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PYKOBOASMMHA TEXHHYECKHH MATEPHAX

PACYET HA NPOYHOCTb OCHOBHBIX
HECYIIHX 3JIEMEHTOB -
NOJOrPEBATEJIEA HU3KOTO PTM 24.030.33—-75
H BbICOKOIO JABJIEHHS
JJI MOUIIHBIX 3HEPTOBJIOKOB

YrasaHuem MUHUCTEPCTBA TAMENOro, IHEPreTUHYECKOTro U TPAHCNOPTHOrO
MalUHOCTPOEGHUA OT 14 anBapa 1976 r. Ne AD-002/460 BBejgeH Rak pe-
KOMEHJYeMbii.

Hacrosiuuit pyKoBOASIIHA TeXHHYECKHH MaTepHasJ YCTAHABJHBAaeT
METOAHMKY NpPHOJHIKEHHOrO pacueTa Ha NPOYHOCTb OpeOpeHHBIX TPYG-

EBIX JOCOK, JHHLL H (JaHLUEeBLIX COe[HHEHHH NOJOrpeBaTejell AJA
T3C.

1. OBILHE MNOJIO)KEHHS

1.1. Tpy6uas nocka (uept. 1) siBJIsleTCSl OCHOBHBIM HECYIUHM 3Jie-
MeHTOM nojorpeBatensi. B pacueTHOii MoZeaH B oblieM cjayuae OHa
npeAcTaBJsieTcss KaK opeGpeHHas NJacTHHA, HarpyXXeHHasi paBHOMep-
HbIM faBjieHHeM napa. IIpH onpejeseHHH MakCHMAaJbHBIX HaNpsiXKeHH#H
YUHTBIBAIOTCS OcJjabjieHHe IJIHTH OTBEPCTHAMH H OTHOP CO CTOPOHBHI
TpyGHO# cHCTeMbl (YIpyroe OCHOBaHHeE).

1.2. B pacyete Ha NpPOYHOCTb MHHILLA NOAOTpPeBaTe]si BHICOKOTO
JaBJleHHsl, KpOMe BO3JeHCTBHS NMOBEPXHOCTHOTO [JaBJIEeHHS mapa, YuH-
THIBAeTCS BO3JEHCTBHE NMOJABOIASALIHX TPYOGONPOBOAOB, a TaKxXKe Onpeje-
Jsietcss HeoOxoaHMMasi NOMOJIHHTE/NbHAsh TOJLIHHA YKpenasioumeld Ha-
KJalkKH K TOJILIHHE, ONpeAessieMoil MO0 H3BECTHBIM HOPMaM pacuera
KOTJI0arperaTos.

1.3. B pacuere ¢1aHUeBbBIX COeHHEHHMIl ompefensieTcss HEOGXOIH-
MOe YCHJHe INpeABapHTEJbHOTO 3aTdAra (IUNH/IeK) GOJTOB AJA npe-
NeJIbHOTO COCTOSIHHSI M HamnpsXKeHHs B 3jeMeHTax (JIaHLEeBOro cCoegH-
HEHHsl.

HUspaHue oguyunanbHoe MepeneyaTHa BoOCNpeLweHa
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1.4. HomunanbHbie pomycKaemble HanpsiKeHHss o * (B Krc/cm2)
B 3aBHCHMOCTH OT pacuyeTHOH TeMIepaTypbl CTEHKH BBLIGHPAIOTCS CO-
oTBeTcTBeHHO 10 TaGJa. 1 u 2. [IpHBeneHHble HANPAKEHHS, Onpeselsie-
Mbie 110 CyMMaM COCTaBJ/IAIOLHX OGIUHX H MECTHbIX H3rHGHBIX Hamps-
JKeHHH B 30HaX KOHUEHTPALHH, AOJKHBLI CPAaBHHBATHCA C PaCUETHBIMH
HanpsAXEeHHSIMH, 3aJlaHHbIMH KPHBBIMH YCTAJIOCTH AJs AAaHHOH MapKiu
cranu (cM. «HopMul pacyeTa Ha NPOYHOCTH IEMEHTOB PEaKTOPOB, ma-

Mopeas Tpy6HO# gOCKH

Yepr. 1

pOreHepaTopoB, COCYAOB H TPyGONpPOBOAOB aTOMHBIX 3JIEKTPOCTAHUHI,
ONMBITHBIX H HCCJAEAOBATENbCKHX SAEPHBIX PEAKTOPOB H YCTAHOBOK».
M., «<Meraaayprusi», 1973).
1.5. Oasa cayuass, KOria NpHMeHsAeTCH CTajlb, He YKa3aHHad
B Ta6a. 1 H 2, uAH npH OTCYTCTBHH B 3THX TalJHuUaX 3HAueHH AJdA
HYXKHOM pacyeTHOH TeMmnepaTypbl, HOMHHaJbHOE HOMycKaeMmoe Hamps-
JKeHHe TpPHHHMaeTcs PaBHBIM HauWMeHbllefi H3 TpeX CJeLYIOIIHX Be-
JIHYHH: )
*8

NOo BPEMEHHOMY COTPOTHBAEHHIO 3% < +—, rae f, =2.6;
B

L rae n,=1,5;
ny
t

[0 npejieay Tekydectu o¥ <

N I3
no npeaeay IJUTEbHOH MNPOYHOCTH a*gn—‘;, rae n, = 1,5.

3nech ng, n., n;— COOTBETCTBYIOUIHe KO3(M(dHIHEHTH 3anacoB Mpou-
HOCTH.
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Tabauya 1

Pacuetnas HoMuHanbHble 1OMycKaeMmble HANPsKeHUA o* 11 YrAEPONHCTHX M KOTENbHBIX MAapoK cTaaei, Krc/cM2
TeMnepatypa
CTEHKH,
°C Cr2 10, 10K Ct3 15, 15K Cr4 20, 20K | 25, 25K 22K 16I'"C(3H) | 09I"2C (M)] 16HM
20 1340 1380 1490 1520 1640 1670 1830 1720 1840 1840 2130
200 1200 1250 1340 1390 1470 1520 1600 1610 1610 1720 1900
240 1120 1150 1230 1270 1340 1400 1530 1530 1530 1630 1850
260 1070 1100 1180 1210 1270 1330 1450 1480 1470 1590 1830
280 1020 1050 1120 1160 —_ 1270 1380 1440 1410 1540 1810
300 980 1000 1080 1110 — 1210 1320 1400 1360 1490 1790
320 — 950 — 1060 — 1150 1260 1360 1280 1430 1770
340 - 900 | - 1000 -— 1090 1190 1340 1220 1370 1750
360 — 860 - 940 — 1030 1130 — 1150 1300 1710
380 - 810 - 890 970 1060 — 1080 1230 1650
400 - 770 - 840 — 920 1000 — 1010 1150 -
410 — 750 — 820 — 890 960 — — - -
420 — 720 — 790 — 860 930 - — - —
430 — 680 - 730 — 830 860 — -— — —
440 - 600 - 650 — 730 770 — — - -
450 — 530 — 590 — 640 680 — — — —
460 - 470 — 530 — 560 590 - — - -
470 — 420 — 460 — 490 520 — — - -
480 - 370 — 400 — 430 450 — — — —
490 — 320 - 350 - 380 390 - -— — —
500 — 270 o 300 - 340 340 - - - -

GL—EE020¥e Wid

g "d1)
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Tabaruya 2
PacueTHas HomuuaabHbie JONyCKaeMble HAUPSKCHHA s* A HH3KOAETHPOBAHHBIX
Temnepaty- H BBICOKOJIETHDOBAHHBIX MAapOK cTajeH, Krc/cm?
PREE™ | tew |12 | 15X | 12X1M | 12X2MaB | XISHIOT, Xy
20 1530 | 1610 | 1720 | 1900 1600 1470 1470
250 1420 | 1470 | 1580 | 1670 1490 1400 1400
300 1370 | 1450 | 1520 { 1600 - 1380 1380
350 1260 | 1410 | 1450 | 1530 _ 1360 1360
400 1210 | 1330 | 1380 | 1450 — 1330 1330
420 1170 | 1200 | 1340 | 1410 1300 1300
440 1120 | 1260 | 1320 1390 _ 1260 1260
460 980 | 1230 | 1300 | 1360 — 1230 1230
480 760 | 1210 | 1260 | 1330 — 1180 1180
500 — 960 1 1030 | 1300 840 1150 1150
510 — | 830 8% | 1900 760 1130 1130
520 — | 690 780 | 1080 690 1120 1120
530 — | 570 690 950 630 1100 1100
540 — | 470 | 600 850 570 1080 1080
550 — — 500 750 590 1060 1060
560 — — 420 670 480 1030 1030
570 e 590 450 980 990
580 - = | - 520 410 890 950
590 _ — — — 380 810 910
600 - | -1 = — - 740 870
610 |l - = — — 690 830
620 — — — _ — 630 750
630 -] -1 = — — 540 680
640 — | -1 = — — 520 610
650 | -1 = — _ 480 540
660 — | -1 = _ _ — 480
670 | -] = _ _ — 430
680 ~ | -] = — — — 390
690 — | - | = — — — 350
700 — — — — — — 310
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1.6. Ilpu pacuere ysnoB H JeTajell HEOOXOAHMMO NPHMEHATH MO-
NpaBOYHBIH KOIQQHUHEHT 1), YYHTHIBAIOWIHIA KJIACCHl H TPYNNbl SKCIITY-
aTallid COCYAOB H anmnapaTtoB, paGoTaiollMX NOJ JaBJeHHeM:

1 xnacc — cOCyabl M anmapaTthl, B KOTOPbIX 06GpaGaTHIBAIOTCS WJIH
XpaHATCA B3pPLIBO- H TIOXAapOONacCHble MPOAYKTH, a Tak-
e NPOAYKTHI C BBICOKOH TOKCHUHOCTDHIO;

11 KJacc — cocyAbl M annaparhl, npejHa3HayeHHbie JJs1 BCeX NMPOUYHX
NpPOLYKTOB;

1-1 rpynna — o6orpeBaeMhble COCYAbl H anmnapaTthi, NOABepraeMeie 060-
rpeBy OTKDBITHIM NJaMeHeM, TONMOYHBIMH Ta3aMH HJH
OTKDBITBIMH 3JIEKTPOHArpeBaTesIMH;

2-9 rpynna — HeoGorpeBaeMble COCYyZAbl H annapaThi, a TakXXe H30JH-
pOBaHHBIe OT MpPSIMOrO KOHTaKTa ¢ HCTOYHHKaMH 0060-
rpesa l-fi rpynnel HJAH o6orpeBaeMbie mapom, NOxorpe-
TBIM Ta30M H Ip.

1.7. TlonpaBouHbIil KO3(QHIHEHT 1} IPH pacyeTe C YUYETOM KJacCOB
U rpynn Bei6HpaeTcsi no tabJa. 3:

Tabauya 3
Tpynmbi Kaacch axcnayaranuu
IKcnaya-
Tauuu I 1
1 0,75 0,9
2 0,9 1,0

2. PACHET HA NPOYHOCTb TPYBHbIX JOCOK NOXOTrPEBATEJIER,
YCHJIEHHBIX PALHAJIbHBIMH PEBPAMH

2.1. YcnoBuble 0603HaUCHHSA:

r — TeKyLHA pafHyc NJacTHHBI;
R — HapyXHbII pajHyC NJacTHHBI;

r .
t= = — Ge3pasMepHblii paamyc;

t, = % — pajaMyCc nepexofa NJAaCTHHB TIOCTOSSHHOA TOJ-
HIKHBI B OpeOpeHHyIo;
H — BbicOTa pebpa;
b — TtonuuHa pebpa;
L — KOJIH4eCTBO pebep;
kb — TOJNUMHA NJIACTHHBL
v — Koadppuuuent Ilyaccona martepuasa;
Eh3
12 (1 —p2)
g — MHTEHCHBHOCTb BHelIHed HarpyskKH;
Q — nepepesbiBalolee yCHJHe, OTHECEHHOE K €AHHHIE
JJIHHBI LHJIHHADHYECKOrO CeYeHHs;

D= — UHJIHHIPHYECKas KECTKOCTb Ha H3THG;
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M, — u3rn6alollHii MOMEHT, OTHEeCEHHBIl K eJHHHLE
JUIHHBI HHJHHADHYECKOTO CeYeHHs;
6, — HOpMaJIbHOe HanpsXKeHHe B LHJIHHAPHYECKOM Ce-
YEeHHH;
G, — HOpMaJIbHOe Hanpsi>keHwne B pebpe;
W — nporu6 nnacTuHsI;
% — YroJ MexXAYy KacaTeJbHOH K NedOpPMHPOBAHHOM
CpeIMHHOH MOBEPXHOCTH H OCbIO 7;
E — moayab ynpyroctH MartepHana,
. __ nEl,
~ 2zRD
/. — MoMeHT HHepLHH pe6pa OTHOCHTEJBHO HEATPaJib-
HOH NMOBEPXHOCTH;

>

— OTHOCHTeJIbHAsi JKeCTKOCTb OpeGpeHHsI;

. 2mEF.N .
=R —FD — — OTHOCHTE/JbHasi JKeCTKOCTb TPYGHOH CHCTeMbl;
o

m — KOJHYeCTBO NepPeropoiok B TPYOHOH cHCTeMe;
E;, F; — monpysnb ynpyrocTH MartepHalia ¥ mJowaib nore-
pPEeUYHOro ceyeHHst TpyOKH,
I, — nauHa TpyGKH;
F, — naomanb Tpy6HO! NOCKH;
% — Ko3dpdHuHeT ocaabjieHHsi KecTKOCTH TpYyOHOM
JOCKH Ha H3rH6 OTBEPCTHAMH;
N — KosinuecTBO TpPYyGOK;

¢
l;, = b4 — paccrosinne Mexay pebpamu;
1

2,— paccTosiHHe MeXAy HeHTPaJbHbBIMH NOBEPXHO-
CTAMM oOpeOpeHHOH MJaCTHHbI H NJIACTHHBI Ge3
pebep;
[ — MOMeHT HHepuUMH NPOH3BOJBHOIO CeYeHHs MJja-
CTHHBI C peOpaMH OTHOCHTE/JbHO HEHTpaJ/bHOMH
NOBEPXHOCTH.
2.2. PacuetrHas Mmoaeab
2.2.1. Tpy6uas mocka, H3oOpaxkeHHast Ha uyepT. 1, sBAsAeTCA Kpyr-
JIOH MJIACTHHOM, OC/Jab/ieHHOH GOJIbLIMM KOJHYECTBOM OTBepCTHH. 3a-
laya pacyera Ha NPOYHOCTb TaKOH NJACTHHBI NpPeACTaBJfeT 3HaUH-
TeNbHYI0O TPYAHOCTb, IO3TOMY BJIHSIHHE OTBEPCTHH Ha HaNpsiKeHHOe
COCTOSTHHE IJIAaCTHHBl YuYHThiBaeTcsi npubinkeHHo. B pacuere mnpHHH-
MaeTcs yMeHbllleHHasi KeCTKOCTb MJIACTHHBI Ha H3rH6

D=xD,, (1)

rae Do— UMAHHAPHYECKASs] JKECTKOCTb Ha H3rHG CIJIOLIHON MJHTHL.

