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ToBapHbIe KadecTBa HEPTEU N HEPTAHBLIX PPaKLINA
XapakTepusyrTca  NOMMUMO  (PPaKUMOHHOIO U
XUMUYECKOro COCTaBOB Takxe MHOMMMM
nokasarensamMmm nx Pnsnko-xmMmm4eCcKkmnx CBOUCTB.

HekoTtopble 13 Hux BxogaTt B FOCTbl Ha ToBapHbIe
HedTenpoayKTbl, KOCBEHHO WM HEMNOCPEACTBEHHO
XapakTepusya nx akcnmnyartaunoHHbIe CBOUCTBA.

[pyrne nokasatenu MCNONb3YyTCA ans
nabopaTopHOro  KOHTPOMA U aBTOMaTUYECKOro
perynmpoBaHuns TEXHOSTIOMNYECKUX NpoLieccoB
HedTenepepaboTKu.

3Ha4YeHuns nokasarenem doU3UKO-XUMUYECKUX
CBONCTB HedoTen N nx dopakummn Heobxogmmbl AN
pacyeTta HedbTe3aBOACKOW annapaTtypbl.
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1. lTnomHocmb

OfgHa 13 BaXXHEULLUX U LLUMPOKO YyNoTpebnseMblx nokasartenemn
KayecTBa HedoTeN N HePTENPOAYKTOB.

[TNOTHOCTbL onpegenseTcss Kak mMacca eauHuubl obbema
XXNWOKOCTU npu onpegeneHHon temnepatype (kr/m3, rlcm® mnu
r/mn).

Ha npaktuke 4alie UCnonb3yT OTHOCUTESIbHYIO MIOTHOCTL -
be3pa3sMepHyr0 BENMYMHY, YUCIEHHO pPaBHYK OTHOLLUEHUIO
UCTUHHbLIX MJIOTHOCTEU HedTenpoaykrta U AOUCTUNNIMPOBAHHOM
BOAbl, B3ATbIX MPU onpeferieHHbIX Temnepartypax. B kayectse
CTaHOapTHbLIX Temnepartyp ONn4a BoAbl U HeEPTENPOAYKTA NPUHATLI
B CLUA un Anrnum -15,6°C (60°F*), B ApYyrMx crtpaHax, B T.4. U
Poccun - 4°C n 20°C (p,°).

t °C = 5/9(t °F - 32).
*°F - rpagycbl no wkane dapeHrenta, B KOTOpon TemnepaTypbl

TagHU4a Nbga U KnneHna Boabl NPUHATBI COOTBETCTBEHHO 3a 32 U
212 eanHuu;




OnpegeneHne NNOTHOCTU HEPTAHOIO CbiPbsi MOXHO NPOBOAUTL
npu ntobon Temnepartype (p,!), a 3aTem BbIMUCANTb 3HaYeHne p,*°
no popmyne [1.1. MeHgeneesa (npumeHnma ot 0 go 50°C):

0,20 = p,! + a(t- 20), a = 0,000903 - 0,00132(p,° - 0,7),

rae a - cpegHun TemnepaTtypHbin KOSPPUUNMEHT pacLUMpPeHNa Ha
OOWH rpagyc (crnpaBodHas nutepartypa).

dopmyna nepecyeTa NMnoTHOCTU p£15 B pézo:
P =0,994 p,2° + 0,0093

[TNOTHOCTL OOonbLUMHCTBA HETEM B CpedHeEM Koriebnerca ot
0,81 pgo 0,90, xoTa BCTpedalTCcA HedpTU ferdye uUnNu TaXernee
yKasaHHbIX npegenos. [N1nMoTHOCTM nocregoBaTefibHbIX dopaKkuun
HedTn NnaBHO YBENMYMBAIOTCA.

[TNOTHOCTb Y3KUX HEPTAHLIX PpakUnn 3aBUCUT OT XUMUYECKOIO
MX cocTaBa W BO3pacTaeT B 3aBMCUMOCTM OT npeobnagaHus
KI1laCcCoB YrreBogopoaoB B crieQytolem nopsigke:

arikaHbl — UMKIaHbl — apeHbl.




2. CpedHsiss memMmnepamypa KuneHus
HegbmsiHOU ppakyuu

INMobasa HedTaHaA pakums, Kak 1 HedTb, NpeacTaBnsaeT cobou
CMOXHYKO CMeCb YIrneBoOopodOoB, BbIKMMAKWKUMX B HEKOTOPOM
TemnepaTtypHoM  UHTepBane. B  MHXEHepHbIX  pacyeTrax
UCMONb3yeTCcA TMNOHATME cpedHen TemMnepaTtypbl  KUMEHUS
HepTaHOU dopakumn. CyulecTByeT HECKOSIbKO ee mMoandpukauun,
HO Haunbonee ynoTpebuTernbHOM SBMSAETCA CPeAHAs MONApHas
Temneparypa T, ,, , KOTOpas paccunTbIBaeTCsA MO YopmMyne

"

Tcp.M. o Z ik

i=1

rae | - YACNo KOMMOHEHTOB (Y3Kux dopakumn) ot 1 oo n;
X; - MOJIbHas oons i-ro KOMMNOHEHTa;

t; - cpegHeapudmMmeTnyeckasa Temnepartypa KUneHns y3kom
dopakuuu, B °C.



3. Xapakmepu3syrowuu ¢pakmop

OTO YCNOBHbIM MapamMeTp (HasblBAEMbIN TakKXe gbakmop
napagpuHucmocmu BamcoHa), npegctasndalowmm  cobowu
OYHKUMIO NSIOTHOCTM W CpedHen MOJNIApPHOU TemnepaTtypbl
KuneHnsa Hedrenpoaykra (Tcp.m., °K), oTpaxawwun ero
XUMUNYECKYIO Npupoay-:

3 15
K=1,216 JTEP.H.KPH

CpegHue 3HayeHus K :
» napaduHncTble HedpTenpoaykTtel 12,5-13,0

» HadTeHoapomMaTnyeckue 10-11
» apomMaTtu3npoBaHHbLIe 10
» MPOAYKTbl KPEKUHra 10-11

dopmyna pacyeTa xapakTepusylollero daktopa MNpPUMEHSETCS
OObIYHO AN MOcneaylollero pacyeta MOMNEKYNSAPHOW Macchl Y3KUX

HETAHbIX dopaKkLUH.



4. MonsipHas macca

[lpeacrtaBnser cobon  maccy  YCPEOHEHHOro  Mons
HedTenpoaykra (Kr/KMOnb), onpenensaemyto
9KCMepMMEHTaNbHO UMM pacyeToM MO  3MMNUPUYECKUM
doopmynam.

