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Circular arches are common elements of construction and machine building structures. They can be both
individual components and reinforcing elements of thin-walled casings. An important case of arches defor-
mation is the symmetrical folding in its own plane surface under the action of concentrated force. The re-
sistance of homogeneous isotropic arches is sufficiently investigated. However, the mechanics of multilayer
arches deformation is studied considerably less, which creates additional obstacles to introducing such ele-
ments in designing practice. The purpose of this work is a theoretical study of the basic stress-strain state
(SSS) of a symmetrically fixed multilayer arch under the action of concentrated normal force in the middle
section by developing the analytical solution of the corresponding problem. The second part of the article
deals with developing a simplified solution of the problem obtained by using plane section hypothesis, which
eliminates the effect of displacement deformation and transversal compression on other components of the
SSS. Considering the accuracy, such a solution ranks below the complete solution obtained in the first part
of the article, which takes into account the whole complex of elastic characteristics of layer materials, but it
is much simpler to implement. Using the developed simplified solution, this made it possible to obtain com-
plete ratios for unknown static and kinematic parameters (unknown constants) for solid and hinged arches in
the middle section that have different types of end fixation. To test and approbate the obtained theoretical
ratios, a long three-layer arch of small curvature (the ratio of the mean radius to the section height is 30)
was calculated. The results of determining the arch deflection with different types of end fixations, obtained
by using simplified and complete solutions, as well as by the final element method, are presented. A brief
analysis of accuracy of the simplified solution in case of changes in the stiffness of outer and middle layers is
made. The developed solution enables to determine stress condition of long symmetrical composite arch ele-
ments and small curvature rings with accuracy accepted for practice. However, the reliable determining of
displacements with its application has certain limitations, the precise identification of which requires further
research.
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AHAJIITAYHUI PO3B’SI30K 3AJJAUI 3TTHY BATATOIIAPOBOI CHMETPUYHOI
KPYT'OBOI APKH I1JI JIIEIO HOPIYIAJI]:HOT CUJIM B CEPEJHBOMY IIEPEPI3I.
HOBIJOMJIEHHA 2. APKH MAJIOI KPUBU3HU

C. b. Kosanvuyx, O. B. I'opuk,
[lonTaBchKka AeprkaBHaA arpapHa akagemis, Byl I'. CkoBoposu, 1/3, m. I[lonrasa, 36003, Ykpaina

Kpyeosi apru € nowupenumu enemenmamu 6y0igenvHux i MAuUHOOYOI6HUX KOHCMPYKYIU 5K OKpeMi Oe-
mani, a maKoic NIOKPINAYL eleMeHmuy MOHKOCMIHHUX 00010HOK. Baoiciueum 0na npakxmuxu eunaoxom
OeopmysanHs apox € CUMemMPUYHULL 32Ul Y 81ACHIU NAoWuUHI nid dicto 30cepedcenoi cunu. Onip 00HOpiO-
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HUX [30MPONHUX apoK ycebiyno docaiodcenut. OOHax mexanixa degopmyeanms bazamouaposux apox € He-
00CMAamubo BUBUEHOIO, WO CMBOPIOE 000AMKOBI NEPEeNnoHU HA WIAXY 3ANPOBAONCEHHA MAKUX eleMeHmi8 Yy
KOHCMPYKMOPCbKY —npakmuxy. Memoto yici pobomu ¢ meopemuune OOCHIONCEHHS HANPYIHCEHO-
oeghopmosarnozo cmany (HAC) cumempuuno 3axpinienoi bazamowaposoi apku, wjo nepebysac nio 0icio 30-
cepedIiceHol HOPMATLHOL CUNU 8 CepeOHbOMY nepepisi, uIIXoM noOy00sU AHATIMUYHO20 PO38 3K)Y 8i0N08i-
OHoi 3a0aui. Y opyeiti wacmuni cmammi no6y008aHo CHPOWEHUL PO38 30K 3a0a4i, OMPUMAHUL i3 3ACMOCY-
BaHMAM 2inomesu NIOCKUX nepepizie, 3a AKOi BUKTIOYACMbCS 6NIUG OehopMayill 3CY8y ma NOnepeuHo2o 06-
mucHenHs Ha iHwi komnonenmu HJ[C. Takuti po36 30K HOCMYNAEMbCSA 34 MOYHICINIO OMPUMAHOMY Y nep-
Wil yacmumi cmammi NOSHOMY P0O38 A3KY, WO 8PAX08YE 8eCb KOMNIEKC NPYIHCHUX XAPAKMEPUCTNUKY Mame-
pianié wapis, npome 3HauHO npocmiwuil y peanizayii. Lle 0o3601un0 i3 3acmMOCy8aHHAM N0OYO0BAHO20
CHPOWEHO20 PO38 SA3KY OMPUMAMU 3A8ePUIEH] CNIBBIOHOWEHHS O/ HeBI0OMUX CIMAMUYHUX | KIHeMAMUYHUX
napamempis (HegiooMux NOCMIUHUX) OJis1 CYYITbHUX APOK MA ApoK 3 WAPHIPOM Y cepeOHboMY nepepisi, ujo
Maomy pizHi Munu 3aKpinieHs Kinyie. s anpobayii ma nepesipKu ompumManux meopemuyHux cnie8ioHo-
UleHb BUKOHAHO PO3PAXYHOK 006201 Mpuiapogoi apku Manioi KpususHu (8i0HOWEHHS CepeOHbo20 paodiycy 00
sucomu nepepizy — 30). Hagedeno pesyrbmamu 8usHA4eHHA NPOSUHIE APOK 3 PISHUMU MUNAMU 3AKPINIEHb
KiHYi8, W0 OMPUMAHL 3 BUKOPUCMAHHAM CHPOUWEH020 | NOBHO20 PO38 A3Ki8, d MAKOIC MemoooM KiHYesux
elemMenmis. 3pobieno KoOpomKuil aHaLi3 MOYHOCME CAPOWEHO20 PIUEHHS Y UNAOKY 3MIHU HCOPCMKOCI 30-
8HIWHIX | cepeOHbo2o wapis. 1lobydosanuil cnpoweHull po36 130K 0ae 3M02y i3 NPULHAMHOK O/ NPAKMUKU
MOYHICIIO BUSHAYAMU HANPYHCEHUL CTNAH 0082UX CUMEMPUYHUX KOMUOZUMHUX APKOBUX elleMeHmie ma Ki-
neysb manoi kpususuu. OOHaK 00CMosipHe GUHAYEHHS nepemiujens 3 1020 3ACMOCYBAHHAM MAE Ne8Hi 00-
MEJHCEHHS, YimKe 6CIMAHOBNEHHS AKUX NOMPeOye NPOBeOeH s 000AMKOBUX O0CTIONCEHD.
Kntouoei cnosa: bazamowaposa apka, opmomponHuil wap, 30Cepeotcena CUid, HanpyHCeHHs, NepemiujeHHs.