B pa6ore [5] npennoxensl npHGAHXKeHHBE GOPMYJIB AJAs Onpene-
JeHHs Ko3h(HIHeHTa 0CNabJeHHsT XKeCTKOCTH:
npH pa3GHBKe OTBEPCTHH MO NMPAMOYTOJNbHHUKY

x—l——arcsm('f2 ’;), (2)
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GPH pa3OHBKe OTBEPCTHH MO TPEYroJbHHKY
x_l~—arcsln(V :). 3)

rae d — gHaMeTp OTBEPCTHH, § — paccTosiHHe MeXIy HEeHTPAaMH ABYX
COCERUX OTBEPCTHH.

2.2.2. OpeOpeHHasi MJIaCTHHA CYHTAETCS KOHCTPYKTHBHO OPTOTPOI-
HO#. XapaKTepHCTHKH YNPYFOCTH peGep OCPeAHAIOTCA H pacnpepes-
10TCS pPaBHOMEPHO IO NOBEPXHOCTH MJIACTHHB, MNpPHYeM MpearnoJa-
raercsi, yTo pe6pa, yBeJHUHBas XKECTKOCTb MJIACTHHH B pajHaJIbHOM
nanpasjieHHH, He MEHSIOT ee B OKPYXKHOM HanpaBJieHHH.

2.2.3. B pacuete yuHTHIBaeTcs BJHfIHHe TPYGHOM CHCTEMBI IMOJO-
rpeBaTedisi Ha HaNpsI)KEHHOE COCTOsIHHE TPYOHBLIX MOCOK. Ympyrue xa-
PaKTEepPHCTHKH prdnou CHCTEMBbl OCPEeJHSIOTCS H pacnpeaessioTcs pas-
HOMEpHO MO BCeil MOBEPXHOCTH nsacTHHH. CO CTOPOHBI TPYGHOH CH-
CTeMbI Ha TPYOHYIO HOCKY NeACTBYIOT:

pacnpene/ieHHass CHJa, TMPONOPUHOHANAbHAast TPOrHby Tpy6GHO#H
LOCKH,;

pacnpene/ieHHbIH MOMEHT.

INpunuMaercd, 4To TPYGKH INAPHHPHO COEAMHSIIOTCA C TPYGHO#
ZOCKOil, TaK KaK pacnpefieieHHbIi MOMeHT MaJ [5).

2.3. MocraHoBKka 3agaun

2.3.]1. OnucaHHas pacyeTHas MOAeJb NPHBOAHT K pEUIEHHIO CH-
cTeMbi ABYX HHTerpo-iH¢depeHUHaNbHEX YPaBHEHHH, AONyCcKaoUleH
TOJbKO YHCJAeHHOe peuleHHe. UHCJEHHBIH MeTOj pelleHHs TPYAOEMOK
W Heyno6eH npH NPOEKTHPOBAHHH M pacueTe moporpesaretei. Ilpex-
JaraeMbli MeTOJ 3aKJIoyaeTcsi B 3aMeHe pellleHHS HCXOAHOM 3amauu
pelIeHHSIMH HECKOJIbKHX 6oJjiee MpOCTHIX 3alau.

2.3.2. Tlo Meronnke [4] mjacTHHA C HECHMMETPHUYHLIM OpeGpeHHeM
3aMeHsieTcsl CHMMETPHYHO opeGpeHHOM MJHTOR (uyepT. 2).

2.3.3. Ha ocHoBe Metona [6] BhuHC/sfieTcsi MaKCHMMaJbHbilt nPOru6
NIaCTHHBI C CHMMETPHYHBIMH pe6paMHu.

2.3.4. W3 ycnoBHA paBeHCTBA MaKCHMaJbHBIX MNPOrHGOB mJa-
CTHHBI TIOCTOSIHHOW TOJILHHBI {8] ¥ niacTHHHE ¢ peGpaMu onpepensiercs
NpHBeZleHHAaA BHICOTA NJIACTHHBI.

Yc/10BUSL 3aKpenJIeHHs] U Harpy>eHHsl [Js opeGpeHHOH W 3KBHBa-
JIEHTHON NJaCTHH NPHHHMAIOTCS OAHHAKOBBIMH.

2.3.5. Tlo meromy pacueta Ha NPOYHOCTb NJIACTHH TMOCTOSIHHOM
TOJILIHHDI [5] HA YyNIPYrOM OCHOBAHHH BBIYHCJSIIOTCS TPOTHG H H3rHO6alo-
LHA MOMEHT 3KBHBAJIEHTHOMH IJIACTHHBI.

2.3.6. HUsruGaomuii MOMEHT, AEHCTBYIOILHA Ha oOpeGpeHHyl0 mJia-
CTHHY, 3ajlaeTcsl NpeABapUTEJbHbLIM PacyeTOM, H BRIYHC/JSAIOTCS MaKCH-
MaJjibHble Hanpsi)KeHHs B MJAacTHHe H peGpe. PeleHns nepeuHcJeHHbIX
2ajlay JaloT pelleHHe HCXOAHOA 3aflauM B YCHJIHSAX M NepeMeLleHHSX.

2.4. NMpusenennas Buicota pebpa

2.4.1. Pacuetnble dopmy.abl, npuBefeHHble B pabote [6] ans naa-
CTHH C CHMMETDHYHBIMH pebGpaMH, 3HAYHTEJbHO mpolle (opmy., no-
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JAyyeHHbIX B paGote [l] nns pacuera Ha NPOYHOCTH HECHMMETPHYHO
ope6GpeHHBIX MIacTHH. JKeCTKOCTH HeCHMMETPHYHOTO H CHMMETPHYHOTO
opeGpeHHH NPH ONHMHAKOBHIX BBICOTaX peGep O6yayr pasauyubl. I[To-
3TOMY 3apaHee NpPeANOJaraercs, YyTo NMpH OnpejesieHHH YCHJHH H Ha-
NpPSIXKEHHH B NJacTHHE C HECHMMETPHYHBIM OpeGpeHHeM MOXKeT GhiTb
HCMOJIL30BAHO MOJIyYeHHOe pelleHHe AJisi MJIaCTHHBl ¢ CHMMETPHUYHBIMH
pebpaMH, BHICOTa KOTOPBIX JOJXKHA ObITh HajfifileHa W3 YCJOBHA paBHO-
XECTKOCTH JBYyX cCXeM opebpeHHs (uepT. 2):

K onpepenennio npHBeNeHHOH BHICOTH pedpa

Le=bt/t,
5
Heumpanswasgocy | X
o
~
- ‘L - P
— b oo
a
1
k|
- - d l
)
lx
o

a — omHoCTOpoHHee opedpenne; 7 — CHMMETPHUHOe ope6-
penHe

Yepr. 2

(%) =1+30+a—2r+ 2512, @
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rae 2z,
z=—4, ecmn OIS
2z 1
2—70——4_}—[—, ecan £ <t<1; (5)
l4+a—
1
h
a‘_“'ﬁ ]

2.4.2. Cuyuraercsi, 4TO HeHTPAJbHBIA CJOH HECHMMETPHYHO oOpeb-
PEHHOH NJACTHHBI OTCTOHT HAa HEKOTOPOM MOCTOSSHHOM PacCTOSHHH OT
CpeHHHOH MOBEePXHOCTH (uepT. 3):

1 S 2dt — 4 l—aln 1+ ajt; (6)

1—¢ a 1+a °

N

K onpenenennio npHBefeHHO# BBICOTHI
peGpa

Zo

H/Zj

AN

= T~ I R

[ WY SO S,

h/20 02 04 06 08

Yepr. 3
U3 ycaoesus z(t)—z=0 onpenensercs
1=t 4
t= 1n Lt+alt T ac ™
N —
1+a

ITocae nmoacraHoBKH BhipaxeHuit (6) u (7) B dopmyay (5) dop-
MyJa npHBEAEHHUS BHICOTH peGpa MPHHHMAeET BHA
Ho\3 _ 2( 1 t, 1 +ajt,
(‘T{”) =1+30+af{l —y—5 5 In 72 )X
1 1+ a/tl
X(1+l—p.2 2 T=F " T+a ) ®)
Taxoit nOAX0A K oONpefe/ieHHIO NPHBEAEHHOH BBICOTH peGpa cylie-
CTBEHHO YNpOIlaeT NPOLECC BHIYHCJEHHS M He BHOCHT 3HAYHTENbHOM
NOTPEIiHOCTH B KOHEYHBIi pe3yJbTar. v
2.5. Onpepenenne Nporu6Ga NJIACTHHBI C CHMMETPHUHBLIMH peGpamu

2.5.1. Pacuernast Moieib TPYGHOJ MOCKH, KaK MOKAa3aHO Ha uepT. 1,
COCTOHT H3 XecTKofi BKaaAKH (0 < ¢<?) ¥ ope6peHHOr0 KoJbla




Crp. 10 PTM 24.030.33—75

{t <t<1). B pa6ore {6] nonyuenn BupaxeHnus nporu6a, yriaa noBo-
POTa, pajHalbHOTO M3rHGAIONIET0 MOMEHTA M Nepepe3biBalouiel CHARI
NJ1S KONbUEBOH CHMMETPHYHO opeépeHHon NJIACTHHBL NOJ paBHOMep-

LHbIM JaBJACHHEM:

-"'Z—'u‘*““‘ﬂk—w %‘onv"F—%‘l"jiwa'%‘ {]811()‘ w,:
p=2R A,+JOA + LA+ Ay
M, = M,m, j qTR-‘m“
Q=1—Qo—i;i",",
rape
A,=——]);‘t+7tg—ln—t—{l—%;

Ay=t—(+p+NA;
A,=A,—¢In fi;,
A——A,+““”) M1 —8)+@—)tn—
A\ A .
= +(1+e+ )4
my=1+pp— (144N
i A t+ A,
my=m—1—(14p+7) 17
LEe (1 —2)+ 20

tea
+A?

my=(1—)m, — (2—1)m;+

3+“z2+_‘i2.2_“‘-xt+i“—{,ﬂ§
w,=—5 A+ gty
w, =152 (14 p oy
Wy =W, -I-l“t2 —ul————t)—'i‘ﬂ—ul lt:;’
D=iiicey’
A=%%%;
1,—-ﬂl-1—_-’2[(H Ry + 3(Hy +R)];

wy= (1 — ) w; — (2 — \) Ws

—5 (= 22(1 1 29).

(9)

(10)
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3nech wy, @o, My, Qo — HayajbHble napaMeTphl, paBHble 3HAYEHHAM
nporu6a, yriia noBopoTa, H3rH6aioOllero MOMEHTa H nepepesbBalolled
CHJIHL Ha Kpalo maacTHHH (f=1).

2.5.2. HaganbHble napaMeTpsl ONpefesisiOTCs H3 YCJOBHH 3aKpen-

JieHHSl KpaeBHIX CeueHHH mJyacTHH. Tak, Ajs HmIapHHPHO onepToil TPy6-
1101 ROCKH

QI Rtn . W|_,=0;
?It-1,=0; M"t:l =
Tlocse noacTaHOBKH Bbipaxkenus (9) B KpaeBble yCJOBHS
w, = 0; M, =0;
_ AW A R o gR (11)
o= T T840 D ST T7o
Jng KecTKo 3ajesaHHOM TPYOHOR [OOCKH M3 KpaeBbIX YCJIOBHIi
Q| =t wl=0
(=t 2
? 'r:r. =0 ?la =0

ONpeAeaI0TCH BbIpa’K€HHA HauaJbHbIX NnapaMeTpoB:

245 () + A, (¢
w,=0; M, =— 2L gpe;

(12)
R
9o =0; QO__ ‘72 .

