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Excniyamayitini nepeganmagicents 4acmo npu3eooans 00 YMEOPeHHs 3aIUuK080i niacmuunoi degpopmayii
mpybuux cmanei. Bcmanoaneno eniue niacmuunoi depopmayii Ha eenuyunu mooyns npyschocmi E i koeghiyienma
nonepeunoi oeghopmayii u cmaneii OypurbHUX Mpyo Y CKAAOHUX YMO8aAX Haganmaicenhs. Ompumano 36 ’s130k Midic
sminoio E iy Jlacmocsi aKicHe noscHeHHsl NAUBY HAKIENY 3 MOYKU 30py OUCIOKAYIliHOT KapmuHu 6y0068u MemaJis.

Poszensanymo npobnemu, nog’sazami 3i 3MIiHOI0 MeXaHIYHUX Xapaxmepucmux mpyonux cmaneu. I[loxazano, wo
nracmuuna 0egpopmayisi O0CHIONCYSAHOL CMALi NPU3600UMb 00 ICMOMHO20 UKPUBTICHHS NOYAMKOBOL OLISIHKU Oide-
pamu po3msiey, a maKolc 3MeHWeHHs1 MOOYIs RPYICHOCTNE M 2PAHUYT NPONOPYIUHOCTII.

OO0epoicano HOBI eKCRePUMEHMATIbHE OAHi NPO 3MIHY XAPAKMEPUCTIUK YUKTTYHOT MPIUWUHOCIITIKOCME mpyOHUX
cmadnetl 3a1eiHCHO 80 CYMICHO20 HABAHMAICEHHSL A KOPO3IUHUX Cepedosul.

Cmamms cmocyemucsi pe3yibmamis meopemuyHux i eKCnepumMenmaibHux 00CAi0NCeHb 6MOMHUX 1ACHUBOC-
meti OypUuIbHUX MpPyO npu MAaKux eKCmpeMAanbHUx pesicumax OypinHs c6epoNo8UH, K PA306I Ma YUKNIYHI nepean-
MAdNCEHHs, HASBHICMb POOOUUX cepedosuly | mpzmuH 6 KOHCMPYKYISX.

KitrouoBi cioBa: GypuiibHa KOJOHA, Hillesb, B’S3KICTh PyHHYBaHHs, MKJIiYHA TPIIMHOCTIHKICTh, KOPO3iiiHO-
BTOMHA MII[HICTh, BTOMHA TPilll{HA.

DKCnyamayuonHvie nepespysku Yacmo npueoodsams K 00pa308anU0 OCMAMOYHOU NIACMUYecKol deghopma-
yuu mpybHuIX cmanei. YemanoeneHo enusHue niacmuyeckol oegopmayuu Ha éenudunsl Mooy ynpyeocmu E u
K03 puyuenma nonepeunoil degpopmayuu (L cmanei OYpuiIbHblX mpyo 6 CLONCHLIX YCA08Usx Hazpyicenus. Tlonyue-
Ha c6513b Meancoy usmenenuem E u [l u 0ano kauecmeenHoe 00bACHe e GIUAHUS HAKIENA ¢ MOYKU 3DeHUs QUCTOKA-
YUOHHOU KAPIMUHBL CIPOEHUsL MEMAILIO8.

Paccmompenvt npobaemvl, céA3aHHble CO CMEHOU MEXAHUYECKUX Xapakmepucmuk mpyonvix cmanei. Tloxasa-
HO, YMOo NAACMUYECKAas 0eopMayust UCciedyemMol Cmaiu nPUeOOUM K CyujeCmeeHHOMY UCKPUGTEHUIO HAYATbHOZO
yuacmka ouaspamMmuvl PACHSINCEHUS], A MAKICe YMEHbULCHUIO MOOYIISL YIPY20CIU U NPedeia RPONOPYUOHATbHOCTIU.

THonyuenvl HOBblE IKCNEPUMEHMATbHBIE OAHHbIE 00 USMEHEHUU XAPAKMEPUCTIUK YUKTIUYECKOU MPeuuHoCmot-
KOCmU MpYOHbIX CIManeli 8 3a8UCUMOCIU OM COBMECHO20 GIUSHUSL HAZDYICEHUS U KOPPOSUOHHBIX CPEO.

Cmambpsi kacaemcsi pe3yiomamos Meopemuieckux U IKCNePUMEHMANbHbIX UCCIe008AHUL YCMALOCHHbIX
CB0IiCME GYPUNILHBIX MPYO NPU MAKUX IKCMPEMATLHBIX PENCUMAX OYPEeHUsL CKBANCUH, KAK PA306ble U YUKIUYeCKUE
nepezspysKu, Hanuuue paboyux cped u mpewjur 6 KOHCMpPYKYUsIX.

KiroueBrie cioBa: OypuibHAs KOJIOHHA, HUIIENb, BA3KOCTh Pa3spyLICHUS, [UKIMIECKAS TPEIMHOCTONKOCTD,
KOPO3HOHHO-YCTaIOCTHAS IPOYHOCTD, YCTAIOCTHAS TPEIIHHA.

The operating overloads often result in formation of remaining plastic deformation of pipe steel. Influence of
plastic deformation is set on the quantity of the modulus of elasticity E and coefficient of transversal deformation
of steel of drilling pipe in the difficult conditions of loading. Condition is got between the E change and p and quali-
fied explanation of influencing of workhardening is given from point of distribution picture of structure of metals.

The problems with mechanical characteristic of the pipe steel are observed. The plastic deformation of the in-
vestigated steel load to substantial curvature of the initial part of the extension diagram and increasing of the
modulus of elasticity and threshold of proportional are shown.

The new experimental data on the corrosion fatigue crack growth behaviour of pipe steels were received and
analysed depending on the loading and the presence of corrosion environments.

The article deals with the results of theoretical and experimental investigations for fatigue properties of drill-
ing pipes at the following extreme conditions of drilling of holes: single and cyclic overloading, availability of work-
ing environments and crack in constructions.

kKey words: drill string, nipple, fracture toughness, cyclic crack resistence, corrosion fatigue strength, fatigue
crack.

Beryn

BupimeHHst BaXXIMBOT JIepKaBHOT TPOOIEMH —
3a0e3MedYeHHs] MMaJIuBHO-CHEPTETHYHOTO KOMILIEK-
Cy CHPOBHMHOIO — BUMArae i i€l ranysi po3po0-
KH 1 BIIPOBA/DKCHHS BHCOKOCHEKTHBHOIO YCTATKY-
BaHHsI, & TAKOX PO3BUTKY HAYKOBHX METOAIB HOro
onTUManbHOI ekcruryaranii [1 — 5]. EdekruHicth
excrutyarauii Ta Oy/liBHMUTBA CBEPIVIOBMH 3HAY-
HOIO MIpOI0 3aJIGKHTh, HACaMIIEpe/, BiJl SKOCTI
TpyOHOTO rocronapcrea. CydacHa HayKa Mo Mill-

HICTh 1 pyHHYBaHHs MaTepialliB po3po0Jsie Teope-
THYHI OCHOBH IpOIieciB ge)opMyBaHHs Ta pyHHY-
BaHHS TiJl B EKCTPEMAIbHUX YMOBAX €KCIUTyaTarlli,
AKAMU MOXYTh OyTH, HANpPHKIAL, CBEPAIOBHHHI
yMOBH (pa3oBi Ta UMKIIYHI NEPEBAHTAXEHHSA, (i-
3MKO-XIMiYHa [isi arpecHBHHX CEPEIOBHUIL, BUCO-
KHX THCKIB 1 IIBUIICHUX TEMIIEPATYP), HAABHICTH
y Tpy06ax rocTpux KOHLEHTPATOPiB HAIPYKEHb —
pi30, TpimwH Tomo [1, 6, 7]. Tomy cTBOprOBaTH
HOBe OO0JIaJJHAHHS H606X1)Z[H0 3 BpaxyBaHHSM X
YUHHHMKIB.
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AHAaJi3 0CTaHHIX JoCHiTKeHb i myOaikamiii

