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BBepeHune

Hons docdopa B 3eMHON KOpe HE3HAYUTEIHHA —
Bcero 0,08 %, HO IO 0Opa3HOMY BBIp2KEHHUIO aKajie-
muka A.E. ®epcmaHa — 3TO «BEMIECTBO XKU3HHU U
MeIcy. Dochop ydacTByeT B CTPOSHHH KIIETOYHOM
TKaHHU PACTeHUH U KUBOTHBIX. OH BXOJHT B CTPYKTY-
Py HUX TEHOB, TO €CTh OTBEYAeT 32 BOCIPOM3BOJICTBO
OpraHU3MOB M Tepefady MX MOTOMKaM HaclleICTBeH-
Hott nH(Mopmarwn. [Ipu gedunmre dhochopa B mouBax
Yy pacTeHHil HapymaloTcs OOMEHHBIE MPOIECCHI,
OHHM TJIOXO YCBAaWBAIOT KaJMi M a30T M HE MOTYT HOP-
MabHO pa3BuBathes [1]. Bee Tpu aneMeHTa xu3HeH-
HO BakHbI JJ1s1 pacteHuil. Ho ans poccuiickux ycio-
BUIl pUHLMITHANIbHOE 3HaYeHue umeet P. I1o ouenke
9KCIIEPTOB, C y4eToM crenuduku nous Poccun onrtu-
MaJTbHBIE YCIIOBHS I PA3BUTHS PACTEHUHA CO3AAI0TCA
MPU KOHIIEHTPAIUAX MMUTATENFHBIX BEIIECTB TPUAJIbI
N:P:K, 6m3kux k cootromenuto 1:1.5:0.9. Cesizb doc-
(hopa ¢ yporkalfHOCTBIO CETTbCKOXO3SHCTBEHHBIX KYITb-
Typ JeMOHCTpupyeT puc. 1. ExxeronHo, B 3aBUCHMO-
CTH OT THIIA ITOYB M BHIPAIMBAEMBIX Ha HUX KYJIBTY],
C KaKIbIM ypoXKaeM W3 MoYB oTuyxaaercs ot 30 mo
60 % docdopa, 9To BEAET K OCKYACHHUIO U TTaJICHHIO
uX wiogopous (puc. 2).
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Figure 1. The relationship between crop yields
and available P in soil
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Puc. 2. CooTHOoLWeHMe BbiHOCA P
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Figure 2. The ratio of the removal P and crop yields
and its application with fertilizers

EcrecTBeHHBIM IIyTEM IMOYBBEI HE MOI'YT BOCCTa-
HOBHTB 3amackl ocdopa. s ero monosHeHMs Tpe-
OyeTcs akTUBHOE BMEIIATENhCTBO YenoBeka. OH BHO-
CHUT yIOOpEHHUs B BUJIC PUPOIHBIX U UCKYCCTBEHHBIX
coenuHeHui Gochopa. B mousax paznuyaroT MUHE-
panpHBINA 1 opranmdeckuit Gpocdop. [ocnemamii BKITIO-
YeH B CIOXHYIO CTPYKTYpPY OPraHHYECKUX MOJIEKYIL,
KOTOpbIe (DOPMHUPYIOTCS B XOJIC Pa3IMYHBIX OHOTCH-
HBIX mporeccoB. OHAKO Jaxe B 9TOM cllydae U3Ha-
YaIbHO €ro MpHpona Oblla MUHEPaJIhHOH, yHAce-
JTOBAaHHOM OT MIPOJYKTOB BHIBETPHBAHHS MUHEPAJIOB
dochopa. Crenmanucram ussectHo 190 MmuHepaio
dochopa, Ho Gonee 95 % ero NPUHAIICIKUT araTh-
ToBO# Tpynme. C TCHETHUECKUX MO3UITUN amaTHUTO-
BbIe MUHEpaibl, 0e3 ydera MeTaMop(hUIEeCcKUX Tpo-
IIECCOB, OJPA3JICISIFOTCS HA MAarMaTOTCHHBIC H 0Ca-
IOOYHEIE.

MarmaroreHHble anaTiuThl B TIPOMBIIDICHHBIX Mac-
mradax TJIaBHBIM 00pa3oM COCPEIOTOYEHBI Cpenr
HEe(EeITMHOBBIX U KapOOHATUTOBBIX KOMILIEKCOB. Oca-
JIOYHbIE anatuThl B ()OpME CKPBITOKPUCTAILTUYECKUX
arperatoB o0pa3ytot (ochopursr. Oxomo 85 % mpu-
poaHbIx (hocdaToB MCIIONB3yeTCs IS MPOU3BOJICTBA
(dochopubix ynodpenuii. [1o naHHEIM AMEpUKaHCKON
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TeOJIOTHYECKON CIyXKObl, MUPOBBIE pa3BEllaHHbBIC
3amackl (hocdaroB coctaisot 70 mupx T P,Os [3].
3anacel P pacnipenencHsl kpaiiHe HEpAaBHOMEPHO,
n3 HuX 60 % npuypouensr kK Mapokko, CILIA n Ku-
tato. CBoeobOpazHoii ocharroit «CaymoBckoir Apa-
BUEi» sBIAETCS MapoKKo — 3/1eCh CKOHICHTPHPO-
BaHo Oosee 70 % 3amacoB BBICOKOKAYECTBEHHBIX
thochopuroBsix pyn. HazBanHbie cTpaHbl SABISIOTCS
JuaepamMu 1o 1o0srde u noctaske pocdaros Ha Mu-
poBoO# peIHOK (pHC. 3). BHE KOHKYPEHIIMU HAXOUT-
csa Kurtail. EMy npuHaaiexxuT NpakTH4eCKHd IOJIO-
BHHA CBIPHEBOTO PHIHKA W PBIHKA MepepabOTaHHBIX
thocdaror (puc. 4). Poccust mo oTME4eHHBIM TOKa-
3aTesisiM 3aHUMaeT YeTBEPTOe MECTO, €€ OISl B MU-
POBOM OanaHce coCTaBIsIeT OKOJIO 5—6 %.

K xpynne#mmm npousBoautensiM ¢ocdaToB
OTHOCSTCS MEXIYHapOJIHBIE Kopropanuu Mapok-
ko, CIIA, Kutas, a Tak:ke pOCCUUCKUE XOJIUHTH
«DocArpo», «Arpoxum» u EBpoxum (puc. 5).
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Figure 3. Phosphorites’ reserves in different countries,
min tones P,Os
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Figure 4. China's share in world phosphate market
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[Figure 5. Fertilizers production
and leader phosphate producers]

OcHOBHBIE TIOTpeOUTENN U UMITOPTEPHI pocda-
TOB — CTpPaHbl IOKHOW U BOCTOUHOM A3sum, Jlatun-
ckoii Amepuku, 3amaguoi EBponbl. Hakoner, u3 npu-
BE/ICHHOH I'pauKH CleIyeT, YTO TPH YETBEPTH IIPO-
MBIIIUTEHHBIX 3amacoB Qocdopa cBs3aHbl ¢ Gochopu-
TamMu. MarmarorenHsie ochaTbl CTPYKTYPOOIIpeie-
JISTFONTYIO POJIb UTparoT Tobko st KOAP, bpasunun,
Poccum, IllBenmn, Kanampl. 3a moaTopa CTONETHS
m3ydenns B Poccrm ochoputoB pazpaboTaHbl TIPHH-
LUIBI KITACCU(PUKAIMK 3TUX NPHUPOAHBIX 00pa3oBa-
HUH, Cpe KOTOPBIX HIMPOKOW U3BECTHOCTBIO IOJIb-
3yercs knaccupukanus A.C. CokonoBa [4]. B Heit
€CTh KaK JUCKYCCHOHHBIE, TaK U OOIIeNpU3HAHHbIC
nosoxxkeHus. OCTaBisAs 3a CKOOKaMH AUCKYCCHOHHBIE
BEIllM, COCPEJOTOUYNM BHUMAaHHE Ha T'€HETHYECKHX
tumnax (hochopuToBEIX MecTopokaeHuit. C yaeTom
COBPEMEHHBIX JAaHHBIX BBIICISIOTCS BOCEMb THIIOB
¢ocorenesa: ahaHUTOBBIH, MUKPO3EPHUCTHII, 3epHH-
CTBIM, JKEJIBAKOBBIN, PAKYLIEYHBIM, TaJICYHO-3EPHUCTBII,
MIECYAHO-3EPHUCTBIHM, OCTATOYHO-METACOMATHYECKHI.
W3 HUX MPOMBILIIEHHOE WM OTEHIUAIBHO-TIPOMBILII-
JIEHHOE 3HaueHHe MMEIOT MepBble mATh. VX Mecrto-
poxaeHus obnagaroT 3amacamu 6osee 50 MIH T
P>0s, a mons moObram pya B MHPOBOM OayiaHce J0-
cruraer 1 %. OTnuuuTensHbIE HeTporpaguyeckue
0COOCHHOCTH TaKUX Py MOXHO BUJETH Ha puC. 6.

