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BBEJAEHHUE

AKTYaJIbHOCTH TeMbI IUCCEPTAIHM.

Bospiioe KOIM4ECTBO AETAIEN TEXHOIOTHYECKON OCHACTKUA UMEIOT OTBEPCTHS
BBICOKOW TOYHOCTH M OTHOCHUTEJIBHO MAJIOTO JAMAMETPa, K KOTOPHIM NPEIbSBISIOTCS
BBICOKHE TPEOOBaHUS K M3HOCOCTOUKOCTU. K HUM OTHOCSITCS OTBEPCTUS TOBUKHBIX
COEJIMHEHUI TEXHOJIOTMYECKON OCHACTKH, HA N3HOCOCTOMKOCTh KOTOPBIX B OOJBIION
CTENICHU BIUAET TiOyOWHAa AePEKTHOTO TIMOBEPXHOCTHOTO CIIOSI W TBEPAOCTh
MMOBEPXHOCTU OTBepcTUd. OT HTOTO 3aBUCUT JOJITOBEYHOCTh TEXHOJIOTUYECKOU
OCHAaCTKM M KaueCTBO HW3ACIHN MAIIMHOCTPOEHHUs. TEeXHOJIOrMYecKuil mporece
MOJYYEHHSI TOYHBIX OTBEPCTUH OTHOCUTEIBHO MAJIOTO JUAMETPA COJEPKHUT CEMb
nepexoa0B 00padOTKM OCEBBHIMH HHCTPYMEHTaMH, TEPBBIM U3 KOTOPBIX BCEraa
aBygeTcs: ceepiieHue. Crenyronuye 3a CBEPJICHUEM IEPEX0/Ibl MOBBIIIAIOT KaYECTBO
OTBEPCTUM CHHKEHHUEM TEXHOJIOTMYECKOrO JOIMyCKa Ha pa3Mep, MIEpOXOBATOCTH
MOBEPXHOCTHU U ITYyOUHBI 1€()EKTHOTO MOBEPXHOCTHOTO cJiosl. [Ipu 3TOM HU OJIUH U3
ATUX TEXHOJOTHYECKUX TEPEXOJ0B HE YMPOUYHSAET IMOBEPXHOCTH O0OpaOOTaHHBIX
orBepctuid. [loaToMy mpobiiema CHMKEHUS TIIYyOUHBI Je(hEKTHOrO MOBEPXHOCTHOTO
CJIOSI MPU OJHOBPEMEHHOM YIPOYHEHUU MOBEPXHOCTU OTBEPCTUM, 00pabOTaHHBIX
CBEpJICHUEM, SBIIAECTCS aKTyaJllbHOUW, pEIIeHWE KOTOPOM TMO3BOJIUT IOBBICUTH
JIOJITOBEYHOCTh TEXHOJIOTUYECKOM OCHACTKU M KAYECTBO U3JIENIUIA MAIIMHOCTPOCHUS U
3HAYUTEIHLHO CHU3UTh TPYJOEMKOCTh UX U3TOTOBJICHHUS.

CBs13b TEMBI AUCCEPTALUU C KPYITHBIMU HAYYHBIMU IpOrpaMMaMHu (IIPOEKTaAMM ),
OCHOBHBIMHU HAay4YHO-HCCJIEI0OBATEILCKUMHU pabOTaMH.

Huccepranus CBsi3aHa Cc Hay4YHO-HUCCJIEA0BATEIbCKOU paboroit
«Oprann3alMOHHO-TEXHOJIOTUYECKOE MPOEKTUPOBAHUE MTPOU3BOJICTBEHHBIX CHCTEMY
kadenpsl « Texnonorus mammHoctpoeHusi» KI'TY um. 1. Pa3z3zakoBa

Heab n 3a1aun UCCIe0BAHMS.

[enbro quccepTalluOHHON PAOOTHI SIBISETCS CHUKEHUE TTyOUHBI 1e(PEKTHOTO
MOBEPXHOCTHOTO CJIOSl MPU OJHOBPEMEHHOM TMOBBIIIIEHUN TBEPAOCTH MOBEPXHOCTH

OTBEpCTUI, OOpPaOOTAHHBIX CTAHAAPTHBIMU CHOUPAIBHBIMUA CBEpJIaMU C IEJIBIO



NOBBILIECHHSI KAYECTBA U JJOJTOBEYHOCTH AETAJCH MAlllMH U CHUKEHUS TPYIOEMKOCTH
UX U3TOTOBJICHMUS.

3agaum ucciie10BaHMIi:

1. IlomyueHue 3aBUCUMOCTEH, OTPAKAIOLIUX BIUSHUE CKOPOCTH PE3aHUS U
noJlayil Ha TIyOuHY Ne(EeKTHOTO MOBEPXHOCTHOTO ciios,0 TBEPAOCTh MOBEPXHOCTH
OTBEPCTUM, TPOCBEPIECHHBIX CTAHAAPTHBIMU CIIMPAIBHBIMU CBEpIIaAMHU.

2. Pa3paboTka METOHOJOTMHM IUIAHUPOBAHMSI, OPraHU3allMd W IPOBEICHUS
HKCIIEPUMEHTOB, OOBEKTOM KOTOPBIX SIBJIETCS Kadye€CTBO MOBEPXHOCTHOIO CIIOS W
TBEPAOCTh MOBEPXHOCTH OTBEPCTUN, 0OpaOOTaHHBIX CBEPJICHHEM, a NEPEMEHHBIMU
HE3aBUCHUMBIMH (PaKTOpaMu — apaMeTpbl PeKUMa pe3aHMmsl.

3. PazpaboTka sMmuprudecKoil MOJIETH BIUSHUS TTApaMETPOB PEXUMa Pe3aHus
Ha NTyOMHY A€(PEKTHOr0 MOBEPXHOCTHOTO CJI0S U TBEPJOCTh IOBEPXHOCTU OTBEPCTUN
Ha OCHOBAHHH PE3YJIbTATOB IKCIIEPUMEHTOB.

HayuyHasi HOBH3HA NOJIyYEeHHBIX Pe3yJbTATOB:

l. DOkcnepuMEHTaNbHO HCCIEAOBAHO W TOJYYEHBl COOTBETCTBYIOLIME
pe3yibTaThl BIMSHUS NapaMeTpOB pEKMMa pe3aHus Ha IyOuHy Je(eKTHOro
IIOBEPXHOCTHOT'O CJIOSI M TBEPAOCTh IIOBEPXHOCTH IPOCBEPIECHHBIX OTBEPCTHMA:
YCTaHOBJICHO, YTO HA CKOPOCTSAX pe3aHus MEHbIIUX 6 M/MUH, TJIyOuHa JePEeKTHOrO
MOBEPXHOCTHOT'O CJI0SI YMEHBIIAETCS B PE3YyJIbTaTe€ CHIXKEHUS TEMIIEPATyphl pe3aHus
U TUIACTUYHOCTH 00pabaThiBa€MOr0o MaTepuaia.

2. PazpaboTaHpl SMIOUpPUYECKHUE 3aBUCUMOCTH TUIyOMHBI J1€(DEKTHOTO
MIOBEPXHOCTHOT'O CJIOSI U TBEPAOCTH IOBEPXHOCTH IMPOCBEPIEHHBIX OTBEPCTHUH OT
CKOPOCTH pe€3aHusi W TMOJa4u C HCIOJb30BAHHEM METOJOB KOPPEISLUU U
PErpecCHOHHOTO aHaJIu3a.

3. Pazpaborana HOBasi KOHCTPYKIIHMS CBepjia, OOecleunBaroiias MOBBIIICHUE
CTOMKOCTH CBEpJ M KauyecTBa MOBEPXHOCTU OOpaOOTaHHBIX OTBEPCTUH, HOBU3HA
koTopoit noareepxaeHa [larentom Keipreizckoit PecriyOnuku Ne 264.

IIpakTH4Yeckasi 3HAYMMOCTDb MOJIY4YeHHBIX Pe3yJbTaTOB:

1. PazpaboraHa MeTOJOJIOTHS IJIAHUPOBAHMS, OPraHU3AMU W MPOBEICHUS

HKCIIEPUMEHTOB, 00BEKTOM KOTOPBIX SIBISIETCS TTyOrHA 1eEKTHOTO MOBEPXHOCTHOTO
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ClI0Si M TBEPAOCTb IOBEPXHOCTH OTBEPCTUH, OOpaOOTaHHBIX CBEpPJICHUEM, a
NEPEMEHHBIMHU HE3aBUCUMBIMU (PaKTOpAMHU — IapaMETPhI peXxUMa pe3aHusl.

2. Pe3ynbraThl HUCCIIEJOBAaHMI JIETJIM B OCHOBY METOJIMYECKUX YyKa3aHUH
«MeTo1bl KOHTPOJISI KauecTBa 00pabOTaHHOW MOBEPXHOCTH U IIOBEPXHOCTHOT'O CIIOSD,
yaebHoro nocobus «IloBbllieHre KauyecTBa OTBEPCTUN OOPAOOTAHHBIX CBEPIICHUEMY
u yueOHuKa «[loBblllIeHHME CTOMKOCTH CHHpaiIbHBIX CBEPJ M KayecTBa 00pabOTKU
CBEPJICHUEM», HCIOJB3YEMBIX B Y4eOHOM IpOIECCE MOATOTOBKM OakalaBpoOB U
MarucTpos 1o HampasieHno Mammuoctpoenue B KI'TY um. Y. Pa33akosa.

3. BHeOpeHo B MPOU3BOACTBO IIPEICTABICHHBIE METObI MIOBBILICHUS Ka4eCTBA
NOBEPXHOCTHOI'O CJIOSI OTBEPCTUH, B YaCTU CHIXKEHUSA INIyOMHBI J1€(PEeKTHOro
ITIOBEPXHOCTHOTO CJIOSI 10 25 MKM M IOBBIIIEHHS TBEPAOCTH OBEPXHOCTH OTBEPCTHUM.
OTO MO3BOJIIET YMEHBLIUTh TPYJOEMKOCTh OOpPaOOTKM BBICOKOTOYHBIX OTBEPCTUH
muamerpom  10...18 MM 3a cYeT WCKIIOUEHHUS CJACAYIOMHUX IEPEXO0B:
paccBEpPIIMBaHUE, YEPHOBOE W YHUCTOBOE 3C€HKEPOBAHHWE, HOPMAJIBHOE M YUCTOBOE
pa3BEPTHIBAHHUE.

JKOHOMHMYECKAasi 3HAYMMOCTh MOJY4YEeHHBIX pe3yabTaToB. PazpaboTaHHbIe
IPAaKTUYECKUE PEKOMEHJALMU II0 pacyeTy pEeXUMOB pPE3aHUs, I103BOJISIOT
CYIIECTBEHHO CHU3HUTh TPYAOEMKOCTh ITPAKTUYECKU B JIBA pa3a 3a CUET YMEHBIICHUS
KOJINYECTBA TEXHOJOTHUECKUX NIEPEXOIOB.

OcCHOBHBIE I0JIOKEHUSI JUCCEPTALMH, BBIHOCMMbIE HA 3aLIUTY:

1. Pe3ynbrarhl HcciaeAOBaHMsS BIMAHHUS TNapaMeTpPOB pEXMMa pe3aHusl Ha
ryOuHy  JA€(QEeKTHOro TOBEPXHOCTHOTO CJIOSI W TBEPAOCTh  IMOBEPXHOCTHU
MIPOCBEPIICHHBIX OTBEPCTHI.

2. DOMIUpUYECKUE 3aBUCUMOCTH TIIyOUHBI A€()EKTHOTO MOBEPXHOCTHOTO CJIOS U
TBEPIOCTU ITIOBEPXHOCTH IIPOCBEPIIEHHBIX OTBEPCTUN OT CKOPOCTH PE3aHMS U MOJAYH.
OMIUPUYECKUE MOJEIU, OTPAXKAIOIIME BIMSHUE NApaMETPOB pEKHMa pe3aHus Ha
rIyOMHY JA€(PEKTHOrO0 TMOBEPXHOCTHOIO CJIOS W  TBEPJAOCTh IMOBEPXHOCTHU
IIPOCBEPJIEHHBIX OTBEPCTUH, MOJTYYEHHBIE TPUMEHEHUEM METOJOB ANMPOKCUMALIMH,
KOPPEJISIUMOHHOTO M PETPECCHOHHOIO  aHajau3a PE3yJbTaTOB  HMCCIENOBaHUS,

IMMO3BOJIAIOIMINEC HMCKIIOYUTE HCCKOJIBKO TCXHOJOIHYCCKHX IICPCXOI0B O6pa6OTKI/I
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OTBEPCTUH BBICOKOW TOYHOCTH, MOBBICUTh Kau€CTBO TEXHOJOTMYECKON OCHACTKH U
CHU3HUTH TPYIOEMKOCTh €€ U3TOTOBJICHUS.

3. MeTon MOBBITIIEHUSI KadecTBa IMOBEPXHOCTHOTO CJIOSI OTBEPCTHH TIPH
CBEpJICHHM, TIO3BOJISIIOIIMN  HCIOJB30BaTh  CTAaHAAPTHBIE  OBICTPOPEKYIHE
CIUpAJIbHBIE CBEpJia JJIs TMOJYYCHHS OTBEPCTUH, MMEIONUX TIIYOMHY AehEKTHOTO
MOBEPXHOCTHOTO CJIOA B TMpeaenax 25 MKM IpU OJHOBPEMEHHOM TMOBBIIICHUU
TBEPJIOCTU MOBEPXHOCTU OTBEPCTUM 10 2-X pa3s.

4. Metonionorus MjaaHUPOBAHUS, OPTaHU3AIINY, MPOBEICHUS IKCIIEPUMEHTOB,
OTIMYAIONIAsICI OT M3BECTHBIX METOJOJIOTHM TEeM, YTO OOBEKTOM HCCIEIOBAHUS
SBJIIOTCSL TTOKA3aTeJIM KayecTBa MOBEPXHOCTHOTO CJIOS OTBEPCTUH, 00pabOTaHHBIX
CTAHJAPTHBIMU  OBICTPOPEXKYIIUMH  CHOUPATBHBIMU  CBEpJaMHU, IO3BOJISIONIAS
MOBBICUTh KAYECTBO PE3YIbTATOB UCCIECIOBAHUN U CHU3UTH UX TPYAOEMKOCTb.

JInyHbli BKIaA couckarte/si. OCHOBHBIE HAYYHBIE PE3YIIBTATHI UCCIEA0BAHUN
MOJYYEHbl COMCKATEJIeM JIMYHO TI0J] PYKOBOJCTBOM HAy4YHOTO PYKOBOIUTEIS.
Pa3paboTanbl: yclnoBusi M XapakTep BIUSHUA MapaMeTpoOB peXKUMa pe3aHus Ha
rIyOuHy JIe(PEeKTHOro TOBEPXHOCTHOTO CJOSi W YINPOYHEHUE TIMOBEPXHOCTHU
MPOCBEPJIEHHBIX OTBEPCTUM, SIMIIMPUUYECKUE MOJIEIN, OTPAKAIOIINE XapPAKTEP 3TOTO
BIIMSIHUS, METO0JIOTHS TIJITAHUPOBAHUSI, OPraHU3aIMH, TPOBEACHUS UCCIICIOBAHUIA.

Anpobanuu pe3yabTaTOB MCCJAeI0BaAHUsSA. Pe3ynbraThl AMCCEPTAIMOHHOMN
pabOThI 10T0KEHBI U 0OCYKJIEHBI Ha CIEAYIOMNUX MEXTYHAPOIHBIX KOH(PEPECHIIHIX:

1. YerwipHanuaras oOiiepoccuiickas Hay4YHO-TIPAaKTUUECKON KOH(epeHIuu:
MHHOBaIMOHHBIE TEXHOJOTHUHN U TEXHUYECKHUE CPEJICTBA CIIEHUAIBHOTO HA3HAYCHMUSI. -
Cankr-IletepOypr, BI'TY, 2022 r.

2. MexmyHapoHas HayqHO-TIpakTHIeckas KoHpepeHus « ITHHOBaIuy B HayKe
u Texauke» [locpsmennas nmamsatu nepBoro aekana ET® npodeccopa FOpukosa B.A.
bumxkek, KPCY um. b.H. Ensumna, 2022 1.

3. MexnyHaponHas HaydyHO — mpakTuyeckas koHdepeHnuus «Hayka,
oOpa3oBaHHWe, WHHOBAIIUM W TEXHOJOTHUM: OIEHKH, MPOOJIEMbI, MYTH PEIICHH,
nocesimeHHas 80 — meruro ydyeHoro — mexparora JK. Ycy6ammea u 30 — yeruto

Nuxeneprnoit Akanemuu KP. Keipreizckuii rocygapCTBEHHbBI YHUBEPCUTET FE€OJIOTHH,
8



TOPHOTO JIeJIa U OCBOEHHUSI NMPUPOJHBIX PECYpPCOB MM. akajeMuka Y. AcaHaiauena;
Nnxeneprnas akaaemus Keipreizckodt PecnyoOnuku; WHxeHepHBIN 1ieHTp. buiikexk,
«ACKATEII, 2022 r.

4, VIII MexnaynapoaHas ceTeBas Hay4YHO-TIPAKTUYECKOM KOHMEpEeHIMU
«CoBpeMeHHbIE UHTETPALMOHHBIE MPOLIECCHl B PA3BUTUU UHHOBALIUM B 00pa30BaHUU
n Hayke» bunmkek, KI'TY nm. U. Pa33akosa, 2022 r.

IHonHoTa OTpaskeHHUs Pe3yabTATOB JUCCEPTALMU B IyOJIUKALMAX.

[To MaTepuanam nuccepranuu omyoIukoBaHo 19 HaydHBIX cTaTei, B TOM YHUCIIE
ISATh 3a pyoOekoM, a Takxke nateHT B KP Ne 264,

CtpykTypa u 00beM JUCCEPTAUMN.

HuccepranoHHas paboTa COCTOUT U3 BBEJICHUS, TPEX I1aB, OCHOBHBIX BHIBOJIOB
U TPAKTUYECKUX PEKOMEHJALMi, CIUCKAa HWCHOJb30BAHHOW JIMTEPATYpPhl U
npunoxkenuit. CoaepkaHue auccepranuu  u3noxkeHo Ha 140 cTpaHunax
MaITUHOMMCHOTO TeKCTa, COACPKUT 34 prcyHkoB, 60 Tabnwuipl, budauorpaduto u3z 85

HaUMEHOBaHUU.



T'JIABA 1. OB30P U AHAJIN3 HAYYHO-TEXHUYECKOM
JUTEPATYPBI, IOCTAHOBKA 3AJJAY UCCJEJOBAHUN
1.1. Iloka3aTteJu KadecTBa IOBEPXHOCTHOIO CJIOSI jeTaJjiei

MAIIUH

BaxnelmMm mokazaressiMi COCTOSIHUSI TIOBEPXHOCTHOTO CJIOsT SIBJISIFOTCS TTyOMHa
3aJIeTaHuUsI OCTATOYHBIX HAIPSDKEHHI U cTereHs Haktena [1]. Ha pucynke 1.1 npezacrapieHa
AMIOpa W3MEHEHWS OCTaTOYHBIX HAMPSDKEHUM B 3aBUCUMOCTH OT paccTosHuss A OT
00pabOTaHHOM TOBEPXHOCTH TP OOpabOTKE pe3aHrueM OOJBIIMHCTBA TUIACTHIHBIX
MarepuasioB. B ouenb ToHKOM cnoe TommmHoi 0,001 + 0,004 Mm (3oHa 1) melcTBYIOT
CKUMAIOILIME HAMPsDKEHUs. B 30He 2, NpOTsHKEHHOCTh KOTOPOW 3aBUCUT OT PEKUMA PE3aHUs
Y TIEPEIHETO YIJIa MHCTPYMEHTA, IEUCTBYIOT PACTATMBAOLLME HANPsLKEHUS. | [pOTshKeHHOCT
30HBI 2 B 10 pa3 u GoJiee MPEBOCXOJUT MPOTSHKEHHOCTh 30HBI 1, M TIO3TOMY COCTOSIHUE
MTOBEPXHOCTHOT'O CJIOSI ONPEACTISIOT XapaKTeEP U BEJIMUMHA HANPSHKEHU!M B 30HE 2. B 30HE 3,
YPABHOBEILIMBAOILLEW JEUCTBAE OCTATOUHBIX HANPSKEHUN NEPBBIX ABYX 30H, HAIPSLKECHUS

CKHUMAIOIIUC.

Pucynok 1.1 - Drmropa n3MeHeHnst OCTaTOYHBIX HANPSHKEHUM B 3aBUCMOCTH OT PaCCTOSIHUS
0T 00pabOTaHHOI OBEPXHOCTH

Hamune B NOBEPXHOCTHOM CJIO€ PACTATMBAKOLIMX HANPSHKCHUM 3HAYUATEIILHO
YXyIIAE€T €r0 Ka4eCTBO, TaK KaK MPU 3TOM CHIKACTCS YCTAJIOCTHAS MPOYHOCTh, a €CIU

OCTaTOYHBIC HAIMPSKCHUA 110 BCIMYMHE TIPEBOCXOAAT IMPCACI IIPOYHOCTH Marcprajia
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00pabaThIBaEMOM JETaIH, TO 3TO MOKET NPUBECTU K MOSIBJICHUIO TTOBEPXHOCTHBIX TPEIIUH
[2].

Haknenom HasbiBaeTCs M3MEHEHHE CTPYKTYphl M CBOMCTB METaslia, BI3BAHHOE €r0
riactiyeckor edopmarment. [lpu stom Meramn ympounsiercs. [lon creneHplo Hakiena
MIOBEPXHOCTHOTO €051 A/H TIOHMMAIOT OTHOIIIEHHE Pa3HOCTH HAMOOJIbIIIEH MUKPOTBEPIOCTH
Huc HakienaHHOro ciosi ¥ MHKPOTBEPAOCTH oOpalaThiBaeMoro Marepuana FHv k
MHKpPOTBEPIOCTH oOpabartbiBacMoro Marepuana Fwm, AH = (Huac-Hwm)/ Hm. Ocrtatounbie
HAMNPsDKEHHSI, BOSHUKAOIIE B TIOBEPXHOCTHOM CJIO€, M €70 HAKJICH SIBJISIIOTCS CIIE/ICTBHEM
JEUCTBUSI CUJI pe3aHusi, TeMIIEpaTypbl U CTPYKTYpHBIX MpeBpaiieHuii. [Ipu obpaboTke
pE3aHMEM OCTAaTOYHBIC HAMPSDKEHUs] 00pa3yloTcs TJIaBHBIM 00pa3oM B pe3ysbTare
BO3/ICICTBUS CHJI pe3aHusi, TEMIIEpaTypa UMEET BTOPOCTENIeHHOE 3HaueHue. [Ipu o6padboTke
XPYIKHUX MaTepuajioB, HAPUMEP, YyTYHOB, - OCTATOYHbIC HANPSDKEHUS CKUMAIOIIHE, TIPU
00pabOTKe MIACTUYHBIX MATEPHAIIOB, HAIIPUMED, YIIIEPOJUCTBIX KOHCTPYKIIMOHHBIX CTaJIEH,
OCTaTOYHbIC HAPSDKEHMSI Yallie BCero pactsrusaoriue [3,4].

1.1.1. JledpekThl NMOBEPXHOCTHOIO CJIOI W MX BJHUSIHHE HA TMPOYHOCTH
MeTaJJI0OB

Mex3epeHHble TpaHUIbl (BHYTPEHHHE TOBEPXHOCTH) SBISIOTCS JA€PEKTOM
KPUCTAITMYECKOTO CTPOSHUS. 3€PHUCTOCTh CTPYKTYPHI JIETKO OOHAPYKMUBAETCS TIPU
OOBIYHOM MeTaJorpauyeckoM HCClieJoBaHUU MeTaioB. [lomumo »Toro, B
npenenax 3epHa UMEIOTCS Apyrue Ne(eKThl: TOUSUHbIE U JIMHEWHBIE, BBISBIISIEMBIC C
MOMOIIBIO0 PEHTTEHOCTPYKTYPHOTO aHAIN3A, SJEKTPOHOTpaduu U IPYTUX METOJIOB.
Takum 00pazoM, paznuyarOT TPU BHAA ACHEKTOB KPUCTAUIMUECKOW CTPYKTYPHI:
TOYCYHbBIC, JINHEHHBIC U TOBEPXHOCTHBIC [5,6].

JlepeKThl KPUCTAIIMYECKONW pEIIeTKH BBI3BIBAIOT MECTHBIE OTKIOHEHUS
DHEPTrUM TEIJIOBBIX KOJEOAHWN M TUIOTHOCTH YIAKOBKM aTOMOB, YTO H3MEHSET
MIPOYHOCTH METALIA.

ToueynbIMHM Ha3bIBAIOTCS AEPEKTH B M30JUPOBAHHBIX JPYT OT Apyra TOYKax,
pa3Mep KOTOPBIX BO BCEX TPEX HAMPABJICHUSIX MaJl U CPAaBHUM C pPa3MepoOM
aJIeMEeHTapHON aToMHOU stueiiku. K ToueuHbiM nedekTaM OTHOCSATCS: BaKaHCHUH, T.C.

CBO6OI[HBIC Y3Jbl B aTOMHO-KpHCTaHHH‘IeCKOﬁ PCUICTKE, B KOTOPLIX HCT aTOMa,
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IPOMEKYTOUYHBIE aTOMBI, CMEIIEHHBIE B MEXIOY3JHs, a TaKKE aTOMBl MPUMECEH,
KOTOpBIC MOTYT WJIH 3aMelaTh aTOMBI METAJUIa B PEIIETKE, NN OBITh BHEAPESHHBIMH B
MexIoy3ims [7].

KonmuecTtBo BakaHCcWii B aTOMHO-KPHUCTAJUTMYECKOW PEHIETKE peabHBIX
METANTMYECKUX CIUIABOB HE3HAYWTEIHHO, & aTOMOB MpUMeECEi ObIBa€T MHOTO, T.K.
JIaKe THICSYHBIC TOJIH TPOIEHTA BHOCAT OOJIBIIIOE KOJIMYECTBO TOCTOPOHHUX aTOMOB.
MoryT OBITh CKOIJICHHSI BaKaHCHIA, MPOMEKYTOUYHBIX aTOMOB M aTOMOB IpHMeEcCeH,
HaszblBacMble "oOmakamu', SBISIONIMECS 3apOBIIIAMH  CYOMHKPOCKOMUYECKIX
TpemuH [8].

OOpaboTka pe3aHueM COMPOBOXKAAETCS TIOBBIIICHUEM TEMIEPaTyphl, B
pe3yibTaTe MPOUCXOIUT TEIUIOBOE JBIKEHHWE AaTOMOB, CPEIHSS aMIUIMTyAa HUX
KOJIeOAaHUM yBEJIMUMBAETCA, W KOJUYECTBO BakaHCUM Bo3pactaeT. buaromaps
TEIJIOBOMY JIBIDKEHUIO aTOMOB BaKaHCUHM, CMEIIECHUS aTOMOB U MPUMECH MOTYT
WU3MEHSTH CBOE TIOJIOKECHHE, T.€. TIEPEeMEIaThcs B aTOMHOU perieTke. [lepexomx aToMoB
U3 OJIHMX pPABHOBECHBIX TIOJIOKCHUH B WX pEIIETKE B JPyTHe Ha3bIBACTCS
camomuddys3ueir, a HaUMEHbINAs U3OBITOYHAS DJHEPTUs, HeoOXoaumas I
camonuddy3nn, Ha3bIBACTCS SHEPTUEH akTHUBaUWA. YeM BhINIC TeMmIeparypa, TeM
OoJIbIIICc BAKAHCHH B pEIIETKE M TEM JIerde OHH repemeriarores [9].

[ToBepXHOCTHBIMU  Ha3bIBAIOTCA  JE(DEKTBI,  pacIpOCTpaHSAIONIMECS  Ha
3HAUNTEILHOEC PACCTOSHUE B JABYX HampaBieHusX. OHU OBIBaIOT BHYTPCHHHE W
Hapy>kHble. BHyTpeHHHE — 3TO, PEXk/Ie BCETO TPAHUIIBI MEXKTY 3epHAMH U UX OJIOKAMH
[10].

Mex3epeHHble MPOCIONKH MeTajla UMEIOT Pa3pbIXJICHHOE CTPOEHHE, aTOMBI
PacroJIOKeHbl HETPABUIILHO, CHJIBI UX CIEIIJICHUS! 3HAUUTEIIbHO MEHBIITNE, & SHEPTUS
aToMOoB yBesnnueHa. J{uddy3us B mOrpaHMUHBIX CJIOSX 3€pEH B HECKOJIBKO pa3 0oJbllIe,
YeM BHYTPU KPUCTAJUTMUECKON perieTku 3epHa. [loaTomMy aTombl ipumeceit 0cOOEHHO
WHTEHCUBHO HAKAIUIMBAIOTCS y TPaHUIl 3epeH, 00pa3ys MEX3epeHHYIO MPOcioiiky. B
MEepeHAKICTIaHHOM METAJlIC Y TPaHUIl 3epeH BO3MOYKHO CKOIUICHUE 3HAYMTEIBHOTO
kosimdectBa TpemuH [11]. ['paHuIbl 3epeH SIBISIOTCS CIa0bIM MECTOM CTPYKTYPHI, 1O
HUM TIPOUCXOJIUT CKOJILKEHHUE, a B PSJIC CIy4aeB U OTPHIB METaJlIA.
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[ToBepxHOCTHOI P HEprUel Ha3pIBaeTCsA paboTa, 3aTpaurBaeMas Ha 00pa3oBaHUe
€IMHULIBI HOBOW MOBEPXHOCTH. JTa 3HEPIUs B 3HAUMTEIBHOW MEpPE XapaKTepU3yeT
JKCIUTyaTallMOHHbIE CBOWCTBA J€TaJd. ATOMBI KPHUCTAJUIMYECKOW  PEIIETKH,
HaxosIIMecs Ha TIOBEPXHOCTH, paclojaraioTcss HHadye, YeM BHYTpPEHHHUE.
BHyTpeHHUE MOJIEKYJIbI TBEPAOTO TENIA OKPYKEHBI, CO BCEX CTOPOH aHAJIOTMYHBIMU UM
YaCTUIAMH, BBHJY YE€ro CHIbl MOJIEKYJSIPHOTO B3aUMOJCHCTBUS  B3aUMHO
ypaBHOBeIICHBI [12].

Ha monekynbl, HaxoAsIKMecs: Ha MOBEPXHOCTH, MOJIEKYJISIPHbIE CBS3U (CHUJIbI)
JNEUCTBYIOT JMIIb CO CTOPOHBl BHYTPUM HaXOAAIIUXCS MOJIEKYJ, BBHJAY YEro
IOBEPXHOCTHBIE MOJIEKYJIbI 00Jiee MPUTSAHYTHI (IIPHKATHI) K COCETHUM BHYTPEHHUM.
B wurore mnosydaerca ymnpyroe BXaTHE IOBEPXHOTHOTO CJIOS, BBI3BIBAIOILIEE
KOHIIEHTPALUIO B HEM aHepruu. Uem BhIlIe MUKPOTBEPAOCTh AETAIHU, TEM OOJbIIIE €€
MOBEPXHOCTHAs SHEprus. Pexyiiee ge3Bre NHCTPYMEHTA PEXET METaJT IOTOMY, YTO
MOBEPXHOCTHAsI SHEPI'Hsl MHCTPYMEHTA OO0JIbIlIe S3HEPTrur 00padaThIBAEMOI0 MeTallja.
Ecnu B poniecce pe3aHus TEIUIOBBIIEIEHUE YCUIIUBAETCS, TO IOBEPXHOCTHAS SHEPT U
nerany  yBenuuuBaercs. [loBepXHOCTM € OJMHAKOBOM IIEPOXOBATOCTBIO, HO
00pabOTaHHbIE PA3IUYHBIMU TEXHOJOTHYECKUMH METOAMH, MOT'YT UMETh Pa3INuHYIO
MIOBEPXHOCTHYIO SHEPTHIO, & 3HAUUT U Pa3IMUHbIC IKCIUTyaTallMOHHBIC CBOMCTRA [13].

N Tak, OCHOBHBIMHU HapyLIEHUSMHU aTOMO-KPUCTAIMYECKON PEIIETKH SBIIIOTCS
BAaKaHCHUM, JHUCJIOKAIMM U  3€pHUCTOCTh  cTpoeHus. Hamuuume  nedexron
KPUCTAJUIMYECKON PEIIETKH U3MEHSET MPOYHOCTh METaIa.

1.1.2 Buabl ¥ NPpUYMHBI OCTATOYHbBIX HANPSIZKEH Uil

OcTaTOYHBIMU Ha3bIBAIOTCS HANPSKEHUS B JETANAX MALIUHBI IPU OTCYTCTBUU
NENUCTBUS HA HUX BHEIIHUX HArpy3ok (B TOM uyucie W cuil Beca). OcTaTOuHbIe
HaIPSDKEHUS. 10 MPOTSHKEHHOCTH CHIJIOBOTO IOJS PA3AEISIFOTCA HA YEThIpe poja:
HYJICBOTO, MIEPBOT0, BTOPOro u TpeThero [14]. OcTatodHbie HANPSDKEHUS HYJIEBOTO
pola BO3HUKAIOT B CHCTEME B3aMMOCBSI3aHHBIX TeJ, HAlpUMEp, B pe3yJjbTaTe
OCYIIECTBICHUSI COOPKM y37la WJIM MAaIlWHBI (B pe3yjbTaTe NMPECCOBBIX MOCAIOK B
COMPSKEHUSX, TIPU 3aTsHKKE BUHTOBBIX COEAMHEHUH U 1Ip.).

OcrarouHsbie HaIpPSHKEHUS IIEPBOro pona (MaKpOHaIpsKEHUS )
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YPaBHOBEUIMBAIOTCS B 00bEMAX, COU3MEPUMBIX C pa3MepamH JAETajd, OHU HMEIOT
OpPHUEHTALINIO, CBSI3aHHYIO ¢ KOH(pUTYypaluen JeTaiu.

OcratouHble HaIPSKECHUS BTOPOTO pona (MUKpOHANPSIKEHUS )
YPaBHOBEUIMBAIOTCS B MUKPOOObeMax (B Ipejaenax HECKOJbKHUX 3€pEH WU BHYTpHU
OJTHOTO 3€pHa MpU HAIMYUKA MO3aWYHOCTH €ro CTPYKTYphl U Ap.). OCHOBHBIMU
¢dakTOpaMu, BHI3BIBAIOIIMMU MUKPOHATPSKEHUSI SIBIAIOTCS: (Pa3oBble MPEBpAICHHUS,
YBEJIMYMBAIOIIME WM YMEHBIIAIOIINE INIOTHOCTh METAIIIA; U3MEHEHUS TEMIIEPATYphI
OpU HAJIMYUM B METAUIE PA3NIMYHBIX MO MNPUPOAE KOMIIOHEHTOB C Pa3IU4YHBIMU
KO3 UIMEHTaMH JIMHEWHOTO pacIIMpeHus (Hampumep, 3€pHa rpagura B 4YyTyHE,
Clly4ailHble BKIIOYEHUS); aHU30TPOIIUSI CBOMCTB OT/AEJIbHBIX 3€PEH; pa3HHIIAa MOTYJIEH
YOPYTOCTH Pa3JIMYHBIX CTPYKTYPHBIX COCTABJISIOIIMX; TPAHULBI 3€PEH, a TaKXKe
(¢parMeHTOB U GJIOKOB BHYTPH HUX, OTJIMYAIOIIMECS [0 CBOUM CBOMCTBAM OT MeTajlia
BHYTPH 3€pHa, HE UMEIONIETO yKa3aHHBIX JedekToB [15].

OcraTouHbIE HANPSIKEHUS TPETBETO pOAA YPAaBHOBELIMBAKOTCS B IpEAeiiax
HECKOJIBKHX SYEEK KPUCTAJUIMYECKON PEHIETKH WM MEX3EpEHHOU rpaHulbl. OaHOM
U3 OCHOBHBIX IPUYMH BO3HUKHOBEHMS OCTATOYHBIX HAIPSIKEHUH TPETHEro pojaa -
nepeKThl KPUCTAIUIMYECKOM pPEIIeTKH, B YaCTHOCTH - Juciokauuu. CKoIuieHue
JUCJIOKAIMI 1O TpaHULAM 3€pEH BbI3BIBAET B T'PAHMYHBIX CIIOSAX HMX OCTATOYHbBIE
HaIPSHDKEHUS TPETHETO PoAa.

OcraTouHble HaIpsHKEHUS MEPBOrO0  poAa (MakpOHaNpsKEHHS ) MOTYT
BO3HMKATh KaK B Marepuaje C HEOJHOPOIHOW KPUCTAINIMYECKOM CTPYKTYpOH
(3epHHUCTOCTD, TUCIIOKAIIMH, BAKAHCHUW, TTOCTOPOHHUE BKIIOYCHHS W JIp.), TaK U B
MaTepHuaie ¢ OAHOPOIHBIM KPUCTANINYECKUM CTPOCHHUEM.

OcratoyHble HaNPSKEHUS] BTOPOTo poAa (MUKPOHAPSIKEHUS ) MOTYT BO3HUKATh
JUIIL B Marepuaie C HEOJHOPOAHBIM KPHUCTAIMYECKUM CTpoeHHeM. B sTom
3aKJIF0YAETCS UX CYILIECTBEHHOE OT OCTATOYHBIX HANPSKEHUI IEPBOI0O poJa.

OcraTouHble HaAMpsHKEHUST MOTYT OBITh OOBEMHBIC, YPaBHOBEUICHHBIE B
3HAYUTENIbHOM 4YacTh oO0beMa JeTand, W TIOBEepXHOCTHbIE. [loBepxHOCTHBIE

OCTAaTO4YHBIC HaIIPAKCHUA 06p A3yroTCsA H  YPAaBHOBCHIMBAIOTCA B TOHKOM
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HOBEPXHOCTHOM cJjioe Aetaiu [12]. [Ipu paccMOTpeHHUU BONIPOCOB TEXHOJIOTHYECKOTO
BIIUSIHUS HA TIOBBIIIICHUE HAJACKHOCTH MAITMH HAUOOJBIINI MHTEPEC MPEACTABISIOT
MOBEPXHOCTHBIE MUKPOHAIPsKEHU. BennunHa moBepXHOCTHBIX MUKPOHATIPSKEHUH,
OMpENAENseTCs TJIABHBIM  00pa3oM  IUJIOTHOCTBIO  OJHOPOAHBIX  JAMCIOKAITH.
CxuMarolye TOBEPXHOCTHBIE HAMNpsKEHUs] 00pa3yloTcsl, KOTJa y IMOBEPXHOCTU
npeobagaeT CKOIJICHUE MOJIOKUTEIBHBIX TUCIOKALUNA, TaK KaK JIMITHUE aTOMHBIC
IUIOCKOCTH Y JUCIIOKAallMi COKpAIlaloT MEXATOMHBIE PAaCCTOSHHS, YTO BBI3BIBAET
YBEJIMYCHHE OTTAIKUBAIOIINX MeXaTOMHbIX cuil. [Ipeobnanaroiiee pacnoiokeHue y
MOBEPXHOCTH  OTPUIIATEIBHBIX  JHUCIOKAlWA, TPH  KOTOPHIX  OTCYTCTBYIOT
COOTBETCTBYIOIIME aTOMHbIE IUIOCKOCTH, CHOCOOCTBYIOT  YBEJIMYEHUIO
MPUTATHBAIONIUX ~ MEXATOMHBIX CHJI W BO3HUKHOBEHHIO  ITOBEPXHOCTHBIX
pacTAruBaroIuX HanpsokeHui [16].

['maBHOW NPUYMHON BO3HMKHOBEHHS OCTATOYHBIX HAINPSIKEHUW B JIETANSAX
MAIITUH SIBJISIETCS. HEOJHOPOAHOCTh 00bEMHBIX U JIMHEHHBIX U3MEHEHUN UX MaTepHraia
B IIPOILIECCE BHITIOJIHEHUS TEXHOJIOTUYECKUX OTNEpaIuii: OTIMBKE, KOBKE, TEPMUUECKON
U XUMHKO-TEPMHUYECKON 00paboTke, cBapke, oOpaboTka pe3aHuem, oO0paboTke
naBjieHueM u apyrux [17,18].

JIuTeitHble, KOBOYHBIC, CBAPOUYHBIC HAMPSDKEHUS, a TAKXKE HANPSDKCHHS TMPU
ropsiueil MpoKaTKe BO3ZHUKAIOT B PE3yJIbTaTe HEPABHOMEPHOTO HArpeBa U OCTHIBAHUS
OTJENBbHBIX DJIEMEHTOB JeTalu. bojiee TOHKME CTEHKH JeTalld OCTHIBAIOT ObICTpee, a
Oonee ToJICTBIE, OCOOCHHO HAXOJSIIMECS BHYTPH KOPIIYCHOW JI€Tajii, OCTHIBAIOT
MeneHHee. [Ipu 3ToM B OJTHUX 3JIeMeHTax (4acTsx) JeTald BOZHUKAIOT OCTaTOYHBIC
HaIPSHKCHUS CKATHS, a B IPYTUX PACTHKEHUS, B 11€JIOM OHU B3aMMHO YPaBHOBEIICHBI
[19].

[Ipu Tepmuyeckoit 00paboTKe HEPaBHOMEPHOCTh HarpeBa U OCThIBAHUS OOBIYHO
ObIBa€T MEHBIIIEH, YeM TIPH BBIIIICONMMCAHHBIX TEXHOJOTHUECKUX OTEepaIlnsix, OJHAKO
3/1eCh JIOTIOJIHUTEIbHBIMU (DaKTOpaMH, BBHI3BIBAIOIIMMU OCTATOYHBIC HAMPSKECHUS,
SBISIOTCS  (Da30BO-CTPYKTYpPHBIE TIPEBPAIICHUS, HEPABHOMEPHOCTh TMPOTCKAHUS

KOTOPBIX ITPUBOAUT K ICPCMCHHOMY U3MCHCHUIO IIJIIOTHOCTU MATCPHUAJIa B PA3JIMIHBIX

15



yacTsx Jetand. Hampumep, NOCKOJIBKY Hapy>KHbIE CJIOM CTajbHBIX JeTaliel
3aKaJIMBAIOTCS CWJIbHEE BHYTPEHHHX, TO U MPEBpalICHHE ayCTEeHUTa B MApTEHCUT B
HUX Oyzer Oosee TMOTHOE, YTO TMPUBOJUT K TOBEPXHOCTHBIM OCTATOYHBIM
HaIpPSHKECHUSM CKATHS, T.K. INIOTHOCTh MAPTEHCHUTA MEHBIIE TUIOTHOCTH ayCTEHHUTA.

[Tpu xuMHUKO-TEpMHUUECKONW 00pabOTKE, TOMUMO BBINIE HA3BAaHHBIX (DAKTOPOB,
Ha TIOSIBJICHHE OCTAaTOYHBIX HAIPSOKEHUN OKa3bIBaeT BJIUSHUE HACHIIMICHUE
MOBEPXHOCTHBIX CJIOEB JIPDYTMMH DJJIEeMEHTamMH. B pe3ynbrare 1eMeHTalluH,
a30TUPOBaHMs, OOPUPOBAHUS MIIOTHOCTh HACHIIIEHHOIO CIOS YMEHbIIaeTcs (00beM
€ro YBEJIMYUBAETCA), UYTO TaKKe CIOCOOCTBYET BO3HHUKHOBEHHIO OCTaTOYHBIX
COKUMAIOIINX MMOBEPXHOCTHBIX Hanpshkenui [20].

Kak yxke ObUIO OTMEUEHO, MpU YIPOUHSIONMIEH 00paboTke MeToAamMu
MOBEPXHOCTHO-TUIACTUYECKON JeopMalliid TMPOUCXOJUT CUJIOBOE U  TEIJIOBOE
BO3JICICTBHUE HAa MOBEPXHOCTHBIN cioil. CuiioBoe BO3/eCTBUE (00KaTHE) BHI3BIBACT
3HAQUUTENbHYI0  IUIACTHMYECKYI0  AedopMaluio0  CKaTus,  CIOCOOCTBYIOIIYIO
HAKOIUJICHUIO TIOJIOKHUTENBHBIX JUCIOKAIMA, BOKPYT KOTOPBIX YMEHBIIAIOTCS
MEXAaTOMHBIC PACCTOSHHSI, T.€. METAJII MOJTYYaeTCs CXKATBIM, a TI0JT TTOBEPXHOCTHBIM
CIIOEM pacTAHYThIM [21].