Oco6nuBO HEOE3NEYHUM, 3 TOUKH 30py Py#-
HYBaHHS €JIEMEHTIB 6prIHLH01 KOJIOHH, € 3MiHHI
HaTPYXEHHsI, [0 MPU3BOJATH JI0 PO3BUTKY BTOM-
Hux nporeciB. CymapHa JacTka aBapiiiHUX BiIMOB
OypWJIbHUX KOJIOH B 3arajbHOMY OallaHci aBapiil y
nporeci OypiHHS CBEp/UIOBHH CKIagae OIU3bKO
70% [1, 7]. Le, B mepury 4epry, HoB’s3aHO 3 Bij-
CYTHICTIO HaJIKHOTO KOHTPOIIO 3a Je(EeKTHICTIO
CIEMEHTIB OYpPHJIBHUX KOJOH 1 HEIOCTaTHIMH
3HaHHSMH 3aKOHOMIPHOCTEH POCTY BTOMHHX Tpi-
IIMH B JETANIAX CBEPIUIOBHH, oOjaaHaHHs [3, 5].
PyiiHyBaHHSI KOJOHHM CTBOPIOE aBapiiiHi cUTYyaIlii,
Ha JIKBIJAIII SKUX 4acTO BUTPAYaIOThCS 3HAYHI
KOIITH Ta Yac.

Jlana po0OoTa cnpsMoOBaHA Ha BCTaHOBJICHHS
3aKOHOMIPHOCTEH BIUIMBY EKCTPEMallbHUX pPEXH-
MiB OypiHHS CBEPJUIOBMH Ha JIOBTOBIUHICTH elle-
MEHTIB OYpUJIbHOI KOJIOHH, MA€ HE TUTBKH HAYKOBY
AKTYaJIbHICTh, aJleé ¥ BaXXJIMBE HAPOJHOTOCIIOAAP-
CbKe 3HaueHHs. BypuibHi TpyOH 4acTo pyHHYIOTh-
Csl B pe3y/IbTaTi IPUKIIAJaHH HE3HAYHOI KIJTbKOCTI
IUKITIB 32 MiJBUINCHUX HaNpyxeHb [2, 8]. Bepxus
YacTHHA OYpPHIJIBHOI KOJIOHM MIiJATAEThCA, SIK Ipa-
BUJIO, CYTTEBOMY OCHOBOMY PO3TATYIOUOMY HaBaH-
TaxkeHHIO [2]. B pmeskux Bumagkax (HampuKIa,
M Yac JIKBimanii MPUXOIUICHB) i HAIPYKCHHS
MOXKYTh NEPEBULIYBATH HAIPYKEHHS IIPOMOPIIii-
HOCTI, 1[0 IPU3BOUTS JI0 HAKIISIY MaTepiany i, siK
HACITIIOK, 10 3MIHM HOro MeXaHIYHUX BIACTHBOC-
teit [8-10]. B 3B'I3Ky 3 UMM BUBYEHHS BILTUBY Ma-
JIOTO 4YHCJIa LIUKIIB BEJIMKUX 3MIHHUX OCHOBUX
PO3TATYIOUMX HANpPY>KEHb Ha Ipaie3faTHICTh Oy-
PHIBHHX TPYO NMPUISEThCS 3HauHa yBara [1, 7].

Buainenns HeBUpilIeHUX paHillle YaCTHH
3arajJbHol mpodJjaeMu

OmHMM 3 CYTTEBHX HEMOJIKIB BIIOMHX TillO-
Te3 HAKOIMYEHHS BTOMHOIO IIOLIKOYKEHHSI B Me-
Tajax € Te, 10 BOHM HE BPaXOBYIOTh KIHETHUKHU
TIOLIKO/KEHHSA 1 HE 0a3yloThCsl Ha aHawisi CTpyK-
TYyPHHUX 3MiH y M€Tajax, ki BiI0yBarOTbCS B MPO-
11€Ci BTOMHOTO MOWKOLKeH s [7, 11-13].

Y 3B'I3Ky 3 PI3HOMAHITTSAM JaHUX PO 3aKO-
HOMIPHOCTI HAKOIMYECHHS IIOIIKO/DKEHb TIPU Pi3-
HUX PEKHUMax MPOrpaMHOr0 HAaBAaHTAKEHHS, MPO-
BEJCHHIO CKJIAJHUX MPOrpaMHUX BUIIPOOYBaHb
MMOBUHHI TIepeAyBaTH MOMEPEIHI JOCTIIKESHHS 3a-
KOHOMIPHOCTEH HAKOIWYCHHS IMOIIKOIKEHb B Me-
Tajax MpH HAWMPOCTIIIUX PEKUMax OJHOKPATHUX
MEePEeBaHTAXCHb, 1€ B YHCTOMY BHUIJIAAI MOXKHA
JOCTIIUTH BIUIMB PI3HMX YHMHHUKIB Ha Ili 3aKOHO-
MipHOCTI. Taki CIpoIeHHs JOCTIKSHb HeO0X1THI,
SK KPOK JO PO3YMIiHHSI OUIBII CKJIAaTHHUX SIBUII
PexuMu ONHOKpPAaTHUX TIEPEBAHTAKEHb MOXYTh
OyTH BiZHECEH1 MO0 PEXHMIB HAaHIPOCTIIINX MPO-
IrpaMHUX HaBaHTa)KCHb, KOJU PYHHYBaHHs HacTae
B KIHIIl OTHOT'O MEPioy 3MiHU HAPY>KEHb.

Taki mocmimkeHHS yKe HaOyBalOTh IEBHOTO
po3Butky [1, 8 — 10], ogHak A MOBHOTO pPO3Y-
MIHHS Ha3BaHUX BHIIE MTPOOJIEM IX HEJIOCTaTHBO.

@DopMyJTIOBAHHS Wijei cTaTTi

Tomy mera nanoi p060TI/I MOJIATa€ Yy BCTAHOB-
JIEHHI 3aKOHOMIPHOCTEH BILUIMBY TaKUX €KCTpEMa-
JIBHUX pe)KI/IMlB OypiHHS CBEpJUIOBHH, SIK Pa3oBi i
UMKIIYHI [EPEBAHTAKEHHs, POOOUE CEpeNOBHUILE,
HasABHICTH TplIIII/IH Ha ):[OBFOBILIHICTB €JIEMEHTIB
OypUIIBHOT KOJIOHH.

BucBiTjieHHsI 0CHOBHOT'0 MaTepiary
JOCJTIIKeHH A

Crioyatky JOCHiPKEHHS MPOBOJMIN Ha 3pas-
KaX, BUTOTOBJICHUX 3 CTajl Tpymu MinHOCTi /I B

crani noctasku (o g = 660 Mlla; o, = 390 MIla;
85 = 17%; v =41%; KCU =43 Jix-cm™).

BcranoBiieHo, mo miactuuHa Jedopmariis
cTaji Bejie JI0 3HAYHOTO BUKPHBIICHHS TIOYaTKOBOT
(KBa3uMiHIIHOT) ITUITHKK JiarpaMy TPy TOBTOPHO-
My postsry. Moayib IpyXXHOCTI CYTTEBO 3MCHIITY-
€ThCsL, a KoeilieHT nonepeuroi aedopmawii 3poc-
Tae. BILUTHB MIaCTHYHOI nedopMallii mposiBISIETHCS
HE3JIeKHO BiJ] 3HAKY HAIIPYKEHb, 110 BUKIUKAIOTh
Hakjien. SIKIo 3HaK" MONEepeAHbOl IIACTUYHOI
nedopmalilii Ta HaNpyKeHb, MPU SKUX BU3HAYAIOThH
MOJIyJIb, CIIIBIAJal0Th, TO CMAJ MOMAYJIS HE JIyXKe
cyrreBuii 1 ckiaamae 10-13% Bim moyaTKOBOI BEH-
yuHU. Hakjen NpOTWIEKHOTO 3HAKy BUKIHUKAE
OLIBII CYTTEBE 3MEHIIEHHS MOYIA (110 35%).

