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PE3YJIbTATHI HAYYHBIX UCCJIEJJOBAHUM IO KBAJJUMETPHHA
JYBOBOJIOKHUCTOI'O CbIPHA - TIPOU3BO/JACTBY
E.JI. ITamun
KoctpoMckoit rocy1apCTBEHHBIN TEXHOJIOTHUYECKUN YHUBEPCUTET

IIpeocmasnenvl pe3yiomamoi MHO20IEMHUX KOMNAEKCHBIX UCCAEO08AHUIL 8
obracmu Keanumempuu 1y6060J0KHUCIbIX MAMepuaos. M3noxcenvl 0CHO8bI
HOB0U KOHYEeNYulu KamuMempuu u npeoiazaemvix UHCIMpPYMEeHMANIbHbIX
Memo008. YKazanuvl MexHOI02UHEeCKUe CXeMbl U GHEeUHULL 8UO HOBbIX CPEeOCME
KOHMPOJIsl ceolicme cmebell U 8010KHA (1y0a), a makaice OYeHOUHbIX
nokaszamejiell Kauecmad, Komopbvie UCNOb3068AHbL NPU CO30AHUU HOBLIX
20CY0apCmMEEeHHbIX CMAHOAPMOE8 HA NPOOYKYUIO JIbHA U KOHONIIU

CoctosiHuss nmen B 00macTM  MPOM3BOJACTBA U NEpepabOTKH
J1yOOBOJIOKHUCTBIX MaTrepuajoB BO MHOIOM CBSI3aHO € WX KadecTBoM. Jlns
oOecrieueHus: ero TpeOyeMbIX XapaKTepUCTHK HEOOXOoJuMa CHCTeMa Mep MO UX
dbopMHpoBaHUIO U yrpaBieHuto. i 3Toro TpeOyroTcs 00BEKTUBHBIE U TOUHBIC
METOABl W  CPEACTBA KOHTPOJIA, OOECHEYMBAIOIIME pEIICHHE  3a7ad
CTaHJAPTU3ALMH U CePTUDUKAITUU TPOTYKIUH.

Panee pa3paboTkOW COBPEMEHHBIX METOJOB U CPEACTB OTPaCICBOM
NpoAyKIMM 3aHuManuch ronoBHble HIMM, 3arem co3nmaHHblE pemieHHEM
I'occrannapra CCCP , a Ha mocineAHHMX 3Tanax - pelieHueM (¢eaepantbHOro
areHTCTBA N0 TEXHUYECKOMY PETYJIMPOBAHUI0 M METPOJIOTH TEXHUYECKUE
komutethl (TK) mo cranmapTusanuu NPOAYKIIUU JyOSHBIX KyJIbTyp. B
HACTOSIIIEe BPEMs JIE€SITEIIbHOCTh B 00JIACTHM CTaHIAApTHU3AMU NPOIYKIUU U3
JbHA U KOHOIUTM B o0nacT TekcTuiis ocymiecTBisieTcss TK Ne 412 «Tekctumby,
a B obOmactu arpompombinieHHON mnepepadotkun - TK Ne 460 «JlyOsHbie
KYJIBTYPBI U TIPOJIYKIIUSI, IPOU3BOAMMAs U3 HUX», (DYHKIIMOHUPYIOIIEM Ha 0aze
KocTpoMckoro rocy1apCTBEHHOTO TEXHOJIOTMYECKOTO YHUBEPCUTETA.

Pa6ota TK Ne 460 Oplna opranu3oBaHa Ha 0aze co3gaHHBIX 10 1996 rona
pesynbratoB HUOKP no cranmaptuzanny npoayKIMH KOHOILIM M MPOJIOJKEHA

B HAIIPpABJICHUH KBAJITUMCETPHUHU JIbHAHOT'O CBIPbA X BOJIOKHA.



OcHoBHOE  HampaBiieHME  paboTbl  OBUIO  OPUEHTUPOBAHO  Ha
MPEIIOAKEHHYIO B KOHIIE 1978 roga KOHIENIMIO OLEHKHA KayeCcTBa MPOAYKINUU
o pesyipTaTaMm e€ MnepepadoTKU MOCPEICTBOM HCIOJIb30BaHMS CIEIHATbHBIX
CPEACTB  KOHTpOJISl,  UMHUTHUPYIOIIMX  B&KHEWIIHE  TEXHOJOTHYECKHE
BO3JICHCTBHS, a TaKX€  HWHCTPYMEHTAIBHBIX  METOJOB  OIPEACIICHHUS
JOTIOJTHUTEIILHBIX OIICHOK, YTOYHSFOIIMX KOHEYHBIN pe3yabTaT KBaauMerpun [1,
2]. HoBble crcTeMbl KBATMMETPUU ObLITH OPUCHTUPOBAHBI ISl HCIIOJIb30BaHHS
Ha pa3IMYHBIX 3Tamnax HPOM3BOACTBA M MEpPepabOTKH MPOAYKLUUU JTYOSHBIX
KYJIBTYP, HAUMHAs OT CO3/IaHUs CEJIEKIIMOHHOTO COpPTa A0 IMOJYYEHUS BOJOKHA B
YCIIOBUSAX JIBHO- IEHbKO3aBOAAX.

B pamkax peanuszanuy yKka3aHHOM KOHIIENMY HA NEPBBIX ATANAX YCUIIUA
ObUIM COCPEOTOYEHBI Ha pa3paboTKe HOBBIX CPEACTB M METOAOB KOHTPOJIS
NPOAYKIIMH KOHOIUIN.

JIns OLeHKM KadecTBa KOHOIUITHOW COJOMBI M TPECTHl BaKHEWUIIHAM
[IOKA3aTeJIeM HX TEXHOJOTHYECKON LEHHOCTH SIBSIETCS BBIXOJ JUIMHHOTO JIyOa
WIM BOJIOKHA. IIpu ero ompeneneHun MCXOIWIN W3 MOJIOKEHUS, NPU KOTOPOM
ATH TOKa3aTelu OTJIMYAOTCS OT MAacCOBOM JOJM JIyOOBOJIOKHHUCTBIX BELIECTB
BCJEACTBUE HAJIWYMS PA3IUYHBIX IOPOKOB: MEXAHMYECKOE IOBPEKICHUE,
NOpaKeHWE OOJIE3HAMH WM BPEIUTEISIMUA, OCOOEHHOCTAMH MOP(OJIOTHH
cTeOJIsI KOHOTLIH | JIp.

