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Mensenesa A.C.,
cryn. rpymmsl UBC-c-0-19-1, ®I'AOY BO «CKDVY»
Ilenemenko B.C.,
K.T.H., JOIICHT, 3aBeAYIONINI Kadeapoii
uH(OpMaIIMOHHOM 0€30MaCHOCTH aBTOMATHU3UPOBAHHBIX CHCTEM,
OI'AOY BO «CKDY»
PykoBoauTens: K.T.H., foueHT ['um T.A.,
TOTIEeHT Kadeapbl HHPOPMAITMOHHON 0€30ITaCHOCTH aBTOMATHU3UPOBAHHBIX

cucteM, DI'AOY BO «CK®VY»

NCCIEJOBAHUE KOPPEJSALIUOHHBIX XAPAKTEPUCTUK
CUI'HAJIOB

Aunomayusa.  CtaThsd  IOCBAIIEHA  HCCIEAOBAHUID  KOPPEJSLMOHHBIX
XapaKTEpUCTHUK CUTHAJIOB. B cTarbe NpOBENEHO BBIYMCICHUE KOPPEISALUOHHOM
(GYHKIMS, UHTEpBaja KOPPESALUHU, B3aUMHONW KOPPEISILUOHHONW (PYHKIIHH, a TaKXKe
orpe/eneHa CBs3b MKy KOPPEISAIMOHHON (DYHKIIMEH cUurHasia ¢ KBaapaToM MOIYJIs
€ro CHeKTpajIbHOU QPyHKIUY.

Knrouesvie cnoga: Koppensnus, KOPpeasLUOHHBIA aHaJIN3, CUTHAJIBI, B3aUMHAas

KoppessiiuonHas QyHkiusi, mpeoodpazoBanue Oypeoe.

Beenenue. AHanu3 CHrHaJIOB, & UMEHHO HCCIIEIOBAHUE €r0 XapaKTEPUCTHK,
ABJISIETCS] BAXKHOM 3a71a4eil B UX 00paboTKe. ITO MOMOraeT OTInYaTh CUTHAJBI APYT OT
apyra, 3a CYeT aHajiu3a CBOMCTB KOHKpeTHOro curHaia. C mNOMOUIIbIO
KOPPEISALMOHHOTO aHAJIM3a MOKHO BBISIBUTH CBSI3b MEXJy CUTHAJIAMU U €€ IIPUYNHBI,
ONPEIEIUTh (PAKTOPBI, BIUSAIOIINE HA IOBEJIEHUE CUTHANA, a TAK)KE CIIPOTHO3UPOBATH

BO3MOXXHBIC U3MCHCHMSI.



IlocranoBka 3amaum. lcciegoBaHue KOpPPEISLUOHHBIX XapaKTEPUCTUK
CUTHAJIOB, OTJIMYHBIX 1O (popme.

OcHoBHasi 3ajaya KOPPEISLMOHHOIO aHajlu3a — KOJMYECTBEHHAs OLIEHKa
pa3JINyuus CUTHAJIOB.

Koppensuust B 00meM Buie — 3TO CTENEHb COIIACOBAHHOCTU KaKHUX-THOO
cBOMCTB miu mpoueccoB. Koppensuus HaOmomaercs B TOM cCilydae, €CiId Ipu
U3MEHEHUH OJHOr0 Ipolecca MeEHsAeTcss W Apyroid. Marematuyeckas wepa
KOppessiiuun  — KOA(DPUIMEHT KOppemsiluKM, KOTOPbIM MpeACTaBiseT co0oit
npousBeieHue curianoB. KoadduimeHT koppensiuu MoKeT MPUHUMATh 3HAUYEHUS OT
-1 go 1, yem Onmxe xkorpduument k 0, TeM MeHbIIas B3aMMOCBSI3b HAaOMIOJACTCS
MEXIYy CUTHAIAMH.

Koppensunonnas ¢hyHKINS, KaKk KOTUYECTBEHHAsI XapaKTePUCTHKA, TTO3BOJISET
NOJIYYUTh UHPOPMALIKIO CIEAYIONIYI0 HHPOPMALIMIO O CUTHAJIE: CKOPOCTh U3MEHEHUS
BO BPEMEHH; CTEIIEHb CXOJICTBA CUTHAJIOB; JUIUTEIBHOCTh 0€3 pa3IoKeHusl.

Ecnu cpaBHUBaIOTCS OJMHAKOBBIE 1O (OpME CHUTHANBI, TO HCIOJIB3YeTCs
aBTOKOppEISUMOHHAs (YHKLUMS, a €CIu pa3Hble, TO B3aUMHas KOPPEISLHMOHHAs
byHKIUS.

ABTOKOppesMOHHAs (QYHKIHS — CKaJISIPHOE MPOM3BEACHHE CUTHAlAa Ha €ro
KOTHIO CABHHYTYIO BO BPEMEHH U 3aBUCHUT OT KO3()(PHUIIMEHTa KOPPENIALINH.

B3aumHas koppensitnnonHas GyHKIUS — CKAISPHOE MPOU3BEICHUE CABUHYTHIX
KOIMUI pa3HbIX MO (OpPME CUTHAJIOB.

Koppensunonnass ¢yHknmsi curHana cBsizaHa mpeoOpasoBanueM Dypbe C
KBaJIpaTOM MOJAYJS CHEKTPaIbHOW (YHKUMU, WU C ISHEPreTUYECKHUM, CIEKTPOM,
CUTHaJIa

[IpoBeneM wHccienoBaHUE KOPPEJSIMUOHHBIX XapaKTEPUCTUK Ha MpUMEPE
NUJI000pa3HOro HUMIyJibca C BbicOTOM 2B u  mmurenbHOCTBIO 4 MC W
KOJIOKOJI000pa3HOro UMITyJibca C BHICOTOM 3B 1 1IuTenbHOCThIO 2 MC.

C mOMOIIBI0 MaTeMaTHYECKOTro onpeaeacHue curuainoB 1( )u ,( )moctpoum
ux rpapuku (puc.l u puc.2 COOTBETCTBEHHO).

MaremaTrueckoe onpeaeiacaue curnana 1( ):
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10) =" (( 1'—1)),ef3f0|?3E < 1 (1)

Puc. 1. I'padux curnaza 1( )

Matematndeckoe onpeeieHne curaaina o( ):

()= o B )

4

sAB2r- 1

Puc. 2. I'papuk curnana ,( )

Beruncium koppensiuonayto ¢pyHkiuo Ri(t) currana q( ):

1()=0,"20) (=) 3)

[TocTpoum rpaduk koppensunonHoi Gpynkiuu Ri(t) (puc.3).

o 1 1 1 1 1 1 1
-45375-3-22515075 0 075 15 225 3 375 45
T

Puc. 3. I'paduk xoppensuronHoi GyHKiuu curuaia 1 ( )
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U3 rpaduka, mpuBEAE€HHOTO Ha pHC. 3, MOJyYUM UHTEPBAJ KOPPEISALIUU CUTHAJIA
1( ), KoTOpBIH paBeH 3,75 Mc (IMPUHA OT MAKCUMAIBHOM TOYKH (DYHKIIMHU JI0 TIEPBOMA
TOYKH MIEPECEUEHUS C OCBhIO aOCIHCCe).

[TockonbKy curHamel pasHble 10 (opMe, TO BBIUKUCIUM B3aUMHYIO
Koppessiiuonnyo QyHkiuo Rix(t) curnanoB sl(t) u s2(t), moctpoum e€ rpaduk
(puc. 4).

B3aumnas koppensimontas GyHkiusa Ri2(T) vMeeT cleyomui B/

14)=0," 1) 20 =) (4)

4 T T T

3k

RI2(T2f .

o 1 1
-10 -3 0 3 10

T

Puc. 4. I'padpux B3auMHOM KOPPETALMOHHON PYHKIINH

[TonTBepauM cBA3b Mexay mpeoOpazoBaHueM @ypbe KOPPEISIIIUOHHON
yHKuumei curnana 1( ) ¢ KBaapaToM MOJYJIS €ro CHEKTPaIbHON (YHKIINK:
® -2 — 2
[_o () =1 ()l ()
OrnpeennM CreKTpaabHy 0 QYHKIHMIO curaaia 1( ):

() =00 0) T (6)
Haiizem KBaapar MOyl CIIEKTPAIbHOM QyHKIMU curHana 1( ) ¥ HOCTPOMM

€ro PHEPreTUYCCKH CrieKTp (puc. 5).

20 . . . . .
15k g
(|s1c)|y10r b
sk ]

) )

I
—GD.i -0333 —-0.167 0 0.167 0.333 0.3

f

Puc. 5. DuepreTnyeckuii ciektp currana 1( )

Haiinem mnpsimoe mpeoOpazoBanue Dypbe OT KOPPEISIUOHHONW (PYHKITUU

curnana 1( ) (puc.7).
(Y=1' (). -2 U
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o
- o
o

Puc. 7. Ilpsamoe npeoOpazoBanrue Oypbe OT KOPPEIIUUOHHON (PYHKIIMU CUTHATIA

1()

Eciu cpaBHUTH DHEPreTHYECKHUi crekTp curHaia 1( ) u rpaduk QpyHKIUH
( ), moxy4uM, 94TO OHH COBIIAJIAIOT, YTO JOKA3BIBACT, YTO MPSAMOE IIPEOOpa30oBaHUEM
@dypbe KOPPeIAUMOHHON (PYHKIIMU CUTHaja JIEUCTBUTEIbHO COBMANAET C KBAJIpaTOM
MOJYJISl CHEKTPAIbHOU (DYHKIIMH, I C SJHEPTreTUYECKUM CIIEKTPOM CUTHAJIA.
BeiBoabl. B nporiecce nccnenoBanus Obl1 IPOBEACH aHATIN3 KOPPEISAILIMOHHBIX
XapaKTEepUCTUK CUTHAJIOB. bblja BblUMCIEHA KOppEIALMOHHAs (DYHKIUS, UHTEpBaI
KOppEJSLNY, B3aUMHAas KOPpesIUOHHAs (QYHKIMS, a TaKXKe J0Ka3aHa CBA3b MEXKIY
KOppENSLIMOHHOW (YHKIMEN CUTHajga ¢ KBaJpaToM MOAYJS €ro CHEKTpaIbHOU

GyHKUIUU.
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JOIEHT Kadeapsl «Briciias maTeMaTuka
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MATEMATHYECKASA MOAEJIb AY2JIBHOT'O bOA TAHKOB

Annomayusi. Ha 0a3e MapKOBCKHMX BETBSIIIUXCS MPOIIECCOB OMHUCaHA
BEPOSITHOCTHAsE MoOJiesib Urpbl «TaHKOBBI OOi» U ompejesieHa ONTHUMabHas
cTparerus JJis BCeX €€ yYaCTHUKOB.

Kniouesvie cnosa: MateMaTu4ecKoe MOJICIIUPOBAHNE, MAPKOBCKUE BETBALIUECS

MPOIIECCHI, MAaTPUIlAa BEPOSTHOCTEH.

Beenenue. BeposiTHOCTHas MozelIb — 3TO MaTeMaTU4eCKas MOJEIb, KOTOpas
UCIIOJIB3YETCSl JUIsl OINUCAaHUA CIy4YalWHbIX SIBJIEHUH M CBSI3aHHBIX C HUMHU
BEPOSITHOCTHBIX 3aKOHOMEPHOCTEM.

Takas Monens TMO3BOJIAET ONUCHIBATH CIIy4ailHble SBJICHUS B TEpPMUHAX
BEPOSITHOCTEMN, UTO MO3BOJISIET 00JIee TOUHO MPEJCKA3BIBATH PE3YJbTaThl CIy4YalHbIX
JKCIIEPUMEHTOB.  BeposATHOCTHas  MOJENb  MOXKET  MCIOJB30BATHCS IS
MOJICIMPOBAHUS PA3JIMYHbIX SBJICHUH, TaKUX KaK pacOpeeieHusl Cily4YalHbIX
BEJIMYMH, POTHO3UPOBAHUS BEPOATHOCTH HACTYTIJICHUS COOBITUH, pUCKA U T.1I.

BepositTHocTHast Mozellb B BOEGHHOM cdepe MoKeT ObITh MpPUMEHEHa IS
IPOTrHO3UPOBAHUS BEPOSITHOCTH HACTYIUIEHUS OIPEJECICHHBIX COOBITUM Ha OCHOBE
UMEIOIMXCS JTaHHBIX W MCTOPUYECKUX TpeHAOB. OHa MOXET MOMOYb B OLICHKE
BEPOSITHOCTH YCIIEXa OIPEACIICHHON BOCHHOM Ollepaliu, OIIPEAEICHUN ONITUMAIIbHBIX
NyTel TOCTHXKEHMS LIeJIM 1 MUHUMHU3ALUU TIOTEPh, a TAKXKE JJIs1 IPUHATHUS PEILICHUN B

YCJIOBUSIX HEMOJIHOW WH(OpMAIUH.
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B nannoi#i pabore onucaHa BepOSITHOCTHASI MOJieTb UTPbl « TaHKOBBIN O0W» U
ONpENIENICHA ONTUMAJIbHAS CTPATErus JUIsl BCEX €€ yUaCTHUKOB.

IHocranoBka 3agaun. Ha 6a3e MapKOBCKHX BETBSALIMXCS [TPOLIECCOB TOCTPOUTH
MaTEMaTUYECKYI0 MOJIEJIh BCEX BO3MOJKHBIX CIIeHapHeB UTpbl «TaHKOBBIN 00i» U
ONPENEIIUTh ONTUMAJIBHYIO CTPATErHI0 BOEHHBIX MMOAPa3ICICHUMN.

Pe3yabTatbl. PaccMoTpum 00#l 1BYX BOEHHBIX MOJZpa3leieHUM, KaKI0e U3
KOTOPBIX COCTOMT M3 JIBYX TAHKOB, MpPHUYEM KaXJbld M3 HUX BUIAUT 00a TaHKa
npoTuBHMKA. boii mpoucxoaut cneayromum oopazoM. CHavyana TaHKYA NePBOM TPYIIbI
MIPOU3BOISAT 3411 IT0 TAHKaM BTOPOM rpymisl. [lociie 3Toro ynenesumme TaHKd BTOpOu
TPYIIBI IPOBOASAT 3aJIII [0 TAHKaM MEPBOM I'PYIIIBI U T. 1.

Pe3ynbratel cTpenbObl HAOII01at0TCS, TOATOMY 0 MOPAKEHHBIM TAHKAM OTOHb
He BeAETCsA. BeposITHOCTB Mopa)KeHus TaHKa NEPBOM CTOPOHBI OJTHUM BBICTpENIOM P,
BTOpOU — Pa.

O6e rTpymnmbl Ha30BEM CHCTEMOW. DTa CHCTeMa MOXET OBITh B pa3HBIX
COCTOSIHUSIX: MO JBa TAaHKAa Yy KaXIOH CTOPOHBI, MO OJHOMY Y KaXXIO0l U T. .
O0603HauUM YCIIOBHO 3TH COCTOSIHUS cleayrouum oopaszom: (2,2); (1,1) u 1. 1., rae
nepBas mudpa 03Ha4YaeT YUCIO TAHKOB Y TMEPBOW CTOPOHBI, BTOpasi — TO K€ caMoe Yy
BTOPOH.

Jlo Hadana 0ost cuctema Haxomutces B coctossaum (2,2). [locne 3anma mepBoit
CTOPOHBI BO3MOKHO COXpaHeHHe cocTosiHus (2,2) (06a TaHKa MEpPBOM CTOPOHBI
IPOMAaxHYJIMCh) WK nepexo] e€ B coctosuus (2,1) u (2,0). HerpynHo, nons3ysch

METO/IaMH TEOPUH BEPOSATHOCTEH, BEIUUCIUTH BEPOSITHOCTH ATUX TTEPEXOJIOB:
P((29- (23)=(2-R)"
(29 (23)=41R)R
P((22- (29)=R"
[lepexonbl U3 OHOTO COCTOSIHUS B Apyroe yaoOHO M300paxaTh rpaduuecku.

Ha pucynke 1 npuBeneHo nepeBo COOBITHI — BO3MOKHBIE COCTOSIHHS TTOCJIE TIEPBOTO

¥ BTOPOTO 3aJIIOB.
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Kak BuaHo u3 cxemsl (puc. 1), Mbl UMe€EM AEJO C BETBSLIMMCS IPOLIECCOM,
XapaKTepHbBIM CBOMCTBOM KOTOPOTO SIBJIIETCS HE3aBHUCUMOCTH BEPOSITHOCTEH
nepexojia U3 OJIHOTO COCTOSIHUSL B JIpyroe OT NPeAbIAyIIUMX MepexoioB. Takue
IIPOLIECCHI HA3bIBAIOTCSI MAPKOBCKUMU BETBSIIIMMHUCS TIporieccamu [3, 4].

MapkoBckuii BeTBsmiics npouecc (Markov branching process) — ato mojensb,
KOTOpasi UCHOIb3YETCSI B TEOPUN BEPOSITHOCTEN M MATEMAaTUUYECKOU CTATUCTUKE IS
OIHMCAHUS IBOJIIOIMH CIIyYailHOM MOMYJISIIIMK BO BpeMeHU. B HaieMm ciyuae, Kaxblid
AJIEMEHT  MOMyJsAlMM  OyJeT  COOTBETCTBOBATH  OTACIBHOMY  BOCHHOMY
NOAPA3IAEICHUIO, COCTOSAIEMY U3 JBYX TAHKOB, 4 BEPOSITHOCTU MOPOKJICHUSI HOBBIX
3JIEMEHTOB OYIyT OMPENEesAThCS BEPOSTHOCTAMH MOPAKEHHUS TaHKa MPHU BBICTpEse
KaKoN-1100 CTOPOHOM.

Matpuiia BEpOsSTHOCTEH Mepexojia U3 OJHOT0 COCTOSHUSI B JIPYToe€ SBIISETCS
OCHOBHBIM MHCTPYMEHTOM JUIsl ONMCAaHHMS MAapKOBCKUX BETBSIIUXCS MpolieccoB. B
HalleM clly4ae, MaTpUlla BEPOATHOCTEM MepexoJa HCIOJIb3YeTCs sl OMUCaHUS
BEPOSITHOCTA TOTO, YTO B CIEAYIOIIEM IOKOJEHUH IMpoliecca (Harmpumep, Mocie
MEPBOTO 3aJMa) Kaxa0e COCTOSHUE CUCTEMBI (2,2) mepelaéT B OJTHO U3 BO3MOMKHBIX

cocrosinuii (2,2), (2,1) unu (2,0).

Mocne 2o 3anna
2-i CTOPOHbI

(22] [12] [02] [21] [1.1] [20] [1.2] |02] [1.1] [01] [0.2] [2,1] [1.1] [2,0] |1.1] [01] [1,0] [2,0]
I | I I | I I | I | I |
B 2] [28] [E2] 1 2 O RO 4O O [R=Y
| |
n 1+
52 B

Mocre 1-ro sanna
thcropose IEiEI
WexooHoe

COCTORHUE

Puc. 1. JlepeBo coObITHH, XapaKTEepU3YIOIIEe pa3BUTHUSI TAHKOBOTO 0O

dopmalibHO, MaTpHUIla BEPOATHOCTEH Mepexoja B MapKOBCKOM BETBSIIUMCS
IpOILIECCE OMpEIEACTCS KaK KBaJpaTHAs MAaTPHUIIa C HEOTPUIATEIbHBIMU JIEMEHTAMHU
P=(pix), Te pic — BEPOATHOCTH Mepexoaa CUCTEMBbI U3 coctosiHus Ei B cocrostame Ex.

CyMMa 3J1IeMEHTOB KaX0i CTPOKHM MaTpHUIIbl BEPOSITHOCTEN Mepexo/ia A0JIKHA OBbITh
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paBHa CAHMHHUIIC, TAK KaK BCC BO3MOJKHBLIC COCTOAHHA CHCTCMBI IIOCJIC OYCPCIAHOIO

3aJilia B CyMMe JatoT €AUHUILY.

JIns cydas 3aira mepBoy CTOPOHBI ATa MaTPULIA UMEET BUJL, PEICTABICHHBIN

B Ta0smmme 1.

Tabmuma 1. MaTtpuna BeposiTHOCTEH mepexoja IS ciaydas 3aimna IMepBOi

CTOPOHBI

) COCTOSIHI/IG ITIOCJIC 3aJIIla

=<

an [ =

5 3

§2 (22) | (21) (2,0) 12 | 1) | (10 | (02) | (01)
O =

(2,2) [(1-P1)?R(1- P1) Py P,2 0 0 0 0 0
@y | o | @py| 2™ ié;2P1)+ 0 0 0 0 0
20 | 0 0 1 0 0 0 0 0
(12 | 0 0 0 1-P; P 0 0 0
(1L1) | 0 0 0 0 1-P1 | Py 0 0
(1,0) | © 0 0 0 0 1 0 0
02 | 0 0 0 0 0 0 1 0
01 | 0 0 0 0 0 0 0 1

AHanornyHeiM 00pa30M MOKHO BBIYHCIIUTH MAaTPUILy BEPOSITHOCTEH mepexoaa

IIpU 3aJ11€ BTOPOU cTOpOHHI (TadI. 2).

Tabnuma 2. Matpuia BeposITHOCTEH Tepexoda sl ciaydas 3ajifa BTOpPOH

CTOPOHBI
o CocrostHue nocie 3anmna \
= <
T E
: 5
gg| @2 | D@0 12 | @Y |10 (0.2) (0.1)
@)

_ 2 2 PZ ' 2
(2,2) | (1-Py) 0 0 (1- P)) 0 0 P2 0
(2,1) 0 1- P2 0 0 P2 0 0 0
(2,0) 0 0 1 0 0 0 0 0
2P -
Y
(1,2) 0 0 0 (1- P2) 0 0 (1- P,)+P2? 0
(1,1) 0 0 0 0 1- P2 0 0 P2
(1,0) 0 0 0 0 0 1 0 0
(0,2) 0 0 0 0 0 0 1 0
0,1) 0 0 0 0 0 0 0 1
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[Tonp3ysich 2TUMH MaTpUIlaMU U M300paKEHWEM MapKOBCKOW I1ienu (puc. 1),
MOHO PacCUMUTaTh BEPOSITHOCTH JIIOOOTO COCTOSIHUSI CUCTEMBI MOCHIE JIIOOOTO Yucia
3aJIMOB.

1 to d d3J BerumcianM BEpOSTHOCTH COCTOSHHUM CHUCTEMBI TPH  YCIOBHH
P1=P>=0,5 nocne 1, 2, 3, 4-ro 3tanoB 60¢&B (1O TaIOM TOHUMAETCS TTPOBEICHUE
JIBYX 3QJIMIOB — I10 OJTHOMY C KaKJI0H CTOPOHBI).

TTocre mepBoro Srana (3aima):
P((22)=(1-R)" (D R)Y 0% 0,5 00,06z
P((29))=2R(1-R) (D B} 0505,z
M T
P((0,2)=(1-R)" B 0250,25 0,06

ITocne BToporo stamna (3ajra):

2

P((2,2)=0,062501 B)" ( 1®)°- 0,0825 &5 G5 O
P((2,1)=0,062502( OR)-R) (& R)O 0;2% 1K) ( @R)- 0,G;
nT.AO.

P((0,))=0,1258 RO 0,25 1R) B- 0,C¢

PesynbraThl Bcex pacy€ToB NMpUBEIECHBI B TabmuIe 3.

Tabnuia 3. Marpuiia BEeposITHOCTEN COCTOSTHUS CUCTEMBI

BeposTHOCTh COCTOSIHUSI CHCTEMBI MOCTIE 3JIMOB € 2-X CTOPOH
Cocrosnue

1-ro 2-T0
(2,2) 0,0625 0,004
(2,1) 0,25 0,047
(2,0) 0,125 0,023
(1,2) 0,25 0,141 U T.JI.
(1,1) 0,25 0,453
(1,0) - 0,125
(0,2) 0,0625 0,113
(0,1) - 0,094
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Ananu3 Tabmuiel 3 MO3BOJSET CAelaTh pPsii BBIBOJAOB. BeposTHocTH Bcex
COCTOSIHUM, B KOTOPBIX MPUCYTCTBYIOT TAHKU 00EMX CTOPOH, C T€YEHUEM 00sI OBICTPO
yOBIBAIOT U CTPEMSATCA K HYJIF0. DTH COCTOSIHUSI HA3bIBAIOT HECYLIECTBEHHBIMHU.

BepositHocTh m0OOeAbl TEpPBOl CTOPOHBI (OHA paBHA CyMME BEPOATHOCTEH
coctostHu#t (2,0) u (1,0)) paBua 0,689, T. €. 3HAYNUTETBLHO IPEBOCXOIUT BEPOATHOCTD
no6esbl BTopoit ctoponsl 0,311, HECMOTpst Ha TO, YTO MCXOJAHOE YHUCJIO TAHKOB U HX
3 PEKTUBHOCTH OTMHAKOBBHI.

DTOT npuMep MOKA3BIBAET OOJIBIIYIO POJIb HAHECEHHSI yIPEKIAIoLIEero yaapa. B
JaHHOM Cllyyae YIpeXKICHHE B yJape OKa3blBaeTcs HKBHUBAJICHTHBIM OoJsiee ueM
JIBYKPATHOMY YBEIUYECHHIO 3P(HEKTUBHOCTH.

BeiBoa. MapkoBcKkue BETBSIIMECS IMPOLECCHI MOTYT HAWTH INPUMEHEHHUE B
BOCHHOM JIeJIe, HAPUMED, JJI IPOTHO3UPOBAHUS YUCIEHHOCTH U COCTOSIHUS BOEHHBIX
IIOJpa3IeIICHU M.

[IpencraBieHHass BEpOSITHOCTHas MOJENb Ha 0a3e MapKOBCKHX BETBALIMXCS
IPOLIECCOB MO3BOJIAECT YUYUTHIBATh BCE BO3MOXKHbBIE CIIEHApUU UTPhI « TaHKOBBIN 00i1»
U CIIOCOOCTBYET BBIOOPY ONTUMAIBHOW CTpaTEruu Jisl €€ y4aCTHUKOB.

B uenom, mpumeHeHHE BEPOSTHOCTHOM MOJEIM B BOCHHOU cdepe MOKET
NOMOYb ONTUMHU3UPOBATh pEIICHUS, MHUHUMH3UPOBATh TOTEPU U TIOBBICUTH
BEPOSITHOCTh yCIlexa BOEHHBIX onepanuil. OpHako, HEOOXOIMMO YYWUTHIBAThH
MHOTOUYHUCIIEHHbIE (PaKTOPbl U NEPEMEHHBIE, KOTOPbIE MOTYT BIIMATh HA PE3YyJbTaThl
MOJIETMPOBaHUs. DTO 00€CIeUnBaeT HAAEKHOCTh JAHHBIX JJI1 JOCTHKEHUS Hauboliee

TOYHBIX PE3YJIbTATOB.
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CynepMapKerTe.

Knrouesvie cnosa:. ABC-ananm3 naHHbIX, BU3yalIn3aIus, aHATUTHICCKUHN TTaKeT

Deductor.

BBenenue. ABC-ananmu3 — MeTo1, TO3BOJISIONINN KIIaCCU(DHUITPOBATH PECYPCHI
GbUpPMBI TIO CTEMEHUW WX BaXHOCTU. DTOT aHAIM3 SIBISETCS OJHHM M3 METOJIOB
palMoOHaNM3alMid M MOXET TMPUMEHAThCS B cdepe AessTeNbHOCTH JIHOOOTo
npeanpustusa. B ero ocnose nexut npuniui [lapero — 20% Bcex ToBapoB naroT 80%
ob6oporta. [1o orHomenuto k ABC-ananusy npasuiio [Tapeto MoXeT MmMpo3ByyaTh Tak:
HaAEKHBIA KOHTPOb 20% mo3uruii mo3BosisieT Ha 80% KOHTPOIMPOBATH CUCTEMY,
OyJlb TO 3amachl ChIPh U KOMIUIEKTYIOIINX, JTUOO MTPOTYKTOBBIM P MPEANPUITHS U
T.IL.

[leas ABC ananuza — npoctoe, yI00HO€ M HarIsAHOE PAHKUPOBAHUE JTFOOBIX
PECYpCOB € TOYKHU 3pPEHHUS MX BKJIaJa B MPHOBLIb WK MpoAaxku. biaromaps Takomy
PAaH)KUPOBAHUIO MOKHO TPaBUJIBHO PACCTaBUTh MPUOPUTETHI JICSTEIBHOCTH,

c(hOKyCHUpOBaTh HCMOJIB30BAHNE OTPAHUYEHHBIX PECYpCOB KOMIIAHUU (TPYIOBBIC,
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BPEMEHHbIC, UHBECTUIIMU U T.]I.), BBIABUTh HM3JIMIIHEE HCMOJb30BAHUE PECYPCOB U
IPEANPUHSATE CBOCBPEMEHHbBIE KOPPEKTUPYIOIIUE MEPHI.

ABC-ananu3 no3BoJisieT pa3aeauTh OOJbIION MAacCUB JaHHBIX, UCXOMS U3 UX
BKJIa/Ia, HA TPU TPYMNIbL. ITO MO3BOJIAET, BO-NIEPBBIX, BBIACIHUTH MO3UIUU, KOTOPHIE
SIBJISIFOTCSL KJTIOUEBBIMHU. BO-BTOPBIX, MBI CMOKEM CKOHIICHTPUPOBATHCS HA aHAIN3E
TpeX TPyMI, BMECTO OOIBIIOrO CIUCKA, M pab0TaTh C MO3UIMSIMH B TIpEAeNiax TPYIII
CXOJIHBIM 00pa3oM.

B nmaHHOM crathe paccmarpuBaercs npumeHeHne ABC-ananmmza s
UCCJIEIOBAaHUS aCCOPTUMEHTA MPOaK MOOMIBHBIX TEIE(POHOB B CylepMapKeTe.

[Topsnok nmpoBenenns ABC-ananu3a.

1. Onpenensem nenp aHanusa.

2. OmpenensieM JEHCTBUA 1O HWTOTaM aHaiu3a (4ro OyaeM Jenatb C
MOJTy4YEHHBIMU pe3yJibTaTamu?).

3. BoiOupaem 00bekT aHammza (4To OyneM aHaIM3UpOBaTh?) W IMapamMeTp
aHanu3a (Mo KakoMy NMpU3HaKy OyJeM aHAIU3UPOBATH?).

OO6b1unO 00bekTamMu ABC ananmsa sBIISIIOTCS] TOCTaBUIMKH, TOBAPHBIE TPYTIIIHI,
TOBapHBIC KaTErOpWHU, TOBAPHBIE MO3UIKMKU. B HaimeMm ciydae oObeKTaMu SIBISIOTCS
HauMeHoBaHUA TenedoHoB. Kaxaplii U3 3THX 0OBEKTOB MMEET pa3HOE KOJIMYECTBO
NpUOBLIN 32 IPOJAKY.

4. CocraBisieM PEUTHUHTOBBIA CIHCOK OOBEKTOB MO YOBIBAaHUIO 3HAYCHHS
napamMerpa.

5. PaccuuThiBaeM J0yiI0 MapaMmeTpa OT O0OmIeil CyMMbl MapameTpoB C
HAKOMUTEIbHBIM UTOTOM. JOJI1 ¢ HAKOMUTEIbHBIM MTOTOM BBICUMTHIBACTCS MYyTEM
npuOaBiIeHUs MapaMeTpa K CyMMe NMPEbIAYIINUX MapaMeTpOB.

6. Beinensiem rpynnsl A, B u C: npucBanBaeM 3HaA4€HHS TPYII BHIOpaAaHHBIM
o0bekTaM. MeTO/0B BBIJCJICHHUS TPYII CYIIECTBYET MOpsJKa AECATH, HamOoJiee
MPUMEHHUMBI U3 HUX: SMIUPUYECKUI METOJI, METOJI CyMMBbI U METOJ] KacaTelbHbIX. B
AMITUPUIECKOM METOJIE pa3/ielieHrue MPOUCXOAUT B Kitaccuueckoi mponopuuu 80/15/5.
B meTozne cymmBbl ckitafibiBaeTCs 10511 O0BEKTOB M UX COBOKYITHASI JI0JIs B pE3yJibTaTe

— TakiUM 00pa3oM, 3Ha4€HHE CyMMbl HaxoauTcs B auamnaszone ot 0 1o 200%. ['pynmsl
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BbIJICIAIOT Tak: rpynna A — 100%, B — 45%, C — octanbHoe. JIoCTOMHCTBA METOJIa —
Oonpmias rubOkoct. CaMbIM THOKMM METOAOM SIBJIIETCS METOJ KacaTellbHbIX, B
KoTOpoM K KpuBoil ABC mpoBonuTcs KacarenpHas, OTAENsS CHadaja rpynmy A, a
3ateM C.

Ha pucynke 1 nmokasaHo OKHO CIIEHapHusi C BBOJOM UCXOIHBIX JaHHBIX.

N P I
HaureHoEaHKe TenefaHa | Mputkeine
| Samsung 1000
__|Apple 2000
| #izaomi 200
_|POCO BO0
_|Redmi 1200
LG 1500
_[Wive B00
_|Huawei 1800
| OneFlus 00
_|Google Foo
_|Oppo 1300
_ |Realme 1400
_[Honor 200
_|Bd 400

Puc.1. BBoag HCXOOHBIX JaHHBIX

Crenyronm 3TanoM peaiu3aliil alropuTMa SBISETCS HAXOXKICHUE OJU
KaXX71011 Mapku TenedoHna B o0mieM oobeMe. dparMeHT OKHA BHITIOTHEHUS TTOKa3aH Ha

pUCYHKE 2.

ﬂ MacTep obpabotin - Kanskynatop (2 v 4)

K.OHCTpYKTOp BbIpaXeHHA

EEIS,IJ,EI?H'E EblpaxeHde, EbMWCAAErM0E HA OCHOES CTDHﬁLI,DB OaHHER
HCNOAESYA APHPHAETHYECKME ONEpALMIH, 3 TaK#KE BECTPOEHHEIE FYH

Crucok BelpaseHui O 4| BripakeHue
dh okl .ﬁf? = COL2/5tac ("COL2™; "sum"™)

9.0 JonA B odwer ofbere
Puc.2. ®parmenT okHa i1 HAaX0XKJIEHUS JOJIH TOBapa

B PE3YJIbTATC BBIIOJIHCHHUA HAHHOI'O 3TAlld aJITOPHUTMaA 3aIlOJIHACTCA Ta6J'II/IIIa,

(dparMeHT KOTOPOIl MOKa3aH Ha PUCYHKE 3.
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CJ'ICI[YIOHII/IM OTaIlOM BbBIIIOJIHCHUA aHalIn3a ABJISCTCA HAXO0XIACHUC A0JIH C
HAKOIIMTCIIBHBIM HTOI'OM. CDpEll"MGHT BBIITOJIHCHUA AOAaHHOI'O JTalla IIOKa3aH Ha

pPUCYHKE 4 U pUCYHKE 5.

HaurmeHosaHKMe TenedoHa | MpHtibine HonA B odwem ofbee
| S amsung 1000 0.06711409359597315
| &pple 2000 0,134228187919463
| ¥iaomi 300 0.053691 2751677852
_|POCO E00 0.04026845E3758339
_|Redmi 1200 0.0805369 27516778
_|LG 1500 0,100671140939597
_|Miva 500 0.033557 0469798658
_ |Huawei 1800 01208053691 27517
_ | OnePlus 300 0.0604026845637534
| Google Rl 0.04597986577181
_ |Oppo 1300 0.0872483221 47651
_ |Realme 1400 0.0939597 315436242
_ |Honear 200 0.053691 2751677852
_|BO 400 0.0268456375838926

Puc.3. ®parmMeHT OKHA 711 HAXO0XKICHUS JOJIM TOBapa

ﬂ MacTep obpabotin - Kanekynatop (1 vz 3)

KoHcTpykTop BHpaxeHyn

L
:! Cozgabme EbIpateHHE, ERIMHCNASHMOE HA OCHOES CTONSUOE 04
MCNoNE3YA SPHPHAETHYECKME ONEPALMK, & TakKE BCTPOEHHEIE

Crucok, BeipakeHuid O 4| BripateHue
dh odhl P CumilativeSur {"EXER")

9.0 JonA © HaKoMHTENEHEIM. ..

T

Puc.4. ®parment okHa Busyanuzaropa "Macrtep oOpabotku-Kanskymstop"

HonAac
H avrieHoBaHME TEnedOHa Mprteine Hona B ofwer ofbere HaK.OMMTENEHEIM
WTOrOk
| 1000 0.0671140939597315 0.06¥1140339597315
| &pple 2000 0.134228187919463  0.201342281873195
Hiaomi 200 [.053691 2751677852 0.25503355704698
FOCO E00 0.0402684563753383 ) 0,29530201 34225813
__|Redmi 1200 00280536 27516778 03758383261 74437
LG 1500 0. 100871140333597 0.476510067114034
_|Mivo 500 0,0335570469738658 0.510067114093296
Huawei 1800 0120805361 27517 0,630872483221476
OreFlus 00 0.0604026845637534 | 0,691 275167785235
| Google Fo0 00469798657 7181 21 0,738255033557047
_ |Oppo 1300 0.087248322147651 0.825503355704695
_ |Realme 1400 0.0939597315436242 0.919463087248322
__|Haonar 200 00536 2751677E52 | 0,97 154362416107
EQ 400 0,0262456375338926 1
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Crnenyrouim 3TanoM aHajiu3a SBIISETCS pacipesie]eHHe MapoK TeaepOHOB IO
rpynnam ABC-aHann3a, pyKOBOJACTBYSCh CIEAYIOLIUM IIPABUIIOM:

1 I'pynma A — nambonee 3HAUYMMBIE B CTPYKType HAUMEHOBAHHUS MapOK
TeneoHOB ¢ Hauboublel npudbLIbio. C yueToM BBIOPaHHOTO MapamMeTpa aHaIu3a B
JaHHYIO TPYIIy BOWIYT MapKu TeIe(pOHOB — JMIEPHl MPOJaX, CymMma J0JeH ¢
HaKOMMUTEJIbHBIM UTOTOM KOTOPBIX cocTaBisieT nepebie 50% B o0111el cymme npojax;

I I'pynna B — MeHee BocTpeboBaHHbIE MapKH TEAE(POHOB MO CTENEHU BaXKHOCTH,
cyMMa JIoJiel ¢ HaKOUTEIbHBIM UTOTOM KOTOpBIX cocTaBiisieT ot 50 10 80% ot o6mieit
CYMMBI MPOJIAX;

1 I'pynna C — HamMeHee BaKHbIe MapKH Tele(OHOB, KOTOpPHIE SIBISIOTCS
OpeTeHJeHTaMH Ha HCKIIoYeHue u3 chucka npojax. Cymma ux Joned ¢
HAaKOMUTENIbHBIM UTOTOM coctaBigeT or 80 mo 100%. [dna peanusanuu JaHHOTO
pacrpeeneHus Heo0X0AUMO:

1. Onpenenuts 0y1t0 00BEMa MPOJAXK KAKIOW TPYMIIBI TOBAPOB OT OOILEro
o0BeMa MpoJaku BCexX Tpymil. PekomMeHayeTcst pe3yabTaThl pacyeToB MPECTaBUTh B
IPOLEHTAX, OKPYTJISSA UX B JAHHBIX €IUHHUIIAX U3MEPEHHUS JI0 1IETIOT0 YUCIIA.

2. OnpenenuTh 00 00BbeMa MOCEIIAeMOCTH TI0 TPYITaM C HAKOMHTEIbHBIM
UTOTOM.

3. YnopsaouuTh Tpynibl IpoAaX B MOPsIKE YObIBAHUS 110 TIOKA3aTEIO JI0JIU C
HaKOTHUTEILHBIM HTOTOM.

4. IlpucBOUTH ONpPENEICHHON TPYMIe MPOJaX BUA TPYIIBI B COOTBETCTBHHU C
IPaBUJIOM pacHpeIeICHHUS.

Ha pucynke 6 noka3zan Busyanuzatop «Mactep oOpaboTku-Kanbkynarop» c

MIOCTPOCHUEM BhIpakeHuUs 11t uToroBoro ABC-anamm3za.

& Macrep obpaGotin - Kanekynatop (2 uz 4)

KOHCTpYKTOp BLIpaXeHus

1

§ Cozpalime EbBIp3#EHHE, EEIMWCNASMOE Ha DCHOEE CTONGUOE AaHHEX,

E. HCAONESYA SPHPrASTHYECKHE ONEPAUKHK, & TaKKE BECTPOERHEIE $YHELHK
k|

Crucor seipaskeHHn O J?| BripaseHue EI| !
o ol ;? = if (EXPR 1<=0.75;"4";1if (EXFR_1<=0.9;"B";"C"))

ah

(R T T

Puc.6. ®parmenT okHa Busyanuzaropa «Mactep o6padoTku-Kanbkynsarop»
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HroroBoe pacnpenenenue no kiaccam A, B,C noka3zano Ha pucyHke 7.

Higomi
FOCO
Redmi
LG
Yivo
Huawei
| OnePlus
_ |Google
_ |Oppo
Fealme
Honar

Bi

800
500
1200
1500
500
12800
300
700
1300
1400
800
400

0053691 2751677852
0.0402684563758359
0.02053691 27516778

0,100671140333537
0.0335570469738658

0120805836 27517
0.0604026245637534
0.0469738657 718121

0,087243322147651
0093353731 5436242
0053691 2751 677802
0.0265456375838926

HalreHoBaHHe TenehoHa | MNpdeine | NonA B ofwem ofeeme ‘ LonA ¢ HakonMTENEHEIM MTOrOM ‘ ABC-aHanuz ‘
4 | 1000 0,0671140333537315 0,0671140933537315 A
| Apple 2000 0,134228187919463 0,201342281873195 A

0,25503355704693 A
0.235302013422813 A
0,375938926174497 A
0,476510067114034 A

0.51006711409396 A
0,630872483221476 A
063 275167735235 A
0,738255033557047 A
0,825503356704692 B
0,919463087248322 C
09731543621 8107 C

1C

Puc.7. Utoroseiii crieHapuit pacupeaenenus rpynmn no ABC-ananuzy

PesyabtaTel. B pesynerate npumenenus ABC- aHanmn3a MOXXHO MPOCIEIUTD
TEHJICHITUIO MPOJAKU MOOWIBHBIX TenedoHoB. [IpuMeHenne B ydeOHOM mpoiiecce
anamutuyecko 1argopmel DEDUCTOR 3HauuTeNnbHO TIOBBICUT HE TOJBKO
KauyeCTBO TMPETOJIaBaHMsl JWCIUIUIMHBI, HO W Ka4eCTBO pPalbOTHI CTYJCHTOB TIPH
BBITIOJTHEHWY WHIUBUTy TBHBIX 3aJaHUH.

BoiBoasbl. binarogaps ABC-ananu3y MOXHO MOHSTh, KAKUMH PECypcamMu JTydIIe
3amacatbCsl BIPOK, a KaKWe CTOUT MPHOOpPETaTh HEMOCPEJACTBEHHO B MOMEHT
HEOOXOIMMOCTH, KOJUYECTBO KaKMX TOBAPOB CIEAYET YBEIUYUTh, a KOJIMYECTBO
KaKUX — YMEHBIIUTh, Ha KaKUX MOCTABIIMKOB CTOUT IOJIATaThCs, a Ha KaKUX JIy4Ile
HE HajeaTrbcs. HHBIMM cloBamMH, C €ro TOMOINBI0 MOXHO BBIYHCIIUTH
HamOoJiee/HauMeHee TPUOBUILHBIE TOBapbl, HamOoJee/HauMEHEe TMEePCIEeKTUBHBIX

ITIOCTaBIIMKOB, HanOoJIce/HauMEHEE BBITOIHBIC 3a1achl U T. JI.

Jluteparypa
1. [TanemoB, C. B. HTemIeKTyanbHbIi aHAIU3 JaHHBIX | yd4eOHOe mocodue
/ C. B. INanpmoB. — Camapa : [loBOMKCKHI TOCYIapCTBEHHBIN YHHBEPCHUTET

TeJleKOMMYHUKauui u uadopmartuku, 2017. — 127 c.
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2. 3amsaTtul, A. B. UaTenmnekTyanbHbli aHAMH3 JaHHBIX ;| ydeOHOe TocoOune
/ A. B. 3amarun. — Tomck : UMznatensckuii Jlom TomMckoro rocyaapcTBEHHOIO
yauBepcuteta, 2020. — 194 c.

3. Data Science u HHTEIUIEKTyaIbHBIN aHATU3 IAHHBIX : ydeOHOE mocodue /
1. M. Hazapos, C. B. beruuesa, /1. b. Kostyn, A. JI. HazapoB. — Mocksa : Al [Iu Ap
Menna, 2023. — 304 c.
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YK 519.688
[Tyraués M.A.,
actmupadT rpymmsl aCCMuK/01.06.01-12, ®I'BOY BO «Tyal'V»

PykoBoauTens: a.1.H. npodeccop Tpemen A.A.,
3aBenytomuit kadenpoit CCMuK ®I'bOY BO «Tynl'¥»

MOJAEJIb IN®PY3UHU BOJOPOJA B TUTAHE U ITOJIMMEPE

HA MIPUMEPE KOMIIO3UTHOI'O MATEPHUAJIA. MATEMATHYECKOE
MOAEJINPOBAHUME ITPOLIECCA

Annomayusa. CtaThsl TOCBAIIEHA pacyeTy HAXOJAIIETOCS B arpecCUBHOU
BOJIOPOJHON  cpeae kommo3uTHoro matepuana (KM). ABTop mnpuMeHUNI
MaTEeMaTUYECKOe MOJEIMpPOBAaHUWE HJisi pacueta mnapamerpoB auddy3uum u
OMpEeNeNeHUs] BIMSHUS TEMIEpaTypbl U KOHIEHTPALMM BOJOPOAA Ha CKOPOCTb
mporecca B pa3lMYHBIX MaTepuajnax. B cTaTbe ONUCHIBAIOTCS OCOOEHHOCTHU
MOJIEJIBHOTO IOAXO0AA, METOAbl €ro peaju3allid M IIOJIYYEHHBIE pe3YJbTaThl.
[IpeacraBnenHble AaHHbIE MOTYT OBITh MOJE3HBIMU I Pa3pabOTKH HOBBIX
MaTepuaioB C YyIy4lOIeHHBIMA CBOWCTBaMU U ympaBiseMod auddy3noHHON
CIIOCOOHOCTBIO, a TAKXKE ISl ONTUMHU3ALUU MPOLECCOB MOBEPXHOCTHON 00pabOTKU U
XpaHEHHs] MaTepUajIoB.

Kniouegvie cnosa: wmopaenb, audpdys3us, BOIOPOA, TUTaH, IOJIHUMED,
MaTeMaTudeckoe mojenuposanre, KM, npouecc, ckopocts nuddys3uu, remneparypa,

KOHIOCHTPAIMA.

Beenenue. /luddysus Bogopoaa B pa3iMuHbIX MaTepHUaiax - BaXKHbIN MPOILECC,
KOTOPBIM MOXET BJIMATH HA MEXAaHWYECKHE CBOMCTBA U IOBEICHUE MATEPUAIOB B
pa3IMUHBIX YCIOBUAX OKCIUlyaTauuu. I3yudeHme 5TOro mpouecca sBIISICTCA
aKTyalbHOW 3ajadeil i pa3pabOTKM HOBBIX MaTEpUAJIOB M ONTHMH3ALUU

IMPOU3BOACTBCHHBLIX IIPOICCCOB. B I[aHHOﬁ CTaTbC MbI paCCMOTPHUM MATCMATHYCCKOC
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MoOJIeIMpoBaHue Impouecca AUPPY3UH BOJOPOJAa B THUTAHOBBIX U TOJUMEPHBIX
matepuasiax Ha npumepe KM. Omnmcanbl METOJbI MOJECIMPOBAHUSA, MOJYYECHHbIE
JaHHbIE U OCOOEHHOCTH paccMOTpeHHoro mnporecca. Hama paGora mMoxkeT ObITH
[OoJIe3Ha IPU MPOEKTUPOBAHUM U OTOOpE MaTepuajoB, a TakXkKe JUIsl ONTUMHU3ALUU
IPOLIECCOB TOBEPXHOCTHOM 00paOOTKH U KOHTPOJISI KAUeCTBA MaTEPUAIOB.
[IpuBenEHHBIN CKPUNT CO3JAET MOJENIb pacdyeTa KOHLUEHTpAlUu BOAOPOJA B
pa3HBIX CJIOSAX KOMIIO3UTa Ha OCHOBE Mojenei nuddy3uu B THUTaHE U IMOJHUMEPE,
UCIIOJIb3Ysl HAuYaJbHYI0 KOHLEHTpauuo U Kodpuuuentel auddysuu. 3arem
BU3YJIM3UPYET KOHLUEHTPALMIO BOJIOPOJA B TUTAHE U ToJinMepe. Jlaee, OH OLleHUBAET
3¢ dexT HaBoOpaKUBAHUSI TOBEPXHOCTH Ha MEXaHUYECKUE CBOMCTBA KaXJAOrO CIOS
KOMIIO3UTa W Ha MPOYHOCTh U Jedopmali BCEro Kommo3uTa. Pesynbrarsl
0TOOpaxaroTcsi B BUAE T'paMKOB HANPSIKEHUM M MEpPEeMELIEHUI B 3aBUCUMOCTU OT
KOHIIEHTPAILIMU BOAOPO/1a Ha [IOBEPXHOCTH U IPUIIOKEHHOMN CKMMAIOLIEN Harpys3ke. B

CTaTbC IIOKa3aHbl OCHOBHBIC MCTOAbI MOJICIIMPOBAHUA, IJIA COKpPAIICHUA o0beMa

My OJIMKAITUH.
1 # KOHCTaHThI
2 R = 8.314 # yHMEEpPCANbHaA razoBaf NocToAHHaA, Ox/(mons*K)
3 F = 96485 # nocToAHHas Capages, Kn/mone

4 NA = 6.822148%e23 # 4wcno Aeoragpo, mons™-1

(M)

o

# MapameTpsl BOOOpOAa
7 mH=1.88734 # Mmacca aToma BOOOpOAa, r/MoNk

+

MapamMeTpsl OKpyXaKWed Cpapwl
1 # paeneHwe, MMa

=
e

=
1]

= 388 # TeMmnepatypa, K

Puc.1. 3aganne KkOHCTAaHT

Hanee, HeoOX0AMMO OoNpeNeanTh GYHKIIMHU 11 pacuyeta qudy3uu Bogopoa B

KaX/I0M CJI0€ KOMIIO3UTHOTO Marepuana. PaccMorpum cHavana nug@ysuo B TUTaHE

(puc. 2).
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14  import numpy as np
16 # MapameTpel aubdyzun B TUTaHe
17 DB _Ti = le-4 # wo3dbuumeHT guddyzun Ha NOBEPXHOCTH, M™2/C

18 b _Ti = 2.86e-10 # napaMeTp BIaWMOASACTEMA

260+ def diff_Ti(R, T, p_H2):

21

22 OYHKLUMA ONA PacyeTa KOHUEHTpauuW BOAOPOA3 B THMTaHe

23

24 rparam R: YHWESpCansHaA razoBas NoOCToAHHEA, [/ (Mons*K)
25 :param T: TemnepaTypa, K

26 ;param p_H2: paenedne eogopopa, Mia

27 rreturn: KOHUEHTpaUWA BOAOPOAE B TUTaHe, MONb/M™3

28

29

3@ # Pac4eT KOHCTaHT ANA AWbdYIWMOHHOW Mogend CMuTa

31 Q=1.72 * b_Ti * np.sqrt(m_H) * (p/1B@e) / (T/1888) ** 1.5
32 D =D& _Ti * np.exp(-Q / (R * T))

33 k=bTi** 2*p/ (2 *np.pl *mH*R*T)

34

35 # Pac4eT KOHLUEHTpauWW EOLOpOAa

36 CHTi =k *pH2/D

37

38 return ¢ H Ti

Puc. 2. Onpenenenne ¢pynkiuit pacuaera quddy3un BoIopoa B CIOSX TUTaHA

AHajiornyHo onpeAenuM (QyHKIMO i pacdeta auddy3uu B moauMmepe

(puc. 3).

41 # NapameTpsl AHOOYIMKM B nonumepe
42 De@_Poly = le-8 # wo30duuveHT auddy3uKM Ha noBepxHoOCTH, M 2/cC
43 b_Poly = 1.22e-9 # napameTp B3aWMOfeRCTEMWA

44

45 ~ def diff_Poly(R, T, p_H2):

45 e

47 OYHKUWA ONA pPac4eTa KOHUEHTpauuWw EBOAOPOA3 B NofuMeps

43

49 :param R: yHWBepCancHaA ra3oBaA MOCTOAHHEA, [/ (Mone*K)
5@ :param T: TemnepaTypa, K

51 :param p_H2: nasnedwe sogopoga, Ma

52 ireturn: KOHUEHTpaUWA BOLOpPOAa B MOAMMEpPE, MONk/M™3

53

54

55 # PacyeT KOHCTaHT pgna guddyzuoHHOR Mopend CMuTa

56 Q =1.72 * b_Poly * np.sqrt(m_H) * (p/l@e@) / (T/leea) ** 1.5
57 D = D8 _Poly * np.exp(-Q / (R * T))

58 k =bPoly ** 2 *p/ (2 *np.pi *mH*R*T)

59

60 # Pac4eT KOHUEHTpauuu BOAOpOAa

61 € HPoly =k " pH2Z /D

Puc. 3. Onpenenenue pynkuuii pacuera qudPy3uu Bo1opoia B MoJuMepe
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Jlanee, HanumeM (GyHKIIUIO JIJI pacuyeTa KOHIEHTPAllUM BOJAOPOAA B KaXKJI0M

CJI0€ KOMIIO3UTa IPU 3aJaHHBIX YCIOBUSX OKPYKAIOIIEH CpeApl M TEMIIEPATYpPBI

(puc. 4).

66 # MapaMeTpel KOMNO3IUTHOrOC MaTepWana

67 d_Ti = 8.81 # TOMUMHE CNOA TUTaHa, M

68 d_Poly = ©.82 # TonwwHa CnoA MonWMepa, M

68 V_Ti = d_Ti # ofvem TWTaHa, m"3 (npegnonaraeTcA, 4To TUTaH 32HMM3ET BCH TOMAWMHY KOMMNOZWTA)

78 V_Poly = d_Poly # ofvem nonumepa, M~3 (npeanonaraeTcA, 4TO NOMMMED 3aHWM3ET BCH TOAWMHY KOMNO3MTE)
71

+ def calc_concentration(R, T, p_H2):

73

74 OYHKUMA ANA pacyeTa KOHLUEHTpaudW BOJOpOAa B KaxAoOM CN0e KOMNO3MTHOrO MaTepuana
75

76 rparam R: yHWESpCanesHaA Fa3oBaf NOCTOAHHAA, [Lx/(mone*K)

77 iparam T: TemnepaTypa, K

78 :param p_H2: paefneHde Bofopofa, MMa

79 rreturn: KOHLEHTpaUMW BOAOPOAa B TMTaHe W MOAMMEpe, MONb/M"3
20

81

82 # PacdeT KOHUEHTpaUWd BoAopofda B TUTaHe

83 ¢_H_Ti = diff_Ti(R, T, p_H2)

84

85 # Pac4eT KOHUEHTpaUWM EOAOPOAa B NONUMepe

86 C_H_Poly = diff_Poly(R, T, p_H2)

87

88 return ¢_H_Ti, c_H_Poly

Puc. 4. ®ynkuus A pacuera KOHIIEHTPAMK BOJIOPO/Ia B KAXJOM CJI0€ KOMIIO3UTa

IIPY 33JaHHBIX YCIOBUSIX OKPYXKAIOUIEN CPEIIbl U TEMIIEPATYPhI

Tenepb HaITUIIem q)YHKIII/IIO I pacdCTa MCXaHNYCCKUX CBOICTB KaXa0r1ro CJ10sg

KOMIIO3UTHOTO MaTepraja B 3aBUCMMOCTH OT KOHIICHTpAIIMH Boiopoaa (puc. 5).

B oW oM R

g - @

[T BT B T Y- . B
w

I = = = =

2 @ 8 8 8 @

moE W R & W
4

186

11@
111
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128

# MapameTphl MEXaHMYECKWX CBOWCTE KOMNO3WTHOrO MaTepnana

K_Ti base = 120 # moAyne ynpyrocTu TuTaHa 6e3 sogopofa, IMa

K_Poly_base = 4.2 # Mmogynk ynpyrocTw nonumepa Ges sofgopopa, Ma

K_H = -12.5 # 3aBMCHMOCTL MOAYNA YNPYroCTH OT KOHUEHTPauuW Boaopoda, MMa/(Monk/m"3)

Sigma_y_Ti_base =
a8

33BMCUMMOCTE npegena Teky4YecTW OT KOHUESHTPauWu

Sigma_y_Poly_base =
Sigma_y H = -3.3 #

def calc_mechanical properties{c H Ti, c_H Poly):

558 # npegen Teky4ecTw TWTaHa De= sopopopa, Mia

# npegen Teky4ecTw nonumepa Gez eogopopa, Mia

eofopofa, MMa/(mons/m"3)

(DyHKLI'Mﬂ ANA pac4eTa MeXaHW4eCKux cBoiicTE Ka¥foro Cnof KOMNOIWTHOrO MaTepdana

:param ¢_H_Ti: KOHUEHTPauWA BOLOPOLE B TWTaHe, MOAe/M™3
rparam ¢_H_Poly: KOHUEHTpPaUWA EOAOPOAa E NOAWMEpE, Monb/M"3

creturn: MoAyNb YNPYrocTH W Npefen TeKyYecTW KaXAoro CNoA KOMNOIMTHOrO Matepuana, [Ma W Mla COOTEBETCTBEHHO

# PacyeT MOAYNA YNpyrocTW B TUTaHe
K_Ti = K_Ti_base + KLH * c_H_Ti

# Pac4eT MOAYNA YNpPYyrocTW B noauMeps
K_Poly = K_Poly_base + K_H * ¢_H_Poly

# Pac4eT npepena TeKYYeCcTH B TUTaHe

Sigma_y Ti = Sigma_y Ti base + Sigma_y H * ¢ H Ti

# Pac4eT npegena TeKy4ecTW B MonMMepe
Sigma_y_Poly = Sigma_y_Poly_base + Sigma_y_H * c_H_Poly

return K_Ti, K_Poly, Sigma_y_Ti, Sigma_y_Poly

Puc. 5. ®yHkiua 1jis pacueta MEXaHUYECKHUX CBOMCTB KaXKJAO0TO CJIOSI KOMIIO3UTHOTO

Marcpuajia B 3aBUCUMOCTHU OT KOHICHTPAIUK BOAOPOaA
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Haxkonen, nanumem QyHKOHIO Ui pacdeTa CBOWCTB BCEro KOMIIO3HTAa H

NOCTPOCHUSI TpaUKOB HANpPsHDKEHUW W TMEPEMEIICHH B 3aBUCUMOCTH  OT

KOHIICHTPAIIUU BOJIOPO/Ia U IPHUIIOKEHHOM CXKUMArOIIeH Harpy3ke (puc. 6, 7).

123
124
125
126
127
128
129
138

139

142
143
144
145
146
147
148
149
150
151
152
153
154
155

# MapameTpnl pac4eTa CEOACTE BCEMD KOMMO3WTA
K_comp_base = 5@ # momynb ynpyrocTu BCero komnosuTa bes sogopoaa, [Ma
Sigma_y_comp_base = 3@@ # npemen Teky4ecTW Bcero komnoswTa 6es somopona, Mila

- def calc_composite properties(c H Ti, ¢ H Pely, F):

OYHKUMA ANA PECYETa MEXAHWHECKMX CBORCTE BCEro KOMMNOSMTHOrO MATEpMana v MOCTPOSHMA TPaduKoEs

sparam ¢_H Ti: koHuesTpauwA Bogopoga B TWTaHe, mons/m"3

sparam c_H Poly: wOHUEHTpauna B0AOPO4a B NOoAMMEpe, Monb/m™3

iparam F: npunoxeHHas cxwmamwaA Harpyska, Mla

sreturn: mMogynb ynpyrocTe M Npegen TEKYYECTH BCEM0 KOMNOSWTHOO maTepwana, MMa w MMa COOTSETCTBEHHD

# PacqeT MEXaHWHECKMX CBOWCTE B KagoM CNoe KOMMO3WTa

K_Ti, K_Poly, Sigma_y Ti, Sigma_y Poly = calc_mechanical_properties(c_H_Ti, c_H_Poly)

# PacuyeT mogynA ynpyrocTu W Npegena TEKyuYecTH BCErD KOMNOIMTE

K comp = K_Ti * v Ti / (V_Pely + V_Ti) + K_Poly * V_Poly / (V_Poly + V_Ti)

Sigma_y _comp = Sigma_y Ti * V.Ti / (V_Poly + V_Ti) + Sigma_y Poly * V Poly / (V_Poly + V_Ti)

# MocTpoeHWe rpaguKos

¢ H = np.linspace(@, le-6, 188@)

F_values = np.linspace(@®, 58@, 18@)

K_values = []

Sigma_values = []

- for F in F_values:

K_Ti, K_Poly, Sigma y_Ti, Sigma_y Poly = calc_mechanical_properties(diff_Ti(R, T, p_H2), diff _Poly(R, T, p_H2))
K_comp = K_Ti * V_TLi / (V_Poly + V_Ti) + K_Poly * V_Poly / (V_Poly + V_Ti)
Sigma_y_comp = Sigma_y_Ti * V_Ti / (V_Poly + V_Ti) + Sigma_y_Poly * WV _Poly / (V_Poly + V_Ti)
K_walues.append(K_comp)
Sigma_walues.append(Sigma_y_comp)

Puc. 6. ®ynkuus 15 pacuera CBOMCTB BCEr0 KOMIIO3UTA U MOCTPOECHMSI rpauKOB
HaIpsSHKEHUN M IEPEMELIEHNN B 3aBUCUMOCTH OT KOHLIEHTPALMKU BOAOPOAA U

182

#T

plt.
plt.
plt.
plt.
plt.
plt.
plt.

#T

plt.
plt.
plt.
plt.
plt.
plt.
plt.

#1

MPUJIOKECHHOMN CKUMAIOIIEH HAarpy3Ke

pabuK MOgyna ynpyrocTu

figure(figsize=(18, 5))

plot(c_H, K_comp base + K_H * c¢_H, label='Bnuanue Bogopofa Ha mogyne ynpyroctu', color="blue')
plot{c_H, K_comp, label='PesyncTaTt pacdeTa', color="red")

title('3aBMCHMMOCTE MOSYNA YNpYyrocTW BCEro KOMMNOSMTa OT KOHUSHTpauwu sofopoia’)
xlabel('KoHueHTpaumwa sogopoga, Mons/m"3')

ylabel( 'Mogyne ynpyrocTw, MMa')

legend()

pabuK npegena TeKy4ecTH
figure(figsize=(18, 5))

plot{c_H, Sigma_y_comp_base + Sigma_y _H * c_H, label='Bnusnue sogopoga Ha npegen TexyuecTw', color='blue®)
plot(c_H, Sigma_y comp, label="PesynwTat pacyeTta', color="red')

title('3aBMCcHMMOCTE Npefena TEKYYECTH BCEro KOMMNOSMTE OT KOHUSHTPauuM BoAopona’)

xlabel('KoHueHTpauma sogopoga, Mons/m"3')

ylabel( 'Mpegen TekydecTw, MMa')

legend()

padMK HanpAXeHWA W NepemeleHuil

.figure(figsize=(18, 5))

.plot(F_values, K_comp * (V_Ti + V_Poly) / F_values, label='3aEMcuMOCTb HaMpAKEHWA OT CHMMakWed Harpyska®, color='blue')
.plot(F_values, Sigma_y_comp * (V_Ti + V_Poly) / F_values, label='33BMCMMOCTE MEPEMEWEHWA OT CHUMEHWER Harpyskw', color="red')
.title('3aBMCMMOCTE HENPAXEHWH W MEpEMEWlSHWA BCEMD KOMMOSWTAE OT CHUMAHWER Harpyskw')

.xlabel( ' Cxvmawas Harpyska, Mla')
.ylabel( 'Hanpaxenue, nepemeueHue')
.legend()

Puc. 7. ®yuknms nis pacdera CBOWCTB BCETO KOMIIO3UTA M TIOCTPOCHUS TPadUKOB
HaNpsHKEHUN U IEPEMENIEHNN B 3aBUCUMOCTH OT KOHLIEHTPAlWd BOAOPOIa U

MPUIOKECHHOMN CKUMAIOIIEH HAarpy3Ke
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YK 622.14, 681.332
[Ixnsaposa A.N.,
cryn. rpynnst [IMK-19, ®I'BOY BO «/lonHTY»
PykxoBogurens: K.T.H., noueHT [Ipokonenko E.B.,

JOILICHT Ka(i)ellpbl HpI/IKHa):[HOﬁ MaTEeMaTUKHU U UICKYCCTBCHHOI'O MHTCIIJICKTA,

OI'bOY BO «{onHTY»

INPUMEHEHUE CTATUCTHYECKOI'O ITAKETA STADIA JJIsA
COOUOJOI'NMYECKOI'O UCCIEJOBAHUSA HACEJEHUSA

Annomayus. B wHactosimieil paboTe paccMaTpUBAIOTCS OCHOBHBIE MPUHIUIIBI
MIPUMEHEHUSI KOPPEIAIIMOHHOTO aHallh3a Il UCCJIEIOBaHUsI YHUClIa POKIAEMOCTH U
YUCJIEHHOCTU HaceneHus B ropoje N. [IpuBonarcs npakTudeckrue mpuMephl aHaan3a
c pacuetoM Kod(hduiMeHToB Koppensanuu [lupcoHa ¢ TMOMOIIBIO MakeTa
CTaTUCTUYECKOT O ITaKeT STADIA MOCPEACTBOM MOCJIEAOBATEIBHBIX
BBIYMCIIUTENBHBIX POLETYP.

Knwuesvie  cnosa: maker STADIA, skcnepuMeHTanbHBIE — JaHHBIC,

aBTOMATU3MPOBaHHAsA MH(POpPMAIMOHHAS CUCTEMA, KOA(DDUITMESHT KOPPEIISIIHH.

Beenenue. KoppensaioHHbIN aHAIU3 SBISIETCS OTHUM M3 CaMbIX TOMYJISIPHBIX
METOJI0B 00pa0OTKM JaHHBIX, OJIHAKO HE BCErja OH IPUMEHSETCS KOppeKTHo. B
CBA3M C OTUM B CTaTb€ MPEJCTABICHbl OCHOBHBIE MPUHLMUIIBI MPUMEHEHUs
KOPPEISLMOHHOIO aHajau3a, pacdyeT KOo3((HUIMEHTOB KOPPEISLUUU C IOMOLIBIO
nporpammHoro nakera STADIA. KoppensunoHHbl aHanu3 omnpenesnsieT CTENeHb
CBA3M MEX]y NepeMeHHbIMU. HampaBiieHHe KOppENsSLUHUOHHON CBSI3U MOXET OBITh
npsiMoe (TTOJIOKUTEITbHOE) MiI oOpaTHOE (OTPUIIATEIIBHOE):

[Ipy npsMoMl CBs3U C YyBEJIWYECHUEM 3HAYEHUW IIE€pBOrO IMpPU3HAKA
YBEJIMYHUBAIOTCSA 3HAYEHHUSI BTOPOrO NMPU3HAKA, & C YMEHbUIEHUEM 3HAYEHUN NIEPBOro

IIPU3HAKA TPOUCXOAUT YMEHBIIEHUE 3HAYCHUN BTOPOTO.
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IIpu 0oOpaTHOM CBS3M 3HAYCHHUS IEPBOIO MPHU3HAKA H3MEHSIOTCS IO
BO3JEHCTBUEM BTOPOrO, HO B IPOTUBOIOJOXHOM HAMPABICHUU IO CPABHEHUIO C
M3MEHEHUEM BTOPOIO MpHU3HAKA.

Cuna cBsizu (CTENeHb, TECHOTA CBA3U) — CTENEHb COMPSIKEHHOCTH MPU3HAKOB,
IUPOTa BapbUPOBAHMUS 3HAYCHUN KaXJAOTO W3 HUX MPU H3MEHEHUU BEITUYUHBI
npyroro. CBs3b CUMTAETCsl CUJIBHOM, KOTJa Ka)KI0M BEIWYMHE OJIHOTO MpH3HAaKa
COOTBETCTBYIOT TaKH€ BEJIMYMHBI APYroro Mpu3Haka, 1 HA00OpOT, CBsI3b Ha3bIBACTCS
cnaboii (MeHee TEeCHOM), €clid 3HA4eHUsIM OJHOr0 TPHU3HAKA COOTBETCTBYIOT
3HAUUTENbHBIC KOJIEOaHUs 3HA4YeHHI BTOporo. [lpenHaszHadeHue KOPPEISIIMOHHOTO
aHajgu3a CBOJUTCS K BBISBJICHUIO HAJIMYMS 3aBUCHUMOCTH MEXKIY Pa3IMUYHBIMU
dbakTopamu. To ecTh, OpenenseTcs, BIUIET TU YMEHBIIICHUE WIH YBETUYEHNE OJTHOTO
MOKa3aTeNsl Ha U3MEHEHHE IPYToro.

Ecnu 3aBucHMOCTb yCTaHOBJIEHA, TO OmpeenseTcs KodQpUIeHT KOPPEIHH.
B oTiauune OT perpecCMOHHOrO aHaaW3a, 3TO €AWHCTBEHHBIM MOKa3aTellb, KOTOPHIN
pacCUMTHIBAET JAHHBIM METOJ| CTaTHUCTHYecKoro wuccienoBanus. Koadduiment
KOppeTsLUU BapbupyeTca B Auana3zone ot +1 no -1. Ilpyn Hanmuunm nonoxXuTeabHOU
KOPPETSIUU yBEJIMUYECHUE OJIHOTO TOKa3aTelss CIOCOOCTBYET YBEIUYEHUIO BTOPOTO.
[Ipu oTpunaTenbHON KOPPENISIIUN yBEIUUEHHUE OJHOTO MOKa3aTessl BJIieUeT 3a co0oi
yMeHbIIeHUE apyroro. Yem Oombiie MOAylb KOIPGUIMEHTa KOPPESAIUU, TEeM
3aMETHEE M3MEHEHUE OJHOrO IMOKA3aTelsl OTpa)XkaeTcs Ha U3MEHEeHUHu BToporo. [Ipu
kod(punuente, papHoM 0, 3aBUCUMOCTH MEXy HUMU OTCYTCTBYET MOJHOCTHIO.

OcHoBHBIE ITAaNbI pelieHus. Permenre JaHHOM 3a1a4M COCTOUT U3 HECKOIBKUX
ATaroB.

1. B600 cmamucmuueckux sKkcnepumeHmanvulx 0anusix. KoMnproTepHbIi BBO
AKCIIEPUMEHTAJILHBIX JaHHBIX B 00bemMe 12 4dncen COOTBETCTBEHHO MO KOJUYECTBY
POXKTaEMOCTH M CMEPTHOCTH HaceseHus B ropojie N. B pesynbrare npoieypbl BBoj1a
B JJICKTPOHHOW Tabnuile B CTOJOLE X| pa3MmematoTcsa 12 3HadeHuid, GOopMHUPYIOIIINX
HNEPEMEHHYIO X1, IEPEMEHHYIO X2 U X3 COOTBETCTBEHHO. [Ipu OTCyTCTBHM OLIMOOK
BBOJIa CJIEAYET MPUCTYNUTh K CIEAYIOUIEMY 3Tany. BBOJ HCXOHBIX JaHHBIX MOKa3aH

Ha pUCYHKeE 1.
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g STADIA 8.0/yuebnan - M0 no ceobogHon nuuerznkm CC BY-54 4

Tafin  Npadwew=F& Kanekynatop=F7 [lpecBpazocsannAa=F2 Cratncrrea
=l XD SlFE |
Tabnwua gaHHBI
Toms | PoxmaemMo c-.l CHMeyTHOCT] x4 pra]
1 2010 2,3 12,6
2 2011 7.4 13,5
3 2012 6,6 17,4
\ 4 2013 7.1 17,2
| a3 2014 7 15,92
[ 20135 6,6 14,2
T 2018 7.1 16
8 2017 8,2 13,4
] 2018 5,3 15,5
10 Z019 9,1 14,8
11 2020 8,6 15,8
12 Z021 7,1 19,2
13 ]
14
15

Puc.l. BBog nCXOOHBIX JaHHBIX

2. Ilposepka pacnpeoenenusi S9KCNepUMeHmanbHulX OAGHHbIX HA HOPMATbHOCHb.
bnok craructuyeckoro ananuza B nakete STADIA 6.0 coaepkut Habop mporueayp,
peau3yIMX MHUPOKO MPUMEHSIEMbIE METOJbI aHajdu3a JAHHBIX U MPEICTABICHUS

pE3yJIBTATOB.

CTaruCcTHYECKHE METOAH

PerpeccHoHHBEIH aHanH3
K=CpaBHEHHE ?-X pETpECCHH
L=lpocTas perpeccHafTpeHn
M=MHOXECTBEHHAA AHHEHHAA
N=lowaroeaq perpeccHs

—[lapaMETPHYECKHE TECTH
LSRN ATE LAY T AT A
Z2=McTorpaMMafHopHaNLHOCTE
3=Koppenauxsa
4=Ctbl neHTa H tPHIIEpa

D=0pwaa/HEAHHEAHAA MO A E L

_HEI'IEI[IEIMET[IH‘-IE[:KHE TECTH
S=XH-kBanpart

6=CpeHra/noaoxeHHs

f=MacwTabafpaccesHHa

8=lpoHzBOALHLIX AALTEPHATHE

9=KoppenauHafHE3 ABHCHMOCTE

A=Kpoccraeynauxa

MHOroMEpHHE METOAK
P=[IHCKpHMHHAHTHLIH

Q=KnacTepHuHA

B=MakropHHH

S=lllkanHpoBaHHe

—[IHCNEPCHOHHLIA AaHAAH3
B=0pnHodakTOpHLIA

C=pvxpAKTOPHLIH

Mpynnoeo#

D=MHorodakTopHHHA

PacnpeneneHHd H 4acToTH
T=-BH4YHCAEHHE BEPOATHOCTEH

U=CornacHe pacnpeneneHHHd

¥=CornacHe 4acror

W=locnenoBaTe AbLHLIH AHANHS

E=KopapHauHoHHHH

—AHAAH3 BPEMEHHHX PAODE
F=KoppensyHoHHEA

KoHTpOAL KaYeCTEa
X=[HcTorpaMmMa

Y=[uarpamMma [apero

G=CnexTpanbHHHA

Z=KOHTpOALHLIE KapTH

H=CraaxueaHHe/bHALTPALHA

I=ARIMA-HOnENH

J=PypLEe-MOOENH

Puc. 2. MeHro BbIOOpa CTaTUCTUYECKOTO METOA
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YroObl MPOBECTH CTATUCTUYECKUH aHAIN3, HEOOXOAMMO BBIIOJHUTH PNl
NOCJIEJOBATENIbHBIX 111ar0B:

1. BBectu naHHbIe B 31€KTpOHHYIO Tabmuiy (puc. 1). OOpabarbiBaeMble TaHHbBIE
JOJIKHBI COOTBETCTBOBATh BEHIOPAHHOMY METO/y aHAJIM3A.

2. BbI3BaTh MEHIO CTATUCTUYECKUX METOJIOB (pHC. 2) HaxkaTheM KiaBuiiu F9. B
ATOM MEHIO HA)KMUTE Ha KHOMIKY HY>KHOT'O METO/Ia.

3. Ymounenue 3axona pacnpeodenenus. Utoos1 0osee TOUHO OMPENETUTh 3aKOH
pacrnpezieieHus  CIOy4yallHbIX BEJIMYMH BBIOOpPKM, MpHOEraroT K IpPOBEpPKe
pacrpeneneHus Ha COOTBETCTBUE KOHKpeTHOMY 3akoHy. CpencrBamu [IIICA STADIA
MO>KHO BBIIIOJIHUTH MPOBEPKY HAMOOJIee YaCTO BCTPEUYAOIINXCS B MPAKTUKE 3aKOHOB
pacmpeneneHus:  HOPMalbHOTO,  OKCIOHEHUuansHOro,  Pemes,  BeliOyina,
JOTUCTUYECKOTO, SKCTPEMAIIbHBIX 3HAYEHUH, DpJiaHra, JIOTHOPMaIbHOTO.

B cooTBeTcTBHMM C OMNHMCAHHBIM CIOCOOOM TMPOBEPKH CTOUT BBINOJIHUTD
IIPOBEPKY IO OCTAJIbHBIM 3aKOHaM pactnpeneneHus. [IpakTuuecku 3To pacHmpser
npenacrasiieHne o MmoaenupyemoM VP 1 mo3BossieT NpuHATh TPaBUIIBLHOE PELIEHUE O
CTpaTeruu U TaKTHUKE MOJEIUPOBAHUA.

4. GopmynuposaHue 6b1860008 BBITIONHSIETCS 110 OKOHYaHUU MPOBEPKHU 1O BCEM
3aKOHaM pPacCIpeesICHHS .

Ha pucynke 3 mnoka3aHO pacyeTHOE OKHO BBIYMCIEHUS KO3PPUIMEHTA

KOppesiuun

NAPAMETPHUECCKAS KOPPENALMA. $aium:
KoppemAaunMoHHaA MaTpMILa
TOOH POEOREMO
POEIOLEMO-0, 008733
CMEPTHOC 0,455 -0,3761

EpMTHececKos SHadcHMEe C yVYeToM nonpabskM bBondeppoHM Ha MHOESCTESHHHEe cpaeBHeHmMa=0, 6693
Upcno SHadYMmMEx rosdduouesTos=0 (0%)
FpurHuscKos =HauceHMe Ge=3 nonpaExm BoEdeppoxHm=0, 425

UacTHHE HODDEIHIMA
T'COH PCEOAEMO
POEOAEMO 00,1568
CMEPTHOC 00,4875 -0,417%

EpurHuecroe 3HadeHMe=0, 5952
Uncno 3HadnMex kosdduamesTos=0 (0%)

Puc.3. PacueTHoe 0kHO K03 dULIMEHTa KOPPETALUU
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ki Qaiin papwkmu=F6 Kanoxynsrop=F7 [lpeobpaszoeanma=FE Crarucruxa=F9 Oxna [NMomowpe=F1

>a X6 6 &l

Pesynerats
¢ | MAPAMETPMUECCKASA KOFPENALMA. <$ann:
epemenuune: Pomnpaemo, CMepTHOC
Kos¢¢.xoppenawm=-0, 3761 T:=-1,284, SHawmocTp=0,2268, cren.csob = 10
Tunoreza 0: <Ko3dPmuMmeMT XOppEeNAUMM He OTAMYEeM OT HYIa>

Puc. 4. [logoxHo «Pe3ynbTarh» ¢ 0TOOpaKE€HUEM pacueTHHIX KOA(DPUIIMEHTOB

KOppeJsIun

Pe3yabTaThbl. Kak 1moka3pIBalOT pe3yabTaThl CTATUCTUYECKOTO MCCIIEOBaHMS,
kodunment koppemsaiun paBeH -0,3761, 4To TOBOPHT O TOM, YTO IEPEMECHHBIC
UMEIOT HE 3HAUYMUTENIbHYIO MPOTHUBOIOI0XKHYIO 3aBUCUMOCTD. [Ipo1ieHT poskaaeMocTi
Y CMEPTHOCTHU KOJIEOJETCS Ha OJJMHAKOBO YPOBHE.

BeiBoabl. B j1aHHOM  cTaTtbe  pacCMOTPEHBI  JTalbl  IPOBEPKHU
AKCTIIEPUMEHTAJIbHBIX JIAHHBIX 10 BBISBJICHUIO 3aKOHA pachpejesieHus psijaa yucen. B
paboTe paccMarpuBajcsa psa 4yucenl u3 24 sneMeHTOB. B paboTe mokas3aHbl ATarlbl
BBIUMCIICHUSI KOPPEJISIIMOHHON 3aBUCHUMOCTU MEXIY JABYMs INapaMeTpaMu: YUCIOM
POKIAEMOCTH U YMCIOM CMEPTHOCTH 3a nepuol BpemeHu 10 ser. AHanOrM4YHBIM
o0pa3zoM MOXXHO TIPOBECTH pacyeT KOPPEISIUU Ui  OOJBIIOT0 KOJIMYECTBA

mapamMeTpoOB. I[J'ISI JACTAJIbHOI'O aHaJIMN3a KOJIMYCCTBO YHUCCI MOXKCT OBITH Pa3JINIHbIM.

Jlureparypa
1. [epbakosa, FO. B. Teopus BepoITHOCTEH 1 MaTeMaTHUYECKasi CTATUCTHKA
: yae6Hoe mocodue / 1O. B. lllepbakoBa. — 2-¢ uza. — Caparos : Hayunas kuaura, 2019.
—159c.
2. KopooGeiinukosa, U. 0. Matematuka. Matematuueckas cratuctuka. Y. 6
: yueOnoe mocobue / M. FO. KopobOeitnukoBa, I'. A. Tpybenkas. — 2-¢ u3a. —

Yensounck, CapatoB : KOxxHO-YpallbCKUi MHCTUTYT YIPABJICHUS U DKOHOMUKH, A
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INPUMEHEHMUME IMAKETA SPSS JJJISI CTATUCTHUYECKOI'O AHAJIM3A
JTAHHBIX

Annomayusi. B HacTosiei paboTe paccMaTpPHBAIOTCS OCHOBBI IPUMEHEHHUS
OMHCATEIBHBIX CTATUCTHK, a TaK)Ke IPECABAPUTEIIBHBIC JTalbl IS BBIYHCICHUS
CTAaTHCTUYCCKUX XapaKTepUCTUK. [[JIst MCClIeIOBaHUS 32 OCHOBY OBLIM B3SITHI JaHHBIC
CTYJICHTOB TpPYIIIbI, IPOBEACH CTAaTHCTHUYECCKHUH aHaau3 M 110 IOJyYCHHBIM
pe3ysibTaTaM cliejaH BBIBOJ O CTATUCTHYECKMX XapaKTePUCTHUKAX.

Knrwouesvie cnosa: naker SPSS, skcrnepuMeHTaIbHBIC JTAaHHBIC, ONMUCATEIbHAS

CTaTHUCTHKA.

BBenenne. SPSS saBnsiercs caMoil pacnpoCTpaHEHHOM MpPOrpaMMoM s
00paboTku CTaTUCTUYECKOU uH(popmaruu. OCHOBHBIM  JIOCTOMHCTBOM
POrpaMMHOTO KoMmIuiekca SPSS, kak 04HOT0 U3 CaMbIX CYIIECTBEHHBIX JTOCTHKEHUM
B 00JIaCTH KOMIBIOTEPU3UPOBAHHOTO aHANM3a JAHHBIX, SIBJSETCS CaMbIi MIUPOKUHN
O0XBAaT CYUIECTBYIOIIUX CTAaTUCTUYECKHUX METOJIOB, KOTOPBIM yJAYHO COYETAETCS C
OOJBIITUM KOJTMYECTBOM YAOOHBIX CPEACTB BU3YATU3AINH PE3yIbTaTOB 00paboTku. B
CTaThe TMpeAJIaraéMblii MaTepuan COJEPKUT MUHUMAIBLHO HEOOXOAMMBIM 00BEM
CBEJACHUN MO TEOPUM CTATUCTHUYECKOTrOo aHaiu3a. (OCHOBHOE BHUMAaHUE
CKOHLEHTPUPOBAHO HAa MEPBOHAYAIBHOM MCIIOJIb30BAHUSA OTICIBbHBIX METOHOB,

BO3MOXKHOCTAX, KOTOPBIC 9TH MCTOAbI IIPCIOCTABJIALOT.
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OcHoBHBIe JTanbl pemieHus. B 1aHHOW craThe OblLIa pacCMOTpPEHA 3ajava

COPTHUPOBKHU JAHHBIX IIO CTYACHTAM B 3aBUCHUMOCTH OT UX pOCTa U I10JIA. I[J'ISI 9TOT'O B

dopmare SPSS Obiia co3maHa Marpuila U3 TpPeX MEPEMEHHBIX, COOTBETCTBEHHO

0003HavaOIMKUX UMS CTYJEHTa, ero noia u poct. Ha pucynkax 1,2 u 3 mokaszaHsbl

(dbparMeHThI OKOH 3KpaHa ¢ BBOJIOM HUH(pOpMAIUH.

BBoa nepeMeHnHbIX ocymiecTBisieTcs BO Bkiaake IlepeMeHHbIe B HIDKHEN 4acTH

OKHa Pez[aKTopa JaHHBIX.

@ﬁ *bes umennd [Habopaanner 1] - Pegaktop panne [BM SPS5 Statistics

®aiin  Mpaeka Bwg [lawHele  [Mpeofpa3ceadwe  AHanus  [padwka  YTamutel  PacuwpennA  Okdo  Cripaeka
A4 =y B [
EEEL R | FEERPYT
Wma Tun Wnpnna | Jecatny. .. Mertka 3navennA | MponywienH...| Cronbubl | BeipasHuBaHue [Llkana
1 Mame Crpoka 255 0 AmA cokypchuka Het Her g = Mo neaom... & Homumant|
2 Gender Yucnosoi 9 0 Mon cokypchika {1, Mysunh... Her g = Mo npago... HeT AaHHLIX
3 Height Hucnosodi 9 1 Pocr cokypchuka Her Her g = Mo npago... HeT AaHHLIX

Puc.1. ®parmeHT okHa (GOPMUPOBAHUS TTEPEMEHHBIX

ITomumo 3aJJaHusd TUIIOB IICPEMCHHBIX, MOJKHO 3a/laBaTb OIIMCATCIIbHBIC MCTKH

IMCPCMCHHBIX U MCTKH 3HAYCHUH JaHHBIX.

e WS e = B =] EEEEEH [y - | =
Mma Tun WnpuHa | JecAtnd... MeTka 3uauenna  |Mponywiend. .| CronBusl | BeipasHusanm
1 MName Crpoka 10 0 MmA cokypcHuka Het Het 8 = Mo nesom.
2 Gender Yucnoeoi 9 0 Mon cokypecHuka | {1, MysunH.. Het g = Mo npago..
Height Yucnoeoi 9 1 PocT cokypcHuka Het Her 8 = (o npaBo..

1?;‘57 MeTkn sHaueHNA

MeTHK 3HaYEHWA

MeTka: |
1 ="My#unHa”
2 = "HeHWnHa"

[ Mpoeepka opdorpaduu... ]

[ OK ][ OTmeHa ][ CnpaaKa]

Puc.2. ®parment okHa HacTpoiiku nepeMenHon Gender (o)
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ITociie HACTpOMKM TMEPEMEHHBIX M 3alOJIHEHHS BCEX TOJIEM MAaTpPULbI
MPOUCXOAUT BBOJ MCXOJHBIX JaHHBIX BO BKJIaJKe /[aHHBIE B HM)KHEH 4acTU OKHA

Penakropa nanubIx.

*Lab ukashev.sav abopaanHex1] - PegakTtop ganHex |IBM SPSS Statistics
|§”LL‘ILk} [HaBop 1-P P IBM SPS5 5

®ain Mpaeka Bug OaHHEle Mpeofpa3oBaHue AHaNKU3 Mpaguka WTHNUT
Sa & - = A=A 4 &
15 : Gender
i @a MName Gender Height nep ne
1 Anekcadapa MuxainoeHa 2 54
2 BaneHnTiHa AnatonuesHa 2 5.3
3 Japba Janunosa 2 5.6
4 ExatepuHa Benwvkan 2 5.7
8 Erop AHTOHOBWY 1 8.7
B KoHncTantiH Bnagumupoeuy 1 6.0
T Mapk Teen 1 6.4
8 Hukonali Hukonaeeny 1 5.9
9 Cawa fyka 1 5.8
10 PycnaH YTBEHKD 1 5.9
11 MNpuean AHToH 1 6.0
12 Nykawes Borgan 1 5.5
13 Tepexos Makcum 1 5.6
14 L biGueHko 3axap 1 8.7
1? HynaxuH JaHun 6.0
1
[ o —————————————————————————————

4
Nanuple NepemMeHHble

r

Puc.3. q)paFMGHT OKHa OKOHYAaTCJIBHOI'O BBOJd JaHHBIX

Coxpansiem nansbie B (aiin. dparMeHT OKHA COXpaHEHUS JaHHBIX TTOKa3a Ha

pUCYHKe 4.

'@; Cox PEHWTE JaHHBIE KAk

Nanka: | | spss padoTsl ~ | R £ @

{ad Lab1_Lukashev.sav

COoXpaHABTCA NepemMeHHLN: 3 ua 3, [ MNepemeHHble... |

DL 201 Lukashersay ' (_copawm__J
Tun paiina: |SPSS Statistics (*.sav) | BcrasuTe ]
| Jawndpoeate dann naponem [ OmmeHa J

[ Cnpaeka ]

[ CoxpaHnTL Gain B penosuTopuil... ]

Puc.4. ®parmeHT OKHa 3allMCH UCXOIHBIX IAHHBIX B (paiin
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CJ'IGI[YIOHII/IM oTallOM 3aJa4n ABJIICTCA COPTHPOBKA OdHHBIX. I[J'Iﬂ 9TOIO

He00X01MMO BbIOpaTh BKIaAKy «JlanHbie/CopTUpOBaTH HAOIIOICHUS.

Oaiin MNpaeka Bup ,D,EIHHI:.IE‘HFIECIEDEEUEEHHE AHanWa [Mpafuka Y¥TUNWTEI Pac

= I LQ] Ii (1 3apate I:E\UL?E‘WEDEMEHHHK._
|- B L= .
?i«j 3303tk WKANLI NEpEMEHHBIX. ..
15 : Gender 1 .
= KonwpoBaTk CROACTEA OAHHEIX. .. L
o)
da g
1 Anexcadgpa E
OnpedennTk AaTy W BpeMA...
2 Banentuna A A2 Aokl
[=]=]
3 Napos fanun 3apatk Halopsl MHOM¥ECTEEHHLIX OTEETOE...
4 Exarepuna B Mpoeepka b
g Erop AHTOHOE E Mownck oyGnuEaToeE HaGnooeHw...
B Konctantnd B ] Monck HeoBblyHbix HaBnopeHuil..
7 Mapk TeeH T CpaBHWTE HaGopLl AaHHBIX...
8 Hukonain Huk| =
=5 CopTupoBaTe HAGNIOEHWA. ..
9 Cawa yka | — c
n Do oo B CopTMPOBATE NEpEMEHHBIE. .

Puc.5. ®parmeHT OKHA COPTUPOBKU JaHHBIX

B oTkpbIBLIEMCS OKHE € TIPaBOM CTOPOHBI BBIOMpPaeM 1oJie, 10 KOTOpoMy Oyer
IPOU3BOJAUTHCSI COPTUPOBKA U HAXKUMAEM CTPEJIKY, YTOOBI MOJi€ NEPEMECTHIIOCH B

MPaBYIO YaCTh, MTOCJIE YEr0 BHIOMPAEM MOPSAOK COPTUPOBKHU U HAXKHMaeM «OK».

':?,'F CopTupoeka HaBnrogeHni

CopTMpoBaTE No:
&}l mA cokypcHrea [M... @& PocT cokypcHuEa [H...

g& Mon cokypcHuea [G...

MopADOK COPTUROBKM
© Mo eo3pacTanug

@ Mo yGiEaHuo

COXpaHWTE OTCOPTUROBAHHEIE OAHHEIE

|| CoXpaHWuTe Gann C OTCOPTUPOEIHHLIMK O3HHbLIMK

: [ (8] ][Elmaamh][ Copoc ][ DTMEHE[][CI‘IDE[BKE]

Puc.6. ®parmMeHT OKHAa COPTUPOBKH I10J1a CTYyACHTA
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B cnyuae ycnemHol COpPTUPOBKM, HAa SKpaHe BbLAAaeTcs copMupoBaHHas
Ta0JIMLA C OTCOPTUPOBAHHBIMU JJaHHBIMU. DparMeHT Takoi TaOIMLIbI NPEICTABIEH Ha

pUCYHKE 7.

'@,', *Lab1_Lukashev.sav [HabopganHen1] - Pegakrtop gaddex [BM SPSS Statistics

dann [paeka Buno, JaHHEIE [Mpeofpa3soeaHne AHanna Ip
THE @ = = B HJ
15 : Gender 2
&4 Name & Gender | & Height
1 Mapk TeeH 1 6.4
2 KoHcTaHTuH BnagumMupoemy 1 6.0
3 Mpuean AHTOH 1 6,0
4 Yynaxud Javun 1 6.0
5 Hukonain Hakonaesny 1 5.9
6 Pycnan YTeeHKo 1 5.9
[ Cawa dyka 1 5.8
g ErarepuHa Benwkan 2 BT
9 Erop AHToHOBKY 1 57
10 UeibueHko 3axap 1 BT
11 Oaper aHunoea 2 5.6
12 Tepexos Makcum 1 5.6
13 Iykawers Borgan 1 55
14 Anekcangpa MuxainoeHa 2 54
15 BaneHtuHa AHatonneeHa Ij 53
1R
[4k

Puc.7. ®parmeHT OKHa OTCOPTUPOBAHHBIX JAHHBIX CTYAEHTOB

Pesyabratbl. Kak mokas3pIBalOT pe3yibTaThl CTATUCTUYECKOTO aHAINM3a, W3
15 pecrionzieHTOB  ObUIM  BBIJICJIEHBI W OTCOPTHPOBAHbI IO POCTY JIaHHBIE
pecrioHJieHThl. J[JI1 COPTUPOBKM JIaHHBIX OBUIM HCIOJIB30BAaHbI CTAaTUCTUYECKHUE
¢bynkun nakera SPSS.

BeiBoabl. B 1aHHOM CTaTbe PAaCcCMOTPEH IMPOLECC COPTUPOBKU JAHHBIX C
npuMeHnenneM nakera SPSS. B pabote paccMmarpuBaics psij yucen u3 15 351eMeHToB,

[PEICTABIAIOMMX COOOM PECMOHJAEHTOB I'PyNIbl CTYJIEHTOB. B pabore mokas3aHsl
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9Tallbl BBIYUCIICHUA AAHHOI'O IIponccca. AHaIOrn4HBIM 06p330M MOJKXHO IIPOBCCTH

TaKOW pacyer Jyisi 00JbIIOr0 KOJMYECTBA TAPAMETPOB.
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APPLICATION OF THE SPSS PACKAGE FOR STATISTICAL DATA
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of the students of the group were taken as a basis, a statistical analysis was carried out
and, based on the results obtained, a conclusion was made about the statistical
characteristics.
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INPUMEHEHUE TPAHCIIOPTHOM 3AJTAUU B DKOHOMMKE

Annomayusi. B pabote paccMOTpeHBl TPAaHCHOPTHBIE 3aJadd 3aKPBITOTO |
OTKPBITOTO THUIIOB. HaICHBI ONTUMAJIbHBIC TUIAHBI METOJIOM MOTCHIIMAIOB. Y Ka3aHBI
Ipyrue -HKOHOMHMYECKHE 3a/laud. KOTOpPble HE HWMEIOT HHUYEero oOIero c
TPaHCIIOPTUPOBKOM I'PYy30B, HO UCIIOJIB3YIOT METO/IbI PELIEHUS TPAHCIIOPTHOM 3a1a4u.
B stom cinyuae matpunia tapudoB C uMeeT ApPYrod CMBICI B 3aBUCUMOCTH OT
KOHKPETHOM 3a/1a4M.

Kniwouesvle cnosa: onopHbIM MUIaH, ONTUMAaJIbHBIM IUIAH, METOJl HAWUMEHbIIECH
CTOMMOCTH, METO]I IOTEHLIMAJIOB YpaBHEHHE OataHca, MaTpula TapudoB, GUKTUBHBIH

HOTpGGI/ITCJ'IB, OUKII IICPCX0ad, OLCHKHN CBO6OI[HBIX INCPCMCHHBIX.

BBenenue. MaTeMaTH4decKue METOABI B S)KOHOMUKE CTPOUTEIIHCTBA IMTO3BOJISTIOT
MOJTy4aTh ONTUMAJIBHBIC PEIICHHS IS MHOTO(YHKIIMOHAIBHBIX MTPOU3BOJICTBEHHBIX
3a/1ady CTPOUTEILCTBA. TpaHCTOpPTHAs 3ajada HauOoJiee YacTO HCIONB3YETCS TPH
IJIAHUPOBAHUH B CTPOUTEIILCTBE.

ITocranoBka 3agaum. llenb MOCTPOEHHS TPAHCIOPTHOM 3a1a4M COCTOUT B
OTIPENICTICHNN KOJUYECTBA MPOMYKIMH, KOTOPOE CIEAYeT TMEPEeBE3TH M3 KaXKIOTO
UCXOJIHOTO TIyHKTa B MYHKT Ha3HauYeHHs, 4dYTOOBI 0O0IMe pacxoanl ObLIN
MHHHUMaIbHBIMH.

B o6mem Buse TpaHCIOPTHYIO 3a/1a9y (GOPMYITUPYIOT CICTYIOMNIMM 00pa3oM: B

MyHKTaxX MoctaBok A1, Az...An (B nanbHeiiem 0y1eM TOBOPUTH MOCTABIIUK ) UMEETCS
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OJIHOPOJIHAsA TPOAYKLHS B KOJMYECTBE ai, dz...am €QuHHI. Tpedyercs mepeBe3TH
OPOAYKIMI0O B N TyHKTOB moTpedsenuss Bi, Bo...Bn (masee Oynem roBoputh
notpedutens). B konmyectBe cooTBeTcTBeHHO D1, D2...bn. CTommocTs mepeBo3ku
enuHull ToBapa (Tapud) u3 nmynkra Ai B nyHKT Bjpasuo Cij.

B 3aBUCHMMOCTH OT COOTHOIICHHUS MEXAY OOLTUMH 3amacaMy M MOTPEOHOCTIMHU
TPAHCTIOPTHBIC 337291 OBIBAIOT OTKPBITHIMU U 3aKPBITHIMH.

Omnpenenenue. Eciau B TpaHCIOPTHOM 3a/1aue BBITIOJHAETCS yCIOBHe OanaHca

221 = z ’ (1)

=1
T.€. KOJIMYECTBO MPOAYKIMH NOCTABIIMKOB PABHO OOIIEMY CIIPOCY MOTPEOUTENEH, TO
3a/1a4a Ha3bIBaeTcs 3akpbIToi. Ecin ycinoBue O0ananca (1) He BBIIONHAETCA, TO 3a7a4a
HAa3bIBACTCS OTKPBITOM.

TpeOyeTcss HallTU ONTUMAJIBHBIM IUIAH MEPEBO30OK, T.€. PACCUUTATH CKOJIBKO
rpy3a IOJDKHO OBITH OTIPABJICHO OT Ka)OT0 MOCTABIIUKA K KOKIOMY MOTPEOUTEIIO.
[Ipu 3TOM pacxozsl JOJKHBI ObITh MUHUMATbHBIMH.

HewnsBecTHBIMM B TaHHOW 3a7ade SBISIOTCS M'N HEOTPULATEIBHBIX YHCEN Xij
(i=1, ...m; j=1, ...n) rae Xjj — KOJMYECTBO Ipy3a, MPEeIHA3HAYCHHOE K OTIpPABKE W3
nyHkTa Aj B yHKT B;.

Maremarnueckass MOJI€NIb TPAHCIIOPTHOM 3a7a4H.

=2 2 - mi,n 2)
=1
=1
rae L — neneBast pyHKIus.

> = (=1,... ), (3)

=1
> = (=1,..), 4)

=1
>0 (=1,... ; =1,...). (5)

PaccMoTpum  perieHve TpaHCHOPTHOM 3anayu i OETOHHOrO 3aBOJa,
UMEIONIETo 4 11eXa Mo BBITYCKY OyTOHa OHON Mapku. 3aBoj paboTaeT B O/IHY CMEHY,

nexa npousBomiaT 20, 20, 40, 45 TOHH 3a CMEHy COOTBETCTBEHHO. Tpebyercs

50



OTpEeACTUTh TAKOW IJIaH 3aKPEIUIEeHUs! OCTABIIUKOB U MOTpeOUTENeH NMpU KOTOPOM
3aTpaThl HA TPAHCHIOPTUPOBKY OY1yT MUHUMAJIbHBIMHU.

3arpathl Ha MepeBO3Ky 1TOHHBI MPOAYKIUHU 33a1at0T Matpuity C (yci. en.):

13 3 8
_(8 6 2§
77 3 8"
52 4 5

B cBs3u co crnenunukoil MPOAYKIMHM TPAHCIOPTHAs 3aJava JOKHA OBITH
3aKPBITOM.

[TocTpouM MaTeMaTUYECKYIO MOJICIb 33/1auH.

[TycTh Xij— KOJIMYECTBO NPOAYKIIHMH, KOTOPOE ITEPEBO3UTCS C I-0T0 1exa J0 j-0ro

notpeoures (i, ] = 1,4). [IpoBepum, SBIII€TCS JIH 3a/1a4a 3aKPBITOM

4
> =20020040-4512,5
=1
4
> =25%304030125
=1

4 4

2 =2

=1 =1

VpaBHenue OajaHca BBITOJHEHO, CJIE€IOBATEIBLHO TPAHCIIOPTHAs 3ajada
3akpbiTas. LleneBas GpyHKIUS HUMEET BHI:
L=X11+3X12+3X13+8X14+8X21+6X22+2X23+6X24+ 7 X31+ 7 X32+3X33+8X34+
+5X41+2X42+4X43+5X44—MiN, IpU yCIOBUSX:

X11+ Xp o+ X3+t X14=20
X1+ XpoF Xo3+ X24=20
Xz 1+t Xzo+ Xz3+ X34=40
Xg1F Xg2tF Xg3+ X44= 45
Xp1+t Xo1+ Xg1+ X41= 295
X12F Xoo+ Xzt X4,=30
X1 3+ Xo3+ Xgzt+ X43=40
{X1a% Xoa+ Xg4+ X44=30

Xij= 0 (i, j = 1,4).

Hcnonb3ys meTon ceBepo-3amnagHoro yria, HOJIy4YUM IIEPBbI OMOPHBIN IUIaH:
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TPaHCIOPTUPOBKY:
L1=20-1+5-8+15-6+15-7+25-3+15-4+30-5=540 (ycx. en).
Henocrarok meroma ceBepo-3amagHOTO yIyia COCTOMT B TOM, YTO OH HE
YUHUTBIBA€T Tapu(bl HAa TPAHCHOPTUPOBKY. [l yiydllleHHs NOJYyYEHHOIO IUIaHa
UCIIOJIB3YEM METOJ HauMEHBLIEH CTOMMOCTH, CYIIHOCTb KOTOPOWH COCTOMT B TOM,
yTOOBl HA Ka&XJIOM IIare 3alojHSAIT KIETKYy € HauMEHbIIMM TapudoM Ha
TPAHCHIOPTUPOBKY.

B pesynbprare nosmy4um HOBBINM OIIOPHBIN IUIAH:

DTOT IJIaH HEBBIPOKACHHBIN, YUCIIO OJOKUTENbHBIX IepeB030K N=4+4-1=7.

Tabmn. 1
b;
25 30 40 30
di
1 3 3 8
20
20 — — —
8 6 2 6
20
_ _ 20 _
7 7 3 8
40
— — 20 20
5 2 4 5
45
5 30 — 10

OO61ue 3aTpathl Ha TPAHCIIOPTUPOBKY:

L=20-1+20-2+20-3+20-8+5-5+30-2+10-5=415 (ycu. exn.).
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Takum 006pazoM, MOTy4EHHBIA OMOPHBIN MIaH X2 6oJiee 2pGEeKTHBEH, TaK Kak
CTOUMOCTh TpaHCIIOpTUPOBKH L2 <Lj, (415<540).

JUI HaXOXACHHS ONTUMAJIBHOTO IUIaHA Xonr UCIIOJIB3YEM METOJI IOTCHIIMAJIOB.
Ero cyTh 3akitoueHa B cleAyrolel TeopeMe.

Teopema. Jlyig Toro, 4ToObl HEKOTOPHIM MiIaH X TPAHCHOPTHOM 3aJayu ObLI
ONTUMAaJIbHBIM, HEOOXOANUMO U JOCTATOYHO, YTOOBI €My COOTBETCTBOBAJIA CUCTEMA U3
m+n gucen Ui (i=1, ... m) u vj J=1, ... N) 151 KOTOPOU BBIMOJHAIOTCS YCIOBUS:

Vj- Ui = Cjj, s Xij> 0,
Vj - Ui < Cjj, st Xij= 0.

Jliss MCTHONB30BaHUS METOAA MOTEHIIMAJIOB, BO3bMEM OIOPHBIN IiaH X,
IIOJIyYEHHBI METOJOM HaUMEHBIIEW CTOMMOCTH. [IpoBEprM 3TOT ONOPHBIN IUIAH HA
ONTUMAJIbHOCTb.

JIis1 3aImOTHEHHBIX KIIETOK Xijj>(0 coCcTaBlisieM CUCTEMY ypaBHEHHE Vj-Ui=Cij AJIs

OIIPCACIICHUA ITIOTCHIMUAJIOB IIJIaHa

I
N O1T00WN PP

-
.-
g
.-
-
5 -
.-

A MDD W O NP

{

ITonoxus U1=0, HaxomuM Vi=1-U=-6; V2=-2; U3z=-7; V3=-4; Us=-4; vs=1.
CocraBnsiem Tabnuity 2.

Boruucnsisi  omeHKHM CBOOOJHBIX KIETOK Ajj=Vj-Ni-Cij, momydaem Az4=1>0,

A31=1>0, 3HAYUT Ha4YaJbHBIA OIMOPHBIA MYyHKT HE ontuMmaieH. [Ipumenss meron

NOTEHIMAJIOB, MOJYYUM CIIEIYIOIIUA OMOPHBIA IUIaH, KOTOPBIM Takxke He Oyner

OIITUMAJIBHBIM.
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Tabma. 2

b;
25 30 40 30 Ui
di
1 3 3 8
20 0
20 — — —
8 6 2 6
20 -6
_ _ 20 _
7 7 3 8
40 -7
— — 20 20
5 2 4 5
45 -4
5 30 — 10
Vi 1 -2 -4 1

CronMocCTh NEPEBO30K COCTABUT:
L=20-1+20-2+20-3+5-7+15-8+30-2+15-:5=410 (ycn. ex.).
AHaJOTMYHO, HUCTHOJIB3YS €HI€ pa3 METOJ MOTEHIMAJIOB, IMOJYy4aeM HOBBIM
onopHbI 1maaH. CTOUMOCTh NEPEBO30K MO MOTYYEHHOMY OMTOPHOMY ILIaHY:
L=20-1+5-2+15-6+5-7+35-3+30-2+15-5=395 (ycn. ex.).
Boeruncnsst onieHKH CBOOOJHBIX KIETOK, mojyduM 4To Bce Ajji<0, TO ecTh

HOJ'Iy‘-I@HHI:IfI IIJ1aH OIITUMAJICH .

20 0 0 O
0 05 1

ons (g 03505)
0 300 15

PaccmoTpum citydait OTKpBITOM TPAaHCTIOPTHOM 3aaud. Eciiu 11t TpaHCOPTHOU

3a/la4M YPABHCHHC Oajranca He BBIIOJIHSICTCS.

(2 #2 ),

=1 =1

TO TaKasi MOJI€JIb Ha3bIBAETCS OTKPHITOU. M €€ He0OXOAMMO CBECTH K 3aKPBITOMY THUITY.
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B caydae, ecnmm oOmme 3amackl TOCTaBIIMKOB IPEBBIMIAIOT  CIIPOC

NOTpEeOUTEIICH:

™M
IN
—~
I
L
~

M
IN
—
I
=
N

Jlnga  peuieHuss TakoW 3ajadu

noTpeOUuTes:

Paccmotpum perienre TpaHCIIOPTHOM 3a1auul sl 3 CTPOUTEIbHBIX 00OBEKTOB,
KOTOPBIM HEOOXOAMM OTBaIbHBIN 111K B KonmdecTBe 240, 40 u 110 1. Umeercs 4 nexa

C OTBAJILHBIM IIUIAKOM 3a cMeHy MoTyT oTnpaButh 90, 190, 40 u 130 1.

VYcnoBue OanaHca He BBIMOIHSAETCS:
> =450 > =39,0
TO €CTh 3TO OTKpBITAsg TPAHCIOPTHAs 3ajaya. B Hamiem ciydae Ompoc MEHbIIe

npemioxeHus. [ cBeaeHHMs 3adadd K 3aKphITOMY BHIY BBeIeM (UKTUBHOTO
notpedures:

,=45983986 Q).
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CrouMocCTh TEPEBO3KH BO3bMEM paBHOW HamOombinemy Tapudy 20 yciu. en.

HavanbHb1i OITIOPHBIN IJIAH IOCTPOUM METOJIOM HAaUMEHBIIEN CTOUMOCTH.

Tabn. 3
a b; 240 40 110 6
7 15 3 20
90 90
13 8 5 20
190 130 0 60
9 7 20 20
40 40
8 10 6 20
130 20

[TepBblii OMOPHBIN TIJIAH BBIPOXKIECHHBIM M MO3TOMY B KJIETKY (2,2) BBeneMm
HYJIEBYIO NIEPEBO3KY M OyJleM cuMTaTh €€ 3amojJHeHHOU. Jlaiee MCHoab3yeM METO.
MIOTEHIIMAJIOB, BTOPOW MOJIyYCHHBIM IUJIAH SBJSETCS ONTUMAJIbHBIM IIPU 3TOM

4eTBEPTHIN cTOJIOE! (PUKTUBHOTO NOTPEOUTENSI OTOPACHIBAETCS.

O 0 90
90 400
0”1(4000)'
1100 20

MuHMMaIbHBIE 3aTPAThl HA IEPEBO3KHU:
Lmin=3120 yci. ex.

BuiBoabl. TpancriopTHas 3a1aua — 0/1Ha U3 HanOOJIee PaCIPOCTPAHEHHBIX 3a/1a4
JUHEMHOTO  MPOrpaMMHUPOBAHMS, KOTOPBIE  MCIOJB3YIOTCS TPU  PEIICHUU
SKOHOMMYECKHUX 3a/1a4.

Pa3zpaboTka Hanbosee paloHaIbHbIX MTyTeH TPAHCIIOPTUPOBAHUS OJHOPOIHOMN
MPOJAYKIIUU OT IOCTABIIMKA K TMOTPEOUTENI0 TOJIBKO OJHO W3 TpuioxeHuil. [Ipu
pEUIEHNH JPYTUX SKOHOMUYECKHX 3aJ]ay, KOTOpPble HE HMMEIOT HHUYEro OOIero ¢

HGpGBO3KOI>i I'Py30B. B Takmx ClIydadaXx BCINYHUHBI TapI/I(i)OB HUMCIOT paSJII/I‘IHblf/'I

CMBICIT B 3aBUCUMOCTH OT BH/JIa 3a]Ia4H:
1)  OnTtumanbHOE 3aKpervieHWe 3a CTaHKaMu omepanuid mo o0padboTke

I[GT&J'IGﬁ. 3ILCCI> — IPOAYKTHBHOCTL TpyZHa. Pemenue 3aJauyr ITO3BOJISACT CKOJIBKO

56



HAJ0 BPEMEHU M JIJIl KaKOW OMepaluy HY>XHO HCIOJIb30BaTh KaXJIbld U3 CTAaHKOB,
YTOOBI BBIITYCTUTh MAKCUMYM JI€TaJICH;
2)  3ajmaya O COKpalleHWU MPOMU3BOJICTBA C Y4YE€TOM OOLIMX 3aTpaT Ha

HU3IroTOBJICHHUC U TPAHCIIOPTHUPOBAHUC IIPOAYKIIHH.
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YAK 51-7
bo6puk A.B.,
oOyuaromiasicss Manoi akaieMHH CTPOUTENIbCTBA U ApPXUTEKTYPbI
OI'bOY BO «lonHACA»
PykoBogutens: k. nea. H. ['anubuna H.A.,

JIOTIEHT Kadephl BHICIICH MaTeMaTHKU

OI'bOY BO «lonHACA»

UCCJEJTOBAHUE TPAEKTOPUI TOYEK HA 3BEHbSIX TUITIOBBIX
KPUBOLIUITHBIX MEXAHU3MOB
Annomayus. B cTaTbe HallIEHBI TPACKTOPUH 3aJaHHBIX TOUYEK HA ABYX THUITOBBIX
KPUBOILUITHBIX MexaHu3Max. O0e TpaeKTOpUH 0Ka3aalch KPUBBIMHU BTOPOT'O MOPSIIKA.
Kntouegvie cnosea: KpUBOIIMIHBIA MEXAaHU3M, TPAEKTOpHUs, KpUBas BTOPOIO

NopsiiKa, AJUINIC, runepoona.

Benenne. Bo Bcex MexaHM3Max MPUCYTCTBYIOT THIIOBBIC (pparmMeHThI. O THUMU
U3 TakuX (ParMEHTOB SIBISIFOTCS KPUBOIIWIBI — pbIYard, NMPUKPEIICHHBIC 0]
OpSMBIM ~ yIJIOM K BpallalolmieMycsi Bally, TOCPEICTBOM KOTOPOTO KPyroBOE
JBIDKEHUE MEpeacTcs Baly WIM NMPUHUMAETCS OT Hero. B coueTaHumm ¢ martyHOM
KPHUBOIIMII MOKHO HCHOJb30BaTh sl NpeoOpa3oBaHUs KPYTOBOTO [IBUKCHHUS B
BO3BPATHO-TIOCTYIATEIBHOE JBMKEHUE WK Ha000poT [2].

CamMBIM paHHHM MPHUMEPOM H3BECTHBIX MAIWH, COYETABIIMX KPHBOIIWII C
IIATYHOM, sIBIIsieTcs puMckas Jlecommika Xuepanosuca (3-i Bek Hamieit apbi). Takxke
B JIPEBHOCTH KPHUBOIIMITHI UCTIOIB30BAJIH JJIsl TOTO, YTOOBI pa3MalibIBaTh 3EPHA B MYKY
U JUIsl K3TOTOBJICHUS aApeneit [1].

[To3nHee KpHUBOIIMIIBI CTANd MPUMEHSATh B TOABEMHBIX M METaTEIbHBIX

MalinHax, a TaKKC B HACOCHBIX COOPYKCHUSAX. YTo0ObI co31aTb HOI[O6HI>IG MalllMHbI U

59



COOpPYKEHHsI, HEOOXOAUMO yMETh YETKO paccuuTaTh TPAEKTOPHIO ABM)KECHUS 3BEHHEB
TEX WJIM UHBIX KPUBOIIUITHBIX MEXaHHU3MOB.