Ha puc. 1 300pakeHo KpuBi 3MiHH MOy
MPYKHOCTI CTalli Tpynu MinHocTi [ 3anmexHo Big
BEIIMYMHU TIONEPEIHBOT IIacTUYHOI aedopmartii
po3Tary (&p, %).

MaxkcuMyM TaJiHHS BETUYWHH MOJIYJS TPY-
JKHOCTI BIJIOBIZa€ 3HAYCHHIO IONEPEIHBLOI Ijlac-
tHuHOi aedopmarii 5-6%. HacrynHe 30UTbIICHHS
HaKJIy BeJIe 10 3MEHIIICHHSI CIIa/Ty MOIYJISL

JuHamika 3MiHH KoedilieHTa MoIepedHol
nedopmariii (4 HakIemaHOTo MaTepialy Maja Xa-
pakTep, MPOTHISKHUI 3MiHI MOAYIS MPYKHOCTI.
Taxk, 3 puc. 2 BUIHO, IO KOE(DILIEHT MOMEPEUHOT
nedopmarii (mo € = 3%) 3pocrae, a MOTIM 3aJIHU-
MIa€ThCS HA MPAKTUYHO TOCTIHHOMY piBHI. Benmnun-
Ha MaKCHMMAaJIbHOI 3MIHH 3aJISKHTh, K 1 B IOIEpe-
JHBOMY BHIIAJIKY, BiJ] 3HaKy IUIACTHYHOI qedopma-
uii. Tak, Hakyen po3TsroM &, 30uIbLIye Koedimi-
€HT MOMepeyHoi Aepopmauii mpu posTary L,
~ 10%, a npu cTucky p,. Ha ~ 15%.

BcranoBiieHO HecTaOUIbHICTE 3MIHH MPYKHUX
BIIACTUBOCTEN JIOCII/KYBAHOI CTaji MICNs HakIie-
my. Yepes meBHMI NPOMDKOK 4acy BHXiAHI Biac-
THUBOCTI Marepiany NOHOBIOKOTLCS. [lpu HOpMa-
JIbHIH TEMIIepaTypi NpoOLeC MOHOBIECHHS MPOTIKAe
Jy’)Ke TIOBUTBHO, 1 JJIsl TOBHOTO TTOBEPHEHHS BJIac-
THUBOCTEN HOTpiGeH MPOMDKOK Yacy OJH3BKO TiB-
POKYy.

Ha puc. 3 300paxeHo0 3aJIeKHOCTI TTOHOBJICH-
Hsl MOJIYJISl TIPY>KHOCT1 JIOCHIJDKYBaHOI cTai 3 Te-
pebirom wacy. Kpusa 1 mpencrasnse Bennunnu
MOZyJIst cTani 3pasky micns Hakieny. Kpusa 2 —
1iCJIsl BATPUMKH B PO3BAHT@KCHOMY CTaHI HPOTsi-
rom n06wm. Ilicas TMXKHEBOI BUTPUMKH MPEICTAB-
nsie KpuBa 3, a micisi BUTPUMKU B 20 THXKHIB —
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Pucynok 1 — 3ane:kHicTb MOy NPYKHOCTI cTaji rpynu minnocti /]
Bi/l BeJIMYUHM MONepeIHbOI MJIACTHYHOI AedopMalii po3Tary
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Pucynok 2 — 3ane:xknicth koedinienta nonepeuynoi aegopmanii crami rpynu minnocri [l
Bi/l BeJIMYUHM MONepPeIHbOI MJIACTHYHOI AedopMalii po3Tary
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Pucynok 3 — 3ane:kHocTi MOHOBJIEHHA MOYJIS MPYKHOCTI cTadi rpynu MiHocti /I 3 yacom

kpuBa 4. 3 pUCYHKY BHJHO, IO OCTaHHS KpHBa
OnM3pKa 3a CBOIM XapakTepoMm a0 KpuBoi 0 st
BHXIJIHOTO MaTepiay.

BpaxoByroun TOM (hakrt, 1o abconroTHa Oi-
JIBIIICTh TIOJIOMOK JieTajiell OypHIbHUX KOJOH Ma€e
XapakTep  KOpPO3IMHO-BTOMHOrO  pyHHYBaHHS,

18 )

OCTaHHBOMY TIPHUIIUIAETHCS 3HaYHA yBara B cydac-
HUX HAayKOBHUX JOCTiKeHHsX. OJHaK B HUX IIpakK-
TUYHO BUITYIEHE NMUTAHHS BUBYCHHS BIUIUBY pi3-
HOT'O POAY EKCTpEMallbHUX HaBaHTa)XeHb MpU Oy-
piHHI Ha BTOMYy OypuibHHX TpyO. Tomy BHBUaM
OJTHY 3 CTOpIH Ili€T poOieMHu.

—

® ISSN 1993—9868. HadpTorazoBa eHepretuka. 2012. Ne 2(18)



$iBsuko-TexHiuHi npobiseMyu BuMAO6YBaHHS €HEPr'OHOCiiB

AG._j, MITa
320

310
300
290
280
2701
260

250

€, %

0 5 10

15 20 25

Pucynok 4 — 3ane:xknicth rpanuui BToMu crajii rpynu mMinnocti I
Bi/l BeJIMYUHM MONepeIHbOI MJIACTUYHOI Aedopmarii

3pazkaM HaJgaBalMCh Pi3HI BEIWYHMHHU IIOTIE-
peaHboi macTuaHol aedopmariii (mo 25%). Ilicis
IbOT0 KIHIICBMHH 3pa3KiB, SKMMH BOHH KPIITUIHChH
JI0 PO3PUBHOI MalIMHU, BiApizanucs. KoHcTpyKiist
TAKOro 3pa3ka J03BOJsUIa MPOBOJMTH TOAAJbIIE
Horo BUNpoOyBaHHs Ha BTOMHIN MammHi UMA-5.

SIk BUAHO 3 NaHMX, NPUBENEHUX HA puc. 4, B
pe3yJIbTaTi MIACTHYHOrO AepOpMyBaHHs 10 22%
TPaHULA BTOMH CTaji rpynu minHocTi J[ 3pocrae.
Haii6inpmmii edekr crocrepiranu pu
g = 5... 10%. Onmnak BiH He nepeuinyBa 20%
BiJl BUXIJJHOTO 3HAYEHHS O .

30LIbIICHHS aMILIITY\U HANPYKEHHS 1 CTy-
MeHs MONEePEaHbOI nedopMartii OGYMOBIIIOIOTI) BU-
HUKHEHHs| BOTHHIL 3aPO/DKCHHS TPIllMH, MOB'A3a-
HUX 3 KOHIICHTPAIIEI0 HANPYKEHb, MPOJAOBXKYIOTh
nepiosl 10 3apO/UKEHHS BTOMHHUX TPIIIUH, Tallb-
MYIOTh X IMOJANBIIMKA PO3BUTOK 1, SK HACIIJOK,
MIJBUIIYIOTh IUKJIIYHY JOBTOBIYHICTH Aedopmo-
BaHUX MeETaJiuHuX MaTepianiB. [[poMy Bimmosina-
I0Th 30UIBIICHHS 30HU BTOMHOI TPIIIMHU B 371aMax
3pa3KiB, a TAKOX OUIBII B’SI3KHI XapakTep pyHHY-
BaHHS 1 J0JIaMy.

