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1. NoBTOPEHUE TEMBI «[1OHATHNE
MHoOrorpaHHuka. pmnamay.

3y4yeHne HOBOro marepuana.
3aKpenneHne N3y4yeHHoro.
Tor ypoka.

[lomaliHee 3agaHue.

o~ wNb



Bonpochbl ona
NOBTOPEHUSA:

* YTO HaA3bIBAlOT MHOrOrpaHHMUKOM?
* /I3 Kaknx YacTtem COCTOUT MHOIOrpaHHuK?

 UTO Ha3bIBAKT AnaroHanbk
MHOrorpaHHuKa?




[ lupamuoa

- KaK reoMerpuyeckast popmMa — moxaJjayu,
O/IHO U3 CaAMbIX COBEPILIEHHBIX B IPUPO/IeE.
Marepusi, nbITasACh COXPAHUTHL CaMoe
ceO1 B BeuyHOUM O0OpbOE CO BpeMeHeM,
HIIeT caMmble 0e30macHble, YCTOMYHUBDLIE,
JHEPreTUYECKu KOM(POpPTHLIE (POPMBI.
IIupamMmuaa — TreHHAJbHAs HAaXoAKa

NPUPOAbI, IPOCTPAHCTBO B HEH CBEPHYJIOCH

0CcO0bIM 00pa3oM, C031aB HENOBTOPUMYIO

IHEPIreTUYCCKYI0 CTPYKTYPY.

JlaBaiiTe pa30epeM Ha KOHKPETHbLIX H

AOCTYIIHBIX MpPUMeEpPax, 4YTO 3Ke 3TO0 3a

yyJecHad MITYKA TaKkass — NMUpamMujaa.







Uyodeca lNu3bi

Camble 3HaMeHUTBIE TPHU OoJibIINe NUpPaMUIbI 0sin3 ['u3bl: nupamuasl papaona Xeormnca, ero
cbiHa XedpeHa u ero BHyka Mekepuna. IlepBoii Oblj1a mocTpoeHa camasi 00JIbIIAS U3 HUX — 3TO
nupamuaa Xeomnca. [leppoHadyajibHO OHA MOAHUMAJIACH HA 147 M, HO M3-32 HACTYIJICHUS NIECKOB
e¢ BbIcOTAa yMeHbHIMJAch A0 137 m. Kaxaas cTopoHa KBaJApaTHOI0 OCHOBAHHMSI NMHPAMU/BI
cocraBjseT 233 M, WM, eCJIM ObITh TOYHBIM, OIHA CTOPOHA JJUHHee Apyrod Ha 20 cMm, TO eCTh
ommoOka Bcero B 0,0009. Ilnomans nupamuasl 6osee 50000 m2 Iupamuaa Xeomca nmouTH
CILIOIIHOM KaMEHHOM KJIAAKH. K€ BHyTpeHHMe oMelleHre 3aHUMAKT 04YeHb He0O0IbIIOH 00bEM
- He 0ostee 3 - 4 %.

IHupamuga coOCTOUT U3 ABYX MUJ/LUIMOHOB TPEXCOT ThICAY KyOM4YeCKHX 0JIOKOB M3BECTHHAKA C
miaaKo otuliMgoBaHHbIMU cTopoHaMu. Ilo moacuéry Hamosreona, kaMeHHbIX 0JIOKOB OT TPEX
nupamMu ['m3pl xBatuiao Obl, 4YTO ObI Oomosicarb BCH0 MPAHUUI0 CTEHOH BBLICOTOM B 3 M H
TouHOM B 30 cm. Iloacuuranu, 4To KasKablii 0JJOK BECMT B OCHOBHOM 2,5 TOHHBI, a CaMbIil
THAKEIbIA - 15 ToHH. O0mUHA Bec mMUPAMUIBI OKOJIO 5,7 MIILJINOHA TOHH. KamMHu e€ mepaxkarcs
COOCTBECHHOU THKECTHI0 - HUKAKOI0 CBA3yWIlero marepuaja Her. Hecmorpst Ha 310, 0J10KM
HACTOJIbKO TIIATEJbHO NMPUTHAHBLI OUH K JAPYroMYy, 4YTO IIejJb MEKIAY HUMH He 0oJiee NSATH
MUJLIUMETPOB.



