero Ha UeJIeBOu mpo-
IYKT, OT BCErO MPEBPAIIEHHOTO peareHTa 4.

B nounsitue <«apeBpamenHblii peareHT (G,,) BK/IIOYAIOT: KOJIUYECTBO pea-
reHTa A, IpEeBpalIeHHOro B LieJeBoil mpoAaykT GG;; KoiauuecTBO peareHTta A, mpe-
BPAILEHHOT0 B M00OYHBIE MPOAYKTHI Gy; motepu 4 Gz, 1.e. G, =G + G, + Gs.

KonnuecTtBa pearenTa 4, nouieiiee Ha HEIEBYIO U MOOOYHBIE PEAKINH, pac-
CUMUTHIBAIOT HA OCHOBE CTEXUOMETPUUYECKOTO YpPaBHEHHS U (PAKTUUYECKUX BBIXOJOB
[EJIEBOTO U TOOOYHBIX MPOAYKTOB.

Jlpyras rpyrmnna TeXHOJOTHYECKUX MoKa3aTenei GopMupyeTcs: u3 ComnocTas-
JeHUs (PaKTUYECKU NoydyeHHOro Gy M TeOpeTH4ecKd BO3MOKHOro Gy KOJIMYECTB
OpPOAYKTOB. B 3TO# rpynme paccMarpuBaroT JBa MOKA3aTeNs. BbIXOJ MPOAYKTa IO
CBIPBIO B, ¥ BBIXOJ NPOJYKTA HA IPEBPAIIEHHOE ChIPLE B,,e. I1€pBEIN NOKa3aTEND
SBJISIETCSI OLIEHKOW TIIyOMHBI MPOTEKAHUS PEaKUUU U B ATOM CMBICIE MJICHTUYEH
MOHATHUIO 0011Iel KOHBepcun. BTOpoil mokazaTesb CIIy)KUT OLIEHKOW CeIEKTUBHOCTH
npolecca U UASHTUYEH U30MpaTeNbHON KOHBEPCUU.

Bvixooom npodyxma Ha3pIBalOT OTHOIIEHUE (PAKTUYECKH IMOJYYEHHOTO IIe-
JIEBOTO MPOAYKTA K TEOPETHUUECKOMY, BBIPAKEHHOE B NPOLEHTAX. [eopemuueckum
6bIX000M HA3bIBAIOT MAKCHUMAJIBHO BO3MOXXHOE KOJIMYECTBO MPOAYKTAa, KOTOPOE
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MOJKeT ObITh TIoJTydeHo u3 nmoganHoro (Gjg) wim npeBparieHHoro chipbs (Gjg — Gy)
B COOTBETCTBHM CO CTE€XHOMETPUUECKUM YypaBHEHHEM lieneBoil peakiuu. [1o6ou-
HBIE PEAKLIUK U IOTEPU HE YUUTHIBAOTCA. TE€OPETUUECKUM BBIXO/ BEIYUCISIOT!

a) Ui HeoOpaTUMBIX PEaKIUH — U3 CTEXHMOMETPHUUECKOTO YPABHEHUS peak-
1y,

0) B ciyyae 0OpaTUMBIX PEaKIUii — ypaBHEHUS U30TEPMbI PEAKIIMU JUISI KOH-
CTaHThI paBHOBecHs. [[7151 00paTUMBIX peakiifii, KpOMe paBHOBECHOTO, OIIPEAEIISIOT
1 OOBIYHBINA TEOPETUUYECKHUMA BBHIXO/I.

Crnenyer 4eTKO pa3inyaTh «BBIXOJ» KaK TEXHOJIOTUYECKHUU TOKa3areib (OT-
HOIIIEHHE (PaKTUIECKOTO K TEOPETUIECKOMY) M «BBIXOJ» KaK KOJUYECTBO MPOAYKTa
(bakTH4ecKkH MOTYYEHHOE B TEOPETUIECKH BO3ZMOXKHOE).

VY mpocThIX peakiuii BBIXOJ MPOAYKTOB IMPOMOPIMOHANIEH OO0IIel KOHBEp-
cuM. B CIOXKHBIX peakuuax Takas IpONOPIUOHATLHOCTh HAOIIOAAETCS TOIBKO IS
KOHCEKYTMBHOW peaklUd ¢ KOHEYHBIM LIeJIeBbIM NpoaykToM. B olmiem ciydae
CIOKHYIO PEAKLHI0 XapaKTEPU3YIOT KOHBEPCHUEN U CEJIIEKTUBHOCTBIO, POJIb KOTO-
PO BBINIOJIHSET BBIXO/I MPOAYKTA HA MPEBPAILIEHHOE ChIPBE.

Brixon 1o chipblo onpenesnsoT no Gopmye

Gy
B. =—-100 %, (1.15)
Gr
npuyeM rnpu pacuete Gt HCIOIB3YIOT KOJIMYECTBO IMOAAHHOIO ChIphbs Gj.
Brixo 1o mpeBpaileHHOMY ChIPBIO TOJIy4YaloT Ha OCHOBE TOTO K€ ypaBHE-
HUSI, HO TOJIbKO B KaueCTBE TEOPETUYCCKOTO HCIOJIB3YIOT BBIXOJI, PACCUMTAHHBIN
ucXos u3 npeBparieHHoro coipbs (G - Gk):

npes

G
B :G—?”loO% W Bypeg = XS, (1.16)
T

KonBepcuio, ceIeKTUBHOCTh U BBIXOJl MOKHO BBIYMCIIUThH KaK 4epe3 MaccChl,
TaKk M 4epe3 KUJIOMOJIM COOTBETCTBYIONIMX BellecTB. Cama BelMUYMHA MOKa3aTems
IIPX OTOM OCTAETCS OAHOU U TOU XKe€.

Pacxoouvie koaghgpuyuenmot no covipvio ()f) OTHOCATCS K TEXHUKO-IKOHOMHU-
YECKUM IOKa3aTeJsIM U XapaKTepU3yI0T KOJINYECTBO KaKIOTO BUAA CHIPbs, U3pac-
XO/IOBaHHOTO Ha monydenue 1 T (kr) neneBoro npoaykra. Koadduuuent pomkeHn
OBITh O€3pa3MepHBbIM, TEM HE MEHee, eIMHMIICH U3MEpPEeHUsl pacXoIHOro Kodddu-
[IUCHTA SIBIISICTCS TOHHA CHIPhsI HA TOHHY MPOIYyKTa (T/T, KI/KT), T.K. IOTUMHO TOBO-
pUTH «u3pacxoaoBano 3,5kr 6enszona Ha 1 kr penona».

PaznuuaroT TeopeTnyeckuii yiT U (pakTHUeCKHii yiCD pacxonanble Korduiu-

eHTBl. Teopemuueckue pacxooHvle KOIppuyuenmsl PaCCUNTHIBAIOT U3 YPABHEHUS
pEaKLMK, UCIOJb3YSl MOJEKYJISIPHBIE MACChl PEAr€HTOB U MPOAYKTOB , a TAKXKeE CTe-
XxuoMeTpuueckrue KodppuuueHTsol. Pakmuueckue pacxoonvie Ko3gpuyuenmol Ha-
XOMST U3 JaHHBIX MaTePUAILHOTO OanaHca, MOACIUB KOJIMIECTBO I-T0 KOMITOHEHTA
CBIPbsI Ha KOJIMYECTBO MOJTydeHHOro npoaykra: Gi/Gr.

[TokazaTenn KOHBEPCHMU M BBIXOJA MPOIYKTOB PACCUUTHIBAIOT, HUCXOAS W3
Macchl (KMJIOMOJICH) YMCTOrO peareHTa, KOTOPYH0 HaxOJAT, UCKJIFOYas U3 MacChl
ChIpbs Maccy npumeceil. dakTuyeckue ke pacxoaHble KOAGOUIIMEHTh PACCUUTHI-
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BAaIOT 10 KOJMYECTBY CHIPhS, @ HE TI0 YUCTOMY PEareHTy, YTO BIIOJIHE JIOTUYHO, T.K.
OpeIIPHUITHE 3aKyIaeT He YUCThIA PEarcHT, a ChIpheE.

dakTryeckre pacxoaHble KOI(DPHUIIMEHTHI HCIIONB3YIOT MPH pacdyere cede-
CTOMMOCTH MPOIYKIUH.

Ha ocHoBe MaTepHaabHOro OajlaHca MOXHO OINPEACIUTh HEKOTOPBIC MexXHU-
yeckue nokazamenu, XapakTepusyromme 3(PQGEeKTUBHOCTh (YHKIIMOHUPOBAHHUS
000pyI0BaHus, TAKKE KaK IIPOU3BOIUTECIIEHOCTD U IIPOIYCKHAs CIIOCOOHOCTD.

IIpouszeooumenvnocme (I1) n3MepseTcss KOJUYIECTBOM IPOIYKTa, MPOU3BE-
JICHHBIM 32 €IWHUILY BpeMeHH (Thic. T/rox, kr/4, T/cyT u T1.11.). Ee momy4aror u3
MIEPBOM CTaThH pacxoja MaTepHalbHOTO OaaHca.

Ilponyckuyro cnocobrnocms OIICHHBAIOT KOJIMYECTBOM CHIPHS, TepepadoTaH-
HOTO arapaTroM 3a AUHHIY BpeMEHH. DTOT IMOKa3aTellb CUUTAIOT 110 BCEM BUIAM
CBIPBS (CyMMapHBIH pacXoJl CHIPbsl B MPUXOIHON YacTH Oaianca) Ju00 1Mo OTAeIb-
HBIM €ro BujaM (CTaThbH MPUXOIHON YacTH OaslaHca).

1.6 Oco0eHHOCTH COCTABJIEHUS MATEPUATBHBIX 0AJIAHCOB /IS peaKIui
Pa3JIMYHBIX TEXHOJOTHYECKUX KJIACCOB

B meTonuke pacuera maTepHalibHbIX OAJIaHCOB JIJISl PA3HOIO Kjlacca peakuui
U TEXHOJIOTMYECKHUX CXEM MMeeTCs psiji ocodeHHocTel. [To Tuny mexaHnusma B Tex-
HOJIOTUYECKOM KiIacCu(UKALMKU Pa3iHyaloT Heobpamumvle U obpamumvle, npo-
cmble U CJIOJCHble PEaKIMK. B OCHOBE pacueTa MaTepHalbHOTO OanaHca HeoOpaTH-
MBIX PEaKIMN JIeKAT 3aKOHBI COXPAHECHHUSI MACChl U CTEXHMOMETPUYECKUX COOTHO-
ICHUH.

1. IIpocmuie neoopamumsie peaxyuu. IIpocTtbie HEOOpaTUMBIE pEAKIIUH
MPOTEKAIOT B OJJHOM HaIpaBJIieHWH ¢ 00pa30BaHHEM OJHOTO psifa MPOayKTOB. Pac-
CUMTaTh MaTepuajbHbIM OanaHc peakuuu Tuna A + B — R, + S He cocraBiser
TpyJa, T.K. COCTaB PEaKIMOHHOW MacChl OMPEAEIIAETCS TOIbKO BEIMYMHON KOHBEP-
CUU U MOXKET OBITh PACCUNTAH U3 CTEXUOMETPUH PEAKIIUU MPU U3BECTHOM COCTaBE

IIOTOKA ITUTAHUA peaKTopa.
GA+GB=GR+GS+ Gp (120)

2. Cnooxcnole neoopamumvle peakyuu. CroxHble HEOOpATUMbIE pEaKLUU
MPOTEKAIOT B OJJHOM HAIpPaBJIEHUU ¢ 00pa30BaHUEM HECKOJIBKUX PAIOB MPOJYKTOB.
B sToM KIitacce paziMyaroT peakiuu: mapauielibHble, KOHCEKyTUBHBIE (ITOCIIeI0Ba-
TENIbHBIE) U CMEIIEHHOTO THIa. [Ipu pacdeTe OanaHca TakuX peakiuid Ui ompene-
JICHHUS COCTaBa PEaKIMOHHOW CMeCH, KpoMe KOHBEPCUH, CIeNyeT yYUTHIBaTh ce-
JEKTUBHOCTbH IPOIECCa, T.€. PaCIpeeTICHUE ChIPbSI MEXKIy OTIEIbHBIMU PEaKIIUs-
M. [IpakTuka mokasbIBaeT, 4TO C yBETMUYEHHUEM KOHBEPCUHU BO3PACTAET KOJIUYECT-
BO MOOOYHBIX MPOAYKTOB. I109TOMY 0OBIYHO MpHU BEIOOpPE ONTUMAILHOTO 3HAUEHUS
KOHBEPCUH MPEIBAPUTEIBHO PACCMATPUBAIOT KOPPEISIMIO MEXIY KOHBEpCHEH U
CEJICKTUBHOCTBIO, MTPUUYEM ONTHUMYM KOHBEPCHHM HE O3HAa4yaeT ONTHMYyMa BBIXOJa
MPOAYKTA, MOCKOJBKY Ha BHIOOP BIMSET TaKXKE BEJIMYMHA PEIMKIIa HEIpeBpalleH-
HOTO CBIPbS.
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B 3aBHCHMOCTH OT KJTacca peakIuy IeJIEBOM MPOAYKT MOXKET OBITh MOIYYCH
B pE3yJIbTaTe OJHOM MJIM HECKOJBKUX PEAKIIHIA:

1) A + B — R, (ueneBas peakiusi);

2)A+ B - S (nmobouHas peakius).

[Ipu pacueTe nmapauieIbHON peakluu CICAYET ONMPEASIUTh PACXO ChIPbs Ha
00e peakIuu.

Vpasnenue mamepuanvrhoeo bananca napaiieibHoll peakyuu 3amucChiBacTCs

TaK:

G, +Gp=Gr+Gs+ G +G% + Gp, (1.212)
rne G/, G’3 —Macchel HempeBpalieHHOTo Chipbs; Gr, Gs — Macchl mpoaykToB; Gp —
OTEPH.

B 00e wactu ypaBHEHHUS JOJDKHBI BXOAMTH MAacChl MHEPTHBIX MpPHUMeECEi.
Crnenyer OTMETHTB, UTO:

- IIPU pacyeTe MaTepuaabHOro OajaHca MapajyieNIbHbIX peakiuil HeoOXoau-
MO BBIYHMCIIUTH PACXOJ] peareHTa Ha BCe PEeaKIMU, B KOTOPBIX OH yYacCTBYET;

- IOTEPU MOXHO PACCUUTATh M0 BCEM WJIHM MO OJHOMY M3 BUIOB CBHIPbS WU
MPOIYKTa.

3. Ilocneoosamenvnan (koncekymusnasn) peaxkyus. [lpu pacuere marepu-
aJIbHOTO OajlaHCa KOHCEKYTUMBHOM peakliiy BO3MOKHBI J1Ba CIyvasi:
1) neneBoi MpoAyKT R sSBISETCS MPOMEKYTOYHBIM MPOILYKTOM PEAKIINU

A4+Bm R, 7 S; (1.22)
2) eneBoi NpoaAyKT R sSBiIsIeTCss KOHEUHBIM MPOTYKTOM PEaKIuu

A+BII - SOIT - R,. (1.23)

Pacuem mamepuailbHoco bananca npoyecca c KOHC@K)H’I’ZM@HO?J peam;ued
U yejiesoiM npomesNCynoiHbim I’lpOdyKWIOM

B ciyyae KOHCEKYTHMBHOM PEaKIUU C LIEJIEBBIM ITPOMEKYTOUYHBIM ITPOLYKTOM

(haxTHUYECKH LIENeBOro npoaykra R, (Gqu) OyZeT TOoJydeHO MEHBIIE, YeM €ro 00-
pasosanoch Obl B pesyinbrare peakuun A+ Bl - R, MOCKOIBKY HEKOTOpast

4acTh uspacxoxayercs B peakuun R, [11 — S. Torna marepuanbHbiil OamaHC peak-
1K (19) MOKHO 3amucaTh CACAYIONIMM 00pa3oM:

Gs+Gy=GEL + GL + G+ G+ G, (1.24)
rne G4, Gz — Macchl yuacTByromux B mnporecce pearentoB; G/, G3 — macchel He-
NIPEBPAICHHBIX PEareHTOB,; cZ : Gg) — Macchl MPOAYKTOB peakun; Gp —ToTepH.

B cBoro ouepenb pakTUUECKH MOYUYEHHBIHN IENI€BON MPOIYKT OMPEENIeTCs
no gopmyie Gqu = Gy, — Gg,, e Gy, Gg, —Macchl 1ieneBoro npoaykra R, 00-

pa30BaBIIETOCS B pe3ysIbTaTe MEPBON peakiuu KoOHCeKyTuBHOU peakiuu (1.22)u
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M3pPaCX0JIOBAHHOTO BO BTOPOH €€ pEeaKIuu, COOTBETCTBEHHO.

Ecnu ucxomaueie manHbie coaepkar 3nadeHuss G4, Gz 1 KOHBEpCHIO peareHTa
A u B, notepu (B IpOIEHTaX OT ChIPbS WJIM ILIEJICBOrO MPOJYKTA), a TAK¥KE BBIXO]
KOHEYHOT'O IMPOJYKTa Ha IMOJAHHOE WJIM IMPEBPAIICHHOE ChIPhE, 3ajadya PeIracTcs
0 CIIEAYIOIIEMY aIrOpPUTMY:.

1) onpenensieTcst KOaMUecTBO npeBpaineHHoro pearenta A (B): x, /3 0;

2) 10 Pa3HOCTH OTPELIIICTCS KOJMYECTBO HEMPEeBpanieHHOTo pearenra: G g
— x40,

3) ompenensioTes MoTepu peareHTa (ecnu 3amaHbl). Hampumep, morepu pea-
reHTa 4 coctaBisitor 3 % 0T mpeBpalieHHoro pearenra, 1.e. Gp = 0,034/, L3 49, a KO-
JMYECTBO peareHTa 4, KOTOpOe U3PACXOAYETCsl B IEPBOM pEaKIMi KOHCEKYTHBHOMN
peakiuu (1.22) cocraButr x,£3,0 — Gpy = £341. Ecnu 3amaHbl MOTepH 1€IEBOTO
nponaykra R, To cHayana onpeznemsior odmee KonmuecTBo npoaykra R (Gg,), o6pa-
30BaBIIETOCS B IICPBOI peakiiuu KOHCEeKyTHBHOM peakinu (1.22),a 3aTeM HaXOAsAT

BeJIMYKHY ero norepb Gy, [P =G,,.

O6mmee xommuecTBo mpoaykTa R (Gg,), oOpa3oBaBmierocs B mepBoid peakiuu
KOHCEKyTUBHOU peakiuu (1.22), onpenenstor, UCX0s U3 CTEXUOMETPUH ITOH pe-
akiuu ¥ BenuuuHbl G, ; 10 BBIXOAY Bs KOHEYHOrO MPOJAYKTAa S HAXOIUTCS €ro

(I)aKTI/I‘{CCKOC KOJIMYECTBO GLSI) TCOpCTI/I‘{CCKOC KOJIMYCCTBO G1S- OIIpCACIIACTCA 13

CTeXHOMETpUHU peakiuu A - S (kak Obl MHHYS TPOMEKYTOUHBIA MPOIYKT). Jlis
pacueTa MCIOJIBb3yeTCs Macca MoAaHHOro (MpeBpaIleHHOro) peareHTa 4 3a MUHY-
COM MOTEPb.

OnpenemuB G¢ 1o cTexmoMeTpuy BTOPOi pPeaKIMH KOHCEKYTHBHOH peak-

min (1.22), nerko Berauciuth Gg, — KOIMYECTBO NMPOMEXKYTOYHOTO MPOAYKTA,

MoTIeIIero Ha oopasoBanue S.
dakTUYeCKH MOTYYCHHOE KOJIMYECTBO MPOoayKTa R Haxomutes mo dopmyiie

@ o —
Gr =Gg; —Gg,. Ecnu 3agans! norepu nenesoro npoaykra R, To paxkruueckoe ko-
mauectBo GZ =Gpg, — Gg, —G,,. Pacxon Broporo pearcHra B omnpenensiercs us3

CTEXMOMETPHUH MEPBOI peaknu KOHCeKYTUBHOH peakunu (1.22) jucnonsdys G ;.

