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Hasedeno memoouky po3paxyHKy empam ewepeii, aki 3YMOGNeHi HeOO0BaAHMAXiCEHHAM O00A0MAa OCbOBUM
3YCUNISM CIUCHYMOT Yacmunu OypurbHOl KONOHU Yepe3 GeNUKi CUiu ONnopy 0Cb08020 Nepemiujenis mpyo 6 micysax
KOHMAKMYBAHHS ONOPHO-YEHMPYBAIbHUX e/leMeHmi6 HeOPIEHMOBAHUX KOMNOHOBOK HU3Y OYPUIbHOT KOTOHU i3 CMiH-
Kamu 2ipruuoi eupobxu. Llisixom ananimuynux OO0CHIONCeHb GCMAHOGICHO, WO 30iMbULeHHs KITbKOCMI ONOPHO-
YEHMPYBANbHUX eNleMeHMI8 Y CKIadi KOMNOHOGOK NPU3600UMb 00 CYMMEBO20 HEOOBAHMAICEHH 00N0MA i 3MeH-
wenHsl enepeil, cnpaMo8anol Ha pyiHYy8anus 2ipcokoi nopoou. [[is ii 30ineuleHHs: 3anPONOHOBAHO GUKOPUCIOBYBA-
mu KOHCMPYKYIT HeOPIEHMOBAHUX KOMNOHOBOK 3 HAUMEHULOIO KITbKICIIO YeHmpamopie.

KntouoBi cioBa: KOMIOHOBKa HU3Y OypWIIBHOI KOJIOHHW, €HEPTEeTHYHI 3aTpaTH, CTOBOYP CBEpJIOBWHH, CHIH
Onopy, TepTs.

IIpusedena memoouxa pacvema nomeps dHepeull, 00OYCNIOBNIECHHBIX HEO0SPY3KOU O0NOMA 0Ce8blM YCUNUeM
corcamoti yacmu OypunvHOll KOJIOHHE 8credcmeue DONbUIUX CUl CONPOMUBTIEHUS 0Ce8020 nepemelyeHus mpyo &
Mecmax KOHMAaKmupoBaHusi ONOPHO-YEHMPUPYIOWUX dNeMEHMO8 HeOPUEHMUPOBAHHBIX KOMNOHOBOK HU3A OYpUlL-
HOUl KOJIOHHbL CO CIMEHKaMU 20pHOIl gbipabomku. Tlymem ananumuyeckux uccied08aHuil YCmanoeieno, Ymo yeenu-
YeHue KOIUYecmea OnopHo-yeHmpupyouux d1eMeHmog 6 COCMase KOMNOHOBOK 6edem K CYUeCmEeHHOI Hedozpy3-
KU 0010ma u yMeHoUleHUIo dHep2uU, HanpaesleHHol Ha paspyuieHue 2opHoll nopooul. [ns ee ygenuuenue npednaza-
emcst UCNOIBb308aNMb KOHCMPYKYUU HEOPUSHMUPOBAHHBIX KOMUOHOBOK C HAUMEHLULUM KOIUYECMBOM YeHmpamopos.

KnroueBble croBa: KOMIMOHOBKa HU3a OyPUIIbHOM KOJOHHBI, SHEPTETUUECKUE TIOTEPH, CTBOJ CKBAXKHHBI, CHITBI
COTIPOTURIIEHUS], TPEHUE.

The methodology of evaluating energy loss which conditioned bit under stressing of axial force of compression
part of drill string because of huge pipe axial movement resistance force in the place of contact of support - center-
ing element of nonoriented bottom drilling string assemblies with rock have been applied. In the way of analytical
research it has been established that increasing of number of support-centering elements in assembly result in dras-
tically bit under stressing and reducing energy, which directs to rock damage. For its increasing have been offered
to use the construction of nonoriented assemblies with least number of centralizers

Keywords: bottom drilling string assemblies, energy consumption, well bore, resistance force, frictional force.

