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B HaCTOMMX PeROMEHIAIMAX IpUBeIeHa MeTOJANKA Cl-
pele/ieKAA BeHMYUE KDYTAUeI'O MOMEAT8 H OCEBOPC yCUMUR —
BAXHHX TEXHOMOIHYECRAX IapaMeTpPOR NOI'DYREeBEUMA BAHTOBHX
CBa¥ B I'pyHTw. TCYHH{ pacdeT BTKX [1a8DAMETDOB HeOGXOIMM,
BO-IIEPBNX, IJA INPOSKTHPOBAHIA 8EKTHUBHH X XOHCTPYKIit
RHHTOBHX CBa2d, BO-BTOREX, IIA DAIiCHEAIBHOI'O BHOOpa U
ROHCTPYHDOBAHES MANKH ¥ MEX8HVM3IMOB [JIA [OIDYXeHHs BEH-
TOBHX CB&jl, B~TPETHMX, A7A COBIAH¥A YCIOBHA HaubOaee 9i-
GeKTHUBHOIO ¥ HayMeHee 3HEeDrOEMKOIrC 3arnyONeHusa BAHTO -
BHX CBaZ B I'DYHTH.

Bo BdiiUTe npm ygacTuy XadeIPH TEXHOJOIA# CTPOR -
Te ILHOI'O nponaBognga bpeCTCKOI'C HHXEHepPHO-CTPOHTENE-
Horo dAHcTHTyTa (bifCd) ¢ I968 r, IPOBOIATCH HEYUHO-HUC-—
CHAeOBATEABCKAg paCora N0 KBYUEHHD IHIpoecca IorpyxenHusd
BRHTOBHX CB3i#f, ONpPEeIEEEKD TEXHOJOIHYECKUX NapaMeTpOB
! [pPOERTHPOBABAD HOBHX 3@PeKTHBHHX KOHCTPY BUHTO-
BHX CB&8#, 1ia OCHOBQHMM 3THX UCCNEeNOBaHAR paspaldoTaHH
HacTOsuMe CeKOMEeHIAIMY, KOTOpHE OYIYT CIOCOGCTBOBATE
IRPOKOMY HODHMEHEHMR BHHTOBHX CB&Y B CTPOATENECTBE,

PeROMeBIain paspadoTall KaHN.TeXH,Hayr B.B.Con-
PHAOHOB ( CT), RaHm.TexH.HayR B..YepHOK ¥ MHEeHe-
py B.d,luemmH # P.A.Bamsayk (b/CH).

3aM@yaHus ¥ [OpPeANOXEeHMA HANDPABIAATE MO
a.ugecy, Mocrsa, 105058 , OrpyxHo# npoesxn, 19, BHHACT,
n200paTOLhs TpyCONpOBOAOB, COOPYXQeMHX B OCOCHX yC 10—
BAAX.

BceCOXBHHI H8YYHO-/ACC L 0BATEABCKIA KHCTATYT (0
CTPOUTEJIBCTBY MArMCTpaNbHEX TpPyoonposonon (sHAAKLT), 1988
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Boepeue

PerROMEHIAMKE O OHpereNeHWD RpyT -
Mer0 MOMEHTa X OCEBOI'0 YCHIMA IpH
NOIDYXeHM® BEHTOBHX CBA¥ B I'PYHTH

I, Obu/E (I0JIOREHAA

I.I. Hacrosume PeROMeHIAIMHA PaclpPOCTPAHARTCH HA HDOEKTH—
DOBaHAE ¥ YCTPOJCTBO CBAZHHX OOOp B AHKEPHHX YCTPOACTB M3 BAH-
TOBHX CBaji MJIA TPyOONpPOBCIOB ¥ KX COOPY=ReHZ#, B TOM 4ducie dyH-
name:niToB Gamed PP cBasy, [3:. ¥ Op., CTPOAIAMXCA B pajioHaX pac—
1pOCTPaAHEeHNA HEeMep2JIHX, CE30HHOMEDSMHX K BEYHOMEDSJHX [PYHTOR
C coxpaHenyey (npusHimn I) ¥ 6e3 coxpaHenus (npmHiun i) KX Bey-
40:2e D3 IO'0 COCTORHEA,

l.<. PEKOMEHTAIMA [IDeIHABHAYEHH I/ MHREGHEPOB~IIPOSKTUDOB-
[MKOB CTPOHTENBHO~-MOHTAXHNX HJIA OPOEKTHHX OpraHMsaiiix, 8 TaK—
®e II CTpodTeNeid, SAHATHX paltoTaMd [0 YCTpo#icTBY cBaiHHX yH-
IaMEHTORB U3 BHHTOBHX cBail.

I.3. PeromeHnaummy MOIYyT CHTH HCIOJNB3OB8&HE [IpDH OHpenesie -
HUM ¥ DAcdeTe KDYTAMX MOMEHETOR I OCEBHX YCHIME Opu DOrpyxe-—
HYI BAHTOBHX ¢B&X B [PYHTH MeTOXaMM HeNOCpelCTBEHHOMC 8&BHH-
YUBaHisg, YCTAHOBKA B HperBapUTeNibHO NDOCYypeHHHE ( JMIepHHE) UM
1apOOTTAasiHHHE CKB&XMHH.,

1.4, PeromeHmamuy paspafoTaHH Ha OCHOBRHHM H B DA3BHTHE
CAeLy QX HOPMATUBHEX HORYMEHTOB:

Cdmll [I-18-70 "OcHoBaHMsg ¥ YHISMEHTH HA BeYHOMEDS MHX
rpyHrax. HOpMH [IDOSKTHDPOBAHEA ;

CHull [I-I5-74 "OcuoBaMWMs 8IaHAH# ¥ coopy=eHmit. Hopmu npo-
ERT 'pOBAHUA";

CHizl [[=17-77 "Crajiine yHEaMeHTH. HOpPMH HpOERTEPOBAHEA";

"wHCTDPYHEUALZL N0 NDOEKTKPOBAHMY CBAVHHX LYHZAMEHTOB B YCIO—
BUA ¢ MJEKULYUECTHEHHOI2 DPACTPOCTPIICHEA BEY 0iEP3AHX PPYHTOB
(B0 .KyTi ICKOTO DAAOHA)Y Bui 30-67;

"J 833044 TI0 TEXADSOI'MA INOTPYVACHKA M METOLMKE pacyeria BH4~
TOVHX CBad 3 YCJADEMHX pPacCnDOCTRA-ieHUA BEYHOMEP3JAHX PPYHTOB™
o 1=43=735;

" BHECEeHO noy] yrBepxneso BHAACToM CDOR BBeHEeHAS
18 moug 1982 r, OI,01,.1I985 .,
— . e e e e,




"PYKOBOZCTBA IO TEXJONOT¥M # MSTORMKE pAcyeTa AHKEDHHX CBAJ
B yCJIOBAAX DACHPOCTDAHEHHd BEYHOMEPSINX TpyHTOBY (P 403-30).

1.5, lipr NPOSXKTipoBaHEA CBadHHX yHIAMEHTOB #3 BUHTOBHX
CB&ZX, KpoMe HaCTOAIMX PeroMeHiaii#t ¥ nepeyucJeHHHX HOpMaTVB-
HHX TOoxyMmentoB(mn.l.4, I.I0), HafaexuT DYROBOLCTBOBATECA Leii-
CTBYIMMY HODMATABHHMA NOKYMEHTAMH 10 OPOSKTHAPOBAHMED COOTBET-
CTBYKIMX KOHCTPYXRIMA.

I.6, .ipoeKRT cBaigoro ¢yHIAMEHTa W3 BEHTOBHX CB&i#l pacCcUH-
THB&OT Ha OCHOBE HHXEHEDHO-IEOJIOMMYeCKAX ¥ Mep3AOTHO-LPYHTOBHX
A3HCKAHMHA ¢ yYEeTOM MEeCTHOIO OIHTA CTDOHTEIECTBA, 2 TAaRXe C
y9eTOM Pe3yAbBTATORBR MONEeBHX MCIHTaHEk cBail.

I.7. lloneBHe MCOHMTAHUS CBAA B BeYHOMEPSMHX ¥ HeMepsHX
PPYHTAX cHAeqyeT BHIOMHATE MCXONA M8 TpecdoBannft CHuil [I-I8-76
A CHull II-I7-77.

1,6, B Marepdanax 10 AHREHEDRO-TFEOAOIHYECRIM HASHCREHAAM
IOMXHN OHTH Clelyudn#ie CBeIEHHUA, IOCTATOUYHHE IANA ClpeleeHHA
BEMYAH KpyTAQMX MOMEHTOB X OCEeBHX yCHAMHH:

IAHHHE, XapaKTeDUSYKHe HMEECHEeDHO-IeONOrHYeCKue YCIIOBUSA
CTPOMTE IBHO INOHAZKU (pacnpocTpadenue H sajergdile I'DYHTOB, X
CCCTaB, CAOXCHME, CTpPOEHHE ¥ TEeMNePaTYDHHHA pexuM, TOXNKHEa CIO0A
CE3OHHOI'O OTTa&YB&HHA ¥ IIPOMEpPIaHAA, CBeIeHAA O MEepPSJOTHrX I1pOo-
leccax, 0 KAMMATHYeCKXMX YCNOBHAX PANOHZ CTPOUTENBCTRE Z ID.)

pesyZRTaTH [I0JIEBHX M Na00pATOPHHX HCCIESHOBAHUZ ¥ HCIHTAa-
HIA [DYHTOB, BKIOYAA ONpeleyiedMd MX MeXaHUYeCK X, MNDOYHOCTHULX
K TellIOTASHUYECKAX XapaRTepHCTIXK,

HCXOOHHE J48HHHE rJA [NPCIHO3KUDORBAHAS BOBMOXHHX namesesmd
MEDSJIOTHHX I [EIPOreONorZ4YecRIX YCNIOBHA U TPeCOB4HMA 10 OXpa-
Heé ODHDOOmHOA Cpegw ¥ Ip.