[Tupamuoda Xeorica

® caMoe 00/IbIII0e KAMECHHOE COOPYKeHUEe B MUPe

e BbIcOTA - 146,6 M
® CTOpPOHA OCHOBAHUA - 233 M
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Boripocski, soripochki, 80r

ITO0 moTpsicaolle, HO JIOAH, KOTOpbIe cTpouan Erumerckue nupamMuabl, 04€¢BHIHO, 3HAJIU
Bel[Hd, KOTOPbIe COBCEM HEIABHO CTAJIH U3BECTHbI COBPEMEHHBIM Y4EHbIM.

Cynure cammu: BbICOTa MMPaMHAbl Xeolca PABHAETCH KBAJAPATHOMY KOPHIO M3 HUPPBI
IUIOIAaAM Kakaoi u3 cropon! Kak ¢ TeMH TeXHOJIOTHSIMHM, KOTOPbIe MMEJMCh B HAJUYHUU TPH
THICSIYH JIET 10 HAIIeH 3PbI, MOKHO J0CTHYb TAKOH TOYHOCTH?

OnHako, CMOTPHUM JaJiblle - B OCHOBAHUM NMUPAMHJL 3aJI0K€H KBAJAPAaT, CTOPOHA KOTOPOIo
cocraBjsier 232 m. Ilpu 3aBepmieHnu cTpouMTe/IbCTBA BbICOTAa cocTaBisiia 147 m. Eciam BbI
nepeseaere 3TH BeJJUYUHbI B eTMIIETCKUE CBAIICHHBbIE JJOKTH, MOJYYUTe IJIMHY OCHOBAHUA B 366
JIOKTEH, YTO COOTBETCTBYET KOJIMYECTBY JJHEeHl B BUCOKOCHOM TO1Y.

BpicoTa mupaMuabl, IOMHOKEHHAsI HA 1eCATH B JAEBATON CTENEeHH, PABHACTCH PACCTOSIHHUIO
or 3emum a0 Coanpa: 148 muH. km! IlpubOamikeHme Hems0xoe, yYMTHIBas BpeMs, KOIIa
POXKIAJIACH ITA TEOPHsi, MOCKOJIbKY B COBPEMEHHOI HayKe 3TO pacCTOsiHUe NpuHuMaercsd 3a 149,5
MIWIJIMOHOB KM, K TOMY 7K€ He JI0KA3aHO0, HACKO0JIbKO TOYHO HbIHELIIHEee H3MepPeHue.

Magno 3T0ro: mjiom@aab OCHOBAHMS NMUPAMHAbI, YMHOXKEHHAsl Ha JAEBAHOCTO LIECTh Ha
HecATh B BOCbMOI cTenenu, 1aet 196 810 000 xBagpaTHbIX MIWIb, TO €CTh MOBEPXHOCTH 3¢MHOTI'0
napa.

IIlupuHa oCHOBaHUA, pa3lejicHHAs HA IIMPUHY OJHOI0 M3 KaMHeH, cocTtaBisier 365.
Ilepumerp ocHoBanusi paBeH 931 m. Pa3zgenure Ha YIBOGHHYH BBICOTY NHMPAMHIbI, U BbI
noJsyqyure 3,14 - yucso m.

N, nakonen, Bce nupaMu/ibl OPUEHTHPOBAHBI CTPOIO IO CTOPOHAM CBeETA.



HHmepecHO, HO gOé&

OO0muii 00béM — 0k0J10 2 525 000 m>. IMupamuaa 3anumaer maomags 54 000 KB. M, TO eCTh
5,4 rekrapa. Menbmie eé u bykunremckui asopen B Jlongone, u Bepcanbr Bo ®paHuuu, u
3umuuii gBopen B Cankr-IlerepOypre.

