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B coBpeMeHHBIX YCIIOBUSAX TMOBBIMIAIOTCA TpPeOOBaHHUS K KadecTBY U YPOBHIO
MPOEKTUPOBAHUS OOBEKTOB XUMHUYECKHMX Mpou3BoACTB. (OcobeHHO 3To TpeboBaHHE
YXKECTOUYAETCsI B IIaHE MOBBIINICHUS HAZICKHOCTH M YPOBHS TEXHOTEHHOW Oe3omacHocTH [1].

B kauectBe 00beKTa HCCIEIOBAHUS PAaCCMOTPUM IPOU3BOJACTBO Cyjib(paTa aMMOHHS,
KOTOpO€ SIBJISIETCS OJHUM M3 THIOBBIX JUIsI XMMHUYECKUX IMPOU3BOACTB. B mpousBojicTse
cylb(ara aMMOHHS TJIABHBIM TEXHOJOIMYECKMM TIPOLECCOM SIBISieTCsl cymka [2], mpu
KOTOPO MPOUCXOIUT YAAJEHUsI BIIark U3 MaTepHuaa.

Jns cymku cynbpara aMMOHMSI HanOoJIbIllee PAaCHpPOCTPAHEHUE MONYYWIM TPU THIIA
CYIIMJIBHBIX YCTPOUCTB: OapabaHHbIE CYIIWJIKH, BUOPALIMOHHBIN TPAHCTIOPTEP M CYIIMJIKHU C
KUISIIMM CJIoeM. B cymmikax ¢ KUISIIHEM ClIoeM OOECIeYMBAETCS TECHBIH KOHTAKT
MaTepHaja ¢ TeIUIOHOCUTENIEM U BBICOKUHM TepMHUYECKH KOA((UIIMEHT NOJIE3HOTO JeHCTBUS.
[Tpu cpaBHUTENBEHO HEOOIBIINX rabapuTax OHU 00JIaAAI0T BEICOKOM MPOU3BOAUTENLHOCTHIO U
MeHee APYruX YyBCTBUTEIbHBI K MMOATUBAM C LIEHTPUQYT.

B o6opyaoBanuu Ha psijgy C TEXHOJOTHYECKHMMH TpolleccaMu (CyIlka, Temao- H
MacCoOmepeHoc)  HEeW30EeKHO  BO3HUKAIOT  JerpajaldoHHble  mpouecchl.  Cpenu
JIErpalalliOHHBIX MPOIIECCOB MOKHO BBIJCIUTh TaKHE IMPOIECCHl Kak aOpa3WBHBIA H3HOC
JIeTaei, BOSHUKAIOIINWNA TIPU TpeHUH pabodeil cpesibl 0 MOBEPXHOCTHU JIeTale U y3JI0B, a Tak
K€ KOPPO3HMOHHBIA M3HOC, CBSI3AHHBIA C KOPPO3MOHHOAKTUBHOCTHIO paboueil cpensl. Kpome
TOr0, TaK € BO3HHUKAIOT TMPOIECChl M3HOCA B Y3JaX TPEHHUS, KOTOphIE 3HAYUTEIHHO
yCYTryOuIsIIoTCsl IpU MOMaJaHuM Cyib(paTa aMMOHUS HAa KOHTAaKTHUpYIOL[Ue noBepxHocTu. [lpu
5TOM 0GOpyIOBaHHe paboTaeT MPH MOBBILICHHBIX Temmeparypax paGoueii cpexst (130°C),
YTO MHTEHCU(DUIIUPYET HE TOJIHKO TEXHOJOTUYECKHE TIPOIIECCH, HO M JIETpalallAHOHbIE.

Takum o0pa3oM, ¢ H3KCIulyaTanuued oOOpyHOBaHHSA C KHILSILIUM CJIOEM CBSI3aHO
BO3HMKHOBEHHUE DsAJa OMACHOCTEH, KOTOPBHIE MOTYT HCXOJIUTh Kak OT IepepadaThiBaeMoro
CBIpbsl, IPOLIECCOB IIPOTEKAIOLIUX B arperare, Tak M CaMmMoro arperara. BaxxHoul 3ajgadei
oOecrieyeHUs 3alaHHOTO YPOBHSA HAJEKHOCTH M TEXHOICHHOM O€30MacHOCTHM Ha JTame
IIPOEKTUPOBAHMS SBJISAETCS yYET HE TOJIBKO TEXHOJIOTMYECKMX, HO M JerpajalliOHHBIX
IIPOLIECCOB.