Ha choroaHi yacTka crniokuBaHHst HadTH i rasy
B YKpaiHi cTaHOBUThL OJiM3bkO 35% Bia 3arajabHOI
KIJILKOCTI BCIX ICHYIOUMX €HEpPreTMYHHUX PecypciB
npotd 20% cepenHbOEBPONEHCHKUX TMOKa3HHUKIB.
Taka TeHmeHIis 30epexkeThcs i B HAMOIMKIOMY
MalOyTHBOMY 4Yepe3 BiJCYTHICTh aJbTEPHATUBHUX
razy JoKepesl eHeprii Ta HenmpHCTOCOBAHOCTI TPO-
MUCJIOBOCTi i KOMYHAQJILHOTO TOCTO/apcTBa JI0
e(peKTUBHOI pOGOTH B yMOBaX eHepro30epeeHHs.
[cHyro9HX Ha CBOTO/IHI PO3BIIAHKX 3araciB HAPTH i
razy 3 BiIHOCHO HECKJIaJHHUMH yMOBaMH BHII00Y-
BaHHS i TPAHCTIOPTYBAHHS BYTJICBOJAHEBOI CHPOBHU-
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HH BUCTauuTh e Ha 22-25 pOKiB. Y 38’13Ky 3 UMM
CTPATEriYHUM HATPAMKOM MiABHLLCHHS E€HEPreTH-
YHOT HE3aJIeKHOCTI JIep)KaBU €  HapOIyBaHHS
00’eMiB GypoBHX pOOIT Ha TIOLIAX, [ 30cepeiKe-
Hi MOKJIaaW HAadTH i rasy, ajne B CHJy TipHHYO-
FeOJIOTIYHUX |1 TEXHIKO-TEXHOJOTIYHUX TPHYUUH
BBKAIOTHCS BAXKKOAOCTYMHUMH. st po3poOku
TaKWX MOKJIa/iB HEOOXiZHO, B MepIly uepry, npo-
BECTH KOMITIEKC OypOBHX pOOIT 3 BUKOPUCTAHHAM
TEXHIKH 1 TEXHOJIOT1 MOXUIIO-CKEpPOBAHOTO Ta TO-
PHU30HTAJILHOTO OYpPiHHS, 110 € €HEPrOBUTPATHUM
MPOLIECOM, IIBWAKICTh BUKOHAHHS SIKOTO 3HAYHOIO
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Pucynok 1 — Po3paxyHkoBi cxeMH po3Mofijly CHJI HA 0MOpax
B HeopienToBannx KHBK i3 piznoro kinbkicTio OLLE

MipOIO 3aJIeKUTh BijI OCLOBOTO HABAHTAXKEHHS Ha
J10J10TO. I3 30i/IbIIIEHHSIM 3€HITHOTO KyTa CTOBOYpa
CBEPUTOBHMHH 1 TOBXKHUHHU HOTO IINSHOK, Yepe3 3po-
CTaHHS CUJ TepTs Mik OypuinbHO KosnoHot (bK)
i CTIHKOIO CBEP/JIOBMHU YCKJIAIHIOETHCS OChOBE il
nepemiiieHHs. Lle cTae OCHOBHOIO NMPUYHMHOLO, 1110
nepetikokae 3abe3neHeHH0 HeoOXiIHUX peku-
MHO-TEXHOJIOTiYHUX MapaMeTpiB OypiHHS Ha JOJO-
Ti i, BiJINMOBiTHO, 3MEHINIEHHS €HepTii, CIPIMOBAHOL
Ha pyHHyBaHHs ripcekoi nopoau (I'TT) Ha BUGOI.

