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B crarbe paccMmarpuBaeTcsi BO3SMOKHOCTh MPUMEHEHUSI aKyCTUYECKOTO METOa
CBOOOJHBIX KOJICOAHWH K JMArHOCTUKE CTepkHe. OOCYKTaroTcs pe3yiabTaThl
pacuycToB MCTOAOM KOHCYHBIX J3JICMCHTOB 4YaCTOT KOHCGaHHﬁ I[G(I)GKTHBIX u
oe3nedekTHhIX cTepxkHed. [Ipemnoxken cmocod ompenencHust nedexra B CTEPIKHE
0 aHAJN3y €ro CIEKTpa COOCTBEHHBIX YacTOT.

BBEJIEHUE

B mocnenHue roapl Ha MPEANPUSATUSAX MPOMBIIIJICHHOCTH HaOJI0AAaeTCs MUHTEHCHUBHOE
cTapeHue oOOpynoBaHHUS. 3aKylKa HOBBIX OOpPa3OB TEXHUKU MPOBOIUTCS PEIKO H3-3a
BBICOKOM MX CTOMMOCTH M HEJOCTaTKa JIEHEXHbIX cpelcTB. g obecrieueHus HaJeKHOCTU
GYHKIMOHUPOBaHUS ~ OOOpPYNOBaHMSI  NMPOM3BOAMTCS  IMOUCK  HOBBIX  TEXHOJIOTHIl
HEPa3pyILIAIOLIET0 KOHTPOJIS B IENIAX Mepexoja K dKCIUTyaTallii TEXHUKU M0 TEXHUYECKOMY
COCTOSTHUIO.

W3BecTHBI pasnmuuHble MeETOAbl Hepaspymawmero koHTpois (HK): marauTHbIe,
KallWUIIpHBbIE, BHUXPETOKOBbIE, aKyCTHYECKHE, paJuallMOHHbIEC, ONTHYECKHEe. PazmuuHble
Metoabl HK He 3aMeHsitoT, a aunis AONOJHSIOT ApYr Apyra. Kaxaelii U3 HUX UMEET CBOIO,
XapaKTEepHYIO JJIsl JTaHHOTO METo/a, 00JacTh npuMeHeHUs. BO3MOXXKHOCTh UX MCHOJIb30BaHUS
3aBUCUT OT psijia TpeOOBaHWM, OJHMM M3 OCHOBHBIX SBJISETCS oOecreueHue CBOOOIHOTO
JOCTYTIa K KOHTPOJIUPYEMOMY MECTY U3JEIHUS.

MeTo bl KOHTPOJIS,, OCHOBAaHHBIE HAa U3MEPEHUHU YaCTOT COOCTBEHHBIX KOJEOAHU, UMEIOT
JOCTaTOYHO HIMPOKOE PACIPOCTPAHEHHE AJIsl ompeneneHus GU3NKO-MEXaHUUECKUX CBOMCTB
pa3IMYHOTO poJa MAaTEpPHATOB U U3JENUid. B MX OCHOBY IMOJ0KEHO HaJW4YuE€ 3aBUCUMOCTEU
MEXIy YOPYTUMU KOHCTaHTaMHU MaTepHajia U3JeNus M TaKUMH €ro CBOWCTBaMHU Kak
TBEPAOCTh, MOPUCTOCTh, MPOYHOCTD U T. M. [ 1-4].

Ha npakTuke 607bI110i HHTEPEC MPEACTABISIOT KOJICOaHUsI CTEpKHEH MPU Pa3TMIHON HX
3ajgenke. Takue cHUCTEMBbl MIMPOKO HCHOJB3YIOTCS B TEXHHUKE (pa3jIUyHbIe Ballbl, OCH
KOJIECHBIX Tap KeJIe3HOJOPOKHBIX BaArOHOB U T. 1.). [Ipu pa3BuTUU B HUX AEPEKTOB YAaCTOTHI
KoJie0aHUM MU3MEHSIOTCS, UTO MOKHO HCIIOJIb30BaTh Kak MHPOPMATUBHBIA MPU3HAK HATUYHS
nedexra.
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1. AHAJIN3 ITPOBJIEMbI

