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1.1. TakpIpbin: KeHicTikTe *KbUTyTachIMaIAaHYAbIH TYPJIEPI.

1.2. Makcatsbl: CTyIeHTTEp/Il KBUTYIbIH KEHICTIKTE ©3/IrHEeH TaChIMAAAHYbIHBIH (PHU3UKAIIBIK
0aifbIObIMEH, KaObIprasiap apKbUIbI KbUTYOTY Il €CENTey HET13IepiIMEH TaHbICTHIPY.

1.3. JIapic Te3ucrepi:

1. KpUTyeTKI3TIIITIK.

2. KOHBEKTHBTI XbIITyanmMacy.

3. XKbUIymbIK CoyeeHy.

4. KaObIpra apKbUIbI )KbUTYOTY.
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JlopicTiH KbICKalIa Ma3MYHbI
Temmepatypanapsl 9pTYpJli A€HENEp apachblHIa SHEPTUSHBIH KbUTY TYPiH/E TachIMaIaHybIH
KbUIyaJIMacy AeN aTauMbI3.
XKeutyanmacyra KaTbICaThIH JIEHENEP/Al KbUIyTaChIMANIAFBILITADP JICTI aTalIbl.
XKeuryanmacy — KbUTyIbIH KEHICTIKTE Tapally 3aHIbUIBIKTApbIH 36pTTEHTIH FHUIBIM CATACHI.
XKeimy  KeHiCcTiKTe — KapamailblM  yII  TYpJdi  JKOJJApMEH  TachIMallaHaJbl:
YKBUTYOTKI3TIIITIK KOHBEKIIHS )KOHE COYJICIICHY.

KeLiyeTki3rimTik jen Temrepatypa abIIMAIIBUIBIKTApEl Oap JeHenepliH Oip-OipiHe
TIKeJIeH THICKEHIC JKbUTYy aJIMAacyblH aiTambl. byil ke3ne *KbL1y MUKpOOemeKTepaiH (aromaap,
MoJIeKYyJaap, JJIEKTPOHAAP JKOHE T.0.) ©3apa COKTHIFBICYIAPhl HOTHXKECIHIE TaChIMaJ1aHaIbl.

KonBeknusi Texk KaHa CYWBIK koHE ra3 oprajaa Oaiikanansl. byi mporece Ke3iHAe KbLUTy
CYMBIK (Ta3) OenmekTepiHiH (MaKpOOOIIMIEKTepAiH) KO3FaIybl HOTHIKECIHIE TaChIMAJAaHAIbI.
3aTThIH MUKpOOOIIIIEKTepi OapIbIK yaKbITTa KO3FAIbICTa 00JIaIbl, OJlaii 00Jica KBUTY KOHBEKIIHS
apKbLIbl TachIMAJIaHFaHa KbUTYOTKI3TIIITIK apKbUIbl J1a TackiMaiaaHaasl. MyHaail KabaTTaca
KBLUTY TaChIMAIIAAYAbl KOHBEKTHUBTI XKbLTyaJIMacy el aTaiibl.

CayJieneHy nen SKbUIYABIH KEHICTIKTE 3JIEKTPOMArHUTTI TOJNKBIHAAD KOMETIMEH TapaityblH
aiitanel. byn mporecc ke3iHae anfbIMEH AEHE XKBUIYbl COyJie SHEpruschbiHa (IIEKTPOMArHUTTI
TOJIKbIHApFa) alHaIaabl, 071 KEHICTIKTE TapaJIbIll, KIHIII JeHEere TYCil, OChl JIEHEMEH JKYThLIa bl
(xaiiTa >KbUly SHEprusichblHA alfHaNalbl).

TemmnepaTtypa epici

3epTTeNneTiH  JeHeHIH  OepuIreH  yakbIT  COTIHAEri  OapiblK  HYKTelepiHAeri
TeMIIEpaTypaap/iblH KUbIHTHIFBIH TeMIIEPaTypa opici jen araiinel. Temmeparypa epiciHin
TEHJICY1 JKaJIbl JKaraaiaa MbIHa Typ/Ie JKa3bUIa bl

t=F(xy,21) (1.6)
MyHza t — opTaHBIH TeMIIEpaTypackl; X, Y, Z — opTa HYKTECiHIH KOOPIMHATTAPBL; T - YaKbIT.

VYakpIT OOHMBIHINIA ©3TEPETIH TeMIlepaTypa OpICIH CTAIlMOHAPIBI €MEC, al ©3repMENTIH
epicTi-CTallMOHAPJIbI en aTaiiibl. CTaruoHapisl TeMIIepaTypa epici MblHA TOYUIIUTIKIICH
CHITaTTaJIAIbI

t=f(xy,2) (1.7)
TemmeparypaHblH KOOpAMHATTAp CaHbIHA TOYeJAiNIriHe GaimaHbICThl Oip eJseMmIi, eKi
OJIIEM/Il JKQHE YIII OJIIEMIl OpiCTepiH aXbIparaasl. bip enmemal cTanuoHapiabsl TeMIeparypa
epicl yUIiH
t=1(x); =0
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TemmepaTtypa epiciH U30TCPMUSIBIK OeTTep KOMEriMeH cumarrayra 0omanbl. bepinrexn
yaKbIT COTIHJIE TeMIleparypajapbl Oipael HYKTeNepiH >KUBIHTBIFBIH M30TEPMUSUIBIK O€T Jemn
ataigpl. Temmeparypanblk MoHIEpl Oeliek M30TEpMUSUIBIK OeTTep e3apa KubLIbicHaniasl. Oxap
©3/1i-031MEH TYHBIKTaIa/Ibl HEMece JCHEHIH OCTIHEe asKTala bl

W3otepmusiiblK OeTTepai Ke3 KeireH Oip jKa3bIKIeH KUBUIBICTBIPCAK, OJlap Ka3bIKTHIKTA
KHCBIK CBI3BIKTap TYpiHAe 13 Kaiablpaiabl. OCBI CBHI3BIKTap[bpl H30TEpMajap Jen aTaibl.
W3oTepmanapbiH 1a KaCHETTEPl H30TEPMUSIIBIK OCTTEpAiH KacueTTepiHe yKcac.

1.1 cyperTe Temreparypa aWblpMalIbUIBIKTAphl At OOJNIATBIH U30TepMaap KOPCETLIreH.
JleHeHiH TeMIiepaTypachl TeK KaHa H30TEPMUSIIBIK OETTepMEH KHBLIBICATHIH OarbITTae3repei,
KOHE TeMIIepa-TypaHblH Y3BIHABIK OIpiriHAeTi €H KoI e3repyl M30TepMUSUIBIK OeTKe HOpMaib
OarpITbIHAA O0nanbl. TemmnepaTypaHblH HOpMailb OaFbITBIHAAFBI ©CYIH TeMIepaTypa TIpaJHueHTI
cunarraiael.  Temmeparypa TpaJMeHTI  HM30TEPMUSUIBIK  O€TKe  HOpMaib  OOWBIHINA
TEMIIEpPATypaHbIH ©OCYyiHE Kapall OarbITTaJfaH BEKTOp, XOHE MOHI TeMIepaTypaHbIH OCHI
OarbITTaFbl TYBIHBICHIHA TeH. OJI MbIHA OPHEKIICH aHBIKTAJIA b1
ot

%6n

gradt = n (1.8)

My#za No — Gipaik BeKTOp, Ot/ON — TemiiepaTypaHblH HOPMalb OAFbITBIH/AFbl TYBIH/IBICHL.

®dypbe 3anbl. Dypbe rumnoresacbiHa coiikec 0T yakbIThl apaibiFbiHAa OF H30TEpMHUSIIBIK OeT
apKbLIbI OTETIH th KBLUTY MeJIIIepi, TeMiepTypa rpaauentine dt/dF Typa nponopunona:

—A __ dFdt
dQ:
Q 6n

TenneyniH OH >KaFbIHJIaFbl MUHYC™ TaHOAChI JKbULy MeJILLIEpl MEH TeMIiepaTypa I'paJueHTI
BEKTOPJIAPBIHBIH ~KapaMa-Kapchl OarbITThl €KEeHJIIriH eckepeal. JKbury TemmnepaTypaHbIH
TOMEH/IeyiHe Kapal TachIMaigaHaabl, ajl OYI OarbeITTa TEMIIEpATypaHbIH ©3repyl Tepic TaHOAbI.
Tenneyzneri nmponopruoHaNAbBIK KO3(Q(UIUMEHT A 3aTThIH (PU3MKAIBIK KacHUeTiHe OalllaHBICThI
KBTIy OTKI3y KaO1JIeTiH CI/IHaTTaI/ILTLI YKOHE JKBUTYOTKI3TIIITIK KOS?)Q)I/IHI/ICHTi JIE aTajlajbl.

[L]= ann} | O * M Bm
ctdbde 2pad-m2 . cex M —2Pao

L L |

CoHBIMEH KbUTYOTKI3TIITIK KOAPPUIIMEHT] )KbUTyOTKI3TIITIKIIEH YaKbIT O1piiriHae ayaaH
OIpJIiri apKpIIbl M30TEPMUSIIBIK OETKE HOpMaih OarbIThIHIAA TeMmiiepaTtypa 1 Trpamycka
n X TOMEH/ICTEHIE TaChIMAJIJAHATHIH KBLTY
4 MeJIIIePIH KOPCeTeIl.

KoHBeKTHBTI KbLIIyajiMacy
n AFBIHHBIH opTachblHAA KBLTY
t+at OKBUIYOTKISTIIITIKIEH JKOHE KOHBEKIUSAMEH
AX Kabartaca TaceiMaiaHaabl. JKelnyabH Obuait
/ kKabaTrraca  TachIMAJIJAHYBIH  KOHBEKTHBTI

t JKBUIAJIMACY JeIT aTan/Ibl.

- Ken xarmaitnapna CyWbIK IE€H KaTThl
AR AT \ At JeHe OeTTepl apachlHIArbl KbUIYy aFbIHBIH
2N aHbIKTAy Kepek 001a/1bl. bysl KOHBEKTUBTIKBLTY
aJIMacysl KBLIYyOepy Jern aTaupl.

12.1 cyper. Mzotepmanap XKsurybepyni ecentey ymin HeroToH —
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Puxwman 3aHbI KOJJaHbLIA/IBI:
dQ = OLdF (tcm e tg;( )dT (1.9)
By tenzey Goibiama Gepinerin dQ sxpury Memmiepi yakpitka AT, xabblpra aynaHbIHa

dF, TemriepaTypa albIpMalIbUIBIFBIHA ten — 1y Typa IPOMOPIHOHAI.
Y3aikci3 mporecTep yIiH:

Q =aF (tcm =t ) (110)

[Iponopuronanasik koddhuuueHTi Ol )Kbutydepy koadpduiuenTi nen arananbl. XKXeumyoepy

K03 duLMenTi Ol CYHBIK IIeH KaObIpFa apachIHIaFbl KbLTY TACBIMANIay KAPKbIHbIH CUIIATTaN/IBbL..
oL ko3 duLMeHTIHIH OJIFICMI;
| Ore L Bm
Mo

(X] =| I |_| 2
F(t —t ) =M% 2DA0 =
HOARNUH N 1L |

KbLIYyJIBIK CoyJIeTIeHYy.

Coynie »HEprusicel MOJIEKyJaJlap JKOHE aToMJap IMIHAEri KypAedi MIpouecTepiiq
HOTIDKECIH/IE TYBIHIaM 1B, TaburaTTa Ke3/1eCeTiH coyenepiH OapabIFbIHBIH TaOuFaThl 0ip. Onap
KApBIK  JKBULAAMIBIFBIMEH — TapajaTblH  3JACKTPOMATHUTTI  TOJKbIHAApP. DJIEKTPOMArHUTTI
TOJIKbIHJAp O1p-O1piHEH TOJIKBIH Y3bIHIBIFBIMEH JKOHE TepOeIy KUUTITIMEH aXbIPaThbLIa Ibl.

Jlenenin 1 M? aynaHbIHAH YaKbIT GipiiriHe coymeIeHreH KbUTy MOJIIepiH JeHEeHHIH
coyJiesieHy KaouierTijiri nen 2”211716[1:131

EF: [BT/M 2 ]

Henere TyckeH coyse 3Heprusichl E; 6omnchH . OHBIH 01p 0euiri )KyThiiaasl Ex, exidm
Oeuiri marbuiazsl Ey, an yminmi 6eirt qeHe apkbuibl oTin kereal Eo. Conna aexe yuiin coyie
SHEPIUACHIHBIH OalaHCHI.

DHeprus O6anaHceiH E; Gencek
E, [ Fa
1= gt 1B (1.12)
E; Er

Bbyn epHEKTIH OH *KaFbIHJIaFbl OipiHINI MYIIE ACHEHIH CIyJie SHEPTUACHIH KYTy KaOUIeTiH

A cunaTTaipl, eKiHIII — MaFbUIABIPY KabulieTiH R JkoHe ymiiHmI - eTKi3y KabuteriH D
cunartaiel. Onait 6onca

1=4+R+D (1.13)

by mamanap emmemcis xone O-neH 1-re neiiin esrepeni.

Erep A=1 6onca, onna R=D=0. byn ke3ne OapibIK TYCKeH COyJjie YHEPTUSACHIH JICHE
JKYTHIT anaapl. MyHai neHenepai a6CoII0T Kapa JeHe 1T aTaiibl.

Erep R=1 6Gonca, onga A=D=0. byn ke3me OapiblK TYCKEH COYJi€ SHEPIHSCHIH ICHE
TOJIBIFBIMEH LIAFBUIIBIPaAbl. MyHal ieHenep/i a0CoII0T aK JeHe e aTaipbl.

Erep D=1 6osca, onna A=R=0. Byt ke3ae OapibIK TYCKEH COyJie SJHEPTHSICH JICHE
apKbUIBI OTIN KeTeai. MyHmaii qeHesnepyi adcoaT MOJIIp AeHe IS aTaiIbl.
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Credan-boabuman 3anbl. byt 3anabe1 Toxipuoe xy3inae 1879 x. . Credan aHbIKTaIbI,
an 1881 x. JI. boneuiMan TeopusiblK Typrbinan ganenaeni. Credan-bompiiMan 3aHbl OOWMBIHTIIIA
abCOITIOT Kapa ICHEHIH CoyJIeNeHy KaOlIeTTUIir: abCoI0T TeMIIepaTyphIHbIH TOPTIHIII AOPEKECIHE
Typa IpOoNOpLUHOHAI

E,=oT* (1.14)

My#sna 6 = 5,76-108 [B1/(M?K?)] — abcomoT Kapa neHeHiH coyleneHy TypaKThICHI.
WNnxenepiik ecenteynepie (17.62 Eglweym MBbIHA TYPAC KOJIJaHA b

Eo=c ,
0 %ﬂmb (1.15)
Myspa co = 5,67 [Br/(m>K*)] — abcomoT Kapa fieHeHiH coyneneny KodhdHIeHTi.

Bi3ai Kopiaran oprajarbl JAeHEIepIiH OapibiFbl KOHBIP HEMECE CEIEKTHBTI JEHEIepre
xkaranel. KOHBIp JeHeNepaiH TyTac CHEeKTPIIK CoyJeleHy KacueTi 0ap, ajgaiaa oyapsiy
coyJelieHy KaoOimeri Oipjel TeMrieparypaja aOCOMIOT Kapa JCHEHIH COyJelieHy KalOileTiHeH
ToMeH. CeleKTHBTI CoyJielieHy JeHesepiHe, OeNriIi TOJKbIH Y3bIHIABIKTAphl apachlHAa CoyJie
IIBIFAPATHIH KOHC KYTAThIH Ira3Jiap KaTalbl.

Konpip nenenepre Credan-bospliMaH 3aHbI MbIHA TYP/I€ JKa3bLTa bl

4

Oy
E Eﬂﬁj (1.16)

MyH1a ¢ — KOHBIp JeHEHIH coyieneHy Kodhdumuenti. (17.7) xone (17.8)
TeHJIeyJepiH e3apa Oescek

E=_ = (1.17)
co Eo

MyH/1a € — KOHBIp JICHEH1H KapaJlbIK Aopexeci aen aranaapl. CoOHa KOHBIP ACHETe
Credan-bospiiMaH 3aHbIH MBIHA TYPJE JKa3yFra 00Iabl
(T )4

E=gco| | (1.18)
e,

7Ka3bIK KaObIPFaAHBIH KbLIYOTKI3TIIITIr]

KanbHABIFBI O, JKBUTYOTKI3TIMTIKTIK KOd(GGUIMEeHTI A OolaThiH OIPTEKTI Ka3bIK
KaOBIpFaHBIH JKBUTYOTKI3TIIITIKTITIH KapacThipaiiblk. KaObIpra OMIKTITT KoHE €Hl OHBIH
KQJIBIH/BIFBIHAH QJJIeKaiia YIKeH, O€TTepiHIH TeMreparypaiapbl TYPaKThl XoHE ts1 > lg2 mem
kaOpumanmbI3 (1.2 cyper). CoHma KaObipra OOMBIHIAFBl TeMIeparypa epici Oipesmiemii

nuddepeHInaIAbB TEHACYMEH cnnaTTana;[dbzl
t

—=0 (1.19)
dx?
ITexapaibIk mwaprrap :

a) X =0 Oomranna, t=tsi; (1.20)
0) x =9 Gonranma, t =te; (1.21)
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(1.19) Tenmeyin HHTETpaIIacaK
dt _ q (1.22)
y dx
2 (2.1) TenaeyiH eKiHII peT HHTErPAJIacaK
t=cix+cC2 (1.23)
SR Jlemek Ka3blK ~ KaObIprajia TeMIepaTypaHbiH
ts1 Tapaybl ChI3BIKTHIK 3aHFa TOYEINdi. C1 JKOHE C2
uHTerpanaay Typakreiiapbid (1.20) sxome (1.21)
{62 niekapaiblK maprrapbiaad (1.23) Tenaeyine
q KOWBII aHBIKTAMBI3.

t,, —t
5 Co = ts1; PSSR, (1.24)
S

Iy
A 4

X Conna (1.23) Tenieyin ObLtai xa3yra 00abl.

13.1 cyper. XKa3bIk KaObIpFaHbIH t=tp — @x (1.25)
KBUTYOTKI3TILITIr] )

Xa3plk KaObIpFa apKbUIbl OTETIH JKBLIY
aFbIHBIHBIH THIFBI3IBIFBIH Dyphe 3aHBIHAH aHBIKTAHMBI3

dt
q=-A__ (1.26)
Az A2 M dx
U (1.24) xone (1.26) TenaeynepineH

;/' %: ts2 —Stal (1.27)

/D/ ts1 Onmnait 60s1ca ka3bIK KaObIPFa apKbUIbl OTETIH
) \ JKBUTY aFbIHBIHBIH THIFBI3/BIFBI
t A
03 q= (t 2
St (128
oy Sl d
(1.28) Ttenneyinmeri Rk = OpHETr1  Ka3bIK
A
03 O2 o1

KaOBIpFaHbIH TEPMUSIIBIK KEEePrici I aTtanajbl.
Erep xa3blk KaObIpra OipTekTi OipHelie

Kabarrapjgad TypateiH  Oomnca (1.3 cyper),

ONapIblH ~ TEePMHUSIIBIK  Keaeprijiepi e3apa

e3repicci3 KOChUIAIbI.

MyHaii ken KabaTThl KaObIpFa apKbUIbI ©TETIH JKbUTY aFbIHBIHBIH THIFBI3/IbIFbIH MbIHA

TEH/IEYMEH aHBIKTaM1bI

13.2 cyper. Y1 kabatThl KaObIpFa-
HBIH KBITYyOTKI3TIIITIT

t—t (1.29)

MyHza n-kabarrap caHbl.

1.4, WNaawocTpanmusiibiKk MaTepuaaaap: Bupryanasl KoHasipreutap. Herisri anmaparrap
OCITHENICHT CH TIIaKaTTap.
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TexXHouoruu.3-e usm. - JI.: Xumus,.
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Mocksa, Axagemus — 2006 1.
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BbakbLiay cypakrap (kepi 0ailiaHbIChI):

Kannait nporiecti JKbUTYyOTKI3TIIITIK €M aTaliMbI3?

Kannait nmponecti KOHBEKTUBTI XKbLIyanaMacy Jem aTaimMbi3?

Kanzaii mponecti bUTyJIbIK COyJIeTeHY Jel aTaiiMbI3?
KbuTyeTKI3TIILITIKTIH HEeT13r1 3aHbIH (Pypbe 3aHbIH) TYKbIPbIMAAHbI3.
HeroToH - PuxMaH 3aHbIH TYKBIPBIMAAHBI3.

Credana — boibiiMaHa 3aHBIH TYKBIPHIMIAHBI3.

KpinyeTki3rimTik kK03 GUIMEHTIHIH (PU3NKAIBbIK MAaFbIHACHIH TYCIHIIPIHI3.

Takbipbin: Xbulyanmacy.
Maxkcatbl: CTyaeHTTEpP 11 )KbUTyaIMAaCyMEH, Ka3bIK JKOHE IMIHHAPIIK KaObIpFayiap apKbUIbI

KaJbIIITACKAH  KBIIYyaJIMaCyMCH, IKbBIIyaJIMacy npoueCTepiH KapKbIHIATYMCH, JKBUTYJIBIK
OKIIAayJIarbIIITBIH KPUTHUKAJIBIK ,I[I/IaMepiMeH TAHBICTBIPY.

2.3.

I
2.
3.
4.

Japic Te3ucrepi:

Kburynsik 6anaHc.

Ka3bIK yxoHE HIMHIP KaObIpFasiap apKbUIBI )KBUTyaIMacy.
XKeiryanmacy npouecTepiH KapKbIHIATY.

JKbUTYIBIK OKIITayTaFBIIITBIH KPUTHKAIBIK JHAMEDI.

JopicTiH KbICKaIIa Ma3MyHbI

Kputyaplk ©Oamanc. bICTBIK KbUTyTachIManAarblIThiH  Oepren keliyblH (Q1) CyBIK

KbUTyTachiMaaarbii (Q2) anasl

Q=0Q:1=Q

Mynna Q— anmaparThiH KbUTYJIbIK KYKTEMECI.
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bICcTBIK KBUTYTaCBIMAJIAFBIIITEIH, MBIFBIHEL  G1, OHBIH OAHTANBOMACH |1, a1 anmaparTaH
mblkKauaa g, . CokeciHIe CybIK KbITyTaChIMAIAFbIIITHIH MIBIFRIHEI - G2, OHBIH 0aCTANKBI
SHTANBIUSCHL |2, sKoHe COHFBI PHTATBIHCH |2, . COHIA )KBUTYIIBIK OallaHC TEHIIEY1
Q =G1(lu — I )= Go(loe = l2,) 1)
Erep xputyanmacy Ke3iHJE >KbUTYyTachIMAIaFBIIITAPIBIH arperaTThiK Kyiiiepi e3repmece,
OJIapIbIH SHTAIBIUSAIAPHI KBUTYCHINBIMABIIBIK C TIEH TeMIiepaTypaHbiy t koOeUTIHIICiHE TEH:
|1H = C1Ht1H l,= Clzctlzc
I, = Cyoly l,,=CL,

XKeuryracsIMaagarsi UILIFRHBHELI G OHBIH KBUTyCHIABIMIBLILIFbIHA C KoOeHTinaiciH
OHBIH TOJIBIK JKBUTYCHIMBIM/IBUIBIFBI €T aTaiibl. Erep KbUTyChIMBIMIBUIBIKTAPABI TEMIIEpATypara
Tayesci3 aen Kadbuigacak, (1) TeHaey MbIHA Typre KeseIi:

Q = GiCi(tn —tue ) = G2Ca (toe —tou ) )
HEMeECE
Q=W (HH —ti ) =W> (tzx — tox ) (3)

KburyajMacyabIH Heri3ri TeHaeyi
Koty monmepi Q' men xputyanMacy 6eTiHiH F GaiaHbICHIH CHIATTANTBIH KbLTYalIMacy
MPOIIECIHIH KAJIMbl KHHETHUKAJIBIK TOYEJIUIIT KbUTyalIMacy TCHACY1 OOJIaIbI:
Ql= KF Atgt 4)
Mynaa K —xbutyanmacy ko3¢ UIueHTi;
Atcp — opTamia TemmnepaTypa Tereypisi;
T —YaKpbIT.

(4) Teneyre coiikec BICTHIK KbLTYyTACKIMAIAFBIIITAH CYBIK JKbLTYTaChIMAIIAFbIIIKA
OepuIreH KblIy MeJIIepl Kbulyaamacy aylaHbiHa F, muunepamypanviy opmawa meeeypinine
Atep —, yakpITKa T Typa OpOMOPLIMOHAI.

Y3naikci3 mporecrepre mblnyanMacy TeH/IeyiH ObLIal jKa3aMbl3:

Q= — = KFAly )

(4), (5) TennmeynepacH mbln%zanlawacy K03 PHUIHEHTIHIH oJ1eM OipJIiri KoHe (GHU3MKAITBIK
MarbIHACKI IIBIFA/IbI.

||:FFAt |J —| N zpad] :[Mzéz;ad—’
b O WAZR ]

Kpuryanmacy koapduumenti 1 cekyHATa BICTHIK JKbUIYTaCHIMAIJAFBIIITAH  CYBIK
JKBLTYTachIMATAFbIIKa 1 M? ayJaH apKbLIbI OpTalla TeMIepaTypa albipMaIbUIbIFLL 1 rpagycka

TEH Ke31H1¢ OEpUICTIH KbLTY MOJIIIEPIH KOPCETE/I1.
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7Ka3bIK KaObIpFa apKbLIbI
KBLTyaJIMacy
bip cyibIKTaH eKiHIII CYHBIKKA
KBUTYIBIH ~ a3bIK  KaObIpFa  apKbLIbI
/_ aJIMacCyblH KapacTbipambi3 (2.3 cyper).
KabbIpranbiH JKBUTYOTKI3TIIITIK
t KOXPPUITUECHTI A, CYMBIKTapIbIH
t2 i o TeMIeparypaiapsl ti KoHE t2, JKbUIyOepy
KodppuIHeHTTepi O KOHE o Oenrii.
blcThIK CyHBIKTaH CyBIK CYMBIKKA JKa3bIK
KaOBIpFa apKbLIbl AIMACKAH JKbUTYaFbIHBIH
q AHBIKTAY KepeK.
«—> blcTeIK CYHUBIKTaH
5 KaObIprara OCpiuIeTiH KbUTYaFbIHBIHBIH
13.3 cypert. JKasbIK KaObIPFa apKbLIbI TBIFBI3ABIFBIH ~ HbplOTOH-PuxmaHn  3aHbI
KpllyaJIMacy OOMBIHIIIA AaHBIKTAHMBI3
q=o,(t1—ts) (2.6)
Typakrbl pexxumae OCbl IKbUIy aFbIHBI  KaOBIpFaHbIH Oip OeTiHeH eKiHm OeTiHe
KBLTYOTKI3TIIITIKIIEH TaChIMaJIIaHA/IbI.

Vs
I

A
=" (t
= ) @7)
YKOHE KaOBbIpFaHbIH €KIHII OCTIHEH eKIHII CYHbIKKa Oepiieni
q = oy (t—ta) (2.8)
(2.6),(2.7),(2.8) Tenneynepinen TemriepaTypa ailbIpMaIIbLIBIKTAPbIH AHBIKTaMBI3
A\ . 1
tl —t61 v q o R
1
_q.9 2
ty, ~tz ~ U T (2.9)
lso— L , o
. 2
AJBIHFaH TEHACYIIEPl MYIIEIen KOCCakK, aTT%C TeévmeplaTypanap KBICKapaJIbl.
b=t =gl 040 ) (2.10)
WV or A o2
Conpa xa3blK KaObIPFa apKbLIbl AIMACKAH JKbLTY aFbIHBIHBIH THIFBI3IBIFbI
q= t1 —t2 (2.11)
7\41 7\, }\42
(2.11) renmeyinmeri 6emmexTiH Oemiminaeri opHeKTi R opriimen Oenrinerimi
R=",8_1 [M?K/Br] (2.12)
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’KOHE OHBI XKa3bIK KaOBIPFaHbIH KbUTyaIMacCyFa TEPMUSUIBIK KEAepPrici 1en aTaiiibl. AJl TEPMUSITBIK
KeJeprifin Kepi LIaMaChI} JKa3bIK KaOBIpFaHBIH JKbLTyaIMacy KOX(QQHUIIMEHTI Aen aTai/ibl

B TN (B K) 2.13)

A
o1 A o2

Onmaii 6osca xa3blK KaObIpFa apKbUIBI QIMACKAH JKbUTY MOJIIEPIH MbIHA TCHIECYMEH
aHBIKTayFa 00JIaJIbI.

q=k(t-t) (2.14)

HuanHap KadbIpra apKbLIbI KbIJIYaJIMACY

bip cyiibIkTaH eKiHI CYHBIKKA SKbUIYABIH LWIMHIP KaOBbIpFa apKbUIbl alMacyblH
KapacTbipambi3 (2.5 cypet). KaObIpraHbIH JKBUTYOTKI3TIITIK KO3(DPUIHEHTI A , CYHBIKTApIbIH
TeMueparypanapsl t xoHe t2, KLty 6epy KoddduimenTTepi o xkHe oz 6enriui. bIcTeIk cyiibikTan
CYBIK CYMBIKKA IMITUHAP KaObIpFa apKbUIbI aJIMACKAH JKbUIbl MOJIIIEPiH aHBIKTAY KEPEK.

blcThIK cylBIKTaH IMIMHAP KAOBIPFAHBIH 11IKI OeTiHe OepiireH >KbuTy arbIiHbIH HBIOTOH-
Puxman 3aHb! OOMBIHINIA aHBIKTAHMBI3

Q =a,(ti —ts1 )mdil (2.15)

TypakThl peKxuM/Ie OChI KbLTy aFbIHbl HWIMHJP KaOBIpFaHbIH 11IK1 O€TIHEH CBHIPTKbI O€TiHE
eTel
_ Tt —ts2) (2.16)

O 1In R

20 dp

YKOHE IMITHMH/IP KaObIpFaHBIH €KIHIT O€TIHEeH eKIHII CYHBIKKA Oepiie.
Q=a,(tz ~tz2)n - dal (2.17)
(2.15), (2.16), (2.17) TenneynepiHeH TeMIlepaTypa albIPMalIbUTBIKTAPbIH aHBIKTaHMBI3

ti—ta =%Q-I ZT& W

111
S :Q.1m¢|
KA S A AT (2.18)
nol 2 i
t -t _Q 1 I
52 2

TCI azdz J

ATBIHFaH TEHICYJIEPIi MYIIeNen KOCCaK, aTTac TeMIieparypaiap KbICKapaibl

AN\ NNPDR B &
| + 2% Ing— + e | (2.19)
-l \gigs 1 2 2

ts1 -1 =
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Q= o Pillige) (220)
ad +2x d oad
(PANN 1 2 2
(2.20) Tenaeyinmeri OoIIIEKTIH feniMiHneri OopHEKTI R opriimen Oenrineiai
R= 1,0 O [M-K/Bt] (2.21)

+
' oud, 20 dp a2d

YKOHE OHBI HUJIMH/P KaOBIPFaHbIH JKbUTyaJIMaCyFa ChI3bIKTHIK TEPMUSIIBIK KeJIepTicl el aTai/bl.
AJ CBI3BIKTHIK TEPMHUSIIBIK KEJCPriHIH Kepl IIaMachlH MHJIUHAP KAOBIPFAHBIH CBI3BIKTHIK
KbLTyaamacy KO3(pUIIUEHT1 Jen aTaiibl
1 1
ki =

d
5}

P 1
R 1
| AN I 2
ord; 24 dp ad,

[Br/(M:K)] (2.22)

=

2

Ounait 0oJica HIMIMHIP KaObIpFa apKbliibl aIMAaCKaH KbITy MEJIIIEPiH MblHA TEHICYMEH
aHBIKTayFa 00J1a bl
Q=mn k-t —tr) (2.23)
Nnxenepiik ecenrteynepie KebiHece MUIHHAP KaObIpFaHbIH 01p KyMa METpP Y3bIHBIFbIHA
KEJICTiH KBUTY aFbIHBIHBIH THIFBI3/IBIFBI KOJTaHAIA/IbI
q="=n-k(t -t) (2.24)
| I 12 1
Erep unnunap xaObipra GipTekTi OipHelie KabaTTapiaH TypaThlH 0oJica, OJap/blH

TEPMUSUIBIK Keepriiepl e3apa e3repicci3 Kocbutaapl. MyHail KaObipra apKblLibl aIMacKaH
KBUTY aFbIHBIHBIH THIFBI3/bIFbI

g=—1 " A AN (2.25)

+ | An M|y
oud, i1\ 2A, d ) o,
MyHa N-KaObIpra KabaTTapbIHbIH CaHBbI.

Hunanaap KaObIpFaHbIH ayMaJibl JHaAMeTpi

ChIpTKBl KaOBIpFajap apKbUIbl IIBIFBIHAATIATEIH JKbITY aFBIHBIH a3alTy YIIIH OJapIIbl
KOCBIMINIa >KbUIYTYHBIKTAFbIIl MaTepHaIapMeH Kopuiaiael. Erep KaOblpra »xa3plKk 0OoJica,
KbUTyaJIMacy ayAaHbl ©3repMeW[i, COHIBIKTAH JKbUTYTYMBIKTAFbI KaOaThl JKbUTy aFbIHBIH
azaiitTagpl. A KaObIpFa IWIMHAP Topi3nec Oosca, KaObIpFaHbIH TEPMUSUIBIK KeJeprici ecyiMeH
Oipre OHBIH CBHIPTKBI KbUTYy O€py aynaHbl KeOeiel, CollKeciHIe, KOpIIaraH opTara KbUTy Oepy
keneprici azaspl. COHABIKTAH KbUTYTYHBIKTAFBII MaTEPUAIMEH KOpIIay HOTHXKECIH/IE LIMITHHIID
KaOBIpFa apfbUIbl IIAFBIHIATIATHIH JKBITY aFbIHBI a3ai0bl HeMece KoOerol MyMKiH. OcbiFaH
OalIaHbICTHI HMIMHIP KAOBIPFAHBI XKBUTYIaH TYHBIKTayFa KEPEeKTI MaTepuasibl TaHAAY Maceseci
TYBIHJANIbI.

JKbITyTYHBIKTAFBILINEH KOpIUAIFaH LIIMHAP KaOBIPFaHBIH TEPMUSIIBIK KeJIepriciHe



REvUaYl,

CBIPTKBI  AHAMETP/I1HONSIGIIATHEAQKARA
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d 1 d; 1
Rlz—l +-L InZ24 In" + (2.26)
oauds 2. g, 2y d, o20s

o1, di, A , o2, d2, Ar TypakTel OoONFaHmA JKYHCHIH TOJBIK TEPMHSUIBIK KeAeprici

KBUTYTYHBIKTAFBIIITBIH CBIPTKBI JHAMETPIHE TOYEIIl 00Ia bl
TonbIK TEPMUSIIBIK KEIEPTiHIH 03repyl CBIPTKBI TUaMeTpre OaiIaHbICTHl MUHUMYM apKbLITbI
ereai. OCbl MUHUMYM/IAFbI )KBUTYTYHBIKTAFBIMITHIH CHIPTKbI JHAMETPIH OHBIH ayMallbl TUAMETPI
JIeTI aTahIbl.
Aymansl IuaMeTpIiH MOHIH aHbIKTay yimiH (2.26) TeHIeyiH dKCTpeMyMFa 3epTTeiMis.
TenneyniH OH >KaFbIHBIH O1pI1HINI TYBIHABICHIH HOJIBIE TEHEHMI3
aRrR) 1 L ON (2.27)
od) 2rd ™ ad?
3 T 3 203
CoHJla dKCTpEMyMFa COMKEC >KbUTyTYHBIKTAFBIIITHIH JHAMETPIH MbIHA TEHJICYMEH aHBIKTayFa
00J1aIB1

2hr
ds=da=¢ (2.28)

2
(2.28) Tenmeyi OOWBIHINA SKBLTYTYHBIKTAFBIIITHIH ayMalibl JHAMETPl LHIHHIP KaObIpFaHbIH
enmiemepiHe Tayenci3. O KbUTYTYMBIKTAFBIIITHIH KbUTYOTKI3TITIK KO3 (GUIUEHT] OCKEH
caiibIH ke0eiie1i, aj ChIPTKbI CYHBIKTBIH JKbLUTY Oepy KO HUIIMEHTI 6CKEH CaliblH a3asiibl.

TodbIK TEPMUSIIBIK KEJEepriHiH eKiHIII TYBIHABICHl HOJIBJCH YJIKeH. JleMek, aymalbl
JMaMeTp TEPMHUSUIBIK KEICPriHiH MHUHUMyMBIHA coiikec. Omaii Oosca da KbUTY aFbIHBIHBIH
MaKCUMyMbIHa coiikec kesedi (2.8 cypet). JKbuty Ty HbIKTaFbIIITHIH CHIPTKBI AHAMETPi ©CKCHCAUbIH
’KBLITY HIBIFBIHBI a1bIMEH oceli xkoHe d3 = Oa Oonranga Makcumymra xketefii. CBIPTKBI quaMerp
OJ1aH 9p1 6CKEH/IE KbUTY LIBIFBIHBI a3asi/Ibl.

CoHbIMEH HWIMHAP KaOBIpFaHbI KBUTyJaH TYHBIKTayFa apHajfaH
Marepualbpl TaHIay YIIiH, ajIbIMEH MaTepUallAbIH aymaibl auamerpin (2.28) TenmeyimeH
aHbIKTaiapl. Erep aymansl auamerpaiH da MOHI HMJIMHAP KaObIPFAHBIH CHIPTKBI AHMaMETPiHEH
yiiken 6omca (da > d2), OHJa OYJ1 MaTepHaIbl

KBUTYTYWBIKTAFBIII  PETiHIE KOJNAaHy Tuimci3. Oitkeni O < d3 < da aiimMarbiHaa
KBUTYyTYHBIKTAFbIIITHIH KaJTBIHABIFBl OCKSH CalWbIH JKbUTYy INbIFbIHA Na ecedi (2.8 cyperreri |
aiiMax). ds > da aliMaFbIHIA KBUTYTYHBIKTAFBIIITHIH KATBIHIBIFBl OCKCH CalblH KbUTY HIBIFBIHBI
azaszpl (2.8 cyperreri 11 aiimak). Tek ds = d'3 OonFaHga FaHa KbUTY IIBIFBIHBI TYHBIKTATIMAaFaH
WIKMHIP KaObIPFaHBIH JKbUTY IIBbIFbIHBIMEH TeHecemi. Couapiktan d'3 - d2 apanbIFbIHIAFbI
KBUTYyTYHBIKTAFBIIT KA0ATHIHBIH €IIKAHal Mai1ackl OOIMaibL.

JleMeK, KbUTYTYHBIKTAFbII )KYMBICHI THIMI 0011y yIIiH Oa < 02 MapThl OpPBIHAATYBI KEPEK.
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ta1
o

PR S

< d2 >

A
\4

ds

13.6 cyper. JKbUTyTYHBIKTAFBIILITIEH KOP-
LIaJFaH HAIMHAP KaObIpra

| | P ds
d2 da ¥o0%

13.8 cyper. XKbulyaFbIHBIHBIH KbLTY-
TYWBIKTAFBIIITHIH CBIPTKBI JHAMETPi-
HE TOYEJIUIIrI.

Ri

=d3

d> da

13.7 cyper. KbutyTYHBIKTaFbIIIEH KOP-

[IaJIFaH HUIHHIP KaObIPFaHBIH TEPMUS-

JBIK Ke/IePTiCiHIH CHIPTKBI IUaMeTpre
TOYETALIIr]
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2.4. WUnmocTpanusibIiK MaTepuasaap: Buptyanasl KoHnbipreuiap. Herisri annaparrap
OClHEJICHTeH TUIaKaTTap.