OTMeueHHbIe NMPOMBIIIJICHHbIE T€HETHYECKHE
THUIIBI TAKOKE OTIMYAIOTCA 1O (OPMALMOHHON MpU-
HaJICKHOCTH, CTPYKTYPHO-TEKTOHUYECKHM, CTpaTH-
rpaduuecKiM, (aruanbHbIM, JTUTOTOTHICCKHM, T€0-
XAUMUYECKUM U JIPYTHM Xapakrepucthkam. [loguepk-
HeM aBa MoMeHTa: 1) cBsa3b (pocorenesa ¢ ompe-
JETICHHBIMU T€0JIOTHYECKUMH 3T0XaMH M 3BOJIIO-
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LUOHHBIN ero Xapakrep; 2) NpUHLUIHAIbHbBIC pa3-
T4l MeXIy aQaHUTOBBIM M OoJiee MO3IHUMHU THU-
namu ¢pochaTOHAKOTUICHHS.

B cBoe Bpems H.A. Kpacunsaukosa (1967) 06-
paTuia BHUMaHHE Ha CMEHY B F€O0JIOTHYECKOM Bpe-
MEHH TJI00aTBbHOTO paclpoCTpaHEHUs! Pa3HBIX MPO-
MBIIUICHHBIX TeHETHYECKUX THIOB (HOocHOpUTOBBIX
MECTOPOKACHUH M 00O3HauMja 3TO SIBIEHUE Kak
sBomonuio ocdorenesa [5]. PaspuBas uaer 3Bo-
moruonHoctu Gocdorenesa akagemuk A.Jl. Sn-
mvH (1988) BbLIenM BeHI-KeMOPHUIICKYIO U MO31-
HEMEJIOBYIO-PAHHEIIAIEOT€HOBYIO 3II0XH IPOMBIILI-
neHHoro (ocdaronakormienus [6]. [To ero gaHHEBIM,
B BeHje-KeMOpuu cocpenoTodeHo 6oiuee 15 % BbI-
SIBJICHHBIX MHPOBBIX 3aI1acOB MATHOKHUCH (hocdopa.
IIpencraBneHs! OHM pydaMy aaHUTOBBIX U MUKPO-
3EPHHUCTBIX T€HETHUECKUX THIIOB MECTOPOXKICHHH,
KOTOpble B OCHOBHOM JIOKIM3YIOTCS B TIpelenax
Asmnatckoro koHTHHeHTa. Eme 6oree konoccaabHbIe
CKoIIeHHUS ocdopa CBA3aHBI C MEJ-TTAICOTEHOBOM
310Xx0M. 31ech CKOHLIEHTpUpOoBaHo 27 mipa T P»Os,
i nioutr 60 % oT ux 00ImKMX 3amacoB. ITO UCKIIO-
YUTENEHO PYABl MECTOPOXKICHUH 3€pPHUCTOTO T'eHe-
THUYECKOro Tuna. B 0OCHOBHOM OHM NPHYpPOYEHHBIX
K ApaBuiicko-Adpukanckot (ochOpUTOHOCHOMH ITPo-
BuHIMU. TakuMm oOpa3omM, 0coboro BHUMaHHS 3a-
ClTyHBaeT a)aHUTOBBIA 'EHETHYECKUN THUIT MECTO-
POXIEHUH, TOCKOJIBKY UMEHHO C HEro B 3AUaKap-
CKO€ BpeMsi Ha 3emJjie HAauWHAETCs! MPOMBILIUICHHOE
¢dochopuroodpazosanue. [IpuHIMITHATBLHBIE €r0 OT-
nmaust oT OoJiee MO3MHUX THUTOB (hocdoreHesa cBsi-
3aHBl C MAJEOTCKTOHMYECKHMMH OOCTaHOBKAMH B
¢dochopuroHocHBIX OacceiiHax. AdaHuToBOE (hoc-
(aroHakomieHre ObLIIO MPUYPOUYCHO K MOABHUKHBIM
y4acTKaM 3€MHOH KOpBl C CEICMUYECKU aKTHBHBIM
TEKTOHHYECKUM PEKHMOM, YHACIECAOBaHHBIM OT JO-
saMaKapckux pupToBBIX CTpyKTyp [1; 7]. bnaroga-
ps 3ToMy Takoil gocdorenes mporekan Ha (oHe
YCKOPEHHOW CEeMMEHTAIINHY, YTO JaJI0 BO3MOXKHOCTh
MaKCHMAJIbHO IOJIHO IIPOSIBUTHCS AMAT€HETHUYECKOM
¢docatnzanum ocankos. CienoBaTesNbHO, AT Me-
CTOpoXXaeHUH adaHUTOBBIX (POCPOPUTOB TIaBHBIM
(daxkTopoM pynHOU KOHIeHTpamuu (ocdopa crano
€ro JUareHeTHYeCKOe MHCUTHOE HakoluleHue. Jlis
Ipyrux TUHOB (GOC(OPHUTOBBIX MECTOPOXKIEHUH,
o0macTpio (OpMHPOBaHHS MX PyJ OBUIM Maiormo-
IBIDKHBIE cj1a00 mporubarommuecs CTPYKTYPBI C
MEJICHHBIMU TEMIIaMHU CEIUMEHTAllMU U JJIUTEJIb-
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HBIMU TepeMblBaMU 0caakoB [8]. biarogaps stomy
BO3HUKAJIM KOHJEHCHPOBAaHHBIE Pa3pe3bl U3 MHOTO-
KpaTHO MEPEMBITOTO M CTPYKEHHOTO pa3HOO0pa3HOTO
(hochopuroBoro mareprana. IHBIMH CIIOBaMH, 371€Ch,

E PN

PakylHAKOBbIe pochopuTbl

B OTNINYKE OT apaHUTOBHIX (HOCPOPHUTOB, TITABHBIM
PyZA000pa3yIomIM MEXaHU3MOM KOHIIEHTpauu (Goc-
¢dopa ObUTM CEAMMEHTAI[MOHHBIC IPOLECCH JITH-
TEeTHLHOTO NITUX0BaHUS (POCHATHBIX OCATKOB.

#flishelly phosphoritesiif

concretionary phosphorites|

Puc. 6. MeTtporpadunyeckme Tmnbl $ochopurToBLIX PYL,
[Figure 6. Petrographic types of phosphorites’ ores]

Tabavua

JAoneBoe y4yacTvue NpPoMbILLIEHHbIX TUMOB PYA B CTPYKTYpe ¢pocdaTHO-CbipbeBoii 6a3bl CoBeTckoro Coto3a
[Table. Industrial ore types’ share in phosphate-raw material resource base of USSR]

MpombiwneHHble Tunbl pya [Types of industrial ores]

AnatutoBble
[Apatite ores]

DochHOpPUTOBLIE MUKPOSEPHUCTLIE

®dochopunToBbIE XENBAKOBbLIE
[Microgranular phosphorite ores] [Concretionary phosphorite ores]

dochopunToBbIE PaKyLLEYHbIE
Shelly phosphorite ores

48 % 36 %
(BBICOKOCOPTHbIE /
of good quality)
XunbuHbl, KoBoop
[Khibiny, Kovdor]

of acceptable quality)
Kapatay
[Karatau]

12% 4%

(ynoBneTBOpUTENBLHOMO KavecTBa / (HU3KokavecTBeHHbIe / of low quality) (Hu3kokavecTeeHHble / of low quality)
LleHTpanbHble pernoHbl Poccumn
[Central regions of Russia]

MpubanTuiickme pPernoHsbl
[Baltic regions]