[upamuaa Xeomnca Bblme Kymoaa MuUKeJIaHIKeJI0 HaJ PUMCKHM COOOpPOM CBSATOIO
IHerpa, caMbIM BBICOKUM XPUCTHAHCKUM XpamMoM. Bolie JJoHI0HCKOr0 codopa cesatoro Ilasia,
napuxckoro cooopa Horp-dam.

Bruiors 10 koHIa 19 B. ApeBHee 4ya0 CBETAa O0CTABAJOCHh CAMBIM BBICOKMM CTPOCHHEM B
mupe, 1 Jumib B 1880 romy Ha gorosie O0eccnnopHOe NMEPBEHCTBO MOCATHYJIM HAJACTPOCHHbIE
Oamnu KéabHckoro codopa, a B 1889-m Ha cBer nosisuiiach JiidesreBa OamHs.

Ecau 061 nupaMuaa 0ObL1a M0J10M, B Heé BOULJIA ObI BCA IJIOIIAKA CO CTAPTOBOM BbIIIKOH
IJIS KOCMUYeCKOM paKeTbl UM puMckui codop Cesrtoro Ilerpa.

Ha crpoutenbcTBo boabmoit mupamMuasl mouio okoso 2 300 000 kameHHbIX 0JIOKOB
NPUMEPHOIro 00béma cBbilie 1 Ky0. M 1 Beca B 2,5 TOHHBI KaK/IbIM.

o 50-x romos 20 croJieTuss BeC MUPAMHAbI NMPEBBIIIAJ TOHHAXK BCEro BOCHHOro ¢uiora
CHIA, BkiII0Yasi aBUAHOCHBI, 4 €¢ KAMEHHbIX 0JIOKOB BIOJIHE Obl XBATHJIO, YTOOBI MOCTPOUTH
rOpox CO CTOTBICAYHBIM HaceJleHHeM WM O00HecTH BCH MPaHUUI0 CTEHON TPexXMeTpPoOBOH
BbICOTHI.

Y4yeHble moJIaralT, 4To0 TBOpPeHHE Xeonca He MOIIa Obl YHHYTOKUTHL Aa’Ke aTOMHAs
O0om0a, cOpoiieHHast HA XHUPOCUMY.



@akKkmal, oakmel, QoakK

IlepBbIM M3 HANIMX COBPEMEHHHUKOB, KTO YCTAHOBUJI PSJA HEOOLIYHbIX
SIBJICHMH, CBSI3AHHBIX C NMUPAMHAOW, ObLI (PPAHLUY3CKUH Y4YEHbIN AHTYaH
bosu. Uccaenys nupamuay Xeomca B 30-x romax aBaanaroro CTojeTusi, OH
O00HAPYKUJI, UTO TeJIA MEJKHUX KMBOTHBIX, CJIYYAHHO MONMABIIUX B HAPCKYIO
KOMHATY, MyMU(PUUHPOBATIUCH.

BepayBmucs B0 @paHIHI0, OH MOCTPOUJI AEPEBAHHYI0 MOEJb MUPAMU/IbI
¢ JJIMHOW CTOPOHBI OCHOBAHHUA OKOJIO OAHOr0o Merpa. COpUEeHTHPOBAB ee 110
CTOPOHAM CBETAa U NMOMECTUB B MECTO PACIOJJIOKEHUS HAPCKON KOMHATHI, T.€.
npuoau3uTeIbHO Ha 1/3 paccTosiHMSI OT OCHOBAHHMA [0 BEPIIMHbI TeJIO
MEPTBOM  KOIIKH, OH 4Yepe3 HeCKOJbKO [HeH OOHapyxuJg  ee
mymupuuupoBapueiicsa. Toro ke 3¢dexkra oH gocTHrajg M ¢ JAPYruMu
OPraHM4YeCKUMM BelleCTBAMM, KOTOPbIe, MYMU(PUIUPYACH, HE MOPTUJIUCH U
He THWIM. [Ipuurny 31010 boBHM 00bsiCHUMI MJ1s ceOs1 GopMoOl MUpaMUIbI U,
KaK 0Ka3aJ10Ch He OIInO0CH.

