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EXPERIMENTAL STUDIES OF PILE FOUNDATION GROUND BASE
REINFORCED WITH HARD INCLUSIONS
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ARTICLE INFO ABSTRACT

Received: 09 April 2019 Often in construction practice there is a need to strengthen the pile foundation of
Accepted: 25 June 2019 buildings and structures. The traditional methods include the implementation of addi-
Published: 7 October 2019 tional, as a rule, bored piles with the subsequent erection of a grillage incorporating

them into operation. Often, this work has to be done in the conditions of dense urban
development, in cramped rooms of the basement, etc., which leads to significant tech-
nological difficulties.

One of the alternative ways to strengthen pile foundations is the method of high-
pressure group injection, which consists in injecting a movable cement-sand mortar into
the soil under pressure that exceeds its structural strength. As a result, after its harden-
ing, solid injection bodies are formed at the base, reinforcing the soil base.

The article describes the results of experiments to assess the impact of the lay-
out of hard inclusions on the deformability of the soil foundation of the pile foundation
model. The experiments were carried out in a small soil tray, which was filled with me-
dium-grained loose sand. The piles were modeled with metal rods, the pile grillage with
a metal square stamp. The pile foundation model included 9 piles arranged in a square
grid. As injection bodies, gravel grains of various sizes and shapes were used. The
studies included 10 series of experiments (each experiment was repeated at least 3
times): the volume of the inclusions used, their sizes, the positioning step in the plan
and in depth varied. As a result of the analysis of the performed experiments, conclu-
sions were formulated regarding the purpose of the optimal layout of hard inclusions
when strengthening the soil foundation of pile foundations by high-pressure injection of

Keywords:

pile foundations, strengthening of
foundations, reinforcement of soil
foundation, high-pressure injections.

mobile cement-sand mixtures.

© PNRPU

BBepeHue

Hepenko B cTpouTenbHOM MpaKTUKE BOZHUKAET HEOOXOAUMOCTh YCUJICHUS CBAHOTO OCHO-
BaHU 37aHUN U coopyxkeHuil. K TpaIuoHHBIM MeTOjaM MOXHO OTHECTH BBIIIOJHEHHE JOTIOJI-
HUTEIBHBIX — KaK MPaBUJIO, OYpOHAOMBHBIX — CBail C MOCIEIYIOIIUM BO3BEACHUEM POCTBEPKA,
BKJTIOYAIOIIETO WX B paboTy. YacTo ycuiieHue MpUXOAUTCS BBITIOIHITH B YCIOBHSIX IJIOTHOW T'O-
POJCKOM 3aCTpOMKH, B IOJBaJIaX, B IOMEIIECHUAX, HACBIIIEHHBIX 000PYA0BaHUEM U IIp., YTO MO-
KET NPUBECTH K CYILECTBEHHBIM TEXHOJOTHUECKUM TPYJHOCTSM [1].

OpHMM U3 anbTEPHATHUBHBIX CIIOCOOOB YCHIJICHHS CBAWHBIX (PYHIAMEHTOB SIBISETCS METOJ
BBICOKOHAIIOPHOT'O IPYNIIOBOI0 MHBEIIUPOBAHMS, 3AKIIOYAIOIIUIICS B HATHETAHUH B TPYHT O]~
BUYKHOTO IIEMEHTHO-IIECUAHOTO PACTBOPA MOJ JaBICHUEM, NPEBBIIAIOIINM €r0 CTPYKTYPHYIO
npoyHocTh. OJTHOBPEMEHHOE HAarHETaHHE Yepe3 HECKOJIbKO MHBEKTOPOB CIIOCOOCTBYET pa3phl-
By TPYHTOBOW Cpellbl B HY>)KHOM HAaIlpaBJICHUH, TaKUM 00pa3oM, TOcCie TBEPACHHUS pacTBOpa
B IpyHTE (POPMHPYIOTCS MHBEKIHOHHBIC Tella ONpeAesieHHOW (HOPMBI, apMHUPYIOIIHNE OCHOBa-
Hue. TexHosorus He TpeOyeT UCIOIb30BaHUs CIIELUAIbHOIO, B TOM YHCJIE KpyIHOrabapuTHO-
ro, o0opya0oBaHus, pabOThl HE OKA3bIBAIOT JUHAMUYECKOI'O BO3/ICHCTBUS U MOTYT BBIIOJIHATHCS
B KpailHE CTECHEHHBIX YCIOBUSX.

