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MoHsTue o npodneme BXK]I.

TeopeTuyeckue ocHoBbl BXX]1

Xu3HepeaTenbHOCTb - 3TO NPOLLECC B3aMOAENCTBUS Yel0BEKa C OKpYXKaloLLen cpenon.

Be30nacHOCTb XXU3HEepEeATeNbHOCTH - 3TO HayKa 0 6e3onacHOM 1 KOM(OPTHOM B3aUMOENCTBMUN HYE0BEKA
CO CBOEW cpenon 0bMTaHmA, K KOTOPO MOXXHO OTHECTU NPOM3BOACTBEHHYI0, FOPOACKYIO, BbITOBYIO MK
MPUPOAHYIO CPeabl.

Mpu 3TOM B3aMOAENCTBUE YeN0BEKA pacCMaTpmBaeTca B 62K ¢ no3mumm NnpuHLMNa aHTPOMNOLLEHTPU3Ma -
«Yenosek eCTb BbICLLASA LLEHHOCTb, COXPaHEHUe N NPOoLOJ/IKEHNE XU3HU KOTOPOro ABMSETCS Lesibio ero
CYLLLEeCTBOBAHUSA».

OCHOBaHA uenb y4yeHus o BXX], - hopMypoBaHMe 3HAHUI HaNPaBEHHbIX Ha CHUXXEHNE CMEPTHOCTM 1
noTepb 340POBbS JOAEN OT BHELIHUX (haKTOPOB W NMPUYKH.

3apauum:

* naeHTUdMKaLUMa (BblOeNeHNE) HEraTMBHbLIX (PaKTOPOB OKPY>KaloLLen cpenbl;

KOJIMYeCTBEHHAsA OLEHKa BO3OENCTBYIOWMX HEraTUBHbLIX BO3AENCTBUIA, OMACHOCTEN B OKPYXKaloLLLEN
cpefe;

¢ MPOrHO3MPOBaHME BANSHUA Ha YENIOBEKA BblAE/IEHHbIX BHELIHNX (DaKTOPOB;

BbI6Op CNOCOBOB CHMXKEHUS HEFATUBHOMO BO34ENCTBMA BHELIHMX (PAKTOPOB Ha YenoBeKa.

Bce BMAbl B3aMOAENCTBUS YEI0BEKA C OKPYXKAlOLLEN CPeaoin MOXKHO YCIOBHO pa3fAenTb Ha YeThbipe Buaa:

hmsnyeckoe (rpaBuTaLMoHHOE C 3eMNEN, MEXaHNYECKOE C OMNOPON, 3IEKTPOMArHNUTHOE 1 T.4.);

* XMMMyeckoe (B3anMOLENCTBUE C XMMUYECKMMM BeLLeCTBaMK, MOCTYNaOWMMN B OPraHU3M 13 BHe
BCEBO3MOXXHbLIMU NyTAMN).

¢ Bronornyeckoe (B3aumMooencTBMe opraHn3Ma C MUKpOOpraHnusMamu, Bmpycamu, baktepmamm n 7.4.);

NHGOPMaLIMOHHOE (B3aUMOENCTBME, XapakTepu3yoweecs obMmeHoM ntoboin nHopmauuen).

B xone B3auMoaencTBMsA NpouCxoanT obMeH 3Hepruemn, Bew,ecTBoOM 11 MHOpMaLUen, XxapaKTepm3yoLnncs
KOJINYECTBOM U MHTEHCUBHOCTbIO B3aNUMOAENCTBUS.

XapaKTepucTUKMN 3HepreTuyeckoro obmeHa:

¢ K0OAn4ecTBo B3aMMOAENCTBUS:
o sHeprus L, Jx;
© MAOTHOCTb SHEPrUK:
= 06bEMHas g% [%’{EJ Hanpumep, 06bEMHas NIOTHOCTb SHEPTr K 3IEKTPOCTAaTUYECKOr O

nons;
= noBepxHocTHas 2 . | 2% | YapakTepusyeT CBONCTBA M3MyYaloLINX NOBEPXHOCTEI:
EES ™

SE [ﬂm

* MHeNHas 5 TJ XapakTepu3yeT NpPoCTPaHCTBEHHOE pacnpeaenieHne SHeprum Bosb

TPAEKTOPUMN ABUXKEHUS (PM3NYECKOW YacTuLbl nan POTOHa;

o VIHTEHCUBHOCTb B3aMMoneicTBIs, 2= | [#] . |Bz].