1.9, llpz nporsBogcTBe DaO0CT 1O HOLPYXEHN) BAHTOLLX CBAL
B I'DYHTH BanpeunaeTcd LagryriaTk pPacTUTENBHES DOXKPCR CTDOMTEIb-
HOR Maouasxii, [C3TOMy B IDOEKTE JOMRHH OHTE IIDELYCMOTDEHH CO-
OTRETCTEYNIHE MEpOIPASTIAA,

I.I0. B rensax CezonacHOro I[IPOM3BCIACTBA palOT OPH IOrDY-—
ZEHUA BUETOBHX CBaA B IpPyATH CHAEIyET pDYKCBCOICTBOBATHCH Cle—
Iy UMY TOKYMeHT a2

"ipapiaM! TEeXHHK! 623072CICCT LI LM CTPOHTE/IECTRE NaldC-
TPaJbHNX CTAJIBHHX Tpyoonposcnos' (M., Hexpa, 1972):

O] L.—~4-80 "Texuuma 0c8CIACHOCTA B CTPO.TELECTBE™:




"PYKOBOACTBOM IIO TEXHOJNOT'MYA ¥ LETONMRKE DacyeTa FHKEDHHX
CBAA B JYCIIOBMAX DACTDOCTDAHEVHS BEUHOWEP3AHX TRyHToB'(P 403~83;

T0CT 12,3.,016-73 CCBT "AHTHKOpDpPOBMORHHE DPA&OOTH IIPH CTPO-
ATeNbCTBE. LpelOBARMA 0esolacHOCTH".

L.I1I1. {0HTPONE 84 BHIOOJNHEHMEM HacTOAMX PeRoMeHpaipit =
GesonacidkM cefeHHeM pacOT B IEPHCY CTPOHTENBCTRa E DRCIYaATaIM
CBa{iHNX (YHIa8MEHTOB K3 BUHTOBHX CBA# OCYLECT3NALT: HHCIERIMH
T'ocroprexHagsopa, KOTNOHAA3Opa, HOXapHAs, Mep8JOTHAS M CaHHTap-
Hafd UBCHeRIjIM, NCUCTBYKEME MEDSJIOTHHE CTAHIME MAM CTARIMH, Op-
PaHN3OB3HHNE S3Ka8UMKOM OOBEeKTZ B COOTBETCTBHH C TpeGOBRAHUAMU
n.1.5 CHal [I-I8-75.

2., METOIMHKA PACYETA BEIAYYH KPYTHALET'C MOMEHTA
v OCEBCTQ YCWIMA JIA [OTPYREHMA BUHTOBHX CBA4
5 TPyHIH

2.1, BemruuHy oceBoro ycumsa P (pacyerHas cxema puc.2)
ONpefieiTOT U8 YCIOBHSA

P=T, (I)
rne T - BeXMqMHE8 DEaKTHBHOMO OTHOpA I'PyHTA HpHE OOrPYXCHIN BHH-
TOBO# CBamM, onpenengeMas 00 GopMy Je
7z
T=21,0,,, Zy?zc,g T h;, (2)
I'ne Z, — HAapyxHH} paqmyc CTBOJIA BHHTOBOH CBau, M;
7 — HOMeD CIOod I'PYHT& B Npepenax pacyeTHoft Tomum oc-—
HOBBKHKA OT JIHEBHOM MOBEPXHOCTH KO HEXHENO TOPUA
CB&H, enl;
[l - 9ACIO CHOEB IpyHTa, HA KOTODOE DasleseTcA To/MIa

OCHOB8HIA B [pefleriax GOROBO# NOBEPXHOCTH BEHTOBOR
CBa¥, el.;
hi - MOIHOCTH (TOJNKHA ) ( ~T'0 CjAOA TPYHTA, M;
5,,3” ~ HOpMaNBHOE yIESBHOE NaBJleHde [pyHTa [OL HURHUM TOD-
— ICM BMHTOBO} CBAM INg [ -{'0 CJHOS CpYHTa,RD M2
([ = KecaTejbHue CHAH CONDOTHBAEHMST IPyHTE 0O IOBE[X~

HOCTH CTBOJA CBAX IAX [/ ~I'O CHOS OCHOBAHEA OT
IHEBHOX HOBEPXHOCTH, Kre /yS



B cnydae HecoOmOmeHAs ycnoBRA (l) (MURTyeMOro TPyIHOCTED
IOCTOAHHOI'O HOAACPXMBAHMA MAMMHOK ZANA NOrpyEeHds BUHTOBMX CBal
pABEHCTBA 0CeBOI0 ycrmis P M peaxTMBHOrC ornopa rpyHTa T, He-—
TOCTaTOYHOCTED OCEBOrQ yCOHIMS P, DAsBABAEMOI'O YCT&HOBROHR, X
T.X.) AaAbHe#NMt pacueT RKPYTAUE0 MOMEHTa BeXyT IO JarTHYeC-
KAM BHOYEHHAM OCEeBorc ycumsa .

2.2« BeMUEHY RDYTAMErO MOMEHT& MKD NJIR ODOrpDYREHUsT BHH-
TOBHX cB&f#t (pacYeTHHE CXEMH DHC,3~7) BHYHCHAALT [0 opMyae

. 7/
=272} 2 T; /e, + g (R, + zg)f/———-a +2f(T-P)+

P [<] ¢ 4% K,
-z z{,/ (3)
F g (RE-22 ) ——— —/;
i (R =2 ) JR?-z;) 2

rne N, - HapysuHil DSREYC BHHTOBO} ADNACTH CBAH, M;
( - IIar BUHT& JIOOACTH CB&H, N;
f - KOs(P{RIeHT TpeHMA [PYHT& IO CBae, NOoXA.eX.:
{ - ycuyMe pesaHWA [PYHTA BMHTOBO{ NOHOACTEW, olnpe-—
IeigeMoe 00 OXHO#t m38 OpPMYy X -

LA HeMeps HX IPYHTOD

135 [ -90
Q=G (1#48)(7 * —-—) By )
MeDS JHX [PYHTOB
/'-50
1=Ch(7+0558)1+ —=——)a,

rae - YECNO yIApOB, XapaKTepHSyrmee NONOTHOCTH LPYHTA:

OHpeAeNANT SKCIEePHMEHTAARHO C [IOMOURK YI8DHHKA
LopH/Ml ym1 no radn.l, 2, B S8BHCKEMOCTH OT  BHAS
CpYHTA, PPaHYIOMETPHYECROIO COCTABA, TEMIepaTypH
H BIAXHOCTH, eX, (Nphi.3);

/7 /?,7- l— I'NyGAHA pesaHns [PYyHTa, CM;

§ — WMpHHA pesaHMsa ( TOMNMHA AONacTH) y HOBEDXHOCTH

CTBONA CBAM, CM;



/ — YroXl pesasMs (BaOCTpeHHA BEHTOBO} JIONSCTH B 1age )
[PyHTa IONacThpD, I'DaX:

ﬂg — KOBQUMIMeHT, YYATHBAXNAL BIHAHHE yIIa 880CTDeRNA
nonact ¥ (cm.pme.5, mpun.3) ma yCAIHE DesaHHS
& , mon.ex., ompemersmoT mo TadL.3 B 8ABHACEMOCTE OT
yrza ¥  (npun,3);

A - RoopIUIMEHT, YIATHBAKIHI SaTyOleHHe pexymeid 4YacTH
IONacTH, Iok.ed.; A =0,85 miad ocTpoit pexylei yac-
™, A =1 - [Ig ClefRa BATYINEHHOA, A = 2 - Iad
TYIOH.

2.3« LIA olpere/leHAA 3HAYEHAE RpyTANEX MOMEHTOB, HecOXO-—
INMHX OAA NOrPYXEHWA BHHTOBHX CBal, pEeKOMEHAyeTCsa [POHNSBOIHATEH
pacdeTH Ha JI[BM.

B npunozenuax 1, <, 3, 4 NaHH COOTBETCTRBYKUHE MATEDHANH.
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Hpunoxenme I

TPOTPAMMA PACYETA KPYTHALETO MOLEHTA LI
[IOTPYXESMA BiHTOBWX CBAJA B HEMEPIJEHE I'PVHTH

= J00 e

= 100 g

. BeBenem /71

, omyerim k = 1, x =0, a=0
BBeneM é’,{ g,‘(

, Byuucmam 4/ =€, ~d C=Yq, L=T+G- A=/
Berapun A=A+/

lomyerim O =A

Bem O-77<{ uprm g 3

Beenem ¢ B L Szrbap F &

ey 2 =35 L (700(6-1))

. Baancm § =Q00/rc(7+705)7 +(2-90)/780) expZ
Buunc M 4 =DFt4+ 2at.x

Byuncmw 4 = 2TE5x +5/(/5’7" z3/7
N=(Z-p)a/(58)+2f(Z-P)+ 45 (B°-¢?)
y=(8°-¢°)/13(B%-t%) +¢/7

qt‘?cﬂrrhf.omr—tmm

5

P - = O
s I

AW

I3. Busacmm M =L +/7H
14, iedgraeM ¢ © sSHaKaMa o
15, /HTepsan 2

Ie, Agrm x I

ucromuy 1

JCNIOBHHE H003HAaYeHUSN

/Tl - 4guCI0 CJoeB rpyidTa, Ha X37CL0€ pasgefidTCHA ToMIa OCKO-
BarMA BrOJB COKOBO# TICL 3pXHOCTHW BIHTOBOR cBar, eX.,
(71 < I00);

£, — MOWHOCTE (TOML:EA) R—I'O CTOH, M:

fﬁ - RacaTejpHEEe CLiN COLDPOTEB/EHII PPYHTa [10 OOKOBOY MO~
BEPXHOCTH BMHTOBCH cBaM ¥—IC Cod, T¢/MN<;

{ - WIC/IO yXapoB yropHuKa LODHHM, e, :

[ - napy:HH.} DajKyC BMHTOBO JONMACTH CBEU, M;

I1
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-

[ o Q

HAPDYXEHH] DAIAyC CTBOJAA cBay, M;

NEpMHa DesaHHd (TOMUMHR JONACTH) § IIOBEPXHOCTHE CTBO-
1a cBaM, M;

yI[ON pesaHns (SA0CTPeHHs BHHTOBOZX JNONSCTE B IJaHe)
PPYHTE AON&acThD, I'Pai;

KOp (fMIMEHT, YYUTHBAXAT BAMATHE YI'JIa 380CTpEHAS J0O-
nacte ¥ , morn.ex.;

HOpMAIBHOE YIe/bHOe IaBjedue [PYHT& HOJ HARHMM TOD-
[IOM BUHTOBOH OBaz,Tc/uz;

mar BHHTA JIONACTH CBayd, N;

OCeBOe yCIUIMEe Ha CBaw, TC;

KO3 QXLUIMEeHT TPEeHMA IpPyHTa T0 cBae, ION.eX..:
KacaTejlbEHe CUJH COIPOTIEB Ie!INd FPYHTa IO TOBEPXHOC-
TH CTBOJI2 cBall Ha I'AyOnHe NOOI'pYXeHUS JIONAaCTH, TC /M.