B po6orti [11] noka3aHo, 110 MiABUILEHHS i
BIIMBOM TIONEPEHBOTO JlepOpMyBaHHs oOMexe-
HOI TpaHMIlI BUTPUBAJIOCTI O gy, (Ha 6a3i 10° 1u-
KI1iB) 1 goBrosiudocti N, (npu o, =0,50,) no-
CHIJIFOETHCS 32 MIPOK0 TOCATHEHHS MarepiajioM y
BUXIIHOMY IOJIOXKEHHI 3aTHOCTI 10 e Opmaiii-
HOTO 3MIllHEHHS, IO OLHIOETHCS TOKA3HUKOM
3mirtHeHHsS 4. L1i 3aKOHOMIpHOCTI anmpOKCUMYIOTh-
Csl pIBHSHHAMH

Erne /Epy =0,615-¢>74; 12093 (1)

N, /N=0187-¢'%4; r=092. (2

Tyt ogye 1 Ogy — OOMEKeHa IpaHMI BU-

TPHUBAJIOCTI J1e)OpMOBAHOTO 1 BUXITHOTO MaTtepia-

ay; N, i N — JIOBroBi4HICTH Je(OpPMOBAHOIO i
BHXIJIHOTO MaTepiay.

Pesynpratu Hammx mociimkeHb (puc. 5, 6)
CHIBIIAAAIOTH 3 JaHUMH podoTH [11].

3 HUX BHIUIMBAE, WO €DEKT IIACTUYHOL Jie-
(popmartii, B OCHOBHOMY DPIBHOMIPHOI, SIKHi BH-
KIIMKA€ MiIBUIIEHHS OOMEKEHOI rPaHuUIli BUTPUBA-
JIOCT1 Ta MUKIIIYHOI IOBrOBIYHOCTI, 3pocTae i3 30i-
JBIICHHSIM 3aTHOCTI MaTepiay A0 jaedopmariii-
HOT'O 3MIIIHEHHS 32 CTATUYHOTO PO3TATY.

BcraHoBIieH1 3aJeKHOCTI TAIOTh MOXIIUBICTD
OITUMI3yBaTH JOILIbHICTh BBEICHHS B TEXHOJIOT'i-
YHUM MpOIEC BUTOTOBIICHHS JAeTaliei onepauiﬁ
IJIACTUYHOTO Ae(pOPMYBAaHHS 3 METOKO ITiABUIIEH-
Hs 1X JOBrOBiYHOCTI. TexHojoriuna oOpoOKa, 10
MPHUBOJIUTH JIO POCTY TIOKa3HHKAa A, 00yMOBIIOE
TNIO3UTHBHUN BIUIMB Ha OMIp PYyHHYBaHHIO Jedop-
MOBaHHX METAJIYHUX MaTepialliB MPH MUKITIHOMY
HABaHTa)XCHHI.

3 MeTo10 00’€KTUBHOI OILIIHKK pecypcy Ta BU-
0opy TepioaMYHOCTI HEPYHHIBHOTO KOHTPOIO OY-
PWIBHUX KOJIOH OCTaHHIM YacOM 3HAYHO YIIOCKO-
HaJIIOIOTHCS METO/IU X po3paxyHKy [12]. Bonu Bce
IIMPIIE BEAYTHCS HA OCHOBI KPUTEPiiB MeXaHIKH
pyiinyBanus [1, 6, 7]. OnHak TIIPOrHO3yBaHHs pe-
cypcey 6ypHHBHPIX Tpy0, Hinmenis, Mydr 3aifcHIO-
€TbCsl 6€3 BpaXyBaHHs HEPEryISIPHOCTI HaBaHTa-
KeHHsL. B TOM ke 4yac BCTaHOBIEHO, IO €KCILTya-
TAUIAHAN CNEKTP 3TMHAIOYUX MOMEHTIB, MIFOYMX
Ha OypwIIbHY TpYOY B CBEPJUIOBHHI, MOXKE MIHSATH-
csi B mupokux Mexax [1, 5]. Kpim nukiniuHoro Ha-
BAHTKEHHS Ta HEJIOBAHTAKEHHS MEBHOI TPUBAJIO-
CTi MOXIIMBI TAKOXK MIKOBI (IMITYJIbCHI) OJIHOKpAT-
Hi nepeBaHTameHH;I BUIIA/IKOBE HABaHTAKEHHS |

1. [1, 4, 8]. Pan 1ociifukeHb CBIYATH MPO CYT-
T€BI mepexiaHi epeKTn 3MiHM MIBUIKOCTI MOLIN-
penns BToMHMX TpimwH [1, 7]. Bouun satpynmro-
I0Th OLIHKY pecypcy pobOTH JeTanei 3 TpiluHa-
Mu. [Jlo uwmcma ekcrumyaraniiiaux Qakropis, sKi
CTIPUSIIOTh PO3BUTKY PI3HUX 30BHINIHIX JIEPEKTIB i
MOJICTIIYIOTh PO3BUTOK TPIIIUH, BIIHOCATHCSA Ta-
KO pinki poOoui cepenoBuiia. Tak, rpaHHLls BH-
TPHUBAJIOCTI AeTayiell OypHIbHOI KOJIOHH MOHUXKY-
€TbCS B KOpo3iiiHux cepemosuiiax Ha 30...50% i
MOX€E MPHUAMATH JyKe Majii 3Ha4eHHS, 0COOJIMBO
MpH BeIMKUX Oazax BUIIPoOyBaHsb [12].
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PucyHnoxk 5 — 3ajexkHicTb epeKTy nonepeaHbLoOro NiacTUIHOro aegopmMyBaHHs,
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Bil moka3Huka aedopmaiiiiHoro 3minHeHHs1 A MaTepiajay B BUXiTHOMY cTaHi
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PucyHnok 6 — 3ajie;kHicThb e(peKTy nonepeaHbLOro NIacTUIHOro aegopMyBaHHs,

110 BUKJIMKAE 3MiHY J0BroOBiYHOCTI IpH O,

=0,50,,

Bl moka3zHuka nedopmaniiiHoro 3MillHeHHs1 A MaTepiajly B BUXiTHOMY cTaHi

BpaxoByroun HaBejieHe BHIIE, B JaHOMY JO-
CII/DKEHHI OyJjia MOCTaBjeHA 3ajaya OI[IHUTH Xa-
PakTep BIUIMBY PIIMHHHX CEPENOBHIL HA MPOLECH
HAKJIENy 1 CTapiHHs, WO CYNPOBOLKYIOTh PO3BH-
TOK TpPIIIMHA TPU [HKIIYHOMY HaBaHTa)XEHHI
eNeMeHTiB OypriibHOI KomoHu [13].

st BunpoOyBanb Oyiy BHOpaHi cTami Tpynu
minuocti J{ i 40XH, sKi IHPOKO 3aCTOCOBYIOTHCS
JUISL BUTOTOBJIGHHS OypwJIbHUX TpyO 1 Himemis.
3paskyu MiBraim rapTyBaHHIO 3 HACTYIHHM Bifl-
myckoM ipu 575, 675 1 825 K. Pobounmu cepeno-
BUIIAMH CIyTryBad 3%-HUIl PO3YMH OJETHOBOT
KHCJIOTH B Ba3eliHOBOMY Macili Ta JAMCTUIbOBaHA
BOJIA.

Yucio mMKIIiB N; He0OXiqHE VI 3apPOIKECHHS
KUIBI[EBOT OCECHMETPUYHOI TPIIMHK TNIMOMHOIO
1 MM (TIpH HETTO-CiYeHHI JiaMeTpoM 7 MM), 3alie-
XKHUTh HE TUIBKH BiJI PIBHS aMIUTITyIU TPU TPEHY-
BaHHI, ajic i Big BUAy cepemoBuiia. B tadmuii 1
BKa3aHO BCTAHOBJICHE JOCIIJaMH YHCIIO IUKIIB

N, 3aleXHO BiJ PiBHS aMILTITYI{ HaBaHTa)KEHHs
0, 1BHIY cepenoBuIna (IIOBITPs, Macllo, BOJA).

