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BU3HAYEHHA HANPYXXEHO-AE®OPMOBAHOIO CTAHY 3BAPHUX 3’€AHAHb
TPYB METOAOM CMNEKN-IHTEP®EPOMETPII

IO.B. Banaxeeuu

Jouipus xomnanis « Ycpmpanceazy, Knoscoxuit y36i3, 9/1, m. Kuie, 01021,
e-mail: banahevych.utg@naftogaz. net

Buxopucmogyiouu  po3paxyHxko8o-exchepumMenmansHuil  Memoo, eupiuieno obepreny 3adauy meopii
000I0HOK 3 3ANUMKOBUMU OePOPMAYIAMU 3 BUKOPUCTIAHHAM eKCNePUMEHMANbHUX OAHUX, AKi 6U3HAYeHi
Memooom cnexi-inmepghepomempii. Ompumano po3nooin 3aIUUKOGUX HANPYIICEHb DL KIbYeGUX 36APHUX
weie MazicmpanvHux mpyoonpoeoois.

Kniovosi  cnosa: 36apue 3'cOnanms, cnexn-iHmepghepomempis, HANPYsHceHo-0ehopmMoeanuii  Cma,
mpyoonposio, Memoo CKIHUeHHUX eleMEeHMIB, 3AIUULKOBE HANDYIHCEHHS.

Hcnonw3ys pacuemno-sKcnepumMenmanbhsiil. Memoo, peutena obpamuas 3a0aua meopuu 000J10Yex ¢
OCMAMOYHLIMU OePOPMAYUAMU C UCNOTLIOBAHUEM IKCHEPUMEHMATLHBIX OAHHBIX, KOMOpUe onpeoeeHHbl
Memooom  cnexa-unmepghepomempuu. Ilonyueno pacnpeoenenue OCMAMOUHBIX HANPAICEHUL  OKOJIO
KOIbYEBbIX CEAPHBIX UIBO8 MALUCMPATLHBIX MPYOONPOBOO08.

Kniouesvie cnosa: ceapnoe coeounenue, chnexi-unmepg@hepomempust, HANPANCEHHO OeqhopMUpo8anHoe
cocmosnue, mpyoonpo8oo, Memoo KOHEUHBIX DIeMEHMO8, OCMAMOYHOe HaNpsAJICeHUe.

Using the calculation-experimental method based on solution of inverse problems of the theory of a shell
with residual strains and utilizing the experimental data obtained by speckle-interferometry, the
distribution of residual stresses near the circumferential weld in pipelines is defined.

Keywords: welded connection, speckle-interferometry, tensely deformed state, pipeline, method of eventual
elements, remaining tension.

3Ha4YeHb 1 TPHU3BECTH JIO PYWHYBAaHHS JiISTHOK
TpyOOTIPOBOAY Yepe3 YTBOPEHHS TpilluH [2].
IcHyIOTH pi3HI ekcriepuMeHTallbHI HepyHHiBHI

Jlis ouiHkM mpaLe3aaTHOCTI TPyOOMpOBOIIR
HeOOXiMHUM KOMIUIEKCHMM MiAXiA, OJHI€I0 3
BAXJIMBUX CKJIAJOBUX SIKOTO € BHU3HAUYEHHS

Harpy>KeHOTO cTaHy TpyD, 30KpemMa, B MICIIX i3
JedeKkTaMd Ta B 3BapHUX 3'€IHAHHAX, 3 SKUMHU
no's3aHo  70-80% ycix BiIMOB MaricTpalbHUX
TpybonporoaiB (MT). TexHosoriuHi HampyKeHHS,
0  BUHHKAIOTH  TPH 3BapIOBaHHi YO,
3HAKO3MIHHI, HEpIBHOMIPHO po3mofineni 3a ixX
TOBLIMHOKO i MOXKYTh. iCTOTHO BIUIMBATH Ha
MILHICTh | 3aTHMIIKOBHH pecypc TpyGompoBoiB.
OCO0JIMBO 1€ CTOCYETHCS 3BAPHUX KiJILIIEBHX IIIBIB,
AKi Ticis 3BaproBaHHS, K MPaBUJIO, AOJATKOBO He
00po0/sSIIOThC, 1100  3MEHIIWTH  3aJIMUIKOBI
HanpyxeHHs. ToMy OAHi€l0 i3 BaKIMBUX 3ajad
OOCTEe)KEHHSI TEeXHIYHOTO CTaHy 3BapHUX 3’€IHaHb
MT  TpuBaioi ekcriyaraiii €  BH3HA4YEHHS
He3pesaKCOBaHMX  3aJIMIIKOBHX  HAaNpyXeHb B
OKOJIOUIOBHiM 30Hi. [lockinbkv HaBiTh  micis
BHUCOKOTO BiIlyCKy B 30HI 3BapHOro IiBa
MEePEBAXKHO HE3PEIaKCOBaHi TEXHOJIOTTUHI
3aJTMIIKOBI HATIPY>KeHHSI 3allMIIaloThcs Ha PiBHI
50-120 MIla [1]. Bimomi BHmamkW, KOJH
3aJIMIIKOBI 3BaprOBalIbHI HAMpYXKEeHHs, 32 TEeBHUX
YMOB eKcIuTyaTawii, MOXKYTb JOCATHYTH KPUTUYHUX