2.5.3. OKOHYaTeJBHO BbIpaXkeHHe NPoru6a nJAacTHHB C CHMMETPHY-
HbIMH peGpaMH NoJ4 paBHOMepHHIM HaBJieHHeM 6e3 ydyeTa oTnopa Tpy-
GOK npHHHMAaeT BHA

W, =w, + 28w, (1) + 9,Rw, () + 55 [20, (¢) + w4 (1,)]
0L,
npu , (13)
W,=w,+ —p5— wl + ¢, Rw, +43 8D [2w3 + w,]
npu £, < £ 1.

HavanbHbie napaMeTpbl @y, o, Mg 1 Qo 3a4al0TCS COOTHOLIEHHAMH
(11) wnam (12) B 3aBHCHMOCTH OT cnoco6a 3akpemyieHHs TPYGHOI
IOCKH Ha Kpaio. OYHKUHH w,, Wy, W3 H W, BHIYHCAAKLTCH no Ghopmy-
siam (10).

2.6. MNMpuBeneHHas BLICOTA MJAACTHHBI

2.6.1. B paGore {5] npemsaraercs MeTol pacueTa KpyrJabix fia-
CTHH NOCTOSTHHOM TOJILUIHHBI ¢ Y4eTOM OTnopa Tpy6ok. 3aMeHHB ope6-
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PEHHYIO TJIACTHHY 3KBHBAJEHTHOH MJACTHHOH NOCTOAHHON TOJIIHHBI,
MOXHO HCMOJb30BaTh JNAHHYI0 METOAHMKY JUIsi pacueTa peOpHUCThIX
IVIACTHH.

2.6.2. Bce napameTpbl 3KBHBaJICHTHON NJ1aCTHHBI CYHTAIOTCS H3BeECT-
HbIMH. F3 ycl0BHSI paBeHCTBa MaKCHMaJbHBIX NPOru6oB opeGpeHHOil
H 5KBHBAJ/IEHTHOH NJACTHH ONpeAesieTcss TOJIHHA 3KBHBAJEHTHOH
nJaacTHHel h,. MakcuMaJsbHble NPOrHOb o6enx myacTHH 0e3 yuera
ornopa TpyGok Haxonstcsi B LeHTpe ({=0), nostomy ypaBHeHHe 1A
onpenesieHus i, NpHHHMaeT BHJI

W0, hy)=W.(0), (14)

roe W (¢, h,) — nporu6 3KBHBAJEHTHOH NJACTHHBI;
W.(t) — nporu6 peGpHCTO# MJIACTHHBL.

2.6.3. ToamuHa 3KBUBAJNECHTHOH MJACTHHBI BHIYHCJAAETCS 1O ¢op-

MyJam:
OIS WaPHHPHO-ONEePTOH TPYOHOR AOCKH
h 8 (1+u) Ay (#) [2w;(8) -+ w, (1,)] — wa (1) [245 (1) + A (H)]°

LISt JKECTKO 3aieIaHHON MO BHEIIHEMY KOHTYPY NJIaCTHHBI

(&k_>3: 84, (4) (16)
h AL (1) [2w;3 () + w, (8)] — @i (£1) [24; () + A, ()] °

Mopneas nogorpesatelsi ¢ naasalomei roJAOBKOR

}

'

SN S N

LR

t

Yepr. 4

2.7. BoiuncaeHne nepeMelleHHid M YCHJAMHA € yuyeTOM OoTHOpa Tpy-
6ok

2.7.1. TloporpeBateap ¢ nJaBalouleli TOJOBKOH H300paKeH Ha
yepT. 4. Ilporu6ul M paaHa/ibHBle H3rHOalOliHe MOMEHTH, HefCTBYIO-
e B TpYOHBIX AOCKaX NOJ paBHOMEPHO pacnpefesieHHON Harpyakoii,
C YYeTOM OTIOpa TPYGOK BHIYHCJIAOTCA MO dopMyaaMm:
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Wie= A, + A2} A; ber (y,t) -+ Ay bei (yof);

Was == A, -+ Ayt — A ber (y,8) — Acbei () — 2L
ol %

17

D*y
M= —Mpps == [~ A, ber(yot)—l— L ber’ (y,8) A, +

+A3bex(y0t)+A4 = bei’ ()’ot)]

rae berf, bei t— ¢ynknun Tomcona nepsoro pona;
1%, Wos — nporu6pl QHKCHPOBaHHON H NJaBalOieHd TPyO6-
HBIX JIOCOK;
ER3

D 12(1—-0.)

— UHJHHAPHYECKas JKECTKOCTb  3KBHBAJIEHTHOH
NJIaCTHHBI C Y4Y€TOM ocaabyenus OTBEPCTHAMH.

IMocTostHHbIE HHTErpHpOBaHHs, BXoAsAmHe B cucremy (17), onpene-
JISIOTCH M3 TPAHHYHBIX YCJOBHI:
I IMIapHHPHO ONepPTHIX TPYOGHBIX JOCOK

Wis =05

i l—p dWw

1 —u dW.
[AW?* ——+ dt'*]

’

=1
=0
(=1 ’

qRrR: |
2D, '

(18)

d
2OW,)|, =—

JJI 2KeCTKO 3alueMJIEeHHbIX prﬁHb]X JA0COK

1% !tzl =0;
dW],;g — 0
dt =1 0;
AW . (19)
dt =1
d qR4
4t (AW 54) [e=1=— 2D, -

2.7.2. TlogorpeBatesib ¢ 3aKpeIJIeHHLIMH TPYOHBIMH JOCKaMH H30-
GpaxeH Ha uyepT. 5.

B noxorpeBaresisix JaHHOrO BHAA BO3HMKAaeT CHMMETPHYHOE Ha-
npsiXKeHHoe COCTOSIHHE, I03TOMY paccMaTpHBaeTcss pa6oTa OnHOH TPYG-
HOH JOCKH.

Ilporu6 u papwasibHbI H3rHGAIOUIHA MOMEHT ONpPERESIOTCS Clie-
AyiomuM o6pa3om:
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W, = A ber(y,t) + A, bex(y(,t)—i— Doy 4 ;

Yo

D.y}
M, = ,go {_Aiber()’o

(20)

+ Az bei(y,?) -I- £ A,bel’ (yot)}

Ilpy BLIYHC/IEHHH napaMeTpa YNPYroro OCHOBAHHA Y, BMECTO
IJIMHBL TPYGKH [; cllefyeT NOACTABAATH NOJIOBHHY ee IJIHHBIL

Moaeab noporpesatens ¢ QHKCHPOBAHHBIMH TPYG-
HbIMH JOCKaMH

i g

»] e

Yepr. 5

ITocTosiHHBIE ~ MHTErPHPOBAHHA  ONPEAEJAIOTCA H3 TPaHHUHBIX
YCJIOBHIA:
151 ¢cBOOOJHO ONepThIX TPYOHBIX AOCOK
a2W [l (1\’7*] _
dee VE T df fle=

]

21)
&W, | | @w, 1 dw.7| _ BR? qR« (
[ B T e —F dt ],:1"'20 W, (1)+
JIST XKECTKO 3aKpenJ€eHHBIX prﬁHle JAOCOK
aws| .
dt =1~
t=1 (22)

W, LW, | dW*"! _ BR qR‘
ar +7 dr £ df _!1:1 W (IH"
rae B— 2’;:!;12511 :
hy — TOJIIMHA CTeHKH HMIMHApaA (Kopnyca);
E,, — mMonysnb ynpyroctd marepHaja HHJIHHApA.
2.7.3. TlogorpeBatenp ¢ U-o6pa3nbiMu TpyGKaMu H3oGpa)ceH Ha
yepT. 6.
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B paccmaTpuBaeMoif KOHCTPYKIHH nojorpesarens TPYOKH, He
HCNBLITHIBAs CXKATHSA, CO3AIOT TOJNBKO pacnpelefeHHbIi MoMeHT. B pa-
6ote {5} nokasaHo, 4TO BJHSHHE 3TOrO MOMeHTa Ha JepopMauuio TpyG-
1Ofl NOCKH mpeHe6GpexxuMo Mano. CiefoBaTesbHO, MPH pacyeTe TPYyG6-
HBIX JOCOK noporpesarteseil ¢ U-06pa3HbIMH TPYOKaMH MOXXHO HCMOJb-
20BaTh pacueTHble GopMy.bl (npHBeAeHHble B noapasjene 2.5), uu-
JIHHApPHYECKas JKEeCTKOCTb IJVIACTHHBI B KOTOPbIX BBIYHCJSIETCA C Yyd4e-
TOM OCJiab/ieHHs] ee OTBEPCTHAMH.

Monean noporpesateas ¢ U-o6pasHbiMH TpyGKamu

((

Pacuyernbie popmyanl (17), (20) u (13) naioT npub/iHKeHHOe aHa-
JINTHYECKOE pellleHHe TMOCTaBJEHHOH 3ajlayM [JiS OCHOBHBIX THIOB
nojporpeBarenei.

2.8. Pacuer HanpsKeHnii B peGpe H naacTHie

2.8.1. PaccmaTpHBaeTcsi NnpoOH3BOJIbHOE CeYeHHe NJIAaCTHHBbI C OJHO-
CTOpPOHHHMH pebpaMH (uepT. 2, a). BananHe oTBepCTHH Ha HanpsiKeH-
HOe COCTOSIHHE NJIaCTHHBI YYHTHIBaeTCsl yMeHbIeHHeM UHJIHHIpHYe-
CKOI1 )KECTKOCTH, YTO PaBHOCHJbHO NPHHATHIO B pacyeTe YMEHbIUIEHHOMH
TOJIINHB NJAacTHHH. CpeaHHHble NOBEPXHOCTH HeAe(dOPMHPOBAHHOM
NiJIaCTHHBI C OTBEPCTHSIMH H HeAe(OPMHPOBAHHOH CMJIOLIHOM NJIACTHHBL
COBMeLIeHHB, TO3TOMY BBICOTbl pe6Gep passinyHbl. TOJHHA NAACTHHLI H
BbicoT2 pebpa MJACTHHBI C OTBEPCTHSAMH BBLIYHC/IAIOTCH 1O (GopMmyJsiam:

q,_

b= hy %
o )

v inue e

<

[ w av

Yept. 6

Hi=H+4 ——
2.8.2. MaxkcHMaJjibHble HanpsKeHHs B IJIaCTHHe H peGpe, BO3HH-

KaloliHe moj AEeACTBHEM MOMeHTa, onpefensieMoro ¢opmymnamu (17)
nan (20), BBIYHCASIOTCS CAEAYIOIHM 06pa3oM:

t bM,(Hl+ LA *z())
=t t oM, (2h +Zu)

6,:

(24)

a
|
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MOMEHT HHepLHH CceYeHHss M KOOpPAHHATA HeHTPaJbHOro CJa0s
ope6peHHOl NAacTHHBI BLIYUCIAIOTCA 110 PopMyJIaM:

zo—_—ﬂl, ecan O0<CEC G

2
14 hl
4
A,
zoz%—~t—,‘h, ecan £ <t 1;
" u R

]==l_b2't%(H1+h1)3, ectn 0 SIS
:%[(H’_*_hl):*—l-?)H,(H,—{—hl)(Hl—420)+
+12z02(H1+h1:—1>+/113<,—:—1)]' ecan ¢ < t<1.

®opmyas (17), (20) u (24) maoT npubAHIKEHHOE pelleHHe Hc-
XOJHOH 3ajiauH.

2.9. Mopaaox pacyera TpyOHBIX AOCOK MOAOrpeBareei

2.9.1. [Ipn pacuere TpyGHHIX JAOCOK noporpesareieii ¢ U-o6pas-
HBIMH TPyOKaMH BJHsHHe TPYOHOro Nnyyka Ha HalpPsXXeHHOe COCTOf-
HHe TPYOHON NOCKH He yuHThiBaeTcs. PacueT mpoH3BOAHTCS B cCie-
JLylolleM Mnopsiaxe:

BHIYUCASIOTCA NapaMeTphl Z, :é;-% H az%;

No HaHJeHHbIM 3HauYeHHAM f; H a onpejensercss 6e3pa3MepHbId na-
paMeTp OTHOCHTEJBbHOH KEeCTKOCTH OpeGpeHHs A C MOMOILBIO HOMO-
IpaMMbl (4epT. 2 0653aTeIbHOrO MPHJIOKEHHS 3);

C NOMOLIbI0 HOMOrpaMM (4epT. 3—14 06513aTeJIbHOrO NPHJIOKEeHHs 3)
BBIYHCJ/IAIOTCA 3HA4YeHHS HayaJbHBIX MapaMeTpoOB, 3aZaHHBIX ¢op-
myaamu (11) wan (12); ¢ nomombio HoMorpaMM (ueprt. 3—14 ob6s3a-
TEJbHOrO NpPHJAOXKEeHHA 3) 3anHCHIBAIOTCA aHaJAHTHYECKHEe BbIpaKeHHs
W u M,, 3agandble no dopmyiae (9), u onpenensieTcss MAKCHMaabHBbII
MOMEHT, IeHCTBYIOLHIK B OpeOpeHHOH NJaCTHHKeE;

no dopmyaam (23) u (24) Bbluucasercs HauGoJblliee HaNpsiKeHHe,
JieACTBylolLlee B NJIAacCTHHe H pebpe.