[POTPAMEAL PACUETA KPYTSGETO MOMEHTA LA
JOTPYAEHA BRdTQBWX CBA. B MEP3IME I'PYyHTH

e W N H XK
a 9 »

0O 0 -3 O O
[ ]

= 100 e
= IDDQ

BBenmewm. /71

domyctaM K = 1, x =0, a =0

BBeneM eﬁg,{

Baaac M Y =E-d C=yq, ZT=Z+C J=0
BeraBiM  A=k+]

LOMyCT
I o Pt

mw B=kK
B-/m<{ | agry x 3

Beemex ¢ Bt strbapf &

mraucam = 0007cr (] +555)71+#( 2 - 90)/750)700(5-¢)
10. Byaucmun Z =00t +7%tx

II. Buuxcamm / =25t + Y(B+¢£)2
ﬂﬂ(Z;ﬂ)d/(fﬁ);Z{Z“ﬂ) fé/j{‘¢’(52~5‘2)
U=(B-t)(3(B°-t°)+¢/?

12, Buancrmam M = [ + JIi

I3, euaTaem ¢ © sHaxamu M

14, YHTepran 2

15, Warz x 1

/1C 110 JIHUM

YcnoBHHe 0003HSYeHHA

/Tl — QACNO CJIOEB I'PYHT&, HA KOTOpOe IeJATCA TOoma OC—

QK"'

o

Ch o Oy S
l

HOBARUA BIOAbP OOKOBOR NOBEDXHOCTY BUHTOBCH cBau, eln.

(/77 < 100);

MOWHOCTE (TOJIMHA) K~-I'O CIOH, M:

KacaTeldbHHEe CUJ= CONPOTHUBJIEHHMA IPyHTA T0 OOKOBOA 10—

BEOXHOCTHE BHHTOBOZA CBal X-~rO CIOA, TC/k;

YUC A0 yIapoB yIapuurRa lopuud, en.;

HapYRHHE palliyC BHHTOBOHU JONACTH Cuoaii, M;

HapyXHHIl pagmyc CTBOJAA CBa#, M;

MUPHHA peSaHAA (TOMIMHA JIONACTHR) Y OOBEPXHOCTH CTBOJA
cBad, M;

I35
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YroJ [9384HA (SA0CTPEHAS BEHTOBO: JOMAcTA B IA&HE)
FPYHTa AOIOACTED, I'pay;

Kop ik iMe T, YIUTHBaOOAA 3aTYiIeHHe DPexyiled 4acTu Jo-
nacry ¥ , mon.ex.:

HOpMAaXLbHOE YIeNbHOS NMaB/ieHUe PYHT& [OH HIRHAM TOD-—
I[OM BHAHTOBOA CRAX,TC/M;

mar BHHTS KONACTH CBail, M:

OCEeBCE yCcu/iie Ha CBaw,TC;

KO3 QEIIMENT TpeHusa Mo ¢B3ae, I0N.eld.;

KacarejbHkEe CHJIN CONPOTURASHMA CpyHTa 10 TJOBEDXHOCTH
CTBOJA CB&Y HA ['NyOHMHe [OrpyxerREs JAonactu, TC/u.



[IpanoxeHEe 2

[IPMMEPH PACYEIA

Ipemep 1. OnpenemATp Be/MIMHY KDYTAEErO MOMEHTE IAA IO-
MpyXeHNs BUHTOBOR cBaM B [PYHT HpH cAenymuX HCXONHHX NAHHHX :

rOyonHa norpyxeHmda cpag H = 3,39 M, /Zi = fzz = 3,9 M;

PPYHT — CYLAMHOK TY['OLJSCTHYHHI CO CAeNyKMEMA pacyeTHHMHA
XapakTepECTERaME: f = 0,4; 6,,,p_i= 135000 Rr/M°; Iy =
=2600 xr/M%, C = I3 yhapam; Wicjo CXoeB rpyETa /7 = L: Bemwdm—
Ha oceBoro ycumasg P = 3I60 Rr; nmapameTps BEHTOBOR cpam A,, =
=0,4M; f,=0,I65M J =6cM; } =1I35°, ¥ =Is°,
a=0,1c M,

PemeRne.

o tadn.] B sammcamocT® or ¥ = I69 ppurmmaeM rooddm-
IAEHT /35 = 0,81,
Tnyomua pesamma XZ=K,-Z; = 0,4-0,165 = 0,235 M =
=23,9 M.
o fopmyne (4) onpenelsieM YCHIHE pesaHEsa [PYHT& BEHTOBOM
AONACTHR
R=ch"” (1+915)(1+ ’; 3050 )8, =

= I3 x 23,5039 (1,0, Ix6) (I &3%) x 0,81=1495,6 &r.

[lo gopMyzne (2) ompeneingeM BeMHYERy peaKTHBHOIO  OTIODA

I'pyHTA: .

2
PR2, G, * ZX 0, & T/ = 3,14 x 0,166% x 135 x I0° +
+2x 3,14 xG,I65;5 3,39 x 2600 = 206873 xr.

o fopmyne (3) BHYKCAAEM SHAYEHEE RpyTANEr0 MOMEHTa IIA
IOPpPYyXeHAA BHHTOBOR CBAH

I5



Mﬁp-Zﬁ‘zCZ‘Z/Z t —(/P # 2 ) ﬂ?f;pav‘fﬂf'pﬂ
__Zc z‘:-1

2
| —7 t =
- 2 x 3,14 x 0,165%(3,39 x 2600) +

wx016+2x04(20673-

| 3,14 x 0,4 ; ;
< 2 C.,4 0,165

-~ 3I60) + 4 x 3,14 x 2600(0,4°“~ 0,165 ][__:___-__2
3(0.42- 0,1652)

7
N _&%6_5_ = I507 + 423 + 4774 = 6704 xr.

TpuMmep 2. ONpemeJTh BEJWUIKHY KPyTAumero MOMeHTa IJAd 10—
rovEeHRs BHHTOBOI CBaW HA TIAYOMHY H = 2,893 M ¢ [IOMOMBE [1DOTDAM-
MH pacdeTa KPYTAWEI'0 MOMeHTa IJA HeMepSJHX I'pVHTOB Ha - IR

"Happn™ NpM CleQyUMX KCXONHHX ITaHHHX:
TpYHT ~ CYTJMHOX TYI'ONJACTHYHHA;

+ 0,I6D) +

f =0,4; brpi =101/ T; =2,51/Mm% 7 =1;
; =H=12,93M; C=13; P=2,371; A, =23,4un; zc_
= 2,165 M; 0 = 0,06 v; 4 = 0,16 M,[=I350 = 16% S, =
= g,8L.
PereHne
[lepfoprpyeM Ha JIeHTY MCXONHHe UTaHHHE B CJexyriie# Docaeno-
3aT2JbHOCTIHA .

I 2,932,513 0,40,I65 0,06 I35 0,81 120 0,16 2,37 0,4 2.5

BBOIAM B MALUHy NepfoNeHTy ¢ padoyeil iIporpamMmoil, 3aTeM
C MCXOLHHMI HaHHHMY. KCJH HeT ounbOX, TYCKaeM Hg cyer. Pe3y -

TaT [IONyYaeM B RBRHUME:

ep = 5,972893,

rne Mxp N 5,97 T,

L6



[lpanoxgerne 3

TEQOPET/YECK.I{ PACURT BE.LMUVH KPYTHLETO MOMEHATA
1 OCERQOTO YC.JLH I TOTPY.LI:il: B.HTOBHX CBAA
B TPYHTH

JPTeRKTHRHOCTE T“HEAPEHIA BAHTOBHX CBA[f B I[IDAKTHUKY CTPOH-
Te/ILCTBE CHEXAETCH 18-33 OTCYTCTBIA HAAEIHHX, 3RCIIEDIMEHTANE-
HO JIpOBeDEeHHHX MEeTOIOB 18CHYeTa REIMYL: KLYTALEerC MOLEeHTAa ¥
OCEeBOI'0 YCIULIA — BaIHHX TaparCT 0B TEeXHOJODIUEeCKoro npoiecca
NOLPy=€eiiia BIHTOERLY CBAXi B I'DYyHTH, HEZOCTaTOYHOR [13y4eHHOCTH
BOIPOCOB COBMECTEOHR paCOTH 3 HTOBHX CBA&A ¢ IDYHTOBEM aCCHBOM,
a TakKwe QHBIYESCKC? CY.:i0CTIl ABACHILI, IPOLCXOIAMX B DpPYHTAaX
Opil BHeXDEeHUM BUHTOBHX CBAal.