XapaKTepuCTUKM BelLLL,eCTBEHHOro obMeHa:
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o KoanmyecTBo B3aMMOAENCTBUS:
o Macca . KT,
© MJOTHOCTb:
= 00bEMHAnA - . [ eyl :
* MOBEPXHOCTHASA MIOTHOCTb f.}% [:—E
acbecToBbIX INCTOB U T.4.;

¢ /IHTEHCMBHOCTb B3aMMOAENCTBUS, % []:.._r

XapakTepusyeT ToWwmHy bymaru, KapToHa,

XapakTepucTuku nHgpopMaumoHHoro obMeHa:

o KoanmyecTBo B3aMMOAENCTBUS:
o nHgpopmauws, I, [Gur);

* VIHTEHCMBHOCTb B3aUMOAENCTBMS:
o CKOpOCTb 0BMeHa uHhopmaLmei, 2L, [Gur /¢

YpoBHM B3auMMOOEUCTBUA YesioBeKa C OKpyXXaloLien cpenomn

SMNUPUYECKMM NyTEM YCTaHOBMIEHO, YTO NOCNEACTBMA B3aMMOAENCTBNS YEN0BEKA C OKPYXKaloLLen cpenon
3aBUCAT OT KOJIMYECTBA N MHTEHCUBHOCTW SHEPreTUYECKOr0, BELLLECTBEHHOI0 1 MHOPMaLMOHHOr0 obMeHa.

B 3aBMCMOCTU OT NOCNEACTBUIA, pe3y/bTaTa B3aMMOAENCTBUS BbIAENSIOT CIeAyIOLIME, XapaKTEPHbIE YPOBHMU:

1-bI# ypoBeHb. KONM4YeCTBO 1 UHTEHCUMBHOCTb B3aMMOAENCTBUS MUHUMAIbHBI.

Cyb6bEeKTMBHBIX OLLYLLEHWIA Yy YENOBEKA, YHaCTBYIOLLEr0 B laHHbIX B3aMOoAeNCcTBUAX, He HabloJaeTcs T.K.,
WHTEHCMBHOCTb 1 KOJIMYECTBO B3aMMOENCTBUSA HUXKE NMOPOroBbIX OLyLIeHNA. Kakux-nnbo perncTpupyembix
N3MEHEeHW opraHn3Ma YesioBeka B pesysibTaTe AaHHbIX B3aMMOAENCTBUIA He HabnogaeTcs.

2-0o# ypoBeHb. KO/IMY4eCTBO 1 MHTEHCMBHOCTb B3aWMOLENCTBUSA BhiLUE.,
B pe3ynbTaTe B3aMMOLENCTBNS OPraHn3M YCMELHO afanTUPyeTCs K BHELWHMM YCI0BUSM, yyywas
CYLLECTBYIOLME Ka4YeCTBa WAV BOCCTaHABAMNBAs yTPayYeHHbIe.

3-uit ypoBeHb. KOMYECTBO U MHTEHCUBHOCTL B3aMMOENCTBISA eLlé Bhille.
B opraHn3Me NpoucxoAsT HEraTUBHbIE M3MEHEHUS, NcYe3atoLLne NP CHUXKEHUW YPOBHS B3aNMOIeNCTBUS [0
MepBOro UM BTOPOro.

4-blA YPOBEHb. KOJIMYECTBO U MHTEHCMBHOCTb B3aMOECTBUSA BbilLE YEM Ha TPETLEM YPOBHE.
HeraTuBHbIE NU3MEHEHWS B OPraHU3ME HU MPU KaKKX YCIOBUAX HE MOFYT OblTh JIMKBUANPOBAHbI CMIaMK CaMOro
opraHusma. Heo6xoanMa BHELIHAS MeAULNHCKAs NMOoMOLLb.

5-blit (CMepTenbHbIN) YPOBEHb. /IHTEHCMBHOCTL W/UK KONIMYECTBO B3aMMOeNCTBISA CTO/Ib BEJINKU, YTO
NPUBOAST K NIeTaslbHOMY UCXOAY.

OpHoBpeMeHHOe BO3AeNCTBMEe HEeCKOJIbKUX (haKTOpOoB

O4eBUAHO, YTO YeN0BEK OAHOBPEMEHHO MOXET Y4aCcTBOBATb BO B3aMMOJENCTBUSAX pa3HbiX BUOOB,
MHTEHCUBHOCTb KOTOPbIX 6yneT CKnaablBaTbCA. 14 0603Ha4YEHHbIX Bbille B3aMMOAENCTBUIA UMEEM:

i “ [t AE;
By = Zf ar.

i=1
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L5~ - cymmapHoe KolIM4ecTBO 3Heprum, y4acTBoBaBLUIee B 0BMeHe 3a BpeMeHHON UHTepBas oT fo Ao tr.