Jlns obecrnieueHus yCIOBUM MPOSIBICHUSI 3TUX MOPOKOB ObUI MPEII0KEH
croco0  BBIJICTICHUSI BOJIOKHMCTOW COCTABJISIONICH CTEOJsT MOCPEACTBOM
mudpepeHITPOBAHHOTO CKOJB3sIIero m3rnda credneit [3]. [lo pesympraTam
UCCIIEIOBaHMsI 3TOro crocoba Oblga NpEeasoKeHa TEXHOJIOTHYECKas CXeMa
CpeJICTBa JJIs ONpEeACNICHHs BhIX0/a JTy0a 1 BOJIOKHA U3 cTe0sel KOHOIUIH (puC.
1) [4, 5] u co3maH 3KCIIEPUMEHTAIBHBIN CTEHI JJISI ONTUMH3ALUN PEKHUMHO-
TEXHOJOTHYECKHUX NapaMeTpoB (puc. 2).

Hapsiny ¢ BbIXOJOM BOJIOKHHCTBIX BEIIECTB IpU 00paboTKe cTebieit

OPYroN BaKHEMIIEH XapaKTEPUCTUKOW MX KayeCTBa SBJISIETCS IMPOYHOCTH ITUX



BenecTB. C ydeToM OCOOCHHOCTEHW JKCIUTyaTalldd IEHBKW B BHJIE TOTOBBIX
KPYYEHBIX H3CNINH, yKa3aHHYI0 MPOYHOCTh MNPEIONKEHO paccMaTpuBaTh HE
TOJIbKO, KaK pa3pbIBHYIO Harpy3Ky, HO M KaK MPOYHOCTh K 3HAKOIIECPEMECHHBIM
U3ru0aM, HCTUPAHUIO TMPU HUKIXYECKOM pacTArMBaHMH. bblla mocraBicHa
3aJady YYeCTh W CKPBHITBIC ITIOPOKM BOJIOKHA, KOTOPBIC OMPEACIISTIOTCS
HEOJTHOPOJTHOCTBIO €0 CTPYKTYPBI M MOT'YT MPOSIBJISTHCS B MPOIECCE CHIIOBOTO
Harpy>XeHus TP UCTIBITAHUH.

JIJis 3TOTO BIIEpBBIC ObLIAa OCYIIECTBJICHA MOMBITKA YYSCTh MacIITaOHbIH
ahdekT, obecrneunBarOmMMi OIEHKY HEOJHOPOJHOCTH CBOMCTB MO JIJIMHE
UCIIBITHIBAEMOTO BOJIOKHA. J[71s1 3TOr0 paspaboTaH crmoco0d WCIBITaHUS JIyda U
BOJIOKHA KOHOIUIM Ha wu3HOC [6] mocpencTBOM €ro B3aUMOJICHCTBUSA C
TIepEeMeAIOIITUMKCS BJIOJIb JJTMHBI BOJIOKOH KpOMKaMH (puc.3).
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Puc. 1. Cxema nabopaTopHOTO CpeACTBA JIJIsl BBIACICHUS BOJIOKHUCTHIX
KOMIUJIEKCOB U3 cTeOJIeH KOHOTUIA Ha OCHOBE MX AU (epeHIInpoBaHHOTO
CKOJIB3SIIETO U3ruda
1 — ocTOB; 2 — HENMOJABMXKHAS paMa; 3 — MOJBWKHAS pama; 4, 5 — TpaHCTIOPTEPHI;

6 — paboume TTACTUHBI, IMEIOIINE PA3HYIO BBICOTY; 7 — MPUBOJ TPAHCIIOPTEPOB; 8 — PUBO/T
TiepeMeNICHHS ITOABIKHON paMbl; 9 — 3akuMHast Komoaka; 10 — KpoHIITeHH



Puc. 2. Buenauii Buj 9KCIEPUMEHTAILHOTO CTEH/IA JJIs BBIJICICHUS
JUTMHHOBOJIOKHUCTBIX KOMIUTEKCOB (1979 1.)

[Tpu mpennoxxeHHOM crioco0e ucmbITanus (puc. 3A) GopMaTbHO CXEMY
UCTIBITAHUST MOHO TIPEJCTaBUTh B BHUJEC HU3MEHSIOMIUXCA MO CpEeIHEMY
3HAYCHUIO W JHUCTIEpCHH ABYX BenwumH: HaTspKkeHus N u mpounoctw I1 (puc.
3b). Ux B3aumoaeicTBrE MO Mepe NepeMENICHHs] KPOMOK BJOJIb JJIMHBI 00pasiia
obecrieunBaeT 0Opa3oBaHWE BOJIOKHUCTBHIX OTXOJOB, BEIMYMHA KOTOPHIX
KOMILJIEKCHBIM 00pa3oM XapakTepu3yeT BaKHEHIIME YINOMSHYThIE BBIIIE
CBOMCTBA BOJIOKHUCTHIX KOMILIEKCOB.

Peammzanmsi TpeqioeHHOTO crmoco0a HCIBITAaHUS Ha HW3HOC Oblia
COBMEIIEHA B OJTHOM HCIBITaTEILHOM YCTPOWCTBE, @ UMEHHO B KOHCTPYKIIUH,
MPE/ICTaBJICHHON HA pUCYHKeE 1.

B wutore ma 6aze storo ycrpoiictBa coBmectHo ¢ HIIO «Centa»
(r. Cumdepomnons) OBIT CO3IaH HOBBIM  HCHBITATEIBLHBIA  KOMIUIEKC
«JIyooBbiienuTenp KoHOIM Jaboparopusid JIKJI» [2], B komIuiekT koToporo
HapsIAy CO CPEICTBOM BBIIEICHHUS Jy0a W BOJIOKHA BXOJSAT: YCTPOWCTBO IS

(bopMHUpOBaHUS OTPE3KOB CTEOJIEH, UX TUTFOIIECHUS ¥ TIOJACYIIKH (puc.4).



