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METPOJTOrl1-IHA ATECTAIJ,f.513ACOEY BMMIPIOBAHHJJ OEEPTAIO-YMX 
MOMEHTIB POTOPHMX CMCTEM 3 BPAXYBAHIDIM MDKHAPO.lJ:HH.X BMMOr no 

OUIHIOBA HRH XAPAKTEPMCTMK JJKOCTI 

Tanpononoeano .11e11100UK_V .lle111po.102i<11-1oi' amecmauii sacooie eusiiptoeaue. nxa notiyooeaua Ha ocuoei 
.11i.)1c11apoo1111x 611.1102 oo 011i111oea111m xapaumepucmu« sucocmi euuipioeauu, UfO ooseonsc pospaxoeyeamu 
.11i:JIC/106!J)Ol//-l/fl/ inmepean 3B 3 euuopuctnaunst.u «onuenuii 1-1e61131-ta'le/-lOCl11i euuiptoeane. BuK0/-10//0 
011po6m1i10 sanponottoeanoi ,Hemoo1111111 .11empoJ102i,111oi' amecmauii 1-10 sacotii euuiptoeaunn 
otiepmaioonx .voxteumie pomopuux cucme:a. 
K't10•10ei c.toea: .uetnpo.tozi-uta a111ecmm11R .. uitucnoeipounuii iumepean, couicms euuiptoean», ssicm» 
cuwiptoeanu, cmanoopmua ueeusuanenicme. KO.ll6i1-1oea1-1a ueeusuauenicm», p0Ju1Upe11a neeusnaueuicmu, 
ooepmatoui .110.11e//mll. 6,00;;1cem neeusnaueuocmeii. 

ae U" - nanpyra, 51KOfO )l<HBHTbC51 MOCTosa cxexra cencopa 3yc1111JI51 (U,, = 6,5 B ± 0,25 MB); R - 
onip MOCTOBo'i cxevu TeH30pe3HCTOpis (R = 3,25 ± 0,01 KOM); l - ,ll0B)Kl1Ha BHMipfOBa.JJbHOro Ba)KeJ151, 

N2 i, 2014 

Y LlK 621.3 17 

BCTyn Ta nocranoaica aana-rl 
Ilpn nonanui peayrn.rarie Bl1Mij)fOBaHb fTOTpi6Ho 33.3Ha4aTl1 xinsxicne 3Ha4eHH51 51KOCTI 

ekcnepnvenry TaK, w.06 MO)KHa 6yno nopiBH51Tl1 "ix 3 iHWHMH pe3yJ1bTaTaMH BHKOHaHHMH pi3Hl1MH 

nafioparopiaan y pi3HHX xpauiax CBiTy [ I - 4]. Tovy nin -iac HayKOBHX nocninaceuusx 51KOCTi 

pesynsrarin BHMip10BaI-1b nouirn.no BHKOJJHCTOByBaTH npHHH5!TY Mi)I<Hapo,UHHMH opraaiaauiann 3 

MeTponori'i Ta CTaHJJ,apTH3aui'i xouuenuno HeBH3Haqe1-1ocTi. OnHaK, )J,O csoronaiunu.oro ,[lH51 He 

p03po6ne1-10 MeTO,[lHKH BH3Ha4eHH51 Mi)KfTOBij)04HOro inrepsany sacofiia BHMip1-0BaJ1bH0°i TexHiKH 

(3BT), mm 6 cnnpanaca Ha Mi)l<HaponHi BHMOrl1 ,llO ouiHI-OBaHH51 xapaKTepHCTHK 51KOCTi BHMij)fOBaHb. 

Toray, pospofixa MeTOJJ,HKH BH3Ha4eHH51 Mi)1<nosipociHoro inrepsarry 3BT Ta BHKOHaH!-151 Ha Ti 

OCHOBi MeTJ)OJIOricrno'i arecrauii sacofiy Bl1Mij)fOBaHH51 o6epTal-04HX MOMeHTiB j)OTOJ)HHX CHCTeM (PC) 
e Q/011)lOJ?bNOIO /-IO)'K060/0 npo6!le,11010, BHpiweHH5! 51KO'i )J,03BOJ1HTb CTBOJJHTH MaTeMaTl1'-lHl1H anapar; 
5Jl(Hl1 3a6e3ne4HTb (,[(HiCTh BHMipfOB3Hb Ta aarrpotiysain, i ni,nBHLI.\HTb KOHKypeHTOcnpOMO)KHiCTb 

BiT'-1113H51HOi' nponyxuii Ha CBiTOBOMY pHHKy. 