[ToBepxHOCTHO-TIIIacTHYECKas JeopMaliisi 3aKajleHHOM CTalld ayCTEHUTHO-
MapTEHCUTHOTO KJIacCa CIOCOOCTBYET TaKKe MPEBPALIEHUIO OCTATOYHOI'O ayCTEHUTA
B MAapTEHCHUT, 4YTO YBEIWYUBAET OOBEM TIOBEPXHOCTHOTO CJIOS M BBI3BHIBACT
JOTIOJTHUTEIHHBIC CKUMAIOIIINE TTOBEPXHOCTHBIC HATIPSKCHHUS .

OO6pa3syromiasicss TpH  MOBEPXHOCTHO-TIJIACTHYECKOM AehopMalui  TeIioTa
JEUCTBYET B TMPOTUBOIOJIOKHOM  HANpaBJICHWH, T.€. OHA MOXET CHSThH
00pa30BaBIIMIACS HAKJICH W CXUMAIOIINE HAIPSHKEHUS U CYIICCTBEHHO YBEIMYUTH
00BEM HarpeToro Merajjla MOBEPXHOCTHOTO ciiosi. [Ipu ocThiBaHMM 0O0BEM €ro
YMEHBIIIAETCS, YTO TMPUBOJUT K TIOSBICHUIO ITOBEPXHOCTHBIX PaCTATHBAIONIUX
HampspkeHuil.  Ilpy  moBepXHOCTHO-IUIACTUYECKOM — Jepopmanuu  HEOOXOAMMO
OTIPEJICIUTh ONTHUMAIBHBIA PEXKUM, MPU KOTOPOM MPEBATHPYIONUM OyAET CHUIOBOE
BO3JICHICTBHE ¢ OOpa30BaHMEM OCTAaTOYHBIX IOBEPXHOCTHBIX  COKHMAIOITUX

Hanpspkenui [22, 23].
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[Ipu 00paboTKe METAIIOB PE3aHUEM, KaK U MPU MOBEPXHOCTHO- TIACTUYECKON
nedopmaliim, IPOUCXOIAT TAKUE KE BO3/ICUCTBUS HA MOBEPXHOCTHBIN cioi. OJIHaKO
KOJJMYECTBEHHOE BO3/ICHCTBHE CHJIOBOTO W TEIUIOBOTO (aKTOPOB darie ObIBacT
MPOTUBOIONOXKHO. TernoBoe BO3JCHCTBUE SIBIAETCS MNPEBATMPYIONIMM, YTO IO
BBIIICONUCAHHON  TMPUYMHE  MNPUBOJUT K  TTOBEPXHOCTHBIM  OCTAaTOYHBIM
pacTATHBAIOMNM HampsbkeHusiM. Kpome Toro, mpu 00pabOTKe MSATKHX CTaJIed CO
CIIMBHOM CTPYXKOW yAeNbHbIA Bec AedopMalvili pacTsDKEHHsT B 30HE pe3aHus,
BO3pacTaer, a nedopmanuu cKaThs YMEHbBIIAIOTCS (B CPAaBHEHHMH C IPOILIECCOM
pe3aHus TPU JIEMEHTAPHOW CTPYXKKE), YTO MOXKET B I[€JIOM BBI3bIBATH OCTATOUYHBIC
MIOBEPXHOCTHBIC HAMPSKCHUS pacTshkeHus [24].

BrusHre oCcTaTo4YHBIX HAMpPSHKEHUH Ha MPOYHOCTH METAJJIOB PA3JIMYHO TPHU
CTaTHYECKUX, IMHAMHUYCCKUX H IHUKJIMYECKMX Harpys3kax. Kpome Ttoro, oHo
OTJIMYAETCS MPHU BSI3KOM M XPYIKOM pa3pylieHUsX MeTaioB. Hadano paspyiieHus
XapaKTepu3yeTcss CyOMUKPOCKONMMYECKMMHU  SBJICHUSMHM B  MeETalie, a He
Makpockonmumdeckumu. OHO 3aBUCUT HE TOJILKO OT MEXaHUYECKHUX CBOWCTB MaTepHaia,
ONPENEISIIONMX €ro IUIACTUYECKyl0 Jedopmaiuio, HO U OT  COCTOSIHUS
MOBEPXHOCTHOTO CJIOS, HAJIWYUS KOPPO3HMOHHOW cpeibl, MacimTaOHoro ¢akropa,
9HEPreTHYECKOTO YPOBHSI IOBEPXHOCTH U Apyrue [25].

Ecnm cymmapHoe HampsbKeHHE HE MPEBBIIIAeT mpejeina TeKyuecTd, T.e. KOria
MeTamul AehOpMHUPOBAH JIUIb YNPYTO, OCTATOYHBIE HAMPSIKEHUS CyMMHUPYIOTCS C
HaMpsHKCHUSMA OT JICWCTBHS BHEIIHWX CHJI anreOpandyeckd W WX BIUSHUE Ha
MPOYHOCTH JIETAIM OJIMHAKOBO. EciaM cyMMapHble HampsDKEHUs MPEBBIIAIOT MPEAe
TEKYYeCTH M METaJI TUIACTHYECKH Ne(opMupyercs, TO OCTATOUYHbIE HAMNPSKCHUS
YMEHBIAIOTCS WM JK€ TIOJIHOCTBIO MCYE3al0T M WX HEJIb3sl CyMMHPOBATH
anredpanueck ¢ HANpSOKEHUSIMU OT BHEIIHMX Harpy3ok. Cuwmraercs, uyto 0,2%
IUTACTUYCCKOM AeopMaIvy JOCTATOYHO ISl CHATHS OCTATOYHBIX HampspKeHHi [26].
[ToaTOMY 117151 INTACTUYHBIX MaTEPUAJIOB, HE MMOABEPTHYTHIX YIIPOUYHECHUIO, OCTATOYHBIC
HaIpsHKEHUST MEHEE OIMACHBI, YeM JUJIS XPYNKUX. ECiu ke MIacTUYHBIM MaTepual
NOJIyYWJI YNPOYHEHHE B pe3ysbTare IUlacTHYEeCKoW aedopmairuii, TO €ro

MJIACTUYECKHE CBOMCTBA CHWDKAIOTCs, XPYIIKOCTb BO3PACTACT U BOSHUKIINEC B TaAKOM
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COCTOSHHH OCTAaTOYHBIC HAIIPAXKCHHA 110 CBOMM pa3pyliarommMm BOS,ZICfICTBI/ISIM TaKHe

e, KaK U HANpsDKCHUS OT BHEITHUX CHII U T.€. CYMMHPYIOTCs ¢ HUMH [27].

1.2. ®u3nveckasi CyIHOCTh YIIPOUHEHUS METAJLIA HAKJIENOM

Ha pucynke 1.2 ycnoBHO TMOKa3aHO BIIUSIHHE KOJIMYECTBO JiePeKToB N
KPUCTAJUIMYECKON pelIeTKH Ha MPOYHOCTh MeTailioB [28]. Kak BugHO, C yBEIMUYEHHEM
nedeKToB TPOYHOCTh BHAdalle pe3Ko cHikaercs. llpu yBennueHun nedexToB
KPUCTAJUIMYECKOW pEHIETKH HapyllaeTcsl MEXaTOMHbIE CBSI3M, YMEHbIIIAETCS

OJTHOBPEMEHHOE y4yacTHe aTOMOB B compotuBiieHuu aedopmaruu. Otpe3ok a0

MPECTABIIIET TEOPETUUECKYIO MPOYHOCTh Kpuctaiia 6e3 nedekros. Otpe3ok Oy -0

paBeH MPOYHOCTU BBIPALIEHHBIX HUTEBUAHBIX KPHUCTAJUIOB, OTMEYEHHBIX paHEe.
VY4acTok KpUBOIl @6 COOTBETCTBYET YMEHBIIECHUIO MPOYHOCTH METajlla BCIIEICTBUE
yBEJIMYEHUS 0 Han0oJiee HEBBITOAHOIO KOJIMYECTBA N1 1e()EKTOB PEIIETKH YYACTOK 8C
COOTBETCTBYET yBEIMYECHUIO YUCIIA AUCITOKALUN KPUCTAILIMIECKOH pemeTku ot 10 1o
102 ma Icm? (T.€. OT OT Ny 710 Ny ) IPH TEXHOJIOTMYECKOM yIPOUYHEHHH METAILIOB, YTO
IPUBOJUT K TEPECEUCHUIO IUCIIOKALMN, OKPYXKEHHIO HUX CKOIUICHUSMH TOYEUHBIX
ne(eKToB (aTOMBI MEXIOY3JHUAX, aTOMbl INpUMEcCEd U 1p.). OTO 3aTpyIHSET
nepeMelieHre AUCIOKalUid, METal YNPOUYHSEeTCs, KaK Obl «BbIpaOaThIBACT»
CHOCOOHOCTH YBEJIMUEHHUSI CONPOTUBIICHUS PA3PYLICHHUIO.

TexHoornyeckoe yrnpoyHEHHE HAKIIEIIOM OCYILECTBISETCS IIYTEM CHUIIOBOIO
BO3/ICICTBUS MpU MPOKATKE, IITAMIIOBKE, a TAK)Ke€ TEPMOIUIaCTHUYECKOW 00paboTKe
MeTauioB. Todyka C COOTBETCTBYET MPEAEIbHOMY HACBIIEHUIO AedeKTaMU
KPHCTAILIMYECKOH PEIIETKH IUIOTHOCTH auciaokamuu N, =10'-10% ma lcm? Ilpm
JalbHEWIIEM YBEIMYEHUHM HaKJena MPOUCXOAMT  pa3pylleHHe MaTepuaia

(nepenaxien). JlanpHeilliee ynpouHeHUE HAKIETIOM HEBO3MOKHO.
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Pucynox 1.2 - Bausinue konudecTna 1e(eKkToB N KPUCTALTUIECKON pelieTKu
Ha [IPOYHOCTh METAJUIOB

Teopus qucnokannii I03BOJISET MOHAThH IBOUCTBEHHYIO IPUPOTY MIIACTUYECKOM
neopmanuu: BHauvane aAedopmalvs NPUBOAUT K YHNPOYHEHHIO MeTaia, T. €.
YBEJIUYCHHUIO HANPSDKCHHS TEUYCHUSI C POCTOM KOJUYEeCTBa ACPEKTOB, MOATOTOBIISS
yciaoBUs i ero paspymieHus. [epopmanronHoe ymnpodHeHue, T.€. HaKJIEIl,
HACTYIIA€T BCJICJICTBHE B3aUMOJCHCTBUS IOJICH HAIPSHKEHUN JHUCIOKAIAN MEXITY
co0Ool, a TaKkkKe C JPYrUMU HECOBepIIeHCTBaMH (fedeKTaMH) KpPUCTaJUITMUECKON
PEIETKH, 3aTPYAHSIOMUMU MEPEMEIICHUE CAaMUX JTUCIOKAIIHA.

C yBenMYeHHEM CTEIEHW HaKJIela BO3pacTaeT TBEPAOCTh MeETajlia, Mpenes
TEKYy4eCTH, Mpeaea YIPyrocTu, Mpeaesl MPOUYHOCTHU, TMOHUKAETCA IUIACTUYHOCTh U
yaapHas BI3KOCTb. [Ipu 3TOM nipeiest TeKy4uecTu pacTeT ObICTpee npeesna MpoYHOCTH.
OT1r 00a MPOYHOCTHBIC TTAPAMETPHI Y CUIILHO HAKJICTIAHHBIX METAJIJIOB CPABHUBAIOTCA,
a OTHOCHUTEJIbHOE YIJITMHCHHE TIPHOJIbKaeTcs K Hymo [29].

Hakyenn mMoxeT MOBBICUTH TBEPAOCTh U Tpenaen mpounoctd B 1,5-3 pasa, u
CHU3UTH MIpeAeN TeKy4ecTH B 3-7 pas.

UeM menpue 3€pHO, TEM BbIILIE TPOYHOCTh METaslIa. Y IPOYHEHUE MeTasuia Ipu
XOJIOTHOM TTACTUYECKOH AedhopMaIii COMPOBOKIAETCS TOTIIoeHneM sHeprun. [pu

nedopManuu pa3IMUHbIX METAJUIOB moriomaercs oT 8 10 16% 3aTpadyeHHoM padoTHhI.
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C yBenu4eHHeM CTENEHU AepopMaly poCcT MOIJIOIEHHOW YHEPTUH, B MPOLIEHTAX K
3aTpAYeHHOM, YMEHBIIAECTCS, T.€. METAUI CTPEMUTCA K JHEPreTUYECKOMY
HACBIIIEHHUIO. DTO HACBILIEHUE, T.€. IPEIET YIPOUYHEHHUS, A YIIEPOJUCTBIX CTaJICH
HacTynaeT npu 40-50 nponenTHol nedopmanuu.

[Tpu mmactuyeckoii aeopmarrii TOBEPXHOCTHOTO CJIOS 3aKaJICHHBIX CTaJeil ¢
MAapTEHCUTHO-ayCTEHUTHOM CTPYKTYpPOM HIPOUCXOAUT IIPEBPAILECHHUE 3HAYUTEIBHOU
YaCTU OCTATOYHOrO aycTeHUTa B MapTeHCUT [30], 4TO JOMOJIHUTENBHO YBEINYUBAET

OCTAaTOYHBIC HAIIPSIPKCHUA CIKATHA.

1.3. TexHoJI0OTMYECKHE METO/IbI YIIPOUHEHUS HAKJIETIOM

Oo0padorka merogom oOkarTbiBaHMs. OO0paOoTka METOJOM OOKaThIBAHUS
yaiie BCEro MPOM3BOJMUTCS Ha TOKApHBIX cTaHkax. OOpabarbiBaemasi JaeTalb, B
3aBUCUMOCTH OT KOHCTPYKIIMH, 3aKPEIUIIeTCsS B IIEHTPaX WJIM MaTpoHE, a 0OKaTHOE
npucrnocodieHre (00KaTHUK) - B pe3lieepiKaTeie.

B nporiecce oOKkaThIBaHus J€Tallb BpalaeTcs, a 1eOpMHUPYIOIUNA HHCTPYMEHT
(map), HaxonAIIMKCA B KOHTaKTe ¢ oOpabaThiBaeMOW MOBEPXHOCTHIO, BMECTE C
O0OKaTHBIM MPHUCITOCOOTICHUEM UMEET MPOI0IBHYIO Toady (pucyHok 1.3). biaarogaps
CaMOYCTaHaBJIMBAEMOCTH IIapa BO BpeMs OOKaThIBaHUs OOecreunBacTcsi CBOOOIHOE
BpallleHUE Iapa MpU TPEHUM KAdyeHHUs] MEXIYy IIapoM M JAeTanblo. B cuity storo
co3maroTcs Oosiee ONarompusATHBIE YCIOBHS JJs TJIACTUYECKON aedopmarmw,
o0ecreunBaoIIye MOJyYeHUe MEHEe IIEepOXOBAaTOM MOBEPXHOCTH MPU HEOOJBIIOM
naBieHuu mapa. [Iporecc oOKkaThIBaHUsI pEKOMEHIYETCS POBOJIUTH C IPUMEHEHHEM
CMa3bIBAIOIIe OXJAKIAIOMIAsl JKUIKOCTh, Ui Yero HCIONb3YIT WHAYCTpHUaIbHOE
maciio [31]. I[Tpu cmaske cHmkaeTcst KO3 PHUIMEHT TPEHUS, TEMITEPaTypa KOHTAKTHBIX
NOBEPXHOCTEH CTAaHOBUTCS HHUXKE, YTO CIIOCOOCTBYET MOJIyYEHHIO 0oJiee BBICOKOIO

KJIacCa ImeEpoxoBaTOCTU IMMOBCPXHOCTH.
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Pucynok 1.3 - Cxema oOKaThIBaHHS IIAPUKOM

[Ipu 0OKaThIBAaHMU IEPOXOBATOCTH 00PAOOTAHHON MOBEPXHOCTH U YIPOUHEHUE
JeTald 3aBUCAT OT HapaMeTpoB mporiecca. OCHOBHBIMHM MapaMeTpaMu Mpoliecca
O0OKaThIBaHUS SIBJIIOTCS CIICTYIOIINE:

1. cpenaHee naBiIeHUE B KOHTAKTE p;

2. KOHTaKTHas 1uiomanb F;

3. BeJIMUMHA HOPMAJIBHOM CHJIBI, TIEpeaBaeMoil CO CTOPOHBI HHCTPYMEHTa Ha

o0pabaThIBaeMy10 TOBEPXHOCTH;

4. pa3mepsl 1eGopMUPYIOIIETO HHCTPyMEHTa R;

5. MpoAoJIbHAs Moj1aya S,

6. ckopocTh 00pabOTKH V.

OOKaTbIBaHHE MOKET OCYIIECTBIISITHCS TOJBKO MPU PpabOUMX HAMPSHKEHUSX,
BBI3BIBAIONINX TUIACTHYECKYIO JedopMmaruio. [Ipn Hammyumm Mexay [OeTanbio U
neOpMHUPYIOIIMM HWHCTPYMEHTOM TOJIBKO YIPYyrod cBs3u oOpaboTka He
npousBoguTcs. [lpy HOpManmbHOM MPOTEKAHMM MpolEecca TOBEPXHOCTHOIO
IUTACTUYECKOTO AeOpPMUPOBaHUsT padoyasi YacTh HWHCTPYMEHTa BHEApEHA Ha
OIpeseNieHHYI0 TiyOuHy B oOpabaThiBaeMyl0 MOBEPXHOCThH Aetanu. HopmanbHoe
IpOTEKaHue Mpolecca BhIpaXKaeTcs 4yepe3 CpeHee NaBlieHHE B KOHTakTe. B sToMm
cinyuae pl> p> p2, rae pl - naBieHue, Mpu KOTOPOM paboure HAMPSYKEHUSI BBI3BIBAIOT

MJIACTHYECKYTO eopMaIiuio p2 - 1aBJICHUE B KOHTAKTE, IPU KOTOPOM MIPEKPAIIaeTCs
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IJIaCTUYECKOE TEYEHHE M HAYMHAETCs pas3pylleHHe MOBEepXHOCTU jaetanu. llpu
OOKaThIBAHUM TPUMEHSIIOT KECTKYI0 WIM YIPYTyl0 CXeMmbl HakaTbiBaHus. [lpu
yOpyroi cxemMe pabodee Telno MPIKHMaeTcs K 00padaThiBaeMON TOBEPXHOCTH C
MOMOIIBIO KaKOTO-1M00 YIpyroro 3jeMeHTa (BUHTOBOM MPYKUHBI CHKAaTHsl, OJIOKa
TapesibyuaThiX MPYXKUH, MNPYXKUHSAIICH JepKaBKU U T.1.), KOTOPbIA CO3MaéT
HEoOXOoauMyI0 cmily HakateiBaHus P. Ilpu x€cTkoil cxeme YNpYyruil 3JIIeMEHT B
0OKaTHOM MpHUCIIOcCOOJIeHUY (HaKaTHUKE) OTCyTCTBYeT. Hanuuue ynpyroro snemeHTa
oOecrieuynBaeT MOCTOSIHHOE yCWJIMEe OOKaThIBaHUS B JIIO0OW TOouke oOpabaTbhiBaeMoin
MoBEepXHOCTU. HO M3-3a MOTPENIHOCTH MPEANIECTBYIONMEH 00pabOTKH MIacTUYECKast
nedopmartius MOBEPXHOCTHOTO CIIOSI OKa3bIBACTCSl HEPABHOMEPHOM U 0 JJAHHOM CXeMe
00paboOTKH OOBIYHO HE TMOJIyYaeTCsl MOBBIIIEHUE TOYHOCTH (DOPMBI YIPOYHEHHBIX
neraneit [32, 69]. XKectkas cxema o0paboTku (pucyHOK1.3) MO3BOJIIET MOJTyYaTh
MOBEPXHOCTH C BBICOKOM TOYHOCTBIO Pa3MEpPOB U IeOMETpUUYECKOU (POpMBbI, HO MpHU
TOM TpebyeTcst 00bIIasi TOUHOCTh UCXOHOM 00padaThIBaeMOi TOBEPXHOCTH TIEPET
O0OKaThIBAHUEM.

Ha mnpakTthke HIMPOKO HCHONB3YIOT YHUBEPCAIbHBIE OJIHOPOIMKOBBIE U
OJIHOIIAPUKOBBIE HAKATHBIE MPUCIIOCOOJIEHUS, KOHCTPYKIUS KOTOPBIX JOCTATOYHO
noJipoOHO TpesacTaBieHa B jurepatype [33,34]. HemoctaTkoMm OJHOPOJIMKOBBIX
YCTPOWCTB SIBJSIETCS HE3aMKHYTasi CHCTEMa CHWJI, BBI3bIBaromias nedopmMupoBaHue
oOpabaTbiBaeMbIX JIeTajeil, yCTpOWCTB W O0OpyAOBaHHS, OBICTpPOE H3HAITUBAHUE
MOABVKHBIX YaCT€d TEXHOJIOTMYECKOW CHUCTEMBIL. boree panroOHANBHO IIpH
OOKaThIBAHWM JJIMHHBIX BajoOB, @ BO MHOTHX CIy4asX M OOBIYHBIX 3aroTOBOK,
MPUMEHSTh MHOTOPOJIMKOBBIE YCTPONCTBA OXBaThIBaIOIIEro TUMa. VX KOHCTpYyKIus
CIIOKHEE, HO OHHM YJOOHBI, HAJIEXKHBI W JOJTOBEYHB. B JIBYXpOJUKOBOM
MPUCTIOCOOJICHUH OOKAThIBAHUE TMPOBOAMUTCS IMPU CUMMETPHUYHOM PACIIOIOKEHUN
JBYX pOJIMKAa Ha JBYX B3aMMOCBSI3aHHBIX ormopax. HemocTaTok IBYXpOJIHMKOBBIX
MPUCTIOCOOJICHHI - BO3HWKHOBCHHE W3THOAIOIIMX MOMEHTOB IIPH HECOOCHOU
YCTaHOBKE POJIMKOB M 00pabaThIBA€MOU JETaliv, B PE3yJIbTaTe YEro MO JeHCTBHEM
HEYpPAaBHOBCIIICHHBIX CHJI JCTAlb OT)KUMACTCS BBEPX WM BHU3, YTO HapyIlacT

KECTKOCTh TEXHOJIOTMYECKOM CHCTEMBI M PE3KO YXYAIIAET YCJIOBUSA IPOTEKAHMS
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nporiecca  00pabotku.  IloaTomy  Oosnee  menecooOpa3HO  HMCIOJIB30BATh
MHOTOPOJIMKOBBIE TpucnocoOnaeHusi. M3 Hux camoe O0JbIIOE pacnpoCTpaHEHUE
MOJTy4YrJia KOMIIOHOBKA TPEXPOJIMKOBOTO HakaTHOro mnpucnocodsienus [34]. B Hém
CWJIbl HaKaThIBaHUS OT KaXKJOr0 pPOJUKa (IIapyKa) B3aUMHO YpPaBHOBEIIUBAIOTCS
BHYTPH KOpITyCa MPHUCIOCOOJCHUS W HE MEepeAaroTCs Ha MOAIIMITHUKA LIMTUHICIS.
Kpome Toro, nosiBisieTcss BO3SMOXKHOCTD JTUOO YBEIMYUTH OCEBYIO MOady BTpoe (Ipu
OJIMHAKOBOM JIMAMETpEe IIApUKOB), JUOO COBMECTUTh 3a OAMH pabouuii Xon
ynpouHsitoniee (IIapuKOM MEHBIIET0 JMaMeTpa) W CriaxuBaroliee (IIapukom
O0JpIIETr0 THaMeTpa) OOKATHIBAHHE.

IlenTpoOe:kHasi o0padoTka oOkaTbiBaHMeM. I[leHTpoOexkHass o0paboTka
SIBJIIETCS. BBICOKOIIPOU3BOJUTENBHBIM CHOCOOOM IUIACTUYECKOTO J1e(hOopMHUpOBaHMS,
IIpU KOTOPOM pabouure 3JeMEHTHI (IIapbl WK POJMKH), CBOOOAHO PACIIONOKEHHBIE B
paiMaIbHBIX ~ OTBEPCTUSAX  Bpallarollerocs JAucka (YNpPOYHUTENs), HAHOCST
nocieaoBaTeIbHble yIapbl 0 00pabaTbiBaeMoil MOBEpXHOCTH. Paboune 3reMeHTsh
NOJ IEMCTBUEM LIEHTPOOEKHBIX CHJI 3aHUMAIOT KpailHee MOJOKEHHUE B PaJuaIbHbIX
OTBEpPCTHSIX, O NpU yaape o0 oOpabaTblBaeéMyl0 IMOBEPXHOCTb OIYCKAarOTCS Ha
ryOvHy, paBHYIO HaTiTy, OTAaBasi YHEPIHI0, CO3/1aBAEMYI0 LEHTPOOEKHOM CHUIION
[35].

O06paboTKy BBIMOMHSIOT Ha NITH(GOBATBHBIX, TOKAPHBIX, (PE3EPHBIX U IPYTUX
crankax. Ilpu  wucnonb3oBaHMM  HUIM(OBAIBHBIX  CTAHKOB  YIPOYHUTEIb
yCTaHAaBJIMBAIOT HA IIMHUHJIENE HUTM(POBaIbHOM 0a0ku. B npyrux ciydasx npou3BOasT
LIEJIEBYI0 MOJIEPHU3ALIMIO CTAHKOB.

YabTpa3BykoBasi 00padoTka o0OKaThIBaHHEM. YJbTPa3ByKoBasg o0paOOTKa
SIBIISIETCSl MIPOTPECCUBHBIM TPOIECCOM YIPOYHEeHHs jaeraneil mamuH [36]. B stom
cnocobe k pabodyemy Teny (IIapuKy, POJIMKY, BBITJAXKUBATEII0) HapsAy CO
CTaTUYECKOW CHJIOW TpmwkuMa K oOpabaTbiBaeMOW TMOBEPXHOCTH COOOIIAOT
yJIbTPa3ByKOBbIE KOJI€OaHNUs, CO3/1aBaEMbIE CTIELIUaIbHBIM T€HEPATOPOM.

I'mapoapobectpyiinoe ynpouyHeHue. CyIIHOCTh THUIAPOAPOOECTPYHHOTO
METO/1a YIIIPOUYHEHHUS 3aKIII0YAETCS B TOM, UTO CTPYs paboueid )KUJKOCTH B CMECH CO

CTAJIbHBIMHU HIapUKaMH IMOAACTCA IO AABJICHUCM K O6pa6aTBIBaCMOﬁ IMOBEPXHOCTHU U
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B pe3yJbTaTe yAapeHus IIAPUKOB MPOUCXOIUT YNPOUYHEHHE MOBEPXHOCTH. Jlis
OCYUIECTBJIEHUSI 3TOr0 crocoba pa3padoTaHbl TUAPOAPOOECTPYUHBIE IKEKTOPHBIC
ycTaHoBKH [37].

OCHOBHBIMH TIPEUMYILIECTBAMHU THAPOAPOOECTPYIHHOrO METOoAa YHpPOYHEHUS
SBJIIOTCSI: COXPAHEHHUE CPAaBHUTEIIbHO HU3KOM HIEpPOXOBATOCTU MoBepxHocTH (Ra =
1,25-0.16 MKM); yayd4llleHHEe MHUKPOT€OMETPUH, TaK KaK YBEIMUMBAIOTCS PaNyChI
3aKpYIJICHUS BIAJAUH U BBICTYIIOB U T.1I.

[Ipu 5TOM MeTO/Ie YIIPOUHEHHUS B KaU€CTBE MHCTPYMEHTA OOBIYHO MPUMEHSIOT
IIAPUKH OT TOMIHUITHKKOB u3 Marepuaina 11X 15 ¢ Beicokoit TBepaocThio (HRC 62),
UMEIOLINE JOCTaTOYHO BBICOKYI0 TOYHOCTh II0 TE€OMETPUU M HE3HAYUTEIBbHYIO
IIEpOXOBAaTOCTh TOBEPXHOCTH. (CMa3bIBaroOIIE-0XJIaXAIOMEH KUIKOCTbIO YacTo
CILy’KUT TpaHC(HOPMATOPHOE MACIO, KOTOPOE MPUMEHSIOT I OXJIAXKACHHUS 30HBI
KOHTAKTa Iap-TeJIo C IEeNbI0 YIIydlIeHus] MUKporeoMeTprn nmoBepxHoctH [39]. Kpome
3TOr0, MacJIo SABJSETCs paboyeil cpeaoi, TpPaHCHOPTUPYIOLIEH MapUKH U3 UCXOAHOTO
HUKHETO TMOJIOKEHUS U COOOIIAIOIIEH UM YyCKOPEHHE, IOCTATOYHOE AJIS COBEPLICHUS
yJapa 3aJJaHHON MOIIHOCTHU O MOBEPXHOCTb JETAJIH.

Henocratkom  rugpoapoOecTpydHOro  MeTrofa  YHPOYHEHMs  SIBISETCA
HEBO3MOKHOCTh YIPOYHEHUS TPYAHOJOCTYIIHBIX MECT JeTalM: I[a30oB, pe3bo,
ri1yOOKHX OTBEPCTHI Majoro JuameTpa.

ITneBMoOapoOeMeTHOE YIPOYHEHHE. YTIPOUHEHHE CYXO0il Ip0ObI0 B OCHOBHOM
OCYUIECTBJISIETCS Ha APOOECTPYMHBIX U JpOOEMETHBIX yCTaHOBKax. B mepBom Ture
YCTAHOBOK JIpOOM COOOIIaeTCs KMHETHYECKAas SHEPrus B JIpoOECTpYHHOM COILIC
CoKaTbIM BO3IyXOM, [TOJaBAEMbIM Yepe3 BO3AYILIHYIO (POPCYHKY U3 3aBOACKOM CETH, BO
BTOPOM THIIE - B IEHTPOOEKHOM JIpoOeMeTHOM Konece [37].

K OCHOBHBIM NpeuMyliecTBaM MHEBMOJAPOOEMETHOTOHOTO YIIPOUYHEHUSI CYyXOu
IpOOBI0 OTHOCHUTCSI MPOCTOTa KOHCTPYKLMM TPU HUCIHOJIb30BAaHUU HUMEIOIIEHCS Ha
OPEANPUATUIX  LEHTPAJIM30BAHHOW  CHUCTEMbl  MMOJA4YM  CXKATOTO  BO3AYyXa;
KOHIIEHTPUPOBAHHBIN MOTOK APOOH, TTO3BOJISIONINI 00pabaThIBaTh TPYIHOAOCTYITHBIC

YYaCTKU JIeTalIel; BO3MOXKHOCTh MOJyYE€HHUS BBICOKMX CKOPOCTEH IMOJIeTa JpooHu.
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Henocrarkamu 3TOro MeTo/1a ynpo4HeHHs SBJISIIOTCS: HAIMYKE KECTKOr0 yaapa
JIPOOMHKH O JEeTallb NMPU 3HAYUTEIBHBIX CKOPOCTSX IMOJIETA, YTO BBI3HIBAET BHICOKHE
JIOKAJbHBIC TEMIEPATyphl; KPUBBIE OCTATOYHBIX HAMPSIKCHUNA COKATHS WMEIOT
3HAYUTEIbHBIN MOJCIONHBIN MaKCUMYM; CYIIIECTBEHHOE MOBBIIICHUE IEPOXOBATOCTU
MOBEPXHOCTH,  TOCKOJBKY  MHUKPOT€OMETPHS  TIOBEPXHOCTH  OMNpPEIeIseTCs
HEMpaBWILHOW (GOpMON W HH3KHM KA4eCTBOM TOBEPXHOCTH JPOOHMHOK;
HECTaOMIBHOCTD pexkuMa yrpouneHus [38].

YnpouHeHue MUKPOIIAPUKAMHU. J[JI1 TOBBIIICHUS] COTPOTUBIICHUS yCTAIOCTH
MaTepuaia MUPOKOe MPUMEHEHHE Hallled METOJ MOBEPXHOCTHOIO IUIACTUYECKOIrO
nedhopMUpOBaHUS METaJUTMYEeCKUMU WIH CTEKJISIHHBIMU rpaHyjIamH,
PEUMYILECTBEHHO c(pepruueckoir popmbl — MUKpomapukaMu (quamerpom ot 30 1o
315 mxMm). O6paboTka UMHU JAeTalied MalluH TPOBOJUTCS IS JETaleil ¢ OCTPhIMU
kpoMkamu (Ra < 0,1 mM), kaHaBKaMH, TPOTOYKAMU, JTAOUPUHTHBIMU YIJIOTHEHUSIMH,
a TakKe IJIs JeTanei ¢ pe3boamu. M cmoap30BaHne MUKPOIIAPHUKOB TIPH YIIPOYHCHHUH
oOecrieynBaeT MPOTEKAHWE MaKCUMalbHBIX IUIACTHUECKUX nedopmaruii BOIM3U
MMOBEPXHOCTH, a TAaKXE€ CHIDKCHHE BBICOTHI MHKPOHEPOBHOCTEH 00pabOTaHHOM
MOBEPXHOCTU. YKa3zaHHbIe OyiaronpuaTHbie (AKTOpPhl YacTO  CIIOCOOCTBYIOT
JOTIOJTHUTETFHOMY TIOBBIIIICHUIO COTMPOTUBJICHUS JIETAJICH 110 CPAaBHCHHIO C IPYyTHMH
U3BECTHBIMHM METOJaMH JApodecTpyiHoro Hakiemna [37].

Haubonee oddexktuBHBIM A7 YIOpPOYHEHHUS JeTajedl MeTaUIM4eCKUMU
MUKpOIIIApUKAMHU  SIBJISIETCSA  ApoOeMeTHOe o00opyaoBaHue. JlIOCTOMHCTBA TaKOTO
000pyIOBaHUS COCTOAT B CIAEAYIOIIEM: BBICOKAs IPON3BOIUTEILHOCTh, BO3MOXHOCTh
OJTHOBPEMEHHOTO YIPOYHEHHUS HECKOJBKUX JIeTajel, CTaOMIbHOCTH OOeCreUeHus
3aJJaHHBIX PEXKUMOB HaKJIeIa, BBICOKas HaIe)KHOCTH [39].

K HemocTaTkam 3TOrO MeToAa YINPOUYHCHUS CIICTYyeT OTHECTH HEBO3MOXKHOCTh
YOPOYHEHUS TIOBEPXHOCTH TIyOOKMX OTBEPCTHM OTHOCHUTEIHHO HEOOJBIIIOrO
TuameTpa.

Buopauuonnoe ynpouyneHue. OObemMHas BuUOpalMOHHas  00pabOTKa
(BuOporasiTOBKa) AeTalie MPOU3BOAMUTCS C IIEJIbI0 YMEHBIIICHUS IIEPOXOBATOCTU
o0OpabaTpIBaeMOM MMOBEPXHOCTH ITyTEM CIIIAKWBAHKS MUKPOHEPOBHOCTEH, a TAaKKe €

25



YIPOYHEHUS IyTEM CO3/IaHHs B TOBEPXHOCTHOM CJI0€ 1e(hOPMAIIMOHHOTO YITPOUHCHHS
Y C)KAMAIOIINX OCTATOYHBIX HAIIPSHKCHUIA.

duzuyeckas CyMHOCTh Tporecca OOBEMHONW BHOpAIMOHHON 00pabOTKU
3aKJIF0YAETCsl B TOM, YTO YacTHIIBI paboueii cpepl (a0pa3uBHBIC TPaHYJIbI, CTATbHBIC
wm  ¢papdopoBble TIAPUKH), 3arpyKCHHbIE BMECTE C JeTAISIMH B KOHTECHHEp
BUOpPALlMOHHONW MAalINHbBI, MOIY4YaloT OT MOcieAHed KojeOaTenbHble IBM)KCHUS
OTIpeIeTICHHON TPAeKTOPHH, aMIUTUTY bl i YaCTOTHI [37].

O6bemHas BUOparionHast 00padoTka (BUOpOranToBKa) AeTalel MPOU3BOAUTCS
C UENbI0 YMEHBIIEHHUS IIEPOXOBATOCTH OOpadaThIBA€MON IMOBEPXHOCTU ITyTEM
CTJaXUBaHUSI MHUKPOHEPOBHOCTEW, a TaKXKe €€ YNPOYHEHHS IyTeM CO3JaHus B
MOBEPXHOCTHOM CJI0€ J1e(hOpPMALIMOHHOIO YIIPOYHEHHUS U CHKUMAIOLIUX OCTaTOYHBIX
HampspkeHuil.  BcenencTBue  MpoCKaidb3bIBaHMUS —YacTUL pabodeid  cpeabl 10
MOBEPXHOCTSAM JIeTallel U MUKPOYJApOB MO HHUM IMPOUCXOJUT CHEM MeEIbUalIINX
YaCTUYEK METaJlJla U €ro MECTHasl IiacTuyeckast qeopmaliisi B TOUYKax KOHTaKTa, 4To
U o0ecreurnBaeT MOBEPXHOCTHOE YIIPOYHEHHE.

CooTHOIlIEHHE MEXIY ChEMOM MeTaljla U YOpOYHEHHEM oO0pabaThiBaeMOM
NOBEPXHOCTH 3aBUCUT OT BHJA M MaTepHalia 4acTull paboueil cpebl, TPAEKTOPUU U
PEKUMOB KoJeOaHuil. B 3aBUCHMOCTH OT 3TOr0 pa3iMyaroT CIEIYIOLIUE ONEepalyH,
BBITIOJIHSIEMbIC TTPU BUOPAIIMOHHOM 00paboTKe:

- BuOponrmudoBaHue, OTIUYAIONIEECS OTHOCUTEIBHO OOJBIIUM ChEMOM
MeTasuia ¢ oopabaTbiBaeMoOi TTOBEPXHOCTH U IIIEPOXOBATOCTHIO B Mpeenax Ra = 1,25-
0,63 MKM;

- BUOPOIOJIMPOBAaHUE, XapaKTEPU3yeMOe HE3HAUUTEIIbHBIM ChEMOM METajlia C
oOpabaThIBaeMOM MOBEPXHOCTHU M 1IepoxoBaTocThio OT Ra = 0,63 mxm 10 Ra = 0,16
MKM;

- BUOpPOYINPOYHEHHUE, OTIMYUTEIBHOM OCOOEHHOCTHIO KOTOPOTO SIBIISIETCS
NPUMEHEHHE B Ka4eCTBE YacTHUIl pabodei cpepl CTATbHBIX TMOJMPOBAHHBIX IIAPUKOB
WIK Jpyrux Ten ¢ Oosblioi maccod. CranbHble MOJMMPOBAHHBIE IMIAPUKH TPU
IUTACTUYECKOM  JAe(OPMUPOBAHUHU  YIIYyUIIAIOT IIEPOXOBATOCTh 00paboTaHHOU

noBepxHocTH ¢ Ra =1,25 mkm 10 Ra = 0,63-0,32 MKM™.
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- BUOpPOTAJIITOBKA OCYIIECTBISIETCS Ha CICIUAIbHBIX YCTaHOBKaxX. Ha omHOM 1
TOW >k€ BHUOPAIIMOHHONW YCTaHOBKE MOXKHO IPOU3BOAMTH OOpabOTKYy jeTajei
Pa3TUYHBIMH CIIOCOOAMH.

HemocrarkomM 3TOoro MeToja yIPOYHCHHS  SBISCTCS  HEBO3MOXHOCTb
YIPOYHCHUS TPYAHOAOCTYITHBIX MECT JCTAIH: TITyOOKHX IMOJIOCTEH, TIIyXUX OTBEPCTHIA

Maioro auamerpa, T- oOpa3HbIX Ma30B.

1.4 /Ilpyrue meroabl YyNpOYHEeHHs] 00pa0OTAHHOM NMOBEPXHOCTH

aerajen

Meton TepMomiacTuyeckoro ympouyHenusi. [Ipouecc oOpa3oBanHus
OCTATOYHBIX HANPSDKEHU CKBO3HBIM HAarpeBOM C YCKOPEHHBIM OXJaKJIECHUEM
NOJIyYWJI Ha3BaHUE «TEPMOILIACTUYECKOE yIpOYHEHue». B pesynbrare aHanmsa
HKCIIEPUMEHTAJIBHBIX PAa00T MOXHO YTBEpPXAaTh, YTO 3TOT METOJA B OTJIWYHUE OT
TPaJMLIMOHHBIX METOJ0B TEPMUUYECKON 00pabOTKM (M30TEPMUUYECKHUI HAarpeB, OTKUT
¥ T.I1.) TO3BOJIIET HE TOJIbKO CHUMAaTh PACTATUBAIOLIUE HAMIPSHKEHUS, HO U MOJIy4aTh B
MTOBEPXHOCTHOM CJIO€ OJIarONPHUATHBIE OCTATOYHBIEC HAMIPSKEHUS CKATHS.

VYciaoBueM MOSABIEHUS TEMIIEPATyPHBIX OCTATOYHBIX HAINPSIKEHUN SIBISIETCS
HEPaBHOMEPHOCTh PACTIPEACIICHHUS] TEMIIEpaTyp MO CEUYECHHIO JeTanu. BemuuuHa u
XapaKTep paclpOCTPAHEHUs STUX HANPSHKEHWM 3aBUCUT OT TEMIIEpaTypbl HArpeBa,
CKOPOCTH OXJaKICHUS, Pa3MEPOB JI€TAIU U TEIUIOPU3NYECKUX XApAaKTEPUCTHUK €€
Matepuana. LleneHanmpaBlIeHHO U3MEHsSI H3TH MapaMeTpbl, MOXKHO MOJYYUTh
JIOCTaTOYHO OOJIBLIME CHKMMAIOIME OCTATOYHBIE HAIPSDKEHUS MPU 3HAUMTEIbHOU
rinyouHe ux 3aneranus [40].

CxemMa o00Opa30oBaHMsS OCTaTOYHBIX HANpPsDKEHUM 1O CEYEHUIO JIeTaju
npejcTaBieHa Ha pucyHke 1.4. [Ipouecc TepMOIIacTUUeCKOro YIPOUHEHUS COCTOUT
U3 JBYX OCHOBHBIX JTalloB: TMporpeBa JeTaid A0 TeMIepaTypbl Hadaia
TEPMOIUIACTUYECKUX JepopManuii U YCKOPEHHOTO OXJIAXKIEHUSI €€ MOBEPXHOCTEH.
Bpemst Mexy OKOHYaHHEM HarpeBa €T W HA4YaJlOM OXJIAXICHHUS JOJKHO OBITh

MHWHHUMAJIbHBIM.
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Bpems, T

nxxa¥uvaaly

Pucynok 1.4 - Cxema o0pa3oBaHus OCTaTOYHBIX HAINPSKEHUN TIPH
TEPMOIUIACTUYECKOM YIIPOYHEHHUHU: d - U3MEHEHUE TEMIIePaTypPHBIX HAMPSHKECHUHN MPU
OXJIXKJIEHUHU JieTaliu (N - MOBEPXHOCTh, € - CEPALIEBUHA); O - paclpeIeIICHHE
TEMITEPaTYPHBIX HANPSHKCHUH 10 CEUSHHIO JieTanu h B pa3Hbie MOMEHTBI BpEMCHH

B HauanbHbIi nepuoa oXJaxaeHus (7 = 71) Hapy>KHbIE CJION JETaIH MbITAI0TCS
COKpaTUTh CBOM pa3Mep, BHYTPEHHHE >K€ CJIOM, HMMCIOIIME 3HAYUTEIbHO Ooiee
BBICOKYIO TEMIIEpATYypy, HMPEMATCTBYIOT 3TOMYy. B pe3ylbTaTe MOBEPXHOCThH ACTaln
OKaXXETCSI PACTIHYTOM, a cepAlleBUHA OyJeT cxkarta. Eciv BO3HHMKAmOIIUME B 3TOT
MOMEHT TEMIEpaTypHbIE HAMNPSKEHUS OKAXKYTCS BBIINIE MpeAeiaa TEeKy4ecTH
MaTtepuasa Jijis JaHHOM TeMIIepaTyphl, TO MPOU30UIET iacTuueckas negopmarus. B
JaJTbHEUIIIEeM HHTEHCUBHOCTD OXJIQXKACHUSI HAPY>KHBIX CJIOEB JIETAIM YMEHBIIIACTCS U
MTOCTEIICHHO UX TeMIlepaTypa IpUOIM3UTCS K TeMIIepaType oKpyskaromiei cpeasl. [Ipu
JaJbHEUIIIeM OXJIAXJECHUU HapY>KHbIE CJIOM MPaKTUYECKH He aeopMupyroTcs, a
CepAIeBUHA OYJIeT CTPEMHTBCS CYIIECTBEHHO COKpPAaTUTh CBOM 00BeM. [losTomy B
MOMEHT OKOHYaHHMs TIpoliecca OXJaxJaeHus (7 = 7,) CepJlleBUHA OYyJIeT CXKUMaTh
Hapy>XHBIEC CJIOU, KOTOPBIE B CBOIO O4Yepe/ib OYIyT pacTAruBaTh cepAlleBUHY. B cBsI3U
C ATUM B TOBEPXHOCTHOM CJIO€ YIPOYHEHHOW JETali OOpa3yIOTCS CKUMAIOIINE
ocTaTouHble HamnpspkeHus. [[OCKOJIbKY OCTaTOUYHBIE HAIPSPKEHUS] UTPAIOT BAXKHYIO
pOJIb B TIOBBIIIEHWH JIOJATOBEYHOCTH pabOThI JIETald, TO COXPAaHCHHE UX

6HaFOHpI/I${THOFO BIIMSIHUSL B TCUCHHUC MAKCHUMAJIbHOI'O BPCEMCHH JOKCILTyaTalluu
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u3nenusi OyJeT UMETh BaKHOE 3HaUeHHe. MeTo/1 TEpMOIIaCTUYECKOTO YIIPOUHEHHUS,
KaK MOKa3ajl KCCIeAOBaHMs, 00JaJaeT yKa3aHHBIM CBOWCTBOM. Y CTaHOBJIEHO, YTO
penakcaiusi (YMEHBIICHHE) CXKUMAIOIIMX OCTATOYHBIX HANPSKEHUU, CO3JIaHHBIX
METOJaMH TUIACTUYECKOTO JepopMupoBaHusi, B TeueHue mnpumepHo 100 uacos
AKCIUTyaTallMu MpU paboyux Temreparypax cocrtabisieT npumepHo 80-90%. Jns
METO/Ia TEPMOIUIACTUYECKOIO YIPOUYHEHHUS 3Ta BEIU4HMHA cocTaBisieT 35-45%. OToT
GakT CBUAETENBCTBYET O TOM, YTO [UIsi YKa3aHHOIO MeETo/Aa OJaronmpusiTHOE
BO3JICICTBUE COKMMAIOIIMX OCTATOYHBIX HANPSKEHUU COXPAHAETCS B TEUCHUE
3HAYUTEIHLHO OOJIBIIErO0 BPEMEHH, YTO TMOJOKUTEIHbHO CKa3bIBAE€TCS Ha BpPEMEHU
paboThl u3enus 6€3 yCTalOCTHOTO pa3pyIICHHUS.