A) b)

Puc. 3. Cxema uCIbITaHUS TIEHBKU C UCIIOJIB30BAaHUEM KOMILUICKCHOTO
WCTHPaHUs, U3ruda M pacTsHKEHUS P U3MEHSIoIEeMcsl 00béMe (JITTHHE)
obpasna (A) u popMaTM30BaHHOE MPEICTABICHUE B3aUMOCHCTBHS IIPOYHOCTH
oOpasia ¢ BOZHUKANIUM B HEM ycriieM (b)

B mporecce 000CHOBaHMS KOMIUIEKCHOTO METOJla OLICHKU KayecTBa
KOHOIIM ObLIa BBIABJIEHA HEOOXOIMMOCTb CO3JaHHMs 0Oojee OOBEKTUBHOTO
crioco0a omnpeaesieHns IJUHbBI U auamerpa credneid. [IpuunHoil Tomy SIBUIOCH
HECOBEPIIICHCTBO paHee MCMOJB3yeMOro CIoco0a OMpeAcIeHUsI 3TUX CBOMCTB
no 'OCT 6729-60 «Tpecra xoHomsiHas. TY», COTJIaCHO KOTOPOTO aHAIM3,

HanpuUMep, S TOHH cTe0eil MPOBOAMIN MOCPEACTBOM UCTbITaHUs 20 cTeOIeH.



]Zy606’bla€]lum€]lb npecc-HOACHUYbL

CYWUNLHAS Y CMAHOBKA cpedcmeo Ons naoujenus cmebaell

Puc. 4. BHeunuii Bua 1yO0OBBIIEINUTENS] KOHOIUIN J1a0OPaTOPHBIM
(JIKJI B komIuIEeKTE)



CoBepILIeHCTBYS HCHOJb3yeMbIH B TO BpeMs Ha NpPaKTHKE CrIocod
ompezeNieHus] IJINHBI, ObLT MPEAIOKEH BapUaHT, IPU KOTOPOM MCXOHAs mMpoda
cTebiiell okazaach O6oJiee penpe3eHTAaTUBHOW M TIPEICTABIISIIACH B BUJE CHOTIA,
HEe TpeOyrollero KOHKpPETHOTO uucia crebneil. B ocHOBY cmocoba Oblia
MIOJIO’KEHO CXOACTBO (POpMBI CTEOJII KOHOIUIM C KOHYCOM, a C YYETOM 3TOTO —
3aBHCUMOCTH JJUHBI CTEOJST OT PACCTOSTHUS OT €r0 KOMJIS J0 HEHTpa TSHKECTH.
[Ipu TakoM yCIIOBHOM CpaBHEHUHU OBLIO MPEIJIOKEHO HECKOJIBKO peau3aliuid
METOJIOB OIPEAENCHUs] PACCTOSHUS MEXKIy KOMJIEBBIMU KOHIIAMU CTeONel u
IICHTPOM TSDKECTH MCXOHOU mpoOsI (cHoma) [7, 8]. HoBbie MeTo bl 0Oecnieuniu
TaK)ke BO3MOXKHOCTh OLIEHKU Bapuaruu ctedeid o amune [9].

OmvH W3 TPEeIOKEHHBIX BApUAHTOB OCHOBAaH HAa KOHTPOJIE CHIIBI
peakuuu, KoTopas GoOpMUPYETCSI CO CTOPOHBI KOHIIOB KOMJIEH Ha OMOpPY BECOB B

IPOILIECCe HAXOXKICHUS IICHTpa TsHKeCTH cHoma (puc.D) [7].

Puc. 5. BHemHu BUJ UCNIBITATENILHOTO YCTPOWCTBA ISl ONIPEIEIICHUS
MOJIOKEHUS IIEHTPA TSXKECTU TOPCTHU C UCTI0JIB30BAaHUEM JIA0OPATOPHBIX BECOB

Jpyrol BapuaHT WUCHOBITAaHUA 3aKIOYAICA B IIOUCKE KOOPIAWHATHI
pPAaCIIONOKEHUA LEHTpPa TSKECTU CHOINA [0 OTHOLIEHUID K €ro KOMIIEBBIM
KOHIIAaM TIOCPEACTBOM CONMKEHHsI JIBYX OIMOp, Ha KOTOPBIX pacrojiaraeTcs

UCTIBIThIBacMas poda (cHom) credeit (puc.6) [8].
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Puc. 8. Cxema 1ab0paTopHOTO YCTPONUCTBA ISl OLIEHKH TOPCTEBOM IJTUHBI
crebneit

CpaBHUTEIbHBIE UCIIBITAHUS YKA3aHHBIX CXEM BBISIBUIIM BO3MOKHOCTbH MX
MIPUMEHEHHUS, HO C y4€TOM CTOMMOCTH KOHCTPYKIIMHM ObLla BhIOpaHa BTOpas
cxema wucneiTanus. EE  gopaboTka obecneumsia  CO3JaHUE  HOBOTO
UCIBITATEILHOTO cpeAcTBa — JiauHHOMepa konommd JIK (puc.9), xoTopwiii B

nocJIeICTBUM cTan cepuitHo BoiyckaTeest HITO «Cenray.

Puc. 9. lmuromep koot JIK

3HayuTeIbHOE  BHHMaHME OBLIO  yAelIeHO  pa3paboTke  Ooiee

COBCpHICHHOTO MCTOAAa ONCHKH KadyeCTBa CT eOJei TPCCTbl  KOHOINIM.



OcoOEHHOCTBIO ~ OLIGHKM €€  TEXHOJOTMYECKOM  IIEHHOCTH  SIBIISIETCS
HEOOXOAMMOCTh y4yeTa CTENeHU TOTOBHOCTH CTeOlel K mocieayrolei
nepepabotke. s sTOro OBLIO NPENIOKEHO H3MEHUTHh CYILIECTBYIOIINE
HOJIXO0Jbl B paHee mpuMeHseMoM ctaHmapte [10], ocHOBaHHOM Ha OICHKE
nmokazarens oOpabarbiBaeMocTH  cTebieli. Ero HemoctaTkoMm — sIBIISIIach
HejocTaToyHas WH(OpMAIHs O CTETIEHH TOTOBHOCTH BOJIOKHA K TOCIEAYIOIIEH
nepepaboTKe Ha TEKCTUIBHBIX mpennpusatusix. [loatomy ObuT mpensiokeH
BapHaHT, OCHOBAaHHBIKH Ha YydeTe CBOWMCTB BOJIOKHA, XapaKTEPHU3YIOIIHUX €ro
TOTOBHOCTh K Mpouécy. OKa3ajloch, YTO 3Ta XapaKTEPUCTHKA UMEET BBICOKYIO
KOPPEJSAIMOHHYIO CBSI3b M CO CTEMEHBIO OTIEISIEMOCTH BOJIOKHA OT JPEBECHHBI
B CTEOJISIX TPECTHI. DTO MO3BOJIUIO 0OOCHOBATh HEOOXOAMMOCTh HOBOM OIEHKH
IpU CTAaHAAPTU3AIMH KOHOTUISTHON TPECTHI.