Pacuem mamepuailbHoco bananca npoyecca c KOHC@K)H’I’ZM@HO?J peam;ued
u yenesviM KOHEYHbIM I’lpOdyKWZOM

B ciydae KOHCEKyTMBHOW PEaKLUH C IIEJIeBbIM KOHEYHBIM HPOIYKTOM [pe-
akius (1.23) pacxox peareHTOB 4 u B OyAeT onpenensaTbes, UCXOoAs U3 QaKThye-

cku momydenHoro npoxaykra R (GZ) u pacxona mpoaykra S Ha ero oOpaszoBaHue
Gg,. Ob1ee konuuecTBo S oOpasoBasiierocs Ha 1-i cTaauu, MOXKET ObITh Haljie-

HO u3 cymMmbl Gg, =Gg +Gg,, rie Gg — Macca HENpeBPAIIEHHOTO NPOAYyKTa S

3Hasg Gg; ¥ UCIOJIB3YS CTEXMOMETPHIO MEPBON PEaKLMU KOHCEKYTHBHOMN peakIuu
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(1.23), paccuntsiBatorcsi G, m Gg. B MCXOQHBIX NaHHBIX MOXET (UTYypPHPOBATH
MPOIMYyCKHAs CIIOCOOHOCTH IO CHIPHIO MM TMPOU3BOAUTEIHLHOCTD MO MPOIYKTY.

4. Cmewmannvie peakyuu. B cMelIaHHBIX NOCIIE0BATENbHO-IAPAILIEIbHBIX
peaxusax

A+BI'-R, (1.26)

R+Bf-S. (1.27)
PearenT B pacxoayeTcsi mapajuieibHO B 00EUX peaKIusiX, peareHT A — TOoJib-

KO B MepBOi, o0pasys nocnenoBarenbHocTh A [ - R - S, a nieneBoit nmpome-
’KYTOUHBIN MPOAYKT R yacTruHo mpeBpaiaercs B Snpu peakuuu (1.27).Marepu-
aJNbHBINA OanaHC TAKOrO MPOIECCa MOXKET OBITh MPECTABIEH B BUJIE

Gy+ G+ Gp= GL + GL + G/ + G, + Gy, (1.28)

D _
rne Gy =Gg, —Gg,.

B 3aBucumMocTH OT KOMOMHAIIMM MCXOJHBIX JAHHBIX BO3MOKHBI HECKOJIBKO
BapUaHTOB pacyueTa HEAOCTAIOUINX JJIsl MaTepualibHOTO OanaHca BennunH. Tak, ec-

¥ U3BECTHHI KONMMYECTBA (haKTHUYECKH TOMydeHHoro mpoaykra S (Gg) u mpespa-

nierHoro B peaknusx (1.26)u (1.27)pearenra B, To anroputm pacuera OyneT co-
CTOSTBH W3 MOCIIE0BATEILHOTO ONPEICIICHUS CIICTYIOIINX BEIHUNH:

»  pacxona B (Gg,) B peakuuu (1.27)n0 Benuunne GakTuuecku moiy-
YEHHOTO MPOJYKTa S

»  pacxona R(Gg,) B peaxumn (1.27)n0 crexuomerpuy;

» pacxona B (G Bl) B peakuuu (1.26)mo pasnoctu Ggi = Gg pes— G2 —
Gp, re Gg e —KONMMUECTBO TIpeBpallieHHoro B; Gp —notepu B,

»  pacxona 4 (G ;) mo crexuomerpun peakuuu (1.26),ucxons us konu-
yectBa Gy, ;

> dakTdecku mosryaeHHoro R (Gg )B pe3yabTate peaknuu (1.26) mo

pacxony Gpq i G 4.

Ecnu u3BecTHBI BBIX0/Ibl Br U Bs 110 peareHTy A U KOHBEPCHS TTOCIIETHETO Xa,
TO pacyeT BBIMOJIHIACTCS 0 CISAYIOIIEMY aITOPUTMY:

* 3aJja€MCsl KOJIMUECTBOM I10JJaHHOTrO B mpoiiecc pearenta A (G4) u Haxoaum
Maccy BCTYMHBILEro B peakiuio pearenta 4 (x4 G,) u HenpespaiieHHoro G'y;

* OTpE/IeIIsAEM 10 BeJIMYMHE Bs (PaKTHUECKH MOTYyYSHHBINH MPOIYKT S (Gg );
* OIpe/IesieM I10 BEIIMYUHE (qup ) k crexuoMeTpun peakuuu (1.27)pacxobl

R (Ggro) u B (Gp,) Ha 3Ty peakiuio;
* HaXOMM IO BEJIMYUHE Br PaKTUYECKU MOJYIEHHOE KOJIMIECTBO MPOAYKTA

R(GR);
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* ompeqelsieM pacxoi peareHTa B Ha peaknuto (1.26)depes3 ee crexuomer-
pHUIO M KOJHMYECTBO TpeBpaiieHHOro pearenra A (x,-G,) wim yepe3 KOJIMYECTBO

obpasoBagiierocs B peakiuu (1.26)npoaykra R (qup + GRro).

5. Oopamumpte peakyuu. K oOpaTUMBIM OTHOCSATCS pPEAKIIMH, KOTOPbIE TIPO-
TEKAIOT B MPSMOM M OOpaTHOM HAIpaBJICHUSAX C 00pa3oBaHUEM OIHOTO (ImpocTas
oOpatumasi peakiiys) Uil HECKOJIbKUX (CIIOKHAs oOpaTHMasi peakiusi) psioB Mpo-
IYKTOB.

Ecnu B HeoOpaTUMBIX peaklMsX BeTUYMHA MaKCUMAIbHON KOHBEPCHH OIpe-
AEISeTCS TOJIbKO BpeMEHEM NpeObIBaHUs TIOTOKA B peakTope (BpeMeHEeM PEeaKilim),
TO B OOpaTUMBIX pEaKUHUsAX MaKCUMajbHasl CTEIEHb MPEBPAILECHUS CHIPhS OTPAHU-
YEHa COCTOSIHUEM PABHOBECHS, KOTOPOE YCTAHABIMBACTCS B PEArUPYIOIIEN CUCTE-
M€ MpH JAOCTHXKEHUU PAaBEHCTBA CKOPOCTEH mpsiMOM U obpaTHOi peakuuid. [lono-
’KeHHEe paBHOBecHs (paBHOBECHAash KOHBEPCHS) 3aBHCHT OT YCJIOBUH HPOBEICHUS
nporiecca (TemnepaTypbl, TaBJICHUs, COCTaBa MOTOKA MUTAHUA peakropa). [Ipu ux
M3MEHEHUH PaBHOBECHE CMEIAETCS B CTOPOHY OOJIbIIEH MIIM MEHbIIIEH KOHBEPCHH,
B cooTBeTcTBUU ¢ IpuHLunoMm Jle-Illatense. [loaTomMy i1 pacuera MaTepruaibHOTO
Oaslanca 0OpaTUMOIl peakiy KpoMe 3aKOHOB COXPAHEHUsI MAcChl U CTEXHUOMETPH-
YECKUX COOTHOLIEHUN MCIOJIB3YIOT BbIPAXKEHUE JIJI1 KOHCTAHTHI PABHOBECHS, KOTO-
po€ CBA3BIBAET MEXKIYy COOOM KOHCTaHTY paBHOBeCHUs K, C pABHOBECHBIM COCTaBOM
peakimonHo# cMecu. [ razodazHoi peakiuu

A+2B+—R+S
YPaBHEHHE 11 KOHCTAHThI pABHOBECHS 3aIIMILIETCS B BUJIE

K, = pR—pg’, (1.29)
PAPB
rne Py, Pp, Pr, Ps—napunanbHbI€ TaBJICHUS PEAr€HTOB U MPOAYKTOB B PEAKIIMOH-
HOM CMECH K MOMEHTY PaBHOBECHSI.

B3amen napuuanbHbIX 1aBJICHUN B YPaBHEHUH MOXHO HUCMOJIb30BATh TAKKE
3HA4YE€HUs1 KOHIIEHTPAIMi UM aKTUBHOCTE KOMIIOHEHTOB CUCTEMBI.

[To 3akony JlampTOHA, MapHaIbHOE JABJICHUE I-TO KOMITOHEHTA

pi =nly;, (1.30)
rae 71 — oOllee JaBJIEHUEe CMECH, aT; yj — MOJIbHAS JIOJIS I-TO KOMIIOHEHTA B Ta30-
BOH (pasze.

VYpaBHeHue 11 pacueTa KOHCTAHTHI PAaBHOBECHUSI OEPYT W3 CIPaBOYHOU JIH-
TEPATYpbl WM COCTABISAIOT HA OCHOBE YPABHEHUS CTEXMOMETpUM peakuuu. [lo-
CKOJIPKY KOHCTaHTa PaBHOBECHs 3aBUCHUT OT TEMIIEPATypBhl, Ipu pacuere K, cieny-
€T BOCIIOJIb30BaThCSl YPABHEHHEM I TEMIIEPATYPHOM 3aBHCUMOCTH KOHCTAHTBHI,
KOTOPO€ MOKHO HAUTH B CIPABOYHUKAX TEPMOAMHAMUYECKUX BeIWYMH. Hacto B
CIIPAaBOYHUKAX BBIPAXKEHUE JJIs KOHCTAHTHI PAaBHOBECHS MPUBOJIAT HE B «KJlacCUye-
ckom» Buje [ypaBHenue (25)]. HezaBucumo OT BUIAa CTEXHOMETPUYECKOTO ypaB-
HEHUS B YMCIIMTENb 3aHOCAT KOHIEHTpalMy (apluyaibHble TaBJICHUS) TEX pearcH-
TOB, KOTOPBIC B3aUMOJICHCTBYIOT C BBIJIEICHUEM TerlIa (3K3039PQeKT), a B 3HAMEHA-
T€JIb — C MOTJIOIIECHUEM TEILIA.

25



Tax, nns 06paTUMoil peakliuy CHHTE3a aMMHaKa
N, + 3H, «— 2NH; +46100k/]x/M0115

2 3
pNH pH pN2
BMecTo K, = S szammceBaror K » =§—

Pacuersl ¢ ncnonp3oBaHreM o0ewx (OpMyN MPUBOIAT K OJMHAKOBHIM pe-
3yJIbTaTaMm, OJHAKO MPH MOUCKE B JUTEpAType, HAIpUMEpP, 3aBUCUMOCTH OT TEMIIE-
paTypbl CIEIyeT TOUHO YCTAHOBUTH, JJI KAKOM CHUCTEMBI 3alUCH MPUBEICHO JlaH-
HOE BBIPAKECHHUE.

PacueT MarepuanbHOro 6ajgaHca oOpaTUMON peaKlMM HAYHMHAKOT C OMpejie-
JICHUSI PAaBHOBECHOTO COCTaBa PEAKIMOHHOW CMECH TP 3aJaHHBIX YCIOBUSX CHH-
Te3a. PeluB ero OTHOCUTEIBHO PABHOBECHOI'O COJEPMAHMS IIEJIEBOr0 MPOIAYKTA
WM JTF000TO KOMIIOHEHTA PEAaKIIMOHHON CMECH, 3a1al0TCsl CTETICHBIO MPUOIKEHUS
K PaBHOBECHIO M HAXOAT (PaKTHUYECKUM COCTAB Ha BBIXOJIC U3 peaKkTopa.

Pemenue 3anaun o onpeneseHruo cCoOCTaBa paBHOBECHONM CMECH CBOJUTCS K
HaXO0JKJICHUIO MOJIBHBIX JIOJIEH €€ KOMIIOHCHTOB, T.K. OOICe IaBJICHHE B CHUCTEME
O0OBIYHO M3BECTHO. MOJIbHBIE JTOJIM KOMIIOHEHTOB B PABHOBECHOW CMECH 4aIlle BCe-
ro CBSI3BIBAIOT C YKCIOM MOJIEH MCXOJHOrO BEIIECTBA, MPOPEArupoOBaBIIEro K MO-
MEHTY paBHOBecHs. Tak, i peakuu

A+B+—D
MOJIO’KHUM, YTO KOJIMYECTBO MOJIE peareHToB A U B UCXOHON cMecH Ny U Ngo, X —
YHUCJIO MOJIEW BellecTBa A, MpOpearupoBaBIlIero K MOMEHTY paBHOBecus. Toraa B
PABHOBECHOU cMecH ny = nyg — X, ng = npo — X, np = X. CymMMapHO€ KOJIUYECTBO
MOJIEH B CUCTEME

>.n =na+ng +np =(nag =~ X)+(ngg = X)+ X =npag +ngo — X.

[TapuuanbHbie JaBICHUS KAXKI0T0 KOMIIOHEHTA B CUCTEME COCTABIISIOT:

Pa=7T Nag — X » PB =TT M50 — X » PD =77
Nag +Npo — X Npg +Npo ~ X Nag +Npo ~ X

ITocne noacTaHOBKY BeIpaskeHHH p; B popMyiy s K, moirygaercst KBaapar-
HOE YpaBHEHUE!

K = X(nao *Ngo ~ X) |

P nnag = X)(ngo - X)

Kopenb 3Toro ypaBHeHus1, yaoBieTBopsomuil ycnopusm 0<X< nyo, B< npo,
JaeT KOJIMYECTBA MTPOPEArnpOBABIINX K MOMEHTY PaBHOBECHS peareHToB A u B.

B 3aBuCHMOCTH OT CTEXMOMETPUH PEAKIIUA YPABHEHHUS MOTYT OBITh APOOHOM
UM TPEThEW W BBIIIE CTENEHEN. Pelath Takue ypaBHEHHS! MOKHO METOJIAMU I10-
CJIeIOBATEIbHBIX MPUOIMIKEHUN WM C TOMOIIBI0 MAaTEMAaTUYECKUX MAKETOB IS
MEPCOHAILHOTO KOMITbIOTEPa. B COCTaB MCXOMHON CMECH MOKHO BKJTIOUATh JTHOOBIC
(B TOM UmMCIIe U 3a]aHHBIC B YCJIOBHSIX) KOJMYECTBA MCXOIHBIX peareHToB. MHOTIA
pacdeT ynoOHee cHaJaia BBIMONHATH Ha 1 KMOJb peareHra, a 3aTeM Jenarh mepe-
CYET Ha peayibHYIO MoAayy.

Ecmu crexuomerpudeckue Kod()PUITMEHTH B ypaBHEHUH PEAKIIUUA PABHBI
€JIMHULIE, OTIPEIETIEHNE MOJIBHBIX J10JI€H KOMIIOHEHTOB HE BBI3BIBAET 3aTPYIHECHHUIA.
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B Gosee CII0KHBIX ClTydasiX yYUTHIBAIOT CTEXHOMETPHIO.

Hanpuwmep, B peakunun 24«—B « MOMEHTY PaBHOBECHS IPOpPEArupoBaio
2V moneit pearenta A (14 = Npo —2V), ogHAKO 00Pa30BaAIOCh Y MOJICH MPOIYyKTa
B (nz = V). B peaxiin A+=—2B mpopearnposaio Y Moieii pearenra A, 06paso-
BaJIOCh ke 2Y Mouneil mpoaykra B.

HeoOs3aTenbro 3a Hem3BecTHOe X (V) MpUHUMATH TOJBKO MPOpPEarnpOBaB-
M€ KOJMYEeCTBA peareHTOB. BO3MOXKHBI TpU BapuaHTa MaTeMaTHYeCKOIrO OIuca-
HUSI paBHOBECHOM CMECH:

1. 3a HeusBectHOe (X wiM V) NMPUHUMAIOT KOJIMYECTBO peareHToB A u B,
IPOpEarupoBaBIINX K MOMEHTY YCTAaHOBJICHHS pAaBHOBECHSI.

2.3a HeusBecTHoe (X win V) NpUHUMAIOT KOJIMYECTBO B PABHOBECHON CMECH
KJTIOYEBOTO KOMITOHEHTA, YaIlle BCETO MPOMEXKYTOUHOTO MPOIYKTA.

3. 3a HemsBecTHOe (X WM V) MOXHO TPUHSTH PaBHOBECHYIO KOHBEPCHUIO
pearenTa (BBIpOXKECHHYIO B JIOJISIX OT SIUHUIIBI).

PesynbraThl BEIYMCICHUH BO BCEX CIy4asX OJWHAKOBBI, OJTHAKO MAaTEMaTH-
YECKHE BBIPAKEHUS JUII KOHCTAHT PABHOBECHSI B HEKOTOPBIX BapHaHTaX IMOJIy4a-
10Tcs mpotre. Hampumep, 1iist CI0KHOM 00paTUMON peakiiu

A+ B+ D(K1), D+—=C (K»).

MonbHbIe 10U KOMIIOHEHTOB B PaBHOBECHO CMECH MOKHO BBIPA3UTh Tpe-
Ms1 criocoOamu (Tabmuia 2).

Ta6numa 2 —MosbHbIE 10711 KOMIIOHEHTOB B PABHOBECHON CMECH

K OMIIOHCHT Hcxonnas PaBHOBecHas cMech, KMOJIb
cMeCh, KMOJb |  Bapuant 1 Bapuant 2 Bapuant 3
A Nao Nao— X No—X—V Nao — MaoX =
=Nao (1 = X)
B Ngo Ngo— X o—X-V Npo — MoX
C y y NagXyY
D X=-V X NagX — MXV =
= nAoX(l — Y)
Nao + Neo Nao + Neo =X [Nag + Neg =X =¥ |Nag (1 = X) + 1o

B Bapuanrte 1 npunsaro: X — konuuectBo peareHToB A 1 B, ¥V — xonnuectBo
MPOMEKYTOYHOTO TpoaykTa D, mpopearnpoBaBmmx kK MOMEHTY paBHOBecus. [lo-
TOMY KoyimdecTBO D B paBHOBECHOM cMecH onpeersercs pasHoctbio (X — V) (06-
Pa30BaIOCh MHUHYC H3PACXO0I0BAIOCH).

B BapuaHTe 2 BBIpaKCHHS 711 OCTATOYHBIX KOJMYECTB HCXOTHBIX PEarcHTOB
A u B mony4eHsl U3 CIEAYIOUNX COOOPaKEHUI: peareHT pacXxoayeTcs Ha MpoMe-
KYTOYHBIN TPOIYKT (X MOJIB), M3 KOTOPOTO B CBOIO OYepe/ib 00pa3yeTcss KOHCYHBIH
npoaykt (¥ moins). CieoBateabHO, B PABHOBECHOH cMecu ocTalioch (Nag — X — V)
MOJIb peareHra A.

B BapuanTe 3 mpuHsATO: X — paBHOBECHass KOHBepcusi peareHTa A, ¥V —
IIPOMEKYTOUHOTO IpotykTa D.
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BBIpa)KeHI/Iﬂ JJIs1 KOHCTAHT paBHOBeCI/IH HpI/IBeI[eHBI HUIXKCEC.
(X =¥)nao +ngo - X) K,=_ Y

’ 2 .
m{npo ~ngo)(ngo — X) X-Y
X(nap +Ngp = X -Y)
po — X =Y)(ngo = X -Y)
X({L=Y)[ngo + nagll= X)| Y

- X)ngo -naoX) | 2 1-Y

Bapuanr 1: K1 =

Bapuanr 2: K7 =
71(n

Bapuant 3: Kq =
1-Y

Kak BumHO, B BapuaHTe 2 MOJy4arOTCs HECKOJBKO 0o0Jiee MPOCThIe MaTeMa-
TUYECKHE BhIpaKEeHHs. HecMOTpsi Ha OYEBHUIIHYIO CIIOKHOCTh BapuaHTa 3 HECO-
MHEHHOE €r0 JIOCTOMHCTBO B TOM, YTO HANPSIMYIO BBIYUCIIIETCS PABHOBECHAsI KOH-
BEPCUS PEArCHTOB.

Kpome o0OpaTuMbIX mMapamienbHbIX PEaKIHi, KOTOPBIE PacCMaTPUBAIUCH
BBIIIIE, MOTYT MTPOTEKATh U TIOCIEOBATEIBHBIC PEAKIIUN C 0OPATUMBIMU CTAAUSIMU:

K K,

A+<—=B<+—D.

HanomMuum, 4to peus uaeT o mporeccax, NpoxXoIaluX OJHOBPEMEHHO U He-
3aBUCHMO B OJHOM peaktope. Eciu peakuuu pas3aeneHbl BO BPEMEHHU M IPOCTPaH-
CTBE, TO MaTepuajbHbIM OajaHC COCTaBIAETCS JIS JABYX OTIEIbHBIX OOpaTHMBbIX
peakimii: A «<——B u B+—D.