Hegin’emHoto ckianororo BK y HamgonoTHii
il 4YaCTHHI € KOMIOHOBKA HU3Y OYpHIIbHOI KOJIOHH
(KHBK), sixa 3abesneuye mpocTopoBy TpaeKTopuo
OypiHHA | sl NPOXOJKH TOXWIIO-CKEPOBaHUX K
TOPU3OHTAIILHUX JIIJISIHOK CBEPJJIOBUH KOMILIEK-
TyeThest 31e0ibioro Ha 0asi BUOIMHOrO ABUryHa
[1]. do cxinagy KHBK 000B’13k0BO BKJIHOYAIOTH
onopHo-LeHTpyBanbHi efeMentd (OLIE), reomer-
PUYHUMH po3MipaMH i MicLleM pO3TallyBaHHS
SKUX OTPUMAIOTh BiAMOBigHE OOKOBE (BiAXMIISIO-
ue) 3ycuiuis Ha A0joTi. [Iporte, nia agiero BEIMKUX
MOMEPEYHUX CHJI BiJl BJACHOT Baru KOMMOHOBKH
OLIE mnpuTHCKalOTbcs 1O CTIHKHA CBEPIJIOBHHH.
T'eoMeTpuuHi po3mipu pobouux X yacTWH (TIa-
HOK, LIapPOIIOK) XapaKTepU3YIOThCsl MaTMMU raba-
PUTHUMH PO3MipamH, IO 3YMOBIIIOE MOSIBY 3HAu-
HUX KOHTAKTHHMX TUCKiB B Micusx B3aemonii OLIE
i3 CTIHKaMU CBepJIOBUHU. BHacnigok I1poro Ha
“onopax’ KOMIOHOBKM BUHUKAIOTh CUJIK OTIOPY He
e mij yac obepranns bK, a i 17 ocboBoMy me-
PEMILLEHHI, Ki 3MEHIIYIOTh OCbOBE HABAHTAXKEHHS
Ha 710710TO. JInst BU3HAYEHHS TEXHIKO-TEXHOIOTiY-
HUX 1 TipHUYO-TEOJIOTIYHUX YMOB OYpiHHS Ha 3Me-
HIIEHHS] OCHOBOTO HaBaHTa)KEHHsI Ha JOJIOTI i eHe-
prii Big BTpar Ha TepTs, Mixk enementamu KHBK i
CTIHKAMHM CBEpJUIOBHHHU, CTMIPSMOBAHOI Ha PyHHY-
BanHs ['TI, HeOOXigHO MPOBECTH BiAMOBIAHI A0CITI-
JOKEHHS, aKTYaIbHICTh SKHX € OYeBUAHOIO.

Enepris, HeoOXigHa IS TOMONAHHS CHUIT Tep-
Ts ipu ockoBoMy nepemitienHi KHBK, oGuunciio-
€ThCs 3a popMysiamMu:

Exnsic =2 Foc.omn hsyp (1
i=1
ne: Fpc o — cuna onopy npu 0CbOBOMY TepeMmi-
menHi KHEK y croBOypi cBepioBuHM;

hgyp — NOBKUHA iHTepBay OypiHHSL.

Jist nocaiDKeHHs BIUIMBY Ha OCbOBE HaBaH-
TaXKeHHs Ha JIOJIOTi | eHeprosaTpar Ha To/I0JaHHs
onopy ockoBoro nepemimenHs KHEK y cToBOypi
CBEPJUIOBUHU 1 KOHCTPYKTHBHHX OCOOJIMBOCTEH
(puc. 1), reoMeTpuUHUX | MPOCTOPOBUX MapameT-
piB mpodimo ripHUYO BUPOOKH HEOOXiTHO TIPOBe-
ctu pocnimxedas cun npuruckands OLE mo T'TL
Jns 1poro IOUibHO BUKOPUCTOBYBATH BXKE BiJO-
Mi MaTeMaTu4Hi Moaesi [2, 3 Ta iu.].

Jis po3risily AaHOrO TMUTaHHS 3arpornoHoO-
BaHO PO3PaxXyHKOBi CXeMH HEOPI€EHTOBAaHHUX KOM-
noHoBok 3 OLIE, mo BW3HaualoTh MOJIOKEHHS OCi
KHBK'y cToBOypi cBepiutoBiHH (pHC. 2).

JAisi OHOOMOPHOT KOMITOHOBKH (puc. 2, a)
3TWH 1T MPYKHOT OCI Ha MepIii AiSHII ONMUCYETh-
cs nupiBHAHHM [1-5]:

Ely"(x,)=—Py,(x)+Ox, + %ﬂm) )

nme: P, O — ochOBe HaBaHTaKEHHS Ta BiAXWISAIOUC
3YCHIIIS Ha JTOJOT;

EI g — %OpCTKICTh Ha 3rMH Ta Bara rnoroHHo-
ro metpa KHBK;

0. — 3eHITHUM KYT HAXWITY OCi CBEpUTOBHHH.

