3apaHune gna 5 — 8 knacca (OTBeTbl U KPUTEPUN OLICHKWN)

3agaya 1 (6 Gannos). VYkaxure,
KaKHC U3 MMPCAJIOKCHHDBIX BaAM JKUBOTHBIX
PETYJIIPHO MUTPUPYIOT HA PACCTOSHUS G
oosee 1000 KM, a KaKue — HE MUTPHUPY- '
IOT.
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Ha3BaHusi XMBOTHbIX:
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CooTHecuTe MHUTPUPYIOMIMX KUBOTHBIX € LU(ppaMH Ha KapTe, 0003HAYAIOIIMMU MECTa UX
murpanui. (CTpeaku ycaoBHO COAMHSIOT Hayajlo ¥ KOHELl MapIIpyTa MUTPaLlii, HO CaM MapIipyT
HUKOT/1a HE TPOXOJUT IO MPSIMOHA.)

baiikanbckas Hepna.

— 1

OtBeT: U3 mpencTaBICHHOTO CIHCKA MHUTPUPYIOT Ha OOJBIIME PACCTOSHHS CICTYONIHE
KUBOTHBIE:
A. TlonspHas kpauka. MUTpUpyeT MEKy TOUKaMu 3 — 3.
B. TopOatsbiii KUT. MUTPUPYET MEXK Y TOYKAMH 2 — 2.
0. Peunoii yrops. Murpupyet Mexy Toukamu 1 — 1.

Kputepui: mo 1 Oamny 3a KaxkJoe MNPaBHJIBHO YKa3aHHOEC MHTPHPYIOIIEE >XHUBOTHOE U
no 1 6anmy 3a BEpHOE COOTBETCTBUE MapUIPYTY.

3apava 2 (16 6annos). [Tepex BaMu CIECOK MTUIIEBBIX IIPOAYKTOB, B COCTAB KOTOPBIX JTHOO BXOISIT
CaMH KUBBIE OPraHU3MBbI U UX YaCTH, JIMOO MPOAYKT IPUTOTOBIICH IIPH IIOMOIIY )KMBBIX OPraHU3MOB
(mpoxykThl 0003HaueHbl OykBamu). Bo BTopom cTonOue naHbl 3aiu(poBaHHBIE ONMHMCAHUS ITHX
KUBBIX OpPraHU3MOB (0003HAYEHBI HUPpaMu).

Mpoayxt Onucauue
A. | PpykroBoe xeine u3 OT0 pacTeHus ¢ YEPTHIPbMsI YAILIETUCTUKAMU U YETBIPbMSI
KeJIaTHHA. JeNeCTKaMHU.

6. |Kedwup. OTH OpraHU3Mbl HE UMEIOT [P, TEHETUUECKUI MaTepral
opranu3oBaH B Buje KombleBoil THK.

B. |Cwmerana. ['ma3a 3THX OpPraHU3MOB COCTOAT U3 OTJAEIBHBIX (PacCeTOK
(oMMaTuueB).

r. | Mapmenan «JIumonHbIE OTO NOUKYIOIHMECS OJHOKIETOUHBIE OPIaHU3MBI, C APOM,

TOIBKI. MUTOXOHIPHSAMHU M KIIETOYHO! CTEHKOM, HO Y HUX HET

XJIOPOILIACTOB.

0. |Caxap-padunan. V 3Tux pacTeHuil 10/ — THIKBUHA.

E. | KBamenas kamycra. 3TO0 KUBOTHBIE C YETBIPEXKAMEPHBIM CEP/LIEM U C
YETHIPEXKAMEPHBIM XKEITYIKOM, TPU U3 TIATH NaJbLEB KOHEUHOCTEH
y HUX HEZ0Pa3BUTHI.

XK. | Xi1eOHblii kBac. 710 pacteHus u3 kiacca J[ByJ0JIbHBIX € YUCIOM YacTel L[BETKA, HE
KPaTHBIM YETBIPEM.

3. | Conénble orypupl. OTH KUBbIE OpPraHU3MbI HAKATUIMBAIOT OarpsSHKOBBIN Kpaxmal, a
TaKke 00pazytoT GUKOOUINCOMBI.

n. | Mén. OTO pacTeHus ¢ HEB3PaYHbIMU LIBETKaMU U3 Ki1acca OIHOMOIBHBIX,
OOBIYHO ONBUIAIOTCS BETPOM.




¢ OnucaHus KakuX OpraHu3MoB JaHbl LuppamMu? Kak ux UCHONB3YIOT MPU MPUTOTOBIECHUU
MPOAYKTOB?

¢ VYCcTaHOBUTE COOTBETCTBHE MEXY IIYHKTAaMU MIEPBOTO U BTOPOTO CTONONA.

OOpaTuTe BHUMaHHE Ha TO, YTO OJHOMY MPOAYKTY MOXET COOTBETCTBOBATH HECKOJIBKO
OpraHU3MOB B HA00OPOT.

Opranusmbl, KOTOPbIE MOTYT C/Iy4aiiHo MONACTH B MPOAYKT, He yKa3biBaiTe!

OtBet. [lpu BBINOJTHEHUM 3aJaHUS BaXKHO CpPa3y COOTHECTH JKUBBIE OOBEKTHI, M3 KOTOPBIX
MIPUTOTOBJISIOT OINPEIeIEHHbIC TPOAYKThHI MUTAHUSA, ¥ UX 3alIU(POBAHHBIC OMUCAHUSI.

1. DT0 pacTeHHs C YePTHIPbMSI YAIICIIMCTHKAMH M Y€ThIPbMSI JieniecTkaMu. [Ipu3HaK, THITHYHBIN
s ceM. Kpecmoysemmuwix (Kanycmuwix). MoxxHO 00J€e y3KO0 yKa3aTh, UTO 3TO — kanycma. MHorue
KPECTOLBETHBIE — MEJIOHOCHI, UX HEKTAp MUYENBI MOTYT COOMPATh ISl MOTyYeHUs MENA.

Cootsercrue: 1-E, U.

2. DT opraHu3Mbl HE UMEIOT si/[pa, TEHETHYECKUIl MaTepran opraHn3oBaH B Buje KoibieBor JJHK.
Omnmcanye COOTBETCTBYET Oakmepusm. bakTepun ciydaifHO MOTYT MOTIAIaTh BO BCE MPOAYKTHL. OHAKO AJIs
MPOM3BOJICTBA HEKOTOPBIX TPOAYKTOB OHM HEOOXOMMMBI. Tak, MOJOYHOKHCIIBIE OAKTEPHU HUCTIONB3YIOTCS
IS TIOTy4YeHHs Keupa, CMETaHbl, a TAK)Ke KBALICHUH KAIyCThI U COJIEHHU OT'YPIIOB.

Cootsercrsue: 2-b, B, E, 3.

3. ['ma3a 3TMX OpraHM3MOB COCTOST W3 OTACIBHBIX (haceTok (omMMaruaueB). Takoll MPU3HAK €CTh, B
YaCTHOCTH, y Hacekomuix. VI3 Bcero nepeyHs NpoayKTOB ¢ IOMOIbIO HACEKOMBIX MOJTYyUYEH TOJIBKO MEN.

CootBercrBue: 3 - W.

4. DTO TOYKYIOUIMECS OJHOKICTOYHBIC OPTaHU3MBI, C SIIPOM, MHTOXOHAPHSIMHU M KICTOYHOM
CTEHKOH, HO y HUX HET XJIOpoIu1acToB. ONKcaHne COOTBETCTBYET Opodrcocam. JIpoi: KU UCIIONIb3YIOTCS
B MIPOM3BOJCTBE Kepupa U XieOHOTO KBaca, MPUYEM B MPOU3BOJCTBE XJIEOHOTO KBaca — JIBAXKIHI.
CHauana 17151 BBITIEUKH XJieba, a TIOTOM — /sl cOpaskuBaHHUs caMoro HamuTka. CirydaitHO ApOXOKU
MOTYT TOMajaTh B MEI WM Pa3MHOXHUTHCA B CMeTaHe, 00pa3oBaTh IUIEHKY Ha MOBEPXHOCTHU
orypedHoro paccoia. Ho 3T oTBEThI HE CTOUT CUNTATh IPABUIIbHBIMHU.

Cootsercrsue: 4 - b, X.

5. YV 3THX pacTeHH# IUIOJ — THIKBUHA. SIBHOE yKa3aHWe Ha MpeICTaBUTENel ceMelcTBa TbikgeHHble,
K KOTOPBIM OTHOCHTCS 02ypey.

CootBercrBHe: 5 - 3.

6. DTO KHMBOTHBIC C YCTHIPEXKAMEPHBIM CEPALIEM U C YETHIPEXKAMEPHBIM JKEIYIKOM, TPU H3
IITU MaJbLEB KOHEYHOCTEH y HUX Henopa3BUThl. CTpoeHHE Ceplle MO3BOJISET CKa3aTb, YTO 3TO
— 100 NTHIBI, THO0 MIIeKonuTarmue. YeThpEXKaMepHBI KeylI0K XapaKTepeH I HEKOTOPBIX
npezncrasureneit [lapnoxkonvimuvix. OH COCTOUT CIEAYIOUINX OTIENOB: pyOIla, CETKH, KHUXKKH U
ceiuyra. CTpoeHne KOHeUHOCTeN Takke cooTBeTCTBYeT [lapHOoKonbITHEIM. Hanbonee BeposiTHO, UTO
JIAHO OTHCAHUE KOpogbl. TakuM 00pazoM, BCe MOJIOYHBIE TPOIYKTHI (Ke(up, CMEeTaHa) IPOU3BEICHBI
c ee yuactueM. Kpome Toro, u3 coeIMHUTENbHBIX TKAHEH IT0JTy4at0T KEJIaTHH, KOTOPbII UCIOIb3YeTCs
B MMHIIEBON MPOMBIIUICHHOCTH KaK KeIupyronuii areut. [loaToMy MOXHO yka3arb, 4TO GpyKTOBOE
JKeJIe TaKXKe MOJIy4eHO C y4acTHEM IPOAYKTOB U3 KOPOBBI.

CootsercrBue: 6 - A, b, B.

7. D10 pacTteHus u3 Kinacca [IByJOIBHBIX C YUCIIOM YacTeW IBETKAa, HE KpaTHBIM 4eThIpéM. [1ox
9TO OIKCaHUE MOAXOAAT OYEHb MHOTHE pacTeHus (0ojee KOHKPETHO B KOHTEKCTE BOIIpOCa CKa3aTb
Henb3s). B wacTHOCTH, MHOTHE TIIOZOBBIE PACTEHUS, KOTOPbIe NAIOT (PYKTHl, MHOTHE MEIOHOCHI,
a Takke caxapHas cBeksia. Kpome Toro, y mpeacraBurened cemeilcTBa 3JIaKOBBIX TaKKe UYUCIIO
yacTel 1BeTKa He KpaTHO 4. DTO 03HAYaET, 4YTO Mbl MOXKEM yKa3aThb JOCTATOYHO MHOTO IPOIYKTOB,
MOJYYEHHBIX C MCIIOJIB30BAHUEM TAKHX pacTeHUi: (pykToBoe *kene ((PpyKTel, caxap, JTUMOHHAs
KHCJIO0Ta), MapMenaj (caxap, JMMOHHAs KHCIIOTa, TUMOH), caxap paduHal, XJaeOHbIH KBaC, COJICHBIC
OTypUbI, ME.

Cootserctue: 7-A, I, [, X, 3, U.

8. DTH )¥BbIC OPraHU3MbI HAKAILUTMBAIOT OArpsIHKOBBIA KpaxMmal, a Takke 00pasyloT (UKOOUIHCOMBI.



SIBHO mmerotcs B BuLy Kpachuwie sodopociu («OarpsHkm»). M3 HUX MONy4aroT arap-arap, KOTOpBI
UCIIOJB3YI0T KaK KUY areHT. [10cKobKy yka3aHo, 4To (hpyKTOBOE Kelle IPUIOTOBIECHO HA )KeJIaTHHE,
3TOT OTBETHEJb3s CUMTATh MPABUIILHBIM. Arap-arap u3 MepednciIeHHbIX IPOTYKTOB HCHOIb3YETCs TOIBKO
A7 TIPOU3BOJICTBA MapMenaja.

CootBercraue: 8 - T.

9. D10 pacTeHusi ¢ HEB3paYHbIMH IIBETKaMHU U3 Kiacca OIHOAONBHBIX, OOBIYHO ONBUISIOTCS BETPOM.
Onmcanue COOTBETCTBYET NPEACTABUTENSAM CeMelcTBa 3naxosvie (Mamauxogvie). 3epHOBKH 3I1aKOB
UCIOB3YIOT B IPOM3BOACTBE XJ1e0a, T.e. OIMH U3 MPOAYKTOB — XJIEOHBIH KBac. Kpome Toro, caxap MOKHO
HOJIyYUTb U3 CAXapHOTO TPOCTHHKA (B 3aJJaHUHU HE YKa3aHO, KAKOE PACTEHHUE UCII0JIb30BAJIH B IPOM3BOJICTBE).
Caxap BXOZIUT B cOCTaB keJie 1 MapMenaja. Ero Takxke 100aBisioT mpy IPUrOTOBICHUH KBaca.

KoneuHo, 31akaMu OTKapMIIMBAIOT KOPOBY, HO TAKUE OTBETHI C yUacTHEM IHUIIEBBIX Lieneid He OyayT
3aCUUTAHBI.

Cootserctiue: 9-A, T, [, X.

Kputepun: Takum oOpazoM, MOXKHO «pacrio3HATh» MO OMUCAHUSIM 9 OOBEKTOB M yKaszarh 24
napsl «opranusm — npoayk. (Beero 33 orBera.) 3a Ka)K/1blii IpaBUIBHBIA OTBET HYKHO 1aBath 0,5
6anna. [Ipu 3TOoM cunTaeM 3a7aHKe TOJIHOCTHIO BBITIOJIHEHHBIM, KOT/a 1aHO 32 miu 33 mpaBHIIbHBIX
otseta. Toraa 3a Bc€ 3ajaHue mpucBauBaeTcs 16 6anos.

3apaya 3 (15 6annos). C momoripio OyKBeHHOTO IHdpa JaiTe onucaHue
pacTeHus, IpeICTaBICHHOIO Ha PUC.
CemenctBo: A — PosouBernsie; b — Kpectousernsie; B — [TaciénoBeie;
I' — bo6osrie; I — JIuneitnele; E — 3makoBrie.
LiBeTok: )K — aktuHOMOpPdHBII; 3 — 3uromMopdHbIi; Y — HenpaBUIIbHBIN
3aBaAsb: K — Bepxuss; JI — HUOKHSS
Mnoa: M — srona; H — operrek nin MaOrooperek; O — KOCTSHKa;
IT —3epHoBka; P — cemsnka; C — CTPy4YOK WJIM CTPYYOUEK;
T — 6006; Y — kopobouka
OxkonougeTHuK: @ — aBoiiHOI; X — pocToit; I — pemyupoBaHHBIIH.

OtBeT: Ha pucynke npezacraBicHo pactenue u3 ceMm. Kpecronsernsie. 00
3TO MOXKHO JIOTaJaThCsl 0 CTPOCHHIO IBETKA (4 MJIMHHBIX U 2 KOPOTKHUX
TBIYMHKH, 4 JIenecTKa, pa3BOCHHBIX Ha BEPXYIIKE) U MO MJI0AaM (CTPYUYOUKH).

Wnudpp oteeTa: b, X, K, C, ®.

KpuTepwuii: o 3 Gaa 3a Kak1y0 paBHIbHY IO OyKBY mIudpa.

3apava 4 (15 6annoB). Iludppamu Ha
KapTe 0003HAYEHbI MECTa PaCIIOIOKECHUS
3aII0BEIHUKOB.

BeiOepute M3 crnucka Ha3BaHUS JTHX
3aII0BECIHUKOB. o) 2

A. TIproKCKO-TeppPaCHBIH.

b. Baiikanbckui.

B. ActpaxaHckuii. fo)

I Kenposas I1ans.

I. Maranasckuid. 1

YKakuTe, KaKoe U3 )KUBOTHBIX OXPaHsI- o 30
€TCs B KaXKJIOM M3 3TUX 3aII0OBEIHUKOB:
|—Kynpsseiit nenukan; ll—- Amypckuit turp; lll-benoruteunii opnan; IV—3y06p; V—bapry3usnckuii co0ob.

VYKaxuTe, KAaKoe U3 paCTCHUH OXpaHSIeTCs B KKJIOM M3 3THX 3aIlIOBEIHUKOB:
VI-Jloroc kacnmiickuii; VII-XXenpmenn; VIII-IInemuuk Oaiikanbckuii; IX—KoBbUIb mepUCTHI;
X—KHSKHK OXOTCKHUH.

J171 IPOCTOTHI CUMTAMTE, UTO KaXKJOMY 3alIOBETHUKY COOTBETCTBYET KAKOS-TO OJHO )KMBOTHOE
Y OJTHO PacTCHHUE.



OTBer:

LUudpa Ha kapTe | HazsaHue 3anoBeaHuka | OxpaHsieMoe XMBOTHOE OxpaHsiemoe pacTeHue
1. | b. Baiikanbckuit V-—bBaprysunckuii codons* | VIl-1Inemunk Gaiikanbckuit
2. [ A. Maragauckuii lll—Benorueunii opnan X—KHsKHUK 0XOTCKUI
3. | I. Kenposas ITanp Il—- AMypckuii THTp VIl-XenbmeHn
4. | A. Tlpriokcko-TeppacHsiii | IV—3y0p IX—KoBbL1b epUCTBIi
5. [ B. Actpaxanckuii |—KynpsiBbiii enukan VI-JloToc kacuiickuii
MpumeyaHms. *CoBonb BCTpeYaeTCs Takke W B [pyrux 3anoBeaHukax (8 MarapaHckom, B Kemposoi Magm),

HO CaMblit TEMHBIA Mex — Y Tak Ha3biBaeMoro 6apey3uHckoeo coborsl, 06UTaloLLero B OKPECTHOCTAX
o3epa baiikan.