2.5. Oneduer:
Heri3ri:
1. TIpompbinuennas Texunonorus gekapcts, Tom 1. ITox pea. Uyemosa B.U. — X.: MTK-
Knura, U3garensctBa HOAY, 2002 — 560 c.
2. OpbimberoB ©.M. Kbty TexnukacbiabiH Herizaepi. [lsivkent. OKMY,2005 — 250
0.
3. Kacarkun A.I'. OcHOBHBIE MPOIIECCHI U AIMAPAThl XUMHUECKOW TEXHOJIOTUN.9-€ M3,
- M.: Xumus, 1973
4. Ilnakcun FO.M., Manaxos H.H., Jlapun B.A. IIpoueccs! u anmnapatsl NUIIEBBIX
npon3BoacTB. — M.: KomocC, 2008. — 760 c.
5. AxOepaues O.C. Tamak eHipiciHiH MpouecTepi kaHe anmaparrapsl, Aimatsl; 1998
K.
6. Kagenxkuii I'.JI. [Iporeccsl u anmapatsl nuieBol TexHojoruu. - M.: Komoc, 2000.
Kocbimma:
7. Powmankos [LI'., Kypouknna M.W. I'napomexanndeckue mpouecchbl XuMu4ecKou
TexXHoNoruu.3-e usm. - JI.: Xumusd,.
8. ®apmanesruyeckas texnonorus. [lox pen. M.W. Kpacuioka u I'.B. MuxaiiinoBoii—
Mocksa, Axkagemust — 2006 1.
9. Backakos. Termorexauka — M.: Beictmast mikonia 1986

2.6. bakbl1ay cypakrap (Kepi OaiyiaHbICBI):

1) Kputy GastaHCHIH TY)KBIPBIMIAHBI3.

2) JKbityaraMacyablH HEri3ri TeHACYiH CHIIATTaHbI3.

3) Ka3bIK KaObIpFa apKbLUIbI AIMACKAH JKBUTY Il aHBIKTAHBI3.

4) Tunuaap KaObIpFa apKbUTbI IMACKAH JKBUTY bl aHBIKTAHBI3.

5) JKa3bIk KaOBIpFaHbIH KbLTyalIMacy K03()(OUIIMEHTIH aHBIKTaHBI3.
6) Llumuaap KaObIpFaHbIH KXbUTyaaMacy K03 UIIMEHTIH aHbIKTaHbI3.
7) umuaap KaObiprara )KbUTYyTYHBIKTAFbIIT TAHIAHbI3.

3.1. Takpipbin: KOHBEKTHUBTI KbLTyaIMacy.

3.2. Makcarpl:  CTyoeHTTepAl  KOHBEKTHUBTI  IKbUTyanMacydslH  IuddepeHnanabK
TEHJeYJIepIMEH, KOHBEKTHUBTI >KbUIyaJIMaCy/AbIH YKCACTHIK CaHIapbIMEH, €pIKTI >KOHE epikci3
KOHBEKIMS Ke31H/IET1 )KbUTYy O€pYMEH TaHbICTBIPY.

3.3. [Iapic Te3ucrepi:

1. KoHBEKTHBTI KblTyaIMacyIblH AU} pepeHnaniplK TeHILYI.

2. KoOHBEKTHUBTI JKbUIyaJIMacyabIH YKCACTBIK CaHIAPBI.

3. EpikTi KOHBEKIHS.

4. Epikci3 KOHBEKIHS.
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JopicTiH KbICKaIIa Ma3MyHbI

Heri3ri yFeiMaap koHe aHbIKTaMaJIap

KonBekius (nar. Convectio — anbinm Keny) JA€N CYWBIKTBIH HEMECe TIa3/IbIH JKEKe
MaKpOKOJIEMICPIHIH 9p TYpil KYIITEpAiH OocepiHeH Oip-OipiMeH CalbICTBIPFaHIA KO3FaTybIH
aiftazpl. MakpokeseMaep Jen KelTereH MoJeKysalapblH KOHIIIOMEepaTblH YFbIHA/IbI OJ1ap/ibIH
a3zraHTall yakpIT apaibIFbIHA O1p TyTac KyiiHIe Ko3Faly MyMKiHiri 0ap, enmemaepirazgapaars
MOJICKYJIaJIapJIblH €pKIH KO3FaJly apajblFblHaH >KOHE CYMBIKTarbl MOJIEKYJAlap/blH Tepoeny
aMIUTUTY/IAChIHAH QIJeKaiiia Ko Jen KaObu1aHaIbl.

CybIKTaFbl KOHBEKTHBT1 JKbUIyaJIMAaCy OHBIH OOJIIEeKTepiHIH KOHBEKLHUSJIBIK >KOHE
MOJICKYJIAHBIK KO3FaTyJIapbl HOTHXKeciHZe Ooxanel. OpTaHbIH dp HYKTECIHAE KbULY AaFbIHBI
TBIFBI3/IBIFBIHBIH BEKTOPBIH €K1 BEKTOPJIAp KOCBIHABICHI TYPiH/E KapayFra 00a/ibl

q:qo/ce +q1< (1_5’1)
M¥HI[a qme __ KBUIYOTKI3T'ITIKIICH TaCbIMaJIaHTaH JKbUIY arblHBIHBIH TbIFbI3[AbIThbI; qK =

KOHBCKIUA apKbUIbI TACbIMAJIAAHTdaH XbLIY abrbIHbIHBIH ThIF'bI3IbI'bI.

Ken xarmaiina CyHMbIK aFbIHBI KaTThl JEHE OETTepIMEH IIeKTENreH, >KOHE BbICTHIK
KBUTYTACHIMAJIAFbIIITAH CYBIK >KbUTyTaChIMaJJIAFbIIIIKA JKbITY KaTThl KaOBbIpFanap apKbUIbl KUl
6epineni. JKpUTy aFbIHBIHBIH JKOJIBIHJAFbl KATThl JIEHEJNEep KOChIMIIA TEPMUSUIIBIK Keaepruiepii
TybIHAaTaAbl. OnapAblH LIamMackl CYHBIK MEH KaTThl KaOBIpFaHBIH ©3apa >KbUTYJBIK KOHE
TUHAMUKANBIK ocepiiepine Toyenml. CyHWbIK TeH KaTThl KaObIpFaHBIH ©33apa KOHBEKTHBTI

KBLITyaJIMacybIH KbLIy0epy €M aTau/bl.
XKeuryOepyni ecenterenie HeroToH-Puxman 3aHbIH KOJaHa bl

q=alt —t) (15.2)
Mysna o - xbputyoepy kKoddduuueHTi; te, tx — CYHBIKTBIH jkK9HE KaOBbIPFaHbIH TEMIEpaTypaiapsl.
Hpron-Puxman 3aHbl OOWBIHINIA CYHBIKTaH KATThl KaOBIPFAHBIH ayndaH OipiiriHe OarbITTanraH
KBLTY aFBIHBIHBIH THIFBI3IBIFBI TEMIIEpATypa TeTeypiHiHe Typa MPOMOPIIHOHAIL.

Keiny6epy k03 GULIMEHTIHIH MOH1 HaKThI )KbUTyOEpy MPOLIECIHIH KApKbIHBIHA BIKIAJ €TETIH
(dhaxTopnapra toyeni. Oy CYWBIKIEH KaObIpFa apachlHIa TEMIIEpATypa albIpMaIIbUIBIFBI O1pre TeH
Gonrania GepifieTiH KbITy aFbIHBIHBIH THIFBI3BIFBIH KopceTeni. Ommem Gipmiri — Br/(m?-K).

Kanmsl >xarnaiiaa xpuryoepy Kod(pGUUIUEHT! AEHEeHIH MINIHIHE XKOHEe elleMIepiHe,
CYMBIKTBIH aFy peXiMiHe, KbUIIaMIbIFbIHA, TEMIIEpaTypachlHa, (PU3UKAIBIK KACUETTEPIHE KOHE
T.0. Toyenl. XKeumyOepy mporieci CyMbIK OeIeKTepiHiH KO3FalybIHBIH Taiia 00y TaOuraTseiHa
Ja TOYeIIi.

CylibIK KO3FalybIHBIH Maiia 6oy TaOuraThlHAa OaWIaHBICTHI €pIKTI (Taburu), epikci3
(>kacaHpl) KOHBEKLHMSTIApAbI axbIpaTaibl. EpIKTI KOHBEKLHUS Ke3iHAe CYHBIK OemekTepi
MacCalbIK KYIITEP/IIH TEHIT OY3bUTYhl HOTHIKECIHIE KO3Falabl. MbICalIbl CYMBIK KOJIEMIHACT]
HYKTEJIep apachlHIa TeMIepaTypa aWblpMallblUIBIFBl Oap 0oJica, OCBl HYKTENeple CYHBIK
OOJIIEKTEPIHIH THIFBI3ABIKTAPHI J1a 9P TYPJIi 0011k, HOTHKECIHAEC KOTEPLTY KYIITEPIHIH 9CEpIHECH
epIKTI TPaBUTALUSIIBIK KO3FANy Maiiia 00IaIb.
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CyHBIKTBIH €piKCi3 KO3FaIybl CYMBIK IIEKapachlHa TYCKEH JKAaCaHbl KYLITEPAiH dCepiHeH
maiiga  6omybl. MpIcallbl  KOMIPECCOPABIH, HACOCTBIH HEMECe JKCIACTKIIITIH  JKYMBICHI
HOTHKECIHIE.

KoHBeKTHUBTI KbliIyajJaMacyabiH AU depeHunaiabl TenaeyJaepi

KoHBekTUBTI XbUTyOepy MpOIECIHACT] JXKbUTy AaFbIHBIHBIH TBHIFBI3IBIFEI TEMIIEPaTypa,
KBICHIM JK9HE KbUIIAMBIK ©PiCTepIMEH aHBIKTAIa bl

KosranbicTarsl CYHBIKTBIH TeMIIEpaTypa ©piciH SHEprusiHbIH JuddepeHuanasl TeHaeyi,
KBULAAMABIKTBIH ~ JKOHE  KBICBIMHBIH — TapalyblH — KO3FAIYIBIH JKOHE  Y3IIKCI3HIKTiH
maddepeHranIpl TeHACyNepl cumartainsl. JKeutyOepy mpomeciH MaTeMaTUKAIBIK TYPFBIIAH
TOJBIK ~CHMNATTay VIIIH  aTaifaH TeHieyIepre KaObIpFa  >KaHBIHAAFbl  KBUTyOCpYIiH
Qg depeHmranipl TEHACYIH KOHE MPOIECTIH 61pM9HIL1JIlK [IAPTTAPBIH KOCY KEPEK.

Oueprustbig 1ud e 6{)eHuHaJ%m,1 Te%)i[eyl C¥I/IBIK a?LH—EI)IHa MZBIHa T¥PJ§C Kas3bLIa b

O+ W +W W =a + + | (15.8)

o x Yy e \a o at)

byn TewmeydmiH coi karblHmarel  OipiHmi  wmyme dt/dt  ke3 kenreH  HyTemeri
TEMIICPAaTypPaHbIH ~ yaKbIT — OOMBIHIIA ~ ©3repyiH  CUNIATTal[Ibl, OblIaiiia  alTKaHga
TEMITEPATYPAHBIH KEePTUTIKTI ©3repyi, al
ot ot
w_+w ot

Xox Yoy 2 o7

TeMIlepaTypaHbIH Oi1p HYKTEJEH EKIHILl HyKTere oTKeH/1e e3repylH cumartaiijipl, Obulaiiia
aliTKaHJa TeMIepaypaHblH KOHBEKTHUBTI e3zrepyi. TeHz[eéfz[%H OH XaFbIHJIAFbI MYIIIC

(0% "o o4

+
a ——+

Lax2 ayr 01’ )‘

TEMIIEPATYPAHbIH XKbUTYOTKI3T1ILITIK HOTHKECIH/IE 63repylH CUIIaTTalbl.
Kosranyapiy muddepeHnmanapl TeHICYl CYWBIKTBIH OOJIHIN aJblHFaH KIIIKeHTal

KeJIEMiHE dcep €TeTiH KYIUTep/IiH TeHIr MapThIH HaiianaHa OThIPbIN KOPhIThLUIaAbl. DU3NKaIBIK

KaCUETTEP! TYPAKTHI CBHIFBUIMAWTHIH CYWBIK KO3FaIlybIHBIH 1] depeHnanib
teHaeyl (HaBbe-Croke TeHaeyl) KpICKallla MbIHA TYPAE Ka3bLIaabl

o & 2
pE—W‘VP‘WW (15.9)

Byn TeHaeyaiH auIbUIbIN Ka3blIFaH TYPl TIKOYPHIIITE KOOPAUHATTAp JKYHeCiHIe Y TeHIeY1eH

TYpaabl
dw P (2w Pw  oPw )
p = pg — +u|| X 4 X 4 X (1510)
ot xooxo o Loxr oyt art )
2 2
dwy = pg _a_Pwl(@Wu@ZWﬁaWy\ (15.11)

A \ y
o oy eyt |
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d Wy d Wy dw; : .
! ’ — KOoOpauHaTTap ©CIHACI1

dt dt dt

MyHaa p - CYHBIKTBIH THIFBI3JIBIFHL;

KBUITAMIIBIK TTPOCKIMSUIAPBIHBIH TOJBIK TYBIBIHAATAPBL;, Ux,Jy,Jz - €pKiH TyCy YyACYyiHIH

MIPOSKIHSIIAPEI; E’ 6_P’ @ - KBICBIM TPAJUCHTIHIH TMPOCKIUSUIAPBL, L -  CYHBIK
oX oy oz
TYTKBIPJIBIFBIHBIH, TMHAMUKAIBIK KO3 (OUIIUCHTI.
Y3IiKCi3MIKTIH HeMece TYTaCThIKTBIH Tu(hepeHIaIbl TEHACY] KIIKeHTail KoJIeMHIH
Macca OaJlaHCBIH CUTIATTaMIbI

op , Opwx) | opwy)  a(pw:) _ (15.13)
ot OX oy 0z

ChIFBUIMAITBIH CYHBIKTAp YILiH (p = const), COHA
an _I_M + aWZ — O

15.14
x > (15.14)

(15.8), (15.9) sxone (15.14) nuddepennnanapl TCHACYIEP KYHeci TYHbIKTalIFaH, OUTKeHI Oyiap/a
alfHbIMaNbIIap CaHbl TeHJEYyJep caHblHAa TeH. Tenaeynep K yileci Ke3 KeNreH KOHBEKTHBTI
KbLTyajaMacy HpouecTepin cunarraiapl. Ocbl MpoIeCTepACH HAKThl IMPOILECTi Oedin aly YIIiH
OIpMOHJIUTIK MIApTTapAbl TYKbIpeIMAay Kepek. Omapra reoMeTpUsibIK, QU3UKANIbIK, aJFaIIKbl
MKOHE LIeKapaJIbIK IIapTTap *KaTabl.

Huddepenunanasl TeHaeyJaep XKyWeciH OIpMOHIUIIK IIapTTapMeH OIpIKTIpe OTBIPHII
HICTITY HOTHIXKECIH/IE CYHBIKTAFbl TeMITepaTypaHbIH, KbUIIAMIBIKTHIH KOHE KBICHIMHBIH ©pICTEepiH
aHbIKTaiinbl. KbutyOepy koddduuueHTIH o ecenTey YVIIIH OHBI TeMIepaTypa epiciMeH
OailJTaHBICTHIPATBIH TaFbl O1p TEHJAEY TY3Y KEepeK.

KaObiprara OepiieTiH KbUly aFbIHBI OFaH ‘“9KaObICKaH  CYMBIK KaOaThl apKBLIbI
KBUTYOTKI3TIITIKIEH TackiMangaHaael. Dypre 3aHpIHa colikec dF amaHImacel apKbUlbl ©TKEH
KBLTY MOJIIIepi

Iy MeJiiep ‘o)

dQ =—A 5o | dF-dt (15.15)

n—0

Mynna n — dF anaHmaceiHa HOpMaib, ain N> 0 mapTHl TYBIHIBIHBI KaOBIpFara ©Te JKaKblH aly
KepekTirin eckepeni. XXeutyabiH ocsl Menmepi HproToH-Puxman 3aHb! OoiibIHIIA

dQ =a(t —tc)dF -dr (15.16)
(15.15) xone (15.16) Tenaeynepin TEHECTIPE OTHIPBII KBUTYOepYHiH quddepeHIran bl
TEHJICYiH aJlaMbl3.
) Saa (15.17)
NGO
By TeHeyniH keMeriMeH KbUTyOepeTiH OeTTepAeTi KeprilikTi KbUTyoepy KoappuiueHTTepi o
€CeNTENCHE Il
¥KcacThIK TeOPUSACHIHBIH Heri3aepi
KOHBEKTHBTI JXblTyaaMacy MpOLECIH 6Te Kol alHbIMaibuiapbl O0ap auddepeHuan bl
TEHJeyJIep Kyheci oHe OIpMoHAUTIK mapTTap cumarrtainel. JAuddepenunanipl TeHaeyaepa
KOpPBITY Ke3iHAe TaOuraTTa Ke3[eCeTiH JKalmbulaMa 3aHfap KoJinaHbuiaabl. COHIBIKTaH
TeHJICYJACPAIH IIeniMi KYObUTBICTBIH (U3UKAIBIK TapaMEeTPIICPiHiH ©3apa TOYENIUTIriH HAKThI
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KOHE ©Te KeH Juamna3oHfa CUMaTTaiisl. Auaina nuddepeHnuanabl TeHaeynep Kyieci keioip
KapanaiibiM mpoliiecTep YILUiH FaHa aHAJIMTUKAJIBIK 9/1ICIIECH LIeUIreH. by GarbITTarsl Ta0bICTap
KOCAJIKBI (DaKTOpIApABIH BIKIAIBIH €CKEpMEY HOTHIKECIHIE TPOIECTIH BIKIIaM (U3UKAIBIK
MOJIETIH KYPY JKOHE JKYBIKTaJIFaH TeHACYIEPl KOJIJaHy OapbhIChbIH/Ia aJIbIHFaH.

KOHBEKTHBTI JKbITyaIMacy bl 3epTTEYAiH TaFbl Oip d/ici Toxkipubenik auic. Toxipudenik
OMICTIH aPTHIKIIBLIBIFBI AJIBIHFAH HOTHKEJICPAIH HAKTBIIBIFDI, KOHE TOXIPHOE OaphIChIHIa KEPEKTI
[IaMaJIap/iblH BIKIAJIBIH 3€PTTEYTe epeKIie KOHT 001y MyMKIH/ITI.

Toxipubenik oMICTIH KEMIIIITiHe aNbIHFAH HOTIKENEp/l a3FaHTall ailblpMalIbUIBIFbI
0osca jga 6acka KyObUTBICTapFa TaigalaHyra OOJIMAHTHIHBIFGL. bhlnaiima alTkaHma ToxipuoOe
HOTIDKENEpl TeK KaHa TKipuOe KYPri3iireH mapTrap TOJIBIK OPbIHIAIFaHAA AYPHIC, COHJBIKTaH
onapzpl maiganany ascel a3. COHbIMEH KaTap TOXIpuOe KYpridy YIIiH KONTETeH MaTepHalIbIK
HIBIFBIHIAP KEPEK.

COHBIMECH AHAIMTUKAIBIK JKOHE TOKIPUOETIK OMicTep KOHBEKTUBTI JKBUIyaJIMACY/IbI
3epTTeyre IKETKITIKCi3, COHABIKTAH aTalfaH OMICTEPAiH aPTHIKIIBUILIKTAPBIH OipiKTIpEeTiH
YKCACTBIK TEOPHSICHI OMIACTHIPBUIFaH.

¥KcacThIK Teopuschl AuddepeHnuanipl TeHIeyIepaeH XKoHe OIpMOHIUTIK MIapTaplaH,
oJapAbl MHTErpaijamaii-ak, KOpPBITBIHIbLIAp JKacahasl. Ceurtim TakKipude KYprizyre >xoHe
HOTHKEIep/ll OHIEYTe TEOPUSIIBIK OaFbIT Oepe/i.

¥YKCacThIK KOMIUTIEKCTEPIHE THAPOIUHAMHUKAHBI JKOHE JKBUIyaJIMAaCy/bl JaMBITYFa YJIec
KOCKaH Oenriii raapIMIapAblH eciMaepi OepuireH, »KoHe oJiap[bl JaThbIH TPAHCKPUMIHACHIHIA
KBI3BUIFAH €CIMJIEPIH alFaliKel €Ki opinTepiMeH Oenrineiai. CoHma MbIHATal YKCACTBIK
CaHaap/bl aryra 0oJaabl:

WT
B X (15.44)
|-
Fr = W? (15.45)
P
Bu=_ (15.46)
pw
wl  wi
RO P50R3e (15.47)
u %
at
R (15.48)
wi
Pe=__
5 (15.49)
al
N = 4 (15.50)

Mynna Ho — ruzipoauHaMuKaiblK TOMOXPOH/IBUIBIK YKCACTHIK CaHbl, KO3FAIbICTaFbl CYHBIKTHIH
KBUTAAMJBIK OpICIHIH yaKbIT OOWbIHIIA ©3repyiH cumartaiisl; Fr — @pyaa yKcacThIK CaHBbI,
ayBIPJIBIK KYIITEPIHIH WHEPIUS KYIUTEpiHe KaThIHACBHIH cUIaTTai e, Eu-Ditnep ykcacThIK caHbl,
KBICHIM KYIITEPIHIH MHEPIMSA KYIITEpiHE KAaThIHACHIH cHMaTTaiiiapl; Re — PelHOIBAC YKCACTHIK
CaHbl, MHEPIMS KYIITEPiHIH imKi YHKeJiC KylTepiHe KaThIHACHIH cumarTaiinel; Fo — dypre
YKCaCTBIK CaHbI, TeMIepaTypa OpiCiHiH YyakbIT OOWBIHIIA e3repyiH cumartainbl; Pe — [lekme
YKCACTBIK CaHbl, KOHBEKIUS KOHE JKbUIYOTKI3TIIITIKIICH TaChIMAIJAHATHIH KBULY MOIICPIHIH
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KaTbIHACBIH cunaTTai e, Nu — HycceabT YKCAaCThIK CaHbl, CYHBIK MeH KaObIpra OeTi apachIHIarbl
KOHBEKTHBTI XKbIJIyaIMacy MPOIECIHIH KaPKbIHBIH CUIIATTaMIbI.

KOHBEKTHBTI JKbUIyalIMacyabl 3€pTTECYy MaKcaTTapblHa OalIaHBICTBI KOHE IPOIIECTI
BIHFAMJIBl CHUIIATTAy YIIH, YKCACTHIK CaHIApJbIH TYPiH e3repTyre 0Oomajabl. MpIcayIbl
KO3FAJIMAWTBIH CYWBIK KOJEMIHIH IIIH/E THIFBI3ABIK AWBIPMAIIBUIBIKTAPBl HOTH)KECIHIE OHBIH
JKCKeJereH OeJIIIeKTepl KO3raaybl MyMKiH. MyHIal ykar1ai1a aFbIHHBIH KbLUIAaM/IbIFBIH aHBIKTAY
MYMKiH Oonmaiinel, coiikecinme Fr, Re ykcacTbK caHgapelHOa aHBIKTayFa OOJManibl.
CoHIBIKTaH OJIap/IbIH 63apa KaThIHACTAPBIH TYPJICHIPE OTHIPHII, THIFBI3bIK albIPMAIIbLIBIFbIH
€CKEPETiH JKOHE JKBUIIAMJIBIK JKOK, JKaHa YKCACTHIK caH amyra Oomamer. On yurie Fr ykcacThIk

canbiH Re? KoHe calbICThIPMAb! TLIFBISILBIKKa (p Ei(&)/ p Ke6eMTeM133
2P Po _ PP
FrRe =
p W2 v2ioop w2 p
MyHaa p, po— CYHBIKTBIK 9p TYpii KabaTapbIHbIH ThIFBI3ABIKTAPHI. AJIBIHFAH OJIILIEeMCi3
KOMILIEKCT1
B p-po
Ar = g ‘_P po

v? p

(15.51)

ApxuMes YKCaCTbIK CaHbl €Tl aTalIbl.

Erep cyiibik KabaTTapbl THIFBI3IBIKTAPBIHBIH albIPMAIIBUIBIKTAPBI OJIAP/IBIH TeMIIepaTypa
alBIPMAIIBUIBIKTAPBIMEH — aHBIKTAJaThIH Oosica, (p—po)/p epHerin [-At keOeHTiHIICMEH
aybicThIpyFa 00maabl. Conga I'pacrod ykcacThik Caé-ﬂ?l IIBIFAJIBI.

Gr=__ PAt (15.52)
v 2
I'pacrod yKcacTBIK caHBl TeMIlepaTypa aWbIpMAlIbLIBIKTAPhl HITMKECIHAE Maiina
00J1aThIH KOTEpLTY KYIUTEPIHIH 1K1 YHKETIC KYIITEpiHEe KAaTbIHACHIH CUIIATTal/bl.

[Texne ykcacThIK CaHBIHAH >KBUIIAMIBIKTBI NbIN TACcTay HOTHIKECIHIE >KaHa YKCACTBIK
caHbl maiaa 0omasbl.

Pe _wlja _v

(15.53)
Re wl N a
AJBIHFaH eIIeMci3 maManbl [IpaHaATIs YKCACTHIK CAHBI JIET aTai bl
Vv
UG 1o} (15.54)
a

KonBekTunTi JKblIyaiMacy HpOHeCTCpiH CCCIITCYIC komiiekcTi CTaHTOH ¥KCACTBIK CaHbI

Ja KOJITaHbIIa bl 3
u
St = S R (15.55)
RePe  pcw

ToxiprOe HOTIKETIEPiH 9/IETTE YKCACKIK CaHAAPABIH JTOPEKENi TEHACYIepl TypiHae onaeiai. by
TEHJIeyJIep aHBIKTATYIIbI YKCAaCTHIK caHabl NU (OyJ1 YKCACTBIK CaHFa 13[eJil OThIPFaH XKbLIyoepy
Kod(duimeHTi o Kipemi) eJImeMci3 KOOPAMHATTAp MEH aHBIKTAyIIbl YKCACTBHIK CaHIapbI
OailTaHBICTHIPAIBI

Nu = fi(X, Re,Pr,Gr)
KyObIp iminjae epikci3 KOHBEKUMAAA KbLILyOepy
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KyObIp immiHAe epikci3 KOHBEKUMsAA KbLIyOepy IPOIECIHIH KapKbIHBI aFry
pexuMiHe OaitmaHbICThl. TypOYJIEHTTI PEXUMIC KbLTYOCPY KapKbIHBI JIJAMHUHAPIIBI
peXuMre Kaparanjaa skorapbl. KyObIp iIIiHAE JIaMUHAPJIBI PEKUMHIH TYpOYJICHTTI
peKUMIe OTyl aymMalibl PeifHOIb1e YKCACTHIK CAHBIMEH aHBIKTaJIa b

d
REa = %

~2300 (16.6)
A%

MyHaa Wa — KYOBIp iHITiHZAEri CYHMBIKTBIH opTama >XKeuiaaMasirel. Erep Re < 2 300 6Gouca,
CYWBIKTBIH KO3FaIIBICHI JaMuHApasl Oonagsl. Re > 10 000 Gonranma, KyObIp imIiHAC JaMbIFaH
TypOyneHTTi ary pexumi Tysineni. Am 2300 < Re < 10000 apaibIifbiHAa OTHENl PEXKUM JEI
aTajFaH.

KyObipra Kipep aniblHOa KBUIAAMJIBIFBI JKOHE TeMIeparypachl OipTeric TapaiFaH
CYHBIKTBIH KYOBIp ilIiHIEe KO3FaTyblH KapacTeipambid (16.2 cyper). byn ke3ne KyOBIpIBIH ilIKi
OeTTepiHe AMHAMHUKAIIBIK KOHE JKbUIYJIbIK MIEKapasIblK KabaTTap TY3UTiM, OJIapIbIH KAJIbIH/bIFbI
ece Oacraiiipl. Benrii KamIbIKTBIKKA JXETKEHJE INEKapajblK Kadarrap KYOBIPIBIH KOJICHIH
KUMAChIH TYT'€JI JKayblIIl Typabl.

Kapcsl OerTepe Ty3UIreH mekapanblk KabarTap/ablH TYHICYy HYKTECIHE JEHIHI1 apaibIKTh
TYpaKTaHy Y3bIHJIBIFbI JACT aTai bl JIaMUHAPIIBI aFy peXUMIHJE TYPAKTaHy Y3bIHABIFbI.

lo... =0,03-d - Re, (16.7)
TypOYJIEHTTI aFry peXUMiHJIe
lom.~ 50-d . (16.8)

Hlexapanblk KaOaTTHIH KaJBIHIBIFBI TYPAKTaHY Y3bIH/IBIFBIHIA ©3TePETiH OOJIFaH IBIKTaH,
KbLUTyOCpy KapKbIHbI ga e3repeni (16.2 cyper).

KyObIpra Kiprenje nekapanblK KadaT KalbIHIbIFbI €H a3, COMKEeCiHIIe XblTyoepy
KO3 pUIMEHTIHIe eH YJIKeH MoHre ue. Kabar KalbIH/IBIFBl OCKEH CalblH, KbUTyOepy
K0 UIMEHTI Ie TOMEH/IEH/I1, KoHEe X = lom jKeTkeH e KbuTyOepy KOI(DOUIIMEHTI TypaKTaHa bl
(16.2a cypet). TypOyJIeHTTI aFry peXKUMIHE OTY HMIEKapabIK KabaTrap TYHiCTIeH KaThII
Oacranaabl. COHABIKTAH OCBI HYKTE/IeH OacTall xbu1yoepy koddduimenti a3nan ecemi. Opi
Kapaii, X = lam O0nFanma, skbuTyOepy Koa(duineHTi Typakranaas! (16.20 cyper).
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92 Gerrin 24 6eTti

JIopicTik KelieH

Wo Wo '

a) 0)

16.2 cyper. KyObIp in1iHaer1 cyibIK aFbIHBIHBIH JUHAMHUKAIBIK TYPaKTaHYbI
AKOHE HKbUTyOepyi: a) JaMUHapIIbl aFy pexuMiHje; 0) TypOyIeHTTi
ary pexuMIHJIE.

JIaMuHApJBbI pexuM/Ie KbLIYOEpPY. AfbIHHBIH TOMEH  KbUIAAMIBIFBIHIA
KbUTYOEpY MpOILECiHe epiKTI KOHBEKLUS Kol acep eTei. COHIBIKTaH OHBI €ceNnTey TeH ey IepiHae

KOTepily KYIITEPiH eCKepy Kepek.

KyOblp imiHae TYTKBIPJIBIK-TPABUTALMSIIBIK PEXKHUMIE araThlH CYHBIKTBIH —OpTalla

KbLTyOepy K03 DUIIMEHTIH aHbIKTayFa MbIHA TEHJIEY YChIHBUIFaH

0,25
Nu =0,15- Re033 pr043 Gra'1|(P_r| € (16.9)
d |
d d c
\Pr )
Aya yurin (16.9) TeHzueyi pIKIamana sl
Nu =0,13- Re%3 Gro! (16.10)
d d d

TypOyJjieHTTi pexumae KbliayOepy. TypOyneHTTi ary peXUMiHIE CYHBIK
OemmmeKTepl KapKbIHABI apajacaabl JKOHE €pIKTI KOHBEKIMSHBIH BIKIMAIbl ©T¢ a3 OOoJaibl.

CoHIbIKTaH YKCACTHIK canaap TeHaeyinae ['pacrod ykcactoik canbia Gr eckepmeii.

Jambrran TypoynenTTi pexxumae (Re > 10%) oprama sxpiny6epy ko3hdHIMEHTIH aHBIKTAY

YIIiH TOMEHET1 TCHIEY YCHIHBIIFaH (Pr oo
Nu =0,21-Re%® pro groi[_ °© D € (16.11)
d |
d d c
\Pr )

Aya ymiiH Pr ~ 0,7 cornpikran (16.11) TeHneyiH piKmamaayra 00aabl
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Nu =0,018-Re%® ¢ (16.12)

d d |
CyiibIK MpeK KyObIp/ia akKaHja, OpTaJaH TEeTKIII KYIITEePAiH dCepiHeH KYObIp imIiHeri
CYMBIKTA SKIHIIICH TUPKYISIIHS KYOBLUTBICH Oalikanaabl. O3 Ke3erinae Oyl KYOBUTBICKBLTYOEpy
MPOIIECIHIH, KapKbIHBIH apTThipaabl. COHIBIKTAH UPEK KYOBIpIAFhl XKbUIyOepy KO3h HUIMEHTIH
ampiktay yiiiH, (16.9) - (16.12) teHmeyiepiMeH aHBIKTAIFaH Ty3y KYOBIPJABIH KbUIyOepy
KO3 ULHUEHTIH € yp TY3€TyiHE KOOCHTY Kepek

gup=1+1,77-d /Ry (16.13)

My#na d — KyObIp/BIH i1IKi 1uameTpi, Ryp — Upek KYOBIPIbIH HiTy OYPHIILIBL.
EpikTi koHBeKkIusiAa Kpl1y0epy

CyYHBIKTBIH €pKiH KO3FAJIBICHI MAaCCANBIK KYIITEPIiH dCEepiHEH TYyBIHAAWIBI. Maccaabik
KYWTepaiy OipHemie Typsaepi Oap, Oipak Oysi TakbIpbIITa aybIPJBIK KYIITCPIHIH OCEpiHEH
TYBIHIAFaH KO3FAJIBICTAFbl CYMBIKTHIH KBUTyOepyiH KapacThipaMbi3. CYHUBIKTHI KBI3IBIPFAHIIA
OHBIH TBIFBI3JIBIFBl a3asi/ibl, COHABIKTAH CYHMBIK O6JIIeKTepl KOTEpUTil, epKiH KOHBEKIUsOa
KBI3JILIPBUIFAH HBICAHHAH KBLTY TachIMaimaiipl. EpkiH KOHBEKIUSAA KbLIyOepy MpOIECIHIH
KapKbIHBI TEMIIEpaTypa albIpMalllbUIBIFbIHA, KbUTY O€pEeTiH JeHEHIH MilIiHIHE )KOHE KEHICTIKTErl
OpHaJIacybIHA )KOHE KOPIIIaFraH JICHEICPIiH 63apa OpHAIACYbIHA TOYCIIi.

EpikTi KOHBEKIMS Ke3iHAE ¢ KaTThl KaObIpFasap jKaHbIH/Ia IeKapaiblK KadaT Ty3uIe/Ii.

Tik kaObIpra xaHbIHAA KblayOepy. CyHbIKTBI TiK KaObIpFa apKbUIbl KbI3JABIPFaH[Ia
KO3FalbIC KaObIpFaHbIH TOMEHTI IieTiHeH OacTtanazsl (16.5 cyper). CyiibiK KaObIpFa KaHBIHIAFbI
kKyka KabaTTa Kosranansl. byn kabaTThl miekapanblk Kabat aen arayra 6omansl. Ockl KabaTTa,
KaObIpFara MeprueHIuKYIsp OarbITTa, KbUTIAMIBIK HOJTBACH OCINT1II1 IaMara JeiH )KOFapbUTaiibl,
COHAaH COH TOMEHJeial, >KOHe Ka0aTThIH CBHIPTKBI IIEKAPAChIHIAA HOJbIe JKAKbIHIAMIbI.
Kbu1maMIBIKTHIH HIEKapalIbIK KabaTTa e3repyl 16.5B cypeTTe KopCceTUIreH.

KaOpipranblH TeMeHr1 OemiriHae CYHbIK KO3FalbIChl JTaMUHapibl pexumiae. KaObipra
OOMBIMEH OMIKTETeH CailblH KO3FajbICKa CYMBIKTBIH >KaHA OeJIIeKTepl KOCBUIBIN, MIEKapabIK
Ka0aT KaJbIHABIFBI apTajabl. benrini OWIKTIKTEe KO3Fally PEeXHUMi TypOYJICHTTI PEXKUMIE OTe
Oactaitnpl. CoHBIHAA, KAOBIPFaHBIH >KOFApbl JKAFBIHIAAFbl JKETKUTIKTI OWIKTIKTE, JaMbIFaH
TypOYJICHTTI PEeKUM OPHBIFaJbl, COHBIMEH KaTap KaObIpFara ©Te >KaKbIH apajblKTa JIAMHUHAPIIBI
KalaTIIa cakraaaibl.

[[lekapanblk KabaTTarbl aFry peXKUMIEpl JKOHE OHBIH  KAIBIHABIFBI  JKbUIYOEpy
kod(pdurmenTine TikeaeH bIKnai skacaabl (16.50 cyper). Jlamunapnel aiimakta I skplmyOepy
KodQGHULUMEHTI TeMeHJel i, apainblk aimakTta |l Xpu1yGepy mpoIeciHiH KapKbIHbI apTapbl,
eTKeH1 Oy aliMakTa JIaMUHapJbl peXuM TypOyneHTTI pexxumre ete Oactaiinbl, Il aiimakra
KbUTYOEpY KO UIIMEHT] TYpaKTaHa/Ibl.

ToxipuOe HOTIKENEPIH OHJCY apKbUIbl JaMHUHAPJBI PEKHUMJIET] OpTalia KbUTyoepy
K02 (DUIIMEHTIH aHBIKTayFa TOMEHET1 TeH/IeY KOPBITHUIFaH (103 <GrPr< 109)

Nu =0,75(Gr -Pr )*#(Pr /Pr pas (16.18)
ch h c c k
An Typ6ynentTi pexumre Gr-Pr > 6-101°
Nu =0215(Gr Pr )**(Pr /Pr i (16.19)
ch h c c k

(16.18) sxome (16.19) TtenneynepiHIE AaHBIKTAyIIbl ©JIIEM pETiHAE KaObIpFa OMIKTIri
KaOBUIIaHFaH.

I'opu3anTanab KYObIP *KaHbIHAA *KbLTYOepy. | opru3oHTa s KYOBIp *KaHBIHIA €PIKTI
KOHBEKIUsAa XKbeuTyOepy mporieci 16.6 cyperre kepcetinreH. KyObip quameTpi KilliKeHTal
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OoJiFaHIa OHBIH OCTIHAC TEK KaHa JaMUHApPJIbI IIeKapalblK Kabar maiaa 6omanel (16.6a cyper),
KYOBIp TMaMeTpi YJIKeH OOJIFaH[a OHBIH YCTIHTI JKaFbIHIA TYpOYJICHTTI KO3Fally OaiKasiajbl
(16.66 cyper).

a) 0) B)
16.5 cyper. Tik KaObIpFa >kaHBIHIA €PIKTI KOHBEKIUSAA )KBLTyOepy.

a) CYMBIK KO3FaJIbICBIHBIH KECKiHi; 0) KblIyOepy KodpHImeH-
TiHIH ©3repyl; B) KaObIpFa *aHbIH/IA KbUIIAMIBIKTBIH Tapaysbl.

Ve

16.6 cypet. ['opu3oHTans KYOBIp jKaHBIHAAFBI €PIKTI KOHBEKIIHA.
a) KilI JuameTpiii KyObIp; 0) YAKeH JuaMeTpl KyObIp.