TpuBamicT TpeHyBaHHSA, HEOOXiTHOTO JUIS
YTBOpPEHHSI TPIIIUHH, B 3%-HOMY PO34MHI ONEiHO-
BOi KMCJIOTH OlIbIlla, HDK HA TIOBITpI, 8 KOJIU TPEHY-
BaHHs IPOBOIUTECS y BOMI, [V, pi3KO CKOpOUyeTh-
cs. Ll TenaeHIlist xapakTepHa il 000X JTOCIHIIKY-
BaHUX CTAJIEH.

Haii6inbiry yBary npuisiecHo HAMH BUBYECHHIO
BIUIMBY TIOBEPXHEBO-aKTUBHOTO CEPENOBHINA —
3%-HOro PO3YMHY OJIETHOBOI KHCJIOTH B Ba3eNiHO-
BOMY Macli Ha XapakTep HakKJeny Ta CTapiHHS,
O00YMOBJICHUX IUKIIYHUM HaBaHTa)KeHHAM. [licis
HABEJICHHS TPILIMHU B MPUCYTHOCTI BKa3aHOTO ce-
penoBUIIA BCl 3pa3Ku MLIATAINA 2-TOAWHHOMY CTa-
pinnio npu 425 K, min yac sKoro Macio B BEpIInHi
TPILIMHY MOBHICTIO BUCYLIyBanocs. Brums nakie-
ny i CTaleHSI OLIHIOBAIM LIIXOM BHIPOOYBaHb
3pa3KiB Ha B’S3KICTh pyWHYBaHHS B MTOBITPI.

50 )
20 )
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Sl BuAHO 3 puc. 7, s 3pa31<113 TPEHOBAHMX B
MOBITPI, MPU MaJMX aMILIITyAax B SI3KICTh pyHHY-
BaHHS CIIOYATKy 3POCTa€, a MPHU BEIUKHUX — MaJae.
SAKIo TpilyMHA HaBeIEHa MPU MaJIUX aMILTITyaaX,

TO HACTYIIHE CTApiHHA NPU3BOANTH piBeHb K| 110

“roBeHUTbHUX” 3Ha4YeHb. OUYEBHIAHO, IO IIiIBH-
LIEHHIO ONOpY TOIMPEHHS TPILIMHKM CIIPHUAE Ha-
KIen Mmatepiany B BepwmHi Tpimmnu. Hacrymue
CTapiHHs 3HIMA€ 3aJMIIKOBI HATIPYXKCHHS B MaTe-
piajii B BEpUIMHI TPILMHK | OBEPTAE PiBCHb B's3-
KOCTI pylHYBaHHS JI0 BUXIJIHUX 3Ha4eHb. TpeHy-
BaHHS 3pa3KiB MPH MiJBUIICHUX PIBHAX aMILTITYIH

NPUBOJIUTH JI0 3HUKEHHS 3HAYEHb K]c , 10 IIOB'sI-

3aHO 3 TIOMIKO/KEHHSM MaTtepiany B BEpIIHMHI Tpi-
muHu. lle miaTBepaKyeTbcs HACTYITHUM CTapiH-
HSIM, SIKE HE TIOBEPTAE MapaMeTpH TPIIUHOCTIHKO-
CTi MarepiajiB y BHXiJHE MOJIOXKEHHI. B Toil ke
Yac 3pa3Ku, TPEHOBaHI B PO34MHI OJIETHOBOI KHC-
JIOTH 3 HACTYITHUM CTapiHHSM, IMOKa3aiIu CTa0ilib-
HUH piBeHb B'I3KOCTI pyWHYBaHHS MPHU BCIX aMILITi-
TyJax HaBaHTaxeHb. [loqiOHMM BIIMB Ha Xapak-
Tep HaKJIeNy NPy NUKITIYHUX HABaHTAXKEHHSX TPO-
SIBUJIA TAKOX JUCTHJIbOBaHa Boaa (puc. 8).
[IpuBeneni nani cBim4aTh MPO MOBHE YCYHEH-
Hs BIUIMBY IMKIIYHOrO HAKJICMy 1 CTapiHHS Ha Be-

mmunHy K,y BUIAZKy, KOJNH TPIllIAHY CTBOPIOIOTH

B MPUCYTHOCTI cepenoBuina. Lle o3navae, mo BHa-
CIIIOK 3MEHIICHHS IIiJi BIUIMBOM CEpPEAOBHUIIA
eekTHBHOT TOBEPXHEBOT EHEPTil Pi3KO 3HHIKYETH-
¢ IUIaCTUYHA JedopMalliss MaTepiany Momnepery
(POHTY TPIIIMHU.

3MeHLIeHHs eEKTUBHOI MOBEPXHEBOI €HEp-
rii, H606X1}Z[H01 JUISL yTBOPEHHSI OIVMHULI IUIOLII
BTOMHOI TplIIII/IHI/I SIKICHO IOJII0HO criamy e(beKTH-
BHOI [IOBEPXHEBOT eHeprn MpY PyHHYBaHHI 3pa3KiB
3 TpIIMHAMHU MiJ €0 KOPOTKOYACHMX HaBaHTa-
JKeHb. PuCyHOK 8 LIIOCTpYE, 30KpeMa, BILUIUB PO3-
YUHY OJIETHOBOI KMCJIOTH Ta JMUCTUIJILOBAHOI BOJU

Ha BEJIMYMHY K]c craini 40XH. Sk BumHO 3 HaBe-

JNCHUX JIaHUX, 3HIDKCHHS B SI3KOCTI pPyHHYBaHHS
MIPH KOPOTKOYACHOMY HaBaHTa)KCHHI CYyTTERE.
OTmxe, M BIUIMBOM PITUHHUX CEPEIOBHIIL I10-
IIMUPEHHS TPIIMHYU TONErIIyeThest. T1poTe, sk BUIHO
3 Tabnuii 1, TpUBANICTh YTBOPEHHS TPIIIMHU per-
JIAMCHTOBAHOI JOBKWHHU y BEPIIMHI KOHCTPYKTHB-
HOT'0 KOHIIGHTpATOpa i Ji€l0 PO3YMHY OJETHOBOT
KHCJIOTH HE 3MCHIIYEThCS, a HABIAKd — HaBiTh
TPOXH 30UMbIIyeThCs. [Jist OB JeTanbHOrO aHa-
JI3y 1BOT'O SIBUINA BU3HAYAIH OKPEMO YHMCIIO IIHK-
miB N ,, HeoOXimHe s pyiHYyBaHHs 3paska 3

TPIIIMHOKO 3a7aHol rMuOuHU (1 MM), 1 UMCIIO K-
7B N3 HeoOXifHe Juis yTBOPEHHs TaKoi TPilMHU
(mpu 1BOMY TMOBHa KUIBKICTh IHKIIB JIO PYHHY-
BaHHS 3pa3Ka 3 KOHCTPYKTHBHUM KOHIICHTPATOPOM
N=N3+N,). Jlocmiay MpoBOAMIIN Ha 3pa3Kax 3

crani 40XH micns Bigmycky 675K mpu amrmnityni
HaBaHTakeHb 685 Ml]a.