B Tteopum komnebGaHMii CTEp)KHM OIUCHIBAIOTCS AU(QPepeHIHaTbHbBIM  yYpaBHEHUEM
4yeTBepTOil cremeHH. YacToThl KOJIEOAHUN ONPENeNsioTcs IO O3TH YPaBHEHUSIM C
YIOBIETBOPUTEIBHON TOYHOCTBIO TOJBKO Ui HH3MHUX (opm Konmebanuil. DPusuko-
MEXaHMYECKHE CBOMCTBAa MaTepuasia CTEPXHs OOBIYHO XapaKTepu3yroTcs KoHcTaHTamu E u
G. TlosBneHNe M HAKOIUIEHHE YCTAJIOCTHBIX MOBPEXACHUM CTEPXKHS J1€71ae€T 3TH BEIUYHUHBI
NEepEMEHHBIMH BO BpeMeHHU. [Ipu BBeleHHHM MEpPEeMEHHBIX BO BpEMEHU KO3(PPHUIHMEHTOB
AQHAINTUYECKOE PEIIEHUE M3BECTHBIX YPaBHEHUM CTAHOBUTCS HEBO3MOXHBIM. Takum
00pa3oM, TpaJuIIMOHHBIE METO/bI, MPEANOaralolue CTpOroe TeOpeTuIeckoe 000CHOBaHHE,
C yCIEeXOM NpPUMEHSIOTCS JMIIb Ui OTPAaHMYCHHOTO Kiacca 3a1ad M OCOOBIX YCIOBHUH
Harpys3Ku.

B OosbImMHCTBE KOHKPETHBIX CIy4aeB CUTyalMsl ObIBaeT JajeKo HE TaKOoM MpocToil u
oueBUIHOW. Bo Bpemst skcIutyatanuu 1eeKT MOKET MOSBUTHCS B Pa3HBIX MECTAaX CTEPIKHS,
CJIEIOBATENIbHO, C LEIbI0 OMNPEIEIICHNUS TEXHUYECKOIO COCTOSHUS H3JEIHs Ba)KHO YMETh
paccUMTHIBATh €ro YacTOTHl KOJEeOaHWH NMPH Pa3sHOM 3aKPEIICHHM, a TaK e pa3Mepax Hu
MECTOIIOJIOKEHUH TPEILIHUHBI.

Jlnist pemieHust MOCTABICHHOM 3aJaud HaMu ObLI BBIOpaH METOJ KOHEYHBIX 3JIEMEHTOB
(MKD), sBnsiromuiicss MOIIHBIM COBPEMEHHBIM CPEACTBOM DPELLEHUS 3a]ad MaTeMaTHYeCKON
¢u3uKH, OpUEHTHPOBAHHBIM Ha 3(dexkTnBHOE Hucnonb3zoBanue [IOBM. MKD mnozBomser
UCCIIEIOBATENI0 YCIIEIIHO PElIaTh 3a/laud pacueTa CIOXKHBIX JeTanell myreM pa3OueHus: ux
Ha Oojiee MEJKME YacTH — KOHEYHBIE 3JIEMEHTHI, JKECTKOCTHBIC CBOWCTBA KaXJOTO W3
KOTOPBIX paccMaTpHUBAOTCS HE3aBUCHUMO OT OCTajbHBIX. Ha rpaHumax mMexay KOHEYHBIMU
3JIEMEHTaMH BBIOMPAIOTCSI HEKOTOPBIE TOUKH — Y3JIbl; TIEPEMELICHUS y3JI0B B HAIlPABICHUU
KOOPJMHATHBIX OCeH MPUHUMAIOTCS B KQUeCTBE HEU3BECTHBIX. TakuM 00pa3oM, uccieayeMoe
TEIO MOXHO paccMaTpuBaTh KaK IUCKPETHYIO CHUCTEMY, T.€. COBOKYIHOCTb 3JIEMEHTOB,
COCMHEHHBIX MEX/1y COOON B Y3JIOBBIX TOUKAX.

Pacuersl mpoBogwinCh P TOMOIIM IOJHOCTBIO OPHUTMHAIBHOIO IPOrPaMMHOIO
oOecrieyeHus1, co3naHHoro B Ka3aHckoM rocyapcTBEHHOM YHHBEPCHTETE, Ha KOMIIbIOTEpax
kiacca Pentium III [5].

