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I. OBLUME MOJIOXKEHUS

1. Meroauka npeaHa3zHayeHa I OHNPEHEIICHHS BO3MOX-
HOCTH CaMOBO3IrOpaHHS MAaTEpPHAJIOB B YCJIOBHAX TPaAHCIOP-
THPOBaHHA Ha OCHOBAHUHM 3KCIEPUMEHTATLHO-AaHATUTHYECKHX
HcenenosaHui. [lomygaemeie pe3yabTaThl NO3BOJAKOT OTHECTH
ONOOHBIE I'py3bl K COOTBETCTBYIOUIMM KJjaccaM OINACHOCTH
(cornacHo knaccudpukauun I'OCT 19433 [1]) u paspabaTeiBaTh
MEPONIPUATHSA, IIPEAOTBPALIAIOIIHE CAMOBO3rOPaHNE MAaTEPHAIOB

I[IPH IIEPEBO3KE.
2. OnpeneneHne BO3MOXHOCTH TEIIOBOTO CaMOBO3ropa-

HHSI TPY30B BBINOJIHAETCS 0 pe3yJibTaTaM pacyeTOB KPUTHYE-
CKOH TEeMIIEpaTyphl H IEpHOAa HHAYKIIMH IIpolecca AJIS TEMIIe-
paTyphbl OKPYXaIOUWEH CPEABI, MPEBBIIAIONIEH BEPXHIOIO I'PAHM-
Yy KJIHMaTHYECKOro rnepenana CpeaHECYTOYHBIX 3HAYEHHUH A
perdoHoB Tpan3uTa (40 °C).

3. OnpenencHue Kjacca ONACHOCTH I'PY30B BBITOJIHACTCH
B CJIEAYIOIIEH NOCIECA0BATEIBHOCTH

a) Ha OCHOBAaHHHU 3KCINEPHMEHTAJILHBIX PE3YJILTATOB OIIpeE-
NCJIEHUS TEMIIEpaTyp CaMOBO3ropaHus o0O0pa3loB MaTepHana
B J1JAOOPATOPHEIX YCIOBHAX pacCUUTHIBAIOTCA MapaMETpPhl KHHeE-
THKH Ipouecca. B pacuerax MOryT TakKX€ HCIOJIb30BaThCS
ONyOJIMKOBAHHbEIC 3HAYCHHA KHHETHYECKHX XapaKTEPHUCTHK JUIA
MaTepHalia aHAJIOTHYHOH MapKH;

6) ang rpy3oBOoro IpOCTPAHCTBA paccMaTpHMBaEMbIX

TPaHCIIOPTHBIX CPEJCTB BEIYUCIIAETCS MapaMeTp O,
B) pPaCCYMTHIBACTCS KPHTUYECKass TeMmuepaTypa I« OKpY-

XAKOIICH Cpeabl;
r) npu T,,< 40 °C onpeaensercs nepHoJ HHAYKIHH IIPO-

ecca s temieparypsl cpeabl 40 °C (MHHHMaIBHOE 3HAYEHHE
JUIS BCEX YCJIOBH# TPaHCIIOPTHPOBaHHSA);



1) ONpEAENAEeTCS KJIacC ONACHOCTH Ipy3a NpPH IMEPEBO3KE
paccMaTpUBaEMbIM TPAHCIIOPTHBIM CpeACTBOM. ISt Apyrux yc-
JIOBUH TPAHCNOPTHPOBAHUSA IIOBTOPAIOT pacyeThl 110 1a. 36-3r;

€) NpH BBIABJICHHH BO3MOXHOCTH CaMOBO3IOpaHHsA Ipy3a
B YCJOBHAX TPAHCIIOPTHUPOBAHMA pPaCCUYHMTHIBAIOT 0O€30MaCHbIM
pa3sMep KOMIAKTHOH YKJIAQAKK Marepuasia Jii TEeMICPaTyphbl

cpeanl 40 °C (Mcrionp30BaHHEe TAKOH YKJIQAKH NPEAOTBpaIlacT
CaMOBO3rOpaHHE MaTepHaia NpH NEPEBO3KE).

4. PexoMeHAAUMH 10 0fecneyeHuIo oXaApHOH 0€30macHo-
CTH CE€30HHOI'0 TPaHCIIOPTHPOBAHHS CAMOBO3TOPAOUIMXCS FPY30B
(B XONIOQHBIA IMEPHOL rojJa NpH CPEAHECYTOYHBIX TEMIIEpaTypax
OKpYyKaroliei cpelibl HHxe 1,,) ROMKHBI 000CHOBBIBATHCA B COOT-
BETCTBUH C HACTOAMICH METONUKOH OpraHU3alUsAMH, UMCIOILIUMH
JIMIEH3HIO Ha IIPOBEJCHHE COOTBETCTBYIOLLUX padoT.

IL. ONPEJAEJEHUE
KHHETHYECKHX NIAPAMETPOB
IIPOLIECCA TEPMOOKHCJIEHHUS MATEPHAJIOB
10 SKCNIEPUMEHTAJbHBIM TAHHBIM

2.1. Annaparypa

Anmnaparypa Uil ONpPEACICHUS KHHCTHYECKHX IapaMeET-
POB Iponecca TEPMOOKHCJIEHHS MAaTCPHAIOB BKIIIOYAET B Cebs
CNCAYIOLUE IIEMEHTHI:

2.1.1. TepMocTrar BMECTHMOCTHIO paboueil KaMephbl HE Me-
Hee 40 aM° C TEPMOPETYAATOPOM, IMO3BOJISIIOILUUM MOIACPXKH-
BaTh IOCTOAHHYIO TeMnepatypy ot 60 no 500 °C ¢ norpeuHo-

CThIO He Oojnee +1 °C.

2.1.2. Kop3MHKH KYOHYECKOH HIH UHJIHMHAPHYECKOMR
¢opmbl BeicoToH 15, 30, 35, 50, 70, 100, 140 n 200 mMm. qua-
METP LHIHHAPHYECKOH KOP3HHKH JO/DKCH OBITH paBeH €€ BBICOTE.
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MarepuaioM 1ji1 KOP3HHOK CIHYXHT CE€TKa H3 JIaTyHH HIIH
HEPXXABEIOIIEH CTAIM JUIA CHIIYYHMX MaTEpHAIOB (C pa3sMepoM
syeek He Oonee 1 MM) HuIH THCTOBas HEpXKaBelolnas CTalb TOJI-

HIMHOH He 0osiee 1 MM — [ NINABAIIUXCHA BEIIIECTB.

2.1.3. TepMoanexrpuyeckue mnpeobpaszoBarens (TepMoO-
napel TXA n TXK) ¢ mMakcCHMajlbHBIM JHaMeTpoM pabodero
criast He 6oinee 0,8 MM.

2.1.4. U3mepurens TEpMOIIEKTPOABHKYINEH CHIIBI, IIO-
3BOJIAIOIIMH OCYLIECTBIIATH BH3YAIHM3aIMIO H3MCHECHHSA TEMIIE-
paTypsl obpasna MaTepraia BO BpEMEHH C 3alIHChIO Ha OyMax-

HOM HJIH 3JIEKTPOHHOM HOCHTEJIE.
2.1.5. Becn1 naboparopHuie ¢ HaHOONBIIHM NPEAEIOM B3BE-

mmHBaHuA 1000 r u TouyHocTeio B3BemuuBanus 0,01 r.

