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AHOTAIIS

Oyngamentu OynaiBedab 1 cCHopyA ©Oararo B YOMY BH3HA4arOTh O€3MeKy
eKcIuTyataiii OyaiBeIbHUX O0'€KTIB Ha arjioMepalifHuxX TepuTopisx. B maHmii vac
aKTyaJbHUMH € TIMTaHHS MOJCpPHI3allii, PEeKOHCTPYKIli OyaiBenb, KamiTaabHOTO
PEMOHTY, PEHOBAIlll 1CHYIOUOTO KHUTI0BOro (hoHIY. PEeKOHCTpYyKIIisl 4acTo BKIIOYAE B
ceOe 301IbIIIeHHS TOBEPXOBOCTI, 3MiHA (yHKIIIOHATY 00'€KTIB 1 MOB'I3aHE 3 [TUM 3MiHA
HABaHTA)KCHb HA TPYHTOBI OCHOBH. [IprunHaMu 117151 IPOBEICHHS PEMOHTHHUX POOIT € HE
TITBKH MOPJIBHHM 3HOC, aie 1 (pi3UYHE CTapiHHSA, TOB'I3aHE 3 MECTPYKIIIEI0 MaTepiaty
GbyHIaMEHTIB, 3MIHOKO BJIACTUBOCTEH MIJCTaB, NMOMHUJIKAMH Ha eTalrax JOCIIIKEHb,
IIPOEKTyBaHHs, OyA1BHULITBA, EKCILTyaTallli.

BaxxiMBUM T€OTEXHIYHUX aCMEKTOM 3aJIMIIAETHCA MPUCTPIA MPU PEKOHCTPYKITIT
M1JBaJLHUX MPUMIIIEHB, 110 OCOOJMBO aKTyaJlbHO B OOMEXEHUX MICBKMX yMoBax. B
IIbOMY BHUIIQKy MOXXE 3MIHIOBATHCS pO3paXyHKOBAa CXE€Ma CHCTEMH «OCHOBA-
dbyHIaMEeHT», [0 BUMAarae MpoBEICHHS JI0OJAaTKOBUX 3aXO0/I1B.

B pganuiit yac B OyIIBHMITBI 1 PEKOHCTPYKIII BHKOPUCTOBYIOTHCA Pi3HI
TEOTEXHIYHI CIOCOOM 1 TEXHOJOTIi. 3a paxyHOK iX 3arajJibHOTO PO3BHUTKY 3MIIICHHS
BIIOYBa€ThCS B OIK BUKOPUCTAHHS HOBHUX IPOTPECUBHUX TEXHOJIOTIH, BKIIOYAIOUYU
1H'€KLIIHI 1 CTpPyYMEHEB1 CIOCOOM 3aKPIIUICEHHS I'PYHTIB 1 MOJINIIEHHS 1X CTPYKTYpH.
Bucoka eheKkTHBHICTh JaHUX METOJIB YaCTO MEXKY€E 3 MEBHUMH, MTPU YOMY ICTOTHUMHU
HEJIOJIIKaMH, JI0 SIKUX MOXHA BIJHECTU: CKJIQJHICTh KOHTPOJIIO 30H TIJCUJICHHS B
OCHOBHM; ICTOTHHM PO3KHJ IO MACHUBY XapaKTEPUCTHK MILHOCTI 1 Ae(OpPMOBAHOCTI;
HEHaJIIMHUH TTPOTHO3 MOJICIIFOBAHHSI OCHOBH II1]] €KCTUTyaTaIliiiHl HaBaHTaXEHHS.

OCKUIbKY MIJICUJIEHHS! OCHOB 1 (DyHAAMEHTIB, SIK MPABUJIO, HAWBIANOBIJAJIbHIIIA 1
Ipy [bOMY BUTpaTHa YacTHHA PEKOHCTPYKINi, PIIIEHHS MO0 BHOOPY crocoly i
TEXHOJIOT1i MOBUHHO MIISITaTH BCEOIYHOT OIIHKHU.

TakuMm 4YMHOM, aKTyaJlbHUM 3aBIaHHAM € pO3poOKa HOBHUX, B TOMY YHCII
KOMOIHOBAaHMX CHUCTEM MIiJCWJICHHS OCHOB 1 ()yHJIaMEHTIB Ha OCHOBI TPaJMIIINHUX 1
aKTUBHO PO3BHBAIOTHCS MPOTPECUBHUX TEXHOJIOTiHM, a TaKOXK BIOCKOHAJICHHS METO/IIB

1X pO3paxyHKYy.



SUMMARY
The foundations of buildings and structures largely determine the safety of

operation of construction sites in agglomerations. Currently, the issues of
modernization, reconstruction of buildings, overhaul, renovation of the existing housing
stock are relevant. Reconstruction often includes increasing the number of storeys,
changing the functionality of objects and the associated change in loads on the ground.
The reasons for the repair work are not only wear and tear, but also physical aging
associated with the destruction of the foundation material, changes in the properties of
the foundations, errors in the stages of research, design, construction, operation.

An important geotechnical aspect remains the device in the reconstruction of
basements, which is especially true in limited urban conditions. In this case, the
calculation scheme of the "foundation-foundation” system may change, which requires
additional measures.

Currently, various geotechnical methods and technologies are used in construction
and reconstruction. Due to their general development, the shift is towards the use of
new advanced technologies, including injection and jet methods of soil consolidation
and improving their structure. The high efficiency of these methods often borders on
certain, and significant shortcomings, which include: the difficulty of controlling the
reinforcement zones in the base; significant variance in the array of characteristics of
strength and deformation; unreliable forecast of base modeling for operational loads.

Since the strengthening of foundations and foundations, as a rule, is the most
responsible and costly part of the reconstruction, the decision on the choice of method
and technology should be subject to comprehensive evaluation.

Thus, the urgent task is to develop new, including combined systems to strengthen
the foundations and foundations on the basis of traditional and actively developing

advanced technologies, as well as improving methods of their calculation.
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BCTYII

Oyngamentu OynaiBedab 1 cCHopyA ©Oararo B YOMY BH3HA4arOTh O€3MeKy
eKcIuTyataiii OyaiBeIbHUX O0'€KTIB Ha arjioMepalifHuxX TepuTopisx. B maHmii vac
aKTyaJbHUMH € TIMTaHHS MOJCpPHI3allii, PEeKOHCTPYKIli OyaiBenb, KamiTaabHOTO
PEMOHTY, PEHOBAIlll 1CHYIOUOTO KHUTI0BOro (hoHIY. PEeKOHCTpYyKIIisl 4acTo BKIIOYAE B
ceOe 301IbIIIeHHS TOBEPXOBOCTI, 3MiHA (yHKIIIOHATY 00'€KTIB 1 MOB'I3aHE 3 [TUM 3MiHA
HABaHTA)KCHb HA TPYHTOBI OCHOBH. [IprunHaMu 117151 IPOBEICHHS PEMOHTHHUX POOIT € HE
TITBKH MOPJIBHHM 3HOC, aie 1 (pi3UYHE CTapiHHSA, TOB'I3aHE 3 MECTPYKIIIEI0 MaTepiaty
GbyHIaMEHTIB, 3MIHOKO BJIACTUBOCTEH MIJCTaB, NMOMHUJIKAMH Ha eTalrax JOCIIIKEHb,
IIPOEKTyBaHHs, OyA1BHULITBA, EKCILTyaTallli.

BaxnuBUM  TEOTEXHIYHUX  aCMEKTOM  3aJIMIIAEThCS  BIAIITYBAaHHA  IIPH
PEKOHCTPYKIIi MiABAaJIbHUX MPUMIIIEHb, IO OCOOJHUBO aKTyaJdbHO B OOMEXKEHUX
MICBKUX yMOBaX. B bOMy BUIAJKy MOKE 3MIHIOBATHCS PO3PAXyHKOBA CXeMa CUCTEMHU
«OoCHOBa-(yHAAMEHT, III0 BUMArae MpoOBEJACHHS 10JaTKOBUX 3aXO0/IIB.

B pganuiit yac B OyIIBHMITBI 1 PEKOHCTPYKIII BHKOPUCTOBYIOTHCA Pi3HI
TEOTEeXHIYHI CIOCOOM 1 TEXHOJOTii. 3a paxyHOK iX 3arajbHOTO PO3BUTKY 3MIIICHHS
BIIOYBa€ThCS B OIK BUKOPUCTAHHS HOBHUX IPOTPECUBHUX TEXHOJIOTIH, BKIIOYAIOUYU
1H'€KLIIHI 1 CTpPyYMEHEB1 CIOCOOM 3aKPIIUICEHHS I'PYHTIB 1 MOJINIIEHHS 1X CTPYKTYpH.
Bucoka eheKkTHBHICTh JaHUX METOJIB YaCTO MEXKY€E 3 MEBHUMH, MTPU YOMY ICTOTHUMHU
HEJIOJIIKaMH, JI0 SIKUX MOXHA BIJHECTU: CKJIQJHICTh KOHTPOJIIO 30H TIJCUJICHHS B
OCHOBHM; ICTOTHHM PO3KHJ IO MACHUBY XapaKTEPUCTHK MILHOCTI 1 Ae(OpPMOBAHOCTI;
HEHaJIIMHUH TTPOTHO3 MOJICIIFOBAHHSI OCHOBH II1]] €KCTUTyaTaIliiiHl HaBaHTaXEHHS.

OCKUIbKY MIJICUJIEHHS! OCHOB 1 (DyHAAMEHTIB, SIK MPAaBUJIO, HAMBIANOBIJAJIbHIIIA 1
Ipy [bOMY BUTpaTHa YacTHHA PEKOHCTPYKINi, PIIIEHHS MO0 BHOOPY crocoly i
TEXHOJIOT1i MOBUHHO MIISITaTH BCEOIYHOT OIIHKHU.

TakuMm 4YMHOM, aKTyaJlbHUM 3aBIaHHAM € pO3poOKa HOBHUX, B TOMY YHCII
KOMOIHOBAaHMUX CHUCTEM MIiJCWJICHHS OCHOB 1 ()yHJIaMEHTIB Ha OCHOBI TPaJMIIINHUX 1
aKTUBHO PO3BHBAIOTHCS MPOTPECUBHUX TEXHOJIOTiHM, a TaKOXK BIOCKOHAJICHHS METO/IIB

1X pO3paxyHKYy.

Apkyw

KMP 208 113 3

3 | Mucm | NP dokym lonuc | dama




EdexTuBHuM, 3 MO3UIINA MaKCUMaIbHOI'O BUKOPUCTAHHS PECYPCIB KOPCTKOCTI 1
HECy4oi 3JaTHOCTI TPYHTOBOi OCHOBH, CIIOCOOOM MJBHINECHHS EKCIUTyaTaIliiHO1
HAJIIMHOCTI 1 3HUXKEHHS OCIJIaHHS TOBCIOJHOIMOIIMPEHUX CTPIYKOBHX IaJIeBUX
dbynnamenTiB (namni - [1[1®D) caix BBakatu ix nepeOyaoBY B CYIUIbHUI KOMOIHOBaHUN
dbyHIaMeHT 3 O0mpecyBaHHSIM TIPYHTIB OCHOBH, IO 3IHCHIOETHCS IIISXOM IOAAYl
PO3YMHHOI CyMIllll MiJ IUIMTHY!O a00 000J0YeUHYI0 YacTHHA I OOTHCKY BEpPXHIX
1apiB B aKTUBHIM 30H1 OCHOBHU.

Oco0uBOCTIMU KOMOIHOBAHOI CUCTEMH ITIJICUICHHS €:

- BKJIIOUEHHSI B pOOOTY MacuBY TPYHTY, IO 3HAXOJUTHCS B KOHTYpI IUTaHy OyiBIi 1 B
PiBHI CTUCHYTOI TOBIIWHU;

- 30epe’KEeHHS ICHYIOUHX POCTBEPKIB;

- KOHTPOJILOBAHICTh MPOIECy NnepeOyA0BH 3a JIOMOMOTOI0 TOYHOI (ikcarlii negopmarriit
MPOJIITHOT YACTUHHU TIPHU OTIPECCOBKE;

- TPOTHO30BAaHE PO3BAHTAXEHHS Taldb 3a PaxyHOK TMPOJITHOI (IIUTHOI abo
000JIOHKOBO1) YaCTHHU;

- CTBOpPEHHS  OOMNpPECYBaHHSIM  «HABEJEHOTO»  JOJAaTKOBOTO  HAIMpPY>KEHO -
nedopmoBanoro crany (mam - HJIC) B ocHOBM, IO J03BOJISIE CTBOPUTH JIOAATKOBE
O01uHe OOTHUCKAHHSI MaJlb, 1110 TPU3BOAUTH J0 30UIBIICHHS iX HECY4Oi 3JaTHOCTI;

- YCYHEHHS TIOPOKHUH B KOHTAKTHOMY IIapi «ICHYIOUHMM POCTBEPK - TPYHTOBA OCHOBA»
3a paXyHOK BUKOHAHHS OTPECYBaHHS IIEMEHTHUM PO3UYHMHOM;

- 3HWKEHHS JeOpMyBaHHs CJIa0KHX BEPCTB B aKTHUBHIN 30HI OCHOBHU IIEMEHTAIII€I0 32
METOJIOM MAaH)XETHOI TEXHOJOrli A €(EKTUBHOTO BKJIIOYEHHS B POOOTY MPOJITHOT
(muTHUM a00 000JIOHKOBUI ) YACTHUHH,

- CTBOpPEHHS NPOTU(MUIBTPAIIHHOMY KOHCTPYKIIi B TMPOJITHIM YacTUHI MUIIXOM
BUKOPUCTAHHA B SKOCTI 1H'€KI[ll TiIPOTEXHIYHUX PO3UYMHIB, IO A€ MOXIIUBICTb

CTBOPEHHSI €KCIUTYaTOBAHO1 Mi36MHOT YaCTHHH MPU BUCOKOMY PiBHI MiA3€MHUX BOJI.

Apkyw
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Mera i 3aBaanHs aocaixkedb. MeTo poOOTH € TEOPETUYHUM IUISIXOM BUSBUTH
3aKOHOMIPHOCTI B3a€MOJii TE€OTEXHIYHOI CHCTEeMHU «OCHOBa - (QyHIAMEHT» TMpHU
nepedyioBl CTPIYKOBUX (PyHIaMEHTIB IMajib B KOMOIHOBaHUM, HIJISAXOM OIPECyBaHHSI
OPONITHOT YacTUHU 1 3MIHM BJIACTMBOCTEH TIPYHTIB OCHOBU IIEMEHTAII€0 3
BUKOPUCTAHHSIM pECypCcy HeCydoi 3[JaTHOCTI Majb 1 >KOPCTKOCTI AaKTHBHOI 30HU
I'PYHTOBOi OCHOBH.

ITocraBieniii MeTi BIANOBIAAIOTH HACTYIIHI 32aBJaAHHS POOOTH:

- po3poOUTH KOMOIHOBaHy CHCTEMY MIJCHUJIEHHS CTPIYKOBUX (yHIAMEHTIB Iajlb
HUIIXOM Tepe0yI0BH iX B CYyLIUIbHUHN 3 0ONMpPECyBaHHSIM OCHOBU B MPOJIITHOI YACTHUHHU i
NIJCUICHHSAM ClIa0KUX M[IapiB TPYHTY LEMEHTALI€0, M0 J03BOJISIE MaKCHUMAIBbHO
BUKOPHCTOBYBATH PECYpPCH HECYYOi 3AaTHOCTI 1 JKOPCTKOCTI aKTUBHOI 30HU TPYHTOBOL
OCHOBH;

- B JJaOOpaTOpHUX YMOBaxX Ha MajOMacIITA0HUX MOJENSX BUSBUTU 3aKOHOMIPHOCTI
B3a€MOJII TJIUMHUCTOIO TIPYHTOBOi OCHOBM 3 HaISIMM 1 CTPIYKOBUMHU IMaJbOBUMHU
dbyHIaMeHTamMu TIpH iX nepeOy 0B B KOMOIHOBAHI 3 00MpecyBaHHAM 1 0€3 Hel,

- B paMKax po3poOKH METOJMKH PO3paxyHKy CHUCTEMHM IIJCUJICHHS BCTAaHOBUTH 3MIHY
Moy Aedopmallii TPyHTY B 3aJI€KHOCTI BiJl KOe]illieHTa TOPUCTOCTI1, TPU OMIPHUCOBIII
1 1eMeHTalli 1 BUSBUTH 3MIHY HECY4YOi 3JaTHOCTI MaJib 32 PaxXyHOK iX J0JIaTKOBOTO
O14HOTO OOTHCHEHHSI MPY BUKOPUCTAHHI PO3TIIIHYTOTO CIIOCO0Y IMiICUIICHHS. |

- pPO3pOOUTH AITOPUTM PO3PAXyHKY OCIaHHSA TMEPEBIAIITOBAHUX 3a MPOIIOHOBAHUM
METO/JIOM KOMOIHOBaHHMX (PyHJAMEHTIB 3 ypaxyBaHHSM OCOOJMBOCTEM J1aHOl
TCOTEXHIYHOI CUCTCMH;

- BUKOHATH YHUCEJIbHE MOJICJIIOBAHHS B3a€EMOJIl PO3MJITHYTOI T€OTEXHIYHOI CHCTEMU
MIJCUICHHS CTPIYKOBUX MaJbOBUX (PYyHIAMEHTIB MpU TepeOyaoBi iX B KOMOIHOBaH1
najaboBi (PYyHAAMEHTH 3 MaKCUMaJIbHUM BHUKOPUCTAHHSAM PECYpCIB HECY4YOl 3/IaTHOCTI
AKTUBHOI 30HU I'PYHTOBOI OCHOBUY,;

- BHUKOHATH CKCIICPUMEHTaIbHI JOCHIIHKCHHS TE€OTEXHIYHOI CHCTEMH IIiJICHIICHHS
CTPIUYKOBUX MNanbOBUX (yHAAMEHTIB IpH mepelynoBi iX B KOMOIHOBaHHMN B yMOBax
MIJCUICHHS 0araTornoBepXOBOTO JKATIOBOTO OYIMHKY 3 3ICTABICHHSIM OTPUMAaHUX

pe3yNIbTaTIB 1 TEOPETUUHUX JTAHUX.

Apkyw
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HaykoBa HOBH3HA OTPMMAHMX Pe3yJIbTATIB:

- MATBEPIKEHO €(PEKTUBHICTH CIIOCOOY MIJACUICHHS CTPIYKOBUX (YHIaMEHTIB
najgb HUIIXOM MepeOy0oBU iX B KOMOIHOBaHUM 3 OOIMpECyBaHHSIM IPYHTOBOTO OCHOBU
Ha MOJIEJISIX B JIaOOpATOPHUX YMOBAX;

- po3po0JCHO METOAWKY pO3pPaxyHKy OCIJaHHS KOMOIHOBAaHHUX TaJIbOBHUX
GbyHIaMEHTIB, OTPUMaHUX IUISIXOM MEepeOyA0BH 3 CTPIUKOBUX MaJbOBHUX (DYH/IaMECHTIB
3 ypaxyBaHHSIM OIPECYBaHHS MPOJIITHOI YaCTUHW OCHOBH 1 TONIMIICHHS OY/IBEILHUX
BJIACTUBOCTEH TPYHTIB OCHOBH LIEMEHTAIIIEIO;

- BHSIBJICHO 3aKOHOMIPHOCTI B3a€MOIIi JaHOI CHCTEMH MiJACWICHHS Y BUTJISAII
KOMOIHOBAaHMX TNalbOBUX (PYHIAMEHTIB 3 YypaxyBaHHAM OIPECYBaHHSA MPOJIITHOI
YaCTMHM OCHOBM 1 TOJIMIIEHHS OYJIBEIbHUX BJIACTUBOCTEM T'PYHTIB OCHOBH
[IEMEHTAII€I0 3 TPYHTOBOIO OCHOBOIO, HAa OCHOBI YHCEIHHOTO MOJETIOBAHHA 3
ypaxyBaHHSAM PO3pO0JICHUX KOHCTPYKTUBHUX 1 TEXHOJIOTIYHUX MPUHOMIB IT1ICUIICHHS;

- oTpuMaHO (aKTUYHI EKCIIEpUMEHTaJIbHI JaHl MO B3a€MOJIi T'€OTEXHIYHOI
CUCTEMU «OCHOBA - (YHIAMEHT» B YMOBaxX Mepedy/10BU CTPIYKOBUX (DYHIAMEHTIB HaJlb
B KOMOIHOBaHHMN 3 YypaxXyBaHHSM OIIPECYBAHHS MPOJITHOI YAaCTUHU OCHOBU 1
MOJINIIEHH HWoro OyJiBeJbHUX BJIACTUBOCTEH IIEMEHTAIlIEI0 Ha peajbHOMY
OyZiBEIbHOMY O0'€KTI, 1 BUKOHAHO 3ICTABJICHHS E€KCIIEPUMEHTAJIbHUX pE3YyJIbTaTiB 3
PO3paxyHKOBHMH.

IIpakTuyHe 3HA4YeHHS OTPUMAaHUX pe3yJabTaTiB. B PO3pOOLI CHCTEMH
MIJCUICHHS CTPIYKOBUX (PYHJIAMEHTIB Majb MIJISXOM MEepeOyqoBU iX B CYIIIBHUN 3
oOIpecyBaHHSIM OCHOBHM B MPOJITHOI YAaCTHHM 1 MIACWICHHSM CIA0KUX IIApiB IPYHTY
[EMEHTAIII€I0, M0 JJO03BOJSE MAaKCHMalbHO BHKOPHUCTOBYBAaTH peCypcHd HeCydoi
3JIaTHOCTI 1 5KOPCTKOCT1 aKTUBHOI 30HU I'PYHTOBOI OCHOBH;

- B pEYEHHI 1H)XEHEPHOI METOAMKU PO3PaXyHKY KOMOIHOBAHOI CHCTEMHU MI1JCUICHHS
CKIIQJIAETHCS 3 CTPIYKOBUX (DYH/IAMEHTIB IMaJb 1 €IEMEHTIB IMiJICHJICHHS, 3 TIOTIEPEIHBOT
oOmpecyBaHHSM 1 IIEMEHTALII€0 TPYHTY;

- Y BUSBJICHHI 3aKOHOMIPHOCTEM B3a€MOJIl AaHOI CHUCTEMM Yy BUIJISAI KOMOIHOBaHUX
GbyHIaMEHTIB 3 TPYHTOBOIO OCHOBOIO MPH BUKOPUCTaHHI PI3HUX KOHCTPYKTHUBHHUX 1

TEXHOJIOTIYHUX MPUHOMIB MiACUJICHHS;
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- B eKOHOMIYHIH e(PEeKTUBHOCTI KOMOIHOBAHOI CUCTEMU MiJACUJICHHS B yMOBax AepIlUTY
HECYYOi 3/1aTHOCTI Majb 1 MiJBUIICHHS HAaBaHTaXEHb Ha OCHOBY CTPIYKOBUX MaJTbOBUX

byHIaMEHTIB.

Oco0ucrtuii BKJIaJ Marictpanra:
PesynpTaTu gocnikeHb BUKOPUCTAHI:
- B mnpoekTHUX pimeHHsax «[IpoBeneHHss mnpoTuaBapiiHuX poOIT 1 crabimizamii
T€OMETPUYHOTO TOJOKEHHA 0araToKBapTHUPHOTO TAHEIBHOTO 9  MOBEPXOBOIO
YKUTJIOBOTO OyIMHKY B M. BiHHHUIIS;
- B TOB TIIBI «Arponpoekr» npy BUKOHAaHHI BUIIYCKHUX KBaji(ikamiiHUX poOIT 3a
cnemiaiabHicTIO 192 «byaiBHUILITBO Ta IIUBLIbHA 1HKEHEPISN».
MeTto0JI0T1g 1 METOAU JOCHIIKECHHS:
- aHali3 1HXKEHEPHOTO0 T€OTEXHIYHOTO 1 HAYKOBO-JIOCHIIHUIIBKOTO JOCBIAY B 001acTi
M1JCUICHHS NaIbOBUX (DYHIAMEHTIB;
- peasi3ailisi METO/IIB TJIaHYBAHHS €KCIIEPUMEHTIB 1 METOIB YUCEIBbHOTO MOJIETIOBaHHS
HJC ocnoB npu nepedynoBi JICD B koMOiHOBaHMI 3 0OMpPECyBaHHSAM 1 IIEMEHTAIIIEI0
IPYHTOBOT'O MacHUBY;
- BHUKOHAHHS JA0OPAaTOPHUX Ta HATYPHUX EKCHEPUMEHTAIbHUX JIOCHIIKEHb 13
3aCTOCYBAaHHSAM CyYaCHUX KOMILJIEKCIB aBTOMAaTU30BaHOI0 300py J1aHUX;
- 3aCTOCYBaHHSI METOJly CIIOCTEpEeXEeHb 1 3iCTaBleHHS (AKTUYHUX JaHUX B3aEMOll
CUCTEMHU MIJCUIICHHS CTPIYKOBUX TMaJhOBUX (YHIAMEHTIB 3 OCHOBOIO B HATypPHUX
yMOBax Ha 00'ekTi 9-MOBEpXOBOr0 MAHEIBHOTO JKUTIOBOTO OYIMHKY B M
KponuBHULIBKUH, OTPUMaHUX TPU BUKOHAHHI TE€OTEXHIYHOIO MOHITOPHUHTY, 3
PO3paxXyHKOBUMH BEJIMUYHMHAMHU.
3agayi 1110 BUPINIYIOTHCS B pOOOTI:
- CHCTeMa MIiJACWICHHS CTPIYKOBHX MajlbOBUX (PYHIAMEHTIB, CTBOPIOBaHA IILISIXOM
nepeOy10BH X B KOMOIHOBAaHHMM 3 OOMIPECYBaHHSM 1 IIEMEHTAIII€I0 OCHOBH;
- pe3yJabTaTh EKCHEePUMEHTAIIbHUX JOCHIIPKEHb B3a€EMOJII CUCTEMHU MIJICUJICHHS 3

TPYHTOBOIO OCHOBOIO Ha MaJIOMAaCIITAOHUX MOJICTISIX B JIJAOOPATOPHUX YMOBAX;
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- METOJMKA PO3paxyHKy OCIJJaHHA CUCTEMHU MiJCUJIEHHS NaJbOBUX (PYyHIAMEHTIB 3
ypaxyBaHHSM OTPECYBaHHS MPOJIITHOI YaCTWUHU OCHOBH 1 TOJIMIICHHS OY/IBEIbHUX
BJIACTUBOCTEHN TPYHTIB OCHOBH LIEMEHTAIIUEH;
- pe3yJbTaTH YHCEIBHOTO MOJIEITIOBAHHS Ta 3aKOHOMIPHOCTI B3a€MOJIil JaHOI CHCTEMH
I JICUJIEHHS 3 OCHOBOIO;

®- pe3ylbTaTd JOCHIJDKEHb B3a€MOAIl TEOTEXHIYHOI CHCTEMH «OCHOBa -
byngameHT» npu mepedyaoBl CTPIYKOBUX (YHIAMEHTIB Majlb B KOMOIHOBaHHM 3
ypaxyBaHHSIM OIPECYyBaHHS IMPOJITHOI YaCTWUHU OCHOBU 1 TIONIMIICHHS OYIiBEIbHHUX
BJIACTUBOCTEH TPYHTY IIEMEHTallMel B HaTypHUX YMOBax Ha peajbHOMY Oyli1BEIbHOMY
00'€eKTI.