OOBeKTOM HCCIIEOBAaHUM SBISUIMCH IWIMHAPUYECKHUE CTEP)KHHU, YCTAHOBJICHHBIE Ha
CreMalbHbIE ONOpPBI. 3ajaya COCTOsJIa B ONPENEICHUU CABHMra 4acTOT U U3MEHEHUH (opMm
KOJIEOAaHUH MPU HAIMYUM TPEIIMH B CTEP)KHE B IIONEPEYHOM HampaBieHuU. JledexTs
UMHUTHPOBAINCh KaK pa3pe3bl pa3inuyHOM (OpMBI CO CBOOOAHBIMU KpasiMH, IJIOCKOCTH
KOTOPBIX COBHAAAIOT C IUIOCKOCTSIMH KOHEYHBIX JJIEMEHTOB. Bapbupysd pasMmepamMu CETKH,
yaaeTcs MOJEIMPOBATh C pa3IMYHON CTENEHbIO TOYHOCTH MPOTSKEHHOCTh M TIYyOMHY
TPEIIUH IIPH 3aJaHHBIX UX MOJTO0XKCHUIX.

B kavectBe mpumepa B Tabnuile 1 nmpuBeneHbl HEKOTOPbIE ()OPMBI U YaCTOTHI KOJIeOaHUI
CTEp>KHS C 1e(PEKTOM, MOTy4YEHHbIE Ha OJJHON U3 UCIIOJIb3YEMbIX CETOK KOHEUHBIX 3JIEMEHTOB.

B pesynbpTaTe MaTeMaTM4ECKOrO MOJEIMPOBAHUS YCTAHOBIICHO:

1. Hamuuue nedekToB B 1eTaau IPUBOJANT K H3MEHEHHIO CIIEKTpa YaCTOT KOJIeOaHUH.

2. BennunHa «cABUra» 4YacTOT 3aBUCUT OT pa3Mepa M MECTOIOJIOXKEHHs Je(eKTa B

JETAIIN.

lO. B. BaHbkoB, P. b. Kazakos, 3. P. lkoBnesa
CobCTBEHHbIE YACcTOTbl M34eNUs Kak MHPOPMATUBHbBIA NPU3HAK Hanuumsa aedekTos



DNEeKTPOHHbIN XypHan «TexHnyeckas akyctmka» 2003, 5 3(7)

3. Ecniu ngedekT HaXoauTCs B «IIy4YHOCTH» KOJeOaHWi, TO COOTBETCTBYIOIIAS YacTOTa
CIABUTACTCS Ha «MAaKCHUMAJIBHYIO» JIJIsl JAHHOTO pa3Mmepa JeexTa BeTuInHy.
4. Haxoxnaenue nedekra B «y3Jie» KoJieOaHWN HE NMPUBOIUT K CABUTY COOTBETCTBYIOIICH
YacTOTHI.
5. Nmeetcst 3aBUCHMOCTh M3MEHEHHsI YaCTOTHOTO CIEKTpa H3JEIHUS B 3aBUCHMOCTH OT
OpUEHTaNHH 1ePeKTa OTHOCUTEIHHO OTIOPHI.
Hcrnonb3oBaHue 11 OMpeaeieHUs] CIEeKTpa COOCTBEHHBIX YacCTOT M3JACIUS YHUCICHHBIX
METOZIOB  TO3BOJISIET  MOJETUPOBaTh  ACHEKTHl  Pa3JIUYHOTO  MECTOMOJOXKCHHS |
MPOTSHKECHHOCTH.

Ta6muma 1. ®opmer 24, 26, 49 xonebaHMi MUJIUHIPUIECKOTO CTEPXKHS C 1epeKToM

Ne hopmbr B
KoJebannii BHeunuii B «IloBenenue» nedexra
I [
24 ﬁ /
26
49

2. CIIOCOB OBHAPYXEHUS JE®EKTOB I10 AHAJIU3Y CIIEKTPA KOJIEBAHUIA

Tak Kak xapakTep MU3MEHEHUS CIIEKTpa COOCTBEHHBIX YAaCTOT KOHTPOJIUPYEMOTO W3JEIHS
3aBUCUT HE TOJBKO OT pa3Mmepa Ae(eKTa, HO U OT €ro MECTOMOJO0KEHHUS, TO JUIS MPUHATHS
peIIeHUs] O COCTOSHHUM KOHTPOJIMPYEMOTO0 OOBEKTa HEOOXOJUMO MPOAHATM3HPOBATH BEChH
CHEKTp COOCTBEHHBIX YaCTOT, YTO HEBO3MOXKHO OINEpPATHBHO CHeNaTh 0€3 NPUMEHEHUs
KOMIIBIOTEpA.