3 OrJJ51,ll)' Ha Bl1ll\eBHKJ1a11eHe, "We/11010 cmammi e CTBOpeHH51 MaTeMaTH4HOfO anapary ,llJ!H 

BW311aLJeHH51 Ml)l(fTOBipOLJHOro urrepsany Ha OCHOBi Ml)l<Hapo,UHHX BHMOr ,llO OUIHfOBaHH5! 

xapaKTep11CTIII( 51KOCTi BHMipfOBaHb Ta i1oro anpofiauis nia LJaC BHKOHaHH51 pofiir 3 MeTponoriLIHoi' 

arecrauii sacofiy Bl1Mij)I-OBaHH51 (3B) o6epTaf04HX MOMeHTiB poTOpH11X CHCTeM (PC). 
AHaJ1i3 CTaHy 1lOCJ1imKeHb 'ra nyfinhcaulii 
Bi,llOMi po60TH [l - 5], B 51KHX p03rJl5!HYTa saransna reopis ouiHfOBaHH51 Ta BHpa)KeH51 

HeBK3HaLJeHOCTei1 Bl1MipJ-OBaHb. 0,nHaK €.ll,HHOrO ninxony Ta MaTeMaTH4HOro anapary )J,JI51 

MerponoriciHoi' arecrauii 38 o6epTaf04HX MOMeHTiB PC ia BCTaHOBJieHH51M Mi)I<OOBipo4HOro iHTepBa.JJY 

Ha OCHOBi xoauertuif HeBH3HaLJeHOCTi BHMipJ-OBaHb B icHyf04HX nireparypnnx ,ll)Kepenax He icnye. 

Tovy nouim.no sanpononyaarn i on11caT11 MeTOJJ,HKY MeTponori4HO'i arecrauii 3BT i3 BCTaHOBneHH51M 

�li)KfTOBipOL!HOro i-rrepsany Ha OCHOBi xoauenuii HeBH3Ha4eHOCTi Ha KOHKpeTHOMY npnxnani - 

xietponori-miii arecrauii 3B 06epTa10L1HX MOMeHTiB PC. 
B11KJ13)l,CHHSI OCHOBHOro MaTepiaJiy 

PiBH51HH5I BHMip1-osaHH51 3B o6epTafOLJHX MOMeHTiB ELl B CTaTl1LJHOMY pe)KHMi po60T11 onacyerscs 

B11pa30M 
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Ta6,111u,51 I 

.izl, ---- = 19,27. 10-3 HM. 
(n-l)n 

p C3YJ1bTaTH eiccnepassea ram.nnx 1-0CJll.[J,'.IKCI-lb 

N2 3HaYeHH5l N2 3ttaY:eHH5l Mi 3HaY:eHH51 
[], MOMeHTY, HM MOMeHTY, HM MOMeHTY, Hl\1 

n. 
1 10,09 8 10,18 15 10,04 
2 10, 11 9 10,06 16 10,05 
3 10,05 10 9,849 17 10,03 
4 10,07 11 9,908 18 9,879 
5 10,13 12 10,07 19 10,11 
6 10,08 13 9,919 20 10,06 
7 10,12 14 10, 11 21 9,964 

BULLETIN OF ENGINEERING ACADEMY OF UKRAINE 

BICHHK IH)l(EHEPHOI AKAD:EMII YKP AIHM 

CTAHD:AP1113AIJ,I51, METPOJIOrI5T f CEPTM<llIKAl.l,f5T 

.D:ani Bl1KOHaE:MO ou,iHIOBaHH5l CKJJaJJ,OBl1X CTaHJJ.apTHl1X HeBl13HaY:eHOCTeH Tl111Y B, 511':I 

np05IBJJ5llOTbC5l sa paxyuox HeBl1JIY'-!eHl1X 3aJ111WKiB Cl1CTeMaTl1'lHl1X etpexrin. 
OcKiJJbKH, no cxnanoaux enevenria 3B ofiepraio-nrx napaverpis E.D: BXOill1Th ceucop 3yc11JJJJ5l, TO 

ouiHHMO CKJJa.[(OBY HeBl13Ha'-leHOCTi Tl111Y B, uio BHOCl1TbC5l cencopov 3YCl1JJJJ5l sa paxyuox icuysaaaa 
neaany-renoro 3aJI11w1<y aaeneuoi nox116K11 y =O, 15 % 11p11 .ni'i Ma1<c11MaJJbHOro 3yc11JJJJ5l Q"=20 Kr aa 
cpopMyJIOIO [5] 