Sk BUIHO 3 TAOMII 2, TPU HABEICHHI TPIIIIH-
HU B IIPUCYTHOCTI PO3YMHY OJIETHOBOI KHCIIOTH Yac
YTBOpPEHHSI TPIIIMHU OUIBIINK, HK HAa MOBITpi. B
TOM JXK€ Yac TPHBAIICTh HABAHTAKEHHS, HEOOXii-
HOT'O JUTSI TOUIMPEHHS TPIIUHN HA KPUTHYHY TJIU-
OuHy, JIEII0 3MEHIYEThCA. BUIbII paguKalbHOIO €

Zist BOIM. B 11boMy BHIIaJIKy 3HAYHO CKOPOUYEThCS
SK TIepioJl 3apOLKEHHS TPIIMHM, TaK 1 mepiof il
MTOIIUPEHHS.
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Oy, Mlla

T T T T
300 385 680 900
0 - 8UnPobOYBarts He3nocepPeoHbo NiCas YMEOPEHH s
B8MOMHOI MPIUUHU,
® - niCis CMApPIHHA,
A - nicis ymeopenHs 6IMOoMHOL MPIWUHY 8 POZYUHT
0J1€IHOBOI KUCIOMU 3 NOOANLULUM CINADTHHAM,
1 —memnepamypa 6ionycxy 575K;
2 —-675K; 3 -825K
Pucynox 7 — BnjiuB HMKJIiYHOr0 TPeHYBaHHS i
cTapiHHA Ha B's3KicTh pyiinyBanHd ctajii 40XH

25 L Ki, MIla~/m

45 =

30 | | | tgibn,K

575 675 825

Pucynok 8 — Bnuius cnioco0y oTpumMaHHs
BTOMHOI TPIllIMHY Ta cepeIOBUILA HA B'A3KICTH
pyiinyBanns craiai 40XH (o, = 685 MIla)
NP BUNIPOOYBaHHAX Oe3MocepeqHbO Mmicas
HaBeJleHHsI BTOMHOI TPIilliMHU HA NMOBITPi (0);
nicJisi yTBOpPeHHs] BTOMHHUX TPIilllUH Y PO34YHUHi
os1eiHoBOI kKuca0TH (A) i Boai () 3 HACTYNHUM
CTapiHHAM; B po3uMHi 0J1€iHOBOT KMca0TH (A )
i Boai (w) Oe3mocepeIHHO MicJIsl YTBOPEHHS
BTOMHHX TPIilllUH B MPUCYTHOCTI BilMOBiAHUX
cepeI0BHIL
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Tadoauus 1 — Briuiue piBHSI aMIUTITY 11 HABAHTAYKEHHA Ta BUAY CePEeIOBHINA HA YHCIO0 HUKIIB N 3

o,,Mlla
900 | 685 385 | 300
N3
~ a o a o a o a o
s |e |5 |2 |8 |2 |2 |2 |E |2 | |¢®
= 2 o S o < o o < o S o
&) = = = = = aa) = = = = aa)
825 | 580 | 640 | 5200 | 6100 | 3800 | 30000 | 33000 | 70000 | 75000 | 40000
40XH | 675 - - [ 4600 | 5700 | 3500 | 27000 | 30000 | 68000 | 72000 | -
575 - - | 3500 | 3900 | 1200 | 19000 | 21000 | 60000 | 64000 | -
I'p.
mina. | 825 | 550 | 600 | 4900 | 5800 | 3400 | 26000 | 28000 | 67000 | 7200 | 36000
i\

Ta6auus 2 — BB cepegoBUII A HA MaApaMeTPU
HUKJIIYHOI foBrosiunocti craai 40XH

Cepenosuiie N N, N,

[oBiTps 7700 4600 3100
Macio 8300 5700 2600
Bona 4800 3500 1300

Pict N3 mpu BUnpoOyBaHHSX 3pa3KiB B PO3-

YUHI 0JICTHOBOI KHMCJOTH B Ba3€IIHOBOMY Macii
MOSICHIOETHCS. TUM, 1110 XIMIYHO HEaKTHBHA piIuHa
obepirae meras Bij Jii 30BHIIIHBOIO KOPO31HHOTO
cepelioBHIla, a ancopOIiiiHui epekT maciia mpo-
SIBIISIETBCS B MJIACTH(IKYIOUOMY BILIHBI Ha Martepi-
al B 30HI KOHCTPYKTUBHOTO KOHIICHTpaTOpa Ha
cranii 3apomkenns tpimmnu. o crocyerses me-
piosy mommpenHs TpIH_[I/IHI/I Npy TUKITIYHOMY Ha-
BaHTa)XEHHI, TO TYT Y 3B'SI3KY 3 OLTBII KOPCTKUMH
YMOBaMH HaBaHTAXXCHHS MPOSBIISETHCS OKPUXUY-
104a JIisl cepelloBHINa, SKa IMOJETIIYE PICT Maricr-
paJIbHOI BTOMHOI TPIlI[HH.

Pesynbratn MexaHiYHMX BUNPOOYBaHb MiJl-
TBEPIKYIOTbCS eneKTpoHHO(paKTorpadiuHIM
aHAII30M 3/1aMiB 3Da3KiB, BHIOTOBJICHHX 3 CTalli
40XH, anymeHm npu 675K (puc. 9). Ha mikpo-
NIOBEPXHi PyHHYBaHH:, 1O BiANOBiAa€ MigpocTan-
HIO TPILMHK NPH BUNPOOYBaHHI HA IOBITPI, mepe-
BOKAJTGHAMH € HEPEryJsipHi, 3 0OaraTo4rciIeHHMHU
po3puBaMH OOPI3AKH, XapaKTEpHI IS BTOMHOI'O
MiZIPOCTaHHS TPIIIMHU B TapTOBaHUX CTalsiX. By-
J0Ba OOPI3JIOK CBIYMTH MPO CYTTEBY MiKpoOILIac-
THYHY JeopMalliro, 3 SIKOI MOB'sI3aHUH picT Tpi-
IIUHHA B KOXKHOMY ITUKJI.

CepemoBuile THITY pO3YHHY OJIETHOBOI KHUCIIO-
TH CYTTE€BO MIHS€ MIKPOCTPYKTYpy 3namy. Ha Be-
JIMKAX JOUISHKAaX BTOMHI 6opi3m<1/1 MTOCTYTIAIOTHCS
MicueM Ge3CTPYKTYPHUM BiIKONBHAM (aceTkam,
HAsBHICTb SKHX OOYMOBJICHA HEPErY/SPHHUM IIii-
POCTAaHHSM TPIILMHK TIPH 3HAYHO 3MCHILCHIN I11a-
crruyHid gedopmanii. [lopiBHSHO Jerke migpoc-
TaHHS TPIIIMHUA HA TJaJKUX JIUISHKaX TEPEMEKO-
BYETBCSI, OUEBUJIHO, 3 JOBTOTPUBATUMU 3yITUHKAMH
B CMyrax IIUIbBHOrO HAKONMYCHHS OOpi3a4acThX
BUCTYIIIB.

e Oinbm pi3KO 3MIHIOETHCS XAapakTep Iifl-
pocTanHs TpiuwHK min A€o Boau. TyT THnoBUMA
€ YITKO OKpecleHi KpUXKi (acerkw, HasBHICTH
SKHX ITJKPECIIOEThCS YaCTHMHU TOTIEPEIHUMHE BH-
puBamu. dacerkn B 0araThbOX BHMAAKax JIEKOPO-
BaHI CllijaMM Kopo3ii. B miioMy xapakrep 3imamy
TUTIOBUH Ui KOPO3IMHO-BTOMHOT'O PyWHYBaHHS
3arapTOBaHOI CTaJL

JIOBrOBIYHICTb €IEMEHTIB OypUIBHUX KOIOH
3aJICKUTh HE TUIKH Bil BTOMHOI MILIHOCTI Marepi-
anis, ane # Bin ix 3HococrtiiikocTi. JloBrorpusaie
TEpPTS PI3HUX YACTUH OYpWIIBHOI KOJOHH IO CTiH-
Kax CBEP/UIOBHHH, sIKA Ma€ Ha OKPEMHUX JUISTHKAX
abpasuBHi mopo, abo no merany ob6cagHux TpyO
B TIPOILIEC] eKcIuTyaTallii MpU3BOAUTH JI0 IHTCHCUB-
HOT'O 3HOUIYBAHHS — OIpAIFOBAHHS 30BHINIHBOT
MTOBEPXHI E€JIEMEHTIB KOJIOHHM. bBiabIIOMy 3HOCY
MIJJIAI0THCSA JeTalll 3aMKiB, MEPEXITHUKH, 110 Ma-
10Th 301UIbIIEHUH 30BHINIHIN J1aMeTp MOPIBHSHO 3
JiaMeTpoM OypHIIBHUX TPYO.