Opnako as 5pPEeKTHBHOTO MPUMEHEHUSI METO/Ia HEOOXOIUMO ONPEACTUTh MPUHITUITHAIb-
HBbI€ NTOIXO/Ibl K HA3HAYCHHUIO OCHOBHBIX N1apAMETPOB YCUIICHUS — CXEMbI Pa3MEIICHUS HHBEKIIH-
OHHBIX BKJIFOUEHHUH U TpeOyeMblii 00beM nHbenpoBaHus [2—8].
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1. MpoBeaeHune 3KCNepMMeHTanbHbIX UCCNea0BaHUN

[Ipu mpoBefeHUU SKCIEPUMEHTOB O OLIGHKE BIUSHUS CXEMbl PACIIONIOXKEHUS JKECTKUX
BKIIIOUCHUH HA Je(OPMATUBHOCTH TPYHTOBOTO OCHOBAHUSI MOJICIM CBAaHOTO (yHIAMEHTA HC-
MI0JTL30BAJICS MAJTBIH JTAOOPATOPHBINA TPYHTOBBIN JIOTOK ¢ pazmepamu 37x90 cM B miaHe U TITyOu-
HOI 50 cM. OH 3anoiHsIICS CPEeHE3EPHUCTBIM PHIXJIBIM neckoM. CBau MOJAEIUPOBAINCH METAll-
JUYECKUMH CTepKHSIMH nuametpoM d = 0,8 cM u anuHoit [ = 23 cM, cBaliHBIN POCTBEPK — METAJI-
JUYECKUM KBAJPATHBIM IITAMIIOM C JIIUHOW cTopoH b =10 cM u TommmHOM A =1 cM,
MHBEKIIMOHHBIC Tella — 36pPHAMU IPaBUsl C SKBUBATCHTHBIM quameTpoM 1-3 cm (~0,15-0,3b) (puc. 1).
Mopnens cBaifHOTO yHIaMEHTa BKIItoUana 9 cBaid, paclo0KEHHBIX MO CEeTKe ¢ maroM 4,6 cM —
5,75d (puc. 2). JIns orpaHuYeHNs: TOPU3OHTAIBHBIX CMEIICHUH CTEPKHH COIPSTaINUCh CO LITaM-
IIOM 4€epe3 NMPOCIOUKY IIacTUINHA [2].

Harpy3ka nepenaBanach B BU€ COCPEAOTOUEHHOM CHIIBI BUHTOBBIM JOMKPAaTOM 4epe3 Mpy-
KUHHBIA TuHamoMeTp. [locie kax1oro Harpy>keHus BbIAEPKUBAJICS NTEPUO]] YCIOBHOW CTaOMIIN-
3aumu nedopmanuii. U3mMepeHnue BepTHKaNIbHBIX OCAJ0K IITaMIla OCYLIECTBIISIIOCH IO IBYM IPO-
rudbomepam MakcumoBa ¢ ienoi aeneHus 0,01 MM, yCTaHOBIICHHBIM Ha €0 TOPIAX.

Puc. 1. 3epHa rpaBus 1 METAUTHYIECKUN CTEPKEHD, MOJIEIHPYIOIINE
HUHBEKLUOHHBIC TeNa 1 3a0MBHYIO CBaIO
Fig. 1. Grains of gravel and a metal rod modeling injection bodies and driven pile

Puc. 2. Pa3Hbie cXeMbl yCUIICHHUS CBAHOTO KYCTa BHEAPCHUEM KECTKUX BKITIOUCHUH
Fig. 2. Pile bush enhancement schemes by introducing hard inclusions
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ApMHpPOBaHHOE TPYHTOBOE OCHOBAHUE MOJEIMPOBAIOCH YKIAAKOW KECTKMX BKIIOYECHHN —
rpaBus. [lecok 3ackinazics B TOTOK MOCIOWHO, MOCIE YKIAIKU KaKI0TO CJIOSl B HETO BHEAPSIUCH
3epHa IrpaBHs C HEOOJBIIUM YCHIMEM, CO3AAIOUIMM HEKOTOPOE YIUIOTHEHHE, YCIOBHO MOJEIH-
pyloliee HU3MEHEHUE CTPYKTYpbl OKpY)KAIOIIEro TIpPyHTa HPU HUHBELIUPOBAHUM LEMEHTHO-
MecYaHoro pactsopa. Vcnonb3oBanue OTAEIbHBIX 3€PEH IPaBUsl, YKIAAbIBAEMBIX BIUIOTHYIO APYT
K ApYyTY, MOJAECTUPOBAIO BO3MOXKHOE HApyIICHNUE CIUIOMIHOCTA MHBEKIIMOHHBIX T B TPYHTOBOM
MaccuBe [5-10].