Anpobania Ta nyOJaikauis pe3dyabTaTiB podoTH. OCHOBHI TOJIOKEHHS
Marictepchbkoi poOOTH AomoBimanucs Ha MIiXHAPOIHIM HayKOBO-TexHIuHiH on-line
koH(pepenuii (KponuBHuupkuii, auctomnan 2022 poky), “ABTOMaTHKa, KOMIIOTEPHO-
IHTETPOBaHI TEXHOJOTIi Ta MpoOJeMU EHEproePeKTUBHOCTI B MPOMUCIOBOCTI 1
CUIBCBKOMY T'OCIIOJIapCTBI”.

PesynbraTu qociimkeHsb OyiIu omyOIiKOBaH1 y CTATTAX 1 T€3aX JOMOBIICH:
JIbBoB  M.B. 3akoHOMIpHOCTI B3a€MOJII OCHOBHM 3 KOMOIHOBaHUM IIIJICUJICHUM
crpiukoBuM ¢yHaamenrom/ M.B. JIbBoB, 3.b. AHOcOBa// ABTOMAaTHKa, KOMITFOTEPHO-
IHTETPOBaHI TEXHOJIOTIT Ta MpoOJeMU EeHEepProe(EKTUBHOCTI B TPOMUCIOBOCTI 1
culbChKOMYy rocnonaapctBi — 2022. 30ipHUK Te3 AomnoBiaed MIiXHapOJHIM HayKOBO-
texHiyHii ON-line xondepenmii.— Kpomusaunpkwit: [THTY, 2022. — C. 214-216.

(eIeKTpOHHE BUJIAHH).

Crpykrypa poOotu. PobGora ckmamaerbcs 3 22 cCiaiiaiB MylIbTHMEIIHHOT
npe3eHTalii, arb0oMy JOKYMEHTIB Ha 66 cTopiHKax, y TOMy uucii 26 TaOnuipb, 52
pucyHkiB, cnucky 3 40 BHKOpUCTaHUX JpKepes, AOJaTKIB Ha 35 cTopiHkax. Tekct
MOSICHIOBJIBHOI 3aMUCKH MICTUTh BCTYI, S PO3/UTIB, BUCHOBKH 1 pEKOMEHJAIlli 3a

pe3yJibTaTaMu poOOTH.

Apkyw

KMP 208 113 p

3 | Mucm | NP dokym lonuc | dama




PO3LT 1

Orasig MeToaiB I TEXHOJIOTIH MiICHJIEHHS TAJbOBUX (PYHAAMEHTIB

1.1. I'eorexHiuni nmpoGjeMu 3a0e3nevyeHHs] HAAIWHOCTI OyaiBesib B mpoueci
eKcIyaTamii

[Tporec pexkoHCTPYKIIii OyAiBENIb 1 CIOPY/ € OJHUM 13 3HAUYIIMX HAIPSMKIB Y

BUPIIICHHI COIIAJIbHO-eKOHOMIYHMX TpoOsieM B Ykpaini. lle mos'szano 3 Tum, 1o
PEKOHCTPYKIli J03BOJISIE HE TUIBKU IPOJOBXKHUTH TEPMIH €KCILIyaTallii OyiBeib 1
CIOpYA, @ W 3HAYHO TOJIIMIIUTH SKICTh, HANPHUKIAA, >KUTIOBOTO (OHAY, MUITXOM
OCHAIlEHHA  OYIMHKIB CYYaCHUM  I1HXXCHEPHUM  OOJIaJIHAHHSM,  MOJIMIICHHS
apXITEKTYpHOI BUPA3HOCTI OY/iBeIb, 3MIHM MOBEPXOBOCTI 1 KOHGITYypallii MiIBUIICHHS
iX eHeproedeKTUBHOCTI Ta NOBroBiuHOCTI. CHiJ 3a3HAYUTH, 10 aBAPIMHUIN KUTIOBUM
dboun B Ykpaini 36umbmyerbes 3 2000-x pokiB 3 7 g0 22 mutH g0 2018. Y Binauns B
2021 pomi 8 xuTiOBUX OyIMHKIB BU3HaHI aBapiiiHuMu. Benuka vactuHa aBapiitHUX
CUTYyallli MOB'sI3aHa 3 TEXHIYHUM CTAaHOM MiA3€MHOI YaCTUHU CIIOPYI.
PekoHCTpyKIlisT KUTIOBUX OYIUHKIB 1 MIChKOI 3a0yJOBH JO3BOJISIE PAIllOHATIBHO
BUKOPUCTOBYBATH (DIHAHCOBI 1 MaTepialibHI pecypcH. B cydacHHX eKOHOMIYHUX YMOBax
VkpaiHi, B TMOpPIBHSAHHI 3 HOBUM OYJIBHUIITBOM, PEKOHCTPYKIIS A€ MOXIJIHUBICTh
30epertu KuTIoBUM (HoHI Oe3 mepeceseHHs mrojei 1 ictotHo (Ha 40-70%) 301mbImmTH
HOT0 po3MipH 3a paxyHOK nepely10BU OyIMHKIB.

B poGoTi mo pekoHCTpykIi cmopyn 1 OyaiBedb ICHy€ eTam JOCTIIKCHHS,
COpSIMOBaHUN Ha BHU3HAYEHHS CTaHy TPYHTIB, (PyHIaMEHTIB 1 HaadyHIAMEHTHUX
KOHCTPYKIIM, xapakTepy 1 oOcsary ix pgedopmamiii B mnepion OyAiBHULTBA Ta
eKcIuTyararii. Y pas3l ICTOTHOI BEIMYMHU 3arajlbHUX a00 HEPIBHOMIPHHUX OCIJaHb
OyIiBIl HEOOXIMHO 3'ICYyBaTH NPUYUHHU, OCKUIBKK BiJ] I[OTO 3aJI€KUTh IMOJATBITHN
MOPSIJIOK CUCTEMH "OCHOBA - PEKOHCTPYIOEThCS OyaiBis'.

HAI ocnoB 1 migzemuux crnopyn (HUMOCII) 1 iHmumMu HayKOBO-IOCHI THUMH
ICOTEXHIYHUMHU OpTraHi3alisiMd YKpaiHU BEACThCA aKTyalbHa poOOTa 3 KOHTPOJIIO 3a
omasiaMu OYJIBENIb 1 CIOPY/l PI3HOTO MPU3HAYECHHS B PI3HUX 1HXXEHEPHO-TEOJOTIUHUX

ymoBax. Cinij 3a3Ha4uTH AociiKeHHs, BukoHadi FO.M. A6enesi [1], IL.1. bpaiit, A.lL
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€ropopum [3,5], B.M. Menbaukosum [12], A.A. Ilponozinum [7], 3.I'. Tep-
MapTtupocsaom [14], O.A. lynareeBa [12], Ta iH. AHaI3 JaHUX aBTOPIB JOCIIKEHb
JT03BOJISIE TOBOPUTH TIPO T€, 10 B 3arAJIbHOMY BUIIAJIKY MPHU OLIHII TPOTHO3Y PO3BUTKY
nedopwmariit OyaiBens 1 CHopya Ciiij 3BepHYTH yBary, Ha Te, II10:
1)  ocigaHHsAy 1 9ac ctabumizamii cropys, BUKIMKAHI YINIILHEHHSIM TPYHTIB OCHOBH
1]l BIUIMBOM HAaBaHTa)XCHHS, € (YHKIIISIMH BHAY 1 CTaHy TPYHTIB OCHOBH, a TaKOX
MIBUJKICTIO POCTYy THCKY Ha OCHOBY Mpu OymiBHMITBI. Sk mpaBuio, aedopmariiio
NIIAHUX TMIJCTaB, a TaKOX IIJCTaB, YTBOPEHUX TJIMHUCTUMHU TPYHTAMU TBEPIOI
KOHCHCTEHII{, MOYXHa BBaKaTH 3aKIHYCHUMHU B TepioJ OymiBHHUIITBA OymiBelb Ta
ciopyn. Ilpu mnokasHuky TtekydocTi Ounbmie 0,75 mpoiec craOutmizamli ocigaHHs
GbyHIaMEHTIB MPOXOJUTh TPUBAIMNA Yac, TOMY B 1H)XKCHEPHIM MPAKTHUIll JOMYCKAETHCS
npuiiMaTu B nepioja OyJIBHUIITBA BEIMYMHY ocifaHHa y Mexax 30-50% Big moBHOTO
KiHIIeBOTO ocimanus 8, 11];
2) HEepIBHOMIPHICTh OCiIaHHsS OYJIBENb MPOSBISETHCA, AK IMPABUJIO, BXKE B IEPIOA
OyniBHuirrBa. HaitOinpIma pi3HULS B OMNajaax 3aJieKUTh BiJ BEIMYHHU CEPEIHBOTO
ocifaHHs. 31 30UIBIIEHHSAM CEpPEIHIX OCiIaHb HEPIBHOMIPHICTh OCIJIaHb 30UIbIIYETHCH,
o0 B TMIJACYMKY MOXE TMPU3BOJUTH JO ICTOTHOTO YCKIJIQJHEHHS HOPMaIbHOI
eKCIUTyaTallil HaJ3¢MHOI YaCTHHH, aK 0 HACTaHHs aBapiiinoi curyaii [19, 20];
3) K MOKa3ylTh BUMIPU B 4acl, OCIJaHHs OyJIBENb 1 CIOPYA HAa HAJAIMHUX, MILHUX
MiJCTaBax 3a3BUYail CkianaoTh 25-30% Bia po3paxyHKOBUX BEJIMYHUH 1 JocsAratoTh 70-
80% Tineku B okpemux Bumnazakax (b.I. J{aamartor [16], IT.A Konosanos [15], C. H
Cotnukos [12]);
4) Ha OCHOBI MPUPOJHUX 1 MOJEIBHUX JOCHIKEHb 35SCOBAHO, IO YWUM IIBUJIIEC
BEJIEThCSl OYJIIBHUIITBO, TUM OUIbIIE BEIMYMHA KIHIIEBUX OCiaHb. Tomy HEOOXigHO
BPaxOBYBAaTH MOXJIMBE 30UIbIICHHS nedopmariii mpu MBHIKOMY TeMIll OY/IIBHHIITBA,
KOJIW IIBHUJIKICTh YIIITEHEHHS BIJICTA€ B/l IIBUIKOCTI POCTY THCKY.

[IprunHamu, 110 BUKIMKAIOTh HEOOX1HICTh IMIJICHJICHHS OCHOB 1 (DYH/IaMEHTIB B
mpolieci eKcruryaTalii 1 peKOHCTPYKIii, €: To-mepie, Cy0'€KTHBHI YWHHUKH, KaKTO:
MTOMUJIKH, JTOMYIIEH] MPU JOCTIPKEHHSIX, MPOEKTYyBaHH1, OyIIBHUIITBI Ta €KCILTyaTallii,

No-Jipyre, 00'€KTUBHI YMHHUKU: 3MIHA T1APOTEOJIOTIYHUX YMOB, JUHAMIYHI, CEHCMIYHI 1
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iHII 117, Y HOBUX KBapTallax 1 MiKpopailoHaX, 3a0yJI0BYIOThCS TUIOBUMH OYIIIBIISIMH,
BUKOHAHHS HEIOCTATHIX OOCSTIB BHIIYKYBAJIbHUX POOIT MPU3BOIUTH 10 HEMOBHOTO
aHajizy (akTUYHUX yMOB TepuTOpii OyIaiBHUIITBA. Y pa3i HEMOBHOTH i1H(opMarrii
BUKOPHCTOBYIOTBCSI y3araJlbHEeHI BJIACTUBOCTI PI3HOBUAIB IPYHTIB JJIsi BCi€l TEPUTOPIT
Kpainn abo OKpeMoro perioHy. BaximBo, M0 mpu IIbOMY YacTO BIACYTHS JOCTATHSA 1
HEOOX1JIHE YABJCHHA TMpo JaepopMaliifHUX 1 MIIHOCTI BJIACTUBOCTI TIPYHTIB

KOHKPETHOTO MaiilaHYnKa OyiBHUIITBA.

1.2. OcCHOBHi TNPUYMHM, 10 BHUKJIUKAKTL HEOOXIIHICTH MiJICHUJIEHHS
NAJbOBUX (pyHAAMEHTIB
[Ipouiec miacwieHHs: GyHIAMEHTIB 1 3MIITHEHHS! TPYHTIB JJOCUTh YacTO CYIMPOBOIKYIOTh
poboTH 3 pecTaBpallii, peKOHCTPYKIli, MOJIepHi3allli, KamTaJIbHOTO PEMOHTY. TaKox
P 3a3Ha4€HI POOOTHU CIOCTEPITAETHCS MPHU MOPYIICHHIX €KCIUTyaTalllifHOrO PEeXUMY
OyniBens i criopyn [24]
OCHOBHI NPUYKHHU, IO MPU3BOJATH JO HEOOXITHOCTI MIJCUIICHHS MiA3€MHOI YACTHUHU 1
MIOJIIMIIIEHHS BJIACTUBOCTEW I'PYHTIB OCHOBH, MOXYTh OyTH Kiacu(]ikoBaHI B HACTYIIHI
rpynu [3]:
1. 3miHa yMOB ekcruTyaTarlii (BKJIIOYAIOUM KamiTaJbHUM PEMOHT 1 MOJIEpHI3allio),
30UTbLICHHS! HABAaHTAXXEHb HAa (PyHIaMEHTH. METO PEKOHCTPYKIII Ta KamiTaabHOro
pPEMOHTY OyaiBeNb (CIIOPYa) € YCYHEHHS (hI3UYHOTO 3HOCY, 3a0e3MeUeHHs] MOXKIIMBOCTI
fioro posmmpenHs. OgHe 13 3aBaHb - 11€ YCYHEHHSI MOPAJIBHOTO 3HOCY.
3a3Buuail 1€ MPU3BOJAUTH JO KOHCTPYKTHMBHUX 3MIH a00 3aMiH OKPEMHUX EJIEMEHTIB
OymiBii, 30LIBIICHHSM TOBEPXOBOCTI, MOTIHOJEHHSM IMiJBaJliB, BHYTPIITHHOI
NeperuIaHyBaHHsIM 1 IepeoOIafHaHHAM. Y TIJACYMKY L€ PU3BOAUTH JI0
30UTBIIICHHST TIEPBUHHOI MacH OyiBIl 1 301IBIICHHS] HABaHTAXXEHb Ha (PYyHIAMEHTH JI0
30 ... 50% [30]. IIpu oMy Hecy4oi 3MaTHOCTI Majb, HABITH 3 ypaxyBaHHSM, 5K
MPaBUJIO, TO3UTUBHO MO3HAYAETHCSA TUMYACOBOTO0 YHHHUKA, MOXKE OYTH HEIOCTATHBO.

2. Cran ¢pynnamenTiB. 3HOC GyHIaMEHTIB 00YMOBJICHHUI 1BOMA IpyMaMy MPUYHH.
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[To-niepmie, Qizuko-MexaHIyHI, a caMe arpeCHMBHA i1 HABKOJIUIIHBOIO CEPEOBHUIIA:
THUTTA JI€PEBUHU, BUIYTOBYBaHHSI OETOHY, AECTPYKIIS KJIAIKW, KOPO3is apMaTrypu Ta
iH. [30];
[To-npyre, wmexaHiuHi, OOYMOBJEHI 3HAUYHOIO pI3HHIICIO OCiTaHb (QyHIAMEHTIB
«3aKOHTYPHMI?» BIUIMBaMU (TMPUCTPIA MOPYY pO3TAIIOBAHUX KOTJIOBaHIB, BiOpalliliHi
BIUIUBY TPAHCHOPTHHUX 1 OyAiBEeIbHUX MeXaHI3MiB 1 iH.). [Ipu 1npoMy XapakTepHUMHU
BUJIaMA DPYWHYBaHHS €. BiJIIAPyBaHHS KJIQJKH; BUKPUITYBaHHS PO3YMHY 31 IIIBIB;
TPIIMHA Ha OCTOHHMX 1 3ai300€TOHHUX (yHAAMEHTaX, IO MPHU3BOJATH JI0 BTPATH
MIITHOCTI 1 3HIKEHHS )KOPCTKOCTI PyHIaMeHTiB [3].
3. PO3BUTOK HENpUIyCTHUMOIO 3arajibHOi abo JoKainpHOI Aedopmauii Oyxismi. JlaHi
TCOTEXHIYHI PHU3MKU TOB'S3aHI 3 TMOMUJIKAMH TIPU  1HKEHEPHO-TEOJIOTTYHHUX
JOCIIIJKEHHSAX, BJIAIITYBaHHI OCHOB 1 (yHIaMeHTIB OyJiBeslb, NPOEKTYBaHHI 1
MPOBEICHHI POOIT B YMOBAaX €KCIUTyaTallii, Mpu 3BeJIeHHI OyAiBeb 1 CIOPY MOOIU3Y
1CHYI0401 320y JI0BHU.
4. Jlerpanariis TpyHTIB OCHOBU. B mporieci ekcrutryarailii OyiBeJIbHUX 00'€KTIB MOXKE
3MIHIOBATHUCS TIIPOTeOJIOTiYHa OOCTAHOBKA B MEXKaX AKTUBHOI 30HM OCHOBH (3MiHa
piBHA MIA3€MHUX BOJ, 3a0pyJHEHHS TEXHOT€HHUMHM BojamMu 1 T.1.). JlomaTtkoBe
3BOJIOKEHHSI JAUCIEPCHUX IPYHTIB MOTIpUIye iX (PI3MKO-MEXaHIYHI BJIACTHBOCTI, IO
3HIUKYE MIIHICTD 1 mifBHILye aedopmMoBaHicTh ocHOBU [1, 6]. TIpu nboMy 3HIKEHHS
pPIBHS MIJ3€MHUX BOJ MOXKE€ HEraTMBHO MO3HAYUTHUCS Ha (PyHIaMEHTaxX 1 HA3€MHUX
KOHCTPYKIIiSIX, TOB'SA3aHUX 3 YIIUIBHEHHSAM TPYHTY BIJIACHOIO Baror 1 YTBOPEHHSIM
HepiBHOMIpHUX Jedopmaliiii. B 1pomy BHManKy ciiJi BUKOPUCTOBYBATH METOMM,
3aCHOBAHI HA HEHAroJIOIEHUX BINIMBAaX [24] oOepiratoTh, HANPUKIAI, MHUITYBaTI
BOJIOHACHYEHI MICKHU (THKCOTPOIHI TPYHTH) BiJ po3pikeHHs. [Ipu 1pboMy BaKIMBO
BpaxOBYBaTH, 110 BUKOPHUCTOBYIOThCS CIIOCOOM 1 METOAM HE TMOBHHHI CIPHUSTH
MOTIPIIICHHIO BJIACTUBOCTEH TIPYHTIB, a TaKOX HE MOBHUHHI MPHU3BOIAUTH 10 1CTOTHOI
3MIHM PiBHS MIA3€MHUX BOJI.

TpuBana moB3y4YiCTh, XapakTepHa Ui claOKuxX TpyHTIB. Jlo rpymu ciaOkux
I'PYHTIB BIIHOCSITh TPYHTH 3 HU3BKOIO HECYYOIO 3/IaTHICTIO 1 BUCOKOIO Je(OPMYy€EMICTh

npu ix BUKopucTaHHl B mijacraBax cnopya (E <7MIla). 3a3Buuaii Taki TpyHTH HeE

Apkyw

KMP 208 113 7

3 | Mucm | NP dokym lonuc | dama




3aCTOCOBYIOTh SIK MPUPOJHUX MmiAcTaB (pyHmameHTiB. CrnalOki IPYHTH YIIUIBHIOKOTb,
3aKpIIUIIOIOTH 1 3aMIHIOIOTh HA OUTBII MilHI 200 MPOXOIATh MATbOBUMHU 1 TITUOOKUMHU
dbynnameHnTamu. 3aieXHO BIJ BUAY TPYHTY, HOTO CTaHy 1 YMHHOTO HampyKeHHS,
MOB3y4iCTh MOKE€ OYTH CTIMKOIO 3 P13HOIO MIBUAKICTIO MTPOTIKAHHS.

6. OpraHo-MiHepanbHI Ta opraHidyHi rpyHTH. OCHOBH, IO MICTATh BOJOHACHUYCHI
OpraHo-MiHEpaJibH1 BIAKJIAAeHHS (MyJIH, Camporlielli, OKUCIICHI IPYHTH) 1 OpraHidyHi
rpyHTH (TOp(d), ab0 MICTATH IIi TPYHTY, NOBHHHI MPOEKTYBATHCS 3 YpaxyBaHHSIM iX
OCOOJIMBOCTEM: aHI3OTPOMisA 1 XapaKTePUCTUK, BHUCOKOI CTHUCIHUBOCTI, 3HAYHOIO
MIHJIMBOCTI MIITHOCTI, AeopMariii Ta QuIbTpallii pyHTIB B OCHOBH, TPUBAIHIA PO3BUTOK
OC1JaHb 32 YaCOM 1 MOKJIMBICTh BUHUKHEHHSI HECTaOUTLHOTO CTaHy [2].

7. HeratuBnuii tepts. [Ipu 3BenaeHHi OyauHKIB Ha QyHIaMEHTaX MUIKOTO 3aKJIaJCHHS
no0JIM3y iICHYIOUUX OyJiBeb, MOOY0OBAHUX HA MAIbOBUX (YHAAMEHTAX, a TAKOX IMpHU
JOYUTIJTbHEHHSI HACUITHUX a00 HAMUBHHUX IPYHTIB MOXYTh BUHUKHYTH 3HAUHI CUJIU

«HETAaTUBHOT'O TEPTS», 10 BIUIMBAIOTh HAa poOoTy nami [16].

1.3. Meroau neperBopeHHs (Pi3MKO-MEXaHIYHMX XaPAKTEPUCTHK IPYHTIB

[Ipu po3poOdii mpoekTiB mijAcHIeHHS (PYHIaMEHTIB, 30KpeMa B HECHPUSTIUBHUX
ITPYHTOBUX YMOBax, Hal4yacrilie MOTpiOHA MOJIMIIEHHS BIACTUBOCTEH TPYHTOBOL
ocHoBH. Lle Moke OyTH: TIMOMHHE YIIUTLHEHHS, IPUCTPI TPYHTOBUX Majb i T. 1. [11].

Jlo HaiOinpm momUpeHUuX (PI3UKO-XIMIYHUX CIOCOOIB 3aKpIMJICHHS IPYHTIB
BIJTHOCSTBCH: CHUTIKATH3alIls, cMoJI13a1us, LIEMEHTAIIS 1 BUKOPUCTAHHSA
IPYHTOLIEMEHTHUX MaTtepiaiB. [lepeBarorw nux METOAIB €: MEXaHi3allisl BCiX omneparlii;
3MIITHEHHS JI0 3a/IaHUX B IIPOEKTI MapaMeTpiB; BITHOCHO HEBUCOKA TPYIOMICTKICTb.
B mpoueci cimikaTizaiil TOJJOBHUN Martepliai - 1€ PiIKUI CTEKII0O KOJUIOITHUN PO3YMH
CWJIIKaTy HaTrpito. Bum, ckiag 1 cTaH 3akpillJIEHOTO TPYHTY BIUIMBAIOTH Ha BHUOIp
3aCTOCYBaHHS OJHE - 200 IBOCTOPOHHBOT CLITIKATI3AIlil.

B 3akpimieHHI TPyHTIB CHJIIKaTU3AIll€l0 ICHYE KUTbKa HEAOJIKIB. [ 0J0oBHUMN
HEJIOJIIK - BUCOKA IIHA CUJIIKATy HaTpito. HeraTuBHOIO OCOOJMBICTIO € TaKOX IIIBUIKE
YTBOPEHHS TEII0 XJIOPUCTOrO Kajbllil0 TPH J0JaBaHHI PIAKOro CKja. 3a3HayeHi

pPO3UMHU HE 3aBXAM MPOHUKAIOTh B TPYHT HA HEOOXIAHY TIMOMHY, B 3B'I3KYy YUM
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noTpioHa moBTOpHA iH'ekiiisa. [Ipu oMy, 116 HE TapaHTYEThCS TEXHOJIOTIEI, TaK SK
YacTHHA MIp 3aiIMaeThCA TellieM KPEMHIEBOI KHCIIOTH.

Cwmomizaliist - CHHTETHYHI cMOJH (KapOamiiHi, peHoJIbHI, PypaHOBUE, €OKCUIHI 1 1H.) -
3aKpIMJICHHS IPYHTIB HUIAXOM 1H'€KIIi BOAHUX PO34YMHIB. Bennkuii BHECOK Yy PO3BUTOK
cioco0y cmonu3zarii BHecnu H.A. brieckin [10], L.I. bpoiine [13], JI.B. ['oruapoga [25],
1 Oararo iHmwMX. Jlo mepeBar cMoymM3allii MO)KHa BIJIHECTH IIUPOKUM CIIEKTP MOKIUBUX
JUTS 3aKPIMJICHHS TPYHTIB, @ TAKOX CTIMKICTh 3aKPIIUICHUX IPYHTIB JO JIii arpeCUBHOTO
CepeloBHILIA 1 JO 3aMOpPOKYBaHHSA-PO3MOPOXKYBAHHS. SIK HEJOMIKM CMOJN ClHiJ
3a3HAYUTH KAHIIEPOTEHHICTh CaMUX CMOJ 1 LIJIOTO PALy peareHTiB. 3Bakaloud Ha
BUCOKI  €KOJIOTIYHMX BHMMOI CMOJIM B  TPAKTUIl  3aKpIIUICHHS  T'PYHTIB
BUKOPHUCTOBYIOThCS Bce piame [24]. e miarBep/ukyeThes TuM, mo 3a octanHi 10-20
POKIB B HAYKOBO-TEXHIUHIH JIITepaTypl BIACYTHI MyOiKalii Ipo AOCIIHKEHHS Ta T0CBI]
BUKOPHUCTaHHA CIIOCO0IB CMOJIM3AIIii.