2.9.2. Pacyer TpyGHBIX JOCOK I[l0OrpeBaTe/iefi ¢ y4eTOM OTHOpa
Tpy6OK (mojorpesaTesb C IJIaBaloOLWeH TOJIOBKOiH, TIOAOrpeBaTe/b
¢ ABYMs (HKCHPOBAHHBIMH TPYOGHBIMH HOCKaMH) NPOHM3BOAMTCA B cJe-
LyloLleM MopsiiKe:

NPOBOASATCA NepBble TPH 3Tana BblYHCJAEHHH, yKa3anHble B 1. 2.9.1;

B 3aBHCHMOCTH OT cnoco6a 3akpenJieHHsi TPyGHOII nockH no ¢op-
myqaam (15) wam (16) BbluHCAsieTCS npHBedeHHast TOJIIHMHA A, 3KBH-
BaJIEHTHOR NJIACTHHBI;

no Homorpamme (4epT. | 06s3aTejbHOrO NpHJAOXKeHHs 3) omnpefe-
J9eTC KO3QOHUIHEHT 0cjaab/eHHsI KeCTKOCTH IIaCTHHBI OTBEPCTHAMH
%, M BbIUHCIf€TCS LMJHHAPHYECKAs KEeCTKOCTb 3KBHBAJEHTHOI nJja-
CTHHBI

EnrS

D=y ?
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BLIYHCJSIETCS OTHOCHTEJIbHBIN [1apaMeTp JXeCTKOCTH TPYyGHOI cu-
CTEMEI
— i ZmEFN.
“IFyD,-

no tabJu. 1 06s3aresbHOrO NpHJIOKeHHs 1 onpeaeasioTcs QyHKUHH
Tomcona [3]

1 . 1 .
ber y,, o ber’y,, beiy,, A bei’ y,;

nocjie NOACTAHOBKH Bbipaxkenus (17) uau (20) B KpaeBble ycao-
Busi (18), (19) nam (21), (22) nmosyuaercs cHCTeMa YpaBHeHHH [Js
onpezeJsieHHs! MOCTOAHHBIX MHTEerpHpoBanus A, As, As ¥ Ay

nocje BblYHC/JIeHHS 3HaueHHH A, — A4 ¥ NOACTAHOBKH HX B BhLIpa-
skenns (17) nau (20), onpenensercss HauGosibliee 3HAUEHHE H3THOAIO-
11ero MOMeHTa, AeACTBYIOLIEro B 3KBHBAJIEHTHOH MJIACTHHE;

BLIUHC/IEHHE 3aKaHYHMBAeTCsl ABYMS MOCJEIHHMH 3TanaMH, YKasaH-
#bIMHE B 1. 2.9.1.

3. PACYET OCHOBHbIX HECYUIHX ¥3J10B NONOIrPEBATEJNSA
BbICOKOTO IABJIEHHSA

3.1. YcnoBHBIE 0603HAYEHHS

M, — u3rubamomuii MOMEeHT B MOMEPEeYHOM CeueHuu
nojasoAsien Tpy6nl TpybonpoBoja B MecCTe ee
CONpsiXKeHHsT ¢ AHHINEM Kopmyca;

P,— oceBoe ycuaue CO CTOPOHH NOABOAALICH
TpyOhl, AeHACTBYIOIee Ha JHHIIE KOpmyca;

M, — XpyTAWHA MOMEHT B TOM JKe CEYeHHH TPyG6o-
MPOBOJAA;

P, — nonepeunoe ycuine, AeiicTByOllee OT TPYGH
Ha JAHMIlEe Kophyca;

N — BuyTpenHee pacTAruBaiolllee YCHJIHE B ceye-
HHH JHHIIA KOpMyca NO JIHHHH CONpPSXKEHHS
c TpyO6oii;

X, — H3ruGaloNIHii MOMEHT B CEYEHHH AHMINA;

h, — TOJLUMHA YKPENMJSIOUIEH OTBEPCTHE HAKIAAKH
(mHuIia); TOJNIUMHBI JHHINA H HAKJAJKH NpH-
HHMAIOTCSl OJXHHAKOBLIMH;

R — papuyc cdepbl, ONHCHIBALHI 060J0UKY
AHHIIA B 00/1aCTH OTBEPCTHS;

! — paccrosiuse Mexay Tpy6amu, BXOAAMMH

B JHHIIE,
d,— puamerp oTBepCTHsi (HAPYXHBII JHaMeTp
Tpy6Hi);
d,
0, = -2% — MOJIOBHHA LEHTPAJBHOIO yIVia <XKECTKOro»
BKJIIOUEHHUS;

Dy, Yy, Py, %kg» To — BCHOMOraTe]bHble (YHKHHH;
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a;; — KO3(()HUHEHTH MOAATIHBOCTH Kpas OTBep-
CTHA OOOJIOYKH JHHIIA;
X, — aprymeHT ¢yHKkuui Tomcona;
P — BHyTpEHHee HaBJieHHe mapa, AeliCTBYyIOLiee Ha
CTEHKH Kopliyca mojorpeBareis;
Ah — TpeGyeMas NONOJIHHTEJNbHAsA TOJLIHHA YKpen-
JA0IIEH HaKJIadKH;
X;, X, Xy Vi, YVip— BHYTpeHHHE YCHIIMSI B XapaKTePHBIX CEYSHHSIX
daaHLeBOro coeiHHeHHs B pabGoueM cOCTOS-
HHH H NPH 3aTAre WINHJIEK;
Bins Cis A jpy By Ay — KOOI QHIHEHTH NOLATIHBOCTH;
Pp» Po — MOBOPOT KOJAbUA ¢(JlaHIA B HArpy3ouyHOM H
«eJHHHYHOM>» COCTOSIHHSAX;
¥, F — MOMeHT HHepUHH H IJIOLIAflb NOHEPEYHOro ce-
4YeHHs KoJbla (aanua;
M, — MOMeHT OT HarpyskH, JdedCTBYIOWHH# Ha
KOJIbLLO;
hy, hy — TOMUIHHBE 060JIOYEK;
Ny, My, N0, My — noansie ycuans, peficTBylOliMe Ha KOJbLO
¢saHLa B Harpy3o4HOM COCTOSIHHH H [IPH 3a-
TATe IUNHJEK;
l,, h,— NJIHHA H TOJIHIHHA MeMOGpaHbI;
ls, dg— nnMHA ¥ OHaMeTp WINHJbKH (GoaTa) daanue-
BOIO COEJIHHEHHS;
T, — HeoOGXOAMMOe YCHJHe npelBapHTEeJbHOrO 3a-
TAra;
[s4] — nmonmyckaeMoe HOMHHAJIbHOE HampsikKeHHe;
|ow]| — monyckaemoe nanpsikeHnHe /s LINHJbKH;
B, 8, Dy, D, — napamerpnl 06oJoueK;
¥;» b; — BcnoMoraresibHble (PYHKLHH apryMeHTa X.

3.2. Pacyet Ha NpPOYHOCTb AHHUIA NOAOrpeBaTe’si BHICOKOTO AaB-
aenns (MBL)

3.2.1. PacyerHass MoZeab nojorpesarte’isi, H300paxkeHHas Ha
yepT. 7, a, NPeNCTaBJseTCA B BHIAe COeJHMHEHHbIX MeXI1y co6oil moi-
BOASILUUMH TPyGaMu TpeX COCYAOB — HH3KOTO, CPeJHero H BBICOKOTO
naBjeHHsl napa. Bce cocyabl KecTKO CBSI3aHBl C OCHOBaHHEM.

TlonBonsmas cucreMa Tpy6 npeicrtaB/isieTr H3 ce0si paMHYKO Npo-
CTPaHCTBEHHYIO KOHCTPYKIHIO, VIIPYro cBA3aHHylo ¢ guumamu [IBII u
cHcTeMoii Tpy6 TenJiooGMeHHHKa, paclojiOKEeHHOT0 BHYTPH Kophyca.

Cucrema Tpy6 («BHyTpeHHs1si HauMHKa» [IBJl) sBjsieTcss ROBOJIBHO
/KeCTKOM YacTblo KOHCTPYKuHH. [lo3TOMy B pacueTHON MOAeaH <«Ha-
YMHKa» NpeACTaBJsieTcd KaK KeCTKoe f/Jpo, pacloJjioKeHHoe BHYTPH
Kopnyca M ynpyro cBsi3aHHOe ¢ NOABOJsILell cHCTeMOH Tpy6, KoTopas
B CBOIO OYepeflb YIPYro CBA3aHa C JHHIIEM NOJOrpeBaTeis.

3.2.2. Temneparypubie pacmimpedus anuma [IBJ] u rtemnepartyp-
Hble YAJHHEHHSI NOABOASILMX TPyO BBI3LIBAIOT B3aHWMHOE BO3ZAeH-
CTBHe H MOSIBJIEHHE TeMIlepaTypHbIX HanpsxkKeHHH# B TPYOHOK cHCTeMe
11 anume. Ha BHyrpeHHHe cTeHKH kopnyca [IBJIL neficteyer
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Pacuersas Moaeab NOXOrpeBaTelisi BHICOKOrO AaBAECHMS
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BHyTpeHHHE YCHJHS B NOMNEPEUHBIX CEYEHMsIX
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paBHOMEPHOE OBEPXHOCTHOE [ aBJieHHe napa. B cBS3U ¢ 3THM AHHLILe
paccunThiBaeTcsd Ha OJHOBPEMEHHOE BO3NEHCTBHE BHYTPEHHEro AaBJe-
HHS U YCHJIHHA, JeACTBYIONHX OT MOABOASIIHX TPYO.

Pacuernas mopeab auuumia [BJL

Yepr. 9

3.2.3. Pacuer aHHula Ha BO3JAeH-
CTBHE TOJIBKO BHYTPEHHEro JaBJjleHHUs
NPOH3BOLHTCS MO  CYLIeCTBYIOIIHM
HopMaM pacyera JHHI. Onpenens-
IoTcss TpebGyeMas TOJLIHHA OGOJOYKH
IHHILA W COOTBETCTBYIOHIHE pa3Me-
pbl HOAKpenJfmolledl OTBepcTHe Ha-
KJaJKH.

3.2.4. BennuuHbl BHYTPEHHHX YCH-
JIHA B INONepeyHbX ceueHusAx TPyO y
avuma (ueprt. 8) cuHuralTci 3adaH-
HbIMH (TakHe JaHHble TPENCTABJISA-
iotcs TensoanekTponpoekToMm).

3.2.,5. HawuGonpuine ycuaHsa Ha
nHHIe Tpy6 OyAyT BO3HHKAThb B Kpaii-
Hux amnaparax. K kpafinemy anna-
paTy BLICOKOr0o JAaBJieHHsi ¢ OIHOH
CTOpPOHBI MOABOAHTCA TPyGa OT cpen-
Hero annapara, ¢ APYrod CTOPOHDI
Tpy6a OTBOAHT HOJOTPETYI0 BOALY B
KoTesi. CunTaercsi, UTO CHCTeEMa OTBO-
asgux  Tpy6 HMeeT 3HA4YHTENbHO
6O/IbUIYI0 CAMOKOMIIEHCAUHIO, uYeM
NOABOASIHA TpyObONpPOBOA OT Cpej-
Hero IIBJI, T. e. co cTOpOHH OTBOAA
HarpyskH Ha JHHUIE He3HAYHTENbHbIE,
CJIeI0BAaTe/bHO, HAarpy3Ka CO CTOPOHLI
noABojsiiero Tpybonpososa Gyner
NOJHOCTbIO mNepenaBaTbCs Ha AHHUIE.

[Ipy 3TOM Harpy3ka B BHAE MO-
MeHTa M, nonepe4yHoi cHiabl Q H Kpy-
Tsltero MoMeHTa My, (uept. 7, 6) Gy-
oeT mnepegaBaTbCsl NOJHOCTBIO Ha
[HHILEe yepe3 XKecTKoe SAAPO.

CpenHuii annapat HaXOIHTCS B
6oJsiee BLITOAHBIX YCJHOBHAX, TaK Kak
ABYCTOPOHHSISI Harpyska oT Tpy6 O6y-
IeT KaK OBl «3aMBIKaTbCSi» Ha XKecCT-
KOoe BHYTpeHHee $IpO 3TOro amnma-

para. JlHuie B HeM OYyAeT 3HAYHTENBHO Pa3TPYKeEHO OT BO3AEHCTBHS

YCHJIHA cO CTOPOHBI TPYO.

3.2.6. TlogatauBoCcTh AHHMINA 3HAUYHTEJbHO GoJblie, YeM MOAAT/IH-
BOCTb ceueHHs TPYGbi B MecTe BXOJa ee B AHHIIE.

Ecan npeneGpeup BeJHYHHAMH PEaKTHBHOrO H3THOAloOLIero W Kpy-
TAILLETO MOMEHTOB CO CTOPOHBI AHHILA (KOTOpble MaJbl MO CPaBHEHHIO
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¢ JeHACTBYIOIIHM MOMEHTOM B Ce4yeHHH TPyObl), TO HAa IOHHIE CO CTO-
POHBI JKecTKOro siipa uyepe3 Tpy6nl (cM. uepT. 8) OYyAYyT HelCTBOBATH
B BEPTHKaJbHOH IJIOCKOCTH CHJB P,, ypaBHOBeLIHBaluiHe H3rubaio-
Ui MOMEHT, H B FOPH3OHTAJIbHOH NJOCKOCTH CHJIH Py, ypaBHOBELIH-
BaloUlHe KPYTSUIHA MOMEHT.

ITH cHabl OYAYT CBA3aHbl C H3rHOAIOUIHM H KPYTALIHM MOMEH-
TaMH CJHeAYIOIIHMH COOTHOIIEHHAMH:

My

. My
nzlv Px— 7 (25)

rae My, My — 3aiaHHble YCHJIHA.