OTCYTCTBIIC LOCTATOYHO YOEZUTC/IEHHX i XODPOm0 COIJIaCyeMHX
C IIPEKTEXOH TeCpeTHEeCKNX HCCIEeIO0BEHIN BCIPOCOS [IOIPYyReHIS, pa—
6OTH U pacyeTa BUETOBHX CBall ABJIAETCS TODMO30M, CJIEPEREBAKILINV
Iansdeinee IPHVEeHeHUe KOHCTIDVKINA gHXepDHHX BHHTOBHX CBa?1 B
RQUECTI ¢ ~YHIEMeHTOB II IIDHYIHO.A HEKOTOPLX pasHorjaacth ¥ ouu-
OOK.

.mpecTHasx 70 TY3C =55 [ I] pacuernas copMyia o0naraeT 6O
JPIHMZ (B OTIEJIPHEZ C IyuasX 3 LBa i 60Jiee p&as3a) OTKIOHEeH:aMH
10 CLaBHEHMR C OMHTHEMI JaLHHMI, YTO HE [I03BOJASET DEeKOMEeHIO-
BaTh €e B IHXEHEpHHX pacuerax.

JdperroreHHNE Ll . oxDynol 1 i, YUCT AKOBEM [2] caoco® ol-—
DeJeNIeHsl BeMIUiHN KpYyTaUero NMoxedTa He YYUTHBaeT reJHi DAR
FaKTOpPOB [OIPYyAeHAA i IapaMeTpoB BUHTOBHX ¢Ba&i (oceBoe ycunue,
BII Marep#ana Ccmai i T.L.) X IO 3TOH NpHuiHe ofnazaeT GONBMOR
TOrpemHOCTRY pacdeToB [0 CHABHERHUHN C 3KCHepPUMeHTAAbLHHMZ NaH—
HHMA,

PexomeHoyemaesa il. .l . pOIOBHM [3jlcpaBHHTeﬂbHO npocrag K
HarJigEas QOPMyla pacydeTad KDYTHALer0 MOMEHT& He YYMTHBSET CO-
NPOTHUBAEHEA pe3ards [PYHTa JIOHACTRO IPH IOIDYyXeHUI CcBaH, AB-—
Ianerocs 1a1001ee BECOMHM COCTABJAKIMM NapamMeTpoM KpyTARero
MOMEHTa, 4 Oyayuyd yBelauuesdo¥ Ha 20%,bopuyra zaer pe -
sysnpraru Ha L0-507 HUXe arcHerUMEeHTaNbHHX,

bosiee NONpoGHHY AHEA3 CYUECTBYKUEX cI0CO60B pacyeTa TeX—
ROJICIUYECKIX IazanMeTpOB IOI'PYyXeHIsE BAHTOBHX CB8&* NPDUBENEH B

L7



npui.4, B KOTOpDOM IOKAS8HA Takxe 0OIee BHCORAA TOYHOCTE pac-
JyeToB [10 [pellargeMoMy BUXE CHOOCOOY olpeneieHUd BOMAYAH Kpy-
Taer'o MOMEETS K OCeBOrO yCH)HsS [IpM NOMDYXEGHAE BHHTOBHX caaft
B DI'PDYHTH H& OCHOBE METOZOB MATEeMATHYECKOl CTATHCTEKH H KODpE-
JFIMOHEOI'O 8Hammsa.

KpyTaire MOMEHTH, HeoOXOnuMHe A8 MNOrpyXeHHA BHHTOBHX
cBail, HOCTHIaKNT MSKCHAMAJFHO! BeMUYMHHW He TONBKO HS 0o npmof
I'IyOuHe OOCPYEEHHA CBAM, HO ¥ BO MHOLHX CAydYasX [IpA OPOXOXIe-
HEY JIONSCTHD CBad Haubolee IIOTHOIO H IPOYHOro rpyHTa. [HogsTo-
My pacdeT pEeROMEHIYeTCA BeCTH HA caMHe [IJIOTHHE PPYHTH, KOTO -
pHe MOLYT OHTE BCTPEUYEHH cBach.

Hpr DorpyxeHds BUHTOROH cBaM Ges BOBAEMCTBEA HA Hee OCe-—
BOI'O YCHJIASI MAUMHEH OH& BarayO0lAeTCHA B I'PYHT BCISACTBEEG ONMPAHHSA
BepXHel NOBEPXHOCTH JIONACTH HA BHUledexammit rpyHr. 38 OffHR 060—
pOT BHHTOBAA JIONACTE JOIXEA HOrPYSHTECH Ha BeMNYMHY liara BHH-
Ta 00aCTE, ONHARO eCAE MalMHA NepelseT cBae Ml KPYTAmmit
MOMEHT Oes OCEeBOI'0 YCHJHAJ, TO 34 ONEH OC0pOT CBasdg MNOI'DyX8eTcH,
KaK [OpPaBHNO, HA BeMAYHHY, MEHRIYyD I&ra BHHTA AcnacTH. lIpE go--
[PYEEHIM cBaX MamMHOH{, cOOCOGHO pasBHEBATE OCeBOE YCHIEE,cBasd
B HAJYale MOpYXEHHA NOPOXOMHT DPHXIHK PPyHT, I©Ie sa OgdH 000poT
HepeMemaeTCA H8 BeIMYHHY, OOMBIYY mara BHHTA. J3aTeM, IO Mepe
yOAyOAeHnsa, cBag nonamzaer B 06oJiee ONOTHHE [PYHTH C GO ALIEM
CONpOTHEIeHMeM BHeIDERHN M HAYMHAET HOLPYRATHCSK HA BeIHYNHY,
cHaYana paBKYK, a 348TeM MeHRIyp mara BHHra (puc.l)., Bo #sGe-
EgHHE TAKOro ABJCHUA C yBeldeHHEM I'AIyOMHH HOLPYXEHHA HeOo6XO-
I¥MO YBeJIMYMBATE OCeBOe yCHIHE,

AC COSJAaTh TarKMe YCJAOBUA, [P XOTOPHX COMNDOTEBJEHHE
FPyHTa IocTydaTe IbHOMY IBAXEHNO B J0OCA MOMEHT IOpyXReHHA CBaH
yDPaBHOBELHABAIOCE OH OCEBHM YCHIHEM MAlMHE, TO CHJIH TPBHHEA J0—
IaCTH O ['PYHT X BeMMYMHa KpyTAUEero MOMEHTa CyIyT HaEMeHBIMMH,
a CKOpOCTH HOLPyEeHUA CBam Hauoonpmeii. COOTBETCTBEHHO  STOMY
3HeproeMKOCTE, OOLPYXSHMA BHHTOBOZ cBay OyAeT MMHUMAABHOM, a
3 (PeKTUBHOCTE 3QrXyONEeHNA -~ MAKCHMANBHOK., B 3ToM cnxydae cBadA
38 OJHH OCOpOT OyAeT HorpyxXaThCcsd HA BeIMY4Hy Wiara ee BUHTOBOI
JIOIaCTH .

PaccMOTpEM paldoTy BUHTOBOt cBaKM, KOIZ& OHa HAXOOATCHA B

OLHODOAHOM (mepleHIMKY IADHO OCH BpAalleHKd CBalM) [PyHTE C OnUHA-
XOBO/ BO BCEX TOYKaX TeMnepaTypoid M BAARHOCTEKL. MarTepman crpam

J¥e
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TaKze ONHOpPONEH, IpenNOomoXAM, UTO RacaTelbHHE YCHUAAA IO Ieph—
METPY I[IOIIepedHOrO CedeHdAsi cBad 4 HOpMEARHHE HANDSIXEeHUS IOX
TOPIOM CB&HM pAacipegefiedd DaBHOMEPHO; OIMORE OT 3TOro IONymMeHHS
IIA OpAMEeHAeMHX B [[PSRTHKE THIODA3SMEpOB BHHTOBHX CBAY, OYEBUI-
HO, OyHeT HesHaduTeNBbHOH [4,5,6]. CBag 0 BCe{l mmric, ..CKANYAd
JonacTh, UMEeT [IOCTOAHHHE DasMEPH K QOpMy OOIercu.iord cedeHnd,
JACIaCTEs BHHTOBO{ CBad HS[OTOBAEHE ¢ COCINmeHHe" DaBAARHOCTH
reoMeTDIdecKUX ¢opM, 0e3 BgyCeHMI, IASKOBHX BI® “2HEA H T.JX.

JUUTHBAA 3TH OPEeXIOCHARM, IOPenBAPUTEeABHO .. . iue/lAeM SHa-
YyeHiie OCEeBO'0 yJCUJHs, a4 s8aTeM Be/MYUHY KDPYTAmErc o..edra HIg
TpeO0yeMOA M DACUYETHON OTMETKHA NOIpPYREHHS BUHTO: ~ . cBal B
PPYHT. PacdeTHAA CcXeMa [IJg OHpeleneHds CCeBOrO yC.. o -1 JpelcTa—
BIeHA Ha DHC,.<,

CauTasi, 4YTO [pUpalleHUEe OCEBOrO yCUMEA DX HONDyXESHMK BUH-
TOBOl cBall fBAASTCA (yHKIMe# DepeNeHHHX BEJMYWH, 3anWCHBaeM

Ay, 0)= PR Y)EE(T Q) (6)