Ms~ - cymmapHas mMacca BeLecTBa, KOTOPOE Yy4acTBOBasIO B 06MeHe B NepuoA BpemeHn oT ty o ti.

Iy = Zf (}jd,

I5~ - 06BEM MHpOPMALMM NOYYEHO YENI0BEKOM 3a BpeMs B3aumomencTeus At =t — ty.

OJQHaKo 04EeBMAHO, YTO OLIEHNBATbL Pe3ynbTaT BO3AENCTBMUS OKPY>KAIOLLEN Cpelibl Ha YesioBeKa NogobHbIM
06pa3oM He KOPPEKTHO.

Tak, Hanpumep, 3GeKT oT NoayyeHns 19k X SHepruv NoCpeLCcTBOM BbINMMBAHMS YallKK Yas U 0T 06ayyveHns
T-n3nyyeHnem byaeT KapAMHaNbHO Pa3fIMYHbIM. B NepBoM C/lyyae YenoBek nosyynT onpeneséHHble
MOJIOXXNTENbHbIE 3MOLUN 1 YA0BJIETBOPEHNE TOTr A, KakK BO BTOPOM C/ly4ae eMy rpo3nT JIeTasbHbIA UCXO4 B
TeYeHune HECKOIbKUX OHEN.

Opyroin npuMep xapakTepHble AoNyCTUMbIe BeJ'IVI‘-II/IHbI NHTeHcnBHoCTM CBY- 1 NK- |/|3ny\+eva B nepsom
chyyae, pedb MAET 0 AeCATLIX U COTbIX Aonsax Br/ A", BO BTOPOM, 0 AecaTKax Bt /m™.

AHaNoOrnYHbIA NPUMEP MOXXHO NPMBECTM MO NOBOAY MAacCoBOro obMeHa. YalHas SI0)KKa caxapa He NpuBeaéT K
KakUM-mbo oTpuUaTENbHbIA NOCNEACTBUAM L5 OpraHu3Ma TOr[a, Kak HECKOJIbKO rpaMMOB siia MoryT youTb
yesioBeka.

OAQHVM 13 MOAXO0A0B, MO3BOJIAIOWMNX OLIEHNBATL BO3AECTBME OKPYXKaloLLlei Cpefbl Ha YENOBEKa,
YUYUTBIBAIOLNX «OMAaCHOCTb» UJIM «CTEMeHb BO3AENCTBMS» IaHHOI0 BUAA SHEPrMU, BELLLECTBa U/1n
MHOPMaLIMN Ha Yesl0BEKa, ABNSETCA UCMO0Jb30BaHNE NOHATUSA «3KBUBANEHTHOrO 3Ha4YeHusa». PopMasibHo,
TaKOI MOJXO0A 3aKJII0YAETCS B BBEAEHUUN «KOIGPDULMEHTOB ONMACHOCTK» B hOPMYJibl CyMMapHOro
3HEpreTUYecKoro, MaccoBoro, MHOPMaLIMOHHOr0 B3aMMOaeNCTBUS.

~Yk f” E‘L’ dr.

i=1

M, ZA/ "}'”’nfl_

=1 T

thf Ld~

L, My, 1, - 5KBMBaANEHTHbIE KOIMYECTBA SHEPruu, BELLLeCTBa Y MHAOPMALLK, NOJTyHaeMble UK OTAaBaeMble
4eNIOBEKOM, YHaCTBYIOLLMM B 7%, 172, | COOTBETCTBYIOLLMX B3aMMOAEACTBUAX B TEYEHNE NHTEPBala BPEMeHn oT
fo 0o .

Mpobnema obecneyennn XX

Pa3BuTME HayKN N TEXHUKW B NOCNEOHNE HECKOJIbKO COTEH JIET NPUBENO K 3KCMOHEHLMNAIbHOMY POCTY
WHTEHCUBHOCTMN B3aUMOENCTBMSA YE0BEKA C OKPY>KAIOLLEN Cpeao, a CneaoBaTeslbHO 1 POCTy obLuen
OMaCHOCTK cpelbl 0bUTaHMA YenoBeka.
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Opyrumn cnoBamm, BCTAET BoNpoc obecneyveHns 6e30nacHOro B3anMoAenCTBUS YE0BEKA C OKpY KaloLwen
cpenon Ha poHe poCcTa UHTEHCUBHOCTU U KOJIMYECTBa B3aUMOAENCTBMSA YE/I0BEKA C OKPYXKatoLen Cpeaon.