3.2.7. Ha nHumle, NOMHMO pPaBHOMEPHOrO NOBEPXHOCTHOTO HaBJie-
HHS napa p, 6YAYT AeACTBOBATb Yepe3 JKeCTKHe BKJIIOYEHHs CHJIbl Py
H Py.

Ilpyn pacuere AHHIIA YYHTBHIBAeTCst TOJNbKO BO3AEHCTBHE CHJb Pp.
Cuanl Py He BBI30BYT CYIIECTBEHHBIX HaNpSiKeHHH B JHHULE.

3.2.8. Ha uept. 9 u3o6paxkeHa pacueTHasi cxeMa JAHHIA, HA KOTO-
poe uyepe3 XeCTKOe BK/IOYeHHe AedCTBYIOT cHibl P, CuuTtaercsi, uto
BTOpOE€ BXOJHOEe OTBEPCTHE pacmoJsiaraeTcsi JOCTaTOYHO JaJjieKo OT pac-
cynthiBaeMoro. O6JacTh AHHUILA Y JKECTKOTO fiipa npeicTaBJasiercs che-
pHuecKoi o6oJioukoit pagnyca R.

Ha vepT. 9, a noKka3zaHo 3aJlaHHOE COCTOSIHHE, KOTOPOE MOXKET OHIThb
npeAcCTaBJeH0 B BHAE CYMMBbI JIByX COCTOSSHHH: KpaeBoro 3sgdekra
(uepT. 9, 6) u 6eamMoMeHTHOrO (uepT. 9, 8).

Atu cocrosauus xopouo u3yuennol ([2], {7]), u uMeloTcs roroBwie pe-
HIeHHs JAJs1 onpejeieHHs NepeMelleHHAA W HanpsKeHHH.

3.29. Huxe npHBOAATCH OKOHYATe/NbHble pacyeTHbie (POPMYJIBI
LJis onpelefieHHs TpeOyeMOf NOMOJHHTE/IbHOH TOMIHHE Ah yKpen-
JASIOIEeH HaKJaJAKH Yy OTBEPCTHS A/l KOMIEHCAIHH AONOJHHTENbHBIX
nanpsKeHHH, BO3HHKAIOILHUX OT BO3LEACTBHS CHAB Py

Ah=—[’f"-]—+h0(‘/ [3]Xh; ) (26)

3.2.10. Buyrpenune ycuanss N u X, BxoaauiHe B (opmyay (26),
onpefiesAOTCS NO (GopMyaam:

_ A (iwm ], 27
T 2x6, [ RS, 2h‘) (a”ﬂgg - 132):] ’ ( )

L4y
= Pn(‘ ‘ .*)“122. , (28)
47h o (21129 — 2o)

3 - —_
E,=V12(1—v) (i)z g2 PP~ W

To

Eo,=—V12(1 — p) B, (29)

' “{n ’

1

afqma~wlb%yﬁﬁ‘
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®y = ker x, ——— kel’ x,;
Xo
—_ 1 +.
®, = ker x, — ” ® ker’ X3
' : l—p 7
by = kei x, -+ —— ker’ x,;
[\]
- Lbn, (30)
e = kei x, + ker’ xo;
Xo
@, = ker x, ker’ x, 4 kei x, kei’ x,;
%y = (ker’ x,)* 4 (kei’ x0)2;
Yo = Do kei x, — b, ker’ x,.
Npeneasnoe pedopmuposan- 3navenuss ¢ynkuni Tomcona (ker x,

HOE cOCTOAHHE (JIAHUEBOTO . x)
COefHHEeHHs

H HX TIPOH3BOAHBIX MPUBOAATCS
B Taba. 2 0653aTeJbHOrO NMpHAOKeHHs 1.

ApryMeHT xo IJsi 3THX (QYHKUHA# ompe-
aeaseTca no gopmyde

X, = VA=) (g ) b (D)

i

[Ipumep pacyera pAHUMmIA noOJOrpeBa-
TeJISl NIPHBOJAHTCA B CHPABOYHOM MPHJIOKE-
HHH 2.

3.3. Pacuer d¢daaHuesoro coeaHHeHUs
Koprnyca noporpesatenst

3.3.1. Kopnyc mnomorpeBatesisi HMeeT
coefHHEHHe C KOHTaKTHpylowumMHi (Gec-
NpOKNafOuYHbIMH) GuiaHuamu (uept. 10),
CHaGXKeHHBIMH TOHKHMH IJIaCTHHaMH (MeM-
6paHaMH) 1045 oOecneyeHHsl TepMeTH3a-
uuH Kopnyca. Takoe coexnHeHHe BOCHPH-
HHMaeT OCeBOe YCHJIHe OT LMJIHHIAPHUYECKOMH
YacTH KOpNyca, HaXoAsllerocs noji BO3JeH-
CTBHEM BHYTpPEHHero JaBJIeHHs mapa.

3.3.2. Ha wuepr. 10 m3o6paxeHo mnpe-
nenbHoe  1ehOpMHPOBAHHOE  COCTOSIHHE
(nanueBoro CcoeaHHEHHS, MPH KOTOPOM
IPOMCXOAUT MOJIHOE pacKphiTHe (iaHueB
C HX TIOBOPOTOM BOKPYT TOYKH pagbeMa
y KopHsi MeMOpaHbl 6e3 OCeBOro nepeme-
IeHHST 3TOA TOYKH.

[Ipumeuanue. IlperesbHoe COCTOsIHHE MO-
KeT JONyCKaTb PacKphiTHe (P/IaHIEBOro COefHHEHWHS
C OCeBHM INlepeMelllcHHeM KOPHS MeMOpaHbl Ha Be-
JIMYHHY, KOTOpasi ONpefeNsieTCss KOHCTPYKUHed MeM-
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Gpanst. ITIpH 3TOM pacyeTHHl TpefBapHTEJNbHBIA 3aTAr GOATOB (LUNMJEK) IPHHH-
Maercs pPaBHBIM MOHTaXKHOMY, cocrapisiomieMy 5—20% oOT BeaHyMHBl yCHIMA
B WINHAbKAX B paGodyeM cocTosHWH. MOHTaXHBI 3aTar HeoGXomuM AJs o6ecreyeHHs
PaBHOMEPHOIO 3arpyKeHHsi IINHJeK.

3.3.3. PacuetoM onpeneasiercsi HeOOGXOAMMBIH TpefBapUTEbHbI
3aTAr LINHJAEK H HaNnpsXKeHHs B 3JeMeHTax (JaHIEeBOro COeXHHEeHHs
OT BO3NEHCTBHA BHYTpEeHHEro AaBJieHHsI napa AJst npeAeJibHOro COCTos-
HHSI M COCTOSIHHSI HAa4aJIbHOrO 3aTsra LIuJeK.

3.3.4. PacuerHasa MozeJb ¢JaHLUEBOrO COEIHHEHHS MpeACTaBJeHa
AByMs cocTossHHAMH (4ept. 11). B nepBoM paGoueM COCTOSIHHH omnpe-
JAeJISI0TCS TepeMelieBHsT W YCHJHS B 3JieMeHTax (JIaHIeBOro COelH-
HeHHsl OT BO3AEHCTBHS BHYTPEHHero JaBJ/IeHHs napa, KOoria B pe3y.ib-
TaTe pacKpbiTHsI (JIaHIEB NpeABapHTENbHBIN 3aTAr HCue3aeT; BO BTO-
pOM — mepeMellleHHs] H YCHJHS TOJIbKO OT BOBHAEHCTBHSI HAYaJbHOrO
3arsira GOJITOB H IpPH YCJIOBHH OGecleyeHHsl NPefesbHOTO COCTOSIHHS
(JIaHeBOro COeAHHEHHA B COOTBETCTBHH C uepT. 10.

3.3.5. O6o3Hauenue pa3mepoB ¢iaHUA W [JeACTBYIOUIHX HAa HETO
CHJI TIOKa3aHo Ha ueprt. 12.

3.3.6. draHHeBoe coeMHEHHe B pacuere MPeACTaBJsETCH YNPYrum
coeiHHeHHeM noJyOecKOHEeYHOH LHJIHHIAPHYECKOH OGOJIOYKH MOCTOSH-
HOH ToaLHAHb (0GeuafiKH) B cOGCTBEHHO (IaHLA, KOTOPOE B pacyeTHOI
cXeMe paccMaTpHBaeTcsi Kak Kogblo. Jlasi onpeieneHust ko3¢ dHuHeH-
TOB MOJaT/IHBOCTH H B3aHMHBIX NepeMeUleHHH CONMpsraeMbiX CEYeHHNH
(1anen 3aMeHAeTCS KOPOTKOH UHJIHHADHYECKOH OGOJIOYKON TOJIIHHOM
hy c ynpyro npHCOelHHEHHBIM K Hell KoJbuOM. ToJHHa KOpOTKO#
060J104KH NIPHHHMAaeTcss paBHOM

hy=h,+0,5(,—h,), (32)
rie hy v lo— ee HauMeHblIasg M HaubGoJblIAs TOJIIHHA.
3.3.7. HeussectHble ycuaus B paGouyeMm cOCTOSIHHH X, Xg, X3, Xy,

DeHCTBYIOIIHE B COMPAraeMBbIX - CEYeHHAX (IAHUEBOro COefHHEHH
(uept. 11, a), onpenenasiorcs no ¢popmyaam:

1
X, = ’y (A2pal‘2 - Alpa‘z?);

l >
Xy =5 (815810 —B9811); (33)
A=33y — 3y |
X=X X3 + X2 X3,
Xy =X X5 + X, X4

Kos¢ddunmeHTsl B3aUMHOK NOXATIHBOCTH i, BXONSAIIHE B YPABHEHHS
(33), paBHbL:

R.R I o
8y = c] L+ 13.2D;b, (038, — ¥58, X3, — ¥:.X41)

R.R 1 p
3= ; Lo+ 83D:5, (v33 X5 + ¥: X4 + 6,8,); (35)

1
8y == RCIRI ¢t + FERTINN (¥38, X5, + ¥aXso -+ B3).

(34)
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PaGouyas mopenb ABYX paGouux cocrtosinni QaaHuesoro

COexHHEHHS
1
ZR2
7
X h, X314 / Yoo e Xep
e -
“Tx., TP TA.
X,, ! XJZ

(=%
frockocms pags bema;I
i

{ Xfy_(
LS Y- M Yoo
‘7n | J)

Yepr. 11
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Ipysosbie Ko3p@HUUHEHTH Aip ONpeeasiorcs N0 GopMyJaM:
R2
Alp p+ 4jQD b ( yqp] 3p " y3X4p);
2 (36)

R? (2—mR?
Azp~ MpCo + ——— (V38 X3y + ¥ Xy,) + ———ip.

3D b, oh,

OGo3Havelne pasmepos (aaHua

, hz YC
Ry L:
o
g
p /h/ \
Ry — 9&
Re —J/ 4 ~3
-
RS ——/ ] sl
. g X 3

Ra [ IEMX,
T

Rm

Yepr. 12

Yenausi, Bxoasmue B Qopmysn (34)—(36), cootsercTByIOT enu-
HUYHBIM COCTOAHHAM (4epT. 11, 6) u paBHbL:

X3 = f (Agzezs — Dgscyy);
1
Xy= 3 (A33635 — Agsea3);

Ky == (Byy03 — Bgieqy); @7

|>| - |-

KXo = = (B340 — Dy y33);

-
A = g0 — Can
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RZ(2— 1) (hy — k3hs) c3,

X, = - —_ .
3p 2h1h2.'l p;
X, - — Ry(2— 1) (I — kohy) czs (38)
A oh,hA P
R
=R

KoaddHunenTs n Harpy3oyHble Y/eHbl eAMHHYHBIX COCTOSIHHH, BXO-
asmue B Boipaxenus (37) u (38), onpeneasitorcs no gopmyaam:

__ b o,
¢ = T5Dg, T D
by 1
Cpp = f ——;
" 4giD b, + 283D,
P U
T agipp, 28D, 3
- 9
A:«u = _Axss: — ( )
22 ’
482D b,
-2 .
A =— D8,
A, = b .
44 4ﬂ3D

Mowment M, onzmumu B ypaBHeHuﬂ (36), pasen:

R? R?
M "—_7[ ) (Rs — Rc)—l- 5 L(R.— R1)+ ( '—T&’)X

X (2R, — Ru— Ry)+ cyRe (o -3 (49
OcranbHble BeJIHYMHBI, BXOAALINE B pacyeTHbE QOPMYILI, paBHbI:
=30, 5 VI,
V Rk, 2 V Rohy
3 3
Di=mre Di= e
¥, =cos xch x; y2=%(chxsinx+ShXC08x); @1)

1 : .
Y= 7511 X sin x; y4=%(chxsnnx~shxcosx),

bo=Y3s— Y,y by =y,Ys— Y5
b2=y2y3 — s b=y ¥+ 4y3¥s
X= pll‘y

rie L — AaMHa mepexoaHoi BTyaku ¢aanua (u4epr. 12).
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3.3.8. llns onpe/esieHHs reOMETPHYECKHX XapaKTEPHCTHK KOJblle-
BOTO 3jieMeHTa ¢JiaHlla ero ceueHHe pa3GHBaeTCsd Ha 3JeMeHTapHble
nNpAMOYrosibHHKH (uepT. 13), W B cHCTeMe KOOpPAHHAT X, y onpexe-
JISIETCS T0JI0XKeHHe LeHTPa THKECTH KoJblla:

1.3 k
> xiF; > viFi
i=1 . i-1
X = - % ’ Ye=—% ’ (42)
> Fi S Fi
i=1 i=1

rae kR — 4HCJO 3J1eMEHTaPHBIX NPSIMOYrOJbHHKOB.