2.2. lloaroroBka M NpoeBeIeHHE HCIBITAHNH

2.2.1. K KOp3HHKaM KpENAT 10 TPH TEPMOIIEKTPHUYCCKHX
npeodbpa3oBaTens TakuM oOpa3oM, YTOOBI OMHH KOHEI, OJHOH
TEpMOINaphbl HAXOIWICA BHYTPH KOP3UHKH B €€ LICHTPE, 4 BTOPOH —
Ha pacCTOAHHUHU He 60s1ee 5 MM OT BHEUIHEH €€ CTOPOHKI (Ha BBI-
COTE HEHTpa KOP3HHKH). DTH TEpMONapsbl COSOUHAIOT 10 OU-
depeHIHAIEHON cXeMe, ¢ TEM YTQOOBI OHM H3MEPUIM Pa3HOCTH
TEMIIEpATyp MEXAY 00pa3iioM MaTepraia U TeMIIepaTypoil pado-
yeil xamepbl. JU1d GHKCHpOBAaHHA TEMIIEPATYphl B TEPMOCTATE
(TeMIeparyphbl HCIILITAHHH) pabo4YMi KOHEL| TPETHEH TEpMOINAphI
pacrioyiararotT Ha pacCTOSHHH (30+]1) MM OT CTEHKH KOpP3HHKH

Ha BBICOTE €€ LICHTpaA.
2.2.2. Kop3HHKH 3alOJIHAIOT HCCIEAYEMbLIM BEIIECTBOM H

B3BELIHBAIOT Ha BecaxX. IIpH HCNIBITAHHUAX JTHCTOBOIO MaTrepHala
ero HabHparoT B CTOIKY, COOTBETCTBYIOLIYIO BHYTPEHHHM pa3-
MepaM KOp3HHKH. B 06pa3iiax MOHOJIHMTHBIX MaTepHaJIOB MpPEX-
BapHTEJILHO BBICBEP/JIHBAIOT IO LICHTPa OTBEPCTHE NHAMETPOM
He 6osiee 7 MM U1 TEPMOIJIEKTPHYECKOro nMpeodpa3oBaTes.
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2.2.3. CBobosiHBIE KOHIBI TEPMOINIpeoOpa3oBaTeiel NMomI-
COCAUHAIOT K H3IMEPHUTENIO TEPMOIIEKTPOABHKYIUEH CHJIbL
IJIS PETUCTPAllMl H3MCHEHHS pPa3HOCTH TEMIIEpATyp B LIEHTPE
oOpa3na U TeMrepaTypsl B pabouei kaMepe TEpMOCTATa.

2.2.4. KOp3uHKY NIOMEIIAIOT B LIEHTP TEPMOCTATA, HArpe-

TOro 10 337aHHOM TeMneparypsl (Hanpumep, 200 °C) u Habr0-
IaroT 32 K3MEHCHUEM TEMIIEPATYPHI B LIEHTPE 00Opa3iia.

2.2.5. CamoBo3ropanue obpasna NposBISACTCA NPH YBEJIH-
YCHUH PA3HOCTH TEMIIEPATYP, PUKCUPYEMOH NUPPEPEHIHAIID-
HOH Tepmonapoi, 10 BeauduHsl 6onee 100 °C unu Bu3yansHOM
OIIPEJIETICHUH BO3rOPaHHUS.

2.2.6. Ecnu npu nepBOM HCINBITAHUM CaMOBO3rOpaHHe HE
IIPOUCXOJUT B TEUEHHE BPEMEHH, YKa3aHHOTO B Ta0J. 1, TO Hc-
IbITAHUE C HOBBIM 00pa31ioM Marepuasla TOro e pasMepa Inpo-
BOJIAT NpU Temiiepatype Ha 20 °C O6oblue 3agaHHoi. Eciu camo-
BO3I'OpaHHe IPOU301LIO, TO HCIIBITAHUE IIPOBOAAT IIPH TEMIlEpa-
Type MeHblIeH Ha 10 °C.

2.2.7. HUcnertadus npomosnkalT ¢ o0pa3namMH JaHHOro
pa3Mepa IMpH pa3jMyHBIX TEMIlepaTypax pabo4ero nmpocTpaHCT-
Ba TEpMOCTATa 0 JAOCTHXECHHA MHUHHUMAIBHOM TEMMNEpaTyphl,
IIpH KOTOpOoH obpasern; caMOBO3ropacrcs, a IIpH TEMIIEPAType
HIOKE MHHUMabHOM Ha 1 °C caMOBO3ropaHus HE MPOHCXOIHMT.
IIpn 3THX Temneparypax BBIIOJHSAIOT IIO JABAa 3KCIICPHUMEHTA.
MHuHUMAJIBHYIO TEMIIEpaTypy, IPH KOTOPOM HUCCIeAYEMBIA Ma-
TEpHA] CaMOBO3rOpaeTCs, NPHHHUMAIOT 3a TEMIIEpaTrypy CaMo-
BO3ropaHus obpasia JaHHOI'O pa3Mmepa.

2.2.8. AHQJIOTHYHBIE UCIILITAHHA NMPOBOAAT C OOpa3laMH

UCCIIEAYEMOro BEIIECTBA B KOpP3MHKAX APYrUx pa3MepoB. Pe-
3yJIbTAThl HCTIBITAHUH OQOPMIISIOTCA B BUAE Tab1. 2.



Tabauya I
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Tabaruya 2
Pasmep o6pa3ua, MM Temmepartypa camoBo3ropanus 7,
_—-

2.3. Pacuer napaMeTpoB KHHETAKH
TePMOOKHCJICHHS MATEPHAJIOB

HcxomHeiMu JaHHBIME VIS ONIPEAEJICHHS TIapaMeTPOB KHHE-
THKH TEPMOOKHUCIICHHS ABJIIOTCH:

- DaHHble Tabjl. 2 Ui KPHTHYCCKON TEMIEpaTyphl CaMmo-
posropanus I', =T, (K) obpasuos pasmepoM D (M),

- WWMWK,&-M'I'K"';
- TEIUIOEMKOCTB HCC/IEAYEMOro MaTeprana ¢, JDK - xr K

- Terwiora peaxmd O, JIx - k.
PacdeT BEIIOJIHAETCA B CJICAYIOMIEM MTOPAIKE.
2.3.1. Jlna xaxporo pasmMepa obpasna pacCIuTaTh YHCIO

Panes o ypaBHEHHIO:

Ra=2-p*20 RT (1)
va E
-2

rae g — YCKOPEHHE CHIIBI TSDKECTH, M * €~ ; V— KMHEMaTHYecKast

BA3KOCTh BO3AyXa IIpH TeMIieparype 1, M - ¢'; a- TEMIICPATy-
2 -

POIPOBOHOCTL BO3Ayxa NpH Temneparype Iy, M° - ¢ ; D —

8



BeICOTa 00pasua, M; K — YHHBepCalbHad razopad MOCTOAHHAA,
Ik - moms '+ K™'); T, — TeMneparypa pabodero mpocTpaHCTBa
TepMocTara, K; £ — 3HEprus akTHBALHH PCaKIHH OKHCIICHHUA.

Honyckaercsa npuaumMarb paBHo#i 100 xJXx - MoJIb -
JIns obnerdeHuss pacyeroB 3aBHCHMOCTHD KOMILIEKCA

g/va or Temneparypsl B amamasone T, = (350 +800) K moxer

ObITH paccurTaHa 110 HOpMyJIE
1770

£ _1210% " . 2)
av

2.3.2. Jlns BCcEX pasMepoB 00Pa3noB BEIMMCINTL KOYDPH-
IIMEHTHI TEIUIOOT/IAYH O 10 YPABHCHHSIM:

mpu 5-10° < Ra<2-10’

o= 0,54Ra°'25}—9—+4cT§; (3)
D
npu Ra>2-10’
o= 0,135Ra°-3”5i+401‘3, (4)
D
rne ©6=567-10° -~ nocrosHHasA Credana-bonsimMana,
Br-m2-K™.