OTxe, pO3IJISHYBIIM JaHl METOAM 3aKpIIJICHHS TPYHTIB, MOKHA IO3HAYUTH TakKl
HEJOJIIKH, SIK: By3bKa 00JAacTh 3aCTOCYBaHHS 1 HHU3bKAa €KOJIOT14HICThb. Uepe3 HU3bKy
IPOHUKHOCTI 3aKpIIUIEHHS TJIMHUCTHX [IPYHTIB MOXJIMBO JIMIIE TpPU BIUIUBI
€JIEKTPUYHOTO CcTpyMy mipu KoediuieHnTi @uabrpauii 0,0015 - 0,1 m/a. Ipuuunoro €
BIJICYTHICTh MPAKTUYHOI MOKJIMBOCTI 3aKpIIJICHHS 1H'€KUIA TPYHTIB B PEXKUMI
IPOCOYEHHSI.

B OyniBHMIITBI MNpPaKTUYHE 3aCTOCYBaHHS 1H'€KLII LEMEHTHOTO pO3YMHY B
TPYHTOB1 OCHOBH BUKOPHUCTOBYETHCS OM3bKO CTOMTTS. LlemenTarlisi rpyHTIB, SIK METO/I,
3aCHOBAaHUI Ha TMPUHIMUII TMPOCOYCHHS TPYHTIB, PEKOMEHIYETbCA I 3MIITHEHHS
MIJICTaB, IO CKJIAJAIOThCS 3 CUIYYUX TPYHTIB (BiJl MICKIB CEpPEHBOI KPYMHOCTI 0
ranevynuka). [lepeBaroro MeToay € AOCTYNHICTb, TOMY METOJ Ma€ IMIMPOKE MOIIUPEHHS
BUKOPHCTAHHA, a TaKOXX BaXKJIMBUM TOKA3HUK - JIy’)K€ BUCOKHH Oan 3a €KOJIOTidHOI
YUCTOTH B'SHKYUYOr'O LIEMEHTY.

Henonikom mpormecy memeHTarii B TpaguIliiHOMY BHUKOHAHHI € Te, IO
3aCTOCYBaHHS TEXHOJOT1i MOXJIMBO LIOJI0 TUIBKM BUCOKONPOHILIAEMH TPYHTIB, SIKI

PIIKO 3aJI5Tal0Th B TPYHTOBOMY OCHOBH OY/IIBEIIb 1 CIIOPY/I.
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[lepcrieKTHBHUM HaIpsSMKOM € METO, po3poOsieHui B AmoHii 1 3amaTeHTOBaHUN B
1971p. «jet grouting», MeTOJ BHUCOKOHAMIPHUX IH'€KIIIl PO3UMHY 13 3aTBEPIIHHSM B
rpyHTi. CBOIM PO3BUTKOM BHUCOKOHAIIpPHA TEXHOJOTIA 3000B'A3aHa TaKUM KpaiHam SK:
Yexis, Opantisa, CHIA, SAnonis, Itamis, Himeaunna, BenmukoOputanis Ta iH., B Ykpaini
BOHA BiJJOMa SIK «CTPYMEHEBa» 1 MpEJCTaBleHa B poOOTax Takux aBTOpPIB , sK: LI
bpoiine, JI.M. T'onuapoa, II.A. KonoBanos, A.I'. Mamninin, II.A. Pebunnep, B.A.
Pxxaninuna, B.€. CokomoBuua Ta iH. [13].

[Iponiec namiprHoi iH'ekmii (HI mo MamXeTHIM TEXHOJOTiI) 3aCHOBaHUU Ha
BHECEHHI 1IEMEHTHOTO PO3YMHY B MACHB TPYHTY HUIIXOM YTBOPEHHS TiAPOPO3PHBIB i
YaCTKOBOTO ITPOCOYCHHS B TPYHT.

Po3BuTOK Teopii 1 MpakTUKK METOAY HaIipHOI 1H'€KIT HaBeleHl B mpallsix B.A.
boromonosa, M.A. Kpunekoro, B.B. JlymnikoBa, b.H. Mensaukosa, M.JI. Hyxnina,
B.1. Ocunoga, f.A. [Iponosina, I.I. CaxapoBa, M.A CamoxBasioBa Ta iH. [12].
[lepeBaramu merony HI e: dbopmyBaHHS ciTUacTOi CTPYKTYPH TPYHTY, YUIIJIBHEHOTO
TIAPOPO3PUBY; CTBOPEHHS 3aJUIIKOBOIO, PEryJbOBAaHOIO B TMpoOlECi BUPOOHUIITBA
poOIT, HAMPY>KEHOro CTaHy; 3aCTOCOBHICTh B HECHPUSITIMBHUX 1 OOMEKEHUX yMOBAaX;
TEXHOJIOTIYHICTh; €KOJIOTIYHICTh Ha BCiX eramax [14].

Henonikamu metony nHamipHoi iH'ekuii (HI) €: ckmagHicTh po3paxyHKOBOTO
nporHo3dy GopmMu 1 pO3MIpIB Tijla 3aKPIIUTIOETBCA OO0CATY TPYHTY; CKIAIAHICTh

IPOTHO3YBaHHA OCIAaHb B IIPOLIECI MOAANIBIIOT €KCILTyaTallli.

1.4. Meroau miicu/IeHHs NAAbOBUX (PYHIAMEHTIB

1.4.1. Ornsin BiZOMHUX METOAIB M1ICHJICHHS
B Vkpaini HaykoBi Ta iHxkeHepHI poboTu O6epyTh cBiit mouaTok 3 (1889). dyngamentu
TOro mepiojly OyJlu KOHCTPYKTUBHO MPOCTI, SIK, BJACHE, 1 TEXHOJOTII iX IiJICUJICHHS
[17].

Binoma knacudikamis MeETOMIB MIACWICHHS B  3aJIGKHOCTI  BiJl  THIIB
(GbyHIAMEHTIB, KOHCTPYKTUBHO-TEXHOJIOTTYHUX CIOCOOIB BHKOHAHHS, YMOBHU (CXEMU

po0iT), MPUYWH, IO BUKJIMKAIOTh HEOOX1THICTh MiACUIICHHS 1 T.A. [26, 32 Ta 1H.].
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Crnioci6 migcuieHHs MajJboBUX (PYyHIAMEHTIB BU3HAYAETHCS B 3aJIEKHOCTI Bij] TOTO, 1110 €
IpPeIMETOM ITiJICHIICHHS: POCTBEPK, HaJti abo ocHosa [17, 18, 20].

CrniocoOu miJICUJIEHHSI POCTBEPKIB

PocTBepku MOXKYTh MaTH Taki 1e)eKTH:

* okpemi neeKTH SK HACTIIOK MEXaHIYHHX MOMIKO/PKEHb a00 HACTIIOK arpeCHBHOTO
cepenoBuIIa (TPIIIMHYN, PAKOBUHHU, TIOPOKHEY 1 T.]1.);

* O1JIOBHE HACKPI3HI TPIIUHH, IK HACTIAOK HEPIBHOMIPHUX OCIJaHb,

* MaJjia MillHICTh OCTOHY;

neiuT apMyBaHHS;

* neeKTHI BYy3JIM CTUKY Hayis-poctBepk [17, 18].

[TincuneHHst cToBOYpiB Malib, HAPUKJIIA, METOJ] «000ypIOBaHHS», 32aCTOCOBYBAHU J1JIst
NIJCUICHHS CTOBOypa maii NpH ii MOIIKOJKEHHI a00 3HMKEHHI HECy4oi 3/IaTHOCTI.
[Tans 000yproeTcs Juisi TOYKOBOTO TMOMAJIaHHSA 3aXHMCHOTO PO3YMHY JI0 CTOBOypa maji
(pucynok 1.1, 6) [9, 16, 18, 21]. LleMeHTal1isi CTBOPIOE CYIUIHLHUI MIIIHUM YOXOJI, IKUI
NEPENIKO/KAE TMOAATBUIOMY PYWHYBaHHIO Marepiaay cToBOypa Mmajl 1 MiJABUILYE
MIIHICTh OKOJIOCBAHOTO MPOCTOPY. 3a3HA4YE€HMM CMOCIO 3M1MCHUMO 1 TIPU HAsIBHOCTI
poctBepky. Kpim Toro, MokHa BHOpUTYJT 10 cToBOypa mnani (3a0uBHMII abo
OypoHaOMBHOI) OYypUTH OJIHY-ABI CBEPJJIOBUHU BeIUKOro giamerpy. Lli cBepaioBuHU
MOTIM CJIiJT apMyBaTH 1 0€TOHYBATH, OTPUMYIOUH SIK OU Mo/ABiMHE (200 HABITH MOTpiHE)
nepeTuH ctoBOypa mnanmi. [IpakTuyHo, A0 mayii, CTOBOYp AKOI BHMAarae IiJICUJICHHS,
JIOJTaI0ThCS OJIHA-TIBI OypOHAOMBHI MaJji, TOMY TaK MOXHa MOCHJIIOBATH TaJli Yepe3 OJIHY
a00 HaBITh JBI B POCTBEPKY B 3aJI€KHOCTI BIJl BIJICOTKA BTPAaTH HECYYOl 3JaTHOCTI
Matepiany croBOypa [17, 18, 21, 26]. MeToa Biipi3HIETHCS BUCOKOIO TPYIOMICTKICTIO,

0COOJIMBO B YMOBax 0OMEKEHOTO TIPOCTOPY.
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Pucynox 1.1. ITigcunenss naib KpyroBum OypiHHSAM: IJ1aH GyHAAMEHTY Taii (3711Ba) 1

cxema migcuiieHHs (mpaBopyy) [17]

1.5 IligcuneHHs najaeBoro PyHaaMeHTy

[Ipuctpiii nanboBUX (yHIAMEHTIB 31MCHIOIOTH y BHIAJKaX HEJOCTATHBOI
HECYy4Oi 3/IaTHOCTI TPYHTIB, Ha SIKlI CIIUPAEThCSA (DYHIAMEHT Taii, a TaKOXX 3HAYHOTO
3pOCTaHHS HaBaHTaXEHb Ha (QyHIAMEHT mnpu nepedyaoBi abdo MojepHizamii
(pexoHcTpyKIlii) OyniBm abo CroOpyau, KOJU OYEBUAHUN BUXIJ 3 Jaay (yHIAMEHTY B
oMy (majiab 1 poctBepky). [Ipu mocuiieHHi nmanboBoro GpyHIaMEHTY B IIJIoMYy (KyIa
najab) HEPIAKO JTOBOAUTHCS OJJHOYACHO MOCHIIIOBATU POCTBEPK 1 CTOBOYpPH Malib, MPOTE
I[e TIJCWICHHS TOBUHHO OpPraHiYHO BXOJUTH B 3arajbHUN KOMIUIEKC 3aXOJiB,
MPOEKTOBAHUX [JIsl PEKOHCTPYKLIi JaHoro mamboBoro ¢yHmameHnty. Komm Hecyda
3/IaTHICTh OCHOBM BHYEpIIaHa, HEOOXITHO TMOKpaIlyBaTh OyAiBEIbHI XapaKTEPUCTUKU
rpynTiB (nuB. [Tynkt.1.3) [16, 28, 39].

OnHuM 3 HECKJIaJHUX METO/IB MiICUIIEHHS MaJIbOBOI'O CTPIYKOBOTO (DYHAAMEHTY
B pa3i BIICYTHOCTI Y OKpEMHUX TaJIb HAIMHOTO CIIOIYYEHHS 3 POCTBEPKOM € MiABEICHHS
JIOATKOBOI 3aJ11300€TOHHOT TUIMTH M1 pocTBepK. [licunenns maiboBux (PyHIaMEHTIB

B pasi iX HEeJIOCTATHBOI HECYUOl 3/IaTHOCTI MOXKE 3/IIMCHIOBATUCS IIJIIXOM BIaBIIOBAHHS
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najgb JI0 TOTO, IO CIHUPAETHCS IX HWIKHIX KIHIIIB B IIUIBHI IPYHTH a00 HapOIIyBaHHS
ICHYFOUHX TaJTb JOJATKOBUMHU CeKIlisimu [14].

B pa3i HeoOXiTHOCTI mepeaaydl Ha OCHOBY JI0JJaTKOBUX HAaBaHTa)KCHb, HAIPUKJIAJ,
OpU PEKOHCTPYKIIi abo mpu icHyrouoMmy Ae]imuTi Hecy4doi 31aTHOCTI, YacTo
BUKOPHUCTOBYIOTh MIACUJICHHS NAJbOBUX (PYHIAMEHTIB IiIBEICHHSAM JOAATKOBUX MaJlb
HeoOXx11Ho1 JmoBxkuHU (pucyHok 1.2) [28]. [Ipu mozutuBHOMY e(PEKTI BHUKOPUCTAHHS
JAHOTO METONy, 3arajbHUM WOro HEAOMIKOM € KJIaJHICTb BHUKOHAaHHSA pOOIT.
Haiinommpenimmii crmoci® 3aHypeHHS najib - 3a0MBaHH, MPU MTOCUJIEHHI (DYHIaMEHTIB
NPAKTUYHO HE 3aCTOCOBYETHCS, OCKUIBKM BHHUKAIOTH TUHAMIYHI J1i MOXYTh HAJaTH

HeOa)XaHWi BIUIMB HA 00'€KT.

CriHa
A MonepeuHa 6anka

3anpasneHui { \ )
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Pucynox 1.2 [lincunenns naneBoro ¢yHIaMeHTy H0JATKOBUMH MaJsMU
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HaiiGipir 3HauymuMu B PO3BUTKY METOJMKH MiACUJICHHS (YHIAMEHTIB € pOOOTH
BueHux: M.IO. AoGeneBa [1], A.A. bapromomes [8], b.B. baxonmima [9], B.A.

boromomosa [12], M. 1. boiiko Ta iH.

PoGotu 3 po3paxyHKy, NpOEKTYBaHHS 1 TEXHOJIOTIH TanbOBHX (YHIAMEHTIB
BukoHaHI BueHuMHM b.B. baxonmina, A.A. bapromomeem, 1.B. I'mymkoBum, H.M.
HopomkeBud, B.B. JlymmikoBa, P. A. Manrymesa, H.C. Meremok, JI. M.
IlemkoBChKHM,

B. I1. [Terpyxin, B. A. Cepnogoii, B. I. Tenmuduenko Ta iammmu [9, 12]. JdocmimkeHHIMA
najgboBUX (PYHIAMEHTIB B YMOBAaX XapakKTepHUX s 3axigHo-CuOipchbkoi HU30BUHU
saiimanucsa B.®. baii, A.A. Jlyra, A.Il. Manmumikin, A.l. Tlomimyk, A.H. Teriop 1 1HmI
BucHi [4, 14].

1) BOaBiIOIOTH Madi, B TOMY YHUCHI JaHKOBI nam tuny «Mera» ta 1. [10, 19 Ta in.].
MeTton BHaBleHHS CKJIaJOBHX 3ali300€TOHHMX Mallb KPYrjoro, KBaJpaTHOTO 1
HIECTUTPAHHOTO TMEPETUHIB 3 PIZHUMH CTUKAMH MDK €JIEMEHTAMH, HPUTHIYEHUX
TiIpaBIIYHUMU JIOMKpaTaMH, HIMPOKO MPAKTUKYIOTh B OYAIBHUIITBI 3 MOYaTKy XX
CTOJITTSL.

B cepenuni XX cromitrs Oenbriiicbki «Meay» HIMPOKO BUKOPHCTOBYBAJIHUCS B
€Bpori. MeTos BAaBIOBaHHS Tajll CTaJIM 3aCTOCOBYBATH MOYMHAIOUU 3 cepeauHu 60-X
pokiB. [103UTHBHI CTOPOHU BUKOPHUCTAHHS BAABIIOIOTHCS MaJlb: BIACYTHICTb
JUHAMIYHUX 1 BIOpalifiHUX BIUIMBIB, IIyMYy; 3HIDKEHHS EHEPrOBUTPAT; BHUCOKA
HAJIIAHICTh 1 MOXJIMBICTh BKJIIOYEHHSI B po0OTy 0€3 M0JaTKOBUX OCIJIaHb OYIiBII.
HeratuBHi CTOpOHHM: HHW3bKa MPOAYKTHBHICTH ICHYIOUHMX BIABIIOIOUNX YCTaHOBOK;
MOXKJIMBE PACCTPYKTypiBaHie (mepeMsaTue) ciaabKoro TIWHUCTOTO TPYHTY; BEIUKHUI
o0cCAT 3eMJITHUX POOIT.

Ha6usHi nami [16, 17]. HabuBHI nam BUKOHYIOTHCS B Oe3mocepeHiit O1M3bKOCTI
BiJl ICHYI0YOTO (DYyHIAMEHTY, 3 BKJIIIOUEHHSM iX B CHUIbHY pOOOTY HMPUCTPOEM €TUHOTO
poctBepky. Po3mipu MoxyTh gocsiraTu: moexkuHa - 50 M, miametp - 1,2 M. YV pasi
oOMeKeHHs yMOB (MBI JKUTIOBUX OYyIWHKIB, Mif04Yl BUPOOHHUIITBA) 3aCTOCOBYIOTH

KOPOTKI MaJii IOBXUHOIO B KiJIbKa MeTpiB, AiameTpoM 130-300mm.
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[To3uTHBHI CTOPOHM BUKOPUCTAHHA HAOMBHUX TMajlb: TPH BHUKOPUCTAHHI
poTOpHOTO OYypiHHS - HU3bKHM piBEHb BiOpallii Ha TPYHTH 1 KOHCTPYKIII{; 3HaUHA HECy4a
3JIaTHICTB; IIMPOKa 00JIACTh 3aCTOCYBaHHS. HeraTtWBHI CTOpOHU: TEXHIYHO CKJIQJHI Y
BUTOTOBJICHHI; BHUCOKI BHMOTH JIO TEXHOJIOTii Ta KOHTPOJIIO SKOCTi, CKJIAIHICTh
CTHIOJYYEHHS MaJib 3 ICHYyI0UUM (pyHAaMeHTaMu, 0cOOIMBO Mpu Bucokomy YI'B.

3) bypoiH'ekiitai (kopeHenoaioni) mami [7, 12 iu.]. Itamiiceka ¢ipma «DoHaeAICH
TIEpIIOI0 3aNpOIOHYBana OypoiH'eKIiiitHi mami. IX 3acTocyBaHHS JO3BONMIO YCIIIIIHO
nocuauTd GyHAaMEHTH OaraThoxX OynaiBeiab B ABcTpii, Anrmi, ®panmii, Icmanii,
Himeuunnu, IIBemii, Amnonii, Itamii Ta Ykpainu. Hag po3BuTKOM maHOTO BHIY
NIJCUIICHHS MpaioBain 3apyoixkHi BueH1 A. Kimar [17] Ta iH., mnpoTe 3HaYHUN BHECOK
B PO3BUTOK IX PO3paXyHKOBOIO B3a€MOJII 3 TIPYHTOBUM CEPEIOBHUILEM BHECIU
BITUM3HSHI BUeHi, Hanpukiaa, 3.I. Tep-Maptupocsn [14]. [lincunenns ¢pyHnamMeHTIB
MPOBOJUTHCA OYpOIH'€KIIHHUMH TadsiMU 0€3 po3pOoOKH KOTJIOBaHIB, MPU IOMY, HE
HNOpYLIYIOYM  HPUPOJHY  CTPYKTYpy  IpyHTIB  ocHOBU.  OOjajHaHHSA,  1IO
BUKOPHUCTOBYETbCA MJIA 1X BIAIITyBaHHS, HE CTBOPIOE TWHAMIYHMX [iHd, Mae€ Mali
rabapuTHI poO3MipU, TOMY Ma€ MOKIIMBICTh BUKOPUCTAHHS BCEPEIUHI JKUTIOBOTO a00
BUPOOHMYOTO MPUMIILIEHHS (B Oro miBajibHIM yacTuHi). [IeBHUMU HemoIIKaMHu bOTO
METO/Y € HEIOCTaTHS BUBYEHICTh pOOOTH TOHKUX Maslb B CIA0KHUX I'PYHTAX; BIICYTHICTh

HaIIHHUX METOAMK po3paxyHKy (puc.l.3).
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ChepwuyHa rarka

LWawnba

Pucynok 1.3 BrnamryBanus OypoiH'ekiiiHOT masti
4) Iupoko BUKOPUCTOBYIOTHCS CIIOCOOOM TIiJACWJICHHS TalboBUX (YHIAMEHTIB €
croci0 MpUCTPOr0 Mikpomanb. JlaHwil T Tajah 1e OypoiH'e€KMiifHI mam 3 JiaMeTpoM
280-200mM, abo Tmajmi, BWUTOTOBJIEHI IHIIUM CIOCOOOM 3 gmiaMeTpoM W @150MmM,
peKoMeH10BaH1 €BporechKor0 KoMiciero [36]. BeneHHs poOIiT MOKIMBO B OOMEKEHHUX
yMOBax, II¢ OJIUH 3 TOJOBHUX YMHHUKIB MOMYJSIPHOCTI JTaHMX MIKpomnaib. Takox
MO’KHa BiJI3HAYUTH BUCOKY TE€XHOJOTIYHICTh 1 €EKOHOMIUHICTh, IPAKTHUYHA BiJICYTHICTh
JIOAATKOBUX Ooci/iaHb. HeomikoMm iX 3acTOCyBaHHS € BITHOCHO HU3bKa HECy4a 37aTHICTh
yepe3 Maity O14HiM MOBEpXHi, B pa3i 3aJIAraHHs TOBII CIa0KUX IPYHTIB MOTYKHICTIO 10-
I5m. 301IpIMTH  HECydy  3JaTHICTh  MIKpOMajdb B  CHAOKUX  TJIMHUCTUX

BOJO"HACHUIIIEHHUX TPYHTaX MOXXHA 4epe3 MPUCTPid B iX OCHOBM YIIUIBHEHOI 30HU
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rpyHTy. BUBUEHHSM pO3pOOKH MIKpoNalb 3 YHIIUPUTEISIMH a00 PO3KPUBAIOTHCS
nonatsamu 3aimanucs: B.®. baii, A.A. bapronowmeii, L.II. boiiko, M.C. I'pytman, A.B.
€cinoB, A.Il. Mamumikin, 1 iHIMMA. [5, 8, 9, 17]. BUrotoBieHHs Majib IOTO THUITY
3aHanATO Oarato poOOTH, BOHM MAalOTh CKJIAJHY KOHCTPYKIIIO, IIO CTaj0 MPUYHHOIO
PIAKICHOTO iX BUKOPUCTAHHS AJIS MiACUIICHHS (yHIaMEHTIB.

Mikponani 3 GETOHHUM PO3IIMPEHHSM, BUTOTOBJICHUM B TPYHTI, TaKOX JOCTATHHO
BuBYeHi [17, 36]. Boru MoxyTh OyTH edeKTHUBHI P 3aCTOCYBaHHI MaJIOTa0apUTHOTO
oOJlaHaHHS Ta TEXHOJOril (OpMyBaHHS PO3MIMPEHHS 0€3 3HAYHUX JUHAMIYHHUX
BIUTUBIB. [Ipy IbOMy HeOTIKaMH MPUCTPOIO IIUX MATb € YTPYAHCHHS KOHTPOIIO (HhopMu
PO3LIMPEHHS, YTBOPEHOIO B OCHOBHM Majll, IO MOPYY MAOCTIAHUKIB BUPILIYETHCS

HIIIXOM (OPMYBaHHS PO3IIUPEHHS B CIICIiaIbBHUX IT'YMOBHX 000JI0HKax [15, 23].

1.6 3acTocyBaHHS KOMOIHOBAHMX NAJI€BO-IVIMTHUX (PyHIaMeHTIB

[lpuHiunu po3paxyHKy ICHYHOUMX 1 JOJIATKOBO BJIAIITOBAHUX (PYHIAMEHTIB
pi3HI, TaK K (PyHIaMEHTH, IO 3HOBY CHOPYIKYIOTbCS BHOCSTH HAIPY>KEHHS B YK€
cranuii HanpyxeHo-nepopmoBanuii cran (HAC) rpyHTOBOI OCHOBH, IO 3MIiHIOE
KApTUHY MOJANbIIOI MOBEAIHKA ICHYIOUMX (YHIAMEHTIB 1 BIUIMBA€ HA MOBEHIHKY
HOBO3BEJICHUX, 1110 BUKJIAJICHO B y3arajibHIOIOUMX METOAMKAX, HANPUKIAI, B MpaLsX
bessonesa C.I" ., Konosanona II.A. 1 ITomingyka A.L [6]. Liit Temi npucBsidueHi podboTu
OarathboX BUCHMX, TakuX sik bapTonomeii A.A., Bonocrok /[.B.
HanvaroB b. 1., Konosanos Il. A., Manrymes P.A, Ilponosin f.A., [12, 15] i 1.1
[IuTaHHAMM MiACUIIEHHS CTPIYKOBUX (YyHAAMEHTIB iX MepeOyl0oBOI0 3 HArHITAHHIM
PO34YMHY B MPOJIITHY YaCTUHA OCHOBH 3aiimanucs Manrymes P.A., MycrakimoB B.P.,
Haymkina FO.B., Ta iH. B pa3i mepeOynoBu mnanboBUX (yHAAMEHTIB B CYIUIbHI
koMOiHoBaH1 (fnami - KIIII®D) caig 3ayBakuTu, MO ICHYE B Cy4acHIM Haylll MOHSTTS
(GHIDKYIOTh OCIJJaHbKY Maiii» OyJIo 3ampONOHOBAHO B KOHIIETITyaJlbHOMY BHUIJIAIl B
ImKeHepHi Haymi kiHIg 70-x - mouatky 80-x p.p. [16]. B mpomy Bumagky
HaBaHTaXXEHHS B1J OyJliBeIb a00 CIOPYJ HAa OCHOBY IEPENAEThCA SIK yepe3 maii, TaK 1
yepe3 miomBy. He3pakaroun Ha rajjaHy IpoOCTOTY Ii€l 1ei, 10 BUHUKAE MMUTAHHS PO

MPOLIEHTHE MEPEPO3NOALTII MK MiJIOMIBOK 1 MMM 1 MPOTHO31 AehOPMHUPYEMOCTH
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TakuX (YHIAMEHTIB, B JaHUW 4Yac 3aJMIIAETHCS BIIKPUTHUM 3 TOYKUA 30py HOpPM
npoekTyBaHHs [12].