Bce ckazanHOe HampsMyro UMeeT OTHOIICHHE K
(hocdarnoit mpodbneme Poccun. Kak yxxe otmedanocs,
nonst Poccun B MupoBoM mpou3BoicTBe (ocdaros
coctapnsier 6 %. OmHako 3TOT (pakT He CHHXKAeT
OCTpPOTHI CyIIECTBYIOMIEH mpobiemsl. [lo maHHBEIM
MuHcenbxo3a, B Poccuiickoit denepanun exero-
Hoe moTpedieHne (GochopHBIX yIoOpeHHH cOCTaB-
nset He 6onee 630 Thic. T P2Os [9], B TO Bpems kak
0 HayYHO 00O0CHOBaHHBIM HOpMaM MX BHOCHUTH He-
00X0JMMO B JiBa pa3a Ooubiie. [ToHATHO, YTO Takas
CUTyalusi B 3HAYUTEIBHOW CTENICHH CBsI3aHa C OCO-
OCHHOCTSAMH MHHEPaTbHO-CHIPhEBOH 0a3nl Poccum,
KOTOpas B OCHOBHOM OblTa yHacienoBaHa ero ot Co-
Berckoro Coro3za. 31mech HE0OXOIMMO BCTIIOMHUTB,
YTO, HECMOTPS Ha Psil HETAaTUBHBIX MOMEHTOB, TO-
TEHIIMAI MOCJeHEeNH ObUT BeCbMa BEJIMK U MO3BOJISLIT
Coserckomy Co103y 3aHHUMAaTh BTOPOE MECTO B MU-
pOBO# MOOBIYM M Tpom3BoACTBE (docdartor. Jlome-

HAYKWN O 3EMJIE

BOE y4JacTHe TPOMBINIICHHBIX THIIOB PYI B CTPYK-
Type ¢ochaTHO-chIpheBoii 0a3pl CoBerckoro Corosa
MOKa3aHo B Ta0nuIe.

W3 ckazanHOro cnemyer, uto Ha Tepputopun CCCP
MPOMBIIUICHHBIE MECTOPOXKICHUST (OCHATHBIX Py
ObUT paccpeqoTOUYeHB HepaBHOMEpHO. Bce oHm Ha-
XOJIMIIACH B eBporeiickoit yactu Poccun (59 %),
Kazaxcrane (36 %) u Dcronnu (4 %). ['uranrckue
npoctpadctBa Cubupu u Jansaero Boctoka He nume-
1 coOOCTBEHHOW 0a3bl JJIS MPOU3BOJCTBA ya00pe-
HUI ¥ [ETMKOM 3aBHCENN OT UX IOCTABOK U3 €BPO-
MEeMCKON YacTH CTpaHBbI.

K kauecTBeHHBIM pyJam, TPUTOTHBIM JIJIS TITY-
Ookoif xumMHu4ecKoil nepepaboTky, oTHocHIUCh 80 %o
3anacoB Qocgoproro ceipbsi CCCP. [outu moo-
BHHA W3 HUX IIPE/ICTABIICHA YHUKAJIGHBIMA allaTUTaMU
Konbckoro noiyoctpoBa, Ha 6a3ze KOTOPBIX CO3laH
MOIITHBIH KOMITJIEKC TOPHOJIOOBIBAIOIICH IPOMBIII-
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JICHHOCTH. BTOpBIMH MO 3HAYUMOCTH OBUIM PYZABI
MUKpO3epHUCTHIX (hocdopuTtoB Kaparayckoro Gac-
ceifHa, CTaBIIEro BTOPHIM BCECOIO3HBIM LIEHTPOM 10
0OBIYe M MIPOU3BOJCTBY PacTBOPUMEIX (hocharos.
XenBakoBble M paKyllIedHbIE pPyIbl, HECMOTPS Ha
HEBBICOKOE KavecTBO, popMupoBany B EBponerickoii
YacTH CTpaHbl TPETHH MPOMBIIUICHHBIM KOMILIEKC.
OHn ObLT HalleNIeH Ha BBIMYCK JEIIEBBIX yI00OpeHUH
U3 MOJIOTBIX (hOC(OPUTOB M TO3BOJISII MECTHBIM ar-
papusiM MEHbIIE NPUMEHSTh JOPOTHE KOHLEHTPH-
poBaHHbIe ynoOpeHus. B 1meiaom Ha IuKe MPOMBIII-
nernoro passutus CCCP paszsenannbie 3amachl (oc-
¢aroB cocraBmsu 1,3 mupa T P,Os, B Tom uncie
anmatutoB 0,6 mupn T u ¢ochopuroB 0,7 mMapa T
P,0s. [IpoussozacTBo HoChOpPHBIX YI0OPESHHIA B CTpaHEe
nocTurino 7,1 MiTH T. DKCTIOPT MX He mpeBbImat 2 %.
OnmHako make B OTH (JIyYINFE) TOABI Ha ITOJIS BHO-
cuinock 30,5 xr P,Os Ha 1 ra namHu. 9To B OITh pa3
MEHBIIIE, YeM B cTpaHax 3amanHoit EBponsl, rae ypo-
»aii 3epHOBBIX jocTuran 70 1yra.

C pacmagom CoBetckoro Coroza pe3ko MeHs-
eTcst CTpykTypa docdaTtHO# ChipbeBoit 6a3p1 Poccnn.
Ilocne orceueHus: OT Hee Ka3aXCTAHCKUX M 3CTOH-
ckuxX GocoprUTOHOCHBIX OACCEHHOB OHA MpaKTUYe-
CKH LIEJTMKOM CTaHOBUTCSI OPUEHTHPOBAHHON HA ara-
TUTOBBIE MecTOpokaeHHs Konbckoro momyocTposa.
ITo cocrostaMio 'ocymapcTBeHHOro OanaHca 3arma-
coB Ha 2019 r. Ha Tepputopuu Poccuiickoit dene-
parnuy yateHo 23 anmatutoBBIX B 38 hochopHuTOBEIX
MECTOPOKACHUH ¢ pa3BeJaHHBIMHU 3allacaMH BBICO-
Kux kateropuii B ooveme 714,0 u 217,0 muH T P2Os
cootBeTcTBeHHO [10; 11]. OnHaKo B MPOMBINUIEH-
HOM 0TpaboTKe HAXOJATCS TOJNBKO alaTUTOBBIE Me-
CTOPOXXKICHUS XHUOUH, a TaKKe KOMILJIEKCHbIE Kap-
OoHatuToBBIe pynbl KoBmopa. @ocdoputoBsie Top-
HOpynHBIe KoMOMHATHI EBpomnetickoii yactn Poccun,
KOTOpBIE B COBETCKHUE T'0JIbl CHENUANTN3UPOBAINCH HA
nepepadoTKe HU3KOCOPTHOTO CHIPHS, MO SKOHOMH-
YEeCKHM MPUYMHaM 3aKOHCEpBHPOBaHbL. TakuM oOpa-
30M, Ha CErOJHAIIHUNA MOMEHT OCHOBY MUHEPAJILHO-
CBIPHEBOMN 0a3bl CTPAHBI COCTABIIAIOT UCKIFOUUTEIILHO
anatuToBble pynsl Konbckoro momyoctposa. Bol-
MyCKaeMBbIi 37eCh alaTUTOBBIH KOHLIEHTpAT Conep-
#UT 39 % P>Os 1 sBgeTcs ay4yiiuM B MUpE 1O Ka-
yecTBy. OOBEM €ro 100b14M B TOCIEIHUE BA TO/a
IIPEBBICUIT 5 MIIH T, HO 3TO JIMIIb YETBEPTasl 4acTh
OT ypoBHA ero mpousBoactBa B CoBerckoMm Corose.
B 2019 r., no nanueiM Poccrata, B cTpane mpousse-
neHo 4,3 MitH T ochopHBIX YI00pEeHUM, HO TOIBKO
MOJIOBMHA M3 HUX pealn30BaHa Ha BHYTPEHHEM PBIH-
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ke. [Ipu TOoM, 1O 3aKiII0YeHHIO arpapues, 85 % mouB
Poccun nyxpaercst B ochopuzanuu Bee ckazan-
Hoe oOHa)kaeT HamboJee OCTpble MPOOJIEMBbI HbIHEII-
Hero coctosHus (hocaTHOH reoJoTHH M OTPaCiIeBON
dbochopHO TpOMBIIIIEHHOCTH B IesoM. K mpo-
OyieMaM, KOTOpBIE TPeOYIOT CKOPEUIero pelieHus,
oTHocsATCs: 1) opHeHTHPOBaHHOCTH (HocOpHO mpo-
MBIIIJICHHOCTH Ha €IMHCTBEHHBIH, XOTS U BBICOKO-
Ka4eCTBCHHBIH HCTOYHUK MHUHEPAJIHHOTO (amaTHUTO-
BOT0) CBHIPhS M MOHOIIOJIM3UPOBAHHOCTh PHIHKA (DOC-
(hopHBIX yI0OpeHMit; 2) 3HaUNTEIbHAS yIaJICHHOCTD
CBIPBEBOM W TPOU3BOJACTBEHHOW 0a3 (docdartoB ot
o0JacTeil pa3BUTOrO CEIILCKOTO XO035HCTBa; 3) OTCYT-
CTBHE Ha BOCTOKE CTpPaHbl SKOHOMHYECKH IpHUBIIE-
KaTeIbHBIX MECTOPOXKICHUI; 4) OpHEHTUPOBAHHOCTD
arpOXMMHUYECKHX TPEANPUATHH HA BHEIIHUH PHIHOK
B ymepd poCCHUHCKOMY MOTPEOHUTEIN0; 5) HemocTa-
TOYHBIA 00BEM CYIIECTBYIOIINX MPOU3BOACTBEHHBIX
MOITHOCTEH /IS BBITYCKA BBHICOKO KOHIICHTPUPOBAH-
HBIX yIOOpeHHi; 6) OTCYTCTBUE PEHTA0ENbHBIX TEX-
HOJIOTHH TS TIepepabOTKH HU3KOKAYeCTBEHHBIX (OC-
(dhopHuTOB B pacTBOpUMEIC yrnoOpeHus. Bo3HukaeTr Bo-
MpOC: a TaK JH Ba)KHA pacCMaTpuBaeMas TeMa, eCli
BOT ye Kako# rox Poccusi BEIXOTUT Ha epBoe Me-
CTO B MHp€ 10 3KcTopTy 3epHa? He aHanuzupys 3To
4yz0, IpuBeaeM Apyrue unudpsl. ToabKo 3a mepBoe
MOJIYTOiMe TPOILIOro Troaa uMmopt B Poccuro mo-
JIOYHOM MPOAYKIMM JOCTUT 865 MIIH JOJUL., a Msca
2 MIIpJ TOJLT.

