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[na npusedennsa xapakmepuux 015 OYPUIbHUX | WMAH208UX KOTOH ACUMEMPUYHUX YUKTIG HANPYIHCEeHb HUZbKO-
20 PIHA 00 CUMEmMPUYHUX 3aNPONOHOBAHO PIGHAHHA, AKi Dbl MOYHO 8PAXOBYIOMY YYMAUGICb 00 acumempil yu-
Ki8 Ma 3HUMCEHHS ePaHUuyi UMpUeanocmi 8 npoyeci excniyamayii i 0aome 3mMo2y NPUBOOUMU 00 CUMEMPUUHOLO
YUKITY YCi HU3bKI HaNpYstcentsl, He giokudaroyu ix iz posaasidy. IIpedcmasneno npukiaou GUKOPUCMAHHS po3podiie-
HUX PIGHAHD.

KirodoRi crioBa: acUMeTpUIHUIA IUKJI, HI3bKOAMILTITY THE HaBaHTa)KEHHS, KOPO3iifHa BTOMA, TOBTOBIYHICTh

[na npugedenusn xapakmepHuix 0 OYPUTLHBIX U UMAHZ0BbIX KOTOHH ACUMMEMPUYECKUX YUKTI08 HANPANCEHUI
HU3KO020 YPOBHS K CUMMEMPUYHBIM NPEOTIONCEeHbl YPABHEHUsA, Komopble bonee MOYHO YYUmMbl8arom yyecmeumens-
HOCMb K aCUMMempuu YUkio8 U CHUNCEHUE cPaHUYbl BIHOCIUBOCMU NPU IKCHIYAMAYUU U NO360110M NPUBOOUMD K
CUMMEMPUYHOMY YUKIIY 6Ce HUBKUE HANPSCeHus, He ombpacuigas ux u3 paccmompenus. [peocmasgnensr npumepel

UCNONBL30BAHUSL PA3PAOOMAHHBIX YPAGHEHUIL.

KiroueBble cnoBa: acMMMeTpPUUECKUM LIMKJI, HU3KOAMTUIUTYIHAs Harpys3ka, KOppo3WOHHas yCTaloCThb, AOJTO-

BEYHOCTH

The papers presents the reduction analyzes results of asymmetric stresses that are near corresponded fatigue
limit. Proposed method permits to reduce to symmetric circles all low stresses and don’t throw away them. Also

there are examples that illustrated using of this method.

Keywords: asymmetric cycle, low peak offloading, corrosion fatigue, longevity

Sk BimoMmo, mpouecy HaBaHTa)XyBaHHs OypH-
JBHUX 1 IITAHTOBUX KOJIOH XapaKTepH3YIOThCS Be-
JIUKUM PO3KHJIOM acHUMeTpii LIMKJIB Harpy>KeHHS
K 32 CBOEIO JIOBXKWHOIO, TaK i B yaci. Y Takomy
BUMAJKY MiJ Yac po3paxyHKy KOpO3ildHO-BTOMHOT
JTOBTOBIYHOCTI €JIEeMEHTIB KOJIOH MU 3iTKHEeMOCS 3
MPOOJIEMOI0  OLIHKK TMOIIKOKYIOUOT il [UKJTiB
HaNpy>KeHHsl 32 aCUMETPUYHOTO HAaBaHTaXKyBaHHSI
3 BEJMKUM PO3KHIIOM koediiieHta acumertpii. Y
3B’S3Ky 3 THM, W10 MepeBaXkHY OUTBIIICTD eKcrie-
PUMEHTIB 3 BU3HA4YEeHHS MapamMeTpiB Oomopy BTOMi
TMPOBOJIATE 32 CHMETPUYHOTO LMKy HampysKeHb,
HEOOXI/IHUM €TanoM PO3PaxyHKIB JJOBIOBIYHOCTI
€JIEMEHTIB KOJIOH € TIPWUBEJICHHS aCUMETPHUYHHMX
LUKJIB 0 eKBIBAJICHTHHUX 3a TOLIKOKYIOUOK JTi-
€10 CHMETPUYHUX.