HoBeneni nepeBaru Bu3Haumiau 3actocyBaHHs KIIII®D y Bcromy cBiti [10]. B
VYkpaini B3aeMojii KOMOIHOBaHUX (YHIAMEHTIB 3 TPYHTOBOIO OCHOBOKO MPHCBAYCHI
po6otu aBTopiB: [3, 6, 8, 15]. IIpu 11bOMy paIllOHANTBHICT BUKOPUCTAHHS TOTO YU
1HIIIOTO BUAY KOMOIHOBaHMX (DYHIAMEHTIB BH3HAYAETHCS B TEPIIY YEepry 1HXXCHEPHO -
I'eOJIOTTYHUMH YMOBaMH MallaHurKa OyIIBHUIITBA 00 PEKOHCTPYKIIIi.

Xapaktepui nnus KipoBorpamcbkoi  o0nacTi  MicmsMu  ciaOKi  TpyHTH
OOyMOBIIIOIOTH TMEBHI TPYJIHOIIl B 00JACTI MPOEKTHOI Ta BHUPOOHHUYOI MISIBHOCTI. 3a
ICHYIOUMMH TpbOMa OCHOBHUMHU NOKa3HUKaMU: MOAYb Aegopmanii E, po3paxyHkoBuii
omip K, cTymiHb BOJIOTOCTI Sr Il TPYHTHU YacTO MOXYTh OYTH BiJHECEH1 /10 KaTeropii
c1a0KHUX, B TOMY YHUCI1 1 OJTHOYACHO 3 TPHOX 3a3HAYEHHMX BUILE TOKA3HUKIB.

M.A. CrenanoBuMm Ta iH. [15, 18] po3poOieHa 1 0OTpyHTOBaHA EKCHEPUMEHTAILHO
TEOpisl PO3paxyHKy KOMOIHOBAaHUX CTpiukoBUX ¢yHAaMeHTIB nanb (nani - KCIID) 3
o0npecyBaHHSIM OCHOBM, [0 BPAXOBY€ TEXHOJOIIIO iX BHUIOTOBJIEHHS NpPU HOBOMY
OyniBauLTBI (puc. 1.4):

- MPUCTPIN CTPIUKOBUX (PYHIAMEHTIB MaJib, 00'€JHAHUX LIMJIIHIPUYHOI 3aJ11300€TOHHOI
000JI0HKOIO;

- OINPECOBYBaHHS (HAMpyKEHHS 1 YIIUIbHEHHS) TPYHTOBOT OCHOBM MiJ THUCKOM IIiJi 4ac
BCTYIy LIEMEHTHOTO PO3YMHY B MPOCTIP MK 00OJIOHKOIO 1 OCHOBOIO.

3a  paxyHOK peryjlibOBaHOTO THCKYy  OIpecyBaHHS JaHl  (QyHIAMEHTH €
TpaHC(OPMOBAHOIO KOHCTPYKIIIEIO, SIKA MAa€ PEryIbOBaHY B3a€EMOIEI0 3 TPYHTOBOIO

OCHOBOIO (PUCYHOK 1.4).
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Pucynok 1.4 KomOiHOBaHUM CTpIUYKOBUH (yHIAMEHT IMali
Y pobortax [19, 22] mpoBeneHO aHaii3 ICHYIOUHMX METOJIB IMepedylIoBU 1
N1JCUJICHHS NMajJbOBUX (PyHIaMEHTIB. Bi3HauMMO, 110 TAKUX COCOOIB ICTOTHO MEHIIE,
HDK CIOCO0IB 3 mijcHiieHHsT (DyHJaMEHTIB MIUJIKOTO 3aKjaJaHHs, B CHJIy OCOOJUBOCTI
poOOTH NaJb 1 CKIAJHOCTI MAKCUMAJIBHOTO BUKOPHUCTAHHS PE3€PBIB HECYUOi 3/1aTHOCTI 1

YKOPCTKOCTI aKTUBHOT 30HU IPYHTOBOT OCHOBH.

1.7 TlpuHUMNM BUKOPUCTAHHS TNPOJITHOI YACTHHHU, ONpPeCyBaHHA i
HeMeHTAallil OCHOBH /IJIsl Mi/ICUJICHHS NAJbOBUX (PYHIAMEHTIB

Buxonsum 3 BUKOHAHOTO JIITEPATYpPHOIO OISy, CIiJ BBa)XKaTH, L0 B yMOBax
PEKOHCTPYKIIiT a00 mpoTHaBapiiHUX pOOIT OJHUM 3 €(PEKTUBHUX CIOCOOIB M1ICUIICHHS
MEepPeBAHTAXKEHUX MATbOBUX (YHIAMEHTIB K B pa3i PEKOHCTPYKINi, Tak 1 B pasi
BUYEPIAHHS HECY4yol 3JaTHOCTI Majib, MOXe OyTH mepeOynoBy iX B KOMOIHOBaHI 3
MaKCUMaJIbHUM BUKOPUCTAHHSM DPE3EPBIB HECYUOl 3MaTHOCTI 1 KOPCTKOCTI aKTHUBHOI
30HH I'PYHTOBOT OCHOBH 1 BKJIFOUEHHS HOro B poOOTYy Ha eTami mifcuieHHs (puc. 1.5).

EdexkTuBHICTS  3allpONOHOBAHOTO  CIOCOOy ~ OOyMOBIIEHA — MOMNEPEIHIM
HaAIPY>XKCHHSIM IPYHTOBOT OCHOBH 3a JOMOMOTOI0 MTPUCTPOIO MPOTITHOI KOHCTPYKITIT, 110
JIO3BOJISIE 3pOOUTH ONIPECOBYBAHHS OCHOBH, BIACTUBOCTI SIKOi, B CBOIO YEPTY, MOJIIIICHI
LEMEHTALII€I0 0 MAaHXXETHOI TEXHOJIOTil, L0 TaKOX J03BOJUTH MEPEepO3NOALTUTH
YaCTUHY HABAaHTAXKEHHS BiJI BEPXHIX KOHCTPYKIIM 3 TMajlb HAa OCHOBY MPOJITHOI
yacTUHU. TakuM 4YMHOM, 1€ c(opMynbOoBaHa 3 TO3ULIA MaKCHUMaJIbHOTO

BUKOPHUCTAHHSI PECypCiB JKOPCTKOCTI 1 HECy4Oi 3JaTHOCTI TPYHTOBOi OCHOBH, IO
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NOTpAIUIsie B aKTUBHY 30HY Jle(popMyBaHHSI.
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Pucynok 1.5 ®@parMeHT miCUIEHHS CTPIYKOBUX (DYHIaMEHTIB Majib NepeOyq0BOIO B
KOMOIHOBaHUM 3 0OMPECYBAHHSIM 1 [IEMEHTAIIE€I0 OCHOBU

3aranbHUN MOPSIIOK MMiICUIIEHHS Nepeadadae Tpu OCHOBHI BUIU POOIT:

- IEpEBAIITYBAHHS ICHYIOUMX CTPIYKOBUX (PYHJIAMEHTIB NaJlb B KOMOIHOBAHMIA;
NOJIMNIIEHHS OyJIBEIbHUX BJIACTHUBOCTEH TIPYHTOBOI OCHOBM IEMEHTAlMEeNd IIO0
MaHKETHOI TEXHOJIOT11 B HEOOX1JHUX 0 TTIMOMHI PIBHSX;

- OIPECOBYBAHHS IPYHTOBOI'O OCHOBHM LIEMEHTHUM PO3YMHOM 3a PaxyHOK 3allOBHEHHS
I1JT THCKOM IIyCTOT MK TPYHTOM 1 00'€/THY€ POCTBEPKH KOHCTPYKITIEIO.

EdexkTuBHICT  3alpONOHOBAHOIO  CHOCOOY — MIACWJIEHHS  OOyMOBIIEHA
VIIUTBHEHHSIM TPYHTOBOTO OCHOBM aKTMBHOI 30HHU 1 MOJIMIICHHSIM HOTO OYIiBEITbHUX
BJIACTMBOCTEH, OOTUCHEHHSIM TPYHTY THCKOM PO3YHHY 1 HOTO MOAATBIINM TBEPICHHUEM,
0 TPHU3BOJUTH JO 3O0IIBIICHHS HECY4Yoi 37aTHOCTI Majib 1 IX PO3BAHTAKEHHS Ta
nepeaadi YaCTHHW HABAHTAKCHHSI HA TPOJITHY YacTWHA 0e3 peasizallii J0JaTKOBUX
OC1/1aHb.
nepeBaru:

* Mepeaya HaBaHTKEHHS Ha BECh MACHB TPYHTY, OOMEKEHUH «IIIMOI0» 3a0yI0BH 1
TITMOWHOIO CTHCIIMBOI TOBIIIL;

* 30epeKeHHS IITICHOCTI ICHYFOUHX POCTBEPKIB;
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* MOJIMBICTh BHKOPHUCTaHHS TOHKOCTIHHHUX KOHCTPYKIIi 3 MIHIMAJIbHOIO BHUTPATOIO
oetony [27].

BUKOHAHHS POOIT BcepeanHi OyaiBii 1 BIICYTHICTh HEOOX1THOCTI B PO3POOIIi TPYHTY TIO
30BHIIIHBOMY KOHTYpPY, IO Ma€ BEJIMKE 3HAYCHHS B YMOBAaX OOMEXEHOCTI 3
KJIIMAaTUYHUX MPUYUH;

* KOHTPOJIb BUTUHY KOHCTPYKIIi MiJCHJICHHS B MPOIECi BAPOOHUIITBA POOIT HA OCHOBI
NOPIBHSHHSA 3 pO3paXyHKOBHUMH JaHUMH, IO 0a3yloTbcs Ha TOYHUX METOJIax
OyIiBeNTbHOT MEXAHIKY;

* BU3HAYAETHCS PO3PAXyHKOM pasrpyKeHHE MaabOBOTO MOJIS;

e poboTa 1 B3a€EMOJSI BCIX €JIEMEHTIB (yHIAMEHTY, 3 MOMEHTY CTapTy poOiT 13
MiCHJICHHS, 33 PaXyHOK CTBOPEHHS MOMIEPEIHBOTO HAPYKEHHS, IO YITIIHHIOE OCHOBY
B aKTUBHOMY IIapi CTUCHYTO1 TOBIIMHY;

* J0JJaTKOBE OOTHMCHEHHS Tajlb TUCKOM, SAKUU (POPMYETHCS 3a PaxyHOK IOIMEPEYHHUX
nedopMaiiiii TpyHTy NOpH ONPECCOBKE, IO MNPU3BOAUTH 10 TMiJIBUILECHHS HECYy4oi
31ATHOCTI Iab;

* TIJBUIICHHS MIIHOCTI 1 3MEHIIEHHS J1e)OPMOBAHOCTI TPYHTOBOI OCHOBH, IO
3aKPITUTIOETHCSL [IEMEHTAlUe 3 TIAPOPO3pUBY, HULIXOM (POPMyBaHHS MPOCTOPOBOI
CTPYKTYPH IIEMEHTHUX T1JI 1 JOYTJIOTHEHIE TPYHTIB B aKTUBHIM 30H1 1H'€KIIIT, B MpOIIeCl
BIJUKMMaHHS BOJIH;

* J0JJaTKOBE OOTHMCHEHHS Tajlb THUCKOM, SKUU (POPMYETHCS 3a PaxyHOK IOMEPEYHHUX
nedopmarliil rpyHTy IpHU LEMEHTAllli 3 YTBOPEHHSIM T1IpOPO3PUBIB, 10 TPU3BOAATH J10
M1JIBUIICHHS iX HECY4Oi 3JJaTHOCTI;

* 3HUKEHHS PEOJIOTIYHUX TPOIECIB B TIPYHTOBIA OCHOBI 1 MPHUCKOPEHHS TMPOIECY

ctalumi3arii ociTaHHs.

1.8 BucHoBkH 10 po3aiay 1

Ha ocHOBi niTepaTypHOro OISy Ta Matepialy 1HXXEHEPHOrO0 TEOJIOTTYHOTO
.. " v .
iy [IBI "Arpompoekt" mij 9ac MpakTUKH B 0OJACTl MIJACWICHHS NaJTbOBHUX

(GbyHIaMEeHTIB Ha CIA0KUX BOJOHACHUEHUX TPYHTAX C(HOPMYITIOEMO HACTYIHI BUCHOBKH:
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1. OcoOIHUBOCTI TOMIMPEHOTO THUITY CTPIYKOBUX (YHIAMEHTIB MaJlb 1 1HKEHEPHO-
reoJIOTiYHy OyJOBY CIaOKMX MUITYBATOTO-TIMHUCTHX IPYHTIB MIACTaB 0araThOoX MICT
VYkpainu, a Takox miBaHs KipoBorpaacbkioi o6acti, Bkioyaroun KponuBHUIIBKHMA, B
yMOBaX PEKOHCTPYKIIii, pecTaBparlii Ta KamiTaJbHOTO PEMOHTY OyaiBEIbHUX 00'€KTIB,
BUMAaraloTh BUKOPHCTaHHS METOJIB MIJACWICHHS 3 MaKCUMaJbHUM 3aJIyYCHHSIM B
poboTy BCIX eleMeHTIB (yHIAaMEHTIB 1 pe3epBIB HECY4YOi 3/IaTHOCTI 1 KOPCTKOCTI
IPYHTOBOI OCHOBH.
2. B oOMexeHnX MICBKHMX YMOBaX, 3 OTJIAy Ha KJIIMaTH4YHI YMOBHU OUIBIIOI YaCTUHU
YkpaiHi, mepeBary ciij BiamaBaTu "nmiOepaTbHUM" METOJAM MiICHUIICHHS, Peali30BaHUM
B MeXax KOHTypy OynaiBii. BOHM TOBMHHI HE BIUIMBaTH Ha T1IPOT€OJOTTUHUM
OoOCTaHOBKY Ha JaHIi JUISHII, HE MPUBOJUTH JIO JIOKAJHLHOTO a00 MOBCIOJAHOIO
3HEMIHEHHS TPYHTIB, BIJIIOBIJaTH BUMOI'aM €KOJIOTTYHUX HOPM, OyTH O€3MEeUHUMH IS
IPYHTOBUX BOJI.
3. BinbuIicTh TEXHOMOTIN MiJICUIICHHS CTPIYKOBUX MaJhOBUX (YHIAMEHTIB 3BOJIATHCS, B
OCHOBHOMY, J0O 30UIBLIEHHS TIUIONI ONEpPTS ICHYIOUHUX POCTBEPKIB, I1JIBEICHHS
JIOIATKOBUX Malib, a00 JIOKaTi30BaHO! 1H'€KI[T PI3HUX CKJIaJiB B OCHOBY Iajb.
He3Baxatouu Ha 1O0CUTh BUCOKY €()EKTUBHICTh JACSIKUX 3 UX METO/IB, BC1 BOHU MAIOTh
MEeBHI HENOJIKH, B TOMY YHUCJl BKJIIOYEHHS B pOOOTY MiJCUJICHHS TMPU J0JATKOBUX,
1HOMI 3HAYHMX omnanaxX. [lepcnmeKTMBHUMH crocoOaMy MMJACWICHHS B JaHUW dYac €
croco0Hu, sIKl BAKOPUCTOBYIOTh MONIEPEIHE OOTUCHEHHS (HANPY>KEHHS) TPYHTIB.
4. 3miHa HampyXeHO-Ae(hOPMOBAHOTO CTaHY INPU OIMPECCOBKE 1 IEMEHTAIlll, a TaKOX
(G13MKO-MEXAHIYHUX XapaKTEPUCTUK TIPYHTIB JI03BOJISIE BUKOPHCTOBYBATHU PECYpPCH
HECy4o0i 3/JaTHOCTI OCHOBH.
5. EdpextuBHMM criocoOOM MIACUICHHS CTPIYKOBUX (YHAAMEHTIB MaJlb 1 IX MIJCTAB € iX
nepedy0By B KOMOIHOBAaHUH 3 1IEMEHTAIIIE0 1 00MPECYBaHHSIM IPYHTOBOI OCHOBH, 1110
JI03BOJISIE MAKCHMAJIBHO BUKOPHCTOBYBATH PECYPCH KOPCTKOCTI 1 HECY4dOi 3aTHOCTI
OCHOBH, CKJIaJIEHOT CJIA0KMMH MITYBAaTO-TIMHUCTUMHU TPYHTAMHU.

3aBaaHHA JOCIIHKEHH .
1. Po3poOutn KOMOIHOBaHY CHUCTEMY HiJCHJIEHHS CTPIYKOBHX (PyHIAMEHTIB Naslb

HUIIXOM 1epedy/I0BU iX B CYLIUIBHUM 3 00MpecyBaHHAM OCHOBH B MPOJIITHOI YaCTUHHU 1
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NIJCUICHHSIM CIa0KUX MIapiB TPYHTY LIEMEHTAIl€l0, 10 J03BOJSE MaKCHUMAJIbHO
BUKOPHCTOBYBATH PECYPCH HECYUOi 3IaTHOCTI 1 dKOPCTKOCTI aKTUBHO1 30HU TPYHTOBOI
OCHOBH.

2. Y nmabopaTopHUX yMOBaX Ha MaJOMAacCHITAaOHMX MOJEISX BUSBHUTH 3aKOHOMIPHOCTI
B3a€MOJII TIUHUCTOIO TPYHTOBOi OCHOBM 3 MaISIMH 1 CTPIYKOBUMH MajIbOBUMHU
dbyHIaMeHTaMu TIpH iX niepeOy10B1 B KOMOIHOBaHI 3 00MpecyBaHHAM 1 0e3 Hei.

3. B pamkax po3poOKr METOAMKH PO3PAXyHKY CHCTEMH ITIJCUIICHHS BCTAHOBUTH 3MiHA
Moayns Jnedopmariii TpyHTY B 3alleKHOCTI BiJ KoedilieHTa TMOPUCTOCTI, MpHU
OTMPECCOBKE 1 IEMEHTAIlll 1 BUABUTHU 3MIHY HECyd4Oi 3JaTHOCTI Majb 3a pPaxyHOK iX
JIOIaTKOBOTO  OIYHOrO OOTHCHEHHS MpPU BUKOPUCTAHHI PO3TISIHYTOrO CIIOCO0Y
1 JICUJICHHS.

4. Po3poOuTH anropuT™M pO3paxXyHKY OCIIaHHS MEPEBJIAITOBAHUX 3a MPONOHOBAHUM
METOJIOM KOMOIHOBaHMX (PYHJAMEHTIB 3 ypaxyBaHHAM OCOOJIMBOCTEH JaHOI
I€0TEXHIYHOI CUCTEMHU.

5. BukoHaTu 4ucelbHE MOJIETIOBAHHS B3a€MO/li PO3IVIIHYTOI T€OTEXHIYHOI CHCTEMH
MIJICUICHHS CTPIYKOBUX MNabOBUX (YHIAMEHTIB mpu mepeOyaoBl iX B KOMOIHOBaH1
najaboBi (PyHAAMEHTH 3 MAaKCUMaJlbHUM BHUKOPUCTAHHSAM PECYpPCIB HECY4Ol 3/IaTHOCTI
AKTUBHOI 30HU IPYHTOBOI OCHOBH.

6. BukoHaTH eKCIepHMEHTaIbHI JOCIIPKCHHS TeOTEXHIYHOI CHCTEMH IIiJCHUIICHHS
CTPIYKOBUX NalbOBUX (YHAAMEHTIB MpuU nepeOyAoBl iX B KOMOIHOBaHHWII B ymMoOBax
MIJCUICHHS 0aratornoBEepXOBOTO JKUTIOBOTO OYJIHWHKY 3 3ICTAaBIEHHSM OTPUMAHUX

pPEe3yIbTATIB 1 TEOPETUUHUX JIAHUX.
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Po3min 2

JlocaigxeHHsT B3a€MOAisl CHCTeMM MiJICWJIEHH 3 IPYHTOBMX OCHOB Ha
Mojesiel y J1a0opaTopHUX YMOBAX

2.1. O0'eKT AOCTIIKEHHS.

Ob6'extoM gociimkeHHs Oyno oOpaHO TPYHTOBY OCHOBY, TpEACTaBICHY
MUIYBAaTO-TJIMHUCTUX TPYHTOM, 3aBAHTAKEHE MOJEISIMU PI3HUX THUIIB (QYHIAMEHTIB y
BUTJIAI OJUHOYHOI TMadi, TUIMTHOTO (YHIAMEHTY, MaleBO-IUNIMTHOTO (YyHIAMEHTY
(TIII1®) 1 cBalHO-TUIUTHOTO (YHIAMEHTY 3 OONPECYBaHHSAM OCHOBH B KOHTAKTHOMY
mapi.

Metoro nabopaTOpHUX JAOCIHIKEHb Oyjla OIlliHKAa BIUIMBY HAJIUIIKOBOTO THUCKY
ONpEeCyBaHHA Ha JAe(pOpPMYBaHHS TPYHTOBOTO MacHBY MpU BHUBYEHHI OCOOJIUBOCTEU
B3aemoii mozemi [1I11d 3 ocHoBo}O.

3aB/aHHs JOCIIIKEHHS:

* [IpoBenenHs BunpoOyBaHb MoJiele (PyHIAaMEHTIB Ha TJIMHUCTOMY OCHOBI B yMOBax
CTaTUYHOTO HAaBAHTAKCHHSI.

* JlocniipkeHHs XapaKkTepy MOIUPEHHS 130101e# nedopmarliiii B MacuBi TPYHTY.

* Businenns oco0nauBocTeil n1eopMyBaHHS IPYHTOBOI OCHOBH B 3aJI€KHOCTI BiJl THUITY
Mojeni yHIaMEeHTY.

Jlst mpoBenieHHs 1a00paTOPHUX EKCIIEPUMEHTIB OYJI0 BUKOPUCTAHO TaKe 00JIaTHAHHS:
1. 6-ITAT - (I'OCT 151550-69) [35] npu3HadeHHA AJII BUMIPIOBAHHS TEPEMIIICHb.
BuxopuctoByBaBcs 171 BU3HAUCHHS OCIJIaHHS MOJIeNel (PyHIaMeHTIB.

2. TEPEM-4.1 - yHiBepcalbHMil  OaraTokaHaJdbHUW  BUMIPHUK-PEECTPATOP.
BukopucToByBaBcs /171 BU3HAUEHHS OC1JIaHHS MOJesel pyHIaMEeHTIB.

3. IIU®POBUN DOOTOAIIAPAT - BukopucroByioun MeTox Qotodikcanii, Gyiu
3adikcoBaHl Aedopmallii IPYHTY MpU PI3HUX MOJENAX (YHIAMEHTIB 3 J0AaTKOM
CTAaTUYHUM HABaHTAKCHHSIM.

4. ITMHAMOMETP (JIMH-1) - npu3HadeHuit 1jiss BUMIPIOBaHHS Ta pEECTpaIIii

CTaTUYHOI CHJIM. 3aCTOCOBYBABCSI KOHTPOJIIO HABAHTAXKEHHS MOJIeeil (PyH/1aMEHTIB.
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2.2. Meroauka npoBeeHHSI J0CTiIKEHb Yy JJa0OpaTOPHUX yMOBaX

[Ipu mocmimkeHHi B3aemofli mojaened (yHIAMEHTIB Ha OCHOBI, CKJIaJICHOMY
NUIYBAaTO-TJIMHUCTUM TIPYHTOM Y JIaDOpaTOpHUX YyMOBaX, 3aCTOCOBaHUM CIroci0
OE3KOHTAKTHOTO CIOCTEPEKECHHA 3a (PIKCOBAaHMMH TOYKaMH B IPYHTI, 3aCHOBAaHOMY Ha
MeToal (OoTOrpaMMeTpii, MO0 T03BOJISE OIIHUTH MEPEMIIIEHHS TOYOK IPYHTY MpHU
CIIPUMHSATTI OCHOBOIO CTATUYHUX HABAHTAKEHb.
Y pob6orax O.B. Ammxwmin [3], I'.I. bommupesa [11], FO.B. 3azym [40], P.B.
MenbsuaukoBa [53], S.A. Ilpono3una [70] npu mpoBeeHHI JJabOpaTOPHUX JOCIIKEHb
cuHTEe3yBaBcsl crocid ¢dotodikcamii Ta Qororpammerpii Oyma goBeaeHA HOTO
e(EeKTUBHICTh 1A JOCIIKEHHS B3aeMOJli Mojened (yHAAMEHTIB 13 IPYHTOBOIO
OCHOBOIO.
BunpoOyBaHHs BUKOHYB&JIM B EKCHEPUMEHTAIbHOMY JIOTKY (pucyHok 2.1, 2.2).
HaBaHTa)keHHs CTBOPEHO 3a JIOIIOMOIO0 BaXKeJsl, 10 301IbIINIO0 HAaBaHTaXXEHHS B 4,2
pasu. Jlig  BCTaHOBJEHHS  BHUMIPIOBAJBHOTO  OOJNaJHAHHS, OCBITJIEHHS  Ta

dboTtorpadyBanHs nepeadayeHO TPU MEXAHIZMHU - HE3AJICKHI PAMU.
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Pucynok 2.1. Cxema excriepuMeHTaIbHO1 yCTAaHOBKH.
1 - poGounii 1OTOK; 2 - MJIOCKA MpO30pa CTIHKA; 3 - MPUCTPIM Nepeaaydl HaBaHTAXKEHHS

Ha 1ITaMi; 4 - BaX1Jb; 5 - 10JJaTKOBE HaBICHE 00JIaJHAHHS.
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Moneni BurotoBisuidcs y Macmradi 1:20 1o peanbHuUX Po3MipiB KOHCTPYKTHBHHX

€JIEMEHTIB TUNIOBHX OyAiBenb (puc. 2.2).