Kputepun: mo 1 Gamry 3a kakJ0e NpaBUIBHOE COOTBETCTBUE MO Tabiuie. [ TaBHBIMH CYUTATH
udpbl Ha KapTe (JIeBbIH cToNIOeL).

3apava 5 (3 6anna). HazoBurte pacTuTeIbHBIC TKAHU, KOTOPBIC YIIOTPEOISIOTCS B MHILY B OJIO-
Jax U3 KOPHEIUIOA0B MOPKOBH (CUMTATE, 4TO TIepel yoTpeOICHHEM MOPKOBD MOIOT M YHCTSIT).

A. [TpoOkoBasi TKaHb. B. Dnuaepma. B. Bropuunas ¢urosma.
I CepnueBuHa. A. [TepBuunas kcuieMma. E. BropuuHnas kcunema.
Oteet: B, [, E.

Kputepwii: o 1 Gaiy 3a KaskIblil TPaBUIIBHBIN OTBET.

3apava 6 (8 banno.). Jlyist n300pakeHHBIX HA IUArpaMMax LBETKOB MOJAOCPHTE COOTBETCTBY-
tomre Gopmyisl. JlnarpaMMbl IIBETKOB:

A @ B Q. B
. . I-I
® n
T
T n 1 ~~— 1 n N
AT UL, 00T sea 11, I 1 Y3JITI, K. * Y JITIL,
B. 1 Ok, T51p, A. * YpJl5 TS, 3. * Ok3., 5510
B. * U JISTsI s E. T Oxks.sT) I, W, *4,,J1,T, 11,

®opmynbl: Y — gamenuctuky; JI — nenectku; OK — TUCTOYKHA OKOJOIBETHHKA; T — THIYMHKH;
I1 — nJI0N0JIMCTUKH.

OTBeT: 3aganue npeanonaraeT yMeHHe «YUTaTh» AUarpaMMbl 1 (POPMYJIbI IBETKA.

Ha pucynke A rmokasaH I[BETOK ¢ 6 TBIYMHKAaMU (TPH 4y Th-4yTh AAJBIIE OT IEHTPA, U €I TPU —
qyTh OJINXKE; KaK TOBOPST yU€HbIE — B IBYX Kpyrax) H TPeMs CPOCIIMMMUCS III0JJOIMCTUKAMU B LICHTPE
(kpacHbIe cTpenky). TakoMy CTPOEHHIO COOTBETCTBYET TONBKO ofHa hopmyna — 3. * Ok T,

Ha pucynke b mokasansl 5 cpocuinxcs JenecTKoB, 5 THIYMHOK U JIBa IUIOAONUCTHKA. Takomy
CTPOEHHUIO COOTBETCTBYET Toibko dopmyna [l. * U,JI ;5 TsIl,. OOparute BHMUMaHUE, YTO CaMBbIii
Hapy’KHBIM KpyT YalIEeJIUCTUKOB IIOKa3aH YCJIOBHO, IYHKTUPOM. B TaHHOM cilyyae 4aleJIMCTUKU
peayuupoBauCh.

Ha pucynke B cymmapho 4 yamenucruka, 4 nernectka, 6 THIMMHOK H 2 TUIOAOTUCTHKA. Takomy
IIBETKY COOTBETCTBYET TONbKO ofHa hopmyna: U. * U, ,JI,T,. 1, .

Ha pucynke I necsiThb TBIYMHOK: IEBSTH W3 HUX OCIWHEHBI JIMHUEH (CPOCIHUCH), a elle oxHa
— cBoOoaHas. Eciu yuecTs, yTo cpacTaHue 0003HAYAETCsl CKOOKaMH, TO MOYXKHO MOJ00paTh TOJIBKO
onHy cooTBeTcTBYIOIIYI0 popmyny: A. T U\ JIi 5 )T (5:4)111,. Popmyna E He romurcs, mocKonbKy
TaM BCE THIUMHKHU CBOOOJIHBIE, U HAXOSATCS B OTHOM KpYyTe.

Kputepuit: mo 2 6ana 3a kaxoe npaBuibHoe cooTBeTcTBUE. PUC.A-3; Puc.6-[; Puc.B-WU; Puc.l -A.



3apava 7 (9 6annos). Bce mpencTaBieHHBIC HA PHCYHKAX PACTEHHsSI IO CIOCOOY IMOTYYCHHSI
MUTATEIBbHBIX BELIECTB OTHOCATCA K OJHOW M TOM KE IKOJOIMUYECKOW TpyIIEe, 3a UCKIHOYECHUEM
onHoro. OTmeThTe 3TO pacTerue. Kak oHo Ha3biBaeTcs? UeM ero crmoco0d MUTaHUS OTIUYAETCS OT
OCTaJIbHBIX?

OtBeT: B — PocsiHKa [KpyTJIONUCTHAs], 9TO XUIIHOE PaCTEHHE, YacTh MUTATEIBHBIX BEIIECTB
MOJTyYaeT, IepeBaprBasi MOWMaHHBIX HACEKOMBIX.

Kputepun: 3 Ganna — mpaBuiibHO yka3aHa OykBa mudpa; 3 6ania — mpaBUIIBHO yKa3aHO Ha3BaHHE
pacTeHus (BHJIOBOM SMUTET B CKOOKaX MOXKHO HE MPUBOAWTH); 3 Oaia — OTMEYeHa OCOOECHHOCTh
MUTAHUS PaCTECHUSI.

3apava 8 (14 6annoB). M3yunTe cxeMy KM3HEHHOTO IIUKJIA TTAPA3UTHYECKOTO YEPBSI U OTBETHTE
Ha BONPOCHI. J[aHHBIN Mapa3uTUYECKUN YePBh OTHOCUTCS K TAKCOHY (CUCTEMATUUYECKOH TPYIIIe):
A. JleHTOYHbIE YepBY. B. Kpyrnbie yepsu.  B. Cocanbimukm. I Konpuareie yepsu.
[. Hu k onHOMY M3 MepevYHCIICHHBIX.
KakueyTBepx1eHNs1000COOEHHOCTX K13~
HEHHOTO IMKJIa JAaHHOTO BHJA Mapa3uTOB
BEpHBIE, a KAKHe — HET:
E. B %13HEHHOM LMKNE OAUH NPOMEXYTOY-
HbIA XO35VH.
X. YenoBek MoxeT ObiTb W NPOMEXYTOY-
HbIM, M OKOHYaTeNbHbIM XO3AMHOM 3TOrO
napasura.
3. Bce xo35ieBa 3apaxaloTca AaHHbIM napa-
3UTOM B npoLiecce NUTaHus.
W. B )xM3HEHHOM LHUKJIC HET CTAJIUMH, IPO-
XOJAIIMX BO BHEIIHEH Ccperie.
K. lanHbIii mapa3uT pa3MHOKASTCS B Kaxk-
JIOM U3 CBOMX XO3SIEB.

Kputepwuii: TlpaBuibHBIE OTBETHI BbIjEIE-
HBI KPAaCHBIM >KHPHBIM HIpudTOoM. HyxHO
MPaBIJIBHO BHIOpaTh oauH oTBET u3 A-[l.
3a oMH MpaBUJIBHBIN BEIOOP — 4 Oasa.

Hanee nnyt 5 yrBepxkaeHui. Ecinm yyacTHHK HE yKa3all, BEpHOE YTBEPKJICHHUE WIIM HEBEPHOE,
TO OTBET HE 3aCUMTHIBaeTCsA. Ecim mpaBHIIBHO yKa3aHbI BEpHBIE U HEBEPHBIC YTBEPKICHHS, TO 32
KaXKJ10€ MprcBanBaeTcs 1o 2 0anna. MakcuManbHbIN 0ait 3a 3aganue — 14 6aios.




3apaya 9 (10 6annoB). Ykaxute U3HEHHYIO (HOPMY KaKJOr0 H300pa)KEHHOTO PACTEHHUS IO
kinaccudukanuu Visana I'puropseBuua CepeOpsikoBa.

A.Kinéu A b. KyBuinnka A  B. [Tmenuia A I Manuua A L. JTanaeim A
Kusznennsie hopmbl o CepeOpsKoBy:

1. IpeBecHbIe (IepeBbs, KyCTapHUKHU, KYCTAPHUYKH).

2. [MonynpesecHbie (ITOTyKYCTAPHUKU M TIOIYKYCTaPHUYKH).

3. HazemHbIe TpaBhL.

4. BoniHbIe TpaBbl.

Otser:

A. Knén — 1. [IpeBecHble (nepeBbsi, KyCTapHUKHU, KYCTAPHUYKH).

B. KyBmnnka — 4. BonHbie TpaBbl.

B. [Tiennna — 3. Ha3zemHbIe TpaBsl.

I Manuna — 2. [TonyapeBecHble (IONTYKYCTaPHUKH U MTOTYKYCTAPHUYKH).
[. JTauaeim 3. HazeMHbIe TPaBbl.

KpuTepuii: mo 2 6asia 3a KakIblil TPaBUIIBHBIN OTBET.

3apaya 10 (4 6anna). ITo xapakTepy MOBEPXHOCTH 3y0OB MIIEKOITMTAOIIMX MOXKHO IPEIIOIOKHUTH,
9YeM JKUBOTHOE MHUTAETCs. JIJIsi KOro M3 MIICKONMTAIOIINX XapaKTepHbl KOPEHHBIE 3yObl C MIIOCKOM
noBepxHocThI0? Kakoli numiei oHo Ipyu 3TOM NMUTAETCS?

A. Jlomazp. B. KabaHn. B. Kocarka. I Komka.

Oteet: A. Jlomanp. [Iutaercs rpy0oil pacTUTENBHON MUILEH, AJsi TepeMajbIBaHUS KOTOPOI
HeoOxonuMa Takasi popMa KOPEHHBIX 3y0OB.

Kputepuii: 2 Gana — nmpauBiIbHO yKa3aHO KMBOTHOE.  0alijla — MPaBHJIBHO yKa3aH XapakTep
MUIIH.

Hroro: 100 6a110B.



3apaHuve ana 9 knacca

3agaya 1 (6 Gannos). VYkaxure,
KaKHC U3 MMPCAJIOKCHHDBIX BaAM JKUBOTHBIX
PEryASpHO MUTPUPYIOT HA PACCTOSHUS
6omnee 1000 kM, a Kakue — HE MUTPHPY-
IOT.

20" 40" 60" 80° 100° 120° 140° 160° 180°

e

Ha3BaHus XUBOTHbLIX:
A. JITMHHOXBOCTBIH CYCIIHK.
B. Jlococs.
B. IMaBnunwMii rnas.
I KabGapra.
[. Benplii aucr.
E. babGouka-MoHapx.
CoOTHECHTE MUTPUPYIOLIUX IKH-
BOTHBIX C I(pamMu Ha KapTe, 0003HAYAOIIMMH MecTa UX Murpamnud. (CTpEeNKu yCIOBHO COCIHHSI-
10T HAYaJio M KOHEI[ MapIIpyTa MUTPAIlMU, HO CaM MapIIPyT HUKOT/IA HE TPOXOAMT IO MPSIMOIA. )

OteeT: M3 mpencTaBICHHOTO CHUCKA MUTPUPYIOT Ha OOJBIIME PACCTOSHUS CIICTYIONIUE
KUBOTHBIE:
B. Jlococs. Murpupyet mexay Toukamu 1 — 1.
0. Beunsrit anct. Murpupyet Mexy Toukamu 4 — 4.
E. babouka-monapx. MurpupyeT Mexay Toukamu 3 — 3.
OcTanpHble BApHAHThI MapLIPYTOB JaHbl KaK HEBEPHBIE.

Kputepun: mo 1 OGamny 3a Kaxaoe NPaBUIBHO YKa3aHHOEC MUTPUPYIOIEE >KUBOTHOE W
1o 1 Gamty 3a BEpHOE COOTBETCTBHE MapUIPYTY.

3apava 2 (16 6anno.). Ilepen BamMK CIHCOK BEIlEH M3 OMPEICICHHBIX MATEPUANIOB, B COCTAB
KOTOPBIX JTMOO BXOST CaMH JKUBBIC OPraHU3MBI U MX YacTH, JUOO MPOMYKT IPUTOTOBJICH IMPH
TIOMOIITH KUBBIX OPraHu3MoB (00603HaueHbl OykBamMu). Bo BropoMm ctosbiie naHbl 3amndpoBaHHbIe
OIUCAHUS ATUX JKUBBIX OPraHU3MOB (0003HAYCHBI UPPAMH).

OnucaHue

JlenecTkn BeHUYHKa I[BETKA Y 3TOT'O PaCTCHUA 0OBIYHO
FOJ'IY6BIG, LIBETOK MSATUYJICHHBIN.

Bewb 1 matepuan
A. | I€nxoBoe nnarke. 1.

B. |KayuykoBblil Msu. OTH BbIMEpIINE aBTOTPO(]bI ObLIIM CIIOPOBBIMH.

B. | XuomyatoOymaskHblil xanar. |3, |[I71a3a 3TUX OpraHu3MOB COCTOST U3 OTJEIBHBIX (acETOK

(oMmMaruueB).

. | Kenarunosble 4. |Otu rereporpodHbIe OPraHU3Mbl UMEIOT
¢bororpaduueckue 4eThIPEXKAMEPHBIN KEITYI0K, TP U3 IISATH NaJbLIEB
IUIACTUHKH. KOHEYHOCTH y HUX HEJIOPa3BUTHL

0. | [siHUeBbli xKypHAL. OTO TPONMMUYECKOE PACTEHUE COAEPKUT BO BCEX CBOUX

YacTsIX MJIEYHBIN COK.

E. |I'paduToBslif kKapanaam B 3TO pacTeHHEe UMEET II0J] — KOPOOOUKY C CEeMEHaMH,
nepessiHHOM yexite. (I'padut MOKPBITBIMU T'YCTBIMHU BOJIOCKAMH.
n00bIT B TyHTyccKOM
Oacceline.)

X, | JIpHsHAs onuda 310 aBTOTPO(HBIE OPraHU3MBI, B )KU3HEHHOM ITHKJIE
(ucmonb3yeTcst Kak KOTOPBIX IIPpeobaaaeT cnopout, a raMeToPUT MOXKHO
pacTBOpUTEIb IS pasmIsAETh TOJIBKO M10J MUKPOCKOIIOM.

MAacCJISIHBIX KPCOK).

3. | LxosbHBINM MeI. OTOT OpraHu3M B JIMYMHOYHOM CTAIUU UMEET I'PhI3YILUN

pPOTOBOM ammapar.

K. | IIponomnuc. OTH OTHOKJIETOUHBIE TeTEPOTPO(HI UMEIOT PAKOBUHBI U

JIOBYYIO CCThb U3 CIICHUAIN3UPOBAHHBIX JIOJKHOHOXKCK.




¢ OnucaHus KakuX OpraHu3MoB JaHbl LuppamMu? Kak ux UCHONB3YIOT MPU MPUTOTOBIECHUU
MaTepuasioB? OQHOMY OPraHU3My MOTYT COOTBETCTBOBATh HECKOJIBKO ONUCAHUM !

¢ VYCcTaHOBUTE COOTBETCTBHE MEXY IIYHKTAaMU MIEPBOTO U BTOPOTO CTONONA.

OOpaTuTe BHUMaHHE Ha TO, YTO OJJHOW BEIIM MOXET COOTBETCTBOBATH HECKOJIBKO OPraHM3MOB
1 Ha00OPOT.

Opranusmbl, KOTOPbIE MOTYT C/Iy4aiiHo NMONACTh B MaTepuaJl, He yKa3biBaiiTe!

OtBet. IIpu BBINIOJIHEHUH 3a/aHUSI BaXKHO CPa3y COOTHECTH KHBBIE OOBEKTHI, U3 KOTOPHIX
MPUTOTOBJISIOT OMPE/ENIEHHBIE BEIM U MaTepUaibl, U UX 3alIM(POBAHHBIC OMMUCAHUSL.

1. JlenecTku BEHUMKA [[BETKA Y 3TOTO PACTEHHSI OOBIYHO TOITyOBIE, IIBETOK MATHWICHHBIH. V3 Bcex
MIPEJICTABICHHBIX MAaTEPUAIOB TOJIBKO JIbHSIHAS O (a MPUTOTOBISETCS U3 CEMSH JIbHA - PACTEHHUSI C
roinyOsiMu 1iBeTKaMu. [IpaBUibHBIN OTBET — JIEH.

Cootserctaue: 1 - K.

2. Ot BeIMEpIIUE aBTOTPO(BI OBUIM CIIOPOBBIMH. M3 BCeX MPEIMETOB U MaTepHajoB TOJIBKO
Mel U rpaguT MOTYT OBITh MPOAYKTOM, MOJYUYEHHBIM M3 BBIMEPIIMX OpraHu3MoB. M3 HUX TOJIBKO
rpadut ornpeneaEHHOrO MPOUCXOKICHUS SBISETCA TMPOIYKTOM MeTaMOp(pU3alUU OCTaTKOB
(hOTOCUHTE3UPYIOLIUX CIIOPOBBIX OPIraHU3MOB: NANOPOMHUKOS, X80Well U NIAYHOB.

Coorserctaue: 2 — E.

3. maza 3TUX OpPraHU3MOB COCTOST W3 OTICIBHBIX (PaceTok (OMMaTHIWEB). DTOT MPHU3HAK
XapakTepeH sl HaCeKOMbIX. B neBoM cTosl1ie ecTh ABa Marepuasa, MoJly4aeMbIX OT HaCEKOMBIX:
mEnK u npososinc. Takum 06pazom, B OMMCAHUH 3aIIU()POBAHBI MYMOBbIl WETKONPSAO U nyela.

CootserctBue: 3-A, W.