C noBbilleHNeEM TeMnepaTypbl KUNEHUA HEPTAHLIX dopaKkLnm
MonsipHasa macca (M) pacteTr. 9Ta 3aKOHOMEPHOCTb J1IEXUT B
ocHoBe ¢opmynbl b.[1. BouHoga (NpuMeHMMa TOMNbKO AONH

HOpPMaJsibHbIX arikaHoB C YMUCIIOM YrnepoaHbiXx atoMoB OT 4
nolbs) :

M =60 + 0,3T,,,, *0,001(T,,,, )

cp.M

bonee TouHble pe3ynbTaThl AaeT ¢popmyna b.l1. BouHosa -

A.C. Juz2eHCcOHa, BbIBEIEHHAS C YY4ETOM XapaKTepU3yoLLero
doakTopa:

M = 7K-21,5 + (0,76 - 0,04K)T,, ,+ (0,0003K-0,00245)T2, ,,



3aBUCUMOCTb MeXay MOJSIAPHON MacCcon N OTHOCUTESIbHOU
NNIOTHOCTLIO BbipaXkaeT gpopmysia Kpaea:.

M=4429 pi2 | (1-pi2 ).

MonapHaa macca cMecu HePTAHbLIX dopakUUM pacCcYnTbIBAETCH
No npaBuny agauTMBHOCTU UCXOAS U3 M3BECTHOMO MX COCTaBa U

MOSSAPHbIX MaccC:
M=>Mx’' unu M=1/)(x/M),
rae X’ U X;,, - COOTBETCTBEHHO MOJIbHaa U MaccoBas 4OSIA

HeTAHbIX PpaKkynH.
Ons pacyetoB M niobbix yrrnesogopoaoB M HEPTAHLIX dopaKLNK
(c norpewHocTbto MeHee 1,5% otH.) C.A. Axmemosbim
npennoXxeHa criegyoLwaa opmyna:

|:|5E|]+ﬂ+H3T5+EE3FEU+H4FEDE:I

M=3,9802 T, ' ‘s

roe t.= T,,,/100;
0,=3,1612; a,=1,3014,; a,=-0,0287; a, = -2,3986; a, = 1,0844.



5. [lasneHue HacbiweHHbIX napoe (AHIT)

OHI1 - naBneHne, passmBaemMoe napamm, HaxoadawmmMmncsa Haa
XUOKOCTbK B YCIOBUAX paBHOBECUSA NPU onpeaeneHHon Temnepartype.

[Ona HePTU.M HePTAHbIX pPakuMM OHO 3aBUCUT He TOJIbKO OT
TemnepaTypbl, HO U OT TeMnepaTypbl UX KUNEHUSA U NMOTHOCTWU. [OnA
Y3KNX dopakumm HemTN MOXHO C U3BECTHOM CTEMNEHbLID MPUBNUKEHUS
cuutartb p;= f(T,T,,,,).- Ha atom 6asnpyoTca pasnuyHble oopmyrbl, 13
KOTOPbIX Yalle Opyrnx ucnonb3yertcs ¢gpopmysia Auweopma:

I9(p- - 3158) = 7,6715 - 2,68f(T)/(T,) , (Ma),

roe f(T) =[1250/(+/ T2 + 108000 - 307,6)] - 1, f(T,) - aHanorMyHas
dyHKUMA, TONbKO Npu T, - cpegHeun Temnepartype KUNneHnsa ppakuymm
npu atmocdepHoOM aasrieHunu, °C.

OHM - gaesngetca ogHUM U3  pyHOAMEHTalNbHbIX (U3NYECKUX CBOWCTB
XUMUYECKMX BeLLEeCTB N Ooriee MHGPOPMATMBHO XapakTtepusyeT dU3NKo-XK-
MUYECKYI0 CYLLUHOCTb (Pa3oBbIX MepexofoB W 3HEPreTuKy MeXXMOSEKYNApHOro
B3aumogenctema B Hux. [OHIT wnpoko wucnonb3yetca B XMMUYECKOU
TEXHONOIMN ONA UHXEHEPHbIX pacyeToB MacCCO-TENnSI000MEHHbIX MPOLECCOB,
onpenendeT TakKxe sKcnnyatauMoHHble CBOMCTBA HE(PTENPOAYKTOB.




6. Temnepamypa KuneHus npu
HecmaHOoapmMHbIX 0aeJ/IeHUsIX

B xummyeckon texHonormm uMH@oOpmMaumnmen o temnepartype

KUMEHNST  XMMUYECKUX  BeLllecTB MNpu  HecTaHOapTHbIX
pasneHuax 1 (T",.) NONb3ylOTCA NpU  pacyeTax
TEXHOMNOINM4YeCcKMX MNpoLLeCCOB, OCYLLECTBAEMbIX NPU BaKyyme
MNn  OaBneHusiX  Bbllle  aTMocepHoro, ©n  0OObIYHO
OOBOSIbCTBYIOTCS  TaOynMpPoOBaHHbIMU  3KCNEPUMEHTAaNbHbIMU
OAaHHBbIMU U XXe HOMOorpaMmmMmamu.

[lockonbky T . onpegensetca u3 ycnosusa paseHctea OHI]
xXmgkoctn P, BHewHemy pasrneHuto [1, 10 6Gapuydeckytro
3aBVCUMOCTb Temrnepartypbl KUMNEHUA XUMUYECKUX BELLECTB
cnegyetr  paccMatpuBatb  Kak  obpaTtHyl  (PyHKUUIO
Tepmunyeckon 3asncumocty OHI npu ycnosuun P=I1.



7. Kpumu4yeckue ceoucmea

Kputnyeckas temnepatypa (T,,), HasBaHHasi no npeanoxeHuto .U
MeHnaoeneeBa abCcosntoTHON TEMNEPATYPOU KUMEHUS - TEeMNepaTypa, npu
KOTOPOW WUCYE3aeT pasnuume Mexay XUAOKMM U rasoobpasHbiM
coctosiHnem BewlectBa. Kputudeckoe pasnexHve (P,,) - [aBneHue
HacCbIWEHHbIX MNAapoB  XMMUYECKUX BELIECTB MPU  KPUTUYECKOU

Temnepatype. Kputuyecknn obbvem (Vi,) - YyAenbHbIM 00bewm,
3aHMMaeMbIn BELLECTBOM MPU KPUTUYECKNX TEeMMepaType 1 AaBneHun.
[lpn  TemnepaTypax cBbiwe T,, BeLecTBO Mepexoaut B

CBEPXKPUTUYECKOE COCTOSIHME ©0e3 KuneHmsa un napoobpasoBaHus
(pasoBbIM Nepexon 2-ro poda), NpM KOTOPOM Tensfiota ucnapeHus,
NMOBEPXHOCTHOE  HATAXEHWEe U SHEPrMm  MeXMOJSIEKYNSPHOro
B3aMMOOENCTBUA paBHbl Hymwo. BewectBo B CBEPXKPUTUYECKOM
COCTOSAHUM MOXHO MNpPeacTaBUTb Kak COBOKYMHOCTb M30JSIMPOBAHHbLIX
OpYyr OT gpyra Mosiekyn (Kak MoneKynapHbIA «Mecok»).