Po3paxyHOKk mOBroBi4HOCTI MPOBOAMMO 3a
PO3pOOTIEHUM YOTHPUMAPAMETPUYHUM PiBHSIHHIM
KpHUBOI KOpo3iiiHOT BToMu [1]. JIns BepXHBOT TifKK
KpUBOT KOpPO3iliHOI BTOMU BHUKOPHCTOBYEMO piB-
HAHHSA [2]
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O — YaCTMHHE 3HAYEHHS TPaHUIll BUTPUBA-
JIOCTi, 10 BiAMOBigae WMOBIPHOCTI HepyHHYBaHHS
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V, —napaMeTp 3 pO3MipHICTIO HaMPyKEeHHS;

Q=N,-om —KOe]illieHT BUTPUBAIIOCTI;

Ny — napameTp, KUl XapaKTepH3ye KiJbKiCTb
LIUKJIIB 70 TOYKH HWKHBOTO TEperuHy KpuBol
BTOMM.

Jlnst HYOKHBOT TiJKK KPUBOT KOPO3iliHOT BTOMH
BUKOPUCTOBYEMO PiBHSHHS
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ne O, ,V, —THapaMeTpu HIWKHBOI T'JIKK KPUBOT
KOPO3iifHOT BTOMH.
Varomxenns rinok (1) 1 (2) mpoBoanuThCS 3a
CHUCTEMOIO PiBHSHb

o=0,+k
N=Ncnr > (3)
NI:N:or

ne k — xoe(illieHT y3ro/pKeHHS 3 eKCIepuMeH-
TaneHUMU gannmu, Ml Ta.

[Tin yac po3paxyHKy AOBrOBIYHOCTI 3a PiB-
HAHHAM (1) Ons OpUBeNeHHS acCUMETPUYHHUX Ha-

npyxeHb ¢ 3 —1<R <1 10 CUMETPUYHOIO LIUKILY
3 0, PEKOMEHIYEThCS BUKOPHCTAHHS PiBHIHHS
2]
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Jie: o, —TPaHWLs BUTPUBAIOCTI 32 CUMETPHUUHO-

IO HABAHTAXKEHHS,
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Pucynok 1 — [liarpama Xes 3 JiHisiMH piBHOT MOMIKOIKYBAHOCTI 11 3pa3KiB, BATOTOBJIEHNX
3 MaTepiany OypHJIBHAX 3aMKiB

20

ae: -1 — koe(ilieHT YYTIMBOCTI 0

0
aCUMETPIi HABAHTAXKEHHS,

— TpaHULs BUTPUBAJIIOCTI 32 BiAHYJIBOBOTO

HaBaHTa)KeHHST;

Vi, V.; — XapaKkTepucTHKa HAXWITYy JIiBOI TiUTKH
KpUBOT BTOMH B mMiBNlorapudMidHili cuctemi Koop-
JIMHAT BiZMOBIHO 3a BiJIHYJILOBOTO i CUMETPHUUHO-
rO HaBaHTAKEHHSI.

ITpoBeznieHO aHasli3 MOXIIMBOCTI BUKOPUCTAH-
Hs piBHAHHS (4) mos TIPUBE/ICHHS [0 €KBiBaJICHT-
HUX CMMETPHUYHUX LMKIIIB aCUMETPUUYHUX LMKIIIB
NPOLIECIB HABAHTAXKYBAHHS EJIEMEHTIB OyPHIIbHUX
| LITAHTOBKX KOJIOH. [list Takoro ananisy BUKOpHC-
TaHO JIiHIT PiBHOT MOLIKO/KYBAHOCTI, MOOYIOBaHi
Ha niarpami Xes JJi [UKIIIB 3 TOJATHIM cepenHiM
Harpy>keHHsM (puc. 1).

Ha piarpami Xest jiHist, sika Onucye LUKIH 3
R = const , BA3HAYAETHCS 3 PiBHIHHS

y=i R (©)
I+R

3a R=1 — e € Bick abciuc, 38 R=-1 — Bich
opauHatr, a3a R=0 — NpoMiHb y =x .