METOJM BU3HAYEHHS Harpy:KeHb Y TpyOonpoBoaax
[3, 4, 11]. Onnak, sk Big3HaueHo B poGoTi [5], Ha

CBOTOJHI B pealbHUX YMOBaX eKcruTyarartii
ra3oTpaHCMOPTHOI ~ CHCTEeMHM  Hi  OJWUH i3
eKCTIepUMEHTANILHUX ~ METOJIiIB  HepyWHIBHOTO

KOHTPOJIIO He Moyke 3a0e3NeudTH TMOBHY i
JIOCTOBIPHY iH(OpMALIIO MPO PiBEHb 3aTHIINKOBUX
TeXHOJIOTIYHUX HarpyskeHb y TpyOonpoBoaax. [Tpu
BUKOPWUCTaHHI  PO3PaxyHKOBHUX  MeToAiB  [6]
HeOOXiJIHO 3HATH PEKUMH 3BaprOBaHHSI TpyO i
METOIM 3MCHIICHHS HANPYXKEHb Y  3'€IHAHHSX
nicns 3BaproBaHs. Lle 3HauHO ycKnmanHie, a B
OIITBLIIOCTI BUMIAJKIB HE J1a€ 3MOTM BUKOPHCTATH 1Ii
METOAM JUIS BU3HAYEHHSI CyMapHHX HarpyXeHb Y

3BapHUX 3’egHaHHAx TpyO0 MT  TpuBanoi
eKcrTyaTariii.

Jlnsi  BUpIINEHHS BHINE ONMHCAHMX MpPoGIeM
OMpaibOBaHO  METOJOJIOTII0  OLHKK  PiBHA i
PO3MONINTY 3alMUIKOBUX HaNpyKeHb B 30HAaX

KinplleBUX 3BapHUX 3’e¢mHaHb MT  metomom
CKIHUEHHHX €JIEMEHTIB i PO3BUHYTO PO3PAaXyHKOBO-
eKCIIepUMEeHTaTbHAN METOJI BU3HAYEHHS
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3AJIMIIKOBUX HAMPYXKEHb B 30HaAX 6araTomap0BHx

3BapHUX 1BiB 3 Jgedekramu. [lpu  upomy
TpyOOTIPOBiT ~ MOJAETIOEMO  ODOJIOHKOI,  sIKa
BigHECEeHa o TPUOPTOTrOHAJILHOT CUCTEMU

KOOpAWHAT o, [3,Y, e 0. — KOOpAWHATa B3JOBXK OCi

000JIOHKH; [3 - KyTOBa KOOpAMHATA, Y - KOOpAMHATA
B3IOBXK 3OBHIIIHROT HOpPMaJli [0 CEPEAMHHOT
TOBEPXHi TPyOH.

Ha oCHOBiI mMpoBeAEHOro aHajizy po3nojidy
3aJTMIIKOBUX Harpy:keHb i 3aJTUIIKOBUX
TEPMOTIIACTUIHUX nedopmartiii B 30Hi
OaraTolapoBux KijblieBUX 3BapHUX IBiB MT i
HaBeJeHUX pe3ynbTaTiB JOCITiKEHb B
niteparypHux Jokepenax [4, 6, 8, 9] poznonuin
HECYMIiCHUX 3aJMIIKOBUX Jedopmaliiidi  ampo-
KCHMYEMO BUpa3aMHu:
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VY Bupasu (3) — (5) BXomATB GO7 — MeXa
TekydocTi; y — koediuieHt [Tyaccona; { - 3miHHa
iHTEerpyBaHHs 1 JIOBIJIbHI 4YWCIIOBI mMapameTpu
k., k, o, s;, gq;, n;, ki NOTPiOHO BU3HAuYATH Yy
KOJKHOMY BHITA[Ky JUIsi KOHKPETHOTO 3BapHOTO
3’enHaHHg. JIns  BilUIykaHHS UWX TapaMmeTpiB
BHKOPHCTAEMO iH(OPMALIiIO, IKY MOKHA OJepiKaTH
3a JIONIOMOTOI0 OJIHOTO 13  eKCMepUMEHTAIbHUX
MeTofliB  abo iX CcHHTe3y. XapaKTepUCTHKH
HamNpY>KeHOro  CTaHy, sKi BH3HAuYaIOThCA 32
JTIOTIOMOT OO eKCTIepUMEHTATbHUX METO/IiB