TakiM 00pa3zoM, HAIUIIO CYIIIECTBOBAHUE B CTPaHE
Cepbe3HON MPOOJIEMBl IO CO3JaHUI0 COBPEMEHHOMH
KOPMOBO# 0a3bl 115 )KUBOTHOBOACTBA. M pemmTs 5T0oT
BOIIPOC OTEUECTBCHHBIC arpapuy BPsl JIK CMOTYT
0e3 akTUBHOH (hochopu3aIuy ceIbCKOX03SHCTBEH-
HbIX yroauid. MTak, 4To UMEEM B UTOre€ M KaKUMH
pe3epBaMH MOKHO BOCHOJB30BATHCSA IS CMSTYe-
HUs cylecTBytomen cutyanuu? [ToHSITHO, YTO KOH-
KpeTHKa OTBETa Ha 3TOT BOIIPOC BO MHOTOM 3aBHCUT
OT SKOHOMHYECKOTO COCTOSIHHS CTPaHbI, a TAKKE OT
MMHAMUAKA MUPOBBIX IIeH Ha (ocarer. Ho Bce-Takwm,
Ha 9YTO MOXKHO, a Ha YTO HE HY)XHO HAJEAThCS C
reoJIOTHYECKO TOUKH 3peHusa? PaccmMoTpuM curtya-
LIUIO 110 OTAEIBHBIM PETUOHAM.

1. Konbckuii nonyocTtpos

Pernon Ha Ommkaiiiiye OecsITUIETHE COXPAaHUT
CBOH cTaTyc TiaBHOW (ocdaTHON CHIpbeBON 0Oa3bl
crpadbl. B Xubnnaax w3 mecsty pa3BeaaHHBIX MECTO-
POXKAEHUI B 3KCIUTyaTallil HAXOAATCSl CEMb, IIE Be-
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JeTcsl KapbepHas M moazeMHast 100br4a pya. B 2019 r.
ObU10 HapaboTaHo 11,3 MJIH T anaTUTOBBIX pya. M3 HUX
10,1 mma T BRITymieHo OAO «AmaTturt» XOJNIWHTA
«DocArpo», a 1,2 MJIH T MOTYy4EHO HA HEJIaBHO TO-
cTpoeHHoM pyaauke Onennit pydet rpymsl «OAO
Axkpon». B Ommkalinx miiaHax 3TOW KOpHOpaIiu
ocBoenue [lapToMuoppckoro mectopoxaeHus. J(pa
3TUX (pakTa MMEIOT MPUHLHIHAIBHOE 3HAUYCHHE.
OHM MOKa3bIBAIOT, YTO HA PHIHKE alaTUTOBOTO ChI-
pbs TIOSIBUJICS HOBBIM WTPOK, CIIOCOOHBIN BIUSITH
Ha MOHOTIOJIBHYIO IIEHOBYIO IOJIUTHKY XOJIJIHHTA
«DocArpo». C apyroii CTOpOHBI, Ha I[eHBI OyIeT
OKa3bIBaTh BCE Oonplee AaBieHHE aKTUBHO BO3-
pacTarolee MCTOIEHHE KapbepHBIX 3aIacoB, A0JIA
KOTOpPBIX ye ceiuac cokparmiack 10 20 %. Ilepe-
OpHEHTAITNS TOOBIIHBIX PabOT Ha TIIyOOKHUE 3aJIeHKH
BEIET K JOTOJHHUTEIHHBIM 3aTpaTaM H IO3TOMY B
Onmmkaifieil mepcreKTHBe HeM30eKeH POCT IIeH Ha
JaHHYIO MTPOAYKIHIO

KoBnopckoe KOMIUIEKCHOE MECTOPOKICHHE —
BTOPOIi TI0 BAXKHOCTH O0BEKT B CTPYKType docdar-
HOH-CBIpBeBO# 0a3pl Poccun. Ha ero momo mpuxo-
mutcst 20 % moOpIBaeMOro almaTUuTOBOTO KOHIICHTP-
ata. PaspabatsiBaeT Mectopoxaenne OAO «Kos-
nopckuit 'OK» — nodepHss CTpyKTypa KOMIaHWUU
MXK «EBpoXum» Ilpeanpusitue mpou3BOAMUT XKe-
ne30pyAHbIH (7,9 MITH T), anatuToBbIH (3,9 MITH T) U
6ammenentoBblit (10,1 ThIC T) KOHIIEHTpATH. JlonTO-
CPOYHBIE TTEPCIIEKTUBBI yeTOoHIMBOTO pa3Buths I'OKa
Ha ¢ocdaThl onpenensoTes:

— IOCTOBEPHO pa3BeAaHHBIMH 3amacaMi B 00b-
eme 25 muH T P,Os B popmMe KOMIUTEKCHBIX (KOpeH-
HbIX) 1 7 MaH T P>Os B BuJie anmaTUT — mradenuro-
BBIX (BTOPHYHBIX) Py KOPBI BEIBETPUBAHUSA KapOo-
HATHUTOB;

— BBICOKHM Ka4eCTBOM TIOJIy4YaeMbIX KOHIICH-
TPaTOB;

— KOMIUIEKCHBIM COCTaBOM J0OBIBAEMBIX PY/I;

— pa3paboTKO MECTOPOXKICHUS CBEPXIITyOOKUM
(800 M) xapbepoMm, 4TO TO3BOJIUT MEPECHECTH Ha
30 JeT CTpOUTENHCTBO JOPOTOCTOAIIETO MO3EMHO-
r0 pyJIHHKA.