Pucynoxk 2.2. 30BHIIIHIM BUNIS €KCTIEPUMEHTAIBHOT YCTAaHOBKU

[Ticns ymimpHEHHS TPYHTY MJIsS CITKOBOTO PO3MOJAUTY MapoK Ipo3opa OidHa
CTIHKa JeMOHTyBajacs. 3a JOMOMOTol0 mabioHy wapku ($2mMM, L = 10Mm)
BIIPOBAJKYBAJIUCS B IPYHT 110 CiTILi 3 ocepenkoM 20x20mm. [licnst BCTaHOBIIEHHS MapoOK
Ha TIPO30PYy CTIHKY OyB MOMIIICHHWM IIap CHIIKOHOBOTO MAaCTHJIA, MICIS YOTO CTiHKA
OyJa BCTaHOBJICHA B MIPOEKTHE MOJIOKEHHS. Y KJIalaHHs IPYHTOBOI ACTH BUKOHYBAJIOCh
mrapamu He Ouibine 100 MM 3 pydyHUM yHiiibHEHHSAM. D13MKO-MEXaHI4HI BIACTUBOCTI
IPYHTOBOI TACTH BU3HAYAIUCSA JJISI KOKHOTO €KCIIEPUMEHTY OKPEMO, 1 BU3HAYATIHUCS 10
HOro No4aTkKy.

Po6otu npoBoaumucs 13 3a3/1a€riib MAr0TOBIEHOIO IPYHTOBOIO MACTOI0 Y BUTIISII
M'SIKOTIIACTUYHOTO CYTJIIMHKY, XapaKTePUCTHKH SIKOTO MOoKa3aHi B Tadmwumi 2.1.

Tabmung 2.1. @i3uKo-MexaH1uH1 XapaKTEPUCTUKH IPYHTIB Y JIOTKY
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[Ticas miaroToBYMX poOIT BUKOHYBAJIOCS CTAaTUYHE HABAHTAXKCHHS MOJENEH, 110

npoBoauThes BianosiaHo g0 JCTY 20276-99 [3].
HaBaHTa)keHHS TEHEpPYBAJIOCS Yepe3 BaXIIbHY CHCTEMY. 3a YMOB BiJHOCHOI
ctabimzarii gedopmariiii yciM erarmax HaBaHTKECHHS PUAMAIIOCS HE O1IbIIIe 3HAYCHHS
BEJIMYMHU PO3BUTKY IIBHJAKOCTI ocimanHsa piBHe 0,1 MM 3a OCTaHHI YOTHPHU TOIUHH
Nepioay JOCTIHKEHHS.

Monens oguHo4yHOi mami. Dikcaiis BEIMYMHU 3aHYpEHHS Talll IPU MEBHOMY
HABAHTAXKEHHI MPOBOIMIIACSA 32 CIEI1aJbHO HAHECEHUMU PU3UKaMH Ha CTOBOYpi1 madi. 3
MOJIOBUHHU KPYTJIOTO JEPEB'STHOrO €JIeMEHTa BUKOHYBAJacsi MOJIENb Majl JTOBXHHOIO
0,25 M (pucyHok 2.3). 3arajgbHe HaBaHTaXEHHS JJI1 OJMHOYHOI Mayl cKiaganocs 3 9
cryneniB. [lepmmii crymine HaBanTaxeHHs 0,04 xH (4 xr). Takum uuHOM, mMicis
JIEB'ATOTO CTYIICHS HABAaHTAXKEHHS 3arajbHe HABaHTAXXCHHS Ha MoJeib (DyHIaMEHTY

cknaino 0,36 kH (36 kr) (auB. po3min 2.4, pucyHok 2.4).

2.3. AHaxi3 pe3yabTaTiB BUNPOOYBaHb Moje/ieil J0CIiAKYBaHOI cCHUCTeMH
JIa0OpaTOPHUX YMOB

3a pe3yibTaTaMu €KCHEPUMEHTAJbHUX JOCIIKeHb MMO0YJA0BaHO 3aJICKHICTh
«HABaHTAXXEHHS-OCIJIaHb» (PUCYHOK 2.4).

OcimanHs omuHO4yHOT maimi 025 MM 3pocTae mpsMO HABAaHTAKCHHS, IO
NPOMOPIINAHO TpuKiIagaerbess A0 crynens, komu N=0,32 xH. Ilpu N=0,36 &H
Bi/I0yBa€eThCs "3puB mami".

Jlo TpeTrboro cTymeHs HaBaHTaxeHHs nedopmarii moneneil muutu 1 [

PO3BUBAIOTHCA JIHIAHO. Y Mpolieci HaBaHTaXeHHs (yHAAMEHTIB, 10 HABAHTAKEHHS

N=5kH (Pcp=55 «lIla), nedopmarii ocHoBu wmogaeneir [ Tta IIMID 3
OTPEeCyBaHHSAM OJHAKOBI.

[Ipotiec ompecyBaHHs OCHOBU B JIAOOPATOPHUX yMOBAaX MOJEIIOBABCS IUIIXOM
HarHITaHHS TIOBITPS B TEPMETUYHY Kamepy, pO3TAllOBaHy MK MajasiMu. 3TiAHO 3
MJIAaHOM EKCIEPUMEHTY, BETWYMHA THCKY OMPECYyBaHHS, IO BUKOHYETHCS MICHS 5-TO

CTyIEHSl HaBaHTaXKeHHs, craHoBwiIa Po, = 45 klla. Ilpm BmauB TUCKY Porp
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criocTepirajiocss JOYIIUIbHEHHST IpyHTOBOi mactTu Ha ocHoBi IIIID, mpu 1mpomy

30uIBIIeHHS AedopMaliiit Mojeni pyHIaMeHTy He 3aikcoBaHO.
[Ipu momanpiioMy HaBaHTaXeHH1 QyHAaMEHTIB Aedopmarliii ocHoBu moaeni [1T1dD

3 OIpeCcyBaHHAM 3HAUHO 3MEHIIMIINCS B MOPiBHAHHI 3 Monesuto [1T1D Ge3 onpecyBaHHs
(pucynok 2.3). Hampukmnaa, Ha HacTymHIM CTajli HaBaHTaKEHHS, IIPU HaBaHTaKCHHI
N=8kH (88 klla), makcumanwsui moBHi nedopmarnii mozemni IO 3 obmpecyBanHsIM
(s=11mm) mo 1,3 paziB menme wmoxpem I[IIId — 23,3 mMm, mus momem I[IIID 3
obnpecyBanHsM — 14,7Mwm [3].

HasanTaxeHHA N, kH (N/A=p_, xlla)

0 2(22) 4(44) 6(66) 8(88) 10(111) 12(133)
0.0

55klla

Onpecysana P, ,m_n:"rj klla

10.0

20.0

QcinarHR  (vm)

30.0 f

=] - [Jami &2 - [TasrHuer yndawenm
3 - ClID ez ONpecyBaHHA a4 - ClIh 3 oripecyBaHHAM

Pucynok 2.3. 3anexHicTb oOcCiJaHHA Mojened (yHAaMEeHTy BiA  BEJIUYHUHU
BEPTUKAJIBHOTO TUCKY JUIS JOCIIKYBaHUX (YH/IaMEHTIB

Takum unHOM, KiHIEBe ocimanHs mojeni [P 3 onpecoByBaHHSI BUSBUIOCS B
1,37 paziB menmie gedopmaitiit mogeni [I1D. Januii mo3uTuBHUM e()EKT MOSICHIOETHCS

VIIUIBHEHHSIM TPYHTOBOI MACTH MPH BILJIUBI OCHOBU ONPECYBaHHS.
Bennunna Py, nocsrae no 0,4 P, (cepeqHboro TUCKy Ha OCHOBY B JIOTKY), IPU LIbOMY

kinneBe ociganas moxem IIIID B 1,37 pasziB Oiabimne ocimanHs moxeni [INID 3

ONpecyBaHHSM (PUCYHOK 2.4).
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Pucynoxk 2.4. ®0oT0 OCHOBU IUIMTHO-

byHIaMeHTy
HaBaHTaxeHHI N=10xH (P,,=111 kIIa)

I1aJICBOT'O IIpu

Yy XOI[i CKCIICPUMCHTY BH3HA4YaJINCA:

TOPU30HTAJIBHI  TIEPEMIIICHHS

u(z,x)=\v(x)2+w(z)2.

MapoK

30unbieHHss  AedopMaliiii  Mapok  Ha

Pucynok 2.5 ®oTO OCHOBH IIJIUTHO-
MMAJIOBOTO byHIaMeHTy 3
OIIPECOBYBAHHSIM HaBaHTaXEHHI

N=10xH (P,,=111 kIla)

npu

BEPTUKAJIbHI TepeMillleHHsT Mapok w(z);

v(x); TOBHI  TEpeMilllcHHS  MapoK

KOXXHOMY  eTari

00YHMCITIOBAJIACS K piBHHHﬂ BI/IXi)_'[HOI"O IIOJOXXCHHS Ta ITOJIOKCHHA 3a I[e(bOpMOBaHOIO

CXEMOIO0.
) -

-1007
-200-
-300,
-4 004

-500-

-600+

L N

------------------------

-800

100,
-200" "

300 L1
400
-500;,
600 .

=700+

mm_3b0 -Z60 -0 o 1o Zoo 300 -a00
Pucynok 2.7 Cxema yCTaHOBKH MapoK Pucynok 2.8  JlepopmoBana  cxema
postamryBaHHs Mapok 1npu  N=10xH
(Pcp=111 «Ila) pans TUIMTHO-TIAJIOBOTO
byHIamMeHTy
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it koxHOTro cryneHs HaBaHTaxeHHs mozesneu [II1D ta [1TID 3 onpecyBaHHIM

3ah1KCOBAHO MPUOIM3HO OJTHAKOBHM SIKICHUH XapakTep AehopMyBaHHS.

3a pesynpTaTaMud OOpOOKM JAaHWUX OTPUMAaHI 130JIHII IIyKaHuX Jedopmariiit

ocHoBH Mozenen ais mojenei [TI1D Ta TP 3 onpecyBaHHAM 1151 CTYIIEHIB TIPH
N=5kH (Py=55 klla) (pucynok 2.9), N=8 xkH (P,=88 xlla) (pucynok 2.9) u

N=10xH (Ps=111 kIla) (pucynok 2.9).
s moneneii [II1D no onpecoByBaHHS OCHOBH, ITPH i1 HaBaHTakeHHsT N=5kH

(P,=55kI1a) (pucyHok 2.9 a), 3adikcoBaHO MaKCUMaJIbHI 3HAYEHHS HOr0 BEpTUKAJIBHUX

nedopmariit w (z )=8mM, TrOUHA MMOMTUPEHHSI OCiTaHb cTaHoBmiIa 70 1B (B — mmpuna

(byHIaMEHTY).
N=5 xH (p_=55 x[la)
S5=8 MM )’”‘%j MM
0
-100—
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200 Vi
s
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< o
S 2 ®
£ -300- 0
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-400—|
S, wiz), CTID Ges onpecconxu 5, w(z)), CND ¢ onpeccobkoii
-500 ‘ ‘ 1 T
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CTAHOBUTH /MM.

N=5 «H (p =55 Ila)

=8 MM

S=8.3 MM
J 5 Do m458TT0

-100—
o
1
200 v
5 o i
: {
. 300 2 %
= 0
z
400 —
8, '(w(z)), CId Be3 oupecconkn 5, fw(z)), CIID ¢ anpecconkolt
0 T T T
-300 200 100 0 100 200
M

N=5 kH (p =55 kIla)

5=8 MM

§=8.3 My

Poy=4$xlla

300

Pucynok 2.9. [3omiHii nepeMiiiens a0 onpecyBanHs npu N=5kH (Pcp=55 klIla) a -
BEPTHUKAJIBHI W (Z ), 6 - TOPU30HTANIBHI v (X ), B - IOBHI U (Z ,)
Hust moneni IIID micns onpecyBaHHST OCHOBH, Mpu Ail HaBaHTakeHHs N=5kH
(Pep=55kI1a) (pucynok 2.10a), 3adikcoBaHO MaKCUMaJIbHI 3HAYEHHS HOT0 BEPTUKAIbHUX
nedopmMartiiii y 30H1 BIUIMBY omnpecyBaHHA W (Z )=12MM (mirOUHA MOMIUPEHHS OCIJaHHS

ckiana o 1 mupuna gynnamenty). Ociganua moneni [TI1D 3anumimBcs HE3MIHHUM 1

0 >X
=100
-200— »
2. -300 z
o 0
z
400 —
S, fwiz)), CTID Ges oupecconsn S, (wz)), CTID ¢ onpecconkolt
=500 T T
-300 -200 -100 0 100 200 300
a)
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N=5 kH (p,=55 xIla)
S=8 mm S=8.3 MM

., ~45xa

-200—

(mst)

-300 —

400 |

50— - 1 |
-300 -200 -100 0 100 200 300

N=5 xH (p_=55 xIla)
8 am 8.3

-300—

400

Pucynok 2.10 [3ononst nedopmarriii micast onpecyBanus (N=5«kH (Pcp=55 kIla)):

a — BEpTUKaJbHbIE W (Z ), 0 — TOPU3OHTAJIbHBIC V (X ), B — MOJHBIE U (Z ,)

TakuM 4YMHOM, NPU TPOBEIECHHI ONPECYBAHHS BiJOYBA€THCS OYLIIJIBHEHHS
OCHOBH, MIABUIICHHS AedOpMallliHUX XapAaKTEPUCTUK Ta 3MIHIOETbCS HANPYXKEHUN

CTaH B OCHOBi, Mo Mmpu nogajJlbIoMy HaBaHTaKEHHI MNPU3BOAWUTHL N0 3HHKCHHIA

CTHCIIMBOCTI OCHOBH.
JI71st OIIIHKM 3MIHM CTUCJIMBOCTI MPHU ONpPEeCcyBaHH1 OyiIM BUKOHAaHI JIA0OPATOPHI

BUIIPOOYBaHHS IPYHTY Npu BepTukaibHoMy Tucky 50 klIla, 100 kI1a, 200 xIla ta 400
klla y npuianl kommpeciiiHoro ctucHeHHs. Ilicns mpoBeneHHS BUIPOOYyBaHHS

OTPUMAHO 3aJISKHOCTI Koe(]iIlieHTa TOPUCTOCTI Bl BEPTUKAIHHOTO TUCKY.
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Pucynok 2.11. I'padik 3MiHu KoedilieHTa MOPUCTOCTI BiJl 30BHIIIHHOTO TUCKY e=f (D)

[Ticast HarHiTaHHS MOBITPS B TYMOBY KaMmepy, IIO PO3IIUPIOETHCS, IMiJl THCKOM
Ponp=45 «xlIla, koedilieHT MOPUCTOCTI B aKTUBHIA 30HI OCHOBU 3MEHIIWBCS, MOMIYJIb
nedopmaiiii 3011bIHMBCS B cepeHboMy 10 50%.

s mogeni IO npu aii HaBanTaxkenHst N=8kH (pcp=88klla) (pucyHnox 2.12a),
3a()IKCOBAHO MaKCHMMaJibHI 3HAUYE€HHS HMOro BepTUKaIbHUX Jedopmauniii w (z )=16,5MmM,
0 PO3BUBAIOTHCA MiJ POCTBEPKOM, MIMOWHA MOIIUPEHHS OCiJlaHb ckiana g0 1,4B
mupuHa PyHAAMEHTY).

Hust moneni IITID 3 ompecoByBaHHSM OCHOBU mpu 1ii HaBaHTaxeHHs N=8xH
(pcp=88klla) (pucynox 2.12a), makcuMalibHI BEpPTHKaJbHI jAedopMallii CKIaau
w (z )=13mM. 3a3Hadeni aedopmanli 3adiKcoBaHl MiJ LIEHTPOM T'yMOBOi KaMepu Ta
OMpeCcyBaHHs, IMTMOMHA PO3MOBCIOIXKEHHSI OCilaHb ckiana 1o 1,2B.

Ha migcrasi rpadiunoro anamsy 3sicoBaHo, 110 1uionia aedopmarriii Ha mizncrasi
rpadiyHOTO aHaMI3y 3SCOBaHO, IO IIONIA JAedopMariiii BETMYMHOK OUIbIIe 3MM IS
moneni IIMI® (Sv 1 ((z))) u momenmi IIID ¢ obmpecyBanHsM cOBKOW Sv 2

(w (z ))paznuuarorcs B pazimuarorcsa Ha 10% (Sv 1 (w(z))=1,1Sv 2 (w (2))).
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N=8 kH (p‘/,=88 klla)
6.5 MM S=11,3 mm
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Pucynok 2.12. 13onons ocinanb (N=8 kH (pcp=88 klIa)):

a — BepTUKaJbHE W (Z ), 0 — ropu3oHTaNbHE V (X ), B— TIOBHE U (Z , X )

['mubuHa 3aTyXxaHHs TOBHUX MEPEMIIIEHb I'PYHTY OCHOBH MIXMAJIBHOTO MPOCTOPY

no o6npecyBanHs npu N=5kH (P,,=55klla) ans mnanboBo-IIMTHOTO (QyHIAMEHTY

nopiBHioe 1,1B (pucyHok 2.13), 11t 1aap0BO-TUIMTHOTO (PyHIAMEHTY 3 00TIpeCcyBaHHSIM
1,1B. Ilicnsa HarHiTaHHS TOBITPS B MPOTOHOBOI YaCTWHU MPH TUCKY OOMpPECyBaHHSI
porip=45klla muluHa 3aTyXaHHs MOBHHUX MEPEMIIICHb IPYHTY MIKMAIBHOTO MPOCTOPY

JUJIS1 TIAJTbOBO-TUITMTHOTO (hyHIAAMEHTY 3 OlpecyBaHHsSIM cTtaHoBmia 1,2B (puc. 2.14).
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Pucynoxk 2.13. Emtopa BepTHUKaIbHUX MEPEMIIIIEHb IPYHTY

MDKIAJIBHOTO npocTopy 10 obnpecyBanHs npu N =5 kH (Pcp = 55kI1a)
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Pucynoxk 2.14. Emtopa BepTUKaIbHUX MEPEMIIIEHb IPYHTY
MDKIAJIBLHOTO pocTopy micis onpecyBanss npu N = 5 kH (Pcp = 55kI1a)

I'muOuHa 3racaHHs NOBHUX NEPEMINIEHb IPYHTOBOI OCHOBU MIKIAJIBHOTO
npoctopy npu N=8 kH (pcp=88 klla) mis manboBO-MIUTHOTO (YHIAMEHTY JOPIBHIOE
1,4B (pucyHnok 2.15), 115 nanboBO-IIMTHOTO PyHAAMEHTY 3 onpecyBaHHsIM 1,2B.

TaxkuM YMHOM BUBYEHHS 0COOJIMBOCTEN B3a€MOI1i KOMOIHOBAHUX I1aJILOBO-
mwmTHUX pyHaamenTiB (ITI1D) 3 onpecyBaHHSIM IpyHTOBOT OCHOBH Ha MOJEIISIX
JTIO3BOJIMJIO OLIHUTH MMO3UTUBHUI BIUIMB ONPECYBAHHS KOHTAKTHOTO IIapy I'PYHTOBOI
OCHOBH Ha 1oro neopMyBaHHs IPU MOJANBIIOMY HaBAaHTAKEHHI.

3sicoBaHO, 110 U1 MaJOMacIITaOHUX MoJieel (pyHIaMeHTIB 3aCTOCYBaHHS

o0npecyBaHHS BEJTMUYUHOIO J10 Ponp=0,4 Pcep LO3BOJISE 320€3MEUNTH 3HUKECHHS
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KiHIeBoro ocigands moaeni [I1d 3 onpecoByBanHsIM 10 1,4 pa3iB y HOpiBHSHHI 3
monesuto [1T1® 6e3 onpecyBaHHS.

BusiBieHo, 1o miciist BIUTMBY OMPECYBaHHS HA TPYHTOBY OCHOBY B IPOTOHOBIHM
yacTuH1 (yHIaMEHTY MOIY/h AedopMallii B aKTUBHINA 30H1 OCHOBH 301JIBIIINBCS B
cepenabomy 110 50%. ITicas ompecyBaHHS MOBEPXHI OCHOBU 30UTBITIEHHS JAehOpMaIriin
mogaeni [IT1®D 3uau3unocs 10 2-x pasiB y MopiBHSAHHI 3 ocaakoro mozaeni II1D 6e3
OTIPECYBaHHS JI0 3aTAJIbHOTO IPUPOCTY HABAHTAXKCHHSI, 10 BiJMOBIAA€ BEITUYNHI
OTIPECyBaHHS.

351COBaHO, 110 3aCTOCYBaHHS ONPECYBaHHS OCHOBH B paMKax JJaOOpaTOPHUX
JOCITIPKEHb JO3BOJIMJIO IPY MTOBHOMY HABaHTAKEHHI, 110 MTEPEIAE€THCS, SHU3UTH
IMOUHY CTUCKaHO1 ToBIIi 710 23%.

Jlist mogem ITI® npu tucky Ha ocHoBy pep=111klla 3adpikcoBaHo MakcHuMalbHi
3HAYEHHS MOro BEpTUKAIBbHUX AedopManiid w (z )=23,3MM, 10 PO3BUBAIOTHCS Mij
pocTtBepkoM. [ TnOuHa nommpenHs ocaj craHoBuia 10 1,7B (B — mmpuna
(byHIIaMEHTY).

Jst mopeni TITID 3 onpecoByBaHHSIM OCHOBU TIPH [T1i TOBHOTO HABAaHTAKCHHS
MaKCHUMaJlbHI BepTUKaIbHI qedopmarlii ckianu w (z )=14,7mM. 3a3nadeHi nedopmariii
3adikcoBaH1 Mij] IIECHTPOM TYMOBOT KaMepH Ta orpecyBaHHs. [ TuOMHA MOMUpPEHHS 0Ccal
cra"HoBmia so 1,3B.

JloBeneHo, 1m0 mpu 301IbIIEHHI HaBaHTaXeHb Ha (yHIAMEHTH, HANpPUKIIA] B
yMOBax PEKOHCTPYKIlli, a TaKoX IIPH HEJOCTAaTHIM HECydidl 3MaTHOCTI Maib, 5K
e(eKTHBHE I1HXKEHEPHE PIIICHHS MO)Ke OyTHM 3acCTOCOBaHAa TEXHOJIOTIS NepeOynoBH
CTPIYKOBUX MalbOBUX (yHAAMEHTIB B KOMOIHOBAaHMW 3 BUKOHAHHSM OIPECYyBaHHS
OCHOBH.

OueBHIHO, 10 OTPUMAHI Ha MOJEJAX PE3YJbTaTH JOCTIIHKEHb MalOTh SKICHUN
XapakTep JUIA BUBYEHHS 3aKOHOMIPHOCTEH B3aeMomii peanbHUX (QyHIAMEHTIB 13
IpyHTOBUMHU oOcCHOBaMH. OpjHak e(EeKTUBHICTH 3alpOTIOHOBAHOTO METOMdY, IO
MIATBEpAUIAcS Yy HOBOMY OyIIBHMIITBI Ta Ha MPEIACTABICHUX  MOJEIbHUX
EKCTIEpPUMEHTAX, OYEeBUIHA JUII YMOB PEKOHCTPYKIli Ta BHUMAarae IMPOBEICHHS

nogaJibinx, y TOMy YHCII TCOPECTUUHUX I[OCJ'Ii,Z[)KeHB.

Apkyw

KMP 208 113 .

3 | Mucm | NP dokym lonuc | dama




PO311JI 3

3. JlocaigkeHHs: B3aeMoAil KOMOIHOBAHOI CHCTeMH MiJCHJIEHHSI NMAJIbOBHX
(pyHI1aMEHTIB 3 TPYHTOBOK) OCHOBOIO HA OCHOBi PO3PaXyHKOBOI0 MO/IEJTI0BAHHS

3.1. Po3paxyHkoBa B3a€MO[isi CHCTeMHM NOCHJEHHS CTPIYKOBHMX MNaJbOBHUX
(pyHpameHTiB

Y  TperboMy pO3AUTL  PO3MISAAETHCS PO3PAXyHKOBA B3AEMOJII  CHUCTEMHU
MOCHUJICHHS CTPIUYKOBUX ManboBuX (pyHnamenTiB (gani —CIID) musaxom ix nepedyaoBu B
KOMOIHOBAaHUW 3 OINpEeCcyBaHHSM Ta ILIEMEHTaIllel0 OCHOBU. HaBeaeHo pesynbTaTu
aHAIITUYHUX PO3PaxyHKIB Ta YUCEIHHOTO MOJEIIOBAHHS, BUKOHAHO KUIBKICHUM aHami3
BILIMBY cuctemu nocuwieHHs Ha HJIC rpyHTOBOrO Macusy.

VY aHami3oBaHOI CHCTEMI IMOCHJICHHS OOOJIOHKA MICIS TBEPAIHHS PO3YMHY, IO
HArHITa€ThCs, 30UIBIIYE CBIM Tepepi3 1 SIK HACIIJOK, MEBHOI MIPOIO 3THHANIbHY
*KopcTkicTh. Ilpu ompecyBaHHi, TOOTO Har"HiTaHHI PO3YMHY MDK OOOJIOHKOIO 1
KPUBOJIIHINHOIO TIPYHTOBOIO OCHOBOIO, CTBOPIOETHCSI IOINEPEIHS  HaNpy>KEHHs
pPO3TATYBaHHS B OOOJIOHIN 1 BIAOYBA€THCS AOYIIIJIBHEHHS Ta MOMNEPEIHs HANPYXEHHS
IPYHTOBOi OCHOBM B AaKTHBHOMY IIapi MIXK pOCTBEpKamMu. Y IbOMY PO3JILIL
JOCHIIKYIOTBCS MUTaHHS KUIBKICHOI OLIHKKM ompecoByBaHHsA 3MiHy HJIC rpyHTOBOI
OCHOBH Ta HECYYOi 3IaTHOCTI MaJb.

[Ipu 1iHekIii TPYHTOBOi OCHOBU TiAPOPO3PUBAMH, TaKOXK BiTOYBAETHCS
JOYIIIJIbHEHHS TPYHTIB 1 (hOpMYyBaHHS B TPYHTOBOMY MACHBI JIOAATKOBOTO (HaBEIEHOTO)
HaAIPY>XEHOTO CTaHy, AKe 3MiHIO€ AedopMalliiiHi BIACTMBOCTI MAacHBY 1 BIIUBa€E Ha
37IaTHICTh MaJb, IO HECE, 110 TAKOXK € MPEAMETOM JOCIIKEHHS TAHOTO PO3/ILITY.