A

=2}'dfi *@ﬁp.idﬁ (7)
rme dp(ﬁz(p} ~ BeJMYMHA IDEDAUEHAA OCEBOI'O JCHJHAA B BaBH-
. CHMOCTE OT IEDEeMEHHHX BHA9eRmA /2, 7,{, xrc ;
/I -~ nDepemeHHAad BeAMUMHA M3MEHEHAA [MAYCHHH  [OO—
IDYXeRA7 BUIATOBOX CBaH, M;
() - nepemeRHas BejMYMHA [IOBOPOTA, pax;
¢ - HepeMeHHAs BeMYMHA payHyca CBaWX, M:
ﬂ,é‘ — OpPOMSBONBHHE (YHKIMOHANLHHE BABRCHMOCTH;
{; - racaTenbHHe CHJM CONpOTHBNGHAS [PyHTA IO
ICBEPXHOCTHE CTBONA CBaM IAA 7 -TO CJHOA
OCHOBAHEA OT JHEBHOH HOBEPXHOCTH, KI'C/k°
Oxp.; — HODMANBHOE YRENBHOE JABIEHHE IPyATa [OX HAE-
HAM TOPIOM BUHTOBOA CBaX IIAA J =U0 CJIOA
rpyHTa, Kro/MY;
J - HOMED Ciod CpYyHTa B OpefelaXx pacyeTHO# TOMIH
OCHOBAHAA IO HEXHEI'O TODPUA CRBa.d, €X.:
dF; - oremeHTapHas :fOUAIRA Ha GOKCBOX NOBEQKHG:TH

cBa¥ B} -M ceyeurs1, M2;
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aF - 9 IeMeHTapHas IIOMALKa Ha HARHEM TODIe BHHTOBOX CBaH,

M,

B muddepeHimalsHOM BUOE ypaBHeHZe (2) #MeeT Celyouyw!t BHI:

ar =1, dpdsk +6,,; tdzdy. (8)

fuTerpupys o6e 4wacTy ypasHenua (3) B mpegenax or O go P
1 J<t<i;, Osfi</t;, U<S@<ZI % pemas ero OTHOCUTE-
ILHO P, noaydaeM

fry &
J/Ef%? J/l/qzéféjy%éiyaqu/i//rﬂﬁzihgﬁnjza__ (9)

=T, 00t * @Lﬂz

B OKOHUATEJLHOM B}Mle BeJUYNHYy OCEBOI'0 YCUMMAA I [IOrpYyXeHAA
BIHTOBNX CBAl P MOXHO oIpele uTk OO0 opMyine

ey L
P=72,6,,, ﬁ//zfgm (10)
rine Z, — Hapy=HHA DaIuyc CTRBOJIA CBa,M;

[l —= TACHO CNOERB I'pyHTa, Ha KOTOpPOE pasgelseTcds TOoAIA
OCHOB&HAA B Ipefenax OOKOBOX MNOBEDPXHOCTHM BHHTO—~
BOX CBaK, €1,

725 ~ MOUHOCTH {TOmHHA) ! -ro CA0A, M.

Busonm dopMyyH (D) mnd onpejnesieHMd TDeCYEMOroO palfOHANALHO-
'O OCeBOLO YCIJLiss OCHOBH Ha TOM daKTe, YTO DEeaKTUBHOE yCiijue
OTIIOpa I'PYHTa OT IOLPYXeHUS CTBOJA U XKOHyca CBayd LOMKHO [acXThb-
CA OCEBHM yC.lJlfeM MallHH, IOrpyxEamie:s BIHTOBYD CBAW, T.C. 1=
(rme T - peaXTUBHHA OTIOpP I'DysTa, ¢ — CCEBoe ycume). B JeiicT-
BareapHocTd T # P (T = P B umeansHoM cIyyae). 3TO BAUART  HA
XPYTAUMA MOMEHAT NOIPYXEHAA CBad.e pH F 7 T XpyTsi MOMEHT
yMEHEBIIaeTCHA i Hao00poT,

DI TOrPY~eHMd BHHTOBHX cBa.! B IpYyHT 2800Ta KJyTALEro MO-
¥VeHT2 B OOLEeM Bilie DaCXOAyeTcd Hg Ipecloiedde KacaTeAbHHX CIH
COIPOTIBAIEL’A IPYyHTA IC CCKCBO. TOBENXHOCTZ CTBOJA I jI0I8CTE
BIMTCEC.: €B&l, CIII pe3a8HIA [pyiuTa I07J8CThW, Tledis [pyHTa ©
J0NacTh, 28KTUBHOIC CTII0D& RyHTA,

el



Puc .3, PacueTHad cxeMmMa Iad onpenelleHks MOMeHTS MI

TaruM oGpasom,
My,=M, tM, +M; M, + M, (IL)
IIe A{, — MOMEHT, BOSHHKAXUAL CT CCHPOTiIoIEiiid KacaTeibHHX

CAJA CHelJIeHAA CPYHTAa [0 COROBOZ JOREPXKOCTH CTBOJA
BHHTOBOK CBaz;

M, - MOMeHT, BOBHHRAKILt OT CONPOTHBIEHHSA CHJi DEAKT.IB—
HOPO OTHOpa IpyHTA;
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MJ —. MOMEHT, BOSHMEAKNHA OT CCHDOTHBAEHAA CHJ DESaHHSA
(mpopeskd) CpYHTa AONACTHI;

M, — MOMBHT, BOSHHKAKMA OT CONPOTHBJIEHAS CHJ TpEHASA
rpygra O JAOMacTs;

M ; — MOMEHT, BOSHEKAKIMIA OT CONPOTHBJIEHWA KACATelbHHX
CHJA CleONeHHs IpPYHT& OO NOBEPXHOCTH JIOIACTH BHKTO—
BGRk cBaH.

PacowmeM THd COCTSBIAXAE KPYTAUWEro MOMeHTa MRD mag HO-—
rPYRGHAR BEHTOBHX CBa#t, JleMeHTapHOe rpupauleHMe MOMeHTa My,
BOBHERANMEO OT COIDOTHMBAEHHS RACATEMEHHX CHA CHENNeHHAS [PyH-
74 N0 GOKCBO# MOBEPXHOCTE CTBOJE BHHTOBOR cBa® (pEc.3),paBHO

aM, =t 1.dF; (12)
Yuatupad, wro 4f; =2, dhdy , M FHTEIDUpPYH BHDA-

xerge (I2) B npemenax ot O ;o My, O<h </, U<y</7,
B OKOHYATe/IpHOM BAJE HOONydaeM:

/L
— Dern 2 - D2 7
M, =27, T; 7t hzcg'z;/zz (I3)
JJieMeHTapHOe NpHpameHHe MOMeHTa M., BOSHMRAWMEIO OT CONPOTHB-

JeHAA CHJ DESKTHBHOL'O OTIOpa LpyHTA (pHC.4), onpenenawr, ACXO-—
IA H3 CXEeMH DaCKIAIRA CHJI Ha HARJIOHHO{ MIOCKOCTHE (CM.puc,.4,0):

dM, =6tgd (z+2,)dF, (I4)

rge O -~ yneinpHoe IaBIeHMe DeaKTHBHOIO OTIODA [PyHTa&  HA
A0OACTE, oOpenesemoe OO ¢opMmyle

7R, -2,)
rime /- pacyeTHOoe YMCIMe OTIOpa IpYHTa, oNpezelseMoe Io

gopmyne (10), Ekrc;
F ~ QaKTHYECKOEe OCeBOE YCHIME, KIC:

&K - HAapyERHHZ DamayC BHHTOBOW IoHacTH CBaM, M;

2k
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6= T-F
TR?~2])

Puc.4, PacgeTHas cxema IIA
OmpenesieHuss MOMEHTa Mot

T 8 = CXeM8 LKeHCTBHSA CHA; 0 -~

CX€Ma8 DaCKIAIKH CHJA HA HARJOH-
HO# MDIOCKOCTH




X = yIrOA IOXEEeMa BHTKOB JONSCTHA HA COKOBO# MOBEpPXHOCTH
CBa:, ClpemerfAeMui HB YD8&BHEHHA

a
(oA = —— — (I6)
A
rre a - @ar BAHTA J0OacTH CBa¥, M.

CilegyeT UMETH B BRIy, 4TO OpH Mamx yrmax o < 89 wakrio-
id BETRCE IO0AacTi# CBAaK %gd X SIRA = Q/ZI,P

VucTuBas, 4ro AF =2dzd{ , nadiepeRimansHoe ypaB-
Heame (I4) c ywerom Jopmyn (IS), (I6), MOEHO SalMCETH CIEKYH~

M o0pasom:

2y, 7= F a

Pemag ypasdenHe B YKSBaHHHX HUXe Opelejiax, HomydaeM

(2+2,)idzdy (17)

Ry 2F
7-F
_ 7+27.)edzdy =
Mz T(FZ-17) fo? /( c) g (18)
_T=F p /?J 7] zc
7R, J(/? -7 )

LpU [IOLPYREHMH BHHETOBOR CBax RPYTAWM MOveHT A, BOSHHEA-
eT OT CCHDOTZABJIEHAA CANL De33HKY I'PYHT& JONACTED, XOTOPHE MOLYT
OHTE ONpemele:xH IO CLiO. U8 CYLIECTBYIUMX MSIOLIK pacyeTa Cull
pesaHud. ipd pTOM B OCHOBY KarJIOM METOLMKI 3asiCKe5a onpefie —
leHHas TEOpUs Daspyliekis I'DYHToB. darbonee GIMSKIE XapaKTep
N0 (MBHYECKOZ CYWHOCTH pesaids FaeT usBecTdas B OGNACTH Mailii-—
HOCTPOEHIIA iI MEXaHUKI ['DYHTOB JopMmynaa A,i.Senenuys [7 8 ,,,]
TaK KaK Jpyrie CrIOCOoCH packera CHJ pazpylieils PPyHTOR Ipianie-
HMMH [IDM yr7ax pesarms Mexwme 300 (puc.d).