Ero Tpyasbl Jiersia B 0CHOBY COBPEMEHHBIX MCCJICA0BAHUM, B pe3yJbrare
KOTOPBIX 32 mocjeanue 50 JjieT mosiBMJI0ChL MHOKECTBO KHUI U NYOJIMKAIIMH,
NOATBEPKAAIINX, YTO JHEPrusi MNUPAMHUI MOXKET HUMETh NPUKJIIATHOE
3HAYEHHe.




Qakmal, goakmbl, QOak

HccaenoBanus A. boBu He BbI3BIBAJIM HUKAKOI0 HHTEpPeCca A0 NATHIECATHIX I'0I0B, IOKAa UMM
He 3amHTepecoBaJic dYemickuid uH:KeHep Kapen /[IpOéaH, KoTOpbId HE TOJBKO BOCIPOM3BeEJI
pe3yJbTaThl ONbLITOB A. BoBU, HO M 00HAPY:KMJI CBSA3b MexKAY (OPMOIl MPOCTPAHCTBA MAPAMU/IBI U
OMOJIOTHYECKUMH U (PU3UKO-XUMHYECKMMH MPOLEeCCAMU, MPOUCXOASAIIMMHU B 3TOM MPOCTPAHCTBE.

Oxka3zajochb, 4YTO M3MEHssl pa3Mepbl MUPAMHUABI MOYKHO BO31eHCTBOBATH HA NPOMCXOASIINE
NMPOLECChl, YCKOPSsl UM 3aMensisa nx. Becbma 3HamenutbiM oTkpbiTHE K. /[p0ana oka3asnocs To,
YTO JHEPIrusi NMPaAMH/Ibl, COPMEHTHPOBAHHON CTOPOHAMM K r€OMATHUTHBIM IOJIKCAM, 3aTa4YUBaeT
NOMeEIIeHHOE B Hee OPUTBEHHOE Jie3BUe, P YCJIOBUM €r0 PACIOJIOKEeHUS HA YPOBHE BbBICOTHI OT
OCHOBAHHMSI MUPAMHU/BI NMOA NPAMBIM YIIOM K I€OMATHUTHOMY Mepuauany. U3o0perenune ObLI0
3allaTEHTOBAHO U BBIIYCKAJICS MJIACTMACCOBBINA Npulop ""bpurBennslii 3atraunBaress "'[lupamuna
Xeomnca"", mo3BoJIABIIMA MHOTOKPATHO MCIOJIb30BATH OJTHO U TO K¢ OPUTBEHHOE JIE3BHE.

Oxka3zajnocb, 4YT0 JHeprus (opMbl NUPAMHUAbLI ''yMmMeeT [gearh'' oO4YeHb MHOroe: BOJAA
npuodperaer CBOMCTBA CHOCOOCTBOBATH 32:KUBJICHUIO, TOHM3HPYET OPraHU3M, YMEHbIIAET
BOCHAJUTEJbHYI0 PEaKIUI0 MO0CJe YKYCOB, O0KOIOB M JIeHCTBYeT, KAaK eCTeCTBEHHOe
BCIIOMOIaTeIbHOE CPeACTBO JJIA YJIYy4YIICHUS NUIIeBAPEHHs; MSICO, pbl0a, siiilia, OBOIIH, (PPYKTHI
MYMH(PUIMPYIOTCH, HO He MOPTATCH; MOJOKO /10JIT0 He KMCHET; ChIP He IiecHeBeeT. Ecim cuners
1oJ NMUPAMHU/I0HM, TO YCKOPHETCH 3a)KMBJIeHHe PaH M s3B. [lmpaMuabl yCTpaHSIlOT BOKpYr celst
reonaTroreHHoe Bo3/1eiCTBHE U TAPMOHU3UPYIOT BHYTPEHHEe MPOCTPAHCTBO NMOMEIleHH .
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eCrnenuajibHble YCTPOHCTBA B BH/AE NHUPAMU] HEHTPAJIUZYHOT HEraTUBHOE
JICEKTPOMATHUTHOE H3JIyYEHHUE HA YeJ0BEKAa 0T KOMIbIOTEpPa, TeJIeBU30pPa,
XOJIOAUJILHUKA U APYTUX NIEKTPOOBITOBbLIX PHUOOPOB.