)Insl TIPYTOI NITHKY — 32 aHaJiorieto 3 (2):

EY (x5) =[P~ gL cos@)]ys (x2)+ O(L; +x2)+

2 2

2

L .
+q 71+le2 +x7 sin(@)—Ryx,. ()

Jis 1aHoi po3paxyHKOBOI CXeMH TpHiiMa-
IOTHCS TaKi TPaHUYHI YMOBH:
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Xy = 0, yl(o): 0
xp =Ly, x3 =0, y1(L1)=y200)=r,

vi(Ly) = y5(0), (4)
Xy =Ly, yz(Lz)= ry,

¥5(Lg)=0, y4'(L,)=0
ae: 1, — pagianeHuii 3a30p mik ocsmun KHBK i
cBepaaoBuHHU B Micii BcraHorieHHst OLLE;

ry — pagianbHuil 3a3zop Mik ocamu KHBK
i CBep/UIOBUHH Y BepXHili ToUIli iX KOHTaKTy
(puc. 2).

Jlnst nBoomopHOT KOMIOHOBKH (pHC. 2, 0) 3THH
i1 mpy>kHOT OCi Ha mepiuiil i Apyrii AijsHKax Onu-
cytorbest audpiBHgHHsIME (2) 1 (3), a s TpeThoi —
3a aHAJIOTI€l0:

2
Ely; (x3)= {P -2.al; COS(“)}«V 3(xs)+
i=1
2 L12 2 x32 .
+q Y= tx3> L+ L, Ay sin@) + (s)
i=l i=1

2
ZLI' +X3J—R2X3 —RI(X3 +L2) .
i=1

Jlns jnaHoi pospaxyHKoBOi cXemu npuiima-
IOTBECS € TaKi rpaHl/IllHl YMOBHU:

x;1=0,»1(0)=0
X _L xH—l_O yl(L)_yH-z(O)—rl:
vi(Li)= vl 0) oe i=(1;2), (6)

x3 =1L3, y3(L3)=ry,

¥3(L3)=0, y3 (L3)=0

Jns TpronopHoT KOMMOHOBKH (p. 2, B) 3THH 1i
MpYKHOI Oci Ha MEpUINX TPHOX HUISHKAX OMHUCY-
othest mudpisasaEIME (2) 1 (3) 1 (5), a A deTBe-
PTOT — 3a aHAJIOTI€l0;
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B)

Pucynok 2 — Po3paxynkoBi cxemn npy»xHoi oci HeopienToBanux KHBK B IICC

3
Elvf (x4)= —{P X cos(a)}y4(x4)+
i=1

3 3
+Q(x4 +ZL1J—R2X4 —Ry(xq + 21+

i=1 =2

4 12 2 3 )
+q Y+ LY L+ Ly Y L +x42L +
i=1 2 i=1 i=1 i=1

2
+ L]Lz + %] Sil’l(O!) .

Jns naHoT po3paxyHKOBOT CXEMH XapakTep-
HUMH ICHYIOTb TaKi FpaHUYHI YMOBH:

x1=0, y1(0)=0,

xi=Li, xip1 =0, yi(Li) =y (0)=r;
W)=yl ve i=(:23)., (3
x4=Ly, y4(Ly)=ry,

Yi(Ly)=0, v (Ly)=0.

3rimHo 3 HaBeAeHWMHU NU(DEPEeHIIMHUMHI PiB-
Haausmu (2), (3), (5), (7) i 3a BiAMOBIAHUX TpaHU-
YHUX YMOB JUIS KOXHOT i3 pO3paxyHKOBHUX CXeM
(puc. 2, a, 0, B), CKIQAAIOTLCS CUCTEMU PIiBHSIHb,
pe3ynbTaTOM pO3B’sI3aHHS SKUX € TIyKaHi Bendu-
vu O, R;, L, Ta iHII HeBigoMi.