4. Oty retepoTpodHBIE OPraHU3MBbl UMEIOT YE€THIPEXKAMEPHBIN JKEITYAO0K, TPH U3 TSATH MaJIbIEB
KOHEYHOCTH Y HMX HeJopa3BUThl. CTpoeHHe cepiile MO3BOJSET CKa3aTh, YTO 3TO — JUOO MTHUIIBL,
60 MiekonuTaronue. YeTbpéXKaMepHbIi KeTyI0K XapakTepeH [UIsl HEKOTOPBIX MpeICcTaBUTEeNeH
Ilapnokonvimusix. OH COCTOUT CIEAYIOUIMX OTAENOB: pyOIa, CeTKH, KHUKKU U cbiuyra. CTpoeHue
KOHEYHOCTeH Takke cooTrBeTcTByeT [lapHokombITHRIM. Hambosee BeposSTHO, YTO JaHO OMHCAHHE
Kopogul. VI3 coeTMHUTENbHBIX TKaHEe! MOTy4aloT )KeJIaTUH, KOTOPBIM HCII0NIb3yeTCs A1l TPOU3BO/ICTBA
JKEJTATUHOBBIX (PoTOorpadUuecKux MIACTUHOK.

Cootserctsue: 4 - T.

5. DTo TponHMUYECKOE PaCTEHUE COIEPIKUT BO BCEX CBOMX YACTIX MJICUHBIHN COK. M3 MITledHOTO COKa
MOJTy4aroT HaTypasibHbIM Kayuyk. [loaTomy MoxeT ObITh 3amudpoBaHO caMoe paclpoCTpaHEHHOE
KaydyyKOHOCHOE€ pacTeHue — cesesi Opasunvckas. 1IpaBUIbHBIM MOXKET OBITH TaKXKe OTBET (uUK)cC
NACMUYHBIY [€T0 UCTIONB3YIOT KaK KayuyykoHoc B Unauu].

Coortserctaue: 5 - b.

6. D10 pacTeHne UMeeT TIo — KOpOOOUKY C CEMEHAMMU, TOKPBITHIMU I'YCTHIMHU BOJIOCKaMu. Takum
TpOEHHEM 00J1a/1aeT KOpOOOUKa X10nyamuuKa, a BOJIOCKU, pa3BUBAIOIIUECS Ha CEMEHAX, HCTIONb3YIOT
JUISL IPOU3BOZACTBA XJIONAYTOOYMa)KHOM TKaHH.

Cootserctaue: 6 - B.

7. D10 aBTOTPO(HBIC OPraHU3MbI, B KHU3HEHHOM IIMKJIE KOTOPBIX MpeolnagaeT cropodwur, a
ramMeTouT MOXKHO pasmIsAETh TOIbKO MO MUKpockonoM. [loa 3To onucanue moaxoauT JTOBOJIBHO
OompIION criekTp pacTeHuil. Jto [[semrosvie (Ilokpvimocemennvie) u lonocementvie pacTCHHS.
[lepeuncnuM BETKOBBIE PACETHUS, YUACTBYIOLIUE B IPOU3BOJCTBE MaTEPHAJIOB.

TyToBoe nepeBo (IENKOBUIIA) - THINA JJIs TYTOBOTO IIEIKONpsiga. [eBes Opasuiabckas —
Kay4yKOHOC. XJIOMYaTHUK — MCTOYHMK BaThl M XJIOMYaTOOyMaXKHBIX TKaHeil. OcHHa — MCTOYHUK
MSTKOHM JpeBEeCUHBI, YIOOHOW /UIsi OTaunBaHUs KapaHpjamie. JIEH — HCTOUHHMK ThHASHON OMU(BI 1
JTBHSHBIX TKaHel. Tomnosb, 6epé3a u Ipyrue AepeBbs, JAOUIIe CMOIUCTHIE BHIACIEHUS — C HUX MUYEIBI
coOMparoT MaTepua, KOTOPbIN repepadaThIBacTCs B MIPOTIOJIHC.

N3 TonoceMeHHBIX €J1b HCTIOIB3YIOT B IPOM3BOICTBE OyMarmy.

CootserctBue: 7-A, BB, [, E, X, WU.

8. DTOT opraHu3M B JIMYMHOYHOW CTAJMH WMEET TPBI3YIIMA POTOBOM ammapar. Takold poTOBOM



anmapar XapakTepeH JUIs T'yCEeHUI], KOTOPbI y UMaro mpeTepreBaeT CUIbHbIN MeTaMopho3. Y muén
— IPBIBYLIC-IMKYIIMNA armapat, COXpaHsIOIUNACSI BO B3pOCIOM COCTOSHUM. Takum oOpa3om, ObLI
3 (pPOBAH MYMOGblU ULETKONPSO.

CootBercrBue: 8 - A.

9. DT OTHOKIIETOYHBIE TETEPOTPOPBI UMEIOT PAKOBHHBI M JIOBUYIO CETh U3 CIICIIMATN3UPOBAHHBIX
JOKHOHOXEK. Peub UIET 0 popamunugepax, pakoBUHBI KOTOPBIX 00Pa30BaIN 3aJI€KU Mea.

CootBercrBue: 9 - 3.

Kputepui: BozamoxHo 16 mpaBHIBHBIX COOTBETCTBUH. 3a Ka)J10€ MPABHIBHOE COOTBETCTBHE — | Oa.

3apava 3 (10 6annoB). C momoripio OykBeHHOro mudpa maiTe
OIKMCaHME PACTEHUS, IPEACTABICHHOTO Ha PUCYHKE CIIeBa.
CemenctBo: A — Posonsetnsie; b — Kpectorsernsie; B — [Taciénossie;
I — bo6ossie; [l — Cnapkesbie; E — 3makoBeie.

LiBeTok: )K — akTuHOMOpPHBIN; 3 — 3uroMopdHbIi; 1 — HenmpaBHIIbHBIN
3aBaAsb: K — Bepxuss; JI — HUOKHSAS
Mnoa: M — srona; H — opernrek uim MmuOrooperek; O — KOCTSHKa;

IT —3epHoBKa; P — cemsanka; C — cTpy4OK WJIM CTPYUOUEK;

T — 600; ¥ — kopobouka
OxkonougeTHuK: @ — aBoiinoi; X — mpocToit; 1] — peayupoBaHHBIH.

OtBeT: Ha pucynke npeacrasiieH Jlanoviue mMatickutl — pacTCHUE U3 Ce-
MmericTBa CmapxkeBbie (mopsnok JlunuenseTHble). OCTadbHBIE «IITKOJIb-
HBIE» CEMENUCTBA SBHO HE MOJIXOJSIT.

Wndp oteeta: O, X, K, M, X.

KpuTepwuii: o 2 Gaa 3a Kak1y0 IPpaBHIbHYIO OyKBY mIudpa.

3apava 4 (15 6annoB). Iludppamu Ha
KapTe 0003HAYECHBI MECTa PACIOJIOKCHHSI
3aIOBEIHUKOB.
Beibepute n3 crucka Ha3BaHUS ITHUX »
3aIOBETHUKOB. 4
A. AcTpaxaHckuii. o] 20
b. Baiikanbckuii. }
B. Kponorkwuii.
I Kenposas [Tans. o)
I. Maranasckuid. 3
E. IIpHoKCKO-TeppaCHEIii. 10 ‘
X. Yccypuiickwuii.
VYKaxuTe, Kakoe U3 )KUBOTHBIX OXPAHSIETCSI
B Ka)XK/IOM M3 3aI0BEIHMKOB, 0003HAUCHHBIX Ha KapTe:
|- Kynpsserit nenukan; ll—amanaiickuit mensens; lll—benorneuwnit opnan; IV—3y6p; V—baprysun-
CKHI COOO0JTb.
VKaxuTe, KaKoe U3 PACTCHUI OXpaHSIETCs B KaXIOM U3 3THX 3alOBEIHUKOB, 0003HAYCHHBIX Ha KapTe:
VI-Jloroc kacmmiickmii; VII-XXenpmens; VIII-IInemuuk Oaiikanbckuii; IX—KoBbUIb MepUCTHI;
X—TprwuinyM KaM4aTCKHiA.
J1J1st IpOCTOTHI CYMTANTE, YTO KAXKIOMY 3aMOBEIHUKY COOTBETCTBYET KAKOES-TO OJHO KHBOTHOE
1 OJTHO pacTEHHE.



OTBer:

LUudpa Ha kapTe | HazsaHue 3anoBeaHuka | OxpaHsieMoe XMBOTHOE OxpaHsiemoe pacTeHue
1. | b. Baiikanbckuit V-—bBaprysunckuii codons* | VIl-1Inemunk Gaiikanbckuit
2. | B. Kponormkwuii Il Bemnorureunii opian X—Tpumnmym KaMuaTCKUH
3. | X. Yccypuiickwmii Il-T'umanaiickuii mensens | VII—Kenbirens
4. | E. IIpuokcko-teppachusbiit | IV—3yop IX—KoBbL1b epUCTBIi
5. [ A. AcTpaxaHckuit |—KynpsiBbiii enukan VI-JloToc kacuiickuii
MpumeyaHms. *CoBonb BCTpeyaeTcs Takke W B APyrux 3anoBedHukax (B Yccypuickom, B KpoHoLKom),

HO CaMblit TEMHBIA Mex — Y Tak Ha3biBaeMoro 6apey3uHckoeo coborsl, 06UTaloLLero B OKPECTHOCTAX
o3epa baiikan.

Kputepun: mo 1 Gamry 3a kakJ0e NpaBUIBHOE COOTBETCTBUE MO Tabiuie. [ TaBHBIMH CYUTATH
udpbl Ha KapTe (JIeBbIH cToNIOeL).

3apava 5 (2 6anna). HazoBute pacTHTEIbHBIC TKAHU, KOTOPBIE YIOTPEOISIOTCS B UIILY B OJIF01aX
u3 KIyOHeH kapToderns (cuuTaiTe, 4To nepe ynorpedieHueM KapTodesb MOIOT YUCTHAT).

A. Dniuaepma. B. Xitopenxuma. B. Kcuiema. I I[TlepBuuHas kopa.

A. Mepunepma. E. Komenxuma. X. ®rosma. 3. Cxiiepenxuma.

OtBeT: B. Kcunema. X. dosma.
Kputepwii: TTo 1 6amny 3a mpaBUIbHO HaA3BAHHYIO TKAHb.

3apaya 6 (8 6anno.). [lyist M300paXKEHHBIX Ha JMarpaMMax I[BETKOB IMOJ0EPHUTE COOTBETCTBY-
fomue hopmysasl. [inarpammMbl LBETKOB:
O

DY /) (f%\
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Ca,Co5AsGy X. 1 PnAG,

A. 1 Ca;)Cosi5ALG 3. * Py3A55G
E- * Caz+2C04A2+4G(2) M- * Ca3C03A3+3G(3)

(SR~
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®opmynbi:

A. * Ca;CosA.G., I =*

Ca (Calyx) —vameuka; Co (Corolla) — Benunk; P (Perianthium) — mpocToii okononBeTHUK; A (Androe-
cium) — anjaporei, coopanue TeranHOK; G (Gynoecium) — ruHernei, coopaHue MI0J0TUCTUKOB

OTBeT: 3aaHue MpeanoIaracT yMeHUE «YUTaThy AUarpaMMbl U (OpMyJIbl IIBETKA.

Ha pucynke A mokasaH BETOK C 5 CpOCHIUMUCS YAIIETUCTUKAMHM, 5 CPOCIIUMUCS JICTIECTKAMH,
5 cBOOOAHBIMM TBHIYMHKAMU MU 2 CPOCHIMMMCS IUIOJOJIMCTUKAMHU B LEHTpe. TakoMy CTpPOEHMIO
COOTBETCTBYET TOIbKO oiHa opmyna —B. * Ca;Co5A5G ).

Ha pucynke b nmokasaHn 1BeTok ¢ 6 ThBIYMHKaMU (TPH 4y Th-4yTh JaJbIIC OT ICHTPA, U €LIe TPH —
qyTh OJIMXKE; KaK TOBOPST yUEHbIE — B IBYX KpyTrax) H TPEMs CPOCIIMMHUCS IIJIOJJOIMCTUKAMH B LICHTPE
(kpacHble cTpenky). TakoMy CTPOSHHUIO COOTBETCTBYET TONIBKO ofHA hopmyna — 3. * P3.3A5,:G ).

Ha pucynke B cymmapho 4 yamenucruka, 4 nernectka, 6 THIMMHOK M 2 TUIOAOIUCTHKA. TakoMy
IIBETKY COOTBETCTBYET TOJIBKO ofHa opmyna: E. * Ca,,C04A,,,Gy).

Ha pucynke ' nBetok ¢ MHOrouucieHHbIMU (Oombine 12) THIUMHKAMH M NECTHKAMU —
A. * Ca;CosA.G..
Kputepuit: mo 2 6ana 3a kaxjoe npaBuibHoe cootBeTcTBUE. PUC.A-B; Puc.b-3; Puc.B-E; Puc.l -A.



3apava 7 (3 6anna). Bce mpeacraBieHHbIE Ha PUCYHKaX PACTCHHUS 1O CHOCOOY IMOTYYCHHSI
MMUTATEIbHBIX BEUIECTB OTHOCATCA K OJHOW M TOH KE IKOJOIMUYECKOW TpyIIE, 3a HUCKIHOYECHUEM
omnHoro. OTmeThTe 3TO pacTeHue. Kak oHo Ha3biBaeTcss? UeM ero cmoco0d MUTaHUS OTIUYAETCS OT
OCTaJIbHBIX?

\ it

Oteer: ' — [ToBuiinKa, 5TO Mapa3UTHUECKOE PaCTEHHE, MOTYYarolee TUTATeIbHBIC BEIIECTBA OT
pacTeHHsI-X03s5IMHa.

Kputepun: 1 6amn — npaBuiibHO yka3aHa OykBa mudpa; 1 6an — mpaBUIBbHO yKa3aHO Ha3BaHHE
pactenus; 1 6amn — orMedeHa 0COOEHHOCTh MMUTAHUSI PACTECHUSL.

R

3apava 8 (16 6annoB). B pe3ynbrare SKCIIEpUMEHTa OBLIO H3MEPEHO, YTO MOMYJISIIIAS PACTCHUI
B TEUCHUE JHS oOpa3oBaia 268,8 TUTPOB KHUCIOopoaa B pe3ynbTaTe GoTrocuHTe3a (00beM ra3a naH
MIpU HOPMAJIBHBIX ycloBHsix). KakoBa macca rimroko3sl (CsH,O;), 00pa3oBasiueiicst mpu 3Tom?

CripaBouUHBIE JTaHHBIE:

aToMapHas Mmacca yriaepoaa — 12, kucinopona — 16, Bomopona — 1,

MOJISIpHBIN 00beM Ta30B — 22,4 11 (IpH HOPMAJIBHBIX YCIOBHSX).

PewweHue:
1. (4 6anna) 3anumiem ypaBHeHHE POTOCHHTE3a U pAaCCTaBUM KOI(DDHUIIUECHTHI:
6 H,0 + 6 CO,=6 O, + C{H,,0O4
2. (4 6anna) PaccuntaeM MOJICKYJISIPHYIO MacCy TITFOKO3bI
M(C.H,,0,) = (12 X 6) + (1 x 12) + (16 x 6) = 180 r/Mob

3. (8 6annoB) PaccunTaem KoM4ecTBO 0OpPa30BaBIIErOCs KUCIOPOa (IPH H.Y. MOJISIPHBINA 00beM
ra3oB paBeH 22,4 n/monb): 268,8 / 22,4 = 12 monei.

W3 ypaBHEHUS CIIEAYET, YTO Ha Kaxble 6 MOJIEH KUCIOPO/Ia IPUXOIUTCS OIUH MOJIb TITFOKO3bI,
CJIeIOBATEIBHO TITFOKO3bI 00pa3oBayiock: 12 / 6 = 2 mods.

PaccunTaem maccy oOpa3zoBasiueiics ritoko3sl: 2 X 180 = 360 r.

OtBeT: 360 rpamMMOB.
3apaya 9 (16 6annos).
5 5 e A. Ha pucyHke cieBa IOKa3aH uepen MIICKO-
10 , o nutatomero. OnpenenuTe, K KaKOMy OTpsAy OHO
/ \ OTHOCHTCHL.
B. Ha kakue xocTu uepemna MpUXOAATCS TOYKU
P BN ; ¢ KoopnHaTamMu (0003HAUYEHO YEPHBIMU KPyTramHu):
‘ ¢ [11;4]; ¢ [10; 8];
¢ [7;6]; ¢ [4,9];
¢ [5;4]; ¢ [2,5;5,2]?
i e ¥ B. Vkaxure KOOpAMHATHI TOUYKH OMOPHI phluara
Ha HIDKHEH 4elIfocTu B popme [x; y].
4 J I [Ipu OTKyChIBAaHMM THILM JKEBATEIbHAS U BHU-
COYHAsI MBIl CO3[AJINA PE3YIBTHPYIOMYIO CUITY
0 5 10 400 H, xoTopas npuiioxkeHa K Touke [6; 2] B HarpaB-
JICHUH, TIOKa3aHHOM Ha PUCYHKE BEKTOPOM, U TSHET
HUKHIOIO YeNIOCTh BBEpX. PaccumTaiiTe cuity, ¢ KOTOpoil cxxumarotcs 3yOsl B Touke [3; 2]. Becom
HUKHEH YeTIOCTH U TPEHHEM B CUCTEME TPEeHeOpeyb.
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PeweHue:
A (1 6ann). Ha pucyHke Mmoka3aH 4epern 4eIOBeKa.
UYenosek pa3ymHblil (Homo sapiens) OTHOCUTCS K OT-
psany Ilpumaros.
b (3 6anna). Ha kakue KoCcTH ueperna IPUXOISITCS TOY-
KM C KOOpAHHATaMH (0003HAUEHO YEPHBIMU KPyTaMHt):

¢ [11; 4] — Touka A4: 3aTbUIOYHAS KOCTB;

¢ [7; 6] — Touka B: BUCOYHAS KOCTb;

¢ [5; 4] — touka C: cKyJIOBast KOCTh;

¢ [10; 8] — Touka D: TeMeHHast KOCTh;

¢ [4; 9]; — Touka E: 100Has KOCTb;

¢ [2,5;5,2] — Touka G: HOCOBasi KOCTb.