TakuM ©OpasoM, YCUMe DEe3aHIA IJYHTa EZHTORS) JICISCTHD
MORHO ONpEeneJidTh LO OHHOA HB CreRYiliaX JOp.yn:

oI HeMe DS, IHX IDYHTOB

L3S -4/
g:[fl (/f@/u ;,‘J'J ; 'J:é;'r )ﬂ(} ,rl (19)
ey
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Piic.5. PacyerTHad cxema mndg ClpeLene s MOMeHTa Ms

4Jin MEep3JIHX I'DVHTOB
-90
Q=Ch(1+0855 )1+ };50 la, (20)

roe [] - wICJ0 ynaLoOB, XapaKrepu3ywilee [LJOTHOCTE [pyHTa,
orpese iMeTCH aKCIEDIMEHTAIBHO ¢ [IOMOUWBR YIADHAKS
LODHHHM 6o 1o Tadi.l, 2 B 38BHCMMOCTH OT BIlIA
PpOyHTa, Ipady/ioMeTpHYECKOr0 cocTapa, TeMIepaTypH
u BrazuocT: [ 7], eX.;




1=K -7~ rnyGuna pesaHMs IDyATa, CM;
§ - IMpHHA pe3aHMA (TOMNAHA JONACTH) y IOBe[XHOCTH
CTBOMA CBAa#, CM:

/ — yron pesaHuf (B80CTpeHHs BEHTOBOZ JOD&CTH B IJaHe)
I'DYHTa JONACTBK, Ppan:
ﬁﬁ - Roa(pduipenT, YYUTHBAKUUA BIAAHUE YI'J/I8 880CTDEHUS
nmonacte ¢ (cM.pEc.5) Ha ycmame pesauus //
nof.en. 3uayenme [f§, OpUBONUTCA B TAGN.3 [ 7];
A - gosduImeHT, YIMTHBaOWOME SaTYIUIEHME pexymel dacTH
gonacTH, mon.ed.; A = 0,80 mna ocTpoit pexymeit

qacte, A =1 - 114 crerra sarymueHHoi, A =2 -
I TYIOH.,
Onpezeyuy Be/MdMHY MOMEHTa Mg :
F & R,
K
= - Z dF:-‘/ ~ 9 =
J / (5(#]7 ﬁ'ZG) ZC’ S(ﬁﬂ - C) a{Z
o -2 2]
= e a - /Z a/Z — Q n{f?? ZC" -
(/7“20)26, Ko~ 2 Z ]
/?ﬂ t ZG @
4T =, (A Zp). (2I)

Ins onpelierexyd BeJAYMHH KpyTAuero MOmMeHTa My, BOBHEHKapD-

HEro OT CONDPOTHBACHMA CHA TPEHHEA IPYHTA 0O JOOACTH BUHTA, IpeI—
BapHTEHHO HeOGXOMEMO ONpeleNIATh SarpyuudBammee ycumme (puc.6),
Hoxoma 3 CcxXeMH pacRAgIMA CH) HA IOCKOCTHE BHHT&, MOXHO Balu-—
caTh,

frg = f@/cwd = Ncosx +f55'fza¢, (22)

OTCRA2

L f(7-F)

' o . . 2  §
Cosa +FSER A C0sa(Cosd  fsind)  Feosa (K-, Jeasatfsum)
(£3)

rme [ - RoadUMuMeHT TpeHds IpyHTa O CBa, AON.ef.
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JRCOEePAMEHTANLHEE BHAYEHHS YHCNa yIapoB C B 3aBUCHMOCTH

Tadmmm 1

OT BHJl&, BAAXHOCTH H I'DAaHyJIOMETDHUYECROI'0 COCTaB&a HeMepsJIoroe

[DYHTA

I'ryHT ['paHy 10Me TpHUYeC Kuit

COCTAB, MM
i
0,05 3,00

[IpocessHHHA TEeCOK - 7,0 93,0
Puxnas cynecsk 7 60,3 32,7
To =xe 7 60,3 32,7
Cynecy [mineBaTas IeI'KAfd 4.3 84,3 11,4
To xe o, 78,4 16,4
Cynecs Taxenad muaemaras 6,3 60,3 31,4
CYD/MHOK Cpenrmlf 18,3 29,1 0L,6
PacTrreapHas HIEBATAA
cyYmeck 11,3 81,7 7,0
CrneCs muueBarasd Taxensd 3,9 94,5 36,0
CYPRRAOR JHerruft 8,4 37,9 03,7
CYrmRHOK TaAxenni muueBaTH# 27,2 41,6 31,2
CyrMEHOK Cpennmit 8,7 27,3 08,0
Cynechk HuueBarTag AerRaf 4.7 82,0 13,3
U'ngHa muaepaTas OOONSO-
AeBHASA 45,3 43,9 10,8
CYPIHMHOK TsRe it
To =e

"X 22,67 57,59 19,74

" A

n N
OnNTEMATpHAS CMECh
(cymech 6,69 35,7 57,65
Cyrmaaox nerruft 8,47 32,I3 59,4

9,2
14,1
9,3
13,8
15,0
16,3
19,7

10,4
10,0
10,6
16,0
12,1

5.3

19,0
18,0
16,7
13,8
18,6
I5.5

14,0
6.0
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Ta6mua 2
JKCIePUMEHTEIBHNE BHAYSHNS ducna ynapos C IAq MEepBMHX PDYHTOB B B&BICHMOCTH OT ¥X BUIA,

TEMIEPATYpH, BIAXHOCTH

I‘p‘y H'; ‘[éﬁﬂoca?{f; L TennepaTy pa OC
1z [ i e R e O M T
Cymech 12, 40-50 5565 9095 140-155 I70-185  230-240 310-330
15,0  65-75  I05-I20 IS0-I70  200-230 270-290  330-360 420-436
19'0 7585  I40-160 200-230  270-300 340-360  450-480 500-530
28.0 65-75 I20-I30 I65-I90  2I5-230 280-300  400-420 460-480
CYEW= 10,0 28-33 3437 3640 40-43 43-50 5056 70-80
C 20,0 60-70  II0-I20 I50-I85  215-235 240-260 375385 450470
250 7080  IS0-I60 I95-220  250-280 320-340  425-460 480-520
300 6575  I00-II0 I40-I50  2I0-230 250-270  350-370 420-440
59,0  40-45 50-60 75-80 110-125 [65-175  220~240 285-315
Tmea I7,0  35-40 70-80  I00-II0  I50-I65 [80-200  250-27C 290315
24.0  55-60 90-I00 I25-I35  I90-2I0 220-235  270-283 340-380
310 65-70  I-I30 I40-I80  230-250 290310  290-320 380-420
49°0  40-45 85-70 90-I00  I35-145 180-190  235-245 280-310
{lecox 6,0 [2-14 [5-18 20-22 2527 28-30 3239 40)-45
8.0  25-30 35-38 40-45 50-53 5560 60-65 20-75
II,0  50-55 6570 85-90 95-I00 I00-II5  I20-I30 140-I50
180 I[50-I60 200-2[0 220-230  240-250 260-280  285-300 325-340



TaGarna 3

SHaueHMA KosdhdUmeHToB Sy B 3aBACKMOCTH OT
yIa 880CTpPeHUs IOHAcCTH ¥

— i . iy e E— — i e il —

YroJ 8aoCTpeHHUd ¥ , LPall

180 I

120 0,96
90 0,90
60 0,83
50415 0,81

Bei4nHa KpPYyTAUerrc MOMEHTA 1‘!{4, BO3BHUKSKIEro0 OT COIDPOTUB~
NeHUS CHJI TpeHdAss PPYHTa IO JION&CTH BAHTE, MOXET OHTEH HNOLCUM -
TaHa o cne,rrymeﬁ mopwne

M, //V(z+z )d F / //V/fo )edzdy = ZJ//V/(Z f

3 2 2
R, -2, K, -
"‘ZZC}’)Q/Z ZJ(N( Z < 'a 2 ZC Zg) =
J Pl
- 3 ]
Zf[?’-ﬁ) /?ﬂ"zg 2,
Iy +—.
coso (cosx + fsimx ) | 3(RP-22) 7 | (24)

SIHaueHne COoCTAaBISWe KpYyTSiero MOMEHKTa M5, BOSHYKEKEIO OfT
CONpOTHRJIEHM KacaTeJIbHHX CHJI CLUENNeHNA I'PYHTa 0O NOBELXHOCTH

JION&CTH BHHTOBoﬁ CBaK, MOXHO BHYACIUTE OO dopmyne (pirc.7)
2¥ R,

-Z/OJ/J’ (2+2, )dr= 2505/5 // 2 +

4 J?
r7,)dedy = m?j} / 2%+ zzc,)dz=

47T R -z, Ry -z,
=T 3 L Z{;), (25)

rge /3 - yron HakIOHa IIOCKOCTA BUHTA K ['OPUS OHTAH , ['PaL.

lomcTaBnAA sHAYEHAd COCTAR;LINIMX }; /Vz,/%, My, Ms
KpyTamero momedTa Mxp us dopmyn (I3), (I8), (RI), (24), (25)
B ypaBHeHue (©), [HoayyaeM
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Puc.7. PacyeTras cXeMa jAA OlpSHeeHAA MOMEeH
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7 7-P R -22 2] @
= - F— | ——— +— | +t— (R +
Mo ZF%:%,%/&‘ T, 1J(/?,72"Zj) 4 / (s
Zf(i"“ﬂ) r-/?_:‘-zg Zc 4./72_;
< 7 )f- /02 2y T o 7
¢l ppso(cosa +Fsuna) | 3R, -2, 7 | Losfs

Fﬁj_zg 2 & i " 7-P
X —t — |=2rel ) T hot—(F,+27.)+ at
L.J(/?ﬂz-z; Z J GJ-'-[ I/ Z 7 5’) / ﬂﬁjﬂ
L _ZHTP) (R Rt )
LOSK(COSK + f SinX ) £as [ jZ 5(/?;-25 7 (&)

[lo zroif dopMyne mopyvaswrca OoNlee TOYHHE pesyJIBTATH, HO U
OHa He MOXeT CUMTAThCA aCCOJOTHO TOYHDR M oTpaxamued BCe yC-
JIOBNA, BIAAKIME Ha Be/MUYKHY KpPyTAlero MOMeHTa MKp Ipu Horpy-
HeHM BHHTOBOU CBaH.

IUla IpaKTHYEeCKAX pPacyeToB gopMyna (26) MOXeT OHTH yiIpoume-
ga, Dc/M NDHHATE CleAymumde IOmylleHda ooSo =&/, Siax = 0
cas 3 =1, BEJITYMHA HSMEeHEeHId KOTODHX He CTOJb SHAUMTE JIb—
HO B/MAeT HA KOHEeYHHA pesyikTar pacydeTa, TO dopMmyna () Gymer

HMEeThE BUL

4 4
M., =Zﬁzf§g fejt 5 (Ry#2,)* ay +2F(T-F)

1.