[1na BellecTB, HaxoOAWMXCA B CBEPXKPUTUYECKOM COCTOSAHUU, He
NMPUMEHMMbI 3aKOHOMEPHOCTM abcopbunun, agcopoummn, KCTpaKUUU U
pektudunkaummn. MIx B cmecax ¢ «GOKPUTUYECKUMU» XKUOKOCTAMU MOXKHO
pasgenuTb NULlb rpaBUTALMOHHBIM OTCTOEM.



8. ®yaumueHOCMb (CXXKUMaeMoOCmb)

XapaktepuayeT CTerneHb OTKIOHEHUSA CBOWCTB pearibHbIX
ra3soB M NapoB OT pacCyYMTbiBAEMbIX MO YpaBHEHUAM
COCTOSIHUA nageanobHoro rasa. dyrutusHocTh (f) namepsaercs B
Tex xe eguHuuax, 4to u AHI1 1 3ameHaeT ero B ypaBHEHUAX
naeanbHOro COCTOAHUS NMPUMEHUTENBHO K pearibHbIM rasam,
napam U XXNOKOCTSAM:

F=2ZP,

roe Z - koodppuumeHT pyruTMBHOCTU (CXumaemocTtu). Ongd
noeanbHoro rasa z = 1.

YCTaHOBNEHO, 4YTO Z dBnseTca (MYHKUMEU npuBeOeHHbIX
Temnepartypbl U gasneHusa. [lpn UHXEHEPHbIX pacyeTax
3HavyeHna KoappuumeHta PyruTMBHOCTM Z onpeaensroT no
OMMUPUYECKUM  YPaBHEHUAM UKW MO  chneunanbHbIM
HOMOrpammam.



BSI3KOCTHO - TEMIMNEPATYPHbIE CBOUCTBA

BA3KkoCTb 4ABNdeTcA OOHOW M3 BaXHEULLUUX XapaKTePUCTUK
HepTen u HedTenpoayktoB. OHa onpegenaetr MNOABMXKHOCTL
HedTenpoayKTOB B YCIOBUAX SKCMnnyaTtauun asuratenen, MawiuH
N MexaHWU3MOB, CYLLECTBEHHO BIIMAET Ha pacxod SHepruu npu
TpaHCnopTMpoBaHUN, punbTpaunmn, nepemMeLlnBaHun.

PasnuyatloT AguHaMuyeckyro (n), KUHeEMatuyeckyr (v) wu
YCIOBHYIO (BY) BA3KOCTW.

B HedpTenepepabotke Haubosriee LWMPOKO  MNONb3YHTCH
KWHEMATUYECKOWN BA3KOCTbH, YUCIIEHHO pPaBHOWM OTHOLLEHMUIO
ONHaAMUN4YeCKON BA3KOCTU HedoTenpoadyKTa K ero niioTHOCTU

v=n/p
EovHuuen mnamepeHns v aBndeTcs cMm?/C (CTOKC) unm Mm2/c
(CaHTUCTOKC).

BA3KOCTb CMNbHO 3aBUCUT OT TemnepaTypbl, NO3TOMY Bcerga
yKa3blBaeTCcs TemnepaTtypa.



B TexHu4yeckux TpeboBaHMAX Ha HedTenpoayktel 0OObIYHO
HopmMupyeTcs BA3KoCTb npu 50 n 100, pexe 20°C.

[na oueHKn BA3KOCTHO-TEMMNEPATYPHbIX CBOUCTB HeMTAHbLIX
Macesn nNpearnoXeHbl pasnuyHblie rnokasaTtenu, Takme, Kak UHOEKC

BA3KOCTU (MB), OTHOLLEHWE BA3KOCTEN Veg/ Vipo U AP.

MHOEeKC BSA3KOCTWM - YCNOBHbIM MOKasaTeNb, npeacraBnsoLlnni
cobON CpaBHUTESBHYIO XapaKTEPUCTUKY WCMbITYEMOro macra wu
9TaNoHHbIX Macen. J3HadeHne MWUB paccunTbiBaeTcd Mo

cneunanbHbiIM Tabnumuam Ha OCHOBaHUWM 3HAYEHUN V50 7 VlOO
MacCerl.

UeMm MeHbWwe MeHsiemcs 8s13KOCMb MacJsia ¢ USMeHeHUeM
memMrnepamypbl, meM ebiuie e20 /B.

YcTaHoBneHo, 4YTto /B 3aBUCUT OT XMMUYECKOro cocTtaBa Macrna
N CTPYKTYpPbI YrneBogopoaos.

Hanbonbwmnm 3HadeHnem MB obnagaioT napagpuHOBbIE
yrrneBoaopoas.l, HaMMEHbLLNM - NoNULUUKIINYECKME
apoMaTUYEeCKNE C KOPOTKMMN DOKOBLIMWU LIENSIMMU.



TEIM/OBbLIE CBOUCTBA

[Tpn TexHonornyeckux pacyetax annapartos HI13
MCMONb3YIT Takne 3HavyeHUda TENNOBbIX CBONCTB HEQPTEN U
HeTenpoayKToB, KakK:

» TEMJIOEMKOCTb - konundecTBO Tenmna, Heobxoaummoe
ONs HarpeBaHUa eguHuLbl Maccbl BellecTBa Ha OAWH
rpagyc;

» OHTAJIBINA (TennocogepxaHue);

» TEINJIOTA CIOPAHHUA (TennoTBopHasd CnocoOHOCTb) -
Konn4yecTtBo Tenna (B [OX), Bblgenatoweecsa npm nosiHom
cropaHuM eanHuubl Macchbl (Kr) TornmBa  (HedTw,
HedpTenpoayKTOB) NPN HOpMarbHbIX YCIIOBUAX;

» TEIJIOTA WUCIIAPEHUA - KonundecTBO TENnoThl,
NOrfowaemMoe XUAKOCTbIO Mpu  Mepexoge ee B
HacCbILWEeHHbIV nap v ap..



TEIMJIOEMKOCTbD

TennoemMKoCTb CUCTEMbI — OTHOLLEHWE KonuyecTtBa Tenna,
cooOulaemon cuctemMe B  KkakoM-nmbo npouecce, K
COOTBETCTBYIOLLLEMY U3MEHEHUIO ee TeMNnepaTypbl.