B kadecTBe KpuUTEpHUsi CPAaBHEHHUS MOXKET CIIY>KUTh, HapuMep Ko3(Q(HUIIUEHT KOPPETAILIH
CIIEKTPOB, AJIsl ONPEEIICHUsI KOTOPOTO UCIIOJIb3YETCs CIEAYIoLIasi 3aBUCUMOCTD:

r= Zai asi—(zaiZasi) n |
‘/(Zaiz ‘(Zai)z/n)'(zai —(Zasi)z/n)

I7€ @i — 3HAYCHMsI aMIUIUTY/ TEKYIIETO CHEKTPa; dsi — 3HAYCHUs aMIUIUTY] 3TaJIOHHOTO

criekTpa (cmektpa 0e3aedeKTHOrO H3JeNusi); N — KOJWYECTBO YacTOT B CHEKTpe. OJTa
3aBUCUMOCTbH YIPOIIAET BBIYUCICHUS (TIPU 3TOM CyMMHUPOBAHHE BBITIOIHSICTCS ISl 3HAYCHHIA
WHJIEKCA 1, U3MEHSIOIMUXCS B TUara3oHe ot 1 110 n).

lO. B. BaHbkoB, P. b. Kazakos, 3. P. lkoBnesa
CobCTBEHHbIE YACcTOTbl M34eNUs Kak MHPOPMATUBHbBIA NPU3HAK Hanuumsa aedekTos
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B uensx mpoepku pabOTOCTIOCOOHOCTH BBIOPAHHOTO KPHUTEPHUS CPaBHEHHUS CIIEKTPOB
OBUIM TPOTPAMMHO CTE€HEPUPOBAHBI aMIUIUTYIHO-BPEMEHHbIE CUTHAJBI 10 Pa3pabOTaHHBIM
MaTeMaTHYECKUM MOJIesIM Kosebanuii crepxkHed. Ha puc. 1-3 mokaszaHbsl aMILTUTYIHO-
BPEMEHHOMN CHUTHAJl CTEPKHS, CIIEKTPhI 0e3/1e(heKTHOTrO U 1e(heKTHOTO CTEep>KHEH, Pe3yIbTaThl
CpaBHEHHUS CHEKTPOB Oe3nedekTHOr0 W AChEKTHBIX CTEpKHEH 1o KOIPUIHECHTY
KOPPEJISIIHH.

Puc. 1. CrenepupoBaHHBIN CUTHA KOJIEOAHUN CTEPIKHS

CHEREAHOR CNEKTR

2500
2000
1500
1000

500

2500
2000
1500
1000

500

P&SHOCTHEIR CREKTR

2000
1000 J

-1 000
-2 000

Puc. 2. CBepxy BHH3: CIIEKTp CTEepKHS C nedexTom riyounou 3,7 MM; criekTp 0e31epeKTHOTO
CTEP>KHSI; pa3HOCTHBIN cIieKTp (0e3medexTHbI — nedekTHsIi). [To ocn abcuce oToxkeHa
yactoTa B Kl 11, mo ocu opauHat — aMiuintyaa B equaunax AL

lO. B. BaHbkoB, P. b. Kazakos, 3. P. lkoBnesa
Cob6CTBEHHbIE YACTOTbl M34eNnsa Kak MHPOPMATUBHbIN NPU3HAK Hanuuns aedekTos
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Puc. 3. Pesynbrarsl 00pabOTKH CMOJIETUPOBAHHBIX CUTHAJIOB!
1-3 — XapaKTepUCTUKU CTEHEPUPOBAHHBIX CUTHAJIOB 0€3/1€()eKTHOTO CTEPIKHS C YPOBHIMHU
rapmonuk 29, 30, 31 ab,
4—5 — XapaKTepUCTUKH CUTHAJIOB A€(PEKTHBIX cTepikHEel: 4 — nedekT crepxkHs 3,7 MM,
5 — nedexrt crepxns 4,5 mm (ammuntyaa coctasisitomux 30 nb)