B mpomy BuTasKy AyXKe aKTyalbHUM € IId-
TaHHs PalliOHANBHOrO BHOOPY TeMIepatypu Bil-
MyCKy CTali: HAATO BHCOKE 1i 3HAYEHHS MPU3BO-
IUTh 10 3HWKCHHS 1 TBEPAOCTI 1, SIK HACIIJIOK,
3HOCOCTIMKOCTI, a HAATO HM3LKE - 0 3HHKCHHS
B'I3KOCTI Ta BTOMHOI MIITHOCTI.

Hamu 3pobnenuii nyxe BakJIMBUN BHCHOBOK
— crajb OyJe MaTH MaKCUMAJIbHY 3HOCOCTIMKICTb
TOMi, Komu 1 CTpyKTypa 3abe3ledye TrpaHUYHE
3Ha4YeHHs (PI3UYHOI TPaHUIl BTOMH. TOMYy Temrie-
paTypa Biamycky, sika 3a0esledye TpaHHYHE 3Ha-
4yeHHs (Di3UYHOT TpaHMIll BTOMH, € HAHOLIbII palri-
OHAJIBHOIO 3 TOYKH 30pY TOEJHAHHS HaWBUIINX
IMIOKA3HHUKIB BTOMHOI MIIIHOCTI Ta 3HOCOCTIHKOCTI.
HuMmu ajis XpoMUCTHX CTalied sIK KOHCTPYKI[ifHO-
ro Marepiaiy geraneil OypoBHX JOIIT OyJid BU3HA-
4yeHi oOmacti (i3MYHOi I'paHUIll BUTPHUBAIOCTI B
3aJIeKHOCT1 Bil BMICTY BYIJICIIO, TEMIIEPaTypH
BIIIIYCKy Ta BHJy BTOMHOTO HaBaHTAXKCHHS
(puc. 10, 3anexnocri 1, 2).

ABTOpOM JaHOi pOOOTH MOKa3aHo, MIO MOJIO-
JKCHHS BEIMYMHU TPaHUYHOI TEMIIEpaTypH BiJmyc-
Ky CYTTEBO 3aJISKUTh Bi psay GpakTopiB (30Kkpema,
Xapakrepy JieryBaHHs). Tak, jeryBaHHsS HiKelleM
3HUXKYE TpaHUYHY  TEMIIepaTypy  BiIIIyCKy
(puc. 10, 3anexHicTs 3).

v
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Pucynok 9 — ®@paxrorpamu nepexiiHux AiIAHOK 3j1aMiB,
SIKi BiAMOBIaI0Th BTOMHOMY NOIIUMPeHHI0 Tpiunau (x1500)
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Pucynoxk 10 - 3anexHicTb rpaHUYHUX TEMIEPATYP Biamycky
Bil BMiCTY ByIJiel10 B XpOMMCTHX cTaJasX (MyHKTHpPOM — JuiA ctaiei 20XH3A, 40XH, S0XH)

OcoOnuBa yBara Oyja NpuilIeHAa BUBYCHHIO
BiactuBocreit crani 40XH, 3 sikoi Ha [poroOuiis-
KOMY JIOJIOTHOMY 3aBOJi BHI'OTOBJISIOTH HIMEII.
BcranoBneno, mo HaiOiIbII ONTHMAIBHE MOE-
HaHHS TOKa3HHWKIB BTOMHOI MII[HOCTI Ta 3HOCO-
CTIKOCTI Hinens Oyxe 336e3nequaTHc;1 npu ix
TeMHepaTypl Bu{nyCKy 650-670K. B Toi1 ke yac Ha
3aBOJII LIEH TEPMIYHMH MPOLEC 3AIHCHIOETHCS NPH
~760K. Omke, 3HIKEHHS TEMIIEPATYPH BIITYCKY
HilleIB HA =~ 100K MPHU3BEC HE TUIBKH 10 TIOKpa-
LIEHHs iX MEXaHIYHUX BJIACTUBOCTEH 1 3HOCOCTIH-
KOCTI, alle i JI0 37EIeBIeHHs TEPMITHOI onepaiii,
CKOHOMIi eNTeKTpOeHeprii.

JlaHi pexoMeHaallii 3HaNIIT CBOE BTIJICHHS B
TEXHOJIOTIYHOMY TIPOLIEC] BHUTOBJICHHS OYpHJIBHHUX
3aMKIB Ha J[poroOuIibkoMy J0JI0THOMY 3aBO/II.

BucHoBku

1. HonepezIH;[ miacTuyHa aedopMarliis craii
rpynu MiuHOCTI J| Beae 0 3MEHLICHHS MOZyIs
npy)XHOCTI £ 1 3pocTaHHs KOC(IIiEHTY MOMepeyHoi
nedopMmarii L .

2. BrumB mractuaHoi nedopmarii mposBiis-
€TBCSl HE3aJISKHO BiJ 3HAKY HANpPY>KEHb, IO BH-
KIIMKAIOTh Hakien. Hakien mpoTHIIeKHOTo 3HaKy
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BHMKJIMKA€ OLTBII CYTTEBUU Criaz MOayJs £ 1 30Ub-
HIeHHs Koe(ilieHTa 1L .

3. BcranoBneHa HecTaOUIBHICTh 3MIHU MPYXK-
HHUX BJIACTUBOCTEH JIOCIIIKYBaHOI CTaji Mmic/as Ha-
kiery. Uepe3 meBHUH MPOMDKOK Yacy BUXiJHI
BJIACTUBOCTI MaTepially OHOBIOIOTHCA.

4. EdexT piBHOMIpHOI IIacTU4HOI nedopma-
il, SKUH BUKIIMKAE Hi}Z[BI/IH_[eHHH 00MeXeHO1 rpa-
HUI[ BUTPUBAIOCTI Ta LMKJIIYHOI JOBrOBIYHOCTI,
3pocTae i3 30UIBIICHHSM 3IaTHOCTI Martepiaiy o
nedopmarifiHOro 3MIllHEHHS TMPH CTATUYHOMY
postary. HaitGunbimii eekT croctepiraeThesi mpu
g =5...10%.

5. Iokazana NMOUUIBHICT BBEJICHHS B TEXHO-
JIOT1YHHH MPOIIEC BUTOTOBIICHHS JieTalei omepaii
IJIACTHYHOTO JIeOPMYBaHHS 3 METOIO ITiJBHUIICHHS
1X JTOBrOBIYHOCTI.

6. Ilpu oIiHIlI BTOMHOI MIlIHOCTI OYypHIBHHX
TpyO ciij mpuiAMaTH 10 yBark 3IaTHICTh MaTepia-
JIB JI0 SKCIUTyaTaliifHOrO OKPUXYEHHS, 00yMOBJIe-
HOMY iX HAKIIEIOM 1 MOIIKO/PKEHICTIO B BEPIIHUHI
TPIIIMHY TPU IUKIIYHUX TEPEBaHTAKEHHAX, a Ta-
KOXK JieopMalliiHiM CTapiHHSIM.

7. PesynpraTaMn MEXaHiYHHMX BUNPOOYBAHb i
NEKTPOHHO(PAKTOrpah)ivHOro aHalizy MoKasaHo,
1O PICT BTOMHHX TPILWH B CTAJISIX B IIPUCYTHOCTI
pinkux cepenoBui (TUMy BOJAM Ta PO3UMHY OJIEi-
HOBOi KHCJIOTH B Ba3e/IIHOBOMY Macili) CYIpOBO-
JDKYETBCSl CYTTEBUM TIOHMKEHHSIM MIKPOIUIACTUYHOT
nedopmallii MaTepiany MopiBHSHO 3 MOBITpsM. [Ipu
HOMY TIPaKTHYHO YCYBA€ThCS HAKIEN Martepiany,
M0 TIPHUJISITAE IO BEPIIMHU TPIlllFHH.