KeiieHeH KyObIp skaHBIHIA JTaMUHApIbl Kosranbic kesingeri (10° < GrgPre < 10°) sxbiay6epy

Ko2(hpUIMEHTIH MbIHA TEHCY/ICH aHBIKTAayFa 00J1a bl
Nu =0,5Gr Pr P2 (Pr/Pr y= (16.20)
d d c c k

C
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KenneneH kyObIp skaHbIHIA TYPOYIICHTTI ary pexuminge (6.19) Tenaeyin Konmanyra
0omanbl. Byt Kke3/ie aHbIKTayIITbI OJIIIEM PETiHe MEeHOep Y3bIH IBIFIHBIH KapPTHICBIH ajabl. OTe
KimkenTai quamerpii (d < 2 MM) UIMHAPAIH JKaHBIHAA CYHBIK KO3FAIBICH YIIKCH TEMIIepaTypa
allbIpMalllbUTBIK- TApBIH/IA Aa Oaiikanmaiiibl. OnapaaH KbUTy TEK >KbUTYOTKI3TIIITIK apKbLIbI
Oepineni, COHIBIKTaH O peKUM/II KaOBIKIIAIIKI JIeTl aTaraH. KaObIKIIansl pexxumie

Nu =0,5 = const (16.21)
AHBIKTaYIIBI OJIIIIEM PETIHAC TUAMETP, AaHBIKTAYIIBI TEMIIepaTypa PETiHIe KaObIpFa )KoHE CYHBIK
TEeMIIepaTypajapbIHBIH OpTa MOHI KaObLUIIaHFaH.
3.4. UamocTpanusjbIK MaTepuaaaap: Buptyanasl KoHIsIpFeIIap. Herisri anmaparrap
OeiiHeNIeHTeH TUIaKaTTap.
3.5. Oneouner:
Heri3ri:
1. TIpombinuenHas TexHosorus gekapcts, Tom 1. TTox pen. Uyemmosa B.1. — X.: MTK-
Knura, U3garensctBa HOAY, 2002 — 560 c.
2. OpsbimOeroB ©.M. XKbuty TexuukacbinbiH Herizaepi. [lsivkent. OKMY,2005 — 250
0.
3. Kacarkun A.I'. OcHOBHBIE MPOLIECCHI M aNMapaThl XUMHYECKOW TEXHOIOTUN.9-¢ M3,
- M.: Xumus, 1973
4. Tlnakcun FO.M., Manaxos H.H., Jlapun B.A. Ilpoueccs! u anmnaparsl THIIEBBIX
npon3BoacTB. — M.: KomocC, 2008. — 760 c.
5. Axb6epaueB ©.C. Tamak eHAIpICIHIH IPOLECTEP] XKoHE anmnaparrapsl, Anmarsl; 1998
K.
6. Kageuknii I'.Jl. IIpoueccs! u anmapatsl numeBoid TexHogorud. - M.: Komoc, 2000.
Kocbimma:
7. Pomankos IL.T"., Kypouknna M.U. I'nipomexannueckue npouecchl XuMUIeCKoM
TexHoyuoruun.3-e n3m. - JI.: Xumusd,.
8. ®apmanestuueckas texHosnorus. [lox pen. .U, Kpachioka u I'.B. MuxaiinoBoii—
Mocksa, Axkagemus — 2006 1.
9. backakos. Terutorexauka — M.: Breicinas mkona 1986

3.6. Bakpliay cypakrap (kepi 6aiiJiaHbIChHI):

1) KOHBEeKTHBTI XKbUIyaJIMacyFa aHbIKTama OepiHi3.

2) Heroron - PuxmaH 3aHbIH TY)KbIPBIMIAHBI3.

3) KosranyasiH quddepeHnuanibl TeHACYIePIH CUTATTaHbI3.
4) Y3imicci3aikTiH auddepeHInaIIbl TCHICYIH CHITaTTaHbI3.
5) DueprusHbH AuddepeHIHaNIH TEHACYICPIH CHIIATTaHbI3.
6) XKeurybepynin auddepenimanapl TeHACYiH CUITATTaHbI3.
7) JKbuUTyJIBIK YKCACTHIK CaH/IApbIH CUTIATTaHBI3.

8) Epikci3 KOHBEKIIMsFa aHbIKTaMa OepiHi3.

9) EpikTi KOHBEKIIMsFa aHbIKTaMa OepiHi3.

4.1. Takpipbin: CYHBIKTBIH KaiiHAYbl K€31HICT1 KBITyOepy.

4.2. Makcarbl: CTyneHTTepl KaliHay KHUCHIFBIMEH, KOMIPUIIKTIK jKOHE KAOBIKIIAIBIK KailHay
TYpJIEpIMEH, KOIIPIIIKTIH KPUTHKAIBIK PaIlyChIMEH, KOIMPIIIKTIK KaitHay Ke31HJEr1 XbU1yoepy
KO3 PUIMEHTIH ecenTey 9iCTEMECIMEeH TaHbICThIPY.
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4.3. lapic Te3ucrepi:

Kalinay KUCBHIFbI.

KemnipurikTik KaifHay.

KabbIKimansik KaifHay.

KenipirikTiH KpUTUKAIIBIK, PaIHYCHI.

5. KemipmikTik KaiiHay Ke31HACT1 )XbLTy0epy KodhDHUIIMEHTIH ecenTey.

JlopicTiH KbICKalIa Ma3MYHbI

Herisri yreiMaap. 3aTTapablH arperaTTblK KYHIEpiHiH e3repy npolecTepi: KaliHay,KOHIeHcalus,
Kary, O0aJiky, cyonumanus, gecyonumanus. KaHslry TeMieparypacblHaH KOFapbl KbI3IbIPBLIFAH
CYHBIKTBIH OyFa aifHaTy mpoleciH KaiiHay nen ataiiapl. CYHbIKTBIH OyFa aiiHaTybl KE31HAE )KbLTY
KYTHUIAJIbl, COHJBIKTAH KallHAY MPOIIECIH KYPri3y YIIIH CYHBIKKA XKbUTY Oepiayi Kepek.

Kaiinay ke3iHge KbI3IbIPY KO31HEH aJBIHBIN KETETiH KbUTY aFbIHBIHBIH THIFBI3JIBIFBl OTC
yikeH Gomysl MymkiH (q=10° + 10® BT/M?), cOHABIKTAH KaiiHAy MPOIECiH a3 ayJaH apKbUIbI KO
KBUTY QJIBIN KETY YIIiH Kosganaael. KaiiHay Ke3iHzaeri »kpuryOepy NMpOIECiHiH KapKbIHIBLIIBIFBI
KaObIpFa )KaHbIHA KO PUIIKTEPAIH ME3T11-Me3T1J TY311yiMeH JKoHe OapAblH CYHBIKTHI TOPMEHII
apayacThIpYbIMEH TYCIHAIpiIeIi.

Toxipube >Xy3iHIe KailHAyIblH HETI3r1 €Kl PEeXUMI AaHbIKTaJIFaH: KOMIPHIIKTI >KOHE
KaOBIPIIIAKTHI.

KemipurikTi KaifHay Kke3iHae Oy KbI3Iblpy O€TTepiHIe >KEKEeNereH KemipLIikTepre
YKUHAJIAJbl, OJIApJIbIH KeJeMaepl YiFaibln, ketepuieail. bys ke3ne KbI3aplpy O€TiHIH Ken Oesniri
CYMBIKIEH KaObIIFaH, ajl JKbUIy KbI3AbIpYy OeTiHJeri LiekapaiblK KabaT apKbuibl Oepineni. ©3
Ke3€eTiH/JIe IIeKapablK KadaT KempUIIKTepMeH MOpMEH 11 apajacaibl )KoHe Oy3bLIalbl.

KabbIpmakTel KaliHay Ke3iHIe KbI3Jblpy OeTiHae Oy KemipIIiKTepi »KUHAJIbII, Oy
KaObIpIIarbiH Ty3e/l. by KaObIpIarsl CYMBIK MacCachlH KbI3/bIPY OCTIHEH OOl Typajbl. QHBIH
CyMBIKKa KaparaH OCTiHEH Me3ril- Me3ril ipi Oy kejemjepi OeuiHIN CYHBIK O€TiHEe KaJKbII
mbiFaapl. Kei3aplpy OeTiHeH cyilblkKa X blTy Oy KaObIpiiarbl apKbLibl KbUIYOTKI3TIIITIKIIEH
TachIMaJJaHAThIH OOJIFaHBIKTaH, KAOBIPIIAKThI KaliHay Ke31H 1€ XKbLTyOepy MpoLeCiHiH KapKbIHbI
KOMIPUIIKTI KaliHayJaH dJeKaia a3 6osabl.

B @

—5 S ANV S
ATV W _O o |
ST o=
—o 3

/q /‘q
a) 6)

16.7 cyper. KaitHaynbIH HEri3ri pexxumiaepi :
a) KeImipIIiKTi ; 0) KaObIPIIAKTHI.
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Kaiinay mporieci cyiibIk TeMnepaTypachl 0epilireH KbICBIMIAaFbl KAHBIFYTEMITEPETypachiHaH
Oeinrini mamara ackauma Oacrtamysl MyMKiH. CeGebi kemipurik imriHmeri KbIChIM Pgs CYHBIKTBIH
KBICBIMBIH QHE OCTTIK Kepily KyWITepiH TeHecTipyi kepek. Omaif Ooyica Kemmipuiik imiHAeri
KbICBIM Pg > Ps Gomanpl, coiikecinmie t > ts, COHOBIKTaH CYHBIKTBIH TEMIEpaTypachl KeMiHIe tc =
ts. AnKaifHayFa KepekTi TemIreparypa ailblpMambuibiEbl At = tc — 5, 6eTTiK Kepity KylTepi Ty3reH
KOCBIMIIIA KbICBIMMEH AP aHBIKTanma bl
KocpimIra KbICHIMIBI aHBIKTAY YIIIiH HIap Topi3ai Oy KemipiiriHiH TeHIITiH KapacTeipambi3 (16.8
CYpeT).

KemipurikTia paguycsl R. On cuMMeTpusiibl OOIFaHBIKTBIH OHBIH JKOFApPFhI KAPTHICHIH
KapacThIpaMbl3, AJIBIHBII TACTAJIFaH OOJITiHIH 9cepiH OSTTiK Kepilly KYLITepiMeH aamac- ThIpaMbI3.
Kemipmiikke yHbIK KbICbIMBI Pc TOMeH Kapaii, kenipmik iiinjeri KeicbiM Pe + AP sxorapsr kapaii

JKOHE OETTIK KEPLITY KYIITEPL TOMEH Kapail acep ereni. ATairad KyIuTepal
TEHECTIPCEK: PLLY KyIITep P P YHTep

PnR?+2nRc =(P +AP)nR?  (16.22)
bynan ¢ ¢

N Z A (16.23)

(16.23) Tenmeyi OolibIHIIA KOMIPIIK PaAMyChl KillipelreH caiiblH OeTTIK Kepiry
KYIITEPiHIH 9CepiHEH TYBIHAAWTHIH KOCBIMIIIA KbICHIM apTaabl. Omaii 6oJica Ke3 KelareH KaiiHayra
KEpeKTi TemrepaTypa aiblpMallbUIbIFbIHA At COliKeC KOMIpUIIKTIH ayMaibl paanychl Ra Oonazapl.
byt paguycrarbl KemipUIiKTiH imiHAeTi KbIChIM Pc + AP cyifbIK TemneparypacbiHaarsl tc = ts + At
KaHbIfy  KbICbIMbIHA  TeH.  COHJIBIKTaH
KemIpIIKkTiH paguycel R > Ray Oomnca, on
yikeieni. An kemipiikTiH paauychl R < Ray
0osca, OETTIK Kepuly KyIUTepl 9cepiHEH O
KOHJeHCcuusAnaHaasl.  Ochl  cebenti KaitHay
npoteci CYMBIK 1IIHaert "Oynany
OpTaJbIKTapbIHAa"” FaHa 6acTalybl MyMKiH.

Bynany oprtajblKTapblHa CYHBIKTaFbI
epireH rasziap, >KbIpbIKTap/a KajfaH ras, Oy
KaJIJIBIKTApHI T. 0. )KaTapl.

Kaiinay Ke3iHJeri XbUly arblHbl MEH
TeMmreparypa TereypiHiniH Toyenmiri 16.9
cyperTe kepceTiireH. byn rpadukri KaitHay

16.8 cyper. by kemipiiirine KaifHaraH KUCBIFBI J€N Te araifpl. A3 TemIieparypa

CYHMBIKTa 9Cep €TETIH tereypinigne (0 cxome A HyKTenepi

KYLITEP. apajbIFblHIA) KBI3ABIPY  KaOBIpFackl  MeH

CYMBIK apachlHIa KOHBEKTUBTI JKbUIyaJIMacy

opsi anasl (| — pexum). A sxone b HykTesnepi apachiHia CYHbBIK KOMIPINIKTI PEXKUM/IC KaliHa TbI
( Il — pexxum). Temneparypa tereypini onan opi eckenne (b xone B Hykrenepi apaibiFbiHaa),
KBUTY aFbIHBIHBIH THIFBI3BIFI a3as/Ibl, KbUTyOepy MPOLECIHIH KapKbIHBI TOMEHJCH 1. OUTKeHi
KemmipIikTep Oipirin, Ke3Aslpy OeTiHae KaObIpmiakTap Ty3ijae O6actaiinbl. ByHbI apayiblk KalHay
pexumi nen araiael (111 — pexum). Temneparypa tereypini ogan api eckenae (B xone C
HYKTEJIep1 apajbIFbIH/IAa) KbI3ABIPY OCTIH TYreTiMEH KaOBIPIIAK >KaybIT
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TYpaJbl, XKbUIy HETI3ri CYMBIKKA XbUTYOTKI3TINITIKICH TachiMaligaHa bl JKbUTy aFbIHBIHBIH
THIFBI3ABIFRI a3zar ocefdi ( 1V — pexum).

KemipmiikTi KaltHayIbIH KaOBIPIIAKTHI KallHayFa ©Ty HYKTelepiHaeri At, o, q mamManapbiH 01y,
OHJIIPICTIK KaltHATY, OyJIaHIBIPY almapaTTapbIHBIH )KYMBICHIH THIMI1 YHBIMIACTBIPYFa MYMKIHIIK
oepemi.

Kaitnay ke3iHzeri skpu1yoepy Kod(DPUIIMEHTIH aHBIKTayFa KONTETeH 3MIIUPHUKAIIBIK
TEHJCYJIep YCHIHBUIFaH. MpbIcal peTiHAC YVIKEH KeJIeMIe KOMIpIIiKTI KalHay MPOIECiHIH
SMIUPUKAIBIK ToyenautikTepin kentipemis (0,2 < P < 8 Mlla):

o = 4,45 P90’ . (16.24)

o =146,1 At 233pOS (16.25)

Mynna At =t — ts — Temmneparypa tereypini, K; P — Oyneia abcomoT kbickiMbl, MIla; g — Kby
aFBIHBIHBIH THIFBI3IBIFRL, BT/M2.

lg g4

16.9 cypert. KaiiHay Ke3iHeri >)KbIJIy aFbIHBI THIFBI3ALIFEI MEH TeMIIepaTypa
TereypiHiHiH Toyenaiairi . | — epkin kouBeknust; 11 — KemipIikTi
Karinay; |l — apaneik pexxum; 1V — kaOpIpIIaKkThl KaliHAY.

4.4, NnmocTpauMsuibIK MaTepuanaap: Buptyanael konasiprsutap. Herisri anmaparrtap
OCiTHEICHTeH TUTaKaTTap.
4.5. Oneduer:
Heri3ri:
1. TIpomsitenHas TexHonorus jekapcrs, Tom 1. ITox pea. Uyemona B.M. — X.: MTK-
Kuwnra, U3garensctea HOAY, 2002 — 560 c.
2. OpsiMOeToB ©.M. XKbuty TexHukacweiabiH Heri3aepi. [lsivkent. OKMY,2005 — 250
0.
3. Kacarkun A.I'. OcHOBHBIE TIPOIIECCHI M ammapaThl XUMHUYECKOW TEXHOJIOTHH.9-¢ U3,
- M.: Xumus, 1973
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4. Ilnakcun FO.M., Mamaxos H.H., Jlapun B.A. [Iporeccsl u anmaparsl MUAMIEBHIX
npou3BojcTB. — M.: KomocC, 2008. — 760 c.

5. AxOepamneB O.C. Tamak eHAIpICiHIH MTPOLECTEPI XKOHE anmaparTapel, AnMarer; 1998
x.

6. Kaseuknii I'.Jl. IIpoueccs! u anmapatsl numieBoid TexHonorun. - M.: Komoc, 2000.

KocbiMmia:

7. Pomankos [L.I'., Kypoukuna M.W. I'mapomexannyeckne npoueccbl XuMU4ecKou
TexHonoruu.3-e usm. - JI.: Xumus,.

8. ®apmanesruueckas texnosorus. Ilox pen. U.U. Kpacuioka u I'.B. MuxaiiinoBoii—
Mocksa, Axkagemus — 2006 r.

9. backakos. Temnorexuuka — M.: Boiciias nikona 1986

4.6. bakbLiay cypakrap (kepi 6ailIaHbIChI):

1) 3arrapablH arperaTThik KyiliepiHiH e3repy npolecrepine (KaliHay, KOHICHCAIHS, KaTy,
Oanky, cyonuMalius, AecyouMans) aHbIkTama OepiHi3.

2) KemipmrikTik KaiiHay peXXUMIH CUIIATTaHBbI3.

3) KaObIKianslk KaifHay peKUMIH CHITATTaHbI3.

4) KemipIuiKTiH KPUTHKAIBIK PAAUYCHIH TYCIHIIPiHI3.

5) YukeH kenemje KaliHay Ke3iHIET1 )KbUTyoepy K03 DUIIMESHTIH aHBIKTaHbI3.

5.1. Takpipbin: ByaeH KOHIEHCAIUSICHI KE31HIET1 JKBUTYOepy.
5.2.  Makcarbl:  CrymeHTTepAal  KaOBIKIIAIBI ~ XOHE  TaMINbUIBI  KOHIEHCAIMSIMEH,
KOHJCHCanusIanyaeiH ~ HyccenbT — TeopusickiMeH,  HyccembT — TEOPHSICBIHBIH — TY3€Ty
Kod(pUIEeHTTepiMEH (TOJIKBIH/BI aFy KOHE KOHICHCATTHIH (PU3UKAIBIK KACUETTEPiHIH 03repyi),
KOHJIEHCAT KaOBIKIIACKIHBIH TYpOYICHTTI aFybl Ke31HIer1 *KbL1yoepy Kod(h(pUIMEeHTIH ecenTeyMeH
TaHBICTBIPY.
5.3. [Japic Te3ucrepi:
1. KaOwIKmiambl )koHE TaMIIBUTBI KOHEHCAIIH.
2. Kounencanusnanynbiq HyccenbT Teopusichl.
3. Hyccenbt TeOpUsiCHIHBIH TY3€Ty KO QUITHEHTTEDI.
4. KonpaeHcaT KaOBIKIIACBIHBIH TYPOYJICHTTI aFybl KE31HIET1 KbLTyOepy KO UIIMEHTIH
ecernrey.

5. OHAIpiCTIK KOHACHCALUSHBIH TYpIepi.
JapicTiH KbICKalIa Ma3MYHbI

Konaencamusi ke3inge :KplLiydepy. 3aTThiH Oy KYHIEH CYWBIKKA alHATY MPOIECiH
KOHNeHcanus nen araiael. KonmeHcamusi kesinae OymaHy xbputybl OesmiHemi. COHIBIKTaH
KOHJICHCAIIHSI TIPOIIECi Ke31H/I€ KBITY/IbI AIbIT KETeIl.

Konnencanus nporeci Oy kesneMiHIe Hemece KaTTbl OeTtepnae, OyIblH TemIeparypachl
KaHBIFy TeMIlepaTypachlHaH TeMeH OoiFaHaa eTenmi. OHuipicTe KaTThl OerTeplie OTeTiH
KOHJIEH cAIIUs K1l Ke3aecenl.
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JIopicTik KelieH

Kartel 6erTiH KyHiHe OalIaHBICTBI TAMIIBLIBI KOHE KAOBIPIIAKTH KOHACHCAIUSIIAPIbI
aXpIparansl. TaMIIbUIbl KOHACHCAHS KE31HIe TY3UITeH KOHACHCAT KATThl OCTKE KaFbUIMANIbI,
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OJ1 JKEKEeJICreH TaMIbLIap KyiiHae arazpl. KaObIpIIakThl KOHACHCAIIMS Ke31H/Ie KOHJICHCAT KaTThI
OeTKe >KaFbLIa bl )KOHE KaTThl OSTTE TYTaC araThIH KaOBIPIIAK TY3€/l.

TaMIbLIBI KOHACHCAMS Ke31He CYBIThIIFaH OCTTiH Kol 0eiri OyMeH Tikeleil jkaHacabl,
COHJIBIKTAH KBITyOEpy MPOIECiHIH KAPKBIHBI, KAOBIPIIAKThI KOHIACHCAIIUSFA Kaparana, >KOFaphl
0oJIaabl.

OJICTTE KBUTyaJIMACTBIPY amnmaparapbiHaa KaObIpIIaKTel KOHACHCAIIMsS OaiKanaasl. by siH
CYMBIKKa alfHaIybl KaOBIPIIAKTHIH CHIPTKBI O€TiHE oTell. bysl OeTTiH TeMIepaTypachlH KaHbBIFY
TEeMIIepaTypachiHa TeH JeN KaObUIaayra 00aabl, all KATThl 0€TTe KOHJICHCATTHIH TEMIIEPATYPACHI
KaObIpra TemmepaTypacbiHa TeH. COHBIMEH IKBUIYJBIK IIeKapaidblK KadaT KOHIEHcAT
KaOBIPIIAFBIHBIH KAJIBIHIBIFBIHA TCH.

JlamuHapABl  KO3FAIBICTAFbl  KOHJEHCAT  KaOBIPIIAFBIHBIH ~ JKBUIYOCpY  IPOIIECIH
Kapactbipamb3. (16.10 cypet). byn mpornecte xbily KaObIpIIaK apKbUIbl KbUTYOTKI3TIITIKIICH
taceiMangananel. Conna @ypbe 3aHbIHA COMKEC JKBUTY aFbIHBIHBIH THIFBI3IBIFbI

A g
q= g—(H ~15)
(16.26)
ConbimMen Katap HeroToH-Prxman 3aHbI OOWBIHIIIA OCHI KbLTY aF bIHBIHBIH THIFBI3/IBIFBI
g=alt,~1;) (16.27)
(16.26) sxone (16.27) TenneynepineH
A
o=
) (16.28)

exeHirid Tabamsiz. (16.28) renueyineH xKpu1yoepy K03 puimeHTi KOHIEHCATTHIH KAJBIHIBIFBIHA
Kepl MpOMOPIHMOHAT €KEHIH KepeMi3, jKOHE KOHJEHCAT KAaJbIHIBIFbl ©CKEH CailblH >KbUIyOepy
a3asiibl.

JlamuHapibl KO3FAIBICTAFbl KaOBIPIIAKTBIH JKEPriliKTI sKbUTyOepy Ko3ddunnentin
aHaJTUTUKANBIK 9icrieH B. HyccenbT aHbIKTa /1bI

i’P 2g>\’3

(s =6 e (16.29)
Mynna r — 6ynany xbutysl. CoHIa TIK KaOBIpFaHbIH OpTallla bl1yoepy K03 duumeHTi.

DN N NN

\
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Y > y
6’ (X A
— by o
— )t 0
H 1
ts q
Q. Konneuncar
X
v H
a) 0)

16.10 cyper. Tik kaOGbipragarbl KaOBIPIIAKTH KOHASHCAIUS
a) Konnencarteiy arysl ; 0) XKoutyoepy ko3 duirienTinin
YKOHE KaOBIPIIAK KAJIbIHABIFbIHBIH KaObIpFa OOWbIH/IA ©3Trepyi.

A —\/T
a=—1a e LV A
H3 “(\ts _ts)H (16.30)

(16.29) xone (16.30) TeHmeyaepre KOHIACHCATTHIH KbUTy (DHU3HUKATIBIK KAaCHETTEPiH
KaHBIFy TeMIIepaTypachiHia ts KOMbLIa IbI.

Kenbey kabbipraap OeTiHAeri KOHeHCalMs NPOLECIHIH KbL1yoepy Koa(pUIHUEeHTIH
MBbIHA TEHJICY/ICH aHBIKTayFa OOMabl.

Olxen = OLTiK\A'/éin(P (1631)

MyHnna ¢ - KaObIpFaHbIH TOPU30HTKA KOJI0€Y OYPBITITBI.

TopusonTans KyOblp OeriHmeri kouaeHcarwms mpotecinae (16.31) Tenaeyinaeri ¢
oypeimsr 0 mer 180° meitin esrepemi. Omait Gonca Gy MpOIECTiH OpTalia XBLTyOepy

kodh ureHTI
2 .43
o =0,728:| P&
FANS _ts)n (16.32)

(16.30) >xone (16.32) TenmeyiiepiH YKCACTHIK CaHIAp TEHJACYI TYPIHIE KOPCETyre
oonamel. O YIIH TEHIEYJIEP alIbIHIAF TYPAKTHUIAPILI C JKOHE aHBIKTAYIIbI ommeMi |
opinrepimen Genrinen, TeRaeyaepaid exi xarbmaa | /A xebeitemis. Conna

al [ rpgl® e
'S LQS —ts b )|

AJBIHFaH TEHAIKTIH OH >KarblHAAa A=acpp E€KEHIH e€CKepeMi3 koHe OOJIIIEKTIH ajlbIMbIH
KoHe OomiMiH v keOeiitemis. Cona
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1
oclzc( r .gl3,o\4
A\t t) v 4
(16.33)
CoHbIMEH KOHJEHCAIMs TIPOLIECIHIH YKCACTBIK CaHIap TeHJICYl MbIHA TYPJIEC Ka3bLIa bl
1
Nu = C‘(K -Ga - Pr)4 (16 34)
MyH1a ¢ — TypakTsi (Tik KaObIpra ymin ¢=0,943, ropuzonTans Kadbeipra yirina ¢=0,728);
r
T4 TN
Cp (ts Qe ) - Kyratenanze ykcacThIk caHbl, (ha3albik e3ref)3Ty JKBULYBIHBIH
9
KOHJICHCATTHIH CYBLTY )KBUTYbIHA KaThIHACHIH cumatTaiiipl; Ga=  -Fammwield yKcacThIK CaHBI,

\%
aybIPIIBIK KYLITEPiHIH 1K1 YHKETIC KYIITepiHe KaTbIHACHIH
CHUITATTaMIbI;

pp & L

@ - [IpaHATJIb YKCACTBIK CAHBI.
Konpencanus ke3inaeri ;kpliydepyre bIKNajabl eTeTiH (pakTopJaap.

HyccenbT Teopusickl KOHAEHCAlLMs MPOLECIH JKAJIIbl TYyple IYpbIC CHUMATTaraHbIMEH,
KenTereH (pakTopiaapAbIH bIKIAJIBIH €CKepMEHL.

KaObipra OeTiHAe KOHIEHCATTHIH aFybl JIAMUHAPJIbl XKoHE TypOyJaeHTT1 00Jybl MYMKIH,
COHBIMEH KaTap KOHJIEHCAT KO3FaJbIChl OETTIK KEepuTy KYLITEpl 9CEPIHEH TOJKBIH/IBI KO3FalblcTa
na Oosybl MYMKIH. TOJKBIHABI KO3Faliblc Ke3lHAE >KbUlyOepy KOA((UIMEHTI JaMHUHApJIbI
KosranbIcKa Kaparanaa ~ 20 % ke exeHi ToxupioOe xy3iHae anbikTanrad. COHIBIKTaH TOIKBIH/IBI
KO3FaJIBICTBIH BIKMAIBIH eCKepy YIIiH HyccenbT TeHaeyiHe Ty3€eTy €HI'13y YChIHBIIFaH

o =0y, &, (16.35)
Mynna ¢, = (Re )0'04 - KOH/ICHCATThIH TOJIKBIHJIbI KO3FAJIBICBIH €CKEPETIH Ty3eTy; Re — KaHbIFy
TEMIIEpaTypachIH/ia XKoHe KaObIpFa Y3bIHAbIFbIHAA ecenTeNnreH PeliHob/ie YKCACTHIK CaHBbl.

KabOpipra ikaHbIHIA TeMmIepaTypaHbIH  ©3repyiHe  OaiJlaHbICTBl  KOHJEHCATTHIH
KBUTY(U3UKATBIK KacueTTepi e3repeai. OcbklFaH opail KbuUTyOepy TPOIECiHIH KapKbIHBI Ja
e3repei. MrkeHepiik ecenTeynepae KOHACHCATTHIH apaMeTpiepiH KaHbIFY TeMIIepaTypachiHia
AHBIKTAFaH BIHFAMNIBI, COHJIBIKTaH KOHJEHCAT TEMIIEPATYPAChIHBIH KbUTyOEpyre BIKMAJIBIH

TOMEH/IET1 TY3€TyMEH eCKepeii.
1

& :[ ?‘JT i]g z}(Pm;‘
[\A ) Mo ] Prs ) e

Ote KpI3raH Oy KOHACHCAIHs MpoIeci Ke3iHae OyllaHy KbUTYbIH )KOHE ©T€ KbI3FaH
KBUTYBIH Oepeni

r=r+cp(t—ts) (16.37)
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MyHna ¢, - eTe KbI3FaH OYyJIbIH KbUIYCHIMBIMABUIBIFBL, t - 6TE KbI3FaH Oy/IbIH TEMIIEPATypachl.
CoHIBIKTaH ©Te KbI3FaH OyAblH KOHJICHCAIHMIAHY MPOICCIHIH >KbUTYyOepy Kod3(¢HUIIUEeHTIH
HyccenbT Teopusicel OoiibIHIIIA aHBIKTayFa 0oJajbl, Oipak OyiaHy >KbUTYBIHBIH OpHBIHA (16.37)
TEHJICYl OOMBIHINA aHBIKTAJFAaH KBITY/IbI KOO KEPEK.
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76/16
92 6ertin 37 Geti

Erep konaeHcamust mpoleci Ke3iHIe KOHACHCATTHIH ary OaFbIThl OyIbIH KO3Faly
OaFrbITBIMEH COMKeC Kelice, YHKEINIC KYITePiHiH 9CepiHeH KOHICHCAT KbUIJaM/IbIFbI apTa lbl,0HbIH
TEPMUSUIIBIK Kezeprici Temenaei1i. COHABIKTaH >KbUTyOepy MpOLECIHIH KapKbIHBI apTajbl.
KonneHcarThIH ary OarbIThI Oy/IbIH KO3Faly OarbIThIHA KApChl 00JICa, KOHJICHCATTHIH KaJIbIHIBIFbI

Kebeleni, a Kbputydepy K03 hUIMeHTi TOMeH IS 1.

bynipienren Hemece TOT OackaH OeTTepae KOHACHCAIMS TMPOIECIHIH IKBLTyOepy
kodhdunmenTi Temenzaeii. Cedebdi oap KOHICHCATTHIH KO3FalyblHA KeIepri OOJBIN, OHBIH

KaJIBIHBIFBIH ©CIPEi, TEPMUSIIBIK KEACPTICIH apTThIPAIbI.
OHuipicTe KOHICHCAUIHBIH €Ki TYP1 KHi KOJTaHbLIa IbI:

1. bertik konaeHcanus. byn ke3ne KoHOeHCAlMsUIaHATBIH Oy JKOHE CYBITY areHT1 KaTThl

KaOblprameH OeiiinreH. By cybIK KaOBIpFaHBIH  imIKi

KOHJICHCAITHSJIAHAIbI.

2. Apanacteipy KOH/ICHCAITHSICHI. Byn Ke3Je
KOH/ICHCAIIMSJIAaHATBIH Oy CyBITY areHTiMeH TiKeJen
apayackaHzaa KOHJICHCAIHSIAHAIbI.
Konnencanusananateln 0y KYHABUIBIFBI TOMEH Ke3Je
KYpriziiei.

beTTik KOHAEHCAUSHBI KapacThIpaMbI3.
IIpornectiH *xbuly OamaHChI:
I +WC ite, = JCxtc +WCoter + Qy
MyHna /[ — KoHeHcaTopFa KeJreH 0y MeJiepi, Kr/4;
| — xenreH Oy SHTaNBIUACH, KJIK/KT;
W — cybITy areHTiHiH MeJIepi, KI/4;

Cs — CYBITY  areHTIHIH  JKBUIYCHIUBIMIBUIBIFBI,
kJ[K/Krerpan;

Ck — KOHJICHCATThIH JKBLTYCHINBIMIBLIBIFBL,
kJx/Krerpan;

ty — KoHJeHcaT Temnepatypachl, °C;
ts — CYBITY areHTiHiH 6acTanKsl Temmeparypackl, °C;

ts — CyBITY aTeHTiHiH COHFBI TeMmepaTypackl, °C;

Q» — XKBUTYIBIH KOPIIIaFaH OpTaFa MIBIFBIHGI, KJ[K/4.
CybITY areHTiHIH IIbIFbIHBI

W:ﬂ(l - Gl )_ Qn
SA P

HEMECE CBIPTKBI

——

OeTiHe

ApajacTeIpy KOHJAeHcalusichl. Erep KOHIEHCAIUSIAHATHIH CYHBIKTBIH Oybl Cyaa
epiMENTIH, HeMece Oy KOJTaHBUIMANTBIH KaJABIK 00JICa, CYBITYbI )KOHE KOHICHCAIIUSHBI CYMEH
TiKeJel apajiacTblpy apKbpUIbl ©TKi3eni. by mpomecc apanactelpy KOHAEHCATOpIapbhIHIA

OTKI3LIEdl.
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f|1 By komgeHcamnusra KOHICHCATOPABIH TOMEHTI
;.f::r\_.. . YKarbIHIAF bl TyIep apKBLTBI Oepue/i.

Konnencaropna  mepdopanusuianFan  Oipkarop

il = S T . |~ cepenep Oap. CybITaTelH Cy JKOFaprbl —Cepere
S B e B J oepineni. CybITy HOTWXKECIHIE TY3UIreH Oy CYBITY
S 2 ‘_':_L CybIMEH Oipre KOHJIEHCATOP/ABIH TOMEHT1 >KaFbIHAH

> IIBIFapbUIapl.  bellHreH  epiMedTIiH  raszmap

VNG _{E KOHJICHCATOPIbIH KOFAPFbI JKarbIHaH

5.

6.
Kocbimina
1.

2.

TaMIIBIYCTAFBIII APKbUIBI BAKyyM COPAIIIICH aabIHBIIT
Kereni.

Bapomerpiik  KyObIp JKOHE  CHIMBIMIBUIBIK
THJIPABIUKAIBIK JKAIKBIII POJIH aTKapbIll, CHIPTKBI
I ayaHBIH KOHJICHCATOPFa KipyiHe KeJepri 00abl..

l ' 5.4. NJVIIOCTPAIUAJBIK MATEPUAJIJIAP:
’ Bupryanasl  konmsipreutap.  Herisri - anmapatrtap
OCiTHEeJICHT eH TI1aKaTTap.

6.5. OJEBUET:
Herisri:

1. TlpombliuieHHas TEXHOJIOTUS JIEKapCTB,
Towm 1. IToa pen. Uyemosa B.U. — X.: MTK-Kunura, U3gatensctBa HOAY, 2002 — 560
c.
OpbimMGetoB ©.M. Kbty TexHukacsiHbIH Herizaepi. [lsmvkent. OKMY,2005 — 250
0.
Kacarkun A.I'. OcHOBHBIE MPOLIECCHI U alNapaTbl XUMUYECKON TEXHOJIOTUN.9-¢ n3 .
- M.: Xumus, 1973
IInakcun O.M., Manaxos H.H., Jlapun B.A. [Ipouecchl u annapaTsl NHALIEBBIX
npou3BocTB. — M.: KomocC, 2008. — 760 c.
AxbepaueB O.C. Tamak eHaipiciHiH TpoLiecTepl KoHE anmaparrapbl, AnMarsr; 1998
x.
Kagernknii .. [Iporieccs! n ammapatsl numeBoi TexHoaorud. - M.: Komoc, 2000.
Pomanxkos I1.T"., Kypouknna M.U. 'mapoMexannueckre Ipouecchl XMMUUECKON
TEeXHOJIOTHH.3-¢ m31. - JI.: Xumud,.
@apmanesruueckas texHosorud. Ilox pen. M.M. Kpacuroka u I'.B. MuxaiinoBoi—
Mocksa, Akagemus — 2006 r.

6. BAKBIJIAY CYPAKTAP (KEPI BAHJIAHBICBHI):

1) Kanpmait nporiecti KOHAEHCAIHs eI aTaiMbI3?

2) KonaeHcalusiHbIH KaHai TypJiepin Oijaeci3?

3) TaMmuibLIbl KOHICHCAIMSIHBIH KaOBIPIIAKTHI KOHICHCAIIUSIAH albIPMAIIbUIBIFBIH aTaHbI3.
4) KoHaeHcaius MpoIeciHe bIKMAN €TeTiH KOChIMINa (haKTopJiap bl CUMIATTaHbI3.

5) OwumipicTiK KOHICHCAIMS TYPJICPIH CUIIATTaHbI3.



ONTUSTIK QAZAQSTAN SOUTH KAZAKHSTAN

MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTYCTiK KasakcTaH meavumHa akagemuscobl» AK AO «XO)Ho-KasaxcTaHcKass MEAVIUMHCKAsT aKkaZieMuUsi»
NmxeHepaik moHmep kadeapacst 76/16
NS 92 Gerrin 39 Oeti
JlopIcTIK KelieH

6.1. TakbIpsbin: JXKbutyaaMacTeIpy arnmapaTTapsl.

6.2. Makcatbl: CTyqeHTTEp/l KbUIyaJIMACThIPY allapaTTapblMEH JKOHE OJapAbl €CerTey
OmICTEpIMEH TaHBICTHIPY.

6.3. JIopic Te3ucrepi:

1. XKsuryanmacTeipy annapaTTapblHbIH JKIKTETYI.

2. ety GamaHChl )KOHE KBITyalIMacy TeHIACYIepi.

3. KburyanmacTelpy anmnaparTapbliH €CenTey.

JopicTiH KbICKaIIa Ma3MYHbI

Kby TaceIManmarblLTapAbl KbI3IbIpYyFa HEMECE CYBITYFa apHalfaH KypbUIFbUIAP.IbI
KBUTyaJIMACTBIPY aIrapaTTapsl Aen ataiiabl. KelUTyTachIMangaFbIITap peTiHae KbICBIMIAPhl MEH
TeMmIepaTypajgapbl KEeH [uana3oHAa e3repeTiH op Typii TaMIUbLIbl CYHBIKTap MEH rasiap
Tal1aJaHblUIa bl.

XKymbic  icTrey  npuHUUOTEpiHe  OaillaHBICTBl  JKbUTyaJIMacThlpy — anmaparTapsl
pereHepaTuBTi, PEKYNEPaTUBTI JKOHE AIMACTBIPYIIbl OoJbIN yiike OemiHeni. PexynepaTuBTi
AKbUTyaJIMacThIpy anmnapaTbiHAa KBLLY BICTBIK AKBUTYTaChIMAJIAFbIIITAH CYBIK
KBUTYTaCHIMAJJIAFBINIKA  OJIApJbl  OOJIN TYpaThlH KaTThl KaObIpFa apKbUIBI — ajaMacaipl.
PerenepaTuBTIi JXblIyaJIMacTbIpy alllapaTTapblH/Aa bICTHIK OHE CYBIK >KbUIyTachIMallJIaFbIILITap
apasibIK  3aTThIH (aKKyMYJISITOPJBIH) O€TiHIe KE3eKTeCIN JKaHACKaHJa JKbUTY —ajMacajbl.
PerenepaTuBTi KbUIyaJMacTapFhIIITa CTAMOHAPIBIK €MeC JKBUIY ajaMacy TIpoleci OTeml.

ApajiacTbIpyHIbI JKBUTYyaJIMacTbIPy anmnapaTrTapblHIa BICTBIK KOHE CYBIK
XKbLTyTachIMaJAaFbIITap O1p-OipiMEH TIKeJeH kaHaCKaHJa KbLTy alIMacabl.
JKbutyTaceiManjarbIITapAbIH e3apa KO3Faily OarpITTapbIHA OaiiIaHbICTHI

KbLTyaaMacThIpFeIITapAbl Oip OarbITThI (18.1a cyper), kapcbl OarbITThI (18.10 CypeT), KubUIbIC
6arbITTHI (18.1B cyper) xoHe apanac 6arbITTHI (18.1r cyper) nen Geneni.

t
t,
: { ty
{ —t { —t
1 1 & 1 >
—_— A a7, [P t,
t t t t \
2 2 2 2 ;
t t
t
a) 0) B) r)

18.1 cyper. KpumyracsiMagarbIITapAbIH KO3FALy cXxemasapsl: a) 6ip OaFbITTHI;
0) Kapchl OAFBITTHI; B) KUBUIBIC OAFBITTHI; T) apanac OarbITTHI.

