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HHUC IMOYBbBI IIPUHECET HECOMHCHHYIO IIOJIB3Y B KOM6I/IHaHI/II/I C KallCJIbHBIM OPOILICHUEM, I10-
CKOJIbKY TaKOM crioco0 moJinBa TpeOyeT pa3pbIXJIEHHOTO CJIOS TOYBHI.
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3ABUCUMOCTDb TAPAMETPOB PUCOBBIX YEKOB OT OB BEMOB
INJIAHUPOBOYHBIX PABOT, IJIOAOPO AU ITOYB, TIPOAOJIKUTEJIBHOCTHU
3ATOILIEHUA U BOJHOM 3PO3UU HA IOBEPXHOCTH IOJIA

B cmamve npusedenvr pesynomamol ucciedo8anull, NOCEAUEHHbIX NAAHUPOBKE, KOMO-
pas AGNAemcs. OOHUM U3 NPUEMO8, CNOCOOCMBYIOUUX PABHOMEPHOM) VEIAM’CHEHUI0 Opoulde-
MO20 NOJA U CHUNCEHUIO NOJIUBHLIX U OPOCUMENbHBIX HOPM. [Ipumensiemvle Ha ce200HAUHUL
0eHb Memoobl NPOEKMUPOBAHUS U MEXHON02UsI NIIAHUPOSKU He YYUMbIEAIOm NPOCAOOYHOCMb
NOY802PYHMOB, NOIMOMY 8 OAHHOU pabome asmopamu cOelanHa NONbIMKA 0CHOIHUMb OaH-
Hulli npoben. [lan cpasHumenvbHull aHAIU3 NAPAMEmpPO8 KApmul KPACHOOAPCKO20 MUna U
Kapmul-yeKa WupoKo2o poHmanibHo20 3amonieHusl.

Knrouesvie cnosa: pucoevle ueku, nianHuposka yuacmkos, nio00pooue nouevl, Hpo-
00HCUMENLHOCMb 3AMONLEHUS, UPPUSAYUOHHAS IPO3USL.

[1nanupoBKa sIBISIETCS OJHUM U3 IPUEMOB, CIOCOOCTBYIOIIMX PABHOMEPHOMY YBJIaXK-
HEHHUIO OpOIIAEMOro MOJIi U CHIKEHUIO MOJUBHBIX U OPOCHUTEIbHBIX HOpM. [IpuMmeHnsiembie
Ha CErOJHSIIHUN J€Hb METO/Ibl MPOEKTUPOBAHUS M TEXHOJOTHS MJIAHUPOBKU HE YUUTBHIBAIOT
[IPOCaJOYHOCTh TOYBOTPYHTOB, [I03TOMY B JIaHHOM paboTe aBTOpaMH cjejaHa MOMbITKa BOC-
MOJTHUTH TAHHBINA TTpo0eT.

[TapanienbHo ¢ MPOU3BOJACTBEHHBIMU ObLT BBITIOJIHEH OIpeIeIeHHbIH 00beM TEOPETH-
YECKHUX MCCIIEA0BAaHUM 0 YCTAHOBJICHUIO HAJWYM 3aKOHOMEPHBIX CBSA3EM MEXIy Iapamer-
pamu kapt kpacHojapckoro tuna (KKT) m xapr-uekoB mupokoro ¢poHTa 3aTOIICHUS
(KULLID) u:

- 00beMaMHU TUIAHUPOBOYHBIX pabOT, YKIIOHAMH MECTHOCTU U JOIMYCTUMOM TOJIIIMHON
Cpe3aeMOro IrpyHTa;

- IPOM3BOJIUTEIBHOCTBIO CEIIbCKOXO03SIMCTBEHHON TEXHUKH;

- IPOJOJDKUTENBHOCTBIO IIEPBOHAYAIIBHOTO 3aTOILICHUS YEKOB;

- pa3MepamMu 3pPO3MOHHBIX Pa3MBIBOB I'PYHTa HENOCPEICTBEHHO 3a BOJOBBIITYCKaMHU
B YEKU;

- 0COOEHHOCTSMH TUAPOAMHAMUYECKOTO, TEMIIEPATYPHOIO, COJIEBOTO PEKUMOB BOJbI
U ypOKaNHOCTH PHUCA B KaXKJIOW TOUKE TOBEPXHOCTH YEKOB.