2. JleHNHrpaacKuii peruoH

C zamana JleHnHrpaackas 0071acTh MPUMBIKAET
k [Ipubantutickomy docopuroHOCHOMY OacceitHy
pakymedabx hochoputos. [IpoOMBITUIEHHO 3HAYH-
MBIM OOBEKTOM sIBIIsieTcss KUHTHCENTCKoe MecTo-
POXJICHHE, KOTOPOE HAXOJIUTCSA B IKCIIyaTaluu

HAYKWN O 3EMJIE

C cepeuHBl Impouuioro Beka. IIpon3BoacTBEHHOE
oobenuaenue «Pochopur» kommanuu «EBpoXum»
MPOBOJUT TIOJIHBIM LIUKJI OCBOEHHUS MECTOPOXKIe-
Hus. [lonydaeMblil 3/1eCh KOHLIEHTPAT COAEPIKUT
28 % P,0s. [locne cmemmBaHus ¢ KOIBCKAM anaTH-
TOM TOTOBBIH MPOIYKT MPHUTOJEH JUIA TOTYUYCHHS
BBICOKOKAaYECTBEHHBIX PACTBOPUMBIX YI00pEHUI.

[o pacueram cneunanuctoB «EBpoXum» cebe-
CTOMMOCTh KOHIIeHTpaTa KHHIHCENICKOro MecTo-
POKIIEHHUS TIpeBBIMacT 0oyiee YeM B J1Ba pas3a cebe-
CTOMMOCTE (ochaTOB MECTOPOXKICHUN Mapokko u
TyHuca, 94T0 NenaeT MPOIYKIMI0 KOMIAHHH HEKOH-
KypEHTOCIIOCOOHOM Ha MHUPOBOM pBIHKE. B cBsizu C
3TUM DKCIUTyaTallds MECTOPOXKICHHS IPEKpaIIcHa,
a mpou3BoACcTBO o0benuHenus «Dochopur» mnepe-
OpMEHTHPOBAHO HA MepepaboTKy KOBIOPCKOTO ara-
TuTa. Hamexnpl Ha BO3pOXKIeHHEe MHTEpeca K pa-
KymmeuHsiM (pochoputam KuHrncenmnckoro mecro-
POXKICHUS, a TaKKE K JPYTMM OKPYKAIOIIMM €ro
MIEPCTIEKTUBHBIM IUIOLIA/SIM, IAET 3aBEpIIEHHE CTPO-
utenbcTBa Ha banTtuke camoro Gomsinoro B EBpore
Yerp-Jlyrkckoro ToproBoro Mopckoro moprta. Ilon-
HBIA BBOJ[ €r0 MOIIHOCTEH OyIeT CIOCOOCTBOBATH
POCTYy PKOHOMHUYECKOH JesATeNbHOCTH U TpUBJIEUe-
HUIO B PErMOH KPYITHBIX WHBECTHUIIMN, B TOM YHUCIIC
JUTSE OCBOCHHMSI €r0 MUHEpaJbHBIX OorarcTs. B dacr-
HOCTH, y’K€ ceff4ac y MHBECTOPOB TOSBUJIICS UHTE-
pec K ceBepHBIM (OCHOPUTOHOCHBIM ILTOIIAJISIM.
OmHako TEepBOCTENEHHOTO BHUMaHUSA Tpedyer Bo-
JIOCOBCKasl IUIOMIAAh C TPOTHO3HBIMH pEeCypcamu
190 mnH T P>Os cemunponentHsix pyna [12]. Ilpo-
MyKTUBHAs Mayka BojocoBCckoil Iiomany Ha Iiry-
6unax 100 M mpencraBieHa OOBOTHCHHBIMH TIECKa-
MU, 9TO OJarompusATCTBYET OpTaHW3AIMHA CKBAXKHH-
HOHM THIpOomOoObIIH. B KOHIIE COBETCKOTO TEpHoa
TEXHOJIOTHS TakuxX pabor Obuia ocBoeHa B MHCTH-
TyT€ TOPHO-XUMHUECKOTO CBHIPbs IPYMIION mpodec-
copa B.2K. Apenca [13].

3. UeHTpanbHaga Poccusa

®DochopUTOHOCHOCTh PErHOHA CBSI3aHA TIIABHBIM
00pazoM ¢ MECTOPOXKICHUSIMH TPYIHOOOOTaTHMBIX
JKeNBakoBbIX (ochoputor Bomkckoro u JHempoBcko-
JHonenxoro OacceiiHoB. B mMXx KOHTypax pa3BegaHO
oonee 200 dochopuToBBIX 3alekel pa3HOro Mac-
mTaba. Kaprepamu ropHo-000raTUTEIEHBIX KOMOMHA-
TOB oTpadaTeiBauch Bsarcko-Kamckoe (109 miH T
P,0s, Kuporckas o6macts), EropseBckoe (30,6 MutH T
P»0s, MockoBckast oonacts) u ITommmckoe (10,9 M T
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P,0s, bpsiackas o6nacth) Mectopoxaenus. OOmuit
00beM TpOoU3BOAUMON (OCHOPUTHON MYKH NOCTH-
ran 4 miH T B rof. IlojgoBuHa ee BbITyckangach MoA-
MOCKOBHBIM KoMOmHaTOM «®Pocdartbl», MpoayKIus
KOTOPOI'0 MOCTaBisUIach BILUIOTH 10 JlameHero Bo-
CTOKa.

OtcyTcTBHE pEeHTAaO0ENbHBIX TEXHOJOTHH Iepe-
pabOTKH >KeNBAaKOBBIX (POCPOPUTOB B PACTBOPUMBIC
yIOOpeHHs CTajo MPUYMHON 3aKPBITUSI TOPHO-000Ta-
TUTENHFHBIX KOMOMHATOB W YTpaThl MHTEpeca K Me-
CTOpOXKIEHUAM JTHX ¢ocoputoB. B wacTHOCTH,
CBEPHYTHI IIPOEKTHI TI0 OcBOeHMI0 KnMoBckoro u Yko-
JoBckoro MectopoxaeHuuil B Tynbckoit n Kypckoit
obnactax. [Ipekpaiena pa3padorka CIOHAIOKOBCKOTO
MectopoxieHust B Tatapcrane u CopAMHCKOTO yJacT-
ka Bsrcko-Kamckoro mecropoxxaenusi B KupoBckoit
obmacTu. ITO HEe 03HAYaeT, UYTO (PocMyKka mepecTacT
OBITH BOCTpeOOBaHHBIM ynoOpenueM. [Ipocro u3-3a
HU3KOH IIaTeKECIOCOOHOCTH POCCUHCKOTO MOTpe-
Outens B OmKaimedl MepcreKTUBE MPOM3BOICTBO
(docmyku Oyner ocraBaTbcs HepeHTaOeNnbHbIM. Hc-
KJIFOUEHHEM CTaHeT 3aruiaHupoBaHHoe B 2021 1. ocBo-
earie B TamMOOBCKOW 00JIaCTH TUTaH-ITUPKOHHEBOTO
pocceinHoro MectopoxacHus LlentpansHoe. Pyanbiii
IUTaCT €T0 COMPOBOKAAETCS JKENBAKOBBIMH (Pocdo-
putamu. Pa3Benanneie 3amackl GpochopuToB oOlicHe-
HEI B 3,9 MuH T co cpenuuM 18 % comeprxanuem
P>Os B MBITOM KOHIIEHTpaTe [14].

4. Cubupcknii n lanbHEeBOCTO4HbIN PEruoHbl

docaTHO-CHIphEBYIO 0a3y pernoHa B o0beMe
2,2 mipa T P>Os, hopmupytot anarurossie (1,4 Mupa T
P>0s5) u docthopurossie (0,8 mupa T P,Os) mecro-
poxnenus. HecMOTpst Ha CTONb Cephe3HbINA MOTEHIIU-
aJl 10 3KOHOMHYECKUM U 3KOJIOTMYECKUM MPUYNHAM
HHU OJWH M3 YKa3aHHBIX OOBEKTOB HE IOTOB K OCBOE-
HHIO. B KauecTBe KpaTKHX MOSICHEHHH OTMETUM Clie-
nytroriee. Mecropoxnenus pocdoputos npencrasie-
Hbl aanuToBbIM (V), rpaBuitHO-pakymeynsiM (O) u
KOpBI BbiBeTprBaHus THIaMH. C TOUKH 3peHHUs] 00be-
MOB 3aITacoB, ONPOOMPOBAHHOCTH CXEM OOOTAICHHS
PYA IPaKTHYECKH 3HAYMMBIMH SIBISIFOTCS a(aHHUTO-
Bble MecTopoxaeHus OKnHO-XyOcyrynbckoro oac-
celiHa, HO OHM PACIOJIOKEHBI B TPYIHOJOCTYITHBIX
ropax FOro-Bocrounoro CasiHa. 3HaunTenpHO Oornee
BBITOJIHOE Teorpaduyeckoe MON0KEHHE 3aHHMAIOT
MHOTOYHCIICHHBIE MECTOPOXKICHNST (POCHOPUTOB KOPHI
BbIBETpUBaHUA tora KpacHospckoro kpasi, Xakacuu u
UpkyTtckoii obmactn. OnHAKO, KaK U B CIIydae C JKell-
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BaKoOBBIMH (hocOpUTaMHU, OTCYTCTBHE TEXHOJIOTHYE-
CKHMX CXEM XMMHYECKOH mepepadOTKU Pyl B PacTBO-
pHuMbIe yIOOpEHHs IENAal0T X MaIOIIPUBIICKATETbHbI-
MH JJI1 UTHBECTOPOB.