- 77 7
YT R, 5)]/50? 'ZZ) Zé’/. (om)

Ina o6jerdends BHYMCEHU B IPAKTHYECRUX pacyeTax leje-
co00pasK0 IONESOBATECH COCTABJEHHHMM aBTOpaM Ha OCHOBaHMHA Op-—
myn (I9), (20), (27) nporpammamu pacdera Ha JUBM "Hampu" (cM,
apra, 1), pazpadoTaustuy #a ASHKE 3BTOLATAYECKOT'O NIPOrPAMLMDOBAHUA.

S



[Ippnoxenne 4

AHAIIRR GYLBCTEYXIMX ClIOCOBOB PACYETA
TEXHOIOIMYECKMX [TAPAMETPOB IIOI'PYXEHNA
BAHTOBHX CBAA

Jns1 onpeneneHAS BeAMYUHH KpPYyTAWEr0 MOMEHTS, KOTOPHE XOJ-
KHa pPa3BHB&TH MAIMAA [OpK [IOCDYXeHHMM BAHTOBHX CB8&#X B IPOYHTH,
IMEeOTCA CIelyimdae CIoCOCH M JOpMyIH pacderTs.

1. JopMyaa 114 olpeleieHEs KPyTaulero MoMeHTA OpH SaBHHYA-
BauMA cBaft no TYBC-55 I]mee'r CJe Iy kit BHX:

/T
Mo =16 25,0 K07, (28)

roe éj} -~ HApPyXHHE IHaMeTp CTBOJA CBaM, M;
/], - nEaMeTp BEHTOBCH JODACTH, M;
ﬁ; — YCHOBHO NPEHATHA Kos(WIMEHT HJIOTHOCTH I'DYHTA,
(Rna DaoTHOro rpaBrA ¢ meckoM A, = 50 1/M,
IAd CYrMHHKOB M I'JEH B TeKy4YeM COCTOSHMHM K} =
=25 17/m).

[Ipg DOrpPYXeHAXM BEHTOBHX CBA{ OKABANOCE, 9TO (ARTHISCKHE
BeJUYXHH KpYyTAOMX MOMEHTOB SHaUMTeIbHO OTAMYAKNTCHA OT BHIMCJISH-
HHX 100 fopmyne (28) B CBASH ¢ 9THM OHIM NDOBEXEHH CHel—
alpHHE HCCIeNOBaHAA 10 OlpeneJIeHAD KpYyTAMX MOMEHTOB, BO38-—
HERAKEY [OpM NOrPPYXEHMNM BAHTOBHX cBaA MauuHo# M3C-I3 [SI.BaMepH
OPOMSBOIMIN TEHBOMETPHYEeCKMMH HpHOOpaMH C OCIlAnorpadeyec KuMH
saACcAMM Ha IJIeHRe, JUKCHDYIMEMY BeMYMHH RPYyTAINX MOMEHTOB
Ha RapnaHHoM Bajy ManzHu M3C-I3 m Ha cBae, CROpPOCTE BpaleHHHA
CBa&H ¥ YHCJIO OOOPOTOB KE&DAAHHOro B&aJa. {IpH 9THX HCCASIOBA&HHAX
B I'DYHT SaBHHYMBSJK CBAd CO CTaJbHHMH TRYOYaTHME CTBOJSMH ITHS&—
MeTpoM <13 MM M BHHTOBHMM CBApHHME JoOacTaMy nqHaMmerpoM 800 =
I0O00 mv. Pe3ynpTaTH HCCNEeJOBS8HMA npuBeneHH Ha puc.8.

Ppaduks Ha puc.8,8 ¥ O DOKE3HBANT, YTO B Ha4Yale NOrpyxe-
HAsf BHHTOBHX CB8&# B [eCYaHHE ['DyHTH, BHYMCHEeHHHe 0O {opMy e
(28), BeJHEYMHH KDYTAIMX MOMEHTOB MKD SHAYETEAbHO [IpEBHIAKNT
KPpyTsde MOMEHTH, 3aMepeHHHe TeHsOMeTpHYeCKHMME NpROopaMd. IlIpH
qalpHeleM 3arayC/ieHEd CBAA B PPYHT 3aMepeHHHe KDYTAiHMe MOMEH-

TH, HAoO0O0pOT, CTAHOBATCA CONbe BHYMCAGHHHX H Ha rAyoHHe 4,95M
IpeBHMaeT HX B < pasa.
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PiC .8, L'paQiiF.: BemddlE KDy TAdiX MOMEHTOB MKD, BHUYJCIIERHHX IO
Sophyle (¢3) i OlpelleseHsEHL 10 Ipudopanm:

g - ong cpez ¢ Ly = 1000 T = <19 WM, TQrpY:eHHOX B[}}}l T—
4 ecoi ClCe.He i XTYIHOLT:; - —~ nAg cpay ¢ 4, = 8U0 MM, &;
MM, ODDy .HHO. B NECOX CLe,He.! KDYIHOCTI; B -~ AAA CBAL,
JONpY.-EHHO, B MOPE.IHil CYDLUINOK: === = IO TEH30MEeTDIAYECKIM
DDECopall; —— = [0 LOJNAR Flen )

—
p—

>0



g cBad, OOCPYXEHHOX B MODEHHHA CYIVIMHOX, BENKUMHW KPYTHA—

X MOVEHTOB M., BHUHCIEHELC [0 GODMYJe (28), Ha Bcex [ayOii-
EaX 10 5,8 i, OpeBuwarT B l,4-<,0 pasa KpyTsauMe MOMEHTH, 3aMe-
pEHHHE TEeH3OMeTpHYEeCKAMH Ipdoopam#, OpaAveM Ha:CCAeras pasSHy~
ja HalJmnaeTcs B Hauale OOLPyHeHWs cBar (cM.puc.5,0).

2.0opMyna A.d.JOpyOH 4 .4 HUCTAKOBA T4 OIpeleeHUS BeJLI—
YHHH KDYTAUCrO MOweHTa M . [PU [OrPY4EHMA B [PYHT BHHTOBHX
cBa, IMeeT BHUI [EJ: ‘ ,

o2
Wy =2F HE +4I8HF 75 (R ~20) 4 Ky [6,, 5 #

Z LJ
y W0 | g9 Hal-6 |
/C:/;J'“FE £ *FG
oe ]"-—“Qﬁ#ﬁ(/?j— Zj)é? *4{745{/673_ Z;)/

(p — Cpeldas TOMIMHA NOIacTii, Iis
F, u F,- COOTBETCTBEHHO IOWALL CTBOAA A ;I0NACTI, :<;
J, — oOeMHEA Macca IpyHTa, 1/:4°;
F - Macca MexaHiisMa I CTBOJA, T
7 — TpeHude O CTBOL IpM 38B.IHYUBAHUL, [IDIHANMAEMOE
paBHHM 25 -305 CTATHCTMIECKOLO SHAYEeHUA er0 B gai-
HHX [pyHTax, NOM.eX.:
]C — KO3 (QHILIEHT TPEeHIA, LON.€X.:
K, — XpUTHYeCKUe HANDARCHAS CIATAA IPyHTa, /4°;

K ~ DAyOHMHa [OrpyXeHmda CBgH, M.

{09 peHT TPeHHs [ MOZET ONTH Hp.IHAT DaBiN:::
IS [IeCKa CpelHed XpYHNHOCTH —0,00-0,0;
IJid IeCKa CyXoro —0,22-0, <0;
IJiA [1eCKa BOJOHACHLIEHHOI'O —0,9=-0,3%;

INA MIYH ¥ CYDINIHHKOB BOINOHACHIeH:mx —0.2-0.5

cHayedua K, KPMUTHYECKUX HANPAKEHMA CAAT4A C yueTOk
I'1YOUHH CBA8M LOTYT OHTH NPUHATH DABHHMY -

AJl MEIKO3EPHUCT OI'0 lecKs - 200-300;
A1A CPEJHE3EPHUCTOr'0 NEeCKA ¢ BHIO-

YeHUEeM IaJbKH, I'PABUA — 30U—400:
LA CyNecH ~ I50-¢50:
LJIA TJAMHH H CYIVIMHKA MNJACTAYHOIO - I50-¢C0.

s



dopMy iy (29) HpHMEHSNM OpH [NOrpyxeHuy cBafl RadecTanaMu.
[IpE HCHONBSOBSHMM JUIA NOIpYyXeHus cBaidl MamuuHH M3C-~13 BemaurHl
Mxp, noxygaemue 0O GopMyle, SHAYUTENBHO OTIMYAKNTCA OT K3ME -
peRHHX.

[Ipr ompeneneHMK IO OfiHO#t M3 yrRasaHrHX JopMmyn (28), (29)
Be JITYMH KPYTSI¥X MOMEHTOB, HEOOXODUMHX IJIT NOPPY#EHNS BHHTO-
BHX CB&i, clelyeT MMeTh B BUNY, YTO BeMYMEH MKD 8aBUCAT TaK~
Xe OT pAfa HeyYTeHHHX (aKTOpOB:

a) Be/MYAHH OCEBOI'0 YCHIMs, pPASBMBAEMOI'O MAILMHOA B IpO-
ecce MNOrpyXeHdsd;

¢) BHga MaTepHasioB, W3 KOTOPDHX HBI'OTOBJEHA NOrDYyxaeMas
BUHTOBAA CBAA;

B) NPaBHJIBHOCTE reoMeTpHYeCKHX fopm IONSCTH ¥ CTBOJA;

I') CROPOCTE BpauleHEA CBa# OpU DOI'PYyXeHKH;

I) KOHCTDYKIMM SaBEHYABAKMEN YCTaHOBKRH;

e) coocoda sameMAeHRS CTBOJA CBaX B MalldHe;

X) clloco6a MOrpyEeHEsa CBad (88 [OJIOBY MM C [IOMOMBED HH-
BeHTapHO#X TpYyCH) .

llepequc 1eHHHe ($AKTOPH COBJANT OYEHp CHIOXHHE YCIOBEA pado-
TH OPK NOPpPYyXEeHHHM CRall, TPYIHO NOILNAKMEecs pacdery.