AHAJIMTUYECKOE PEHIEHUE 3ATAYY U3I'MBA MHOFOCﬂOﬁHOﬁ CAMMETPAUYHOMN
KPYI'OBOU APKH ITIOJ AEMCTBUEM HOPMAJIBHOU CWJIbI B CPEJHEM CEUEHHMN.
COOBIIEHUE 2. APKU MAJIOW KPUBU3HBI

C. b. Kosanvuyk, A. B. I'opuk,
ITonraBckas rocynapcTBeHHast arpapHas akaaemust, yir. I'. CkoBoponsl, 1/3, T. [TonraBa, 36003, Ykpanna

Kpyeosvie apru sensomes pacnpocmpaneHHblMu d1eMeHmamy. CmpoumenbHblX U MAauHOCmMpoumeisb-
HbIX KOHCMPYKYULL 8 KAUecmee OMOeNbHblX Oemaiell, a maxkice NOOKPenIsiowux 2NeMeHmo8 MoHKOCIMEHHbIX
0bonouex. BaoicHvim 0151 npakmuku cayuaem 0e)opmMuposanus apox S6IsAemcs CUMMempUudnsil uzeub 6
CcOOCMBEHHOU NAOCKOCMU NOO Oelicmeuem cocpedomouernol cunvl. ConpomusieHue 00HOPOOHbIX U30MPOH-
HBIX apoK Xopouio ucciedosano. OOHAKO MeXaHuka 0eghopmMuposanuss MHOZOCIOUHBIX APOK 3HAYUMENIbHO
MeHee usyyeHa, umo cozoaem OONOIHUMENbHbIe NPEensImcmeus 0 68e0enus MAaKux 31eMeHmMOo8 8 KOHC-
MpPYKMopcKyto npaxmuxy. Llenvio dannotl pabomul a6isemcs meopemuyeckoe Uccie008anue HanpaiceHHo-
oeghopmupogannozo cocmosnus (HAC) cummempuuno 3aKpenieHHOu MHO20CIOUHOU apKu, HAXOOAUelcs
noo delicmeuem cocpedOmoOUeHHOU HOPMATLHOU CUTbL 8 CPEOHEM CedeHul, nymem NOCMPOeHUs. AHATUMUYe-
CKO20 peuteHusi coomgememayiowell 3adauu. Bo emopou uacmu cmamvu NPeoiodiCeHo YNpoueHHoe peule-
HUe 3a0ayu, NOIyYeHHOe C NPUMEHEHUEeM SUNOMEe3bl NIOCKUX CEeYeHUl, NPU KOMOPOU UCKTIOUAemCs 6IUsHUE
Oeghopmayuii cosuea u nonepeurozo obdcamusi Ha opyaue komnonenmol HJ[C. Takoe peuienue ycmynaem no
MOYHOCMU HOLYYEHHOMY 8 NEPBOLL YaACMU CIMAMbU HOJIHOM)Y PEUWEHUIO, KOMOpOoe YYUmbléaen 8eCh KOMNIEKC
VAPY2UX XAPAKMEPUCUK MAMEPUATO8 CLOe8, 0OHAKO 3HAYUMENbHO Npouje 6 pearusayui. Imo no3eonuno ¢
npuMeHeHueM NOCMPOEHHO20 YNPOWEHHO20 peuleHusi ROJIYHUMb 3A6EPUICHHbIE COOMHOWEHUsS. Olsl Heu-
36ECMHBIX CMAMUYECKUX U KUHEMAMUYECKUX NAPAMEMPO8 (HEU38ECHbIX NOCMOSHHBIX) OJisl CHAOWHBIX APOK
U apoK ¢ WAPHUPOM 8 CDEOHEM CeUeHUU, KOTOpble UMEIOm pA3IudHble MUunvl 3aKpenieHull KoHyos. s an-
pobayuu u npoeepKu NOIYUEHHBIX COOMHOWEHUL 6bINOIHEH pacyen OIUHHOU MPexXCcIOUHOU apKU MARO Kpu-
8U3HLL (OmMHOWeEHUe cpedne2o paouyca k evicome ceuenusi — 30). Ilpueedenvl pesyrbmamol onpeoenenus
npocubos8 apox ¢ pa3TUYHbLIMU MUNAMU KPENieHUli KOHY08, NOIYYEHHbIE ¢ UCNOIb308AHUEM YIPOUWEHHO20 U
NOMHO20 peulenus, a maxdice MemoooM KOHeuHblx daemenmos. COoenan Kpamkuili anaiuz moYHOCmu Ynpo-
WEHHO20 peuletus 8 CLyYae U3MeHeHUs! JHCeCMKOCMU BHEWHUX U cpedHe2o coes. [locmpoennoe ynpowennoe
peuienue no3eonsem ¢ npuemiemou Oasi NPAKmuKu MOYHOCMbIO ONPeOeisimb HANPANCEHHOe COCMOsHUe
ONUHHBIX CUMMEMPULHBIX KOMNOZUMHBIX APOUHBIX INEMEHMO08 U Koey Manot Kpususnvl. OOHaxo docmoge-
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PHOe onpedelienue nepemeujeHuil ¢ e20 NPUMEHEeHUEeM umMeen OnpeoesieHHble 0SPAHUYEeHUS, YemKOoe YCMAHO-
JleHIUe KOMOopbIx mpebyem npoedeHusi OONOJHUMENIbHbIX UCCIE008AHUL.

Kniwouesvle cnosa: mnococnounas apka, opmomponHulil Cloll, COCPeOOMOUeHHAs CUNd, HANPAICEHUS,
nepemeujeHus

Beryn

Kpyrosi apku € nommpeHuMH eleMeHTaMH OyIiBeIbHUX Ta MAIIMHOOYAIBHUX KOHCTPYKIiH. Baxximneum
JUTSI IPaKTUKA BUIAJAKOM JAe(QOpMyBaHHS KPYTOBHX apOK € CHMETPUYHHA 3TMH Y BJIIACHIHA TUIOIIHHI i Ji€F0
3ocepelkenol cuid. MexaHika neopMyBaHHSI OJHOPITHUX apOK, BUKOHAHUX 3 130TPOIMHHUX KOHCTPYKIIil-
HUX MaTepialliB, € JOCIiKeHa Al pi3HUX KOMOiHAIill HaBaHTa)keHHs Ta 3akpiruieHHs. OgHak aedopmy-
BaHHs 0araTollapoBMX KOMIO3UTHHX apOK € HEJIOCTaTHbO BHBYCHUM IUTAHHSIM, II0 CTBOPIOE IOAATKOBI
[IEPEIOHH Ha NUIAXY 3alPOBAPKEHHS B KOHCTPYKTOPCHKY NIPAKTUKY KOMIIO3UTHHUX MaTepialis.