Ko dHoueHT TeIIONpPOBOAHOCTH BO3yXa IIPH TEMIIEpa-
Type 1o MoxeT ORITh onpeneneH no Gpopmyiie

A, =698-10 +6,41-107°T,,. (5)

2.3.3. [lo BemmmuanHe O, KO3PPHIHEHTY TEILIOMPOBOAHO-
CTU MaTepHajla A H IIOJIOBHHE BBICOTHI 7 = D/2 BBIYMCISIOT
KpuTepuH buo mis xaxzaoro obpasua:
ar

Bi=——. (6)



2.3.4. OYHKUHIO @ (Bi), YYHTBIBAIOI[YIO HHTCHCHBHOCTD
TeroobMena obpasia ¢ BO3LyXoM, ONPEAEIIAIOT 10 YPABHEHHIO

- Bi®+4-Bi-
(p(Bi)=-523-(1,Bi2+4—Bi)exp {IL——% 24 . (D

Bi

2.3.5. PaccyuThIBAIOT napaMeTpsl 3 H Y, XapaKTepH3YIO-

INHE HHOAHBHAYaIbHbIE CBOHCTBA PEAKIIHH OKUCICHHUA:

_RT,
B = Pl (8)
_ CRTY
Y= OF (9)

2.3.6. C yyeTOM HHTEHCHBHOCTH TEIUIOOOMEHA H XapaKTEpH-

CTHK PEaKIMH IS KKIONo pasmepa obpasua Marepudaia paccyH-
THIBAIOT KPHTHYECKOE 3HaYeHne napamerpa Opank-KameHexoro:

Sep= 8o@(Bi)(1 + B)(1 + 2,4y™"), (10)

rae O,— KpHMTHYECKas BeJH4YHHA NapaMerpa O IpH HHTECH-

CHBHOM TeIuTt000MeHe, paBHasg 2,52 s 06pa3loB KyOHMYEeCKOH
¢opmel ¥ 2,76 — 14 HAIHMBApPaA ¢ BLICOTOH, paBHOH AHAMETPY .
Pe3ynbrarel BeraucieHni no ¢gopMynaMm (1)<10) ceonsar

B TabJ1. 3.
Tabruya 3

o,
P T Bi
|IHHiHH"IIEI“I:IN!!IE!INI’“H!IIIHIIIII:I
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2.3.7. 3aBHCHMOCThP KPHTHYECKOrO 3HA4YCHHS IlapaMmerpa
Opank-Kameneuxoro 6., OT KHHETHYECKHX IapaMeTPOB pEaK-

IIHH OKHCJICHHA

_Qk*b E 5 &
3, = - lezre (11)
3alIHUCHIBAIOT B BH]IC
E
M = Ne * (12)
8. RT.
roe M = "izpo : (13)
N = Egk" : (14)

0 — IUIOTHOCTD YIIaKOBKH MaTepHaia, KT - M ; k, — KOHCTaHTa
-1
CKOPOCTH peaxuuy, 1 - ¢ .

2.3.8. ITo ypaBHenmio (13) mis xaxmoro pasmepa obpasia
pacCUHTHIBAIOT BeymmuanaHy M. C yderoM 3Hadyenuit M u N no

ypaBHEHMIO (12) MeTOZIOM HAMMEHBIIMX KBAAPATOB HJIM MIPOrpamMM
00pabOTKH 3KCIIEpUMEHTAIBHBIX JAaHHBEIX J[UIS IEPCOHAIbHBIX
komnbioTepoB Eureka, Curve Expert 1.3, Mathematica 3.0,

Mathematica 4.0 B Apyrax ONpenessiOT YHUCIEHHBIE 3HAYCHHA

N ¥m 3Hepruio akTHBaMH E .
2.3.9. Berquciasior NpeA3KCIOHCHUIHAIbHEIA MHOMXHTEIb

peaxinm oxucnenus Ok, /A nyrem aeneuus N na E. [lannnie

pacueToB 1o ypaBHeHHsM (12)(14) cBogdat B TalOun. 4.
Tabruya 4

Pl



2.3.10. Ecnu BennynHa 3HEPriH aKTHBAIHHM, BEIYHCJICH-
Hag B mI. 2.3.8, oTIH4YaeTca OT paHee NPHHATOH H paBHOIA

100 xJIx - Moss ™' 6Gostee yeM Ha 5 %, pacueTs! no m. 2.3.1-2.3.10
HEOOXOIMMO MOBTOPHTH C HOBBIM 3HAYeHHEM JSHEPrHH aKTHBa-
n4a4. Ilponecc urepannit HeOOXOOUMO BBINOJHATH IO TEX IOP,
[I0Ka 3HEpPrHH aKTHBAlMH B Hayane M KOHIE pacyeTa HE OynyT
OTJIHYATHCS MEHee yeM Ha 5 %.

1. PACUYET YCJIOBHHM CAMOBO3I'OPAHHUS I'PY30B

3.1. Pacuer napamerpa ®pank-KamMeHenxoro oy
IJIA TPY30BOT0 NPOCTPAHCTBA
TPRHCMOPTHLBIX CPEJACTB

HcxomHeIMH JaHHBIMH JUIA pacyeTa napaMerpa Op SABJIA-

10TCA pOopMa H pa3Mepsl IPY30BOTI0 NPOCTPAHCTBA.
Pacyer BHIIIONHAETCS B CIIEAYIOLIEM MTOPSAIKE.
3.1.1. BeMHCIAIOT OTHOINEHME KBagpaTa XapaKTEPHOIO

pa3Mepa rpy30BOro IPOCTPaHCTBa > (MHHHMAIBLHOIO pa3Mepa
110 OJHOM H3 OCEH KOOPAMHAT) K KBaJpary 3KBHBUICHTHOM CQephl
®pank-Kamenenxoro R; 1o oXHOMY H3 COOTHOIMCHHH.

IIpaMoyroJbHLIA MHIHHAP (Yurunopuyeckue Kanucmpal,
bouku u m. n.) paguycoM r, BeicoToli 2d, p=r/d:

i=-1-[ 2,2 ]EQ. (15)

R’ 3 J1+p?

IIpasmoyroapabift 6pyc (Mewox, xowmeunep, 6azoH,
wmabenv ynakoeok mMamepuana, 3anOAHAEMOe HACLINGIO 2PY30-
86e npocmparcmeo) co CTOpoHaMH 2a, 2b, 2¢, p=b/a,

g=cl/a:
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_a_22_____2__ arclg N & S P
R, m \/1+p2+q2
1 q
+ —-arctg — |+ ¥ | =Q, (16)°
15’2 [p1f1+p2+q2)
1 { p J+\/1+p2+q_{‘
q

rne Y =— arctg =

q ,/1 + p*+4q° rq
3.1.2. Haxonsar paguyc 3xBuBaieHTHOH cepnl CeMeHOBa
no ¢popMyJie
3V
R =—o, 17
= (17)

rne ¥V — 06BbeM YIaKoBKM MaTepHaia, M°; S — ee BHELIHAS II0-
BEPXHOCTB, M.

3.1.3. OnopenenssroT OTHOMEHHE KBANPAaTOB paalyca JKBH-
BaJICHTHBIX cpep Ppank-Kamenenkoro # CeMeHOBa:

2
R/ __a 18
°T /R QR (%)

3.1.4. Beraucnsrotr ¢paxkrop ¢popMEl IS 3aIaHHOH IreoMeET-
PHH YIIaKOBKH MaTepHaa:

j=3c-1. (19)
3.1.5. Haxonar QpyHKIHIO F(]) nmo popmyiie
N 27+6
F\j)= : 20
W)=="7 (20)

3.1.6. PaccuurpiBaloT BEeMHYHHY Iapamerpa PpaHk-
Kamerenkoro ¢ nomMmombo GOpMyInl

5, = 3F () = 3F() “22. 21
(J)Rg (’)E (21)
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Pe3ynbTaThl pacdyera 3Ha4eHHMH Og I OCHOBHBIX THIIO-
pa3MepPOB Ipy30BOro IPOCTPAHCTBA PAa3IMYHBIX TPAHCIIOPTHEIX
CPEACTB IIPUBOJATCA B IIPHIIL. 4.

3.2. Pac4eT KpHTHYE€CKOH TeMnepaTyphbl

HcxomHeMH JaHHBIMHM 1S pacyeTa KPUTHYECKON TeMiiepa-

TYypPE!I IPH TPAHCTIOPTHPOBAHMH BEIECTB H MATEPHAIIOB SBJIIOTCH:

- IUTOTHOCTb YIIAKOBKH MATEPHANIA, KT * M ° |

- Koo(XpHILHEHT TEIUIONPOBOAHOCTH Marepuama A, Br-m™ - K™ ;

- TEILIOEMKOCTB HCCTIeyeMoro Matepana ¢, Jhk - xr ™ - K™';
-1 .

- TeruioTa peakuy (0, JDK - kr;
1

- 3HEPrHA aKTUBAIHH peaKUH okucaeHuda £, JIx - Momp ™~ ;
- NIPEIIKCIOHEHIHATBHBIH MHOXMHTETs Ok, /A ,M K- xr~".