Kby 6anaHChIHBIH TeHeyi. JKplTyaaMacThIpy anmapaTbiHIa bICTHIKKBUTYTACHIMAIIAFbILIITAaH
QJIBIHFaH JKbUTy MOJILIEP] CYBIK JKbUTyTaChIMAJJIAFbIIIKAa OEpifireH XbLIyFa TEH. AmmnapaTTaH

KOpILIaraH opTara WIBIFbIHJIATIFaH JKbUTy MeJiepl a3 0oJFaHIbIKTaH
onbl eckepmeinMiz Qo= 0. CoHJa KbLTy DATAHCHIHBIH TEHEY1 OpLIal, dKa3bLIa bl

Q=6Gc [t =t )= e [t -t (18.1)

1 plk 1 1 ) 2 pZK 2 2 j
M¥H,Z[a G1, G2 — BICTBIK KOHE CYBIK JKbIIIyTaChbIMAJIAAFbIIITAPABIH MAaCCANIBIK IIBIFBIHBI, CP1, CP2 —
BICTBIK KOHE CYBIK KbBITyTaCbIMaJIAarbIIITAP AbIH TYPAKTEI KBICBIMIAr bl
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KBUTYCBIMBIMIIBUTBIKTAPHI; t1’, 11" - BICTBIK JKBLIyTaCHIMAAAFBIIITHIH arlliapaTka KipepJeri skoHe
OJIaH TIBIKKAHJIAFBI TeMIlepaTypaiapbl; to', 2" - CybIK KbUTyTaChIMAJIIAFBIIITHIH aIlllapaTKa
Kipep/eri ®oHe 0JIaH NIBIKKAaHAaFbl TeMIIepaTypaiapbl; Q — BICTBIK )KbUTYTAChIMAJIIAFBIIITAH CYBIK
KBLTYyTaCBIMAJIAAFBINIKA aJTMAaCKaH JKbLTY MOJIIIepi.

(18.1) rtemmeyinmeri W = Gcp epHeri  KbUIYTaCHIMAJIAAFBIIITBIH  TOJBIK
KBUTYCBIUBIMABUIBIFBI JeT aTanaabl. CoHia
Wi - Aty =W> - At (18.2)
OynaH
Wi _ Ak (18.3)
W2 At

(18.3) TeHmeyiHeH KBUTYTACHITAJINAFBIITAPBIH TOJBIK SKbLTY-CHIHBIMIABUIBIKTAPHIHBIH  ©3apa
KaThIHACHI OJIAPJIBIH TEMIIepaTypajapbIHbIH €3repyJepiHe Kepi MPOIMOPIUOHAT eKEHIH KOpeMmis.
beinaiinia alTKaHaa KbUTyTaChIMAIAAFBIIITBIH TOJBIK JKbUTYCHIMBIMIBUIBIFEI KOOEHTEH CalbIH,
OHBIH TEMIIePaTypachl a3 ©3repe/ii.

Kouiyaamacy tenaeyi. JKpuryanmacTsipy amnmaparbiHAa KbUTy-TachbIMallJaFbIIITApIbIH
Temneparypaiapsl e3repeni. COHBIMEH KaTap OpTajapiblH TeMIlepaTypa aWbIpMallblIbIKTaphI,
HeMece Temneparypa tereypini At esrepeni (18.2 cyper). Omnait 6oJica KblTyaiMacy TEHICYiH OTe
KIIIKEHTal JKblTyaJMacy ay/laHblHa MbIHA TYPJE ’Ka3aMbl3

dQ =k - At -dF (18.4)
Mynna K — xpuryanmacy kodddumumenti; At — keprimikTi - Temmeparypa
tereypiHi.CoHjia 6apibIK KblTyaJMacy aJaHblH/a alIMacKaH KbLTYy MOJIIEPl MbIHA
MHTETPAJIMEH aHbIKTaIaIbl

F

Q :JAt -dF (18.5)

CoHFbl MHTETpaIbl HIENY YUIIH KbULy anMacy Koa(h(dUUUEHTI MeH TemIepaTypa TereypiHiHiH
KbUTyasMacy OeTiHIe e3repy 3aHJBUIBIFBIH Olly Kepek. OAeTTe KbulyaliMacy Kod(h(UIUeHTIH

TYpPaKThI e KaObluaayra 6omaasl k=const, coH1a
F

Q = kfat -dF (18.6)
CoHFBI 6PHEKTI JKbUTyaaMacy ayJaHblHa I<(66CI7'ITCGK XKoHe OeJiceK
1 F
Q=k-Fl—[at-dF | (18.7)
P\

(18.7) TewmmeyiHmeri Kakma inHASTI OPHEKTI F KbulyanMacy ayaaHbIHAAFbl OpTalia
TeMIIepaTypa TereypiHi Jel aTai bl

1 F
Aty =F [ At-dF (18.8)
0

COHBIMGH )KBIJIyaHMacy TeHI[eyiH MBIHA TYpIIe JKa3aMbI3
Q = k . Atop : F (189)
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JKeuryanmacteipy anmnapaTTapbIHIaFbl KBLTYTaChIMAJIIAF I TAP IBIH
TeMIiepaTypajlapblHbiH  o3repy Tpadukrept 18.2 cyperre kepceriireH. byn rpadukrepnex
OIpOAFBITTHl KBUTyaIMACTBIPFBIINITA CYBIK JKBUTYTAChIMAJ-IAFBIIITHIH COHFBI TEMIIEPATypPACHI
OapJIbIK YaKbITTa BICTBIK KBUTYTaChIMAJIaFbIIITHIH COHFBI TEMIIEPATYPAChIHAH TOMEHOOIaThIHBIH
kepemi3. KapcChlOarbITTBI  KBUTYAIMACTBIPFBIIITA  CYBIK JKBUTYTACHIMAJIAFBIIITEIH ~ COHFBI
TEMIIepaTypachl BICTHIK JKBUTyTAaCHIMAIIAFBIINTHIH COHFBI TEMIICpaTypachlHaH >KOFapbl OOy
MyMmKiH. COHIBIKTAH OipAei karmaiia Kapchl OarbITTHI JKBUIYAJIMACTHIPFBINITA JKBLUTyaIMacy
MPOICCIHIH KApKBIHBI dKOFaPhl, COUKECIHIIIE

tl 1:1

At, At

t7 > N 7] 7 ()
F
a) 0)
18.2 cyper. XbutyasMacTbIpy annapaTTapblHAArbl KbLTyTaChIMaAaF bILITAP/IbIH
TeMIlepaTypalapblHbIH ©3repy TpaguKTepi : a O1pOaFbITThI KbUTya-
MAaCTBIPFBIIITA ; O KapCHIOAFBITTHI JKBITYaJIMaCTBIPFBIIITA.

on ammapaT THimMai. Erep ammapartTa KbulyTachIMaiJIafbIIITapblH OipeyiHiH Temieparypacsl
TYpakTel 0oJica, ammapaTTarbl OpTalia TeMIlepaTypa TereypiHi >KbUTyTaChIMAJIAFbIIITapIbIH
©3apa Ko3fairy OarbITTapblHa TAyeJCi3 60aIbl.

BipOarbITTHI JKbUTyalIMacThIpy amnmnapaThlHarbl OpTallla TeMIepaTypa TereypiHiH MbIHA

TCH,Z[CyMCH aHBIKTafI)IBI L '\ ( " "‘\
VAP Q)
1
ARSI NN RO (18.10)
t1 _tz
aJl Kapchl OAFBITTHI KbUTYaJIMACTHIPFBILITAFbI OpTallla TEMIIEpaTypa TereypiHiH MbIHA TEHIE€YMEH
aHBIKTANUIbI ' N "
N R 2t ¢
1
AR, Eal 2 L2 (18.11)
|n tlu_ t2 i

t -t

1 2

Aty
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Kubuibic yxoHe apasiac 0arbITThI JKbLTyaJIMaCTBIPY allllapaTTapbIHBIH OpTalla TeMIlepaTypa
tereypinin (18.11) TeHaeyiHe TY3€Ty €HIi3y apKbLIbl AHBIKTAN bl

Aty =€ -At9,, (18.12)

€ TY3€TYl >KbUIyTaChIMaJIIaFbIIITAP/IBIH KO3FaTy CXeMallapblHa OailylTaHBICTHI apHaibl 9/edueTTe
OepinreH .

KbLIVAIMACTRIPY ANNAPATTADLIH ecenTey
Xobanay ke3iHJe KbUTyaJIMacThIpy anmapaTTapblH KbUIYJBIK €CEeNTey OJIapIblH KEpeKTi
KbUTyasIMacy aylaHblH F  OKpITyTachIMATAAaFbIITAPAbIH  OCNTUT  IIBIFBIHBIHAAPBIHAA KOHE
TeMmIepaTypajgapblHja aHbIKTayFa HEeT13e/IIeH.
XKpUTynbIK ecentey MbIHA dicTeMe OOWBIHIIA XKYPri3iieni:
1. J)KbuTynbIK JKYKT€MEH1 JKOHE IKbLTYTachIMaJAAFbIIITAPABIH HIBIFBIHBI aHbIKTaTanbel. Ol
YILIiH KbUTY OaJlaHChI TEHACY1 KOJIIaHbLIA b
Q=Gi(ly — 1w )=Ga(la~ l2:)
Mynza G1 —BICTBIK KbUTyTaChIMAJIJAFbIIITHIH HIBIFBIHBI,
l1,, l1ik — BICTBIK >KbIITYTaChIMAJIAF bILITHIH OACTAIKbI JKOHE COHFbI SHTAJIBIUSIAPHL;
G2 — CyBIK KbUTYTaChIMAJIIAF I THIH IIBIFBIHBL;
I 2k, 12, — CYBIK )KbUTYyTaChIMAJIAFBIIITHIH OACTANKBI )KOHE COHFBI SHTANIBITUSIIAPHI.
2. XblayTaceIManAaFbIITAPIbIH OPTAllla TEMIIEPATypa TEreypiHi aHbBIKTAIA b
3. XKeuryanmacy xod(h(HUIUCHTI KOHE KEPEKTi KbLIyalIMacy ayAaHbl aHBIKTAJIa bl
MBpicaiibl, )KbUTyaJIMacy >ka3bIK KaObIpra ApKBITBI KYPCE, JKBLTyamMacy KO3 PHUIHEHT]
K =

1 oi 1
RN

Oi
Mynna Z 7»_ _ KaObIpFaHBIH JKOHE OBUTFAHBIIITAPIBIH TEPMHUSIIBIK KeAepriiepi.
i

Keutyanmacy k03(pPUIMEHTIH aHBIKTAY YIUIH ajJAbIMEH KaObIpFaHbIH €Ki JKaFbIHIaFbl

KbLTyOepy KodUIMEeHTTEPIH Ol1,0 2 )KOHE TEPMUSIIBIK KeJePTiIep il aHbIKTAY KEpeK.
Keurybepy kosdpdurmentia O NU yYKCaCTBIK CaHBIHAH aHBIKTAM TbI:

od.
= W\ NU?\,
Nu SR B
A d,
HyccenbT yKcacThIK caHbI NU Toxipubeae HaKThIJIAHFAH TEHICYIIEP OOMBIHINIA

aHAbIKTAJIA/IbL..

KabObIpranblH jkoHe ObUIFaHBIIITBHIH KeAEPTiepiH 0JapAblH KAIBIHIBIFBIH €CKEpPEe OTHIPHII
aHBIKTaNIbL.

Keinyanmacy k03(hHUIMEHTI aHBIKTAJIFaH COH KEPEeKTI KbLIyaJMacy ayJlaHy Herisri
KBUTyaJIMacy TeHICYIHEH aHBIKTAJa IbL: 5

Q = KFAtp: F=——
KAt

KOHCTPYKTHBTIK €cenTey KbUTYIJIBIK €CeNTeYACH KEHiH KYypri3uie.
F

KyObipiap canbl N = ;
nd pL
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Mynna dp — KYOBIPIBIH €CenTey TuaMeTpi;
L — KyOBbIp Y3BIHABIFHI.
KopmiaykyObIpibl — KBUTyaJIMACTBIPFBIIITHIH ~ 1MIKI  JAMAaMeTpi  MbIHA  TEHACyMEH
ecenTeninen:
A= S(6~1)+ 4d,
Mynnga S — KyObIpiap apachlHIarsl KajaaMm;
68 —KYOBIpJIap CaHbI;
d . — KyOBIpABIH CHIPTKBI AUAMETPIHAPYKHBINA JHAMETpP TPYO.
KbUTyamMacThIPFBINITEIH THAPABIUKATIBIK eceoi
KbutyanMacThIPFBIIITHIH THAPABIUKAIBIK KEAEPTiciH OeNrill TeHAeYMEH, TereypiHHIH
YHKeIyTe j)KOHe )KEePriUTKTI Keaepruiepre IIRIFBIFBIH COKEP OTBIpLIH eCeTTeIi:

AP=l0  #DC.
L dq ) 2

6.4. WJJIIOCTPALUSAJBIK MATEPUAJIJAP: Bupryanasl KoHAbIpreiIap. Herisri
anmapaTrap OelHEIICHIeH TUIaKaTTap.

6.5. OAIEBUET:
Herisri:
1. Tlpomsbimnennas texHonorus gexkapcers, Tom 1. Ilox pea. Uyemosa B.1. — X.: MTK-
Kuwnra, U3garensctea HOAY, 2002 — 560 c.
2. OpbimbeToB ©.M. Kbty TexHukachIHbIH Heriznepi. HIsiMkent. OKMVY,2005 — 250
0.
3. Kacatkun A.I'. OcHOBHBIE MPOLIECCHI U aNmapaThl XUMUYECKON TEXHOJIOTHH.9-¢ U3,
- M.: Xumus, 1973
4. TInaxcun FO.M., Manaxos H.H., Jlapun B.A. Ilpomueccsl 1 annapaTsl TUIEBBIX
npousBoncTB. — M.: KomocC, 2008. — 760 c.
5. Axb6epaneB O.C. Tamak eHAipICiHIH MPOIECTEPl KoHE anmapartapsl, AnMartel; 1998
x.
6. Kasenkuii I'./]. [Ipouecch! u anmapaTsl nuieBoi TexHomoruu. - M.: Konoc, 2000.
Kocbimmia:
1) PomankoB ILI., Kypoukmna M.MU. T'mapomexaHuueckue MpOIECCHl XUMHYECKOU
TEXHOJIOTHH.3-¢ n31. - JI.: Xumus,.
2) ®apmarnetryeckas TexHosorus. [lon pen. .M. Kpachioka u I'.B. MuxaiinoBoii—
Mocksa, Axkagemus — 2006 r.
3) backakos. Temorexuuka — M.: Beicimas ikona 1986

6.6. BAKBLJIAY CYPAKTAP (KEPI BAMJIAHBICHI):

1) Kywmsic icTey mpuHIUITIHE OATaHBICTBI )KBLUTYyaIMACTBIPY allapaTTapbl Kajlai Kikreixei?

2) JKbutyrachIMaNIaFrbIITAPIBIH ©3apa KO3Faly OarbITTapblHa OAiIaHBICTBI JKBLTYaIMaCThIPY
amnmaparTapbl Kanai xikrenesi?

3) XKburyanMacThlpy annapaTTapbIHbIH JKbLUTY OaJlaHCHIH TY31HI3.

4) KputyaaMacThIpy anmnapaTTapbIHbIH )KbUTyaIMacy TEHJIEYiH jKa3bIHbI3.

5) JXburyanMacTeIpy anmapaTTapblHbIH OpTallla TEMIIEpaTypa TereypiHi Kajiaid aHbIKTaa bl
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6) JKpuryanMacTeipy anmaparTapbiH €CenTey IIH JIiCTEMECIH TYCIHIIPiHI3.

7.1. Takpipbin: bynanasipy.

7.2. Maxkcatsbi: CTyaeHTTepal Oip KoHE KOIKOPIYCThI OyJIaHbIpy anmapaTTapbl )KYMbICBIHBIH
TEOPHSUIBIK HEeT131epIMEH TaHbICTHIPY.

7.3. Jlapic Te3ucrepi:

1. BipxopnycTsl OynaHAbIPY KOHJABIPFBLIAPHL.

2. KemnkopmnycTsl OymaHABIPY KOHIBIPFBUIAPEI.

JopicTiH KbICKalIa Ma3MYHbI

¥YmmaiTeiH 3aTTap epTIHALIEPIH KallHATHIIN, epITKITIH (CyabIH) Oip Oemirid Oyra alHaJIABIpy
apKbUIbl €PTIHLIEPAl KOIJaHIBIPY (KOHLIEHTPALMSCHIH JKOFapbUIaTy) Mpoleci OylnaHabIpy Jemn
aTajaJpl.

bynanapipy npouecinae Oy epTiHAIHIH OapibIK KesJeMiHeH, ail OyiaHy HpoleciHie KaiiHay
TeMIIepaTypacblHaH TOMEH Ke3 KeJIren TeMIeparypajia epiTiHal OeTiHeH O6JiHIH LIbIFa/bl.

Bynanapipy anmaparrapblHia bICBITAThIH >KbUIYTAaChIMAJIAFbII pETiHAE KoOiHece Cy Oybl
KoJ1aHblIaabl. MyH/aii Oy/bl BICBITATBIH HEMece OipiHIIiiel Oy, an epiTiHAiIHIH KaHaFaHbIHIa
naiiga OosiFraH Oyael eKiHIIIeH Oy nen ataiasl. blceiTaTein HeMece OipiHinuiel Oy peTiHae Oy
reHepaTopIapbIHbIH, Oy TPYOMHATapBIHBIH apaibIFbIHAH AJIBIHFAH HEMece MaiifajaHFaH Oynap/ibl
KOJIJTaHA/TBI.

Bynanapipy mpoiieci Bakyym/a, aTMoc(epalibik HEeMece KOFaphbl KbIChIMIAp/1a OTKI3LIeI].

Bakyymaa etki3ieTiH OymaHABIPY MPOIECIHIH aTMochepanbiK KbhICHIMIAFbIFa KaparaHjaa
OipHelIe apTHIKIIBUIBIKTAph! Oap: MPOLECT] KO TOMEH TeMIIEpaTypaaa oTKi3yre, SFHH anmnaparThl
BICHITY YIIIH TOMEH KBICBIMIBI OY/bI Nl ananyra 00naapl; )KOFapbl TeMIIepaTypanapaa blIbIpar
KeTyl MYMKIH OOJaThIH 3aTTapAbIH €pITIHAUIEpIH KOIONAaHABIPYFa OO0JIajbl; BICHITATHIH Oy MEH
epITIH/IIHIH KallHay TeMenparypajapblHbIH aiiblpMachl / maiiiaiasl TeMieparypaiap aiblpMacs! /
Kol 00J1ajibl, IFHU alapaTThIH ©JIIIeMi MEH XXbITy aimacy 06eTi a3asapl; OyJaHbIpy annapaTbliHaH
IIBIKKAH €KIHIIIeH Oy/Ibl BICKITAThIH Oy PETIH/AC Mai1aJaHy MYMKIH/IITT TyaIbl.

Bakyympaarel  Oynanablpy  NPOLECTEpiHIH — KEMIIUTIKTepi:  KOCBIMIIA  KYPBUIFbLIAP-
KOHJ/ICHCATOpJIap, TaMIIBIYCTAFBIITAD JKOHE BaKyyM-HAcoCTap KepeK, SFHU KOHIBIPFBI
KbIMOATTal Il COHBIMEH Oipre IIBIFBIH KoOeHe i.

AtMmocdepanblKk KbpICBIMIAFbl OynaHIbIpyAa eKiHmried Oy mnainamanbaii, armocdepara
HIbIFapbUIabl. BymanasipynbH Oyl TOCLIL ©Te KapanaiibiM, Oipak 5KOHOMUKAJIBIK THIMCi3 OOIbIT
caHajaJpl.
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ATMoOchepanblK  KbICBIMHAH — JKOFapbl  KbICBIMIA ~ OyNaHIBIPY — €pITIHAIHIH  KaiiHay
TeMIIEpaTypachlH KoOeHTenl oHE maijga OoyiFaH eKiHmIied Oyapl KalTamaH OylaHIbIpy
MpolLeciHae Hemece Oacka KbITyTeXHHUKAIBIK MakcarTap VIIiH mainananyra Oomanel. backa
MakcaTTap YIIiH aKbIPaThIJIAThIH €KIHIIIEH OyAbIH O6IITiH dKCTpa Oy /erm aTaibl.

EpiTiHIiHIH KOKJIaHYBIHAA OHBIH (DM3UKAIBIK KACHETTEpi: KalHay TEeMIIepaTypachl, KbLTY
OTKI3TIIITIK, JKbUTY CHIMBIMIBUIBIK, TYTKBIPJIBIK, TEMIIEpAaTypa OTKI3TIIITIK XoHE T.0. e3repeni.
KonneHnTtpamust xorapeiiaraHia epiTiHIIHIH KbULy OTKI3TIIITITi, JKBUTY CHIABIMIBUIBIFBI JKOHE
TeMIlepaTypa OTKI3TIIITIrT TOMEHICHA1 J1e, TYTKbIPIBIFBI apTajbl. byl Ke3/1e annaparThiH KbLUTY
OeTiHeH KaWHAMTBIH epiTiHAire OepiieTiH >KbUTy IApThl TOMeHaeHai. by xarnail Oymanabipy
anmnapaTTapbIH ecenTeye, xkobanayaa xoHe maiiananyaa eCKepiinyl Kaxer.

ATMoOcdepanblK KbICBIMAAFBL, ajd KehoOip Ke3[e BakyyMIarbl OymaHablpy mporieci Oip
OymaHapIpy anmnapatbina (6ip KOpmycTsl OyIaHabIPy KOHIBIPFBIIAPHI) ©TKi3iIeal. by xxarnaiina
BICHITATBIH (OipiHIIiIeH) OyIbIH JKBUTYbI Oip PEeT KaHa IMaigaiaHbll, ajl eKIHIIIIeH OyIbIH KbLTYBI
nangaraHOanabl.

dapmaneBTHKa ©HepKacinTepiHae OipHemie ammaparTaH HeMece KOpPIYCTaH KypbUIFaH
KOIKOPITYCTHI OyIaHAbIPY KOHIBIPFBIIAPHI KU1 Ke3/ieceai. byt KOHAbIpFbLIapa bICKITaThIH OyMeH
TeK OipiHII KOPIYC KaHa BICHITBIIAIBI, a1 KEHIHIT KOPHYCTapAbl BICHITY YIIIH aJJbIHIAFbI
anmapatTapJaH (COHFBICBIHAH 0acKa) IIBIKKaH eKIHIIUIeH Oy JKbUTybl KOJAaHbUIaAbL. [lemMek, kon
KOPIYCThl OyJaHAbIPY KOHABIPFbUIAPBIHIAFBI BICBITATHIH OyAbIH MeJIIepl JJ1 COHJAl OHIMII
O1pKOpITYyCThl KOH/ABIPFbIFa KapaFraHia e1oyip a3 0osabl.

Bip xopnycTsl 0yJaHabIpy KOHABIPFBLIAPHI
Martepuanabik 0aganc

Bymanasipyra  KOHLIEHTPALIHUSCHI f
XH OomateH G, ke/c alFamikel epiTiHII ; Emopuuroid

Qi \ nag
epijieni, OJaH KOHIEHTpauuchl X
w,[
o6omatelH  Gx xe/c  OynmaHIBIpBIIFAH ¢
€pITiH/II aJIBIHBI KeTedl { 43 .__\,f )
. Erep Oynanaplpy anmapatblHIa w Ke/c Herodnsiu
epiTkim (cy) OymaHIbIpbUIaTHIH OoJica, ova 6’/7)50,0
MaTepUaIbIK OanaHc Obu1alt AN M '
OPHEKTEJIE/I1: 1
Gu=Gk+W (1)
Kyprak 3at GolibIHIIIa SpEULY a4
MaTepHalAbIK OalaHc: aapg
GhXn _ GkXk 2 v/
100 100

(2) TEHJIEYIeH ammapaTThiH
OynanapipbuiFan epiTinal G OoiibIHIIa

HOHOEHEQTT
ﬁ! c;

OHIM/IIITI i
~ Gu X4 Gnaoe L
Gy = (3) gacmbop
K G bty

Bynanran cy GolbIHIIA:

W =Gy Gk =Gu ) 4

K

A BLIVIIBIK 0aJaHC
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Keumyaplk 6amaHc T3y YIIIH anmapaTka KipreH jKoHe MIBIKKAH JKbLUTyIap/bl aHBIKTaMBbI3:

Kipren xxpury [IpIKKaH XKbLLY
Anramksl epitingiver Gy, bynanuaesipeutran epitinaiMer Gl
Ke3apipy 0ysiven /I Exinmineit Oymen wi

by xonnencarteimen /cts
JKbutyabIH KopliaraH opTara MmbIFIHBL Qn
KonneaTpanusnay sKeurybl Q xony-

Conpa xblL1y OaTaHCHIHBIH TCHJICYI:
GHIH+,ZZIF:GK|K+Wl+ﬂkt6+Qn+QK0Hu- (5)
Mynna /[ — Kp13abipy OybIHBIH IIBIFbIHbI
I, 17, iy, - exiHIIIeH OyIbIH, KBI3ABIPY OYBIHBIH, aTFANIKbl )KOHE OYIIaHIbIPHUIFaH
epITIHIIHIH SHTATIBIUsIAPHI, colikecinme. Mynna | =C-t.
AnFalikpl epiTiHIHI KaltHay TeMnepaTypachiHarbl tk OyIaHAbIpBIIFaH epiTiH/L XKoHE
Oy/TaHFaH Cy JIeT KapacThIPCAK:
G.Cutk =G Crtk + WG, 1k
Bynan: G« Ci=G,C,—wC,
Mynsi (5) TeHaeyre Koiicak:
G.C,t, + ﬂ]]“ =G, Citi—wCte +wWl+ ﬂctg + QKOHL;. + Qn (6)
(6) TermeyneH OyaaHIBIPY AMapPaThIHBIH KBITYIIBIK )KYKTeMeCiH Q aHBIKTalMBI3:
Q :ﬂ(lf' Ctg) = GHCH (tk' X tk’) +Ww (I T Ctk‘) + Qkorm- + Qn (7)

(7) xpI3aBIPY OYBIHBIH IIBIFBIHBIH AHBIKTAWMBI3:
GHCH (tk -1 )’W ( _Cte )‘Qkonu. +Qn
A= 8
| Ct =r ®)
MyHaa r —eKiHmijae 0yabplH KOHIeHCAUUIaHY JKbUTYBI.
Konnenrpauusnay xeutybl Q wowy €PITIHAIHIH KOHLEHTpALMUIAaHY KE31HIEri KbUTy
s dexTiciH kepcereni. On anFamrybl )oHE KOHLEHTPJICHICH epITIHAUIEpIiH UHTErpaibl epy
KBUTYJIApPBIHBIH alfpMachlH Kepi TaHOAMEH ajfaHfa TeH. Y3JIKCI3 JKYMBIC ICTEWTIH OylaHAbIpy
anmnapaThIHbIH JKbUIBITY O€TIH JKbUTyaJIMACy/IbIH HeT13T1 TeHI€yIHeH aHbIKTalabI:
F =
K-At,,
Mynna Q — ammapaTThIH KBUIYNBIK JKykTemeci; K — kpuryanmacy KodQpuuueHTi; Afnon —
an1ajsl TEMIIepaTypa aibIpMaIlbUIBIFBL.
Atnoa, KbI3ABIPY OYBIHBIH KOHJAEHCAlLMsIaHy TemnepaTypackl T MeH OyiaHIbIpbLIATHIH
epITIH/IIHIH KaliHay TeMIIepaTypachiHbIH t, albIpMaIIbUTBIFBIHA TCH

Atwor. =T — (9)
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TemnepaTypaiblk  I[IBIFBIHAAD KOHE CPITIHAUIEPAIH KallHay TeMIeparypachl.
Bynannpipy anmapaTelHIa TeMIEpaTypaiblK HIBIFBIHAAP TYBIHIANABI, OJIap TeMIlepaTypalbIK
nenpeccusigad A', ruapoCTaTUKAIBIK Aenpeccusiian A" xoHe TuApaBIMKaibIK genpeccusigad A"
TYpaJbl.

Temmneparypanblk  jgenpeccuss A'  Oipmedl  KbICBIMIArbl  epITIHAIHIH — KaliHAY
TEMIIEpaTypachl MEH Ta3a epITKINITIH KaiiHay TeMIIepaTypachIHbIH ailbIpMalllbUIbIFbIHA TEH.

) P
babo epexeci boiibHia _°= K = const (10)
P

P1, P> — epiTinfi ’oHE epiTKilI OysIapbIHBIH KbICBIMAAPHI, COUKECIHIIIE.
A=t -t (11)

t'1 — P1 ke3inzeri epiTiHal TeMIepaTypachl

t'2 — P2 kxe3iHjeri epiTKiil TeMnepaTypacsl

A' mamacein M.A. Tumenko TeHaeyiHiH KOMETIMEH Ke3 KeNTeH KbICHIMJIa aHBIKTayFa
4 2
0omanabr: I NAW
Al = : A

16210 — ,, (12)

A'amn. — aTMOC(EpaBIK KBICBIMAAFBI TEMIIEPATYPAIIBIK JICHPECCHS;

T, r — GepinreH KbIChIMJIaFbl €PITKIIITIH KaliHay TeMIIepaTypachl xKoHe OyIaHy KbUTYbIL.

A" nenpeccusicel KaiiHay KyObIpaapbl Oenrisi OUMIKTIKKE 1eiiiH CYHBIKIIEH TOIThIPbUIFaHbI
ocepiHeH TybIHAanIbl. KyObIpbIH KOFapFbl )KUET1He Kapail OyabIH Mesiepi keOeeni. KyObipaarsl
c¥1‘/’1511< OaraHaCBHIHBIH THUAPOCTATUKAIBIK KBICHIMBI acepiHeH C¥I7H>IKTI>IH TOMEHT1 KaOaThIHBIH
KailHay Temmeparypachl lw, KOFapFbl KaOaTTapAbIKIHEH >KOFapbl Oonaabl. ATajiraH
THIPOCTATUKANBIK d(D(HEKTi OCEPIHEH txun ©CYIH THAPOCTATUKANBIK JENPECCUs €M aTali bl

['mapaBavKalbIK Jenpeccus eKiHIIIel 0y cenepuusiblK KypbUIFbIHBI aliHaNa aKKaHaa
KoHe OyKyOblpiapnia KosralFaHia Maija OONaThlH TMIPAaBIUKAIBIK KeAepriiep cajjapblHaH
TybIHAaW1bI. OCBIHBIH CaJIapbIHAH €KIHIIICH OyAbIH KbICBIMBI TOMEHICHII, COUKECIHIIIE, OHBIH
KaHBIFy TeMIepaTypachl j1a Tomenaeiai. A" xob6anan 1°C teH nen kaObuiiayra 00aaibl..

Koenkopnycrel OyaaHabl OH/IBIPFBLIADBI

amm.

i NN Q0 RS
% [
L A T

YTAPEHHBIA I\ =7
pacraap

13.2 cypet. Kenkopnyctbl 6ip0aFrbITThl BAKYYM - OYJAHABIPY KOHABIPFBICHI

AnapiH ana te, ICHIH KeI3ABIPBUIFAH aFalIKbl epiTiHAl OIpiHII KOpIycKa Oepiieni.
Bipinamn kopmyc 6ipiHIIUIeH KbI3ABIPY OYBIMEH KbI3IBIPhLIA/IbI.
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Ocpbl KOpIIyCTaH IIBIKKaH eKiHIIiIeH Oy eKiHII KOpHmycKa KbI3IbIpy Oybl peTiHae
OarpITTaanpl. EKiHIN KOpIycTa KbICHIM TOMEH OOJIFaHABIKTaH, €piTiHAl OIpiHIIl KOpITyCKa
KaparaHJa TOMCH TemIiepaTypana KaitHaiiabl. KelcbiM TeMeH OoFaHABIKTaH OipiHIN KOpITycTa
OyJaHABIPBUIFAH EPITIHMAI ©3JIriHEH eKiHII KOpIycKa Kapad araapl. MyHma oJ1 eKiHIm
KOpITyCTarbl KalHAy TeMIlepaTypachbiHa ACWiH cybIThUIaabpl. ColKeciHIe eKiHII KopIycTa
OyJaHABIPBUIFAH EPITIHAl YIIIHII KOPITYCKA ©3/IT1HEH araibl.

CoHFBI KOPITyCTaH eKIHIIUIEH Oy 6apoMeTpITik KOHCHCATOPFa Kibepiseni. MyHa Oy ibI
KOHJICHCALIMSIIAY Ke31H/A€ KePEKTI BAaKyyM Ty3UIeIi.

MartepuaibIK 02JIAHC

Bipkopriyctel  OynmaHaplpy — ammapaTblHBIH —~ MaTepHAIABIK  OalaHChIHA  COWKeC
KOIMKOPITYCThl OyIIaHIbIPY KOHIBIPFBICHIHBIH MaTepHANAbIK OalaHChIH Ty3yre Oomasnsl. bapibik
KoprycTap/a OyjaHfaH CyIbIH KaJIlbl Menm?pi: X W

H

W=¢G,l1- 14
A (14)

&

BipkoprycTel anmapaTThiH TEHACYJIEpi HETi31HIe op KOPIyCTaH MIBIKKaH ePiTiHIIHIH
KOHILIEHTPALUSIIAPbIH aHBIKTayFa 00JIa Ibl:

X = S (15)
Gy —W;

XORSLRLH O (16)
Gn-W1 -W;

X — Gy Xy a7

3

Gy =W -Wy —Wj3
KpLIVIbIK 0aJaHC

wi, B W, 1, E W, 1,
XX Wi—E L Wz;ELﬁi DAL
GH%
s I | |
D1l \ | ‘ \ \ \ \
MR b L
DiCity (Wi = E) )Gt (W~ E)Cst”
4 ==
(Gn ~W1)Cita (Gh W1 =Wz )Cotia  (Gn ~Wy —W2 —~W3)Ctia

/1 — KpI3IBIPY OYBIHBIH IIBIFBIHBL, KT/C
|7 — KpI31bIpY OYBIHBIH SHTAIBIUACHI, KL K/Kr
Es, E>, E3— 3kcTpa-0y HIBIFBIHBL, COMKeCiHIe, 1, 2, )koHe 3 KopITycTapaaH KeiiH, Kr/c.
Bipinmmi kopycTaH eKiHII Kopiycka eKiHmieil 0yabiH mbiFbiabl (Wi-£1) ke/c xoHe
eKintmaeH yuinim koprycka (We-E2) ke/c.
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W1, WS> - GipinIi xoHe eKiHII KOPIyCTapaarbl OyIaHFaH Cy MOJIIIEepIepl, COMKECIHIIIE.
Kbty GanaHCTapBIHBIH TEHICYIIEPI.
| - xopmyc
Qi = (17 ~Cuty' ) = GuCo (tr —to )+ W1 (l1 — Citia ) + Quony +Qn (18)
Il —kopmyc
Q2 = (W1 —E1)(l2 = Caty’ ) = (Gy ~W1)Ca (tz —tia )+ W2 (12 ~ Catie ) + Quomy +Qn  (29)
Il = xopmye

Qs = (W2 —E2 )(12 = Caty") = (G W1 =W2 )Cs(tis —te2 )+ Ws (I3 = Catia )+ Qeouy +Qn (20)
JKannvl natidane memnepamypa aubipmauiblibiebl JcaHe OHblY KOPNYCMAap OOubIHuA
mapanybl

KenkopIryCTsl KOHBIPFBIHBIH JKaJIIIbI 1Al 1aJbl TEMIIEPATYPA albIPMAIIbUIBIFBI Atosw KBI3ABIPY

OybIHBIH Temieparypackl T1 MEH COHFBI KOPIyCTaH KOHJEHCATOPFa OapaThbIHeKiHMIIEH OyabIH
TEMIIEpaTypachIHbIH Tk’ aliblpMachlHa TEH
Atosy =T1 =Tk’ (21)
Atosu KOHIBIPFBIZA TOJBIK Al aIaHBIIMANIBI, OUTKEHI TEMIIEPATYPaJIbIK IBIFBIHIAD
(mempeccusnap) Oap. CoHga KemnKOpHycThl OylaHAbIPY KOHIBIPFBICBIHIA Als,  KbI30bIDY
OybIHLIY memnepamypacsl 11 MeH COHebl KOPNYCman KOHOeHcamopaa 6apamvlii  eKinuiinet

OyOowLy memnepamypacuiioily T aiibipmachinan 6apivli Kopnycmapodebl memMnepamypansli
WbIRBIHOAPObL (Oenpeccusnaposl) Y A anvin macmazanea mey 001a0bl

DAL, =T =T/ - DA (22
KenkopnycTsl OynaHbIpy KOHBIPFBICHIH €CENTey/ IiH Y ToCiMi
1. BynanatbiH cyabiH xanmnbl Menepin W ecenTenil )koHe OHbI KOpIycTapra 0esei.
2. Kyprak 3aTTap OoibIHIIIA MATEPUAIIBIK OaTaHCTAH KOPITYCTapAaFbl epiTIHAUIEPIiH
KOHIIEHTPALUSUIAPbIH AHBIKTAN/IBL. .
KpbICBIMHBIH KaIbl TOMEHI€YiH aHBIKTalu bl A Prop=AP/n, N — KOpIlycTap CaHbl.
Kopmycrapnarsl ekinmiiei OyaplH KbICHIMIApbIH aHBIKTAN b1
| — KOPITYC .o Peni=P1-AProp
Il — KOPIIYC...oovvvirieiierinns Pemz2=P2-AProp
N — KOPIIYC wevvveirinriniiniiiinnnnn Pn= Pion
5. TemmnepaTypajblK HIBIFbIHIAP/IBIH MIaMaapbIH TaOaIbl.
JXKanmel Temneparypa ailbIpMaIlblIbIFBIH €CENTEeH .
7. Kannel maiinanel TeMiiepatypa albIpMAaIIbUIBIFBIH aHBIKTAWIbL ) Atyo, JKOHE OHBI
KOpITycTapfa TapaTa/bl.
8. Kopmycrap GoiibiHIIa KBI3ABIPY OYBIHBIH, EKIHIIUICH OYIbIH JKOHE epITIHIIHIH KaiHay
TeMIIepaTypanapblH aHbIKTaIbI.
9. KpI3abIpy OYbIHBIH IIBIFBIHBIH AHBIKTAM/IBI.
10. Kopniycrap Go#bIHIIIA KBUTYIBIK JXykTeMenepai Q1, Qz........ , Qn aHBIKTAHIBI KOHE
Kbulyanmacy ko duuuentrepin Ki, Ka................ , Kn ecenrreiini.
11. KpuryanMacyablH Kalmbl TeHIEYl OOMBIHIIA KOPIYCTapIblH KbI3ABIPY OerrepiH Fi,
F2......, Fn TaOazs!.

s w

o

74, MWJJIIOCTPALIUAJIBIK MATEPUAJIIAP: Bupryanasl KoHAbIpreUiap. Herisri
ammaparrap OeiHEeNICHIeH Tu1aKkaTTap.
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7.5. OAEBUET:
Herisri:
1. Tlpomsbiiennas texnosorus nexkapcts, Tom 1. [Tox pea. Uyemona B.1. — X.: MTK-
Kuura, M3gaTtensctea HOAY, 2002 — 560 c.
2. Kacarkun A.I'. OCHOBHBIC TIPOIIECCHI U anmapaTbhl XUMUYECKONW TEXHOJOTHU.9-€ U3/,
- M.: Xumus, 1973
3. IInakcuu FO.M., Manaxos H.H., Jlapun B.A. Ilpomuecchl u anmapathbl TUIICBLIX
npou3BojcTB. — M.: KomocC, 2008. — 760 c.
4. AxOepnueB ©.C. Tamak eHIIpiCiHIH TIPOIIECTEPI XKOHE ammaparrapbl, Anmatsr; 1998
K.
5. Kaseukwii I'. 1. [Tponieccer u anmapats! nuieBoi Texnomoruu. - M.: Kosoc, 2000.
6. Taybman E.W. Beimapusanue.- M.: Xumus, 1982.- 328 c.