HeBix’eMHUM eTanoM cy4acHOTO MpoLecy NPOCKTYBaHHSI KOHCTPYKIIH Pi3HOTO MPU3HAYEHHS € CKiHYCH-
HOENleMeHTHUH aHani3. He3Baxkaroum Ha 1ie, aHANITH4HI Teopii AepopMyBaHHS KOMIO3UTHUX EJIEMEHTIB
KOHCTPYKLiH IPOIOBKYIOTh aKTUBHO PO3BMBATHUCS BITUM3HSIHUMU Ta 3aKOpAOHHMMH BueHuMH. HuHi B aHa-
JTUYHINA Teopii 3rMHY KPyroBHUX KOMITO3UTHHX OpYCiB MOXHA BHUAIUINTH JBa OCHOBHUX HANPSMHU PO3BUTKY:
noOyi0Ba MPUKIAIHUX MOJEJCH 3runy, Hanpukian [1, 3, 9, 16—18, 20], Ta noOy0Ba TOYHUX PO3B’S3KiB
Teopii npykHOCTi, Hanpukian [10-15, 19, 22].

[Ipuxmagai Mozeni € GBI yHIBEpCATHHUMH B YaCTHHI BpaxyBaHHS Pi3HUX THITIB HABAHTAXXEHb 1 3aKpi-
IUIEHB, aJe MOCTYMAITHCS B TOYHOCTI PO3B’SI3KaM Teopii MPYKHOCTI BHACTIAOK NPUIYIIEHb, IPUHHATHX Y
xo#i ixHboi MoOy0BU. BogHowac po3B’s3ku Teopii MPYKHOCTI JO3BOJIAIOTH BPAXOBYBAaTU TUIBKU JEsKi IPO-
CTi TUIIN HaBaHTakeHb. OJIHAK, SIK MTOKA3aHO HANIPUKIAA Y [S], Taki po3B’sI3KH MOKHA BUKOPHUCTATH SK OCHO-
BY 751 MOOYZOBY MPUKIAAHUX PO3B’SI3KIB ORI CKIATHUX 3afad, [0 CyTTEBO PO3IIHUPHUTH MOXKIHMBOCTI 1X
MPAKTUYHOTO 3aCTOCYBAHHS.

VY mepmriif yacTUHI cTaTTi [4] HA OCHOBI TOYHOTO PO3B’SI3KY Teopii MpykHOCTI [14] misa GaraTomapoBoi
KpYyTOBOi KOHCOJIi i3 HaBaHTaXEHHSM Ha BIIBHOMY TOpIi, TOOYIOBaHO MPHUKJIAIHUN PO3B’SA30K IJII CUMET-
PUYHO 3aKpIMJICHUX JABOOIOPHHUX OaraTOMIApOBUX KPYTOBHX apOK i3 30CEpeKEHOI0 HOPMAILHOIO CHIIOK B
cepenHbOMy Tepepisi. Peamizamis wmporo po3B’si3Ky A TECTOBOI 3aJadi BH3HAYCHHS HANPY>KEHO-
nedopmoanoro crany (H/IC) gotupumrapoBoi apku mokaszana, 1o 3i 30UTBIICHHSM BiJTHOIICHHS JTOBXUHU
Ta paaiycy oci Jo BUCOTH IONEpeYHOro mepepisy (y 3raganomy npukiani: //h>118, r./h>25) i3 gocrar-

HBOIO IS IPAKTHUKU TOYHICTIO MokHa Bu3Hadatu H/IC, HexTyloun miagaTauBicTIO MaTepiaiiB mapiB nedo-
pMaIisiM TIOTIEPEYIHOTO 3CYBY Ta OOTUCHEHH:. Take HOIyIIeHHs BiAMOBINA€ TIMOTE31 INIOCKUX Tepepi3iB 1 gae
3MOTY 3HAYHO CIIPOCTUTH TEOPETHYHI CIIiBBiJHOIICHHS Ta IXHE MPaKTHYHE 3aCTOCYBAHHS UIsl BUMIAJIKY JOB-
rux 0araToIIapoBUX apOK Majnoi KpUBU3HH.

Memoro 11i€i pobotr € Teopernune mnociimkenas HIAC cumeTpudHo 3akpituieHoi J0Broi 6araTomapoBoi
apKl Maiol KpUBH3HH, IO MepedyBae ImiJ| Ji€l0 30Ccepe/PKeH0T HOPMalIbHOT CHIIM B CEpPeTHbOMY Iepepisi,
LUISIXOM MTOOYTOBH aHATITHYHOTO PO3B’s3KY BiAmoBinHOI 3amayi. OCHOBHI 3a60anHs: 13 3aCTOCYBaHHSM Ti-
MOTE3H MJIOCKUX NepepisiB moOyayBaTH CpoIeHui po3B’ 130K At ocHoBHOro H/IC noBrux GararomapoBux
apoK MaJyioi KpUBU3HU; PO3TISIHYTH OCHOBHI THITM 3aKpiIJIEHb KiHIIB CYHIJIBHOI apKH Ta apKH 3 MApHIPHUM
3’€JIHAHHSM i1 TIOJIOBMH 1 OTPUMATH BiJIIIOBI/IHI CIiBBIJIHOIICHHS JUI BU3HAYCHHS HEBIJJOMUX CTAlIUX; alpo-
OyBaTtu noOyznoBaHuil po3B’ 30K y xoni BusHadeHHss H/IC nosroi GararomapoBoi apku Manoi KpUBU3HH Ta
MTOPIBHATH OTPUMaHI Pe3yJIbTATH 13 PE3yIbTaTaMH 3aCTOCYBAHHS IHITUX METOIB PO3PaXyHKY.

Marepiajau i MeToaH XOCTiAKEeHb

3amgady po3MITHEMO B TIOCTAHOBINI TTEPINOi YacTHHH cTaTTi [4] (puc. 1), yBiBIIM BiIITOBITHI CHPOIICHHS,
TIPUHHATHI JJIS1 BapiaHTy JOBroi apku Masioi KpUBHU3HH.

