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K.T.H., npod. B.M.BonbLleHkKo,
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OnpefeneHne  MOMeHTa  3alleMNIeHUss  OOHOMPOJSIETHOM  CTaTUYeCcKM
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PeueH3eHT npod. N.A.KpacHobaeB
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NabopaTopHasa pabota Ne 17

OnpepgeneHne MoMeHTa 3alleM/1IeHNA O4HOMNPOSIETHOMN
cTaTu4eckn HeonpeaenmMmon 6asikm ¢ ncnosiboBaHmnem 3BM

Llenb paboTbl: aKCrepumMeHTaslbHOe onpeaesieHne MOMeHTa 3alleM/IeHns ABYXONOPHOM
cTaTMyecKn HeonpeaenMMon 6ankm 1 CpaBHEHNE ero ¢ TeopeTUYECKUM
3Ha4YeHneMm, NoslyYyeHHbIM ¢ nomoLbio IBM.

17.1. OCHOBbI TEOPUN N IKCNEPUMEHTA
Ha puc. 17.1,a npeacrtasneHa ABYXONopHasa cTaTuyecky Heonpegennuvas baska.

[na packpbITUSi CTaTUYECKON HeonpeaeIMMOCTN 3TON 6asikKm UCNOb3YyeM METOL, CUJ
(3kBMBaNieHTHas cuctema npencrasseHa Ha puc 17.1,6).
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6) aKBMBa/IEHTHas cucTeMa

Puc 17.1

Mocne packpbITUS CTaTMYecKol HeomnpeaeMMOCTV  MosyuMm  doopmyny  Ans
ornpeneneHns MOMeHTa 3aleM/IeHnst Ha ornope A:

M, =—(P, U, +P, W,)0, (17.1)
B 3 2 1 3 3 1
Klz%, K,=22, 0< (K, K,)<1.



MapameTpbl 1 1 8y MOTyT NpUHUMaTBL Nobble 3HadeHus B uHTepsane (0, |), T.e.

O<aq<l, O<gay <.
Harpysku P; 1 P, MOTyT NpuHUMaTh TakXke pas/inyHble HeoanHakoBble 3HayeHus (0,
10H, 20H), a B 4aCTHOM cfniyyae MOryT ObITb paBHbIMW APYr Apyry, T.e. P1=P,=P, (P=0).
[INs sKCnepyMeHTanLHOro onpeaeneHus MomeHTa B sawemnedun Magy ykasannyo
CTaTU4yeckn HeonpesesivMMmyro 6a/iky C XecTKuMm 3aulemnieHnem (puc. 17.1,a) MOXHO
3aMeHUTb CTaTUYeCKN onpeaesIMMOoN WapHUPHO ONepTon 6a/IKoil C KOHCOMNbIO @, Ha KOHLe

KOTOpOI NpuoXeHa cuna Q (puc. 17.2).

TQ T P1 P,
v v
A /%;/', aj 77(0}/ B
< a,
a < I »
Puc 17.2

Tak KakK B UcxofHoli 6anke (cM. puc. 17.1,a) yron nosopoTa B 3awemneHmn ,=0, To
Heob6xoaMMo noaobpath cuy Q 1 KoHconb @ Tak, UTO6bl Yr/ioBble NepeMeLLeHnst ceyeHnst A
oT peiictBusi cun P.u P, opHoBpeMeHHO ¥ OT cunbl Q 6GblIM paBHbI MO BENUYMHE U
NPOTUBOMOJIOXKHbLI MO HanpasneHuto. CnefgosartefibHO, CyMMapHOe YrnoBoe nepemelleHne
ceyeHua A GyaeT paBHO HY/HO (9A=0), YTO COOTBETCTBYET XKECTKOMY 3alleM/IEHNI0 GasiKu

Ha onope A.
MoaToMy MOMeHT cuibl Q OTHOCMTENbHO ceueHuss A paBeH MO Be/MuMHe U

HanpasfeHio MOMeHTY 3aulemneHust M B ucxopgHoli 6aske, T.e.
Ma=-Q-a. (17.2)

3HaueHust cunbl Q 1 nneva @ noa6uparoTcs IKCNepUMeHTabHO.