U = yQH = 015% 20 = 8,67 .10-J xr. 
C

3 ml00o/o ' 3 46 · )00o/o 
BpaxOBYIOY:l1 Te, uio 'resmeparypa potio-uix YMOB 3aCTocysaHH51 CKJia)J,OBMX eneaearis 38 

ofiepraro-mx napaverpis E.lJ: 3HaXOill1TbC5l B Me)KaX BiJJ. - IO JJ.O + 40 °C, T06TO MaKCl1MaJJ£,HO MO)KJ!HBa 

3MiHa renneparypa cxnaziae t.t = 50 °C. A is cneuudiixauii na Macwrn61rni1 neperaoprosa-r 
( onepauiiiuaii niJJ.Cl1JIIOBa'-1), 5lKl1H e CKJiaJJ.OBHM eJieMeHTOM Bl1MipfOBaJ1hHOro xauany 33Cl1J!JI5l, Bi.[(OMO, 

uio .npei1cp nanpyrn 3Miw,eHH5l HyJU1 onepauiiiaoro nincnmosa-ra cxnanac U," = 9 HB/°C, TO 

TeopeT11Y:HO MO)KJJHBY (MaKC!1MaJJbHY) crannaprny HeBH3Ha'-!eHiCTb T11ny B o6yMoBJJeHy .npe11cpo;v1 

uio 3'E:IlHYE: BaJJ annpofioeyaauoro E.D: is ceucopov sycanns (l = 1 M); t.U - nanpyra Ha BHXO.D:l 

ceucopa 3yc11JJJJ5l (sxinaa uanpyra Macwrn6ttoro neperaopiosaua); U, - uanpyra Ha suxoni 
Macwrn6Horo nepereopioaaxa (onepauiaaord nincarnosasa); "k - xoediiuicur nincunenns 

onepaniiisoro nincanroaaxa (k= U.I t.U = I 03); ST - '-lyTJJ11BicTb ceucopa 3yc11nn51; U O - onopua 

uanpyra AUIT (U0 = 3 B); rn - pospanaicrs AUIT (rn = 16); N - KiJJbKiCTb ismynscia Ha s11xo.ni AUIT, 
mo ainnosinae 3HaY:eHHIO Bl1Mip5IHOro MOMeHTY i Bl1BO)J,l1TbC5l Ha JJ.l1CrIJJeH [5, 6]. 

Ha OCHOBi nposeneuax eKcnep11MeHTaJ1bHl1X Bl1MipIOBaHb 3pa3KOBOro MOMeHTY (Ta6JJl1U5l l ) 1-1a 
aepxaiii Me,Ki Bl1MipIOBaHH5l, pospaxycao CTaHJJ,apn1y HeBl13HaYeHiCTb runy A sa cpopMyJJOIO 

nanpyrn 3MiI..QeHH51 tty1151 onepauiiinoro ninc11.J1IOBaYa B npunyuienui npo piauosnpuicn, saxony 
poanozriny Bl13Ha'-111MO sa cpopMyJJOIO 

k�t J ' 50 -9 u =-U =10 -9·10 =130,06 MKB. 
B,t Ju 3M 3,46 

Cranzraprny neamuaxeaicn, rnny B, mo o6yMoBnetta 06Me)KeH010 p03p51.n1--1icT10 AL(IT 
nocninonnoro Ha6JJ!1)KeHH5!, 5lKl1H ni11CYMOBYE: xinsxicrs iMnyJJhCiB, WO HallX01151Tb Bill reueparopa 
TaKTOBHX ismynscia (Ha5lBHiCTJO 30Hl1 nexyrnaaocri AUD) h = U O 

/(2111 -1), npu onopuovy 

3Ha'-!eHHi uanpyru U 
O 

= 3 B i p03p5!IlHOCTi rn = 16, B npurryuieui npo Tp11Kyrn11i1 3aKOH po3110,1iJ1y 

nox116K11 KBaHTyBaHH5!, BH3Ha'-1!1MO aa <popMynoIO 
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(5) 

(6) 
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MaKCHMaJlbHOi" 

MKB. 

is spaxyaaans« 
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... , 

1', 

±0,25=014 
J3 ' MB. 