IHocranoBka 3axaum. L{enb cTraTby — UCCIIEI0BATh TPACKTOPHUIO JIBYX THIIOBBIX
KPUBOILUITHBIX MEXaHU3MOB, OJIMH U3 KOTOPBIX COCTOUT U3 JIBYX 3B€HbEB OJMHAKOBOMN

muiHbI (puc. 1), Apyroi — u3 4eTbipéx (puc. 2).

V4
A
I
| Mix:y
| |
P L NB
0 cC N X
Puc. 1
/&M
-7
D_- \
Y
\
Y
o s ® B
A
(o]
C
Puc. 2

PesyabTaThl. 1) Kpuommn OA, n300pakEéHHbIA Ha pUCYHKE 1, Bpalaercs ¢

IIOCTOSIHHOM YIVIOBOM CKOPOCTBIO U IIPUBOAUT B ABHKEHUE MOJI3YH B IIPU ITOMOILIHA
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maryHa AB, npuuem = = . CocraBuM ypaBHEHUE TPACKTOPHUHU CpEIHEU
TOYKM M 1IaTyHa U ONPEEeINM, YTO 3TO 338 KpPUBAs.
B Bb1OpanHoif Ha pucyHke | cucteme KOOpAUHAT
= = +

OnHako

CruenoBaTteibHO,
3 1

2 ’ 2

I[aﬂee, IMTOCKOJIbKY YIJIOBas CKOPOCTDb KPHUBOIIHUIIA IIOCTOAHHA, TO

cJIEIOBATEIILHO,

N W

e — BpeMms.

HckirounB napameTp t, mojsydyaem ypaBHEHUE HILIUIICA!
2 2

924 Za

2) Teneppr paccMOTpUM KPUBOLIUIIHBIA MEXAHU3M (aHTHUIIApaUIeIbHBII
KPUBOIIINIT), KOTOPBIH COCTOMT M3 YEThIPEX MOMAPHO POBHBIX 3BEHHEB, HMIAPHUPHO
COCIMHECHHBIX MEXKIy cO00M, Kak MoKazaHo Ha pucyHke 2, mpuuemM AB = CD = p,
AD = BC = @. 3BeHo 4B 3akperuieHO HeNoJIBIKHO, a 3BeHbsi AD u BC Bpamatorcs
BOKPYT LEHTPOB 4 U B. Onpenenum TpacKTOPUIO IBHXKEHUS TOUKU M, ABISAIOLIECHCS
TOYKOM nepecedeHns Manbix 3seHbeB AD u BC.

Touky mnepeceuenus orpe3koB DC u AB o6Go3Hauum OykBoit N, a Touky

nepeceyenus orpe3koB NM u DB — 6ykBoii K.
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C

& /
A‘\/'//} .r'f B X
M)

Puc. 3

Jlnst ynoOcTBa BbIOEpEM CUCTEMY KOOPAMHAT TaKMM 00pa3oM, yToObl ock Ox

npoiiia yepe3 Touku A u B, a ocs Oy — uepe3 cepeluHy oTpe3ka 4B, Kak MoKa3aHo Ha

pucyHke 3.

A C

Puc. 4

CnenaeM TakKe BCHOMOTaTEJIbHBIM PUCYHOK 4, Ha KOTOPOM H300pakeH
ciyyai, koraa npsamas NM sBiisercst ocbto cUMMETpUH, 00pa30BaHHOM KPUBOIIMIIOM

¢urypel. [lockonpKy 1O YCIOBHIO 3aJaHus JJIMHA OTpe3ka AB paBHa p, TO B

o

y a p A0
BBIOpaHHOU cucTeMe KoopauHat Touku A u B OyayT umMeTh KOOpAUHATH g2 E,Oo u

¢

,00 cooTBeTcTBeHHO. MOyl pa3HOCTH UIMH OTpe3koB AM u MB sBusercs

O pﬁmo
NT©O
|- OO
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IIOCTOSIHHOM BEJIWYMHOW. JIeWCTBUTENIBHO, HETPYAHO I0KAa3aTh, YTO TPEYTOJIbHUKU

ADB u CBD paBnbl, a Takxe paBubl TpeyroibHukd DNK u BNK u tpeyronsanku MAB

u MCD. Torna DM = BM u umeeT MecTo paBeHCTBO:
IAM[-|BM]|=[|AD|+[DM|-|BM||=|AD|,

YTO MO YCJIOBUIO paBHO (. HO MHOXKECTBO TOYEK Ha IIOCKOCTH, MOYJIb PACCTOSHUS

OT KOTOPBIX JI0 TOUYCK A U B ABIISCTCS MMOCTOSHHOW BEITUYUHOM, MPEJCTABIISICT COOOM

é ~
runepOoiy ¢ pokycamu B 3TUX TOYKaX, T.€. B TOUKaX C KOOpJAWHATAMHU @ 3,08 u
¢ 2 =+
ap ~0
2,08
c2 =+

C npyroil CTOpOHBI, y THUIEpOOJBl MOJYJb Pa3HOCTH PACCTOSIHUM OT
POU3BOJIBHOM €€ TOYKH 10 OKycoB paBeH ocu 2a. Iloaromy niisi Hamiei 3agadu
a = g/2. Bropas moiryoch HaXoAuTCs 1Mo GpopmyJie:

A Car e
: 4 4 4 2

b= a7 = (4§ . &
c2

(;2+

IlogcTaBuM 3HaueHUS IEUCTBUTEIHLHOM M MHHUMOM OCE€HM B KaHOHHYECKOE

ypaBHEHUE TUNEPOOIIBI, TOTYUAEM:

2 yz B
qz o pz _qz =L
4 4

BeiBoabl. Hamu Obui mpoaHanu3upoBaHbl TPACKTOPUM HaubOojee YacTo
BCTPEUAIOUINXCS KPUBOLIUIHBIX MEXaHU3MOB. O0€ TpaeKTOpUU OKa3aJIUCh KPUBBIMU
BTOpOro nmnopsnaka. llpeacrasieHHble 3aauu  akTyallbHbl Ul MCCIICIOBaHUM,

CBJ3aHHBIX C Teopneﬁ MalllMH U MCXaHU3MOB.
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AByMsl KoyieHdatbiMu Bajamu // W3ectus MI'TY MAMMU, Ne 2 (8). — 2009. —
C. 56-63.

63



2. [TonuTexanyeckuii: bombIol sSHOMKIONEAWYSCKHA cioBapb / [ pen.
A.IO. Nmununckuil. 4-e uza., penp. M. : «bosnbmas Poccuiickas sHiukionenus», 1998.

— 655 c.

boopuxk Anna BuagumMupoBHa, oOyyaromascs Mamoil  akagemMuu
ctpoutenbcTBa U apxuTekTyphl, ®I'OY BO «/lonbacckas HampoHanbHas aKajeMuUs
CTPOMTEINIBCTBA U apXUTEKTYphI», 286123, JIHP, r. MakeeeBka, yiu. [lepkaBuHna, 2.

e-mail: bobrikcool777@agmail.com

Hayunslii pykoBOIUTENB:

I'aanouna Hanexnaa AHaToJIbeBHA, K. MEA. H., JOIEHT Kadeapbl BBICIICH
marematuku, ®I'OY BO «Jlonbacckas HallMOHANbHAS aKaJeMHUsl CTPOUTEILCTBA U
apXUTEeKTyphl», 286123, JIHP, r. MakeeeBka, yi. JlepxaBuHa, 2.

e-mail: galibina@donnasa.ru

INVESTIGATION OF THE TRAJECTORIES OF POINTS OF
THE LINKS OF TYPICAL CRANK MECHANISMS

Abstract. The trajectories of the given points on two typical crank mechanisms
are found. Both trajectories turned out to be curves of the second order.

Keywords: crank mechanism, trajectory, second-order curve, ellipse, hyperbola.

Bobrik Anna Vladimirovna, the pupil of the Small Academy of Civil
Engineering and Architecture, FSBGI HE «<DonNACEA», 286123, DPR, Makeyevka,
Derzhavin str., 2.

Scientific supervisor:

Galibina Nadezhda Anatolievna, Ph.D., Associate Professor of the
Department of Higher Mathematics, FSBGlI HE «DonNACEA», 286123, DPR,

Makeyevka, Derzhavin str., 2.

64


mailto:bobrikcool777@gmail.com
mailto:galibina@donnasa.ru

YK 51-7,519.6, 314.04
Yenypko A /L.,
obOyuatommuiics 11-b knacca
MBOY «llpodunbaas rumuaazus Nel22 r. Jlonenka
PykxoBoaurens: k. ned. H. Yyauna E.1O.,

noreHT kadeaps! Beiciei MmateMatuku @I'bOY BO «loHHACA»

INPOT'PAMMHOE MOJAEJTUPOBAHUE JEMOI'PA®UYECKHUX
IMPOLIECCOB
Aunomayus. B paboTre  paccMOTpeHa  MaTeMaTHdecKas  MOJeNb
aeMorpaduueckrux MpoIeccoB arpapHoro oOIIecTBa U €€ MporpaMMHasi peanu3anus
Ha si3bIKe TporpammupoBanus Pascal.
Kniouegvie cnosa: nemorpaduyeckue MPOIECChl, MaTeMaTHYecKas MOJIEb

o0riecTBa, A3bIK TporpaMMupoBanus Pascal.

Hamu Obl1a peanu3oBaHa MatemMaTHyecKasi MOJICNIb U MMPOTPaMMHAast CUMYJISIIHS
nemMorpaduyecKoro pa3BUTHs 00IIECTBAa. JTa MporpaMMa CUMYJIHUPYET AeMorpaduro
arpapHoro o01iecTBa, Kak, HalpuMep, B CPEIHEBEKOBOM I'OCYIapCTBE WJIM B OTHOU U3
pa3BUBAIOIIUXCS CTpaH. B cumynsiiiuu yuTeHbl Takue (HakTOpbl, KaK POXKIAEMOCTD,
CTapeHue, IIAHC MPOXKUTHUS OMNPENEIICHHOTO BO3pacTa, HAJIMYME WM HEIOCTAaTOK
nuiy. Hamia monens mpencraBisieT oOIIECTBO B BHAE jJAeMOTrpauuecKux rpynmn
ONpE/ICICHHOW YKMCICHHOCTH, Ka)KJas TpyIIa BKIIOYAeT B ceOsl MpeacTaBUTENeH
KXKJIOro Bo3pacta W moja. [ns xpaHeHuss MHPOpMAIMU O HHUX HCIIOIb3YyeTCs
OJTHOMEPHBI MacCCHB.

[Iporpamma oToOpakaeT Ha dKpaHE BO3PACTHO-TIOJIOBYIO MUPAMUAY U Tpaduk
YUCJIEHHOCTU HaceleHus BO BpemeHu. Cumylmpyercs MNpouecc IMPOU3BOJCTBA B
CEJIBCKOM XO3SIMCTBE, B KOTOPOM UTEIU MPOU3BOJAT Pa3HOE KOJIMYECTBO MUIIHU B

3aBUCHUMOCTH OT BO3pacTa W Imoja (JeTU U CTapUKU B CEJIbCKOM XO3SICTBE HE
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3a/IeICTBOBAHbI). 3a/1aHbl BEPOATHOCTH JTOKUTHUSA JO KAXKIOT0 BO3paCTa, XapaKTepHbIE
JUJISL Pa3BUBAIOIIMXCS CTPAH, & YPOBEHD POKIAEMOCTH 3aBUCUT OT KOJIMYECTBA MUY U
3amaHHoro  Kodddunuenta ¢epTwibHOCTH. McxXoast W3  DITOTO  BBEIYHCIACTCS
YUCJIICHHOCTh MPEICTABUTENEH KaXKI0M JeMorpadudecKoi Tpymiibl.

HamMu  3aman mokaszarenb ~ MakCHUMaJbHOM  JOCTYIIHOM  IUIOIIAIA
00pabaThIBaeMBbIX 3€MeJIb, KOTOPBIA, IO CyTH, OTPAHUYUBAET MPOU3BOJICTBO THIIIH.
Takxe Mbl 100aBWIM TapaMETpP «3acyXxa», KOTOPbI MOXKHO MEHSTh BPYUYHYIO WIH
HAaCTPOUTH €T0 aKTUBALMIO B CIy4YallHbIC MPOMEKYTKH BPEMEHHU. 3aCyXa YMEHBIIAET
YPOKANHOCTH ITOYBBHI.

[Iporpamma paGotaeT ¢ marom B oauH Mecsil. Kaxabiii MecsI] BBIUUCIACTCS
KOJIMYECTBO COOPAHHOIO ypoXkKas, CTApEHUE U CMEPTHOCTh CPEIH KaXKJI0ro BO3pacTa,
KOJIMYECTBO POAMBLIMXCS AeTed. [liud BBIUMCIEHHST UYMCIEHHOCTH JIFOJEH,

nepeleamx B CIEAYIOIIYI0 BO3PACTHYIO TpYIIY, HCIOJIB3YETCA CleayIomas

dbopmyna:

= (-
rae — BCPOSATHOCTh JOXKUTHS JIO CIEAYIOIIEro Bo3pacTa Uil KaKJIOH
TI0JIOBO3PACTHOM TPyNIBI, — BO3pacT, = 1,2 — MHJEKC IoJIa.

JInsi  BBIYMCIICHHMS KOJMYECTBA YpOXas CHadajga HaXOJIUTCS IUIOLIA]b
oOpabatpiBaemoii 3emuid. Mcronb3yeTcst MUK, B KOTOPOM CYMMHPYETCS TUIONIAb,

oOpaboTaHHas KaxI0u gAeMorpadudecKoi rpymnmnoii:
= Z . ,

rae — YUCJIEHHOCTh KaXKJIOW IMOJOBO3PACTHOW TPYMIHI, — K03 uIueHT
MPOU3BOAUTEIBHOCTH TPYMIIBI.

O0BbeM MOTYyUEHHOTO YpOKasi BHIYUCISETCS KaK:

rae  — Ko3(QPUIMEHT MI0A0POIHOCTH MOYBHI.
[Tomydennslii Tpaduk YWCICHHOCTH HACEleHUs Uil KaXXIOro BO3pacTra

(moJIoBO3pacTHAs MupamMuia) u3o0paxeH Ha puc. 1.
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1 10 20 30 40 30 G0

Puc.1. [TonoBo3pacTHas nupamuia

Kak MOXHO 3aMETHTh, IOJOBO3pACTHAs MHpPaMHAa HAIOMHUHAET TAaKOBYIO Y
Pa3BHUBAOIIKXCS CTPaH, TO €CTh MPEICTABUTENICH 00Jiee MOJIOIOT0 MOKOJICHHUS BCEr/Ia
Ooipire, yem Ooiiee craporo. OOmias YHCICHHOCTh HACEIICHUS B 3aBUCHMOCTH OT

3aJJaHHBIX MApaMETPOB N300paxkeHa Ha puc. 2.

Puc. 2. I'padpuk 3aBUCUMOCTH YMCIICHHOCTH HACEJIEHUS OT BpEMEHU

BuaHo, 4To HaceneHune B Ha4YaJIbHBIN MEPHUOJI BPEMEHHU PACTET MEJIEHHO, TOTOM
CKOpPOCTh POCTA YBEJIIMYUBACTCS B TEOMETPUUECKON MPOrPECCHUH, HO 3aTEM HAYMHAET
00pabaThIBaThCs BCS JIOCTYITHASI 3€MJISI, MU €JIbl XBaTaeT yXKe JIMIIh Ha MOAJIep)KaHHe
MOMYJISIUUM, HO HE Ha POCT €€ YHCICHHOCTU. Ecim Ke chenmarb pecypesl

HCOIPaHUYCHHBIMH, CITYCTA KaKOC-TO BPCMA HAYHETCS B3prBHOI>i POCT HACCIICHUSA

(puc. 3).
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Puc. 3. YncrieHHOCTh HaceNeHUs MPU HEOTPAHUYEHHBIX pecypcax

B mporpamme 3anoxkeHa BO3MOXXHOCTb «3aCyXW» B CIIy4YalHbIE MOMEHTBI
BpeMeHU. B MOMEHTBI, OTMEUEHHBIE KPAaCHOW uepToii, ObLTa aKTUBHPOBAHA 3aCyXa; B
MOMEHTHI, OTMEUYEHHBIE 3€JICHOU UepTOoi, 3acyxa mpekpaianach (puc. 4). BuaHo, uto

HavaJICA I'0JIOH, M 3TO IIPUBCJIO K IOBOJBHO PC3KOMY IMTaJICHNUIO HACCICHU .

Puc. 4. UncrieHHOCTh HAaCEIEHUS B IEPUOJIBI 3aCYXHU

B nanbhelieM Mbl OyieM paciiupsiTh U JOMOJHITH NPOrpaMmy, 4ToObI OoJiee
TOYHO OTpakaThb CTPYKTYpPy M pa3BUTHE 00mIecTB. B 4yacTHOCTH, MOXHO JOOaBUTH
CUMYJISIIAIO IPOMBIIIIJIEHHOCTH, PA3BUTHSI TEXHOJIOTUN U METUIIUHBL. MBI TIIaHUpYEM
N00aBHUTh TAK)KE CUMYJISIUIO SMUAEMUN U 3acyxu. JlaHHas mporpaMMa MOXKET ObITh
UCIIOJIb30BaHa JJIsl aHaIM3a JEMOrpaUUYecKuxX MPOIECCOB WIH JAeMOrpaduyecKoro

IIPOTHO3UPOBAHUS.

Jluteparypa
I. Mauko C.HO. MaremMaruueckoe  MOJEIUPOBAHUE  SKOHOMUKO-
neMorpaduyeckux mpoieccoB B arpapaom oomectse / C. FO. Mankos. A. B. Ceprees.

— Mocksa: UH-T npukinannoi marematuku, 2004, — 28 c.
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YAK 51-7
Bomoguenko A.B.,
yyamuiics «Pecmy0IuKkaHCKOro apXUTEKTYypPHO-
CTPOUTEIIBHOTO JIULESI-UHTEPHATA
®I'BOY BO «/lonHACA»
PykoBoautens: Ocunosa JI.B., yautens MmaTeMaTuku
BbICIIEH kaTeropuu «PecnyOiamkaHncKoro

APXUTEKTYPHO-CTPOUTEIBHOTO JTULES-UHTEPHATA

OI'bOY BO «lonHACA»

HEKOTOPBIE CBOMCTBA C®EPBHI S"
Annomayus. B nanHou pabore uzydeHbsl U 000011eHb 0co0eHHOCTH chephl S"
KaK (YHKIIMM MHOTHX TMEPEMEHHBIX W e¢ mpuiiokeHus. OTaeabHbIC CBOWCTBA, Kak
dbyHIaMEeHTAIbHBIE, TOCTYKUIN UCXOTHON TOYKON K 0000IIEHNI0 KOHIISTIIIUN C(HEPHI.
Knrouesvie cnosa: chepa, OkpyKHOCTb, PUMAHOBO MPOCTPAHCTBO, KPUBHU3HA

chepbl, HOpMaJlb.

BBenenune. «MHOTHE WUCCICAyEeMbIE BEIWYUHBI, KOTOPBHIC IPEICTABIISIOT
WHTEPEC JJII MATEMaTUKOB, 3aBHCIT HE OT OJHOTO, a OT YPE3BBIYAHO MHOTHX
acriekToB. Ecnu cama BenMYMHA M KKJBIH M3 ONpEeMomuXx ee pakTopoB MOTYT
OBITH OXapaKTEePU30BaHBI HEKOTOPBIM YUCIIOM, TO YKa3aHHAs 3aBUCUMOCTH CBOJUTCS
K TOMYy, 4TO YIOpSIOYEHHOMYy Habopy umcen (x%,...,x"), Kakmoe M3 KOTOPBIX
OMKCHIBACT HM3MEHCHUS COOTBETCTBYIOIIETO acIleKTa, CTaBUTCS B COOTBETCTBHE
sgauenne y = f(x!....x") mccmenyemMoll BeIMYMHEI, KOTOPOE IIONYYAeTCS HPU €€
BBIUKMCIICHUN [4].

IlocranoBka 3amaum. HayuwThcs aHamu3upoBaTh (QYHKIUA MHOTHX
NEPEMEHHBIX TaK K€, KaK Mbl UCCIeAyeM (PYHKIIUU OJHOTO TIEPEMEHHOTO. V3ydnTh u

0000IIHUTHh HEKOTOPBIE 0COOEHHOCTH cdephl S" U ee MPUIIOKEHUSI.
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PesyabTaTel. lccnenoBanbel M CUCTEMATH3UPOBAHBI  OCHOBOIIOJIATAOIINE
XapakTepuCTHKU cdepbl S", Kak pUMaHOBO MPOCTPAHCTBO, MMEIOIIEE MOCTOSHHYIO
KPUBU3HY U €€ Ype3BbIYaiiHO MHOT000pa3Hble gononHeHus. «Cdepsl cCOyuyacTBYIOT B
IIOCTPOMKAaX HOBEHIIMX IOANPOCTPAHCTB WM BCIOMOTATEIbHBIX CUCTEM HA HUX.
[IpoekTuBHBIE MOANPOCTpPAHCTBA HAI0 KiIacCUPUIUMPOBATh Kak cdepy ¢
OTOKJIECTBIEHHBIMU TOJISIPHO OOpaTHBIMU MO3ULUAMHU; chepa ¢ pyuyKaMH U JIbIpaMu

UCIIOJIb3YETCsI B KOHIICTIIIUU pyuek» [2].

o -1
«Coepa — coBokynmHocTh S" 3HayeHuwii X eBKIMAOBa IpocTpancTBa E™ -,

KOTOpBIE HAXOIATCA OT ONPEAEICHHONW TOYKH X,(IeHTpa cepbl) Ha HMOCTOSHHOM
paccrossanu R(pagumyc cdepsr), T. €.
S"={xI E™:r(x,%)=HR.
Coepa S°— 1o 1Be Toukn, chepa S'— 3To OKpyKHOCTB, chepy S", ecrmu N> 2
MHOTJa Has3bBaroT runepcdepoit. Ilnomans chepsr S" (mmuma, ecomm n=1,

MOBEPXHOCTh, €CJId N = 2) BBIUUCIACTCA 110 hopMyIIe:

Lﬂ.

2
—leNR“.
ra' =8

C 2 =

S =

B gactHOCTH,
S'=2pR, S? =4pR?, S°* =2p°R®, S* :§p2R4.

-1
VpaBuenue chepbl S" B JIEKapTOBBIX NPAMOYTOJNBHBIX KoOpauHarax E"

HMeEET BHI
30X ) =R
(3mech X', X,, i =1,...n=1, — KoopauHaTEl X , X, cooTBeTcTBeHHO). T. €. cepa —

TUIIEPKBAJIPUKA, WK TIOBEPXHOCTh BTOPOTO MOPSIIKA CIICIUATILHOTO BUIa» [2].
«CocTosiHME HEKOTOPOM TOYKM B MPOCTPAHCTBE OTHOCUTENIBHO Chepsl

00yClIaBIMBAETCSl MOKA3aTeJIeM CTENEeHU TOYKUM. MHOKECTBEHHOCTh Bcex cdep,

OTHOCHUTEJIbHO KOTOPBIX JIaHHAs TOUKa IPUOOpETaeT UACHTUYHYIO CTENEHb, 00pa3yeT

ceTb cepsl. B3aumocsizb Beex chep, OTHOCUTETLHO KOTOPBIX MO3UIIMH HEKOTOPOI
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paauKaIbHON OCU IPUHUMAET PABHBIN NTOKA3aTEb CTENEHU (Pa3HIIIUICA 1J11 pa3HOTO
poaa Touek), popmupyer mydok chepb» [3].

Hekoropnie cBoiictBa cheput S". C nosunuu auddepeHimaibHOM
reomeTpun, chepa S" — 3TO pUMaHOBO MPOCTPAHCTBO, KOTOPOE MMEET MOCTOSTHHYIO
(rayccoBy, mpu N = 2 ¥ pUMaAHOBY, IIpU N > 2) KPUBU3HY

_1
= o

Bce reoaesnueckue muHuu cepbl 3aMKHYTHl. OHU UMEIOT MOCTOSIHHYIO JJTUHY
2PR xotopast paBHa 117151 BceX. JIuHMM cepbl Ha3bIBAIOTCS OOIBITUMHE OKPYKHOCTSIMH,
OHM SIBJISIIOTCS OKPYKHOCTSIMU TiepecedeHust chepsl S" ¢ IByMEpHBIMH TIOCKOCTSIMH,
IPOXOIAIIMMU Yepe3 LEeHTp cdepbl. Bce HOpManu mepecekaroTcsi B OJJHOM TOUKe,
KpUBHU3HA JIIOOOTO HOPMAJILHOT'O CEYEHUS OJTHA U Ta K€ U HE 00YCIIaBIMBAETCS TOUKOMH,
B KOTOPOI OHO pacCMaTpPUBAETCS, 8 UMEHHO UMEET HEM3MEHHYIO CPEIHIOI0 KPUBU3HY,
npudéM aOCOJIIOTHAsE CpefHsis KpUBU3HA chepbl — MHUHUMAJbHASI CPEIA BBIMTYKIIBIX
MOBEPXHOCTEH paBHOM IJIOMIAH, BCE TOUKH chepbl OMOUITUIECKHE.

HexoTophbie 13 Takux CBONCTB, MPUHATHIC KaK OCHOBOIIOJIATratoIne, TTOCTYKUITU
UCXOJHOM TOUKOW ayig 00o0OmeHus mpencrasieHus o cdepe. Ilpumepom moxer
cyxuth, adbduaHas chepa, KoTOopas ompejaenserca Tem, uyTo Bce e€ (adhPuHHBIC)
HOpMaJIM TiepecekaroTcst B oHo# Touke. [IceBgocdepa — moBepXHOCTh B TOCTOSIHHOM
rayCccoBOM KpuBH3HE (HO Y€ HE TOJIOKHUTENbHON). OMHa U3 TUTIOJIOTHI Oopucheps
(mpenenbHON cepbl) — COBOKYMHOCTh TOYEK BHYTPH, KOTOPBIC OIPEICISIIOTCS
ypaBHEHHEM TaK>K€ BTOPOTO MOPsJIKA:

(1- x*- y*- z°) =cons(1- xa - yb- zg)°.

Ha cepy S" nBaskapl TpaH3UTHBHO JEHCTBYET OpTOroHanbHas rpymma O(n+1)

1
npoctpanctBa E™ (2 — TpaH3MTMBHOCTH 03HAYAET, UTO JUIA JIFOOBIX JBYX IIap TOYEK,

C PaBHBIMH PACCTOSIHUSMH, CYIIECTBYET BpaieHue — aneMmeHT O(N+1), nepeBosiiee

OJIHY Iapy B APYTYIO0); HAKOHEII, chepa ecTh OJTHOPOTHOE IMMPOCTPAHCTBO:

S" =0O(n+1)/0(n).
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«Tomnonoruueckoe MpPOCTPaHCTBO, romeomMoppHoe cdepe, Has3bIBAECTCA
Tonoyiorudeckoi cdepoit» [5]. OgHUM M3 OCHOBHBIX 3/1eCh SIBJISICTCS BOMPOC 00
YCIIOBUSX TOT'0, YTO HEKOTOPOE MPOCTPAHCTBO SABJISETCS TOMOJIOIMYECKOUN cPepoi.

IIpumepsl.

1. «MiHBapraHTHast TOIIOJIOTHYECKAs XapaKTepucTuka cepbl S", eciim N> 2 He
u3BectHa. B cmydae N =1, onHomepHoe MHOroo6pasue. /s Toro yTo0pl KOHTUHYYM
6611 roMeoMopder chepe S?, HeOOXOAUMO M TOCTATOYHO, YTOOBI OH OBUT JTOKATHHO
CBSA3aH, COJEPKall XOTA Obl OAHY MPOCTYIO 3aMKHYTYIO JIMHUIO M 4YTOOBI BCSIKas
Jexaias Ha HEM Takas JIMHUS pa30uBaia ero Ha JBe 00JIaCTH, UMEIOIIUE ATY JTUHUIO
cBoel oO1el rpanuiiei (Teopema Yaitnaepa)» [3].

2. «llomHOE OIHOCBSI3HOE PHMMAHOBO MPOCTPAHCTBO, pa3MepHOCTH N2 2,

KpuBU3Ha K, KOTOpOro il BCEX KacaTelbHBIX IBYXMEpPHBIX IUIOCKOcTed, d —
orpannyena d> %, 1.e. d¢ K, ¢ 1, romeomopdro S" (Teopema o chepe)» [4].

3. «OmHOCBSI3HOE 3aMKHYTOE TJaJIKO€ MHOrooOpasue, (I1eibpie) TOMOJIOTHH
KOTOPOT'O COBIAAAKT ¢ roMoioruamu S", ecan N2 4 (ecimu N=3 — HEW3BECTHO).
Ecan n=5,6, To ono Taxxke romeomopduo S", mpu N = 3,4 rumnoresza octaércs, Mpu
n2 7 nudpdeomopdusm He umeer mecray [4].

Chepa S B merpuueckom mnpoctpanctee (M,r):S={xi M,r(x,x,) =R}
OTNpe/ENsAeTCs] aHaJOTMYHbIM 00pa3zoM. OAHAKO 3TO MHOXECTBO MOXET OBbITh
YHOPSAI0YEHO (J1a’ke OBITh MyCThIM) JJOCTATOYHO CJIOKHBIM 00pa3oM.

3akioueHue: BInmoaHeHNs TOCTABICHHYIO 33/1a4y Mbl PUIIUIN K BBIBOAY, YTO
B HOPMHUPOBAHHOM TpocTpaHcTBe E ¢ HOpmoOit HXH cdepoit Ha3bIBaCTCSI MHOXKECTBO
TOYEK

S={xI E|¥=R.

OT0 BBINTyKJIas TUIEPHIOBEPXHOCTH MPOU3BOJIBHOW OECKOHEUHON Pa3MEpHOCTH,

KOTOpas He 0053aTeIbHO 001a/1aeT TAKMMH CBOMCTBAMH KaK I1aJIKOCTh, OKPYTJIOCTh U

JIPYTUMU TIOJIE3HBIMH CBOMCTBaMU 00BIYHOUN cdepbl. OnHoil u3 TpaHchopmalui,

UCIIOJIb3YEMbIX B TOIOJIOTHH, SIBIISIETCS TaK Ha3biBaeMas OecKOHeuHOMepHas cdepa,
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KOTOpast SIBJSIETCS CTPOTMM HWHIYKTHBHBIM MPENCIIOM S* I0CIeI0BaTENbHOCTH
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YAK 51-7
Hcauenko K.C.,
oOyuaronuiics «PecnyOaMKaHCKOTO apXUTEKTYPHO-
CTPOUTENIBHOTO JINIIES-UHTEPHATA
®I'BOY BO «/lonHACA»
PykoBoautens: Ocunosa JI.B., yautens MmaTeMaTuku
BbICIIEH kaTeropuu «PecnyOiamkaHncKoro

APXUTEKTYPHO-CTPOUTEIBHOTO JTULES-UHTEPHATA

OI'bOY BO «lonHACA»

MATEMATHYECKOE OBOCHOBAHHUE OKYITAEMOCTHU BBICHIET'O
OBPA30BAHUA
Annomayus. PaccmoTpeHa mnpoOieMa MaTeMaTHUyecKoro M 3KOHOMHUYECKOIO
000CHOBaHUSI LEIECOO0PA3HOCTH MOJy4YeHUs1 Bbicuiero oOpa3zoBaHus. [locTpoeHa
MHBECTUIIMOHHAS MOJENb IOJIy4eHHs OOYy4aroUIMMCsl BBICIIEIO O00pa30BaHUS.
OcyiiecTBiieHbl pacueTbl MO (pakTudeckuM JaHHbIM. [lomydeHbl mpakTUyeckue

BBIBOJIBI TIO pacCMaTpUBaEMOl Tipodieme.

Knrouesvie cnosa: DPpdekTUBHOCTH OO0y4Y€HHUs, KpPEIUT, WHBECTHIIMOHHAS

MO/JICJIb, JUCKOHTUPOBAHUC.

BBenenue. Briciiee oOpazoBaHue SBISETCS HEOTHEMJIEMBIM ATallOM Ha ITyTH
TOCTIKCHUS KapbepHOro W (puHaHCOBOro Omaromonyuus. Kaxmaeiii abutypueHrt,
nocrynas B BY3, pykoBoACTByeTCsI onpe/IeJICHHBIMA MOTHBAMU: JKEJIAHUEM ITOJTYyYUTh
BOCTPEOOBAaHHYIO  TpPOQecchro, TMPECTUKEM  OOy4YeHHUs, MOXKEIaHUSIMU U
HACTABJICHUSMU POJUTENCH, WIIM TIPOCTO CIASAYIOT puMepy apy3ei. OmHaKko JajieKko
HE BCerjJa TMOCTYMAIINE CO3HATENBHO 3aJyMBIBAIOTCS O IEJIeCO00pPa3HOCTH

MOJIyY€HHUs BhICIIET0 oOpa3oBaHus. YacTo 3TOT BEIOOp UHTYUTUBEH U UPPALMOHAJICH.
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IMocTranoBka 3amaun. Paccmorpers ipobiieMy 11e1eco00pa3HOCTH MOTYYCHUS
BBICIIIETO0 O0pa30BaHMs, €ro OKymaeMocTH U A(DPEKTUBHOCTU Il aOUTypHEHTA.
Pemenne nmanHOW mpoOOJIEMBI MOXET OBITh HCIIONB30BAHO IPU PACCMOTPCHHUH
[EJIeCO00pa3HOCTH TOJNIYYeHHsS] KpenuTa Ha OOydeHHe M pacyera MapameTpoB
KpeauToBaHus. Takyro ke 3HAaYUMOCTh UMEET 3Ta MpodsiemMa U Il KOMMEPUYECKHUX
OpraHu3aInii, KOTOPbIE OTUIAYMBAIOT 00yUYeHHUE CBOETO COTpyaHuKa B BY 3e u xenator
OLICHUTH 3(PPEKTUBHOCTH CBOUX BJIOKEHUH.

PesyabTaThl. Pacuntannele nmokasaTenyd BHYTPEHHEH HOPMBI TOXOJHOCTH IO
rogaMm 1-10 cBUIETENBCTBYIOT O BBITOJIHOCTH HCHOJIb30BAHUSI KPEAUTA, HAYMHAS C
HopMmanbHOTO crieHapus, rae IRR>12% (IRR=13,6%). Takum o0pa3oMm, BBITYCKHUK
BVY3a 3a mpomexyTtok BpeMenu paBHbii 10 rogam, uMmeer 0osee BBICOKYIO HOPMY
JOXOJTHOCTH, oOydasicek 5 ner B BY3e u 3aHMMasch CTOIBKO K€ TPYAOBOM
JNEATENBbHOCThIO, YEM BEJIIMYMHA MPOLEHTOB IO KPEIUTY, YTO CBUAETEIBCTBYET O
pPalMOHAIILHOCTHU UCTIOJIB30BaHUs KPEAUTa.

B Hay4HBIX HCCIEIOBaHUAX KATETOPHS «YEJIOBEUYECKUM KAamUTaI» MOJIy4duia
HIMPOKOE pacnpocTpaHeHre. OCHOBOM I MOMYJISIPU3AllMA 3TOM KATErOpUM CTalia
pabora naypeara HobGeneBckoit mpemun I'. bexkepa «YemnoBeueckuii kanutam, B
KOTOPOM BaXXHBIM SIBJISICTCSI TO, YTO «IPU BKIAJBIBAHUU CPEJICTB B OOYy4YeHHE
oOydJaroriecss U WX POIUTENH BEAYT ce0s palMOHAIBHO, B3BEIIMBAsl BHITOABI U
u3aepKKku. VX JelcTBHsT MOXKHO CpPaBHUTh C JIEUCTBHUSAMH IPEANPUHUMATEIECH,
COTIOCTABJISIONINX OXHUAAEMYI0 TMPEACIbHYI0 HOPMY OTJa4ud OT COOCTBEHHBIX
BJIO)KEHUM C JIOXOJHOCTHIO allbTEpPHATUBHBIX MHBECTUIIMH. B 3aBucumoctu ot TOrO,
YTO SKOHOMMYECKHU IierecooOpa3Hee, MPUHUMAETC pelieHrue 00 O BKIIaJbIBAaHUU
CpeAcCTB B 00yueHue, b0 00 oTkaze oT Heroy» [1].

Ha ocHoBe paszpabotox I'. bekkepa, Hamu mpeayiaraeTcsi WHBECTHUIIMOHHAS
MOJENb TOJIy4eHHUs BBICIIEr0 oOpa3oBaHUs, KOTOpash MPEACTaBIseT COOOM
COOTHOIILIEHHE JABYX JICHEKHBIX MOTOKOB: PACX0/I0B Ha yueOy (Kak eIMHOBPEMEHHBIX,
TaK ¥ TEKYIIWX) U JOXOJOB OT y4eObl (Kak OyIyIIMX, TaK U B HACTOAIIEE BPEMs).
CrpynnupyemM JT0XOJbI M Pacxojibl B Mpolecce OOydeHHUs CIEAYIOIUM 00pa3oM

(Tabmuma 1).
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Tabnmuna 1. Knaccudukanus WHIWBHIYATHHBIX

oOyuenuu B BY3e

A0XO0A0B M pPaCXOod0B IIpHU

{t OMm~SHT

[ Ba BHT

Pacxonpr B mepuon

MOCTYILICHUA

0

Ormuiata yciayr peneTuropa Io
IMOATOTOBKE K BCTYIIUTCIIbHBIM

9K3aMCHaM H TECTUPOBaAHUIO

Crunennust (y4YuThIBaCTCS ISt
KaTeropuu CTYJICHTOB

oOydJaromuxcsi Ha OI0JKETHOM

TOBApPLI: TCTpAaAH, IMCbMCHHBIC
MPUHAJICIKHOCTHU, OUCKCTBI H

t.1. (WM)

Pacxonel mo mpuobpeTeHHIo

yueOHoit muteparypsl (PLt)

(PCY) ocuose (SCt)
Pacxonpt Ha IUIATHOE
tectupoBanue (PTr)

Tekyuue pacxoabl Omnara 3a obOyuenue | [Ipupoct Oymyieit
CTYJICHTOB, OOy4Yaromuxcsi Ha | 3apaboTHOU TJIaThl,
wiatHoi ocHoBe (PEr) MOJy4aeMbIil 3a cyeT
Pacxonpl Ha KaHIEIAPCKHE | IPUOOPETEHHS npodeccuun

(IFSt). On ompezensieTcss Kak
pa3HOCTh Mexay Oyaymiei
3apabortHoit twiaroin (FSt) m
aIbTePHATHBHBIMU

uznepxkkamu (OCt) B KaKI0OM t-

OM rofy

OTMeTnM, 4YTO B MOJEJIM HE YUYWUTHIBAKOTCS TAKWE TEKYIIHWE PAacXolbl Kak
pacxo/bl Ha MPOKUBAHHUE, MUTAHUE, KUJIbE, OJCKIY U T.I., TAK KaK 3TU PACXOJbl
CTyJeHT Hec Obl, maxke He oOyuasch B BY3e. «Tak xe cieayeT OTMETUTH, YTO
nporHosupyemast Oyaymias 3apaOoTHas IUIaTa pa3iudyHa y BCEX CTYJIEHTOB, IO3TOMY
3a TJaBHBIM ONpENCNSIONNi ee BeIMYMHY (AKTOp B HMHBECTHIIMOHHOW MOJEIU
clieAyeT OpaTh MOTYYCHHYO CTyIeHTOM mpodeccuion [3].

Hcxonass u3 MpeanoXeHHOM KiacCHU(pUKAllMM, MaTeMaTH4YeCKH O00O0CHyeM
WHBECTUIIMOHHBIN MPOIECC B PaAMKaX MOJYyUYEHHUS BBICIIEr0 00pa30BaHMs.

it 000CHOBaHMS 11€€CO00Pa3HOCTH M OUEHKH 3(PPEeKTUBHOCTU OOyUYEeHUS
HEOOXO/IMMO HaWTH pa3HOCTh MPEABAPUTENIBHO IMPOCYMMHPOBAHHBIX JOXOJ0B U
pacxonoB. «Tak Kak mpolecC WHBECTUPOBAHUS M U3BICUYEHHUS JOXOAOB B JAaHHOM
Cly4yae pacTaHyT Ha HEOOXOJMMO  HKCIOJIb30BaTh

paa JICT, IMPHUBCACHHUC

78



Pa3HOBPEMEHHBIX JEHEKHBIX TOTOKOB K 0azoBoW mgare. [ljist 9TOTO HMCHOIB3yeM
«CTaHIAPTHBIN» KOA(D(GUIMEHT AUCKOHTUPOBAHUS (0t) KOTOPBIA IMO3BOJISIET Y4ECTh
croumocTh Kamutana Bo Bpemenu (1): (o) = 1/(1+d)' ,;rme d — craBka auckoHTa
(cpemusis craBKa OAHKOBCKOTO TMPOLIEHTA IO JOJTOCPOYHBIM Jemno3uTam); t —
IPOJIOKUTEIBHOCTS TTporHo3Horo nepuoja. C yuetom (1) u tada. 1, npuBeaeHHYIO
(IMCKOHTUPOBAHHYIO) CYMMAapHYIO0 BEIMYMHY pPAacXOJIOB CTYyJ/ICHTa Ha TMOJTy4YeHHUE

BBICITIIET'0 00pa30BaHMS 3a IMEPUO/I N JIET HaiaeM o Gopmyie (2):

_ _ PCt+PTt+PEt+ WMt+PLt _
I_Z :O(1+ ) —Z =0 (1+ ) - PCO +PTO

5 PEt+ WMt+PLt
2
1 (1+ ) ( )’

Trac | — CYMMApPHBIC paCXOdbI 3a IICPHUOI 11, — pPACXOAbl B TCUCHHC t-ro roxa.
CYMMapHaH BCIIMUMHA IIPOJUCKOHTUPOBAHHBIX HOMMHAJIBHBIX AJOXOAOB OT

oOy4eHus 3a aHATOTUYHBIN TTepro 1 Oynet paBHa (3):

_Q+IF 8§ _ 5_ IF8

rne |F 56— Oynymas 3apabortHast miara B tedenue t-ro roma; |IF 6= FS; — OS; ;
Pt — moxozsl B Teuenue t-ro romax» [3].

Ucxons u3 (2) u (3) MOXKHO, UCTIONB3Ys TpaUUeCKUil METOJ, HAUTH TOYKY Ha
BPEMEHHOM OCH, KOTJa Pa3HOCTb MEXAY pacxoJaMU M JI0XOJaMu cTaHeT paBHOH 0.
Touka OKymaemMoCTH HMHBECTHUIMOHHOTO TMpPOEKTa MpeJcTaBisieT coboi roa t, B
KOTOPOM BEJIMYHMHA JJOXOA0B IIOKPOET BEJIMYMHY PacXxoioB, T.e. I=P. Hauunas c 3Toro
rojia, CTyJIeHT, OKOHUMBIIMI BY 3, HauHeT noytyyaTh YACTHI MHBECTUIIMOHHBIN JOXO/
OT BJOXEHHbIX B o0OyueHue cpeAacTB. Kpome TOro, HMHBECTHIIMOHHAs MOJEIb
MO3BOJIIET  paccuuTaTh  psii  CTaHIAPTHBIX  ToKazatened  3pQexkTuBHOCTH
unBectuimonHoro npoekta (NPV), BayTpenHioro Hopmy aoxoanoctu (IRR), cpok
okymaemoctu (PP), manekc noxomuoctu (Pl) [2].

C noMmomipio NPUBEACHHOW HHBECTHMLIMOHHOW MOJENH OBLIM MPOU3BEIACHbI
pacyeTrbl MO JaHHBIM, OTHOCAIIMMCS K IIOJIYYEHHUIO BBICIIErO O0pa3oBaHUs Ha
skoHOoMuueckoM (QakyinbreTe «JJoHHACA». WM300pa3sum Ha puc.l auHaMuKy

I[MOKAa3aTCJIAd, XApaKTCPUIYIOLICTO pa3HUIYy MCKAY HAKOIUICHHBIMH JOXOAdaMH OT

79



oOy4eHHs] U HAKOIUICHHBIMH pacxojamMu (MHBECTULIMSIMH) HAa O0ydeHHEe Ha MOMEHT
BpeMeHU n. B paccmaTpuBaeMbIX pacueTax BCE CTOMMOCTHBIE TOKA3aTENM JaHbI

OKpPYIJIEHHO, JJI1 yA00CTBa PacyeToB.
USD

12000 -

7000

2000

-3000 A

-8000

Puc.1. Ctynent oOy4aercs Ha MJIaTHOM OCHOBE Ha (haKkyibTeTe « IKOHOMUKH,
yHpaBieHUs U UHOOPMALIMOHHBIX CUCTEM B CTPOUTENIHCTBE U HEIBUKUMOCTIY 110
HanpaBieHUIo «MeHeKMEeHT»: | — ONTUMUCTUYECKUH CLIEHApHil, 2 — HOpMaJIbHBIN

CLEHapui; 3 — IECCUMUCTUYHBIN

3akmouenue. Kak BUIHO U3 puc. 1, B cilyyae ONTUMHUCTUYECKOTO CLEHApHS,
MHBECTHIIMHM B OOYYEHHE OKYMAIOTCS MPUOIU3UTEIBHO Yepe3 8 JIeT, T.€. Ha TPETheM
rojty pabotsl ocie okoHuanust BY3a. B ciyyae HopManbHOTO HIIM IECCUMUCTUYHOTO
BapuaHTa CPOK OKYMAeMOCTH HacTynaeT npubnusurenbHo Ha 10 umm 15 romy
COOTBETCTBEHHO. YKa3aHHBIE PE3yJIbTATHI MO3BOJSAIOT OyAyIIEMY CTYJIEHTY CHEJaTh
BBIBOJI O II€J€COO0Opa3sHOCTH TMOJY4YEHHUs BbICHIETO OOpa30BaHMsI U OLEHUTH

3 PEKTUBHOCTH CBOMX UHBECTUIIHM.
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on actual data. Practical conclusions on the problem under consideration are obtained.
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YAK 51-7
bonpapenko I1.A.,
crya. rp. JAC-7A ®I'BOY BO «JIOHHACAY;
PykoBogutens: k.¢.-M.H., nomeHT [ myxos B.A.,

JOIIEHT Kadephl BHICIICH MaTeMaTUKH

OI'bOY BO « IOHHACA»

JTOKA3ATEJbCTBA HEKOTOPBIX COOTHOIIEHUM 30JI0TOI'O
CEYEHUSA
Annomayus. B crtaThe TpHUBEIEHBI JI0Ka3aTelIbCTBA XOPOLIO H3BECTHBIX
COOTHOILIEHUH «30JI0TOTO CeueHUs» U unces GuboHayuu.
Knrouesvie cnosa: 3onoroe cedenue, uyucia Dubonayuu, uenHas apoOb,

pekyppeHTHas GopmyIa.

30510TO€ CeYeHUe — 3TO YUCIIO, PaBHOE OTHOLIEHUIO JJIMHBI OOJBIIEr0 OTpe3Ka
JENEeHUs] K JUIMHE MEHBIIEro OTpe3Ka JEJICHHs, MPU YCIOBUHM, YTO OHO PaBHO
OTHOULIEHUIO JITTMHBI BCEr0 OTPe3Ka K JUTMHE ero Ooubliero orpeska. [lonstue 3010toro
CEYEHHMsI IIUPOKO U3BECTHO, MOAPOOHO OMUCAHO U OUYEHb YACTO UCIIOJIb3YETCs BO BCEX
oOnacTsax ecrecTBo3HaHMs. llenbto Hameld paboThl  SIBISIETCS  MPUBEICHUS
JIOKa3aTEIbCTB YTBEPKIACHUM, CBS3aHHBIX C 30JIOTBIM CEYEHUEM, TaK Kak B
JAUTEpaType, B OOJBUIMHCTBE CIy4aeB, OHU MPUBOJATCSA 0€3 BCAKHUX JI0KA3aTENIbCTB.
Jlaxxe cam BBIBOJ] (pOPMYJIBI 30JI0TOTO CEUEHUS BCTPEUYACTCS HE 4acTo.

Haunewm ¢ BriBOJIa (POPMYIIBI U MOTYUYEHUSI 3HAUEHHS 30JI0TOTrO ceueHusd. Mraxk,
IPEANOI0KUM, UMEETCS HEKOTOPHBIN 0Tpe3ok. Pa3oObem ero Ha e yactu. O003HaUYUM

yepe3 a JUIMHY OOJIbIIero oTpe3ka pa3OueHwus, a uyepe3 b miuHy MeHblero orpeska

a
pa36I/I€HI/Iil. Torz[a HNX OTHOIICHHUC B ABJIACTCSA 30JI0TBIM CCUCHHUCM, CCJIN BBIITOJIHACTCA

YCJIOBHE:
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Brenem nepemennyto = —. [lociennee ycioBue npuMeT BU/L:
=1+ -
YMHOXHUM BCE€ BBIpaXXEHUE HA X U MEPEHECEM BCE CllaraeMbl€ B JIEBYIO YacTh.

[Toyuyum KBagpaTHOE YpaBHEHUE.

Kopnu 3T0r0 ypaBHEHUS paBHBI:

1+ v5
1,2 - 2 "
OnuH U3 ATUX KOpHEH HEe TIOJIXO/IUT, TaK Kak oTpuiiaresieH. OcTaeTcsi KOPEeHb.
1+ V5
ZT: 16180.33

DTO0 U eCcTh 30JI0TOE CEYEHUE, KOTOPOEe 0003HAYAIOT OYKBOIA
3aMeTuM, YTO €CIHM 3a MEPEMEHHYIO X MPUHATH AJUHY OOJBIIET0 OTpe3Ka

pa3OMeHus, TO TOJYYHMM KOA(POHUIMEHTH MPOMOPIUOHAIBHOCTH JUIS TIOJyYCHHUS
0OJIBIIIETO U MEHBIIIETO OTPE3KOB Pa30UECHUS:
-1+ 5 3-V5
2 2
Kak nmomy4garorcst 3t uncia. [lycts qiuHa otpeska paBHa 1. PazoObeM oTpe3ok
B IPOIOPIHUAX 30JI0TOTO CEUSHHs, MPUYeM X — 3TO OoJsibmias 4acth, a (1— ) —

MCHbBIIIAaA 4aCThb. Torzxa MOJKHO COCTABHUTH ITPOITOPLIHUIO

1
=
Ilonydaem KBagpaTHOE ypaBHEHHUE:
2+ -1=0.
KopHu 31010 KBaIpaTHOrO YpaBHECHMUS:
_-1++5
1,2 - 2 *

[Toaxoaut ToMbKO OAMH (TIOJIOKUTEIBHBIN KOPEHB):
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_—-1+5
=

210 JJINHa OOJIBIIIETO OTpC3Ka p3,36I/IeHI/IH. I[J'II/IHa MCHBIICTO OTPC3Ka

pa30OueHus paBHa

P v5 3-+v5
- 2 27
Beranciaum BCIIMYUHY, O6paTHYIO K 30JI0TOMY CCUCHHIO
1 2 2 B5-1 2(W5-1) -1++5
1+v5 1+v5 v5-1  5-1 2

1
33,M€TI/IM, 4dTO BCIIMYMHA — — SABJIACTCA BTOPBIM KOPHEM XapaKTCPUCTHUUCCKOI'O

ypaBHEHHUS 1711 HAXOXKEHUS 30JI0TOTO CEYEHUsI, KOTOPBIA Mbl OTOPOCHIIH.
JlokakeM HECKOJIbKO (DOpMyII, CBS3aHHBIX C MPEACTABICHUE 30JI0TOTO CEUCHUSI.

1. Benruunna  mpexacTaBiseTcs B BUJE OCCKOHEUHOU LIETTHOM IpooOu:
1

=1+
1+ 1
1

1t ——1—

1+ 15—

B camowm nete,

_1+V5 2+ (-1+V5) 2 -1+ v5 P v5

+
2 2 2 2 2

[Tocnennee cnaraemoe B 3T0H (hopMmyJsie — 3TO BeTMIMHA, OOpaTHAs K 30JI0TOMY

cedyeHuto. Eciam ee mpuMeHuTh, TO MOTyYaeM CIeAyIolyo ¢GopMyiny (Ha camMmoM Jele
3TO COOTHOILIEHHE Cpa3y cieayeT u3 (GopMyJibl JJIsl ONPEAEIEHHUS 30J0TOr0 CEUEHHMS)

CBs3H BCIIMYHHEBI 30JI0TOI'O CCUCHHUA C €€ O6paTHOﬁ BEJIMYUHOM:

1
=1+

DTO PEKYppPEHTHOE COOTHOIIeHUE. [IpuMeHMM K BEJIWYMHE , CTOSIIECH B

[PaBOM 4aCTH, MOCIEIHIO (POpPMYJTy, IOJyYUM HOBOE COOTHOILIEHHE.

U SN U
1+2 1o
1+
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N Ttak nmanee. Kaxnpiii pa3, npuMeHsss GOpMyITy CBSI3U BEIWYUHBI 30JI0TOTO
CEYEHMsI C €€ 0OpaTHOM BEIMYMHOM, OyIeM NOJIy4aTh HOBBIM 3JIEMEHT LIETHOM APOOH.

2. Bennunna ® npezacrasnsercs B BUae OECKOHEYHOH IETIOYKH KOPHEH:

=Vi+Vi+Vi+vie .

JI7st JoKa3aTenbCTBA BOCMOIb3YyeMCs caeaytonien hopmMynoit
2 — 1+
Ota popMyna cpazy clieyeT U3 TOro KBaJIpaTHOTO ypaBHEHUS, KOTOPOE MbI
COCTAaBIISIIIM 1 HAXO0KJIE€HHS BEIIMUMHBI 30JI0TOr0 ceueHHUs. Tak KaK 30J10TO€ CEUCHHE
— 9TO MOJIOKUTEIIBHOE YUCIIO, U3 TTocaeaHeN (HOpMYIIbl HAXOIUM:
=i+ .
DTO peKyppeHTHoe cooTHouieHue. I[lpumennm k BenmuumHe P, crosiieil B

IPaBOM YaCTH MOCIEIHIOK (GOPMYITY, TOJIYyYHMM HOBOE COOTHOIICHHE.

=vIi+ =Vi+Vi+vI+ .

N tak nmanee. Kaxnplii pa3, mpuMeHsisi peKyppeHTHyI0 dopmyiy, Oyaem
MOJIy4aTh HOBBIM KOPEHb.

3. 30JI0TO€ C€YEHHE — ITO BEIMUMHA, K KOTOPOM CTPEMUTCS OTHOIIIEHHUE YHCEI
dubdoHavUH.

Jlns Hawama MOsICHUM, 4TO Takoe umciaa duOonauum. IlocmemoBaTenbHOCTH
®uboHaY4YM — 3TO MOCIEAOBATENbHOCTh, Y KOTOPOM Ka)Ibli MOCIEAYIOIINI YIIeH
paBeH cymme JaByx npeasiaymux: 1, 1, 2, 3, 5, 8, 13, 21, 34... T.e. ana
nocienoBaTebHOCTH uncesn GruboHauyun BepHa clieayoias peKyppeHTHas ¢popmya:

1=+ _q, =123...

YTBepxkaaercs, 4To

I:n+1

rllqlo_FE’n_: P,
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IIpuBenem He COBCEM CTPOroe, HO HAIJAAHOE JOKA3aTesbCTBA JTOTO.
[IpuMeHuM K YMCIUTENO peKyppeHTHYI0 GopMyiy uncen OuboHayuu, a YUCIUTENb

pa3zenuM MOwWIEHHO, a 3aTeM APOOb MEPEBEPHEM.

2o T e (ae—H=1s  (—) =

—00 —00

-1

00

Homep crpeMurcs k 06CKOHEYHOCTH, U K MTOCJIETHEMY HPEIETy CHOBA MOKHO

IPUMEHUTH PEKYpPEHTHYIO hopmMyy i uncen OuboHauqu.

1
+1 -1+ T .
(—)

-1

00

B pe3ynbTaTe mosyuaeMm Takyro K€ IENHYIO JIpoOb, KaK B Cllydae 30JI0TOTO
ceueHusa. T. e. W 30JI0TO€ CEUECHHE, W TMpeleNl OTHOIIeHUs uucen PubdoHayuu
pEeACTaBUMBI OJTHOM M TOM K€ IETTHOM APOOBIO.

3aMeTuM, 4YTO JOKa3aHHOE YTBEPXKJAECHHUE MOXKHO J0Ka3aTh, OCHOBBIBAACH HA

dbopmye GppaHIy3cKOTO MaTeMaTHKa, MEXaHWKa 1 acTpoHoMma bune.

ey
V5

. 1
3aMeTuM, 9TO B 3TOU opmysie BenuunHa (— =) crpemurtes K 0, mpy - 0o,

3TO CBA3aHO C TEM, UTO 30JI0TOC CCUCHHUEC — 3TO YHCIIO, oonbmiee 1. CJ'IGI[OB&TCJ'IBHO,

R 1, **
1_(__) 1 +1
1 V5 (- 5) _ i
oo T e 1 T e 1 T B
- (-9 - (-9
V5

Yto n TpC6OBaJ'IOCI> J0Ka3aThb.
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4. Pa3buenust oTpe3ka B MPOMOPIIUHU 30JI0TOTO CEUCHHUS.

JUis pa3Ouenust oTpe3ka B MPOMOPUUSAX 30J0TOTO CEYEHHUS HCIOJIb3YeTCs
CIEAYIOUIUN alrOPUTM, KOTOPBIA NPUBOAUTCS BO BCEX CIPABOUYHMKAX IO 30JI0TOMY
CEUCHHIO.

[Tpennonoxum, orpe3ok AB Hago pa3OuTh B MPOMOPIUAX 30JI0TOTO CEUCHUS
(puc. 1). U3 touku B, mepnenmukynspao orpe3ky AB orkiansiBaroT otpe3ok BC,

paBHBIN mojoBuHe AB.

A E .

Puc. 1
[Tomygaem mnpsimoyronsHbiii TpeyroiasHuk ABC. U3 touku C mpoBogum
OKpYyXHOCTh pagunyca BC. Dta okpyxHOCTh nepecCekaeT runoreny3y AC B Touke D.
N3 Touku A npoBoiuM OKpyKHOCTh paauyca AD. ITa oKpy>KHOCTh MEPECEKAECT KATET
AB B Touke E. Touka E genut orpe3ok AB B mponopuusix 30J10TOro ceueHus, T. €.
AE 1+v5
BE 2
Hoxaxem 310. [lycTth nnuna otpeska AB ompenensiercss BenuuuHoOW a. T. €.

|A B= .Ilonocrpoenuro, cieayer, uro |BJ = > JImMHa rUunoTeHy3bl BHIYUCIISIETCA

no teopeme [Iudaropa:

2 5

3amerum, uro mo nocrpoennio |[D €= |B Cu |A E= |A . [Tosromy oTpesku,

Ha KOTOPBIE JIENIUTCS OTPE30K B paBHBI.

v5 -1+ 5
IAE=[AD=|AC- |D¢—T—§— —
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-1+V5_ 3-+5

BE=IAB-|AE= - — -
Haiinem nx orHomeHue:
-1+ V5 — _ _
IAE —>% — -1+V5 3+V5 -3+3V5-v5+5
BE™ 3-v5 3-v5 3+v5 9-5 )
2
2V5+2 1+ 5

= 2 = 5 =

Yro u TpedoBaIoCh 10Ka3aTh.
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KoBanenko A.A.,
oOyuaronuiics «Pecny0IMKaHCKOro apXUTEKTyPHO-
CTPOUTENIBHOTO JINIIES-UHTEPHATA
®I'BOY BO «/lonHACA»
PykoBoautens: Ocunosa JI.B., yautens MmaTeMaTuku
BbICIIEH kaTeropuu «PecnyOiamkaHncKoro

APXUTEKTYPHO-CTPOUTEIBHOTO JTULES-UHTEPHATA

OI'bOY BO «lonHACA»

MINPUMEHEHUE TPUTOHOMETPHUMU B )KU3HU YEJIOBEKA. OBJIACTH
NPUMEHEHUSA TPUTOHOMETPUH

Annomayus. B npanHOM pabore 0000MIaeTCsl KCIOJB30BAHUE CBOMCTB

TPUTOHOMETPUUYECKUX (YHKIUNA B PA3IMYHBIX OOJACTSIX KU3HU YEIIOBEKA M HAYKH.

JleMoHCTpUpYEeTCs MX MPAKTUYECKOE MPUMEHEHHE Ha puMepe Tpaduka OMOPUTMOB.

Kniouegvie cnosa:. Tpuronomerpus, (QyHKIHH, KOJIeOaHHs, UK, CHUCTEMA,

OMOpUTM, OHOITPOIIECCHI.

BBenenue. TpuroHoMeTpust — 3T0 pa3iesl MAaTEMAaTHKH, B KOTOPOM H3y4arOTCs
TPUTOHOMETpUUYECKHe QYHKIIUU M UX UCIOJIb30BAaHUE B TeoMeTpuH. JlaHHBINA TEpMUH
BIICPBBIC TOSBWICA B 1595 T. kKak Ha3BaHWE KHHUTH HEMEIIKOTO MaTeMaTHKa
Bbapronomeyca Ilutuckyca (1561-1613 rr.), a cama Hayka e1mié B TJIyOOKOM TPEBHOCTH
UCIIOJIb30BAIaCh JJI PacdyéToB B aCTPOHOMHH, apXUTEKType M Teoje3uu (Hayke,
uccueayrouien pazmepsl U Gopmy 3emiin).

IMocranoBka 3agaun. OOOONIUTH HKCIOJB30BAHHE TPUTOHOMETPUUCCKUX
(GYHKIMH B pa3iudHbIX 001acTax. V3yduTh IpUMEHEHHS] TPUTOHOMETPHH B HAyKaX 1

chepax gesTenbHOCTH yenoBeka. Co3gaTh MOACHb (U3UIECKOTO, IMOIIMOHATLHOTO U
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WHTEJUIEKTYaJIbHOTO COCTOSIHUS YEJIOBEKa B KOHKpeTHBIN nepuos. [loctpouts rpaduk
CBOEro OHopuTMA.

Pe3yabTaThl. B Hamie BpemMsi TpUroHoMeTpusi O0JIbIIE HE pacCMaTPUBAETCS KaK
caMOCTOATENIbHAs BETBh MaTeMaTUKU. JlaHHash Tema SBISETCS OJHOM M3 CaMbIX
akTyalbHbIX. OHA HAXOJIUT IUPOKOE MPUMEHEHNE B PA3HBIX pa3jieiax MaTeMaTUKH, U
JIpYyTUX 00JacTsIX HAYKH, a TAK)KE TECHO CBSI3aHA C JEATEIHHOCThIO YenoBeka. Mmeer
TEOPETUYECKYIO U MPAKTUYECKYIO 3HAYMMOCTb.

TpuroHoMerpuss WU TPUTOHOMETpUUECKHUE (YHKIMUA HCMOJB3YIOTCS B
aACTPOHOMUH, IJIsi PAcCUETOB TOJIOKEHUS HEOECHBIX OOBEKTOB, TNI€ MPUMEHSETCA
chepuueckasi TpuroHoMeTpusi. MOXXHO HalTH ee IPUMEHEHHUE B aKyCTUKE, B ONITHKE,
B aHaiu3e (PUHAHCOBBIX PBHIHKOB, B CTAaTUCTUKE, B OWUOJOTUM, B MEIUIMHCKOMN
BU3YalIU3allMK, HAIPUMEP B KOMIIBIOTEPHON TOMOTpaduu U yIbTpa3ByKe, B XUMUH, B
CEeHCMOJIOTHH, B METEOPOJIOTHU, B OKeaHorpaduu, B apXUTEKType, B DIKOHOMHUKE, B
KOMITBIOTEpHOH rpaduke, B Kpuctauiorpadhud ¥ MHOTHX JPyrux obmactsax. Yacto ¢
CUHYyCaMH M KOCHHYCaMH TPUXOJUTCS CTaJKUBaTbcs reoae3uctaM. OHU HMEIOT
CIICLUAJIbHBIE MHCTPYMEHTHI /111 TOYHOTO U3MepeHus yrioB. [Ipu moMonim CHHYCOB U
KOCHHYCOB YTJIbI MOXHO MPEBPATUTh B JUIMHBI WJIM KOOPJIWHATHI TOUYEK HAa 3€MHOU
MOBEPXHOCTH.

Emé opna oOnactb, KOTOpass HEBO3MOXXHA 0€3 TPUTOHOMETPUU — BTO
CTPOMTENBCTBO. B mpomecce cTpouTenbcTBa 34aHUN, JIOPOT, MOCTOB U JPYIHX
COOpPYKEHUI HAYMHACTCS OT M3bICKAHUN W TpoeKkTupoBaHus. Bce u3mepeHus B
CTPOUTENBCTBE OCYILIECTBIISIIOTCS re0/1e3NYECKUMU MHCTPYMEHTAMHU.
TpuronoMerpuueckuii YpoBEeHb ONpPEACISIET PA3HUILY BBICOT MEXKIY HECKOJIBKUMHU
TOYKaMH 3€MHOU MOBEPXHOCTH.

Tpuronomerpusi B ¢pusuke. Kpome anreOpbl, TPUTOHOMETPHSI OKa3bIBACT
npsiMOe BIIUSIHUE U BO3JCHCTBHE HA (PUBHKY, MPOIECCHI, TOBTOPSIONINECS B TCUCHUE
OJIMHAKOBBIX MPOMEXYTKOB BPEMEHHU. DTOT MPOIECC HA3BIBACTCA KOJICOATEITHHBIM.
«KonebaTenbHbIe ABICHUS PA3HBIX GU3MUECKUX (HOPM MOTIMHSIIOTCS OOIIEMY 3aKOHY
U BBIPAXAITCS OJWMHAKOBBIMU ypaBHEHUsIMU. CyIIECTBYIOT pas3Hble BHUJIbI

KoJieOaTeIbHBIX SIBICHUMN, HAPUMEpP, MeXaHnyeckrue. Mexannyeckue Kouebanus, Kak
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U KosiebaTeabHBbIE MPOIECCHl 000 Npyroit (U3HUECKOl MPUPOJBI, MOTYT OBITH
CBOOOJHBIMM M BBIHYKICHHBIMH. B KauecTBe NMpuMEpOB NPOCTON MeEXaHUYECKOU
K0J1€0aTeIbHOM CUCTEMBI MOT'YT BBICTYIIATh I'PYy3bl HA IPYKUHAX WM MaTEMAaTUYECKUE
MasiTHUKI» [1].

Tpuronomerpusi B 0uosioruu u megunuHe. OJHUM U3 OCHOBHBIX CBOMCTB,
OPUPOJIBI SBISETCS HUKIU3M OOJBIIMHCTBA MPOLIECCOB, KOTOPBIE MPOUCXOAST B HEM.
«buonoruueckuii puTM — 3TO PETYJISIPHbIE U3MEHEHHS B XapakTepe U JUHAMHUKE
ouomnporneccoB. OCHOBHOM 3€MHON pUTM — CyTOuYHBbIH. /[ mocTpoeHuss Mopaenu
OMOPUTMOB HEOOXOIMMO BBECTH JaTy POKICHHUS uelOBeKa, JaTy oTcyera (JIEHb,
Mecsll, TOJ) M JJIUTEIbHOCTh MPOTHO3a (KOJWYECTBO JHEH). Y uyeroBeka B
3aBUCUMOCTH OT BpPEMEHHM CYTOK IMKIMYECKH MEHSIOTCS (PU3NOIOrHYECcKOe
COCTOSIHUE, WHTEJUICKTyalIbHbIe BO3MOXKHOCTH U JaXe HacTpoeHue. Y4YeHbIe
J0Ka3alld, 4YTO BHUHOM TOMY KoJeOaHUs KOHILIEHTpalUWid TOPMOHOB B KpoBH. B
HOCJIEAHUE TO/bl B HayKe O OMOpUTMAaxX, XpOHOOHOJIOrHMH OBUIO CHENaHO MHOTOE,
YTOOBl YCTAHOBUTH MEXAHHU3M BO3HHUKHOBEHHS CYTOYHBIX TOPMOHAJIBHBIX ITUKIIOBY
[2].

[TonnpoGyem cmonenupoBaTh OMOPUTM 4YelOBEKa C MEPHOIOM (U3HUECKOTO
nyMKiIa — 23 JHsS, TEePUOJIOM 3MOIMOHAIBHOTO IMKiIa — 28 JHEH, MepHuoIoM
MHTEJUIEKTYaJIbHOIO LUK — 33 JqHS.

Pa3paGorka moneaun. «/{ns moctpoenus rpaduka OuopuTMa HEOOXOIUMO
paccuyMTaTh KOJIMYECTBO JHEH, MPOLIEAIINX CO JIHA POXKACHHUS OO0 AHS pacyera —
[EPBOr0 4YHMCIIa PacyETHOro MecAuna. Jlas 3TOoro: yMHOXHM KOJMYECTBO MOJIHBIX
IPOXKUTHIX JIET Ha 365 U 3aTeM K MOJTYyYEeHHOMY pe3yibTaTy 100aBuM Mo 1 3a KaxK/blii
IPOXKUTHIN BUCOKOCHBIN TOJI, @ TAKXKE MPUOABUM KOJIMYECTBO MPOKUTHIX AHEHN B rOAY
POXJICHUS ¥ B PaCYCTHOM roay» [2].

BucokocHsie rona, HaunHas ¢ 1900 roma: 1900; 1904; 1908; 1912; 1916; 1920;
1924; 1928; 1932; 1936; 1940; 1944; 1948; 1952; 1956; 1960; 1964; 1968; 1972; 1976;
1980; 1984; 1988; 1992; 1996; 2000; 2004; 2008; 2012; 2016; 2020; 2024, 2028.

«Pe3ynbprar mnogenuMm Ha mNepuo OUMOPUTMA M BBIUKUCIUM OCTaTOK OT

LEJIOYUCIICHHOTO JienieHusi. OTcuntaemM OT JHS pacuera (IEpBOE YUCIO PacCuE€THOIO

93



MeCsLa) B MPOIUIOE KOJIUYECTBO JTHEW PABHOE OCTATKY OT JIEJIEHUS U OT NOJy4EHHOU
JaThl TOCTPOMM CHHYCOUAAIBHYIO KpUBYIO Onoput™May [2]. Hanpumep, rpaduk Mmoero

ouopurma Ha 03.04.2023 BeIIAIUT TaK (puc.1).

PacyeTHbin rpadvk GUOPUTMOB YenoBeka

Bbi npoxinn - 6203 aueit
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flata

Wkana & NPOLEHTA
5 S

— PUIMNECKHIt GHOPUTM  — SMOLUOHANbHbIR GHOPUTM —— WHTERREKTYaNbHbIA BHOPUTM

Puc.1. I'papuk 6uopurma A. KoBanenko Ha 03.04.2023

AJTOPUTM BBIYUCICHHS] KPUTUYECKUX JTHEU Takke J0ocTaToyHo mpocT. «IlycTh
period obo3HavaeT nepuoy Ouoput™Ma, div — omepamnuo MeTOYUCICHHOTO JCICHUS,
max — JeHb IHUKIJIA, KOTIa KpUBas JOCTUTaeT MaKCUMyMma, MiN — IeHb IHUKIA, KOTIa
KpHBasi JOCTHraeT MHHHMyMma, NUl — JeHb IMKiIa, KOrjJa KpuBas IepeceKkaeT oCh
BpEMEHHU. BBIMOMHUM BBIYHCICHUS KpUTHYECKHX AHEW. [l sroro pasgenum
KOJIMYECTBO MPOXKUTHIX NHEW Ha 23 (pusmyeckuid NUKI) — U TOJYYUM YHUCIO C
ocTaTkoM mocie menoro. Hampumep, ecnu octatok paBeH 20, 3TO 3HAYHT, YTO HJAET
20-#1 neHb PU3NYECKOTO IMKIIA, TO €CTh BTOPAs MOJOBUHA IIUKIIA, HEOIATOMPUSTHAS.
Takum xe o0pa3oM paccuuTaeM AMOIMOHAIBHBIN M MHTEJUICKTYaJIbHBIA ITUKIBL. B
roxy OyZeT MpUMEpPHO MIEeCTh JHEH, KOT/Ia COBNAAAI0T HaYalbHbIE ()a3bl ABYX IUKIIOB
— 9TO TsDKeINble THA. Yl IprUMEpHO OJIWH pa3 B TOy BCE TPH ITUKJIA HA HYJIE — 3TO TOXKE
OuYeHb IJIOXOW JaeHb. Hambomee wacto wmcmomb3yemoit (opmysol mias pacuera

OMOPHUTMOB SIBIISIETCS cleAyromas popMyna:

= s i(%g) .100,%
rae P — ¢aza Guoputrma, COOTBETCTBYET JJIMTEIBHOCTH TMEPHUOAa PACCUUTHIBAEMOTO
ouoputMma (23, 28 1 33 AHS COOTBETCTBEHHO). B — 3HaueHne GmopuTMa B 3aJlaHHYIO
JaTy pacueta B IPOIIEHTAaXx), — KOHCTaHTa, TMpUHMMaemasi paBHOU

3.1415926535897932385..., t — nepuoa pacyera: KOIUYECTBO AHEW OT HAYAIBLHOU 10
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KOHEYHOH NaThl pacueTa, f — KolmdecTBO MPOKHUTHIX THEH, OT HaThl POXKACHUS IO
HavYaIbHOM IaThl pacuyera OMOPUTMOBY [2].

3akmoyenne. Mpl  yOenuwnmch, YTO  BBIBHHYTas HAaMH  THIOTE3a
MOATBEPIUIIACH U TPUTOHOMETpHYECKHE (DYHKIIUH JCHCTBUTEIHHO SBISIOTCS SIPKUMU
NPECTaBUTEIILHUIIAMH B OKPY’KAIOIIEM HAC MHpPE, a HE TOJBKO JIMHUSMH B TETPAJIH.
OHH ABISIOTCS 3aMeuYaTeNIbHBIMU KPUBBIMHU, KOTOPBIE TPAKTUYECKH BCETIa PSIOM C
HaMHU.

Xouercsi, 9TOOBI JaHHOE MCCIEJOBAaHNE OKA3aJI0Ch HE TOJIBKO HHTEPECHBIM, HO
¥ TIOJIE3HBIM. A MTOCTPOEHHBIN Ipauk OMOPUTMA MOXKET CIY)KUTh HATJISITHOCTHIO Ha
ypoKax MaTeMaTHKH TpH HM3y4YeHHH OJTUX (QYHKIWA W JEMOHCTpAIMH

METaNpeIMETHBIX CBSA3EH C IPYTruMuU 00JaCTIMU HAYKH.
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YAK 51-7
MupominukoBa C.A.,
oOyyaromasicst «PecnyOIuKaHCKOro apXuTEKTypPHO-
CTPOUTENIBHOTO JINIIES-UHTEPHATA
®I'BOY BO «/lonHACA»
PykoBoautens: Ocunosa JI.B., yautens MmaTeMaTuku
BbICIIEH kaTeropuu «PecnyOiamkaHncKoro

APXUTEKTYPHO-CTPOUTEIBHOTO JTULES-UHTEPHATA

OI'bOY BO «lonHACA»

MATEMATHUKA B IPAKTHYECKHUX CTPOUTEJIBHbBIX 3ATAYAX
Annomayus. PaccCMOTpEHbl U U3y4YEHBl TEOPETHYECKUE OCHOBBI B3aUMOCBS3H
MAaTeMaTUKUA C APYTMMU HAyKaMmH, [I0Ka3aHO HAa JOCTYIHBIX CTPOUTEIBHBIX 3aJayax
IpUMEHEHNE MaTeMaTHKHU Ha MPAKTUKE, YTO MOBJICYET 3a COOOH MOBBIILICHUE HHTEpEca
K U3YYEHHUIO IIPEIMETA B LEJIOM.

Kniouesvle cnosa. crpoutenbHas 3amada, ThOkocts manenu, 4 & My j dzls,te d i d

M teslsdo dzj, dzff Hz B P s lpP s dats s

BBenenne. MaremaTuka sIBJISIETCSI OJJHUM M3 OCHOBHBIX MPEIMETOB B YYEOHOM
mane ®I'OC. Pemenne MareMaTH4eCKHUX 3ajlad JAeT y4allluMcs IPEACTaBICHUE O
BO3MOXKHOCTH MaT€MaTUKHU B Pa3IMYHBIX 00JIACTSIX YEJIOBEUYECKOM NESATEIBHOCTH, B
TOM YHCJIE B CTPOUTEIBCTBE.

O4eBuHO, YTO B HACTOSIIIEE BpeMs, CYIIECTBYeT ocobasi MOTpeOHOCTh B
CTpOUTENbCTBE. Pa3pyllieHHbIE JOMa W 3JaHUA  HYXKHO PEMOHTHUPOBATH U
BOCCTaHaBJIMBATh, pacTET MOTPEOHOCTh B HOBBIX MpoekTax. M Ha kaxxaom srame as
BBITIOJIHEHUS pa0OThl HEOOXOIMMO UCIIONIB30BaTh TOUHBIE AaHHbIe. Kakue oOnactu u
paszensl MaTeMaTHKA HaM HEOOXOJUMO 3HATh, YTOOBI YCIIEIIHO BBHITIOJHUTH BCE

HEO0OXOIUMBIE 3aMEPhI i PACUYETHI IO CTPOUTEIHCTBY?
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IlocranoBka 3amaum. [IpumeHeHue MaTeMaTHYECKWX 3HAHUW B 00JacTH
CTPOMTEINIBCTBA, MUCCIECIOBAHUE CTPYKTYPBl U XapaKTEPUCTUK CTPOUTENBHBIX 3aiad.
Pa3paboTka mpakTHyecKux 3aJaHuil IO CTPOUTENIBHON TeMaTuke 1 11 kiacca.

Pesyabrarbl. [Ipu pa3zpaboTke naHHBIX 3a7ad ObLI COMNOCTaBJIEH MaTepual
W3YUYEHHBIN JIMIIEMCTaMU Ha ypoBHe 11 kiracca m marepuan, BBIXOASIIMN 32 PAMKH
IPOrpaMMBbl, YYTEHBI BO3MOXKHBIE CIOXKETHBIE JINHUU. Bee 3ananus, conepxaimecs B
pa3paboTaHHBIX 3a7a4aX, CBsI3aHbI OIIPEIETICHHBIM CIO’KETOM, C IOCTAHOBKOW y4eOHOM
nenu. PazpaboTanHble 3aa4d COOTBETCTBYET BCEM HEOOXOIMMBIM TpeOOBaHUAM U
MOTYT OBITH NMPUMEHEHBI B XO0J¢ OOyuYeHHUs JMIIEUCTOB OJMHHAALATOTO Kjacca I0
MaTEeMAaTHKE.

[IpuBenem nBe u3 3am1ay.

1 OHOYO telsoe jtgdIs! f csydstsmls! d3d 1 €9 Otels d t

f Oded dzd , dLcBIstso dzj dzdzts 2 9Jtolsd$ Odzitedftils (&
L Of sdzdad Is § dz¥ = dz0 1 d3 Clss? HJ2Mmlse
1 CMyd dzlstedmdIs g Istsai. vssdzh ddzO0 § Odzj dzd 2B 0 d3d
l 15, &Otws O (fedztsISldZzOMlsd 1106) 0,0 f(s dzdzOW dzOG telz L
yofe60 ¢1ée [2; 3].

tdhddedy.

t OMmMuydls or fsdzdzy jd3 dzO HN2ZMBB3AJCH 1c5H 65dzetiz
s Mz yo22d d3 1 CéayJ dsldftded imd lsigvig Rz i3 M6 dzOf
mMdzj Hize M dd3 H Odzdz" d3:

30 9,33 dgds ' 10 d3ds,
3

I w

506 600 > > ®B 10 &%

[ dded &3O de' Say\Rj delsted Mdisjls ftodded d&3Oj s L Os

1 OCtjfdzj dedj §Odaj zj2 fojtenb d  fdedt
mdzj H 59 Ol Pdgydets dzG& HA Az dz® 3.

1c{3§t5fnlslkﬁq-@)dz§’§egqll,7>4, 5. ssBE 8OMYjls ¢
byjsd fescds O
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{fted H] dzvidgd9ggasy §f tod @eFdgOy. €. 1 CfMmyd delsted
LOodMmdls Bk ROLOCttO dOctkL 8C. [ )y dt { &
Mie_ o_66

v 93 o, 7, ISSGHO

ol

g;=1+prte= 1+1*0,736 = 1,736.

v O¢ COC dOcwkzLSd doj ftesHSdZY sy dz' dzsG 5
Msfteslsdodzj dedy B4 IstsdzO { tcd dzd eBC-L0.83vediF 085y J Is 5 ¢
UBGHO

Rb=11,5*0,9*0,85 = 8,8 [{O
st Wwwdydd dals

§jmin=0,5- 0,012 - 0.01*R, = 0,5- 00,1*20,63- 0,01*8,8 = 0,206.

1 tod dzd &@ Jesls = 0,206.

{ftejnjdvjd Cwedsdqud Mz Mmddakz, {§tddddio

¢ = 160*100C® = 160000 o

0533
Ne &= —*(>—+01)= 196222,087 1 = 196

[ HO St WWdydj dals:
~ 1 1
E= = 910=1,851
1-— 1_196222

) so jted i3 §esydesfls: ff Odzj dzg :

1-2 -2101851
° ) = 8,8160000¢— =)= 1082753, =

=1082,7% 1> N =930¢ 1.

ddzj HisS9 Ols j dzt dats, dzj Mikzh OW M stse desMis!

1 OHOYU® ORMUdIsOls! MY dztsh dzts 2 H teijise’ jOfd d2"  dAPE
2Mstcls O f sH Wk dzsddzzs € totso dib . {f usfipdgtses’ dladzOw ¢ fi
g=0, 652, C1tc/Odg) g=j Os,dBOB¥? , C 1 0/tali d3j dzdzO W ndzts tddz &l d/ odgz
o toj d3gj dedzOW tc O My F.ls dzOW dzMteF-dd@ B B £zl € dz0 bipth O
slso j IsfMistp,j didAchmshistcsf ddz 1, 5 d&e [ 2; 3].

tdnhddedd .

Ro* Ab = Ro*A(
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[ftjHjdvjd dOctkzLSE HzY fjtotsets Mty
Eyj bt S zOMMO lse jilsMmise j dzdetsMmlis d .
n = (n+pn) -yn = (0,65+1) -0,95=1,57 kH/M?,
q=(+p) yn=(0,85+1,6)0 , 95 = 2,33 GC1/ &
RLGdBOMEBMR dzls ftoed f jteotsds Mtsyj lsOded d dac
1,503:
: :-3:2,331,52
8 8
RLeBOE N2 dBsdj dzls fted olststetsds Mtsyd IsOd
B dzls Oy dzOv Mt HslssYj dedes s ) :
[ " = .g@2+®207 1 =0,070,851,%+0,2071,21, 5 = 0, 39 &-
s LOMUuiblkz fddddBoj B3 slsstes] Mty lsod |
B dgd delstsdz. [ftejHjdv]d @Bsd) dls Msfeslsds dj
hdteddes?2 1 3.

=0,66C 1 L ds.

W= -2_10-(3,62_2163
6 6 - nds
l totseo jtow j a3 ftetsydesfls: mj yg ded W :
M 66
J’JZ—ZHEO,iBQl/Zﬁ]Rj: 8,5 [10 % 0,85 ¢

Ir o Hes Ydatsls: zOMIsd kO B j MY j yj dzO
I'mudmdzv j &5 dstsdzd dels ddzj eydd MmJ yud ded v :

1008 aa s
12 12 o888

) oso jtow j a5 N jMisCsmis:

(2183 ¢ 21357 03154

W=

=15 _
384 _38-46-38,8-108_0’ 00”1‘“"?00‘5060’ 003 .

lrToaH: YyiMmMkCtmls: doOmMisddzo B M Jj ud &O.

3akiroyenue. B pe3ynbTaTe BBITOIHEHUS NMPAKTUYECKUX 3aJaHUN 110 JAHHOM

TeMaTuKe OBUT CO3/aH OIPEACIICHHbI pEAIbHBIA MPOMYKT, KOTOPBIA MOKHO
nyOJIMYHO TIPEJACTABUTh M OLICHUTH. «PellleHne 3a1ad mo CTPOUTEIbHOW JIMHUM HE

TOJIBKO PA3BHUBACT ITO3HABATCIIbHBIC HABBIKH YHAIIUXCS JIUICA, HC TOJIBKO IMOBBIIIACT
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MHTEPEC K MPOIecCy 00yUeHHUs, HO U MIO3BOJIIET BBECTH X B MPOOJIEMHYIO CUTYAITUIO
¥, B 3aBUCHUMOCTH OT MPEACTABICHHOIO CIOKETA, PACKPBIBAET CBSI3M MEKIY

MaTeMaTHKOW U BCEMH 00JIACTAMH YEJIOBEUECKOM JesTeapHocT [1].
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MATHEMATICS IN PRACTICAL CONSTRUCTION TASKS
Annotation. The theoretical foundations of the relationship of mathematics with
other sciences are considered and studied, the application of mathematicatics in
practice is shown on the available construction tasks, which will entail an increase in
interest in the study of the subject as a whole.
Keywords: construction task, panel flexibility, eccentricity, concrete resistance,

bearing capacity.
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YAK 51-7
denoceena A.P.,
oOyyaromasicst «PecnyOIuKaHCKOro apXUTEKTYpPHO-
CTPOUTENIBHOTO JINIIES-UHTEPHATA
®I'BOY BO «/lonHACA»
PykoBoautens: Ocunosa JI.B., yautens MmaTeMaTuku
BBICIIIEH KaTeropuu «PecimyOnrkaHCcKoro apXuTeKTypHO-

ctpoutenbHOro yunes-uarepaaray GI'bOY BO «JonHACA»

MATEMATHUKA IIPU NIOTPEBUTEJIbCKOM KPEAUTOBAHUHA

Annomayus. B nanHoi paboTe paccMOTpPEH akTyapHbId METOJ pacuéra Io
CIIO)KHOM TPOLIEHTHOM CTaBKe, KOTOpBIM IMpearnoyiaraeT IMOCIEJ0BATEIbHOE
HAYMCIIEHUE MPOLEHTOB Ha (haKTHUEeCKUE CyMMBI JoJira. [IpeacTaBieHo npakTuieckoe
NPUMEHEHUE aKTyapHOI0 METOJa pacyeTa Mo KpeauTy.

Kniouesvie cnosa: Kpeaut, IpOLEHTHI, aKTyapHbIA METOJI pacyeTa.

BBenenue. «Kpenut sBisieTcsi OObEKTUBHOM KaTEropvei, COCTAaBHON YacCThIO
TOBApHO-JCHEKHBIX OTHOIIEHUN, a €ro HEOOXOJAUMOCTh BbI3BaHA CYIIIECTBOBAHUEM
UMCHHO TOBApHO-JICHEKHBIX OTHOIIECHUN» [2]. Ponb kpenurta B pasiuuHbIX (aszax
SKOHOMHMYECKOr0 IIMKJIA HE OJWHAKOBA. B yCIOBHSAX SKOHOMHYECKOIO IIOJbEMA,
JIOCTATOYHOW PKOHOMHUYECKOW CTAOMIBLHOCTH KPEAUT BBICTYNAeT (PaKTOPOM pOCTa.
AKTYyanbHOCTh paOOTHI 3aKTIOYACTCS B TOM, YTO, «HECMOTPS Ha CYIICCTBYIOIIMH B
HACTOSIIIUNA MOMEHT (DMHAHCOBBIN KPHU3HC, MOTPEOUTEIHLCKOE KpEeIUTOBaHUE OyIeT U
JabIle Pa3BUBATHCS MOCTYNATEIbHBIMU TEMIIAMU, TaK Kak IIpodJieMa pocTa JOX00B
HaceJIeHUs SIBJISETCS HACYIIHOM BCErJa, a 3HAYUT, KPSAUT M B JalibHEWIeM Oyner
paccMaTpuBaThCS KaK BO3MOXKHOCTH NMPUOOpETEHUs HEoOXOoAuMbIX ToBapoB. Ilpu
3TOM HACEJICHUIO CIIEAYET 3HAaTh OCHOBBI METOJIOB MOTALICHUS KPEAUTA, TAK KaK OHU

CYIIIECTBEHHBIM 00pa30M BIIMSIOT Ha pa3Mep KPeIUTHBIX miartexein» [1].
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IlocranoBka 3agauyu. M3yunth TEOpETUUYECKHME OCHOBBI MOTPEOUTEIHCKOTO
KpeauTa, U OOBEKTUBHYIO BO3MOKHOCTh NPAKTUYECKOTO NPUMEHEHUS METOJ/IOB
NOraleHusl KpeluTa ¢ LENb0 ONpeaesieHrus Haubosee BBITOJHOrO JUIsl 3a€MILKKa B
IIJIAHE YCJIOBUH IOTALICHUS KPEAUTa.

PesyabraTrel.  PacCMOTpEHHBIM  IpUMEp  HAIVIIAHO  JEMOHCTPUPYET
NPAKTUYECKOE NPUMEHEHHE AaKTyapHOrO0 METOJa IMOTaIlleHUs MOTPEOUTETHCKOTOo
KpeauTa. AKTyapHbId MpueM pacdera o0iaaaer OONbIIUM MPEUMYIIECTBOM Mepe
AHHYUTETHBIM IIJIATEKOM, TJI€ CAMOE IJITABHOE — MEHBIIIAs] CTOUMOCTD KPEJIUTA.

«AKTyapHBI METOJI IPEANONATAET MTOCIEI0BATENILHOE HAUUCIEHUE TPOLIEHTOB
Ha (pakTHyeckue CyMMbl A0jira. YacTUUHBIA IUIATEX HAET B MEPBYIO ouepelb Ha
NOTAIICHUE MPOLEHTOB, HAYKUCICHHBIX Ha JATy IulaTexa. Ecnu BenuuuHa ruiarexa
IIPEBBILIAET CYMMY HAYUCJICHHBIX IPOLIEHTOB, TO pPa3HULA MACT Ha IOralleHue
OCHOBHOWM CyMMbI jojira. HenorameHHBI OCTaTOK gojdra ciy>Xutr 0a3oil ass
HA4YUCIICHUS MPOLIEHTOB 3a CIEAYIOWNN Nepruoa U T.4. ECiu ke 4aCTUUHBIN TU1aTex
MEHbIIE HAYUCJICHHBIX MPOLICHTOB, TO HUKAKUE 3a4€Thl B CYMME JI0JIra HE JEJIAt0TCA.
Takoe mocTyIIeHHe MPHUILTIOCOBBIBACTCS K CICAYIONIEMY IIaTeKy» [2].

[Iporiecc BhITIAT W MOCTYIUICHUM MPEACTABISIET 000N cOAlaHCUPOBAHHOCTH
¢unancoBoil onepanun. CoaiaHcUpOBaHHAs OIlepalys UMEET 3aMKHYThIN KOHTYD, T.€.
MOCJEAHSAS BBILJIATA IOJHOCTBIO ITOKPBIBAET OCTAaTOK  3aJI0JDKEHHOCTH, YTO
JEMOHCTPUPYET PUCYHOK 1.

I'padprueckoe n3obOpaxeHue mpolecca MorameHus 3aJ0JKEHHOCTH COJNEPKUT
CIEAYIOLIUE BEJINYNHBL:

P, — Ha4JajJbHas CymMMa J10JIra,
S.S,,S,....,S, — HapallleHHBbIE 110 CI0KHOM IPOLIEHTHOU CTaBKE U CYMMBI J10JITa;
R.,R,, R, R,,...,R, — BBIIIAThI, IOKPHIBAIOIINE YKa3aHHBIC IPOIICHTHI U YacCTh

OCHOBHOU CYMMBI J0OJIT'a,

P,P,, R, P,,...0 — oCTaBIIHECS CYMMBI 10JIra IOCJIE BBIILIAT,

n,n,,n;,nN,,...,N, — MOMEHTHI BHIILJIAT.
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Puc.1. [Iponecc nmoraiieHus: 3a10IKEHHOCTH aKTyapHbIM METOJIOM

CornacHo puc. I, ¢ DKOHOMMYECKOM TOYKM 3pEHUs, «rpapuuecKoe
n300pakeHUe KOHTypa COOTBETCTBYET (DMHAHCOBOW OIepanuu Ui CIOXKHOU

IIPOLIEHTHOM CTABKH, B KOTOPOM B35JIM KPEAUT P, Ha CPOK N ¥ MPOLEHTHI HAYUCIISIFOTCS
Ha HEBBIUTAYCHHBIN OCTATOK MO CTaBKe | 3a mepuoa. K MOMEHTY n, MpOIEHTHI Ha
i

cymmy P, coctaBisitoT P, O—. OueBHUIHO, YTO BeMWYMHA R, TOMKHA OBITH OOJbIIE
° ° 100

o
P, Oﬁ)’ WHauYe HEBBIIUIAYCHHAS YacTh JojJra He OyJeT ymeHbIaTbcs. PasHOCTH

R-P % WIET Ha MOTallleHUe OCHOBHOM CyMMBI oray [1].

HeBblnnaueHHbI OCTATOK B Hayajue BTOPOro roja (mociie MepBOW BHIILIATHI)

CTaHCT PaBCH:

P=S-R= P%ﬁg-&.

[IporieHTHl HAa HETO K KOHILy BTOPOIO MEPUO/Ia COCTABIISIOT:

é %-}-_0 - gOI_
?" 100= 0 100

HeBpinaadeHHBIN OCTaTOK MOCIIE BTOpOfI BBIIIJIATBI YMCHBIINUTCA HAa BCIINYHUHY

R, 2 3%+i R0
?"g 100+ 0100

" CTAHCT PABCH:
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a s
P=S,- R =88+ + 8 R,
2 =% R ég’g 1oo_ Rl% 1000
IIporueHThI HAa HErO K KOHILY TPETHETO MEPUOAA COCTABIISIOT:

. -y (’“j .
_SUNE S VN S
= 100+ 100+ 9100

HeBbimnayeHHBIN 0CTATOK MOCIIE TPETHEH BBIIIATHI CTAHET PABEH:

%R %% 100_ % 100_ Rz% 100_ " RHTA

B koHIile mocneaHero N-ro rojia HEBBIIJIAYEHHBINM OCTATOK (MOCE PACKPBITHS

CKOOOK B BbIpa)K€HUU 3a N—1-if mepro/1) CTaHET paBeH:
S, - R, =

-nf 8 %ﬁ% i L )

i~kr‘1
100+ & 1002

+
;U
[-O:0O0
1
o

i
100+
W3 nonyyeHHOM (POpPMYIIBI CIIEyeT, YTO HapallleHHasi CyMMa JI0JIra paBHa CyMMe

HYaCTHUYHBIX HHaTe)KefI, HapalllCHHbIX K KOHITY CpOKa. PaBI[eJ'II/IB IMpaByro 1 JICBYIO HaCTH

~Nk

BBIpaXKEHUS HA S+ 1'—008 , IOJTy4aeM paBeHCTBO (2):
(;; -
a aQ
& 0
p-2 R _ R, B L+ R 09
i 6 o | 62 o | 63 o | 6k =
+— 8 @B+ 3 S+ 38 S+ g 0
g;% 100 ¢ 100 ¢ 100+ ¢ 100= 2

BuiBoabl. B xo11e nccnenoBanusi Mbl IPUIIUTH K BBIBOJLY, YTO aKTyapHBIH CIIOCO0
oOnanaer OOJIBIIMM KOJMYECTBOM IMPEUMYIIECTB MEpEe] aHHYUTETHBIM IUIATEKOM,
camMoe TJaBHOE W3 KOTOPHIX — MEHbBIIAas CTOMMOCTh KpeauTa. Bmecte ¢ Tem
OTIpECNICHHYI0 YacTh 3a€MILIMKOB 3aUMHTEPECYeT aHHYUTETHBIN CIOCOO MOramieHus
KpeAuTa, M OHHU TaKKe IMOJIydaT psi MPEUMYIIECTB, OTIMYHBIX OT AaKTyapHOIO
cnocoba. To ecth BBIOOp croco0a MOramieHus HampsMyl0 3aBUCUT OT >KEJIaHUS

3aEMIINKA.
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YAK 51-7
IMTaToxun M.II.,
oOyuaronuiics «PecnyOaMKaHCKOTO apXUTEKTYPHO-
CTPOUTENBHOIO JINLEA-UHTEPHATA
OI'bOY BO «IOHHACA»
PykoBoautens: Ocunosa JI.B., yautens MmaTeMaTuku
BbICIIEH kaTeropuu «PecnyOiamkaHncKoro

APXUTEKTYPHO-CTPOUTEIBHOTO JTULES-UHTEPHATA

OI'bOY BO « IOHHACA»

KAKHUM JOJIKEH BbITh 1OM? OIIPEJAEJEHUE KOO®PUIIUEHTA
KOM®OPTHOCTH KNJIbA

Aunomayusi. B panHOW paboTe HCCIEIOBaHbI HECKOJIBKO BHIOB JKHUIIBIX
NOMEILICHU  pa3HBIX TeoMeTpuyeckux GopM ©  pa3MepoB. BrrancieHs
KodhhuIreHTs KOM(POPTHOCTH TSl KAXKAOTO KUJIHUIA. BBISABICHO XHIIbe Hauboiee
KOM(MOPTHOW ISl MpOoXUBaHUSL (OPMBI, C TOYKH 3pPEHUS COOTHOLIEHUsT 00beMa
’KHUJIOTO MPOCTPAHCTBA U €TO MOBEPXHOCTH.

Knrwouesvie  cnosa:  xodpduuueHT  KOM(POPTHOCTH,  HU3O0MEPUUYECKUN

KO3 PULIUEHT, )XUIIbe, 00BEM, TIJIOIIA/Ib.

Beenenue. Mecto, rie 4enoBeK MPOBOAUT OOJIBIIYIO YACTh CBOEH KU3HU — 3TO
ero xuiibe. OHO UMEET ONpPEAEICHHYI0 T€OMETPUUECKYI0 OpPMY U IPHUCYLIUE EMY
cBoiictBa. Kakum pomxeH ObITh noM? J[aHHBIA BOIMpPOC SBISIETCS KPacyroJbHBIM
KaMHEM B HadaJie IPOCKTUPOBAHMS U CTPOUTENbCTBA. M peub uaeT He o BeIOOpe TUMa
dbyHIaMeHTa WM cTpoWMarepuanoB. Peub waeT O KOHIEMIUU, TOHUMAHUU CaMOM
UJIEU CO3/1aHusl >KUJIbs KOM(OPTHOM 1is mpokuBaHus gopmbl. Torna samanumcs
BOIIPOCOM, €CTb JIM CIIOCO0 ONpPENeIUTh Ty4linil u3 BapuanToB? [lonpoOyem oTBETUTH

Ha 9TOT BOIIPOC C TOYKHU 3PCHHUA IT'COMCTPHUHU.
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IlocTtanoBka 3anaum. BeisicHUTH, ®Kuibe Kakoil Gopmbl Haubosiee yI0O0HO U
KOMGOPTHO i1 TPOXKUBAHHUS C TOYKH 3pPEHHUS COOTHOIICHHS OOBEMa IKUIOTO
IPOCTPAHCTBA U €T0 MOBEPXHOCTH IyTEM HCCIEAOBAHUSA HECKOIBKUX BHUJIOB JKHJIbS.
Paccuutath kK03hPuirieHT KoMPOPTHOCTH AJis Kak10ro Buja. Craenarb BBIBOJIBI.

Pe3yabTathl. Y BCceX XKWIMIL pa3HOW (OPMBI Pa3IUUHBbIA H30MEPUUYECKUM
KO3(QPUIIMEHT KOM(POPTHOCTH, WU, CYIIECTBYET OM, KOTOPBIH HMEET HaWIy4IlIui
u3onepuueckuit kordduiuent. Jlom — chepa maet camblii 0osbIION KOd(POUIIMEHT
koMpopTHOCTH. JloM-cpepa KOMPOPTEH AJIA IPOKUBAHUS.

Jlnis Bcex JoJieil mpecTaBiIeHue IoMa 3HaYUTENIbHO OOIIMpHEe, YeM MPOCTO
COOpPY’KEHHE TOJI KPOBJICH, C IBEPSIMU U OKHAMHU. DTO TBOSI JTUYHAs BCeJeHHas. Bce
CTpEeMSATCS K JOCTAaTOYHO BBICOKOMY Kaye€CTBY JKH3HH, KOTOpOe OOyCIIaBIMBAETCS
KOM(DOPTHOCTHIO YCIOBUH, rapaHTUPYIOIIUX KU3HECTIOCOOHOCTh MHIUBHAYyMa. U He
nocieanee TpeboBaHue B 3TOM dHeprocoepexenre. OTHUM U3 BApPUAHTOB COKOHOMHUTH
TEIUIO PacCMaTPHUBAETCSI OCHAIICHUE KWJIbsi HAMMEHbIIEH MOoTepell Terma yepe3 ero
MOBEPXHOCTh. MOXKHO 3HAUUTENLHO COKPATUTh rabapuThl JoMa, HO YEJIOBEKY HYKHO
B JIOCTaTKE >KWJIOro MPOCTPAaHCTBA, 4YTOOBI oOmIymaTh ce0si KOM(OPTHO.
CnenoBatenbHo, Bo3HUKaeT Bompoc: «Kak mocTHYh COBMEIIEHHS] ONTHUMAIbHO
BO3MOXKHOTO 00bEeMa JKHUJIOTO TPOCTPAHCTBA TIPU MHHHMAIBHOW  TUTOMIA/IN
MIOBEPXHOCTH, Yepe3 KOTOPYI MOXKET yXoauTb Ttemio?» [3]. Oro oTmeuaer
3HAYUMOCTh N30paHHON HAMU MPOOIEMATHUKH.

t OMmuyd s St WW dydd dzls O ¢ K gpfedssigels damvigdssde
MEX]Ty KOM(OPTOM HAIIETO KUJIbS U €r0 TEOMETPUUECKUMH CBOWCTBAMHU TAKUMH Kak
00BEM M TUIOIMIATh TMOBEPXHOCTH. MaremaTuku BbIBeNW (OpMyly Jisg pacdera
ko3 uLrieHTa KOMPOPTHOCTH KUIINLIA!

367 2
K=——7,
rae V — obbem xunuima (3To MOXkeT ObITh JaXke Ballla KOMHATa) U S — ero IojHas
MOBEPXHOCTH [2].
BecemMa koM@opTaOenbHBIMM CUUTAIOTCS JKWIWINA C ToKa3arenem k=1.

ComnocTaBnenuss KoHGUTypanuyd, o0beMa W TUIOMIAAN TMOBEPXHOCTH IOAYHHSIIOTCS
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3aKOHOMEPHOCTH, KOTOpasi cKa3biBaeTcsi Ha crermeHd komdopra [3]. D10 MOXKHO
M0Ka3aTh MPAKTUYCCKHU. BbraucanMm KodQQPHUIHMEHT KOMGOPTHOCTH Ui KBSl C
BCEBO3MOKHBIMHU I'€OMETPUICCKIMH KOH(DHUTYpaITUIMHU.

1HOdd] o Wttktdy SEkBO:

1)  Haiigem o6beM kyba: V = a®

2) Haiizem momas noJgHOM MoBepXHoCTh: S = 6 a2

3) Haiinem ko3¢ duiiieHT KoMPpOPTHOCTHU

k = (36m(a’)?)/(F 6af 2) 3= (36ma’)/(216a°) = n/6;

Kk = 0,52< 1 => xunbe B hopme Kyda HeOOJIbIIONH KOMMOPTHOCTH.

1 HOdzd ) o Wtsted3y ¢ oW BB E G B udasLiisc=J10 tc O dzdz

1) Haiimem o0beM mpsiMOyToIpHOTO Napauienenunenaa: V=a-B-c =160 (m3)

2) Haiiném 1utoriaab mOJHOM MOBEPXHOCTH: Sun=2 Socu + So.n = 184 (Mm?)

3) Haiinem koad¢umument komdopTHOocTH K <1, => XWibe B ¢opme
NPSIMOYTOJIBHOTO TIapajuiesienuieia HeOoIboi KoM(pOPTHOCTH.

1 HOdYdigO o d dz! dets?2 yYJd s 6] mzetsdz) dzts@=8 4, d tc Od3
h=6 .

1) Hailizem ruromanb OCHOBAHHMSA: Socn. = a? = 64 (M?).

2) Haiinem muroimaas OOKOBOM MOBEPXHOCTH: Sgn. =~ 115 (M?).

3) Haiigem miommaap NOJIHOM MOBEPXHOCTH: Sun= Socu.t So.n. = 179(M?).

4) Haiinem 00bEM: V= 1/3* Socq -h = 128 (m3).

5) Haiigem ko3 dunmeHT komMmpopTHOCTH:

k<1, => ko3 duiiueHt gauek ot 1, )kuiape He KOM(POPTHOE.

rddzCisdzd yj MEs2 Y(ksdddg » =3 m) Dopma koHyca aenaeT
KHUJINIIC YCTOWYMBBIM TP METEISIX W CWIBHBIX BETpax, CHEr C HEro JIETKO
cKaThiBaeTCsa. VMIHTEpeCHO, KaKk YyBCTBYET ceOs YEJOBEK B JOME KOHYCOOOpa3HOM
(dopMBI ¢ TOUKH 3peHUST KOMPOPTHOCTH?

1) Haiizem 06bem konyca: V = 1/3nr*h = 12, 56 (m?).

2) HaiineM miomas MoJIHOM MOBEPXHOCTH: Sy = nir? + nrl = 75,36 (Mm2).

3) Haiinem ko3¢ duiieHT KoMpOPTHOCTH:

K <1, => ko> dunueHT gajek ot 1, kuibe He KOMPOPTHOE.
9 5
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[ Bd3 s BBdzis Odzls d dz0 [[ t3 A dimehisuep opOwsacaer, yTo
BbIOpaJ HMIMHAPUYECKYIO KOH(UTYpPALIUIO TOTOMY, YTO «B TAKOM MPOCTPAHCTBE 0e3
OPSIMBIX YIJIOB MOJI€3HAs IUIONIaJb Topa3fo OoJblle, YeM B OOBIYHOM 31aHum» [1].
PaccuntaeM wuHIEKC 01aroycTpoeHHOCTHM B  MWJIMHAPUYECKOM JOME TIpH
h=3 m; r =2 m.

Sun =2nR(R+H)=27-2(2+3) = 20% = 62,8 (Mm?)
V= Soen.- h=nR>-h =12 1 = 37,68 (M?¥; k<lI,
HO IOKa 3TO HAaMOOJBIINI U3 PACCUUTAHHBIX KO3(PPUIUEHTOB.

PaccMoTpuM HECKOIBKO MpUMEPOB pacuera K0IPGIUIIMEHTOB KoMmdopTa s
KOMOMHUPOBAHHOTO JKUJTBS.

1HOdzd ] © odH] ftw dBskzetsdz dzesets ff Otc ©dzdzj
i d tc O BdarasR6=5 M, c=8 m; a1=3 m; 61=2 m; h=3 m.

Haiiném o0bEM U mtomaar NOBEPXHOCTH MapaljieenuIe/ia:

V1= abc =240(m?), S1=6-5+6-8-2+8-5:2=203 (m?).

Haiiném o0bEM 1 mIomaap MOJTHOM MOBEPXHOCTH YCEUEHHON MTUPAMMU/IBI.

V1 =h- (S+s+VSs)/3= 42 (m?),
Sun = Seox.+Socn. = 55, 2 (M?).

Haiiném o0bEM U MOTHYIO MOBEPXHOCTh KOMOMHAIIUU TEJI:

V=V1+V,= 282 (m?); S=258,2 (m?); K=36mv?\S*=0,45<1.

Koadhdurment kombpopTHOCTH HUBKUH, )KUIIbE HE KOM(OPTHO.

rdqozt §j] tdkzemMW jtc® o CsdthFSkzBLywdd M yddz

1) V. = tR? h=251,2 (m?,

2) Vionymapa = TR3=133,973(M3); Virena = 385,17 ().

3) Si. = 2nRh+ nR?=175,84 (M?); Sroayepepn = 4TR?*=100,48(m?);

Srea=276,32 (M%) K=36mv2\S*=0,7949 < 1

DT0 HauOOJBIINI U3 OJYYEHHBIX KO (UIIMEHTOB.

CoBpeMeHHOE  CTpPOMUTENILCTBO  Mpeasiaraer  jgoma  chepuueckod  u
nosrychepuaeckoil popMal.

Schepn = 4nR?, V= (47R3)/3.

Pe3ynbTaThl KOM(POPTHOCTH KUITBSI IPECTABICHbI B Ta0HIIe 1.
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Tabnuna 1. Tabnuma k03P huneHToB KOM(POPTHOCTH KUITbS

Neni/nt Bup xuiibs Koa¢ppuunent kompoprHOCTH

1 Ky6 0,52

2 [TpsiMOYTOBHBIN MapasuIenenune 0,45216

3 [Mupamuna 0,335

4 Konyc 0,375

5 Hunwsmp 0,648

6 KoMOnHupOBaHHOE: yCeUeHHAs MUpaMua 1 0.45

IIPSIMOYTOJIBHBIN ITapaJuICIICIIUIIE]]
7 KomOuaMpoBaHHOE: TIOSTycdepa U MITHHAD 0,79
8 Cdepa 1

BoiBoabl. ['unoreza o ToM, uto Aoma B (opMe chepnl SBISIOTCS Hanbosee

koMdopTHBIMH, TTOATBEepAMIACE. Chepuueckre HOpPMBI JIydIlle BCETO CHPABIISIOTCS C

BETPOBOIi U CHEroBoi Harpy3koi. dopma cdepsl cama 1o cede sHeproddhPexTuBHA U,

0ojee TOro, MPakKTUYECKH OECIIOBHA, YTO CBOJUT K MUHUMYMY IOTEPH U CHH)KAET

CTOMMOCTb CHCTEMBI OTOIICHHS. JIETKOCTh U IIPpOYHOCTb CCI)epBI TakK XC ACJIacT €€

HpHFO}IHOﬁ 1 CTPOUTCIILCTBA B CEHMCMOONACHBIX paﬁOHaX. O‘ICBI/I)IHO, qTO B

omkaiiiem OyyiieM npeumyiiecTBa cepbl Oy IyT UCIOJIB30BATHCS B APXUTEKTYPE,

U HOBBIE Tropoaa OYyIyT CTpPOUTbCS C JgoMamMu — cdepamMu U moiaychepamu B

KOMOMHAnMu ¢ I1MHapamMu. Okpyrible QOpMbl YK€ CTald TeHACHIMEeH B

aBTOMOOWJIILHON TIPOMBININICHHOCTH W JW3aliHe WHTEPHEPOB, a BCKOpe OyayT

peanr30BaHbl U B KUJION apXUTEKTYPE.
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YK 51(091)
bopucos /1.B.,
ctya. rpynnsl AAX-2806, ®I'bOY BO «{onHACA»
PykoBogutens: k.¢.-m.H. Ceprees E.K.,

noteHT kadeaps! Boiciiei matematuku @I'bOY BO «lonHACA»

HNUTI'OPH BJIAJNMUPOBHNY CKPBIITHHUK
Annomayus. PaccMOTpeHa XKu3Hb, JOCTHKEHHMS M 3aCIyTM COBETCKOIO
MaTeMaTuKa, paboTaBiiero B r. JIOHEIIK.
Knrouesvie cnosa: Urops BrnagumupoBuy CKpBITTHUK, TOHEIKUHA MaTEMATHK,

ACATCIIb HAYKH.

Beenenue. Urops BragumupoBuu Ckpeinmauk (1940-2005) — ykpauHckuii u
COBETCKMM MaTeMaTuk. AKaJeMUuK-ceKpeTapb otaeilenuss wmarematuku HAH
VYkpaunsl, uneH-koppecrnongeHT AH YCCP (1979), unen Axanemun nayk HAH
Ykpaunst (1985), moktop JIbBoBckoro yuusepcutera (2003), m0KTOp (QUHNKO-
MaTeMaTudeckux Hayk (1972), 3acimyXeHHBI AESITENb HayKH U TEXHUKU Y KpauHbI
(1998), mupexrop MucTUTyTa NTPUKIIaIHONW MaTeMaTUKU U MmexaHnuku HAHY.

buorpadms. Ilocne okonuanus cpepner mkonsl B 1959 romy moctynun Ha
MEXaHUKO-MaTEMaTHYECKUI (dakynbTeT JIpBOBCKOrO roCyJ1apCTBEHHOTO
YHUBEPCHUTETA. Y HUBEPCUTETCKUI KypC OCBOMI 3a 3 rojaa, nocie okoHuyanus JII'Y B
1962 roay moctymwt B actiupaHTypy Ha Kadeapy muddepeHnnansHbIX YpaBHCHHH.
PykoBogutenem U. B. CkpbinHuka 6611 akageMuk 5. b. JlomatuHckuit.

B 1965 rony, emé no okoHYaHUsT Cpoka OOy4YeHuss B acHUpaHTypeE,
N.B. CKpbIMHUK 3alUTHI JUCCEPTALMI0 HAa TeMy «A-TapMOHHMYHBIE (POpPMBI Ha

PHUMAHOBLIX IIPOCTPAHCTBAX).
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B 1965-1967 romax paboTaim acCHCTEHTOM, CTapIIMM IPEerojaBaTeieM
JOLIEHTOM JIbBOBCKOTO yHUBepcurera. B 1967 romy nepeexan B [loHeuk, rae B TO
Bpems paboTan ero yuutenb . JlomaTuHCKHIA.

C 1967 rona U. B. Cxpsinauk padotan B UHCTUTYTe NpUKIIaIHON MaTeMaTUKH
u mexanuku AH YCCP B momxHOCTH cTapuiero HayyHoro corpyanuka. C 1975 no
1977 ron — 3amecTuTeNb TUPEKTOPA MO0 HAy4YHOH padote, a ¢ ceHTsi0ps 1977 roga —
nupektop MHcTuTyTa npuknaaHoil Marematuku u mexanuku AH YCCP. PykoBoaun
NHCcTUTYyTOM Ha NPOTSKEHUU 00JIee YeM YETBEPTh BEKA.

B 1972 rogy 3ammTui AOKTOPCKYIO OHMcCcepTanuio Ha Temy «HemuHeiHbie
AIUTANITUYECKUE YPABHEHUS BBICIIETO MOPSIKAY.

B 1979 romy WU. B. CkpbeinHUK OblT H30paH YWIEHOM-KOPPECHOHIEHTOM
AH YCCP, 1985 r. — neiictBuTenbHbIM WwieHOM Akanemun Hayk HAH YkpauHsl.