17.2. OnucaHne ncnbiTaTesibHOM YyCTaHOBKM

[ina aKcnepuMeHTaIbHOro onpegenenns MomerTa 3awemnenna Mas ncnonbsyetca
yCTaHOBKa, MNpeAcTaBneHHas Ha puc. 17.3. OHa cocTouT K3 uccregyemoin 6Ganku 1,
OCHOBaHUSA 2, MOABMKHON 3 U HENOABWKHOMN 4 CTOEK.



Puc. 17.3

Nccnepgyemass Gasika  BbINOSIHEHA W3 CTa/IbHOW  MONOCLI  MPSIMOYTO/IbHOMO
nonepeyvyHoro ceveHns pasmepom 3x40MM M yCTaHOB/IEHA Ha LWAapHUpPHbIE onopbl. OnHa

nponeta |=0,6+0,8m, ANnHa KoHconn a=0,335m.
Harpy»xeHne 6asikn OCyLLeCcTB/IAETCA C MOMOLLbIO TMPEBbIX MOABECOB 5 U Habopa
rpy3oB 6. Harpyska npuknagbiBaeTca B NPOMeTe Ha paccTosHum &, u a, OT JIeBOW Onopbl

(cm. puc. 17.1).

Harpy3ku P; 1 P, MOryT npyHumartb He3aBMCUMO gpyr oT Agpyra 3HadeHusa (0, 10H,
20H). B uyacTtHOM cnyvyae MoxeT ObITb P;=P,# 0. Ha 6Gasnke MOryt ycraHaB/IMBaTbCH
ofHoBpeMeHHO fABe Harpysku (P; v P2), no ycmoTpeHuio npenogasartens. OnpegenexHve
TOYEK MPUIOXKEHUS Harpy3ku OCyLLEeCTBAETCA MO WKane, HAHECEeHHON Ha 6aJslke.

MOMEHT 3alleMNIeHns MOXEeT OnpefensaTbCa A4S CyyvyaeB NPUIOXKEHUS OfHOW

Harpysku, Hanpumep P;(P,=0), Ha paccTosiHuax oT nesoi onopel adq1=0,1; 0,2; 0,3; 0,4;
0,5; 0,6; 0,7 m, a TaKxKe Ana cnyyaes, korga Pi1#z0 n P,#0 Ha pacctoaHusax a,=0,1; 0,2;

03w wu a,=0,5; 0,6; 0,7v B nbom co4veTaHUn (He o6A3aTENBHO CUMMETPUYHO

OTHOCUTE/IbHO onop 6anku). MOXHO 3afaBaTb U ApYyrne paccTosaHuA B npegenax A/MHbI
6as1Kn (BHe pasmeTKm).

[Ona cokpalleHns BpeMeHu Ha npoBefeHne 3KCNepuMeHTa KOMMYECTBO TO4Yek
NPUIOXEeHNA Harpys3ku (Harpy3ok) MOXeT OblTb YMEHbLUEHO M MOXeT He coBnajaTb C
KO/IMYECTBOM TOYEK NPU/IOXKEHUA Harpy3ku (Harpysok) npu onpegeneHnn TeopeTnveckmnx
3Ha4YeHW i MOMeHTa 3aLleMNeHNs.

HenogBmkHaa CTOMKa CHabXeHa YCTPOWCTBOM, MO3BOMSKOWMM WMUTMPOBATH
)KECTKoe  3allemneHve 6ankn. 3TO  YCTPOMCTBO  COCTOMT U3 TFOPU3OHTa/IbHO
pacnosioKeHHOro pblyara 7 ¢ npotmsosecoM 8 (Becom 10H) u rnpesoro nogseca 9 (Becom
1H), Ha KoTOpbIN HaBelumBaeTcs rpy3 Becom (2,5; 5,0; 7,5; 10 H). Obwwnin Bec nogseca u
rpysos coctaBnget 11 H.

Ha HenopggwHOW onope 4 ycTaHOBMEH CTepXXeHb 11, C KOTOPbIM KOHTaKTupyeT
WHAMKATOP 4acoBOro Tuna 12 ana usMepeHns nepemeLleHns KoHua CTepXKHA BCreAcTBue
NoBOPOTA OMOPHOIro CeYEeHUs Ganku.