3aBIaHHSAM aHANITHYHUX PO3PAaxyHKIB Ta YHCEIBHOTO MOJICTIOBAHHS €
BU3HAUEHHS BIUIMBY TMIPOILIECY ONPECYBaHHS Ta 1H'€KTyBaHHS TPYHTOBOI OCHOBH
TiIpOpPO3pHMBAMH Ha B3a€MOII0 KOMOIHOBAaHUX CTPIYKOBUX MajJbOBUX (PYHIAMEHTIB 13
IPYHTOBOIO OCHOBOIO, 3 YpaxXyBaHHIM TE€XHOJIOT1] BUKOHAHHS POOIT.

Bubip 06e1Hyr0401 KOHCTPYKIIT 1711 pOCTBEPKIB.

Hacwroromni po3po0OiieHo 0e3mid  pi3HUX CIOCO0IB TMOCHJICHHS MMaJIbOBUX
dbynnamentiB [9, 19]. [eaki 3 mux crnocoOiB mependadaroTh MmepedyqoBy MaTbOBUX

byHnaMeHTiB 'y KomOiHOBaHi ¢yHnameHnTd [6, 19]. Takox icHYIOTH crnocodu
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nepedyloBH  CTPIUKOBUX  (GyHJAAMEHTIB JpIOHOrO 3akiajaHHA B  CYIUIBHI 3
OTpeCyBaHHSAM TPYHTOBOI OCHOBHU [15]. 3actocyBaHHs pileHb, IO MependadaroTh
nepedy/loBy TMajlbOBUX CTPIYKOBUX (PYHJIAMEHTIB y KOMOIHOBaHI 3 TIONEpPEeAHIM
HaMpy>KEHHSM TPYHTIB OCHOBH, [IUISIXOM OIPECYBaHHSA, MAaTUMYTh PsJl IIEPEBar, a came:

- VIIUIBHEHHS TPYHTY Y BEpXHIH (aKTUBHIIT) 30H1 i POCTBEPKOM;

- BKJIIOYCHHS CKJIQJOBHX CHCTEMH IMOCUJIEHHS B POOOTY 3 OCHOBOIO 0O€3 301IbIIECHHS
nedopmariiii Ta HAaBaHTaKCHHSI,

- MMOKpAIIEHHs MILHICHUX Ta JAedOopMalliifHUX BIACTUBOCTEH IPyHTOBOIO MaCHUBY;

- MIJBUIICHHS HECYYOi 37aTHOCTI MaJlb 32 PaXyHOK J0AaTKOBOTO O1YHOTO OOTHCHEHHS.
VY BuUIISAl NPOrOHOBOI KOHCTPYKLII MOXKE po3DIsiAaTuca IuiMuTa abo 0O0OJIOHKA.
[lepeBaramu 1uIMTHOrO (yHIAMEHTY SK IPOTOHOBOI KOHCTPYKLIi €: HanOiIbLIa
JIOBIOBIYHICTh C€pell YCIX BUAIB (DYH/IaMEHTIB, ii €KCILTyaTallliHUI pecypc MepeBUILYE
150 pokiB; BUCOKA TEXHOJOTIYHICTh BHKOHAHHS OETOHHUX POOIT; TOCUTH BHCOKA
YKOPCTKICTh T 4ac pOOOTHM Ha 3TUH; BUKOHAHHS pOJII TOPU3OHTAIBHOI IMiJIJIOTH;
MOXJIMBICTh OOJIAIITYBAHHS M1BaJTy, 3aXUIIIEHOTO BiJl BILIUBY I'PYHTOBHUX BOJI.

Henonikamu miutHOrO (QyHaaMeHTy €: - Bucoka BapTicTh, BHCOKa BUTpara
MaTepiaiiB: OETOHY Ta apMaTypH; IMiABUILIEHA TPYIOMICTKICTh; HEOOX1JHICTh CYTTEBOTO
BTPYYaHHSI B KOHCTPYKI[IO POCTBEPKIB JUIsl 3a0€3MEUEHHSI CIUIbHOI pOOOTH MIIMTU Ta
POCTBEpKY.

IlepeBaroro 00OJIOHOK €: MiHIMI3allld Baru QyHIaMeHTIB a0 BUTpaT marepiajiB
(6erony mo 70%, crami go 20%) Ha OIMHMINIO HECy4doi 3MIOHOCTI; MiHIMaJIbHE
BTPYYaHHSI Y KOHCTPYKIIIO POCTBEPKIB; IMIJBHUILIEHHS MOIYyIs Jedopmalii MacuBy
IPYHTY 32 paxXyHOK CTBOPEHHSI B HhOMY JOJaTKOBUX TOPU30HTAIBLHUX HATIPYT.

[Tpu 11boMy CITii BUAUTUTH PsiI HEMOMIKIB BIACTUBHX (DyHIaMEHTaM-000JIOHKAM,
OinbIlla YacTHHA 3 SKUX HE € CYTTEBOIO Ta Ma€ 3arajJbHUM XapakTep: NTOCUTh BHCOKa
TPYIOMICTKICTh POOIT Ha OJUHUINIO OOCITY KOHCTPYKIIil; BIJCYTHICTH BCTaHOBIICHUX
HOPM Ta TIPABWJI MPOEKTYBAHHS; Majl OOCSTH MPAaKTUYHOI peasizailii Ha OymdiBHUIITBI
[15].

TakuMm 4nMHOM, 3 PO3IISIHYTHUX BapilaHTIB, 110 3a0€3MeuylOTh PIBHY HAAIMHICTD,

BUXOSYM 3 CyMAapHOTO PO3IVISAY TEXHOJOTTYHMX, KOHCTPYKTUBHHUX Ta €KOHOMIUHUX
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napameTpiB, JOLUIJILHUM BBaXKATH 3aCTOCYBaHHS 000JIOHKOBOI KOHCTPYKIIii [17, 25].

3.2 TexHo10TisA BIAIITYBAHHSA CHCTEMH MiACUJICHHS CTPIYKOBHUX NAJbOBHUX
pynaamenTiB

Y po3poliieHiil cucTeMi TOCUJICHHS BCTAHOBIIOETHCS HACTYIMHUN 3arajlbHUAN
HOPSAZOK MPOBEACHHS poOIT: eTtan 1 — mepeOynoBa ICHYIOUMX CTPIUYKOBUX MalIbOBUX
dbyHIaMEHTIB y CYIIUJIbHI KOMOIHOBaHI1 3 ONPECyBaHHSIM I'PYHTOBOi OCHOBH; €Tam 2 —
MOCHUJICHHS TPYHTOBOI OCHOBH IIEMEHTALII€IO.

[TocnioBHICTH BUKOHAHHS poOiIT. ETar 1.

PosmsiHyTHit y mif po6oTi cnoci® MOCWJIEHHS CTPIYKOBHX (YyHIAMEHTIB, 3
MPUKIIay 000JIOHKOBO1 KOHCTPYKIIii, Iepeadayae HACTYIIHY €TalmHICTh TEXHOJOTTYHUX
orepariiu:

a) BurortoBneHHs cekuiii 30ipHHX nEepPOpPOBAHUX I1H'EKTOPIB I MOJAJIBIIOTO
nemeHTyBaHHsi ocHOBHM (Etam 2). BypiHHS CBEpAJIOBUH B OCHOBI MPOTOHOBUX 30H 3
YCTAaHOBKOIO 1H'€KTOPIB Ta BIAIUTYBAaHHS aHKEPIB y pOCTBEpKax Ui 3'€IHAHHS 3

apMocCiTKaMu 000JOHKH (pUCYHOK 3.1).
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Pucynoxk 3.1. MonTax Tpy0-i1H'€KTOPiB JUIsl BUKOHAHHS [IEMEHTAITi

06) IlmanyBaHHS TpPYHTOBOi OCHOBM 3a KOOpJIMHATaMH MIHEPAIbHUM TPYHTOM:
HaIpuKiIaa, mickoMm, apioHuM medbenem ado III'C i3 yuiiabHEHHSM nJig 30epeKeHHs
3amaHoi KpuBojdiHIAHOT (opmu. [lo crlaHoBaHIM MOBEPXHI OCHOBU YKIIATAETHCS
MeMOpana. Jlani BCTaHOBIIOIOTh MAKepH, SIKI HE MOPYLIYIOTh CYIUIBHICTh MeMOpaHu

(pucyHoK 3.2).
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B) VYkiananHa meOeHeBoro mapy Ha memOpany. llleGeneBuil map mnepexkpuBaEThCS
T1APOI30JIAIIIHHOIO IUTIBKOIO 3 YKJIAJaHHSIM Ha TUTIBKY 3aXHMCHOTO IIapy TOHKOTO OETOHY.
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Pucynok 3.2. IlnanyBaHHsI OCHOBH

OeTOHYBaHHS KOHCTPYKIIII MiJICUIeHHS (pUCyHOK 3.3).
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Pucynok 3.3 BnamTyBaHHSI KOHCTPYKIIIT MiJICUJICHHS B IPOTOHOBINA YaCTHHI1

r) BukonanHs onpecyBaHHsI OCHOBH (PUCYHOK 3.4)
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Pucynok 3.4 BukoHaHHS BKJIIOUEHHS] OCHOBH Y CIUIbHY pOOOTY 13 MiJICUICHUM
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dbyHIaMEHTOM
IlemenTalisi OCHOBM BUKOHYETHCSI BUCXITHUM CIIOCOOOM 32 MaH>KETHOIO TEXHOJIOTIEIO 3
YTBOPEHHSIM y TIPYHTOBOMY MAacCHB1 PI3HOCIPSMOBAHUX T1IPOPO3PUBIB, 3allOBHEHUX
IIEMEHTHUM PO3YMHOM (PUCYHOK 3.5). 3aBmaHHSIM BUKOHAHHS IIEMEHTAIIIl € 3MCHIIICHHS

ne(OopMOBAHOCTI MACHUBY Ta MIABUIIEHHS MIIHOCTI TPYHTY OCHOBH [9, 11, 15]
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Pucynok 3.5 ®parMeHT miJICUIECHHS CTPIUYKOBUX MajieBUX (PYHIaMEHTIB 1epeOyq0BO0 B
KOMOIHOBaHMI 3 0OTIPECYBaHHAM Ta EMEHTAIIIEI0 OCHOBU: | - IPyHTOBa OCHOBA;

2 — icHyMoUl nmaii; 3 - ICHYIOUUl pOCTBEPK; 4 — aHKepH; S - 1H'EKTOPH ISl IPYHTOBOTO

MacHBy; 6 — nmakepu; 7 — mcok; 8§ — npo¢iaboBaHa MeMOpaHna; 9 — me6inp; 10 - ToHKHit
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oetoH; 11 - 3/6 oGononka; 12 - riagpopo3pus; 13 — cTiHU

HarniTanHs po3urMHy B 1H'€KTOPH ANl 3aKpiMUVICHHS TPYHTY Ta YIIIJIbHEHHS

OCHOBH 3JIIMCHIOETHCS BUCXIJTHUM CIIOCOOOM y KiJIbKa €TaIliB.
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PO3I1JI 4

BnumB onpecyBaHHsi Ta HeMeHTauii rpyHToBoro macusy Ha 3miny H/IC
OCHOBHM Ta HECY4Oi 31aTHOCTI NaJii npu nocujieHHi GyHaaMeHTiB

4.1 3mina H/IC ocHOBH Ta HeCy40i 31aTHOCTI naJii

Hageneni y po6oti mutannsa 3minn HJIC ocHOBH poO3MIANAIOTHCS y MPYKHIi
JiHIMHIA ocTaHoBIi. JlaHe mpumyneHHs: 0a3y€eThCs Ha 3arajJbHONPUHHATHX IM1IX01aX,
no-Tepiie: BHACHIAOK HE3HAYHOCTI MPOSBY HENIHIMHUX BIACTUBOCTEH depe3 HEBEJHKI
BIIHOCHI JedopMallii TPYHTIB IMO-APYyre: BCTAHOBJIIOE «BEPXHIO» OIIIHKY 3MIHH
HaMpy>KEHOTO CTaHy OCHOBH, sIKa B YMOBax IMPOSBY TaKHX B3a€MOTIOB'SI3aHUX MPOIECIB
K pelakcamis Ta TOB3y4YIiCTb IE€BHOIO MIPOI 3HWXKYBaTH €(EKT MO0YaTKOBOIO
«HABEJICHOTO» HAMNpPY>KEHOTO CTaHy. 3 JaHUX OTPUMAHUX poOOTax 3HUKEHHS
MOYATKOBUX HampyxkeHb Moxke crtaHoBuTH Big 50 g0 80%, TOOTO 3alUIIKOBI
Hanpy>XeHbM MOXYTb CcTaHOBUTH Bif S50 mo 20% Bijg MOYaTKOBHX, IO HEOOXITHO
BpaxoBYBaTU MPU 1HKEHEPHUX PO3PAXYHKaX.

[Ipu onpecyBaHH1 Ta CTBOPEHHI IIPOPO3PUBIB Y MACUBI IPYHTY 3MIHIOETHCS HOTO

HJC, nani dyHnaMeHTy OOTUCKAIOThCS 3 yCiX OOKIB.

4.2 IlemeHTAaIisl 32 MAH/KETHOKO TEXHOJIOTI€I0

JIJist OIIHKYM 3MIHUA HECY4Oi 3/IaTHOCTI MaJib NMPW HArHITaHHI PO3YMHY TPYHTOBUUN
MacuB (LleMeHTalli) pO3MISHYTO BapiaHT MOCUJIEHHS OCHOBHM T1J KOHCTPYKIIIEO
dbynnamenty. [pyHTOBa OCHOBa Ta KOHCTPYKII (DYHIAMEHTY aHAJOTI4HI PO3PaXyHKY
MPUCTABICHOMY B PO3/1ii 3.

Cxema 10 BH3HAUEHHS JTOJATKOBUX TOPHU3OHTAJIBHUX HAMpy>KEHb MO0 O14HOI

MOBEPXHI MaJjil Mpe/iCTaBleHa Ha PUCYHKY 4.1.
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b,.=0.4-06 Mo

Vo=

D=0 4-0.6 Ma

Pucynok 4.1 Cxema 10 BH3HAa4eHHS AOJATKOBMX TOPU3OHTAJIBHUX HAIPYKEHb

110710 019HOT MOBEPXHI Mai

JUis  OLIHKM BIUIMBY KpOKy mnepdoparii

1H'€EKTOPIB Ta TOBIUMHMU JIIH3

T1IpOPO3PHUBIB HA BEIMYUHY OOTHUCHEHHS Masib OyJIO0 BUKOHAHO aJTOPUTM PO3PaAXYHKY.

Po3paxyHkoBa cxema mpejacTaBiieHa MamroHKy 3.6. OcHoBa IO JOBXKHHI 1H'€KTOpA

po30uTa Ha 1mapu BUCOTOIO h, ne h - BiicTaHb MiX 1H'€KIIIITHUMU OTBOPaMHU.

B pesynbrarti T11popo3puBIiB IPYHTOBOTO MAaCHUBY YTBOPIOETHCA JIIH3a 3aBTOBIITKU

Ah Ha BeMUYUHY SKOi BiJI0yBaeThCs Aedopmariisi e1eMeHTapHOTO MPOIIAPKY.

3Ha4yeHHs BITHOCHOT AeopMallii po3paxoByETHCS 32 TaKOK (POPMYIOLO:

e=Ah/h

Ah - TOBIIMHA JIIH3H T1IPOPO3PUBY B MACUBI IPYHTY, MM,

/27— BUCOTA OUISHKA MM.

Po3moninn 107aTKOBUX TOPU3OHTAIBHUX HAMPYyr MI0oJ0 O14HOT TOBEPXHI Mai

MIPEACTABIECHUNA HA PUCYHKY 4.2
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PucyHnok 4.2 Enropa 10IaTKOBUX FOPU30OHTAIBHUX HAIPYKEHD O
30UIbIIEHHA HECy4Oi 3JaTHOCTI CTaHOBWUIIO cepeaHboMy 35%. BpaxoByroun
OJTHOCTOPOHHIN XapakTep OOTHUCHEHHS KpaHBOTO pPsAy TMalb TiAPOPO3PUBAMH,
NPOTMOHYETHCSI  BPAXOBYBaTW 3MEHIIEHHS e(eKkTy OOTHCHeHHs mojoBuHy. Jlms
PO3IISTHYTOTO BUIAJKY 30UIBIICHHS HECy4ol 3[aTHOCTI Mallb KpPaWHbOIO psay
BiI0y/IeThCs B cepeaHbomy Ha 17,5%.

Takum 4MHOM, MiICYMOBYIOYM BIUIMBHU BiJl ONPECOBYBAaHHS Ta 1H'€KTyBaHHS, B
MPYKHIN MOCTAHOBII 3aBIAaHHS CJiJ] OYIKYBaTH 30UIbIIIEHHS HECY4Oi 34aTHOCTI Majib 3a
paxyHOK JTOAaTKOBOro OiyHOro oO0THCHEHHsS Ha 45-55% B yMoBax CIaOKWX TIMHSHHUX
TPYHTIB.

3anpomnoHOBaHi 3aBIaHHS BUPINTYBAIUCS B TPYXHINA IMMOCTAHOBI 1 pEaJbHHUX
rpyHTax Oyae BUSBISATUCA peJlakcallisi HamnpyKeHb. TakuM YHMHOM, HAa OCHOBI
BUKOHAHOTO PO3PaXyHKOBOTO MOJEITIOBAHHS 3 ypaxXyBaHHIM 30€pEKEHHs 3aJTUIIKOBUX
Hanpy>KeHb, BCTAHOBJIECHO, I1I0 3aCTOCYBAHHs 3alpPOINIOHOBAHOIO METONy IepedynoBU
CTpIYKOBUX (DYHIAMEHTIB MajlbOBUX B KOMOIHOBaHI Moxe 30uibmutd 10 15-20%

HECYyYy 3[1aTHICTb MaJb.
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4.3 YuceabHe HOCTIIKEHH B3a€MOAIl CHCTEMH MOCHJEHHS CTPIYKOBHX
NAJbOBUX (PYHIAMEHTIB 3 OCHOBOI)

UucenpHe MOCHIKEHHS B3aeMOJII TeoTexHIuHOo1 cuctemu nocuiieHHs JICD npu
ix mepebyaoBi B KOMOIHOBaHMM 3 ypaxyBaHHSIM 3MiHH  (hI3MKO-MEXaHIYHHX
XapaKTEPUCTHUK TPYHTIB Ta HECY4Oi 3aTHOCTI Majb, II0 BUKOHAHO B PO3PAXyHKOBOMY
xomriuiekci Plaxis. Bukopucrana ieanbHo-TuIacTuuHa npyxHa mojaens Kynona-Mopa.

Y pamMkax MOJCIIOBaHHS PO3MISHYTO HYOTHPH PO3PAXyHKOBI BHUIAIKH: 1.
MogentoBaHHs B3a€MOJIli TPYHTOBOI OCHOBHU Ta CTPIYKOBOTO (DyHIAAMEHTY MajlbOBOTO
OaraTormoBepxoBOi OyiBIi, 10 Ma€ HaTHOpPMATUBHI ocigaHHs. 2. MogemroBanus HJIC
CUCTEMHU «OCHOBa — (yHAaMEHT» Npu MepedyqoBl B KOMOIHOBaHI (yHIaMEHTH 3
ONpPECYBaHHSAM MpoOroHoBoi 30HU. MonemoBanua HJC cucremu «ocHoBa —
(dyHIaMEeHT» TpH ILEeMEHTalli IPYHTOBOIO MAacHBY 3a NIMOMHOIO 3a MaH>XETHOIO
TEXHOJIOTIE€I0 3 YTBOPEHHSIM TiApopo3puBiB. 4. MojentoBaHHs B3a€MOJli CHUCTEMU
«OCHOBa - (GyHJIaMEHT» TMpU TMepedyIoBl CTPIYKOBUX (YHIAMEHTIB MalbOBUX B
KOMOIHOBaHI 3 ONPECOBYBaHHAM 1 I[IEMEHTAIllEl0 MacuBy OCHOBHU. YwucieHH1
JOCJIJIPKEHHST BUKOHYBAJIUCh JUIsi BU3HAYEHHS jAedopmaiiiii OymiBiai Ha CTPIUKOBUX
NajbOBUX (PYHIAMEHTaX, a TaKOXX KIHIIEBUX OCiJaHb B yMOBaX IiX MOCHJICHHS MpH
OKPEMOMY BHUKOPHUCTAHHI TEXHOJIOTIA OMNpeCyBaHHS Ta IEMEHTalli Ta CHUIHLHOTO
3aCTOCYBaHHS IUX TEXHOJOTIH JUIsi MAaKCMMAaJbHOTO BUKOPHUCTAHHS PE3EPBIB HECYUOI
3JIaTHOCTI Ta KOPCTKOCTI OCHOBH.

Po3piz mo OyxmiBmi mpeacTaBieHuil Ha pucyHKy 4.3. BupimryeTbcsi 3aBaaHHS
mockoi pedopmariii. HaBantaxkenHs Bij OyaiBii 1o ocsix 1 ta 6 cranoButh 375 kH/Mm,

mo ocsax 2-5 cranoButh 600 kH/Mm.

1 2 3 4 5
T | ] —
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Pucynoxk 4.3 KonctpykruBHa cxema mozedi (1...5 - Homepa mpoiabOoTiB)

N

I
—

J{ns MozenroBaHHS IpyHTOBOT OCHOBH MPUMHSTO M'SIKOTUIACTUYHHM CYIJIMHOK 3
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HACTYNMHUMH (P13UKO-MEXaHIYHUMH XapaKTEePUCTUKAMU:

Y sa:=19,5 KH/M3, ¥ unsa:=19,5 kH/M3, E=5MlIlIa, ¢c=10 kH/m2, ¢ =150, v=0,35.

3a0uBHI Tmaji, M0 3HAXOMAThCS B DIMHUCTOMY TPYHTI M'SKOIUIACTUYHOI
KOHCHCTEHIII1, MOJIeTIIOI0ThCA omirieto "Psy 3anypenux nane". [1am neperurom 300x300
MM, JOBKUHOIO 7 M 3 KpokoM 1 M. Tak sik Hecy4a 34aTHICTh €JIeMEHTIB «Psiji 3aHypeHHnX
najab» € BXIJHUM MapamMeTpoM, a HE Pe3ylbTaTOM KiHIEBO-€JIEMEHTHOTO PO3PaxyHKY,
Hecyd4a 3/1aTHICTh nai Bu3HaueHa [3] 1 cranoButh 160,5 kH.

HaazeMH1 KOHCTPYKIIIi KUTIOBOTO OyAMHKY NpeacTaBiieHi eaeMeHToM «llmnTtay
(Plate) 3  TakKUMH  JKOPCTKMMH  XapaKTEPUCTUKAMU: EA=5,600E6xH/Mm,
EI=20,00E3xH*M2/m, v=0,2.

CTpiukoBI POCTBEPKHU MPEACTABICHI KJIACTEPHUM €JIEMEHTOM, pPEalli30BaHUM Y
miHIAHO nipykHiM Moneni (Linear elastic) 13 mpu3HaueHHSM (PI3MUHUX Ta MEXaHIYHHUX
BJIACTUBOCTEH OeToHy kiacy B15 (M200).

OCHOBHOIO (DUIBTPALIIIHOIO XapaKTEPUCTHKOIO IPYHTY, IIO BUKOPUCTOBYETHCS
IIPU YUCEIHLHOMY MOJICNIOBaHHI, € KoedilleHT ¢inbrpalii. BpaxoBytouu Te, 1110 IPyHT €
M'SKOTUTACTHYHUM CYTJIMHKOM 3 HH3bKHUMH (DUIBTpAIliiHAMU XapaKTePUCTHUKAMU, TPHU
NPUKIaJaHH] HABAaHTAXXEHHS B HBOMY BHUHMKAIOTh BHCOKI TIOpOB1 HANpy>KEHHS,
penakcariisi sSIKUX TOB'si3aHa 3 4acoM. TOMy 4YMCENIbHE MOJIETIOBAHHS MPOBOIAUTHCS 3
ypaxyBaHHSIM KOHCOMiJAlii B yMOBax HAJAMIPHOTO MOPOBOro HampyxeHHs. s
SKICHOTO TIPOTHO3Y PO3BUTKY HaIpyKeHO-Ie()OpMOBAHOTO CTaHy Ta 3a BIJCYTHOCTI

HEOOX1THUX XapaKTepUCTUK, KoeDilieHT inbrpanii npuitHatuit 3a ISO 9001.

b 4 b4

v
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Pucynox 4.4. 3aransHuil BUIIIsIT pO3paxyHKOBOI MOJIEI

Pucynoxk 4.5. JIiisHKa po3paxyHKOBOI CXeMH
Po3paxynkoBuii BapianT Nel. 3a pe3ymbraTamu po3paxyHKy BCTAHOBIICHO, IIO
3HAYEHHsI KIHI[EBOI MAaKCHMaJIbHOI OCIJaHHsI PyHAAMEHTY 3a YMOBU cTal1j113al1lli OCHOBH
ctaHoButh 340,8 MM, M0 € BEIWYHHOIO, IO TMEPEBHINYE Maike BABIYI TPaHUYHI
3HaYEHHs, 10 HOpMYIOThCA, 18cMm (pucynok 4.6) [1].

#1023 m]

0.00

40,00

-80.00

-120,00

-160.00

-200.00

-240.00

-280.00

-320.00
Total displacements u, -350.00
= Maximum value = 0,01578 m (Blement 8 at Node: 1688)

Minimum value = -0,3408 m (Element 24 at Node 215)

Pucynox 4.6. [30miHii KiHIIEBUX TIEPEMIIICHh HA MOJCII CTPIYKOBOTO (PyHAAMEHTY

TakuM YMHOM BCTAHOBJIEHO, L0 MPU HEJOCTATHIA HECyYill 34aTHOCTI Majb y
CKJIaJll CTPIYKOBUX MaIbOBUX (PYHIAMEHTIB 3 ypaxyBaHHSIM BKJIFOUCHHS POCTBEPKIB Y
po0OTY, XapakTep OCiAaHHS HOCUTb 3racalouMii Xxapakrep, HOro 3HaYEHHs MOXe 3HAYHO
NEPEeBUILYBAaTH HOPMATUBHI 3HAYEHHs 1 AK HACHIIJIOK MOXXE NMPHU3BECTH 10 1CTOTHOTO
3HUKEHHS ~ eKCIUTyaTaliiiHoi  HamidHOCTI  OymiBiai, O  BIJIMOBHM  HECY4HX
OTOpOKYBaIbHUX KOHCTPYKIIIH.