N. B. CkpbIlHUK ObLT OTBETCTBEHHBIM peaakTopoM cOopHuka «Henuuelinbie
['panuunbie 3amaum» U «YKPaAaMHCKOTO MaTEMaTHYECKOTO OIOJUICTEHS», YJICHOM
PEIAKIMOHHBIX KOJUIETUH MHOTHX OTEUECTBEHHBIX M 3apyOEeKHBIX >KYpHAJIOB, K
2001 romy mnpencenareneM YKpamHCKOTO MareMarudeckoro ooOmectBa. Pabortan

3aMCCTUTCIICM IIPCACCAATCILA I[OHGHKOFO HaY4YHOI'O OCHTpaA.

Puc. 1. Urops BnagumupoBruu CKpBITHUK

Hayunas pesiteabHOCTh. B cBoux Ttpyaax WM. B. CkpbllHUK pa3Bui
TOIOJOTUYECKUE METOAbl MCCIEAOBAHUN HEIMHEWHBIX JUIMNTUYECKUX TPAHUYHBIX
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3a4a4 JUISL  YPaBHEHUM BBICHIMX I[OPSAJKOB, CO34al METOABl MOCTPOCHUS
ACUMIITOTUYECKOTO  PA3JIOKEHUS PEIICHWA HEJIUHEHHBIX DIUIMNTUYECKUX U
napabonuueckux 3anad {upuxiie B MeNnko nepPopUpOBAHHBIX O00JIACTIX, MOTYUHII
3HAUUTEIbHBIE PE3YNbTaThl B TEOPUH BBIPOKICHUS JIUTUNTUKO-TIAPab0INIECKUX
CUCTEM.

ABTOp paboT TO BOMpocaM HENMHEHHOro aHanmu3a u auddepeHITnaTbHbIX
ypaBHEHUH, OCHOBATEIb JOHEIKOM MAaTeMaTHUYE€CKOW IIKOJBI MO0 3THM MpoldiieMam,
BEJIYIIUH CIIEHMAIUCT B MUPE B 00JIACTH YCPEAHEHUSI HETMHEUHBIX SJUTUITUYECKUX U
napaboIMYecKuX ypaBHEHUH.

Axkanemukom WM. B. CkpbinHukoM onyOiaukoBaHo okosio 170 HayyHBIX padoT,
Cpely KOTOPBIX 5 MOHOTrpaduil.

Ienaroruyeckas aesreqabHocTh. Hayunyto pabory U. B. CkpeinmHuK codeTan
C AKTHUBHOM TIEIAarOrM4YECKOM JEeATEIbHOCThIO B JIOHEIKOM HAalMOHAJIbHOM
yHuBepcurere, B HanmonansHOM TtexHuueckoM yHuBepcurete «KIIM», rae
BO3MIIABIISUT Kadeapsl AuddepeHIuanbHbIX YpaBHEHUN 1 MaTeMaTHUYeCKOM (PU3UKH.

Bocnuran psn W3BECTHBIX YYEHHKOB, B TOM 4YHUCIE TPEX TOKTOPOB M
20 xanaunaToB Hayk. M. B. CKpBIMHUK MPUTIOKUIT MHOTO YCHIIMHA K (HOPMUPOBAHHIO
JloHeukou u, B LIEJIOM, Y KPAUHCKON MaTEMAaTHYECKOW IKOJIbI [0 TEOPUHN HETMHENHBIX
muddepeHnnanbHbIX YPAaBHEHHM B YAaCTHBIX MPOM3BOAHBIX. CErogHs 3Ta IMIKOJIA
SIBJISIETCSL BEAYILIEW HAa YKpauHE W CTOUT B PsAy BEAYLIMX MHUPOBBIX IIKOJ B 3TOU
00J1aCTH MaTEMATUKH.

bpul opranmszaTopoM M Hay4YHBIM PYKOBOJWTEIIEM MHOTMX MEXIYHapOIHBIX
koH(pepeniuit. Bosrnasisit DkcneptHbiid CoBeT Briciiel arTecTallmoHHON KOMUCCHU
VYkpaunsl, Obut uieHoM Komurera o I'ocy1apcTBEHHBIM IpeMUSM Y KpaUHBI.

Harpaasbl u npeMuu:

1 Opnen kuszs ApocnaBa Myaporo V crenenu (2003 r.)
1 Opnen Hpyx6s1 HapoaoB (1986 r.).
1 3acmyxeHHbI nedaTenb HayKu U TeXHUKU Y KpauHubl (1998 1.).

1 Tocynapcreennas npemust Y CCP B obsactu Hayku U TeXHUKH (1989).
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1 IIpemus umenu M. B. Octporpaackoro — 3a BbAAIOIMIKECsS HAyYyHbIe paOOTHI B
obnactu marematuku (1972 r.).
1 IIpemus umenu H. M. KpsutoBa (1992 r.).
1 IIpemus umenu H. H. boromto6oga (2000 r.).
BoiBoabl. Takum 006pa3omM, MBI ¢ BAMH BHOBb BCE OOJIbINE M OOJBINE Y3HAEM
01N, KOTOPBIE KWK JI0 HAC U KaKOM BKJIaJ B HAyKy OHHM COBEpIIWIU. Tak e u

Nrops Bnagumuposnd CKpBITHUK BHEC CBOW BKJIAJ B Pa3BUTHE MATEMATUKH.
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YAK 51(091)
ITepenepuii E.A.,
oOyuaromiasicss Manoi akaieMHH CTPOUTENIbCTBA U ApPXUTEKTYPbI
OI'bOY BO «lonHACA»
PykoBogutens: k. nea. H. ['anubuna H.A.,

JIOTIEHT Kadephl BHICIICH MaTeMaTHKU

OI'bOY BO «lonHACA»

I'PUTOPUNA MUXAMJIIOBUY ®UXTEHIOJbL] - BEJTUKUNA
MATEMATHK U ITEJATOI

Annomayus. B cratbe mnpeacTaBieHa Ouorpadus H3BECTHOTO PYCCKOTO H
COBETCKOTr0  y4Y€HOro-mareMaTthuka W  nexparora, I'puropus MuxaiinoBuya
Ouxrenronpna. [.M. OUXTEHToIbIl ABISETCA aBTOPOM Kypca MO0 MAaTEMATHUYECKOMY
aHAIM3y B 3-X TOMax, KOTOPBIM CUHATAECTCA HAWIY4YIIUM CPEAU CTYJCHTOB
MaTEeMaTUYECKUX (DaKyJIbTETOB, a TAKKE OCHOBATEJIEM JICHUHIPAJICKOM IIKOJIBI TEOPUU
(yHKUMH BEILIECTBEHHOW MTEPEMEHHOI.

Knrouesvie cnosa: ya€Hbli, me1aror, MaTeMaTHIeCKUN aHAIH3, TEOpUS QyHKIIAN

BEIIECTBEHHOW MEPEMEHHOM.

BBeaenue. I'puropuit MuxainoBnud @OUXTEHrONbll — W3BECTHBIN YUYEHBIN-
MaTeMaTUK, Mpodeccop, CO3aaTeNb JIEHUHIPAACKOM IIKOJIbl TEOPUH (YyHKUUN
BEIIECTBEHHON TIEpeMEHHOW W (YHKIMOHAIBLHOTO aHanmm3a. boyee copoka Jer
NIPENOAAaBaj B JIEHUHIPAJACKUX By3aX. BOJbIION 3aciyroil y4EHOTO SIBISETCA €T0 KypC
TeOpUU (PYHKIIMI BEIIECTBEHHOUW MEPEMEHHOM, MPUMBIKAIOIIMX K HEMY CIIELKYPCOB U
Kypca MaTeMaTHYECKOIO aHajau3a, KOTOPBIM OH, IIOCTOSHHO COBEPLICHCTBYS, YUTAI
o6onee 30 ner B JleHuHrpajackoM YyHHBepcuTeTe. Bbiaromnryrocs posib B
matematudeckoM obOpa3oBannn B CCCP wm BocnuTaHWM HECKOJBKHX TOKOJICHUN

MaTEMaTHUKOB, MPEIOIaBaTEIEH MATEMATUKH BBICILIEN U CPEHEH IIKOJIbI, UHXKEHEPOB,
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CHEIUATNCTOB B PA3IMYHBIX OOJACTAX HAYKU M TEXHUKU CBHITPAIA CO3JIaHHBIC
duxTeHronblieM  yuyeOHuku:  «Marematuka I8 UHXKEHepoB»,  «Kypc
muddepeHnnaT,HOTO U MHTETPAIbHOTO UCUHCIeHUs», «OCHOBBI MAaTeMaTUYECKOTO
aHanuza». ['puropuii MuxaijgoBu4 CTOSJI Yy HCTOKOB pPePOpMBI MpenojaBaHus
MaTeMaTUKU B CpeIHEW IKojae W ObUI OAHUM W3 HMHUIMATOPOB IPOBEICHUS
MaTeMaTUYECKUX OJUMITHAAJT ISl IIKOJIbHUKOB.

IMocranoBka 3amaum. llenp cratbu — wuccnegoBaTh  Ouorpaduro
I''M. ®uxrteHronblia, pacKpbiTb €ro BKJIaJ B HAYKy M B METOAHMKY OOy4Y€HHUSA
MaTeMaTUYECKUM JUCIUIIIIUNHAM.

PesyabTatsl. [ puropuit Muxaiinoud OuxXTeHr oMbl poauics 27 Mad (8 uroHs)
1888 r. B Onecce B ceMbe CiTyKallero ropoJckon cranuuu FOro-3anaaHbIx KeEIE3HbIX
nopor MeniannHa AoOpama-Moiiie MikoBa-bepoa ®uXTeHrosblla M €ro >KEHbI
beptei-bpyxu. C 1896 no 1905 rr. I'puropuii yuuncs B Oxpecckoil PuienbeBckoit
TMMHa3UM, OKOHYMB €€ ¢ 3010TOoM Mepanwpto. llemarorm B arrecrare 3pesioCTH
OTMETHJIA BBICOKHE CITOCOOHOCTH FOHOIIN K TYMaHUTAPHBIM JUCIUTIIMHAM.

[Tocie oOkoHYaHWs TUMHA3UM ['pUrOpuUid MOCTYHNaeT HAa MaTEMaTUYECKOE
OTJICJICHHE bu3HKO-MaTEeMaTHYECKOTO bakynbTeTa NmnepaTopckoro
Hosopoccuiickoro ynusepcuteta (MHY) u oGyuaercs tam B 1905 mo 1911 rr.
K coxameHnro, 4To mM3-3a PYCCKO-SAIIOHCKOW BOMHBI 00a cemectpa 1905 roma m
ocerHuit cemectp 1906 rona yueOHbIN poIIecC B YHUBEPCUTETE ObLIT MPUOCTAHOBJICH.
[TosTomy ®PUXTEHronbl NMPUCTYNHWI K 3aHATHUSAM TOJIBKO B OC€HHeM cemecTtpe 1906
rojia, a BBeIeHHOe B OKTs10pe 1905 roga BOGHHOE MOJIOKEHUE COXPAHUIIOCH 10 OCCHH
1909 rona.

QUXTEHIOJIbl] MPOCIyIIal BCE MAaTEMaTUYECKUE KYpCbl M CHELUKYPCHI,
npenoaaBaBmuecs B roasl ero yueosl B MHY. Crnexyer oTMETUTh MCKIIOUUTEIHHO
CUJIBHBIM COCTaB TpernojaBaTeyied U OpPUTMHAIBHOCTh YMTAaE€MbIX KypcoB. Tak, Ha
toHoro ['puropus OombInoe BHedariieHHe Npou3BEN Kypc «BBenenwe B aHamms»
C. O. lllatyHOBCKOTO, KOTOpPBIE MACTEPCKH MOT IOHSATHO OOBSCHSTH CIIOKHCHIIHE
MecTa U Tiyookue uaeu. JIekuuu nexarora ObUTH BCeria TIIATEIbHO CITIAHUPOBAHbBI U

BMECTE C TeM OBLIM B BBICIICH CTEIICHHU OKUBJICHEI U IMPOHUKHYTBI OHTY3UAa3MOM.
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@UXTEHT0JIbl] 3AKOHUYMUJI YHUBEPCUTET C IUILIOMOM |- CTENEHH.

C 1911 no1913 rr. ®uxrtenronsll npenoaaét B rumuazun M.M. Urnuikoro,
nepBoy B Poccniickoi NMIEpUM €eBpEeNCKOM TMMHA3UH, I10CIIE OKOHYAHMS BBIITYCKHUKH
UMEJM MPaBO MOCTYIATh B BHICHIME ydeOHbIE 3aBeleHHs. MaTeMaTUKy B TMMHA3HUU
Takxke uutanu u ero npenogaBarenu: WM. B. Chnemmwmnckuii, B. ®. Karas,
C. O. lllatyHoBckuit u aAp. B 3tu xe roapl PUXTEHTOJbIl TaKKe MpenojaBal B
Kommepueckom yunnuie X. M. ['oxmana, nepBoro B Poccuiickoii UMIiepun eBpes —
nokropa Mexannku. Hu X. M. I'oxman, Hu B. ®@. Karan, nu C. O. IlaryHoBCcKui
npodeccopckoro 3BaHus 10 PEBOJIOIMH HE TOTYYNIIH, ObLTN MPUBAT-TOIICHTAMH, T. €.
BHEIITATHBIMU YHUBEPCUTETCKUMH IPETIOIABATEIIIMHU, YUTAIOIIMMH JIEKIUH 32 TIJ1aTy.
HeycroitunBoe (uHaHCOBOE MOJIOKEHHE MPUBAT-IAOLICHTOB 3aCTABISIO HUX HUCKaTh
JIOTIOJTHUTENIbHBIE CPEACTBA K CYIIECTBOBAHUIO. JTO OBLIHU MPENOIaBaHNe B THMHA3HSIX
u wuznarenbcTtBO KHUT. B. @. Karan u C. O. [IlaTyHOBCKMII TNPUBIEKIN CBOETO
['puropus k COTpyTHHUECTBY B OCHOBAaHHOM UMHU HAy4YHOM M3aarenbcTBe «Mathesisy
(1904-1925 rr.), KOTOpOE OBLIO JIYYIIUM POCCUHCKHM HAy4YHO-IIPOCBETUTEIHCKUM
U31aTenbCTBOM  nepBo  yerBeptd XX Beka.  DUXTEHrosbll  3aHUMAETCS
pPENAKTUPOBAHUEM U MEPEBOIAMU KHHT.

B 1913 r. ®uxrtenronsiy nepeesxaetr B Cankr-IlerepOypr. B 1915 rony on
YCIEMHO CcAa€T MAarucTepcKue sK3aMmeHbl B lleTporpaackom yHHBEpcHUTETE, a B
1918 rony TaM ke 3amUIIAaeT MAarucTepckyro auccepranuio «Teopuss MpOCTHIX
ONPEAECICHHBIX HHTETPAJIOB, 3aBUCSIINX OT MapaMeTpay.

@UXTEHTO0JIbI] MPENOoJlaBall BO MHOTHX YYEOHBIX 3aBEJCHUSIX, B YACTHOCTH,
[TeTporpaackoM 3JIEKTPOTEXHMUYECKOM HWHCTUTYTE wuMIepatopa Anekcanapa III,
Nuctutyre  uwHXKeHepoB myTeid  cooOmieHus, IlegarornyeckoM  WMHCTUTYTE
uM. A. U. I'epuena, Jlenunrpanckom (Ilerporpagckom) yHUBEpCUTETE U JIp.

C 1918 roma no camoii cMepTu, OUXTEHIOJbI] NPENOAAET B JICHUHTpaICKOM
(ITerporpaackoM) yHuBepcuteTe Kak mnpenoaaBatenb ¢ 1918 mo 1919 roasi, kak
npodeccop ¢ 1919 mo 1933 roapl Ha MareMaTHYECKOM OTACICHUU (PU3HKO-

marematudyeckoro ¢akyiapbrera. B 1931 romgy cTaHOBUTCS OTBETCTBEHHBIM
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METOIUCTOM — PYKOBOJIUTEIIEM CEKTOpa MaTeMaThKu U MexaHnuku, ¢ 1931 o 1933 rox
3aBeyeT Kadeapoi Teopur QyHKIMNA BEIIECTBEHHOU MEPEMEHHOM.

C 1933 mo 1953 rox 3aBemyeT Ha MaTeMaTUKO-MEXaHHYECKOM (HaKyIbTETe
Kadenpoil MaTeMaTUYECKOTro aHanu3a, OyAaydu mpodeccopom 3Toi ke Kadeapsl ¢
1953 no 1959 roa. boibI0i NOMYISIPHOCTHIO TOJIH30BAIUCH €TI0 MyOIUYHBIC JICKIIUU
0 UICTOPUH MAaTEMATUYECKOT0 aHaJIu3a.

B 1935 r. ®uxTeHrombIily ObliIa IPUCYXKACHA YUeHas CTeTIeHb JOKTOpa HaykK 0e3
3aIUThI IUCCEPTALUU.

['puropuii MuxaitioBuy JIFOOWII TIeAarorudeckuii Tpya Bo Beex ero ¢popmax u
cTapaiics OOJBIIYI0 YacThb CBOMX CHJI OTJaBaTh BOCHHMTAHHIO MOJonAekd. OH ObuI
OJIHUM U3 OpraHu3aTopoB cOBETCKOro Ilenarornyeckoro MHCTUTYTAa, MHOTO padoTal
CO IIKOJbHUKAMU, YHUTANl JUIsl HUX JIEKIUH, pykoBoguid B 30-e roapl MpoiieccoB
pa3pabOTKH WKOIBHBIX porpaMM. Mimenno I'puropuit Muxaiinosuy 6611 B 1934 rony
uHunratopoM neppoii B CCCP maTeMaTnieckoi OJIMMIIUAIbI.

[IyTh B HayKy JUIsi MHOTUX OJApPEHHBIX CTYJACHTOB HAUUHAJICS B CTYICHUYECKUX
MaTEMaTUYECKUX KPY’KKaX, a TakKe Ha CeMUHape Mo (yHKIHOHAIBHOMY aHaJIH3y,
KOTOpbIM pyKoBoami1 PuxteHronsl. Hanbosee n3BECTHBIMU €r0 yUYeHHUKamMHu ObUIH

H. A. Jle6enes, C. JI. Cobones, JI. B. Kantoposuu, U. I1. Harancon u ap.

Puc. 1. I'puropunii MuxaitsioBuy @UXTEHI0/1b 1Y

B roner Boiinbl JII'Y Obul sBakyupoBan B CapatoB. Kpome mpenogaBanus B

yauBepcuteTe, B 1942-1943 rr. ®OuxrteHronsl 3aBemoBai kadeapoil MareMaTHKU
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CapaToBCKOro MHCTUTYTa MEXaHU3ALUH CEIbCKOr0 X0351cTBa (HbiHE — CapaTOBCKUI
arpaphblii yuuepcutrer um. H.W. BaBuioa), coctaBisui TaOauubpl U MPOU3BOIAUII
BBIYHCIICHUA U151 0OOPOHHOM MPOMBIIIJIEHHOCTH.

Haunbomnsmyto cnaBy ['puroputo MuxaitioBudy nNpruHEC Kypc aHalli3a, KOTOPbIi
oH unTasn B YHuBepcutete 6osee 30 ner. Takxke kak B PO, Tak u 3a e€ npenenamu
IIMPOKO M3BECTHBI KHUIM DUXTEHIOJIbLIA, HAIMCAHHBIE HAa OCHOBE JTOr0 Kypca.
Tpextomubiii  «Kypc nuddepeHIManbHOr0 W HMHTErPaIbHOrO  HCUUCICHHS»
IpEeICTaBiIAeT COOOW OJiecTsllle HAlMMCAaHHYI0 SHUUKIONEAUI0 MAaTeMaTUYeCKOIo
aHanmu3sa.

['puropuii MuxainoBud OB NPEKPACHBIM MEJAaroroM W TaJAHTIUBBIM
oparopoM. Kaxnas ero nekuus Oblia NeJarorndeckuM IeAeBpOoM, a KJIacCHas JTI0CKa
K KOHIYy 3aHATH BBIIVIAEA KaK IIPOU3BENCHUE UCKYCCTBA. HO 3a 3TOM JIETKOCTBIO U
0JIECKOM CKpBIBAJICA OrPOMHBIM Tpya mnenarora. Jlake mocie copoka JET OH
OpOAOJKAN YAENATh OOJBIIOE KOJMYECTBO BPEMEHH IMOATOTOBKE K JICKIIMSM,
TIATEIBbHO IIPOIYMBIBAst KaXK0€ CJIOBO.

Becom u Hayunbiii Bknaag ®duxrtenronsua. ['puropmii MuxaisioBud MOJyqHII
00J1bI110€ KOJTMYECTBO 3HAUMMBIX Hay4HbIX PE3YJIbTaTOB 00JIACTH MAaTEMAaTUYECKOTO U
dbyHKUMOHANBHOTO aHanu3a. YMep ['puropuit Muxaitnosuu B 1959 rony.

BeiBoabl. .M. ®uXTEHronapl OCTaBUJ BEIHUKOE HACIECAWE KaK Y4YEHBIM-
MaTeMaTUK U Meaaror, a yuyeOHble uzgaHusi OUXTEHrojbla A0 CUX MOpP CUMUTAIOTCS
CTyJIEHTaMH HauiydmuMu. M3yueHue ero Ouorpaduu BaKHO AJii COXpPAHEHUS U

nepecaai YHUKAJIbHOT'O MEAArorndcCKOoro u uCCJICAJ0BATCIIbLCKOTO OIIbITA.
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YK 51(071), 72.01
3axaposa E.A.,
ctya. rp. JAC-7b ®T'BOY BO «/lonHACA;
PykoBogutens: k.¢.-M.H., nomeHT [ myxos B.A.,

JOIIEHT Kadephl BHICIICH MaTeMaTUKH

®OI'bOY BO «{lonHACA»

30JIOTOE CEYEHHUE BOKPYI HAC
Annomayus. IlpuBeneHbl MHOTOUYMCICHHBIE MPUMEPHl HAIWYUSA MPOMOPLHUMA
30JIOTOTO CEYE€HHUs B SIBJICHUSX, KaK MPUPOAbI, TAK U B PYKOTBOPHBIX TBOPEHUAX
YEJI0BEKA.
Knrouesvie cnosa: 3omoroe cedenue, npodeccop Lleisunr, [loptper MoHbI

JIuzel, crarys Hopudopa, Benepa Munocckas, McaakueBckuii cooop.

30J10TO€ CEYEHUE — 3TO YHUBEPCAIBHOE MPOSBICHUE CTPYKTYPHOM TapMOHHH.
OHO BcTpedaeTcsi B MNPUPOJE, HAyKe, HCKYCCTBE — BO BCEM, C YE€M MOXKET
CONPUKOCHYTHCS YEIOBEK. 30JI0TOM MPSIMOYTOJIBHUK (TO €CTh HPSIMOYTOJbHUK,
CTOPOHBI KOTOPBIX OTHOCSTCS B «30JI0TOM)» COOTHOIIEHHWH) OO0JaTaeT MHOTHUMH

HEOOBIYHBIMU CBOMCTBaMH (puc. 1).

Puc. 1

OTtpe3aB OT 30JI0TOrO HPSIMOYTOJbHHMKA KBaJgpaT, CTOPOHA KOTOPOrO paBHA

MECHBbIIICH CTOPOHC IIPAMOYI'OJIbHHMKA, Mbl CHOBA ITOJIYYHUM 30JI0TOH MMpAMOYTOJIBHUK
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MeHbIUX pasMmepoB. [Ipomomkas oTpe3aTh KBajapaThl, Mbl OyJleM MOJy4aTh BCE

MEHBLINE U MEHBIINE 30JI0ThIE MPAMOYTOJIBHUKH (pHUC. 2).

Puc. 2

3om0Tasi cnMpanb JIEKUT B OCHOBE BCEX MPOIECCOB, MPOMCXOJAIMIUX BO
BCEJICHHON, M Ja)Ke CHUpaJibHble TaJaKTUKU 3aKpy4yeHbl IO JorapuMuyecKum
CIIUPATISIM.

CoBmMecTHass paboTra OOTaHMKOB M MaTEeMaTUKOB IMpoJiMja CBET Ha
yIUBUTEIbHBIC SIBICHUS NPUPOAbL. V3ydyass KOHCTPYKLIHMH PAKOBUH MOJUIFOCKOB,
ydeHbIe 00paThiIM BHUMaHHUE Ha 11eJ1eco000pa3HOCTh (POpPM M TTOBEPXHOCTEH paKOBHH:
BHYTPEHHSIS TIOBEPXHOCTh TJajkasi, HapyxkHas — puduenas. Hapyxnsie pebpa
YBEJIMYUBAIOT JKECTKOCTh PAKOBUHBI M, TAKUM 00pa3oM, MOBBIIAIOT €€ MPOYHOCTD.
dopma pakoBHH TOpaXaeT CBOMM COBEPIICHCTBOM M JKOHOMHYHOCTBIO CPEJCTB,
3aTpauyeHHBIX Ha ee co3faHue. Mmes cmupaiu B pakOBUHAX BBIpAXEHAa HeE
NpUOIMKEHHO, @ B COBEPIICHHOW TeOMETPHUIECKOi opMe, B yIUBUTEIHLHO KPACHUBOM,
«OTTOYEHHOW» KOHCTPYKUMHU. Y OONBIIMHCTBA YJIWUTOK, KOTOpBIE OO0NagaroT
paKkoBMHAMH, OHa pacTeT B (opme jorapuMUUYECKON cHupaiu, KOTopas TOYHO

COOTBETCTBYIOT «30JIOTOW Iporopuum» (puc. 3).

Puc. 3
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Bbonpmoli wHTEpec mpencrtaBiseT wucciaeAoBaHue (GopMm OTHYBMX AUl Ux
BCEBO3MOKHBIE (POPMBI KOJEOIIOTCA MEXIY ABYMS KpaHUMU TUIIAMU: OJWH U3 HUX
MOXET OBITh BIHCAaH B TNPSIMOYTOJBHUK 30JI0TOTO CEYCHHUs, Jpyrodi — B
OpsIMOYTOJILHUK ¢ Moayiem 1,272... (kopeHb 3070Tod mponopiun).Takue dhopmbl
NTUYBMX SIHUI] HE SBISIIOTCS CIy4YalHBIMHU, I[IOCKOJIBKY B HAcCTOAIIEE Bpems
YCTaHOBIIEHO, 4YTO (popMme SHIl, ONMUCHIBAEMBIX OTHOIIEHHUEM 30JIOTOTO CEYCHHS,

OTBEYAIOT 00JIee BHICOKHE MPOYHOCTHBIE XapaKTEPUCTUKHU 000JI0UKH sina (puc. 4).

c

a:b=b:c
unum
c:b=b:a

a b
Puc. 4
B konme 19 Beka nHemeuxuii mpodeccop Llei3uHr omyOauMKoBal CBOH TPy
«IcteTndeckue uccaeaoBanus» (puc. 5). OH 0OBSIBUI B HEM MPOIOPIUIO 30JI0TOTO

CEUYCHMS YHUBEPCAJIBHOW ISl BCEX SBJICHUU IPUPOABI U UCKYCCTBA.

Puc. 5

[eW3uHT Tpomenan KoJocCaTbHYI0 padoty. OH M3MEpUI OKOJO JBYX THICSY
YEeJIOBEYECKUX T W MPUIIEN K BBIBOJY, YTO 30JI0TOE CEUCHHME BBIPAXKAET CPEIHUI
cTaTUCTUUeCKui 3akoH (puc. 6). JleneHue Tena TOYKOW mMyma — BaKHEUIIMI
MIOKa3aTelb 30JI0TOro ceueHus. [Iponopunun My>KCKOTo Tejna KoJIeOII0TCS B Ipeieax

cpeadero otHomeHus 13: 8 = 1,625 u HECKOJIBKO OJIMKE MOAXOIAT K 30JI0TOMY
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CCUCHHIO, UCM IIPOIIOPHUHU JKCHCKOI'O TCJIa, B OTHOIMICHHNH KOTOPOI'O CPpCAHCC 3HAYCHUC

IIPOTNIOPLIMM BBIPAJKAETCS B COOTHOLIEHUH 8:5 = 1,6.

Puc. 6

30710TOE CeueHne B UCKYCCTBe. 30JI0TOE CEYEHUE B UCKYCCTBE BCTPEUAETCS BO
MHOTHUX ITPOU3BEACHUAX MHUPOBOM apXUTEKTYpPhl, Au3aiiHa U xuBomnucu. [loprper
Monsl JIuzsl Jleonapno /[la BuHum npuBiekaer TeM, 4TO KOMIIO3ULMS PHUCYHKa
MIOCTPOEHA Ha «30JIOTHIX TPEYrOJIbHUKAX», TOUHEE HA TPEYTOJIbHUKAX, SBISIOIIUXCS
KyCKaMM MPaBUJIBLHOTO 3BE34AaTOr0 MATUYTOJIbHUKA (pUcC. 7). 3pavyok JIEBOrO TJiasa,
yepe3 KOTOPbIM MPOXOJUT BEPTUKAIbHASA OCh MOJIOTHA, HAXOJUTCA Ha MEPECEUCHUHN
JBYX OMCCEKTPHC BEPXHEr0 30J0TOr0 TPEYroibHUKA, KOTOPhIE C OJIHOM CTOPOHHBI,
JIEJISIT MOMOoJaM YIJibl PU OCHOBAHUU 30J10TOT0 TPEYTOJbHUKA, a C IPYTOM CTOPOHHI,
B TOYKaxX MepecedeHus ¢ OeApaMu 30JI0TOTO TPEYTOJIbHHUKA JEISAT UX B MPOMOPIIUU

30JI0TOTO CEYECHUS.

Puc. 7
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OnHuM K3 BBICIIUX JOCTHXKEHUHN KIIACCUYECKOTI0 TPEYECKOr0 UCKYCCTBA MOXKET
ciyxuth cratys Hopudopa, coznannas Ilonmukrerom B V Beke A0 H. 3. DTa crarys
CUMTAETCAd HAWIy4YlIUM [PUMEPOM [UJIsi aHalu3a NPOMOpPUUNA  HJICATIBHOTO
YeJIOBEUECKOr0 TeJa, YCTAHOBIEHHBIX AHTUYHBIMU TPEYECKUMHU CKYJIBIITOPAMH, U

HaIPSIMYIO CBs3aHa C 30JI0ThIM ceueHueM (puc. 8).

Puc. &
Benepa Munocckas, cratyst 6oruau AQpOAHTHI, SBISCTCS OTHUM M3 JTYUIITHX
NaMSATHUKOB T'PEUECKOr0 CKYJIBITYPHOTO MCKYCCTBAa — TakKe IIOCTpOCHA Ha

IPOIMOPLUIX 30JI0TOr0 ceueHus (puc. 9).

Puc. 9

3010T0€ CceyeHHe B apxuTeKType. MHOrME [pEBHHE 3/1aHUS, KOTOPBIE
COXPAaHWIUCH J0 HAIIUX BPEMEH, MOATBEPKAAI0T MHEHHUE, YTO OHU OBLIN MOCTPOEHBI
[0 MpaBWJIAM HJICATBHOW NPONOPLUU. SpKUM NMpEeACTaBUTENb 30JI0TOTO CEUEHHS W3
npesHeit ['pennn — [TapdenoH, KOTOPHIN BO3BEICH B 5 Beke 70 Hamel 3pbl. Eciu B3STh

OTHOICHHUC €ro BBICOTbI K HMIHWPHUHE, IMOJIYUYUTCA HNPAKTHUUCCKU HACAIBHOC YHCIIO
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0,618... (puc. 10). Yuensie ompenenuyiv, 4To Jjisi aOCOJIOTHOTO 30JI0TOTO YHCIIA
HY>XHO OTHSTH OT BBICOTBHI 14 ¢cM M NpuOaBUTh UX K IMIUPUHE. YUUTHIBAS CTPOCHUE
COOPY)KEHHUS, OYCHb TOXO0XKE, U4TO 3TO OBUIO CACIIAHO JAPEBHUMHU aApPXUTEKTOpaAMU
Nktunom u KamnukpaToM HaMepeHHO, MOCKOJBKY (acajm HEMHOro CyKaercs B
BEpXHEH YacTH U OTKIOHSIETCS OT 30JI0TOTrO MpsiMoyTonbHUKa. Ho o0rue npomnopunn

30JIOTOTO CEYEHUS COOJIFOIECHBI.

fge ittt 2 2t o
-

[IpekpacHbIM NAMITHUKOM HCTOPHHM APXUTEKTYpPbl CPEIHEBEKOBbS SIBISETCS
cobop [Tapuxckoit boromatepu nnu Hotp-Zlam-ne-Ilapu, KoTopbiit TakxKe MOCTPOCH

0 MPUHIIUITY 30J0TOT0 ceueHus (puc. 11).

el || :
VIR EITY

SR Y T R T

Breinaromeecss 3manne MIY wHa BopoObeBbIX TOpax OBUIO TOCTPOEHO B

IIOCJICBOCHHOC BPCMA. B Te roampi aTo OBLIIO caMO€e BBICOKOE CTPOCHHUC, COCTOAIICC U3
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MSITH KOMIIO3UITMOHHBIX TPYII, KOTOPbIE BEHYAET LEHTpaibHas OamrHs. 37ech 4E€TKO
MPOCIIEKUBACTCS TPEYTOJIbHUK C MPSIMBIM YIJIOM, TUIIOTEHY3a KOTOPOTO 3aXBaThIBACT

MPUCTPOMKH U MIPOXOAUT uepe3 yroa 3aanus (puc. 12).

1352
132

132

1147

g
i

538

Puc. 12

[Ipumepom 30moToro ceuenus spusercs FcaakueBckuit cobop (puc. 13).
B nepByto ouepenb MOKHO NMPOAHATU3UPOBATh €r0 UPUHY, paBHYy10 400 enuHUIIaM:

|| npu geneHnu yuciaa 400 Ha 3HAUYEHHE 30JI0TOTO CEUYEHMS IMOIYy4YUM
MpUOIM3UTENBHO 248;

1 npu ganbHemeM neinenun 248/1,618=153;

1 OCHOBHAasi 4YacTh C€OOOpa BIIMCHIBACTCS B 30J0TOW MPSIMOYTOJBHUK,

JUTMHHASI CTOPOHA KoToporo paBHa 400, mmpuna — 248.
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[To BeICOTE 3/1aHUS 30J10TOE CEUEHUE MOXKHO BUJIETH Y KyToJja, OJaroaaps 3Tomy
BHEIIIHEE BOCIIPUSITHE MMaMITHUKA apXUTEKTYPbl CTAHOBUTCSI TAPMOHUYHBIM.

Jom CoBeToB ObLT BO3BEAEH IO NPOEKTY apxuTekTopa Tpormkoro B 1941 rony,
OCHOBHOM aKIIEHT BBIMOJHSIOT MOPTUK MO HEHTPY ¢ 14 KOJOHHAMU U CKYJIBITYPHBIN
ancamb6np (puc. 14). Ilo obGe CTOpOHBI PACHOJIOKEHBI JBa KOpIyca BBICOTOM B
S ataxeil. Jnuua 3panus — 1472 eguHuubl, €ClIM pa3feiauTh €ro Ha 3HAYCHHE
¢ = 1,618..., mosrygyuM pa3sMepHBIA psI:

1472, 909, 562, 347, 214, 132, 81, 50.

K HUM OTHOCSTCS BBICOTA BXOJIa, BCETO COOPYKEHUS, PA3IMYHBIX 3JIEMEHTOB.
30710TOM MPSAMOYTOJIbHBIA TPEYTOJbHUK UJI€aIbHO BIIMCHIBAETCS B LIEHTP 37aHUs, €ro
BepiInHa coBnagaer ¢ BepmmHoud Jloma COBETOB, a TMIOTEHY3a 3aKAHYMBAECTCA B
KOHIIe OOKOBOTO KpbUia. Eciy mocTpouTh paBHOOEAPEHHBIN 30JI0TON TPEYTrOJbHUK,

€ro rpanu OyJyT NPOXOJUTh Yepe3 TOYKU B BEPXHEH 4acTH OCHOBHOT'O BXO/IA.

Puc. 14

3axiouenne. CoBpeMEHHAsT MaTe€MaTUKa MCIIOJB3YET 30JI0TOE€ CEUYECHUE HU
gucia PuboHauum npw omnucaHud (paktarioB — GUTYpP, KOTOPHIE MPOSBISIOT
camorofoOue. 3HAHWE O YHCIE ( UIPACT BAXHYIO POJIb B HM3YUYCHHHM Xaoca H
M3MEHSOMMUXCsE cucteM. OHO MNOMOraeT MOHATh, KAaK MPUPOJa pPa3BUBACTCS U
CaMOOpraHHU3yeTCsl.

Taxoke uncna @uOOHAYYH TIOJIE3HBI TPU PEIICHUH HEKOTOPBIX CIOXHBIX 3aa4.
Hanpumep, ¢ momomipio 3TUX 4YMCEeI COBETCKUU MaremaTuk FOpwuit MatusceBud
JI0Ka3aJjl, YTO HE CYIIECTBYET YHUBEPCAIBHOTO AITOPUTMA PEIICHUSI YPABHEHUM C KaK

MHWHUMYM ABYMS HCU3BCCTHBIMU.

Jluteparypa
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Pacnopckuii JI.A.,
ctya. rpynnsl [IM29-a, ®I'5OY BO «lonHACA»
PykoBoauTtens: k. mea. H. ['anmubuna H.A.,

JOTIEHT Kadephl BHICIICH MaTeMaTUKU

OI'bOY BO «lonHACA»

PEHE JJEKAPT: BUOT'PA®US, UTEU U BKJIA/l B HAYKY
Annomayusi. B cratbe mpencraBieHa Ouorpadusi U3BECTHOTO (PpaHIy3CKOTO
¢unocoda, mexannka u mMaremarnka Pene [lexkapTa, co3laBIIero aHaIUTHUYECKYIO
TE€OMETPUIO U COBPEMEHHYIO alIreOpandecKyto CHMBOJIHKY.

Kntoueswvie crnosa. yaénsiii, MaTeMaTuk, ¢pumocod, meron Jlekapra.

BBenenune. Pene [lekapra 3HaIOT MHOTHE CO NIKOJIBHOW CKaMbH Oyiaromaps
NpUAYMaHHON UM MPSIMOYTOJBHOM (A€KapTOBOM) cucTeMe koopauHar. Takxke JlekapT
ObLT HW3BECTHBIM Y4YEHBIM-(UIOCO(POM, MEXAHUKOM, MATEMaTUKOM, (PU3UKOM,
(U3MOJIOTOM U €CTECTBOUCTIHITATENIEM.

IMocranoBka 3amaum. llens cratbu — u3yuuth Ouorpaduro Pene [lexapra,
IIPOAHANIM3UPOBATH €T0 UIEU U PACKPBITH €r0 BKJIAJ B HAYKY.

Pe3yabTathl. Pene Jlekapt poawics 31 mapra 1596 rona Bo @panuun. Otery
manbunka — Moaxum [lekapt, npuHaanexan Kk o0eIHeBIIEMY JBOPSIHCKOMY poay. OH
COCTOsUI B MapiaMeHTe, 3aHUMasi JOJDKHOCTh CyIbH OpeToHcKoro Briciiero cyna
ropoaka Penn. /loma oH ObIBaJl TOJIBKO IIECTh MECSLEB B rO/y, OCTaIbHOE BpeMs
Haxo uics Ha ciyx0e. Mama Pene — JKanna bpomap — Oblia 1o4epbl0 HAMECTHUKA
KOpOJIsI B IIPOBUHLMU. biaronaps cBoeMy ABOPSIHCKOMY NPOUCXOKICHUIO, MAJIIBUYUK
MOJIy4HJI XOpolliee 00pa3oBaHUe.

Pene Obu1 MuammmM ux 3-X ceiHOBed. Korma eMy MCHOMHUIICS TOJ, MaMma €ro

yMepJia, ¥ BociuTanueM Pene u ero 1Byx OpaTheB 3aHsIach 0adyIka o MaTepUHCKOM
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auHuU. C paHHEro AETCTBA MAJIbYUK OTJIMYAJICS MOBBIIIICHHOM JTH0003HATEIHFHOCTHIO U
OBITJIMBBIM YMOM, HO (PU3HUYECKH OH OBbLIT OYEHb C1a0.

B 1606 rony Pene Obu1 oTnpaBieH B Me3yuTckyro kosuieruto Jla @mam. Bee
YUYEHUKH MTOJUUHSINCH CTPOTUM IIPaBUJIaM 3TOT0 YUPEXKICHUS, U TOJIBKO 17151 JlexapTa
Jieaiy HeKOTophle Mo0IaXKu. B 4aCTHOCTH, OH MOT JIOJIbIIE CaTh, HEXKEIU APYyrue
ydeHuku. TeMm He MeHee, JlekapT 3a Tojpl 00ydeHUs] B KOJUIETUU Pa30vyapoBaICs B
UCKPEHHOCTH (GUIOCO(MCKUX aBTOPUTETOB M BO3HEHABHUACH CXOJACTUYECKYIO
dbunocoduio Ha BCIO OCTABIIYIOCS KU3Hb.

OkoHuyMB KoJIeTHiO, PeHe TpHHMMAEeT pelIeHue MPOJOIKUThL O00ydYeHHEe B
yHuBepcurteTe [lyaThe 1 moyuyaer Tam cTerneHb OakanaBpa mpasa.

[Torom roHOmA €mE HEKOTOPOE BpeMsl KUBET B crojuie, a B 1617 romy
3anucbiBaeTcss B apmuto. OH cpaxkaercs B ['omiannuu, riae B Te rojabl OylieBaia
peBoIIIONMsA, TOTOM MX YacTh nepeOpackiBaioT B [Ipary. Bo Bpemsi npeObiBaHus B
lNomnanmuu Jlekapt 3HakomuTcs ¢ ¢u3ukoMm Mcaaka bekmaHa, 4To BIOCIIEICTBUU
MOBJIUSET HA HETO KaK Ha YYEHOTO.

Janee roHo1Ia Bo3Bpamaercs B [lapuxk, BEIABUHYB PEBOIOLIMOHHBIE UIEHU, TAK
HE MOHpaBuBIIKMECcsS wue3dyuTaM. Omnacasce MX MpeciefoBaHus, PeHe yes3xkaeT B
l'onnananio m ocraérest B 3TOM CTPaHE HA ABAAUATH JieT. BCro cBOIO ku3Hb Jlekapt
Oynmer cTpamaTh OT TOHEHHWHW W HaAmajoK IIEPKBU, KOTOpas OTBeprajia ero
IIPOTPECCUBHBIE MJIEH, HUKAK HE COOTBETCTBYIOLIME YPOBHIO PA3BUTHUS TOTAIIHEH
HayKH.

Emé B 1619 rogy JlekapT okOHYATENbHO MPUHUMAET PEIICHHE 3aHUMAThCS
HayKoil. B nBaguaroM Trojly CEMHAJLATOr0 BEKa 3HAKOMHUTCA C MAaTeMaTUKOM
MepceHHOM, KOTOPBIM OKa3all Ha YYEHOro 3HauuTenbHoe BiusHue. B 1637 romy
BBIXOJUT 3HameHuTas pabora Pene [lekapra «PaccyxaeHue o MeToje»,
onyOJiMKoBaHHas Ha (DpaHIy3CKOM si3bIKe. IMEHHO ¢ 3TOW MyOJIMKalMK HaYUHAIACh

HOBOEBporenckas pumocodus.
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Puc. 1. Pene [lexapt

Knura «PaccyxneHne o MeTozie» COCTosila U3 HECKOJbKUX MPUIIOKEeHUH. B
OJHOM TpUJIOKEHHH JleKapT u3JIarajl aHAJIUTUYECKYI0 TE€OMETPHUI0, BO BTOPOM
3HAKOMMJI C TIpaBWJIaMU pabOThl ONTHYECKUX SBJICHUH M TPUOOpPOB. [ J1aBHBIM
JTOCTH)KEHUEM PeHe cTano M3710KEHHE 3aKOHA O MPEJIOMJIEHHM CBETAa, KOTOPBIU 10
HEro HUKTO HE MOT C(hOpMyIIUPOBATh.

OtmetuM, yTto MMeHHO Pene JlekapT BmepBbie BBEN MOKa3aTellb CTEICHH,
KOTOPBIM MOJB3YIOTCS U B HACTOAIIEE BpeMs. Takke yYEHOMY NMPUHALICKUT UAECA
CTaBUTh YEPTY HAJ YHUCIIOM, U3 KOTOPOTO U3BJIEKAIOT KOPEHb.

JlekapT mpemsioxKua 0003HAaYaTh MOCTOSHHBIE BEIMYMHBI MEPBHIMU OYKBaMHU
JATUHCKOTO andaBuTa, a MEPEMEHHbBIE — IMOCICIHUMH. YUYEHBIA Takke pa3zpadboran
KaHOHUYECKYIO0 (JOpMy YpaBHEHHUH, UCIIOIB3YEMYIO U ceiidac.

D10 Bcem u3BecTHas popma: f(x) = 0.
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Ho camoe u3BectHoe m3o0pereHne Pene Jlekapra, 3a 4TO OH M CTajl TakK
NOMYJISIPEH, 3TO NPSIMOYTOJbHAsA CUCTEMA KOOPAMHAT, CHIIPABIIYI0 Ba)XXKHYIO pOJIb B
COBEPIICHCTBOBAHUU JIBYX TOYHBIX HayK — (PU3UKHU U MaTeMaTtuku. biarogapst sToi
CHCTEME KOOPAMHAT CTajl0 BO3MOXHBIM OIIMCHIBATH T'€OMETPUYECKUE CBOWCTBA
KPUBBIX, MOBEPXHOCTEH M TEJ, HCIONb3ys aireOpanyeckuil ammapar, a Takke
MOSIBUJIACh BO3MOXKHOCTH 00Jiee MOAPOOHONW M TOYHOW TPAKTOBKH OTPHUIIATEIHHBIX
yucels. Jlekapry TakKe MPUHAICKUT WAECS BBEICHUS IIOHATUH «MHUMBIE
OTPULATEIIbHBIE KOPHU» U «COMPSIKEHHBIE KOMIUIEKCHBIE YUCIIA».

Bo BTOpO# nonoBuHe 17 Beka BCe MAaTEMATUKU UCTIOJIB30BAIM B CBOMX TPyJax
HoBatopckue uaen Jlexapra. Tak, HayuHsle Tpyabsl HbroToHa, Dinepa u Apyrux
YUEHBIX CTPOWJIUCh Ha paborax Pene B oOmactu reoMerpuu, ainreOpbl, (U3MKH,
ONTHUKHU.

JlexkapT Takke BBIBEJ CBOW METOJ ITOUCKA WCTHUHBI, MOJYYUBIIMKA HA3BAaHUE
«meron JlekapTay, 3aKIIOYAOMIMICA B CIEAYIOMNX OCTYJIaTax:

1. BHayase Hy»HO HUCIIOJIb30BaTh CAMOE OYEBUJIHOE, HE BBI3BIBAIOIIEE HUKAKHX
COMHEHHI. IMEHHO ¢ TOro, 4emy HET IPOTHUBONOJIOKHOCTEN.

2. JItobyro  mpoOsiemMy  HEOOXOAMMO  pa3leuTh HAa  MHOTO  MEJIKUX
coctaBisitonux. Mx 10MKHO OBITH POBHO CTOJIBKO, YTOOBI HAaWTHU MPOJYKTUBHOE
perieHue 3Toi mTPOOIEeMBI.

3. BHauane Hy>XHO HCIMOJIB30BaTh CaMOE€ MPOCTOE, & MOTOM MPOJBUTATHCS K
0oJiee TPy AHOMY.

4. Tlocne 3aBeplIEHUs] Ka)KJOTO ATana HY>KHO MOOUTh UTOT, MEPENpPOBEPUTbH,
NPaBWJIBHO JIM  COCTaBJIEHbl  yMO3aKJIOUEHHS, UTOOBI TIOCJIe  3aBeplICHUs
UCCJIEIOBAHUS MOJIYYUTh MOJIHYIO YBEPEHHOCTh B OOBEKTUBHOCTH PE3YJIbTATA.

Honrue roasl Jlekapta nmpecieaoBaiu 3a €ro B3risael Ha HayKy. B 1649 rony,
N0 MPUIIIANICHUIO MIBEACKON KOpoJieBbl KpUCTUHBI, yYEHBIA TOCENAeTCS B
Crokroneme. Mx mnepenucka amuaiack MHOro Jier, KpucTtuHa BocCTOpraizach €ro
TE€HUAJIbHOCThIO, U B CBOIO oyepedb 3aBepuiia, 4YTO B CTOKIOJIbME OH MOXET JKUTh
CIIOKOMHO. OJHAKO HACIaauTbCS CIOKOMCTBHEM CTOJIMYHOM KU3HM JlekapTy He

ynanoch. BykBambHO cpa3sy mocie mepee3a OH CHIBHO MPOCTYIMICS, 3a0oien
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nHeBMOHUEH u ckoHvacs 11 deBpans 1650 roma. OgHako HEKOTOPHIE UCCIIE0BATENN
ouorpaduu Jlekapra moJsiararoT, 4TO CMEPTh BbI3BAJIO HE BOCHAJICHUE JETKUX, a S,
KOTOpBIA y4EHOMY MOJCHINAIA areHThl KaTOJIWYECKON LepkBU. [lacTopsl HE Moriu
JNOMYCTUTh, 4YTO BOJBHOAYMEL HAXOJWUTCS B HEMOCPEACTBEHHOM KOHTAKTE€ CO
IIBEJICKOM KOpPOJIEBOM, HAa KOTOPYH Yy HHMX ObUIM CBOM IUIaHbl. OJHAKO HHUKAKHX
JI0KA3aTeNbCTB TOTO, 4TO J[ekapT ObLT OTpaBIieH, HE HANICHO.

BbiBoabl. be3ycnoBHO, HOBaTopckue ujeu W KoHuenuuu Pene Jlekapra
3HAYUTEJIbHO MOBJIMSIA HE TOJIBKO HA MATEMATUKY, HO U HA Pa3BUTUE HAYKH B LIEJIOM.
Ucnonbzyempie JlexkapToM mnpaBwia CTaIM SPKOM JEMOHCTpaUMEN OTKas3a oOT
yCTapeBIIUX JOTM, Oiarojapsi 4eMy HaykKa B TOM BHJE, B KOTOPOM OHa CYIIECTBYET

ceiyac.
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CUHXPOTPOHHOI'O U3JIyYEHHUS,
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U3IIy4YEHUS;

WNuctutyT kpuctaimorpapuu uM. A.B. IllyOHukoBa, r. Mocksa

OCOBEHHOCTU BBIPAILIUBAHUS KPUCTAJIJIOB IEHTAIIEHA U3
ITAPA B JIBY3OHHOM TEIIJIOBOM I10OJIE

Annomayus. B paboTre TpeACTaBICHBI pe3yJbTaThl 110 BBIPANTUBAHUIO
KpucTauioB TneHTaneHa (PC) caHTHMETpoBOro Maciiraba METOJ0M IapoOBOIO
(Gu3HUEeCKOro TPAHCIIOPTA B TOPU3OHTATILHOM MeUn ¢ ABYMS TEMIIEPATYPHBIMH 30HAM.
Y CTaHOBIIEHO, YTO WHTEHCHUBHBIC IPOIECCHI POCTa KPHUCTAIIIOB MMEIOT MECTO B
MIEPEXOAHBIX 00JIACTAX C Pa3IMYHBIMHU TEMIIEPATyPHBIMHU PEKUMaMH, a B 00JIaCTH CO
cmabo W3MEHSAIONMICHCS TeMIepaTypold PpOCT KPHUCTAIOB TMPAKTHYECKH  HE
HaOJTrO1aeTCsl.

Knwouesvie cnosa: meHTarleH, METOA MapoBOro (HU3UYECKOTO TPAHCIIOPTA,

POCTOBBIC YCTAHOBKH, MOHOKPHUCTAJLI.
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BBenenmne. [lenrarien sBisieTcss OJHUM U3 HauOOJIee U3BECTHBIX OPTaHUUYECKUX
MOJIYIPOBOJHUKOBBIX ~ COCAMHEHUM, KPUCTALIBI KOTOPOrO  XapaKTepU3yrTCs
XOpOIIMMH  DJIEKTPUYECKUMHU  cBoWcTBamH. braromaps 3ToMy  MHOXECTBO
UCCJIEIOBAHUN TMOCBAILIEHO pPa3padOTKE ONTOAIEKTPOHHBIX YCTPONCTB Ha OCHOBE
KpuctauioB PC. BooOie, meHTaeH yBepeHHO 3aHUMAET CBOE JOCTOWHOE MECTO B
OpraHUYeCKON JJIEKTPOHUKE W HE TepseT CBOEH MOMYyJIAPHOCTH Cpeau
UCCIIEJIOBATEILCKUX TPYII Kak YJIOOHBIM s OTpaOOTKH HCCIEAOBATEIBCKUX
MeTouK MaTepuan [1], MmonenbHbBINH 00BEKT [2], a Tak)ke OCHOBHOM HITH JISTHPYFOIITHIA
KOMIIOHEHT B pa3pabO0TKe ONTOIIEKTPOHHBIX YCTpOorcTB [3—6].

[InacTuHYaThle KPUCTAIIIBI MEHTAIlEHA CAHTUMETPOBOTO MaciiTada SBISIOTCS
yIOOHBIMU OOBEKTAMH JJIS1 UCCIICIOBAHMS aHU30TPOIINH JICKTPUICCKUX CBOUCTB [7].
HaunGonee 1OCTYNHBIM U CPaBHUTENIBHO JIETKO PEAM3yEeMbIM CIIOCOOOM MOJTYyUEHUS
KPYIHBIX MOHOKPHCTAJUIOB TIEHTAlleHA SBISETCS POCT MO METOJY MapoBOro
¢dusudeckoro tpancmnopra (IIPT) [8]. Onnako, B 11€710M, METOBI BhIpAIMBAHUS U3
napa KpuctajuioB PC caHTumeTpoBoro macimraba c 3alaHHoi Mopdosorueit Ha
CETOJHSIIHUMN JIEHb €II€ IUI0OXO0 Pa3BUTHI, U MUCCICAOBAHMS B JAHHOM HAIpPaBJICHUU
NPEACTABISIOT MHTEpEC s pemeHus (yHIaMEHTAIbHBIX W MPUKIATHBIX 3a7ad
OPTaHUYECKOM AIEKTPOHUKH.

BapuaHTbl pOCTOBBIX YCTaHOBOK C HECKOJIBKUMH TEMIEPATypHBIMH 30HAMH,
dbopMUpPYIOIIUMU  CTyMEHUYAThId TpOQUIbL TEIJIOBOTO MO JJISi BBIpAIIUBAHUS
OpPraHWYEeCKUX KpucCTauioB B ycinoBusx [IDT B nureparype BCTpeyaroTCA
3HAYUTEIFHO pPEeXKe, YEM YCTAaHOBKH B KJIACCHUUYECKOM HCIIOJIHEHUHU C TPaIUCHTHBIM
TerioBbiM TosieM [8, 9]. IlpumeHeHHe ABY30HHOH POCTOBOM CHUCTEMBI ITO3BOJISICT
0oJee 4eTKO 3a/1aBaTh TEMIIEPATYPHOE TOJIE BHYTPH POCTOBOM TPYOKH, UTO SIBISIETCSA
MPEUMYIIIECTBOM  MEpeJl  KJIACCUYECKHM  TPAJUCHTHBIM  crocoOoM. OJHaKo
3aKOHOMEPHOCTH KPUCTAJUTH3AIMd OPTaHUYECKUX COCIWHEHWW B CIeNU(PUIecKux
YCJIOBUSIX JIBY30HHOTO TEIUIOBOTO MOJII B HACTOSIEE BpeMs €IIE Majo H3YYECHBI.

HCJ’IBIO HacTOsAIICH pa6OTBI SABIIACTCA HMCCIICAOBAHUC POCTAa KPHUCTAJJIOB IICHTAIICHA
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CaHTUMETPOBOI'0 MaciuTaba B YCIOBUSX NapoBOT0 (PHU3MUECKOro TpaHCIOpTa B
POCTOBO MEeYH C ABYMsI TeMIIEpaTypPHBIMU 30HAMH.

IKCNEePUMEHTAIbHAS YaCTh. /{7151 pOCTOBBIX MCCIIEI0OBAHMN OBLT HCTIOIB30BaH
KoMMepueckuil eHTareH (99.995%, SigmaAldrich) 6e3 nmpenBapuTenbHON OYUCTKH.
B kadecTBe MHEPTHOrO ra3a-HOCUTENS B MPOIECCE POCTA KPUCTAJUIOB MCIOJIb30BAIH
cMech aproHa ¢ 5% Bogopoaa (99.9999%). Konrposib pacxona ra3za-HOCUTENS
OCYIIECTBISJICS C TOMOIIBIO KOHTpoyuiepa — pacxomomepa EL-FLOW Prestige FG-
200CV (Bronkhorst, Hunepnanasi). Bo Bcex ombITax pacxoj; raza-HOCUTENs ObLI
0.5 /4. UccnenoBanust o pocTy KPUCTAJUIOB OBLIM MPOBEACHBI B POCTOBOM MEYU C
JBYMSI TEIJIOBBIMU 30HaMU: | — ropsyasi 30Ha JijIsl BO3TOHKHY BEILIECTBA; 2 — XOJOAHAS
30Ha JUISl OCAXJECHMS U poCTa KpUCTAIOB. /[ Kak10il 30HBI ObLIa MCIOIb30BaHA
OTIIeTIbHASL TI€Yb COMPOTHUBIICHUS C HE3aBHUCHUMBIM YIPABICHHEM [0 TEeMIEepaType.
BHyTpeHHUI TuamMeTp pOCTOBBIX KBapIEBBIX TPYOOK B OOOMX MOAXO0JAX COCTABIISUI
19 MmM. JIAUTENn HOCTH POCTOBOIO MEpPHOJIa BO BCEX OIBITaX COCTaBisAja 72 yaca.
Kpucramibl ocaxk1aauchk Kak Ha OTKPBITYIO MOBEPXHOCTh KBAPIIEBOM TPyObl, TaK U Ha
ATIOMUHUEBYIO (DOJIBIY, HCIOJIB3YEMYID B KadecTBe MOUIOKKH. Mopdonoruto
MOBEPXHOCTH M TOJIIUHY KPHUCTAIJIOB HCCIEAOBAIN C TMOMOIIBIO KOH(OKAILHOTO
mukpockona LEXT OLS 3100 (Olympus, SinoHust) 1 aT0OMHO-CHJIOBOTO MUKPOCKOTIA
(ACM) NtegraPrima (NT-MDT, Poccus) B KOHTakKTHOM pexuMme. Meroaom
MOHOKPHUCTAJILHON PEHTT€HOBCKOM AU(PPAKIIUN UCCIE0BaHa CTPYKTYPa TEMHO-CUHUX
TUTACTUHYATHIX MOHOKPUCTAUIOB. MIHTEHCHBHOCTh AU(PPAKIMOHHBIX OTPAKEHUH OT
MOHOKPHUCTAIIIOB (pazMepoM He Ooiiee 0.3 MM) U3MepsUIHCh TP Temiiepatypax 293 u
85 K na pentrenockom nudpakromerpe XtaLABSynergy R, DW system, HyPix-Arc
150.

Pe3yabTaThl M 00cy:xkAeHHA. B sxcriepuMenTax 1o BhIpaliBaHUIO KPUCTAIIIIOB
NEeHTaleHa TeMIeparypa ropsiueii 30ubl 11 0b11a nocrosinaa — 290 °C, a Temneparypy
XOJIOTHOM 30HBI T2 u3MeHsum B uHTEpBatie oT 220+250 °C ¢ marom B 10 rpamycos ot
OTbITA K OMBITY. IHTEHCUBHBIN POCT KPUCTAJUIOB MPOUCXOIUT HA TPAHUIAX CMEHBI
TeroBoro pexuma (puc. la). Ha yuyacTke mepexoja Mexay ropsdyeil 1 XoJIogHOU

30HaAMH (I)OpMI/IpOBaJ'H/ICB HaunoOoee KPYIIHBIC IINIOCKHUC KpPUCTAJIJIbI TCMHO-CHHCTO
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nBera (ob6macte I, puc. 1 a, 6). Poct kpucramioB BHYyTpU XOJIOAHOW 30HBI (2) HE

HaOmroancs (puc. la).

. (6) 0.2 mm (B)
Puc. 1. Kpucramisl, BeIpallleHHBIE B ABY30HHOM TEMIIEPATyPHOM I10JIE:

(2) pacrmoyiokeHUEe UCTOYHHMKA BEIIECTBA U 00JIACTEH MPEUMYIIIECTBEHHOTO
OCXICHHS TEMHO-CHHUX IIaCTHHYATHIX (1) 1 urompuathix 3010TUCTHIX (1)
KpPUCTAILIOB; (0) n300paxKeHue MIacCTUHYATOro KpUCTalja MeHTaleHa, ¢ yKa3aHueM
YIJIOB MEXAY OOKOBBIMH IPaHsIMU U UHAEKCOB OOKOBBIX I'paHel; (B) yBEIMUEHHOE

M300paKCHHUE UTOJIHYATOTO 30JI0THCTOTO KprcTasuia u3 odmactu (I1).

C u3MeHeHHeM TeMIepaTypbl XOJIO0JHOW 30HBI OTMEYAETCs H3MEHEHHE (HOPMBI
U TONIUHBI KpucTamioB (puc. 2). Haumbonee KpymHbINA TUIOCKUNA TEMHO-CHUHHIMA
KpPHUCTAJIJI MEHTalleHa IIUPUHOI0 O0Jsiee 1 ¢M U TOIIIMHOI0 0KOJIO 65 MKM BBIpaIlleH Mpu
Temneparype xonoaHou 30ub1 12 = 220 °C (puc. 2). [Ipu yBenuueHun temrnepaTypsbl
T, B cpegHeM nainuHA KpPUCTAUIa YMEHBIIAETCS, MPH 3TOM OOKOBBIE CTOPOHBI
npuoOpeTaroT Oonee yeTkoe orpanenue (puc. 2, T2 = 230 °C). Ilpu Temneparypax
To= 240-+250 °C nHabmoganock yuimHEHHE (HOPMBI KPUCTAIJIOB U YBEIUYCHHE HX

TonmuHbl 10 250 MKkM. B 1ienom, ¢ yBenudeHrueM TemIiepaTypbl XOJIOJIHON 30HBI 3a
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OJIMHAKOBBIM TIEPHOJI POCTAa CpEHSAs TOJIIMHA Hanbojee KpPYyMHBIX 00pasioB

KPHUCTAJJI0B B OIILITC YBCIIMYHUBAJIACh JIMHEHHO.

T.= 220°C - T1.=230°C T.=240°C T.=250°C

Puc. 2. MoHOKpHUCTAIITHI IEHTAIIEHA HA MUJUTUMETPOBOM OyMare, BhIpallieHHbIC

IIPH pa3IMYHBIX TeMmrepaTypax xojaoaHoi 30ub1 (T1=290 C).

CrpaBa OT X0JIOJJHOM 30HBI (HOPMHUPOBATIACH KOJOHUSI 30JIOTUCTHIX UTOJIBYATHIX
KpuctamioB (puc. la, odnacts |1). J{nuna Hauboaee KpynHbIX Uri npesbimaia 10 mm.
Ha 60Kk0BOIi TOBEPXHOCTH HUTOJHYATHIX KPUCTAJUIOB XapPAKTEPHO HAIMYHUE OTPAHKH
(puc. 1B).

VY IJIOCKMX KPHCTAUIOB MEHTalleHa HeOOoMbIHMX pasMepoB (d<1 mm) 3agacTyro
OTMEUYaeTCsd HaJIU4Me TJIAJIKOW TMOBEPXHOCTHOM MOPQOJIOTHH y Pa3BUTON T'paHH.
OpnHako Il KpYHNHBIX KPUCTAJIOB CAaHTUMETPOBOTO MaciuTaba pa3BHUTas I'paHb B
OCHOBHOM 0OoJiee rpy0asi U XapakTepH3yeTcs HAIMYUEM MHOKECTBA MAKPOCTyIIEHEH 1

HEOAHOpOHOCTEH (pHcC. 3a).

(6)

Puc. 3. (a) KondokanpHoe n300pakeHre MOBEPXHOCTH KPYITHOTO KpHUCTaLIa

nenraiieHa; (6) ronorpadguiyeckoe ACM nzo0pakeHHe riaajgkoro yyactka

IMOBCPXHOCTH INIACTHHYATOI'O KpHUCTAJLIA.
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B HekoTOpbhIX cllydasX Ha pa3BUTOM TpaHU KPYMHBIX KpUCTaioB PcC
HaOmoganuch o0JacTu ¢ THAAKOW MOBEPXHOCTHOM Mopdororueil. B kauectBe
npumepa Ha puc. 30 npezacrasieHo ACM u3o0OpakeHne ydacTka OBEPXHOCTU OJHOTO
U3 TaKUX KpUCTAUIOB, Ha KOTOpPOM, IO BCEl BUAMMOCTH, HaOIIOAAIOTCA
AJIEMEHTAPHBIE CTYNEHU POCTA, COOTBETCTBYIOIIME TOJIIMHE MOHOCIOS B
OpHUEHTAlNH, TapaJlJIeIbHON Pa3BUTON rpaHu KpHucTasuia. BeicoTa cTynenu B penenax
oOnactu nzobpaxenus ~ 1.5+0.1 HM, yTO TPUOIUZUTENHEHO COOTBETCTBYET TONIIHUHE
MOHOCJIOS, OPUECHTHPOBAHHOTO TlapajutebHo miockoctu (001) [10, 11].

OcHOBHBIE KpHUCTAJUIOTpadUUYecKue NapaMmeTpbl, JaHHbIE SKCIEpPUMEHTa H
pe3ynbTaThl YTOYHEHUS CTPOEHUS IUIACTUHYATOr0 TEMHO-CHMHEr0 MOHOKpHCTALIA
neHrtaieHa npu temneparypax 293 K u 85 K mnpuBenenbr B tabnume 1. Ilpwm
NOHM>KEHUH TEMIIEPATyphl CTPYKTYPHBINA (Pa30BbIil Epexo/] B UcclieyeMoM o0paslie
HE BBISIBJICH.

Tabnuua 1. Kpucramiorpadguueckue XxapakTepruCTUKH, TaHHbIE SIKCIIEPUMEHTOB

Y PE3yIbTaThl YTOYHEHHUSI CTPYKTYPbI KPUCTAJIJIOB NIEHTAIICHA.

T,K | Cuaronus a, A a, © Vo, A3 In, 0,
Ip. p. b, A B, ° D,r/em® | A 0,
Z c, A v, °© hoo1, A rpan
Tpuxknuanas| 6.2638(1) | 76.479 | 684.56(3) 68.0
293 1 7.7731(2) | 87.658 | 1.3504 124.9
2 14.5258(3)| 84.691 14.1 13.9
Tpukiaunuas| 6.2818(1) | 76.958 [ 668.39(2) |~ | 67.4
85 1 7.6478(1) | 88.278 1.383 125.6
2 |14.3514(2)] 84.339 | 14.0

[Tpumeuanusi. Noor — MEKIUIOCKOCTHOE PACCTOSIHHE ISl CEMEHCTBA TUIOCKOCTEH
(001); D — pentrenorpaduyeckas MmiIOTHOCTh KPUCTAIIIOB; In — JAJTMHA MOJIEKYJIbI; O —
yTOJ1 HAKJIOHA MOJIEKYJI K TiockocTi MoHOocos (001); ¢ — yron «mapkeTHO-eI0UHON
YKJIaJKU MOJIeKYyJ1 BHyTpH MoHocuos (001).

YTOYHEHHBIE TTApAMETPBI JIEMEHTAPHOU STYEMKU TEMHO-CUHMUX IUIACTUHYATBIX
KpUCTAJLIIOB MeHTaneHa (l) B Halmx ycloBUsSIX XOPOIIIO COTJIacyeTcsi C pe3yabTaTaMU
HU3KOTEMIIEPAaTypHBIX HWCCIIEOBaHUM, NpeJCTaBIeHHbIX B pabotax [12, 13]. Bun
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JJIEMEHTAapHOM SYEWKM KpUCTajla TIeHTalleHa U IUIOCKas KOH(OpMAaIMOHHAS
CTPYKTypa MOJEKYJbl B KpPUCTaJUIE MPHUBEACHHI Ha pucC. 48 U O COOTBETCTBEHHO.
OtnocutrenbHo 1mnockoctu (001) namHHAs OChb MOJIEKYJIbl HAKJIOHEHA MOJ YTIJIOM
0 = 68°. Tommuua moHocioss B opueHTtanuu mwiockoctu (001) hooi=1.4 HM, uTO
cornacyercss ¢ gaHHbiIMu ACM (puc. 36). Yron «mapKeTHO-€IOYHON» YKIIaJIKH
MOJIEKYJI BHYTPU MOHOCJIOEB B opueHTanuu miockoctu (001) ¢ =125° onpenensiercs
KaK yros Mexmay miockoctsmu (51 21 Hu (_1(2 41 % (puc. 4¢).

(a) (6)

& X

€ o S (10 24 15)

= (512 15)

Puc. 4. Kpucrannuueckas cTpykTypa nentaiena npu 85 K: (a) Bua sneMeHTapHOU
auerku; (0) riockast KOHPOPMALIMOHHAS CTPYKTYpa MOJIEKYJIbI B
ORTEPmpencTaBieHuu (TEIIOBBIC SUTUIICOUIBI ¢ BEPOATHOCTHIO 50%0);

(c) yrmakoBKa MOJICKYJI BHYTPH MOHOCIIOS B opueHTanuu miockoctu (001).

3akaouenue. Takum 00pa3oM, HCHOIB30BAHKME JABY30HHOM POCTOBOM
YCTAHOBKH ITO3BOJISIET NOJIy4aTh KPUCTAJUIBI IEHTALlEHA CAHTUMETPOBOTO pas3Mmepa.
Y CTaHOBIIEHO, YTO MyTEM U3MEHEHUSI TEMIIEPATYPbl XOJIOJIHOW 30HBI MOYKHO BJIMSITH
Ha MOP(QOJIOTHIO TIJIOCKUX KPUCTAJJIOB TIEHTAlleHa, TMOJdydas WHIMBUILI JHOO
PaBHOMEPHO IIMPOKUE U TOHKHE, JTUOO0 yIJIMHEHHBbIE U Oojee TojicThie. Mcnomnb3ys
JAHHBIM TMOJXOJ MOKHO IIOJy4aTh MOJYIPOBOJHUKOBBIE KPUCTAJUIBI IMEHTAlCHA
3HAYUTENIBLHBIX Pa3MepPOB, KOTOPHIE B JaJdbHEUIIIEM MOTYT CIIYKUTb TIaTdOpMOi it
pa3pabOTKH  OMTOAICKTPOHHBIX  YCTPOMCTB CO  CIIOKHOW  MHOTOYPOBHEBOM
ApXUTEKTYpoil. MeToJIoM MOHOKPHUCTAIBLHON PEHTTCHOBCKOW Audpakiuu npu 85 u
293 K yTOYHEHO CTpOEHHE IUIOCKMX TEMHO-CUHMX KPHUCTAJUIOB IICHTAlleHA B
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TPUKIIMHHOM CHUCTEME C Ip.Tp. P1. HccnenoBanusi CTPyKTypbl U CIIEKTPalbHO-
JFOMUHECUEHTHBIX CBOMCTB 30JIOTUCTBIX UTOJbYATHIX KPUCTAIIIOB, COOCAXK AKX CS
B IIPOLIECCE POCTAa C TEMHO-CMHMMM IUIACTUHYATHIMM KPHUCTAJUIaMHU IICHTAlCHA B
HACTOSIIEE BPEMS HAXOIATCS Ha 3aBEPIIAIOLICH CTA/IUH.

Paboma evinonnena npu nooodepoicke Munucmepcmea nayku u 6vicuie2o
obpaszosanus Poccutickou @edepayuu 8 pamxax eévinoaHenuss pabom no I oc. 3a0anuio
@OHUI] «Kpucmannoepagua u ¢omonuxay PAH c ucnonvzosanuem HAYYHO2O

obopyoosarnus LIKII « Cmpyxmypuas ouazcHocmuxa mMamepuanosy.
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FEATURES OF GROWING PENTACENE CRYSTALS FROM STEAM
INATWO-ZONE THERMAL FIELD

Annotation. The paper presents the results on the cultivation of pentacene (Pc)

crystals on a centimeter scale by the method of steam physical transport in a horizontal

furnace with two temperature zones. It has been established that intensive crystal

growth processes take place in transition regions with different temperature regimes,

and crystal growth is practically not observed in the region with a slightly varying

temperature.
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GOAKTOPHOE INTAHUPOBAHHUE 3KCIIEPUMEHTA KAK CIIOCOB
OITUMM3BAIINU KOJIMYECTBEHHOI'O COAEP KAHUSA
KOMIIOHEHTOB B TEIVNIOAKKYMYJIMPYIOHIUX COCTABAX

Aunnomayus. N3yuensl (bU3HKO-XUMUYECKHE CBONCTBA
TEIJIOAKKYMYJIMPYIOIIETO COCTAaBa HA OCHOBE IeKcaruapara HUTpaTa UHKa C pa3HbIM
coJiep;KaHMeM 3apojibiiieoOpasyronieil u 3arymjaronieid go6aBok. Ha ocHoBaHuwu
MOJIYYCHHBIX JKCIEPUMEHTANBHBIX JaHHBIX MPOBEACHO (PAKTOpPHOE IUIAHHUPOBAHUE
AKCIIEPUMEHTAa U PACCUYUTAHO ONTUMAIbHOE KOJUYECTBO J00ABOK ISl MOJYYEHHUS
MaTepralia C ONTUMAIbHBIM KOA(D(DHUIIMEHTOM TEIuIonepeaadyn M TEIJI0EMKOCTHIO
TBEpAOH (a3bl.

Knrouesvie  cnosa:  TENNOAKKyMyJHPYIOUIME  MaTepHalibl,  (AKTOPHOE

IJJAHUPOBAHUE SKCIIEPUMEHTA, TEKCATMAPAT HUTPATA LIMHKA.

BBeneHnue. Hcnonp3oBanne Zn(NOs3)2-6H20 B KaueCTBE
TCIUIOAKKYMYJIUPYIOIIErO0 ~ Marepuana 0e3  JOMOJHHUTEIbHBIX  KOMIIOHCHTOB
3aTPYHEHO H3-3a BBICOKOIO MEPEOXJIAXKJICHUs BellecTBa, Aocturaromero 9 °C. B
CBS3U C OTUM BO3HHKAET HEOOXOJUMOCTH JOOABIEHUS 3apOJbIIICO0pa3yIOINX U
3arymarnmx KOMIOHEHTOB, B KaUeCTBE KOTOPHIX K HUTPATy LUHKY MpeJiaracTcs
nobasuth  CO(NOs3)2'6H,O, a B  kawectBe  3arymiamomed  J00aBKH

kapookcumerminemono3dy (KML]). OaHOBpeMEHHO Ba)KHO COXpaHUTh, H, TpHU
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BO3MOKHOCTH, TIOBBICUTH OIpe/eJCHHbIE (U3UKO-XUMUUYECKHE XapaKTEePUCTUKH,
TaKUe Kak TeIUIOEMKOCTh XHUAKoH (asel Cp u koadduuumenT temnonepenaun h,
KoTOpble B padote [1] ykasaHbl, Kak OJHH W3 HamOoJiee BaXXKHBIX MapaMEeTPOB IpHU
uccienoBanun TAM Ha OCHOBE KpUCTALIOrHApPATOB. [l TOBBIMICHUS H3THUX
XapaKTEepUCTUK JOOAaBIAIOTCS pa3iuvHble T00aBKU yriepoaa. B nmannoil paGote B
KayecTBe TaKO J100aBKU UCTOIb3YeTCs caxa, IpeIBApUTENIbHO THAPOPUITUN30BAHHAS.
Ho u30bITOuHOE MM HEIOCTATOUYHOE CO/IepKaHUE J0OABOK MOXKET MPUBECTH K TOMY,
41O HpUroToBieHHbIW TAM Oyaer uMerb JUMOO HU3KUE XAPAKTEPUCTUKH, JUOO
BBICOKYI0, JIHOO TEIUIOEMKOCTh JKuiakor da3er  Cp, 1mmbo ko3P hUIHUEHT
Tertonepeaaus h.

IlocranoBka 3agaum. TpeOyercs omnpenenanuTb, KaKoe ONTHUMAJIBHOE
KOJIMYECTBO J100aBOK, BBIPAKEHHOE B MAaCCOBBIX MPOIEHTaX OTHOCUTEIHLHO CMECHU
Zn(NO3)2:6H20 1 Co(NO3)2-6H20, Tpebyercs 106aBuTh ais mpurotosiacHus TAM ¢
ONTHMHU3UPOBAHHBIMU XapAaKTEPUCTHKAMH TEIJIOEMKOCTH kuakod ¢assl Cp u
ko3 duireHTa Temionepeaaqn h.

JUis onpeneneHus: ONTUMAIbHOIO KOJMYECTBA J100aBOK MCIOJIb3YETCS METOJ
dakropHoro miaHupoBanus skcrnepumenta (IID3). B rtabmume 1 mpeacraBieHbl
MHTEPBaJIbl BApbUPOBaHUS (DAKTOPOB, BHICTABJIECHHBIE C YYETOM TOr0, YTO CIUIIKOM
BBICOKOE COJEp)KaHHE J100aBOK NPUBENET K YXYAUICHHIO (PU3MKO-XUMUYECKUX
napametpoB TAM.

Takum 06pa3om o061yt Gpopmyiny TAM MoxHO HanmucaTh Kak:

(95% Zn(NOs3)2:6H20 + 5% Co(NO3)2-6H20)+X1(CAXKA) + Xo(KMLI)

Tabnuua 1. MaTepBaiibl BapbupoBaHus (aKTOPOB, BHIPAXKEHHOE B HATYPAIbHBIX

BEJIMYHUHAX
Cp, Ix/(r*K) h, Br/(M**K)
X1 — conepxanue Xz —
cakit. % coJiep)KaHue X1 X2
’ KMII, %

min 1 1 1 1
Xo 2 15 2 15

max 3 2 3 2
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PesyabTaThl. B Tabnuie 2 a u 2b npuseneHs! pesyibrarel usmepenus TAM
MeTozioM TemneparypHoil ucropuu (THU) B aByx moBTopHOCTSX. Pacuersl ¢uznko-
XUMHAYECKUX INapaMEeTpPOB: TEIUIOTAa KpUCTaum3aunu AH,,, TENIOEMKOCTH KUAKON
daser  Cp, kodpdummenta Termionepemsadd h  paccuyuTaHbl ¢ ITOMOIIBIO
aBToMaTu3upoBaHHOTO mporpammHoro kommiekca AIIK TU u moctpoena Tabnuia
(aKTOPHOTO IJTAHUPOBAHUS AJIs ABYX(HAKTOPHOTO IKCIIEPUMEHTA.

Ta6muna 2a. PesynbraTel usmepenuss TAM MeToioM TemMnepaTypHOM UCTOPUH

— | noBTOPHOCTS.

Gy,
06;1)2_)31131 CANA | KMI ng ’ fé BT/(f/I,z*K) E[”:II(’;IEF*K) (60 lé) Il:/II/IH
Jx/T*K

X1 X2 XiX2 [Yr | Y2] Y3 Y4 Ys Yo
1 - - + 32911,3] 1,10 137 4,8 79
2 + - - 32611,9]1,29 143 3.6 90
3 - + - 31.2(2.01]0,83 111 3.1 88
4 + + + 3141 1,6 | 1,52 96 33 0

Ta6nuua 2b. Pesynbrarel u3mepenuss TAM MeTOI0M TeMIIepaTypHOH HCTOPUH

— 2 IOBTOPHOCTb.

Cp,
061:12_)31131 CAXA | KMIL 7‘}8 é](tj BT/(}BZZ*K) I[)f(/lzll’:i}K) (60C M;H
JIx/T*K

X1 X2 XiXa|Yr [ Y2]Ys3 Y4 Ys Yo
1 - - + 32.7(23]1.09 178 4.2 116
2 + - - 32.6 (3.0 1.31 167 3.9 115
3 - + - 31.212.0]0.88 107 3.7 90
4 + + + 312120 1.61 115 3.6 96

B Tabmuue 3 mnpencraBiieHbl pe3ysbTaThl IUIAHUPOBAHUS DKCIEPUMEHTA.

CD&KTOpHOC IUIAHUPOBAHUEC HPOBOANIIOCH HC3aBUCHUMO I KaXKIOI'0O OTKIIMKA. ITo
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pe3ylbTaTaM  pacueToB  ONpEJEJIeHa CHCTEMa PErpecCHOHHBIX  ypaBHEHUH,
NPECTaBICHHBIX B KOJUPOBAHHOM BHJIE.

Jlis ompeneneHus aneKBaTHOCTH PETPECCHOHHBIX ypPaBHEHUN pacCUMTaHbI
NUCHEPCHH AaNeKBATHOCTH 3, M BOCIIPOU3BOIMMOCTH 3, a TaKkKe OIpeeieH
ko3pdunment Dumepa, KOTOPHIM  OKa3ajucs MeHbIIE TaOIMYHOTO, YTO
CBUCTEIHCTBYET 00 aJeKBATHOCTH PETPECCHOHHBIX Mojeiei. BaxkueiM sBisercs
BKJIFOUEHHE B PErpPECCHOHHOE ypaBHEHUs Kod(duiMeHTa aiz, KOTOPBIA ompeeser
CIWIIy BIUSHUS COBMECTHOro akropa XiX2. Bximouenuss nmanHoro ¢akropa
HEOOXOJMMO, TaK Kak Ha OMpECNICHHBIX HHTEpBajaxX BapbHPOBAHHS ITUHEHHOCTH
MOJIeNIM HEe TMOATBEPKICHA M HA OTKJIMKHA MOXET OKa3bIBaTh CYIIECTBEHHOE BIHMSHUE
COBMECTHOE H3MeHeHue (aktopoB. [Insg koap¢uumeHta Temgonepesadyd JaHHOE
IPEINONI0KEHUE MOITBEPXKIAETCS, TaK KaK KO3 PUIIMEHTa a12 ABISETCS 3HAYMMBIM

K03 (PULIMEHTOB ypaBHEHUSI PETPECCUU.

Tabnuna 3. Pe3ynprarsl (hakTOPHOTO TUIAHUPOBAHUS YKCIICPUMEHTA.

Cp h
ao 3,74675 1,204
a1 -0,16475 0,23
a -0,35325 -0,0055
aw - 0,126
_T 2
GE 2 2 ( ) 0,112727 0,001268
2 =1 -
\/_2
A =277 6\/—8 0,3295 0,034
— .2
2 2= =7) 0,2738 0,000242
2
F:ith 2,429 < 5,59 Fragn 0,19 < 5,59 Fraon
B
KomupoBanHoe ypaBHEHHE Y5=3,747- Y3=1,204+0,23%x1+0,126xX1X2
perpeccun -0,35325x2
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Jlis ompeneneHusl HATypajJbHBIX 3HAUEHUN (AKTOPOB Xi, X2, BBIPAKEHHBIX B
HOBBIX NMEPEMEHHBIX Z1 M Z2 COOTBETCTBEHHO, TpeOYyeTCsl NEPEBECTH KOJUPOBAHHbBIE
YPaBHEHHsI PETrPecCHH B HATypallbHYIO BeauduHy. lcnosb3dyemble mist 3TOro

dbopMyIIBI TIepecyeTa:

1= — 0’ (1)
2 = 22, (2)

rae AX — uHTepBai BapbupoBaHus (pakTopoB. [lepecunTanHble B HATYpaJIbHYIO (hOpMY

ypaBHEHUS:

Y3=1,5-0,1482:-0,5042,+0,2522,2>, (3)

Ys=4,8065-0,7065z>. 4)

JInst ompeneneHuss ONTUMAILHOTO COOTHOIIEHHS 100aBOK 10 ypaBHEeHHUIO (3)

HaWJICHbl YaCTHBIE ITPOU3BOJHBIE IO IEPEMEHHBIM Z1 U Z2, paBHble 2 U 0,587 %
COOTBETCTBEHHO.

——=0,148+0,252 , = 0,
1

——=-0,504+0,252 ,=0.
2

BoiBoabl. Ilo pesynbratam [IDD ompeneneHo OoNTUMaIbHOE COOTHOILIEHUE
KOMIIOHEHTOB, IIPM KOTOPBIX JOCTHUTAE€TCA OJHOBPEMEHHO BBICOKOE 3HAYCHHE
ko3 duimeHTa termionepenadn h u TemroeMKocTh xuakon (aser Cp. Hapymenue
KOJIMYECTBEHHOTO COJIEPAHUSI JAHHBIX KOMIIOHEHTOB IIPUBEAET K CHHXEHUIO
TEIUIoNepeaul M3-3a YBEJIMYEHHON BA3KOCTH, BBI3BAHHOW JIMOO NEPEen30BITKOM
KMII, nu6o nepensObiTkOM caxku. Bo BTOpoM ciydae OJHOBPEMEHHO YBEJIMYUTCS
TEMJIO0EMKOCTb, OJIHAKO, 3TO MPUBEIET K Oojiee niauTenbHOMY HarpeBy TAM, yto

MIOBJICUET 332 COOOM OOJBITNI pacX0/1 SHEPTHUH, 3aTPAYNBAEMO Ha HATPEB MaTepHuaa.

Jluteparypa
1. Tecro JI.C. MeToaogorudeckue OCHOBBI OICHKH 3()QPEKTUBHOCTH
TEIJIOBOTO aKKyMYJISTOPA, paboTaroIiero Ha (bazorepexoIHbIX

teroakkymyimpytonmx — marepuanax /  J[.C. TecroB, C.B. MopxyxuHa,
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FACTOR PLANNING OF THE EXPERIMENT AS A WAY TO
OPTIMIZE THE QUANTITATIVE CONTENT OF COMPONENTS IN THE
HEAT STORAGE MATERIALS

Annotation. The physicochemical properties of a heat storage materials based on
zinc nitrate hexahydrate with different contents of nucleating agents and thickening
additives have been studied. Based on the experimental data obtained, the factor
planning of the experiment was carried out and the optimal amount of additives was
calculated to obtain a material with the optimal heat transfer coefficient and heat

capacity of the solid phase.
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MNPUMEHEHUE KOMITIO3UTHBIX MATEPUAJIOB JIsA YCUJIEHUSA
METAJUVIMYECKUX KOHCTPYKIIUH

Annomayus. Jlannas paboTa MoCBsIeHa TPOOIeMe YCUICHHSI METAITHIECKUX
KOHCTPYKITUH KOMITO3UTHBIMH MaTepuajiaMy. B OOJIBIIMHCTBE ciydaeB MPUMCHCHUE
JAHHBIX MaTEPHAJIOB OMHUPACTCSd Ha WHOCTPAHHBIE HOPMATHBHBIC AaKTHl H
AKCIIEpUMEHTAJIbHBIE JaHHbIC, TaK KaKk B PoCcCHM MpakTUYECKU OTCYTCTBYIOT PabOTHI,
MOCBSIIIIEHHBIE MPOOJIeMe YCUTICHHS] METAIMYECKUX KOHCTPYKIUNA KOMITO3UTHBIMU
maTtepuaiamu. [I[puBeeHHbIE B CIUCKE JTUTEPATYPHI 3apyOeKHBIE Ty OTUKAIIMA MOTYT
CTaTh OCHOBOW JJI MPOBEJEHUS SKCIEPUMEHTOB W pa3pabOTKH CBOJIOB MPABUI U
pPEKOMEHAMi 10 TPUMEHEHUIO KOMIIO3UTOB /Il YCHIICHUS CTPOUTEIHHBIX
KOHCTPYKIIUH.

Kniouegvle cnosa: ycuieHHe, KOMIIO3HUTHI, apMOIJIAaCTHKOBBIC CETKH,

YTJIEBOJOKHO, MCTAJNIMYCCKUC KOHCTPYKIIMHU, HOPMATHUBHBIC JIOKYMCHTHI.

BBenenue. YcusaeHne CTpOUTEIbHBIX KOHCTPYKIIUH HEOOXOJUMO B pe3yibTare
PEKOHCTPYKIIMH, TEXHUYECKOTO TEPEeBOOPYKEHUS OOBEKTOB M BCJEACTBUE
BBISIBJIEHHOT'O 3KCIEPTU30UM (PU3UUECKOTO M3HOCA, BEI3BAHHOTO AKCILTyaTallMOHHBIMU
dakTopaMu M CBEPXHOPMATHBHBIMU BO3JECHCTBUSIMHU [2], KOTOpBIE NPUBOIAT K
CHUKEHUIO HECYIEH CIOCOOHOCTH 3JIEMEHTOB KOHCTPYKUMHA M K CHUXKEHHUIO HX
JOJITOBEYHOCTH. Y CUJIEHUE KOHCTPYKLIHUA HEBO3MOXKHO IIPOBOJAUTH 0€3 TIIATEIIBHOIO
BU3YaJIbHOTO OOCIJIEZIOBaHUS CYLIECTBYIOIIEIO COOPYKEHUS MM €ero Hauboiee

OTBETCTBEHHBIX y370B [1, 2]. IlpoBeneHue AMArHOCTUKH HEOOXOAMMO JUIs
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ornpeneneHuss  (AKTUYECKUX TIEOMETPUYECKMX U (U3NYECKUX  IapaMeTpoB
KOHCTPYKLIMH.

JInst ycwiieHUsl METAIIMYECKUX KOHCTPYKUMN HCIIOJB3YEeTCS MACHTUYHBIN IS
KEJIe300€TOHHBIX CHNOCOO0 — YBEIMYEHHE [ONEPEYHOro CEUYEHMs, a TaKxke
00€TOHUPOBAHNE METAUIMYECKUX KOHCTPYKLMM, YCTPOHMCTBO JOIMOJHUTEIbHBIX
CBsi3ei, pebep u pacnopok. i NpuKpeIuieHrus IPUMEHSI0TCS CBapHbIe WX O0JITOBBIE
coenrHeHMs. CyHIECTBEHHBIE JOCTOMHCTBA JAHHOTO METOJAa HMMEKT U CBOHU
HEOCTaTKHA, TaKWE€ KaK YBEIMYEHHE Beca KOHCTPYKIUHU, TEXHOJIOTMYEeCKas
TPYAOEMKOCTb U CJIIO)KHOCTb MOHTaXa, YTO IIPUBOJUT K BPEMEHHOMY OIPAHUYEHUIO
TEXHOJIOTUYECKUX IIPOLIECCOB IIPOU3BOACTBA, A TaKXe K HApPyUIEHHUIO pPEXUMA
AKCILTyaTallii COOPYKEHUS BO BpeMsl POBEAEHUs pabOT MO YCUIICHHIO, B YACTHOCTH,
IPU YCUJIEHUU KOHCTPYKIMI 0OBEKTOB TPAHCIIOPTHON UHPPACTPYKTYPBHI.

AHanu3  onyOJMKOBAaHHOM  JIUTEpaTypbl  MOKa3aj, 4YTO  KOJMYECTBO
UCCIIEJOBAaHNNM, B KOTOPBIX PACCMAaTPUBAECTCSA BONPOC YCHICHHS METAIMYECKUX
KOHCTPYKIIMH KOMITO3UTHBIMU MaTepUallaMH JOBOJILHO OrpaHW4YeHHBI [4-6] u3-3a
Majoro KOJHMYECTBA 3KCHEPUMEHTOB, PE3YyJbTaThl KOTOPHIX HE BCErAa CTAOWJIbHBI.
IloBeneHre KOHCTPYKIUH, YCUIICHHBIX KOMIIO3UTHBIMU MATEPUAIIAMHU, OTHOCUTEIIBHO
IIUPOKO OIMCHIBAIOTCS B 3apyOekHbIX McTOYHMKAx [7-10]. B kadecTBe Meroauku
pacyera MUCIONb3YETCs IOJYyYMBIIMM IIMPOKOE PACIPOCTPAHEHHE B MHMPE METOJ
YaCTHBIX KO3()PUIIMEHTOB, a TAK)KE METO/I IPEJIEIIbHBIX COCTOSIHUN. Takke HEeT KaKux-
A1M00 MOJIOKEHUH MO TEXHOJOTHH M KOHTPOJIIO KadyecTBa MPOM3BOACTBA pabdOT IpH
YCUJICHUN KOHCTPYKIMH STUMH MaTEpUAIAMHU.

I'maBHBIMM JOCTOMHCTBAMHM KOMIIO3UTHBIX MaTEpPUAJIOB SIBISIOTCS BBICOKUE
yOPYTrO-IPOYHOCTHBIE XapaKTEPUCTUKW, MAJIBIA BEC, YCTOWYHMBOCTb K KOPPO3HH,
TEXHOJIOTUYHOCTb, CTOMKOCTb W  BBIHOCIMBOCTb K BO3JACHCTBUIO BHEUIHUX
arpecCHUBHBIX cpel. HeManoBaXHBIMM NPEUMYIECTBAMU KOMIIO3UTOB SIBJISIFOTCS
JIETKOCTh TPAHCIOPTUPOBKH U M3TOTOBICHUS KOHCTPYKIMI HEOOXOAUMBIX rabapuTOB
y’K€ Ha MECTE BBIIIOJIHEHUSI paboT M0 yCUJIEHUIO, & TAKKE€ BO3MOXHOCTb YCHJICHHUS

IUTACTHH U 000JI0YEK Pa3IMYHON KPUBU3HBI.
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MexaHnueckue CBOWCTBA KOMIIO3UTHBIX MAaTE€pUaliOB 3aBUCAT OT TUNA U
XUMUYECKOTO COCTaBa MPUMEHSEMbBIX BOJOKOH; UX OPUEHTAIMU U pACIpe/eTICHUs B
MONEPEYHOM CEUYEHHUM TIOJIOCHI, a TaKK€ COOTHOIICHUSI BOJOKOH M MOJHUMEP-
OTBEPAMUTENS B IOJUMEPHOM NakeTe. MexaHn4ecKue XapaKTEPUCTUKH, TPUMEHSIEMBIX
B CTPOUTENBCTBE BOJOKOH NpuBeAeHbI B Ta0. 1 [3]. [IpuBeneHHbie B TAOIUIIEC TUIIBI
CETOK HWMEIOT JIMHEHWHYI auarpammy jaedopmupoBanus (puc.l), modtomy s
MOJENUPOBAHUSI MOBEICHUS apMOIUIACTHUKOB HCIIOJB3YETCs 3aKOoH ['yka ¢ ydeTom
TOTO, YTO KOMIO3UTHI OOBIYHO SABJISIOTCS  OPTOTPONHBIMU  MaTepHaTaAMHU.
ApMHpOBaHME MOJTUMEPHBIMU MaTEpUAIaMU B PsIJI€ CIy4aeB HE UMEIOT AJIbTEPHATUBBI
Ja)kK€ HECMOTpST Ha HX BBICOKYIO JOpOroBu3Hy. K mnpumepy, yrieBOJOKHO MO
XapaKTepUCTUKaM MPOYHOCTU U COMPOTUBICHHUIO YCTAJIIOCTH B pa3bl MPEBOCXOAUT
CTaJlb, TO3TOMY pEIIeHUEe 00 YCUIICHUH CTEP)KHEBBIX PACTATMBAEMbBIX U U3TMOAEMBIX
3JIEMEHTOB KOHCTPYKIIMI KOMIO3UTHBIMHU MaTe€pUaiaMH JOJKHO ObITh 9KOHOMUYECKHU
00OCHOBAHO.

HaubGonee pacrpocTpaHEHHBIM U JICIIEBHIM B CTPOUTENHCTBE KOMITO3UTHBIM
MaTepHUaIoOM CUUTAIOTCS CTEKJIOIUIACTUKU. | JTaBHBIA HEJOCTATOK CTEKJIOIIACTUKOB —
OompIIas MIIOTHOCTh U HU3KUM MOJIYJIb YIIPYTOCTU. biiM3kue UM mo mpoucxoxaeHUIo
0a3aJbTOBBIC BOJIOKHA MMEIOT CXO0XKHE, HO CHUJIBHO HECTAOWJIbHBIE MEXaHUYECKHE
CBONCTBA.

VYrnepoiHbIe BOJIOKHA OBLITN CO3/JaHBI B KAUE€CTBE 3aMEHBI CTEKJISTHHBIX BOJIOKOH,
HO Y€ C YBEJIMYECHHBIMH MPOUYHOCTHBIMU XapaKTepuCTUKamMu. B 3aBucuUMOCTH OT
pexrMa TepMOOOPaOOTKH U CTPYKTYPBI HCXOTHOTO CHIPhs, KOHEYHOE BOJIOKHO UMEET
pPa3IMYHYI0 CTPYKTYpY M MEXAHUYECKHE CBOWCTBA. YTIIEPOJHbIE BOJOKHA
HETMPEPHIBHO COBEPIICHCTBYIOTCS, TMOBBIIIAETCA MX MPOYHOCTh U KECTKOCT,
YBEJIMYMBACTCS ACCOPTUMEHT W, YTO HEMaJoBaXHO - cebectommocTh. OIWH U3
MEPCIEKTUBHBIX MyTEH CHIKEHUS 1IEHBI TAKUX BOJIOKOH — UCIIOJIb30BaHNE HEPTIHBIX
OCHOB B Ka4€CTBE MCXOJHOTO ChIPbs. YTJIEPOAHbIC BOJOKHA M KOMIIO3UTHI U3 TAKUX
MaTepHAJIOB UMEIOT MIYOOKHH YEPHBIN IIBET U XOPOIIIO MPOBOIST dJIEKTPUUECTBO, YTO

TAKKC paCIIuPUT 001aCcTH X ITPUMCHCHUS.
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Tabnuma 1. MexaHudeckue XapakTEPUCTHKHA BOJOKOH KOMITO3UTHBIX

MaTepUaoB
I M
Tun BoJIOKOH pz::)::;z:{;: ) ynp(;Ill"ZJ;IT)I/I Crerett Hnotmocts,
2 0
MIIa E*10° [Ta yIUIMHEHUS, Yo /M3
yraepon } 3400 — 3900 200 — 250 15-25 175-1,95
BBICOKOHpOLIHBH/I
yraepon } 2900 — 4000 300 — 700 045-12 175-1.95
BI)ICOKOMOI[YJ'IBHI)H/I
Apaunz ) 3500 75 46 1.4
BBICOKOHquHBII/I
CTEKI0BOIOKHO 2188 30 -48 20-53 2,5-2,7

YenepodHule
/ (BN)
A

YznepodHsle
(BM)

Ny

P

/s

Cmans

\
\

Pacmazubawwue HanpaxeHus, MMa

0 1 2 3 b 5
[ledopMauus HANPsKeHUS, %

Pucynox 1. /Iuarpamma neopmMupoBaHust G- € Jisi KOMIO3UITHOHHBIX

MaTepHuaioB

[Ipn wnCHoNb30BaHWM CETOK W3 aApPMOIUIACTUKOB HEOOXOAMMO YYHUTHIBATh
OCTAaTOYHYIO HECYIIYI) CHOCOOHOCTh M JKECTKOCTh YCHJIMBAEMBIX JJIEMEHTOB.
[IpeaBapuTenbHOe HANpPSHKEHHE 3JIEMEHTOB BHEIIHETO ApPMUPOBAHUSL 3HAYUTEIBHO
NOBBIIIAET €ro A3P(HEKTUBHOCTD U ChEephl €ro MPUMEHEHUS.

KoMIio3uTHbIe MaTEpUaIbl UMEIOT OIPOMHBIN OTEHLHAJ B KAYECTBE YCUIICHUS
HE TOJIBKO JJIS KeJIe300€TOHHBIX, HO U METAJNIMYECKUX KOHCTpYKIMil. Poccus Bxoaut
B UETBEPKY MHUPOBBIX JUAEPOB B 00JIACTH MPOU3BOJICTBA KOMIIO3UTHBIX MaTEPHAJIOB,

" B YCIOBUAX JKECTKOU CaHKHHOHHOﬁ IMOJIMTHUKHU CTpaH, IJII KOTOPBIX IIPOU3BOAUIINCH
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TH MaTepualbl Ha SKCHOPT, NpeHeOperatb HX HCIHOJIb30BAaHUEM OIPOMETUYHUBO.
IlepBblM maroMm K IIMPOKOMY IPUMEHEHUIO KOMIIO3UTHBIX MaTEpPUaJIOB CTAHET
CO3JaHME HOPMATUBHOW 0a3bl 1O YCWJIEHUIO METAJUIMYECKMX KOHCTPYKUHUN

IMOJIMMCPHBIMU MaTCpPpHUAJIaMH.
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HABOJOPAKNBAHUE TPEXCJIOMHON KOMIIO3UTHOM NAHEJIN
C IPUOBPETEHHOM PASHOCOITPOTUBJISIEMOCTBIO.
AHHomauuﬂ. B CTaThbeC OITINCBIBACTCA IIponeccce ITOBBIIIICHUA
pa3HOCOHpOTI/IBJ'I$IeMOCTI/I KOMITIO3UTHBIX HaHeHeﬁ, a TAaKIKE Hpe}lCTaBJ'IeHLI
aKTyaJ'IBHBIe pacquHme KOMIIJICKCBI JJIs1 3TOI71 3a1a4un. HpeI[CTaBJ'IeHHBIe JTAHHBIC
MOI'yT 6LITI> ITOJIC3HBIMU JJIA pa3pa6OTKI/I HOBBIX METOI0B ITOBBIIIICHUA
pa3HOCOHpOTI/IBJ'I$IeMOCTI/I KOMIIO3UTHBIX MaTepI/IaJIOB nu OIITUMHU3 AT nx
IIPOU3BOACTBA.
Kniouesvie cnosa: KOMIIO3UTHBIE Marepuaibl, BOJOPOAHAs KOPPO3Us,

npHUOOpETEHHAs! pa3HOCOIPOTUBIIIEMOCTb.

IocranoBka 3agauyu. TpexciioliHble KOMIO3WUTHBIE MaTEpHAIbl — 3TO
COBPEMEHHBIE MaTEPHAJIbI, UCIIOJIb3YEMbIE B PA3JIMYHBIX MHAYCTPUAIbHBIX U HAYYHBIX
o0nacTax, KOTOpble 00JIajal0T BBICOKOW MPOYHOCTBIO, JIETKUM BECOM U
YCTOMYMBOCTBIO K KOppo3uH. Takue marepuanbl COCTOST U3 TPEX CIOEB, KOTOPHIE
OOBIYHO SIBJISIFOTCS CTEKJIIOBOJIOKHOM, YTJIEBOJIOKHOM WJIH JPYTMMHU BOJIOKHaMH,
BCTpauBa€MbIMU B MATPUILy M3 MojuMmepa wid metamwia. Kaxapiil cioil BeIMOIHSET
ONpPENENCHHYIO (PYHKIHMIO, YTO MO3BOJISET MOJIYUYHUTh JIyUIlIie CBOMCTBA MaTepuaa.

OnHa U3 CyIIECTBEHHBIX NPOOJEeM MpU HUCHOJIb30BAaHUU KOMIIO3UTHBIX
MaTepuajgoB 3aKIOYaeTCsl B TMOBPEXKACHUM UX TMOBEPXHOCTH B pE3yJIbTATE
MEXaHUYECKUX WK XUMUYECKHX BO3JIEUCTBHUI. DTO MOKET IIPUBECTHU K Pa3pyLICHUIO

CBSZYIOIIETO MaTepuaja U 0O0YyCIOBUThH MOTEPI0 MPOYHOCTH Marepuana. Pemenuem
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ATOM MPOOIEMBI SBJISETCS BKIIOUEHNE BOCCTAHABIMBAIOIINX KOMITO3UTHBIX YACTHIL B
Marepuaibl, KOTOPbIE pa3pylIAOTCAd MPU KOHTAKTE C BHEIIHEH CPEeAOl U BHOBB
BOCCTaHABJIMBAIOT IMOBPEKICHHUS.

VYBenuueHue pazHOCOMPOTHUBIISIEMOCTH KOMIIO3UTOB J0 TPEOYeMOro ypoBHS
SBJISIETCA enié OAHOM MPoOJIeMO, KOTOPOM 3aHUMalOTCs yueHble. B nanHoM o0nactu
IIPOBOJUTCS MHOTO MCCJICIOBAaHUM, W3YYalOIIMX COOTHOLIEHHE MEXKJIYy COCTaBOM
Marepuaina, CTpyKTypoil u cBoiicTBamu. OTHUM W3 UCCIIEIOBATEIICH, 3aHUMAOIINXCS
3TOM TeMOM, sBusercs AnekcaHap AmnHatonbeBud TpemeB u3 Tyabckoro
rocyJgapcTBeHHoro yHuBepcutera. OH paszpaboTan TEOpUI0, OOBSICHSIOIIYIO
3aBUCUMOCTb Pa3HOCOMPOTHUBIISIEMOCTH KOMIIO3UTOB OT CTPYKTYPBI U COCTABA.

Takum 00pa3oM, TpPeXCIOWHbIE KOMIIO3UTHBIE MaTEpUalIbl C MPUOOPETEHHOU
Pa3HOCONPOTHUBIISIEMOCTBIO UCCIIEAYIOTCS U pa3pabaThIBaOTCS JIJIsl UCTIOJIb30BAHUS B
pa3IMUHBIX 00JIaCTSAX, TPEOYIOIIMX BBICOKOW TPOYHOCTH M JOJITOBEYHOCTH
matepuanioB. Teopust Anexcanapa AHaroiabeBru4a TperieBa MOKET ObITh MMOJIE3HA IS
YTOUYHEHUS MMapaMETPOB MAaTEPUATIOB U ONTUMH3ALNHA UX CBOMCTB JJII KOHKPETHOTO
MIPUMEHEHHS.

Teopusi Anekcanapa AnHaTtonbeBuua TperieBa — 3TO TEOpUsi, OOBICHSAIOIIAS
3aBUCUMOCTb Pa3HOCOMPOTUBIIIEMOCTA KOMIIO3UTOB OT UX CTPYKTYpPHI U cocTtaBa. OH
YTBEPKIIAET, UTO Pa3IudYHbIC (PU3UUYECKUE U XUMUICCKHE TIPOIIECCHI, TPOUCXO/ISIINIE
Ha MOBEPXHOCTH KOMIO3UTHBIX MaTEPUATIOB, UTPAIOT BAXKHYIO POJIb B POPMHUPOBAHUU
COIIPOTHUBIICHUS MEXKY CIOSIMH.

OcHOBHasi ujes TEOPUU 3aKIIOYAETCS B TOM, YTO PA3HOCOMPOTHUBISIEMOCTH
KOMIIO3UTOB 3aBUCUT OT KOJIMYECTBA CBS3YIOIIMX CUJI BHYTPU Marepuaia, KOTOpbIe
SBJSIOTCS  PE3yJbTATOM  B3aUMOJACHCTBUS MEXIY PA3JIMYHBIMU  CIIOSAMU U
KOMITOHEHTaMu Matepuaina. Takium 00pa3oM, 4eM OOJIbIIE CBA3YIOIINX CUJT, TEM BBIIIIE
Pa3HOCONPOTUBIIIEMOCTh MaTepraa.

Taxkxe TpemeB y4WTHIBAET BIMSAHUE MHUKPOCTPYKTYpbl MaTepualia Ha €ro
CBOWCTBA, W BBIACISET TPU OCHOBHBIX THIIA MUKPOCTPYKTYPBI, KOTOPBIE BIIUSIIOT Ha
Pa3HOCOINPOTUBIIAEMOCTh  KOMIIO3UTOB: M30TPOMHYI0,  AHU3OTPONHYK U

NCeBAOM3OTpOonHYy0. Ilpu 53TOM MHKpPOCTpyKTypa MOXET OBbITh H3MEHEHa
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TEXHOJIOTMYECKUM ITyTEM, YTO B CBOIO OUEpE/Ib BJIEUET 3a COOOM U3MEHEHHE CBOWCTB
Marepuana.

Takum o6pazom, Teopus Asekcanapa AHatoiabeBUYa TpelieBa paccMaTpUBAET
CIIOKHBIE (PU3UYECKUE IPOLECChl, MPOUCXOISAIINE B CTPYKType KOMIIO3UTHBIX
MaTepHaJioB, U MPEJCTaBIsAEeT COOOM Ba)KHBIM IIar B MOHUMAHUU U ONTHUMH3ALUU
CBOMCTB JaHHBIX MaTEPUAJIOB.

Kak Bener ce0st KOMIO3MTHBIN MaTepHas IPH PA3JIHYHbIX KOHIEHTPALUIX
Boaopoaa. [loBeneHrne KOMIO3UTHOIO MaTepralia NPy HAIMYHUH BOJIOPOIA 3ABUCHT OT
TUIIAa MaTepUaja u ero CTpyKTypbl. HekoTopble KOMIIO3UTHBIE MaTepUabl MOTYT OBITh
YYBCTBUTEIbHBI K BO3JCHCTBUIO BOJIOPOJA, B TO BpeMsl KakK APyrue MOTYT HUMETb
MEHBIIYI0 YYBCTBUTEIBHOCTb.

IIpn HanMuMM BBICOKON KOHIIEHTpPALMM BOJAOPOAA KOMIIO3UTHBIE MaTEPHAJIbI
MOTYT UCTIBITBIBATH CJIEAYIOMIHE dPDHEKTHI:

1 KpeknHr — 3T0 MeXaHu3M pa3pyLICHHs CBS3YIOLIET0 MaTepuaia IOx
NEHUCTBUEM BOJOpPOJA, KOTOPBI MOMKET IPUBECTH K PA3jIOMy KOMIIO3UTHOTO
Marepuaina. ITO 4aCTO NPOUCXOAUT B METANIMYECKUX KOMITO3UTAX.

1 Paspeixnenne — BOZOPOX MOKET BBI3BATh TEIUIOBBLACICHUE IIPU
B3aMMOJICHCTBUM C KOMIIO3UTHBIM MaTEpHAJIOM. OJTOT IPOLIECC MOXET BBI3BIBATH
pa3KMKEHUE MaTeprala U YMEHBIICHHUE €T0 MPOYHOCTH.

1 [ToBbIIEHHAS BSI3KOCTh — B CIIy4ae, €CIU B3aUMOJECUCTBUE C BOJOPOJAOM
IPOUCXOJUT HA MHUKPOYPOBHE, TO MOMKET IPOUCXOJUTh HW3MEHEHUE CBOMCTB
MOJIMMEPHOTO CBA3YIOLIETO, B PE3YyJIbTATE YEro IOBBIIIAECTCS €ro BA3KOCTb U 3TO
MO>KET MMPUBECTU K HAPYIICHHUIO TOBEPXHOCTH KOMIIO3HUTA.

Takum oOpa3oM, mNoBeAEHHE KOMIIO3UTHBIX MAaTE€pUaJIOB MNpPHU Pa3IMUHBIX
KOHILEHTpAIMAX BOAOPOIA MOKET ObITh Pa3IMYHBIM M 3aBUCUT OT TUIIa MaTepuasa u
€ro CTpyKTypbl. B 1€I0OM, KOHTPOJb KOHLIEHTPALMHA BOJOPOJA SIBISIETCS BAKHBIM
(dakTopoM myis  oOecreueHus: JOJIrOBEYHOCTHM KOMIIO3UTHBIX MAaTEpUajoB B
IPOMBIIIEHHBIX U HAYYHBIX 00JaCTSX.

B kakuX pacyeTHBIX KOMINIEKCAX MOKHO HCCJIeI0BATH BJIUsIHUE BOAOPOAA

B PasHbIX KOHHCHTPAIUAX HA Moaeab? B kakux PaCUYCTHBIX KOMILJICKCAX MOKHO
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UCCIIEZIOBATh BJMSHHE BOJOPOAA B Pa3HbIX KOHIEHTPALUSAX HA KOHCTPYKLHIO W
BBIYHCIIUTD NIEpEMENICHUS U negopManun?

PacueTHple KOMIUJIEKCHI, KOTOPBIE MO3BOJISIOT UCCIIEI0BATh BIMSHUE BOJOPOAA
Ha KOHCTPYKIIMIO, HA3bIBAIOTCA MPOrPAMMHBIMUA KOMIUIEKCAMU IS MOJACIUPOBAHUS
IPOLIECCOB MEXAaHMYECKOro BO3JeHCTBUS U Jedopmanuu marepuaioB. Takue
KOMIIJIEKCHI MCIOJB3YIOTCS JUIsl aHAJIW3a MOBEICHUS MAaTEpUajIoB MOJ BO3IAECHCTBUEM
Pa3IUYHBIX HATPy30K, a TaKXkKe ISl MPOrHO3UPOBAHMS BO3MOXKHBIX Jedopmaiuil u
NEPEMEILEHUN KOHCTPYKLIHM.

Cpenu pacyeTHBIX KOMILIEKCOB MOXHO OTMETUTH CJIEAYIOLINE TPOTrPaMMBI:

1 ANSYS (anrn. Analysis System) — 3TO MOIIHBIA WHCTPYMEHT IS
MOJIETMPOBAHUS U aHAJIN3a PA3IMYHBIX (U3NYECKHX SBJICHUM, BKIIIOYas 1epopmanuu
KOHCTPYKIIUH U miporiecchl koppo3uu. B ANSYS nocTynHbl pazinnuHbie MaTepUaibl U
AJIEMEHTBI KOHCTPYKLHUMA, YTO MO3BOJIAET 00Jiee TOUHO U PEATTMCTUYHO MOJIEIUPOBATH
pasznnunble yenoBus. ANSY 'S Takke MMeEeT MHOKECTBO MOAYJIEH I MOAEIUPOBAHUS
U aHaJIn3a BO3JIEHCTBUS XUMUYECKUX BEIIECTB, TAKUX KaK BOJIOPO/I.