CumMmeTpHryHa BiTHOCHO CepeHBOTO Tepepizy OaratonrapoBa apka CKIagaeThCst 3 7 KOHICHTPUYHUX IIa-
piB P, (k=1,m) nuniHIpu4HO OPTOTPOIHUX a0O0 i30TPONHUX MaTepialiB, IO KOPCTKO 3’ €JHAHI Ha MOBEP-
XHAX KOHTaKTy. il OPTOTPONHUX MIapiB OJHA i3 IUIOMIMH MPYKHOI CUMETPIT 30iracThesl 3 MONEPEUHUM I1e-
pepizoM apku, a iHIIa MPOXOAWTH MapanenbHo x(Oz . MaTepiany ycix mapiB y Xoai 1epopMyBaHHS Mpaiio-
I0Th Y TIPYXKHIil cTaii.
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Puc. 1. Cxema bazamowapoeot apxu i ii nonepeuHozo nepepizy
xepeno: 3ano3uueHe 3 [4].

IIpy>KHI XapakTepUCTHKH HEOJHOPIAHOIO MaTepiaiy apku € KyCKOBO-IOCTIHHUME QYHKUISAME u} (r), K

aHATITUYHO MOXKYTh OyTH MIPEICTABNIEHI 3 BUKOPUCTaHHAM QyHKiH Xeicaina H (r):

uj =i(S£k](H(r—rhd!kfl)—H(r—rbd’k))), (1)

T€ Ty 41sTyy, — PAINIyCH KPUBU3HM BHYTPILIHBOI Ta 30BHINIHBOI MIIHAPMYHUX TPAHUIb K -TO IIapy ap-

ki (puC. 1), IPUIOMY: 7,0 =7, Ty =155 St Mpy’kHA cTana (MO MPYKHOCTI, MOIYJb 3CYBY, Koedilli-

a
ent [lyaccona abo iX CIiBBIIHOIIEHHS) U k -TO IIapy apKH.

CHUMETpHUYHICTh apKH JO3BOJISIE B XOJIi PO3B’sI3aHHS MOCTABIICHOT 3a/1a4i OOMEXHUTHUCS PO3TIIAIOM TITHKH
il monoBuHM, BijicideHoi momuHo yOz (puc. 2) i3 3aMiHOI0 BIIKUHYTOT YaCTHHHU BiJIIOBIHOIO CHCTEMOIO
HaBaHTa)XXeHb. Y BUIIAJKy HEXTYBAaHHS MICHEBUMH 30ypeHHAMHU HampykeHoro crany (HC) moOmmsy Toukn
TIpUKIIAAaHHsI CHITH, BUXITHY 3amaqy (puc. 1), MOKHA IPHUBECTH J0 3aJadi 3THHY OaraTomapoBoi KOHCOJI i3
KpPYT'OBOIO BiCCIO Ta HABAaHTaKCHHSM Ha BiIbHOMY TopIi [ 14].

hrt'l |I| “: 0

T

R

— R "
1c75~_ /
M, ¢

C

Ol x
Puc. 2. Po3paxynkoea cxema nonoeunu cumempuyuHoi 6azamouapoeoi apku
Jxepeno: 3anmo3udcHe 3 [4].

Sk Oyno 3a3HaueHo B [4], Ui HOBruX 0araTolapoBHX apoK Majioi KpUBU3HU MPHUHSATHA TOUHICTH MPU
BusHaueHHI HJIC Moske OyTH mOcATHYTa 1 B pa3i CIPOIIEHOTO ONMHMCY MEXaHIYHHUX BIACTHBOCTEH MaTepiajiB
.. k k k k P . . .
mapiB 13 JOMYIICHHSIM: E£ ],G,[,e] — o0, v[,el,v[er] —0, k=1,m, MO €KBIBAJICHTHO TilIOTE31 IIOCKUX Hemedo-
PMOBAHUX Iepepi3iB apku. Y TakoMy pasi CHiBBiIHOIIEHHS A GyHKLiN po3noaily JOTUYHUX T,, 1 HOpMa-
JBbHUX paJiallbHUX HANpyXeHb G, (BIAMOBIIHO ¢, 1 ¢_), MOKHA OTPUMAaTH BiIpasy A YCbOTO IAKETy
mapis [14]:
1 r - B r 1 r ME B r
_ 0 E _ 0 -1 E
0, =— juedr——j(uer)dr , ¢, = I—dr——juedr . (2)
s B . B, .

7

1y
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ne B,,B,,B , — iHTerpajbHi XapaKTEpPUCTUKH XKOPCTKOCTI MONEPEUHOr0 Mepepizy apKH, 0 BU3HAYAIOTh-
Cs CIIBBIIHOIIEHHIMU.

T r n E
B, = [gdr, B, =|(pngr)dr, B = g 3
0 ;l[lvle 1 ;!‘(He ) ) 'J: p (3)
CriBBiIHOIIEHHS JUISl HAIIPYXKEHb Y [4] 13 ypaxyBaHHAM (2) Ha0YyTh TAKOTO BUTJISALY:
Nyloo SiNO+Q, |, ,cosB ¢ o Bt/
To = ) dr—— ridr |,
0 bD71r2 ;‘:He B, ;!‘(“9 )
Ny lo-o €080 =0, lp-, 80/ ¢ - B, t(oE TeNo loo +M oo | | ME B, &
c.= = r 6= dr—— r)dr |- v Mo 4. B dr |
7 bDﬁ],/-2 J:Me B] rl(ue ) bDor ;': P BO ;':Me ( )
G, =t (Ne lo-o €080 -0, |y, Sine) 1 B, TeNg loo M, lo- 1 B,
0 0 bD_, r B bD, r B,

Po3B’s13ky (4) BIANOBIAAIOTH HACTYIIHI CIIBBITHOIICHHS I IEPEMIIICHb:

_ . Noloo e TeNoloco +M, o
ur:%(ecose—sm9)+ﬂesm9— C 220 > B2 (1-cosB)+
2bD , 2bD , bD,
r . no.
+ulg,, —=sin 0 —uy, LsinO+u,,, cos 0,
h h
O lowo [ By 0sin® ) Nyl (1 B, |. 6cosO ®)
Uy === =2 r(1-cos)— +—2 00 — 05 Isinf + +
bD | \ B, 2 bD, ({2 B, 2
7Ny losg +M , oo [ B ) r,cosO—r rcosO—r .
000 B0 T g 5in® [+ w2 — Uy, —u,,, sin0,
bD, ) h h
ne O, lo_g>No lo—g>M , |o_, — TIOTIEPEUHA CHIIA, TO3/I0BKHS CHIIA T 3TUHAKOYMI MOMEHT y CEPEHBOMY Iie-
pepisi OJIOBUHHU apKH, IO POSTISIAETECS, U, =U, |g_o,, 5 U = Ug loog > Ugry = Ug lgg,—,, — TCPEMILICHHS
KpaifHiX BOJIOKOH IIOJIOBHHH apKH B cepeqHboMY mepepisi; D,,D |, — iHTerpanbHi XapaKTepUCTHKU >KOPCT-
KOCTI MOTIEPEYHOTO Mepepi3y apKH, 10 BU3HAYAIOTHCS CITIBBIHOIICHHIMU
nir E r 7 r r
B 1 B, 1
D, :J' J'lvl_odr_ -l J'P-gdr dr, D, :J' TI“gdr—_O—zj(ueEr)dr ar. (6)
A B, i A\ B r i
HeoOximHo BigMITHTH, IIT0 MiXK cTanmuMH (3) Ta (6) MaroTh MicIie HACTyIIHI 3aJIeKHOCTI:
1 1 B D
D, :_(B—IBI _Boz)a D, :_(B—IBI _Boz), —=—. (7)
Bl BO BO D—l