Cuau ornopy npd OCbOBOMY MEPEMillEHHI
KHBK y HagmosoTHili 4acTHHI BHU3HAYAIOThCS
JIBOMa YMHHUKAMU, a caMme. QPUKIIHHIM TepTIM 3

dpesyBannsam crinkn ceepanosunn OLE Fp 5,

(puc. 1) B 30HI ix KoHTakTyBaHHA (30HWU |,
puc. 3, a i 6) i agre3iiHUM NPUITUNAHHAM TPYO 110
¢inprpaniiiHoi kipku (3oHa I1, puc. 3, a).
Posrasinemo neopienrosani KHEK: oaHoorio-
pHy (puc. 3, a) i 6araroonopHy (puc. 3, 6). Ilpwu
OJHAKOBUX JOBYKAHAX KHBK

(L' kise = Ly + Ly, ), cwim onopy mpu ocko-

BOMY iX TepeMillleHHi B CTOBOYpi CBepAJOBHHHU
JUTst 6€30MOpHOT KOMIOHOBKH BU3HAYAIOThCS TaK:
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6)

I — 30Ha nputuckanus OLIE 10 cTiHku CBEpAIOBUHM;
II — 3ona npununanus KHBK 1o dinbrpariiinoi kipku

Pucynok 3 — Po3paxyHkoBi cxeMH CHJI 0CHOBOTO ONIOPY
nas HeopiearoBannx KHBK i3 piznoro kiaskicTio OLIE

Focom =qLee w+Age Sk 9)
Jlns kommnoHoBkHu 3 ogHuM OLIE — 3a aHano-
rieto:

Foc.om = Fprz, +[R: + 46 Lo | 1+ Agg Sic » (10)
ne Fp; — cuna onopy, oOyMOB/eHa BAaBIIOBaH-
HSIM B CTiHKY cBepasioBunu jonareii OLIE [4, 5]:
1377 Rl-(l —vz)[(l —v)Er]*4 an

nb0,76 E(l).44 / ’

ne: n, b, | — KinbKicTh, HNIMPUHA | JOBXKKHA JIO-
nati OLIE;

v i E, — xoediuient Ilyaccona i momyns
npyxHocti ['TI [3, 4];

4 — xoediuient tepra mixk KHBK i crinkoro
CBEep/JIOBHHHU;

O ¢y — rpannus minHocTi I'TT Ha 3cyB [3, 4];

Fpp3, =ock

L.. — noexuna KHBK Buiie Touku 1i Bigpu-
BY BiJl CTIHKU CBepJIOBUHH, (puc. 3, 6);

Ay, — nokasnuk MinHoOCTi dinbTpauiinoi ki-
PKH Ha 3cyB, [5];

Sy — mnoma kontakty KHBK i ¢inbrpauiii-
HOT KipKH Ha JiIsHLI JOBXKUHOIWO L. [6].

Jlns GaratoonopHOT KOMMOHOBKH 3ajI€KHICTh
(10) HaOyBae iHIIOTO BUIJISAY:

> (Ri H+Fpz, ) (12)

Foc.on = 2.
i=1
Benvunna mMexaHiuHOT eHeprii, Ky HeoOXil-
HO Mi/IBECTH A0 JI0JI0TA 3 METOIO MOTITHOICHHS BH-
0010 CBepATTOBUHHU, BU3HAYAETHCS 32 (HOPMYJIONO:

hpyp

E jon =M gon @
Viex

! (1)
= [MHMT P + AM]Q)—VEVP R
MEX

Ie: M/,[O‘,[ , ® — MOMEHT i KyToBa INBUJKICTb
o0epTaHHs J0/10Ta;

V\y:y — MeXaHiYHa IIBUAKICTH OypiHHS;

M, — THATOMHH MOMEHT Ha OIWMHHIIO
OCBOBOTO HaBaHTa)KEHHS Ha TOJIOTO.

AM — 36inbllleHHS MOMEHTY OTOpY TpH
obepTaHHi 71010Ta Ha BUOOI CBEpAJIOBUHH, 3yMOB-
JieHe HOro KOHCTPYKLIMHUMH —OCOOJIMBOCTIMHU
(yuripHEHa oropa).