1 Abaqus — 3To MOIIHBIH pacdyeTHbIH KOMIUIEKC, KOTOPBIA HCIOJIb3YETCs
JUTSL MOJIETTMPOBAHUS B3aUMOJCICTBUSL MaTEpUaIoB MPHU CIOKHBIX BO3JeHCTBUIX. OH
SBJISIETCSI YHUBEPCATBHBIM MHCTPYMEHTOM JJIsSI aHAJIM3a Pa3JIMYHbIX 3a/1a4, BKIIIOYAs
IPOLIECCHl KOPPO3MM KOHCTPYKUMUA. Abaqus Takke MpeaocTaBiisieT BO3MOXXHOCTb
UCCIIEJIOBATh BIUSHUE BOJOPOAA B PAa3IMYHBIX KOHIEHTPALMAX HA MaTepHaibl U
nedopMari KOHCTPYKIIHH.

| COMSOL Multiphysics — 3To pacuyeTHBI KOMIUIEKC, KOTOPBIH
UCTIONB3yeTCsl JUIsl MOJEIMPOBAHUA MHOTUX (PU3UYECKUX SIBICHHUM, BKIIOUYas
MEXaHUKY, 3JEKTPOMAarHeTu3M U TeriooOMeH. OH MO3BOJISET MPOBOJAUTH aHAINU3 U
OLICHKY CONPOTHUBIIEHUSI MAaTEPUaJIOB KOPPO3HUH, @ TAK)KE U3y4aTh BIUSHUE PA3INYHBIX
(akTOpOB Ha MOBEACHUE KOHCTPYKIINH, BKITIOYas BIUSHUE KOHIIEHTPALMU BOJIOPOAA.

i GT STRUDL — 310 mporpaMmHbIi KOMITJIEKC, KOTOPBIN HUCIOIB3YETCS
JUISL pacyeTa KOHCTPYKLUN M BKIIIOYAET B ce0sl pa3IMuHbIE CPEJICTBA pacuera, Takue

KaK JIMHCWHBIC U HEIUHCHHbBIC aHaJIn3bl, PaCdCT AMHAMHUYICCKUX HAI'PY30K U APYIHC.
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OH Takxke TMO3BOJNSET MPOBOAUTH PACUETHl KOPPO3MOHHOTO BO3JACHCTBUS Ha
KOHCTPYKIHH U OOCHUBATH BJIIMAHUC BOJOPOAA HA OTH KOHCTPYKIIHH.

1 SAP2000 — sTo nmporpamma Jijisl aHaJIM3a U MOJEIUPOBAHUS KOHCTPYKIUI
C IOMOIIBIO METOAAa KOHCUYHBIX 3JICMEHTOB. Omna Taxxe I03BOJISIET IIPOBOJWTH aHAJINU3
CTaTUYCCKUX MW JUHAMHYCCKHX HAI'PYy30K, a TaAKXC HCCIICA0BATDH BOSHeﬁCTBﬂe
PA3INIHBIX XUMHUYCCKUX BCHICCTB, BKIIXOYasA BOJOPOMI.

ﬂ Bce BBIHICTICPCUYUCIICHHBIC pacC4YCTHBIC KOMIIJICKCHhI ABJIAKOTCA
3(1)(1)GKTHBHBIMI/I HHCTPYMCHTAMHU JIA HCCICAOBAHHA BIIMAHHA BOJOPOJada Ha
KOHCTPYKIIMIO U BBIYHUCIICHUS PA3IUYHBIX TApAMETPOB AePOpMALIUIA U TEPEMEIICHUIA.
OmHako nnsi Kax7o0W KOHKPETHOM 3a7add MOXET MOTpeOOBaThCA BHIOWpATH
COOTBETCTBYIOIUM IPOrPaMMHBIM KOMIUIEKC B 3aBUCHUMOCTH OT LEJEH WU 3a4ay
HCCICAO0BAaHUA.
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ctapuinii Hay4Hblil coTpyaHuk, ®I'BHY «JloH®TU um. A.A. I'ankuna»
n.¢.-m.H. Camoitierko 3.A.,

Benyuui HayuHblii coTpyaHuk @®I'BHY «loH®THU um. A A. 'ankuna»
[Iymenko E.N.,

Benyuui naxkenep ®I'bHY «lon®THU num. A.A. I'ankunay
Yepussckas H.B.,

nwxkenep PI'GHY «/lon®TH nm. A.A. I'ankuna»

CrrueBa B ..,

Benyuui umxkenep ®I'bHY «/lon®TU um. A.A. I'ankunay

3BOJIIOIINSA TEPMUYECKOM CTABUJIBHOCTHU MEJIH MTO/JT
JNEVMCTBUEM MHTEHCHUBHOM NJIACTUYECKOH JE®OPMAIINA

Annomayus. ccnenoBana TepMuvecKas CTaOMILHOCTh MENIU TIPU HArPEBAHHUH
710 pa3MuUHbIX Temneparyp. OOHapy)eHO, 9TO MOCIe KOMOMHUPOBAHHOW 00pabOTKH
dbopmupyeTcs HauOoee cTabuIbHAs CTPYKTYpa, xXapakTepuszyemasi
peKpHCcTaIUIU3alMEeNd B MEU, HaUMHaroleics mpu temmeparype 180°C.

Knrwouesvie cnosa: Menp, WHTEHCUBHAs IUIacTU4eckas naedopmarnus,

TepMUYEeCcKasi CTaOUILHOCTh, MUKPOCTPYKTYpa.

BBenenne. B kxoHume 20 Beka B MAaTepHAIOBEICHUM CTaj0 pPa3BUBATHCS
CTPaTErMYECKA HOBOE  HAIPABJICEHHE — HAHOCTPYKTYpHbIE MaTepuanbl WU
HAHOTEXHOJIOTMU.  VHTEHCHBHBIE  HCCIIEOBAaHUS  MPOBOAWIA B  00JiacTu
HAHOCTPYKTYPHBIX KOHCTPYKIIMOHHBIX MaTepuasioB. HauOosbliee KOJIM4YECTBO

I/IH(I)OpMaLII/II/I MO>KHO HAWTH O TUTAHE U €ro CIlUIaBax, KaK MaTrcpuajIC AJisi MCAUIUHBI
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[1], mukpossiekTponuke[2, 3], 06 aaTrOMUHUY 1 €ro CIuTaBax [4], Kak O MepCIeKTHBHOM
maTepuaie i aBuanuu. EcTh myOnukanuu o cTanu, MarHUEBBIX CIJIaBaX U O MeIu
[5]. Haubosee nccaemoBaHHBIME SBISSFOTCS. TAKHE METOABI 00pabOTKH, KaK KPYUCHHE
[I0J1 JABJIEHUEM U PAaBHOKAHAIBHOE YIJIOBOE MPECCOBAHHUE.

IMocranoBka 3agayu. llenbio maHHON pabOTHI SBIAETCA M3YyUYCHHUE BIIMSTHUS
TEPMHUYECKON 00pabOTKu Ha CTPYKTYypy meau. MccnemoBamu oOpasisl Mean MapKu
M1, xumuueckuii coctaB KoTopbix coorBercTBoBasl ['OCTy 859-2011. O6pasis
NPEICTaBIISIIN CO0O0 MONOCHI, MOTYUYEHHBIE Mocie npokaTku. [IpokaTky npoBoAwIu B
4 pexuMax: Ha TJIaAKOW OoOuYKe, C TMPOAOJBHBIMHM, TMONEPEYHBIMU U
KOMOWHUPOBAHHBIMH MTPOTOYKaMH [6].

JUis mpoBeeHUsT HUCIHBITAaHU Ha TEPMHUYECKYIO CTAaOMIBHOCTH OOpa3Lbl
NOABEPTAIM HAarpeBy A0 pasznuuHbix Temreparyp: 50, 100, 150, 180, 200 u 250°C.
JlnutenbHOCTH HarpeBa cocTtasisia 120 muH. M3ydeHne CTpyKTypbl IPOBOAWIIA HA
mukpockorne Neophot 21 npu pa3nTuyHbIX YBEIUUCHUSX.

Pesyabtarbl. beutn momydensl ¢doTtorpaguu MHUKpPOCTPYKTYpbl Meau Ml
(puc. 1) nedbopMupoOBaHHON MyTEeM MPOKATKH BAJIKAMH Pa3IMYHON KOH(MUTYpalluu U
NOJABEPrHYTOM HAarpeBaHUIO B Meuu B TeueHrue 120 MUH 10 pa3iu4HbIX TEMIIEPATYD.
Ha puc.1 6ykBamu a, 0, B, I, OTMEUYEHBI 00pa3Iibl, KOTOPHIE MOIBEPTAIKUCH: TPOKATKU
HAa TJIAJKUX BaJIKaX, MPOKATKU HA BaJIKaxX C MPOAOJIbHBIMU IPOTOUYKAMHU, TPOKATKU Ha
BOJIKaX C MOMEPEYHBIMU MPOTOYKAMHU U MPOKATKH HA BOJIKAX ¢ KOMOMHUPOBAHHBIMU
IPOTOYKAMU COOTBETCTBEHHO.

N3 32 dororpaduii MUKpOCTpYKTYpbl Ha puc. 1 chopmupoBano 8 psgos. B
NEepBOM psily pas3MmelieHbl Mukpodotorpaduu 00pas3ioB 0e3 OTHYCKa, BO BTOPOM
Temiepatypa ornycka cocraBuia 50°C, B Tperbem Obuia yBenumyeHa jgo 100°C, B
yetBepToM 150°C, B msitom 180°C B miectom 200°C B ceapMoM u BocbMoM 250°C.

[Tpu aToM pororpaduu B panax ¢ 1 mo 7 cororpadupoBanbl npu yBETUICHUH
B 100 pas3, a psan 8 npu ysennuenuu B 1000 pas.

N3 momyuennsix pororpadwuii BugHO, uTO 1 1 2 psimbl pororpaduii mpakTudecKku
HE OTJIMYAIoTCA IyT OT Apyra. To ecTh Bblaep:kka B neuu npu Temneparype 50°C B

TeueHue 120 MUHYT HE NPUBOJUT K 3aMETHBIM U3MEHEHUSIM B CTPYKTYPE.
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.

Puc. 1. ®otorpaduu MUKPOCTPYKTYPHI 1€(HOPMUPOBAHHBIX U OTOMIKEHHBIX

oOpa3ioB Menu M1 mipu pa3HbIX TemrepaTypax
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Ha  ¢ororpaduu 3  psma (a) 3aMeTHBI ~ MajCHbKHE  YYaCTKH
peKpucTaIN30BaHHbIX 3epeH. Ha ¢ororpadusx 0), B) U r) Takke OHU MaJIEHbKOTO
pa3Mepa, 4TO TOBOPUT O PEKPHUCTAUIM3AIMU TOcie AedopManuu 1moj BIUSHHEM
TeMrepaTypbsl. Bo3MOXHO, 3TO pe3yJbTaT MPOILECCOB, MPOU3OUICANIUX IO BpeMs
nedopMarum.

B psay Homep 4 Ha doTo (a) BUAMM, YTO KOJIMYECTBO PEKPUCTAIUTH3OBAHHBIX
obnacreit yBenmuuuBaercsa. Ha ¢oro 6) u B) BHAHO, YTO MOSIBISIOTCA IPOOHBIC
PEKPHUCTAJUIMPOBAHHBIE YYaCTKH, TpPH 3TOM 3aMETHO, YTO OoJjiee WHTCHCHUBHAS
pPEKpUCTAIIA3AIMS TPOXOIUT TOCJIEe TpPEeThero Buaa obOpaboTtku. Ha ¢doto 1) He
3aME€YEHO U3MEHEHUM B CTPYKTYpE.

B psaay 5 Ha doto (a) BUAHO, YTO peKpUCTAILIM3AIMS TPUHIMAET MAaCCOBBI
xapaktep. Ha ¢oro (0) BHIMM, YTO KOJHMYECTBO PEKPUCTAIIM30BAHHBIX OO0JIACTEH
yBEIIMYUBAETCS, a Ha (B) — IPOMCXOAUT HHTCHCUBHAs pekpucTauiu3aiusa. Ha ¢oto (r)
MOSIBJISIIOTCS OT/CNbHBIC PEKPUCTAIUIM30BAHHBIC YYACTKU, TO €CTh IIPH TEMIIEpaType
180°C HaumMHaeTcss peKpUCTAILIM3alUsS MEAH, MOJBEPrHYTOM KOMOWHHUPOBAHHOM
POKAaTKe.

B psagy 6 (a) BUAHO, YTO pEKPHCTAILUTU3AIMS MaTepHaia MPAKTHYCCKH
3apepimiack, (0) m (B) — pekpucTauM3alus MPOXOAMT B OOJIBIIEM 00BEME
MaTepuania, (T) — yBEIHYUBACTCS KOJIMISCTBO PEKPHUCTAIN30BAHHBIX 00IaCTEH.

B psiny 7 pexpuctainmuzaius moJHOCThIO TPOU30IIIa BO BCeX 00pasiax.

B psny 8 kaxoe peKpucTaiin30BaHHOE 3€pHO pa30oUTO HA OJIOKU U cyO3epHa.
Ha d¢oro (B) wm (r) coxpaHsercs TeKCTypa CBOWCTB mpokaTku. Ilocie
KOMOWHUPOBAHHOW MMPOKATKH pa3Mep TEKCTYPhI U OJIOKOB MUHUMAJTbHBIH.

AHanmu3upysl TEHICHITUI0O M3MEHEHUS MHUKPOCTPYKTYpPBI, MOKHO YTBEP)KIAaTh,
YTO TpAJWIMOHHAS TIpOKaTka oOpa3yer HaumboJiee TEPMHUUECKH CTA0MWIHHYIO
cTpyktypy. OOpasiibl, IpoKaTaHHBIC Ha BaJIKaX C MPOAOIbLHBIMHU WM C TIOTICPEYHBIMH
OPOTOYKAMHU, 3aHUMAIOT CpEJHEE IMOJIOKEHWE 10 TMO0Ka3aTeal0 CTaOMIbHOCTH.
Haunbonee cTaOmiIbHBIM MOTyYaeTCsl MaTEpHAIl TOCIe KOMOMHUPOBAHHOM MPOKATKHU.

BeiBoawl. VcciienoBanue TepMU4eCKOi CTAOUIBHOCTH MEAH TIOCIIE Pa3IuYHbIX

cxeM Jnedopmanuu Mokasaao, 4YTOo HamOoJjiee CTaOMIIBHOW SBISETCS CTPYKTYpa,
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MOJIy4eHHAs] T0Cie KOMOWHUPOBAaHHOW 00paboTku. Takum o0pa3om, JaHHBIHA
MaTepuasil o0JajaeT MUHUMAJbHOM »JHEprueu, T.e. B mpouecce aepopmaunuu
IPOM30IIIa JUHAMUYECKAs pellakcallis HampsoKeHU. Pekpucramimsanus MeIu mociie
KOMOMHUPOBAHHOW MPOKATKM HAaYMHAETCA TOJIbKO mpu Temreparype 180°C, B TO
BpeMsi KaK B 00pasiax, mocjie NpoKaTKu ¢ IpOI0JIbHBIMU U MOTIEPEUHBIMUA TPOTOYKAMU
oHa HaunHaetcs npu 150°C, a mocne TpaguuroHHo# pokatku — npu 100°C.

Asmopwvl npunocsim 6aazooapuocme 0.¢.-m.H., npo¢h. Illawunckou E.I'. 3a

nOMOWb 8 NPOBEOEHUU IKCHEPUMEHMOB U OOCYHCOSHUU Pe3YTbmAaAmo8.
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EVOLUTION OF THE THERMAL STABILITY OF COPPER UNDER
SEVERE PLASTIC DEFORMATION
Abstract. The thermal stability of copper upon heating to various temperatures
has been studied. It was found that after the combined treatment, the most stable
structure is formed, characterized by recrystallization in copper, starting at a
temperature of 180°C.
Keywords: copper, severe plastic deformation, thermal stability, microstructure.
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V]IK 678.686
K.1.1., nonteut CamoiinoBa E.O.,
TOTEHT Kadeapsl «PU3uKa U MPUKIaTHAS XUMUSD,
JlomakoBa B.M.,

accucteHt kadenpsl «Dusrka u mpuKIaIHAS XUMUS)

OI'bOY BO «lonHACA»

HCCJEJOBAHUE CBOMCTB JIUTHIX
ACDHAJTBTONOJUMEPCEPOBETOHHBIX CMECEM M TEXHOJIOT A
AMOYHOI'O PEMOHTA

Annomayus. B ctatee npencraBiieHbl ac(haabTONOIUMEPCEPO-OETOHHBIE CMECH
B KayecTBE MaTepHalioB [JIsi TEKYIIEro pEeMOHTa, SBICHUA U IIPOLECCHI,
npoucxogsamue B nuanazone temmnepartyp -40°C ... 130°C, u3zydyeHHbI€ C MTOMOIBIO
Qg depeHInaIbHO-CKaHUPYIOIel Kajaopumerpuei [4,5].

Knrouesvie cnosa: OUTyMOmoIMMEpCEpPHOE BSDKYIIEE, TEpMOrpamMma, JUThIC

acanbTonoauMepcepo-0eTOHBI.

BBenenmne. {1 moagepkaHusi TMOKPBITUM  aBTOMOOWJIBHBIX  JIOPOT B
AKCIUTYaTallMOHHOM COCTOSIHUM Ha YPOBHE HOPMATHUBHBIX TPeOOBaHMI HEOOXOIUMBI
PEMOHTHBIE MaTepHaibl U TEXHOJIOTMU, KOTOPBIE MO3BOJSIOT MPOBECTH TEKYLIUU
PEMOHT ONEPaTUBHO, KAUECTBEHHO, JOJITOBEYHO, KPYTJIOTOJIUYHO.

Takum TpeOOBaHUAM yIOBIETBOPSIIOT TUTHIE aChaIbTOMOIUMEPCEPO-OCTOHHBIE
cmecu. Mcnonp3oBaHMe HMX B KayecTBE MAaTEpHATOB Uil TEKYIIEro pPEMOHTA
MO3BOJISIET: MPOBECTU PEMOHT MPU TeMIepaType Okpyxawomen cpeasl 1o -10°C;
00ecreunTh XOPOIIYyI0 aAre3u0 PEMOHTHOTO MaTepuaia K CTCHKaM U JIHY BHIOOWHBI;
UCKJTIOUUTD OTepalrIo YIUIOTHEHUS; BO300HOBUTH JIBUKEHUE 1o
OTPEMOHTUPOBAHHOMY YYacCTKy Cpa3y IOCJIE€ OCThIBAaHUS CMECH; YBEIHUYUTHh CPOK

9KCIUTyaTalliid OTPEMOHTUPOBAHHBIX y4acTKOB B 3-4 pasa [1-3].
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IHocranoBka 3agauun. [IpoaHanu3upoBaTh TEPMOTPAMMEI, IOJIYYEHHBIE IIPU
HarpeBe  acQaJbTONMOJMMEPCEPHOr0  BSDKYIIEr0  BEllecTBA —  MaTpHUIBI
ac(anabTONnoIMMEPCEPOOETOHA METOJI0M ¢ depeHIranbHO-CKaHUPYIOILEH
kagopumerpun  (JICK) ¢ wucmone3oBanwem  mozenun 912 B cocraBe
TepMoaHanuTuyeckoro komriekca Du Pont 9900.

Pesyabtratbl. B pgannom wuccnemoBanuu wmetogoMm JICK  dukcupoBanm
pa3nuYHbIEe TEMIIEPATYPHBIE MEPEXO/IbI IO CKAYKY TEIJIOEMKOCTH (TETIOBOTO MOTOKA).
HaBecka momenianach B OTKPBITYIO AJIIOMHHUEBYIO YaIlIKy; CKOPOCTh HarpeBa H
oxnaxaeHuss 20 K/mun. [Ipum »ToM HaOmromanu WM3MEHEHHE TEIIOBOIO IOTOKa B
paboueil siuelike (Jalika ¢ MCCIeAyeMOM CUCTEMOM) MO CPAaBHEHHUIO C KOHTPOJILHOMN
(mycras yamika), otHeceHHoro K 1 r HaBecku (W, B1/r). [1o xapakrepy TepMOorpaMmbl
CYIUJIU O TIpoIleccax, MPOUCXOIAIIUX MPU HarpeBe uccieayeMmbix cucteM. [Ipubop
kamuOpoBanu  no  uHAuo  (99,9%), Temnora  mmaBnenus 28,4 JIx/r;
SKCTPAIOIUpPOBAHHAS TeMIlepaTypa Hadana ruiasienus Te=156,6 C. butym mepen

rcceoBanieM Kouauionuposain mpu 60 C B Teuenne 20 gacoB. MuHepaIbHBIN

nopomok BeicymuBand mpu 105 C B Tepmomikady g0 IMOCTOSHHONW MAacChl.
[ToaroToryneHHbIe K paboTe OOBEKTHI HCCIACAOBAHHUS XPAaHWIW B SKCUKATOPE HaJ
0€3BOHBIM XJIOPUCTHIM KaJIbITUEM.

Kak cremyer u3 TepMorpamMm, NpuBEICHHBIX Ha pUC.1-4, SIBJICHUS U MPOIIECCHI,
NPOUCXOMAIINEe KaKk B  OWUTyMONOJUMEPCEPHOM  BSDKYIIEM, TaKk W B
OUTYMOIIOJIMMEPCEPHOM BSIKYIIIEM BEIIECTBE HJCHTUYHBI, OCOOCHHO TPH TEPBOM
Harpese (puc. 1 u puc. 3).

o Ttemneparyp 38,11°C (puc.3) u 49,87 C (puc. 1) nHaOmogar0TCs
TEeMIIepaTypHble Tepexoabl B obnactu Temmeparyp —32,13°C, 0,66°C u 38,11°C
(puc.3) m —-34,45°C, —-4,33°C, 25,59°C, 49,87°C (puc. 1), KOTOpbIE MOXKHO
WHTEPIPETUPOBATh KaK Pa3MOPAKUBAHUE MOJIEKYISPHOU MOJBMKHOCTH OTAEIBHBIX
CTPYKTYp JJIEMEHTOB MOJIU(MDUIIMPOBAHHOTO BSDKYIIETO C  TeMIlepaTypaMu

CTCKJIOBAHUS, KOTOPBIC OIIPCACIICHBI BHINICYKA3aHHBIMU TCMIICPpATypaMHU.
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XapakTep S3HIOTEPM CBHJIETEIBCTBYET O BeCbMa IHPOKOM Halope
CTPYKTYPHBIX 3JIEMEHTOB, COCTAaBISIOIIUX MOAU(PUIUPOBAHHBIE KOMILIEKCHOU
100aBKON HEPTSIHBIE JOPOKHBIE OUTYMBI.
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Pucynok 1. 3aBucumocTts TemmoBoro notoka W ot PucyHok 2. 3aBUCHMOCTB TEIIOBOTO
temreparypbl T npu Harpese noroka W ot temnepatypsl T ipu
OUTYMONOIMMEPCEPHOT 0O BSDKYILErO COCTaBa B MIOBTOPHOM Harpene
MaCCOBBIX YACTSIX KOMIIOHCHTOB: OUTYM HETSHOM OUTYMOMIOIMMEPCEPHOTO BSKYILETO
nopoxuslit [125=59 rpan. — 100; BEIIIECTBA COCTABA B MACCOBBIX YaCTSIX
OyTanueHMeTuincTuposbHbli kayuyk CKMC-30 — KOMITOHEHTOB: OUTYM HeDTAHON
2; TexHudeckas cepa — 30. nopoxubii IT2s= 59 rpax.— 100;

OyTalueHMETUIICTUPOJILHBINA KayuyK

CKMC-30 — 2; rexaudaeckast cepa — 30.

B nanpueiimem, B auanazone temmeparyp 60,74-92,50°C wuger noiHoe
PacCTBOPEHHME JI0 MOJICKYJIIPHOTO YPOBHS OyTaJIMCHMETHIICTUPOJILHOTO Kayuyka. [Tpu
temneparypax 108,65-114,75°C mpoucxoauT TIJIABICHUE TEXHUYECKOU CEPBHI,
MIPOUCXOIUT MTOJIMMEPU3AITUS ITUKIIOOKTacyb(haHa B 3ur3a00pa3Hbie OupaauKaibHbIC
neny. [Ipy 3TOM, HU3IINUE YCTONYHMBBIC MOJICKYJIBI CePhI S2, S3, Sa4 XapakTEpPU3YIOTCS
BBICOKOW PEaKIIMOHHONW CIIOCOOHOCTHIO, OOYCIIOBIIEHHO! CYIIECTBOBAHNEM UX B BHJIC
oupanukanaoB win gunosiei [3]. Umenno Oupamukansl cepsl 10 10% BerymaroT B
XUMHUYECKYI0 peaklui ¢ OuTymMOoM ¢ oOpa3oBaHUEM CBS3€l cepa-yriepo/.
OO0pa3yroTcst OJISIPHBIE aAPOMATUYECKUE COCTUHEHUs, TPUYeM Hambojee BEPOSITHOU

CTPYKTYPOUl SBJISIFOTCS TIOJIUCYJIb(MUIBI.
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Pucynok 3. 3aBucumocTs TermioBoro nmotoka W ot PrucyHOK 4. 3aBHCHMOCTB TEIIOBOTO
Temnepatypsl T IpH Harpese notoka W ot temneparypsl T, ipu Harpese
ac(anbTOOHTYMOIIOIMMEPCEPHOTO BSIKYILETO W3BECTHSAKOBOTO MHUHEPAJILHOTO MTOPOIIIKA,
BEIIECTBA COCTaBa B MAaCCOBBIX YACTAX akrusupoBanHoro 2% CKMC-30.

KOMITOHEHTOB: OUTYM HeDTAHON NOPOKHBIN [125=
59 rpaa. — 100; OyTagueHMeTHICTUPOIbHBIN
kayayk CKMC-30 — 2; Texanueckas cepa — 30;
W3BECTHSIKOBBIN MUHEPAIBbHBIN MOPOIOK,

aktuBupoBaHHbIi 2% CKMC-30 — 60.

B nnanazone temneparyp no 140 °C OTCyTCTBYIOT XMMHUYECKHE PEAKIINH, KAK
Ha  IIOBEPXHOCTHU MEXaHOAKTUBUPOBAHHOI'O CKMC-30 M3BECTHAKOBOI'O
MUHEpaJIbHOrO Topolka (puc.4), Tak U B OUTYMONOJUMEPCEPHOM BSIKYILIEM
BewiecTBe (puc. 3). B To ke BpemMsi MeXaHOAKTUBAIUSI TOBEPXHOCTH M3BECTHSAKOBOIO
MUHEPAJIHLHOTO MOPOIIKA PACTBOPOM OyTaIMEHMETHIICTUPOIBHOIO KayuyKa PUBOJAUT
K MAaKCUMaJIbHOMY CPOJICTBY C OMTYMOIIOJIMMEPCEPHBIM BSDKYIIUM, YTO 00€CTIeYnBaET
MOJTHOE€ CMauyMBaHUE MOJIU(UIIMPOBAHHBIM OPTraHUYECKUM BSKYIIUM (K03 uirent
pacTeKkaHus OUTYMOIIOJIMMEPCEPHOTO BSDKYILETO Ha IIOBEPXHOCTH
MEXaHOAKTUBUPOBAHHOIO MUHEPATILHOTO MOPOIIKA CTPEMUTCS K HYJH0). [Iponcxoaut
MaKCUMalbHOE COJIKEHHE MOJIEKYJSPHBIX CBOMCTB  OUTYMONOJIUMEPCEPHOTO
BSOKYILLIETO U OJICOPMIBHON MOBEPXHOCTH MHHEPAIbHOIO MOpOIIKa (paccCTOsHUE
MEKy KOHTaKTUpyromuMu (azamu Mene 5-107° M), Ha KOTOpOM IPOSBIAIOTCS BCE

BHJIbI MEXXMOJIEKYJISIPHBIX B3aUMOJICVICTBUM.
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[Ipy mOBTOpHOM HarpeBe HAOMIOAAIOTCA MEHee 4YeTKue JHIA0I(PPEKThI
pPa3sMOpaKUBaHUS CTPYKTYPHBIX 3JICMEHTOB U3y4aeMbIX CUCTEM (pHUC. 2).

KommiekcHoe MoaudunupoBaHue MUKPOCTPYKTYpPbI MPHUBOIUT K TOMY, YTO
JUTHIE ac(aabTONOIUMEPCEPOOETOHBI XapaKTepU3yrTCs MOBBIIIIEHHBIM
CONMPOTHUBJIEHUEM CABUTY IMPH BBICOKHX MOJIOKHUTENbHBIX Temmeparypax (yciloBHas
KecTKocTh 10 Mapmamny npu  60°C  23,1KH), NOBBILEHHON IUIOTHOCTEIO,
KO?(h(DUIIMEHTOM BOJOCTOMKOCTH TPH JIUTETLHOM BoJoHachimeHuu (90 cyTok),
Ks:=0,78, koadpdurmentom mMopozocroitkoctu nocie 100 HHUKIOB NONEPEMEHHOIO
3aMopakuBaHusi-ortauBanus F=0,72, k03 puIeHToM TEmIoBOro CTapeHus Mocie
1200 gacos mpu mporpese B KnuMaTuueckoil kamepe UII-1 npu Temneparype 75°C u
yibTpaduoneToBom oomydeHnu Ke=1,27.

BbiBoabI. YCTaHOBJIEHO, YTO OUTYMOIOJIMMEPCEPHBIE BSIKYIHE SIBISIOTCS
CUCTEMaMHU C LIMPOKUM MOJIEKYJISPHOMACCOBBIM paclpe/leIEHUEM KOMITOHEHTOB.
XapaktepHo, 4to Tnpu Temneparypax 108-115°C mnpoucxoguT miiaBieHUe
TEXHUYECKOM Cepbl U YCUJICHHE MEXKMOJICKYJSIPHOTO B3aUMOJCHCTBUS HA
NOBEPXHOCTH pazziena a3 «miacTuGUuIMpOBaHHbIE HAIMOJNEKYJISIPHbIE 00pa30oBaHuUs
OyTaaueHMETUIICTUPOIBLHOTO Kaydyka — TEXHHMUYeCKas cepa», YTO MPUBOJIUT K
(GOpMHUPOBAHUIO CTPYKTYPUPOBAHHOTO OMTYMOIOJMMEPCEPHOTO BSIKYILIEro, YTO M
OTIpeIeNsieT CBOMCTBA JINTOTO ac(hambTOmoInMepepoOeToHa.
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PykoBoautens: k.X.H., noueHT ®ponosa C.A.,

3aB. Kadeapoil PU3NKY U NPUKIATHOU XUMHUH,

OI'bOY BO «1lonHACA»

BJIMAHUE IHEPET'PEBA PACIIJIABOB HA BUJ KPUCTAJIJIM3AIINHU
METAJIJIOB U CIIJTABOB

Annomayus. B paGoTe MeTonaMM LMKIMYECKOTO TEPMHUUYECKOrO aHalu3a
U3YUYEHBl YCJOBUS Tepexoja OT KBadupaBHOBecHOU kpuctawmzanuu (KPK) k
HepaBHOBecHO-B3pbiBHONW (HPBK) m1s 1memoro psjma JerkoriaBKUX METAJLIOB H
CIJIABOB B OJIMHAKOBBIX YCJIOBHUSX JKCIEPUMEHTA. Y CTAHOBJIEHO, YTO MEPEXOJIbI
KPK < HPBK 3aBuCAT OT COOTBETCTBYIOIIMX KPUTHUYECKUX MEPETPEBOB PACILIABOB.
PesynbraThl paboThl TPakTyIOTCA C TOYKM 3PEHUS KIACTEPHO-KOATYJSIIMOHHOM
MOJENH KPUCTAJUTU3ALNN

Kniouesvie cnosa: TepMHUECKMH aHAIW3, TEPMOIpaMMa, KpHUCTAUIM3aLus,

0JIOBO, BUCMYT, raJUTHi, CypbMa, CBUHEII, CILIaBbI, IEPETPEB, MEPEOXIIAKICHUE.

Beenenne. B nmreparype [1-10] uMeroTCs MHOTOYMCIIEHHBIE CBEICHHUS O
BIIUSIHUM PA3IUYHBIX (DAKTOPOB HA KPUCTAJIU3AIMIO 0JI0BA, BUCMYTA, TaJUIHsI, UHIUS,
CBHHIIA M [JPyrUX JIETKOIUIABKUX MeETaoB. I[Ipu 3TOM mpuBOAsATCS cambie
pa3HoOOpa3Hble W TPOTHBOPEUMBBIC CBEACHUSA II0 TMEPEOXTAKIAEMOCTH B
3aBUCHUMOCTH OT TEperpeBa paciijlaBa, BPEMEHU H30TEPMUUYECKON BBIJIEPKKH B
NEPErpeTOM U MEPEOXIaKAEHHOM COCTOSIHHUSIX, CKOPOCTH OXJIQXICHHUS, MAaccChl
00pa31oB, MpUMece, BHEITHUX BO3JACHCTBUI. DTO CBA3AHO C TEM, YTO B 3THX paboTax
NPUMEHSUIUCH Pa3Hble METOJIbI U METOJIUKH, CTABUJIMCh JIOKaJbHbIE 3a/laud. BBumy

3TOr0 BCTAET BOIIPOC O CUCTCMATUYICCKOM H ITOCJICHOBATCIbHOM M3YYCHHH BJIIMAHUA
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TEPMHUYECKON MPEABICTOPUN PACILIABOB HA WX KPUCTAJUIM3AIMIO B OJHUX U TEX XK€
YCJIOBUSIX dKCIIepUMeHTa. [ aToro Hamu ObUT pa3paboTaH U 3alaTEHTOBAH CIIOCO0
UKJINYECKOro TepMuueckoro ananuza (L[TA) [11].

Cytps metroma IITA 3akimtouaercs B HENPEPHIBHOW 3allMCH TEMIIEPATyphl B
3a/ITaHHOM TeMIIepaTypHOM MHTEPBAJIC NP ITUKINYECKOM HarpeBaHUU U OXJIXKICHUH.
[Ipu »>TOM HIKHAS TeMmepaTypHas TpaHUIA TEPMOIMKIOB TOJACPKUBACTCS
OJINHAKOBOM, a BEPXHASI CUCTEMATUUYECKH MOBBIIIAeTCs (JINOO TMOHMKAETCS) OT LUKIIA
K [UKITY. 3aJlaHHBIN TeMIIepaTypHbI UHTEPBAJ TEPMOLUKIUPOBAHUS BKIIOYAET TOT
WM UHOM (ha30BBIN MEPEXOI.

MeToauka  JIKCHepUMEHTA.  ODKCIEPUMEHThI  MPOBOJIWIUM  METOJ0M
TepMuueckoro ananmza (TA) B koopauHaTax temneparypa T — BpeMsl 7 10 METOIUKE
[1]. UcnerreiBanu Bi, Ga, Pb, Sn, Sb u sBrexTnueckue criasel B cuctemax Pb-Sn
(39 macc.% Pb + 61 macc.% Sn), Ga-Sn (96,3 macc.% Ga + 13,7 macc.% Sn) mapku
OCHU. [/lns ananu3a nepeoxyaxaecHui He00X0 MO ObLIO IIPOBEICHUE SKCIIEPUMEHTOB
Ha pa3HbIX METaJIaX B OJIHUX U T€X KE YCIOBUSX:

— uccueaoBanue macc oopasion He menee 0,5 T;

— UCIIOJIb30BAaHUE CKOPOCTEN OXJIaXACHHs B ipenenax ~5,3-5,5 K/muH;

— MEepPErpeB pacruiaBa BBIIIE TeMIIEpaTyphl IJIaBieHUs oT HyJs g0 100
rpaaycos;

— UCIIOJIb30BAaHUE OJHUX U TEX K€ alyHJOBBIX THUTJICH, XPOMEIb-
koneneBbix (XK) Tepmonap u ap.

DBTEKTHUYECKHE CIIaBhI TOTOBHJIN CILIaBIIeHUEM KoMmoHeHTOB Pb-Sn u Ga-Sn
COOTBETCTBYIOIIETO cocTaBa o01ieit maccoit 1o 0,5 r. [Ipu crijaBieH KOMIOHEHTHI
HarpeBasii B anyHaoBoM Turiie Ha 100 K Bbime temmnepaTypbl miaBieHus Sn (B
cucreme Ga-Sn) wiu Pb (B cucreme Pb-Sn), u mepememvBaiud 0 IOJHOTO
pacTtBopeHusi. TepMOIMKIMPOBAHUE BCEX O00paslloB MPOBOAUIOCH B  T.H.
«0e3rpaIMeHTHOI» TEYU COMPOTUBIICHUS, CHEUHAIBHO CKOHCTPYUPOBAHHOW Jis
meroga IITA. Ileur ¢ oOpasmom s3BTekTHYecKOro criaBa Ga-Sn Haxoauiach B
xoyioguibHON Kamepe «Beko» ¢ temmepatypor 249 K. Ckopoctu HarpeBaHus M

OXJIAXKACHUA 06pa3110B C IICYbIO B XOJ'IOI[HJ'IBHOfI KaMCpeC TaKXKC IMOAJACPKUBAIIN B
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npenenax 5,3-5,5 K/mMun. TemmepaTypy u3Mepsiid C TOMOIIBI0  IH(PPOBOTO
tepmomerpa UT325 ¢ BbIXOAOM Ha mepcOoHaNbHbIN KommbroTep. [lorpemmHocts
n3MepeHuss temneparypsl  cocrasisiia  ~0,1 K. JlocToBepHOCTH  pe3ynbTaToB
NOATBEPKAAIACH HMX BOCIPOU3BOJAUMOCTBIO Ha OCHOBAaHMM MHOTOKPAaTHOIO
TEPMOLUKINPOBAHUS.

PesyabTatbl ucciaenoBanusi. Ha puc. 1 npuBeaeHa cepus TEpMOLMKIOB
HarpeBaHUsl U OXJIAKICHHS 0JioBa M cypbMbl MaccaMu mo 0,5 T co CKOpOCTAMH

HarpeBaHus U oxJjaxaeHus ~5,3-5,5 K/muH.

LK

1

3304

3004

4304

T (BpeMa) I I a

- - - - o) -

1 L 1 ) | » U
2000 3000 4000 5000 T 6H

Puc. 1. TlocienoBaTenbHbIC TEPMOIMKIIBI HATPEBAHMS M OXJIaXKICHUS 0JioBa (a) U

cypbsMbI (6) Mmaccamu 1o 0,5 T

N3 storo PUCYHKA MOKHO CACIAaTh HCCKOJILKO BBIBOJIOB:

—  YCTOHWYHMBO OT LIMKJA K IUKIY (DUKCUPYIOTCS TeMIlepaTyphl IJIaBICHUS

anemenToB (505 K — misa Sn, 903,6 K — Sh);
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— HaOmomaeTcst mepexon oT HepaBHoBecHoM kpuctammsanuu (HPBK) ¢
nepeoxJIaxaIeHueM DT” OTHOCHUTEJIbHO  TEeMIlepaTypbl  IUIABJICHUS K
kBazupaBHOBecHOM kpuctaumzanuu (KPK) ¢ npaktuueckum  oTcyTcTBHEM
NEPEOXIIAXKICHUS 110 MEpEe MOHMKEHHUSI TeMIEepaTypbl IPEABAPUTEIBLHOIO MPOTrpeBa
pacmiaBa (kpubie 1-7) u obpatnbiii nepexos or KPK k HPBK no Mepe noBsiteHust
TEMIIEpaTyphl MPEABAPUTEIBHOTO TIPOTrpeBa )UKol a3l (mukisl 7-9) (puc.1,q);

- KpUCTAJIM3AalUsl W3 TMEPEOXJIAKIEHHOIO COCTOSIHUSI HAa HavYaJbHOM
CTaJM1 HEU3MEHHO HOCUT B3PBIBHOM XapakTep.

[Tepexox or KPK x HPBK nab6mroancs u Ha Ipyrux MeTaiax v CIijiaBax, TaKux
kak Bi, Ga, Pb u sBTekTHueckux cruraBax Sn-Bi, Sn-Ga. Ha puc. 2 npuBeneHsl Tpu
MOCJIeI0BAaTENbHBIE TEPMOTIPAMMBI ISl BUCMyTa Maccod 1,0 T 1o mMepe MOHUKEHHS
neperpesa. M3 repmorpaMm npuBeIEHHBIX Ha pUc. 1 -2, MOKHO OTMETHUTH IIOCTOSIHCTBO
NEePEOXJIAXKICHUN U yBEIWYEHUE JJIMH TUIaTO IUJIABJIICHUS M KPUCTAJUIM3ALMKU MPU

YBEJIMYECHUH MacChl 00pa3IoB.

604

576

545 545 545 545

513 513

Puc. 2. TepMOLMKIIBI HArPEBaHUS U OXJIAXKICHUS BUCMYTa
Ha puc. 3 npuBeneHbl HEKOTOPBIE TEPMOTIPAMMBI, XapaKTEPU3YyOLIUE HATUINE

XOPOIIUX MEePEOXIAKACHUIA U B3PBIBHOM XapakTep kpucraumsanuu y Ga (a), Pb (6),

sBTeKTHYeCcKHUEe ciaBbl Ph-Sn (), Ga-Sn (2).
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T, = 606,6K

a o 8 2
Puc.3. Tepmorpammer Ga (a), Pb (8), 3BTekTHYeCKHE CIUIaBBI
39 macc.% Pb + Sn () 1 96,3 macc.% Ga + Sn (2) maccamu 1o 0,5 T,

XapaKTCPU3YIOIHUE HAITNINUC HepGOXJ'Ia)KI[GHI/If;I 1 B3PBLIBHYIO KPUCTAJUIU3ALIUIO

Ha npumepe Sn, Bi n Ga mokaxem xapakTep 3aBHCUMOCTH TEPEOXJIAXICHUM
DT~ OT meperpeBoB Ha obOoOmatomem rpaduke (puc. 4). M3 pucyHka BUAHO, UTO
JanpHEeHIMi mneperpeB pacmiaaBa a0 100 rpaxgycoB He BIusieT Ha CpeaHee
NEPEOXJIAKICHUE.

AT K
[annuit

30

Bucmyr

20
0080

0 1o 30 30 70 N AT K
.

Puc. 4. 3aBUCUMOCTb CpEeTHUX MEPEOXJIAKACHUN OT NMEPErpeBa paciuiaBoB

rajuis, BUCMYTa, OJIOBa

J71s1 0J10Ba 9Ta 3aBUCHUMOCTh OMUCKHIBaeTCs GyHKIMEH X BUcaiiaa:

DT” =apr;"3Q(DT ™ - DTy), (1)

fLDT* > DTy,
rae Q=

pTk=5K, prS"=10 K.
2 + + K np
10,DT* ¢ DTZ,
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B ypaBuenuu (1) BenmuunHa DTY O3HAYaET «KPUTUUYECKUI» MEPErpeB paciliaBa
0JIOBA, TIOCJIE KOTOPOT'0 CKAYKOOOpa3HO MEHsIeTCs XapakTep Kpuctauinzaiuu ot KPK
k HPBK. Ilocne oxmaxkaeHusi meperpeToro paciuiaBa OT BEJIMYMHBI DT M BBIIIE
HaOmomaercst kpuctamumzarnus tuna HPBK ¢ mepeoxnaxaenuem, a npu Helorpese
paciuiaBa 70 DT U MOCIEAYIOIIEM OXJaXKIEHUU — Kpuctaumszauus tuna PK 0e3
nepeoxnaxaeHus [12].

JI1st BUCMyTa 9Ta 3aBUCUMOCTD OIIMCBHIBACTCS YPABHECHUEM:

DT™ =aprSi&Q(DT* - DY), (2)

1, DT > DTY, -
rae @=[""" P pre=6 K, orfi= 20 K.
0,0T* ¢ DTX,

I[J'IH raJuivsa 9Ta 3aBHCHUMOCTD OIIMChIBACTCA YPABHCHHUCM:

Ga
DT,
DT} = 2,
1+exp(- a(DT " - b))

(3)

rae or32=34K,a=0,36K* b=8K.

Pe3ynbTarsl paboThl MOXKHO OOBSICHUTH HA OCHOBAHUHU B3aUMOCBSI3U CTPYKTYPBI
KUAKOM W TBepaou (a3. JlaHHBIE pPEHTreHOCTPYKTypHOro ananmuza [13, 14]
CBUACTEIHCTBYIOT O TOM, YTO Cpa3y IOCIe IJIaBJICHHS B paciuiaBe B HEOOIbIION
o0nacTd BBIIE TEMIIEPATypbl IUIABICHHUS COXPAHSIOTCS KPUCTAJLIONOAOOHBIE
kiactepsl. [Ipy oxmakIeHWH TaKoro paciuiaBa KPUCTAIUTH3AIMS MTPOUCXOIUT KaK Obl
Ha COOCTBEHHBIX 3aTpaBKax (kimacrepax). [loaromy oHa mpoTekaeT KBa3HpaBHOBECHO
C MMPaKTUYECKUM OTCYTCTBHEM NepeoxiaxaeHuil. [Ipu neperpese pacmiaBa KiacTepsl
pa3pymiaroTcs, U KUAKOCTh TEpsSeT AJIEMEHTHl HAClIeJICTBEHHOCTH. B pesynbrare
OXJAXKICHHUS TMOAOOHOrO paciuiaBa B HEM HayuMHaeTcs oOOpaTHBIM Mpolecc
oOpa3oBaHMsI BHaYajie KIACTEPOB, a HUXKE TEMIIEPATyphl TUIABJICHUS W 3apOJIbIIIei
KPUCTAJUIOB B TEUYCHHE OMNPEISIEHHOTO WHKyOamuoHHOro mepuona. Ecmu
KOHIIEHTpAIs KJIaCTEPOB-3apOJIbIILIEH TOCTUTaeT MAaKCUMAJILHOTO 3HAUEHUS, MEXKIY
HUMH HPOUCXOAUT PEaKUMs KOaryJslMh C OBICTPbIM BBIIECJICHUEM TEIUIOTHI
KPUCTAJUTM3AIMH, YTO MPUBOAUT K T.H. B3PHIBHOW KPUCTAIIU3ALMU, @ TEMIIEpPATypa

IPY 3TOM PE3KO MOJAHUMACTCS BBEPX (CM. TepMOrpaMMbI Ha puc. 1-3).
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3akiuouenne. Ha ocHoBaHMM WHCCleIOBaHUSI MPOLECCOB IUIABIEHUSA H
KPUCTAJUIM3allMd HEKOTOPBIX JIETKOIUIABKMX METAUIOB U CIUIABOB  METOJ0M
IMUKIIMYECKOTO TEPMHUYECKOTO aHajdu3a yCTaHoBIeH J¢¢eKT mepexoma oOT
kBasupaBHOBecHOU Kkpuctamnuzanuu (KPK), npoucxomsmeit mnpaktuyecku 06e3
nepeoxJaxaeHus, K HepaBHOBecHO-B3paBHOW (HPBK) wu3 mnepeoxnaxaéHHoOro
cocrosiaus. [lokazano, 4To ATOT 3((HEKT CBSI3aH C TEPMHUECKOW MpPEabICTOpUEH
KUAKOH (Da3bl, a UMMEHHO C TEMIIEPATY POl peiBapuTeabHOro Harpesa. [loquépkuyTo,
YTO 3TO SIBJIEHUE UMEET MECTO HE TOJBKO I YUCTHIX METAJIOB, HO U IS CILUIABOB.
[Tepexon ot KPK x HPBK y0eautensHO MpoaeMOHCTPUPOBAH COOTBETCTBYIOIIUMHU

TEpMOrpaMmMamMu IJIaBKOCTH.
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YK 532.7
Epemenko 10.C.,
crya. rpynnsl AJ[-286, ®T'BOY BO «/lonHACA»
PykoBoautens: k.X.H., noneHt IllebeToBckas H.B.,

JOLEeHT Kadeapbl (GU3UKU U TPUKIATHON

xumuu GI'BOY BO «lonHACA»

PABHOBECHAS U HEPABHOBECHAS KPUCTAJIVIM3ALIUSA BEH30JIA,
HA®D®TAJIMHA, IUGEHUJIA U AHTPAILEHA
Aunnomayus. B paboTe METOAOM IMKIMYECKOTO TEPMUYECKOTO aHajmn3a
U3yYUII PABHOBECHYIO M HEPABHOBECHYIO KpHCTAJUTM3AIMI0 OeH30i5a, HadTalInHa,
nuQeHnIa U aHTparicHa.
Kntouesvie cnosa: 6enzon, HabranuH, AUGEHWI, aHTpalleH, KpUCTALIA3AINA,

MNCPCOXTAXKACHUA.

BBenenne. B paGore craBuiach 1efib U3yYUTh KUHETUKY KPUCTAJUTU3ALNHU
WHJMBHUAYaIbHBIX apOMAaTHUYECKUX YTJIEBOJOPOJIOB, BKJIIOYas caM O€H30J1 U
MHOTOSIJICPHBIC apPOMATHYECKHUE YIJIEBOJOPOAbl C KOHACHCUPOBAHHBIMU (HadTasIMH,
aHTpalleH) W C HEKOHJICHCUPOBaHHbIMU (AuEHWI) sapaMyd, W CONOCTaBUTH
pe3yabTaThl APYT C APYTOM.

OcHoBHast yacTh. MeTo/I0M 1UKIMYECKOro Tepmuueckoro anaimuza (L[TA)
U3YUYEHBbl MPOLECCHl IIABJICHUS M KPUCTAUIM3AUUM TAaKUX HU3KOMOJEKYJISPHBIX

OpraHUYeCKUX COEJIMHEHUMN, KaKk OeH301, HadTanuH, qudenun u antpaued [1]. [pu

9TOM OBLIO YCTAHOBJICHO, YTO B 3aBUCHMOCTHU OT IICPCIpCBa DT+ KUAKOT'O )KPIJIKOfI
(1)331)1 OTHOCHUTCIIbHO TCMIICPATYPhI IIJIABJICHUA U I[EU'IBHCFIHIGFO OXJIaXKACHUA UMCIOT

MECTO JiBa BUa Kpucraumsaiuu: kBazupasHoBecHas (KPK), eciiu aTot meperpes Obu1
cnabeiii m coctapnsn DT, ¢4- 5, u mepasHoBecHO-B3pbiBHas (HPBK) mocne

IPOrpeBa paciljiaBa BhIIIE TEMIIEPATYPHI IUIABIEHHs OoIee, YeM Ha 5 .
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J1Jist cpaBHEHUS CPETHUX MePeoXIIaXACHUH y OeH3oma, nudennna, HaQTaliuHa u
aHTpAIlCHa, IIOJYYEHHBIX B OJMHAKOBBIX YCJIOBHSX OKCIEpHUMEHTa, Ha puc. 1

npuBeAcHBl 000OmEammme TpaduKd 3aBUCUMOCTH  MPEAKPUCTALIN3AIMOHHBIX

nepeoxnaxaenuii DT~ or mneperpesoB DT’ pacmiaBop OeHsona, auQeHuna,
Ha(TaIMHA U aHTpAIleHa MaccaMu 10 2 T Tpu ckopocTsax oxiaxaeHus ~0,09 K/c. Ha
KaKJOM 00pasiie MPOBOJUIIN CBBIINIE JBYX JECATKOB TEPMOIIMKJIOB HarpeBaHUS —

OXJIAXKICHUS.
U3 puc. 1 BuaHO, 4T0 KpUTHYECKHE TIeperpeBbl DT, , MOCiIE KOTOPBIX MEHSETCS
xapaktep kpuctamumzanuun KPK2 HPBK, ans OGenzona cocraBmsmum 4+4,5°, a

CpEAHUE TEPEOXIIAKICHUS <DT' >: 7° [1], nna mudennna n nmadramuna DT, © 5,
<DT' >z 10°, antpanena DT, © 5, a <DT' >: 2°,

Marematuueckyto 3asucumocts DT~ = f (DT ™) npu nepexoe oT 0AHOTo THIA

kpuctaummzauu  (KPK) 6e3 mepeoxnaxnenus k npyromy tumy (HPBK) ¢

COOTBCTCTBYIOIIHM IICPCOXIIAKIACHUCM MOKHO 3allMCaTh B BUAC
DT™ =(DT")Qf (DT* - DT), (1)

_§0,DT" <DIY

= 11 o7t 2 o — ¢yHKuMA XeBucaiija.
[ k

rac

B HYaCTHOCTH, OJIA 06pa3u03, HNCCICAOBAHHBIX BBIIIC, OTY 3aBUCUMOCTb MOXKHO

NPEACTaBUTh CHEAyIomuM o0pasom: ans Oenzona DT™ =71Q(DT™ - 4,5), nna
HadTaTMHA u mudennna DT™ =102Q(DT" - 5), TUTst aHTpaleHa
DT =23Q(DT" - 5).

U3 puc. 1 BuaHO, YTO JaNbHEHIIMII MEperpeB paciuiaBoB Bbiue DT,
NPaKTHYECKU HE BIHMSICT Ha CPEeTHUE 3HAYCHUS TIepeoXiaxaeHnid. IcTHHHOE 3HAaYeHHE
DT na ocHoBanuu 20 wusMepenuidl (N =20) B HUHTEpBaJEe NpPEIBAPUTEIBHBIX
nporpesos or DT, mo DT =30° npu nosepurtensHoii BepostHocTH &= 0,95

BBIYUCIISUTN IO (hopmyJie
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DT =3DT &° t, /i, (2)
n(n- 1

rae t, — xoapunment CteionenTa, S=§ (éDT' o- DT/ )2.

12

10+ fay |

@ Au mpE A L . A
- :
48 a ] a ° ° a
o 9 g i 9 g o
a a a a
6 a a
-
4 1 m
o
i 4
2 = P S TIPS SN
AF - ¥  F ¥ r
-
i -
1 T T 1 ¥ T T T T T T T T T T T T
2 4 6 8 10 12 14 16 18 20
AT K

Puc. 1. 3aBucumocts nepeoxnaxaeHus DT ot neperpeBa DT st HadranmHa (D),

mudenmna (m), 6eH3oma (O), aHTpaleHa () Maccamu 2 T

Boluucnenuss mokasaiu, 4To UCTUHHBIE 3HaueHus DT~ mno ¢opmyne (2)
OKa3aJIMCh B TpejAeNiax CIACAYIOINUX TOBEPUTEIBHBIX WHTEPBAIOB: IS OCH30Ja
DT =7,1°+1,2°, nadprammnaa —10,2°+0,7°, audenmna — 10,2°+0,6°, aHTpaieHa
-2,3°+1,1°.

Ha cnengyromem sTame w3ydaium BIMSTHUE MacChl M 0o0pas3ioB Ha CpeaHue
NepeoxIKIeHUs HapTannHa, TudeHmIa U aHTpalleHa IpU OJMHAKOBBIX CKOPOCTSIX
oxnaxaenus (0,08-0,10 K/c). Obpasusl umenu cnenytomue maccel: 0,1; 0,45; 1,0 u
2,0 r. Pesynbratel 3aBucumoct DT~ oT M mpencraBieHsl Ha puc. 2. Bugna obOmas
TEHJICHITUSI K HEOOJIBIIOMY YBEIMYEHHUIO TepeoxjaxaeHus OeH3ola, AudeHmwna u

Ha(TaIMHa MPUMEPHO Ha 2 rpajyca Mpu yYMEHbLIEHWU Macchl oOpasua B 20 pas, u

0oJiee CyIIECTBEHHOE YBEIMUYCHUE <DT' > st antpanena (ot 2,0 go ~8 ).
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2

AT K

D 1 I o
0.5 1 1.5
m, 2

[

Puc. 2. I'paduk 3aBucumocTu nepeoxnaxacHuss DT~ oT Macchl oOpasma M:

91— nns antpanena, D — nadranuna, o — 6enzoina [1], m — nudenuna

B nanpHelieM n3y4anoch BIUSHUE U30TEPMHUSCKON BBIICPKKU KHIKUX (a3
HadTanmHa ¥ audeHwta B obdnactu mneperpesa (puc. 3, Tepmorpammbl | u II) u B

o0nacTu TmepeoxiakaeHHOro coctosiHus (Ttepmorpammbr II-IV) Ha BenuuunHy

nepeoxynaxaenus DT .

wll L ,.3.1’,2 3 ¢

Puc. 3. Cxemaruueckue TepMorpaMMmsbl it HadTaqvHa U TudeHnsa ¢
kpuctaumzanueit Tuna HPBK u oco6ennocTr kprcTamin3anun paciuiaBoB Mocie
COOTBETCTBYIOLIMX U30TEPMUUYECKUX BBIJIEPKEK. TepMOrpaMmbl YUTATh CIIEBA

HaIPaBo

W3 puc. 3 BUJIHO, YTO MPU OJUHAKOBOM MPOTPEBE PACIJIABOB HE3aBUCHUMO OT
BPEMEHU M30TEPMUYECKON BBIAEPKKH paciiiaBoB (Tepmorpammel I u II) xapakrep
KPUCTAUIN3ALMA C IIEPEOXJIAXKICHUEM He wu3MeHserca. l[lpum m3orepmuueckon

BBIJICPXKKE PACILIABOB B 00JIACTU MEPEOXJIAKICHUN B OJTHOM ciiydae (IJ1s1 HaprainHa
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— tepmorpamma III) mpoucxoauna caMonpon3BoJibHAsT KpUCTAILIM3AlUsA, & B JPYTroM
(mns nudenwmna — tepmorpamma IV) momoOHas KpucTaluIM3alMs HE HAcTynajga B
TEYCHUE HECKOJBKUX YacoB. Kpucramumzamuio B aHHOM CiIy4ae MOXKHO OBLIO
CTUMYJIMPOBATh JIHIIb [JAJbHEHIINM MOHMXEHUEM TEMIIEPATYPhl 10 HEKOTOPOM

MUHUMAaJIbHON TeMneparypsl T,

BeiBoabl. CxaukooOpasubiii nepexoa ot KPK x HPBK B 3aBucumoctu ot
BEJIMUMHBI MPOTpeBa KUAKON (pa3bl sl UCCIIEIOBAHHBIX BEIIECTB MOKHO OOBSICHUTH
C MO3ULUHU KJIACTEPHO-KOATyJISIIMOHHON MOJIENH KpucTanau3auuu [1], yunTeiBaromiei
AHM30TPOIINIO CBS3E€M B KPUCTAIIAX, CTPOCHUE MOJIEKYJI, CTPYKTYPHBIE IIEPECTPONKH
MOJIEKYJ B JKMIKOM COCTOAHMM M J1p. lIpu miaBieHun B nepByr0 odepenb
paspylatoTcsi cinalble BaH-I€p-BaajlbCOBBIE CBSI3U, OJHAKO JUIS IUIOCKMX MOJIEKYI

CeHs, Ci2Hio, CioHs, CisHio BOmM3m TtemmepaTypsl IUIaBI€HUS [, HMEIOTCA

IPOCTPAHCTBEHHBIE 3aTPYAHEHUS OTHOCUTENIBHO OCEH, JIeKaluX B IJIOCKOCTH
moisiekyniel.  [losToMy cpa3y mociie TUIaBiI€HUST B pacilaBe  COXPAHSIOTCS
KpUCTANIONOA00HbIe KiacTepbl. O cxoAcTBe OJMMKHEro MOpsSAKa W B3aUMHOIO
pacmojoXeHusi, Hampumep, OeH3oia U HadTaauHa CBUAETEILCTBYIOT JaHHBIC
pEHTreHOCTpYKTypHOro aHaiusa [2]. Iloatomy mpu oxyaxaeHuu ciaabo mporpeToro
pacmiaBa CBSI3M  OBICTPO  BOCCTaHABIMBAIOTCS, a KPHUCTAUIM3ALUS ~ HOCHUT

KBa3WpPaBHOBECHBIN XapakTep Kak Obl HA COOCTBEHHBIX KJIacTepax — 3arpaBkax. [Ipu
ATOM TMepeoxXJaxAeHus: mpakTudecku OoTcyTcTByOoT (DT~ © 0). Ilpu mneperpese
paciuiaBa BbIIIE T, CTENEHb Pa3yIOPSAJOYEHHOCTH MOJIEKYJ JOCTHUTAET TAKOTO

npesena, Mnocjiie KOTOporo Mpolecc 3aTBEpACBaHUs JOJDKEH MPOUCXOAUTH CHYCTS
HEKOTOPBIN MHKYOAIMOHHBIN NEPUOJ AJIsl IEPECTPOUKHU Pa3yNOPsAOUCHHBIX MOJIEKY
B YIIOPAJIOYCHHYIO KPUCTAIIMYECKYIO PEIIETKY.
Jluteparypa
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MN3YUYEHUE TEPMOI'PAMM IIJIABKOCTH
NHIANBUAYAJBHBIX BELIIECTB
Annomayus. B paboTe 1oka3aHo, YTO Ha OCHOBaHHMM Pa3IMYHBIX TEPMOIpamMMm
HarpeBaHWsl M  OXJIAXKIAEHHsS MOXKHO  pacCUMATATh pPA3JIUYHBIE  IApaMETpPBI
3apoJIplIe00pa30BaHUs U MAaCCOBOM KpUCTAIIIN3ALUU PACILIaBOB.
Knwouesvie  cnoea:  INaBleHWe,  KPUCTAUIM3aLUsA,  IIEPEOXIIAXKICHHE,

WHKYOAITMOHHBIN TIEPUO/I, 3aPOIBIIICO0pa30BaHNE, JOKPUCTATUTH3AIH.

Beenenue. Tepmuueckas npeapiCTOpHs BKIIIOYAET B ceOsl MEpErpeB pacriiaBa
OTHOCHUTEJIBHO TEMIIEPATYphl IUIABJICHUSA, U30TEPMUUYECKYI0 BBIACPKKY PaCILIaBOB,
CKOPOCTh OXJIAXJEHHWs W T.0. B InwWreparype UMEKOTCA MHOTOYHMCICHHBIC
DKCIIEPUMEHTAIIHBIE HMCCIENOBAHUs, YKAa3bIBAIOIIME HA TO, YTO TEPMHUYECKas
IIPEABICTOPUS PACIUIABOB CYLICCTBEHHO BIIMACT HA KHUHETUYECKHE IapaMeTphl
KpUCTaJUIU3al1H, NPEAKPUCTAIINZALMOHHBIE MIEPEOXJIAKICHHUS, THUII
KPUCTAIA3AINH, CTPYKTYpPY U CBOMCTBA TBepaoi daswr [1-4] u mp.

IlocranoBka 3amxayu. YCTaHOBHTh, Kak IO TEpMOrpaMMaM ILJIAaBKOCTH
WHIVBUIYAJIbHBIX BEILIECTB MOYHO ONPEIEUTh KUHETUYECKUE 51
TEPMOAMHAMHUYECKNE XapaKTEPUCTUKN KPUCTAILIAZALIUH.

Pe3yabTaTbl. MHOTOYHCICHHBIC 3KCIIEPUMEHTAIbHBIC HCCeaoBaHus [5]
IIOKA3bIBAIOT, YTO B 3aBUCUMOCTH OT BEJIMYMHBI IEPETPEBA PACIUIABA U JAIBHEHIIETO

OXJIXKJIeHHUsT (DUKCUPYIOTCS pa3Hble THUIBl KpUCTAIM3aKMKU. B kauecTBe mpumepa

200



pacCMOTpUM TpH CXCMATHUYCCKHX TCPMOLUKIIA HArpCBaHUA H OXJIAXKIACHHA IIPpU

IUTaBJICHUHU ¥ KPUCTAJIM3alUY BeriecTa (puc. 1).

T}_ ‘‘‘‘‘‘‘ - - a’
T: ______________ R
; AT’
§ TL—~* ___b_ d e_— g TLh‘ ____b____ § TL~A b e___ﬂv_
= : 7 | g | 1
X : N\ | 8 L i - & B
§. I ; | I Abe §. ! : ' ' AT¢ § ! : ] !
& . AN | L B W HTT_ S IR
| I ; ] ; | | : ’ A | | =
Tmin [ (g**': ***** F-C¥-- & - Tmin | (g'*": """" P ‘C__ --¥2E f : : : aT
- , Bl | N i N
o | gl . 7 1 7
pl b BN L AR | gLt | ! o NF
- - : - l 1 | 1- I
T s Ts Bpems LT_LH1 - Ts Dpews LT_LS.l L?‘;J pee

Puc. 1. CxemaTtnueckue TepMOrpaMMbl TUIABKOCTH, XapaKTEPU3YIOIINE

HepaBHoBecHY10 (I, IT) n kBazupaBHoBecnyto (I11) kpucrannuzanuu.

Tepmormkn | sBisercss 00OOLIEHHBIM MPUMEPOM HEPABHOBECHO-B3PHIBHOM
kpuctauzanuu (HPBK) ¢ nocnenyromieit n130TepMUyecKoi TOKpUCTAILTU3AMEH TTPU
Ti. 3nech 3aTBep/ieBaHUE paciljlaBa HAYMHAETCS C OOpa30BaHUSl KPUCTALTMYECKUX
3apoJipllliell 32 MHKYOAIlMOHHBIM Mepuoj 71. Eciau KOHIEHTpalusi KJIacTepoB H
3apOJBIIIEH MPU TEMIEPATYPE Tmin JOCTUTAET MAKCUMYMA, TO MEXI1Y HUIMH HaUMHAETCS
peaKIusi KoaryJisiluy, Mpoucxosiias 3a Bpems 72. [lpu 3TomM Temmeparypa OBICTPO
MOJTHUMAETCA OT Tmin 0 TEMIEPATYPHI MJIABJICHUS 71 HA BEIMYMHY MEPEOXJIKICHUS
AT=TL —Tmin. 3a maHHBIA MPOMEKYTOK BPEMEHHW 3aTBEPICBACT YacTh paciuiaBa f.
OcranpHas yacTh 1—f noOKpUCTaUIU3YETCs 3a BpEMS T3.

Tepmorukn Il sBisiercss  00OOIIEHHBIM ~ MPUMEPOM  HEPABHOBECHOM
KpUCTAJIM3AallMM, NPOUCXOJIIEd Tpu TemmepaTtype Is HIXKE TeMIepaTypbl
TJIaBJICHUSA 71.

Tepmornuki 1l - 0600mIeHHBIN TPUMEP KBa3UPABHOBECHOW KPUCTAILTU3AINH
(KPK), mnpoucxomsmedi npaktuuecku 0e3 mepeoxnaxaeaus (D77=0). Drtu
TEPMOLMKIIBl CITy’KaT HCTOYHUKOM IS OINPENEICHUS PA3IUYHBIX KUHETHUUECKUX

[mapaMCcTpoOB 33p0,[[LIHI€O6p3,30BaHI/IH 1 MacCOBOM KpucTtajjin3alnuu.
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IIo TCpMOIrpaMMaM INNIABKOCTH MHAWBUAYAJIbHBIX BCIICCTB MOXKHO OIIPCACIINTD

clIeayromue KNHETHYCCKNUE N TCPMOANHAMUYCCKUEC XapPAaKTCPUCTUKH KPpUCTAJIJIN3alluN

[3]:

— CKOPOCTH MaCcCOBOM KpUCTaJJIN3alluu s

npu KPK: g = m , mipu HPBK: i/, = m :
td [
. DT,
— TEeMIIEpaTypHasi CKOPOCTh V' B3PBIBHOW KPUCTALIA3ALMU V = ; X
2

— JIOJIS 0. BCEX 3apO/IBIIIICH B MEPEOXIIaXKICHHOM pacIliiaBe, 00pa30BaBIINXCS 3a

BpeMs 71 :t—l,
I‘S

— 710715 f paciuiaBa, 3aTBEp/AeBIIero B oobeme Vy (Maccoi My) 3a Bpems 72

b:ﬁ —_—CI’;ODI’

- SH rae ¢, — yA€NbHas TEINIOEMKOCTh XUAKOW (ha3pl, DH — sHTansnus
L

IIJIABJICHUS.
3HaueHHe [ BBIYUCISAETCS W3 ypaBHEHHs TerioBoro Oamanca Qi =~ Q2, rae
Q:=mAHL— TtemoTta (a3zoBoro mepexoma MpU KPUCTALIU3ANNKM YACTH BEIIECTBA

Maccoi My 3a Bpems 72, MpuBeALIas K nporpeBy Q2=c;mDT’, Bcero BemecTsa Maccoi

m Ha BenuwuuHy DT, 4 - YYTEHO, YTO CKOPOCTH TEIUIOOTBOJA Ha JBA-TPH IOpsKaA

MEHBIIIC CKOPOCTH BBIICJCHHUS TEILIOTHI ITPH B3PHIBHON KPHUCTAIH3AIINN.
. 1, a
— KOHCTaHTa K ckopocTu koarysiuu 3apojsiiein K =—In—.
2
K mnpoueccy koaryssiiuu 3apojbliicii NpuMeHeHa (GopMalibHas KHHETHKA
TOMOTCHHBIX OJJHOCTOPOHHHUX Peakinii. YUuThIBast ObICTPBIN XapaKTep dTOU peakilnu,

€€ MOXXHO TPHUOJMKEHHO CUUTATh PEaKIUeW IMEePBOTO TMOPSIKA, TMOJIHHSIONICHCS

ypaBHeHuto b = a&Xp( K ,J), rae o — HayaabHAsk KOHIEHTPALUS 3apObIIIeii BO BceM
o0Opasiie, f — KOHILIEHTpaIUs 3apoAbIIici B 00beMe Vy , YOBIBAOIas 3a BpeMs 723a CUCT
X

UX KOAryJISIIIUK ¥ 00pa30BaHUsl CIUIONIHOM TBEp10# (a3l A0JeH [ B TOM Ke o0beMe.
— He3aTBEpAEBILas 4acTh y o0pasla 3a Bpems 11+ 12; g = —=,
L
S
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OTOT mapaMeTp ONPENENSIETCS 0 OTHOLIEHUIO IPOMEXYTKOB BPEMEHHU 73 IIPU
HPBK u zs' npu KPK (no qynunaam miato) 1j1si OJHOTO U TOro ke o0pa3slia Mpu Ipoyux
PaBHBIX YCJIOBHSIX SKCIEPUMEHTA;

— 3aTBepAeBIlIas 4yacTb 1—y.

VYuutsiBaeTcsl Kak 3aTBepiAeBIlas oy f 3apoabimieil B o0beme Vy, Tak U

3apOJIbIIIEH B OCTABIIEICS YaCcTH pacIuiaBa;
— JIOJsl 0 3apojbllliel, HE 3aJCMCTBOBAHHBIX B KOAryisiuu (T.e. OIS
3apojpiiiei B oobeme V- V) 0 =a— f;

m(1- a) .

— CKOpOCTb U, U30TepMHuUecKoro gosarsepaeanus npu HPBK ¢, = —
3

— KOHCTaHTbI Z CKOPOCTU KPUCTAJIU3AIUU

p
npu KPK  Z :im_s, npu HPBK z :iln
Lord i L,
S

L
rae rg, /|, — INIOTHOCTHU TBEPJOU U KUIKOH (a3;
— KpUTHYECKHit pasmep |, 3apopiina kyoudeckoi GhopMbI
|, =4s T,/ tDH D,
rae S, — MexdasHasi MOBEpXHOCTHAS SHEPTHs Ha TPaHUIIE PacIliaB — KPUCTAILT;
— paborta A 00pa30BaHus 3apojblia pazMepom |,
A =32s{T?/ £ BII( D)

— pabora Aj, NpUXOIAIIAsACI HA OJHY MIEMEHTAPHYIO STYEHKY

3
b

N =
rne Ay V

A4

— YHCIIO DJIEMEHTApHBIX stueek N, B 3aponpimax, |? — o0bem 3apossia,

V, =a B ¢ 6N H— o6wem stueiiku, a, b, ¢, b — napaMeTpbl MOHOKJIMHHOM PEIIETKH;

— CKOpOCTh 3apojsimeodpazoanusi | Bo Bcem o0beme mpu HPBK

_ 1 Nsap __1 V _1

| ==
V fS V Map SI;’

rae V — o0beM Tedna.
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BoiBoa. Ciemxyer oTMETHTh, 4TO 06€3 MCIOJIb30BaHUSI TEPMOTPAMM TUTABKOCTH
HEBO3MOXXEH KaueCTBEHHBIN M KOJIUYECTBEHHBIM aHAJIU3 MPOILIECCOB, MPOUCXOISAIIUX
Ha TOW WJIM MHOM CTaJINM KPUCTAUIN3ALUU.
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STUDY OF THERMOGRAMS OF FUSIBILITY
INDIVIDUAL SUBSTANCES

Annotation. It is shown that on the basis of various thermograms of heating and
cooling, various parameters of nucleation and mass crystallization of melts can be
calculated.
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pre-crystallization.

Prityka Anna Andreevna, student of the AR-27a group, Federal State
Budgetary Educational Institution of Higher Education «Donbass National Academy
of Civil Engineering and Architecture», 286123, Makeevka, Derzhavin str., 2.

Scientific supervisor:

Pokintelitsa Elena Anatolyevna, Candidate of tech. Sciences, Associate
Professor, Associate Professor of the Department of Physics and Applied Chemistry,
Federal State Budgetary Educational Institution of Higher Education «Donbass National
Academy of Civil Engineering and Architecture», 286123, Makeyevka, Derzhavin str, 2.

205



YK 66.017
[Tyraués M.A.,
actmupanT rpymmsel aCCMuK/01.06.01-12, ®I'BOY BO «Tyal'¥V»
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PAZPYHIAIOIIASA KOPPO3USA BOJOPOAOM TUTAHOBBIX CIIJIABOB.
OB30P
Annomayusi. B cratbe TmpoBeAeH 0030p TpoOieM, TMOCBSIICHHBIX
pa3pylIUTEeILHON KOPPO3WH BOJIOPOJOM THUTAHOBBIX CIUTABOB, a TAaKXE OIHMCAHBI
OCHOBHBIC TMPUYUHBI KOPPO3HOHHON CTOMKOCTH THTAHOBBIX CIUIABOB M METObBI
3aIUTHI.

Knrouesvie cnosa: BonopoHas KOppo3usi, HABOJIOpakuBaHue, 1udPysusi.

BBenenne. Koppo3us BOAOPOAOM THUTAHOBBIX CIUIABOB — 3TO CEPbE3HAS
npoOjieMa B HWHXXEHEPUM U MPOMBIIUICHHOCTH, KOTOpash MOXET TMPUBECTH K
KaTacTpOPUIECKUM TIOCICACTBUSIM. B 1MaHHOW cTaThe MBI HUCCIEIYyeM MPUYHHBI
KOPPO3HUH BOJOPOJOM, €€ MEXAHU3MBbI U MOCIIEICTBUS JUIsl TUTAHOBBIX CILIABOB. MBI
TaK)K€ paCCMOTPHUM METO]IbI TPEAOTBPALIEHUS] KOPPO3UHU BOAOPOIOM, KOTOPHIE MOKHO
UCIIOJIb30BaTh [IJI1 YMEHBIIEHUSI PUCKA TMOBPEXKJICHHS MEXAHU3MOB W3 THUTAHOBBIX
crutaBoB. KiroueBoil (akTop B MpeAoTBpalIeHUH KOPPO3UU BOAOPOJIOM SIBISETCS
NpaBWIbHBIA BBIOOp MaTepuana W TIIATEIbHOE MPOEKTUPOBAHHE CUCTEMBI. Eciu
3aKOHOMEPHOCTH KOPPO3UU BOJOPOJIOM HE OYyAYT YUTEHBbI, TO MOKET IPOU30UTH
pa3pylIeHue CUCTEMBI, PUBOJISIIEE K HETATUBHBIM MOCIIEICTBUSIM.

IlocTtanoBka 3amaum. 3agavya JJTaHHOW CTaThbM COCTOMT B 0030p€ Pa3IUYHBIX
UCCJICIOBAHUNA W JIAaHHBIX, CBS3aHHBIX C NPOOJIEMON pa3pyLIUTEIbHOW KOPPO3UU
BOJOPOJIOM TUTAHOBBIX CIUIABOB. B cTaThe paccMaTpHBalOTCS OCHOBHBIE MEXAHU3MbI

KOPPO31MHU TUTAHOBBIX CIIJIaBOB 11O/ BOSI[GIZCTBHCM BOJOPOJA4a, a TAKKC IIPCACTABJICHBI
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IIPUMEPBI MTPOSBIIEHUS JaHHOTO Ipouecca. BaxXHONW COCTaBISAIONIEH CTaThbU SIBIISIETCSA
OMKCAHUE METOJO0B 3aLUThI OT Pa3pPyLIUTENbHONU KOPPO3UH BoopoaoM. Llenb ctaTbu
— J1aTb BO3MOJKHOCTH MCCIJIEIOBATENSIM, CHEIUAINCTaM W HAy4YHbIM pPAOOTHUKAM
MOJIYYUTh O0030p M JIydlllee MOHUMAaHHE MNPOOJIEMBbl pa3pyIIUTEILHON KOPpO3UU
BOJIOPOJIOM TPU UCIOJIb30BAHUU TUTAHOBBIX CIIJIABOB U HANTH BO3MOXKHBIE PEIICHUS
TAHHOM TTPOOJICMBL.

Yem omacHa BojopojaHas koppo3usi? BomopomHas koppo3us MOXKET OBITh
OTMacHOM MO MHOTUM MpUYuHaM. Bo-TiepBBIX, OHA MOXKET MPUBECTH K YXYIIICHUIO
MEXaHWYECKUX CBOMCTB TUTAHOBBIX CIUIABOB, TAKMX KaK IPOUYHOCTh U TEKYUYECTh, YTO
MO>KET BbI3BaTh OTKa3 000PYOBaHUS, CHCTEM U MEXaHU3MOB. DTO MOKET IPUBECTH K
HECYACTHBIM CIIy4asiM, €CJIM TEXHUKA UCIOJIb3YETCS B KPUTUUYECKHUX YCIOBHUSIX, Kak,
HaIllpuMep, B aBUALlMH, KOCMUYECKOW TEXHUKE WU B aTOMHON SHEPIreTUKE.

Bo-BTOpBIX, BOJOPOJ MOKET BBI3BATh pa3pyIICHHE MOBEPXHOCTHOIO CIIOS
TUTAHOBOTO CIUIaBa, YTO MOXET MPHUBECTU K AAIbHEHIIEH KOPPO3UHU U AETrpaJlaliiu
obopynoBanus. [I[puynHa 3TOr0 3aKiIr04aeTcsi B TOM, YTO BOJAOPOI, 00pa3yIOIIHiics B
pe3ynbTaTe ANEKTPOXUMUYECKUX PEAKIM MEeXAy CIUIABOM W BOJOM, NMPOHHUKAET
BIUIyOb MeTaiia u 00pa3yeT MyCTOThI U TPEIINHBI.

Hakonen, BogopoaHass KOpPpO3Hsl TAaKXKE MOXET IMPUBECTH K YBEIMUYEHHUIO
PacxoJI0B Ha PEMOHT U 3aMEHY 000PYIOBaHUs, YTO CKA3bIBAETCS HA YIKOHOMHYECKOM
acnekte. [loaToMy, mJis mpenoTBpallleHHs BOJOPOIAHOW KOPPO3UU HEOOXOIUMO
yAENATh OOJbIIOE BHUMAHHE BBHIOOPY MATEpUATIOB U NPOAYMbIBaTh TLIATEIBHOE
MPOCKTUPOBAHUE CHUCTEM, & TAKXKE IPOBOJUTH PETYJSIPHYIO MPOBEPKY COCTOSHUS
000pyI0BaHUs C IEJIbI0 CBOEBPEMEHHOTO BBISIBICHUSI BOBMOKHBIX MPOOJIEM.

Kak npeporBparuts aanubiii 3¢¢exr? [IpenorBpameHne BOAOPOIHOMN
KOPpO3UHM B THUTAHOBBIX CIUIaBaX OOBIYHO OCHOBBIBACTCS HA METOJIaX, KOTOPHIC
VCKIIFOYAIOT MUJIM CHUKAKOT KOJIMYECTBO BOJIOPO/Ia B MeTaIlIE. PAcCCMOTPUM HECKOJIBKO
CIIoCcO0OB TpeoTBpaIIeHus 3TOro dddexTa:

1 Hcnonb3oBaHre CIUIaBOB C MEHBIIMM COJEPKAHHEM BOJIOPOJA — 3TO
MEHBIIIE MOABEPKEHO KOPPO3UHU BOAOPOIOM U 0OECredrBaET OOJIBIIYIO MPOYHOCTD U

CTOMKOCTB K pa3pyLICHHUIO.
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i H3z6eraiite HCITOJIb30BAHHUS TUTAHOBBIX CILIABOB B
BBICOKOTEMIICPATYPHBIX YCIIOBHSX, I'ZIC BHYTPCHHHE HANPSHKCHHUS Ha IOBEPXHOCTH
METaJlJIa CTAHOBSTCS KpaliHEe BHICOKUMH.

1 Pazpabotka u wucnonwszoBaHue 3G(PEKTUBHBIX METOJOB Jerazaiuu
CILUTABOB, KOTOPBIE IMO3BOJISIOT YIAAIMTh U3 HUX BOJOPO/ JI0 Havajia SKCILTyaTallHH.

i Pa3paboTka MeTOZOB MOHHMTOPHHIA YPOBHS BOJOPOJia B THTAHOBBIX
CIUTaBaX, YTO TIO3BOJIUT CICAUTh 32 COCTOSHHEM MeTalyla M TPUHUMATh MEpPHI
IPEAOCTOPOKHOCTH HA paHHEH CTaJIUU.

i [IpenoTBpamieHue OCTPBIX IEperagoB TEMIICPAaTypbl WA TPOOJIEM B
CUCTEME XPaHEHHUS, KOTOPHIE MOTYT CTUMYJHUPOBATh KOPPO3UIO BOIOPOIOM.

Tak ke ycuneHre JOKaJIbHBIX MECT KOHCTPYKITUHA MOXKET CHU3UTh BEPOSTHOCTh
BO3HMKHOBCHHUS BOJIOPOJHOM KOPPO3MHM 3a CUYET IIOBBIIICHUS IPOYHOCTH U
YCTOWYMBOCTH METaJIIa K pa3pyrieHuto. OqHaKo 3TO HE SABIISICTCS INHCTBECHHBIM WITH
caMbIM 3P GEKTHBHBIM CIIOCOOOM ITPEAOTBPAIICHUS BOAOPOJIHON KOPPO3HH.

YcuneHue JOKaJdbHBIX MECT HE CIHOCOOCTBYET YMEHBIICHUIO KOHIICHTpAIlUU
BOJOpPOJIa B METaUIe W HE TpemoTBpamiaer ero auddysut. Bogopoa moxer mo-
NPEeKHEMY TOIaJIaTh B METa/UT Yepe3 MOBEPXHOCTh M PACTIPOCTPAHITHCS HA TIyOHHY
CTPYKTYPBI, BBI3BIBast KOPPO3HIO.

OnHako yCuJICHHE JIOKAJIBHBIX MECT MOJKET OBITh IOJIE3HBIM JIOTIOJTHEHHUEM K
KOMILJIEKCY MEp IO TPEIOTBPAIICHUIO BOJOPOJIHON KOPPO3WH, TaK KaK 3TO MOXKET
YIYYIIATh OOMIYI0 MPOYHOCTh M CTOMKOCTh K pa3pylIeHUIO0 KOHCTpyKimuu. Kpome
TOTO, YCHUJICHHE JIOKAJIbHBIX MECT MOXKET IOMOYh IPEAOTBPATUTh MEXaHUYCCKHE
TIOBPEK/ICHUS, KOTOPHIE MOTYT IPUBECTH K MOBBIIIICHHOW YyBCTBUTEIHFHOCTH METaJlIa
K KOPPO3HH BOJIOPOIOM.

Kakue Mepbl NpUMEHSIOTCSI PU MPOEKTHPOBAHUN:

i Br10op crutaBoB, yCTOMYMBBIX K KOPPO3UH BOAOPOJOM. Takue CIUIaBbI
00Jaaf0T TOBBIMIEHHON CTOWKOCTBIO K KOPPO3WU BOJOPOJOM U MOTYT YCIEITHO
paboTaTh B YCIOBHSX, KOT/Ia IPYTUE MaTEPHAIIbl MOTYT MCIIBITHIBATH TIPOOJICMBI.

i [IpenoTBpamieHue KOHTaKTa MeTajlla C  BOJIOPOJI-COJACPKAIIHMMH

cpenamu. KoHTakT ¢ BOJOM, MaciaMu, ra3aMu U JAPYTMMHU CPEIaMH, COJIEPKALIMMHU
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BOJIOPOJ, MOXKET IPUBECTU K BOJOPOIHOM KOppo3uu. YToObl n30exkaTh 3TOr0, MOKHO
UCII0JIb30BaTh Pa3JIMYHbIE METO/bI, HAPUMEP, YCTAHOBKA OapbepOB WM HU30JISALUS
KOHCTPYKIIMHM OT KOHTaKTa C BOJLOPOA-COAEPKAILIUMU CPENAMHU.

1 PerynsipHasi mpoBepka KOHCTPYKIIMII Ha Hadu4yue MPU3HAKOB KOPPO3UU
BOJIOPOJIOM. DTO TO3BOJIAET OOHAPYKUTh MPOOJIEMbl B CaMbIX PaHHHUX CTaUAX U
OPUHSATH MEPBI JUIsl UX YCTPAHCHHUS.

IIpu pacuyere KOHCTPYKUMH YYUTHIBAKTCA cjieayouue pakropoi:

1 BepoaTHOCTh BO3HUKHOBEHHUSI KOPPO3UU BOJAOPOAOM B IPEANOIAraeMbIX
YCIOBHSX JKCIUTyaTalluH

1 CTOoHKOCTh MaTepuasna K BO3JEHCTBUIO BOJIOPOIa

1 B03MOXHOCTP BOCCTAHOBJICHHS MEXAHWYECKUX CBOWCTB MaTepHaia
II0CJIE BO3JAEUCTBUSA BOAOPOAA

1 Hanuune npo6iiem, KOTOpble MOTYT NPUBECTU K 00Pa30BaHUIO BOAOPOIA
B KOJIMYECTBE, I0CTATOYHOM JJISI BEI30BA Pa3pyLICHUS.

Takum o0pa3om, pU MPOESKTUPOBAHUM U PacueTe KOHCTPYKIMHA YUUTHIBAIOTCS
pa3u4Hble MEphl MO MPEJOTBPALIECHUIO BOJOPOJHON KOppo3uu. BaxkHO BBIOMpAThH
NPaBWIBHBIA MaTepual W NPHUMEHSITh BCE HEOOXOIMMBIE MEpHI /i oOecreueHus
MaKCUMAaJIbHOW CTOMKOCTH U IOJATOBEYHOCTH KOHCTPYKIIHH.

IIpumepsl mnociaeacTBUl  pa3pylieHMd B  pe3yJbTare BOJOPOJHOMH
Koppo3uu. PaspymieHus, BbI3BaHHbICE BOJOPOJHOW KOPPO3UEH, MOTYT HMETH
pa3NuYHBIA XapakTep W MOCIHEACTBUSA, B 3aBUCMMOCTH OT THUNAa W Macltada
KOHCTpYKIMU. HekoTopsie nmpuMepsl, rJie BOJOPOIHAS KOPPO3USI MOKET MPUBECTH K
CEPBE3HBIM MOCIIEICTBUSIM:

1 ABHAaIMOHHAsE U KOCMHYECKasl TEXHUKA: BOAOPOJHAS KOPPO3HSI MOKET
OPUBECTH K Pa3pblBy METAUIMUECKUX Je€Tajel, TaKUX KakK KpbUIbs, IIaccH,
KOHCTPYKIIMH JJISI KPEIUJICHUS IBUTATEIICH, YTO MOKET MPUBECTU K aBAPHUHU.

1 BypoBble yCTaHOBKHM: BOAOpPOAHAs KOPPO3USI MOMKET TPUBECTU K
pa3pyLIeHUIO TPYOOIIPOBOJOB U APYTUX METATUIYECKHX JIETaIeH, YTO MOXKET MOBJICYb

3a co00ii aBapuu WM YTeUKy He(TU WU rasa.
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1 ABTOMOOWIbHASI TMPOMBILUIEHHOCTh: BOJOPOAHAs KOPPO3US MOMXKET
IPUBECTH K Pa3pyLICHUIO KPEMEXKHBIX 3JIEMEHTOB, MEPEABUKHBIX YaCTEd U APYTHX
METAJNIMYECKUX JAeTalleld, YTO MOKET MPUBECTU K aBapUH UM HEUCITPABHOCTH.

1 CynoctpoeHue: BOAOPOIHAST KOPPO3Us MOXKET MPUBECTH K YXYIILIECHUIO
METANIMYECKUX JIeTalel Cy10B, TAKMX KaK KOPITYC U IPyTrue KOHCTPYKIIUH, YTO MOXKET
NPUBECTH K aBAPUU WIH MOTEPE BHYTPEHHETO JIABJICHUS Cy/IHA.

1 CtpouTenbCcTBO: BOJOPOAHAS KOPPO3US MOKET MPUBECTH K pa3pyLIEHUIO
METAJUTMYECKUX KOHCTPYKIHM, KOTOPbIe HECYT 3HAUYUTEIIbHbIE HArPY3KH, TAKHX Kak
MOCTHKH, 3[JaHUs, CKIIAbl U APYTHE.

Takum oOpa3om, BOJOpOJHAs KOPPO3US MOXKET CTaTh MPUYMHOU CEPbE3HBIX
MOCJICJICTBUNA, KOTOpPbIE MOTYT MPHUBECTH K aBapusiM, MOTEpPE KHU3HEH, yiepOy
UMYILECTBY M HEUETKOCTH 00LIeH cucTeMbl. [103TOMy O4eHb BaKHO YUUTHIBATh PUCKH,
KOTOpBIE CBSI3aHBI C BOJOPOIHON KOPpPO3UEHl, U MPUHUMATh BCE HEOOXOIUMBbIE MEPbI
JUISl €€ IPEJOTBPALLECHUS.
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IT'NMIAPOP®OBU3ATOPHI B CTPOUTEJIBCTBE

Annomayusi. B crtaThe NpUBIEKAETCS BHUMAaHHE K HEOOXOIUMOCTH Ooree
IIMPOKOT0 UCTIOJIB30BAHUS B CTPOUTEIBCTBE TUAPO(HOOU3aTOPOB C 1IETBIO MOBBIIICHUS
JIOJITOBEYHOCTU JKEJIE300€TOHHBIX W KUPIUYHBIX CTPOUTEIbHBIX KOHCTPYKIIUH,
CHUKEHUS MX TEIUIONPOBOHOCTH, MPEOTBPAIICHUS 00pa30BaHMs HAJISU U COCYJIIEK,
yIY4YllIEHUs T[OKa3aTeled CAaHUTAPHO-TUTMEHUYECKUX CBOWCTB B JKWIHINIAX,
COKpAILIEHHsI 3aTpaT Ha 00CITy>KMBAaHUE TOCTPOEK.

Knrouesvie cnosa: tuapodobuzaius, 3amura MOBEPXHOCTEH KOHCTPYKIIUU,

KpeMHHUHOpranndeckue ruapodoou3aTopsl.

BBenenne. B coBpeMeHHBIX ropojiax BOAa, KOTOpasi COJACPIKUTCS B TTOYBE UITH
aTMoc(depe, HaChIIEHa Pa3IMYHBIMU BEIIECTBAMU: aMMHAKOM, OKCHJIaMH yTJepo/a,
cepbl, azora, (ochopa, xmopa u ap. OHU pa3pylIAIOT CTPOUTENIbHBIE MaTepUaIbI,
B3aUMOJICHCTBYS C MX KOMIIOHEHTaMU. B cBOIO ouepear OETOH, MpaMoOp, CUITUKATHBIN
KUPIHY U TIOXOKHE MaTepualbl, cojaepskaiiue HepacTBOpuMbIi kanbiuT CaCOs,
KOTOPBIN, COCIUHSSICH C BOJOM W YIJEKHUCIBIM Ta3oM, 00pa3yeT pacTBOPUMBIMA
rupokapoonar kanbeius Ca(HCOs)2, KOTOPBIH JIETKO BBIMBIBACTCS M3 MaTepuala,
00pasysi BbICOJIBI (COJIEBOM HANET). DTO MPUBOJIUT K YBEIUYCHHUIO TOP, CHIXKAET

IPOYHOCTHh KOHCTPYKIIMH, YXYIIAeT €€ BHEIIHUNA BH/I.
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B rpamocTpouTenscTBE 4acTO BOSHUKAET HEOOXOAMMOCTD 3alIUTUTh CTPOSHUE
oT Biaru 0Oe3 W3MEHECHHS BHEIIHETO BHUAA OTPAXKIAMOIIMX KOHCTPYKIHH. ITO
BO3MOXHO CJIeJIaTh C TIOMOIIIBIO CIIEUATBLHBIX COCTAaBOB — rUAPO(hoOm3aToOpoB.

I'unpodobuzaTopel — 3TO BEHIECTBA, KOTOpbIE MPUIAIOT MaTepuagam
ruapodoOHble  (BOJOOTTAJIKMBarONIMe) cBoMcTBa. [loBepxHOCTh, 0OpaboTaHHAS
JAHHBIM COCTaBOM, MPAKTUYECKH HE CMadMBaeTCs BONOW. Boma B kamwiuisgpel He
BTATUBACTCA U ISl €€ MPOHUKHOBEHUS! BHYTPh MaTepHalia HeOOXOAUMO MPHUIIOKUTh
U3BECTHOE JIaBJICHUE.

IlocranoBka  3agaun. OOOCHOBaTh  HEOOXOJAMMOCTb  IPUMEHCHHS
ruipodoOHBIX 100aBOK B MPOLIECCE, U3YUUB UX JTOCTOMHCTBA U HEJOCTATKH.

Pe3yibTaThl. PaccMOTpeHbI OCHOBHBIE METOIBI THIPO(OOH3aITHH.

1. OObemHBIi MeTon THApodoOOM3aIMKM TIPEACTaBIsACT COOOW BBEACHHUE
ruApoGOOH3UPYIOINX PACTBOPOB COBMECTHO C BOJIOM 3aTBOPCHHS HAa HaYaJIbHBIX
CTaIUsIX MPOU3BOJCTBA. Jpyrol METOA 3aKJIFOYAETCS B NMPUHYAUTEIBHOW ITPOIUTKE
c(OpMHUPOBAHHBIX CTPOUTENBHBIX wu3neauil. [locienHuii MeToa OCYIIECTBISETCS
MOCPEJICTBOM 3aKavymBasi MO JABJICHUEM PACTBOPA B MMPOCBEPIICHHBIE OTBEPCTHHI.

Brimeykazannbiii Metos oueHb 3 dextruBer. ['napododbusupyromiee BenecTBo
PaBHOMEPHO paclpeiesieTcs MO0 BCEMYy H3JCIUI0 W YBEIMYMBAET (U3NUECKUe
XapaKTEepPUCTUKU KOHEYHOro wu3nenws. Hampumep, B mpomecce ruapodoOusammm
AYENCTOro OETOHa, IIOTHOCTH KOTOporo cocrapiser 850 kr/m3, Bomomornmomenue
naHHoro OeroHa yepe3 48 udacoB cHuxkaercsa npumepHo B 10 pa3s. Ilpu yknangke
JTaHHOTO OeTOHA TOBBIMAETCs ero 20 y1000yKIasIBAEMOCTh U IIOPUCTOCTH OETOHHBIX
cMeceil. BojolieMeHTHOE COOTHOIIIEHHUE MPU 3TOM CHHUKAETCS.

[Ipu usroroBneHun 6eToHa 0coOyIO0 pOJib UTPAET TOYHAsSI JO3UPOBKA J100ABOK.
Tak, mpu wu30ObITKE TUAPODOOMZUPYIOMIMX JT0OABOK MPOYHOCTH OETOHA MOXKET
3aMeuTh CBOM pocT. CojiepkaHKWe BBINICYKA3aHHBIX BEIIECTB B IMPOICHTHOM
COOTHONIICHWH B  CTPOMTENBHBIX  cMmecsax pasnuyHo. Bsox  0,05-0,15%
ruApoGhoOU3UPYIOMINX BEUIECTB B OETOHHBIE PACTBOPHI CUUTAETCS ONMTHUMAIbHBIM. B
IMITYKaTYPHBIX PACTBOPAX ONTHUMAIBHBIM 3HAYCHHEM SBIISICTCS 2-5% OT MacChl CyXOu

cmecu. IlpaBnma, mpu 3ToM MeToJe ecTb CBOM Henoctarku. Hampumep, Ha
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ruipopoOM3UPOBAHHON MOBEPXHOCTH, CTPOUTEIbHBIE PACTBOPHI HA OCHOBE BOJIbI
YAECPKUBAIOTCS IUI0X0. MMHepanpHas Bara TakKe IOJBEpraercsi O0bEMHOM
rupodoOu3auu Uis TOBBIIMICHUS €€ TEIUIOM3O0JIALMOHHBIX CBOMCTB. B mpormecce
U3rOTOBJICHUHU  TUIICOKAPTOHHBIX  JIMCTOB, CHJIMKOHOBBIE  THUIPO(HOOU3ATOPHI
N00aBIAIOT B MPOU3BOJICTBEHHYIO CMECh C IEJIbI0 YMEHBIIEHHUs BOJONOTJIOIIECHUS
TOTOBBIX H3JEIUH. DTO OCOOEHHO Ba)KHO IPU HMCHOJb30BAHUM JIAHHBIX JHUCTOB B
3/IaHUSAX U TOMEIEHUAX C MOBBIIIEHHON BIaKHOCTBIO.

2. IToBepxnocTHas ruapododuzanus. [Ipu 3ToM MeTo1e TUIIEBYIO TOBEPXHOCTH
oOpalaTheIBalOT pa30aBIEHHBIM B COOTBETCTBHUM C YKa3aHHEM IPOU3BOJIUTEIS
KOHIIEHTpaToM. B Hacrosiiee BpeMs HCHOJB3YIOT HECKOJIbKO METOJOB HaHECEHUs
ruapododu3aTopa, KOTOpbIE BHIOMPAIOT MUCXOAS M3 CHEUU(UUECKHX XapaKTEPUCTUK
oOpaOateiBaemMoro marepuana. Cpeau 3THX METOJOB HamOoJee BBLACIAIOTCA TaKue
METO/Ibl, KaK: OKyHaHHe, HAHECEHUE KUCThIO, OJIUB U pacnbuieHue. [lepea Hauaaom
00pabOTKH MOBEPXHOCTH MaTepHalia TIATEbHO BHICYIIMBAIOT U OYHILAIOT OT IbLIU U
rps3u. I'mapodobuszamuss marepuana JO0DKHA NPOXOAMTH MPU  TEeMIEpaType
okpyxatomero Bosnyxa He Himke 8° C. PactBop ruapodobuzatropa HEOOXOAUMO
HaHOCUTh PaBHOMEPHO, CBEpXY BHHU3, M30eras MmpomyckoB M moarexoB. He crout
o0OpabaTbIBaTh MaTepuai ruipoPoOru3aTopoM Mocie T0MKIs.

['maBHBIM HEAOCTATKOM TaKOrO METOJa CJIEIYyET OTMETUTh TO, YTO MaTepuai
HEOOXOJMMO BBICYIIUTh IIOCJIE€ HaHeceHusa. Eciam Temmeparypa OKpy’Karolero
BO3ayxa cocTaBisgeT 17-22 °C, moBepXHOCTh MaTepuana mpuooperaeT ruApoPpoOHbIe
CBOMCTBa MO mpoilecTBUUM 24 YacoB Tocie HaHeceHus. B cBoro ouepenb
BBIIICYKAa3aHHBIN MPOLECC MOXHO YCKOPUTh. JlJI 3TOro HEOOXOAMMO OJHOKPATHO
HarpeTh MOBEPXHOCTh Marepuana 1o temneparypbsl 100-1300C B teuenne 30 mMuH.
Kpome Toro, Benuk puCK HapylI€HHsI BEPXHETO CJI0s B MPOLECCE TPAHCHOPTHUPOBKU
wii MoHTaxka. Ha runpodoOu3npoBaHHYI0 MOBEPXHOCTh BO3MOKHO HaHECEHHUE
BOJOJMCIIEPCUOHHBIX KPACOK, KOTOPbIE, B CJIIECTBUN HAJIMYUSA B HUX TTOBEPXHOCTHO-
aKTUBHBIX BELIECTB, UMEIOT BBICOKYIO CIIOCOOHOCTD K aJre€3uH, 10 MPUIUHE TOTO, YTO

B HX COCTaB BXOJAT ITOBCPXHOCTHO-aKTUBHLIC BCIICCTBA. HOBerHOCTHaH
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ruipododu3aIusi aKTUBHO UCIOJIb3yeTcsl Ipu 00paboTke ¢acagoB B CTPOSIIUXCS U
TOTOBBIX JIOMaX, pECTaBpaIiii UICTOPUICCKUX TTAMSATHUKOB M Ha JPYTUX 0OBEKTaX.

[To xumuveckoMy coctaBy ruApodoOn3aTopbl ObIBAIOT CIIEAYIOINMHU:

1. Ha BomHOU oCHOBE (KMCHONB3YIOTCSA JJI HErNIyOOKOTrO NMPOHUKHOBEHHUS B
ocHoBaHMe — 0k0JI0 10 MM. OHU OUY€HBb MPOCTHI U OE30MACHBI B IKCILTyaTalllH);

2. CunukoHOBBIE cpefcTBa (MPOAYKIMS Ha ux Oa3e BOCTpeOOBaHA 3a CHUET
IPOYHOCTH MOKPBITHS).

Tax:xe MOKHO BBILAETUTH MPOIYKIIMIO HA OCHOBE OPTaHHYECKOTO PACTBOPUTEIS,
YPOBEHb MPOHUKHOBEHUSI KOTOPOTO JOCTHUTaeT 35 MM, a Takke TuapodoOU3aTopHI,
WU3MCHSIONIME BHENIHUN BHUA OCHOBaHUSA. OCHOBHBIM IPEUMYIIECTBOM TaKOU
IPOIYKIHUU SIBISETCSA CHOCOOHOCTh COCTaBa yCHUIMBATh OA30BBIN LIBET TOBEPXHOCTH, a
Takke co3lanue 3¢p¢dexkra «MOKporo kamHs». CylIecTBYeT MPOIYKLHUS, KOTOPOM
NPUCYLIY CBOMCTBA HE TOJIBKO 00JIaropa)KuBaTh 1[BETa U OTTEHKH, HO U 33/1aBaTh CBOU
I[BET, TIOCKOJIbKY OHa B CBOEM COCTaBE YK€ MMEET Kpacsllue MUTMEHTHI. Takas
IPOJYKIMS MOMYJIApHA JJIA MPUMEHEHHUs B paboTe C TMIICOBBIMU KOHCTPYKIUSMH,
W3TOTOBJICHHBIMU CBOMMU PYKaMH.

B pabGore ¢ rumpodoOuszaTtopaMu MOXKHO BBIJCIUTh MPEUMYIIECTBA U
HEJO0CTAaTKH JIaHHON COBPEMEHHOW TEXHOJOTHH.

[Lirockr:

- TOCJIe HAHECEHHsS pacTBOpa OCHOBA CTAHOBUTCA 00Jie€ YCTOMYMBOWM K
BO3JICHICTBUIO OCAJKOB;

- YJIaeTCs JOJbIIE COXPAHUTh NIEPBOHAYAIBHBIA BHEIIHUN BUJI KOHCTPYKLUN;

- MpPEeJOTBpAIlaeT Pa3MHOXKEHUE MHUKPOOPTraHW3MOB, CIOCOOCTBYIOLIUX
TOSIBJICHUIO TIIECEHU U TPUOKOB;

- COXpaHAETCS MapONpPOHUIIAEMOCTh;

- YBEJIMUMBAETCS CPOK CITY>KObI MaTepHaa;

- HE BO3HMKAET TPYJHOCTEW C HAHECEHUEM PacTBOPA.

- pacan, TOpOKHAS IUTNTKA, KHPITUYHBIE IOCTPOUKH U 3400l HAMHOTO OBICTpEE

BBICBIXAIOT ITOCJIC JIOMK/IS,
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- crmoco0 MO3BOJIIET M30aBUTHCS OT OOpa3oBaHUs HaENEl, KOTOpPbIE YacTo
IPUBOJAT K TPAaBMaM.

Munycel: #3-3a HEZOOPOCOBECTHBIX IMPOW3BOIUTENICH CYIIECCTBYIOT PHUCKHU
BBIIMTyCKa HEKAYECTBEHHBIX KOHCHCTCHIIMH, KOTOpHIC HE OINpPaBIBIBAIOT OXHIaHUN
MOKyTIaTeJIeH, a TakKe COCTaBbl C A(P(HEKTUBHBIMU CBOHCTBAMH CTOST JOCTATOYHO
J0pOro.

BoiBoa. Vcxons w3 BBINICTIEPEYHCICHHBIX OCOOEHHOCTEH, MOXKHO CJIenaTh
BBIBOJI O TOM, 4TO OJjarojapsi COBpEMEHHBIM TEXHOJIOTHSM TOSBUIACh BO3MOYXHOCTD
NIPUMEHEHUST BBICOKOA((PEKTUBHBIX CPEICTB, KOTOpPHIE OJArOTBOPHO BIUSIOT Ha
KauyeCTBO CTPOUTEIBHBIX MAaTEepPHAIOB, YBEIMYHMBAs HEKOTOpPHIC IMOKAa3aTelld, 4YTO, B

CBOIO OUCpPCAb, IMTOJOKHUTCIbHO CKA3bIBACTCA HAa JOJITOBCYHOCTHU KOHCprKHHﬁ.
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OOTOXUMHNYECKUE PEAKIIUU ITPU 3ATPASHEHUN
ATMOC®EPHOI'O BO3AYXA ABTOMOBUJ/IBHBIMH BBIXJIOITAMH

Annomayus. B craTbe NaHa OLIEHKA BKJIaJa aBTOTPAHCIOPTA B 3arpsA3HCHHUE
aTMoc(epHOro Bo3ayxa (GopManbAeruaoM, MPOBEAEH pacy€T MOIIHOCTH BHIOPOCOB
dopmManpaeruia ¢ yuéTomM KOJMYECTBA €IMHULL AaBTOTPAHCIIOPTA PAHKUPOBAHHBIX T10
BUJIaM JBUTATENIed BHYTpPeHHETO cropaHus. [IpuBeaeHs! (HOTOXUMHUUECKHUE PEAKIIHH,
KOTOPBIE BBI3BIBAIOT U3MEHEHUE KOHIIEHTPAIIMH MPUMECE B aTMOC(EpHOM BO3TyXE.

Knrouegvie cnoea: 3arpsi3HEHUE, AaBTOTPAHCIIOPT, BPEOHBIE BEIIECTBA,

dbopmanbaerua, POTOXUMHUISCKUE PEAKITMT

BBenenune. B mocnenHue necATWNETHS, B CBSI3U C OBICTPBIM pa3BUTHEM
aBTOMOOUJILHOTO TPaHCHOPTa, CYIMIECTBEHHBIM 00pa3oM 3a0CTPHIUCH MPOOIEMBI
BIIMSIHHSI €TO HA OKPYXAlomIyto cpedy. bombinyio moito B 3arps3HeHHH aTMOC(hephl
COCTaBJISIIOT BHIOPOCHI BPEAHBIX BEIIECTB OT aBTOMOOMWIEH. B Hacrosiee Bpems Ha
JI0TF0 aBTOMOOMIJIBHOTO TPAHCIIOPTa MPUXOAUTCS OOJIBIIE TIOJIOBHHBI BCEX BPEIHBIX
BHIOPOCOB B OKPYKAIOLIYIO CpEeIy, KOTOpHIE SIBISIOTCS TJIaBHBIM HMCTOYHHUKOM
3arpsi3HeHHs aTMOc(epbl, 0COOCHHO B KPYITHBIX TOPOJIaXx.

Ecnu B Havane 70-X rofioB 4acTh 3arpsi3HEHUI, BHECEHHBIX aBTOMOOUIBLHBIM
TPAHCIIOPTOM B aTMOC(epHBI BO3myX, cocTaBisuia 10-13%, To B manHoe Bpems 3Ta

BennurHa gocturia 50-60% u npomoiwkaet pactu [1].
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IlocranoBka 3agauu. IIpoananu3upoBaTh mTPOOIEMBI HEOIATOMPHUATHOTO
BJIUSTHUS aBTOTPAHCIIOPTA Ha OKPYKAIOUTYI0 IPUPOIHYIO CPEIy.

['maBHOM MNpPUYMHOKW HEONArompHsATHOTO BIMSHHUS ABTOTPAHCIOPTa Ha
OKPY’KAaIOIYI0 TPUPOJHYI0 Cpelay OCTaeTcsi HU3KUN TEXHUYECKUH YpOBEHb
IKCIUTyaTUPYEMbIX ~ aBTOMOOWJICEH H  OTCYTCTBHE CHCTEMBl  HEUTpaIU3alUH
OTpabOTAaHHBIX T'a30B.

Otxopsuiue ra3pl JABUTATENIe BHYTPEHHETO CTrOpaHUsl COACPKAT CIO0XKHYIO
cMmech, KoTopas Hauuciser 0onee 200 coeauHeHuil. B 0ocHOBHOM 3T0 ra3zoo0pa3Hbie
BEIIECTBA U HEOOJBIIIOE KOJIMYECTBO TBEPJBIX YACTHUIl, KOTOPHIE HAXOJATCA BO
B3BEIIICHHOM COCTOSIHMH. ['a30Basi CMeCh COCTOMT W3 WHEPTHBIX Ta30B, KOTOPHIC
IPOXOMAT depe3 KaMmepy Ccropanms 0e3 TepeMeH, MPOIYKTOB CTOpaHUS U
HECTOPEBIIETO OKHUCIUTENS. TBepable 4YacTUIBl - TPOAYKTHl JIETHUIAPUPOBAHUS
TOTUIMBA, META/UTBl, a TaK)KE BEIIEeCTBAa, YTO COJEPXKATCS B TOILNIUBE W HE MOTYT
cropeThb. [lo XUMUYECKUM CBOWCTBAM, XapakTepy BIUSHUS HAa OPraHWU3M YeJOBEKa
BellleCcTBa (OTXOAIINE Ta3bl), pa3nesaoT Ha HeTokcuuHble (N2, Oz, CO2, H20, Ho) u
tokcuunble (CO, CmHn, H2S, ampneruast u np.). OCHOBHBIMH TPEACTaBUTEIISAMU
aNbJICTUIIOB, KOTOpPHIE TIOCTYMAalOT B arMocepHbIi BO3AyX C BbIOpOcaMu
aBTOMOOMJIEH, ABIIIETCS (DOPMANTBICTH U aKPOJIEHH. Y POBEHB 3arpsi3HCHUS BO3TyXa
(dopMabIeruIoM 0113 aBTOTPACC TIOBOJILHO BHICOKHUH [2].

KonudecTBo OpraHnyecKkux COEIWHEHUN OTpaOOTaHHBIX Ta30B 3aBUCHUT OT
MHOTHX (akTopoB. Cpeaum HHUX TJIaBHBIMHU SIBJISIIOTCS: THUI JIBUTATENIs W €ro
TEXHUYECKOE COCTOSHUE, PEXUM paboThl W cocTaB TormBa. CTEneHb BBITOPAHUS
YTJIEBOJAOPOJIOB OMPEACISICTCS, B 3HAYUTEIBHOW MEpE, COOTHOIICHHEM TOIUIMBA H
BO3lyXa B TOpIOYed cMecH. BeH3MHOBBIE IBUTATENM C HWCKPOBBIM 3a)KUTAHUEM
paboTalOT MpPU COOTHOIICHHH TOIUIMBO — BO3JYX, OJHM3KO K CTEXHOMETPUUYECKOMY,
TOTJa KaK JBUTATCIIM KOMIIPECCHOHHOTO THITA pa0OTArOT NMPH HM30BITKE BO3ayXa.
VYcnoBus cropaHusi TOIUTMBA B HUX OTJIMYAIOTCS, YTO MPUBOANUT K PACXOXKICHUSIM B
COCTaBe KOMIIOHEHTOB OTPaOOTaHHBIX ra30B. beH3WHOBLIE NBUTAaTEIN BHIOPACHIBAIOT
OOJIBITIIC HECTOPEBIIUX YTJICBOJOPOIOB M TMPOAYKTOB HX HEMOJHOTO OKHCIICHUS

(yriepoja u ajabJeruaoB), ueM au3ens [2].
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PesyabTaTrbl. [[n8 oOLEHKM BKJIaJa AaBTOTPAHCIOPTA B  3arpsA3HEHUE
aTMoc(epHOro Bo3ayxa (OpMalbIEIHI0M, ObLI MPOBEIEH aHaIU3 TPAHCHOPTHBIX
NOTOKOB Ha IepeceuyeHuH yiaulbl YenmocKkuHIIEB W mpocnekra bormana
XmenbHUIKOro. C y4éTOM KOJIMYECTBA €AMHULl aBTOTPAHCIIOPTA PAHKUPOBAHHBIX T10
BUJIaM JIBUTaTeliel BHYTPEHHETO CropaHus ObUT MpOBEAEH pacuéT MOIIMHOCTH
BbIOpOCcOB popmanbaeruna. [lo mporpamme D0JI+ nmpousBenéH pacuéT paccenBaHUs
BBIOpOCOB (hopMaliblieTuaa, KOTOPBIM TMOKa3all, YyTO HauOOJbINas KOHIIEHTpaIus
coctrasuia 0,057 ITJK, T.e. BKIag aBToTpaHcHopTa B (pOpMUpPOBaAHUE KOHIICHTPALUU
dbopmanbaeruma cocraBisieT 5%.

DOoTOXMMHUYECKHE PeaKLUM.

[TepBblii OT MOBEPXHOCTH 3€MJIM CJIOU aTMOC(EpPHhl SBISIETCS HEPABHOBECHOM
XUMHYECKU aKTUBHOW cucTeMO. B Hell HenmpepblBHO HAYT MPOLECCHI, KOTOPBIE
BBI3bIBAIOT U3MEHEHUE KOHIEHTPAIMU IpUMeceil B aTMOC(PEPHOM BO3LIyXeE.

OcHoOBHOI 3amayeit aTMOC(hEpHOW XWMHH SIBISACTCS OIMHMCAHHE TJI0OATBbHBIX
0aJlaHCOB MPUCYTCTBYIONIUX B arMocdepe XUMUYECKUX coeauHeHud. OcoOeHHOCTH
OallaHca JJAHHOTO KOMIIOHEHTa CKa3bIBAlOTCSI HA €ro MpPOCTPAHCTBEHHOM
pacrpeneneHnuu, ONpeIesioT 3HAUUMOCTh €r0 B3HOCA B PaJIMALIMOHHBIN PEXUM U TEM
caMbIM B JUHAMHKy aTMoc(epbl, BIMUSIIOT Ha CAHUTAPHO-TUTUECHUYECKHUE
XapaKTePUCTUKHU BO3AyXa U T.J.