ITo 0,5 6anna 3a KaX Iy TOUYKY.

B (2 6anna). KoopauHaTsl TOYKH OMOPHI pbluara Ha HWKHEH demtocTr: To4ka O [6; 4].

I (10 6annoB). Pesysbrupyroinas cunia, Cys o 0003HAYCHHSIM Ha PUCYHKE, PHIIOKEHA K HIKHEH YeITr0C-
TH B TOUKE ¢ KoopauHaroi [6; 2]. O6o3HaunM e€ kak Touky W. IMeHHO crofia mpuIioKeHa cuiia, HoTHIMAaFo-
11asi 4eNoCTh BBEpPX.

10

HpOI/ISBeI[eHI/IC CHUJIBI Ha €€ pbryar 10JI2KHO OBITh OJMHAKOBO IO BCEUM HMKHEH Yen IOCTH, T.C.

113 5TOr0 COOTHOLICHNUS BRIYMINM CHITy CxkaTHs 3y6oB B 10
touke R [3; 2]. Paccuntaem nnuny otpeska |OR).

5 10
I[J'II/IHa TUIIOTCHY3bI

\Wo| = [WZPHOZP =\ 12422 =5
cos o =|WZ|/ |Wo|=1N5

dopma yentocTH I0BOJIBHO CIOKHAsA. Tem He MeHee,
YeNOCTh 00aaeT A0CTaTOUYHOM MPOYHOCTHIO. [loaToMy
MBI MOXEM MPEIIOIOKHUTh, YTO YETIOCTh JO0KHA HAYaTh
BpallatenbHoe JBHkKeHHEe OoTHOcUTENnbHO Touku O. [lpu
9TOM NS pacyeTa BKJIaJa MPUIOKEHHOW cHibl F BO
BpalllaTeIbHOE JBUKEHHE, HAM MOTpeOyeTcs Y3HaTbh
MPOEKIIHIO 3TOT0 BEKTOpa Ha KacaTelbHYIO K OKPYXKHOC-
TH, IPOBEACHHYIO Yepe3 Touky W [6; 2]. O603HaYuM 3Ty
npoeKiuio Kak Fj. O4eBUHO, YTO 3Ta MPOCKILUS paBHA
F,=F X cos a.

Vron LXWY pasen yrny LOWZ (mokaxurte
camocTosTenbpHO). [TockonbKy cymma yrioB B + o = 90°,
paccyrTaeM 3HaueHHUE COS (L, UCXO/A U3 TPSIMOYTOILHOTO
TpeyroibHuka WOZ.

COOTBGTCTBCHHO, MPpOCKI U CUJIBI F Ha KacCaTCJIbHYIO, HpOBCIIéHHYIO B TOYKC VV, COCTAaBJIACT:

Fy=F xcos a=400 Hx 1/N'5=400/5=400/2.24 = 166.7 H
Jlnuna rteya |OW| npUIoKeHHON CUITbI paBHA V.

F, x |OW| = F, x |OR|

OR| =\ 42422 =16+ 4=V20=2V5
CocraBisseM mponopuuro, Hs3 KOTOpOfI OJIy4Ynum

CUITY, IPUJIOKEHHYIO K Touke [3; 2]:

F,=[F, x |OW[]/ |OR| = [(400 / ) H x 3] / 2\ 5

=200/V5=40V5~894H

OtBer. Cuna, ¢ KOTOPO#l CKMMAIOTCS 3yObI B TOUKE

[3; 2], mpumepHo pasHa 90 H.

He Oynet omunbKoii, eciu B pelIeHUH ecTh pac- 0

; ~/—§r' =~

CU€T CHUJIBI B CTpOTro BCPTHKAJIBHOM HaNpaBJICHUU

(romy0as ctpenka). Bennunna ymeHbmuTcs B 2/ V5 pa3, u cra”et pasHoi 80 H.



3apaya 10 (8 6annos). Ha pucyHke cieBa mokasaHa cxeMa CTPOCHUS IJ1asa.

VYKakuTe, KaKue CTPYKTYpbl Ha pUCYHKe 0003Ha4YeHbI nuppamu 1 —4:

A. Xénrtoe nsatho.  b. Porosumna. B. Pagysxka. I Tlepenusist kamepa.

A. Crenoe nsitHo.  E. [unnapHoe terno. X. 3purenbhas kopa. 3. CTEKJIOBHIHOE TEJIO.
Ha ocTanbHBIX pUCYHKaxX IOKa3aH X0/ Jy4el BHYTpH Ii1a3a

IpY pasriisiIbIBaHUY MIPEAMETOB y YEJIOBEKa MPU HAPYIICHUSIX

3penus. Kakue nBa HapyIleHUs MMOKa3aHbl Ha CXeMe MO OyK-
Bamu U u K?

K
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HopmanbHoe 3peHue Bbinyknasi nuH3a BorHyTas nuH3a

Otser:

1 -T. [lepenusis kamepa.

2 - XpycTanuk, He 0003HaueH OYKBOLL.
3 - A. XKéntoe nsTHo.

4 - 1. Cnenoe msiTHO.

JedexTsl 3penus:

U - [TanbHO30pKOCTB.
K - bnzopykocTs.

Kputepun: mo 1 Gamny 3a mpaBwiIbHOE Ha3BaHHWE CTPYKTYp 1—4 Ha pucyHke; mo 2 Oajia 3a
MPaBUIIBHOC Ha3BaHHE HAPYIICHHS 3PCHHSL.

Hroro: 100 6a110B.



3apaHue 10 — 11 knacca. BapuaHT |.
Bnok 1 [1]

3apava 1 (4 6anna). O3HaKOMBTECh C TPEIOKECHHOM CUTYyalMell U BhIOEpUTE U3 crucka Gopmy
00y4eHHsI, KOTOpast HAMJTyYIIMM 00pa30M XapaKTEpU3yeT ONMUCAHHBINA MPoLecC 00yYeHHsI )KUBOTHBIX.
®opmbl 00yUeHUS:

labutyanus (ot anri. habituation — npusvikanue).
Cencuruzanus (0T nat. sensibilis — yyscmeumenvHulil).
WucTpymeHTanpHoe 00y4YeHue.
ABepcus (0T aHIJL. aversion — omepaujeHue).
JlarentHoe oOyueHue (0T nart. latens, latentis — ckpvimulil, MmaHlil, HEBUOUMbLIL).
OOyu4eHme MOCPEACTBOM HAOIIOCHMSI.
. MTIpuHTHHT (OT aHTIL. fo imprint — omneyamams, 3ane4amiems).
WHcaiit (oT aHT. insight — npos3penue, o3apeHue).

Cutyaums. VYiuTka-axatuHa moji3€T Mo CTOoNy. DKCIEPUMEHTATOP YAApSEeT JETOHBKO 10 CTOY
PYKOI — MOJITIOCK TIpsSiYeTCs B pakoBUHY. Uepe3 kakoe-To BpeMsi, KOTAa MOJUTIOCK CHOBA HAYMHAET
MOJ3TH, CHOBA CJIEAYET JETKUH yJ1ap MO CTOJIYy — CHOBA MOJUIIOCK MpsiyeTcs. Yepe3 HECKOIbKO TaKHUX
MOBTOPEHUH axaTHHA BCE MEHBIIE M MEHBILE MPSYETCS B PAKOBUHY, a BCKOPE M BOBCE MEPECTAET
oOpamatb BHUMaHUE HA COTPSICEHUE CTOJIA.

Otget: A. Taburyanwus (0T aHrI1. habituation — npusvikanue).

WxXmMEOwo>

3apava 2 (3 6anna). Ykaxute nopsAa0K mpoTekaHus (a3 )KU3HEHHOTO MUKJIA Y XJIaMUIOMOHAIBI:
| a) 3urota — Meit03 — 300CNOPbI — MUTO3 — 300CMOPbI — MUTO3 — FaMeThbl — MONIOBOM NPOLec; |
6) 3UT0Ta — MHUTO3 — 300CIIOPBI — MUTO3 — 300CIIOPBI — M€eH03 — raMeThl — II0JI0BOM mponecc,
B) 3UTr0Ta — MHTO3 — 300CIIOPLI — MEeHo3 — 300CHOPbI — MUTO3 — I'aMEThI — II0JIOBOM mpouecc,
F) 3UroTa — MEW03 — raMeThl — IIOJIOBOU mpouecC — MUTO3 — 300CIIOPBLI — MUTO3 — 300CIIOPLI;
I[) 3Urora — MHUTO3 — MHUTOCIIOPBI — SJIMMHWHAI A 3 CIIOp B T€TpAaAC — MUTO3 — 300CHOPLI — Meiio3
— raMeThl — II0JI0BOM Impomuecc.

3apaya 3 (10 6annos). C momoripo OykBeHHOro miudpa ganTe
OITMCAHNE PaCTEHHS, IPEACTABIEHHOTO Ha PUCYHKE.
CemenctBo: A — Posonsetnsie; b — Kpectousernsie; B — Opxuanbie;
I' — bo6ossre; /I — JIunetinsie; E — 31akoBble.

LiBeTok: K — akTuHOMOp(PHBII; 3 — 3uroMop(HbIL;
N — HenpaBunIbHbIN

3aBA3b: K — Bepxnuss; JI — HKHSA

Mnoga: M —saroga;  H — openiek uiam MHOTOopelex;

O — koctsuka; 1 — 3epHoBKa; P — cemsiHka;
C — cTpydok unu crpydouex; T — 600; ¥ — kopobouka
OkonouBeTHUK: @ — nBoiiHoM; X — mpocToii; L] — penyupoBaHHbIi

OtBeT: Ha pucynke npencrasiieH Beunepun dawmavox (Paphiope-
dillum) — pactenue u3 cemeirictBa OpxuaHbIX. OCTaTbHBIE «IIKOIb-
HBIC» CEMEUCTBA SIBHO HE MTOIXOJISIT.

Wudp otBeta: B, 3, 11, Y, ® unu X (paBHO3HaYHbIE).

Kputepwuii: o 2 Gaa 3a KaXk1y10 IPpaBHIbHYIO OyKBY HmIudpa.

3apava 4 (14 6annos). M3yuunTe cXeMy KH3HCHHOT'O [IUKJIA TTAPA3UTUUECKOTO YEPBS U OTBETHTEC
Ha BOIIPOCBHI.

JlaHHBII Mapa3uTHYECKHl YepBb OTHOCUTCS K TAKCOHY (CHCTEMaTUUYECKOU T'PYIIIe):
A. JleHTOYHBIE YEPBH. B. Kpyribie uepeu.  B. Cocanblumku. I KonpuaTsie uepBy.
0. Hu x ogHOMY M3 TIepeYHCIICHHBIX.

KaKI/Ie YTBep)KI[eHI/ISI 06 0C06€HHOCT5IX JKN3HCHHOI'O IIUKJIa JAHHOI'O BHUIA Hapa3I/ITOB BCprIe,
a KaKHC — HCT:
E. B XM3HEHHOM UMKNE ABA NPOMEXYTOUYHbIX XO3IMHA.
XK. OxoHYaTEeIEHBIM XO3SMHOM SIBJISIETCS] OPIOXOHOT M MOJIITFOCK.




3. X(I/IBHGHHI:II\/'I IIUKJI 3aMBIKACTCs 663 BbIXOJ1a
rnapasuTa BO BHELIHIOIO CPENy.

WN. OkoHYaTenbHbIN X035IMH 3apa)xaeTcs Npu noeaaHuu
NPOMEXYTOYHOr0 X035IMHa.

K. B xome KM3HEHHOTO MMKJIA JaHHBIM Mapa3uT pas-
MHOXKACTCs TOJIBKO OJWH pa3s.

Kputepun: IlpaBuiibHbIC OTBETHI BBIJICIICHBI KPACHBIM
XKUPHBIM 1pudTOM. HyXHO TpaBUIBHO BHIOpATH
onuH otBeT u3 A-[l. 3a onuH npaBUIIbHBII BEIOOp — 4
Oana.

Hanee unyr 5 yrBepxknaeHuil. Ecinm ydacTHHK
HE yKasall, BEpPHOE YTBEp)KJICHHE MJI HEBEPHOE, TO
OTBET HE 3acuuThIBaeTca. Eciu nmpaBUiIbHO yKa3aHbI
BEpPHBIC U HEBEPHBIC YTBEPXKICHUS, TO 32 KaXKJI0€
npucBanBaeTcs 1o 2 6anna. MakcuMmanbHbIi 6amn 3a
3aganue — 14 6aJos.

bnok2[4]

0

5

3apaya 5 (21 6ann).

A (4 6anna). Ha pucyHke ciieBa mokasaH 4epern
MiIekonuTaromero. Onpenenure, K KakoMy OTpSAy
oHo oTHocuTCcs. OTBeT: PykoKpbinble.

b (4 6anna). Kakoii Tum 3y00B OKa3aics B TOYKE
¢ xoopauHaTamu [13; 3] (oTMeueHO YepHOU TOYKOIA)?
OtserT: Pe3ubl.

B (3 Oanna). Vkaxwure KOOpAWHATHI TOUYKH
OTIOpHI phIUara Ha HIKHEU denmtocTd B popme [x; y].
OtgeT: Touka O [5; 4].

I (10 6annoB). [Ipu OTKYChIBAHHUH ITHIIIH )KEBATEIb-
Hasl ¥ BHCOYHAsl MBIIIIBI CO3AJIN PE3YIbTHPYIOIIYIO
cuny 100 H, xoropas mpuiiokeHa K OIpeneIeHHON
TOYKE B HANpPaBJICHUH, IIOKa3aHHOM HA pHUCYHKE

BEKTOPOM, U TSIHET HIJKHIOIO YENIOCTh BBepX. PaccumTaiiTe cuily, ¢ KOTOPOHl CIKHUMAIOTCS 3yOBI
B Touke [12; 3]. Jlns ynporieHusi pacueToB MPUMUTE, YTO JKEBaTelbHAasl MBIIIIA MPUKPEIJICHA B
TOYKaX, OTMEUEHHBIX CTpeIKaMU. BecoM HMKHEH YeTI0CTH U TPEHHEM B CUCTEME MPEeHEOpeYb.

PeweHnwue. PesynsTupytommas cuia, cy/s 1o 0003Ha4YCHHM Ha PUCYHKE, IPHIIOKEHA K HIKHEH YeITF0C-

TH B TOUKe ¢ KoopauHatoii [6; 3]. O603HaunM e€ kak Touky W. IMeHHO crofia IPHIIOKEHA CUJla, TTOHUMAT0-

111as1 YENI0CTh BBEPX.

®opma 4enrCcTH JO0BOJIBHO CIOKHAS. TeM He MeHee,
YeNOCTh 00NaIaeT TOCTATOYHON MPOYHOCTHIO. [loaToMy
MBI MOKEM TIPETIONI0KHUTD, YTO YEIIOCTh JOJKHA HA4aTh
BpalllaTeNbHOE ABMKEHUE OTHOCUTENbHO ToukH O. [lpu
9TOM JUIs pacyera BKJIAJA IPUIOKEHHOW CHIBI F BO
BpallaTelbHOE JIBIKEHHWE, HAM MOTpeOyeTcst Y3HATh
IIPOEKLIMIO 9TOT0 BEKTOPA HAa KACATEIbHYIO K OKPYKHOC-
TH, TIPOBEJICHHYIO uepe3 Touky W [6; 3]. Obo3HaUUM 3Ty
npoeKIuio Kak ). OueBUIHO, YTO 3Ta MPOEKLMS paBHA
F,=F xcosa.

[IpoBen€M IONONHUTENBHOE MOCTPOEHHE: IPOAOII-
®um nyuu [WO) u [WF) nanee Tak, 4TOObI MOTYYUIICS
TPEYronbHUK WYZ ¢ 1el0o4nuCICHHBIMU KOOPANHATAMH.

Vron £ XWZ pasen yriy £ WZY (10Ka)UTE CAMOCTOSTEIBHO).
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Teneps paccunTaeM 3Ha4YEHHUE COS Ol, UCXOIS U3 IIPAMOYTOJIBHOIO TPEYTrOJIbHUKA WY Z.




I[J'II/IH& TUTIOTCHY3bL

WZ) = (8- 6)>+ (11 —3)2 =V 22482 =4 + 64 =68
JlnuHa karera

¥Z) = (8 = 3)2+ (11 — 6)2 =V 52+52 =25 + 25 = \50
Orcrona

cos o= |YZ|/ |WZ| =50 / V68 =25 / \34

CoOTBETCTBEHHO, IPOEKIIHS CUIIBI /' Ha KacaTelbHY10, IPOBEAEHHYIO B TOUKE W, COCTABIISET:

Fy=Fxcos a=100 H x \25/\34 =100 H x 5/\34 = (500 / \34) H
Jutnna mieda |OW| IpHIoKeHHOM cib paBHa \ 2.
[IpousBenenue cuitbl Ha €€ pplyar JOJKHO OBITH OMHAKOBO MO BCEil HUIKHEH YenmocTH, T.C.
F, x|OW| = F, x |OR|
U3 3TOro cOOTHOIICHUS BBIYMIUM CHITY CKaTus 3y0oB B Touke R [12; 3]. Paccunrtaem anuny otpeska |OR).

IOR| = (12 - 5)+ (4 - 3)2 =16+ 1=V 17
CocrasiseM MponopLuio, U3 KOTOPO MOITy4nM CUILY,
NPUIOKEHHYIO K Touke [12; 3]:

F,=[F, x |OW[]/|OR|=[(500 /N 34) Hx \2] /N 17 =
=(500/N17)H/N17=500/17~294 H

OtBet. Cuna, ¢ KOTOPO# CKUMAIOTCS 3yObl B TOUKE
[12; 3], npumepHo pasHa 30 H.

He Oynet ommOKo#, eciiu B pellieHUH eCTh paccyeT
CHJIBI B CTPOT'0 BEPTUKAJILHOM HallpaBiieHUuH (roiay0as

cTpenka). Bennuuna ymensmures B 7 / V50 pas, u

cranet paBHoit 29.1 H.