Takxe aBTOpamu ObljIa TEOPETUYECKU MPOBEPEHA UJIES O TOM, YTO JOCTHYb yCTpaHe-
HUS U CYIIECTBEHHOTO CHIKEHHS IUIOIIAJCH pa3BUTHS MACCUBHON 30HBI JBMKEHHSI TPYHTO-
BbIX BOJ Ha KKT m KYUIII®D mM0XHO myTeM pa3yMHOIO YMEHBIIEHHs IIMPHUHBI YEKOB U YCT-
poiicTBa 3arymeHHOTo TIyOOKOro MeX4eKoBOoro apeHaxa. [Ipuuem npeHax o0s3aTerabHO
JIOJIKEH OBITh 3aKPBITHIM, B IPOTUBHOM Ciydae (€ciau APEeHa)k CTPOUTh OTKPHITHIM) OCYILIECT-
BJICHUE MJIEU BCTPETUT CEPhE3HbIE MPEMSATCTBUS M3-3a OMACHOCTU PE3KOT0 CHUKEHMS KO3(-
¢bunueHTa 3eMeIbHOT0 UCTIOIb30BaAHUS.
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IIpn TeopeTHYECKOM HCCIIENOBAaHMU HCIOIb30Banach QyHkuus W, = f(J,,0,),

nMeromias GyHKIIMOHATBFHYIO 3aBUCUMOCTD:
_1ns
w,=10"-J,-Z-\Jo, , (D)
rae W, —o0beM IIaHUPOBOUYHBIX padoT, M/ra;
J, — CpelHUH YKIIOH MECTHOCTH;
Z — Ge3pazmepHasi GyHKIHS OT yria IOBOPOTA O JUITMHHOW CTOPOHBI YeKa OTHOCHUTEIHHO
JMHUY, NEPIEHIUKYIAPHON yKIOHY J ), U KodddunuenTa GopMbl CTOPOH Yeka A ;

0, — [UI0IMaab 4€Ka, ra.

OO6b1uHO 0 = 0.
@yHKIMA Z UMEET JiBa BUJA:

. 2

1
_npu tga<h  Z=|1,25%-cosat+0,42 0 ¢ | 2
A-cosa ) VA

) Acosa ) 1
- mpu tga>A  Z=|125A-sino+0,42——— | —.
sina \/K

VYuuteiBast, 4To B O0JIBIIMHCTBE ciiydaeB o = (), 3HaueHUE PYHKIIUU Z CYIIECTBEHHO

YIIPOIIAETCS:
Z =125\

['myOuHy cpe3ku rpyHTa ¢ MOBEPXHOCTU YeKa IPU 33/JaHHBIX 0L aBTOPAMH PEKOMEH-

IyeTCsl OIPEIEIIATD:
- s ciydasi, korga o = 0 M M3BECTHa CTOpOHa B, mapaiienbHas FTOPU3OHTAIISIM,

10 3aBUCHUMOCTAM:

Jo'B

hcp.maX: 2 ’ (2)
Jo'B

hey == 3)

THC Ny max ¥ hg, — MaKCHMAJIbHAsSI M CPEIHSISI TIIYOMHA CIIOSI TPYHTA, CPE3aEMOT0 € OBEPXHO-

CTH YeKa, M
[MoncraBnss B popmyiel (2) u (3) 3HayeHnue J, u3 BeIpaxkeHus (1), MOKHO 3anucars:

. W,-B
cp.max 21052 ©, )
W._-B
th. :5— *
4107-Z-\ o,
N3 yka3aHHOTO HETPYAHO CHENaTh BHIBOJ, YTO TIIyOMHA CPE3KU TPyHTA MPSAMO IPO-
NOpLHOHAIBbHA 00bEMY IJIAHUPOBOYHBIX pabOT W, M 0OpaTHO IPONOPLUOHATIBHA KOPHIO

KBaJIpaTHOMY M3 IUIOIIA/IM YEKa;
- s ciydas, Korga a#(0, MpOeKTUPOBAaHUE IUIAHUPOBOYHBIX pabOT MPOU3BOAUTCS