K  onpepenenmio  reoMeTpHuecKHX  XapaKTepPHCTHK

¢aanna
y 8; Yo
\\\ S
N 33
&:\\ |

Xt
Yepr. 13

PasMepbl 1ONEPEeYHOr0 CEYEHHS KOJbL@A CYHTANTCS MaJjibiMH MO
cpaBHEHHIO ¢ ero paauycoM. [lostomy MoMmenT uHepuuun J momnepeu-
HOTO CeueHHsl KOJibla IPHHHMAaeTcs PaBHBIM:

rae =1 i (43)
)

3.39. B cocTositHMH TNpeABapHTEJbHOTO 35ITAra YCHJHe 3aTdAra
wnuabkH Ty, npH KOTOPOM oGecneyHBaercsi MUOILaJKa KOHTAaKTa Ha
NJIOCKOCTH pa3beMa y KOpPHsi MeMOpaHbl, NPHHHMAETCH PaBHBIM

T,=12r,. (44)
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OceBoe ycuaHe B WnuabKe Yy onpegensiercss no popmyde
2

Rils
£n = P (R + ly — Ry)
6"
Vo= Ty . (45)
d2 + 9 (RG - Rr)

3aech @p H @o ONpeeasioTcs 10 GopMyiaMm:
M R’
pc R
Pp=— 7 1 L— X?

?o——T 6- BRs— R, —2R)— R, (Y, + Yzoco)]-

R:Ryey
! (46)

Yeunua Yo M ¥z, COOTBETCTBYIOILHE €AHHHYHOMY COCTOSIHHIO
(uepT. 11, &), paBHbi:

Yy (A o1y — A1eBy0);
(47
Vo= T (86312 — B8y ),
rae A=28;,3, — 3
X, u X,—onpegeasiorcs no Qopmyaam (33);
Re
Apy=— %}%(BRG — Ry —2R,); (48)
By =4y6.

BHyTpeHHHe YyCHJIHSI OT NpeJBapHTEJNbHOrO 3aTsAra LUMHJAEK (JaH-
LeBOro coefHHeHHs onpepeasiorcss no popmyaam (uept. 11, 8):

Vi=Y Y Yo=YV
YVi=VY. X, + VX0 (49)
Vi=Y Xy +V, Xy

3.3.10. Hanpskenuss B 3jeMeHTaX (JIaHLEBOrO COeJHHEHHA MpPH

paboueM COCTOSIHHH OnpefeNsiorcsl no GopMyaam:
HanpsXeHus BO ¢iaHle B BepXHEH H HHXHeH TOYKax Ko.Jbla:

NoR, = MyR,
°|¢=—F—+_T‘Co§ (
NoR:  MyR 50)
%2 ™= —F -— "% (cp — <o),
rae
Ny=pcy RB l{ Xo3

(51)
My=—M, — 7?7 X, __’%2 X,
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Ma@KCHMaJibHbI€ MEepHAHOHAJbHbIE H OKPYXHbIe Hanpsi>keHHsA B ce-
YE€HHH OCHOBAHHA BTYJKH:
PR 6X, .
G p = =t - —1
ey T

PR, 6uX, by ¢ - (52)
%20 = lj + 412R13?D]bo (¥s3, X3+
+ ¥ X+ 0,3, X+ b,X,); '

MaKCHMaJlbHble MepHAHOHaJ/ibHble H OKPYXKHble HanpsiKeHUs B ce-
YeHHH 000JIOUKH, IPHMBIKAIOILEH K BTYJKe:

PR, st .
m-—m‘l‘ e l

R 6uX. 1 1 (53)
PK> A3 .
o = B 2R — e (X, — - X)) '
“hy h; 2’?23202 B2
MAaKCHMAaJbHOE HanpsiKeHHE B MeM6paHe:
2
pl .
Ty =—2—’-'72; N (54)
Hanpsi>keéHue B WIHAbKE!:
4R 2pds
ol = - (55)

3.3.11. Hanpsixkeuus B 3JeMeHTaX ¢JaHUEBOro COeAHHEHHS OT
fnpeBapHTENbLHOrO 3aTsra OnpeensioTcs no Gopmyaam:
HanpsixKeHHs1 Bo duiaHue:

_12(0 +—= R )

MR, Mo R (56)
=1 2[ b —te (c.l,—c(.)],
rae R
0 __ 1 .
Ny=— -1
R, R
My=M,— 1‘R—L'_Y'z"fg'lp’co§ (57)
My = g (3Rs — Ra— 2R.);
HanpsKeHHss B CeYeHHH OCHOBAHHA BTYJIKH:
—1250
(58)

2b

o =1,2[622Yl TR e (AR R AR Ny Y)); |
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HanpsiKeHHsi B CeyeHHH 0GOJIOUKH, NPHMBbIKAIOUIEH K BTYJKe:

0 6Y; .
C10— 1,2 —hga‘ ’
59)
0 6p¥s 1 _ b . (
620_‘ 1,2[ h% 2R2?302 (Y3 ‘32 Yl)] ’
Hanpsi>keHHe B HINHJAbKE:
4 o
o = (.1.(1% +i%—°) Y,. (60)

3.3.12. MakcuMmaJsibHBlE HAaNpPsiXKeHUsi B 3JeMeHTax (JaHUeBoro co-
€[HHEHHSI He JOJIKHBI MPEBHIIATh BEJHYHHH [04] — HOMHHaJBHOTO 10-
NyCKaeMoro HamnpsiKeHHs.

3.3.13. TlpuBeneHHble HanpsKeHHsS 3J€MEHTOB (PJIAHLEBOro COEMIH-
HeHHd, onpeflenseMble 10 CyMMaM COCTaBJISIOMHX OGHIMX WJH MecT-
IIBIX MeMOpaHHBIX H OOLIMX H3THOHBIX HanpsiKeHHH, He NOJIXKHbLI Tpe-
BbIIIATh BeauyuHbl 1,3 [oy].

3.3.14. IlpuBeneHHble Hanps)KeHHsI 3JEMEHTOB (JIAHLEBOTO COEIH-
HeHHd, ompelessieMbie [0 CyMMaM COCTaBJSIOUHX OGIIMX HJH MecT-
HbBIX MeMOpaHHBIX, OOGLIHX H MECTHBIX H3THOHBIX H OOLIHX Temmepa-
TYPHBIX HanpsiKeHHi, He JOJKHBI MPEBBIATh BeJHUHHB 2,5 [0,].

3.3.15. CpesnnHe HanpsuKeHHS! PACTSXKEHHS N0 CeueHHI0 G6oJTa
(WINHABKHK), BBI3BAaHHBIE J[EACTBHEM MEXaHHYECKHX Harpysok, He
JIOJIXKHBI NPEBBIIATh BEJAHYHHBI

[0w] = 0,55 ,,

rae of ,— MHHHMaJIbHOE 3HayeHHe NpejleJia TEKYYeCTH MaTepHa.jia fpH
0,2 >
pacyeTHOH TeMmneparype.
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NMPHJIOXEHHE 1
Obsizamenvrnoe

TABJHLbI ¢®YHKUUH TOMCOHA 3] NEPBOT'O U BTOPOT'O POJA
I 3HAYEHHI APFTYMEHTA x —0— 10

Tabauya 1
X | ber x ber'x bei x bei’x
X x

0,0 1,0000 0,0000 0,0000 0,5000
0,2 1,0000 —0,0025 0,0100 0,5000
0.4 0,9996 —0,0100 0,0400 0,5000
0.6 0,9980 —0,0225 0,0900 0,5000
0,8 0,9936 —0,0400 0,1599 0,4980
1.0 0,9844 —0,0624 0,249 0,4974
1,2 0,9676 —0,0897 0,3587 0,4940
1,4 0,9401 —0,1220 0,4867 0,4905
1,6 0,8979 —0,1590 0,6327 0,4830
1,8 0,8367 —0,2005 0,7953 0,4730
2,0 0.7517 —0,2465 0,9723 0,4580
2,2 0,6377 —0,2965 1,1610 0,4390
2,4 0,4890 —0,3495 1,3575 0,4140
2,6 0,3001 —0,4060 1,5569 0,3825
2,8 4.0,0651 —0,4640 1,7528 0,3425
3,0 —0.2214 —0,5230 1,9376 0,2935
3,2 —0,5644 —0,5830 2.1016 0,2345
3,4 —0,9680 --0,6380 2,2334 0,1642
3,6 —1,4353 —0,6940 2,3199 40,0817
3.8 —1,9674 —0,7425 2,3454 —0,0138
1,0 —2.5634 —0,7830 2,2927 —0,1228
4,2 —3,2195 —0,8140 2,1422 —0,2460
4,4 —3,9283 —0,8320 1,8726 —0,3830
4,6 —4,6784 —0,8325 1,4610 —0,532

4,8 —5,4531 —0,8130 0,8837 —0,69

5,0 —6,2301 —0,7680 0,1160 —0,8710
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ITpodoaxcenue taba. 1

X berx ber'x bei x bei’x
X X
5,2 —6,9803 —0,6980 --0,8658 -—1,0980
5,4 —7,6674 —0,5940 —2,0845 —1,2430
5,6 —8,2466 —0,4540 —3,5597 —1,4350
5,8 —8,6644 —0,2735 —5,3068 —1,6260
6,0 —8,8583 —0,0488 —17,3347 —1,8100
6,2 —8,7561 0,2235 —9,6437 —1,9740
6,4 —8,2762 -0,5460 —12,2229 —2,1150
6,6 —7,3287 0,9200 —15,0470 —2,2200
6,8 —5,8155 1,3480 —18,0736 —2,2850
7.0 —3,6329 1,8210 —21,2394 —2,2900
7,2 —0,6740 2,3500 —24,4565 —2,2300
7,4 3,1695 2,9200 —27,6088 —2,0750
7,6 7,9994 3,5250 —30,5483 —1,8230
7,8 13,9089 4,1600 —33,0915 —1,4580
8,0 20,9740 4,7800 —35,0167 —0,9575
8,2 29,2452 5,4200 —36,0611 —0,3085
8.4 38,7384 6,0200 —35,9198 0,5040
8,6 49,4231 6,5500 —34,2458 1,4920
8,8 61,2097 6,9800 —30,6514 2,6700
9,0 73,9357 7,2900 —24,7128 4,0300
9,2 87,3499 7,4200 —15,9764 5,5950
9,4 101,964 7,3200 —3,9693 7,3400
9,6 114,6971 6,9500 11,7870 9,2600
9,8 127 5357 6,2300 31,7575 11,3300
Tabauya 2

X ker x ker” x kei x kei” x
0,0 o — ® —0,7854 0,000
0,2 1,7331 —4,9229 —0,7581 0,2229
0,4 1,0626 —2,3521 —0,7038 0,3095
0,6 0,6931 —1,4565 —0,6374 0,3482
0,8 0,4529 —0,9873 —0,5664 0,3590
1,0 0,2867 —0,6946 —0,4950 0,3524
1,2 0,1689 —0,4946 —0,4262 0,3345
1.4 0,0851 —0,3510 —0,3617 0,3096
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ITpodosxenue raba. 2

x ker x ket’ x kei x kei” x
1,6 0,0260 —0,2451 —-0,3026 0,2809
1,8 —0,0147 -0,1659 —0,2494 0,2504
2,0 —0,0417 —0,1066 —0,2024 0,2198
2,2 —0,0583 —0,0623 —0,1614 0,1901
2.4 —0,0674 —0,0297 —0,1262 0,1621
2.6 —0,0708 —0,00614 —0,0964 0,1363
2.8 —0,0703 0,0104 —0,0716 0,1129
3.0 —0,0670 0,0215 —0,0511 0,0920
3,2 —0,0620 0,0284 —0,0346 0,0738
3,4 —0,0559 0,0321 —0,0214 0,0580
3,6 —0,0493 0,0334 —0,0112 0,0445
3,8 --0,0426 0,0330 —0,00349 0.0332
4,0 —0,0362 0,0315 0,00220 0,0239
4,2 —0,0301 0,0291 0,00619 0,0163
4.4 —0,0246 0,0263 0,00883 0.01024
4.6 —0,0196 0,0233 0,0104 0,00549
4.8 —0,0152 0,0202 0,0111 0,00186
5,0 —0,01150 0,01720 0,01120 —0,00082
5,2 —0,00836 0,01440 0,01080 —0,00273
5,4 —0,00575 0,01180 0,01010 —0,00400
5.6 --0,00363 0,00945 0,00925 —0,00477
5,8 —0,00195 0,00740 0,00826 —0,00514
6,0 —0,00065 0,00563 0,00722 —0,00522
6,2 0,00032 0,00413 0,00618 —0,00508
6,4 0,00102 0,00288 0,0019 —0,00479
6.6 0,00149 0,00187 0,00427 —0,00439
6,8 0,00178 0,00105 ¢,00344 —0,00394
7,0 0,00192 0,00042 0,00270 —0,00346
7,2 0,00196 —0,000058 0,00206 —0,00298
7.4 0,00191 —0,000410 0,00151 --0,00252
7,6 0,00180 —0,000650 0,00105 —0,00208
7.8 0,00165 —0,000798 0,000671 —0,00169
8,0 0,00149 —0,000880 0,00037 —0,00134
8,2 0,00131 —0,00091 0,00013 —0,00103
8,4 0,00113 —0,00089 —~0,000044 —0,00076
8,6 0,00095 —0,00085 —0,000174 —0,00054

3 3akaa 595
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Hpodoascenue taba. 2

X ker x ker’ x kei x kei” x
8,8 0,00079 —0,00079 —0,00026 —0,00036
9,0 0,00064 -—0,00071 —0,00032 —0,00021
9,2 0,000503 —0,00063 —0,00035 —0,000091
9,4 0,00038 —0,00055 —0,00036 —0,0000016
9.6 0,00028 —0,00046 -0,00035 0,000064
9,8 0,00020 —0,00039 —0,00033 0,00011
10,0 0,00013 -—0,00032 —0,00031 0,00014
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ITPHJIO)XEHHE 2

Cnpasounoe
NIPUMEPBI PACYETA HA NMPOYHOCTb

2.1. TpyOnas JAocka nogorpeBaTtesi ~ HM3KOrO  JAaBJICHHSA
IMH]1-1800-40-07 :

2.1.1. VicxonHule KaHHBIE:

R=113,6 cM; m=4; h=8,0 cm; [,=600 cm; H=18,0 c™m; d,=
=16 cM; b=3,6 cM; deys=14 cM; n=8; N=6874; g=40 xrc/cm?
E=E,=2,1-10° krc/cmM?;, p=p,=0,3; x=0,355.