Ha ganHO#1 0cHOBE ObLIM MPEAIOKEHBI Pa3HbIE CIIOCOOBI OIIEHKU CTETIEHU
TOTOBHOCTA TPECThl MO CIOCOOHOCTH BOJIOKHA JPOOUTHCS B MPOAOTHHOM
HaIpaBJICHUW TIOCPEACTBOM Bo3jaercTBus uriamu [11, 12]. Cxema ucnbiTaHus
OpU HMX HCIOJB30BAHUM 3aKIOYanach B y4eTe YCWJIMs, BO3ZHUKAIOLIETO B
Ipoliecce YecaHusl BOJIOKHA UTJIaMU MPU UX MEPEMELIEHUU BIOJb BOJIOKOH Ha
BenmmuuHy h (puc. 10). [lnsg Takoro Bapuianta Obliia MpeIOKeHA OPUTHHATIbHAS
CXE€Ma MCIBITAHUS W YCTPOWCTBO MJId €€ peanu3alud, CyTb KOTOPOTro
npencraBieHa Ha pucyHke 11. Teopernueckue u 3KCHEpUMEHTaIbHbBIE
UCCIICIOBAHMS YCTAHOBWJIM 3aBHUCHMOCTh MEXKIY CIOCOOHOCTBHIO BOJIOKHA K
HPOJIOJILHOMY IPOOJICHUIO M YCHUIIMEM, BO3HUKAIONINM Tipu mpouéce [2].

Oto ofbecrmeunsio pa3pabOTKy MPUHIMINAIBHO HOBOTO CpEICTBa
UCTIBITaHUSI JTyOSIHOIO BOJIOKHA (B YaCTHOCTH, MIEHBKH) IO €ro CIOCOOHOCTH K
npobnenuto. bbuia pazpaboTtan MmakeTHBIN oOpaszen (puc. 12), a mo pesynbraram
YCTICTITHBIX roCcyapCTBEHHBIX UCTIBITAHU I - HOBBII npuodop
«BOJIOKHOIIpOKanbIBaTenb Jadbopatopubii BJI» (puc. 13), mno3Bomistomui
OIICHMBATh CTEMEHb TOTOBHOCTUM KOHOIUISHOM TPECThl K TMOCIEAYIOIIeH

nepepadoTKe.
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Puc. 10. Cxema ucnbITanus Puc. 11. Cxema UCHBITaTEIbHOTO YCTPOUCTBA
BOJIOKHA UI'JJaMU Ha OCHOBE JUIsl OLIEHKU CUJIbI COITPOTUBIIEHNS,
npouéca BO3HUKAIOUIEH MPU IPOKOJIE U MTPOUYECE BOJIOKHA

(1- ocHOBaHwMe; 2 — OCh BpaIlleHHs; 3 — IIKAJIA;
4 — yka3zatenb; 5 — maTdopma, JKEeCTKO 3aKperui€HHas Ha
OCH BpalieHusi; 6 — BOJIOKHO; / — maTdopma, CBOOOTHO
BPAIIAIOIIAsICS OTHOCHTEIBHO OCH 2; 8 — HIJIbI)

Puc. 12. MakeTHbIl 00pasen Puc. 13. CepuiiHo BbIIlycKaeMoe
BOJIOKHOTIPOKAJIBIBATEIIS CPEICTBO KOHTPOJIS —
«BOIOKHOTTPOKAJIBIBATEH
naboparopubiit BJ»
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Coznmanne HOBOM ammapaTyphl AJisi OLEHKH KauecTBa CBOMCTB CTeOeH,
ay0a ¥ BOJOKHA KOHOIUIM B UTOTe TIO3BOJIMJIO TMPEAJIOKUTH HOBBIC
KOMIUIEKCHBIE CIIOCOOBI OIpeNeNieHUs] KayecTBa CTeOJel COJOMBI M TPECTHI
koHorm [13, 14]. MHorouucineHHble J1aOOpPAaTOPHBIC, MPOU3BOJCTBCHHBIC
(BeIOMCTBEHHBIE U MEKBEJIOMCTBEHHBIE) U TOCYaPCTBEHHBIE UCIIBITAHUS 3TUX
CIocOO0B M CPEJCTB KOHTPOJS BBIABIIIM MX TMPEUMYIIECTBA B CPAaBHEHUU C
panee co3manHbiMu Bapuantamu oneHku o 'OCT 6729-60 u TOCT 11008 -
64. TlomydeHHBIE TMOJIOKHUTEIbHBIE PE3YJAbTATHl MPOBEPOK  MO3BOJIMIIH
UCIIOJIb30BaTh HOBBIE pa3pabOTKU sl CTaHJAPTU3ALMU KOHOIUICTIPOIYKIUH,
UTOTOM Yero SBWIMNCh HOBBIE, TPUMEHSEMBbIE B HACTOSIIEE BpeMs

roCyJapCTBEHHBIC CTAHAAPThl HA KOHOIUISIHYIO cojiomy U Tpecty (puc. 14) [15,

16].