OgHuM #3 OCHOBHBIX TOKa3aTeleld HaJAEeKHOCTU SIBISETCS OCTAaTOYHBIM Tramma-
npoueHTHelii pecypc [3]. C 3amaHHBIM HHTEPBAJOM BpPEMEHH JHArHOCTHPOBAHHS |
ONPENEISIOT TeOMETPUYECKHEe MapamMeTpbl (Kak TpaBWIO 3TO TOJIIMHA Haubosee
JIETPaIipyeMOTO 3JIEMEHTA) B HECKOJIBKUX KOHTPOJIbHBIX TOYKAX, KOTOPBIC UCIOJB3YIOTCS B
KayecTBE OCHOBHBIX ITAPAMETPOB C PaCU€TOM OCTATOYHOT'O CPOKa CIYKOBI.

Tak kak B CymIWIKax MPOMCXOAUT UENbIH pAx JAerpaJalliOHHBIX IPOIECCOB
npeiaraeTcss MCIoJb30BaTh HE TEOMETPUYECKHIl TMOKa3aTelb(TOMIIMHY), a (QYHKIHIO OT
HEro, OTPaXalollyl paboTOCMOCOOHOCTh arperara(HarmpuMep, BEWYHMHA JIEHCTBYIOIIETO
HAIPSDKCHHUS).

[IpuBenem mpumep pacuera ramMMma-IpOLEHTHOTO OCTAaTOYHOIO pecypca JUid CTEHKHU
koprnyca arperara [3]. HomunanbHas TonmmHa creHkH kKopmyca Sp = 10 mm. [IpoBeaeHo
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JMUarHocTUpoBaHue depe3 { jer mocie Hayana sSkcroryataru. OTOpakoBOYHAS TOJNIUHA
CTCHKU CYIIHIKH Sy.

Tabnuua 1 — ['eomerpuueckue noka3aTeinu.
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riae Uy — KBaHTHIIb HOPMAIIBHOTO pacipe/erieHus. BeiOupaercst ncxoapl n3 3HaueHus (,
npu 0=0,95 u [1=95%: Uq =1,65;
Q, — CpenHee KBapaTHYECKOE OTKJIOHEHHE OTHOCUTEIHLHOTO H3HOCA
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A = 2m cp
N -1 k1
rae N — KoJInuecTBO 3aMepoB;
V., — CKOpPOCTb U3HOCA!

_ QCP

cp t;n

rae ty -BpeMs SKCIUTyaTaliy SJIEMEHTa HA MOMEHT JMarHOCTHPOBAHHUS, TOJ;
[lo — HAYAJILHOE CPENHEKBAAPATHIECKOE OTKIOHEHUE TOIIIMHEI CTEHKH, [1o =0,05;
ti - BpeMs JMarHOCTUPOBAHUS, KOT/1a IPOBOIUIICS K — ThIi 3aMep TOJIIMHBI CTEHKH
Q«=1-S¢/ S
rae Q,— m3HoC B K — Touke;
Sk - TeKyImas TOJIIKWHA CTEHKH B MecTe K — Toro 3amepa, mu;

Snk — HOMHUWHAJIBHAJA TOJIIIIMHA CTCHKHA JII/IaFHOCTI/IpyeMOFO JJICMECHTA, MM.
B pe3yiabraTe pacuera onpenesieTcsi OCTaTOYHBIN pecypc.
I[J'If[ XUMHNYCCKUX HpOI/I3BOZ[CTB HUCIIOJIB30BAHHUEC B MCTOIUKE pvaeTa ramMmma-
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NPOICHTHOTO pecypca M3MEHEHHUsSI TOJIIMHBI CTCHKH HE SIBJISCTCS JOCTATOYHBIM, TaK Kak
OJTHOBPEMEHHO MapaJIeIbHO MOTYT HPOTEKaTh HECKOJBKO JErpajialldOHHBIX MPOIIECCOB.
[TosToMy B pacdere mpeajaracTcs HCIOJIb30BaTh (PYHKIUIO OT TOJIIMHBI, HAIpUMeED,
JICHCTBYIOIME HAMPSDKEHUS WM PaboTOCIOCOOHOCTh. [Ipu pacueTe HampspKEHHs, MOMEHT
COIPOTHBIICHUS SBIICTCS (DYHKIIMEH OT TOJIIIUHBI CTCHKH:
o= f(P,W,p)
W = f(s)

MoaepHu3aiys JaHHBIX METOIUK ITO3BOJUT MPOTHO3MPOBATH PECYPC BCETO arperara
[4,5].