Petienue, kak v npu Bcex 0OpaTUMBIX PEAKIMIX, HAYHEM C MOJIBHOTO COCTa-
Ba paBHOBECHOU cMmecH. [IpuMeM KoamdecTBa NpeBpalieHHbIX K MOMEHTY paBHOBE-
cus peareHta A ¥ MPOMEXYTOUHOTO NpoayKTa B 3a X u V coorBeTcTBeHHO. MOJIB-

HbIC COCTaBblI UICXOQHON U paBHOBCCHOﬁ CMCECH IMPHUBCACHELI B Ta6J'II/II_IC 3.

Ta0muma 3
KommoHeHT HUcxonHas cMecs, PaBHOBecHasa cMech, [TapumaneHOE
MOJIb MOJIb JTaBJICHUE CMECH
A 1 1-X 7(1.-X)
B - X=-Y m{X-Y)
D - Y Y
2=1 2=1

ITpumedanue - KomnuecTBO mMpoOMeEKYTOUHOTO NPOJAYKTa B B paBHOBECHOM CMECH OIpPEEISAETCA pa3HO-
CTBIO MTPOIYKTOB, 00pa30BaBIINXCs Ha MepBoit ctamuu (X) 1 U3pacxogoBaHHBIX Ha BTOpoit ctaauu (Y)

BripaykeHus 111 KOHCTAHT paBHOBECUS UMEIOT CIEAYOIIUN BU!

Ki=X-Y(1-X), K;=Y/(X-Y)

Ota cucTeMa ypaBHEHHMI C JByMSI HEM3BECTHBIMU JIETKO PEIIAETCS OTHOCHU-
tenbHO X U Y. Ecin crexuomerpudeckue Ko3(h(OUIUEHTH B YPaBHEHUSIX HE PaBHbI
€IMHHULIE, TO MOXET MOJIyYUThCS CUCTEMAa KBaJIpaTHBIX MM 0OJiee CIOKHBIX ypaB-
HeHMM. Torma cucremMa pemaercs ClHeNUalIbHBIMU MATEMAaTUYECKUMU METONAMM,
MOCJIE Yero OTOMPAIOTCS KOPHH, YIOBJIECTBOPSIONINE CIEAYIOMIUM OIPaHUYCHHSIM:
O<Xx=l; OsYsX.

Jlanee peuieHue He NMPEACTABISICT TPYAHOCTEN U, B 3aBUCUMOCTU OT UCXOJ-
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HBIX JIAHHBIX CBOJUTCS K MOHMCKY IOJAHHOTO B MPOIIECC U HE MPEBPAMIEHHOTO KO-
JUYECTBA peareHTa 4 WU BBIXOJOB KOHEYHOTO W IPOMEKYTOYHOTO IPOTYKTOB.
Pa3ymeercsi, 6anaHc, cocTaBIeHHBIH Ha 1 KMOJb, CIIEyeT IMepecynuTaTh Ha 3ajaH-
HYIO Harpy3Ky IO ChIPBIO WJIU BBIXOJ MPOAYKTA.

BceTpeuarorest Takke oOpaTHMBIE TPOILECCHI ¢ HEOOPAaTHUMBIMU CTaIUSMH,
HaIpuMep:

A - B+<—D.

MeTouka cOCTaBJICHUST MaTEPHAIILHOTO OajaHca TaKOW PEaKI[UU 3aBHCHT OT
3aJIaHHBIX YCJIIOBHH.

1. Ecnu 3a1aHbl KOJIMYECTBO KHIJIOMOJIEH UCXOaHOTO peareHTa G o, €ro KOH-
BEPCHUS U KOHCTAHTa PaBHOBECHUS X4, MOXKHO TIPEIJIOKHUTH CICAYIOIIMI X0 pere-
HUSL.

Beruncnsem koaudectBa mnpespamieHHOro (G4 Xx4) M HENpeBpalieHHOTO
G40(1 —x40) pearenta 4. Torga KoaMUeCTBO 00pPa30BaABIICTOCS B pPe3y/IbTaTe peak-
mun A — B mpoaykta B coctaBut Ggg = Gy x4

Eciin x MOMEHTY YCTaHOBJICHHS PaBHOBECHs Ipopearupyer X KMoJb Ipo-
IOyKTa B, SBISIOMIETOCS UCXOIHBIM JUIsi 0OpaTMOi peakiuu B +«—— D, 1o cocra-
BBl ICXOJIHOM M PAaBHOBECHOM cMecei OyayT ciemyromumu (tadmuma 4).

Taomuma 4
Kommouneur | Mcxomnas cMech, PaBHOBecHas cMmecs, [TaprmanpHOE
MOJIb MOJIb TTaBJICHUE
A G Gao (1 _xA) -
B - Guoxs - X G064 — X)) Gyo
D - X TX1G 40
>.Gao >.Gao -

[ToncraBuM BbIpaXKeHMs NMaplUaIbHBIX AaBieHui 111 B u D B ypaBHeHue
anst koHcTaHThl paBHOBecHs K = X/(Gyoxy — X) ¥ BBIYMCIINM 3HAYCHUS] PaBHOBEC-
HOIl koHBepcun X. KonmuectBo HakonuBuierocs npoaykra D um ocratok Hempe-
BPAIlIEHHOTO MPOAYKTa B MOXKHO onpeaenuTs 0e3 Tpy/a.

OTmeTuM, YTO HECMOTPS Ha TO, UTO PEAreHT A HE y4acTBYET B PaBHOBECHOM
pEaKLMK, €ro HENPEBPALLIEHHOE KOJIMYECTBO CIEIYET YUECTh MIPU BBIUMCIEHUU CO-
CTaBa PaBHOBECHOM CMECH M MapLMaIbHBIX JaBieHU. Takum xe 00pa3oM ydHThI-
BAIOTCS BCE IPUMECH, IOCTYNAIOLIUE C CHIPHEM.

2. Ecnin 3a1aHbl KOJIMUECTBO M COCTaB PEaKIIMOHHOM MacChl, TO XOJ1 PEIICHUs
OyIIeT CIeayOUIM.

3Has COCTaB U KOJMYECTBO PEAKILIMOHHOM CMeCH, KOTOpast paKTUUECKH SIBIIS-
€TCsl PaBHOBECHOM, JIETKO OIPENEIUTh KOJIMUYECTBAa KOHeUHoro npoaykra Gp, oc-
TaTKOB IIPOMEXKYTOUHOTO npoaykra Gg u HenpeBpalleHHoro pearenra Gy.

KonnuectBo koHEUHOrO npojykTa D paBHO IpeBpallileHHOMY B pe3yjbTare
peakiun B +—— D mpoMexyTOYHOMY MPOAYKTY B, HE3aBHCHMO OT TOTO, 00paTH-
Ma 3Ta peakuus win HeT. CyMMa HempeBpalleHHOro npoaykra Gg M KOHEYHOro
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npoaykra Gp B COOTBETCTBUU CO CTEXMOMETPHUEN peaklnu JaeT oOpa3oBaBIlIeecs B
HEOOpaTUMOM CTaAuU KOJUYECTBO MPOMEKYTOUHOTO0 npoaykra: Ggo =Gz +Gp.

B cBoto odepens MpoMeKyTOYHOTO MPOAYyKTa B 00pa3yercss pOBHO CTOJBKO,
CKOJIBKO TIPOpearupoBajio HCXOJHOTO peareHta A B HEOOpaTUMOW CTaJuu:
GAnp=GBO-

[TonanHOE HA peaKIMI0 KOJUYECTBO pPearcHTa CKJIAJbIBACTCS M3 CyMMBI KO-
JMYECTB MPEBPALICHHOTO U HEMPEBPAIIIEHHOTO pearcHra A:

G0 =G +Gy.

Taxum oOpa3om, 3aaya pemaeTcs Tak ke, Kak B ClIy4ae HeoOpaTUMOM Io-
CJIeIOBATENbHOM peakiuu, 0e3 yuera KOHCTAaHThl paBHOBECHS.

HHuTepecHbIM ciydyaeM SIBISIETCSl peaklus, B KOTOPOil oOpaTtumas cTaaus
IpeIIecTByeT HeOOpaTUMOIA:

A<—B - D.

3neck peakius B — D BbIBOAUT MPOAYKT 00paTUMOi cTaauu u3 chepsl pas-
HOBecHs, 4To o npuHumy Jle-Illatensbe caBuraer paBHOBecHe peakiun A «—— B
BrpaBo. Ecnu paBHOBecrue oOpaTUMOM CTaANK MO TEPMOJIUHAMUYECKUM MTPUIHHAM
CHJILHO CIIBUHYTO BIpaBo (K >> 1), To uepe3 ompenesieHHOe BpeMsi KOHBEPCHUS UC-
X0JHOTO peareHTa 4 MoxkeT npuobmusnthes k exunuie (100 %).Ecom xe K << |
(paBHOBecHE CIIBUHYTO BJIEBO), TO HECMOTps Ha jeiicTBue peakuuu B — D B peak-
IIMOHHOM cMecu Oy/eT MPUCYTCTBOBATh 3HAYMTEILHOE KOJMYECTBO HEMPEeBpaIlCH-
HOro peareHTa A. Takoe nckakeHne paBHOBECHS HE TIO3BOJIIET OOBIYHBIM 00pa3oM
(uepe3 mapuHagbHBIC TABJICHUS U KOHCTAHTY PABHOBECHS) BBIYUCIIUTH KOJIUYICCTBO
pearenTa A, u3pacxoA0BaBILEecss K MOMEHTY YCTaHOBJICHUS PAaBHOBECHS.

CocTaBUTh MaTepUalbHBIA OaTaHC MOXHO TOJBKO TOT/Q, KOTJa M3BECTEH
COCTaB PEaKIMOHHOW CMECH, T.. KaK B CiIydae HEOOpaTHUMOH IOCIeN0BATEIbHOM
pEaKUnil.

1.7 IllpuHIUN cocTaBJEeHHUs JHEPTreTHYECKOTro (TeNnJI0Boro) dajanca
M TeIJIOBbIe PACYeThl XUMHKO-TEXHOJIOTHYECKHX MPOLECCOB

Kak npaBuio, MmaTepralibHbIi OajlaHC MpeAliecTByeT TerioBoMy. OnHaKko B
psizie cilydaeB MaTepHaJIbHbIA OallaHC COCTABJISIOT C YUYE€TOM TEIUIOBBIX SIBJICHUI B
cucteme. I[lonob6Has cuTyanusi BO3HUKAET, €CJIU OJIMH M3 KOMIIOHEHTOB PEaKIINU
OJIHOBPEMEHHO SIBJIACTCSA TEIUIOHOCUTENIEM HJIA XJ1aJ0ar€HTOM WM OJHA PEaKLUs
noTpedsieT TEIIo, BBIACIIONICECS MpU APYyroi peakmuu. B kauectBe mpumepa
MO>KHO MPUBECTH TMpoliecc ra3uuKalny TBEPAOro TOMIMBA B IPUCYTCTBUH BOS-
HOro mapa. Paccuutarh coctaB IyThsl MOKHO, 3Hasl JTUIIb N30BITOUHOE KOJTMYECTBO
Teru1a, 00pa3ylolerocsi B reHepaTope B pe3yibTaTe peakuuu ropeHus yris. py-
I'MM [IPUMEPOM SIBJIIETCA MPOLIECC OTTOHKU HE3aN0JIMMEPU30BABILIErOCs MOHOMEPA
U3 JIaTeKca BOJSHBIM MapoM. B aToM cinydae maccy Teronocurens (rmapa) CyMMu-
PYIOT C Maccoi ChIpbsl.

DHepreTryeckuil (TEIIOBOI) OaaHC JIF0OOro ammapara MOXKET ObITh MPe-
CTaBJICH B BUJIC ypaBHEHWMsI, CBS3BIBAIOIICTO MPHUXOJ M PAacXoi dHepruu (Teruia)
nporiecca (ammapara). DHEPreTHUECKUN OalaHC COCTABJISICTCS Ha OCHOBE 3aKOHA
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COXpaHEHHS DHEPIHH, B COOTBETCTBHU C KOTOPHIM B 3aMKHYTOW CHCTEME CyMMa
BCEX BHUJIOB SHEPTUU MOCTOSTHHA. OOBIYHO JIJISI XUMHUKO-TEXHOJOTHIECKUX TPOIIEC-
COB COCTABJISIETCS TEIUIOBOH OanaHc. YpaBHEHHE TEIUIOBOTO OanaHca:

2Qy, =2 Qe (1.31)
WA

Zan _ZQpacx =0 (132)

[TpuMeHHnTETHHO K TEIJIOBOMY OalaHCy 3aKOH COXPAaHEHUS YHEPTuH (HopMy-
JUPYETCS CICAYIOIIUM 00pa3oM: npuxod meniomsl 8 oannom annapame (uiu npo-
U3800CMBEHHOU Onepayul) O0JICeH OblMb PAGeH pacxody Meniomsl 8 Mom Jice
annapame (uiu onepayuu).

Jlnist anmmapatoB (MIPOIECCOB) HEMIPEPHIBHOTO IEHCTBHSI TEIUIOBOW OanaHc, KakK
MPABUJIO, COCTABIISIIOT HA €AMHUILY BPEMEHH, a JUIs armnapaToB (IPOIECCOB) MEPUO-
JAMYECKOTO JISMCTBUS — Ha BpeMs KA (MM OTACIHFHOTO TIepexo1a) 00pabdoTKH.

TennoBoif GamaHc pacCYUTHIBAIOT MO JaHHBIM MaTepUATbHOrO OajaHca ¢
YUETOM TEIUIOBBIX APQPEKTOB (IKZOTEPMUUYECKHX M IHAOTCPMHUECKUX) XUMHUYE-
CKMX peaknuid u (PU3MYECKHX TNpeBpamieHuid (MCrapeHue, KOHACHCAIHsS U JIp.),
MPOUCXO/SIMX B ammapaTe ¢ y4eTOM IMOABO/a TEIUIOTHI M3BHE M OTBOJA €€ C Mpo-
AYKTaMH PEaKIuy, a TAK)Ke Yepe3 CTCHKH armapaTa.

TemmoBoii GanaHc MOAOOHO MaTEPHATLHOMY BBIPAKAIOT B BHUJE TaOIHIl U
auarpamm, a JJis pacueTa HCIONIb3YIOT CeayIollee ypaBHEHHE:

Qr +Qu +Qr +Qp +Qp +Q; = Q) + Qi +Qr +Q, +Q, +Qp,  (1.33)
rne Qr, Qx, Qr — KOMUYECTBO TEIJIOTHI, BHOCHMOE B allapaT TBEPIbIMHU, KHJIKH-
MH U Ta3000pa3HbIMHU BeUIECTBAMU COOTBETCTBeHHO; Qr, Qh, Qp — konmnue-

CTBO TEIUIOTHI, YHOCUMOE M3 amnmnapara BBIXOIAIUMU MPOIYKTAMU U TIOTYIPOAYK-
TaMH PEaKIUH W HEMPOPEarupoBaBIIMMU HCXOJHBIMU BEIIECTBAMH B TBEPIOM,
KUIKOM H Ta3zoobpasHoM Buie; Qp u Qp — Temiora (GHU3MYECKHX MPOIECCOB,

npoucxoasux ¢ BeiaenacHueM (Qp) u normomienueM (Qgp ) Termotsl; Qp u Qp —

KOJIMYECTBO TEIUIOTHI, BBIACISAIONIEECS B pe3ysibrate 3k30- (Qp) m sHAOTEpMHUEC-
ckux peaknuit (Qp); Q7 — KOIMUYECTBO TEIJIOTHI, TOJBOANMOE B anmapar u3BHe (B

BU/JIE IBIMOBBIX T'a30B, HATPETOTO BO3/yXa, CKUTAHUS TOIUIMBA, SJIEKTPOIHEPTUU U
T.1.); Qj7 — MOTepH TEIUIOTHI B OKPYXKAIOIIYIO CPE/Y, a TAKKE OTBOJI €€ 4epe3 XO-

JIOAMJIBHUKH, [IOMENIEHHBIE BHYTPH allapara.
Bemnuunbl Qr, Qux, Qr, Qr, Qix, Qf paccuuThIBalOT il KaXI0TO

BEIIIECTBA, MOCTYIAOIIETO B alllapaT ¥ BBIXOJSIIETO U3 HEro 1Mo GpopmyIie:
Q = G, (1.34)
rae G — KOIMYECTBO BEILECTBA, ¢, — CPEAHSS TEIUIOEMKOCTh ITOTO BELIeCTBa; t
— TeMIIepaTypa, OTCYUTaHHAS OT Kakoi-mnoo Touku (00sraHO 0T O °C).
Temmoemkoctu ra3oB [B Jx/(kmoinb-K)], yuacTByrommx B mporiecce, s
nanHo# Temnepatypbl B °C (wu T, K) MOXXHO MOICYMTATE, OJIB3YICH (HOPMYIIOi:
c,=a, + T+ a>T? + asT°, (1.35)
rZe do, a1, dz, A3 — KO3 (PUIMEHTHI, KOTOPbIE MOKHO HalTH B CIPAaBOYHOM JIUTEpa-

Type.
Yamie Bcero mpHUXOAMTCS MMETh €0 cO cMecsaMmH BemecTB. [losTomy B
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dopmyiry (1.35)m0ACTaBISAIOT TEIIIOEMKOCTh CMECH C,,, KOTOpPAsi MOXKET OBITh BbI-
YHUCJICHA 110 3aKOHY aJITMTUBHOCTHU. Tak, JJITI CMECH TPEX BEIICCTB B KOJIUYCCTBE
G, G; n Gs, HMEIOIUX TEMIOEMKOCTH Cp1, Cp2 U Cp3
- GiCp1 +Gocpo +Gae 3
« Gp +Gy +Gg3 '

CymmMmapHast Teriora (GU3UYECKUX IMPOIECCOB, MPOUCXOAIINX B aIlapare,
MOJKET OBITh pacCYMTaHa M0 YPaBHEHHUIO.

qu, = Gqr1 + Gory + Garg, (137)
rae G;, G, u Gz — KonMYecTBa KOMIIOHEHTOB CMECH, IIPETEPIEBIINX (Pa3oBbIC Tie-
pexXobl B JAHHOM armapare; 1, I, 3 — Teriora (Gpa3oBbIX epexo10B (KOHICHCa-
U1, KPUCTAJUTA3AIIHSI, PACTBOPCHHE U T. II.).

KonmuecTBo 4ieHOB B mpaBoi yacTu ypaBHeHus (1.37) 10KHO COOTBETCT-
BOBAaTh YKCIy WHIWBHIYaJbHBIX KOMIIOHCHTOB, U3MECHUBIIUX B ammapate (B Xoje
nporiecca) cBoe (pa30BOE COCTOSIHHUE.

AHaJIOTUYHO PACCUUTHIBACTCSA PACXOJ TEIUIOTHI HA T€ (PU3MUYECKHE MPOIIeC-
Cbl, KOTOpBIE HAYT ¢ morioiieHueM Termothl (Qgp): AecopOius ra3os, napoobpa-

(1.36)

30BaHue, MIABJICHUE, PACTBOPEHHE U T.II.

TennoBeie 3(hHEeKThl XUMHUUECKUX PEAKIMA MOTYT ObITh pacCUMTaHbl HAa OC-
HOBE TEIJIOT 00pa30BaHMs UM TEIJIOT CTOPAHUS BEIECTB, YYACTBYIOUINX B peak-
nuu. Tak, mo 3akoHy ['ecca TemnoBoil 3pdekT peakmuu ompenensieTcs Kak pas-
HOCTb MEXIY TEIUIOTaMH 00pa30BaHUs BCEX BEIIECTB B MPABOIl YaCTH ypaBHEHUS U
TEIIOTaMU 00pa30BaHUS BCEX BEIIECTB, BXOISAIUINX B JIEBYIO YaCTh YPABHEHHUS.