FTOCYAAPCTBEHHBMA CTAHAAPT
COKW3A CCP

TOCYIAPCTBEHHB N CTAHAAPT
COW3A CCP

TPECTA KOHOILISTHAA
TEXHHYECKHE YCIIOBHUA
TOCT 2734587 COJIOMA KOHOILUIAHASA
H3nauue odpuunansuoe TEXHHYECKHE YCJIOBUA

TOCT 27024—86

H3nauue opuuMATEHOE

B3 496

UMK UIJATETBCTBO CTAHIAPTOB
Mocksa

B3 4—96

MIIK U3JATEJILCTBO CTAHAAPTOB
Mocksa

Puc. 14. TuTynpHbIE JINCTHI TOCYAAPCTBEHHBIX CTAHIAPTOB
Ha KOHOIUIAHYIO COJIOMY U TPECTY
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Hauunas ¢ 1980 roaa, B cBsi3u ¢ npo0aeMoit He0OX0IUMOCTH MOBBIILICHUS
KauecTBa BOJOKHA B HOBBIX COpPTax KOHOIUIM OBUIM HayaTbl HAay4HbIE
UCCJIEIOBAHMS 0 CO3JAHUI0 METOJOB KOHTPOJII TEXHOJOTMYECKOM LIEHHOCTH
€IMHUYHBIX CTEOJIe KOHOIUIM. DTH METOJbl IUIAHWPOBAIOCH HMCMOJB30BATH B
CEJICKIIMOHHOM TIporiecce. 3a OCHOBY OBUIM TPUHSITHI OOIIECPU3HAHHBIC
MOJIOXKEHUS, YTO MPSAUIbHAS CIIOCOOHOCTh MEHBKU 3aBUCHUT OT €€ MPOYHOCTU
Ha pa3pbiB, TMOKOCTU U CIIOCOOHOCTH K paciierieHuto. Peiias nocraBieHHYO
3aauy, ObUT TPEJIOKEH KOMIUIEKCHBIM METOJ OLIEHKH YKa3aHHBIX CBOMCTB
BOJIOKHa [17, 18, 19].

JIis  3TOrOo  WCHOJIB30BAIM  W3BECTHYIO  3aBUCUMOCTh  Jijepa,
CBSI3BIBAIOIIYIO YCUJIMS B HaOeraromied u B cOErarmux BETBAX 00JIaar0IIero
M3rMOHOM JKECTKOCTHIO  BOJIOKHA NPH OTMOAHUM UM IUIMHIPHUYECKON
MOBEPXHOCTH. B »stom ciiydae, KOHTpOJUpPYS VYCHIME HATSXKEHHUS B
3aKpEIJIECHHOM ydacTke BOJOKHA N (B yCJIOBUSIX MOCTOSIHHOTO HATSI)KEHHS B
HaOeramole BeTBH), a Takxke (QUKCHpYsS CyMMapHbIM yroia obOxBara X0
BOJIOKHOM pabOYUX 3aKpYTJIEHHBIX KPOMOK, 0Ka3a10Ch BO3MOXHBIM OLIEHHUBAThH
U3rMOHYI0 JKeCTKOCTh BojiokHa El u ero paspeiBHOe ycuiue I1 (puc. 15A). s
aTOro TpeboBasoch ycimoBue Ny = CONSt, a Takke yBenuueHue X60; 10 MOMEHTa
N > II. [Ipu nOCTHM>KEHMHM 3TOTO MOMEHTa HaOJI0aeTcs OOpbIB BOJIOKHA, MPH
koTopoM ¢ukcupyercs 3HaueHne 20; . [Ipu u3BectHbix No u N > I1 mosiBisieTcs
BO3MOKHOCTh moiydeHusi oueHku El. Takum oOpa3zoM, mpu npemiokeHHOM
UCIIBITAHUA BO3MOYKHO OIIEHWBATh M3TMOHYIO KECTKOCTh U Pa3pHIBHOE YCHIINE
BOJIOKHA.

CoBeplIeHCTBYS JaHHBIM BapUAHT UCIBITaHUS, OBUIO MPEAIOKEHO
JOTIOJIHUTENBHO ~ OLIEHUBATh  CIIOCOOHOCTh  BOJOKHA K  PacUICIVICHUIO
IIOCPEJICTBOM KOHTPOJISI YCWINS, BO3HUKAIOLIEro Ipu npodece. C 3TON LEIbIO
OBLJIO TIPEeIOKEHO HadaimpbHOe ycwimme Ngo dopmMupoBath, Kak yCHINC
COTIPOTHUBJICHUS, BOSHUKAIOIIIEE B BOJIOKHE MpH ero npodece (puc. 156). Mubimu

CJI0BaMHM, IPEIIOKEHO cuuTath Ny H3MEHSAIOMIECs Mpu Npodéce BEMMUMHON U
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KOHTPOIUPOBaTh Noppoq # CONSt. IIpy TakoM BapuaHTE UCIBITAHUS BOJOKHA B
MOMEHT €ro pa3pbiBa TPeOyeTCs KOHTPOJb CICAYIONIUX XapaKTePUCTHUK: Nyay;
(Z0)vax; Nompow. OU€BHIAHO, YTO MOJNy4aeMbIE 3HAYEHHS  CTAHOBATCA
JOCTATOYHBIMHU JUIsI CY)KJICHUSI 00 YHNOMSHYTBHIX BBHIIIE BaXKHEHIIUX CBOWCTB
BOJIOKHA.

Ha mnpemyiokeHHOM OCHOBE — TIOCPEICTBOM KOHTPOJsS ycuiuid (B
MaTepualie Wid, Kak peakiys pado4yrxX OpraHoB Ha Marepuai), BO3HUKAIOIIUX
OpU WCIBITAHUM BOJIOKHA OBUT TMPEUIOKEH CIMOCO0 KOHTPOJIST HW3THOHOMN
xecTkocTH BosiokHa (puc. 16) [20]. OcoOeHHOCTBIO UCTIBITAHUS C MOMOIIBIO
ATOTO TUOKOMEpA SIBIISIETCS afanTalus K CYIIECTBYIOIIEH METOIUKE TOATOTOBKE
npo0. Kpome 3Toro, npemyioxkeHa BO3MOKHOCTb OCYIIECTBICHUS MMPOTHda HE B
OJIHOM MeCTe€ MpOObI, @ B HECKOJIBKUX, YTO CYIIECTBEHHO MOBBICHIIO TOYHOCTh
UCTbITaHUs. J[OMTOHUTENBEHO K ATOMY paboTa ruOKoMepa IpHu UCIIBITAHUM ObLia
compsikera ¢ DBM' . DT0 MO3BONMIO ¢ MOMOIIBIO CIIEHHATBHON MPOrPaMMbI
o0ecrneunTh aBTOMaTUYE€CKOE CUMTHIBAHUE U (PUKCALMIO MTOKa3aHUN ruOKoMepa,

pacuet cpeanero 3HaueHus u CKO.