Meton TEpMOIUIACTUYECKOTO YMNPOYHEHUS SBJISETCA OJHUM M3 BBICOKO
(G ()EKTUBHBIX TEXHOJOTMUYECKUX METOOB YIPOUHSIOIIEH 00paOOTKH, C MOMOIIBIO
KOTOPOTrO BO3MOXKHO JIOCTH)KEHHE HEOOXOJMMOIr0 YpOBHS Mpejeia BBIHOCIUBOCTU
Jneranyd Omarojgapsi CO3JaHUI0 B €€ IIOBEPXHOCTHOM CJIO€  OJarompusiTHOrO
HaIpsSKEHHOTO COCTOSIHUSL B BHJIE CHKUMAIONIMX OCTAaTOYHBIX HANPSHKEHUN MPH
MHHUMAJILHOM CTETIEHU HAKJIETA.

Ynpounenue HamjaBkoil. HannaBka npumensieTcs A YOPOYHEHHS BHOBb
M3TOTOBJICHHBIX JI€TaJIed MAIlUH U SBJSETCS OJHUM M3 Hanboyiee THOKUX METO/OB
BOCCTAHOBJICHUSI M YBEJIMYEHUS CPOKa CITyKObl M3HOLIEHHBIX JeTaned. B mpakTuke
MAIIMHOCTPOEHHUSI HApSAy C PyYHOM Ia30BOM U JIEKTPOIYTOBOM HAILUIABKOM IIUPOKOE
MPUMEHEHHUE TIOTYYUITH Pa3INYHbIe MEXaHU3UPOBAHHBIE CIIOCOOBI HATUTABKH.

Hanbonee mmupoko raszoBas HarulaBka MPUMEHSETCS JJisl HAIJIaBKU TBEPJIbIM
CIUTABOM Y PAa3JMYHBIMA TYTOTUIABKUMH COCJAMHEHHUSIMHU, OO0ECIECUHBAIOIIUMU
OOJIBIIIYIO TBEPJOCTh U BHICOKYIO H3HOCOCTOMKOCTh. DTOT CIIOCOO HAIJIaBKU HanboJiee
pacnpocTpaHeH, Tak KaK C €ro MOMOIIbI0 MOYKHO MOJYYUTh HAIUIABJIECHHBIE CJIOU
tosmuHou ot 0,5 MM u 6osee [37].

BubpoayroBoii HamjgaBKOW MOKHO HapaliMBaTh Ha paboure MOBEPXHOCTH
neranen ciou toimuHou 0,3-3,0 MM mpu HalJlaBKe B OJWH CJIOW MpakTHYeCKu 0e3
nporpesa getanu. OIHAKO 3TOT CIIOCOO UMEET CYIIECTBEHHBIN HEA0CTATOK, KOTOPHIN

3aKII0YaCcTCA B HCOAHOPOAHOCTH CTPYKTYpPbl WM TBEPAOCTH HAILIABJIICHHOIO CJIOA.
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HeomnopoHOCTh CTPYKTYpBhI MPUBOJAUT K 00pa30BaHUIO 3HAYUTEIBLHBIX BHYTPEHHHUX
HanpsDKEHWM,  MUKPOTPEIIMH,  CHW)KEHMIO  TIpeliesla  BBIHOCIMBOCTU U
M3HOCOCTOMKOCTHU. YJIYUIIIEHUE JKCIUTyaTAlMOHHBIX CBOMCTB HAIUIABIICHHOTO CJIOS
MOXET OBITh JIOCTUTHYTO MPUMEHEHHUEM MPOIIECCOB YUCTOBOM 00pabOTKH, HAIIpUMED,
ANEKTPOMEXAHUYECKUM CTIaXKUBAHUEM. DTO MPHUBOAUT K MOBBILICHUIO TBEPAOCTH U
OJIHOPOJHOCTH CTPYKTYpPhI, @ TaK)Ke JMKBUAAIMM MUKPOTPEIIUH, YTO YJIydlllaeT
AKCILTyaTallMOHHBIE CBOMCTBA JIE€TaJIel ¢ HAIJIaBKOM.

YnpouHeHue HanblieHMeM. HanbuleHne MeTamuia HaumOojee  4acTo
OCYILECTBIISIETCS C MOMOIIBIO 3JIECKTPOMETAIIU3AIMU WU TUIa3MEHHOT0. DPUu3HKO-
MEXaHHYECKHE CBOICTBA MOXKHO PETyJIMPOBAaTh MYTEM HCIOJIB30BAHUS PA3IMYHBIX
HaIbUIIEMBIX MAaTEPUATIOB U PEKUMOB 00paOOTKHU.

[Ipn HazHaueHHH crnocoda MeTauM3aluil HEeoOXOAMMO YUYHUTHIBaTh €€
npeuMyliecTBa U HepgoctaTku. K mpeunmymiecTBam ClaeAyeT OTHECTH BO3MOYKHOCTD
HapallMBaHUs CJIOEB Marepuaja TOJIIMHMHOU 70 15 MM u Gosiee ¢ TpeOyeMbIMHU IO
YCJIOBUSM JKCILTyaTaluu (PU3NKO-MEXaHUYECKUMU XapaKTePUCTUKAMH.

Bricokass H”3BHOCOCTOMKOCTh METAJUIM3UPOBAHHOTO CJIOSl MPU HAJIUYUU CMa3Ku
JIOCTUTAETCS BCIEIACTBUE BO3MOXHOCTH ITOJIYYEHHS MOBBIIIEHHOW TBEPAOCTH CJIOS
MyTeM MPUMEHEHHUS COOTBETCTBYIOIIETO COCTAaBa HAIMbUISIEMOI0 MaTepuaia u BIOOpa
pexxuMoB 00paboTku. Croco0 MeTauIM3aluy  MO3BOJISET HAHOCUTh CJIOM U3
MaTe€pUuajioB CO CHEIUAJbHBIMUA CBOIICTBAMHM, B pE3YyJIbTaT€ YETrO0 HE TOJBKO
YBEJIMUMBAETCSI M3HOCOCTOMKOCTh, HO M TOBBIIAIOTCS JPYTHE SKCIUTyaTal[dOHHBIC
XapaKTepUCTUKU, HAITPUMED, )KAPOCTOMKOCTh U KOPPO3HOHHAsI CTOMKOCTh. CBOMCTBA
METaJlJla 3aroTOBKM BCIEJACTBHE €ro HE3HAYUTEIBHOIO HarpeBa B IPOIECCE
HambUICHUs He u3MeHstoTcd. K mpeumyiiecTBaM  ClielyeT OTHECTH TakKe
CPaBHUTEIIbHYIO TPOCTOTY U Majyl0 CTOMMOCTD MPOIECCa.

K ocHOBHBIM HemocTaTkaM Croco0a MeTayuIM3allid OTHOCSTCS XPYHKOCTh
HAHECEHHOTO CJIOSA W HE BCerja J0CTaTOYHash MPOYHOCTh CIEIJICHUS ¢ METaJIOM
3arOTOBKH, CHWXEHHUE MEXaHWYECKOM TPOYHOCTH U  OCOOCHHO  TIpejerna
BBIHOCITUBOCTU. UTOOBI M30€kKaTh TPEUIMH B HAMBIJIEHHOM CJIO€ U JOOUTHCS JTyUIlero

COCINIEHUA €r0 C OCHOBHBIM MCTAJIJIOM, H€O6XO,Z[I/IMO CTPEMUTLCAA CHH3UTDH
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OCTAaTOYHbIE HATIPSKEHUS B CIIOE.

Meramu3upoBaHHbIE AETAIA UMEIOT OOJIBITYI0 H3HOCOCTOMKOCTh IpHU padboTe
CO CMa3KOH, a MPOAOKUTEIBHOCTh UX pabOThI B 2-3 pa3a MPEeBOCXOIUT CPOK CITYKOBI
[IEMEHTHUPOBAHHBIX U 3aKAJICHHBIX JIeTaJIeH.

Hapsiny ¢ Merammmzanueit B IPOMBIIUIEHHOCTH MNPUMEHSIOT TUIa3MEHHOE
HaIlbUICHHE MAaTEpHUATIOB CO CIELHUAIBbHBIMU cBoiicTBaMu. [lo TeXHOJOrHMYEeCKHM
BO3MOXKHOCTSIM JTOT CIOCOO MPEBOCXOJIUT MPUMEHSAEMbIE CIOCOObI HAHECEHUs
nokpeiTuid. [lpu 3TOM cmocoOe paciulaBieHHe M PaCHbUICHHE TYTOIJIaBKUX
MaTE€pHAIOB OCYIIECTBIISIETCS C IOMOILBIO BBICOKOTEMIEPATYPHOU IJIA3MEHHOU
cTpyu. [Ipy mira3MeHHOM HaIlbUIEHUH B Ka4€CTBE MaTEpHaIa MOKPBITUI UCIIOIb3YETCs
OKHCh aJIlOMHUHHUA, Bolb(paM, MoaubaeH u Ap. B coorBercTBUM CcO CBOWCTBaMHU
HAaHOCUMBIX TOKPBITUA MOXKET ObITh oOecnedeHa Tpedyemasl KapONpOYHOCTD,
COIPOTUBJICHUE OKHCJIEHUIO, U3HOCOCTOMKOCTh INPH BBICOKMX TEMIEpaTypax U B
pasnuuHbIX cpenax [37].

[1na3MeHHOE HallbUIEHHE MOKPBITUI UMEET s/l MPEUMYIIECTB 110 CPABHEHHUIO C
3aIUTHBIMHU TOKPBITUSIMU JIPYTHX BUAOB: CBEPXBBICOKHE TEMIIEPATYPHI INIA3MEHHOTO
HaIbIJICHUS MTO3BOJISIIOT PACIUIABIISITE U HAHOCUTH Pa3JIMYHbIE MAaTEPHUANbI C BBICOKOM
TEMIIepaTypoil UX IJIABJICHUS; MOTOK IJa3Mbl JA€T BO3MOKHOCTh MOJYy4YaTh CIUIABBI
pPa3JIMYHBIX MaTEpPUAJIOB, B TOM YHUCJE TYrOIUIaBKUX, TEIUIOCTOMKHX, WU HAHOCUTH
MHOTOCJIOMHBIE TTOKPBITHS; BBICOKAsi CKOPOCTh ITOTOKA Ia3a MO3BOJISIET YBEJINYUBATH
IJIOTHOCTh MTOKPBITHS 10 98% M 1OCTUYB MPOYHOTO CLUETIEHUS C OCHOBHBIM METAJIIOM
3arOTOBKH; MTOKpbIBaEMasi OBEPXHOCTh 3arOTOBKM HArpeBaeTCs A0 TEMIIEpATyphl HE
BhImie 200°C, 4To UCKITI0YaeT KOPOOJIEHHUE AeTallel U MO3BOJISET HAHOCUTh MaTepHall
Ha JepeBO, IJIACTMACChl U T.II.

Haubonee uacTto mia3MEeHHOE HambUICHHE MWCIONb3YETCA JUIsl HAHECEHMS
TYTOIUIAaBKUX COEIUHEHHI. B 3TOM M Apyrux ciydasx Matepuall MOKPHITUS JTOKEH
oOecrieuynBaTh 3alIUTy OT pa3pylIEHUs UM OKUCIEHUS OCHOBHOIO MaTepuasa
3arOTOBKH, XOPOILIYIO IPOYHOCTh U CLEIJIEHUE C OCHOBHBIM MaTE€pPUaIOM, CTOMKOCTb

IIPU UUKJIMYECKON TEPMUYECKON HATPYy3KE.
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Ha ocHoBaHuM aHanmu3a JIUTEpaTypHBIX HCTOYHUKOB M B COOTBETCTBUHU C
1EeJIbI0 PabOThI OIpeIeNICHbI 3aJa4K UCCIICOBAaHUMN:

o UccnenoBanue BIMSHUS TApaMeTpPOB pPEXUMaA PE3aHHS U TOITy4YEHUE
3aBUCUMOCTEM, OTPaKAIOIINX BIMSHHE CKOPOCTH PE3aHus U MOJA4YM Ha
IyOuHY J1e(eKTHOTO MOBEPXHOCTHOTO CJIOSI M TBEPAOCTh MOBEPXHOCTH
OTBEPCTHIA, TPOCBEPJICHHBIX CTAHJAPTHBIMU CIIUPATBHBIMH CBEPIAMHU.

e Pa3paboTka METONOJIOTMYU MIAHUPOBAHUS, OPTaHU3ALUU U MPOBEACHUS
AKCIIEPUMEHTOB, 00BEKTOM KOTOPBIX SIBJIIETCS KauecTBO
MTOBEPXHOCTHOTO CJOSI W  TBEPJAOCTh IOBEPXHOCTH  OTBEPCTHUH,
0o0paOOTaHHBIX  CBEpJICHMEM, a IEPEMEHHbIMM  HE3aBUCUMBIMU
dakTopamu — mapaMeTphl pekruMa pe3aHusl.

e Pa3paboTka SMIHUPUYECKOW MOJENIN BIHUSHUSA I[AapaMETPOB pPEXHUMA
pe3aHusi Ha TiTyOMHY A€(QEKTHOro MOBEPXHOCTHOIO CJOS U TBEPAOCTh

ITOBCPXHOCTH OTBepCTI/Iﬁ Ha OCHOBAHHHU PE3YJIbTATOB 3KCIICPUMCHTOB.

BBIBO/IbI 11O I'VTABE 1

1. O0630p 1 aHAIN3 HAYYHO-TEXHUYECKOM JTUTEPATYpPhl MOKA3bIBAET, UTO JJISI
o0OecrieueHus: BBICOKOTO KayecTBa OOpabOOTaHHOW MOBEPXHOCTU MPU CBEPJICHUU
OTBEPCTUN MAJIOTO JUaMeTpa HEOOXOJUMO KOMILJIEKCHOE YIPABJICHHE PEKUMaMU
pe3aHusi U reoMeTpuel MHCTpyMeHTa. ['yOuHa neeKTHOro MOBEPXHOCTHOIO CJIOS
ONpENENAeTCS  COBOKYIHBIM  BO3ACHCTBHEM  MEXAaHWYECKMX  HArpy3oK W
TeMIiepaTypHbIX (GakTopoB. TBEPAOCTh MOBEPXHOCTHOTO CJIOS MOCTIE CBEPIICHUS YaCTO
YBEJIMUMBAETCS 110 CPABHEHUIO C UCXOAHBIM MaTEPUAJIOM 3a CUET HaKJIena.

2. KauecTBO MOBEPXHOCTHOIO CJIOSI OTBEPCTUI, TTOJYUYEHHBIX CBEPJICHHUEM,
CYIIECTBEHHO BJMSET Ha OHKCIUIyaTallMOHHBbIC XAPAKTEPUCTUKU HU3ACIUM —
MU3HOCOCTOMKOCTb, YCTAJOCTHYIO IPOYHOCTh U KOPPO3UOHHYIO CTOMKOCTh. | yOuHa
ne(heKTHOTO TTOBEPXHOCTHOTO CJIOSI U M3MEHEHUE TBEPIOCTU MOBEPXHOCTHU SBIISIOTCS
KJIFOYEBBIMU TIOKa3aTeIsIMU KadecTBa oOpaboTku. BimsHue pexuMoB pe3aHus
(CKOpOCTH pe3aHus, Mojada) U TEOMETPUHU cBepa (YIJIbl 3aTOYKH, (hopMa pexyInen

KPOMKH) Ha 3TH TTapaMeTphl TpeOyeT JETaTbHOTO UCCIICIOBAHMUS.
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I'VIABA 2. METOAOJOI'MsA W METOJIbI
NCCIIEJOBAHUA

OOBEKTOM HCCIETOBAaHUN SBIACTCA TEXHOJOTUYECKUH Mpolecc oO0paboTKu
OTBEPCTHI OBICTPOPEKYIIUMH CIIUPATLHBIMHI CBEpPIaMH.

[IpeameTom uccie10oBaHUi SBISIETCS TEXHOJIOTHYECKas onepaius o0padoTKu
OTBEPCTHI OBICTPOPEKYIIMMHU CIIMPATIBLHBIME CBEpJIaMu, 00eCTIeUrBAIOIIasi CHUKECHHE
rIIyOuHBl J1e€(EKTHOTO TOBEPXHOCTHOTO CJIOS MPH OJIHOBPEMEHHOM YIPOUYHEHHUH
MOBEPXHOCTU OTBEPCTUH, YTO MO3BOJSET IMOBBIIICHUE JIOJTOBEYHOCTH M KadyecTBa
U3JICTUIA U CHIDKEHUS TPYAOEMKOCTH MX U3TOTOBJICHHUS.

Pemenue mnocraBiaeHHbIX 3a7ad B JAHHOHM pabOTE€ OCYIIECTBISETCS C
UCIIOJIb30BAaHUEM OCHOBHBIX IOJIO)KEHUH TEXHOJOTUU MAIIMHOCTPOCHUS, TEOPUU
00paboTKH pe3aHueM, OCHOB MaTEPUAJIOBE/ICHHS, MATEMaTUYECKON CTATUCTUKH.

Metononorust uccieoBaHUM HampaBiieHa Ha pa3pabdOTKy SMIUPUUYECKOM
MOJIETIM, ONpEACISAIOIEH XapakTep BIMSHHUS TEXHOJIOIMYECKUX (PaKTOpOB Ha
pe3yNbTaThl UCCIIETOBAHM.

VYcnoBus mpoBeACHUS MCCIEAOBAHUNA XapaKTEPU3YIOTCS HE3aBHUCUMBIMU
TEXHOJIOTMYECKUMU (akTopaMu, NOUISKAIIMMH BapbUpPOBaHUIO B Mpoliecce
IPOBEJCHUS  WCCIENOBAaHUI, HEMOCPEACTBEHHO BIUSIONIME Ha  3aBUCUMBIC
TEXHOJIOTHUECKHUEe (DaKTOPbI — PE3yJIbTAaThl UCCIIETOBAHUI.

B nacTosimux uccrneqoBaHUSX HE3aBUCUMBIMH TEXHOJOTUYECKUMH (aKTOpaMu
SBIISIIOTCS TapaMeTphl PEXUMOB pPE3aHHs, & UMEHHO CKOPOCTh pe3aHus W Tojadva.
3aBUCHUMBIE TEXHOJIOTHYECKHE (haKTOPBI: T1yOrHa 1e(eKTHOTO MOBEPXHOCTHOTO CJIOS
OTBEPCTHH W TBEPJAOCTh TMOBEPXHOCTH OTBEPCTUH, OOpaOOTAHHBIX CHHPATHHBIMHU

CBEpJIAMH.

2.1. MeToabl moJIy4eHHsI OTBEPCTHH
Bonbiioe 3HaueHwe JUIsl pe3ysbTAaTOB 3KCIEPUMEHTAIBHBIX HCCIIEAOBAaHUIM
umeeT BbIOOp cTaHka. CTaHOK JIOJKEH 00€CIeYUTh BHICOKYIO TOUYHOCTh 00paboTKU U

MUHUMAaJIBHOE pacceMBaHHUE pPE3yJbTAaTOB HuccienoBaHuil. Ilomumo 3TOro craHok
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JOJDKEH HMMETh JOCTAaTOYHO IIMPOKHE IIPENENbl CKOPOCTEH pe3aHus U MoJad U
00JbIIOE MX KOJMYECTBO NpPU Y3KOM Juana3oHe BapbupoBaHuA. Bcemu 3TuMH
TpeOOBaHUSAMU 00JIaJaeT MHUPOKOYHUBEPCATBHBIN (Ppe3epHbId CTAHOK MOBBIIICHHOM
TouHocT moaenu 675I1.

OObpabatbiBaeMasi JieTaidb MOXET OBITh YCTAHOBJIEHA Ha OCHOBHOM CTOJIE C
BEPTUKAJIIBHOM pabOyell IUIOCKOCThIO WJIM HAa YIJIOBOM CTOJIE C TOPU30HTAIBHOU
paboueil mockocThio. Ha cTanke MOKHO BBINIOJIHATH CBEPJICHUE U PAaCCBEPIIMBAHNE,
NOJIONIEHWe,  LEHTPOBaHHWE,  LEKOBAHHME,  3C€HKEPOBAHHME,  pPa3BEpPThIBAHUE,
pacrtauuBaHue. Hamuuue nAByX IINUHAENEW TOPU30HTAIBHOIO M ITOBOPOTHOIO
BEPTHUKAJIBHOTO, a TaK)Ke OOJIBLIOTO KOJMYECTBA MPUHATICKHOCTEHN K CTaHKY, JIEIaeT
€ro MHUPOKOYHUBEPCAIBHBIM M yIOOHBIM AJi1 pabOThl B MHCTPYMEHTAIBHBIX LEXaxX
MAaIIMHOCTPOUTENBHBIX 3aBOJIOB IIPU U3TOTOBJIEHUH MPUCIIOCOOJIEHUN, HHCTPYMEHTA,
penbepHBIX TAMIIOB U MPOYHUX U3JIETUH.

CraHOK NIpUMEHSETCAd B E€IWHUYHOM W MEJIKOCEPHUMHOM HPOU3BOACTBE B
WHCTPYMEHTAJIBHBIX U MEXaHUYECKUX LE€XAX MAIIMHOCTPOUTENBHBIX PEIITPUATUI

[upokuii aranazoH 0OOPOTOB IIMUHAENS U MOAAY, HAJTUYHE MEXAHUYECKUX
nofady M OBICTPBIX IEpPEMEUICHU O00EeCneunBalOT HKOHOMUYHYIO OOpabOTKY
pa3IMuUHBIX JIeTaNel B ONTHUMAIBHBIX peknuMax. B tabmuie 2.1 npuBeaeHsl 000pPOTHI
IINUHIESA, CKOPOCTH PE3aHus M IMOJAaYd Ha KOTOPBIX IPOBOAWIMCH HACTOSIIHE
uccienoBanus. Takue CKOpOCTH pe3aHus M MoAaund MOT 00ECHeUnTh TOJIbKO CTaHOK
67511.

Tabmuma 2.1 — OOGOpoThl WIMUHAEHS N, CKOPOCTH pe3aHus V, U mojaud S,
MIPUMEHSEMBIE B DKCITIEPUMEHTAIBHBIX UCCIICTOBAHUSIX

n, Vv, S, MM/00
o0/MHMH | M/MUH
65 2,25 0,2 0,25
80 2,76 0,16 0,2 0,25
100 3,45 0,13 0,16 0,2 0,25
125 4,32 0,1 0,13 0,16 0,2 0,25
160 5,53 0,078 0,1 0,13 0,16 0,20 0,25
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[Ipu mnpoBeAeHUU OSKCHEPUMEHTAIBHBIX MCCIEIOBAHUN MpHUCIIOCOOIEeHUE
JOJDKHO 00ecleynuBaTh TOYHOCTh TMO3UIIMOHUPOBAHUS 3arOTOBKH OTHOCHUTEIBHO
paboyux OpraHoB CTaHKA, &8 UMEHHO COBMEILIEHHE U3MEPUTEIBHON U YCTaHOBOYHBIX
TEXHOJIOTUYECKHUX 0a3 U UX MEePHEHANKYISIPHOCTH OTHOCUTEIBLHO OCHU BEPTUKAIBHOTO
mnuHaensa.  [Ipy  mpoBeneHMM  MCCIENOBAaHMM — 3aroTOBKA  HEMOCPEICTBEHHO
yCTaHaBIIMBAJach Ha CTOJIE CTAHKA, TEM CAMBIM MOTPEIIHOCTH Oa3UPOBAHUS 3arOTOBKH
MOJTHOCTBIO UCKIIOYAIUCH.

[Ipy mnpoBeACHUM HKCIEPUMEHTAIBHBIX HCCIECJOBAHUN HCIIOIb30BAIUCH
ClMpaJibHbIe CBepiia ¢ KoHmueckuM xBoctoBukoM mo ['OCT 10903-77 [41],
nuamerpoM 11 MM u3 ObicTpopexyiiei ctanu P6MS, MoOBBIIEHHONW TOYHOCTH Kjlacca
Al 1 HOpManBEHOM TOYHOCTH Kiacca B.

HenmocrarkoM  cTaHIAapTHBIX  CHUPAJIbHBIX  CBEpPJ  SIBJISIETCS  HAJU4UE
HUAJMHIPUYECKUX YUaCTKOB JICHTOUEK HAa MECTaX MOJTOYKHU, KOTOPBIE TPYTCS O CTEHKU
IIPOCBEPIUBAEMOI0 OTBEPCTHS, UTO CHHXKAET CTOMKOCTh CBEPII.

CBepna mnoBbIIEHHOW TOYHOCTH Al 3arauMBainCh MO JBYXIUIOCKOCTHOM
3aTOYKE, Ha MOJIE3HYI0 MOJIETh KOTOPOro noiydeH nateHT Koipreizckoit PecriyOnuku
[42]. KOHCTpYKTHBHBIC 3JIEMEHTHI M TEOMETPUUECKUE TTapaMeTPhl KOHTPOJIMPOBAIUCH
Ha cooTBeTcTBHE cTaHmaptam [41, 43, 44] ma mukpockone YHNM-23. Mertonuka
U3MEPEHUS  KOHCTPYKTUBHBIX  JJIEMEHTOB M T'€OMETPUYECKUX MapamMeTpoB
UHCTPYMEHTA MOIPOOHO M3JI0KEHBI B PsJie TUTEpaTyPHbIX UcTOUHKKaxX [45-50].

Jist maGopaTopHBIX HCCHENOBaHUI OTOMpaIuCh CBepia € OAMHAKOBBIMHU
r€OMETPUYECKUMH NTapaMeTpaMu U pa3MepPaMu KOHCTPYKTHUBHBIX 3JIEMEHTOB.

[Tocne ycTaHOBKM cBepiia B IIMHHAEIb CTaHKAa KOHTPOJHMPOBAIOCH OCEBOE
OueHue PeXyIUX KPOMOK CBEPJI MUKPOMETPOM 4acOBOTO THUIa ¢ 1ieHoH aenenus 0,01
MM, YCTQHOBJICHHOM Ha MAarHUTHOM IIITaTUBE HEMOCPEJICTBEHHO HAa pabodeM CToJie
CTaHKa.

VY cBeps MOBBIIEHHON TOYHOCTH Ki1acca Al oceBoe OMeHue nociie yCTaHOBKY B
MIMUHCNb CTaHKa He TipeBbimaio 3Hadenue 0,08 mm. Y cBeps1 HOpMaTbHON TOYHOCTH
kiacca B1 oceBoe OueHue mocie yCTaHOBKY B IIMTUHJIENb CTaHKA UMeIo 3HaueHue 0,2

MM. Y CBepJ HOpMaJIbHOM TOYHOCTH Kjacca B oceBoe OueHme mociie yCTaHOBKHU B
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IIMAH]IETH CTaHKa nMenno 3HadeHue 0,3 MM.
CBepauiInch 3aroTOBKU M3 KOHCTPYKIMOHHOM cTanu Ct45 TBepaocthio 180 HB.
TonmuHa 3aroroBok 33 MM, COOTBETCTBOBAJIA TPEM IuameTpam ceepi 2.1, 2.2).
[IpenBapuTebHO 3aroTOBKH (hpe3epoBaIicCh U NUTH(OBATUCH C MECTH CTOPOH
s obecrieueHus: TpeOyeMbIX KayeCTBEHHBIX XapaKTEPUCTUK YCTAaHOBOYHBIX,

HAIPaBJISIONINX M OMMOPHBIX TEXHOJIOTHYECKUX 0a3 (pucyHok 2.1).
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Pucynok 2.1 — 3arotoBka 10 CBEpieHUs
CBepiauianch CKBO3HBIE OTBEPCTHSI C IOJMBOM CMa304YHO-OXJIAKIAOLIEH

KUIKOCThIO — 5% pacTtBop YkpuHona 1. CxemMa CKBO3HOTO CBEPJICHUS 3araTOBKHU

MpPEACTaBIICHA HA PUCYHKE 2.2.
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Pucynok 2.2 — CxeMa CKBO3HOTO CBEPJICHUS 3aTOTOBKU

2.2. MeToabl KOHTPOJIS Ka4eCTBA MOBEPXHOCTHOIO CJI0SI

NMPOCBEPJIEHHBIX OTBEPCTHI

KadecTBO MOBEpXHOCTHOTO CJIOSI TPOCBEPICHHBIX OTBEPCTUI XapaKTEPU3yeTCs
JIBYMsI TIOKa3aTeISIMH: TITyOMHOM Je(EKTHOTO MOBEPXHOCTHOTO CJIOSI M YIIPOYHCHUEM
MIOBEPXHOCTH OTBepCTHil. J{J1s MiccaemoBanus TTyOUHBI AePEKTHOTO TOBEPXHOCTHOTO
ciost 0 HCCeaoBaach MHUKPOCTPYKTYypa IOBEPXHOCTHOTO CJIOSi OTBEPCTUH TIpH
CBEPJICHUHU CTaHAaPTHBIMH CIIHUPATbHBIME CBEPJIaMH HOPMAILHOM TOYHOCTH Kiacca B
U CIHUPAIbHBIMU CBEpJaMH MOBBIIIICHHOW TOYHOCTH Kjacca Al ¢ IBYXIIIIOCKOCTHOM
3aTOYKOU PEKYILEHU YaCTH.

Jlnst vccneqoBaHus MUKPOCTPYKTYPBI TIOBEPXHOCTHOTO CIIOSI IPOCBEPIIEHHBIX
OTBEPCTUH HCHOJIB30BAJICS CBETOBOM Mukpockornm Axio Imager A1m/M1m mpu 200

KpPaTHOM YBEJIMYCHUU (PUCYHOK 2.3).
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Pucynok 2.3 - CeetoBoii Mukpockorr Axio Imager Alm/M1m

OCHOBHBIC TEXHUYCCKUEC XAPAKTCPHUCTHUKHU CBCTOBOI'O MHUKPOCKOIIa AXio Imager

A1m/M1m npexacraBieHsl B TadmuIe 2.2.

Tabnuna 2.2 - TexHuYecKue XapaKTePUCTUKHA CBETOBOrO MHUKpockoma AXIO Imager
Alm/M1m

KonuyecTBo BapuaHTOB KOHPUTYpAIMH IIITATHBA 23
JuddepennmanbHO-uHTEpPEPEHITNOHHBIN Henoporoii koHTpacT s
koHTpact DIC u PlasDIC nnst minactukoBoi HEOKpAIlIEHHBIX 00pa3IoB
MTOCY/IBI
HNHTerpupoBaHHbIE CBETOINOIBI CTaOMIIBHOE HEUTpaAJIbHOE
OCBEIICHUE B TIPOXOISAIIEM
CBETE
Bapuants! diyopecteHimm CBETOJMOIHOE, PTYTHOE
U KCEHOHOBOE OCBEIIICHUE
Pabouee mpocTpancTBO 00pasiia moajIepKuBacT ot 0 10 110 MM
TOJIIUHY
DProHOMUYECKHUMN MPUBOJ CTOJMKA MOXKET 90 MM o ocu Y
JIBUTAThCS B TIpECIIax
Kparnocts ysenmuenuss NM 50, 100, 200, 500, 1000

Meramiorpaduaecknii MUKPOCKOIT MTO3BOJISIET pacCMaTPUBATh HEMIPO3PAUYHbBIC

TeNna B OTPAaXEHHOM cBeTe. M300paxeHne npeaMeTa yBeInUMBaeTCs B MUKPOCKOIIE
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NBaX/bl: B 00beKTUBE U B OKyJsipe. [loaToMy obmiee yBennueHue mukpockona Nm
PaBHO MPOU3BEACHUIO YBEINUEHUS O0BEKTUBA Nyg HA YBEIMUEHUE OKYIISPA Ny
NM= Nys X Nox. (2.1)

['maBHOE yBEIMUYEHHE WM MAaKCHUMAJIBHO MOJIE3HOE YBEIMUYEHHE MUKPOCKOIA
obecnieunBaercs 0O0BEKTUBOM. OHO OIpEnensieTcsl pa3peliarieil CoCOOHOCThIO
o0bekTuBa. Paspemiaromas cnocoOHOCTh 0OBbEKTHBA — MUHHUMAJIbHOE PACCTOSIHHUE, Ha
KOTOPOM JIBE OJIM3JIeKAIME TOYKH €I1E€ BUIHBI OTAEIBHO.

Oxynsipel IpeIHa3HAYeHbl AJI YBEIUYEHHUS H300pakeHUs, MOJIYyYEHHOIO
OOBEKTUBOM, a TaKXKe JIJIsl HCTIPABICHUS ONTHYECKUX HEIOCTATKOB 0ObEKTHBOB.

OO0mmii BUA M KpPaTKoe ONMHUCAHME METANJIOrpauyecKoro MHUKPOCKOINA
«AXio Imager».

Ha pucynke 2.4 mpencrtaBieHa cxeMa CBETOBOTO METaIOrpaduyueckoro
mukpockorma AXxio Imager Alm/M1m, KOTOpbIi SIBJISETCS CEpHEH MPSIMBIX
MUKPOCKOIIOB, CO3/IaHHBIX C YUYE€TOM MOCIEAHUX Pa3paboTOK B 00JaCTH MUKPOCKOIIHH
Y TIOJXOSIIINN JJIs PEIICHUSI CaMBbIX Pa3IUYHbIX 3a/1a4.

OcHallleHuE€ MHUKpPOCKONa MOXET BBIOMpPAThCS B 3aBUCHUMOCTH  OT
WHIUBUYAJIbHBIX TPeOOBAaHUW: pyYHOE U MOTOPU30BAHHOE yIpaBieHHe. B maHHOU
UCCIIEIOBATENLCKOM paboTe HCHOJB3yeTCsl pydHoe ympasieHue. HoBble MeTombl
KOHTpacTupoBaHus (IuddepeHnnanbHo-uHTEPGEPEHIIUOHHBIA KOHTPACT C MPOCTON U
KpyrOoBOM  mojsipu3anued)  MO3BOJSIOT  HAWTH ~ OCOOEHHOCTH  CTPYKTYpP
KOHCTPYKLUMOHHBIX MaTepUajoB, a TAKKe ONpPEEIsITh MUKPOTPEIIMHbBI WIH JpyTrue
TOHYaMIIKE Ae(EeKThl TOBEPXHOCTH MUKpOLLIU(A.

TexHuyeckne BO3MOKHOCTH M ONHMCAHHE MeTAJIOrpaduueckoro
MHMKPOCKONA (ONTHYECKASl CXeMa, OCHOBHbIE y3JIbl, KHONIKH YIIPABJIEHH)

Ob6mee ysemnuenue ot 50 mo 1000x, aBTOPOKYyCHMpOBKA, PEBOJILBEPHOE
yCTpoHCTBO Ha 6 00BEKTHUBOB, AU Y3HMOHHBIH ITUCK IJIs1 OTPAKEHHOTO CBETA,
ouHOKYIApHBIHA oToTyOyC 30°/23 (30Vis:70doc), oosextuBel EC “Epiplan-Neofluar”
5x, 10x, 20x, 50x ,100x, konmencop Achromatic-aplanatic 0.9H Pol, oxynasp W-PL

10x/23 Br.foc., Bueo KOMIUIEKT aHa/In3a H300PaKCHHIA.
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Pucynok. 2.4 - CxeMa CBETOBOI0 MeTajutorpagpuueckoro Mukpockora Axio Imager
Alm/M1m

1 - okynsapsl (omTHyeckoro mpubopa); 2 - OMHOKyJspHas TpyOka; 3 - CIOT AJiA
ciaiigepa (MOJI3YHOK) aHanu3atopa (MCIONb3yeTcs, TOJBKO €ClIM TPaeKTOpUs
IpEIOMJICHUS! KaMephl, CJIEBA, HE YCTaHOBJIECHA); 4 - KOHTPOJIb HMHTEHCUBHOCTH CBETA;
5 - nmuck (mTypBas) yIHpaBieHUS I JIOMAHUCIIEHTHOW JuadparMbl OCBETHUTENS
MUKpPOCKOTa; 6 - (OKyCHPOBOYHBIM MPUBOJ - TOYHBIM PEryasaTop (OKYyCHPOBKH,
cupaBa; / - (POKYyCHUpPOBOUHBIN MPUBOJA - TPYObId (C KPYMHBIM ILIArOM) PEryJsiTOp
dboKycupoBKHM, cmpaBa; 8 - pydka YNpaBiCHHS TNEPEIBHKCHHEM MEXaHUYECKOU
mwiatgopmel Mo ocu X; 9 - pydka ympaBleHHUS TMEPEABIKCHHEM MEXaHUYEeCKOU
matdopmbl o ocu Y; 10 - mexanuwdeckas minatdopma; 11 - HakOHEYHUK (COILIO)
oObekTHBa (IUIsI YCTAaHOBKM OOBEKTHMBOB); 12 - BBIKITIOUaTesh/BKIIOYATENb; 13 -
dboKycupyomuii MPUBOJ - TOYHBIM perymsaTop GOKyCHpOBKH, cieBa; 14 -
(bOKyCUPYIOIINA TPUBO — TPYOBIH (C OOJBIINM IIIaroM) PETyJIsTOP.
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IMopsimok W ocodeHHOCTH PaGoThl HA MHKpockome «Axio Imager» Ilpu
MUKPOAHAJIN3€ UCCIETyeMON O0OBEKT MOMELIAIOT HAa MeXaHndeckyro miatdopmy 10,
JInst  BO3MOXHOCTH ~ MCCIIEJOBAaHUS  PAa3IUYHBIX  YYaCTKOB  MOBEPXHOCTH
IPEIyCMOTPEHO MEPEMEIIEHNE C MOMOIIbI0 PYYKH YHIPABICHUS IEPEIBUKEHUS
MeXaHU4YeCKOH maTdopMsbl 1o ocu X 8 1 ynpaBiIeHUs] MEXaHUYECKOU MIaTGOpMBbI IO
ocu Y 9. CreneHb yBETWYECHHUS W3MEHSIOT IMyTEM IEPEABIKECHUS PEBOJIHBEPHOTO
ycrpoiicta 11 u okysspa 1. Ilyrem HacTpoliku peryistopa (poKycUpoBKHU 6 moxydaem
TOUHYIO (OKYCHPOBKY, a peryiasaropa (OKYCHpPOBKH 7 Tmody4daem TrpyOyio
(oKxycupoBKY (C KpyIHBIM 11arom). ITpy 35ToM K MUKPOCKOITY HOJKITIOYEH KOMITBIOTED.
Mukpockon MoKeT ObITh OCHAllleH IU(PPOBBIM QoToanmapaToM WM LU(POBOH
BUJICOKaMEpPOl JUIsl JOKYMEHTHUPOBAHUSA TNOJYYEHHBIX H300pakeHuil. Hanuuwne
KOMITBIOTEPA MTO3BOJISIET YYaCTBOBAaTh B IKCIEPHUMEHTE OJHOBPEMEHHO HECKOJIBKUM
UCCJIEI0BATENSAM, KOJUIErHAIbHO 00CYKIaTh Pe3yIbTaTbl MUKPOAHAIIN3A, BUIUMbIE HA
sKpaHe gauciuies. Bce 93To  cmocoOCTByeT moiydeHUro Oojiee OOBEKTUBHBIX
pEe3yIbTaTOB.

Oxynsapel 1 (onmtuueckoro mpubopa Bce THIBI OKyisipoB  “Br. foc”)
COOTBETCTBYIOT (HOAXOMAST) PEryasTopy (KOHTPOJUPYIOLIEMY YCTPOWCTBY) MAJIs
KOMITEHCAlIMM aMeTpornuH (B 0(hTaabMOJIOrMH) TI1a3 noib3oBatens. Kpome toro, onu
MO3BOJISIIOT MOJIOTHATH CETKY OKYJISIPOB.

buHokynsipHple TpyOKM 2 TO3BOJSIIOT CYIIECTBISATh HWHAMBHUAYaJbHbIC
HAaCTPOMKHM  MEX3PAauKOBOTO PACCTOSIHMSI M BBICOTHI  0030pa  MOCPEICTBOM
NOBOpAuMBAaHUS MAHEJEK OKyJsipa B Mpeienax HacTpoek. TpyOKH MO3BOJISIOT, B
3aBUCHUMOCTH OT MOJEJIM, HAacTPOUTh BBICOTY 0030pa B auamnazoHe 50 MM u
npeaocTaBisitoT yroia o63opa B 15, 20, 30 rpamycoB. Mcnonb3yroTcss BMeCTe C
COOTBETCTBYIOILMMH aJanTepamu.

bunokysnsipabie GoTOTpyOBI (POTORIEMEHTHI) MO3BOJISIIOT YCTAHOBUTH KaMEPhI
Ha BbIOOp noJib3oBaTesisa. ONTUYECKU My Th BEIOMPAETCS MMOCPEACTBOM PYJISl BBICOTHI,

KOTOpasi HAXOUTCS C MPABON CTOPOHBI TPYOKH U UMEET 2 WK 3 TIO3UITUH.
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Crnot nna cnaiaepa (Moa3yH) aHanu3aropa 3 sl MpUcnocooaeHus (Tmpoiece
nepedOKyCUpOBKH TJla3a ¢ MpeAMeTa Ha MpeaMeT) MOJ3yHKa aHalu3aTopa WiId
noyi3yHka juH3bI beprpana PH (453671-0000-000).

[ItypBan ynpaBieHUs CBETSAIIMICSA (CBETOBOH) auadparMoil OCBETHTEIS
MHUKpPOCKOIIa 5 Tmepenaer SpKocTh. PeBonbBepHBI nepkarenb (0OBEKTHBA
MUKpockorna) 11 B 3aBHCHMOCTH OT MOjeNd, 00opymoBaH 5-6 oObekTmBamMu M27
(mpeameTHOTO CTeKJIa (1711 MUKpOocKora)) co ciotamu i DIC crnaitnepa (1oyi3yHoK).
dokycupyrouii MEXaHU3M — PETYIIATOP TOHKOW (POKYCHUPOBKH C JIEBOM CTOPOHBI 13,
(GhOKYCUPYIOIINN MEXaHU3M — PETYJISITOp Tpyooit (POKYCHPOBKH C JIEBOM CTOPOHBI 14

PEryIupYIOT TOHKYIO U TpyOy10 (DOKYCHPOBKY COOTBETCTBEHHO.