8. nst xpoMoHikeneBux cranedd Tunmy XH Bu-
3Ha4eHi o0macTi (pi3UIHOT TPaHHMIli BUTPUBAIIOCTI B
3aJI©KHOCTI BiI BMICTY BYIJICIIO Ta TEMIIEpaTypH
Bimmycky. Ha miit ocroBi st crani 40XH 3ampo-
IOHOBaHa ONTHMAIbHA TEMIICPATypa BIIYCKY 3
TOYKHM 30py 3a0e3MeUCHHsI HAMBULIMX MOKA3HHKIB
MIITHOCTI Ta 3HOCOCTIHKOCTi. JlaHa peKoMeHallis
BIIPOB/PKEHA B TEXHOJOTIUYHHUH IMPOIIEC BUTOTOB-
JIeHHs1 HineniB Ha JIporoOuUIpKOMy JOJIOTHOMY
3aBO/Ii.

B noganpioMy riaHyeThCs MOMMPUTH JaHUH
MeTo/i OOpOOKH Ha JIeTalli MIapOIIKOBUX OypOBHX
JOJTIT.

Jimepamypa

1 Mexanika pyiiHyBaHHsI 1 MIIHICTh MaTepia-
JiB: goBimH. nociOnuk / ITix 3ar. pen. B.B. Ilana-
ctoka. T. 10: MinHicTh Ta TOBroBiuHICTH HaTOra-
3oBoro obnaananus / B.1. TToxmypcbkuit, €.1. Kpu-
aHiBcbkui, B.M. IpaciB [ra iu.] / Ilim pen.
B.I. TMoxmypcekoro, €.I. KpmxkaHiBcbkoro. —
JIsBiB — IBaHO-®pankiBebk: DiznKO-MexaHIYHUN
iHctutyT iM. [.B. Kapnenka HAH Vkpainu; [Bano-
®paHKIBCbKHI HAI[lOHAIBHUN TEXHIYHUH YHIBEp-
curer HaTH i razy, 2006. — 1193 c.

2 Meroau BH3HAYCHHS EKCIUTyaTalllHHUX
HABaHTa)XEHb Ha €IEMEHTH OypHIIbHOI KOJOHH /
M.B. Jluckanmu, A.Il. [xyc, I1.I. OropomHikos
[Ta iH.] / HadrToBa i ra3oBa MPOMHUCIOBICTb. —
2002. —Ne 1. —c. 28 — 29.

3 Cxemartu3sallisg BUIIAJKOBOI'O HaBaHTAXKEHHS
MeToIoM BKIageHux mukiiB / €.1. KpmxkaHiBch-
kuit, B.M. Ipacis, B.I. Aptum, B.M. Hikitiok //

HaykoBwuit Bicauk IOHTYHI. — 2002. — Ne 2. —
C.47-54.

4 Aptum B. MopenroBaHHS HaKOMHYEHHS
BTOMHUX TIOIIKOJDKEHb MPH BUIIAJIKOBOMY HaBaH-
taxeHHi / B. Aptum, I1. Ilymkap // ABuanmonHo-
KOoCMHYecKass TexHUKa u TexHojorus. — 2004. —
Nel.-C. 19-24.

5 Isacie B.M. Y mockoHajneHa METOAMKA MPO-
THO3YBaHHS 3allUIIKOBOTO pecypcy JHeraied y
TUTIOBUX YyMoOBax ekcruryartanii / B.M. IBacis,
B.I. Aptuwm, I1.B. Ilymkap // MammHo3HaBCTBO. —
2005. — Ne 10. — C. 43 — 46.

6 MexaHnKa pa3pyIleHUs ¥ IPOYHOCTh MaTe-
puainos: crpas. nocodue B 4 T. / [lox obmi. pen.
B.B. Ilanacioka. T. 3: XapakrepucTUKH KpPaTKOB-
PEMEHHOM TPEIMHOCTONKOCTH MaTEpPHAIIOB U Me-
tonsl ux onpeneneuus / C.E. Kopunk, E.M. Mopo-
30B. — K.: HaykoBa gymka, 1988. — 436 c.

7 MexaHuka paspylleHHs] U IPOYHOCTh MaTe-
puainos: crpas. nocodue B 4 T. / [lox obmi. pen.
B.B. Ilanactoka. T. 4: Ycranocte u mukiInyeckas
TPEUIMHOCTOWKOCTh KOHCTPYKIIMOHHBIX MaTepua-
qoB / O.H. Pomanus, C.5. fpema, I'.H. Hukudop-
gyuH [u ap.]. — K.: HaykoBa gymxka, 1990. — 680 c.

8 Aptum B. Ominka HaBaHTaXEHOCT1 OYpHITb-
HOI KOJIOHH IIiJ 4aC CIYCKO-ITiTHIMAJIbHHUX OIepa-
it / B. Aptum // Po3Biaka Ta po3poOka Had)TOBHX
i razoBux pomosuill. — 2009. — Ne 4, — C, 26 — 32,

9 Kpwkaniscekuii €.1. Brme nonepeasHboro
TUTACTUYHOTO J1e(OPMYBaHHS PO3TATOM Ha TPIIIH-
HOCTIMKICTh KOHCTPYKIIIITHOT cTaii OypuibHOi KO-
noun / €.1. KpmwxkaniBebkuii, O.T. LupynbHuk,
J.IO. Terpuna // MammHo3HaBcTBo. — 1999. —
Ne 4. —C. 14-17.

10 Kpmxkaniscbkuii €.1. Bruiue HaBoHIOBaH-
Hs Ta TONEPETHBOrO MIACTUIHOrO JeOpPMYBaHHS
craii Ha ii TpimwmHocTiiKicTs / €.1. Kprkaniscs-
xuii, O.T. Unpyneuuk, [LYO. erpuna // ®@i3.-xim.
MexaHika matepianiB. — 1999. —Ne 5. — C. 67 — 71.

11 CompoTtuBiieHHE YCTAJIOCTHOMY pa3pylie-
HUIO METAIJIOB TpU Pa3HBIX TeMmmepaTrypax /
H.C. I'ycasixoB, M.®. bepexuunxas, I'.B. Ilauy-
pun, I'.IL. T'ycnsikoa // ®i3.-xiM. MexaHiKa Mmare-
piamiB. — 1997. — Ne 1. — C. 75 -82.

12 KpwxkaniBcbkuii €.1. AHaniz MeToziB mpo-
THO3yBaHHS pecypcy OypHiIbHHX TpyO Ta iX
3’emnanb / €.1. Kpmwkaniscpkuii, b.B. Koneit //
Po3Binka Ta po3poOka HAPTOBHX 1 Ta30BUX CBEP/I-
nosuH. Cepis: Hadrompomuciose obnamHanHs. —
1996. — Ne 33. — C. 3 -30.

13 Kryzhanivsky Y.I. Research of fatigue
crack spread kinetics in drilling pipes / Y.I. Kryz-
hanivsky, V.M. Ivasiv, D.Y. Petryna // The inter-
national meeting of the Carpathian region special-
ists in the field of worm gears. Scientific bulletin.
Serie C, Volume XII. — Baja Mare. — 1998. —
P. 109 - 115.

Cmamms naoitiuina 00 pedaxyilinoi koneeii
04.10.12

Pexomendosana 0o opyky npoghecopom

I'. M. Hukugopuunum

U

® ISSN 1993—9868. HadpTorazoBa eHepretuka. 2012. Ne 2(18)