Y J/

V
| A
N,
\

A) b)

Puc. 15. Cxema ucnbITanus 1Jisi ONEHKH U3THOHOM KECTKOCTH U Pa3phIBHOTO
ycHrIns BOJIOKHA (A); cXeMa UCIIBITaHUSI KOMILJIEKCa CBOMCTB BOJIOKHA,
OTIPENEISIONIUX €T0 NMPAIUIBLHYI0 cClTOCOOHOCTH (B)

1
Pabota npoBoauiack coBMecTHO A.B. OpioBbiM
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Puc. 16. I'mbxomep BonokHa ['B-3 (A); MOMEHT B3auMOIeHCTBUS pabOUnX
opraHoB rrOkoMepa npu nporude BojokHa (b)

[IpensioxeHHBI BapUAaHT WCHBITAHUS JUISL ONpEJEICHUS KOMILIEKCca
CBOICTB NeHbKU ObUT OpOopMIIEH B BUJE JaOOPATOPHOIO CPEACTBA HCIBITAHUS
(puc. 17), KOTOpBIM cCTaJl TPUMEHATHCS B CEJICKIIMOHHOM Mpoliecce,
peanuszyembiM Bo BHUU nyGsubix KynbpTyp [21], a Ha ero ocHoBe — croco0
OIICHKH TEXHOJIOTHYECKOU IIEHHOCTH MEeHbKH [22].

Pesynaprarel paboT 1O OLEHKE KauecTBa KOHOIUIM OOeCHeqmiIn
BO3MOKHOCTh Hauajia U3bICKaHUW B 00JIACTH KBATMMETPHUH JibHA. Ha HauanmbHBIX
sTanax ObUTM BBISIBIICHBI HEJOCTAaTKK puMeHsemoro Ha mpaktuke ['OCT 24383 -
80 «Tpecrta nbHSHAs», OCHOBBI KOTOPOTO OBUTM  CHOPMYITHPOBAHBI
corpynuukamu [ITHUW npompliieHHOCTH TyOsSHBIX BOJIOKOH [23] ¥ pa3BUTHI BO
BHUUN npHa [24]. B ocHOBe MeTO/la MO YKa3aHHOMY CTaHAApTYy SIBISETCS
UCIOJIb30BaHUE  OJHOIpOLECCHOro JjaboparopHoro cranka CMT  nmns
ompezeNieHUs] BBIXOJa AJUHHOTO BOJIOKHA Tpu 00paboTke mpoObl cTebineit
TPECThI, MPUMEHEHUE HATYPAIbHBIX 3TAJIOHOB JJI ONpPE/ICTCHUSI TPYIIbI LIBETa

BOJIOKHA, a TAKKC CIICHUAJIBHOI'O CPCACTBA USMCPCHHA JIJIA OLCHKHU IMOKA3aTCJIsA
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OTACIEICMOCTHU BOJIOKHA OT JAPCBCCHHBI. Iloka3zaTrens OTACISIEMOCTH MO3BOJSCT

CACIaTh 3aKJIFOYCHHUE O CTCIICHHU BBIIICKKH crebieit TPECTHI.

Puc. 17. JlabopaTopHOe CpeICTBO s
OLICHKHU MPSAWIBHBIX CBOMCTB
JyOsTHOTO BOJIOKHA

AHanu3 pe3yJbTaTOB MCIOJIb30BaHMS HA MPAKTUKE CTAHJAAPTHOTO METOJIa
OIICHKM KauecTBa TPECTHl BBIIBHJI HEOOXOAMMOCTh OOECIIEYEHHs] CXOJCTBa
ycioBuii  00paboTku crebneir Ha cranke CMT ¢ ux mnepepaboTkoil Ha
apHO3aBoMax. B pesynprare HUWP, mnpoBenennnix coBmecTHO ¢ A.E.
BunorpagoBoii [25], Oblia ycTaHOBICHA I€J€COOOPAa3HOCTh H3MEHCHHS
METOJIMKH YKJIaJIKH MPpoObI cTeOsei nepea nx oopaboTKoM B 3aBUCUMOCTH OT UX
CTPYKTYPHBIX MapameTpoB. B urore, IJisi MPaKkTUYECKOTO HMCIOJIH30BAHMS OBLI
CO3MaH HOBBIM JIAOOPATOPHBIA  CTAHOK CMT-500 (puc. 18) [26],
aNanTUPOBAHHBIN K  TNPUMEHEHUIO CHUCTEMBI KOHTPOJS  CTPYKTYPHBIX
mapamMeTpoB  crebneil, peanm3yeMol, Hampumep, C  HCIOJIb30BaHHUEM
TexHuyeckoro 3penus (puc. 19) [27, 28]. Takoi BapuaHT OICHKH IO3BOJIHII
nepen packiagkod crebiell Ha TPAHCHOPTEP OMPEACNSATh CPEAHIO UINHY
cTebnield U ux cpennue kBaaparudyeckue oTkioHeHHus (CKO) mo xomiaeBbIM U

BepIuHOYHBIM KoHIIaM (puc. 20). [Tocie 3Toro, B 3aBUCUMOCTH OT MOJTYyYEHHBIX
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3HaYEHUN TOpPCTh OMNpenenEéHHbIM O0pa3oM YKIAAbIBAIOT Ha MOJAIOIIEM

tpancroptepe CMT mo oTHOIIIEHNHU K JIMHUHM UX BBOJIAa B 30HY 00paOOTKH.

Puc. 18. MsinbHO-TpenanbHbId CTAHOK Puc. 19. CpenctBo pacrno3HaBaHus
CMT-500 cpenueit nunbl ropetu 1 CKO
110 KOMJIEBBIM U BEPIIMHOYHBIM
KOHIIaM cTe0uei

®ain  HacTpokku

Pacuer | $ororpadus IONpoBmul pacyeT |[eer

Bubfepure doTorpadim:

1. brop| v
CpenHAa namuHa crebner 71,40
CKO mo BepwuHaM 4,772
CKO nmo romMua 3,753

Puc. 20. ®parmMeHT MporpaMMHOTO OKHA CO 3HAYCHUSIMU CBOMCTB CTEOJICH B
TOpCTH
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3HauUUTENFHOE BHHUMAaHWE OBUIO YAEJIEHO CO3JaHUI0 OOBEKTHBHBIX
METOJIOB OIIGHKH TpPYNMBl IIBETa BOJOKHA M TOKa3aTes OTIEIsIeMOCTH,
XapaKTEepPHU3yIOIIETO CIIOCOOHOCTh OTAENATHCS BOJOKHA OT JPEBECHUHBI CTEOIS.
Y CTaHOBIJIEHO, YTO AJIsI KOHTPOJIS TPYIIBI I[BETa TpeOyeTcst 0ojiee 00hEeKTUBHAS
OIICHKA, a JIJIS MOKa3aTelisi OTIAEISEMOCTH — UCKIIIOUCHUE BIIMSHHUS JUaMeTpa
crebnerr [29]. BpuiBieHa HEOOXOAMMOCTh y4éTa BapHalUM JUTUHBI TOPCTEH
MOJIy4aeMoro BOJIOKHA | ero 1Beta [30].