1”1;; (R
OTpUMaHi

AHanoriugi
PpO3paxyHKOBUM

MO3HAYNUMO qepes
XapaKTepUCTHKH,

crocoGom mosHaummo uepes 1. (c,). Ha wiit
OCHOBI  OyayemMo  (YHKI[IOHANT HEB’S3KH MK

E . T
eKCTepUMEHTaTbHUMU [, 1 pO3paxyHKOBUMHU I,

3HAYEHHAMHU XapaKTepUCTHK 3AJTALLKOBUX
Hanpy»eHb y Takomy Burisiai [10]:
%
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age C; — uucno, 1O BIAMNOBINA€ KiNBKOCTI
eKCTIepUMEHTATBHAX CIMOCO0IB, SKi BUKOpUCTaHi
AN TIPOBEJECHHS BUMiplOBaHb, /N; — KUIBbKICTh
nigobnacreii L,, B SKUX BHUMIpIOIOTBCS
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XapaKTepPUCTUKH HAMPY>KEHOTO CTaHy; P, — Barosi

MHOYKHHKH.
Slkimo excrepuMeHTanbHI JaHi, OTpUMaHi 3a
pe3ysibTaTaMu BUMIpPiB Ha 30BHIlLIHIH MOBEPXHi

TpyOH 3a JOTIOMOTOIO eJIeKTPOMarHiTHOTO (Gf),
YIIBTPa3BYKOBOTO (653 ) METO/IiB Ta METOAY CTEeKJI-
. E E .

inTepdepomerpii (G, .0 ), TO dyHKUIOHAN A

. *
BU3HAueHHs mapametpis E;, k, o, S;, n;, g;
MO>KHA 3aITUCaTH Y TAKOMY BHTJISII:
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MPpOBOAATH BI/IMipIOBaHHﬂ;
MHOX>XXHUWKH.

Minimizytoun ¢yHkiionan (7) 3a TeBHMX

Oo0OMeXyBaJlbHUX yMOB Ha INyKaHi BeJUYHHH,
3HAXOJAMMO TaKi YMCJIOBI 3HAYEHHS MapaMeTpiB
ki, k,o,,s,,q;,n, 3a dKMX HeB’A3Ka  MiK
EKCMIePUMEHTAIbHUMHA 1 TEOPEeTHYHO  Po3paxo-

BAaHUMH XapaKTEPUCTUKAMU HAIPYKEHOIo CTaHY

oyne MiHIMaJIbHA. 3HAUIIOBIIN HEBIIOMI
napameTpH, SIKi  XapakTepu3yloTh  HECyMiCHi
3aITAIITKOBI nedopmartii B KOHKPETHOMY
KUJIbIIEBOMY ~ 3BapHOMY 3’€lHaHHi  TpyO, 3a

dbopmynamu (3) i (4) OOUMCHIOEMO 3aJTUINKOBI
Hanpy>KeHHs1 B JIOBUIbHIA TOYIli JJAHOTO 3BapHOTO
3’€THaHHs, 30KpeMa Ti, sSKi He MO)KHa OTpUMATH
ekcriepuMeHTalibHo. OTpUMaHi TakuM  CrnocoooM
3aJTMIIKOBI HAIpy>KeHHS 3a/I0BOJIEHSIOTH PiBHSIHHS
piBHOBaru, cymicHocTi medopmaltii i Kkpailosi

YMOBH, a BIpOTiIHICTb TX PiBHA 1 PO3MOJIiTY
3aNIeXKUTh BiA 00cAry 1 BelnWYWHM TOXHOOK
EKCMEePUMEHTAIbHUX JIaHUX, AKi
BUKOPUCTOBYIOThCS JUIS KOHKPETHOTO 3BapHOTO
3’ ¢IHAHHA.