Ha YeKe, KOTOPBIN pacIoIoxkKeH 10 YKIOHY J |, OTIMYHOMY OT OCHOBHOI'O YKJIOHA J )
1

cosa
Otcroa 3Ha4eHus TIIYOHHBI CPE30K TPYHTA MPEIYIAraeTCsi OMPEACIIATh 10 3aBUCUMOCTSIM:
J 0 'B

h —

Cp.max 2'COSa >

J1:J0'
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4-cosa.
C yueToMm BbILIENPUBEICHHBIX POPMYIT MOTYUHM:

W, -B
210°-Z-coso-yjo,
— Wl‘l B
P 4.10°-Z-cosa- (N '

C yBennueHueM yriia o riyOmHa cpe3ok OyJeT Bo3pacTarh. 3HAUYCHUS /1

cp

cp.max

2

cp.max B IIpak-

THYCCKHUX pacd€Tax HE MOJIKHBI IMPEBBIIIATh MAKCHMAJIbHO }IOHYCTHMOﬁ FJ'IY61/IHBI CPE3KH,
KOTOpasda NpUHUMACTCA B 3aBUCHUMOCTH OT THUIIA ITIOYBOTIPYHTOB. B ClIydadaXx, Koraga B BEpIIHHax

OTACJIBHBIX KBAJPATOB IJIAHUPOBKHU INIOIIAANW YCKa BCIMYMHA hcp.maX MMPEeBRIIACT AOIIYCTHU-

MbI€ IPEeJeIibl, HEOOXOAUMO IJIAHUPOBKY YKa3aHHBIX YYAaCTKOB IPOU3BOJAUTH KYJIHUCHBIM CIO-
coOoM.

[IpoeKTbl CTPOUTENBCTBA PUCOBBIX OPOCUTENIBHBIX CHCTEM Ha TEPPUTOPUH Y30€KH-
CTaHa BBIMOJIHAIOTCS 0 HACTOSALIEr0 BPEMEHHM C Y4E€TOM IYHKTOB TEXHMUYECKHUX yKa3zaHUM
10 MPOEKTUPOBAHUIO U MPOU3BOJCTBY IUIAHUPOBKU OPOIIAEMbIX 3eMeib 1966 T., B KOTOPBIX
coobmaercs [1, 2]: «Ha nmouBax co cpelHUM I'yMYCHBIM CJIO€M WJIM IIPU OTCYTCTBUM TaKOBO-
ro, B yCIOBUSX JKapKOro Kiumara, npeumyuiectBeHHO B CpenHeil A3uu, cpe3ka IOUYBEHHOTO
CJIOS IIPY IUTAHUPOBKE KAK IO BEJIMYMHE, TaK U 110 TUIOLIAJN CPE3KH HE TUMUTUPYETCSD.

B 1970 r. 3T0T O1MOOYHBIN TE3UC U3 UHCTPYKIUI ObLT U3BST, a MOJIb30BAaHUE UM IIPO-
noJpkaercs. Tak, HanmpuMep, MPOEKTUPOBILKMKM psifia pUCOBOIUECKUX X03saUCTB Kapakanmmaknu
CUMTAIOT, YTO B JIaHHOM paiioHe pucOCesHUS BECh PACUETHBIN CJIOH MOYBBI MIPEJICTABIIEH BBICO-
KOIUIOJAOPOJAHBIMH UIIUCTBIMH OTJIOKEHUSIMH, ITO3TOMY Cpe3kH aaxe 10 40 cM K CyIIeCTBEHHO-
My CHWXKEHHIO ypoxkaeB He mpuBenyT. OpmHako pe3ynabTaThl uccienoBannii HUNBII
npu TamkeHTCKOM HMHCTUTYTE Mppuraund u menuopauuu (A. P. PamaszaHoB) craBsaT mnoa
CEPbE3HOE COMHEHHUE YTBEPKICHHS IPOECKTUPOBILIMKOB W IMOATBEPKAAIOT CIPaBEIMBOCTb
UCIPABJICHUH B yKa3aHHBIX BbllIe peKoMeHJanusax. Ha 1yroBo-TakpIpHBIX MOYBaX HU30BUM
Amynapbu conepkanue rymyca B Bepxaem cioe 0-50 cm cocrasnser 1,0-1,5 %, Ha necua-
HbIX mouBax — 0,43—-0,58 %. C riyOuHO¥M TyMyCHpOBaHHOCTH MOUB pe3ko maaaet (A. P. Pama-
3aHOB). WnucThie OTIIOKEHHUS ellle HEe TYMYC, JUId UX nepepaldoTKH MUKpOOpraHu3Mam Tpe-
OyIOTCSl MHOTHE TO/Ibl, 0OCOOEHHO B aHa3pPOOHBIX YCIOBUSIX ITOYB Ha PUCOBBIX OPOCUTENBHBIX
cucTeMax. baarorBopHoOe BIMSHUE WJa, HECCOMHEHHO, CKa3bIBA€TCA HA YCKOPEHHH Ipolecca
pocTa MI0JA0POAMS TOYB, HO 3TO HE 3HAYUT, YTO MOKHO CBOOOJHO NpeHeOperaTtbh BEpXHUM
O€CLIEHHBIM T'YMYCHBIM CJIOEM.