2.2.1. KoHTpPOJb ri1yOUHBI 1e()EKTHOI0 MOBEPXHOCTHOIO CJI05

N3yyeHne C TMOMOIIBIO CBETOBOTO MHMKPOCKONA CTPYKTYpPhl METaUIOB
BO3MOXKHO JIMIIb MPHU JOCTATOYHO MHTEHCHUBHOM OTPa)KEHUU CBETOBBIX Jy4eil OT
uccinenyemMoit moBepxHocTd. [loaToMy, mMOBEpXHOCTH oOpasla J0JKHA OBITh
crienuanbHO mpurotrosiieHa. OOpaszer; Merauia, CelUalbHO MPUTOTOBICHHBIA JIJIst
UCCJIEJOBAHMSI €70 CTPYKTYPBI 0] MUKPOCKOIIOM, Ha3bIBAETCSI MUKPOLLIA(OM.

[ToBepxHocTh oOOpa3lia, Ha KOTOPOW MPOBOIAT MeTaiorpaduueckoe
UCCIIEJOBaHME, IMOJIBEpraloT CHelHadbHOM 00paboTke, cocTosAlell u3 psaa
MOCJIEIOBATENbHBIX ONEpPALIUN:

- rpy0as nudoBka (1Sl BBIPAaBHUBAHMS MOBEPXHOCTH Cpe3a WIM H3JI0Ma
obpasria)

- TOHKas nuIngoBKa

- IOJIMPOBKA

- TpaBJICHUE

I'pydass mumdgoBka, ocyiiecTBiIseTcs Ha NUIA(OBAIBHO - MOJUPOBOUYHOU
ycranoBke «PRESI Mintech 233» (pucyHok 2.5), ¢ npuMeHeHHEM Ha)KTauyHOH Oymaru
mapku P60 3epHucTocThio OT (pasmep 3epra 250..315 mxm) no P180 (pasmep 3epHa
63..80 MKM) mOCTIe0BaTEIbHO YMEHbIas pazmep 3epHa. OOpadoTKy MPOU3BOISAT HA

5 HoMepax HaxnauHoi Oymaru. Minitech 233 — pyunas onHorckoBast nH(OBATBLHO-
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MOJIMPOBAJIbHAS MAIlIMHA C BapbHUPyEeMOHl CKOpPOCTBHIO BpallleHHs HMEET YAO0OHOe
YIPaBIEHUE CEHCOPHOTO JHUCIUIEsS, KOTOPHIM MOXKHO YIPaBJISATh BpPEMEHEM,
CKOPOCTBIO BpallleH!sI TUCKA, HArpy3Koi P, moiaye CTpyu BOJbI (PHCYHOK 2.6).
Hanpasnenue BpalieHHs HaXJA4HOTO Kpyra IpU CMEHE 3E€pHUCTOCTH
HaXJIa4yHOW OyMmaru cieayeT M3MEHsATh Ha MpoTuBomojiokHoe. [locrme okoHyaHus
numdoBaHus oOpasell MPOMBIBAIOT CTPYEH BOJBI I YAAICHHUS YacTUIl abpa3vBa U

METaJlia.

' L’?%g\
!O
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h

Pucynoxk 2.5 - lllimudoBansHo - monmpoBoyHas yctanoBka « PRESI Mintech 233

Pucynox 2.6 - CeHcOpHBIN AUCTUICH ITH(OBATBHO - TOJHPOBOYHON
ycranoBku « PRESI Mintech 233
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TexHuueckue XapakTepUCTUKH HUIM(GOBATBHO - MOJHUPOBOYHOM YCTaHOBKHU

«PRESI Mintech 233y npencrasieHs! B Tadauie 2.3.

Tabnuua 2.3 - Texuuueckue XapakTepuCTUKU NUTH(POBATBHO - TOJIUPOBOYHAS
yctaHoBka « PRESI Mintech 233»

HImudosanersiii kpyr (Minitech 233) 0 200 u 250 Mmm
3amMTa Kopyca oT XUMHYECKHX BO3JICHCTBHIA +
Bapbeupyemasi CKopocTh BpalieHus: 20-700 o6/MuH
WNuaukaTop naBineHus Ha oopazern +
BpaiiieHrie B ABYX HalpaBICHHUIX +
Y1noOHOE yIpaBlieHHE C TMOMOIINBIO IIBETHOTO +

CCHCOPHOI'0 JHUCILICA

@DyHKIUSA NaMATH METOIHUK +
BcTpoeHHBINM MyJIBTH-PACIIBIIUTEND BOBI +

[Tutanue 230V, 1 ¢aza/ 50Hz
Tarimep +

["a6apuTtsr (LIxI'xB) 620 x 875 x 330 Mmm
Bec 42 xr

Tonkas mungoBKa TakKe OCYIIECTBISIOT Ha NUTH(POBATBHO - TTOJIMPOBOYHOMN
ycranoBke «PRESI Mintech 233», (pucyHok 2.5). O0paboTky mpousBoisT Ha 4
HOMEpaxX HaXJayHOW Oymarw IMocielIoBaTebHO yMEHbIas pasmep 3ephHa: P240
(pasmep 3epra 50..63 mxm), P 280 (pasmep 3epna 40..50mkm), P 400 pa3smep 3epHa
28..40mkMm), P 600 (pazmep 3epHa 20..28 mxMm). [Ipu cMeHE 3epHUCTOCTH HaXKIAYHOU
OymMarn  HampaBlieHWE  BpaIllEHHWS  HAXKIA4YHOTO  Kpyra  U3MEHSEeTCs  Ha

IPOTHUBOIIOIOKHOE.
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Pucynok 2.7 - [ToBepxHOCTb, HaOII01aeMasi Ha OKYJISIpe
MeTaorpaduueckoro Mukpockomna Axio Imager A1lm/M1m obpasua mocie
TOHKOTO nutidoBanus, npu yBearnuenuu x200

IonmupoBka TakXke OCYHIECTBISETCS HAa UUIMQPOBAIBHO - MOJUPOBOYHOMN
ycranoBke «PRESI Mintech 233». ITonupoBKy NpOU3BOAST HECKOJIBKHUX HOMEpax
Ha)KJIa4HOW OyMard TOCJIeIOBaTeIbHO yMeHbImas pasmep 3epHa: P 1200 (pasmep
3epra 10..14 mxwm), P 1500 (pa3mep 3epra 7..10 mxm), P 2500 pasmep 3epHa 3..5 MKkM).
[TonmupoBka yanseT octaBLrecs nocie nuudoBaHUS MENIKUE AePEKThl IOBEPXHOCTH,
pucku (pucyHok 2.8). JIisi moNMMpOBKY HCIIONB3YeTCsl a0pa3uB B BHJIE CYCIICH3UH HITH
MaCThl, KOTOPBIA HAHOCSTCA HA IMOAKIANKY CIEUUAIBHOM TKAHU, NPUKPEIUIEHHOU K

nUIMGOBATILHOMY KpPYTy NIIM(OBATBHO - MOJUPOBOYHONU YCTAHOBKHU.

Pucynox 2.8 - IIponecc nonvpoBaHusi Ha NOJUPOBOYHOM ycTaHOBKe « PRESI
Mintech 233» co cnenuanabHbIM MaTEPUATIOM.
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B kauecTBe aOpa3vBOB MPUMEHSIOTCS MIOPOIIKH OKUCH allOMHHUS. B KadecTBe
KMJIKOCTH  JIUII ~ NPHUTOTOBJICHHUS  CYCICH3MM WM  [AcThl  HCIOJB3YIOT
JMCTUIUTMPOBAHHYIO Boay. llonmpoBaHHMe CuyMTaeTCs 3aKOHYCHHBIM, KOTJa
MOBEPXHOCTh 00pasiia MPHOOpETaeT 3epKalbHBIA OJECK W O] MHKPOCKOIIOM HE
BUJIHBI PUCKH U [[aPATIHHBI.

B nporecce numdoBaabHO — TOTUPOBOYHBIX pabOT BO M30ekKaHNE U3MEHEHU I
MHKPOCTPYKTYPBI HCCIIEyEMOr0 MaTepuaia BCIEACTBUC MOBBIIICHUS TEMITEPATYPhI
HEPUOAMYCCKA 3aMEpsIeTCSl TEeMIIEpaTypa IMOBEPXHOCTHOTO CJIOSI C  TOMOIIBIO
udposoro tepmomerpa Greisinger GTN 1170 (pucynok 2.9). DToT TepMoMeTp
MOXET OTOOpakaTh M3MEPEHUs Ha IU(PPOBOM IKpaHE, UMEET BBICOKYIO TOYHOCTH,
CTa0MJIBHOCTh M OBICTPYIO pEaKIMI0O Ha W3MCHEHHS TEMIIEPATyphbl, HH3KYIO

norpentHocTb pabotsl (£ 0,05 %) B mupokom auanaszone temmeparyp (65 + 1150 °C).

Pucynok 2.9— 3amep Temmiepatypbl HOBEPXHOCTHOTO CJIOS C TTIOMOIIBIO
udposoro repmomerpa Greisinger GTN 1170

Tepmomerp Greisinger GTH 1170 npeaHazHaueH IJii MOMEHTAJIBHOTO
WU3MEPEHUs TeMIIepaTyphbl. Y CTPOMCTBO OCHAIICHO JOMOJHHUTEILHBIMU (yHKIHSIMH,
TaKUMH Kak: yJep)KaHHe JaHHBIX, OTOOpakKeHHE MaKCUMaJbHOTO/MHUHHUMAIBHOTO
3HA4YCHUS, aBTOMaTUYecKkoe OTKIoYeHHne. DYHKIUS KOPPEKTUPOBKH CMEIICHUS
MO3BOJIIET KOPPEKTUPOBATH TEMIIEPATYPY Ha 3aJaHHBIN ONEpaToOpoM IMOKa3areib (B
IUTIOC WM MHUHYC). YCTPOMCTBO OCHAIIEHO Pa3beMOM JJii MHHHU-IITEKepa U
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noanepxxuBaeT naruuku Temmeparypbl NiCr-Ni tuma K (cM. JnomnojHUTEIbHBIE
akceccyapbl).
N3yuenne monmmMpoBaHHOTO oOpasma TOJ MHUKPOCKOIIOM HE BBISBIISCT

BHYTPCHHCTO CTPOCHHSA CILIaBa. OOBsICHEHHE 3TOTO SBJICHMUS ITOKa3aHO Ha PHUCYHKC

2.10.

Pucynox 2.10 - OtpaxeHnue Jiy4eil cBeTa OT MOJIMPOBAHHON MOBEPXHOCTH.

[Ty4dok cBeTa, Mpoii/i1 KOHACHCOPHYIO JUH3Y (MMEET OJUHAKOBYIO INIOTHOCTh U
UHTEHCUBHOCTh IO CEUYEHHUIO IIyyKa), HOpPMaJbHO NaJaeT Ha IOJUPOBAHHYIO
NOBEPXHOCTh. Kaxkplil JTyd, OTpa3sUBLIMCH OT MOBEPXHOCTH U CMEHHUB HAlpPABJICHUE
Ha 180°, HampaBisieTCs B ONTHYECKYIO CHCTEMY MHKPOCKOIIA M JOCTUIaeT ria3a
HaOmonarend. [IockonbKy OT KaXKI0M TOYKM MHUKpoUUIH(a oTpaxkaeTcs JIyd CBeTa
OJIMHAKOBOM MHTEHCHUBHOCTH, TO HaOJOnaTelb BUIUT B OKYJSIpE PAaBHOMEPHO
OKpallleHHOE B OeJIbIi LIBET MoJjie MUKpoUuIHda.

[Tocne moyMpoBKH 3aroTOBKY HMCCIEIOBAIM 1O MUKpockorom AXio Imager

Alm/M1m npu 200 kpaTHOM yBeaudeHuH (prucyHok 2.11).
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Pucynok 2.11 - [loBepxHOCTD, HaOMIOJaEMAas HA OKYJISIpE
MeTaorpaduueckoro Mukpockomna Axio Imager A1lm/M1m obpasua mocie
MOJIMPOBAHUsA, IpH yBeauyeHuu x200

Tpasaenune 3aroToBKH Npou3BOAMIOCH 4% pacTBOPOM a30THOM KHCIOTHI B

TUI0BOM criupte (pucyHok 2.12).

Pucynok 2.12 - 3arotoBka mocie TpaBJIeHUs

TpaBieHre MNO3BOJIAET BBIABUTH MHUKPOCTPYKTYPY IOJIMPOBAHHOIO 00pasia.
ITocne TpaBieHHST HEOAHOPOAHBIE YYAaCTKM METAJJIa WJM CIUIaBa CTaHOBSTCS
BUUMBIMHU 1O MUKpOcKomoMm. [locne TpaBieHus: MUKpOILING MPOMBIBAIOT BOAOH U
CIIUPTOM U BBICYIIMBAIOT BO3TyXOM.

CymHocTh mporecca TpaBJIICHHS 3aKJIOYAETCsl B PA3JIMYHOM  CTENEHU
PacTBOPEHUS WJIM OKPAIUIUMBAHUS OTAEIBHBIX CTPYKTYPHBIX COCTaBISIOIIMX — 3EPEH
YUCTBIX METAJUIOB, TBEPABIX PACTBOPOB, XHUMHUYECKHX COCIUHEHUH. Pa3nuyHbie
CTPYKTYpPHBIE COCTABIIAIOIIKE 00JIa1al0T Pa3HbIM AMEKTPOAHBIM noTeHIanom. Koraa
MOJIMPOBaHHAsl  TOBEPXHOCTh  CIUIABA  IIOKPHITA TPABUTENEM,  SBISFOLIUMCS
AJIIEKTPOJIUTOM, OJHH  CTPYKTYpPHBIE  COCTAaBJSIOIIME  CIUIaBa, MMEIOIINE
OTPULIATETLHBIN 3JIEKTPOIAHBI MOTEHUUAN, OYIyT SIBIATHCA AHOJAMU U TMOITOMY
pacTBopsitoTca. Jpyrue CTpyKTypHBIE COCTaBIIIOIIME, WMEIOIIHME MOJIOKUTEIbHBIN
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SIICKTPOIHBIN MMOTEHIIMAJ, CTAHOBSTCS KaTOAAMHU OCTAIOTCS HEeM3MEHHBIMH. Tak Kak
TaKUX aHOJHBIX W KAaTOMHBIX YYaCTKOB MHOTO, TO B pE3yJibTare TPaBJICHUS Ha
MOBEPXHOCTH MHKpONLIH(a 00pa3yroTcss MHOTOYHCICHHBIC BIAJAMHBI U BBICTYIIBI,
KOTOPBIC M XapaKTePH3YIOT MUKPOCTPYKTYPY CILIaBa.

[Tpu ocBemeHHH TPOTPABICHHOTO MUKpPONLIH(a Ha MeTautorpadgpuaeckoM
cBeTOBOM MuKpockorme AXio Imager AIm/M1m nyum cBera OyayT MO pa3HOMY
OTPaXaTbCS OT PA3IUYHO MPOTPATHBIIMXCS CTPYKTYPHBIX  COCTABJISIOIIHX.
CTpyKTypHBIE COCTABJISIONINE, MPOTPABHUBIINECS Clab0, OTpa)xaroT OOJIbIIE Tydel
CBETa M BBIMJISIAT CBETVIBIMH; CTPYKTYPHBIC COCTAaBIIIONIME, IPOTPABUBIINACCS
CHJIBHO, OTPa)Kal0T MEHBIIIE JIyueil cBeTa M BBIMJLIAT TEMHBIMU. TakuM oOpazom, Ha
Pa3IMYHOM COCTOSTHUM MOBEPXHOCTU M KOJIIMYECTBE OTPAXKCHHBIX JTy4ei U OCHOBaHO
BBISIBIIEHUE CTPYKTYPBI JAHHOTO CIlIaBa CT45.

MukpocTpyKTypa, HaOmomaemMas Ha OKyJsIpe  MeTauorpaduyeckoro
mukpockora AXio Imager AIm/M1m oOpa3na mocie TpaBiCHHUS, IPH YBEITUUCHUH

x200 npeacraBneHa Ha pucyHke 2.13.

Pucynox 2.13 - MukpocTpykTypa, Habto1aemas Ha OKyJIsipe
MeTajutorpaduueckoro Mukpockora Axio Imager Alm/M1m o6pasia nocie
TpasieHus, npu yBenuueHuu x200, rae o - rmyouna 1eeKTHOro moBepXHOCTHOTO
CJ1051 OTBEPCTUH.
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UccnepoBanue rayOuHBI J€PEKTHOrO €0 O MNPU CBEPIECHUU OTBEPCTHUSA

MPOBOJUIIOCH B COOTBETCTBUU CO CXEMOM, MPE/ICTABIEHHOM Ha pucyHke 2.14.
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Pucynok 2.14 — Cxema uccnenoBanus IiyOUHbI 1e()eKTHOTO IOBEPXHOCTHOTO €04 O
OTBEPCTHUH MPU CBEPJICHUH Ha0JI01aeMast Ha OKyJIsipe MeTauorpaduyeckoro
mukpockona Axio Imager Alm/M1m

2.2.2 KOHTpOJIb yIPOYHEHH S TOBEPXHOCTHOIO CJI0S OTBEPCTHIA

CnpaBounas iutepatypa [51] pekoMeHIyeT OlleHHBATh BETMYUHY YIPOUYHCHUS
MOBEPXHOCTHOTO €J10 00paboTaHHON MOBEPXHOCTH CTENEeHbIo Hakiena. [Ipu stom
CTENEHb HaKJIEeNa OMNpeAeNsieTcsl U3 OTHOIIEHWS Pa3HOCTH MaKCUMaJbHOU
MOBEPXHOCTHOM MMKPOTBEPJIOCTH IOCJIE 0OpaOOTKU U HMCXOJHOW MUKPOTBEPAOCTU
oOpabaTbiBaeMOro MaTepvajlia K HCXOAHOM MHUKpPOTBEPAOCTH 00padaThIBa€MOro
Marepruaiia, NOMHOXEHHOM Ha 100%. CreneHp Hakiena CIOPABOYHUKOM HE
perJaMeHTUpyeTcs M B TEXHUYECKOM JITepaTrype OTCYTCTBYIOT pPE3yJIbTaThl
UCCJIEIOBAHNM, HAIpaBJICHHBIX Ha OINpPEACIICHHE XapakTepa U CTENEHU BIUSHUSA
napaMeTpoB peXHMa pe3aHuss Ha [IIyOMHY UM CTENeHb Hakjena Je(eKTHOro
MTOBEPXHOCTHOTO CJIOSI IPU 00pabOTKE pe3aHuEM.

N3BecTHO, YTO MHUKPOTBEPJAOCTh — 3TO TBEPAOCTb OTIEIbHBIX YYACTKOB
MUKPOCTPYKTYpbl MaTepuana, OTACNIbHbIX (a3 M CTPYKTYPHBIX COCTaBISIOLIUX,
TBEPJAOCTh BHYTPU OTACTBHBIX 3€peH (IJI1 KOHCTPYKIIMOHHBIX JOIBTEKTOMIHBIX

CTaJIeil — 9TO 3epHa eppuTa U IEePiInTa).

50



B pabote [52] moka3aHo CyIIECTBEHHOE BJIMSHUE TBEPIOCTH 00padaThIBAEMOTO
MaTepuaja Ha CTOMKOCTh OBICTPOPEXKYIIUMX CHHpPaIbHBIX CBepl. I[losTomy B
HACTOSIIIINX ~ HMCCJICIOBAHUSAX  CTENCHb  YIOPOYHEHHUS  TOBEPXHOCTHOTO  CJIOA
IIPOCBEPJICHHBIX OTBEPCTHH OMpENe/siaCh M3MEPEHUEM TBEPIOCTH IMOBEPXHOCTH

orBepcTuii mo Metoxy Pokseia B enuauiax HRC (pucynok 2.15).

Pucynox 2.15 — Cxema tBepaomepa Poksemia 1 — onpaBka ¢ HUHIAESHTOPOM, 2 —
MPEAMETHBIN CTOJHK, 3 — IPY3bl, 4 — 3JIEKTPOJIBUTATEINb

TexHuyeckne xapakTepUCTHKUA TBepAoMepa PokBenna mpeacTaBleHbl B

tabmnure 2.4.

Tabnuna 2.4- TexHuueckue XxapakTepucTUKe TBepomepa PokBeria
HcnbiTarenbHble HATPY3KU JJIS KT npeasapurenbHas.9g8,1;
Poksenna, H ocHoBHBIE 588,4; 980,7; 1471
Jlnara3oHbl U3MEPEHNUI TBEPAOCTH 11O HRA ot 20 no 88; HRB ot 20 no
mkanam PokBerna 100;

HRC ot 20 no 70
[Ipenenbr nomyckaeMoi abCOMOTHON 1,0-3,0 %
MOTPENTHOCTH U3MEPEHHS TBEPIOCTHU
Pabouee nmpocTpaHCTBO MO BEPTUKAIH 170
(peryaupyemoe), MM
['myOGuHa pabodero mpocTpaHcTBa, HE 135
MEHee, MM
["abapuTHBIE pa3Mepbl 466x238x630
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IIpu wm3mepenun TBepaocTH 10 PokBemly B KadecTBe HHJIEHTOpA
MCITOJIb30BAJIMCh AJIMAa3HBIM KOHYC C YIJIOM Ipu BepiuHe 120°.

CyniHocTh METO/IAa 3aKJIFOYAETCS] BO BAABIMBAHUM HAKOHEYHMKA C AJIMA3HBIM
KOHYCOM B HCHBITYeMBI 0Opasell MoJ JEeHCTBUEM IOCIEIOBATEIbHO MPHIAraeéMbIX
npenBapurenbHoil (Fg) u ocHoBHOM (F1) Harpy30Kk M B W3MEPEHHH OCTATOYHOU
[JIyOMHBI NIPOHUKHOBEHUS 3TOT0 HAKOHEYHHKA IOCJTE CHSATUS OCHOBHOM Harpy3KH

(pucyHoxk 2.16).
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Pucynox 2.16 — Cxema uzmepeHnust Teepaoctu no Pokserty

Jis  obecrieueHUs BO3MOXXKHOCTHM NIPUMEHEHHUsT HHJICHTOpa C aJIMa3HbIM
HAKOHEYHUKOM  JUJII  M3MEPEHHs]  TBEPAOCTH  00pabOTaHHOM  MOBEPXHOCTH
IPOCBEPJICHHBIE  3arOTOBKM  ()pe3epoBaJMCh B  IJIOCKOCTSAX  MapajieNIbHBIX

IPOJIOJIBHBIM OCSIM KaXKI0T'0 psifia OTBepcTHid (pucyHok 2.17).

Pucynok 2.17 - Uccnenyemsbie oOpa3iibl
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N3mepenue TBepAOCTH 10 POKBENTy OCYLIECTBIISIETCS B CTPOTOM COOTBETCTBUU
¢ 'OCT 9013-59 (B penakiuu 2001 r.) [53].

N3mepenne TBEpIOCTH NpoBOAUTCs mpu Temieparype (23 + 5) °C. OnopHblie
IOBEPXHOCTU CTOJIMKA U TOJCTaBKH, a TAK)K€ ONOpPHBIE M pabOyue MOBEPXHOCTU
obpasma (v u3aenwsi) JOTHKHBI OBITh OYHIIEHBI OT TOCTOPOHHUX BEIIECTB (OKATHUHBI,
CMa3KH U JIp.).

OOpa3ern 10KeH OBITh YCTAHOBJIEH HA CTOJIMKE MJIM MOJCTAaBKE YCTOMYHMBO BO
n30eXaHNue ero CMEIEHUS U TPoruda Bo BpeMsi U3MEPEHUS TBEPIOCTH (PUCYHOK 2.22).

[Ipu n3mMepeHuun TBEPAOCTU MPUOOP NOKEH OBITH 3aIUIIECH OT BUOPALIMK U YAAPOB.

Pucynok 2. 18 — M3Mepenne TBepAOCTH MMOBEPXHOCTH, 00paboTaHHOU
CBEpJICHUEM

[Tpu u3MepeHnn TBEPIOCTH JOKHBI COOJIIOIATHCS CICIYIOIINE YCIOBU:
- IUIABHOE MPHUBEICHNE HAKOHCYHUKA B KOHTAKT C pab0vei MOBEPXHOCTHIO
oOpasna (nim u3aenus);
- IUIaBHOE MPHIIOKEHHE TpeaBapuTesbHoro Fo u ocHoBHOro Fi (B TeueHue
2 - 8 ¢) ycunui;
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- IJJaBHOE CHATHUE OCHOBHOTO ycmius Fq uwepe3 1 - 3 ¢ mocrne pe3koro
3aMe/JIEHUs WIJIA OCTAHOBKHM CTPENKM HHAMKATOpa (WM H3MEHEHUS
MOKa3aHui IU(PPOBOTO OTCYETHOTO YCTPOUCTBA).

JJist MeTasioB, Py U3MEPEHUU TBEPJOCTH KOTOPBIX PE3KOT0 3aMe/ICHUST WU
OCTaHOBKH CTPEJIKU HHIUKATOPa (MJIM U3MEHEHUS MOKa3aHUi U(POBOTO OTCYETHOTO
YCTPOWCTBA) HE HAOMIOAACTCS, BPeMs BBIACPKKH MOJ oOmuM ycunreMm F mgomxHO
cocTtaBidaTh oT 10 no 15 c.

PaccrosiHre Mexmy LIEHTpamMH JBYX COCEIHHX OTIEYaTKOB JOJKHO OBITh HE
MEHee YEeThIpeX JAMaMETpPOB OTredarka (HO He MeHee 2 MM). PaccrosiHue OT 1ieHTpa
OTIIeuYaTKa /0 Kpasi o0Opasiia I0LKHO ObITh HE MEHee 2,5 AuaMeTpa oTrnedyaTka (HO He

MmeHee 1 Mm) (pucyHok 2.19).
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Pucynok 2.19 - MuHuMalbHbIe 3HaU€HUS PACCTOSHUS 10 OTIIEYaTKa U KPOMKHU
pu Meroze o Poksemry

Ha omopHo#i moBepxHOCTH 00pa3iia (WM U3ens) He JTOHKHO HaOIH01aThCs
cJie1oB aedopMaluu OT OTIeYaTKa.

Uucno TBepmoctu no PokBemly omnpenensercss Mo IIKajle HWHAWKATopa ¢
okpyrieHuem a0 0,5 enuHuIbl TBepAOCTH. M3mMepeHne TBep1I0CTH MTPOU3BOIUIIOCH 110

5 To4KaM 1o JIJIMHE B COOTBETCTBUH CO CXEMOM, MpeACTaBICHHON Ha pucyHke 2.20.
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Pucynok 2.20 — Cxema ompeneieHne TBepA0CTH MOBEPXHOCTH OTBEPCTUI TpU
CBEPJICHUH CBEpJIaMU

2.3. MeToabl CTATUCTHYECKOTO AHAJIN3A IKCIIEPHUMEHTAJIbHBIX
JTaAHHBIX

KOppCHHHHOHHBIﬁ )51 pCFpCCCHOHHBIﬁ aHaJIn3 — 3TO METOAbI MaTeMaTU4eCKOM
CTAaTUCTHUKH, ITO3BOJIAIOIIKUC BBIABJIATL CBA3b MCXKAY ABYMA BCINMYMHAMH, 3HAUYCHUA
KOTOPBIX MOJYy4YalOT B pE3yJbTaTe CTaTUCTUYECKUX HaOmoAeHuil. OCHOBHAs 3aaada
KOPPCILINUOHHOT'O aHaJIn3a — OLOCHHMBAHHUC TCCHOTHI CBA3HM MCKIY BCIMYMHAMH, 4
PErpEeCCHOHHOTO — YCTAHOBJICHUE €€ BUJIA

B To ke BpeMsa psa wHcciaenoBaTened O0OBEIMHAET OSTH METOAbl B
KOPPEISIUOHHO-PETPECCUOHHBIN  aHAIU3, YTO UWMEET TMOoj COO0H HEKOTOphIC
OCHOBAHUA. HaJIM4Hne eoro piaaa O6I_HI/IX BBIYHUCIINTCIIBHBIX mnmpoocayp,
B3aUMO/JIONIOJIHEHUS [IPU UHTEPIIPETALUU PE3YJIBTATOB U .

HOBTOMY B JaHHOM KOHTCKCTC MOXHO I'OBOPHUTBH O KOPPCIIALUOHHOM aHAJIN3C B
IMUPOKOM CMBICJIC — KOI'/la BCECCTOPOHHC XapaKTCPHU3YCTCA B3aUMOCBSA3b. B 1O *Xe
BpEM: BBIACIIAIOT KOppeHHHHOHHBIﬁ dAHaJIN3 B Y3KOM CMBICJIC — KOTI'JIa UCCIICAYCTCS
CUJIa CBSA3U — U PETPECCUOHHBIN aHANIM3, B X0/I€ KOTOPOIo OLIEHUBAIOTCA ee (hopma U
BO3JICHCTBHE OHUX (DAKTOPOB HA APYTHE.

33,[[3‘-11/1 cOOCTBEHHO KOPpPCILINMOHHOT'O  aHalIn3a CBOAATCA K HM3MCPCHHUIO

TECHOTLI CBA3W MCKAY BAapbHPYIOMIUMMHU IIPHU3HAKAMH, OIPCACICHUIO HCU3BCCTHLIX
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NPUYUHHBIX CBSI3€M M OlLlEHKE (haKTOPOB, OKA3bIBAIOIIMX HaWOOJIbllIee BIMSHHUE HA
pe3yJIbTATUBHBIN TPU3HAK.

3amaun pEerpecCMOHHOTO aHaIM3a JIeKaT B cdepe yCTAaHOBICHHS (POPMBI
3aBUCUMOCTH, ONpeeiaeHUs] (PYHKIUU PErpeccuu, MCIOJIb30BaHUS YpaBHEHUS I
OLICHKM HEU3BECTHBIX 3HAYCHUU 3aBUCUMOM IEPEMEHHOM.

KoadduimenT koppensiiuu SBIsSETCs] 0OTHOM U3 CTATUCTUYECKUX MEp HaIHuus
Y 3HAUUMOCTHM CBSI3M MEXAY JIByMs CIy4YalHbIMH MepeMeHHbIMUA. OH MOKa3bIBAET,
HACKOJIBKO SIBHO BBIPA)KE€HA TEHJICHIIUA K N3MEHEHUIO OJHOM CIIy4YalHOM ITEPEMEHHOU
IIPU U3MEHECHUM JIPYyTOW, T.€. MOATBEPKAACT HAJIUYUE 3aBUCHMOCTH CIIy4YallHBIX
NEPEMEHHBIX BEJIMYMH, HO HE ONPEACIACT BU 3TOM 3aBUCUMOCTH [54].

Takum  oOpa3oMm, BCTaeT HEOOXOJUMOCTb  HCHOJB30BAHUSI ~ METOJIOB
KOPPEISLIMOHHOTO aHajiu3a TMpu 00pabOTKE CTAaTUCTMYECKUX JIaHHBIX IS
MOCJIEIOBATEIBHOTO PEIECHUS CIEAYIOIINX 3a/a4:

- n3y4yeHue Kod(p(UIMEHTa KOPPEIALHA MEXIY CIy4alHbIMU NEpPEeMEHHBIMU
BEJINYMHAMU;

- OIIpENIeNICHNE YPAaBHEHUS PETPECCUU U PACUET €ro NapaMeTpoB.

HaunGonee yacto ucnonp3yroT ko3hGUIMEHT JTuHEeWHON Koppesiuuu [TupcoHa.
JlanHblil K03 PUIIMEHT XapaKTepru3yeT TECHOTY W HANPABICHUE CBSI3U MEXIY JBYMs
KOppEIUPYEeMbIMH TMpPU3HAKAMU B CJIy4ya€ HaJUyusg MEXAY HUMHM JIMHEHHOU
3aBpucuMocTH. [lns mpaBoMouHOocTM TpuMeHeHHs kodddunmenta Ilupcona
MPEeIBAPUTEIILHO HEOOXOAUMO YOEAMTBCS, 4YTO paCHpeesieHue CpPaBHUBAEMBIX
CIIy4yallHbIX TIEPEMEHHBIX HOPMAaJbHOE, T.€. MOJUUHSETCS 3aKOHY HOPMaJbHOIO

pacnpenenenus ['aycca.

2.3.1. Meroanka omnpeaejieHus1 3aKOHA paclpelejieHUsl CJIy4aiiHOM
BeJIMYMHBI

CrnyuaiiHas BEIMYMHA MOJIHOCTHIO XapaKTEPU3YyeTCsl 3aKOHOM pacrpeiesieHus,
KOTOPBI  yCTaHABIMBAaET CBS3b MEXKIY BO3MOXKHBIMH €€ 3HAUYCHHSIMU U
COOTBETCTBYIOIIMMH UM BEPOATHOCTSAMU. VICXO/51 M3 OCHOBOIIOIATalOIINUX TPUHITATIOBR

MaTEMAaTHYECKOW CTATUCTUKHU, PACIIPEICIICHUE CIIyUYaiiHOM BEJIMYHUHBI, ITOJBEPKEHHON
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BJIMSTHUIO OOJBIIIOTO YMCJIa B3aUMHO HE3aBHCHMBIX CIyYalWHBIX (PaKTOPOB CIIETyeT
ONMHKCHIBaTh 3aKOHOM ['aycca. Ha OCHOBaHMH ASTOTO MPEAMONONKECHHS TPOBOIUTCS
IIpoBEpKa COOTBETCTBUS pactpeneieHus 3akoHy ['aycca mo meronuke ['OCT 8.736-
2011[55] nns Be10Opok Mazoro odowvema (15 < n < 50). ITocneaHss pekoOMeH10BaHa Ha
OCHOBAHHH TOT'O, YTO JUISl MAJIBIX BEIOOPOK TaKHE OOIICIIPUHATBIE KPUTEPHH, KaK X2
[Mupcona wim w? Musepa - CMupHOBa Hed()PEKTUBHBI.

[Tpu yncne pe3ynpTaToB HAOMIOACHUN N < 50 HOPMATBHOCTH UX PACTIPEICIICHUS

IPOBCPAIOT IIPU IMTOMOIIHU COCTABHOT'O KPUTCPHUSI.

Kpurepuii 1
Breruucisror otHotuenue d

n 5
— lellxl x| (22)

nS*

QUi

rac, S*- CMCIICHHAA OLCHKA CPCAHCTO KBAAPATHUUICCKOIO OTKIIOHCHUA, BBIYUCIIACMAA

s = /w | (2.3)

PesynbpraThl HaAOMIOAEHWUN TPyHNbl MOXHO CUUTATh pacHpeAciCHHbIMU

o ¢opmyie [77]

HOpMaJIbHO, €CJIN

dl—ﬂ <d< dﬂ,
2 2

rne, d,_q1 u dqi - KBAHTHIIU PACTIPECIICHHUSI, TTOTydaeMble U3 TaOIHUITBI 2.5 1o Ynciy
2 2

1—
pe3ynbTaTOB HAOIIOACHUH N, % u (1 — %), IpUYeM ¢, 3apaHee BEIOpAHHBIN YPOBEHB

3HAYMMOCTH KpuTepus (Tadi. 2.5).
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Tabnuna 2.5 - KBanTunu pacrpeaeneHus dl_qz_l u d%
n 2 100% (1-2) 100%
1% 5% 95% 99%
16 0,9137 0,8884 0,7236 0,6829
21 0,9001 0,8768 0,7304 0,6950
26 0,8901 0,8686 0,7040 0,7360
31 0,8826 0,8625 0,7110 0,7404
36 0,8769 0,8578 0,7167 0,7440
41 0,8722 0,8540 0,7216 0,7470
46 0,8682 0,8508 0,7256 0,7496
Kpurepnii 2

Cuuraercs, dTO pe3yJdbTaThl WM3MEPEHUH MNPUHAIIC)KAT HOPMAITBHOMY
pacIpenieeHno, €clii He 0osee M pasHOCTEN |X — X| IPeB30LIN 3HAUEHUE ZppS,

r7ie S — OIICHKA CPEAHETO KBaAPATUIECKOTO OTKIOHEHUS, BRIYUCIsIeMas o GhopmyIie

[78]:

\/Z:l 1(Xi - ij, 2.4)

rne, Zpp — BEPXHUW KBAaHTWIb pachpeseneHuss HopMmaiabHoW (ynkiuu Jlamiaca,
oTBeHarIie BeposTHOocTH P/2. 3HadeHue P ompenensercs mo Tabmume 2.6 1o
BBIOPaHHOMY YPOBHIO 3HAUUMOCTH (2 ¥ YUCITY PE3yJIbTaTOB HAOIIOACHUH N.

[Ipu ypoBHE 3HAUYMMOCTH, OTJIMYHOM OT MPETYCMOTPEHHBIX B Tabmuie 2.6,

3HayeHue P HaxomAT myTeM JMHEMHON MHTEPIOJISLUH.
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Tabmnura 2.6 — 35aueHusa P 11 BEIYUCIECHUS Zp)?

J2-100%

n m 1% 2% 5%
10 1 0,98 0,98 0,96
11-14 1 0,99 0,98 0,97
15-20 1 0,99 0,99 0,98
21—22 2 0,98 0,97 0,96
23 2 0,98 0,98 0,96
24—27 2 0,98 0,98 0,97
28—32 2 0,99 0,98 0,98
33—35 2 0,99 0,98 0,98
36—49 2 0,99 0,99 0,98

3aBucuMOCTb Zy, OT P nipuBezieHa B Tabnuue 2.7.
Tabnuna 2.7 — 3aBucumocTs Z, OT P

P Zpp P Zoi

0,96 2,06 0,98 2,33

0,97 2,17 0,99 2,58

[Ipu ypoBHE 3HAYUMOCTH, OTJIMYHOM OT TMPETYCMOTPECHHBIX B Tabiuie 2.6
3HaueHue P HaxomsT myreM nuHelHOW uHTepnionsiiuu. [Ipu Hecobmonennn XoTs Obl
OJHOTO U3 KPUTEPUEB CUUTAIOT, YTO PACIPEAECICHUE PE3YJIbTATOB U3MEPEHUI IPYIIIIbI
HE COOTBETCTBYET HOPMAJIBHOMY .

[Ipu HecoOmoaeHNH XOTA OBl OJHOTO U3 KPUTEPHEB CUYUTAIOT, UTO

pacrpeesieHue pe3yIbTaToB U3MEPEHHM IPYIIbl HE COOTBETCTBYET HOPMAIILHOMY .

2.3.2 MeTobl KOPPEJsSIMUOHHOT0 AHAJIN3a IKCINEPUMEHTAIbHBIX JaAHHBIX
JIyist ompeneneHUs HaJdW4HMsl U TECHOTHI CBS3M HAWOOJIee YacTO HMCIOJB3YIOT

kodhdurnmenT nuHeHoUM Koppemnsiuu [lupcona. Jlns sToro mpeaBapuTenbHO
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COCTaBJIACTCA Ta6JII/IIIa, B KOTOPYIO 3aHOCATCA (baKTI/I‘ICCKI/IC 3HAYCHUA CquaﬁHBIX

MePEMEHHBIX BEJIMYMH, KaK IMOKa3aHo B Tabmuie 2.8.

Tabnuna 2.8 - HcxoaHsle naHHBIC ISl OnpeaenieHus: KodhuimeHTa KOppesiuu

[Tupcona
Ny X | i=2 | =92 | =% | (=% | =M —%
Liyi (X0 | O0n =) | 0h =92 | —=%) | (xq =% | (31 =P —X)
2 12 (X |02=P | 0= | (2 =%) | (x=%0)* | (y2—P)(x; — %)
3 Vs [ X% |3 =P | =97 | (x3—%) | (x3—%)* | (y3—7)(x3—%)
N Yo [ Xo | On =2 | On=3° | Cn=0) | 0= | On—3—%)

Koaddumment nuneitnoit koppesnsauuu [Iupcona onpeaensercs no Gopmye

Xi=y)(xi—x)

r= VEWi—9)2 X(xi—%)?"

(2.5)

TecHOTa CBSI3U CITy4allHBIX IEPEMEHHBIX BEJIMYHH ONPEAEIAETCA 110 YPOBHIO

3HAYMMOCTH KO3 PuIlneHTa Koppesiuu no tadauie 2.9 B 3aBUCUMOCTH OT YUCa

crereHer cBo0oabl K = Nn-2, rie N — pa3mep Beidopku [Tadmuia XI1 65].

Tabnuna 2.9 - Koaddbunuent koppensuuu [Iupcona (KpuTudeckne 3HaYCHNs )

Hucio YPpOBEHb 3HAUUMOCTH JJ1s1 OHHOCTOPOHHETO KPUTEPUS
crenenert | 0,05 0,25 0,01 0,005 0,0005
CBOOOIBI YPpOBEHb 3HAYMMOCTH 1Sl ABYCTOPOHHETO KPUTEPUS

k=n-2 [ 01 0,05 0,02 0,01 0,001

1 0,988 0,997 0,9995 0,9999 0,99999
2 0,900 0,950 0,980 0,990 0,999
3 0,805 0,878 0,934 0,959 0,991
4 0,729 0,811 0,882 0,971 0,974
3) 0,669 0,755 0,833 0,875 0,951
6 0,621 0,707 0,789 0,834 0,928
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MPOI0IKEHNE Ta0IuIbI 2.9

7 0,582 0,666 0,750 0,798 0,898
8 0,549 0,632 0,715 0,765 0,872
9 0,521 0,602 0,685 0,735 0,847
10 0,497 0,576 0,658 0,708 0,823
11 0,476 0,553 0,634 0,684 0,801
12 0,457 0,532 0,612 0,661 0,780
13 0,441 0,514 0,592 0,641 0,760
14 0,426 0,497 0,674 0,623 0,742
15 0,412 0,482 0,558 0,606 0,725

2.3.3. MeToabl perpecCHOHHOT0 AHAJIM3Aa CTATUCTUYECKHUX 3aBUCUMOCTe

KpuBble  rpaUKOB  SKCHEPUMEHTAIBHBIX  HCCIEAOBAHMM  ABISIIOTCSA
CTaTUCTUYECKUMHU 3aBHCUMOCTSIMH, IIOJIYYEHHBIMH YCPEIHEHHEM HECKOJIBKHX
U3MEPEHUH B KaXIOH TOYKE, IIO3TOMY aIlllPOKCHMALMS 3THUX 3aBHCUMOCTEH
IPOBOJMIACH METOJIOM HaMMEHbIIMX KBaApatoB. Omnpeaensiuch Ko3(hQHUIMEHTHI
perpeccuu  TpeX CTaTUCTHUYECKUX 3aBUCUMOCTEM: TIPSMOM, CTEIIEHHOW W
HKCIIOHEHIMAJIBHON. 3aTeM pacCUUTHIBAICA KOA(DPUIMEHT KOPPEISAUUU KKI0N U3
HUX, U METOJIOM CPaBHUTEIIBHOI'O aHajlM3a OINpEAeNsulach 3aBUCUMOCTh Hauboiee
aJIcKBaTHas pe3yjbTaTaM MCCIIEIOBAaHU.

HcxonHble gaHHbIEe U1 onpeeiaeHuss Ko3()pPUIUMEHTOB ypaBHEHUS] PErpeccuu

JTMHEHHOU 3aBUcUMOCTH (¥ = a + bX) npeacrasiensl B Tadauie 2.10.

Tab6numa 2.10 Mcxoaubie nanublie s onpenenacHus: KodhGUIMeHToB ypaBHEHUS
pPErpeccry JIMHEMHON 3aBUCUMOCTH

Ne Yi Xi yi? ViXi xi? Vi +xi (i + x)?
1 Y1 X1 Y12 Y1X1 X12 yi+ X1 (Y1 + X1)?
2 Y2 X2 Y22 Y2X2 Xo? Y2+ X2 (Y2 + X2)?
3 Y3 X3 Y32 Y3X3 X2 Y3+ X3 (Ya+ X3)?
n Vn Xn yn2 YnXn xnz Ynt Xn (yn + Xn)2
2 Vi 2Xi 2y | 2yixi 2 xi? 2 + xi)?
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B Ttabmumy 2.10 3aHOCATCS CTAaTUCTHMYECKHUE PE3YJbTaThl HUCIIBITAHWUM, IS
KOTOPBIX UCCIEAOBAIN XapaKTep B3aUMO3aBUCUMOCTH, Y — OOBEKT UCCIIEIOBAHUM, X —
HE3aBHCHUMBII epeMeHHBIN (aKTop.