Jlnsg mepeBipkd aneKBAaTHOCTI MaTeMaTHIHUX
Mojesiell AJis BWU3HAYEHHS HAIMpPYXEHOTO CTaHy
3BApHUX CTHKIB TPyO pO3poOMIM 1 BUTOTOBMIIM
JTOCITi HO-BUMIipIOBaITEHUM KoMIIekc (puc. ).

3anponoHOBaHUM KOMIUIEKC 1€ MOXKJIMBICTH B
nabopaTOpHUX  YMOBax  SIKICHO  MOJEJFOBaTH

Hanpy>XeHo-1e(pOpMOBaHUN CTaH B 30HI 3BapHUX
OararoiapoBux 3’€qHaHb TpyO 1 MPOBOJAUTH
TapyBaHHS 1 TOBIPKYy pi3HUX BHMipIOBAJHHUX
TPaKTiB.

JocnigHa ycTaHOBKaA CKITala€Thesl 3 pe3epByapa
1, sKUli BUTOTOBJNEHWI 3 INECTH LMJIIHAPUYHUX
KOTYIIOK 30BHilHIM giametpom 1020 MM 3
Pi3HUMU TOBIIMHAMU CTiHOK Bif 9,5 MM 10 14 mwm,
3’€AHaHUX MK COOOK0 CTUKOBUMH 3BapHUMH
OararomlapoBM{ IIBaMH 1 TPUBapeHUMH Ha
TOpUsX TiBcepruuHUMH JTHUIAMH. PesepByap
3aMOBHEHUI BOJOIO, a 3MEHIIEHHS THUCKY B HBOMY
JIOCATAaeTbcs 32 JIOMOMOTOK  3BOPOTHBOTO
MepesuBaHHs BOAM y HAKOMMYYBAJIbHUI Gauvok 2.
CTBOpeHHsI HaIUTMIIKOBOTO THUCKY 3IiHCHIOETBCS 3a
JIOMOMOT0I0 00°’eMHOr0 HacocHoro arperaty MIT —
150.

BenvunHy THCKY B pe3epByapi KOHTPOJIOKOTH
3pa3koBUM MaHOMETpOM 3 3 KjacoMm To4HocTi 0,4.
HacocHa craHllis J03BOJISIE JOCSATATH BHYTPILIHIX
TUCKiB B pesepByapi A0 15 MIlla. Luninapuuni
KOTYIIKH A0 IOCTiIHOT YCTAHOBKH KOMIUIEKTYBaIH
3 aBapiiiHOro 3amacy i BHUpi3aHUX B Mpolleci
PEMOHTY KOTYIIOK TpyO HAcCTYNHHUX MapoOK CTaJlei:
17T'1C, 17T'1CY, 13T'1CV.

1 4 5 3

b=

Pucynok 1 — [locaigno-BumipoBajibHUIH
KOMIJIEKC IJIs BH3HAYEHHS HANPYKEHOTO CTAHY
3BAPHHX CTHKIB TPY0

Tpybu 3 3o0BHilHIM Jiamerpom 1020 mm
purortosJiieHi 3rigao TY 14-3-1698-1985 3 takumu
TEXHIYHUMH  XapaKTepUCTHUKaMM:  JIOMyCK  Ha
BiIXWIIEHHS B palialbHOMY HampsaMky = 3,0 Mwm,
JOMYCK Ha BIAXWIEHHA mo Topuiax = 1,6 MM,
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JOMYCK Ha BIOXWJIGHHS 3a TOBIUMHOK CTiHKH
+03/-5% Bin HomiHanmbHOI. Tuck  mpu
rizpopunpoOyBanHsx Bix 6,0 mo 12,5 Mlla
BHU3HAYAETHCS 332 BEJIMYMHOIO HOPMATHBHOI MEXi
TEeKYyJOCTi MaTepiaiy

P 2t min X R/ Dy, 8

eunp —

1€ tyin - MiHIManbHa TOBLIMHA CTiIHKU TPYOU B MM;

R - po3paxyHKOBe 3HAa4YeHHS OMOpPY PO3TATY
(ctucky), sike mnpuiiMaemo piBHUM 95 % Bin
HOpPMAaTWUBHOI TpaHuui Tekyuocti, MIlla; D, -
BHYTpIIIHIN qiaMeTp TpyOH, MM.