Cxema 3KCnepuMeHTa/IbHOM yCTaHOBKM NpeAcTaBneHa Ha puc. 17.4.
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Bygem cumTtatb, YUTO B MCXOAHOM COCTOSHUM GasiKuM, KOrga Ha KOHCO/IM HaxoguTcs
TonbKo rpy3 Q; B camom KpaiiHem npaBom MosioXeHuu, a rpysa Q, n Harpysok Py u P, HeT
(ycTaHOBNEHbI TONLKO TMpeBble MOABECHI), ceyeHue A 3auwemneHo (60/bLUy CTPesiky
NHAMKaTopa YCTaHOBUTL Ha HOJIb).

Mocne HarpyXeHust 6anku cunamu Pi 1 P, UAn TONbKO OAHOM U3 HUX, cevyeHue A
NMOBEPHETCA Ha HEeKOTopbli yron (Ha WKane uHaMkatopa 60/blias cTpesika MoKaxeT
HEKOTOPOE OTK/IOHEHME OT Hy/IS).

HasewwuBasi rpysbl Q, (ecnu Heob6xoAuMo) Ha TMPEBOI MoABec U nepemellas
npotnesosec Q; Ha pacctosiHne C,, N0OLEMCS Takoro MosioXKeHust Gasikv, Npu KOTOPOM
60/blIAsA CTpesika MHAMKATopa BEPHETCA Ha HOMb, a , C/llefoBaTeflbHO, ceyeHne A basku
BEPHETCA B UCXOAHOe, 3alleM/IeHHoe nosioxeHne. [lonyyeHHOe Takum 0bpas3om
3allleM/IeHe OMOpPHOro ceveHWss A XapakTepusyeTcsl MOMEHTOM 3alleMneHus Ma,
BE/IMUMHA KOTOPOro paBHa CyMMe MOMEHTOB, Co3AaBaeMbiX npoTusoBecoM Qp v rpysom
Q, Ha rupeBom noagece pblyara yCTaHOBKM OTHOCWUTE/IbHO OMOPHOMO ceuveHus A Gasku,
T.e.

Ma=-Q1 (C-Cy)-0Q; 4, (17.3)
roe:  Q;=10H — Bec NpOTMBOBECA;

Q>=0 npwu P;=10H, P,=0, unm P;=0, P,=10H, wunu P;=P,=10H (Kpome 3HaueHwii
a,=a, =0,4wm);

Q»=(3,5+ 8,5H) npu P;=20H, P,=10H, unn P;=10H, P,=20H, nnun P;=P,=20H;

C1=5,5cM — paccTosiHMe OT MecTa YCTaHOBKM MPOTMBOBEca A0 onopbl (KpaiiHee
npaBoe MOJIOXKEHNE) NPU OTCYTCTBUN Harpy3Ku B NPoJeTe;

C, — paccTosiHne oT mecTa ycTaHOBKM npotuBoBeca Q1 0 onopbl Npu Harpy>XXeHun

6anku, korga G,=0 (6onbliasi CTpesnKa UHANKaTopa NoKasbiBaeT HOJb).



17.3. MNopapok nposefieHns paboThbl

Hwxe onvcaH nopagok nposefeHnsa paboTbl npu |=80cm (0,8m). Mpwn 3HaveHusAx
60<l<80cm NnopsAoK NpoBefeHnsa paboTbl aHa/IOrMYEH.
17.3.1.YcTaHOBUTL MepBbI rMpPeBoil NOABEC HA PaccTOAHUN dq, a BTOPOW - Ha PacCTOSAHUM
do OT f1leBoK onopbl (0AHAKO MOXHO BTOPOM MOABEC HE YCTaHaB/MBaTb). 3HayYeHUs dp U

dy 3a4at0TcAa npenojasaresiem.

17.3.2.YcTaHoBMTb npoTuBoBec Q; B KpaiiHee mpaBoe MOMOXEHWe, Npu 3TOM OKadkKeTcs
C;,=5,5cm. Mocne 3TOro ycTaHOBWTL GO/bLUYKD CTPESIKY MHAMKATOpa Ha HOMb. 3aHECTW
nokasaHve C,=5,5cm B Tabnuuy 17.1.

17.3.3.Harpysuntb 6anky cwunoii P;=10H, npu atom cuna P,=0. 3anOMHUTb MNOKasaHue
(OTK/IOHEHWE) 60/IbLUOW CTPENKN MHAMKAaTopa.