3apaya 6 (4 6anna). Ha pucynke u300paskeHbI HECKOJIBKO OPraHu3MOB (B pa3HOM MacmiTabe).
CocTaBbTe U3 MPEIJIOKECHHBIX OPTaHU3MOB MaKCUMAJIbHO JIJTHHHYO MHUIIEBYIO LETb.

OtBeT: -A-B-B

3apaya 7 (16 6annoB). C nenbio MOBBIIMICHUS SCTECTBEHHOW MPOMYKTHBHOCTH B BBIPOCTHBIC
PBIOOPA3BOIHBIC TIPY Bl BHOCAT yoOpeHus. OntumanbHoe cooTHomenue N/P 11 MakCMMaibHOTO
pa3BuTHs (HUTOILIAHKTOHA cocTaBisieT 15:1.

A. JIns momydeHuss MaKCHMallbHOTO Tpupocta Omomacchl Bomopociei (10 T/ra) 3a mepuon
OTKOpMa B TpyJ C ABYXJETKAaMHU Kapra Ipexanojaraid no0aBuTh cymmapHo 10 T HaBo3a, B
koTopoMm conepxkanue azora 0,5%, a dochopa — 0,1%. Kakoe xonmnuecTBO aMMHAYHOW CEMUTPHI
(NH,NO;) HeoOxoaumo 100aBUTh JOMOJIHUTETh HO K OPTaHHYECKUM YI00pEHUIM, YTOOBI IOy YUTh



MaKCHUMaJIbHBII PUPOCT GHOMAacChl BOIOpOCTen?

B. Bonopocnu cocraBistot 70 % parriona peio, a 30% npuxoauTces Ha 300TUIaHKTOH. JlomycTim,
YTO JBYXJIETKH JI0 TIEPECaJKU B CICAYIOMUN NPy MOJHOCTBIO ChEeIAT KaK (PUTOINIAHKTOH, TaK U
300IJIaHKTOH. Kakoe Koam4ecTBO pbIOHOr0 KOpMa Ha OCHOBE MTPOTEMHOB HEOOXOAMMO JAOTOIHUTEb-
HO BHECTH B BOJOEM, YTOOBI OIYUYUTh MpUpOCT Ouomaccsl peid 850 kr/ra?

[Tpumure, yTo mpupoct 6uomaccsl coctanisieT 10% ot Ouomaccsl NOTPEOIEHHON MHILH.

Pewenue.

A. PaccunTaeM KOJHMYECTBO CEIUTPBI, KOTOPOE HEOOXOAMMO JI00AaBUTh, YTOOBI COOTHOIICHHE
aszota u (ochopa COOTBETCTBOBAJIO ONITUMAJILHOMY.

1. B HaBo3e conepkanue a3ora u docdopa:

(10 T % 0,5):100=50 xr — a3oT

(10T % 0,1):100=10 kT — hocdop, cooTHOIEHUE a30Ta K (hocopy 5:1, cinenoBaTenbHO, HEOOXOTUMO
no6asuth 100 kr azora (150:10 = 15:1)

(4 6anna)

2. Paccuntaem HEOOXOAMMOE KOJIMYECTBO CEIUTPHI, B KOTOpoM cozaepkutcst 100 kr azoTa:

(NH,NO;) = (2x14+48+4x1) = 80 y.e., conepkanue azora — 30 y.e., cnenoarensHo, 100 Kr a3oTa
conepxatcs B (80x100):28=286 Kr cenuTphl.

(4 6anna)

B. CocraBum Tpoduueckyo 1emns.

@UTOMIAHKTOH MOeaeTcs Kak pplOaMu, TaK M 300MIJIAHKTOHOM.

JonycTtum, 4To B Ipyay BeIpOCiIa OMoMacca 300IIaHKTOHA, PaBHAS X KT.

Ecnu cunrare, 4To B GMoMaccy clienyronero Tpouyeckoro ypoBHs BKitodaercs Toiabko 10%,
TO Macca BOJIOPOCIEH, CheIeHHBIX 300IIAHKTOHOM, cOCTaBUT 10x.

OueBuHo, yTo Kapnam aocranercs [10000 — 10x] kr Bogopocien.

N3BecTHO, uTO (huTOMIaHKTOH cocTaBisieT 70% panuona, a 300mIaHkToH — 30% panuoHa.

Torma Macca 300IJIaHKTOHA [X] OTHOCUTCS K Macce ocTasierocs gurornanktona [10000 — 10x]
kak 30 k 70.

OTtcrofa cocTaBUM MPONOPIHUIO:

x /10000 — 10x] = 30 / 70 = 3/7, oTKyJa BbIpa3uM MaccCy 300IJIaHKTOHA!

7x =[10000 — 10x] %3

7x =10000 — 30x

37x =30000

x =810 kr

@UTOMIAHKTOHA ITPH TOM OCTAHETCSL:

10000 — 810x10 = 10000 — 8100 = 1900 xr

CymmapHno peiosl cbensat 1900 + 810 kr = 2710 kr

T.e. mpupoct 6Guomaccel peid coctaBut 271 kr (4 6anna)

YrtoOb! nomyuuth 850 Kr/ra, peIObI 3a cYET JOOABJIEHHOIO KOPMa JOJKHBI TPUOABUTH!

850 — 271= 579 kr, ciemoBaTenbHO, OEITKOBOIO KOpMa HeoOxomumo 1obasuth 5790 kr (4 6anna)

OtBerT:

A — 106aBuTH 286 KT aMMUAYHOM CEIUTPBI

B — mpupoct nByxmerok cocraBut 270 kri/ra,
a yTtoObl nocTHub mpupocta 850 Kr/ra, HYKHO
JONOJTHUTENBHO 100aBUTh 5790 KT KOpMa.

3apava 8 (4 6anna). Ha pucynke P> moka3zana
CXeMa CTPOEHHS yXa. YKaKWUTe, KaKue CTPYKTYpHI
Ha pUCyHKe 0003HaueHbl udppamu 1 —4:

A. EBcraxuesa Tpyoa. K. Ynurka.

b. YwHas pakoBuHa - 1. 3. HakoBanbHsa - 3.

B. bapabanHast nepenoHka. U. M'unmoxam.

I MonykpyXHbIN KaHan - 2. K. Crpemeuxo.

[. CnyxoBou HepB - 4. . CunbBueB poOTOK.

E. Yurnoit kanai. M. Monortouex.



Brok 3[3]

B coBpeMEHHON IN'€HETUYECKOW UHIKEHEPUU YaCTO NIPUMEHHSIOT TEXHOJIOIUH, CBA3aHHBIE C TOMOJIOTHY-
Holt pexomOuHanueit JJHK nenocpenctBenHo B )kuBom oobekte. OnuH u3 npumepoB — cucremMa CRE-Lox P.

Lox P — 310 nocnenoBatensHocTh HykieoTunoB B JJHK ¢ara P1. Ona cocrout u3 34 HyKJI€OTHIOB.
B cepeaune pacnonaraeTcsi HECUMMETPUYHAs MIOCIEOBATEIBHOCTh U3 8 HYKJIEOTU/OB (IIOKa3aHa Cepoit
cTpenkoi Ha pucyHke). [lo kpasM pacnonararoTcsi Tak Ha3bIBa€Mble MAJUHIPOMHBIE MOCIEI0BATEIBHOCTH
u3 13 HyKJIEOTUIOB (BbIJECICHBI HA PUCYHKE KAaK MYHKTHpPHBIE 0J0KK). OHM CUMMETpPUYHBI (UTOOBI B 3TOM
y0enuThbes, 10CTaTOYHO IPOYUTATh 00€ MOCIEe0BAaTEIbHOCTD OT 5'- KOHIA K 3'- KoHILY). IMeHHO 3Tu najiuH-
JIPOMHBIE YUaCTKU y3HAET 0COOBIN (hepMEHT, BBI3BIBAIOIIMN pPeKOMOMHAIMIO, KOTOpbIH o0o3HauyaoT CRE.
bynewm B nanbHeiiem Ha3bIBaTh 3TOT pepMeHT pekomOuHazoit CRE.

Jlnst Toro, 4TOOBI COCTOSsIIACh peKOMOMHALUS, J1Ba caiiTa Lox P TOMKHBI PaCHOIOKUTHCS MapaliieabHO
apyr apyry. Pekombunasza CRE y3naet 3tu caiitel, BHeceT B JIHK paspessl B onpenenéHHbIX MecTax, a 3aTeM

caunt Lox P

A
\/

S5{ATAACTTCGTATAATGTATGCTATACGAAGT TAT3
3{TATTGAAGCATAT[TACATACGATATGCTTCAATALS

13 HyKn. nanMHApom acMMMeTpuyHasn
nocnegoBaTenbHOCTb

13 Hykn. nanuHapom

coequHUT no-HoBoMy aBe HuTH JJHK (T.e. mpousoiineT pekomOuHaus).
Amnanoruyno paboTaeT u Apyras cucremMa romonorudHoil pexkomOuHanuu — Flp-FRT, o6HapyskxeHHas
y nekapckux aposxkeit. Cailt FRT — 31o nocnenoBatenbHocTh JIHK, koTOpyto y3HaeT cBoil pepMeHT romo-

5" NNNNNNNNNNNNATAACT TCGTATA

ATGTATG TATACGAAGT TATNNNNN -3

Mlee 3 NNNNNNNNNNNNTATTGAAGCATATTACATAC ATATGCTTCAATANNNNN 5
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noruuHoi pexkomOuHanuu — ¢uunmnasa (Flp). Ilpu pexkom6bunanuu e monekynsl JJHK nomkHBl oppeHTHPO-
BaThCs NMapaJIJIeNIbHO APYT APYTY caiitamu FRT, 1 TOJIBKO B 3TOM Cllydae IPOU30UIET peKOMOUHALUS.

3ameruM, uto ¢uunmnasza Flp y3HaeT TONbKO CBOKO MOCHIENOBATENbHOCTh FRT, HO HE MOXKET paboTaTh
c caiitamu Lox P, a pekomO6una3za CRE y3HaeT Tonbko cBou caiiTel Lox P, HO He paboTaeT ¢ caiitamu FRT.



MpepBapuTenbHOe AoKa3aTenbCTBO (Nemma) k 3apgaye 9 (5 6annos).

1 (2 6anna). [lokakemM, 4YTO MPH T'OMOJIOTHYHOW PEKOMOMHAIIM M0 «IEPEBEPHYTHIM
(MHBEPTHPOBAHHBIM) IIOBTOPAM IIPOUCXOIUT «IIEPEBOPOT» MmocienoBaTenbHocTH JJHK, Haxomsmmeiics
Mexay noBropamu. st aToro Hapucyem moiekyny JJHK u ycioBHo 0603HaunM Ha Hel OykBamu
HECKOJIBKO TOYCK.

A B,C D E F G

3aTeM «H30THEMY MOIJICKYJYy Tak, 4TOOBI IIOBTOPHI, 0003HaYEeHHBIE CTpCJIKaMH, BCTalld
MapaJuieJibHO APYT APYTY. ITociie oOMeHa yY4aCTKaMH U «pacClpaMIICHUA» OKAKETCA, UTO HCHTPAJIbHAA

E E

i B, © F_E DO ¢C \H d
d X07 | | Lox P
N V

4acTh MEK]1y IOBTOPAMH «IIEPEBEPHYIIACH).

2 (3 6anna). lokaxxem, 4TO [IPH FTOMOJOT MIHOM PEKOMOMHALIN 10 TPSAMBIM ITOBTOPAM IIPOUCXOIHT
oOpazoBanue konbleBoit JIHK, npu stom u3 nuneiinoit nocnenosarensHoctu JJHK «ynansercs»
y4acTOK, HaXOSILIEHCs MeXIy MoBTopamu. [l 3TOro Mcmonb3yem TOT ke MPUEM: HapHCyeM
monekyny JIHK u yciaoBHO 0603HaunM Ha Hell OyKBaMU HECKOJIBKO TOUEK.

Tonbko B 3TOM cityudae AJisi TOrO, YTOOBI MPSIMbIE MTOBTOPHI BCTANM MapallJieIbHO APYT JIPYTY,
npUAETCA XUTPOYMHO U30THYTh MOJIEKYITY TaK, YTOOBI OT KOHI[A OJTHOTO M3 MOBTOPOB (Touka C) 11u
touku D, E, F, a TOTOM Ha4rHAaJCs HOBBIK MOBTOD (B TOouke G).

[Tocne pexkomObuHanuu Touku C 1 G MOMEHSI0TCS MECTaMU, U B PE3YJIbTATE MOTYUYUTCS KOJIbIIEBAS
JHK (C, D, E, F, G) n nuneitHblil yyactok (4, B, H, J). bynem cuutats, yto konbleBas JIHK kak Ob
«yucye3aeT» (He MOKET PEIIUIIUPOBATHCS B KIIETKE).
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3apaya 9 (8 6annos).

Jist uccnenoBanus pa3IMYHBIX MPOIIECCOB B )KUBBIX OpPraHU3Max HCHOIb3YIOT (PIyopeceHTHbIE OETKH.
[Tpu oGyyeHun, HapuMep, yIbTPa(GrOIEeTOBEIM CBETOM TAKOW OENIOK CBETUTCS B BUIAMMOM YaCTH CHEKTPA.
[Monyuens! 3enensiii (GFP, green fluorescent protein), cuawuii (BFP, blue fluorescent protein), sxentsrii (YFP,
yellow fluorescent protein) u naxke kpacusiii (DsRed, u3 kopanna Discosoma striata) hbayopectieHTHbIC OSITKH.
B reHHO-MH)KEHEPHBIX KOHCTPYKIMAX UX CTABST O] ONPEAEICHHbIE IPOMOTOPHL. B 3aBUCMMOCTH OT 3TOrO
B )KIBOM OOBEKTE CBETATCS pa3HbIC YaCTH.

35 CaMV — nmpomMoTop, KOTOpBI pabOTaeT BO BceX KJETKAaX pacTeHWi. [eHHBIN WHXKEHep co3lal
KOHCTPYKIIUIO, CXeMaTh4yecKasi KapTa KOTOpoil mpuBeneHa Hike. [IpomoTop ycrnoBHO n300paxéH B popme
NATAYTOJIbHHUKA, KOAUPYIOIINE YaCTH TEHOB — B (JOPME CEPBhIX MPSAMOYTOJIBHUKOB, caliTel Lox P u FRT —
B BHUJI€ CTPEJIOK, ITOKa3bIBAIOIINX HANPABICHUE aCUMMETPUYHOM YacTH. s momyueHus O€IKoBOro Mpo-
IyKTa HEOOXOAMMO, YTOOBI KOIUPYIOLIas YacTh OKa3zajiach Ha Toi xe nernu JJHK, yTto u mpomoTop, Haxo-
Iuiach B BEPHOM OpHEHTalMM (M IPU 3TOM — B cTOpoHY 5'-koH1a HUTH JIHK oTHOCHMTENnBHO poMOTOpA).
[TocnenoBarensHocty Lox P v FRT 10CTaTo4HO KOPOTKHME M He MemaroT cuuTeiBaHu0 U-PHK. Y€pHbiMu
poMOamMu 0003HaYEHBI TEPMUHATOPHI TpaHCKpUMuuu. CUuTalTe, YTO B ITOM MECT€ MATPUUYHBIA CHUHTE3
nu-PHK npexpamaercs.

A. KakuM I[BETOM [OJDKHBI CBETHTBCS KJIETKH, B KOTOPBIX COACPIKUTCS JaHHAs T€HHO-HH)KCHEpHAas

355 CaMV FRT LoxP DsRed R |FRT
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koHCTpyk1usa? [louemy?

B. Hapucyiite B Tex ke yCIOBHBIX 00O3HAuCHMSX CTPYKTypy npuBenéunoro ydactka JIHK mocie
neiictBusi pekomOuHasel CRE. (Cuuraiite, 9TO MpU 3TOM PEKOMOWHAIMS MTPOU3OILIA TOIBKO OJUH pa3s!)
W3MeHuTCs 11 Mocie 3TOro CBeYeHHUe KIETOK?

B. Hapucyiite B Tex ke yCIOBHBIX 00O3HAueHHSX CTPYKTypy npuBenéunoro yvactka JIHK mocie
nevicteust paunmnasel Flp. (Cuutaiite, 4T0 pH 3TOM peKOMOMHAIIMSI TIPOM30IILIA TOJIBKO OAMH pa3!) M3meHuT-
Cs1 JIX TIOCJIE 3TOT'0 CBEUYEHHUE KIIETOK?

I IlpeanonoxuMm, 4TO HAa HCXONHYIO TocienoBarenbHoch JJHK B reHHO-WH)XKEHEPHON KOHCTPYKIIUU
cHavasa rojeicTeoBaiu pekomonnasoit CRE, a mocne storo — ¢munmasoii Flp. Hapucyiite cxemy cTpoeHus
JHK s storo ciyvasi. Kakum Oyzet cBedeHue KIeTok?

aw
«@a

PeweHue.

A (2 6anna). ITockonbky mocite 35S-mpomoropa Ha Toii ske renu JIHK pacronaraercst KOQUpyromas 4acth
rena DsRed, kieTku H0KHA CBETUTHCS KPACHBIM CBETOM.

B (2 6anna). Pekombuaza CRE y3Haér mociemoBarenbHCOTH LoxP. Eciui MOBTOPBI PACIOIOKEHBI
VHBEPTUPOBAHHO, TO IPOU3OMIET «rmepeBopoT» mnociuenoarenbHocT JIHK, pacnonoxenHon Mexay
noBTopamMu. Takum 00pa3zom, mocjae peKOMOMHAIIUN KOHCTPYKIUS Oy/I€T BBITIISIETh CIENYIINM 00pa3oM:

Lox P FRT
DsRed
3 A N N b *
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CBeueHue KJIETOK U3MEHUTCS, IOCKOJIbKY 1ociie npomoTopa Ha Toi e nenu JJHK oxaxercs rena BFP,
00ecTIeunBaIOIIN CHHEE CBEUCHUE KIIETOK.