3BaproBaHHs U HAPUYHHUX 000JIOHOK
JOCHITHOI KOTYIIKM TPOBOAMIIH 3a TEXHOJIOTIE,
IO 3aCTOCOBYIOTH B TMOJBOBUX YMOBax TNpH
BUKOHAHHI MOHT@)XHOTO KUIbLEBOro 1iBa 0e3
MPOBOPOTY. 3nikcHIOBaTN OaraTomapoBHii
MOHT@XHWI MIOB enekTpomamMu Mapkn YOHI —
13/55 P 3a tpu npoxoau: 1-it kopins /=90 — 130
A - niametp enexrpona 3,2 mm; 2-i i 3-i wap [ =
130 — 210 A - piamerp enekTtpoma 4,0 MM.
OTpuMaHi TakKMM YHHOM OaraTomapoBi MOHTa)Hi
3BApHi  LIBM  HE  MiJJaBajucd  J10JaTKOBIl
TeXHONOTiuHii 00pobui. KoHTponms sKocTi Beix
OaraTolapoBMX 3BapHUX 3’€JHaHb MPOBOJUBCS
30BHIIIHIM OTJISOM, PEHTT€HONPOCBIYyBaHHIM Ta
YJIBTPa3BYKOBOIO 1e(hEKTOCKOMIENO.

BusHadeHHs 3aJMIIKOBUX HampyXeHb B 30HI

WBIB  JOCHIAHOTO  CTEHAY  MPOBOAWAM 3
BUKOPUCTAHHSM  METOAY €JEKTPOHHOI  CMEeKJI-
inteppepometpii  [7]. B ocHoBy  Mmeromy
BHUKOPHUCTAHO 3MIATHICTb J1a3epHOTO
BUMPOMIHIOBAaHHS ~ CTBOPIOBATH TEBHY  CHeEKJI-
CTPpYKTYpy Tpu  BiAOWBaHHI  BiA  TMOBEpXHi

pesepryapy 1. Ilpu nepemirenHi, 1o BinOyBa€eThCs
3a  paxyHok Jedopmalii, Hanpukiaa, MpH
BUCBEPJIIOBAHHI  OTBOPY MIMOMHOIO 2 MM i
niaMeTpoM 2 MM, BHHUKAaEe 3MiHa CIEKI-KapTUHH.
3a pi3HHUIEIO ABOX CMEKJI-KAPTHH MOYKHA OTpUMAaTH
iHTepdepeHiiliHy KapTHHY CMYyr Ta BU3HAYHWTH
3MiHy KOOPJMHATH TOYKH MK JIBOMa CTaHaMH.
BuxopuctoByroun oTpuMaHy iH(opmamio  3a
JIOTIOMOT OO crieliaibHOTO MPOrpamMHOTO
3a0e3nevueHHs, BU3HAYAIOTh BEJIMYMHY 3ATUIIKOBUX
Hampy)XeHb y BHOpaHiii Todlli Oifs KilbleBOTO
3BApHOTO 1IBa KOTYILIOK pe3epByapa B OCLOBOMY i
KOJIOBOMY HarnpsiMKax. Crexn-
iHTepdepoMeTpUUHUI KOMITJIEKC CKJIQIAeThesl 3
ManorabapuTHOro creki-iHrepdepomerpa 4 3
ONTHUYHOIO CHUCTEMOID 1 OMOPHO-IOCTYBAIbHUM
npuctpoem, CCD-kamepu 5 3 pO3AUTEHOMO
3natHicTio 768 x 576 mikceniB, nazepa 6 3 OJIOKOM
>kuBjIeHHsS 7 1 cBiTioBoaoMm 8, mpucrtaBku «Dock-
Station» 9 11 nepeTBOPEHHS! ONTUYHOTO CUTHAITY B
UGpPOBHI 1 3aHECEHHS! B TIaM’iTh MEPCOHAILHOTO
komm’roTtepa 10, npeni «PROXXON» 3 migctaBkoro

Jutst cBepAtiHHS 11 1 GiokoM )uBieHHs 12,

Jlnis  npukiagy, Ha puc. 2 HaBeAeHI
eKCTIepUMEHTAJIbHI  pe3yJIbTaTh BU3HAYEHHX
. E .
KiIbLEBMX ~ HANpPYXeHb  Ggg  HA  30BHilLH