17.3.4.YpaBHOBeCUTb 3Ty Harpysky, nepemeuias npotusoec QQ; BNeBo A0 Tex mnop, noka
60/blIAaA CTpenka WHAMKATopa He BEPHETCA W3 OTK/IOHEHHOrO MOJIOKEHUA B Hada/lbHOe
(HyneBoe). 3aHecTu nokasaHua C, B Tabn. 17.1.

17.3.5.Pa3rpys3nTtb 6asiky.

17.3.6.YcTaHaBNMBasi rMpeBoil NoAsec MNpu pasHbiX 3HaueHusix d; (Ao MOXHO OCTaBUTb
HEN3MeHHbIM), MOBTOPWUTb ONbITbI MO M. 17.3.2 +17.3.5. Noka3aHuA 3aHecTn B Tabn. 17.1.
17.3.7.Npn 3HayeHun aA;=0,Am (mnn QA1=0,7M) nNpPOBECTU OMbITbl MO MNyHKTaM
17.3.2+17.3.5 npn Harpy>keHun cunoin P;=10H, P,=20H. lMoka3aHua 3aHecTu B Tabn.
17.1.

17.3.8.YCTaHOBUTbL TMpEBble MOABECbl Ha paccTofaHuAX dp U dAp (Mo pekomeHpauuu
npenogasatesnis NN CaMOCTOSATE/IbHO).

17.3.9.YctaHoBuTb npoTuBoBec QQ; B KpaliHee npaBoe MOMoXKeHWe, a GO/bLUYH CTPesKy
MHAMKaTOpa Ha HOMb. 3anucaTb nokasaHuwe C;=5,5cm B Ta6n. 17.1.

17.3.10.Harpy3ntb 6anky cunamum P;=10H (uan 20H) un P,=10H (mm 20H) B
mobom coyetaHum (cunbl P; 1 P, MOryT MMeTb OAMHAKOBble WM pa3Hble 3HayeHus).
3anoMHUTbL OTK/IOHEHME (NoKa3aHne) 60/bLLOK CTPENKU NHANKaTopa.
17.3.11.YpaBHOBECUTb 3TV Harpysku ycTaHoBKOW rpysa QQ, Ha KoHUe pblyara (ecnv aTo
Heo6xoaMmo) 1 nepemelleHnem npotusoseca Q; B nonoxenne C, ao Bo3BpaTa 60/MbLLON
CTPEeNKN MHAMKATOpa B Hy/eBoe MNosnoxeHue. 3aHecTu nokasaHue C, u 3HaueHne Q, B
Tabn. 17.1.

17.3.12.No copmyne (17.3) onpenennts MOMEHTbI 3allemM/eHUs AN BCeX BapuaHTOB
Harpy>xeHus. PesynbTartbl 3aHecTu B Tabn. 17.1.

17.3.13. Mo copmyne (17.1) gna Bcex CryvyaeB Harpy>eHus onpenennTb pacyeTHble
(TeopeTnyeckne) 3HadyeHWss MOMeHTa 3allemsieHns ¢ nomowbio 3BM (cm. n. 17.4).
Pe3ynbTaTtbl BblMUCNEHWIA 3anucaTb B Tabn. 17.1. (4N Tex BapuaHTOB Harpy>XeHus, no
KOTOPbIM NPOBOAMW/INCH OMbITbI).

17.3.14.CpaBHUTbL  3KCNEpPUMEHTa/IbHble WU TeopeTuM4yeckue  3HayeHus  MOMeHTa
3alleM/IeH1s, BbIYNCIVB pacxoXaeHue no gopmyne
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Pe3ynbTartbl 3aHecTu B 1abn. 17.1.

17.3.15.MocTponTb rpaumk 3aBUCMMOCTM MOMEHTa 3alleM/IEHUst OT TMOJIOXKEHUA WU
BE/INUYNHBI Harpy3Ku.

17.3.16.0chopMunTb OTHET MO Npunaraemoni oopme (cM. n.17.5).

17.4.0npefeneHne TeOpeTUYECKOro 3Ha4eHNss MOMeHTa 3aLlemM/IeHNs OL4HONPOIETHOM
cTaTn4eckn HeonpeaenMmon 6ankm ¢ nomoLlblo IBM.