B Tabmuue 1, cocraBieHHON aBTOpaMU Ha OCHOBAaHMM JIaHHBIX HCCIEIOBaHUN psja
yuenbix (B. T. JIsBa, A. P. Pamazanoa, M. T. Koras u ap.), mpeacTaBieHbl TOMYCTUMBIC BEJIH-
YHHBI CPE30K BEPXHET0 CJI0S Pa3JIMYHbIX TUIIOB IOYBOIPYHTOB 30H PUCOCESHUS Y30€KuCTaHa.

W3 tabmuup! 1 cnemyer, 4To AONMYCTHUMas TOJIMHA CPE3AEMOI0 IPYHTAa BO MHOTOM 3a-
BHUCUT OT CIOcO0a IJIAHUPOBKU U HUMEET OOJIbIIOE 3HAYEHHE IPHU OIpPENIEICHUH IUIOIIaaeiH
YEKOB.

Kpome storo, miomaap 4eka J0KHA ObITh yBSi3aHA C IPOU3BOJUTENILHOCTBIO CEllb-
CKOXO3SMCTBEHHOW TEXHUKH. AHAJIN3 JaHHBIX CBUJIETEIBCTBYET O TOM, YTO 3Ta Mpobdiema
6omee octpo crout Ha KKT, yem na KUILID.

CymectBeHHble npeumyniectBa koHcTpykuun KYII® nposBisioTcs u npu CpaBHU-
tenpHOM ¢ KKT onenke ckopoctr co3gaHus Cliosl BOABI HA MOBEPXHOCTH 3€MIIM. BBINIOITHEH-
HbIE€ TEOPETUYECKHE UCCIECTOBAHUS 3TOT0 BOMPOCA MOJHOCTHIO JoKazanu, yro KUIIID 3aTomn-
Js0TCs 3HaUuTeNbHO ObicTpee, ueM KKT.
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Tab6umnua 1 — 3aBucHMOCTDb coepkaHusi FyMyca IPHU cpe3Ke Pa3HbIX CJI0eB 0YB
NpH IVIAHUPOBKeE MOJUBHBIX YYACTKOB

Tumn mo4BsI Conepxanne rymyca (%) JlommycTuMasi Makcu-
B Pa3JIMYHBIX CJIOSX MOYB (CM) MaJjibHas TI1yOHHa CPe3KU
MIOYBEHHOTO CJIOSI, CM
o | ©| o o =) o 0OBIYHAs KyJIHC-
- q T I N T (BepTUKasb- | Has IUIa-
S| © o o o o p
— AN Bt = 0 Hasl) IUIaHU- | HUPOBKa
pOBKa
JlyroBo-6omotueie | 3,4 | 3,2 | 2,2 1,8 1,1 |Menbuie 30 50
0,6
JlyroBo-takeipasie | 2,4 | 2,0 | 1,8 1,7 1,0 |Menbize 20 40
0,8
Ilecuansie 0,6 04 | 0,1 | Caensl - - 10 20