MOBEPXHi, fAKi OTPUMAaHi 3a JIOMOMOrOl CHEeKII-
iHTep(hepOMETPUIHOTO KOMIIEKCY Ul 3BapHOTO
1Ba JOCIIJHOrO pe3epByapa, IO 3’€aHYE JBi
KOTYLIKM 3 TOBLUIMHAMHU CTiHOK /Ay, = 10 MM y
(dbyHKIiT BimcTaHi Bim oci mBa: kKpuBa — 1 10
onpecyBaHHs pe3epByapa, KpuBa — 2 Ticis
oTipecyBaHHS pe3epByapa. Marepiaql KOTYIIOK —
cranb 171'1C. OcHOBHI MeXaHi4Hi XapaKTepUCTUKH
3riiHo cepTHdikaTiB Ha BUTOTOBJICHHS MPHUBE/ICHI B
tabmui 1. ITig 9ac onpecyBaHHS TUCK B pe3epByapi
nocsiras 6 MlTa.

Taoaunsa 1 — OcHoBHI MexaHiuHI
XapaKTepPHCTHKA MaTepiaTy MuJIiHIPHIHHX

KOTYIIOK
VY napHa
Ne Mexa | Mexa |BigHocHe B A3KICTb
KOTYII-| MiIJTHOCTI,| TEKY9O0- | BUZIOBXKEH OCHOBHOE/O
KU MlIla [cti, MIla Ha, % merany, 7o
KCV,
Tlx/em’
| 560 390 25 29,1
11 577 401 23 29,3

BuzHavanu Takoxk ycepeaHeHi XapaKTepUCTHKH
3aJMIIKOBUX ~ HamnpyXeHb B 30HI  BHLIE
PO3TJISTHYTOr0  3BapHOTO  3’€JAHAHHS  JIOCIHIiJTHOTO
pe3epByapa eJIEKTPOMAarHiTHUM METO/IOM.
BukopucroryBanu BUMIpPIOBAJIbHUH TIpUJIa
«MESTR—411» 3 TepeTBOpIOBavYEM
TpaHchopMaToOpHOro THMy. EKcnepyMeHTasbHi
poOOTH  MPOBOAWIM  3TiTHO  METOJUKH,  siKa
3aTBepkeHa KoMmiTeToM 3 cTaHmaptuzamii TK-78.
[Ipyn 11bOMY BpaxoBYBajlW BIJIMB HEOJHOPIMHOCTI
HanpyXeHb 1O TUTOII KOHTAaKTy AaBaya 3 TpyOoro

Ta BIUIMB CTPYKTYPHUX 3MiH HAa MAarHiTHy
MPOHUKHICTE  MeTaly B 30HI  TEPMIYHUX
MepeTBOPEHb. Ha puc. 2 HaBeJIeHi
EKCTMIePUMEHTAIILHO oJiepaKaHi pe3ynbTaTtu

ycepeaHeHO! pi3HHL TOJOBHUX HAaIpyXeHb Gf
(mozHaveHi KpykeukamMHu) B (PYHKIIi BiJCTaHi Bif
oci 1IBa JIOCIIZIHOTO pe3epByapa, sKi BH3HAYEHi
€JIEKTPOMArHiTHUM METOJIOM.

OTpuMaHi JaHi CBigYaTh TIPO 3aJ0BiJTbHE,
AKicHe i KiJIbKiCHe Y3rOJKeHHS
eKCTIepUMEHTaJIbHUX ~ pe3ynbTariB. B mpoueci
onpecyBaHHsl JIOCIIIHOTO pe3epByapa 3aIUIIKOBI
Hampy>KeHHs B 30HI 3BapHOTO MIBa CYTTEBO
3MEHUIYIOThCS, alle BCE K 3aJIMIIAIOTLCS HA PiBHI
100 — 170 MITa.
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Pucynok 2 — I'padiuni 3a;1e:kHOCTI KiTbIeBHX

E . .
3AJJUINKOBUX HANIPYKECHb GBB 1 yCepeaHeHol

. . E
pi3HHII TOJIOBHUX HANpY:KeHb G, B GpyHKMil
BijcTani Bia oci mBa qoc/igHoOro pesepByapa

BUCHOBKH

3acTocyBaHHS OMUCAHWX BHINE AOCIHiTHO-
BUMIPIOBAJILHOTO KOMIUIEKCY 1 pPO3paxyHKOBO-
€KCTIepUMEHTAITbHOTO MeTOoay JIO3BOJIATH
YAOCKOHAJINTHU METOAUKY a iaFHOCTyBaHHﬂ

Hanpy»XeHOTO CTaHy B 30Hi 3BapHHUX 3 €IHaHb TPYO
B yMOBaX TPUBAJIOT X €KCILTyaTallii.
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