PacgeT BBIIOITHAECTCA B CACAYIOINEM HOPSIKE.
3.2.1. na 3agaHHOM (QOpMBl YNAKOBKH MartepHaja

13 OpHJI. 4 BLIOpATh HIIH pacCYMTATh B COOTBETCTBHH C pa3h. 3.1
BeJINYHHY KpHTepus Ppank-Kamenenxoro o, .

3.2.2. IloncraBUB NOJY4EHHYIO BEJIMYHHY B ypaBHeHHE (11)
BMECTO O,, H PEIIHB €r0 OTHOCHTENHHO 1), HAUTH HYJIEBOE IIPH-

OmkeHHe JUIA TEMIIEpPATypPhl CAMOBO3rOPaHHMAI.
3.2.3. ITo ¢popmyze (1) n. 2.3.1 BEMHCIIHTL 3HAYEHHUE KPH-

Tepus Pajes mis 3aJaHHOro pa3Mepa yIakOBKH MaTepHaJia.
3.2.4. Paccuntars KO3Q(PHUHMEHT TEIUIOOTAAYH IIO YypaB-

HeHHIO (4) 1. 2.3.2 1 BeauunHy KpHTepusa bruo no gopmyie (6).
3.2.5. OnpeneauTs dHcIeHHOe 3HadcHHe Gynkuun ¢(Bi)

o ypaBHeHHIo (7).
3.2.6. Ilo ¢opmynam (8) u (9) HaWTH BEIHIHUHY apaMeT-

poB 3 H ¥.
3.2.7. PaccuMTath KPHTHYECKOE 3Hauye€HHE IIapaMeTpa
dpanx-Kamenenkoro no ypasaeHHio (10).

14



3.2.8. IloncraBATh Be4YMHy O, B ypasHeHHe (11) i HaliTi

HOBO€ 3Ha4YECHHE TeMIIeparTypsl 7, .
3.2.9. Ucnonp3ys 3TO 3HaueHHE 1,, NMOBTOPHTHL pacyeT

napameTpos 1o mm. 3.2.2 — 3.2.8.

3.2.10. YkazanHyi0 npoueaypy pacdera Npoaoixarb IO
TeX MOp, NI0Ka MNpEeahIAYINEE H IOCIECAYIOIEE 3HAYCHUS TEMIIE-
paTtypsl OyAyT OTIHYATHECA APYTr OT Apyra MeHee 4eMm Ha 1 °C.
3a KPUTHYECCKYIO TEMIIEpATYPy NPHHHMAECTCA pe3yiabTat MOCHIe-
HEro pacdera.

3.3. Pacaer BpeMeHH HHIYKIMH

Pacuer BpeMEHH HHIYKIHH NIPOH3BOJAUTCA B TOM CiIydae,
KOrjga KpHTHYECKas TeMIlepaTrypa I CaMOBO3rOpaHHUsA Ipy30-
BOIO NPOCTPAHCTBA, 3alOJIHEHHOro MarepuaioM, HHxe 40 °C
(cornacHo n. 3r pas3na. I).

HAcxoaHpIMH JAHHBIMH JUIS pacdeTa SBIIAIOTCA:

- TeMIleparypa oKpyxarowei cpeast 7,, K (cormacHo 1. 3 r

pa3a. I paBua 313 K);
- KPHTHYECKas TEMIIEpaTypa CaMOBO3rOpaHHUsl UIA 3aJlaH-
HOr'O Irpy30BOr0 HPOCTPAHCTBA TPAHCTIOPTHOrO cpeacrea 7, K;
- ¢paxkrop POpMEBI YIIAKOBKH MAaTECPHAIA J;
- pa3Mep YIIAKOBKH 7 , M;
- IUTOTHOCTb YIIAKOBKH MarepHana, Kr - M~ ;
- KOO()pHIHEHT TEIUIONPOBOIHOCTH Marepsam A ,Br-m ™ - K™';

- TEIIOEMKOCTh HCCIIENYEMOro Marepraa ¢ , JDK kr K ’
-1,

- TCIUIOTA PCAKIIHH Q,II)KI(T ’
l

- 3HEPrHs aKTHBALMH peakuyy okucnenus E , [k - moms ™~ ;

- peA3KCIOHEHIMANBHEIE MHOXMTED Ok, /A , M- K- xr7'.

15



PacyeT BEINIOJIHAETCS B CIEAYIOLEM ITOpSAAKE.

3.3.1. Ilo Temneparype T, BEIMHCIHTH NapaMeTprl 3 m ¥y
¢ momompeio dopmya (8) u (9).

3.3.2. I'lo ypasaenuio (4) onpeneruTh KO3QUIHEHT TEILIO-

OTHaYd O H HalTH BeJIMIMHY napaMmerpa buo nmo ¢popmyne (6).
3.3.3. Ilo dopmyne (11) paccuurates mapamerp 6, COOT-

BETCTBYIOIHH TEeMIIepaType OKpyxaromeH cpedbl I, H napa-
METp O,, IS KPHTHIECKOH TeMnepaTypsl T, .

3.3.4. BoMHCIHTL OTHOCHTEIBLHOE YIajleHHE OT Ipeaena
BOCIUIAMEHEHHA

5
A= 5 (22)
1 QyHKIMH
— ° _2
fi(Ay) =1+ 0,62%—#; (23)
e v [141,501-0]-A);]Bi
f.(j,Bi,A) =1 —els B (24)

3.3.5. Paccunrare 6e3pasmepHoe BpeMs HHIAYKIHH C IIO-
MOINBIO YpaBHEHHI (22)+24) O BHIPaAXEHHIO

t= (A7) /20, Bi, A)1 + 2). (25)
3.3.6. OnpenenuTh pasMepHOe BpeMsi HHAYKLHH Iy (C)
no popmyne
E

2 _5
f, = "g:o"; e¥To (26)
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IV. ONIPEAEJEHHE KIIACCA OITIACHOCTH
CAMOBO3I'OPAIOIIUXCA I'PY30B 1 PAPABOTKA
NMPOPHIJAKTHYECKHX MEPOIIPUATHUH

4.1. OnpenesieHne KiIacca ONMACHOCTH I'Py30B

B paznene GopMyJMpPYIOTCS MPHHIMIILI OTHECEHHS TPAHCIIOP-
THPYEMBIX CaMOBO3rOParOLIMXCA MATePHANIOB K MOJAKIACCAM OIac-

HBIX IpYy30B, COOTBETCTBYIOIIMM Kiaccupukaiu [ OCT 19433.
CoriacHo 3TOMY CTAHIAPTY MaTepHabl, CIIOCOOHBIE CAMOBO3IO-
paTeCa NPH TPAHCMIOPTHPOBAHHH, OTHOCATCA K HH3KOM M CpeIHEH
CTEIEHM ONTACHOCTH Ipy30B Ioaiacca 4.2. He caMoBo3roparormecs
B pacCMaTpHBAaEMBIX YCJIOBHSX TBEpAbIE IOPIOYHME BEUICCTBA
JOJDKHBI OTHOCHTBCS K KATErOPHH ONTaCHOCTH 921.

HAcXoaHbIMH JaHHBIMH JUIS KJIAaCCHQHKALMH OIIACHOCTH
IPY30B ABIAIOTCA:

- (paKT CaMOBO3rOpaHNA MCNBITHIBAEMBIX COrJIACHO pa3f. 2.2
00pa3oB MaTepHana;

- KpHTHYECKas TeMIepaTypa CaMOBO3ropaHHs MaTepHaia

B FPy30BOM NPOCTPAHCTBE TPAHCIIOPTHOrO cpeacTBa 7, °C;

- 3Ha4YEHHMs NEpHOAA HHIAYKIHH IIpoliecca JUIS TeMIIepa-
Typsl cpennl 1, =40 °C.

OnpenencHue Kaacca ONMacHOCTH rpy30B OCYIIECCTRIAECTCA
B CJIEAYIOIIEM ITOPAAKE.

4.1.1. He camoBo3roparoiquecs B yCJIOBUAX HCNBITAHHU CO-
rJacHo pasi. 2.2 H Heropioure B cootBercTsrH ¢ [ OCT 12.1.044 [2]

MaTEpHaIbl CICAYET OTHOCHTDH K HENO0XXapOoOoMaCHbIM MOIK/Iaccam
1 KateropnsM (B cootBeTcTBHH ¢ [TOCT 19433).