B kauecTBe mpumepa mpuUBEAEM pacdeT raMMa-IPOLIEHTHOIO 0OCTaTOYHOI'O pecypca s
CTEHKHM KOpITyca CYIIWJIKH Cyib(hara amMMOHHUS. [IpOBEIEHO IHATHOCTUPOBAHHWE CTCHKH
KOpITyca CYIIUJIKH CyJib(aTta aMMOHHSI B KHITAIIEM CJI0€ C HOMHHAIBHOMN TOJIIMHOW CTCHKH
Snh =10 mm.

AHAJIOTUYHO TPUBEACHHOMY TMPUMEPY MPOBEACHO TUATHOCTUPOBAHUE CIIEAYIONIMX
DJIEMEHTOB. CTEHKAa KOpIyca CYIIMJIKHA, BaJl YCTAHOBKM HATSHKHOM, TpyOa Baia
pas3OpachiBaTess, MINHILKA. Pe3ybTaTel pUBEICHBI B TaOIHIIE:

Tabnuua 2 — TonmuHa Kopryca B BBIOpaHHBIX TOUKAX

K 1 2 3 4 ) 6 7 8 9 10 11

Surs 10 10 12 10 10 12 10 10 12 10 10

8 MM

>
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%SK,MM 73 |92 (101 | 80 | 78 |110 | 7,7 | 85 | 94 | 79 | 95
=

@)

Sk 60 60 60 60 60 60 60 60 60 60 60

EXSI MM

Q;ES,(,MM 56,8 | 57,3 | 57,1 | 56,9 | 57,1 | 57,2 | 57,5 | 57,5 | 57,4 | 57,1 | 56,8
5 2
M

S 25 25 25 25 25 25 25 25 25 25 25

MM

SoMMm| 235 | 23,6 | 235 | 23,6 | 234 | 235 | 23,2 | 235 | 23,2 | 235 | 23,1

Tpy6a Bana
pas0OpaceIBaTEIs

Suxs 8 8 8 8 8 8 8 8 8 8 8
MM

Semm| 69 | 72 (71 | 70 | 68 | 67 | 67 | 65 | 68 | 69 | 65

Imuneka

TpeOyercs ompenenuTh HWKHIOI HHTEPBAJBHYIO OLEHKY TIaMMa-IPOLEHTHOrO
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OCTaTOYHOTO pecypca Ha IpUMepe KOpITyca CYIIHIKH.

OT16pakoBOYHAs TOJIIMHA CTEHKU KOpIyca CYIMIKH Sy = 6,0 M.

CornacHo peKOMEHAALUsAM, IPUHUMAEM 3HaYCHHUs PEriIaMEeHTUPOBAHHON HAJIEKHOCTH
= 95 % u ogHOCTOpOHHEH JOBepUTENbHO BepositHocTH ( = 0,95.

[TpuHuMaeTcs NTMHEHHAs MOJIeNTb U3HOCA C MTOKa3aTeleM CTeNeH!

m=1,0
[TocnenoBarenbHOCTH pacyeTa OCTaTOYHOTO pecypcea.
[To mpuBeIeHHBIM B TaOJIHIIE TaHHBIM TOJICYUTAEM HM3HOC B KaKIOHW TOUKE:
QK =1- Sk / Snk

3aTeM NOJCYUTHIBAIOTCS CPEAHHE 3HAYEHUS YTOHEHHWS CTEHKH M €ro cpegHee

KBaJ[paTHYECKOE OTKIIOHCHHUE!
Q. =0,17u [1,=0,068.
Tabnuma 3 — Be16op BeposiTHOCTH