Pasnuyatotr  uctuHHyto  (C,.,) W cpedHioto  (Cgp)
TENSI0EMKOCTWN, COOTBETCTBYIOLLNE NNOO BECKOHEYHO MarioMy

N3MEHEHMIO N Pa3HOCTU TemnepaTyp.
C,., =dQ/dT, Co=Q/AT= Q/T,—-T,

B 3aBucnmocTu ot cnocoba BblpaXXeHNA COCTaBa BELWECTBA
pPa3rfinyaloT crieayrLmne TernJyioeMKOCTI.

» Maccoesyio,
» MOJIbHYO,

» 00bEMHYI0.



Pasnunyaior n306apHy0  TENJIOEMKOCTb  (MPXU  MNOCTOSAHHOM

naeneHun - C,) 1 U30XOPHYK TENJIOEMKOCTb (MPY MOCTOSSHHOM
obveme - C)). lNMpnstom C,>C,.

[ns >xuakocten pasHoctb Heenuka C - C,, a ans naeanbHbIX
razoB C, - C, = R = 8,315 k[Dx/(Monb*K).

Ons pacyeTa cpeaHen TENNOEMKOCTU XKNOKNX
HedTENPOAYKTOB NPEAJIOKEHDI:

ypaBHeHMe PopTya 1 YUTMeHa:
15
C, =1, 444+0,000371(T,,- 273) (2,1 — P15 )

ypaBHeHue Kpara:
| 15
C, = (0,762-0,0034T,) / \P13 u dp.

[1na onpeneneHna cpegHen TENNIOEMKOCTU NAPOB U HEPTAHbIX
dopakuum B nHTepsane go 350°C MoXXHO Nosfb30BaTbCA
ypaBHeHnem banbke n Keun:

C,=(4- P13 )(1,8T +211) /1541 .



IHTAIBINA

YoenobHas QHTanNbMNMA  XXUOKUX  HedTenpoaykToB  npu
Temnepatype T 4YMCreHHO paBHa KonuyecTtBy Tenna (B KOX),
HeobXxoOAMMOMY AONnA HarpeBa eauHULbl KoniMdecTBa NpoayKTa
oT TemnepaTtypbl 0°C oo 3agaHHOW TemMnepaTypbl. HTANbNUA
napoB ( ;) Oonblue 3HTaNbAUN XWUAKOCTU ( %) Ha BEMUYUHY
TennoTbl UCNapeHns U neperpesa napoB. Hambornee 4acTto
ncnonb3yemble ypaBHEHUA ONA pacyeTa 3HTanbMny XUOKNX U
napoodpasHbIX HedTenpoayKTOB (B KLK/KT) npu
aTMocrepHOM OaBrneHun:.

ypaBHeHne PopTya 1 YUTMeHa:
g7 (0,001855T2+ 0,4317T - 256,11)(2,1 - P12),
ypaBHeHune Yaunpa v AtoHa:

q% = (129,58 + 0,134T + 0,00059T2)(4- £12) - 308,99.



TEIJIOTA CIrOPAHUSA

KonnyectBo Tenna, BblOENAKOWEroca MNpuU MOSIHOM CropaHuu
eanHULUBlI Macchl nnu obbema BellecTBa UNKU TOMMMBaA, Ha3blBalOT
Tennoton cropaHuda. PasnuyarT Bbicwylo (Qg) v Hmswyw (Q,)
TennoTbl cropaHusa. Q. otnnyaerca ot Q, Ha BENUYMHY TENNnoThl
NOSIHON KOHAEHCaUuM BOAAHbLIX MapoB, 0OpasyloLmMXCs U3 Braru
TONMMBa 1 Npu cropaHnun yrnesogopoaoB:

Q,, = Q. - 2500(9H + W)
[na pacyeta Q. ncnonb3ytorca popmyna .. MeHgeneeBa :

Q. =339,1C + 1030H - 108,9(0O-S) - 16,75W (B Kx/Kr),

rae C, H, O, S, W - cogepxaHue (B % macc.) B TOnnmee yrrnepoaa,
BOJOpOAa, Kucriopoaa, cepbl U Bnarh COOTBETCTBEHHO.

CyLECTBYIOT TaKKe aMnmpudeckme popmyrbl pacdeTa TENOThHI
cropaHusi Tonnuea, ecnn U3BeCcTHa ero NIoTHOCTb:

Q, =12400 — 2100 (P12)2. Q, = Q, -5045H , 2de
H=(26-15 P12)/100



TEIMNJIOTA UCITAPEHUSA

Tennota wucnapeHnss (napoobpa3oBaHUsA) MNOKa3blBaAET
CKONbKO HeobxoamMmo Tenna Ans Toro, 4todbl NpeBpaTUTb
eOVUHULY MacCbl XWOKOCTU NpW OaHHOM Temrnepatype B
napoobpasHoe.

EovHnubl nsmepexna TennoTsl ncnapenus — [k / monb

[na onpegeneHna TennoTbl MUcnapeHus napadPUHUCTbIX
HU3KOKMNALWMX  HEedTENPOAYKTOB  MOXHO  MCMOSib30BaTb
ypaBHeHue Kpara:

L = (354/] - 0,3768T,,.,) | P13

Tennota wucnapeHnss MOXeT ObiTb HanaeHa No pasHOCTU
M3BECTHbLIX QHTanbNUN HedTenpoaykrta B NapoBOMN U XUOKOWU
doase npu ognHaKoBbIX TeMNepaType 1 gaBrieHUN.



HU3KOTEMIEPATYPHbIE CBOUCTBA

XapaKkTepPUCTUKN HU3KOTEMMNEPATYPHbLIX CBONCTB HEDTU U

HeddTENPOAYKTOB
> memrnepamypa MNOMYymHeHUss —  Temnepartypa
nosBneHnsa Myt _(ana HedTn, An3eribHbIX N KOTENbHbIX

TONUB);

> memMriepamypa 3acmbigaHuUsi - Temnepartypa, npu
KOTOPOU HETb MU HEQPTENOAYKT TEPAET NOABMXKHOCTD;

> memriepamypa Ha4dasia Kpucmasnu3ayuu -
MakcumanbHas Temnepartypa, Npu KOTOPOM B TOMNUBE
HEBOOPYXXEHHbLIM [Ma3oM OBOHapyXuUBaKTCA KpucTanbl
apoMaTU4YecKknx  YrneBogopoaoB, Npexae  BCEro
beH3ona, KoTopbiM 3arBepaeBaeTr npu 5,5°C (ansa
KapOrpaTOPHbIX U peakTUBHbLIX TOMMMB).