oB oaHO# U3 KHUI ONHUCAH CJIy4yal, KOIa NUpPaMHuaa, YCTAHOBJICHHASA B CAJIOHE
ABTOMOOMJISI, COKPAIAJIa Pacxo]l TOIUIMBA U CHIKAJA coxaep:xkanue CO B
OTPa0OTAHHBIX Ir'a3ax.

eBoiep:xaHHbIe B NMUPAMUAAX CEMEHA OrOPOJHBLIX KYJLTYP MMeEJIH JIYyYIIYIO
BCXOKECTh M YpoOxkaiHOCTh. B nydumukamusix agaxe PeKOMEHI0BAJIOCH
3aMaYUBaATh CEMEHA Nepea MOCEBOM B IMPAMU/IHOM BOJIeE.

ebbL10 00HApPYKEHO, YTO MUPAMU/bLI 0JIATOTBOPHO BJHUSIOT HA IKOJOTHYECKYIO
00CTAHOBKY. YCTPAHSIOT NMATOT¢HHbIE 30HbI B KBAPTHUPAX, 0ucax U JAYHbIX
Y4acTKaX, CO3AaBas MOJOKUTEIbHYIO aypy.

elosnanacknit ucciaenosareab Ilayas JlukeHc B cBoell KHHUIe MNPHUBOAUT
NpuMepbI 0 Jie4eOHbIX CBOMCTBAX nmupaMua. OH 3aMeTUJI, YTO ¢ UX NMOMOIIbIO
MOKHO CHHMMATh TOJIOBHbIe 00JHM, 00JM B CyCTaBaX, OCTAHABJIUBATH
KPOBOTECYCHHUSI TMPH HEO0OJbIIMX TMOpe3ax MW TO, YTO JHEPrusi MNUPaAMH
CTUMYJIMPYET 00MEeH BelleCTB M YKpeljisieT HUMMYHHUTET. 14



B HeKOTOpBIX COBpPEeMEHHBIX NYOJHKAUAX OTMEYAETCH, YTO JEKAPCTBA,
BbLICP;KAHHbIE B NMHUPaMHU/Ae, COKPAINAKT KYpPC JIeYeHHs, a TepeBA30YHbIN
MaTepuall, HACBIIIAACHh MOJOKUTEJIbHON JHEPreTUKOM, CIOCOOCTBYET
32:°KMBJICHUIO PaH.

KocMeTnueckune KpeMa U Ma3M YJy4lIAlOT CBOE JIeiCTBHE.

HanuTku, B TOM 4YHcJIe ¥ CIUPTHBIE, YJIYYIHAIT CBOM BKYCOBbIE€ KAUeCTBA, a
BOAa, coneprkamasics B 40-% Boake craHoBuTcs neaeoHoiu. Ilpasaa nis Toro,
YTOO0bI 3aPAAUTH IOJIOKHMTEJIbHON 3JHEPrued CTaHAApPTHYI0 OyTbLIKY 0,5
JUTPA, MOHA00MTCA BbICOKAS NMUPaMHU/IA.

B omHoM raserHoil cTrarbe PaccKasbIiBaercsi 0 TOM, 4YTO €CJIAM XPAaHMUTh
IOBEJUPHbIE U3CJUS M0 MUPAMHUIAON OHU CAMOOUYHUINAKTCH U MPUOOPETAIT
0COo0BbIH 0JIECK, a JParoueHHbie U MOJYIPATOUECHHbIe KAMHHU AKKYMYJIUPYIOT
MOJIOKUTEIbHYI0 OMOIHEPreTUKY M MOTOM MOCTENEHHO ee OTAAI0T.