4.1.2. Ecnn 3navyenus 7,, 2 40 °C, mepeBO3UMBIH rpy3

CJICAYET OTHECTH K KAaTErOpHMH ONMacCHOCTH 921.
4.1.3. Ecr 3HaueHus KpuTHyieckoii temneparypst 7', < 40 °C,

CPaBHHBAIOT MNEPHOA HHAYKIHH TCIJIOBOro CaMoOBO3IOpaHHA

17



rpys3a 140 (cornmacHo pasa. 3.3) ans 7, = 40 °C co BpeMeHeM

OCYIIECTBIICHHS IPY30MEPEBO3OK Tyep

a) TIPH T40 > Tnep I'PY3 ClIEAYET OTHECTH K HU3KOH CTENEHH
OIIAaCHOCTH IoJKjiIacca 4.2;

O) NIPH T4 < Tnep I'PY3 CHAEAYET OTHECTH K CPEJIHEH CTene-
HU ONACHOCTH Noakacca 4.2.

B cnydae (0) HeoOxoqumo obecnedyeHUe moxxapHoi 6e3-
ONACHOCTH Ipy30NEepEeBO30K 3a CYET HUCIOJIB30BAHUA 0€30I1aCHBIX
pa3MepoB KOMIIAKTHOH YKJIAAKHU MartepHasa, OIPEACIEHHBIX CO-

rnacHo pasn. 4.2 g T, = 40 °C. Ecnn peamsanus 3TUX Mep

HEBO3MOXHA (Maslasd BeJIMYMHA O€30MacHOro pasMepa H T. I1.),
OTCYTCTBHE CaMOBO3IOpaHHs MaTepHala MOXHO 00eceunTs IpH

TPaHCIIOPTHPOBAHHH I'py3a B TeUeHUE BpeMEeHH He Oornee 0,8 T,,.

4.2. Onpeaenenne 6e30MacHbLIX pa3MEPOB
KOMIIZKTHOH YKJIaJAKHM MaTepHaJia

PacueTel BBINONHAIOTCA JJIS Cjlydas, OTOBOPEHHOIO
B 1I. 4.1.30. UCXOQHBIMH JaHHEIMH JUIA pacye€Ta KPHTHYECKOTro

pa3Mepa YKJIAJAKH MaTepHala sIBJIAIOTCS:

-
- 3HEPrus aKTHBAIMM peakiidu okucinenus £, JDx - Mons

. —1
- MpeA3KCIIOHEHIHAILHBI MHOXMTENL Ok, /A , M K- k1 ;

- TeMrieparypa cpensl 1,, K;

- O, Ipy30BOro0 IPOCTPAHCTBA;

- TUIOTHOCTBH YIIAKOBKHM MaTepHaia, KT * M s
- TEIUI0EMKOCT HCCiIeayeMoro MarepHana ¢, Jix -kr~ - K™';

- Ttensora peaxund Q, [k - xr .
PacueT BBINONHAECTCA B CACAYIOLIEM NOPARKE.
4.2.1. JIna 3ananHoit temneparypbl 1, (cMm. nn. 4.1.36

H 4.1.56) no dopmynam (8) u (9) BLIYMCIHTL NApaMeTpsl B H Y.
18



4.2.2. Paccyurarh apamerp o, 1o gopmyie

5, = 8(1+B)(1 +2,4v*>) (27)

4.2.3. B nepsoM npHOIMKEHNH KPUTHUECKHA pa3Mep HANTH
M3 BbIPAXXCHHUA

[ E

el e e

ART S e"'0
Py — (28)
\ Eokp

4.2.4. 1o ypaBHEHHIO (4) BEIMHCIHTD KO3(POHUHEHT TEILIO-

OTAAYH O .
4.2.5. Haiitu BesmuuHy napamerpa buo no ¢popmyne (6) u

paccyuTaTh 3Hauenue Gynxmuu ¢(Bi) no ypasuenwmo (7).

4.2.6. OnpenenuTs BENUYHHY nlapaMeTpa o,, MO ypaBHe-

Huio (10).

4.2.7. 1lo popmyne (28) BBIYHUCINTE HOBOE 3HAYCHHE Pa3-
MEpa YIIaKOBKH MaTepHaa.

4.2.8. Ucnionb3ys 310 3HAYCHHE 7 , IOBTOPHTDH pacyeT napa-
MeTpoB o nn. 4.2.4 - 4.2.7.

4.2.9. llpouenypy pacdera npoAo/DKaTh 10 TEX IOp, NMOKA
NpeabIAYLIEe U IOCIEAYIOIEE 3HAYEHHA pa3sMepoB OyayT OT-
JIMYATHCA OpYr OT Apyra MeHee 4yeM Ha 5 %. 3a KpUTHYCCKUH
pa3Mep NPHHHUMAETCA pe3yJIbTaT [IOCIEAHErO pacyera.

4.2.10. B xayecTtBe 0€30I1aCHOIO 3HAYECHUA KPHTHYECKOIO
pasMepa B cooTBeTcTBHH ¢ TpeboBanusmu ['OCT 12.1.004 [3]
npuauMaeM 0,87, Tak kak onpejaeneHHbli KPUTHYECKHUM pasMep
ABJIAECTCA MOJOBHHOH MHHHMAJIBHOI'O pa3Mepa CKOIUICHHS,
3a Oe30macHpIil pa3Mep yKIaaAKH MaTtepHaia (TpeOyeMblii MHHH-
MaJIbHBIH pa3Mep KOMIIAKTHOH YKJIAAKH Ipy3a) INPHHHMACTCA
BEeJIUUYHHA 1,6r.
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ITPUH/IOKEHHE 1

IIpumep pacuema Kunemu4ecKkux napamempos

PaccunTaTh 3HEPrui0 aKkTHBALMHU H IIPEAIKCIIOHEHIHAJb-
HbIH MHOXHTENb JUIA pEaklHH OKHMCJICHHS MYKH PXaHOH IO
IKCNIEPUMEHTAILHBIM JaHHBIM, NPUBEAEHHLIM B IEPBHIX JIBYX
rpadax tabn. I11.1.

KoappHuuHeHT TenJonpoBOAHOCTH PXaHOH MYKH

A=0152Br M K™'; Teruoemxocts ¢ =1050 ik -xr~' - K™

Ternosoi agdext peakuun O =1,67-10" Ik - kv~ ; INIOTHOCTE

yI1akOBKH MaTepHaia p =655 kr-M ™.

Pacyer mposeneM s oOpasua pasmepom D =35 Mmwm.
JlaHHbIE VIS APYrHX pasMEpPOB MOJYYHM, MIOBTOPAA IPHBEACH-
HYIO HH)KE NOC/IEA0BATEILHOCTD pacyera.

1. Ilo dopmyne (1) BuruHcaIUM uynciaa Panes. IIpuHE-
Mas B IIepBOM nNpHOJHMXEHHH DJSHEPrHI0 akTHBAUMH E =

= 100 000 Ik + mMonb~', nna obpasua pasMepom D =35 MM

TIOJIY4YHM:
1770

Ra=12-10%¢® p?Xlo_
o 8.314-492
=12-10%¢*? (3,5-1072)’ === =17683.
100 000
2. KoappHiHeRT TeIooTaaun o HaineM o ypaBHeHHIO (3)

o = 0,54Ra"*% % +40T, =

0,038
0,035

=325 Br Mm% - K™,

+4-5,67-107° -492° =

= 0,54 -7683%%

2]



i€ TEIUIONPOBOAHOCTD BO3AyXa olnpeaeneHa mo gopmyie (5)
A, =6,98.10" +6,41-107T, =

= 6,98-10" +6,41-107°-492=0,038 Br-m - K.
3. BeraucnuM kputepuit buo, COOTBETCTBYIONIMI pasMepy

M KO3QPUIMEHTY TENNOOTAAYH IS KAX0ro obpasna:

i Or _ 32,5-0,035 _

-3,7.
A 2-0,152
4. BenuunHa ¢GpyHKIUH (p(Bi), YYHTBIBAIOLIECH HHTCHCHB-

HOCTh TeIuiooOMeHa obpasna ¢ BO3AyXOM, Ui IOJYYEHHOTO
3HA4YCHUA Bi COCTaBMT:

\/Bi2+4-—Bi—2
Bi

¢ (Bi)= -B;—l( Bi? +4 — Bi)exp

2
=§§z (\/ 3,7 +4 —3,7)exp{-Ji7Jr3*—J-_l—l'-Lg] =0,625.