CriBBigHomeHHs (4) Ta (5) 3arajgom 3ajexath BiJl 6-TH HEBIIOMUX CTATHYHHX 1 KIHEMaTHYHHUX TIapamer-
PiB: O, loos No locosM o>ty Ug; 1> Uy, - LTI TONOBUHU apKH, 1O PO3IIISAIAEMO, BOHU MOXYTh OyTH BH3HAuUEHI
13 3aCTOCYBaHHSIM KiHEMaTHYHHUX Ta CTATHYHHMX YMOB y nepepizi 0 =0 Ta Ha 3akpimnerHomy topui 0 =o . Lli
YMOBH JUIS CHPOIIEHOTO PO3B’ 3Ky OyAyTh aHamoriyHuMu ymoBaMm (12)-(25) y [4] nns moBHOTO po3B’si3Ky
3a7auyi, 110 BPaxOBY€ BCi NMPY’KHI BIACTUBOCTI MaTepiaiiB mapis. OnHaK Ha BiAMIHY Bi MOBHOTO PO3B’SI3KY
3aCTOCYBaHHS CIPOIEHOTO PO3B’ 3Ky /A€ 3MOTY OTPUMATH 3aBEpIIEH] BUPA3H [T HEBIIOMHUX HapaMeTpiB i,
BiJNIOBIIHO, HATIPY>KEHb Ta MEPEMILICHb, & TAKOK TOYHO BHKOHATH YMOBH CyMIiCHOCTI TOJIOBHH CYLIJIBbHOI
apKu B cepeJHbOMY nepepisi (u, |_,=0).

Cyyinbha apka i3 Jcopcmrum 3akpiniennam Kinyie (puc. 3, a). J1ns cymibHOI apku B miepepisi 6 =0 He-
00Xi/THO 32/I0BOJILHUTH YMOBH CYMiCHOTO Jle(hOpMyBaHHS ii TOJIOBUH:

Ugp = Uy |9:0,r:r| =0, Ugy = Uy |e:0,r:r2 =0, (8)
1
O, lomo="Rc :_EE’ Ny l=0=0¢, My lo-o=M¢- )

Ne 3 » 2019 « BICHW/K MNonTtaBcbkoi Aep»xaBHOI arpapHoi akagemil
260



TEXHIYHI HAYKU

JKopctke 3akpimuieHHs KiHIIB apKH HaKJIala€e Ha MepeMillleHHs Topusd 0 = o HacTymHy cHCTeMy KiHeMa-
TUYHUX YMOB [4]:

”9 |6:0L,r:r1 = O’ ”9 |9:01,r:r2 = O’ ur |9:(1,r:r1 = O ° (10)

[lincraBuBmyM criBBimHOMEHHS A nepemimeHsb (5) mo (10), i3 ypaxyBaunasam (8) Ta (9), oTpuMaemMo Ha-
CTYIIHY CUCTEMY DPiBHSIHb:

F B, asino O, [ . 2B,
- (I-coso)—2r +——— |+ sina| 1-—27 |-ocosa |—
2bD , B, 2 2bD._ B

1 1

1O+ M, z_ﬁrl a+sina |—u,, sino =0,
bD, B

0

F B i ® . 2B
YT (1—cosoc)—0r2+asma +——|sina| I-—2r, |-acosa |— (a
20D, B 2 ) 2bD, B
M B . -
_rc®c+ c 2——_11”2 o+ sin o —ur”SanL:O,
bD, B,

r

4bD

7O, +M

. S .
(occosoc—smoc)+2 € asino+ €(cosa—1)+u,, cosa =0.
-1 0

Po3B’si3aBmu (11) BiZTHOCHO HEBIIOMUX, ypaxoBytouH (9), oTpuMaeMo:

[P B,((D, +2D_r, )sino.— Dyo)(1-cosa) -7 (D, + B, ) D_asin’ a
v lo=o c D, (DO + Bo)a(sin2(x + 20c)—4B0 sin” o '

B (sin2a—2sina)+ (D, + B, )asin’ a
Ny log=Oc =—F, 0( ) ( . 0)

) 12
" (D, +B,)a(sin20+2a)—-4B,sin’ a (12)
P F 4B0(0L—sinoc)(1—cosoc)+(D0+Bo)oc(sin2oc—a2)
"D D, + B, )o(sin20 +2a.)— 4B, sin’ .
1 0 0 0

Puc. 3. Cxemu 3aKpinnenns cyyinoHux apox
Jxepeno: aBTopchka po3po0Ka.

Ocranne criBBimHOMEHHS (12), IO CYTI, € BUPa30M Il BU3HAUYCHHSI IPOTHHY Y CEpeaHBOMY Tepepisi Oa-

raTomapoBoi apky 3TiHO 3 TIMOTE3010 IUIOCKUX TepepisiB. s oJHOmApoBoi apku criBBigHOImEHHS (3) 1
(6) cpolIyIOTHCS 10 TaKOTO:

E(r -7’
B, = Eh, BI:M, B, =El| 2|, D, =E|m| 2 |- | p—E[m| 2|25 4| a3
2 i h) o hth n) 2

[MincraBuBmu (13) no ocranHboro Bupasy (12), Ans oJHOPITHOT KPYTOBOI apKu MPSMOKYTHOTO Tepepizy
OTPUMAEMO:

= Fr.(o—sina)  4h(1-coso)—r.In(r,/r)o(o+sina)
' e70_bE(2rC1n(r2/rl)—2h) 4hsin® o -7, In(r, /1) o (20 +sin2a)

Ne 3 » 2019 « BICHW/K MNonTtaBcbkoi Aep»xaBHOI arpapHoi akagemil

261



TEXHIYHI HAYKU

ae 2r. =r, +1, — pajilyc LEHTPaIbHOI OC1 OJHOPIAHOI apKH.