Hanbonee HarNanHO JaHHbIA hakT MOXHO NPOAEMOHCTPUPOBATL Ha NPUMepe PocTa noTpebneHuns
3HEepPreTUYecKNx pecypcos Yes0Be4ecTBOM 3a nocneaHue 200 net v,

World Energy Consumption
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SKCMOHEHLNAbHBbIN pocT I'IOTpGGJ'IeHI/Iﬂ 3Hepruun Ha nnuo. MNpn 3TOM N3MeHaeTca n Ka4yeCTBEHHbLIN COCTaB
I'IOTpe6J'IF|eMOFO TONMMBA: YroabHas, He(hTaHaA, ra3osas, aTOMHaAsA N afbTepHaTUBHAsA SHEPreTUKn
Pa3BMBalOTCA NapasiesnbHO, YTO NO3BoNAeT 0AHOBpPeEMEHHO NUCMOJ1Ib30BaTb BCE MHOF006p63VIe TOonnnBa.

AHanorm4yHo o6CTONT AEN0 U C XUMUYECKUM B3aMMOAeACTBMEM. MTOCTOSHHO PacTET KOJIMYECTBO HOBbIX
CMHTE3MPOBAHHbIX XMMNYECKMX BELLECTB BO3AENCTBYIOLWNX Ha Ye1I0BEKa, MPX 3TOM NOC/IeACTBUS MHOMUX
B3aMMOAENCTBUI OLEEHMNBAIOTCS A0/KHBIM 00pa30M NinLLb CyCTs onpefenéHHoe Bpems. Hanpumep, n3BecTHoe
HapKOTMYECKOE BELLECTBO «KOKanH» B A0 20-x roAo0B XX BeKa MCMosib30BasiCs B Ka4eCTBe JieKapCTBa OT
HaCMOpKa, a CHOTBOPHOE JIEKAaPCTBEHHOE CPeACTBO TaanAoMI CTano NPUYNHON BPOXKOEHHbIX YPOLCTB Y
npumepHo 10 000 geTewn.

NHTeHcndurKkaLms 61MoN0rnieckoro B3auMoaeiicTBINs NPOSBASETCS I B Pa3BUTAN YCTONYMBOCTM K
NeKapCcTBEHHbIM NpenapaTaM y CyLLecTBYOLWMX BO3OyanTenein 60ne3Heil, U B BOSHUKHOBEHW HOBbIX, paHee
Hen3BeCcTHbIX 3aboneBaHuii .

Pa3BuTME CPeACTB CBA3M, TENEBUAEHUS, UHTEPHETA NPUBENO K 3HAYUTENbHOMY POCTY UH(OPMALIMOHHBIX
MOTOKOB, KOTOPbI/ Ha4YMHAET Bbi3blBaTb BCE HOMbLLYIO 03a604€HHOCTb KaK YYEHbIX, Tak U 0BLLECTBEHHbIX
pestenen .

OO6wme nopxonbl K pewieHunio npobnemol BXX]

Ncxons n3 BbilLeckasaHHOro ICHO, 4To Ans obecneyeHns 6€30MNacHOCTM XU3HELEeATENbHOCTY YeNIOBEKa B
COBPEMEHHbIX YC0BUAX HEOOXOANMO YMEHBLINTL KOJIMYECTBO N MHTEHCUMBHOCTb B3aMMOLEWNCTBUNA, B KOTOPbIX
y4aCTBYET YE0BEK A0 AOMYCTUMBIX 3HAYEHWA.

O6wwme nopxonbl B obecneyeHnn 6e30nacHOCTY NOAPa3yMeEBAIOT Cliefytowmne cnocobbl CHKEHUS YPOBHEA
B3aMMOAENCTBUS Yel0BeKa C OKpy>KaloLen cpefon.

¢ HeyyacTue yenoseka BO B3aMMoOgeMCcTBMAX. [laHHas ¢opmMa nosefieHUs YesioBeka nogpasymeBaeTt
Hainyne y Hero 3HAHWIN O CTEMEHM ONACHOCTM TEX UAN NHbIX B3aUMOAENCTBUIA, O BO3MOXKHOCTU
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NCKOYEHUS onpeaenéHHbIX BUAOB B3auMoaencTens 6es yuiepba ceomm nHtepecam. PopMmpoBaHue
LaHHOro BnAa noBefeHuns (obyvyeHne) CoNpsxKeHo C 3aTpaTaMm CU U CPEACTB, YaCTO NPOTUBOPEYMT
LensM OencTBMs YenoBeka.

e OrpaHu4yeHue BpeMeHU B3auMopencTBua. CorlacHo BbIpaXXeHUSIM A8 SKBUBANIEHTHbIX 3HAYEHUN
3HEeprun, Maccol, MHMPOpMaLIUK, YMeHbLLEHE BPEMEHW B3aUMOAENCTBUS CHUXAET BennynHbl 5, Mg, 1;.
JaHHbIA cnocob WNPOKO NPUMEHSAETCS, 04HAK0, B HEKOTOPbLIX C/lydasix HeobxoanMoe BpeMs y4yacTus BO
B3aMMOAeNnCcTBUM H6onblie 4ONYCTUMOro BPEMEHU B3aMMOIENCTBIUS.