Kocbimma:
1. Pomankos IL.I"., Kypoukuna M.U. I'mapomexaHndeckue Npouecchl XUMHUIECKON
TexXHoNoruu.3-e u3m. - JI.: Xumus,.
2. ®apwmaneBtuyeckas texnonorus. Ilox pen. .M. Kpacuroka n I'.B. MuxaiinoBoii—
Mocksa, Axkagemus — 2006 r.

7.6. BAKBLJIAY CYPAKTAP (KEPI BAMJIAHBICHI):
1) Bynanapipy mporiecine aHbIKTama OepiHi3.
2) BynauHapIpy Ke3iHAeri KbI3IbIpy OYbIHBIH HMIBIFBIHBIH Kalal aHbIKTa 1617
3) IMaiigansl TeMieparypa albIpMAaIIBUIBIFBIH XKOHE Kbl TEMIIEpaTypa albIpMaIIbUTBIFbIH
TYCIHAIPIHI3.
4) Bip — oHE KOIKOPITYCThI KOHBIPFBUIAPFa TEXHUKAIBIK — YKOHOMHUKAIBIK 0ara OepiHi3.

8.1. TAKBIPBIBbBI 8: Maccaanmacy npotectepi.

8.2. MAKCATDI: Crynenrrepai MaccaaiMacy TpOIECTEPiHIH TEOPHUSIIBIK HeTi3IepiMeH

TaHBICTBIPY.

8.3. 19PIC TE3UCTEPI:

1. Maccaanmacy mpolecTepiHiH Kalmbl cuiaTTamacel. MaccaaiMacy Ke3iHaeri TeH K. TeH ik
CBI3BIFBIHBIH TeHZIEYl. Matepuanasik Oananc. JKymbIc CBI3BIFBIHBIH TeHACYl. Maccaanmacy
KBUIIAMIBIFBI. MaccaanMacy MpolecTepiHiH KO3FayIibl KYIIi.

2. Maccabepy TeHaeyi. Maccabepy kKo3hhUIUEHTI.

3. Maccaanmacy. MaccaanmacyablH —Herisri  TeHieyi. Maccabepy JkoHe MaccaaliMacy
KO3 PUIUEHTTEpIHIH e3apa Toyenauliri. MaccaaamacyablH —opTaiia KO3fFayIlbl —KYIIi.
Maccaanmacy anmnapaTTapblHH HETI3I1 eJIeMIepiH aHbIKTay.

J9picTiH KbICKaIIa Ma3MYHbI
MaccanbiH  /3aTThIH/  Oip (azaman exiHm (¢a3zara ©TyIMEH CHUNATTaJaThlH IPOLECTI

MaccaaiMacy Jien araijpl. @azanap cyMbIK, KaTThl, Ta3 KoHEe Oy KyWiepiHjae 00i1ybl MYMKIH.

OHuipicre TOMEHEr1 Macca alMacy HpOLECTepi KU1 KOJIaHbLIaIbL:

1. AGcop6ums — rasamel cyiibiKneH xkyTy, 0.a. 3aTThIH ra3 (asanan cyiiblk (azara eTyiMeH
cunarTanaTeiH 6y npoueci. CyMbIKTBIH ra3aan 6eliny Ipolecit, abcopOIus npoleciHe Kapehl,

JecopOnus Aen aTaibl.
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2. DKCTpakius — CyHBIKTa epireH 3aTThl 0acka CYHMBIKIIEH IIBIFAPBIT aly. Byl kesze
HIBIFAPBIIATEIH KypaM/iac 0ip cyHbIK (pa3ajgaH eKiHI CYWBIK (azara eTemi.

3. Alizay— romoreHjii Cy#blK KOCHaHbl Oip peT OymaHablpy KoHE Ty3iareH Oyabl
KOHJICHCAIHMSIIAY apKbLIbI 0OITy.

4. Pextudukaims - roMoreHii CyibIK KOCHAHBI CYHBIK KoHe Oy (aszamap apacelHIa
KypamiacTapbIMeH KOIl peT aJIMacThIPy apKbUIbI 0ey.

5. Azcopbuus — rasiblH HEMECE epiTIHAIHIH KypaMIachlH KaTThl KEYEK CIHIpIillUIIEH XKyTYy,
0.a. 3aTThIH Ta3 (azagaH KaTThl ¢azara ©TyIMEH CUIATTANATHIH 06y mpoleci.

6. Kenripy — burFaijbl KaTThl MaTepuaniaH OylaHAbIpy apKbUIbl ajacTay Iporeci. Byn
MPOIIECTE BUIFAJl KaTThI (hazasiaH raz Hemece Oy ¢azara eTei.

7. Kpucramiusanus — KaTTsl (pazaHbl KpUCTaUI TYPiHJE epiTiHJieH HeMece OalKbIMajgaH
Oemin any. Kpucramnmmsanms mporeci 3aTThiH CYHbIK (a3agaH KaTTel (a3ara eTyiMeH
CHIIATTAJIadbL.

8. HonanmacTeIpy mporectepi — Keioip KaTThl 3aTTapbiH ©3/1ePiHiH KO3FAIFbII HOHAAPLIH
ANEKTPONIUT ePITIHALICPIHIH HOHIAPBIMEH aJIMACThIpa aly KaOUIeTTIIIKTepIHe HeTi3Je/IreH.

Maccaaamacy ke3injeri Tenaik. MaccaamMacy TpOIECTEpIHICTT TEHIIKTI Oimy Oy
MIPOLIECTEP/IIH OTY IIEKTEePIH aHbIKTayFa MYMKIHAIK Oepeni. Tenaik HeriziHae ¢a3anap epexeci
KaThIp:

®+C=K+2

Mynna @ — ¢aszanap canbl; C—epKiHIIK JOPEKETCPiHIH CaHbl, 0.a. TOyeJCi3 alHBIMAIbLIAP
caHbl; K —Kyiie KypamJIacTapblHH CaHbI.

Erep xyite exi ¢azamapuan (@ =2 ) xone ym Kypamaacrapaan( K =3) kypaica, dasamap
epexeciHe coliKec, EpKIHIK TOpeXKeNepiHiH CaHbl:

C=K+2-0=3+2-2=3

Erep syite exi dazanapuan (@ =2) xoHe eki Kypamaactapaan( £ = 2) Kkypasca, xyieHiH

TEK €K1 €pKIHIIK JIopexkernepl oap:

C=2+2-2=2
Toyenciz alHBIMAIBUIAPIBIH ~ ©3apa  TOYENIUIIr, oJeTTe, ¢aszalblK JUarpaMMaiapaa
OeifHeNIeHEe 1.

dazanap KypaMbIH OpHEKTEY djicTepi
1. Kenemaik koHneHtpanusna. Kexemaik koHmeHTpanus Gpa3aHblH KoJeM O1pIiriHaeri

KYpaMIaCTbIH KHWJIOTpaMJIapbIHBIH HEMCCE KI/IJIOMOH,Z[CpiHiH CaHbIH KepCCTCI[i (KZ/M3

nemece KMOb | m3 ).

2. Maccanblk HEeMece MOJIIK eHIIiepiMeH. MaccanblKk HeMece MOJJIK eHIn OepiireH
KYpaMJIacThIH KWIIOTpamaap (Hemece KIJIOMOJIEP) CAHbIHBIH (pa3aHbIH KUIOTPaMMEH
(HEMece KUITOMOJIMEH) OJIIIIEHTeH OapIIbIK MOJIIIEPIHE KaThIHACKIH KOPCETE/T.

3. CanpicThIpMalibl KOHIIEHTpanusiia. CaabICTRIPMANbl KOHIIEHTPALIMS TapajdfaH 3aT OOJBII
€CenTeNIeTIH KypaMJac KWIOTpaMIapblHBIH (HEMece KHJIOMOJACPIHIH) CaHBIHBIH
TaChIMaJIAFBIII KYPaMJIaCThIH KWJIOTpamMaap (HemMece KUJIOMOIIEpP) CaHbIHA KAaThIHACHIH
KepceTesl.

DazanpiK TeHIiK. TeHaiK ChI3bIFLI.

Maccanmacy mporecine MbICaJl peTiHAe aya MEH aMMHUKTaH TYpaTbhlH KOCITajaaH
aMMHAKTBI Ta3a CyMEH KYTY MPOIIECIH KapacThipaMbI3. byl ke3ae TeHIIK jKOK
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OoJIFaHIBIKTaH aMMHAK ra3 ¢asamad @D, , KOHIEHTPALUICH V, CYHBIK (pa3ara @,, 6acTamKsl
y

KoHIeHTpanusckl x = 0, ere Oacraiiapl. AMMHaK cyaa epu OacTaraHHaH, OHBIH
MOJICKYJIApBIHBIH Kepi OarbITTa(CYWBIKTa ayara) ©Tyl Jie Oacrtamaabl. YaKbIT OTKEH CalbIH
aMMUAKTBIH CyFa OTYl a3asjibl, ajl CyJaH ayara oTyl apTaabl. MyHmail MacCaHbIH €Ki )KAKThI
eTyJiepi ekl OarbITTapIaFbl )KbULIAMIBIKTAP TEHCKEHILE )Kypell. KbuigaMIabIKTapTeHECKEH e
JTUHAMHKAIBIK TSHIIK OpHaiabl, OYIT ke3¢ 3at Oip (azaman exinimi (ha3araeTen/Ii.

Tapanatein  3arThiH  (a3ajap KOHICHTPALMSIIAPBIHBIH  TEHMIK Ke3iHZAeri e3apa
OaiiaHbICTApbl MbIHA TOYEJALUTIKIIEH OPHEKTEE/I]:

*

Yy o= f(x) 1)

ATk X = f(y) @)

Tenmik ke3ineri Gazanap KOHICHTPAMUIAPBIHBIH KATBIHACKIH Tapany KoddhdUIreHTI
Jiell aTauzpbl:

m :l (3)
X

dazanap KOHIICHTpAIUIAPbIHBIH TCHIIK Ke31H1er1 o3apa OaiIlaHbICTapbIH TEHIIK
CBI3BIFBI TpauKTEpiMeEH OeitHeneyre 60ma bl

Y

x. s o ——— —— - A Y— — —— ——

11 B I W R,
[0

Y 6

14.1 cyper. Tenaik AnarpammaJjiapbli:
a— P =const ;xxone t =const ke3inae; 6 — P = CONSt ke3iHze.

TeHaik ChI3bIFBI OlLTy MaccaanMacy/blH OAaFbITBIH JKOHE KO3FAyIIbl KYIIiH aHBIKTayFa

MyMKiHAIK Oepeai. Ockl MOTIMETTEPIIH HET131H/Ie OpTallla KO3FayIIbl KYIIT €CeNTEIIHE 1, KOHE COJ
OolibIHIIIa MaccaaMacy NPOLECIHIH KbUIIAM/IBIFbI €CenTeNe .

MartepuaibiK TeHrepijgiM. 2KYMBICTBIK ChI3bIFbI
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Tapanatein 3aTThIH (azamapnarel KYMBICTBIK

KOHIIEHTPAIMANAPHIHBIH ~ 03apa  Toyenmmimikrepi y = f (X) L7, AG‘.‘%

CBI3bIFBIMEH OciiHeneHei. bysl ChI3BIKTBI KYMBICTBIK CBI3BIK I i
ataiapl.  JKYMBICTBIK  CBI3BIK  TEHACYIHEH  Kalmbl — Typle
MaTepuaIbIK 0anaHc Ty3yre 60aabl. TONBIK BIFBICTBIPY PEKUMIHIC

KYMBIC.  ICTEWTIH ~ MaccaalMacy  almapaThiHbIH  TOCIMIH +

KapacThIPAMBI3. LT

11

il

AnmapaTThiH YCTIHEH KOHIIEHTpauschl X , OomarbiH L |

i -

Kr/c cy#blK ¢a3za Oepireni, ajx ammapaTThlH TOMCHI >KarblHAH

KOHLIEHTPALUACH! X x OonateiH L « Kr/c cyibIK (asa mbrapbutajisbl.

AmmaparThlH YCTIHEH KOHIEHTPAIIUSICHI Y «

OoomateiH G . Kr/c ra3 ¢aza amblHII KETedl, ajl ammnapaTThiH

TOMEHT1 )KaFbIHaH KOHICHTpausichl Y » GomateiH G, Kr/c ras (asa
oepineni. Conma MaTepuaIIbIK OalaHc OAPIIBIK 3aT OOWBIHIIA!
G,+ L, =G, + L,

JKOHE TapaJlaThlH Kypamjiac OOHbIHIIA

G,Y,+L, X, =G, Y, + L, X,
AmmnapaTTblH TOMEHT1 >KarblHAaH Ke3 KENreH KHUMachblHa JeiliH OapiblK 3arT OOWbIHINA
MaTepUaIbIK OaaHc

G,+L=G + L,
YKOHE TapajlaThlH Kypamac OOMbIHIIA:
G,Y.+LX=GY 4+ L.X,
Conrbl exi TeHaeyaepai Y  OoWbIHIIIA | IICIICEK:

O L8 e QO b X %)
G G

(4) TeHmeynmi JKYMBICTBIK CBI3BIK TeHJEyi Jgen artaiasl. On anmaparThlH Ke3 KeJreH
KHMacCBIHIAFbI TapaJaThlH KypaMaacThlH (hazamapaarsl )KYMBICTHIK KOHIICHTPAIHASIIAPBIHBIH 03apa
TOYEJIUIITH OpHEKTEN 1.

Erep dazanapaarsl KoHLEHTpaLHsIap annapaT OMIKTIr OOHBIHIIA a3 @3repeTiH OoJica, OHJa
(hazaappIH MBIFBIHAAPBIH TYPAKTHI e KaObu1aayra 0oassl, 6.a. L = const , G = const .

Bynxkesge Le = L, Gx =G xome (4) Tenney MbIHa Typre Keseji:

L
G g X«) ®)
L L
Kocsimma Genrineynep enrisemizs = 4w Y-, - Ay SN2 BN i
G G
Y =4X + B (6)

(5), (6) Tenneyaep KYMBICTBIK CBI3BIKTApABIH TeHACYIepi. Onap MaccaanMacy

Gy
ar

L.'.t“‘- LY A
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Maccaaamacy 6areITbiMaccaanmacy OarbIThIH TCHIIK )KOHE KYMBICTBIK ChI3bIKTAPIbIH
KOMeriMeH aHbIKTayFa 0oJajibl. MaccaanMacy )KYMBICTBIK KOHIIEHTpanusuiapsl X u Y
oomatein @  u @ , dazanapbIH apackiHaa KypeaH aen ecentenik (14.3 cyper).

Ja 5% . 2
$ S NPT ' W5 7 R 2o\
()
82 XA
| {1
' 4 B @~
X -
| e
1 l | )
| | | | | {
i | | \ |
| { } } f
| | 1
10 A K l x_(q | :
T, BT z zZ, =z P f'o’f" -7,
a

14.3 cyper. y-x-auarpamma OOHBIHIIIA MaccaaqMacy OarbIThIH aHBIKTAY:
a — )KYMBICTBIK CBI3bIK TEH/IK ChI3BIKTaH TOMEH; O — JKYMBICTBIK ChI3BIK TE€HJIIK ChI3BIKTaH
JKOFapBbl.

Erep KYMBICTBIK CbI3bIK TeHI[iI( CBI3BIKTAH TOMCH OpHaJacca (a), OHJa KYMBICTBIK

*

CBI3BIKTHIH K€3 KeJlreH A HYKTeCiHAe KOHIeHTpauus Y < Y KoHE X < X , MyHma X

*

Y - rtengik xonmeHrtpanusiap. COHObIKTaH Tapanateid 3aT @ » dasagan @ , dasara eTel.
(MbIcanbl, pekTH(UKaus npoueci. MyHa ®eHUT yIIaTblH KOMIOHEHT CYHBIK (a3anaH @ . Oy

¢dazara @ , eteni).

Erep »yMBICTBIK CBI3BIK TE€HIIK ChI3bIKTaH >KOFapbl opHajacca (0), OHJa KYMBICTBIK

*

CBI3BIKTBIH, KC€3 KCJITI'CH A HYKTCCiHI[e KOHICHTpAanusd Y >Y u X < X . COHI[BIKTaH

tapanateiH 3aT P y hazaman @ . daszara eremi. (MbIcabl, abcopOHst poreci. MyH/a ra3 ra3
dazanan @ , cyiiblK pazara @ . ereni).
Maccaajamacy  KbLUIAMJBIFBI.  MaccaaiMacy  SKbUITAMABIFBl  TapallaThIH ~ 3aTThIH

dhazamapaa TaceiMangaHy 0albIOBIMEH OAIaHBICTHI.

@da3zaHbIH 1I1HJE 33T TEK MOJIEKYNaIbIK AUPY3HUs HKOJBIMEH HEMECE KOHBEKIUSIIBIK
YKOHE MOJICKYITAIBIK TP PY3Hs XKOIAAphIMEH KabaTTaca TaChIMAIIaHybl MYMKiH.

TypOyneHTTIK  myabcalusuiap  9CEepiMEH  3aTThlH ~ KOHBEKTHBTI  TachIMajIaHybIH
TypOyneHTTi nuddy3us nen aTanasl.

Monexynanbik 1uddy3us *KoIbIMEH TapajJaTblH 3aT MOJIEKYyJadapIblH PETCI3 KO3FaIbIChI
calapelHaH TackiMasiaHaasl. Monekynanbik nuddysus Oipinmn OUK 3aHBIMEH CHMATTAIA b,
By 3an Goibiaima AT yakerreinga dF anarmace! apkbuibl Auddy3usianrad TapaiaTbid 3aTThIH

dM wmedmiepi OChl 3aTThIH KOHI[EHTPALIUS TPaIUCHTIHE d—TYPa MpOHOpIHOHA:
n
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dc
dM = DdFd Tt )
'’ dn

KOHIIeHTpaLHsi [PafieHTi (;_C T Qy3usIaHaTeIH 3aTTHIH KOHIICHTPALUSIIAphl 9pTYpIi
n
eKi OeTTep/liH apachiHia HOpMaib OipIIiri Y3bIHABIFBIH/A KOHIICHTPALUSHBIH ©3TepyiHe TEH.
[ponopuuonanapik ko3dpdunmenti D muddy3us kodpdunuenti nen artamaapl. MuHYC
TaHOachl MOJIEKYJIanblK Ju(Qy3ust TapanaTelH 3aTThIH KOHIEHTPALMSACH a3asThiH OarbITTa
OTETIHIH KOpPCETeIl.
[D]=T[_ddn | éa - i P2

deEr || éari?2-i?.ade e
Huddys3us korbduuuenti D yakpiT Oipairinae aygaH Oipliri apKbUIbl KOHIUEHTpaUs
rpaauenTi 6ipre TeH ke3ae auddy3usaaHaThiH 3T MOJIIEPIH KOPCETE 1.
Maccabepy Tenjevi. Pazamapgarel  maccabepy  IpoOUeCiHiH — 0allbIObl  Kypaeni
OOJIFAHIIBIKTaH , Maccalepy JKbUIAAMIBIFbl (Da3aHbIH SIPOCHIHAAFBl KOHE IICKAPACHIHIAFbI

Eggﬁ%%’g%%]ﬁ%{[ﬂapﬂbﬂ{ af/'II)IpMaHH)IJILIFLIHa TCH KO3raylllbl KYIIKE Typa IMPOIOpIHruOoHal ACII
@ ¢azaymin M =f F(¥ Y4 ) (15)

y ep
& pasaymin M =B, F (%, —x) (16)

YV — Vas @edid s —0- Py xoHe @y (azanapaarsl Maccabepy MPOLECTEPIHIH KO3FayIlIbl

KYIITEPT; Y, X — SAPOJAFEl OpTalia KOHIEHTPAUUSIAP; Yap , Xop — MIEKAPaJAaFsl KOHICHTPALISIIAP.
[Tponopunonanabik ko3pduiuenti f maccadbepy ko3dduuunenti gen atanaapl. On yakpIT
Oipairinae ayziaH OipJiri apKbUIbl KO3FaylIbl KYLI Oipre TeH Ke3ze ¢a3anap/blH 0eliHy OeTiHeH
(aza simpocsiHa (HeMece Kepi OarbITTa) OepUIeTIH 3aT MOJIIIEPIH KOPCETEIl.
Maccabepy koadouimenti [ (azaHblH  (QU3MKaANBIK KacHETiHE JKOHE OHJArbl
THIIPOAMHAMUKAIIBIK JKaFIaiiapra Toyesli KHHETUKAIIBIK MiHEe3/IeMe.

3

Erep emmem Oipmiktepai KaObligacak [M]: éa, [’E]: cu [C]: éali >, onga B emmem

Oipoiri: i M 1 i " )
A |

e RSt

| p | |M .c- K2 | ¢ |
| Rl

Maccaaamacy Tenjevi. bip ¢a3zanan exinmi ¢azara yakpIT OlpJiriHie TacbIMalIaHaThIH
3aT MOJILEPIH aHbIKTaNTBH MaccaanMacgz[mH HET13I1 TeHCYIH OblIal ’Ka3aMbl3:

M=K F(y-y (23)
F(x - 2K (24)

Ky, Kx —Mmaccaanmacy kodddummenTti. On yakpsIT Olpiiriaae aymaaH Oipiiri apKbLIbI

KO3FayIibl Kyl 6ipre TeH Ke3Je TaChMalJaHaThiH Macca Momepin kepcefeyi.| Enunnna
enieM OipiikTepiMeH Oipeit

msmepenns Ky, Ky enmem Gipaikrepi Py, By

el
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dazanapAplH KOHIIEHTPALUSIAphl OJapJblH OeniHy OeTi OoibIHIa KO3FaIybl Ke3iHIe
e3repeii, COMKECIHIIe, MaccaaaTMacyIbIH KO3FayIlibl Kyl ae e3repeni. COHABIKTaH MaccaaiMacy
TEHJIeyiHEe opTaIia KO3FayIbl KYIITI €HT13e/i:
M=Ky FAY ., (25)

M = K, FAX,, (26)

(25), (26) Tenneynepain keMeriMeH (hazamapibiH kaHacy OeTin F jxoHe anmmapaTThiy
HET13T1 eJIIEMICPiH aHBIKTAUIBI.

MaccaaaMacy/iblH OPTAIIA KO3FAVIIBI KYIITi

Opraiiia Ko3FayIbl KYIITiH ©pHETi TeHIIK ChI3bIKTBIH KUCBHIKTBIFBIHA HEMECE TY3YJIriHe
TOYeIIi.

Maccaanmacy mpoleci KapChlOarbITThI MyHAPATBI alliiapaTTa oTe/l AT KaObUTIaibIK,

~

LiT, &y,

% N ' : ®

e _ o | 2 o
HEPE "y 'K e SixlN
” L w) — Ty Ja
. y“-y; AgM/TS;::, A' -t T,

P : f
.Z" yn . /

!

L;z," .4, -
¥ ‘ —_— L Ay

A\ - s 1

15.1 MaccaamacyablH OpTalia KO3Faylibl KYIIiH aHBIKTayFa

ITaprTap: ’
1. Tenmik cbI3bIFbl KUCHIK Y = T (X)

2. AFbBIHJAp UIBIFBIHBI TYPAKTHI (G = const, L = const)
3. Maccaanvacy k03p(HUIMEHT] TYpPaKThI (K = const, K

X

I COﬂSt)

Taceivangay @, — @, .nen KaObUIIaHFaH.
TapanaTein 3aTThIH Oacka ¢azara etken dM mermiepi:
dM = -Gdy (27)

Munyc TanOacel @ , pazaga KOHIEHTpALUS a3aiblIl )KaTKaHbIH KOPCETe/I1.
MaccaanmacyaplH HET13T1 TeHIeY1 OOMBIH{IIA!
c}jﬁ\/l = -Gdy =HKy y

-y )dF
(28)
ykoHe F altHpIManbuIap 61 06JTiT, OPHEKTI HHTETPANIIaCaK:
Yk dy Yk K
b=y =l R Gynar,

Yu Yu
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ORI SN <
-I O (29)
oo &
Marepuannbik 6anaHc TeH eyl OOMbIHIIA
M 3 G(yH X y)\)
Comnrsl TeHneynen, G monin (29) Tenneyre Korcak
TR
;,[ y — y* C M yH - yx TOT 14,
M - KyF . yyH \Y yK (30)
-[yjyi
Yk
(30) Tenmeyneri corbl KOOCSUTKIIIT OpTAIla KO3FayIllbl KYIITI CUIIATTAMIbI:
AY = Yo = Yi (31)
AN

Tengik ceI3BIFEI  TY3y 0OoJsica (y*z mx) AY JKBUTYQJIMACTBIpY ammnapaTrblHa YKCac
TCHACYMCH aHBIKTaJIabI: op

-y )-ly -y)_AV -AV
o R PP Sy
o y -y 23lg °
Inw—f AY,
AV,
Erep __° <9 Gonca AV., apudMernkanbik OpTa TypiHIe aHBIKTANAbI
AVs + AV,
NG 62 (33)

@, ¢aza yurix:

AX AO; + AO; (34)

o

N

Maccaaamacy npiiectepinin 0aiibI0bl

Maccabepy mnpotiect @, ¢azaHblH sAPOChIHAH (a3anapAblH O0esiHy OeTiHe Kapail Kypeil,
COHaH KeiiH Maccabepy mporeci ¢azanapabiH OesiHy OeTiHeH @x (azaHBIH SAPOCHIHA Kapaii
xypeni. Hotmxkecinae dazanapasiy Oesiny 6eTi apKbUIbl MaccaaiMacy Ipolieci xKypesi — 3at 0ip

dazaman exiHm ¢azara anmacanbl. AFBIHHBIH = SIIPOCBIHAA 3aT KeOiHece TypOYJIEeHTTI
nyJbcauusiiapMer TaceiManianansl. Lllekapansik kadarta TypOyJeHTTI mynbcanusuiap OipTiHaen

ele OacTaliIsl.
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“ .. Jofeozrocms
Al \paaa‘famgms? \3)

2 (( "\.\

15.4 cyper. Maccaanmacy npouecinjae KOHIUeHTpanusiapasiH ¢pa3agapaa tapaiy
TICiMi

berrepain kaHbIHIA TachIMaiaay €ndyip Texeneni, ce0ebi OHBIH KbUIIAMJIBIFBI
MOJIEKYTaNbIK AUPPy3UsIMEH aHbIKTaIa bl

Maccaanmacy mporieciHiH, KapKbIHBIH apTThIPY YIIIH HIEKAPaIbIK KaOATTHIH KaJIbIHIBIFbIH
KIIPEeNHTy KepeK, aFbIHHBIH TypOYJIEHTTIK JIOpEXKECIH KOTHPY KepekK.

Maccaaamacy annapaTbIHbIH Heri3ri ejieM/1epiH AHBIKTA

Anmnapat quameTpi. AFbIH IIBIFBIHBI TEHJIEY1 OOMbIHITA:

VC@K ~ CS(,Od,
M¥Hlla Vce;( (¥ Q)aSaHHH KGJ‘IQM}I]K H_II)IFI)IHIJI; S ) aHHapaTTLIH KOJIICHCH KHWMACBbIHBIH
ay}laHI)I Q)—(ba?;aHI)IH OpTaHIa )KI)IH}IaMJII)IFI)I

nD?
JeHrenek KkuMa yIiH S =
4
2 nD?
Omaii 6onca V , = 7 O

4V
bynan D= j}—=
T,

Arnmapar OuikTiri. @a3anapablH y3/IIKCi3 )KaHAaCyhl Ke3iHze anmnapat ouiktirin H xenemmix

MaccaanMacy kK03 QUIMEeHTI apKbUIbI OPHEKTENITeH MaccaaaMacy TeHJIeyl HeTi3iH/Ie aHbIKTayFa
Oomapl.

dazanapabiy KaHacy OeTi

F=aV
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Mysa V —anmaparTsiH KyMbICIIbI KeTeMi; d —(a3anapblH MEHIIIKTI xaHacy OerTi.
Maccaanmacy TeHaeysepi

M =K ,aVAO;,
HEMeECe M= K,avVAX,,
AnmapaTThIH )KYMBICIIIbI KOJIeMi
V =SH
MyHzia S— anuapaTThiH KeJJIeHEH KAMACHIHBIH ayIaHbl; H —anmapaTThIH KYMBICIIBI

OUIKTITI.

V MoHiH Koiibll, H GoiibIHINIA IIEMICEK:

H = Y
KyaSAY .,

M
HEMece RN A0, Y
KxaSAX

Ocpl TEHICYJIEPMEH allapaTThIH KYMBICIIBI OMIKTITIH ecenTey YUIiH (a3amapasig
MEHIIIKTI kaHacy OeTiH a xoHe OerTik MmaccaanMmacy koddduimentrepin Kyxone Ky Oury

Kepek Hemece osapiblH keoenTiHauiepin Ky = Ky a xone Ky = Kya . Ky MaHi asamapasiy
*aHacy OeTiH aHbIKTay MYMKIH OoJIMaraH/ia Kepek.

84. MNIVIIOCTPAIUAJIBIK MATEPUAJIIAP: Buneoponukrep «PexTuduxanms»,
«PexTuduKalmsIIbIK anmnaparrapy.

8.5. O IEBHUET:
Herisri:
1. TIpomsinennas TexHoorus nekapcts, Tom 1. ITox pea. Uyemona B.1. — X.: MTK-
Kuura, M3gatensctBa HOAY, 2002 — 560 c.
2. Kacatkun A.I'. OCHOBHBIE MPOLIECCHI U alapaThl XUMUUYECKOW TEXHOIOTUN.9-¢ U3,
- M.: Xumus, 1973
3. Tnakcun FO.M., Manaxos H.H., Jlapun B.A. Ilpoueccs! u annapaTsl THIIEBBIX
npou3BocTB. — M.: KonocC, 2008. — 760 c.
4. Ax6epaues O.C. Tamak eHIpiCiHIH MPOLECTEP] KIHE anmnaparrapsl, Anmatsl; 1998
K.
5. Kaseukwii I'. /1. IIporieccer u anmapatsl nuiieBoi Texnomorun. - M.: Komoc, 2000.
Kocbimia:
1) PomankoB ILI., Kypoukmna M.MU. TI'mapomexaHWueckre TMpPOIECCHl XUMHYECKOW
TexXHONOTHHU.3-¢ u3. - JI.: Xumus,.
2) XKyxukos B.A. ®unsrpoBanue. 4-¢ uza. M.: Xumus, 1986
3) dapmarnepruueckas texaonorus. [log pen. M.U. Kpacuioka n I'.B. MuxaitioBoii—
Mocksa, Axagemus — 2006 r.
4) Anexcangpo U. A. PektugukanronHsie 1 aOCOpOIMOHHBIC anaparsl. MeTobl pcyera
1 OCHOBBI KOHCTPYHpPOBaHHS. 3-U3aanue - M.: Xumus,
5) Kadapos B.B. OcHoBsl Macconepenauu - M.: Beicinas mkosa, 1979
6) Pamm B.M. AGcopOuus ra3os.- M.: Xumus, 1966.-768 ¢

8.6. BAKBLIIAY CYPAKTAP (KEPI BAUJIAHBICHI):
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1) Maccaanmacy mpouecTepiniy oprak oenrici?

2) Maccaanmacy IpoIeciHiH KO3FayIbl KYIIIi.

3) Maccabepy xoHe MaccaaiMacy K03(hGUIMEHTTEPiHIH HU3UKAIBIK MaFrbIHATAPbI.

4) Maccaaamacy IpoIECiHIH TEHJIIK JKOHE KYMBICTHIK ChI3BIKTAPhl HEHI CHITATTaN 1517

5) 3arThiH afblH SAPOCHIHAH (hasanapiablH 0eJliHy OCeTiHe TachIMaJIaHybl KaiChl 3aHMCH
cunarranaabl?

6) Maccaanmacy npouecrepi Kaicel OarbITTa oTei?

9.1. TAKBIPBIBbI 12: Aiinay »xoHe peKkTuduKamms.
9.2. MAKCATDI: Crynentrepai aiinay koHe pekTU(UKALUS MPOLIECTEPIHIH TEOPUSITBIK
HeTi3/1epiMeH.
9.3. 19PIC TE3SUCTEPI:
1. Ainay
2. buHapabl KOcnaHbIH (Ga3aablK TCHITI.
3. Kapamaiibim aiiiayabiH MaTepraIIbIK OaIaHChI
JapicTin KbICKaa Ma3MYHbI
Alinay >xoHe peKTHU(UKALNS - TOMOTEHI1 CYMBIK KOCTaHbI CYHMBIK JKoHE Oy (azanap apacbiHOa
KypamactapbiMeH Oip HeMmece KOl peT aaMacThlpy apKbuibl O6emy. Onap KypaMaacTapbIHBIH
VIIKBIITBIFBI O1p TeMIepaTypaga dpTypIii O0JaTbIHbIHA HET131€IeH.

Alimay koHe pekTh(UKaIusiay aiaFaliKbl CYWBIK KOCHAa AUCTUIUIATKA , YKEHUT YIIAThIH
KypaMzacka OaiiblFaH, )koHe KyOThIK KaJIJbIKKa, KUBIH YIIAThIH KypaM/acka Oalbirad, OexiHe .

KapanaiipimM _ajigay mpoiieci el FOMOT€H[1 CYHBIK KOCHaHbl Oip peT OymaHABIPY KOHE
Ty3IreH Oynbl KOHJEHCAlUsuIay apKbUIbl Oemymi aiTambi3. KypammacTapbiHBIH YIIKBIIITHIFEI
QneKaia opTYpIIl Kocrnauapabl 0eiyre KoJAaHbLIa b,

bunapnel KocmaHbl aiaraHnga Ty3UIeTiH Oy KypamblHIa JKEHIUIYIIATHIH —HeMece
toMmeHKaitHaiThiH (TK) KypaMaacThlH KOHIIEHTPAIUSCHl TFalIKbl KOCHA KOHIEHTPALUsChIHAH
KoFapbl Oozanpl. bymanGail kanraH CyHbIK KypaMbIH[A, COMKECIHIIE, KUBIHYIIATHIH HEMEce
xorapbikaiiHalTeiH (JKK) Kypammac xem Oonaabl. by cyiblK KanmablK Aem aTamaiasl, al Oyabl
KOH/ICHCAIHSJIAY apKbIIbl AIBIHFAH CYHBIKTHI TUCTHIUIAT JICTT aTalIbl.

CoHFBI OHIM KYpaMbIH OPTYpIIl €TIN alyFa apHajFaH KapamaibiM aiiayabl GpaKIusibK
aliay e aTaiMebl3.

Bunapael KocnanpiH ¢a3aneik Tenairi Erep xocma ekxi kypamaactan typca (K=2) koHe
ONIApIIbIH apachlHIA XUMISIIBIK OpPEKETTEp >KypMece, OHJa CYWBIK >koHe Oy aszamap Oap
ke3zaedazanap canbl @=2. d3anap epexecine coiikec, Oy KyHeHIH epKiHIIK Aopexeci

C=K+2-0=2+2-2=2

Cyiiblk — Oy OMHapibl KOCHACBIH (PU3UKANBIK — XUMISUIBIK CHUIATTAy YLIiH (ha3aibIK
IFarpaMMaliap/ sl KOJIIaHFaH BIHFAHIIbL.

Unean xocnanap Paymp xone JlanmsToH 3aHmapbiHa OarbiHabl. Paynb 3aHbIHA Coiikec
TEHJIK JKaF/Iaii1a op KyPaMIACTHIH YiIec KBICEIMBI, Mbicaisl TK A KypaMIacThiH yiIec KbICHIMBIP
A, OCBI KYPaMJIACThIH CYHBIK KOCITaIaFbl MOJIJIIK €HITICIHE X4 Typa MPOTOPIIMOHAI.

A xoHe B KypamzaacTapaH TyparblH OMHAPIIBL KOCIA YIIIH Payib 3aHbl OolibIHIIA!

P A=Pa-Xa
JKOHE P” p=Pp - Xp=Pp(1-Xa) (1)
P* A — TEHJIIK JKAFIaiiIaFbI KYPaMJIaCTBIH YJIeC KbICHIMBI; X4 - KYPaMAIaCThIH MOJIIIK €HIIIICI;
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P4 — Ta3a KypaMaacTbIH KaHBIKKAH OYBIHBIH KbICHIMBI.

Ocpiven Oipre [lampToH 3aHbl OOMBIHIIA epiTIHAI OyABIH >KaIIbl KBICHIMBl OHBIH

KYpam/J1acTapbIHbIH YJieC KbICHIMIAPbIHBIH KOCHIH/IBICHIHA TEH.
P=P" A +P" g=PaXa+ Pp(1-Xa)

Paynp xoHe JlanbTOH 3aHmAphIH OPHEKTEUTIH TEHHACYNIEpPAEH, [=const Ke3iHje
KypamacTapIbIH MOJIJIIK €HIIIC, COHBIMEH KaTap OYyJIbIH CYHBIK YCTIHJET] XKambl KbICBIMBI, TK
A KypaMIacTbIH MOJIIK EHINICiHE CBHI3BIKTBIK TOYEIAUTIKTE eKeHiH kepewmi3. XKone JlanbToH
3aHpIHA coiikec TK A KypaMacThIH yiec KbICHIMBI P~ A OHBIH OyIaFsl MOJIIIK EHIIiCiHE V4 Typa
MIPOIOPLIMOHAIL:

P* A =PV,
Paynb 3aHb! Golibiama P* 4 =P4X4 ekeHiH eckepe OTHIPBII, OEpiireH CYHbIK KypambiHa Xy

TEHJIIK Kyii1e 60NaThiH Oy KypaMbiHa V', MBIHA OPHEKTI Ta0aMBbI3:

. PAX
Y, _? A (2)

t-x-y AuarpamMmaHbl TYpPFBI3Y VIIH P=const Ke3lHAeri adciycca OCiHIAE KypamJaphbl
X1,X2 X3 60omateiH CYWBIK KocnamapiablH ti, b, t3 kxaifHay Temmeparypaiapbl OpAHHATa OCiHE
OcITiJeHe]. .

AA14243B — KaiiHay cbi3bIFbl. CoHaH coH abOcuucca ociHe Paynb 3aHbpl OolbIHIIA
aHBIKTaNIFaH OyIbIH TEHIIK KypaMmaapbl V1 V%, V'3 canbHambL. Kubuibicy HYKTIIEpiH 11, t2, 3 —
B1,B2, B3 Kocy apKblibl AB1B2B3B — KOHAEHCAUUsIaHy ChI3bIFbIH alaMbl3.

F=const

17.1 cyper. Kajinay koHe KOHCHCALUSIJIAHY TeMIIepaTypaJapbiHbIH (ha3ajiap KypaMbIHa
Tayeaainiri (t —X—Yy amarpamma).
dazanslK Y — X 1uarpaMMmara TeHIIK ChI3BIFBI CaIbIHAbI. AWay IPOIIEC], 9JCTTE, CHIPTKBI
TYPaKThl KbICBIMIa P=const Kyprizijeni.
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Unean epiTiHAinepaiH TERIK CHI3BIFBIH Y =f(X) aHATMTHKAIIBIK )KOJIMEH KOPHITYFa 60IaIbl.
Oun yumiin Payns sxone JlanbToH 3aHaapbiH nainananamsis. Payns 3anbl Ooiibiamma (1) TCHICYACH
(2) Tenmeyre KOMBIII, JXOHE abIMIbI XKoHE Oesimi Pp Oeitir, Tabambl3.

P4
4 P oX
V= = \ . 3)
}_)A Xi+1-X4 1+((X—1)XA

Pp

MyH1a o, = - canabICThIpMaitbl YIIKBIITHIK.
Ps

J 3 | } | i 1 q
22 0t 0fF 08 10
. e (A

17.2 cyper. By — cyiibIK TeHairi tuarpammacsl (y — X iHarpamma).

t-X-y jK9He y-X auarpammaliapiarbl KUCBHIKTap/AblH e3apa opHajacybl KoHoBamoBThIH [
3aHBIMEH AaHBIKTANAJbl: CYHBIKKA KOCBUIFaHJAa OHBIH YCTIHJETi OYyJbIH KBICBIMBIH KOTEpPETIH
HeMece CYHBIKTBIH KallHay TeMIepaTypachlH KOTEPETiH KypamacieH Oy Oalubl.