B moaroroBke kK MpOBEAECHHIO 3KCHEPUMEHTOB y4yacTBOBaJl MarucTpaHT kadenpst UT'OD
HI'ACY (Cubctpun) B.B. [llamapuH.

JlabopartopHble uccneaoBaHus BKIIOYamu 10 SKCIIEPUMEHTOB, KaXAbli U3 KOTOPHIX MOBTO-
psICSI HE MEHEe Tpex pas.

VYcunenue Mozenu cBatHOro (yHIaMeHTa >KECTKMMU BKIIFOUEHUSIMU BBIMOIHSUIOCH 11O Clle-
TyIoImMM cxemam (puc. 3, 4):

1. PacnonoxxeHue moa HUKHUMH KOHIIAMU CTEP)KHEH Ha TIyOnHe ~2d CIUIOUIHOTO KECTKOTO
Tesa (MI0CKOro KaMHs HenpaBWIbHON (hopMbl ¢ pazmepamu ~12x10 cm, Tommunoi 1,5-2,0 cm).

2. PacrnoyioxxeHue 1moJi HIbKHUMH KOHIIAMH CTEepKHEH Ha TiyOuHe ~2d NBYX YpOBHEH 3epeH
rpaBus ¢ pazmepamu ~2 cMm (0,2b) 6€3 pa3pbIBOB B IIJIaHE U MO BHICOTE.

3. Pacnonoxenne ABYX YpOBHEH 3epeH rpaBusi ¢ pasmepamu ~2 cm (0,2b) 6e3 pa3phiBOB
B IJIaHE U IO BBICOTE IOJ1 MOIOIIBOM IITaMIIa.

4. Pacriono)xeHrue OJHOTO YPOBHS 3epeH rpaBus ¢ pazmepamu ~3 cm (0,3H) 6e3 pa3pbhiBOB
B IUTaHE U TI0 BBICOTE MO/ TOOIIBOM mITaMIa.

5. Pacnionoxenue ABYX YpOBHEH 3epeH rpaBusi ¢ pasmepamu ~2 cm (0,2b) 6e3 pa3phiBOB
B IJIaHE U TI0 BhICOTE Ha TiyouHe 0,5/ OT MOAOIIBHI IITaMIIA.

6. Pacnionoxxenne AByX ypoBHEH 3epeH rpaBusi ¢ pasmepamu ~2 cm (0,2b) 6e3 pa3pbIBOB
B IJIaHE U MO BBICOTE MOJI IITaMIIOM U Ha riryoune 0,5/ oT ero mojouIBeI.

7. PacnionokeHue ABYX YpPOBHEH 3epeH rpaBusi ¢ pasmepamu ~2 cm (0,2b) 6e3 pa3pbiBOB
B IUIaHE M IO BBICOTE MO/ IITaMIIOM, Ha riryOuHe 0,5/ OT ero moomBel U MO HUKHUMHU KOHLIAMHU
CTepHeH Ha r1youne ~2d.

8. Pacmonoxxenue 3epeH rpaBus ¢ pazmepamu ~3 cm (0,3H) 1o BHEIITHEMY KOHTYPY CTEp)KHEH
0 BCel rTyOuHe BIOJIb ABYX MPOTUBOIIOIOKHBIX CTOPOH IITaMIIA.

9. PacnionoxeHue 3epeH rpasus ¢ pazmepamu ~3 cM (0,3H) mo BHEIIHEMY KOHTYpPY CTEp>KHEH
I10 BCeH ITyOMHE B/I0JIb BCETO MEPUMETpa IITaMIIa.

10. Pacnonosxenue 3epeH rpasus ¢ pazmepamu ~3 cM (0,35) o BHENTHEMY KOHTYPY CTEp)KHEH
Mo Bced TMyOHHE BIOJIb BCEro NMepuMeTpa IITamIa C 3aloHEHHEM BHYTPEHHEro MpOCTPaHCTBA
MEXTy CTEPXKHSAMH 3epHaMU rpaBus ¢ pazmepamu ~2 cMm (0,2b).

2. Pe3ynbTaTbl 3KCNEepUMeHTanbHbIX uccnegoBaHUmn

PesynbraTsl 1a00paTOPHBIX SKCIIEPUMEHTOB MPECTABICHBI B BIIE OCPEIHEHHBIX TPaQHUKOB
3aBUCHMOCTH OCaJIOK MOJIEJIM CBaltHOTO yHAaMEHTa OT Harpy3ku (puc. 5-9).