¢ Ncnonb3oBaHue CpenCcTB MHAUBUAYAJILHOW U/MJIN KOJIJIEKTUBHOM 3aLlLmUTbI. [laHHbIA cnocob
3allNThl NPUMEHAETCS TOr4a, Koraa B CMy NPOU3BOACTBEHHON HEOOX0AMMOCTM HEBO3MOXXHO COKPATUTb
BpeMs B3aumoaencTemus. CpefcTBa 3alLWTbl XapaKTepu3yTCs BEIMYNHON YMEHbLLEHNS MUHTEHCUBHOCTH
B3aMMOENCTBUS - KO3hPULMEHTOM ocnabneHus, Hocy..
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Ha npakTuke Bce nepeyuncsieHHble MeTo bl 3aLUuThl B TOW WJIN MHOW CTEMEHMN NCNONb3YOTCA NapaniesibHo.

KpuTtepun Boibopa NAK/NAY

04eBMAHO, 4TO Hanbonee 6naroNpUATHbLIE YCNOBUA XXU3HEAEATENLHOCTY YeN0BEKa COOTBETCTBYIOT NEPBOMY U
BTOPOMY ypOBHSIM B3anmogencteusd. OgHako abcontotTHoe obecneyeHune yCcnoBuin NPoXXmMBaHNS 1 Tpyaa Ha
OaHHbIX YPOBHAX TpebyeT 3Ha4YNTEeNbHbIX MaTEPUAIbHO-TEXHNYECKUX 3aTPaT, BO3SMOXKHOCTM BblgeeHuns
KOTOPbIX HE BCerga nMeroTcs. B cBa3n ¢ aTum cpepna obntaHna YenoBeka pa3aeneHa Ha OBE 30HbI:

* MPOV3BOJICTBEHHYIO, B KOTOPOI AOMYCTUMbIM NPUHAT TPETWIN YPOBEHb B3aUMOENCTBUS;
e cenuTebHylo, B KOTOPOI pacnosiaraloTCs XWnbE, 30Ha 0TAbIXa, leyebHble yupexxAeHus, C 4oMYyCTUMbIM
YPOBHEM B3aMMOJENCTBUS HE BbilLIE BTOPOTO.

Takum obpa3oMm, 3a BpeMsi paboTbl B OpraHu3Me YeI0BEKA MOMYT BO3HUKHYTh HEBNaronpusaTHeIE U3MEHEHWS,
HO 3a BPEMS Hax0XAeHNN B CeNMTEOHOM 30He OHM A0/KHbBI CAMOCTOSITENbHO NCYE3HYTb K Havany caenyoLlero
paboyero gHs.

Vicxons 3 3Toro npmHUUnNa 1 yCTaHaB/MBAKOTCA NpefesibHO AOoMYCTUMble KOHLEHTpauMmM U YPOBHM
COOTBETCTBYHOLINX B3aUMOLENCTBUIA, BO3AENCTBYIOLWNX (haKTOPOB, KOTOPbIE Pa3AeNstoTCs Cleayownm
obpazom:

¢ MpousBoacTBeHHble PAKTOPDI - PaKTOPLI, 4ENCTBYIOLWNE Ha NPOM3BOACTBE.

¢ BpeaHble Npou3BoACTBEHHbIE (PAKTOPDI - PaKTOpbl, BO3AENCTBUE KOTOPbIX NMPUBOAUT K MOSBJEHNIO
npodeccnoHanbHOro 3aboneBaHns UAN NHOTO yXyALIEHNS 300P0Bbs (TPETUN U YeTBEPTLIA YPOBEHb
B3aMMOOencTBuns).

¢ OnacHble Npon3BOACTBEeHHbIe (haKTOPbI - haKTOPbI, BO3AENCTBME KOTOPLIX MPUBOANT K TAXKENON
thopmMe npodheccrmoHanbHoro 3aboneBaHus, yeeybto nun rubenn yenoseka (NATbIA YPOBEHb
B3aNMOLENCTBUS).

1)

World Energy Consumption Since 1820 in Charts.
2)

buonornyeckue yrpossl - peanbHoCTb XX| Beka.
3)
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