YrneBoaopoabl, KOTOpPbIE BBIACISIOTCS IMOBEPXHOCTHBIMU HCTOYHHKAMH,
nonanas B arMocepy, BKIIOYAIOTCS B PEAKLIMH, KOHEYHBIM OTHOCUTEIBHO
CTaOWIIBHBIM TPOAYKTOM KOTOPBIX SIBIIsIeTCS OKcup yriepona. [Ipocteitmeir u3
yIIEBOAOPOIOB - METaH OTJIMYAeTCS MaJeHbKOW peaklMOHHON CHOCOOHOCTHIO W,
uMeeT OoJibllIoe cpefHee BpeMmsi npeObiBaHus B atMocdepe. [loatomy st Hero
OIIyTUMBIM CTOKOM U3 Tpornocdepsl ciykuT nuddys3us B crpaTochepy. XuMUIECKUE
npeoOpa3zoBaHus, KOTOPbIE MPOUCXOJAT C METAaHOM B Tpomocdepe u crparocdepe,
BOOOIIIE MOA00HBIE, HO HaYaIbHBIEC CTAANHU (POTOXUMUYECKOTO OKUCIIEHHUS Ha Pa3HbIX
BBICOTaxX OTIMYArOTCs. B BepxHeii ctparochepe mpoucxoaut GoToau3 Mo JeHCTBUEM
yJIbTPaUOJIETOBOTO CBETAa C JIJIMHOM BOJIHBI MeHee 160 HM. B cpemHux miacrax

ctparochepbl OKHUCJICHHE HAYMHACTCS, BEPOSTHO, TMPU B3aUMOJCHCTBUU C
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METAaCTaOWJIbHBIM CHUHTJIETHBIM KHCJIOpOJOM. B HmwkHell crpatochepe u B
Tpornochepe, Kyaa HE MPOHUKAET KOPOTKOBOJHOBas paauauus CoyHLA U TAe
MaJICHbKasl KOHIIEHTPALUS aTOMOB KHCJIOPO/a, OCHOBHBIM IIPOIIECCOM SIBIISIETCS aTaKa
TUAPOKCUIBHBIM PaJAUKAIOM:
CH, + HO-— CH; -+ H, O
[Ipenmoxenne 0 Beaymed pOJM 3TUX YacTUL] B MHULIHUMPOBAHUM PEAKLIUU
OKHUCJICHUS YTJIEBOJIOPOJOB ObUIO CAENIaHO B poOOTax, aBTOPHI KOTOPHIX IO3/IHEE
IPEAJIOKUITN MEXaHU3M JECTPYKIIUU MeTaHa B atMocdepe.
Panukan, xoTopeiii 0Opa3oBajicss Ha TEPBOW CTaguud — METWUJIBHBIN, MPU
CTOJIKHOBEHMHM C MOJIEKYJIOW KHCIOpOJa HAeT APYryK0 HEYCTOMYMBYIO YACTULY -

METHJIIIEPOKCUIHBIA PaUKaIL:
CHy - +Ch + M > CH,O0-+0M
[Iponecc 3TOT MOKET UATH MO JIBYM AJIbTEPHATUBHBIM HAIIPABICHUAM
CH, Oy -+ NO — CH,O -+ NCY
CH Oy -+ CHR Oy —» Oy + 20H0-
ATaka METOKCWIbHBIM paJMWKajIOM KHUCIOpOJa NPUBOOUT K MOJEKYJE
dbopmanbaeruaa;

CH,O+ 0, — CH,0+ HOZ

NHoraa B 4nciio BO3MOXKHBIX MPOMEKYTOUHBIX CTAANI BXOAST TAKXKE PEaKIUU
METOKCHUJIBHOTO U METUJITIEpOKCUIHTO pagukanoB ¢ NO u NOa:
CH,O-+ NO — CH,ONCO
CH,O-+NO, —» CH,O+ HNG,
CH, O, -+ NO— CH,O+ HNO,
CH, O, -+ NO, - CH,O+ HNG,
Hcxons u3 3TOro BUAHO, 4TO (POPMATTBIAETHT SIBISICTCS. BTOPUYHBIM TTPOTyKTOM
(hOTOXMMHUYECKOT'O CMOTa.
OcoObIif TUIT 3arps3HEHUs TOPOJCKON aTMoc(ephl, BIEPBbIE OTMEUCHHBIM B
1944 r. B r. Jloc-AHmxKenece, MOMyYHS Ha3BaHHE «(POTOXMMHUYECKOTO cMora». B

OTJINYUC OT O6IH€H3BCCTHOFO WIOHAOHCKOI'0 CMOra» — IrycTtoro TymaHa ¢ IpuMeChbro
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YaCTHI] CaKU M OKCHJIOB CEPbI, — (POTOXUMUYECKUN CMOT BO3HHUKAET TOJ] JIEHCTBUEM
COJIHEYHOT'O CBETA, YaIlle BCET0 B YCIOBHIX CTOMKOU CTpaTU(HUKAIIUN aTMOC(hEpBI, pU
HU3KOW BIIAXXHOCTH BO31yXa. [[pM3HaKoM BOZHHMKHOBEHHUS CMOTA CIIYXKHUT TTOSBIICHUE
roily0oBaTol JBIMKM M BCIEACTBUE 3TOr0 yXyAlIeHHs BuauMocTU. HabGmromaercs
CHWJIBHOE pa3ApaXeHHe CIM3UCTBIX OO0OJIOYeK JAbIXaTeIbHBIX TMyTeH © TJas.
CoxpaHeHHne CMOTOBOM CUTYyallud B TEYCHHUE MPOAOHKUTEIILHOTO BPEMEHH TIPUBOJIAT
K TOBBIIICHUIO 3a00JIEBAEMOCTH M CMEPTHOCTH Cpenu HaceneHus. B ocobGeHHOCTH
CHJIBHO CMOT BIIMSIET HAa JIETEH W JIMIA MOXKWIOro Bo3pacta. OH AenaeT BpEaHOE
BIUSIHUE W Ha PACTUTEIBHOCTh, BBI3BIBAs yBsifaHUE W THOenb TuCTBBL. K Ooiee
OTJAJICHHBIM CJICJACTBUSAM OTHOCSTCS KOPPO3UsS METAJUIOB, pa3pylICHHs] PE3UHBI U
coopyxenwuii [3].

OCHOBHBIMM XMMHYECKUMHU COCJAMHEHUSIMHU, OTBETCTBEHHBIMH 3a CBOWCTBA
CMOra, CIyXaT O30H M TMepOKCHIANETHIHUTpAaT. VIMEHHO OTH COEIWHEHUS
NpHUOABJIAIOT POTOXUMHUIECKOMY CMOTY OKHCIUTEIIBHBIN XapakTep [3].

BoiBoabl. Dopmanbaerua, B OCHOBHOM SIBIISIETCSA BTOPUYHOM MPUMECHIO,
00pa30BaHHOM B MPOIIECCE PEeaKIINU YTIIEBOAOPOI0B B aTMocdepe. B psane ciaydae ero
00pa30BaHMIO CIIOCOOCTBYET HAIMUKE B aTMOC(epe BHICOKMX KOHIIEHTpAIUil OKCHIa
a30Ta, a TaKKE BBICOKOM HWHTEHCHUBHOCTH COJHCYHOW pajualiid, IMPU KOTOPOH
YCWIMBAIOTCS  peaknuuu  oOpa3oBaHusi  (GopMmaibaerua ©W3  HEMETaHOBBIX
yraeBoaopoioB. [1oaToMy BbICOKHE KOHIEHTpauu (popmanbaeruaa He 00s3aTebHO
CBSI3aHBI C BBIOPOCAMH STOTO BEIIECTBA, HO MOTYT CO3JaBaThCsl BCIEACTBHE OOIIEro
OUYEHBb BBICOKOTO 3arps3HEHHSI aTMOC(EPHOTO BO3ayxa ropojaa [2-4].

IIporHo3upoBanue KOHUEHTPAUMKA popmasbaeruaa.

BrlpakeHHBI CE30HHBIA MHUKJI TpadUKOB TOJOBOTO XOJa KOHIIEHTpAIUit
dbopmanpaeruia TOPUBOJUT K MHEHHIO O CE30HHBIX (akTopax, KOTOpbIE
00yCNaBIMBAIOT KoJiebaHWe KOHIIEHTpanuid. MOXHO caenaTh BBIBOJA, 4YTO B
3HAYUTEIHLHON Mepe Ha oOpa3oBaHue (popManbaerna BIUICT TEMIEpaTypa Bo3ayXa,
OCaJIKM K€ Ha0O0OpOT BHIMBIBAIOT €T0 U3 aTMOC(EPHOr0 BO3ayXa, MPUUYEM TBEPIbIC
OCaJIKH B OOJIBIIICH CTETICHH OKA3bIBAIOT COACHCTBHE €r0 BHIMBIBAHUIO, YEM JKUIKHE,

TaK KaK UMEIOT OOJIBIIIYIO0 COPOUPYIOITYIO TTOBEPXHOCTD.
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CorylacHO cIenaHHBIM BBIBOJIAM BO3MOXKHO IPOBEJEHUE PETPECCHOHHOTO
aHanM3a 3aBUCHUMOCTH KOHUEHTpaluu (opmanbaerua OT METeolapaMeTpoB.
CylIHOCTBIO PErpecCMOHHOIO aHAM3a SIBJSETCS YCTAaHOBJIECHHE (PYHKUMOHAIBHOU
3aBUCHUMOCTH KOHIEHTpauui ¢Qopmanpaerua oOT pas3HbIX METEOPOJOTHYECKUX
napameTpoB.

Hcrnonb3yss [aHHbIE CTAlMOHAPHBIX IIOCTOB IO METOLY MHOXECTBEHHOMN
perpeccuu, MOKHO ONpPEIEIUTh (PYHKIMOHAIBHBIE 3aBUCUMOCTH U CJEJIaTh IPOTHO3
KOHLIEHTpauui QopManpieruia no ropoay JloHenky ¢ HCIONb30BaHUMEM IaKeTa
nporpamm cratuctuyeckoi oopabotkun STATISTICA. B kadectBe mpeauikTOpoB
OyIyT IPUHSATHI TaKWe MapaMeTphl - a0COJIIOTHAS BJIAXXHOCTh, TEMIIEpATypa BO3/1yXa,
CKOPOCTb BETpa, KOJIMYECTBO OCAJIKOB, BHICOTA CJI0S NEPEMEIIMBAHUSA U KOMILIEKCHBIN
nokasareiab MY3 [3].

Kpome perpeccmoHHOro aHanm3a, BO3MOXKHO MPOTHO3UPOBAHUE OyIyIIUX
KOHIIEHTpaluil ¢opMmanbieruia IO TEOpUH BpeMeHHBIX psnoB. Iloctpoenue
3aBUCHUMOCTH KOHLEHTpauui ¢opmanblieruia OT BpEMEHU JaéT BO3MOXKHOCTb
OporHo3a  Oyaymux — KOHIEHTpauuid  0e3  MmpeABapUTENIbHOIO  M3MEpPEHUs

METEeOINapaMeTpPOB.
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OI'bOY BO «lonHACA»

HOCJIEACTBUA 3ATPASHEHUSA 1TOYBBI TAKEJIBIMU METAJIVIAMHA
Annomayus. PaccmorpeHa mpoOsiema 3arps3HEHUs [OYBBI  TSXKEIBIMU
METaJUIaM{, a TaKKe KX BO3JACHCTBHE HA IIOYBEHHBIE MHUKPOOpraHusmbl. JlaHa
XapaKTEepUCTUKA MPEANPUATUNA — MOCTABIIMKOB OTXO0B, OOOTAIIEHHBIX METaUIaMU
(mpeanpusATHs 1O BBITUIABKE U MEpepabOTKH IIBETHBIX METAJIIOB, METAJLTYPrUYECKUX
IPOU3BOJICTB, 3aBOJIOB MO MepepadboTKe Py U Ip.).
Knwouesvie cnosa. TsKensle METANIbl, I10YBA, 3arpA3HAIOIIME BELICCTBA,

OKpYy’Karouias cp€aa, TOKCUMYHOCTb, KOHIICHTPAHA, OTXOAbI

BBenenne. Cepbe3HON HSKOJOTMYECKON MPOOJIEMOM 3a TOCJEAHEE CTOJICTHE
CTall0 MHTEHCUBHOE PAa3BUTHE MNPOMBIINUIEHHOCTH W TPAHCIOPTHOTO KOMILIEKCA,
MPEICTaBIAIONINX CcO00M Hambojee MOIIHBIE MCTOYHUKU 3arps3HEHusi Ouocheps
BpEHBIMU UHTPEIUCHTaAMU. Cpenn HEOPraHUYECKHUX KCEHOOHMOTHUKOB
AHTPOTIOTCHHOTO  IPOMCXOXKJCHHUS K HauOojee OmacHBIM HM  IIPOTPECCHBHO
pa3BUBAOIIMMCSI B MOPUPOJHOM Cpele OTHOCATCS MeTaUibl. VHTEHCUBHOE
MPOMBIIIJIEHHOE M CEIbCKOXO3SMCTBEHHOE HCIIOJb30BAHUE MPHUPOJIHBIX PECYPCOB
BBI3BAJIO CYIIECTBEHHBIE M3MEHCHHS OMOXMMHUYECKHUX ITUKIOB OOJBITMHCTBA U3 HUX
[1].

IIpu cOBpeMEHHBIX YCIOBUSIX PA3BUTHUS MPOU3BOJICTBA BAXKHOE 3HAUCHUE UMEET

ITO3HAaHHUC MCXAaHHM3MOB U SaKOHOMepHOCTeﬁ pacinpCaciaCHus TAXKCEIIbIX MCTAJLJIOB B
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OKpy’Karoliel cpeae. ITo 00CTOSITEIBCTBO ONpeeseT He0OX0IMMOCTh TTPOBEICHHUS
MOCTOSTHHOT'O MOHUTOPHUHTA 32 MOCTYIJICHUEM TSDKEJIBIX METAIIIOB B 9KOCUCTEMBI.

IlocranoBka 3amauyu. PaccmMoTpeTh ©  NpoaHaIU3UpOBaTh MIPOOJIEMY
3arpsA3HEHUS] MTOYBBI TSHKEJIBIMUA METalaMU, a TAK)XKE UX BO3JEHCTBUE HA NMTOYBEHHbIC
MUKPOOPTaHU3MBI.

Tsaxensie metamuisl (TM) yxke ceiiuac 3aHUMAOT BTOPOE MECTO MO CTEMEHH
OMNAaCHOCTH, YCTyNasi NECTULUAM U 3HAUUTEIBHO ONIEPEXasi TAKUE IIUPOKO U3BECTHBIE
3arps3HUTENN, KaK JIBYOKHCh yriiepoJa U cepbl. B mepcrnekTuBe OHM MOTYT CTaTh
OoJnee OMACHBIMU, YEM OTXOJbl ATOMHBIX AJIEKTPOCTAHIIUA W TBEPJIBIC OTXOIBI.
3arpssHeHne TM CBS3aHO C WX HIMPOKUM HCMOJb30BAHUEM B MPOMBIILICHHOM
MPOU3BOACTBE. B CBA3M C HECOBEPIICHHBIMU CUCTEMaMHM OYMCTKA TM momanaror B
OKpY>KaloLlyl0 Cpeay, B TOM YHCIE€ M B IOYBY, 3arps3HsAs W oTpaBisiga ee. TM
OTHOCSTCS K OCOOBIM 3arpsi3HSIONIMM BeEIIECTBaM, HAONIOJEHUS 3a KOTOPHIMU
o0s13aTenbHBI BO Beex cpenax [1].

ITouBa siBIISIETCS OCHOBHOM CpEION, B KOTOPYIO nonaaarT TM, B TOM yucie u3
atMocdepbl U BOHOM cpenbl. OHa kKe CIYXKUT UICTOUHUKOM BTOPUYHOTO 3arpsi3HEHUS
MPU3EMHOI0 BO3AyXa U BOJ, MOMAaJaromux u3 Hee B MupoBou okeaH. 13 moussl TM
YCBaMBAIOTCSl PACTEHUSAMH, KOTOPbHIE 3aTEM MOMAAI0T B THUIITY.

B paGoTax, mocBSIIEHHBIX TPOOIEeMaM 3arpsi3HEHUS OKPYKAIOIIEH TPUPOTHOM
Cpeabl M SKOJIOTMYECKOI0 MOHUTOPUHTA, HAa CETOIHSIIHHI IEHb K TAKEIbIM MEeTaJlllaM
oTHOCAT 60mee 40 aneMeHToB nepuoauyeckoi cucremsl .M. MenneneeBa ¢ aTOMHOM
maccoit cBeime 40 aromubix enunuil: V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Mo, Cd, Sn, Hg,
Pb, Bi u ap. [lo knaccuduxanuu H. Peiimepca (1990), TspkenbIMu clielyeT CUUTATh
METaIbl C IUIOTHOCTHIO Oonee 8 r/cm®. Ilpu 3TOM HEMAlOBaXKHYIO pOJb B
KAaTETOPUPOBAHUU TSKEIBIX METAJUIOB WUrPAOT CIEAYIOUIUE YCIOBUS: MX BBICOKAS
TOKCHUYHOCTh JIJI JKUBBIX OPTAaHU3MOB B OTHOCUTEIHLHO HU3KHUX KOHIICHTpAIUAX, a
TaKXXe CIIOCOOHOCTh K OMOakkyMynsuuu u OumoMarHugukanuu. [Ipaktuueckn Bce
METaJUIbl, MONAJA0IINE I0J] 3TO ONpelesieHHe (3a HCKIOYEHHEM CBHUHIA, PTYTH,

KaJMHd U BUCMYTaA, OuoJiornyeckas POJIb KOTOPLIX Ha HaCTOHH_II/II‘/JI MOMCHT HC HCHa),
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AKTHUBHO YYacTBYIOT B OHMOJIOTMYECKHX IpoIleccaX, BXOIAT B COCTaB MHOTHX
depmentos [1].

CaMpIMH MOIIHBIMH TIOCTABIIMKAMU OTXOJ0B, OOOTraIlieHHBIX MeETajIaMH,
SBJISIFOTCS  TIPSATNPUATHS TI0 BBIIIABKE I[BETHBIX METAIOB (QJIFOMHUHHEBEIC,
TJIMHO3EMHEBIE, M€EIHO-IIMHKOBBIE, CBUHIIOBO-ILIaBUIILHBIE, HUKEJIEBBIE,
TUTAaHOMAarHWeBbIC, PTYTHBIC U JIP.), a TaKXKe IO IepepadoTKe MBETHBIX METaJIOB
(pamuOTeXHUYECKUE, FICKTPOTEXHUYCCKUE, TPUOOPOCTPOUTEIIBHBIC, TAIbBAHUYCCKUE
v 1p.).

B mbumm MeTaluTypruuecKux IPOHM3BOJCTB, 3aBOJOB II0 IepepabOTKE Py
KoHIeHTpanus Pb, Zn, Bi, Sn MoeT ObITh MOBBIIIEHA 10 CPABHEHUIO C JIUTOCHEPOit
Ha HECKOJIbKO NopsiakoB (10 10—12), konnentpanusa Cd, V, Sb — B necsaTku ThicsAY pas,
Cd, Mo, Pb, Sn, Zn, Bi, Ag — B cotHu pa3. OTXOAbl MNPEANPUATHN IBETHOM
METAJUTypPTUH, 3aBOJIOB JIAKOKPACOYHON TMPOMBINIJICHHOCTH H KEIe300€TOHHBIX
KOHCTPYKI[MH oOorameHbl pTyThl0. B MBUIM MAaIIMHOCTPOMUTEIBHBIX 3aBOJIOB
noBblieHa koutentpamus W, Cd, Pb (tada. 1) [2-3].

Tabonuua 1. OCHOBHBIE TEXHOT€HHBIE UCTOYHUKH TIKEIBIX METAIIOB

M CTOYHMKH THKEJIbIX DJIeMEeHThI
METAJLIIOB
[{BeTHAs METAIUTYPrUs Pb, Zn, Cu, Hg, Mn, Sh, W, Co,
Cd
UepHast METAILTYprust Ni, Mn, Pb, Cu, Zn, W, Co
DHepreTuka As, Sb, Se
HedTsHas mpoMBITIIICHHOCTH Pb, Cu, Ni, Zn, Mn
CokuraHue yris Sh, As, Cd, Cr, Mo
Coxuranve HedTH As, Pb, Cd

[TaxoTHBIC TTOYBKI 3arPS3HAIOTCS TaKUMH dJeMeHTamMu kak Hg, As, Pb, Cu, Sn,
Bi, koTopbie MomaamT B MOYBY B COCTABE SAI0XUMUKATOB, OMOIUIOB, CTUMYJISITOPOB
pocta  pacTeHW#, CTpykTypooOpaszoBareneii. HerpamuimoHHsie  ymoOpeHws,

HU3rOoTOBJLICMBIC M3 PA3JIMYHBIX OTXO0J0B, YaCTO COACPIKAT OOJIBIION Ha6op
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3arpsA3HSAIONIMX BELIECTB C BBICOKUMH KOHUEHTpauusaMu. I3 TpaaunMOHHBIX
MUHEpaJIbHBIX y100peHuil pocopHbie yaoOpeHus coaepxar npumecu Mn, Zn, Ni,
Cr, Pb, Cu, Cd.

[TouBbI peACTaBIAIOT COOON TeTEPOreHHbIE CMECH PA3JIMYHBIX OPraHUYECKUX
U OpraHOMHUHEPAJIBHBIX CYOCTaHIIMM, TITMHUCTBIX MUHEpaIoB, okcuaoB Fe, Al, Mn u
APYTUX TBEPABIX KOMIIOHEHTOB, a TaKXe Pa3HOOOpPa3HBIX PACTBOPUMBIX BEIIECTB.
[ToaToMy MeXaHH3MBI CBSI3BIBAHUS TSDKEIBIX METAIOB B [OYBaX MHOIOOOpAa3HbI U
MEHSIOTCSI B 3aBUCUMOCTH OT COCTaBa IIOYB, UX PEAKLIMOHHOM CIOCOOHOCTH U
OKHCJIUTEIbHO-BOCCTAHOBUTENIbHBIX yCIIOBUH. Takum 00pa3oM, 3JI€MEHThl MOTYT
0o0pa3oBbIBaTh pa3JIMYHbIE COEIMHEHHUS B 3aBUCHUMOCTH OT TOr0, C KAaKuUM
KOMIIOHEHTOM ITI0YBBI OHH CBSI3aHbI M KAKOBBI ILIOIIA/IA PEArNPYIOIIUX OBEPXHOCTEN
(a3, OT HAJIMYKS BHEUIHUX U BHYTPEHHUX MO3UIUI B KPUCTAUIMYECKON CTPYKTYpE C
Pa3JIMYHBIMH SHEPTUSAMU CBS3U.

XHUMHUYECKHUE DIIEMEHTBI HE TOJIBKO IOCTYIIAIOT B IIOYBY M HAKAIUIMBAIOTCS B
HEH, HO M BBIHOCATCSA U3 HEE 3a CYET MUIPALMU C IIOBEPXHOCTHBIMHU BOJAMH,
IPYHTOBBIMH BOJAMH, 32 CYET NOTpeOseHHs] pacTeHHsMU. HekoTopble 31eMeHTHI
HEepexXoAT U3 NOUYBbI B aTMOC(hepHbIN Bo3AyX. OJJHAKO MEXaHU3MBbI, IPUBOJASIIUE K
YMEHBUICHUIO KOHLEHTPALMM DJJEMEHTAa B II0YBE, IPAKTUYECKU HE U3MEHSIOT
VCXOIHOW KOHUEHTpPAMM 3JIEMEHTAa B MOYBE. ECIM NOCTYIUIEHHE XMMHUYECKOIO
JJIEMEHTA B NIOYBY BBIIIE MHTEHCUBHOCTHU €r'0 BBIHOCA U3 ITOYBBI, TO KOHLIEHTPALIUA
3TOr0 DJIEMEHTAa BO3pacTacT BO BpeMeHU. B TO ke Bpemsa, ¢ yBEIUYECHUEM
KOHILICHTPALIMK JJIEMEHTA B IIOYBE YBEJIWYMBACTCA M CKOPOCTh €ro BhIHOCA. B
KOHEYHOM HTOI€ CKOPOCTH BHECEHUs JJIEMEHTA B IOYBY M BBIHOCA €r0 U3 I10YBBI
CTAHOBSATCS PaBHBIMHU U HACTYNAET COCTOSIHUE CTALMOHAPHOI'O PAaBHOBECHS.

OCHOBHBIM MEXaHM3MOM BBIHOCA TSKEJIBIX METAJUIOB U3 ITOYBBI SIBJISIETCS CTOK
C MOBEPXHOCTHBIMHU BOJJAMHU B COCTAaBE MOYBEHHBIX YACTHUIl U B pacCTBOPUMOM (opme.
Ha necyanpIX mo4yBax M Ha IOYBAX POBHOrO peiibe(a BRIHOC MOXKET ObITH CBSI3aH C
BEPTUKAJIBHON MUTpAIKe B cocTaBe puiibTpyrommux Box [1].

Pesyabratbl. Xpom. XpoM sBIAETCA BaXKHBIM 3JIEMEHTOM IUTAHUS PACTECHUM.

CHIXEHHE €ro IMOABUKHOCTH B IIOYBAX MOKCT IIPUBOJUTH K I[e(l)I/II_[I/ITy B PaCTCHUAX.
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JlerkopactBopumblii B nmouBax Cr'® TokcuueH n1s pacTeHUil M XKMBOTHBIX. XPOM
OTJIMYAETCS LIMPOKUM Pa3HOOOPA3UEM COCTOSIHUM OKHUCIEHUS M CIIOCOOHOCTBIO
(GopMHpPOBaTL KOMIUIEKCHBIE aHMOHHBIE M KaTuoHHbIe MOHBI (Cr(OH)2*, CrO4% |
CrO3" ). B npupoHbIX COCAMHEHUAX MPeoOIagacT XpOM B CTCIICHU OKHUCIICHHS +3
(XpoMOBBIE coenuHeHus) U +6 (xpomartsl). Bombmas uyacte Cr* mpucyrcreyer B
xpomare FeCr.Os wnm apyrux MuHepajgax IIMUHEIEBOTO psAla, B KOTOPHIX OH
3aMelacT JKeIe30 U aTfoMUHMH [4].

[loBenenue xpoma 3aBUCUT OT pH M OKHCIUTEIBHO-BOCCTAHOBUTEIBHOTO
NOTEHIMaa TOYB. BaKHBIM MOMEHTOM B MOBEJECHUH 3JIEMEHTA, C KOTOPBIM CBSI3aHA
JIOCTYIHOCTh XPOMa JUISl PACTEHUIA, ABISETCS IETKOCTh, C KOTOPOi pacTBopuMbiii Cr*e
IIPY HOPMAJHHBIX IMOYBEHHBIX YCIOBHMSAX IIEPEXOMUT B HepacTBopumbii Cr**. B
pe3yibTaTe OKHUCISIONEH CIOCOOHOCTH COEIWHEHUU MapraHila B IMOYBaX MOXKET
Habmronathes okucienue Cret [4].

Csuney. EcrecTBEeHHOE coJiepKaHHE CBUHIIA B ITOYBax Kojieoaercs ot 3 1o 189
mr/kr. CBUHEL NpUCyTCTBYeT B BHae Pb?*. Ilpu BhIBeTpHBaHMM Cylb(GHIbI CBHHIIA
MEJIEHHO OKUCIIAIOTCS. Cpeiu TAXKeNbIX METaNIOB CBUHEL HAaUMEHee NoIBHKeH. [Ipu
BbICOKMX PH OH ocakiaercs B Mo4Be B BUJIE TUAPOKCHAA, ¢pocdaTa, kapOoHaTa. DTH
e YCIIOBUS CIOCOOCTBYIOT 00pa3oBaHuio Pb-opraHnueckiux KOMIIIEKCOB.

YpoBHM copepxkaHUM, NpPU KOTOPOM BJIEMEHT CTAHOBUTCS TOKCHYHBIM,
konebmores B nipenenax 100-500 mr/kr. CBUHIIOBBIE 3arpsi3HEHUS OT MPEANPUSTUN
[IBETHOM METaJUTyprUu MpPEJCTABICHbl MHUHEPaIbHBIMU (POpMaMu, OT BBIXJIOIHBIX
ra3oB aBTOTpAHCIOPTa — TaJOreHUJHbIX colieid. Copaepikaline CBHUHEI] YacCTHUIIbI
BBIXJIOMHBIX Ta30B HEYCTOMYMBBI W JIETKO NPEBPAILIAIOTCS B OKCHJIbI, KapOOHAThI,
cyJibdarbl. 3arpsi3HEHHWE TOYB CBHUHIIOM HOCHT HEOOpAaTUMBIN XapakTep, MO3TOMY
HAKOIUJICHUE MHUKPOAJIEMEHTa B BEPXHEM TOPU30HTE IMOYB OyAeT HATU Jlaxe B
YCJIOBUSIX €r0 HEOOJIBIIOT0 MOCTYIIIICHUSI.

Hakoruienne CcBUHIIA B BEpXHEM TOPH30HTE IIOYB HUMEET OOJbIIOE
HKOJIOTMYECKOE 3HAUYEHHE, TaK KaK OH CHJIBHO BO3JIEHCTBYET Ha OMOJIOIHMYECKYIO

AKTUBHOCTb IIOYB MW ITIOYBCHHYIO 6I/IOTy. Ero BwICOKHE KOHIOCHTpAaOUHU MOTYT
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TOPMO3UTh MUKPOOHOJIOTUYECKUE TPOLIECCHI OCOOEHHO B IOYBAX C HU3KUM 3HAUEHHUEM
KaTHOHOOOMEHHO# eMkocTH [4].

[unx. LITuHK MOXET HAXOAUTHCS B TIOYBE B BUE OKCOCYNIb(aToB, KaApOOHATOB,
docdaToB, CHIIMKATOB, OKCUJOB M TUIPOKCUAOB. DTH HEOPTaHUYECKUE COCTUHEHUS
METacTaOMIIbHBI B XOPOILIO APEHUPYEMBIX CEIbCKOXO3SIMICTBEHHBIX YTOABSIX.

PacTBoprMOCTh 1LIMHKa TMOBBIIIAETCS B KHUCIBIX II0YBAX, a TakXKe MIpHU
KOMIIJIEKCOOOPA30BaHUKM C HHU3KOMOJIEKYJISIPHBIMM OPTaHUYECKUMH JIUTaHIaMH.
BoccranasnuBaromuye yciaoBusS MOTYT YMEHbIIATh PAaCTBOPUMOCTh y IMHKA HM3-3a
o0Opa3oBaHMsI HEPaCTBOPUMOTO ZnS.

OUTOTOKCUYHOCTh LIMHKA OOBIYHO TMPOSIBISETCS MpPU KOHTAKTE€ KOpPHEH
pacTeHusi ¢ U30BITOYHBIM IO IIMHKY PAacTBOPOM B MoyBe. TpaHCHOPT LIMHKA Yepes
MOYBY MPOUCXOIUT MOCPECTBOM 0OMeHa u qudy3un, mpuueM MnociaeaHui mpoiece
JOMHUHHUPYET B MOYBAX C HU3KUM coJepkaHueM IuHKa. OOMEeHHbIN TpaHcnopT Ooliee
3HAYNTEJIEH B BBICOKOIIMHKOBBIX IIOYBAX, B KOTOPBIX KOHUEHTPALMH PACTBOPUMOIO
[IUHKA CPABHUTEIHHO CTAOUIIBHBI.

MoOWIBHOCT,  IIMHKA B [OYBaX  IMOBBIIIAETCS B  MNPUCYTCTBUU
xemarooOpazoBareneil  (MPUPOJHBIX WM CHUHTETUYECKHX).  YBEJIUYCHHE
KOHIIEHTpAIlMM PAacTBOPUMOIO IIMHKA, BBI3BAHHOE OOPAa30BAaHUEM PACTBOPUMBIX
X€JIaTOB, KOMIIEHCUPYET MOHMWKEHUE MOOMIBHOCTH, OOYCIIOBJIEHHOE YBEIMYECHHEM
pa3mMepa Mosiekysibl. KOHIEHTpaluu IIMHKa B TKaHSAX pACTeHHWH, ero oliiee
NOTJIONIEHUE W  CHMNOTOMBI TOKCUYHOCTH TIOJIOKHTEIBHO KOPPEIHUPYIOT C
KOHIICHTpAIMEH IMHKA B pACTBOPE, OMBIBAIOIIEM KOPHU pacTeHus [4].

BoiBoabl. IlouBa sBisieTCS SKOJOTMYECKHM Y3JIOM CBsized Ouocdepsl, B
KOTOPOM Hau0ojee MHTEHCHUBHO MPOTEKAET B3aMMOJICHCTBUE >KUBOW M HEKUBOMU
maTtepun. Ha nmo4se 3amMbIKaroTCs TIPOIIeCChl 0OMEHa BEIECTB MEXy 36MHOUM KOPOI,
ruapocdepoii, arMmochepoil, oOUTAIOIMMU Ha CylIe OpraHU3MaMH, Ba)XXHOE MECTO
Cpely KOTOPBIX 3aHUMAIOT IOYBEHHbBIE MUKPOOPTaHU3MBI.

Axkxkymynupyromuecss B 1nouse TM H3BIEKarOTCS W3 HEE PACTEHHUSIMHU M IO
TpOPUUECKUM LEeNsIM B BO3PACTAIOIIMX KOHIEHTPALMIX MOCTYNAIOT B OpPraHU3M

ZKHNBOTHBIX.
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PykoBoautens: K.X.H., noreHT Coboas O.B.,

no1eHT Kadeapsl GU3NKA U TPUKIATHON XUMUU

OI'bOY BO «1onHACA»

HEIEPA KPUCTAJIJIOB
Annomayusi. PaccMoTpeH MeXxaHU3M 00pa3oBaHUs KPUCTALIOB CEJICHUTA B
[lemepe KpuCTaIOB, KOTOPBIM MPEACTABISAECT OrPOMHBIM HAyYHBIM HWHTEpEC.
[TocTostHHBIE HCCNEAOBAaHMS W AHAIW3 I[IOJyYae€MbIX JAaHHBIX IPEIOCTABISIOT
reoJioraM IpaHIMO3HOE MOJIE 1Tl N3ydeHus. « MHOTOMIIITIMOHHAS 3aKyITOPKa MeIep»
Ja€T BO3MO>XXHOCTh YYEHBIM HE TOJIBKO MPEANOJIOKUTH, HO U BOOYUIO YBUETh, ITAIlbI
Pa3BUTHUS 3€MHOU KOPBI.

Kntouesvie cnosa: kpucraii, TUIIC, CEJICHUT, POCT, TelIepa.

BBenenue. CoryiacHO CIOXHUBIIMMCS B MHHEpPAJOTHUH, TEOJOTUU U
KpucTajuiorpauyi  IPEACTaBICHUSM, COBOKYIMHOCTH TIPOIECCOB, TMPHUBEIIINX K
(GbOpMHUPOBAHNIO KOHKPETHOTO KPUCTAUIMYECKOTO OOBEKTa, BKIIFOYAET HECKOJIHKO
craauii. IlepBble, HavalbHBIC CTAIUH, OXBATBHIBAIOT MPOIECCHI JO OOpa30BaHUS
YCTOWYMBOIO  KPUCTAUNIMYECKOIO  3apojbllla, a MOCIHEAYIOIIME CBSI3aHbl C
YBEIMYECHUEM pa3MepOB 00pa30BaBIIETOCs KpUCTAJUIA, T.€. €r0 POCT.

B nanHo# paboTe mpuBEICHBI MPUMEPHl 00pa30BaHUSA KPUCTAIIJIOB CEJICHUTA B
[lemepe xpucTamioB, pacHoOJI0XKEHHOW Okono ropoaa Haiika, mrar Ywumyaya
(Mekcuka).

Pe3syabTathl. Ilemepa Obiia oOHapyxena B 2000 romy. B mouckax HOBBIX

IIEPCIIEKTUBHBIX ~ MECTOPOXKJICHUM  JKEJIE3HOM pPyAbl IIAXTEPHl  HEOXKUIAHHO
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https://ru.wikipedia.org/wiki/%D0%A7%D0%B8%D1%83%D0%B0%D1%83%D0%B0

HATOJIKHYJIMCh Ha HEOOBIYHOE 3pelinlIIe: Lenast nemiepa Oblia 3aroIHeHa MaCCUBHBIMU
MOJIOYHO-OEJIBIMA TUIICOBBIMU ~ KpHUCTaJUIaMHu. JlnMHA HEKOTOphIX KpUCTAIIOB
nocturana 11 metpoB npu mupuHe 1 MeTp — HaMHOTO OOJIbINE, YeM M3BECTHBIE J0
ATOr0 THUIICOBBIE KPHUCTAJUIBI, OOpA30BaBIIMECS B ECTECTBEHHBIX YCIOBHUSIX WIH

BbIPAICHHBIC HCKYCCTBCHHO.

Puc. 1. Ilemepa kpucramios (ucm. Cueva de los Cristales) [1]

[Temepa KpuUCTAIIOB pacmojokeHa Ha rryOuHe 290 METpoB MOJ 3eMIIeH,
MECTHOCTh OKOJIO Hee Oorata CBHUHIIOBBIMH, IIUHKOBBIMU U CEPEOPSIHBIMH PYyIaMH.
C MOMeHTa OTKpPBITHS MEIEPHI MOA3EMHBIN «KPUCTAIUIM3ATOP» NPHUBJIEKAT BHUMAHUE
YUEHBIX CO BCEro CBETa, KOTOpbIE MPHUE3kKaJld, YTOOBl HE TOJBKO MOJIOO0BATHCSA HA
pEAKOE 3peNuile, HO M BBIACHUTh NPUYUHBI OOpa3oBaHUsl TakKUX OOJbLIIMX H
MPaBWIBHBIX KpUCTaIOB. M3ydueHne MexaHu3Ma WX oOpa3oBaHHs MPEICTABISET HE
TOJIbKO TEOPETUYECKUW HHTEpeC, HO U TOMOXET pa3paboTaTbh CHOCOOBI 3aLIUTHI
KPUCTAJVIOB OT pa3pylleHus, 4YTOObl COXpPaHUTh 3Ty KpacoTy s Oyayuimx
ITOKOJICHUH.

[Ipeanonaraercsi, 4To o0Opa30BaHME KPUCTAUIOB HAYaIOCh OKOJIO 26
MWJUTMOHOB JIET HA3aJl, KOTJAa B PE3YyJIbTATE€ BYJIKAHWYECKONM aKTMBHOCTH Marma
BBIIIIJIA HA MOBEPXHOCTh B pallOHE PACIIOI0KEHUSI COBPEMEHHOTO ropoaa Haiika.
Boixon marmel crioco0cTBOBal (HOPMUPOBAHUIO TOPHI M HAKOTJICHHUIO B TIOJITOPHBIX
U3BECTKOBBIX IIEIIEpAaX TOpPAYEM W  HACHIIICHHOM MHWHEpallaMu  BOJBI.

By.HKaHI/I‘-IeCKaSI AKTHUBHOCTL IIPHUBECJIa K CMCUICHUIO 3JICMCHTOB 3€MHOM KOPBI, U
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https://pubs.geoscienceworld.org/gsa/geology/article-abstract/35/4/327/129804/formation-of-natural-gypsum-megacrystals-in-naica?redirectedFrom=fulltext
https://ru.wikipedia.org/wiki/%D0%97%D0%B5%D0%BC%D0%BD%D0%B0%D1%8F_%D0%BA%D0%BE%D1%80%D0%B0

neniepa ¢ BOJAOW, HACHIILIEHHOW MUHEPAJIbHBIMU BEIIECTBAMU, JIMIIMIIACH KOHTAKTA
C ApYTUMHU IIOJI3€EMHBIMU pE€3EpByapaMu, OKA3aBUIMCh «3amnedaTaHHoOW». Boja
colepxana OoJbIIOE KOJIMYECTBO MAaJIOPACTBOPUMOTIO Ccyib(dara Kalblus,
KOTOPBI, B 3aBUCUMOCTH OT YCIOBHUM, MOXET OOpa3OBBIBATH HECKOJIBKO
MHUHEPAJIOB.

B ITemepe kpuctamwioB oH npeBpatuics B oaHy u3 Gopm runca (CaS04-2H20)
— IIPO3payHyI0 U OECIBETHYIO €r0 Pa3HOBUIHOCTD, U3BECTHYIO KaK CEJICHHUT.

VY KaxJ10ro MHHEpajia €CThb CBOs 00JIACTh YCIOBHUHM, B KOTOPBIX OH COXpaHsSET
yCTOMYMBOCTh, HM3MEHEHHE K€ YCJOBHMH CIIOCOOCTBYET NPEBPALICHUIO OHOTO
MHHEepasia B Apyroii. Tak, MUHepall Ha OCHOBE 0€3BOIHOTO cylb(aTa kanbius (CaSOs)
— aHTUJIpUJa, KOTOPBIM OoJiee YCTOMYUB B ropsiueil BOJE U MOMKET OCAXKIAThCS MPHU
temrepatype 58°C; rurc xe GopmMupyercs npu OXJaxIACHUN KOHIEHTPUPOBAHHOTO
pacTBopa cynbdata Kambius 10 56°C.

Jlyist Tutica XapakTepHa CIOUCTask KPUCTAIUIMYECKAsi CTPYKTypa, 00pas3yromasics
B pe3ysibTare uepefoBaHMs  (GOPMYJIBHBIX €QUHUIl CcylbdaTa Kajablusi U

OMMOJIEKYJISIPHBIX CJIOEB BO/JIBI.

Puc. 2. Kpucrannuyeckas CTpyKTypa FMIca: CUHUNA — KAJIBLIUH, )KEJITBINA — CEpa,

KpPAaCHBIN — KUCJIOPO/I, PO30BbIM — BOAOPO [2]

[lepBoHauasbHO B BOjE, MOJOTPEBAEMOM MarMoi, HayaJoch (OpMUpOBaHUE
OCAJI0YHBIX OTJIOKEHUW aHTUAPUTA. 3aTE€M, CIyCTS ThHICSAYM JIET, KOIAa TEMIIEpaTypa
BOJBI B Ieniepax omyctwiachk Hiwke 58 °C, Hauanoch pacTBOPEHUE aHTHIPUTA,
KOTOPOE COIPOBOXKAIOCH 00pa30BaHUEM LIEHTPOB KPUCTAJUIM3ALMH U ITOCIIEYIOIIHUM
POCTOM KPHUCTAJIOB THUIICA. PacTBOPABIIMICSA aHTUIPUT MOIACPKUBAI IOA3EMHBIN

pPacTBOp AOCTATOYHBIM KOJINYCCTBOM Cy.TIB(i)aTa KaJdbluA, yTOOBI O0ECIICYUTH €ro
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https://pubs.geoscienceworld.org/gsa/geology/article-abstract/35/4/327/129804/formation-of-natural-gypsum-megacrystals-in-naica?redirectedFrom=fulltext

JIETKYIO0 TEPECHIIIEHHOCTb, CO3/1aBasi MCalbHbIE YCIOBHUS U1l MEIJIEHHOIO pOCTa
KPUCTAJUIOB THmca. Eciu pacTBOp, B KOTOPOM HIET KPHUCTAJUIM3AIMS, CIHIIKOM
NepeHachIleH (Takoe, HalpuUMep, MOXET MNPOU30OUTH TPU PE3KOM TMOHMKEHUU
TEeMIlepaTyphl), 0Opa3yeTcsi MHOr0 IEHTPOB KPUCTALIU3AIMKN, YTO MPUBOJUT
K OBICTPOMY POCTY HEOOJIBIIIHX IO pa3Mepy KPUCTAIIOB. MeyieHHas! KpUCTaILTU3allns
naeT OOMbIINE KPUCTAILIBI, OBICTpasi — MHOTO HEOOIBIIHMX O pa3Mepy, 3TO BEPHO H
py 00pa30BaHUU KPUCTAIJIOB B J1a0OpPaTOPUH, U B €CTECTBEHHBIX yCIOBUAX. T0O €CTh
OTPOMHBIE  KPUCTAIBI  C(OPMUPOBAIHNCH B MEHIepe HMMEHHO IOTOMY, 4YTO
KOHIIEHTpAIs Cylb(ara KaJblHsl B pacTBOPE B MOMEHT pOCTa KPHCTAIJIOB THIICA
ObLTa NI HE3HAYUTEIFHO BBIIIE KOHIIEHTPAIIMHA HACBIIIIEHHOTO PacTBOpa.

HccnenoBaTtenu make CMOTJIHM OIEHHUTH, C KAKOW CKOPOCTHIO MPOXOIMI POCT
KpucTtauioB B [lemepe kpucTamioB npu TeMnepaTrypHOM HHTepBajie Mexkay 54 u 58°C.
s 3TOro OHHM TOTPYKanu (PparMeHT THIICOBOTO KPHCTaUla U3 ATOW MEIIepHI
B MIEPEHACHIIIIEHHBIC TPU Pa3HBIX TEMIIEpAaTypax pacTBOPHI Cylbdara Kalblus WU
U3MEPSITU CKOPOCTh OCAXJICHHS HOBBIX CIOEB Ha «MaTOYHbBIN» KpucTaml. Oka3anoch,
4TO TpU TEMIEpaType BOJHOTO pacTBopa cyibpara kampuus 55°C (mambonee
BEPOSITHAS TeMIIepaTypa npu 00pa30BaHUU METAKPUCTAIIIIOB) KPUCTAIIBI THUIICA POCIIU
TaK MEJIJICHHO, YTO 3a JIBECTH JICT TOJIIMHA KPUCTAJJIa YBEINYHNBAIach BCETO JIMIIb HA
TOJIIIMHY OYMa)XHOTO JIUCTA, a OAHOTO METpa B MOMEPEUYHUKE, KPUCTAIIIBI JOCTUT AN
IIpU TaKOW TeMIEpAType MPUMEPHO 32 MUJUIAOH JeT [3].

BoiBoabl.  CornmacHO ~ MPOBENEHHBIM  TOCIEIHUM  KOMIBIOTEPHBIM
MOJICITUPOBAHISIM U MaTeMaTHIeCKOi 00paboTKe, B mIaxToBOM KoMruiekce Naica, rie
u ObUTa HalZieHa dTa Temepa, XKAYT CBOETO yaca eIle HECKOJIBKO MOJOOHBIX Kamep.
Eciu Beputh pa3paboTaHHON TEOpHHM TEHETUYECKMX MEXaHH3MOB OOpa30BaHMUS
MOJIOOHBIX KPHUCTAJUIOB, TO BEChbMa BO3MOXHO, YTO B KOTJa-TO AaKTUBHBIX
TEKTOHMYECKUX PETHOHAX Halled IJIaHeThl €eCTh TaKhWe Ke TeIIephl-3albl C

YHUKaAJIbHBIMH KpHUCTAJIJIaMH.
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THE CAVE OF CRYSTALS
Annotation. The mechanism of formation of selenite crystals in the Cave of
Crystals, which is of great scientific interest, is considered. Constant research and
analysis of the obtained data provides geologists with a grandiose field for study. The
"Multimillion-dollar blockage of caves™ makes it possible for scientists not only to
assume, but also to see firsthand, the stages of development of the earth's crust.
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cryaentka rp. U30C-4a, ®I'bOY BO «lonHACA»
PykoBonurens: K.T.H., noueHT Camousnosa E.O.,
TOTCHT Kadeapsl « PU3uKa U MPUKIATHAS XUMUS» U

kadenpsl « TexnochepHast 6€30maCHOCTHY»

OI'bOY BO «IonHACA»

SAT'PA3HEHUE MOYBbI U BUOJIOTUYECKHUE METO/AbI EE OYUCTKH
Annomayus. PaccMOTpeHbl U IPOAHATU3UPOBAHbI CTPYKTYpa U COCTaB IOYBHI,
NEPCIEKTUBHBIE METOJIbI OMOJIOIMYECKON OUYMCTKH, CBS3aHHBIE C BbIpAIllUBAHHUEM
ONpEJEICHHBIX BHUJOB PACTEHUH WM C MOATOTOBKOM M BHECEHHUEM CHEIUATIbHO
O0TOOpPAaHHBIX MUKPOOPTaHU3MOB.
Kniouegvle cnosa: nerpaganust MouBbl, OMOJOTHYECKUE METO/IbI, OKPYKArOIIast

cpena, turocdepa, aHTPOIIOTE€HHOE BO3/IEHCTBHE, MUKPOOPTaHU3MbI

BBenenne. IIpoGiema OYKMCTKH TMOYBBI OT PA3IUYHOTO POJia 3arps3HCHUI
SIBJISIETCSL JIOCTATOYHO OCTPOM M aKTyaJbHOM 7151 Hallel cTpanbl. Kak u3BecTHO, MouBa
MPE/ICTaBIACT COOOW BEPXHUH TUIOJOPOAHBINA CIIOM 3€MHOUM ITUTOCHEPHI, COCTOSIINN
Y3 BEPXHEr0, CPEAHETO U HUKHETO CI0EB. 3arpsi3HEHNE MNOYBEHHBIX CIIOEB HA CBA3aHO
C COJAEpXKAaHWEM B HEW PAa3JIMYHBIX BEIIECTB, PAAUOHYKIMIAOB M NATOIE€HHBIX
MUKPOOPTaHU3MOB B TMOBBIIIEHHBIX KoJinuecTBaxX. [Iporpecc B pemeHuu mpoOaeMsl
3arpsiI3HEHUS TOYBBI CBA3aH C JAaJbHENIIIMM BHEAPEHUEM U PA3BUTHUEM CYIIECTBYIOIINX

CCroaH (1)I/ISI/ILICCKI/IX, XAMUYECKHX U OMOJIOTHYECKUX MCTOJ0B OYHNCTKH ITIOYBBI.

ITocTanoBka 3aJgavu. PaCCMOTpeTb h  IIPOaHAIM3UPOBATH Hauoboee

IICPCIICKTUBHBIC MCTO/IbI OMOJOTrHYECKOU OYHCTKH, CBA3daHHBIC C BbIPAIIMBAHHNCM
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OIPEIICJICHHBIX BHUJIOB PACTCHUW WJIM C IOJANOTOBKOWM M BHECEHHEM CIICUAIBHO
OTOOpPaHHBIX MUKPOOPTAaHU3MOB.

CoBpemeHHOE 00IIECTBO BCE 4Yallle CTAJKUBAETCS C  BO3PACTAIOLIUM
3arpsi3HEHUEM OKPYKAIOUIEH CPellbl U HETaTUBHBIMU IOCJIEACTBUSIMHU, KOTOPBIE UM
BbI3BIBAIOTCS. Hapsiay ¢ ApyrumMu coCTaBIAIOIIUMEI OKPY>KAIOIIEH CPEIbl C CEPHE3HBIM
AHTPOTNIOTE€HHBIM BO3JCHCTBUEM CTAJKUBAETCS MoYBa. B pesynbTare 3arpsa3HEHHs
MPOUCXOJUT JETpafalusi MOYBbI, CHHXXACTCS YPOKAWHOCTh, OKA3BIBACTCS MPSMOE
TOKCUYHOE BO3JCHUCTBME HA PACTEHHS] W MHUKPOOPraHW3Mbl WM KOCBEHHOE
3arpsi3HCHUE OKPYIKAIOIIEN CPEIBI B pE3YJIbTATE BBIMBIBAHUS U3 MIOYBBI 3arPSI3HUTEIICH
BOAOMU. [IJ1s1 OUMCTKH MOYBHI OT 3arpsiI3HEHUN pa3padaThIBAIOTCA U MOJECPHUZUPYIOTCS
pa3IMuHbIe METOAbl U TEXHOJOTHH, OCHOBAHHbICE Ha (PU3UYECKOM, XUMHUYECKOM U
OMOJIOTHYECKOM BO3JICHCTBUM HA TOYBY M COJEpKaIIrecs B Hel 3arps3HuTenu. [Ipu
9TOM BaXHBIM TpeOOBAHUEM SBJISIETCS HE TOJBKO 3(P(HEKTUBHOCTh, HO H
AKOJIOTHYECKass 0€30IaCHOCTh OYMCTKH, YTOOBI M30€KaTh BTOPUYHOTO 3arpsi3HCHMUS.
DOU3NYECKUE METOJIbI OUUCTKH 3aKJIOYAIOTCSA B UCTIOJIb30BAHUH JIEKTPUUECKOTO TOKA
JUTSL DJIEKTPOXUMHUUECKON U AIEKTPOKMHETUYECKOW OYHMCTKUA B (hOpME DJIEKTPOJIN3a,
BJICKTPOKOATyJISLINH, BJICKTPOXUMHUYECKOTO OKHCJICHUS, anekTpodopesa,
anekTpoocmoca U Jip. OgHAKO JaHHBIE METOAbl OTIMYAIOTCA BBICOKOM CTOMMOCTBHIO
[1]. Xumuueckre MeETOAbI OYKMCTKH CBS3aHBI C IPOMBIBKOM IOYBBI pacTBOpaMU
pEareHToB C TMOCJHEAYIIEd peKyJbTuBanuend. HemocraTkamu JaHHBIX METOHOB
SIBJISIETCS ITUTEIBLHOCTh U 0OJIBIIIOE KOJIMYECTBO 00Pa3yIOIINXCsI CTOUHBIX BOJ.

[TouBa COCTOUT M3 MUHEPAITHLHOW YaCTH, BKIFOYAIOIIECH TJIMHUCTHIC BEIIECTBA,
MECOK, MUHEPAJIbHBIE COJIU U JAp., U OPTaHUYECKON YacTH, COCTOSIIIEH M3 OCTATKOB
OPraHUYECKOTO MPOUCXOXKIACHHUS M TryMyca. B cocraBe MOYBBI TaKke€ BBIJACISIOT
KUJKYIO YacThb, SIBJISIIONIYIOCS BOAHBIM PAaCTBOPOM MHUHEPAJIBHBIX M OPraHHUYECKUX
BCIIICCTB.

HemanoBaxkHyto poJib B 3arpsi3HEHWH IIOYBBI UIPAET U KPYTOBOPOT BOJIBI,
3arps3HUTENEH, B IPUPO/IS, OCEAaHNe 3arpsI3HUTENICH U3 aTMoCchephl M PAa3MHOKCHHE

NaTOT€HHON MUKPOQIOPHI B pe3yJIbTaTe 3arpsi3HEHUN.
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C pa3BHUTHEM paA3JIMUYHBIX TEXHOJOTUNA U OTPACIIC IPOMBIIIJIEHHOCTH, a TAKKE
C pOCTOM HACEJEHHsS 3arpsA3HCHUE TOYBBI TMOBBIIIACTCS, TMOSBISIIOTCS HOBBIC
COEIMHEHUS, KOTOPBIE PAHBIIEC HE MOMNAaJald B MOYBY, HO HA CETOJHALIHUN JICHb
OKa3bIBAIOTCS B YUCJIE €€ 3arpsA3HUTENICH U HAHOCAT MoYBe yiiepo. B cBs3u ¢ aTum co
BPEMEHEM pacTyT MacIuTalObl 3arps3HEHUs TOYBEHHOT'O TOKPOBAa. 3arps3HEHUE
MOYBEHHBIX CIIOEB Ha TeppuTopuu Poccuu, Kak W B JPYyrux CTpaHaxX, CBSA3AHO C
COJEp)KaHMEM B HEW pa3IMYHBIX BEIIECTB, PAJUOHYKIUIOB M MATOr€HHBIX
MHUKPOOPTaHU3MOB B TIOBBIIIICHHBIX KOJIHUecTBax [3].

3arps3HEHHUE MPUBOJMUT K JErpajialiiil MOYBbBI, €€ MOJKHUCICHUIO, CHUKEHUIO
YPOKaWHOCTH, TIOBBIINIEHUID €€ TOKCUYHOCTH M TMOTEPE TOJIE3HBIX BEIIECTB.
3arpsi3HEHUE MOYBbI HETATUBHO CKA3bIBAETCS HE TOJILKO HA PACTCHUSX U )KUBOTHBIX,
HO M Ha 3JI0pOBbE JIOJEH, KaK B3POCIBIX, TAK U JETEH, Y KOTOPHIX UMMYHHUTET
OKOHYATEeIbHO HE c(opMUpOBaH, M OHHU 0OoJiee TMOABEPKEHbI BO3ACHCTBUIO
3arpsI3HUTENIEH.

[TouBa, KaKk 1 APyrue COCTABISAIONINE OKPYKAIOIIEH Cpeibl, UMEET CIIOCOOHOCTh
K CAMOBOCCTaHOBJIEHUIO, OHAKO 3TO JUIUTENIbHBIN MpoLecc U A O0bIINX 00bEMOB
3arpsisHeHn ManodddextuBeH. TeM He MeHee OAHUM U3 METOJ0B OYMCTKH TOYBHI,
KOTOPBIM MOYKHO OTHECTH K €CTECTBEHHBIM OHMOJIOTHYECKHUM SIBJIICTCS CAMOOUYHUILICHHE
MOYBHI PU YCIOBUU MPEKPALIECHUSI HOBBIX 3arpsI3HEHUIN 3a CUET YTUIN3AINU OTXO0B
U OoTka3a oT cBajok. [loBwicUTh A((HEKTUBHOCTH CAMOOYHUIICHHS MOXHO ITyTEM
yIaJCHHs BEpXHET0, HanboJiee 3arpsA3HEHHOTO0, CJ10s IMOYBHI [4].

PesyabTaTtbl. B ganHOW paboTe paccMOTpPEHBI OTIEIBHO OMOIIOTHYECKHE
METObI OUUCTKH, KOTOPBIE HEPEIKO UCTIOJIB3YIOTCSI TOCHE (PU3NUECKUX M XUMUUECKUX
METOJOB Il OKOHYATEJIbHOIO BOCCTAHOBIICHMS IOKA3aTeJIed MOYBEHHOTO MOKPOBA.
buonoruyeckne MeETOAbl OYHUCTKM MOKHO OOBEIMHUTH TOJ] Ha3BaHUEM
Omopemenuaius, KOTOpas IOJpa3yMeBaeT OYMUCTKY TIIOYBBI B  Mpoliecce
KUZHEACATEIbHOCTH PACTEHUM, MUKPOOPTaHU3MOB, TPUOOB U B PSJIE CIy4aeB APYrUux
KUBBIX OPraHU3MOB, HAIIPUMED, JOKIEBBIX YEPBEH.

OnuyuM Y3  pacOpOCTPAHEHHBIX HAIpaBICHUM OUOpeMenualuu  SIBISETCS

duTopemenuanus, KOTOpas, Kak CleIyeT W3 Ha3BaHUS, MOApa3yMeBaeT
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UCTOJIb30BaHUE TOTEHLMANAa PACTEHUM MO pa3ioKEHUIO, UMMOOWIM3ALUN WIN
M3BIICUCHUIO 3arpsI3HUTENCH U3 MTOYBHI.

Qumoskcmpaxyua. Jia OYUCTKH TOYBBI HAmOOJEe YacTO MCHOJIb3YeTCs
(bUTOIKCTpAKIIUSA, KOTOpas IpeICTaBIIsIET BBIpAIlIMBAHKE pacTeHu-
THMEPAKKYMYJISITOPOB C IS0 HAKOIUICHUS 3arps3HUTENICH B OpraHU3Me PacTEHHI.
DTOT METO/I C UCTIOIh30BaHNEeM pacTeHui u3 cemerictBa Kpecromnsernoix (Cruciferae)
win Kanyctueix (Brassicaceae), B uacTtHOCTH, spyTouku cuzoBaToil (Noccaea
caerulescens), a Takxe TaKuUX pacTeHUH, kak amapaHT (Amaranthus candatu) wu
apBUHBIN 3eB (Antirrhinum majus), goctato4Ho S()PEKTUBEH M HW3BJICUCHUS
TSOKEIIBIX METAJUIOB, B YACTHOCTH MEJIH, IMHKA, HUKENs, KaaMusi, KoOalbTa, CBUHIIA,
Maprasia, Xxpoma 1 ux coeguHeHuil. [[ns noseimeHus 3pHeKTUBHOCTH HEOOXOAUMO
00ecreyuTh HECKOJIBKO IUKIIOB POCTA PACTCHHUM HA OYUINIAEMOU TEPPUTOPHH.

[locne GUTOIKCTpaKUMKU pacTeHUs COOUpAIOT M CXKUTAOT, a [emnen
YTUIIU3UPYIOT. Bropeim  pacnpocTpaHEeHHBIM HaIpaBJIeHUEM  SIBIISIETCS
OouopemMeuaus ¢ UCIoIb30BaHUEM MUKPOOPTaHU3MOB, JJi1 00ecriedeHus: KOTOpOH B
MIOYBY BHOCST BBICOKHE KOHIICHTPAIMH CIIEIMAIFHO OTOOPAHHBIX MUKPOOPTaHU3MOB,
Hanpumep, seudomonas aeruginosa-12-P unu Pseudomonas citronelollis-48-Y, wiu ux
KOHCOPILIMYMOB, HanpuMmep, accormanuu mraMmoB Rhodococcus 1418 u Rhodococcus
1715. Dta Tpynma METOAOB JOCTaTOYHO dS(PPEKTHBHA TPH OUYMUCTKE TOYBBHI OT
HeTenpoaAyKTOB 1 HeTH [5].

Memoowt ouucmxu 6Hecenuem Kyaemyp. MeTonbl BHECEHUS KYJIbTYP
MHUKPOOPTraHU3MOB MPUMEHSIOTCS B TE€X Cllydasx, Korja HeoOXxoaumas abopUreHHas
Mukpodopa orcyTcTByeT. OHU MOTYT MPUMEHSITHCS MPU MAaCCHPOBAHHOM U aBapHid
HOM 3arpsi3HEHUH, B CIIOKHBIX YCIOBUSAX, TP OTCYTCTBUU Pa3BUTOTO €CTECTBEHHOTO
OouorieHo3a. JIOCTOMHCTBOM 3THX METOJOB SBJISIETCS WX CEJICKTUBHOCTh U
BO3MOKHOCTh BBIBEJICHHSI IITAMMOB MHKPOOPTaHHM3MOB, pa3pyIIAIONINX CIOXKHBIC
TOKCHYHBbIe coeanHeHus. OaHako ux 3p(GEeKTUBHOCTh HE BCerja ObIBACT OJUHAKOBO
BBICOKA, MOCKOJIBKY MHOTHE KYJBTYpPbl «pabOTaroT» JIUIIb B OTHOCUTEIHHO Y3KOM
JMama3oHe ycloBUM. 3a pyOeXoM JOBONBHO MIMPOKO JUJISl JIOKAJIHHOW OYHUCTKU

CWJIBHO3AIrpA3HCHHBIX IIOYB MW JAPYIrHX MATCpruaJIOB  HCIIOJB3YCTCA  BECbMaA
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s dekTrBHAS, HO JOPOTOCTOSAIIAs TEXHOJOTHS «OHOBOCCTaHOBICHUS». CyTh 3TOMH
TEXHOJIOTHH CBOJUTCS K TOMY, YTO 3arps3HEHHBI MaTepual 3arpykaercs B
O6nopeakTop, 000pYIOBaHHBIN MAPOBOM SKCTpaKLKEH, TPyOOIIPOBOAAMH TSI TOABOIA
Kuciaopoja (WM BO3AyXa), NUTATEJIbHBIX BEIIECTB M cuUcTeMaMHu KOHTpois pH u
Temreparypsl [6-7].

Texnonorus npumeHeHus: OMOMpeEnapaToB JUisi OYUCTKH, B YACTHOCTH IOYBHI,
OpeIyCMaTpUBAaeT OJHOBPEMEHHOE BHECEHHE B IIOYBY MMKPOOMOJIOTHYECKHUX
OpernapaTtoB M MUHEPATbHBIX KOMIIOHEHTOB, HEOOXOAWMBIX JJsi TMHUTaHUsA
MHUKPOOPTraHU3MOB, B OCHOBHOM a3oTa U ¢ocdopa, KOTOpble BHOCATCS B BHJIE
MUHEPAJIbHBIX YI0OPCHHIA.

BHecenne MUKpOOPraHU3MOB B MOYBBI M TOPOABI 3(H(HEKTHBHO U TIPU OYUCTKE
UX OT TSDKEJIBIX METaJIOB, PAJMOHYKIIUIOB, Cyab(aros. [8].

Memoowl  6uonoenowenus 3acpsazHumeneti. ITA METOIAbl OCHOBAaHBI Ha
CHOCOOHOCTH pa3jMyYHbIX OPraHU3MOB, NPEXKIE BCErO0 pPACTEHUH, IOIJIOIMATh
BCEBO3MOKHbIE TOKCUUHBIE KOMIIOHEHTHI U3 I10YB U IPYHTOB, HAKAIUIMBATh UX B CBOMX
TKaHAX M TeM CaMbIM OYHWIIATh MO4YBHL. [locie 3TOro pacTeHus BBIKAIIUBAIOTCSA U
nepepabaThIBaOTCS € LIEbI0 KOHIIEHTPUPOBAHUS U YTUIIM3AIMY HAKOUBIIHUXCS B HUX
3arpsizHuTeneld. HemoctaTkom Meroma OWOMOTIIONMICHHUS SBISETCS HEOOXOIUMOCTH
MOCIEIYIOMIESH YTHIU3AINH 3arpS3HATENCH B TEX WM HHBIX Onomnoraotutelsix. [7-9].

Kpome TOro, KOHLEHTPATOpaMU TSKENBIX METAJIOB SIBISIOTCS JUIIAWHUKH,
MXH U HEKOTOpBIC OPYTrHe HU3IIME pacTeHus. MMeroTcs maHHBIE MO MOTIOMICHUIO
pacTeHUsAMH U paguoHyKiIna0B. [Ipu 3Tom moaduparoTcs Takue KyJabTypbl pacTeHU,
KOTOpBIE WHTEHCHUBHO TMOTJIOMIAIOT C MOMOIIBI0 KOPHEBOW CHUCTEMBI OJITOXHUBYIIINE
paZOaKTUBHBIE M30TOMBI M TEM CaMBbIM OYMIAIOT KOPHEOOWTAEeMBIM CIOW MOYBHI.
3areM ypoxail CKalIMBaeTCsl U CXKUTaeTcsl, paJuOAKTUBHAS 30J1a KOHIICHTPUPYETCS U
ckimamupyetes [9,10].

B naGopatopHbIX oOmbpITax MOKa3aHO JOCTOBEPHOE CHIDKEHHE COJIEp:KaHUs
OCTaTOYHOM HE(PTH M yMEHbIICHHE TOKCUYHOCTHU 3arpsi3HEHUs uepe3 TpU Mecsla B
oYyBe C HayaldbHbIM HedTecoaepxkanueM 5 u 10%. B Bomoemax pryTh u

HOJUXJIOPUPOBaHHbIE OM()EHMIIBI HAKATIUBAIOTCS B phIOax, /ISl OYUCTKU BOJAOEMOB
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TpeOyeTcsl MOoCenyrollee MU3BICYCHNE STHUX OPraHU3MOB, YTO JIENAeT JTOT METOJ
HeahdexkruBHbIM [10].

Takum  oOpa3om, MeTOABl  OHWOIOTJIONICHUS  3arpsi3HUTENCH  BechMa
MHOTOYHUCIICHHBI M O0JIQIAl0T CHENU(PUUSCKUMH MPEHMYIIECTBAMHE TIepe] JPyTUMH

CIIoco0aMH, B YaCTHOCTH CEJICKTHBHOCTBIO.
BoiBoabl. Vcxons u3 mpopeiaaHHol paOGoThl MOXKHO CAENAaTh BBIBOIBI, UTO

3arpsA3HEHHUE TIOYBBI SIBJIAETCS BAXXKHOM W aKTyaJdbHON MpPOOJIEMOW, I pPEIICHUS
KOTOpPOM CyLIECTBYET TpPH TIpPyIIlbl METOAOB, JONOJHSKOLIMX Apyr Apyra.
buonornueckue metoapl OyayT Mano’(PEeKTUBHBI MPOTUB OOJBIIMX KOHLEHTPALMMA
3arpsiI3HEHUN M OTIMYAOTCS JUIMTEIBHOCTHIO, OJJHAKO HA 3aKIIOYUTENbHBIX CTaAUSIX
OUMCTKH WUJIU MPU MAJIbIX KOHIIEHTPALUSIX 3arpsi3HUTeNe oM Hanbosee 3(pPpeKTUBHBI
32 CYET HKOJIOTMYECKOW O€30MacHOCTM U JUIUTENBHOro 3(PQeKTa OYMUILICHHUS H

BOCCTaHOBJICHHUS IOKA3aTEJICH ITOYBBI.
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KOPPO3USA METAJIJIA U METO/bI 3AHIUTbI
Annomayusi. PaccMOTpeHBl XMMUYECKass U 3JEKTPOXUMHUYECKAsT KOPPO3UU H
METO/IbI 3aIUThl METAJUIOB OT KOPPO3HUH.
Knwouesvie  cnosa: METalll,  KOppO3Hs,  XHUMHYECKas  KOppo3us,

QJICKTPOXUMHYCCKAA KOPPO3HA, KOPTCHOBCKAA CTAJIb.

Beenenne. Kopposus ABIIeTCS NPUUMHON YXYALIEHUS MEXaHUYECKUX CBOMCTB
Y BHEIIHErO0 BUJA H3ACIHM, NPUBOAUT K 3HAYUTEIBHBIM IIOTEPSIM H3LCIUN U3
METAJIJIOB, B YACTHOCTH U3 JKEJIe3a.

P>xaBunHa mipecTaBisieT cOO0M PHIXJIBINA OyphIil HAIET, KOTOPHIN BO3HUKAET HA
PA3JIMYHBIX KEJE3HBIX U3JEIUAX MPU UX XPAHEHUU BO BIIAXKHOM BO31yXe. PkaBunHa
HE UMEET OINpPENEIEHHOIO COCTaBa, HO €€ yCIOBHO 3aIlMCHIBAIOT B BUJE THAPOKCUAA
xenesa (111).

Koppo3ust meTamnoB wiau pxkKaBJIEHHWE B XHMHU — OJTO SBJIEHUE, KOTOPOE
BO3HMKAET U3-32 B3aMMOJCUCTBUA METAJUIMYECKOM IUIACTUHKA C BEIIECTBAMHU
OKpY>Karolen cpeapl (KUCIOPOJOM BO3AyXa WJIM KHUCJIOTaMHU, C KOTOPBIMH MOXKET
pearupoBaTh METAJUIMUECKOE U3/IEIInE).

Koppo3uss — 3T0 camMOnpou3BOIIBHOE pa3pyLICHHUE JJIEMEHTOB, Yallle BCErO
METAJJIOB, TOJA JeHCTBUEM XHUMHYECKOrO0 WM (U3UKO-XMMUYECKOTO BIUSHUSA

OKpy>Xaromen cpensl. MIHpIMU ciloBamMH, H3-32 XMMHUYECKOTO BO3IEHCTBHS JKEIIE30
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HAYMHAET P’KABETh. JTO BEChMa CIIOKHBIN MPOLECC, KOTOPbIA COCTOUT U3 HECKOJIBKO
3TaroB.

Hexoropeie Meramibl, 1a)ke aKTUBHBIC, MOKPBIBAIOTCS IUIOTHOW OKCHIHOMN
IJIEHKOW MPH KOPPO3UU. DTO OJHA U3 UX XapaKTEpHbIX uyepT. OKCUIHAs TUICHKA HE
JaeT OKUCITUTENISM MPOHUKHYTH B 00Jie€ TIIyOOKUM CII0M U MOATOMY 3alllUIIaeT METaJLIT
OT KOPpO3uU. ATFOMUHUIN 0OBIYHO YCTOWYMB MPU KOHTAKTE C BO3AYXOM U BOJIOM, TaKe
ropsueil. TeM He MeHee, €ClM IOBEPXHOCTh AIOMHUHHUS MOKPBITH PTYThIO, TO
oOpazyeTtcst amansrama. OHa pa3pyuiaeT OKCUJIHYIO IJICHKY, U aIIOMUHUI HAaUMHAET
OBICTPO MPEBpAIIaThC B OCIIbIE XJIOMbS METa-TUIPOKCUIA ATTFOMUHUSI.

XUMHUYECKasi KOPpO3Us — 3TO MPOLECC Pa3pyLICHUsI METaJIa, KOTOPBIKA CBSI3aH
C peaKUMEed MEXIYy METAUIOM U KOPPO3HMOHHOM cpenoi. XHMUYecKas KOppO3us
nporekaer 0e3 BO3JEHCTBUA SJCKTPUUYECKOTO TOKA, U B pe3yibTaTe 3TOM peakuuu
METaJIbl OKUCIISIFOTCA.

DTOT BHUJI KOPPO3UH MOKHO Pa3/IeNIuTh HA JIBa MOJIBUAA:

A rasoas Koppo3us — MeTaIT KOPPOAUPYET 10J] BO3ASHCTBHEM PA3INUHBIX IA30B
IIPY BBICOKUX T€MIIEpaTypax;

A xopposus B mMIKOCTSIX — HednekTponuTax. M3 HUX Gojee pacpoCTPaHEHHOM
CUMTAIOT Ta30BYI0 KOppo3uto. OHa mpoTeKaeT BO BpeMs MPSIMOIO KOHTAaKTa
TBEPJAOTO TeJla C AKTUBHBIM ra30M BO3/yXa.

Yamie Bcero 3To KUcaopod. B pe3ynbTaTe Ha MOBEPXHOCTHU Tella oOpaszyercs
IJICHKA MPOJYKTOB XMMUYECKOM PEAKLMU MEXAY BEIIECTBOM M raszom. Jlambiie sta
IJIEHKAa MENIAeT KOHTAKTY KOPPOAMPYIOIIEro Marepuana ¢ ra3oM. [Ipm BbICOKHX
TeMIEpaTypax ra3oBasi KOpPpO3usl pa3BHUBACTCS MHTECHCHBHO. BO3HMKIIAsS mpu 3TOM
IJICHKA Ha3bIBACTCSl OKAIMHOM, KOTOPAsi CO BPEMEHEM CTAaHOBUTCS TOJIIIE. BaxkHytO
pOJIb B IPOLIECCE KOPPO3UU UTPAET COCTAB ra3oBou cpeanl. Ho s kaxaoro Meramia

OH WHJIMBUJIyaJICH U U3MEHSETCS C IEPEMEHON TEMITIEPATYP.
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DNEeKTpOXUMHUECKAst KOPPO3HsL — 3TO pa3pyLICHUE METAIIIa, KOTOPOE IIPOTEKAECT
MU €Tr0 B3aUMOJECHCTBUHU C OKPYKAIOIIEH CPEOM IEKTPOJIUTA.

OTOT BUJA KOPPO3UH CUUTAIOT HanboJiee pacpocTpaHeHHbIM. CaMbIM Ba)KHBIM
MIPOUCXOKJICHUEM DJJIEKTPOXUMHUYECKOM KOPpPO3HM SBJISIETCA TO, YTO METaJLI
HEYCTOMYMUB B OKPY’KAIOLIEH Cpelie ¢ TOYKH 3PEHUS TEPMOJNHAMUKHA. BOT HECKOJIBKO
APKUX NPUMEPOB ITOW PEAKLMUM: pXKaBUMHA B TPyOONpOBOJE, Ha OOLIMBKE JHUINA
MOPCKOT'0 CyJIHa M Ha Pa3IMYHbIX METAJUIOKOHCTPYKUUAX B aTMocepe. B Mmexanuzme
AJIEKTPOXUMUYECKON KOPPO3UH OOBIYHO BBIJIEISIOT JBA HAIIPABJICHUS: TOMOTE€HHOE U

rereporeHHoe. Pazoepem ux noapoOHee B TaOIUIE HUKE.

Tabn. 1
I'omorenHbIii MEXaHU3M I'ereporeHHbId MeXaHU3M
JICKTPOXMMHYECKOI KOPPO3UH 3JIEKTPOXUMHYECKON KOPPO3HH
IToBepxHOCTh MeETa/lIa paccMaTpUBAaeTCs Kak | Y TBEPABIX METaJJIOB IIOBEPXHOCTh
OIHOPOJHBIN CIOMN HEOJTHOPOJIHA U3-3a CTPYKTYphl CILJlaBa, B

KOTOPOB aTOMBbI MO-pa3HOMY PACIOJIOKEHbI B
KPHUCTAJUIMYECKON PEIIETKE

PacTBOoperne Mertaiia MpOCHXOAMT U3-3a | HEOMHOPOAHOCT MOXHO —HaONIO#aTh TpHU
TEPMOJUHAMHYECKOH  BO3MOXXHOCTH  JJISl | HAJHYWU B CIUIaBE KAKUX-THOO0 BKIIOYCHHIA
KaTOJHOT'O WK aHOJIHOTO MPOLIECCOB
CkopocTs, c KOTOpOH MPOTEKAET
ANEKTPOXUMUYECKAsT KOPPO3HUs, 3aBUCUT OT
BPEMEHHU MPOTEKAHUs MpoIiecca
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Metoabl 3alIUTHI MeTANI0B. OT KOPPO3UH MOKHO U HY)KHO 3aIUILIATHCS.
UtoObl yOepeub MeTaibl OT JTOM peakiuu, WX TMOKPBHIBAIOT 3al[UTHBIMU
MaTepraiaMu, o0padaThIBAIOT SJEKTPOXUMHUYCCKUMHU METOJaMH, NUTH(OBAHUEM U
T.1. PaccmoTpum Bce 3TH ciocoObl moapooOHee.

Cnoco6 Ne 1. 3amuTHbIe MOKPBITHS. J{J1s1 3a1UTHI OT KOPPO3UU METATUIMYECKHE
U3MIeNMs  TOKPBIBAIOT APYTUM METauloM, T. €. MPOU3BOASAT HUKEIUPOBAHUE,
XpOMHUPOBaHUE, IMHKOBAHHKE, JIy’)KEHHE U T. 1. E1lle 01MH BapUaHT 3a1IUThl — MOKPHITh
NOBEPXHOCTh METaJlla CIENUAIBHBIMU JIAKAMU, KPACKAMH, SMAJISIMHU.

Cnoco6 Ne 2. JlermpoBanue. JlerupoBanue — 3TO BBeJIeHUE J00ABOK, KOTOPHIE
00pa3yIoT 3alUTHBIN €0 HA MOBEPXHOCTH MeTasuia. Hampumep, npu JerupoBaHuu
JKEJIe3a XPOMOM M HUKEJIEM TOJIy4YalOT HEP/KABEIOIIYIO CTAJIb.

Cnoco6 Ne 3. IlporekropHas 3amuta. [IporekTopHas 3ammra — 3TO CHOCOO
ybepeub MeTal OT KOPPO3UH, IPU KOTOPOM METAIIMYECKOE U3JEIHNE COSIUHSIOT C
0oJiee aKTUBHBIM METaJUIOM. DTOT BTOPON METaJUl B UTOTE U Pa3pyIIaeTcs B MEPBYIO
ouepe/ib.

Cnoco6 Ne 4. Dnextpoxumuyeckas 3amura. YToObl 3alIUTUTh METAIbl OT
3JIEKTPOXUMHUYECKON KOPPO3UH, HEUTPAIU3YIOT TOK, KOTOPBIA BO3HMKAECT IPHU HEW.
DTO JenaroT C MOMOIIbIO MOCTOSHHOTO TOKA, KOTOPBIM MPOMYyCKaloT B O0OpaTHOM
HaIPaBJICHUH.

KoprenoBckasi crajb. PazpaboTymku COCTaBUIM €ro U3 JIBYX CIIOTOB: COr
(corrosion) — pxkaBienue u ten (tensile) — mpouHocTs Ha pa3peiB. U 1elicTBUTENIHHO,
pKaBYMHA HE pa3pyliaeT METaul, a YIpouHseT ero. M mpu 3ToMm 00XOauTCs KOPTEH
JICILIEBIIC HEPKABEUKHU.

Crmenyer uMeTh B BHIY, YTO H3HAYAJIBHO METAUI HE UMEET 3aIIUTHOIO
nokpeiTus. [laTMHA MOSABISETCS JIMIIb B MPOLECCE SKCILTyaTallid, U OYE€Hb BayKHO,
yTOOBI CyXas IMOroja CMEHsUIach BIIAXHOW u HaoOopoT. [loaToMy B yCcTOHYMBO
KAPKOM KJIMMaTe NPUXOAUTCS CHELUAIbHO CMAauyMBaTh H3JENHE. A B UpE3MEPHO
CBIPOM M 3TO He nomoxeT. Kak HUM CTpaHHO, CIOM  p)KABUYMHBI  MOXKET
HEe 00pa30BbIBAaThCA BOOOLIE, MOATOMY MPUXOAMUTCS HCIOJb30BaTh CHEIHAIbHbIC

CpeiCTBa.
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JJ1s1 KOHTPOJIMPYEMOI'O CO3aHMsI OKCUTHON IIJICHKU pa3padoTaHbl TPH COCTaBa
Linea COR. Act-COR s3amyckaet npouecc kopposuu, bp-COR ocraHaBimuBaer ero,
a bz-COR 3amuiiaer natiHy OT MEXaHUYECKUX ITOBPEKICHUH.

C nepBbIM U TPETHUM IIpenapaTaMu BCe CHO, & BOT BTOPOId BBI3BIBAET BOIIPOCHI.
3aueM OCTaHaBIMBATH IPOIIECC KOPPO3WH, €CIM OH HJAET Ha 01aro KOPTEHOBCKOU
cranmu? Jleno B TOM, YTO HMCKYCCTBEHHO 3allyllIEHHOE pXKaBJICHHE MOXET 3ailTu
CIIMIITIKOM JAJIEKO, W ATO TIPHBEIET K pa3pylleHWIo MeTaia. Ecim maruHa

HC ACPIKUTCA HA IMIOBCPXHOCTH, a CTCKACT C HCC PBIKUMHU IMOTCKAMH, HACTAJIO0O BPCM

BMEIIIAThCSI.
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IKOJOI'NMYECKAS ITPOBJIEMA MYCOPA U YTUWIN3AIIUU OTXO10OB
Annomayus. PaccMOTpeHa U TpOAaHAIM3UPOBAaHA MpoOJieMa YTUIU3ALHUH
osiToBOro Mycopa. IlpencraBiena kinaccuuKamuss OCHOBHBIX THIIOB OBITOBOTO
Mycopa, a TakKe CIOCOOBI YTUIIU3AINH, MEepepadbOTKA TBEPABIX OBITOBBIX OTXOJOB
(TBO).
Knrouesvie cnoea: TBepable OBITOBBIE OTXOJbI, 00€3BPEKUBAHUE, MOJHUIOHBI,

yTHIIA3AIUs, BTOpUYHAs TTepepadoTKa, PeIMKINHT

Beenenue. [Ipobnema yTunmuzanuu ObITOBOrO Mycopa Ha CETOAHSIIHUMN J€Hb
SABJISIETCSI OJHOM M3 HamOoJiee ocTphiX MmpobiemM B Mupe. C yBelnMUEHHEM 4YHUCIA
HaCEeJICHUsI 36MJIM PacTeT U KOJIMYECTBO oOpasyrolierocs Mmycopa. Hekontponupyemoe
HAKOIICHHE OTXOJIOB CIIOCOOHO MPHBECTH HAc K riaobampHOM KatacTtpode. Ceitvac
TOJIBKO JIUIIL B POccHM HAaCUMTHIBAETCSI HECKOJIBKO JIECATKOB THICSY MEPETOTHEHHBIX
MYCOPHBIX CBaJIOK. TOJBKO BHEAPEHHE MPOTpaMMbl MO BTOPUYHOU MepepabOTKe U
YTHJIM3AIIUU OTXOJIOB CMOKET PEIIUTh 3Ty akTyaldbHyr mpobiemy. I[Ipobiema
MIOJTHOTO YHUYTOXKCHUS JIH YACTUYHOM YTUIU3AIMU OBITOBBIX OTXOJI0OB — aKTyaJlbHa,
Ipexkae BCEro, C TOUKU 3PEHHS] OTPUIIATEIBLHOTO BO3ACHCTBHS HA OKPYKAIOIIYIO

cpeny.

254



IloctanoBka 3agaud. PaccMoTpeTr ©  mpoaHaIU3UpoOBaTh  MPOOIEMY
YTUJIN3AIUU OBITOBOT'O MYyCOpa.

Pesynbrarbl. B nmanHoil pabore maHa XapakTepUCTUKAa OTXOJOB, HX
kiaccudukamnus, nepepadorka u yrunuzanus ThO.

OTxoapl MOXHO KJIacCU(PUIMPOBATH KaK IO MPOUCXOXKJICHHUIO: OBITOBBHIE,
IMPOMBIIIJICHHBIE, CEIbCKOXO34MCTBEHHbIE W T.I., TaK W 1O cBoiictBaM. Camoe
U3BECTHOE pa3JieJICHUE TI0 CBOMCTBAaM, MPUHSITOE B 3aKOHOIATEILCTBAX OOJIBITUHCTBA
CTpaH — 3TO JIeJICHUE Ha «OIMACHBIe» (T.€. TOKCUYHbIC, €AKHE, BOCIJIAMEHSIOIIUECS U
IIpOY.) M «HeomacHbIe» OTX0/abl. CocTaB U 00bEeM OBITOBBIX OTXOIOB UPE3BHIYANHO
pa3HOOOpa3HbI U 3aBUCAT HE TOJBKO OT CTPaHbl U MECTHOCTH, HO M OT BPEMEHHU T0/1a,
U OT MHOTHX JPYTUX (HhaKTOPOB.

bymara u kapToH cocTaBistoT Haubosee 3HaunTeNnbHy0 Yactb ThO (1m0 40% B
pPa3BUTHIX cTpaHax). Bropas nmo BenuunHe kateropus B Poccun — 3To Tak Ha3bIBaeMblie
OpraHuYecKue, B T.Y. MUIIEBBIE, OTXO/bl; METALJI, CTEKJIO U TJIACTUK COCTABIISIIOT IO
7-9% ot olmiero koiuyecTBa orxoa0B. [IpumepHo mo 4% mpuxoauTcs Ha JEPEBO,
TEKCTWJIb, pe3uHy u T.J. KonnuecTBO MyHMIIMNAIBHBIX OTX0/0B B Poccun
YBEIMYMUBAETCS, a UX COCTaB, 0COOEHHO B KPYITHBIX TOPOJIaX MPUOIMKAETCS K COCTaBY
TBO B 3amafiHBIX CTpaHAaX ¢ OTHOCUTEIHHO OOJIBIION J10J7eH OyMa)KHBIX OTXOJIOB U
mactuka. B ropomax W JOpyrux HaceJIEHHBIX IMYHKTax MPOUCXOAUT Haumboiee
WHTEHCUBHOE HAKOIUICHHE OBITOBBIX OTXOJOB, KOTOpbIE MpPH HEMPABUILHOM U
HECBOECBPEMEHHOM YAAJICHUU M O0E3BPEKUBAHUU MOTYT 3arpsi3HATH OKPYKAIOIIYIO
cpeny [1].

Ce3onnble u3MeHeHus: coctaBa ThO XapakTepusyroTcsi yBeIWYEHUEM
coAep KaHUs MUIIEBBIX 0TX0J0B ¢ 20-25% BecHoi 10 40-55% OCEHbIO, UTO CBS3AHO C
OoNBIIMM TOTpeOJIECHUEM OBOIICH U (PPyKTOB B parioHe NUTaHUs (OCOOEHHO B
ropojiax 0)KHOW 30HbBI). 3UMOM U OCEHBIO COKPAIIAETCsl COJIEPKAHUE MEJIKOTO OTCEBa
(ymuunoro cmeta) ¢ 20 1o 1% B ropojiax roxHou 30861 U ¢ 11 10 5% B cpenneii 30He.

[MumeBbie 0TX0MBI yiiepd Mpupojie MpakTUYECKu He HaHOCAT. Mcnonb3yroTcs
JUIST TIUTaHUs PA3JUYHBIMU OpraHU3MaMy, HO THHUIOIIME MHILIEBBIE OTXOJbI —

pacCaHUK MI/IKpO6OB, HCIIOJIB3YIOTCA B IIHUILY Pa3HbBIMU MHUKPOOPTraHU3MaMM.
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KoHneuHbIll TPOAYKT pa3ioKeHUsl: Tejla OPraHU3MOB, YIIIEKUCIIBIN Ta3 U Boaa. Bpems
paznoxenus: 1-2 veaenu. Cnocod BTOPUYHOTO MCMOJIBb30BAHUS: KOMIIOCTUPOBAHUE,
SBJISIETCS HAMMEHEE ONAacHbIM crocoOoM oOe3BpexuBaHusi. Kareropuuecku
3ampeniaeTcsi OpocaTh B OTOHB, TaK KaK MOTYT 00pa30BaThCs JUOKCHUHBI.

Bymara, uHorjna mponuTaHHas BOCKOM W TOKPBITasl Pa3IuYHBIMU KpacKaMH,
MOKET BBIICIATH SJOBUTHIE Ta3bl. Kpacka MOXKET BBIACHATH IPHU Pa3I0KECHUU
anoBuTblie BemiecTBa. Crnoco0® BTOPUYHOTO HCIIOJIB30BAaHUA: TiepepaboTka Ha
00€prounyto Oymary. [IpoaykThl, oOpa3yromuecs npu 00€3BpeKUBAHUU: YTIICKUCITBINA
ra3, Boja, 3oja. Kareropuyecku 3ampeuieHo CXUratb Oymary B MPUCYTCTBUHU
MUIIEBBIX TPOJIYKTOB, TAK KaK MOTYT 00pa30BaThCsl TUOKCUHBI.

N3penus w3 TkaHeil ObIBAlOT CMHTETUYECKUE W HaTypaibHble. HarypanabHbie
TKaHU yIIepO MPUPOJie HE HAHOCAT, UX CIKHUTalOT B YCIOBHUSX, 00ECHEUMBAIONIUX
MOJIHOTY cropanusi. [IpoaykTel, oOpa3yromuecs: Mpyu 00e3BPEKUBAHUM: YTIICKUCITBIA
ras, BoJia 1 307a.

KoHcepBHbIe kene3Hble OaHKM, OLMHKOBAaHHBIE WM TOKPBITHIE OJIOBOM,
HaHOCAT yuiepO Mpupoje, T.K. COJAEpKaT COCAMHEHHUs IIMHKA, 0JIOBa M >Kelesa,
KOTOpBIE SIIOBUTHI JJIi MHOTUX OpraHu3MoB. OcTpble Kpas OaHOK TPaBMHUPYIOT
KUBOTHBIX, uejoBeka. B 0OaHkax HakariuBaeTCs BOJAa, B KOTOPOW pa3BUBAIOTCS
JUYUHKH KPOBOCOCYIIIUX HACEKOMBIX, IMO3TOMY HMX JIy4Yllle MEPErUIaBisiTh BMECTE C
META/NIOM M O0E€3BPEKMBATh — 3aXOPOHEHWE TOCIE MPEeABAPUTEITHLHOTO OOXKHUTa.
[TpoayxTel, oOpa3yroiuecs: Mpu 00E3BPEKUBAHUU ITO OKCHUJIBI WIIM PACTBOPUMBIE
COJIH JKeJie3a, [IMHKA U 0JIoBa [2].

B Hacrosmumii MOMeHT Haubosee pacnpOoCTpaHEHHBIH CIOCO0 YHUYTOXKECHHS
TBO — 310 monuronsl. OJHAKO ATOT MPOCTON CHOCOO COMPOBOXKIAIOT CIICTYIONINUE
POOIEMBI:

— UYpesmepHO OBICTpOE TEPENOJIHEHUE CYIICCTBYIOMMX IOJUTOHOB M3-3a
Oosplioro o0beMa W MaJlOd IUIOTHOCTH  pa3MElIaeMbIX  OTXO0J0B. be3
IpeBAPUTENHLHOTO YIIOTHEHH cpeHss mioTHocTh THO coctasisger 200-220 kr/me,
KOTOpas pocturaet Bcero auiib 450-500 Kr/M° Tmocie VIUIOTHEHUS C UCTIOJIb30BAHUEM

MYCOpPOBO3O0B.
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— OtpunarenbHble (AKTOPHI AJIs OKPYIKAIOLIEH Cpe/ibl: 3apaKeHNe MOI3€MHBIX
BOJ BBILLETAYMBAEMbIMU TIPOJYKTAaMH, BbIACIIEHHE HENPUATHOIO 3amaxa, pazopoc
OTXOJIOB BETPOM, CaMOIIPOU3BOJIBHOE BO3TOPAaHUE MOJUTOHOB, OECKOHTPOIBHOE
oOpa3oBaHME MeTaHa W HEICTETUYHBIM BHUJ SABISIOTCA TOJBKO YacThiO TPOOiIeM,
OECHOKOSIIUX HKOJOTOB M BBI3BIBAIOUIUX CEPbE3HBbIE BO3PAXKEHUS CO CTOPOHBI
MECTHBIX BJIACTEM.

— OTcyTCTBUE IIIOMAEH, TPUTOIHBIX JJIS pa3MEIEHUs TOJIUTOHOB Ha YI00HOM
PACCTOSIHUM OT KPYIHBIX TOPOJIOB.

Pacmmpenue ropo/10B BEITECHSIET OJUTOHBI Ha Bee OoJiee ajbHee pacCcTOsTHUE.
JlanHblii (akTop B COYETAaHUM C POCTOM II€H Ha 3€MJII0 YBEJIMYMBAET CTOMMOCTH
TpancrioptupoBku ThHO.

CxinanupoBaHue  OTXOJIOB HE  TpeOyeT TIOCTOSHHBIX W KPYIHBIX
KaluTaJOBIOXKEHUU. 3aTpaTbl Ha OOpbOy C MOCIENCTBUSIMHU T'yOUTEIBHOTO BIUSHUS
CBAJIOK, T.€. HAa OXpaHy HPHUPOAIbI, 3IPaBOOXPAHEHHE, BO MHOI'O DPa3 IPEBBILIAIOT
pacxopl Ha CTPOUTETHCTBO 3aBOJIOB Mo nepepaborke ThO. Mecta ckiagupoBaHus
OTXO/IOB MOTYT HE OOHOBJISTHCS AECATUIETHIMH, MO/ BCE pa3pacTarolIMecs] CBAJIKU
YXOJAT HOBBIE OrPOMHBIE TeppUTOpUH. KOJIMYECTBO CBajJOK HEMPEPHIBHO
yBenuuuBaeTcs. Paznararommecss Ha cBankax ThO u NpoMbIlUIEHHBIE OTXObI
IMPOHUKAIOT B MOYBY, TEM CaMbIM, 3apaxas €€. SlJoBUThle UCHApEHUs 3arpsi3HSIOT
Bo3ayx. [lomagatonue B Bomoembl octaTku ThO ryOuTenbHO CKa3bIBAIOTCS Ha
COCTOSIHUU BOJIbI, BpeAsT (uope u dayHe 3TuxX BOJ0EMOB. Bee 3Tu mocneacTBus
HEraTMBHO BIIMSIIOT HAa 3/I0POBBE YEJIOBEKA, HAPYIIAIOT OOMEHHBIE IPOLIECCHl B
npupoze. Pe3ynabTaThl pa3pylUIMTENbHOIO BIUSHUS CBAJIOK HA MPUPOJY HE BUIHBI
cpa3y, HO MOCHEACTBUS PAa3pYyLIUTEIBHOTO BIMSHHUS CBaJOK HAa MPUPOLY MOTYT
OKa3aTbCs HEOOpaTUMBIMU B Oyyiem [3].

[ToaToMy, pobsIEMy HYHO peliaTh ¢ MOMOIIbI0 BTOPUYHOTO MCIOIb30BAHMS
OTX0/0B. BroprnuHas mnepepabOTKa, WIM PEUUKIUHI, MO3BOJISIET HE TOJIBKO
OCBOOOJIUTh MECTO Ha MYyCOpPOCOOPOUHBIX IIOJUTOHAX, HO U 3aJeicTBOBAThH

IMOJIYYCHHOC ChIpbC JIA  H3TOTOBJICHHA  HOBBIX  TOBAapOB. Ee riaBHBIMU
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NPEeUMYIIECTBAMU HAa3bIBAlOT 3KOHOMMIO TPUPOIHBIX PECYpPCOB U (PUHAHCOBYIO
BBITOJY.

YenoBek JieiaeT BCEe BO3MOXKHOE AJIs YXY/IIICHHUS SKOJIOTHYECKO 00CTaHOBKU
Ha [UaHeTe. PeNMKIMHI — BaXKHEMIIMH @pouecc B KOMIUIEKCE MEPOIPHUITHM,
HAIpaBJICHHBIX HA COXpPAaHEHUE MPUPOJHBIX pecypcoB. BTopuuHnas mnepepaboTka
0Tx0J10B B Poccuu sk0OHOMUYECKH OnpaB/aHa, 3TO NPUOBUILHBIN OusHec. OTKpbITHE
MycoponepepadaThIBaIOLINX 3aBOJIOB PELIACT NpodIeMy 3axJIaMIICHUs TEPPUTOPUN 1
3arpsi3HEHMSI 3€MJIM, BOJIbI, BO3AYyXa, MPOUCXOSAIIET0 U3-3a Pa3yIoKEHUsI OTOPOCOB.

[To mHenuto akcreprToB, Oosiee 60% OTXOMOB OBITOBOTO XapakTepa MOMXKHO
UCIIOJIb30BAaTh JUUISl U3TOTOBJICHUS BTOPCHIPBS [4].

Ha pucynke 1 npezacraBieHbl ciocOObI pEHUKIINHTA.

Cnocobbl yTuansauum TBepabix
ObITOBbIX OTXOA,0B

3axopoHeHue Ha Cxuranme Ha Mepepaborka oTx0A08 1
MYCOPOCKUraTeIbHbIX 3aBOAAX NPOU3BOACTBO HOBbIX BeLUei

NOAUroHax

o~ '

50%

X i—.’.‘_ , - - =

QUA  Pocons ncwn  Whewss  CWA  Pocows Anowes  Weewsr  CUA  Pocons

Puc. 1. Cnoco6s1 penmkiInHra

CylecTByeT HECKOJbKO BapUAaHTOB BTOPUYHON IMepepadOTKH HEHYKHOTO
Mycopa B MOJIE3HOE BTOPCHIPHE.

1 MexaHn4yecKum

OTx0/1bl U3MENBYAIOTCS WK Pa3pe3ar0TCs Ha CIeMaIbHOM 000py10BaHUMU.

| [Tuponns

[IpencraBnser coboit Oeckucimoponnoe cxuranue. Crnocod HE OKa3bIBaeT

HETaTUBHOTO BJIMSHHS HA SKOJOTHIO. B mporecc oTOpockl pacmnagaeTrcst Ha MPOCThIE
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BEIIECTBA, IMPU OSTOM BBIACHAS OOJBIIOE KOJIUYECTBO TEIJIa, KOTOPOE MOKHO
peoOpa3oBaTh B AICKTPOIHEPTHIO.

1 Nucunepanus

Coxuranue JUisi TOJNYYEHHUS TEIJIOBOM »Hepruu. DG(HEKTUBHOCTH MeEToAa
BBI3BIBACT CITOPHI, MMOCKOJIBKY TIPH TOPCHUH B aTMOC(hepy BBIICISIOTCS BpEIHBIC
BEIIECTBA.

1 XUMHUYECKUN

[Ipoucxoaut 06paboTKa 0COOBIMU peareHTaMu, 4TO IMO3BOJIAET CPA3y MOTYUUTh
rOTOBOE BTOpPCHIphe [1].

BoiBoabl. M3-3a HETOCTATOYHOTO KOJIMYECTBA MOJUTOHOB IS yTHIIM3AIIUU
Mycopa M KaTacTpo(HueCKOW HEXBAaTKH 3aBOJIOB JJI €ro BTOPUYHOM O€30macHOM
nepepadoTKH, YHUUTOXKAIOTCS 3aJIeKHU APEBHEHIIINM CIIOCOOOM — 3aXOPOHEHHUEM. DTO
IIPEJICTABIIIET OTPOMHYIO OITACHOCTb, TIOCKOJIBKY IO 3€MJIF0 TOTPYKAIOTCS CambIe
pa3Hble OTXOJbI, YTO HE TMO3BOJIIET TMpEJCKa3aTh OMOXMMHUYECKHE U (UZHKO-
XUMUYECKUE PpEAKIUU, KOTOphle OYyIyT MEXKIy MarepuajaMu. 3aXxOpOHEHHE
OTIPaBJIaHO JIMIIb TS IPESIMETOB, HEMPUTOIHBIX JIJIST TPAHC(OPMAIIMHA BO BTOPCHIPKE.
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COBPEMEHHBIE ITPOBJIEMbI OKOJIOT'UU ACPAJIBTOBETOHHBIX
3ABOJIOB

Aunomayusi. PaccMOTpeHbl W MPOAHAIU3UPOBAHBI MPOOJEMBI  3KOJIOTHH
ac(anbToOOETOHHBIX  3aBOgOB. [ dzW mdzd ¥ J dzd W dzj ¢ Ols d o dzts
Isj rndzsdzse d yd MmE dn or ptetsmso dzO  fitpt€ HedzEy HOG IS |1
sjrndszsedud MSdj ¢ Oty dnds dAsetisicLdous Hifglsfe B J
Csdzmistelz € yd d .tBeidsjicNarepBaao® gdae ¢rpoureabcTBa, peMOHTA U
COZICpPKaHMsI JIOPOTH JOJDKCH OCYHISCTBIATHCS C YYETOM MPSIMOTO M KOCBEHHOTO
BIIMSIHUSL Ha DKOJIOTHYECKYI0 OOCTAaHOBKY KaK B IEPHUOJ CTPOMTENBCTBA, TaK M
IKCILTyaTaluu JOPOTH.

Kniouegvie cnosa: 3arpsi3HSIONINE BEIIECTBA, OKPYXaroIias cpeaa, OUTyM,

pecalkiIuHT, achaabTOOCTOHHAS CMECh.

BBenenne. OmnpeneneHHyl0  yrpo3dy  OKpYXKaloIIedl  cpelle  CO3Jal0T
IIPOU3BOJICTBEHHBIC TMPEINPUATHS JIOPOKHOTO XO03siiicTBa oTpaciu. Cpeau HUX -
achanpToOeToHHBIE 3aBOABI (AB3). DTO crenuanu3upoBaHHBIE TMPOU3BOJACTBEHHBIC
NPEANPUATUS I TPUTOTOBJICHUS ac(ambTOOETOHHBIX CMeced (TOopsSYuX, TEIUIbIX,
XOJIOJHBIX, JINTHIX ), KOTOPBIEC SBJISIOTCSI OCHOBHBIM MCTOYHUKOM BBIOPOCOB BPEIHBIX

BemiecTB. Baxneimas yacte AB3 — acdanbTOCMECHUTENbHBIE YCTAHOBKH.
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AcdanbTo6eTOHHbIE YCTAHOBKH MHTEHCUBHO BBIOPACHIBAIOT B aTMOCGHEPHBIN BO3IYX
BT, CAXY, Ta3000pa3HbIE BEIIECTBA, JIETY4YHEe yTICBOIOPOIbI.

Ha acanbTo0eTOHHBIX 3aBOIaX OPraHU3YIOT BBITYCK 00paboTaHHOTO OUTyMOM
meOHs (4epHbld 1eOeHb), mepepaboTky craporo achaibTo0eTOHA, HW3TOTOBJICHHE
IITYYHBIX U3ACTUI B BUJE TUTAT JUIS IOPOKHOTO CTPOUTENBbCTBA, 00paboTKy TPYHTOB
OpPTraHUYECKUMHU BSDKYIIMMHU. B TO e BpeMs 3TU MPOIECChl OKA3bIBAIOT HETATUBHOE
BJIMSIHME Ha OKpY»KaroIyo cpeay [1].

IMocTanoBka 3agauu. PaccMoTpeTh 1 MpoaHaATM3UPOBATH MPOOIEMBI HKOJIOTUU
achanbTOOETOHHBIX 3aBOJIOB.

[ dzv  fdedy jJ dedw dzj cOlsdodetsets oL HJj2MIse d
sCtky O hzs MeijHk MdzjHkjls M ds HOI! Isj - d
df od d3j A tsdzsec dyj MSd BjLtsf OMdz j. CdeMmistelz ¢

JIiss cTpouTenbcTBA M PEMOHTA JOPOT HCHOIB3YIOTCS acanbTOOETOHHBIC
CMECH, KOTOpbIE MOJy4yaloT Ha achaabTOOETOHHBIX 3aBOJaxX MYTEM CMEIICHHS B
OTPE/ICNICHHBIX TPONOpUMIX IMIeOHs (TrpaBusi), TMECKa, MHHEPAIHHOTO IOPOIIKA,

OWTyMa 1 pa3INYHBIX TOJTUMEPHBIX JOOABOK.

[Ipu npoeKkTUpOBaHUU TOPOKHOM 0Kl HEOOXOTUMO YUUTHIBATH €€ BIUSHUE
Ha 9KOJIOTHYECKYIO0 0€30MacHOCTb.

3anmpoeKTUpOBaHHAS TOPOXKHAS OJIEkAA JOJKHA OBITh HE TOJIHKO MPOYHOU H
HA/ICKHOW B IKCIUTyaTaI[lH, HO SKOHOMHYHOW U, BO3MOXXHO, MEHEE MaTEPHAIOEMKOM,
O0COOCHHO TO pacxofy Me(UIMTHBIX MaTepUaIOB M DSHEPTUH, a TakKe JIO0JDKHA
COOTBETCTBOBATh  DKOJIOTMUECKHUM TpeOoBaHusaM. BpiObop MarepuanoB  amis
CTPOMTENHCTBA, PEMOHTA U COJCPKAHUS TOPOTH JOHKEH OCYIIECTBISATHCSA C YIETOM
PsIMOTO M KOCBEHHOTO BJIMSIHHMSI HAa DKOJIOTHYECKYI0 OOCTAaHOBKY KakK B TEPHOJ
CTPOUTENBCTBA, TAK U IKCILTyaTAIUHA TOPOTH.

Acanbt sBngeTcs ceroaHs HaubOosee [OEEBbIM, HO B TO € BpeMs
3¢ ()EKTUBHBIM MaTepUAIOM JJISl CO3/IaHMsI 3AIMUTHBIX MOKPHITHA HAa TOBEPXHOCTSIX
nopor. B mporiecce BBINOMHEHUS TPAAUIMOHHBIX TEXHOJOTUYECKUX OIepanui 1o
PEMOHTY JTOPOKHOTO TTOKPBITHS OCTAIOTCS OOJIBIIHE 0O0BEMBI CHITOTO TEM WIJIH MHBIM

CII0cO0OM M3HOIIEHHOTO acdalibra.
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Ortot acdanbT KiIaccupUUUpPyeTcss Kak BPEAHBIN JUIsl OKpY’Kaloleil cpeabl.
[ToBTOpHOE Mcnonb3oBanue ABC 111 peMOHTa NOBPEXKAECHHBIX YYaCTKOB IOKPBITHS
JOPOTH pEIIaeT COOTBETCTBYIOIIME HKOJIOTMYECKHE TPOOJEMbIl W  PUHOCHUT
OILYTUMYIO (PMHAHCOBYIO BHITOAY (acdaibT, MOTYyYEHHBIN METOOM pelUKInHTa, B 10
pa3 jAemieBie roTOBOTO MaTepHralia 3aBOJCKOTO MPOUCXOKICHHS).

B mHacrosimee Bpemsi paccMaTpUBAaeTCs PEMOHT Jopor 0Oe3 OTXOJ0B, Tak
Ha3bIBAa€MbIH PECAaWKIMHT, 3a/laya KOTOPOrO0 COCTOMT B MaKCHUMaJIbHO BO3MOKHOM
UCTIOJIb30BAaHUHM MaTepuaia CyIecTBYIONIero nokpeitus. [Ipu 3Tom maTepuan Hike
YPOBHSl pecallKjiMHra OCTaeTCsl HEMOBPEKICHHBIM, HMMEIOIIUECS pa3pylIeHus
yIAJSIOTCS BMECTE CO clloeM acGanbToOEeTOHa, a BHICOTA MOKPBITUS MPAKTUYECKU HE
U3MEHSETCSI.

B cBs3u ¢ 5TUM HET HEOOXOUMOCTH B TUIOMIAIKAX JJIsl OTBAJIOB, a 00bEM HOBBIX
NPUBO3HBIX MAaTepuajioB MHUHUMAJICH, YTO CHIDKAeT 3arps3HEHHE MECTHOCTH,
HEM30eKHOE MPHU OTKPHITHM HOBBIX KaphepoB M KaMeHoJoMeH. llepeBo3ku oueHb
HEBEJIMKHU, COOTBETCTBEHHO pAacXOJ] JHEPrUU 3HAYUTEIBHO CHUXKACTCS, Kak U
pa3pyIIUTENILHOE BO3ACHCTBUE TPAHCIIOPTHBIX CPEJICTB Ha JIOPOKHYIO ceTh [1, 2].

Pe3yabTarhl. [lepepaboTka CTaporo achanpbTOOCTOHA  SBIAETCS
pecypcocOeperaronieii TeXHOJIOTHEH, KOTOpas MO3BOJIAET CYIIECTBEHHO CHH3HTH
MaTepUaTOEMKOCTh  JOPOXKHO-PEMOHTHBIX  pabOT W  paboT, CBSI3aHHBIX C
achaabTUPOBAHUEM JIOPOXKHBIX TMOKPHITUN. PereHepupoBaHHas (BOCCTaHOBIICHHAS)
ac¢anbToOeTOHHAs! CMECh IOMUMO YCTPOUCTBA CIIOEB JOPOKHOTO MOKPBITHUS, MOXKET
TAKKE MPUMEHSATHCS U JIJIS1 CO3/IaHUSI BEPXHUX CJIOEB JOPOKHOTO OCHOBAHHUSL.

B 3aBucumoctd oT cmocoba  pereHepanii M 00bEeMa  CTaporo
ac(hanbTOOETOHHOTO  Marepuala, UCIIOJIB3yeMOr0  IpU  IPUTOTOBJICHHUH
pereHepupoBaHHOM cMecH, BO3MOXKHO 20-30%-HOe CHWXKEHHWE 3aTpaT Ha
BOCCTAHOBJICHHE JOPOXKHOW OJICKBI IO CPABHEHUIO C TPAAUIIMOHHOW TEXHOIOTHEH,
Korja acgalbTUPOBAHHUE BBITIOIHSAETCS C MPUMEHEHHUEM HOBOHM acganbToOOETOHHOU
cmecu [3].

Pereneparus craporo acanbToO0ETOHHOTO MaTepraia MOXKET OCYIIECTBIATHCS

JIBYMSI OCHOBHBIMH CITOCOOaMH:
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)| Ha achairbTOOCTOHHOM 3aBOjie, Korja mepepaboTka MpeaBapUTEIBHO
cHATOrO  (IMyTeM  XOJIOJHOTO  WIM  Tropsuero  (pesepoBaHus)  CTaporo
ac(arbTOOETOHHOIO  Marepualia  OCYIIECTBISCTCSI B CTAllMOHAPHBIX WU
NEPEIBIKHBIX CMECUTENIbHBIX YCTAHOBKAX;

* Ha MECTe MPOBeJIeHUs pabOT, KOTJja pereHepanus cTaporo achaibTo0eTOHHOTO
MaTepualia OCYIIECTBISIETCS HEMOCPEICTBEHHO B TIpoliecce achalbTUpOBaHUS
(mepeykiaaky acayibTa) ¢ TOMOIIBIO CTICIIHATIBHON TOPOKHO-CTPOUTEIHHON TEXHUKU
(TepMonpopUIUPOBIIUKOB, ac(hanbTOBBIX pasorpeBarenei, PEMUKCEPOB,
pecaiikiiepoB H Jp.).

CoBpeMEHHBIE METOJIBI TEPepadOTKH M PEreHEpali CTapOTO IOKPHITHS
MIO3BOJISIIOT HE 3arPSI3HATH OKPYIKAOIIYIO CPETy U MOTydaTh IKOHOMHUYECKYIO BBITOTY.
Hcnonb3oBanne BTOPUYHOTO CHIPhSI B acPalbTOBOM MPOMBIIIIIEHHOCTH CTaHOBUTCS
OOBIYHOM MpaKTUKOii [4].

BuiBoabl. BaxkHbpIM HampaBieHHEM B 4YacTH OOECICUYECHHUS ITOCTOSHHO
BO3pACTAIONIUX JKOJOTHYECKUX TpeOOBAaHUN SIBISETCS BHEIPEHUE SKOJOTUYECKU
0oJiee YHUCTBIX CIOCOOOB MPOU3BOACTBAa ac(albTOOETOHHBIX CMECEH C Tropas3mo
MEHBITUMHU BBIOpOCAMHU BpPEIHBIX BEIIECTB B OKPYXKAIOIIYIO Cpeay, a Takke
OTCYTCTBHE 3arps3HCHHs OKPYIKAIOIICH cpebl Oj1aro1apsi MOJTHOMY HCIOJIB30BAHUIO

Marepuaia CTapor JOPOKHOM OJECHKIbI.
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YK 678.686
Ky3nukuna K.M.,
cryaentka rp. U30C —4a ®I'bOY BO «lonHACA»
PykoBoautens: K.T.H., goueHT CamoitnioBa E.O.,
JOTEHT Kadeapsl «Pu3uKa U NpUKIaaHAS XUMUD) U

kadenpsl « TexHocdepHast 6€30MaCHOCTHY

OI'bOY BO «lonHACA»

3ATPA3ZHEHME IIPUPOJHBIX BOJI X CIIOCOBbI UX OUUCTKH
Annomayus. PaccMOTpeHbl M TPOAHATM3UPOBAHBI HEKOTOPHIC HCTOYHUKU
3arps3HEHUs] IPUPOTHBIX BOJI, & TAKXKE CIIOCOOBI UX OYUCTKH.
[IpencraBiieHbl MyTH PEIICHUS TOCTABIICHHOMW MPOOJIEMBI.
Kntouesvie cnosa: 3KONIOTMYECKOE 3arps3HEHHE, SKOJIOTHYECKas Mpolsema,
OUYMCTKA BOJBI, BHUJIBI 3arpsI3HSAIONINX BEIIECTB, adPOTEHK, KOoarysmws, (oTaius,

OMOPHUIBTP, IKCTPAKITHUSI.

BBenenne. OrpomMHOE 3HAUY€HME BOJAAa MMEET B MPOMBIIUIEHHOM U
CETBLCKOXO3SIMICTBEHHOM Tpou3BojicTBE. [loTpeOHOCTH B BOJIE OIPOMHBI U €KETOHO
BO3pacTaroT. EJKeroguelii pacxod BOJBI Ha 3€MHOM IIape IO BCEM BHJIaM
BomocHa0)eHus cocrasigeT 3300-3500 kv, ITpu stom 70% Bcero BogonoTpedaeHus
UCIIOJIb3YETCS B CEJIbCKOM XO3MCTBE.