Po3zpaxynkoBuii BapianT No2. BUKOHY€ETbCSI TOCUJIEHHS! CTPIYKOBOTO (PyHAAMEHTY

MajbOBOrO Moro rmepedylnoBOI0 B KOMOIHOBAaHWNA 3 BHUKOHAHHSIM OOOJIOHKOBHX
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KOHCTPYKIIIH MK cTpiukamu (pucyHok 4.7). 3arajibHUi BHJ PO3PaXyHKOBOI MOJEII

HaBEJICHO Ha PUCYHKY 4.7.

E ’sl]ﬂl:l '&USD ) DUJU f:IJJL'I . ] ¥ ) ﬁﬂfﬂ ) %
_I) (2} (.3) l:gr:l ';5;' (&)

Pucynok 4.7. CxemMa MNOCHJIEHHS CTPIYKOBOrO (PyHAAMEHTY MalbOBOTO MOTO

nepeOyI0BOI0 B KOMOTHOBaHUI

[Tocunenns GpyHAaMEHTHUX KOHCTPYKIIH y YHCENbHIA MOZEINl MPOBOAMIOCS Ha
MoMeHT 4acy piBHui 1000 aHiB ekcrutyaTallii Oy/iBii, Ha IIbOMY €Tarll OCiIaHHs OyaiBiIi
craHoBuia 187 mm (po3paxynkoBuii Bapiant Nel, pucynok 3.12).

[Ipouiec HarHiTaHHS pPO3YUHY i OOOJOHKY (ONMpPECYBaHHS) MOJCIIOBABCS
ctBopeHHsM TucKy 100 kIla mMi>xk 000JIOHKOIO Ta MIMIaHOK KPUBOJIIHIMHOIO OCHOBOIO. Y
PO3paxyHKOBY MOJEIb BBOIWJIUCS 3MiHEHI XapaKTEPUCTHUKHA TPYHTOBOi OCHOBHM Ta
HECy4oi 37aTHOCTI Majib, OTPMMaHI Ha MiJICTaBl JOCIIIKEHb, MPOBEACHUX y 1. 3.2 Ta
naHoi poOotu. KiHleBe po3paxyHKOBE OCIIaHHA (QYHJIaMEHTy Mpu IepedyaoBl
dbyHaMeHTy B KOMOIHOBaHIM Ta OMpPECOBYBaHHI OCHOBU cKjiasio 264,3 MM (pUCYHOK

4.8) 3a ymoBH modarky poOiT 3 mocuieHHs: 1000 nHIB 3 MoYaTKy HaBaHTaKCHHS

(dyHI1aMEHTY.

Fin3m

18.95

-23.16

65.26

-107.37

-145.47

-19L358

-233.68

Total displacements u,, Total displacements u,,

X Maximum value = 0.01578 m (Element 8 at Node 1688) Maximum value = 0.04009 m (Element 7 at Node 871)
Minimum value = -0.3408 m (Element 24 at Node 215) Minimum value = -0.2643 m (Element 26 at Node 239)

Pucynoxk 4.8. [30miHIT KiHIIEBUX MTEPEMIIIEHb 3 BUKOPUCTAHHSIM OTIPECYBaHHs. 31iBa

po3paxyHKoBHM BUIagok Nel Ta nmpaBopyd po3paxyHKOBHM BUITaoK No2
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TakuM YUHOM BCTAHOBJIEHO, IO MiCs nepelynoBu PyHIaMEHTY B KOMOIHOBaHIM

Ta OIPECOBYBAHHI OCHOBH, 3aJHIIKOBa aedopMariis, IK pI3HUL KIHIEBOTO OCady Ta
b

ocimanHs Ha 1000 neHp ekcrulyaramii, 3HM3WiIacsa 3 155MM (11 CTPIYKOBOTO

byHngamenTy) 10 77MM.

Po3zpaxynkoBuii BapianT Ne3. Po3risgaeTbesi ieMEHTAIlisi OCHOBU 32 MaH>KETHOIO

TEXHOJIOTIEI0 3 BIAINTYBAaHHSAM T1Ipopo3puBiB. [IpuiiMaeThCcss KpOK T1APOPO3PHUBIB 11O

mIOWHI 1H'€EKTOPIB JMOpiBHIOE 1M, Ha BCIO MMOMHY manb (7 MeTpiB) 3 yYTBOPEHHSM

OCMCHTHHUX pOBpI/IBiB 3aBTOBIIKH 1cM.

Pesynbsratu MonentoBaHHs Mpoliecy ocimaHHs GyHIAaMEHTY B 4aci 3 ypaxyBaHHSIM

30UIBIICHHST MOAY/S Jieopmallii IPyHTIB OCHOBU Ta 30UIbIIEHHS HECY4Oi 37aTHOCTI

naib (po3ain 3.3) HaBegaeHo Ha pUCYHKY 4.9. "CTtapToBOI0" TOUKOIO MPUHHATUI MOMEHT

yacy piBHuE 1000 qHIB 3 MOMEHTY 3aCTOCYBaHHS HaBaHTa)XCHHS Ha QyHIaMeHT (S =

187mM). Po3Mip KiHIIEBOTO PO3PAXyHKOBOTO OCiaHHs QyHIaMeHTy y pasi ckias 230,4

MM.

Total displacements u,
X Maximum value = 0.01578 m (Element 8 at Node 1688)
Minimum value = -0,3408 m (Element 24 at Node 215)

e

Total displacements uy
Maximum value = 0.04093 m (Element 7 at Node 871)
Minimum value = -0.2304 m (Blement 26 at Node 240)

Pucynok 4.9 [30m1Hi1 KIHLIIEBUX MEPEMIIIEHb IT1]] Yac HEMEHTallii.

[*10 >3 m)
18,95
-23.16

65.26

L

-107.37

-149.47

-191.58

-233.68

-275.79

-317.89

al

JliBopy4 po3paxyHkoBHil BUniagok Nel, mpaBopyd po3paxyHKOBUi BUIaioK Ne3

BcranoBneHno, 10 mpu MOCWJICHHI OCHOBU IIEMEHTAIEI0 32 MaHXETHOIO

TEXHOJIOTI€I0 3 YTBOPEHHSM TiIPOPO3PHUBIB, 3JIMIIKOBA AedopMallis, SK PI3HHUIIL

KiHIIEBOTO ociaHHs Ta ociganHsg Ha 1000 geHb excrutyararlii, 3Hu3uiacs 3 155mm (s

M

/icm
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CTpiYKOBOTO (PyHIAAMEHTY) 10 47MM.

TakuMm yMHOM 4HCeNnbHE MOENIOBAHHA IOKAa3ye, IO B MPOIECI eKCIUTyaTarli
KiHIIeBEe OCiaHHA (YHIAMEHTY 3a BIJICYTHOCTI 3aXOiB IOAO MOCHJICHHS CTaHOBUTH
340,8 MM, nipu niepeOynoBi QpyHIaMEHTYy B KOMOIHOBaHY Ta ONPECOBYBAaHHS I'PYHTOBOI
OCHOBU — 264,3 MM, IIpHU IIEMEHTAallii TPyHTOBOTO MAaCUBY 32 MaH>KETHOIO TEXHOJIOTIEIO 3
YTBOPEHHSAM TiJipopo3puBiB — 230,4 MM, IpH CHUIBHOMY 3aCTOCYBaHHI IepeOy10BU
byHIaMeHTy, HOTO OIIPECOBYBAHHS Ta IIeMEHTAIll OCHOBU — 212, 1MM.

HaBenenuii mpukiag po3paxyHKOBOIO MOJEIIOBaHHS IMOKa3ye, 0 B yMOBaXx,
HAOIMKEHUX JI0 PeabHUX YMOB, HaIPUKJIAI, TIPH peajiaiii YaCTHHU MOBHUX OCIIaHb
Ta iX HaApOCTaHHS B Yaci, mepedyaoBa CTPIYKOBOTO (PYHAAMEHTY MaJlbOBOTO B
KOMOIHOBaHHUM 3 peaizalli€lo pe3epBiB OCHOBHU 32 HECYUOIO 3JJaTHICTIO 1 )KOPCTKICTIO 3a
paxyHOK ONpPECYBAaHHS 1 LEMEHTalli rpyHTiB 3Ha4HO (Jlo 7 1 Ounblue pas3iB) JA03BOJISE
3HM3UTHU BEJIMUMHY HEPEasli30BaHOTO OCigaHHs. 3abe3nedye MOBHI OCIIAHHS Y MeXax

JOMYCTUMHUX 3HAYEHb Ta 30epirae eKCIulyaTalliiHy HaliiHICTh HaI3€MHOT KOHCTPYKIIIi.
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Po3ain 5
OXOPOHA IPALI ITPU BUKOHAHHI POBIT 3 NIJICUJIEHHS

CTPIYKOBUX ®YHIAAMEHTIB
[Ipoutec oOGmnamTyBaHHs (QyHAaMEHTIB OyaiBeNnb Ha MPUPOAHIN OCHOBI Jis
OyIMHKIB MIABUIIEHOI IMOBEPXOBOCTI Iepeadadyae BUKOPUCTAHHS POOOYMX KpECICHb,
BuMor aitounx CHill ta JIBH, TexHONOTIYHHUX KapT, a TaKOX BKAa31BOK 3 BIAIITYBaHHS
(GyHIaMEHTIB Yy JKHTIOBO-IIUBUIBHOMY OYMIBHUIITBI, IO 3IHCHIOETHCS MiAPSIHUMHU
OyniBeIbHUMHU OpraHizaiisMu. [lepenik 3axoaiB 3 Oe3MeKu NP BUKOHAHHI JI0CIIIKEHb
M0 PEKOHCTPYKIIi OymiBenah, MOJEpHi3alii, peHOBaIlli ICHYIOYOTO XHUTIOBOTO (HOHIY

KaniTaJabHOTO PEMOHTY HAaBCACHO B JOJATKAX.
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3ATAJIBHI BUCHOBKH

[Ipu nepebymoBi CTPIUKOBUX NanbOBUX (yHIaMEHTIB y KOMOIHOBaHI 3
OTPECyBaHHSM IPYHTOBOI OCHOBH Ta 1i IIEMEHTAIII€10, MOXKJIMBE KEPOBAHE PETYITIOBAHHS
Hamnpy>XeHO-1e(OPMOBAHUM CTAHOM CUCTEMU «OCHOBA-(DyHIaAMEHT-OYIiBIS.

2. Ilpu HarHiTaHHI PO3YMHHOI CyMIIli MiJi TUCKOM, SIKHA MOXKHA TOPIBHATH 3
TtuckoM Bija OymiBil (Ponp, =110 kIla), BinOyBaeTbcsa BKIIIOUEHHS B poOOTY MPOrOHOBOI
JacTUHU (PyHAAMEHTY, TPYHT VYIIUTbHIOETHCA. 3HAYCHHS KOHTAKTHUX THCKIB Tij
pPOCTBEpKaMHU 3HIKYIOTHCS, BiIOYBa€ThCS 1X MIAHOM Ha BEIHMYMUHY 10 2,5 MM, IO
CBIJJUUTH IIPO CYTTEBE PO3BAHTAKECHHS MAJILOBOIO (DyHIAMEHTY.

3. IMicns iH'ekuii po3uMHy Ta MOro 3aTBEpAiHHSA B MiJOOOJIOHKOBOMY IIPOCTOPI
BiJIOYBaIOTHCSI MPOIECH PENIaKcallii HapyKeHb 13 30epeKeHHSIM 3aJTUIIKOBUX BEITUYHH
Bim 40 o 10% (B cepemubomy 110 25%) BiJ MOYATKOBOTO THUCKY, NMPU LOMY 3MiHU
T€OMETPUYHOTO TIOJIOKEHHS 3alli300€TOHHOI OOOJOHKM TIPOTOHOBOI YAacTUHU HE
BiJI0YBaIOTHCS, 110 MIATBEPKYE X Ha/IIMHE BKIIOYCHHS Y POOOTY.

4. BusiBieHo, 1110 3 BUPOOHUIITBA POOIT 3 LIEMEHTAallll OCHOBU (PEKUM HAarHITAaHHS —
Pyenv=0,4-0,6 MIla) BenuuuHu HanpyXeHb JocsraioTh 3HaueHb 30-140 klla, sxi micns
«penakcarii» 3HUKYITbcs Ha BenuuuHy 10 20%. Ile cBiguuTh mpo Te, 1Mo A0 MEBHOI
3QJIMIIKOBOI BEJIMYMHU B IPYHTOBI OCHOBI B1JIOYBa€ThCA pelaKcallis HalpyXeHb.

5. I'mubuHa po3BUTKY BEPTUKAIBHUX JAedopMalliii mpu 00MpecyBaHHI MPOTOHOBHUX
30H, pu THUCKy omnpecyBaHHs 110 klla ckmama 1,1 B, ne B - mmpunHa mnponsory,
30UTbLIEHHS! BEPTUKAIBHUX HANpPYKEHb 3adikcoBaHo 10 mubunu 0,7 B.

6. Takum dYmHOM, pPO3pOOJICHUN METOJ TOCHJICHHS JO3BOJISIE 3a0€3MEeUnTH
cyMapHuil edeKT BIA: TMOJINIIEHHS BJIACTUBOCTEW IPYHTIB OONpeCcyBaHHSIM;
MIJBUIEHHS HECY4YOi 3JaTHOCTI Taibh 3a paxyHOK OMPECyBaHHS Ta IIEMEHTAIlli;
3MEHUICHHS CTUCIMBOCTI TIpyHTY. Tak, TWicAs BHUKOHAaHHSA POOIT 3 TMOCHUJICHHS
GyHIaMeHTIB  9-TIOBEpPXOBOIO KUTJIOBOrO OyIMHKY y M. BiHHUUS po3noain
HaBaHTa)XEHb, 1110 IEPEAIOTHCSI HA OCHOBY I MPOTOHOBOIO YaCTUHOIO Ta OCHOBH MaJlb
ctaHoBuTh 70% Ta 30% BianmoBigHO. 3adiKCOBaHO, IO JOJATKOBI TEXHOJIOTTYHI

OCIJaHHS HE3HAYHI.
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Honatok 1
5.1 Amnani3 HeOe3meyHUX 1 MIKIAIUBUX (AKTOPiB, IO BHUHUKAIOTh Ha

OyJiBeIbHOMY MalJaHYUKY MPHU MPOBEICHH]I OypOBUX POOIT.

OO6cyroByrOUHii TTepcOHA OYPOBUX YCTAHOBOK IMMOBHHEH JOTPUMYBATHUCH TAKHX
OCHOBHUX TIpaBUJI TexHIKM Oe3reku poOit. [Ipu mepecyBaHHI caMOXITHUX OYpOBHX
YCTAaHOBOK POOITHMKAM JO3BOJSIETHCS 3HAXOMUTUCSA TUIBKM B KaOiHI  BOJIISL.
3a00poHSIETHCS: TIEpecyBaTU OypOBY YCTAHOBKY 3 MIHSATOIO 200 3 OIMYIIECHOIO Ha OMOPH
1 HE YKPIIUIEHOIO XOMYTaMH HIOTJIO0, 3 HE3aKPIIJICHOIO BEAYUYOI0 TPyOOI0; IEPEBO3UTH
Ha TaTGopMi YCTAaHOBKHM BaHTaXi, IO HE BXOMATHh y il KOMIUIEKT;, MPOTKIKATH 13
IIBUJIKICTIO OUIBIIOIO 3a 5 KM/TOJ I11JT BUCOKOBOJBTHUMH €JIEKTPOJIIHISIMH, SKIO0 MIX
MPOBOJAaMHU 1 HAWBUIIOK TOYKOK YCTAaHOBKH BIJCTaHb MeEHIIE 2..9 M (3alexuTh Bij
narnpyru JIEIT).

[lepen migitomoM mioriv OypoBOi YCTAaHOBKM HEOOXIJHO TMEpeBIpUTH i1 CTaH 1
YCYHYTH BUsIBIEHI HeaoJiku. [lornu migHiMaloTh 1 OMyCKalOTh TUIBKU 32 JOTIOMOTOIO
CIIpaBHMUX ITIJIHIMAJIBHUX MEXaHI3MIB IJIABHO 1 HAa Malux IBUAKOCTIX. IIpu 1mibomy
3a00pOHSETHCS 3HAXOJUTUCH OUIST poTopa abo0 MINMHUHAENIS OYpOBOro CTaHKa; Ha
MaiilaHuuKy a0o B KaOiHi aBTOMOOUIS (KpIM BOisA); JIMIIATH MITHATY IMIODITY Y
BUCSUOMY TIOJIOKEHHI a00 yTpUMyBaTh iX BpPYYHY 3a JOIMOMOIOK IiJIMOPOK;
YTPUMYBAaTH HMKHI KIHLI IIOTA 1 PO3TSDKKKM LIOrJd Oe3mocepeHh0 pykKamu ado
Ba)KEJIIMH; 3HAXOJUTHUCS HA IIOTJII, IO MiJHIMAETLCS a00 111 HEFO.

TaneBy ocHacCTKy 1 pEMOHT KPOHOJIOKA IIIOTJIN J03BOJIIETHCS POOUTH TUIBKU MPHU
TOPU30HTAIBHIN MO a00 3 KPOHOJIOYHOI0 MalJaHYMKa.

[Tpu poGoTi OypoBUX YCTAaHOBOK IIOTJIa MOBMHHA OyTH 3aKpiljieHa B pPOOOUYOMY
MOJIOKEHHI, OMOpU IO TMIJJOMKpaueHi, MIIHO 3aKpilieHl ii Kojeca, TyCeHHIIl,
noJsio3u. BincTane Bim OCHOBU OypoOBOi /10 OpIBKM CTPIMKUX CXWJIIB TOBUHHA OyTH HE
MeHmie 3 M. 3a0O0pOHSEThCS TpAIIOBAaTHU Ha OypoBi YCTaHOBIN TiJ JIHIEO
enexktponepenadi. Y oxoponHiit 30H1 JIHII poGoTu BHKOHYIOTBCS TUIBKHA TICHS

IHCTPYKTYBaHHS TIPAIFOIOYXX 1 BUA4l HAPSTY-/IOMYCKY.
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Jlo BepxoBUX POOIT MPU MOHTaXKI 1 JEMOHTa)l IIOIJI JOIMYCKAIOThCS TUIBKU
JIOCBITYEHI Ta ClieliadbHO HAaBYEH] MOHTAXXHHUKHU. Y C1 pOOITHUKY MOBUHHI MPAIIOBATU B
3aXMCHUX KacKax, MPU HEOOX1THOCTI 3 YTEIJICHUMH MiAIIOJOMHUKAMU U Yy CIIEIIOA31.

BypoBa ycraHoBka moBuWHHA OyTH 3a0e3redeHa 3acobamMu Majoi MexaHizarlii,
MeXaHi3MaMH, 3aco0amMu 1 MpUJIafamMu, 10 MiIBHUILYIOTh O€3MeKy poOiT, MaTu Mif 13Hi
[UISIXM, KOHTPOJIbHO-BUMIPIOBAJIbHI MpUJIaad MOBHHHI MaTH IIOMOY abo KJermo
JepKIepeBipku. MaHOMETpH BHOMPAIOTH 13 TaKOIO INMKAJIOK, KOJMH TPH PoOOYOMY
TUCKY CTPUIKA 3HAXOAWJIACSA B CEPEAHIN TPETUHI IIKAJIM, Ta BCTAHOBJIIOIOTHCS TaK, 100
00CITyroBYHOYHI TIEPCOHAT YITKO 0aYMB iXHI TTOKa3aHHSI.

[upuHa poOOYMX NPOXOJIB JJisi OOCIYrOBYBAHHS CaMOXIJHUX 1 MEPECYBHHUX
YCTaHOBOK NOBHHHA OyTH He MeHIe 0,7 M.

Bci rBuHTOBI 3'€IHaHHS 1IOTJI MOBUHHI MaTH KOHTpPraiku abo creliaibHi maiou.
Byposi mornu Bucotoro 14 M 1 Outeln Tpeba 3MILHIOBATH PO3TSKKAMH 31 CTAJIEBUX
kaHatiB. KpirjaeHHsT po3TsHKOK MOBUHHI OyTM BHKOHAHI 3a JOMOMOTOI0 KOyIa 1 3
TphOMa 1 OUIBINE 3aTHUCKauaMH. PO3TSHKKM BCTAHOBIIOIOTH y JAlarOHAIBHUX TUJIOIIMHAX
TaK, 100 BOHHM HE MEPETHHAIIA JIOPIT, CJICKTPOJIIHIN, MApIIOBUX CXIAIIB 1 MEPEXiTHUX
MaigaHuuKiB. HIKHI KIHII PO3TSHKOK KPIIUIATh 4Yepe3 CTSHKHI My(pTH 10 SKOpIB.
3a00pOHSIETHCS KPIMUTH JIB1 PO3TSKKH 0 OJTHOTO sIKOpsi. Buiiku BucoToro Outbin 14 m
MOBUHHI MaTH KPOHOJIOUYHUN MaiIaHYUK, 0OTOPOKEHUIN OMIIBIISIMU BUCOTOIO 1,25 M 13
CEepEeAHBOI0 PEUKOI0 1 OOPTOBOIO OOIIMBKOIKO BUCOTOIO HE MeHine 0,15M, Matu mpoxin
HaBKOJIO KpoHOJoka. OcHOBa MalJaHYMKIB MOBHMHHA OYTH BHUTOTOBJICHA 3 MIITHOTO
Matepiany 1 IpUKpPIIUIEHA 10 HIT BUILKH 32 JOMOMOTOI0 XOMYTIB 1 OOJITOBUX 3'€HAaHb.
Hactunm Bcix MaiiJaH4MKIB 1 111201 CX1/ILIB A0 HUX OBUHHI OYyTH BUKOHAHI1 3 JIMCTOBOI
cTau 3 puIIeHOI0 MOBEPXHEIO 200 3 IOMIOK TOBIIMHOIO He MeHIe 40 MM (CYIIIbHI).

binsg OypoBoi ycTaHOBKM 3 00Ky poOOYOro (OCHOBHOIO) BHUXOJy BJIAIITOBYIOTH
NpUUMaTbHUN MICT 3aBIIMPIIKA HE MEHIE 2M 3 yxwioM He Oinbm 1:20 i3 momiok
ToBIMHOIO He MeHIe 40 mM. [Ipu poOoTi "Ha BUHOC" MOBKMHA MPUHMATIEHOTO MOCTY
MOBUHHA MEPEBUIILYBATH JOBXHHY BUHOCHUX OYpUIBbHUX TPYO (CBIYOK) HE MEHIIIE HIXK
Ha 2 M. bing npuiiMaibHOrO MOCTY OONQgHYIOTH CTEJaXi 3 MPHUCTPOSIMH, LIO

nomnepekaTb TpyOM BIJ pO3KOUyBaHHsS mpu ix ykiagaui. Ilpu posramryBanHi
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NpUIMaIbHOTO MOCTY Ha BUCOTI Ousibiil 0,7 M, BiH BUTOTOBJISIETHCS 3 AOLIOK TOBUIMHOIO
He MeHiIe 50 MM 1 00JaAHY€eThCS 3 OOKY, MPOTUIIEKHOTO CTENaXy, OUIIBISIMHU.

Po6oui miciist 6ypoBoro maiictpa i Horo moMiyHMKa Ha CaMOX1THUX 1 IEPECYBHUX
OypoBMX YyCTaHOBKaxX IOBMHHI MaTH MIIIHAMA HACTHJI 13 JOMIOK 1 YKPUTTS BiA
HECTIPUATINBUX aTMOC(PEPHUX YMOB.

TameBl KaHaTH TMOBMHHI MAaTH 3amac MINHOCTI HE MEHIIE 3 BIJIHOCHO
MaKCHMAaJIbHOTO MPOEKTHOTO HABAHTAXECHHS, a KAHATH JAJIS MIANOMY 1 CITyCKY LIOTJIM Ta
BAaHTAXIB - HE MEHIIE 2,5 BIIHOCHO MaKCUMaJlbHO MOXJIMBOTO HaBaHTaXeHHs. Bci
KaHATH TOBHHHI MaTH TOCBiMUeHHs (cepTu(ikaTh) 3aBOAy- BHTOTOBIIOBada. Kanar
KpIUTBbCST Ha OapabaHi 7e01AKM 3a JONOMOrOI0 CHEHIAIbHUX MNPUCTPOoiB. [lns
NMpaBUJIBHOI YKJIaJKU KaHaTa Ha OapabaH JieOiIKM BCTAHOBIIOETHCA BIATSKHUN POJIUK
a00 KaHaTOBKJIAJAIbHUK. MepTBUI KiHEIb TaJeBOr0 KaHATy MOBUHEH 3aKPITUTIOBATHCS
TphOMa F'BUHTOBHMMH 3aTUCKa4YaMH 1 TakK, 00 BUKIIOYAIOCS HOTO TOPKAHHS €JIEMEHTIB
mornu. Paalyc BUTMHY KaHATy MOBMHEH OyTH HE MEHIIE JIEB'SITU HOTO JiaMeTpiB.
MepTBuil KiHELb 1O JUHAMOMETPY KpIMuThea 4epe3 koyul. Ilpu cmycko -miaioMHHX
orepaiiisax Ha Oapabani j1e011KM TOBUHHO 3aJUIIATHCS HE MEHIIE TPhOX BUTKIB KaHATY.
Bci mpanrorodi kaHaTH mepes MOYaTKOM 3MIHM MOBUHHI OYTH OTJISIHYTI OypOBUM
MaiCTpPOM 13 3aHECEHHSAM pPEe3yJIbTaTiB y OypoBul *KypHall. TaneBl KaHATH 1 KAHATH JJIS
MIIHOMY BHUIIOK ITOJEKAIHO 1 MIiCIsA poOOTH HAa IPpaHUYHUX HABAaHTAKCHHSIX IOBHHHI
OrJIsiAATUCS CTapuIMM OypOBHM MaiCTpOM 13 3aHECEHHSIM pe3yJbTaTiB OIJsay B
"Kypnan nepeBipku ctany TexHiku 6e3neku". [1{ormu OypoBHX yCTaHOBOK y palioHax,
JIe MOJKJIMBI MOJILOTH JITaKIB HA X BUCOTI, IOBUHHI MAaTH CHUTHAJILHI BOTHI.

BypoBuii arperar mnepeBips€ Ha NOYaTKy 3MIHM OypOBHI MaiicTep, cTapliui
OypoBHil MalicTep - OJMH pa3 B JeKaay, TEXHIYHUN KEPIBHHUK 1 MEXaHIK MapTii - OJUH
pa3 y 2 micsui. PesynbraTu nepeBipku OypoBuil MaiicTep 3aHOCUTh B OypOBUI KypHAaJ,
1HIIT KepiBHUKY - B ")KypHaJ mepeBipKku CTaHy TEXHIKU Oe3MeKu .