= E\ = ± 10 = 5 77 
UB.R Jfj_ J3 , OM. 

U 13.Elu 

-�- ±0,01_577 
UB,I - Ju - J3 - , MKM. 

·-· CTAHJJ:APTH3AlJJ5I, METPOJIOrI5I I CEPTWDIKAIJ,151 

. . 
HeBW3HaYeHICTb pe3yJJbTaTY BH:Mlp!OB3HH51 Kovfiiuoeaay 

L()'T.ll!BOCTI. 

KoM6iHoBaHy crannaprny neamnasenicn, T11ny B is BpaxyBaHH5!M poapaxoaannf amue 
CKJJa,!J,OBl1X CTaHnapTHWX HeB!13Ha'-leHOCTdi rnny B, 3HaiI.ueMO 5JK n0311THBHI1H KBa,n:paTHHH xopius 3 
KOM6iHOBaHOl .Llvtcnepci"i" T11ny B, 5JKa om1cyE:TbC5J cpopMynmo 

2 (oMB )'.' 2 (oMB J'.' 2 (oMB )
2 

2 (oMB J
2 

2 u---u +--u +--u +--u + 
l3c - OQ C3 OLJ a 

13,t Ol11 B.m OUM B,0u 

+ (a;,)' [u ,,,' + u '·''' l+( a�.)\,,'. (IO) 

.ne oMB = I =98l(M2J· oMB -- 4RSTUOgl N--333(HM)· 
oQ g ' c2' oU" - kU,,Ua{2111-l) - ' B' 

oMIJ =- 4RS.,Uogl' 21l1Nln(2)=-6,93(HM); oMB =- 4R�TUOgl N=-1.54(HM); 
om kuJ2111 -1)- B au" kUM-(2111 -1) B 

aMB = 4STUOgl N=308·10-3(HM)· aMB = 4RSTUOg N=lO(H) xoerpiuiearu cR kUJ2111 

- 1) ' OM ' al kU.,(2111 -1) 

ni,n:CTaBJJ5I!OLJH pospaxoaani 3Ha'-:leH!-151 xoediiuieirria YYTJJHBOCTi Ta CTaHnapTHHX 
HeBl13H3'-IeHOCTeii runy B y piBJ-15IHH5J ( I 0), OTpHMaE:MO 3HaYeHH5l KOM6iHOBaHo·i CTaH.U3pTHO.i 
HeBM3H31:!eHOCTi runy B, U(O CKJTa,n:aE: UBc = 86,89 · 10-3 HM. 

OcKiJibKM, is rexui-ruof noKyMeHrnui·i Ha ceucop 1yc11JTJT5J ainowo, wo nonycrave sinxuneun» 
onopy MOCTOBO°I cxeM11 cxnanae GR = ±0,0 I KOM, TO craunaprua HeBM3Ha'-!etticTb nmy B, 51Ka 
Bl11111KaE: sa paxyuo« neannysenoro samnuxy cacreaarusnoro erpexry, noa'manoro 3 MO)l(JlI1BI1M 
BiJ\XHJJeHH5JM onopy, cxnanae 

x� 1.2014 

Crannapruy Hesw1HaLJeHiCTh runy B, wo ofiysronnena reraneparypuoro nox116Ko10 onopy 
TeH3ope3I1CTOpiB npu MaKCl1MaJibHO MO)KJlWBiH 3MiHi renneparypn OTOLJYIO'-!Oro nosirpa t.t = 50 °C 
Ta Bi):(OMOMY revneparypuovy xoerhiuicary onopy, WO cxnanac at= 2,5·] 0'6 K-1, MO)l(Ha BH3Ha'-IMTl1 
Ha ocaosi piananns, 5JKe anpascae sanexoricn, onopy sin revneparypa R = R0ait.t, aa cpopMyrroIO 

at l�tl -6 50 3 
U8 Rt= Ju, R = 2,5 · 10 -3,25 · 10 = 117,41 MOM. (8) . ' 12 3,46 