Bojsia B ecTeCTBEHHOM COCTOSIHUM HUKOTJAa HE cBOOOAHA OT mpumecei. B Heit
PacTBOPEHBI Pa3JIMUHbIC Ta3bl U COJIM, HAXOJIATCS B3BCIICHHBIC TBEP/AbIC YaCTHUUKHU. B
I nuTpe nmpecHOW BOABI MOXET coaepx’arbcs 10 1 rpamMma  conei.
Bosnbiiasg yacte BOABI COCPENOTOYEHA B MOpPSAX M OKeaHaX. Ha mpecHbie BOJbI
npuxoautcs: Bcero 2%. MHOro BoAbl MOTPEOJISIIOT XUMUYECKas U LEIUTHOJI03HO-
OyMakHast TPOMBITIUICHHOCTh, YepHAasl M IBETHASI METAJUTYpTHsl. Pa3BuTHE 2HEpreTHKA

TaK)K€ TMPUBOAUT K PE3KOMY YBEIWYEHHUIO TMOTPEOHOCTH B BOJE. 3HAYUTEIHHOE
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KOJIMYECTBO BOJBI PACXOJyeTCs ISl MOTPEOHOCTEH OTpacid >KMBOTHOBOJICTBA, a
Tak)ke€ Ha OBITOBbIE TMOTPEOHOCTH HaceleHus. bomblas 4YacTh BOABI MOCIE €€
UCIIOIb30BaHUsL JJISI XO3SMCTBEHHO-OBITOBBIX HYJ BO3BpAlla€TCAd B PEKU B BUJIC
CTOYHBIX BOJI.

ITocranoBka 3ajgaum. PaccMOTpeTp U IIPOAHAIM3UPOBATH HEKOTOPHIE
VCTOYHUKH 3arPsI3HEHUS] TPUPOJIHBIX BOJ.

1. CTrounble BoAbI NpeaNnpusaATHii HeTeT00bIBaIOIIEl NPOMBIILIEHHOCTH

CrnararoTcst U3 IJIACTOBBIX BOJI, TOCTYMNAIOIIUX U3 CKBAYXKUH BMECTE C HEPTHIO, U
BOJl, pPAacXoJye€MbIX Ha WPOU3BOJCTBEHHBbIE HYXAbl. OTIMYUTEIBHON YepTOM
IJIACTOBBIX BOJ SIBJIIETCS BBICOKAs CTENEHb WX MHUHEpAIM3allUM, IOXOMsIIas B
OT/ICJIBHBIX CIy4asiX 0 HECKOJbKUX JIECSITKOB IPAaMMOB Ha JIUTP.

Pacxon BOIbI Ha TPOW3BOJCTBEHHBIE HYXKJIbl, MOXXET OBITh, BO MHOTO pa3
OoJIbIlle KOJIMYECTBAa IUIACTOBBIX BOJ. B HEKOTOPBIX clydasX, YTOOBI TMOBBICUTH
HedTen00bIvy, 3aKaUuBaIOT BOY B IIyOuMHHBIE ciou. [Ipu 3TOM 3akaunBaemasi Boja
JO0JKHA 00J1aaTh BBICOKOW CTEMEHbIO YUCTOTHI. JIJIst 3TOM 1€ YacTO MCIOIb3YIOT
CTOYHBIC BOJIbI, TOJABEPTasi UX MPEABAPUTEIHHO CI0XXHOM OYHMCTKE C MPUMEHEHUEM
XUMHUYECKUX PEareHTOB C MOCIEAYIOMUM OTCTauBaHUEM U (DUIIbTpaIueit.

B cocTtaB cTouHBIX BOJ mpennpuaThii HeQTea00bIBatOIIEH MPOMBIITUICHHOCTH
BXOJIST Tak)Ke HEPTSAHbIEC KUCIOTHI U Apyrue npumecu. KomnuectBeHHOE coliepKaHue
TUX KOMIIOHEHTOB B cOpOCE€ CYIIECTBEHHO W3MEHSETCSs B 3aBUCUMOCTH OT
UCIIOIb3YEMbIX TEXHOJIOTUYECKUX MPOIECCOB, T'€OJIOTHYECKUX CTPYKTYp pailoHa
IIPOMBICIIA, XapaKTEPUCTHK JOOBIBaEMOW He(PTH W APYrUX MPUYHH. YICIbHBIA BEC
ATUX CTOYHBIX BOJ npu TemnepaType 20° C HECKOJIbKO OOJIbIIe €UHULIBL.

3HAUYUTENTBbHOE KOJMYECTBO HEPTH MOMAJAET B BOLY U3 OYPHIIbHBIX U HACOCHBIX
YCTaHOBOK, OCOOCHHO TIPH MOBOAHOM €€ J0ObIve.

2. 3arpsi3HeHNsl, MPUHOCUMBbIE BO3AYIIHBIMU MacCaMH

Bo3ayx, oco0€HHO B KPYNHBIX MNPOMBIIUIEHHBIX IEHTPaX, OYEHb CHJIBHO
3arps3HEH.

BeTpbl v 1011 IEPEHOCST 3arps3HEHHUs], COICPKAIUECs B BO3IYIITHBIX Maccax,

B BOJOCMEI. ITo nmoacdycTaMm psaJa y4CHbIX, B HACTOAIICC BPCMA B MOPA M OKCAHBI
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€XKETrOJHO BBINAJAET U3 BO3AYyXa OKOJIO | MIIH. T yIVIEBOJOPOAOB, COAEPKALLUXCS B
BBIXJIOMHBIX ra3ax jABurateneid, npuMepHo 200 ThiC. T CBUHIA, OKOJIO 5 ThIC. T PTYTH,
no0aBisieMOl B roprouee JBHUraTelield M HCIOJIb3YyeMOM MpH MPOU3BOJCTBE Oymaru
(pTyTh MomnagaeT B aTMocdepy MpH €€ C)KUTAHUH), a TAKKE MHOTO IPYTUX BEIIECTB.
3a nocnennue 20 JIET pe3Ko BO3pOciia KUCIOTHOCTh BOJbI, BBI3BAHHAS JOKISIMHU.
B 3HauuTENBHON CTENEHW B 3TOM IIOBUHHO UIMPOKOE pPacHpOCTpPaHEHHUE
HEMOJIHOIEHHBIX OYHUCTHBIX YCTPOWCTB, KOTOpbIE YJIaBIMBAIOT B BBIOpPOCE JIMIIb
TBEpAbIE YACTHULIBI M CBOOOJHO MPOMYCKAIOT Ta3bl, B TOM YHCIE€ M Hauboiee
pacupoCTpaHEHHBIE B OTXOJax-- JIBYOKHCh CEpbl M pa3Iu4HbIe OKHCIBI a3oTa. B
atMocepe 3TH ra3pl OBICTPO 00pa3yrOT CEPHYIO M a30THYIO KHUCIOTHI. TBepibie
YacTHUIbl OTXOJOB 0O0JaJal0T CHOCOOHOCTBIO HEUTpanu30BaTh KUCIOTHL. [losTomy
paHbllle, KOTJa HE MCIOJb30BAIUCH IMOJOOHBIE OYUCTHBIE YCTPOWMCTBA, TBEPJIbIC
YacTUIIBI TMOIJIOIIAIK oOpasyromuecss B aTMocdepe KHUCIOTHI, CIOCOOCTBYS
NOJIEP>)KAHHIO B HEM KHCIIOTHOTO paBHOBECHs. Terepp 3TO paBHOBECUE HAPYILIEHO.
BinsiHue «KHCIIBIX» TOKAECH HA OKPYKAIOLIYIO CPpENy U3YyYEHO HEAOCTATOYHO.
BrlnageHueM «KHCIIbIX» 10K OOBSCHAETCA YBEIMYEHUE KUCIOTHOCTH psiaa
o3ep. B HEKOTOPBIX M3 HUX HaOMIOJANach MaccoBas rubenb pbIObI, 00YCIOBIECHHAS
3HAYUTEIBHBIM MPEBBIIICHUEM JOMYCTUMOTO YPOBHS KHUCIIOTHOCTH BO/IBI.
HenocpencreenHass 0oppba ¢ 3arpsA3HEHUSIMH HPUPOIHBIX BOJ, KOTOPBIE
MPUHOCATCSA BO3AYIIHBIMH MacCaMHt, MPAKTUYECKH HEBO3MOKHA.
3. TensioBbIE 3arpsA3HEHUSA
Hcnonp3oBanue a000r0 MCTOYHHMKA HHEPTHUH COMPOBOXKIAECTCA BBIICICHUEM
Tera. Temno BeICBOOOXKAAETCS MpPU JTIOOOM TPEHHH, NMPU OKUCIECHUU METAIOB U
OPYTUX XUMUYECKUX pEeaKIUsAX. DTO TEIUIO YXOAUT B arMocdepy, BO3AECUCTBYs Ha
MOTOAY M KJIMMaT, COpAachIBa€TCS CO CTOYHBIMU BOJAMH B BOJIOEMBI, B Psijie CIy4yacB
OTpHULIATEIBHO BIIMASI HA BOAHBIE OpraHU3Mbl. B HacTosiee BpeMsi KOJIMYECTBO TeIuia,
IPOU3BOJAMMOE YEJIOBEYECTBOM, COCTABIISIET HUUTOXXHO MalTyto yacTh (MeHble 0,02%)
sHepruu CollHIla, TaJarollei Ha MOBEPXHOCTh Hallel maneTsl. [loaTroMy BiisiHuE €ro
Ha r100anbHble aTMOC(EpHBIE MPOLECChl MPAaKTUYECKH He3amMeTHO. OJHAKO OHO

MOKET CYLIECTBEHHO BO3JCHCTBOBAaTh Ha ()OPMHUPOBAHHME MOTOABI B OTACIBHBIX
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JIOKaJIbHBIX pailoHaX, TaK KaK «[IPOM3BOJICTBO TEILIa» paclpeesercs reorpapuuecku
BEChbMa HEPaBHOMEPHO. B HEKOTOPHIX MPOMBINIICHHBIX pailoHAaX BBIOPOC TeruIa
JOCTUTaeT YK€ MOYTH 5% BEJIMYMHBI COJTHEYHOW pajualuy, IPUYEM TaKHE paiiOHBI
HEPEIKO 3aHUMAIOT TUIOIIAM B JECATKU ThICAY KBAAPATHBIX KUJIOMETPOB. DTO TEILJIO
yKe BIUSET Ha JIOKaJbHBbIE aTMOC(EpHBIC MPOIECCHI, 3aMETHO M3MEHSS MOTOIy U
KJIMMAT MPOMBIIIJICHHBIX [IEHTPOB U OOJIBIINX TOPOJIOB.

Ecnu coBpeMenHbiit pocT notpebiaeHust sHepruu Ha 3emse (okoio 5% B roj)
COXPAHHUTCH, IJIOLIAJAN PaiOHOB YCUIICHHOTO HCKYCCTBEHHOTO OTETICHHUS JOCTUTHYT
HECKOJIbKMX MUJUIMOHOB KBAJPAaTHBIX KUJIOMETPOB, CIEACTBUEM YETO MOKET SBUTHCS
CYIIIECTBEHHOE HapyIICHHE X0/ia TI100abHBIX aTMOC(EPHBIX MPOIIECCOB.

B mocnemnme necsATuneTs HaOMIONAETCS TaKXKe YCWICHHE MapHUKOBOTO
s dexTa arMmocPepsl, 00yCIOBICHHOE YBETUYECHUEM B HEH COJIEP KAHUS YTIIEKUCIIOTO
ra3a (nmpumepHo Ha 10% ¢ Hauana Beka) 3a CYET CKUTaHMsI UCKOMIAeMOTI'0 TOILIUBA. DTO
TOBOPUT O TOM, YTO BHOCHMOE 3arpsi3HEHUE U BHICBOOOKIAIOUIASICS JOMOIHUTEIBHO
TEIJIOBAs SHEPTHUA B PSJIE CIIy4YaeB yKe 3aMETHO HApYIIAIOT CI0KUBILIEECsS pABHOBECHE
B TIPUPO/IE.

Pe3yabTaThl. Y4eHble PEIAraroT CIEAYOLIME NYyTH PELICHNS ITOCTABICHHOU
poOJIEMBI.

1. OuncTKa NPOMBIIIJIEHHBIX U OBITOBBIX CTOYHBIX BOJ

Bony oOe33apakuBaloT Ha KOHEUHOM 3Tall€ OYUCTKU IIOCJE OCBETJICHMS U
oOeciBeUrBaHMs TeEpea MOCTYIUICHHEM B pE3epByapbl YHUCTOW BOJBI, KOTOPHIE
OJTHOBPEMEHHO BBITIOJMHSIOT (PYHKIIMM KOHTAKTHBIX Kamep. [[ns oOe33apakuBaHus
BOJbI TPUMEHSIOT pearcHTHhle (XUMHUYECKHe) W Oe3peareHTHbIe ((usnueckue)
MeTO/Ibl. PeareHTHbIe METOAbl OCHOBAHBI Ha BBE/ICHUU B BOAY CHIIBHBIX OKHCIUTENCH
(xJ0pHpoOBaHUE, 030HUPOBAHUE, MAaHTAaHUPOBAaHKUE, 00pabOTKa BOJbI HOJAOM), HOHOB
TSDKEIIBIX METAJJIOB M MOHOB cepebpa. K OGe3peareHTHBIM OTHOCSATCS TEpMHUUYECKas
o0paboTka, ynpTpaduoneroBoe o0nydeHne, 00padoTka yIbTpa3ByKoM, y-00IydeHHE,
00paboTKa TOKOM CBEPXBBICOKOM 4YacTOThl. MeToJ BBHIOHMpAIOT B 3aBHCUMOCTH OT
KOJIMYECTBA M KAYeCTBA MCXOTHOW BOJBI, METOJIOB €€ MpEeABAPUTEIHHONW OYHUCTKH,

TpeOOBaHUN K HAJIEKHOCTU 00€33apaKuBaHus, C YUYETOM TEXHUKO-IKOHOMHUYECKUX
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MoKasareyiel, YCIOBUN TIOCTaBKM PEAreHTOB, HAJIMYWSA TPAHCIOPTA, BO3MOKHOCTHU
aBTOMAaTH3AIMH MTPOLIecca.

O06e33apakMBaHKE BOJIBI XJIOPOM U €r0 COSTMHCHUAMU. Ha ceroausmHuii 1eHb
HanboJiee pacpoCTpaHEHHBIM METOIOM 00€33apaKMBaHUS BOJIBI Ha BOJIOTIPOBOIHBIX
CTAHIIUSAX OCTaeTCs XjopupoBaHue. Cpean XJI0pCcoAepKaIUX COSAMHCHNUN, YIUThIBas
OnpesiefieHHble THUTHEHUYECKHE M TEXHUYECKHE IPEeUMYIIECTBa, 4Yalle BCEro
UCTIONB3YIOT KHUJIKHA XJIOp. B03MOXHO, Takke NPUMEHEHHE XJIOPHOW W3BECTH,
KaJIbIUs ¥ HATPHsI TUIIOXJIOPHUTA, XJIOpa AUOKCH/IA, XJTIOPAMHUHOB U JIP.

2. Pa3BuTHe B NPOU3BO/JCTBE TEXHOJIOTHIi 000POTHOr0 BOAOCHAOKEHHUS, He
TpeOdyouero J0N0JHUTEIHHOI0 BO103200pa U CTOKa BO/.

Obmas cucteMa BKIIOYaeT B ce0sl KaHATM3AIIMOHHBIE CTOKH U TPyOOTIpOBOI, 110
KOTOPOMY TOJIa&TCsl OUUIIICHHAS BOJIA, & TAK)Ke OJIOKH aBTOMAaTHYECKOTO KOHTPOJIS U
OUYHUCTHBIE 7IeMEHTHI. O4HCTKAa POU3BOAUTCS 1O MPUHITUITY OOPaTHOTO OCMOCA, YTO
oOecrieunBaeT Ae3MH(PEKINUIO U PUIBTPALIUIO IUPKYIUPYIOMICH KUTKOCTH.

BonocHaGxxenne 000poTHOro THMa Hamboyiee BBITOJHO TPU 3HAYUTEITHHON
yIanEHHOCTH TPEANPHUITHS OT €CTECTBEHHBIX BOJOEMOB WM Pa3MEIICHHWU €ro Ha
BO3BBIIIICHUHU. Takke IKOHOMHYECKHM OOOCHOBAaHAa YCTaHOBKa OOOPOTHOW CHCTEMBI
npu  HEOOJBIIONH BMECTHMOCTH €CTECTBEHHOTO BOJOEMA, PACIIOIIOKCHHOTO
n00JIU30CTH.

JIOCTOMHCTBA: COKpalleHHe MoTpedacHus YucToii Boasl (oT  85-90%);
OTCYTCTBHE BPEIHBIX BHIOPOCOB (MPEANPUATHIO HE HY)KHO IUIATUTH TOCYAApCTBY 3a
IPEBBIIIEHHE HOPMBI BBIOPOCA BPEHBIX BEIIECTB B OKPYKAIOIIYIO CPELLY).

HenocraTku: moTepy BOJbI BCIEACTBHE NCTIAPEHUS.

BoiBoabl. Takum 00pa3oM, Bojia UTPaeT OYEHBb BAKHYIO POJTh B )KU3HH YEIIOBEKA
M JKMBBIX OPTaHW3MOB, JUIS YEJIOBEKAa HCIOJIB30BaHWE BOJbI, 3TO, MPEXKAE BCETO,
yIOBIIETBOPEHHE JKAXK/IbI, TO €CTh HACHIIIIEHNE opraHu3Ma Biaroil. KonnuectBo BojbI
M €€ COCTaB, HEOOXOIUMBIN JIT HOPMAJIBHOU JKU3HEIEATEIBHOCTH €ro OpTraHu3Ma,
pa3IUYeH U 3aBHCHUT OT MHOTHX BHEITHUX W BHYTPEHHHX Moka3areneil. C aKTHBHBIM
IpOLECCOM YpOaHU3ALMU MEHSIOTCS CIIOCOObI 00ecneYeHrs HacelIeHus], U B MEPBYIO

ouepe/lb TOPOJICKOTO, BOJIOM JJisi MPOJOBOJILCTBEHHBIX M OBITOBBIX HyX 1. U eciu
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CHUCTCMa BOI[OCHEI6)K€HI/IH CHIC MOJKCT CIIPABHUTLCA C HAI'PY3KAMHU II0 00eCIICYCHUIO
H€O6XOI[I/IMOFO KadycCTBa BOJbI, TO KaHAJIN3allTUOHHBIC CUCTCMBI C OYMCTKOM CTOYHBIX
BO4 - HCT. BCG, 4YTO YCJIOBCK «(IIPOU3BCID» B PC3YJIbTATC CBOCH KU3HCACATCIIbHOCTHU

mommaaacT B PCKU U pa3HOCUTCS AAJICC 110 «KCUCTCMCE» MI/IpOBOFO OKCaHa.
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PykoBonurens: K.T.H., noueHT Camousnosa E.O.,

noteHt kadeaps! « TexnochepHas 6€30mMacHOCTHY

OI'bOY BO «lonHACA»

CIIOCOBBI YTUIN3AIIUA JIONACTEHW BETPSIHBIX TYPEUH

Annomayus; pacCMOTPEHBI CIOCOOBI YTHIIM3AIMH JIOACTe BETPSHBIX TYpOUH
— MEXaHHMYECKasi, TepPMUYECKAs] 1 XUMUYECKAsl IepepadOTKH.

Kniouegvle  cnosa: nomactu, yTWIM3alus, MepepadoTKa, IMOBTOPHOE

HCIIOJBb30BaHUC.

Berporenepaius pacteT OBICTPHIMH TEMIIAMH, YCTyMHasi TOJIBKO COJIHEYHOM
reHepanny. C HACTYIJIEHUEM BECHBI BCE OOJIbILIE MOSBISAETCS ONACEHUH, YTO MJIaHeTa
OyneT 3aBajieHa OTCIY>KMBIIMMH CBOE JIOMACTSIMU OT BeTporeHepatopoB. [losTomy B
HACTOsIIIIee BpeMs pa3padaThIBAIOTCA PAa3IMYHbIE METOJNbl YTWUJIM3allUM JIOomacTeu
BETPSAHBIX TYypOWH, KOTOpbIE TMO3BOJISAT UW30€XKATh UCIHOJIb30BaHUS OOJBIIUX
TEPPUTOPUI JIJI51 UX 3aXOPOHEHUS.

CranpgapTHas JIonacTh BETpsIHOW TypOuHbI Ha 90% COCTOUT K3 KOMIO3UTHOTO
MaTepualia, a OCTATHHOE COMECPKUMOE MpeACTaBIsieT coboit cmech [IBX, mpoOkoBoe
JIepEBO, METAJLT, Kpacka u repMeTu3aius. CorjiacHO pa3IM4HbIM HCCIeoBaHusM [1],
oOLIMI COCTAB JIONACTU COCTABIISIET:

1 xommo3uTHbI MaTepuan — 93%
1 TIBX-2%
9 npobkoroe nepeo — 2%

I wmeramn, kpacka u mmakiaeBka — 3%
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TunuyHasg KOHCTPYKIUSI NTOKa3aHa HAa PUCYHKE 1, B KOTOPOU JIOMAacTU COCTOSAT
U3 TPEX OCHOBHBIX YACTEH: IBYX a’pOAMHAMUUYECKUX 000JI0YEK (CO CTOPOHBI CIKATHS
U CO CTOPOHBI PACTSDKEHHSI), KOTOPHIE COCIUHEHBI MEXKTY COOOW W MOIKPEIICHBI
OJIHOM WJIM HECKOJIbKUMH LETbHBIMHU (CIBUTOBBIMH) CTEHKaAMHU WM KOpoOYaTon

OaJIKOIA.

Puc. 1. TunoBoe cedyeHue 10macTu BETpOreHepaTopa:
A — nepenHsa KpoMka; b — 3aaHs5 kpomka; 1 — kileeBoe coeguHeHue; 2,3,4—
HECYIIUNA CIOUCTBIN TIACTHK; 5 — COHABUY-MaTepuan (apmMupoBanHbie [IKM);

6 — ToHXKEepOoH

Metoapl yTHIM3aLKH JIONIACTEN pa3/IeNIeHbl HA TPU KATETOPUU: MEXAHUYECKHE,
TEPMUYECKUE U XUMUYECKHE.

[drO0Oddyd MOV fJjtcjtcOBBISEO

Jannblii cnocod nepepadOTKH UCIOJIb3YEeT MEXaHUYECKHE U3METbYUTENH IS
pazzeneHus KOMIIO3UTHOIO MaTepuaja Ha 0OoJiee MeJKMe 4YacTH. B nanpHeimem
NPOIYKIMS MEXaHUYECKOM mepepaboTKU MOXKET OBbITh MCIIOJIb30BaHA, CPEIU MPOUHX
BAPUAHTOB, B KAa4€CTBE HAIIOJIHUTEJIEH, apMHUPYIOIIMX JJIEMEHTOB WM B KayeCTBE
CBIpbsSl 111 MPOU3BOJCTBA HOBBIX IIACTMACCOBBIX WU3AEIHMI WM NJI MPOU3BOJCTBA
[IEMEHTA 3TO 03HAYAET, YTO MPOAYKIIMIO MOXKHO OYyJIeT pa3/ieuTh Ha JIB€ KATETOPUH:
yTWIM3alHs MaTepUAIOB M cOBMecTHas mepepabortka [2]. Ha srame coBmecTHOIA
00paboOTKM MOXHO OyAeT M3BJIeYb BBITOJY KAaK M3 PEKyMNepalud dHEPruu, Tak U U3
W3BJICUECHUS MaTepraa.

vsJjtdddyd MO f jtcj cOBBISE O

Meton TepMuueckoil nepepabOTKM B OCHOBHOM JIEIUTCS Ha JIBE TPYIIIBI:

OUPOJIU3 M MHUKPOBOJIHOBBIA NHUpOiM3. B mporecce mnuposinza OCYLIECTBISETCS
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HarpeBaHKe MaTepHalia, KOTOPBIA TpeOyeTCs OTAEINTh, 0€3 OTCYTCTBHS KHCIOPO/a B
KOHTpOJUpyeMbIX ycioBusix. CaMm 1mpoliecC HampaBlieH Ha paclielieHue
OpraHUYECKUX MAaTepUAIOB (MOJUMEPHOU MATPHUIIbI) HA MOJIEKYJIbI C MEHBIIIM BECOM,
KOTOpbIE TIPU Pa3JI0KEHUU MPOU3BOJAT Ta3bl U MacisHble (PpaKIuU, a BOJOKHA
OCTaBJISIIOT HETPOHYTBHIM JUIsI UX BOCCTAHOBJICHHMSI M IMOBTOPHOI'O HKCIIOJb30BaHUSA,
OJIHAKO WX OpPUTHMHAIBHBIC MEXaHMYECKHE CBOicTBa OymyT yrepsHbl [3]. Ilpomecc
NMPOJIN3a MPOTEKAET B Auara3zoHe remneparyp okoiio 450-700 -C B 3aBUCUMOCTH OT
TUIIA CMOJIbI, HCIOJIB3yEMOW JUIsl MPOM3BOACTBA KOMIO3UMLMOHHOIO Marepuala.
[Tommaupnast cmona paznaraercs npu temmeparype ot 400 go 450 °C, Torma kak
AMOKCHJIHAS CMOJIa pasjaraercs npu oosee Beicokoi Temmneparype ot 500 mo 550 C
[3]. MukpoBONHOBBI THPOIU3 TPOBOJUTCS B KamMepe C a30THOH arMocdepoil u
ocyuiecTBisiercss npu Temneparypax ot 300 mo 600 °C [4]. UToObl rapaHTHpOBAThH
Pa3NoKEeHHE BCEH 3MOKCHIHOM CMOJIbI, METOJ HEOOXOJIMMO MPOBOAUTH B BEPXHEM
TEMIIEPATYPHOM JUAIa30He, MOCKOJIbKY 3MOKCHUJIHASI CMOJIA pa3jiaraeTcs B JUana3oHe
temneparyp 500-550 °C. IlpeumyliecTBO HarpeBa MHUKPOBOJIHOBBIM H3JIyUYEHUEM
3aKJII0YaeTCsl B TOM, YTO OCHOBHAsl Macca mMaTepualia HarpeBaeTcs 1o BCel JUIMHE U
npu OJuHAKOBOW TemriepaType. [lockonbky momumepsl 0OBIYHO 00JIaIal0T HU3KOU
TEIJIONPOBOJIHOCTHIO, UCIOJIb30BAHUE MHKPOBOJH O3HAYa€T, YTO TEMIIEpaTypy BO
BpeMsl Mpoliecca MOKHO MOJJIEPKUBATH HUXKE, YEM IMPU OOBIYHOM MHUPOJIU3E, MPU
KOTOPOM OTXOJZIbl HAarpeBaroTCsl KOHBEKIMEW. bonee HH3Kas TemmepaTypa
o0ecreynBaeT MUHUMAIbHYIO TEPMUYECKYIO IErPalaliiio CTEKISHHBIX BOJIOKOH, YTO
yJIydIlIaeT MEXaHUIECKHE CBOMCTBA MepepabOTaHHBIX BOJOKHUCTBIX MAaTEPHAIIOB.

mdgdidyd mMcovw it cOBESISCO

Haunbonee pacnpocTpaHeHHBIM crocoOoM xumudeckou mnepepadbotrku [TKM
SBJISIETCSI  COJIBBOJIM3, KOTOPBIA TPENCTaBIseT CO00Ml METOoA, MpH KOTOPOM
UCIIOJIB3YETCSl  PacTBOPUTENb IS JICTIONIMMEpU3AllMd  XUMUYECKOM  CBSI3H,
IPUCYTCTBYIOIIEW B TEPMOPEAKTHUBHBIX IOIMMepax. PacTBopurens nmoxa nevcTBrEM
BBICOKOW TemriepaTyphl u Aasienus nuddynmnupyer B [IKM u pazpymaer cBsizu B
NOJIMMEPHON MaTpulle, YCTpaHssl NEPEKPECTHOE CBS3bIBAHWE MEXKIY MAaTpuled u

BOJIOKHAMH, B PC3YJIbTATC 4YCIrO o6pa3yeTC$[ BOCCTAaHOBJICHHOC BOJIOKHO H XHWAKAasd

276



¢pakius. IT0 MO3BOJIAET U3BJIEKATh BOJIOKHA JJISl UX MMOBTOPHOTO MCIOJIb30BaHUS.
Meton MOXeT ObITh MCIOJIB30BaH Kak ISl pa3JeieHus] CTEKJIOBOJIOKHA, TaK U s
YTJIEPOJIHOTO BOJIOKHA.

[IpoGnema c mpoleccoM COIBBOJIM3A 3aKIIOYAETCS B TOM, 4YTO BBHIOOD
pacTBOpPUTENIS, TEMIIEPATYPhl U JIaBJICHUS Pa3IMYaeTCsl B 3aBUCUMOCTH OT TOTO, Kak
M3TOTOBJIEH KOMITO3UTHBIN MaTepuai. Hanpumep, 1j11 KOMIIOHEHTOB, U3rOTOBJIEHHBIX
U3 SMOKCUHON CMOJIbI, HEOOXOIUMO MCIOJIb30BaTh 00JIee BHICOKHE TEMIIEPaTyphl U
JABJIECHUS, YeM €clii Obl OHU OBUIM M3rOTOBJEHBI U3 TKAHU MONUI(PUPHON CMOJIBIL.
XUMUYECKHE METO/Ibl CUUTAIOTCS 00Jiee OMAaCHBIMU MO0 CPABHEHHIO C MEXaHUYECKOM U
TEPMHUYECKON MepepabOoTKOM, MOCKOJBbKY HCIONb3YIOTCA MOTEHIMAIbHO ONacHbIE
BELIECTBA, KOTOpPbIE MOTIYT HAHECTHM BpEA OKpYXKAIOIIEH cpele, a caM Ipolecc
IPOTEKAaeT B YPE3BBIYAWHO OMACHBIX YCJIOBUSX, HPH BBICOKMX TEMIEpaTypax H,
BO3MOYXHO, BBICOKOM JIaBJICHHH [5].

IIpencraBineHHbIE METOABI HE TAIOT MOJHOW YTUIIM3ALUU JOTIACTEN U B CBA3U C
TOM TpoOseMol narckas kKommanus Vestas paspaloTajia TEXHOJIOTHIO TOJHOM
nepepaboTKu Jonactel BeTpoBbIX TypOuH. IIponecc nmonHoil nepepa®boTku TypOuH
COCTOMT U3 JIBYX 3TAIOB: CHauaj1a KOMIIO3UThI pa30UpatOT Ha BOJIOKHO U SMOKCUAHYIO
CMOJIy, 3aTeéM NyTeM XHUMHUYECKOTO0 BO3ACHCTBUS TMOJYy4YalOT KOMIIOHEHTHI,
aHAJIOTUYHBIE HMCXOJHBIM MaTrepuainaM. W oHM yxke MOryT OBITh MOBTOPHO
UCIIOJIb30BaHBI IS TPOU3BOJICTBA HOBBIX Jiomacteil. Betpsubie Typounsl Ha 85-90%
OPUTOAHBI K IEPEpadOTKE, HO MaTepUall, U3 KOTOPOTO CAENAHbI JJOMACTH, COCTABIISET
OCTaJbHOW NPOIEHT, W paHee HX He yJaBajoch mepepaboTaTh H3-3a CIOKHOCTEH
C pa3ziclicHHEeM Ha MCXO/HBIC BEIIECTBA TEPMOPEAKTUBHBIX KOMITO3UTOB [6]. [ToaTOoMy
HOBBIM CIOCO0 XMMHYECKON MepepabOTKH 3MOKCHUIHON CMOJIBI MO3BOJUT OO0JbILIE

HE OTIIPABJIATH BBILIEAIINE U3 CTPOS JIONACTH BETPOrEHEPATOPOB HA CBAJIKY.

Jluteparypa
1. bespykux, ILII. BerposHeprernka: cnpaBOYHOE M METOJUYECKOE

nocobue / ILI1. bespykux. -Mocka: DHeprusi, UHCTUTYT SHEPreTUUECKON CTPATEruH,

2016. 315 c.

277



2. Yen, JIx. IlepepaboTka W TOBTOPHOE HCIOIH30BAHUE KOMITO3UTHBIX
MaTepUaIoB JUIs JIOMATOK BETPSHBIX TypOuH: O0muii 0630p [DnekTponnsiii pecypc] /
JIx. Yen., /Ix. Ban; A. Hu. — JKypHan mo apMupoBaHHBIM IUIacTMaccaM H
KOMIIO3UTaM. 20109. — C. 567-577. — URL:
https://journals.sagepub.com/doi/10.1177/0731684419833470 (mata oOparieHus:

19.04.2023). — Pexxum noctyma cCBOOOTHBIH.

3. [Tayncen, 2.b. MexaucuuiivHapHbIii 0030p BTOPUYHOM MepepaboTKu
Metoapl yTUIM3alMKM JOMAacTed BETPOTYPOMH C UCTEKIIMM CPOKOM  CITY>KObI
[Dnekrponnsiii pecypc] / O.b. Ilayacen, I1. DueBoasacen // Dueprus — 2021. — Tom
14, Beimyck 4247. — URL: 10.3390/en14144247 (nata obpamenus: 19.04.2023). —

PexxuMm noctymna cBOOOIHBIN.

4. Oxeccon, [I. MHKPOBOJHOBBIM MHPOIU3 Kak CHoOco0 mepepaboTKu
CTEKJIOBOJIOKHA W3 WCIOJIb30BAHHBIX JIOMACTEH BETPSAHBIX TYypOMH [DIEKTPOHHBIN
pecypc] / 1. Okeccon; 3. @ontunoBuy; [[x. Kpucren; M. Cxkpudsapc. — XKypnai 1o
apMHUPOBAaHHBIM IJIacTMaccaM U kommno3zutam. — 2012, Ne31. — C.1136-1142. — URL:

https://journals.sagepub.com/doi/10.1177/0731684412453512 (mata oOpalieHus:

19.04.2023). — Pexxum mocTyma CBOOOIHBIN.

5. HenbBep, M. Ouenka nonumepHoit Marpuibl CrocoObl nepepadboTKu
KOMIIO3UTHBIX OTXOA0B [Onekrponnsiid pecypc] / W. HemsBep, M. Wnruna;
M. Illan6aeB, A. AbunbnaeBa, C. Kyxxambepauena, [{. birombepra. — Okpyskaromias
cpema  knuMatmuyeckwe — TexHosmormum. —2019, Ne23. - C.168-187. -

URL.: https://doi.org/10.2478/rtuect-2019-0012 (nara oOpamenus: 19.04.2023). —

Pexxum noctyma cBoOOHBII.
6.  Vestas BerpoBeie cuctembl. YcToWumBoe pasButne B Vestas. 2023
[DnexTponHsIit pecypc]. — URL:

https://www.vestas.com/en/sustainability/environment/zero-waste (mata oGparieHus:

19.04.2023). — Pexxum ocTyma cBOOOTHBIH.

278


https://journals.sagepub.com/doi/10.1177/0731684419833470
http://dx.doi.org/10.3390/en14144247
https://journals.sagepub.com/doi/10.1177/0731684412453512
https://doi.org/10.2478/rtuect-2019-0012
https://www.vestas.com/en/sustainability/environment/zero-waste

[BeTtoBa Apuna DayapaoBHa, crygeHtka rpymnmnsl U30C -4 a, ®I'6OY BO
«Jlonbacckas HaMOHaJIbHAS aKaJeMHs CTPOUTENIbCTBA U apXUTEKTYphD», 86123, JIHP
P®, r. MakeesBka, yin. /lepxaBuna, a.2.

e-mail; tsvetova.a.e.-izos-4@donnasa.ru

Hayunslii pykoBOaUTENb:

CamoiisioBa Ejnena JayapaoBHa, KaHAUAAT TEXHUYECKUX HAYK, AOLICHT
kadenper «®Dusuka u llpuxknangnas xumus», Kapeapel «TexnochepHas
6e3omnacHocthy, PI'BOY BO «Jlonbacckas HallMOHaIbHASI aKaJeMUsl CTPOUTEILCTBA
U apxXuTeKTyph», 86123, JIHP PD, r. MaxkeeBka, yi. JlepxaBuHa, 1.2.

e-mail; e.e.samojlova@donnasa.ru

WIND TURBINE BLADES DISPOSAL METHODS
Annotation: methods of utilization of wind turbine blades - mechanical, thermal
and chemical processing are considered.

Key words: blades, recycling, recycling, reuse.

Tsvetova Arina, student of the group 1ZOS -4 a, Federal State Budgetary
Educational Institution of Higher Education «Donbass National Academy of Civil
Engineering and Architecture», 286123, Makeevka, Derzhavin str., 2.

e-mail; tsvetova.a.e.-izos-4@donnasa.ru

Scientific supervisor:

Samojlova Helen, candidate of Technical Sciences, Associate Professor of the
Department of Physics and Applied Chemistry, Department of Technosphere Safety,
Federal State Budgetary Educational Institution of Higher Education «Donbass
National Academy of Civil Engineering and Architecture», 286123, Makeevka,
Derzhavin str., 2.

e-mail; e.e.samojlova@donnasa.ru

279


mailto:tsvetova.a.e.-izos-4@donnasa.ru
mailto:e.e.samojlova@donnasa.ru
mailto:tsvetova.a.e.-izos-4@donnasa.ru
mailto:e.e.samojlova@donnasa.ru
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ctyA. rpymmnbsl 1PO-22m, ®I'BOY BO «lonl'Y»
PykoBoautens: a.¢.-m.H., npodeccop Manamenko B.B.,

riaBHbI HayuHbl coTpyaHUK OI'BHY «londTH»

BJIMSITHUE 30H 'MHBE-IIPECTOHA HA IE®@OPMAILINIO
COCTAPEHHBLIX CIIVIABOB
Annomayus. Paccmorpeno BiusiHue 30H ['mHbe-IIpecTtoHa Ha quHAMHYECKUN
IIPEAEN TEKYYECTH COCTAPEHHBIX C CILIABOB.
Kniouesvle cnosa: nuHaMHU4YeCKUid TIpenen TeKy4decTH, 30HbI [ mHbe-IIpecTona,

COCTAapCHHBLIC CILJIaBLI.

Beenenue. B nocnennue roasl Bce 0ojiee MMPOKOE NPUMEHEHUE HAXOIAUT
BBICOKOCKOPOCTHasI TlacThyeckas aedopmaiins, KoTopas peain3yercs, B YaCTHOCTH,
P BO3JIEUCTBUM HA KPUCTAILIBI JIA3€PHBIMU UMITYJIbCAMH BBICOKON MOITHOCTH, MPU
KOBKE, IITAMIOBKE, pPE3KE, BBICOKOCKOPOCTHON 00pabOTKe, CBapKe B3pBHIBOM,
JTMHAMUYECKOM KaHAJIbHO-YTII0OBOM TipeccoBanui [1-4]. Ilpu oOayueHnn KpucTaaion
MOIIHBIMU JIA3€PHBIMU UMITYJIbCAMU 00pa3yeTcs yAapHas BOJIHA, IPU 3TOM T'eHepalus
TOYEYHBIX JE(PEKTOB MPOMCXOAUT BO BCceM o00beMme TBepaoro tena. 3menss
MOIIHOCTh JIa3€PHOTO BO3JEHCTBHUS, MBI MOXKEM B IIMPOKUX MPEAENax HU3MEHATH
IUIOTHOCTh JAe(peKkToB. B XoJ€e mNEepeyucieHHbIX BBIIIE MPOLECCOB CKOPOCTh
mIacTudeckoil  gedopmanum  gocruraeT 3Hadenuii 10°- 10c¢?!, a wu3menenue
MEXaHUYECKUX CBOMCTB KPUCTAIOB OMpPEAENSAETCA IIaBHBIM 00pa3oM JBHKEHHUEM
JUCIIOKALIMI U UX B3aUMOJIEMCTBUEM C AJIEMEHTAPHBIMU BO30YKICHUSIMH KpHUCTalIa

N ITIOTCHIIMAJIbHBIMHU 6apLepaMI/I, CO31aBaCMbIMH PA3JIMIHBIMHU ,He(i)eKTaMI/I CTPYKTYPBI.
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IlocranoBka 3agauu. B nHacrosmeil paboTe mocraBieHa 3ajada IMONTYYUTh
AHAIIMTUYECKOE BBIpAXXEHUE BKIaZa 30H ['mHbe-lIpecToHa B MTMHAMUYECKUN MpEae
TEKy4YECTH COCTAPEHHOIO CILJIABa.

Mexanu3m  guccunauMu  IIpMd  JIAHAMHAYECKOM  B3aUMOJCUCTBUM  CO
CTPYKTYPHBIMH JIe(peKTaMu 3aKJII0YaeTCs B HEOOpaTUMOM IEpexoj/ie KMHETUYECKOM
SHEPTUU TUCTOKAIIMU B DHEPTHUIO €€ U3THOHBIX KOJIeOaHUH B TNIOCKOCTH CKOJIBKCHHUS
[5-9]. DTor MexaHW3M BechbMa YYBCTBHTEICH K BHJIY CIEKTpa IUCIOKAI[MOHHBIX
konebanuid. [Ipu BEICOKOCKOPOCTHOM JepopMaliiu MIOTHOCTh JUCTOKALMMI JOCTUTAeT
BeChbMa OOJIBIIINX 3HAYCHUH, a B3aUMOJCHCTBHE TUCIOKAIIUNA MEXKTy COOOM MPUBOJIAT
K TMEpPECTPOMKE IUCIOKAIMOHHOIO CIEKTPAa, YTO B CBOK OYepellb OKa3bIBAECT
CYHIECTBEHHOE BIIMSIHUE HA JUHAMUYECKOE B3aUMOJCHUCTBHUE  JBHXKYIIMXCS
JUCIIOKAIINI CO CTPYKTYPHBIMH Ie(eKTaMU U MEXaHUYECKHE CBONCTBA MaTEPHAJIOB.

CyllleCTBEHHOE BIMSHUE HA JABWXKEHUE OUCIOKAIWM, a, CIEJO0BATEIBHO, U HA
MEXaHUYECKUE CBOMCTBA KPHUCTAJUIOB, OKA3bIBAET AUHAMUYECKOE B3aHUMOJCHCTBUE
nuciokanuii ¢ 3oHamu ['unbe-IlpecTona, oOpa3yronMmMucs B CIuiaBax B pe3ysibTaTe
MCKYCCTBEHHOT'O MJIM €CTECTBEHHOTO CTapEHUS.

B Hacrosimieit pabore mokazaHo, YTO BO3pacTaHUE IUIOTHOCTU MOJBMXKHBIX
JUCTIOKAIIMK TTPU BBICOKOCKOPOCTHOM J1€()OPMHUPOBAHUY B YCIOBUSAX BO3JICHCTBUS Ha
CIUUIaB MOIIHBIX JIA3€PHBIX UMITYJIbCOB MIPUBOJIUT K BO3SHUKHOBEHHUIO 3(pPeKTa cyXxoro
TPEHHUS IIPU KX JUHAMUYECKOM B3aWMMOJECHUCTBUMU C 30HaMHu | unHbe-lIpecroHa, B
pe3yJIbTATE YETrO MPOUCXOIUT YIIPOUHEHHE CIIJIABa.

[Tycth OeckOoHEUYHBIE KpaeBble WCIOKAIMA COBEPIIAIOT CKOJBKEHHUE B
MOJIO)KUTEILHOM HarpapieHuu ocu OX ¢ MOCTOSSHHOM CKOPOCThIO V B KpHUCTAIE,
COZEpKAIEM XaOTUYECKU pacrpenesncHuble  30HbI [ uHbe-IlpecTtona. Jlunuum

JMCIOKaNui napauienbubl ocu OZ, ux Bekropsl broprepca b =(b, 0, 0) ogunHakoBe

u napamnenbHbl ocu OX. III0CKOCTh CKOJIBKEHHUSI JAMCIOKAIMNA COBHAJaeT C

wiockocThio XOZ. [Tonoxenue K-oi qUCIOKAIUU ONpeaeaseTcs pyHKIMeH

X (y=0,zt) =vt w(y OFz1 1)
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3nece W (y=0,z1t) — ciyvaifHas BeIMYMHA, OIMCHIBAIOIAS W3THOHBIE

Kosie0aHUsT JMCIOKAIMM, BO30YXKIECHHbIE €€ B3aUMOJCWCTBUEM C XAOTUYECKHU
pacrpeieIeHHbIMU Je(DEeKTaMHU.

3onbl ['unbe-IIpecTona Oynem cuuTaTh OJIMHAKOBBIMU, UMEIOIIUMH paanyc R u
pacnpeieieHHbIMU CITy4allHbIM O0pa3oM B IUIOCKOCTSIX MapajuleidbHBIX IUIOCKOCTH
ckonbxeHus gucinokanuu XOZ. Takas cutyauus peaau3yercs, HalpuMep, B CIljlaBax
Al-Cu, rane 3oHbl [mHbe-lIlpecToHa uMeOT (OpMY TUIACTHHOK MOHOATOMHOM
TOJILUHBI.

VYpaBHeHUE HBWKCHHS K-Of JHUCIOKAIMM MOXET OBITh IPEICTABICHO B

CJEAYIOIIEM BUJIE

m

X
=%
|

t}

02%( gzb@‘ € g B )

rac SG — KOMIIOHEHTAa TEH30pa HanpsHKeHUMN COo31aBac€MbIX Ha JIMHUM AHUCIOKAllUH
Xy >

3oHamu ['mnwe-lIpecTrona, F, — cuma, AelcTByromas Ha JUCIOKALUIO CO CTOPOHBI

OCTAJILHBIX JTUCTIOKAIMK aHcaMOJsl, M — Macca IUHUIILI JJIUHBI TUCIOKAIUU, ¢ —
CKOPOCTb PacTpOCTPAHCHUS B KPUCTAILJIE MMONIEPEUYHBIX 3BYKOBBIX BOJIH, B — KOHCTaHTa
nemmpupoBanus, oOycioBiieHHas (OHOHHBIMH, MAarHOHHBIMH WJIM 3JIEKTPOHHBIMH
MEXaHU3MaMH JTUCCHUTIAIINN.

Bocrnonp3oBaBmimch  METOIOM, pa3BUThIM B pabortax [5-9], cumy
JTUHAMUYECKOTO TOPMOXKCHHS JIBMDKYIICHCS KpaeBOW JHCIIOKAlMM 30HaMH | MHbe-

[IpecTona BeraucIAM 1O (HopmyJie
b2
= ”G — fidla 6 @ ¢V c? ) 3)

rie D — INejdb B CIEKTPE AUCIOKAIMOHHBIX KOJCOaHHH, sg(q) — dypbe-o0pa3

KOMIIOHEHTBI TEH30pa HAIpPsLDKCHWM, co3gaHHBIX 30Hamu ['mabe-IIpectona, ng

00beMHasi KOHIICHTPAIUs STUX 30H.
IIpu BO3a€HCTBUM HA KPUCTAILI JIA3€PHBIMU UMITYJIbCAMH BBICOKOW MOIIHOCTH
MJIOTHOCTh TIOJBMKHBIX JMCIOKAIMM MOMKET JoCTHraTh 3Hauenuit 7 =10°m?

NMEeHHO KOJIIEKTUBHOE B3aUMOAEHCTBUE JUCIOKAIIMI B 3TOM CITy4a€ BHOCHT TJIABHBIN
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BKJIaJ B (hopMHpOBaHHE CHEKTPAJbHOW IIENH, BEIMYMHA KOTOPOW OMpenessercs
dbopmyon

D=p cJr. (4)

ITpu ckopocTsax V<V, =R [J;, rae R —cpennuii paguyc 30Hs1 ['unbe-IIpectona,

CUJa JUHAMHYECKOTO TOPMOXKEHHS JAHMCIOKAlMA 3THMHU 30HAMU HE 3aBUCUT OT

ckopoctd nedopmanuu M ee BKJIAA B BEIUYHHY JePOPMUPYIOMINX HAMPSKEHUN

ompenenseTcs cieayrIiei hopmyon
te =K % (5)

rje kodpdurment K onpenenseTcs ynpyruMu KOHCTAaHTaMHM MaTeprara.
BriBoabl. Bo3Hukaromue B npouecce crapeHus cruiaBa 30Hbl [ mabe-IIpectona
IPUBOJAT K YIPOUYHEHHIO CIUIaBa U MOBBIIIAIOT €r0 AUHAMUYECKUN TTPEAEN TEKYUECTH

Ha ACCATKH IIPOLICHTOB.
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INFLUENCE OF THE GUINE-PRESTON ZONES ON THE
DEFORMATION OF AGED ALLOYS
Annotation. The effect of Guinier-Preston zones on the dynamic yield strength

of aged alloys is considered.
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AHAJIMTUYECKOE PEHIEHUE 3AJIAYN 3ATBEPAEBAHUS METAJIUIA
B KJIMHOOBPA3HOM N3JIOKHHUIE C YYETOM KOHBEKIIUU U
TEIIJIOBBIX CBOMCTB OKPYKAIOIIEW CPE/IbI ITPU ITPOI'PEBE
AJIEKTPUYECKHUM TOKOM

Aunomayusi: BapuauMOHHBIM ~ METOJIOM  PacCMOTpEHa W pelieHa
HECTallMOHApHAs 3ajJlaya 3aTBEpACBaHMS METallla B UYyTYHHOU HU3JI0KHHUIIE C YUETOM
NPUHYAUTENBHON KOHBEKIIMU U BO3QYIIHOTO 3a30pa, IPU BO3AECHCTBUU MMOCTOSHHBIM
ANEKTPUYECKUM TOKOM.

Knrouesvie cnosa: KOHBEKIWS, MeETaI, BO3AYIIHBIA 3a30p, (POHT

3aTBCPACBAHMNA, C-)HCKTPI/I"IGCKI/II\/’I TOK, U3JIOKHHUIIA.

BBenenue. Bo3neicTBUsS HA XKUJIKWM METAZI B MOMEHT €ro 3aTBEPACBaHMS,
MOTYT MPHUBECTH K CYIIECTBEHHOMY YJIYYIICHHIO CTPYKTYpbl METa/lJla U KadyecTBa
OTJIUBKH, [MOATOMY M3y4Y€HHUE AAHHBIX BO3ACHCTBHI OYeHb BaxkHO. B nanHOl pabote
MOCTaBJICHa W PEIlIeHa 3ajayda JBIKECHHUS (PPOHTA 3aTBEPICBAHUS B HM3JIOXKHUIE C
YYETOM MPUHYIUTETBHON KOHBEKIIMHY, BHYTPEHHUX UCTOYHUKOB TEILUIA, BO3YLIHOIO
3a30pa, 00pa3yroImerocs Mpy ycajake MeTallia, a TaKKe TEMIEPaTyphbl OKPYKArOIIeH
Cpeapbl.

IocranoBka 3apa4yu. [Ipu 3arBepaeBaHnN METAIIA B U3JIOKHHULIE TPOUCXOIUT

ycaJka MeTalllla ¥ MEXIYy CIMTKOM W HM3JIOKHUIICH 00pa3yeTcss BO3IYIIHBIM 3a30p.
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VY4eT maHHOTO BIMSIHHUS TTOMOraeT 0ojiee aJeKBaTHO OMUCHIBATH PEAbHBIN MPoIiece
3aTBepAeBaHus ciuTKa. [loMrMMO BO3AyIIHOTO 3a30pa, HAa XapakTep JABUKeHUs (PpoHTa
3aTBEpACBaHMS BIUSET KOHBEKIMs [1-3], © BHyTpeHHUE MCTOYHUKM Terna [2, 4]. B
MoHorpaduu [1] omMcaHo TEOPETHUYECKOE HCCIEOBAaHUE BIHMSHUS BHYTPEHHHX
HMCTOYHUKOB TEIIa, a TaKKe KOHBEKIIMHM HE 3aBUCAIIUMX APYr OT JApyra. B manHoi
paboTe paccMaTpHUBAETCSl COBMECTHOE UX JCHCTBUE.

Pemienue mnocraBjieHHOW 3amgauM. B 1gangHON 3amauve 1mociexoBaTeIbHas
KpUCTAJIIU3AIUsl MPOUCXOJAUT B  KIMHOOOpPa3HOW M3JIOKHHUIE C OOKOBBIMU
MOBEPXHOCTSIMHU, PACIOJIOKEHHBIMH MOJT MaJIbIM yriioM 20. CBepXy M CHU3Y JaHHas
o0slacTh OrpaHMYeHa IWIMHIPUYCCKUMHU TOBEpXHOCTSIMU paauyca Ri m Rz, B
pEIICHUH UCTIOIb3yeTCs MMIMHAPUIecKas cucteMa koopaunar (r,¢,z).

3amaya cuuTaercs OECKOHEYHOW MO Z, TOITOMY TeMIiepaTypa M CKOPOCTb
IBUXEeHUs (PpoHTa 3aTBepjieBaHus He 3aBUCAT OT Z. Ha moBepxHocT R=R: nonaraem
T,=const. Tlpu t>0 m©HauMHaeTcs TMpOIECC KpPUCTALIM3ANMK #W Ha (QpoHTE
3aTBepAeBaHus 1=T,. 3agada pemiaeTcs ¢ y4eTOM BHYTPEHHUX HCTOYHHMKOB TEILIA,
00pa3yronmxcsi B CIACJACTBUM MPOMYCKAHUS AJIEKTPUUYECKOTO TOKA. YUMUTHIBAsl, YTO
CKOpPOCTh Ha (PpOHTE 3aTBEpACBaHUS M HA MOBEPXHOCTH METajla paBHA HYIIO, a
KOHBEKIIMS MOXKET Pa3BUBATLCA B BUJIE€ BHUXPs, 3aMOJHSIONIETO MPAaBYH MU JIEBYIO
MOJIOBUHBI U3JIOKHUIIBI ¢ MAKCUMAaJIbHBIM 3HAYEHUEM CKOPOCTH Vr max B LIEHTPaAIbHOMN
obnactu KuaKoU (ha3bl B HAUasIe 3aTBEP/ICBaHMS, a TAK)KE OCHOBBIBAsICh Ha pabdoTe [5],
3aMuIIeM ypaBHEHHUE TEIUIONEepeHoca B 00JIaCTU KUAKOrO METauia B CIEIYIONIEM
BUJIE:

L1 (e Y= —s ) P Y3

Ha nemwxymemcs ¢pponTe (pa3oBoro mepexoja BBIACIAETCS CKpbITas TEIJIOTa
KpUCTa/IM3auu L1, KoTopas BMECTE C TEIIOM MeperpeBa OTBOAUTCS Yepe3 TBEPAYIO
a3y, BO3QYIIHYIO MPOCIONKY, U3J0KHUIYY U BBIIEISAETCS B OKPY’KAIOIIYIO CpEAdy.

CnenoBaTesbHO:

11—+ 1—= 4 - cp (2)
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BnusiHre TOJMIIKUHBI BO3AYLIHOTO 3a30pa, NOTEPh B CTEHKE M TEILIONEPEIaun B
OKpY>Karolryto cpeay OyaeM yUuThIBaTh 1o hopmyie [4]:
(-1)

_ (1 o (37 ¢ o (2= 1) o (1 3)
= (—+ + +
1 (o 2 4 3 )

©)
CKOpOCTh KOHBEKIIMU BbIOMpPAEM U3 YJIOBIETBOPEHUS TPAHUYHBIM YCIOBHSM, U

YPaBHEHHUIO HEPA3PBIBHOCTH [5].
4

== (2= ) (- () ()
:_4—)2 (22—32+2 o~ 2q3) (). (5)

(21

rae k=—.
P

B rpaHWuYHBIX YCIOBHSIX MpeArnojaraercs, 4yTo B HadanbHBIH MoMeHT t=0

TBepaas ¢asza orcyrecrByer,a T1( , ,00= mpu ;< < ,;0< <
Ha ¢ponTte kpuctammsamuu npu t>0, = 4( ), = ¢ ) nmeem:
Tl o o=
Tonmuny 3aTBepaeBIIero MeTauia 0y ieM UCKaTh Mo (hopMyIie:
(o0 = 1= ol @) (6)

Pemienue wuieM BapHallMOHHBIM METOJOM, 3alMChbiBasi (YHKIMOHAT JUIs
JAHHOTO YpPaBHEHHUS C TMOCIEIYIOIIMM YaCTHYHBIM HMHTETPUPOBAHUEM IO
COOTBETCTBYIOIIUM ITIEPEMEHHBIM.

Jlnist 3anucu yHKIIMOHANA, BapHalls OT KOTOPOro JIA€T UCXOAHOE ypaBHEHHE
MOCTYNaeM CIHeayomuM o0pa3oM [2]: yYMHOXKaeM BCE€ YpPaBHEHHUE Ha HCKOMYIO
¢ynkuuio 7, B ciaraemblX, IJle UMEETCS BTOpas MPOU3BOAHAS, OJIHY MEPEBOIUM K
UCKOMOHN (QyHKuMHU, rae T B mepBoi cTeneHu KO3 UIMEHT yABauBaEM U MEHSEM
3HAaKH y WIEHOB C HU3IIMMHU CTETEHSIMH MPOU3BOJHBIX. 3alUChIBaeTCA (PyHKIIMOHAI
no 00JacTH WHTErPUPOBAHUS U CTABUTCS HYJIb NMPU HEBAPBUPYEMBIX (DYHKIUSIX.
[IpoBepsieTcst mpaBWiibHAsg 3anKuch (PYHKIUMOHAJa NYTEM B3SATUS Bapualuu IO

HEW3BECTHOU (PYHKIIHUH.
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Heo6XxoauMbIM yCIIOBHEM CYIIECTBOBAHUS MIN QYHKIMH SBISCTCS OOpallieHue
B HYJIb Bapyanuu GyHKIIUH, YTO COOTBETCTBYET YAOBJICTBOPEHUIO YPaBHCHUS Djiepa-

Jlarpamxa (7):
——————=0 7)

Ornyckas NOMCK PEIIeHUs] YPaBHEHUH 110 I, @, T, MOJIy4YrM MOJHBIN BUJ PEIICHUS

JUTSl ypaBHEHUS TETJIOMPOBOJHOCTH B KHUAKOH daze:

(. ,):[(H—K)'+K2—Hop]_m

27 o

( )y O G- )
) ]-(-1- 1)+ 4]
C o — (@ vt

2t (1= 2)-  ( 3-( = o), (8)

rae o, 3 — KOHCTAHThI HMHTCTPUPOBAHMA IO I,

o[

JIist HaXOXKACHUST 3aBUCHMOCTH TOJIIIIMHBI 3aTBEPJICBIICH KOPKH OT BPEMEHH,
Bocronb3yemcs ypasHeHusME (2), (3), (6) u (8). Haiinem npoussognyto — u3 (8) ¢
YUETOM = ¢, = gu = ¢ Ha ABWKyIemcs pponte. [lomyunm:

—= k(1= 9 - (- ) 9)

HOJICT&BJ'IHCM IMMOJIYUYCHHOC PCUHICHUC B YCJIIOBHC CTe(baHa, KOTOPOC B HAIICM

ciryaae umeeT Buj (10):

1—+ (11— op)—opz(K_ cp’ - (10)

N3 kotoporo nosyunm:

EEaTee I —5). (1)

Nurerpupys (11) naiinem:
q% = o+ 2 (12)

rae

Nar— [ 1 cb-(lk_Tc%_ _(_l_ 1) ) ( (( dz))] (13)
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DuKCHPYs (P BBIYMCIMM BPEMS, 32 KOTOPOE (PPOHT JOCTUIHET KOOPIMHATBI !

_ 2
1

2
P

b= (13)
[To popmyme (13) BBIMOTHEHBI YUCIICHHBIE PACYETHI M TOCTPOCHBI TPadUKH IS
CIIEIYIOIIUX MapaMeTPOB MeTalljia, BO3AYIIHOTO 3a30Pa, CPEIbl U U3JI0KHHUIIBL:
a1=12°, a2=10°, a3= 9,95% A1 =26,5 Br/mK, A2 =30,3 Br/M-K, A3 =0,09 Br/m'K,
p =7,31-10% kr/m3, a1 =4,5-10° m?/c, j = 10 A/em?, L1 =2,72-10° Idx/kr, R1=1,2 M,
R2=2,2m, T, =300 K, T« = 1733 K, Tu = 1833 K.
JUts 9yryHHOM M3I0KHULEL 00=68 B1/M% K, A =58,7 Br/M-K.
Vr M3MeHsIIach B mpeaenax ot 2-10 m/c mo 8:107 m/c.

j=100 Alcm? uyrynnan dpopma popma, vr=2e-4 j=100 Alcm? uyryHHan dopma dhopma, vr=8e-4
4500

j=100 Alcm® =8
j=100 Alem? uyryHnas cpopma opma, vr=2e-3 600 ! Ty uyTyyesas opuu popua; vi=0e-3

— ey 8 L L L L I =} =
31 0.12 0.14 .16 0.02 0.04 0.06 0.08 01 0.12 0.14

.04 0.06 008
fif (rad) fif (rad)

Puc. [Tonoxenue ¢hpoHTa 3aTBEpICBAHUS B IPABOM IMOJIOBUHE KIMHOOOPA3HOM
M3JI0KHHIBI TIPH ILIOTHOCTH TOKA paBHOM j=100 A/cM? py pasHBIX CKOPOCTSX

KOHBEKIIMU u3MeHstomeiics ot 2-10™ m/c 1o 8:107° m/c s YyryHHOU (HOPMBI
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OOcyxaeHne MOJYy4YeHHBIX pe3yiabTatoB. [lo monydeHHBIM dopmyrnam
MOCTPOEHBI TPAQUKH ¢ ¢y ¢p) VI KEPAMHYECKOH (DOPMBI TIPH Pa3HBIX CKOPOCTSX

koHBeKIH oT Vi=2-10* m/c 10 Vi=8-10" M/c, ¥ HOCTOSHHOM IIJIOTHOCTH TOKA, PaBHOM
j=100 A/cm?. KpuBble COOTBETCTBYIOT 3HAYEHMAM KOOpAMHATHI Iy 1,3; 1,5;1,7;1,9 n
2,1 m. OTcuer KpUBBIX HA BCeX IpaduKax CHU3Y BBEPX.

C yBelHMUYEHHEM CKOPOCTH KOHBEKIIMH, BpeMs, 32 KOTOpOE (PPOHT JOCTUTHET

LOCHTpA U3JI0KHUIIBI, 6YI[CT YMCHBIIATLCA.
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YK 52.08
Mununa O.B.,
acniupant rpynmnsl allbC/12.06.01-02 ®T'BOY BO «Tyal'V»
PyxoBoautens: A.T.H., goneHT [IpoxopiioB A.B.,
3aBeayromui kadenpoit «IIpudbopsl 1 OMOTEXHUUECKUE CUCTEMbD»

OI'BOY BO «Tynbckuii rocy1apCTBEHHBIA YHUBEPCUTET)

OB30P HABUT'AIIMOHHBIX MOJAYJIEH CHIYTHUKOBOH NPUEMHOM
ATIITAPATYPBI POCCHIICKOI'O ITIPOM3BOJICTBA
Aunomayusa. 1IpoBefeH aHanu3 JOCTOMHCTB M HENOCTAaTKOB NPUMEHEHHS Ha
OOpTYy BBICOKOTOYHBIX OECHHMJIOTHBIX JIETATENIbHBIX alapaToB COBPEMEHHBIX
HaBUTALlMOHHBIX MOJYJIEH CIYTHUKOBOM MNPUEMHOW amnmaparypbl OT€UYECTBEHHOTO
MPOU3BOACTBA ISl PEIICHUS HABUTAlMOHHBIX 3ajad. PaccMOTpeHBbI MEepCHEeKTUBbI
YIYUIICHUS UX TEXHUYECKUX XapPaKTEPUCTHUK.
Kniouesvie cnosa: CIyTHUKOBas HAaBUTAllMOHHAs IIPUEMHAs ammaparypa,

HaBHFaHHOHHBIﬁ MOAYJIb, BBICOKOTOYHBIN OCCITUIOTHBIN JIETATCIbHBIN armapar.

BBenenne. B yclOBHSX CAHKIMOHHOW IOJIUTUKH AaKTyalbHBIM OCTAETCS
npoOiema, CBsi3aHHas C TOYHBIM OIpPEACICHUEM HABUTAlMOHHBIX MapamMeTpoB
BBICOKOTOUYHBIX OCCHMJIOTHBIX JIETATEJIbHBIX allapaToB C MOMOIIbIO CITyTHUKOBOMN
HAaBUTAIIMOHHOW IIPUEMHOM anmapaTypbl OTEYECTBEHHOIO NPOM3BOACTBA. B
HACTOSIILIEE BpeMs IMOBBIIIEHHE TOYHOCTHBIX XAPAKTEPUCTUK BBICOKOTOYHBIX
OECHMIOTHBIX JIETATEIbHBIX allapaToB MPOUCXOAUT TOpa30 CTPEMHTENbHEE, YeM
COBEPLICHCTBOBAHME CIYTHUKOBOW NPUEMHOM amnmapaTrypbl. B cBsizu ¢ Tem, 4TO
aKTyaJIbHbIM SBJIIETCS BONPOC 00 YJIYYIIEHHH TEXHUYECKUX XapaKTEPUCTHUK
HaBUTALIMOHHBIX MOJYJIEH, BXOASILMX B CIIyTHUKOBYIO IPUEMHYIO annaparypy, Oblia

IIPOBCACHA OLICHKA CymeCTBYIOIINX OTCUYCCTBCHHBIX HaBUTI'allTMOHHBIX
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MHUKPOIPOLECCOPHBIX MOAYJIEN CIIyTHUKOBOW IIPUEMHOM amnIiaparypbl, paCCMOTPEHBI
NEPCHEKTUBBI UX PA3BUTHUS U MOJIEPHU3ALINH.

IlocTanoBka 3amaum. B pganHOM wuccienoBaHuM ObUTM TPOAHATU3HPOBAHBI
HAaBUTALIMOHHbIE MUKPOIIPOLIECCOPHBIE MOYJIM CITYyTHUKOBOM MTPUEMHOM aImnaparypsl
takux npeanpustTuii kak: AO HTL «Moayns» (r. Mocksa), OO0 «HBC
Hapuranumonusie Texnonorum» (r. Mocksa), AO «HUMMA «IIporpecc» (r. Mocksa),
I'K «Opuent Cuctemcy (r. MockBa) u ap.

Pe3yabTaTrbl. Ha OCHOBaHNMM NPOBEIEHHBIX MCCIEIOBAHUN OblIa COCTaBieHa
cBogHas Tabmuma 1 € TEXHUYECKHMMH XapaKTePUCTUKAMH HaBUTAIIMOHHBIX
MHUKPOIIPOLIECCOPHBIX ~ MOJYJEH  CIYyTHUKOBOM  HABUTAllMOHHOM  IPUEMHOU
annaparypbl OTE4ECTBEHHBIX IPOU3BOAUTENEH.

Tabmuua 1. KpaTkue XapakTepUCTHUKA POCCHMCKHMX  HABUTAIMOHHBIX

MHUKPOIIPOLECCOPHBIX MOYJIEN CIIyTHUKOBOM IPUEMHOM aIrapaTypsl

[TorpemHoCTh Temn
O6o3HaueHHE . TouHOCTB
CEKYHJIHOM | HaBUTallMOH-

MOJTYJIA MECTOITOI0Ke- | MOIITHOCTD

METKHU HOT'O

(ITpousBoguTeEND) HUS
BPEMEHHU pelIeHus

Monayne
MC149.01
(AO HTII
«Moayaby) [1]
MHoroyacToTHas
mrata 4GNSS
NP2DI - mo 20 I'o mo 1,5 M 1.1-1.7Br

('K «Opuent

Cucremcey) [2]
HaBuranmonnsii
monyns [TPO-04

AO «HUNMA
«ITporpeccy [3]
Moaynas NVO8C-

RTK

(000 «HBC — o 10 I'n 0 2,5 M 0,3 Bt
HaBuranuonHbie
Texnosoruny) [4]

50 HC 1m0 20 I'n 10 2 M 16—-1.8Br

61 HC mo 10 I'g 70 2,5 M 0,13 Bt
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BoiBoabl. OcHOBBIBasgch Ha WH(MOpMAIUuU, MpEACTaBICHHOW B Tabmuie 1,
MOXHO CJE€NaTh BBIBOJ, YTO COBPEMEHHBIE HABUTAIMOHHBIE MOJYJIU HUMEIOT
HEJIOCTATOK, CBSI3aHHBIA C HETOYHOCTBIO OIPENICIICHUSI MECTOIIOJI0XKEHUSI B CPEIHEM
ot 1,5 M 10 2,5 M. J[aHHBII HEJOCTATOK SIBJIAECTCS CYLIECTBEHHBIM IPU ONPEACICHUN
MECTOITOJIOKEHHSI BRICOKOTOUHBIX OCCHMJIOTHBIX JIETATEJbHBIX allapaToB C MaJibIM
BPEMEHEM I10JIETA.

JIoCTaTOYHO HU3KWW TEMIT BbIJAYM HABUTAIMOHHOTO PEUICHUS MPUXOJUTCS HA
OTEYECTBEHHBIC HABUTALIMOHHBIE MUKPONPOIIECCOPHBIE MOJYJIH, B CBA3U C YEM
YBEIIMYUBAETCS BPEMS Ha ONPEAECIIEHUE HABUTAIMOHHBIX [TAPAMETPOB.

B pesynbrare pemieHuss HaBUTallMOHHOM 3aauu (hOPMUPYETCsl 3HAUYUTEIbHAS
MOTPEITHOCTh CEKYHIHOW METKU BPEMEHH.

JlaHHBIE HEIOCTATKU MO>XHO YCTPaHHUTh, UCCIEAYsS HOBBIE METOAbI PELICHUS
HAaBUTAllMOHHOM 3a/lauM, TMO3BOJAIOIINE COKPAaTUTh BPEMEHHBIE PECYpChbl Ha
OTIpEeJICTICHNE MECTOIIOIOKEHHUS U CKOPOCTHU JBUKEHUST BRICOKOTOUYHBIX OCCITMIIOTHBIX
JETAaTEIbHbIX aNlapaToB, a TaKXe MPUMEHSS BBICOKOTOYHBIE YCTPOWCTBA,

NO3BOJIAIOLIME TPOBOJAUTH EPUOAUUECKYIO IMOJACTPONKY CEKYHITHOW METKU BPEMEHH.

Jluteparypa
1. Moagyne MCI149.01 [OnexktpoHHslii pecypc]. — Pexum pocryna:
https://www.module.ru/directions/navigacia/ (nara obpamenus 17.04.2023).
2. MuorouacrotHaa mara 4GNSS NP2DI [Onektponssiii pecypc]. — Pexum
nocrtymna: https://orsyst.ru/oem/np2di/ (mara obpamenus 18.04.2023).
3. Moayas [TPO-04. [DnexkTpoHHbIii pecypc]. — Pexxum moctyma: https://www.i-

progress.tech/products/navigatsiya/priemniki/pro-04-navigatsionniy-priemnik/ (marta
oOpamienus 18.04.2023).
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YK 539.5
Bricounna A.C.,
crya. rpynnsl UC-22a, ®I'BOY BO «/loHHTY»
PyxoBogurens: Manamenko T.H.,

CT. TpenoaaBaTenb kadeapsl GU3nku

OI'bOY BO «{onHTY»

MAT'HUTOUMITYJIBCHASA OBPABOTKA METAJIJIOB U CIIJTABOB
Annomayusi. PaccMOTpEHO BIMSHUE HMMIYJbCHOIO MAarHUTHOIO O Ha
MEXaHUYECKUE CBOMCTBA CTAJI U CIUIABOB.
Kntouegvie cnosa: WMIyIbCHBIE MATrHWTHBIE TMIOJ, MArHATOCTPUKLUA,

IMPOYHOCTbD.

Brenenue. [I[puMeHeHne TpaguIMOHHBIX TEXHOJOTHA, OCHOBAHHBIX Ha CyTy0O
MEXaHUYECKUX BO3AECHCTBHIX, BO MHOTHX CIIy4asX SIBJIIETCS HEMPHUEMIIEMBIM H3-3a
HEJIOCTATOYHOU TIJIACTUYHOCTU METAUIOB (00XKHUM, IITAaMIOBKA, U3rHM0, YCTpAaHECHUE
BMSATHH Ha BHEIIHEH CTOPOHE KOpITyca TPAHCHOPTHBIX CPEACTB). DTa mpobdieMa
MOKET OBITh pellleHa METOJIOM MarHUTOUMITYJIbCHOW 00pabOoTKHU.

IMocranoBka 3amauyu. B pabore mocraBieHa 3ajaya MpOaHATU3UPOBATH
(U3UYECKYI0O OCHOBY, JIOCTOMHCTBA U HEJOCTATKM MarHUTOUMITYJbCHOM 00paOOTKH
METaJIJIOoB.

MarautonmimyiabcHass 00pabOoTKa MaTEepHAIOB OCHOBaHA HA HMCIOJb30BaHUHU
ANEKTPOAMHAMUYECKUX CHUJI, KOTOPbIE B HMMITYJbCHBIX PEXHUMax MOTYT JOCTHTaTh
TUTAHTCKUX 3HA4YeHUU. DJIEKTpUYECKas SHEpPrus, 3amaceHHass B KOHJEHCATOPHOU
Oatapee, mpeoOpa3yeTcs B JHEPTUI0 MAarHUTHOTO 1o, Eciiu gaBieHus, co3naBaembie
ANEKTPOJUHAMUYECKUMH CUJIaMU, MPEBBIIAIOT MPEe MPOYHOCTH, TO MPOUCXOAUT
nedopmanus 3aroToBKH. MarHUTOMMITYJbCHAss o0Opa0OTKa MaTepuajoB HMEET

CEeAYIOUINE TPEUMYIIECTBA:
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1. BeIicokasi MpOM3BOAUTENBHOCTD TEXHOJIOTHUECKOIO IpoIiecca.

OCHOBHOI caepX UBAOIIMKA (PAKTOp MpPU MOBBIIEHUH MNPOU3BOJUTEILHOCTH
MarHUTHOUMITYJIbCHOM YCTAaHOBKM — BECbMa 3HAYUTEIBHOE BPEMs, PACXOAYEMOE Ha
TEXHOJIOTUYECKYIO TOJTOTOBKY (YyCTaHOBKA 3aroTOBKH, ChEM TOTOBOWM JI€Tajm).
OngHako B Hacrosimiee BpeMsl CO3JaHbl YCTAHOBKH C MPOU3BOAUTEIBHOCTHIO
3600 omeparuii B 4ac.

2. BO3MOXHOCTbh JIETKOM aBTOMAaTHU3allUd U MEXaHHU3ALHUHU TEXHOJIOTHYECKOTO
npouecca. THCTpyMeHT (MHIYKTOp), CO3/AI0IIMI MarHUTHOE M0JIe, MEXAHUYECKH HE
CBs3aH C  oOpa0aThiBaeMO#l  3aroTOBKOW.  OJHeprus, 3aTpayuBaeMas Ha
dbopMooOpazoBaHre, MOXET JO3UPOBAThCS C TOYHOCTHIO 10 1% U 3amaBaThes
JUCTAaHIIUOHHO.

3. bonpmas TexHonormyeckas THOKOCTh MpoIecca — OJHUM U TEM IKe
UHAYKTOPOM MOKHO ()OpMOBATH JIETATHN PA3IUYHBIX KOHPUTYpaLHii.

4. IIpocToTa TEXHOIOTHYECKON OCHACTKU. MCIIONIb3yeTcs TOIbKO OHA MaTpHUIla
VI ITyaHCOH.

5. OTcyTCcTBUE MIEpeaaTOUHON cpelibl pu GopMOOOpa30BaHUU. DTO MO3BOJISIET
dbopMoOBaTh  METAJUIMUECKHE  3arOTOBKM  4Yepe3  M3OJISIMOHHBIC  TOKPBITHSA,
NEPEropoKU, CTEHKY BAKYYMHON KaMephbl.

6. BO3MOXXHOCTh moJydeHHsI OONBIIMX YJEIbHBIX JaBieHuM. B Hacrosmiee
BpeMs nony4aror aasinenus 10 108 H/m? 6e3 paspymenns unaykropa u go 10° H/m?
IPU UCTIOJIB30BAHUH OJHOPA30BBIX HHIYKTOPOB.

BoiBoabl. MaruutouMinyascHasi 00paboTKa npeacTaBisieT cCOO0M KOMIUIEKCHOE
BO3JICHCTBUE Ha Marepuajd MarHUTOCTPUKLIMOHHBIX MPOIECCOB M MEXaHMYECKHX
nedopMarinii, TEMIOBBIX U AIEKTPOMArHUTHBIX BUXPEBBIX MOTOKOB, JIOKAJIM30BAHHBIX
B MeCTax KOHIICHTpAallMi MAarHUTHOTO TIOTOKa, W ABISEeTCS 3(PQPEKTUBHBIM U
BBICOKONPOU3BOJIUTEIBHBIM ~ METOJOM  OOpabOTKM  METaJUIOB M CIUIABOB,

MO3BOJIAIONIUM penaTh mpobiaemMmy o0paboTKH METAIIJIOB ¢ HU3KOW MIACTUYHOCTHIO.
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OBOBIIEHHBIN 3AKOH TUIUYCA-BOJIE, KAK 3AKOH
KBAHTOBAHUS INTAHETAPHBIX OPBUT
Aunnomayus. B crarbe ucnonb3zoBaHa (opmyna Tuumyca-bone nns pacuera
paccrossHus Mexay IuiaHeramu B CosiHeduHOU cucteme. [lomydeHHbIE pe3ysbTarsl
XOPOIIO COraacyoTcs ¢ (aKTUYECKUMHU.
Kniouesvie cnosa. 3axkon Tuuwmyca-bome, acTpoHOMUYECKass €IUHUIIA,

CoJyiHeYHas cucTeMa.

Beenenue. I[lpaBuno Tunmyca-bone (vHOrAa Ha3zpiBaeMOE MPOCTO 3aKOHOM
bone) sBisiercs rumnoTe3oi 0 TOM, 4TO TeJa B HEKOTOPBIX OPOMTAIBHBIX CHUCTEMAX,
BKiroyasi CoHIE, BPAIAlOTCS MO MOJIYOCHBIM OCSM B 3aBUCMMOCTHU OT TUIAHETAPHOM
nocyuenoBarenbHoCcTH. PopmyIia npeAnoaraeT, 4ro, NpOCTUPAsICh HAPYXKY, KaKAas
taHeTa OyieT MpuMepHo BiBoe Aanbiie oT CoJHIIa, YeM MpeIblayias.

['unore3a npaBuiibHO NpeaBocxuTHIIa opOuThI Llepepsl (B mosice acTeponioB) u
VYpana, HO moTepnena HeyAady B olpeaeseHn opouTel HerntyHa 1 B KOHEYHOM UTOTe
Obu1a 3amMeHeHa Teopuel popmupoBanus ConHeuHoil cucteMbl. OHa Ha3BaHa B YECThb
Noranna [{annnna Tunmnyca u Moranna Onepra boze.

IocranoBka 3amauu. Ilpumenuts npasuno Tuumyca-bome s IUIaHeT
COJIHEUHOU cucTeMBbl. CONOCTAaBUTh MOJYYEHHBIE PE3YJIbTAThI C PEAJIbHBIMH.

PesyabTaTel. B 1766 rony nHemen no umenn Morann Tunmyc, KOTOpbIA ycnemn

nomnpo6oBath ce0si B aCTpOHOMUH, (PU3MKE U MaTEMATHKE, Ha JIOCYT€ BBIBET IOBOJIBHO
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AI000MNBITHOE TPaBWIIO, IO3BOJIsIONIEE, 3Has pacctosHue oT ConHua a0 3emid,
paccuMTaTh U PacCTOSHHME IO JAPYTUX IUIAHET COJHEYHOW cuctembl. Kak Obl TO HU
OBLII0, HA «OTKPBITHE» THUIMyca HUKTO 0COOOTO BHMMaHWs He oOpatmi, (gopmya
pacuera paboTana 6e3 BCIKOI0 TEOPETUUECKOTO 0OOCHOBAHUS U BOOOIIE, BHITIIsAIEA
CKOpee OCTPOYMHOM ITyTKOM, YeM MOJIMHHBIM HAy4YHBIM HHCTPYMEHTOM.

Opnnako B 1772 roxy k unee Turmyca oOpaTHiICs APyroi HEMEIKUNA aCTPOHOM
HNorann bome — OH TO W OKa3zaics «IOMyJISpU3aTOPOM» HOBOM TEOpUH,
IpeICTaBUBIIMM (POPMYITYy CBOETO KOJUIETH M 3eMJIsIKa IHPOKOM oOmecTBeHHOCTH. C
Tex mop ¢popMyIa Ha3pIBaeTCs mpaBmwioM Turmyca-boe.

Kak paboraer mnpaBunoTuumyca-boge. Paccrosuue ot 3emnm no Connua
cocraBisieT 149,6 MIIH. KMJIOMETPOB, OJIHAKO TaK Kak opOuTa 3eMiIM HE UICAIbHO
KpyTJiasi, Mbl MOKEM CMEJO OKPYIJIUTh 3TO paccrossHue 10 150 muH. kM. UmenHo 150
MJIH. KM — TO pacCTOSIHUE, YTO Ha3bIBACTCSI aCTPOHOMMUUECKOHN euHuULIeH (a.e.).

Taryc counHUIT TOBOJIBHO HECIOXKHYIO (POPMYITY, KOTOPYIO MOXHO 3amucaTh
B BUJIE:

Rn = O,4+(0,3'2n),
rae Rn — cpennee paccrosaue ot CoJiHIA 0 TUIAHETHI C MOPSIAKOBBIM HOMEPOM N, B
ACTPOHOMUYECKUX €IMHUIIAX, N — YUCIIO, TTOPSIKOBBIM HOMED TUIAHETHI, MpudeM Mapcy
cootBetcTByeT 2, 3emiie 1 (T.e. 1 a.e.), Benepe — 0, Mepkyputo — 66CKOHEYHOCTH | T.II.

Turmyc npuBoui Takoe 000CHOBAaHUE TOTO, TOUYeMy B popMyiie GUTYPUPYIOT
yucina 0,4 u 0,3. Ecnu B3sTh paccTostHue ot CarypHa (mociaeaHssi U3 U3BECTHBIX B TO
Bpems maneT) g0 Comuna 3a 100 eguHUI], TO MOXYYUTCS, yTo Mepkypuil Oymer
HaxXOJUTCS Ha paccTosHuM 4 Takux eauHull (4+0=4). Benepa Oyner pacrnosioxeHa Ha
pacctostaum 7 equHull (4+3=7). 3emus: 4+6 = 10 eguaun, Mapc: 4+12=16 equnui.
3aMeTHO, YTO BTOPOE YHCIIO B ATOU (POpMyIie MOCTOSIHHO yABAaUBACTCA.

[Tocne Mapca o jioruke Beriei 10IKHO ObUTo OBbITh 4+24 = 28 enuHuUll, HO TaM
IUIaHeT He ObLI0, 3aTO0 Ha paccTosHun 4+48 = 52 egunuubl Obu1 FOmuTep, a Ha
paccrosianu 4+96 = 100 equaui — CarypH.

[IpoBepuM, kak pabotaeT BbIBeneHHass Tumumycom dopmyna. Paccuurtaem,

HaIIpUMEP PACCTOSIHUE JJIs1 3EMIIH, Y>KE€ XOPOUIO HaM U3BECTHOE.
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0,4+(0,3-2Y) =1 (a.e.)
Paccunraem paccrosiHue Ui Apyrou IiaHeTsl, Hanpumep st Mapca.
0,4+(0,3:2%) = 1,6 (a.e.)
Henp3st 3a0miBaTh — opOuta Mapca — 3710 »sumnc, mnodtomy 1,52 3T10
YCPEAHEHHOE 3HAYCHHE, 3HAYUT 1,6 a.e. BIOJHE yAOBIETBOPUMBII pE3yNIbTaT.
[TomHbIN pacueT At COTHEUHON CUCTEMBI MPUBENICH B TAOJIHIIE.
Tabnuua. Cpennue pacctosaus 10 Conuua ruianer COTHEYHOW CUCTEMBI IO

dopmyne Tuunyca-boae un pakruuecku

Pamuyc opburtsl (a. e.) (Ro-Rm) /
[Tnanera n Rn-Rm
0 MPaBWIy | (aKTUUECKHIA (Rn-1-Rm)
Mepkypuii - m=0,4 0,39 - -
Benepa 0 0,7 0,72 0,33 -
3emuis 1 1,0 1,00 0,61 1,8
Mapc 2 1,6 1,52 1,13 1,9
[Tosic
3 2,8 2,8-3,0 2,51 2,1
acCTepOUJIOB
FOmutep 4 5,2 5,20 4,81 2,0
CarypH 5 10,0 9,54 9,15 1,9
VYpan 6 19,6 19,22 18,83 2,1
Hentyn BBITIA1a€T 30,06 - -
[TnmyTon 7 38,8 39,5 39,11 2,1

K momenTy nmyOnukanuu npasuina Tunmyca-bone emeé He ObUIH OTKPBITHI YpaH,
Hentyn wm IlnyToH, mo3TOMy JaHHBIE, NPUBEICHHBIE B TaOIULE, CIEpBa IMPOCTO
OLLEJIOMUJIM Hay4HyI0 oOmiecTBeHHOCTh. B 1781 r. Obul OTKpHIT YpaH, UCTUHHOE
noJioxkeHue Kkotoporo (19,6 a.e.) mo4ytu cOOTBETCTBOBAJIO TeopeTnuueckomy (19,2 a.e.).

Cran Bonpoc, rzie Ta camasi BOCbMasi, a TOYHEE I11Tas IUIaHEeTa, IPEICKa3aHHasl Ha
paccrosiHuu 2,8 a.e., Mmexxay Mapcom u FOnurepom? @akTtudecku, 0 3TOr0 MOMEHTa

HUKTO U HE 00CyXJajn (M He Mpeanojarai) Bcepbe3 €€ HaIM4Kue — Be/lb Cpa3y Mocie
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Mapca mwen FOnurep, 1 HUKaKMX MPU3HAKOB TOTO, YTO MEXKAY HUMHU MOIJIO TAE-TO
BKJIMHUTHCS €1 OJTHO HeOecHoe Telo, He Obuto. dDakTudyecku NpecioByThId MU O
nsatoil 1uianere (MdasroHe) ObLT “AOKYMEHTAIBHO 3aCBUICTEIHCTBOBAH HWMEHHO
npasuioM Tunmyca-boae — Ipyrux AoKa3aTeiabCTB, CBUIETEIBCTBYIOIIUX O HATMYUU
emé€ ogHoro HebecHoro Tena B CoJHEYHOM cucTeMe, K KOHIy 18-ro Beka He
CYILIECTBOBAJIO.

[Mlupokoe o0OCyXkJAeHHE BOMpOCA «IATOM TUIAHETBD»  COCTOSUIOCh  Ha
ActpoHOMHUYECKOM KOHrpecce B 1790 roxy, 0THaKO HUKAaKOW SICHOCTH B 3TOM BOIIPOCE
He ObLI0 emé necsaTh jet, moka B 1801 romy actponom Jxy3enme [Tuarim He OTKPBLUT
acrepou Llepepy, pacronaokeHHbI Ha PaCCTOSTHUU 2,8 aCTPOHOMHYECKUX €AUHUIL OT
Connna.

[IpaBuno Tummyca-boge — 3T0 He 3akoH, MOAOOHBIN, HANpHUMEp, 3aKOHAM
Kemuiepa nnu HeproToHa, a npaBuiio, MOJIYYEHHOE U3 aHAIM3a UMEIOIINXCSA JAaHHBIX O
paccTostHusix u3BecTHbIX IUiaHeT oT Connna. IIpocTto HeEkoe yIHUBUTENBHOE
COOTHOIIIEHUE, MUMO KOTOPOTO MPOXOAMIIM JIOJNTr0oe BpeMms. A K JHOOOMY MpaBUITY
UMEIOTCSI CBOM OTKJIOHEHMSI — BO BCSKOM CIIy4ae, HMYEro HE OOBIYHOIO B TaKUX
OTKJIOHEHMSIX HET, MHOTJa OHM Ja)Xe CIyXaT MHOATBEepxkAcHHEM mpasui. [IpaBuio
MOKAa3bIBAET HAM HJCAIBbHYIO «TEOpPHIO», a HbIHEIHAS CONHEYHAs] CUCTEMA 3TO — HE
ujcaibHasl «MPAaKTUKa» C YYE€TOM BCEBO3MOKHBIX W3MEHEHUN M KaTaKJIM3MOB 3a
MUJUIHAP/BI JIET CYILIECTBOBAHHUS.

BoiBoabl. 3akoH Tunmyca-bonie - oauMH U3 BaX)HEUIINX 3aKOHOB aCTPOHOMMH,
KOTOPBIM OMHUCHIBAET PACCTOSIHUS MeExay IuiaHeTaMu B (COJIHEUHOW CHCTEME.
bnarogaps 3ToMy 3akoHy ObUIM OOHApY>KEHBI HOBbIE KOCMHUYECKHE OOBEKTHI, U OH
TaK)ke ObLI MPUMEHEH JUJIs MOMCKa MIaHeT 3a npeaenaMu CoaHeyHoOU cucteMbl. Ero
UCIIOJIb30BAaHUE B ACTPOHOMMM MPOJOJKAET OCTABATHCS AKTyaJbHBIM M TIOMOTAET
CIENIaTh HOBBIE HAYYHBIEC OTKPBITHSI.
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CPABHUTEJIBHBINA AHAJIV3 YIIPYTUX DJIEMEHTOB
ABTOMOBWJIBHOM MMOJIBECKH

Aunomayus. JIBM>keHuWE aBTOTPAHCIIOPTA IO HEKAYECTBEHHBIM JOpOraM
CONPOBOXKJIA€TCSI MHTCHCHUBHBIMM 3HAKOTIEPEMEHHBIMU Harpy3kamMud Ha JIeTajH
MOJABECKH, B YaCTHOCTH peccop U MPY>KUH. [IpoucXoasT BhIHYKECHHbIEC CIy4alHbIE
KOJIe0aHUsI CUCTEMBI MOABECKU. BBICOKMI ypOBEHb aMIUTUTY] U YaCTOT KOJIEOAHMIA
CYIIECTBEHHO BIIUSIET Ha €€ pab0TOCIIOCOOHOCTD U JIOJITOBEUHOCTh. B manHoi1 padoTe,
T OIIEHKHM TOBpeXkJaaeMocTu TpaHcnopTHoro cpeactBa (TC) mpoBeneH
CpPaBHUTEIIbHBIM aHAJIN3 PECCOPHON U MPYKUHHON MOABECOK.

Kntouesvie cnosa: TpaHCIIOPTHOE CPEACTBO, MOJIBECKA, MPYKUHA, peccopa,

Harpys3ka.

BBenenne. IloaBecka sBisgeTcs BaXHOH COCTAaBHOM 4YacThlo JHOOOr0
aBTOMOOWJIS, M €€ paboTOCIIOCOOHOCTH BO MHOTOM OMPENEIIAET MPaBUWIbHYIO paboTy
BCEro aBTOMOOWJs B 1eiioM. [Ipu mpoekTupoBaHUM MOJABECKH 0C000€ BHUMAHHE
VICISIOT YIPYTOMY 3JIEMEHTY, BXOJISIIEMY B KOHCTPYKIHIO IMOJBECKH, MPU 3TOM
BOXHOW 3ajaueil sIBISETCS 3ajlaya pacCMOTPEHHS pabodeil XapaKTepUCTHUKH ITOTO

JJICMCHTA.
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Pesyabrarel. J[BM)KEHME aBTOTPAHCIIOPTAa II0 HEKAYECTBEHHBIM JOpOram
COIIPOBOX/JAETCS WHTCHCHUBHBIMHU 3HAKONEPEMEHHBIMM HAarpy3kaMu Ha JeTajlu
MOJIBECKH, B YACTHOCTH PECCOP U NPYKUH. [I[pOUCXOAAT BBIHYKIECHHBIE CIIyYalHbIC
KOJIe0aHUsI CUCTEMBbI TI0JIBECKH; BHICOKUN YPOBEHb aMIUIUTY/ Il U YACTOTHI KOJIeOaHUM
CYILIECTBEHHO BJIMSET HA €€ paboTOCIOCOOHOCTh U JOJITOBEYHOCTh. B 3aBHCHMMOCTH OT
TUTIA YIIPYTOro 3J1eMeHTa T0IBECKU OBIBAIOT: PECCOpHAs, IPYKUHHAs, TOPCUOHHAS,
ITHEBMATUYECKAs U JIp.

B nanHoif paboTe, s OIEHKM MOBPEXKIAEMOCTH TPAHCHOPTHOTO CPEICTBA
IIPOBEJICH CPABHUTEIIbHBIN aHAJIN3 PECCOPHOM U NMPYKUHHOM MTOJBECOK.

Peccopa — camas mpoctas u HaaéxHas pasHOBUIHOCTH YIIPYTOrO 3JIEMEHTA.
CocTouT M3 CKPEIUICHHBIX MEXAY COOOM CTalbHBIX JUCTOB pa3HOM miuHbL. Yarie
BCEro peccopa uMeeT (HopMy MOJOBUHBI WM YETBEPTH ILTUIICA.

Burasg npyxuHa — cOUpaibHO 3aKpY4YCHHBIM YOPYTMM METAUIMYECKUI
CTEp>KE€Hb KpyTrioro ceueHus. [lpu cxatum e€ BUTKH CONMKAIOTCS, MOTIIONIAS

sHepruio yaapa [1].

Puc. 1. Buenauii Buj peccopHoii (a) u npyxunHoi (0) moasecok TC [2]

[Ipenmy1ecTBO Mpy>KUHBI MPOTHUB PECCOPBI B TOM, YTO, BO-TIEPBBIX, B HEH
IOJTHOCTBIO OTCYTCTBYET TPEHHE, a BO-BTOPBIX, OHA HECET TOJBKO YUCTO (HYHKIUIO
yOpyroro 3J€MEHTa, B TO BpEMs KakK peccopa TaK >K€ BBINOIHIET (PYHKUHUIO
HaIIPaBJISAIOLIEro0 yCTPOMCTBA (pbIYaroB) MOABECKH. B CBs3M ¢ 3TUM MpYy’KHUHA
Harpy>kKaeTcsi TOJIbKO OJJHUM CIOCOOOM U CIYXKHUT A0JIro. ENUHCTBEHHBIE HEAOCTATKU

IPYKUHHOM MOJBECKH, IO CPABHEHHUIO C PECCOPHOM — CJI0KHOCTh U BbICOKAs 1IEHA.
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Hunuaapuueckas npyxuHa GaKTUUECKH, MPEJCTABISAET U3 ce0s1 CKPYUCHHBIN B
CIMpajb TOPCUOH. YeM JUIMHHEe IPYTOK (a ero JyIMHa YBEIMYUBACTCS C YBEIUYECHUEM
JMaMeTpa NPY>KUHbl U KOJUYECTBA BUTKOB), TE€M MArYe MpyKUHA MPU HEU3MEHHOU
TOJIIIMHE BUTKA. Y CTAHOBUB 2 MPY>KUHBI MOCIEI0BATENHHO, TIOJTydaeTcs 00Jee MArkast
npykuHa. CyMmapHasi KECTKOCTh IIOCJIEJIOBATEIbHO COCJAMHEHHBIX TMPYXKUH:
C=(1/C1+1/C2). CymmapHas KECTKOCTh pabOTAIIMNX TMapaUIeTbHO MPYKUH
C=C1+Co.

OObIuHas MpyXuHA, KaK MPaBWIO, UMEET AUAMETP, Topa3fo OONbIINNA, YeM
IIMPUHA PECCOPHI M 3TO OrPAHUYMBAET BO3MOXKHOCTH HCIIOJIB30BaHUS MPY>KUHBI
BMECTO PECCOPBI HA M3HAYAIBHO PECCOPHOM aBTOMOOMUIIE T.K. HE MTOMEIIAETCS MEXKIY
KOJIECOM M PaMOM. Y CTaHOBUTH MPYKUHY IOJ paMy TOXKE€ HE MPOCTO T.K. Y HEE €CTh
MUHUMAaJbHas BHICOTA, paBHAsI €€ BBICOTE CO BCEMU COMKHYTBIMH BUTKAMH ILTIOC TIPU
YCTAHOBKE TPY>KUHBI TOJI paMOW TEpPSETCS BO3MOKHOCTh BBICTABUTH IOJBECKY IIO

BBICOTC.

Puc. 2. Hununapuveckas npysxuna [3].

AMOpPTH3aTOPHBIC CTOMKU C MPYKUHAMHU OBIBAIOT TaK e 2-CTYNEHYAaThIMU C
JBYMsI MOCJIEIOBATEILHO YCTAHOBICHHBIMU MIPYKMHAMU Pa3HOU KECTKOCTH. Mex 1y
HUMM TO0JI3YH, SBJISIIOIIUICA HAYKHEN YallIKOM BEPXHEU NMPYKUHBI U BEPXHEN YALIKON
HIOKHEW mnpyxkuHbl. OH CcB0OOOMHO TiepeMemniaercss (CKOJIB3UT) 0 KOPIyCy
amoptuzatopa. [Ipu 00sraHO# €3/1€ paboTaroT 00e MPy>KUHBI M 00E€CTICUNBAIOT HU3KYIO

KCCTKOCTD. HpI/I CHJIBHOM HpO60€ X044 CKaTHhA IIOABCCKH OJJHA U3 IIPYIKUH CMBIKACTC:A
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U J1ajblie paboTaeT TOJIbKO BTOpas npyxuHa. JKecTKOCTh y OJJHOM MPY>KHUHBI OOJIBIIIE,

4YeM y JIByX pabOTaroLIUX MOCIEA0BATEIBHO.

Puc. 3. AMopTr3annoHHas CToika nepeaHen moiBECKHU.

OCHOBHOE MPEUMYIIECTBO PECCOP B TOM, YTO OHU OJIHOBPEMEHHO BBIIIOJHSIOT
1 QYHKLHUIO YIPYTOro 3J€MEHTa, U PYHKIUIO HAIIPaBJISIOLIEro yCTPOMUCTBA, a OTCIO/1A
BBITEKAEeT HU3Kas LIeHAa KOHCTPYKLUUU. B 3TOM €cTh U HEJJOCTaTOK — HECKOJIBKO BUOB
Harpy>KeHUsl cpasy: TOJIKAIoIee yCHIINE, BEPTHKAIbHAs PEaKIus W PEaKTHUBHBIN
MOMEHT MocTa. Peccopbl MeHee HaJeXHbl U MEHEE JOJTOBEYHBI, YeM MpYy>KUHHas
MOJIBECKA.

OcHoBHas npoGiieMa peccop B TOM, YTO UX OU€Hb CJIOKHO C/AEIaTh JOCTATOYHO
MSTKUMHU. YeM OHU Msr4ye, TeM JUIMHHEE UX HYKHO JIeJaTh, a P 3TOM OHU HAUWHAIOT
BBLJIC3aTh 32 CBECHl M CTAHOBSTCS CKIOHHBIMH K S-00pa3zHOMy W3THOY. S-00pa3HbIi
U3rud — 3TO KOrjJa MoJ JEHCTBUEM PEAKTUBHOIO MOMEHTa MocTa (0OpaTHOro
KPYTAILIEMY MOMEHTY Ha MOCTY) PECCOPbI HAMATHIBAIOTCSL COOCTBEHHO BOKPYT MOCTA.

Tak >xe peccopbl UMEIOT TPEHUE MEXTy JTUCTaMH, IIPH YeM, He MpeAcKazyeMoe.
Ero Benn4unHa 3aBUCUT OT COCTOSIHHSI TOBEPXHOCTHU JIUCTOB. [IpH yem Bce HEpOBHOCTH
MUKpPOIIPO(UIIS TOpOTH, MO BEIUYMHE BO3MYILEHUS, HE MPEBOCXOASIINE BETUUUHY
TPEHHUS MEXIy JHCTaMH, MEPeNaloTcs Tely deJOoBeKa Kak OyATO TOJIBECKH HET
BOOOIIIE.

Peccopbl ObIBatOT MHOTOJIMCTOBBIE U MaJIOJMCTOBbIE. MaslonuCTOBBIE JTy4lle
TEM, UTO pa3 B HUX MEHBIIIE JINCTOB, CIEAOBATEIHHO U TPEHUE MEXKAY HUMU MEHBIIIE.

HGILOCTaTOK — CJIOXHOCTb H3I'OTOBJICHHMA MW COOTBCTCTBCHHO IICHA. Jluct
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MaJOJMCTOBOM pPECCOPhl HMMEET IEPEMEHHYIO0 TOJIIMHY, M C O3THM CBS3aHbI
JOTIOJIHUTEINIbHBIE TEXHOJIOTHYECKHUE CIOKHOCTH MPOU3BOACTBA.

Tak xe peccopa MoxeT ObITh l-mucroBas. B Hell TpeHHe OTCYTCTBYET B
npuHiune. OgHAKO 3TH peccophl 0ojiee CKIOHHBI K S-00pazHOMY H3ru0y M, Kak
paBUJIO, NPUMEHSIOTCS B TOJIBECKAX, B KOTOPHIX PEAaKTUBHBIA MOMEHT HAa HUX HE
nerctByer. Hampumep, B moaBeckax HE BEAYIIUX OCEM, WIM TaM, TJI€ PEIyKTOP
BE/IYILIEr0 MOCTa COEIMHEH C IIACCH, a He ¢ O0ankoi MocTa. C yCTamOCTHBIM H3HOCOM
JUCTOB OOpPIOTCA M3rOTOBJIEHUEM JIMCTOB TPaNeUUMEBUIHOTO ceueHus. HuxHas
IOBEPXHOCTh YK€ BepxHeil. Takum oOpa3oM, Oojbliasi 4acTh TOJIIMHBI JIHCTA
paboTaeT Ha c)KaTHe, a HE Ha PACTSKEHUE, JIUCT CITY>KUT JIOJIbIIIE.

B oTiinune ot py>KuHBL, peccopa HE UMEET MUHUMAJIbHOTO pa3Mepa IO BBICOTE.
Takke Henp3s1 MAHUIYJIHPOBATh KOJIWYECTBOM JIUCTOB. Jleo B TOM, 4TO peccopa
KOHCTPYUPYETCS KaK €IMHOE LEJI0€ MCXOAS W3 YCIOBHS PABHOTO COINPOTUBIICHUS
u3rudy. JIlroboe HapylieHue BeJIeT K BO3HUKHOBEHUIO HEPAaBHOMEPHOCTH HaIPSHKEHUN
0 JJTMHE JIUCTA, YTO HEU30EKHO MPUBOIUT K MPEKACBPEMEHHOMY MU3HOCY U BBIXOIY

U3 CTPOSI PECCOPBHI.

Puc. 4. BHenHuii BUJ peccophl.

BoiBoabl. OCHOBHOE NPEUMYIIECTBO PECCOPHOM XOAOBOM YacTH — 3TO €€
OTPOMHasi BBIHOCIMBOCTb, IIO3BOJISIIOLIASl IEPEHOCUTh JIIOObIE HArpy3ku 0e3
CYILIECTBEHHBIX MOBPEkKIeHHUI. KpoMe Toro, peccopHas moJBecka CHUKAET HArPy3Ky
HAa aMOpPTHU3aTOPbl, YACTHYHO BBIMOJHSIS WX (QYHKIHUIO 3a CYET TPEHHUS MEXIY
OTZEJIBHBIMU JINCTAaMU. MHUHYC peccop — OCPEACTBEHHBIE IIOKA3ATENH JIACTUYHOCTH
U SHEeproéMkocTH. Takas MoJIBECKa HE MOXKET cjeiaTh MaluHy kombopTadenbHOoM
WJIU TIPUJIATh €1 XOPOILYIO YIIPABIIIEMOCTb, 3a CUET YETO OHA Yalle BCErO BCTPEYALTCS

B I'PY30BHUKaAX, JICTKOBbLIX (bprOHaX M ITMKallax. KpOMe TOI'0, X040Bas1 4aCTbh HA OCHOBC
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PECCOp TOCTATOYHO TSHKENA, YTO ABJISETCS OOJIBITUM HETOCTATKOM JIJISi COBPEMEHHOTO
aBTOMOOUJIS.

HawnGonbmryto TOmMynsipHOCTh TOJNyYWJIa WMEHHO TIPYXXWHHAsS TIOJIBECKa,
KOTOpasg codeTraeT B cebe HEBBICOKYIO CTOMMOCTb C  ONTHUMAJIbHBIMU
XapaKTepUCTUKAMH W OTJIWYHON HaAEKHOCTHIO. MallMHbI, B KOTOPBIX TMPYKUHBI
UTPAIOT POJb 3JIACTUYHOTO 3JIEMEHTA, OTIUYHO YIPABISIIOTCS U MPEIOCTABISIOT
naccakupam HerIoxoi ypoBenb koMmpopTta. Kpome Toro, npy>xuHHas moaBecka Jerko
noAAaéTCcsl pEMOHTY U He TpeOyeT OOJIbIINX pacXxoJ0B Ha o0ciyxuBanue. OCHOBHOM
MUHYC — HE0OJIbIlIasi TPY30M0IbEMHOCTh. B Ipy30BHUKax TakoW BapuaHT BCTPEUAETCA
JIOCTATOYHO PEAKO, MOCKOJIBKY JakKe MPY>KHWHA ¢ OOJIBIIIUM JUAMETPOM BUTKa OyIeT
OUYEHBb OBICTPO TEPSITh CBOU XAPAKTEPUCTUKH, U3HAIIUBASCH MO/ AaBJICHUEM OOJIBIION
macchl. [Ipy>krHHas moiBeCKa TakKe YyBCTBUTENbHA K Y/IApPHBIM HArpy3KaM — BIIOJTHE
BO3MOJKHO, YTO TIOCJI€ aKTUBHOM €371kl 10 O€30pOKbI0 aBTOMOOWJIL OYyAET KIaTh

PEMOHT XOJIOBOM YaCTH.
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COMPARATIVE ANALYSIS OF ELASTIC ELEMENTS
OF AUTOMOTIVE SUSPENSION

Annotation. The movement of vehicles on poor-quality roads is accompanied by
intense alternating loads on the suspension parts, in particular springs and springs.
Forced random oscillations of the suspension system occur. The high level of
amplitudes and frequencies of oscillations significantly affects its performance and
durability. In this work, to assess the damage to the vehicle, a comparative analysis of
spring suspensions was carried out.
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HEBOCKPEBbBI U KOJIEBAHUA
Annomayusi. B craThe paccMaTpPHBAIOTCS COBPEMEHHBIC  TEXHOJOTHH
IPOCKTUPOBAHUS W CTPOUTEILCTBA BBICOTHBIX COOPY)KCHHH IS TIOJABJICHUS
OTPHUIIATEILHOTO BIIUSHHS KOJCOAHWH, MPHUBEACHBI TPUMEPHl MPUMCHECHHS ITHUX
TexHojoruii. CaenaH BeIBOJ O BaXKHOCTH JAaHHOM TEMbI IS CIICLIHAIMCTOB.
Kntouesvie cnosa: HebOCKpebd, MexaHWUYECKHUE KoJieOaHMs, PE30HaHC,

CeliCMOyCTOMYHMBOCTS, eMIipep, AeMI(PHUPOBAHUE, Ay TPUTED.

BBenenue. BoICOTHBIE 3jaHHS CTPOSIT IO BCEMY MHUPY, U BCETZIa 3TO CIOXKHAs
3a7a9a ISl WHKeHepoB. OHOM W3 TJIaBHBIX NPOOJIEM MNpH MPOCKTHPOBAHHHI
HEOOCKpPEOOB SIBISIETCS Y4YeT M yMEHBIIEHUE KOJIeOaHUM, CIOCOOHBIX Pa3PYIIUTh
3nanue. Berep M MoOJ3EMHBIE TOJYKU BBI3BIBAIOT KOJICOAHUS 3MaHUM. A Tak Kak
COOpPYKEHUS HMMEIOT COOCTBEHHYIO YaCTOTY, 3aBUCSIIYIO OT CTPYKTYpPBl CaMoOro
3MaHusl U (PU3UYECKUX CBOMCTB MaTEPHAJIOB, U3 KOTOPHIX OHO MOCTPOEHO, TO OT
BO3JICMCTBUSI BHEIIHUX CHJI aMIUIUTyJa KOJIEOAHUH MOXET IMOBBIIATHCS U3-3a
pe30HaHCa, M BEpPXHHUE ITaXW OYJIyT CMEIAThCS OT CBOCH OCH. 3a MOCeaHue
HECKOJIBKO JIECSATUJICTUN apXUTEKTOPhl U WHKEHEPHI pa3paboTaiu TEXHOJOTHH,
KOTOpPBIE MOTYT COXPaHHUTh HEOOCKpEObl OT pa3pylieHUs, a WX KOHCTPYKIUSA
MO3BOJISECT MOBBICUTH 00TEKAEMOCTh BO3yIITHBIMU MAaCCaMH.

IHocTranoBka 3agauu. Ha ocHoBaHnM 0030pa JIUTEPATYPhI BHIICTUTH OCHOBHBIE

NPUYMHBI, BBI3bIBAIONIME KOJeOaHus HEOOCKpeOOB, BIHMSHUE KoleOaHMl Ha
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KOHCTPYKLIMH 3JIaHUW W JKU3Hb JIIOJEH, OCHOBHBIE TEXHOJIOTUM TOAABJICHUS
OTPUIIATEILHOTO BIUSIHUS KOJIEOAHUI.

PesyabTtarbl. Bce HeOockpeObl TpW CHJIBHOM BETpPE UYyTh 3aMETHO
packaunBaroTca. CKOPOCTh BETpa aKTUBHO PACTET C BBICOTOM, TAK)KE YBEIUUMUBACTCS
€ero JaBiieHMe Ha 37aHue. [Ipy 3TOM C HABETPEHHOW CTOPOHBI KOHCTPYKIIUU
VCTBITBIBAIOT PACTSIKECHUE, a C MOABETPEHHOM — CcxkaTue. BO3HUKAET Tak Ha3bIBa€MbIN
«ddexT mapyca», HEWTpaIu3oBaTh KOTOPBHIH W HEOOXOIUMO CTPOUTEIISIM.
Bo3Hukaromue BOKpyr 3AaHUSI BUXPU U TYpPOYJIEHTHOCTh IOCTOSSHHO MEHSIOT
XapaKTep Harpy30K, 4TO MPUBOJUT K PACKAUYUBAHUIO U JPOKAHUIO COOPYKEHHUSI. DTO
HE TOJILKO BBI3bIBAET MHTCHCUBHBIN U3HOC KOHCTPYKIHM, HO U CO3/1a€T HENPUSATHBIC
YCJIOBUSI JJISI JIFOJIEW BHYTPH.

B pesynbraTe nA€HCTBUS CEHCMUYECKUX, BETPOBBIX, TEXHOJOTHYECKUX,
UMITYJIbCHBIX Harpy30K B COOPYKEHUSIX MOT'YT BO3HUKATh U3THOHBIC, BEPTUKATILHBIE U
KpyTHIbHBIE KoJjieOanus. Hamboiee omacHBIMH CUMTAIOT WM3THOHBIC M KPYTHIHHBIC
nedbopmanuu. BepTukanbHble OTKIOHEHHUS KOHCTPYKIIMN, BO3HHUKAIOIIUE TIPH
CeCMHUYECKON U UMITYILCHOM (TI0/13€MHBIE B3PbIBbI) HArPY3KaxX, 0OBIYHO racsITCs MO/
JEeHCTBUEM COOCTBEHHOTO Beca coopyxkeHHs. OT yCTOWYMBOCTH BEPTHUKAIBHOCTH
3aBHUCUT U3HOC KOHCTPYKIIMH 3/1aHUS, IEJIOCTHOCTh OCTEKJICHHUS, HOpMaJibHasi paboTa
11 TOB, BOJOMPOBOIOB.

B ocHoBe cTpouTenbcTBa Bcex HEOOCKPEOOB JIGKUT JMHAMUYHAS KOHCTPYKIIHS
(Hampumep, KOpHycC 3[aHusl COCTOUT U3 SIPyCOB, COCIMHEHHBIX MEXIY COOOM
MIAPHUPHO). DTO MO3BOJIAET 3/IAHUIO KOJICOATHCS, UTOOBI JIyUIlle IEPEHOCUTH CUIIOBBIC
Harpy3ku. 3HameHuTas OamHs «Deneparus» B Komiuiekce MockBa-Cutu mpu
yparaHHOM BETPE€ MO IUIAHY MOXET OTKJIOHSTHCS OT CBOEH OCH IPUMEPHO Ha
70 caHTUMETPOB, HO HaXOAIITUECS B 3JJaHUH JIFOIM MPAKTUYECKH HE OIIYTAT 3TOTO.

Cpenu OCHOBHBIX TAPaMETPOB, KOTOPHIE BIUSIOT HA MPOYHOCTh U INIACTUYHOCTh
HeOOoCcKkpeOa u UrparoT OONBIIYIO PO B MOJABICHUN KOJICOAHUH, CIETyET BBIJCIHUTh
Maccy 3maHus. Kakapli HOBBIH 3TaX — O3TO JIONMOJHUTEIBHBIM BEC, W, YTOOBI
YMEHBIIIUTh HAarpy3Ky Ha (yHIaMEHT, YMEHBIIAIOT Maccy KOHCTpYKuui. Jjist aToro

IMPUMCHAIOT HOBBIC MaTCpUaJIbl, pAllMOHAJIBHO UCIIOJIB3YyS UX HCCYHIYIO CIIOCOOHOCTb.
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Pe3ynbraTomM yMeHbIIIEHUs MAaCChl KOHCTPYKIIUN SIBISIETCS YBEIMYEHUE UX THOKOCTH
U YMEHBILIEHUE >KECTKOCTH. DTO TO3BOJISIET Jydylle MEPEeHOCUTh AedopmManuu, HO
MOBBIIIAET YyBCTBUTEIBHOCTH K BO3ICUCTBUIO JMHAMUYECKOM COCTaBISIONICH BETpa,
U3-32 YEero pacTteT aMIuIMTyla KosieOaHuii HeOockpeba. [loaToMy apXUTEKTOpHI U
WH)KEHEPHI JOJKHBI HAXOIUTh KOMIIPOMHCC MEX]Ty THOKOCTBIO, )KECTKOCTHIO U BECOM
HeOockpeoa.

B GonpmmHCTBE ciiydaeB u3-3a BEICOTH HEOOCKpeOa He yAaeTcsi 000UTUCH JIUIITh
pacueToM MPOYHOCTH MATepUAIOB U BUAOM KOHCTpYKIUU. COBpEMEHHBIE HHKECHEPHI
ypaBHOBEIIMBAIOT HEOOCKPEOHI TTPH MOMOIIM OJHOTO WJIM HECKOJIBKHUX JeMI(pEpPOB —
YCTPOMCTB, KOTOpPbIE HMCKYCCTBEHHO TacAT MEXaHHYeCKHe KOJeOaHWs BBICOTHBIX
3IaHUMN.