B (2 6anna). Ilpu pexomOMHANMK 1O MPSIMBIM TOBTOpaM MOPOUCXOAUT moTepst ydactka JIHK,
pacIoIOKEHHOr0 MekAy HuMmu. M3 1ByX HOBTOpOB OCTAa€TCs TOJNBKO OAMH. Takum oOpa3oM, IMocie
pexoMOuHaIuu 1o caiitaM FRT KOHCTPYKIHs OyAeT BBITIISIET CIEAYIOUIIM 00pa3oMm:

1 355 CaMV FRT
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Kitetku OynyT CBETUTBCS 3€TIEHBIM CBETOM 3a CUET TOTO, UTO MO/ POMOTOPOM OKa3ajaach KOAUPYIOIIas
OCIEI0BaTEILHOCTE TeHa GFP.

xa




I (2 6anna). [Tocne neiictBust pekomOuHa3sl CRE Te mocienoBaTenbHOCTH, Ha KOTOPBIC MOXKET
nerictBoBarh (uunmasa Flp, «nepeBepHyIHCH», 1 BMECTO IPSMBIX CTaJIM HHBEPTpOBaHHBIMU. [locie

PEKOMOMHAIIMY YYACTOK MEXKTy HUMH TaKKe JIOJKEH «IIEPEBEPHYTHC»:

YFP

35S CaMV FRT

3 | | < </] | | 5
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B sTOM ciyuae KJIeTKM Take OyIyT CBETUTBHCS 3€JIEHBIM CBETOM 3a CUET TOrO, YTO TOJ
MIPOMOTOPOM OKa3aJIach KOAUPYIOIIas MOCIea0BaTeIbHOCTh reHa GFP.

3apava 10 (11 6annos).
B reHoM opHOrO W3 pacTeHUH BBEIM T'€HHO-UH)KEHEPHYIO KOHCTPYKIIUIO, IOXO0XYIO
Ha WCIOJIb30BAaHHYIO B HpeAblayiieM 3anaHuu. Ho mpomotop OblT 3aMeHEH Ha JApYro —
APETALA 3, KOTOpbIY BKJIIOYAETCS B JIENECTKaX U ThIYMHKAX. B panpHeiIeM moay4uiau 4UCTYIO

JIMHUIO TPAHCT€HHBIX pacTeHU (uHus Nel).

APETALA 3

FRT
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aw
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Hpyrue pacrenne TpaHCHOPMUPOBATH KOHCTPYKIHEH, B KOTOPOW KOAMPYIOIIAas 4acTh T'€Ha
CRE Oblna mocTaBieHa noj npoMoTop LEA, ak THBUPYIOLIUIICS Ha MTO3IHUX CTaAUsIX (OPMUPOBAHUS
3apofbIliia, a Kogupymomas yacts resa Flp — nog npomotop CAULIFLOWER, KOTOpBI aKTHBEH B
YaleaucTUKax M jJenectkax. [locie 3Toro yaaoce Noay4uTh YACTYIO TUHUIO Ne2.

3

LEA

CRE

+

CAULIFLOWER

Flp

4

5
Puc 2.

wo

A (2 6anna). Kakue opraubi OyayT CBeTUTHCS Y pacTeHuil u3 nuuun Nel? Pactennii u3 nuuun Ne2?
OtBeT: KpacHbIM cBeTOM OynyT CBETHTHCS JICTIECTKH M TBIYMHKH, TOCKOJIBKY MPOMOTOP
APETALA 3 akTUBEH UMEHHO B 3THX Oopranax. ¥ nuHuu No2 cBedeHus He OyJIeT, IOCKOJIbKY B HEE He

OBLTU BBE/ICHBI T'€HBI, KOMUPYIOMIE (DIyOpecleHTHEIE OSTKH.

b (2 6anna). Kakum OyzmeT GpeHOTHIT pacTeHHIT IEPBOTO MOKOJICHHS THOPUIOB MEX 1y JTHHUSIMHU
Nel u Ne2? JInst 060CHOBaHUSI OTBETA ONUIIUTE CTPYKTYpPY T'€HHO-MH)KEHEPHOM KOHCTPYKILHUHU C

¢byopecueHTHBIMU OEITKaMU.

OtBerT: [Tockonbky pekombuHaza CRE nopeiicTBoBasa Ha TO3AHUX ATANaxX pa3BUTHUS 3apPOJIbIIIA,
TO y BceX MOTOMKOB F; mponzoiiaét pekomOuHarms no caiiram LoxP. Ctpoenue storo yyactka JJHK

Oy/eT ClenyIonM:
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Puc 3.

B wamenuctukax u nenectkax Ha 3Ty nocienoBatenbHocTh JJHK mopelicTByer ¢unnmaza. 1o
MPUBEIET K TOMY, YTO YYaCTOK MeXy cauTtaMu F'RT «1epeBEepHETCA»:

YFP

APETALA3 > FRT
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Puc 4.

DT0 03HAyYaeT, 4TO Nocie BKItoueHus npomoropa APETALA 3 B nenecTkax U ThIYMHKaX JIENIECT-
KH OyZIyT CBETUTBHCS 3€TIEHBIM CBETOM (PE3yJIbTaT IBYX PEeKOMOMHAIINIA), @ THIYUHKH — CHHUM CBETOM
(pe3ynbTaT TOIBKO OJHON pekoMOnHaKK). OCTaNnbHbIC YaCTH PACTEHUS HE JOJKHBI CBETUThHCS.



B. Kakum Oyzner pacmieruieHue 1o (EHOTHUIAMH W TEHOTHUIIAM CPEOU IIOTOMKOB BTOPOTO
MIOKOJICHU S, TTOJTy YeHHBIX IIPU CAaMOOITBUIEHUU THOPUIOB IIEpBOro mokosieHus1? CuntanTe, 4T0 TeHHO-
MHKEHEPHbIE KOHCTPYKLUU HACIEAYIOTCS HE3aBUCUMO, a KPOCCHUHIOBEP BHYTPU KOHCTPYKLIMH HE
IIPOUCXONIUT.

PeweHue.

YcnoBHO 0003HAYMM UCXOAHYIO BCTABKY, HECYIIYIO T€HBI (DIyOpecUpYIOIUX OSNKOB, B INHUU
Nel kax L, (cM. pucyHOK | B yCJIOBUH 3a/1a4H), a OTCYTCTBHE BCTaBKU 0003HAYMM KaK /.

AHaJIOrM4HO 0003HAYMM T'€HHO-UHKEHEPHYIO KOHCTPYKIIUIO, HECYIIYIO T'eHbl pEeKOMOMHA3BI U
¢numnassl, B TuHUU Ne2 kak R (cM. puc. 2), a OTCyTCTBHE BCTaBKH Oy/ieM 0003HA4aTh KakK 7.

Torna reHOTUIIBI POIAUTENIBCKUX JTUHUM:

P: JTunus Nel — L\L, rory x Jluams Ne2 [yl, RR

Cpazy nocine cKpelBaHus TeHOTUIIbI 3UTOT:
(2 6anna 3a reHoTUNbI 6€3 yyéTa pekombuHaLmm)

Ho yxe npu ¢opmupoBanuu 3aponblima «BKIOUUTCS» pekomOunaza CRE, uto mpuBenér k
n3MeHeHuto cTpykrypsl JJHK-BcraBku L;. O603HauuM MONTYUYUBIIMICS BapUaHT BCTABKH, KOTOpas
MOTEHIINATHLHO MOTJIA ObI CBETUTHCSI CHHUM CBETOM, Kak L, (cM. puc. 3 u3 otBera b).

Hu B nectukax, Hu B ThiunHKax resl CRE u Flp He «BkirouatoTcs» (He SKCIPECCHPYIOTC) |,
nostoMy noromkam F2 mMoryT nocrarscest mubo L,, mubo /.

Tamersrt: '/, L,R 1, Ly 1/, LR U, lor

['eHOTHIBI 3UTOT Cpasy Mocie 00pa3oBaHus

(1 6ann 3a pacwienneHve BoO BTOPOM NOKONEHUM 0e3 y4yeTa pekoMOuHaLmu):

1/, L,R 1/, Ly Y, L,R Y, Ly
1/, L,R L,L,RR L,L,Rr L,[,RR L[, Rr
I/, Ly L,L,Rr L,L,rr LI, Rr Ly)lyrr
IR LLRR LRy ZOZORRIOIORr
Yol Lih Rr Lhrr G GbRr o G r

JKénroii 3a1mBKOI MOKa3aHbl FEHOTUIIBI, B KOTOPHIX HE IPUCYTCTBYET BCTaBKa C peKOMOKHA3aMH,
[I03TOMY T€HOTHUIIbI U3MEHATHCS He OynyT. KpacHbIMU TOUEUHBIMHM paMKaMU IOKa3aHbl T€HOTHIIBL,
B KOTOPBIX HET BCTAaBKY ¢ (IyopecUeHTHhIMU OenkaMu. B 3ToM ciyyae pekoMOMHAIMU TakKe He
Oyner. Y stux !/, pacrenuii ¢ renotunom /,/, cBeueHus He OyAeT HU B OJHOM K3 OPraHOB.

V 3/s pacTeHuil ¢ TeHOTHIIOM L, rr OyleT CBEUEHHE M YALIETMCTHKOB, U JIENIECTKOB CHHUM
CBETOM.

(1 6ann 3a ykasaHue peHOTMNOB)

V ocranbHbIX °/\ pacTeHuii ¢ TeHoTHIAaMK L,- R- Ha IO3HUX dTamax oOpa30BaHUs 3apojbllia
PON30MAET pekoMOUHaIUs 110 caiiTam LoxP. BctaBka nepeitaéT oopatHo B hopMmy L, KoTopas OyaeT
COXpaHSTHCS 10 MEpe BEreTaTWBHOrO pas3BUTHUA. [Ipu 0Opa3oBaHHM JENECTKOB M YaLIEIHWCTUKOB
HaYHET AKCIPECCUPOBATHCA TeH Flp, 4TO MpUBEAET K PEKOMOWHAIIMYU IO MPsIMbIM ToBTOpam FRT.
VYdactok Mexay HUMH, copepxanuid reasl DsRed n YFP, 6ynet ytpaden, a mpomotop APETA-
LA 3 kak Obl «mpuOIu3UTCS» K Kopupytomen yactu rena GFP. Takum oOpa3oM, JIEECTKH Y ITUX
pacTeHuit Oy1yT CBETUTHCA 3€JEHBIM CBETOM, a THIYMHKH — KPACHBIM.

(3 6anna 3a aHan“3 peKOMOMHALIMKU U AaKTUBHOCTN FeHOB Y NOTOMKOB F2).

OTBeT: cpeay IOTOMKOB BTOPOIO IIOKOJIEHHUS '/, pacTeHMii He OyayT CBETUTHCS BOOOILE, Y
3/i¢ PACTEHUN M YAIUCTUCTHKH, ¥ JIEHECTKH OYyAYT CBETHTHCS CHHUM CBETOM, a Y OCTABIIMXCS
%/,¢ PACTEHWI JIENECTKH OY/1yT CBETUThCS 3€JEHBIM, TOI/Ia KAK CBEYCHUE THIUMHOK OYIET KPACHBIM.



3apaHue 10 — 11 knacca. BapuaHr ll.
bnok 1 [4]

3apava1(46anna). O3HaKOMBTECH C IPEATIOKEHHOM CUTYaIUel 1 BRIOSPHTE 13 CITUCKA (hOpMy 00y YeHU S, KO-
TOpasi HAWTYYIIHM 00pa30M XapaKTepU3yeT OMUCAHHBIN MPOIecC 00ydeHUS KUBOTHBIX. DOPMBI 00y UCHUSI:
laburyanus (ot auriL. habituation — npusvikanue).
Cencutuzanus (0T nat. sensibilis — uyecmeumenvhwiii).
WHucTpymeHTabHOE 00yUYeHHE.
ABepcus (0T aHIJL. aversion — omepawjeHue).
JlarentHOe oOyueHue (ot nar. latens, latentis — cKpvimulil, MatiHblll, HEBUOUMBLIL).
OO0yueHme MoCPeCTBOM HAOIIOICHUSI.
. UMOpuHTHHT (OT aHTIL fo imprint — omneyamams, 3ane4amiems).
Wucaitt (ot anri. insight — npospenue, ozapeHue).

Cutyaums. CtyeHT B OOIICKUTHH PELIHII MOAKPEIUTHCS 32 4yKoi cu€T. OH 3aiie3 B 00IIECTBEHHBIN
XOJIONWJIBHUK M CTAIIMUJ OTTY/JIa YbIO-TO 3€JIEHYI0 KOTJIIETKY M HEMEJIEHHO €€ chel. Uepes mapy 4acoB
CTYJIEHT IMOYYBCTBOBAJ NPH3HAKHU CHJIBHOTO IHINEBOTO OTpaBicHHsS. [loMy4uBIIUCH 1ENBIA JI€Hb, OH
BBI3/IOPOBET M B TEUCHHE CIEAYIONUX TPEX MECALIEB H30era 3eIEHBIX KOTJIETOK B XOJIOAMIBHUKE.

Otger: I. ABepcus.

>
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3apauva 2 (3 6anna). YkaxuTe MOpsIOK pactoiokeHus Tkarei iucta C-4 pacteHunii (CBEpPXY BHU3):
a) anuepMa — Me30( LT — KCHUJieMa — KJIETKU OOKIaaKu — (JIodMa;
0) snuaepMa — KJIeTKU 0OKJIaIKu — Me30HILIT — KeriieMa — (hiosma;
B) 3MUJIepMa — cTON0YATHIN Me30pHILIT — prrodMa — Keuiema — ry0uaThiii Me30(u;
r) cTon04aThiii Me30pHILT — KculieMa — snuaepma — (aosma — ryouaThiii Me3odu;
| A) anupaepma — Me30dunn - KneTku obknagku — keunema — noama. |

3apaya 3 (10 6annos). C momoripio OykBeHHOTO mupa JaiTe onrcanmue
pacTeHus, IpeICTaBICHHOIO Ha PUC.
CemenctBo: A — Posonernnie; b — Kpecrousernsie; B — [TaciénoBebie;
I' — boGogsie; [ — JIuneiinsie; E — 3makoBsie.
Lsetok: XK — akTuHOMOpHBIH; 3 — 3uroMopdHbIi; 1 — HempaBUIIbHBIH
3aBs3b: K — Bepxsis; JI — HUKHSISA
Mnoa: M — srona; H — operiek mim MEHOTOOpeniek; O — KOCTSHKA;
[T —3epHoBka; P — cemsnka; C — cTpy4OK UM CTPYyUOUEK;
T — 6006; ¥ — xopobouka
OkonouBeTHUK: @ — nBoiinHol; X — mpocToii; L] — penyupoBaHHBIN.
Oteet: Ha pucynke npexacrasieH [[lunosnux maiickuii — pacTeHHe U3 ce-
MelicTBa PO301IBETHBIX (TUIIOBOM MPEICTAaBUTENb «IIKOJIBHOT0» CEMENCTBA).
Wudop oteeTa: A, X, K, H, .
Kputepwuii: o 2 Gaa 3a KaXk1y10 IpaBHIbHYIO OyKBY HIudpa.

3apava 4 (14 6annos). M3yuurte cxemy >XHU3HEHHOTO
IIMKJIa Tapa3uTHYECKOTO YePBs U OTBETHTE HA BOIPOCHL.
JIaHHBI TApa3UTUYCCKUN YEpPBb OTHOCUTCS K TaKCOHY
(cucTemaTuveckoil rpymre):
A. JlenTOYHBIC YEpPBH. B. Kpyrubie yepru.
B. CocanbLumkm. I Kosbuareie 4epBH.
[. Hu x ogHOMY U3 NIEpeYHCIICHHBIX.

Kakue yTBepkaeHuss 00 OCOOCHHOCTAX MKU3HEHHOTO ITUKJIA
JTAHHOTO BHJ1a [Tapa3uTOB BEPHBIE, a KAKUE — HET:
E. B X13HeHHOM Liukne ABa NPOMEXYTOYHbIX X035AUHa.
X. YenoBsek ABnseTCcA OKOHYaTENbHbIM XO3AWHOM AAHHOIO NapasuTa.
3. Bce x03s1eBa 3apa)aroTcs JaHHBIM Tapa3uTOM B MPOIECCE TUTAHUSL
W. B s)xu3HEHHOM IIMKJIE 1B PA3HBIX TMYUHOUHBIX CTAIUH, I1JIaBAO-
IIUX B BOJIE.
K. lanHbIii Tapa3uT pa3MHOKACTCS B KaKJIOM U3 CBOUX XO35ICB.




Kputepun: TIpaBuibHbIe OTBETHI BBIJCICHBI KPACHBIM JKUPHBIM HIpUdTOM. Hy’KHO mpaBHIIEHO
BeIOpaTh o7iH oTBeT M3 A-[l. 3a onMH npaBMIIBHBIN BEIOOD — 4 Oasia.

Hanee unyt 5 yrBepxkacHu. Eciau yyacTHUK HE yKa3all, BEpHOE YTBEPKICHHUE UJIN HEBEPHOE,
TO OTBET HE 3acUUThIBaeTCsA. EciM mpaBUIIbHO yKa3aHbl BEpHBIC U HEBEPHBIC YTBEPXKICHHS, TO 32
Ka)KJI0e MpUCBanBaeTcs mo 2 6ana. MakcumanbHbIN 0ait 3a 3aianue — 14 6asios.

Brok2[8 ]

3apava 5 (21 6ann).

A (4 6anna). Ha pucyHke ciieBa MOKa3aH deper
MIeKonuTaroero. Onpenenure, K KAKOMY OTpsiy OHO
otHocuTcs. OTBeT: MPbI3yHbI

b (4 6anna). Kakoii Tun 3y00B OKa3aJcsi B TOYKE C
koopauHatamu [13,5; 8] (oTMeueHo yepHOU TOYKOI)?
OtserT: Pe3upbl

B (3 6anna). Ykaxure KOOpAUHATHI TOUYKH OTMOPHI
phluara Ha HUKHEH dentoctu B hopme [x; y].