Hanpumep, g monensHoi peakuuu: A + B = D + F + g, uzobapHslii Ten-
noBo# ekt OyaeT:

q(?@p =QogpD + QospF — (q06pA + QOépB) (1.38)

0

N306apHbIe TETUIOTHI 00pPa30BaHUSI U3 DJIIEMEHTOB PA3JIMYHBIX BEIIECTB Y

(nmu —AH®) npuBeeHbI B CIPABOYHHKAX (PH3HKO-XMMHUUCCKUX, TEPMOXHMHYECKIX
WIA TEPMOJIMHAMUYECKUX BENWYHH. [Ipy 3TOM B KauyecTBE HOPMAIBHBIX YCIOBHIA
npuHsTEL Temmeparypa 25 C, masienne 1,01-10 Ia u m1s pacTBopeHHBIX Be-
mecTB KoHIeHTpamnus 1 mosb Ha 1 kr pacTBopuTens. ['a3sl M pacTBOPHI Mperoa-
raroTCs UIeaTbHBIMHU.

TennoBoit 3¢ dexT peakuuu TakkKe paBeH CyMMe TEIUIOT 00pa3oBaHUs HC-
XOJIHBIX BEIIECTB 32 BHIYETOM CYMMbI TEILJIOT 00pa30BaHUsl MPOIYKTOB PEaAKIIUU:

AH, =Y (0H,;) =Y (8H,, )npoo (1.39)

N3MeHeHne SHTanbNUM  PEaKUMU [OPU  YBEJIWYCHUM  TEMIEPATYPhI
ot Ty no T, paccunThiBalOT 1o 3akoHy Kupxroda (mpeamosaraercs, 4To B JaHHOM
WHTEpBAJIC TEMIIEPATYP MOJIbHBIC TEIJIOEMKOCTH HE 3aBUCAT OT TEeMIEpaTyphbl U
HEeT (pa30BBIX MPEBPAILCHUI):

.
AH, =AH, + [c,dT (1.39)
TO

Jlns onpeneneHus: 3aBUCMMOCTH TEIIoBoro 3¢ @dexra peakuuu oT Temrepa-
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Typbl IPUMEHSIOT ypaBHeHUEe HepHcTa!

Ap =0p +8agT + Y, AaT? + Y AapT®, (1.40)
rne Aag, Aay, DAap — pa3sHOCTH COOTBETCTBEHHBIX KO3()(PUIMEHTOB ypaBHEHUS
1.35) s IPOAYKTOB PEaKIMU M MCXOJHBIX BEHISCTB. 3HAYCHHS dTUX K03 duim-
€HTOB JUIsl OTAEIBHBIX PEAKINIA MPUBEACHBI B PA3TUYHBIX CIIPABOYHUKAX.

[ToaBox TernoTel B ammapat Qp MOXKHO YUUTHIBATH MO MOTEPE KOJIMYESCTBA
TEIUIOTHI TEIIOHOCUTENEM, HanpuMep, rpetoieil Boasl (Gg, ¢,p)

QIY = GBCpB (tﬁau - tKOH) (141)
Imapa

Qu = Gr (1.42)
HJIN K€ I10 (I)OpMYJ'IC TCILIONEPEAaAYH YE€PE3 I'PCIOIYIO CTCHKY.

Qu = KF(tr—1)7, (1.43)

rae Ky — xoadduument temnonepenaun; F — moBepxHocTh Temaooomena; t —
CpedHsisl TEMIIepaTypa TPEIOIIero BemecTBa (BOIBI, mapa U T. 1.); L, — cpemaHsis
TeMIIepaTypa HarpeBaeMoro (XOJIOJHOTO) BEIIeCTBA B ammapare; I — TeIioTa Hc-
napeHusi; T — BpeMs.

I[To stoit popmyie (1.43)u apyrum hopmyiaM TEIUIONEpeIadl MOKHO TaK-
K€ pacCUUTaTh OTBOJ TEIUIOTHI OT PEarupyrouieil CMecH B ammapare Wi MOTEPIO
TEIUIOTHI B OKpYKaoIyto cpeny Q. DTy craThio pacxoaa TEmIOThl YaCcTO BBIUKC-
JSIOT O U3MEHEHUIO KOJIMYECTBAa TEIUIOTHI XJIaJ0areHTa, HampuMep, OXJIaKIaro-
IIET0 BO3/yXa MUJIH BOBI.

Temtora (B Bt), mosydeHHas mpu CXKUTAHWW TOIUIMBA UIA MPH TIPEBpaIe-
HUU DJIEKTPUYECKONM SHEPrHMHM B TEIUIOBYIO, MOJCUYUTHIBAIOT MO (opMynam: Jis
IIJIAMEHHBIX IIeYeH

Q7 =GQY; (1.44)
IS OJICKTPHUYECKHX TTedei
Q7 = NS, (1.45)

3 .

rae G — pacxon TormBa, M°/C WU Kr/c; Qf — HU3IIAs TETUIOTa CTOPaHUs TOII-
muBa, Jix/m® wan Jlx/kr; N — momsocTs nieun, Bt; 8 — pasmepHbiii koddduim-
€HT.

HpI/I IMoACYCTC TCIJIOTBI CropaHus TOILIMBA IIO €ro 3JICMCHTAPHOMY COCTAaBY
B TEXHUYCCKHUX pacdeTax Yame BCEro UCIIOJIb3YCTCA (I)OpMYJ'Ia Menpeneena:

P =3393[C +1256[H —-1090 - S)- 252(9H +W)QP, (1.46)

rae C, H, O, S —co0TBeTCTBEHHO COIEp)KaHKe yIiIepoaa, BOJOPOAa, KACIOpoa U

cepsl % (Macc); W — cozepskanue Biaard B pabodeM TorumBe (C y4eToM cojepixa-
Hust B HeM 4 % 30161 N % a3ota), Y%(Macc.).

Beiciuas Temyora cropanus QF BBMUCISETCS TPH YCIOBUH, YTO BCS BOJA,

oOpa3oBaBIIasiCsl IPU CrOPAHUM, U BJIara, IEPBOHAYAIBHO COZEPIKAIIAsICS B TOILIU-
B€, KOHACHCUPYETCA U3 OTXOIAIIMUX Ia30B B XUIKOCTb U OXJIAKAACTCS 10 IEPBO-
Ha4yaJbHOM TEMIIEPATYPHI, T.€. O TEMIIEPATYPHI, ¢ KOTOPOM MOCTYIIAET TOILUIUBO B
TOTIKY; OIpeesieTcs no Gpopmyie:
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QP = QP +25,20H + W) (1.47)

Ha ocHoBe 3neMeHTapHOro cocTaBa TOIUIMBA, TEOPETUUECKHUA PAcX01 BO3TY-
xa G, (B kr Ha 1 KT TOIUIMBA) PACCUNTHIBACTCS 10 YPABHCHHMIO:

Geop = 0,116C + 0,348H + 0,0435 (S O) (1.48)

KonndecTBo Teria, BHOCUMOTO BJIKHBIM BO3IYXOM, |,y MOXKHO IOACYH-
TaTh 1Mo popmye:

ls0s0 = O Gpeop (1,02 + 1,95)t,,50, (1.49)
rae Gye,, — TEOPETHUECKUH pacXof Bo3AyXa (B Kr), HIYIIEro Ha Ckuranue 1 kr
pabodero TorMBa, O — KO3PPUIMEHT M30BITKA BO3ayXa (MPAKTUYSCKH OOBIYHO
JUIsl TBEepAOro TormBa a oepercs ot 1,310 1,7; nnst sxuakoro ot 1,1 no 1,2wu nst
razoob6pasnoro ot 1,0 10 1,2). 1,02 —ynaenbHas TEIIOEMKOCTh Bo3ayxa; 1,95 —
ylIeabHas TEIUIOEMKOCTh BOJSIHBIX MApOB; X — BJIArOCOJCp)KaHUE BO3ayxa (B Kr)
Ha 1 Kr cyxoro Bo3ayxa; t,,,) — TeMmrepaTypa BO3lyXa, MOCTYIAIOIIETO Ha Cropa-
HHE.

2 O¢gopmiaenne KypcoBoii padboTbl

KypcoBas pabota siBisieTcst paboToil, KOTopas 3aBepiIaeT MPOIECC OCBOCHHUS
CTYJACHTOM JAMCIMILINHBI «XHUMHUECKHUH ITPOIIECC.

Kypcosast padota (KP) umeer ciieayromniue CTpyKTypHbBIE 3JIEMEHTBI, PacIio-
JaraeMbl€ B yKa3aHHOM MOCJIEI0BATEIbHOCTH:

- TUTYJIbHBIU JIUCT;

- 3aganue Ha BeinoJjiHeHue KP;

- COAEpIKaHUE;

- onpe/ieNieHrs], 0003HAYCHHS U COKpameHus (P HEOOXOIUMOCTH);

- OTIMCaHUE TEXHOJIOTUIECKON CXeMbI (XUMHUYECKOTO MpoIecca);

- IPUHUHUIIAAIIbHAS CXEMa IIPoLiecca;

- MEXaHU3M XUMHUYECKOW PEAKIIUHY;

- CTEXMOMETPHUYECKNE YPABHEHUS PEAKLINH;

- pacyeT MaTepuaIbHOro OanaHca,;

- pacyeT TeII0BOro OanaHca.

- 3aKJIFOYEHUE;

- CIIUCOK HCIIOJIb30BAHHBIX UICTOYHUKOB.

Tema KP B 3aanuu 1 Ha TUTYJIBHOM JIUCTE OaKanaBpCKON pabOThI TOJIKHA
MTOJIHOCTBIO COBIA/IATh.

Tekct KP meuaraercst Ha ogHO# cTopoHe Jmcta yepe3 1,5 unreppan ¢ uc-
MOJIb30BaHUEM TIEPUPEPUIHBIX YCTPONCTB MEPCOHATBHBIX KOMITBIOTEPOB, pa3Mep
noJieii: eBoe, Bepxuee u HiwkHee — 20mm, mpaBoe — 10mm. [lpudpt «Times New
Roman»,kerns 14, BelpaBHUBaHHE TEKCTa MO MIMPUHE CTPAHUIIBI, a03aIHBIA OT-
CTym TiepBO# cTpoku 1,25cM. PekoMeHyeTcsl B TeKCTe yCTaHABIMBATh aBTOMATH-
YECKUI NIEPEHOC CIIOB.

3aroJoBKM  CTPYKTYpHBIX  3JEMEHTOB  TekcroBod  vactu  KP:
«COJJEP)KAHUE», BAKIIOYEHUE» u «CIIMCOK HCIIOJIB3OBAHHbBIX
NCTOYHUKOB», cneayet pacronaraTh B CEpeIMHE CTPOKU O€3 TOUYKH B KOHIIE U
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revararh MPONMCHBIME OYKBAMH ITOJTY)KHPHBIM MIPUPTOM (B TEKCTE 3TH 3ar0JIOBKU
yKa3bIBAIOTCS 0€3 KaBbIUEK).

Hymepanus ctpanuny KP nomkHa ObITh CKBO3HOM, EPBOM CTpaHUIICH SIBIIS-
eTcs TUTYJbHBIA JucT. Homepa nmuctoB KP mpocTaBmnstoTcs apadckumu 1udpamu
10 LIEHTPY HUXKHEHN yacTu JIUCTOB. HomMepa MMCTOB HA TUTYILHOM JIMCTE U 33IaHUU
HE MPOCTABJISIIOTCSI, HOMEPA JINCTOB MPOCTABIAKOTCS C JIMCTA, CICAYIOLIETO 3a 3a-
nanveM Ha BpinojHeHue KP.

2.1 OdopmiieHre TUTYJIBHOTO JIHCTA

TutynpHbINi TUCT ABIsieTcs nepBbIM ucToM KP. Homep nucra Ha TUTYIRHOM
JIMCTE HE MPOCTABIISIOT.

Ha TuTynpHOM JIUCTE TPUBOJAT CIAEAYIOLINE CBEACHUS:

- HauMEHOBaHue yupenurtens: MuHucTepcTBO 00pa3oBaHusi U Hayku Poc-
cuiickon denepanuu;

- ounmanbHOe HauMeHoBaHUe By3a: denepanbHOE rocynapcTBEHHOE 010
KETHOE 00pa30BaTEIbHOE YUPEKIACHUE BBICIIET0 MpodhecCHOHATBLHOr0 00pa3oBa-
HUs <Y pUMCKHl rocyaapCcTBEHHBIN He(DTAHON TEXHUUECKUN YHUBEPCUTET;

- HaMEeHOBaHue Bblyckatomie kadenpol: Kadpenpa nedprexumun u Xxumu-
YeCKOM TEXHOJIOTHH,

- HaumeHoBanue KP;

- cioBa «KypcoBasi pabota»;

- mup ¥ HAMMEHOBAHWE HAIMPABJICHUS TOATOTOBKHM W CTPOKOW HIKE B
KpYTJIbIX CKOOKax HamMmeHoBaHue mpoduias mporpammbl. 240100 Xumudeckas
texHoyorus (mpoduib «XUMHUYECKasi TEXHOJIOTHSI OPTaHUYECKHUX BEIIECTB»);

- UHULIMAJIBI, (paMUJIMIO U TIOJINUCH JTU1A, BeinoaHuBIIero KP;

- nHunManel, pamunun pykoBoautenss KP, ero yueHyro creneHb U yuyeHOE
3BaHUE;

- MecTO U rof BeinonHeHus KP.

[Ipu 3amoiaHEHHH SJIEMEHTOB THUTYJIBHOTO JIUCTa HEOOXOAMMO COOIIOAATH
CJIEAYIOLIUE TPaBUJIA!

- BCE CJIOBA HA TUTYJBHOM JIMCTE, KPOME HaWUMEHOBAHMS JOJDKHOCTEH, Mu-
ITYTCS MMOJTHOCTHIO, 0€3 COKpaIeHUH;

- IEpEHOC CJIOB B HanMeHoBaHnM KP, ux nmoguepkuBaHue He A0MYyCKaKOTC;

- TOYKHU CTaBATCS TOJIBKO MOCJIE MHULIMAJIOB,;

- pa3psHKEHHBIN MHTEpBaI MeX a1y OyKBaMH CJIOB HE JOIMYCKaeTCsl.

Bce noanucu Ha TUTYJIBHOM JIMCTE JOJIKHBI OBITH CAEIaHbl YEPHUIIAMU WU
NacTOi TEMHOro IBeTa (YEpPHOTO, CMHEro WK (PHOJETOBOTO) C yKa3aHUEM JaThl
noanucanus. Jlara nowkHa ObITh ykazaHa B ¢opmare UU.MM.ITIT (manpumep,
25.12.2014).

B pacummudpoBke nmoanucu MHUANMANBI TiedaTaroTcs 0e3 mpobena, nepea ¢a-
Munien —npooder, Harpumep: A.b. Bapnamos.

[Tpumep odopmieHHs TUTYIBHOTO JIMCTA OaKadaBpCKOW pabOThI MPUBEICH B
MIPUIOKEHUU A.
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2.2 Nznoxenune tekcra KP

Conepxxanne KP nenurtcs Ha pasaensl U moJpas3zelibl, KOTOPbIE MOTYT pas-
OMBaTHCSI HA TyHKTHI U TIOIITYHKTHI.

Kaxxaplii pa3gen TeKCTOBOIO JOKYMEHTa HAYMHAETCS ¢ HOBOTO JIMCTA U BbI-
JCIISETCS TIOTYKUPHBIM IIPUPTOM.

Paznmensl 1 moapasennbl, MyHKTH M TOJIIYHKTHI JTOJKHBI OBITH MTPOHYMEPO-
Banbl. Homep pasnmena o0o3HauaroT apadbckoi mudpoit 6€3 Touku mepes Ha3BaHU-
em. Homep moapasnena cocTOUT U3 HOMEPOB paszesia U moapaszena, pa3aeieHHbIX
TOYKOM; HOMEpP MyHKTa MOJpa3zeia COCTOUT U3 HOMEPOB pasjelna, moapasena 1
MYHKTA, pa3JeICHHbIX TOUYKaMH. AHAJIOTHYHO CTPOHUTCS M HOMEp moamyHkTa. Ile-
pen Ha3BaHWEM BO BCEX CIydasX TOYKa HE CTAaBUTCS.

BHyTpH MyHKTOB WJITU TIOJITYHKTOB MOTYT OBITh IPUBEACHBI TIEPEUHCICHUSI.

[lepen xaxmoi MO3UIKENH TepEeYUCICHUsI CIeAyeT CTaBUTh JAeduc, Hymepa-
U1 CTPOYHBIMU OyKBaMU PYCCKOTO WIIM JIATUHCKOTO aliaBUTa ¢ KPYIJIOH CKOO-
koii. [Tocie kaxoro mepeyrciieHnst CTABUTCS TOYKA C 3aIsTOH, a MOCe MocieIHe-
ro nmepevyucieHus — Touka. [ nanpHeuen geTanu3aiuu nepeurcieHuii Heooxo-
JTMMO HMCTIONB30BaTh apa0dCcKkue MU(MphI ¢ KPYTIIOH CKOOKOH. 3aruch MEPBOTO YPOBHS
(neduc m OykBa) MPOM3BOAUTCS ¢ ab3aHOTO OTCTyMa, a BTOporo (mmdpa) — ¢
JIBOMHOIO ad3ara.

Hampumep: TennooOMeHHBIE anmapaThl KJIaCCUMDUITUPYIOTCS 10 CISTYIOIAM
MpU3HAKAM:

- 110 HAIIPABJICHHIO JIBHYKECHUS TCILIOHOCUTEIICH:

a) MPSIMOTOYHBIE;

0) IPOTUBOTOYHEIC;

B) CMEIIAHHOTO THUIIA;

- IO cTIOCO0Yy KOMITEHCAITUU TeMITepaTypHBIX Ie(opMaIinii:

a) KECTKON KOHCTPYKIIUH;

0) ¢ KOMIIeHCalUel MPH MOMOIIM THOKUX 3JIEMEHTOB:

1) MuH30BbIE;

2) TUCKOBEIC.

HanmenoBanus pa3nenoB u MOAPA3AEIIOB 3alUCHIBAIOT B BHUJIC 3ar0JIOBKOB C
MPOMMMCHON OYKBBI ¢ a03aIHOTO OTCTYyMA. PaccTosiHue MEXy 3arojloBKaMH pasJie-
Ja, Tojpasjiesia U TEKCTOM JO/DKHO OBITh paBHO TpeM HHTepBaiaM (OfHA MpOIy-
IIICHHAs CTPOKA MJIM OJTHO Ha)KaTHe Ha KiaBuiy «Enter»)HanmeHoBaHMe TyHKTOB
Y TIOAIYHKTOB 3alMCHIBAIOT C MPOMUCHOW OYKBBI ¢ a03allHOTO OTCTYyMa, CTPOKH
MEX]Ty Ha3BaHUEM IOITYHKTA U TEKCTOM HE TIPOITyCKAIOTCSI.

[lepeHOCHI CIIOB B HANMEHOBAHUSAX Pa3/IENIOB, MOAPA3/IEIOB, ITYHKTOB U MO/I-
IYHKTOB HE JOMycKawoTcs. Eciu 3aronoBok pasznmena (mojpasiena, MyHKTa, MOJI-
MYHKTa) HE MOMEIIACTCS HA OJJHOM CTPOKE, TO HAMMEHOBAHUE 3aroJIOBKa JTOJKHO
OBITH MPOJIOJDKEHO Ha CIEAYIOUICH CTPOKe ¢ a03aIHOTO OTCTYIA, TO €CTh C «Kpac-
HOM cTpoku». He momyckaeTcs mepeHOCUTh Ha HIDKECTOSIIYIO CTPOKY TEKCT 3aro-
JIOBKA, CJIEAYIOIINN TTOCIIE MPeIora.

[Ipumep:

a) He MPaBHILHO:
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3.1 Pacuer MaTepuaabHOro 0ajiaHca NPOU3BOJACTBA KyM0J1a 110
TexHoJoruu Q-Max ¢pupmbr «<UOP»

0) IpaBHIILHO:

3.1 Pacuer MaTepuajibHOIro 6ajiaHca NPOM3BO/ACTBA KyMo0Jia
1o TexHojoruu Q-Max ¢pupmbr «<UOP»

Touky B KOHIIE 3arOJIOBKOB pa3/ieliOB U MOJAPA3/EIOB HE CTAaBST, a B KOHIIE
MYHKTOB U MOJITYHKTOB CTaBAT. ECIU 3aroIoBOK pacroyioKeH B KOHIIE JIUCTA, IOo-
CJIe HErO JIOJDKHO ObITh HE MEHEE OHON-ABYX CTPOK TEKCTA.