Jlinii piBHOI TOIIKOMKYBAHOCTI MOOYI0BaHO
3riZIHO 3 piBHSHHAM (4) 3a nanumu [3] anst 3paskiB
3i crani 40XH, sika € marepianom 3amkiB Oypuiib-
Hux TpyO. JliHig 1 BigmoBimae piBHIO TpaHMIl BH-
TPUBAJIOCTI 3paskiB, 2 — obrjacti GaraToIMKIOBOL
BTOMH, 3 — MallolmkIIoBoi. Ik Gaummo 3 puc. 1,
JUTSl BACOKOACHMETPUYHIX ]_[I/IK.J'[iB 3 KoediLlieHTOM
acumetpii 0,6 i BuuIe, SKi € XapaKTEPHUMH I
HABAHTKCHHS BEPXHBOI YAaCTHHH OypHIBHHX |
LITAHTOBUX KOJIOH, JIiHil PiBHOI MOMIKOMKEHOCTI
BXOJIATH B TIPOTHPIUYS 3 (hi3UTHOIO pealTbHOK Kap-
TUHOIO Tipoiiecy. Tak, y 5KOAHOMY BUMAAKY JIiHii 1,

2 e MOXyTb neperuHary Bich abeuuc. Lle o3naua-
J0 O, 10 3a JAEAKOro BHU3HAYEHOrO PIiBHSI Cepei-
HBOTO HAIpPY)>XeHHS BTOMHE pyHHYBaHHS BinOy-
JIeThCS 332 BU3HAUYEHY KUTBKIiCTh LUKIIIB 3 Oe3Mex-
HO MajIMMM aMmIUliTy1aMH, 10 HIKOJIM HE BinOyBa-
erbes Ha npakTHii. JliHis 3 Takox He Mae ¢i3uu-
HOTO 3MiCTy, TOMY III0 BMXIiJ 3a MEXKi aiarpaMmu
O3HaYae SKych BW3HA4YeHY KiJBbKICTh LHKIIB 0
pyWHYBaHHS JJis 3pa3KiB, AKi TOBUHHI MHTTEBO
3pyUHYBATUCS Yepe3 HAMPYKEHHS, BUILlI 34 IPaHU-
LIFO MIiL{HOCTI.

Orke, HEOOXIIHUM € BiAMOBIAHE KOpPEryBaH-
HSl piBHSHHS (4) Ha BUMAJOK MPUBEACHHS aCUMET-
PUYHUX IMKITIB HaNpy>KeHb 3 BUCOKOI acHMeTpi-
ero. Jlst Takoro koperysatHs B o0nacti Gararoru-
KJIOBOT BTOMH paHillie HaMu OyJio po3poOIieHo Bijl-
MOBIJIHI PiBHSIHHS NpUBeIeHHS [4].

Taxk, mis npuUBeeHHS aCUMETPUYHUX IHKITIB
i3 KkoedimieHTOM acuMmeTpii —1<R<0 3 YMOBH
HE3MIHHOCTI KoedillieHTa iy Bif piBHSI HaBaHTa-

>KeHHS OTpUMaHo [4]
O-ekv = O-max (1 - LZ(L’-R)j . (7)

Jns npuBeneHHs ACUMETPUYHMX LIMKIIIB i3

0 < R<1 OTpUMaHO 3aJIexKHICTh [4]

1+y
Tty = OV ; ®)
I+,
Jie o, — FpaHulLls MIlIHOCTI MaTepiany 3pa3Ka.
KoedinienT y, Bu3HaYaeThes 3 piBHIHHS [4]

1-
max( R) (9)

20,-0, (1+R)
Jns oOrpyHTYBaHHS MOMKJIMBOCTI BHUKOPHC-
TaHHS pO3pOOJIEHUX PiBHIHD MPUBEICHHS aCUMeET-

f =
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3 — ninin epanuyi eumpueanocmi

Pl/lcyHOK 2 — 3araabHnii BHTIJIS IlianaMI/l Xesn 3 nponecomM HABAHTAKEHHS KOJIOHH HACOCHHUX
ITAaHI

PHYHHMX LHMKIIB CTOCOBHO PO3paxyHKiB JOBIOBid-
HOCTi eJIeMEeHTIB OypWJIbHUX i1 IITAHTOBUX KOJIOH
TPOBE/ICHO aHajli3 OTPUMAHKX peaitizauii excrury-
aTallifHOr0 HaBaHT@XyBaHHS OYPWIBHUX | LUTaH-
TOBUX KOJIOH 3a JIoToMororo miarpamu Xes. Cxe-
MaTH3aLlilo NMPOLeCiB HABaHTa)KyBaHHS MPOBEAECHO
3a po3podIECHUM METOIOM [5].