Kapanaiipiv _aifiayibin _Matepuajibik Oanancel. KyOta T  yakpIThl  COTiHzE
KOHULEeHTpauusckl X OousathiH L kT aiinanarsid kocna 6ap.CyiibikTarsl TK KypamaacTeig
medepi LX.

TK kypamaac 60HbIHIIIA MaTePHATIBIK OaaHC:

LX = (L —dL)(x - dx )+ dLy"
Xaxkurans! atpin xone dLAX k6OEHTIHIICIH eCKepMel, aitHBIMAIBLIaPAbl OOJITEH COH
dL _ dx
Ly —x

byn muddepennmanast regaey F - nen W —ra neiiin sxone X F— gan Xw— ra aeiin
HMHTETPAJIaHYBI KePEK
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Hortwxecinne:

In dx

_XF
WL

Bun dysakmum y*= f(x) GyHKUMSACBIHBIH TYPIH TEHIIK CHI3BIFBIHBIH TYP1 aHBIKTaiabI. O
AQHAJTMTHKAITBIK JKOJIMEH TaOBLTYybl MYMKIH €MeC, COHJIBIKTaH TCHJIEY/IIH OH JKaFbIH IpapUKaIbIK
OJliCTICH MHTETPaJI i bl

1

i f(x)

y

AJBIHATBIH ~ OUCTHJUIATTBIH  opTama KypambiH TK  KypammacThlH — MaTepHAIIBIK
OaJIaHCHIHAH AHBIKTANUBL;

Fre =Wy +(F -WYX>),
(X) L Fre =W

R g
9.4. NniarocTpanusaibik MaTepHuaJjap: Buneoponukrep «PekTudukanus,
«PexTudukanonssle anmapatb». Herisri anmaparrap OeiHeICHTeH T1akaTTap.

9.5. Oneduer:
Herisri:
1. TIpomsimnennas TexHonorus jekapers, Tom 1. ITox pea. Uyemosa B.M. — X.: MTK-
Kuura, M3gatensctBa HOAY, 2002 — 560 c.
2. Kacatkun A.I'. OcHOBHBIE NPOLIECCH U aNMapaThl XUMUUYECKOW TEXHOJIOINN.9-¢ U3 1.
- M.: Xumus, 1973
3. Inakcun F0.M., Manaxos H.H., Jlapun B.A. IIpoueccs! n annapaTsl NHIIEBBIX
npou3BoycTB. — M.: KomocC, 2008. — 760 c.
4. Axo6epaues O.C. Tamak eHaIpiCiHIH IIpoIIeCTEPl KOHE anmaparrapbl, AnMartsl; 1998
K.
5. Kaenxwii I'. /1. [Tporeccer u anmapaTsl nuiieBoi Texaomoruu. - M.: Komoc, 2000.
Kocbimma:
1) PomankoB ILI., Kypoukmna M.WU. T'mapomexaHWdYecKHe TMPOIECCHl XUMHYECKOU
TEXHOJIOTHH.3-¢ n31. - JI.: Xumus,.
2) dapmarepruueckas texaosorus. [Tog pen. U.U. Kpacuioka u I'.B. MuxaitnoBoi—
Mocksa, Axagemust — 2006 r.
3) AunekcanapoB U. A. PektndukannonHsie 1 aOCOPOIIMOHHBIC anmmaparsl. MeTopl pcyera
Y OCHOBBI KOHCTpyHpOBaHus. 3-u3aanue - M.: Xumus,
4) Kadapor B.B. OcHoBbI Macconiepenauu - M.: Boicinas mikosa, 1979
5) Pamm B.M. A6cop6uus razos.- M.: Xumusi, 1966.-768 ¢

9.6. BAKBIJIAY CYPAKTAP (KEPI BAMJIAHBICHI):
1) bipTekTi cyiibIK KOCTamap sl 061y YIIiH KaHaai oaicTep KoaaaHblIaas?
2) Ailinay xoHe peKTH(GHKAIHs MPOIeCTePl CYUBIK KOCIAaHbIH KaH1ail KacueTTepiHe
Heri3aenreq?
3) Kapamnaiipim aiigay aereHimis He?
4) PextrduKannsa IPOIECIH TYCIHAIPIHI3.
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10.1. Takbipbin: CyHBIK-CYHBIK )KYHECIHIET SKCTPAKITHS.

10.2. MAKCATBI: CtyneHTTepi «CYHBIK — CYHBIKY KYHECIHIET1 SKCTPAKIINS IPOIECIHIH
TEOPHSUIBIK JKOHE MPAKTUKAJIBIK HET13/IepIMEH TaHBICTHIPY.

10.3. Iapic Te3ucrepi:

1. Dkcrpakmust Typajbl HETi3r1 MaJliMETTEp.

2. «CyHBIK — CYHBIK» KYHECIHIET] DKCTPAKIUS J/IiCTePi.

3. DKCTpaKUUsUIIBIK armapaTTapablH KYPbUIBICHL.

JapicTiH KbICKalIa Ma3MYHbI

OKCTpakiMsi — CyibIKTa epireH 3aTThl 0acka CyHBIKIEH UIbiFapbll any. byn kesne
HIBIFApPBUIATBIH  Kypampaac Oip cyWbIK (a3amaH ekiHmi CyHbIK ¢a3zara eremi. DKCTpareHTTe
HIBIFApPbUIATBIH KYpaMIac ’KaKChl €pU/l KOHE allFallKbl KOCIAHbIH 0aka KypamaacTapbl a3 epuil
HEMeECe TIITCH epiMEH/Ii.

dapmalieBTUKAJIbIK TEXHOJIOTHs1a SKCTPAKLIUSA IPOLIECIH KEHIHEH KOJIaHaIbl.

Kartel dazagarel Maccabepy mpoueci CyHbIKTaFrbl MaccabepyAcH diaeKaiiaa 0eiaex 0onambl ,
COHJIBIKTAH «CYMBIK — CYHBIK» JXKyHelneri 3KCTpakLMs «CYHbIK — KaTThl JEHE» XKYyHeciHJeri
IKCTPaKIUsAIaH 06JIEK KapacThIPbLUTYbI KEPeK.

«CyHBIK — CYMBIKY» XKYHECIHEr1 SKCTpaKIHs e3apa epiMeiTiH HeMece Oip OipiH/e a3 epUTiH €Ki
CYMbIK (hazanapblH apachlHAarbl 1U(pdy3UsIIBbIK IpoLiecc.

[IpouecTiy XKbUIJaMABIFBIH apTTHIPY YLIIH allFallKbl €pITIHAIHI )KOHE SKCTPAreHTTI e3apa Kol
per kaHacTeIpanbl. ONapAblH ocepiieCyi HITHXKECIHAE HKCTPAKT, MHIBIFAPBUIBIT  albIHATHIH
KYPaMIAcThIH 3KCTpareHTTerl epiTiHiicl, paduHaT, SKCTpaKIMsUIAaHATBIH KYpaMIacThlH Oenriii
MeJIlIepl HIBIFapbUIFaH aJlFalliKbl €pITIHIHIH KaJABIFbI, ajlblHA/bl. AJIBIHFAH CYHBIK (hazaaap/sl
(9KcTpakT jkoHe paduHar) Oip OipiepiHeH TYHIbIPY, Kelae UeHTpudyragay Hemece Oacka
MEXaHUKaIBIK onicieH Oesemi. CoHaH KEHMIH AIKCTPAKTTaH MAaKCaTThl OHIMAI Oemedl koHe
HKCTPAreHTT1 papuHaTTaH pereHepaysiainibl.

OKCTpaKTTaH MaKcaTThl ©HIM pEeKTU(UKalMsIay, HEMECE PEICTPAKIMS KOJbIMEH OeiHEeIl.
Pa¢punatTa epireH *oHe OHBIMEH KETETiH 3KCTPAKTTBHIH IIBIFBIHBIH a3ailTy YIIiH, 3KCTPareHTTI
pexTuduKanusiay Hemece 0acka epiTKIIIIEH dKCTpaKIusIay apKbUIbl 0eJie/ll, JKOHEIKCTPareHTT1
KaiiTa maiiiananyra xioepeni.

XII-1 cyperTe y3IIKCi3 SKCTpaKIMsIay MPOLECIHIH TOCIMI KOPCETUINeH. DKCTPAKIMS MpoLeci
MyHapaibl 3KCTpakTopJa oTelll, COHaH KeWIH 3KCTPaKTaH MAaKcaTThbl ©HIM PEeKTHU(UKALHSIBIK
MyHapaja 2 6esei, ajl SKCTpareHTTi padhuHaTTaH peKTU(PUKAIMIIBIK MyHapaia 3 Oeesi.
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E\TII(:Jl‘ll’allﬂOHHaF KOJIOHHa AN51 BbIJEeHNHf H3IBNeHeI-HLX BEILECTB H3 SKCTPRAKT3 3—])8K1‘H¢HKal]dOHHaﬂ
“CJOOHHa2 pJis  PereHepanuyn 3SKCTParedTa W3 paduRara 4 — KOAOHHLIE 3IKCTPAKTop & — KOJOHHa AR
PeIKCTPAKLHY
QdazanapaplH  KeJEeMiHIEC HeMece jKaHacy OeTTepiHAe XUMISUIBIK pPEaKUUsUIapAbIH  OTyi
caJijapblHaH KenOip karaaiaap/a dKCTpaKIUs IpoLeci KypaeniieHeal. AFalKsl epiTiH/IiHI eTe
Kakchl 06y YIIIH SKCTPAaKIMSHBIH apHaWbl QICTepl KOJAAHBUTYBl MYMKiH. MbIcaibl
OpPraHMKaJIbIK 3aTTapJiaH TYpPaThlH AJIFaIlIKbl €pITIHIIHI ©3apa epiMeNTIH €Kl dKCTpareHTTep.IiH
KOMETiIMEH ©HJey THIMAI eKeH, Oyl Ke3/le MakcaTThl KypaMaac OChl SKCTpareHTTepIiH
OpKaNChICHIHIA Ja CpHU/II.
DKCTpakius MPOIECiHIH CYWBIK Kocajnapabl Oenyre apHajdfaH Oacka TmpolecTepicH
(pextuduxanuet, aiinay, OymaHIaplpy KoHE T.0.) apTHIKUIBIIBIFBl OHBIH TOMEH >KYMBICIIBI
TeMIIepaTypachl.
OKcTpakuus mnpotieci OeJIMENIK TeMmIeparypaiapia kKl eTki3iieni. byn ke3ne epiTiHIiHI
OylaHAbIpyFa OKbUIYIbl IIBIFBIHAAYIBIH Keperi OonMaiabl. COHBIMEH KaTap KenTereH
epITKIIITEPACH MAaKCaTThl KYpPaMJACThl €H KaKChl €pITETIH, aJFallKbl KOCMaJaH XHUMUSIIBIK
KypaMbl 0eJieK, 0oy MPOLECiH TOJBIK XKYPri3eTiH epiTKIIITI TaHaay MyMKIHAIr 6ap. CoHbIMEH
Oipre KOChIMIIIa KypaMJacTbl - AKCTPAareHTTI KOJJAaHYy OHBbI pereHepalusuiaylbl Kepek eTel,
OKCTPAKLMs  MPOLECIHIH  ammaparypajiblk  Oe3eHAipuTylH  KyIeniieHaipeni,  OarachlH
KOFapbLIaTaIbI.
¥YuratelH 3arTapApl OeNreHze JKCTPaKIUs TPOIECiH MaliganaHy TeK KaHa pPeKTUQUKAIHIS
MPOIECIH OTKI3yre KUBIHIBIKTAP TYybIHJIAFaHa TUIMIL Oosiafbl. MbIcajbl, >KaKbIHKaiHANHTBHIH
KypamaacTapJaH TypaThlH KoOcCTalapabl 0y, a3eoTpONMsUIBIK Kocmamapabl Oeny, a3
KOHIIGHTPALMSIbl 3USH KOcHajapAbl Hemece Oaraibl Kocramapiael Oeny skoHe T.0. ArtanraH
KHUBIHJIBIKTAPFa MBICAJT PETIH/IE CIPKE KBIIKBUIBIH a3 KOHIIEHTPAIUSLIIBI CYaFbl €pITIH/IICIHEH 00Ty
YLIIH OSKCTapKUUSHBI TaijadaHy THIMII, OWTKEHI KailHay TemIepaTypajapblHbIH YJIKEH
alBIPMaNIbUIBIKTAphIHA KapaMacTaH, CYABIH KOIl MOJIIEpiH OYITaHIBIPY KOl MIBIFBIHIBI Tajarl
ereqi. COHBIKTaH CipKe KBIIIBIKBUIBIH OHBIH a3 KOHIIEHTPAIUSUIbI CyJaFbl epiTiHJICiHEH Oeiy
YIIiH THJIANETATIICH (HeMece ATHIIAIeTAT TIeH OCH30JIIbIH KOCTIACKIMEH ) DKCTPAKITUSITAN TbI.
Xorapel TemmnepaTypara TO31MCi3 3aTTap/bl, MbICaJIbl aHTHOMOTUKTEP/li, OOy YILIIH TeK KaHa
AKCTpaKIUs KoJiMaHbutanbl. Onapabl peKTHUKAIUS >KOHE OyJIaHABIpy odJicTepiMeH Oelcek,
XUMUSIIBIK TYPFBLIAH BIABIPA KETYl MYMKiH, COHKECIHIIIE KePEKTi KACHETTEPIH KOFaITaIbl.
JKCTpaKuMsiiIay daicrepi
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beliopranukanbIk 3aTTap/pl SKCTpaKIUsIaraHa cyibIK (a3anan 6ip Hemece OipHelle 3aTTapbl
O1p SKCTpareHTIeH OOl ajJaibl.

OpraHukanplK — 3aTTapAbl  OKCTPAaKUMSAJIaraHAa KOJAAHBUIATBHIH ~ OKCTPAareHTTep CaHbIHA
OaiiIaHbBICThI SKCTPAKLMAHBIH MbIHA TYPJIEPIH @XKbIpaTabl:

1)  keMmiHzme yul KypamjiacTaH TYpaTbhlH JKy#enepli Oip 3KCTpareHTIICH SKCTpaKLUsIay
(amFamikpl epiTIHAIHIH €Ki 06JHEeTIH KypaMIacTapbl ’KOHE IKCTPAreHT);

2) KeMiHJe TOepT KypamJacTaH TYpaTbIH >KYWHENIepJi €Ki dKCTPareHTTEPMEH JKCTPAKIMsIIAy
(ppakuusuTBIK SKCTpaKLys ) (aJIFanIKbl epITIHIIHIH €Ki 06iHEeTIH KypaMaacTaphl xkoHe Oip OipiHge
€pPIMEHUTIH €Kl 3KCTpareHTTep).

Bip skcTpareHTeH SKCTpaKkIusIay Kor TaparaH.

DKCTPAKUHUSIIBIK ANNAPATTAPABIH KYPBUIBICHI

Cyiiplk  (azamapaslH e3apa KaHacy TypJiepiHe OailaHBICTBI IKCTPAKTOp MBIHA TypJepre
Oemineni: 1) caTbulbl, ammapar CaThICBIHAH CATBHICBIHA OTKEHE (hasamapAblH KypaMbl CEKipe
e3repei; 2) nuddepeHIraibl — )KaHACTBIPHIPATHIH — (hazajgap Kypambl y3IiKCi3 ©3repe/i.

dazanapblH KaHacy O€TIH YIFalTy YILiH, COMKECIHIIe, MaccaaaMacy KbULIaMIbIFbIH KOOSHUTy
yiiH Oip cy#bIk (mucneperTi (aza) exinmn cyiibikTa (TyTac (asza) tamisl Typinae Tapanagsl. bip
(azanbl ekiHmi (a3aga mambIpaTyra xkoHe (a3anap/ibl apanacTelpyFra NaiiadaHbUIaTbIH SHEPIrUs
Ke3JepiHe OaillaHBICTBI SKCTpakTopiap ekire Oesminexi 1) bip ¢da3zansr exinmi ¢azana
IIaIIbIpaTyFa aFbIHIAP/IbIH 637ICPIHIH SHEPTUsIIAPbIH KOJIIAHATHIH; 2) OPEKETTECETIH CYMBIKTapFa
CBIPTTAH »HSHeprusi OepeTiH. by sHeprus MexaHMKaNblK OBUIFAyBIIITAP/BIH, TepOenmernt
KYPBUIFbUIAP/IbIH, SKCTPAKLUSHBI OPTa/laH TEMKIll KYIITEP OpICIHE OTKI31 XKOJIbIMEH KOHE T.0.
XKoJiapMeH Oepinyi MyMKIH.

DKCTpakTopiapia CYHWBIKTapAbl apajacThlpfaHHaH KeWiH Qaszamapasl Oeiy (cemapauusiay)
Kepek Oomaapl. Cemapanusiiay YIIH KOJJIAHBIIATBIH KYII TypiHe OalIaHBICTHI MBbIHA
9KCTPAKTOPJIAp/Ibl aKbIpaTajibl: aybIpJbIK KYILIl epiciHiae ¢azanapabl 0eseTiH 3KCTpakTopiap;
opTajJilaH TEMKIII KymTep epiciHae (azanapasl 06JIETIH IKCTPAKTOPJIap; MEHIINIKTI caliMaKTaphl
albIPMAIIBbUIBIFBI OCEpiHEH (a3ayap 06JiHETIH HIKCTpaKTOopIIap.

ITporecTi YHBIMIACTBIPY 9AICTEpiHE OAMIAHBICTBI ME3T1III OPEKETTI JKOHE Y3MIKCI3 OpPEeKeTTI
HKCTPAKTOPIIAPABI aKbIPATaIbI.

10.4. ManwcTpanusuiblK MaTtepuajaap: Buprtyanmel KoHapipreiiap. Herisri ammaparrap
OCiTHEJICHTeH IT1aKaTTap.
10.5. Oneduer:
Heri3ri:
1. TIpomsinuiennas Texnoorus jekapcts, Tom 1. ITox pea. Uyemona B.1. — X.: MTK-
Kuwura, M3gaTtensctBa HOAY, 2002 — 560 c.
2. Kacatkun A.I'. OcHOBHBIE MPOLIECCH U aIMapaThl XUMUYECKOW TEXHOJIOTUN.9-¢ U3 .
- M.: Xumus, 1973
3. Tnakcuu FO.M., Manaxos H.H., Jlapun B.A. Ilpomeccs! u anmaparsl HIIEBBIX
npou3BocTB. — M.: KonocC, 2008. — 760 c.
4. AxoOepnueB ©.C. Tamak eHIIpiCiHIH IpoLECTEPi KIHE anmaparrapbl, Anmarsr; 1998
XK.
5. Kagenkuii I'.JI. [Tporieccs! u anmmapatsl nuieBoi TexHogoruu. - M.: Komoc, 2000.
Kocbimma:
1. Powmankos ILI'., Kypoukuna M.U. 'mapomexanndeckue Mporecchl XUMUUYECKON
TexXHONOTHU.3-¢ m31. - JI.: Xumusl,.
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2. @apwmaneBtuyeckas texnonorus. Iloxg pen. .M. Kpacuioka n I'.B. MuxaitnoBoii—
Mocksa, Akagemust — 2006 r.

3. Anexcanapos U. A. PekTudukanmonasie n abcopOHOHHBIE annapaTsl. MeToabl
pcyeTa U OCHOBBI KOHCTpyUpoBaHus. 3-u3ganue - M.: Xumusl,

4. Kadapos B.B. OcHoBbl Macconiepenaun - M.: Beicuias mkosa, 1979

10.6. baksbl1ay cypakrap (Kepi Oail1aHbIChI):
1) DxkcTpakims Mpolecine aHbIKTama OepiHi3.
2) DKCTpakius npoleciHe KaHaai KypaMaacrap KaTbicaabl?
3) DKcTpakius MpoLeciHaeri TEHIIKTI KaHaai (pakropiap aHbIKTai/ 1617
4) DKcTpakius MPoLEeCiH KaHaai anmaparrap/ia eTkizemi?
5) DkcTpakius Mporeci MaccaaaMacy IblH KaHaai 3aH1apbiHa OarbIHaIbI?

11.1. Takbipbin: KatThl AcHE - CYHBIK )KYHECIHICT] IKCTPAKITHS.

11.2. Makcartbl: CTyAeHTTEp/l KATThl JCHE - CYMBIK KYHECIHAET1 SKCTPaKIUs MPOLIECIHIH
TEOPUSIIBIK HET13/1epIMEH TaHBICTHIPY.

11.3. [Japic Te3ucrepi:

1. [aiimanayaslH CTaTUKACHI )KOHE KMHETHKACHI.

2. lllaiimanmayra apHaiFaH SKCTPAKIMSIIBIK allllapaTTap/bl €CenTey.

3. Illaiimamayra apHaJFaH SKCTPAKIFSUIBIK allapaTTapablH KYPBUIBICHL.

JopicTiH KbICKalIa Ma3MYHbI

Mlaiimanay (OKCTpPaKUHUsAIAY) — TAIFAMIBUIBIK Ka0ineTi 06ap epiTKIITiH KOMETriMeH KaTThl
neHesieH Oip HeMece OipHelie 3aTTap/ibl Oeuin aiy.

®apMalleBTUKAIBIK OHIIPICTE TEri OCIMIIK HEMeCe >XaHyapJbIK KalWUIApJIbl — KEYeKTl
JIeHeNnepIl epiTiHaiIepMeH IaiiManay apKbUIbl eHAeiml. EpiTkim peTiHae KOoNJaHbLIATHIH
CYMBIKTap: Cy — A9PUIIK MONTepAl IlaliMarnay YIIiH; CIIUPT XKoHE OHBIH CY1aFbl KOCTIACHI — SPTYPIIl
TyHOaIap bl aly YIIiH; O€H3UH, TPUXJIOPITHIICH, AUXJIOPITAH - Mail skaHe 3(Up OHIIPICIHAE )KOHE
T.0.

[Taiimanay mporieciHeH Kei1H TeXHOIOTHSIIBIK TICIMIIC, 9MIETTE, CY3Tiiey, OyIaHabIpy KoOHE
KpHUCTaJUIM3alsuIay MpolecTepl Kypriziiei.

IMaiiMajsayablH CTaTHKAChl KOHe KHHeTHKachl. [llaiiManay ke3iHZe epiTKIIl KaTThl
JICHEH1H KeyeKTepiHe eHe/ll )kaHe OeumiHeTiH 3aTTapabl epiteai. [laiimanay ke3inaeri TeHIIK epireH
3aTTBIH XHMUSIIBIK TTOTCHIIMANBI JKOHE OHBIH KATThl MaTepHAIAFbl XUMISUTBIK IOTSHIIMAIBI
TEHEeCKeHle opHaiabl. Ochbl Ke3/eTi epireH 3aTThlH KOHIEHTPALUSICHIH, epITIHAIHIH KaHbIFybIHA
CoMKeC Kellell, epITITIK AeT aTaiabl.

KarTsl neHe OeTiHIH jKaHBIHA TEHJIK a3 YaKbIT apajblfblHAa OpHbIFaJbl. COHIBIKTAH
MaccaajiMacy MpOIECiH Tajjay Ke31H/e KaTThl JIeHe — epITKII (a3atapbelHbIH O6liHy OeTTepiHe
KOHIIEHTpAIlMsl KAHBIKKAH ePITiH/II KOHIIEHTPAIMSICHIHA Yian TCH NI KaObLITaHA T

[Tajimanay KMHETHKACBIHBIH HET13T1 Maceseci, SKCTpaKUMsIaHaThIH 3aTTapblH OepiireH
06JIiHy JTOpeKECIH KamMTaMachl3 €TeTiH, e3apa ocepiieceTiH ¢aszalapAblH JKaHaCy Y3aKTHIFbIH
aHbIKTay. DaszanapIblH )KaHACY Y3aKTHIFbI OOMBIHIIA SKCTPAKIHMSIIBIK anapaTTapAblH eJeMaepi
aHbIKTAJIAIbI.
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[laiimanay ke3iHaeri MaccaalaMacy >KbUIAaM/IbIFbIHA KaTThl ICHEHIH 1IIKI KYPBIIBICH YJIKEH
BIKITAJI Kacai/Ipl: KamUIAPIIapbIH OJIIMIeMIepl KoHe MIIIiHI, O6IIIEKTePAIH XUMHSUIBIK KYPaMBbl.
KarTel nmeHeHiH 1MIKiI KYPBUIBICBIHBIH KYPACNUTIr KanwuIspiabl — KEyeKTi JeHe imiHzeri
MaccaaaMacy MpoIeCiH aHATUTUKAIIBIK CUITATTAYAbl KABIHIATAIbI.

[MMaiimanay (dKcTpakmusuiay) KemcaTbUlbl Kypzenli mporecc. On mporecti mamanan TepT
Ke3eHaepre Oenyre Oomamel: 1) epiTKIITIH KaTThl JeHE Keyekrtepine auddysusuianysi; 2)
OeJTiHETIH 3aTThl HEMece 3aTTapAbl epiTy; 3) KAaTThl JCHE KamUIIpIapblHAa SKCTPAKIUSIIaHFaH
3aTTapasiH - (azanmapasid  Oeniny OeriHe aeiin muddysusuianysl; 4) CyHbIK epiTiHigeri
OKCTPAKIUSIIAHFaH 3aTTap/IbIH (Da3anapabiH OeriHy OCTIHEH aFbIH SIPOChIHA MaccaaiMacyFhl.

JKorapreiga atanran TepT Ke3eHACPAIH COHFBI €KEyl MaccaaaMacy/IbIH KB YKbIIIaMIBIFbIH
AHBIKTAWU]IBI, OUTKEHI, 9JIETTE, aJFAIIKbl €Ki Ke3CHIIETT MaccaTaChIMaIIayablH KbLIIaMIBIKTAPBI
COHFBI €KEYIHIH OTY KbUIJaMIbIKTapblHA KapaFaHAa dJeKaiiia )KoFaphl.

CoHbIMEH, MaccaTachIMAIIAYIbIH Kaanbl TA(QY3UUIBIK Keneprici KaTThl JeHE imIiHaeri
I Gy3usIIBIK KeIepriieH )KoHEe ePITKIII 1IIH/Ier1 KeAePTiIeH TYpabl.

Kanunnspisl - KeyekTi JAeHe 1miHaer 3aTThiH AUu(y3usiiiany KbUIIaMIbIFbl MacCaoTKI3y
TEHJICYIMEH CUTIATTAIAIbI.

Kanumnsipiasl - KeyekTi JeHe iliHaeri 3aTThlH Audy3usiany KbUIIaMIBIFBl MaCCAOTKIZY
TEHJCYIMEH CUTIaTTaJIa bl

dM = —D X dFdr
dan

Mynna D — maccaetkidy koa¢pdurmenti (quddysns kodhduumenTi); ¢ — KaTThl AeHEAETI
€pITUIETIH 3aTThIH KOHIICHTPAIUSICHI.

®dazanapabiH 0eJiiHy OETIHEH SKCTPAareHT aFbIHBIHBIH SAPOCHIHA Macca Oepy KbIJIAaM/ IbIFbI
Maccalepy TeHIEyIMEH CUTIaTTaIaabl

dM = By (v — y)dFdt

Mynpa By- mMaccabepy KOdpQUIUEHTI; Yy, ¥ — KaTThl JEHEMEH DKCTPAreHT IIeKapachiHIaFbl
KOHE DKCTPAreHT aFbIHBI SAPOCHIH/IAFbI €pPIreH 3aTTapAbIH KOHIIEHTPALUSCHI.

MaccaoeTki3zy jxoHE Maccadepy >KbULIaMIBIKTApBIHBIH KATBIHACHIH CHMATTay YmIiH buo
YKCACTHIK CaHBI KOJIJIAHBLITA b1 81

Bi 1 OB

KarTbl feHe imIiHAe MaccaeTKi3y MPOLEC] KbUIIaMABIFbIHBIH YaKbIT OolibIHIIA e3repyiH Dypbe
YKCACTBHIK CAHBIMEH CHIIATTaN bl
_ Dt
Fo, =—.

11.1 cypeTTe oCiMIK XKaCyIIaChIHBIH KYPBUIbICHl KOPCETUITeH.

Macca TacsiManjayra Heri3ri KeJIepriHi JKacyla mpoToria3Machkl TybIHAATa bl COHIBIKTAaH
mraiManay MOpoOIECiHIH ajIblHIa LIMKI3aTThl apHail eHjeylaeH oTkizeni. JKacyma KaObIFbI
TaOMFaThIH JKarainTKaHAa (AeHaTypalusIaHFaHa) acylIaHbIH KeJeprici KIUAT a3asiibl KoHE,
coliKeciHIIe, MacCaoTKi3y KO (UIIUEHTI ocel.

1 — xacyma KaObIFbl, 2 — TIpoTOIIa3Ma; 3,4 KapThUTAMeTKI3TIIT
MeMOpaHaiap; 5 — BaKyoJib.
11.1 cypet. OciMaik Kacymachl.
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MaccaeTkizy K03 (pULIMEHTI KaTThI ACHEHIH iK1 KYPBUIBICBIHA, KCTPAreHTTIH (PHU3UKAIIBIK
KACHeTTEpiHe,  SKCTPaKIMsUIAaHATBIH  3aTTBIH  KOHIEHTPALMSACHIHA  JKOHE  MPOICCTIH
TeMIieparypacbiHa Tayenal. MaccaeTkizy KO3 UIMEHTIHIH aTajfaH (akTopiapra TOYeNIisir
TOXKIpUOE KY31HAC aHBIKTATATIBI.

ToxipuOe HOTHKEIepiH KOPBITBIHABUIAY KOJIbIMEH Maccabepy Ko UIIMEHTIH ecenTey YIIiH
MBbIHA YKCACTBIK CaHIap TeH/EYl YChIHBIIFaH
Nuy, = 0,8Re">Pr033,
Mynpna Nuy, = pd/D - HyccenbT yKcacThIK canbl; d — KaTThI JICHEHIH AHAMETPi; Re — wdp/p -
PeliHONBIC YKCACTBIK CaHBI, W — OKCTPAreHT KbUIAMIIBIFBL, |l — SKCTPAreHTTIH JTUHAMHKAIBIK
TYTKBIPJIBIFEI, Pr =v/D - I[IpaHATIB YKCACTHIK CaHBI; V - SKCTPAreHTTIH KUHEMATHKAJIBIK
TYTKBIPJIBIFHL.

¥KcacThIK caHIap TEHICYIHEH IaiiManiay MpOLECiHIH KapKbIHBIH apTTHIPY YIIH THIMII
THIPOIMHAMUKAIIBIK JKaFdai jkKacay KEpeKTiriH Kepemi3. MpbIcambl, KaJlFaH CYWbUTY KaOaTThI,
BUOPALMSIIBIK JKOHE MYJNbCALUAIBIK SKCTPAKIMAIBIK ammapaTTapia, COHbIMEH KaTap KaTThl
MaTtepuaibl Maiganaranaa. KarTel martepuanisl MaijanaraHjga maccaainmacy OeTi yiIFasjibl,
OKCTPAKIUSATAHATHIH 3aTThIH KalWUISpiap TepeHAIriHeH Marepuan OeTiHe MAEiHr1 JKOJIbI
KbICKapaabl. MaccaeTkizy Ko3(Q(UUIMEHTI TeMmIeparypa KOeTepuUIreHIe ©CeTIH OOJIFaHAbIKTaH,
IaiimManay nporecid SKCTPareHTTiH KaliHay TeMIlepaTypachlHa )KaKblH TeMIlepaTypajia Kyprizei.
byn ke3ne KaHBIKKaH EpPITIHIHIH KOHIEHTPAIMACH Ja eceidl, OJI IIaiimManay 3>KOHE epiTy
IpOLECTEPiHIH KO3FayllIbl KYIITEPiHIH 6CyIHE COKTHIPAIbI.

MaccaeTki3zy KbUIJAMIBIFBIH apTTBIPY VIIIH (apMaleBTHUKAIBIK OHIMAI KacyllaHbIH
KEJIepriCiH azaiTyra OarbITTaIFaH OHACYJICPICH OTKI3E/Il.

Hlaiimanayra apHaJIFaH IKCTPAKIUSJIBIK ANNAPATTAPABLIH KYPbLIbICHI.

Xumus-papManeBTUKANBIK OHIIPICTE epiTyAl KoHe IIaiManaynbl Me3TUIIl JKOHE Y3/IKCi3
OlICTEPMEH  JKYpri3eldl, COWKeCiHIle, aTajlfaH IpoLecTepal KOHCTPYKIHSUIaphl —9pTYpIi
nepKoysiTopiaapaa xoHe nupQy3usuIbIK anmnaparrapia eTKi3edi.

[lepkonarop KOHYycThl TyOl jkoHE KakKMarbl 0ap TiK HMIMHIPII anmapar Typinae 6omamst (1
cyper). Ilepkomarop TyOiHe TOpiamMa OpHACTHIPBLIAABI, OFAaH KOFAPFhl KAKMAK apKbLIbI
MaiiiananFaH KaTTel Matepuan sxykTenesi. [llaiimanaynan keiliH TOMEHT1 alllbUIAThIH JTFOK apPKbLIBI
MaTepHUaIT IIBIFAPHUTBIT TACTAIAIBI.

[Tepxonaropnap Tiz0exTemnin, 6aTapes 60ibIN, )KUHAKTanaabl. barapesna nepkoasTopiaap caHbl
4 — ten 15 ke xeremi. EpiTKill TOMEHHEH >XOFaphl Kapail OapibIK TEPKOJISITOPIAp apKbUIbI
COpFBIMEH aiianazbl. barapes KapchlOaFbITTHI MPUHIMIT OOMBIHINIA KyMbIC icTeiai. Ke3 kenrexn
YaKpITTA IIaiiMaliay JopPEKECiHe )KETKEH MEPKOISITOP aXKBIPATHUTIBII, OHIAFBI )KYMBIC icTen OOJIFaH
MaTepHall HIBIFApbUIaJbl KoHE OanfblH MaTepHual KyKreieldi. Marepuan MHepKOJIsATOpAaH o3
caJIMarbIMeH Tycemi. batapes OyTiHmen y31iKci3 )KYMBIC iCTei Oepei.
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1 cyper. IlepkonsTop.
1-kakmak; 2,5-epiTKIIIKE apHaJFaH MTylepiaep; 3-Kopnyc; 4-topjiaMa; 6 —alibUIaThIH JIIOK; 7-
KaTThl MaTepual.

Kanrancyiibry KadaTbl 6ap annapartTap IaiiManay blH *KoHe epiTyiH KapKbIHIbUIBIFbIH
apTHIPAJIBL.

byn anmaparrap myHapaTypinae skacananbl. OHBIH TOMEHI1 KaFblHa TapaTylibl Topjama
opHanacTeIpplIabl. OChl TopiaMara MaiJajaHFaH KaTThbl MaTepuain >KYKTeJeadl, al epiTKill
TOpJIaMa acThIHAH JKOFapbl Kapai Oepinenmi. EpiTKINI >KbIITaMABIFBl 9CEPIHEH KATThl MaTepHa
KaJFaHCYUBLTY KYHiHe Tyceni. byn anmaparrap/ sl OypbIH KapacThIpFaHOBbI3.

Y3aikci3 opekerti Aud@y3usabIK annapaTrap KaHT eHIIpICiHAe KbI3bUIIIA KOHKAJapblHAH
KaHTTBl OeJiNn anxy YIIH KeHIHeH KOJIJaHaJbl. 2 CypeTTe eKIUIHEKTI keibey IudQy3usuIbIK
anmapar KepceTuIreH. ANMmaparThlH TOpU30HTKa keibeyniri §...11 Anmapar imriHzae exi IIHeK
apKBUTBI KbI3BIIIIA )KOHKACH! KO3FalIaibl, COHBIMEH KaTtap OipKarap KOCBIMIIIA KYPBUIFBIIAPHI Oap.
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Puc. 2006, Haknowumh Joyx-
WHeXO0BLIA Audipy INOHHBIR an-
napart:

I, 8 — anexTpOARNTATENA, J — TPK-
eMubifl Bynkep; F — kpulwed; ¢ —
onopa; 5§ — neperopoaxa: 4, g -
AACTH, 7 = RRIIPYAKHOR TREK
10 — wwex: /1 — rpewuins kasepa:
12 — ewto; I3 — wryuep Ann spisoia
AupdvivoHHoTU coke;, 14 = pefipo;
15 — sonaune; 16 — KOHTPAORICTS

11.4. WamocTpanusiblk MaTepuaianap: Bupryanasl konasipreiaap. Herisri anmaparrap

OCifHEeNIeHT eH TIIaKaTTap.
11.5. Oneodomer:
Herisri:

6. IIpombinuieHHas TexHosorus aexkapcts, Tom 1. Ilox pen. Uyemosa B.U. — X.: MTK-
Kuwura, M3gaTrensctBa HOAY, 2002 — 560 c.
7. Kacatkun A.I'. OCHOBHBIE MPOLIECCH U aIapaThl XUMUUYECKONW TEXHOIOTUU.9-¢ U3,

- M.: Xumus, 1973

8. Tlmakcuu KO.M., Manaxos H.H., Jlapur B.A. IIporiecchl 1 anmaparhl MAMIEBHIX
npou3BocTB. — M.: KonocC, 2008. — 760 c.
9. AxOepaneB O.C. Tamak eHipiCiHIH MpolieCTepl )KIHE anmaparTapsl, AnmaTsl; 1998

XK.

10. Kagenxkuii .. IIpouieccs! n anmapatsl nuieBoit TexHogoruu. - M.: Komoc, 2000.

Kocbimma:

5. Pomankos I1.I'., Kypouknna M.U. I'uapomexaHnueckue Npouecchl XuMUYECKOM

TEXHONOTHHU.3-¢ u3 1. - JI.: Xumus,.
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6. dapmaneBtuyeckas texunonorus. Iloxg pen. M.M. Kpacuroka n I'.B. MuxaitnoBoii—
Mocksa, Akagemust — 2006 r.

7. Anexcanapo U. A. PekTudukanmonasie n abcopOHOHHBIE annapaTsl. MeToabl
pcyeTa U OCHOBBI KOHCTpyUpoBaHus. 3-u3ganue - M.: Xumusl,

8. Kadapos B.B. OcHoBbl Macconiepenaun - M.: Beicuras mkosa, 1979

10.6. Bakbli1ay cypakTap (Kepi OailsiaHbICHI):

1) Kartsl gieHe - CyibIK )KYHeCiHAer 3KCTPaKIs POLECiHe aHbIKTaMa OepiHi3.

2) KartTsl AeHe - CYMBIK JKYHeCiHeT] SKCTPaKIHs MPOIECiHe KaHaal Kypamaactap
KaTbIcaabl?

3) Karrel aeHe - CYMBIK JKYHeCIHAEr 9KCTpaKIKs IPOLECIHACTT TCHIKTI KaHaai (akropap
aHBIKTAHIbI?

4) KatTel qeHE - CYHBIK XKYHECIH/IET] SKCTPAKIUS MTPOICCIH KaHIai anmaparrapia eTKi3eai?

5) Kartel geHe - CYHMbIK JKYHECIHAEr 3KCTpaKIuUs IpoIeci MaccaaaMacy/IblH KaHaai
3aHJapbiHa OarbIHAbI?

12.1. Takbipbin: Ancopouus.

11.2. Maxkcatei: CTyIeHTTEp/II KaTThl JICHE - CYMBIK XKYHECIHIET] aacopOmus mMpoeciHiy
TEOPHSIIBIK HET13/IepIMEH TaHBICTHIPY.