B texcte KP Bce cnoBa mumytes 6e3 cokpallieHuid, KpOMe YCTaHOBIEHHBIX
npaBuIaMHu pycckoil opdorpaduu, NyHKTyaluu, pa3pelieHHbIX K MPUMEHEHHIO B
aHHOTaIMAX, pedepaTax U B CHUCKAX HCIOIb30BaHHbIX UCTOYHMKOB 1o ['OCT
7.12-93.

Hekoropble cokpallleHus, UCIOJb30BaHHbIE B OTIEIBHBIX CIIydasiX, HO HE
SBJISIFOIIMECS] OOIIETIPUHATHIMH, a TAK)KE YacTO MOBTOpPsSIEMbIE CHEIMaIbHbIE Ha3Ba-
HUS JOJKHBI OBITH MPUBEICHBI B CIUCKE YCIOBHBIX 0003HAYEHUM.

CaoBa «maximum»u «MINiIMUM>» IPUMEHSIOTCS B COKPAIlICHHOM BHJIE
TOJIBKO AJi1 MHAEKCOB, HAampUMep Umay Umin. B TekcTe 3TH cnoBa cienyet nucath
IIO-PYCCKHU: MAKCUMAJIbHBIN, MUHUMAJIbHBIN.

CoxkparieHusi HEKOTOPBIX CIIOB U CJIOBOCOYETAHHM, OOMICTPUHSATHIX B PYyC-
CKOM SI3bIKE, IPUBEACHBI B TAOIHIIE 5.

Tabmuma 5 —Ilepedyens cokpaiieHnii HEKOTOPHIX CJIOB U CIIOBOCOYETAHUM,
OOILIEMPUHSTHIX B PYCCKOM SI3bIKE

CnoBo (cmoBocoueTaHwue) CokpareHue VY ciioBus MPUMEHEHUS
TO €CTh T.C. B cepenune npenioxeHus
U TOMY I0JJ0O0OHOE U T.IL B xoH1Ee npennoxenus
U TaK Jajee U T.I. To xe
Y MHOTHE JIpyTue Y MH. Jp. »
U mpoyee H TIp. »
u apyrue u Jp. »

TexkcroByro yacte KP cnegyer uznararb 4eTKUM M JJAKOHUYHBIM SI3BIKOM, HE
JOIyCKasi HEOJHO3HAYHOIO €€ TOJKOBaHMs. [Ipu M310KEHUN TEKCTa CIELyeT HC-
[10JI30BaTh CTHJIMCTUYECKHUE BBIPAKECHHUsI, UCIIOJIB3YyEMbIE B TEXHUYECKOMW IOKY-
MEHTALMK U HAYyYHBIX IyOIMKALUAX COOTBETCTBYIOLIETO NMPO(UIIs, HE PEKOMEHTY-
€TCA HUCII0Jb30BaTh CTWJIMCTUYECKHE BBIPAXKEHUs, IPUMEHSEMBIE B Pa3rOBOPHOMU
pedd, a Takke M30eraTh MCIOJNBb30BAHMS JHIIHUX BBOJHBIX KOHCTPYKLHMHA U TPO-
MO3/IKUX CTUJIEBBIX 0OOPOTOB.

B KP nomxHa ucrons3oBaTbCs TEPMHUHOJIOTHS, YCTAHOBJIIEHHAS COOTBETCT-
BYIOIIMMH CTaHJapTaMd, a MPU UX OTCYTCTBHM — OOILIENpPUHATAs B HAy4dHO-
TEXHUYECKOM JIUTEPATYPE.

IIpu ncnonezoBannu B KP criennanbHON TEPMUHOJIOTUH, €€ NIEPEUYEHb U OII-
peneneHus T0JKHbI ObITh MpUBENEHBI B pasneine «llepeueHs onpenenenuid, 006o-
3HAYEHUN U COKpalleHuii». [Ipn peaKoM KCIOIb30BaHUU CIIEUATbHBIX TEPMUHOB
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WX OTPEJETICHUS TPUBOISTCS TIPH TIEPBOM yIToMUHaHUU uX B TekcTe KP u B BbIme-
yKa3aHHBINA MTepeYCHb HE BKITIOYAFOT.

B KP ciaenyer npuMeHATh CTaHAApTU30BaHHBIC CIMHUIIBI (PU3NICCKUX BEIIH-
YMH, MX HANMEHOBaHUs U 0003HaueHus B coorBercTBUU ¢ ['OCT 8.417-2002 «(a6-
auia 6). B TekcTe Henb3s MPUMEHATh pa3HbIe CUCTEMbI 0003HAYCHHS (DU3HUECKUX
BEJIMYMH JIUII OJHOTO M TOTO e mapameTpa. [Ipu HeoOXoauMOCTH HapsIy C eau-
HuamMu CH B ckoOKax MOYKHO yKa3bIBaTh €AWHHIBI paHEe MPUMEHSBIITUXCS CHC-

TCM.

Tabnuma 6 —HekoTopsie OCHOBHBIE U TPOU3BOAHBIE eauHUIBI CU

Haumenosanue O0o03HaueHNe e UHALBI
HaumMeHnoBanue equHUITBI
BEJTMYUHBI MEXITYHAPOIHOE pycckoe
1 2 3 4

Jnuna METp m M
Macca KHAJIOTPaMM kg KT
Bpewms CEeKyHJ1a S c
TepMoauHamuyeckas KCIBBHH K K
TeMIeparypa
Temneparypa Lenscust | rpagyc Lenbcust °C °C
KonnuecTBo Bemiectsa MOJIb mol MOJIb
ITmomans KBaJpaTHBIA METP m° M
Ob6Bvem KyOn4eckuii MeTp m° M
CKOpOCTH METpP B CEKYHIY m/s m/c
[T10THOCTB KHAJIOTpPaMM Ha KyOU4eCKH METp kg/n?’ Kkr/m°
JaBnenne MacKaib Pa Ila
Jlnnamuueckas Bsa3kocTh | Ilackanb-cekyHna Pa-s Ila-c
VnenpHas TEIJIOEM-
KOCTh, YAENbHAas JHTPO- | JKOYIIb HA KAJIOTPaMM—KEIbBUH J/(kg-K) JIx/ (kr-K)
nust
Oueprus, pabora, KOJIH-
‘IGCTI])SO TE’EHIJ)IOTH ’ JUROYIID J Jox

HapaBue ¢ eamammamu CH gomyckaroTcss K NPUMEHEHUIO BHECHCTEMHBIC
€JIMHUIIbI, YKa3aHHbIE B Ta0uIe /.

Tabmua 7 —HekoTopble BHECUCTEMHBIC €UHUIIBI, TOMYCTUMbIE K TPUMEHEHUTO
HapaBHe ¢ eauHutamu CU

Haumenosanue O0o03HaueHNne e NHALIBI
HanMeHoBaHMe ¢TUHUIIBI
BEJTUYNHBI MEXKyHAPOTHOEC pycckoe
Macca TOHHA t T
MHUHYTa min MUH
Bpewmst Jac h q
CYTKH d CYyT
O06Bbem JIUTP | b
OHeprus KHUJIOBATT—4ac KW-h kBt1-u
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UwucnoBbie 3HaAYCHHS] ¢ 0003HAYCHUEM CIUHUIl CUeTa WU CIUHUIl BEIHMYUH
3allMCBIBAIOT IU(pamMu, a yncia 0e3 0003HAYCHUS SAUHUI] BEIUYUH (SIUHHMI CUe-
Ta) OT €AMHUIIBI J0 JICCATH — CIIOBAMH.

Ecnu B TeKCTE IPUBOIUTCS PsIi YUMCIOBBIX 3HAYCHUM, BRIPAKEHHBIX B OJTHOU
U TOW XK€ equHUIle (PU3MUECKUX BEJIMUYMH, TO €€ YKa3bIBAIOT TOJIBKO MOCIIE MOCIIEe-
HEro YMCIIOBOI0 3HaYeHus, Hanpumep, 1,50; 1,75; 2,001

Ecnu mpuBOIMTCS AMama3oH YMCIIOBBIX 3HAYEHWH BEITMYHUHBI, KOTOPHIN BbI-
pakeH OJTHOM W TOH K€ eMHUIICH BEJTMYHUHBI, TO 0003HAUCHUE CIUHUIIBI BETNIHHBI
YKa3bIBa€TCS 3a TMOCJICTHUM YHUCJIOBBIM 3HAYCHHEM JIMAaIla30Ha, 32 MCKIIOYCHUEM
3HaKOB «%0», «T», «...°».

[Ipumepsnl

1...or uroc 10 °C no munyc 40 C.

2 ...0T 65 %o 72 %.

3...0T 10 10 100xr.

4...(0,1 — 0,2MKkwm.

YpaBHenwus1, POpMyIIbI U PacUeThI CIEIYET BBIJACIATh U3 TEKCTA B OTACIHHYIO
ctpoky. Ecinu popmyna (ypaBHeHHE, pacyeT) He yMEIaeTcs B OJIHY CTPOKY, TO OHO
JIOJDKHO OBITh TIEPEHECEHO TOCIIe 3HaKa PaBEHCTBA (=) MJIM MOCJIC 3HAKOB CIIOXKE-
Hust (+), Beruntanus (-), yMHOKeHHs (X) wian genacHus (1), IpuyeM 3HAK B Hayaje
CJICAYIONICH CTPOKHM MOBTOPsOT. [Ipu mepenoce dopmynbl (ypaBHEHHs, pacdyera)
Ha 3HaKEe, CHUMBOJIM3UPYIOMIEM ONEPAINI0 YMHOXXEHHUS, MPUMEHSIOT 3HAK «X».
®opmynsl (ypaBHEHHUsS, B TOM YHCJIE CTEXHOMETPHUSCKHE YPAaBHEHHUs) paciioyara-
10T B TEKCTE C a03aIHOTO OTCTyNa U HYMEPYIOTCSl CKBO3HOM HyMmeparuei apabcku-
MU ITUdpamMu, KOTOPBIE 3aIMUCHIBAIOTCS HA ypoBHE (hopMyItbl (YpaBHEHUS) CIIpaBa B
KpyribIX ckoOkax. Pacuersr He Hymepytorcs. CChUIKH B TekcTe Ha ¢popmyity (ypas-
HEHHUE) Jal0T TaK XK€ B CKOOKax, Hampumep: «... mo ¢opmyie (1)». lomyckaercs
HyMepanus ¢opmyn (ypaBHEHMI) B mpeaenax pasjaena. B atom ciydae HOoMep
dopmysbl (ypaBHEHUs) COCTOMT M3 HOMEpa pasjiesia U MOPSIKOBOrO HOMepa, pas-
JICJIEHHBIX TOYKOM, HAlIpUMep: «... ypaBHeHHe (3.1)».

®opmyibl (ypaBHEHUS), MOMENIACMbIC B MPUIOKCHHSX, JOJDKHBI HYMEpo-
BaThCSl OTACIBHOW HyMmeparueil apabckumu mudpamMu B Ipeaenax KakIoro IMpH-
JOKeHus1 ¢ Jo0aBlIeHUEeM Tiepe]] Kaxaon nudpoit 0003HaueHUsT MPUIIOKECHHSI, Ha-
npumep: «... popmyna (B.1)».

®opmynsl (ypaBHEHUS, pacdeThl) JOIMYCKACTCS 3alMChIBaTh C HCIIOJIb30Ba-
HUEM OJHOTO M3 MaremMaTudeckux pemaktopor (Microsoft Equation 3.0, MathCad)
C BBICOTOM 3HAKOB HE MeHee 3,5 MM wim onepanuoHHol cucrembl Microsoft Word,
a TaKKe BPYUYHYIO, YEPTEKHBIM HIPU(TOM, BEICOTOM HE MEHEe 3,5 MM.

O6o03HavueHNEe CUMBOJIOB M 3HAKOB, MCIIOJIb3YEeMbIX B (pOpMyIiax U ypaBHEHU-
X, JOJKHO COOTBETCTBOBaTh HamumoHanbHOMY cTanmapty ['OCT P 54521-2011n
mexayHapoaHomy cranaapty MCO 80000-2:200%F qunutibl U BeuuuHbl. YacTs 2.
MatemaTrueckre CUMBOJIBI M 3HAKH JIJIsl IPUMEHEHUS B €CTECTBEHHBIX HAyKaX.

CumBoiel B popmysax (YpaBHEHHUSIX) M B TEKCTE M300paKatOTCs KyPCHUBOM.
AHaJIOTUYHBIM 00pa30M H300pa)kaloTCsi CHMBOJIBI BEJIMYMH (HAIIpUMEp, MAacChl,
pacxojia MOTOKa U JIp.) Ha Pa3InYHbIX CXeMaxX, rpadrKkax U TadJuIax.
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XUMUYECKUE DJIEMEHTBI, TPUTOHOMETpHUECKHEe (PYHKIINN, HHACKCHI, MaTeMa-
TUYECKUE KOHCTAHTHI, YETKO OTpPEAeTICHHBIC OMEepaTophl N300paXkaroT 0e3 HaKIoHa
(BepTHKAJIBHO).

[TosicHeHne 3HAaYeHHIT CUMBOJIOB U YMCJIOBBIX KOA(PPUIIMEHTOB, BXOISIINX B
dopmyny (ypaBHEHHUE), CieayeT MPUBOAUTH HEIMOCPEACTBEHHO IO HEH clieBa Ha-
paBoO B TOW K€ MOCIEIOBATEIHHOCTH, B KOTOPOW OHU TMPHUBEACHBI B (hopmyIie
(ypaBHeHuu). PacuimgpoBka CUMBOJIOB, BXOAAIIUX B GopMmyny (ypaBHEHHE), BbI-
paXCHHOH B BHUE IPOOH, MPOBOAT B YKa3aHHOW ITOCIICIOBATEILHOCTH CHaJalia
JUTSL YUCITATEIS, & 3aTeM JIJIST 3HAMCHATEIIS.

[TepBas cTpoka pacmu@pPOBKH CUMBOJIOB, BXOISAIIMX B (OPMYITy, TOJKHA
HAYMHATKLCS CO CIIOBA «TJe» 0e3 ad3aHoro oTcTyna u 0e3 3HaKOB MPENUHAHUS T10-
cine Hero. Hanpumep: Konuuectso napa G,,,, x/[x/4, mogaBaemoro Ha o6orpes,
BBIYHUCIISIIOT TI0 (hopMmyiie

Gup = Quennonodsod ’ (4.1)
v Cupoo.zop. |:ﬂnpod.zop. +AH om0~ Crpoo.xon. [ﬂnpOﬂ.xwz.

1€ Qentonoosoo — KOIMUECTBO TOIBOIMMOTO B UCITAPUTENH TeIlIa, KJx/4;

Cipoo.cop.s Crpoo.xon. — TETNIOEMKOCTb TOpsiuei cTpyn OEH307a U MPOAYKTOB, MOAA-
BaeMbIX B UCIIAPUTENIh COOTBETCTBEHHO, K/ /(K rpan);

tpoocops Uipooxor. — TEMIIEPATYpA TOPsIUCH CTPyH OEH30J1a M IPOTYKTOB, [10/]aBac-
MBIX B HCIIAPUTEIIb COOTBETCTBEHHO, °C;

AH, 0. —HTANIBIAS Pa30BoOro nepexona, kJ/kr.
®dopmyiibl (ypaBHEHHS, PacyeThl), CICAYIONIME OJHA 3a JAPYrod U HE pasjie-

JICHHBIE TEKCTOM, Pa3/CIIAIOT 3asSTOM.

2.3 Odopmiienne Ta0JIML U PUCYHKOB

TaOnuipl NPUMEHSIOT ISl JIydIled HarJIsJHOCTH U yJ00CTBa CpaBHEHUS YM-
CIIOBBIX 3HAUCHHH TOKa3aTenei (lmapaMeTpoB, pa3MepoB U T.I1.).

CrnoBo «Tabauna» 1 HOMEp yKa3bIBaeTCs clieBa Haj Taliuuen 0e3 ad3arHo-
ro orcryna. Ilocne Hero npuBoAAT HOMEp TAOJIULIBI U €€ HAa3BaHUE, OTAENASA €ro OT
HoMepa tupe. HanMmeHoBaHue TaOiMLbl AOHKHO OTpa)kaTh €€ COAEp)KaHue, ObITh
TOYHBIM, KpaTKuM. HanMeHoBaHHe 3amuchIBalOT ¢ mponucHoi OykBbl. Eciu Tab-
JUIa BBIXOAMT 3a (OopMaT CTPAHMIIBI, TO €€ JENSIT Ha YacTH, IOMeIasi OAHY 4acTh
MOJT IpYTOM, PsiAOM WM Ha cienyromei crpanuie. [Ipu genenuu tabmuisl Ha yac-
TH cioBO «Tabnuia», ee HOMep U HaMMEHOBAaHUE MOMEHIAIOT TOJIBKO HaJ MEepBOi
4acThbiO TaOJMIIBI, @ HAJA JPYTUMH YacTAMU MPHUBOIAT cioBa «IIpogomkenue Tabd-
uibD uiu «OKOHYaHHe TaOJIULIBI» ¢ YKa3aHUEM ee HOMEpa.

TabGnu1s! cienyer HyMepoBaTh apaOCKUMU IU(PpaMyu CKBO3HONH HyMepalei.
JlommyckaeTcsi HyMepoBaTh TaOJIMIBl B Mpejesiax pasaena. B aTom ciiyuae HOMep
Ta0JIMLBI COCTOUT U3 HOMEpA pa3zeiia U MOPAIKOBOTO HOMEpa TabJIUIbl, pa3/eseH-
HBIX TOYKOM.

Ha Bce Tabnuibl 1OKHBI OBITh IPUBENEHBI CChIIKU B TekcTe KP, mpu cebli-
K€ CJIeJIyeT MUCATh CJIOBO «TabauIa» ¢ yKazaHUEM €€ HoMmepa.
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Tabnuiry, B 3aBUCUMOCTH OT €€ pa3Mmepa, MOMEIIAIOT MO TEKCTOM, B KOTO-
pPOM BIIEPBBIE J1aHA CChUIKA HA HEE, WM Ha CIIEAYIOLIEH CTpaHUIe, a, IpU HEO00XO-
JUMOCTH, B IPUIIOKEHHH.

ITpu OTCYTCTBUM OTAENBHBIX JAHHBIX B TAOIMIE CIEAYET CTaBUTh IPOYEPK
(tupe).

[Mudps! B rpadax Tabnuil JOKHBI IPOCTABIATHCSA TaK, YTOOBI pa3psibl Y-
ceJl Mo Bcell rpade ObuIM pacioyioKeHbl OAMH NOJ ApyruM. B ogHOM rpade momxk-
HO OBITh COOJIIOJIEHO OJMHAKOBOE KOJIMUYECTBO JECATUYHBIX 3HAKOB JJISi BCEX 3HA-
YEHHUU BEJINYKH.

Jlomyckaercst ucnonb3oBarh B Tabmuie mpudt «Times New Romanskeribs
12. Tekct B Tabnulle neyaTaeTcs yepe3 OAMHAPHBIA MEKCTPOUHBIN HHTEPBAJL.

[Tpumep odopmiieHrs TabIUIBI TPUBEACH HUXKE.

Ta6nuna 3.2 —IlapameTpsl paObOThI KOJIOHHBI

3HavyeHue
HaumenoBanue nokazarens
B pexxnMme 1 B pexume 2
1 JlaBnenue B kononue, MIla, He 6omee 0,5 0,8
2 TemnepaTypa HU3a KOJIOHHBI, C 220 235
3 Temneparypa Bepxa KOJIOHHBI, C 170 185

Pucynok (rpadudueckuii matepuan) B Tekcte KP o6o3HagaroT ciioBom «Pu-
CYHOK» U HYMepyIT apaOckumu mudpamMu CKBO3HOW HyMeparueu. Jlomyckaercs
HyMEpOBaTh PUCYHKHM B IIpeAenax paszaena. B mocimenHeMm ciyyae HOMEpP pHUCYHKa
COCTOMT U3 HOMEpa pa3zielia u €ro MopsIKOBOTO HOMEpPA, Pa3AEIECHHbBIX TOUYKOM.

CnoBo «PUCYHOK» M €ro HOMEp MPUBOAAT O] rpadUyEeCKUM MaTEpHAIIOM.
Jlanee MosxeT ObITh IPUBEECHO €r0 TEeMaTHUYeCKOe HAaMMEHOBAaHUE, OT/ICJIEHHOE TH-
pe.