Tak, Ha puc. 2 HaBeJleHO 3arajibHUN BHIIIS
niarpamMu Xesl 3 HaKJaJAeHUM TPOLIECOM HaBaHTa-
’KyBaHHSI KOJIOHH HACOCHUX LITaHT.

Ha puc. 3 HaBeneHo o6pobneni npouecu Ha-
BaHTa)KyBaHHS OYPHJIbHOT KOJIOHW B MPOILIECi Omy-
CKaHHS Ta 3a MPUXOTJICHHS i/ 4acC MiAHIMaHHS.

Crnin 3ayBakXMTH, 1O, KPIM BHIAJKy MPUXOI-
JIEHHsI, XapaKTepPHOIO PUCOKO YCIX MPOLECIB € Bif-
CYTHICTb LMKJIIB 3 aMIUTITyJaMH Harnpys>KeHb, BH-
LIMMHU 32 BiJIMOBIJIHY TPAHULIIO BI/ITpI/IBa.HOCTl

TakvM 4HMHOM, MPOBENCHHI aHajIi3 MpoleciB
HaBaHTa)XyBaHHS, SIKi BUHUKAIOTh MiJl Yac eKCILTy-
aTarii eleMeHTiB OypUIBHUX i IITAHTOBUX KOJIOH,
CBiJTYHTH, IO B CIIEKTpPi HATMPYXKeHb YiTbHE Miclie
3aliMalOTh HU3bKOAMILTITYJIHI HamNpy>KeHHs 3 Ma-
pameTpamMu o, ., R, IKi He MEepeBUILYIOTH BilIMo-

max

BiZIHOT I'paHMUIli BUTPUBAJIIOCTI 0, . Y TaKOMY BHIIa-
JIKy HeoOXiJHO BpaxOBYBAaTH 3aKOHOMipHE 3HH-
JKEHHSI TPaHWIi BUTPUBAJIOCTI B MPOILIECi HAKOMHU-
YeHHSI MOIIKO/XKEHb [2, 6], cpuirHeHe Jieto came
HU3BKOAMIUTITYIHUX LUKIIiB Hampy)keHb. Tomy
NPUBEJCHHS O, 10 0, TOBHUHHO MOIINPIOBATH-

Cs 1 Ha LIMKJIM HAMPYKEHb, 10 MEHIII 3a BiAMORBi-
HYy TPaHMLIIO BI/ITpI/IBaJ'[OCTl Lle me pa3z Bkazye Ha
0COOJIMBY BaXKJIMBICTh PO3POOJISHHS YTOUHEHHX
METO/IiB TIPUBECHHS HU3bKOAMILTITYTHUX ITUKITiB
HaBaHTa)XXyBaHHS JUISL OIIHKWA JOBrOBIYHOCTI Oy-
PUIBHUX 1 IITAHTOBUX KOJIOH.

BukopucTanHs piBHSHHS (4) A0 MpUBEACHHS
0, <O, Ma€ cyTTeBe OOMEXEHHi, a came: 3a

YMOBU 0O, <0,—0_, TPHUBEACHE HAIpPYKCHHS
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o crae meHmmM 0. Y Takomy BHMAAKy peKome-

HJYETLCS BIIKWIATH 1€ HAMPYKEHHS 3 POy
K TaKe, [0 He BHOCHTH MOLIKOJPKYIouoi aii [2].
Ane HeBpaxyBaHHS HM3BKHMX Hampy»KeHb 3a 3BH-
YaliHUX YMOB pOOOTH (HM3BKOAMILTITY/IHE HaBaH-
TaKEHHS) eJIEMEHTIB OYpWJIBHUX Ta LITAHTOBUX
KOJIOH Oy/ie MaTH 3HAYHUWH BIJIMB HA TX KOPO3ikHO-
BTOMHY JOBroBiuHicTh., Cilif| 3ayBakuTu, 11O Bij-
KW/IaHHS HU3BKUX HAmpy>KeHb MpHU3Bee 10 3aBH-
IIEHHS PO3paxyHKOBOI IoBroeiuHocTi. Lle € He-
0e3neuHUM 3 TOUKH 30pYy 3a0€3MeUYeHHs HamiiHOC-
Ti KOJIOH. BuBeseni s Hamu paniwe pisusuus (7-
9) He MOBHOIO MipOIO BPaxoBYIOTH cneuuiky Ha-
BaHTa)KyBaHHS eJIeMEHTIB OypHUIIBHUX i IITAHTOBUX
KOJIOH.