Crauziaprua HeBW3H3'-!eHiCTb 'rnny B, WO o6yMOBJleHa H351BHiCTIO nesnny-renorc Cl1CTeM3TI1'-IHOro 
ediexry CTOB' asauoro j3 1-Ia5!BHiCTIO noxw6Kw BI13H3'-!eHH51 .UOB)KHHI1 BHMlplOBaJJbHOro aaxcens, 51Ka 
.JOpiBHIOE: t.1 = ± 0,01 MM, CKJl31l,3€ 

TaKmK i1 cneundiixauji Bi,n:oMo, wo nonycruae ainxnneuaa uanpyru 1l)KepeJJa )!(11BJJeHH5! cencopa 
1ycv1J1.1151 cxnanac Gu" = ± 0,25 MB, a CTaH1lapTHY HeBH3Ha'-!eHiCTb runy B, 5!Ka o6yMOBJJeHa TaKHM 
ainxuneans nanpyrn Bill HOMiHaJlbHOro 3HaLieHH5J, B npunyureai npo i:\oro piBHOMipHHH posnonin, 
l\lOiKHa ouinuru sa cj)OpMyJJOIO [18] 
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excnepaaeirransnoi HeBl13I-!alJ:eHocTi nmy A Ta KOM6iHOBaHOI I-JeBH3HaYel-lOCTi rurty B poapaxycno 
aa rpopvynoio 

( l I) 
.IJ:1151 pospaxyaxy posumpeuoi HeBl13HaqeHOCTi, uio 6yJJ.e HOpMyBanIC51 B rexnisuiii JJ.OKyMe1naui"i" 

Ha 3B ofiepransnnx napaverpis E.IJ:, pospaxycvo ecpeKTHBHe -urcno cryneuia BiJlhHOCTi sa cpopMyJ1010 

u: 2088,994 9100 V etf = ( n - 1) 4 ( ) = 4 = . ( I 2) 
UA M 19,27 

.IJ:a11i aa nonoaoroio rafinnui CTbl-0.UeHTa Bl13HaLJHMO xoediiuic-rr OXOl1JleHH51 kp sa JJ.OTIOMOfOJ{) 

3HaqeHb erpexraeaoro '-IHCJla cryneuis BiJlhHOCTi Ta nosipsoi HMOBipHiCTb, 51Ka npHHH51Ta piBHOIO p = 
0,95 Ha OCHOBi iH<:popMaui"i npo HMOBipHiCTb ananoris (niJJ.TBepJJ.)KeHa BHnpo6yBaHH511\H1), Ta 
.uopiBHIOE: kr = 1,96. 

3Hal0'-ll1 xoerpiuicnr OXOTIJleHtUI Ta KOM6iHOBaHy HeBH3HaYeHiCTb peaynsrary BHMipIDBaHH51, 

OTpHMaE:MO ])03I1111peHy HeBH3Haqetticn,, lll,O HOpMyBaTJ1MeTbC51 B TexHi'-IHiH )lOKyMeHrnui"i" Ila 

.uocJ1iJJ.)KyBatt1111 3B ofiepraro-mx napaverpis E.IJ:, 51Ka ,11opiBH1-0c 

U11 =kruc =l,96·889,99·10-4 =0,17HM. (13) 

Ha OCHOBi Bl1KOHaHHX nocninsceus HeBH3Ha'-leHOCTeH BHMipI-OB3Hb MOMeIHY CKJlclL(UE:MO 610):l)KeT 
tteBH3HalJ:ettocTei1, uio HaBe.ueHHH B rafinuui 2. Lli cxnanosi HeBH3HalJ:eHOCTei1 BHMiplOBaHb 

ainnoainaiori, HOpMOBaHHM MeTpo11oriYI-IHM xapaKTepHCTHKaM 3B ofiepraro-nrx MOMeHTiB PC, 51Ki 

nponHCYJ-OThCH B HOpMaTHBHHX )],OKyMeHTaX (TeXHi'-IHiH noxyvearauif) Ha 3B. 