[Tpu HEOOXOAUMOCTH 1O rpaPUUECKUM MaTEpPHUAIOM IMOMEIIAIOT TaK»Ke M0-
SCHSIOIIME JaHHbIe. B 3TOM ciydae ciioBo «PUCYHOK» MU HaUMEHOBaHUE rpaduue-
CKOr'0 MaTepuasa NOMEUIAI0T MMOCIE MOSCHSIOMNX JaHHBIX.

B Texkcte KP Ha kaxaplii pucyHOK JODKHA OBITH cchuika. [Ipu ccplikax Ha
PUCYHOK CIIEAyeT MucaTh. «...IOKa3aHbl Ha pucyHke 1.7».[Ipumep odopmieHus
pPUCYHKa IPUBEJEH HUXKE.
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@ —XWMHYECKOTO MPEBPaIEHus; 6 —MacCOOOMEHa; a — CMEIIICHNUS;
2 —pasJeNieHns; 0 —TeINI000MEHA; e —CXKaTHsl, PACIIUPEHHUS; J¢ —U3MEHEHUS
arperaTHoOroO COCTOSTHHS
Pucynok 1.7 —TexHos0rnueckue onepaTopbl

2.4 OdopMiieHue CIUCKA UCMOJIb30BAHHBIX HCTOYHUKOB

B texcroBoit uactu KP 006s13arenbHO AOMKHBI OBITH MPUBEACHBI CCHUIKU Ha
UCIOJIb30BAaHHBIE MIPHU €€ COCTABJICHUH UCTOYHUKHU HH(OopManuu, oudaunorpaduye-
CKOE€ OMHMCAaHWE KOTOPBHIX MPUBOAUTCS B CIUCKE HCIIOJIH30BAHHBIX MCTOYHUKOB B
KOHIIe TekcToBOM yactu KP.

Cnucok MCIOJIb30BaHHBIX UCTOYHUKOB COCTABIISICTCA B MOPSAKE IIUTUPOBA-
Hus B Tekcte KP. He momyckaercst BKIIFOUEHHE B CIMCOK MCTOYHHUKOB, KOTOPBIMHU
CTYJICHT JJUYHO HE TI0JIb30BaJICS.

Ccpuiku Ha 6nbIUOrpaduueckre UICTOYHUKHU MPUBOJIAT B KBaJIPaTHBIX CKOO-
kax: [1]. buOmmorpaduueckue 3amucH B CIHCKE HCIOJIb30BAHHBIX HCTOYHHKOB
opopmiisitor cornmacHo 'OCT 7.1-2003.Jlomyckaercs opopmisate Oubmuorpadu-
yeckue ccbuiku o 'OCT P 7.0.5-2008.

CnucoK UCTIOIb30BAHHBIX HICTOYHUKOB 0(hOPMIISIETCS CIIEYIOIINM 00pa3oM:

CIIMCOK UCITOJIb30OBAHHbBIX NICTOYHHUKOB

1 I1b 08-624-0311paBuna 6e30macHOCTH B HE(PTAHOM U ra30BOM MPOMBIIII-IEHHO-
ctu.— B3zamen I1b 08-200-98 Brexn. 05.06.2003.€116.: JIEAH, 2003. — 31&@. —
(be3omacHocTh Tpyna Poccun).

2T'0OCT P UCO 14010-98 PykoBopsiiue yKa3aHus MO 3KOJOTUIECKOMY ayIHTY.
OcHOBHBIC IPUHIHITEI [DNeKTpoHHBIH pecype]. — URL:
http://www.gost.ru/content/base/81 1G@aTa oopamenwus: 23.02.2014).

3 [lonomapes, C. B. Ynpasnenue kauecTBOM NPOIyKIIMU. BBeeHne B cucTeMsl
meHemkMenTa kadecta / C. B. I[Tonomapes, C. B. Muiienko, B. S1. beiao6parus.
—M.: Crangapthl u kadecTBo, 2004. — 248.
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4 VganoB, C. A. MOHUTOPHUHT COCTaBa TEXHOJOTUYECKHUX CPEI B HEPTETa30BOM
IPOMBIIIJICHHOCTH: YueOHUK ¢ rpudom YMO / C. A. lBanoB. —M.: Akagemus,
2013. — 256.

5 AHaHeHKOB, A. I'. Texuuueckoe peryiupoBaHue MpH dKCIUTyaTalluu 00ObEKTOB
ra3oBoii npombinieHHOCTH / A. I'. Ananenkos, I'. I1. CraBkuH, E. U. Kotenpau-
koBa // I'a3oBas npomeiinieHHOCTh. — 2003, -Ne 11, —C. 32-35.

6 bana6a, B. 1. Texaudeckoe peryjadpoBaHKe MPOU3BOACTBA U OOpaIlCHUS XUMU-
yeckoi nponykiuu / B. Y. bana6a // Ypasnenue kauectBoM B He(hTerazoBom
komruiekce. — 2005. Ne 3. —C. 21-26.

7 CucreMa TeXHUYECKOTro perynmupoBaHus B paspese / A. [llamwmn [u ap.] // Hedre-
razoBas Beptukaib. — 2008. Ne 6. —C. 32-34.

8 S6n0onuk, JI. P. MonenupoBaHue akyCTUYECKHX CBOMCTB TMCCUIATUBHBIX IITyMO-
riymuteneit / J1. P. S6nonuk // Texaudeckas akyctuka [DIeKTpOHHBIN pecypc):
DnektpoH. )kypH. — 2009.-Ne 3. — URL: http: /Avww.ejta.org(nara obpareHusi:

23.02.2014).

9 Adzic, M. Visualisation of the disintegrationar annular liquid sheet in a
coacxial / M. Adzic // Opt. Diagnostics in Erg2001. — Vol. 5 (1). - P. 27-38.

10 Tarapenko, A.B. Kpurtepuii B3ppIBOOIIACHOCTH JJISI €MKOCTEH, COAEpIKAIIMX Jie-
Tyuyto kuakocth /A.B. Tatapenko //M3B. By30B. Heytb u ras.- 1985.-Ne 6.- C.

62-66.

11 Bosnecenckas, E.B. J[Byxctynenuaras ounctka ()eHOJIOM MaJOBSI3KUX (hpak-
it cepancteix Hedrelt /E.B. Bo3necenckas, B.M. Kypnakosa, C.JI. PeiBkuna //
[Iporecchl KUAKOCTHOM IKCTPAKINKU U XxeMocopOiuu.- M.; JI., 1966.-C. 282-
291.

12 JIyyc, P.A. UccnenoBanue 060py10BaHusl C MHEBMOBAKYYMHBIM IPUBOOM JJIS
3axBaTa, epeMenieHns u (puKcauuu npu 00padoTKe MOPUCTHIX U JIETKOTIOBPEX-
JTA€MBIX CTPOUTEIIBHBIX U3JICJIUM. AHC. ... KaHa. TexH. Hayk: 05.05.04 3amuimena
09.11.82ytB. 11.05.83; 04820016743., 1982.- 212.

13 A.c. 1007997CCCP, MKH 3 B 25 15/00Y cTpoiicTBO AJis 3aXBaTa HEOPHEHTH-
poBaHHBIX JeTaneii Tuna BanoB /B.C. Baymun, B.I'. Kematikun (CCCP).-

Ne 3360585/25-083as1eH0 23.11.81pnyon. 30.08.83.

14 TIar. 2146031Poccus, MIIK 7B 26 B 3/347.Crioco0 CyIIKy MOJIMMEPHBIX

JIAKOKPACOYHBIX MOKPBITHI Ha MeTaJimueckux usaenusax /A.M. Kovaes,

B.B. Enuctparos, B.JI. Ko3zonuii, B.1. ABpamenko; BoeH. aBToM00. UH-T.-
Ne 981099265/06assiieno 13.05.980ny6u. 27.02.00bro0n. Ne 6.

2.6 OdopmiieHrEe TEXHOJIOTHYECKOI CXeMbI

Cranpgaptel ECKJI u ECT/I xecTKkO HE periaMeHTUPYIOT BBIIIOJIHEHHE CXEM
XUMMKO-TEXHOJIOTMUECKUX cucteM. [loaTtomy npu rpaguueckoM BBIIIOJIHEHUU TEX-
HOJIOTUYECKUX CXEM PEKOMEHIYETCS PYKOBOACTBOBATHCS CIEAYIOLIMMH MOJIOXKeE-
HUSIMU.
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1 TexHomornueckasi cxema BBIIOIHsIETCS 0e3 coOmMronenns macirrada, oqHa-
KO HEOOXOJAMMO TPUIEPKUBATHCS IPUMEPHOTO COOTHOIIICHUSI Ta0apUTHBIX pa3Mme-
POB OCHOBHOT'O 000pYy/I0BaHUs, IPUBEIEHHOTO HA CXEME.

2 Anmapatbl U 000py/IOBaHUE HAa YEPTEKE pa3MEIatoT C YIETOM MOCIIe0Ba-
TETHHOCTH JIBIKEHUS TIOTOKOB.

3 Ammapatypa U 000py/IOBaHUE Ha TEXHOJOTHMYECKON cXeMe, KaK TMpPaBHIIO,
pacrojararTcs 1Mo JBYM TOPH3OHTAIbHBIM psaM. BEPXHUU psl — ammaparypa,
HWDKHUH PSJI — HACOCHI, KOMIIPECCOPHI U MpoYee MepeKaynBaroiiee 000py10BaHuE.
MaructpanbHbie TPYyOOIIPOBOABI MOTYT PACIOJIaraThCs Kak B BEPXHEW 4acTH JIMCTa
(Hag oOopyIOBaHHEM), TaK M B HIDKHEH yacTH (1101 000pYI0BaHHEM).

4 Pa3MelieHre amnmapaTtoB B CBOEM PsAY JODKHO COOTBETCTBOBATh OTHOCH-
TEJIHO BBHIOPAHHOU HYJIEBOW JIMHUU UX JEHCTBUTEIHHOMY PACIIOJIOXKECHHIO MO BbI-
core.

5 Ilocrymienue chipbs, MPOIYKTOB U PEAareHTOB, KaK MPaBUIIO, U300paxkaeT-
Csl Ha JIEBOM CTOPOHE TEXHOJIOTMUECKON CXEMbI, BBIBOJ KOHEUHBIX MPOAYKTOB — C
NpaBoOi CTOPOHBI CXeMbl. Ha STHX JHMHUAX CTaBAT COOTBETCTBYIOIIUE HAIITHCH.
[Tpu >TOM HENb3sl OIB30BATHCS COKPAIICHHBIMHU CIOBAMH M XHMHUYECKUMHU (Hop-
MyJIaMHU.

6 Ilpy HanMuMM Ha YCTAaHOBKE MapajUICNbHBIX TEXHOJOTHYECKHX IMMOTOKOB
(muHMIT) HA cXeMe u300pakaeTcs, Kak MPaBUIIO, OAUH MOTOK (OJHA JTHHHUS).

7 AnmapaTsl 1 000pyZIOBaHUE HA CXEME BBIUEPUYMBAIOTCS CIUIONIHBIMHA TOH-
knmu uHEsIMA (0,3-0,5MM), a TpyOompoBoabI U apMaTypa — CILIONIHBIMU JIHHUS-
MU B 2-3 pasa ToJIIe, YeM ammapatsl u obopynoBanue. [Ipu 3Tom paccrosiHue me-
KTy COCETHUMH TMapajuIeIbHBIMH JTMHUSMU JTOJDKHO OBITh HE MEHee 5 MM.

8 Ilpu nepeceueHnn JTMHUN TPYOOIPOBO/IAa BEPTUKAIHHBIE OCTABISIOTCS He-
pa3pbIBHBIMY, a TOPU3OHTAIBHBIE — IpephIBatoTCs. [lepeceuenue nmuHMi ¢ n300pa-
KCHHSIMH alllapaTtoB He Jomyckaercs. Ha muHUAX TpyOONpOBOIOB YKa3bIBAKOTCS
OCHOBHBIE 3aIIOPHBIE YCTPOKCTBA.

9 Ecnu TexHOJNIOTHYECKass cXeMa pa3MelIaeTcs Ha HECKOJIbKUX JINCTax, TO Ha
OJTHOM JIMCTE JKeTaTeIbHO Pa3MECTHTh anmnaparypy U o0opya0oBaHHUE, CBS3aHHBIC B
CIMHBIA TEXHOJIOTUYeCKUi y3en (cekius). Ha KOHIaX TEXHOJIOrMYeCKHX Tpyoo-
MPOBOJIOB, TIEPEXOIAIINX C OJJHOTO JTUCTA HA APYTOH, YKa3bpIBaeTCsl HOMEP JINCTa UX
IPOIOKEHUS.

10 DnemeHTaM TEXHOJOTMYECKON CXEeMbl MPUCBAaUBAETCA OyKBEHHOE 000-
3HA4YCHHE, COOTBETCTBYIOIEE HAYAILHOW OyKBE MIIM OyKBaM WX HAWMEHOBaHHUSI.
BykBeHHBIE 0003HAYCHHS alIIapaToB U 00OPYIOBAHMSI TPUBEICHBI B MPUIIOKECHUH
I'. [Ipr HanMMUMU B cXeMax HECKOJIBKUX AJIEMEHTOB OJHOTO Ha3BAHUS MCIIOJIB3YIOT-
cs uucieHHble wHACKCHl (Hampumep, K-1, T-3, [1-4). BykBenHsie 0003HaUCHUS
MPOCTABIISIOTCS HETIOCPEJICTBEHHO HAa M300paKCHUU armapara Wik B HEIOCPEICT-
BEHHOW OJIM30CTH OT HETO.

11 Ha xaxgoM TpyOOIIpOBOJIE Y MECTa €ro OTBOJa OT MaruCTPaJbHOTO HIIU
MECTa €ro MOJKIIIOUEHUS K amnmapaTy W 00OpyIOBaHUIO MPOCTABISIOTCS CTPENKH,
yKa3bIBAIOIIME HAIPAaBJIICHUE JIBIKCHUS TIOTOKAa M YCIOBHOE O0O3HAYCHHE BHUIA
CpeIIbl.
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[Tpymep odopmiteHns TabJUILIBI € IEPEYHEM aNMapaToB U 000pyIOBaHUS IpH-
BEJICH B IIPWIOKEHUH b.

VYcnoBHble rpaduueckre 0003HAUEHHUs alllapaToB CTPOATCA U3 DJIEMEHTOB
KOpIIyca M 3JIEMEHTOB, OCYILIECTBIIIONIMX CaM IPOLECC: IaBIIEHHUE B anmapare, Kak
MPaBHUIIO, OTPAXKAETCS Ha KOH(UTYpaIK KopIyca.

[Tpu oTCyTCTBHUM B HACTOALIMX METOAMYECKUX YKa3aHUSAX YCIOBHOTO rpadu-
4ecKoro 0003Ha4YeHHs armapara, UCIOIb3yeMOro B MPOEKTUPYEMON TEXHOJIOTHYE-
CKOI1 cxeme, ero obo3HaueHue Haxoaat B coorBeTcTBytomeM ['OCT, a mpu oTcyT-
CTBUHM CTaHAapTa M300pakaroT B BHUJE KOHCTPYKTHBHOTO OYEPTaHUs KOpIyca H
AJIEMEHTOB, OCYIIECTBIIOIIMX CyTh IIPOLECCA.

[Tpumeps! yCcIOBHBIX TpauuecKuX M300paK€HUIl OCHOBHBIX TUIIOB amrapa-
TOB M 000pY0BaHMsI IPUBEACHBI B IPUIIOKEHUH B.

3 Coaep:xanue 0CHOBHBIX pa3jiesioB KP

B paznene «Onucanue TEXHOJIOTHYECKON CXeMbl (XMMHYECKOTO MpoIiecca)»
JaeTcs TEeKCTOBOE OMHMCaHHe U rpaduyeckoe n300pakeHue MPUHIMIHAIBHON cxe-
MBI Tpolecca. B TexHoIornuecko cxeme NpUBOJATCS BCE MPUHUMUITAAIBHO BaXK-
HBIE alIapathl, BKIKOYas NePEeKaurBaIOIIUE U BAKyyMCO3/IA0IINE YCTPOUCTBA IS
OJTHOM HUTKHU B Cllyyae MapajuieldbHbIX MOTOKOB, U KPATKO COOOMIAIOTCS TaHHBIE O
KOHCTPYKLMH anmnaparos.

B koHI1e pazzena pacrosaraercst TaOliuia ¢ IEPeYHEM arnapaToB U 000py10Ba-
HUSL.

B pasnene «MexaHn3M XMMHUYECKOW PEAKLIMU» ONMCBIBACTCS MEXAHU3M XH-
MUYECKOHN peaKIny, JIeKallel B OCHOBE JAHHOTO XMMUYECKOTO Ipoliecca.

B paznene «CtexnoMeTpuieckrue ypaBHEHUS peaKIMu» MPUBOJIATCA YpaBHE-
HUSI BCeX peakiuii (OCHOBHBIX M MOOOYHBIX), MPOTEKAIOIIMX MPU OCYIIECTBICHUH
XUMHUYECKOTO mpoiiecca. Ha UX OCHOBE COCTaBISIOTCS CTEXHMOMETPUUYECKUE YpaB-
HEHUSI.

CTexnoMeTpUYecKOe YpaBHEHHME IMOKA3BIBAET KOJMYECTBEHHBIE COOTHOLIE-
HUS PEAareHTOB U MPOJYKTOB XMMUYECKON pEeaKI1u.

[To cymiecTBy, cTeXMOMETPUUECKOE ypaBHEHHUE MPECTaBiIsIeT co0o0il onuca-
HUE MaTepuaibHOro Oamanca peakiuu. [Ipou3BereHre CTEXMOMETPHUECKOTO KO-
s dureHTa 1 MOJIEKYJISIPHON MacChl COCTABISIET MAcCy YYaCTBYIOIIETO B PEaKIIUU
KOMITOHEHTA, CJIeI0BATeNIbHO, JIEBask YaCTh YPaBHEHUS BbIpaxkaeT 00IIee KOJuIecT-
BO MCXOJHBIX BELIECTB, BCTYMAIOUIMX B PEAKIIMIO, a MpaBas 4aCcTb — CyMMapHOE
KOJMYECTBO MPOAYKTOB, 00pa3yloIIMXcsl B pe3ysbrare peakiuu. CrexuomeTpuye-
CKO€ ypaBHEHHE SIBJISIETCSI OCHOBOM MIpPH pacyeTax COCTaBa pearupyromie cMmecu
1ocJie XUMHUYECKOT0 TIPEBPAILCHUs] U COCTaBJICHUU MAaTEpUAIbHOrO OanaHca XUMHU-
YECKOro Ipoliecca.
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[Tpu GanmaHCOBBIX pacdeTax CIOXXHBIX MPEBPAIICHUN BaKHO YUUTHIBATH BCE
OPOTEKAIOIINE PEAKIIMU U ONPENENIATh YHCIO HE3aBUCUMBIX CTEXHMOMETPHUUYECKUX
YPAaBHEHH, MO3BOJSIOIINX PACCUUTHIBATH YUCIO BCEX KOMIIOHEHTOB, y4aCTBYIO-
KX B MpeBpauieHud. B o0iieM ciydae 4uciao TakuX ypaBHEHUH JOJHKHO OBIThH
PABHO YHCIIy HEU3BECTHBIX, T.€. YUCIY UCXOAHBIX U KOHEUHBIX BEUIECTB, KOHLECH-
TpalUI0 KOTOPBIX MOCIE MpeBpalieHus HeoOXoauMo omnpenenuts. Ho B kaxaom
ypaBHEHUU COOJIIOJJAETCS MOAJIEMEHTHBIN OaaHc, MO3TOMY, KOT'/la U3BECTHO o01Iee
YHCIIO AJIEMEHTOB O B cHCTeMe, mpeanoiaraercs Hamuune (O — 1) He3aBUCUMBIX
areMeHTHBIX OanmaHcoB. [loaTomy 6a3ucHasi cucTeMa CTEXMOMETPUUECKHX ypaBHe-
HUM, OJIHO3HAYHO U MOJHO OMUCHIBAIOIas OajmaHC mpolecca, A0JKHA COAepKaTh
YHICIIO CTEXMOMETPHUYECKH HE3aBUCHUMBIX ypaBHEHHUH, ompezaensieMoe (opMyoit
(m1st OOMEHHBIX peaKInii)

V=B-(0-1)

TJ€ VYV —4uciio HE3aBUCUMBIX YPABHEHUM;

B —u4ncIio NCXOIHBIX M KOHEUHBIX BEIECTB, YYACTBYIOIIUX B IPEBPALCHUH;

D — ofuiee 4KClIO 3IEMEHTOB B CHCTEME. B 3TO 4YMCIO MOTYT BXOJUTH HE
TOJBKO XMMHUUYECKHUE AIIEMEHTHI, HO U YCTOWYMBBIE B PEAKIIUN TPYIIIIHI.