Jst onpenenenust Kod(hOUIIMEHTOB PErpeccUH JIMHEWHOM CTaTUCTUYECKON
3aBUCUMOCTH B Tabmuiry 2.10 3anocstcs axtuueckue 3HaueHus x U y. [locnenanue

JIBa CTOJIOLIA 3TOM TaOIMLBI MCHOIB3YIOTCS AJIS IPOBEPKH TOYHOCTH PaCdeTOB IO

bopmyie:
2i +xi)? = XX+ 2%y + 2y (2,6)
Koa(hpuiuenTs! ypaBHEHHS PEMPECCUH PACCYUTHIBAIOTCS 110 (POPMYJIaM:
_ n2xiyi—2xi2y;
o= M . (2.8)

JInss TpOBEPKM JIMHEWHOCTHM TOJYYEHHOM 3aBUCHUMOCTH PACCUUTHIBACTCS

KOd(PhULIMEHT Koppensauuu no Gopmye

. [nZxf-Exp)?
"= b\/nny—(Zyi)Z' (29)

Ecnu 3nauenue kxoddduimenta koppensauuu 6iu3ko k eaunuie (r > 0,8), To
MOJIYYEHHYIO 3aBUCUMOCTh MOKHO CYHMTaTh JIMHEHHOH, T.e. MCKOMOE YypaBHEHUE
perpeccud MOXHO CUdTaTh ypaBHeHHeM mpsimor [65]. IorpemHocTh pacdeToB
OTIPEJIEIISIETCSl CTETNEHBIO COBIAJCHUS PACCUUTAHHBIX 3HAYCHHH C (DAKTUYECKUMH.

Jlns onpenenenus Kod(PEGUIMEHTOB PErpeccUr CTEMEHHOW CTaTUCTUYECKOM

= ax® 0 2.11 i
3aBucuMocTH (y = ax”) B Tabnuity 2.11 3aHoCsSTCS HaTypalibHbIE JorapruMbl 3HAUCHHH
x n y. [locnennue aBa cTond1a 3TOM TaOIMIIBI UCHIOIB3YIOTCS 1711 MPOBEPKHU TOUHOCTH

pacueToB 1o popmyiie:

Z(Inyi + |nxi)2 = Zlnxiz + 22Inxilnyi + Zlnyiz. (210)
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Ta6nuna 2.11 - MicxonHble qanHbIe U1 onpeeneHust KodhPUIMeHTOB ypaBHEHUS
perpeccuu CTEIEHHOM 3aBUCUMOCTH

Ne | Inyi | Inx; | Inyi? | Inyilnxi Inx;? Inyi + Inx; | (Iny; + Inx)?
1 | Inys | Inxg | Iny:®2 | Inyidnx, Inx:2 | Iny.+ Inxy | (Inyg + Inxy)?
2 Inyg Inx, Iny22 Inyz Inx, Inx22 Inyz + Inx» (Inyg + Inx2)2

3 | Inys | Inxg | Inys?2 | Inyzlinxs | Inxs? | Inyz+Inxz | (Inys+ Inxs)?

n | Iny, | Inxa | Inys2 | Inynlnx, Inx,2 | Iny,+ Inx, | (Inyn + Inx,)?

P Zlnyi 2Inx; Zlnyiz le’]y“’]xii le’lxi2 Z(Inyi+lnxi)2

TodHOCTH pacueToB MpoBepseTcs Mo Gopmyie:

2("1 i + |nxi)2 = Zlnxi2+ 22|nxilnyi + Zlnyiz. (2.11)
y

Koaddunmentsl  ypaBHEHHSI  pEerpeccHuM  CTEIEHHOM  3aBUCHMOCTH

pacCUMTHIBAOTCS IO PopMysam

_ nlnxilny;—Inx; 2ny;
b= ndnx?—(lnx)z (2.12)
Ing = & i‘nw""i) | (2.13)
a=ea (2.14)
Koaddumment koppensiiuu paccuuTbiBaeTcs o popmyie
_ ny inx?—(3 Inx;)?
"= b\/nZInyiz—(Z Iny;)?’ (2.15)

Ecnu 3nauenue kosdduimenta koppensiuu 01u3ko k eaunuie (r > 0,8), To
NOJyYEHHYI0 3aBUCUMOCTh MOXKHO CUMTaTh CTENEHHOW, T.€. MCKOMOE YpaBHEHHE
perpeccuu MO>KHO CYMTATh YPAaBHCHUEM CTEIICHHOW 3aBUCHMOCTH [65] .

Jns  ompeneneHuss  KOdPPUIMUEHTOB  PErpeccur  AKCIOHEHIMAIBHOM

7 = qe™ 0 2.12
craTiucTUueckor 3aBucumoct (y = ae™) B Tabmuity 2.12 3aHOCSTCS HATypajbHBIC
jorapudMbl 3HaUeHUI y U pakTuyeckue 3HaueHus X. [locieqnue aBa ctondua 3Toi

TaOHIIBI UCTIOJIB3YIOTCS JUISl POBEPKU TOYHOCTH pacueToB 1o Gopmyiie:

Z(Inyi + xi)2 = inz + ZinInyi + Zlnyiz. (216)
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Tabnuma 2.12 - VicxonHbple JaHHbBIE IS onpeiesieHns KodDPUIIMEeHTOB YpaBHEHUS
perpeccuu SKCIIOHCHIIMAIBHON 3aBHCHMOCTH

Ne | Iny; | X Iny; Inyixi xi? Inyi + x; (Iny; + x)?

Inyl X1 Iny12 Iny1 X1 X12 Iny1 + X1 (Inyl + X1)2

1
2 [ Inya | x2 | Iny22 | Inyaxa | X% | Inya+ X2 | (Iny2+ X2)?
3

Inys | X3 | Inys® | Inyaxs | X2 | Inya+xs | (Inys+ Xz)?

n | Inys | Xn | Inyy? INynXn | Xn2 Inyn+ Xn | (INyn+ Xn)?

2Inyi | 2% | Xlny? | 2nyix | 2 xi? 2{Iny; + xi)?

M

TodHOCTH pacyeToB MPOBEPAETCS 1O HOpMYIIe
Z(Inyi + xi)2 = inz'f' ZinInyi + Zlnyiz. (2.17)
KoaddummenTsl ypaBHCHHMS PErpecCHH DKCIOHEHIMAIbHONH 3aBHCHMOCTH

pacCYUTHIBAIOTCS IO PopMyiam

h = n2xilny;—2x;2Iny;

nIxf-Ox)2 ' (2.18)
Ing = S, (2.19)
a=em (2.20)
KoadpunumenT koppensuuu paccuuTbIBaeTCs M0 (HopMyie
b RS -

Ecnu 3nauenue koadpdunmenrta koppensiuu Onuzko k eaunune (r > 0,8), To

MOJIYYCHHYIO 3aBUCHUMOCTb MOKHO CYHUTATh 3KCHOH€HHH3HBHOﬁ, T.C. HCKOMOC

YpPaBHEHUE PErPECCUM MOKHO CUUTATh YPABHEHHEM SKCIIOHEHIIMATIbHOW 3aBUCUMOCTH

[65].
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BbIBOJbI I1O I'JTABE 2

1. B pamkax wuccinegoBaHusi ObUIM PACCMOTPEHBI PA3IUYHBIE METOIbI
KOHTpPOJISI KayeCTBa IMOBEPXHOCTHOIO CJIOSI MPOCBEPJICHHBIX OTBEPCTUM, BKIIOYAs
OLIEHKY TJIyOWHBI JAE(PEKTHOTO CJIOS W YIPOUYHEHHSA. DTO MOAYEPKUBAET BaXKHOCTH
MHOTOYPOBHEBOI'O aHAJIN3a JIJIsl 00eCTIeUeHUsT HAIKHOCTHU U JIOJITOBEYHOCTH.

2. Hcnonb3oBaHWe METOJOB CTaTUCTHYECKOTO aHajiu3a, TaKuX Kak
KOPPEJSILIUOHHO-PETPECCUOHHBIN aHAIN3 W ONPENEICHUE 3aKOHOB pacIpeaesIeHUs
CIly4altHBIX BEJIMYMH, MO3BOJISIET Oonee TOYHO UHTEPIPETUPOBATH
DKCIIEpUMEHTAaJIbHbIE JaHHble. COoUeTaHue Pa3IMYHbIX METOJOB KOPPEIALUOHHOIO U
pPErpecCHOHHOr0 aHajan3a MPHIaeT BO3MOXXHOCTb BBISIBJICHUS B3aWMOCBSI3U MEXKY
rapamMeTpaMM IIpolecca U KauyeCTBOM ITOBEPXHOCTH, YTO B CBOK OYEPEIb MOMKET
MPUBECTHU K MOBBIIEHHUIO 3(P(HEKTUBHOCTH TEXHOJIOTHYECKUX MTPOLIECCOB.

3. PazpaGorana  Meromoiorus  TJIAHUPOBAHUS W OpPTaHHU3AIUH
HKCIEPUMEHTOB, BKJIIOYAOIIas B ceOsl:

e BbHIOOp CTaHKA, MOATOTOBKY TEXHOJOTMUECKUX M HM3MEPUTENbHBIX 0a3
00pabaTbIBaeMO 3ar0OTOBKY;

® JIBYXIUIOCKOCTHYIO 3aTOYKY PEXYILIEH YaCTH CBEPIL;

® METOJUKU KOHTPOJSI TIIyOMHBI AEPEKTHOTO IMOBEPXHOCTHOIO CIIOS
MCKIIIOYAloNIasi pa3pe3Ky 3aroTOBKM Ha MUKPOHUIU(BI M KOHTPOJIsS
TBEPAOCTH MOBEPXHOCTH, MO3BOJIAIOUIYIO IPOBOJUTH MHOIOKPATHBIE
U3MEpEeHUs 10 Bced TiyOMHE TMPOCBEPJICHHBIX OTBEPCTHH U
00€eCreynBaOIINX BEICOKOE KAYECTBO PE3YJIbTATOB SKCIIEPUMEHTOB;

e 00pabOTKy SKCHEPUMEHTAIBHBIX JAHHBIX METOJaMH MaTeMaTH4eCKOM
CTaTUCTHKHU 17} KOPPESLIOHHO-PErPECCUOHHOTO aHaIn3a,
CIIOCOOCTBYIOIIMX  TMOJYYEHHUIO  3aBUCHUMOCTE U pa3paboTke

SMIIUPUYECKUX MOJEJIEN C BBICOKOW CTENEHBIO aJIEKBATHOCTH.
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I'J/IABA 3. PASBPABOTKA METOJA IOBBIIIEHUSA
KAYECTBA NOBEPXHOCTHOI'O CJ10OS1 OTBEPCTUI

OnHUM U3 TOKa3aTeseil KauecTBa MOBEPXHOCTHOTO CJIOSI OTBEPCTHH SIBISCTCS
ri1youHa aAe(EeKTHOro MOBEPXHOCTHOIO CJ0s, KOTOpas SIBISIECTCS HOPMHPOBAHHOM
BEJIMYMHON U NIPU HOPMAJIBHOM Pa3BEPThIBAHUM periiaMeHTHpyeTcs B npeaenax 0,25
— 0,15 mxm (Ta6m.3.1) [51].

B rtabmuie 3.1 mpenacTaBieHbl MOKa3aTedW KavyecTBa, PEriIaMEHTUPOBAHHBIC
CIIPABOYHOM JMTEPATYPOMH, IS Pa3IMYHBIX METOJOB 0OpPabOTKU C MCIIOJIB30BaHHUEM
MEPHBIX ~ HHCTPYMEHTOB,  IOJIy4eHHBIE B  pe3yJbTaTe  CHCTEMaTH3aIMH

HETIOCPEICTBEHHBIX HAOJIOICHUH B IIPOM3BOJICTBEHHBIX yCIIOBUAX [51].

Tabnuua 3.1 - [Tokazarenu kauecTBa npu oOpadOTKe OTBEPCTUN MEPHBIMU

UHCTPYMEHTAMH
= = e
2 £ g . =
SE | 5§ S | Eo .2
Meton éE S 2 gESESw
00paboTKH 3 3 9 3 = 2 S F 52
o = S T &} C = I T
> s, = 5 2 2 B
o o = g, = c o 2 T o o
e O © o s § T =S
O A > @ g S X E 2 Z S 4
5 B SR = & 28 BO
CaepiieHue, 25-0,8 70 -15 13-9 |270-43
paccBepiIMBaHUE
3eHKepOBaHUE 25-6,3 50-20 13-12 | 270 - 180
YEPHOBOE
3eHKepOBaHUE 25-04 25-15 13-8 |270-27
YHCTOBOE
Pa3BepThiBaHMC 125-0,8 |25-15 11-10 | 110-70
HOpPMaJIbHOE
PazBepTriBaHue 6,3-0,4 15-5 9-7 43-18
TOYHOE
Pa3BeptriBanue 32-01 |10-5 6 11
TOHKOE
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N3 nanHOM TabnMilbl BUAHO, YTO CBEPIICHUE MO3BOJISIET MOIYUYaTh OTBEPCTHUS C
KaueCTBEHHBIMHU TOKA3aTESIMH, COOTBETCTBYOIIUMU HOPMAJIbHOMY Pa3BEPTHIBAHUIO:
Ra = 0,8 MKM, KBaJIUTET TOUHOCTH 9 U TEXHOJIOTMYECKUI TOMYCK HA pazMep 43 MKM
T HOMUHAJIBHBIX TramMeTpoB otBepctuid ot 10 go 18 mMm. Kpome Toro, cBepieHue
MOET 00€CTIeunTh TITyOnHY 1e()EeKTHOTO ITOBEPXHOCTHOTO CJI0S OT 25 10 15 MKM (CcMm.
Taby. 3.1). DTH moKa3are/m KauecTBa IMO3BOJISIOT N30€KaTh TAKMX TEXHOJIOTHYCCKUX
omneparuil, Kak pacCBEPIMBAHNE, YEPHOBOE U YNCTOBOE 3€HKEPOBAHUE U HOPMAJIBHOE
pa3BepThIBaHUE, UTO JAET BO3MOKHOCTh CPa3y MOCIIE CBEPJICHHSI BBITOJIHATh TOYHOE U
TOHKO€ pa3BepThiBaHHWE. (OJHAKO CIpPaBOYHAS JIATEpAaTypa HE NPEIOCTABISIET
uHdopmaiuu 00 yciaoBHUsSX 00paOOTKH CBEpJCHUEM JeTaliel U3 KOHCTPYKIMOHHBIX
YIJIEPOAUCTBIX CTalIe, KOTOPhIE MOTJIM Obl 0OECTIEUUTh TaKKE BBICOKHE MOKAa3aTeln

KadycCTBa OTBCpCTHI;'I.

3.1. Xapakrtep BJMSIHMS TAPaAMETPOB peXKUMa pe3aHHsl Ha

riyOuHy 1eeKTHOr0 MOBEPXHOCTHOIO CJIOS

Ha xadenpe Texnomoruu wmammaoctpoenuss KITY wum. WM. Paszakopa
MPOBE/ICHBl HCCIEAOBAaHUSl BIMSHHUS IapaMETPOB pEXHMa pe3aHus Ha TIyOuHYy
Ne(EeKTHOTO MOBEPXHOCTHOTO CIIOSI OTBEPCTUN TPU CBEPIICHUS KOHCTPYKIIMOHHOM
cranu Ct45 (180HB) ciupaibHBIMU CBEpJaMK U3 ObICTpOpexyIei ctamu P6MS [56,
57,66,73]. Ha pucynke 3.1 mpencraBiieHa MHKPOCTPYKTYpa MOBEPXHOCTHOTO CIIOS

OTBEPCTHUS.

Pucynox 3.1 - ®otorpadusi MUKPOCTPYKTYpPHl TOBEPXHOCTHOTO CIIOS
OTBEPCTHS, T/I€ O - TIyOrHa AeEeKTHOTO MOBEPXHOCTHOTO CJI0SI OTBEPCTHH.
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Pe3ynbTaThl aHamM3a MUKPOCTPYKTYPBI TOBEPXHOCTHOTO CJIOSI OTBEPCTUN TIPH
CBEpPJICHUH CBEpJIaMH HOPMaJIbHOM TouHOCTH Kitacca B [58, 59, 60] npencrarieHs! B

tabmurie 3.2.

Tabmuma 3.2 — I'myOuHa nedEKTHOrO IMOBEPXHOCTHOTO CJIOSL O MPU CBEPICHUH
CBEpJIaMU HOPMaJIbHOM TOYHOCTH Kitacca B

S, mm/06 |0,078(0,1 0,13 |0,16 |0,20 |0,25
V, M/MUuH
0, MKM
2,18 66,66 | 49,66
2,76 58,33 | 56,66 | 55,66
3,45 51,66 | 56,66 | 53,33 | 50,00
4,32 53,33 | 53,33 | 63,33 | 63,33 | 46,66
5,53 50,00 | 43,33 | 53,33 | 50,00 | 58,33 | 53,33

B Tabnuue 3.2 npuBeneHbl cpelHUE 3HAYEHUS TIyOUHBI J1e(EKTHOrO CJosl O,
MOJly4YE€HHBIE B PE3YyJbTaT€ CTATUCTUYECKOW OOpabOTKH pe3yibTaTOB W3MEPEHU.
OnpeneneHue CpeIHUX 3HAYEHUW TIIYOUMHBI Je()EKTHOro CJOS O TMOCPEICTBOM
CTaTUCTHUYECKON 00pabOTKH Pe3ybTaTOB U3MEPEHUM TIyOUHbI Ne(heKTHOTO CI0s O B
COOTBETCTBUH C MPUHSITOMN CXeMO# n3MepeHus (pUcyHok 2.14) mpu cKOpOCTH pe3aHus

V =5,53 m/mMuH nipeacrapiieHo B Tabnuie 3.2.1.

Tabnuna 3.2.1 — Pe3ynbpTaTel n3MepeHuit rryOUHbI AePEKTHOTO CJIOS 0 TIPY CBEPICHUN
CBepJIaMy HOpMaJbHOM TOYHOCTH Kiacca B, V = 5,53 M/MuH

S, MM/00
Hgﬁg;:gm 0078 01| 013] 016] 02| 025
A
1 50,00 | 40,00 | 55,00 | 50,00 | 60,00 50,00
2 50,00 | 40,00 | 55,00 | 50,00 | 60,00 | 50,00
3 50,00 | 50,00 | 50,00 | 50,00 | 55,00 | 60,00
&cp. 50,00 | 43,33 | 53,33 | 50,00 | 58,33 | 53,33
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Bonbiioe oceBoe OueHHE pexyImHUX KPOMOK CBepiia HOPMAJIbHOW TOYHOCTH
kiacca B paBuo 0,3 mm [85,78]. M3 Ttabmuubl 3.2 BUAHO, YTO CBS3b MEKIY
napamMeTpaM pekXuMa pe3aHus W TIyOMHON e(PEeKTHOTO MOBEPXHOCTHOTO CJIOS
OTBEPCTUH SIBHO HE BhIpaxkeHa. [IpuMenenne kordPuiieHTa TMHEHHON KOppesauuu
[lupcoHa TO3BOJIAET OMNPEACIUTh HAJIMYUE UM TECHOTY CBA3M MEXKIY HUMHU.
[TpaBomMouHOCTh TpHUMeEHEHUs kod(dduurenta nuHeHON Koppemsuuu I[lupcona
BO3MOXKHO TIPH YCIIOBUM, UTO paclpelieIeHUe CpaBHUBAEMBIX pE3yJIbTaTOB
UCCIIEIOBAaHUM HOPMAJIBHOE, T.€. MOIUYMHSETCS] 3aKOHY HOPMAaJIbHOTO paclpe/IeCHUs
["aycca [85].

Meroauka NOpOBEPKUM COOTBETCTBUSL pacHpeAciieHUs 3akoHy [aycca s
BBIOOpOK Masioro oobvema (15 < n < 50) ycranosinena B 'OCT 8.736-2011 [55]. B
COOTBETCTBHHM C 3TOH METOAMKOW HOPMAIbHOCTh PACHPEACIICHUSI OMPENEIACTCS C
MOMOIIIBIO0 COCTAaBHOTO KpuTepus (kputepuit 1 u kpurepuii 2) [78]. Ecu xoTs Ob1 oquH
U3 KPUTEPUEB HE BBIMIOIHACTCS, TO PE3yJbTaThl MCCIICIOBAHUN CUHUTAIOTCS HE

COOTBCTCTBYIOIIMMHU HOPMAJIBHOMY.

Kpurepuii 1

Beruncisiercs: otHomerne d UCIOJB3Ys 3aBUCHMOCTH (2.2) u (2.3), KoTOpoe
pasHo 0,7914[78].
Pe3ynpTaThl HMccenoBaHUN MOXKHO CUMTATh PACHpPEICICHHBIMH HOPMAJIbHO,

ecau 0,7304 <0,7914< 0,8768 (Tab:. 2.5) [78].
Kpurepmnii 2
Pe3ynbTaThl Mccien0BaHUN MOXHO CUMTATh MPUHAJJICKAIIUMUA HOPMATLHOMY

pacripeielieHrI0, eciiu He OoJiee OJHOW pa3zHOCTH (Tabu. 2.7) ‘Si —S‘ MIPEB30IILIN
3HaueHue Z,; S. Z,, = 2,33 (tabdn. 2.8), S = 5,75 (2.4), He ogHOTO 3HAYCHUS ‘Bi - S‘

He npeB3ouuu ZppS = 13,3975. MakcuManbHOE 3HaYe€HUE PA3HOCTH ‘Si - 5‘ PaBHO

12,4,
Pacnipenenenne riyOuH 1e€KTHOTO CI0SI MOYKHO CUUTATh HOPMAJIbHBIM.
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st pacdera kod(duIIMEHTa KOPPEISIIHM MEXKIYy CKOPOCTBIO pPe3aHus |
rIyOrnHOM JeeKTHOTO cj10s 3amoiHseTcs Tadbuuma 2.9, kotopas npu nojgade S= 0,25

MM/00 OyJIeT UMETh BU/, MPEACTAaBICHHOM B Tabnuue 3.3.

Tabmuma 3.3 — Jlanabie as pacueta kodhpuimenTa KOppersini MEXITy CKOPOCTBIO
pe3anus u riyouHoi nedextHoro cios npu nojade 0,25 MM/06

N [ & | v | (6:-0)|(6,-8°| V- | WV-0?| (5;-8),-7)
1 |496] 218 | -1,42 | 2,0164 | -1,468 | 2,1550 2,08456
2 |556]| 2,76 | 4,58 | 20,9764 | -0,888 | 0,7885 -4,06704
3 |500] 345 | -1,02 | 1,0404 | -0,198 | 0,0392 0,20196
4 467|432 | -432 | 186624 | 0,672 | 0,4516 -2,90304
5 |532]553| 218 | 47524 | 1,882 | 3,5419 4,10276
Y 47,448 |6,97628 -0,5808

Pacuer koadduimenTa KOppeasuu MPOU3BOIUTCS Mo 3aBUcuMocTd (3.1),

OCHOBAHHOM Ha 3aBUCUMOCTH (2.5)

_ SR
VE(6;-8) X (vi-7)2

(3.1)

Ha ocHoBanuu nanHbix Ta0aunel 3.3 pacuer KoddduuueHta KOppensiuuu

IIPOU3BOJIUTCS C IOMOIIBIO 3aBUCUMOCTH 3.1, B pe3ynbTaTe KOTOPOU UMEEM:

r= 22808 _ 40324
17.913

[Tosrydennsiit o 3aBucuMocTH (3.1) koadduiuenT koppensuuu r = -0,0324 He
SBISICTCS 3HAYMMBIM (Tab1. 2.9).
B Tabnuue 3.4 npeacraBieHbl JaHHbIE Il pacueTa KO3 UIUeHTa KOppeIsuu

MEXIY CKOPOCTBIO pe3aHus U IIyOrHOM aedekTHoro cios npu nojgade S= 0,2 mm/00
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Tabnuua 3.4 — Jlanusie A pacyeta KodpPuiimeHTa KOppeisaiuu MexXI1y CKOPOCThIO

pe3aHus ¥ ri1yOuHou AedexTHoro cios npu nogade 0,2 mm/00

Ne | & | vi [(6:=0)] (8,-8) | i=D) [ W=D [ (8,-8)(vi— 1)
1 |66,7|218|7,06 |49,8436 |-1,468 |2,1550 | -10,36408

2 |56,7276|-294 86436 |-0,888 |0,7885 | 2,61072

3 |533|345|-634 |40,1956 |-0,198 |0,0392 | 1,25532

4 |632432(356 |12,6736 |0,672 | 04516 |2,39232

5 583553 |-1,34 |1,7956 |1882 |35419 |-2,52188

y 114,9476 6,07628 | -6,6276

Ha ocHoBanuu nannbpix Tabmauis! 3.4 pacyet ko3P huiineHTa Koppensuuu

IIPOU3BOIUTCS C MTOMOIIBIO 3aBHCUMOCTH (3.1), B pe3ysibTare KOTOPOH UMEEM:

_ —6,6276
~ 28,318

0,234

[Tosrydennsrii mo 3aBucumoctu (3.1) koaddunment xoppensauuu I = -0,234
HE SIBJIACTCS 3HAYUMBIM (TadJ1. 2.9).
B Tabnuue 3.5 npencraBiieHbl JaHHBIE 11 pacueTa KO3 GUIHUEeHTa KOppeIsIIuu

MEXIy CKOPOCTBIO pe3aHus U MIyOuHoM nedekTHoro cinos npu nogade S= 0,16 Mm/06

Tabmuna 3.5 — JlanHbple ni1a pacdera KodppumeHTa KOPPEISIuu MEXIy CKOPOCTHIO
e3aHust ¥ rIyOuHoM nedextHoro cios npu nojgade 0,16 mm/00

Ne | & | v |(6:=98)|(8,-8)" | WVi=V)| WVi=W)* | (6;=8)Vi—T)
1 [58,3] 2,76 |1,2 1,44 -1,255 | 1,575025 | -1,506

2 |56,7| 3,45 |-04 0,16 -0,565 |0,319225 | 0,226

3 |63,3| 4,32 |6,2 38,44 0,305 0,093025 | 1,891

4 150,1| 553 |-7,0 49 1,515 2,295225 | -10,605

Z 89,04 4,2825 -9,994

Ha ocHoBanuu naHHbIX TaOIUIBI 3.5 pacyeT ko3P PueHTa Koppensiuuu

IPOM3BOIUTCS ¢ IOMOIIBIO 3aBUCUMOCTH (3.1), B pe3ysIbTare KOTOPOH HMEEM:
_—9,994 _
19,527

-0,512
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SIBIIICTCS 3HAYMMBIM (Tab1. 2.9).

[Tonyuennsiit mo 3aBucumoct (3.1) koaddunuent koppensuuu r = -0,512 ne

B TabGnune 3.6 npuBeaeHb! JaHHBIC IS pacueTa KoddduirenTa Koppemsiuu

MeXIy nojadel U rryOruHoM 1eeKTHOTO CII0sl Ha CKOPOCTH Pe3aHus

V = 15,53 m/MuH

Tabnuna 3.6 — Jlanusie Ay pacyeta KodpuUIMeHTa KOPPESAIUN MEXIy Moaade u
IyOMHOM Te(hEKTHOTO CIIOSl Ha CKOpOCTH pe3anus V = 5,53 m/MuH

Ne O; S; | (6;-9) (8; - 8)2 Si=95) | Si=5?% | (6;-6)(Si—9)
1 |50,0(0,078|-1,35 1,8225 | -0,075 | 0,005625 0,10125
2 [433] 0,1 -8,05 |64,8025 | -0,053 |0,002809 0,42665
3 1532 0,13 1,85 3,4225 | -0,023 | 0,000529 -0,04255
4 150,1| 0,16 | -1,25 1,5625 | 0,007 | 0,000049 -0,00875
5 583|020 | 6,95 | 48,3025 | 0,047 |0,002209 0,32665
6 [53,2] 0,25 1,85 3,4225 | 0,097 |0,009409 0,17945
). 123,335 0,02063 0,9827
Koaddurment xoppensiiuu onpenensiercs mo Gopmyiie
2(8-8)(si-5) a2

= — — .
VY(6;-6)" X(5;-5)?
Ha ocHoBanuu nannpix Ta0auilst 3.6 pacyeT ko3P duiineHTa Koppensiuu

MPOM3BOJIUTCS C IOMOIIBIO 3aBUCUMOCTH (3.2), B pe3yjIbTaTe KOTOPOH HMEEM:

0,9827
r= =0,616
1,595

[Tonyuennsrnii mo 3aBucuMocTH (3.2) koaddunuent koppemsuu I = 0,616 He
SIBIIACTCS 3HAYMMBIM (Ta01. 2.9).

B Tabnune 3.7 nmpuBeneHbl JTaHHBIC I pacuera KodhPUIMmeHTa Koppersiaun
MEXKly TIoj1auei v riryOuHOM 1ePEKTHOrO CJIOS Ha CKOPOCTU pe3aHus

V =4, 32 M/MuH
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Tabnuna 3.7 — Jlanuble ais pacdeTta KodhUIueHTa KOPPEIsuyl MexIy Mmojgadei u

rIyOMHOM Je(heKTHOTO ¢JIosl Ha CKopocTH pe3anus V = 4,32 m/MuH

Ne | & | Si [(6:=0)|(6,-8)" | Gi=9) | (Si=5 | (6:=8)(Si—9)
1 |531|01 -28 7,84 -0,068 | 0,004624 | 0,1904

2 153,2(0,13 |-2,7 7,29 -0,038 |0,001444 | 0,1026

3 1633(0,16|74 54,76 -0,008 | 0,000064 | -0,0592

4 163,2/0,20 7,3 53,39 0,032 0,001024 | 0,2336

5 [46,70,25|-9,2 84,64 0,082 |0,006724 | -0,7544

). 207,82 0,01388 |-0,287

Ha ocHoBanum naHHbix Tabmuipl 3.7 pacder KodduimeHta KOppeisiuu

MIPOU3BOJIUTCS C TIOMOIIBIO 3aBUCUMOCTH (3.2), B pe3yJibTaTe KOTOPOU UMEEM:

—0,287
r= =-0,168
1,6985

[Tomyuennsrii o 3aBucumoctu (3.2) kodddumuent koppemsuu I = -0,168 ne
SIBIIIETCS 3HAYMMBIM (Taoum. 2.9).
B Tabnuue 3.8 nmpuBeneHsl qaHHBIE I pacyeTa KOdh UIIMEHTa KOPPETSIuu

MEXly rojlaueid U rIyOuHOM Ae(eKTHOTO CJI0sl Ha CKOpoCTH pe3anus V = 3,45 M/MuH.

Tabnuna 3.8 — Jlannsie Ay pacyeta KodpGUIIMEHTa KOPPEISAIUH MEXIY MoAade u
rIIyOMHOU 1e(heKTHOTO CI0sl HAa CKOPOCTH pe3anus V = 3,45 m/MuH

Ne | 6 Si [ (6i=8)| (6;=8) | Gi=5 | Si=H | (6:=8)(Si—9)
1 |515 0,13 |-1,375 |1,890625 |-0,055 |0,003025 |0,075625

2 |56,7 0,16 | 3,825 14,630625 | -0,025 | 0,000625 | -0,095625

3 (533 0,20 | 0,475 |0,225625 |0,015 |0,000225 |0,007125

4 50,0 0,25 |-2,825 |7,980625 |0,065 |0,004225 |-0,183625

), 152,8750,185 24,7275 0,0081 -0,1965

Ha ocHoBanum nanHbix Tabnuipl 3.8 pacder kKoddduuueHta Koppensuuu

MPOU3BOJIUTCS C TIOMOILBIO 3aBUCUMOCTH (3.2), B pe3yJibTaTe KOTOPOU UMEEM:
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—0,1965
r=——2=.0439
0,3095

[Tonydennslit o 3aBucuMocTtH (3.2) koadgdunreHT koppensaiuu I = - 0,439 He
SIBJIIETCS 3HAYMMBIM (Taou. 2.9).

B Tabmumne 3.9 mpuBeneHsl pe3yNbTaThl TPOBEPKH KOPPEISAIUU MEKITY
napamMeTpaM peXuMa Pe3aHus W TIIYOMHOW Ie(eKTHOTO IMOBEPXHOCTHOTO CIIOS
OTBEpCTHH, 00paOOTaHHBIX CBEpJIaMA HOPMAJIbHOM TOYHOCTH Kjacca B, mmeBmmx

0oJBII0€ OCEBOE OMEHHE PEXKYIIUX KPOMOK 0,3 MM.

Tabmuua 3.9 - Koppemauus Mexay mnapamMeTpaMyd peXuma pe3aHuss U TIIyOHMHOU
Ne(EKTHOTO IOBEPXHOCTHOIO  CJIOSL  OTBEPCTHM, 00pabOTaHHBIX  CBEpJIaMH
HOPMAaJbHOM TOYHOCTH Kiacca B

S, cBs3p V-0 V, CBsI3b S-0
MM/00 r M/MHH r
0,16 -0,512 HE 3HAYUM 3,45 -0,439 HE 3HAYUM
0,2 -0,234 HE 3HAYUM 4,32 -0,168 HE 3HAYUM
0,25 -0,032 HE 3HAYUM 5,53 0,616 HE 3HAYUM

N3 tabmuier 3.9 criemyet, 4TO CBSI3b MEXIY NapaMeTpamu peKUMa pe3aHus u
rIIyOUHON J1e(EeKTHOrO MOBEPXHOCTHOTO CJIOSl OTBEPCTUH, 00paOOTaHHBIX CBEPJIAMHU
HOpMaJIbHOM TOYHOCTH Ki1acca B, koTopble nMenu 60JbII0e 0ceBOE OMEHUE PEXYIINX
kpomok 0,3 MM, He 3HaunMas [Tabnuma XIlI, 65].

AHaJOTMYHO MPOBEACH KOPPEIALUOHHBIN aHaIN3 Pe3yJIbTaTOB UCCIIEOBAHUM,
npeacTaBiieHHbIX B Ta0mune 3.10.

B ta6muue 3.10 npuBeneHsl cpeHre 3HAYEHUS TIIyOUHBI 1e(EKTHOTO Cos O
OTBEPCTHI MpU CBEPJIICHUU CBEpJIaMd MOBBIIIEHHOW TOYHOCTH kiacca Al ¢
JBYXIVIOCKOCTHOM 3aTOYKOM pEeXylled dYacTH, KOTOpble HMEIM OCEBOE OHEeHHE

pexymx kpoMok 0,06 M.
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Tabmuma 3.10 - T'myObuna nedexkTHOro MOBEPXHOCTHOTO CJIOSA O TPU CBEPJICHUU
CBEpJIAMH MOBBILIEHHOW TOYHOCTH Ki1acca A/

S, MM/00 0,078 0,1 {0,213 |0,16 |0,20 |0,25
V, M/MuH
0, MKM

2,18 25,0 | 25,0
2,76 22,301 23,0 |22,30
3,45 16,00 | 21,30 | 21,00 | 22,60
4,32 15,30 | 18,60 | 19,00 | 19,7 | 21,00
5,53 13,33 | 15,00 | 18,00 | 18,67 | 19,00 | 19,33

Onpenenenre CpelHUX 3HAUEHUN TITyOMHBI JE€(PEKTHOrO CIIOSl 0 MOCPEACTBOM
CTaTUCTHUYECKON 00pabOTKH Pe3yIbTaTOB U3MEPEHUM IIyOUHbI 1e(hEKTHOrO CI0S O B
COOTBETCTBUH C MPUHSITOMN CXeMOU n3MepeHus (pUCyHOK 2.14) mpu cKOPOCTH pe3aHus

V =5,53 m/MuH npeacrasiedo B Tabnuie 3.10.1.

Tabmuna 3.10.1 — Pe3ynbrarhl u3MepeHuil riyOuHbI 1e()EKTHOTO MOBEPXHOCTHOIO
CJIOSI 0 IPU CBEPJICHUM CBEpJIaMu MOBBIIIIEHHON TouHOCTH Kitacca Al, V = 5,53 m/MuH

S, MM/00
Hgﬁ(e);::m 0078] 01 0,135 016] 02| 025
1 20,00] 17,00] 17,00] 18,00] 20,00] 20,00
2 1000 | 13,00| 17,00| 17,00 18,00 19,00
3 10,00 | 15,00 | 20,00| 21,00| 19,00 19,00
sep. 13.33| 15,00| 18,00| 18,67 | 19,00| 19.33

Kak BugHo n3 Tabmmibl 3.10 ckopocTh pe3aHus U Mmojaaya BIUSIOT Ha TITyOuHY
Ne(EeKTHOTO MOBEPXHOCTHOTO €0 d oTBepcTuid. OrmpeneneHUe CTENEHH TaKoTro
BJIMSIHUSA NTPOBEACHO € MTOMOILBIO KOPPEISUOHHOTO aHAIIN3A.

B Ttabmune 3.11 mpeacraBieHbl pe3ynbTaTbl MPOBEPKU KOPPEISLUU MEKIY
napaMeTpamMH pexuma pe3aHusi U riIyOMHOW Ne(eKTHOTO MOBEPXHOCTHOTO CIIOS O

OTBepCcTUl, O0OpabOTaHHBIX CBEpjaMU TMOBBIILIEHHONM TOYHOCTH Kiacca Al ¢
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JBYXIJIOCKOCTHOM 3aTOYKOM pEeXyIlIel 4acTH, UMEIOIIMX OCEBOEC OMEHHUE PEeXKYIIUX

KpoMok He 6osee 0,06 MM.

Tabnmuua 3.11 - Koppensinusa Mexay napameTrpamu peXuma pe3aHus U TIIyOHMHOU
ne(eKTHOTO  MOBEPXHOCTHOTO  CIOSI  OTBEPCTUM, O0OpabOTaHHBIX  CBEpJIAMHU
MOBBIIEHHON TOYHOCTH Kjiacca Al ¢ ABYXIIZIOCKOCTHOM 3aTOUYKOM PEXKYILIEH YaCTH

S, cBs3bp V-0 V, M/MuH CBs3b S-0
MM/00 r r
0,16 -0,944 3HAYUM 3,45 0,8215 HE 3HAYUM
0,2 -0,949 3HAYHM 4,32 0,890 3HAYUM
0,25 -0,946 3HAYHM 5,53 0,876 3HAYUM

N3 tabmumpt 3.11 caemyet, uTo mpu paboTe CBepIaMH MOBBIIIEHHON TOYHOCTH
kiacca Al ¢ ABYXIUIOCKOCTHOM 3aTOYKOW 3aJHUX MOBEPXHOCTEH, UMEIOIIUX OCEBOE
ouneHne pexymux kKpomok He Oosyee 0,06 MM, mMeeT MECTO 3HAYMMAsT CBS3b MEXKIY
CKOPOCTBIO pe3aHusi U IIyOHMHOU Je(hEeKTHOTrO MOBEPXHOCTHOTO CJIOSI OTBEPCTHM Ha
nogavyax 0,16, 0,2 u 0,25 MM/00. 3HaumMas CBsI3b MEXAYy IMojayed W TITyOMHOMH
Ne(PEeKTHOr0 MOBEPXHOCTHOIO CIIOSI OTBEPCTUM HMMEET MECTO JIMIb Ha CKOPOCTAX
pezanus 4,32 u 5,53 m/muH. CBs3p MexAy mNoaaded W DIIyOMHOM nedeKTHOro
MOBEPXHOCTHOT'O CJIOSl OTBEPCTHIl HA CKOpPOCTU pe3aHus 3,45 M/MUH HE 3HAUMMAas
[Ta6muma XII, 65].

Kosddumment koppensiiiuu - craTUCTUYECKas Mepa HaJu4us U 3HAYUMOCTH
CBSI3U MEXIY JBYMsI CIy4allHBIMH TEPEMEHHBIMU, TOKa3bIBAIOIINM, SBHO
BBIPAKCHHYIO TEHACHUHUIO K HW3MEHEHUIO OJHOW CIy4alHOW IIEPEMEHHOU IIpU
M3MEHEHHUH JPYTOH, T.€. HAIMYKNE 3aBUCUMOCTH CITyYaHBIX IEPEMEHHBIX BEJIMUYHH, HO
HE BUJI 9TOM 3aBUCUMOCTH [61].

Bun 3aBucumocteil riyOuHBI  Je(EKTHOTO IMOBEPXHOCTHOTO CJIOSL  OT
napaMeTpoB peXUMa pe3aHus MPU CBEPJIICHUH CBEpJaMU IMOBBIIICHHOW TOYHOCTH

kiacca Al nmpencrasneH Ha pucyHkax 3.2 u 3.3.
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Pucynoxk 3.2 - 3aBUCUMOCTb TITyOUHBI J16(EKTHOTO MOBEPXHOCTHOTO CIIOSI OT
CKOPOCTHU PE€3aHUs MPU CBEPJICHUU CBEPJIaMH MOBBIIIEHHON TOYHOCTH Kiacca Al: 1 —
nogada 0,2 Mmm/00, 2 — 0,25 MmM/00.
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Pucynok 3.3 - 3aBUCHMOCTb TTyOHHBI 1e(DEKTHOTO TOBEPXHOCTHOTO CIOS OT
M0J1a4yM TP CBEPICHUH CBEPJIaMH MOBBIMIEHHOW TOYHOCTH Kiacca Al, 1 -V = 4,32
M/MuH, 2 - V = 5,53 m/MuH.

Ha npexacraBineHHBIX pUCYHKaX HaAOMIOJAETCS] yMEHBIICHHE TIIyOWHBI
ne(hEeKTHOTO TOBEPXHOCTHOTO CJIOSI OTBEPCTHM C YBEIWYECHHUEM CKOPOCTH PE3aHUS
(pucyHok 3.2) 1 yBeIU4eHHE TITyOUHBI Ae(PEKTHOrO MOBEPXHOCTHOTO CJIOSI OTBEPCTHI
¢ yBenauueHueM nojaun (pucyHok 3.3). B pabote [62] pe3yabTaThl MCCIIeIOBaHHIA

BIIUSIHUS CKOPOCTH PE€3aHMsl Ha Pa30MBKY MPOCBEPJICHHBIX OTBEPCTUM MpU padoTe
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CBEpJIAMHM MOBBIIIEHHOW TOYHOCTH Kiacca Al paznuyarorcs. [lokazano, uro pa3ouBka
OTBEPCTUN C YBEIWYECHUEM CKOPOCTH PE3aHMs YBEITUYMBAETCS, YTO CIOCOOCTBYET
YMEHBIIIEHUIO BEJIMYMHBI KOHTaKTa JIGHTOUYEK CO CTEeHKaMHu o0OpabaThiBaeMOro
OTBEPCTUS U COOTBETCTBYIOIIUM YMEHBIIEHUEM BEJIMYMHBI KPYTSIIET0 MOMEHTa OT
TPEHHs JICHTOUYEK. DTUM MOXKHO OOBSICHUTH YMEHBILICHHE TIyOWHBI JePEKTHOTO
MIOBEPXHOCTHOTO CJIOSI OTBEPCTHIA C YBEIIMYCHUEM CKOPOCTH Pe3aHus (PUCYHOK 3.2).
[Tomaua umeeT npsiMoe U CyIIECTBEHHOE BIUSHUE Ha CUJIBI pe3aHus [63], mosToMy c
yBEJIMUEHUEM TMOJaud TIIyOnHa JedEeKTHOTO MOBEPXHOCTHOT'O CIIOSI BO3pPACTaeT
(pucyHok 3.3).

AHanu3 pe3yJbTaTOB UCCIIEI0BaHUM, MPEACTABICHHBIN BBIIIE MOKA3bIBAET, YTO
IIPU CBEPJIEHUU CBEPJAMH IOBBIIIEHHONW TOYHOCTH Kiacca Al ¢ IBYXIIOCKOCTHOM
3aTOYKOW 3aJHUX MOBEPXHOCTEM Ha BCEX CKOPOCTIX pEe3aHus U Iojayax rIyOHHa
ne(EeKTHOTO TMOBEPXHOCTHOTO CJIOS HE MPEBBIMAET 25 MKM, YTO COOTBETCTBYET
TpeOOBaHUAM, TMPEABABIAEMBIX K KadeCTBY TIOBEPXHOCTH OTBEPCTUH TOCHE
HOpMaJIbHOTO pa3BepThiBanus [51,57]. DTuM 000CHOBBIBa€TCS BO3MOYKHOCTD
3HAYUTENFHOTO CHWXCHHSI TPYIAOEMKOCTH O0OpabOTKHM JAeTajgeil ¢ OTBEpCTUAMHU
BBICOKOM TOYHOCTH IYTEM HCKIIIOUEHHS U3 OIepanuu UxX oOpabOTKU MOCIEAYIOIINX
TEXHOJOTHUECKHX MEPEXO0I0B: paCCBEPIMBaHNE, YEPHOBOE U YCTOBOE 3€HKEPOBAHHE,

HOpPMAaJIbHOE Pa3BEPTHIBAHUE.