Ta6m111,51 2 

Bxiaui Ouimca Craunaprui Koedituiearn Bicnann 
BeJJHlfHHH BXiJJ;HHX BeJJHlfHH HeBH3HalfeHOCTi lfYTJJHBOCTi HeBH3H3 senocrea 

M; 10,04 HM 19,27·10-J HM 1 
UA (M) 

y 0,15 % 8,67 · I O" xr 9,81 w'lc: gl Uc3 

u3M 9 1-1B/°C 130,06 MKB -3,33 HMIB 8M" -- UB.t aua 
m 16 9,34 MKB -6,93 HM/B 8M 

__ u ll a B.111 111 

Gu., ± 0,25 MB 0,14 MB -1,54 HM/8 8MB 
auM LI 13.0u 

GR ±0,01 KOM 5,77 OM 3,08· 10-j 8M" 
HM/OM UB.R 

I ·r .. 8R 
o, 2,5·10·° K-1 117,41 MOM 3,08· I0-3 

BM" 
HM/OM --u aR B.Rl 

I l M 5,77 MKM JO 1-1 BM. 
--LI 81 13.1 

Buxiana Ouimca KoM6iHoBaHa Koediiuicnr Posurnpcna 
BeJJHlfHHa BHXiJJ:Ho'i HeBH3I-13lfeHiCT oxonJ1eH1-1SJ 11eBll3Ha <telllCTb 

BeJJHlfHHH b 
- 10,04 HM 88,99·10-J HM 1,96 0,17 H,,1 M 

.IJ:1151. Bl13HalJ:eHH51 411 YTOYHeHHH Mi)KllOBipoYHOro iarepsany 38, np11nyCTHMO, WO 38 ofiepraiouux 
MOMeHTiB nJiaHyE:TbCH excruryarysara 7 fO.UHH Ha ztofiy. Hartpauroaanus nauoro 38 6e3 
MeTPOJioriY.Hl1X Bi.UMO cxna.rac 3500 ronaa. ITpH Ta1<i11 imeHCHBHOCTi excnnyarauii 38 - 

xaneunapna npOT51)[(HiCTb excnnyarauii t sinnoainac 2-M xanennapuusr poxan. 

CTAH,lv\PTI13Al..{IB, METPOJ10IT5l I CEPTvlel)IKAUUI 
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(T3H)],3pTH3 HeBH3H34eHiCTb rnny B, WO o6yMOBJieHH51 noxH6KOfO Bl133HaLJeHH5! Bl1MipIOB3JlbHOro 

83'KCJl51, 51K3 p03JJ3XOB3H3 33 c[)OpMynoIO (9) 3aJIHW3€TbC51 He3MiHHOI-O. 

11 incT3BJl51I-O'-IH nepepaxosan i HeBH3HaYel-lOCTi THny B y pi BH51HH51 ( 10), 0Tp11M3€MO 3H3L!eHH51 

KOM6i 110831-JO.i CTaHL\3pTHO.i HeBH3H3LJeHOCTi Tl1ITY B, uio nopi BHfOB3THMe U Bee = 86,88 · J 0-3 HM. 

KoM6iHOB3H)' HeBH31-Ia4eHiCTb peaynsrary BHMipI-OB3HH5! B peansuux YMOB3X excnnyarauii 
poapaxyevo aa cj)OpMyno1-0 

)],Jl51 p03JJ3XYHKY p03W11peHo"i HeBl13HaL!eHOCTi B peansnnx YMOBax excnnyarauii, pospaxycao 
erpexraaue LJHCJIO crynenis BiJihHOCTi 33 diopvynoro 

v .. =(n-1) u:_:__ 
=233,994 

=910. (17) 
c1i u�(M) 19,274 

Koediiuicnr oxorrneuua k2r_,, uro ainnosinae )],OBip4iH MMOBip1-1ocTi 2P-1, T06TO 3HaLJeHHID 

MMOBipHOCTi, 5!Ke 81)],flOBi)],3€ siporinnocri MeTponoriLJHO"i cnpasaocri 3B B peansunx )'MOBax 

excnnyarauii (npn P = 0,95, 2P - J = 2*0,95-1 =0,9), BH3HaLIHMO is rafinaui Crsroneura aa 
ecpeKTHBHl1M '-lHCJlOM CTyne1-1iB BiJihHOCTi Veff > 30 Ta noaip-roio MMOBipHiCTI-0 Pe = 0,9, 5!KHM 

nopiBHI-0€ k2P-I = I ,64. 