B okucnuTenbHO-BOCCTAHOBUTENBHBIX PEAKIUAX COOJIIOAAETCS HE TOJBKO IMO-
DJIEMEHTHBIN OaslaHC, HO U OalaHC 1Mo 3JeKTpoHaM (M3MEHEHHUE 3apsja y4yacTBYIO-
IIUX BEIIECTB). B 3TOM cilyyae K MO3JIeMEHTHOMY OalaHCy HEOOXOIUMO T00aBUTh
OanaHcC 3aps10B, U TOTa Oa3UCHAs CUCTEMa CTEXUOMETPUUYECKUX YPaBHEHUN OyJeT
onpeaensaTbes GopMynoin

YV=B-0.

[Tpu 3TOM CTEXMOMETPUYECKH HE3aBUCUMBIMU CUUTAIOTCS YPaBHEHHUS, KOTO-
pbI€ HE MOTYT OBITh IOJTYyYEHBI TUHEHHON KOMOMHALIMEH APYTUX.

Jlis ynoOcTBa TEXHOJIOTHYECKMX PAaCcYeTOB MPHU COCTABJIEHUU 0a3MCHOM cuc-
TEMbI CTEXMOMETPUYECKN HE3aBUCUMBIE YPABHEHHUS 11€J1eCO00Pa3HO MCIOJIb30BATh
B Takoi (opmMe, 4TOOBI B KXKJIOM M3 HUX MCXOJIHBIM OKa3ajoCh OJHO U TO XK€ Be-
miectBo. Takoil mpuem oOjerdaer pacyeT CTENEHU MPEBpalICHHs] UCXOJHBIX Be-
IIECTB.

B pa3znene «Pacuer MarepuanbHOro OajaHca» NPUBOAMUTCSA pacdyeT MaTepu-
aNbHOTO OallaHca PEaKIMOHHOIO y3Jla XMMHUYECKOro MPOU3BOJCTBA. Marepuaib-
HBIM OaNlaHC PacCUMTHIBAIOT Ha OCHOBAHMM MCXOJIHBIX AAaHHBIX U METOAMKHU pacye-
ta (moapasnensl 1.4u 1.6 MmeToauueckunx yka3aHuii). Pacder compoBoxkpaeTcs mo-
SCHEHUSIMHU, COCTaBJISIIOTCS. HEOOXOAMMBIE CXEMbI M TaOJIUIIBI.

B paznene «Pacyer TemnoBoro 6anaHca» NpUBOAUTCS pacyeT TEIIOBOTO Oa-
JaHCa PeaKIMOHHOTO Yy3Jla XMMHYECKOTr0 MPOU3BOICTBA. TEIIoBOil 6anaHC cocTaB-
JSIeTCsl HA OCHOBE MaTepUaIbHOro OanaHca.

B peakTope onTumanbHas TemIepaTypa IPUHUMAETCS IO JIMTEPATypPHBIM
JAHHBIM, B 3THX CIIy4asix CIEAYET 1aBaTh CChUJIKY Ha COOTBETCTBYIOIINN NCTOYHHK.
B anmabaTudeckoMm peakTope Temmeparypa OTXOISALIUX MPOJAYKTOB BBIYMCIISIETCS
10 XapaKTePUCTUUECKOMY YPABHEHUIO a/11a0aThl.

[Io pa3HMUE NPUXOASAIIETO M YXOASLIErO TEIUIa BBIYUCISAETCS KOJIUYECTBO
TEIUIa, KOTOPOE HEOOXOIUMO MOABECTH (MJIM OTBECTH) B allapaT M BKIIOYACTCS B

46



MPUXOHYIO WJIM PACXOAHYIO YacTh TEIUIoBOro Oamanca. [Ipu cocraBnenuu Temio-
BOro OajlaHca XMMHUYECKOr0 Ipoliecca HeOOXO0IUMO YYeCTh TEeIUIOBOM 3 deKT pe-
aKIMU W PUBECTH €T0 PacyeT; a I MPOIeccoB ¢ (pa3oBbIMU MPEBPALICHUSIMH Ha-
10 yauThiBaTh 3PPekT (pa3oBbix nepexonoB. ClieyeT YUUTHIBATh TAKKE MOTEPIO
TEIIa B OKPYXKAIOIIYIO0 CPeAy, KOTOpasi MPUHUMAETCS 110 JINTEPATYPHBIM TaHHBIM.
VYKa3bIBalOTCSI ICTOYHUKHU, OTKYAA B3SThl TEINIOEMKOCTH TIOTOKOB, UJTH MPH-

BOIATCA q)OpMYJ'IBI, IO KOTOPBIM OHH PACCUHUTAHBI.

Pesynbrath pacuera TemioBoro 6amanca ohopmIsFoTcst B hopme Tabauiis 8.

Tabnuma 8 —TemnoBoi 6ananc peakropa

N Macca Temmnepatypa TennoeMKoCTh Bennuuna
MarepuanbHblil IOTOK
MOTOKa, MOTOKA, MPOJIYKTOB, TEIJIOBOTO TIOTOKA,
€ro KOMIIOHEHTHI °
Kr/4 C kJIx/kr-rpa. kJx/a
1 2 3 4 5

1 [Ipuxon

N KoinyecTBO ITOABOIM-
MOTI'0 TeIlIa

Hroro: -

2 Pacxon

m KomauduecTBo 0TBOIU-
MOTI'0 TeIlIa

Hroro: -

B pasaciie «3aKII0YeHuE» OonpeaAcCIACTCA OTHOCUTCIIbHAA IMOIrpCIIHOCTDL pac-
qcTa MaTCpruajJdbHOI0 U TCIIJIOBOT'O 0aJaHCOB MO (I)OpMYJIaM:

5= ‘anpux B szacx‘

1000
Zanux

5= ‘anpux - ZQpacx‘lOO)/o
anpux
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Ipuioxxkenue A
(cripaBouHOE)
IIpumep opopmiiennsi TUTYIbHOTO Jucta KP
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®DenepaiapHOE TOCYJAPCTBEHHOE OI0KETHOE 00Pa30BaTEIBHOE YUPEKICHUE
BBICIIIETO 00pa30BaHUs
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Hrorosas
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Ipuiaoxenue b
(cripaBouHOE)

OdopmiieHne nepevHsi annmapaToB U 000PyA0BaAHUS, H300PaKEeHHBIX

HA TEXHOJOTHYeCKOH cxeMe

Ta6muna A.1 —BbykBeHHBIE MO3UIIMOHHBIE 0003HAYEHUSI anllapaToB

1 000pyI0BaHUS

HaunmenoBanue anmapatoB 1 000py10BaHUs Ob6o3HaueHus

PeakTopsl, perenepatopsl U T.11. P
TpyOuarbie ey, KOTIbI-yTHIN3aTOPHI, TOMKA MO/ AABICHUEM U T.II. IT
PexTudukanmonasie KOJOHHBI, abcopOephl, mecopOepsl, Tra3odpakIHOHUPYIO- K
1I11€ KOJIOHHBI

AncopOepsI 1 T.II. An
DKCTPAKTOPHI )5
OTtcroitHuKH O
Cymmnku Cm
Merraiaky, cMECUTENHN M
EmkocTH, GalioHbl, Ta3roibAepsl U T.11. E
Kpucrannuzaropsl Kp
TennooOMeHHHUKH, KUTIATHIBHUKY, KaTOpUQEpHI U T.I1. T
DNEeKTpONOoAOrpEBaTENH U T.A. ot
X0JIOAUIIBHUKH, KOHAEHCATOPHI U TIp. X
AnmnapaTbl BO3IYITHOTO OXJIaXICHUS XB
[ukI10HBI, cemapaTopsI 11
@UIBTPHI pa3HbIX KOHCTPYKIIUH )
DAEKTPOPHUIBTPEI 20
Tpancnoprepsl, 2J1€BaTOPBI, IIHEKU Tp
DKEKTOPBI Ox
NuxexTopbl Nx
Hentpudyru ¢
TpyOs! ABIMOBBIE i

Tabnuma A.2 —IIpumep oopmiieHus mepeyHs anmapaToB U 000pyAOBaHUS

Hos. of;ezHaqe- HanmenoBanue Kox. [Ipumeuanue
N1-12 Wcnapurenn 2
I1 TpyOGuaras neub 1
P Peakrop 1
XB1-XB4 Armmmapatbl BO3yITHOTO OXJIAXKICHUS 4
O OTcTOIHUK 1
H1,H2 Hacoc 2
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Ipuiaoxenue B
(cripaBouHOE)
YcaoBHble rpaduyeckue 0003HAYCHUS ANNAPATOB, 000PYA0BaHUA U 3alI0PHO-
peryJTupyroimmx yCTpoucTB

Ta6muna B.1 —I'paduueckoe o603HaueHNE TEINTIOOOMEHHBIX anmnapaToB
M 3JIEMEHTOB TEMI000MEHHUKA

C yuerom tuma ammapara ('OCT 2.789-74)

VYcimoBHOE 0003HaUEHNE

TEIUIOOOMEHHBIX
HaumenoBanue TEIUIOOOMEHHOIO all-
3JIEMEHTOB
napara
1 3

1 TenmooOMEHHUK KOXKYXOTPYOHBI C He-
HOJIBIDKHBIMH TPYOHBIMH PEIIETKAM:

a) JIaBJIeHUE B TPyOax M MEKTPYOHOM ITpo-
CTPAHCTBE BBIIIE aTMOC(HEPHOTO

0) naBjcHHE B TpyOax BBIIIC, a B MEXTPYO-
HOM TMPOCTPAHCTBE HIKE aTMOC(HEPHOTO

B) C TeMIIEpaTypHbIMH KOMIICHCATOPAMH Ha
KOXKyXe TpH JIaBJICHUU B TpPyOax U Mex-
TpyOHOM TIPOCTPAHCTBE BHIIIE aTMOCheEp-
HOTO

2 TermooOMEHHHK KOXYXOTPYOHBIH ¢ Tijia-
BaIOIIEH TOJIOBKOW MIPH JABJICHUU B TPyOax
U MEXTPYOHOM MPOCTPAHCTBE BBIIIE aTMO-
cdepHoro

= | <ED-G=D- =
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[Iponomxenne Taduier B.1

3 TermmooOMEHHHK KOXYXOTpYOHBIH ¢ U-
00pa3HbIMH TPyOaMu MpH aBJICHUU B TPY-
0ax 1 MeXTPYOHOM MPOCTPAHCTBE BHIIIIE
aTMOC(epHOro

4 Tensi00OOMEHHUK KOXKYXOTPYOHBIH ¢ ma-
POBBIM IPOCTPAHCTBOM TIPH JABJICHUU B
TpyOax U MEeXTPYOHOM NPOCTPAHCTBE BbI-
11e aTMoC(EepHOTO

5 TermmooOMEeHHHK OTPY>KHOH C TUIOCKHMH
BYG‘IaTBIMI/I JJIEMCHTaMH

6 Termo0OMEHHHK TTOTPY>KHOM CO CITH-
paTbHBIMU TPYOUaTHIMU 3JIEMEHTAMHU

7 TernmooOMEHHUK OPOCUTETbHBIN

8 TernmooOMeHHHK C MPSIMOi1 Teruionepena-
qeu

9 TermoOOMEHHHK € HAPYKHBIM 000TPEBOM

e

— | £ 1|

10 TertooOMEHHUK pereHepaTUBHBIN
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[Iponomxenne Taduier B.1

11 Tem100OMEHHUK C IEKTPHUIECCKUM
oborpeBoM

12 KonneHcatop cMetieHus

13 Terio0OMeHHHUK JTIMCTOBOM (Crirpalib-
HBIH)

14 Terui000MEHHUK TMCTOBOU IUIACTUHYA-
TBIN Pa30OpHBIi

154 Teruio0OMEHHUK JTUCTOBOU TUIACTUH-
YaThINA MOTYpa300pHBIN

16 Terui000MEHHUK TMCTOBOM IUIACTUHYA-
TBIN CBapHOU OJIOYHBIN

il EOSR A

17 Terui000OMEHHUK TMCTOBOU IUIACTUHYA-
THIW LIEIBHOCBAPHOU

18 Termt000MEHHNK TMCTOBON IUIACTHHYA-
TBI peOpUCTHIN

MAiRiRne g

IdIRRLTIT]L

IRIRTITIRT]
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[Iponomxenne Taduier B.1

19 Termn000MEHHNK TMCTOBON IUIACTHHYATHIN

JJaMEJILHBINA

20 TermmooOMEHHHK C BO3YIIHBIM OXJIAXKICHUEM

2
I

T2

a) HJIKOCTBIO

0) BO31yXOM
(rasom)

B) BIIPBICKOM

B) BIIPBICKOM

4 Tloporpesa-
TEJIN C eCTECT-

21 Kanopudep -
22 I'pagupHs -
—
bes ydera tuna armapara ('OCT 2.793-79)
VYcioBHOE 0003HAUECHNE YcioBHOE 0003HaUEHNE
HanmenoBanue VIS BO31yXa HaunmenoBaunue VIS BO3yXa
TUTS AKUATKOCTH IUTA JKUIOKOCTHU
(rasa) (raza)
1 2 3 4 6

2 Annapartsl
1 Anmaparst TCI‘IJ‘IOOI6)M6H-
TEINI000MEH-

5 @ : HBIC C IPUHY-

HBIE C ECTECT-

JIUTEILHBIM
BEHHBIM OXJIa- )
KTCHHEM OXJIAXKIECHUEM

a) KHUJIKOCTHIO
3 [Tonorpesa-
TEJH C IPUHY- 6) Bo3IyxOM
TIUTEIILHBIM (razom)
000TrpeBOM:

b—@—p—
Py
22
S

BEHHBIM 000T-
pEBOM

AiEika

R
2
e
s




Oxkonuanue Tadimel B.1

4

r) 3JIeKTpHYe-
CKHM TOKOM

TR

6 Konnencaropsl
C MIPUHYUTEIb-
HBIM OXJIaXK/ICHH-
€M.

a) HUIKOCTHIO

5 Konpgencaropst
C €CTECTBEHHBIM
OXJIQKIICHUEM

0) Bo3myxom (ra-
30M)

7 Ucnapurenu ¢
€CTECTBEHHBIM
oborpeBoM

8 Ucnapurenu ¢
HNPUHYIUTEIbHBIM
000TpPEeBOM KUJ-
KOCTBIO

9 Ucnapurenu c
NPUHYAUTCIIbHBIM
000rpeBOM BO3-
ayxoM (razom)

10 Ucnapurenu ¢
NPpUHYAUTCIIbHBIM
000TrpeBOM 3JICK-
TPUYECKHM TOKOM

11 Vcnapurenu ¢
MPUHYTUTEITEHBIM
oborpeBoM
BITPBICKOM

o
-5
.
-

12 VBinaxaureiu
BO3ayXa (rasa)

.
.
.
.
%

Tabmuna B.2 —I'paduueckoe o603HaUEHUE AIIEMEHTOB KOPITYCOB, PE3€PBYapoOB
u emkocteit (TOCT 2.788-74)

VYcaoBHOE 0003HAUEHUE DIIEMEHTA
ABJICHUC, 1104 KOTOPBIM a60TaeT arrapar
HammMmeHnoBanme A A PbIM P P
BBIIIIE HIDKE
aTMochepHoe
aTMOC(epHOTro aTMOoc(epHOTro
1 2 3 4

1 OGeuaiika I I
2 Jlauiie | I | | L__J
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Oxkonyanue Tadymiel B.2

1 2 3 4
3 I[eperopoakw, pacrpee- ]
JISIOIIHE TIOTOKH, HAa 00€e- e | | I I l_]_]_l
yakax U JHUIIAX s
4 Pe3epByapbl 1 EMKOCTHU
TOPHU30HTAIEHBIC
e

5 PesepByapsl u eMKOCTH
BCPTUKAJIbHBIC

D,

) <

Tabmuma B.3 —I['paduueckoe 0603HaueHNE KOJOHH U 3JIEMEHTOB MaccooOMeHa

B KOJIOHHBIX MaccooOMeHHbIX anmaparax (TOCT 2.790-74)

VYcioBHOE 0003HAUECHNE

HaunmenoBanu v
dMMCHOBAHNC KOHTAKTHBIX COOTBETCTBYIOIICH
YCTPOICTB KOJIOHHBI
1 2 3
PNy
——
1 Kononna tapenpvarast 00- _—
Iero 0003HAYEHUS —
. ———————
e —————
r—————
2 KoJyioHHA ¢ KONIIayKOBBIMU @
TapeaKaMu




[Iponomxenne Tadauisr B.3

3 KosionHa co cTpyiHBIMH Ta-
pCiIKaMu 1oJ AaBJICHUCM BbI-
11e aTMoCc(epHOTo

4 KoJoHHa ¢ KJIanaHHBIMH Ta-
peKaMH IoJ] BAKYYMOM

@ (@[]

5 KosoHHa ¢ npssMOTOYHBIMU
KJIAaTaHHBIMU TapeTKaMu

6 Kosonna ¢ tapenkamu ¢ S-
00pa3HBIMU dJIEMEHTAMHU

7 KosoHHA ¢ cUTYaThIMU Ta-
penkamu

8 Kononna ¢ cutuaro-
KJIalTaHHBIMU TapCJIKaMU 110
aTMOC(EpHBIM JaBJICHUEM

el ol llell| el el | el -




[Iponomxenne Tadauisr B.3

9 Kosonna ¢ cut4aro-
KJIalTaHHBIMU TapCJIKaMU 110
JaBJICHUEM HUXKe aTMocdep-
HOTO

10 KoJsioHHA ¢ cUTYATBIMU Ta-
penKaMu ¢ OTOOWHBIMU dJIe-
MEHTaMU

11 KosioHHA ¢ KaIrO3UHHO-
KJIIalITaHHBIMH TapeJIKaMI/I

12 KonoHHa ¢ pemieryaTo-
IMPOBAJIbHBIMH TapCIKAMU

13 KosioHHa ¢ BUXPEBBIMH Ta-
penkamu

el | [lel] o]l | lle]

13 KoJsioHHA ¢ HACKIITHON Ha-
caIKou
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Oxkonyanue Tadmunsl B.3

14 KonoHHa ¢ perysisipHOi Ha-

CaJIKOM MOJT BAKYyMOM

15 KononHa ¢ poTopHO# Ha-
caaKoi o aTMOCchepHBIM

JaBJICHUEM

4
\\

|
|

16 Anmapat KOJIOHHBIH ITyJb-

CAIlMOHHBIN

be3 yuera tuna anmapara (TOCT 2.793-79)

1 AnnapaTsl KOJIOHHBIE

|
ES

Tabauma B.4 —I'padpuueckoe o603nauenue nearpudyr (FOCT 2.795-80)

HaumenoBanune YcioBHOE 0003HaUEHNE HaunmenoBanune YcioBHOE 0003HaUEHNE
1 2 3
1 entpudyru J 2 Lentpudyru
bunpTpyromme mne- . bunpTpyromme
PUOANYECKOTO JIeH- : HEIMPEPHIBHOTO

CTBHS C BBITPY3KOU
ocajika:

a) py4HOM

JIEUCTBYUS C BEI-
IPY3KO# OcajKa:
a) HHEPIUOHHOU
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[Iponomkenne Tabnuims B.4

1

0) TpaBUTAIHOHHOM
(o meficTBHEM
CHUIBI TSIKECTH)

0) IIHEKOBOM

al

TLLLLLLLT

CTOMHBIE NIEPUOIU-
YEeCKOI'0 ICUCTBUS C

T) BUOpAIIMOHHON
C BCPTHUKAJIbHBIM
KOHHUYECKHAM KOp-

e B) BUOPAIIMOHHOM > 1 D
B) HOKaMu (aBTO- + C TOPU30HTANTb- \
MaTHYECKH) HBIM KOHHYECKUM
KOPITyCOM
3 lentpudyru ot- |'[| l

BBIIPY3KOM OcajKa:
a) py4HOM

il
X

ycoM

i

0) rpaBUTAIHOHHOM
(o aericTBHEM
CHUIBI TSIKECTH)

1) C MyJIbCUPYIO-
UM TIOPIITHEM

=Dt

TIT LLLLL

i

4 Lentpudyru
OTCTOMHBIE HE-
IIPEPBIBHOIO JEH-

MIPUBOJIOM POTOpAa:
a) HETOJTHOIOTOY-
HBIC C BHCIITHUM
PUBOIOM

0) BepTHKAaJbHbIC

—— 7
B) HOKaMH ﬁ—r CTBHSI CO IITHEKO-
(aBTOMaTHUYECKN) il BO BBITPY3KOH
ocasKa:
* a) TOPU3OHTAJTb-
HBIC
5 Lentpudyru c l,
THIPABINICCKUM ;s
Y !
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Oxkonuanue Tadmunsl B.4

ocajka

0) cenmapatopsl me-

]

1 2 3 4

l 6 CBepXIeHTpH-
: dyru: l

0) TOJHOIOTOYHBIE 4 a) TpyOuarele, me-

C BHEIITHHM TIPHUBO- PHOIHYECKOTO

IOM JIEUCTBUS, C pyd-

* l HOU BBITPY3KOM Jr
—

B) HEIOJHOIMOTOY-
HBIE C BHYTPEHHUM
PUBOIOM

PUOANYECKOTO
JEHCTBHUS C pyd-
HOM BBITPY3KOM
ocazka

“--l-?"