CyyinbHa apra i3 WApHIPHUM HEPYXOMUM 3aKpinaeHHaMU Kinyie (puc. 3, 6). J1jis Takoi apku yMOBH B TIe-
pepizi 0 =0 3anumarothcs anamorivaumu (8) Ta (9). Jnst 3akpimieHoro mepepizy 0 =0, MOXHa 3amucaTe
HACTYITHI KIHEMaTHYHI Ta CTAaTHYHI YMOBH [4]:

”e |9:u,r:rx = O’ ur |9:(X,F:I”S = O H (14)
Ny looo (r,cosa—r.) =M |o_y=—(Fr, 51na)/2. (15)

[MincrasuBmu (5) mo (14) i po3B’si3aBIIM OTPUMaHI PIBHSHHS CyMiCHO 13 piBHsSHHsM (15) Ta 3 ypaxyBaH-

HsM (8) 1 (9), oTpUMa€eMO HACTYITHI CITiBBIIHOIICHHS /ISl HEB1IOMUX HapaMeTpPiB:
. . 2
T.r, (Bflrs(x sin2a.— 2B, sin (x) +

+B, (r,o+r.sino)sina —2Byr, (r, + 7, )coso(1—-cosa)

I

M | o=M.=-F
¥ lo-0 ¢ 4B,r, sin20 — B, (sin2oc+20()—4B7]rszoccos2 a

B_r’asin2a + 2Br, (cos 20— cosa ) + B, sin” a

Ny looo=0, = , 16
o beo=Oc =, 4Br,sin 20— B, (sin2a.+ 20.) —4B_ ;> o.cos’ o (16)
4B,Br,sino (o —sina)— BB, (oc2 —sin’ a) +
F +B,B_r2a(sin 20— 2a) + 4B,*r,* (1-cosa.)’
u =
"' 2bB,D, 4B,r, sin2a.— B, (sin 20+ 2a.) —4B_ 1, *o.cos” a

Cyyinoha apka i3 WapHIpHUM PYXOMUM 3aKPINAeHHAM KiHyig (puc. 3, ¢). Y BHIIaJKy IMAPHIPHOTO PyXO-
MOTO 3aKpIIUIeHHS KiHIIB CYIIIFHOI apKH, CTaTUYHI ITapaMeTPH MOBHICTIO BU3HAYAIOTHCS YMOBAMHU PiBHOBA-
TH apku [4]:

Ny lo=o=0, My |e=o:(Fr’”5 Slna)/Z, a7
a pajiabHi Ta KOJIOBI TIEPEMIIIICHHS 3aKPITUIEHOT TOYKH TI0B I3y € KiIHEMAaTHIHA YMOBa PyXy 10 TOPH30HTAJT1
u, |e=a‘r=r‘ COSOL— 1y |9=a‘r=r‘ sinaa=0. (18)

BpaxoBytoun kiHemaTH4yHi yMOBH y miepepizi 0 =0 (8), mist TaKOTro TUITY 3aKpIiIUICHHS 3aJIUINAETHCS BU-
3HAYUTH TLTBKH NapameTp u,,, 3a ymMoBor (18):

U, locg,mn = Sbgj(& (2oc —sin 20c) +4B,r, (sin 20.—2sin oc) +4B_r’asin’ oc) . (19)

Apxa 3 wapuipom y cepeonbomy nepepisi ma HcopCmruM 3axKpinieHuam Kinyie (puc. 4, a). JAns apxu 13
LIAPHIPHUM 3’ €IHAHHSM YaCTHH CTaTU4HI 1 KIHEMaTH4Hi yMOBH B mepepizi 0 =0 orpumani mepuriii yacTuHi
CTaTTi y TakoMmy BHUIIIiAI [4]:

1
Qr |e:0= -R. = _EF

Ny loo=0¢, My lo-o="0 (rc _’}0)’ (20)

U lo—g,r—r,, = 0- (21)

ro

Puc. 4. Cxemu 3aKpinnenns apok 3 WapHipom y cepeoHboMy nepepizi
JI>xepero: aBTopchKa po3pooKa.
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Husa 3akpituienoro topus (0 =o) ymoBu Oyayths anaioriudi (10). IlincraBuBmm (5) mo (10) ta (21),
OTPUMAEMO YOTHUPH PIBHSHHS, PO3B’sI3aHHA SKUX, ypaxoBytoud (20), mae 3MOTy BU3HAYUTH HEBIIOMI CTaTH-
YHi Ta KiIHEMaTHYHI TapaMeTpu

— B c 2 _2 B 1_
My |9:0:_®C (VC —;/rvo):_er (rC rsO)( 1 S a "0 0( COS(X)Z) ,
8B,r., sino.— B, (sin 20 +20.) —4B_ 1, a

(B1 sin® . —2r,,B, (1 - cos oc))
Ne|e=o=®c=Fr8 . X 7 >
By, sino.— B, (sin 20 +20.) —4B_ 1, a

. . 2 2 . 2
4B,Br, sino(o—sina)— B, ((x —sin oc)+

F +B,B 1, a(sin 20— 2a) + 4B, (1-cosa)’
o = 2bB,D, 8B,r,,sina — B, (sin20.+20) —4B_r,,’a ’ 2)
F. (1 —r,)(1—cos OL)(B1 (BO (oo—sina)+ B_ 7,0 (1+cos OL)) —2B,’r,, sin a)
Hon = bB,D, 8B,r,,sina — B, (sin2a + 2a.) — 4B o ’

Uy, = ———
012 - - 3
bB,D, 8B,r.,sino.— B, (sin2a +20.) —4B_ 1, a
Apxa 3 wapHipom y cepeOHbOMy nepepizi ma WApPHIPHUM HEPYXOMUM 3aKPINIEHHAM KIHYi6 (mpuwapHipua
apka) (puc. 4, 6). JIns Takoi apku CTaTHYHI TapaMEeTPH MTOBHICTIO BH3HAYAIOTHCS Yepe3 YMOBH PiBHOBArH [4]:
_Er(re =1 )sina

F o (n—ry)(1-cos oc)(B, (B, (a—sina)+ B ra(1+cosa))—2B,’r, sin oc)

Frsina

2(r,, -1, cosa)’ o= 2(r,, —r,cosa)

s s

(23)

N, |e:o=

Kinemarnuni ymoBH B mniepepizi 6 =0 OyayTs ananoriuaumu (20) i (21), a Ha Topmi 0 = o KiHeMaTH4YHI
ymoBu aHajoriuHi (14). ITincrasusmm (5) mo (14) oTprMaeMo TpH PiBHSHHS, PO3B’I3aHHS SKHUX 3 ypaxyBaH-
HsIM niepioi 3aiexHocti (20) Ta (23), 103BOJIsIE OTPUMATH HEB1IOMI KiIHEMAaTUYHI TapaMeTpH:

F 4Byr 1, (1, + 7174 )(sin 20— 2sino) + 4B r,’r asin’® o+
Uy = - . .
" 8bB,D,(r,cosa—r,)’ | +B, (41@,0@ (smoc—owosm)Jr(n2 +1;02)(20L—s1n2a))
i 2
E(r—r,) 2B,r, ((rso+;;)(cos2a—cosa)+rssm oc)+
Uy = 2 ) ) , , (24)
4bB,D, (r, coso—r,, ) +B, sino(r,o+r,,sina) + B 7, asin 20
E(r,—r,) 2B,r, ((rs0 +7,)(cos20.—cosa )+, sin’ oc) +
Uiy = 2 . . _ :
4bB,D, (rS cosoL — ;;,0) +B, sma(rsoc +7,,81n OL) + B, asin2a

[lincraHoBKa OTpUMaHUX CHIBBITHOIICHD ISl CTATUYHUX 1 KIHEMAaTHYHUX mapameTtpiB 1o (4) ta (5), nae
AHATITHYHI CIIBBIIHOIICHHS IS HAMPYy>KeHb Ta MEPEMIMIeHb Y 0araTomapoBuX apKaxX BiIIMOBITHOI KOHC-

TPYKIIi.

Pe3yabTaTtu gociaigkenb Ta ix 00roBopeHHst

Jis anpoOariii Ta nepeBipKy MPaBUILHOCTI OTPUMAHOTO CIPOIIEHOT0 PO3B’sA3Ky OyJid MPOBEICHI po3pa-
XYHKH 13 HOT0 3aCTOCYBaHHSIM, a TaKOX 13 3aCTOCYBaHHSIM MOBHOTO po3B’si3Ky [4] mia ocHoBHoro HJIC Ta
Metony ckinueHHuX eneMeHTiB (MCE) s KOMIO3UTHOI TPUIIApOBOi apKy Majoi KpUBH3HH (puC. 5) i3 pi3-
HAMH TUTIAMH 3aKPIiTUICHHS KiHITIB Ta 3’ €THAHHSA i1 IOJOBHH Y CEPEIHROMY Iepepisi.
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2
%S
30
34

v
h

):" N E’
|
DS

Puc. 5. Cxema mpuwapoeoi apku (1. /h =30) ma ii nonepeunozo nepepisy
Jlxepeno: aBTopchka po3poodKa.

[epepis apku cKIIaAa€THCS 3 130TPOIHUX MIAPIB:
31— g — 431710; G =16 THa; VI —ve =0,344;
— monikap6oHat ( P, ) — Ee] =E" =2,31Tla; G,,if =0,75I"Tla; V[1 4= v =0,533.

3rigHo 3 (1) PyHKII€0 MO3T0BKHBOTO MOJTYJIS Py KHOCTI ue IUTS PO3TIISTyBaHOI apKM MaTUMe HACTYTI-
HUH BUTJIS;

us = EN(H (r-1,003) - H (r -1,005)) +

+EV(H (r=1,005)— H (r —1,035))+ E§ (H (r-1,035) - H (r —1,037)).
[HTerpaneHi XapakTepUCTUKHU KOPCTKOCTI MOMIEPEYHOTO MEepepi3y apKu OTpUMaHi 3aCTOCYBaHHM (25) y
criBBinHOmEHH:X (3) Ta (6):
B, =2,41000-10° H/m, B, =2,45820-10°H, B, =2,36321-10"1a,
D, =47362,48H/ m, D | =46433,81/1a.
[MincranoBkoro (25) i (26) no (4) Ta (5) Oynu oTpuMaHi 3arajibHi po3B’si3ku ais komnonent HJIC, a HeBi-
JIOMi CTaTHYHI Ta KiHEMaTH4YHI TapaMeTpy BU3HaYeHi 3rifgHo 3 (12), (16), (19), (22) ta (24).
Taki > apku OyIn po3paxoBaHi i3 3aCTOCYBaHHSM TMOBHOTO po3B’s3Ky st ocHoBHOTO HJIC [4] Ta MCE.
B ocranHbOMY BUTKy po3paxyHKH Oynu BuUKoHaHi B cucteMi Femap v.10.2.0 (Siemens PLM Software).
Hnst moObynoBu Mozeni OyiM BUKOPUCTaHI IUIOCKI TPUKYTHI eleMeHTH Ha 3pa3ok Plate ToBmmnoro 0,01,
OpIEHTOBaHI MapayelbHO IUTOMIMHI apku. Ha Mexi mapiB enemenTn Oynm 3’€IHaHI Y By3Jax JJIs 3abe3re-
YCHHSI CYMICHOCTI JiehopMarriii.
Ha npuknazi TecToBoi 3a1a4i y [4] nokazaso, mo aedopmariii mornepeyHoro 3cyBy Ta OOTHCHEHHS MAlOTh
HaiOMbIIMK BIUIMB HA PO3MOAUI pafiajbHUX MepeMilleHb u,. ToMy TyT HaBedeMO TUIbKH pe3yJIbTaTH BHU-

— MarHiesuii cas (B, Py) — E

(25)

(26)

3HAYEHHS MaKCHMaJIBHOTO PaliallbHOTO TIePEMIlIeHHS] HIPKHBOTO BOJIOKHA apKH (MPOTHHY) il cepeaAHbOMY
nepepisi (Tadm. 1).

1. Pe3ynivmamu 6u3naueHHs nPOZUHy apKu 8 cepeoHbomy nepepisi

. . HpOFI/IH apKH (_ur |9:0 r=n"2 MM)
Crioci0 3akpiruieHHS _ —
KiHLI{B apKK Cnpomennii [MoBHwui MCE
PO3B’sI30K po3B’s130K [4] (Plate)
CyuinbHa apka (puc. 3)

Kopctke 4,170 4,506 4,486

HlapuipHe Hepyxome (7, =1) 6,905 7,196 7,167
Hlapuipue pyxome (7, =1;) 127,383 128,225 127,720

Apka 3 IapHipoM Y cepelHbOoMY nepepisi (puc. 4)

Kopcrke (7, =1,) 11,490 12,050 11,923
HlapuipHe HEpyXOME (7, =F, 1,y =1, ) 21,989 22,323 22,117
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Sk cBiguaTe AaHi Tabin. 1, A8 ycix cmoco0iB 3aKpillIeHp KiHINB CYIIIBHOT apKH Ta apKH 3 MIapHipoM, 3a-
CTOCOBaHI METOJIM PO3PaXyHKY JAIOTh JOCTATHBO OMU3BKI PE3yJIbTATH BU3HAUCHHS PAJialIbHUX ITePEMIllICHb.
MaxkcuManbHa BiICOTKOBA Pi3HUIA MK CIPOIIEHUM PO3B’A3KOM Ta OiJIbIl TOYHHUMH METOAAaMH CHOCTepira-
€THCS JUTSL apKH 13 dKOPCTKUM 3aKpirieHHs TopiiB i ckianae 8§ %. HeoOXimHO BIAMITHTH, IO JUTS KOJOBHUX
HepeMillieHb U, PI3HUI MDK CIIPOILEHUM Ta MOBHHM PO3B’A3KOM BiA4yTHO HMK4a, a Uil KomrnoHeHT HC