AHanu3upyst pe3yJIbTaThl POBEICHHBIX YKCIICPUMEHTOB, MOYKHO C/ICNATh CJICTYIOIINE BBIBOIBI:

1. JIroOble cXeMBbl YCHIIEHUS MOJICNI CBAaHOTO (PyHAaMEHTa BHEIPEHHUEM KECTKHX BKIIIOYE-
HUH TOJIOKUTENFHO BIMAIOT Ha BEIMYMHY OCaJOK. MakcuMaibHBIN 3((eKT AoCTUTaeTCs TPU
PaCIIOJIOKEHUH TIOJ] HIDKHUMH KOHIIAMH CTEP)KHEH CIUIONTHOTO YKECTKOTO Tella — HaOIIoaeTcs
MOJIHOE 3aTyxaHue aedopManuit (cMm. puc. 5).
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Puc. 3. CxeMbl ycuIeHUSI MOJIETTH CBAHOTO KyCTa KeCTKUMH BKIIOUeHUSIMHU Ne 1-7
Fig. 3. Schemes of strengthening model pile bush by hard inclusions Ne 1-7
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Puc. 4. Cxembl ycuiieHHus MOJEIIA CBAMHOTO KYCTa JKECTKUMH BKIIFoueHUIMU Ne 8—10
Fig. 4. Schemes of strengthening model pile bush by hard inclusions Ne 810
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Puc. 5. I'paduku ocagox Monenu cBaiiHOro hyHIaMeHTa: / — 0e3 yCHIIeHus;
2, 3 — Ipu pacmoOKEHUH MTOJT HIYKHUMHU KOHIIAMH CTEPKHEH CIUIOIIHOTO
KECTKOT'O TeJla U IBYX YPOBHEH 3epeH rpaBHs
Fig. 5. Pile foundation model deformation graphics: / — without strengthening;
2, 3 — at the location under the ends of the rods of a solid body and 2 levels
of gravel grains
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Hanmvenee >ddekTuBHa cxema yCHIICHHUS C PACIOJIOKEHHEM JKECTKHX BKIIOYEHUH OTHOCH-
TENLHO HeOONbIMX pa3mepoB (0,2H) HEMOCPENCTBEHHO IO MOIOMIBOM IITaMITa — CHI)KEHHE Oca-
1ok coctapisier okono 10—15 %. OgHako ucnonbp3oBaHue 3epeH Oonee kpymHOU (pakuuu (0,35)
cHrkaeT nedopmarmu Ha 25-50 % u Oornee (cM. puc. 6).

2. Ilpm Bcex cxeMax apMHUPOBaHUS T'PYHTOBOTO OCHOBAHHUS MOJIEIM CBaHOTO (pyHIamMeHTa
rpaduk 3aBUCUMOCTH OCAJIKH OT HAarpy3Kd UMeeT OJIM3KUH K JIMHEWHOMY BHJI, PE3KOI MOTEpH He-
cylieit crocoOHOCTH (CpbIBa) HE HAOIOJaeTCsl, TIpeieNIbHast Harpy3Kka OTCYTCTBYET (CM. puc. 5-9).

N, kH

| AN

S, cM

Puc. 6. I'pacduku ocanokx Mozenu cBaifHoro ¢pyHaaMeHTa: / — 6e3 yCuiIeHus;
2, 3 — Ipu pacmoI0KEHUH 10T TIOIOIBOM IITaMIIa IBYX YPOBHEU 3epeH
rpasust Menkoit (0,2b) u xkpynHoii (0,35) ppakiuu
Fig. 6. Pile foundation model deformation graphics: / — without strengthening; 2, 3 — at location
under the stamp of 2 levels of grains of small gravel (0,2b) and large (0,3b) fraction

3. HaubGonbiee BIMsHUE HA Pe3yJIbTAaT OKA3bIBACT CXeMa YCUIICHUS, (POPMUPYIOIIAs XapaK-
TEp B3aUMOJICHCTBHS MOJIENI CBAHOTO (PyHIaMEHTa C TPYHTOBBIM MAaCCHBOM.