5. PaccyutaeMm napaMeTphi 3 H v
B__RT E?.li‘_?_?_%_4.10-2;
100 000
cRT2 1050-8,314 - 492°
OE 1,67-107 -100 000

6. Kputnueckoe 3HaueHHe napamerpa Ppank-KameHnen-
KOro Oyner paBHO:

5., = 8,0 (Bi) (1 +B)(1+2,4y")=
=2,52-0,625(1+0,04)(1 +2,4-0,00126?"* )= 1,68,
rac 0,— KpHTHYECKas BEJIHUYMHA MapaMeTpa O, COOTBETCTBYIO-
Ias HHTEHCHBHOMY TenjaoobMeny, misa obpa3uoB KyOH4UeCKOH

=1,26-107>.

’Y::
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dopmbl paBHas 2,52. Pe3ynptaTel BEIYHCICHHH 1A Bcex obpa3-

110B IpeAcTaBieHnl B 1ad. I11.1.
Tabruya 111

0,0175 7683 32,5
0,025 | 474 | 24 740 29,2

0,035 {459 | 74272 | 26,5
0,05 | 444 | 238607 | 244
007 (4317167714 219
0,10 | 418 [2302797| 19,9

7. Io (bopmyne (13) paccunraecm BenmHuHHY M :
8, RT _ 1,68-8,314-492°

o (1,75-107)%655

8. C nmoMowbIO 3THX 3Ha4eHHH U ypaBHEHHs (12) MeTo-
JOM HAaMMEHBUIUX KBAJApaToB ONPECACIMM YHCACHHBIE 3HAYCHHA

N ¥ 3HEpruio akTUBauMHu £ .
9. BIYyHCIIHM NIpEeA3KCIIOHEHIIHAIBHBIA MHOXHTE/b peak-

uu okuciieHus Qk,/A nyrem penenns N Ha E. JlaHHbIe pac-
4yeToB 1o ni. 7-9 ceeaeM B Tabn. I1 1.2.

. =168-10".

Tabaruya 1112

M,
Pasmep T K
r, M -

- MOJIb

0,0175 | 492

839 10

. 88 054 6,55 - 1071
-

m

0,10 | 418 | 5,17-10°_
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10. IloBTOpsAs pacdeT no nmn. 1-9 ¢ BEIHYMHONM SHEPrUHU
akTBanuu F£ =88054, HalaeM HOBBIC 3HAYECHUS DSHEPrUU

akTuBaiuu £ = 88068 /DK - Moub T u IIPEAIKCIIOHCHIHAIBHOI'O
MHOXHTENS Qky/A=6,53-10"" M- K- kr™'. Tak kak nocjieauune

BEJIMYHHBI MPAKTHYECKH HE OTJIHYAIOTCH OT MPEABIAYIIHX,
NpoLECC HTEPAHH CJIERAYET MPEKPATUTh H 38 KHHETHYECKHE
nmapaMeTphl pEaKUHH OKHCIICHHAS pPXKAHOH MYKH IIPHHATLH

E =88054 JIx - moms ™ u Qk,/A=6,53-10" Mm-K-xr'.
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IIPH/IOXKEHHE 2

Iapamempusi Kunemuxu npoyecca
MEPMOOKUCIEHUR HEKOMOPBIX MAMEPUANOE

M E Oko/A,
aTCpHa le . Moﬂb.l M-K- Kl"-l

[pO%OKM KODMOBBIE 256 212 5,11-10™
HpoxOKH TOBapHbIe 106 144 5,94 - 10"
(BaxH. 8 %) |
HpoXOKH TOBapHbIE 92 285 1,67 - 107
BraxH. 15 %
Myka pméa_a) _: o _8_7054_ __6__,5_5 10"
Myka KOCTHas 50 740 2,46 - 10°
DYIMHO3EpHHCTaA
Ceno 179 050 8, 6'7 10
Xnomox 121 825 1,37 - 107
63134 4,826 10
2,35 - 10 '
Yrone-CHpell MapkH A 71280
Yrons OV-A 101 458
Yrons OY-b
Yronb-Chipell 101 450

1OCJIC COPTHDOBKH

Texuuuecknit yrnepon K 354 56 943 434310 |
Texuuueckuit yrnepoa H 990 90 732 - 5,665-10"
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IIPH/IO)KEHHE 3

Hpumep pacuema by 2py306020 npocmpancmea

Paccuntath O, IpYy30BOrO IIPOCTPAHCTBA B XEJIEC3HOIO-

POXXHOM BaroHe. BaroH npezncrasnser coboil napauiencnHe
IMHPHHOH 2,75 M, yiHOH 15,7 M B BeicOoTOM 4,692 M.

1. OTHOIIEHHE KBAAPATOB ITOJIYBLICOTH! BaroHa K 3KBHBa-
JIEHTHOH cdepe Dpank-Kamenenkoro paccyuraem Kaxk s
NPSMOYTOJILHOTO Opyca 1o BeIpaxxeHH1o (16)

a’ 2 pPq )
— = —| arctg | — — |+
R02 3n Ji—+p2+q2}

1
+-—2-arctg{-———.-q2 — +¥(,
P p\fl+p +q

2, 2
+
9 (& ‘P=-—12—arctg N 4 +_\/1+£ 1
qg q\/I+p2+q2 P4

JIOBUHRI CTOpPOH Opyca, a - HaMMeHpInas CTOpoHa;, p=b/a,
q=cla.

[loncraBnas p, g B 3TH PaBEHCTBA, MOJYYHM

a2

E-i- =0,378.

2. Cpemmit paguyc 3KBHBAICHTHO# cepsl CeMeHoBa paBeH
3V ~3-2,75:15,7-4,692 93
S  2(4,692-157+15,7-2,75+4,692-2,75)

rae V, § — 06peM H NOBEPXHOCTb rpy30BOro IPOCTPaHCTBa
BaroHa.

. a,b,c— 1mno-

R,
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3. Ha ocnoBanuu ¢opmyn (16)<18) orHoInEeHHE KBaxpaToB
PagyCOB JKBHBAICHTHBIX cpep Ppank-Kamenenxoro u CemeHoBa

Oyzner paBHO
2 2 2
c=—}—a—q-j-= - > _ 1373 5 =0,945.
R 0,378-2,3° 0,378-2,3

4, Paxktop (GOpMBl HPAMOYrOJBHOro Opyca COrjacHo
ypaBHEHHIO (19) cocTaBHT:

j=30-1=3-0945-1=183.
5. B cooTserctBud ¢ ¢opmynoit (20) dynkuus F(;)
Oyzner paBHA
F(j)- (2j+6)_2-183+6
(j+7) 183+7
6. U3 ypaBHeHus (21) 3HaueHne napamerpa 0, paBHO

=1,09.

Y .2
5{,:3ng“ =3.1,09-0,378 =1,23.
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ITIPH/IO)KEHHE 4

3HaueHUA Oy ONLA OCHOGHBIX MUNOPAIMEDOE

2py306bLX npocCmpancms
THun rpy30BOro NpoCTpaHCcTBa (pa3Mephi) 0o
Miarkuit xouTeituep (0,95%0,95x1,3 m) 2,19
KpoiTei#f Barod (2,70x2,75x13,80 m) | 1,779
KpuiTeif Barod (2,70x2,76x13,80 M) i 1,773
KpbiTei#t Barou (2,70x2,765x15,724 m) 1,759
KpuiThiit Barou (2,75x4,692x15,70 M) 1,23
Baron-xonnep (2,64x3,112x13,37 M) 2,178
Barou-xomnrep (3,112x4,722x17,50 M) | 1,319
YHuBepcanbHuI KOHTEHHep (2,27x2,438x12,12 M) 1,69
YuusepcansHu# koHTEHHEp (1,95%2,10%2,543 M) 2,11
YHuBepcaIbHbIft KOHTEHHED (2,352x2,70x12,035 M) 1,60
ABTOQYProH — 25 MATKHX KOHTEHHEPOB B 1 ApYC 1,051
TpioM cyxorpysa (6,0x17,2x21,4 m) 1,112
TpioM cyxorpysa (6,0x17,2x26,6 M) 1,088
Tprom cyxorpysa (6,0x17,2x28,5 m) 1,081

28



ITPH/IO)KEHHE 5

Ipumep pacuema Kpumuueckoii memnepamypboi

PaccydTaTh KPHTHYECKYIO TEMIIEpaTypy OKpYXaroueH
Cpenbl IPH TPAHCHOPTHPOBAHHH JIBHO-JDKYTA B XEIE3HONOPOXK-
HBIX BaroHaXx. Baron npeacraBisieT coboi mNapajuienenune]
LIHpUHOM 2,75 M, uHO# 15,7 M 1 BeIcOTOM 4,692 M.