3.2. Onpeaejienne KOI(P(PUIHEHTOB perpeccud 3aBUCHUMOCTEN
rJ1yOMHBI 1e()eKTHOT0 MOBEPXHOCTHOIO CJIOSI OT MAPAMETPOB PeKUMA

pe3aHus

Kpussbie rpaduxoB pucyHok 3.2 u pucyHok 3.3 SIBISIFOTCS CTATUCTHYECKUMU
3aBUCHMOCTSIMU, TOJTYYECHHBIMH YCPEIHEHUEM HECKOJIBKMX HM3MEPEHHU B KaXIOu
TOYKE, MO3TOMY AaNIpPOKCUMALMSA OTHUX 3aBUCHMOCTEW IPOBOAWIACH METOIOM
HaUMEHBIIUX KBajapaToB. Ormnpenensuiuch KO3(PPHUIMEHTbl perpeccurd  Tpex
CTATUCTUYECKUX 3aBUCHUMOCTEN: MPSAMOMW, CTENIEHHOM M SKCHOHEHUHAJIBHOW. 3aTeM

paccUMThHIBANICA KOADDUIIMEHT KOpPEeISIUM  KaXJAOW U3 HUX, WU METOAOM
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CPaBHUTCJIBHOIO aHaJIM3a OIlpeaAcidlaCb 3aBUCHUMOCTDb HanoOoIce aJICKBaTHaA

pe3ylibTaTaM HCCHCI[OB&HHﬁ.

3.2.1. Onpenesienue KOI(P(PUUMEHTOB perpeccu 3aBUCHUMOCTEN IIyOMHBI
ne¢eKTHOr0 MOBEPXHOCTHOTO CJIOS OT MOJAYM
JIuHeHHas 3aBUCUMOCThH

3anonasgercsa Tadmuna 3.12 auHelHON 3aBUCUMOCTH

Ta6muna 3.12 — Jlanabie 17151 pacyeTa KodOPHUIIUEHTOB perpeccuu JTMHEHHOM
3aBHCHMOCTH MpHU CKOpocTH pe3anust V = 4,32 m/MuH

N | &, S: 572 S 5:Si | 8;+Si | (5; +S)?
11530 |01 | 23409 | 00l | 1,53 | 154 237,16
2 118,60 |0,13 | 34596 | 0,0169 | 2,418 | 18,73 | 350,8129
3 (19,00 |0,16 361 | 0,0256 | 3,04 | 19,16 | 367,1056
41197 |0,20 | 386,5156 | 0,04 | 3,932 | 16,86 | 284,2596
5

)y

21,00 |0,25 441 0,0625 | 5,25 21,25 | 251,5625
93,56 | 0,84 |1770,5612 | 0,155 | 16,17 1690,9006

TouHOCTBH pacueToB mpoBepseTcs o Gopmye:
2(6; +S)?=2S#+238,Si + 2 65;°=
= 0,155+ 31,14 + 1659,6056=1690,9006
KoadduimenTs! ypaBHEHUs perpeccun onpeaestoTes mo Gopmysiam [57]:

_ n35;8;-35;58; _ 516,17 —0,8493,56

nISF—(35;)2 "~ 5.0,155—(0,84)2 = 32,56

_ 28i=bS; _ (9356-3256:084) _ 14 5y

n 5

JInneiinas 3aBUCUMOCTDb UMEET BUJL:
6 = 13,24 + 32,568S.

JIns1 MpOBEPKU JIMHEMHOCTH MOJIYYEHHON 3aBUCUMOCTH ONPEAEISAETCS
KO3 GUIUEHT Koppesiuu 1o dpopmyite [57]:
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_ ’nZSf—(ZSi)Z _ _ 5:0,155—(0,84)2  _
r=> nY, 867-(X 6;)2 = 32,56 \/5-1770,5612—(93,56)2 =086

CreneHHass 3aBUCHMMOCTD
3anonagerca Tadbaumna 3.13.

Ta6muna 3.13 — JlanHabie 17151 pacdyeTa Kod)PUIIUEHTOB PErPeCcCHUU CTEIICHHOM
3aBUCUMOCTH MPU CKOpocTH pe3anus V = 4,32 m/MuH

Ne| Iné; InS; (Ing;)? (InS;)? Ing;InS; Ing; + | (Ing; +In S;)?
InS;

112,73 -2,3 7,4529 2,29 -6,279 0,43 0,1849

2 2,92 -2,04 8,5264 4,1616 -5,9568 0,88 0,7644

3 12,944 -1,83 8,964036 3,3489 -5,38752 1,114 | 1,240996

4 |2,9786 -1,61 8,87205796 2,5921 -4,795546 1,17 1,3689

5 |3,0445 -1,386 | 9,26898025 1,920996 | -4,219677 1,6585 | 2,75062225

> 1146171 |-9,166 |42,78746421 | 17,313596 | -26,638543 6,31981825

TouHOCTB pacueToB IpoBepseTcs 1Mo GopMmyJie:
2né;+InS;)? = 3{InS;)?+221In6;InSi+ 2(Iné;)? = 17,313596- 2-26,318797+
42,78746421= 6,31981825

KoadduimenTsl ypaBHEHUSI PErpecCUM CTENEHHON 3aBUCUMOCTH

OTIPEIEIISIIOTCS 110 (hopMyJIam:

p = n2InS;iné;—2InsS;2Iné; _ —5'26,638543+9,166:14,6171 _ 0.3086
 nAnS?P-(JnxS;)?  517,313596—(-9,166)2
JIng;—b3InS;  14,6171+0,3086:9,166
Ina = - t = = 3,489, a=32,7532.

n 5

CreneHHas 3aBUCUMOCTh UMEET BHI:
& =32,7532-50:3086

Koaddumument xoppensiuu onpenensercs mo GopMmyie:
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5:17,313596—(—9,166)2
5-42,78746421—(14,6171)2

=0,936.

= \/nZlnSiz—(Z InS;)2

ny ns?— (% Ins;)? = 0,3086- \/

BKCHOHCHHI/IaJH)Haﬂ 3aBUCUMOCTD

3anonHasaercsa Tadnuna 3.14.

Ta6nuna 3.14 — Jlanublie a1 pacdeta Ko3(pGUIIMEHTOB PErpecCUuy SKCIIOHCHIIMATBHOM
3aBUCUMOCTH MPU CKOpOocTH pe3anus V = 4,32 m/MuH

NelIng: [Si | (Ingi)? S2 IN&Si | In&; +S;i | (In§i+ SY?
1 (2,73 |01 |7,4529 001 |0273 [283 |8,0089

2 (2,92 [0,13|8,5264 0,0169 |0,3796 |3,05 |9,3025

3 2,944 [0,16|8,964036 | 0,0256 | 0,47104 | 3,104 |9,634816

4 |2,9786 |0,20|8,87205796 | 0,04 | 0,59572 |2,98 |8,8804

5 |3,0445 |0,25)9,26898025 | 0,0625 | 0,761125 | 3,2945 | 10,85373025
Y | 14,6171 | 0,84 | 42,78747421 | 0,155 | 2,480485 46,68034625

TouHOCTH pacueToB npoBepsieTcs 1Mo GopMyie:
2{nd +S;)? = X §2+23 Silnsi+X. Indi? = 0,155 + 2:2,440765+ 41,64381625 =
46,68034625
Koaddurments ypaBHEeHUST perpeccuu IKCIIOHEHITMATBHOM 3aBUCUMOCTH

OmpeNeNaoTes Mo GopMyiam:

n3SIng;—35;3Iné; _ 52,480485-0,84-14,6171
n3s?-(3s)2 5-0,155—(0,84)2

b = =1,7876,

_ 2In&;—b3s; _ 14,6171-17876-084 _ 26231, a=13778.

n 5

Ina

9KCHOHCHL{I/IaﬂbHaH 3aBUCUMOCTb UMECT BUA:
§ = 13,778-€17578

Koaddumment xoppensiuu onpenensiercs mo GopMmyie:

— ”255—(2 Si)z _ . 5'0,155—(0,84-)2 a
T b\/”Zln5iz—(Z ns;? 1,7876 \/5-42,78747421—(14,6171)2' =0,89.
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3.2.2 Onpenenenne KOIPPUUMEHTOB perpeccuu 3aBUCUMOCTE TJ1yONHBI
ne(eKTHOr0 MOBEPXHOCTHOIO CJIOSA OT CKOPOCTH Pe3aHus

JIuHeilHAA 3aBHCHUMOCTDH

3anonHasgercsa Tadmuna 3.15.

Tabnuma 3.15 — Jlannblie 17 pacyeta K03 (OUIIMEHTOB perpeccuu JIMHEHHON

3aBUCUMOCTH Mpu nojaye S = 0,2 Mm/00
Ne 0i Vi 5i2 Vi2 oiVi oi+V,; (6i + Vi)2

1| 2500 | 2,18 625 4,7524 54,5 27,18 | 738,7524
2 | 230 2,76 529 7,6176 63,48 25,76 | 663,5776
3] 21,00 | 3,45 441 11,9025 | 72,45 24,45 | 597,8025
4 | 19,7 4,32 | 386,5156 | 18,6624 | 84,9312 | 20,98 | 440,1604
S)
2

18,9 5,53 | 358,3449 | 30,5809 | 104,6829 | 24,46 | 598,2916
107,59 | 18,24 | 2339,8605 | 73,5158 | 380,0441 | 122,86 | 3038,4845

TouHOCTH pacyeToB MPOBEPsACTCs MO Gopmyie:
Z((Si + Vi)2 = Z'Vi2 + 22V + 2&2 =73,5158 +2:367,0841 + 2230,9005
= 3038,4845.

KoadduimenTsl ypaBHEHUSI perpeccuu ONpeaeitoTces Mo GopMyiam:

p = nlV;6;-3V;28; _ 5-380,0441-18,24-107,59
T nIVA-(OVp? ~ 573,5158—(18,24)2

= -1,7838,

_ 28;-b2V; _ ¥107,59+1.7838-18,24
- n - 5

= 28,0253.

JIuHeliHas 3aBUCUMOCTb UMEET BU/L:
6 = 28,0253-1,7838V
JIns1 IpOBEPKU JIMHENHOCTH NIOJIYYEHHON 3aBUCUMOCTH ONPEAEIAETCS

Kod(puIeHT Koppesuu no Gopmyie:

_ fnZ Vi-(RVi)? _ | _5735158-(1824)2  _
r=b ny 6?—(X6)% 1,7838 \/5-2339,8605—(107,59)2 =0.9.
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CreneHHas 3aBUCUMOCTD

3anonusercsa Tadauna 3.16

Tabmuma 3.16 - Jlanubie ams pacdera Kod)PHUITUEHTOB perpecCHy CTETICHHON

3aBHCUMOCTH Mpu nogave S = 0,2 Mm/00

Ne | Ih§; InVi | (Ind;)? (InVi)?2 | In&ilnV; Ing; + | (In5;
InVi | +InV;)?

1 13,219 0,779 | 10,361961 0,606841 | 2,507601 3,998 | 15,984004
2 3,135 1,015 | 9,828225 1,030225 | 3,182025 4,15 | 17,2225

3 |3,044 1,238 | 9,265936 1,532644 | 3,768472 4,282 |18,335524
4 12,9786 |1,643]|8,87205796 |2,699449 | 4,8938398 |4,456 |19,855936
5 2,941 1,71 | 8,649481 2,9241 5,02911 4,651 | 21,631801
> 15,3176 | 6,385 | 46,97766096 | 8,793259 | 19,3810478 93,029765

To4HOCTB pacueToB npoBepsAeTcs 1Mo GopMyie:
> (Ingi+InVy)2=2(InV;)2+2X InVilnsi+X(In8;)*= 8,793259 + 2-19,108967 + 46,018572
= 93,029765.
KoaddurmenTs ypaBHeHUSI perpeccuu CTENEHHOM 3aBUCUMOCTH

OnpeeNaoTes 1o GopMyiam:

_ n2nviné;-Inv;JIns; _ 5:19,3810478 —6,385:15,3176

b n2InVZ—(Jnxv;)? 5-8,793259—(6,385)2 = ~0,3081,
Ins;—bInV; 5,152+0,3756,385
lna=znlnﬂnl=1 e = 35093, a = 31,3761.

CreneHnas 3aBUCUMOCTb MMEET BHI:
§ =31,3761V 0308

Koaddumment xoppensiuu onpenensiercs mo GopMmyie:

5-8,793259—(6,385)2
5:46,97766096—(15,3176)2

=0,99.

- \/nZ InvVZ—(Z Inv;)?

nY Iné?—(X Ins;)? - 0'3081\/
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3KCHOHCHIII/Ia.]IbHaH 3aBHCHUMOCTDH

3anonusercsa Tabauna 3.17

Tabnuna 3.17 - Jlanusie a1 pacyeTa Ko3((HUIMEHTOB PErpeccun HKCIIOHCHIINATBLHON
3aBUCUMOCTH 1ipu nogaude S = (0,2 Mmm/00

Ne | Ing; Vi (Ing;)? Vi? NSV Ing; + | (In&; +V)?
Vi
1 (3,219 2,18 | 10,361961 4,7524 | 7,01742 5,399 29,149201
2 13,135 2,76 |9,828225 7,6176 |8,6526 5,895 34,751025
3 (3,044 3,45 | 9,265936 11,9025 | 10,5018 6,494 42,172036
4 12,813 4,32 | 7,912969 18,6624 | 12,867552 | 7,133 50,879689
5 [2,941 5,53 |8,649481 30,5809 | 16,26373 | 8,471 71,757841
> 115,3176 | 18,24 | 46,97766096 | 73,5158 | 55,303102 228,709792

TouHOCTH pacueToB NpoBepsieTcs 1Mo GopMyie:
2Undi+Vi)? = ZJVi#+23Vilngi+ 2Inéi? = 73,5158 + 2-54,58771 + 46,018572 =
228,709792.
Koaddurments ypaBHEeHUST perpeccuu IKCIIOHEHITUATBHOM 3aBUCUMOCTH

onpenensercs o GopmyJsiam:

_ nXVIn§;-3V3Ins; _ 5:55,303102-18,24-15,3176

b nIVZ-(IV)? 5-73,5158—(18,24)2

=-0,0825,

_ 2Iné;—blV; _ 15,3176+0,0825-18,24 = 3.387904, a = 28,966.

n 5

Ina

DKCIIOHEHIIMAIbHASA 3aBUCUMOCTh UMEET BU/I:
& = 28,966-¢ 00825V

Koaddumment xoppensiuu onpenensiercs mo GopMmyie:

_ nyVi-Evp?2 _ 5-73,5158—(18,24)2  _
T b\/"zl"‘siz—(Z In8;)? 0,0825 \/5-46,97766096—(15,3176)2 = 0,95,
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AHAIIOTUYHO OmpenesitoTes Ko3()PUIMEHTH perpeccuu  CTaTUCTUYECKUX
3aBUCUMOCTEH TITyOUHBI 1e()eKTHOTO MOBEPXHOCTHOTO CJIOS OT MOJa4H Ha CKOPOCTH
pe3zanust 5,53 M/MUH U TIyOWHBI JAeEKTHOTO TMOBEPXHOCTHOTO CIIOSi OT CKOPOCTH
pe3anust Ha momade 0,25 mm/06. Pesynprarel anmpokcumanuu rpaduuecKux
3aBHCHMOCTEH, MpEACTaBICHHBIX Ha pucyHKe 3.2 W pHCyHKe 3.3 MpeACTaBlCHBI B

tabnuie 3.18 u Tabmune 3.19.

Tabnuna 3.18 - Pe3ynbTaThl anmpoKCUMAIlUU 3aBUCUMOCTEH TITyOMHBI AE(PEKTHOTO
TIOBEPXHOCTHOTO CJIOS OT TIO/Ia4H

Ne m/m | Ha ckopoctu pe3anust | r Ne Ha cxopoctu pesanus | r

V =432 m/Mmuna /1 V =5,53 m/Mmun
1 o = 13,24 + 32,565/0,86 |4 o =123 + 31,735 |0,85
2 § = 32,75325%3086 1094 |5 J = 31,36503134 0,92
3 5 = 13,778e17876° 0,89 |6 J = 12,647e193>¢ 10,84

Tabnuma 3.19 - Pe3ynbraThl anmpoKCHMaIlMU 3aBUCUMOCTEN TIyOHHBI AEPEKTHOTO
IOBEPXHOCTHOTO CJIOSI OT CKOPOCTH PE3aHUS

No Ha nonaue r No | Ha momgaue r
m/n | S=0,2 mM/00 /o | S=0,25 mM/00

1 6 = 28,025—-1,784V | 0,95 |4 6 = 27,78 —1,59V |0,95
2 5 =31,376117°3081 1099 |5 | & = 29467719233 0,92
3 & = 28,966e~0082V 10,95 |6 & = 28,62e7%073>7 10,96

3.3. IlocTpoeHune IMNMPUYECKOH MOIETH 3aBUCUMOCTH TJIYOUHBI
e eKTHOro MOBEPXHOCTHOIO CJI0SI OTBEPCTHUI 0T MAPAMETPOB peKUMA
pe3aHus

AnmpokcuManus pe3yiabTaToB HMCCICAOBAHUIN BIUSHUS MapaMETPOB PEKUMa
pe3aHus Ha TIyOuHY J1e(heKTHOrO MOBEPXHOCTHOTO CJIOSI MPOCBEPICHHBIX OTBEPCTHIH,
NPEACTABICHHBIX Ha pHUCYHKE 3.2 M pucyHKe 3.3, TMO3BOJIAJIA ONPEIEIUThH

KO3(PUIIMEHTBI PEerpeccur TPEX CTATUCTUYECKUX 3aBUCUMOCTEH JJIS COYCTaHUS
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CKOpPOCTEH pe3aHusi W ToAad, MoKa3aHHbIX B Tabmune 3.24 u Tabnune 3.25.
CpaBHUTENBHBIN aHaNMM3 KOA(D(PUIIMEHTOB KOppesuu ToKazall, 4To Hauboiiee
aJICKBaTHBIMU pe3yJIbTaTaM HMCCIICIOBAHUN SIBIISIOTCS CTETICHHBIE 3aBUCHUMOCTH N2
tabmuie 3.24 (r = 0,94) u Ne3 tadnuie 3.25 (r = 0,99), KoTopbIe ClieyeT UCIIOJIb30BaTh
JUIS TIOJTy4€HUs 00001EHHON SMITUPUYECKON 3aBUCUMOCTH.

VYKkazaHHbI€ 3aBUCUMOCTH UMEIOT BHUJI

5 = 32,753250.3086 (3.1)
5§ = 31,3761 103081 (3.2)

B Ttabmume 3.20 mpemcTaBiieHBl Pe3yNbTAaThl CPaBHUTEIBHOTO —aHAIHM3a
aJICKBAaTHOCTH 3KCIIEPUMEHTAIbHBIM JaHHBIM 3aBHUCUMOCTH (3.1)

Tabmuma 3.20 -  AgexBarHocTh 3aBucuMocTH (3.1) pesynbraram HacTOSIIUX
MCCIIEIOBAHU
V, S =0,2 MmM/00 S =0,25 mm/00
M/MUH ddaxkr., 6 pacu., | morp., | ddakr., | 6 pacd., | morp., %
MKM MKM % MKM MKM

3,45 21,00 19,93 51 22,6 21,35 55

4,32 19.7 19,93 1,4 21,0 21,35 1,7

5,53 18,9 19,93 5,2 19,4 21,35 9,8

cp. 3.9 cp. 4,3

B tabmuue 3.21 mnpexacraBieHbl pe3yNbTaThl CPaBHUTEIHLHOTO aHAlIM3a
aJIeKBaTHOCTH 3KCIIEPUMEHTAIBHBIM JaHHBIM 3aBHCUMOCTH (3.2).

Tabnuna 3.21 - AneKBaTHOCTH 3aBUCUMOCTH (3.2) pe3yabTaTaM HaCTOSIINX

HCCJIEIOBAHUN
V, S =0,2 MmM/00 S =0,25 mm/00

M/MHH 6 paxr., é pacu., norp., 6 dakt., | 6 pacu., norp.,

MKM MKM % MKM MKM %

3,45 21,00 21,42 2,0 22,6 21,42 52

4,32 19.7 19,99 1,7 21,0 19,99 4,8

5,53 18,9 18,56 1,95 19,4 18,56 4,3
cp. 1,9 cp. 4,8
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N3 nannpix Tadaunkl 3.20 u Tabaunel 3.21 cieayer, 4To CpeiHss MOTPEITHOCTh
pacueToB BO BCEX ClIydasx HE IMpeBbICcKIa 3HaYeHUS 5%.

3.3.1. MeToauka pa3padoTku 00001IeHHO IMIIUPUYECKOH MOIeTH

Meronuka  pa3paboTKM  OOOOIIEHHOW  SMIHMPUYECKOM  3aBUCHMOCTH
3aKJTFOYACTCS B OMPEICICHUH MOCTOSHHOTO Koddduimenta a 3aBucumocta (3.3) ¢
HCIIOJIb30BAaHUEM pE3yJIbTAaTOB HCIIBITAHUM, TpelcTaBleHHbIX B Tabmume 3.10
cieayromuM odpasom (3.4)

§ = qV/ 03081503086 (3.3)

a; = o . (3.4)

" y—0.308150,3086

[TocTostHHBIM KO3 GHUIMEHT @ ONPeIesIeTCsl MOCPEACTBOM 3aBUCUMOCTH (3.5)

n
2.4
_ia

a=- (3.5)

Ha ocHoBaHuu naHHOW METOJMKH MOTyYEHA SIMIMPUUYECKAst MOAEIb pacueTa
rIIyOUHBI e(hEKTHOTO CII0SI IPOCBEPIICHHBIX OTBEPCTUI MTPU BapbUPOBAHUU

CKOPOCTH PE€3aHUS U MOJIa4YU B BUJIC

S = 51’09V70,308180,3086 (36)

CpaBHUTENBHBI  aHaNW3 aJEKBATHOCTU HSMOUpuueckod wmoxaenu (3.6)
pe3yabTaTaM HACTOAMMX HcciaeaoBanuii (Tabm. 3.22) mpoBeneH MOCPEACTBOM
COTOCTaBJICHUsI (DAaKTHMUECKUX M PACCUUTAHHBIX 3HAYCHHUH TIIyOHHBI JEPEKTHOTO

IMOBCPXHOCTHOI'O CJIOA OTBepCTI/Iﬁ " OIIPpCACICHUA ITOI'PCITHOCTHU PACUCTOB.
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Tabmuna 3.22 - AaexkBaTHOCTh dSMIUpHyecKoit Mozenu (3.6) pe3yabTaTamM HACTOSIINX
MCCIIEIOBAHNUM

V, S =0,2 Mmm/00 S =0,25 mm/00
M/MUH daxr., § pacu., | morp., ddaxkr., d pacu., norp.,
MKM MKM % MKM MKM %
3,45 21,00 21,23 1,09 22,6 22,74 0,62
4,32 19.7 19,8 0,51 21,0 21,22 1,04
5,53 18,9 18,36 2,8 194 19,66 4,3
cp.1,9 cp. 1,3

N3 tabmumpsl 3.22 criemyer, UYTO CpEeAHsSS TMOrPEIIHOCTh PACUYETOB IO
smnuprdeckor mozaenu (3.6) He mpebimaer 1,9%, npu MakCHMaJbHOM 3HAYCHUU
norpemHoctd 4,3%, 4YTO N AMIUPUYECKON MOJIEeNH, TOJYy4YEHHOW METOJaMHU
MaTEeMaTUYECKON CTAaTUCTUKHU, SBJISETCS JIOCTATOYHO BBICOKOW TOUHOCTHIO.

Bricokass TOUHOCTh dMIUpUYEcKOi Mozenn (3.6) m03BOISET MPOTHO3UPOBATH
rIIyOuHy J1e(heKTHOTO MOBEPXHOCTHOTO CJI0S OTBEPCTHI, 00pabOTaHHBIX CBEPIICHUEM.
Hanpumep, mpu ckopoctu peszanus 5,53 m/mun u momade 0,1 mm/00 pacueTtHas
riyOuHa J1eEeKTHOro MOBEPXHOCTHOIO CJOSl OTBEpPCTUH cocTaBiseTr 14,9 MM, 4TO
COOTBETCTBYET OKCIEPUMEHTAIbHBIM JaHHBIM (Tabn. 3.10) u He mnpeBbImaeT
MUHUMAJIBHYIO TJIyOUHY J1€(EKTHOr0 MMOBEPXHOCTHOTO CJIOS TPH HOPMAJIBHOM
pa3BepThiBaHuH [51]. DTO MO3BOJIAET 3HAUUTEIILHO CHU3UTD TPYA0EMKOCTH 00paOOTKH
OTBEPCTUM BBICOKON TOYHOCTH 3a CUET UCKIIIOUEHUSI U3 TEXHOJOTHYECKOIo Ipoliecca

nux O6pa60TKI/I TCXHOJOTIHYCCKUC OIICpalu paCCBEPIUMBAHUA, YCPHOBOT'O U HHUCTOBOT'O

3eHKEPOBaHUs, HOPMAJIBHOTO pa3BepThiBanus [57,84].

3.4. YnipouHeHH€e MOBEPXHOCTHOTO CJIOA OTBEPCTHIi

OnHuM 13 MoKa3aTesie KauyecTBa MOBEPXHOCTHOTO CJIOSI OTBEPCTUM SIBISIFOTCS
OCTaTOYHbIC HANPSDKCHHS B MOBepXHOCTHOM ciioe [51]. OcraTodHbIe HANPSHKCHHS,
BO3HHUKAIOIIIME B pe3yJibTaTe YIPOUYHEHUS TMOBEPXHOCTHOTO CJIOSl, TMOBBIMIAIOT
TBEPIOCTh U U3HOCOCTOMKOCTh MOBEPXHOCTHOTO CJIOSI OTBEPCTHiIl. AHAIU3 METOJIOB
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YIPOYHEHHUsSI TOBEPXHOCTHOTO CJIOS TMPEACTABICHHBIM BO BTOPOW TIJIaBe, MOKa3all
OTCYTCTBHE TEXHOJIOTMUECKUX METOJOB YIPOUYHEHHUS IMOBEPXHOCTHOTO  CJIOS
OTBEPCTUH OTHOCHUTEIIBHO HeOOoJbIIOro auamerpa. [loaTomy B HacTosiieil pabote
IIPOBEJICHBI UCCIICIOBAHMS BIUSHUS YCIOBUH 00pabOTKH CBEpIICHUEM Ha TBEPIOCTH
MOBEPXHOCTHOTO CJIOS  TPOCBEPJEHHBIX OTBepcTHil. OIHMM #3 TOKaszaTelen
MIPOYHOCTH TTOBEPXHOCTHOTO CJIOSI SIBIIICTCS TBEPAOCTh 00pabOTaHHOW MTOBEPXHOCTH.
B tabnuie 3.23 mpuBeeHBI pe3yIbTaThl aHAIN3a TBEPIOCTH ITOBEPXHOCTH OTBEPCTHH,
00pa0OTaHHBIX CBEpJIaMU HOPMaJbHOW TOYHOCTH Kilacca B, mmerommx oceBoe OneHue

pexymux kpomok 0,3 MM [64]. CobcTBeHHast TBepa0CTh 3aroToBok HRC 8.

Tabmumna 3.23 — TBepAOCTh MOBEPXHOCTH OTBEPCTHH, MPOCBEPICHHBIX CBEPIaAMH
HOPMAaJbHOM TOYHOCTH Kiacca B

V, S, MM/00
m/muH | 0,078 | 0,1 | 0,13 | 0,16 | 0,20 | 0,25
HRC
2,18 115 | 11,7
2,76 12 (12,3 | 10,6
3,45 148 | 11,4 | 12,7 | 13,0
4,32 19,3120,3| 17,3 | 19,2 | 16,6
553 | 12,6 (12,5]12,0| 16,0 | 134 | 12,8

B Tabmune 3.23 mnpuBeneHbl CpeAHHE 3HAYEHUS TBEPJIOCTH TMOBEPXHOCTH
IIPOCBEPJICHHBIX OTBEPCTHH, MOJyUYCHHBIE B PE3yJIbTaTe CTATUCTUYECKOW 00paboTKU
pe3ynbTaToB u3MepeHuil. Onpenenenrue cpeHUX 3HaU€HUN TBEPAOCTH MOCPEICTBOM
CTaTUCTUYECKOW 00pabOTKU pe3yibTaTOB U3MEPEHUN TBEPAOCTH B COOTBETCTBUU C
NpUHATON cxeMol uaMepenus (pucynok 2.20) npu ckopoctu pesanus V=5,53 m/MuH

npeacTaBiieHo B Tabmuiie 3.23.1.
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Tabnuna 3.23.1 — Pe3ynbTaThl U3MEPEHUI TBEPJOCTH MOBEPXHOCTH OTBEPCTUM TIIPU
CBEpPJICHUH CBEpJaMH HOPMaJIbHOM TOUHOCTH Kiacca B, V = 5,53 m/Mun

S, MM/00
mﬁg;::m 0078 | 01 | 013 ] 016 | 02 | 025
HRC

1 128 | 124 | 117 | 153 | 117 | 11.9

2 119 | 115 | 116 | 155 | 113 | 114

3 125 | 127 | 121 | 155 | 143 | 136

A 131 | 134 | 126 | 174 | 156 | 142

5 127 | 125 | 120 | 163 | 139 | 131
HRCep. | 126 | 125 | 120 | 160 | 134 | 12,8

N3 pganapix  Tabmuubl  3.23  cleqyeT, UYTO TBEPAOCTh TMOBEPXHOCTH,

o0paboTaHHOH CBepiieHHeM, B cpejHeM Bo3pociia B 1,76 (cpemnee 3nauenue HRC
14,1).

3.4.1. KoppeasiuuoHHbIii aHAJM3 BJIUSIHUS MAapaMeTPOB peKuMa pe3aHus
HA TBEPAOCTH MOBEPXHOCTH NMPOCBEPJIEHHBIX OTBEPCTHI

N3 Tabnuer 3.23 ciemyeT, 4To CBsI3b MEXKy IapaMeTpaMu peKuMa pe3aHus u
TBEPJIOCTbIO  TOBEPXHOCTU OTBEPCTUM SIBHO HE BbIpakeHa. [IpumeHeHue
koaddurenTa muHerHON Koppessaiuu [IupcoHa mo3BoISET ONPEACIUTh HATUIHE U
TECHOTY CBSI3U MEX 1y HUMU. [[paBOMOYHOCTH TpUMEHEHUS KOdhPUIineHTa TMHEHHON
koppensiiuu [TupcoHa BO3MOXKHO MPU YCIOBUM, YTO PAaCHpe/IesICHHE CPAaBHUBAEMBbIX
pPE3YJbTATOB HCCIIEIOBAHUI HOPMAJIBHOE, T.€. MOJUYMHSIETCS 3aKOHY HOPMAJIBHOTO
pacnpenenenus ['aycca [85]

Mertoauka NOpOBEPKHM COOTBETCTBUSL paclpeAcsieHus 3akoHy [aycca s
BbIOOpOK Masoro obwema (15 < n < 50) permamentupoBana ['OCT [55]. B
COOTBETCTBHM C 3TOH METOAMKOW HOPMAIbHOCTH PACHPEACIICHUSI ONMPENENAETCS C
MTOMOIIILIO0 COCTaBHOTO Kputepus (kputepuit 1 u kpurepuii 2) [78]. Eciu xoTs Obl o1uH
U3 KPUTEPUEB HE BBITIOIHACTCS, TO PE3yJbTaThl MCCIICIOBAHUN CUHUTAIOTCS HE

COOTBCTCTBYIOIINMMH HOPMAJIbHOMY.
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Kpurepmii 1
Brruncnsiercst oTHOIIEHHE d MCMONB3ys 3aBucumoct (2.2) u (2.3), koTopoe

pasuo 0,8599.
PesynbTaThl MCCIeIOBaHUH MOYKHO CYHTATh PACIPEICICHHBIMH HOPMAJIBHO,

ecim 0,7304 <0,8599< 0,8768 (Tab:. 2.5).

Kpurepuii 2

MO>XHO CUMTaTh, YTO PE3YJIbTAThl UCCIEAOBAHUN MPUHAIICKAT HOPMATHHOMY
pacrpezeseHuio, ecii He Goiee 1 (Tabi. 2.7) pasHoctell |HRC— HRC| TmpeB30LLIH
3HaueHue Z,»S. Z,n = 2,33 (tabdn. 2.8), S = 2,9590 (2.4), He ogHOrO 3HAYCHUS
|HRC— HRC| ne npessonum Z,,S = 6,89447. MakcumanbHOEe 3HAUCHHE Pa3HOCTH
|HRC— HRC| paBHo 6,2.

Pacmipenenienrie  TBepAOCTH TMOBEPXHOCTH OTBEPCTUH MOXKHO  CUUTATh
HOPMAJIbHBIM.

Jns pacuera kod(PUIIMEHTa KOPPEJSIIIUU CKOPOCTH PE3aHUs U TBEPJOCTU
MOBEPXHOCTU 00paOOTaHHBIX OTBEPCTUM 3amoiiHsgeTcs Tabnuna 2.9 Koropas mpu

noxaue S = 0,25 MM/06 OyaeT UMETh BUJI, IPEACTaBICHHON B Ta0uIe 3.24.

Tabnuna 3.24 — Jlanubie 11 pacuera KodppuimeHTa KOppesaiui MEXITy CKOPOCTHIO
pe3aHust U TBepoCThio oBepxHOCTH oTBepeTuid (HRC- 7) Ha momave S = 0,25 MM/06

N o | Vi |[(=D | @-D°|V-V)| V-V)?* |(@-DV,-V)
1 [11,7| 218 |-1,24 |15376 |-1,468 |2,155024 |1,82032
2 [106| 2,76 |-2,34 |54756 [-0,888 |0,788544 |2,07792
3 |130| 345 [006 |0,0036 |-0,198 |0,039204 |-0,01188
4 |166| 4,32 (366 |133956 |0672 |0451684 |2,45952
5 1128 553 |-0,14 |0,0196 |1,882 |3,541924 |-0,26348
y 20,432 6,97628 | 6,0824

KoadgdummeHnt xoppensiuu onpeaeisieTcss 1Mo 3aBUCUMOCTH 2.5, KoTopas B

HalleM ciryqae OyJ1eT UMETh BU]T
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= Y(Ti-n)(Vi=V)
VE(Ti-1)2 X (Vi-V)2 "

Ha ocHoBanum nanubix Tabmuisl 3.24 pacyer kod(dduiMEeHTa KOPpENSIUU

(3.7)

MPOU3BOAUTCS C TIOMOIIIBIO 3aBUCUMOCTH (3.7), B pe3yJIbTaTe KOTOPOU NMEEM:

_6,0824
"~ 11.939

= 0,5095.

[Tonydennslit 1o 3aBucumocTy (3.7) koddpdunmenT koppessiuu I = 0,5095 He
SIBJIIETCS 3HAYMMBIM (Taou. 2.9).
B TaGmune 3.25 npuBeaeHbl JaHHBIC I pacdyeTa KodduimeHTa Koppesiiuu

CKOPOCTH PE3aHus U TBEPJOCTH MOBEPXHOCTH OTBEPCTHH mpH nmogaude S = 0,2 MM/00

Tabmuma 3.25 — Jlaaasie A1 pacuera KodhPuimeHTa KOppesiui MEXTy CKOPOCTHIO
pe3anus ¥ TBep1ocThio moBepxHocTu otBepetrit (HRC- T) mpu nogaye 0,2 mm/06
Ne | 7, |V, |[(@m—=-D | @-D% | V-V)| V-V)> (T, -DW; = V)

1 1115|218 2,32 5,3824 | -1,468 | 2,1550 -3,40576
2 12,312,716 1,52 2,3104 |-0,888 | 0,7885 -1,34976
3 |12,7(3,45|1,12 1,2544 | -0,198 | 0,0392 -0,22176
4 119,214,32|-538 28,9444 10,672 |0,4516 -3,61536
)
)

13,4 15,53 | 0,42 0,17864 |1,882 |3,5419 0,79044
38,07024 6,97628 | -7,8022

Ha ocHoBanum manubix Tabmuisl 3.25 pacyer koddduimeHta KOppetsiuu

MIPOU3BOJIUTCS C TIOMOIIBIO 3aBUCUMOCTH (3.7), B pe3yJIbTaTe KOTOPOU UMEEM:

—7,8022
r = =-0,479.
16,2969

[Tomydennsrii mo 3aBucumoctu (3.7) kodddunuent xoppensunu r = -0,479
HE SIBJIACTCS 3HAYUMBIM (TadJ. 2.9).
B Tabnuue 3.26 nmpuBeneHsl JaHHBIE AJI pacuera K03 (ULIUeHTa KOppeasuu

CKOPOCTH PE3aHus U TBEPJAOCTH OBEPXHOCTH OTBepcTri nipu nmogade S = 0,16 Mm/06.
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Tabnuua 3.26 — Jlanasle A1 pacueta KodhPUImeHTa KOppesiuu MEXy CKOPOCThIO

pe3aHus U TBepA0CcThio moBepxHocTH oTBepeTuil (HRC- 1) mpu nomaue S = 0,16 mm/06

el | Vi |@G-D|@G-D V-V V-1 m-DW-V)
1|12 | 2,76 | 2,175 |4,730625| -1,255 | 1,575025 -2,729625
2 |11,4| 345 | 2,775 |7,700625| -0,565 | 0,319225 -1,567875
3 117,3| 4,32 | -3,125 |9,765625| 0,305 | 0,093025 -0,953125
4 116,0| 553 | -1,825 |3,330625 | 1515 | 2,295225 |  -2,6764875
y 25,5275 4,2825 -8,0155

Ha ocHoBanum nanubpix Tabmuipl 3.26 pacyer kod(dduiMeHTa KOppessiuu

MPOU3BOIUTCS C IOMOIIIBIO 3aBUCUMOCTH (3.7), B pe3yJIbTaTe KOTOPOU NMEEM:

_ —8,0155 _

10,4557

-0,767.

[Tonyuennsrii o 3aBucumoctu (3.7) koadduruent koppensituu I = -0,767 He
SIBIISIETCS 3HAYMMBIM (Taoum. 2.9).
B Tabmume 3.27 mpuBeneHsl JaHHBIC I pacueTa KO3 UIIMEHTa KOPPEAIUT

MO/Ia4y U TBEPJAOCTH MOBEPXHOCTU OTBEPCTUI HA CKOPOCTH pe3aHust V= 5,53 m/MuH.

Tabnuna 3.27 — Jlannble 1t pacueta KodhGUIeHTa KOPPEISAIUU MEXIy Mogadeh u
TBEP0CThIO MoBepxHOCTH 0TBepcTHil (HRC- T) Ha ckopocTu pezanus V = 5,53 m/MmuH

Ne | 1 Si (G- | (-0 | (§-9) (S;—S)? (G-DES-S)
1 |12,6|0,078| -0,62 0,3844 | -0,075 0,005625 0,0465
2 125 0,1 -0,72 0,5184 | -0,053 0,002809 0,03816
3 [12,0] 0,13 | -1,22 1,4884 | -0,023 0,000529 0,02806
4 1160 0,16 | 2,78 7,7284 | 0,007 0,000049 0,01946
5 13,4 0,20 | 0,18 0,0324 | 0,047 0,002209 0,00846
6 (12,8| 0,25 | -0,42 0,1764 | 0,097 0,009409 -0,04074
Y 10,3284 0,02063 0,0999
Koaddumment xoppensiiuu onpenensiercs mo Gopmyie
2(Ti—7)(Si=S) (3.8)

T B2 5 (si-5)2
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Ha ocHoBanuu nanHbIx TaOmuiel 3.27 pacdeT KodDPUIMEHTA KOPPESIUU

MPOU3BOMUTCS C MOMOIIIBIO 3aBUCUMOCTH (3.8), B pe3ysibTaTe KOTOPOU NMEEM:

10,0999
00,4616

= 0,216.

[Tonyuyennsnii mo 3aBucuMocTH (3.8) koaddunment koppemsimuu I = 0,216 He
SIBJISIETCS 3HAYMMBIM (Taou. 2.9).
B Tabmume 3.28 mpencraBieHpl JaHHBIC I8 pacdyeTa Kod(uimeHTa

KOPPEJSLUU [TOAA4YH U TBEPJOCTH MOBEPXHOCTH OTBEPCTUI HA CKOPOCTH pe3anus V =

4, 32 M/MUH.

Tabnuna 3.28 — Jlanusie 1151 pacuyera kodhHUIMEeHTa KOPPEIAUNA MEXIy ToJadei u
TBEpA0CThIO moBepxHOCTH 0TBepcTHil (HRC- 7) Ha ckopocTu pezanus V = 4,32 m/MmuH
Ne | 1; S | @=D | (m-D% | =9 | -9 | @-DES-9)

1 119301 0,76 0,5776 | -0,068 |0,004624 -0,05168
2 120,3]0,13|1,76 3,0976 | -0,038 |0,001444 -0,06688
3 |17,3(0,16 |-1,24 1,5376 | -0,008 |0,000064 0,00992
4 119,2|0,20| 0,66 0,4356 |0,032 |0,001024 0,02112
S)
)

16,6 | 0,25 | -1,94 3,7636 | 0,082 |0,006724 -0,15908
9,412 0,01388 -0,2476

Ha ocHoBanuu nanubix Ta0auilst 3.28 pacuer koddpuieHTa Koppesiuu

POM3BOJIUTCS C TOMOIIBIO 3aBUCUMOCTH (3.8), B pe3ynbTaTe KOTOpO UMeeM

—0,2476
r= =-0,682.
0,3614

[Tomydennsriii mo 3aBucumoctu (3.8) koddduument xoppensuuu r = -0,682 He
SBJISICTCS 3HAYMMBIM (Ta0:1. 2.9).

B Tabmune 3.29 mnpencraBieHbpl JaHHBIC I pacyeTa KoddduimeHTa
KOPPEJSILUU MTOJAa4H U TBEPOCTH MOBEPXHOCTH OTBEPCTUH HA CKOPOCTU pe3anus V =

3,45 M/MHH.
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Ta6nuna 3.29 — Jlanubie 11 pacdeta KodhPuIMeHTa KOppesaiui MexXy moaaduen u
TBepAOCThIO moBepxHOocTH oTBepcTuit (HRC- 7) Ha ckopoctu pesanus V = 3,45 m/mun

N |7 | & |@=-D|@=-D|E-9]| -9 | @D -9
1 (148 0,13 | 1,825 |3,330625| -0,055 | 0,003025 -0,100375

2 11,4 0,16 | -1,575 |2,480625 | -0,025 | 0,000625 0,039375

3 (12,7| 0,20 | -0,275 | 0,075625| 0,015 | 0,000225 -0,004125

4 113,0| 0,25 | 0,025 |0,000625| 0,065 | 0,004225 0,001625

). 5,8875 0,0081 -0,0635

Ha ocHoBanum nanueix Tabmuist 3.29 pacuer ko3 huImeHTa Koppemsium

MIPOU3BOIUTCS C MOMOIIIBIO 3aBUCUMOCTH (3.8), B pe3ysibTare KOTOpOi nMeeM

—0,0635
r = =-0,291.
0,2184

Paccuurtannsiii o 3aBucumoctu (3.8) koaddunuent koppemsiuuu I = -0,291 ne
SIBIIIETCS 3HAYMMBIM (Taou. 2.9).

B Tabmuie 3.30 mpuBeneHbl pe3ysbTaThl MPOBEPKU KOPPEISAIUU MapaMeTPOB
peXrMa pe3aHuss W TBEPJAOCTH IMOBEPXHOCTHOTO CJIOSI OTBEPCTHH, 0OpaOOTaHHBIX
CBEpJIaMH HOPMaJIbHOM TOYHOCTH Kjacca B, mMeromux OOJbIIoe oceBoe OWeHue
pexymmx KpoMok 0,3 M.