Jis  KOHTpOJIA YMOMSIHYTBIX TIIOKa3aTeledl  1mo pesyiapTaTram paldoT
coBMectHO ¢ A.E. Bunorpagoroit u B.H. JlomaruneiM ObLIO MpeiioKeHO
UCTIOIb30BaHue MeTo10B 1BeToMeTpuu [31]. Ha 310l ocHOBE CO3/1aHBI METOIbI
C TPUMEHEHHMEM CTaHIApPTHBIX CcKaHepoB (puc. 21) [32], a Takke ¢
OPUMEHEHUEM CO3JaHHOTO OPTUHAIBHOTO CPEACTBA KOHTPOJS  CTENEHU
BBUICXKKHU TpecThl (puc. 22) [33, 34, 35]. B pa3BuTuu KOHCTPYKIUN CO3IaHHBIX
CPEACTB HW3MEPEHHH HCCIAEAOBATEIbCKUMU paboTaMu COBMECTHO ¢ ALA.
bapunoBbiM u A.B. KynukoBbIM ObLJIO CO3aHO YHHUBEPCAILHOE CPEJCTBO IS
KOHTPOJIS TOKaszaTelell mBera W oraensiemoctd (puc. 23). Yka3aHHbIC
pa3paboTKu, CBA3aHHBIE C COBEPUICHCTBOBAHUEM CIIOCO0A OIpEIesIeHHs BIX0OAa
JUITMHHOTO BOJIOKHA M €r0 I[BETOBBIX XaPAKTEPUCTHK MO3BOJIMIU TMPEIJIOKUTH
HOBBIM CIIOCOO OIlEHKH KadecTBa JIbHAHON Tpecthl [36]. Kpome »storo,
pesynabtatel HMOKP, BbIOTHEHHBIX coBMecTHO ¢ WM.A. PymsiHuEBOU u
CBSI3aHHBIX C OIIEGHKOW CTPYKTYPHI ClOs CcTeOJeH, MX I1BE€Ta U HEPOBHOTHI IO
ATUM MapaMeTpam, O3BOJIIIN MPEJUIOKUTE IS MPAKTUIECKOTO UCTIOIh30BaHMUs
croco® mpeaBapuUTEIbHONW OICHKM KadecTBa JHHOTPECTHI, B TOM YHCIE, B

noJieBbIX yciaoBusx [37, 38].
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7=
= =
Puc. 21. Onpenenenue napameTpon Puc. 22. Cxema v BHEIIHUN BUJ
LIBETA BOJIOKHA C UCITOJIb30BAHUEM CpPEACTBA KOHTPOJIS ISl ONPEICIICHUS
CKaHepa BBUJIEKKH JIBHOTPECTHI

Puc. 23. BuemHuii Buji yHUBEPCAIBHOTO CPEJCTBA KOHTPOJIS IIBETA TPECTHI

(BoJIOKHA) M cTeTnieHH BhUISKKH JibHA (OBJI)
A) — mnactMaccoBblif; b) - Metamnyeckuil kopmyc

Baxneiimumu  paspaboTkamMu B 00JacTH KBAJUMETPUU JIbHA CIEAYET
CUMUTATh NHHOBALIMY, BHITEKAIOIINE U3 TPEOOBAHUI MTPAKTUKH O HEOOXOAUMOCTH
B3aMMOCBSI3M TpeOOBaHUN W IMOKa3zareiel KauecTBa, MPUMEHSIEMBIX B paMKax
ctanaapToB Ha JpHAHYIO Tpecty (I'OCT 24383-89) u tpenansiii nen (I'OCT
10330-76).
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C aroii nenbio copmecto ¢ C.B. Bunorpanosoii [39] u A.B. KynukoBbim
[40] u ObLIM 0OOCHOBaHBI HOBBIC TOKa3aTeU KayecTBa TpernaHoro JibHa. K ux
9yuclly ObUI OTHECEH BBIXOJ YECAaHOIO BOJIOKHA, OOBEMHBIA Bec, UIMHA U
PacTSHYTOCTh BOJIOKOH B TOPCTH, MX I[BET, @ TakKe HEPOBHOTA MO IJIMHE U
I[BETY BOJIOKHA. JJi1 MX MHCTPYMEHTAJIBLHOTO OIpEJCNICHHS B paMKax padoT,
IPOBOJUMBIX COBMECTHO ¢ A.B. KynHkoBbIM ObLIO CO3JaHO MPUHIMIIHAIBHO
HOBOE CPEJICTBO KOHTPOJIS aHaau3aTop kadecTBa BosiokHa AKB (puc. 24) [41].
C ero moMomIpI0 0Ka3aJIoCh BO3MOKHBIM YUUTHIBATH JUIMHY TPEMAHOTO BOJOKHA
[42], ero oOBeMHBIN Bec, a TaKke MapaMeTPbl HEPOBHOTHI COBOKYITHOCTH
cBolicTB. Pabota AKB nogaepxkusaercs 9BM, ¢ noMoLIp0 KOTOPOl BO3MOMXKHO
noJiyueHre uHpopMalru 00 OTAEIbHBIX CBOWCTBA BOJIOKHA UM O KOMIUIEKCHOM
XapaKTEepPUCTUKE, KOTOpash YYHUTHIBAET WX COBOKYMHOCThH. J[s1 TMOBBIMICHUS
OOBEKTUBHOCTH ¥ TOYHOCTH OIIEHKM KayecTBa TPEMAaHOTO BOJIOKHA OBLIO
NPEJJIOKEHO YYUTBIBaTh BBIXOA YecaHoro BosiokHa [30]. s storo Obutn
NPEJIOKEHBI TEXHOJOTHYECKHE CXEMBbl CIEIUAIBHOTO YeCaJhbHOTO CTaHKa,
obecneunBaronmiero  auddepeHnuanuio  mporiecca  YecaHus  3a  CUér
UCIIOJIb30BaHuUs TpeOHel ¢ pasubiM marom uri (puc. 25) [43, 44]. TlapameTpsl
ero paboThl ObUIM ONTHUMH3UPOBAHBI MOCPEACTBOM MPOBEICHHBIX COBMECTHO C
A.B. KymukoBeiM wuccienoBanuii  [45], uTo oOecne4msio BO3MOXHOCTH
M3rOTOBJICHHE OMBITHOIO 00Opasiia cranka (puc. 26). B HacTosiiee Bpems paboTa
M0 YJIY4YIIEHUI0 KOHCTPYKIIMU CTaHKa Mpojospkaetcs. [lpu »ToM, omHoN U3
LEJIbIO €€ MPOBEJICHUS SIBISIETCS PACIIMPEHUE 00JIaCTH €T0 IPUMEHEHUS.