3HaYeHH51 p03WHpe1-1o"i HeBH3J-134el-JOCTi BHMipI-OB3Hb UE B pe3JibHHX YMOBax excnnyarauii CKJia)],aE: 

Ur =k:P-lllce =l,64-889,91·10-4 =0,J5HM. ()8) 

5!K BH)lHO is pospaxosauoro 33 cpopMyJIOfO (18), 3H3'-!eHH51 poaumpeaor HeBl13HaYeHOCTi B 

peam.nnx )'MOBax excnnyarauii C MeHWHM 33 npOHOpMOBaHe B Tex1-1i41-1in noxyvearauii 3Ha'-leHH51 

poaumpenoi HeBv131-f3LleHOCTi. 
)lani Ha OCHOBi pospaxoaauux nin LJ3C J'v!el'pOJlOriYHOi" arecrauii 3HaYeHb HeBH3H3'-leHOCTei1 Ta 

3J-13LfeHb HeBl-13HaLJeHOCTeM B peam.nnx YMOB3X excnnyarauif BH3H3'-ll1MO 3HaLieHH51 Mi)KITOBipOLJHOro 

i-rrepsany 3B. 

B35lBWH 33 OCHOBY xaneanapuy npOT51)[(HiCTb HanpaUfOB3HH51 t = 2 ))OKYI, nepwy OUIHK)' 
Mi;1rnosipoLJ1-10ro i-rrepsany T1 3B ofiepraro-urx MOMeHTiB PC poapaxycvo aa cpopMyno1-0 

)],ani 38 nepenacrsca B excnnyarauiro, i nicns neaxoro -racy escnnyarauii, B peansnnx yvosax 
excnnyarauii (33 potio-nrx TeMnepaTyp) BHKOHYE:MO nepepaxynox CKJI3,ll,OBHX HeBH3H34eHOCTei1 rnny 
B Ta pospaxy-rox poaumpeuoi HeBH3Ha4eHocTi B peansnnx yr-roaax excnnyarauii UE. 

Ilepernaneao CKJl3,ll,OBi HeBv!3H34eHOCTi THTI)' B. 

Po6oLJa revrteparypa OT04YID'-!Oro noairps nin sac excnnyarauii cxnanac t, = 25 °C, 

an,1occ[)ep1-11lH HICK Ta BOJIOriCTb 3H3XOD.11TbC51 B nonyCTl1MHX Me)l<aX. 
HCBl13H31IeHiCTb T11ny B, WO BHOCl1TbC51 33 paxynox ainxnnerur» revneparypn OTOYYIDYOro 

cepenoamna sin 1-1opMaJihHv1x yvon t11,. = 20 °C npn ,npei1cpy uanpyrn 3MiweHH5! H)'JI51 onepauiiinoro 
niD,CHJIIDBaLJ3 LJ3" = 9 H8/°C, nepepaxycvo 33 rpopraynoro 

kit _ - t , I 120 - 2s1 
u = II) \ u =103 9-10-9 =13,01 MKB. (14) 

13.tc m 1.\1 3,46 
CTaHJl3))THa HeBH3HaYeHiCTb THllY B, WO o6yMOBJieHa o6Me)KeHHM KJl3COM T04HOCTi cencopa 

3yc11J1Jl51 (3) 33JlMW3€TbC51 He3MiHI-IOTD. 

Crauziaprua 1-1es1131-1aL1eHiCTh runy B, uro ofiyvosnena 06Me)Ke1-1010 po3p51D.HiCTTD AU:n 
33JI l1JlJ3E:TbC51 pi BHOID 3H3Ye1-11-110, WO pospaxcsaue 33 cpopMyJIOID ( 5). 

Craunaprna HeBH3Ha':leHiCTh nmy B, WO o6yMOBJieH3 Bi)],XHJieHH51 nanpyrn Bin HOMiHaJibHOro 

3Ha4eHH5! TaKO)I( 33JIHW3E:TbC5! piBHOID 3HaLJeHHIO, uto pospaxosaue 33 cpopM)'JIOIO (6). 