Cpenun anaTUTOBBIX MECTOPOXKICHUM BBLIEIIIOT-
Csl TWIIBI, CBS3aHHBIE C PEIKOMETAIbHBIMH KapOoHa-
TUTaMH, IEJTOYHBIMH yJIbTpada3uTaMu, KOpaMu HX
BBIBETPUBAHMUS, a TAKXKE ¢ TaO0PO-IHOPUTOBBIMH U
MeTaMOp(OTreHHBIMH KOMILJIEKcaMu. Pa3BenaHHbIe
3arachl araTUuTa HaCUUTHIBAOTCS B cymme 302 MJH T
P,0s. U3 HUX B KayecTBe MOTCHIMAIBHO AKTHBHBIX
MOKHO PacCMaTpUBaTh 3aI1achl, CBSI3aHHBIE C METAMOP-
¢uramu Cenuraapckoro MecTopokaeHus (86 MiH T
P>0s) B SIkyTnn u OrrypkoBcKuM rabOpo-ITHOPHTOBBIM
maccuBoM (109 mun T P2Os) B Bypsatuu [15]. Beiron-
HOM cUTyaruel 1yl 000uX 00BEKTOB SBISCTCS UX pac-
TOJIOKEHHE B PaliOHaX C XOpOIIO pa3BUTON HWH(Dpa-
CTPYKTypoil. TeM He MeHee, HECMOTPS Ha CTOJIb Oue-
BUJIIHBIE MIPEUMYIIECTBA, OKUAATH, YTO B OJrbKaiinme
TO/IBI 3T MECTOPOXKICHUS HAYHYT OTpabaThIBATHCS,
He MpHuxoauTcs. HenmpeoaomuMbIM MpensSTCTBHEM /IS
ocBoeHUsT ONIypKOBCKOTO MECTOPOXIEHHST OyIeT oc-
TaBaThCs IPUYPOUECHHOCTD €T0 K IPUPOJHO-OXPAHHON
30He o3epa baiikana. OcBoeHne CenurniapcKoro MecTo-
pOKIeHHs TpeOyeT BIOXKEHUI He MeHee 1,5 Mipa Jomt.
Ilonck nHBECTOpa CAECPKUBALT:

— 3HaYUTENbHAs YJAJIeHHOCTh OYyIyIIero mpo-
M3BOJICTBA OT NOTPEOUTEIII KOHEUHOM MIPOLYKIHH;

— BBICOKasl PaAMOAKTUBHOCTG PY/I;

— HU3KOE UX KayeCTBO U CIIOXKHas (IoTaloHHas
TEXHOJIOTHS 00OTaIleHHUSI.

Takum 00pa3zoM, KapTHHA MOTYYaeTcs] HEOAHO-
3HavHOW. C OIHOW CTOPOHBI, Ha TeppuTopuu Cubu-
PH yKe ceiiuac U3BECTHBI I'€0JIOTHYECKHE OOBEKTHI,
KOTOpBIE MOTYT CTaTh 0a3oi sl opraHm3anui (oc-
¢opHoro mpousBoacTsa. C APyroii CTOPOHBI, N3-3a UX
TPYZIHOAOCTYITHOCTH, HEBBICOKOTO KadyecTBa 3alacos,
a Tarxke crenu(uky ycnoBuid 0TpabOTKU HE Cleay-
€T OXKHJATh B OJIM)KalIIne TOMBI MOSIBICHHUS KPYII-
HBIX NIPEANPHUATHH, CIIOCOOHBIX KapAUHAIBHO PEILIUTh
Ha BocTOKe Poccmm mammyro mpoOmemy. [losTomy
BOKHEHUIIIEH 3a/1auell TEOJIOTHIECKOH CITYKOBI CTpaHbI
0CTaeTcsl Co3[aHue 3/1eCh MOIIHOTO IIeHTpa (ochop-
HOH oTpacnu no Tumy KoJbCKOro mMpOMBILIIEHHOTO
Kjactepa. B cBeTe ckazaHHOTO NPUHIUIHAIBHOE
3HaueHue npruooperacT CeBEPHBIM MOPCKOM ITyTh.
3arIaHUPOBAHHBIE TEMIIBI €TO PAa3BUTHUSI OTKPHIBA-
10T YHUKAJIbHBIE BOBMOXHOCTH 110 SKOHOMHYECKOMY
ocBoeHnto TaiMbIpo-AHa0apcKoro peruoHa. 31ech
COCPEIOTOYEHBI OTPOMHBIE PECYPCHI alTAaTUTOHOCHBIX
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KapOOHAaTUTOB TOMNTOPCKOTO IIEIOYHOIO MaccuBa
1 Meiimeua-Kotyiickoit nposunumu [16; 17]. OcBoe-
HHE 3THX 00BEKTOB IMO3BOJUT MPEBPATUTH PETHOH B
MOTITHBIN TTeHTP PochOopHOI TPOMBITTUICHHOCTH.

3aksnouyeHne

[TouBbl Poccun HCTIBITHIBAIOT OCTPBIN EUITUT
(hocdopa, uTO HEeraTUBHO BiMseT Ha 3(P(PEKTUBHOCTD
CEJIbCKOXO3IHCTBEHHOTO NPOU3BOACTBA CTpaHbl. [le-
¢umut dochopa cBsizaH ¢ 0OCOOCHHOCTAMH OTEYECT-
BEHHOU MHHEpaIbHO-CHIpbeBOH 0a3nl. Poccus 3aHum-
MaeT 4eTBEPTOE MECTO B MHpeE Io 3armacaM (ocda-
TOB, 00JIa1asi YHUKAIGHBIMA MECTOPOXKICHHSAMH aria-
tutoB Konbckoro nmomyoctpoBa. OqHaKo cAepKUBa-
oM (akTopoM B Pa3BUTUH (HOCHOPHON MPOMBILI-
JICHHOCTH SIBIIIETCS KpallHe HepaBHOMEpHOE pac-
npejeneHue B npenenax Poccuu MecTopoxaeHUM
(hochaToB 1 HEBBHICOKOE KAYECTBO MX PYH. YUIHTHI-
Bas 3TO, JUIS TEOJIOTHYECKUX CITYKO CTpaHbl BayKHEH-
el 3a/1a4eii 0CTaeTCs BBISBICHHUE B PETHOHAX MECTO-
POXIICHUH BBICOKOKAYECTBEHHBIX (hOC(ATHBIX PYI.
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Introduction

A shell is a structure composed of sheet materi-

Abstract. From the old ancient types of roof and dome construction,
various forms of shells have been discovered which attract special atten-
tion. A shell is a structure composed of sheet material so that the curvature
plays an important role in the structural behaviour, realizing its spatial
form. There are different types of shells, namely thick and thin shells.
G. Brankov, S.N. Krivoshapko, V.N. Ivanov, and V.A. Romanova made in-
teresting researches of shells in the form of umbrella and umbrella-type
surfaces. The term “nonlinear” refers to a given structure undergoing
a change in stiffness in its loaded state. There are basically three different
types of nonlinearities: geometric, physical and contact (boundary condi-
tion nonlinearity). For further analysis of the stress-strain state, a paraboloid
with an inner radius of 4 m and an outer radius of 20 m and the number of
waves equal to 6 was considered. The test shell is made of reinforced con-
crete. The minimum load parameter at which the shell loses stability indi-
cates a more than three times the margin.

There are different types of shells, namely thick and
thin shells. A shell is called thin if
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1 h 1 ,
1000 — R — 20

where R is the radius of curvature of the middle sur-
face and # is its thickness.

Hence, shells for which this inequality if vio-
lated are referred to as thick shells.