11.3. [Japic Te3ucrepi:

1. AncopOuus Typaibl )KaJIbl TYCIHIK.

2. AJCOpOIMAHBIH MaTEPUATILIK OaTaHCHI.
3. AzcopOrys MpoIeCciH OTKI3yre apHaIFaH ammaparrap.

JapicTiH KbICKaIIa Ma3MYHbI

lNazpgan, Oy KocmanapblHaH HeMece EpITIHAINEH KaTThl 3aTThIH KOMEriMeH Oip Hemece
OipHeIIe KypamMaacTapbiH KYTY MPOIECiH ajcopouus nen ataiasl. Kanmait ma 6ip KypamaacTbl
AKYTBINl aJaThbIH KATThl 3aTThl aAcOPOeHT Jern aTaiiibl. AJl JKYThUIATBIH 3aTThl aAcOpPOTHB JEI
aTaipl. AncpoOnus Ke31HIET1 )KYTY KaTThl 3aTThIH CBIPTKBI O€T1 apKbUIBI 6TeAl. AJICOPOIUSIHBIH
€Kl TYPIH aXpIpaTajbl: (DU3UKAIBIK >KOHE XUMHSIIBIK (xemocopOuus). PU3MKaibIK aacopOIus
Ke31HAe JKYTy TMpoleci aacopOeHTHeH aJcopOTUBTIH MOJIEKYJalapbl apachlHAAFrbl TapThULY
KYIITEpl OCEepiHEeH XKYpeli, eUIKaHIail XUMMIBIK e3apa acepiecy Oonmainbl. XemocopOrus
Ke31H]1e aICOPOCHTIICH aJICOPOTUB apachIHAa XUMUSIIBIK peakIus xypeai. @u3nukaibIk aacopOorus
KaWTBIMIBI, aJl XEMOCOPOLIHs OapibIK YaKbITTa KaUThIM/IbI 0012 6epMeni.

Cy OybIH aicopbnusiiaran/ia aicopOeHT OeTiHe 01 KOHIeH CansUTaHybl MyMKiH. KoHneHncar
aJIcOpOCHT KEYEKTEpiH TOJNTHIPa/bl, COHABIKTaH OYJI acOpPOLUSHBI KalWUISPIbIK KOHICHCAIHS
Jen KAl atadael. byn mporecTi opTypiil eHIpic calaliapbhlHIa Ta3fgaplbl Ta3aaraHfa,
KYpFaTKaHJa >KOHE epITIHAUIepl Ta3ajaraHaa, ra3ap MEH CYWBIKTapAbl OesreHje KeHiHEeH
KoJiaHaapl. DapManeBTUKAIBIK OHAIPICTE aacOpOUMSHBI TErl OpTYpPJl HIBIPBIHAAPILI JKOHE
TYHJIBIpMaJap/Ibl Ta3aaranaa KoJ1aHa/bl.

AcopOeHTTep KIHE AACOPOUMIIBIK Ka0lleTTiTiKTepi.

AncopOnmst poreci KapKeIHIBI JKYPYl YIIIH aACOPOSHT PETIH/E KanuuIsIpiIapMeH HeMece
KEYEKTepMEH TECIreH, YIKECH MEHIIIKTI ayJaHbl 0ap KaTThl 3aTTap KoJAaHblIaabl. KyTbulaThiH
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ra3aap, Oysap, CyMbIKTap OChl KaWJUIAPJIAPABIH JKOHE KCyeKTepaiH OeTTepiHie KaObIKIa
TY3€/Il.

AJICOpOEHTTEp KYTYy, HEMece aaCcOpPOIUSIIbIK, KaOileTTUIIKTepIMEH
cunartanaasl. On aacopOEHTTIH Macca HeMece KoeyeM OipJiriHaeri
a7copOTUBTIH KOHIICHTPAIIUSACHIMEH aHBIKTAIaAbl. bepuiren 3aTka
a7COpOUSIBIK KaOIIETTUIIK TIPOIIECC OTETIH TeMIepaTypara >KoHE
KBICBIMFa TOYE/I1, COHBIMEH KaTap aAcOpOTHBTIH KOHIICHTPAIIMIChIHA 12
Toyenai 0onaael. AICOpOCHTTIH OEpuIreH karjgaiga MYMKIH OOJIaThbIH
MaKCHUMYM JKYTY KaOUIETTIIITH OHbIH TeHIIK O€ICeHIIITI IeTaTal/Ibl.

OHpipicTe aacopOCHT pETiHAE OpTYpJi 3aTTap KOJAaHbLIAIbI.
dapmalneBTUKAIBIK ~ OHAIpICTE  OCJICEHMIpUITeH  aram  Kemipi,
IEJUTIONIO3ANIBIK, Macca, CYyHeK KeMipl, CHUIHKareib, IEOJUTTED IKOHE
HOHUTTEP KCHIHCH KOJIJaHbBIIAIbI.

AJCOPOUHUSAHBIH MATEPUAIBIK 02JIaHCHI.

AJncopOuusi  >koHE aOcopOLMs TPOIECTEPIHIH ©3TreHIeIiKTepiHe
KapaMacTaH, 0JIap YKcac 3aHabUIbIKTapMeH oTel. COHABIKTaH OJapAblH
MaTepuajbIK OaJaHChaphl 1a YKcac 00Jaabl. AJCOpOIMs MpOIec YIIiH
MaTepUaIIbIK OaJlaHC TEHJEYl MbIHA TYPJIC Ka3bLIa Ibl:

G(YH v YK) = W(XK K XH) = Gy,

Mynna G — Gesntyre apHajraH Kocma MeJIIepi, Kr;

Vi, Yx — KOCHagarbl aJCOpOTUBTIH OacTamKbl >KOHE COHFBI
KOHIIGHTpAIUsIIaphI, KI/KT;

W — ancopOeHT Meuiiiepi, Kr;

Xy Xx — OKYTaTblH 3aTTarbl (aJCOpPOEHTTETri) ajCOpOTUBTIH
OacTamnKpl >KOHE COHFbI KOHIIEHTPALWIIAPbI, KI/KT;

Gn — aJcOpOLMsUTAaHATHIH 3aTTHIH KYThUIFaH MOJIIIEpI, KT.

AJICOPOTUBTIH  aACOpPOEHTTErl KOHUEHTpAUACHIH  DpelHmIInX
TEHJICYIMEH aHbIKTayFa 00JIaJIbl:

X = K'ylln,
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Mkuna K xoHe N — Oenrimi aacopOEHTTEp MEH ajacopOTHBTEPIIH
MIHE3/IeMe TYPaKThLIAphl (KOHCTaHTaIaphl).

benrut yakpIT apajbiFbiHAA aaCOPOIUsIIAaHFaH 3aTThIH MOJIIEPiH
MbIHAa TEHACYMEH ecenreyre 00aaabl:

Gr=B-AC-S'1,
Mynaa B — aacopOiust ke3iHaeri Mmaccabepy ko3¢ duimenti, m/c;
AC — KOHIICHTpALUSHBIH OpTallia albIpMachl, KI/M;
S — azicopOeHT 6eTi, M?;
T — YaKBIT, C.

Azicopouus npouecin 6TKizyre apHaJraH anmnaparrap.

@apmaneBTUKAIBIK  OHJIpiCTe KO3FaJIMAaWTBIH aJCOPOCHT
Kabatel Oap agcopOepiiep KeHIHeH Koiaanbuiaabl. Ockl anmaparrap
TYPIHIH MbICAJIbl PETiHAE MYHapajbl ajcopOepl aliTyra Oosasl

(5.5 cyper). On OenceHal KeMipMe TOITHIPBUIFaH
HUJIMHIP TOpi3Nll pe3epByap TYPIHAE >KacajFaH.
YCTIHI KaFblHaH Ta3JaHATbIH IILIPLIH Oepiiel.
AJncopbepaeH 6TKEH HIbIPbIH
MIHJIETTI TYpHAE CY3Tie KeMip
O6JIIeKTEpIHEH Ta3apThLIAIbI.
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5.5 cypeT. MyHapanbl TunTi aacopbeppiH cxemachl
1 - cybiK WbIFAThIH KenTe Kybbip; 2 —anmapar KOPITyChl
(mynapa); 3 — agcopOeHT; 4 — CyblK KipeTiH KenTe Kyb6blp

10.4. ManwcrpanusuiblK MaTepuajaap: Buptyanaer KoHasipreutap. Herisri anmaparrap
OCiTHEeNICHT eH II1aKaTTap.

10.5. Onedouer:

Herisri:

11.

12.

13.

14.

15.

[IpomsinienHas Texnonorus jekapcrs, Tom 1. [lox pen. Uyemona B.1. — X.: MTK-
Kuura, M3patensctBa HOAY, 2002 — 560 c.

Kacatkun A.I'. OCHOBHBIE NPOLIECCHI U anapaThl XMMUYECKOH TEXHOJIOTUH.9-€ U3
- M.: Xumus, 1973

[Tnakcun FO.M., Manaxos H.H., Jlapun B.A. [Ipouecch! u anmapaTsl MALIEBBIX
npou3BojacTB. — M.: KonocC, 2008. — 760 c.

AxOepnues O.C. Tamak eHIpICIHIH MpolecTepl KaHe anmnaparTapbl, Anmarsl; 1998
XK.

Kagenknii I'.J1. TIpoueccs! n anmapatsl numeBoi TexHoorud. - M.: Komoc, 2000.

Kocbimma:

N\

10.

11.

12.

Pomankos IL.I'., Kypouknna M.J. ['mapomexanndeckue npoueccbl XMMUIeCKON
TEXHOJIOTHH.3-¢ n31. - JI.: Xumus,.

®apwmarnetuueckas texunonorus. [lox pen. .M. Kpacuioka u I'.B. MuxainoBoii—
Mocksa, Axagemus — 2006 r.

AnexkcannpoB U. A. Pektudukannonasie 1 abCOpOIMOHHBIE anmapaThl. MeTo b
pcueTa ¥ OCHOBBI KOHCTPYHpOBaHUs. 3-usnanue - M.: Xumus,

Kadapos B.B. OcHoBbl Maccomniepenauu - M.: Beicmast mixomna, 1979

10.6. baksbLiay cypakrap (Kepi 0aii1aHbIChI):

Ancop61us mporecine aHbIKTama OepiHis3.

AncopOrtus mporiecine KaHaai KypamaacTtap KaTbicaabl?

AncopOnust MpoIeCiHAeT TEHAIKTI KaHaal GpaKkTopiiap aHBIKTANHIbI?

A ncopOrust poLieciH KaHaai anmnaparrapaa oTkizemni?

AJicopOriust MpoIieci MaccaaaMacyabiH KaHaal 3aHaapbiHa OarbiHAIbI?

1)
2)
3)
4)
5)
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13.1. Takbipbin: Kenripy.
13.2. Makcartbl: CTyeHTTepl KENTIPY MPOIECIHIH TEOPUSUILIK HET131ePIMEH TAHBICTBIPY.

13.3. 19PIC TE3UCTEPI:

4. Keutynelk Kentipy omictepi. TeHIOIK BUFANIBUIBIK JKOHE BUIFAJIBIH  MaTepuaiMeH

Oaiinanbicel. bliran aya kacuerrepi. | — X tuarpaMMansl TYpFbI3Y.

5. Kentipyain MatepuanablK *oHE KbUTYIbIK OanaHcTapsl. KemnTipy mpoliecTepiH bUIFall aya

Aauarpammachinzia OeiiHeney.

6. Kenripy nporieciniH KHHETHKACHI.
JapicTin KbICKa1Ia Ma3MYHBI

blnfannel KaTThl MaTepUal[jaH >KbUIYJBIK ©HIEY apKblibl OyJaHIbIPYJbl >KOHE OHBI
ayractayibl KENTIpy AN aTaiibl. By mporiecTe pUTFai KaTTel Ga3agan raz Hemece 0y ¢aszara ete/i.
Kenripinerin Maepuanra >xpuly Oepy oficiHe OaillaHBICTBI KENTIPYAiH MbIHA TYpJIEpiH
KbIpaTaJIbl:

1. KoHBEKTHBTI KeNTipy — KENTIPETIH MaTepUasibl KENTipy areHTIMEH TiKeJel KaHaCThIpy
apkbUIel KenTipy. Kenripy areHTi peringe keOiHece KbI3IBIPBUIFaH aya HEMecCe TYTiH
KOJIJaHbLIA/IbI.

2. JKaHacTelpy KeNnTipy — JKbUILy *KbUTYyTaChIMAJIAFbIIITAH bUIFa] MaTepUalFa oJapAbl Oein
TYpFaH KaObIpFa apKbLIbl Oepiiei.

3. Pammanmsnsik kenTipy — HHQPaKBI3bUT COyIIeTIepMEH KEMTipy.

JIMBIeKTPIliK KeNTipy — bUIFAJ MaTEPUAILAbI )KOFaphl )KUIIIKTI TOKIEH KENTIpY.

5. CyOnmmarnusuibIK KENTipy — BaKyyM/a My3/1aTy apKbLIbl KENTIPY.

KenTipyniH COHFBI YLI TYpJIEpIH apHaibl KenTipy Jem araiiabl. OHipicTe KeOiHece
KOHBEKTHUBTI1 KENTIPY KOJIJAHbLIA IbI.

KoHBeKTHUBTI KeNTipy Ke31He KeNTipy areHTi ekl pyHKUUsIapibl OpbIHIaN bl KENTIPETIH
MaTepuaiFa Kby Oepeii )koHe 0J1aH OyJIaHFaH bUIFAJAbI AJIbIIT KETE/l.

Kyprak aya MeH cy OybIHBIH KOCIAChIH bUIFall aya jen araiMbi3. On MblHA HETI3Ti
rapaMeTplIepMeH CUIaTTanagbl: a0CONIOTTIK, MAacCajblK OHE CAJbICTHIPMANIbl BUIFANIBUIBIK,
SHTAJBIIHSL.

AGCOMOTTIK bUTFANABLIBIK — 1 M3 KypFak ayaHbIH KypaMbIHAAFb! Cy OyBI MAacCachl.

CanplcTHIPMATTBI BIIFANABUIBIK (KAHBIFY Aopekeci) - @ - 1 M° bIIFanm aya KypaMbIHAAFEI
cy 6ybl MaccachIHBIH coJl kaFmaiina 1 M3 ayajma Goma amaTeiH cy GYBIHBIH €H YIKEH MaccachlHa
KATBIHACHI.

Ea

pa p
o= 1
pa Py

Mysna prr - OeplireH *araailiarbl Oy THIFbI3BIFbL, KT/ M, P - KAHBIKKAH OY THIFBI3BIFBI, KT/M°;
P - 6epinren xargaiiarsl OyIbIH i(nec KbICBIMBI, [1a; Py - KaHBIKKaH Oy/IbIH YJIeC KbICHIMEIL, [1a.
MaccanbIK sUTFUTIBUTBIK — 1 KT KypFaK aya KypaMbIHAAFbI Cy OYBIHBIH MacCachl.

X= P Ke - enazcu

Pcs ke -a.c.6030

Wnean raznapapiy Kyit TeHaeyi OOMbIHIIA:
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, :PnMn; § :PCBMCB
o RT o RT

Mysna Mp, Mcg— OyIbIH KOHE ayaHBIH MOJICKYJIANBIK Maccalapsl, Kr/mMoib; R=8314
JLK/(KMOJIB K) — YHHBEPCAJ Ta3 TYPAKTHICHI.
OcslI KaTbIHACTAP/IAH:
X = My Pn

— 1
., Py (1)

I[aJ'IBTOH 3aHbIHA COUKeC KaIbl KbICBIM aYaHbIH K3HC CYy 6y}i>IHBIH YJI€C KbICBIMIAPbIHBIH
KOCBIHILICHIHA TEH.
P = Pcg + Py

6¥I[aH PCB =pP- PH

CanpICThIpMalbl bUIFAJIIBUIBIKTBI €CKEPCEK P, = OPrr , COHABIKTaH:

18
x=__-_@Pn_ -0622 il 2)
29 P—-oPy P—-0Py
OHranenus — 1 K- Kyprak ayaHbIH JKOHE OHBIH KYPaMbBIHAAFbl Cy OyBIHBIH

SHTAJIBIIUATIAPBIHBIH KOCBIH/BICHIHA TEH.

J = ccat + Xig [K/KT a.c. BO3M.
My#nna Ccp — ayaHbIH KbITYCHIHBIMABLTBIFGL, KJIxK/(kr K); t — aya Temmepatypachl, °C; in — 1 kr
Oy/bIH DHTAJBIUACKHL: iy = Fo + Cnt

Conpa puTFai aya 3HTaJIbIUSACHL:

J =(Ccg + Crx)t +rox (3)
Mynna Ccs ~1 xJIx/(kr K) — ayaHbIH XbUTyCHIMBIMABLIBIFRL, Cp =1,97 xJDx/(kr K)-
Oy IbIH KBUTYCBIMBIMABLIBIFBL; o = 2493 kJx/kr — 0°C Temmepartypana cynsiH Oyra aifHamy
KBLITYbI:

J = (1+1,97)t + 2493 x KJIK/KT.

blaran ayansin I — X — qmarpamMmmacsl.

blnran ayanbin [ — x — guarpammacein A.K. Pam3un armocdepansik P=745 mm. Pr. cr.
TYPFBI3bI.

JlmarpaMManbIH KOOpPAHMHATTHIK ocTepi 135° Gypemumen opramackad. OpauHara oci -
DHTAJILIINSA, a0CIHcca OCI — MACCANIBIK bUIFAIABIILIK.

Kentipy npouecin I - x amarpammana OeiineJiey.

KOHBEKTHBTI KeNTipy YIIiH aya ajAbIMEH KbI3ABIPHUIAJbLI. AyaHbl KbI3IbIpFaHIa OHBIH
CaJIBICTBIPMAJIbl BUTFATABUIBIFBL a3asiibl. COHABIKTAH auarpaMmmaia Kei3aslpy nporeci AB Ty3y
cbI3bIFbIMEH OciiHeneHeni. bacranmkbl HykTteci (to, Xo), al COHFBI HYKTECI ly M30TEpMAaCBIHBIH
OOMBIH/IA JKaTAIbI.
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CypiTy mpomeci kepi BA Ty3y che3bIFbIMEH OcliHeneneni. Erep Ba ch3birbiH
¢ = 100% crierpma JEMiH CO3CaK, KUBUIBICY HYKTECI MIBIKTAHy TEMIIEpAaTypachid KOPCETE Il
tp. AyaHsl OofaH opi CyBITKaHJa, OHBIH KypaMbIHAAFbl Oy KOHICHCAIUSUIAHAbI, colikeciHile,
ayaHbIH MaCCAJIbIK BUIFAIBUIBIFEI a3asapl. Erep marepuas bUIFaIBl TEK KaH aya OepreH KbLTy
apKbUIbI OyJIaHca, KENTipy MPOIECiH aanadaTalblK KENTipy Jen araiabl. bys ke3ne ayaHbIH
OepreH OKbUIybl OyJIaHFaH BUTFQJ TYPIHAE KalWTa opanangsl. AyaHbIH MaCCaIBIK JKOHE
CaJTBICTBIPMAJIbl BUIFAJIBUIBIKTAPBI ©CEII, ayaHbIH TEMIIEpaTypachkl ToMeHaehai. MyHnai mporecc
TEOPUSIIBIK KEIITIPY JICTl aTaabl.

AnmunabaraiplK KEnTipy Ke3iHIe MaTepUaJIbIH TeMIIepaTypachl TYPAKThl KOHE BUIFAJ
TEPMOMETP/IiH TemIiepaTypachiHa TeH 0onabl. TeOpHsIbIK KENTIPy MPOIECi TYPaKThl SHTANBIINS

cbI3bIFbIMeH kypeai (BC cei3birnn). C ((Pz , tz) HYKTEC1 KeTITIPrilITeH ayaHbIH KYWIH cUIIaTTal bl
blnran TepMomeTpAiH TeMIepaTypacklH aHbIKTAY YIIIH OepIireH HYKTe apKbUIbl I=const ChI3bIFBIH

\9, 0 L
¢ = 100% CHI3bIFBIMEH KUBUIBICTBIPY KepeK. KubUIblcy HYKTEC! bIIFal
TEPMOMETP/IIH TEMIIEPATYPaChIH ty.r. AHBIKTANIbI.

Aya TeMIiepaTypacbIMEH bLIFajl TEPMOMETP TEMIIEPATYPACHIHBIH albIPMAIIBUIBIFbIH
KENTipy NOTEeHIUabI A€M aTaiabl. bi3aiH xar aibIMbI31aFbl KENTIpy NOTEHIIUATIBL:

8@ =1;-t,

Kenipy noreHmuams! ayaHblH MaTepUaiiaH YTy KaOUIETTUIINH CUITaTTal Ibl.

bluraaabin MaTepuaiMeH 0ailjiaHbIC TYpJepi.

Axan. TI.A. PeOunaepmiH YCbIHFaH JKIKTeMeci OOWBIHINA BUIFAIIBIH MaTepHAIMEH
OaiflaHBICTApPBIHBIH MbIHA TYPJIEPIH aXbIpaTaibl: (PU3UKAIBIK-MEXaHUKAIBIK, (U3UKAIBIK-
XUMUSIIBIK, KOHE XUMUSIBIK. DU3UKAIBIK-MEXaHUKAIbIK OallIaHbICKAaH BIIFAT €pKiH BUIFAN JIeM
atanazbl. DU3NKANBIK-XUMISUIBIK ~ OalIaHBICTBIH €Ki Typl ©Oap: aacopOIUsUIBIK  KOHE
OCMOTHUKAJIBIK. AJICOPOLUSUIBIK OaiiIaHbICKaH BIIFAI MaTeprai OETiHAE )KOHE OHBIH K€yeKTepiHe
6epik ycranaapl. OcMOTHKaNBIK OailflaHbICKaH bUIFaNl (HEMECe ICIHY BbIIFaJibl) KIeTKalap 1iHAe
OCMAaTHKAJIBIK KYIITEPMEH YCTalaabl. AJICOPOLMSIBIK BUIFAJABI AJacTay YIIiH OCMOTHKAJIBIK
BUTFAJIZIbl ajlacTayFa KaparaH/a Keml JHeprusi Kaxer eredl. XUMMsUIBIK OaillaHbICKaH bUIFal
MaTepHaMeH Oepik KOCBhUIFaH (MBICANIbI, KPUCTAJUIOTUAPATTAPAAFHl bUIFal). XUMHSIIBIK
Oali7TaHbICKaH bUIFAJl MaTepHUaslbl JKOFapbl TeMIlepaTypara JAeHiH KbI3AbIpFaHIa HeMece
XUMISUTBIK PEaKIHsl Ke3iHe alacTaThlIybl MYMKIiH.

Kenripy ke3iHzme, onmerre, TeK KaHa (PHU3MKAIBIK-MEXaHUKAIBIK >KOHE (U3HKAJIBIK-
XUMUSUIIBIK BUTFAJ aJacTaThlIa bl

blnran maTepuanasiH MaccachblH ObLIall KOPCETYTe 00JIABI:



ONTUSTIK QAZAQSTAN SOUTH KAZAKHSTAN

MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTYCTiK KasakcTaH meavumHa akagemuscobl» AK AO «XO)Ho-KasaxcTaHcKass MEAVIUMHCKAsT aKkaZieMuUsi»
NmxeHepaik moHmep kadeapacst 76/16
NS 92 Gerrin 80 Oerti
JlopIcTIK KelieH

G, =G.+Gy

Mynna Ge, Ggi— coiikeciHIne, KYpraK 3aTThIH KOHE bIIFAJIIBIH MOJIIepepi, Kr. blnran
MacCaChIHBIH MAaTEePHAIIIBIH OapiIbIK MacCaChIHA KATHIHACHIH a0COIOT bUTFAIIBLIBIK JET aTal b

G -100%  (u)
G

blran maccachIHBIH MaTepHaIbIH KYPFaK MaccachblHa KAThIHACHIH CAJIBICTHIPMAJIbI
BUIFAJIIBLUILIK [EII aTal bl

W =

GGﬂ

c

0°=

-100% (U)

Kentipy ke3iHae Kyprak MaTepHaIbIH MOJIIepi e3repMeiiii, COHABIKTaH ecenTeyiepae o
KOJIJTaHbIIaIbI.
COHFBI YII TEHACYJICPJICH CATBICTHIPMAIBI XKOHE a0COIIOT bUIFAIABLUIBIKTAPABIH 63apa
OalJIaHBICHIH AHBIKTAHMBI3: 2
AN AV S
ARC "100%. —— 100%
100 - ® : 100 + ©°

KenTipy npouecinin MaTepuaaabIK 0a1aHChI.

KenTipy mporiecin ecenrey YUIiH Y TypJi OajaHcTap NaiigaaaHbuiaabl:
1. MarepuanabiH xainnsl Meuiepl OobIHIIA OanaHC:

G1=G2+W

Mynna Gi — purFanm MaTepUAABIH IIBIFBIHEI, KI/4; G2 — KenTipiireH MaTepUaIbIH
HIBIFBIHBI, KI/4; W — yaKsIT O1pIIiriHae MaTepuasiad ajlacTajaThlH bIIFal MeJIIIepi, KI/d.
2. Kyprax 3aT OolibiHIIa OaaHC:

100 % 0)1 G 100 7 7 (Dz
D00 0 LGy —
1100 100
Ocpl 6anaHCTaH MbIHA MaHbI3Ibl TOYEIILIIKTEP aJbIHYbl MYMKIH:
=G,100 -, . G,=G ,100—0,
G =6, qr=a 00 oL
1 2
byn matepuanapik 6amancTad OyJiaHATBIH BUIFAN IIBIFBIHBIH AHBIKTAW T
W=G 0, -0,

Erep pUIFanablIbIK CABICTIPMAIIBI OIpTiKTepie OPHEKTEINICE, COHFBI TEH/CY MbIHA TYpre
KEJICaAl: O)C _(Dc O)C _(DC

Ay 1 2.\ 1 2

W =G, —~ =G, X

100+m°; 100+ o,

3. bynanran putrasn OolibIHIIA OanaHC:

LXo LW= L5
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Byn GamaHcTaH KenTipy areHTiHIH IIBIFBIHBIH AHBIKTANIBI:

L=W

X2 —Xo
MyHaa Xo, X2 — ayaHbIH OaCTamKbl KoHE KENTIPTIITeH KEHIHT1 MacCaIbIK bIIFAIIbUIBIKTAPHI.
Conrbl TeHIeY 1 ObLIal ka3yra 1a 001abl:

L =wl

MyHnna I =L ‘ (XZ N Xl) - KeNTIpy areHTiHiH MEHIIIKTI IIBIFbIHBI. | mramacer 1 KT
BUTFAJIBI OYJTaHBIPY YIIIH KYPFAaK ayaHbIH KaHILA MeJIIepl KepeK eKeHiH KopCceTe/Il.

Kenripy npoueciniH KbLI1yJIbIK 0a71aHCHI.
KenTipy KOHIBIPFBICHIHBIH JKBITYIBIK OATaHCHIH KapaCThIPANBIK.

L. 20, ¢ L, =1, ¢ L,z @
QN 5 CWIIT HITK & -
to, Ja m’mﬂ t1, I ta. Ja

i1/ N

G % LIRS
ng 4. U2

Kenriprimke G1 Kr/car puTFai MaTepuai Oepiiei, OHbIH TeMIIepaTypachl . Kenripriiuren

Gy kr/car burFan eniM 0 Temrneparypaga mbiFansl. Kenriprimke L Kr/car Kyprak aya Oepiyiei.

Kenripy arenrinin canbictsipmans suirsurnsuibiesl (P1, Temmeparypacs! ty oHe SHTATBIUACKH J1.
Aya annpis ana kanopudepae Ki kpizasipeutansl. Kanopudepaniasiaarsl ayaHblH HapaMeTpiiepl
Xo, Yo, to, Jo. Kenriprimre koceimina xanopudep Kz opHanacteipbuirad. KenTiprimreHn mbIKKaH
ayaHbIH MapaMeTpiiepl Xz, yz, tz, Jo.

TypakTbl KenTipy npoleciHie XKbIUTYJIbIK 6a1anc ObUIai jka3bUIaabl:

LJo + G:1C,.01 +WC,01 + Q1 + Qz = LJ, + G,C,02 + QH

Mynna LJo — CBIpTKBI ayaMeH KelreH kbuty, J[x/c;

Gi1Cw01 — kemTiprimke wmarepuaiMeH KeireH xwiry, Bt; Cyu — Kyprak MaTepuasibiH
KBUTYCHIABIMIIBUTBIFBIL.

WCe01 - MaTepualt bUTFATBIMEH KEJITeH KBLTY.

Q1, Q2 — K1 xone K> kanmopudepiepaeH KenreH Kulty.

LJ2 — KenriprimreH mbIKKaH ayaHbIH KbUTYBI.

G2Cy02 — kenTipiIreH MaTepuaMeH IIBIKKAH JKbLTY.

]?H — JKBUIY/IbIH KOPILAFaH OPTaFra LIbIFbIHEIL.
VI TEHJACYJICH JKbUTYIbIH KENTIPY MPOLECIHE MIBIFbIHBIH aHBIKTANIbI.

Q=Q+Q =LJ2—J9)+G:Cu (0, —0,)-WCs + Qs .

Conrsl TeHaeyiH ekl karpiaaa W 0ed1ill, )KbITyIbIH MEHIITKTI IIBIFBIHBIH AHBIKTANMBI3:
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Q

q :W =0 .|_q2 :l(‘]z —Jo )+qw _C661-|—q17;

bipinmm kamopudepieri >KbUTYIbIH MEHIIIKT] IIBIFBIHbIL:
0] =l(J1 < Jo);
OcBI 6pHEKTI AIIBIHFBICHIHA KOWCAK:

l(.]z o J1)= Q2 +C01 -y —An
TeHIIKTIH OH JKaFbIH A apKbLIbI OCNT1IECEK:
A

I(12 _l1)=A 6yman: |, |1+|_

A mamacel KenTiprimTig imki OamaHcel jgen artanaapl. O KeNTipriliKe KeNreH >KoHe
IIBIKKAH JKBUTYJIApJIbIH albIPMAIIbUIBIFBIH KOPCETE I, Heri3ri KaJophu(epJeH KelIreH KbUTYIbI
KOCTIaraH/a. A TPOLECTiH TEOPHUAJaH aybITKY IIIaMaChlH KOpCeTeIi.

I - 11
X2 — Xo

Kenripy nponeciHin KMHeTHKACBHI.

KenTipy HpOI_IeCiHiH KMHCTUKACBI OCIT MAaTCpUuall bUIFaJIAbUIBIFbIHBIH YaKbIT OolbIHIIa

SO c O, )
e3repyiH aiitambi3. Marepuai bUIFaaIbUIbFbIMeH () yaKbITTBIH ©3apa TOYEJAUTIIH KenTipy
KHACBIFBI CUIIATTANIBI.

JKanmel xarnaiiia KenTipy chI3bIFbI OlpHEeIe TeaiMaepaeH Typaabl. Onap opTypaai KenTipy
Ke3eHepiHe coiikec keneni. Kentipyain MblHa Ke3eHIEpiH akpIpaTasl: 1) KeI3AbIpy Ke3eHi (AB),
OyJT Ke3eH 1€ bUTFAIIBUTBIK a3 e3repemi. ) — TypakTsl sxbuiaaMasikTa kentipy keseri (BC), Oy
KE3€H/I€ bUIFAIIJIBUIBIK TY3YCBhI3BIKTHI 3aHABUIBIKICH KapKbIHAbI a3asabl. Kezeq

\/ . c o
61p1HI_I_Il ayMaJibl bUIFAJIABUIBIKKA WKpl KCTKCHIIIC JKaJlFaCaabl. B¥J'I bUIFaJAbUIBIK KCHUIC

TUTPOCKOMUSIBIK Jen Te atananbl. CoHaH KEeHiH TOMEHIEHTIH KbUIIAMIBIKTA KENTIpY Ke3eHI
oactranansl (CE). KenTipy mporieci COHbIHIa MaTeprail bUIFAIIBUIBIFRI TEHIK KyiTe xereni (E
HYKTec1).

Kentipy *Kbu11aMIbIFbI — MaTepUall bUIFAJIbIIBIFBIHBIH YaKbIT O1pJIIriHAE ©3repyi:

9_ dwe | kesnl ke.a.c.6 |
= ]
dt | | m2.c |J
KenTipy KapKbIHIBUIBIFBI — ay1aH OipJIiTiHEH bUTFAIIIBIH OylaHy JKbUIIaMIBIFbL:
dwe | keenl ke.a.c.

QM A |
fdt U M -c U
Kenripy nporecin Tanaay Ke3iHae KeNnTipy KbUIAaMIbIFBIHBIH BUTFAIIBUIBIKKA TOYEI I

rpaduri xui Konganbuiaabl. Ockl rpaduk KeNTipy *KbUIIaMABIFBIHBIH KUCBIFBI €T atanajbl. by
rpaduKTe KENTipy KUCHIFBIHIAFBI KE3CHIEP ¢ 0ap.

J=
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[11

|

|

|
w @ 1

D HykTeci exiHII aymansl HyKTe. ByJ1 HyKTene MaTepuan bUIFIIBUIBIK TEHJIITT OpHAMIBL.
Ocpl coTTeH OacTan KenTipy *KbUIIaMIBIFbI CBIPTKBI XKaraaiFa Toyenci3, OJ TeK KaHa bUIFaJIBIH
iK1 1udy3ns KeUTIaMIbIFBIMEH aHBIKTATA IbI.

Ke3abipy Ke3eHiHJe TeMiepaTypa OacTankbl TeMmIepaTypalaH bUIFall TEPMOMETPIIH
TeMIIepaTypacblHa [eHiH KbUIIaM KeTepuledl XoHe omaH opi OipiHmi Ke3eH OapbIChIHIA
e3repMeiiai. by kezne OapiblK Kbuly bUIFANIbl OymaHIbIpyFra IUbIFbIHAANAAbI. TeMeHIaelTiH
KBUIIAMJIBIKTa KETTipy Ke3eHiHe MaTepuasl OCeTiHeH bUFaIbIH OylaHybl azasasl. ColikeciHIe
KBUTYyObIH Oip Oeuiri wMarepuaygsl KbI3AblpyFa KeTe Oactaiiapl. COHABIKTAH KEnTipy
KBUIIAMJIBIFBIHBIH 23310l MaTepHal TEeMIepaTypachbiHBIH ©cyiMeH coiikec kenexi. Kemnripy
Ipolieci asiKTalFaHIa )KoHe bUIFAJIbUTBIK TeHJIIK KYWTe )KeTKEHIe, MaTepuaiblH TeMIIepaTypachl
KEMNTIpYy areHTiHIH TeMIepaTypachlHa KeTeIl.

Martepuan 0eTiHeH bLIFAJIbIH OyJIaHYBI.

byn nponecc 0yabiH Matepuan OeTiHEH KENTipy areHTiHe Iuddy3usaaHy HOTHKECIHJE
xkypeni. COHIBIKTaH MPOIECTIH KO3FayIllbl KYIIl MaTepHan OeTi >KaHBbIHIAFbl KaHBIKKaH OYJIbIH
yJec KbICBIMBI MeH OyIbIH KOpLIaraH OpTaJarbl YJeC KbICHIMBIHBIH aibIpMaIIbUIBIFbIHA TEH
Oonazel. By ke3ae kenTipy KapKbIHBIHH HET13T1 TEHCYl MbIHA TYP/IE JKa3blIa bl

. dG, :B(P —P)@ |_K2'6‘Jla£)fc—\
d Fdt oM A R " wm?c
dG L2
¢ - OyJlaHaTBIH bUIFaJl MACCACHIHBIH ©3TepY KbUIIAM/bIFbI, KT/c; F — Oynany 6eti, M%;

Myunaa
Nl dt

J2 - bUTFaI arbIHbL. PH,Ps — MaTepuas GeTiHaeri KaHbIKKAH OY/BIH jKOHE ayaaarbl Oy/IbIH YJIec
KBICBIMaphI:

Pu=f(t.)
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B — GapomeTpiik KbICBIM, MM. PT. CT; 3 — ra3 ¢a3agarsl Mmaccadbepy kodpduineHTi,
TOKIpUOE JKY3iHIE aHBIKTANAbL, [KI/M*C*Xcum]. MBICAIBI , ayaHbIH Oy/1aHy 6eTi GOibIHIA
KO3FaTybl KE31H/IE: S

B =59,33+45.2 9
||_M2 ¢ Ila |
Myszaa 3 - ayaHblH KO3FaLy )bUILAMABIFEL M/C. o ke

B = (4,7 +356v)-10
||_M2 -c-Ila |_|

TeMeHaeHTiH KbLITaMIBIKTA KENTIPY Ke3eHi.
(bInFanapig MaTepual IIiH/Ie KO3FAITYHI)

blnrangein OerreH OynaHybl Ke3iHAE MaTepual IMIIHAE bUIFAIABUIBIK TPATUCHTI
TYBIHIAM/IBI, OJ1 BUIFAJIIBIH 111Kl KabaTTapaan Matepual OeTine Ko3FalyblHa bIKHal erei. bipinmri
KE3eHJIe OVJI TPAJIMCHT OTE YIJIKEH JKOHE TIPOIECC KbULIAMIBIFBI bUTFAIBI CHIPTTaH AJBITKETYMCH
anbikTanaabl. EkiHmn ke3eHHiH OacklHIa OeTTeH OylaHy BUIFQIIBIH MaTepuan  1HrHae
TachIMaJIZIaHybIMEH JKOHE OHBIH KeyeKTepne OyiaHybIMeH KocapiaHa xypeni. CoHaH KeliH
MaTepHaAbIH CHIPTKBI KaOaThl OipTiHIEN TONBIK KeOeai, OynaHy aliMarbl MaTepHaAbIH ilIiHE
BIFBICA/IBI KOHE Oepik OailylaHBICKAH aJCOPOLMSIIBIK bUTFA] Oy KyHiHAe FaHa KO3Faja ajabl.

blnrannein MaTepuan iiHAE TaChbIMalJaHYbIH BUIFAJIOTKI3TIITIK Aen aTailmbi3. bluran
AFBIHBIHBIH THIFBI3/BIFGI BIIFAT KOHIICHTPAIMSCHIHBIH I'PAIHUCHTIHE MPOITOPIIHOHAT:

=k~
OX

. . . . c
Mynna K — sirraneTkisrimrik koddduuuenti, M%/c, mo C = P (0

Po - KYptaK 3aT ThI¥bI3AbIT'bI:

om°

] =—Kpe
S o X \
blnraneTKi3rimTiK KOdQQHUIUEHTIHIH NIaMachl BUIFAIIBIH MaTepHUaIMeH OaiTaHBICKaH
TYpiHe, MaTepUalIbIH bUIFAJIBUIBIFBIHA J)KOHE OHBIH TeMIIepaTypachkiHa Toyeni. KoHe Tek KaHa
TOXKIpuOe JKY31H/Ie aHBIKTATybl MYMKIH.
Kenripynin keitbip Typiepinie (KaHACTBIpY, paJWaIMsUIBIK, TUAJIEKTPIIIK) MaTepuan IIiH[e
BUIFAJIJIBUIBIK TPAJUEHTIHEH OeJiek, TemrepaTypa IpagueHTi TyblHAaWael. On J1a bUIFaJIIbIH

MaTepuan IIIHAe KO3FalyblHa bIKNal jkacaipl. COHOBIKTAH BUIFAJIBIH KOCBIMINIA aFbIHBI Tak1a
00JTyBl MYMKIH, OJ1 MbIHA OPHEKTICH aHBIKTAJIA b

ir = —kped &
OX
Mynna O - KbUIybUIFaNOTKI3rimTIK Kod(duumenTi. bliran KbUTybUIFaloTKI3IITIKIER Kepi
OarpITTa KO3FAJybl MYMKiH, COHJBIKTAH OJ KENTipy IpPOIECiH TeXeyl MyMKiH. Marepuan
BUIFJIIBUIBIFBIHBIH  ©3T€py KBUIAAMABIFBI  bUIFaJAIMacyblH  Ju(depeHuuanasl TeHICYIMEH
OPHEKTEITyl MYMKIH.
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Kenriprimrep KypbLibIChI.

Kazipri ke3zne kenTipy ammaparTapblHBIH KertereH Ttypiaepi Oap. Omap xbuty Oepy
omictepiMeH  (KOHBEKTHBTI, JKaHACTBIPY, pagualusiibl  JkoHe  T.0.),  KOJJIaHBLIATHIH
KBUTYyTabIMAJIAAFBIIITAPEIMEH (ayalibl, Ta3dbl, OyJbI), TPOIECTI YHUBIMIACTBIPY 9JIiCTEPIMCH
(Me3TiI1 OpEKEeTTI, Y3AIKCI3 9PEKETT1) JKoHE T.0. OenriiepiMeH aKpIpaThlIaIbl.