Crannaprua 1-1es1131-1a1:1e1-1icTh 'rnny B,, uio 06yrvt.qsne1-13 sinx.11ne1-11-151 onopy sin novinant.noro 
3H34eHH51 3an11waE:TbC51 piBHOID 3H3LJemno, uio pospaxosaue aa cpopMynoIO (7). 

CTaH)],3))TH3 HeBH3HaLieHiCTb 'rnny B, uio o6yMOBJieH3 TeMnep3TYPHOI-O noxnfixoio Bi)],Xl1JieHH5! 

onopy rensopeaacropia rtpu ninxnnenui pofiosoi 'resrneparypu t, = 25 °C Bin resmeparypn 33 

HOpM3JlbHl1X YMOB t11.y. = 20 °C, cxnane 

- 
a1Jt")-t,JR-25·10-6120-251,,25·103-1174 

0 Ll131·1- r,;;: - ' .), - ' MM. 
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T = t 1r{ k,,.��: {M)) 
a 2 1n(l,64 1�:12� 10 ') = 2 lP 

I 
( 

U II 
) 1n( 0,1 7 ) ' 

In kruJM) l,96·19,27·10-3 

)],pyry ouiuxy Mi)KnepeBip04HOro iurepaany 3B T2, po3paXOBYE:TbC51 33 cpopMyJIOIO 

T2 = t UE -k2r_,ujM) = 2 0,15 -1,64 · 19,27 · 10:: = l,79 p. 
U11-kruA(M) 0,17-1,96·19,27·10 

I3 0Tp11M3Hl1X Ha OCHOBi xonuermii HCBl13HatJeHOCTi L\BOX ouinox Mi)KTIOBipotJHHX inrepnania 38 
o6epTa!OlJMX MOMeHTiB PC, sa Mi)KnepesipotJHHH iurepsan np11J;\MaeTbC51 MiHiMaJibHe 3HatJeHH51 Mi)K 
oIJ,iHKaMH TI i T 2, To6To 

T38 = minj Tj, T2] = min[2,l, 1,79] = 1,79 p. = 21 Mic. (21) 
3HalJeHH51 Mi)KTIOBipotJHOro inrepaany 3B L\OUiJlbHO BH611paTH B MiC51U51X 3 P51L\Y uaryparu.unx 

tJ11cen [7, 8]: 0,25; 0,5; 1;2; 3; 4; 5; 6; 7; 8; 9; 10; 11; 12; 15;18; 21; 24; 30 i TaK nani -iepes 6 Mic. 
OT)Ke, Ha OCHOBi nposenemrx pospaxymcin HeBH3HalJeHOCTeH BHMiplOB3Hb, BCTaHOBJleHO 
3H3lJCHH51 Mi)KilOBipOlJHOro iarepsany 3B ofiepraio-nrx MOMeHTiB PC, uto sinnoBiL(a€ 21 Mi 
C51l(IO. 
BHCHOBKH 

B pe3yJILTaTi Merponori1-rnoi· arecrauii 3B MOMeHTiB PC BCTaHOBJ1eHo HOpMOBaHJ 3Hac1e1-11-151 
KOM6iHOBaHoi' Ta posumpenol HeBl13HalJeHOCTeH. Ha OCHOBi HOpMOBaHHX MeTl)OJTOri 4Hl1X 
xapaKTepHCTHK sartponoaoaaao MaTeMaTHlJHHH anapar L(JT51 BH3HalJeHH51 Mi)KTIOBip04HOro inrepsany 
3B Ha OCHOBi xouuermii HeBH3HalJeHOCTi, Il.(O BiL\ITOBiL(a€ Mi)J{HapOL\Hl-lM BHMOraM L\O ouimosauaa 
xapaKTepHCTHK 51KOCTi BHMiplOBaHh. TaKHH ninxin safiesrtesyc €L(HiCTh BHMiplOBaHb Ta niL(BHll.l,Y€ 
KOHKypeHTOcnpoMO)l<HiCTb BiT4113H51HHX pospofiox Ha CBiTOBOMY pHHKy. 
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