K naun6Gonsmemy 3¢ ¢dexTy NpuBOIUT apMUPOBAHKUE FIEMEHTAMHU I'PaBUs 110 BHEIIHEMY KOH-
TYpYy CTep>KHEH 1o Bcel riyOuHe BIOJb JBYX NMPOTUBOIOJIOXKHBIX CTOPOH IuTamma. I[IpumepHo
TaKue K€ 3HaueHus aedopMaliii HabIIOAAIOTCA MPU PACIIONOKEHUH TPABUS MO IITAMIIOM, Ha
riryoune 0,5/ oT ero moJomBEl U MOJ HIDKHUMH KOHIIAMH CTEpXKHEW Ha TiayOuHe ~ 2d. B atHx
ClIy4asix 3HA4eHWE HArpy3kH Ha OCHOBaHME yBenumuuBaercs Ha 75-100 %, a BenuunHa Ocajok
cHIKaeTcs B 3 u 6onee pas (cM. puc. 7).

4. B psne ciydyaeB U3MEHEHUE CXEMbI YCUJIEHHSI C BHEJPEHHUEM JOIOJIHUTENBHBIX BKIIIOYE-
HUH (C CyIIECTBEHHBIM CyMMapHbIM 00bEMOM) HE OKa3bIBAET 3aMETHOT'O MOJIOKUTEIBHOIO BIINS-
HUS Ha BEJIMYMHY OCaJI0K.

Tak, pasHHMLIa MEXAY 3HAYCHUSIMHU OCaJ0K MOJAEIN CBAafHOrO (yHAaMEHTa, YCUIEHHOTO Of-
HUM cJ10eM (2 ypOBHS BKJIFOUEHUH NIOJl HOKHUMH KOHLIAMU CTEPXKHEH), IBYMsI CIIOSIMU (2 YpOBHS
BKJIFOUEHUH NOJT TOJIOIIBOM MITaMIa U Ha riryoune 0,5/ oT mOJO0LIBEI) U TpeMsI CIIOSIMU (2 ypOBHS
BKJIFOUEHUH T10J] HUKHUMHU KOHIIAMHU CTEP>KHEH, O] MOJOMBON mTaMia u Ha riryoune 0,5/ ot
nojomBel), He npebimaer 10-20 % (cm. puc. 8). Ilpu 3ToM cymMmapHbIi 00beM BKIIOYEHUH
yBEeNIUYMBaETCs B 2 M 3 pa3a COOTBETCTBEHHO, a 3HAUeHUs Aeopmaiuii npu apMUPOBAHUH T10
CXEME C IByMsI M C TPEMs CIIOSIMHU OTIMYAIOTCS MEXIy co0oi He Ooinee ueM Ha 5—10 %, npu Bo3-
pactanuu oObema BKJIIIOUeHUH B 1,5 paza.

10
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Puc. 7. I'padpuxu ocamok Mojenu cBaitHoro pyHaamMmenTa: / — 0e3 yCHUJIeHHS,
2 — IIpY PacHONIOKEHUH TPaBHs M0 BHEITHEMY KOHTYPY CTep:KHEH 1o Bceil riryOuHe
10 ABYM NPOTHBOIOIOKHBIM CTOPOHAM; 3 — IIPH PACIIONOKEHUH IPaBUs IO/ HIDKHUMHU
KOHI[AMH CTepHer, Ha riryoune 0,5/ v o1 oJOIIBOM IITaMIia
Fig. 7. Pile foundation model deformation graphics: / — without strengthening; 2 — at gravel
location along the external contour of the rods along the entire depth along two opposite sides;
3 — at gravel locations under the ends of the rods, at a depth of 0.5/ and under the stamp
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Puc. 8. I'paduku ocamox Moxenu cBaiHOTO yHIAMEHTA: / — IIPH PACITOIOKCHIH TPaBHUS
101 HIDKHUMH KOHIIAMH CTEPKHEH; 2 — TIPH pacIoIOKCHHH TpaBus 1 Ha rixyoune 0,5/
OT TTOJIOIIBEI; 3 — MIPH PACTIOIOKEHUH TPABHS IO HUKHUMH KOHITAMH CTePXKHEH,
TI01 TTOOIITBOM 1mITaMITa 1 Ha Tiryoune 0,5/ 0T mo0mBEI
Fig. 8. Pile foundation model deformation graphics: / — gravel locations under the ends of the rods;
2 — at gravel locations at a depth of 0.5/ and under the stamp; 3 — at gravel locations
under the ends of the rods, at a depth of 0.5/ and under the stamp