Kak norasaji KCCJAENOBAHHSA, BEIMYHHH KPYTAMMAX MOMEH-—
TOB, ONpeNeJIeHHHE II0 aBRAlMATHIeCKMM FopmynaM (28), (29), sHaun-
TeIbHO PACXOUATCA ¢ (aRTHYECKMMHM Be/ MYHHAMA KQYyTAIMX MOMEHTOB,
Tpe0yOmEMI IXA OOrPYXSHAS BHHTOBHX CB&A B [pPYHT,

3. Popmyna M,I.Hponosa nusg onpeleleHEs KpyTANEX MOMEHTOBR
NpM OONPYEeHNM BUETOBHX CBail BHIAANET CNeXykmEM o6pasom | 3 ]:

My, =190 HE; secp +[2[( T-P)G2a +G7FR, )t575R, ). (30

rue 77=J735f@,,/m-?‘2/'7‘25//‘2} ~ peaKTHBHH{t 0TGOp LpyHT&, T;
/0 - Yy['OJl HAKIOHA OCH CBaAM K BepTHUKA—
M, I'pag.

dopuyna (24) maeT SHEUMTENBHO MEHBUMH NDOUSHT DaCXOXIEHHAS
C ONHTHHME NAHHHMW 10 cpaBHeHED ¢ fopmynamm (28), (29). Omraxro
H sTa ¢opMynia He yIATHBAET BCceX (AKTOPOB NOIDYXSHHMA BHHTOBHX
cBait @ B YACTHOCTH CONDOTHBJIEHME DPOBAHUND I'PYHTA IONACTHEO, KO-
TOpOe, KAK YBHIAM Ja/biie, COCTABJAET COMALHYO AOMD olmero Kpy-
TANETO MOMEHTa, SHAYEHURB MKP , onpenenexHuioe no gopuyine u,A.Mpo-
AoBa, nake yBeamdenusoe Ha 20%, ZaeT Pe3yNLTATH HA I10-50% HuxE
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SKCIIEDHMEHTRABHHX, 3aMKEDE-UNY TU3OMETIAYCCHUNEL FPKO0pANHN C
OCLHUIACTPAMUECKMME  SangcsALyY H2a niesre (Taln.n).

3 CBfsSH C TeM 47O qopmyra (30) faeT 60jee TOYHHE DEsylb-
TETH IC CpaBHEEHID ¢ ¢opMynama (Z8), (29), orpaHsuimcd NDOBEp-
KO pAcYeTHHX 3Hauedwd A CJaBHeHHEeM De3yIRT8TOB, IOMCUITSHHHX
1o dopumyne . L./ADOKOBa 1 dopmy e (27) HacTOALIX PeKoMeHza—
M, B Ka4ecTBe CAKTIMNECKAX 3HIUSHM XDYTAMIX MOLEHTOB IpHMEM

KCIIEPEMEHTALEHRE J8AHNE .del.APOLOBE, OOMy4YeHHHE, 10 MHe-
HUX aBTOp&, C BHCOKC/ TOYHOCTEK ONpeLeNeHlig. «CXOIHHE IaHHHE
I DACYeTOB [IpHBEISHY TaM Re., 3 CBASH C TeM, YTO B KCXCHOHHX
TaHHHX D1 pacyeTra KoYy7siMX MOMEHTOB OTCYTCTBYNT BHAYEHNI OCS-—
BOPC yCU s, NPEIBapPUTEABHO OO Jopwyae (30) olperme M Be nIdil—
HH BEABIBAWOMX HAIDYSCK Ha BUHTOBHE CRax. CBeleM “e3VIETaTtH
onpenefie:ilg OCEeBOI'O YCUIAS M MCXOLHHE IasHHe Mg olperneleHusd
XPyTAX MOMEHTOB B Tall, 4.

OapeneniesHye mo gopMyne (27) ¢ nomompn 5.3M "Hazpa"  mo
nporpaMve pacdeTa KPYTAWEro MCOMEHTa IIA HOrPYREHHIS RIZHTOBHX
cBail B HeMeps/NHe PpyHTH X gopMyne (30) pesyinenaTy  DacdeTOos
TpUBEJEHH B T&CN.D0, HA OCHOBAHMM KOTODEX SOCTPCEHE:r Ipaduxi
cpaBHeHus pesyApTatTek (puc.9, IQ),

ANg OUEHKM COQTBETCTBAY BHAQUEHMA,pACCUTAHHOMO (10 JOp-
My JIaM, ¥ BKCIEePUMEHTATRHOI'0 ShAYSHMS,IOCTPOAM TaK HASHBAEMHE
mEaroHaseHHe rpaguru (puc,.ll-I3). .cxoms U3 apennuciomesis, UYTO
pacilpefenicEle CJAydYaZHHX OTKNOHEeAME MOLuIHAeTCH HODMAJEHOVY 3a-
KOHY pacrnpeleneHls 1'aycca, CTENeBb HAAEexHOCTHE 2HAIUTAYECKUX
peue: B [EIOM MOXHO OHEHHUTH C [IOMOIBD OTHOCIITEABEOU NCI'DPEeL-—
rocta omwToB &, Kow{{dipleHTa Koppensmicdt Z 00 L CpenHero
KBaIpaTvyHorc OTKAOHERMs O  (Tadi.6). Ipruewm, NpuBerexHKe
B 7a0/1.0 3Ha4YeHUdA YUCHCHHHX XaPAKTEINCTUK HANEXHOCTU Teone i~
MeCRIX DeueHuli LAy MR OTIeMBHEX omTop & a1 ¢ ", cpax &,

* 2

né‘z,ppyHTmf 2 &3 ;5;Y(§'Zx122 fz

2 r /
[ICJIHOZX Cepr¥ OIHTOR 54‘ 41 c‘ : 5 A 53 ; Zz o Zzz "
2
{ax BEIHO X3 TaON.6, MeHBNAS TOPfEMHOCTB CIHTOE (4,
GONBLILY KOpQAUIMSHT XOppe i Zz X MeHpLile CcpepHeKBanpa-

2
THYHHE OTKIOHEHMA o 2 AQT 3HAYCHHA KDYTAMX MOMEHTOB, [OR—

CuuTaHHue 5O fopMyNe (27) HacTOSmMX PeKOMERAAINNi, YTC NO3BOMA-
eT DeRCMEHIOBATE €€ B JHEEeHEDHHX pacyerax.
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Tatmina 4

Mexonuue RaHuHe U SHAYEHNMSA OCEBHX YCWIM IJA olpeleleHUs KPyTAlUX MOMEHTOR

I'nydnra |{UpyHT| I[lapaMeTpH BHHTOBHX CBAiH Pacuer~ |PacyeTHune xapaxTepucTURI
orpy Re- Tuaverp| Iuamerp| linpuss| llar Bus~| Yron pe-|Yrox sa~|,0% SHA

o creoya | JonacTH| pesa- | Ta Jona-| saHUd Y, | OCTDEHUA| (o on S

’ o 1CM Encm HUA 5; CTH a,CM| rI'pax ONSCTH VOIS

CM ¢ ,rpany’p T,

2,93 Cvrm— 93,0 80,0 6,0 16 135 I 2,37 0,4 120 Q0 13
2,39 Hﬁgo_ - - — - _ _ 3,15 135 2,5 -
4,36 ?xynac- - _ _ . o 3,5 70 2,8 -
59  THMER ] } ) - ) I.9 —~ 190 2.9 —
6,2 — 5,6 ~ 205 3,0 —
2,5 — 33,0 80,0 6,0 IS I35 I6 3 0,4 100 225 13
3,9 _ 5 _ ~ B 2.5 O IB0 2,0 —
4,7 _ o 3,7 I8 2,656 -
1,7 - 21,9 80,0 o,U 16 135 14 4,04 0,4 70 1,35 I3
2.3 = - - — — ~ 4,95 - 95 2,15 —
3,7 - B ) - - - - 6,27 —~ I50 2,65 —
5,5 - - ~ } = - 7,94 - I 3,0 -
5,8 — B B - 8, [ . 97 5,1 -
I.1 — 21.9 I00,0 7,0 20 135 12 I,uU9 0,4 55 1,55 I3
2.9 -~ - : : : ~ 4,06 — I20 2,4
5,1 ~ - 4,23 — 195 2,95 —
5.9 — — ~ - - - — 4,8 — 197 3,0 =
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Tabmua o
RyaueHus BEeJIMUAH KDYTAIUX MOMEHETOB

1518 BeJ9UHH KOYTAUKX MOMEHTQB LKp, TM
Il 40 q o {27 - _
1 0,19 0,97 7,2
2 0,80 6, 7U 8,2
3 7,8 8,70 9,4
4 9,406 10,57 i0,9
0 10,006 I,ee 12,4
5 4,03 4,770 $
! 6,92 7,87 7,5
S 8,4 9,41 8,0
9 I,0L 1,42 <, 0
1 1,66 2,00 3,2
I 3,01 3,35 4 2
12 4,56 4,83 4,0
13 4,89 0,14 4.7
i 1,83 2,5U <
8o 3,04 4,20 SPYAS
C 5,08 6,99 8,0
L7 7,10 7,902 3,1
i8 9,0 9,94 7,C
i3 Il,2e 12,75 11,86
20 12,45 14,15 12,5
PAl 12,76 14,04 13,4
<< 4,59 4,07 3,2
23 7,18 7,56 0,0
24 1I,15 11,36 &, 2
20 12,8 12,98 13
23 12,95 13,16 13,9
Al 10,44 3,87 1L, 0
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