Tomy MeToro pobOTH € PO3pOOIeHHS PiBHSIHD
MPUBEICHHST aCUMETPUUYHMX [MKJIIB HanpyKeHb
OYpWIIbHUX 1 IITAHTOBUX KOJIOH 10 CUMETPUUYHOTO
LMKy 3 ypaxXyBaHHSAM OCOONMBOCTEll TX HaBaHTa-
JKYBaHHSI.

JLnist po3po0sIeHHS TAKOTO YyTOUHEHOTO MeToxy
MU KepyBaJluCs SaKOHOMlpHOCTﬂMI/I KOpO3iiiHO-
BTOMHOTO MOIIKO/KEHHSI i 0COOJIMBOCTAMH TOOY-
JIOBM JTiHIH OJHAKOBOI TIOITKO/KEHOCTI Ha Jiarpa-
Mi Xes.

Tax, 3MeHLIEHHS PIBHA HABAHTAXEHOCTI HU-
K4e TPaHMLL BUTPUBAIIOCTI 3MEHIIYE YYTIMBICTb
JI0 acumeTpil HaBaHTaxkeHHA. HakonuveHHs mo-
IIKO/DKEHB BiZIOYBaeThCs TMEpeBajkHO 3a IUCIIOKa-
LIfHUM MeXaHi3MOM, Jile OCHOBHUM YHWHHUKOM €
ammtitTyaa HanpyxeHHs. Eexr bayiinrepa, skuii
i TIpU3BOJIUTH 10 3MiHW KoedillieHTa YyTJIUBOCTI
JI0O acUMeTpii LMKy HaBaHTaXKEHHS 3a Mepexoay
JI0 BUKIIIOYHO PO3TATYIOYOTO HaBaHTaXXECHHS, Ha
1id cTafii mpaltoe He TIOBHICTIO. Alle HaKOTTUYeH-
HSl KOPO3iHHO-BTOMHOTO MOUIKO/KEHHSI CYNpPOBO-
JUKYETLCSI 3MEHLICHHSM KiHETHYHOT T'paHMIli BHU-
TpnBanocn 0 TPU3BOJIUTL 0 iHTech(biKaui'l'
npolecy i MOCTYNOBOTO 30iNbIIEHHS YYTIHBOCTI
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Pucynok 3 — [liarpamn Xes 3 nponecoM HABAHTAKeHHS] OyPHJILHOT KOJIOHA
i 9a¢ CMyCKO-NiHIMAJILHAX onepaniii:

JIO acUMeTpil LUKy 0 PiBHA, XapaKTepHOTo s
obnacti 0araTOLMKIOBOI BTOMHM. TakuM YHHOM,
JUISE LMKJIIB HAMPY»XeHb, HWKUYWUX 334 TPAHULIO
BUTPUBAJIOCTI, MOXKHA TIPUMHSATH MOJIeJb JIiHIHHO-
To 3MeHINeHHs KoedillieHTa Yy TIUBOCTI IO acuMe-
Tpil LMKITy Halpy>KeHHs 3aJIe)KHO BiJl PiBHS HaBaH-
TayKEeHHS. HpaBOMlpHICTB Takoi MOL[eJ'll MiaATBEp-
JUKY€ETBCS i TMIM, IO 32 HU3LKHX aMrmlTy}J Harpy-
JKEHb JIiHisI PiBHOT HO[HKOH)KGHOCTI Ha giarpami
Xes MOBUHHA BUPOJIKYBATUCS B Bich aOCITHC.