From the old ancient types of roof and dome
construction, various forms of shells have been dis-
covered which attract special attention. Until pre-
sent day in the centre of city of Rome stands a mas-
terpiece of ancient shell construction and has with-
stood for almost two-thousand years called Panthe-
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on. Its span of 43 meters still impresses the modern
engineering profession. The Hagias Sophia is a se-
cond example of the structural capacity of the clas-
sical builders. It was built in the 6™ century, how-
ever, damages from earthquakes and fires have dras-
tically altered the structure giving the building
the appearance that it has today.

The modern era of shell structures started in
1925 with the completion of the first thin reinforced
concrete shell covering the Zeiss planetarium in Jena,
Germany, this delayed the development of methods
of strength analysis. It was, however, a few years
earlier, in the beginning of the 20" century that
throughout Europe several reinforced concrete shell
structures arose [1], inspired by the new material
reinforced concrete, patented and promoted by Jo-
seph Monier, who was then a French gardener.
These early ‘thick’ shells are mostly documented in
national literature only, and, therefore, less accessi-
ble for historical research. An example is the dome
of the 1914 Cenakel church by J.G. Wiebenga, con-
structed in Nijmegen in the east of the Netherlands.

1. Literature overview

The most complete work on the history of the
development of umbrella shells in modern architec-
ture is a monography of G. Brankov [2]

In a paper [3], S.N. Krivoshapko explains in
detail the different types of paraboloid umbrella-type
structures and their formation. Six different types of
umbrella-type surfaces with parabolic meridians are
known. Different types of identical fragments form
each shell type with different number of waves.
He gives a comparative analysis on the differences
of the umbrella-type surfaces with parabolic meridi-
ans with radial waves.

In a review article [4], principal achievements
of science and engineering in the sphere of design,
construction, and static, vibrational, and buckling ana-
lysis of thin-walled structures and buildings in the shape
of paraboloid surfaces of revolution are summarized.
These shells are useful as roof structures, TV towers,
reinforced concrete water tanks, and dams. They are
also used as supports for electric power transmis-
sion lines and as high chimneys. Several public and
industrial buildings having the paraboloid form are
described in the review. The basic results of theore-
tical and experimental investigations of stress-strain
state, buckling, and vibration are presented. The in-
fluence of temperature and moisture on the stress-
strain state of the shells in question is also analysed.

CTPOUTENBLCTBO

In a book [5] J.N. Reddy presents the theory
and computer implementations of the finite element
method as applied to nonlinear problems of heat
transfer and similar field problems, fluid mechanics,
and solid mechanics (elasticity, beams and plates).
Both geometric as well as material nonlinearities
are considered, and static and time-dependent re-
sponses are studied.

The information on the application of shells in
the form of the paraboloid of revolution with radial
waves is given in a paper [6]. V.N. Ivanov [7] was
the first who used a finite difference energy method
for the determination of stress-strain state of an um-
brella-type shell. But A.S. Chepurnenko with col-
leagues [8] applied a finite element method for this
aim. V.A. Ro-anova [9] offered a method of visua-
lization of generating umbrella-type and umbrella
surfaces with radial damping waves in the central
point. O. Ariarskyi with colleagues [10] investiga-
ted the advantages of umbrella-type shells in com-
parison with the shells in the form of their base sur-
faces of revolution.

Shells of this type attract the attention of stu-
dents of the Department of Civil Engineering of the
Academy of Engineering of the RUDN University.
They take them for the investigation in their degree
works [11]. This paper will help them to continue
their researches.

2. Types of nonlinearities

The term “nonlinear” refers to a given structure
undergoing a change in stiffness in its loaded state.

There are three different types of nonlinearities:
geometric, material, contact (boundary condition non-
linearity).

In FEA, nonlinearity means that the stiffness
matrix (K) changes with the solution, K is a function
of the nodal displacements; as K changes, a new
solution must be attained until the thus iterated solu-
tion stops changing within tolerances.

Materials nonlinearity. Material non-linearity is
the transfer of material behaviour from elastic to
plastic (where elastic corresponds to a linear behavi-
our and plastic corresponds to a nonlinear behaviour).
Even for a plastic material, initial portions of the stress
strain graph tend to be linear and then become non-
linear post the Proportional limit (as shown in the Fi-
gure 1). From the graph in that figure, it’s observed
that the stiffness changes because of material proper-
ty. Simply speaking, if the relation stress-strain is
nonlinear we have material nonlinearity.
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Figure 1. Material stress-strain diagram

Boundary conditions nonlinearity. This is when
the boundary conditions defined in the simulation
change during an analysis. For example, consider
a deflecting cantilever beam (Figure 2, a).

Now, consider an object in the path of the de-
flection (Figure 2, b). Between the two above figu-
res, the boundary conditions have changed. The can-
tilever beam can no longer deflect as the object pre-
vents its deflection. This is what is meant by boun-
dary condition nonlinearity. Here a boundary condi-
tion may be added or removed during the finite ele-
ment run like gap analysis. Other examples include
analyses having friction contacts.

Contact nonlinearity occurs when, due to
the deformation of one or more parts in contact
(pushing or pulling on other) produces a defor-
mation leading to a change in the geometry of the
part that translates into a change on K or on the
forces (action and reaction) between the parts in
contact forcing another iteration on approaching
the solution.

"""" e S
T b4
Object é
— b

Figure 2. Deflecting cantilever beam

Geometric nonlinearity. Simply speaking, if the re-
lation displacement-strain is nonlinear we have geo-
metrical nonlinearity. As a simple example of geo-
metrical nonlinearity, one can mention the case of
elastic buckling of a column and the corresponding
Euler equation. In this case, the deformation of co-
lumn (when it buckles) is so high that the effect of
secondary moments due to axial force have to be
taken into consideration.

3. The parametric definition of
the median surface

A paraboloid of revolution with radial waves is
generated by plane parabolas the picks of which
coincide with a central fixed point. Tangents drawn
through the central points of parabolas must be in
the same plane. Any cross section of the surface by
the plane passing through the z-axis will be a parabo-
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la. The parametrical equations of this surface of
umbrella type can be represented as [12]

X(u, v) = u cos v, y(u, v) = u sin v;
z(u, v) = [a sin(nv ) + b] i,

where v is an angle taken from the x-axis in the direc-
tion of the y-axis; a = const is an amplitude of the
wave; n is a number of peaks of the waves; b is a con-
stant parameter of the base paraboloid of evolution.

The curvilinear coordinate lines u, v are not
lines of principle curvatures. If we take a = b then
lower wave picks will be on the xOy plane as show
in the plotted surface below (Figure 3).

For further analysis of the stress strain state,
we consider a paraboloid with an inner radius of
4 m and an outer radius of 20 m and the number of
waves equal to 6 (Figure 4). Suppose the test shell
is made of reinforced concrete [13—15].
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Figure 3. Paraboloid of revolution with radial waves

Figure 4. The finite element model of the paraboloid shell

The finite element analysis of the shell was per-
formed in the certified LIRA-SAPR software
package. The calculation was performed in a linear
setting.

The finite element model of the shell (Figure 4)
consists of 15 000 elements and 7650 nodes, the to-
tal number of nodal unknowns is 43 953. Flat surface
triangular shell elements with six degrees of free-
dom in the node were used to model the surface.

The boundary conditions corresponded to free
support on the inner ring and lower radial gene-
ratices.

The stability calculation was carried out under
the assumption of elastic work of the material in
accordance with the graph shown in Figure 5.
In this case, the redistribution of forces and the pos-
sibility of cracking were taken into account appro-
ximately by lowering the stiffness of the shell.
The elastic modulus E, taken in the calculation,
was determined by multiplying the initial elastic mo-
dulus of concrete £y by a factor of 0.3.

CTPOUTENBLCTBO

Thus, the calculation was carried out with
the following material parameters: shell thickness
h =16 cm, elastic modulus £ = 9000 MPa; Poisson's
ratio v = 0.2; specific gravity y = 25 kN/m’.

ag
MPa ‘l

g,

Gi

m Y

& €.
]
Figure 5. To linear calculation: diagram o—¢ of the material

The shell stability calculations were carried out
on the main combination of loads:

g=1.1g+ 1.4S [xN/m?], 1)

where g is the normative value of the shell self-
weight (g = 3.5 kN/m?); S is the normative value of
the snow load (S = 1.8 kN/m?).