Tabmumna 3.30 - Koppemsmus Mexay mapaMeTpaMu pekuMa pe3aHus U TBEPIOCTHIO
ITOBEPXHOCTH OTBEPCTUI CBEPJIAMH HOPMAJIBHOW TOYHOCTH KJtacca B

S, MM/00 cBs3b V- HRC V, cBs3b S- HRC
r M/MUH r
0,16 -0,767 HE 3HAYUM 3,45 -0,291 HE 3HaYUM
0,2 -0,479 HE 3HAYUM 4,32 -0,682 HE 3HAUYUM
0,25 0,5095 HE 3HAYUM 5,53 0,216 HE 3HAYUM
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N3 Tabmuuel 3.30 BUAHO, 4TO BCe KOAIPPUIMEHTH KOPPEISAIMU HE 3HAUUMBbIE
[Tabmuna XII, 65], uTo B CBOIO ouepeib YKa3bIBa€T Ha OTCYTCTBHUE KOPPEIAIIUOHHOMN
CBSI3U MEKy ITapaMETpaMM PEKUMa PE3aHUs U TBEPAOCTHIO IIOBEPXHOCTHA OTBEPCTUM
CBEpJIaMH HOPMAaJIbHOW TOYHOCTH Kjacca B, uMeromux Oo0JbIIoe oceBoe OueHHe
pexymmx KpoMok 0,3 M.

AHaJIOTMYHO MTPOBEJEH KOPPEISILMOHHBIM aHAJIN3 PE3YJIbTATOB UCCIEAOBAHNN,
npeCTaBIeHHBIX B Tabauie 3.31.

B Tabmuue 3.31 mpencraBieHa TBEPAOCTh MOBEPXHOCTH OTBEPCTHH MPH
CBEpJICHUH CBEPJIAMM MOBBIIIEHHONM TOYHOCTH Kinacca Al ¢ JABYXIUIOCKOCTHOM

3aTOYKOM PEeXyIIeH 4acTH, UMEIOIUX oceBoe OueHue pexymux kpomok 0,06 mm

[66,67].

Tabmuma 3.31 — TBepaocTh MOBEPXHOCTH OTBEPCTHI TMPH CBEPIICHUU CBEPIAMH
IOBBIIIEHHOM TOYHOCTH Kiacca Al

V, S, MM/00
m/muH | 0,078 | 0,1 0,13 | 0,16 0,20 0,25
HRC
2,18 11,0 12,2
2,76 9,7 10,8 12,6
3,45 9,4 111 11,7 12,3
4,32 8,3 9,5 10,7 11,5 12,8
5,53 10,7 114 | 11,0 | 11,6 12,5 14,3

B Tabmune 3.31 nmpuBeneHbl CpeiaHHE 3HAYEHUS TBEPIOCTH MOBEPXHOCTH
IPOCBEPJIEHHBIX OTBEPCTHM, MOJyYEHHBIE B PE3yJIbTaTE CTATUCTUUYECKOW 00paboTKH
pe3ynbpTaToB M3MepeHuil. OnpeneiaeHne CpeJHINX 3HAYCHUI TBEPJOCTH MTOCPEICTBOM
CTaTUCTUYECKOW 00pabOTKU pe3yibTaTOB MU3MEPEHUN TBEPAOCTH B COOTBETCTBUU C
NpUHATON cxemMoi u3mepenus (pucyHok 2.20) mpu ckopoctu pe3anus V = 5,53 m/MuH

npejcTaBiieHo B Tabmure 3.31.1.
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Tabnuna 3.31.1 — Pe3ynbTaThl M3MEPEHUI TBEPJOCTH MOBEPXHOCTH OTBEPCTUM TIIPU
CBEpPJICHUH CBEpJIaMH MOBBIIIEHHON TouHOCTH Kitacca Al, V = 5,53 m/mun

S, MM/00
mﬁg;::m 0078] 01| 013] 016] 02| 025
HRC

1 08| 124] 113] 95| 107] 139

2 89| 92| 106| 125| 113| 134

3 126| 112| 118| 105| 123| 156

A 115| 107| 123| 134| 147| 145

5 07| 135| 119| 121| 135| 141
HRCep. 07| 114 1158| 116| 125| 143

N3 tabnunet 3.31 BUAHO, YTO CBSI3b MEXKIY MMapaMeTpaMu pekuMa pe3aHus u
TBEPIOCTHIO 00Pa0OTaHHOI MOBEPXHOCTH OTBEpCTH nmeeT MmecTo. Ha ckopoctu 4,32
M/MHUH TBEPAOCTh C yBelnueHreM mnojaauu Bo3pactaeT or HRC 8,3 no HRC 12,8, na
ckopoctu 5,53 m/mun - ot HRC 10,7 no HRC 14,3, npu coOcTBeHHOW TBEPAOCTU
matepuaia 3arotoBok HRC 8.

[IpoBepka pacnpenenenusi TBepaoctu (tabm. 3.31) mno mMeroauke,
pernamentupoBanHod ['OCT [59] nnst BeIOOpOK Majoro oObema, MOJATBEpINIIA
COOTBETCTBHE ATOTO pactpezaeneHus 3akony ['aycca. B Tabmmme 3.32 mpeacTaBieHbI
pe3ynbTaThl MPOBEPKH KOPPETSAIMUA MEXAY TMapaMeTpaMyd peKMMa pe3aHus W
TBEPJOCTHIO TIOBEPXHOCTH OTBEPCTHH, OOpaOOTAHHBIX CBEPJIAMH TIOBBIIIEHHOM
TOYHOCTH KJ1acca Al ¢ JBYXIIIIOCKOCTHOM 3aTOYKOW PEXKYIIEH YacTH, KOTOPbIE UMEIN

0CEBOE OMEHNe PEeXYIINX KpOMOK He mipeBbimana 0,06 M.

Tabmumna 3.32 - Koppemnsmus Mexy mapaMeTpaMu pekuMa pe3aHus U TBEPIOCTHIO
MIOBEPXHOCTH OTBEPCTHH, 00pabOTaHHBIX CBEPJAMH MOBBIIICHHON TOYHOCTH KJlacca
Al ¢ IBYXIIIOCKOCTHOM 3aTOYKOW PEXKYIIEH YacTH

S, cBs3b V- HRC V, cBs3b S - HRC
MM/00 r M/MUH r
0,16 |0,8546 | ne 3naunm | 3,45 | 0,9295 | 3HauuUM
0,2 1{0,9075 3HAYHM 4,32 0,99 3HAYHM
0,25 | 0,887 3HAYHM 5,53 0,934 3HAYUM
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N3 tabnunpr 3.32 ciaeayer, 4To mpu padoTe CBEpJaMH MOBBIIIICHHON TOYHOCTH
kiacca Al ¢ ABYXIIJIOCKOCTHOM 3aTOYKOM 3aJJHUX MOBEPXHOCTEH, Y KOTOPBIX OCEBOE
OueHue pexylux KpoMok He mpeBsimano 0,06 MM, UMeeT MecTo 3HauMMas CBSI3b
MEXKIY CKOPOCTBIO PE3aHUS U TBEPAOCTHIO TOBEPXHOCTH OTBEPCTUM Ha mogavax 0,2 u
0,25 MM/00. 3HaunMast CBsI3b MEXTy MOaYei U TBEPAOCTHIO TOBEPXHOCTH OTBEPCTUM
UMEET MECTO Ha CKOPOCTAX pe3anus 3,45, 4,32 u 5,53 m/mun [Tabauma XII, 65].

Bun 3aBucMMOCTEl TBEPIOCTM MOBEPXHOCTHOIO CJIOS IPOCBEPIEHHBIX
OTBEPCTUH OT MAPAMETPOB PEKUMA PE3aHUS IIPU CBEPICHUH CBEPIAMU MOBBIIIEHHOM

TOYHOCTH KJlacca Al mpesncrasieH Ha pucyHkax 3.4 u 3.5.

HRC—w
14 - 1 /'
13 A:H"m I K y/’/
[ ]
-

]

120 ] -
.l
11 ;“.ﬂ %ﬁﬁg .
T\ - :;. ~ - __:‘: _ “\: -~
L r
0 2 3.5 5 V,M/MuH

Pucynok 3.4 — 3aBUCUMOCTD TBEPAOCTH 00pabOTaHHON MOBEPXHOCTU
OTBEPCTHI OT cKopocTu pe3anus, rae 1 —S = 0,25 mm/06, 2 — S = 0,2 MM/00.
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Pucynox 3.5 — 3aBUCHUMOCTb TBEPJOCTH 00paOOTaHHOM MOBEPXHOCTH
oTBepcTuit oT moxauu, rae 1 —V =5,53 m/mun, 2 —V = 4,32 M/MuH.

3.4.2. Onpenenenne k03 (PpuIMeHTOB perpeccuu 3aBUCHMOCTel TBEPI0CTH
00padoTaHHOM MOBEPXHOCTH OTBEPCTHI OT MApPaMETPOB PEeKUMA Pe3aHus

Kpussie rpadukoB pucynka 3.4 u pucyHka 3.5 SBISIOTCS CTATHCTHUYECKUMU
3aBUCUMOCTSIMH, TOJYYEHHBIMU YCPEIHEHHEM HECKOJbKUX H3MEPEHUN B KaxAOu
TOYKE, MO3TOMY AaIlllPOKCUMAalMs 3THX 3aBUCUMOCTEH MPOBOAMUIACHE METOIOM
HauMEHBIIUX KBajapaToB. Ormnpenensyiuch KO3(QQHUIMEHTbl perpeccun  Tpex
CTaTUCTUYECKUX 3aBUCHMOCTEN: NMPSAMOW, CTENEHHOM M SKCHOHEHUHAJIBHOW. 3aTeM
paccuuThIBaJICA KOI(PPUIMEHT KOppesiiMM  KaXAOW M3 HHUX, U METOJOM
CPaBHUTEJIBHOIO aHallM3a ONpEeNessylach 3aBUCUMOCTb Haubosee aJeKBaTHas

pe3yJIbTaTaM UCCIIECIOBAHUM.

3.4.2.1. Onpenejienue KoIG(PUUMEHTOB perpeccuu 3aBUCHMOCTeM
TBEPAOCTH 00pPa0OTAHHOW NMOBEPXHOCTH OTBEPCTHH OT MOJAYH HA CKOPOCTH
pe3anus V = 4,32 m/MuH
(HRC =1)
JIuHelHas 3aBUCMMOCTDH

3anonHasgercsa Tabmumna 3.33.
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Ta6nuna 3.33 — Jlanabie 17151 pacyeTa KOdOPHUIIUEHTOB perpeccruu JINHEHHOM
3aBUCUMOCTH
No T; Si Tiz Si? 7;Si T; + S5 (t; + Si)2

1183 0,1 68,89 0,01 0,83 8,4 70,56
2 195 0,13 90,25 0,0169 | 1,235 9,63 92,7369
3 10,7 0,16 114,49 | 0,0256 | 1,712 | 10,86 | 117,9396
4 11,5 0,20 132,25 0,04 2,3 11,7 136,89
5
)

12,8 0,25 163,84 | 0,0625 3,2 13,05 170,3025
52,8 | 0,84 | 569,72 0,155 | 9,277 588,429

TouHOCTH pacueToB npoBepsieTcs 1Mo GopMyie:

2(z; + )2 =271;2+ 2271;S; + 252 = 0,155+ 18,554 + 569,72=588,429

KoaduimenTs! ypaBHEHUS perpeccuu onpeAeIistoTes mo gopmyinam [57]:

_ nlriSi—212S;  5'9,277 —52,8:0,84

T nISP-(35)?  50,155—(0,84)2 =29.29,
._b . 5 ,8— k -0,
o= ZranSl _ 528 2‘;29084:5’64.

JInHeiiHas 3aBUCUMOCTHh UMEET BUJI:
HRC = 5,64+ 29,29S.

JIns1 MpOBEPKU JIMHEMHOCTH MOJIYYEHHON 3aBUCUMOCTH ONPEAEISAETCS

KO3 GUITUEHT Koppesiuu 1o popmyite [79]:

_ nYSf-(XSs)? | 50,155-(0,84)2 _
r= b\}nZ‘riz—(Z‘ri)z = 29,29 \/5-569,72—(52,8)2 =099,
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CreneHnHas 3aBUCUMOCTD

3anonasgerca tabmuna 3.34

Ta6nuna 3.34 — Jlannbie 17151 pacdyeTa Kod)PHUIIUEHTOB PErPeCcCUU CTEIICHHOM

3dBUCUMOCTHU

Ne| Int; InS; (InT;)? (InS;)? IniInS; (Int; +InS;)?
112,116 |-2,3 4,477456 2,29 -4,8668 0,033856

2 12,25 -2,04 5,0625 4,1616 -4,59 0,0441

3 12,37 -1,83 5,6169 3,3489 -4,3371 0,2916

4 12,44 -1,61 5,9536 2,5921 -3,9284 0,6889
512,55 -1,386 | 6,5025 1,920996 |-3,5343 1,354896

> 111,726 | -9,166 | 27,612956 |17,313596 | -21,2566 2,413352

TouHOCTB pacueToB poBepseTcs 1o GopmyIie:
2nt;+InS;)?2 = X{Int;)? +221In7;InSi+ 2{InS;)?= 27,612956-2-21,2566 + 17,313596=
2,413352
KoaddurmenTs ypaBHEeHUSI perpeccui CTEEHHOM 3aBUCUMOCTH OTPEIEISIOTCS 110
dbopmynam:

n2lntilnS;—2IntilInS;  —5-21,2566+11,726:9,166

b= nXns?—(3nxSp)?  517,313596—(—9,166)2 = 0,4692
Ing = Zlnti—anlnSi _ 11,726+0,:692-9,166 ~ 30053, &= 24.6638.

CreneHHas 3aBUCUMOCTh UMEET BHI:
HRC = 24,6638-5%469,

Koaddunment koppensiuu onpeaesieTcs mno Gopmyiie:

5:17,313596—(—9,166)2
5:27,612956—(11,726)2

2 _ 2
r= b\/nZlnSl X Ins))

nY, Int?— (3 Int;)? = 0,4692 \/

=0,997.
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JKCIOHEeHIHAJIbLHAA 3AaBHCHUMOCTD
3anonasaercsa Tadnuma 3.35.

Tabmuma 3.35 — Jlanasie ai1s pacueta Ko3(pPUIMEHTOB perpeccuy SKCIOHEHITUATBHON

3aBHCHMOCTH
Ne | Int; Si | (InTy)? Si? InT;S; (InTi+S)?
1 12,116 0,1 |4,477456 0,01 |0,2116 4,910656
2 |2,25 0,13 | 5,0625 0,0169 | 0,2925 5,6644
3 12,37 0,16 | 5,6169 0,0256 | 0,3792 6,4009
4 12,44 0,20 | 5,9536 0,04 0,488 |6,9696
5 12,55 0,25 | 6,5025 0,0625 | 0,6375 7,84
> | 11,726 |0,84|27,612956 0,155 | 2,0088 31,785556

TouHOCTH pacueToB mpoBepsieTcs Mo GpopMmyiie:
2nti +S)? = X'Inti? +231In7;S+ 3 'Si? = 27,612956+ 2-2,0088+ 0,155= 31,785556

KoadduiimenTsl ypaBHEHUST pErpeccuu IKCIOHEHITUATBLHON 3aBUCUMOCTH

OTIPEJIENISIIOTCS TI0 (hopMyJIam:

_ nAntiS-XntiSs; _ 5:2,0088-11,7260,84

nZSlz_(ZS)Z - 50;155_(0,84)2 = 2,7977,

_ 2Inti—-blS; _ 11,726-2,7977-0,84 =1,8751864, a =6,522.

n 5

Ina

DKCHOHEHIMAIbHAS 3aBUCUMOCTh UMEET BUJI:
HRC = 6,522-e277,

Koaddumment xoppensiuu onpenensiercs mo GopMmyie:

= nySi-@Esn?  _ _ 5-0,155—(0,84)2 _
T b\/”zlnfiz—(Z Inty)? 1,7876 \/5-27,612956—(11,726)2' =0,98.
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3.4.2.2. Onpeneinenue  ko3¢pGUUMEHTOB  perpeccMd  TBEPAOCTH
00padoTaHHOM NMOBEPXHOCTH OTBEPCTHII OT CKOPOCTH pe3aHus HAa nmogave S = 0,2
MM/00
(HRC = 1)
JIuHeliHas 3aBUCUMOCTDH

3amnonuserca Tadoaumna 3.36.

Tabmuma 3.36 — Jlanasie 1715 pacuera KodhGHUIIMEHTOB perpeccun TNHEHHOM
3aBHCHMOCTH

Ne | 7 Vi i Vi TiVi (ti + V))?
1183 | 2,18 | 68,89 | 4,7524 | 18,094 109,8304
2 195 2,76 | 90,25 | 7,6176 26,22 150,3076
3 10,7 | 3,45| 114,49 | 119025 | 36,915 200,2225
4 (115 | 4,32 | 132,25 | 18,6624 | 49,68 250,2724
5

2

12,8 | 5,53 | 163,84 | 30,5809 | 70,784 | 335,9889
52,8 | 18,24 | 569,72 | 73,5158 | 201,693 | 1046,6218

TouHOCTH pacueToB mpoBepsieTcs Mo GopMmyiie:
2t + V)2 =212 + 237V + 2 'Vi? = 569,72+2-201,693+73,5158
= 1046,6218.

KoadduimenTsl ypaBHeHUs: perpeccuu onpeaeistorcs no Gopmynam:

_ n2xiv—-J2rilV; _ 5201,693-52,8'18,24

b - nZVlZ—(ZVl)Z - 573:5158_(18,24—)2 :1,3014,

o= 2rti-blV;  52,8-1,3014-18,24
B n n 5

= 5,8125.

JInHeHast 3aBUCUMOCTb UMEET BU/L:
HRC =5,8125+1,3014V.
[IpoBepka JIMHEMHOCTHU NOJYYEHHON 3aBUCUMOCTH OCYILECTBIISIETCA MYyTEM

onpenesieHus KodhPuimenTa Koppeasauu no GopmyJie:
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_ nYVi-Evp? . |573,5158—(18,24)% _
"= b\/nZ‘riZ—(Z‘ri)z = 1,3014 \/ 5-569,72—(52,8)2 0.98.

CreneHnHas 3aBUCHMOCTD
3anonasaercsa tadmuna 3.37

Tabmuma 3.37 - Jlanubie aiis pacdera Kod)PUITMEHTOB perpecCHy CTETICHHON
3aBHCHMOCTH

Ne | Int; InVi | (Int)? (InV;)? IntiInV; (Int; +InV;)?
2,116 0,779 | 4,477456 | 0,606841 | 1,648364 | 8,381025
2,25 1,015 | 5,0625 1,030225 | 2,28375 | 10,660225
2,37 1,238 | 5,6169 1,532644 | 2,93406 | 13,017664
2,44 1,643 | 5,9536 2,699449 | 4,00892 |16,670889
2,55 1,71 |6,5025 2,9241 4,3605 |18,1476
11,726 |6,385 |27,612956 | 8,793259 | 15,235594 | 66,877403

M| o & w| N e

TouHOCTB pacueToB mpoBepseTcs 1Mo Gopmyie:
2{nz; +InVy)?=3{InT))>+2 3 In7iInV; + 3(InV;)?= 27,612956+2-15,235594+8,793259 =
66,877403.
KoaddurmenTs ypaBHEeHUSI perpeccuu CTENEHHOM 3aBUCUMOCTH

OnpeeNaoTes 1Mo GopMyiam:

n2lntilnV;—J2lntilIlnV;  5-15,235594-11,726:6,385
nInvZ-(nxV;)2 ~  5-8,793259—(6,385)2

b= = 0,415,

o = Jnti-bJnV; _ 11,726-0.4088:6,385 _ 18231624, a = 6.1914.

n 5

CrerneHnast 3aBUCUMOCTL UMEET BU:

HRC =6,1914V 9415
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KoaddunmenT koppensiuu onpeaesieTcs mo Gopmyiie:

_ nyinvVZ-(invy)? 5-8,793259—(6,385)>2
r= b\/nZln‘riz—(Z Int)? 0’409\/5-27,612956—(11,726)2

=0,99.

BKCHOHCHHI/IaJH)Haﬂ 3aBUCUMOCTD

3anonasaercsa tadnuna 3.38

Tabmuma 3.38 - Jlanabpie A1 pacdera KodhGHUIIMEHTOB perpeccun IKCIIOHEHITHATBLHOM

3aBUCUMOCTH
Ne | Int; Vi (Int;)? V2 InT;V; (Inti+V)?
1 (2,116 2,18 | 4,477456 4,7524 | 4,61288 18,455616
2 12,25 2,76 | 5,0625 7,6176 |6,21 25,1001
3 12,37 3,45 |5,6169 11,9025 | 8,1765 33,8724
4 12,44 4,32 |5,9536 18,6624 | 10,5408 45,6976
5 12,55 5,53 |6,5025 30,5809 | 14,1015 65,2864
> | 11,726 | 18,24 | 27,612956 73,5158 | 43,64168 | 188,412116

TouHoCTH pacueToB npoBepsieTcs 1Mo hopmyie:
2Unti+Vi)? = 2lnti? +221IntVi+ V2 =27,612956 + 2-54,58771 + 73,5158 =
188,412116.
KoadduimenTsl ypaBHEHUST perpeccuu IKCIIOHEHITUATBLHON 3aBUCUMOCTH

OTIPEJIEIISIIOTCS 110 (hopMyJIam:

_ nlntiv-2IntilV;
nZViZ—(ZV)Z

5-43,64168—11,72618,24
5-73,5158—(18,24)2

=0,124,

_ 11,726—0,5124-18,24 = 1,89276, a = 6,6377.

Zani—bZVi
Ina = ~

3KCHOHCHHI/IaﬂbHaﬂ 3aBUCHUMOCTb UMCCT BUA:

HRC = 6,6377-%124,
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KoaddunmenT koppensiuu onpeaesieTcs mo Gopmyiie:

— nZViZ_(ZVi)Z . . 5'73,5158—(18,24)2 B

AHAJOTUYHO ONpENeNsIIoTCs KOd(D(PHUIMEHTh perpeccuu CTaTUCTUYECKUX
3aBUCUMOCTEH TBEpAOCTH 00pabOTaHHOW MOBEPXHOCTH OTBEPCTUIl OT MOJauu Ha
CKOpOCTH pe3aHus 5,53 M/MUH M TIyOHHBI 1e(EKTHOTO MOBEPXHOCTHOTO CJIOS OT
cKopocTH pe3anus Ha mojgade 0,25 MM/00. Pe3ynbrarhl anmpokcuManuu rpaduaecKix

3aBHCHUMOCTEH, IPEACTaBICHHBIX Ha PUCYHKE 3.4 U pUCYHKE 3.5 IPUBEICHBI B TAOIHUIIC

3.39 u Tabuue 3.40.

Tabmuma 3.39 - Pe3ynbrarhl anmpokCUMalMM — 3aBUCUMOCTEH  TBEPJOCTH
00paboTaHHOM MOBEPXHOCTH OTBEPCTUHN OT MOJAUH

Ne | Ha ckopoctu pesannsa | I Ne | Ha ckopocTu pe3anust | I
n/n | V=432 m/MuH /o |V =5,53 Mm/Muna
1 |HRC=564+29,29S |099 |4 |HRC =8,98+19,2S 0,93
2 | HRC =24,6638-S%4%%2 10,997 |5 | HRC = 18,447-5%%261 0,92
3 |HRC =6,522-¢2™7 098 |6 |HRC =9,332-1°7 0,95

Tabmuma 3.40 - Pe3ynbrarhl anmpoKCUMAIMKM — 3aBUCUMOCTEH  TBEPJOCTH
00pabOTaHHOIN MOBEPXHOCTH OTBEPCTUH OT CKOPOCTH PE3aHUs

No Ha nonaue r No Ha nonaue r
/1 S=0,2 mM/00 /1 S=0,25 mm/00
1 | HRC =5,8125+1,3014V (0,98 | 4 | HRC =10,757+0,571 |0,89
2 | HRC =6,1914V0%415 0,99 | 5 | HRC =10,9315Vv01% 0,75
3 | HRC = 6,6377-¢%124V 0,97 | 6 |HRC =10,912-%94% | 0,9
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3.4.3. IlocTpoeHne >MNUPUIECKON MOJEJIH 3aBHCHUMOCTH TBEPAOCTH OT
NMapaMeTpoB PeKUMa pe3aHusi

AnmpokcuManus pe3yJIbTaTOB HCCICIOBAHUN BIMSHUS MMapaMETPOB PEXKHMa
pe3aHuss Ha TBEPJAOCTh IOBEPXHOCTHOTO CJIOSI TIPOCBEPJICHHBIX OTBEPCTHUH,
MPEACTABIICHHBIX Ha pucyHke 3.4 u pucynke 3.5, mo3Boimia OMNPEASTUThH
KOA((PUITMEHTHI perpeccud TpeX CTATUCTUYECKUX 3aBUCHUMOCTEH [JIT COYCTAHMSI
CKOPOCTEH pe3aHus W IMojad, ImokazaHHbIX B TaOmunax 3.39 m tabmuue 3.40 [66].
CpaBHUTENBHBIN aHAMM3 KOA(D(DHUIIMEHTOB KOPPEISAIMU TIOKa3all, 4TO Hauboiiee
aJICKBaTHBIMHU pPe3yJIbTaTaM MCCIICIOBAaHUN SBJIIOTCSI CTETICHHBIE 3aBUCUMOCTH No2 B
tabmuie 3.39 (r = 0,997) u Ne2 B tabmuue 3.40 (r = 0,99), koTophle cieayer
WCIIOJIB30BaTh IS TOJYYEHHUS OO0OOMEHHOW HSMIMPUYECKOW 3aBUCHMOCTH.

VYkazannele 3aBucuMocty uMeroT Buj (3.9) u (3.10)

HRC = 24,6638-S04%2 | (3.9)
HRC = 6,1914V045 (3.10)

Pa3paboTka sMOMpryecKoil MOIEU 3aKIF04YAETCS B ONPEIEeICHUH TOCTOSTHHOTO
ko3 dunmenTa a 3apucumoctu (3.11) ¢ ucnonap3oBaHWEM PE3yJIBTATOB HCIIBLITAHUM,

npejcTaBiacHHbIX B Tabnuie 3.30 cieayrommm odpazom [79].

HRC =aV 0415 04692 (3.11)

Q= —orel__ (3.12)

"~ 0415 ¢0.4692

[TocTosiHHbBIN KOA(PDUITMEHT a ONpeesaeTCsl MOCPEICTBOM 3aBUCUMOCTHU
(3.13):

n
2.4
_ i

n

a (3.13)
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Ha ocHoBanuu ,Z[aHHOfI MCTOJUKH ITIOJIYUCHA SMIIMPHUYCCKAsd MOACIIb pacucTa
TBCPAOCTH ITOBCPXHOCTHOI'O CJIOA IIPOCBCPIICHHBIX OTBepCTI/Iﬁ IIpyu BapbHUPOBAHUU

CKOPOCTHU PE€3aHus U MOAAYH, KOTOPAsi UMEET CIAEAYIOIIHNI BU

HRC = 13,315V 04155 0469 (3.14)

CpaBHHUTEIBHBI aHANIM3 aJIeKBATHOCTH HJMIUpHueckor moxaenu (3.14)
pe3yJibTaTaM HaCTOSIIUX ucclenoBanuii (tabn. 3.41) mpoBeieH mMOCPEACTBOM
COIIOCTaBJICHUsI (HDaKTHMUECKUX M PACCUMTAHHBIX 3HAYCHHUN TIIyOWHBI JEPEKTHOTO

IMOBCPXHOCTHOI'O CJIOA OTBepCTI/Iﬁ H OIIpCACIICHUSA ITOI'PCITHOCTHU PACUCTOB.

Tabnmuma 3.41 - ApjekBaTHOCTh sSmnupudeckoit Mmomenu (3.14) pesynbratam
HACTOSIIIMX UCCIICTOBAHUM
V, S =0,2 Mmm/00 S =0,25 mm/00
M/MuH | HRC axr., HRC norp., | HRC dakr., | HRC pacu., | norp., %
MM pacu., % MM MM
MM
4,32 11,5 11,48 0,17 12,8 12,6 1,56
5,53 12,5 12,72 1,76 14,3 14,12 1,3
cp.0,97 cp. 1,43

N3 tabmumer 3.41 crnemyer, dYTO CpedHsSs TOTPEIIHOCTh PACYETOB IO
smnupudeckoit moaenu (3.14) ne npessimaet 1,43%, mpu MaKCUMaaTbHOM 3HAYCHHUH
norpemHoctd 1,76%, 4YTro Mg SMOMPUYECKOW MOJENH, TMOJYyYEHHONH METOJaMH
MaTEeMaTHYECKON CTaTUCTUKHU SBIISIETCS TOCTATOYHO BHICOKOH TOYHOCTHIO.

Bricokast TouHOCTh aMmupudeckoit Moaenu (3.14) mo3BosseT MporHo3upoBaTh
TBEPJAOCTh OOpabOTaHHOM CBEpJEHUEM IOBEPXHOCTU OTBepcTui. Hampumep, Ha
ckopoctd pe3aHuss 6 m/mMuH u noxade 0,3 MM/00 TBepaocTh 00pabOTaHHOMN
noBepxHocTu coctaBuT HRC 15,92, pu 3TOoM TBepA0CTh 00pabOTaHHOM CBEpIICHUEM

MMOBCPXHOCTH BO3PACTCT MPAKTHYCCKHU B ABA pa3a.
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3.5. dusnyeckne 3aKOHOMEPHOCTH MOBBINIEHUSI Ka4eCcTBa
MOBEPXHOCTHOIO CJIOSI OTBEPCTHIl, NMPOCBEPJEHHBIX CHUPAJIbLHBIMH

cCBepJIaMH.

3HauUTENbHBIE CHJIBI pPE3aHusi Ha JIE3BHSX CIHUPAJBHBIX CBEpI M HX
KOHCTPYKTHUBHBIE 0COOEHHOCTH [68] MPUBOAST K U3MEHEHUIO (DU3UKO-MEXaHUYECKUX
CBOMCTB 00pabOTaHHON MOBEPXHOCTH MPOCBEPJIECHHBIX OTBEPCTHM M MOBBIMIAIOT €€

TBCPAOCTD. Cunsl PE3aHu:A Ha JIC3BUAX CIIMPAJIBHBIX CBCPJI ITIOKA3aHbI HA PUCYHKC 3.6.

Pucynok 3.6 - CocTaBisitomuye CHIbl pe3aHus COUPAIbHOTO CBEpJIa:
Po—oceBas cuna, Pr— oceBasi CHila IIONIEPEYHOTO JIE3BUS,
Px— oceBast cuia riaBHOTO J€3BUsA, Py— paanaibHasi CHila IJIaBHOTO JIE3BUS

['mybuna nedekTHOro MOBEPXHOCTHOTO CJIOS W TBEPAOCTh MOBEPXHOCTHU
MPOCBEPJICHHBIX OTBEPCTUH 3aBUCAT OT paauaibHOi cuibl Py. CyiectByromue
CIIPaBOYHUKH 10 00pabOTKe JeTajeil pe3aHueM He coaepikaT HH(pOpMaIMH 110 YTy
cwibl Py ipu cBepiiennu, popmyJisl IUIsd ee pacueTa oTcyTcTBYyIOT [69,70,77].

ABTOp pabotel [/1] Ha OCHOBaHMM SKCHEPUMEHTAIBHBIX HCCIECIOBAHUMN
MPUBOJUT COOTHOUIEHUE MEXIY COCTABIISIOIIMMU CUJI PE3aHUS IPU TOUEHUU PE3LUAMU
c yriaoMm ¢=45°, yrnom A=0° u yriom y=15° npu OTHOLIEHUU TIIYOUHBI pE3aHUs K
nomaue, npesbimaromiem 10 pas: Pz:Py:Px=1:0,5:0,3. Ha ocHOBaru# TOTO, 4TO 3yOOM
JH000TO PEXYIEro HHCTPYMEHTa, B TOM YHCIIC M CBepia, sSBIsieTcs peser] [72] ato
COOTHOIIIEHUE MOYXHO MCIIOJIH30BaTh IS TTOJTYUYEHUsI COOTHOILICHUS CUJT PE3aHUsl PU
cBepaenuu B Buje: Py Py =1,65. U3BecTHO, 4TO OoTHOWIEHHE Py:Py npu HEM3MEHHOI

rilyOMHe pe3aHus 3aBUCUT OT yria B Iuiane ¢. B Tabmuue 3.42 npuBeneHa
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OTHOCHTEIbHAS BETMYMHA OCEBOM CHIIBI P TIpH pa3nnyHbIX yriax ¢ MpU CBEPIICHUN
CTalli cpeaHeit TBepaoctu [72].

Tabnuna 3.42 - Bennunna oceBoii cuiibl Po Mpu pa3nuyHbIX yIiax @

3HavYeHUE yria ¢

45° 60° 75°

OTHOCHUTEIbHAS BEIUUMHA Po

0,97 1 1,04

N3 tabmuuper 3.42 BUAHO, YTO MpU yBeAMYeHUU yrima ¢ ot 45° go 60°
OTHOCUTEJbHAsT Benu4ynHa Po yBeNIMUMBAaeTCs, YTO COOTBETCTBEHHO MPHUBEIECT K
yMEHbIIIEHUIO oTHOIIeHUs Py Py cienyromumm odpazom 1,65x0,97=1,6.

[Ipu o6paboTke cBepieHueM (GopMmyia Ijisi pacyeTa OCEBOM CHIIbI UMEET BHUJT
(3.15)

Po = 10CpDSKp, H. (3.15)

3nauenue koddpduimenta Cpu Kp u nokazateneit creneHedt popmyist (3.15)

npuBeaeHbl B Tabmuue 3.43 [51].

Tabnuua 3.43- 3nauenue korpdunmenta Cpu Kp 1 okazarenei cteneHeilt GopMmysibl

(3.15)

Cp g y Kp
68 1,0 0,7 0,75

Jlns cBepn quametrpoM 11 MM oceBast cuia, paccurtanHas o gopmyre (3.15)

npu pekoMeHyemon nogade S = 0,25 mm/006 [6], paBHa Pp = 2126 H (212,6 krc).
OceBast cuna MpU CBEPJICHUM CKJIAJIBIBAETCS W3 TPEX COCTABJISIFOIIUX CHJI
pezanus Pop = P+2Px (pucyHok 3.6). Jlosiss oceBOM CHJIBI TTONEPEYHOTO Jie3BUs Py B
oceBoii cuie coctaBisieT 60% [68]. Torma cymmapHast oceBasi cujia rIaBHBIX JIC3BUN
coctaBut 2Px= 850 H (85 krc). C yueroMm cootHouenust Py:Py=1,6 paguansHas cuna

OJIHOTO TJIaBHOTO Jie3BUs OyeT paBHa Py= 680 H (68 krc).
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B pesynbraTe BhILIENPUBEACHHOTO aHanu3a omnpeneiieH Kodpduuuent Cpy =
35,34 npu UCHOJIB30BAaHUHM KOTOPOTO M 3aBUCUMOCTH (3.15) mosydeHa 3aBUCUMOCTD

(3.16) nyia pacuera paguanbHON CUJIBI HA KAKJIOM TJIABHOM JIE3BUH IPU CBEPIJICHHUH:

Py = prDq (O,SS)yKP, KTI'C. (316)

Cuitel Py, neicTBytolmue Ha 000MX IJIaBHBIX JIE3BUAX CBEPJIa U HANPABICHHBIE
HaBCTpedy JApyr Jpyry, TEOPETHYECKH JOJDKHBI ypaBHOBeWIMBaTbca. (OJIIHAKO
BCJIEZICTBUE MOTPEIIHOCTH 3aTOYKH CBEPJ (HEOAMHAKOBON BEIUYHMHE YIJIOB ¢, JUIMH
IJIABHBIX PEXKYIIUX KPOMOK, CMEIICHUS MONEPEYHON KPOMKH) CHIbl Py HE paBHBI,

IIO3TOMY IIOABJISACTCA paBHOHCﬁCTBYIomaH paanalibHasg CHJIA AP, v , HaIIpaBJICHHAA B

CTpPOHY JieiicTBHs OoJbieH cuibl Py [71].

Kak ObUI0O OTMEYEHO BbIIE TJIABHOW NPUYUHOM  BO3HUKHOBEHMS
PaBHOJCHCTBYIOIICH paguanbHOi Cuibl AP, SBISIOTCS TMOTPENIHOCTH 3aTOYKU
cnupalibHbIX cBepsl. OCHOBHBIE MPUYUHBI BO3ZHUKHOBEHUS IMOTPEIIHOCTEN 3aTOYKU
IIPOUCXOJAT B PE3yJIbTaTE€ HEPABEHCTBA YIJIOB (@ M CMEILECHHUS MONEPEYHON KPOMKH,
KaK [TOKa3aHO Ha pUCYHKe 3.7. HepaBeHCTBO yTIIOB ¢ TAKXKE NPUBOAUT K HEPABEHCTBY

JJINH I'VIaBHBIX PCXKYIIUX KPOMOK.

Bung A

Pucynok 3.7 - [lorpemiHoCTH 3aTOYKHM CBEPI B PE3YJIBTATE CMEILICHUS
MONIEPEYHON KPOMKH e+ , HEDABEHCTBA YIJIOB ¢ = = = =



CranmapT perjiaMeHTHpYeT JONMyCK OWeHHs, MNpPOBEpSEMbI MocepearHe
PEXYIIUX KPOMOK CBEpJia, OTHOCUTENIBHO OCH pabouell YacTH CBEpJIa B HAIIPABJICHUH,
NEPHEHANKYJIIPHOM peXylleld KpoMke (pucyHok 3.7, Bua A, CTOpoHa &c
TpPEYroJibHUKA agc). OHAKO OCHOBHOE BIIMSIHUE HA OCEBYIO CHIIy OKa3bIBAE€T OCEBOE
OueHue PEeXyIUX KPOMOK, OT KOTOPOTO 3aBUCHUT PACIpEICICHUE MOAAYM MEXKIY
3yObsiMu cBepiia. PernamentupoBaHHble cTaHgapToM [44] momycku OWeHHUs CBepI

nuameTpoM 11 MM U TOIyCKH 0CeBOTO OMEHMsI CBEPJ ATOTO AuameTpa (pucyHok 3.7,

BUI A, CTOpoHa ac =0y TpPEYrojbHUKA aéc) NpEACTaBiIeHbl B Tabmuie 3.44

Ta6nuna 3.44- Jlomyck OMeHUs U JOMYCK OCEBOI0 OMEHHS CBEPJI

I[OHYCK OueHus CBCPJ KIIaCCOB TOYHOCTH

Al B1 B
0,11 0,2 0,3
JIOIyCK OCEBOro OMEHUsT O CBEPJ KJIaCCOB TOYHOCTH
Al B1 B
0,14 0,23 0,35

N3 taGmuet 3.44 BUIHO, YTO AOMYCK OCEBOr0 OMEHUS CBEPJl Kjlacca TOYHOCTH
B1 mpakTHueckd paBeH PEKOMEHIyeMOW Mmojade Ha o0opoT cBepya [6], a momyck
OCEBOTr0 OMEHHus CBepsl Kjlacca TOYHOCTH B 3HAUMTENHHO TPEBBIIAET BEIUYUHY
pekoMeHayemMoi momaun. B asTomM ciywae B (dopmupoBaHun 00pabOTaHHOM
MOBEPXHOCTH OYyJET y4yacTBOBAThb TOJBKO OJIMH 3y0 CBEpJia C PaBHOACHCTBYIOIICH
pamuanbHoii cunoit AP, = P, = 68 krc.

C wucnosb3zoBanrem 3aBucumoctu (3.16) paspabortana 3aBucumocth (3.17)
MO3BOJISIONIAS PACCUUTATh OOJIBIITYIO palMadbHYI0 CHITy Ha OJHOM 3y0e cBepia mpu
OCEBOM OMEHHWH MEHBIIIEM BEIIMYUHBI TTOJa9H:

P, =C,,D(0,55+65,)""K,. (3.17)

Bonbiiast paguanbHas cuia, paccyuTaHHas mo 3aBucuMoctu (3.17) st cBepa

kj1acca ToyHocTH Al auamerpom D = 11 MM, umerommx ABYXIMIOCKOCTHYIO 3aTOUYKY
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pexyliei yactu u oceBoe ouenue 0, = 0,06 mm paBua Py =89,5 krc. Tora MeHbIIas
paaualibHasi CHJIa Ha IpyTroM 3y0e cBepia Oyaet paBHa Pyy = 136-89,6 = 46,4 krc. B
9TOM CJIy4ae paBHOJACHCTBYIOIIAs paaraabHas cuia pasaa APy, = 89,6 — 68 =21,6 krc.

Boiie  mpuBeneHbl  pe3yibTaThl  M3MEpPEHUs  TIyOMHBI  J1€PEKTHOTO
MMOBEPXHOCTHOTO CJIOSI TIPOCBEPJICHHBIX OTBEPCTUH CBEpJIaMU Kjlacca TOYHOCTH B ¢
oceBbiM OuenneM 0,3 MM (Tab61.3.2) u cBepiaaMu Kjacca TouHOCTH Al ¢ OceBBIM
ouennem 0,06 MM (1a6n.3.10). Cpennee 3HaueHHEe TIIYOMHBI J1€(EKTHOIO
MMOBEPXHOCTHOTO CJIOSI OTBEPCTHA, MPOCBEPJICHHBIX CBEpJaMH Kilacca TOYHOCTH B
COCTAaBJISIET 0 = 5435 wmxm. CpemHee 3HaueHHe TJTyOMHBI Je(eKTHOTO
MMOBEPXHOCTHOTO CJIOSl OTBEPCTHH, MPOCBEPICHHBIX CBEPJIAMU Kjlacca TOYHOCTH Al
cocraBisier O = 19,77 MKM.

VY cBepa knacca TOUHOCTH Al mpu peKoMeHayeMoH mojade Ha 000pOT cBepia

[51] paBroit 0,25 MM/00 paBHOEHCTBYIOIIAs paauanbHas cuna APy, = 21,6 krc, a'y

cBepa kiacca TouHoctd B AP, = 68 T.e. B 3,15 pa3 Goiblile, 4eM y CBEpJ Kjacca

TOYHOCTU A1, pu 3TOM cpeaHee 3HaueHue ri1yOuHbl 1e(eKTHOro ciios Oonbiie 2,75
pasa, (54,35 u 19,77 cOOTBETCTBEHHO), YTO MPAKTUIECKU COOTBETCTBYET YBEITHUCHHIO
PaBHOJICUCTBYIOIICH PaIHabHON CHIIBI. JTO O3HAYAeT, YTO YMCHBIICHUE TIIyOHHBI
ne(EeKTHOTO MOBEPXHOCTHOIO CIIOSI MPOCBEPJIEHHBIX OTBEPCTHM CBEpJIaMU Kilacca
TOYHOCTH Al MO CpaBHEHMIO C OTBEPCTHUSAMM IIPOCBEPJEHHBIMHM CBEpJamMu Kiacca
TOYHOCTH B NpOUCXOIWUT 3a CUET YMEHBLICHUS PAaBHOACHCTBYIOLIEU paauajbHOU

CHJIBI.
PaBHogeicTBytomas cuina AP, 3aBUCUT OT BEJIMYUHBI mojadn. I[losTomy

00JIBIIIYI0 TOUHOCTH OLIEHKH XapaKTepa €€ BIUSHUS CIIE0BAJIO OKUAATh OT CPAaBHEHUS
(YyHKLIHMOHAJIBHBIX 3aBUCHUMOCTEN TIIyOMHBI AE(PEKTHOIO MOBEPXHOCTHOTO CIJIOS OT
M0JIa4y CBEPJI CPABHUBAEMBIX KJIACCOB TOUHOCTH B 1 Al. OgHako OTCyTCTBUE TaKOU
3aBUCUMOCTH Yy CBEpPJI KJlacca TOYHOCTH B He mo3Bojsier caenarb 3TOro. ITO
MOATBEPKAAETCA PE3YyJbTaTAMU KOPPESIUMOHHOTO aHAJIW3a B3aWMOCBS3M MEXKIY

nojavueit ¥ rIyOuHBI e eKTHOTO MMOBEPXHOCTHOTO CJIOS, MPECTaBICHHOTO B TA0JIHIIE

3.45.
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Ta6nuna 3.45 - Koadgdunuent nuneitHoi koppensaiuu [Tupcona r mexay nomadent u
rIIyOUHON J1e(heKTHOTO CII0St M TBEPIOCTHIO MOBEPXHOCTU OTBEPCTUIM

V, Caepia knacca Caepina knacca
M/MUH
TouHOCTH B TouHOCTH Al
ro ro

432 |-0,168 | He 3HauuMm 0,890 3HAYUM
553 0,616 | He 3HAaUUM 0,876 3HAYUM
r HRC r HRC

432 |-0,682 | He 3HauuMm 0,99 3HAYNM
553 |0,216 | He 3HaunM 0,934 3HAYUM

N3 tabnuiibt 3.45 BUIHO OTCYTCTBUE 3HAUMMOMN KOPPEISIIIMUA MEXIY ToIauei 1
rIIyOMHON JI€(PEKTHOTO MOBEPXHOCTHOIO CJIOS Y CBEpJI Kiacca TouHoctu B [Tabnuia
XII 65]. TToaTOMy OlLIEHKE MOJIeKaTU CPEIHUE 3HAUYCHHS CPAaBHUBACMbBIX BEIMYHH,
YTO HE MMPOTHUBOPEUYMT MPABHIIAM MaTEMAaTHIECKONW CTATUCTHKH.