MeTog wunx onpegeneHnsa 3akrni4vyaeTcda B OoxnaxXaeHuu
obpasua HedTenpoaykta B CTaHOAPTHbIX YCMNOBUSIX B
cTaHgapTHoW annapaTtype.



ONTUYECKUE CBOUCTBA

[ns onpepenenuns XMMMUYeCcKoro coctaBa HedTENPOAYKTOB B
OOMNONHEeHME K XMMNYECKMM METOJaM aHanmsa UCronb3yoT
TakMe ONTUYECKME CBOMNCTBA, Kak:

LBeT,;
KoadppmnumeHT (NoKasaTenb) NperioMreHUs;
onTnyeckKkas akTUBHOCTD;

MorneKynsapHasa pedpakums;

> auncnepcus.

V.V VYV V

[aHHble nokasaTtenn BHeceHbl B [OCTbI Ha HeKkoTopble
HedpTenpoayktel. Kpome TOro, no ONTUYECKMM MNOKasaTensam
MOXHO CyOUTb O T[JlyOMHE O4YUCTKN HePTENPOOYKTOB, O
BO3pacTe U NPOUCXOXOEHNN HEPTN.
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Bonzozpadckuli 2ocydapcmeeHHbIlU mexHuU4YecKuu
yHUsepcumem

Xumusa Hedbmu u 2aza

OCHOBHBIE ®U3UKO-
XUMUYECKUE CBOUACTBA
NMPUPOOHbIX FA30B

[ou. Kaip. TOHC
NlepeHeB C.M.




Ceolicmea rnpupoOHbIX 2a3086

3HaHMEe CBOWCTB W TMOBeAEHUA MPUPOAHOro rasa
NO3BOSIAET pauUMOHAribHO pellaTb BOMPOCbI €ero Ao0biyu,
nepepaboTkn K TpaHcnopTa.

Hanbonee BaXHbIM SBMSeTCd BOMpoc O dha3oBOM
COCTOSAAHMWN, B KOTOPOM HaxoOATCsl KOMMOHEHTbI NPUPOLAHOro
rasa.

PaccmoTpum cnegyrouwme CBOWUCTBA MPUPOAHbIX rasoB U
NX KOMMNOHEHTOB:

MOJIEKYNIApHasl Macca;
NSIOTHOCTb;

BA3KOCTb;

TENNOTBOPHAsA CNOCOOHOCTD;
BNa)XHOCTb.

VVVVY



Cnoco6bl ebipaxkeHuss cocmaea cmecel

Maccoeast 0os1s — macca i-ro KOMMNOHEHTA,

OTHeceHHad K obLler macce CUCTEMbI:

m;
g =

1
2.m
i=1

MonsipHasi (MosibHas1) 00Jist — YANCIIO MOJSIEN -0
KOMMOHEHTA, OTHECEHHOE K 00LLEMY YMCIy Monen
B cucteme: n

|
i
2N
i=1

Yucsio mosiell paBHO Macce BeLLEeCcTBa m
|

m., AeNeHHON Ha MonekynspHyto maccy I, Sh—
M.:




[To 3akoHy ABoragpo npu OAWMHAKOBbIX
naerneHum un temnepartype 1 mosb noboro rasa
3aHUMaeT OANHaKOBbIN OObEM:

npu H.y. — 273 Kn 0,101 Ml'a - 22,414 n,

npu c.y. — 293 Kun 0,101 Mlla — 24,055 .

OoTCcloaa And ra3oBbiX CMECEMU:

0OBbEMHbIN COCTaB ABMAETCA U MOJ1IAPHBIM COCTaBOM.



CpeoHsa MoJsieKynsipHass Macca 2a3oeol cmecu
MOXET ObITb BblYMCIIEHA MO ee COCTaBY:.

:i(yi x M;),

rae y, = v, unm N, - obbemHaa unn mornbHas AOnNS
KOMTMOHEHTA;

Z (Y. |

rae Y; = V, i N; — cogepxaHue KOMIIOHEHTA B CMECH
B IIPOLIEHTAX.




Torna Mmaccoeasi 00J1s1 KOMIMOHeHMa:

g = Y, X
! =l .
| I

MCM

Kpome Toro.

1 Z(Vixpl)
MCM == n ) MCM A i:]-

g| Z(Vixpl)



rMJ1IOTHOCTb rA308B

NMnoTtHOCTbL rasoBoM cCMecu, Kak aaamMTuBHOE CBOWUCTBO,
MOXHO paccyuTaTb MO COCTaBYy rasa U MIIOTHOCTU KaXAdoro
KOMMOHEHTA:

n
/OCM -~ Z(yz X pi)9
i=1
e vy, = Ni ninnm v; B OoNAX eanHuLbl,
P; - MNOTHOCTb KOMINOHEHTAa ra3a.



[1MOTHOCTL KOMMOHEHTOB rasa MOXHO B3ATb W3
CNpaBOYHMKOB WIIM paccyuTaTb 4Yepe3 MOMAPHbIN
obbeM — 00beM 1 Mosis 2a3a:

[Tp HOpManbHLIX yCcnoBuUAX (H.Y.):

0 _MCM
00 78

k2l m°

P e

[1pn cTaHOapTHbLIX yCnoBuAXx (C.Y.):

M

M

24,055’

k2l m®

pCJl/l



OTHOCcuTENbHAaA NIOTHOCTbL rasa nNnpeacTaBnseT
coOOoMn OTHOLUEeHMe MaccChl rasa kK Mmacce Takoro e
obbema Bo3ayxa:

p_:&:MF:MF p— IOF p— /OF
o, M, 2897 1293 1205

rae 1,293 n 1,205 nnoTHOCTb BO3ayxa, Kr/M3, npu H.y. 1 C.y., COOTBETCTBEHHO.



BA3KOCTb rA30B

Bsizkocmbo NN BHYTPEHHUM TPEHUEM XUAOKOCTU UM rasa
Ha3bIBaETCH ceolicmeo, nposBnsarLLeecs B
cornpomuesieHuUU, KOTopoe XWOKOCTb WMWU ras oKasbiBaeT
ero casury nog BNuaHMemM AeuUCTBYOLLEN CUMbI

COI'IpOTI/IBJ'IeHI/Ie casura nponopunoHarsibHO CKOPOCTH
caoBura, a He CUuine caunra, Kak'y TBepabiX Terl.