2.1.2. TMopanpox pacuera. [lo BbiuHC/IEeHHBIM ~napaMerpam f;=
=0,0404 1 a=0,44 onpenensiercs napameTp OTHOCHTEJILHOH KECTKO-

CTH OpeOpeHHsI A C MOMOIbIO HOMOTpPaMMbl (yepT. 2 06513aTeJbHOTO
NpHIOKeHHs 3):

A=2,69.

C nomouipio HoMorpamm H tabauu (dept. 3—8 u taba. 1—6 061-
3aTeJbHOTO NMPHJOKEHHS 3) BHUHCJISAIOTCH 3HaueHUs (QyHKUHH, 3ajaH-
Heix ¢opmysnamu (10) PTM, B toukax f=# u t=1 (ta6a. 1), u no

¢opmysne (15) PTM BolumcasieTcss npHBefeHHasi BhicOTa h. 3KBHBa-
JIGHTHOH MJIACTHHBI:

h, =1,332h.
Tabauya 1
3Havenue KOOpAWHATHHX (yHKumii npu
Koopanuarusie 6espaamepHoM panmnyce f
ynuni 0,0404 1,0
A —0,340 0,0
A, 1,395 1,0
A, -0,325 0,0
A, 0,315 0,0
m 41,4 1,0
ms —"97,6 0,0
mg 60,85 0,0
m, —73,9 0,0
w, --0,1427 0,0
W, 1,071 0,0
w; —0,0944 0,0
w, 0,0759 0,0
243+ A, —0,335 0,0
2my -+ m, 47,8 0,0
2wy + w, —0,1129 0,0

3‘
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Oﬂpeﬂe.ﬂﬂeTCﬂ LLHJIHHAPHYECKAsA 2KECTKOCThb 3KBHBAJIEHTHOH mn.Ja-
CTHHDI:

D, =0,826- 108.
BoiuHcaisieTcsi OTHOCHTENBHBI NapaMeTp XKECTKOCTH TPyOHOil CH-

CTEeMbI:
Yo= 8,2.

ITo Ta6a. | o6a3aTeqbHOro NPHJIOXKEHHA 1 onpenensloTcs:
ber” 8,2

ber82=29.2; F 2% —542;
bei 8,2 — —36,1; "eg 2 — 0,308,

BBIYHC/IAIOTCA NOCTOSAHHBIE HHTETPHPOBAHHSA, H 3aNHCHIBAIOTCA aHa-
JHTHYECKHE BHPaXKeHHs nporu6a M PajAMajibHOrO0 H3rHGalolero Mo-
MeHTa:

A,=0,0947; A,—0; A;=—0,00136; A,=0,001521;
D,y
% 4

— —652,5; (1 —u) ,’;{“ — —403;

y.V()

D*y2
Ay =584; (1 —p) — —— A =457;

W, = 0,0947 — 0,00136 ber (8,2¢) + 0,001521 bei (8,2);

ber” (8,2¢) ¢ |
g —584bei (8,2¢) +

bei’ (821)
-+ 457 82 .

M, = —652,5 ber (8,2¢) — 408

3aBHCHMOCTb Tnporu6a H paAHajJbHOro H3rubalollero MOMEHTa
3KBHBAJIGHTHOH NJAaCTHHbI OT Ge3pa3MepHOro pajHyca noKasaHa Ha
yepT. | M 2, a HX YHC/IeHHble 3HAYEHHS NpHBeAeHbl B TabJa. 2.

BricoTa pebpa H TOJIIHHA NJIACTHHBI C OTBEPCTHSMH, BBIYHCJEH-
noie no dopumy.e (23) PTM, pasubi:

h;=5,66 cm; H,=19,17 cm.

3HayeHHs HanpsXKeHHi, BHIYHCJAEHHBIX no Qopmyaam (24) PTM,
‘ripuBedeHbl B Ta6a. 2. V3MeHeHHe HOPMAJIbHOTO HamnpsiKeHHs BAOJb
paauyca noKasaHo Ha uyepr. 3.

2.2. Huume MBJ-2300

2.2.1. Ucxonnble AaHHbIE:

Ro=300 cm; p=64 krc/cm?, ho=8 cM; [6,]=1200 krc/cm?; d,=
=53 cM; M,=25 1c-M (no maunmm TII1a); /=160 cm.
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2.2.2. Nopanok pacuera. Bblusiciasiercs NOJOBHHA LEHTPAJbHOIO
yIJ1a XKeCTKOTO BKJIOYEHHS:

dy -2
8y = g5 =8,84-107",

W,
210+ 6r

\\ 00
008

| 2 4 8l ¢
w06 a2l 2 \ a
. \ - 100
ao% \\
\ - 200
002 /

02 0% a6 08

Hepr. 1 Yepr. 2

MmM.-10"°

7.0 \t
. ]
. )

)

22 0t/ 05 08 ¢t

__.—u———""'/

Yeprt. 3

Mo ¢opmyne (31) PTM onpenensiercs aprymeHT ¢pyHkuuu Tom-
COHa

XQ=0,7.



Tabauya 2

3Hauenus ycuauii ¥ HanpsxeHuit npu Ge3paaMepHOM pazuyce ¢
HaumeHnoBanne 0,0 01 0.2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
ber (8,2¢) 1,0 0,993 0,886 0,462 | —0,726 | —2,79 | —5,92 | --8,54 —7,52 2,78 29,2
’ , ¢
—-birs(—;tz—)- 0,0 |—0,0422 | —0,1671] —0,366 | —0,603 | —0,798 | —0,786 | —0,328 0,845 2,86 5,42
bei (8,2¢) 0,0 0,1689 | 0,665 L4417 2,15 2,22 0,423 | —4,78 |—14,48 |--27,3 |—36,1
’ 2¢
_b;el_gg_g_:;__)_ 0,5 0,498 0,481 0,405 0,206 0,1844/ —0,801 | —1,569 | —2,199 | —-2,09 | —0,308
W, (¢) 0,0933 | 0,0937 0,0945 10,0963 0,0990 0,1019( 0,1034 0,0990 0,0829 0,0493} 0,0
10-%. M,, (¢£) |—0,0374|—0,0502 | —0,0678| —0,0793| —0,0461] 0,0766| 0,353 0,778 1,20 1,197 0,0
1
?h[+20 - 9,84 7,87 6,72 5,99 5,49 5,18 4,86 4,63 4,43 —
1
H1+3h1——zo — 14,99 16,96 18,12 18,84 19,34 19,7 19,97 20,2 20,4 —
10471 - 0,688 0,87 0,983 1,058 1,114 1,169 1,196 1,228 1,257 —
th
104 -t—M,* e 0,447 | --1,209 | —2,12 | —I1,641 3,41 18,86 48,5 85,4 95,9 0,0
1
o () 2,0 6,4 10,9 14,5 9,3 |-16,8 [—83,4 —197 —322 —-338 0,0
3 (8) —2,0 |-9,7 —23,6 |-39,1 |[—29,3 59,2 321 809 1404 1558 0,0

ge diD

SL—8L'080'kc Wid
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SToMy apryMeHTy COOTBETCTBYIOT 3HaueHHs d¢yHKumii (Taba. 2
06513aTeIbHOrO TpPHJIOXKeHHs 1):
ker x, = 0,5614; keix, = —0,6022; ker’ x, = —1,1909;
ket’ x,=0,3563.

Ilo ¢opmyram (30) PTM onpegensiiorcs BcriomoraTefibHble
GyHKuHH:

®,=0,2051; Py=—0,1; ¥o=—1,793; v, = —2,82;
v, = 1,545; 1=-—2,07; ¢,=—0,892.

i

ITo ¢popmyaam (29) PTM onpenensiorcs ko3 PHIHEHTH NOAAT/IH-
BOCTH Kpasi 060JIOYKH:

E.,=—292; E, =—757-10"% E, =—146-10"%

BeanurHa oceBoro ycHJHs onpenensercss no ¢opmyae (25) PTM:
P,=15,6- 103 Krc.

Ilo ¢dopmynam (27) n (28) PTM onpenensiiorci BHYTpeHHee pac-
TArHBalollee ycHjaHe N ¥ H3rHGalomui MOMeHT Zy:

N=1,92- 103 krc/em; Zy=1,67 - 103 krc.

Tpebyemasi nonoaHuTEeNbHAs TOMUHHA Ah yKpenasiounieii HaKJaaaKH
OTBEPCTHsA onpenensietca no ¢opmyae (26) PTM:

Ah=1,9 cm.

2.3. ®aaHen pacnpegeantenbHoin kamepni MHJI

2.3.1. Ucxoanble panupie (u4epT. 12 PTM):

R,=81,2 cm; R;=80,0 cm; R,=89,0 cM; Rs=92,5 cM; hy=2,4 cMm;
1:=8,0 cM; Cp=12 cM; [6=24 cm; ds=4,43 cM; n=36; [,=2,0 cMm;
L=14 .cM; hy=0,6 cMm; £=130° p=25 krc/cM?; {6,]=1560 Krc/cm?;
{0'111]=2890 KFC/CMZ.

23.2. Mopsaok pacuera. Ceuenne Koabua ¢JaHua, NpeaCTaBJEH-
Hoe Ha yept. 13 PTM B Macwitabe 1:2, pas6uBaercst Ha 1Ba NPsMO-
YTOJIbHBIX 3JIEMEHTa, H pe3yJ/bTaThl BHIYHCJIEHHH HX reoMeTPHYECKHX
XapaKTepUCTHK B COOTBeTCTBHH ¢ dopmysamu (42) u (43) PTM
cBoasiTcs B TabJa. 3.

Tabauya 3

B

H;’J'l‘ee_p By, | Hiy | H3, | Fi, | xi | yio |xiFu|yiFi| e Fi:'Ft.B:_I;",
MeHTa| €M M cM3 cm? cM cM cM3 | cm3 M oMt paw

1 6,5 12 | 1728 | 78 3,25| 6,0 1253,5| 468 | 0,81 |51,18| 936
2 10,5 | 9,05 {741,22| 95,03 ll,75|4,525 1116,6[430,01} 0,665 [42,025/648,51
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Koopauuathl UeHTpa TSKECTH CeyeHHsl BHIYHCASIOTCS 10- Qop-
MyJam:

x1Fy + xoF
xc—__—_‘_l_ﬁ#:'LQZ cM; =y, =519 cum;

Vo= ylifllt;,":u’ =5,19 cv; F=F, +F2= 173,03 cm?;
I=1677,8 cm*.
o ¢popmynam (32) u (41) PTM onpegensitorcss napamerpnt 060-
JI0YEK Kopnyca H dJaHua:
h1=5,2 cM; R;=R,+0,5h;=82,6 cm; B;=0,0624: B,=0,09205;
Di=12,866; D,=1,265; y=0,9038; y,=0,8584; y;=0,38; y,=0,1116;
by=0,0486; b;= —0,3934; b,=0,2253; b3=0,9455.
ITo ¢popmyae (40) PTM onpeneaseTcsi MOMEHT:
M,= —4326 p.

ITo ¢opmyaam (39) PTM onpenensitorcss KO3Q®HUUHEHTHI Cir, Ain:
C33=14,74; 044=884,5; 034=5,608; A33= ‘——5,61]; A44=186,32 A34:
=39,78; A= —39,78.

ITo ¢opmyaam (37) u (38) PTM onpepensitorcst ycuaust X ¥ Xip:
X31=0,3987; X4 =0,0475; Xzo= —2,785; Xpo= —0,2283; X3p=
= —0,526 p; X4p=—1,385 p.

ITo dopmynam (35) u (36) PTM onpenensiiorcss Ko3dpduuHeHTbE
Six M Aip:

611=6,355; 09=340,9; 612=6,127; A;p,= —1935p; Agp= —9500 p.
Hanee no d¢opmyaam (33) v (34) PTM onpenensiiorcsi yCHJHst
B paGouyeM COCTOSTHHH MOAOTpeBaTe/is:
X1 =282 p; x,=22,8 p; x3=49 p; x,=8,2 p.

Ilo dopmynam (48) PTM onpenensiorcs nepeMellleHHst Ajp M Agp:
Ap= —1,952; Agpy= —10,14.

ITo dopmynam (47) PTM onpenensiiorcsi yeuians &y U Yop:
¥10=0,2827; ¥2=10,02485.

TTo dopmyram (46) PTM onpene/sioTcss nOBOPOTH @p H Q:
¢Pp=257,1 p; 9o=0,1714.