Deflections (Figure 3) were determined from
the calculation of the shell for the normative combi-
nation of loads as a result of solving the resolving
system of equations of the form

[K ]iz} = {P}, ()

where [K] is the structural rigidity matrix; {z} is
the vector of nodal displacements; {P} — vector of
nodal loads.

Figure 6. Fields of vertical displacements of the shell

The maximum deflections of the radial genera-
trix do not exceed 1/150 of the span of the shell
(Figure 6).
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Due to the symmetry of the shell, it is sufficient
to investigate the stress state of its single wave.

Figures 7-12 show the fields of normal and
tangential stresses, as well as linear moments ob-
tained as a result of calculating the shell for the cal-
culated combination of loads.

103

00103

1.1er003

|
|
|

Figure 10. Fields of bending moments
in the radial direction, kKNm/m
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Figure 11. Fields of bending moments
in the circumferential direction, kNm/m

Figure 8. Fields of normal stresses
in the circumferential direction, kN/m?
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Figure 12. Fields of torques, kNm/m

It is known, the solution of the stability problem
by the finite element method reduces to a generali-
zed eigenvalue problem

[K - AKs]{p} =0, )

Figure 9. Fields of tangential stresses, KN/m’ where A is the load parameter at which the structure
goes into an adjacent equilibrium state; {¢} is the
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eigenvector corresponding to A; [K] — structural ri-
gidity matrix; [Ks] is the matrix of initial stresses
determined from a linear calculation.

d

Figure 13 show the forms of shell stability loss
and the load parameter A corresponding to each
form.

Figure 13. The buckling of the shell:
a — the form 1(A = 3,768); b — the form 2 (A = 4,000); ¢ - the form 3 (A = 4,285); d - the form 4 (. = 5,000)

The minimum load parameter at which the shell
loses stability indicates more than three times the margin.

Conclusion

Thus, it was established that a significant contri-
bution to the overall stress state of the shell of the con-
sidered form is made by normal and tangential stres-
ses. In addition, the influence of bending forces acting
in the circumferential direction is also great. The va-
lues of moments in the radial direction were lower
than those in the circumferential direction by 50-75%.

The minimum load parameter at which the shell
loses stability indicates a more than three times
the margin.

May be, the results of these researches will at-
tract Russian and foreign engineers and architects
for additional working out.

References

1. Krivoshapko SN, Mamieva IA. Analiticheskie po-
verhnosti v arhitekture zdaniy, konstruktziy i izdeliy [Ana-
Iytical Surfaces in Architecture of Buildings, Structures,
and Products]. Moscow: Librocom Publ.; 2018

2. Brankov G. Corrugated shell structures. Bulg. Aca-
demy of Science; 1961.

CTPOUTENBLCTBO

3. Krivoshapko SN. New examples of surfaces of
umbrella type and their coefficients of fundamental forms of
surfaces. Structural Mechanics of Engineering Construc-
tions and Buildings. 2005;(2):6—14.

4. Krivoshapko SN. On application of parabolic
shells of revolution in building in 2000-2017. Structural
Mechanics of Engineering Constructions and Buildings.
2017;(4):4-14.

5. Reddy IN. An introduction to nonlinear finite ele-
ment analysis. New York: Oxford University Press; 2005.

6. Krivoshapko SN. The opportunities of umbrella-
type shells. Structural Mechanics of Engineering Construc-
tions and Buildings. 2020;16(4):271-278. http://dx.doi.org/
10.22363/1815-5235-2020-16-4-271-278

7. Ivanov VN. Analyses of stress-strain state of roofing
of trade center in the form of umbrella shell by difference
variation method. Structural Mechanics of Engineering
Constructions and Buildings. 2008;(4):86—89.

8. Chepurnenko AS, Kochura VG, Saybel AV. Finite ele-
mental analysis of the stress deformed condition of waveform
shells. Construction and Industrial Safety. 2018;11(63):27-31.

9. Romanova VA. Visualization of forming of um-
brella-type and umbrella surfaces with radial damping
waves in the central point. Structural Mechanics of Engi-
neering Constructions and Buildings. 2015;(3):4-8.

10. Ariarskyi O, Shagalova I, Kravchenko T, Kulakova E.
Umbrella surfaces morphology and their application in the
architecture and design. Pratzi TDATU. 2011;4(49):178-190.

213



Gil-oulbé M. et al. RUDN Journal of Engineering Researches. 2020;21(3):208-214

11. Mamieva IA. Large-span structures in diploma pro-
jects of students architects of RUDN University. Structural
Mechanics of Engineering Constructions and Buildings.
2020;16(3):233-240.

12. Krivoshapko SN. Geometrical investigations of
surfaces of umbrella type. Structural Mechanics of Engi-
neering Constructions and Buildings. 2005;(1):11-17.

13. Bradshaw R, Campbell D, Gargari M, Mirmiran A,
Tripeny P. Special structures. Past, present, and future.
Journal of Structural Engineering. 2002(June):691-701.

14. Adriaenssens S, Block Ph, Veenendaal D. Shell
Structures for Architecture: Form Finding and Optimiza-
tion. Routledge; 2014.

15. Krivoshapko SN. Step into the III millennium:
architecture of shells and strength analysis of thin-walled
building and engineering structures of complex shape. In-
stallation and special work in construction. 2001;(8-9):2-5.

For citation

Gil-oulbé M, Markovich AS, Ngandu P, Anosova SV.
Geometric nonlinear analysis of thin elastic paraboloid of
revolution shaped shells with radial waves. RUDN Jour-
nal of Engineering Researches. 2020;21(3):208-214.
http://dx.doi.org/10.22363/2312-8143-2020-21-3-208-214

DOI 10.22363/2312-8143-2020-21-3-208-214
Hay4Has ctatba

FeomeTpunyeCcKn HeJIMHEeVHbIN pacyeT TOHKUX ynpyrnx odoonouex
B popme napabononpa BpalieHns ¢ paguasbHbiMU BOJIHAMU

M. Kunab-yaée, A.C. Mapkosuy, II. Hranay, C.B. AHocoBa

Poccuiickuit yauBepcuteT npyx06I HaponoB, Poccuiickas @edepayusa, 117198, Mockea, yn. Muknyxo-Makaas, 0. 6

Annomayus. JIpeBHHE KPBIIIY U KyIIojia IPUBIEKAIOT 0c000e BHUMA-
HHUe, Onmarogapsi pasHooOpasuto ¢opm obosouek. O00I0YKA — ITO KOH-
CTPYKIIMS, COCTOALIAs U3 JIUCTOBOTO MaTepHaa, ¢ KpUBU3HA UIPaeT BaX-
HYIO pOJIb B KOHCTPYKTUBHOM IIOBEJIEHUH, PEANM3YS IIPOCTPAHCTBEHHYIO
¢dopmy. CymiecTByIOT 1Ba TUIIa 000J0YEK: TOJICTHIe U TOHKHE. I'. bpaHKoB,
C.H. Kpusomanko, B.H. Banos u B.A. PomaHoBa mpoBenu MHTEpECHbIE
ncceoBaHus MapaboJouIHBIX 0007049eK B popMe 30HTHYHBIX U 30HTHY-
Horo tumna noepxHocteil. K manHolM KOHCTpyKuMH, moJaBeprarouieiicst us-
MEHEHHIO JKECTKOCTH B €€ Harpy)>XeHHOM COCTOSIHMH, NMPUMEHHM TEPMUH
«HenmMHeNHbI». CyIecTByeT TpH OCHOBHBIX THIIA HEMTMHEHHOCTEN: TeOMETPH-
YyecKas, MaTepualibHasi U KOHTaKTHas (HEJMHEWHOCTh TPAHUYHBIX YCIIO-
Buil). B kauecTBe 00BEKTA HCCIENOBAHUS Ul ONPEACIICHNS] HAPSDKEHHO-
J1e(OpPMUPOBAHHOTO COCTOSIHUSI ObLI BBIOpaH mapabosions; ¢ BHYTPEHHUM
pammycom 4 M, BHeITHUM paanycoM 20 M B YUCIIOM BOJH, paBHBIM 6. Te-
cToBas 000JI0YKAa M3rOTaBIMBAIACh U3 JKeine3oOeroHa. [lapamerp MuHH-
MaJIbHOM Harpy3KH, IpHU KOTOPOM 000JIOUKa TepsieT CTaOMIBbHOCTD, OKa3all
3arac 0ojiee 4eM B TpH pasa.
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