Ha uvexu KKT mnonmava BoAbl oCylIeCTBISIETCSl Yepe3 TpyOuaThle BOJOBBIINYCKU THIA
BOUY i BOUIIII. TTosToMy pacnpeenenre BoJbl [0 Y€Ky MOKHO MPEACTaBUTh B BUJIE pac-
TEKaHUs CTPYH OT UCTOYHUKA I10 JIy4aM COIIACHO TEOPUU THMAPOMEXAHUKHU O NOTEHIMAIbHOM
TedyeHuH Hecxumaemoi xunkoctu (A. H. Ilarpymes). Unest o npuMeHeHus 3aKOHOB TUpo-
MEXaHUKH BIEPBBIE BO3HUKAJIA Y ABTOPOB IIPU MOIBITKAX MAaTEMAaTUYECKOIO ONMCAHUS 3aKO-
HOMEPHOCTEN NEPEMEIECHHs BOJHBIX MAcC 10 NOBEPXHOCTH PUCOBBIX YEKOB. Takas MOJAEIb
ObLIa CO3/]aHA, U HAa OCHOBE €€ PEILEH PsIl UHTEPECHBIX 3ajad, B TOM 4YHCIIE 3aJada O CKOpPo-
CTH 3aTOILIEHHs pucoBoro 4eka. Ilpu 3amaHHOM pacxone BoAbl B 4yek (), =const yaelbHBII

pacxo KaKJI0M 371eMEeHTapHOM CTPYHKHU IO HallpaBJIeHUIO JIyyell OyeT paBeH:

IJ€ ¢ — YACJIbHBIN pacxo]l KaKA0M 3JIEMEHTAPHON CTPYWKH 10 HAIPaBICHUIO JTy4EH;
O, — 3alaHHBIN Pacxo[ BOJBI;
I, — pmuna gyru M — N, neprneHaukyIspHO KOTOPOH pacipeesitoTest CTPyH:

2-n-B
Ig =

n-B.
JUIMHBI Tydel, 10 KOTOPBIM JIBUKYTCS CTPYHKHU BOJIbL, U3MEHAIOTCA OT S = B 10 § = b

u § = [ . Tak KaK yaenbHbIE pacXobl MO JIy4aM MOCTOSIHHBI, TO €CTh ¢ = const, TO MPOJI0J-
KUTEIHLHOCTh JIBIDKCHHS 10 HUM OyIeT 3aBUCETh OT WX JUIHH [ i OmpenenuM MPOI0HKU-

TEJIbHOCTh JBMKEHUS BOJIbI 1O JiydyaM BB/ . [Ins 3Toro 3anumeM B BUJIE:
oS
P
I ® — IJIOIIA/(b TONEPEYHOIO CEYEHUs CTPYHKH BOBI, ABMKYIIEHCS 10 JIyqy:
o=~h-1,
rae h — CpeaHsis IIyOrHa CJIOS BOJIBI 110 Jy4y;
S — mnHa nyyva;
{ — IPOJAOJKUTEIBHOCTD IBUKEHHUS BOABI 110 JTy4y.

h-S
BeienuB BpeMst { = —— ¥ NOJICTaBUB BMECTO S KOHKPETHBIE 3HAYEHHUSI, TOTYINM:
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B o0mem ciywae mmist a1000T0 yda, HMEIOMIEro Yroil (¢, 3HAYeHUE MOXKET OBITh OTl-
peleNeHo U3 BEIPAKCHHS:

1 B-h
- Ha y4yacTke yeka 0<¢<arctg— f,=—;
q-cos®
1 0 Ih
- Ha y4acTKe 4eka, rae arctg—<¢<90", t,=———.
B q-c0s(90—0)

Haubonpmmas npoonKUTENbHOCTh IBMKEHHS BOJbI 10 YeKy OyzeT mo j1yuyy S = b,
HaWMEHbIIas — 1o aydy S = B.

Ha KYIII® pacnpenenenue pacxona ( 1o IJIOMIAIN MPOUCXOIUT HE U3 OJTHON TOUKH
BOJIOBBIITYCKA, a 110 BCEH JUIMHE KapTOBOTO opocutens. Bee cTpyu pacnpeneneHsl nepneHam-
KYJISIPHO OPOCHUTEIIIO U UIMEIOT OJIMHAKOBYIO JUIMHY JIydeil: S = B.