3akoH me4yeHusi HbromoHa CBSA3bIBAE€T TaHreHLUMarnbHYHo
CUny, NPUITOXKEHHYI K XXWAKOCTM (rasy) um conpoTUBIEHNE
CTaLMOHaPHOMY TEYEHMUIO:

dU npon3BogHasd CKOPOCTU NO
d ', — =  PacCTOSAHMIO Ha3bIBaETCH
F =2 . S . dx 2padueHmoM cKkopocmu;
e e o
X S - nnouwagp, K KOTOPOW

npunoxeHa cuna F.



B cucteme CIC 3a eauHuuy AMHaAMUYECKOW BHA3KOCTU

NpUHAT oguH nyas (I1).

[lyaz — 9TO0 AuHaMM4Yeckasd BSI3KOCTb  KUOKOCTH,
OKa3bIBalOLEN B3aMMHOMY MEPEMELLEHNIO ABYX €€ CIIOEB
nnowagbto B 1 cM2, HaxogsawWwmMxca Opyr OT gpyra Ha
paccTosHuM 1 cM 1 nepemeLlarLmMXca ApYr OTHOCUTENBHO
opyra CcO CKOpPOCTbO 1 cMm/cek, curny COMnpOTUBMNEHNUS,

paBHylo 1 anHe:

[,U]: OuH-C |

CM

2

C

=1nyasz (IT)
CM - C

B cucteme CU egnHmnua auHaMmmnyeckon BA3KOCTU MMEET
pasmMepHocCTb (H-c)/M2 nnu lMNa-c, mla-c. 9ta eanHunua B 10 pas
borbLle nyasa.

1 M =0,1 (H-cek)/m>.



KPUTUHECKUE U NPUBELEHHDIE
OABIEHUA U TEMINEPATYPbI

» KpuTuueckoil MPUHATO HasbiBaTb TaKyld TeMmepaTypy,
BbllLIE KOTOpPOW ras rnog OeucTBUMEM AaBrieHusa nboro
3Ha4YeHUs1 He MOXET ObITb OOpaLlEeH B XXUOKOCTb.

» [aBneHve, HeobXoAMMOe AN CXWXKEHUs rasa npu

KPpUTUYECKOU TemMmnepaTtype, Ha3blBaeTCs KPUTUHECKUM.
Kputnyeckne pgasneHue u Temnepartypy And CMecu rasos
MOXHO onpeaennTb no popmynam:

Pxp = Pup1¥1 T Dxpsta 1+ + + 1 Pup alns
Tup= Tups®s + Txpeta+ -+ o« Typ nas



HekoTtopble hn3nMKO-XxMMmmnyeckune cBoMCTBa
KOMMNOHEHTOB NPMUPOAHOro rasa

[TapameTp MeTaH JTaH [MponaH
Mornek. macca 16 30 44
TKp, K 190,55 305,43 369,82
Pyp: Krc/cm? 46,95 49 76 43,33
[TNOTHOCTbL Npw
HY. Kkr/m? 0,6679 1,263 1,872
Baskoctb npu CY,
106, Ma- ¢ 1,0484 0,8720 0,7649
Tenrora 13264 | 12399 | 12032
cropaiusinput 1 19916 | 11321 | 11051

atM n 15 °C, kkan/kr
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Bonzozpadckuli 2ocydapcmeeHHbIlU mexHuU4YecKuu
yHUsepcumem

Xumusa Hedbmu u 2aza

OCHOBHBbIE HATIPABJIEHUA
[TEPEPABOTKU HE®TEU U
FrA30KOHLOEHCATOB

[ou. Kaip. TOHC
NlepeHeB C.M.



OcHO8HbIe HarnpaesieHusi nepepabomku
Hegbmu:

» MOIJIUBHOeE:
» MOIJIUBHO - MaCJIsIHOE,;

» He(bmexuMu4eckKkoe UuUnu KOMI/IeKCHOe
(TONNMBHO-HEPTEXUMUYECKOE nnu TOMNSNBHO-
MaclaHO-HePTeEXMMYECKOe).

BbibOp KOHKPETHOro HanpaBneHuss, COOTBETCTBEHHO
CXeM nepepaboTku HeMTAHOro Cbipbsi U aCCOPTUMEHTA
BbIMyCKaeMbIX HEPTENPOAYKTOB 0OYCNOBAMBAETCA nNpexae
BCEro KayecTtBOM HedTU, €e OTAENbHbLIX TOMMUBHbLIX WU
MacnsaHblX  dpakuun, TpeboBaHMAMM Ha  KadecTBO
TOBaApPHbLIX HEMTENPOAYKTOB, a TakKke MNoTpebHOCTAMU B
HMX OAHHOro 3KOHOMWYECKOro panoHa.



[Tpy TONJIMBHOM HarnpaBJieHUWN HeTb 1 ra3oBbIv
KOHOEHCcaT B OCHOBHOM nepepabaTbiBaloTCA Ha MOTOPHbIE U
KOTENbHbLIE TOMNNUBA.

[lepepabotka HedbTn Ha HI13 TonnmuBHOro npodunsa MoOXeT
bbITb 2nnyb6okou n Heanybokou. TexHonorndeckada cxema HI3
C Hernybokon nepepaboTkon oTnn4yaeTca HebonbLUMM YUCNOM
TEXHONOMM4YEeCKNX npoLEecCcoB M HEOOMbLIMM aCCOPTUMEHTOM
HedTenpoayKToB. BbiXxog MOTOPHBLIX TOMSIMB MO 3TOU CXEME He
npesbillaer 55 - 60 % macc, U 3aBUCUT B OCHOBHOM OT
dpakuMoHHOro coctaBa MepepabarbiBaeMOro HedTSaHOro
cbipba. Bbixoq kotenbHoOro tonnmea coctaBndaet 30-35 % macc.

[lp  rmybokon  nepepaboTke  CTPEMATCA  NONYYUTb
MaKCMMarbHO BbICOKMW BbIXOO BbICOKOKAYECTBEHHbBIX MOTOPHbIX
TONNMB NYTEM BOBMEYEHUS B WX MPOU3BOACTBO OCTaATKOB
aTMocpepHOM U BaKyYyMHOM  MNEPEroHOK, a  Takke
HedTe3aBoacknx rasoB. Bbixon KOTENbHOro TonsuvBa B 9TOM
BapmaHTe cBOAUTCHA K MUHUMYMY. [MyOuHa nepepaboTkn HedTH
npu aTtom gocturaet go /70 - 90 % macc.



[To TONJNIMBHO-MACIIAHOMY BapuaHTy nepepabdoTku
He T Hapsaay C MOTOPHLIMU TOMSIMBaMKU NOMyYaroT
pa3fn4yHble copTa cMa3o4HbIX Macern. [ns npomn3BoacTea
nocneaHnx noabupatoT 06bIMHO HEPTU C BbICOKUM
NoTeHUManbHbIM coepXXaHMeM MacrAHbIX opaKkumn
YYETOM MX Ka4ecCTBa.