PI3HUIIA TPAKTUYHO BIACYTHSI.
HeoOxiqHO BiAMITUTH, 10 MOAIOHI 10 PO3IIISIYyBAaHOTO IPUKIANY BiTHOILEHHS 7. / h tal / h Tpumaposoi

apKH{ HE € 3alOpyKOI0 IapHOTO Y3TO/DKEHHS MK Pe3yJIbTaTaMH 3acTOCYBaHHS CIPOILICHOTO Ta IIOBHOTO
po3s’si3kiB i MCE. Huska noaaTkoBUX po3paxyHKIB apoK aHaJOTiyHOI OyJOBH, ayie 3 iHIIUMH MaTepiaiaMu
mIapiB, MOKa3ana, [0 He MEHII BaKJIMBUM YHHHUKOM € Pi3HUIIS B )KOPCTKOCTI MaTepialliB 30BHIIIHIX Ta ce-
peanboro mapiB. Hampukian, y pasi 3amiHM MaTepiaidy 30BHIIIHIX IIapiB 3 MarHi€BOro CIUIaBy Ha CTalb

(E[m] = 13] =2001Tla; G[13 =8077la; v[l’3] —Vel A=, 25) pi3HHUSA MiXK BEIHYMHOIO MPOTHHY 3a CIpOILe-

HHUM Ta TIOBHUM PO3B’S3KOM JUTS apKH 13 )KOPCTKHUM 3aKpITUICHHAM KiHIIB 3pocTtae 10 34 %. A 3amMiHa cepel-
HBOTO mapy i3 noJikapOoHaty Ha Ol MiAgaTIuBAR MiHOMOJICTUPOI

(EE] = E?] =127MIla; GE)] =49,9MIla; v[re] [2] =0,27 ) npu3BOIUTH 10 301bIIEHHS BiJICOTKOBOI Pi3HHII
3a mporuHOoM 110 105 %. OgHak B 000X BUMAAKaX Pi3HUIM MK 3HAYCHHSIMH HAINPYXKEHb, OTPUMaHUMH 32
CIPOIIEHUM Ta TIOBHUM pPO3B’S3KOM, HE TiepeBuiIyBaia 3 %. BogHowac pisHHUIS MiX pe3yibTaTaMH BHU3HA-

YeHHS 1 IepeMillleHb, i Halpy>KeHb, 32 BUKIIOUCHHIM HEBEIUKUX AUISTHOK MOOJIM3Y TOYKU MPHUKIAAHHS CH-
JIM Ta 3aKpilUIeHb U1 HOBHOTO po3B’s3Ky [4] Ta MCE 3anuimanacsi He3HaYHOIO.

BucHoeku

OTxe, Ha OCHOBI PO3B’sI3KY Teopil MPY>KHOCTI AJsl GaraTomapoBoro Opyca 3 KpyroBOw BiCCIO Ta HaBaH-
TQXEHHSMHU Ha BIIBHOMY TOPII, i3 3aCTOCYBaHHSM TIiMOTE3W IUIOCKUX Tepepi3iB MOOYI0BaHO CIPOIICHUN
AHATITHYHANA PO3B’SI30K I 3a/adi 3rHHy 0araTomapoBoi CHMETPUYHOI KPYTrOBOI apKW I i€l 30cepe-
JDKEHOT HOpMalTbHOI CHIIM B cepeHboMY Tepepisi. Po3B’s130k fqae 3mory BusHauatn ocHoBHUI H/IC noBrux
OaraToniapoBMX apoK Mayoi KPUBU3HU 13 JOBUTFHOK KUTBKICTIO OPTOTPOIHHX IIAPiB Ta JOBLIBHUM IIEHTpPA-
JHEHUM KyTOM. [3 3acTOCYBaHHSIM MTOOYIOBAaHOTO PO3B’SI3KY OTPHUMAaHi 3aBEPIICHI CIiBBIIHOIICHHS TS HEBi-
JOMHX CTaTHYHUX 1 KIHEMaTHYHUX MapaMeTpiB Ui OCHOBHUX THIIB 3aKpPIMJIEHb KiHIB CYIUIBHUX OaraTo-
LIAPOBUX apOK Ta apokK i3 LIapHIpOM Yy cepeJHbOMY Imepepi3i. 3acTocyBaHHS CIiBBIAHOIIEHb MOOY0BAHOTO
CIIPOIIEHOTO PO3B’SA3KY I TecTOBOI 3amadi BuzHadeHHsA HJIC moBroi TpumapoBoi apkyd Majoi KpUBH3HH
(I/h =63, r./h=30) nokasamu, mo y pasi BiIHOCHO HEBEIMKOI PI3HULI MK )KOPCTKICTIO {30TPOIHKUX MaTe-

pianiB mapiB (y pO3TISIHYTOMY NPUKIIAIi EE’3] / Egz] ~19) copomenuit Ta moBHUH po3B’si3ku i MCE nmaroTh
CXOXIi pe3yNbTaTH MpH BU3HAYCHHI HANpyXeHb Ta MepeMilieHb. Y pa3i 3HA4HOi Pi3HULI MiX >KOPCTKICTIO
130TPOMHKUX MarepianiB mapiB (PO3TISIHYTO BUITAJIKU E([;’S] / E([,z] ~87 Ta Eg’3] / E(gz] ~339), crpouleHuit
PO3B’S30K Aa€ MPUMHATHI 32 TOYHICTIO Pe3yJbTaTH 10 BU3HAYCHHIO HANpy’XeHb, OAHAK HE MOXe OyTH 3a-
CTOCOBaHMI ISl BU3HAUCHHS Tiepemimienb. [100ymoBanuii po3B’s;30K MOKe OyTH 3aCTOCOBAaHUM JJis BH3HA-
yenHs: HC nmoBrux GaraTomapoBUX apoK Majioi KpHUBH3HHM, OJHAK JOCTOBIpHE BH3HAYEHHS IEpEeMileHb i3
HOTrO 3aCTOCYBaHHSM Ma€ IEBHI 0OMEKEHHsI, YiTKE BCTAHOBJICHHS SKHUX MOTpeOye MPOBEIEHHS JAOAATKOBHX
JOCIIIKEHb.
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