ITicns Bpaxysanus B (13), unaAMKIE (9)-(12)
OTPUMYEMO:

st 6ezonoproi KHEK

Ejon = [Mlmr [P—(CI%K p+Adgg Sk )]+

+AM]wh5i; (14)

Vumex
nst omHoornoproi KHBK

1377R, (1 - v2) (1-v)>*
n b0,76 E(1).44 IE[_O'MO'E}(

*
E on=|Mpur| P—

h
+HRy +q Lo ] 1+ Agg Sk ||+ AM a)—VEVP :(15)
MEX
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Ta6auus 1 — Buxigni nani aas po3paxyaky KHBK

KinekicTtb HiameTp, Mm 4
3TCII-172 L. P, x10"H " ,
OLE, wr JIOJIOTO OLIE M o Tpan AM , Hu
Oe3omnopHa EI=6650 - 6 70-90
! 215,9 215 kHM? 0 6 70-90 700
2 ’ 215/215 ~1300 H/m 0/11.4 6 70-90
3 215215215 | 4 0/11.4/13.4 6 70-90
b,m l,m n, Wt 14 Oy » MIa Y2 E, Mla | M, ,H
0.04 0.3 4 0.25 20 0.3 0.2 0.02

st 6araroonopHoi KHBK

. " 137‘(1—1/2)(1+#)0CK
Enor=|Mpmm) P-2
J a6 E(l).44((1_v) E 1)4).44

h
YAM | 2P
Vmex

YacTtka eHeprii, fika BUTpayacThCsl Ha TOJIO-
naHHs el ocboBoro ornopy B KHBK 3 6oky ctiHOK
CBEpUTOBMHM IO BiIHOLIEHHIO 1O 3arajibHo-
notpibHoT Ans pyiiHyBaHHs nosoroM [T 3rigno 3
(14)-(16), Bu3HAUa€ETHCS:

(16)

*
E non —E jon

E non
I[ml ,Z[OCJ'[I,Z[)K@HHH BIUTUBY KiJIBKOCTI OI_[E B
KHBK i okpeMHX TeXHIKO-T€XHOJIOTIYHHX i TipHH-
YO-TeoJIOTiUHUX YMHHUKIB (Tabn. 1) Ha BeJIHuUHY
OF mpoBeleHO aHANITHYHI JOCTIKEHHS i OTpH-
MaHO HHM3KY rpadiuHuX 3anexxHocTeit (puc. 4).

SE = 100%. (17)

BucHoBku

1. Ha ocHOBi aHalizy aHaJliTHYHUX OCITi-
JUKeHb 1 MPOMMCIIOBO-MIPAKTUYHKUX JIAaHWX 3a Jia-
HOIO TIPOOJIEMOIO BCTAHOBJICHO, 1110 BUKOPUCTAHHS
HeopienToBanux KHBK y mporeci OypiHHS moxu-
JIO-CKepOBAaHUX 1 TOPU3OHTANIbHUX CBEPAJIOBUH €
MOLIMPEHOI0 TEXHOJIOTi€l0, B SKili HE PO3KPUTO
TIUTaHHS BTPAT OCbOBOTO HABAHTAXKCHHS Ta eHepri'l'
Ha JI0JIOTI B MPOLECi TepTs i aaresiinoi B3aemonii
iX eIEMEHTIB i3 CTIHKaMH MipHAYOT BUPOOKH.