UtoObl HUBENUPOBATh OTKJIOHEHHUE, TMOSBIAIONICECS TMPU  KOJICOAHUSX,
UHKEHEPbl YCTAHABIMBAIOT MOJ| KYNMOJOM HEOOCKPEOOB T'MI'AaHTCKHUE HACTPOCHHBIC
amoptuzatopsl Macc (tuned mass dampers; TMD), i uHepImoHHbIC AeMII(EPHI.
Yamie Bcero TMD BBITJISIAT KaK OTPOMHBIM OSTOHHBIN WK CTaIbHOM map Becom 300-
800 ToHH. OH MOJBELINBAECTCA HA CIEHMAIBHOM CHUCTEME IPYKUH W TOPLIHEH B
BEPXHEH YacTu 3aHMs U COXPaHSET LIEHTP Macchl HeOOCKpeOa 3a CUeT TOro, YTOo MpHU
U3MEHEHHM yTJia HAKJIOHA 3JaHusl IIap HAYMHAET JIBUTaThCid C TOM K€ 4acTOTOM,
TOJIBKO B TTPOTHBOIIOJIOKHOM HarpaBieHUH (IpoTuBO(dAa3e), TEM caMbIM HE JIOITyCKast
pe3oHaHca B KOHCTpyKiusax. Hampumep, nneprmonnsii nemmdep Oamnn «Taitbeit
101», xotopas Haxonutcs B cronuie Kuraiickoit pecnyonuku (TaiiBanp) Tait0si, -
3TO CTANBHOMN chepruecKuil MasTHUK BecoM 660 TOHH, TOMEIIEHHBIA BHYTPH 3/1aHUS
Mexay 88 m 91 sraxkamu. Cdepa masTHHKA COCTOMT U3 41 CTAJbHOW TJIACTHHBI,
Kakaas TOJIUHON 125 MM, 4TO BMECTEe cOCTaBiseT 5,4 M B JUaMeTpe. AMIUIUTY/Ia
koneOanuii mapa pgocruraer 10 cM npu  packauMBaHWW 3[aHUS BETPOM U
yBEIMUHUBAETCS 10 1,5 METpoB mpw 3eMIIETpSACEHHH. braromgaps TakoMy MasTHHKY
3J1aHUE CYUTAETCSl CAMBIM YCTOWYUBBIM B MHUPE, U 3TO MPHU TOM, UTO OHO HAXOJIUTCH B
CEHCMOONIACHOM PETHUOHE.

B bammne Illanxas HEBO3MOXKHO OBLIO IMOMECTHTH jaeMIipep HEOOXOIUMOTo

BC€Ca, IIO3TOMY MHIKCHCPLI YCHUIIUIIN aMOpTI/ISaHI/IOHHHﬁ Bq)(I)GKT C IIOMOIIBIO MOIIHOT'O
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anekTpoMarHuta. Ha BepXHMX 3Ta)»kax OHHU yCTAHOBWJIM TIIATEIHHO PACCUUTAHHYIO
maccy - 1000-ToHHBIN MasgTHMK M3 CTAJbHBIX IUIACTHH, U CBSA3QJIM €r0 C MOUIHBIM
AJIEKTPOMArHUTOM, CO3/aB MEPBBII B HCTOPUM CTPOUTEIBCTBA WHIYKIIMOHHBIMI
nemndep. ['mapaBnuyeckas cucremMa NpeloXpaHieT MasTHUK OT CIUIIKOM PE3KUX
OTKJIOHCHUNH U CIUIIKOM OOJBIIUX AaMIUIATYA. OJIEKTPOMAarHWTHas CHUCTEMa
aKTUBUPYETCS TpU JBMKEHUU MasTHUKA, ycwiuBas neMrdupyromuid >¢pQdeKT.
Cnenyer OTMETHTh M TaKyl0 OCOOCHHOCTh bamiHu, Kak ee «CKpy4YeHHBI» ¢aca.
BHenHsis yacth CTpOEHUSI MO MEpE YBEIMYEHHUS! BBICOTHI 3akpyuuBaercs Ha 120°,
Oyarosapsi Yemy MOTOKHM BeTpa pa30UBaIOTCA U yBOASTCS BAOJb dacaja.

Takxe NPUMEHSIOT JKUIKOCTHBIM NacCUBHBIN Aemndep Aid 3PPEeKTUBHOrO
raimenust kKosneOaHuil. B 3ToM cnmydae wHCHONb3yeTcss CBOMCTBO COXpPaHEHHUS
KUJKOCThIO TUIOTHOCTU (HecxkuMaemocTh). HaBepxy HeOockpeba ycTaHaBIMBAIOT
HUCTEPHBI C BOJOM Maccoit oT 1% 110 5% oT mMacchl, KOTOpO OHA MPOTUBOJAEHCTBYET.
B HekoTOphIX ciyyasiXx 3TH CUCTEMBbI UCIIOIB3YIOTCS B KAUYECTBE aBAPUMHBIX IIUCTEPH
C BOJOM s moxapoTyiieHus. Bo Bpems ceiicMuueckoro (Wiau BETPOBOTO)
BO3JICHCTBUS KHUJKOCTh B pe3epByape OyJeT IIecKaThCs B3aj W BIEPE]d, MpUueM
JBIDKCHUE KUJIKOCTU OOBIYHO HANpPaBIsECTCS] W KOHTPOJIUPYETCS BHYTPEHHUMH
NEPEropoJKaMH, KOTOpPbIE HE IO3BOJIIIOT pE3EpByapy CaMOMYy pE30HHpPOBATH CO
3nanueM. Kunernueckasi SHEpPrus )KUIKOCTH MPeoOpa3yeTcst B TEIJIO EPETOPOIKAMH.

OpurvHagbHOE PEIIEHUWE HAUUIM MPU CTPOUTEIBCTBE CHUHIAIYPCKOIO OTEJs
Marina Bay Sands, koTopelii TpOCITaBWIICS Ha BECh MHUpP CBOHM ITOTPSCAIONIIUM
OacceilHOM Ha Kpblllle, COEOUHAIONIEH cpa3dy Tpu OamHu orens. [lo cyTw,
OTJIBIXAIONIME IJIABAIOT B OTPOMHOM JeMIi(epe.

Bbonee nmpocroe, HO He MEHEe H3AIIHOE PEIICHUE BHIOPAIN CO3/aTENH CaMOro
BBICOKOTO B Mupe Hebockpeba «bypmx-Xamuda» B Jlydbae. Cama ero ¢opma —
MUPAMUIATBHBIN KOHYC — JellaeT 37aHue Oojiee YCTOWMYMBBIM. A CHUpaJICBHIHAS
dbopmMa 31aHUS CHIKAET BIMSHUE BeTpa Ha 24% IO OTHOIICHUIO K aHAJIOTHYHOMY
3naHui0 B Qopme mapamenenunena. Ilpu Takoi ¢opme  yCTOMUMBOCTH

oOecreunBaeTcs TCM, 4YTO JHHHA CHIBI TAXKCCTH HC 6y,[[eT BBIXOAUTDH 3a I'PAHUIIBI
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IUIOIIAM OTOPBIL, a LIEHTP TSHKECTU PACIOIOKEH HU3KO HaJl OCHOBaHHUEM, T. €. OyJIeT
COOJII0/IEH MPUHIMI MUHUMYyMa NOTEHLIUAJILHON SHEPTUH.

Crnenyromeil BO3MOXHOCTBbIO IPOTUBOCTOSIHUS BBICOTOK BETPY  SBIIAETCS
YCTPONCTBO ayTPUTEPHBIX TOSICOB. AyTpuUrepbl — HTO MOIIHBIE, B OCHOBHOM
METa/NINYECKUe KOHCTPYKIIMH, OIOosChIBaolue HeOOockped, Omaromapsi KOTOPbIM
Harpy3ka Ipu BO3JEHCTBUHM BETpa PAaBHOMEPHO paCIpenesieTcs MEeXAy SIpoM U
KOJIOHHaMHM Kapkaca, a TakkKe JAPYIMMH HECYIIMMHU KOHCTpyKuusmu. Yacto
ayTpUTEpHbIE 3TaXXW JENAl0T TEXHUYECKHMMH, pacrnojaras B HUX HWHXKEHEPHOE
00opy10BaHNE U KOMMYHHUKAIIMHU WM aBapUITHOE MECTO MpeObIBaHUS JItOIeH BO BpeMs
noxkapa. KoHcTpykuus aytpurepa i KaXIOro 3JaHUs  MPOEKTUPYETCsS
UHAUBUIYABHO U UMEET ClIeAyouue (QyHKIMH: MOBBIILIEHUE U3TMOHON KECTKOCTU
3/1aHUs, TMPOTHUBOCTOSHUE TMPOTPECCUPYIONIEMY OOpPYIICHUIO B cllydae IMOTEpH
IIPOYHOCTU OTHAEJIBHOM KOHCTPYKLHEH, YCTOWYMBOCTH K BETPOBBIM Harpys3KaM.
OOBIYHO OHM YCTPAauMBAIOTCA 4Yepe3 HECKOIbKO dTaxeil. Ceroans ayTpurepHas
TEXHOJIOTUS JAaeT BO3MOXHOCTh apPXUTEKTOpaM TMPOEKTHUPOBATH YCTONYHBBIC
HEOOCKpeObI pa3HOOOPA3HBIX (HOPM.

BoiBoabl. HebockpeObl —  cBoeoOpa3HbIi  CHMBOJ ~ COBPEMEHHOTO
cTtpouTenabcTBa. CII0KHOCTh BBICOTHOTO 37aHUSl PACTET MPOMOPIIMOHAIBHO €ro
BbIcOTe. Pa3paOoTaHHble MeTOABl AEMI(PHUPOBAHUS U aMOPTH3ALUH TO3BOJSIOT
3¢ GeKTHBHO OOPOTHCS C BHEIITHUM K0JIEOATEIIbHBIM BO3JICCTBHEM, UTO 00ECIICUNBAET
0€30MacHOCTh U JIOJITOBEYHOCTh KOHCTPYKIMH. [IpoexkTupoBaHue, CTpOUTEIBCTBO U
AKCIUTyaTalusi BBICOTHBIX 3JaHUW U COOPYKEHHU MpPEeACTaBIsieT COOOM KOMILIEKC
Pa3IUYHBIX APXUTEKTYPHO-TEXHUUYECKUX 3aj]ay, JJIs PElIeHUsT KOTOPBIX Tpedyercs
CJIOXHAsl CUCTEMa ONpPEAENICHHbIX 3HAaHUU. W ceroHsa mpu apXUTEKTYpPHBIX LIKOJIaX

co3aaroTcs (PaKyIbTEThl «CIEUATMCTOB IO HEOOCKpEOam.
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SKYSCRAPERS AND FLUCTUATIONS
Annotation. The article discusses modern technologies for the design and
construction of high-rise structures to suppress the negative influence of vibrations,
and provides examples of the application of these technologies. The conclusion is made
about the importance of this topic for specialists.
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INIIACTHYECKASA JE@OPMALUA HAHOKPUCTAJIVIMYECKHUX
MATEPHUAJIOB
Aunomayusa. 1lpoaHamM3UpOBaHO JBWKEHHE KpPAeBbIX JHCIOKAIMHd B
HaHOKPUCTAINTMYECKUX MaTepraax.

Knroueswvie cnosa: AUCJIIOKAINH, HAHOMATCPHAJIbI, IINIACTUYICCKAA z:e(bopMaumI.

Beenenne. OnHMM U3 METONOB YJIY4YLIEHUS MEXAHHUYECKUX CBOICTB
MaTepuajoB SBISAETCS YMEHBIICHUE pa3sMepPOB 3EPEH, U3 KOTOPBIX COCTOSAT
maTepuasibl. MIHTEHCHMBHAsl TIutacThueckas AedopManus 3HAYUTEIbHO pacIIupuiia
BO3MOKHOCTH IIOJIyYEHHUSI HOBBIX HAHOMATEPHUAIOB, 110 KOTOPBIMH ITOAPA3YMEBAKOTCS
O0OBEKTBl C XapaKTepHbIM pa3MEPOM CTPYKTYpPHBIX 3ieMeHToB MeHee 100HM.
JIOBOJIBHO 4acTO B HAHOKPHUCTAUIaX COAEP/KATCS NPHUMECH, MOMABIIME B HUX B
nporecce Mody4yeHuss MO0  CHelUalbHO  J00aBJIEHHbIE JJI  TOBBIIICHUS
TEPMOCTAOUIBHOCTH HCXOJHOIO CTPYKTYPHOTO cocTosinud. I[lpumecHble noOaBku
MO3BOJISIIOT HE TOJBKO CTAaOMIM3UPOBATH YJIBTPAMENKOE 3€PHO, HO M COXPAaHUTh
BBICOKHI YPOBEHb IMpeJesa TEKy4YECTH YJIbTPAMEIKO3EPHUCTBIX MaTepuaioB. IIpu
NaNbHEMIIEeM UCHOJIb30BAHUM O3THU  3arOTOBKM  MOTYT OBITh  MOJABEPTHYTHI
BBICOKOCKOPOCTHOMY Harpy>ke€HHIO, B YaCTHOCTH, ITPH BBICOKOCKOPOCTHON 00paboTKe,

KOBKE, (DOPMOBKE.
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IloctanoBka 3amauu. B  Hactosmedt  pabGore  craBuUTCS — 3a7ad4a
MPOAHAIU3UPOBATh BIUSHUE MNPUMECEH Ha JUHAMHUYECKHN TMpPEAea TEKy4eCTH
HAaHOMAaTEPHUAJIOB.

MHOro4uclIeHHbIE ~ UCCIENOBAaHUS  IMOKAa3ajd, 4YTO  TPAJULHUOHHBIN
JNUACJIOKAIMOHHBIA  MMOAXOJ K  HM3YYEHHUIO 3aKOHOMEPHOCTEW  IUIACTUYECKOM
nedopmanii HaHOOOBEKTOB HYXIAeTCs B cepbe3HOM mepecmorpe. KommdecTtBo
JUCJIOKAIIMI B HAHOIUICHKAX U HAHOYACTUIIAX BEChMa OTPaAaHUYECHO, YTO 00YCIOBICHO
JBYMsI OCHOBHBIMHM MPUYMHAMU: BO-TIEPBBIX, XapaKTEPHBIM pazMep HaHOOOBEKTa
MOXET OKa3aTbCsi MeHblIE pazMmepa nemiu Dpanka-Pupma, sBiasroniencss OJHUM U3
IJIaBHBIX MCTOYHUKOB JMCIOKaLMK (pa3Mephl MeTiii cocTaBisitioT oosiuHo 20-2000
nm). Bo-BTopbiX, OJIM30CTh TpaHUIl pa3jena MPUBOJIUT K BBIXOAY AUCIOKAIUNA M3
00beMa HAaHOKPHUCTAIIIOB MO/ ICHCTBUEM CHUJT U300paKEeHUS.

MHOro4YHMCICeHHBIE YKCIEPUMEHTHI, TEOPETUUECKUE OIIEHKU U KOMIIBIOTEPHOE
MOJEJIMPOBAHUE TTO3BOJIWIIN CIENaTh BBIBOJ O TOM, YTO B HAHOMATEpHaJlax BAXKHBIM
VMCTOYHUKOM JIUCIJIOKAIIMH SIBIISIETCS MX HWCIIyCKaHUE IpaHULAMH 3€pPEH B MpoLEecce
nacTU4YecKou nedopmarum.

BoiBoabl. AHanu3 BIMSHUS T[PUMECE Ha MEXaHUYECKHE CBOMCTBa
HAHOKPUCTAINIMYECKUX MATEpUAJIOB TOKa3aJl, 4YTO B PE3YyJIbTaTe€ KOJJIEKTUBHOTO
BO3JCHCTBUA aTOMOB NPUMECH HA JUHAMHYECKOE JABM)KCHUE JHCIOKAIMHA OHH
CIOCOOHBI OKa3bIBAaTh CYNIECTBEHHOE BIMSHUE HA JUHAMUYECKUN MPeea TEKYYEeCTH.
[Ipu BBICOKMX 3HAUEHUSAX KOHIIEHTPALMHU MPUMECH JAHHBIM MEXAHU3M JUCCUTALAN
MOKET OBITh CYIIECTBEHHBIM M MPUBOAUTH K POCTY Mpejeia TEKYyYeCTH Ha JECSITKU
MPOIICHTOB.
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T.W. Manamenko // ®U3NKO-XUMUYECKHE  aCIEKThl H3yYCHHUS  KJIACTEPOB,
HAHOCTPYKTYpP U HAHOMATEPHAJIOB: MEXBY3. ¢0. Hay4. TpyA0B. — TBepb, TBepCcKO roc.

yausepcuteT. 2022, — Boimn. 14. — C. 176-182,

321



JIsmenko Tumodeit AnekceeBu4, cryneHrt rpynnsl IJI9T-22a ®I'BOY BO
«JloHEeUKuld HaUMOHAJIBHBIA TeXHHUYEeCKH yHuBepcuteT», 83001, 1. /loHeuk,
yi. Aptema, 58.

e-mail; timlyashen@agmail.com

Hayunslii pykoBOIUTENB:

Manamenko Tarbsina WMBaHoBHa, crTapmuil TmpernogaBareiib KadeIpsl
¢uzuku, OI'BOY BO «JloHeukuil HalMOHAIBHBIM TEXHUYECKHI YHHUBEPCHUTETY,
83001, r. Jlonenk, yi. Aprema, 58.

e-mail: t.i.mal@mail.ru

PLASTIC DEFORMATION OF NANOCRYSTALLINE MATERIALS
Annotation. The motion of edge dislocations in nanocrystalline materials is
analyzed.

Key words: dislocations, nanomaterials, plastic deformation.

Lyashenko Timofey Alekseevich, student of the ELET-22a group, Donetsk
National Technical University, 83001, Donetsk, Artem str., 58.

Scientific supervisor:

Malashenko Tatyana Ivanovna, Senior Lecturer of the Department of Physics,
Donetsk National Technical University, 83001, Donetsk, Artem str., 58.

322


mailto:t.i.mal@mail.ru

YJIK 534.84
Knememona E.H.,
crya. rpynmnsl [II'C-76a, ®I'EOY BO «/JoHHACA»
PykoBoauTenb: KaH/l. TeXH. HayK, AoueHT [lokunrenuna E.A.,

no1eHT Kadeapsl «Pu3uka u

npukiagaas xumus» OI'bBOY BO «/lonHACA»

AKYCTHUKA B CTPOUTEJIBCTBE
Annomayus. Paccmorpenbl K03(h(UIMEHTH 3BYKOMOIJIONIEHUS MaTepHaoB,
UCIIOJIb3yEeMblI€ IIPU CTPOUTENHCTBE. BhIsIBIIEHBI MaTepuaibl, HanboIee N30JUPYIOIIHe
3BYK.
Knwouesvie  cnosa: aKyCTHUKa,  3BYKOHENPOHHUIIAEMbIE  MaTepuallbl,

3BYKOIIOTJIOIICHHUC.

Beenenue. UToObl H30JMpPOBaTH CBOE KWIMINE OT IMOCTOPOHHETO IIyMa,
clelyeT pa3o0parbcsi ¢ UCTOYHUKOM W MPUPOJOM €ro BO3HUKHOBEHHs. OT 3TOro
3aBUCUT TMPABWIBHBIA BHIOOP 3BYKOMOTJIOMIAIONIMX MaTEpUaIOB, MPENoaracMblii
00beM palboT, KOHEUHAasi CyMMa 3aTpaTr Ha peaau3aliuio MEpONpUsITHI.

3BYKH U IIYMbI IPOHUKAIOT B HAIIE KUIUIIE TIPSMBIM U KOCBEHHBIM ITyTEM.

[IpsiMbIM TTyTE€M 3BYKOBBIE€ BOJIHBI IPOHUKAIOT B MOMENICHUS YEPE3 OTKPHITHIC
WJIM HEIUIOTHO 3aKPBIBAIOIIMECS OKHA, TPELIUHBI U IUIOXO 3a/CIIAHHBIC IIETU MEXKIY
CTCHOBBIMH MMAHEIISIMUA UJTM CTEHAMU U OKOHHBIMU OJIOKaMHu.

KocBeHHBIM IyTeM 3BYKM IPOHUKAIOT B KOMHAThl 4YEpPE3 CTPOUTEIBHBIE
KOHCTPYKILHH, OTINYAIOIIMECS HA3ZKUM 3BYKOIOIJIOIIEHUEM, | KOMMYHHKAIITUOHHBIE
KAaHAaJIbI.

Meponpusitus, HanpaBJICHHbIE HA CHWKEHHE YPOBHS IIyMa B IIOMEIICHUSX,
HAa3bIBAIOT LIYMOU3OJISILUEN U 3BYKOU3OJISLIUEN.

Bce crpoutenbHble Martepuanbl 001aal0T CIOCOOHOCTHIO B MEHBIICH WM

Oompmeid crerneHn moromarh 3BYK (a>0), amax=1, e a - KO3(pPUIHESHTHI
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3BYKOIIOTJIONIEHNS ~ MAaTe€puagoB. 3BYKOMNOIJOIIAIOIIMMHA  HA3bIBAIOTCS  TaKUe
Marepualbl, Y KOTOPhIX o Ha cpennux dyactorax Oonbmie 0,2. Kosdpduuuent
3BYKOIOTJIONIEHUS 3aBUCUT OT MOPUCTOCTU MaTepuara.

IMocranoBka 3amaum. CpaBHeHue KOIDOUIIMEHTOB 3BYKOMOTJIOMIEHUS U
BBISIBJIEHUE MaTepuaia, Haubosee NoAXO0AIIEro Mo/l 3anpoc CO3JaHus OMEUIEHUS C
HAMOOJBIITUM 3BYKOIIOTJIOIICHUEM.

Pe3yabTatbl. KoadunueHT 3ByKONOTNIONIEHHS - OTHOILIEHHWE MOTJIOMEHHON
3BYKOBOH 3HEpPIHMHM KO BCEH SHEpPruu, majaromed Ha Matepual: 0=FEno:! En. 32
¢IMHMITY 3BYKOIOIJIONIEHHUS YCIOBHO MIPUHUMAOT 3BYKOIOIJIONIEHHE 1 M% OTKPBITOTO
OKHa.

Tabmuua. CpaBHeHHEe KO3(DPUIMEHTOB 3BYKOIOIJIOMIEHHUS ¢ (NP YacTOTe
125 I'n)

[ Ojted Odz U
MunepanbHas BaTa 0,94
BeroHHEBIN 0T 0,01
JlepeBAHHBIH MO 0,05
JlepeBSHHBIC ITAHEIIH 0,08

[[IuTel bekemu (X0aCT Ha BaTe TOMMUHON 40 MM) 0,8
Crekiio 3-4 MM 0,3
[lenomnact 0,02

®aHepa 6 MM, Ha PACCTOSTHUU 5 CM OT CTEHBI 0,6
[Mrykarypka ALIT 0,3

Heradesign Superfine 15 mm-kapkac 275 mwm- 0.7

MUHBAaTa

HepeBo 0,2
CtpouTenbHbINA BOMIOK, TONIIMHON 25 MM 0,15
Croit BaTsl TosmmuHO#M 100 MM 0,43
[Topdur 0,4
MuHepainbHas TEeTIOU30JISIIUS 0,81
Kuprninunas ctena 0,03
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BeiBoa. IlpousBeneHo cpaBHeHHE KOI(PPHUIMEHTOB  3BYKOMOIVIOMICHHUS
HauOoJIee YacTO UCMOJIb3YEMbIX MPU CTPOUTENILCTBE MATEPUATIOB, & TAK)KE HA OCHOBE
IOJIyYEHHBIX PE3YJIbTATOB  BBIIBUHYTO IMPEANOJIOKEHHE 00 HCIOIb30BAaHUU
OMHMCAHHBIX MAaTEPUATIOB JJI CO3/IaHUs HauboJiee 3ByKOM30IUPYIOUIETO TOMEIICHHUS.

Hcxona u3 HalieHHBIX M OTGOPMATUPOBAHHBIX AaHHBIX TAOJIUIBI, Haubosee
3BYKONOMIOMAIOIMMU MaTepraliaMH, Ipu yactore 125 I'u, SBIAIOTCS MUHEpAJIbHAS
Barta, [I{utel bekemu, cnoit Batel B 100 MM. M3 MaTteprasioB, ¢ HOMOIIBIO KOTOPBIX
HENOCPECTBEHHO BBIMOJIHAIOT MOCTPOMKY 3JaHUM, HanOosee 3ByKONOIIOMAIIINM
SABJISIETCS] KUpNn4YHas cteHa. [Ipu koMOMHUpOBaHWY, HAIPUMEP, KUPITUIHOU CTCHBI U
MUHEpaJIbHOW BaThl, OYJET JIOCTUIaThCs MPUEMIIEMBI ypOBEHb 3BYKOM3OJIALIMHM B
MOMEILICHHH.

Jluteparypa

1. Cucrema HOPMATHBHBIX JIOKYMEHTOB B CTpOUTENbCTBE. CTpOUTENbHbBIC
HOpMBI U TipaBmwina Poccuiickoit denepanuu. 3ammurta ot myma CHull 23-03-2003
[Dnexktponnsbiii pecypc] / ['ocynapcrBennsiii komuter Poccuiickoit denepanuu 1o
CTPOUTENBCTBY M JKUJIUIIHO-KOMMYHajdbHOMY Kommuiekcy (["occtpoit Poccum). —
Mockaa, 2004. - 32 c. Pexxnm JIOCTYTIA:
https://ohranatruda.ru/upload/iblock/f4e/4294817379.pdf (mata oOpaIIeHuUs:
25.03.2023).

2. Bcé 0 xapakTepucTUKax U30JIUPYIONIUX MaTepUaioB [ DIEKTPOHHBIN pecypc]
| Pexum pocrtyma: https://mpopabodd.pd/zvukoizolacionnye-materialy/  (mata
obpamenus: 20.03.2023).

Kaememona Enena HukonaeBna, cryaentka rpynmnsl [1I'C-76a, DT'EOY BO
«Jlonbacckas HalMOHaNbHAs aKajgeMus CTPOUTENBCTBA W APXUTEKTYphb», 286123,
r. MakeeBka, yi. JlepkaBuna, 2.

e-mail: klemeshova.e.n-pgs-76a@donnasa.ru

325


https://ohranatruda.ru/upload/iblock/f4e/4294817379.pdf
https://прорабофф.рф/zvukoizolacionnye-materialy/

Hayunslii pykoBoauTENb:

Hoxkuntenuua Ejaena AHaTojbeBHa, KaHJ. TE€XH. HayK, JOLEHT, JTOLEHT
kadenps! «dusuka u npukiannas xumus» GI'bOY BO «/lonbacckas HaunoHanbHas
aKaJeMusl CTPOUTEILCTBA U apXUTEKTYphI», 286123, r. MakeeBka, yi. JlepkaBuHa, 2.

e-mail; 0.a.pokyntelytsia@donnasa.ru.

ACOUSTICS IN CONSTRUCTION
Annotation. The coefficients of sound absorption of materials used in
construction are considered. The materials that most isolate sound are identified.
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OI'bOY BO «loHHACA»

BOJIOKOHHAS OIITUKA U EE IIPUMEHEHHUE
Annomayus. ONTUYECKOE BOJOKHO B HACTOAIIEE BPEMS CUUTAETCA CaMOU
COBEpILICHHON (hU3MYECKON cpeloil aisi nepegayn MHPOpMallUU, a TaKKe CcaMou
NEepPCIEeKTUBHONW Ccpelol Juisi Tepefgayd OOoJIbIIUX TOTOKOB HHGOpPMAIUU Ha
3HAYUTENIbHBIE PACCTOSIHUSI.
Knrwouesvie cnosa. onTuka, ONTHYECKOE BOJIOKHO, Mepefadya HHGPOpPMAINH,

CBETOBOJI, KaOC/Ib, CBA3b.

Beenenmne. Vcropust pa3BUTHS BOJIOKOHHO-ONTUYECKUX JIMHUI CBA3U HAa4ajaach
B 1965-1967 ronmax, xoraa ObLIM W300pETEHbI BOJIHOBOAHBIC JIMHUM CBS3U JUIS
nepesady MIMPOKONOIOCHOW MH(POpMaLlMK, a TaKXKe KPUOTEHHBIE CBEPXITPOBOISIINE
KaOeabHbIe TMHUM ¢ MaIbIM 3aTyxaHueM. C 1970 r. akTMBHO pa3BepHYJINUCH paOOTHI IO
CO3JaHUI0 CBETOBOJOB W ONTHYECKUX KalOened, MCHOJB3YIOMMNX BUANMOE
uH(ppaKpacHOE U3TyYEeHUE ONTHYECKOTO JIhara3oHa BOJIH.

Tema 00 ONTOBOJOKOHHOW JIMHUM CBS3H, SIBJISETCA aKTyaJlbHOW Ha JaHHBIN
MOMEHT BPEMEHM, TaK KaK YHCJIO JIIOJeH Ha IUIaHEeTe pacTeT, U MOTPEeOHOCTH B
YJIyYIIEHHAE )KU3HU TO K€ YBEJIMYNUBAKOTCA. A BOJIOKOHHAS ONITHUKA KaK pa3 TO, 4YTO HAM
HY’KHO — €€ CKOPOCTBIO Ilepeaadn nH(popmauu oueHb Benuka. [nroc, Hu3kue norepu

IIpu 1epcaadc CHUIrHajla IIO3BOJIACT IIPOKIIAAbIBATH 3HAYHUTCIIBHBIC II0 HaJIbHOCTH
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y4acTKu Kabensi 0e3 YCTAaHOBKH JIOMOJHUTEIHLHOTO 000pynoBaHusa. ONTOBOJIOKHO
UMEET XOPOLIYI0 IMOMEXO3AIMIIEHHOCTh, JIETKOCTh MNPOKIAAKA W JOJITHE CPOKH
paboThl kabemst MPaKTHYECKU B JIIOOBIX YCIOBUAX. B HacTodAIIee BpeMs ONTOBOIIOKHO
HaXOJIUT CBOE MPUMEHEHHE MPEUMYIIECTBEHHO B T€JIE- U UHTEPHET-KOMMYHUKAITUX.

PesyabTatbl. Bonokonnas onrtuka (fiber optics) — 3To pa3men OnTUKH, B
KOTOPOM paccMaTpUBaeTcsl Mepenada CBeTa M M300pakeHHs 1O CBETONPOBOJAM U
BOJIHOBOJAM OINTHYECKOIO JUalia3oHa, B YACTHOCTH 110 MHOTOXKUJIbHBIM CBETOBOJIAM
U My4YKaM TMOKHX BOJIOKOH. BOJIOKOHHO-ONTUYECKHE JTUHUU CBS3M — 3TO BUJl CBS3H,
Opu KOTOpoM HH(poOpmanus meperaercs MO ONTHUYECKUM JAUDJICKTPUYECKUM
BOJIHOBOJAM, U3BECTHBIM IO/ HA3BAHUEM «ONTHYECKOE BOJIOKHO.

OnrTryeckoe BOJIOKHO B HACTOSIIEE BPEMS CUUTAETCS CAMOM COBEPIICHHOU
dbusnueckoil cpefoi s mepenadrd MHQoOpMaIuu, a TakkKe caMOd NMEepCHeKTUBHOU
cpenoi 11 nepeaadn O0NbIIMX MOTOKOB MH(POPMAILIMK Ha 3HAUUTETIbHBIE PACCTOSHHUSL.
K mpumepy, B HacTosiiiee BpeMsi BOJIOKOHHO-ONITUYECKUE KaOelln MPOI0KEHbI IO THY
Tuxoro m ATIAHTUYECKOTO OKEAHOB W MPAKTUYECKH BECh MHP «OIyTaH» CETHIO
BOJIOKOHHBIX CHCTEM CBSI3M. EBpoNeickHe CTpaHbl 4Yepe3 ATIAHTHUKY CBS3aHBI
BOJIOKOHHBIMU JIMHUSIMU CBsi3u ¢ Amepukoil. CIIA, depe3 I'aBaiickue ocTtpoBa U
octpoB I'yam — c fnonmei, HoBoii 3enangueid u ABcTpanueil. BonokoHHO-
ONTHUYECKast TUHUS CBs3U coennnseT Anonuto u Kopero ¢ Jlansaum Bocrokom Poccun.
Ha 3anage Poccust csizana c¢ eBpomneiickumu ctpanamu [letepOypr — Kunrucenn —
Hanus u IletepOypr — Boibopr — OuHASHIUA, HA IOT€ — C a3MATCKUMH CTpaHaMu
Hosopoccuiick — Typrmwust [1].

IupOKONOIOCHOCTh ONTHYECKUX CHUTHAJIOB, OOYCIIOBJIEHHAs YpE3BbIYANHO
BBICOKOW HECYIIEH YaCTOTOM. DTO O3HAYAET, YTO IO ONTUYECKOM JIMHUU CBA3U MOXKHO
nepenaBaTh HHGOPMALIUIO CO CKOPOCThIO nopsiika 1 TepaOut, T.€. 10 0IHOMY BOJIOKHY
MO>KHO MepeaTh OJHOBpeMeHHO 10 MUILITMOHOB Telle(OHHBIX pa3rOBOPOB U MUILTUOH
BugeocuraanoB. CKOpOCTh Mepefaud MaHHBIX MOXKET OBITh yBEIMYeHa 3a CUeT
nepenadyy HHGOPMaIMKU Cpasy B IBYX HAIIPABIICHUAX, TAK KaK CBETOBBIE BOJIHBI MOTYT
pacrpoCTpaHAThCS B OJHOM BOJIOKHE HE3aBHUCUMO ApYyr OT apyra. Kpome Toro, B

OIITUYCCKOM BOJIOKHC MOI'YT PaCHpOCTPAHATLCA CBCTOBBIC CHUTHAJIBI ABYX PAa3HBIX
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MOJIAPU3AIMM, YTO TO3BOJISIET YJIBOUTH MPOIYCKHYIO CHOCOOHOCTH ONTHUYECKOTO
KaHaJla CBA3HU.

[TpoMBIIIIEHHOCTh MHOTUX CTPaH OCBOWJIA BBIMYCK IMIMPOKOW HOMEHKIIATYPHI
U3JIeJINIl 1 KOMIIOHEHTOB ONTOBOJIOKHA. {7151 mepenayn CUTHAIOB MPUMEHSIOTCS J1Ba
BUJ1a BoJokHA: ojfHOMOI0Boe SMF (single mode fiber) u muoromonoBoe MMF (multi
mode fiber). CBoe Ha3BaHWE BOJIOKHA IOJYYHMIH OT CIIOCO0a paclpOCTpaHEHUS
U3Ny4YeHUs] B HHUX. BOJOKHO COCTOMT W3 CEpAIEBUHBI M OOOJOYKU C pa3HBIMU
NOKAa3aTesIMU NTPEIOMIIEHUS. B 0THOMO/I0BOM BOJIOKHE JJUAMETP CBETOBOHOM KUJIbI
nopsinka 8-10 MKM, TO €CTh CpaBHMM C JJIMHOM CBETOBOWM BOJHBL. [lpu Takoit
r€OMETPUU B BOJIOKHE MOKET PACTIPOCTPAHATHCS TOJIBKO OAMH Jy4 (OJHA MOJia, KaK ee
Ha3bIBaOT). OTHOMOAOBBIE BOJIOKHA MOAPA3ACISIIOTCS Ha CTYIEHYAThIE OJJTHOMOOBBIE
BoJsiokHa (step index single mode fiber) unu ctangaptaeie BonokHa SF (standard fiber),
Ha BoJIOKHA co cMeneHHol nucnepcueit DSF (dispersion-shifted single mode fiber), u
Ha BOJIOKHa ¢ HEHYyJIeBOW cmemieHHou aucrepcueir NZDSF (non-zero dispersion-
shifted single mode fiber). BropeiM BaKHEHIINM KOMIIOHEHTOM, OMPEACIISIOIINM
HAJIG)KHOCTh U JIOJTOBEYHOCTH, SIBJISETCS BOJOKOHHO-omTHueckuil kabdenp (BOK).
OnpenensromnmMu - napaMmerpamu pu npousBojactee  BOK  sBnsroTcs  ycnoBus
AKCIUTyaTallH U MIPOITYCKHAas CIOCOOHOCTh JJMHUU CBsI3U. [10 yCclioBUAM 3KCILTyaTaluu
ka0enu noapa3essoT Ha:

— MOHTaXHbIE,

— CTaHIMOHHBIE,

— 30HOBBIE,

— MarucTpaJibHbIE.

[lepBbie nBa Tumna kaGened MpelHa3HAYEHbl JJI1 MPOKIAJKU BHYTPH 3JaHUN U
coopykeHuil. OHU KOMIAKTHBI, JIETKM U, KakK TMPaBUIO, WMEIOT HEOOJbIIYIO
CTpouTenbHyt0 miuHy. Kabenu mnocinegHuX [BYX THUIIOB TMpeJHA3HAYEHBbI s
IIPOKJIAJIKK B KOJIOAIAX KaOeIbHBIX KOMMYHHKAIIUN, B TPYHTE, Ha ormopax BAods JIOTII,
o1 BOJOW. DTH Kabeln UMEIOT 3alUTy OT BHEIIHUX BO3JCHCTBUN M CTPOUTEIHHYIO

JUIMHY OoJiee ABYX KHJIOMETPOB [2].
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s oGecnieuenust OONBIIONW TIPOMYCKHONM CHOCOOHOCTH JIMHWUU  CBSA3U
npousBosatcs BOK, coneprxkaniue HeOobI10€ Ynuciio (10 8) 0THOMOJOBBIX BOJIOKOH C
MaJbIM 3aTyXaHUEM, a KaOeln JUIsl pacipeaeuTeIbHBIX CETEH MOTYT COAEepKaTh 10
144 BOJIOKOH KaK OJHOMOJOBBIX, TaK M MHOTOMOJOBBIX, B 3aBUCUMOCTU OT
pacctosiHuil Mexay cermeHTamu cetd. lIpu wm3rotoBiennn BOK B ocHOBHOM
UCIIOJIB3YIOTCSL JIBA TOJXOJA: KOHCTPYKIIMM CO CBOOOJHBIM TIEpPEMEIICHUEM
AJIEMEHTOB KOHCTPYKIHUHU C dKECTKOU CBA3BIO MEXKAY PJIEMEHTAMMU.

[lo BUIaM KOHCTPYKUMH pa3inyaroT KaOeau MOBUBHOW CKPYTKH, ITyYKOBOM
CKPYTKH, C MPOMUIBHBIM CEpJICIHUKOM, JICHTOYHBIC KaOenu U T.1I.

Koncrpykuns BOK n3MeHseTcs B 3aBUCUMOCTH OT €r0 TUIA U HAa3HAYCHUS IIPU

O6I].I€M CXO0ACTBC OTACIIbHBIX KOHCTPYKTUBHBIX 3JICMCHTOB.

TRADODOGHMA
JIANOAHKTEAS

Baraa=man

UEHTPDANBMNR CUACBOR
nemTa ¥

PNCMOHN

BuyTporman
c{;&»ow.) Bpoma

OnTrveckni
MORY AN

BOROOTANHBI UL
DEAMONTY

Buewmnnn

0O0NINED QOms e B0

Puc. 1. BoiokoHHO-onTHYeCKuil kKabenb B pa3pese [3]

B neHTpe KOHCTPYKIHMM BUIEH CHJIOBOM 3JIEMEHT W3 CTEKJIOIIACTHUKOBOIO
OpyTKa, NpeJHa3HauYE€HHbIH Ui JeMI(UpPOBaHUS HArpy30K, CO3[JaBa€MbIX IpH
MOHTa)K€ M JKCIUTyaTallMM. BOJIOKHA pacrookKeHbl BHYTPU ONTUYECKUX MOJIYJEH,
o0Oeperammmux MX OT BHEIIHEro BO3JIEHCTBUSI. MOAyiH MPEeACTaBISIIOT COOOi
IUTACTUKOBBIE TPYOKH, HMMEIOIIME ONTUMAIbHBIA JUAMETp Uil TPYIIIHUPOBAHUS
HyxkHOro konnuectBa OB. B cocraB BOK BX0oAsT OJIMH UM HECKOJIBKO MOJYJIEN, UTO
3aBUCHT OT OOIIEro 4HCia BOJOKOH. MOAYJIBHOE TPYNIHPOBAHUE ONTHYECKUX
BOJIOKOH Y MX IIBETOBasi MAPKUPOBKA HAMHOTO 00JIETYAIOT UACHTU(PHUKALIMIO KaXA0TO
KOHKPETHOTO ONTOBOJOKHA MPH MOHTaXe MY(PT M PaCUIMBKE OINTOBOJOKOHHOTO
kabenst Ha Kpocce. ONTUYECKHUE MOJIYJU MOKPBITHl BOJOOTTAIKHUBAIOLUIUM TeJeM,
NPENOXPAHSAIOIIMM OT IPOHUKHOBEHHMS Biaru. baHja)kHas JIEeHTa U3 MOJUATHIICHA

q)HKCI/IpyeT OIITUYCCKHUC MOAYJIM WM HC AAaCT BBITCYb ICIICBOMY HAIIOJIHUTCIIIO.
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BuyTtpennsis monusTuieHoBas 0007049Ka SBIsETCA Oy PEpHBIM CI0EM, pa3IeIIONIIM
ONTHYECKUE MOAYJU M apMupyroulyro OpoHto. B nanHoMm mpumepe OpoHHpOBaHUE
BBIINOJIHEHO CTAJbHOM OLMHKOBAaHHOM IPOBOJIOKOW, HAJEKHO 3AIIUIIAIOMIECH OT
IPBI3YHOB U 3KCTPEMAJIbHBIX HAIPY30K.

Baxxnedmum 3JIeMEHTOM 3alIUThl  SIBJISETCA BHEMIHSAA 000J0YKa U3
HErOpPIOYEro BRICOKOIUIOTHOIO MONMMATHIEHA. OT HaJIeKHOCTH HAPYKHOTO OKPBITHUS
3aBUCUT JUIMTENIBHOCTh O€30TKAa3HOTO (PYHKIIMOHUPOBAHUS OINTOBOJIOKOHHOTO
Ka0eJsl, YTO IUKTYET CTPOrue TpeOOBaHUs K TEXHOJIOTHH €ro MPOU3BO/ICTBA.

[TpuHun paGoThl BOJIOKOHHO-ONITUYECKOTO Kabensi 6a3upyercs Ha mepeaaye
MOJAYJMPOBAHHOT'O CBETOBOI'O MOTOKA, MHULUUPYEMOTO JIA3€POM MIIU CIEeI[UaTbHBIM
CBETOJMOJOM B COCTaBE€ OINTHUYECKOTO TpPaHCHUBEPA. OIJIEKTPUUYECKUE CHTHAIIBI
npeoOpasyroTcs B cBeT Ha ogHoM koHIle BOK, mepemarorcs mo ONTOBOJOKHY U
OPUHUMAIOTCS Ha JApYyroM KoHie kaOens. Ha mpueme cBeT KOHBEpTHpyeETCsS B
UCXOJHBIE AJIEKTPUUECKHE CUTHAIBl. Pa3paboTUMKM ONTHYECKOTO BOJIOKHA HAILIU
r€HUAJbHOE pEIIeHUE, pPa3feluB €ro Ha CEpALCBUHY U O00OJOUKY C pa3HbIMU
NIOKA3aTeJsIMU ITPEJIOMIIEHUS CBETA. JIa3epHOe U3iydeHne MPOXOAUT IO CEPALIEBUHE,
OTpaXkasiCh OT O0OJIOYKH, YTO CIOCOOCTBYET MUHHUMAJIBHBIM TOTEPSIM MOITHOCTHU
JaXe Ha MPOTHKEHHBIX Maructpaisax. Dusuyeckue mnapameTpbl MOJIYYEHHOTO
CBETOBOJIa JIETKO pAaCCUMTHIBAIOTCS, IO3BOJISII WM3TOTABIMBATh OINTOBOJIOKOHHBIE
kabenn ¢ 3aJaHHBIMM  XapaKTEPUCTUKAMH, TNPEIHA3HAYCHHbIC JUIS PEIICHHS
KOHKPETHBIX 3a/1ay.

JlanbHOCTh ~ PacHpOCTPAHEHHUS] CBETOBBIX HMITYJbCOB  OIPAHUYMBAETCS
3aTyXxaHueMm u aucriepcueit. [I[ppunnaMu 3aTyxanusi B ONTUUECKOM KabeJe sIBISI0TCS
BHYTPEHHUE OTpaXeHUs, paccesHue MW TnorjoueHue. Jlucnepcuss NpUBOAMT K
UCKOKEHUI0O HCXOAHOW (OpMBI CHUTHAJOB, a WMEHHO K YBEJIMYCHHUIO UX
JUITUTEIbHOCTH.

CoBpemennsie BOK umeOT mapameTpsl, NpeAoCTaBIAIONIME BO3MOKHOCTD
nepenaBaTh curHaibl Ha paccrossHue A0 100 kM. YuutsiBasg 3TM OrpaHUYEHUs, Ha
MarucTpaJibHbIX  Tpakrax 4epe3 kKaxzasle 80-100 kM  ycTaHaBIMBAarOTCS

PETCHCPAIMOHHBIC IIYHKTBI, B KOTOPBIX IOJIHOCTBIO BOCCTAHABJINMBACTCSA HCXOI[HBIﬁ
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curHai. Takum o0pa3oM, MOKHO CTPOUTDH JIUHUHU CBS3U B HECKOJIBKO JECSATKOB THICSY
KHJI0MeTpoB [3, 4].

B 3aBepmierne 0630pa BOJOKOHHO-OMTHYECKOTO Kabems chopMyIUpyeM ero
OCHOBHBIE MPEUMYIIIECTBA:

- YBEJIMYEHHasl MPOMYyCKHasi crnocoOHocTh — 0 2 Tout/c (u Gonee B
MIEPCIIEKTURE);

- CTOUMOCTh HAMHOT'O HIKE 110 CPABHEHUIO C «MEIHBIMY» Kalesem;

- TpeOyeTcsi MEHbIIee KOJIUYECTBO YyCHIMTENEH/PEreHepaToOpoB - OJHO
ycTpoiicTBO Ha 100 kM. 7151 3JIeKTpUUYECKON JTMHUY CBSI3U HYKEH YCUIIUTEb Ha
KaXXJbIe 5 KM;

- MUHUMaJIbHBIN KO3()(PUIIMEHT 1IyMa;

- YCTOMYHBOCTD K JIFOOBIM TTIOMEXaM U HaBOJKaM;

- MaJIBIA BEC ¥ KOMITAKTHEINA 00BEM;

- moapHasi 0€30MaCHOCTb;

- B3pBbIBOOE30IACHOCTH;

- HEBO3MOXKHOCTb 3JI0YMBIIINICHHOTO CheMa HH(popmaruu [5].

BoiBoabl. COBOKYITHOCTH MIPEUMYIIIECTB ONTOBOJIOKOHHOTO Ka0esi O3BOJIAET
ceNnaTh BbIBOJ O €r0 KOMILJIEKCHOM IIPEBOCXOJICTBE HaJ TPATUIIMOHHBIM «METHBIMY
kabemem. BOK BpITOmHEE TpPUMEHSITh B NPOCKTaX IO  OpraHU3AIUuu

UH(OPMAIIMOHHBIX CeTe JT000T0 MaciITaba U JIMHUI CBSI3H JTF000H MPOTIKEHHOCTH.
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YK 541
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PyxoBoaurens: Jlomakosa B.M.,

accucTeHT Kadenpsl PU3MKKU U MPUKIIATHON XUMUH,

OI'bOY BO «lonHACA»

METO/bI MOJYYEHUS U CBOUCTBA OKCUHUTPUJIA AJTIOMUHMUS
(ITPO3PAYHBIN ATIOMHUHUN)

Aunomayusa. OnUCaHbl W NPOAHAIM3UPOBAHBI CBOWCTBA OKCHHHUTPHJIA
afoMuHEs (po3payHoro amomuHHuS ¢ Gopmysioir AION) kak KOHCTPYKIIHOHHOTO
Marepuajia U METObI ero nojydeHus. YcraHoBiaeHo, uro AION mpousBoauTcs Kak
anbTepHAaTUBa OpOHECTEKIy, HO C OOJNBIIMMH YACIbHBIMU POYHOCTHBIMU
CBOMCTBaMH B OOJIBILIOM JHaNa30HE TEMIEPATYP.

Knrouesvle  cnosa:  OKCUHUTPHU]IL  QJIOMUHUS, ONTUYECKHE  CBOMCTBA,

MEXAaHUYECKUE CBOICTBA.

BBenenme. IIpo3paunblii QIIOMUHMM — OJWH W3 MATEPHAIOB, KOTOPBIA
NOSIBWIICSI HENaBHO W HaOupaeT mnomylsipHOocTh. I[lpu paspaboTke mpolecca
M3TrOTOBJICHUSI HEAOPOrOro, HO MPOYHOTO 3aMEHUTENS cTeka yyeHbiMu u3 CIIA
OBLIO CIETaHO OTKPBITHE, KOTOPOE MOJYUUJI0 HA3BAaHUE KITPO3PAUYHBIN aTFOMUHUM»
(Transparent Aluminum Armor), ¥ Ha3BaHHE CJEAyeT W3 TOTO, YTO B OCHOBE
Martepuaia CoOJIepXUTcs okcuHuTpuya amomuHus (wim ALON). Marepuan
3anateHToBan B CIIA, ero pa3paboTkOW U TNPOU3BOACTBOM 3aHUMAETCS
amMepuKaHckas ¢pupma «Surmety [1].

IocTanoBka 3agaun. O3HAKOMUTHCS CO CBOMCTBAMHU U METOJAMM MMOJYUYEHHUS
OKCHUHUTPH/IA ATTFOMUHUSL.

Pesyabrarel. [Ipo3pauyHbiii aqrOMUHUNM, WM, KaK €ro €ue Ha3bIBaroT,

IIpo3padyHasl aJIIOMUHHCBAA KCPaMHUKa (BBIHYCKaeTCH B IIPOMBIIIJICHHBIX MacmTadax
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nox ToproBoil Mapkoi AION), — 3TO OKCHMHHMTpHUJ aJIOMUHUS, TOJYYEHHBINH MpU
B3aMMOJICHCTBUM OKCHJA AJTIOMHHUSI U HUTpHUIA allOMUHUS B aTMocdepe as3oTa.
Buenine 3ToT MaTtepuan mpeacTaBiseT coOOM TBEpAyl0, MPOYHYIO U MPO3PAUHYIO
KepaMuyeckyro Maccy. FEro onrtudeckas mnpospadHocTh jgocturaetr 80% B
yIbTpaduoiIeTe, BUANMOM U MOJYBOJTHOBOM JIMAMNa30HE JICKTPOMArHUTHOTO CIIEKTPa.

YHUKaAIBHOCTh TMPO3PAYHOTO ATIOMHUHHS COCTOMT B TOM, YTO OH 00JagaeT
IPOYHOCTHIO B 4 pasza OoJiblile, 4UeM y KBaplIeBOro CTeKIa, U Ha 85% Oobliie, yeM y
cannpupa. OKCHUHUTPHUA QIIOMUHHUS HE TOABEPKEH BIUSHUIO HOHU3UPYIOIIETO
u3lydeHus (paavanuu), NEUCTBUIO XMMHYECKHUX AarpecCHBHBIX BEIIECTB (KUCIOT,
niesnoyeit), atMoc(epHbIX 0CaIKOB, aOpa3uBHBIX MaTepuaioB. Marepual BIBOE Jerde
Y TOHBLIE, YeM 00BIYHOE OPOHUPOBAHHOE CTEKIIO. AJIFOMUHUEBAs KEpaMUKa ClIocoOOHa
BBIJICPXKUBATh CBepxXBbicokue Temmeparypel — ©Ooxee 2000°C. IlmactudHOCTB
KepaMHYECKOM MacChl MO3BOJIIET MPOU3BOUTh U3JIENUs JIFOOBIX (JOPM U pa3MEpoOB.
Martepuas 3KOJIOTHYECKH YUCTBINA, O€3BPEIHbIN, MPOIYCKAET CBET U MH(PPAKPACHOE
U3ITy4YEHHE.

CoueraHne ONTHYECKHX M MEXAHMYECKHX CBOWCTB JENAcT NPO3PavyHBIN
ATIOMUHUHN BEAYIIUM KaHIUIATOM Ha JIETKHE BHICOKOA(h()EKTUBHBIC OPOHHUPOBAHHBIC
U3JIeNns, TaKUe KakK MmyJIeHernpoorBaeMble cTeka [2].

OG6puHOE  OpoHHpOBaHHOE (ITyJICHENPOOMBAEMOE) CTEKIO COCTOHWT U3
noivkapOoOHaTa, KOTOPBIA PACIOJOXKEH MEXIy JByMs IUIACTHHAMH CTEKIa.
VYnaponpouHas u myJieHeIpoOuBaeMasi KOHCTPYKIUSI U3 OKCHUHHUTPHUIA ATFOMUHUS
UMEET aHAJIOTUYHYIO CTPYKTYPY, HO B OTJIMUKE OT OpOHECTEKIIa, IPH MOTaJaHIH ITyJIH
WM CUJILHOTO yJlapa Ha HEW He TMOSBUTCSA TPEUIMH M MOBPEAUTH €€ MPAKTUYECKH
HEBO3MOXHO. Ellle 0JHUMM Ba)KHBIMU MPEUMYIIECTBAMU SIBJISIOTCS. MEHBIIINI BEC U
TOJIIUHA.

MeToabl NMOJy4eHUsI OKCUHUTPHAA AJIOMUHHS. TEeXHOJIOTUU MPOU3BOJICTBA
HE SIBISIIOTCSL  CIIMIIKOM  CIIOKHBIMH, HO TEXHOJOTHMYECKHWE IIPOILIECChl  CO
CBEPXBBICOKMMH TeMIIepaTypaMu TpeOYyIOT 3HAUMTENbHbIX 3arpaT. OKCHHUTPU]
ATIOMUHUS (TIPO3PAUYHYIO ATIOMUHUEBYIO KEPAMUKY ) MOJTYYAOT ABYMS METOJIaMMU:

1 IMOPOUIKOBOI'O CIICKAHUWA,
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1 CIApK-IUIa3MEHHOT'O CIIEKAHMUSI.

Memoo nopouwikosozo cnexkanusl.

l'oToBUTCS peakliMOHHAs CMECh UCXOJHBIX KOMIIOHEHTOB, COJAEp KAIllasi OKCUJT
xpoma (VI), okcuj aroMUHHS, QTFOMAHHA U HUTPHI aTIOMUHUS, TIPH CJICTYIOIIEM
COOTHOILIEHUH KOMITOHEHTOB, Mac.%

A Oxkcup xpoma (VI) 37,3-41,0;

A Amomununii 31,0-34,0;

A Oxcun amomununs 22,7-25,0;

A Hwurpun amromunus 1o 9,0.

Crnoco®6  momyyeHuss  JMTOrO  OKCHUHUTpUJA  QJIIOMUHHUSA  BKJIIOYAET
IPUTOTOBJICHHE PEAKIIMOHHOW CMeCH. 3areéM CMeCh IMOMEIIAIT B PEaKTOp
caMOpacIpOCTpaHIoNIerocs BeicokoTemmepatypaoro cuuteza (CBC) B ¢dopme u3
TYTOIUIaBKOT'O MaTepuaja, BBINOJHEHHOW M3 KBapila, rpaduTa WK HepKaBerolen
ctanmu. B peaktope co3maioT M30BITOYHOE AaBJICHHE a30Ta. BocmiaMeHsSOT cMech
ANEKTPUUECKON CNHpajblo Uil HMHUIMUPOBaHUS mporecca ropenus. [locne
3aBEpIICHUS CHUHTE€3a W OCTBhIBAaHUSA PEAKIMOHHON (OPMBI MPOJAYKT CHHTE3a
U3BJIEKAIOT U3 PEaKTopa W OTACNSIOT. [IpoayKT cMHTE3a COCTOUT W3 JABYX CIUTKOB:
BHM3Y — QJIFOMUHHU]I XpOMa, BBEPXY — IIEJICBOM MPOIYKT, MPEICTABISIONIUNA COOOM
KepaMUYECKUM OKCUHBIN MaTepuaa OKCUHUTPU]T aTFOMUHUS.

[To Mepe oxyaxaeHUsi OCTAIOTCS CBOOOTHO PACIOJOKEHHBIE MOJIEKYIbI,
KOTOpbIe (HOPMUPYIOT KPUCTALIUYECKYIO CTPYKTypy. MMeHHO Takas cTpykTypa
oOecrieynBaeT MPO3PAYHOMY QITIOMUHHUIO BBICOKYIO TPOYHOCTh, CTOMKOCTh K
MEXaHUYECKUM MOBPEKICHUSAM, CPABHUMBIM C caniupoM.

N3rotoBneHHble W3AENMS TOJABEPralOTCA TEpMUUYECKOW o0paboTke mpu
MOBBIIICHHBIX TEMIEpaTypax ¢ MOCIACAYIONMHMM NUTM()OBAHUEM WM TIOJUPOBKOW [0
nocTuxkeHus npo3paddocty. [InudoBka u moaupoBKa yBeIMIUBAIOT yAAPOIPOYHOCTh
U Ipyrve MEXaHUYECKNE CBOWCTBA.

Memoo cnapk-niasmenHo20 CHeKaHusl.

Poccuiickumu ~ ydyeHbIMM ~ pa3paOOTaH  HOBBIM  METOA  MOJYYCHHS

IMpO3PpavyHOro aIftOMUHHUA — CIIAPK-INIa3MCHHOC CIICKAHHC. B ocnoBe HOBOrO METO4a
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JCKUT MOAU(PUIIMPOBAHHBIM METOJ TPAJAUIIMOHHOTO TOPSYETO IpeccoBanms. B aTom
cllydyae dJIEKTPUYECKUM TOK MPOIYCKAETCs HEMOCPEICTBEHHO 4epe3 npecc-GopMy U
MPECCYyEMYIO0 3aroTOBKY, a HE 4Yepe3 BHEImHHM HarpeBarelib. C  IMOMOIIBIO
UMITYJIbCHOT'O TOKA JIOCTUTAeTCS OYeHb OBICTPBIM HArpeB 3a MCKIIOUHUTEIHBHO MAIYIO
POAOKUTEIBHOCTL pabouero 1ukia [3].

DddekTuBHOE CcoOYCTaHWE MEXAaHWYECKHMX W ONTHYECKUX XapaKTEPUCTUK
MIPO3PAYHOTr0 aJTFOMUHUS Ta0T MHOTO BO3MOKHOCTEM UCIOJIb30BATh €I0 B PA3JIMYHBIX
OTPACIAX TPOMBIIIJICHHOCTH: aBUAIIMOHHOM, KOCMAYECKOU, CTPOUTEIIBHOU, U T.J.

Brigenum npoaykiuro, KOTOPYO MOJYyYaroT U3 MPO3PAYHOTO ATFOMUHUSA

1 CTEKJIa C B3PhIBO3AIUTHBIMU, MYJICHETPOOUBAECMBIMU CBOMCTBAMU;
il YAapOIpOYHBIC OKHA,

1 pa3JInuHbIe TPYOBI U CTEPKHU;

1 neTaau MHQpaKpacHbIX ONTUYECKUX CUCTEM;

1 IUTATHI;

1 OKHA U KYIIOJIa IS KOCMHUYECKUX YCTPOUCTB;

q WJIFOMUHATOPBL.

BeiBOaBI.

1. [Ipo3pauHas kepamMHuKa — OJMH W3 MEPCHNEKTHUBHBIX MATEPHAIOB, KOTOPHI
o0nagaeT yHUKAIbHBIMUA CBOMCTBAMH, TIOATOMY UMEET OOJbIoe OymyIiee.

2. Ilpu crpoutenbcTBe BCerja €CcTh MOTPEOHOCTh B CBETOIPOITYCKAIOLIUX
MaTrepuagax U MpO3payHbli aFOMUHUNA MOXKET CO BPEMEHEM IOJHOCTBIO 3aMEHHUTH
KOHCTPYKLMHU U3 CTEKJIA, T.K. IO TEXHUYECKUM XapaKTEPUCTHKAM IPEBOCXOAUT HE
TOJIbKO OOBIYHOE CTEKJIO, HO U KBapIIEeBbI€ aHAJIOTH.

3. IIpo3pausblii ATFOMAHHMM NTOKA HE MOJIYYWJ IIMPOKOTO PACIPOCTPAHEHUS U
OPUYMHA — JOCTaTOYHO BBICOKAas CTOMMOCTb €ro IPOU3BOJCTBA, MO3TOMY €ro

MPUMCHCHHUC B CTPOUTCIILCTBC ABJIACTCA OTPAHNYCHHBIM.

Jluteparypa
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TEIJIOU3OJS1UA 3JAHUM
Annomayusi. B cratbe W3ydeHBl CBOWCTBA MaTEpHUATIOB, HEOOXOJMMBIC IS
COKpallleHUs] TMOTeph TeIUIa U TOBBIIIEHUS YPOBHSI TEIUIOBOM 3allUThI HApPY>KHBIX
OTPAXKJAOIINX KOHCTPYKIUHI C LIETbI0 MOBBIIICHUS SHEPro3PHEKTUBHOCTH 37aHUN.
Knouesvie  cnosa:  TEOW30JALMSA,  YTEIUICHHE,  TEIJIOMPOBOJIHOCTb,

IMOPUCTOCTD, BIIA’)KHOCTb, KOHBCKIIH:, U3JTYYCHHUC.

BBeaenne. Ceiiyac onTUMH3AIMS TEIJIOM3OISIIINN 3TaHUN SIBISICTCS BaKHBIM
HaIPaBJICHUEM YHEPTOCOEPEKEHUS.

Bces ucropus yenoBeyecTBa, HaYMHAS C MOMEHTA MOSIBJIEHUS B )KHUBOTHOM MHUPE
YeJI0BeKa pa3yMHOTO, - 3TO MOUCKHU MyTeH 3aIUThl OT HEOJAronmpUsITHBIX (PaKTOPOB
Cpelbl, Hampumep, MEepexo]l OT KU3HU B MEMIEPbl K COBPEMEHHOMY, IMOJHOCTHIO
obycTtpoeHHOMY 3/1aHni0. OCHOBHOE MPEHA3HAUYCHHE 3/IaHUS 3aKTF0YASTCS B 3AIMUTE
JIOJIeH, KOTOpbIe B HEM HAXOAATCA, OT HEOJArompHUSITHBIX BO3JECUCTBUN MPUPOJIBI.
[IpoGaeMpl TeI03alIUThl BaXKHbI IPU MPOSKTUPOBAHUU U CTPOUTEILCTBE PA3IMUYHBIX
00BEKTOB.

IMocTranoBka 3apaum. M3yunTh HEOOXOIMMBIE CBOMCTBA MaTEpHUATIOB IS
TCIIOM3O0JISIIIUH 3aHUH.

PesyabTaTtbl. UTOOBI mpaBWIbHO (YHKIIMOHUPOBATH, YEJIOBEUECKOE TEJO
JOJDKHO TIOAJEPKUBATh OINPEACIEHHYI0 TEeMIEepaTypy BO BCEM opranusme. [laxke

HEOONIBIINE OTKIOHEHHS OT CPEeIHECTATHCTHYCCKON Temmeparypbl (okomo 37°C)
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OMACHBI JJIsi 37I0POBbS M MOTYT BBI3BaTh CHMIITOMBI, IPUBOJSAIINAE K JIETAJTbHOMY
UCXO/ly B KOHKPETHOM ciyudae. YenoBeK IMOJBEPKEH OOJbIIUM KOJeOaHUsIM
TEMIIEpaTyphl U MOATOMY JIOJDKEH OBITh 3aIMINEH OT BHEITHETO KJIMMATHYECKOTO
BO3JICHCTBUSI HCKYCCTBEHHBIM YKpBITHEM. TermaoBol KOM(OPT B MNOMEIICHUH
obecrnieunBaeTCs MpU MOAACP>KaHUK 0oJiee-MeHee MTOCTOSTHHBIX YCIOBUN BHYTPEHHETO
KJIUMaTa.

N3-3a uznmydenust Teruia oT Tejia 4eJoBeKa TeMIlepaTypa HapyKHOTO MOKPBITHUS
NEPEropoJoK, 0Opa3yroIMMX NOMEIICHHE, OYE€Hb Ba)KHA JJIA TEIUIOBBIX YCJIOBHIA.
Ocoboe 3HaueHue UMEET TeMIIepaTypa MoJia, Tak KaK TeIIoBast MOTEPsI TeJia YeT0BEKa
eni€ OoJIbIe YBETUYUBACTCS O1arogaps TEIIONPOBOIHOCTH.

KnumaTtuyeckue ycinoBusi HHTEpbEpa, KOTOpble oOechedurBarOT KOMQOPT,
MOJAJICP)KUBAIOT TPABUIBHO TOJOOpaHHBIE TMEPErOpOJIKM M COOTBETCTBYIOIIME
TEXHUYECKUE yCTPOMCTBA OTOIUICHUS U BeHTWIsiuMHM. HapyknHas obGosjouka 3m1aHus
HEoOXoMMMa JIJII MaKCHMAaJIbHOTO OTpaHUYEHUs KOJICOAHWH MHUKPOKIMMATHYECKUX
napameTpoB. UToObI cBeCTH K MUHUMYMY TOTPEOHOCTh B DHEPTUU U CBA3aHHOE C 3TUM
3arps3HEHUE OKPYXKAIONICH Cpesbl, BHEIIHUE MEPEropoOAKHU JIOKHBI OBITH XOPOIIO
U30JIMPOBaHbl. A 4TOOBI H30€XaTh TMeperpeBa B 3[aHUU JIETOM, CIUIOLIHBIC
NEepPEropoAKd  JOJDKHBI  00J1alaTh  BBICOKOM  TEMJIOEMKOCTBIO HWJIM  JOJIKHBI
WCIIOJIB30BAThCSl YCTPOMCTBA, 3alIUIIAIONINE OKHA, TaKUE KaK >Kajio3W, CTaBHU H
npouee.

PaccMmoTpum HeoOXoauMble CBOWCTBA MaTepualia npu Terionzosauud. [lo obe
CTOPOHBI CIIOSI MaTepHalia Pa3InIHbIC TEMIIEPATYPHI BRI3BIBAIOT TETUIOBON MOTOK, UbsI
BEJIMYMHA 3aBUCUT OT TEIUIOMPOBOJHOCTH. MeTaibl, HanmpuMep, OUYE€Hb XOPOIIO
MPOBOJIST TEILIO, a TIACTMACChl — KpaiHe 1ioxo0. KoadduimeHt TemionpoBogHOCTH
yKa3bIBaeT KOJWYECTBO TEILIA, IPOXOIAIIEE Yepe3 CI0i MaTepuana TOMIIMHON 1 M.

[TopucTocTh TOXKE CHIBHO CKa3bIBa€TCAd Ha TEIUIONPOBOJHOCTH MaTepHala,
MIOCKOJIBKY ~ BO3/IYX, 3aKpBITBIA B €ro Tmpeaeiiax, HMEEeT CaMyl HH3KYIO
TEIJIONPOBOAHOCTh. [IpoCThIMU clTOBaMU, yBEIMYEHHE MOPUCTOCTH CHOCOOCTBYET

YMCHBUICHHUIO INIOTHOCTH MaTC€puraia U CHHKACT €ro TCIJIOIPOBOAHOCTD.
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BiiaxHOCTh TakKe BIIMSET Ha TEIUIONPOBOJHOCTh. B cTpouTenbcTBE, KOrja
ONMPENENSIOT HM30JSLUMOHHBIE CBOWCTBA MEPErOPOAOK, O00S3aTE€NbHO YUYUTHIBAIOT
(paKTHYECKYIO BIAXXHOCTh MaTePUaIOB U TEMIEPATypy.

JIns onucaHWs HECTAIlMOHAPHOTO TEIUIOBOrO TOTOKAa (IMIPOMCXOAUT TIPH
U3MEHEHHUH TeMIEePaTypbl OKPY>KaIOIIEH Cpeibl 3/IaHUs WU IPU KOHTAKTE JABYX TEJ C
pa3HBIMU TEMIIEpAaTypaMu) Yepe3 NeperopoIku HeA0CTATOYHO HHPOPMAIIUH TOJIBKO O
TEIJIONPOBOJAHOCTH MaTepuana. B 3TUX yCIOBUSX BaXKHYHO POJIb UTPaeT U APYroit
napamMeTp — YyjAelbHasg TEIUIOEMKOCTh — HWH(OpManmus O TOM, CKOJIBKO Terula
HEOOXOMMO JJI HarpeBa MaTepuraja B YCIOBUSAX MOBBIIICHUS TEMIEPATYPHbI.

JUJ1st OLIEHKH TEIUIOM30JISMY BHEITHUX MTEPErOPOJIOK 3JaHUS Yallle UCIIOJIb3YIOT
TIOHSITHE COMPOTHBIICHUS MaTepHralia TeroBoMy moToky. (TermnoBoe conpoTuBieHue
CJIOSI MaTepraia 00paTHO MPONOPIIMOHAIBLHO TETUIOMPOBOAHOCTH. )

[TockonbKy B XOJIOAHBIA MEPUOJ Trojia TEeMIlepaTypa BHYTPEHHEIro BO3JayXa
BBIIIIE TEMIIEPATYPbl HAPYKHOTO, TO TPOUCXOJAUT KOHBEKLIHS — IEPEHOC TEIIIOTHI IIPH
JNBIKEHUU Ta3a y HArPETOW WUJIM OXJIaKJICHHOW MOBEPXHOCTH.

Bno6aBok, npucyTCTBYET ABJICHHE M3IIyYEHUs] — MpPOLEcca Nepead Terja oT
OJIHOM IIOBEPXHOCTH K JPYrol dYepe3 Jydelnpo3padyHyr0 Cpeny, TO €CTb IpH
HarpeBaHWM KakKoro-aubo Telna 4YacTh TEIUIOBOM OJHEPruu NpeBpallaeTcs Ha
NOBEPXHOCTH JIy4HCTYyr0. M3imydeHue Mexay TelaMHu MPOUCXOAUT MpPU MOMOILU
AJEKTPOMArHUTHBIX BOJIH.

BeiBoabl. Takum o00pa3oMm, BHYTPEHHHMH KIUMaT (TEIJIOBOM PpEXKUM)
noMenieHus: (popmupyercss B pe3yibTare BHYTPEHHHUX M BHEIIHUX BO3ICHCTBHIA,
XapaKTepU3yeTCsl ONPECIICHHBIM COYETAaHUEM TEMIIEPaTypbl BO3/IyXa, BIAXXHOCTH U
noABWKHOCTU. [IpH B3aMMOAEHCTBUM HApyKHBIX OrpPaXJACHUM C BHYTPEHHEHU H
BHEIITHEH CPeIoN 3/1aHus TPOUCXOST MPOIECCHI TEIII000MEHa.
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HNCITIOJIb3OBAHUE IEPEPABOTAHHOT O IVIACTHKA
B CTPOUTEJIbCTBE
Aunnomayusi. PaccMOTpPEHO UCHONIB30BaHUE TepepabOTaHHOTO IUIACTUKA B
CTPOUTENHCTBE.
Knrouesvie cl08a: nepepaboTaHHBIN IUIACTHK, YTHIIM3AIMSA,

pecypcocOepexeHne, SKOIOTHSl.

Beenenmne. [inacTvk — 0JIMH U3 cCaMbIX TOMYJISIPHBIX COBPEMEHHBIX MAaTEPUAJIOB.
Ho, xak u u3nenust u3 Jpyrux MaTrepuaioB, CO BPEMEHEM IUIACTUK MPUXOJIUT B
HErOJIHOCTh, WU HE BBIMOJIHSET BO3JIOKEHHbIE Ha Hero (yHkuuu. M3-3a Oonplimx
00bEeMOB OTPabOTAaHHOTO IJIACTUKA CTAHOBHUTCS OCTPO BOIPOC €ro yTuiuzanuu. Ha
JAHHBIM MOMEHT IpobJieMa pa3pociach 10 MAaCIITA00B IKOJIOTHUYECKON KaTacTpodsbl.
[limacTUKOBBIN MyCOp 3arpsi3HET MOYBY, BOAY, €TI0 TSKENO YTHIM3upoBaTh. [loaTomy
aKTyallbHOUW TpoOJieMON SIBISIOTCA TepepadoTKa OTXOJOB M3 IUIaCTUKA U HUX
MOBTOPHOE UCTIOb30BaHue [1].

IMocranoBka 3agaum. O3HAKOMUTHCS C M3ACIUSIMU M3 TEepepabOTaHHOTO
IUIACTHKA, KOTOPBIE UCIOIB3YIOT B CTPOUTENILCTBE.

Pesyabrarel. Ilpu ucnosp30BaHMM IUIACTUKOBBIX OTXOJOB B KA4eCTBE
3aI0JIHUTEIIEH, CBA3YIOUIUX, UX MPUMEHEHUE OXBAThIBAECT PA3JIMUHbIEC ITPOU3BOJICTBA

CTPOMTEILHBIX MaTepuaios [2].
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1) Tlpu cTpOWTENHCTBE COBPEMEHHBIX aBTOMOOWJIBHBIX JIOPOT IMPUMCHSIOT
U3TFOTOBJICHHBIE W3 MepepabOTaHHOTO IUJIACTUKA  HOJIUMEPHble NAEeHKU  JUIS
TUAPOU3OIISILIUH, 2€0MEeKCMUlb, NAACMUKOBble CeMmKU U peulemku ISl YKPEeIICHUs
TPYHTOB U JIOPOKHBIX OTKOCOB.

2) [Tlonumepno-oumymnvle  @sdicywjue  BHa4alle  HCIIOJIB30BAJIUCh B
IIPOM3BOJICTBE KPOBEIBHBIX MaTepuasnioB. [loToM w#X cTaiiu TOpPUMEHSITh U B
CTPOUTEIBCTBE ABTOMOOWIIBHBIX  JIOPOT, OHHM  YBEJIMYUBAIOT  3JIACTUYHOCTH
ac(aJbTOBOTO MOKPBITHS U MOXKHO IMPOJITUTH CPOK CITyKOBI Jopor [3].

Jlugepom MO TEXHOJIOTHH CO3JaHUsl «IIJIACTUKOBBIX» JOpor sBisieTcs: UHaus.
Tam B kauecTBe CBIPhS IS JIOPOXKHOTO IOKPBITHS WCIOJB3YIOT IMOYTH BCE BHUIBI
IUTACTUKOBBIX 0TX010B. CHayana ux COpTUPYIOT, MIOCIIE YETO OUUIIAIOT, BHICYIITUBAIOT
U u3MenbyaroT. M3MenbueHHBIN MIACTUK CMEIIMBAIOT W IJIABAT MPU TEMIlepaType
okoiio 170 ° C. Iociie 3TOro B paciuiaBieHHbIN MIIACTUK 100aBISIOT rOpIunuid OUTYM.
3areM B 3Ty cMech T00aBIISIOT TpaBuil. [locie cMemmBanus cMech YKIIaIbIBAIOT, KaK
00bIuHBIHN acdanbT. CMech COKpalaeT KoJnuecTBo Heooxoaumoro ouryma Ha 8-10%.
CornacHO HOBBIM HCCIIEIOBAaHUSIM «IIJIACTHKOBBIC JOPOrH» B UHINM SBISIIOTCS O01ee
IIPOYHBIMH, OHU TPEOYIOT MEHBIIETO OOCIYKHUBAHHUS M 10 CPABHCHHIO C OOBIYHBIM
MOKPBITUEM JI0JITOBEYHEE B 3-5 pas.

TexHonorust co3maHus JOPOT W3 TUIACTHKA — 9TO WHHOBAIMOHHOE, HAYYHOE,
JOCTYITHOE ¥ 3allaTeHTOBAHHOE TEXHOJOTHYECKOE peIIeHHuEe IepepadboTKu
IUTACTUKOBBIX OTXOJ/IOB MyTE€M UX TTOBTOPHOTO MCIOJIb30BaHUS I ac(pambTUPOBAHUS
nopor. Ee paspaboran Pamkaromaman BacynmeBan (Rajagopalan Vasudevan),
npodeccop xumuu Muxkenepnoro kosuiemxka Tuarapamkapa (Magus).

3atem Tobu MaxkkaptHu (Toby McCartney), ocHoBaTenb NIOTIIAHICKOM
komnanuu MacRebur, pa3paboTtan TeXHOJIOTHIO, TO3BOJISIONIYIO 3aMEHUTh OCHOBHYO
Maccy OuTymMa B acaibTe TpaHylamMH U3 NepepadOTaHHOro IUIACTHKAa — Ha
CHEeUUaIbHOM YCTAHOBKE OHM CMEILIMBAIOTCS ¢ FTOPHOM MOPOJON M 4YacThlO OMTyMa,
nociie 4ero acgaiabT YKIIbIBAETCS CTAHJAPTHBIM CITIOCOOOM.

[Io cBOMM XapakTepUCTUKAM JIOPOKHOE IOJOTHO MOJYyYaeTCsl 3HAYMTEIbHO

mpoyHee — mpuMepHo Ha 60 %, 0HO ycToiunBee K yIbTpadUONIETy U MEXaHUIECKOMY
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M3HOCY, HA HEM He 00pa3yIoTCs IPOBAJIBI U PHITBUHBI. Pa3paboTynKy CUUTAIOT, YTO UX
n3o0peTeHre uMmeeT OOJbIION MOTEHUHAT. JTO TMOJOXKHUTEIBHO CKAKETCS U Ha
9KOJIOTHH, M Ha 0OCTAHOBKE C 3arPsI3HCHUEM MPUPO/IBI.

3) AIbTepHATHBOH  TPaJAWLIMOHHONW OETOHHOH  OpycyaTke  sBISETCS
noaumepnecuanas NIUMKA. bnaronaps BBICOKHM AKCIUTYaTallMOHHBIM
XapaKTepUCTUKAM H3JEJHE C JIETKOCThIO CIIPABISETCS C BO3JIO)KEHHBIMU HA HETO
3ajayaMu. ['OTOBBIE SJEMEHTHl OTJIMYAIOTCS HEOOJBIIMM BECOM, BBICOKOM
IIPOYHOCTHIO U U3HOCOCTOMKOCTBIO, pa3HOOOpa3ueM paciBeTok u (hopm.[4]

[TonruMepHonecUaHble TPOTYapHbIE U3JIETU UMEIOT CIEAYIOIINNA COCTaB:

OCHOBHOI 00beM (3/4) 3aHumacT KBapiieBbii mecok; (1/4) cocraBa mpuUXoOaUTCS
Ha JIOJIIO TJIACTMACCHI BHICOKOTO JIaBJICHUS; TUTMEHTHI.

JInsi CHUXKEHMSI Pacxo/IoOB Ha TOKYIIKY CbIpbSl NPAKTUKYIOT H3TOTOBJICHUE
IUIMTKU U3 TUIACTUKOBBIX OyThUTOK M Apyrux uzgenuid u3 [IBX. bnaromaps takomy
COCTaBy MOJMMEPHOE ChIPbE€ YCTOMYHMBO K BHEIIHUM BO3JECHUCTBUSIM U B TO K€ BpeMs
IJIACTUYHOE, 4TO obJierdaeT (OpMOBKY OyAYIIETO U3/ISIHs.

BoiBoabl. [Inactuk — monroeunsii Matepuall. biarogapst ero pusndeckum u
XUMUYECKUM CBOMCTBaM OH MOXET ObITh IepepaboTaH HeogHOKpaTHO. [loBTOpHOE
MPUMEHEHHE COKOHOMHUT PEeCypchl, KOTOpPbIC 3aJelCTBOBAHbI B HW3TOTOBJICHUU
MIEPBUYHOTO TUTACTHKA — HE(DTh, TOTUIMBO, SJIEKTPOIHEPrus. Vcmoibp30BaHue 0TXO0B
MO3BOJIAET CO3JaTh MHHOBAIMOHHBIE CTPOUTENIbHBIE MaTepHalibl, HE YCTYHAIOIIHE
U3TOTOBJICHHBIM W3 MPUPOJHBIX MaTepuaioB, HO Oosiee AemieBbie. OJHOBPEMEHHO
pemarTcsi nNpo0JIeMbl YTUIU3AlMKM OTXOJO0B M 3alIUThl OKPYXAIOIIEH cpelabl OT

3arpA3HCHUS IIIACTUKOM.
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YJIK 613.648
I'ypeeBa A.A.,
ctya. rpynnsl U30C-76, ®T'BY BO «{lonHACA»
PykoBoautens: K.X.H., noueHt [llebeToBckas H.B.,

JOLEeHT Kadeapbl (GU3UKU U TPUKIATHON

xumuu OI'BY BO «JlonHACA»

BO3JIEACTBUE UOHU3UPYIOIIUX U3JTYUYEHUI HA UEJIOBEKA
Annomayus. B pabote npoaHaIn3upOBaHbl BUABI HOHU3UPYIOLIUX U3TYUEHUHN U
UX BIUSHUE HA OpraHu3M uenoBeka. [IpuBeneHbl KO3(QPUIUMEHTH 4yBCTBUTEIBHOCTH
TKaHEN Pa3JINYHbIX OPraHOB K PaIMOAKTUBHOMY U3IIyYEHUIO.
Knrwouesvie cnosea: MOHM3UPYIOLEE H3IYYECHHE, PAaJIUOAKTUBHBIC DIIEMEHTHI,

o0JrydeHue, pajauaiusi.

BBeanenue. UenoBek NOCTOSHHO MOABEPracTCs BO3ACHCTBUIO HOHU3UPYIOLIETO
U3ITyYEHUs] TPUPOAHOTO MPOUCXOKJEHHUSA, OJHAKO B CHIY CJIa00il MHTEHCHUBHOCTHU
CEPbE3HOT0 BPEAA 3/I0POBbI0 OHO HE NMPUUYMUHSET. MI3BECTHBI CIIEAYIONINE HCTOYHUKN
€CTECTBEHHOTO M3JTyUYEHHUsI: paIMOaKTUBHbBIC AJIEMEHTHI, IPUCYTCTBYIOIUE B 3€MHOU
KOpE; TSDKENbI ra3 paJoH, BBLACIAIONIMIICS M3 MOYBBI, KOCMHYECKHE OOBEKTHI,
U3JIyYEHUE KOTOPBIX TOCTUTAET 3EMIIH.

Cepbesnble mpoOiieMbl B paboTe OpraHuM3Ma BO3HHUKAIOT MPU OOJIyYEHHUH
OOJBITION 10301 paauaIii TEXHOTEHHOTO XapaKTepa.

OcHoBHas 4acTb. MoHu3upytonme Hu3iIyyeHus, MOJyYCHHbIE B PE3yJbTaTe
AJIEPHBIX PEAKIUH, PU BO3JECHCTBUN HA OPTaHU3M YEJIOBEKAa MOTYT BBI3BaTh JBa BUIA
3¢ (}exToB: neTepMUHUPOBAHHBIE MOPOTroBbIe dPGEKTHI (JTydeBasi 00J€3Hb, JIy4EBOM
JIEPMAaTHT, Jy4yeBasi KaTapakTa, JIydueBoe OecIIo/iie, aHOMAJIMKM B PAa3BUTUU TUIOJA U
Ip.) ¥ CTOXacTUYECKUE (BEPOSITHOCTHBIE) OecIoporoBbie 3PPEeKTHI (3710KaueCTBEHHBIC

OTTYXOJIH, JICHKO3bI, HACJICACTBCHHBIC OOJIC3HN).

348



CIoXHOCTh B OTCIIC)KMBAHUM  IIPOIIECCOB, BBI3BAHHBIX  OOJyYEHHEM,
OOBSICHSIETCSI TEM, YTO TMOCJEACTBUSA 00JydeHHUsI, OCOOCHHO MPHU HEOOIBIIUX 032X,
MOTYT MPOSIBUTHCA HE Cpasy, 4acTo Jyisl pa3BUTUA OOJE3HU TPEOYIOTCSA TOAbl WIH
necstunetus. I[TocnencTBrus MOTYT IPOSIBIATHCA Y TOCIEAYIOMMX OKOJCHUH (1eTei,
BHYKOB). Kpome TOro, BClIeICTBUE Pa3IWYHON MPOHUKAIOIIEH CIIOCOOHOCTH Pa3HbBIX
BUJIOB PAJIMOAKTUBHBIX M3JTYYECHUM OHU OKa3bIBAIOT HEOJMHAKOBOE BO3JCHCTBHE Ha
OpTraHu3M:

0-4acTUIIbl (siAep Tenus. Spo aToMa UMEET MOJOKUTENbHBIM 3apsl, T.€. 3TO
IOTOK MPOTOHOB) HanOoOJIee OIMacHbI, 0COOCHHO TpH Tonajganuu B yerkue wim JXKKT,
OJIHAKO JJIsl HETO JlaXKe JIUCT OyMaru siBIsieTCsl HeMPEeOo10IMMOM TIperpajion;

B-n3nydyeHre (MOTOK 3JIEKTPOHOB WM MO3UTPOHOB, HCIIYCKa€MbIX IIPH
paauoakTHBHOM OeTa-pacrajie s/iep HEKOTOPhIX aTOMOB. DJIEKTPOHBI HIIA MTO3UTPOHBI
00pa3yroTcs B siApe TPH MPEBpaAICHUH HEUTPOHA B MMPOTOH WJIM MPOTOHA B HEUTPOH.
HelTpuHO M aHTHHEUTPUHO — CTAOMJIBHBIC YACTHIIBI, HE OOJIaJaroIiye 3apsaaoM U
Maccoi IOKOsI), CIIOCOOHO MPOXOJWTh B TKAaHW OpraHu3Ma Ha TIyouHy 1-2 cwm;
HauoOoJiee 0e300uIHOE;

Y-U3JIy4YE€HHUE XapaKTEePU3yeTcs HauOOJBIICH MPOHUKAIOIIEH CIIOCOOHOCTHIO:
€ro MOXKET 3aJepKaTh JUIIb TOJICTas IJIMTAa U3 MaTepUajoB, UMEIOIIUX BBICOKUMI
K03 (DHUIMEHT MOTIIONICHUS, HAPUMEp, U3 OETOHA WK CBUHIIA.

Takxe  pa3iIv4aeTcs  4YyBCTBUTEIBHOCTH  OTACIBHBIX  OPraHoB K
pPalMOAKTUBHOMY H3IMy4YeHUI0. [l03TOMy HOpPMATHBHBIM JIOKYMEHTOM BBOJSTCA
COOTBETCTBYIOIHE KO HUIIMEHTHI YyBCTBUTEIHLHOCTH TKaHeH: (0,03 — KocTHAs TKaHb;
0,03 — muroBuaHas xenesa; 0,12 — kpacHbIit KocTHBIN MO3T; 0,12 — nerkue; 0,15 —
MosouHas xenesa; 0,25 — suunuku unu cemeHHuku; 0,30 — apyrue tkanm; 1,00 —
OpPTaHu3M B IIEJIOM.

JIs1 OLIEHKU CTENEeHW BO3JEHCTBUS MOHU3HMPYIOIIETO HM3TyYCHHUS Ha JIFOOBIC
BEILIECTBA, >KUBBIE OPraHU3Mbl U UX TKAHU BBOJSTCS TMOHATHUS PA3TUYHBIX «I03»
00JTydeHUS, XapaKTEePU3YIOIIMX B3aUMOJICUCTBUS HOHU3HPYIOIIETO H3Iy4YCHUS CO
cCpeloil W TOJIydeHHE HOHM3alMOHHOTO »H(ddekra, mpu KOTOPOM MPOUCXOIUT

NOpaKeHUE OMOJIOTMYECKUX TKaHEH.
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BeposTHOCTh NOpakeHUsi TKaHEW 3aBUCUT OT CYMMAapPHOU J103bl U OT BEJIMYHUHBI
«J103UPOBKW» (KOTrJa J03a MOJydyeHa YEeJIOBEKOM HE OJHOKPATHO, a MO YacTsM), TaK
KaKk OOJIBIIMHCTBO OPTraHOB MMEIOT BO3MOXXHOCTH BOCCTAHOBHTHCS TOCIE CEPHH
Menkux 103. CyllecTBYIOT [103bl, NMPU KOTOPBIX JIETAJbHBIA HMCXOJ MPAKTUYECKU
Hen30eXeH. 3HaHUs pPEeaKlUM OpraHu3Ma Ha pas3jIUyHbIEe J103bl HEOOXOJMMBI IS
OIICHKU TIOCITICJICTBUN JEUCTBUS OOJBINMX 703 OOJy4YEHUS TPHU aBapUAX SIACPHBIX
YCTaHOBOK/YCTPONCTB WJIM OMACHOCTU OOJYyUYEHHUS NP JIUTEIIBHOM HAXOXICHUU B
palioHax TMOBBIIIEHHOTO PAJUAIMOHHOTO W3JIYY€HHUs, KaK OT €CTECTBEHHBIX
MCTOYHUKOB, TaK U B CIy4ae paJlMOAKTUBHOIO 3arPsI3HCHMUSI.

Cpenu pactpoCTpaHEHHBIX PaKOBBIX 3a00J€BaHMM, BBI3BAHHBIX OOJYYEHUEM,
BBIJICJISIIOTCS JIeiK03bl. OIleHKa BEPOSITHOCTH JIETATLHOIO UCXO/Ia MPpH JielKo3e Ooiee
HaJeKHA, YeM aHAJIOTUYHBIC OLICHKHU JJIsi IPYTUX BUAOB PAKOBBIX 3a00JieBaHUI. DTO
MOKHO OOBSICHUTH TEM, UTO JIEUKO3bI MEPBBIMU MPOSBIIAIOT C€OsI, BHI3bIBASI CMEPTH B
cpennem depes 10 et mociae MoMeHTa 00TydeH s 3a JICMKO3aMU 10 MOMYJITPHOCTI
CIEAYIOT: paK MOJIOYHOMW >KEJe3bl, paKk IIUTOBUIHOMN KeJe3bl U pak JeTKux. MeHee
YyBCTBUTEJIbHBI JKEIYO0K, IEYEHb, KUIIICUHUK U JPYTUE OPTaHbl U TKAHHU.

Bo3gelicTBue paguoioriyeckoro HW3JIY4YEHUs PE3KO YCUIIMBAETCS JPYTHUMHU
HEOIaroNpUATHBIMU IKOJOTUYECKUMHU (haKTOpaMH, HarpuMep, KypeHHeMm (sBIICHHE
CHUHEpPru3ma).

UTo KacaeTcsi TECHETUYECKUX MOCIEICTBUI pagualuy, TO OHU MPOSBIISIIOTCA B
BUJIE XPOMOCOMHBIX a0eppaluii (B TOM 4YHCJI€ W3MEHEHHS 4uclia WIH CTPYKTYpPBI
XpPOMOCOM) M T€HHBIX MyTaluid. ['eHHbIE MyTaluud TPOSIBISIOTCS cpa3y B NEPBOM
MOKOJICHUU (JIOMMHAHTHBIE MYTAllMM) WM TOJBKO TIPU YCJIOBUHU, €CIH Yy 000X
pOAUTENCH MYyTaHTHBIM SIBJISIETCS OJIMH M TOT K€ T'eH (PELIECCUBHBIE MYTalllH), YTO
SBJISIETCA MAJIOBEPOSATHBIM.

Nonusupyromee uznyuenue (M) nmponukaer B Teno yenoBeka W B JIHOObIE
JIpyrve TKaHU Ha pa3Hyl0 TIyOMHY B 3aBUCMMOCTH OT BHJA U HSHEPIHUU 3TOTO
U3JIyYEHUS, a TAK)KE INIOTHOCTU BEUIECTBA WIIM TKAHEH, HA KOTOPBIE OHO BO3/IEHCTBYET.
Otcrofa U TepMUH «ITPOHUKAIOIIEE U3TYUCHHE» KaK CHHOHUM TEPMHUHA «paJaralus».

Bce Buabl 9T0M paguanuu He MPOCTO MPOXOJAT CKBO3b TKaHU, a B3aUMOJECHCTBYIOT C
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BEILIECTBOM, MOJIEKYJIAMU TKAaHEH, BbI3bIBAsl MOSIBJIEHUE B HUX HA KOPOTKOE BpeMs
ANEKTPUUECKH 3apsSHKEHHBIX YacTHll — MOHOB. OTCiofa U TEPMUH «MOHHU3UPYIOIIEEe
u3llydyeHue». B oTiuuume OT Hero, BUAUMBINA CBET, yiIbTpadUOJETOBHIE JIy4d HE
SBJISIFOTCSL HU TIPOHUKAIOUTUMU, HU TeM 00Jiee HOHU3UPYIOIIUMHU.

Cyl1iecTByeT TpH IyTH MOCTYIUJICHUS PaIMOAKTUBHBIX BEIIECTB B OPTaHU3M: TIPU
BJIIXaHUU BO3/AYyXa, 3arpA3HCHHOTO0 pPAaJAMOAKTUBHBIMM  BEIIECTBAMH, UEpe3
3apa)KEHHYIO MHUIIY WK BOMY, Yepe3 KOXKY, a TaKKe MPHU 3apaKeHUH OTKPBITHIX paH.
Haubonee omacen mepBblii MyTh, MOCKOJIBKY OOBEM JIETOYHON BEHTUJISILIUM OYECHBb
OOMBITION U 3HAUYCHUS KOA(PPUITMEHTA YCBOCHHUS B JIETKUX 00JIE€ BBHICOKH.

[1p11eBBIE YacTUIIBI, HA KOTOPBIX COPOUPOBAHBI PAIMOAKTUBHBIE U30TOIBI, TIPU
B/JIBIXaHUHU BO3/lyXa Y€Pe3 BEPXHUE JIbIXaTEIbHbIE IyTH YACTUYHO OCEIAIOT B MOJOCTH
pTa u HocoryioTke. OTCI0/Ia BLIb MOCTYTAET B MUILEBAPUTEIbHBIN TpakT. OcTaibHbIC
YaCcTHIIbl MTOCTYMAIOT B Jierkue. CTeneHb 3aJIep>KKU a’po30Jieil B JIETKUX 3aBUCUT OT
JUCIIEPCHOCTH.

B nerkux 3anepxxuBaetcst okoo 20% Bcex 4acTull; TpU YMEHBIIIEHUH pa3MepPOB
a’p030JIeH BEIMYMHA 3aJIepKKU yBennunBaercs 10 70%.

IIpu BcackiBaHMHU PaJOAKTUBHBIX BEMIECTB U3 JKEIYJOUYHO- KHIIIEYHOIO TPAKTa
(OKKT) wumeer 3HadyeHue KOIPGUIIMEHT pPe30pOIrU, XapaKTePU3YIOIUNA 100
BEILIECTBA, MOMAIAIOUIET0 U3 KEIyJOUYHO-KUIIIEYHOTO TPaKTa B KpOBb. B 3aBUcUMOCTH
OT MPUPOJIBI M30TONa KOIPPUIMEHT U3MEHSETCS B IIMPOKHUX MpeAesiax: OT COTHIX
J0JIeW mpoleHTa (I UUPKOHMS, HUOOUS), 10 HECKOJbKUX JECSATKOB MPOILIEHTOB
(BOOpOJI, WIENIOYHO3EMENIbHBIE 3JEMEHTHI). Pe3opOrust yepe3 HEMOBPEKIACHHYIO
koxy B 200-300 pa3 mensbie, yem yepe3 KKT, u 00bIYHO HE UTpaeT CyIIeCTBEHHOM
pOJIN.

[Ipu nomaanuy paaoOaKTUBHBIX BEIIECTB B OPTaHU3M JIFOOBIM ITyTEM OHH YXKE
yepe3 HECKOJIbKO MHUHYT OOHapy>KuMBaroTcs B KpoBH. Ecam mnocrtymiieHue
PaIMOaKTUBHBIX BEIIECTB ObLIIO OJHOKPATHBIM, TO KOHIICHTPAIIUS UX B KPOBU BHAaYaJIe

BO3pACTAET 10 MAKCUMYyMa, a 3aTeM B TeueHune 15—20 cyTok CHUKaeTcsl.

351



KOHHGHTpaHI/IH B KpPOBH OOJI'OKHMBYIIHNX H30TOIIOB B I[EU'IBHGIZHI@M MOI'yT
YACPKUBATHCA MPAKTHYCCKM Ha OAHOM YPOBHC B TCUCHHC JINTCIIBHOIO BPEMCHU
BCJICACTBHUC 06paTHOF0 BBIMBIBAHHA OTJIOKHWBIINXCS BCILICCTB.

BbIBOI[bI. YeM cloxHEe OpraHuism, TCM OoJibIlle ero YYBCTBUTCIIBHOCTL K
BO3JICHICTBUIO paauanuu. Menee YYBCTBUTCIIbHBIMU SABJISAIOTCS BHPYCHI, aMC6BI,
4CpBHU, HauoOoJiee YA3BUM UYCJIOBCK. PaI[I/IaI_II/I}I HC BHAHA, HO IIOCICACTBHUA €€
BOSHGﬁCTBHH O4YCHB OITaCHBI. OI[H&KO BO MHOT'HX CJIy4asdX UX MOKHO I/I36C}K3TB, CCJIN

KOHTPOJMPOBATHh YPOBEHB PAJIUALUN OKPYKAIOMINX OOBEKTOB.
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IMPACT OF IONIZING RADIATION ON HUMANS
Annotation. The paper analyzes the types of ionizing radiation and their effect
on the human body. The coefficients of sensitivity of tissues of various organs to

radioactive radiation are given.
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YJIK 001.3
Cenaxun A.A.,
crya. rpynnsl UCH-7a, ®T'BOY BO «lonHACA»
PykoBoaurensb: K.T.H., f1oueHT [lokunrenuna E.A.,

no1eHT Kadeapsl «Pu3uka u

npukiagaas xumus» OI'bBOY BO «/lonHACA»

BKJIAJI COBETCKHX YUEHBIX-XMMHKOB B IIOBEJY B BEJIUKOM
OTEYECTBEHHOHW BOVHE

Annomayusa. B cTaTbe pPacCMOTPEH BKJIAJ COBETCKUX YUYEHBIX-XHUMHUKOB B
nobeny B Bemukoit OteuectBeHHOM BoifHe. [louTm kaknmas AeTanb BOEHHOTO
o0opyaoBaHusi, OOMYyHANPOBAHUS, BOCHHBIE MaTepHaibl, MEAUKAMEHTHI - BCE ATO
HECJIO Ha ce0e OTHevyaToK MpeABAPUTEIbHON HAyYHO-UCCIEI0BATEIbCKON MBICIU U
00pabOTKH 3HAHUHN YUCHBIX.

Knrwouesvie cnosa: tpanatel, TOIIMBO, (ochop, cepoyriepon, ropeHue,

«Kokreisib MonoToBay, apoMaTu3aius, Xpom.

BBenenne. Xumusi B BOWHE - 3TO CHApSJIbI, 3AKUTaTeIIbHBIE CMECH, TOTUIUBO,
Marepuanbl JUIsl W3TOTOBJICHUSI CHApSDKEHHMS] W BOCHHOM TEXHUKH, IMpodee
CTpPaTEruueckoe ChIphE, U, pazyMeercs, MeauunHa. OHa chirpalia 3HaYUMYIO0 POJib B
nmobdene. To, yero MOOMINCH COBETCKHME XMMHMKH M OWOJIOTMM — CEHCAIUs TOTrO
BPEMEHHU. YUEHbIE CaMbIX pa3HbIX CIEIUATBHOCTEH C YECTbIO BbIIEPKAIH
OTBETCTBEHHBIN JK3aMEH Ha TEXHUYECKYHI 3pelioCTh. B CypoBble JHM BOEHHBIX
UCIIBITAHUN TPYJl YUEHBIX-XUMHUKOB BOIIE B MCTOPUIO KaK BBIAAIOIIUICS TMOJBUT B
3amurty PoauHsl.

O6mme noctwkenus ydy€HbiX. Crnenuduyeckold 4YepTod COBETCKOM HayKH
Bcerja Oblia TeCHasi CBSA3b MEXKAY TEOPHUEH U MPAKTUKOM, ObICTpasi peain3alus Bcex

HOBBIX JOCTWMIKCHUM TEOpUU. BpiaarommMmcs nOpuMEpoOM TAaKOrO0 COJAPYKECTBA
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SABJISIIOTCSL  paboThl, TmpoBeAcHHBIE B HWHcTUTyTe (U3MYECKUX MpoOIeM oA
pykoBojacTBoM akanemuka I1. Kanuupl. 3aeck Obuta co3ana camasi KpynHasi B MUpe
TypOMHHAsI yCTaHOBKA I MOJydeHHUs B OOJIBIIMX MaciiTabax HEOOXOIMMOro s
IMPOMBIIIJIEHHOCTA KUAKOIO0 KHCJIOpPOAd, MPOU3BOAUTENBHOCThIO 10 2000 kr
KHUCIIOpoAa B 4Yac. BONBIIMHCTBO JIEHUHTPAJICKUX XMMHUKOB OOBEIMHUIIOCH Ha 0aze
nabopaTopuii ¥ ONBITHOTO 3aBoja crapeimero [ ocynapcTBEHHOTO HWHCTUTYTA
npukiIaaHon xuMud. [Ipu ocTpoM HelocTaTKe AIEKTPOIHEPTUH, BOJIBI, TOIUTHBA OoiIIam
OpU(PPOHTOBBIX TOPOAOB KPYIJIOCYTOYHO M3TOTOBIBUIMCH 3alalibl C  TOPIOYEH
KHUJIKOCTBIO ISl IPOTUBOTAHKOBBIX OYTHUIOK, CUTHAJIBHBIC MATPOHBI /ISl TIAPTU3AH U
pa3BEIUUKOB, XMMHUYECKUE TIOMJIOTUTEIM JUIsl MPOTHBOTa30B, MUPOTEXHUYECKUE
Ooenpuracel, UHIMKATOPHBIE CPEACTBA U T.. BO BHOBB CO3JaHHBIX J1a0OpPATOPHUIX
OpOBOAWJICS aHamu3 TpOo(deHHBIX OOENmpUIlacoB, W3TOTOBISUIUCH HOBBIE  BHJIBI
JIera3aTopoB, MOPCKHUE MarHUTHbIE MUHBI, OCBETUTENbHBIE U (pyracHble aBUAOOMOBI.
I'moko3a, cynb(a3oa, CTPENTOlM[], HAPKOTHUECKHE U JIpyrue Ipemnaparbl B
HEOOXOMMOM KOJHUYECTBE U3 JJaboparopuil nepenaBainch B rocnutanu. Co3aHHbIE B
MHCTUTYTE OOpa3libl MPOTUBOXMMHUYECKUX ANTEYEK HALUIM IIMPOKOE NMPUMEHEHHE Ha
¢dponTe. HOBBIM BUAOM B3pBIBUATOTO BEIIECTBA TEMEPh CTAM CHAPSKATHCS PYyUHbBIC
rpaHaThl, NPOTUBOTAHKOBBIE TpaHaTbl M MUHBI, M3TOTOBJIEHHbIE XHMHKaAMU
JIGeHMHTPaJICKOTO TOPHOTO MHCTUTYTa. AKTHBHYIO NMOMOIIL (POHTY B THUTYy OKa3aslu
y4eHble JIGHHHTPaJCKOro MOJIUTEXHUYECKOTO WHCTUTYTA: OHU PEelIaid MPOOJIEMBI
O0pbOBI ¢ 00JIEICHEHUEM CAMOJIETOB, U3TOTOBUIIM BHICOKOUYACTOTHBIN U30JISAIIMOHHBIN
MaTepHal U T.I.

B nepuoa Bemukoit OteuecTBeHHONW BOMHBI QPPOHT M ThUI ObulM enuHbl. Ha
HYKJIbl (DPOHTA THUT OTKJIMKAJICS HEMEJUIEHHO, U OBICTPO HAXOJWJIMCh HEOOXOUMBIE
pemenusi. OcoOeHHO BBIJAIONIAS POJIb B CHAOXKEHUH (PpOHTA MpUHAJJISKAIa Y paly.
VYpan — 310 Gorareiimuii paiioH kelie3a, BETHBIX U JIETKUX METAJIOB, TOTUIMBHBIX U
XUMHUYECKUX PECYPCOB, PYITHUKOB M 3aBOJIOB, CO3/IaHHBIX B COBETCKHUE robl. MHOTHE
XUMUYECKUE TPEPUATUSL Y KpauHbl, BbIpaOaThIBaBIINE aMMUaK, CyJb(paTaMMOHHUH,
CEPHYIO KUCJIOTY, KaJbIIUHUPOBAHHYIO COJlY, KPACUTENIN U MHOT'OM MPOAYKLIMH, ObLIN

nepeba3upoBaHbl B BOCTOYHBIE paiioHbl. [loTpeOoBamachk ObICTpas mepecTpoiika
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yKJaJla BCe IKOHOMHUKH 3TOTr0 pailoHa, MOOMIIM3ALMsI HOBBIX CHIPBEBBIX PECYPCOB U
€CTECTBEHHBbIX OorarcTB. OTH TpeOOBaHUS YCIELIHO BBINOJHSJIUCH C YYacTHEM
Komuccun nmo moOunm3anuy NPUPOAHBIX PECYypcoB Ypaja Ha HYXAbl OOOPOHBI,
Bosraasisiemoit npesugearoM AH CCCP B. KomapoBsim.

VYxe B 1943 1. 1o cpaBHEHHIO C JTOBOECHHBIM IIEPUOAOM BIBOE YBEJIMYMIIACH
BbIpa0bOTKa HapKo3HOTO 3¢upa, B 1,5 paza — HOBOKauHa, B CEMb pa3 — XJIOPITUTIA, B
ISITh pa3 — IIpenapaToB BUCMYTA U T.A.

IHocranoBka 3agaun. Onpenenuts BKIaa yu€Hbix B [lo0eny; BBIACHUTD, KTO U3
yU€HBIX TPUHUMAN ydacTue B OOEBBIX JEHUCTBUSAX; OMPENEIUTh 3aJauH, KOTOpbIE
IPUXOIUIIOCH PEIIATh YUEHBIM-XUMHUKAM B TOJbI Bennkoit OTe4eCTBEHHON BOMHBI.

PesyabTarbl. M3yuensl Ouorpaguu M BKJIaJ B MOOENYy TAaKUX YUYEHBIX, Kak
A.T. Kauyrun, C.1. Bonsdxoruy, H.Jl. 3enunckuii, A.E. ®aBopckuii, H.H. Cemenos.

Anaromuii TpopumoBuy Kauyrun B 1941 r. cipoekTrpoBaji cuequanbHO s
HNapTU3aH IUBEPCUOHHOE 3aKUTATEIbHOE CPEACTBO, KOTOPOE 3aMEHMIIO Je(UIIUTHBIC
U JI0pOrve€ MarHUTHbIE MHUHBI. VMI3roTOBIIEHHAas UM Ha OCHOBE coeAuHEeHUH (ocdopa
MAacTUKa BHEILIHE MOXOAWJIa HAa MBUIO M BbIIVIA/ENA OYeHb 0e300uaHo. [lapTu3ansl
NPUKPEIUISIIA MAacTUKy K BaroHam, a KoOrja Ioe3Jl HaOupal CKOpocTh, ¢ocdop
OKHUCIISUICST U3-32 TPEHUsI O BO3AYX M 3aropajics, MOJKWrasi MacTHKy, KOTopas Mnpu
ropeHuu pazpuBaina temrneparypy oonee 1000°C. YcraHOBUTSH, Ti€, KOT/Ia U OTYETO
HayaJscs noxap, Obu10 HEBO3MOXKHO.

B utone 1941 r. I'ocygapcTBeHHBbI KOMUTET OOOpPOHBI MPHUHSII CIIEHUATbHOE
nocraHoBieHue «O TPOTUBOTAHKOBBIX 3aXKUraTeNbHBIX TpaHaTax (OyTBUIKAX)».
Haub6onee a3 pexTrBHBIMU OKa3aMMCh Oy THUIKH C CAMOBOCILIAMEHSIOIIEHCS JKUKOCTHIO
«KC» mmu «bI'C», mpencraBnsomye coOOl KENTO-3e€AEHBIA MM TEMHO-OYpBbIid
pacTBop, CoJIepKaBILIUi cepoyriiepoa, pochop U cepy, UMEBLINNA HU3KYIO TEMIIEpaTypy
KUTIEHUS, BpeMsi ropeHus — 2-3 MuH., remnepatypy ropenust —800-1000 °C, a o6miibHbIi
Oenbplid pIM MPU T'OPEHUHU AaBall ocleruraomui 3¢¢dexkr. UMEeHHO 3TH KUIKOCTH H
MOJYyYWJIA IUPOKO M3BecTHOE mpo3Buile «Kokrelins MomoroBay. [lo odurmansHbiM
JAHHBIM COBETCKME OOMlbl ¢ moMmomibio OyThUIOK «KokTreings MonoroBay 3a rojibl

BOMHBl YHUYTOXWINA: 2429 TaHKOB, CaMOXOAHBIX APTUJUIEPUMCKHX YCTAaHOBOK H
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Oponemamd, 1189 HOATOBPEMEHHBIX OTHEBBIX TOYEK (IOTOB), JEPEBO3EMENBHBIX
OTHEBBIX TOUYEK (I30TOB), 2547 npyrux yKpemnuTenbHbIX COOPYKEHUH, 738 aBTOMAIINH
u 65 BoeHHBIX cknanoB. «Kokrennbr MoJOTOBa» OCTaNCS YHHUKQJIBHBIM PYCCKUM
peuenToM, co3naiHbiM Cemenom Mcaakosuuem BonbdroBuu.

Huxomnaii /IMutpueBny 3eIMHCKUI B TOABI IEPBOM MUPOBOM BOMHBI MPEIIOKNI
UCIIONB30BaTh  JUIA  aACcOpOLMU  SJOBUTHIX Ta30B  AKTHUBHUPOBAHHBIM  YIOJb.
N300peTeHHbli NpOTUBOra3 3€JIMHCKOIO OKa3aJiCsi HAMHOIO JIy4llle BCEX M3BECTHBIX
CPEICTB 3alUThl. B Hadane BTOPOM MHMPOBOM BOWHBI OH YCOBEPIIEHCTBOBAJI CBOM
npotuBoras. Taxke 3eTMHCKOMY YAAloCh YIYYIIUTh KauecTBO OEH3MHA IyTeM
pudopmuHra — apomaruzanuu HedpTu. HoBblii O€H3MH Jan BO3MOMKHOCTb PE3KO
YBEJIMYHUTh MOIIHOCTH MOTOPOB M CKOPOCTh caMoJIeTOB. CaMOJIET CMOT B3JETaTh C
MEHBILIETo pa3zdera, MOJAHUMAThCS Ha OOJIBIIYIO BEICOTY CO 3HAUUTEIBHBIM [PY30M.

I'epoit Counanuctuyeckoro Tpyaa akaaemuk Anekceit EBrpadgosuu @aBopckuit
U3Y4dJl XMMHUYECKHE CBOMCTBA M IPEBPALLCHUS HWHTEPECHEUINETO U  JIETKO
N00BIBAEMOIO ChIpbsl - alleTuieHa. Bmecte co cBOMMH yde€HHUKaMM pa3padoTai
BaKHEHUIINI METO/1 NOJy4YEeHHSI BUHUIIOBBIX 3(DUPOB, HEOOXOAUMBIX JJIS IPOU3BOJICTBA
LEJIOTr0 psAsia NpoayKToB. HOBBIE COeNMHEHNS HA OCHOBE alleTHWJICHA HAILJIM HIMPOKOE
npyUMEHEHHE B OOOPOHHOM OTpaciu MPOMBINUIICHHOCTH. YUEHBIH MPeasIOKUII
OpUTMHAJIbHBIE CHOCOOBI MOJYYEHHS] WM30MPEHOBOIO CHHTETUYECKOIO KaydyKa Ha
OCHOBE YIJIsl U BOAbL. 3aciayru @aBopcKOro ObUIM BHICOKO OIIEHEHBI IIPABUTEIBCTBOM.
Jlaypeat ['ocynapcTBEHHOM mpeMun, OH ObLT HArpaXkKJeH Tpems opAcHaMu JIeHuHa u
opnenoMm TpynoBoro Kpacnoro 3namenu. B 1945 r. ®@aBopckuil Obul HarpaxieH
YeTBEPTHIM OpJeHOM JleHnHa W emy ObUIO MpUCYXACHO 3BaHuEe [epos
CouunaniucTU4eckoro TpyJAa 3a BbLAAIOUIMECS Hay4yHblE JOCTHXKEHHs B 00J1IacTh
OpPraHUYECKON XMMUU U MOATOTOBKY BICOKOKBAJIN()ULIPOBAHHBIX.

Pa3HooOpa3Hbie nmpobeMbl, akTyalbHbIe A (PPOHTA U ThlIa, pazpabaTbIBaIu
y4€HBIE 110 PyKOBOIACTBOM akaaemuka Hwukonas HwukomaeBmua CemenoBa. Hx
UCCIIEJIOBAHMUS TOMOTaJM  peliath MpoOJeMbl TpPaHCHIOpPTAa M IOBBIIICHUS
3¢ (PEeKTUBHOCTH B3PBIBUATHIX BEIIECTB, YJIYUILIEHHUS OTHE3AIUTHON MPOMUTKY LIIA.

My ObIT yCOBEPIIEHCTBOBAH METOJA OOpabOTKH JAeTajeil caMOJETOB, OCTHTHYTA
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ASKOHOMUS JEPUIMTHBIX XpOoMa M CEpHOUM KHUCIOTHL. Tpynomobue CemeHOBa, €ro
IOHOILIECKAsl YBJICUEHHOCTh CBOEW OTpACIbl0 HAayKH, YMEHHE CKOHLIEHTPHUPOBATH
BOKPYI' CBOMX WJI€M TaJlaHTJIMBBIX COTPYIHUKOB JOCTOWHBI BocxuieHus. OH
HarpaxiaeH meaaiaMu «3a obopony JleHuHrpaga», «3a nodaectHblil Tpya B Benukoii
OtedecTBEHHON BOWHE», YEThIpbMS opaeHaMu JlennHa. CeMeHOB - nBaxbl 1'epoii
Counanuctuueckoro Tpyna, naypeat Jlenunckoi npemun, ['ocy1apcTBeHHOM TpeMun
CCCP u HobGeneBckoit mpemMuu, MOYETHBIA WHOCTPAHHBIA WJIEH MHOTHX aKaJeMUi
HayK.

BoiBoa. HeBOo3MOXKHO mepeyuciuTh BCE, YTO OBUIO CHENAHO YUYEHBIMH U
xuMukamu Bo 0naro [loOGessl. JIroau yMCTBEHHOTO TpyAa HAXOIUIUCH B OJHOM CTPOIO
¢ congatamu. U, 6ecciopHo, JOCTUKEHUS XUMUYECKOM HayKH B T€ TOJbI TIOCITYKHIIN
OJIHUM M3 CYIIECTBEHHBIX (PAKTOPOB, MOBIUSBIIUX HA MCXOJ] BOHHBL. COBETCKHE
XUMUKH JOKA3aJld BCEMY MUPY, UYTO UX «HAYYHBIA I'€HUN» CaMbIi IPOTrPECCUBHBIN.
[lepen HUM HE yCTOsUIA Ja)ke Takas MOIIIb, KaK (harm3m.

beccmepreH moaBur, COBEpIIEHHBIN COBETCKUMHU Y4YEHBIMU B Tozibl Benukoit
OrteuecTBeHHON BOMHBI. JTa moOena OeclieHHa, U TEM CTPOXKE Halla OO0S3aHHOCTh
XpaHuTh U Oepeub Hacneaue Benukoit [1o6empr!