HedTtexnmmyeckmm (KoOMnmneKCHbIN) BapuaHT
nepepaboTkn HedTU NpeaycMaTpmBaEeT Hapsaay C
TONMIMBaMM U MacriaMmn NPomM3BOACTBO CbIpbsl ANS

HedTeEXMUM (apoMaTmnyeckme yrineBogopoasl,
napaduHbl, Cbipbe A9 NMponmM3a u ap.), a B psae
cly4yaeB - BbIMYCK TOBApHOU NpoayKuun
HeEQTEXMMNYECKOIO CUHTE3a.



MemooOb! ebiOesieHUss KOMIMoOHeHmMOoe u
uccnedoegaHusi cocmaea He¢bmu u 2a3a

Pasnuyator XuMu4yeckue n pusudecKue vetoabl
pa3aesieHnd KOMIMNoOHEHTOB HerTl/I U ra3a.

XumMu4yeckue MemoObl OCHOBaHbl Ha HeoOWHAKOBOW
peakLMOHHOM cnocobHOCTU pa3aenseMbliX KOMMOHEHTOB.

dusuyeckue mMemoOblI — Ha pPas3INYMN KOHLEHTpPaAUMWN B
COCYLLEeCTBYHOLLNX paBHOBECHbLIX dpa3ax . K jpmnsnyeckum metogam
pasgeneHnst OTHOCATCA TakXKe pasHooDOpasHble BapuaHThl
XpomaTtorpadguu.

MeToabl pasgeneHus, B KOTOPbIX M3MEHEHME KOHLIeHTpauum
BELLIECTB B COCYLLECTBYIOLLUMX ddasax JOCTUraeTcs Nullb 3a CYeT

coobLleHnsa cucTteme aHeprun, yCrnoBHO Ha3BaHbl MPOCMbIMU, a
mMeToabl C  MPUMEHEHWEeM  OOMOMHUTENbHbIX  BELLECTB,

yBeJIM4nBarowmnx pasrimdine coCtaBoB cba3,—— CJI0>KHBbIMU.



dusuyeckue MemooObI pa3oesieHUs1 KOMIMOHEeHMOos8
Hegmu, 2a3a u npPoodykmoe ux rnepepabomku

da3oBble COCTOAHMA

[MpocTble meTOoAbI

CnoxHble meToAbl

[a3 —irers Aunddy3usa yepes Ouddy3usa c rasom-
MeMOpaHy HocUTernem
A3eoTponHas pekTudpum-
Kauusi. AKCTpPaKTMBHAsA
lNMeperoHka u
a3 — XNOKoCTb pektudmkauma. [lMeperoHka
pekTudukaums
c BOASIHbIM napom.
Abcopbuus
a3 — TBeppasn pasa Bo3roHka Apncop6uus
Tepmunyeckas
Xngkoctb — anddysus.
e Ludbcpyann vepes AKCTpaKUums
MeMOpaHy
Apcopbouus.
Xngkoctb — K OKCTpaKTUBHaA KpucTannu-
puctannusauus

TBepAaasa dasa

3aumsa. AQOYKTUBHaA Kpuc-

Tannusauus




Knaccudukauua npoueccoB nepepaboTku HedTH,
ra3oBbIX KOHOEHCATOB U ra3oB

TexHonorndeckmne npoueccol HIN3 npnHATO KNnaccnduumpoBaTthb
Ha OBe rpynnsbl:

» pnsnyeckne - [OocTuraetcsa pasgeneHne Hedptn Ha
COCTaBNSALUME KOMMOHEHThLI (TOMSIMBHbLIE W MacnsaHble
dpakumn) 6e3 XUMUYECKUX MpPEBPALLUEHUN W yOarieHME
(n3BrieyeHne) un3 dpakunmm HedpTU, HEePTAHLIX OCTaATKOB,
MacnaHbIX dopakumn, ra3okoHaeHcaToB 7 ra3oB
HeXxenaTenbHbIX KOMMOHEHTOB (MONULUMNKNUYECKNX
apomMaTu4yecKunx yrrnesogoponoB, acanbTeHOB, TyronnaBKuUx
napauHoOB), HeYrNeBo4opPOAHbIX COEANHEHUN. ;

> XMMMU4YecKne -  nepepabotka  HePTAHOrO  CbIpbS
OCYLLECTBNSAETCA MNYyTEM XUMWUYECKUX MpeBpalleHnin cC
NOSTyYEHMEM HOBbIX TMPOAYKTOB, HE COAEpXKalLUUXca B
VCXOHOM CbIpbe.



Qu3u4eckue npouyecchl

[lo TMNYy mMaccoobmMeHa MOXHO noapasdennTb Ha
cnegyrLine Turbl.

» 2pasumauyuoHHbIe (3J0Y);
> pekmugukayuoHHbIe (AT, ABT, F®Y u ap.);

» 3KCmpaKUUOHHbIe (neaccanbtmsaums,
ceJieKTuBHad O4YNCTKaA, p,erlapaqavmmaaum;l
Kpuctannusaumnen);

» adcopbUUOHHbIe (nenapadvHN3aLnsa LLeonNUTHas,
KOHTaKTHasl OuUCTKa);

» abcopbUUOHHbBIe (ATdY, ounctka ot H,S, CO,).




XumMmumnyeckume npouecchol

XUMU4yeckne npouecchl, npuMeHsaemMble Ha
coBpeMeHHbIX HIM3, no cnocoby akTneaunu
XUMUYECKNX peakunn nogpasgensdaoTcs Ha.

» mepmMuYeckKue;
» Kamasiumu4eckKue.



TepmMmuyeckue npouecchbl

No TUMY NPOTEKaLWNX XUMNYECKNX PeaKkLMn MOXHO
nogpasfgenuTb Ha crneaylouwmne TUnbi:

» mepmModecmpyKmueHbIle
(TEPMUYECKNIN KPEKMHI, BUCOPEKUHTI, KOKCOBaAHUE, MNPOSINS,
nekoBaHme, NPON3BOACTBO TEXHNYECKOrO yrrepoda v ap.);

» mepMoOOoKucsiumersnbHble
(npon3BoacTBO bUTyMa, rasandoukauns Kokca, yrren).

B TepMoOecTpyKTUBHbIX NpoLeccax npoTeKkarT
NpenmyLLecTBEHHO peakunu pacnaga (KpekuHra) Mosiekysn
CbIpbs Ha HU3KOMONEKYINAPHbIE, a Takke peakuumn
KOHAEHcaunn ¢ obpa3oBaHNEM BbICOKOMONEKYMAPHbIX
NPOAYKTOB, HaNpuMep KOKca, neka un ap.