VY nenbHbId pacxol KaKJI0M CTPyH:

qn :7 >
rie O, — pacxoji, MOCTYNAKOIIMii Ha OJIHY MOJIOBMHY IUIOIIA/IH YEKa:

rae (O — pacxol BOJIbI B YEK.
[TpoaomKUTENBHOCTD 3aTOIUICHUS JTyda CJIoeM s OyAeT paBHa:
h-B

4,
CpaBHHM MPOAOKUTEIBHOCTh BpeMenu 3aroruieHns yekoB Ha KKT u KUIID, mis
YEero COCTaBUM OTHOILICHUS:

t

h_ B i cirydas 0<@<arct L.
t I-cosg Y T esaEe g
t T 1l 0

- ==———— g arctg—<e<90".
t  cos(90—o) B

Z, 2
U3 pacueToB ciemyeT, 9T0 — OOBIYHO OOJIBIIIE WU MEHBIIE SAUMHUIBL, a ——>3,14 .
t t

B
[Ipu 7 = 0,1...0,3 3HaucHHsA i <1 tombko Ha wacTu mnomanay dekoB KKT.
t

B t .
[Ipn 7 > 0,3 orHommeHue —- > 1 ans Beeil wiomany yekos KKT.
t
IIpunss ¢, = ¢, DOIyYHM:
n-B
B-tg(arccos j
4o 1

W 2-1
rae W, —4actb miomany deka KKT, rae 7 <¢;;

/4

2

W — nmomranae yexka KKT.

B w, B w, B w,
st — =0,1 — =0,151, wm 15 %; — =02 — =124%u — =0,3 — =534 %,
I w I w I w

B
T. €. Ha yekax KKT ¢ oTHomeHnnem cTopoH 7 =0,1...0,3 momanes ¢ NpoaA0KUTEIBHOCTHIO

3atoruieHus f <t cocraBuser He O6onee 5—15 %. Ha ocranbubix 75-95 % muomanu yexkoB

KKT nMeer MecTo HEPABEHCTBO £, =1 .
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Cpennee mpeBbIlIeHHE TPOI0JDKUTETRHOCTH 3aTtorieHus: yekoB KKT mo cpaBHeHuto

1
¢ KUILI® B unTepBane OS(pSarcth paBHO:

(tl ] (tl ] L
t) _ t) 1
¢=0 p=arctg

t = .
(—‘] = _nB [1+sec(arctg£)}.
t )., 2 2.1 B

1
B unTepBaine arcthS(pS%O IIPEBBILLICHUE PABHO:

(Q] :E-[Hcosec-(arctgi)}
t cp/ 2 B

Cpennee mpeBbIlIeHHE TPOA0JDKUTENbHOCTH 3aTorieHus yekoB KKT mo cpaBHeHuto

¢ KUIlI® B nonsom uuTepsane 0<@<90° 3anmmercs B BuE:

t_k_ t cp/ t cp/ T

B
; . _Z*[T*(1+stc(p)+(1+coseccp)} ,

rje {, — CpeiHee 3Ha4e€HUe MPOAOIDKUTENLHOCTH 3aToruienns yekoB KKT.

Pe3ynbTaThl BBIMOJHEHHBIX TCOPETHUECKUX HCCIICIOBAHUN TO3BOJISIOT CHEaTh Cie-
nyromiee 3akimodenne: 3arorieHue dyekoB KKT wa 75-95 % mmomanu mmutcs B 2—4 pasa

B
nosblie, yeM 3atomienne KUII®. XapakTepHo, 4TO TOJBKO MpH 7 =0,1...0,3 Ha yyacTkax

noBepxHocTH 4ekoB KKT, HEMOCpeaCTBEHHO NPWIIErarolnX K BOJOBBITYCKaM M 3aHHMaro-
mux 5-15 % mmomanan, MPONODKUTENBHOCTh 3aTOIUICHUS B 2-3 pa3a MEHbINIE, YeM
Ha KUII®. /IocTOBEpHOCTh TEOPETHUECKUX IMOJOKEHUN IMOJITBEPKAACTCS BBICOKOW CXOJH-
MOCTBIO UX C PE3yJbTaTaMH I1OJIEBBIX 3aMEPOB.

[ToMuMO H37105KEHHOTO, OBLIIO YCTaHOBJIEHO, YTO Ha y4acTKax, HEMOCPEACTBEHHO MPH-
JIETaloLIMX K BOJIOBBIITYCKaM, UMEET MECTO BOAHAsA 3po3ust nmoBepxHocTu 3emin yekoB KKT.
Ha KYIII® BoxHas 3po3usi MOBEPXHOCTH HE TPOUCXOINT.
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