B cBoto ouepens, nepopmamniu TpyHTOBOTO OCHOBAaHHS MOJCIH CBAWHOTO (DyHIaMCHTA,
apMHPOBAHHOTO TI0 BHEITHEMY KOHTYPY CTEp)KHEH 10 Bcel TiyOMHe, OUeHb OJIM3KU K 3Hade-
HUSM, MOJYYEHHBIM NPH apPMHPOBAHUU 10 BHEIIHEMY KOHTYPY CTEp)KHEH MO BCEil TiIyOuHE
C JIOTIOJIHUTENBHBIM 3all0JTHEHUEM IPOCTPAHCTBA BHYTPU CTEp)KHEH T'paBHEM MEIKOH (pax-
nuu (cM. puc. 9).
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Puc. 9. I'pacduku ocagok Monenu cBaliHOTO hyHAaMeHTa: | — IPH PACIIOIOKCHUH TPaBUs
kpymHo# (0,35) dhpakuny Mo BHENIHEMY KOHTYPY CTEpIKHEH 1Mo Bceil IiTyOHHe TI0 BceMy MEpUMETPY;
2 — TIpy pacrofio’keHuu rpasust kpymHo# (0,35) dhpakiuu 1o BHENTHEMY KOHTYPY CTEepIKHEH
10 Bcel ITyOHHE MO ABYM HMPOTHBOIIOIOXKHBIM CTOPOHaM; 3 — IIPU PacloIoKEeHUU TPaBHs
0 BHEIIHEMY KOHTYPY CTEpKHEH 10 BCel TIyOrHE 10 BceMy MEPUMETPY C 3aIllOTHEHUEM
BHYTPEHHETO MPOCTPAHCTBA TpaBreM Mekon dpakiun (0,20)

Fig. 9. Pile foundation model deformation graphics: / — when large gravel (0.3b) fraction is located
along the outer contour of the rods along the entire depth along the entire perimeter; 2 — when large
gravel (0.30) is located along the outer contour of the rods along the entire depth on two opposite sides;
3 — when large gravel (0.3b) fraction is located along the outer contour of the rods along the entire
depth along the entire perimeter, filling the internal space with gravel of the small fraction (0,25)

ApmupoBaHuEe MOJETH CBaHOTO (DyHIaMEHTa MO BHEIIHEMY KOHTYPY CTEpXKHEH 1o Bcei
ryOuHEe ¢ JABYX MPOTHBOIOJOXKHBIX CTOPOH ITammna 3QQeKTHBHEE apMHPOBAHUS MO KOHTYpPY
BJIOJIb BCETO €ro nepumerpa (cM. puc. 9).

3aknoyeHue

Ycusenne rpyHTOBOIO OCHOBAHUSI CBaWHBIX (DYHIAMEHTOB apMHPOBAHUEM >KECTKUMH BKITFOUE-
HUSIMU BecbMa 3((GEKTUBHO ¥ MTO3BOJISICT CYIIIECTBEHHO YBEIMUYHUTH 3HAYCHUE BOCIIPUHUMACMOW Ha-
rpy3ku. [Ipu 3TOM rpaduik 3aBUCUMOCTH OCaJIK OT HArPy3KU UMEET OJIM3KUIN K JTMHEHHOMY BHJI, Pe3-
KO IOTepy HecyIlel crmiocoOHOCTH (CpbIBa) He HAOMIOAALSTCS, a Tpe/ieNIbHAs Harpy3Ka OTCYTCTBYET.

HauGonbiiee BIMsHUE Ha pe3ysIbTaT OKA3bIBAET CXEMa PACIOJIOKEHUS apMOASJIEMEHTOB,
(dbopMupyIOIIast yCIOBUS B3aMMOJICHCTBHUS CBAl C DJIEMEHTAMH YCHUJICHHS M OKPYKaIOIIUM Mac-
CHBOM — MaKCHUMaJbHBIA 3(deKkT HabmomaeTcss Npu KOHTYPHOM apMHUpPOBaHHHM (GyHIaMEHTa
BJIOJIb HAPY’KHBIX TpaHel cBail U MpU yCTPOICTBE apMUPYIOIIUX CIOEB, OOBEAUHSIIONINX CBal B
cepelrHe UX JJIMHBI U TI0Jl HUYKHUMHU KOHIIaMH cBait [11-16].

B psine cirydaeB yBenmmueHne 00beMa apMUPYIOIINX 3JIEMEHTOB C U3MEHEHUEM CXEMBI YCHIICHHUS
HE OKa3bIBAaET 3aMETHOTO MOJIOKUTEIBHOTO BIMSHUS HA BEIMYUHY OCA/I0K U HELIEJIeCO00pasHo.
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