BusiBieHi HecnmpaBHOCTI yCyBalOTh 10 MOYaTtKy poOiT. Biacranp Binm OypoBoi
YCTAaHOBKU JI0 UTJIOBHX 1 BUPOOHMYUX OYyIiBENb, 3aII3HUIbL 1 IIOCEHHUX JOPIT
MOBMHHA 33JOBOJILHATH HOPMaM TMPOTHUIOXKEXKHOI Oe3mekun 1 OyTH He MEHIIe

NOJIyTOpHOT BUCOTH 1ioriu. [Ipu OypiHHI CBEpUIOBHH Ol HACEIEHUX IMYyHKTIB 1 Ha
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TEPUTOPIi MPOMHUCTOBUX MITIPUEMCTB JOMYCKAETHCS MOHTYBAaTH OypOBY YCTaHOBKY Ha
BIJICTaHI BiJl CyCiHIX Oy/iBellb MEHIIE TMOJYTOPHOI BHWCOTH IWIOTJIM, aje€ IOBHHHI
BUTPUMYBATUCA JOJATKOBI 3aXxOju, IO 3a0e3NneuyroTh Oe3neKy poOiT, 3aXo/IiB
MIPOTHUIIOKEKHOT Oe3rekn 1 6e3nekn HaceaeHHs (YCTaHOBJICHHS JOJAATKOBUX PO3TSHKOK,
OTOpO’K, CUTHAIBHOTO OCBITJICHHS H 1H.).

ITin yac pobGoTu OYpOBHX CTAaHKIB 3a00POHSETHCS TMEPEKIIOYATH IIBUIKOCTI
nebigku 1 oOepTaua, mepeKiIoUaTu ooepTaHHs 3 J1eO1AKM Ha o0epTad i B 3BOPOTHOMY
HaIpPSAMKY JI0 iX MOBHOI 3yNMUHKU. He MOkHa 3aKJIMHIOBATH PYUYKH YNPABIIHHS MAIMH 1
MEXaHI3MiB, KOPHUCTYBaTHUCS TATPOHAMH INMHUHACIS 3 BHCTYHNAIOUUMU TOJIBKaAMHU
3aTHCKHUX TBHUHTIB, 3aMIpUiId Beaydy TpyOy, 10 o0epraerbea. 3a00pOHSIETHCS
IpaIoBaTy Ha JeO1Il 3 HECIIPaBHUMHU TaJlbMaMH, CTOSATH B O0e3mocepeHii 0JIM3bKOCTI
BII TpyO 1 eneBaTopa, IO CIYCKAalOTbCAd abo0 MIJHIMAIOThCS, CIIyCKaTH TpyOu 3
HEJIOBEPHYTUMHU PI3bOOBUMHU 3'€THAHHAMH a00 pPOOUTH IMIBUAKUM CITYCK Ha BCIX
yCTyIax 1 mepexojax y cBepiioBuHi. He MokHa TpuMartu y BHUCSYOMY IOJOKEHHI
TajJeBy CHUCTEMY IijJ HaBaHTaXEHHSM a00 3a JOMOMOTOI BAaHTAXy, HAKJIAIECHOTO Ha
pyuUKy rajpMa a00 HUISIXOM 3aKJIWHIOBaHHS PY4YKH, 3aCTOCOBYBATH €JIEBATOpPH, T'aKH,
BEPTJIIOTY 3 HECIIPABHUMH 3aMPHUMH HPUCTPOSIMU 200 0€3 HUX, a TaKOXK NEPEeBIPSITH
ab0 uucTUTH pi13bOOBI 3'€qHAHHA roiauMH pykamu. KareropuuHo 3a00poHS€THCA
OXOJIO/KYBATH TEPTHOBI MOBEPXHI TAJIbMIBHUX IIKIBIB BOJOI0, TTTMHUCTUM PO3YHMHOM 1
1H.

Bci onepaiiii mo 3rBUHYYBaHHIO 1 pO3rBUHYYBAHHIO CAIbHUKA, OypUIBHUX TPYO 1
1HII1 poOOTH HA BUCOTI Oubiie 1,5 M MOBUHHI MPOBOJIUTHUCS 31 CHEIiaIbHUX HACTHIIIB 1
MaiilaH4YMKIB 200 MIEPEHOCHUX CXIAIIB, 0OTOPOIKEHUX OUJIBLISIMHU.

[Ipu KOpoTKOYAaCHMX 3yNMHUHKAX OypiHHA OypwiibHI TpyOW Tpeba MigHIMATH Ha
BHUCOTY, 1110 BUKJIIOYAE MOXKJIUBICTh 1XHBOTO TpuxBary. [Ipu aiametpi OypusibHUX TPYO
outpmie 63,5 MM A IXHBOTO MEPEeMIIIEHHs BiJ yCTS CBEPAJOBHUHHM 10 CBIYHHMKA MU
Ha3aJl, a TAKOX JJI MATATYBAaHHS TPYO 3a Mayiellb BUIIIKU TIPH BIJCTaH1 BiJl HACTUJIIB JI0
oci OypoBoi BHIIKM OuIbin 0,7 M TOBMHHI BUKOPUCTOBYBATHCS CIELIAJIbHI TauyKH.

["aukwm, 110 3HAXOAATHCS HA HACTUJIAX, IOBUHHI OyTH MPUB'sI3aHI.
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Pyudku TpyOHMX KIIIOUIB MOKHA TMOJOBXKHTH IIJISIXOM IIUIBHOTO HAaJiBaHHS Ha
HUX Oe3lOoBHUX MaTpyOkiB. JlOBXKMHA CHpsyKeHb MOBHMHHA Oytu He MeHme 0,2 M, a

3arajibHa JOBKMHA IUIeYa HE OUIBII 2 M.

[Ipu OypiHHI CBEPAJIOBUH POTOPHUM Ta KOJOHKOBHUM CIIOCOOOM 3a00POHSETHCS:
mpaIoBaTd Ha OypOBHX YCTAaHOBKAax 13 HEOTOPOKCHHWM IIMUHIEIEM 1 OapabaHoM
Je01IKH; JINIIIATH CBIY1, HE3aBEICHUMHU 32 IMaJiellb HACTUJIIB; IIEPEeMIIIyBaTH B IIITHH/ICII
OypuibHI TpyOM mmia yac oOepTaHHs IIMUHACNS; MiAHIMATU OypWUJIbHI, KOJIOHKOBI I
oOcaiHi TpyOH 3 TOPU3OHTAJIHHOTO TOJIOKEHHS Y BEPTUKAJIbHE M OMyCKaTH iX Mpu

IIBUKOCTI poOOYO1 TUIKM KaHaTa, 1110 nepesutrye 1,5 m/c.

Pi3nuiisg B 10BXUHI CBIY OypuiIbHUX TpyO gomyckaerbest He Ouibiie 0,5m. Han
piBHEM HAcTWJy poOOYOro MaiJJaHYuKa CBi4a MIHIMAJIbHOI JOBXHHM TOBHUHHA
BUCTYNAaTH HE MeHIIe HDX Ha 1,2 M, a cBIYa MaKCHUMaJbHOi JOBXHHHU - Ha 1,7 M.

JloBkrHa OypHJIBHUX CBIY BU3HAYAETHCS PO3PAXYHKOM BUXOASYH 3 BUCOTH LLIOTJIN.

Jis oOMEeXEHHs TpaHUYHOI BHUCOTH HiAMOMYy eneBatopa 1 MONEpeaKEeHHs
3aTSAryBaHHd HOro B KpOHOJOK abo0 MIABICHUM OJOK Ha WHIOTJIl BCTAaHOBIIOETHCS

MPOTU3ATIATYBau a00 CUTHAII3ATOP Nepeniaiomy.

[Ipu po6oTi 51e0IKOI0 32 JOMOMOTOK PYYKH PYYHOTO MiAHOMY MpU 3YMUHII
poOOTH BapTO HETaWHO 3HATH 3 CTaHKa pydky migiiomy. IlepekpimitoBaTé maTpoHU

HIMUHAC MOXHA TUIBKY IPU BUKJIIOYEHOMY 00epTaul 1 MiCas 3yIUHKH IITHHIEIS.

3rBUHYYBAaTH 1 PO3rBUHYYBATH OypOBHMMl I1HCTPYMEHT, BUTSATaTH KEpH 13
MIJBIIICHOT KOJIOHKOBOI TPYOM JO3BOJSIETBCSA B TOMY BHIAIKY, SKIO TpyOa
YTPUMYETHCS Yy BUCSIYOMY ITOJIOKEHHI TaJlbMaMH, KEPOBAaHUMHU OYPOBHUM MaHCTPOM.
[Ipn mpomy mifBicKa TPyOM TOMYCKAETHCS TUIBKKM Ha BEPTIIOT-TIPOOIll, KUIBIIEBOMY
eseBaTopl a00 HamiBaBTOMAaTUYHOMY €JI€BaTOpl MpPH 3aKpUTOMY 1 3a(iKCOBaHOMY

3aCyBKOIO 3aTBOPI 1 BIICTaH1 BiJl HI?KHBOTO KIHIS TpyOU 10 HAcTHy He Oubil 0,2 M.
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[Ipy BuTATYBaHHI KepHAa 3 MIABINIEHOI KOJIOHKOBOI TpPyOM HE MOXKHA
HOiATPUMYBATH PyKaMmH ii 3HHM3Y, TEPEBIPATH PYKOIO MOJOXKEHHS KEpHa B MiABIIICHIN
KOJIOHKOBI1# TpyO1 1 BUTATATH KEPH IIJISIXOM CTPYIIYBaHHS KOJIOHKOBOI TpYyOH JIe011KOIO

cTaHka a00 HarpiBaHHSIM KOJIOHKOBUX TPyO Ha BIJIKPUTOMY BOTHI.

3acToCyBaHHA  BAHTAKOMIAWMOMHUX  TMPUCTPOIB  MICIEBHX  KOHCTPYKIIH
(eneBaTOpH, BEPTIIOTH-TIPOOKM M 1H.) JONMYCKAETHhCS TUIBKM IMCIS MNPUUHATTA iX
NpUAMAIbBHUMH KOMICISIMU MIHICTEPCTB (BIIOMCTB) 1 Y3TOJDKEHHS 3 BIJIMOBIAHUMU
OpraHaMy Harfsiy. 3a0OpOHSEThCS 3aCTOCOBYBAaTH €JIEBATOPU 3 3aTBOPAaMH, IO HE
MaroTh (PIKCYIOUMX 3aTUCKYBadiB 1 BIJKPUBAIOTHCS aBTOMATUYHO TMPHU PO3TOMIyBaHHI
CHapsIy MiJ Yac CIyCKy Horo B cBepAsioBuHY. [Ipy BUKOpUCTaHHI HamiBaBTOMATUYHUX
€JIeBaTOpIB HEOOXIJHO TPUMATH €JIEBATOPU 1 HArOJOBHUKU B CIPABHOMY 1 YHCTOMY
ctani. Onepaiiii, 10 MOB'A3aH1 3 PO3TONYBaHHIM 1 TIEPEMIIICHHSIM OypOBOTO CHapsiaa
Ta 3aMIHOI0 OYpUJIBHUX TpyO, BUKOHYIOTh TIUIBKH IPH 3aKPUTOMY 1 3a(iKCOBAHOMY

3aTUCKYBa4yeM 3aTBOPY €JIeBaTOPA.

CBi4uy HarBUHYYIOTh MpHU OcabiieHoMy KaHati. EneBarop miHIMalOTh Haropy mno
CBIYl IJIaBHO, 0€3 pHMBKIB, Ha APYTiM MIBUAKOCTI JIEOIAKH, ajne He Ouibil 1,5 m/c Ha
npsMOMy KaHati. Y OypoBOMYy CHapsl BapTO 3aCTOCOBYBATH 3'€IHYBaJbHI 3aMKH 1
My(TH, 110 BIAMNOBIAAIOTH BIAMOBITHUM HOpPMaM 1 THIy 3aCTOCOBYBAaHOTO €JIeBaTOPA,
CBIUHMKH, 1110 MAIOTh MO IEPUMETPY MeTaJIeBl OOpPTH BUCOTOIO He MeHIe 350 mwm. [Ipu
migioMi  ejeBaTopa Haropy IO CBiUl MOMIYHUK OypoBOro MmaicTpa TOBUHEH
3HAXOJWTHCS BiJ CBIYHHMKIB Ha BiJAcTaHl He MeHme 1,5 M. 3a00poHs€TbCA TPHU
BUIIAJIKOBUX 3YIMHUHKax OypOBOrO CHapsiAy B CBEpJJIOBUHI TMOMpPABIATH, 3HIMATH 1
HAJIBaTH €JICBATOpP 1 HAroJIOBHUK JI0O YCTAHOBKW CHApSy Ha MIAKIAAHY BUIKY a0o

MIApHIPHUANA XOMYT.

[Ipu OypiHHI CBEPVIOBUH CTAHKaMU 3 BaXKEJIEBOIO 1 qu(epeHIiaIbHOI0 o1ayaMu
HE JI03BOJISIETHCS: MpAIfOBAaTH IMpPH BIACYTHOCTI B CTAHKaX 3aXWCHUX AYT BIJ ynapy
BakejeM abo 0e3 3aCTOCYBaHHS KpeMaJbeEpPHHX BHUACIOK, 0€3 CTOMOPHUX MPUCTPOIB

JUIS BIIKIIFOUEHHST BaXkess; mepeOyBaTH MOOJIM3Y CTaHKAa B IUIOLIMHI PYXYy BaKels
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nojayi Mpu po3MIKUPEHHI CBEPJIOBUHH, YHIIIEHHIO i1 BiJI IJIaMy 1 IPH MPOIITOBXYBaHH1
KepHa, IO BHIAB 1 PO3KIMHUBCS Yy CBEPJIOBHHI, a TaKOX IiJ dYac OypiHHS.
HapomryBatu Baxkine mojgadi maTpyOKoM, KM 3aKpillJIeHUH Ha BaXKell CTEP)KHEBUM
TBUHTOM, TpU CHOYCKy 1 miaiomi OypuibHUX TpyO BpydHy, Ipu OypiHHI 3
pO3ToiiIyBaHHsAM TPyO, JUIIATH BaXUIb MOAa4l BKIIOYEHUM Yy THUX BHIIQJKaX, KOJH IIe

HE MOTPiOHO 32 yMOBaMU poOOTH.

banancupHa pama ynapHUX CTaHKIB T1J 4Yac IXHBOTO OTJISAY, PEMOHTY,
MEPECTAHOBKU TMAJIbI] KPHUBOIIWITY TOBHUHHI 3HAXOAUTHCS B KPAaWHHOMY HIKHBOMY
MOJIOKEHHI, a Mpu TnepeOyBaHHI Bropi ix BapTO BKJIaJaTh Ha omnopu. PoOouwii
MalJJaHYMK OUIs YCTaHOBKH MMOBUHEH YTPUMYBATHUCS B YUCTOTI 1 MaTH 3pYy4HI1 MIJIXO/IH,
CHUCTEeMAaTUYHO OYMIIATHCS BiJ MOPOJAU IO BUTATAETHCA, a B 3MMOBUH Yac BiJl JbOAY 1
CHITY 1 mocumnarucsa mickoM. Hag poGounm Miciiem OypoBoro maictpa objagHyeThes

3aXMCHUM KO3HUPOK.

[Ipu 3ampaBui pi3UiB poO3IIMpIOBavya MpHU CIIyCKYy Horo B oOcamHl TpyOu ciij

BXKUTH 3aXO/I1B, [0 BUKIIOUYAIOTh MOXJIUBICTh YIIKOJXKEHHS PYK Pi3LSAMHU.

CropsimoByBatH OypoBHIl CHapsi[ 1 JKEJIOHKY IpH CIIyCKY B CBEpAJIOBUHY,
yTPUMYBATH B1J] PO3TOMyBaHHS 1 BIATATATH iX YOIK CHiJl TUIBKHU CHIEHIaIbHUMU TaKaMu
abo xanatom. He MoxHa nWIIATH BIKPUTHUM YCTS CBEPAJOBHHH, KOJH II€ HE
BUMAaraeTbCsa 3a yMoBamu poOotu. KpiM TOro, ycTsi CBEpAJIOBHHH, IO Ma€ J1aMeTp
ourerr 600 MM, HeoOXimHO 3axummiatd. He J03BONAETBCS: CTOSITH B MOMEHT
3TBUHYYBAaHHSA 1 PO3rBMHYYBaHHS OypOBOTO CHapsiiy B pajaiyci oOepTaHHS KIO4Ya,
CTOSITH B HANPSAMKY HATSATHYTOrO KaHata; MIATATYBaTH 0OCajHl TpyOM il iHIII BaHTaxXi
gyepe3 MIOrJy YCTAaHOBKM Ha BiJACTaHb Outbll 10 M mpW BIACYTHOCTI CHEIlaJbHUX
HAIpaBJISIOUNX POJIMKIB, 3TBUHYYBATH 1 pO3rBUHYYBaTH oOcamHi Tpyou 0Oe3
3aKpIMJICHHS HWKHBOI YaCTHMHM KOJIOHH TpPyO XOMyTaMH; BHKOPHUCTOBYBATH IS

YTPUMAaHHS KOJIOHU TPYO IIAPHIPHI 1 JJAHIFOTOB1 KJIOYI.
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3a00pOHSEThCS: JUIIATA OYpPOBUM CHapsJ 1 KEJTOHKY B IMiJABIIIEHOMY CTaHi;
3aKpIIUIIOBaTH  3a0MBHY TOJIBKY TMpPH  BKIIOYEHOMY  YAapHOMY  MEXaHI3Mi;
YCTAHOBJIIOBATHU MTPOMUBHI BIJICTINHUKY 1 BUKOHYBATH 1HII POOOTH B CTBOPI IJIOIIUHH
migiioMy morau OypoBOi YCTAaHOBKM OJIMK4e MONYTOpHOi i1 BHCOTHM 1 300Ky BiA
YCTAaHOBKH OJIMK4Ye 5 M; BecTH OYpiHHS TpH HECHPABHOMY aMOPTHU3aTOpl POJIHKA

poOOoUOro KaHary.

Oco06mBy 00€peXHICTh HEOOX1JHO BHUSBIISITH IIPU BiIOpOOYpIHHI CBEP/JIOBHH.
MinHicTh 3'€JHaHHS YaCTUH BiOpaTopa MOBHMHHA MEPEBIPATUCS MEpe] HOro CIyCKOM 1
yepe3 KOXHI MIBroguHu poOoTH. [loBHUN KOHTPOJIb yCiX BY3JIB 1 3'€lHaHb BiOpaTtopa
IPOBOAUTHCA 4epe3 KoxkHI 20 roauH poOoTth. 3a0OpOHSETHCS KOPUCTYBATHCS

BiOpaTopamMu, 0 MalOTh Y KOpIycax 1 JETaJIIX HABITh HE3HAYHI TPIIIHUHHU.

Pi3p00B1 3'eqHaHHs JeTaneit BiOpaTopa MOBHMHHI OYTH 3aTATHYTI KOHTprailkamu 1
3amrIiHToBaHl. EjexTponBuryH Tpeba BKIIIOYaTH (BUKJIIOYATH) 4Yepe3 OKpeMUi
pyOmwibHUK. BiOpatop 13 TrakoM 1 elieBaTOpOM TIJHIMAJIbHOI CHCTEMU ITOBHUHEH

3'€IHYBaTUCS MMPUCTPOEM, 1110 HAJIIMHO 3aMUKAETHCS.

[Ipy BUKOHAHHI CITYCKO-TIAHOMHHUX oONeEpaIiid, a TaKoX JIJIs 3MIHH JOBXKHUHU
CHapsiy B mpoiieci OypiHHs 3a00pOoHsA€TbCs 3'€AHYBAaTH (PO3'€AHYBAaTH) OypUIIbHI TPYOU
3 BIOpaTOpoM, IO 3HAXOJATHCS B MIAHATOMY TonokeHHi. Ilinm wac ormsgy i
3MalllyBaHHS, a TaKOX TMPU TepeMilIeHHl BiOPpOYCTaHOBKH BIOpaTop TOBUHEH
3HAXOAWTHCS B KpailHhOMY HIDKHBOMY IIOJIOKeHHI. He MO)kHa CTOSTH B TUTIOIIMHI
oOepTaHHsI €KCIIEHTPUKIB BiOpaTopa mpu HOro poOOTi, CIIPSIMOBYBATU W yTPUMYBATU

TpyOy pyKaMmu npu 3a0yprOBaHHI.

BibpoycraHoBka nmoBuHHA OyTH 00JiaJlHaHA HaIpaBJsiOuUM npuctpoeM. Kabesnb
YKUBJICHHSI €JIEKTPOJBUTYHA, 100 YHUKHYTH VYIIKOJKEHHS, HE MOBUHEH CTHUKATHUCA 3

YaCTHHAMH, 1110 BIOPYIOTh.

[lepen cymicHolo poGoTOIO BiOpaTtopa 1 J€OIKM YCTaHOBKH, HpPU CIYCKY 1

BUTATYBaHHI 00cCaaHMX TpyO 1 JIKBIJALli aBapii CHiJ: MEPEeBIPUTU TaJEBY CUCTEMY 1
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HAJIIHHICTh KPITUICHHS JICOIAKU 10 paMU YCTAaHOBKH 1 pamMu 10 (pyHIAaMEHTY; BHUIBJIEHI
HECIIPaBHOCTI YCYHYTH; OTJITHYTH BHIIKY a00 IMOTITy, HECIIPaBHI €JIEMEHTH 3aMIHUTH
HOBHUMH, CJIa0Ki pi3b0OBI1 3'€THAHHS MIATATTH; BIABECTH 3 OYpOBOI JIFOACH, 32 BUHATKOM
ocobu, M0 ympapise JeOiIKOI0 YCTaHOBKH. 3a00pOHSETHCS MPU CYMICHIA POOOTI

BiOparopa 1 1e611KM YCTAaHOBKH OJTHOYACHO POOUTH HATSIKKY TPYO TOMKpPATOM.

Ilepen cmyckom abo migHOMOM KOJIOHH OOcagHuX TpyO crapmuiii OypoBuit
MaiicTep 3000B'si3aHHMN OCOOMCTO TIEPEBIPUTH CIIPABHICTh MIOTJIM, YCTaTKyBaHHSI,
TaJeBOi CHUCTEMH, IHCTPYMEHTY, KOHTPOJbHO-BHUMIPIOBAIBHUX TMPUIAIIB 1 CTaHy
dbynnameHTiB. BusBiieH1 HeCIIPaBHOCTI MOBUHHI OyTH YCYHYTI JI0 MOYATKy CITyCKY a0o

nigiomy Tpyo.

bypoBuii Maiictrep mnepen oOepTaHHSM NPUXBAYEHOI KOJOHU TPYO BpYUHY
KJIFOYaMU ¥ 1HIIMMH 1THCTPYMEHTaMU MOBUHEH CIIOYaTKy BUOpaTH ciabuHy MiTHOMHOTO
KaHaty, a Ipu oOepTaHHI TpyO OyTH HAMOTOTOBI B OYy/b-sIKH MOMEHT 3arajbMyBaTh

CaMOBUIbHE TXHE OITYCKAHHA.

Y mpomeci cmycky 1 migiomy oOcamiHUX TpyO HE OMYCKA€ThCS BIIbHE
pO3roMIyBaHHS CEKIlli KOJIOHU 00CaaHUX TPYyO, yTpMMYyBaHHS TpyOW Oe€3MocepenHbo
pykamu ab0 NUISIXOM OXOIUIEHHs iX KaHaToM. He Mo)xHa 3araryBaTv 1 BHHOCHUTH
oOcagHi TpyOu Oe3 BUKOPHUCTaHHS TPYOHOro BI3Ka, BUTSratu TPyOU MpU CYyMICHIN

po0O0TI yaapHOIO 620010 1 JOMKPATOM, J€01AKOIO.

MaiinaHuuk JuIs YKIagKA [EMEHTY TTOBUHEH OyTH MIITHUM, JOCTaTHIX PO3MIpIB,
13 CXIAUAMU Ui O€3MEeYHOro MigHOMY 1 CIyCKy poOiTHUKIB. [[o mouaTky poOiT i3
[IEMEHTYBaHHS CBEP/IJIOBUHU MIOBUHHA OyTH TIEpEBIpeHA CIPABHICTh 3aXMUCHUX KIJIAMMAHIB
1 MAHOMETPIB, a BCA YCTaHOBKAa (HACOCH, TPyOONPOBOAM, IIJIAHTH, 3aJIUBHI TOJIIBKU U
1H.) OmpecoBaHa HAa TOJYTOPHUU PO3PaXyHKOBHI MaKCUMalbHUN THUCK, SIKUU
HEOOX1IHUN AJI1 NEMEHTYBaHHA, MPOTe HE OUIbIIE MAKCUMAJIbHOTO pOO0YOro THCKY,
AKUU Tepen0ayeHnii TEXHIYHUM MacnopTOM Hacocy. 3ajlMBHA roJliBKa MOBUHHA OyTH

oOJiaHaHa 3aMipHUM BEHTUIIEM 1 MAHOMETPOM.
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He w™oxHa 3acTtocoByBaTM Hacoc, W0 He 3a0e3neuye po3paxyHKOBUMN

MaKCHUMAaJIbHUM THUCK.

PobiTHukH, siKi 3aliHATI Ha POOOTax MO MPOCIIOBAHHIO LIEMEHTY 1 TOTYBaHHIO
[IEMEHTHOTO PO3YMHY, NOBHMHHI IpAalLIOBATH B PECHipaTopax i1 3aXHUCHUX OKYJSIpax.
3a00poHSIEThCSI OyTH MPUCYTHIM OUTSA 3aJJMBHUX arperatiB ocodam, M0 HE MPaIfioloTh
Ha HuX. [licyis 3aKkiHYeHHS IEMEHTYBaHHS JIJIsl CTIOCTEPEKEHHS 32 THCKOM, 1110 BUHHUKAE
B Tpy0Oax, NOBUHEH OyTH 3anuieHuil ueprosuil. Tuck y Tpy0ax, mo nepesuurye Ha 10%
poOouuii THCK, NPUHHATHI TpU ONpecyBaHi, IOBUHEH OYyTH 3HWXKEHHHA [0

JIOITYCTAMOTO.
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