T') TIOJTHOMIOTOYHBIE
C BHYTPEHHHM TIpH-
BOJIOM

Yv

B) cemapaTophl He-
IIPEPBIBHOIO JEH-
CTBHSI C TUPABIIH-
YECKOU BBITPY3KOM
ocajka

0.

>

Be3 yuera tuna ammapara (TOCT 2.793-79)

1 llentpudyru ot- 2 Lleatpudyru

CTOMHBIC _ bunpTpyromue Y
3 CeepxueHTpudy-

ru (cermaparopsl - -
JKHUJIKOCTHBIE)

Tabmuma B.5 —I'padpuueckoe o603nauenue cymmiiok ('OCT 2.792-74)

HaumenoBanue YcnoBHOE 0003HaUCHUE HaumenoBanue YcnoBHOE 0003HaUCHUE
1 2 3 4
2 llIxadwr cy-
1 Anmapar cy- ¢ . M
. [IHJIBHBIE!
IIUJIBHBIA 00IIIero
a) mox atMocep-
Ha3HAYCHUS
HBIM JIaBJICHHEM
3 Cymuiaku BaJib-
LOBEIE! 0) 110/ JaBICHHEM ~71
a) OJTHOBAJIBIIOBAs HIKe aTMocdep- E
o] aTMOC(EepHBIM HOTO L~

aBIICHUEM
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[Iponomxkenne Tadauier B.5

1 3
4 CymuIKy pacisl-
0) IBYXBaJIbIIOBas )
JIUTEINIbHBIE!
o arMoc(epHbIM
a) C UEHTPOOEKHBIM
JaBlICHUEM
pacnblIeHHEM

B) OJITHOBAJILLIOBAS
0] JABJICHUEM HUKE
aTMOC(epHOro

0) ¢ bopcyHOUHBIM
pacrbUICHUEM

r) ABYXBaJIbI[OBas O]
JABJICHUEM HUXKE aT-
MochepHOTO

18> o> 8>

6 Cymuiku maxT-
HBIC!

a) o atMocdep-
HBIM JIaBJICHHECM

5 Cymunka co B3Be-
[IIEHHBIM CJIOCM:
a) C KUIISIIIUM CJI0EM

-

3

I,
[
rl

0) oz AaBJIeHHEM
BBIIIIE aTMOC(EpHOTO

0) LMKJIOHHBIC

B) IO JJaBJICHUEM
HUXKE aTMOC(EPHOTO

7 CyImuiaKky J€HTOY-
HBIC!
a) OJTHOJICHTOYHBIE

8 Cymuiaku mHeKo-
BBIC:
a) OJTHOLITHEKOBHIC

0) MHOTOJICHTOYHBIE

0) ranepeitHbie

B) BaJIbIICIICHTOYHBIC

17 [ )<

B) MHOTOSIDYCHBIC

I) ICTICBBIC

10 Cymmnku Gapa-
OaHHbIE!

a) C BpAIIAIOIIMCS
OapabaHoM 10T aT-
Moc(hepHBIM JaBiie-
HUEM




Oxkonuanue Tadmunsl B.5

1 2 3 4
0) c BpallaroIM-
9 Cymunku Bubpa-
e | TTAENT | oo e
aTMoc(epHOTo
11 Cymmnku po- 12 Cymmnku po-

TOpPHBIE!
a) mox atMocep-
HBIM JIaBJICHHEM

L

——
——
——
——
——
e
iy
e
——

TOPHBIE C HAPYXK-
HBIM 000TPEBOM:
a) o atMocdep-
HBIM JIaBJICHHEM

0) o/ JaBIeHUEM
HUXKE aTMOC(EpHO-
ro

0) 1o TaBIeHHEM
HUXKe aTMocdep-
HOTO

13 Cymmnku Tpyo- 14 Cymmniku cy0-

YaTbie JTUMAIOHHBIC

15 Cymmnku mo- =

JIOYHBIC! | —t— ] 16 Cymunku Ka- E
a) MOJIOYHO- = ::' MEpHBIC

JOHUCKOBEIE s _]

0) C OIPOKHUIBI-
BarOIIUMUCA I10JI-
KaMu

Wl
U

17 Cymunku TyH-
HEJIbHBIE

be3 y4de€Ta TUIla arna

ara ('OCT 2.793-79)

1 Annapatsl cy-
HIAIbHBIC BO3TYIII-
HbIe (Ta30BbIC)

2 Anmapartsl cy-
IIMIBHBIC BAKY-
YMHBIE

3 Anmnapartsl cy-
IIMTBHBIE TUDJICK-
TpUUYECKHE

5
é

4 Anmnaparsl Ccy-
HIMJIbHBIE pajina-
LIUOHHbIE
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Ta6muua B.6 — 'padmaeckoe ob6o3Hauenue BoimapHbix ammaparoB (TOCT 2.788-

74)

HaumenoBanue

VYcioBHOE 0003HAUECHNE

HaumenoBanue

YcioBHOE 0003HAUEHNE

1

2

3

4

1 Annapar Beinap-
HOM 00111ero Ha3Ha-
yeHus(p

L
12

2 Anmapar BbI-
MapHOM C eCTecCT-
BEHHOU LIUPKYIIS-
IIAEN C COOCHOU
TEIUIOBOM KaMe-
pou

11

3 Anmnapar BbInap-
HOM C €CTECTBEHHOMN
LUPKYJISIUEN C BbI-
HOCHOM TEIIOBOI
KamMepou

4 Anmapar BbI-
MIapHOM C NPUHY-
JTATEIIBHOU 1up-
KYJISIUEN ¢ co0c-
HOM TEIUIOBOU
Kamepoit

5 Anmapar BeImiap-
HOH C IIPUHYAU-
TEJIbHOU IIUPKYIIS-
LHEN C BEIHOCHOM
TEIJIOBOM KaMepou

6 Anmapatsl BbI-
MapHbIE IEHOY-
HBIE CO CBOOOIHO
najgaronieil mieH-
KOH

7 Annapartsl Bbl-
MapHbIE MIJICHOYHBIE
C BOCXOJISIIEH
TJICHKOMN

g

8 Anmaparsl BbI-
HapHbIe TUIEHOY-
HbIE POTOPHBIE

be3 yuera tuma anmap

ata ([OCT 2.793-79)

1 Annapartsl BbI-
HapHBIE C €CTECT-
BEHHBIM 000TPEBOM

2 Anmapartsl BbI-
MapHbIE ¢ IPUHY-
IUTEIBHBIM 000T-
PEBOM KHUIKO-
CTBIO

3 Anmnapatsl BbI-
napHbIe ¢ MPUHYIHU-
TeIBHBIM 000Tpe-
BOM BO3yXoM (ra-
30M)

4 Annapatbl Bbl-
HapHBIE ¢ IPUHY-
JIUTEILHBIM 000Tr-
PEBOM 3JICKTpHYC-

-4
g

CKHM TOKOM
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Oxkonyanue Tadaunsl B.6

1

5 Anmaparsl Bbl-
HapHbIC ¢ TPUHYIU-
TeIBHBIM 000Tpe-
BOM BIPBICKOM

Ta6nuna B.7 —I'paduueckoe o603HaUEHUE AIMapaToB ¢ MEXaHUYECKUMHU
nepemeruBaronumu ycrporicteamu (I'OCT 2.793-79)

Mermanku J0mMacTHRIC, IPOIe/UIEpHbIE, TYPOUHHBIC U T.I1. JIS KUIKUX CPE/I:

1oJ1 aTMOC(EpPHBIM
JIaBJICHUEM

C BHYTPEHHHM JIaBJie-
HHEM BBIIIIC aTMO-
chepHoOTrO

C BHYTPCHHUM [J1aBJICHHU-
€M HUXE aTMOC(EPHOTO

C BHYTPEHHHM JIaBJICHUEM
BBIIIIE U HIDKE aTMochep-
HOT'O

L]

(D

17

(LT

Mermanku J0macTHbIE, MPONEUIepHbIe, TYPOUHHBIC U T.I. VIS )KUAKUX CPell, HMEIOIIUe TTOI0T-
pEB, Ha MPUMEPE MEMIATKH MO aTMOC(EPHBIM AaBICHHEM

¢ 000TPEBOM KHIKOCTHIO

¢ 000rpeBOM BO31yXOM (ra3zom)

¢ 000TPEBOM PIEKTPUIECKUM TO-

KOM

|

|

L

Memmanky UIHEKOBbIE, SIKOPHBIE, BAJIKOBLIE,
Tapenapyarhie U T.I. 715 TacTO00pa3HbIX
MaTEepUaJIOB

Mermanku /Ui ChIIyYUX MaTepUaoB

A

L1
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Ta6muna B.8 —I'paduaeckoe ob6o3nauenue nacocoB (IOCT 2.782-68)

LenTpoOexHbIi Toma-

N [lectepeHHbIi BunToBoii Pyunoii
CTHOM
. . AKcuanbHO- .
[InacTuHYaThIN PannansHO-nIOpIIHEBOM . KpuBommmnHbIit
IOPIIHEBOU

=t | 35

CtpyliHble HaCOCHI

C KHUAKOCTHBIM BHCUIHHUM C ra30BBIM BHEIITHHM

OO01Iero Ha3HAYEHUSA
IMOTOKOM IMOTOKOM

R — e

Tabmumna B.9 —I'padudeckoe 0o603HaueHNE BEHTUIIATOPOB, KOMIIPECCOPOB
(C'OCT 2.782-68)

Bentunsarop

. Bentunsitop oceBoit Kommnpeccop
HEHTPOOCIKHBIIA

(o X
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Tabnuma B.10 —I'paduueckoe o003HaUeHHE TPYOUATHIX TIeue

Ileur o naBiIeHUEM

ITeun ¢ HAaKITOHHBIMU CcBOAaMu

OJIHOKaMepHast

JIByXKaMepHasi

ITeusr Tuna B ceknponHas

C BEpXHUM OTBOJOM Jbl-
MOBBIX T'a30B, BEpTHU-

KaJIbHBIMU TpyOamu pa-
JUAHTHOTO 3MEEBUKA

Ileup Tuna I, nmius-
JipuyecKas ¢
BEPXHUM OTBOJOM
JIBIMOBBIX Ta30B B

Ileus Tumna 3, y3koka-
MepHasi, C BEpXHUM OT-
BOJIOM JIBIMOBBIX I'a30B,
30HAJILHOM PETyINpPOB-

ITeus Tuna I' BepTH-
KaTbHO(AKEITHHOTO THIIA
WM 00bEMHO-
HACTHIJILHOTO COKUTaHUS

TOTUTMBA C JpiMoBas TpyOa
BCPTUKAJIbHBIMU Kol TCMIICpa- TOPU30HTAJIbHBIMHA
TpyOaMu paMaHTHOTO [ TYpHI IO JUIMHE paau- | TpyOamu paJuaHTHOTO U
3MEEBHKA AHTHOTO 3MEEBHKA KOHBEKIIHOHHOTO 3MEEBH-

KOB

a0 — gl

O op €
Pan 2o
);— oo
Lo
o g

T —
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Tabmuma B.11 —I'paduueckoe o0o3HaueHrnEe (HUIBTPOB U OTCTOMHUKOB

(TOCT 2.791-74)

VYcinoBHOE VYcnoBHOE
HanmenoBanue HanmenoBanue
0003HaYeHUE 0003HaYeHUE
1 2 3

1 Orcroiinuk Oac-
CEeMHBIN

¥ I'_'_l

2 OTCTOMHUK OHO-
KaMEepHBIN

3 OTCTOMHUK MHOTO-
KaMEpHbIN

4 Crycturenb rped-
KOBBII OJHOSIPYCHBIN

5 ®OunbTp mecouHbII

M

4 Crycrturens rped-
KOBBII MHOTOSIpYC-

FE G

TUAPOCTAaTUYECKUI o
P HBIN
8 dwibTp Gapadau-
. FHHPOHHKHOH { ~ p 6ap
HBIN

9 ®OuneTp Tapenpya-
TBIN

:

10 ®unbTp NEHTOYU-
HBIN

¥

11 ®unpTp KOBIIO-
BBII KapyCeJbHBIN

12 Npyx-dunstp

)

e
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[Tponomxenne Tabmuier B.11

1

13 ®dunbTp KOB-
LIOBBI KOHBEM-
€pHBII

14 Hytu-bunstp
(BakyyMHBIiA)

15 ®unwTp nuc-
TOBOW TOPU30H-
TJIHBIN C TOTIE-
pPEYHBIMHU JINCTA-
MU ¥ BHYTPEHHUM
JTABJICHUEM BBIIIIE
aTMoC(epHOro

16 ®unbTp nwc-
TOBOY TOPU30H-
TaJIBHBIN C TIPO-
JOTBHBIMH JTHC-
TaMUu ¥ BHYTPEH-
HUM JaBJICHUEM
BBITIIE aTMOchep-
HOT'O

17 ®unwTp nuc-
TOBOW BEPTHU-
KaJIbHBIN C BHYT-
PEHHUM [1aBICHU-
€M BBILIE aTMO-
chepHOTO

18 ®unbTp awmc-
KOBBII BAKYYyM-
HBIN

=

19 ®unbtp awuc-
KOBBIHU IIOJ J1aB-
JICHUEM BEIIIIE

aTMOC(EpHOTo C

20 @unbTp muc-
KOBBIH ITOJ JTaB-
JIEHWEM BBIIIIE

TOPU30HTAIIbHBI- aTMochepHOro
MU TUCKaMHU
. [ 1>
21 ®unbtp ¢ rod- 22 ®unpTp na-
PUPOBaHHBIMHA TPOHHBIH MO
¢buIbTpOIIEMEH- JaBJICHUEM BBIIIE
TaMH aTMOC(EepHOTO
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[Tponomxenne Tabmuier B.11

1

2

23 @unbTp-mipecc
C BEPTUKAIBHBIMH
IIJIMTaMu

P
e

-4

24 ®unpTp-mipecc
C TOPHU30HTAIIb-
HBIMHU IIJIMTaMU

A

25 Cemnaparop 26 Cenaparop
OJTHOCTYTICHYA- CTaTUCTHUYECKHH
THIN (TapernbuaThIii)
28 dunbTp ¢ TIpo-
27 Cenaparop p ©1Ip
BYXCTYNEHIATE TUBOTOYHOM IPO-
JBYX MBIBKOM
29 Cenaparop m 30 ®unbTp cnu-
TPEXCTYIEHYAThIN panbHbINA

be3 yuera tuna armmapara (TOCT 2.793-79)

1 ®unbTpsl A1
OT/IEJIEHUS KHUI-
KuX (ppakiuii ¢
PYYHBIM CITyCKOM:
a) JUIS KUKOCTH

2 OunbTpHI IS
OT/IEJIEHUS KNI~
KHX (Qpakuuii ¢
ABTOMATHYECKUM
CITYCKOM:

a) JUIS KUKOCTH

0) 115 BO3ayxa
(raza)

0) 115 BO3yxa
(raza)

3 OunbTPHI IS
OT/CJICHUS KU
KX (paKnuii Xu-
MHYECKHM CIIOCO-
O0M C pY4HBIM
CITyCKOM

4 OunbTpHI A
OTIEICHUS KUI-
KuX (ppaxuit
XAMHUYECKUM
cImoco0oM ¢ aB-
TOMATHYECKUM
CITyCKOM

S OunbTpsI 1715
OTJICTICHUS TBEP-
IBIX (PPAKIIHIA ¢
PYYHOU OUYHUCT-
KOM.

a) JUIS KUKOCTH

IR In i

6 OuIbTPHI IS
OTJICJICHUS TBEP-
JBIX (PPAKIIHIA C
aBTOMAaTHYCCKOU
OYHCTKOM:

a) JUIS KUKOCTH
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Oxkonuanue Tadbimne B.11

1

3

0) ns BO3Iyxa
(raza)

0) nus BO3myxa
(raza)

7 OUIbTPHI 115
OT/CIICHUS ra30-
BBIX (hpaKIuii ¢
PYYHOH OYHCT-
KOH.

a) JUTSL JKUIKOCTH

8 OunbTpsI 11
OT/ACJICHUS ra30-
BBIX (ppaKIuii ¢
aBTOMAaTHYSCKOM
OYHCTKOM:

a) JUTSL KUIKOCTH

0) 1s BO3Iyxa

0) aus BO3Myxa

(raza) (raza)

9 Birarootnenu- 10 Baaroornemnu-
TeJb C PyYHBIM TENb C aBTOMATH-
CITyCKOM YECKHUM CITYCKOM
11 Bo3nyxocy- 12 ®unpTp non-
IIUTETh HOITOTOYHBIN

b de

daiialhaled

Tabauma B.12 —Apmarypa tpyoomnposoanas (TOCT 2.785-70)

a) MPOXOIHOM

a) MPOXOIHOM

HaunmenoBanue O6o03HaueHNe HaumenoBanue O06o03HaueHNe
1 2 3
1 BenTuib (ki1amnaH) v
3aMopHBIIL: 4 KianaH npe1oXpaHUTEIbHbIN:

0) yrioBoi

0) yrioBoi

B) TPEXXOJI0BOM

5 Kmaman npoccenbHbIi

2 BenTuns, knanaH pe-
TyJUPYIOLIWMA:
a) MPOXOIHOM

6 3aTBOp MOBOPOTHBIH

0) yriioBoi

e %% v X

7 Kimaman peyKImoHHBIH.

MK %

[Ipumeuanue - BepimmHa TpeyroabHUKa JOJKHA OBITH
HalpaBJieHa B CTOPOHY ITOBBIIIEHHOI'O 1aBJICHHS
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Oxkonuanue Tadyme B.12

1

3

3 Knanan oOpaTHBbIit
(k;amaH HEBO3BPATHBIN):
a) MPOXOIHOM

8 Knaman Bo3aymIHbIi aBTOMA-
tuueckuii ()BaHTY3

0) yriioBoi

y X

9 3aaBuxkKa

JIOTO TPCYTOJIbHHUKA K YCPHOMY

[Ipumeganne - JIBmxeHne paboueit cpebl
yepes KiamnaH JJOJDKHO OBITh HAalpaBIleHo OT Oe-

10Kpan:
a) MPOXOIHOM

11 Kpan 4eTpIpexxoa0-
BOU

0) yrioBoi

13 Kpan aBoitHOI pery-
JIUPOBKU

12 KpaH koHIIeBO# 00111ero Ha-
3HAYEHUS
a) IMOJIHOE 0003HAYCHHE

14 Cmecutenpb 00LIEro
HA3HAYEHUS

0L %

0) ymporieHHoe 0003HaUCHHE

1Y X % -

12