3. BJIMAHUE PABMEPA JIEOEKTA HA USMEHEHUE KOOOOUIIMEHTA
KOPPEJIALIMU CIIEKTPOB

Bricokue TpeOoBaHMS K JOCTOBEPHOCTH MPOBEACHUS SKCIEPHUMEHTAIBHBIX H3MEpPEHHI
HaKJIaJJbIBAIOT J)KECTKUE TPEOOBAHMUS K YCIOBUSAM MPOBEJCHUS SKCIIEPUMEHTA, TAKUM Kak
® HEOO0XOAWMOCTh OAHOOOPA3HON YKIIQAKH HCCIEAYEeMOTOo W3JENUs Ha HM3MEpPUTEIbHBIN

CTEH],

® IOCTOSIHCTBO CHJIBI ¥ TOUKH MPUIIOKEHUS BO30YXKIAIOLIEH CUIIBI.

Cobmtonenne 3Tux TpeOOBaHUI  peaqu30BaHO B  KOHCTPYKTHUBHBIX — OCOOCHHOCTSIX
HKCIIEPUMEHTAIBHBIX yCTaHOBOK. CBOOOJHBIE KOJNEOAHUS B HCCIEAYEMBIX CTEPIKHIX
BO30Y)KIAUCh IIyTeM HaHECEHHWs HOPMHUPOBAHHOIO yaapa MO ILEHTpy crepxkHs. Ilpu
NPOBEICHUN SKCIIEPUMEHTOB KOHTPOJb IIOCTOSHCTBA IapaMeTPOB MPOBOIMICS IIyTEM
MHOTOKpPaTHOTO TOBTOPEHUS M3MEPEHUH aKyCTHMUYECKHX XapaKTEpUCTHK OJHOTO U TOTO Ke
U3JIeNUS C HEU3MEHHBIMH YCIIOBUSMU U3MEPEHUI.

W3mepenuns NpoBOJUIIUCH CIIEIYIONIM 00pa3oM.

1. Uccnemyemblii cTep:keHb OJHOTHITHO YKJIIbIBACTCS HA OMOPBI.

2. Ilo cTeprkHIO HAHOCUTCS HOPMHUPOBAHHBIN yaap 3JEKTPOMEXaHHUECKUM YIaPHUKOM.

3. MukpodoHn dukcupyer koieOaHWsl WU3AETUS, KOTOPHIE MEpPenarTcs MOCpeacTBoM 16
paspsanoro AL B ITO9BM.

4.3 3anucanHoro curHama aiaroputMoMm bII® dopmupyercs coekTp, KOTOPBI
CPaBHUBAETCS C STATIOHHBIM CIIEKTPOM, CPOPMUPOBAHHBIM IO PE3yIbTaTaM SKCIIEPUMEHTOB C
6e31e(heKTHBIMU CTEPIKHSAMHU.

PesynbpTaTsl 00paboTKu U3MepeHnii 6e3/1e(heKTHRIX CTep)KHEH NMpHUBeIeHbI Ha pHC. 4.

lO. B. BaHbkoB, P. b. Kazakos, 3. P. lkoBnesa
CobCTBEHHbIE YACcTOTbl M34eNUs Kak MHPOPMATUBHbBIA NPU3HAK Hanuumsa aedekTos
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Puc. 4. Usmenenne ko puirenTa KOppesiiiuy ClIeKTpoB 0e31e(PEeKTHBIX CTepIKHEH.

I — 3Ha4yeHue Ko3(puuneHTa Koppessuuu, Npu CPABHEHUH KaKJOr0 TEKYILEro CIeKTpa
C 3TaJIOHOM, c(hopMupoBaHHBIM 110 10 ciekTpam; N — HOMEp IKCHIepUMeHTa. MenKuii
MyHKTUP — OIICHKA MOJIOKEHHUs Kod(uiinenta koppensuu crekTpoB (0,961); kpyrHbIi
IIyHKTUP — HWKHSIS TpaHuLia JoBepuTenbHoro nutepsana (0,885), npu ypoBHe
3HauuMocTH P=0,95

C nuenpio ompeneneHUss HU3MEHEHHMS KO3(PQHUIMEHTa KOPPEISLUU CHEKTPOB IMpH
yBEJIMUEHHUH JIe(eKTa B U3ACTUH MPOBOAUINCH UCCIIEOBAHUS CTEP)KHEH ¢ TeeKTaMu B BUJIE
nponuia rayounoit 1, 3, 4, 5 MM B cpeiHeil 4acTH CTEPIKHS, YTO COCTABIISIET COOTBETCTBEHHO
2,6; 12,9; 19,6; 26,9 mpoueHTOB OT MONEPEYHOro ceyeHusi crepkHs. C KaxIbIM BUIOM
nedexTa MpoBOIUIIOCH 110 IECSITh U3MEPEHUN aKyCTHUECKUX XapaKTEPUCTHK.