IIo yTBep:KICHUI0 AMEPUKAHCKUX YYEHbIX, MPOAYKTHI NUTAHUA, HATIPUMEP
Kpylna, MyKa, c0Jib, caxap, kode, 4yaii, 100bIBaB B NIUpamMuje, yJay4dliawT CBOU
BKYCOBBbIE¢ KAa4eCTBAa, a JelIeBble CUTapeThl CTAHOBATCS MOX0KMMH HA CBOMX
0J1aropoaHbIX COOpaTHEB.

B03M0:KHO, IJIi MHOTHX 3TO OyIeT He aKTyaJIbHO, HO B MaJICHbKOI IHpaMuje
CaM03aTa4MBAIOTCH CTapble OPUTBEHHBIE JIE3BHSA, a2 B 00JbINOI NHpaMuie
Bo/ia He 3amep3aer npu -40° C.

IIo yrBep:xaeHUI0 OOJBIIMHCTBA MCCJAEAOBATEIEH, BCe 3TO0 SBJIACTCH
A0KA3aTeJbCTBOM CYLIECTBOBAHMSA JHEPIrUU MUPAMMU/L.



[lTnpamunaa
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MHoOrorpaHHuK, CoCcTaBlieHHbIN U3 N-YrofibHMKa
ABCD...EF n n tpeyronsHukos(ABP, BCP,
CDP...,FAP), Ha3biBaeTCA NnupamMuoou.



OCHOBHbI€ YacTu nupammabl

* MHoroyronsHuk ABCDEF -
OCHogaHue nupamuabl

» TpeyronbHukn ABP, BCP....,
P FAP — 60Ko8ble 2paHu

* Touka P - sepwuHa nupammabl

« Otpeskn PA, PB,..., PF —
bokoenkie pebpa

* OnpeoerieHue.
[epnengukynsap PO,
NpoBeOEHHbIN U3 BEPLUUHDI

DMpaMnbl K NNocKOCTY

OCHOBaHWA, HA3biBA€TCA
B C ebicomou nmpamMmmasbl.




Buabl nupammna

TPCYTOJIbHA HCTBIPCXYTIOJIbHAA  ITATHUYI'OJIbHAA



dopmynbl ANA BblMUCTIEHUS
noLwaamn 60KoBOW NMOBEPXHOCTU U
NONTHOW MOBEPXHOCTU NUpamMnabl

P [Tnowanb bokoBoOU
NOBEPXHOCTU NMMpamMmubl
paBHa cymMMme nnollaneu
ee DOKOBbIX rpaHen, T.e.

S60|(=SPAB+SPBC+ e +SPFA
[1nowaab NOIHOW
D NOBEPXHOCTMU:
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[lpaBunbHasa nupamuaa

* [lnpammnga HasbliBaeTCH
rpasusibHou, ecnmn ee =
OCHOBaHWE — NpPaBUIbHbIN
MHOIOYroSfibHUK, a OTPES3OK,
COeOVHAILNN BEPLLUNHY
nMpammabl C LEHTPOM
OCHOBaHUS, SABMSIETCH ee
BbICOTOM

« Bce bokoBble pebpa
NpaBuIIbHON NMMpamMunabl PaBHbI,

a OoKOBbIE rpaHn ABMASIIOTCA PaBHbIMU
paBHOOEOPEHHBIMU TPEYTrofibHUKaMU




[lpaBunbHasa nupamuaa

* OnpeoderneHue. BbicoTa
6okoBow rpaHu PH P
npaBuUIIbHOW NMMpamMnabl,
npoBeaeHHAas N3 BEPLUUHBI,
Ha3bIBaeTCH arnogemoud.

o Jeopewma. [Nnowanb 6okoBOWN
NOBEPXHOCTU NPaBUITbHOW
nupamMmuabl paBHa NnosioBUHE
npon3BeneHns nepnmeTpa
OCHOBaHUA Ha anogemy, T.e.
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[loHpaBunca nu Bam

VPOK?
Cnacubo 3a

BHUMaHUe'