ITo ¢popmyaam (45) PTM omnpenensiercss oceBoe yCHJAHE NpeaBapH-
TEJbHOrO 3aTAra B WINMHJbKE:
¥o=1325p.
ITo dopmyaam (49) PTM onpenensiioTcsi BHyTPEeHHHe YCUJIHS B Ce-
4YeHHsAX (JIaHLEeBOro COeXHHEHHH:

¥,=376 p; ¥,=32,6 p; ¥3=>58,8p; ¥:=10,4 p.
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B cooretcTBHH ¢ dopmyJoit (44) PTM onpenensiercs tpebyemoe
yCHJIHE NPeABaPHTEJIbHOrO 3aTATa INNHJIbKH:

To=1,2yo=1590p
Hanee onpepensiiorcsi HanpsiKeHHs B 3JeMeHTax (¢aHLeBOro co-
ennHeHns B paboueM cocrosiHuu annapata. [To popmyaam (50) u (51)
PTM onpenensiorcsi OKpYXKHble YCHJIHSi M HanpsiKeHHs B KOJblle
thaanna:
Ny=105p; My=56p; 015=9,9 p=247 xrc/cM?; o= —253 p=
= —633 krc/cm?.
ITo. popmyanam (52) u (53) PTM onpepensiorcss MepHANOHAIbHbIE

H OKPYXKHble Hanpsi)KEeHHs1 B CEUEHHH OCHOBAHHS BTYJIKH H B CEYeHHH
060JI0YKH Koprnyca, NPHMbIKaolledl K BTYyJKe:

015=31,6 p=T791 «krc/cM2, ©09=22,2 p=554 krc/em?; 010=68,2p=
=1702 krec/em?2; 639=72,3 p=1806 krc/cm2.
MaxkcuMmanbHble HanpsiKeHust B MeMGpaHe, BbIYHCJIEHHbIE 1O ¢op-
myae (54) PTM, paBubi:
0, =28,33 p=208 Krc/cm2.
Hanpsixxenuss B HMINHJAbKe B paGoyeM COCTOSIHHH, OlNpeAe/ieHHBbIe
no ¢opmy.e (55) PTM, paBHbI:
olP) = 69,3p = 1728 krc/em?.
Mo gopmynam (57) u (56) PTM onpenensiorcss yCHJIHS H Hanpsi-
JKEeHHsSl B KoJible ¢JiaHna:
M, =>564p; MY = 49,6p=1240 krc-cu/cM;
NY = —30,6p; oY, = —2,52p = —63 krc/cm*;
33, = —39,9p = —998 «krc/em
[To ¢opmynam (58) u (59) PTM onpenensiiorcss HanpsixKeHHs
B 060J10YKaXx:
o), ==42,3p = 1057 krc.cm?;  9), =32,9p =597 krc/eM?;
of, = 73,5p = 1841 krc/em?; o, =159,4p=1484 xrc/cum>.

Hanpsxenust B lnuabKe nupu 3arsre ycuaueMm To:
o = 130p = 3245 rc/cm?
ConocrasjieHde MOJYYEHHBIX HANpsKEHHH ¢ AONYCKaeMBIMH B CO-

otBeTcTBHH ¢ nn. 3.3.12—3.3.15 PTM noxka3biBaeT, YTO pacueTHble Ha-
NIPSAXKEHHST He MPeBOCXOAAT AONYCKaeMbIX.
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ITPHJTO)XEHHE 3
O6sasareavHoe

HOMOIPAMMbDBI H TABJHUDbI BCIOMOTATEJIbHbBIX ®YHKUHA
H BEJIHYHH

x(dlS); A(t, a); Av—As(t, A); my(t, &) —my(t, 1); wi(f, L) —
—'(L’J4(‘t, }\,).

Onpepenenne KospdHuKeHTa OcaaGaeHHs TPYGHOA NAHTHI OTBEPCTHAMH

Dopmyna
Xy=1— %amsz‘ﬂ(—z‘/z—%/

a6 05 a4 03 02 %,

I B L m S LA A e o A o o e
a4 95 a6 q7 48 09 ars

a
Popmyrna
x,=1- ;‘;- aresin —2-‘/55.4
06 05 94 a3 42 2,
PP P e e
a4 05 a6 5 a7 08 a9 a4/
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Tabauya 1

KoopauHataas QyHKuust m; npu Ge3pa3MepHoM paamyce

0,01 0,05 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
0,5 566,0 60,7 21,5 7,48 4,09 2,74 2,05 1,646 1,391 1,216 1,092 1,0
1,0 368,0 45,4 17,57 6,72 3,88 2,68 2,04 1,653 1,401 1,225 1,097 1,0
1,6 290,0 38,5 15,65 6,32 3,76 2,64 2,032 1,657 1,407 1,230 1,100 1,0
2,0 247,0 34,7 14,51 6,07 3,68 2,62 2,03 1,659 1,411 1,234 1,102 1,0
2,5 220,0 32,1 13,76 5,90 3,63 2,60 2,02 1,667 1,414 1,236 1,103 1.0
3,0 202,0 30,3 13,23 5,78 3,59 2,569 2,02 1,662 1,416 1,238 1,104 1.0
3,5 188,0 29 0 12,82 5,68 3,56 2,568 2,02 1,662 1.417 1,239 1,105 1,0
4,0 178,0 28,0 12,51 5,61 3,54 2,57 2,02 1,663 1,419 1,241 1,106 1,0
4,5 170,0 27,2 12,26 5,55 3,52 2,56 2,015 1,663 1,420 1,241 1,106 1,0
5,0 163,0 26,5 12,05 5,50 3,50 2,56 2,014 1,663 1,420 1,242 1,106 1,0

Tabauya 2
Koopannatias QyHKUMA mo npu 6e3pa3MepHOM paanyce f

0,01 0,05 0,10 0,20 0,30 0,40 0,50 0,60 0,70 0,80 0,90 1,00
0,5 --967 --97,9 | —32,4 | —9,67 | —4,40 | —2,37 | --1,384 | --0,834 | —0,489 | —0,264 { - 0,1098 0
1,0 —745 —83,1 -29,1 | —9,16 | —4,30 | —2,36 | 1,387 | —0,836 | --0,494 | -—-0,268 | —0,1122 0
1,6 —661 —76,6 [ —27,6 | —8,90 | - 4,23 | —2,34 | —1,389 | —0,840 | —0,497 | —0,270 | —0,113 0
2,0 —614 -73,1 -26,6 | —~8,73 | —4,19 | —2,33 | —1,388 | —0,842 | —0,500 | --0,272 | —0,1141 0
2,6 —585 --70,8 | —26,0 | —862 | —4,17 | --2,33 | —1,388 | —0,844 | —0,502 | —0,273 | —0,114 0
3,0 --567 —69,1 | —25,6 | --8,54 ~4,15 | --2,32 | —1,389 | --0,845 | —0,503 | —0,273 | —0,1143 0
3,5 —551 —67,9 | —25,2 | ~-8,49 | —4,13 | —2,32 | —1,388 | 0,846 | —0,503 | —0,274 | —0,1146 0
4,0 —542 —67,0 | —25,0 | —8,44 | 4,12 | ~-2,32 | —1,383 | —0,847 | —0,504 | —0,275 [ —0,1158 0
4,5 —535 —66,2 | —24,8 | —8,41 | —4,11 | ~-2,31 | —1,387 | —0,846 | - 0,505 [ —0,276 | --0,1154 0
5,0 —526 -65,5 | —24,6 | —8,37 | —-4,10 | --2,31 | —1,387 | —0,846 | —0,506 | —0,276 | —0,1148 0
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Tabauya 3

Koopaunaruas Qyskuus mjz upn GeapasMepHoM pajuyce ¢

0,01 0,05 0,10 0,20 0,30 0,40 0,50 0,60 0,70 0,80 0,90 1,00
0,5 620 71,0 26,3 9.38 4,96 3,04 1,979 1,309 0,840 0,491 0,220 0
1,0 436 58,1 23,6 8,94 4,88 3,03 1,987 1,316 0,845 0,494 0,221 0
1,5 365 52,56 21,9 8,71 4,83 3,03 1,991 1,320 0,847 0,495 0,221 0
2,0 326 49,4 21,1 8,57 4,80 3,02 1,993 1,322 0,849 0,496 0,221 0
2,5 302 47,4 20,6 8,48 4,78 3,02 1,995 1,324 0,851 0,497 0,221 0
3,0 287 45,9 20,2 8,41 4,77 3,02 1,995 1,326 0,851 0 497 0,221 0
3,56 274 44,9 19,92 8,36 4,75 3,02 1,996 1,326 0,852 0,497 0,222 0
4,0 265 44,1 19,71 8,32 4,74 3,01 1,996 1,327 0,853 0,498 0,222 0
4,5 259 43,5 19,53 8,29 4,74 3,01 1,996 1,328 0,853 0,498 0,222 0
5,0 252 42 9 19,38 8,27 4,73 3,01 1,997 1,328 0,853 0,498 0,221 0
Ta6auya 4
KoopaunatHas @yukuus m, npn 6Geapa3MepHoM paauyce !
0,01 0,05 0,10 0,20 0,30 0,40 0,50 0,60 0,70 0,80 0,90 1,00
0,5 --661 ~-78,2 | —29,4 |--10,29 | --5,13 | —2,87 | —1,641 | —0,908 | —0,456 | —0,1840|—0,0430 0
1,0 | --485 —66,7 | —26,9 | —9,99 | —5,10 | —2,88 | —1,649 | —0,913 | —0,457 | —0,1850 | —0,0429 0
1,5 | —418 61,8 | —25,8 | --9,85 | ——5,08 | —2,88 | —1,6564 | —0,916 | —0,459 | —0,185 [0, 10428 0
2,0 | 38 | —59,1 | —25,1 9,76 | —5,07 | —2,88 | —1,657 | —0,917 | —0,459 | —0,1856 [ - 0,0429 0
2,6 | —359 —57,3 | —247 | —9,70 | —5,06 | —2,88 | —1,658 | —0,919 | —0,460 ; —0,1850 —0,0423 0
3,0 --344 —56,1 | —24,4 | —9,65 | —5,05 | —2,88 | —1,659 | —0,919 | —0,460 | —0,1850 | —-0,0430 0
3,5 --333 55,2 242 | —9,62 | --5,06 | —2,88 | —1,661 | —0,919 | —0,461 | —0,1860 { —0,0420 0
4,0 —326 ~54,5 | -24,0 | -9,69 | —5,04 -2,88 | —1,660 | —0,921 | 0,460 | —0,1860 | —0,0430 0
4,5 | --318 53,9 | -23,9 | —9,58 | —5,06 | —2,89 | —1,665 | —0,922.| —0,464 | —0,1890 | —0,0450 0
50 | --313 53,6 | —23, '8 | —9.57 | —5,04 | —2,89 | —1, 667 —0,928 { —0,466 | —0,1900| —0,0450 0
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Tabauya 5

[ Koopaunathas ¢ynkuus wy npn 6e3pasMepHoM paauyce ¢
0,010 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
0,5 2,440 1,208 1,000 0,829 0,681 0,549 0,427 0,313 0,205 0,1010 0
1,0 2,070 1,099 0,934 0,789 0,657 0,535 0,420 0,310 0,204 0,1009 0
1,6 1,911 1,047 0,901 0,768 0,644 0,527 0,415 0,308 0,203 0,1007 0
2,0 1,822 1,017 0,881 0,755 0,636 0,522 0,413 0,306 0,203 1,006 0
2,5 1,764 0,997 0,868 0,746 0,630 0,519 0,411 0,305 0,202 1,005 0
3,0 1,722 0,983 0,858 0,740 0,626 0,516 0,409 0,305 0,202 {,004 0
3,5 1,693 0,973 0,851 0,735 0,623 0,514 0,408 0,304 0,202 1,004 0
4,0 1,669 0,965 0,845 0,731 0,621 0,513 0,407 0,304 0,201 1,004 0
4,5 1,651 0,958 0,841 0,728 0,619 0,512 0,407 0,303 0,201 1,004 0
5,0 1,636 0,953 0,837 0,726 0,617 0,511 0,406 0,303 0,201 1,002 0
Ta6auya 6
Koopaunarias @ynkums w, upn 6e3pasMepHOM paauyce ¢
0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1.0
0,5 0,2070 0,1241 0,0764 0,0510 0,0393 0,0351 0,0332 0,0291 0,0192 0
1,0 0,1307 0,0828 0,0548 0,0403 0,0345 0,0332 0,0326 0,0291 0,0193 0
1,6 0,0961 0,0629 0,0438 0,0347 0,0320 0,0323 0,0323 0,0290 0,0192 0
2,0 0,0762 0,0512 0,0371 0,0313 0,0304 0,0317 0,0322 0,0290 0,0193 0
2,5 0,0635 0,0434 0,0331 0,0289 0,0293 0,0314 0,0321 0,0292 0,0195 0
3,0 0,0530 0,0375 0,0291 0,0270 0,0289 0,0312 0,0320 0,0290 (,0192 0
3,56 0,0484 0,0339 0,0274 0,0266 0,0269 0,0314 0,0320 0,0291 0,0197 0
4,0 0,0418 0,0298 0,0254 0,0245 0,0286 0,0298 0,0325 0,0291 0,0194 0
4,5 0,0376 0,0249 0,0200 0,0201 0,0234 0,0280 0,0296 0,0251 0,0171 0
5,0 0,0201 0,0223 0,01856 0,01832 0,0206 0,0234 0,0259 0,0215 0,01447 0
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