13.4. WIJIIOCTPALUSAIIBIK MATEPUAJIJAP: Buptyannsl KoHAaslprbuiap. Herisri
arnmaparrap OefHEJIeHIeH TUTaKaTTap.

13.5. 9/IEBHUET:
Herisri:
1. Tlpomsbiiiennas texHosorus gexkapcrs, Tom 1. [lox pen. Uyemosa B.1. — X.: MTK-
Kuura, M3gatenscrea HOAY, 2002 — 560 c.
2. Kacatkun A.I'. OcHOBHBIE IPOLIECCHI U AINAPAThl XUMHUUYECKOW TEXHOIOTUN.9-¢ M3/,
- M.: Xumus, 1973
3. Inakcun FO.M., Manaxos H.H., Jlapun B.A. Tlpomueccsl u anmaparsl MUIIEBBIX
npou3BoacTB. — M.: KomocC, 2008. — 760 c.
4. AxOepnueB ©.C. Tamak eHIIpiCiHIH IpoLIECTEP] KoHE anmaparrapbl, AnMatsl; 1998
K.
5. Kaseukwnii I'.J]. [Iporieccr! n anmapatsl nuiieBoi texnonoruu. - M.: Komoc, 2000.
Kocbimma:
1) PomankoB ILI., Kypoukmna M.U. T'mapomexaHudueckue TMPOIECCHl XUMHYECKON
TexHoNoTuun.3-e u3a. - JI.: Xumusd,.
2) ®apwmarnepruueckas Texnonorus. [lox pen. .M. Kpacuioka u I'.B. MuxaiinoBoii—
Mocksa, Axagemus — 2006 T.
3) I'mu3dypr A.C. OCHOBBI TEOpHUH W TEXHHKH CYIIKH MUIIEBBIX MPOLYKTOB.-M.:
Arpornpomuszaar, 1985.-335 c.

13.6. BAKBLJIAY CYPAKTAP (KEPI BAHJIAHBICBHI):
1) Kanpmaii nporecTi KenTipy jAemn araiMoi3?
2) dapmarieBTHKa OHIIPiCiHIE KENTIPYIiH KaHIal Typiaepi KoAIaHbUIaabI?
3) KenripyaiH Ko3Faymibl Ky Heyie?
4) Bipinmii ke3eH1e KenTipy )KbULIaMIbIFbIH KaHIal (Gakropiiap aHbIKTai Ib1?
5) Eximi ke3eH1e KenTipy XKbUIIaMIBIFbIH KaHnail hakTopiap aHbIKTaiabI?
6) blaranapiH MaTepuanMeH OaillaHbIC TYPIEPIH aTaHbI3.
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14.1. Takbipbin: Kpucramnuzauus.

14.2. Makcatsbl: CTyAeHTTEp/I1 KaTThl JIeHE - CYHBIK KYHeCiHIeTi KPUCTAIUIH3AIUS IPOIECiHIH
TEOPUSIIBIK HET13/1€pIMEH TaHBICTHIPY.

14.3. 1apic Te3ucrepi:

1. Kpucrammm3amnus Typaibl *Kalbl TYCIHIK.

2. Kpucramm3anusHbig MAaTCPHUAIIABIK KIHC JKbIITYJIBIK OaJIaHCHI.
3. Kpucramuusanus mpouecin eTKi3yre apHaIFaH arnmnaparTap.
JapicTiH KbICKalIa Ma3MyHbI

EpitinninepacH jkoHe OankeITrajaplaH KpUCTALIAAp TYpiHAC KaTThl (a3aHbl Oemim
ayAbl KpUCTalM3auus Aen ataiiapl. Kpuctamnmap >kanmak >KaKTapMeH IIEKTEINTeH dpTypii
reOMETPUSUIBIK MIMIIHAETT O1pTeKTI JeHenep TypiHae Ooassl.

Kpucranimsanusiiay npoueciniy 0aibIObl K9HEe KHHETHKACHI

Kpucrannuzanusinay npouecid cy epiTiHAUIepiHAEe KpUCTAAaHATHIH 3aTThIH €pIrillTiriH
azaiiTy apkpuibl kyprizenl. On  yuiiH = epiTiHAIHIH TeMIlepaTypachblH TOMEHJCTEl Hemece
OJIaH EPITKIIITI aacTalIbI.

Temreparypa oCKeH cailblH 3aTThIH €pIriIUTIriHIH apTybIH OH JA€IN aTaibl, all epirimTiri
azaiica Tepic ien aTtaijpl.

Op 3aTThIH EPITKILI TYPiHE ’KOHE HETi31HEH OChI 3aTThl KbI3BIPFIIITHIH TEMIIEpaTypachlHa
OaillaHBICTHI ©31HIH epy Mmieri OonateiHbl Oenriri. Kaman 3at  ojaH opi epiMENTIH Ke3Je,
xKyuene exi ¢aza 607aabl — CYUBIK KoHe KaTThl. Ocbl TEHIIK KYHTe colkec KeNeTiH epiTiHAiIHI
KAaHBIKKaH Jen ataiasl. Erep ochl epiTiHAIHIH TeMIepaTypachliH TOMEHACTCEK, OJ KaHBIKKaH
KYI/IeH 6Te KaHBIKKAH KYHTe eTe/ll. OTe KaHbIKKaH epITIHUIEp TYPAKChI3 )KOHE KaHBIKKaH Kyire
aeHU1 eTeni. Onapaarbl KaTThl 3aTTapAblH Oip OeJiri KpucTamigap Typinae 6ediHeni. OHIIpicTIK
KpUCTAIUTH3alUsIIay TIPOIECiHIH Olp OaFbIThl OCBIFAH HETI3/IEATeH. OTEe KaHBIKKAH TEHCI3IIK
KYWIeri epiTiHAiHl KaHbIKKaH TEHMIK Kyire epiTKimTiH Oip OemiriH OymaHablpy Hemece Oyra
alHaJIIBIPY apKbUTBI JaoTKi3yre 0oaasl. byt ke3ze ogaH kpucramuiap Kabarraca 6emiHel.

Kpucrannmm3zaiys npoiieci €Ki Ke3eHIepIeH Typajibl. bipiHin Ke3eHIe KpUCTALTH3aHsIIay
YPBIKTaphl (OpTaNbIKTaphl) TY3UIE[i, €KIHLIl KEe3eHJIe KpHCTaAap eceli.

Kpucranamsanusinsin MATEPUAJIBIK JKOHE JKbLTYJIBIK 02JIaHCTAPbI.

Kpucrammsamusaeiy, MATEPUAIBIK OATaHCBIH €K1 TYpJil TeHIEyJICpMEH
kepceryre Oosaapl. OHBIH OIpiHIIICIHIH HETI31HIE epITiHAl OaTaHCHI
KATBIP:

GH:GM+Wp+GK1
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Mknna Gy, Gy — anFamkbl €piTIHAIHIH )KOHE KPUCTATU3UIAaH KeHiHT1
epITIHAIHIH Maccajlapbl, COMKECIHIIIE, KT}

Gk — KpucCTaJ1JIap Maccachl, KT;

W) — epiTiHA1IeH ajJacTaThUIFaH epITKIII Maccachl, Kr.

Exinmn TeHaeymiH HeTi31HJe KpUTaIdaHAThIH 3aTThIH OajaHChI

XKaThIP:

GuXu = GuXuy + GiX,
MyHaa Xy, Xy, Xx — aJIFaIIKbl €PITIH/IIIET], KPUCTAIN3aAIsIAaH KeHIHT1
CPITIHAIACT] JKOHE KPUCTAUIIApJarbl  KPUCTAIAAHATBHIH  3aTTHIH
KOHIICHTpaIUsuIaphl, colikeciHiie, %0.

Kpuctannorunparrapaa xx< 100 %, CycChI3 K KpuUcTaiaapaa
x=100%.

CyaplH  Oip OemniriH OymaHIBIPY AapKbUIbl KpUCTAIU3ALMSATIAYAbl  KapacThIpambi3.
Kpucrammmsamusuiayra Gy aJIFAIIKBI epiTiHal Oepineni, ogaH Gy KpucTaiaap
xkoHe Gy KpUCTAIIM3ANMSAIaH KEHIHT1 epiTiHAl (aHaJIbIK epITiHIl)
TY3UIe 1.

Cynpl 61p OeuiiriH OyJaHIbIpy YIIIH KpUcTaiu3atopra D KbI3abIpy
oys1 6epimeni (1 cyper).

Benrineynep  eHrizemis: ip, ik, dw, s, 1, i"- epiTiHAiHIH,
KPUCTAJIAAPbIH, aHAJbIK EPITIHIHIH, CKIHIIUIEH OyIbIH, KbI3ALIPY
OYBIHBIH JKOHE KOHJICHCATTHIH MEHIIIKTI DHTAIbIUIAPHI, COMKECIHIIIE,
KJK/KT; 1 — KpUCTAIAAPABIH KPUCTAIUIABIK TOpJaMalapbIHBIH TY31Ty
KbUTybl,  KJDK/KT;  AQ —  epITIHAIHIH  Xy-HaH  X-Fa  JICHIH
KOHIICHTpAIUsUTAaHYBIHBIH JKBLTYJIBIK d(PdeKTici.

Wigm

Sl 9Tt |
Q=Dei™(7

I Fﬂ lm 'FH fﬂ

1 cyper. Kpucramimzanusiiay npomeciHiH KbUTy JIEKTEpi CXeMachl.
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EpiTinaizi KpucTaUM3anusIay Ke3iH/e KpUCTAIUIABIK TopJiamanap Ty3ijei xoHe Oipmama
KbUTYy OeJiiHesl (KaTy *bUIybl), ajl 3aT epireH/e *bUly KYThutaabl. Erep epire 3ar epiTkimimnexH
XUMUSIIBIK 9cepJiecin, THAparTap Ty3ce, Oyl ke3zae kbury Oemineni. KpucrammusanusiuiayabiH
KMHAK, JKbUTYJIBIK 3¢ dekrici KaTy >KbUlyblHA JKOHE THAPATTapAbIH TY3UlyiHe OalIaHbICTHI OH
HeMece Tepic 00Iybl MYMKIiH.

Enrizinren 6enrineyn9pai €CKEPCEK KPUCTAUTN3AUSIIAHY KBUTYBI

Qo= Qs
TUAPOTTAPBIH TY311y KbLTYbI
Qr'= + '&un‘x “

Kpucrannmuzanusiinay mpoueciHiH KblTy JIGKTepl CXeMachlHa COMKEC JKBUTYNBIK OalaHCTBhI
MBbIHA TYpJe KepceTyre 6oaabl

Gu" +Guprup *AQG X, + DI an ILF+G iyt Wig+Di'+Q,,

6¥,I[aH KpucTajuindanusjiaytra IbIFbIHAAaJIaTbIH 6y,Z[BIH MGJIIJ_ICle dHbIKTayra 60.]18.,[[]:1

Q=D(i"=i"y=G L, +G i Wi + Qn—GH:'P— RN a0 tAQG X,
D=0/1"

KpucrannuzanusiiayaplH  ©HIIPICTIK TEXHOJOTHSJIBIK Tpoleci OlpHemie Ke3eHJepAeH

TYpabl; KPUCTAIIA3AIINS, aHATBIK €PITIH/IIEH KpUCTAILIAAPABI 06y, KallTa KpucTamiaay (kepek
0oJ1ca), KPUCTAIUIAAPIBI JKYY JKOHE KETTIpy.

xp'xp

Kpucramiuzanusiiay daicrepi sKoHe KPUCTAIIIN3ATOPJIAP

Kpucramuzanusinay npoiect TOpT 9AICTEPMEH XKY3€re achbIpbLIYbl
MYMKiH. bipiHii oic O0MBIHIIA €PITIH/IHI CYBITY apKbIIbl 6T€ KaHBIKKAH
epiTiHal ananael. bys oic 3aTThIH epIriliTiri TeMnepaTrypaToMeHIeresia
a3asThIH JKarmainapia KoJiaaHbulaabl. EKIHII 9fic 3aTThIH €pIrilITIri
TeMriepaTypa TOMEHJICTCHIC OTe a3 a3zasjbl HemMece YiFasabl. by omic
OoMbIHIIIA €pPITKIII OyFa alHAABIPHUIA/IbI HEMECE OyIaHIbIPbLIAbI.

Y i 9ic OOMbIHIIA O1p ME3ETTE OHIM CYBITHUIAAbI KOHE €PITKIII
OynaHapIpelIaabl. KpucTammmsanusnayaslH TOPTIHIIN 9IICIH TY31ay JAeM
ataiiel, Byl omicTiH MOHIH TOMEHETT MBICaaIMEH TYCIHAIpEHiK. Ac Ty3bIH
KpUCTaJIH3alisIaraiaa epiTinaire MgcCl ;
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KOChUIaIbl, HOTHKeCiHAe ac Ty3bIHbIH NaCl epirimriri Temenaeiil, 6.a.
©Te KaHBIKKAH €PITIHIl TY31IE/I].

Keiineci »koHe apajacThIPFBIMIbI 0ap CHIMBIMIBUIBIKTAP O1piHIII 91iC
OOMBIHIIIA JKYMBIC ICTEMTIH KpUCTAIIM3aTOPIApAbIH KapanablM TYpIHE
XKaTaJlbl. ApanacThIPFBIITAP EPITIHAIHI CYBITYJbl KEACIICTENl KOHE

KpUCTAJUIIAP/IbIH anmnapaT TYO1HEe TYHYBIH OOJIbIpMan/IbI.
Kpucraaauzaropjap KypbuUIbIChI
Kpucrannuzarop:iap »KyMsbIc icTey MpUHIHUNTEP]1 OOMBIHIIA epITKIIITIH Oip Oeirin
OyJaHIbIPAThIH XKOHE ePITIHAIHI CYBITATBIH ME3TLIII XKoHE Y3/I1KCI3 OpEKETTI anmnaparrapra
oemineni. CyabiH Oip OeiriH OyJIaHIbIpy BaKyyM-amnmaparTapia Kyprisiiaei.
Kpucrannuzaropiap/isiH Tarsl Oip TypiHe KaTFaHCYHbLTY Ka0aTThl anmapaTTap >kaTabl.
Ke3aplpy kKamepachl UTIHTEH ME3TUIAI OpEKeTTi TaOWfH aifHaJbIMABI BaKyyM — ammapart 3
cypeTTe
kepcetiiren. KpI3aplpy kamepacsl €Ki KOHYCTHI KYObIpIbl TopiaManapaas Typaasl. Onapra
KBI3IBIPY KYOBIpiapbl Oekitinred. Kp3apipy kaMepachiHbIH OCi OOMBIHINA aifHAITY KYOBIPHI
opHanackaH. KpI3[IbIpy KaMepachIHbIH KOPITYCHl MEH ariapat KaObIpFachl apachlH/ia CAaKUHAIbI
KEHICTIK 0ap, OChI KEHICTIKTE yT(eib aifHaIa bl
Bakyym anmaparrapia  KeI3AbIpy KamepachlHa Oy Oepy YIIIH apHaiibl  KYpPbUIFBI
KOJIIaHbLIaIbI,
OJI TEeMIIEPaTypaNIbIK MeHOopMaIisIHbl KaObLUI AN IbI.
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92 6ertin 90 Geri

3 cyper. KpI31pIpy kKaMepachl UTiHIeH BaKyyM-amnmnapar
1- kopmyc; 2-KbI3ABIpY Kamepachl; 3-OyAbl Kipri3yre apHaifaH KYpbUIFbl; 4-aiiHaIbIpy
KYOBIpPBI; 5-TY01; 6-KbI3ABIPY KYOBIPbI; /-MHEPIIMOH/IBI TUIITI ceapaTop.

144, WmwocTpanusiyibiKk MaTepuasaap: Buptyanasl koHasipreuiap. Herisri anmaparrap

OCiTHEICHTeH TTaKaTTap.
14.5. 9neduer:
Heri3ri:

1. TIpomsimenHas TexHonorus jekapcts, Tom 1. Ilox pen. Uyemona B.M. — X.: MTK-

Kuura, M3gaTtensctBa HOAY, 2002 — 560 c.

2. Kacatkun A.I'. OCHOBHBIE POLIECCH U AIMAPaThl XUMHUYECKOW TEXHOIOTUN.9-¢ U3,

- M.: Xumus, 1973

3. Ilnakcun KO.M., Manaxos H.H., Jlapun B.A. [Iponeccsl u anmaparhsl MAIIEBBIX
npou3BoacTB. — M.: KomocC, 2008. — 760 c.
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4. AxOepaues ©O.C. Tamak eHmipiciHIH IpoliecTEpl KoHE anmaparTapbl, AnMatel; 1998
K.

5. Kageuxkuii I'. /1. [Ipoueccsl u anmapatsl nuieBoi TexHoaoruu. - M.: Komoc, 2000.

Kocbimia:

1. Pomanxkos ILI"., Kypoukuna M.U. 'mapoMexaHn4decKue MPOIecChl XUMHUYECKON
TeXHoJNOoTUMU.3-€ u3 . - JI.: Xumusd,.

2. @®apwmaneBtuyeckas texHonorus. Ilox pen. M.M. Kpacuaroka u I'.B. MuxaitinoBoii—
Mocksa, Axkagemus — 2006 r.

3. AunekcanapoB U. A. Pektuduxanmonssie 1 abCopOIIMOHHBIE anmapaTsl. MeToabl
pcyera ¥ OCHOBBI KOHCTPYHpPOBaHUs. 3-u3zganue - M.: Xumus,

4. Kadapos B.B. OcuoBsl Mmacconiepenaun - M.: Bricmias mikona, 1979

14.6. bakbliay cypakrap (kepi 0ail1aHbICBI):
1) Kpucrammuszanus nporecine aHbIKTama OepiHi3.
2) Kpucrammu3saius npoiecine Kanaai KypaMmaactap KaTbicaabl?
3) Kpucrammsanus npouecinaeri TeHIIKTI KaHaai GpakTopiaap aHbIKTal 1617
4) Kpucramumsanys IpoleciH KaHaai anmaparrapia eTkizei?
5) Kpucrammmsanus npoiieci MaccaaaMacy/IblH KaHIai 3aHaapbiHa OarbiHaIbI?
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15.1. TakbIpbIN: BUHOXUMUSIIBIK MPOIIECTED.
15.2. Makcatspi: CTyneHTTep i OHOXUMUSUTBIK ITPOIIECTEPIIH TCOPHUSIIBIK HET131epIMEH TaHBICTHIPY.
15.3. dapic Te3ucrepi:
1. BHOXUMMIIBIK MPOIeCcTep. TYPaJIbl KAl TYCIHIK.
2. ®epMeHTaNMsIIAY TPOLECTEPIH KUHETHKACHI.
3. depmeHTaIMsIIay IPOLIECTEPIHIETI MaccaanImacy.
4. depmeHTaLsIIAY IPOIIECTEPIH XKY3ere achpyFa apHaAIIFaH armaparrap.
JopicTiH KbICKaIa Ma3MyHbI
KemaMapiFbl MEKPOOPTaHU3MAEP MAacCaChIHBIH HEMECEe OJIapIbIH MEeTaboIn3Mi OHIMIEPiHIH
OCylMEH  aHBIKTAJaThlH  MHKPOOpPraHU3MAEp  TIPIIUIITiHIH  OaFbITTajfaH  MpPOLECTEePiH
OMOXMMUSUIBIK ITPOLIECTEP NI aTaiiIbl.

Kannbl TyciHik. BHOXMMHSIBIK MpOLECTEp MHKPOOPTaHU3MAEP KOMETIMEH JKYy3ere
aceIpbuiaapl. Onap KopIiarad OpTagaH — CyOCTpaTTaH caxapo3aHbl, IIFOKO3aHBbI , JIAKTO3aHbI JKOHE
T. 6. KOMIpCyaap/bl TYThIHAAbI. MUKpPOOpraHU3M/IEP A€M alajibl, ©Cel, KoOee i, Ta3 TOpi3al KoHe
CYMBIK MeTaboNM3M OHIMJEpIH Oelie/ll, HOTIKECIHAe OnoMaca Hemece MeTadoIHM3M eHIMAEpI
kebOeeni. Ocbutap ywiH QepmeHTanus npoieci kyprizizeni. Kopekrenaipy opracbiHia >koHE
OCIPIHAUIIK  CYWBIK KYpaMbIHAQ KAHTTBIH, CIHUPTTIH KoHE Oacka KOMITOHEHTTEP/IH
KOHIEHTPALUACHI KONTEreH MUKPOOPTaHU3MAEPAIH TIPIILIITiH TEeKEUTIHAEH OOMBIN TaHIATA/IbI.
Keit >xarmaitnapaa aHa’poOTHIK MUKPOOPTaHU3MAEP/l KOJJaHAbI, OJApJblH ©CyiHE OTTEKTIH
Keperi KoK, OyJ1 kaf1ait 6acka MUKpoQIiopanapIbiH ecyine keaepri 6osnazasl. OcbiFraHOaiIaHbICThI
KOeIl ~ MeJjIepAeri  CYMbIKTBI,  KypaJl  KaOOpIKTapApl  CTEpUIACYAIH,  XKaOJIbIKTap.bl
CaHbUIAYChI3IaHIApPY/IbIH, ayaHbl ©Te Ta3ajJayJblH Keperi Oonmail kamangbl. JlalblH eHIM
cemaparopiapja CYWbIK KyHiHAe OeJiHeIl, ajblHFaH ©HIM, OJIeTTe, IIAIIBIPATKBIIITHI
KemTiprimrepae Kentipiieai. Erep TeXHOJIOrMAibIK Hpliecc arAaibiHaa Oacka Mukpodiopa
oceTiH 0oJjca, KOHE KaTaH CTEPWIIICY JKOHE CaHBUIAYCHI3AaHIAbIPy XKYPTi3iiMece, MaKcaTThl
naiganbl OHIMHIH ©Cyl TOJBIK TeXelyl HeMece MaKCaTThl METa00IM3M OHIMEPIHIH KYPT a3atobl
MYMKiH. COHABIKTaH OYJI MpolecTepAe Ta3allblK IIapajapblHa ©T€ KOFaphl Tajan KOWBLIAJBI:
ayaHbl ©T€ Ta3ajay, »KaOJbIKThI )HE OCIPIHAUIIK CYHBIKTHI cTepuiiaey. depMeHTaius nporecin
ME3TUIl JKOHE Y3MIKCI3 9JpeKeTTi (epMEeHTaTop Jel aTalaThlH amnmaparrapia Kyprisemi.
MakcatThl ©HIM OCIPIHIUIIK CYHBIKTaH CYy3y, cenaparusiay, OyJaHablpy KoHE KeNTipy apKbUIbl
Oeneni. KeH TaparaH KemnTipy oICTEpl: IMIAIIBIPATKBIINITHI, CyOIMMAaNMsUIbI, BaKyyMIbl JKOHE
KaJlFaH CYWblTy KabaTThl.

BuoxumMusnbIK  mpouecTepAaiH  epekuIeJiKTepiHe  MBIHamap  JKaTajxbl:  Tipi
MUKpPOOPTraHU3M/IEP/IiH KOMETIMEH KOIITEreH OHIMIEp/il Ty3y HeMece 0y3y; OoMaccaHblH OCYyiHIH
e3mirineH perrenyi. COHBIMEH KaTtap KIeTKa IMIHAETI OapiblK TMpOIecTep aKybI3IbIK
OuokaTanuzaTopiaap — (EepMEeHTTep KoeMeTriMeH >JKYpriule[i >KoHe peTTeNesll, jkacyuiaiap
KaOBIKTapbIHBIH — MeMOpaHallapblHBIH TaHJAAyJbl OTKI3TIIITIKTEPl 0ap, CHIPTKBI acepiepre
KacyllaNapAblH PETTerill MeXaHu3maepi OeHiMAENICTIK CepIilic TaHBITaAbl, KOHE O
MHUKPOOPTaHU3MACP/IIH KOJANUIIBI OMIp CYPY KaKTapblHA OaFbITTANIa IbI.

depMeHTaTOpNIAPABl  Tajjay >KOHE ecemnTey MHUKPOOPraHU3MACPAIH (pepMeHTalusay
MPOIIECIHIH MUKPOKHHETHKACHI Typasibl akmaparka Herizaeneni. OraH cyOcTpaTTarbl
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KypaMJacTap/iblH KOHIICHTpallUsIChIHA JKOHE Oacka mapamMerpiepre OaiaaHbICThl OMOMacCCaHbIH
©CYy KHHETHKAChI, COHBIMEH KaTap Kby — )KOHE MaccaaMacy 3aHIbUTBIKTaphl Kipei.

®epMeHTALUSIBIK MPoLecTepAiH KHHeTHKACHI

OHnuipicTe naigaaaHbUIATHIH MUKPOOPTaHU3MIEPIiH Ko0ici reTpeTpodThl OOJIBII KEeIi.
OmnapbIH TIPUIUIT] YIIIH KOMIPTEKTiH OpraHUKAIBIK KO31 KEpeK.

Tipurisik ety 6apbIChIHAa MUKPOOPTAaHU3MED, JKaCYIIATapbIHBIH YHBIMIACYbI )KOFaphbl
TOpEKeie )KOHE OIapAbIH KYPBUIBIMBI KYpJIeli OOJIFaHBIKTAH, OPTYPJii QYHKUIHMSIIAp aTKapaIbl.

JKacyma >kacymranslK KaObIpFaaH, IATOIUIA3Ma aH JKOHE SAPOIaH Typaabl. Tipuiiiik ety
0apbIChIHAA MUKPOOPIaHU3M/EP/IiH JKacyllanapbl CaH IbIK JKarbIHaH J1a, CallalbIK )KaFrblHaH Ja
e3repei: ecelli, XUMHSIIBIK Kypambl, MOp(OIIOTHICH 3repei, Kobee i, YPhIKTHIH Maiaa 00Iybl
OHE, COHbIHA, TIPUILIITiH TOKTATYBbI.

OcipiHAIK MUKPOOPTaHU3M/IEp OCYiHIH THIITIK KUCHIFBI | cypeTTe KopcerinreH. bipinmti
¢daza — nar-asa — xkacyuianapIslH ecyiHiH OailkanmaybsiMeH cunaTtTanazsl. byn dazana (1
KE3€H) erIreH eCipiHAl CBIPTKBI )KaFaainapra Oerimaene i skone OepiireH KOpeKTeHipy
opTachliHa ecy YIiH hepMeHTTep ocipeni. DxcnoneHmanabk dazana (11 kezen) sxkacymanap
OepuIreH >karaainapa MyMKiH O0JaThIH MaKCUMAaJIIBI XKbUIaMIBIKIICH Kobeeni. by ¢pazanbix
Y3aKThIFbl ©CIPIHALIIK OPTaJarsl KOPEKTEHAIPY 3aTTapbIHBIH KOPbIHA, apalacThIpy THIM/UTITIHE
KOHE JKacyIaiapFa OTTEKTI KeTKi3y *KbUIIaMIbIFbIHA, OblIaiina aiTKaHaa adparusuiay
TUIMJUTITIHE, TOYeNIi 00Iaabl.

bromacca xuHaKTaIybl ©CKEH CailblH KOPEKTEeHIIPY 3aTTaphl a3asbl, aiMacy eHimMaepl
KMHAKTaJIa bl )KOHE OTTEKIIEH JKacyIlla apachIHAaFbl MaccaaIMacy >KbUlJaM IbIFbl TOMEH IS 1.
Bbyn gakropnap MuUKpoprannsmaepaiH ecy kbuigamasirbiH ToMenaerenl (111 kesen).
CyOcTpaTThl OflaH opi TYTHIHY ’KOHEe METa0OIUTTEPAIH O6TiHY1 OCYIiH TOKTaybIHA —
cranmonapisl (hazara (IV ke3eH) cokTeipabl. V Ke3eH e (TipIIiK TOKTay Ke3eHIH/Ie)
JKacylanap caHbl KYpT KEMUJI.

lx

1 cyper. OcipiHAlIK MUKPOOPTaHU3MAEPAIH 6CYy KUCBIFBI

MuKpoopranumMaepIiH 6Cy KUHETHKACHIH CUIIATTAY YILIH >KaJIlbl )KOHE MEHIIIKTI 6Cy
KBITIAM/IBIFBI TIAl JalaHbUTaabsl. MUKpOOpraHU3MIEp OMOMAacCachl OCYiHIH Kb
KBUTIAMIBIFBIH (Kr/(M3-4)) OmomaccaHbiH dT a3FaHTall yaKbIT apajibIFbIHAA ©CKEH MacCaChIHBIH
dM ochl yakbITKa KaTbIHACHI TYPiHAE KopceTyre 0onaabl. by KpuimaMaslk Ornomacca



ONTUSTIK QAZAQSTAN SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTYCTiK KasakcTaH meavumHa akagemuscobl» AK AO «XO)Ho-KasaxcTaHcKass MEAVIUMHCKAsT aKkaZieMuUsi»
NmxeHepaik moHmep kadeapacst 76/16
N, 92 6ertin 94 Geri
JlopIcTIK KelieH

KOHIIEHTPAIUSCHIHA MporopiroHai 6onaabl. CoHJJa MUKPOOPTraHU3M OMOMAaCCACBHIHBIH 6CY
KHHETUKACHIH MbIHA TCHJICYMEH CUIIaTTayFa 00Ja b,
aM _ en
dr
Myna M — 6GrnoMacca KOHIIEHTpaLMsIChl, KI/M3; T — IPOLIECC Y3aKThIFbI, car; K — Omomacca
©CYIHIH MEHIIIKTI KbUIJaMIbIFbI, car’l. TenneyneH MEHIIIKTI )KbULIAMIBIK

————— 1 ————

M dr’

DKcrmoHeHIUANIBIK (hazamga Ormomacca eCyiHiH MEHIIIKTI )KbUIIaMIBIFb TYPAKTHI KOHE
OepiireH ecipiHl )KOHE MPOIIECTI OTKI3Y MAPTTAPhI YIIIIH MAKCUMAIIbl MOHTE HE.
bromacca KOHIICHTPAIUSCHI TCHICYTe COUKEC SKCIIOHCHIMANIBI 3aHIbUTBIKIICH 6CEe/Il,

M = M, e*’

Mynna Mo — 3KCIOHEHITMAIBIK (ha3a OachIHAAaFel OMOoMacca KOHIICHTpausChl, Kr/M3. Teraeymi
sorapdmiecek, alambi3

In M = M, + Kr.

Xaprbutaii norapudmIik KoopauHaTTapAa OepuUIreH TeHIey Kenleysik OYphIlIbIHBIH TAHT€HCl
MEHIIIKTI 6cy bUaaMIbiFbiHa K nmponopiirioHan 60gaThIH TIK CHI3BIK TYPiHAE 00Ja bl
CoHbIKTaH MEHIIIKTI 6Cy XKbIJIAAM/IbIFbIH €CENTey YIIIH €Kl HYKTeer1 OHbIH MOHIEPIH
aHbIKTaliMbI3 M1 sxoHe M2, onapra colikec MpoIecc Y3aKThIKTaphI 11 jxoHe 17 .

CoHna
1 ,
K=——(InM,-InM,)
T,
buomacca meniiepi exi ece 6CeTiH pereHepanusiay Y3aKThIFbl,
__lg2 069
P — v = wy!
K K

MuKpoOHOJIOTHSUIIBIK CHHTE3/ICY KEe3iHAe KpaxMalonaToka eHAIpiCiHIH KaJAbIKTapsl (Meacca,
rUpod), Top ruaApoau3aTTaphl, TAMaK OHAIPICI KaJABIKTApbIH, )KYT€pl YHBIH, MyHall eHAeyAeH
KaJIFaH KeMipcyap MmaijanaHbuIabl.

depMeHTaNIUAIAY NIPOLIECTEPiHAEri Maccaaamacy.

AdpoOTE MUKPOOPTraHU3MAEP MOMYIISAIHUIACHIHBIH 6CYy1 YIIIH 0TTEeK Kepek. O OpraHuKajbIK
CyOCTpaTTap/Isl TOTHIKTHIPAIBI JKOHE JKacyIIaaapabl SJHEPTUIMEH KaMTamachi3 erefi. OTTek cyna
KAKCHI epiMeiiIi, )KOHEe OHBIH Cylarbl KOHLEHTpauuschl 8,1 mr/m acmaiigpl. COHIBIKTaH
(dbepMeHTalus MPOLECiH OTTEKNEH KaMTaMachl3 €Ty YLIiH, epMEHTAIUSIIBIK CYHBIKTHI Y3I1KCi3
ayaMeH aspalusian TYpy Kepek.

Abspanusnay Ke3iHe €Ki IpoIecTep Kypei: aya KemipIIiKTepiHeH OTTeK (hepMEHTaIIUSITBIK
CYMBIKIIEH a0COpOIUsIaHa bl )KOHE CYHBIKTA epireH OTTEKTI MUKPOOPTaHU3MIEP Kacyllanapbl
CiHipesi.

CyifbIK a3a yiiH Maccabepy TeHIeyi MbIHA TYP/E ’Ka3bUIaIbl
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dM = [, (x, —x)Fdt,

Mynaa M — OTTeK Macachl, KT; Bx— CyHbIK (a3anarsl Mmaccadbepy ko3 duuunenti, m/car; Xp—

OTTEKTIH TE€HJIK KOHIICHTPAIIUSCHI, KT/M3; X — OTTEKTIH CYHBIK (ha3aiarbl )KYMBICIIIBI

KOHIIGHTpauuschl, Kr/M3; F — Maccabepy O€TiHiH ayaHbl, M2; T — IPOLECTIH Y3aKThIFbI, CaF.
depMeHTALUSJIAYFA APHAJIFAH anliapaTrTap.

®depMeHTaTOpAA TEPCH (DepMeHTANHIIAY MPOLICCIHIH aIBIHAA 3epTXAHAJBIK JKaF1anaa
TOMEHJICT1ACH KYMBICTAp KYPri3ijeli: TYKBIMIBIK MaTEpUAIIbI JaAUbIHAAY; KOPEKTIH OPTaHBI
JaibIHay KOHE CTEPUIIACY; MHOKYISTOPIapAa TYKbIMABIK Maepuasibl ocipy. TYKbIMIBIK
MaTepHaABIH MOJIIIEp] IieXTa KOWbIIFaH ()epMEHTATOPIIAPIBIH KeJIeMiHe OaillaHBICTBI. OIETTe
TYKBIMJIBIK MaTE€PHAJIJIBIH MOJIIIEPI KOPEKTIK opTa KejeMiHiH 5... 10% kypaiiasl. KopekTik
OPTaHBI KOHE TYKBIMJIBIK MaTepPHAaJIIbI )KYKTeMeC OypbIH (hepMEHTATOPIbI )KoHE OapIIbIK
KOMMYHHKaIUsUIapabl crepuiaeiai. Depmenraropaa ke0ik Ty3UTyal a3aiTy YIliH OFaH OeTTIK-
oenceni 3artapasl (bb3) na cananel. DepMeHTANMSHBI aCENITUKAIBIK JKaFmaiaa 18...24 carar
6otibiHa xkyprizeal. [Ipoiecc 6appicbiHaa ©CIPIHALTIK CYWBIKTHIH TEMIIEPATYPACHIH KOHE
KBIIKBUIABUIBIFBIH pH Gakpiiaiiner. @epMeHTaIust Mporeci asKTaiFad COH (hepMEHTATOPIbI
OocaTanbl. ATBIHFaH OHIM CY3Ti/ie HeMece cenaparopa OesiHe i xkoHe api Kapail eHaeyre
xi0epineni. @epMeHTaIMS MPOLECIH OTKI3Y YIIiH HETI3T1 apHalbl anmapaT peTiHje
¢depmenTarop (3 cypeT) KolJIaHbLIaIbl: apalacThIPFBILIBI 6ap peakTop blAbIC (3a cyper);
O6ap6oTaxabl MyHapa (30 cypeT); Ty3aKThl pepMeHTaTOp.

OpMEHTAaTOPABIH HET13T1 KYMBICHI apaiacThIPFBILI apKbUIbl CyOCTpaT MeH (PepMEHTT] THIFbI3
KaHACTbIPY, COHbIMEH KaTap ()epMEHTalMs KbUIybIH bl KeTy. AR0poOTHIK (epMeHTanus
KE3IHJIe OJI OpEKeTTECeTIH MOJIeKyJajllapFa ayaHblH OapyblH KaMTamachl3 €Teli, O YIIiH
(dhepMeHTaTOpFa a’dpanusIbIK KYpbUIFBI (6apOaTep) opHaThuiabl. DepMEHTATOPIBIH KYMBICIIBI
KaMepachl cTepuiii OOJybl KepeK, KOHCTPYKIUSCHI KEPeKCi3 MHKPOOPraHM3MICPIiH KoHE
¢aranapabiH (pepMeHTTepl KOATHIH BUPYCTAP/IbIH KOHE MUKPOOPTraHMU3M/IEp/IiH) KipMeyl YIIIH
caHpulaychl3  Oonyel kepek. @DepMmeHTaTOp IIHAE CYHWBIKTBIH KYHBIHIAHYBIH  JKOHE
KBUITAMJIBIKTBIH YIIKeH TPAJMHTTEPIHIH TYBIHAAYBIH OOIIBIpMAY KEpEK.
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a — apaJlaCTBIPFBILIBI 0ap XKoHE ayaHbl 0apOOTAKAANUIBIH BIABIC; O — MponeIepl
apaacTBIPFBILIBI 0ap bIIBIC; B — alHAJIBIPATHIH BIABIC (TY3aKThl); 1 — apaiacThIpFbIl; 2 —
alHaJABIPY COPFBICHI.

15.4. HWanwoctpauusiblk MaTepuanaaap: Bupryanasl konasipreiiap. Herisri anmaparrap
OeifHeNeHTeH T1aKaTTap.
15.5. Oneouer:
Herisri:
1. IlpomsbinuieHHas TexHosorus jekapcrs, Tom 1. Ilox pea. Uyemosa B.M. — X.: MTK-
Kuura, U3gaTtensctBa HOAY, 2002 — 560 c.
2. Kacatkun A.I'. OcHOBHBIE TIPOLIECCHI M allapaThl XUMUYECKOW TEXHOJIOTUN.9-€ U3,
- M.: Xumus, 1973
3. Ilnakcun FO.M., Manaxos H.H., Jlapun B.A. I[Ipomnecchl u anmaparhbl TUIIEBBIX
npon3BojcTB. — M.: KomocC, 2008. — 760 c.
4. AxGepaues O.C. Tamak eHAIpiCiHIH MPOLIECTEPI KOHE anmapaTrapsl, Anmatsl; 1998
K.
5. Kaseukwii I'. 1. [Iporieccer u anmapats! nuieBoi Texnosnoruu. - M.: Komoc, 2000.
Kocbimma:
1. Pomankos I1.I'., Kypoukuna M.U. I'mapomexanndeckue Mpouecchl XUMHUYECKON
TexHonoruu.3-e u3m. - JI.: Xumus,.
2. ®apmanestuyeckas texnosorus. Ilox pen. M.W. Kpacuroka n I'.B. MuxaiinoBoii—
Mocksa, Axagemust — 2006 r.
3. Aunexcanapos U. A. Pextudukanmonasie U abcopOuoHHbIe anmnapaTsl. MeTo sl
pcueTa u OCHOBBI KOHCTPYMPOBaHHUs. 3-u3Aanue - M.: Xumus,
4. Kadapos B.B. OcHoBBI Macconepenaun - M.: Beicimas mkosna, 1979

15.6. Baksbliay cypakrap (kepi 0ail1aHbIChI):
1) BUOXMMUSLIBIK MPOLIECTEPre aHbIKTaMa OepiHi3.
2) OcipiHALTIK MUKPOOPTaHU3MICP/IiH 6CY KHCBIFBIH CUITATTaHbI3.
3) Kaiicel kaH OoitbIHIIIa OHOMacca KOHIICHTPALUSIChI cei?
4) ®epMEeHTATOPABIH )KYMBIC iCTEy IPHHIIUITIH CHITaTTaHbI3.
5) ®epmeHTaLUs MPOLECIHIH AJIABIH/IA )KYPIi31UIETiH )KYMBICTap/bl CUTATTaHBI3.
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