2. IlIngxoM aHaNITHUYHUX OOCHIIKEHb BCTa-
HOBJIeHO, o BukopuctanHs OLIE B HeopieHTOBa-
Hux crabinizaniiinnx KHBK B cToBOYpi cBepajio-
BUHH i3 3eHiTHEM KyToM 75 —90° npu O = 0 npu-
3BOAMTH A0 CYTTEBOTO 3MEHLIEHHS OCHOBOTO Ha-
BaHTaKEHHS Ha JIOJIOTO i eHeprii, CIpsSMOBaHOI Ha
pytinyBanHs ['TI Ha BuGoi cBepasioBunu (Bia 15 m0
80% 1 Ginbiue) (puc. 4) i HaBITh 10 3aKJIUHIOBAHHS
KOMIMOHOBKH, 110 MOXKe OyTH BHKJIMKaHe 30iJib-
LIEHHSM HU3KH TEXHIKO-TEXHOJIOTIYHUX i FlpHI/I‘{O-
TeoJIOTIYHUX YMHHUKIB, TaKMX SIK: 3€HITHUH KyT
(puc. 4, a); Bara i )KOpCTKiCTL Ha 3ruH KHBK
(puc. 4, 6, B), kinbkicte OLIE, Moaynb npy>KHOCTI
I'TT (puc. 4, n) i ii migHocTi Ha 3cyB (puc. 4, 1),
MOKA3HWK MIIHOCTI (iNbTpamiiiHol Kipku Ha 3CyB
(puc. 4, e).
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3. HaiiGinpm eHeproBUTpaTHUMH KOMIIOHOB-
KaMH y TUTaHi X BUKOPUCTAHHS TIpU OYpiHHI CTa-
OimizaliiHUX JiISTHOK MOXUIIO-CKEePOBAaHUX 1 TOpH-
30HTAJILHUX CBEPAJIOBHH i3 3€HITHUM KyTOM, Oi-
neuram 75°, € ix tpuonopsi (i Ginble) KOHCTPYK-
1ii. Amxe, IpU X OCHOBOMY TIepeMillleHHi B CTOB-
Oypi cBepsIOBUHU BUTpavaeThes noHan 8§0% exe-
prii, crpsMOBaHOI 10 AONOTa, siKa Hae Ha MoJo-
JIAHHS TEPTS MK MPUTHUCHYTUMH TiJa Ji€l0 more-
peunoi cknanoroi Baru OLIE no criHok ceepasio-
BuHHU. [Ipu 1poMy 010TO He JOOTPUMYE MOTPI6-
HOTO OCHOBOTO HAaBaHTAXXEHHS i, BiAMOBIAHO, 3Me-
HIIYEThCSI MEXaHiuyHa eHepris, ChpsMoBaHa Ha
pyiinyBaHHs I'TI.

4. Jlns omHO- i JBOOMOPHUX KOHCTPYKIIiM
KHBK mpu momkuHAax, CHiBMIpHUX i3 TpHOMOp-
HOIO, XapaKTepHOIO Oy/ie B3aEMOJIis ii elIeMeHTIB i3
CTIHKaMM CBEPUTOBUHHM He JIMILIE B MicLsiX po3Ta-
mryBaHHs OLIE, a i i no TBipHii BUOilHOTO ABHTY-
Ha, 1€ XapaKkTepHWM € airesifine NpuIMMaHHs
€JIEMEHTIB KOMIOHOBKH 110 (iNbTpauiiHOi KipKH.
ITpu mopiBHSAHHI pe3yNbTaTiB MPOBEAEHUX AOCITi-
JOKeHb BCTAHOBJICHO, 11O JIMLIE B OKPEMHX BUMAl-

kax (npu A, >10«lla, E, <400 HIla)

(puc. 4, e) omHo- i mBoomopHi KHBK umusATH
OinbLuMi ONip OCLOBOMY iX NMEPEMILLEHHIO B CTOB-
Oypi CBEPIUIOBMHH, @ HIK TPHOXOMOPHI KOHCTPYK-
i

5. Jlns migBuineHHs eHeproe(eKTHUBHOCTI Oy-
PiHHS (3 BAKOPUCTAHHIM BUOIMHUX JIBUTYHIB) CTa-
OinizalifHUX JIITHOK MOXUIIO-CKEPOBAHUX i TOpHU-
30HTAJILHUX CBEPJUIOBUH JIOLIILHO BUKOPHUCTOBY-
BatH HeopieHtoBaHi KHBK Ha 0a3i omHoro (abo He
6inpme aBox) OLIE, a Takoxk BpoBaXKyBaTH HOBI
TeXHIUHI pillleHHs, SKi Jal0Th 3MOTY 3MEHIINTH
BIJIMB CHJI TEPTS HA OChOBE HABAHTAXEHHS i 30i-
JIBIIUTH YaCTKy €Heprii Ha JI0JOTO, CrpSIMYyBaBIIN
il Ha pyiiHyBaHHs ['TL.
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