Mo dopmyne (17.1) paspaboTaHa nporpamma pacyetTa MOMEHTa 3aulem/eHus,
no3BonsioLLas NonyunTb 3HaveHnss Ma npu pasnuyHbIX 3HaUYeHUsX napameTpos a,, a,, l,
P,, P,. Hanbonbluasa pacyetHas gvHa 6anku coctasnset 0,8m. Mporpamma BbigaeT B BUAE

Tabnuupl 3HAYEHUS MOMeHTa 3alwemsneHvs Ma A0S pas/iMyHbIX 3HAYeHWId Kakoro-nmo6o
napamMeTpa npu PMKcMpoBaHHbIX OCTasibHbIX. CTyrneHb n3MeHeHus cun Py n P, - 1H. CTyneHb

M3MEHEHUs1 paccTosiHWii a,n a, - 0,01m. Mpu HEOBXOAMMOCTU MOXHO MPOCMOTPETL BCE

CTPOKM AnanasoHa W3MeHeHusi napametpos 4,, d,, P,, P,. Kpome aToro nporpavmma
BblA@ET HenpepbiBHble rpadukn 3aBUCMMOCTU MOMeHTa 3awemneHus M, oT napameTpoB

a,,a, ncun Py nP,.

[MopAafoK Ncnonb30BaHUA NporpaMmel ANA pacdeTa MOMeHTa 3aleMeHuns

17.4.1.BKNOUYNTL KOMMbLIOTEP B CETh.

17.4.2.Ha paboyem cTONEe OTKPbITb Manky «Jflab. pa6.Ne 7,9,17», a 3aTem
nocnegosaTenibHO Nankn «Lab Nel7» u «lab 17.exe».

17.4.3.Ha 3KpaHe nosiBNsieTcs OKHO «JlabopaTtopHasa pa6oTa Nel7», B KOTOPOM
npeAcTaBfeHbl: pacyEéTHaa M 3KBMBAJIEHTHAA CXeMbl CTaTUYeCKn Heornpeaenumon 6anku;
NCXoAHblEe AaHHble (4MHa 6anku l, pacctosHusa di U dy 40 TOYEK NPUIOXEHUA HArpysok,
npunaraemble K 6anke yeunusa Py n P,); kHONKu «Pacuét» n «COpoc»; KHOMKN «ICKU3»,
«M(P1)», «M(P2)», «M(al)», «M(Qp)», «I'padnkm».

17.4.4Tpn  HaxaTMn MbIWbD KHOMKM «COBpOCc» aBTOMaTM4YeCKM YycTaHaB/MBaKOTCA
MCXOLHble AaHHble, COOTBETCTBYHOLLME IKCNEPUMEHTASIbHOM YCTaHOBKE. MOXHO Takxe
3aflaBaTb C KnaBumatypbl MNPOU3BOJIbHbIE WUCXOAHblE [AaHHble. [locne HaXaTus KHOMKK
«PacyéT» un3MeHsleTCA BWUA pacyeTHOW UM 3KBUBAJIEHTHOW CXemM B COOTBETCTBUMM C
NPUHATLIMU UCXOAHBIMU AAHHLIMMU.

17.4.5.NMpn Haxatun kHonkn «M(P1)» nosBnserca Tabnuua  3aBUCUMOCTU MOMEHTA
3auiemnenus ot cunel P1. Cuna P1 nameHsaetca ot O go 10H ¢ vHTepBasiom 1H, napameTpsbl

P,, d1, d» OCTAKTCA HENU3MEHHbLIMMU.



17.4.6.NMpn Haxatnn kKHonkn «M(P2)» nossnserca Tabnuua 3aBUCUMOCTU MOMEHTA
3awemMnenus ot cunbl P,. Cuna P, nameHsaetca ot O go 10H ¢ nHTepsasiom 1H, napameTpsbl

P1, d1, do OCTAOTCA HEN3MEHHbIMM.

17.4.7.Npn Haxatum KHOMKM «M(a;)» nosBnsieTcss Tabnuua 3aBUCKMOCTM MOMeHTa
3alleM/ieHMa OT paccTosHuA dq. PaccTtoaHne di nsmeHsetca ot 0 go 80cM ¢ MHTepBa/IOM
lcm. Cunel Pp 1 Py, 1 paccTosiHne do OCTaloTCA HEU3MEHHbIMU.