B uTOore MHOTOUWCICHHBIX TPOBEPOK M HWCHBITAHUN (B TOM 4YHUCIE H
TOCY/IapCTBCHHBIX) CO3JaHHAs CHUCTEMa CIIOCOOOB OMpENCNICHUsT OTACIThHBIX
CBOICTB BOJIOKHA M TPECTHI JIbHA, & TAK)KE CPEJICTB UX OMPEACIICHHUS MO3BOIHIIA
NPEIOKUTh JIJIST MPAKTUUECKOTO HCIOJIb30BaHUS HOBBIE TOCYJAapPCTBEHHBIC

CTaHJAPTHl Ha TPEMaHOe JIbHSHOE BOJOKHA W JIBHSIHYIO TpecTy (puc. 27) [46,

47].
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L) o
>ﬁ

)

A) b)

Puc. 25. BapuaHTbl TEXHOJIOTMYECKUX CXEM PaOOThI YECATBLHOIO CTaHKa
A — ¢ monBmwxKHOM argopmoit; b — ¢ TOABMKHOM MOABECKOM 32 KMMHON KOJIOIKH



Puc. 26. Brenrawnii Bua onbITHOTO 00pasiia 4ecaaTbHOTO CTaHKa
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Puc. 27. TuTybHBIE JINCTHI TOCYIAPCTBEHHBIX CTAHIAPTOB
Ha TPECTY U TPEIAHOE BOJIOKHO JIbHA
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BbIBO/IbI

1. [ToarBepxkaeHa MPaBUIBHOCTh OCHOBHBIX IOJIOKEHHUH, MPEIJIOKEHHON B
1978 rogy KOHUENIMU IO OLIEHKE KaueCTBAa MPOAYKIHMH JIbHA U KOHOIUIM TIO
pesynbTatam €€ mnepepaboTKH TOCPECTBOM HCIIOJIb30BAHUS CHEIUAIBHBIX
CPEICTB  KOHTPOJIS,  HWMUTHUPYIOIIMX  BAXKHEWUIIME  TEXHOJIOTUYECKUE
BO3JCUCTBUSI, @ TaKXe C MCIOJIb30BAHUEM JIOTOJHUTEIBHBIX OLEHOK,
3aBUCAIIMX OT OTHEIBHBIX CBOMCTB MAaTepHalla HUX HEOAHOPOJHOCTH W
YTOUHSIIOIIUX KOHEUHbIE PE3YJIbTaThl aHAIN3A.

2. YcTaHoBIIeHa BO3MOXHOCTh MCHOJIb30BaHUS HOBBIX MHCTPYMEHTAIBHBIX
METOJIOB OIICHKHM KayecTBa JIyOOBOJIOKHHUCTBIX MaTepHalOB Ha BCEX HTamax
TEXHOJIOTUYECKOTO LHKJA, HAYMHAS C CEJIEKIMOHHOIO Ipolecca U 3aKaHYuBas
MOJYYEHHUEM BOJIOKHA.

3. B 0CHOBY HOBBIX CHCTEM KBAJTUMETPUHU CTEOJIEBOIO MaTepHasa MoJ0KeHa
KOJINYECTBEHHAS! OLICHKA BOJIOKHUCTBIX BEUIECTB C YUETOM HAIUYUS UX MOPOKOB
u ocobeHHocTel Mopdomorun pacteHuid. [l BOJOKHUCTBIX MaTepyajIoB
MIPUOPUTETOM SIBJISIETCS OLEHKA HMX CBOMCTB, ONPEACIHIOLINX MPSIWIBHYIO
CIIOCOOHOCTh, 3aBHCSINAsg, B TOM YHCIE, OT TE€TEPOre€HHOCTH CTPYKTYpPbI
aHAJM3UPYEMOT'O BOJIOKHA.

4, Co3nanHble 10 pe3yibTaTaMm AeATeIbHOCTH HaydyHOW wmkosbl KI'TY 1o
KBJIMMETPUU JIyOOBOJIOKHUCTOTO CBIPbSl CPEJCTBA KOHTPOJS cTeOned u
BOJIOKHA, 1o pe3yapTaram 71a00paTOPHBIX, BEJIOMCTBEHHBIX,
MEKBEJOMCTBEHHBIX U TOCYAAPCTBEHHBIX UCIIBITAHUN SIBJSIOTCS MPUTOIHBIMU
JUIS UCTIOJIb30BaHMSI B TIPAKTUKE CTaHAAPTU3ALMK MPOAYKIHUU JTyOSHBIX
KYJBTYP.

S. [To wuroram paboOThl TEXHUYECKUX KOMHUTETOB IO CTaHIAPTHU3AIUU
npoaykuMu koHommm u  ay0stHbIX  KyaeTyp (TK  Ne 460 wnHa ©Oaze
BceecoroznoroHMMJIK u  KI'TY) HOBble HMHCTpYMEHTaIbHbIE CHUCTEMBI

KBAJIMMCTpPHUHU obecrieunian CO3JaHHUC HOBBIX IOCYAAPCTBCHHBLIX CTAHAAPTOB Ha
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INPOAYKIMKO JibHA W KOHOIUIM, a TaKXC BO3MOXHOCTL COBCPIICHCTBOBAHU

MCTOJ0B HCIIbITaHHA, HCIIOJB3YCMbIX B MCKIOCYAAPCTBCHHBIX CTaHAAPTAX Ha

ATY MPOIYKIIHIO.
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