Otgert: Touka O [5; 5]

I (10 6annoB). [Ipu OTKYCHIBAHUH THIIH KEBATEIIb-
Hasl ¥ BHCOYHAsl MBILILBI CO3/1aJIM PE3YJIBTUPYIOILYIO
cuiny 50 H, koropas npunoxkeHa k Touke [7; 3] B Ha-
IpaBJICHUM, NOKa3aHHOM Ha PHUCYHKE BEKTOPOM, H
TAHET HUXKHIOK YeNIIOCTh BBepX. Paccuuraiite cuiy,
C KOTOpou cxxuMaroTcst 3yObl B Touke [13; 4]. BecoM HMKHEH YeNIOCTH M TPEHHEM B CHCTEME
npeHedpeyb.

Pewwenue. PesynbTupytommas cuia, cy/s o 0003Ha4YCHHM Ha PUCYHKE, IPHIOKEHA K HIKHEH YeITF0C-
TH B TOUKe ¢ KoopauHaToii [7; 3]. O603Haunm e€ kak Touky W. IMeHHO ctofia IpHIIOKeHa CUiia, TTOHUMAT0-
111as1 YENI0CTh BBEPX.

dopma YenoCTH JIOBOJIBHO cloXHas. TeM He MeHee, YeltocTh 00JagaeT AOCTaTOYHOH MPOYHOCTHIO.
[ToTOMY MBI MOYKEM MTPEATIONIOKUTD, YTO YETIOCTH JJOJKHA HAa4aTh BPAILATENbHOE IBUKEHHE OTHOCUTEILHO
touku O. [Ipu 3TOM 1715 pacuera BKiaja MPUIIOKEHHOM
CUNIbl /' BO BpAIATENbHOE JBUKEHHME, HAM NOTpeOyeTes g
y3HaThb MPOEKIHI0 3TOr0 BEKTOpa Ha KacaTeJbHYIO
K OKpYXHOCTH, MpOBEAEHHYIO uepe3 Touky W [7; 3].
O06o3HauuM 3Ty MpoeKuuio kak F,. O4eBHIHO, 4TO ITa
IIPOEKLUs paBHa [ = F X cos O.

N3 yeprexa oueBugHO, uTO Nyu [WZ) siBiisieTcs
ouccexTpucoii npsmoro yria £ OWX. Takum o6pa-
30M, a = 45°

Fi=Fxcosa=50H/\2~354H
Jumnua mieda |OW| IpHIoKeHHO CHiTbl paBHa 2\ 2.
[IpousBenenue cuibl Ha €€ pblYar JOJKHO OBITh
OIMHAKOBO T10 BCEH HMIKHEH UEIIOCTH, T.C.

F, x |OW| = F, x |OR| 0
U3 3TOro COOTHOIIEHHS BRIYMINM CHITY CHKaTHs 3yOOB B
touke R [13; 4]. Paccuntaem niuny otpeska |OR).

IOR| =N (13 =52+ (5-4)2=V 64+ 1=V 65

CocrasisgeM NponopLuto, 3 KOTOPOH MOTY4YHUM CHILY, TPUIIOKEHHYIO K Touke [13; 4]:

F,=[F, x |OW[]/|OR|=[(50 / Y H x 23] / V65 = (100 / V'65) H = 12.4 H

OtBet. Cuia, ¢ KOTOpOit CxxiMaroTest 3yobl B Touke [13; 4], mpumepHo pasna 12.4 H.

He Gynet ommnbKoii, eciiu B pelIeHUH eCTh PacCU€T CUIIbl B CTPOr0 BEPTUKAJIBHOM HallpaBJICHUN
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S
R

(rony6as crpenka). Bennunna ymensmutes B 8 / V 65 pa3, u ctaHer paBHoii 12.3 H.



3apava 6 (4 6anna). Ha pucyHke n300paskeHbl HECKOJIBKO OPraHU3MOB (B pa3HOM MaciuTtabe).
CocraBbre U3 MPEIOKESHHBIX OPraHU3MOB MaKCUMAJIBHO JUIMHHYIO MUIIEBYIO ETIb.

OtBeT: B-B-E-A-I'

3apava 7 (16 6annos). IIpu COBMECTHOM BBIpAIlMBAHUU TOJICTONIOOMKA U Oectepa (ruOpun
cTepasan u Oenyru). B BeIpocTHBIE pbIOOpa3BOAHBIC MPYIbl BHOCAT ynoOpeHus. OnrtumanbHOe
cooTHomeHue N/P st MakcuMaabHOTO pa3BUTHS (PUTOMIIAHKTOHA cocTaBiseT 15:1.

A. Jl11s monmydeHusl MaKCHMAaJTBHOTO TpUpocTa Onomacchl Bogopociei (10 T/ra) 3a mepro oTKopMa B
Py penoaaraiu 100aBuTh cymmapso 10 T HaBo3a, B KoTopoM conepkanue azora 0,5%, a pochopa
— 0,1%. Kakoe KOIM4eCcTBO MOYEBHHBI (NHz—CO—NHZ) HeoOX0oANUMO NOOaBUTH JOIMOJHUTEIBHO K
OpraHUYECKUM yIOOPECHHSAM, YTOOBI TIOJYYUTh MAKCUMAJIBHBIA MPUPOCT OMOMACCHI pACTCHUI?

B. Kakoit mpupocT Ouomaccel ToJICTOIO0MKA M OecTepa MOXKHO TIOJIYYHTh 32 TIEPHO]] OTKOpMa,
€CJIM TOJICTOJIOOMK MTUTAETCS TOJIBKO (PUTOIJIAHKTOHOM (CYUTATh, YTO OH cbecT 60% PUTOMIAaHKTOHA).
Becrep nmuTaeTcs 300MIIaHKTOHOM, KOTOPBI pa3BUBACTCS B TIPY/TY.

[TpumuTe, yTo nmpupoct 6uomaccsl coctasisieT 10% otr Guomaccel MOTPEOIEHHON MUILH.

PeweHue:

A. PaccunTaeM KOJIMYECTBO MOUYCBHHBI, KOTOPOE HEOOXOAMMO JH00ABUTH, YTOOBI COOTHOIICHHUE
azora u Gochopa COOTBETCTBOBAIIO ONITHMAIBLHOMY.

1. B HaBo3e conepxanue azota u hocdopa:

(10 T x 0,5) : 100 = 50 kr — a3ot

(10 T x 0,1) : 100 =10 xr — ¢ochop, cooTHOmEeHne azora k docdopy 5:1, ciemoBaTenbHO,
HeobOxomumo modaButh 100 kr azora (150:10 = 15:1)

(4 6anna)

2. PaccunTaem HE0OXOAMMOE KOJTUUYECTBO MOUYEBUHBI, B KOTOPOM conepxkutcs 10 kr azora:

(NH,—CO-NH,) = (2x14 + 12 + 16 + 4x1) = 60 y.e., conepx’anue a3ota — 28 y.e., CIeI0BaTEIbHO,
100 kr azota conepxkarcs B (60x100) : 28 = 214 KT MOYEBUHBI.

(4 6anna)

B. CoctaBum Tpoduueckyo 1ermb.

[TycTs mpupocT GHOMacChl 300MJIAHKTOHA COCTABUII X KT.

Ecnu cunrtare, 9T0 B OHOMACCy CIEIYIOMIEro TpopuuecKkoro ypoBHs BKIO9aeTcs TOIbKo 10%,
TO Macca BOJIOPOCTICH, ChbeICHHBIX 300IJIAHKTOHOM, cOCTaBUT 10x.

OdeBuiHO, 4TO TOJNICTONOOMKH cheasaT [10000 — 10x] kT Bomopociei.

N3BectHO, uTo 60% (QUTONIAHKTOHA CBEAAIOT TOJCTOJIOOMKH, a 300MJIAaHKTOH — 40% —
OecTepsl.

Torma Macca 300IJIaHKTOHA [X] OTHOCUTCS K Macce octasiierocs puroriankrona [10000 — 10x]
kak 40 k 60.

OTtcrofa cocTaBUM MPOMOPITUIO:

x /10000 — 10x] =40 / 60 = 2/3, oTKy1a BBIpa3UM MacCy 300IJIaHKTOHA!

3x =[10000 — 10x] x2

3x =20000 — 20x

23x =20000

x = 870 Kr — mpUPOCT 300IUIAHKTOHA, CJIeI0BaTeNbHO, OecTepsl mpubdapsT 870 : 10 = 87 kr/ra

(4 6anna)

Hannbiii 300mnankToH chen 87010 = 8700 kr Bogopocieid, Toraa Ha JOJI0 TOJICTOJIOOMKOB



octanetcst 10000 — 8700 = 1300 kr/ra Bomopociei u mpupocT ux ouomaccsl coctaBuT 130 Kr/ra.
(4 6anna)
Orser:
A — 106aBUTH 214 KT MOYEBUHBI
B — mpupoct Toncronoduka cocraBut 130 kr/ra, a 6ecrepa — 87 kr/ra

3apaya 8 (4 6anna). Ha pucynke P> mokazaHa cxema
CTPOEHUs TIJla3a. YKaXKHUTE, KaKHe CTPYKTYpPbl Ha PHUCYHKE
o0o3HaueHbl nuppamu 1—4:

A. Cnenoe nsaTHO - 2.

B. PoroBuua - 1.

B. CrekitoBuHOE TEIIO.
I. OctpoBok Jlanrepranca.
0. 3puTenbHbIN HepB - 3.
E. Ceruarka.

X. 3pauok.

3. Panysxnas obosouka.
U. Koponapustii cocy.
K. Xpycranuk.

. Cxunepa.

M. NepepaHsas kamepa - 4.




Brnok3[4]
B coBpeMEHHON IN'€HETUYECKOW UHIKEHEPUU YaCTO NIPUMEHHSIOT TEXHOJIOIUH, CBA3aHHBIE C TOMOJIOTHY-
Holt pexomOuHanueit JJHK nenocpenctBenHo B )kuBom oobekte. OnuH u3 npumepoB — cucremMa CRE-Lox P.
Lox P — 310 nocnenoBatensHocTh HykieoTunoB B JJHK ¢ara P1. Ona cocrout u3 34 HyKJI€OTHIOB.
B cepeaune pacnonaraeTcsi HECUMMETPUYHAs MIOCIEOBATEIBHOCTh U3 8 HYKJIEOTU/OB (IIOKa3aHa Cepoit
cTpenkoi Ha pucyHke). [lo kpasM pacnonararoTcsi Tak Ha3bIBa€Mble MAJUHIPOMHBIE MOCIEI0BATEIBHOCTH
u3 13 HyKJIEOTUIOB (BbIJECICHBI HA PUCYHKE KAaK MYHKTHpPHBIE 0J0KK). OHM CUMMETpPUYHBI (UTOOBI B 3TOM
y0enuThbes, 10CTaTOYHO IPOYUTATh 00€ MOCIEe0BAaTEIbHOCTD OT 5'- KOHIA K 3'- KoHILY). IMeHHO 3Tu najiuH-
JIPOMHBIE YUaCTKU y3HAET 0COOBIN (hepMEHT, BBI3BIBAIOIIMN pPeKOMOMHAIMIO, KOTOpbIH o0o3HauyaoT CRE.
bynewm B nanbHeiiem Ha3bIBaTh 3TOT pepMeHT pekomOuHazoit CRE.
Jlnst Toro, 4TOOBI COCTOSsIIACh peKOMOMHALUS, J1Ba caiiTa Lox P TOMKHBI PaCHOIOKUTHCS MapaliieabHO
apyr apyry. Pekombunasza CRE y3naet 3tu caiitel, BHeceT B JIHK paspessl B onpenenéHHbIX MecTax, a 3aTeM
caunt Lox P

A
\/

S5{ATAACTTCGTATAATGTATGCTATACGAAGT TAT3
3{TATTGAAGCATAT[TACATACGATATGCTTCAATALS

13 HyKn. nanMHApom acMMMeTpuyHasn
nocnegoBaTenbHOCTb

13 Hykn. nanuHapom

coequHUT no-HoBoMy aBe HuTH JJHK (T.e. mpousoiineT pekomOuHaus).
Amnanoruyno paboTaeT u Apyras cucremMa romonorudHoil pexkomOuHanuu — Flp-FRT, o6HapyskxeHHas
y nekapckux aposxkeit. Cailt FRT — 31o nocnenoBatenbHocTh JIHK, koTOpyto y3HaeT cBoil pepMeHT romo-

5" NNNNNNNNNNNNATAACT TCGTATA

ATGTATG TATACGAAGT TATNNNNN -3

Mlee 3 NNNNNNNNNNNNTATTGAAGCATATTACATAC ATATGCTTCAATANNNNN 5

UcXoaHble

OHK 5—NNNNNNNNNNNATAACTTCGTATAATGTATG TATACGAAGTTATNNNNN -3
3—NNNNNNNNNNNIATTGAAGCATATTACATAC ATATGCTTCAATANNNNN 5
5_NNNNNNNNNNNNATAACTTCGT A p ‘ ¢ T ATACGAAGT TATNNNNN-3'
3>-NNNNNNNNNNNNT ATTGAAGCAT4 T;l 7&« GGG ATATGCTTCAATANNNNN-5

PekombGuHauma N '4# 7Ge ,
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3_NNNNNNNNNNNT AT TGAAGCAT AT ‘ C AT ATGCTTCAATANNNNN-5'
5 NNNNNNNNNNNNATAACTTCGTATAATGTATG TATACGAAGTTATNNNNN 3
3 NNNNNNNNNNNN§TATTGAAGCATATTACATAC ATATGCTTCAATANNNNN 5
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peKoMOUHAHTHbIE

OHK

5 —NNNNNNNNNNNATAACT TCGTATAIATGTATG
3 —NNNNNNNNNNNI ATTGAAGCATAT{TACATAC

TATACGAAGT TATNNNNN—3
ATATGCT T CAATANNNNN 5

noruuHoi pexkomOuHanuu — ¢uunmnasa (Flp). Ilpu pexkom6bunanuu e monekynsl JJHK nomkHBl oppeHTHPO-
BaThCs NMapaJIJIeNIbHO APYT APYTY caiitamu FRT, 1 TOJIBKO B 3TOM Cllydae IPOU30UIET peKOMOUHALUS.

3ameruM, uto ¢uunmnasza Flp y3HaeT TONbKO CBOKO MOCHIENOBATENbHOCTh FRT, HO HE MOXKET paboTaTh
c caiitamu Lox P, a pekomO6una3za CRE y3HaeT Tonbko cBou caiiTel Lox P, HO He paboTaeT ¢ caiitamu FRT.



MpepBapuTenbHOe AoKa3aTenbCTBO (Nemma) k 3apgaye 9 (5 6annos).

1 (2 6anna). [lokakemM, 4YTO MPH T'OMOJIOTHYHOW PEKOMOMHAIIM M0 «IEPEBEPHYTHIM
(MHBEPTHPOBAHHBIM) IIOBTOPAM IIPOUCXOIUT «IIEPEBOPOT» MmocienoBaTenbHocTH JJHK, Haxomsmmeiics
Mexay noBropamu. st aToro Hapucyem moiekyny JJHK u ycioBHo 0603HaunM Ha Hel OykBamu
HECKOJIBKO TOYCK.

A B,C D E F G

3aTeM «H30THEMY MOIJICKYJYy Tak, 4TOOBI IIOBTOPHI, 0003HaYEeHHBIE CTpCJIKaMH, BCTalld
MapaJuieJibHO APYT APYTY. ITociie oOMeHa yY4aCTKaMH U «pacClpaMIICHUA» OKAKETCA, UTO HCHTPAJIbHAA

E E

i B, © F_E DO ¢C \H d
d X07 | | Lox P
N V

4acTh MEK]1y IOBTOPAMH «IIEPEBEPHYIIACH).

2 (3 6anna). lokaxxem, 4TO [IPH FTOMOJOT MIHOM PEKOMOMHALIN 10 TPSAMBIM ITOBTOPAM IIPOUCXOIHT
oOpazoBanue konbleBoit JIHK, npu stom u3 nuneiinoit nocnenosarensHoctu JJHK «ynansercs»
y4acTOK, HaXOSILIEHCs MeXIy MoBTopamu. [l 3TOro Mcmonb3yem TOT ke MPUEM: HapHCyeM
monekyny JIHK u yciaoBHO 0603HaunM Ha Hell OyKBaMU HECKOJIBKO TOUEK.

Tonbko B 3TOM cityudae AJisi TOrO, YTOOBI MPSIMbIE MTOBTOPHI BCTANM MapallJieIbHO APYT JIPYTY,
npUAETCA XUTPOYMHO U30THYTh MOJIEKYITY TaK, YTOOBI OT KOHI[A OJTHOTO M3 MOBTOPOB (Touka C) 11u
touku D, E, F, a TOTOM Ha4rHAaJCs HOBBIK MOBTOD (B TOouke G).

[Tocne pexkomObuHanuu Touku C 1 G MOMEHSI0TCS MECTaMU, U B PE3YJIbTATE MOTYUYUTCS KOJIbIIEBAS
JHK (C, D, E, F, G) n nuneitHblil yyactok (4, B, H, J). bynem cuutats, yto konbleBas JIHK kak Ob
«yucye3aeT» (He MOKET PEIIUIIUPOBATHCS B KIIETKE).
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| Lox P | Lox P
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3apaya 9 (8 6annos).