17.4.8.Npu Haxatun KHomkn «M(Qp) nosiBNseTca TabnMua 3aBMCMMOCTV  MOMeHTa
3allemM/sieHma OT pacctoaHua dp. PacctosHue Ao nameHsetca ot 0 go 80cm ¢ MHTepBasiom

lcm. Cunel P; n P, 1 paccTtosHMe dq OCTatOTCA HEU3MEHHbIMU.
17.4.9.NMpn HaxkaTum KHOMKN «padnkn» MoABNAITCA rpadukyM 3aBUCMMOCTM MOMEHTA
3alemnenusi ot cun Py n P, ( M(P1) 1 M(P2) ) n oT pacctosHuii @1 n dp  ( M(aq) u

M(@z) ).
17.4.10. N3 Tabnuubl pe3ynbTaToB A1 3HaYeHuin dq, dp, COBMafAaloLMX CO 3HAYEHUAMM

di, dy Npu NpoBefeHUN 3KCNepumeHTa, 3anmncartb 3HaYeHUss MOMeHTa 3allemMneHnsa Map
B Ta6n.17.1.

17.4.11./1eBOii KHOMKOW MbIWW 3aKpbiTb NOCNeA0BaTeNlbHO BCE OKHAa M KHOMKOWM «[lyck»
BbIK/IHOYNTb KOMMbIOTEP.

17.5.06pa3eL, oTyeTa
NabopatopHasa pabota Nel7

«OnpegeneHne moMeHTa 3allemneHns
O[HOMPO/IETHON CTAaTUCTUYECKN Heornpeaennmon 6ankm»

17.5.1.llenb paboTsl.

17.5.2.Cxema aKcnepuMeHTasIbHOWM ycTaHOBKM (puc. 17.4).



17.5.3.Pe3ynbTathl UCMbITAHWIA U pacyeToB.
Tabnvua 17.1

[Monoxe- Harpyska, KooppguHa- Bec MoMeHT MomeHT Pac-
Hue Tbl MOMIOXKe- | rpy3a | 3awemsne- 3aulemne- XOXK-
Harpysku, HWA NpPOTU- Qy, HUNSA HUA ne-
BoBeca Q ,, 3aKcnepum. pacyeTHbIN Hue
M H cM Maa, Map, 0,
a, |a | P, | P, [Cu| C | " i i %
0,1 0 5,5
10
0,2 0 5,5
10
0,3 0 55
10
0,4 0 55
10
0,5 0 5,5
10
0,6 0 5,5
10
0,7 0 5,5
10
a,= 0 55
10
20
= | = 0 0 55
10 10
20 20

17.5.4.BbluncneHne momeHTa 3awemnenns Mas:
[Mas [ Q1+ (C,—Cy) + Qpra =

17.5.5.N'papmkn  3aBUCUMOCTM MOMEHTA 3alleMNIeHUs OT KOOpAWHAaTbl MOJIOXKEHMUSA
Harpy3ku (&1 unm ay) n ot cunbl ( Pruimn P,).

dai, a2 P1, P2

MA MA

10




7.5.6.BbiBOABI.

MpumeyaHne: B BblBOAAxX HGO6XO,£I,VIMO OTMETUTb, KaKOBbl pPacCXxoXAeHNA pacCHETHbLIX WU
IKCNepnMeHTa/1bHbIX 3HaAUYEHN MOMEHTa 3alemMneHund.

PaboTy npuHan
« » 200_r.

17.6.KOHTpONbLHbIE BONPOCHI

Kakasa 6asika Ha3blBaeTCA cTaTMyecku HeonpeaeMoi.

Kak onpegensietcs cteneHb CTaTUYECKO HeonpeaenmMmocTy.

Kakve cyLiecTBYyOT METOAb! PacKpbITUS CTaTUYECKON HeonpeaeMMOCTH.
Kak akcnepumeHTasIbHO OnpeaennTs MOMEHT 3alleM/ieHns O4HONPOIETHOM
cTaTU4eckn Heornpeaenumon 6anku.

i
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