MBI, MOJIOO€ TIOKOJIEHHUE, CONPUKACASACH C KU3HBIO U JIEJTaMH CBOMX JEIO0B U
npanenoB, TIIyO)ke TMOHMMAaeM, KaKoW IIEHOW JocTajllach MM 3Ta moOesa, TMOJIHEe
0CO3HaeM, KaKk Hy>KHO Oepeub, IICHUTh U MPUYMHOKATh CJIABHBIC TPAJUIUH MIPOIILIIOTO,
N0-HACTOSLIEMY JTIOOUTH CBOIO PosiMHYy 1 3a00TUTHCS O €€ MUPHOM MPOLBETaHUN. MBI
JOJKHBI C OJIarOapHOCTHIO BCIOMHHATH HWMEHAa TEX, KTO OJHAXKIBI IOMOT
YEJI0BEYECTBY BBIKUTD.
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HHPOBJIEMBI KYPEHUA SJIEKTPOHHBIX CUT'APET
Annomayus. B craTtbe uccienyoorcs oOlIME acHeKTbl MPOOJIEMbl KypeHHUs
AJNIEKTPOHHBIX CHIapeT M BEHIIOB CPEAM MOJOJEKU U MOAPOCTKOB, B TOM YHCIIE
HECOBEPIIICHHOJIETHUX, NPEJICTaBICHbl MPUYMHBI «IIOYEMY 3TO CTal0 MOJHO», U
PacCMOTPEHBI 3Talbl PEIICHNs] BO3HUKILEH TPYIHOCTH.

Knrouesvie cnosa: curapertsl, Beil, HIKOTUH, KypEHUE, TOJPOCTKHU.

Beenenue. B nocnegnue roasl crajga HaOMpaTh MOMYJISIPHOCTh TEMA KypPEHHS
KaK CpeIH B3pOCIIOIO HACEJIEHHs, TAK U CPEIU MOAPOCTKOB. MHOIME CUUTAIOT, YTO
AJNIEKTPOHHAS CUTapeTa MPUHOCUT MEHBILIUN Bpe/1, YeM 0ObIuYHAs HUKOTUHOBAS, HO TaK
JIM 9TO Ha camoM jene? YHCIIo BEMNEpOB U KypPWIBIIMKOB 3JIEKTPOHHBIX CHTapeT B
nocjaeHue ToAbl ObICTpOo pacTteT. BcemupHas opraHuszainus 3ApaBOOXPAaHEHUs
npoBeJia ucciaegoBaHue, ObUI0 BBISICHEHO, yTO B 2011 roay 31M€KTpOHHBIE CHUTapeThl
Kypwin 7 MJIH 4yenoBek, B 2016 roxy — yxe 35 miH yenosek, a Ha 01.01.2021 roma —
KOJIMYECTBO JIIOJIEH, YBJICKAIOIIMXCS AJIEKTPOHHBIMU CUTapeTaMH, YBEIUYHIIOCH IO
94 maH [3]. Bonee momynisipHBI 3JIEKTPOHHBIE CUTApeThl CPEIX MOJPOCTKOB, €CIU
paHplIe, KOTJ1a OHU €€ HE NEPENOIHWIN PBIHOK, MOJIOAEKD KypHJa CUTapeThl, HO
3arax OYeHb OIYIIAJICS, MHOTHE OOSIUCh, TAK KaK MOIJIM IIOYYBCTBOBATh POJUTEIH,
TO ceiiyac OT 3JEKTPOHHBIX curaper 3amnaxa HeT. Cpeau B3pOoCcaoro HacelIeHUs TaKKe

PaCTCT KOJIUYCCTBO YCJIIOBCK, IIPCAIIOUYNUTAOIIUX BEUIT U QJICKTPOHHBIC CUI'apPCThI.

360



IMocranoBka 3anaum. [Ipoananu3upoBath mpPoOOIEMbI KypeHHS SJIECKTPOHHBIX
curaper.

B Poccuu Obu10 mpoBeieHO Mccae0BaHme, HAa OCHOBAHUH €T0 ObLIO, BRISICHEHO,
YTO B3pOCIIOE MTOKOJICHHE BHIOMPAET JIEKTPOHHBIE CUTAPEThl, TAK KaK OHU MTOMOTaIOT
UM OpOCHUTH KYpHUTh, a TaK)KE CUUTAIOT, YTO OHU MEHEE BPEIHBI JJIs 370POBbs, YeEM
oObrunbIe [4]. B cetr muHTEpHET TpaHCcIupyeTcs nHGopMaIus 00 OTCYTCTBUH HAyYHBIX
JI0KA3aTeNbCTB O Bpele KypeHHUs 3JIeKTPOHHBIX curaper. Ho, Obuio mpoBeneHo
uccienoanue CIIb I'bY3 «I'TITH», I'TITANe 2, KB, B X0/1€ KOTOPOTO NPOBOAUICS
aHanu3 JaHHBIX 43 uctopuil 00JE3HM MAIMEHTOB. DHAOCKOMHYECKass KapTUHA MpU
MukoOakTepuo3e Jierkux win BI'JIY xapakrepusyercs HanuuueMm usMeHeHuid B 88%
ciy4yaeB. B OonbIIMHCTBE CioydaeB BCTpPEYAOTCA  pPyOLOBbIE  MOpPAXEHUS
OponxuanbHOro jaepeBa (68%). B MeHblieil cremneHn C OAMHAKOBOM YacTOTOU
HAOJIIOIAIOTCSL  SIBJIGHUS KaTapajlbHOTO OHHAOOPOHXUTA U aTpodus CIU3UCTOU
o0onouku, compoBoxknawmascs (udposnoit tpanchopmarment (38%). Takke K
OCOOEHHOCTSIM MOXXHO OTHECTH (opMHpOBaHHE OpOHXHAIbHBIX cBHIed B 10%
ciy4aeB. Y OOJNBIIMHCTBA MALMEHTOB C MUKOOAKTEPHUO30M UMEETCS COMYTCTBYIOIIAS
natonorust (BUY-undexnusa, UBC, sa3Bennas 0onesns). [Ipu mydeBom oOcienoBanun
npeobiagaer ABycTopoHHee mopakeHue nérkux [5, C. 886-887]. Ha teppuropun
Pocculickon @enepanum yxxe 3aperucTpupoBaHbl Takue ciydau: JeroM 2018 roga B
Cankr-IletepOypre ObUT OTMEUEH Cydail OTpaBIEHUS ONMMATAMH, a B CEHTSIOpE TOTO
xe roma B TarapcraHe B IIKOJ€ JO TMpHUE3la CKOPOM MOMOIIM CKOHYAJICA
NATHAALATWIETHUN MOJPOCTOK, MOKYPUBIIUM HA MEPEMEHE SJEKTPOHHYIO CUTAPETY
[1,c. 127].

BriienuM 0CHOBHBIEC IPUYMHBI KYPEHUS SJIEKTPOHHBIX CUTAPET:

1. XKenanune 6pocuth Kyputh. [lo mHenuto Hacenenust PD, 3amena curaper Ha
AJIEKTPOHHBIE, TPUBOJIUT K CHUIKEHUIO MOJaYl HUKOTHHA, a CJIEAOBATEIbHO, MOXKET
OpUBECTH K TMOJHOMY OTKa3zy OT KypeHusa. IIpu mocreneHHON OTMEHe
HUKOTHUHCOJICPXKAIINX CMECeld BO3MOXKEH OTKa3 KaK OT OOBIYHBIX CHTapeT, TaK U

AIEKTPOHHBIX.
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2. Dcrernueckue, rurueHnydeckue Gaxtopel. Kypsiume monm HauMHAIOT
UCIIOJIb30BATh AJIEKTPOHHBIE CUTAPETHI U BEUIIBI BMECTO CUTAPET M3-3a UHTEPECHOTO
J3aliHA UCIIAPUTENEH, KalIbsIHOB. [10710KUTETbHBIM MOMEHTOM SABJISIETCS OTCYTCTBUSA
3amaxa JpiMa. Takue MpUYuHbI 00Jiee MOAXOIAT IS JEBYIIEK MOIPOCTKOB.

3. Paccnabnenuie U CHUXKEHUE CTpeccoB. MHOrue 4ieHbl 00IecTBa, KOTOPhIE
BIIEPBbIC HAUMHAIOT KYPUTh SJIEKTPOHHBIE CUTAPEThI, BHIOUPAIOT €r0 KaK METO/I CHATHUS
cTpecca u HanpspkeHud. [lociae HUX HaunHAeT 0JIaronpusTHO KPYXKUTCS rOJIOBA, TEJIO
paccinalnsiercs, Bce MNpoOJIeMbl yXOAAT Ha BTOpoW IaH. Ho, KypWJIbLIMKH He
OCO3HAIOT, YTO ATO TOJIBKO MUHYTHOE YJIOBOJILCTBHE, TPOOIEMBI M CTPECCHI HUKY/IA HE
yiinyT. MHOTHE HECOBEPILIEHHOJIETHUE OYEHbB JIIOOAT paccaadiiaThCsl TAKUM METOIO0M.

4. CrpemieHue MNPUOIU3UTHCS K KOMIAHWU. MOoJOJble JIOAW HAYUHAIOT
oOIIaThCsA, APYKHUThb, a YTOOBI JIydllle BIUTHCA B KOJUIEKTHB TMEPEHUMAIOT HX
MPUBBIUKHU, TAKKE HAUMHAIOT KYPUTh JIEKTPOHHBIC CUTAPETHI.

5. Muorue cuutalor cebs «MOIHbIMU». B HacTosimee BpeMs BEHIUHT H
ANEKTPOHHBIE CUTAPETHI MOIMYJSPHBI Y MOAPOCTKOB. OHU CUUTAIOT, YTO UCHAPUTEIN
BBICTYTAIOT B POJIM (DOPMUPOBAHUS UMHUJIXKA, CTUJISL dKU3HU, CYUTAIOT, YTO 3TO MOJTHO.
A clleloBaTeNbHO, MPUYMHOW MApEHUS] MOXET CTaTh JKEJIaHUE B COOTBETCTBHUHU
HaBA3aHHOMY «MOJIHOMY» 00pa3y.

6. Bo3aM0xkHOCTBH IpUBJIE€YL BHUMaHUE. Beilnepsl ycTpanBaroT 10y ¢ TOMOIIBIO
BBIJIBIXaEMOTO Tapa: BBITYCKAIOT U30 PTa KOJbIA, TOPOKKU, GUrypsl. Takoil criocod
pa3BiedyeHusi J00aBISICT TMOMYJSIPHOCTH, (OPMUPYET TMOBBIIICHHBIA HWHTEPEC
OKPYX arOIIUX.

7. Hanuune axkTUBHOM pEKIAMHOM TIOJMTUKA B COLMAJIBHBIX CETHX.
[TpakTudecku 00JIbIIIE MOJTOBUHBI POCCUSH OOJIBIIYIO YACTh CBOETO BPEMEHU MPOBOIST
B IPOCTOpPAaX HHTEPHETA, [J€ YacTO TPAHCIUPYIOTCA PEKJIaMHbIE KOMIIAHUHU O
KpacUBOM JH3aifHe, 0€3BPEIHBIX MOCIEICTBUSAX OT KYPEHHUS JIEKTPOHHBIX CUTAPET.

8. Huskue mpoueHThl NpOBEeACHUS NPOPUIAKTUKA MO BpeAe KypeHus
AJIEKTPOHHBIX CUTAPET B yUEOHBIX 3aBEJICHUSAX, 4 TAKKE MHOTO CBOOOJTHOTO BPEMEHH
y TOJIPOCTKOB, KOTOPOE OHM HAUYMHAIOT TPATUTh Ha yHOTPEOJIEHUE DJECKTPOHHBIX

cUraper.

362



Pesyabrarel. JIns CHWKEHUS KYpPEHHUS DJIEKTPOHHBIX CHUTApeT Cpelu
IIKOJIBHUKOB W YYalllUXCS CPEIHMX, BBICIIMX YYEOHBIX 3aBEECHUM HEOOXOIAUMO
BHEJIPSTH CJICTYIONTNE TPOQUIAKTHIECKIE MEPHI:

1. Opranmzanuss ¥ TporaraHjaa coluaibHoW pekiambl. K nanHoit pabote
JOJDKHBI TIPUBJIEKATHCS TEJAaroru, PoJUTeNd, U3BECTHhIE JIMYHOCTU. Hampumep, 1o
y4eOHBIM 3aBEJICHUSM Pa3BECUTh PEKJIAMHBIE TUIAKAThI, CBA3aHHBIC C TIPUBJICUCHUEM
MOJIOACKH K OpOCaHUIO KYpEHUSI BEUIOB U AJIEKTPOHHBIX CUTApPET.

2. IlpoBeneHne Kpyriblx CTOJIOB. B y4eOHBIX 3aBeJCHUSAX TeMa, CBSI3aHHAs C
KypeHHEM DJJIEKTPOHHBIX CHUTapeT, JOJDKHA aKTUBHO oOcyxnaatbes. [lompocTtkam
HEO0OXO0JIMMO JTOBOJIUTH MH(OpPMAINIO O Bpelle UX KYpEeHHs, O TOM, Kak 3a CUéT ux
0oraTreroT KOMIIAaHUU O MPOU3BOJICTBY AIEKTPOHHBIX CUTAPET.

3. Peanuzanus 1 noaiepKa B IIKOJIaX MPOrPaMM, HAIPAaBJICHHBIX HA OTKAa3 OT
KypEHUS SJIEKTPOHHBIX CUTapeT. Y MOAPOCTKOB JOKHO (POPMUPOBATHCS MPABUIHLHOE
IpEACTaBICHUE O BPEAE UCIOIb30BaHUSI BEUIIOB M AJIEKTPOHHBIX cUTapeT. J{OmKHBI
IPOBOJUTHCS Oece/lbl Ha KJIACCHBIX YacaX, MHTEJUIEKTyalbHbIe UTPbl, CIIOPTUBHBIC
Npa3THUKY, TOCBSIIIEHHBIE OTKA3y OT UX Kypenus [2, c. 150-151].

4. IlpoBeaeHNEe MHTEIUICKTYyIbHBIX WTP, BUKTOPWH, OpraHU3alus KIyOOB IO
HWHTEpecaM, CIIOPTUBHBIX CEKIIUM, KPYKKOB. MHOTHE MOJIPOCTKU KYPSIT JIEKTPOHHBIC
CUTApETHI N3-3a OOJIBIIIOTO KOJUYECTBA CBOOOHOTO BpeMeHu. OT HE3HaHUS YeM ceOs
3aHSITh, OHU MPEANOYUTAIOT ITO BpPEMSI TPATHTh Ha YMOTPEeOJIEHUE AIEKTPOHHBIX
curaper.

5. JloHeceHre HeTaTUBHOM CTATUCTUKHU O OOJIE3HSIX OT JIEKTPOHHBIX CUTAPET, O
ux nocneAacTBusx. Cpead MOAPOCTKOB JIydille BOCIHPUHUMACTCS HETaTHUBHAs
uH(OopMaIus, CTpaIlIHbIe TOCIEACTBUS.

6. Co CTOpOHBI TIEJJAaTOTOB U POAUTENICH HE JOJKHO OBITh HUKAKOTO MIAHTaXa,
yIpo3 ¥ MaHUMyJsiuui. Eciu B3pocibie yBepeHbl, UTO MOJPOCTOK KYPUT JIEKTPOHHBIE
CUTapeThl, TO HE CTOUT MPEAIPUHUMATH IIAHTAX, MAHUNYJSIMU U PaccKas
HEMPaBAMBBIX HCTOPUN O CIydasx CMepTelnbHBIX Mcxoja0B. Celyac, kKorma JroOou
HECOBEPIICHHOJIETHUN PEOCHOK MOXKET MOCETUTh CEeTh IHTEpHET, TO OH JIETKO MOXKET

IPOBEPUTH, SBIIAIOTCS JHU «CTPAIIHbIE WCTOPHM» IMPO YHNOTPEOJIEHUE IEKTPOHHBIX
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curapet npasnoil. Jlydie cooOmUTh, YTO KypeHUE AJIEKTPOHHBIX CHUTapeT camo I10
cebe He JlaeT HUKaKuX NpeuMylecTB. [IoApoCcTKu HE B COCTOSIHUU OLIEHUBATh PHUCK
3a00JIeBaHU, OHU CYUTAIOT, YTO OHU MOJIOJBI U 3J0POBBI, HA HUX HUKAK HE OTPa3sITCS
HOCIEeACTBUS OT ynorpeOsnenus. Jlyume cooOumTh O 3aTpayeHHbIX (PUHAHCOBBIX
CpelcTBax, KOTOpPhIE YUIyT B HUKYAA.

7. BeipabaTbiBaTh y MOJIOAEKN HETaTUB K KypsAIMIMX JtoAIM. CaMbIM JTydIIuM
CPEICTBOM TAaK)X€ BBICTYIIAE€T ITOCTOSIHHBIM HETaTUB I10 OTHOIICHHIO K KYypSAIIUM
JIOJSIM, YTO 3TO HEKPACHUBO.

CTouT OTMETUTH, YTO HE TOJIBKO IMOAPOCTKH, HO U B3POCIIbIE JIOIU CTAPAIOTCS
KypUTb JoMa JIH0O0 B TAKUX MECTAX, IJIe UX HUKTO HE YBUJIUT, UTOObI HE BHI3bIBATH Y
OKPY’KaIOILUX OTBPALLEHUE K HUM U X MPUBBIYKE. 3HAUUMYIO POJib B IPOPUITAKTUKE
no mnpobieMe KypeHMsI DJIEKTPOHHBIX CHrapeT Hrpaer paboTra C pOAUTEIIMHU
y4damuxcs. BonbIIMHCTBO poiuTeseil CUUTAET OUeHb BaKHOM MPOPUITAKTUKY KYPEHUS
AJNIEKTPOHHBIX CUTapeT CPEIr y4YallUXCs, HO IPU 3TOM OHH I0JArarT, YTO KypEeHHE
MOJIOJIEKH BBICTYIAET CIEACTBUEM HEI()()EKTUBHOCTU BOCIUTATEIBHON pabOTHl B
CTEHaX LIKOJbI, OTpULAs COOCTBEHHBI MpUMEP B (PopMUpOBaHUHM OOpa3a >KU3HU
CBOHX JICTEH.

BeiBoabl. Ha ocHOBaHWU BbIlIE MPEICTABICHHOTO MCCIEIOBAHUS MOYKHO
caenaTh  BBIBOJ, YTO  OoJyblias  4acTb  KypWIBIIMKOB  —  MOJOJEXKb,
HECOBEPIICHHOJIETHUE W IOAPOCTKH, CAaMUMH TJABHBIMU IPUYMHAMH MOXHO
BBIJICJIUThH: HET 3alaxa, ClIeJOBaHUE «MOIHBIM» TPEHJaM, PEKJIaMHbIe KOMIIAHUU B
COLIMAJIBHBIX CETSIX U BIMBAHUE B KOJIJIEKTHUB.

CaMyMM TTIaBHBIMU MPUYMHAMH MOKHO BBIJICNIMTBH: HET 3amaxa, CJeJOBaHHE
«MOJHBIM» TPEHJAaM, PEKJIaMHble KOMMAHUM B COLMAJIbHBIX CETSX WU BIMBAHHUE B
KOJIEKTUB. OCHOBY NpPOQMIAKTUKU JOJDKEH BKJIIOYATh MOMYJSLMOHHBINA MOIXOM,

OCYIII€CTBJ'I$I€MBII>1 B qu6HBIX 3aBCIACHUAX.
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JOLEeHT Kadeapbl (GU3UKU U TPUKIATHON

xumuu OI'BY BO «JlonHACA»

CTATUYECKASA JEKTPU3ALIUS TEJIA YEJIOBEKA
Annomayus. B pabote aHaMM3UPyeTCsA BIUSHUE CTATUYECKOTO AJICKTPUYECTBA
HAa OpraHuM3M uYeJioBeKa. VYKa3aHbl CpeICTBAa M  METOAbl  3allUThl  OT
ANEKTPOCTATUYECKOTO 3apsA/Ia.
Knrwouesvie  cnosa:  cratuueckass — dJEKTpU3allMsl, CpPEICTBA  3alUTHI,

HEUTPAIU3ATOPBL.

Beenenne. C TOuku 3peHMs] (PU3MKU, CTATHUECKOE HJIEKTPUYECTBO — 3TO
ABJICHHE, KOTOPOE€ BO3HMKAaET B pe3yJbTaTe Ipolecca IEPEeHOCA 3apsSKEHHBIX
AJIEKTPOHOB C OJJHOM IMMOBEPXHOCTH HA IPYTYI0. DTO BEPHO HE JJIsl BCEX MAaTEpUasoB, a
TOJIBKO JJIsI ANDIIEKTPUKOB. K TakOBBIM OTHOCSTCS, Haripumep, Oymara, [IBX u apyrue
BH/IbI TUIACTUKA, CHHTETUYECKNE TKAHU U T.J. B HOpME B IMAIEKTPUKAX KOJIMYECTBO
IIOJIOKATEIIBHO M OTPULATENIBHO 3apsDKEHHBIX 4YacTHL[ COBIIAJAET, HO IIPH
ONPENEIICHHBIX YCIOBUAX, NPU B3aUMOACHUCTBHUM C JPYIMMHU IPEIMETaMH,
IPOUCXOJIUT MEPEHOC IEKTPOHOB, OAJIAaHC HAPYIIAETCS M HAYMHAET HAKAILJIMBATHCA
anekTpuueckuil 3apsn. OcTaHOBUMCS MOApPOOHEE HAa BO3ACHCTBUM CTaTUKU Ha
YEJIOBEYECKUIN OPraHU3M.

OcHoBHas YyacTh. B psne ciaydaeB craTMdecKas JIEKTpU3anus Tena YeaoBeKa
U 3aTeM IIOCHEAYIOIIMK pa3psl C YelOBEKa Ha 3eMIII0 WM 3a3€MIICHHOE
IPOU3BOACTBEHHOE  OOOpyJOBaHME, a TaKKe DIIEKTPUYECKUI  paspsan ¢

HC3a3CMJICHHOI'O 060py,Z[OBaHI/I${ 4cpe3 TCIO YCIIOBCKAa MOI'YT BbI3BATH OoyieBBIE U
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HEpBHBIC ONIyIeHUs [1] U OBITh MPUYNHON HEMPOU3BOIHLHOTO PE3KOTO JIBUMIKEHUS U
NOJIy4eHHs] TpaBMbl (nafeHus, ymuobl U T.14.). V3-3a 00sI3HU 0KHMJIAEMOro paspsia
BO3MOXHBI «(HOOMI» U TTOBBIIICHHAS] SMOITMOHATBHAS BO30Y IMMOCTb.

Hame teno siBisieTcsi cBO€OOpa3HbIM aKKyMYJISITOPOM, CTEHKAa KJIETKH UMEET
AJIEKTPUUYECKUN TOTEHIHANI, a BHYTPHU KJIETKH HAXOJMUTCS PAcTBOP AJICKTPOJIUTA, B
KOTOPOM ILJIaBAIOT SIAPO U MPOYME BHYTPUKIETOUHBIE CTPYKTYpHhI. KileTka okpykeHa
BHEKJIETOYHOU >KHIKOCTBIO, TO €CTh AJEKTPOIUTOM HECKOJIBKO APYroro COCTaBa.
Onuu BemecTBa Oyarojapsi OMORIEKTPUUYECKUM TpolleccaM aKTUBHO B KIETKY
BBOJIATCS, a JIpyrue BBIBOAATCS U3 Hee. OIMH aKKyMyJsiTOp (KJIETKa) HAaXOIHUTCS
BHYTpPH JIPYrOoro aKKymyJiiTopa — OpraHa ¢ €ro BHEKJIETOYHOM >KUJIKOCThI0. OpraHsl
OMBIBAIOTCSL  JAPYTUM  BJEKTPOJIUTOM — KPOBBIO. 3a CUeT DJJIEKTPUUYECTBa
(GYHKIMOHUPYIOT MHOTHE CUCTEMbI Opranu3ma. HepBel — 3T0, 110 CyTH, OMOTIPOBO/IBI,
no KOTOpbIM Tmepedaercss umnyibe. Cepaue cokpainaercsa Omarogapst paspsny,
nepegaBaeMoMy 10 HEPBHOMY BOJIOKHY Myuka ['uca (aHamorusi ¢ CuCTeMom 3aKUraHus
B aBTOMOOUJIE).

PaGora wplimi, cepana, MoO3ra M IPOYUX OPTraHOB COMPOBOXKIIAETCS
ANEKTPUYECKON aKTUBHOCTBIO. BeCs co3HaTenbHasl KU3Hb YEJIOBEKA 3aBUCHT OT
AJIEKTPUYECKOM aKTUBHOCTU MO3ra. JDJIEKTPUUYECTBO OpraHu3Ma CYMMHUPYETCS H
0o0pa3yeT C0KHOe OMOI0JIe, YyBCTBUTEIBHOE K BHEIIIHUM 3JIEKTPUUECKUM [TOMEXaM;
CTaTUYECKOE AJIEKTPUYECTBO — Momexa. Kakaplii MCHBIThIBAI CHIIy COOCTBEHHOTO
CTATUYECKOTO D3JIEKTpUYecTBa. Pa3psig MOXKET MPOCKOYUTh MPU MPUKOCHOBEHHH K
METAJUTMYECKUM MPEIMETAM, MIPU PYKOTOKATUH, Pa3Ps]l MOKET ObITh UyBCTBUTEJIEH U
CKa3bIBaeTCs Ha paboTe AIEKTPONPOBOASAIICH CUCTEMBI CEPILIA.

B sr1oii cepe nelcTBYIOT JOCTATOUYHO KECTKUE MpaBuia. MeToabl CHATHS
CTaTUKHU PETJIAMEHTHPYIOTCS Pa3IUYHBIMU JOKYMEHTAMH, B TOM YHCJIE Pa3JIMYHBIMU
I'OCTamu. Cpenctsa 3amutsbl oT cratuku nepeurciiensl B 'OCT 12.4.124 83. Tawm, B
YaCTHOCTH, OTMEUEHO, YTO BCE 3allMTHHIC CPEJICTBA MOTYT OBITh TPYNIOBBIMH U
WHIAUBUIYaIbHBIMU. PyKOBOJCTBO TpPEANPUATHS JODKHO OOECIEYUTh CBOMX
COTPYJHUKOB BCEMH CPEJICTBAMHU 3allUThl, MPEAYCMOTPEHHBIMH B HOPMATHBHBIX

JOKYMCHTax.
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I'pynnoBele cpencrBa 3amuTbl — 3TO  3a3€MJICHHE, HEUTPAIU3ATOPHI,
YBJIIQKHSAIONIUE YCTPOKUCTBA, aHTUIJIEKTPOCTATUYECKUE BEILIECTBA, 3aIUTHBIC IKPAHBI.

3a3eMJIeHUE BBINOJIHSAETCS I BCEX BUIOB OOOpYAOBaHUS, TaKXke Ha
OPEeANpUATAA  OPraHu3ylOT  30HBI  3a3eMJICHMST U pabouue  IUIOIIAIKU
COOTBETCTBYIOILIETO TUNA. 3a3€MJICHUE JOJIKHO ObITh U Y IPYTUX MIPEAMETOB, BKIIIOYas
PYYKH JIBEpEW WIM JIECTHUYHBIE MOPYYHU. DKPAHU3UPYIOUIUE YCTPOMCTBA TAKKE
JIOJIKHBI OBITH 323€MJICHBI.

HeliTpanuzaTopsl ObIBaIOT pa3HOro THIA — UHAYKIIMOHHOT'O, BEICOKOBOJIBTHOTO,
ay4deBoro u T.J. HaOonbmieli NOMyISPHOCTHIO TMONB3YIOTCS HOHHU3UPYIOIIHE
YCTPOMCTBA THUIA BO3AYUIHBIX MUCTOJIETOB U OJOKOB MUTaHUA. VX XapakTepucTUKHU
noa0uparoTcs Ui KaXKJI0r0 KOHKPETHOrO cilydas. Y BJIQXHSIOUME YCTPOMCTBA
NPENSATCTBYIOT EPECYIINBAHUIO BO3/1yXa, TO €CTh B 3TOM CJIy4ae MPOCTO HE CO3JaETC
YCJIOBUH JUIs1 BOSBHUKHOBEHUS 3apsiia.

AHTHAJIEKTPOCTATUYECKHUE BEIIECTBA OOBIYHO BBHIMYCKAIOT B BUAE JKUJKOCTEH
st 00paboTku moBepxHOCTH MarepuaioB. Tem sxe ['OCTom ycTraHOBJIEHBI
TpeOOBaHUSI K IPEIETbHON KOHIIEHTPALIMH TaKUX BEILIECTB HA MPOU3BOJICTBE.

OnacHOCTh CTaTUYECKOrO JJIEKTPUYECTBA peaii30Bajach [JIsl 4YEJIOBEKa
CPAaBHUTEJIBHO HEJIABHO, MPUPOJA 3a MEPUOJI IBOJIOLNH HE BhIpaboTalia 3alllUTHOTO
MexaHu3Ma. PaHblie J0aM HaXOAWINCh B TMOCTOSHHOM KOHTakTe ¢ 3emueil. C
TEYCHHUEM BPEMEHHU YEJIOBEUECTBO BCE OOJIbIIIE M30JMPOBAIO Ce0Sl OT MOYBHI, HAYaB
HOCHUTb OJIeXk1y U 00yBb. He nmpoBosiye 37eKTpUYeCTBO CHHTETUKA U pe3UHA CTaIIN
MCXOJIHBIM MaTEpHUaJIOM JIJisi OACK bl U 00YBHU YEIOBEKA; OHU TAKXKE CTaJi BXOJUTH B
COCTAaB CTEH, HAMOJIbHBIX MOKPHITUH, MeOeu. Oexk1a U3 CHHTETUYECKUX MaTepHaioB
HE TOJIBKO MENIAET «CTEKATh» C TEJIa YEJIOBEKA CTATHYECKOMY AJIEKTPUUYECTBY, OHA IPU
KaKJIOM JIBI)KEHUU €Ill€ BbIPaOaThIBAET JIOMOJHUTEIBHYIO TOPIUIO0 AJIEKTPUUECTBA.
l'opoxane xomar mo acanbTy M JKUBYT B JIOMaX, IOJHBIX CHHTETHYECKHUX
MaTepuajoB; IMPEBPAIAOTCA B Pa3sHOBUIHOCTH KOHJEHCATOPOB, KOTOPBIE MpPH
MajeiieM KoHTakTe UCKpsAT. [loTomy U nenpeccusiMm ropoxane 0oJiee MOIBEPKEHBI.
HuBunuzamus — ojexnaa, o0yBb, OTAENKA AOMOB, achanbT yJIHIl — 3au30JMpoOBaia

rOpoOACKOTO KXUTCJIA OT KOHTAKTa C 3eMIJICH. OI[HaKO IIprupoJga oCraBujia 4CJIOBCKY B
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00prOE CO CTATHUECKUM DJIEKTPHUUECTBOM «ITOCIEIHUN PyOEkK» — MOUYCHUCITYCKAHHE.
DTO HE TOJILKO BBIBEJECHHE IIJAKOB M3 OpraHu3mMa. Moda — OTJIMYHBINA MPOBOJHUK,
IIPEJICTABIIAECT COOOM PacTBOP IEKTPOIUTOB. Bo Bpemst MOUEHCTTY CKAHUS TIPOUCXOISAT
3a3eMJICHME U COpOC CTATHYECKOTO DJIEKTPUYECTBA, MpUYEM cOpoC HAET HE C
BHEIIHErO KOHTYpa YEJIOBEKA, a C BHYTPEHHETO. MOUYEBOM My3bIph PACIOaraeTcs 1o
COCEJICTBY C IMO3BOHOYHHKOM M CIIMHHBIM MO3I'OM, OH OILUIETEH HEPBHBIMU CTBOJIAMMU.
[Ipu ModencnyckaHUM TMPOUCXOAUT KaKk Obl «3a3€MIJICHHE» HEMOCPEACTBEHHO
HEHTpaJIbHONM HepBHOW cuctembl. OpHako u300peTeHue (PasHCOBOrO YHHUTaza M
IUTACTUKOBBIX TPYyO «3aM30JMPOBAJIO» YeEOBEKa OKOHYATENIbHO. Bo3aeicTButo
CTaTUKHU MEHBIIIE TIOIBEPIKEHBI KUTEIU CEIHCKOW MECTHOCTU, 00JIeJIEHHbIE TUI0IaMU
IABUJIM3ALIHAH.

BeiBoabl. Ha mnpennpuatusx misg 3aliuThl COTPYAHUKOB HCIOJIB3YIOTCS
MeTonbl, mnepeuucieHHsle B coorBeTcTByromMX ['OCTax. OcoOeHHO BaxHO
oOecrieuynTh HAACKHYIO 3allUTy Ha TPOM3BOJCTBAX, TJI€ HCIOJB3YIOTCS
B3PBIBOOIIACHBIE MaTepuaibl. Beap cTaTUyecKkoe JIIEKTPUYECTBO MOXKET CTaTh
MPUYMHON BO3HUKHOBEHUS UCKPOBOTO pa3psiia, U BCKOPE MOCIE 3TOTO MOTaCUTh OTOHb
yKe OyJIeT CJI0KHO.

[TosToMy 0coboe BHUMaHHE YJENSETCS HEHUTpaM3allUuK dJIEKTPOCTATUUECCKUX
3aps0B Ha Telle 4eloBeKa. VMcnonb3yemble Ipu 3TOM OAEKAA U MaTepHUaibl CIIy»Kat
3aIIMTON, U TIPU ATOM HMX MOAOMPAIOT Tak, yToObl oHM cooTBeTcTBOBaM ['OCTy, B
KOTOPOM, B YaCTHOCTH CKa3aHO, YTO pabouKe XajaaThl U3 CHHTETUYECKON TKaHU MOTYT
OBICTPO 3apsDKaThCS JI0 OTeHITMAa B 15 kB, a yepes Teno JemoBeka, 0JIeTOro B TaKOM
xanmat, Oyaer mpoxoauth 3 MKA [2]. [TosTomy wamie ais OAEKIBI HCIOJIB3YIOTCS
HaTypaJbHbIE WA CMECOBBIE TKaHU. Ha HEKOTOpPBIX MPOM3BOACTBAX HCIOJb3YIOTCS
JOTIOJIHUTENIBHBIE CPEJICTBA 3aLIUTHI — 3TO CIHEUHUAJIbHBIE 3a3€MJICHHBIE KOJIbIA U
OpaclieTbl, Ipyrue yCTpOMCTBa MJii 3aliuThl pyK. VX coOmpoTHBIEHHE yKa3aHO B

AOKYMCHTAINH — OHO JOJIDKHO COOTBETCTBOBATH HOPMATHBHOMY.
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BO3JEVCTBUE XUMNYECKHNX BEIIECTB HA OKPYKAIOIIYIO
CPEAY
Annomayus. PaccMOTPEHO XMMUYECKOE 3arpsA3HEHNE OKPYKAIOLIEH CpeNbl U e
HOCTIE/ICTBUS.
Kniouegvie cnosa: 3arpsi3HEHHE, HKOJIOTHYECKAs MpoOseMa, OKpyKarolast

cpena, obnocdepa, XUMHIECKOE 3arps3HEHUE, 3arPS3HCHHE TTOYB.

BBenenue. 3arps3HeHHe OKPYKaIOIMIEH CpeAbl — 3TO BBIOPOCHI MOCTOPOHHUX
BELIECTB, KOTOPBIE HE SBJISIOTCS €CTECTBEHHBIMHU JUIs AaHHOU cpeapbl. [lomumo 3ToTO,
Ha 3arpsi3HEHHUE OKPY KaroUlel Cpelbl BIUSET U OOJIbIIOE KOJIMYECTBA XUMUYECKOTO
are’ra. B maHHBIII MOMEHT mpoOjema 3arps3HEHUs OKPY’KaIoIIEeW Cpeibl SBISETCA
MUPOBOI KaTacTpooi.

VkKe HEeCKOIbKO AECATUIETHH C TaHHOW MpoOjaeMoil OypsTCS MHOTHE CTpPaHbI
Hamero mupa. Ho, B Hamie Bpemsi 0OJIbIIME TEMITBI TEXHOJOTHYECKOIO MPOU3BO/ICTBA
U T1epepaboTKa TMOJIE3HBIX MCKOMAeMbIX, TOJbKO YXyAllaeT cuTyauuto. Ha
CErOJHSAUIHUH IeHb YBEJIMYUIOCh KOJUYECTBO 3aBOJ0B, KOTOPBIE CIIEHUATU3UPYIOTCS
Ha YepHOM MeTautyprud. Bce 3Tu aHTpomoreHHble (akTopbl TOJBKO JAENAIOT
CUTYALUIO €lIe IJIaYeBHEE.

Heo0xoaumMo OTMETHTB, UTO BIMSHHE YEJI0BEKAa HA OKPYKAIOIIYIO CPEAY MOKHO

MOJIETTUTh Ha HecKoybKo Tpyni. [lepBas rpynma — 5T0 (u3MvecKkoe BO3NIEHCTBHE.
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Bropas — aT0 OGuorennoe Bo3zaeciicTBue. TpeTbss — MHPOPMAITMOHHOE BO3JCHCTBHE.
EcTh KOHEeuHO M apyrue BozaeucTBus. Ho caMbIM OmacHBIM SIBISIETCS XUMUUYECKOE
BO3/ICHCTBUE.

1. XumMn4eckoe 3arpsi3HeHHe OKPY Kalouieil cpeabl U ero mocjaeACTBUs.

XUMHUYECKUM 3arpsi3HEHUEM CUMTACTCSl YBEJIWUYCHHUE KOJIMYECTBA XUMHUUECKUX
KOMITOHEHTOB Ounochepbl W BBeJAeHHE B HEE XMUMHUYECKUX BEIIECTB, 3HAYUTEIHHO
NPEBBIIIAIONINX HOPMY WJIM € BOBCE HE CBOWCTBEHHbIX €. [loxg mnoHsATHEM
OKpYy>Xarolel cpeabl MOJAPa3yMEBAIOT COBOKYMHOCTh TaKUX SKOCHCTEM, Kak
atMocdepa, ruapocdepa, turochepa.

OCHOBHBIC UCTOYHHKH XUMHUYECKOTO 3arpA3HCHUA:

q MIPOMBIILICHHbBIC IPEPUATHS;
T AJIEKTPOIHEPTCTHKA,;

T aBTOMOOWIIH;

q METaJLTypPIusi.

Bunbl xuMuueckoro 3arpsi3HEHHs i1 aTMoc(epbl, Il TOYBBI, IS
ruapocdepbl OCHOBHBIMU U HAMOOJIEE OTTACHBIMH SIBIISIFOTCS TSAXKETBIE METAJUTBI (PTYTh,
CBHHEI, KAAMUW U JIPYyTHE), TECTULIHIBI, A3PO30JIM TOKCUKAHTOB (Maprasiia U OKUCH
Xpoma), HePTenpoIyKTOB, MOBEPXHOCTHO-aKTUBHBIX BEIIECTB, yTApPHOTO ra3a, CaXKu 1
JIPYTHUX.

BrigensroT aBa THIIA XUMHUYECKOTO 3arpsA3HEHUS:

1 TEpPBUYHOE — BO3HUKAET MNPHU JCHUCTBUU areHTOB-3arps3HUTENICH HPUPOIHO-

AHTPOIIONEHHOT'0 XapakTepa;

1 BTOPUYHOE — TPOSIBISETCS IMOJ JEHCTBUEM (HU3UKO-XUMHUYECKUX ITPOIIECCOB

BHYTPH 3KOCHUCTEMBI.

2. XuMuYecKoe 3arpsi3HeHHE OKPY:KaWIled cpeAbl W ero MmocjaeACTBHUA.
XUMHUUYECKOe 3arpsi3HeHHE 3a/ieBaeT Bce cepbl okpyskaromieil cpeasl. HeratuBHbie
WUTOTU 33apAXKEHUS MPUPOJIBI OLIYIIAIOTCS MO MEPE HAKOIUIEHUS W BBIPAXKAKOTCS B
CIEeAYIOLIEM:

1 Jerpajalnuy OKpY>Karollei Cpenbl;

1 YXYALIEHUE 30POBbS YEIOBEKA,
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1 HapylIeHHE 030HOBOTO CJIOS;
1 POCT HEIUIOJAOPOIHBIX 3EMEb.

XHUMHUYECKHUE BEIIECTBA CEPHE3HO BIMSIOT HA SKOJIOTHIO IUIAHETHI U YEJIOBEKA.

Heepaoayus okpyocaroueti cpeovi. HapyiieHus, BbI3BaHHbIE XHUMHKaTaMU,
OposBIISIETCS Aerpafaiueil 3xocuctembl. [locTeneHHO yMeHbIIaeTcsl KOJIMYECTBO
npencraButeneid (guopsl U (payHbl, HCYE3AIOT peaKUe BHUABL. bBECKOHTPOIBHO
Pa3MHOXAIOTCS BPEIOHOCHBIE MUKPOOPTaHU3MBI.

OpHa u3 onacHbIX MpoOJIeM 3arps3HEHUs — PaIMOAaKTUBHOE 3apakeHue. Takum
IPUMEPOM MOXKET CITyKUTh aBapusi Ha UepHoObuibckoit ADC B ampene 1986 roxa.
3apaxkeHHasi 30Ha HEMPUTOAHA JIJIS MPOKUBAHUSA, 3aHITHI MUEI0BOJICTBOM, CEIbCKUM
X035IMCTBOM, PbIOOJIOBCTBOM.

300posve uenogexa. 3arpsi3Hss OKPYKAIOIIYIO Cpely, YeIoBeK BpeauT cede. B
OpUpOAY TOMANAIOT KUAKUE, Tra3000pa3Hble, TBEpAble XHMHYECKHE BEIECTBA,
KOTOpBIE TPOHUKAIOT B TIOUBY, BOJY, PACTEHUS M IPOAYKTHI UTaHus. O0pa3zoBaHHas
[IEN0YKa HECET YIpo3y 3/I0POBbIO YEIIOBEKA.

Kpatkoe Bo3zaeiicTBUE MPOSIBISIETCS TOJOBOKPYKEHUEM, OOJIIMH, TOUIHOTOMH,
KanuieM. bornblas 103a BeAET K MOTEPE CO3HAHUS, OCTPOMY OTPaBJIECHHUIO, JIa)KE K
JeTaIbHOMY MCXOAy. BiusiHue Ha opraHu3M 3aBHCHT OT BO3pAcTa, MoJia U 3J0POBbS
YeJI0BEKa.

Hcmowenue 030106020 cnos. Bepxuss yactb arMocepsl 3alUIaeT MiaHeTy
oT ynbTpaduosnera, ocnadiser colHeunyro paauanuio B 6 000 pa3. AHTpornoreHHas
JESITeIbHOCTh HCTOIIAET O30HOBBIA CJIOH [0 MOSBIEHHUS AbIp. OTy mnpoliemy
yCYTryOJIsItOT MOJEThl PEAKTUBHBIX CAMOJIETOB U 3aITyCKU PaKeET.

Oco0OeHHO omaceH s 030Ha ra3 meraH. boJbloe KOJIWYECTBO BBIAEISIOT
KUBOTHOBOJTYECKUE KOMILJIEKCHI. 3aJeXH OTXOJOB CKOTa HCIHApSIOT B atMocdepy
TOHHBI ra3za. lVcToumieHue O030HOBOrO CJIOS OMAacHO JUisi BCEW  IJIAHETHI.
He3zamuimeHHOCTh OT JTydel COJTHIA, MOKET MOTYOUTh BCE )KHBOE.

Hennooopoonvie 3emnu. XAMHUYECKHE OTXOJbl HAKATUITMBAIOTCS Ha CBaJIKax,

IPONUTHIBAIOT NOYBY. [IpOHMKas udepe3 TpyHT B BOAOEMBI, 3apa)karOT OTPOMHBIE
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wiomaau 3emiad. B morone 3a  ypoxkaeMm, HenoOpocoBecTHbIE —(epMepbl
HEKOHTPOJUPYEMO UCIOJIb3YIOT MHOTO XUMHMH.

[Tocne noxnaeit u noauBa, oHa riayOOKO MPOHUKAET B MOYBY. Uepe3 HECKOJIBKO
JeT TaKoro MCMOJIb30BaHMs, MOYBA OOEIHSAETCS, UCTOLIAETCS IUIOAOPOJHBINA CIIOM,
CHWKAIOTCSA YpOXKau. BpollleHHbIe 3eMJIM JEerpagupyloT, BBIBETPUBAIOTCS, 00pa3ys
OBpAarv, HENPUroAHbIE I CEIBCKOr0 X03I1UCTBA.

3acpasnenue noug. BypHOE pa3BUTHE TEXHOJOTHM, CEIBCKOIO XO034KcTBa
OPUBEIO K POCTY YPOBHS XUMHYECKOTO 3arpsi3HEHHs] MOYBBl. ECTh MHOXECTBO
XUMUYECKUX  BEIIECTB,  KOTOpPBIE  HUCIOJB3YKOTCS  NPH  BBIPAIIMBAHHUU
CENIbCKOXO3SIICTBEHHBIX KyJIbTyp. OHHM mNpoHWKalOT B 1nouBy. I[lo nmaHHBIM
MexayHapoJHOT0 KOMUTETA MO 3aIUTE OKpyXkarolel cpeapl, (hocdatel, repOuLnIbI,
HUTpaAThl, OaKTepUM U MECTULMAbI SBJISIOTCA CaMbIMH pPaclpOCTPaHEHHBIMU
3arpsiI3HUTEISIMU, KOTOPbIE IPUMEHSIOTCS B 3TOM oTpaciu. [IpoayKkTel muTaHus Takxe
MOTYT OBITh 3arpsA3HEHBI UMHU.

3. Metoabl 0OpbOBI ¢ XUMHYECKHM 3arpsi3HeHueMm. J[ns1 OopwrOBI C
XUMHUYECKUM 3aCOPEHHUEM OKPYXKAIOLIEH Cpeibl HYKEH Mepexo]l Ha 3aMKHYThIN LUK
IPOU3BOICTBA, OCTABJISIFOIIMNA MaJI0 OTXO0J0B, 3(pPEKTUBHBIE OUHCTHBIE COOPYKEHHUS,
3aMeHa SIZIOBUTHIX MEPBOHAYAIBHBIX MATEPUATIOB IKOJIOTMYECKH YHCTHIMHU.

K meTonam 60pb0BI Tak:Ke OTHOCSTCA:

1 MEXIyHapoJHas 3alluTa,
1 TrocyJIapCTBEHHas OXpaHa;
1 3KOJOTMYECKOE BOCIIUTAHUE.

COBOKYITHOCTh CIIOCOOOB CHU3HUT OTPHIATENIbHOE BIMSHUE HA OKPYKAIOIIYIO
cpeny.

Meoicoynapoonas 3awuma. bBOnbIIy:0 poJib B 3alIUTE SKOJIOTUU HIPAET
MEXIyHapoJHOe coTpyaHudecTBo. B 1974 romy ObUIO BBISIBIEHO YMEHbILICHUE
030HOBOTO CJIOSI, KOTOPBIM pa3pyliaeTcsl IMOJ BO3IAEHUCTBHEM XJopa. McTouHukom
SIBJISIETCSI IPOM3BOACTBO a’pO30Jieh, (PpeoHOB.

bbu1 moamucaH AOrOBOp O 3allMTE O30HOBOTO CJIOSl, B KOTOPBIA BXOAST

CIEAYIOIINE TyHKTHI:
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1 OO CTPOTHI KOHTPOJIb HAaJT BUAAMHU BCEX XUMHUCCKUX 3arps3HEHUN;
1 TOBBIIICHUE HAJIEKHOCTH TAHKEPOB JJI MEPEBO3KU HE(DTENPOYKTOB;

1 He JOIyLICHHE 3aCOPEHUS 3EMIIN;

1 TpeaynpexIcHUE MOMNalaHusl XUMUKAaTOB B BOJOEMBI;

1 OYHCTKa TEPPUTOPUM C HAPYIICHUSIMHU IKOJIOTUUECKON CUCTEMBI.

Jlyumas 3ammTa — O€30TXOJHOE MPOU3BOJCTBO, HE HMMEIOIIEE BBHIOPOCOB U
CTOKOB. Jl;g mepexoja Ha HEro HYXXHO BpeMs, IMOITOMY CJEAyEeT CO3/aBaTh
MaJ00TXOJHOE MPOU3BOJICTBO, KAK MMPOMEKYTOUHYIO CTYTICHb.

T'ocyoapcmeennas 3awuma. Ilo 3amure cpeaslt ¢ 2002 roma TPUHAT

®denepanbHblil 3aKk0H. COrIacCHO 3aKOHOAATEIbCTRY:

1. KQKJIBIA POCCUSIHUH MMEET MPaBO Ha OJIArOMOIYYHYIO SKOJIOTHYECKYIO
00CTaHOBKY;

2. OepeKHOE OTHOIICHUE K MPUPO/IE;

3. JEATENBbHOCTD BIACTH MOAPA3YMEBAET OXPAHy OKPYXKAIOLIEH CPEIbI;

4, HAHECEHHBIN BpeJ 10KEH BO3MEIIAThCS;

5. OPOMUCAHBl  HOPMBI  JOMYCTUMOIO  KO3(@puUUEHTa  BBIOPOCOB
IIPEAPUITUH;

6. 3alpEIICHUE XO35IMCTBEHHOU EATENIbHOCTH, IPUHOCSIIEN BPEN;

1. OTBETCTBEHHOCTH 32 HAPYIICHUE 3aKOHOIAaTEIIbCTBA.

3akoH 00 oOXpaHE OKpYXKaroIlel cpeabl NEUCTBYeT Ha BCEH TEPPUTOPHUH
Poccuiickon ®@enepanum.

Oxonoeuueckoe eocnumanue. C caMOro JETCTBa peOCHKA MPHUYYAIOT K
OCpEe)XKHOMY OTHOIICHHIO K TMPHUPOJE. DKOJOTUUECKOE BOCHHUTaHUE (HOPMHUPYET
CO3HATEJIbHOE OTHOIICHUE K OKPYKAIOIIEH Cpee, 10 3HAYEHUIO OHO TPUPABHUBAECTCSA
K IPUBUTHUIO KYJIbTYPHBIX HABBIKOB.

Henb3st paBHOIYIITHO TPOXOUTH MUMO OPOIIIEHHOTO (DAHTHKA, OTPhI3Ka S0JI0KA.
PebGeHok 10/15keH TOHUMATh, YTO IIAHETa Halll oM. /{7151 coxpaHeHus )KU3HU Ha 3eMJIE,
HY>KHa YUCTOTA.

OCHOBHBIEC METO/IbI BOCITUTAHUS COJICPIKAT:

1 Oecensl;
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1 TnpoBeacHUE CyOOOTHHKOB;
1 YPOKH MO IKOJOTHICCKUM MpodIeMaM;
1 CO3IaHHE KPYXKKOB.

BoiBoabl. Xumudeckas HWHTOKCHKAIUS JAae€T CEPbE3HBbIC TMOCICACTBUS IS
3m0poBbs. OHA BBI3BIBACT HEME/UICHHBIC CHUMITOMBI W 3a0O0JICBaHMS WJIU JaeT
OTCpOoYeHHBIE 3(PHEKThI, KOTOPHIC MOTYT IMPOSBUTHLCSA Yepe3 HECKOJIBKO HENENb HIIH
MECSIIEB TOCIE BO3ICUCTBUA. DTO 3aBUCUT OT THUIIA 3arps3HSIONIUX BEIIECTB U OT
KOJIMYECTBa, KOTOPOMY TIOJIBEPIKEH 3apaKEHHBIN.

PaznuyHble XMMUYECKHE 3arps3HUATENId MOTYT HAKaIlJIMBaThCA B BOJIHBIX
OTJIOKCHHSIX B TCUCHHUE JUTUTEIBHBIX TIEPUOIOB BPEMEHU. ITO O3HAYAECT, UTO, CCIIM HE
IIPOBOJUTH HUKAKMX TECTOB, XUMUYECKOE 3arps3HEHUE BOJBI MOXET IPEICTaBIIATH

CGpLGBHBIﬁ PUCK IJIsA 310POBbA 9KOCUCTCMBI.
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N3YYEHUE COCTABA MOPOKEHOTI'O
Annomayusi. B nanHoit paboTe M3y4eHbl OCHOBHBIC Pa3HOBUIAHOCTU M COCTAaB
MopoxkeHoro. [Ipoananu3upoBaHbl Bpe/ U MOJIb3a JJAKOMCTBA.

Knrouesvie cnoasa. MOPOIKCHOC, BUJIbI MOPOKCHOI'0O, COCTaB MOPOKCHOIO.

BBenenne. MopoxkeHoe - TUIIEBON MPOIYKT-IECePT, MPEACTABISIONIUN cO00i
3aMOPOXKEHHYIO B IPOLIECCE HEMPEPHIBHOTO B30MBAHUS MAacCy, COJIEPKaIlyI0 B OCHOBE
CBOEH NUTATENIbHbIE, BKYCOBBIE, apOMAaTUYECKUE U SMyJbrupyroume Bemecrtsa. K
MOPOKEHOMY HEPEJIKO OTHOCAT TakKe (PPYKTOBBIN JEA, MOJIy4aeMbId MPOCTHIM
3aMOpaXuBaHuEeM (PPYyKTOBO-SATOTHBIX COKOB U TIOPE.

IlocranoBka 3agauu. UM3yuuTh OCHOBHBIE PA3HOBUJIHOCTH U COCTaB
MopoxeHoro. [Ipoananu3upoBars Bpel U 0JIb3Y JAaKOMCTBA.

PesyabTatbl. [lo crnocob6am BBIPaOOTKM MOPOKEHOE MOAPA3ACIAIOT Ha
3aKaJeHHOE, MATKOE U JIOMalIHEe.

3aKaneHHOE MOPOKEHOE - 3TO MPOAYKT, U3TOTOBJISIEMbIN B MPOU3BOICTBEHHBIX
YCJIOBUSIX, KOTOPBIM MOCJE BBhIX0/1a U3 (hpe3epa C 1eIbI0 MOBBIIIECHUS] CTOWKOCTH TIPU
XpaHEHUHU 3aMOPAKUBAIOT (3aKaJMBaIOT) 10 HU3KUX Temnepatyp (-18°C u Hmxke). B
TaKOM BHJIE€ €T0 COXPAaHSIOT A0 peaiu3aluU. 3aKaJ€HHOE MOPOKEHOE OTIMYAETCS
BBICOKOM TBEPJIOCTHIO. MSTKUM Ha3bIBa€TCsI MOPOKEHOE, KOTOPOE BhIPa0aTHIBAIOT B
OCHOBHOM Ha TIPEANPHUATHIX OOMIECTBEHHOTO MUTAHUS U YIIOTPEOJISIOT B MHIIY CPaszy

e Tmocie BbIxoja u3 ¢pesepa (temmeparypoit -5, -7 °C). Ilo koHCUCTEHIUU |
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BHEIIHEMY BHUJY OHO HallOMHHaeT KpeM. [lomamiHee MOpOKXEHOE H3rOTOBJISIIOT B
JOMAITHUX YCIOBUSIX C UCIOJIb30BaHUEM KOMIIPECCHOHHOTO XOJIOAWIBHOTO IIKada
WM MOPO3UJIbHUKA.

3akajeHHOEe MOPOKEHOE KIAaCCU(PUIUPYIOT MO BUAY MPOAYKTA U HATIOTHUTEIS
(mo cocraBy) u mo Buay (acoBku. Ilo BuIy mNpoayKTa M HAIMOJHUTENS OHO
MOJIpa3/IeIsIeTCS HA OCHOBHBIE U JIIOOUTETHCKHE BUJBI. MOPOXKEHOE JTFOOUTEThCKUX
BUJIOB BbIPA0ATHIBAIOT B CPAaBHUTEIBHO MEHBIIMX KOJIMYECTBAX, YEM MOPOKEHOE
OCHOBHBIX BUJIOB.

OCHOBHBIE BUJIBL:

1 MoniouHoe MOpox)eHOoe (KUPHOCTh cocTaBisieT 10 4%)

1 CnuBouHoe MopoxkeHoe (KupHOCTh A0 10%)

1 IlmomGup MoposkeHoe (KupHOCTH 110 15%)

1 DpykTOBOE MOPOKEHOE (Ha OCHOBE (PPYKTOBBIX COKOB, C HYJIEBOU JKUPHOCTBIO).

Pa3HOBUIHOCTH MOpPOKEHOTO OCHOBHBIX BHJOB IMIOJY4YalOT Ha3BaHUE B
3aBUCUMOCTH OT CBOET'0 COCTaBa M BBOAMMBIX B MPOIYKT J0OABOK (HAIOTHUTENEH).

[lo Buny (acoBku 3akajJ€HHOE MOPOXKEHOE MOAPA3JEISAIOT Ha BECOBOE,
KpynHO(acoBaHHOE U MEJIKO (hacOBAHHOE.

XUMHUYECKUN COCTaB MOPOKEHOT0. MOpPOXKEHOE SIBJISICTCS OJHUM M3 CaMbIX
JTOOUMBIX M MOMYJISIPHBIX MPOIYKTOB HAceNEHUs. DTO OOBSICHSIETCS HE TOJBKO €ro
NPUSATHBIMHA BKYCOBBIMU CBOMCTBAMHU, HO TAK>K€ BHICOKOM MHUIIEBON M OMOJIOTMYECKON
[IEHHOCTBHIO, XOPOIIEH YCBOSIEMOCThIO OPTaHU3MOM YEJIOBEKA.

MonouHoe MOPOKEHOE IOKHO coliepxaTh He MeHee 29% cyXxux BEUIeCTB, B
ToM uucie: 3,5% xupa u 15% caxapa.

B cocTaB cnmuBouHOr0 MOpoxkeHoro BxoauT He meHnee 10% xupa u 14% caxapa;
oO1iee cosiep)kaHe CyXuXx BeliecTB He MeHee 34%.

[ImoMOup oTnuMyaeTcs OT  CIMBOYHOTO  MOPOXKEHOTO  TOBBIIICHHBIM
cojiep;kanureM xupa. B cocraB mnombOupa Bxonut 15% xupa, 15% caxapa; oOuiee
coepkaHue Cyxux BelecTB He meHee 40%.

XUMHUYECKUM COCTaB MOPOKEHOTO (MOJIOYHOTO, CJIMBOYHOTO M ILIOMOHpA)

BaHWJIbHOI'O, OPCXOBOT'0O, IIOKOJIAITHOT'O, IYKATHOI'O, C U3FOMOM H KO(l)efIHOFO JOJIKCH
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OBITh TaKUM K€, KaK M XUMHUYECKHU COCTaB OOBIYHOTO MOPOKEHOTO MOJIOYHOTO,
CJIMBOYHOTO U TIoMOupa 0e3 BKyCOBBIX JOOABOK.

XUMHUYECKHN COCTaB MOPOXKEHOIO HECKOJIBKO MHOM JJII MOPOYKEHOTO KpeM-
OproJie 1 MOPOKEHOTO C I00aBICHUEM TUIOJOB U SITOJ.

[IpenenbHasi KUCIOTHOCTbh MOPOKEHOTO MOJIOYHOIO, CIMBOYHOTO, a TaKke
wioMOupa coctaisier 22°T; ang MoOJIOYHOTO (DPYKTOBO-STOJHOTO, CIMBOYHOTO
GbpyKTOBO-Ar0AHOTO U TIoMOUpa GppykToBO-aroanoro — S0°T.

JUIs  MOpOXEHOTro C UIOKOJIAJOM WM MOPOIIKOM Kakao, a TaKxke
IPUTOTOBJICHHOTO C 100aBJIEHUEM CYyXOTO LEIBHOIO U 00€3)KUPEHHOTO, CIYIIIEHHOTO
LEIBHOTO U 00€3KUPEHHOTO MOJIOKA KUCIOTHOCTh JoyckaeTcst He Oonee 24°T.

OpyKTOBO-SITOTHOE MOPOKEHOE JOJDKHO coaepkaTh He meHee 30% cyxux
BEIIECTB, B TOM uucie 27% caxapa; BbIpabaThIBAIOT €ro U3 IUIOJOB U SITOJ U
IPOYKTOB UX IEpepabOTKH 6e3 100aBIeHUs MOJIOYHBIX TPOIYKTOB. VcKkitouenue ass
ATOM TPYMIIBI MOPOKEHOTO COCTABIISIET IIEpOET, B cOcTaB KOTOpOro Bxoaut 10% cmecu
CJIMBOYHOT'O MOPOKEHOT0; IIEpOET JOJIKEH COoiepKaTh 00IIero caxapa He Menee 28%,
CYXUX BellecTB He MeHee 32%, KUCIOTHOCTh €ro 10okHa ObITh He Oonee 70° T. Takas
e KUCJIOTHOCTD JIOMYCKAETCsI ITIsl BCEX BUIOB (PPYKTOBO-ATOTHOTO MOPOKEHOTO.

ApomaTrrueckoe MOPOKEHOE B OTJIMYUE OT (PPYKTOBO-ATOJIHOTO HE COACPKUT
GPYKTOB 1 sITO (MIOPE, COKU U T. 11.); ApOMATHIECKOE MOPOKEHOE BHIPAOATHIBAIOT U3
BOJIbI, caxapa, IHIIEBOM JMMOHHOW WJIM BUHHOKAMECHHOM KHUCJIOTHI M THILIEBBIX
apOMaTUYECKUX (PPYKTOBO-ATOJHBIX ICCEHIIMH. MUHUMAaIbHOE KOJMYECTBO caxapa B
apoMaTUYECKOM MOPOKEHOM JOJIKHO COCTaBIATh 25%.

Bpen mopoxenoro. Ilpu BbIOOpe MOpPOXKEHOTO HYXHO paccMaTpuBaTh HeE
TOJILKO €r0 KaJOPUMHOCTh, HY’)KHO YUYUTHIBATh U MHOTO JPYTUX MOKa3aTeIeH, TaKk Kak
HEKOTOPOE MOPOKEHOE MOXKET MPUHECTH OOJIbIEe Bpeaa, yeM MoJb3bl. PaccmoTpum
ATH MOKa3aTeNu.

Kak npaBuiio, BpeiHbIE Ka4ECTBAa MOPOKEHOTO CBSI3aHbI C €ro coctaBoM. Ilepen
MOKYIKONH  HEOOXOAMMO  YIOCTOBEPUTHCS, YTO B HEM HET XHUMHUYECKHX
apoMaTU3aToOpOB, MOJCIACTUTENEH, OHO HM3rOTOBJIEHO 0€3 PacTUTENIbHOIO XUpa U

IIPOYMX BPCAHBIX BCUICCTB.
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bosbiioe konMMYeCTBO caxapa €lle HUKOMY HE IMPUHECIO MOJIb3bl, IOITOMY
ynoTpeOJIeHHe MOPOKEHOTO JOJIKHO OBITh YMEPEHHBIM, ITPU ATOM JIyUIlIe UCKIIOUUTh
IPYTHE IEeCEPThI U3 CBOETO MEHIO.

PacturenbHBIN KUp BMECTO MOJIOYHOT'O — JJOBOJILHO YacTas 3aMeHa, Ojaronaps
YEeMY CHHKAETCS KAIOPUUHOCTH MpoAYyKTa. OIHAKO JaBHO J0KA3aHO, YTO 3aMEHUTEIIb
MOJIOYHOTO JKHpa KpallHE BpEIEeH I 3J0pOBbs, a NPOU3BOAUTEIb, 3aAMEHSIA
HaTypajbHbIE Macjia PACTUTEIbHBIM >KHUPOM, MPOCTO CHIKAET Ce0ECTOMMOCTD
MPOAYKTA.

VY HEKOTOpBIX JIIOJIeH OT MOPOXKEHOT'O0 MOJKET BO3HHMKATh TOJOBHas 00Jb. ITO
CBSI3aHO C TE€M, 4YTO HE BCE JIFOJAM MOTYT 0€CCUMIITOMHO TMEPEKUBATh PE3KUH Mepena
TEMIIEpaTyphl B opraHu3me. B Takom ciydae jdydille HE PUCKOBaTh COOCTBEHHBIM
3I0POBBEM H MPENOYECTh MOPOKEHOMY JIPYTHE I€CEPTHI.

MopokeHOe CUMTAETCS IOBOJIBHO TSHKEJION MUIIEH, TOATOMY YIOTPEOIsITh €ro
KEJIATEIbHO OTAEIBHO OT OCHOBHOM €1bl W TOJBKO MAJIICHBKUMHU TOPLHUSIMHU.
Jlonyctumasi 4yacToTa IOEJaHHsl XOJIOJHOI'O JAaKOMCTBA, MPHU KOTOPOM OpraHu3M
TIOJTYYIHT OOJIBIIIE TIOJIB3BI, YEM Bpeaa — 2-3 pas3a B HEICIIO.

[Tonp3a Mopoxenoro. Teneps nepenaeM K Mojae3HbIM CBOMCTBAM MOPOKEHOTO.
HeMmHoro Baile yxe ObIJI0 CKa3aHOo, YTO, YEM HATypallbHEE COCTaB MOPOKEHOTr0, TEM
OHO OyJeT moje3Hee il OpraHm3Ma ueioBeka. M coBceM HE BaXXHO B KaKOM
arperaTHOM COCTOSIHMM OHO HaXOJMTCS: MATKOE WIIM 3aKAJIIEHHOE.

B cocraBe KadecTBEHHOro naecepTra JOJHKHO ObITh HAaTypallbHOE MOJOKO U
MOJIOYHBIE TIPOAYKTHI, KOTOPBIC OOTATHI COJCPIKAHUEM KUBOTHBIX OCTIKOB, YTIICBOIOB,
KaJblKs, Kaius, Maraus, gocdopa u Ipyrux BEMIECTB, IJIE€ TAKKE €CTh MHOXKECTBO
BUTAMUHOB U aMUHOKHCIIOT. MOpPOKEHOE, B COCTaB KOTOPOTO BXOJST HATypAIbHBIC
MOJIOYHBIE MPOYKTHI, - 3aJI0T 37I0POBbs 3yOOB U KOCTEH, a Tak’ke HEPBHON CHCTEMBI,
OHO TaKXXe MOJIepKUBaeT 0OMEH BEIIECTB U YIyUIlIaeT UMMYHHUTET.

OcHOBHasi 1IEHHOCTh M TI0Jb3a MOPOXKEHOTO B OOJBIIOM COJIEPHKAHUU
KaJlbIIMs - MUHEpPAJIa, MOICPKUBAIOIIETO HE TOJIBKO 3/I0POBhE 3yOOB M KOCTEH, HO U
NPEAYNPEKIAOMIETO OCTEONnopo3. Kampuuil npuHUMaeT ydacTMe B IpoLecce

KPOBETBOPEHHSI U (PYHKIIMOHUPOBAHUU CEPCUHO-COCYAUCTON CUCTEMBI B LIEJIOM, OH
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TaKXe peryjaupyer oOMEHHbIE U METa0OJMYECKHE MPOLECChl OpraHu3Ma U CO3/aeT
OJlaronpuATHbBIE YCIOBUS JUIsl YCBOEHUS BaKHEWIEro BUTaMuHa Bio.

Butamunsl A u E, B 60Jb110M KOJIMYECTBE COJIEPKAIINECS B MOPOKEHOM, TAKKE
0JIarOTBOPHO BJIUSIFOT Ha OPTaHW3M, OHU MPEMATCTBYIOT Pa3pyIIUTEIbHOMY BIUSHUIO
CBOOO/HBIX PAJUKAIIOB, 3200TATCS O MOJIOJOCTH KOKU U YKPEIUICHUH UMMYHHTETA.

JIrobuTteny moKoIaAHOIO MOPOKEHOTO MOTYT OBITh YBEPEHBI, UTO UX OpPTraHU3M
MOJIy4yaeT B JOCTATOYHOM KOJIMYECTBE BUTAMUH B. DTOT BUTaMUH 4Ype3BBIYAITHO
BAXEH JUI1 HEPBHOM CHUCTEeMBlL. bmaromaps €My IOBBINIAETCS YCTOWYHMBOCTH K
CTpeccaM, YTO CTAHOBUTCS OYEHb aKTyaJIbHBIM B HAIllE BPEMS.

B 001b1110M KOJTMYECTBE MOPOKEHOE COJAEPKUT CEPOTOHUH — TOPMOH PAJOCTH.
brnaronaps emy, mnocie ynoTpeOieHHs HOPUUU MOPOKEHOTO MOYKHO OTMETHUTH
MOBBIIIEHUE HACTPOCHUS U 001l aKTUBHOCTH, YIYUIICHHE CHA U allllEeTUTA.

MopoxeHoe — oTan4Hasi NpopuIaKTUKa aHTUHBI, a TO OTPOMHAs TOJIb3a JJIs
3I0pOBBS. 3BYUMT IapaJOKCAIbHO, HO 3TO Tak. biaronaps 3akanusatomemy 3pQexry,
NEPUOJUYECKOE YMOTPEOIEHNE MOPOXKEHOTO MOXKET CHHU3UTh PUCKU 3a00JIeBaHUsA
AHTMHOMU.

ITone3Ho MOpPOXKEHOE U JJIsl MUIIEBapUTEIbHOU cucTemMbl. Celiuac B MarasmHax
MOXHO BCTPETUTh HOTYpPTOBOE MOPOXKEHOE, oOoraimieHHoe OunduaodaKTepusMu.
[loeganue Takoro JaKOMCTBAa CIOCOOHO YJIYYLIMTh MHUKPO(DIOpPY KHIIEYHUKA H
YIIYYIIATH Pab0Ty BCEro MUIIEBAPUTEIHHOTO TPAKTA.

CerogHss MOpOXKEHOE MOXKHO €CThb BCEM, JAAXKE CTPaJarollUM CaxapHbIM
nnabeToM, TJaBHOE, HAWTH CIEHUATbHOE MOPOXKEHOE C CaxapO3aMEHUTEIEM,
BBIITyCKAaE€MO€ CHEIHAIbHO IS JIF0JIel ¢ TaKUM 3a00JI€BaHUEM.

BeiBoa. Eciu BnageTs nHdopmanueil 0 XUMHYECKOM COCTaBE MOPOKEHOI0, TO

ATO MOMOXKET HaM MPABUIILHO CIENATh BEIOOP MPHU €ro MOKYIIKE.
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cryaenrtka rp. U30C-4a ®I'bOY BO «JoHHACA»
PykoBoautens: K.T.H., goueHT CamoitnioBa E.O.,
JOTEHT Kadeapsl «Pu3uKa U NpUKIaaHAS XUMUD) U

kadenpsl « TexHocdepHast 6€30MaCHOCTH

OI'bOY BO «lonHACA»

AHAJIN3 BJIUAHUSA YIIOTPEBJIEHUS YUIICOB HA OPT'TAHU3M
YEJIOBEKA
Annomayus. B nanHoil pabote nmpoaHaAIM3UPOBAHbI KOMIOHEHTHI YUIICOB, €CTh
JM B HUX TOJIE3HbIE BEIIECTBA, OMACHO JIM YMOTpeOJieHWe B MUILY UM KAaKOBO MX
HEraTUBHOE BIIMSIHUE Ha 3/I0POBbE YEJIOBEKA.
Kntouesvie cnosa. 4umcel, Kpaxmal, Maciio, TiyTaMaT HaTpus, XOJIECTEPHUH,

MIANAIAMUI, KI0oKo3a, E-qo0aBku.

Beenenmne. [1onKku cCerogHsIIHUX CyNep - MAPKETOB MEPENOIHEHBI JIFIOOUMBIM
JJAKOMCTBOM MHOTHMX MOUX JApPY3€l — YuIicaMu. SIpKre peKyiaMmbl BbI3bIBAIOT KEIAHUE
nonpoOOBaTh YUIICKl C HOBBIMU BKYCaMH, HO TP ATOM POJUTEIU TOBOPAT, YTO OHU
BpeIHBI I opraHu3ma. Sl pemmia y3HaTh O 4YHIICAX OOJIbIIe, YeM ITOKa3hIBACT
peKiiama, 1 BBISICHUTb, €CTh JIU MOJIb3a OT YIOTPEOJICHUS YUTICOB?

IlocTanoBka 3aa4u. BeIsICHUTD, KaK BIMSIET YIOTPEOICHUE YUTICOB HA JICTEH.

OnacHnvie ceolicmea yuncog. bBOJBIUIMHCTBO TMPOUZBOJAUTENICH  UYMIICOB
VCIIOJIB3YIOT I UX MPUTOTOBJICHUS MIICHUYHYIO U KYKYPY3HYIO MYKY C MPUMECHIO
kpaxMmaja. [IpuueM, Kak mpaBuUilo, Kpaxmajl OepeTcs camMoro HM3IIEro KayecTBa,
IIPOU3BEACHHBIN M3 TeHHOMOAUMUIIMPOBAHHOM con. M30BITOK KpaxMasa B OpraHu3Me

YCJIOBCKA Hp606p213yeTC$I B I''TFOKO3Y, a IIpW HaKalllIMBAHWH B IICYCHU OHA IIPUBOJUT K
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oxxupenuto. JKaputp uurchel Hy>)kHO He 60s1ee 30 ceKyHI, J1a TOIBKO COOI0aeTCst 3TO
IPABUJIO B PEAKHUX UCKIIFOYUTEIBHBIX CIIyYasX.

['1aBHBIN MHTPEIMEHT B 3TOM CIMCKE — IIyTamaTr HaTpus. «HyIo-mopomox»
MOJKET CZeNaTh U3 JII00Oro HEBKYCHOI'O MPOAYKTa TAaKOE€ JAKOMCTBO, KOTOPOE BBI
3aXOTUTE €CTh €IIE M elle. DTOro U JOOUBAETCS MPOM3BOAMUTENb, BEb INIABHOE —
npuBJeYb MOOOJbIIE TOTpedbuTeneil. Bpes rimyramaTta HaTpUsi HEOCIIOPUM.

Tab6auma 1 — CocTaB yUIICOB

HazBanue CocTas
MapKH

Kaprodens, MacHOI MOPOIIOK, paCTUTEIBHOE MACTIO, HATYPaJIbHBIE H UIACHTUIHBIE
R HaTypaJbHBIM BKYCOBBIC apOMAaTHUECKHE BEIECTBA, apoMaTu3aTop «bexon» ¢
Lay's BBICOKOH MJIEHTUYHOCTHIO HATYpallbHOMY ( MIIICHUYHAS MYKa, TJII0K03a, COJIb),
KpacHUTelb M3 KCTPAKTA MMANPUKH, YCUIUTEIN apoMara U BKyca — HaTpHs
T'YaHWJIAT, HATPHsI HHO3WHA, HATPHUS TIyTamar), 0eJI0K COeBBIH.

Kaprodens, HaTypanbHbIE HICHTUIHBIM U HATypaJbHBIC BEIIECTBA, PACTUTEILHOE
MacJio, MIII0K03a, TYMMUapaOUK-CTa0MIIN3aTop, UIICHTHYHBIA HATYPAJILHOMY
JTrokc apoMaTHu3atop «O0eKOH», HATYpaJbHBIH KPaCHUTENb U3 SKCTPAKTa MAIPUKH, COJIb,
Oeblit MoTOTHIH Tepetr, tumieBsie odaBku ESS51, E621, E627, E631, cyxue
JIPOXIKH, caxap, IEKCTpo3a, cyXas MOJIOTasd ManpuKa, CyXod MOJIOTBIN YK,
MOPOUIOK OEKOHA.

O6e3BokeHHBIH KapTodens (He 6oxee 40% cocraBa), Kpaxmal pUCOBBIT
MOAU(UITIPOBAHHBIHN, PACTUTEIIHFHOE MACJI0, COJb, PACTUTEIBHBINA XKUP, MyKa U3
puca, MIIIEHUYHBIA KpaxMmal, nuineBas qo0aBka E471, MmansTonekcTpuH, npumpasa
CO BKYCOM ChIpa | JyKa (apoMaTHh3aTophbl, MOPOIIKH, JIAKT03a), YCHITUTENh BKyca
HaTpHs TIyTaMaT OJHO3aMEIICHHBIN, HATPHUS TayHUJIAT IBY3aMeIICHHBIN, KACIOTHI:
JIUMOHHAS 1 MOJIOYHASI.

Kaprodens, kpymna niieHnyHas, COeBOE Macjo, KBS JIAKTAT, COJIb, TOPOILIOK
JTYKOBBIH, KHCIIOTa MOJIOYHAsI, PKCTPAKT MaNpPUKH, MAIbTOJIEKCTPHH, KPEMHUS
JTMOKCH]I, CYyX0€ IIEIbHOE MOJIOKO, apOMaTH3aTOPhI, HATPHUS TITyTaMaT, MOJIOKO
00e3>KUPEHHOE, MacJI0 ParicoBOE IUIPOTEHU3NPOBAHOE, IEKCTPO3a, ChIP, 3eJICHb
CMETaHa.

CrienualibHO U3TOTOBJICHHBIN KapTo(dens, KypHHOE IMHIIEBOE SHI0, pACTUTEIHHBIC
COCBOE U MAJIHLMOBOE Macya, MIIEHUIHAS KPYIIa C CONbIO0, DKCTPAKT MAlPUKU,
MOJIOYHAS KUCJIOTA, KaJIbIIHsI JAKTAT, IMMOHHAsI KUCIIOTa, KPEMHUS JIUOKCUI,
MUIIeBast BKycoBas 1o0aBka (MallbTOIEKCTPHH, JIYKOBBIH MOPOIIOK, CMETaHa,
3€JIeHb, CBIPHBIN IMMOPOIITOK, ApOMATH3ATOPHI).

Pringles

Pycckas
KapToOLLIKa

3osoTas
KapTolIKa

JKup, KOTOphI HAKAITUBAETCS B YUIICaX, 00pa3yeT B KPOBH MHOTO «ILIOXOT'0»
X0JIECTEpUHA, YTO B CBOIO OUepe/lb MPUBOAUT K TpoMOodieOuTam, aTepoCKIepo3y U
Macce JIPYTUX Cephe3HbIX 3a00seBaHui. YHUIICH TaK CUIBLHO MPOMUTAHBI JKUPOM, YTO
U3 MaJIEHBKOTO MATUACCATUTPAMMOBOIO MAaKETHKA BbI MOJYYUTE TPUIALATH TPAMMOB
XKHUpa B YUCTOM BHUJE. A TE€M, KTO JIOOUT ChECTh OOJIBIIYIO MAuKy, TOCTAETCS Iieast
Jalnieyka xupa «Ha aecept». He Tak maBHO B umricax ObUIO OOHAPY>KEHO €IIe OIHO

OIIACHOE€ BEIIECTBO — TIJHIWJAMHJ, OHO HE TOJIBKO CHOCOOHO BBI3BIBATH
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OHKOJIOTHYECKHEe 3a00ieBanus, HO U pa3pymarh crpoerue JJHK. BnobaBok ko Bcemy
Ha3BAaHHOMY B YMIICAX MPOCTO 3AIIKAIMBAET COJIEPKAHUE TOKCUHOB, BKJIIOYAsl U TE,
KOTOpBIE HAYKOH €l1€ HE N3y4YaIuCh. YYEHBIE IO CEU JICHb HE MOTYT TOYHO CKa3aTh, K
yeMy MOXET NMPUBECTHU yNOTpeOieHne BCEeBO3MOXKHBIX E-100aBOK, copeprKaniuxcs B
AIMEeTUTHBIX KPY)KOUKAX YUIICOB.

Pe3yabTaTtbl. OCHOBHASI OMTACHOCTH YMIICOB :

- BO3HUKAIOT MPOOJIEMBI C IE€UYEHbIO;

- CWJIBHOE OXKHUPECHHUE;

- H(apKT MUOKap/a,;

- MOBBIIIEHHBIM YPOBEHB X0JIECTEPHUHA B KPOBH;

- paznu4Hble 3a00J1€BaHUs CEPACUHO-COCYAUCTON CUCTEMBI,

- 00JIE3HU IUTOBUTHOM JKEIEe3bl;

- TPOMOO3HI,

- QJUIEprus, AJUIEPTUYECKUE PEAKLINH;

- caxapHbIi quaber;

- OSIBJICHUE 3aBUCUMOCTH,

- IPOUCXOAT U3MEHEHUSI HA TCHHOM YPOBHE.

BoiBoabl. B pe3ynbrare nMpoBEAEHHOTO aHaIu3a MOXKHO CJIeJIaTh BBIBOJ, UTO
MOPOIIKOBBIE YHIICHI, KOTOPHIMHU 3aMOJIHEHBI MPUJIABKA MAara3uHOB, OYEHb BPEIHBI,
IIOJIB3bl  3JI0POBBIO B O3TOM MPOAYKTE IIMTAHUS IPAKTUYECKH HET. Yurcel —
BBICOKOKAJIOPUUHBIN MPOAYKT, HACHIIIECHHBIN KAaHIEPOr€HAMHU, B HUX HET MOJIE3HBIX
BEIIECTB, IMOATOMY YMHOTPEOJICHWE B THUIIY OMACHO [UJIS XU3HHU YEJOBEKa. ITO

JJAKOMCTBO BITOJTHC MOXXHO CUHUTATh AJOBHUTHIM.

Jluteparypa
1. [adapesuu, WN.P. Kakoit Bpen npunocsr uuncel / W.P. Iladpapesuuy,
A.O. Pemuzos. — M.: UnTepret- pecypcesr, 2019. — 512 c.
2. AmnacracoBa, JLII. OcHOBbI 0€30MACHOCTH >KU3HEACSITEIBHOCTU: CEpUs
«kona Poccuny // JLI1. Anacracosa, I1.B. MxeBckuit. — M.: [IpocBemenue, 2010. —

55c.
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CEKIUA «KABTOMATU3ALUA U DJIEKTPOCHABKEHUE»

YAK 621.3; 621.38

ITaBmu JI.A.,

ctya. rpynnsl U30C-7a, ®I'BOY BO «lonHACA»

PykoBoaurens: K.¢.-M.H., qorieHT Camconenko C.H.,

JOLIEHT Kadeapbl «ABTOMATH3ALUS U AJEKTPOCHAOKEHUE B CTPOUTETHLCTBEY

®I'BOY BO «/lonHACA»

KOMIIEHCAIIUSI PEAKTUBHOM MOIITHOCTH

JEKTPOOBOPYJIOBAHUSA CTPOUTEJIBHBIX IIVIOIIAOK

Annomayus. B paboTe paccMOTpEHBI BOMPOCHI, CBA3aHHBIE C KOMIICHCAIUEH
PEaKTUBHOW  MOITHOCTH  DJICKTPOOOOPYIOBAHHMS  CTPOUTEIBHBIX  IUIOMIAJIOK,
TEOPETUYECKHE OCHOBBl KOMIICHCAIlMM PEAKTHUBHOM MOIIHOCTH, OIpEJEICHUE
napaMeTpoB KOMIIEHCHUPYIOIIUX KOHJEHCATOPHBIX YCTAHOBOK M MOJIEJIMPOBAHUE
KOMIICHCAIlUU PEAKTUBHON MOIIHOCTU C TOMOIIbIO BUPTYaIbHOTO JIAOOPATOPHOTO
CTEH/A.

Kntouesvie cnosa: k03PQOUIMEHT MOILIHOCTH, KOMIIEHCALUS pPEAKTUBHON
MOIITHOCTH, MOJICIMPOBAHUE, YCTPOMCTBO YCTAaHOBOK KOMIIEHCAIIMM PEAKTUBHOM

MOIITHOCTH.

Ha  coBpeMeHHBIX  MOPOMBIIUIEHHBIX  OPEANPUITHSAX  OOJIBIIMHCTBO
noTpeOuTENe SMEKTPUYECKON HHEPTUU TMEPEMEHHOTI0 TOKa MPEACTaBISIOT COOOM
AKTUBHO-UHIAYKTUBHYI0 HArpy3Ky B BHJI€ ACHUHXPOHHBIX JJIEKTPOJBUTATEIECH,
CUJIOBBIX TPaHC(HOPMATOPOB, CBAPOUYHBIX TpaHC(HOPMATOPOB, Mpeodpa3oBaTeieh 1 TaK
nanee. B Takolh Harpy3ke B pe3yibTaTe€ IPOTEKaHUs M[EPEMEHHOIO TOKa
uHayktupyrorcs J/JC caMOMHAYKINMH, IPUBOIAIINE K Mapa3UTHBIM TOKAM B JIMHUAX

dJICKTpONepeaurl HEe yYacTBYIOIIMM B BBHITIOJTHEHUHW TI0JIE3HON pabOThl. MOIIHOCTH
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3THUX TOKOB HA3bIBAIOT peakTUBHOU. KoMIneHcanus peakTMUBHOW MOITHOCTH IIPUBOIUAT
K yBenuueHuto Kodpduimenta MomHocTH. KoapduuueHT MONTHOCTH MOKAa3bIBAET,
KaKas 4acTh JJICKTPUYECKOW SHEPruu HeoOpaTUMo mpeoOpasyercsi B JIPyrue BUbI
SHEPIrUUd M HUCIOJIB3YETCS Ha BBIMOJHEHUE MoJe3HOM pabotel. [lpu skcrmyaranuu
CHUJIOBOTO  3JIEKTPOOOOPYJOBaHUS  HEOOXOAMMO  TMOJJIEPKUBATh  3HAUCHUE
koddunmerta mortHocTr B mHTEpBatie 0,90 + 0,95.

Harpy3ka 371eKTpOnpreMHUKOB, KaK MMPaBUIO, U3MEHSAETCS BO BPEMEHU U, KaK
CJEeACTBUE ATOT0 KOA(DPUIIMEHT MOIITHOCTH TAKXKE U3MEHSIET CBOIO BEJIMUUHY. B CBsI31
C 9TUM TIpH OTpeIeIeHUN KO3 HUIIMEHTa MOIITHOCTU BBOJIATCS CIACAYIOIINE MOHSATHS:
MTHOBEHHBIA KOA(DPUIMEHT MOIIHOCTH, CpeaHuid KOA(DPUIHUEHT MOIIHOCTH,
CpEIHEB3BEIIEHHBIN KO3 (ULIHUEHT MOIITHOCTH.

3HaueHUS MTIHOBEHHOTO KO3((UIIMEHTa MOIIHOCTH HCHOJIB3YIOTCS TIpH
HAXO0XJICHUH MOIIIHOCTH KOMITIEHCUPYIOIINX KOHACHCATOPHBIX YCTPOUCTBR.

MrHoBeHHBIH  KOX(POUIMEHT MOIIHOCTA IS OoAHO(pa3HOW  Harpy3Ku
omnpenensercs no Gopmyre:

cosp = PI(U-I). (1)

Bce BenmnuuHbl B 3TOM (opMmylsie U3MEPSIIOTCS OJHOBpeMeHHO. [lanbiie Mbl
OyneMm oOCyXJaTh TOJBKO MTHOBEHHBIM KOA()(PHUIIMEHT MOIIHOCTH, OIMyCKas CJIOBO
MTHOBEHHBIU.

Koadhdurment MomHoCTH NpeAnpusTHS MOXKHO TTOBBICUTh €CTECTBEHHBIM UITU
HCKYCCTBEHHBIM ITyTEM.

EcrecTBenHbIil TTyTh yBenmmueHUs KOIPHUIIMEHTa MOITHOCTH 3aKJIIOYACTCS B
MPaBUWJIBHOM TMOJI00PE DJICKTPOJBHUTATECH W WX paIlMOHAIBHOM HKCIUTyaTaluei.
brnarogapst paccMOTpPEHHBIM MEPONPUSITUSM MOXKHO TOAHATH  KOI(PDUIIMEHT
MottHoctH 10 0,75 + 0,85.

NckyccTBeHHBIN MyTh YBEIMUCHHUS KOA(DPHUIIMEHTa MOIITHOCTH 3aKJIFOYAETCS B
UCIIOJIb30BAaHUU KOMIICHCUPYIOIINX KOHJIEHCATOPHBIX YCTaHOBOK. llapamienbHo c
AKTUBHO-UHAYKTUBHOW HAarpy3KoM MOJKIIOYAKT KOHIACHCATOPHBbIE yCTaHOBKH. Ha

IPaKTUKE 00BIYHO KO3 PULKEHT MOIIHOCTH NoBhIaoT 10 0,90 + 0,95.
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B ocHOBe KOMIEHCAlMK PEaKTUBHOW MOIIHOCTH JieKaT OCOOEHHOCTH
MPOTEKAHUS DJIEKTPUUECKUX TOKOB B JJICKTPUUYECKUX IEMIX C HHIYKTUBHOW H
€MKOCTHOW HArpy3KOM.

B snextpudeckoil nenu ¢ ujeaqbHbIM UHAYKTUBHBIM MPUEMHUKOM (AKTHUBHOE
CONPOTHUBJICHUE PABHO HYJIIO) MIHOBEHHOE 3HAUYCHHE MOIIHOCTH OIpeaeseTcs

IMPOU3BCACHUCM MI'HOBCHHBIX 3HAYCHUM HaprDI(eHI/Iﬁ H TOKaA.

p =ui =Ulsin 2ot 2)

Cpennee 3HaUE€HHE MOUTHOCTH:

0 . 3)

dusmyecku YTO O6’bﬂCH§ICTC}I HpCO6pa3OBaHI/I€M 9HCPIUHU UCTOYHHUKA B SOHCPTUIO
MArdmuTHOI'O ITIOJIs KaTy'H_IKI/I nu BOBBp&H.IeHI/IeM HaKOHHeHHOﬁ BHCpFI/II/I I/ICTO‘-IHI/IKy. B
CpeI[HeM KaTYHIKa HEC HOTpGGJ'I?IeT 3HepFI/II/I, Hn, CJICAOBATCIIbHO, CpeI[HHﬂ dAKTHUBHAas
MOIIIHOCTH P= O SHCPFCTI/I‘IGCKI/IC HpOHCCCBI B IICIINU C I/IH,Z[YKTI/IBHBIM BJICMCHTOM

MOKHO TPOUJUTIOCTPUPOBATH rpaduuecku Ha Puc.1.

P

s 4 s
T t t

0 T/4 T/2 3T/4 T

Puc.1. DHepreruueckue mpouecchl B UENHU ¢ UHAYKTUBHBIM 3JIEMEHTOM

B wuntepBane Bpemenu ot 0 < t < T/4 , xorma TOK B IIeMU BO3paCTaer,
JJIEKTpUYECKass BHEPrus OT MCTOYHHKA II0CTYNIAeT B KATYIIKy WHIYKTHMBHOCTH,
npeoOpa3yeTcsi M HaKalUIMBaeTcs B HEHM B BUAE SHEPIMM MAarHuTHOro mnoss. B
uHTepBasue BpeMenu 1/4 <t < T/2 Tok B uenu yObIBaeT. DHEPrUusi MArHUTHOTO TOJIS
npeoOpaszyeTcsi B JJEKTPUUECKYH0 SHEPIMI0 M BO3BpAIaeTCsl UCTOUHUKY. [lanee

IPOLECC MMPOXOAUT aHAIIOTUYHO.
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B BHGKTpI/I‘{eCKOﬁ ey ¢ KOHACHCATOPOM MIHOBCHHOC 3HAYCHHUC MOIIMHOCTH

OnpeCACIACTCA IMPOU3BCACHNEM MI'HOBCHHBIX 3HAYCHUM HaHpH)KCHI/Iﬁ H TOKaA.

p=ui=-Ulsin 2ot

(4)
CpG,ZIHGG 3HAYCHHUEC MOIIHOCTH:
_ 1 T
P=— j uidt = 0
0 : (5)

DuU3nYECKH 3TO 0OBICHAETCS MPEe0OPa30BAHUEM YHEPTUU UCTOYHUKA B SHEPTUIO
ANEKTPUYECKOrO TMOJsA KOHJAEHCATOpa W BO3BPALIEHUWEM HAKOIUIECHHOW JSHEPruu
UCTOYHUKY. B cpenHem koHzeHcaTop He MOTpeOssieT 3HEPTUu, H, CIEJOBATEIbHO,
akTHUBHas MOIIHOCTH P = (0. DHepreTuyeckre mpouecch B LENU ¢ KOHAEHCATOPOM

MO>KHO TTPOUJUTIOCTPUPOBATH IpaPUIECKu Ha puc.2.

P U

. .
T T

0 T/4 T2 3T/4 T

Puc.2. DHepreTudeckue npouecchl B IEMU ¢ KOHAECHCATOPOM

N3 cpaBHeHUs rpadyKOB /i1 MTHOBEHHOW aKTUBHOW MOIITHOCTH BHIHO, YTO B
MOMEHTBI BPEMEHHU, KOT/1a KAaTyIlIKa WHAYKTUBHOCTH OTAAET SHEPTUI0, KOHAEHCATOP
ee notpedmser. [loaTomMy eciiv mapanienbHO KaTylIKe WHIYKTUBHOCTU MOAKIIOUNUTD
KOHJIEHCATOp, TO OHM OyAyT OOMEHUBATbCS MEXay coboil sHeprueit. 1 He Oyner
BO3BpaTa SHEPTUU UCTOYHUKY YHEPTHH U, CIIEIOBATENIbHO, HE OYJIET peaKTUBHOTO TOKA
B JINHUU DJIEKTPOIIEpEAAUH.

Jlnst onpeneneHus MapaMeTpoB KOMIEHCHUPYIOIIUMX YCTAaHOBOK PACCMOTPHM
paboTy DJIEKTPUIECKON CXEMBI, COCTOSIIEH M3. NCTOYHHUKA DJICKTPUUECKON IHEPTHUH,

JIBYX TapajuIeIbHO COSJMHEHHBIX BETBEH U DIEKTPOM3MEPUTEIBHBIX MpUOOpoB. B
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NEPBOM BETBU COJIEPKUTCS AKTUBHO-WHAYKTHUBHAs HAarpy3ka, a BO BTOPOM BETBU —
KOMIIEHCHUPYIOIIasi KOHASHCATOpHAsl yCTAHOBKA.

PaccMOTpyM mpOTE€KaHUE AJIEKTPUYECKOTO TOKAa 4Yepe3 IMEpPBYIO BETBb.
HauepTuM BekTOpHYIO AMarpamMMmy TOKOB ISl paccMaTpUBA€MOW 3JIEKTPUYECKOM
nenu. Harpy3ka B epBoii BETBM MMEET aKTUBHO-WHIYKTHUBHBIN XapakTep, MO3TOMY
BEKTOP TOKa B 3TOI BeTBH L oTcTaeT oT BekTopa HanpskeHust U Ha yron L. AKTUBHAs
COCTaBJISIIOIIAsl TOKAa B ATOM BETBU |, COBMAJaeT MO HAMPABICHUIO C BEKTOPOM

HaIPSDKEHUS], @ peakTUBHAs cocTaBiisitonias Toka l,L orcraet ot Hero Ha 90° (puc. 3).

>
r

?; I“L

\ 4

Puc.3. BexkropHas quarpamma 3J€KTpUYECKOM [IENU ¢ aKTUBHO-UHTYKTHUBHBIN

Harpy3kou

Jlns  yMeHbIIEHUsS yIjla @L HEOOXOJMMO YMEHBIIUTh PEAKTUBHYIO
cOCTaBISAONIYI0 TOKa lp.. JlJIsi ymeHbIIEHUSI PEeakTHUBHOTO TOKa |,L MmapanienbHo
VHJIYKTUBHOM  Harpy3ke NOAKIIOYAETCs  KOHJEHcCATop. PeakTMBHBIN  TOK,
IIPOTEKAKOIINI Yepe3 KOHAEHCATop, onepexkaeT Hanpskenue Ha 90°. Takum 06pasom,
PEAaKTUBHBIE TOKH, MPOTEKAIOIIME Yepe3 MHIYKTUBHBIN MPUEMHUK U KOHJECHCATOD,
HalpasJeHbl HaBcTpeuy. llogkiroueHne KOHIEHcaTopa NPUBOIUT K YMEHBIICHHIO
CYMMapHOTO pPEaKTUBHOIO TOKa. BekTopHas auarpaMma 0Opu MapauieIbHOM

IMOAKJIIOYCHHNHU K aKTHBHO-HH,HYKTHBHOﬁ Harpys3Ku KOHJZCHCATOpa IMOKa3aHa Ha PHC. 4.
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A 4

C

)

pL

\/
Puc.4. BekTtopHas auarpamMma npu napajiielIbHOM HOAKIIOUYEHUN K

AKTUBHO-UHIYKTUBHOW Harpy3Ke KOHJIEHCATOpa

3 BGKTOpHOI\/'I AuarpaMmMbl BUJHO, YTO BEKTOpa PCAKTUBHLIX TOKOB CBA3aHbBI

ypaBHEHHUEM:

pr tdpe = ]PLC . (6)

B CKaJIAPHOM BUJIE DTO YPAaBHEHHE IPUHUMAET BUI:
Lo =1y —1pe = 1o =1, (120, —120,) @)

Ucnonb3yss moclieqHee ypaBHEHHE, HaXOAUM PEAKTUBHYIO MOIIHOCTb
KOHJICHCATOpa JIJIsl YMEHBIIICHHSI yTJia CABUTA (a3 MEKIYy TOKOM M HAIPSKECHUEM OT
@L 10 @LC.

QC:PL-(tggoL—tgqoLc). (8)

VYTOJ ¢Lc COOTBETCTBYET TOMY YTy CABUTA (Pa3, KOTOPBII Mbl XOTUM MOJIYYHUTh
B pE3yJbTaTe KOMIIEHCAIIMU PEAKTUBHON MOIIIHOCTH UHAYKTUBHOU HArpy3KH.

JI71st MOJIeTMpOBaHUs KOMIIEHCAIIUH PEAKTUBHON MOILITHOCTH MbI BOCIIOJIb3YEMCSI
nporpammoii Multisim 14 nmoapasnenenust Electronics Workbench Group kommnanuu
National Instruments. Multisim — »sTo nporpamMMa MOACTUPOBaHHS W pacuera
ANIEKTPOHHBIX M DJEKTPUYECKUX cxeMm ycrpoictB. [lupokuit Habop mnpubdopos
MO3BOJISIET 3a7aBaTh BXOJIHbIE BO3ACHCTBUS, MPOU3BOJAUTH M3MEPEHMS Pa3IMYHBIX
BEIMYMH W CTPOWTH Tpaduku. B mporpamme mmeeTrcsi BO3MOKHOCTh W3MEHEHUS

IMapaMCTPOB BCCX JJICKTPOTCXHUYCCKUX J3JICMCHTOB B IIIMPOKHUX IIPCACIIAX.
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B nporpamme Multisim mbr coOpanu 37eKTpUYECKYIO 1IETb, COCTOSIIAS U3 IBYX
napasuieJbHBIX BeTBeH. B mepBoil BeTBU y HAc MOAKIIOYEHA aKTUBHO-MHIYKTHBHAsS
Harpy3ka. [Ipy moakimro4eHun MCTOYHMKA JJIEKTPUYECKOM DHEPIUMU B NIEPBOM BETBU
HayuHaeT npoTtekaTh TOK | = 7,66 A, kospdunmert momHoct COS @L = 0,69 (BTOpas
BETBb OTKJIIOUeHa). [logkiroueHue BTOpPOMl BETBH, CcoOJEpKallell KOHIEHCATOp,
NPUBOIUT YMEHBIIICHUIO CHJIBI TOKA B HEPA3BETBIECHHON YaCTH IIENU M YBEIUUCHUIO
kodunuent momHocTH: | = 5,57 A, cos oL = 0,95. Jyis KoMIeHcaluu peakTHBHOM
MOIIIHOCTH OHAI00MIICS KOHIEHCATOp eMKOCThIO 120 MkD.

JUJ1s KOMITIEHCAlMU PEAKTUBHOM MOLTHOCTH 3JIEKTPOOOOPYA0BaHUS HAanOOJIbIIIEe
pacripocTpaHeHHE TOTYYHIH aBTOMAaTHIECKUE YCTAHOBKH KOMITICHCAIIUN PEaKTUBHOM
MOIITHOCTA C AaBTOMATHYECKOW PpEryJUPOBKONM KOJMYECTBA MOAKIIOYAaEMbIX
KOHJIEeHCAaTOpOB. B MX cocTaB BXOAUT KOHTPOJUIEP, OMPEACISIOMIUNA KOIUYECTBO
HEOOXOIMMBIX KOHJIEHCATOPOB, KOMMYTAIIMOHHAS U 3alllUTHAs ammapaTypa.

BoiBojabI. CoBpeMEHHbIE  CTPOMTEIbHBbIE  IUIOMAJAKH  TOJHOCTBIO
ANEKTPUPUIMPOBAHBl M HACBHIIIEHBI  PA3IMYHBIM  3JIEKTPOOOOPYAOBAHHEM,
paboTarommM B pa3HbIX pexkumax. [loatomy anst 3¢(HEKTHBHOTO HCIIOIB30BAHUS
ANIEKTPOIHEPTUH  HEOOXOJAMMO TMPOBOAUTH MEPONPUATHS 1O  YMEHBIIECHUIO
PCaKTUBHBIX TOKOB B JIMHHUSX DJIEKTpONepenad M YBEIMYCHHIO Kod(puilmeHTa
MomHOCTH. [l yBenmnueHus  KodhUIMEHTa  MOIIHOCTH  IEIECO00pa3HO
UCIIOJIb30BaTh aBTOMATHYECKHE YCTPONCTBA KOMIIEHCAIIMM PEAKTHUBHOW MOIIHOCTH.
Hcnone3yss KOMIBIOTEPHOE MOJAETUPOBAHNWE KOMIICHCAIIMM PEAKTUBHON MOIIHOCTU
ANEKTPOOOOPYIOBaHUS, MOXKHO  BBIOMpATh  MapaMeTpbl  KOMIICHCHPYIOIIUX

KOHICHCATOPHBIX YCTAHOBOK.
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ABTOMATHU3ALUA B CTPOUTEJIBCTBE
Annomayus. Jlna noeblieHUs: 3((PEKTUBHOCTU CTPOUTENHCTBA B HACTOSIIEE
BpEMsI NPHUMEHSIOT ABTOMATM3ALMIO IMPOM3BOJCTBEHHBIX IpoleccoB. B crarbe
PacCMOTPEHBI BU/Ibl ABTOMATHU3AI[MU B CTPOUTENLCTBE, a TAK)KE BbIICJICHBI TPH YPOBHS
CUCTEM aBTOMATHU3aLIMH TEXHOJIOTHYECKHUX MPOLIECCOB.
Kniouegvie cnosa: aBTOMaTu3anus, aBTOMAaTHKa, TEXHOJOTMYECKHM Ipolecc,

IMPON3BOACTBCHHLIC CUCTCMbI, aBTOMATU3UPOBAHHLIC ITPOLCCCHI.

BBenenue. CymiecTBeHHOE TMOBBIIEHHE J(PHEKTUBHOCTH CTPOUTEIHHOTO
MpPOU3BOJICTBA  OOECIEUMBACTCS  MYTEM  IOCTOSHHOTO  COBEPIICHCTBOBAHUS
TEXHOJIOTUW, OpTaHW3alluM, YMPABICHUS W HUCIOJB3yeMOro 00OpYyJIOBaHMS.
OnHOBpEMEHHO OCHOBHO€ 3HAUCHHE B YKa3aHHBIX BHJAaX paboT mpuolOperaeTr He
TOJIBKO MEXaHM3alMs, HO MW aBTOMATH3alllsl CTPOUTEIHHOTO MPOU3BOJICTRA.
ABTOMAaTH3aIMsl MPOLECCOB TMOBBIMIAET MPOU3BOAUTEIBHOCT TPYAd, CHUXKAET
YUCJIEHHOCTh 00CITYy’KMBAIOILIET0 MEPCOHANA, YIyYIIaeT YCIOBHUS TPyJa, MO3BOJISIET
MNOBBICUTh KA4eCTBO MPOAYKIMM U CHHU3UTh €€ CEOECTOMMOCTbh, YBEIWYMBAET
MPOU3BOJIUTEILHOCTh O0OPY/IOBaHUS, YMEHbBIIACT OpaKk M OTXOJbI IPOM3BOJICTBA,
CHUYKAeT aBapUHOCTh W TMOBBIIAET A()PEKTUBHOCTH BEACHUS TEXHOJIOTHYECKHUX
IpoleccoB. Ycmexu B 00JacTH aBTOMATU3AlMM MPOILIECCOB B IMPOU3BOJICTBE
CTpOMMAaTEpPHaIOB B 3HAYUTEIBHON MEpE 3aBUCAT OT TPAMOTHOIO MPOEKTUPOBAHMS,

MOHTaxa M 3(PPEKTUBHON SKCIUTyaTalldd BHEAPAEMBIX B IMPOU3BOJCTBO CHCTEM
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KOMIUIEKCHOM  aBTOMATM3alMh C  MCIIOJIb30BAHUEM COBPEMEHHBIX  CPEJCTB
BBIYUCIUTENBHON TeXHUKH (DBM, KOHTpOJIJIEpOB, MUKPOIIPOIIECCOPOB).

IIocranoBka 3agaum. I[Ipomecc CTPOUTENBHOTO NPOU3ZBOACTBA IMOCTOSIHHO
COBEPILIEHCTBYETCS, B COOTBETCTBUU C 3THUM B CTPOUTEIHCTBE OOJIBIIOE 3HAUYCHUE
MMEET TMPUMEHEHHE MEXAHU3UPOBAHHBIX, KOMIUIEKCHO-MEXaHU3UPOBAHHBIX U
aBTOMATU3UPOBAHHBIX BUJOB paboT. PaccmoTrpuM Ooee KOHKPETHO aBTOMATHU3AIUIO
IIPOU3BOJACTBEHHBIX ITPOLIECCOB.

Pe3yabTaThl. ABTOMaTH3alys NOPOU3BOJCTBEHHBIX MPOLIECCOB BKIKOYAET B
ce0sl MOHATUSI «aBTOMATHKa» U «aBTOMAaTU3alus». ABTOMAaTUKAa — OTPAC]b HAYKH U
TEXHUKH, pa3paldaThIBaroIas TEOPUIO U METObl aBTOMATU3AIIMHU MMPOU3BOICTBEHHBIX
IIPOLIECCOB, & aBTOMATU3ALIUSA — 3TO IPUMEHEHUE TEXHUYECKUX CPEJICTB ABTOMATHUKH,
OCBOOOXK/IAIOIIMX YEJIOBEKAa YAaCTHYHO WM TOJHOCTBIO OT HEMOCPEICTBEHHOIO
y4acTusi B MPOM3BOJICTBEHHOM IIpoIlecce. IJKCIUTyaTalusi CHUCTEM KOMILIEKCHOM
aBTOMaTHU3alMKA TPEOYyEeT OT COBPEMEHHBIX CIICIIMAIMCTOB ONMPEEICHHBIX 3HAHUHN TI0
OCHOBAM M3MEPUTEIBHOW TEXHUKH, OCHOBaM aBTOMAaTMKM U aBTOMAaTU3ALUU
ITPOU3BOJACTBEHHBIX IIPOLIECCOB.

[Ipu aBTOMaTU3UPOBAHHBIX NMPOLECCAX PA3IUYAIOT YACTUYHYIO, KOMILICKCHYIO
Y TIOJIHYIO aBTOMAaTHU3aLHIO.

YacruuHast aBTOMaTHU3ALMA MpeLyCMaTpUBAET IIPUMEHEHUE
aBTOMATUYECKOTO O00OpYyJIOBaHUs, MPUOOPOB M YCTPOMCTB HA OTHAEIBHBIX,
IPEUMYILECTBEHHO OCHOBHBIX IPOU3BOJACTBEHHBIX ONEpAlMAX. bDOJBIIMHCTBO
CTPOUTENIbHBIX MAIllMH U O00OpYAOBaHUS OCHAILEHO MPUOOpaMH U YCTPONCTBAMH,
MPEIHA3HAYCHHBIMU JUISI OTKJIFOUEHUS WJIM OTPAHUYCHUS JEUCTBUA MAllMH WU UX
pabourx OpraHoB, y4yeTa padOThl, PETYJUPOBAHUS CKOPOCTH ABWXKEHHS pabouux
OPraHOB U UX TPACKTOPUU JIBUIKECHUS.

KommiiekcHasi aBTomMaTtu3amus MpPEeayCMAaTPUBAET NPUMEHEHUE CHUCTEMBI
CBAI3aHHBIX B €JUHYI0 TEXHOJIOTUYECKYIO JMHHUIO OTAEIBHBIX arperaroB, MAallWH,
npuOOpOB M YCTPOWCTB, OCYIIECTBIAIOIMX Bce (KaK OCHOBHBIE, TaK U
BCIIOMOTaTEeIbHBIE) ONEpaliy IpOr3BOICTBEHHOrO npolecca. [lpu atom oneparopom

WM MAIIMHUCTOM BBIIIOJIHAIOTCA TOJIBKO OICpaliu IIyCKa MW OCTaHOBKH, a
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noJJiep>KaHhe 3aJaHHbIX MapamMeTpPOB MPOM3BOJCTBEHHOTO IPOIECCa BO BCEX €ro
3BEHBSIX MPOUCXOJAUT aBTOMATUUYECKHU.

IHonnass aBTOMAaTH3alUA TO3BOJISET BBINOJHITh HE TOJBKO BCE OCHOBHBIE U
BCIIOMOTATeIbHbIE MPOU3BOJICTBEHHBIC OMNEpaIli, HO W TMOJHOCTHIO OCYIIECTBIISThH
aBTOMATUYECKOE YIIPaBJICHUE U KOHTPOJIb 3a MPOLECCAaMH, B TOM UKCIIE U3MEHEHHUE 110
3a/IaHHOM MporpaMMe MapaMeTpoB U BUAA IPOTYKIIUH.

B Hacrosiimee BpeMsi aBTOMAaTHKa M aBTOMAaTHU3alUsl IPOU3BOJICTBEHHBIX
IPOLIECCOB B CTPOMUTENIBCTBE Oa3upyeTrcs Ha >SJIEMEHTHOM 0a3ze, conepxkalien
ANEKTPUUYECKHUE, DJIEKTPOMEXAHUYECKHE, MArHUTHBIC, TUAPABINYECKHE W JIPyTHE
yCcTpoiicTBa.  BHenpeHue  camMOHACTpauMBaOMIMXCA U CaMOOOYYaroUIuXcs
ABTOMATHYECKUX CHUCTEM, PEAIM3YIOIIUX CJOXKHBIC 3aKOHBI YIPABJICHUS, CTaJO
BO3MOXHBIM OJ1aroaps UCMOJIb30BAaHUIO MUHU- U MUKPO-OBM, MukporpoiieccopHoit
TEXHUKH, pPOOOTOB W MAaHUIYJISATOPOB. OTO TO3BOJAET CO3/1aBaTh CHUCTEMBI
aBromatudeckoro ympasineHus (CAY) mnsg paboThl B yCIOBUAX  CJIOKHBIX
TEXHOJIOTUYECKHUX TPOIECCOB M CBSI3AHHBIX C TEXHUKON 0€30MacHOCTH pabOTaroIINX
crienuanucToB. Beicmias ¢opma aBTOMATH3AIMKU PEATU3YETCS C MOMOIIBI0 THOKUX
npousBoacTBeHHbIX cucteM (I'TIC), co3maromux peanbHbIE MNPEANOCHUIKH IS
nepexojsia K  OE3JIIOJHOM  TEXHOJIOTMH, [JIi  CYHIECTBEHHOTO  TMOBBIIICHUS
3¢ ()EKTUBHOCTH COBPEMEHHOTO MPOMBINIJICHHOTO MPOU3BO/ICTBA.

Ha npeanpusiTusix mpOMBIIIIEHHOCTH B TMPOIECCE Pa3pabOTKH M BHEIPEHUS
CHUCTEM aBTOMATHU3alUM TEXHOJIOTMYECKUX MPOIECCOB OBbUINA BBIJCICHBI TPU YPOBHS
aBTOMATH3ALINH:

1)  HM3MMKA ypOBEHb AaBTOMATH3AllMM TMPEIYyCMaTPHBACT aBTOMATHYCCKHUI
KOHTPOJIb M PETYyJIUPOBaHUE OTACJIbHBIX IMAapaMETPOB MpOIecca, IUCTAHIIMOHHOE
yOpaBJIEHUE HUCIOJIHUTEIbHBIMA MEXaHW3MaMH, CHTHAJIW3ALUUI0  OTKJIOHEHUS
napaMeTpoB OT HOPMBI U T.J.;

2)  CpeIHHWH ypOBEHb aBTOMATH3allMd HMMEET MECTO B YCJOBHSX, KOTJa
NPUMEHSIOTCS 00Jiee CIIOXKHBIE CHUCTEMBl ABTOMATH3aIlMU, C IOMOIIBI0 KOTOPBIX

nocturaercs Oospmas 3p(HEKTUBHOCTh BEIEHUsI MPOMU3BOACTBEHHBIX IpolieccoB. B
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psie cllydaeB I1eJIecO00pa3HO MpeaycMaTpUBaTh YCTAHOBKY JOIOJIHUTENIbHBIX
CPEACTB aBTOMATHUYECKOTO KOHTPOJIS;

3)  BbICIIMH ypOBEHb aABTOMATH3AIlMM NpEIroiaract pa3paboTKy W
NPUMEHEHUE ABTOMATU3UPOBAHHBIX CHUCTEM  YIPABICHUS TEXHOJIOTMYECKUMH
IIPOLIECCAMU C HUCTIOJIb30BAHUEM YIIPABIISIIOIINX BEIYUCIUTENBHBIX MAILIHH.

BbiBoaBI. B COBpEMEHHOM CTPOUTEIBCTBE OJHUM U3 IYTEH PE3YyJIbTaTUBHOCTH
IIPOM3BOJICTBA SABJISIETCS] aBTOMATHU3ALUs CTPOUTENBHBIX OIlEpalil C UCIIOJIb30BAaHUEM
COBPEMEHHBIX JOCTHKCHUN M3MEPUTEIBHOM M MHMKPOIPOLIECCOPHOW TEXHUKH.
Brenpenue aBToMaTH3alMu TEXHOJIOTUYECKUX CTPOUTENIBHBIX MPOLIECCOB ITO3BOJINIIO
YBEJIMYUTh Ka4€CTBO MPOAYKIMHU, COKPATUTH BPEMS HA U3TOTOBJICHUH CTPOUTEIBHOMN
npoaykiuu. [IpuMeHeHne HOBBIX TEXHOJOTHM OTPAKAETCS W HAa TPYH COTPYAHUKOB

CTpOPITCJIBHOﬁ IMPOMBIINIJICHHOCTH.
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