CpaBHEHHE CTIEKTPOB MIPOBOIMWIOCH CIEAYIOUIMM 00pa3oM:

1. ®opmMupoBacs ATAJTOHHBINA CIEKTP IO JIECSATH CHEKTpaM 0e31e(eKTHOrO CTEPKHSI.

2. [lo pesynpTaTaM CpaBHEHHUS [apaMeTPOB OSTAIOHHOTO CHEKTpa U  CIIEKTPOB
6e31e(peKTHOTO CTEep)KHSA OINPEACISUIUCh JIOBEpUTENbHBIE HMHTEPBAJIbl C YPOBHEM
3HayuMoctH P=0,95.

3. C mosny4eHHBIM 3TaJIOHOM CPAaBHUBAINCH YCPEIHEHHBIE CHEKTPhI CTEP)KHEH ¢ pa3sHOH
rIIyOMHOI mpomnuia.

JlaHHbIe, OJYy4YEeHHBIE B pe3ysibTaTe 00pabOTKH SKCIIEPUMEHTOB, PUBEACHBI HA pUC. 5 (110

ocu alciycc OTMEUEHbl HOMEpa OSKCIEPUMEHTOB, a 1O OCH OpJMHAT — 3HAYEHUs
KO3 PHIMEHTa KOPPEISLNN CIIEKTPOB).

lO. B. BaHbkoB, P. b. Kazakos, 3. P. lkoBnesa
CobCTBEHHbIE YACcTOTbl M34eNUs Kak MHPOPMATUBHbBIA NPU3HAK Hanuumsa aedekTos
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Puc. 5. U3smenenne ko puirenTa KOppessiiy CIeKTPOB.
1 — O6e3aedekTHBIN CTep)KEeHb, 2 — TIyOnHa nponuiaa 1 MM, 3 — riryOrMHa ponuia
3 MM, 4 — rny6uHa nponuiaa 4 MM, 5 — TIIyOMHA Iponuia 5 MM

3AKJIIOYEHUE

1. U3 ananu3za rpadukoB, MpUBEIEHHBIX Ha pPHC. 3 M pHC. 5, CIEOyeT, 4TO TEOPETUUECKUE
pe3yinbTaThl MOJIEIUPOBAHUS KOJICOAHUN M3IeNuil ¢ nedeKTaMH MO3BOJIIOT ONPEACTUTh
nH(POpPMATHUBHBIE MapaMeTpbl HANMWYHs Ae(PEKTOB B M3ACTHIX IO aHAIU3y YAaCTOTHOTO
CHEKTpa KoJeOaHuH.

2. U3 rpaduka Ha puc. 5 cienyer, 4yTo, CpaBHHBAs CIIEKTPHI KoJeOaHUi 1Mo Kod(pPUIeHTy
KOppEeIsuN, MOXHO OOHAapyXHBaTh Ae(eKThl THMa TpemuHa miomansio 1-1,5% ot
MONEPEYHOI0 CEYEHUS CTEPIKHS.

3. Pe3ynbTarhl mpoBeAeHHON pabOTHI MOKA3adl, YTO MCIIOJIb30BaHHE COBpeMeHHbIX [[19BM
V1T MaTeMaTHYeCKOr0 MOJICTUPOBaHMUA KojeOaHW W3Aenuid CIOXKHOH (opMBI U
MOCTIeIYIONIer0 aHalu3a CIEeKTpa KOJIeOaHWH MOTYT clieslaTh METOJ CBOOOJHBIX
KoJieOaHUH TEPCIEeKTUBHBIM JJIsI MPOBEACHUS «IKCIPECC» KOHTPOJIS MaTepualoB U

15631 (50507 8
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