Jist uccnenoBanus pa3IMYHBIX MPOIIECCOB B )KUBBIX OpPraHU3Max HCHOIb3YIOT (PIyopeceHTHbIE OETKH.
[Tpu oGyyeHun, HapuMep, yIbTPa(GrOIEeTOBEIM CBETOM TAKOW OENIOK CBETUTCS B BUIAMMOM YaCTH CHEKTPA.
[Monyuens! 3enensiii (GFP, green fluorescent protein), cuawuii (BFP, blue fluorescent protein), sxentsrii (YFP,
yellow fluorescent protein) u naxke kpacusiii (DsRed, u3 kopanna Discosoma striata) hbayopectieHTHbIC OSITKH.
B reHHO-MH)KEHEPHBIX KOHCTPYKIMAX UX CTABST O] ONPEAEICHHbIE IPOMOTOPHL. B 3aBUCMMOCTH OT 3TOrO
B )KIBOM OOBEKTE CBETATCS pa3HbIC YaCTH.

35 CaMV — mpoMOTOp, KOTOPBIA paboTaeT BO BCEX KJETKax pacTeHUH. [eHHBIM WHXKeHep co3mal
KOHCTPYKIIUIO, CXeMaTh4yecKasi KapTa KOTOpoil mpuBeneHa Hike. [IpomoTop ycrnoBHO n300paxéH B popme
NATAYTOJIbHHUKA, KOAUPYIOIINE YaCTH TEHOB — B (JOPME CEPBhIX MPSAMOYTOJIBHUKOB, caliTel Lox P u FRT —
B BHUJI€ CTPEJIOK, ITOKa3bIBAIOIINX HANPABICHUE aCUMMETPUYHOM YacTH. s momyueHus O€IKoBOro Mpo-
IyKTa HEOOXOAMMO, YTOOBI KOIUPYIOLIas YacTh OKa3zajiach Ha Toi xe nernu JJHK, yTto u mpomoTop, Haxo-
Iuiach B BEPHOM OpHEHTalMM (M IPU 3TOM — B cTOpoHY 5'-koH1a HUTH JIHK oTHOCHMTENnBHO poMOTOpA).
[TocnenoBarensHocty Lox P v FRT 10CTaTo4HO KOPOTKHME M He MemaroT cuuTeiBaHu0 U-PHK. Y€pHbiMu
poMOamMu 0003HaYEHBI TEPMUHATOPHI TpaHCKpUMuuu. CUuTalTe, YTO B ITOM MECT€ MATPUUYHBIA CHUHTE3
nu-PHK npexpamaercs.

FRT Lox P
358 CaMV DsRed
L \*I—i—k ¢ i—'\ /‘—‘._Q_
: 4
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A. KakuM I[BETOM [OJDKHBI CBETHTBCS KJIETKH, B KOTOPBIX COACPIKUTCS JaHHAs T€HHO-HH)KCHEpHAs
koHCTpyk1usa? [louemy?

B. Hapucyiite B Tex ke yCIOBHBIX 00O3HAuCHMSX CTPYKTypy npuBenéunoro ydactka JIHK mocie
neiictBusi pekomOuHasel CRE. (Cuuraiite, 9TO MpU 3TOM PEKOMOWHAIMS MTPOU3OILIA TOIBKO OJUH pa3s!)
W3MeHuTCs 11 Mocie 3TOro CBeYeHHUe KIETOK?

B. Hapucyiite B Tex ke yCIOBHBIX 00O3HAueHHSX CTPYKTypy npuBenéunoro yvactka JIHK mocie
nevicteust paunmnasel Flp. (Cuutaiite, 4T0 pH 3TOM peKOMOMHAIIMSI TIPOM30IILIA TOJIBKO OAMH pa3!) M3meHuT-
Cs1 JIX TIOCJIE 3TOT'0 CBEUYEHHUE KIIETOK?

I IlpeanonoxuMm, 4TO HAa HCXONHYIO TocienoBarenbHoch JJHK B reHHO-WH)XKEHEPHON KOHCTPYKIIUU
cHavasa rojeicTeoBaiu pekomonnasoit CRE, a mocne storo — ¢munmasoii Flp. Hapucyiite cxemy cTpoeHus
JHK s storo ciyvasi. Kakum Oyzet cBedeHue KIeTok?

PeweHue.

A (2 6anna). ITockonbky mocite 35S-mpomoropa Ha Toii ske renu JIHK pacronaraercst KOQUpyromas 4acth
rena DsRed, kieTku H0KHA CBETUTHCS KPACHBIM CBETOM.

B (2 6anna). Pekombuaza CRE y3Haér mociemoBarenbHCOTH LoxP. Eciui MOBTOPBI PACIOIOKEHBI
VHBEPTUPOBAHHO, TO IPOU3OMIET «rmepeBopoT» mnociuenoarenbHocT JIHK, pacnonoxenHon Mexay
noBTopamMu. Takum 00pa3zom, mocjae peKOMOMHAIIUN KOHCTPYKIUS Oy/I€T BBITIISIETh CIENYIINM 00pa3oM:

Lox P
35S CaMV y YFP . Y - .
| < L1 3

N
dxoq pedsa 144 1¥4
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CBeueHue KJIETOK U3MEHUTCS, IOCKOJIbKY Tociie npomoropa Ha Toi ke nenu J{HK okaxercs rena YFP,
o0ecTHeunBaloIui KENTOE CBeYEHHE KIIETOK.

B (2 6anna). ITpu pekoMOMHALINY TI0 HHBEPTHPOBAHHBIM MOBTOpPaM FRT TakKe MPOUCXOIHUT «IIEPEBO-
pot», HO nipyroro yyactka JIHK. Takum o6pa3om, mocie pekoMOuHanuu o caiiram FRT KOHCTpYKIIHS OyieT
BBITJISJIETH CIIEAYIONINM 00pa3oM:

355 CaMV FRT YFP
3 - i </‘ | < 2 5
5 . >

N TV N oS, N
dxoq dxoq poysa 144

Kitetku OyyT CBETUTBCS 3€TIEHBIM CBETOM 3a CUET TOTO, UTO MO/ MPOMOTOPOM OKa3ajaach KOAMPYIOIIas
OCIEI0BATEIBLHOCTE TeHa GFP.



I (26anna). [Tocne neiictBus pekomObuHa3sl CRE Te mocneoBareisHOCTH, Ha KOTOPHIC MOXKET ICHCTBOBATh
¢munmnasa Flp, «mepeBepHyInCh», 1 BMECTO HHBEPTHPOBAHHBIX CTaju npsMbiMu. [lociie pexomOnHanmnm
YYaCTOK MEXIY HUMHU TAK)Ke IOJDKEH «YAATUThCS:

} A .
3 2 ! * 2 — 44—
FRCH peysa 144

B sTOM cityyae KJIeTKHM Takke OyIyT CBETUTHCS HKENTHIM CBETOM 3a CUET TOTO, YTO MO IPOMOTOPOM
OKa3aJach KOAUPYIOLIAs OCIEI0BATEIbHOCTD Ir'eHa YFP.

3apaua 10.

B reHoMm 01HOr0 U3 pacTeHU! BBEIU I€HHO-UHKEHEPHY 0 KOHCTPYKIIHIO, IOX0XKYI0 Ha UCIIOJIb30BAHHY IO
B mpensiaymeM 3aganuu. Ho mpomorop Obut 3ameHéH Ha apyroit — AGAMOUS, KOTOpbIN BKIIIOYAETCs
B [IECTUKAX U ThIYMHKaX. B nanpHeleM Nony4nin YUCTYIO JIMHUIO TPAHCTEHHBIX pacTeHuil (JinHus Nel).

FRT Lox P
AGAM DsRed
; GAMOUS sRe . 5
5 u * 1 3
Pyc 1. dxo7 ddA 144

Hpyrue pactenue TpaHchopMupoBaiu KOHCTPYKIUEH, B KOTOpOW Konupyromas 4acte rena CRE Oblia
nocrasjeHa noa npomorop AGAMOUS, a xomupytommast yacth reHa Flp — non npomorop PISTILLATA,
KOTOpBIM aKTUBEH B ThIUMHKAX U jienecTkax. Ilociae 3Toro yaanoch noiyunTh YUCTYIO JIMHUIO Ne2.

Puc 2. AGAMOUS CRE PISTILLATA Flp
L 4 L 4

®xa

arw

A (2 6anna). Kakue opraubl OyayT CBeTUThCs Y pacTeruil u3 muauu Nel? Pactenuii u3 nuaun Ne2?

Oteer: KpacHbIM cBeTOM OyIyT CBETHTBCS TIECTHKM M TBIYUHKH, TIIOCKOJIBKY IMPOMOTOP
AGAMOUS axTuBeH UMEHHO B 3THX opraHax. ¥ nuHuu Ne2 cBeueHus He OyJeT, MOCKOIbKY B HEE€ He ObLIN
BBEJICHBI I'€HBI, KOIUPYIOLIe (DIyopeceHTHBIe OETKH.

b (2 6anna). Kakum OyzmeT (heHOTUI PACTCHUI MEPBOrO MOKOJICHHS THOPHIOB MEKIAY JuHUIMUA Nel u
Ne2? JInst 000CcHOBaHMS OTBETA OMULIUTE CTPYKTYPY F'€HHO-MH)KEHEPHON KOHCTPYKIMH € (DTyOpECLIEHTHBIMU
OenKamu.

OtBert: Iockonbky pexomOuHaza CRE neificTByeT B THIUMHKAX M MECTHKAX, TO Y BCEX MOTOMKOB F,
npou3oraET pekomMOuHanus 1o caiitam LoxP. Ctpoenue 3toro yuactka JJHK Oyner cienyrommm:

AGAMOUS 4 YFP LoxP
A — .
Z | ¢ 5
‘ ’

Z m;
N NV 3
Puc 3. dxoq pousa ¥4 144

arw

B TerumHkax Ha Ty nocienoBarenbHocTh JIHK nomonuutensHo moaecTByeT duinmmasa. ITo MpuBEAET
K TOMY, 4TO y4aCTOK MexXAy cataMu FRT «UCUe3HET:

AGAMOUS 4 YFP
[ ¢ 5
\ 4 3

N N
Puc 4. d x0T paysa 184

arw

3T0 03HAYAET, YTO MOCie BKI0UeHUs mpoMotopa AGAMOUS nectuxu 6y1yT CBETUTHCS KENTHIM CBETOM
(pe3ynbTaT TOJNBKO OJHOM peKOoMOMHAIUM). THIYMHKU TakXe OyAyT CBETUTHCS KENTHIM (pe3ysbTaT ABYX
pexoMOuHanuif). OcTaibHbIe YaCTH PACTEHUS HE JOJKHBI CBETUTHCS.

OnHako BO3MOMKEH M JAPyToi BapwaHT coObiThil. CHavyanma B THIYMHKAX Ha moclenoBaTenbHOCTh JTHK
nozieCcTBYeT (prumnmnasa:

AGAMOUS FRT 4 YFP -
< [ < | ‘ ‘ <

5
~— 3
dxoq d x0T pedsa 144

1
1




A mocne 3Toro nojaercTryeT pekombuHaza CRE:

AGAMOUS YFP
A .
| g — L 5
S — \ 4 3

N
d xo7 pedsa IR-E}

HeTpyaHo yBHI€TH, UTO KOHEUHBIN PE3yJIBTAT OT 3TOT0 HE H3MEHHIICS (XOTS HE BO BCEX CIIydasx
TaK JIOJDKHO OBITH).

B. Kakum Oyner pacmieruiende 1o (GeHOTHIIaMH M TEHOTHUIIAM CPEId TOTOMKOB BTOPOTO
TTOKOJICHU I, TOJTY YeHHBIX ITPU CAaMOOITBIIICHUU THOPHUIOB TIEPBOTO MokoJieHUs1? CuuTanTe, 4TO TeHHO-
WHXCHEPHBIC KOHCTPYKIIUU HACICIYIOTCS HE3aBUCUMO, & KPOCCHHTOBEP BHYTPH KOHCTPYKIIUH HE
MIPOUCXOJIHUT.

PeweHxue.

YciioBHO 0003HAYMM UCXOHYEO BCTABKY, HECYIIYIO T€HbI (DIYOPECIUPYIOIUX OCIIKOB, B JIMHUU
Nel kak L, (cM. pucyHOK 1 B yCJIOBUH 3a/1auH), a OTCYTCTBHE BCTABKU 0003HAYMM Kak /.

AHaJIOrM4HO 0003HAYMM T'C€HHO-UHKCHEPHYIO KOHCTPYKIIHIO, HECYIIYIO I'eHbl PEKOMOMHA3BI U
¢numnasel, B tuHUU Ne2 kak R (cM. puc. 2), a OTCYTCTBHE BCTaBKH OyjieM 0003HAYaTh KakK 7.

Tornma reHOTHUITBI POAUTEIbCKUX JIMHUM:

P: JTunus Nel — L,L, rory x Jluaums Ne2 [yl, RR

Cp8.3y MOCJIC CKpCUIMBAHHW A I'CHOTHUIILI 3UT'0OT:
F1: L[, Rr,
(2 6anna 3a reHoTMNbI 63 y4éTa pekombuHaLuK)

Ho y»xe npu popMupoBanuu 1iBeTka «BKJIIOYUTCS» U pekomOnHa3za CRE, u ¢aunnasa Flp, uro
npuBenET kK u3MeHeHuto cTpykrypsbl JJHK-BcTaBku L,. O603HaunM BapuaHT BCTaBKH, Oy YU BIIHHCS
nocie pekom6uHassl CRE, kak L, (cM. puc. 3 u3 oTBeTa b), a BapuaHT nocse JByX peKOMOMHALUN
—Kak L; (puc. 4).

3aMeTuM, YTO B MECTHKAX «BKJIOYAETCs» TOJIbKO pekomOuHaza CRE, u Bce KeHCKUE raMeTsl
OyIlyT HECTH BCTaBKY B (hopme L,.

I'eHOTHIIBI )KEHCKUX rameT: !/, L,R 1, Lor 1, I,R Uy lor

B teiunnkax «padortaet» kak CRE, Tak u Flp, mostomy npu popMupoBaHuu My>KCKUX TaMeT B
HUX OyZeT cofep)kaThesl BCTaBKa B (popme L;.

[eHOTHIIBI MYKCKHX raMeT: '/, LR 1, Lyr 1, I,R Y, Lor

['eHOTHIIBI 3UTOT Cpa3y Mociie 00pa3oBaHuUs

(1 6ann 3a pacwenneHne BO BTOPOM NOKONEeHUK 6e3 yyeTa pekoMOMHauuu):

1/4 L3R 1/4 L3r 1/4 lgR 1/4 lor
1/ LR LL.RR L.L.Rr LI.RR LIRr
i Lor LoLs Rr LoLyrr o LbRe | Dl
s LR Lyl RR Ll Rr fobhRR 2 WhRe
Yy lor Ll Rr Lilyrr T LT S . T

JKénroil 3a1uBKOI MOKa3aHbl FEHOTUIIBI, B KOTOPHIX HE IPUCYTCTBYET BCTaBKa C peKOMOKHAa3aMH,
[I03TOMY T'€HOTHUIIbI U3MEHATHCS He OynyT. KpacHbIMU TOUEUHBIMHM paMKaMU 1OKa3aHbl T€HOTHIIBL,
B KOTOPBIX HET BCTAaBKU C (hiyopecleHTHbIMU OeiakaMmu. B 3ToM ciiyyae pekoMOMHAIMU TakKe He
Oyzet. Y atux !/, pactenuii ¢ renotuniom /y/, ceedeHus He Gy€T HU B OTHOM M3 OPI'aHOB.

V 3/,s pacrenuii ¢ redoTunamu L,/ rr u L1, rr OyaeT CBeUeHUe ¥ ECTUKOB, U THIYMHOK JKEITHIM
ceetom. (1 6ann 3a ykaszaHue eHOTUNOB)

V 3/\spactennii ¢ reHoTHNIOM L3/, R- peKOMOUHAIMS He Gy €T IPOUCXOAUTD I10 JAPYTON IPHUUHE:
y BCTaBKH L; OCTaJIOCh BCEro 1o ofaHou mocienoBatenbHOCTh LoxP u FRT, a mis pexomOunammm
HYXHO JBE€ OJIMHAKOBBIE MOCIENOBATENIbHOCTH. [IeCTUKM M THIYMHKH TaK)Ke CBETATCS KEITHIM
CBETOM.

V 6/, pacTenuii ¢ reHoTUNamMu L,- R- Ha MO3HKMX JTarax oOpa3OBaHUs 3apOJbINIa TPOU30NIET
pexomOuHanus no caiitam LoxP. BeraBka nepeiaér odpatHo B Gpopmy L,, koTopas OyJeT /1aBaTh



aR

KPAacHOE CBEYEHUE NIECTUKOB.
Haubornee cnoxkHO yCTaHOBUTH (PEHOTUN THIYMHOK. Tam HaunHaeT padoty ¢uunmnasa Flp. Ecnu
OHa yCHeeT MoJelcTBOBaTh Ha L, panbiie, yeM CRE, To B ThiunHKax BTaBka nepedaeér B popmy Ls,
1 OHU OYJyT CBETUTHCS JKENTHIM.
Ho ecnu crauana L, nepeita€t B L, mox aeticteueM CRE, To mocne aToro dnumnmnasa «mepeBepHET»
y4acTok Mexy FRT Tak, 4TO MOA MPOMOTOPOM OKaxeTcs reH GFP, u ThIYMHKU OyAyT CBETUTHCS
3enEHBIM!

N N
dxol dxo1 Ak Ly

(3 6anna 3a aHanu3 peKoOMOMHALMUN U AKTUBHOCTM reHOB y NOTOMKOB F2)

OTBeT: cpeay TIOTOMKOB BTOPOTO TOKOJIEHHUs !/, pacTeHuit He OyayT CBETUTHCS BOOOIE, ¥ ¢/
pacTeHUM U TIECTHKH, ¥ THIYMHKH OyIyT CBETUTHCS JKEITHIM CBETOM, a y OCTaBIIMXCsA ®/, pacTeHuii
MECTUKU OYAYT CBETUTHCS KPACHBIM, TOTJa KaK CBEUYCHHE THIYMHOK MOXKET OBITh JTUOO KENTHIM,
60 3enéHpIM (00a OTBETA MPaBUIIBHBIE).

FRT
AGAMOUS i} o YFP . -
N ¢
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