Sk BimoMo, eneMeHTH OYPHUITBHOT KOJIOHHU JI0-
CUTh YacCTO TiAJATAIOTH il aCUMETPUYHUX LIUKITIB
Hanpy»XeHb 3 BUCOKUMH aMIUTITyJlaMH, HaBiTh JI0
PiBHS TpaHMLi MIMHHOCTI, HAMPHUKJIAA, TiJ Yac Ji-
KBinamii npuxoruieHHs [3]. HaBiTh HeBenuKky Kinnb-

KiCTh TaKWX IMKJIIB HAIMpy>KeHb HEOOXiTHO Bpaxo-
BYBaTH 3a PO3paxyHKy JOBTOBiUHOCTI. J[nd Takux
LIMKJIIB HAMpyXe€Hb, HA BiAMIHY BiJi HU3bKOAMILTi-
TYJHOTO HaBAHTAXKEHHS, HABMAKHU, CIIOCTEPIracThCs
MiJBUIIIEHA TyTIUBICTH 0 acuMeTpii. PiBeHb mo-
HIKOJPKEHHS, B TIepIy Yepry, KOHTPOMIOEThCS MaK-
CUMaJTbHUM Harmpy>KeHHsM HUKy. 3 miarpamu Xes
BUJHO, L0 KOe(DILiEHT 4yTIMBOCTI 10 acUMETpil
JUISE BACOKOTO PIBHS HABAHTAXEHHS 301IbLIYETHCS
a JI0 OJIMHUIL 32 OTHOKPATHOTO PYHHYBaHHS.
TakuM umMHOM, 3a OL[iHKI/I MOLITKOIKYFOHOTO
BIUTMBY ACUMETPUUYHHX LII/IK.]'[IB HAaBaHTKEHHI Ha
€JeMEeHTH OypWJIbHUX 1 IITAHTOBUX KOJIOH CIif
PO3pPi3HATH TpU 00JaCTi: HU3BKOAMILIITYAHY, BH-
COKOAMITTITYAHY i 00acTh 3BUYANHOT OaraTolnk-
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Pucynok 4 — Cxema npuBe/IeHHSI HI3bKOAMILTITY/THOTO ACHMETPHYHOTO IMUKJTY
3 koedinienTom acumeTpii R >0
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Pucynok 5 — Cxema npuBeleHHS] HH3bKOAMILTITYTHOTO ACAMETPHYHOT0 MHKJITY
3 KoedimienTom acumeTpii —1 < R <0

JIOBOI KOpO3ikiHOT BrOMH. JIjsi 3BUYAMHUX LIMKJIiB
Hanpy»eHb, HAMPUKIIa, Ha puc. 3 a — BUILE JiHiT
rpaHuili BUTPUBAJIOCTI, PEKOMEHAYEThCS BUKOPHUC-
TaHHS piBHAHB (7) Ansg mukiiB 3 —1<R<0 i (8),
(9)—nmna R>0.

BuBeneMo BiAMoOBiAHI PiBHAHHS 171 ABOX iH-
muX obacTei.

Hexaii notpiOHO mpuBecTH 10 €KBIBAJIEHTHO-
O CHMETPUYHOTO LMKIY HHU3bKOAMILTITYIHHMA
aCUMETPpUYHHN TIMKJI 3 KoedillieHToOM acumeTpii
R>0 (Touka A Ha puc. 4).

Ha pucynky ninis FED — ninig rpanuili Bu-
TpuBanocTi. Jlnsg mpuBeneHHs OO BigHYJIHOBOTO
LUKy BUKOPUCTOBYeMO piBHSHHS (8). [lomanbime
MPUBEICHHS TTPOBOJIMMO 3 YMOBH JIiHIHHOTO 3Me-
HIIEHHST KoedillieHTa YyTJIMBOCTI 0 acumeTpil
LUKy ¥, 3aJIeXKHO BiJl PiBHS HABAaHTAXKEHHS

B
_Gmax( )=W(1+¢/)&% (10)
1

0 -1
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BpaxoBytoun reomeTpuuHHii 3micT koedilie-
HTa YyTJIUBOCTI JJO acMMeTpii LMKIY Ha Aiarpami
Xes, OTpUMAEMO

__J’(C)—y(B) _ O-ekv _095o-max(B) .

(1

B

X(C)-x(B)  0,50,,(B)
3BiZICH OTPUMY€EMO OCTATOYHE PiBHIHHS
1
O = O —22, (12)
I+y,

Jie \, BU3HauaeThes 3 piBHAHHA (9), a v, —3 (10).
Hexaii notpiOHO mpuBeCTH J0 €KBIBAJIEHTHO-
O CHMETPUYHOTO UMKIY HHW3bKOAMIUTITYIHHI
aCUMETPpUYHHN IIMKJI 3 KoedillieHToOM acumetpii
—-1<R<0 (Touka A Ha puc. 5).
VY TakoMy BUNAAKYy

x(A)-x(B)  x(E)