HcxoqHBIMH JaHHBIMM 119 pacyeTa ABIAIOTCA:

- IJIOTHOCTh MaTepHana p =134 kr- M~ ;

- KO3QOHUIHEHT TEIUIONPOBOXHOCTH MarepHana A

=0,049Br- M- K';
- TCMITOEMKOCTE HCCIEOYEMOro MarepHana ¢

= 1505 - [k - xr~ - K™
- TerioTa peaxuy Q = 17 501 000 [k - Kr ™ ;
- JHEpPTHs AaKTHBallM¥M PEAKINH OKHCACHHs E

=63 134 JIx - Mons ' ;

- IPEIIKCIIOHEHIHAILHBIA MHOXHATEND Kk /A = 4,826 X
x10° M- K- kr!.

1. IloncTaBuM monydeHHy0 B NpHI. 3 BEIHYHHY Oy, IUIA

I'Py30BOro NpoCTpaHCTBa Baroda B GOpMyJ1y
E

5 Opk, E r2e Ko

BMECTO O, M, PEIIMB €10 OTHOCHTENBHO 7, MOJYYHM HYJICBOE

npuOIMKEHUE A 3TOH TeMnepatypsl paBHoe 302 K.
2. C noMouis0 NOJY4eHHOH BETHYHHBI pACCIHTAEM:

_ cRT," 1505-8,314-302

~ QE  1,75-10"-63134
IEJSIOINHA BRITOPpAHHUE BEIIECTBA, M

Y = 0,001 - napameTtp, orpe-
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RT, 8,314-302
= = — =0,039 - napamerp, XapaxTepH-
P=TE T 63134 pRNETP, TEPERTEP
3YIOILIIMHA PEAKIIHIO OKHCIICHUA.

3. Tak kak aa pa3MepoB YIAKOBOK, IIPEBBINAIOMIMX | M
(p(Bi)m 1, Oe3pazmMepHOE 3HAYECHHE KPHTHYECKOTO MapaMeTpa

OpaHk-KaMeHenkoro, y4uTeIBalOMIEro BHITOPAHHUE BELIECTBA U
CBOHCTBA PEaKIMH F'OPEHUS, ONpPEACIIHM II0 POopMYyJIe

5, =8l +2,47%2)(1+P)=

=1,23 (1+2,4-0,001%%) (1+0,039) =1,332.
4, Pemas ypaBHeHHE (11) OTHOCHTEIBHO TEMIEPATYpPhI
noxyyuM 7, =304 K wm 31 °C. CnegoBarensHO, IPH NEPEBO3KE

JIBHO-/DKYTA B XKEJIC3HOAOPOXKHBIX BaroHax IIPH TeMIIeparypax
Bo3ayxa Oonbmux 31 °C BO3MOXHO BO3ZHHKHOBEHHE CaMOBO3-
ropaHus TPAHCIIOPTHPYEMOI'O IIPOAYKTA.
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IIPH/IOXXEHHE 6

Ilpumep pacuema epemenu UHOYKYuU

PaccuuTtaTs BpeMs HHAYKIHH IIPH IEPEBO3KE JIBHO-KYTA
B Barone npu temiueparype 40 °C (313 K). daxkrop ¢popmbl Ba-
roa j=183.

HMcxoHbIMH TaHHBIMM U1 pacdeTa SBISIOTCH:

- TeMIIeparypa IepeBo3ku Matepuana 7,= 313 K;

- KpHTHYECKas TeMIlepaTypa CaMOBO3TrOpaHHs I 3a1aH-
HOTro pasMepa H popMsl ynakoBku marepuana I, = 304 K;

- (¢axTop ¢popMsI YIIaKkOBKH MaTepHanaj = 1,83 ;

- pa3Mep ynakoBkH r = 1,375 m;

- IJIOTHOCThH YNIAKOBKH MaTepHana p=134 kr- M~ ;

- K03 QHIHEHT TEIUIONPOBOAHOCTH MaTepHana A =

=0,042Br M -K':
- TEIIJIOEMKOCTh HCCJIEAYEMOro MaTepHajla ¢

=1505 Ik -kr - K7';

- TeruioTa peakuuu Q =17 501000 Jlx - kr~';

- JHEpPrHsi AaKTHBAIlMHM PpEaKIHH OKHCICHHUSA £
=63 134 Ix - Mmonb ' ;

- NPEeN3KCIOHEHUHANLHBIA MHOXHTEND Oko/A = 4,826 X
x 10 m-K-xr'.

1. ITo Temneparype 7T, BHIYMCIHM HapaMeTpul P H Y
¢ noMoursio popmyi (8) 1 (9):

=R 8318313 _ 4 01,

E 63134

~ cRTy® 1505-8,314-313
 QE  1,75-10" -63134

y =0,0011.
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2. I'lo ypaBuenusm (1) u (2) naitnem gncno Panes:
1770

T s RTy
E

Ra=12-10%

1770
= 12-10%3" 2753831'4 313J—zj,938-101'°.

63134

3. KoagpuuueHT TermnooTaauu o ONpPEAEIHM N0 ypaBHE-
HHUIO (4):

o =0,135Ra">’ Ay 2 + 40T, =

D
- 0,135(2,938-101 "> 20267, 4. 5.67.10%.313° =
2,75
=10,93Br Mm% K™,
e TeILIONPOBOAHOCTE BO3/yXa paccuHTaHa 11o gopmyiie (35):

A, =698-10" +6,41-107T, =

= 6,98-107 +6,41-107-313=0,0269 Br-m™' - K.
4. BoryucnuM KpuTepHid bHo, COOTBETCTBYIOIMH pa3zMepy
H KO3PPHUUHEHTY TEIUIOOTAAYH I KAKIOro odbpasia:

5. ITo dopmyne (11) paccuuraeM napamerp &, COOTBETCT-
ByIOIMH Temneparype I, H mapamerp O,, Ui KPUTHYECKOH

TeMneparypsl 1 :

o
E
_9pky E ; Rr _
A RT)
63134
—4.826-10° -134 63134 ~1,375%¢ 8314313 _ 5 75;
8314-313
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8 ka() E 2 _Fﬁ‘; _

63134

13752 3314304 =1,42.

63134

8314-304%

6. BoIMMCIIHM OTHOCHTEJILHOE YAAINEHHE OT npefiesia BOC-
IIJIAMCHEHHA:

=4,826-10"-134

A= S _ %75 =1,93
0, 1,42
¥ QyHKIHH
-2
fi(Ay) = 1+0621 —4-4 ‘/_

(A-0,95)%°

-2 /"“‘—
“1+062LM_1609
(193 — 0,95)°

Do 1+1,5(1-0,1-A)/j|Bi
fz(J,Bz,A)=l-——————-—-—[ ( _ B
16(1 + Bi)
. [1+1,5(1-01-1,93)1,83B57,8
16(1+357,8)
7. PaccunraeMm 6e3pasMepHOE BpeMs HHIAYKIHH:
= £(8,1)/,U,Bi, A)(1+2p) =
=1,609-0,8(1 +2-0,041)=1,392.
8. OnpenenuM pa3mepHOEe BpeMsa HHOyKuHH [, (C).
o ¢popmyne
_E_. 2 63134
¢ TCRT RTO 1 392 1505- 8 314-313 8 314313 _
" OQk,E - 4,826-10°-0,042- 63134

=4585630c =53cyrok 14 47 muH.

=0,8.
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IIPH/IO)KEHHE 7

Ilpumep onpeoenenun xnacca onacnocmu
CaAMO080320PAIOULE20CA 2PY3a

OnpeaenuTs KIacc OMacHOCTH JIbHO-IDKYTA IIPU IIEPEBO3KE
XEJIE3HOH JOPOroH B KPBITBIX BaroHax B TCUECHHUE 1 CYTOK.