N3 Tabmuupel 3.45 Takxke BUIHO HAIMYUE 3HAYUMOW KOPPENAIHMH MEXIY
nojiayeit v ryOnHOM AePEKTHOTO MOBEPXHOCTHOTO CIIOSI M TBEPOCTHIO MOBEPXHOCTH
OTBEPCTHH y cBep kiacca Tounoct Al [Tadmuma XlI, 65].

3HauuMbI  KOO(DPUIIMEHT KOPPESAIUMU TPEANojaraeT HaJIudue MpsSMOi
(YyHKLIMOHAJIBHOM 3aBUCUMOCTH TIyOMHBI Je€()EKTHOr0 CJl0s M  TBEPAOCTU
MMOBEPXHOCTHU OTBEPCTUH, MPOCBEPJICHHBIX CBEpJIaMU Kjlacca ToOYHOCTH Al OT mojgayw.
Xapaktep 3TUX 3aBUCHMOCTEW TMpejcTaBieH TpadukamMu Ha pucyHkax 3.3 u 3.5
MIPE/ICTABIICHHBIX BBIIIIE.

Ha pucynkax mokazaHo, u4to riayOuHa JedeKTHOrO CJIOSi M TBEPIOCTh
MTOBEPXHOCTH OTBEPCTHH, MPOCBEPJCHHBIX CBEpJIaMH Kjlacca TOYHOCTH Al, mmeer
PSIMYIO 3aBUCUMOCTb OT T10JIa4H.

B Ta6nuiie 3.46 npencraBieHbl pacCUMTaHHbBIC 110 3aBUCUMOCTH (3.17) Gonbiue

paauanbHble CUITBI CBEPIT Ki1acca TOYHOCTH Al ¢ 0CeBbIM OMEHHUEM PEXYIIUX KPOMOK

0,06 Mmm
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Ta6muma 3.46 — bosbinre paguaibHbIe CUITBI CBEPJI Kilacca TOYHOCTH Al
S, MM/00 0,078 0,1 0,13/0,16 | 0,20 | 0,25
Pyg, x1C 57,76 | 62,19 |68,0|73,6|80,8 89,5

Ha pucynke 3.8 npuBeneH rpaduk 3aBHCUIMOCTH OOJIBIION pailaibHOMN CHUITBI OT

noJa4u, Mpe/ICTaBICHHbIC B Ta0uIle 3.46.

Pyg.KTC
80 /
70
60} L = T D
0 05 10 15 20 25 S.Mmwob

Pucynok 3.8 - 3aBucumocTth O0JbIIeH paguaibHON CUIIBI OT MTOAA4H, CBEpIIa
KJ1acca ToyHOCTH Al

Ha pucynke 3.8 BuiHO, 4TO O0JIbIlIast paivaibHas CHJIa pPABHOMEPHO BO3PACTAET
C YBEJIMYEHUEM MOJIa4H, UTO ONPEAEIISAET NPSAMYIO 3aBUCUMOCTb ITyOUHBI 1€(DEeKTHOTO
IIOBEPXHOCTHOTO CJIOSI U TBEPAOCTU ITOBEPXHOCTU IPOCBEPIICHHBIX OTBEPCTHUH OT
MOJAYH.

KOHCTpyKTHBHBIE OCOOEHHOCTH CIHPAJIbHBIX CBEPJ BBIPAKAIOTCA B TOM, YTO
KKl 3y0 CIHMpaIbHOTO CBEpJIa UMEET TPU PEXYUIUX KPOMKH, YYAaCTBYIOLIUE B
(GbopMHpPOBaHUU OTBEPCTHS B CIUIOIIHOM MaTepualie: MolepeyHass KpOMKa, riaBHas
pexyias KpoOMKa M BCIIOMOraTelbHas KPOMKA JICHTOYKM Ha YYacTKE pPaBHOM
MOJIOBUHE TMOJauu Ha o000poT cBepaa. I[loMuMo »3TOro, umeercs euie OJUH
KOHCTPYKTUBHBIN DJIEMEHT — YTOJIOK, SBJISIIOIINANCS JTUHUEH NIEPECEYEHUs ITIaBHOTO U
BCIIOMOTaTEJIbHOTO  PEeXylMX Je3Buid. HemocpencrBeHHOE BO3JIEUCTBUE  HA

00paboTaHHYI0 TOBEPXHOCTh OKa3bIBAIOT BCIIOMOTATEIbHBIE KPOMKHU JICHTOUEK H
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YTOJIKH, KOTOPBIE HAXOATCS B CIJIONTHOM KOHTaKTe ¢ 00pab0TaHHOI MOBEPXHOCTHIO
U3-32 OTCYTCTBHUS 3aJHHMX YIJIOB Ha ImupuHe jieHTtouku f (pucynok 3.6). IIporecc
pe3aHusi TPU OTCYTCTBUU 3aTHUX YIJIOB HEBO3MOXEH, BCIIOMOTATEIbHBIC KPOMKHU
JIGHTOYEK M YTOJKH HE pexyT, a AehopMUPYIOT (CMHHAIOT) 00pabOTaHHYIO
MTOBEPXHOCTh, OKa3bIBasl HA HEe KaaTuOpyrolee BO3CHCTBUE, U TIOBBIIIAIOT TBEPAOCTh

MTOBEPXHOCTH MPOCBEPIIECHHBIX OTBEPCTUN. ITOMY CITIOCOOCTBYIOT PaBHOICHCTBYIOIIAS
pamuanpHas cuiaa AP, wu Oojblnas paguanbHas cuia Py HEIOCPEICTBEHHO

3aBHUCSIIAs OT MOJAYH.

CKopocTb pe3aHus He BIUSET Ha CHIIBI pPe3aHus IIPH CBEPJICHUH, B (hopmyIie 1Jis
pacyeTa OCEBOI CHJIbI pe3aHusi CKOPOCTh pe3aHusi oTcyTcTByeT [51,71,72]. Onnako
BBIIIIE  TMPUBEJIECHBI  OMIMUPUYECKHE  3aBUCUMOCTH  TIyOMHBI  J€(EKTHOTO
MIOBEPXHOCTHOT'O CJIOSI U TBEPAOCTU IMOBEPXHOCTH IMPOCBEPJIECHHBIX OTBEPCTUH OT
CKOPOCTHU pEe3aHMsl IIPU CBEPJICHUH CBEPJIAMH KJlacca TOYHOCTU Al, mpeacTaBiIeHHbIC
Ha pucyHkax 3.2 u 3.4. Ha mnpencTaBieHHBIX PUCYHKax TIIIyOMHA AePEKTHOIrO
MIOBEPXHOCTHOT'O CJIOSl yMEHBIIAETCS C YBEIMUYEHUEM CKOPOCTH pe3aHusl, a TBEPAOCTb
YBEITUYUBACTCSI.

N3BecTHO, CKOPOCTh pe3aHusl OKa3bIBAET CYIIECTBEHHOE BIMSHUE HA Pa30UBKY
IPOCBEPJIEHHBIX OTBEPCTHI U TEMIEpaTypy B 30HE pe3aHusi. Y BeJIMUCHHUE Pa3OMBKU
OTBEPCTUM C YBEITMUEHUEM CKOPOCTH PE3aHUSI TPOUCXOINUT B PE3YJIbTAaTE BO3ACHCTBUS
CWJIbI, BBI3BIBAIOIIEH CMEIEHUE LIEHTpa Macc CBepja MO MPUYMHE MOTPEUIHOCTEN
W3TOTOBJICHUSI KOHCTPYKTHUBHBIX OJJIEMEHTOB B Tipenenax ux nomyckoB. Cuina,
BBI3BIBAIOIIAS CMEIICHHE LIEHTPA Macc CBEpJIa:

F = mw?l, (3.18)
rae M — Macca KOHCTPYKTHBHOTO 3JIEMEHTa, ® — YIJIOBOe ycKopeHwue, | — Bennmunna
paaraIbHOTO CMEILEHUs IEHTPa Macc.

KBagpar yrimoBoro yckopenuss B 3aBucumoctd (3.18) mokasbiBaeT
CYILIECTBEHHOE BIIMSIHUE CKOPOCTH pe3aHus Ha cuity F. DTa cuia geiicTByeT naxe npu
OTCYTCTBUU TOTPEUTHOCTEH 3aTOUKHM PEKYIIEH YaCTH CHUPAIBHBIX CBEPJI U CBOUM
BJIUSIHUEM CIIOCOOCTBYET YBEJIIMYEHUIO TBEPJIOCTH MOBEPXHOCTU MPOCBEPJICHHBIX

OTBEPCTHUM.
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B pa6ore [ 73] npeacraBieHa sSMIUpUYECcKas 3aBUCUMOCTh TEMIIEPATyPbl B 30HE

PE3aHuA OT CKOPOCTHU PE3aHUA, HMCIOIIAs BU

O = 37,824V073%, (3.19)

Paccuntanubie mo 3aBucumoctu (3.19) Temmeparypel B 30HE pe3aHUs] Ha

Pa3IUYHBIX CKOPOCTSX pe3aHus OKa3aHbl HA pUCYHKE 3.9.
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Pucynok 3.9 - 3aBucHMOCTb TEMITEPATYPHI B 30HE PE3aHUsI OT CKOPOCTH PE3aHUs, Ha
nonade S = 0,25 mm/00, cBepiia Kjacca TOUHOCTH Al ¢ OCEBBIM OMEHHEM PEXYIIIX
kpoMok 0,06 Mmm

B pabGore [74] mpencrtaBieHa SMIHMpPUYECKass 3aBUCUMOCTh MPOYHOCTH U
TJTACTUYHOCTH YTIICPOAUCTON KOHCTPYKIIMOHHOM CTajad OT TeMIEepaTyphl (PHCYHOK
3.10) Ha KOTOpPOM MPOYHOCTH M IUIACTUYHOCTh CYIIECTBEHHO HW3MEHSAIOTCA Ha

temriepatypax MeHbimnx 200°C, (yuactku 1-2 kpuBbix pucyHka 3.10).
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Pucynok 3.10 - 3aBUCUMOCTB MPOYHOCTH U IUIACTUYHOCTH YIJIEPOAUCTON
KOHCTPYKIIMOHHOW CTajJu OT TEMIIEPATyphl, [€ € - CTENEHb AedOpMaLIHH,
XapakTepU3yroLas IacTUYHOCTh MAaTEPHUAIIA, G — IIPEIET IPOYHOCTH.

[Ipu yBenm4eHn# CKOPOCTH pe3anus oT 2,18 M/MuH 110 5,53 M/MHUH TemmiepaTypa
B 30HE pe3anus pacteT B npeaenax ot 100°C go 200°C (pucynok 3.9). Kak BuaHO Ha
pucyHke 3.10 tremneparypsr 100°C - 200°C npunammexar y4actky 1-2 pucynka 3.10,
Ha KOTOPOM C YBEJIIMYEHUEM TEMIIEPATYPhI IPOYHOCTh YTIEPOAUCTBIX CTAJIEH PaCTeT,
a TUTACTUYHOCTh YMEHbLIAeTcs. B pe3ysbraTte TBEpAOCTh HA ITUX CKOPOCTAX pPe3aHus
MOBBILIAETCS C UX yBEIMUEHUEM (PUCYHOK 3.5). YBennueHne NpoYHOCTH U CHUKEHHE
IUTACTUYHOCTU YTJIEPOJUCTBIX CTajiell Ha 3THUX CKOPOCTSAX pe3aHus CIOCOOCTBYET
CHU)KEHUIO TITyOHHBI 1€(EKTHOTO TOBEPXHOCTHOTO CJIOS MIPU YBEJIMYEHUU CKOPOCTH
pe3anus (pUCyHOK 3.2).

B pe3ynbrare TOpOBENECHHBIX HUCCIEIOBAHMM  BBISBJICHBI  (DU3UYECKUE
3aKOHOMEPHOCTH BJIUSIHUS YCIOBHI 00pabOTKH CIUPATIbHBIMU CBEpJIaMH Ha TIIyOUHY
Ne(EKTHOTO IMOBEPXHOCTHOTO CJIOSI UM TBEPJAOCTbh IOBEPXHOCTH IMPOCBEPIICHHBIX
OTBEPCTUM:

- MOTPEIIHOCTH 3aTOYKH PEXKyIIeW 4YacTh CBEp)l (HEOOMHAKOBAsl BEIWYMHA
IJIaBHBIX YTJIOB B IUIAHE, JIIMH TJIABHBIX PEXKYIIUX KPOMOK, CMEIICHHE MONEePEeYHON

KPOMKH) BBI3BIBAIOT HEPABEHCTBO PaUANIbLHBIX CUJl Py Ha 3y0bsSX CBEpPJ, KOTOPOE
IPUBOJINT K TIOSBJIIEHUIO PaBHOECHCTBYIOIIEH paauaabHoi cuibl AP HampasieHHO#M
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B CTPOHY JEWCTBUS OoJibllie cuibl Py W yBenuuuBarolen ee. PaBHoaeicTByrOIIas
paauanbHas CHJIa HEMOCPEICTBEHHO (OpPMHUpPYET AEPEKTHBIN CIIOH MOBEPXHOCTH
MIPOCBEPJICHHBIX OTBEPCTUW. bojblas paaualibHas CUJa 3aBUCHUT OT MOJAYU U
PaBHOMEPHO BO3PACTAET C YBEJIMUYEHUEM MOJIauu. XapaKTep 3aBUCUMOCTEN TITyOUHbI
ne(EeKTHOTO TOBEPXHOCTHOTO CJIOS W TBEPAOCTH TOBEPXHOCTH IMPOCBEPICHHBIX
OTBEPCTUM OT MOJAYM ONPEICTSACTCS XapaKTepOM 3aBUCUMOCTH OT MOJIaud OOJIbIIEH
paauanbHO CUJIBI,

- CKOPOCTh PE3aHUsI OKa3bIBAET HEMOCPEICTBEHHOE U CYIIECTBCHHOE BIIMSTHUE
Ha pa30MBKY IPOCBEPJEHHBIX OTBEPCTHN M TeMmIepaTypy B 3aHE pE3aHMUs.
[TorpemiHOCTH H3rOTOBJICHUS KOHCTPYKTHUBHBIX 3JJIEMEHTOB CBEpJl MPUBOJAT K
YBEJIMYEHUIO CHJIBI, BBI3BIBAIOIICH CMEIICHUE LIEHTPA MAcC CBEpia MPU YBEIUYEHUN
CKOPOCTH pE€3aHusi, MPUBOJAIICH K YBEIUYCHUIO PA3OMBKU MPOCBEPICHHBIX
OTBEPCTUI. DTa CUja UMEET MECTO Ja)K€ MPU OTCYTCTBUM MOTPEIIHOCTEN 3aTOYKHU
CBEpJ U B CBOIO Oue€pelb CIOCOOCTBYET TMOBBIMICHUIO TBEPAOCTH MOBEPXHOCTH
MIPOCBEPJIEHHBIX OTBEPCTHIA;

- YBEJIIMYEHUE CKOPOCTH pe3aHust 10 5,53 M/MUH NPUBOAUT K YBEIMUYCHUIO
temnepatypsl pe3anus a0 200°C, B mpenenax KOTOPOM MPOYHOCTH YINIEPOAUCTOM
CTalld pacTeT, a IUIaCTUYHOCTh mnanaer. [loaToMy TBEpAOCTH MOBEPXHOCTHU
MPOCBEPJICHHBIX OTBEPCTUI PacTeT C YBEJIWYEHHEM CKOPOCTH pe3aHusi, a TIIyOuHa

I[G(I)GKTHOFO IMIOBCPXHOCTHOI'O CJIOA YMCHBIIACTCA.

BBIBO/IbI 11O I'VTABE 3

1. KoppensimoHHbIN aHadu3 IMO3BOJIMJI BBISIBUTh HAIMYME 3HAYUMOMN CBSI3U
MEX]ly mapamMeTpamMu pexxuma pe3anusi, riTyOnHou 1e(eKTHOTO MOBEPXHOCTHOTO CIIOSI
Y TBEPAOCTBHIO MOBEPXHOCTU OTBEPCTUH, IPOCBEPJICHHBIX CBEPJIAMH MOBBIIEHHOU
TOYHOCTU Kiacca Al ¢ oceBbiM OueHueM pexymmx kpomok 0,06 mm, a Takxke
OTCYTCTBHE 3HAYMMOM CBSI3M MEXKIY IapaMeTpaMH peXKHUMa pe3aHus, TiIyOuHOM
Ne(EeKTHOTO TIOBEPXHOCTHOTO CJIOS W TBEPIOCTHIO TOBEPXHOCTH OTBEPCTHUH,
MPOCBEPJICHHBIX CBEpJIaMU HOPMaJIbHON TOYHOCTH Kjacca B ¢ oceBbIM OueHHnem

pexymmx KpoMok 0,3 M.
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2. PerpeccroHHBIN aHaIN3 PE3yJIbTaTOB UCCIIEIOBAaHUM TO3BOJIMII pa3padoTaTh
OMIIMPUYECKUE MOJEIM, C BBICOKOM CTENEHBIO TOYHOCTH OTPa)KaroLUE BIIMSHUE
CKOPOCTH pE€3aHMs M TOJa4d Ha TIIyOMHY JEPEKTHOTO MOBEPXHOCTHOTO CIIOS U
TBEPAOCTh ITOBEPXHOCTU OTBEPCTUM, IPOCBEPJICHHBIX CBEpPJaMU IOBBIIIECHHON
TOYHOCTH KJj1acca Al ¢ JByXIUIOCKOCTHOM 3aTOYKOU 3aJHUX IMOBEPXHOCTEN U OCEBBIM
ouenueM pexynmx kpomok 0,06 MM.

3. Ompenenensl (pU3NUECKUE 3aKOHOMEPHOCTH BIJIMSHUS MOJAYU U CKOPOCTH
pe3aHusl Ha CWIbl pe3aHus, pa3OMBKY OTBEPCTUH M TEMIIEpaTypy B 30HE PE3aHHS,
M03BOJIMBIINE OOOCHOBATh CHUKEHHE IITyOMHBI 1e()EKTHOTO TOBEPXHOCTHOTO CJIOS U
IIOBBILIEHUE TBEPIOCTU ITIOBEPXHOCTH IIPOCBEPIICHHBIX OTBEPCTUH.

4. PazpaboTaHHasi KOHCTPYKIIMS CBEpia MOBBIIIEHHON TOYHOCTH Kiacca Al ¢
JIBYXIIJIOCKOCTHOM 3aTOYKOM 3aJHUX ITOBEPXHOCTEH 3a CYET 3aYMCTKU ITOBEPXHOCTH
OTBEPCTHUS BCIOMOTATEIbHBIMUA PEXYIIUMU KPOMKAMH OOECIEYMBAET MOBBIIICHUE

KauecTBa 00pabOTaHHOW MOBEPXHOCTH.
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3AK/IIOYEHUE

OcCHOBHBIC pe3yJIbTAThl U BHIBOJIBI:

1. Pa3paboTana MeTOAOJOTHSl TUIAHUPOBAHUS, OPraHMU3AlMU U TPOBEIICHUS
HKCIIEPUMEHTOB, OOBEKTOM KOTOPOTO SIBISIETCS KA4€CTBO MOBEPXHOCTHOTO CJIOS U
TBEPAOCTh MOBEPXHOCTU OTBEPCTHH, 0OpaOOTAHHBIX CBEPIICHUEM, B 3aBUCUMOCTH OT
napamMeTpoB pEeXHMa PE3aHMs], IO3BOJIIONIAS MOBBICUTh KAa4eCTBO PE3YJIbTaTOB
UCCIIETIOBAaHUM U CHU3UTH UX TPYIOEMKOCTb.

2. DKCHEpUMEHTAIIbHO ONpPENeNICHO BIUSHUE CKOPOCTH PE3aHus M TO0JIayu Ha
rIyOMHy J€(QEKTHOrO TOBEPXHOCTHOIO CJIOS W TBEPAOCTh IMOBEPXHOCTHU
pocBepiieHHBIX oTBepcTuid (pucynku: 3.2; 3.3; 3.4; 3.5). IlomydeHsl 3aBUCUMOCTH
(3.1), (3.2), (3.9), (3.10), orpakaromiye BIUSHHEC CKOPOCTH pE3aHHs M IMOAAYd Ha
rIyouHy Ne()eKTHOTO MOBEPXHOCTHOTO CIIOSI U TBEPAOCTh MOBEPXHOCTH OTBEPCTUM
MIPOCBEPJICHHBIX CTAHIAPTHBIMH CIUPATBHBIMU CBEpJIaMU C TIPUMEHEHHEM METOJIOB
KOPPEJSILUU U PETPECCUOHHOTO aHAJM3A.

3. Pazpaboranbl ammupudeckue Mojienu (3.6),(3.14) BiustHAsS CKOPOCTH pe3aHus
U M0Jla4u Ha TIyOUHY J1Ie(EKTHOTO MOBEPXHOCTHOTO CJIOSI M TBEPAOCTU MOBEPXHOCTU
MIPOCBEPJICHHBIX OTBEPCTUH, MO3BOJIAIOIINE CYIIECTBEHHO YMEHBIIUTH KOJIUYECTBO
TEXHOJOTHUECKHUX TEPEeX0/I0B MpH 00pabOTKE OTBEPCTUH BBHICOKOW TOYHOCTH, TEM
CaMbIM TOBBICUTh Ka4€CTBO M3/IEINI MAIIMHOCTPOCHUS U CYIIECTBEHHO CHU3UTH MX
ce0EeCTOMMOCTb.

4. Pazpabotan 1 000CHOBaH METO/I MOBBIIICHUS Ka4eCTBA TOBEPXHOCTHOTO CJIOS
OTBEPCTUI MPU CBEPIICHUH, BKIIOUAIOIININA: CTaHIapTHBIE CIUpaTbHBIE CBEpJIa Kilacca
TOYHOCTU Al C JBYXIUIOCKOCTHOM 3aTOYKOHM pEXyIlel 4acTu, C OCEBbIM OMEHHEM
PeKYIIMX KPOMOK He mpeBbimamomum 0,06 mMMm; sMmupudeckyo moxaeiab (3.6),
MO3BOJIAIOIIYIO BEIOPATh MapaMeTphl PeKUMa Pe3aHusi B 3aBUCUMOCTH OT TpeOyemoii
ryOuHBI 1e(h)eKTHOTO TOBEPXHOCTHOTO CJIOS B TMpeneiax 25 MKM; dMIUPUUYECKYIO
mojzenb (3.14), wucnosibp30BaHHE KOTOPOW CYIIECTBEHHO YMEHBIIACT TIyOHHY
ne(eKTHOro MOBEPXHOCTHOTO CJIOS.

5. Pa3paboTanHasi KOHCTPYKIIMS CBEpJia MOBBIIIEHHOW TOYHOCTH Kiacca Al ¢
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JBYXIUIOCKOCTHOM 3aTOYKOM 3aTHUX MOBEPXHOCTEH 3a CUET 3aYUCTKU MOBEPXHOCTH
OTBEPCTHUS BCIOMOTATENbHBIMU PEXYIIUMU KPOMKAMH OOECIEYMBAET IMOBBIIICHUE
KauecTBa 00pabOTaHHOW MOBEPXHOCTH.

6. Pe3ynbTaThl AricCEepTallMOHHON pabOThI UCIIOJIB3YETCS B y4eOHOM MPOIIECCE B
paMKax  CHEHHAIbHBIX  JUCHUIUIMH:  «TexHojoruueckue  Mpouecchl B
MaIIMHOCTpoeHun», «OO0paboTka MaTepuajoB U HHCTpyMeHT», «VccrnemoBanue
MaTepHuayioB U npoieccoB» U «I1oBbIlIeHNE CTOMKOCTH CIIMPAIbHBIX CBEPII U KauecTBa
o0paboTku cBepiieHnem» Ha Kadeape « Texaomorus mammuaocTpoeHus» KI'TY um. U
Pa33zakoBa ¥ TPHUHATHI K BHEIPEHUI0O B TIPOU3BOJACTBO HA MPOMBIINLIIEHHBIX
npeanpusastuax OcOO  «Amaram» wu  OcOO  «ABromam-Paguarop», d4ro

IMOATBCPIKAACTCA COOTBCTCTBYIOIMMHU dKTaMU BHCAPCHMA.
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IOCYIAPCTBEHHAS CJIYIKBA HHTEJ]JIEKTVAJ]bHOIZl COBCTBEHHOCTH
U UHHOBALIMH ITPU [TPABHUTEJIbCTBE KbIPI'bI3CKOW PECITYBJIMKH

a2y OMUCAHME MOJE3HOU MOJIEJIN

k nateHTy Kniproizckoii Pecrny0iHKH 1101 0TBETCTBEHHOCTD 3asiIBHTEJISt

(21)20180009.2.

(22) 15.05.2018

(46) 31.07.2019. Bron. Ne 7

(71) (73) Ksipreizcko-Poccuiicknii CnaBsHeKui

yuusepeuter (KG)

(72) Parpun H. A., /lpiiikan6aesa V. M. (KG)

(56) TOCT 4010-77 Ceepna cnupajbHble ¢ LiH-

JIMHAPUYECKHM XBocTOBHMKOM. Kopotkas cepwus.

OcHoBHble paszmepsl. - C. 20

(54) Ceepaio

(57) Tone3nas Mozmenb OTHOCHTCA K CIHUpalib-

HBIM CBEpJIam Ui 00paboTKM OTBEpCTHIA.
3ajayedl MoJe3HOH MOJeNnu SBifeTcs Mo-

BbILLIEHHE CTOMKOCTH CBEpJl M Ka4yecTBa MOBEpX-

HOCTH 00paboTaHHbIX OTBEPCTHH 3a CYET HaJIM-

YMs 3aTOYEHHBIX YYACTKOB JIEHTOUYEK Ha JUTMHE

PaBHOW MOJIOBMHE OCEBOM MOJAYH OT PEXYIIEH
4acTH cBepra.

3agava peliaeTcs TeM, YTO CBEPIO HMEro-
Lee HampaB/IAIOLLYI0 M PEKYLLYlO 4YacTH, ABa
3y0a, 3aJiHK1e MOBEPXHOCTH KOTOPBIX Ha mepHde-
PHH PeXyYLIEH YacTH 3aTOYEHbI 3alHUM YIJIOM a
paBHbiM 11°-12°, moATOUKY JIEHTOYEK MO YIJIOM
6°-8° Ha piuHe 1,5-4 MM OT peyllel 4acT,
LUMTHHAPUYECKHe YYaCTKH JIEHTOYEK Ha MecTax
MOATOYKH MPH 3TOM YYaCTKH JIEHTOUEK 3aToye-
Hbl 32/IHAM YIJIOM PaBHbIM YIJly 3aTOUKH 3aJHHX
MOBEPXHOCTeH Ha mepudepun pexylied 4yactu
Ha JUIMHE PABHOW MOJIOBMHE OCEBOM Mojaud OT
peKylleH yacT cepa.

1 H.n. ., 3 dur.
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3

[onesnas monens oTHocHTes Kk cripans-
HbIM CBepIaM Ut 06pabOTKH OTBEpCTHIA.

Hsgectho ceepino (TOCT 4010-77 Caeprna
CHHPaJIbHBIE C LIMIMHAPHYECKHM XBOCTOBHMKOM.
Kopotkas cepus. OchoBHbie pasmepsl. - C. 20),
HMEIOLIEE HAMNpPaBIAIOLLYIO H PEXKYLLYIO 4acTH,
ABa 3y6a, 3a[lHME MOBEPXHOCTH KOTOPBIX Ha Me-
prdepuH pexkyiuei yacTH 3aToueHBl 3amHHM
YIJIOM @, IOATOYKY JIEHTOYeK 1o yriom 6°-8° na
Amute 1,5-4 mm ot pexyiueit yacTu, UMHHAPH-
YECKHE YYaCTKH JICHTOYEK HAa MEecTax MOATOYKH.
Takas noarouka nentouek npowmssouTCs
UCNIBIO YMEHBIICHHS HX TPEHHA O CTEHKH Mpo-
CBEPJIMBAEMOr0 OTBEPCTHS M MOBBILLEHHS CTOl-
KOCTH CBepII.

Henocrarkom ussectoro ycrpoiicrsa ss-
JHETCA  HalMYHe UWIMHAPHYECKHX YYaCTKOB
JICHTOYCK Ha MECTax MOATOYKH, KOTOpbIe TPyTCS
O CTCHKH MpOCBEPIHBAEMOrO OTBEPCTHS, YTO
CHHIKAeT CTOMKOCTH CBEpI.

3anaueit nonesHolt mMoxenn saBasercs mno-
BLILICHUE CTOHKOCTH CBEPN M KAayecTBa MoBepx-
HOCTH 00paboTaHHBIX OTBEpPCTHIT 3a CUeT HaH-
M5 3aTOYEHHBbIX Y4acTKOB JIEHTOYEK Ha JUTHHE
PABHOH MOJIOBUHE OCEBOI Mojauu OT pexyLIei
4acTH cBepia.

3anaua peuiaercs Tem, UTO CBEpIO, MMElO-
LIee HaMpaB/IAIOUI0 W PeXYLLYI0 4YacTH, aBa
3y6a, 3aj1HMe MOBEPXHOCTH KOTOPBIX Ha nepude-
PHH PEKYILIEH YaCTH 3aTOYEHbI 3a/HUM YITIOM @
paBHbiM 11°-12°, nogrouky nenrouek rnos yriaom
6°-8° Ha mamme 1,5-4 mm or pexyLen vactu,
LUHWIHHADHYECKHE YYaCTKHM JIEHTOYEK Ha MecTax

Qopmyaa nonesnoii mogean
Caepiio, umeronee HAMpaBJIAIOLLYIO H pe-
KYUYIO 4acTH, 1Ba 3y6a, 3ajHHEe MOBEPXHOCTH
KOTOpbIX Ha nepudepun pexyiueii yacTd 3arto-
YCHBbI 3aHHM YrJIOM o paBHbIM 11°-12°, nop-
TOUKY JICHTOYEK MOA yriom 6°-8° Ha anuue 1,5-4
MM OT pexyLleli 4acTH, UMIHHAPHYECKHE yuacT-
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4
MOATOYKH NMPH 3TOM YYACTKH JIEHTOYEK 3aToue-
HbI 3a/IHHM YIJIOM PaBHbIM YIJly 3aTOYKH 3a/1HUX
MOBEPXHOCTEH Ha nepudepun peyiueii yact
Ha JUTMHE PAaBHOH MOJIOBHHE OCEBOH MOJauu oT
pexyLLen YacTu cBepia.

Ha ueprexe, ¢ur. | - Bun CBepJa B I1aHe,
Gur. 2 - Bua ceepna B nmpoekuuu Ha rOPH30H-
TAIbHYIO TUI0CKOCTh, (Hr. 3 - yyacTku Hanpas-
JISIOLEH M pexcyLei yacTeii B niakHe.

Caepiio umeer pexyuyio | u HarpasJsio-
uyto 2 4acTu, aa 3yba 3, 3aaHue MOBEPXHOCTH
KOTOpbIX 4 Ha nepudepru pexyiiei YacTh 3aTo-
YCHBbI 3alHMM yriiom a. Ha nanpasnsioweii ya-
CTH pacro/ioKeHbl JICHTOYKH S, KOTOpBIE 3aTo-
YCHbI YIJIOM pPaBHBIM YIJIY 3aTOYKH 3aJHHX
TMOBEPXHOCTEH Ha nepudepuu pesxyueii yactn a
Ha JUIHHE PaBHO# MOJIOBHHE MOAYM OT peXcyLiei
YacTH cBepra.

Ceepno paGoraer crenyiowmm obpazom.
Ceepiy coobiaioT BpamarensHoe aBrKeHue U
OCeBOe nepemellueHne - nogayy So. [naBHble
PEXKYLIUHE KPOMKH Cpe3aloT OCHOBHOM CNOM 00-
pabatbiBaemMoro martepuaa, (opmupys oteep-
CTHE, 3aTOYCHHBIE YYACTKH JIEHTOYEK, KAK BCIIO-
MOraTebHbIE PEeXyLIHE KPOMKH, MOAYHILIAIOT
MOBEPXHOCTb OTBEPCTHS.

CroiikocTb cBepn M KkauecTBo obpaboran-
HOH MOBEPXHOCTH MOBBILIACTCS 32 CyeT oTCyT-
CTBHA TPCHHS JICHTOYEK O CTEHKH MpPOCBEpIIH-
BAEMOr0 OTBEPCTHA M 3aYHCTKH [OBEPXHOCTH
OTBEPCTHS  BCTIOMOTaTeNbHBIMA  PEXyLHMHU
KpPOMKaMmH,

KH JICHTOUYCK HA MECTaX NOATOYKH, O T /1 M Y a 10~
UL e ecs Tem, YTO yYaCTKH JIEHTOUYEK 3aTOYEeHbI
3aHHM yIJIOM PaBHbIM Yrjly 3aTOYKH 3aJHMX
TNOBEPXHOCTEH Ha mepudepun pexyLeiH yacTH
Ha JUIMHE paBHOW MOJIOBHHE OCEBOH MOJauYM OT
PexylLueii yacTh ceepna.
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BoinyiieHo 0T1en10M NOAroTOBKH OQHLHAIbHBIX H3AaHWH

l'ocynapersennas ciyx06a HHTEIUIEKTYalbHOM COOCTBEHHOCTH M MHHOBauMiT npu [Tpasutenscrse Kiproisckoii Pecny6amku,
720021, r. bumkek, yn. Mockosekas, 62, Ten.: (312) 68 08 19, 68 16 41; dakc: (312) 68 17 03
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[Tpunoxenue 2

«YTBEPHATAIO»
TenepansHblifiviHpeRTOP
DO «Aaa\(am»

AKT BHCAPCHHA PC3Y. JIbTATOB HAYYHO-HCLACHOBA T CLCRBEL, AV Y0~
TeXHHYECKHX pabor, peayIkRTATOB HAYYHON H HAYYHO-TCXHHYCCKOM
ACITEIbHOCTH

L. Asrop sueapenns: couckarem, Juifixandaena Y pruga MaMaTKaaLpOBHa

2. HauMeHOBaHHe HARYTHO-HCCMENVBATLIBCKUY, HAVHHO-TeXHHYECKHX padoT H
Pe3yILTATOB HAYYHOH H HayTHO-TEXHHULCKOV JedTC/BROCTH: pa3spaboTKa MeTola
LOBBIUICIIMA KAYCTLIRA LOBEPXIOCTIIONO CIOs BIBEPCLUi NPH CBEPISHHM.

3. Kparkas anpoTanud: 3 padoTe NPECcTABIEHSs! METObl NOBBLIUSHHI KAYeCIBA
MMOBEPXHOCTHOIO €10 OTBEPCTHH, B HacTH CHIDKEHWS TAyOuHnl JCHCKTHOIO
MOBEPXHOCTHOLO €105 0 25 MKM M LOBBILIEHAA TEEPAOC Y 110BEPXIIGCTH OTRE PCTHI.

3T0 MO3BOISET YMEHBIIHTH TPYIOCMKOCTR OOpafoTKM REICOKOTOTHEIX OTREPCTHI
muaverpom 10...16 Mmm 84 CUET HCIUUOYEHHA CHEAYRIIAX IEPEXOI0B! pacCBEPITHBATIHC,
YCPHOROS W HHCTOROE 38HKEPOBAHNE, HOPMATLITOE W YHCTOBOE Pa3BEPThIBAHUE.

4. DdpeRT 0T BHEIPEHHN; IMOBRIICHUC KA4CCTBA ¥ CHINKEHUE TPYIOEMKOCTH
W3rOTOBIEINA [IPOIYKIHAH.

5. Mecro u spems sueapenus: OcOQ «Aua-Tarm T bumkek, yu. Camoiinesuko 7/2
or 11 noabps 2024r.

6. Popma BHEApPEHHN: TIO PE3YTLTATAM JIMCCEPTALMOHHOK paboThl puspaboradbl
PEKOMEHAATTHH, KOIopue OVIOYT  HCIOIB30BAHEL JIPH UATOTORNCHHT MPONYKITAH

MpEINpHATHA.

3.C. ADApanMOB - J.T.H., Lpodeccop, sasenyiowed kabenapot
Texuoneruun marmurocTpoerud, K1Y um. M. Passakosa

W.AIZALOB ATLINAATY
{ KbIPTBi3 MARNEKIT MK
TEAHUKA NI !Hl{!EI:PCM

—
| Anw pREYRETaF

§ 23 sapwanuirtl il 67 - by, 2, g
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[Tpunoxenue 3

¢ ,«,Y.T\BE PXKJTAKO»
PextopiKid ¥y, 1. Passaxosa
; ) B

AKT BHEJAPEHHS Pe3yabTAaTOB HAYIHO-HCCACAOBATECNbCKHX, HAYYHO-
TEXHHYECKHX pﬂﬁOT, Pe3yYIbTATOB Hay‘lHOﬁ H ﬂayqﬂo-’rexnnqecxoﬁ
JeATeJbHOCTH

[.  ABTop BHenpenmsn: couckarenb /pfikanbaesa ¥Yprus MaMaTkaaeipoBHa

2. HaumenosaHue HAYIHO-HCCIEI0BATENLCKHX, HAYYHO-TEXHUYECKHX pabor u
Pe3yAbTATOB Haywsoif M HAyYHO-TEXHHYEeCKOH NesdTe/ bHOCTH: paspaboTka MeToza
NOBEIILIEHUS KAYECTBA TIOBEPXHOCTHOTO C10S OTBEPCTHIt IPU CBEPICHUH,

1. KpaTkasi aHHoTauus: B pa0oTe NPEICTaB/ICHB METOABI [IOBBIIEHHA KawuecTRa
IIOBEPXHOCTHOTO CI0A OTBEPCTHIH, UTO [IO3BONIAET YMEHBIIUTE TPYIOEMKOCTE 00paboTKH
BBICOKOTOYHBIX OTBepctuit guamerpoM 10...16 MM 3a cHET MCKIIOYEHHUS CAEAYIOIUX
IIePEXOAOB: PACCBEPIUBAHUE, YEPHOBOE H YHCTOBOS 3CHKEPOBAHUE, HOPMAIBHOE H
yucToBoe paspépThiBaHUue. PaszpaGoTaHa MeETOIMKA MOJCIHpPOBAHUS H IIPOBEICHMS
HCCIEI0BAHEH 110 TIOBBIHIEHHIO 3} (hPeXTUBHOCTH NIpOLIecca CBEPISHUA.

3. DOdpexT 0T BHEeApEHMA: TOBBIUCHHE KAUECTBA IOATOTOBKU  CTYIEHTOB,
MarucTpaHTOB M aclUpPalIToB.

4. Meecro H Bpems BHegpenusi: KbIpTBI3cKHIE TOCYIAapCTBEHHBIH TeXHHUYECKM
yuuBepcutet um. V. Pazzaxosa ot 21 HosOps 2024r.

5. opma BHeIpeHHA: PE3YNLTATE PAOGOT BHENPEHE! B yueOHEI MPOHECC, MATEPUAILL
AMCCEPTALHOHHON paboTsl BKIOUeHH B yueGHoe nocobue «losbrienue KadyecTsa
oTBepCcTUi 0OpaboraHHBIX CBepicHuem» 4 B yuebuuk «[loBhImeHne CTOHKOCTH
CIIMPANBHEIX CBEPI H KadecTBa 0OpaloTKH cBeprneHmem». PekoMeHmyeTca CTyeHTam,
MarucTpaM M aclMpaHTaM TEXHHYECKHX BY30B MalIMHOCTPOHTEIBHEIX HANPABNEeHUH U
CIELMAIBHOCTEH, a TaKKe [OPEeroJaBaTe/IaAM, CIELHAINCTaM, AEATEIBHOCTh KOTOPBIX
CBS3aHA C TCXHONOTHEHW METalIOB, METaAN000pa0OTKOH, TEXHONIOTHEH W3rOTOBICHHA
M3Iemuil.

IpeacTaBuTe b OPraHH3aLHH, B KOTOPYIO BHEApeHa pa3padoTka
K.M. lpikananues — K.T.H., IOIIEHT, HAYadbHUK yue0HOr0 yIIpaBleHHs
KI'TY um. Passakosa

IIpeacTaBHTEN L OPraHU3ANHH, H3 KOTOPOT0 HCXOAHT BHEAPECHH
3.C. Abspaumos - 1.T.H., npodeccop, 3apeayromei kaheapoi
Texnonorun matuaoctpoenusa, KI'TY um. M. Pa3zzakosa

1.PA33AKOB ATEIHAAMLl &

KeIPFbI3 MAMAEKETTUK g%

TEXHUKANBIK YHWBEPCUTE
Hofiyw TACbIKTIAM /2 //

Anast pecyperap
BawXAPMANGIFLiHEH B3 KBICE
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[Ipunoxenue 4

AKT BHEAPCHUA pe'&yi’leaTOB HAYVIHO-HCCICIOBATENILCKHNX, HAYYHO-
TEXHHYCCRHUX paﬁoT, pesynnTaToB naylmoﬁ H uaylmo-‘rexmi'{ecxoﬁ
HEHTENBHOCTH

L ArTop BHeaApenust: couckatelb Jpifikanbaena ¥ prins MaMaTkaiblpoBHa

2. Haumenosannue HAYy4HO-HCCASN0BATEIBCKHX, HAYHHO-TeXHHYECKHX paloT
Pe3syJabTATOB HAYHHOH H HAYYHO-TEXHHYCCKOH AeATeNbLHOCTH: pa3paboTka MeToma
[OBLILIEHNS KAtect FIOBEPXHOCTHOIO L1108 OTBEPCTUH 11pU CBEPIIEHNN.

3 KpaTkan ansgoTranus: B paboTe 1pCACIABICHBl MCTO bl MOBLIIICHUA KdHCCIBa
LHOBEPXHOCTHOTO  CNOS  OTBEPCTUH. B 4ACTH  CHIDKEHMA TNyOWUOBl  OCHEKTHOTO
HOBEPXHOCTHOI'O €031 10 25 MKM H 110BRILIEHUS TBCPAOCTH HOBEPXHOCTH OTBEPCTHH.
DTO NO3BOIET YMEHBIIMIL IPYA0CMKOCIE 00palolkn  BLHICOKOTOUILIX  OLBEPCIUR
Jwaverpos 10... 16 MM 3a Cuel HCKIIOYEH NS CICAYIOIUX EPEX0IOB: PACCRePIHBAHUE, -
4EPLOBOE 1 UMCTOBOE 3EHKEPUBAHUE, HOPMAILHOE 1 4MeTOBOE pasBEpTHIBAHMIE,

4. 3pderr oT BIeAPEHHs: IORBIIICHUE KAYECTBA U CHIDKEIHE TPYA0EMKOCTH
H3rOTOBACHHA MIPOTY KLIHH.

5. Mecto u Bpems sHeapeHHs:: OcOO «ApTomam-Paguatop» I BHILKEK, Y.
Marpocora IA/D oT «15» HoaOps 20241

6. Dopma BHEIPEHHA: MO PESYILIAIAM LHCCEPIalMOItHOR paboTel paspaboraiibl
PCKOMCHIALHHN, KOTOpele OyAyl MCHOIB30RAHBl [PM  HM3TOTOBICHME  1IPOAYKUMY
HPCANIPHATHA.

Ilpencrapnre/ib OPraHyu3al iy, B KOTOPYIO BHeApeHa pazpadorka

B.H. JlacyEO0B - 1j1agnplid TeXHOIOT
0cO0 «ABTOMAUI-PATTMATOP»

TIpcicTaBuress OpraHM3anny, 13 KOTOPOTO MCXOANT BIIEAPEHHC
2.C.Adapanmos - LT.H., npodeccop, 3aBeayomen kabepoif -
Texnonornu mawurioctpoctus, KI'TY um. ¥. Pazzakosa

S8, WPA33AKOB ATLIHDATE!
a5 KbtPThI3 MAMNEKET TUK
TexivranbiK yaneercutifgf
vy 7

Konyw tacremrany /. / g ,/
Asae paycrip 4 ,'W i
B

Bauywonl ey |
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