B
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1 — excnepumenmanvha 3a CUMEMPUUHO20 HABAHMANCYBAHHS,
2 — excnepuMeHmMaIbHA 3d 8IOHYILOB020 HABAHMANCYBAHHSL,
3 — npuseoena 3a pisusanuam (7) (R=0);

4 — npuseodena 3a pisuanusam (7) (R=-0,5);

5 — npuseoena 3a pisuannam (8) (R=0,5)

Pucynoxk 6 — Kpusi BTomu 1414 3pa3kiB 3i crani 40XH

[Tpuitmemo, 1o WXEE; =k-x(B) . BpaxoByto-
gy, mo x(B) = y(B), OTPUMYEMO KBaJpaTHe piB-
HSIHHST 3 HeBigoMuM x(B). P03B’S130K piBHSHHS
Ma€e BUTISIL

k- x(A) 12 \J[1-k-x(A)] —4k- y(4
iy FE 1 = ) -4k 504

AHami3z cBigUNTh, 1O (Qi3UIHUN 3MICT Mae
PO3B’SA30K 31 3HAKOM ““+”°.
Bpaxosytouu (11), ocTaTouHo oTpuMaemMo

w =k-x(B)-(1+x(B)),

(14)

(15)

k-x(A)—1+\/[1—k-x(A)]z—4k-y(A) .

ne: x(B) =
(B) o
k_ H_l//’
o
1+R
x(A)y=0,, —
(A)=0,, 5
1-R
A)=0, —.
¥(A) = 2

VY BUMagKy BHCOKOAMIUTITYZIHOTO HaBaHTa-
KEHHS 3 o, >0, OTPUMYEMO AaHAJOTiYHi piB-
HSTHHS TIPUBEJICHHS, TiIbKA 3 Pi3HULEI0 y BHU3Ha-
YeHHI i, .

Jlns oOrpyHTYBaHHS 3ampoNOHOBAHOTO METO-
Jly 110JI0 MOOY/I0BH aCUMETPUYHUX KPUBHX BTOMH
3 koedilieHTOM acumeTpii —-1<R<1 00’ekTOM
JIOCHIIPKEHD Bn6paHo cranb 40XH, ska BUKOpUC-
TOBYETBCA SIK Marepiaji 3aMKOBHX 3’€[HaHb OypH-
neHUX TPYO. 3a pesysibTaramMu JIOCTiDKEHb UIA
3paskiB 3i crani 40XH [7] orpriMaHo Taki napame-
TPH KPUBHUX BTOMH:

o, =408 MIla; V , = 29,82 Mlla;

o, =662 Mlla; V, =54,91 MIla;

N,=2- 10° yurau; v =0,22.

Ha puc. 6 HaBeneHO KpHBi BTOMH, TIOOYT0BaHi
3a eKCTIEPUMEHTATBHAMHU JIOCITI/DKEHHSIMH, a Ta-
KOX KpHBI, MOOy/10BaHi 3a piBHIHHAMH (7) i (8).

Sk 6aunmo, pe3ysIbTaTH JOCHTb TICHO KOpe-
ITOIOTh MiK COBOIO. Lle BKa3zye Ha MOXITMBICTb
BUKOPHCTaHHS po3po6JIeHOr0 METO/y MPUBEICHH
aCHMETPHYHHX LIMKIIIB HaNpY>KeHb 10 eKBIBaJICHT-
HUX 3a TOIIKODKYIOUOO €0 i I BU3HAYCHHS
napameTpiB KpUBUX BTOMH 32 aCUMETPUUYHOTO Ha-
BaHTA)KyBaHHS.

Jlns OlliHKKM MOCTOBIPHOCTI 3ampOTIOHOBAHOT
METOJIUKU TIPUBEICHHS i JUTS iHIIUX BiMOBiJATb-
HUX eJIeMeHTIB KOHCTPYKIIili, SKi TMpamioTh B
YMOBax KOpO3iiiHOT BTOMH, OyJIO MpoaHaii30BaHO
pe3yibTatu [2] eKCepUMEHTAIbHOIO I0C/IiIKEH-
Hs 3pa3kiB, BurotosneHux 3i cram 17T'1C, sxa
IIUPOKO BUKOPUCTOBYETHCSA IS BHUTOTOBJICHHS
MaricTpalbHUX TpyOorpoBoaiB. OTpuMaHO Taki
napamMeTpu KpUBUX BTOMH:

o, =141L9MIla; V , =30,87 Mlla;

6, =247,1MIa; V, = 51,83 MIa;

N, =5,207-10%; y = 0,209.