Kamanumu4yeckue npouecchi
No TUMY KaTannsa MOXHO KrnaccuguumupoBaTtb Ha
cnegyrowme Tunbl.

» 2emeposiumu4yeckue, npoTekawwmne no MexaHusmy

KUCIOTHOIO KaTanu3a (KaTanuTnyeckum KPEKWHT,
arnkunmpoBaHue, norimmepusauns, npon3BoacTBO 3(PMPOB U
ap.);

20MoJsiumuyYyeckKue, npoTekawumne no MeXaHn3my
OKUCIUTENBbHO - BOCCTAHOBUTESIbHOIO KaTanua3a
(npousBoAcTBa BoOAOpPOO4a WM CUHTE3 Trasa, MeTaHosa,
9fIEMEHTHOWN Cepbl);

2udpokamasniumu4yeckue, npoTekawwme rno MexXaHU3My
OUAYHKLMOHANBLHOrO (CrOXHOro) Katanusa (rmapooymcTka,
rmapoobeccepuBaHne  TMOPOKPEKUHI,  KaTanUTUYECKUU
PUPOPMUHI, n3omepusauug, rmgpoaeapomarusauns,
cerniekTuBHaga rugpoaenapauHnsaums n gp.).
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Bosnzoepadckuli 2ocydapcmeeHHbIU mexHuU4YecKuu
yHUsepcumem

Ilepepa6omka Hegpbmu u 2a308

Knaccugukayus moeapHbIx
Hegbmenpodykmoes

oou. kadp. TOHC
NlepeHeB C.M.




HedTtenepepabarbiBarowas NnpPOMbILWLSIEHHOCTb
BbipabaTbiBaeT 6onee 500 HaumeHoOBaHUN
ra3o000pasHbIX, XUOKUX U TBepaObIX
HedpTEenpoayKToB

TpeboBaHMsa kK HUM BECbMa pa3HO0Opa3HbI U1
AVKTYHOTCS NOCTOAHHO U3MEHSAOLLIMMNCA YCNOBUSMM
NPUMEHEHUS NN SKCMyaTauum Toro UM NHoro
KOHKPETHOro HepTenpoayKTa

lNpuHAaTo KNaccudunumpoBaTb HePTENPOAYKTbI NO
UX Ha3HaAYeHUIO (T. €. N0 HanpaBNEHUIO NX
MCMOb30BaHMA B OTPaCiaX HAapOL4HOro X038M1CTBa)




Knaccugukayus moeapHbIx
HegbmenpodyKmoe no Ha3Ha4eHuro

MoTopHbIe TONNMUBa

JHepreTuyeckue Tonnumea
HedTAHbLIE Macna
YrnepogHblie U BAXYylWMUe martepuansl

HedTexummnyeckoe cbipbe

HedhTenpoaykrbl cneunanbLHOro HasHauyeHus



MomopHbie monnuea

BeH3uH

I_I—I

ABTOMOOUINBHLIN ABUALIMOHHBLIN

PeakTuBHOe®e

[nsenbHoe



JHep2emu4yeckue monmauea

a30TypOUHHBLIE

KoTenbHble

CypnoBblie



HegpmsHbie macna

OuncTunnaTHble

OcTaTto4YHbIe

KoMnayHaoupoBaHHbIe



HedbTaHble
Macna

.

CMa304Hble HecMma304HbIe



HepmsiHbie macna

CMa304Hble

—1_5_r—

MHAYCTpU- TpaHc-
anbHble MUCCUOHHbIE

AusenbHble npuGopHbIe

0

BTOMOGManblg

HECMAa304YHbIE

pa

BaKyyMHble

aneKTpo-

3OJTAULUOHHDI

TeXHOJorm-
Yeckue

rmapasnu-
yeckue

MeaguUuUnHCKKne




YanepoOHbie u esxkywue Mmamepuanbi

Hed TsHbIE
KOKCbI
Butymbl

OOPOXHble CTpouTesibHbie KpoBeribHble U3ONALUMNOHHbIE
Hed TAHbIE
nekwu
cBAsywune nponuTeiBaOWn OpukeTHble | BOroKkHo= cneuvanbHble
y P P obpa3syrowme




Hegpmexumudyeckoe cbhipbe

- ApeHbl (0eH3051, TONyon, KCUnonbl, HadTanuH 1 4p.)

- Cbipbe ana nuponusa (HedTe3aBoACKME U MONyTHbIE
HeTSHbIE rasbl, NPAMOroHHble DeH3VHOBbLIE hpaKkLUn,
arnkeHcogepxawime rasbsl 1 ap.)

- MapadpuHbl U uepe3nHbl. XXnakme - nony4yaemble
kapbamunagHon n agcopdbumoHHon genapadorHmusaumnen
HEPTAHLIX AUCTUNNATOB, TBEPAbLIE - NOSy4YaeMble npu
HU3KOTEeMMnepaTypHoU genapaduHmsaunm macen



Hegpmenpodykmsi cneyuasibHO20
Ha3Ha4YeHus

- TepMmorasouns (Cbipbe 419 NPOM3BOACTBA
TEXHUYECKOro yrrnepoaa);

- KOHCUCTEHTHbIEe CMa3KU (aHTUMDPUKLINOHHbBIE,
3alUUNTHBIE U YNNOTHUTENBHbIE);

- OcBeTUTENbHbIN KEPOCUH;

- Mpucagku K TonnuBamMm U Macnam, Ae3Myrnbratopbl;
- ANeMeHTHas cepa;

- Bogopong v gp.



Knaccugukayus moeapHbix Heghmenpodykmoe

Cneyuansrsie
»udxkocmu

| [udpaBau-

YyecKkue

- Oxdaxc-
daroujue

Anmuobnre-

TonauBa (zoprowue), macna u
CNEUUaNbHbIE HUOKOCMU
|
TonauBa Cmaszovrsie
(zoprovue) mMamepuans
1
|
- Bewnzumn [laocmuvweckue
Macna CMOIKU
ABmomo- AHMUPPUK-
s H —-
Huzenvhbie Euntsmit Jauwumnore YUOHHBIE
Ynaomnu-
— PeaxmuBnsie HAuzensrvie mensHsIe —  Jowumesie
Fnexmpou3so- Ynnomuu-
Paxemnsie ABuoyuonrsie ARUUOHHbIE mensHsie
|| Fozomyp6us- Tpancmuc- Meduyurckue
HBIe CUOHHBIE
" Hudycmpu- Texnonozu-
Komenesroie plyt Hs prarippin
Moubopreie

desumensHsie
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