1. PaccmMaTpuBaeMsblit MaTepua CaMOBO3IOpPacTCsl B YCIIO-
BUAX J1aDOpaTOpPHBIX MCIBITAHHHM, COOTBETCTBYIOIIMX TpeboBa-
HUSM pas3l. 2.2. [lapaMeTpsl KHHETHKH IIpoliecca TEPMOOKHUCIIE-
HHUS ONIPEACIICHEI COrJIaCHO pa3A. 2.3 (cM. npui. 2).

2. Haumenslnee 3HaYeHHE KPHTHYECKONM TEMIEpaATyphI
IIpolecca CaMOBO3rOpaHus JIbHO-/KYTa B KPBIThIX BaroHax OIll-
peneiseM B COOTBETCTBHH € pa3a. 3.1 u 3.2 mid Moau@HUKaUHU
BaroHOB C HanOOIbIIUMH pazMepaMH. COornacHo Npui. 3 pacuer

BEIEM Ul BaroHa ¢ pasMepami 2,75x4,692x15,70 M. 3Hayenne
I',, cocrasnser 304 K niu 31 °C.

3. B coorBercTBIM ¢ 1. 4.1.3 onpenensieM BpeMs MHIYK-
IIMH OO CaMOBO3rOpaHHs JIbHO-/DKYTa B BarOHE IIPH TeEMIlepaType

cpeasl 1, = 40 °C (cornacHo pasn. 3.3). ITO 3HAYEHHE PaBHO

53,07 cyTok.

4. Tak xak BpeMs TPaHCIIOPTHPOBaHHA MaTepHala He Ipe-
BeIIAET 15 cyrok (< 51,7 cyrok), To cornacHo n. 4.1.3a yipHO-
JDKYT IIPH II€pEeBO3KaX B KPBITHIX KEJIE3HOIOPOXHBIX BaroHax
OTHOCHUTCA K HH3KOH CTENEHH ONACHOCTH Mnojaxiacca 4.2
(cornacHo xinaccupukanuu 'OCT 19433).
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IIPH/IOXKEHHE 8

IIpumep onpeodenenun b6ezonacrsvix paimepos
KOMNRAKMHOU YyKNaOKu Mamepuana

PaccuuTaTh O€30macHbBIN I TENNOBOr0 CaMOBO3rOpaHHsA
pa3Mep KOMIIAKTHOH YKJIAAKH IIPH TPAHCNIOPTHPOBAHHH KOCT-
HOH MYKH B KPBITBIX XEJIE€3HOAOPOXHBIX BaroHax.

Pacuet npoBeneM Ui BEpxHel rpaHHIbl qUANa30Ha KIIH-
MaTHY€eCKOro nepenajaa TeMIepaTryp Bo3ayxa B CpeHEH I10JI0Ce
Poccun pasuon 40 °C umn 313 K.

HMcxomHemMH JaHHBEIMH IS pacyeTa KpHTHYECKOTO pa3Mepa

ABJIAIOTCI.

- [UIOTHOCTb YTIAKOBKH MaTepHaia p =660 Kr- M ;

- KO3QDHIHUEHT TENJIONPOBOAHOCTH MaTepHala A=

=0,14Br- M- K';
- TEIUIOEMKOCTh HCCIENYEMOro MaTepHaja ¢

=780 JIx - kr ' - K7';
- temnoTa peakuuad Q =350 000 [k - xr ' ;
- 3HEprus AaKTHBAIlMM pEaKlIHH OKHCJICHHS F

=50 740 Ix - Monp ';
- NPEX3KCNOHCHIUHANbHBIA  MHOXHTEND  Qk,/A
=246-10 M- K -xr".

1. Beibupaem Baros ¢ HauOOJIBIIHM pa3MEPOM IPY30BOIO
IPOCTPAHCTBA, IAJIA KOTOPOro COIJIACHO IpHJI. 4 H3BECTHO,

qTO 80 —_ 1,23 .
2. JIna reMneparyphl 7, =313K BeMHCINM ITapaMeETPEI

B u vy no ypaBHeHUsM (8) H (9):
3 = RT, 8314-313
- E 50 740

=0,0513;
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2 _ 2112
cRT,> _ 780 3%1_4 313 _ 038,
QE  3,5-10°-50740

3. Cunran ¢(Bi)~1, onpenenum napamerp 0,, 110 ¢op-

‘Y:

Myie (10):
5., = 8, (1+B)(1+2,4y2" )=

=1,23(1+0,0513)(1 +2,4-0,03582° ) =1,63.
4. B nepBoM npuOIMIKEHHH MHHHMAIBHBIH pasMep Haii-
JIeM B3 BeIpaxeHHuA (28):
E

. kRT;JZBKPeRT" _

EQkqp

50740

2 8,314-313
_8314:3137-16320 o

50740-2.46-10% - 660

5. Ilo ypasHenusm (1) u (2) mns nmojlydyeHHoro pasmepa

BEIYHCJIMM YHCJIO Panes:
1770

Ra=12-10% " D’RT

E
1770

~12-10%" 0,432° 01431
’ ’ 50 740
6. KoagdmmeHrT TeruiooTnaun o HakaeM no ypaBHeHHIO (4):

a =0,135Ra>**? ’1‘) + 40T, =

=1,416-108.

333 0,027

+4-567-107%.313° =
0,432

=0,135(1,416-10% )

=1133Btr-M % K™,

36



rae TEMIONpOBOAHOCTD BO3AyXa onpeacseHa no gopmyine (5):
A, =6,98-107 +6,41-107T,=

= 6,98-107 +6,41-107-313 = 0,027 Br-m"' -K'.
7. Berucium xputepuit bHO, cooTBETCTBYIOUMIT NpeBa-

PHTEJILHOMY pa3sMepy KOMIIAKTHOH YKJIaAKH MaTepHala B BaroHe:

Bi T _ 11,33-0,216 _ 175,
A 0,14

8. BennunHa QyHKUHH @ (Bi), yYHTBhIBAOIIast HHTCHCHB-

HOCTh TemiooOMeHa o0pa3na ¢ BO3AyXOM, IS IOJYYEHHOIO
3HaYeHUSA Bi COCTABHT:

¢(Bi)= (\/Bz +4 — Bz)e p(\/Bl +4_ Bi-2 =

Bi
\
-— 2 _
_175 (\/17’52”_1755)@{ V17,5 +4-175-2 |
2 17,5

= (,895.

9. Kpuruueckoe  3HayeHne  napamerpa  (DpaHK-
KameHneukoro 6yaer paBHO:

5, = 8,0 (Bi)(1+B)(1+2,4y*" )=
=1,23-0,895 (1+0,0513)(1 + 2,4-0,0358%'> )= 1,46.

10. ITo bopmyie (28) BEMHCTUM HOBOE 3HAUYEHHE pa3Mepa
HacChIIIH MaTepHaa:

E | 50740
XRT25 2172 8,314:313
L e _.|8314-313"-1,46e 0206 M.
Equ)p 50740 -2,46-10° - 660
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11. Tak xak nmocnenHee 3HayeHHe OTAUYACTCS OT IpeLe-
CTBYIOLLIEIO MEHEE YEM Ha 5 Y, CYATAEM €ro KPUTHYECKHM pa3-
MEPOM KOMITAKTHOH YKIJIAJIKH CoriacHo I1. 4.2.9.

12. B cootBercTBHH ¢ 1. 4.2.10 Oe30macHbIil XapaKTepH-
CTUYECKHIi pa3Mep KOMIAKTHOH yknanky cocrasHT 0,87 = (0,165 M.
1lonnpit 6e3onacHbiil pazMep coctaBut 0,33 M.

13. be3zonacHas 1 TEILUIOBOro CaMOBO3TOpAaHUS YKJIAJKa
KOCTHOH MYKH IIpH NEPEBO3KE B KPBITHIX BaroHax byaer coor-
BETCTBOBATh MITAOCIHPOBAHHIO HA MOJAOHAX B HECKOJILKO SIPY-
COB C BBICOTOH YKJIAIKH Marepuajia B KaXJAOM fApyce He Oonee
0,33 M. be3onacHele yCIOBHAS TPaHCIOPTHPOBAHUSA KOCTHOH MYKH
XENIE3IHOU NOPOTroH B XONOJHOE BpEMS rojla MOTyT ONpEeIATHCS
IOTMOJIHUTEJIBLHO COrJIACHO 1. 4 pa3ja. [ METOMHKA.
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