Harpesaemsiit mpoaykT PernamentupoBannas | [loBepurenbHas
BEPOSATHOCTH ¥, %0. BEPOSITHOCTH, (

BricokoonacHele Bemntectsa 1, 2, 3 KiaccoB u 99 0.99
COKUKCHHBIC YTTIEBOI0POIHBIC T'a3bl '
B3peiBO u  moXxapoomacHble  BEIIECTBA
nerkopociutaMmensomuecs sxuakocta (JIBXK) u 95 0.95
roproune xugkocta (IK) ¢ P> 25 Mna, T > '
300 °C
nerkopociutaMmenstomuecs sxkuaxkoctu (JIBXK) u
roproune xuakoctd (IK) ¢ P <25 Mna, T < 90 0,90
250 °C
Tpynuoroproure (TI)) u wneroprounme (HI)
BEIIIECTBA 80 0,80

HaxonmuMm cpemgHee KBagpaTHUeCcKoe OTKIOHEHHE OTHOCHTEILHOTO u3HOoca Q) .
Q, = V0,068% - 0,05 = 0,047
OnpenenuM  BepXHME  MHTEpBAJbHBbIE 3HAYEHMS] CpPEAHEr0 M3HOCAa U €ro
CpCAHCKBAAPATHUICCKOT'O OTKJIOHCHUA.

Q) =017+0047- 2% _ 0105

NG

Q’ =0,047(L+ =22) — 0,067

N7

OHpeZ[eHSIGTCH CpEAHEE 3HAUYCHUC JOIIYCTUMOI'0 OTHOCHUTEIIBHOT'O U3HOCA!

6
[Q]cp _1_E - 0’4

3nauenne /J[Q]= [i= 0,05. [dnsa onpenenenust /' BHavaje ONpPEACITHM AapryMEHT
byHKIMK @ KOTOPHIN SBISETCS €€ KBAaHTUIIEM:
- 0,4-0,195

\/0,052 +0,0672

ITo [6] Haxoaum 3Hauenue Gyukimu @(.) npu Benuuune kBantuis 2,45:d(.) = 0,993.

I'= % 0,993 =0,943
100

=2,45

ITo Tabn. 3 coorBercTByromuii kBanTiiab Uy =1,59. Jlanee HaxoquTcs mapamMeTp Ypacy:
Vpacu=1,254
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Hwxuss nHTEpBabHAS OLIEHKA — MPOLIEHTHOIO OCTATOYHOI'O PECYPCa paBHA!
t. =15-(1,254"' -1)=25

Pe3ynbraT U1 OCTaIbHBIX 2JIEMEHTOB NpUBE/IEH Ha quarpamme (puc. 1):

35
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Pucynok 1- OcraTouHblif pecypc 37€MEHTOB CYLIMIIKU C KUIISIIUM CJI0EM

TakuMm 00pa3oM, BBINOJIHEH pacdyeT raMMa-IIPOIIEHTHOTO pecypca dIEMEHTOB CYLIHIKA
cynbata aMMOHHS C KUIISIIUM CJIOEM TI0 TUIIOBOI METOMKE. A TaK e IMPOBE/ICH PacyeT Mo
YTOYHEHHOW METOJHUKE, TJIe B PacyeTe HCHOJIb30BAIUCH JACHCTBYIOLIME HAMPSIKCHUS, MPU
3TOM TaMMa-IIPOLIEHTHBIA Pecypc okas3ajcs MEHbIe, YeM IIPU TUIIOBOM pacuere. To ecTh
IpE/UIOKCHHAss YTOYHEHHAsh METOJMKa, YYUTHIBAIOIIAs JCHCTBYIOIME HArpy3KH H
BO3HHUKAIOLIHE HAPSDKEHUS MO3BOJISIET ONPEeIIsITh OCTATOUHBIH pecypc 000pyIOBaHHs IS
HauXyJIIero cirydasi, T.€. SBIseTcs: 0oyiee MOJTHOH.

Ha ocHOBe MeTOIVKH OTpeleieHHs raMMa-IPOIEHTHOTO pecypca ObLia COCTaBJeHa
0JI0K-CXeMa M COCTaBlIeH Ko iporpammel B cpezie Microsoft Visual Basic. [7]
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