Ha puc. 7 HaBeneHi kpuBi BTomu 1 i 2, moOy-

JTIOBaHi 3TiJTHO 3 JaHUMU TapaMeTpaMy 3a PiBHSIH-
HAM [2]

-1
N=N,-In 1+|:exp[@]—l} . (17)
R

a TakoXK KpuBi 3 i 4, OTpUMaHi IUTSIXOM TpUBECH-
Hsl 3 JIONOMOTOI0 piBHAHHA Opinra o,, = /0,0,
[8] i pirHstHHS (7) BiAMOBITHO.
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N ageerci

1 — excnepumenmanbHa 30 CUMEMPUYHOL0 HABAHMANCYBAHHS,
2 — excnepumMeHmanbHA 3d 8IOHYILOBO2O HABGAHMAICYBANHSL,
3 — npusedena 3a pisuannam Ooinea;

4 — npusedena 3a pieHAHHAM (7)

Pucynoxk 7 — Kpugi BTomu a4 3paskiB 3i craai 17T'1C [4]

Sk Gaummo, B JaHOMY BWIAJKY 3arpoOTOHO-
BaHWI METOJ TMPHMBEJCHHS TPAKTUYHO TOBHICTIO
BiJINOBIJZIa€ pe3ybTaTaM eKCIEPUMEHTY, Ha BiIMi-
HY BiJ] IIMPOKO BXXKUBAHOTO METOJY NPUBEICHHS 3a
JorioMororo piBHAHHS OJliHra.

Takum YHHOM, MOYXKHA 3pOOMTH BUCHOBOK, 1O
3a JIONMOMOTOIO p03po6nenux piBHSHb | mporpam-
HOTO 3a0e3nevyeHHs] MOXKHA OyyBaTH KPHBI KOPO-
3iliHOT BTOMU 3 Pi3HOI0 ACUMETPIEIO LIMKIIIB HABAH-
Ta)kKyBaHHS | BM3HAYaTH iX MapaMeTpH 3 IOCTaT-
HBOIO TOUYHicTIO. I 1bOro HEeoOXigHO 3HaATH
TiJIbKK MapaMeTpud KpUBOT KOPO3idHOI BTOMH 3a
CUMETPUYHOTO HaBaHTaXKyBaHHS i koedillieHT uy-
TJMBOCTI JI0 aCUMETpii HABAaHTAXKYBaHHS.

Ile 3HaYHO 3MEHIIy€e KUTBKICTh JOPOTHX 1 J10-
BrOTPUBAIMX ~ EKCTIEPUMEHTAIILHUX  JIOCHTi/DKEHb
JUIS OL{IHIOBAHHS JIOBTOBIYHOCTI enemeHTiB Oypu-
JIbHUX | WITAHrOBUX KOJIOH, SIKi MPALIOIOTh B yMO-
BaX aCMMETPUYHOrO HABAHTAXKyBaHHS i3 cepesiHIM
HAIpPYKEHHSIM PO3TATY.

Omxke, mix yac aHajlisy npolecy HaBaHTaxy-
BaHHs eJIEMEHTIB OYpHJIbHOT i IITAHIOBOI KOJIOHH
Ha eramni WOro NpWBENCHHS J0 EKBiBAJIEHTHOTO
CHUMETPHUUYHOTO TMpOoLeCy CiJi BpaXOBYBaTH acHMe-
TPUYHI HaAmNpY)KEHHS CMEKTpa HaBaHTa)KyBaHHS.
Take BpaxyBaHHS PeKOMEHIYETHCS TIPOBOJIUTH 3a
JIOMIOMOTOI0 PO3POOJIEHUX PiBHSIHb, SIKi OijIbIll TO-
YHO BPaXOBYIOTh UYTJIMBICTb JI0 acCUMETpil HaBaH-
Ta)KyBaHHSI.
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